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INTRODUCTION 

Many investigations have been carried out in the last 

five years to determine the biosynthetic pathways leading to 

the Amaryllidaceae alkaloids. Relatively little consideration 

has been given to the.study of m vivo rearrangements, alkaloid 

interconversions, and the exploration of alternate biosynthetic 

routes. This thesis is concerned with these three aspects of 

biosynthesis. 

The alkaloids haemanthamine and crinamine have been shown 

to undergo ̂  vitro rearrangements to compounds possessing the 

montanine ring system. It is known that haemanthamine is not a 

precursor of the montanine-type alkaloids from tracer studies. 

The nature of the appropriately substituted haemanthamine-type 

precursor which could be converted to the montanine nucleus in 

the plant was a problem that required further consideration. 

Part of this thesis is concerned with the biosynthesis of 

montanine with particular emphasis on the nature of the pre

cursors involved and the mechanism of their rearrangement to 

the montanine nucleus. 

Biosynthetic studies with Nerine bowdenii have suggested 

that alkaloids possessing the (+)-crinine absolute configura

tion are not derived from (-)-crinine, but this has never been 

fully established. There existed the possibility that certain 

biosynthetic intermediates possessing enantiomeric ring systems 

were being interconverted in the plant via a symmetrical 
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precursor. The study of this phenomenon was carried out in 

order to gain a better understanding of alkaloid intercon

versions and to leam more about the stage at which the 

absolute configuration of the crinine-type alkaloids is deter

mined. 

It is well known that the G^-G^, units of the Amaryllidaceae 

alkaloids are derived from the precursors tyrosine and tyramine. 

Recent studies with the Berberine alkaloids have shown that a 

hydroxylated G^-G^ unit can utilize a different biosynthetic 

pathway than its non-hydroxylated counterpart and become 

specifically incorporated into a more highly oxygenated alkaloid. 

There existed the possibility that a hydroxylated G^-C^ unit 

could be more efficiently incorporated into some of the more 

highly oxygenated Amaryllidaceae alkaloids. This possibility 

was examined in order to determine whether the same biosynthe-

tic pathways hold for this alkaloid family as well. 
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HISTORICAL 

Ring Systems 

Plants of the Amaryllidaceae family produce many differ-

1 ent alkaloids (well over one hundred are known) , all of which 

can be structurally divided into seven ring systems (Figure 1). 

N-R 

Figure 1. Amaryllidaceae ring systems 
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For convenience, each ring system has been given the name of 

the most common alkaloid of that type. The seven ring systems 

are lycorine (1), lycorenine (2), crinine (3)> galanthamine 

(ij.), montanine (5)» tazettine (6) and belladine (?)• Each 

ring system contains an aromatic G^-G^ and a hydroaromatic 

G^-Gg unit shown by the heavy lines in each nucleus. Belladine 

has an aromatic rather than a hydroaromatic G^-G^ unit. 

The large number of alkaloids are a result of the varia

tions in oxygen substitution within the ring systems. The 

aromatic ring may be di- or tri-oxygenated and the hydroaromatic 

ring may be mono- or di-oxygenated. The various substitution 

patterns are shown in Figure 2. 

CH30 

CH30 

0CH3 0CH3 

?>̂ OR 

OR 
"V 

RO^ 

Figure 2. Oxygen substitution patterns of the aromatic and 
hydroaromatic rings of the Amaryllidaceae alkaloids 
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The most common substitution pattern is a di-oxygenated 

aromatic ring and a mono-oxygenated hydroaromatic ring. 

Additional variations in the oxygen substitution pattern 

result from the occurrence of oxygen substituents at the 

benzylic carbon atom of the G^-C^ units and at of the 

G2 units. 

Biosynthetic investigations of the Amaryllidaceae alkaloids 

began in I960 with the use of radioactive tracers. Early tracer 

studies dealt with the determination of the amino acid precur

sors of the alkaloids. The investigations, summarized in 

Table 1, show that tyrosine (8) is a precursor of the hydro-

aromatic C^-Gg unit and phenylalanine (9) is the aromatic 

C^-Gi unit precursor. These incorporations were shown to be 

highly specific. The tyrosine was never incorporated into the 

aromatic G^-G^ unit and the phenylalanine was shown to be 

incorporated only into the aromatic G^-G^ unit. 

Biosynthesis of the Amaryllidaceae Alkaloids 

CO2H 

8 9 
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2 Tliere have been two pathways proposed for the incorpora

tion of phenylalanine into the unit of the Amaryllidaceae 

alkaloids: (a) phenylalanine > phenylserine > benzalde

hyde > protdcatechuic aldehyde and (b) phenylalanine > 

trans-cinnamic acid (10) > caffeic acid (11) > proto-

catechuic aldehyde (13). The data in Table 2, shows negligi

ble incorporation of phenylserine and benzaldehyde compared 

with protocatechuic aldehyde and trans-cinnamic acid. The 

data suggests that phenylalanine, is incorporated into the 

C^-C^ unit by path (b) as shown in Figure 3» 

NH2 

C02H 

10 
C02H 

11 
CO2H 

12 
CO2H 

Figure 3. 

HO'^^CHO 

13 

Incorporation of phenylalanine into the G/-G^ 
of the Amaryllidaceae alkaloids via trans-cin: 
acid 

unit 
naiîii c 
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Table 1. Incorporation of amino acids into Amaryllidaceae alkaloids 

Precursor Plant Alkaloid % Inc Ref. 

DL-2-^^C-Tyrosine Narci ssus "Twink" Haemanthamine 0 .08  3A DL-2-^^C-Tyrosine 
Norpluviine 0.15 3,5 
Caranine 0 .08  3 
Lycorine 0.23 3,5 

Narcissus "King Alfred" Galanthamine 0 .013  6  

Narcissus "Texas" H a eman th air. i ne 0 .13  6  
Lycorine 0.44 6  

Narcissus "Deanna Durbin" Lycorine^ 7 

DL-3-^^C-Tyrosine Sprekelia f orinossi sirna Haemantharaine^ 8  Sprekelia 
Haemanthidine 0 .20  8  
Tazettine 0 .16  8  

Haemanthus i natalensis Haeriian thai,line 0.97 9 
Haemanthidine 0.19 9 
6-Hydro:<ycrin3jriine 1 .18  9 

Nerine box-rdeni i Lycorine 0 .11  10  
Belladine 0 .82  10  

PL -2-^^C-Phenylalanine Narcissus incoPiTDaribi li s Lycorine 0 .00  11  

^Percentage of incorporation was either not 
could not be converted to per cent Incorporation. 

reported or quoted in 
In all cases, apprec 

fig-ares 
iable i 

that 
ncorpor 

atlons were evident. 
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Table 1, (Continued) 

Precursor Plant Alkaloid % Inc. Ref. 

DL-3-^^G-Phenylalanine Narcissus incomparibilis Lycorine O. I8  11 

Nerlne bowdenii Belladine 0.^.2 10 
Lycorine 0.095 10 

Narcissus "Deanna Durbin" Lycorine^ 7 
Pluviine^ _____ 7  
Haemantharrdne 7 
Galanthine 7 
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Table 2. Incorporation of possible C^-C^ unit precursors into Amaryllidaceae alkaloids 

Precursor Plant Alkaloid inc. Ref. 

DL-3-^^C-Phenylserine Narcissus pseudonarcissus Haeman thami ne ̂ 2,12 

Narcissus jincomparabilis Lycorine 0, .00 12 

7_^^C-Benzaldehyde Narcissus pseudonarcissus Haemanthaxai ne 0, .00 2 

Sprekelia formossisima Tazettine 0, .005 13 

£-Hydroxy-7-^^C-benzaldehyde Narcissus pseudonarcissus Ha eraan tharai ne 0 .00 2,12 

Trans-3-^^C-cinna?iic acid Narcissus pseudonarcissus Haeraanthaini ne ̂ 2,12 

Sodium 3-^^C-cinnaraate Nerine bowdenii Lycorine 0 .02 13 

3-^^C-£-Hydroxycinnainic acid Narcissus pseudonarcissus Haemanthamine^ 2,14 

Nerine bowdenii Lycorine 3 .1 15 

3_^^t-C-Gaffeic acid Narcissus incornxDarabilis Haemanthamine^ III, 16 

Lycorine®" 14,16 

^H-Protocatechuic aldehyde Narcissus incon^arabilis Lycorine 0 .23 17,18 

7-^^^C-Protocatechuic aldehyde Narcissus incom-oarabilis Haemantharaine^ - 16 
T • a Lycorine 

7_^^'G-Protocatechuic acid Narcissus "Deanna Durbin" Lycorine 0 .002 3 
Norpluviine 0 .001 3 

^•Percentage of incorporation was either not reported or quoted in figures that 
could not be converted to per cent incorporation. In all cases, appreciable incorpora
tions were evident. 
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The incorporation of tyrosine (Table 1) and tyramine 

into the Amaryllidaceae alkaloids suggests that 

tyrosine is decarboxylated to tyramine which then serves as 

the C^-Gg unit. 

20 Barton and Cohen proposed the theory that many natural 

products originate from the ortho-ortho, ortho-para or para-

para oxidative coupling of phenol radicals. They postulated 

that the Amaryllidaceae alkaloids originate from the phenyl-

phenyl oxidative coupling of the precursor norbelladine (li|a). 

At the time that they postulated this precursor, the alkaloid 

belladine (li].b) was unknown. The subsequent isolation of 

21 belladine from Nerine bowdenii and Amaryllis belladonna lent 

20 
support to their hypothesis. Barton and Cohen derived a 

biogenetic scheme for the formation of lycorine (16), caranine 

(15) and galanthamine (l8) (Figures [{. and 5)» ^ vitro 

chemical verification for their hypothesis was obtained when 

galanthamine was formed in a synthesis from the norbelladine 

derivative 1? by manganese dioxide oxidation followed by 

22 lithium aluminum hydride reduction 

The biosynthesis of tazettine (21) via phenyl-phenyl 

oxidative coupling proved difficult to explain. However, 

recent studies^^ have shown (Figure 6) that haemanthamine (19) 

and haemanthidine (20) are precursors of tazettine in 

Sprekelia formosissima. Tritium-labeled haemanthamine af

forded radioactive haemanthidine and tazettine three days 

after feeding. Tritiated haemanthidine formed radioactive 
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R 
14 a)R = H 

b) R = CH3 

HO. 

HOs^ 

H 

J 

Figure I}.. Biogenesis of lycorine and caranine (Barton 
Cohen) 
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CH3O, 

CH3Q 

H 
'O 

CH3Q 

gure 5. Biogenesis of galantliaraine (Barton and Cohen) 

19 
0CH3 

N—CH3 

gure 6 Conversion of haemanthainine to tazettine vivo 
(Fales and Wildman) 
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tazettine but the haemanthamine was found to be inactive. 

Tritiated tazettine was not converted in significant quanti

ties to either haemanthamine or haemanthidine. 

Further biosynthetic studies, sumraarized in Table 3# have 

shovm double-and triple-labeled norbelladine derivatives to be 

incorporated intact into the Amaryllidaceae alkaloids. The 

incorporation data and chemical degradations of the radio

active alkaloids support the theory of phenyl-phenyl oxidative 

coupling of a norbelladine-type precursor. Studies carried out 

11 by Wildman and Battersby have shown negligible incorporation 

of l-^'^G-bisdeoxynorbelladine (22) and of 1'-^^C-hydroxynor-

belladine (23) into haemanthamine, tazettine and lycorine type 

alkaloids (Table 3)» These data suggest that the aromatic ring 

in the G^-G^ unit must be di-oxygenated and the aromatic ring 

in the C^-G^ unit must be mono-oxygenated prior to the phenyl-

phenyl oxidative coupling step. The combined biosynthetic 

pathway for the incorporation of phenylalanine and tyrosine 

into norbelladine is given in Figure ?• 

OH 

22 

* 

23 
H 
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NH2 

-̂̂ CH2-CH-C02H 

CO2H 

10 

CO2H 

11 

CO2H 
12 

NH2 

'^^^^CH2~CH—CO2H 

8 

HO, 

CH2-CH2-NH2 

24 

\ 

H 
14a 

HO 'CHO 
13 

Figure 7 .  Incorporation of phenylalanine and tyrosine into 
norbelladine 
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Table 3. Incorporation of norbelladine and norbelladine derivatives into 
Aiuaryllidaceae alkaloids 

Precursor Plant Alkaloid ^ inc. Ref, 

1-^^C-Norbelladine Narcissus "Tvjink" Lycorine 
Norpluviine 
Haemanth arai ne 

0.24 
0.74 
0.15 
: 

4 

1-1'-^^C-Norbelladine Nerine bowdenii Lycorine 
Grinainine 
Belladine 

0.07 
0.0009 
2.64 

25 
25 
25 

0-^'^C-Ke thy 1 - N- -me thyl -
1-^^C-norbelladine 

Narcissus "King Alfred" Galanthariiine 
Galanthine 
Haeirianth-sriiine 

0.018 
0.00 
0.00 

26 
26 
26 

1'-^^C-Bisdeoxynorbelladine Narcissus "Twink" Tazettine 
Haemantharaine 

0.00 
0.00 

13 
13 

11 -^^'C-Hydroxynorbelladine Narcissus "Tv;ink" Lycorine 
Norpluviine 

0.0007 
0.0017 

13 
13 
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Chemistry and Biosynthesis of Montanine 

The structure of montanine (2^), a major alkaloid of 

27 28 Rhodophiala bifida ' and various Haemanthus species , was 

determined by W. G. Wildman and co-workers by degradative 

29 and spectroscopic methods The absolute configuration of 

the montanine-type alkaloids was derived from the known 

25 
2Q 

structures of haemanthamine (19) and crinamine (2?) . 

