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ABSTRACT 

In the review section, the biosynthesis of the alkaloids 

derived from tryptophan is described and a short account of 

the chemistry of the calycanthaceous alkaloids is given. 

For feeding experiments, various precursors labelled 

specifically with tritium were prepared and the conditions 

under which various protons in indole, tryptophan and 

5-hydroxytryptophan exchanged have been discussed. Indole, 

specifically labelled at position-2 with deuterium or 

tritium was prepared by the acid-catalysed exchange reaction 

of indoxyl with D20 or tritiated water. Tryptophan, 

tryptamine and many intermediate compounds were prepared 

from [2-3H]indole. DL-[2-3H], 0-140]Tryptophan, 

[2-3H, p_14_ 
u]tryptamine and N-methyltryptamine labelled 

with 
14C in the N-methyl group, were fed to Chimonanthus  

fragrans. The results showed that tprptophan and 

tryptamine were efficiently incorporated into chimonanthine 

without loss of tritium, thus excluding oxindole intermediates 

in the biosynthesis of the alkaloid. N-Methyltryptamine was 

a less efficient precursor but incorporation occurred without 

scrambling" of the N-methyl label. 
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CHAPTER ONE 

BIOSYNTHESIS OF ALKALOIDS DERIVED FROM TRYPTOPHAN. 

The amino acid tryptophan plays an important role in the formation 

of a very widely distributed group of alkaloids containing the 

indolylethane unit. The Cinchona alkaloids can also be considered to 

be members of this group, Although there have been many papers 

published on theoretical aspects of the biosynthesis of indole alkaloids 

(see, for example, ref. 1 and references cited therein), the actual 

experimental work done in this field is relatively small. In order to 

keep this account concise, hypotheses will not in general be 

considered, except in discussion of experimental results. 

Gramine. 

Gramine (1), occurring in the leaves of germinating barley was 

one of the first alkaloids to be investigated by means of radioactive 

tracers. Bowden and Marion administered [R 14C]tryptophan (2) to 

sprouting barley and isolated radioactive gramine containing activity 

only at the starred position. But this experiment did not exclude 

the possibility that the tryptophan might have been first degraded 

to indole and serine; the latter could then have given rise to a 

one-carbon fragment which could have been utilized by the plant for 

a synthesis of gramine. In order to test this point, tryptophan, 

doubly labelled at the 2- and the 0-position i.e, [0, 2-14C] tryptophan 

was fed to the barley seedlings. The gramine isolated was found to 

contain activity at the starred position and position 2, and the ratio 



CO2H 

N 	NH2 

H 

(2) 

-2- 

of the activities in the two positions was the same as in the 

original tryptophan.3 These results thus indicate that tryptophan 

is converted to gramine in the plant without cleavage of indole-

alanine linkage. D- and L- [methyl-14C] Methionine and [14C] 

formate have been proved to be the sources of the N-methyl groups 

of gramine1.1  D-Methionine was found to be a less efficient 

precursor than the corresponding L-isomer and formate, a very 

poor source. 

Wightman et al.5 fed many compounds to excised barley shoots. 

One result they obtained was that 3-indolyl [a-14C] acetic acid 

was incorporated (0.48%) into gramine. Breccia and Marion 

however, found that neither 3-indolylacetic acid, 3-indolylgly-

oxylic acid, 3-indolylformaldehyde nor 3-indolylacetamide (all 

labelled with 
14

C in the side chain) was a precursor of gramine. 

They further showed that 3-indolylip14C) pyruvic acid (3) and 

C] 3-indolyl[p- 14  acrylic acid (4) gave rise in sprouting barley 

to gramine, labelled at the side chain methylene group. It is 

likely that these two acids constitute two intermediates in the 

/path 



-3- 

path way tryptophan gramine. 

CO2H 

0 

CO2H 

 

 

(3) 

  

Since the alkaloid, obtained from barley fed with 3-indoly1[0-1c]  

acrylic acid, was more strongly radioactive than that isolated 

from barley fed with 3-indoly1[0-14C) pyruvic acid,6 it is 

probable that 3-indolylpyruvic acid is the precursor of 

3-indolylacrylic acid. It is assumed therefore that in the 

first step of the biogenesis tryptophan is converted by trans-

amination to 3-indolylpyruvic acid from which at a further stage 

in the same pathway 3-indolylacrylic acid is formed. However the 

sequence indolylpyruvic acid to tryptophan to indolylacrylic acid 

is not excluded. Leete and O'Donovan7 have reported that a 

mixture of DL-D-14C] tryptophan and DL-[j3-3H] tryptophan, when 

fed to-barley seedlings resulted in the formation of radioactive 

gramine which was labelled solely on the methylene group of the 

side chain and the ratio of carbon-14 to tritium in gramine was 

the same as in the administered tryptophan. The authors claim 

that this result strongly suggests that the methylene group of the 

tryptophan side chain maintains its integrity during the 

conversion of tryptophan to gramine. On the basis of this result 

they eliminate 3-indolylcarboxylic acid, 3-indolylformaldehyde, 
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3-indolylacrylic acid and 3-indolylglyoxylic acid as precursors 

of gramine since the formation of these compounds would involve 

the loss of part or all tha tritium located on the 13-carbon of 

the tryptophan side chain. However the operation of large isotope 

effect could result in retention of nearly all the tritium. 

Further studies by Leete and Gower,
8 
have shown that 

1  
3-aminomethyl[a-

14 
 CI indole (5) and 3-methylaminomethyl[a-14C] 

indole (6) are incorporated into gramine by excised shoots of 

germinating barley with carbon-
14
C at the expected position. 

The high incorporations from these amines (14.2 and 24.5% respec-

tively) are claimed to be a strong indication that the two compounds 

are the immediate precursors of gramine. 

Leete's results are in agreement with the hypothesis proposed 

by Wenkert9 that the degradation of tryptophan involves its reaction 

with pyridoxal phosphate to form Schiff's base (7) which undergoes 

a reverse-Michael reaction to give the proton aced 3-methylene-

indolenine (8). The reaction of (8) with ammonia and the 

methylation of the resulting product then gives gramine. 
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Breccia and Crespi
10 have recently reported that barley sprouts 

grown from seeds in the presence of [2-
14C] pyruvio acid, 

_, 
N-benzyloxycarbonyl 

[0-14  uj tryptophan and tryptophan all 

gave radioactive gramine. They claim that since the addition of 

isonicotinyl hydrazide to inhibit the cleaving action of pyridoxal 

Phosphate had not much effect on the incorporation, the synthesis of 
/gramine 
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gramine might occur by an alternate route if the pathway via 

tryptophan were blocked. They further suggest the formation of 

gramine from pyruvie acid via shikimic acid, 3-indolylglycerol-

phosphate and 3-methyleneindole. 

Cinchona alkaloids. 

It has been suggested
11 

that Cinchona alkaloids have a common 

biogenetic origin and that the quinoline moiety of the major 

alkaloids is formed from an indole having a two carbon side chain 

at C-3 as (9) which is converted into (10). Cinchona plants of 

one year age grown in an atmosphere of 
14CO 

2 
gave radioactive 

alkaloids .
12 

Kowanko and Leete
13 fed DL-[a-14C] tryptophan (13) to 

Cinchona succirubra plants and isolated radioactive quinine (11). 

Degradation of the alkaloid enabled them to prove that the label 

1  
was only at the starred position. Battersby et al. fed [2- 

14 
 C.' 

geraniol (12) to Cinchona legeriana and established the specific 

labelling at C-20 in quinine, proving that the quinuclidine 

portion of the molecule is of monoterpenoid origin.
14 
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(9) 
	 (10) 

HO 

Me0 

* 2  
OH 

(12) 

tic 

N 	NH2 

(13) 

Further evidence to this hypothesis has been produced by Leete 

and Wemple by feeding [3-
14C] geraniol (12) to Cinchona plants 

and isolating radioactive quinine (11) with activity at the 

starred position of quinuclidine ring.
15 

Calycanthaceous alkaloids. 

It has been accepted that the Calycanthaceous alkaloids are 

produced in the plant by a 00-oxidative dimerisation of two 

tryptamine units.
16 

Schtite and Maier
17 have reported some tracer 

work in which DL-[a-1 C] tryptophan was fed to Calycanthus floridus  
/plants 
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plants and radioactive calyeanthine was isolated. The other 

alkaloidal fractions they assumed to be folicanthine, calycanthidine 

and chimonanthine were not positively identified nor did they degrade 

calycanthine. O'Donovan and Keogh have found that DL-[a-
14
C] 

tryptophan is incorporated into folicanthine (14) in calycanthus  

floridus plants. Dgradation of the alkaloid showed activity at 

the expected position.
18 

Me 
	Me 

Rauwolfia alkaloids. 

   

The tryptamine residue in these alkaloids has been shown by 

Leete
19 to be derived from tryptophan or a closely related metabolite. 

He injected DL-[a-14C] tryptophan into the stems of intact Rauwolfia  

serpentina plants and isolated radioactive ajmaline (15), 

serpentine (16) and reserpine (17). Ajmaline was degraded by alkali 

fusion to give ind-N-methylharman (18). Further degradation enabled 

the isolation of C-5 as formaldehyde which carried all the activity 

of the original ajmaline. Thus, tryptophan is a direct precursor of 

the p-carboline moiety of ajmaline and its breakdown before 

incorporation is unlikely to have occurred. 



(18) 

10 

11 

OMe 

(17;R=OCOC6H(0Me)3) 

-9- 

OH 

The origin of non-tryptophan derived carbon atoms, the 09-C10 

unit indicated in bold lines in structural formula (17), has been 

the subject of much discussion. Woodward2°  and Robinson21  

suggested that C-3 and carbons 14 to 20 are derived from 3,4-

dihydroxyphenylalanine. Wenkert
22,23,24 proposed that these carbons 

are derived from prephenic acid. In both hypotheses C-21 is derived 

from a one carbon fragment. wenkert2k and Thomas
25 

independently 

conceived a third hypothesis according to which a monoterpene with 

the carbon skeleton (19) gives rise to the non-tryptophan derived 
/carbons 
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carbons of ajmaline and related indole alkaloids. Leete and his 

co-workers
26 

fed [2-
14

C]tyrosine, a known precursor of 3,4-dihydroxy-

phenylalanine, to R.serpentina plants and isolated inactive ajmaline, 

reserpine and serpentine. The side chain of prephenic acid is 

derived from pyruvate, which in turn can be formed rapidly from 

alanine by a transamination reaction. One would therefore expect 

[2-
14

C] alanine to yield prephenic acid labelled on the ketonic 

group which ultimately becomesC-3 of ajmaline. Administration of 

DL-[2-
14

C] alanine gave poorly active ajmaline in which only 20 

of the radioactivity was located at C-3. The above workers also 

fed [2-
14c] mevalonic acid (20) and sodium [1-14C] acetate. The 

former gave inactive ajmaline whilst the latter was incorporated 

into ajmaline with nearly half of the activity located atC-3 and 

C-19 and equally divided between these positions (26% of the 

total activity of the molecule at each carbon atom), and with 

0-21 inactive. The above results are in accordance with a scheme 

proposed by Leete and Ghosal
27 which involves the formation of 

poly-P-keto-ester (21) by the linear condensation of 3 molecules 

of acetylcoenzyme A. A C1  unitis then attached at C-20 and 

condensation occurs with the methylene carbon of a molecule cf 

malonylcoenzyme A derived from acetylcoenzyme A by carboxylation. 

The labelling (22) and (23) would be expected for ajmaline and 

serpentine if the alkaloids are formed in this way. 

  

OH 

   

   

HOV OH 

(19) 

 

(20) 

 



-11- 

3CH
3
CoscoA 

*COSCoA 

• • • • I  V 4.  • 

0 	0 

It 

• (Ho "  

380SCoA OH 1102c 	
480SCoA 

(21) 

OH 

17 
(23) 

Corresponding results were described
27 for [1-

14C] acetate derived 

serpentine. The carbomethoxy group in the labelled alkaloid was 
M&

proved to be inactive. [1,3- C] 3031onate derived serpentine 

contained 48% of its activity in the carbomethoxy group showing that 

no randomisation had occurred between C-16 and the carbon atom in 

this group. Additional work28 
,14 

on ajmaline derived from 	C.1 formate 

showed that 125 of the total activity was present at C-21 and 485 

/at 
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at the N-methyl group. The remaining 405 of the activity was 

suspected at C-6 on the grounds that formate is a precursor of hydroxy-

methyl group of serine which in turn is a precursor of side chain of 

tryptophan. 
,14 , 

In contrast, Battersby et al.
29 have reported that 	Cj 

formate derived ajmaline contained little or no activity at its 

C-21 atom whereas the N-methyl group carried 255 of the activity. 

They also observed that the acetic and propionic acids obtained by 

Kuhn-Roth oxidation of [1-
14C] acetate derived adjmaline had low 

and different levels of activity, thus showing scattering of the 

label. 

Further evidence that C-21 in ajmaline is not derived, in a 

simpler manner, from a biological C1 unit, was produced
30  by 

feeding DL-[methyl-3H] methionine to Rauwolfia serpentina plants. 

Radioactive ajmaline thus obtained (0.029% incorp.) was converted 

into dihydroajmaline which was demethylated to give methyl iodide 

containing 975 of the original activity. No tritium was found at 

, 
C-21. [N-methyl-14C] Tryptophan (24) and [N-methyl-

14C] tryptamine 

(25) failed to give significant amounts of ajmaline when fed to 

Rauwolfia verticillata (chinensis). Deoxyajmaline (26) labelled 

with tritium in the aromatic ring and tritiated deoxyajmalal (27) 

were incorporated into ajmaline 	( 0.0485 and 0.0035 respectively) 

in R. verticillata. 
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(29) 

 

Battersby et a1.
31 obtained radioactive ajmalicine (28, 0.0035 

incorp.) and serpentine (0.025 incorp.) from sodium D1,42-14C] 

mevalonate fed to Vinca rosea plants. They degraded ajmalicine 

and found that the 0-methyl group did not contain any significant 

amount of radioactivity while C-22 carried 245 of the original 

activity. The specific incorporation of mevalonate is thus 

consistent with the scheme independently suggested by Thomas
25. 

/and 
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and Wenkert.24 Goeggel and Arigoni32 have reported the isolation of 

radioactive reserpine (0.01% incorp.) from Vinca rosea shoots to which 

sodium D1,42-14C] mevalonate had been administered. They found that 

26% of the total activity was confined to C-22; C-18 carried less 

than 7,15-' of the label and C-19 contained no activity. [2-14  C] Geraniol 

(29) gave33  ajmalicine (0.16% incorp.) and serpentine (0.6% incorp.). 

These results further support the theory25 that the C9-10 unit is 

related to a cyclopentanoid monoterpene skeleton (19) and that the 

head to tail combination of the two C5  units should lead to geranicl 

as the C10 precursor. 
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The Ergot alkaloids. 

The first experimental evidence that tryptophan is a precursor of 

lysergic acid (30), the hydrolysis product of the peptide type ergot 

alkaloids (31), was produced by Mothes and his co-workers.34 They 

obtained radioactive lysergic acid from rye plants fed with 

DL-(S-14C)tryptophan. The above findings are contrary to those stated 

by Suhadolink et al.,35  who reported that DL[a-14Citryptophan gave 

poorly labelled ergot alkaloids (0.003% to 0.014% incorp.) from 

Claviceps purpurea cultured on the host rye plant. The incorporation 

of 14C-labelled phenylalanine and acetate as well as tritium-labelled 

anthranilic acid and tryptophan was likewise not significant. In order 

to support their former results, the German workers36 conducted their 

, experiments on a quantitative basis and again found that DIE-4S- 1  Cjtryptophan 

was an efficient precursor of ergocryptinine (0.158% incorp.), the 

principal alkaloid elaborated by the ergot strain used. The incorporation 

into the total mixture containing elymoclavine (32) and agroclavine (33) 

was 10% which increased to 40% when pyridoxalphosphate was added. 

and Taber and Vining37  used a mixture of D- 	cjtryptophan, in 

which the D-isomer was more radioactive than the L-isomer, for feeding 

to saprophytic cultures of fungus. They isolated elymoclavine, 

agroclavine, ergosine (34) and ergometrinine (35), all radioactive. 

The specific activity of the recovered precursor indicated that the 

L-isomer had been preferentially used. Further support to the 

important role played by tryptophan in the biosynthesis of ergot 

/alkaloids 



(31; R=peptide) (30) 

17COR 

7 

N —Me 
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alkaloids came from the work of Baxter, Kandel and Okany,38 who found that 

DL-[R-14C]tryptophan, but not, DL-5-hydroxytryptophan, was incorporated 

into ergosine. 

OH 
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The nature of the precursor of the remaining five carbon atoms of the 

ergoline nucleus was first investigated by Gr8ger39  who found that 

[1-1  Cj acetate was incorporated into clavine alkaloids. He also added 

mevalonic acid to a saprophytic culture medium but could not detect any 

significant increase in the total production of clavine alkaloids. 

40 
On the other hand Taylor and Ramstad obtained radioactive ergot 

alkaloids, from a D1,-[2-
14

C]mevalonic acid feeding, with 90% of the 

activity located in the lysergic acid portion. Degradative studies of 

/the 
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the radioactive agroclavine and elymoclavine isolated from Claviceps  

purpurea fed with DL,[2-14C] mevalonic acid by Birch et al.41  showed 

that 90% of the total activity was present at C-17. Gr8ger and his 

colleagues42 have suggested the incorporation of mevalonic acid as a 

unit by obtaining radioactive ergot alkaloids from DL-[2-14C], 

[2-3H] and [4-3H] mevalonic acid feedings. Assuming the incorporation 

of mevalonic acid as a unit, the [2-14C] of DL-[2-14C] mevalonic 

acid should appear at C-17 or C-7 of ergot alkaloids (cf. 31). 