Kesylation of haemanthamine and treatment with aqueous alkali 

afforded a sulfur-free isomer of haemanthamine. The physical 

and spectral data indicated that the haemanthamine ring system 

had undergone a rearrangement to give a compound similar to, 

but not identical with, montanine (25) or coccinine (31). 

Chemical and spectral characterization established this isomer 

to be isohaemanthamine (26). VJhen crinamine was treated with 

mesyl chloride and pyridine under the same conditions, two 

rearranged products (28 and 29) resulted. These differed only 

in the configuration of the hydroxy1 group, since manganese 

dioxide oxidation of each gave the same methoxy ketone (30). 

These rearrangement reactions are illustrated in Figure 8. 

The mesylate group appeared essential for the rearrange

ment since haemanthamine and crinamine formed normal 0-acetyl 

derivatives in the presence of pyridine and acetic anhydride^^'^^ 
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-OH 

19 
OCH3 

.OCH3 

^-T -|-OH 

'0'̂ <5=̂ N'|îĵ -0CH3 

28 

+ 

H 
29 

OCH3 

•OCH3 

Figure 8. Rearrangements, to montanine ring system 
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The rearrangement did not occur with dihydrohaemanthamine (32) 

or epihaemantharaine (33). The presence of a double bond and a-

specific configuration of the hydroxyl group appeared to be a 

prerequisite for the rearrangement. 

Î OH 

32 33 
29 A proposed mechanism for the rearrangement involved the 

formation of a normal mesylate in the first step. Inspection 

of structure 34 indicates that the aryl group is ideally 

situated for nucleophilic displacement of the mesylate. The 

migration of the aryl group is reasonable because it is a 

relatively rich source of electrons at a stereochemical posi

tion which is trans-antiparallel to the departing mesylate 

group. The rearrangement is thought to be completed by attack 

of base at and migration of the double bond (Figure 9). 

The rearrangement of 34 has also been considered to proceed 

through aryl^ ^ participation^^ which would lead to an inter

mediate aronium ion (36). Attack of base at would then 

lead to 35' 

The mesylate of haemantharaine (34, R^OGH^, B^=H) under

went attack by base on the side away from the pseudoaxial 

methoxyl group giving a product with a trans relationship of 

the functional groups at Gg and G^. In the mesylate of 



www.manaraa.com

19 

RO" 

I 

H (P Mes 

C 
ill DT 

N 
X 

H H 

34 

35 

O Mes 

H R 

H 

Figure 9. Rearrangement mechanism to monUanine ring system 
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crinamine (3l|, R=H, B^cOGH^), the methoxyl group has a psoudo-

equatorial configuration allowing attack of base on both sides 

of the molecule and two isomers (28 and 29) were formed. 

The alkaloid 11-hydroxyvittatine (37) was recently iso-
-3 2 

lated from P. maritimum-^ and Rhodophiala bifida^^. During 

the chemical characterization of this base, it was observed 

that the 0,0-diacetyl derivative was converted to apo-

haemanthamine (38) upon mild treatment with mineral acid^^. 

The hydroxy1 group at was assigned the configuration 

"" "OH 

37 38 
depicted in 37 because epihaemanthamine (33) gave very poor 

yields of 38 with acid^^. Mild hydrolysis of the 0,0-diacetyl 

derivative of 37 furnished a separable mixture of acetates (39 

and I4.O). Mesylation of 39 followed by treatment with meth-

anolic sodium methoxide gave a good yield of montanine (25). 

—OH 

39 

•OAc 
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The ̂  vitro rearrangements of 11-hydroxyvittatino and 

haemanthamine to the montanine nucleus stimulated research 

concerning the biosynthesis of the montanine-type alkaloids. 

Early tracer work dealt with amino acid feedings along with 

a study of the biosynthetic relationship between haemanthamine 

and the montanine-type alkaloids. Radioactively-labeled 

tyrosine and phenylalanine were fed to blooming Haemanthus 

coccineus and the phenylalanine was found to be incorporated 

into coccinine (31)^^. The incorporation of tyrosine was too 

low to indicate significant incorporation. Because of the 

low activity of the alkaloids isolated from these feeding 

experiments, no degradations were carried out. In another 

experiment^^ tyrosine and phenylalanine were fed to flhodophiala 

bifida and were shown to be incorporated into montanine 

(Table Ij.). The montanine isolated from this feeding was de

graded and the precursors were shown to be incorporated intact. 

Although montanine is derived from the same G^-G^ and G^-G^ 

units as haemanthamine, the montanine nucleus cannot be formed 

directly by phenyl-phenyl oxidative coupling of a norbelladine-

type precursor. Since the mesylate of haemanthamine was found 

to rearrange in dilute alkali to the montanine ring system, it 

seemed possible that montanine-type alkaloids were synthesized 

in the plant by a similar type of rearrangement. To examine 

this hypothesis» ar-tritiated haemanthamine (19) was prepared 

and fed to blooming Haemanthus coccineus^^. This plant is 
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Table 1|_. Incorporation of amino acids into montanine-type alkaloids 

Precursor Plant Alkaloid 

Specific 
Activity 
dpm/mM inc. Ref, 

DL-3-^^C-Phenylalanine Haemanthus coccineus Coccinine 

DL- 3-^^'"C-Tyrosine 

Rhodophiala bifida 

Rhodorihiala bifida 

Montanine 
Haemanthaiai ne 

Montanine 
Haemanthamine 

1.11 X 10^ 0.03 

1.2^ X 10/ 0.023 
6.17 X 10 0.012 

9.10 X loK 0.0015 
42.9 X 10^ 0.0011 

35 
36 
36 

JO 
36 
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known to contain the alkaloids manthine (l+l), montanine, 

coccinine and haemanthamine. The plants were processed after 

one month and no alkaloid containing the montanine nucleus 

was found to be radioactive. This feeding experiment sug

gested that haemanthamine is not a precursor of the montanine-

type alkaloids. The methoxyl group at of haemanthamine 

would appear to be a likely point of interference in the in 

vivo rearrangement, since montanine and coccinine have a free 

hydroxyl group at the equivalent position. If haemanthamine 

was to rearrange to these alkaloids it would have to undergo a 

demethylation step either before or after rearrangement. 

x'-f—OH 

41 

//-

19 31 

"H 

25 
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Demothylations of this type have never been observed in the 

biosynthesis of the Ainaryllidaceae alkaloids. Manthine, v/hich 

contains methoxyl groups at and G^, was also found to be 

devoid of radioactivity. This finding seems to indicate that 

the oxygen function at the position of manthine is being 

methylated after the rearrangement step. 

Hydroxylated Gz-Cg Units as Possible Precursors 
to Amaryllidaceae Alkaloids 

Late stage hydrozylations 

Approximately eleven alkaloids isolated from Serine 

37 bowdenii are based on the (-)-crinane (i].2) ring system"^'. They 

differ only in the level of oxidation at G^, G^, C^, and 

Grinamine (27) and (+)-epicrinine {I4.3) are also present in 

N. bowdenii but possess ring systems which are enantiomeric 

with that of (-)-crinine (14}.). If the G^-hydroxyl of ( + )-epi-

-OH 
OH 

crinine and crinine (I]!}.) could be converted to a ketone in 

the plant, the enantiomers might be interconvertible via the 

symmetrical dienone (ij.5) . To examine this possibility. 

ar-tritiated crinine was fed to W. bowdenii ,4 38 The plants were 

processed after three weeks and all alkaloids derived from the 
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(-)-crinine nucleus were found to be radioactive. Neither 

crinamine nor (+)-epicrinine was radioactive. These results 

eliminated the possibility that crinine can revert to ij.5. One 

of the radioactive alkaloids isolated in this experiment was 

ambelline (Ij.6). This finding indicated that C^^-hydroxylation 

can occur after phenyl-phenyl oxidative coupling takes place. 

0CH3 
46 

Early stage hydroxylations 

Berberastine (I4-8) was Isolated from the extracts of 

•39 
Hydrastis canadensis-^ . This alkaloid differs from berberine 

(ij.9) by an additional hydroxy 1 group located at a site which, 

in the biosynthesis of berberine, is derived from the benzylic 
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carbon atom of 3»^l--<^ihydroxyphGnylethylamine i^O) ko When 

either l-^^C-dopamine or DL-2-^^G-noradrenaline was fed 

to plants of H.•canadensis, berberastine of high specific 

activity was obtained^^. Berberine derived from noradrenaline-

fed plants was found to be almost devoid of radioactivity. 

OH 

HO'̂  ̂ NH2 

47 

OCH3 

OCH3 

48 

NH2 

50 

The noradrenaline-derived berberastine was degraded and the 

radioactive carbon was shovjn to be confined to the predicted 

site. The specific activity of dopamine-derived berberastine 

was found to be substantially higher than that of the berberine 

isolated from the same experiment. This finding indicated that 

berberine was not a precursor of berberastine. Noradrenaline 
J ] P 

has been found in a number of plants^ and a, dopamine-^-hydroxyl

ase preparation has been obtained from a plant source^^. These 
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results showed that a^-phonyleth/lamine derivative was under

going ̂  -hydroxyl at ion and then followed a different biosynthetic 

path than its non-hydroxylated counterpart. 

ThejG-hydroxylation of tyrosine and tyraraine has been 

demonstrated in living systems In Sorghum vulgare tyro

sine was shown to be converted to £-hydroxyphenylserine (^1) 

by radioactive labeling experiments^. 

CO2H 

NH2 

8 
The enzyme, 3,^^dihydroxyphenylethylamine^^^oxidase, was 

found not to be specific, but was able to catalyze the oxidation 

of tyramine to octopamine ($2)^^. This^-oxidation process was 

found to be very rapid in beef adrenal medulla. This oxidation 

was also observed to take place in mice hearts^^. Octopamine 

was first extracted from the salivary glands of the octopus^^. 

It was later isolated from human and animal urine^^. Recently, 
JjQ 

octopamine was isolated from lemon leaves^ . This was the 

first time that this amine was obtained from a plant source. 

24 
•NH2 

52 OH 
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Metabolism of-Phenylethanolamines 

The most definitive studies on the metabolism of^-phenyl-

ethanolamines have been carried out with adrenaline (53) and 

noradrenaline In man, both substances are rapidly 

metabolized by two mechanisms, 0-methylation and oxidative 

deamination^^. The liver is the major site for these trans

formations. The principal metabolites of adrenaline and nor

adrenaline found in urine are 3-methoxy-^.-hydroxymandelic acid 

(60), 3-methoxyepinephrine (55) and 3-methoxy-^.-hydro%yphenyl-

glycol (59). The corresponding catechols, 3#^-a.ihydroxymandelic 

acid (57), 3,4-dlhydroxyphenylglycol (56) and adrenaline are 

minor excretion products. The human metabolism of adrenaline 

and noradrenaline is illustrated in Figure 10. 

The metabolism of these hormones in the guinea pig was 

found to differ markedly from that in man. Tracer studies have 

shovjn that adrenaline and noradrenaline are oxidized to 

adrenalone (6l) and noradrenaline (62) respectively. There is 

no interconversion of the adrenaline derivatives .with their 

noradrenaline counterparts. Both adrenaline and noradrenaline 

undergo oxidative deamination to 3,[}.-dihydroxyphenylglyoxal (63). 

The glyoxal is then fragmented to protocatechuic aldehyde (13) 

which in turn is oxidized to protocatechuic acid (6i|). The 

metabolism scheme is summarized in Figure 11. 
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HO 

HO'^^^CH-CHg-NHs HO''^^CH-CH2-NH 

OH OH CH3 
47 53 

HO'̂ Ç̂H-CHO 

6H 
54 

Hd'^^ÇH-CH2-NH 

OH CH3 
55 

H0'^^CH-CH2-0H 

OH 
56 

HO>%^ 

L1 
HO'̂ ĈHCOpH 

57 OH 
CHsO,̂  

HC:r%%>̂ "\:}4(:H4o 

OH 
58 

HCr^ÇH-CHg-OH 

OH 
59 

HO' 

60 

tHC02H 

OH 

Figure 10. Metabolism of adrenaline and noradrenaline in man 
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H C H-C H 2" N H 
OH CH3 

53 

HO CH-CH2~NH2 
OH 

47 

HCr-^C-CHp-NH 

«  ^ i „ 3  

HOxx<::r̂  

HO'^^C-CHo-NHo 

,6.» 