Baxter, Kandel and Okany43 degraded radioactive ergosine obtained from 

cultures of Claviceps purpurea fed with DL-[2-14C] mevalonic acid and 

were able to isolate C-17 and C-7 respectively as carbon dioxide in 

which most of the activity was present in C-17 and only a small amount 

of the activity was found at C-7. This shows that randomization of 

mevalonate occurs to a small extent. The above workers
43 

also found 

that none of the activity from DL-[1-14C] mevalonate was incorporated 

into the isolated alkaloids, pyroclavine and festuclavine (36) and 

that
44 

their N-methyl group is derived from methionine or formate, 

the former (1.35% incorp.) being a better precursor than the latter 

(0.37% incorp.). Similar results have been achieved by Birch et a1.45  

who isolated carbons -7, -8 and -17 which contained all the activity 

of mevalonic acid derived material. There was no activity at C-8, 

whereas C-17 contained most of the radioactivity (785) of the total in 

agroclavine and 865 in elymoclavine). Slight randomization had occurred 

between C-17 and C-7. 

/The 
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The parent skeleton of both clavine and peptide-type ergot 

alkaloids, therefore, appears to be built up from tryptophan, which is 

decarboxylated at some stage, and mevalonate. The latter affords 

dimethylallylpyrophosphate, which in turn probably generates 

4-isopentenyltryptamine46(37;R=H). 

It is now essential to consider the mode of condensation of the 

two units. Plieninger and his co-workers
47 

observed the loss of the 

deuterium atom when DL[1-2H]tryptophan, fed to Claviceps purpurea, 

was incorporated into agroclavine and elymoclavine, while with 

tryptophan labelled at the 5- and 6-positions, the deuterium was 

retained. Studies
48 

on doubly labelled precursors showed that during 

the overall biosynthetic reaction the 3H/a4C-ratio of 

DL-t2-'C,5-H] mevalonic acid when compared to the same ratio of ergot 

alkaloids (festuclavine and pyroclavine) was changed to a degree 

equivalent to a loss of one hydrogen atom. The 3H/14C-ratio in 

DI42-
14
C,2-

3H] mevalonic acid remained the same during its 

conversion into agroclavine, indicating that there is no change in 

the oxidation level at C-2 of mevalonate during biosynthesis. The 

loss of one hydrogen atom from DL-[21
4C,5-3H] mevalonic acid may be 

supposed to be due to the oxidation of the primary alcoholic group of 

mevalonate into aldehyde group before its bond formation with 

tryptophan. Plieninger, Fischer and Leide
49 suggested the condensation 

of isoprene unit in the 4-position to give the intermediate (37;R=CO2H) 

while Mothes et al.
50 believe in the formation of the alternative 

compound (38). In support of their proposals the former group49 of 

/workers 
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r  workers synthesised 4-dimethylally1-0 14C]   tryptophan (3'0 and 

obtained about 5% incorporation into elymociavine and the latter group50 

synthesised 1-(R-indoly1)-2-amino-5-methyl-hex-4-ene(38;R=H) labelled 

at the starred position with 14C, and separately with 3H in the benzene 

ring. They50 also prepared (38;R=C0
2H) and found that it was more 

efficient precursor than the decarboxylated compound but less efficient 

than tryptophan itself. The incorporations for the compound 

(38;R=CO2H) were 11.9 and 20.2% and the tritiated compound gave the 

values of 2.3 and 1.0% in the same feedings. The parallel experiments 

with the same compound (38, R=1.1) labelled with 140 in the side chain gave 

the values which were less than the above two. It is thus probable 

that compound (38; R=H) is degraded in the plant and the aromatic 

nucleus incorporated as a fragment. 
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Agurell and Ramstad
51,52 53 

have studied the biogenetici kinship of ergot 

alkaloids, Exposure of labelled agroclavine (33) in a liquid medium to 

the ergot strain gave rise to elymoclavine, penniclavine (39), 

isopenniclavine, festuclavine, pyroclavine and setoclavine. They 

further showed that elymoclavine was converted irreversibly into lysergol, 

isolysergol, penniclavine and isopenniclavine but not into festuclavine, 

pyroclavine or setoclavine. Chanoclavine, according to their results 

is not a precursor of clavine alkaloids and is not a breakdown product 

of agroclavine or any other alkaloid derived from agroclavine. 

On the contrary Arigoni and his colleagues54 have observed the 

conversion of chanoclavine-1(40) labelled with 
14C in the hydroxymethyl 

group into 6-methyl-8(9)-ergolen-8-carboxylic acid(41), when fed to the 

submerged cultures of Claviceps paspali  (25 incorp.). When fed to 

Pennisetum strain it gave agroclavine (75, 105, and 95 respective 

incorporations in three separate experiments). Degradation showed that 

96.45 of the total activity was located at C-7 and 6.45 at C-17. On the 

basis of these results, they suggested that the conversion of chanoclavine-1 

into agroclavine is accompanied at some stage by cis-trans isomerization 

of the double bond. Labelled isochanoclaviae-1(42) was not incorporated 

/into 
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into the alkaloids ofPennisetum and Paspali strains. Desoxychano- 

clavine-1 and its N-demethylation product were also not incorporated 

into elymoclavine.55 The results obtained by Gr8ger et a1.56 are in 

agreement with those of Arigoni.54 Here56 also chanoclavine-1 has been 

shown to be an efficient precursor of the tetracyclic ergolines; 

agroclavine, elymoclavine and lysergic acid amide. In another experiment57  

biosynthetically prepared chanoclavine-1 labelled with 14C in the 

C-methyl group, when fed to Claviceps strains gave radioactive elymoclavine 

which contained 12% of its total activity at C-7 and C-8 and 88% at C-17. 

[9, 10-3H] Chanoclavine-1 gave rise to elymoclavine with 100% retention 

of tritium at C-10 and 92% at C-9. The slight decrease at C-9 was 

attributed to an isotopic effect. Thus isomerization of chanoclavine-1 

to isochanoclavine-1 before cyclisation is ruled out. The authors57 

also fed agroclavine, chanoclavine-1, isochanoclavine- and 

chanoclavine-II (43) all labelled with tritium in the indole moiety 

and got tetracyclic ergolines (specific incorporations, 9.6%, 9.0%, 

1.90, and 0.6% respectively) proving that isochanoclavine and 

chanoclavine-II are not as efficient precursors as chanoelavine-I. 

Summing up all these results one can construct the following scheme: 

Tryptophan Mevalonate 	 4-Isopentenyltryptamine 

Elymoclavine 1 	Agroclavine 1------- Chanoclavine-I 

Penniclavine, Isopenniclavine. 
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CO2H 

8 

9 	7 
6 
N --Me 

CH2
OH 

CH2OH 

H 

HN 	(43) 

Echinulin. 

Echinulin (44), a fungal product, produced by Aspergillus  

echinulatus and A.amstelodami, was studied by Birch and his co-workers.58 

They fed [2-
14

C] mevalonic acid to A.amstelodami and isolated 

radioactive echinulin (4.25% incorp.), which on ozonolysis produced 

radioactive acetone carrying approximately one-third (35.2%) of 

the total activity of echinulin. This proved that there are three 

r 	, isoprene units in echinulin. Similar results with a Ll-14  Cj acetate 

feeding confirmed this idea. Incorporation of radioactivity from 

[
14

C] formic acid was very small and appeared to be random. 

/DL- 
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DI,-[1-14C] Alanine and [1-14C] glycine both gave radioactive echinulin. 

Hydrolysis of the alanine-derived material gave alanine with 65.8% of 

the total radioactivity. It therefore appears that alanine is a 

biological precursor of the dioxopiperazine ring. Kuhn-Roth oxidation 

of the alanine-derived echinulin showed some randomization of radioactivity 

into the isoprene unit probably via pyruvate and acetylcoenzymeA. The 

echinulin derived from glycine gave, on degradation, alanine, with 4.250 

of the total labelling. Kuhn-Roth oxidation of the echinulin gave 

acetic acid which contained only 1.06% of the total activity. The site 

of incorporation of the glycine could therefore be either in the 

dioxopiperazine ring or in the indole nucleus. The main nucleus of 

echinulin has been proved by Birch and Farrar59 to be derived from 

tryptophan. DL-[(3-14C] Tryptophan gave echinulin (1.36% incorp.) 

with radioactivity at the starred position. From th,,. results mentioned 

above, it appears that echinulin is formed in nature from one molecule 

of tryptophan, one molecule of alanine and three isoprene units. 

(44) 
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The Iboga alkaloids. 

Tryptophan or tryptamine is believed to be the probable precursor 

of the indolylethane part of these alkaloids.
23,24,26 

Yamasaki and 

Leete
a 

have provided experimental evidence for this hypothesis. 

They administered DL-[(3-14C] tryptophan to five months old Tabernanthe  

iboga plants and three weeks later isolated active ibogaine (45;6.70 

incorp.). Systematic degradation of the alkaloid enabled them to 

isolate C-7 as carbon dioxide which contained 80% of the total activity 

of ibogaine. 

7 

(45) 

The Vinca alkaloids. 

Leete and his colleague
62established that tryptophan is a 

biological precursor of indolylethane unit of Vinca alkaloids such 

as Vindoline (46). Radioactive vindoline was isolated from the 

Catharanthus roseus (Vinca rosea)plants which had been fed with 

r  
DL-[a-1  C] tryptophan. Degradation of the alkaloid showed that 

essentially all the activity was present at C-10 (starred carbon). 

The origin of the remainingClO unit of these alkaloids, 

comprising carbon atoms 3-8 and 19-22 has been much discussed 

/(see 
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(see also earlier sections). Leete et al. suggested that it can be 

constructed from three acetate units, mevalonic acid and a one-carbon 

unit. They administered sodium [l-14C] acetate to Vinca rosea plants 

and obtained radioactive vindoline and catharanthine (47). Degradative 

studies of radioactive vindoline showed that acetic acid obtained from 

the 0-acetyl group had 39% of the total activity of vindoline and that 

90% of this activity was located in the carboxyl carbon. Carbons-5,-20 

and -21 each contained 4% of the original activity of the alkaloid . 

Similarly catharanthine had 5-6% activity at each carbon -4, -20 and 

-21. On the basis of these results, it has been argued that acetate is 

not serving as a direct precursor for the non tryptophan-derived 

portion of the Vinea alkaloids. The results obtained by Scott and his 

co-workers
63 support the monoterpenoid theory. The obtained radioactive 

vindoline (0.5% incorp.) when [2-
14C] mevalonic laci,one was fed to freshly 

cut shoots of V. rosea plants. Degradation established that 22.0% of 

the total activity was present at C-22 and that the acetate function and 

ester-methyl group did not contain any activity. Goeggel and Arigoni
32 

have also reported their independent studies with the same plant which 

gave essentially the same results. Further support to the mevalonoid 

nature of the non-aromatic C10 (or O9) fragment of Vinca alkaloids 

came independently from Battersby's and Arigoni's groups.31,64  

Battersby,33 Arigoni,
64 scott,65 Leete66 and their respective research 

teams independently discovered that geraniol is a precursor of the non-

tryptophan derived portion of the indole alkaloids found in Vinca rosea 

plants. The labellihg pattern with [214C]23  and [3-14C] geraniol
66  

/feedings 
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feedings for example was found to be as in the annexed scheme (A)2.4 '25 

Nerol, the cis-double bond isomer of geraniol, was also found to be as 

efficient a precursor of Vinca alkaloids as geraniol itself.
14 

Battersby et a1.67 have also found that loganin (48) is efficiently 

incorporated into Vinca alkaloids. They administered CO-methyl-3H] 

loganin to Vinca rosea plants and obtained radioactive catharanthine, 

vindoline, perivine (49), serpentine and ajmalicine (0.8, 0.5, 0.1, 

0.45 and 0.026% respective incorporations). 
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Degradation of catharanthine, serpentine and ajmalicine showed all the 

activity to be present at the ester-methyl group and that of vindoline 

also proved that ester-methyl group had all the activity of the alkaloid. 

No significant amount of the label was in the N-methyl or aryl 0-methyl 

groups of vindoline. 

/Strychnine. 
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Strychnine. 

Feeding experiments with Strychnos  nux vomica have shown that 

acetate is the precursor of C-22 and probably C-23 of strychnine68(50). 
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CHAYTtIl TWO  

THE CALYCANTHACEOUS ALKALOIDS 

Calycanthine, the principal alkaloid of the botanical order Calycanthaceae, 

has been isolated from several species.69-73  In addition two minor alkaloids, 

folicanthine74 and calycanthidine75 were found in Calycanthus floridus and 

C. occidentalis. Chimonanthine and hodgkinsine were extracted from the leaves 

of Chimonanthus fragrans76 Lindle and Hodgkinsonia frutescens respectively. 

In order to provide a sufficient background to the biosynthetic work described 

in chapter four, some discussion of the chemistry of the Calycanthaceous 

alkaloids will be useful. 

Calycanthine. 

The molecular formula C11H14N2 was initially obtained for this base by 

Gordin7°  but was later doubled by Spgth and Stroh.72  The correct formula is 

now known to be C22H26N4'
78 Degradative experiments with calycanthine 

conducted by many workers, gave a wide variety of nitrogenous heterocycles. 

Upon benzoylation and subsequent oxidation with potassium permanganate, 

N-benzoyl-N-methyltryptamine (51) was obtained.
70 Barger and co-workers78 

also obtained N-methy)tryptarnine. Pyrolysis under different conditions 

gave rise to p-carboline (52), skatole (53), 3-ethylindole (54), lepidine (55), 

quinoline (56) and lastly, calycanine (57).78'79  Silver acetate oxidation 

of calycanthine afforded 1'-methylpyrrolo-(2':31 -3:4) quinoline (58)80-82 

and the product of heating calycanthine with phthalicanhydride was (59).79 
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An important clue to the structure of calycanthine came from 

the elucidation of the structure of calycanine, one of its 

dehydrogenation products. X-Ray studies of this compound by 

Hargreaves8k  showed that the molecule is symmetrical and it was later 

found83  to be identical with synthetic quinolino-(3',41:4,3) quinoline 

(57)• 

The presence of two NH groups directly united with ortho 

substituted benzene nuclei and of two NMe groups was detected in the 

alkaloid which also gave an indoline-type ultraviolet spectrum. 

Taking into account the above chemical evidence and biogenetic 

speculations83' 85'86  involving aa, as or pp oxidative coupling of 

two N-methyltryptamine units (assuming the normal electron availability 

in indoles, the latter being preferred) followed by inter- or intra-

sectional linking of the side chain led to the consideration of five 

possible structures (60 to 64) for calycanthine. Two independent 

groups solved this structural problem. Hamor and co-workers
85 

revealed, 

after X-ray analysis of calycanthine dihydrobromide dihydrate, that 
from chemical evidence 

the structure (61) was correct. This structure was also deduced/by 

Woodward and his colleagues.83 Since calycanthine is stable to acids, 

it was suggested by the latter workers that it should have the 

configuration which is sterically the most favoured and the structure 

and configuration (66) was therefore proposed for natural 

(÷)-calycanthine. This has, in fact, been found 87  to be the 

absolute configuration. 
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Fblicanthine. 

Fblicanthine was first studied by Eiter and Svierak,7k  who, on 

the basis of their degradative studies, proposed structure (67). 

However none of the degradation products was identified with certainty. 

Hodson and Smith later reported88  that treatment of folicanthine with 

acid, distillation from zinc dust, or acetylation followed by hydrolysis, 

gave 3-(2'-methylaninoethyl)-1-methylindole (68; R=H). Hofmann or 

Emde degradation of folicanthine methiodide produced 3-(2'-

-dimethylaminoethyl)-1-methylindole (68;R=Me) which was also obtained 

by methylation of (68;R=H). Treatment of the alkaloid with silver 

acetate in 15 boiling aqueous acetic acid gave 9-methylnorharman (69). 

The ultraviolet spectrum of folicanthine showed the presence of an 

indoline and Ph-N-C-N system and reduction with zinc and hydrochloric acid 

yielded 3-(2'-methylaminoethyl)-1-methylindoline (70). These results 

led
89 to the proposal of the structure (71) for the alkaloid. 
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Later, however, it was found that the treatment of felicanthine 

dimethiodide with base gave a compound which was formulated as 

(72;R=(CH2)2NMe2). This compound afforded a mixture of 3-(2'-

-dimethylaminoethyl)-1-methylindole (68;R=Me) and the corresponding . 

oxindole by treatment with acid. 

Structure (72;R=(CH2)2 	) was verified by Hino who synthesized 

the racemates (72,R=Me and (CH2)2NMe2) both of which underwent acid 

decomposition to the expected indole-oxindole mixtures. Structure 

(71) was, therefore, discounted and the structure (73;11?-=R2=R3=R4=Me) 

was proposed for folicanthine.
90 
 

R 
	

R 

1 
Me 	Me 

(72) 
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(71) 

Chimonanthine. 

Chimonanthine was found to have the molecular formula C22
H26N 

The ultraviolet spectrum of the alkaloid showed the presence of two 

Ph-N-C-N sYstems in the molecule. It contained two N-Me and two 

N-H groups; Reduction (zinc/hydrochloric acid) produced 3-(2'-methyl-- 

aminoethyl)indoline.76 The mass spectra of folicanthine and chimonan-

thine indicated that the two alkaloids are very easily symmetrically 

cleaved on electron bombardment.93 From these data and from comparison 

with the structures assigned to calycanthine and folicanthine, it was 
is 

concluded
76 that chimonanthine/bis-N(a)-norfolicanthine (60). This 

proposal was confirmed when N(a)-dimethylation of chimonanthine 

yielded folicanthine.
92 Further confirmation of structure (60) of 

chimonanthine and heuce of (70) for folicanthine came from X-ray 

crystallographic analysis of chimonanthine dihydrobromide.
94 

Fblicanthine and chimonanthine are optically active. However the 

meso-form of chimonanthine also occurs in Chimonanthus fragrans.
100  

Calycanthidine. 