63 

HO.X<̂  

O 

13 

CO2H 

Figure 11. Metabolsin of adrenaline and noradrenaline in the 
guinea pig 
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RESULTS AND DISCUSSION 

The ̂  vitro studies on the rearrangement of haemantharaine-

type alkaloids to alkaloids containing the inontanine nucleus 

led to the hypothesis that a similar rearrangement might also 

occur in the plant^^L The failure of the conversion of 

haemanthamine to rtianthine or montanine in H. coocinous^^ and 

the production of haemanthamine from phenylalanine and tyro-

sine=.fed plants^^ possessing a higher specific activity than 

montanine, suggests that haemantharaine and montanine are 

derived from a common precursor. The object of this investiga

tion is to determine the biosynthetic pathway by which the 

montanine nucleus is formed and to establish the relationship 

between the biosynthesis of haemanthamine and montanine. 

To carry out this biosynthetic study, suitable radio-

actively-labeled precursors for montanine had to be found. All 

previous research in this area suggested that 11-hydroxy-

vi.ttatine was a likely precursor to the montanine-type alka

loids. This "choice was influenced by two recent observations: 

(a) 11-hydroxyvittatine was isolated from a plant that 

contains the alkaloids vittatine (67a), haemanthamine and 

montanine^^, and (b) montanine was formed from the vitro 

rearrangement of the mesylate of 11-hydroxyvittatine . A 

precursor in the form of or %-11-hydroxyvittatine was 

needed, but because of the scarcity of 11-hydroxyvittatine, a 

method was sought to make a %-derivative of vittatine. In the 
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course of this study, an attempt was made to replace the 

hydroxyl group of crinamine with hydrogen. Although the 

mesylate of crinamine was found to rearrange to the montanine 

29 ring system in the presence of base , it was hoped that the 

reaction of lithium aluminum hydride on the C^^-chloride would 

give rise to some unrearranged product and furnish 66a. The 

reaction could then be repeated on haemanthamine using lithium 

aluminum tritide followed by cleavage of the methoxyl groupé 

to give tritium-labeled vittatine (67b). 

OH 

19 

LiAl Hx ( 
65 

HCI 

a)R = H  R ,=0CH3 

b) R = 0CH3, R,=H 

a) R = H 

b) R = ̂ H 

The exploratory work was carried out with crinamine due to 

the limited supply of haemanthamine that was available. Crin

amine was allowed to react with thionyl chloride and the re

sulting product was reduced without purification, with lithium 

aluminum hydride. Gas phase chromatographic analysis of the 
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reduced product showed one major product which accounted for 

more than 90/o of the product mixture. The infrared spectrum of 

the purified reaction product indicated the absence of a 

hydroxyl function and contained two bands at 1330 and 1370 cm~^ 

which are characteristic of the montanine-type alkaloids. Tiae 

mnr spectrum was not in accord with that known for the vitta-

tine nucleus and allowed the postulation of desoxyisocrinamine 

(68) for the structure of the dehydroxylated crinamine deriva

tive. 

The structure of the reaction product was based on a care

ful analysis and comparison of the nmr and mass spectral data 

of the compound with that of montanine. The nmr spectra of 

montanine and desoxyisocrinaraine are shovm in Figure 12. The 

striking similarity between the two spectra suggested a common 

ring system for both compounds. A significant, feature of the 

nmr spectrum of 68 is the presence of only one olefinic proton 

resonance. The loss of an olefinic hydrogen and a hydroxyl 

group from in the conversion of crinamine to 68 is charac

teristic of the rearrangement of crinamine to isocrinamine. 

-OH 

68 

OCH3 
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Figure 12. Nuclear magnetic resonance spectra 

top " montanine (25) 

bottom - desoxyisocrinamine (68) 
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In order to establish the structure of desoxyisocrinaralne, 

a complete analysis of the nmr spectrum of montanine was under

taken. The two singlets in the spectrum of montanine at 6.^1 

and 6.^3 ppm correspond to the two aromatic protons. The 

singlet at 5-55 ppm is assigned to the olefinic proton reson

ance. The two protons of the methylenedioxy group appear as a 

singlet at 5«83 ppm. The peaks between and 3.^0 ppm were 

assigned with the aid of spin-spin decoupling experiments. The 

singlet at i|.21 ppm disappeared when D^O was added to the sam

ple tube and was therefore assigned to the proton of the 

hydroxy1 group. Decoupling studies showed that the peaks at 

[(..ifO, ii.ll and 3.80 ppm are part of an AB pattern centered at 

3.95 ppm (£=17 ops). The AB pattern is assigned to the ben-

zylic protons on C,, The integral of the broad peak centered 

at 3.35 ppm corresponds to the resonance of five protons. This 

peak is assigned to the methoxyl proton resonances and the 

resonance of the protons at and This assignment is 

based on a spin decoupling study which showed the olefinic 

H H 

25 
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proton at 5«55 ppm to be coupled to a proton at 3»i-l-2 ppm. This 

ofroot is attributed to the vicinal coupling between the dé

finie proton and the proton at plus a small contribution 

arising from the allylic coupling of the proton at The 

two broad singlets at 3.25,and 2.98 ppm are assigned to the 

benzylic proton at G^^ and the two bridge protons at G^^ 

respectively. An examination of the integral of the spectrura 

reveals the presence of two protons which appear as a complex 

multiplet in the region between 1.25 and 2.1|0 ppm. This multi

plet is assigned to the resonances of the protons at G^, 

Decoupling experiments showed that the protons at G^ are cou

pled to the proton which appears as a multiplet at ij-.Oli- ppm and 

to a proton located at 3«^0 ppm. The multiplet at ii-.Ol}. ppm 

which is superimposed on the AB pattern, is assigned to the 

hydrogen adjacent to the hydroxyl group at G^. The proton at 

3.i|0 ppm that is coupled to the G^ protons is assigned to the 

hydrogen at Ĝ .̂ 

The assignment of the protons in the nmr spectrum of 

desoxyisocrinamine is based on the analysis of the montanine 

spectrum. The two singlets in the spectrum of desoxyisocrina-

mine at 6.60 and 6.51 ppm are assigned to the aromatic proton 

resonances. The quartet centered at.5.55 ppm represents the 

olefinic proton at G^ and the singlet at 5*91 ppm corresponds 

to the methylenedioxy group protons. The four peaks between 

3.68 and ̂ .52 ppm make up a well-defined AB pattern and are 

assigned to the benzylic protons at G^. The singlet at 3.l|.0 
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0CH3 

ppm is assigned to the methoxyl group protons. The remaining 

assignable peaks are the broad singlets at 3.28 and 3-05 ppm 

which are assigned to the benzylic proton at and the bridge 

protons at G^^ respectively. The complex multiplet in the 

region between 1.01 and 2.85 Ppm contains four protons repre

senting the protons on G^ and C|^. Vihen the protons of the 

methoxyl group and those assigned to G^^ and G^^ were sub

tracted, the integration showed that the region between 3.00 

and 3.60 ppm represented two protons. The multiplet in this 

region is assigned to the protons at Ĝ  and Ĝ .̂ 

The splitting patterns of this spectrum are more complex 

than those of the montanine spectrum. This increase in com

plexity is attributed to the two methylene protons at Cp of 

desoxyisocrinamine. If the assigned structure is correct, then 

the protons at G^ and G^ should constitute an ASX system and 

afford a four line splitting pattern for the olefinic proton. 

The olefinic proton in the desoxyisocrinamine spectrum is split 

into a quartet as predicted whereas the olefinic proton of 
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montanine is represented by a broad singlet. The nrar results 

are therefore consistent with the proposed structure. 

The analysis of the'mass spectra of montanine and 

desoxyisocrinaraine (Figure 13) offered another means of compar-

53 ing the two compounds. A recent study^^ of the fragmentation 

pattern of montanine showed the base peak in the spectrum to be 

the molecular ion at m/e 301. A less abundant ion at mass 286 

(M-15) was assigned to the loss of a methyl radical from the 

methoxyl group. The intense peak at m/e 270 (%-31) was postu

lated to be derived from the loss of the allylic methoxyl group 

according to the scheme 69 > 70. A metastable ion at mass 

-OCH3 / 

CH2 

70, m/e 270 

IpH 

CH2 

71, m/e 252 

-NH—CH 

HN=:CH2 

72 

73, m/e 223 
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gure 13. Mass spectra 

top - montanine (25) 

bottom - desoxyisocrinamine (68) 
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235*5 (252.5^/270=235«3) the spoctruin of raontanine confirmed 

the loss of water from the species 70. This process was vis

ualized as a 1,2-elimination with the formation of 71 (m/e 252). 

Further decomposition of the species 71 by the elimination of 

29 mass units (GH^NH) was proposed according to the scheme 

71 > 72 > 73 (m/e 223). A peak of substantial abundance at 

m/e 257 (M-Iiij.) in the spectrum is derived from a retro-Diels-

Alder fragmentation of ring C according to 69 >  7 k  (m/e 257). 

A metastable ion at mass 219.5 (257^/301=219.4) established 

that the ion at m/e 257 arose from a single•stage decomposition 

of the molecular ion of montanine. 

-OCH3 

4.* M 

69 

CHoCHO 
> 

74; m/e 257 

The most prominent ion in the spectrura of desoxyisocrin-

amine is again the molecular ion. The small ion peak at m/e 

270 (M-15) is attributed to the loss of the methyl radical from 

the metho^qrl group. The peak at m/e 254 (%-31) represents the 

loss of the methoxyl. radical to give the species 76 (m/e 254). 

This fragmentation is substantiated by the observation of a 

metastable ion at mass 226.5 (254^/285=226.3). The fragment 

76 may then lose a hydrogen atom to give fragment 77 corre

sponding to the peak at m/e 253 (M-32). The pealc at m/e 223 

can be visualized as arising from the aromatization of ring 
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G of 77 followed by the elimination of 29 mass units ( 

to give the conjugated ion 78. 

^OCHg 

•OCH' 

76; m/e254 

77, nn/e 253 

-NH=CH2 

HN=CH2 78, m/e223 

The molecular ion loses 58 mass units by undergoing a 

retro-Diels-Alder fragmentation of ring C to give-an ion of 

mass 227 which is represented by 79. This loss occurs via a 

one-step decomposition of the molecular ion (metastable ion at 

mass 180.7 (227̂ /285=180.6)). The presence of a peak at m/e 226 

in the spectrum of desoxyisocrinaraine can be interpreted 
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-CH2=:CHOCHq/ 

H+" 
79, m/e 227 

(3(),ni/e;22G 

mechanistically by the loss of a hydrogen atom from 79 to form 

the more conjugated species 80. A peak of substantial abund--

ance at m/e 199 corresponds to the loss of 86 mass units and 

can be rationalized by the mechanistic scheme 75 > 8l > 

82 —) 83. 

OCH3 
> 

81 

H +" 

82 

C H 2  

83, m/e199 
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Certain similarities are observed in the fragmentation 

patterns of montanine and desoxyisocrinamine. Both compounds 

display peaks at M-31 (attributed to the loss of a raethoxyl 

radical) and m/e 223. The two compounds also undergo similar 

retro-Diels-Alder fragmentations in a single stage decomposi

tion from their respective molecular ions. An important dif

ference between the mass spectra of these bases is the sub

stantial abundance of the ion at m/e 199 in the spectrum of 

desoxyisocrinamine. The low abundance of this ion in the 

montanine spectrum can be attributed to the additional oxygen 

function at which appears to have a significant effect on 

the fragmentation pattern of this molecule. 

The nmr and mass spectral data indicate that the crinamine 

ring system has undergone a rearrangement to the montanine 

nucleus. The fact that no unrearranged product was obtained in 

the reaction of lithium aluminum hydride with the chlorine 

derivative of crinamine attests to the facility of the rear

rangement. A possible mechanism for this rearrangement in

volves the attack of hydride at followed by the migration of 

the double bond and subsequent displacement of the chloride ion 

by the aryl group. This mechanism is illustrated by the con

version of 8[j. —> 68. • 
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•^H-Vittatine Feeding to Rhodophiala bifida 

Several methods are known for introducing tritium atoms 

into organic molecules via chemical exchange techniques^^"^^. 

The Wilzbach technique^^ has been successfully used to prepare 

tritium-labeled steroids^^. The tritium label is introduced by 

exposing the compound to tritiura gas of high specific activity 

for long periods of time. Another successful technique, used 

primarily on aromatic compounds, involves the acid catalyzed 

exchange of aromatic hydrogen atoms for tritium atoms^^,^^. 

The latter method was tried in a second attempt to aquire 

tritium-labeled vittatine. 

A small amount of vittatine was converted to O-acetyl-

vittatine and subjected to acid catalyzed exchange with triti-

ated acetic acid (The tritium exchange work was carried out by 

New England Nuclear Corp., Boston, Mass.). The radioactive 

0-acetylvittatine was hydrolyzed and diluted with cold vitta

tine. In order to show that the radioactivity was confined to 

the aromatic ring, the vittatine was oxidized to hydrastic 
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anhydride (8$) with potassium permanganate. The hydrastic 

anhydride was converted to K-ethylhydrastimide (86) which was 

shown to account for all the activity of the labeled vittatine 

N-CH2"CH3 

The feeding experiment was carried out using Rhodophiala 

bifida as the plant host. This plant was chosen because it 

27 contains montanine as the major alkaloid . Other alkaloids 

present in Rhodophiala bifida include haemanthamine, vittatine 

and 11-hydroxyvittatine. However, in a small scale feeding, 

haemanthaiaine is present in isolatable quantities while 

vittatine and 11-hydroxyvittatine are only found in trace 

amounts. The objective of the feeding experiment was to learn 

whether vittatine is a precursor of montanine and to obtain 

some data regarding the relative incorporation of vittatine 

into haemanthamine and, montanine. This data would be helpful 

in determining whether haemantharaine and montanine have a 

common biosynthetic precursor. 