Calycanthidine was isolated in 1938.
96 The correct molecular 

formula C23H28N4.) was deduced by Smith et al.
95 The compound contains 

one active hydrogen, but neither an isolated double bond nor a C-methyl 

group. The presence of two Ph-N-C-N systems was shown by the ultraviolet 
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spectrum and potentiometrio titration. Reduction of calycanthidine with 

zinc and hydrochloric acid affordod A mixture or 3-(2'-methylaminoothy1)-

indoline and 3-(2'-methylaminoethyl)-l-methyl indoline. It was thus 

concluded95 that calycanthidine is the intermediate stage in the N(a)-

-methylation of chimonanthine to folicanthine. The idea was supported by 

the comparison of n.m.r. and mass spectra95 and verified by the conversion 

of chimonanthine into calycanthidine.92  The alkaloid has therefore the 

structure (74). 

Hodgkinsine. 

The alkaloid was isolated by Anet et al.97  in 1961 from the leaves of 

Hodgkinsonia frutescens. It forms a solvate, m.p.128°, after 

recrystallization from benzene. The molecular formula C22H26N4  was 

proposed and the alkaloid contained two N-methyl groups. It was thus 

concluded that it may be a stereoisomer of chimonanthine.98 

Biogenesis. 

The biogenesis of Calycanthaceous alkaloids has been suggested as 

involving SP-oxidative coupling of two tryptamine units.83,85,86 The 

production of N-methyltryptamine from calycanthine on pyrolysis and the 

occurrence of the four alkaloids (all except hodgkinsine) in Calycanthus  

floridus92  is a strong indication of the common biogenetic pathway. 

Since electrons are readily available at the n-position of two indole 

nuclei for oxidative coupling, the primary product of such coupling would be 

compound (7339hich is isomeric with calycanthine or chimonanthine. 

Hydrolysis of (730 would result in the formation of the tetraamino-dialde- 
a) 

hyde (74j, which may form internal N-acetals with the loss of two molecules 

/of 
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of water to form fine possible isomers (60 to 64). Although compounds 

(62 to 64) have not been isolated from any plant up to this time, it is 

possible that they will also be present in nature.99 

(73io 

(60 to 64) 

 

 

Total Synthesis. 

The syntheses of DL-chimonanthine has been achieved by two routes 

which are chemically analogous to the proposed biosynthetic pathway. 
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Hendrickson et al.99 used the oxytryptamine (75) as the starting 

material and obtained N-carbethoxy-oxytryptamine (76) from its reaction 

with ethyl chloroformate in chloroform. The urethan group was used to 

prevent oxidation of the secondary amine. The reaction of the oxindole 

enolate, in benzene, with iodine afforded two diastereoisomers (77). 

Reduction of both the isomers (77) with lithium aluminium hydride gave 

a mixture of basic products, containing DL-chimonanthine (3% yield) 

and DL-calycanthine (0.20). Conversion of DL-chimonanthine into 

DL-calycanthine (39% yield) was achieved by heating the former with 

0.01M hydrochloric acid on the steam bath (N-methyltryptamine was 

also formed). Similar treatment of calycanthine gave mostly unchanged 

alkaloid together with some crude chimonanthine. Natural (+)-calycanthine 

gave natural (-)-chimonanthine when heated for four days under the same 

conditions thus showing that both alkaloids had the same absolute 

configuration. Our personal observations indicate that DL-chimonanthine 

is converted into DL-calycanthine (880) yield when treated with glacial 

acetic acid whereas calycanthine does not yield chimonanthine under 

similar conditions. Scott, McCapra and Hall 	have synthesised 

DL-chimonanthine from N-methyltryptamine by direct dimerization of the 

latter. N-Methyltryptamine was treated with one equivalent of methyl 

magnesium iodide. The resulting Grignard derivative reacted with ferric 

chloride to yield DL-chimonanthine (20% yield) together with some 

meso-chimonanthine. 
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(1) Hendrickson's Synthesis. 
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CHAPTER THREE  

PREPARATION OF LABELLED INDOLE DERIVATIVES  

Introduction  

The preparation of tryptophan and tryptamine, specifically 

labelled at position-2 in the indole nucleus, for the studies on 

the biosynthesis of chimonanthine required us to investigate 

suitable methods for the syntheses of various labelled indole 

derivatives. Selective exchange of 5-hydroxytryptophan at each 

position in the aromatic nucleus is also described under this 

heading. The structure of di- and triacetoxymereuri-indole is 

discussed in the light of experiments with [2-3H] indole. 

[2-2H]- and [2-3H] Indole and the structure of di- and  

triacetoxymercuri-indole.  

The relat±ve 11- electron densities at various carbons 

in the indole nucleus, calculated by molecular orbital method, 

have been recorded by Acheson
102 

and are represented in the 

structure (78). Detailed reactions of indole are given elsewhere103  , 

but it will be important to refer the work of other people in 

brief during the discussion of our own work. 

k • of3 

(78) 
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It has been generally observed that electrophilic substitution 

in indole takes place at carbon-3. The attack on position-2 occurs 

only when position-3 is blocked. Substitution in the benzene ring is 

difficult to achieve and requires vigorous conditions. Yanovskaya104 

reported that indole and 2-methylindole are converted into 3-bromo-

derivatives by dioxan dibromide in dioxan solution. N-Bromosuccinimide 

in glacial acetic acid converts skatole and indole-3-propionic acid 

to the 2-bromo-derivatives.
105 

By contrast, bromine in acetic acid 

brominates 3-carbethoxyindole in the 6-position.106 The lack of 

reactivity of the 2-position in this case is probably due to the 

proximity of an. electron-attracting group which inactivates the 

2,3-double bond. Witkop et al. 
107 

 obtained 2,6-dibromoskatole by 

the action of two mcles of N-bromophthalimide on skatole in benzene. 

2-Phenylskatole gave 6-bromo-2-phenylskatole. 

Elozumi and Titani
108 

have mentioned some deuteration studies 

with indole. According to their experiments the exchange between 

dilute D0 and melted indole gave N-deuteroindole between pH 7 and 

2.5 and between pH 2.5 and 0.5, the hydrogen atom attached to C-3 

exchanged. The proton at position-2 exchanged below pH 0.5. Hinman 

and Whipple 	on the contrary cast doubt on the exchange of the proton 

at C-2. Their deuteration experiments showed that exchange occurred 

generally at the 1- and 3-positions of the indole ring in strong 

aqueous acids. Similar studies by Jackson and Smith
110

show that 
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tryptamine and its N- and C-methyl derivatives are protonated at the 

position-3 of the indole nucleus in strongly acidic media to give the 

corresponding indolium salts of type (79). 

From the above survey it becomes clear that direct treatment of 

indole or its derivatives such as tryptopnan or tryptamine with 

deuterated or tritiated water, under acidic, neutral or alkaline 

conditions, would not permit the specific and unambiguous labelling 

at position-2. 

Indole-2-carboxylic acid (81) could be expected to yield 

[2-
2H- or 2-H] indole when decarboxylated in the presence of labelled 

water. o-Nitrophenylpyruvic acid (80) prepared by the method of 

Wright and Collins
111

, yielded indole-2-carboxylic acid (81) on 

reductive cyclisation.
112 Decarboxylation of (81) with copper 

chromite and quinoline in the presence of D20 yielded indole (82) 

which showed no deuterium at any position. Presumably the mineral 

acid used during isolation of the indole from the reaction mixture 

caused loss of deuterium by exchange. 
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Diacetoxymercuri-indole was first prepared by Mingoia
113 in 1930 

by shaking one mole of indole with two moles of mercuric acetate in 

water. The structure (83) assigned to the compound was supported by 

Ramachandran and Witkop
114 

who prepared it by using ethanol instead of 

water as the reaction medium. They
114 

reduced diacetoxymercuri-indole 

with LiAl3H4  and obtained tritiated indole which lost half of its 

activity on conversion into gramine. On the basis of this result and 

n.m.r. spectral data they argue that diacetoxymercuri-indole is a 

2,3-disubstituted product of indole and mercuric acetate. 

Dr. E.J. Herbert
115 

prepared tritiated indole in low yield from 

indole-2-carboxylic acid, which had been recrystallized from tritiated 

water, by pyrolysis at 240°  in an evacuated micro-Carius tube. As 

the experiment was carried out at high temperature he suspected that 

the label might not exclusively be confined to the 2-position. 

Conversion of tritiated indole into gramine caused 16 loss of the 

activity while condensation with oxalyl chloride removed 40% of the 

activity. Another useful derivative which could be prepared under 

neutral conditions was diacetoxymercurt-indole. When labelled indole 

was converted into this derivative, only a small drop in the activity 

(the same as in the case of gramine) was observed. He, therefore, 

assumed that the structure assigned to this compound is incorrect and 

suggested two other possibilities (85, 86). 

Indoxyl (87) contains an active methylene group which could 

exchange protons quickly under acidic or alkaline conditions. 
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Since it can be reduced116 readily to indole with lithium aluminium 

hydride, it was thought that the deuteration or tritiation of indoxyl 

followed by its reduction would produce the required indole labelled 

solely at the 2-position. Phenylglycine-o-carboxylic acid (88) was 

prepared117 by the action of monochloroacetic acid on anthranilic 

acid. Treatment of (88) with acetic anhydride in the presence of 

sodium acetate produced diacetylindoxyl (89)121 which yielded 

indoxyl (87) on alkaline hydrolysis carried out in the presence of 

oxygen-free nitrogen. Indoxyl was purified by vacuum sublimation and 

was found to exist in the keto form (i.r. band at 1690 cm 1) in both 

the solid state and in CHC1
3 

solution. The conditions for the 

exchange of methylene protons were established by following the 

deuteration by n.m.r. The spectrum of sublimed indoxyl (in CDC1
3
) 

was taken before and after shaking with D
2
0. No exchange of the 

methylene protons (singlet at 6.16) was observed. When a small 

amount of sodium bicarbonate was added to the solution and the 

spectrum run again, again no change was observed. However with a 

drop of trifluoroacetic acid the band corresponding to methylene 

protons began to collapse gradually until after ten minutes it had 

disappeared. Indoxyl in chloroform was shaken with 1N-DC1, 

prepared from D
20 and thionyl chloride, for ten minutes at room 

temperature to give the [1,2,2-2H
3
] derivative which yielded 

[2-2H] indole on reduction with excess lithium aluminium hydride in 

diethyl ether at room temperature. The material obtained was 
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recrystallized from petrol (40-60°) and gave the expected n.m.r. 

spectrum. Before and after chromatography on neutral alumina (Grade 

III) the n.m.r. spectrum (in CC14  )showed a doublet (at 3.63, 

J1,3 = 1.8 e./see.) for the 3-proton which collapsed to a singlet 

in alkaline D20 in the predicted
118 

manner. The molecular weight 

of the compound was confirmed by the mass spectrum which showed a 

molecular ion at ye 118 and two fragments at M-27 and M-28. 

gao H 
o 
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Having confirmed the potentiality of the labelling procedure, 

(2-3H) indole was prepared in a similar meaner from indoxyl using 

acidified tritiated water. The compound was Jiluted with inactive 

indole and recrystallized from petrol (b.p.kO-60°) to constant activity. 

Diacetoxymercuri-indole was prepared in 1,i6a yield (80%) by 

shaking an aqueous solution of mercuric acetate (2 moles) with powdered 

r L2-3  H] indole at room temperature for two hours.113 This compound had 

99% of the activity of starting indole. When reduced, with lithium 

aluminium hydride, it regenerated the indole which possessed 975 of 

the tritium. Similarly, the reaction of [2-3H] indole with mercuric 

acetate in ethanol
114 

gave the diacetoxymercuri-derivative (925 

activity) which was again reduced to indole which had 88% of the 

total activity of original [2-3H] indole. These observations con-

firmed Dr. Herbert' sil5  findings and exclude structure (83) assigned 

113,114 
to diacetoxymercuri-indole. In order to elucidate the 

structure of this derivative, one more experiment was conducted. 

Mercurated indole was prepared in ethanol and reduced with lithium 

aluminium deuteride to yield indole which was found to be an 

approximately 1:1 mixture of indole and [3-2H] indole (n.m.r. and 

mass spectra). Since the complex formed by the reaction of 

diacetoxymercuri-indole and LiAlD4  was decomposed with water, complete 

loss of deuterium from 1-position and some loss from 3-position was 

reasonable (the exchange of 3-proton in indole in alkaline media has 



been mentioned by Challis and Longli9). This observation supports 

the structure (85) for diacetoxymercuri-indole but structure (86) 

cannot be excluded. 

Regeneration of indole from the diacetoxymercuri-derivative can 

also be achieved by treatment of the latter with dilute hydrochloric 

acid. Mercurated indole (prepared in water as well as in ethanol) 

was shaken in separate experiments with 1,2,3,4,5, and 6N-HC1 for 

1 hour at room temperature. The reaction mixtures, when worked up, 

gave poor yields of indole (not exceeding 20%). However, when a 

mixture of dilute hydrochloric acid and benzene was used, the yield 

steadily increased with increasing strength of acid, till with 6N-HC1 

82 indole was recovered. By treating the mercuration product of 

indole with 3N-DC1 and benzene a mixture of [1,3-2H] and [1-2H] indole 

was obtained. Since pure indole under similar conditions also gave 

[1,3-2H] indole, the production of [1,3-2H] and [1-2H] indole, from 

diacetoxymercuri-indole by treatment with DC1 does not prove structure 

(85) for this derivative but excludes structure (83). Reduction of 

diacetoxymercuri-indole with sodium sulphide and acetic acid yielded 

indole (555). No further attempt was made to improve the yield of 

this reaction. The structure (84) has been suggested for 

triacetoxymercuri-indole by Ramachandran and Witkop.
114 

We 

prepared this derivative from [2-3H] indole and it was found to 

contain no activity. The indole obtained from lithium aluminium 

hydride reduction of this compound was totally inactive. This 
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result supports structure (84) for the triacetoxymerouri-indole. 

It is worth mentioning that the [2-3H] indole prepared by Dr.Herbert115  

from the decarboxylation of indole-2-carboxylic acid, when converted 

into the diacetoxymercuri-derivative and back into indole, retained 

95% of its activity. 
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DE42-3H]Tryptophan.  

From our labelling experiments with indole, it was found that the 

proton at position-2 in the indole nucleus is stable in alkaline media 

but can be exchanged if strong acids and vigorous conditions are used. 

Fbr the synthesis of DL[2-3H]tryptophan in a high radiochemical yield, 

we had therefore to select a route using either alkaline or mildly 

acidic conditions. Highly active [2-3H]indole was prepared from indoxyl 

by the procedure already described and a few milligrams were diluted 

with inactive indole to conduct our preliminary experiments. 

Gramine (90) was prepared12°  in high yield (800) by Mannich 

condensation of indole, formaldehyde and diethylamine in the presence 

of acetic acid. Gramine smoothly reacted with diethyl acetamidomalonate 

in the presence of sodium ethoxide and dimethyl sulphate to produce 

diethyl acetamido-(3-indolylmethyl) malonate (91).
122 This crystallized 

easily from 50 aqueous ethanol to give white plates (75% yield). 

Alkaline hydrolysis of the ester (91) gave acetamido-(3-indolylmethyl) 

malonic acid (92, 65%) which was decarboxylated and hydrolysed to 

give DL-tryptophan (94; 655 yield.123,124 
	

Due to the favourable 

conditions and a good overall yield, this procedure seemed to be 

appropriate for the synthesis of DL,[2-3H]tryptophan. Dilute 

[2-3H]indole was converted into tryptophan. The relative molar 
given 

activities are/in Table 1. It shows that the activity falls 

considerably in the last two steps of route (a). In a modified 

procedure (route (b) ) diethyl acetamido-(3-indolylmethyl) malonate 
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was refluxed with aqueous sodium hydroxide and then with glacial 

acetic acid to yield N-acetyltryptophan (93) which on alkaline 

hYdrolYsie Produced DL-[2-3H]tryptophan  in 94;1 radiochemical 

yield (see Table 2 for r.m.a.), Highly active DL-[2,3H]trypto-

Phan was PrePared from [2- 3H]indole via route (b) and assayed as 

liagetYltrYPtoPhan 26  (trYPtoPhan itself is not soluble in dimethyl 

sulphoxide and liquid scintillator; it was therefore converted 

into its N-acetyl-derivative which is readily soluble in this 

solvent system). 

Table 1. 

Relative molar activities of tryptOthan and the intermediate 

comP9unds Prepared from [2-3Hlindole via route (a). 

Indole 	Gramine Diethyl acetamido- 
(3-indolylmethyl) 
malonate 

Acetamido- 
(3-indolylmethyl) 
malopic acid 

DL-Tryptophan 

1.00 	0.97 	0.99 0.81  0.62 

Table 2. 

R.m.a. of tryptophan and intermediate compounds via route (b). 

Indole 	Gramine Diethyl acetamido.. 
(3-indolylmethyl) 
malonate 

_.... 	.. 	. 
N-Acetyltrypto- 
Than 

DL-Tryptophan 

1 	0.98 0.97 0.95 0.94 
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Feeding experiments with tryptophan had proved that it is 

very efficient precursor of chimonanthine (Chapter Four). It was 

therefore considered easy and less time consuming to determine the 

position of label by mass spectrometry in chimonanthine biosynthesised 

from tryptophan labelled with deuterium at a convenient position. 
Mothes et al.125 reported the specific labelling of tryptophan at 

the a-position with tritium by hydrolysis and decarboxylation of 

diethyl formamido-(3-indolylmethyl)malonate (95) in the presence of 

tritiated water. They degraded DL-[a-3H]tryptophan with 

L-amino acid oxidase to give indole-3-acetic acid which had only 2.4% 
of the original activity. They

125 thus claim that the a-position of 

We treated acetamido-(3-indolylmethyl) malonic acid (92) with 

CH3CO2D to give N-acetyltryptophan, the hydrolysis of which with sodium 

hydroxide in D2
0 gave deuterated tryptophan. The conditions used were 

essentially those described by Mothes et al.
125 As expected, the n.m.r. 

spectrum of the deuterated tryptophan showed a singlet of methylene 

signal confirming the presence of an a-deuterium atom. However, the 

aromatic multiplet was reduced in intensity from 5 to ca. 4 protons. 
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Also the mass spectrum of the tryptophan gave a molecular ion at m/e 

206 correponding to a dideutero-derivative. The indolylmethylene 

fragment ion appeared at lye 131 rather than at /e 130 as observed 

r in undeuterated tryptophan. Since the experiment with L2- 3 H]tryptophan 

showed that exchange at the 2-position was not significant under these 

conditions it appears that exchange had taken place somewhere in the 

benzene ring. ]t is not clear why our experiment gave results 

different from those of Mothes et al.125 However the deuterated 

tryptophan was used in a feeding experiment (see later). 