Ar-tritiated vittatine was administered to Rhodophiala 
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bifida by injection into the bulb at pH6. The plants were 

allowed to grow for three weeks in a greenhouse. The bulbs 

were processed in the usual manner and the alkaloids were 

separated and purified by column chromatography and crystalli

zation. The data obtained from the feeding experiment are 

summarized in Table 

Table Feeding experiment with Rhodophiala bifida as plant 
host 

Precursor Alkaloid 
Activity 
(dpm/mK) Dilution^ inc. 

Q b 
-^H-Vittatine Haemanthamine 35.2 X 10^ 2.80 X 10^ 0. 20 

Montanine ij..2l X 10̂  23.ij- X 10̂  0. 057 

^Dilution = specific activity of precursor-r specific 
activity of alkaloid. 

^The total activity of •^H-vittatine was 1.6^ mc. 

Each of the isolated alkaloids was oxidized with potassium 

permanganate, and the hydrastic anhydride was converted to its 

N-ethylimide with ethylamine. The activity of the imide rela

tive to the corresponding alkaloid is given in the last column 

of Table 6, and illustrates that all of the tritium resides in 

the aromatic A ring and has not been scrambled during the 

experiment. 
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Table 6. Degradation of alkaloids isolated from the •^H-vitta-
tine feeding experiment 

Activity of 
N-ethyl- imide 

Activity hydras timide relative to 
Alkaloid (dpm/mM) activity (dpm/mM) alkaloid 

Kaemanthamine l.il.6 X 10̂  1.39 X 10^ 0.96 

Montanine 1.31 X 10^ 1.27 X 10^ 0.97 

The data from the feeding experiment show that vittatine 

is a precursor of haemanthamine and montanine in Rhodophiala 

bifida. Since it has already been shoivn that haemanthamine is 

not a precursor of montanine the above results indicate that 

haemanthamine and montanine have a common precursor. This 

precursor is probably 11-hydroxyvittatine. The specific activ

ity of vittatine-derived haemanthamine is substantially higher 

than that of the montanine isolated from the same experiment. 

This finding seems to indicate that the proposed intermediate 

(ll-hydroxyvittatine) is converted to haemanthamine at a faster 

rate than to the montanine nucleus by rearrangement. This is a 

reasonable assumption because the formation of haemanthamine 

only requires the methylation of the hydroxyl function at of 

ll-hydroxyvittatine while the formation of montanine involves a 

rearrangement of the vittatine ring system plus the methylation 

of the oxygen function at C^. The biosynthetic scheme of 

haemanthamine and montanine is illustrated in Figure II4.. 
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Figure II4.. Biosynthetic conversion of vittatine to 
îiaenanthaiTiine and inontanine 
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•^H-Oxovittatine Feeding to Ne pi ne b owdeni i 

38 Recent biosynthetic studies have shovjn that the alkaloid 

crinine does not revert to the syniriietrical dienone l\S in ÏÏ. 

bowdenii. It was thought that, if an oxidative process can 

occur in the plant to convert the G^-hydroxyl of either crinine 

or (+)-epicrinine to a ketone, the enantiomers should be 

I 
44 45 

interconvertible via i|5. This hypothesis assumes that if 

crinine is oxidized to oxocrinine 87, the ketone will readily 

undergo ̂-elimination to form li.$. This is not a valid assump

tion because the oxocrinine can be formed and reduced on the 

surface of an enzyme before it has a chance to-eliminate. 

Since the crinine feeding to N. bowdenii did not show any 

evidence for the oxidative formation of oxocrinine, it is still 

not known whether the crinine and vittatine alkaloids are in

terconvertible via the symmetrical dienone 

87 88 
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A more profitable approach to this problem would be to 

feed either radioactive oxocrinine or oxovittatine (88) to a 

plant which produces both crinine and vittatine-type alkaloids 

and determine the extent of the incorporation of the ketonic 

precursor. If the labeled oxo-compound is converted to I[.5 via 

^-elimination, then the alkaloids possessing the crinine and 

vittatine steriochemistry vn.ll be radioactive, but if the oxo-

compound is being preferably reduced to the alcohol, then only 

those alkaloids possessing the sarae absolute configuration as 

the precursor will be radioactive. 

To study this phenomenon, oxovittatine was the preferred 

precursor, since a supply of ar-tritiated vittatine was readily 

available. The tritium was shown by degradative methods to be 

3 confined to the aromatic ring. A small amount of ^n-vittatine 

3 was oxidized to H-oxovittatine with manganese dioxide. The 

oxovittatine was fed to N. bowdenii and the plants were 

allowed to grow for three weeks in a greenhouse. The bulbs 

were processed and the alkaloids were isolated in the usual 

manner. It was found that all alkaloids derived from the 

(-)-crinine nucleus were inactive. These included undulatine 

(89a), "crinamidine (89b) crinine and ambelline (46). As 

expected, lycorine and belladine were inactive. Both crinamine 

and (+)-epicrinine were isolated by dilution and found to be 

radioactive. The crinamine was oxidized to hydrastic anhy

dride which was then converted to its N-ethylimide with 
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yOR 

OCH3 
89 a)R = CH3 

b)R = H 

PCH3 

ethylamine. Tiie activity of the imide relative to the crina-

iTiine showed the tritium to be confined to the aromatic A ring. 

The data of the feeding .experiment are summarized in Table 7* 

Table 7» Feeding experiment with iv'erine bowdenii as plant host 

Precursor Alkaloid 
Activity^ 
( dpm/ml'î} Dilution % xnc. 

^H-Oxo- , 
vittatine 

Crinamine X 10^ 

6 .59  X 10^ 

3 .76  X 10^ 0 .06  

(4. )-Epicrinine 

X 10^ 

6 .59  X 10^ 2 .63  X 10^ 0.09 

^Sach alkaloid was isolated by dilution with 70 mg. of 
cold compound. 

^The total activity of the^H-oxovittatine was 0.88 mc. 

The results of this biosynthetic investigation show that 

in ÏÏ. bowdenii. oxovittatine is reduced to (+)-epicrinine and 

is not undergoing a^-elimination to the symmetrical dienone 

14.5. It appears that the phenyl-phenyl oxidative coupling step 

is occurring on the surface of an enzyme which exhibits a high 

degree of specificity. It is at this stage in the biosynthetic 
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pathway that the absolute configuration of the crinine-type 

alkaloids is determined. The results of this investigation 

are schematically represented in Figure 15. 

/OH 

OH 

Figure 15» Biosynthetic conversion of oxovittatine to (+)-
epicrinine and crinaraine 

^^C-Labeled J-Phenylethylaiaine Feedings to 
Crinum erubescens 

Some crinine-type alkaloids possess hydroxy1 functions at 

the position. These include crinaiaine, o-hydroxycrinainine, 

haemanthamine, haeruanthidine, 11-hydroxyvittatine and ambelline, 

The conversion of crinine to arabelline in N. bowdenii^^ showed 

that the hydroxyl function at can be introduced after the 

phenyl-phenyl oxidative coupling step. There exists the 
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possibility of an alternate biosynthetic pathway for the G^^-

hydroxylated alkaloids, as in the biosynthesis of berberastine 

in which a hydroxylated C^-C^ unit followed a different bio

synthetic path than its non-hydroxylated counterpart^^. (See 

historical section) 

A hydrozylated Gz-Cp unit such as octoparnine could con

ceivably react with protocatechuic aldehyde to form the 

hydroxylated norbelladine derivative (90). This phenolic amine 

could then be converted to the enantiomeric ketones 91 and 92 

possessing the crinine nucleus,, via phenyl-phenyl oxidative 

coupling. The proposed biosynthetic scheme is illustrated in 

Figure 16. 

13 
L_ 

OH 52 

90 
'H 

r- "OH 

Figure 16. Alternate biosynthetic pathway for CL,-hydroxyl-
ated alkaloids 



www.manaraa.com

56 

A controlled feeding experiment was designed to determine 

whether the C^^-hydroxylated alkaloids were derived from 

hydroxylated Cv-Cg unit precursors. Octopamine and £-hydroxy-

phenylserine were selected as possible hydroxylated precursors 

for this study. These phenylethanolamines are thejg-hydrozyl-

ated derivatives of tyrosine and tyramine which serve as the 

precursors of the Cz-Cg units of the Amaryllidaceae alkaloids, 

(The^d-hydrozylation of tyrosine and tyramine has been observed 

in living system^~^°). Radioactive tyrosine and tyramine 

served to act as a control in the feeding experiment. 

Except for octopamine, all of the radioactive compounds 

were commercially available. A synthetic route was devised 

which afforded octopariiine tartrate (97) in an overall yield of 

21%'. The radioactive label was introduced by allowing sodium 

cyanide-^^C to react with p-hydroxybenzaldehyde (93) to form 

the cyanohydrin (9i^) in the first step of the synthesis. The 

cyanohydrin was then converted to the di-tetrahydropyranyl 

ether (95) with dihydropyran . iiithiui'n. aluminuzii hydride 

reduction of 95 afforded the di-tetrahydropyranyl ether of 

octopamine (96). The ether was hydrolyzed with aqueous tar

taric acid and the resulting octopamine was separated and 

purified on an ion exchange column. The pure radioactive 

octopamine was converted to its crystalline tartrate salt (97) 

which was recrystallized to constant activity. The synthesis 

of octopamine tartrate is illustrated in Figure 17. 
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OH OH 
NaHSOs 

NaCN 

CHO 

93 

o 

H3O' 

H-C-OH 
*CN 

94 

OH 
3 0. T 

H-C-OH 
H-C-OH 

- A 

f-
d-Tartaric Acid 

o- Ô' 

^ A 
H-C-O-koJ 

*CN 
95 

LiAlH 4 

o O' 

H-QO-^o 

»CHp 

NH2 

96 

+0 ^O 
NH3 

OH 97 
Figure 17. Synthesis of DL-3.-^^G-octopainine tartrate 

Grin-urn erubescens was chosen for this feeding experiment 

because it contains lycorine, crinamine, and 6-hydroxycrinaraine 

(98) as the major alkaloids^®. If a hydroxylated Cz-C- unit is 

a precursor to the C^^-hydroxylated alkaloids, then octopamine 

and/or r>-hydroxyphenylserine would have a higher per cent 
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OH 

5363 

incorporation into crinaraine and 6-hydroxycrinaniine than would 

tyrosine and tyramino. The hydroxylated precursors would also 

have a much lower incorporation into lycorine than would their 

non-hydroxylated counterparts. The possibility also exists 

that the hydroxylated phenylethanolamine derivatives can under

go reduction to tyrosine and tyrairâne. If this should occur, 

then the alkaloids derived Trora the tyramine and tyrosine-fed 

plants would e:{hibit a hi^ier per cent incorporation than those 

derived from the phenylethanolamine feedings. 

The activity of the compounds used in this feeding exper

iment is given in Table 8. The labeled compounds were fed to 

Crinuii'i erubescens and the plants were allowed to grow in a 

greenhouse for three weeks. The plants were then processed and 

the alkaloids isolated and purified in the usual manner. The 

data from the feeding experiment are presented in Tables 9-12. 

In Crinun erubescens the levels of incorporation of the radio

active tracers, DL-3-^^C-tyrosine and DL-2-^^C-p-hydroxy-

phenylserine were comparable. However, l-'"^C-tyramine exhibi

ted a very high level of incorporation while DL-l-^^G-
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Table 8. Radioactive compounds fed to Cpinura oruboscons 

Compound 

Total 
activity 
fed (mc) 

Specific 
activity 
(mc/mii) 

1 )i 
Di'-3- '"C-Tyrosine 100 6.71 

1-^^'C-Tyramine^ 100 4.71 
DL" 2--p-IIjrdroxy- 100 9.00 

phenylserine 

DL-l-^^C-Octopamine'^ 11-2 I.I1.9 

Si 
Hhe tyramine was fed as the hydrobromide salt. 

The octopamine was fed as the tartrate salt. 

octopamine had a relatively low incorporation into the three 

alkaloids. The alkaloids had to be degraded in order to deter

mine the mode of incorporation of the precursor. Because of 

previous biosynthetic experiments i-d.th DL-3-^^'C~tyrosine, this 

substance was used as a reference; its incorporation into the 

G^-Cg unit of many Amaryllidaceae alkaloids is well established 

(Table 1). Therefore, no degradations were carried out on the 

alkaloids derived from the pL-3-^^C-tyrosine-fed bulb. 

Degradation of 6-Iiydroxycrinai'aine Derived Prom the 

1-^^C-Tyramine Feeding 

Tyramine was shown to be incorporated intact into the 
"5 iq 

G^-Gg unit of lycorine^' \ Since tyramine had never been 

shown to be incorporated into the crinine-type alkaloids, it 

was necessary to establish the mode of incorporation of this 

precursor into either crinamine or 6-hydroxycrinamine. The 
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Table 9. PI—tyro sine feeding to CriniL-n erubescons 

Specific 
Weight activity Per cent 

Alkaloid isolated (dpin/ral-I) Dilution incorporation 

Lycorine 0.372 g. 8.50 X 10^ 1.77 X lO^l- 0.51 

Grinamine 0.027 g. ^.32 % 10^ x 10^ O. I7  

6-hydroxycrinamine O.Iiij.O g. l.îl-3 >- 10^ 1.0^ x 10^ 0.09 

lî-lr Table 10. 1- ^"C-tyrs_nine feeding to Cri nun erubescent 

Alkaloi d 

Lycorine 

Crinaraine 

6-hydroxycrinaaine 

Weight 
isolated 

0.571 g. 

O.ll'O g. 

0.513 g. 

Specific 
activity 
( dpin/ral-I ) 

3.21 X 10 5 

Dilution 

1.86 X 10̂  $.63 X 10̂  

6.35 X 10^ 1.65 X lO^ 

3.27 X 10̂  

Per cent 
incorporati on 

1 .60  

1.30 

0.23 

o 
o 
fo 

I 

I 
I 
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Table 11. PL-2-^-p-hydroxypheny 1 ser 1 ne feeding to Crinim: er-ubescens 

Alkaloid 
Weight 
isolated 

Specific 
activity 
( dprri/mM ) Diluti on 

Per cent 
incorporation 

Lycorine 

Crinaniine 

6 -hy dr oxy c r ina.mine 

0 .536  g .  

0.071 g. 

0 .380  g .  

3.31 X 10 

2 .37  X 10  

6,0i|. X 10̂  

& 8.49 X 10̂  

h 2.111. X 10^ 9.27 X 10 

0 .28  

0.25 

0.12 

Table 12. PL -1 -^-octopa;nine feeding to Crinu/o. er-ubescens 

Alkaloid 

Lycorine 

Crinarnino 

6-hydroxy cri naxaine 

Weight 
isolated 

0 .660  g .  

0.162 g. 

0.586 g. 

Specific 
activity 
( dpni/itiM ) 

1.88 X 10'' 
J, 

Di. lixtion 

1.75 X 10-

3.15 X 10̂  1.06 X 10 

^̂ 15 X 10̂  7.8%. X 10 

5 

Per cent 
incorporati on 

0.0L6 

0 .018  

0 .008  

o  
c 
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'N—l"OH 

OCH" 

1) CH3I 

2) NaOH 

, 'N-CHq 
^CH3l 

99 

N-CH3 

100 

'0'̂ ĈH20H 

102 

1)Ag20 ÇH3 
2)heat \o ;̂::,,̂ ;k/0-C-CH^N-CH3 

O 
, 101 

DNaOH 

2)HC1 

V. CI 
H- CH3-N-ÇH2-CO2H 

CH3 
103 

Figure I8 .  Degradation of 6-hydro:cycrina:râne 
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ô-hydroxycrinamine was preferably degraded because of the rela

tively large amount isolated from the feeding experiment. On 

the basis of earlier experiments, it would be expected that the 

6-hydroxycrinarriine isolated from the 1-^^C-tyramine feeding 

would be labeled at the position. 

The 6-hydroxyorinamine was converted to criwelline 

(99)^®>^9 waa then degraded according to the procedure 

given in Figure l8. If the 6-hydroxycrinamine was labeled at 

60 

the position, the radioactivity would appear in the cri

welline methine (101) at the position indicated by the asterisk. 

Basic hydrolysis of 101 gave 6-phenylpiperonyl alcohol (102) 

and dimethylglycine, which was isolated as the hydrochloride 

(103). The dimethylglycine hydrochloride was oxidized with 

lead tetraacetate^^ to obtain the carbonyl group as carbon 

dioxide and the methylene group as formaldehyde dimedone adduct 

(10l|) (Figure 19). 

Pb(OAc)4 
CH3-N-ÇH2-C02H ^ 

CH^ 

103 
CH3 H H CH3 

104 
+ 

CO2 

Figure 19. Lead tetraacetate oxidation of dimethylglycine 
hydrochloride 



www.manaraa.com

The radioactivity was found to be confined to the formalde

hyde dimedone adduct as would be expected for the intact 

incorporation of 1-^^'C-tyramine into 6-hydroxycrinaraine. The 

results of the degradat ion  are summarized in Table 13 .  

Table I3. Degradation of 6-hydroxycrinanine isolated from the 

l_^^C-tyramine feeding experiment 

Axat. used Bel. 
Compound Yield next rctn, act. 

6-RydroxyGrinamlne 230 mg. 1 

0
 
0
 

Criwelline 21).0 mg. 210 in-g. 1 .01 

Criwelline methiodide 212 zng. 200 Mg. 0 .95 

6-Pnenylpiperonyl alcohol 93 mg. 0 . 00  

Dimethylglycine hydrochloride 30 mg. 28  mg. 0 . 97  

Formaldehyde dimedone adduct 
from dimethylglycine 
hydrochloride 

6  mg. 0 . 98  

Carbon dioxide from dimethyl
glycine hydrochloride» 

0 

0
 
0
 

.^The carbon dioxide was trapped in Hyamine hydroxide lOX 
(Packard) and toluene-POPO? scintillation solution. 

6-Hydroxycrinamine Isolated Prom the DL-2-^^^C-]2-hydroxy-
phenylserine Feeding Experiment 

The 6-hydroxycrinamlne derived from the DL-2-^^C-p-hydroxy-

phenylserine feeding was degraded to 6-phenylpiperonyl alcohol 

and dimethylglycine hydrochloride. If the precursor was incor

porated intact, the dimethylglycine hydrochloride would be 

expected to contain all of the activity. However, the 
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dimeohylGlycine hydrochloride was round to be inactive while 

the 6-phonylpiperonyl alcohol moiety accounted for 53/^ of the 

total activity. During the conversion of criwelline methiodid 

to criwelline methine (Figure l8) a methoxyl group is lost 

which could contain the. remaining k-lp of the activity. In 

order to substantiate this, a methoxyl determination was 

carried out on 6-hydroxycrinamine using the Zeisel method 

(Figure 20). Tlie methoxyl group was cleaved with hydroiodic 

acid and the resulting methyl iodide was isolated as the 

^̂ .0CH3 
jL-'cJ-OH HI + 

<cXXP "Iw? ' 
OH 

Figure 20. I-ietho:cyl determination 

methiodide salt of triethylamine. The methiodide salt was 

found to contain hS% of the total activity. The radio

activity of the 6-phenylpiperonyl alcohol moiety was assumed 

to be confined to the methylenediozy group since it is also 
6 2 derived from a one carbon fragment . The activity of the 

methylenedioxy group was determined by acid hydrolysis to 

formaldehyde^^ (Figure 21), which was isolated as the dimedone 

adduct. The methylenedio%y group was shown to have $1^ of the 

total radioactivity of the 6-hydroxycrinamine. The results of 

the degradation are surjraarizod in Table lli.. The one carbon 

unit in lycorine was also shoi-m to be derived from DL-2-^^C-p-

hydrozyphenylserine. The lycorine isolated from this feeding 
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was degraded and all the activity was found to.be confined to 

the methylenedioxy group. 

-OH 
HgSO^ 

Dimedone 

Figure 21. Methylenedioxy determination 

Table ll^. Degradation of 6-hydroxycrinaraine isolated from the 
DL-2-^^C-p-hydroxyphenylserine feeding experiment 

Compound Yield 
Amt. 
next 

used 
rctn. 

Hel. 
act. 

6-Hydroxycrinamine I1 .5O mg. 

0
 
0
 

H
 

Criwelline 395 mg. 390 rug. 0.98 

Criwelline methiodide 530 mg. $25 mg. 0.98 

6-Phenylpiperonyl alcohol 260 rag. 0.53 

Dimethylglycine hydrochloride 10b mg. 0 .00  

Methyltriethyl aimoniim iodide 34 
a mg. 0 .49  

Formaldehyde dimedone adduct 
from methylenedioxy 
determination 

12 
b mg. 0 .51  

Derived from 55 mg. of 6-hydroxycrinamine. 

Derived from 100 mg. of 6-hydroxycrinamine. 
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Lycorine nnd ô-Hydroxycrinamine Isolated Prom the 
DL-l- ''C-Octopajriine Feeding Hxperlmont 

Since PL-2--p-hydroxypheny1cerino was found to bo a 

precursor of one carbon units in lycorine and 6-hydroxycrina-

mine, it was conceivable that the structurally related octopa-

îTiine could also have a comparable mode of incorporation. 

Methylenedio:cy and methozyl determinations were carried out on 

both the lycorine and 6-hydroxycrinamine isolated from the 

DL-l-^^C-octopamine-f ed Grinura e rube scans . The results of 

these degradations are presented in Table 15. 

Table 15. Degradation of 6-hydroxycrinamine and lycorine iso
lated from the DL-l-l^G-octopamine feeding experiment 

Alkaloid 
/b of total activity 

Methylenedioxy group I-lethoxyl group 

6-Hydroxycrinamin6 47 21 

Lycorine 96 

It is clear from these experiments that both p-hydroxy-

phenylserine and octopamine serve solely as precursors of 

units such as methoxyl and methylenedioxy groups. The relative 

activities of the methylenedioxy and methoxyl groups of the 

6-hydroxycrinamine derived from the DL-2-^^^G-p-hydroxyphenyl-

serine and DL-l-^^G-octopamine feedings are comparable to those 

obtained for tazettine derived from 3-^^G-serine-fed plants°^. 

In each case, the activity ratio of the methylenedioxy and 

metho;cyl groups were 1:1. A priori, one would have expected 
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the carbon atom of the methoxyl group at C_ to have a rela

tively higher activity than the methylene carbon of the me thy 1-

enedioxy group since the methoxyl carbon probably is intro

duced at a later stage in the biosynthetic pathway. Bio-

/ P 
synthetic studies have shoivn that the methylene carbon of the 

methylenediozy group originates from an 0-methyl group which is 

formed before the phenyl-phenyl oxidative coupling step. The 

conversion of vittatine to haemanthamine in Rhodophiala bifida 

indicates that the methoxyl group at C_ is formed after the 

phenyl-phenyl oxidative coupling step and possibly after the 

hydroxylation at the position. 

In order to explain the 1:1 activity ratio of the methyl

ene di oxy and methoxyl groups of tazettine and 6-hydroxycrina-

mine, one could postulate that the phenyl-phenyl oxidative 

coupling step and the methylation of the hydroxyl functio^i at 

are very rapid processes so that no hydroxylated inter

mediates are ever present in appreciable quantities. This 

postulation is supported by the observation that there are no 

major alkaloids in Grinum erubescens or Sprekelia formosissima 
"I j I  ̂ "I 

(plants in which 3- ̂ C-serine was incorporated into tazettine° ) 

possessing hydroxyl functions at the G_ position^'^^°^. Addi

tional feeding experiments should be carried out in which 

either radioactive serine or formate is fed to plants -which 

contain appreciable quantities of alkaloids with hydroxyl 

functions. A comparison should then be made of the activity 

ratio of the methylenedioxy and methoxyl groups of the alkaloids 
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isolated, with the results described above. A study of this 

.type could provide some useful information concerning the 

relative rates at which various biosynthetic interconversions 

talve place. Narine bowdenii would be a plant to consider 

•since it contains isolable quantities of crinamine and (+)-

epicrinino. 

The feeding experiments performed with Grinum eruboccons 

showed that^-phenylethanolaiTiine derivatives such as octoparaine 

and D-hydroxyphenylserine can undergo a transformation to one 

carbon fragments which then become the source of units such 

as the methoxyl and methylenedioxy groups in the alkaloids. 

The fact that both precursors have the sarrie mode of incorpora

tion into the methoxyl and methylenedioxy groups of the 

alkaloids studied, suggests that p-hydro^iryphenylserine is being 

converted to octopaxaine via a decarboxylation. This transfor

mation is analogous to the conversion of tyrosine to tyrai;iine 

which has been proposed on the basis of earlier feeding experi-

ments^'^^, A possible biosynthetic pathway for the fragmenta

tion of octopamine can be envisaged as involving the oxidation 

of the benzylic hydroxy1 function in the first step to give the 

ketone (105). This ketone can then undergo oxidative deaiiiina-

tion^^ to form the glyoxal (106). Enzymatic fragmentation of 

the glyoxal can then occur with the subsequent transfer of the 

6^ formyl group to tetrahydrofolic acid The transfer of a 

unit from formylated tetrahydrofolic acid to methylating agents 

such as methionine is well knovm^^. It has been shoxm that 
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L-riethy 1-^^C-methionine is a source of the unit of the 

nethylenedioxy and methoxyl groups of the lycorine-type 

11 alkaloids The proposed biosynthetic pathway for ]2_-hydroxy-

phenylserine and octopanine is illustrated in Figure 22. More 

than one biosynthetic scheme can be proposed for octoparaine 

and the one presented in Figure 22 should only be considered 

as a tentative rationalization. However, this scheme is pre

ferred because it is analogous to the results obtained for the 

^1 metabolism of adrenaline and noradrenaline^ (see historical 

section). 