Several other deuteration reactions were carried out with 

tryptophan and the extent of substitution was followed by n.m.r. 

spectroscopy. The 2-proton in tryptophan is shifted to a lower 

value relative to that/indole and is not distinguishable from 

the benzenoid protons. The hydrochloride of tryptophan gave a 

spectrum in D20 showing all the protons attached to carbon. Heating 

the salt in D
20 for ten minutes at 1000 caused no change in the n.m.r. 

spectrum. However, when the solution was kept at this temperature 

for three hours, a decrease in the integration area of ca. 30% for 

the aromatic protons was observed. Heating for a further three hours 

did not effect any further appreciable exchange but an 80% decrease 

in the integral trace was found when the heating was continued for a 

further eighteen hours. The protons of side chain remained intact 

under these conditions. When DL-tryptophan was stirred at room 

temperature in 1N-D2SO4  for eighteen hours, no exchange occurred. 
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But heating at 100°  for four hours in 8N-D2SO4  effected complete exchange 

in the side chain as well as of the aromatic protons. 

[2-3H] and 
[131c 

 ]Tryptamine. 

A very convenient procedure for the synthesis of tryptamine (98) 

has been described by Young.127  Indole-3-formaldehyde (96) was 

prepared by treating indole with dimethylformamide and phosphorous 

oxychloride. The compound condensed with nitromethane to yield 

3-2'-nitrovinylindole (97) which gave tryptamine on reduction with 

lithium aluminium hydride in ether. Starting with dilute 

[2-3H]indole (r.m.a.1), we obtained (2-3H]tryptamine (r.m.a. 

0.95). Highly active [2-3H]tryptamine was also prepared by the 

same method. 

Decarboxylation of tryptophan, by refluxing it with diphenyl 

ether in an atmosphere of nitrogen, has been reported by Barton and 

his colleagues.30  When DI,-[2-3H]tryptophan was converted in this 

way into tryptamine, it retained 805 of the total activity. 

(2-3H]Tryptamine for feeding was however prepared by the former 

method.127 DL,[¢-14C]Ttyptophan is commercially available and 

r 14
Ci tryptamine was prepared from it by decarboxylation.30  

N-[methyl-14C]Methyltryptamine. 

This compound, also known as dipterine, was synthesised from 

indole. Oxalyl chloride reacted with indole in ether to give 

en 	r14 
indole-3-glyoxalyl chloride (99)128 which treated with 1, CI 

methylarnine hydrochloride in dried dimethylformamide containing 
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, 
triethylamine produced N-[methyl- 1 Cjmethy1-3-indolylglyoxamide(100).3° 

The amide, on reduction with lithium aluminium hydride and aluminium 

chloride in dried dioxan, gave N-[methyl-
14C]methyltryptamine (101). 

Nonradioactive N-methyltryptamine needed for the synthesis of 

DL-chimonanthine100  and for degradation experiments (Chapter Four) 

was prepared by modification of the procedure mentioned above. 

N-Methyl-3-indolylglyoxamide (100) was prepared in 90% yield from 

the acid chloride (99) by treatment with 2N-aqueous methylamine 

solution. The amide (100), when reduced in refiuxing dioxan 

containing powdered LiA1Hk  and anhydrous aluminium chloride, 
only 

produced not*-methyltryptamine (35%) but 3-ethylindole (102) (10%) 

and five other unidentified products. 3-Ethylindole had not previously 

been described as a product of this reduction. 
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Another possible approach to the preparation of 

N-methyltryptamine was investigated. Todd and his co-workers
129 

have prepared thioformylderivatives of the type (103) by the 

reaction of potassium dithioformate with amines. The reduction 
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of (103) with Raney nickel might be expected to yield the 

N-methyl derivative of the amine. This method was thought to be 

not only a convenient 

R NH - C - H 

S 

(103) 

procedure for the conversion of tryptamine to N-methyltryptamine 

but also a general route for the N-methylation of amines and for the 

introduction of tritium labelled N-methyl groups. Thioformyl 

derivatives of several amines including tryptamine were prepared 

and reduced with Raney nickel W4. No useful products were 

obtained. Reduction of the benzylamine derivative gave benzylamine 

as one of the products. Since the feeding season was approaching 

no further attempts were made to find another suitable reducing 

agent and N-methyltryptamine was finally prepared by the procedure 

already mentioned. 
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Selective labelling of 5-hydroxytryptophan in the aromatic nucleus. 

Dr.N.Sandler of Queen Charlotte's Maternity Hospital, London, 

required 5-hydroxytryptophan (104), labelled with tritium in the 

aromatic nucleus but not in the side-chain, for metabolic studies on 

phenolic arylamines. It had been observed that acid catalysis 

exchanges the aromatic but not the side chain protons in tryptophan. 

This method 

No 

was therefore considered to be the most suitable for the preparation of 

5-hydroxy-[aryl-3H]tryptophan. The presence of a phenolic hydroxyl 

group at position-5 in this compound led us to prediot that the rate 

of exchange of protons at positions -4, -6, -7 and -2 would be 

different. Accordingly, 5-hydroxytryptophan was dissolved in D20 

containing one mole of DCI and the n.m.r. of the solution measured 

using t-butanol (.( 8.77) as an internal standard. First order 

analysis enabled the identification of the signals produced by each 

aromatic proton (Table 3). When the solution was heated at 100°  for 

five minutes, the 4-proton was completely exchanged. Heating at this 

temperature for 30 minutes caused ca. 40% exchange of the proton at 
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position -6 to occur. Proton-4 was completely exchanged after 

45 minutes at room temperature in 1N-DC1. After heating the solution 

at 100
o 

for 3 minutes the signals due to 4- and 6-protons disappeared 

and after 19 minutes at this temperature, 4,2,6-trideutero-5-hydroxy-

tryptophan was formed. No further exchange had occurred after 40 

minutes at 100°. 4N-DC1 caused a rapid exchange of proton at 

position-4 which could not be followed at the spectrometer temperature 

(40°). After keeping the solution at room temperature for 45 minutes 

the 4,6-dideuterated derivative was obtained. At 100°  all the 

aromatic protons completely exchanged in 1 hour and no exchange of 

the a (1r 5.73) and (3 0)6.70) protons was observed in any of the 

above experiments. On the basis of these results the qualitative 

rate order can be established as 4) 6)2 	a,3. 

5-Hydroxy-[aryl-3H]tryptophan was prepared by heating the 

non-radioactive compound at 100°  for 1 hour in 4N-tritiated 

hydrochloric acid. After cooling the solution, its pH was adjusted 

to the isoelectric point of the amino acid by addition of solid 

sodium bicarbonate when the crystals appeared. 

Table • 

N.m.r. spectrum of 5-hydroxytryptophan hydrochloride in D20. 

Proton 4. 6. 2. 7. 

2.94 3.16 2.76 2.65 

Jc ./sec . 2.3 8.3,2.3 singlet 8.7 
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Shortly after these experiments were being carried out, the 

selective exchange of nuclear protons in hydroxyindoles such as 

5-hydroxyindole-  bufotenine, and 5-hydroxytryptophan was published 

by Daly and Witkopi°°  According to their observation 

or 7-hydroxyindoles partially exchanged (70-100) the 

proton at position-3 after the compounds in D
2
0 were kept at 60°  for 

16 hours, whereas the proton-4 in 5-hydroxytryptophan under these 

conditions exchanged completely in less than three hours. In 

6-hydroxyindole the 3- and 7-protons exchanged to the extent of 

about 70-80% but 5-proton remained intact. 4- and 7-Hydroxyindoles 

exchanged only the 3-proton. They130 further report that 

5-hydroxytryptophan was converted quantitatively to 5-hydroxy-

-[4,6-2H]tryptophan on heating with 1N-DC1 at 50°  for 1 hour. 
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MAPPER FOUR 

THE BIOSYNTHESIS OF CHIMONANTHINE 

The review in Chapter One shows that tryptophan has been 

proved to be the biological precursor of the indolylethane unit 

in all the indole alkaloids so far examined. Since chimonanthine 

(105) is a simple dimeric indole alkaloid, it seemed reasonable 

that this could also be derived from tryptophan. Dr.E.J.Herber1/5  

r 
has recently reported that DIr-0-

14  Oitryptophan is incorporated 

into chimonanthine in Chimonanthus fragrans (0.06% incorporation) 

but the supplies of chimonanthine were low and he therefore 

could not perform degradative work. Similar results have recently 

14 , 
been achieved by O'Donovan and Keogh18  with DL4a- Cltryptophan 

fed to Calycanthus floridus. They isolated radioactive folicanthine, 

shown by degradation to contain the activity at the expected 

position. 
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The chemical syntheses of chimonanthine via oxindole and 

indole derivatives99,100 suggest two mechanisms for the 

biological dimerization: namely routes (i) and (ii). The 

decision between an oxindole and an indole intermediate can 

be made by labelling the position-2 (in (ii) with tritium. 

This proton would be lost in the first route and retained in 

the second. 
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Our first experimental approach was, therefore, to feed the 

shrub Chimonanthus fragrans Lindle with a mixture of 

DI-D-14C)tryptophan and DL-[2-3H]tryptophan (106). A feeding 

experiment with a mixture of (-14C]trYptamine  and [2-31-1]tryptamine 

(107) served two purposes:(a) to determine the stage of decarboxylation 

of the tryptophan and (b) to confirm the intermediate involved in 

the dimerization. The 14C label in tryptophan and tryptamine 

served as an internal reference to decide the loss or retention of 

tritium. 
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Me 

Tryptophan and tryptamine feeding experiments. 

Since chimonanthine occurs in the leaves of Chimonanthus  

fragrans, it was thought that the whole plant would not be 

necessary for the biosynthesis of the alkaloid. Accordingly, 

three young shoots were cut under water and placed in the 

radioactive solution of the doubly-labelled precursors 
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contained in a sealed "poly-top" tube. The shoots were 

constantly watered and after seven days the seal was opened. 

More than 99% of the radioactivity (determined by radiodilution) 

had been absorbed by the plant. The stem and leaves were cut 

into small pieces, crushed to a fine powder under liquid 

nitrogen and the total bases extracted as the hydrochlorides. 

Chromatography of the free basic material on Woelm neutral alumina 

(activity 1) using 2';,1 methanol-ether as an eluting solvent system 

followed by: thin-layer chromatography on silica gel G (benzene - 

,ethyl acetate-diethylamine; 7:2:1, solvent system99), gave pure 

Is-chimonanthine (RF  0.22) and some meso-chimonanthine. 

L-Chimonanthine was diluted with natural non-radioactive chimonanthine, 

isolated from the plant, and repeatedly crystallized from benzene 

to constant activity. In fact there was little drop in the activity 

during crystallization. The ratio of carbon-14 to tritium in the 

alkaloid was the same within experimental error as in the 

precursors (Table 2). The incorporations (based on 
14

C) for 

tryptophan (3.0%) and tryptamine (11.1%) were gratifyingly high. 

To confirm the radiochemical purity of L-chimonanthine, some 

suitable derivative was required. Bardsley and Smith
92 have 

converted chimonanthine into folicanthine (108), but unfortunately 

the procedure was not available and the reaction of formaldehyde 

and formic acid with chimonanthine gave an unidentified product 
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together with unconverted starting material. Hendrickson 

et al.99  have reported the isomerization of chimonanthine into 

calycanthine (109) when the former is heated at 100°  for 62 hours 

in 0.01 M hydrochloric acid, but the yield (39%) was not very 

attractive since N-methyltryptamine was also produced. Our own 

investigations showed that the yield of calycanthine could be 

improved: with 50% aqueous acetic acid at 80°  a 1:3 mixture of 

chimonanthine and calycanthine was obtained. However when 

chimonanthine was heated with glacial acetic acid at 90-100°C, 

it was converted almost quantitatively into calycanthine (88% 

isolated yield). Calycanthine under these conditions did not 

yield chimonanthine. When calycanthine was heated at 100°  for 

30 hours in dilute acetic acid (5 ml. of water containing 5 drops 

of acetic acid) it produced an approximately 1:4 mixture of 

chimonanthine and calycanthine. 

Shortly after these experiments were carried out, Scott 

and his colleagues13  published their observations that heating 

of chimonanthine with dilute aqueous acetic acid for 30 hours 

at 100°  gave a 1:3 mixture of chimonanthine and calycanthine. 

We however found our own procedure to be the most satisfactory 

and economical. Before converting radioactive chimonanthine 

into calycanthine, a control experiment was conducted in which 

non-radioactive chimonanthine was isomerized to calycanthine with 

glacial acetic acid containing a known small amount of tritiated 

water. The calycanthine thus obtained contained negligible 
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activity (ca.0.3%). Once it was known that these conditions 

did not exchange tritium, radioactive L-chimonanthine from 

the tryptophan and tryptamine feedings, was converted into 

D-ealyeanthine. The compound after recrystallization from 

aqueous acetone showed no drop of the activity (see relative 

activities Table 2). 

In those cases where indole alkaloids, including folicanthine, 

derived from tryptophan labelled with 
14

C in the side-chain 

have been degraded (Chapter One), the labelling position has 

accorded with expectation and no "scrambling" has been 

observed. It was however necessary to determine the position 

of tritium in our biosynthetically labelled alkaloid. For 

establishing the position of tritium in the alkaloid, several 

requirements were considered, e.g. mild conditions which would 

not cause random loss of tritium, a high yield of the 

degradation products, and a convenient route having the least 

number of steps. Our attention was first attracted towards 

the oxidation of folicanthine (108) with silver acetate to 

yield 9-methylnorharman (110); R=Me)
88. Since chimonanthine 

(105) is bis-N(a)-norfolicanthine, it was thought that it could 

give norharman (110; R=H) by silver acetate oxidation, but when 

it was treated with silver acetate in boiling 1% aqueous acetic 
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acid, it gave a small amount of calycanthine (ca. 10%) and 

remained mostly unchanged. However, calycanthine, subjected 

to the same conditions for a longer period produced norharman 

(13% yield) identified by comparison with authentic materia1.112  

Since chimonanthine (105) and hence calycanthine (109) were 

expected to carry tritium at the starred positions, one would 

expect the loss of tritium in conversion into norharman which 

has no proton at position-10. Since calycanthine is produced 

from chimonanthine in high yield and the conversion of calycanthine 

into norharman is a one-step reaction, this route was chosen for 

the degradation of the alkaloid. Before working with radioactive 

materials, non-radioactive calycanthine was converted into 

norharman in the presence of tritiated water. It was found that 

no significant amount (ca. 2.5%) of tritium was incorporated 

into norharman. A part of the L-chimonanthine from the tryptamine 

feeding was isomerized into D-calycanthine which was then diluted 

with DL-calycanthine, prepared from DL-chimonanthine, and subjected 

to silver acetate oxidation. Norharman (RF 0.48) was separated 

from unconverted calycanthine (RE, &8) on silica gel PF254  or 

silica gel GF254 thin layer plates (0.25 m.m thickness) using the 

benzene-ethyl acetate-diethylamine (7:2:1) solvent system (spots 

developed under u.v. lamp: both calycanthine and norharman give 

blue colours in u.v.). Surprisingly, the specific activity and 



the ratio of 14C t
o 3

H in the norharman were the same, within 

experimental error, as in the calycanthine. The retention of 

tritium during degradation might have resulted from migration 

to position-) in norharman (110;R=H). Some precedence for this 

is available83 from the degradation of dehydrocalycanthine which 

involves an oxidation-reduction step which might also be intra-

molecular. Since supplies of the labelled alkaloid were limited 

further investigation of the norharman was abandoned and another 

degradation sought. 

Hendrickson and his co-workers99 obtained N-methyltryptamine 

(111; ca. 13% yield) as a by-product during their isomerization 

of chimonanthine. Retention of tritium (98.5%) in [2-3H)tryptamine 

(107) under the conditions of this reaction showed that the method 

was safe for degradation of labelled alkaloid. L-Chimonanthine, 

from both the tryptamine and tryptophan feedings, was therefore 

converted into N-methyltryptamine which was separated on silica 

gel PF 254 plates using the above amine (7:2:1) solvent system. 

It was diluted with inactive material, recrystallised from 

petroleum ether (b.p. 80-1000) and counted (see Table 2 for 

relative activities and 
14
C/
3
H ratios). 

Either cyclisation or substitution at carbon-2 in 

N-methyltryptamine could determine the amount of tritium at this 

position. 
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Hinman and Bauman132 showed thatN-bromosuccinimide 

(NBS) in t-butyl alcohol converts 3-alkylindoles, such as 
112 

skatole (112, R=Me), indole-3-acetic acid (A;R=CH2CO2H)„ 

tryptophan and tryptamine, into the corresponding oxindoles 

(113) when a 1:1 mole ratio of NBS to indole is used. It was 

therefore thought that the conversion of N.methyltryptamine 

into 2-oxy-N-methyltryptamine would be a useful procedure for 

determining the presence of tritium at C-2. But inactive 

N-methyltryptamine, when subjected to the same treatment, did 

not yield the desired product. 

The reaction of N-methyltryptamine and formaldehyde in 

0.5N sulphuric acid at 110°, has been reported to give three 

major products (114, 115, 116).133  We confirmed the formation 

of three products but their separation was difficult on a small 

scale. Similar reaction with acetaldehyde yields N(b)-methyl- 

tetrahydroharman (117)
134

. The latter reaction was found to 

proceed also at room temperature overnight to produce the 

reported product in 93% yield (some N-methyltryptamine remained 

unconverted). The product was separated on silica gel PF25)1  

thin layer plates (0.25 mom) with the 7:2:1 solvent system 

already described. The free base did not crystallize, but its 

hydrochloride crystallized readily from absolute ethanol to give 

fine needles. DL-Tryptophan, treated with 111-D
2  SO at room 

temperature for 18 hours showed (n.m.r.) no exchange of any 
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proton attached to carbon. Radioactive N-methyltryptamine 

obtained from chimonanthine was then converted into 

N(a)-methyltetrahydroharman, and its hydrochloride recrystallised 

and counted. Complete absence of tritium in this compound proved 

that all the tritium was present at position-2 of the indole ring 

in N-methyltryptamine and hence at the starred positions in 

chimonanthine and that there was no scattering of the label 

during the synthesis of alkaloid in the plantt. These obHervations 

support the idea that a simple indole derivative is involved in 

the oxidation dimerization and exclude the possibility of an 

oxindole intermediate. 

Deuterated Try,tophan feeding. 

From our previous experiments on tryptophan and tryptamine 

feedings, it became clear that the plant synthesises the alkaloid 

from these precursors with high efficiency. Extensive use of 

mass spectrometry in determining the amount and position of 

isotopes such as D,
18
0, 

15
N, and 

13
C, encouraged us to biosynthesise 

chimonanthine from deuterium labelled precursors and determine the 

labelling pattern from the mass spectrum. The most convenient 

position from the synthesis point of view for deuterium labelling 

in tryptophan is at the a-carbon in its side chain. Accordingly, 

acetamido-(3-indolylmethyl) malonic acid (118) was decarboxylated 

in MeCO2D and the product hydrolysed by NaOH in D20. 
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PI,ItYptophan, against our expectation was labelled not only at 

the a-position but also in the indole nucleus (see Chapter Three), 

A mixture of DL,[2-31]- and DL-[2H)tryptophan in the ratio 

of approximately T:8.5 was fed to Chimonanthus fragrans in the 

14p1,241, way. The total weight of precursor fed was ca. 10 times 

the normal amount.  The total amount of basic material was 

chromatograPhed as previously but a gummy material (32.2 mg,) 

was obtained. Several attempts  to  rscrY4tallize  it failed. 

Half of this material was sant for mass PloePtrPMetrY and the other 

half purified by preparative thin layer chromatography. The 

alkaloid gave a single spot on thin layer plate but was still in 

the semisolid form and was difficult to recrystalli4e. It was 

dissolved in Ppc13 	. (10 ml.) and out of this solution 1 ml. was 

taken out, the solvent evaporated off in a stream of nitrogen 

and the residue counted (incorpn, based 3H, 0,4150 , The mass 

spectra are not available yet, hence their results are not 

discussed here, 
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N-Methyltryptamine feeding. 

The synthesis of DL-chimonanthine from N-methyltryptamine 

100,103 by a one step process 	provides some support for the 

amine's being the immediate biological precursor of the alkaloid. 

It is interesting to note that the alkaloid dipterine isolated 

by Russian worker Yurashevskii
135 

from Girgensohnia diptera is 

N-methyltryptamine. Dr.E.J.Herbert115  fed N-rmethy1-14C]methyl-

tryptamine to Chimonanthus fragrans and obtained the total bases 

which were difficult to purify. After repeated chromatography 

and dilution with inactive DL-chimonanthine followed by 

recrystallization he found a continuous drop in the activity and 

inferred that N-methyltryptamine does not seem to be an 

efficient precursor of chimonanthine. In order to test this 

point, N-[methyl-14C]methyltryptamine was prepared by the 

known3°  procedure and fed to the plant. The L-chimonanthine 

was mixed with basic impurities and could not be purified 

readily. It was therefore converted into calycanthine which 

readily crystallized from aqueous acetone (0.1% incorpn.). 

Hertzig-Meyer demethylation showed all the activity to be 

in the N-methyl groups (Table 2). Incorporation of this 

precursor shows that it is coupled in the plant to give 

chimonanthine. The low incorporation in this case can partially 

be attributed to seasonal effects as N-methyltryptamine was fed 

late in the growing season of the plant while tryptophan and 
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tryptamine were fed in the early growing season. The possibility 

that tryptamine itself is dimerized to give bis-norchimonanthine 

(119), which on methylation yields chimonanthine, cannot be 

excluded. Another cause of the low incorporation of N-methyltryptamine 

might possibly be its partial demethylation to yield tryptamine. 

The most convenient way to test the stage of methylation during 

the biosynthesis of the alkaloid would be to synthesise 

chemically the bis,-norchimonanthine (119) and feed it to the 

plant. Demethylation of part of the N-methyltryptamine to give 

trYPtamine could be determined by using doubly labelled 

N-methyltryptamine (say at position-2 with tritium and at the 

N-methyl carbon with 140. Demethylation during biosynthesis 

would reduce the 2.4C:3H ratio. 

Table. 1. 

Incorporation (% based on 
14

C) of precursors into chimonanthine 

in Chimonanthus fragrane. PRECURSORS (% based on 3H) 

[3H,2.H]Trypto. 
phan 

DL-Trypto-' 
phan 

Trypta- 
mine 

N-methyl- 
tryptamine 

Date of Feeding 31 May 16 June 4 August 11 July 

Incorporation 
into total 
bases 

7.5 11.7 3.8 2.31 

Incorporation 
into chimonanthi 

3.6 
ne 

11.1 0.10 .41 
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Table 2  

Degradation of labelled chimonanthine (Molar activities relative 

to chimonanthine). 

DL-Tryptophan Tryptamine N-Methyltrypta - 
r7ine. 

14c 	3H •Ratio 14C 3H  Ratio 140 

Precursor. 	- 	 - 
i 

1:4.35 - 1:4.2 

Chimonan- 	1 
thine 

4.3 1:4.50 1 4.10 1:4.10 1.00 

Calycanthine 0.99 4.27 1:4.30 1.01 4.10 1:4.06 1.21 

N-Methyl- 	0.97 
Tryptamine 

4.50 1:4.43 1 4.03 1:4.03 - 

N-Methyl- 	1.02 
Tetrahydro - 
harman 
hydrochloride 

- - 1.03 - - - 

ammonium 	- 
iodide 

Methyltriethyl  
- - 

.. 	• • 

: - 1.23 
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Experimental  

All melting points were determined on a micro Kofler block. 

Woelm neutral alumina was used for column chromatography and Merck 

aluminium oxide G or GF and silica gel GF25k or PF25 were used 

for thin layer chromatography. Nuclear magnetic resonance spectra 

were recorded by Mrs.A.I.Bosten on Varian A00  spectrometer or Mr.S.R.  

Chhabra on a Perkin-Elmer B10 spectrometer. The mass spectra were 

recorded by Mr.P.Boshoff on an A.E.I., M.S.9 double-focussing mass 

spectrometer. Ultraviolet and infrared spectra were determined on 

Unicam SP800 and SP200 spectrophotometers respectively. All 
14

C and 

tritium labelled compounds were counted in a scintillation counter, 

either Isotopic Development Ltd. Type 6012A or Beckman CPM-100 

Liquid Scintillation system. Samples were dissolved in 

dimethylsulphoxide and liquid scintillator (Nuclear Enterprises Ltd., 

Type NE.213). Measurements were made in duplicates and where necessary 

back ground corrections were also made. The respective efficiencies 

were obtained by counting [3 and [
14

C] hexadecane standards. 

Incorporations were calculated from the total activity of the 

administered precursor, the specific activity of the purified 

alkaloid and the yield of the alkaloid after chromatography. 
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o-Nitrophenylpyruvic acid. 

The acid was prepared from o-nitrotoluene and diethyl oxalate 

by the method of Wright and Collins
111, crystallizing as yellow 

needles from hot water, m.p. 119-120°  (litliim.p.120), yield 48%. 

Indole-2-carboxylic acid. 

Reductive cyclisation of o-nitrophenylpyruvic acid as 

described by Kermack, Perkin and Robinson
112 

gave colourless 

112 needles, m.p. 203°  (lit., m.p. 203°), yield 70%. 

Indole. 

The method adapted was a modification of the known procedure136  

Indole-2-carboxylic acid (100 mg.) was mixed thoroughly with copper 

chromite (10 mg.) and purified quinoline (0.5 ml.) was added. The 

mass was heated in an atmosphere of dry, oxygen-free nitrogen for 

two hours at 215-220°. It was then cooled to room temperature, 

diluted with water (3 ml.) and extracted with ether (5x3 ml). The 

ether layer was washed with 2N-HC1 (5 x2 ml.), 2N-sodium bicarbonate 

solution (5x2 ml.) and finally with distilled water (3x2 ml.), dried 

over anhydrous sodium sulphate and evaporated to dryness under 

reduced pressure to give crude indole (53 mg.). This was 

chromatographed on neutral alumina grade III in benzene. Elution 

with pure benzene, followed by a mixture of benzene-chloroform (5:1) 

giving pure indole, which, after recrystallization from light petrol 

(b.p. 40-60°) gave colourless flattened plates, m.p.51-52°  (no 



- 80 - 

depression on mixing with authentic indole). The yield of pure 

indole was 585 of the theory. The n.m.r. (CC14) spectrum showed 

the expected bands; ry3.60 (3-H; 1H; triplet), 3.23 (2-H; 1H; 

triplet), 2.91 (Ar-H; 3H; multiplet), 2.43 (Ar-H; 1H; multiplet). 

The N-H proton not detectable. 

Attempt to prepare [2-2H]indole. 

Decarboxylation of indole-2-carboxylic acid was carried out with 

copper chromite and quinoline in the presence of deuterium oxide. The 

indole thus obtained was purified by chromatography followed by 

recrystallization from light petrol. Proton magnetic resonance 

spectrum (in CC14) showed no deuterium in the molecule, Z' 3.58 

(3-H; 1H; triplet); 3.14 (2-H; 1H; triplet), 2.92 (Ar-H; 3H; 

multiplet, 2.43 (Ar-H; 1H; multiplet). 

Diacetoxymercuri-indole. 

The compound was prepared in high yield from indole and mercuric 

acetate by two different procedures.
113,114 Two moles of mercuric 

acetate were used for every one mole of indole. N.m.r. (CF3CO2H), 

9i1 8.26 (2*-COMe; 6H; singlet), 2.72 (Ar-H; 5H; multiplet, 1.27 

(Ar-H; 1H; multiplet). I.r. spectrum 	1
Nujol mull 

3450, 1675, 1490, 1438, 1325 cm-1. 
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Reaction of Diacetoxymercuri-indole with dil.HC1. 

Diacetoxymercuri-indole (250 mg., ca. 0.39 m.'nole) was shaken 

mechanically with aqueous N-HCI (5 ml.) at room temperature for 1 

hour. The mixture was then extracted with benzene (4x3 ml.), the 

benzene layer separated, washed with 2N-sodium bicarbonate (2x3 ml.), 

water (2x3m1.), dried (anhydrous sodium sulphate) and evaporated to 

dryness under vacuum. Crude indole thus obtained was purified by 

chromatography and recrystallization (yield 20%). The experiment 

was repeated using 2N-, 3N-, 4N-, 5N- and 6N- aqueous hydrochloric 

acid (5 ml. in each case for the above amount of indole) but the 

yields did not exceed 20%. 

Experiments were also carried out in which mixtures of 

hydrochloric acid, benzene and diacetoxymercuri-indole were 

shaken together, the rest of the procedure being the same as above. 

The yields of pure indole were 40, 51, 60, 78, 81 and 82% 

respectively with 1,2,3,4,5 and 6N-HC1. 

Treatment of diacetoxymercuri-indole and indole  with DC1. 

In one of two 25 ml. conical fla.s:z-c, d:L.cetoxymercuri-indole 

(500 mg., 0.78 m mole), benzene (5 ml.) and 311-DC1 (2 ml.) and in 

the other pure indole (92.5 mg., ca. 0.79 m mole), benzene (5 ml.) 

and 3N-DC1 (2 ml.) were taken. Both the flasks were shaken 

mechanically for three hours at room temperature, residues filtered 

off at pump, benzene layers separated, washed with sodium bicarbonate 
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solution (2x2 ml.), water (2x2 ml.), dried (sodium sulphate) and 

evaporated to dryness under vacuum. The yields of indole were 

and 325 respectively. N.m.r. (CC1)) of former indole, (1'3.60 

(3-H; ca. 1H), 3.17 (2-H; 1H), 2.93 (Ar-H; 3H, multiplet), 
3 

2.45 (Ar-H; IH; multiplet) and that of latter, re 3.20 (2-H; 

IH), 2.85 (Ar-H; 3H, multiplet), 2.4 (Ar-H; 1H; multiplet). 

Latter indole was chromatographed on grade III alumina using pure 

benzene followed by benzene-chloroform (5:1). N.m.r. after 

chromatography was similar to that before chromatography. 

Reduction of Diacetoxymercuri-indole with lithium aluminium 

hydride. 

B.Witkop
114 has mentioned the reduction of diacetoxymercuri-

-indole with lithium aluminium hydride but he has not given the 

details of the procedure. The compound was reduced in the 

following manner: Powdered lithium aluminium hydride (200 mg., 5.4 

m moles) was suspended in sodium dried ' , diethyl ether (50 ml.) in 

a 100 ml. three necked round bottomed flask provided with a 

magnetic stirrer and a condenser. Solid diacetoxymercuri-indole 

(633 mg., 1 m mole) was added through one of the side necks 

during 15 minutes with stirring. The mass was stirred at room 

temperature for five hours, excess lithium aluminium hydride 

decomposed by ethyl acetate and the complex hydrolysed by dropwise 

addition of water. Ether solution was decanted off, the residue 

3855 
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washed several times with small portions of ether and the washings 

added to the main solution which was then dried and evaporated under 

vacuum to give crude indole. The compound was purified by chroma-

tography and recrystallization (yield 79%). 

The experiment was repeated using 0.5, 1.5 and 3 moles of 

lithium aluminium hydride for every one mole of diacetoxymerouri-

-indole. The yields of pure indole were 22%, 49% and 53 

respectively. 

Reduction of diacetoxymercuri-indole with lithium aluminium deuteride. 

Diacetoxymercuri-indole used in this reduction was prepared by 

the procedure described by L.K.Ramachandran and B.Witkop
114 

and 3 

moles of lithium aluminium deuteride were used for every one mole 

of diacetoxymercuri-indole. The rest of the procedure was the same 

as mentioned before. The indole recovered was found to be a 

mixture of indole and [3-21-]indole (n.m.r. and mass spectra). 

Reduction of diacetoxymercuri-indole with sodium sulphide. 

Diacetoxymercuri-indole (633 mg., J. m mole) was suspended in 

distilled water (5 ml.) and powdered sodium sulphide (1 g.) was 

added in small portions with stirring. With the addition of sodium 

sulphide the mass first turned yellow and then black. Stirring was 

continued for two hours at room temperature. The whole mass was 

extracted with ether (4x8 ml.), the ether layer dried over magnesium 

sulphate and evaporated at pump to get indole. The yield after 
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purification was 21%. 

Reduction of diacetoxymercuri-indole with aqueous sodium sulphide  

and acetic acid. 

Sodium sulphide (1 g.) was dissolved in distilled water 

(5 ml.) and diacetoxymercuri-indole (633 mg.) was added slowly 

with stirring. Glacial acetic acid (0.5 ml.) was added drop by drop, 

stirring continued overnight and the reaction mixture worked up as 

before. Yield of pure indole thus obtained was 56%. 

Indole dimercurichloride. 

The compound was prepared from diacetoxymercuri-indole by the 

procedure of Mingoia113 by refluxing dianeLoxymercuri-indole with 

a saturated solution of sodium chloride for three hours. Attempts 

to recrystallize the compound, from hot ethyl acetate as suggested,
113 

failed since it did not dissolve. The yield of the crude compound 

was 90%. 

Reaction of indole dimercurichloride with (-/?ute hvdrochloric acid. 

The compound was shaken with 6N-hydro2hlorie acid and benzene as 

in the case of diacetoxymercuri-indole. After working up it yielded 

16.4 mg. of pure indole (16%). When the experiment was carried out 

with 2N-, 3N- and 4N- hydrochloric acid the yield was the same in 

each case (33%). 
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Phenylglycine-o-carboxylic acid. 

The compound was prepared by the reaction of chloroacetic acid 

on anthranilic acid by the known procedures.
117 

Recrystallization 

from hot water (with the aid of charcoal) followed by crystallization 

from methanol gave colourless material (40% yield), m.p. 218-220 

(117) 	.vy ujol 3383,  
(lit. 	218-20°). IR spectrum 	3183,1725, 1670,1578 cm-1. 

Diacetylindoxyl. 

The reaction of phenylglycine-o-carboxylic acid with acetic 

anhydride in the presence of sodium acetate gave a brown gummy product
121 

 

which on extraction with light petrol in a soxhlet extractor and 

recrystallization from ethanol gave colourless shining needles, 

o (lit.121,-_ 
m.p. 81-82° 	02 ) (yield 36%). The identity of the compound 

was confirmed from its infrared and nuclear magnetic resonance 

spectra. I.r.spectrum 1)- CHC1  3 1750, 6700, 1615, 1547 cm
-1
. 