COpH 

51 

105 

THF 

6 
106 

4. Formyl-THF 

93 Methionine 

Figure 22. Proposed biosynthetic pathway for g^-hydroxyphenyl-
serine and octoparaine (THP=tetrahydrofolic acid) 
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It is theoretically possible for the aldehyde ( 9 3 ) »  which 

results froin. the fragmentation of the glyoxal, to -ondergo 

further oxidation to protocatechiuc aldehyde and thereby become 

incorporated into the C^-G^ unit of the Amaryllidaceae alka

loids. Additional experiments are needed using DL-2-^^C-

octopamine in order to determine the biosynthetic fate of the 

proposed C^-C^ fragment derived from octopaiuine. 
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SUMMARY 

The Amaryllidaceae alkaloid vittatine xvas solocted as a 

likely precursor to the montanine-type alkaloids and the 

approaches used to introduce a tritium label into the vittatine 

nucleus are discussed. In the course of this study crinar,iine 

was found to rearrange to desoxyisocrinamine which was shown 

to be a new compound possessing the montanine ring system. An 

interpretation of this rearrangement as well as spectral data 

are presented. 

It has been shown that the alkaloid vittatine is a pre

cursor to haemanthaiTiine and montanine. The data presented in 

this study suggest that both haenanthamine and montanine are 

derived from a common intermediate which is postulated to be 

11-hydrozyvittatine. Evidence is presented that oxovittatine 

is incorporated only into alkaloids of the saiue absolute con

figuration and is not undergoing aji-elimination to a symmetri

cal dienone prior to incorporation into the alkaloids. 

Octopamine and p-hydroxyphenylserine serve as precursors 

of the methoi'cyl and methylenedioxy groups of 6-hydroxycrinamine 

and the methylenedioxy group of lycorine. These precursors are 

shox-jn not to be incorporated into either the C/-C_, or C^-G„ o 1 o c: 

units of lycorine or 6-hydroxyorinamine while tyramine was 

shox-m to be incorporated intact into the CV-Cp unit of 

6-hydroxycrinamine. Biogenetic routes are presented which are 

in accord with these experimental findings. 
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EXPERIMENTAL 

Soupcc of Plant Materials and Radioactive Precursors 

The Serine bowdenii bulbs were obtained from the Walter 

Marx Gardens, Boring, Oregon. The Rhodophiala bifida and the 

Crinum erubescens bulbs were supplied by Robert D. Goedert, 

Jacksonville, Florida. 

The ^H-vittatine used in the Rhodophiala bifida feeding 

was labeled by the New England Nuclear Corp., Boston, Mass. 

The DL-l-^^C-octoparalne was synthesized using sodium ^^C-

cyanide which was secured frora Tracerlab Inc., Walt ham, Mass. 

The DL-2-^^C-p-hydroxyphenylserine was obtained from Calbiochem, 

Los Angeles, California. All other radioactive precursors 

(Table 8) were obtained from New England Nuclear Corp. 

Measurement of the Radioactivities of the Compounds 

Activities were measured by scintillation counting in 

solution. The. radioactive sample (1-5 mg.) was counted in 

15 ml. of Bray's scintillation solution g. of naphthalene, 

I4. S. of l,li.-bis-2-(5-phenyloxazolyl)-benzene (Packard) and 

100 mg. of 2,5-diphenyloxazole (Packard) in 20 ml. of 1,2-

ethanediol, 100 ml. of methanol and sufficient dry, peroxide-

free dioxane to make 1 1. of solutioi^ . The efficiency of this 

method is generally 80-85/° fo^'' carbon-1^ and 13-17%' for 

tritium counting and it was determined for each sariiple by means 

of an Internal standard of ^^C or ^"H-toluene. All measurements 

of the radioactivities of the compounds were obtained with a 
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Packard Tri-Garb Liquid Scintillation Spectrometer System 

(model 3002). The counts obtained from this instrument had 

a maximum error of +3 P®^ cent. 

Purity of Precursors and Isolated Alkaloids 

The DL-l-^^C-octopamine tartrate and the tritium-labeled 

vittatine and oxovittatine were purified by recrystallization 

until constant activity was achieved. The phenolic precursors 

(Table 8) were chromatographed on V/hatman No. 1 paper with the 

solvent system n-butanol-acetic acid-w&ter ( 1}.: 1:1 ) and auto-

radiographs were taken with x-ray film. The phenols were 

detected by^ spraying with diazotized p-nitroaniline. Sie radio

active area and the "phenolic spot" coincided, and generally no 

radiochemical impurities were present. 

The isolated alkaloids were purified by recrystallization, 

as the bases and as salts, until constant activity was achieved. 

Dilution with pure inactive alkaloid and further recrystalliza

tion established radiochemical purity, as shown by the fact 

that no activity was lost in the course of the degradations 

described in this section. The incorporations of activity were 

calculated as (100 x total activity of isolated alkaloid) di

vided by (total activity of precursor fed). For this purpose, 

the final constant activity of the alkaloid per mg. was used 

and this was multiplied by the quantity of alkaloid isolated 

(in rag.) which was of good chemical purity. 
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Administration of Labolod Precursors to the Plants 

An aqueous solution (pH 6) of the precursor (usually 

0.5-1.0 ml.) vras introduced directly into the bulb with a fine 

hypodermic needle, 3-5 days later a second injection (0.5-

1.0 nl.) was made, and the plants were grown in pots in a 

greenhouse at Iowa State University and harvested after 3 weeks. 

Conversion of Crinamine to Desoxyisocrinamine 

A solution of lli.8 mg. of crinamine in 15 ml. of thionyl 

chloride was refluxed for 1.5 hours. The solvent was removed 

under reduced pressure, and the resulting residue was dissolved 

in 10 ml. of dry tetrahydrofuran. The tetrahydrofuran solution 

was added dropwise to a suspension of 281;. mg. of lithium alumi

num hydride in I1.O ml. of dry tetrahydrofuran. After the addi

tion was completed, the reaction mixture was reflu?:ed for 5 

hours. The excess hydride was decomposed by the addition of 

water. The tetrahydrofuran was decanted. The precipitate, was 

washed with chloroform, and the washings were combined with the 

tetrahydrofuran. Evaporation of the dried solvents left 150 mg. 

of crude product which was chromatographed over alumina. Slu-

tion ï-fith ethyl acetate in benzene (1:10) afforded 82 mg. of 

white crystals which were shov/n to be pure by gas phase and 

thin layer chromatography. The compound was recrystallized 

from ether, m.p. 1^3-1^^°. The infrared spectrum showed the 

absence of hydroxyl absorption and exhibited bands at 1330 and 

1370 cm"^ which are characteristic of the montanine nucleus. 
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The molecular weight by mass spectrometry was 285. 

Anal. Calcd. for 0,71.56; H,6.71; N,[j..91. 

Found: 0,71.52; H,6.75; 

Oonversion of Vittatine to 0-Acetylvittatine 

A solution of 100 mg. of vittatine in 20 ml. of pyridine 

and 1 ml. of acetic anhydride was stirred overnight at room 

temperature. The pyridine was removed under reduced pressure 

and the resulting residue dissolved in chloroform. The 

chloroform solution was washed with a solution of sodiuiû 

carbonate and then dried with magnesium sulfate. The chloro

form was removed under reduced pressure to give 100 mg. of 

crude 0-acetylvittatine. Recrystallization from benzene-

Skelly-A afforded 60 mg. of pure 0-acetylvittatine, m.p. 

1^5-1^6° (reported for enantiomer^»m.p. 1^3-1^5°). The infra

red spectrum was superimposable vjith that of an authentic 

sample. 

Tritium-Labeled Vittatine 

Tritiation was conducted by combining 50 mg. of 0-acetyl-

vittatine with 0.2 ml. of glacial acetic acid containing 10 

curies of tritiated water, and 25 mg. of prereduced platinimi 

catalyst and heating the mixture at 100° overnight. The 

catalyst was removed and the radioactive sample was divided 

into seven aliquots (100 mc./7 mg.) in acetic acid (New England 

Nuclear Corp., Boston, Mass.). One of these aliquots was 

purified in the following manner. The acetic acid was removed 
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under reduced pressure and the resulting residue v;as dissolved 

in 15 ml. of methanol and 1 ml. of 50/^ sodiuia hydroxide. The 

basic solution was allowed to stand at room temperature for two 

days. The methanol was then removed under reduced pressure and 

the residue was dissolved in ^0 ml. of water. The aqueous 

solution was diluted vjith 35 mg. of inactive vittatine and 

extracted with chloroform. The chloroform solution was washed 

repeatedly with water in order to remove the remaining labile 

tritium. Concentration of the dried chloroform extract gave 

30 mg. of crude tritiated vittatine. Tlie vittatine was recrys-

tallized from acetone to constant activity to give 10 mg., 

m.p. 210-211° (reported^ m.p. 211-212°), 9.89 x 10^° dpm/ml-I. 

Rhodophiala bifida Feeding Experiment 

Adiiiini strati on of labeled precursor 

The ^li-vittatine (l.6i|. mc., 10 mg. ) was dissolved in 0.5 

ml. of water (pH 6) and introduced directly into the Rhodophiala 

bifida bulbs (20 bulbs) with a fine hypodermic needle. The 

radioactive residue in the vial was dissolved in 0.5 ml. of 

water and injected into six additional bulbs 3 days later. The 

plants were grovm in pots in a greenhouse at Iowa State 

university for a period of 3 weeks after which the bulbs were 

harvested and the alkaloids isolated in the usual manner. 
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'"Extract5.on and separation of alkaloids from zZhodonhiala bifida 
ÏÏÏÏIÏÏÏÏ 

Hie twenty-six bulbs (1.l37 £•) were macerated with 3 1. of 

95/-a ethanol in a Waring Blendor. The raixture was filtered and 

the filter calce was allowed to stand overnight in 1 1. of 95/° 

•ethanol. The solid material was separated by filtration and 

the filtrates were combined and concentrated under reduced 

pressure. The resulting crude residue (5'3 g.) was acidified 

with 2N hydrochloric acid and filtered through a sintered glass 

funnel to remove the acid-insoluble material. The insoluble 

material was heated with 2N hydrochloric acid and refiltered. 

Tlie filtrates were combined and extracted five times with 

benzene to remove neutral and acidic material. The benzene 

extract gave a negative alkaloid test with silicotungstic acid 

and was discarded. 

The aqueous acidic solution was made basic (pH 10) with 

afflîioniuxîi hydroxide and extracted several times with chloroform. 

Tlie aqueous solution was then adjusted to pH 12 by the addition 

of 10/« sodium hydroxide and extracted three times with 20/j 

ethanol in chloroform solution. The extracts were combined and 

concentrated under reduced pressure to give 2.0 g. of crude 

basic material. The basic residue was dissolved in a minimum 

amount of acetone. To the acetone solution was added ten drops 

of 70^ perchloric acid followed by enough ether to cause the 

solution to become turbid. The solution ivas allowed to stand 

at 0° for two hours in order to insure complete precipitation 
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of inontanine porchlorate. 'I'hc crystalline pcrchlorate salt 

of r.iontaninc (109 rig. ) was removed by filtration and rccrys-

tallised from acetone to give 100 mg., ra.p. 2ij.9-250°. The 

filtrate was dissolved in water; made basic with aiiimonium 

hydroxide, and extracted with chloroform. Evaporation of 

the chloroform gave 1.0 g. of a crude residue which ejiiibite 

an activity of 1.61 x 10^ dpm/mg. 

A benzene solution of the crude residue was chromato-

graphed on alumina packed in benzene. Slution with 2$% 

chloroform in benzene afforded fractions from which 62 mg. 

of haemanthamine, m.p. 199-200°, was obtained by crystal

lization from acetone. Slution with 50-75/^' chloroform in 

benzene gave fractions rich in montanine from which 91 mg. 

of montanine perchlorate, m.p. 250-251°, was obtained in the 

usual manner. Pu.rther e lut ion with chloroform and 1-10̂ ! 

methanol-chloroform solutions gave no characterizable pro

ducts . 

The haemanthamine and montanine perchlorate were 

recrystallized to constant activity to give a total of 62 mg, 

of haemanthamine, m.p. 199-200° (reported^ 200-201), 3.52 x 

lo"̂  dpm/mM and 200 mg. of montanine perchlorate, m.p. 250-

251° (reported̂  ̂m.p. 2ij.8-25l°), k.21 :c 10° dprn/ml-I. 
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Degradation of Tritiated Vittatine, liaeraantharp.ine, 
and Montanine 

PGrman,n;anatG oxi dati on of vittatine 

Vittatine (800 nig., 7.29 % 10*^ dpi;i/riil'î) was dissolved in 

20 ml. of dilute hydrochloric acid. Tlae solution was made 

basic (pH 8) with sodium carbonate. This solution was stirred 

while a solution of Ij..8 g. of potassium permanganate in 200 ml. 

of water was added dropwise over a period of 30 minutes. The 

reaction mixture was allowed to stir for 2li hours at room 

temperature. No permanganate remained at this point. The 

manganese dioxide was dissolved by the addition of sulfur di

oxide. The clear yellow solution was acidified with dilute 

sulfuric acid and extracted with five portions of ethyl acetate. 