N.m.r.spectrum (in 0C14) ri." 7.69 (-0-C-Me; 3H; singlet), 7.47 
0 
It 

(N-C-Me0H;singlet), 2.64 (Ar-H;3H; multiplet, 2.33 (2-H;1H, 

singlet), 1.47 (ftr-11;111, 

Indoxyl acetate. 

Alkaline hydrolysis of diacetylindoxyl under nitrogen gave 

indoxyl which when treated with 1 mole of acetic anhydride produced 

indoxyl acetate .137 It was recrystallized by dissolving in warm 

ethanol, filtering with charcoal and adding water. The colourless 

compound thus obtained melted at 127-28°(lit 7  m.p.127.5°). Yield 87%. 
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CHC1 I.r. lr 	3 3485, 1740, 1618, 1547, 1460 cm-1. N.m.r.(in CDC1 ) 

3 

7,65 (-0-C-Mej3H;singlet), 2.73 (Ar-H;4H;multiplet).2.38 

(Ar-H;2H; multiplet ). 

Indoxyl. 

2N-Sodium hydroxide (55 ml.) was placed in a three necked 

100 ml. round bottomed flask fitted with a reflux condenser and 

delivery tube dipped into the solution. A stream of oxygen-free 

nitrogen was passed through the solution for five minutes to remove 

oxygen. Diacetylindoxyl (2.17 g., 0.01 mole) was added through one 

of the side necks. After the passage of nitrogen through the cold 

mixture for a further five minutes, the mixture was stirred 

magnetically and heated to boiling under reflux until the 

diacetylindoxyl had dissolved. The yellow solution of indoxyl 

was cooled to 0
o 
and 6N-HC1 added slowly with shaking till the 

solution turned acidic to litmus. The resulting yellow precipitate 

was filtered off, washed with a little ice cold water and dried in 

vacuo over potassium hydroxide. It was purified by sublimation at 

1000 (10
-4 

mm.). The pure j.ndoxyl mA.ted at 880. It slowly 

turned to indigo when left for a long time in contact with air. 

The infrared spectrum in NUjoll 	g;=.7ie bands at 3330, 1690 and 

1620 em-1  and212.6001 showed a singlet (re 6.16) fo:' methylene protons 

and two multiplets ( (1' 3.2 and ris  2.55) each for two benzenoid 

protons. The N-H proton could not be detected. 
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Deuteration of indoxyl. 

Sublimed indoxyl (40 mg.) in CDC1
3 

gave the n.m.r. spectrum 

mentioned above. On addition of a drop of D20 the N-H proton 

exchanged. With the addition of a trace of sodium bicarbonate no 

further exchange was noted. When trifluoroacetic acid was added 

to the solution, the methylene band disappeared. 

Treatment of indoxyl with DC1. 

Unsublimed indoxyl (40 mg.) was dissolved in CDC1
3
(0.5 ml.) and 

the n.m.r. spectrum taken. 1N-DC1 (0.1 ml, prepared by the action of 

SOC12  on D20, resulting SO2  being blown out by a stream of dry 

nitrogen) was added and the intensity of methylene band observed 

after 2, 4, 6, 8 and 10 minutes shaking at room temperature. It 

started to disappear gradually till after ten minutes it vanished 

completely showing that both the methylene protons had been exchanged 

by deuterium. 

Reduction of indoxyl to indole with lithium aluminium hydride. 
-n,  

The method was a modification of that described by k-Giovani)gand 

T.Lorentz.
116 Powdered lithium aluminium hydride (0.5 g., 13.5 m mole) 

was suspended in sodium dried ether (20 ml.) under dry, oxygen-free nitrogen. 

A solution of indoxyl (240 mg., 1.45 m mole) in dry ether (20 ml.) 

was added dropwise with stirring which was continued for eight hours 

at room temperature under nitrogen. At the end of this time, excess 

lithium aluminium hydride was decomposed with ethyl acetate followed 
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by the hydrolysis of the complex with water. The ether solution 

was decanted off:.  the residue washed many times with ether 444 

- the washings added to the main solution, Whf:.n in turn w4p dried 

(anhydrous sodium sulphate)  and evaporated under vacuum to give CrUde ••..!,.. 	,•. 	• 	. 	„•_.• 

indole together with some 3rhydroxyindoline. The latter slowly 

converted into indole when kept at room temperature under vacuum 

for a few days. Yield of crystalline indole wa 62. It was 

positively identified from its melting point and mixed melting 

point which remained undepressed with authentic sample. 

[277.2H]Indole. 

Crude indoxyl (Sp mg.) was dissolved in chloroform (3 ml.) 

and 	ml.) was added. The mixture was shaken vigorously .• •  

for 	minutes by an electric shaker, dried by anhydrous sodium •_  	• 	,    	 , 	•  

sulphate and filtered through celite. The flask was washed several 

times with chloroform to remove any indoxyl attached to sodium 

sulphate. The rinsings were added to the main solution and the .  

total was evaporated to dryness under vacuum when a residue of 

deuterated indoxyl containing some indigo was obtained. The 

reduction of this residue was carried out as described in the 

above procedure. The presence of deuterium at position-2 was 

confirmed by n.m.r. and mass spectra. N.m.r. (in cci4) 

(3-H; 111; doublet; J1,3  = 1.8 c./sec.), 2.93 

(Ar-H; N-H; 4H; multiplet), 2.49 (Ar-H; 1H; multiplet). The 

spectrum after shaking with alkaline D20 wasre3.60 (3-H;1H;singlet), 
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2.96 (Ar-H; 3H; multiplet), 2.45 (Ar-H; 1H; multiplet). Mass 

spectrum had major peaks at 123/e 118 (M ), 91 (M+-27), 90 (M+-28). 

[2-3H] Indole. 

The compound was prepared from indoxyl in a manner similar 
of 2  

to that for the preparation/[2- H]indole. 1N-HC1 and tritiated 

water were used for the labelling. The activity of this indole 

was 1.77 x 103  counts/sec ./mg.(8.3 x 10' dis „/sg.,:e ./m mole) 	was 

diluted with inactive indole to a total of 1 g. and recrystallized 

from petrol (40-60°). The activity of dilute indole was 63 

counts/sec./Mg. (252 dis. /sec.jrng). 

, 1_ Diacetoxymercuri -indole from 1,2 --ii]indole and its reduction back 

to indole. 

1.  Diacetoxymercuri-indole was prepared from [2- 3H.indole and 
4 mercuric acetate using water113 and ethanol11  as solvents. The 

samples were counted and then reduced with lithium aluminium 

hydride in ether by the procedure already described, The results 

are given in Table 1. 
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Table 1. 

The activity of [2-3H]indole, its mercuration products and that 

of indole regenerated by LAH reduction of Diacetoxymercuri-indole. 

Compound Activity 
counts/sec./ 
m mole 

Activity 	Relative 
dis./sec./ 	molar 
m mole 	activity 

Parent indole 

Diacetoxymercuri-indole 

prepared in ethanol 	1 

6.9 x 103 

2.54 x 103 

2.76:x 104 

2.54 x 104 

1 

0.92 

Di acetoxymercuri-indole 

prepared in water 	2 2.74 x 103 2.74 x 104 0.99 

Indole obtained by 

LAH reduction of 	1 6.07 x 103  2.43 x 10
4 

0.88 

Indole obtained by LAH 

reduction of 	2 6.69 x 103  2.68 x 10
4 

0.97 

Mercuration of tritiated indole yrepared by Dr.E.J.Herbert.115 

Dr.E.J.Herbert prepared tritiated indole by the pyrolysis of 

tritiated indole-2-carboxylic acid obtained by dissolving 

indole-2-carboxylic acid in tritiated water and potassium tertiary 

butoxide and precipitating by concentrated sulphuric acid. 

Diacetoxymercuri-indole (in ethanol) was prepared from this indole 
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and reduced back to indole by the procedure already mentioned. 

95% of the total radioactivity was retained. The activities were 

as noted below. 

Compound 	counts/sec.m.mole 	d/sec.m.mole 

starting indole 	5.27 x 103 	2.11 x 104 

Indole from LAH 	5.01 x 103 	2.00 x 10
4 

reduction 

Triacetoxymercuri-indole. 

This compound was prepared by the known114 procedure. Yield 

was 50%. 

Reduction of triacetoxymercuri-indole with lithium aluminium hydride. 

Triacetoxymercuri-indole •vas reduced with lithium aluminium 

hydride using 171 mg. (4.5 m mole), 200 mg. (5.4 m mole) and 500 mg. 

(13.5 m mole) of lithium aluminium hydride respectively for 877 mg. 

(1 m mole) of triacetoxymercuri-indole. The procedure followed was 

the same as in the reduction of diacetoxymercuri-indole. The 

amount of pure indole recovered was 145, 44% and 55% respectively. 

Triacetoxymercuri-indole from [2-3H]indole and its reduction to  

indole. 

The compound was prepared from [2-3H]indole as described 

above and was reduced back to indole with lithium aluminium hydride 

(13.5 mole of LAH for 1 mole of mercurated derivative). The indole 
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thus obtained was non-radioactive. 

Synthesis of DL-Thyptophan. 

Gramine. 

The reaction of formaldehyde (37% aqueous) and aqueous 

dimethylamine (40% w/w) with indole in the presence of glacial acetic 

acid gave gramine120 in hig% yield (80%). It was recrystallized 

from acetone-hexane to give colourless needles, m.p. 132-133°  

. (lit.(122m) p.133-4°). Infrared spectrum of the compound showed 

• the following bands: VCHC1  3 3460, 2930, 2830, 2790, 2740, 1620, 

1555 cm-1. 

(b) Diethyl acetamido-0-indolylmethyl) malonate. 

Diethyl acetamido-(3-indolylmethyl) malonate was prepared129  

by the reaction of diethyl acetamido malonate in the presence of 

sodium ethoxide and dimethyl sulphate on gramine. After 

crystallization from aqueous 50% ethanol, the compound melted at 

159°  (lit.(123)m.p. 144°). Yield 75% based on gramine. I.r. 

spectrum )tCHC1 3 3480, 3420, 3000, 1730, 1670, and 1505 cm-l. 

(c) Acetamido-(3-indolylmethyl)-malonic acid. 

Alkaline hydrolysis of the ester (above) gave the 

corresponding acid.123,124 Recrystallized from 20% aqueous ethanol 

it formed light yellow crystals, m.p. 144°  (decomposition.) 

(lit.123  m.p. 144°) Yield 65% base on the ester. 
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DL-Tryptophan. 

The amino acid was prepared from acetamido-(3-indolylmethyl) 

malonic acid.123,124 Crystallization from 33% aqueous ethanol yielded 

flat, colourless plates (65%), m.p. 255-60°(decomposition) 

(lit.123,124 m.p. 278°, 252°, 289°). Thin layer chromatograPhy138  

on silica gel GF plates using methyl acetate-25 ammonium hydroxide-

-isopropanol (45:20:35) aS the eluting solvent system gave a 

single spot (RF  0.23, u.v. lamp, yellow spot with blue edge, 

iodine vapours gave brown spot). Authentic tryptophan had the 

same RF  value and identical colours in u.v. and iodine vapours. 

I.r. spectrum 17Nujol 3425, 2745, 2550, 2340, 2120, 1665, 1615, 

1585 cm 1. N.m.r. (in D20 containing potassium tertiary butoxide) 

q'6.67 ((3-H; 2H; doublet), Ja,0 = 6 c./sec., 5.72 (a-H; 1H; 

triplet), Ja,p = 6 c./sec., 2.65 (Ar-H; 5H; multiplet). 

[2-3H]Indole. 

[2-3H] Indole of high activity (0.0123 mc./mg, 144 mc/M mole) 

was prepared from indoxyl as described before. A small amount 

(6.4 mg.) was diluted to 2g. with inactive indole (activity of 

diluted indole was 4.30 x 104 counts/sec./m mole. 

Decarboxylation and hydrolysis of acetamido-(3-indolylmethyl)malonic 

acid using CH3CO2D and NaOH in D20. 

Acetamido-(3-indolylmethyl)malonic acid (2.05g.) was refluxed 

with dilute CH
3
CO
2
D (2.94 ml. of acetic anhydride added to 6 ml. 
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of D
20) for 12 hours at 125-130°. The solution was cooled in 

a refrigerator overnight and the precipitate obtained was 

filtered, washed with ice-cold water and recrystallized from 

33% aqueous ethanol with the aid of charcoal; m.p. 202-204°  

126 	liNujol 3408, 3358, 1718, (lit. 	m.p.204°),I.r. spectrum, 

1704, 1628, 1588, 1558 cm-1. Yield 85%. Mass spectrum 111/e 

248 (M+), 203 (M+-45), 189 (M+-59), 131 (M+-117). 

N-Acetyltryptophan was hydrolysed into tryptophan as 

follows: 

The compound (492 mg.) was refluxed with sodium hydroxide 

solution (0.54 g. of NaOH dissolved in 5-4 ml, D20) for 

27 hours at 125-130°. The mixture was cooled in crushed ice 

and acidified with glacial acetic acid. The precipitate thus 

obtaint0 was kept overnight in a refrigerator, filtered, 

washed with water and recrystallized from 33% aqueous ethanol. 

Yield 65%. N.m.r. (1-'6.96 (P-H; 2H; singlet,) between 

2.22 to 2.96 (Ar-H; 4H; multiplet). Masc.. spectrum m/e 

206 (M+), 161 (e-45), 131 (M+-75), 75 (M+-131). 

DL[2-3HiTryptoPhan. 

Radioactive tryptophan was prepared from [2-3H]indole 

by the same procedure which was used for the synthesis of 

non-radioactive tryptophan. The molar activities of the starting 

material, the intermediates and the product are given below: 
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Compound 	Countsisec./M mole  

(i) Indole 	4.30 x 104 

(ii) Gramine 	4.14 x 10
4 

(iii) Diethyl 	3.70 x 104  
acetamido-
-(3-indolylmethyl)- 
malonate 

(iv) Acetamido- 	2.96 x 10
4 

-(3-indolylmethyl)- 
malonic acid 

(v) DL-Tryptophan 1.9 x 104  

dis./sec./m mole  

1.72 x 105  

1.66 x 105  

1.70 x 105 

.40 x 105  

1.06 x 105  

The activity of tryptophan was determined by converting it into 

the N-acetyl-derivative126 which was readily soluble in the 

scintillator system. 

[2-3H]-E-Acetyltryptophan. 

Thi: compound was prepared 126from [2-3H]tryptophan to give 

material by treatment with acetic anhydride and aqueous sodium 

hydroxide. It recrystallized from 33 aqueous ethane]. m.p. 202- 

204°  (lit126  m.p. 204°). 

Modified synthesis of DL-tryptophan  

Starting with indole, gramine and diethyl acetamido-(3-

-indolylmethyl)malonate were prepared as mentioned before. The 

rest of the procedure was as described below. 
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N-Acetyltryptophan. 

Diethyl acetamido-(3-indolylmethyl)malonate (16 g.) was 

refluxed with sodium hydroxide solution (11.5 g. of NaOH 

dissolved in 110 ml. H20, out of this solution 96 ml. taken) 

for 6 hours at 125-130°. The solution was cooled and glacial 

acetic acid (36 ml.) was added. The mixture was again refluxed 

for 2.5 hours, filtered at the pump and the filtrate cooled 

overnight in a refrigerator. The brownish yellow precipitate 

thus obtained was filtered off under suction, washed with a 

little ice-cold water, dried over CaCl2  in a vacuum desiccator 

and recrystallized from 33% aqueous ethanol. The colourless 

crystalline compound melted/ 204F° (91% yield). It was 

identified as N-acetyltryptophan by mixed melting point, 

comparison of infrared spectrum with that of authentic compound, 

and thin layer chromatography. 

DL- ptophan. 

N-Acetyltryptophan (6.454 g.) was refluxed with sodium 

hydroxide solution (6.9 g. NaOH in 68 ml. H20) at 125-30°  for 

twenty-four hours. The mixture was cooled in ice to 0°  and 

acidified with glacial acetic acid. The colourless precipitate 

obtained was kept overnight in a refrigerator, filtered off at 

the pump, washed with cold water and recrystallized from 33% 

aqueous ethanol, (yield 66%). 
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DL-[2-31-11TryptoPhan by modified procedure. 

DL-(2-311)Tryptophan was prepared by the modified synthesis 

via N-acetyltryptophan. The activities of the starting material, 

the intermediates and the product are recorded below : 

Compound 	counts/sec./m.mole dis./sec.A.mole 

Indole 	4.30 x 10 
	

1.72 x 105  

Gramine 	4.23 x 104 
	

1.69 x 105  

Diethyl acetamido- 	3.67 x 104 	1.67 x 105  
-(3-indolylmethyl)- 
malonate 

N-Acetyltryptophan 	3.26 x 104 	1.63 x 105  

DL-Tryptophan 	3.24 x 104 
	

1.62 x 105 
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(2-3H)TryptoPhan for feeding  

This compound was prepared from highly active indole 

by the modified procedure already described: The radiochemical 

and chemical yields were essentially the same. 

Synthesis of tryptamine. 

(a) Indole-3-formaldehyde. 

The reaction of dimethylformamide on indole in the presence 

of phosphorus oxychloride followed by the addition of sodium 

hydroxide solution gave indole-3-for 	oadehyde.127  The compound, 

after recrystallization from ethanol, melted at 193-4°, yield 

17N i.r. spectrum 	ujol mull3413, 3138, 1634, 1575, 1523, 

1500 cm-1. 

(b) 3,2'-Nitrovinylindole. 

A mixture of indole-3-formaldehyde, nitromethane and 

ammonium acetate, on gentle heating produced dark ruby 

prisms
127 

on slow cooling. The compound, crystallized from 

methanol, had m.p. 172°(lit.127171-172°), yield 455, i.r. 

spectrum 11.Nujol mull 3400, 3200, 1600, 1560, 1350 cm-1. 

(a) Tryptamine. 