The ethyl acetate extract was dried over magnesiim. sulfate, 

filtered and evaporated to leave 113 rag. of yellow oil. 

The original aqueous solution from the oxidation was con

tinuously extracted with ether for 1|.8 hours. The ether extract 

was dried over .magnesium sulfate, filtered and evaporated to 

leave 2l\. mg. of yellow oil. The two extracts were combined 

(137 Kig.) and partitioned between dilute sodium bicarbonate 

solution and ethyl acetate. The bicarbonate extract was washed 

once 1-d.th ether, acidified t-ri-th dilute sulfuric acid, and ths 

solution continuously extracted viltli ether overnight. The 

ether extract was dried over magnesium sulfate, filtered, and 

concentrated to leave 86 mg. of acidic material which was 

sublimed at 120° (0.01 mm.). The crystals were separated from 
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the oily material to give 6 mg., m.p. 159-170° (reported^^ 

159-176°), of crude hydrastic aniiydride. The crude hydrastic 

aniiydride was triturated with several drops of 10% ethyl ami ne 

solution in a sublimation tube. The excess ethylaraine and 

water were evaporated under reduced pressure and the residue 

was sublimed at 120° (0.01 mm.). The crystals were recrystal-

lized from ethanol to give 2 rng., m.p. 170-171°, of IT-ethyl 

hydras timide (7.01 x lo"^ dpm/mi-I). The mixed melting point v/ith 

authentic îî-ethyl hydrastimide (m.p. 169-170°) was 169-170°. 

Oxidation of haemanthermine and montanine isolated from the 
JH-vittatine feeding to Filiodo-ohiala bifida 

Both haemantliamine and montanine were oxidized according 

to the procedure described above for the permanganate o^d.dation 

of vittatine. The results of these oxidations are suiiomarized 

in Table 16. 

Table 16. Permanganate oxidation of alkaloids isolated from 
•^H-vittatine feeding vrith Rhodophiala bifida as 
plant host 

Alkaloid 
Activity • 
( dpm/mî'O 

Yield of 
IT-ethyl O 

hydi 
imide 

Imide 
activity 
(dpm/riii:) 

02 imx ae 
relative 

to 
alkaloid 

Ha emanth ai',ii ne 

a 
Montanine 

 ̂ X 10̂  50 mg. 

5 

1.39 X 10 

1.31 X 10- 25 mg. 1.27 X 10 

0.96 

0.97 

a, 
The oxidation was carried out on 1.5 S* of alkaloid. 
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Conversion of %I-Vittatine to ^E-Oxovittatine 

To a stirred solution of 57 mg. of •^H-vittatine (1.73 % 

10^° dpm/mH) in 20 ml. of chloroform was added 350 mg. of 

manganese dioxide^^. The reaction mixture was stirred at room 

temperature for 8 hours and then filtered to remove the 

manganese dioxide. The oxide was washed four times with warm 

ethanolic chloroform. The combined filtrates were concentrated 

under reduced pressure to give a colorless oil that was 

crystallized from ether-chloroform. Recrystallization from 

ether-chloroform afforded pure oxovittatine, I4.O mg., m.p. l85-

187° (reported for enantiomer^^ m.p. 18^^186°), 1.75 ̂  10^'^ 

dpm/mM. 

Serine bowdenii Feeding Experiment 

Administration of labeled precursor 

The •^-oxovittatine (0.88 mc., 30 mg.) was dissolved in 0.5 

ml. of water (pH 6) and introduced directly into the Nerine 

bowdenii bulbs (8 bulbs) with a fine hypodermic needle. The 

radioactive sample tube was washed with 0.5 ml. of water and 

the water was injected into the same 8 bulbs one week later. 

The plants were grovm in a greenhouse at Iowa State University 

for a period of 3 weeks after which the bulbs were harvested 

and the alkaloids isolated in the usual manner. 
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Extraction and separation of alkaloids from Merino bowdenii 
bulbs 

The fresh bulbs (^63 g.) were ground three times in a 

Waring Blendor with 2 1, of 9$% ethanol. The mixture was 

filtered and the filter cake was allowed to stand overnight in 

1 1. of 95/3 ethanol. The solid material was separated by-

filtration and the filtrates were combined and concentrated 

under reduced pressure to 100 ml. This concentrate was diluted 

with two volume s of water, acidified with 2N hydrochloric acid, 

and filtered through Celite. The Celite cake was washed with 

100 ml. of 2W hydrochloric acid and the filtrates were added to 

the original aqueous filtrate. The aqueous solution was 

extracted with 3OO ml. of benzene in order to remove neutral 

and acidic material. The benzene extract gave a negative 

alkaloid test with silicotungstic acid and was discarded. The 

solution was then extracted with 1.5 1. of chloroform. Tlie 

chloroform extract was concentrated under reduced pressure to 

give 600 mg. of alkaloids forming chloroform-soluble hydro

chlorides. The aqueous solution was basified with ammonium 

hydroxide to pH 10 and extracted several times with chloroform. 

Concentration of this chloroform extract gave 50 mg. of ly-

corine which precipitated and was removed by filtration. 

Further concentration of the chloroform solution gave 6OO mg. 

of crude alkaloids forming chloroform-insoluble hydrochlorides. 
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Alkaloids f oriiiing clil or of orm-ins oluble hydrochlorides 

A chloroform solution containing approximately 600 mg. of 

alkaloids was chromâtographed on Florisil packed in chloroform. 

Elution with 1% methanol in chloroform eluted a large fraction 

(ll}.0 mg.) of a mixture of ambelline, crinamine, and a trace of 

buphanisine. Elution with ^fo methanol in chloroform afforded 

a mixture (1^0 mg.) of crinamidine, crinine, and (+)- epi-

crinine. Subsequent fractions gave no characterizable alka

loids. 

The ambelline containing mixture (llj.0 mg.) was rechromato-

graphed on Plorisil packed in chloroform. Elution with I/o 

methanol in chloroform gave fractions from which 62 mg. of 

axabelline, m.p. 258-260° (reported^^ m.p. 260-261°), was ob

tained by crystallization from ethyl acetate. Further elution 

v/ith this solvent gave fractions from which 15 mg. of crina-

midine, m.p. 232-23^° (reported-^m.p.^ 229-230°), was obtained 

by crystallization from chloroform-acetone. 

The crinine containing mixture (150 mg.) was rechromâto-

graphed on Plorisil packed in chloroform. Elution with 2% 

methanol in chloroform gave fractions from which 10 mg. of 

crinamidine was obtained by crystallization from chloroform-

acetone. Further elution vriLth methanol in chloroform gave 

fractions from vjhich 6l mg. of crinine, m.p. 205-207° (re-

ported^^ m.p. 209-210°), was obtained after crystallization 

from acetone. 
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The anibelline filtrate was diluted with 70 ng. of inactive 

crinamine. The crinamine was recovered and recrystallized from 

acetone to afford radioactive crinamine, iri.p. 199-200° (re-

ported^^ m.p. 198-199°), x 10° dpiii/ral'-I. The crinine fil--

trate was diluted in a similar manner with 70 rag. of inactive 

(•}• )_©picrinine. Recrystallization iroiu chloroform-acetone 

afforded radioactive (+)-epicrinine, m.p. 208-209°  (reported^^ 

m.p. 207-209°), 6.$9 X 10^ dpm/m])'I. 

Alkaloids forming chlorofo rm- a o lub 1 e hydro chl or-i de s 

The extract containing 600 mg. of chloroform-soluble hydro

chloride salts was dissolved in water and basified to pH 10 

"with ammonium hydroxide. The aqueous solution was extracted 

several times with chloroform and the chloroform extract was 

concentrated under reduced pressure to leave ^00 mg. of crude 

alkaloids. A benzene solution of the crude alkaloids foi'ming 

chloroform-soluble hydrochlorides (500 mg.-}- was chromotographed 

on Plorisil packed in benzene. Slution with 10^ ethyl acetate 

in benzene gave fractions containing belladine. Further elu-

tion with 50/J ethyl acetate in benzene afforded a mixture of 

belladine and undulatine. Continued elution with ethyl acetate 

gave fractions containing undulatine which was crystallized 

from ethanol-water to give 60 mg., m.p. 1^1-152° (reported^^ 

m.p. Iii9-l50°). Further elution with increasing percentages of 

methanol in ethyl acetate gave no additional characterizable 

alkaloids. The undulatine was separated from the undulatine-
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belladine mixture by crystallization and the total amount of 

undulatine was combined and recrystallized to give 110 mg., 

m.p. 151-152°. The belladine was dissolved in methanol and the 

solution was saturated with gaseous hydrogen chloride. Ether 

was added to the point of permanent turbidity and the flask was 

seeded with belladine hydrochloride. The resulting precipitate 

was filtered and recrystallized from methanol to give 128 mg. 

of belladine hydrochloride, m.p. 193-194° (reported^^ m.p. 

190-192°). The data from this isolation are tabulated in 

Table 17. __ 

.Table 17. Tabulated results of the Marine bowdenii isolation 

Alkaloid 
Amount 
isolated 

Activity 
(dpm/mM) Yield, # 

Belladine^ 

Grinine 

Lycorine 

Ambelline 

Crinamidine 

50 mg. 

62 mg. 

25 mg. 

61 mg. 

128 mg. 

inactive 

0.013 

0.0054 

0.013 

0.028 

0.024 

0.011 

Undulatine 

Crinamine^ 

(+)-Epicrinine^ 

11.0 mg 

4.64 X 10^ 

6.59 X 10̂  

^Isolated as the hydrochloride salt. 

^Isolated by dilution with 70 mg. of inactive alkaloid. 
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1 
Oxidati on of Crlnamirio isolated from the -"IT-ozovl11atine 
fecdin." to Norine bowdenii 

•Iho crinamine isolated by dilution from the %-oxovit-

tatine feeding to Nerine bowdenii was further diluted to give 

800 mg., 7.53 X 10̂ '" dpm/mM. The crinaraine was then oxidized 

aec-ording to the procedure described in this section for the 

permanganate oxidation of vittatine. The crude hydrastic 

anhydride (17 mg.) derived from this oxidation was converted to 

N-ethyl hydrastimide which was recrystallized from ethanol to 

give 8 mg., m.p. 168-169°, 6.02 x 10^ dpm/mî4. The activity of 

the N-ethyl hydrastimide relative to the crinamine was I .06 .  

Synthesis of DL-l-^^C-Octopamine 

Conversion of p-hydroxybenza 1 dehyde to li.-hydroxymsnde 1 onitri 1 e 

The 2-bydroxybenzaldehyde (170 mg.) was dissolved in 1.7 

ml. of lO/o sodium bisulfite solution at 0°. The sodium ^^C-

cyanide (2 mc., 8.1}. mg. ) was diluted vâth 76 mg. of inactive 

sodium cyanide and-dissolved in 0.8 ml. of water. The aqueous 

cyanide solution was added dropwise to the stirred bisulfite 

solution at 0°. The solution was allowed to stir for one hour 

at 0°. After this time, 2 ml, of ether was added and the 

reaction mixture was allowed to stir for an additional 2$ 

minutes. The reaction mixture was extracted with ether and the 

ether extract was washed twice with 20 ml. of 10/o sodium 

bisulfite and once with 20 ml. of saturated sodium chloride 

solution. The ether extract was then dried with sodium sulfate 
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and concentrated to give an oily residue. This residue was 

dried under vacuum in the dark for five hours to give 128 mg. 

of [[.-hydroxymandelonitrile, m.p. 100-101° (reported^ra.p. 99-

102°). 

Di-tetrahydropyrany 1 ether of I|-hydroxymsndelonitrile 

The dry ^.-hydroxymandelonitrile (128 mg.) was dissolved in 

2.$ ml. of dihydropyran. To this solution was added two drops 

of concentrated hydrochloric acid and the solution was allowed 

to stand at room temperature for 2l|. hours. The reaction mix

ture was mixed with 60 ml. of ether and shale en vigorously wi th 

.20 ml. of 10>a sodium hydroxide to insure removal of all traces 

of acid and any phenolic compounds present. The ether solution 

was washed with a saturated sodium chloride solution and dried 

over sodium sulfate. The ether and excess dihydropyran were 

removed under reduced pressure to leave 500 mg. of an oily mix

ture of the di-tetrahydropyranyl ether of ^.-hydroxymandeloni-

trile and~decomposition products of dihydropyran. The infrared 

spectrum of the mixture showed the absence of hydroxy1 absorp

tion. No further purification was carried out and the dry 

oily mixture was used directly in the next reaction. 