The reduction of 3,2'-nitrovinylindole with lithium 

aluminium hydride in ether gave tryptamine.127 The compound 

was purified by vacuum sublimation30  followed by recrystallization 

from benzene, and had m.p. 114°(lit.3°114-115°), yield 405, 

n.m.r.spectrum (in CDC13) 1'8.66 (-NH2; 2H; singlet), 
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7.Q7 (,0112,QH2”;  4H, sih$1-et), 3,07 (2-H; 1H), 2,82 (Ar-H; 

X; M41344410.0, RA? (Ar-,H; 1H; m41-411:aat), 1,47 (aromatic 

NH; 1H; 14140 band), 

Tryptamtne from tryptophan, 

Pe!PETIPDXy14tion of trYPtoPh4r1 in dphenyl  ether  afforded 

trYPtaMinP,
30— The  oomPOW4  was  purified  by sublimation (yield 

555) and its identl.ty confirmed by mixed melttng potnt and 

eqmparat.typ thin layer chromatography on silica gel GF using 

Methyl. goetate,!isOProloa401.255 ammonium  hYdro4de (45:35:20) 
338 mixture, 	The compound (V).77) gaye a blue spot under 

uoil  light, 

[2,3H]Tryptamine, 

Tritiated tryptamine  was prepared from [2.,31T]i1140Te 

by Young's procedure.127  The  activities of indole, trYPtaMine 

and the intermediates are as follows : 

ComPoPnd 00144tsAeo,/m mcqe dis./sec./m mole 

Indole 3.90 x 104 1.56 x 105  

Indole-3-formaldehyde 3.02 x 104 1.51 x 105  

3,2'-Nitrovinylindole 2.38 x 104 1.49 x 105  

TrYPtamine 2.51 x 104 1,48 x 105 
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[2-3H]Tryptamine from [2-3H]tryptophan. 

Decarboxylation of tritiated tryptophan yielded tritiated 

tryptamine.30  The compound, on purification, was found to have 

80% of the activity of the starting material. 

Compound 	counts/sec./m mole dis./See./m mole 

Tryptophan 	6.15 x 104 	3.62 x 105  

Tryptamine 	4.99 x 104 	2.88 x 105  

(13-14CTryptamine.  

DL,[1-14ClTryptophan (0.05 me) was dissolved in distilled 

water (5 ml.) and out of this solution 2 ml. were pipetted out. 

Non-radioactive tryptophan (20 mg.) was added to the solution 

of the radioactive compound and the whole was brought into 

solution by adding hot ethanol. The solvent was evaporated 

off slowly in a vacuum desiccator and the residue decarboxylate 

to give [p14C]tryptamine (9.3 mg., 5930 yield, ca. 0.013 me.) 

Potassium dithioformate. 

This compound was prepared by the procedure described by 

Levi
139 

but the yields were very poor (ea. 1 to 1.5%), the 

procedure was therefore modified to give better yield. 

Potassium hydrosulphide was prepared by saturating aqueous 

potassium hydroxide with H28 and evaporating the solvent off 

on steam bath. The yellow compound was dehydrated at 3000, 

cooled in a desiccator over KOH and ground to a fine powder. 
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Powdered petassium hydrosulphid (100 g.) in ethanol (500 ml.) 

and chloroform (200 ml.) were rofluxed for four hours, the 

reaction mixture cooled under tap, filtered at pump and the 

brown solution concentrated under vacuum. KC1, thus 

crystallized out, was filtered off at the pump and the filtrate 

evaporated under vacuum to give a yellow crystalline compound, 

yield 12 g., ca. 15%. 

Thioformyl derivative of tryptamine. 

Tryptamine hydrochloride reacted with potassium 

dithioformate to give flattened plates.
129 It was recrystallized 

from chloroform-light petrol (b.p. 60 -800), m.p. 810-820  

(lit.129  m.p. 82°), yield 35%. 

Thioformanilide  

Potassium dithioformate and aniline were allowed to react 

under the conditions described by Todd and his co-workers
129 

when a crystalline compound was obtained. The compound 

recrystallized from hot water, m.p. 137-38°, yield 90%. 

Thioformylation of benzylamine. 

The compound was prepared by the same general procedure.
129 

chromatography on 
It was purified by/alumina grade III in chloroform, using 

chloroform-petrol (b.p.60-80°) mid,ure (2:1) for elution. 

A coloured impurity was eluted first followed by a colourless 
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compound which recrystallized from the above (2:1) solvent 

system, and had m.p. 63-64°(lit.12964o).  

Attempts to reduce the thioformyl derivative of benzylamine  

with Raney nickel-W4. 

A stirred suspension of the thioformyl derivative of benzyl- 

amine (0.41 g.) was refluxed with Raney nickel (ca. 5g., 

washed with ethanol followed by benzene) in benzene (20 ml.) 

for twelve hours. The reaction mixture was cooled, filtered 

and the residue washed with benzene (8 ml.). The filtrate was 

extracted with (a) water (16 ml.) which was also used to wash 

the Raney nickel residue and (b) 5% hydrochloric acid (6 ml.) 

followed by water (4 ml.), and then washed with 25 sodium 

hydroxide solution (6 ml.) and water (4 ml.). Each extract 

was worked up as follows : 

(a) Water extract. 	This was evaporated to dryness to give a 

very small amount of white compound. Since this compound was 

in minute quantity, identification was not attempted. 

(b) The acid extract. It was evaporated under vacuum at 

35-40°  to give white needles. Recrystallization from ethanol-

-ether gave a pure compound which melted at 220°(decomposition). 

N.m.r.(in D20), rr 8.75 (triplet), 6.82 (quartet), J = 7 c./sec. 

It was found, by m.p. and mixed m.p., to be different from the 

hydrochlorides of ethyl-, diethyl, or triethylamine. 
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In another experiment, Raney nickel (ca. 2 g.) was suspended 

in benzene (5 ml.) and a solution of the thioformyl derivative of 

benzylamine (100 mg.) in benzene (10 ml.) was added. The mass 

was stirred at room temperature and checked by thin layer 

chromatography, on alumina G using chloroform-petrol (b.p.60-80°) 

(2:1)mixture for elution, after every one hour. There was no change 

in the starting material after 24 hours. More Raney nickel (1 g.) 

was added and the mixture refluxed for 16 hours when a spot was 

observed which had a different RF  than that of the original 

compound. Raney nickel was filtered off and washed repeatedly 

with benzene. The filtrate and the washings were extracted with 

6N-HC1 and the acidic phase evaporated under vacuum to give a 

brown gummy substance which recrystallized from ethanol-ether 

as a colourless solid which was identified as benzylamine 

hydrochloride. 

Synthesis of N-methyltryptamine. 

(a) Indole-3-glyoxalyl chloride. 

A solution of indole in ether at 0°  to - 5
o 

when mixed with 

oxalyl chloride yielded a yellow compound 
	which crystallized 

from benzene. M.p.129° (decomposition) (lit 
128m.p.V21 ), 

yield 92. 

(b) N-Methyl-3-indolylglyoxamide. 

Indole-3-glyoxalyl chloride and methylamina hydrochloride in 

in dimethylformamide reacted in the presence of triethylamine to 
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give the above amide,30m.p. 225°  (lit.30m.p.225-225.5°) after 

recrystallization from ethanol, yield 35%. I.r.spectrum, 

„pujol mull 	 -1 
3350, 3250, 1665, 1603, 1538 cm -1, n.m.r. 

(in DMSO) fr7.24 (N-Me; 3H; doublet), J=4.5 c./sec., 2.60 

(Ar-H; 3H; multiplet), 1.71 (Ar-H;1H; multiplet), 1.32 

(aromatic NH; 1H; broad band), 1.18 (Ar-H; 3.H; singlet), 

-2.00 (NH;1H; broad band). The same compound was also prepared 

in better yield by the following method: 

Finely powdered indole-3-glyoxalyl chloride (0.414 g., 

2 m mole) was added slowly, with stirring at room temperature, 

to aqueous 2N-methylamine (5 ml.). The mixture was stirred for 

eight hours at 5°  to 0°, and the resulting colourless solid 

filtered off, washed with water and recrystallized from ethanol, 

to give material (0.364 g., 90% yield), m.p. 225.5°, undepressed 

when mixed with authentic sample. The i.r. and n.m.r. spectra 

were also indistinguishable. 

(c) N-Methyltryptamine. 

Following the earlier procedure,
30  N-methyl-3-indolylglyoxamide 

(10.1 g., 0.05 mole) was reduced with lithium aluminium hydride 

(18.5 g., 0.5 mole) in dried dioxan (2L.) in the presence of 

anhydrous aluminium chloride (ca. 6 g.). At the end of the reaction 

time (7 hours), the mixture was cooled and poured into a saturated 

solution of sodium sulphate (5L.). It was extracted several times 
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with ether, the ether layer washed with water and then extracted 

with 2N-hydrochloric acid (3 x 200 ml.). 

(i) Ether layer. 

This was washed with water, dried (Na2SO ) and evaporated 

in vacuum to give an oily substance which turned into a semisolid 

mass (0.73 g., ca. 10% yield) when distilled under reduced 

pressure (138-146o, ca. 7 m.m). It was recrystallized from 

petrol b.p. 40-60
0 

and melted at 380 (lit.m.p.37o), picrate, 

m.p. 120-122°. It was identified as 3-ethylindole. N.m.r. 

spectrum (in CDC14), fir 8.80 (C-CH3; 3H; triplet), J = 7 c./see., 

7.75 (-CH2-; 2H; quartet), J = 7 c./Sec., 3.62 (2-H; IH; singlet), 

3.01 (Ar-H; 4H; multiplet), 2.53 (Ar-H; 1H; multiplet). 

(ii) Acidic layer. 

The hydrochloric acid layer was basified with ammonia 

(d 0.88) and extracted with chloroform (3 x 200 ml.). This 

extract was dried and evaporated to give oily substance (7.45 g.) 

which was tested on thin layer plate of silica gel PF254  using 

benzene-ethyl acetate-diethylamine (7:2:1) solvent system. When 

observed under u.v. lamp, N-methyltryptamine (RF=0.08) and five 

other products could be detected (fl,=0.25, 0,35, 0.54, 0.62, and 

0.80). No attempt was made to separate and identify these products. 

N-Methyltryptamine was separated on preparative silica gel plates 

(0.4 m.m thick layers and 1 metre long) and recrystallized from 

petroleum ether (b.p.80-100°) to give colourless needles (3.1 g., 
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11:04% 

ca. 35% yield), m.p. 88°(lit.3087-88°). U.v. spectrum, 

274, 282, 291 m,U. ; 	, 6975, 7200, 6100. N.m.r. (CDC13), 

8.66 (side chain NH; 1H; singlet), 7.53 (N-CH3; 3H; singlet), 

7.00 (-CH2.CH2-;4H;singlet), 3.04 (2-H; 1H singlet), 2.76 

(Ar-H; 3H; multiplet), 2.32 (Ar-H; 1H; multiplet), 0.70 (indolic 

N-H,1H; broad band.) 

N[methyl-14CRilethyltryptamine. 

This compound was prepared by the method described by 

Barton et al.3°. The radioactive material was assayed by dilution 

with inactive N-methyltryptamine and recrystallization from petrol 

(b.p.80-100°). 

Tryptophan feeding. 

DL-[0-
14C]Tryptophan (0.05 me.) was dissolved in distilled 

water (5 ml.) and out of this solution 1 ml.(0.01 me.) was 

pipetted out and added to a "poly-top" tube containing 

D11-(2-3H]tryptophan (10.33 mg., 1.6 x 106  dis./sec.). To the 

tube more distilled water (4 ml.) was added and the amino-acid 

was dissolved by adding 6N-HC1 drop by drop from a mieropipette. 

When solution was complete, the pH was brought to 5-6 by adding 

1N-aqueous sodium bicarbonate. Out of this solution 0.1 ml. 

was taken out for later comparisons and the remaining fed to the 

plant as follows: 
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Three young shoots (ca. 20 g.) of Chimonanthus fragrans were 

cut under water and placed in the tube containing the radioactive 

soltuion. The tube was sealed with apizon sealing wax to minimise 

the evaporation of the solvent. The plant was constantly watered 

until after seven days the take up of water had stopped. The seal 

was opened, the portion of stem dipping into the solution was 

washed into the tube and the plant was kept for a further two 

days. The solution remaining in the tube was diluted with 

inactive tryptophan (50 mg.) and counted. It was found to be 

non-radioactive. The stems and leaves (13 g.) were cut into 

small pieces, powdered under liquid nitrogen and the powder kept 

in 1N-HC1 (100 ml.) for 1 hour. The acid extract was filtered, 

the residue washed with small portions of water and the combined 

filtrate and washings were extracted with benzene (2 x 5 ml.). 

The benzene layer was rejected and the acidic layer basified with 

solid sodium bicarbonate and extracted with chloroform (5 x 50 ml.). 

The brown chloroform solution was washed with water, dried 

(Na2S0 ) and evaporated under vacuum to give a gummy brown 

substance (93.5 mg.). The total bases were dissolved in 

chloroform (10 ml.) and out of this solution 0.1 ml. was pipetted 

out into a scintillation tube, solvent evaporated off, and the 

residue counted. The remaining substance was chromatographed on 

alumina grade I in benzene, using pure benzene followed by 2% 

methanol-ether as the eluting solvent systems. 	Each fraction 
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W44 tested by thin layer chromatography on alumina a with 2% 

methAngl-other, pure L-shimonanthine (23.2 mg.) and me°. 

=thtmenanthinQ (7,8 mg,) were recovered. I-Chimonanthine was 

Win e0Unted by pipetting out 0,1 mi. out of 10 ml. solution 

tht) remaining substance was diluted to 56.3 mg. with pure 

RenerAdtwtive LmOhiMOnanthine isolated froM the plant, The 

diit to alkalPid was recrystallized from benzene to Constant 

EletIVitY (M.11.18511; lite131  1111171.183,.1859), The total acItiVI.tY 

O 14, ; 
gOlted by the plant was 	3,63 x 105  and 'II; 1.58 x 106  

41s,/soP, The 14041" Astivity Of IpeghiMonarithitle at the 

various stages of  purification was as follows ; 
14 
Q; dis,Aeo. 

3Hidia./Seo, 

Total bums 2,61 x 104  1.84 x 105  

,...@himgnAliththe after 1,13 x 104 k,73 x lo 
 

OmAtggrophy 

QrYstalltsatign 1,34 x 104  6.37 x 104 

Tleoryst, 1,27 x 104 5,20  x 104 

Peengat, 1.35 x  10
4 6,12 x 104 

RoqrYSt, 1,29 x 10
4 5.5k x 10  

The lItctal" activities of crystallized alkaloid are calCulated 

from the activity per mg, and the total weight (56,3 mg.) of 

alke1cid after chromatography and dilution. 
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Tryptamine feeding. 

A mixture of (p..14c]tryptamine (7.45 mg., 3.85 x 105  dis./sec.) 

and [2.,3H)tryptamine (10.1 mg; 1.62 x 106  dis./sec.)(total wt.17.55 

mg.) was dissolved in distilled water (8 ml.) by adding 6N-hydro-

Chloric fold drop by drop. The solution was then brought to tai 5-6 

by drowise addition of sodium bicarbonate solution. Out of this, 

0.1 ml. was taken out for checking the ratio of 14C to 3H in the 

precursor and the remaining fed to the plant (ca. 30 g.) as before. 

The alkaloid (28.7 mg.) was isolated by chromatography, diluted with 

a non-radioactive natural sample (54.8 mg.) and recrystallized to 

constant activity, m.p. 185°. The activity absorbed by the plant 
14 

was 	C; 3.78 x 105 	3 and H; 1,59 and 10
6  dis./see.. The following 

are the "total" activities of L-chimonanthine during its Nrification. 

14C; dis./sec. 3H; dis./sec, 

Total bases 4.44 x 104 2.89 x 105  

Chimonanthine after 

chromatography 

4.23 x 104 1.77 x 105  

Crystallization 4.21 x 104 1.76 x 105  

Recryst. 4.19 x 104 1.72 x 105  

Recryst. 4.20 x 104 1.71 x 105  

Recryst. 4.21 x 104 1.75 x 105  

Recryst. 4.20 x 104 1.72 x 105 



[3H,2H]Tryptophan feeding.  

DL-[2-3H]Tryptophan (11.95 mg; 1.85 x 106  dis./sec.) was 

mixed with dueterated tryptophan (101.5 mg.) and fed to the 

Chimonanthus fragrans. The total bases (32.2 mg.) were extracted 

as their hydrochlorides. Half of the free basic material (16.1 

mg.) was sent for mass spectrometry and from die remaining half 

L-chimonanthine was isolated on preparative silica gel PF254  

plates. The alkaloid (3 mg.) gave a single spot on thin layer 

plate but was difficult to recrystallize due to the small amount. 

The "total" activities, before and after chromatography, are given 

below: 

The activity absorbed by the plant was 3H; 1.80 x 10
6 

dis./Sec. 

Total bases 

Chimonanthine after 

chromatography 

N-Methyltryptamine feeding. 

3 	/ H, dis./sec. 

4.17 x 10
4 

7.45 x 103  

   

A solution of N-[methyl-
14C]methyltryptamine (5.1 mg, 

4.42 x 105 dis./sec.) was fed to the plant in the usual way. 

The total activity absorbed by the plant was 4.32 x 105  dis./sec. 

The total bases (92.2 mg.) extracted were chromatographed on a 
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column of alumina (activity 1) three times but the chimenanthine 

(24.5 mg,) was still not pure. 

below) into calycanthine which 

Material (11 Mg.) crystallized 
IL 	 1) 

The total activities are given 

Ti#41, baPeP 

Chimonanthine 

QalYgarltbine 

Synthesis of DL-chimonanthine. 

It was therefore converted (see 

was purified 177i t.l.c, The 

readily from aqueous acetone. 

as follows : 

3,4c; 

1.63 x 104 

ca. 3.50 z 102(samp1e 

heavily quenched) 

4.30 x 102  

This compound was synthesised by the procedure kindly 

provided by Professor A.I.Scott in advance of publication.
131 

Purification of the alkaloid was achieved by preparative thin 

layer chromatography followed by recrystallization from benzene. 

It melted at 183-185°
(lit.131 

 183-1850)   which did not depress 

when mixed with authentic DL-phimonanthine. I.r.spectrum, 

CHC1 	3430, 2930, 2850, 2785, 1610, 1490, 1465, 1400, 

1350, 1310 1255, 1150, 1117, 1048, 1028 (th.J:.oe weak bands) , 
905 cmfa It gave a single spot on thin layor plate when mixed 

with authentic DL-chimonanthine. 
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Isomerization of DL-chimonanthine in acetic acid. 

DLChimonanthine (8.7 mg.) in 505 aqueous acetic acid (0.5 ml.) 

was stirred at 80°  for eight hours. The reaction gave ca. 1:3 

mixture of chimonanthine and calycanthine. When the above amount 

of chimonanthine was kept at 90-100°  in glacial acetic acid 

(0.5 ml.) for 10 hours the conversion into calycanthine was found 

(t.l.c) to be complete. The experiment was repeated with 40 mg. 

of chimonanthine and the calycanthine (35.15 mg. ca. 885 

isolated yield) thus obtained was separated from the brown impurity 

by thin layer chromatography on silica gel GF254  using the 7:2:1 

solvent already mentioned. A small amount (9.5 mg.) of 

DL-ohimonanthine was treated with dilute hydrochloric acid to 

give calycantbine99  which had the same Rp(0.65) as that of 

calycanthine prepared from chimonanthine in acetic acid. Both 

the spots gave a blue colour under u.v. light. DL-Calycanthine, 

obtained by the action of glacial acetic acid on DL-chimonanthine, 

EtOH melted at 254-257°(lit.99  253-2580). 	i.v. spectrum,X Amax 
250, 309, mAk , mass spectrum mie 346 (e), 288 (44.-58), 231 

(M-115). The mass spectrum corresponded to that given in the 

literature.
140 

Treatment of chimonanthine with formic acid and formaldehyde. 

DL-Chimonanthine (17.3 mg., 0.05 m mole) was suspended in 

distilled water (0.5 ml.) and formic acid (0.24 ml.) cal m mole) 
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was added. This was followed by formaldehyde (0.24 ml.) The 

resulting mixture was heated on a boiling water bath for 30 

minutes, excess formic acid and formaldehyde were removed under 

reduced pressure, the residue treated with 6N-sodium bicarbonate, 

and the free basic material extracted with chloroform (5 x 10 ml.). 

This on further work up gave a gummy brown mass (15.6 mg.) which 

was found (t.l.c.) to be mostly chimonanthine and a small amount 

of unidentified product. 

Isomerization of calycanthine in glacial ace-.31c acid. 

DL-Calycanthine (15 mg.) was dissolveu in glacial acetic 

acid (0.7 ml.) and heated at 90-100°  for 10 hours. The reaction 

mixture was worked up as described for chimonantbine and the 

resulting mixture tested by thin layer chromatography. Only 

a single spot corresponding to calycanthine could be detected. 

Treatment of calycanthine with dilute acetic acid. 

Calycanthine (14.2 mg.) was dissolved in water (2.5 ml.) 

containing acetic acid (3 drops) and heated at 100°  for 30 hours. 

It was basified by sodium bicarbonate solution, extracted with 

chloroform (3 x 5 ml.), the chloroform layer dried (Na2SO4) and 

evaporated to give a light brown residue (12 mg.) which was tested 

on a thin layer plate of alumina G using 2% methanol-ether for 

elution and Dragondroff's reagent for spray. It was found to be a 

ca. 1:9 mixture of chimonanthine and calycanthine. 
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Isomerization of chinonanthine in the presence of 3H2O. 

DL-Chimonanthine (20 mg.) was dissolved 	glacial acetic 

acid (1.33 ml.) containing tritiated water (0.226 mc.) and 

converted into DL-calycanthine by the procedure described 

before. The compound was purified by column 3nromatography on 

alumina grade I using 10% benzene-ether for elution. The 

calycanthine (17.5 mg.) thus obtained was recrystallized from 

aqueous acetone and counted. The activity of the calycanthine 

was 3.4 dis./sec./mg.. Calculated for the exchange of one proton, 

1.04 x 103 dis./Sec./Mg. 

Conversion of chimonanthine, from the tryptophan feeding, into  

calycanthine. 

L-Chimonanthine (7.4 mg; 14C; 2.28 x 102) dis./Sec./Mg. 

3H; 9.83 x 102 dis./Sec./mg.) was converted into D-calycanthine 

using glacial acetic acid and the compound was recrystallized 

from aqueous acetone and counted (yield 5.5 mg, 14C; 2,27 x 102 

dis./sec./mg., 3H; 9.75 x 102 dis./sec./mg.). 

Conversion of chimonanthine, from the tryptamine feeding, into  

calycanthine. 

L-Chimonanthine (40.7 mg., 
140; 5.53 x 102 dis./Sec./mg., 

3H; 2.25 x 103 dis./Sec./Mg.) was converted into D-calycanthine 

and counted after recrystallization (yield 38.1 mg., 14C; 

5.63 x 102  dis./sec./mg., 3H; 2.27 x 103  dis./sec./mg.). 
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Norharman. 

The compound was prepared from tryptophan by the 

procedure of Kermack, Perkin and Robinson.
112 

It was purified 

by column chromatography on alumina grade III in chloroform, 

eluting with pure chloroform when a failt2y --3? ?.ow compound was 

obtained. It was recrystallized from, benzsr.. to give colourlesss 

needles, yield 32%, m.p. 198°  (iitY2m.p.198,5°), RF 0.45 on 

alumina GF in 5% methanol-ether, blue colour in u.v. I.r.spectrum, 

)7pHc13 	3465, 3040, 3000, 2950, 

U.v. spectrum Vt°H 213, 	233.5, max 

1628, 

249.5, 

1565, 

282.3, 

1495, 

289, 

cm 1. 

337.4, 

351.4 mµ ., log f, 	4.36, 4.57, 4.38, 4.17, 4.32, 3.58, 3.58. 

Attempts to oxidize chimonanthine with silver acetate. 

DL-Chimonanthine (10 mg.), 1% aqueous acetic acid (0.8 ml.) 

and silver acetate (60 mg.) were refluxed for 5 hours. The 

reaction mixture was filtered through a pad of celite and made 

alkaline with aqueous ammonia. The,  basic solution was extracted 

with chloroform (3 x 5 ml.), the organic phase dried (Na2SO4) and 

evaporated to give a brown semisolid substance (8.15 mg.). Thin 

layer chromatography showed that 	a ea. 1:9 mixture of 

calycanthine and chimonanthine. 

Reaction of calycanthine with silver acetate, 

DL-Calycanthine (54.2 mg.) in 1% aqueous acetic acid (3 ml.) was 

refluxed with silver acetate (324 mg.) for 8 hours. The black reaction 
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mixture was filtered through a pad of celite and the residue.  

and reaction flask washed, many times with sily111 portions of  15 

acetic acid and the washings added to the main solution, This 

was basified with ammonia, extracted with chloroform (5 x 10 ml,), 

and the chloroform layer dried (Na2800 and ,-,vaporated under 

vacuum to give a semisolid substance. Conioartive thin layer 

chromatography on alumina GF using the 2 mF:thanol-ether solvent 

system showed that it was a mixture of two unjor compounds, 

one corresponding in colour as well c in FT  to norharman, 112 

and the other to calycanthine. Norharman 	mg.) was separated 

by preparative thin layer chromatography and recrystallized from 

benzene, m0p. 198-199°, undepressed when mixed with authentic 

norharman, The Vantitative ultraviolet spectrum was superimposable 

on that of norharman prepared from tryptophr,n. 

Conversion of calycanthine into norharman in the presence of 3n20, 

Calycanthine (20 mg,), tritiated 1 acjveous acetic acid 

(10 ml., 2 mc) and silver acetate (500 mg.) were used for this 

reaction. Norharman (2,5 mg.) thus obtaine'l had an activity of 

10,7 dis./sec./mg. Calculated for the excL%nge of one proton, 

4.02 ?; 102 dis.Aec./Mg. 

Conversion of radioactive calycanthine into norharman. .„ 

Calycanthine (37.0 mg.,
14
0; 5.63 x 10-2 3H; 2.27 x 103  

dis./seq,/Mg.) obtained from the isomerization of ehimonanthine 
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biosynthesised from tryptamine was converted Into norharman 

by silver acetate oxidation. Norharman 3.2 mg.) was separated 

on preparative thin layer plate, recrystallized from benzene and 

counted (
14C; 5.57 x 102, 3H; 2.53 x 103  dis,/sec./Mg.). This 

material (1.20 mg.) was diluted with inactive (10,8 mg.) norharman-

and the total crystallized from benzene, Activity; 
14C 55.90 

dis./sec./mg., 3H; 352 dis,Aec,/w, calculated 	56.2 

dis./sec./mg.3H; 350 dis.Aec.,/mge 

Treatment of [2-3H]tryptamine with 0,01M HCL. 

[2-314]Tryptamine (28.1 mg., 156 dis./sec./mg) was heated 

on a boiling water-bath in 0.01M hydrochloric acid for 62 

hours. The free base was recovered, recrystallized from benzene 

and counted (154 dis./sec./mg). Thus the loss of tritium was ca. 

1.55. 

Attempt to prepare 2-0xy-N-metbyltryntamin7,— 

To a solution of/tryptamine (248 mg., 2 m mole) in 95% 

t-butanol (13 ml.) was added 4E.; hydrobromic acid (0.23 ml., 

2 m mole) followed by N-bromosuccinimide (356 mg., 2 m mole), 

which was added with stirring over a period of 16 minutes. 

The reaction mixture was kept under nitrogen and at room 

temperature. After one holly,  the clution. we.; concentrated under 

reduced pressure at room temperature to a thlek syrup. The 
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residual solvent was entrained by repeated evaporation with 

benzene. The residue was converted into the free bases, 

tested by thin layer chromatography and found to contain, 

besides the starting material, two other products. Various 

attempts to isolate the products and purify them failed. 

Reaction of N-Methyltryptamine with formaldehyde. 

N-Methyltryptamine when heated at 1100 for 20 minutes 

with formaldehyde in 0.5N sulphuric acid, gave three compounds
133 

 

but the yield was not good (ca. 20% each) and the separation of 

the products by fractional crystallization, as reported, was 

difficult to achieve on a small scale. The reaction also 

occurred at room temperature when a mixture of N-methyltryptamine, 

formaldehyde and 0.5N sulphuric acid was stirred at room temper-

ature overnight. Comparative thin layer chromatography on silica 

gel GF254 
(benzene-ethyl acetate-diethylamine; 7:2:1) confirmed 

the formation of three products. Due to the poor yield no 

attempt was made to isolate the compounds. 

N-Methyltetrahydroharman. 

A mixture of N-methyltryptamine (300 mg.), acetaldehyde 

(10% aqueous soltion, 6 ml.), water (2.5 ml.) and 0.5N 

sulphuric acid (3.6 ml.) was kept overnight at room temperature. 

The reaction mixture was filtered and the filtrate washed with 

ether (3 x 10 ml.), made alkaline with sodium hydroxide solution 
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(ca. 4N) and extracted with chloroform (4 x 15 ml.). This 

extract was dried (Na2SO4) and evaporated to give a brown 

gummy mass. Thin layer chromatography on silica gel OF254(7:2:1 

solvent system) showed two spots, one very faint corresponding 

to the starting material and the other (Re0.51, blue fluorescent 

in u.v. light) to the product. N-Methyltetrahydroharman was 

isolated by preparative layer chromatography and converted into 

the hydrochloride which was recrystallized from absolute ethanol 

and melted at 235°  (decomposition) (lit.134m.p.234-235°, 

decomposition). Yield, 321 mg., 935. N.m.r. (in D20), 

rij  8.48 (C-CH3; 3H; doublet), J=7 c./sec., 7.3(-CH2-, 

N-CH3); 5H; singlet), 6.85(-CH2-; ca.2H; multiplet), 

5.80 (-Cl!-, 1H, broad quartet), 2.77 (Ar-H; 4H; multiplet). 

On thin layer plate the compound gave Dragondroff reaction 

but no blue colour with p-dimethylaminobenzaldehyde in conc. 

HC1.N-Methyltryptamine gave both the reactions. 

Degradation of chimonanthine from tryptophan feeding. 

(a) N-Methyltryptamine. 

L-Chimonanthine (22.5 mg.) was diluted with inactive 

DL-chimonanthine (22.5 mg.) and converted into N-methyl-

tryptamine99(7.1 mg.) which was diluted to 58.5 mg. with 

inactive compound, crystallized and counted (see Tablet ). 
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(b) 	N-Me thyltetrahydroharman. 

N-Methyltryptamine was cyclised to N-methyltetrahydro-

harman with acetaldehyde and 0.5 N sulphuric acid by the 

procedure described before. The free base was isolated by 

preparative layer chromatography and converted into its 

hydrochloride which in turn was recrystallized from absolute 

ethanol, m.p. and mixed m.p. 234-235°  (decomposition). 

Counting results are given in Table 2. 

Table 2. 

The "total" activity of chimonanthine and its degradation 

products. 

Compound 

Chimonanthine 

C;dis.
/
sec. 	3H;dis./sec. 

1.29 x 104 
	

5.54 x 104  

N-Methyltryptamine 1.25 x 10
4 5.54 x 104  

N-Methyltetrahydroharman 1.33 x 104 1.4 x 102  

Degradation of chimonanthine from tryptamine feeding. 

L-Chimonanthine was converted into N-methyltryptamine and 

in turn into N-methyltetrahydroharman. Table, shows the 

"total" activity of the alkaloid and its degradation products. 
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Table 3  

The "total" activity of chimonanthine and its degradation 

products. 

Compound 14C, dis./sec. 3H;dis./sec. 

Chimonanthine 4.20 x 10
4 1,72 x 105  

N-Methyltryptamine 4.20 x 10
4 1.73 x 105 

N-Methyltertahydroharman 4.35 x 104 6.01 x 102 

Hertzig-Meyer demethylation of calycanthine. 

Non-radioactive calycanthine (9.2 mg.) was weighed in an 

aluminium boat and introduced into the reaction flask. Constant 

boiling hydroiodic acid (2 ml.) was added and the whole apparatus 

assembled. The gas washer contained 25% sodium acetate solution 

and the absorption vessel 25% ethanolic triethyl amine. 

A Wood's-metal bath, previously heated to melt the alloy, 

was brought up under the reaction flask and its temperature 

slowly raised to 160°  by means of a micro-burner. A slow stream 

of dry, oxygen-free nitrogen was passed through the apparatus 

and was continued during the whole reaction. When all the HI 
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had distilled off, the bath temperature was raised to 300°  and 

so maintained for 15 minutes. The bath was removed and the 

flow of nitrogen continued till the apparatus cooled to room 

temperature. The absorption vessel was disconnected and the 

triethylamine solution evaporated under reduced pressure to give 

a white residue of methyltriethylammonium iodide. Yield 98%. 

Hertzig-Meyer demethylation ofj
14Clcalycanthine. 

[14C]Calycanthine obtained from the chimonanthine 

biosynthesised from N-methyltryptamine was demethylated in a 

similar manner. Methyltriethylammonium iodide was recrystallized 

from absolute ethanol. The results of counting were as follows: 

Total activity 	
1
4C ;dis./sec. 

Calycanthine 	4.30 x 102  

Methyltriethylammonium 	4.33 x 102 

iodide 

Exchange reactions of tryptophan with deuterium. 

(a) DL-Tryptophan (50 mg.) was dissolved in the minimum amount 

of 1N-HC1 and the solvent evaporated to dryness under reduced 

pressure. The hydrochloride thus formed showed the following 

n.m.r. (in D1120),Fr 6.70 (p-H; 2H; doublet), J = 6 c./Sec., 

5.76 (a-H; 1H; triplet), J = 6 c./sec., 2.71 (Ar-H; 5H; multiplet). 

(b) The n.m.r. tube was connected to a drying tube containing 

anhydrone, and the solution heated at 100°  for ten minutes and 

rapidly cooled. rr 6.66 (P-H; 2H; doublet), 5.72 (a-H; 1H; triplet), 
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2.71 (Ar -H; 5H; multiplet). 

(c) Three hours at 100°,T 6.65 (G3 -H; 2H; doublet), 5.73 

(a -H; 1H; triplet) j2.61 (Ar-H, 3.5 H; multiplet). 

(d) Further 3 hours at 100°;e6.65 (p-H; 2H; doublet), 

5.63 (a-H; 1H; triplet), 2.60 (Ar-H; 3.5 H; multiplet). 

(e) Eighteen hours at 100°, re6.65 ((3-H; 1H; doublet), 

5.70 (a -H; triplet),2.55 (Ar-H; 1H; multiplet). 

5-Hydroxy[Ar-3H)tryptophan. 

5-Hydroxytryptophan (55 mg., 0.25 m mole) in 4N 3HC1 

(0.57 ml.), was heated at 100°  for 1 hour. The solution was 

cooled, and solid sodium bicarbonate added to bring the pH to 

ca. 6. After further cooling, the amino acid crystallized out. 

The solvent was evaporated in vacuum over P205. Water (ca. 1 mi.) 

was added to the residue followed by enough 1N hydrochloric acid 

to give a clear solution (pH ca. 2). Sodium bicarbonate (25 mg.) 

was then added to bring the pH to ca. 6. The solvent was 

evaporated at room temperature in vacuum over P205/KOH. The 

resulting mixture of tritiated 5-hydroxytryptophan and sodium 

chloride was sent to Dr. Sandler for metabolic studies. 
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