Reduction of the di- tetrahydropyranyl ether of ii-hydroxy-
mandelonitrile 

The mixture containing the di-tetrahydropyranyl ether of 

If.-hydroxymandelonitrile (500 mg.) was dissolved in 10 ml. of 

ether and added dropwise under nitrogen to a stirred suspension 
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of 76 mg. of lithi'um aluiriiniAiu hydride in I|.0 r.il. of ether. 

After the addition was completed, the reaction mixture was 

allowed to stir for 20 minutes at room temperature. The 

lithium aluminum hydride was decomposed with dilute sodium 

hydroxide and the reaction mixture was filtered. The filter 

cal-:e was washed with ether and the combined ether filtrates 

were dried vjith sodiu^i sulfate and concentrated to leave 

300 mg. of a mixture of the di-tetrahydropyranyl ether of 

octopamine and decomposition products from dihydropyran. The 

infrared spectrum of the mixture showed bands at 3^80 and 

3550 cm~^ corresponding to the asymmetric and symmetric 

stretching of the primary amino group. 

Conversion of the di-tetrahydropyranyl ether of octopamine to 
octopamine tartrate 

The mixture containing the di-tetrahydropyranyl ether of 

octopamine (300 mg. ) was dissolved in a solution of 5? rag. of. 

d-tartaric acid in 8 ml. of water and allowed to stand at room 

temperature for 3-5 hours. The aqueous solution was chromoto-

graphed on a cation-exchange column (Mallinckrodt, Amberlite 

CG-120, 100-200 mesh) which was prepared in .the following 

manner. The resin (1 g.) was allowed to stand in water for one 

hour. The water was decanted and the resin was packed in a one 

cm. diameter coluran in water. The resin was washed with $0 ml. 

of dilute sodium hydroxide solution, 50 ml. of water and 100 ml. 

of 2N hydrochloric acid. A final wash was made with water 

until the aqueous eluate was neutral. 
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After the addition of the aqueous tartrate solution, the 

coluiTin was eluted with ^0 ral. of water in order to remove the 

tartaric acid and other impurities. Elut ion with [jJ-I ammonium 

hydroxide eluted fractions containing octopamino. The ammoni

acal fractions were combined and concentrated under reduced 

pressure in a nitrogen atmosphere to leave a brovjn oily resi

due. The residue was dissolved in l\. ml. of absolute ethanol 

and added to a solution of 37 mg. of d-tartaric acid in 1 ml. 

of absolute ethanol. The tartrate salt of octopamine pre

cipitated and was recrystallized to constant activity from 

ethanol-water to give 70 mg., {21% overall yield) m.p. 195-

197^, (reported^®m.p. 19^ -200°) 3-31 % 10^ dpm/mM. An elemental 

analysis was carried out on an inactive sample synthesized 

according to the procedure described in this section. 

Anal. Calcd. for ^20^^28^'^2^10' C,52.62; H,6.19; N,6.1ii.. 

Pound: C,52.i|0; E,6.2^; N,6.13. 

Cri num. erubescens Feeding Experiment 

Administration of labeled precursors 

The labeled compounds used in this feeding experiment were 

DL-3-^^C-tyrosine (0.1 mc.), l-^^C-tyraraine (0.1 mc.), DL-l-^^G-

octopamine (0.0^2 mc.), and DL-2-^^G-p-hydroxyphenylserine 

(0.1 mc.). Each compound was dissolved in 0.5 ml. of water 

(pH 6) and introduced into one Crinum erubescens bulb with a 

fine hypodermic needle. The plants were grot-m in a greenhouse 

at Iowa State University for a period of 3 weeks after which 



www.manaraa.com

90 

tho bulbs wore harvested. 

Extraction and separation of alkaloids frori Grinum erubescens 
bulbs 

Each isolation was carried out in exactly the sarae manner 

and in the interest of brevity, only the extraction and isola

tion of the alkaloids derived from the PL-3tyro sine 

feeding are described below. 

The bulb (305 g.) was ground three times in a Waring 

Blendor tvith 2 1. of 95/^ ethanol. Ihe mixture was filtered and 

the filter cake was allowed to stand overnight in 1 1. of 95/° 

ethanol. The mixture was filtered and the filtrates were com

bined and concentrated under reduced pressure to approximately 

100 ml. Tliis concentrate was diluted x-jith 200 ml. water, 

acidified with 2N hydrochloric acid, and filtered through 

Celite. Ihe Celite cake was washed with 100 ml. of 2N hydro

chloric acid and the filtrates were added to the original 

aqueous filtrate. The aqueous solution was extracted v/ith 

200 ml. of benzene in order to remove neutral and acidic mater

ial. The benzene extract gave a negative alkaloid test with 

silicotungstic acid and was discarded. The aqueous solution 

was then basified with lOfo sodium hydroxide to pH 12 and ex

tracted wi th 20/^ ethanol in chloroform solution until the 

extract failed to give a positive alkaloid test with silico

tungstic acid. The ethanolic chloroform extract was concen

trated under reduced pressure to give 372 mg. of lycorine which 

precipitated and was removed by filtration. The lycorine was 
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dissolved in methanol and the solution was saturated with 

gaseous hydrogen chloride. Ether was added to the-point of 

permanent turbidity and the flask was seeded with lycorine 

hydrochloride. The resulting precipitate was removed by fil

tration and recrystallized from methanol to give h^OO mg. of 

lycorine hydrochloride, m.p. 2114.-215° (reported^ m.p. 212-

21^^), 8.^0 X 10^ dpm/mM. Further concentration of the 

ethanolic chloroform solution gave 1.39 g. of crude alkaloids. 

The crude alkaloids (1.39 g.) were chromâtographed on 

Plorisil packed in chloroform. Slution with chloroform and 1/j 

methanol in chloroform gave fractions from which 27 mg. of 

crinamine, m.p. 199-200°, ̂ .32 x 10^ dprn/ml"!, was obtained by 

crystallization from acetone. Further elution with 2-Ij./& 

methanol in chloroform gave fractions from which Iiii-O mg. of 

6-hydroxycrinaraine, m.p, 210-211° (reported'^® m.p. 210°), 

1.1|3 X 10^ dpm/inI4, was obtained by crystallization from chloro

form-acetone . The data from the Crinuia erubescens isolations 

are presented in Tables 18-21. 
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Table l8. Alkaloids isolated from the DL-3-l^C-tyrosine 
feeding; to Cri mini or-une scens 

Per cent Per cent 
Weight of alkaloid in alkaloid 

Alkaloid alkaloid extract®-# ̂ in bulbC 

Ljrcorine 372 rag . 27 0.12 

Crinamine 27 mg. 2 0.009 

Ô -hy dr o x j c  r i nair.i n e Illj-O rag. 32 O.lli 

^V/eight of bulb. .. 305 s. 

^Per cent incor-ooration into extract .. 1.9^ 

.. 1.39 g. 

Table 19. Alkaloids isolated from the 1-^^^C-tyramine feeding 
to Crinuni erubescens . 

Per cent Per cent 
Weight of alkaloid in alkaloid 

Alkaloid alkaloid extract®-^ ̂  in bulb^ 

Lycorine 571 mg. 29 0.13 

Crinamine lii.0 mg. 7 0.03 

6 -hydr oxy c r i na^ii ne 513 mg. 26 0.12 

^Weight of bulb. . S. 

^Per cent incorporation into extract . 10.4# 

. 1.97 S. 
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Table 20. Alkaloids isolated from the DL-2-^^G-p-hydroxy-
phenylserine feeding to Crinura orubcscono 

Per cent Per cent 
Weight of alkaloid :j.,n alkaloid 

Alkaloid alkaloid . extract^'° in bulb° 

Lycorine 536 rag. 34 0.17 

Crinaniine 71 mg. 5 0.02 

6-hydroxycrinarnine 38O ng. 2l\. 0.12 

^Weight of bulb ' 317 g. 

^Per cent incorporation into extract l . i y %  

^Weight of extract 1.56 g. 

Table 21. Alkaloids isolated from the DL-l-'^C-octoparaine 
feeding to Crinum erubescens 

per cent Per cent 
Weight of alkaloid ,in alkaloid 

Alkaloid alkaloid extract^'° in bulb° 

Lycorine 66O mg. 3k- 0.I8 

Crinamine 162 mg. 8 O.OljJj. 

6-hydroxycrinaniine 586 mg. 30 O. I6  

'^Weight of bulb 366 g. 

^Per cent incorporation into extract 0.21^/0 

^Weight of extract ' 1.96 g. 
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Degradation of 6-hydro:cycrinarnine derived from the 
tyraniine focdin;^ to Grinum eruhescens 

The 6-hydroxycrinamine (110 mg., 3.21 x  10^ dpm/mM) from 

the l-^^'C-tyraraine feeding experiment was diluted with inactive 

6-hydroxycrinamine (170 mg.) and recrystallized from chloro

form-acetone to give 6-hydroxycrinamine having an activity of 

1.27 X 10^ dprn/m}!. 

Conversion of 6-hydroxycrinamine to criwelline The 

6-hydroxycrinamine (230 mg. ) was dissolved in i<.0 ml. of acetone 

and 3 ml. of methyl iodide if a s added. After the solution was 

allowed to stand at room temperature for 5 hours, the solvents 

were removed under reduced pressure to give the methiodide 

salt of 6-hydroxycrinamine. The methiodide salt was dissolved 

in 20 ml. of water and the solution was made basic (pH 12) with 

5 ml. of 30^ sodium hydroxide and allowed to stand at room 

temperature for 2 hours. The aqueous solution was extracted 

with chloroform and the chloroform extract was concentrated 

under reduced pressure to leave 2lj-0 mg. of criwelline. The 

criwelline was recrystalliaed from acetone to give 220 mg., 

m.p. 205-206° (reported^ m.p. 205-206°), 1.29 x 10^ dpm/mî-I. 

Criwelline methiodide To a solution of 210 mg. of 

criwelline in 25 ml, of acetone was added 2 ml. of methyl 

iodide, and the solution was allowed to reflux for 2 hours. 

The solvents were removed under reduced pressure to leave 212 

mg. of criwelline methiodide. The methiodide salt was recrys 

tallized from acetone-ether to give white crystals, m.p. 201-
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202°, 1.21 X 10^ dpm/mM. 

Dimethylglycine hydrochloride and 6-phenylniperonyl 

alcohol To an aqueous solution of 200 mg. of criwelline 

nethiodide was added an excess of silver oxide prepared from 

350 mg. of silver nitrate. The mixture was allowed to stir 

for one hour after which the slurry was filtered. The fil

trate was concentrated under reduced pressure and the resulting 

residue was pyrolyzed for one hour on a steam bath under 

aspirator vacuum to give II1.O mg, of criwelline methine, which 

was not crystalline. The material was identified by its infra

red spectrum which was identical with an authentic sample. 

To a methanolic solution (2^ znl. ) of the methine was added 

$ ml. of 3N sodium hydroxide. The reaction mixture was allowed 

to reflux for one hour and then concentrated to 5 . The 

concentrate was mixed with 2$ ml. of water and extracted with 

ether. Evaporation of the ether gave a residue which crystal

lized from ether to give 93 of 6-phenylpiperonyl alcohol, 

m.p. 101-102 (reported^^ m.p. 98-99°). The alcohol was found 

to be non-radioactive. 

The aqueous solution remaining after the ether extraction, 

was acidified with dilute hydrochloric acid and concentrated 

under reduced pressure to give a mixture of sodium chloride and 

dimethylglycine hydrochloride. The dimethylglcyine hydro

chloride was separated from the sodium chloride by sublimation 

at 135° (0.01 mm,). Resublimation of the dimethylglycine 

hydrochloride gave white crystals (30 mg.), m.p. I8ii.-l85° 
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(reported^^ m.p. I8i].-l85°), 1.23 x 10^ dpra/raM. 

Lead tetraacetate oxidation of dime thy 1 p:ly c i n c hvdro-

chloride To 25 mg. of diraethylglycine hydrochloride in a 

three necked, round-bottomed flask was added 10 ml. of 1% lead 

tetraacetate-glacial acetic acid solution. The flask was 

fitted vd.th a nitrogen outlet that led to a trap containing a 

saturated dimedons solution in water and a second trap con

taining 1 ml. of Hyamine hydroxide lOX (Packard) and 10 ml. of 

toluene POPO? 'scintillation solution (Figure 23). Tlie flask 

Nitrogen 
outlet 

Nitrogen 

'  inlet 
Condenser 

Trap 1 

Trap 2 

Figure 23. Apparatus for lead tetraacetate oxidation of 
dimethylglycine hydrochloride (61, p. So) 
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was heated on a stean bath for 30 minutes with a nitrogen flow. 

The formaldehyde diniedone adduct was separated from the dime-

done solution by filtration. The adduct was recrystallized 

from methanol to give 6 mg., m.p. 195-196° (reported^^ m.p. 

192-193°), 1.25 z 10^ dpm/mM. The scintillation solution con

taining the carbon dioxide was found to be inactive. 

Degradation of 6-hydroxycrinaiaine derived from the DL-2-^^C-p-
hydroxyphenylserine feeding to Orinuiii erubescens 

The 6-hydroxycrinamine (100 mg., 2.20 x 10^ dpm/ml'4) from 

the PL-2-~^*"G-p-hydr oxyphenyl serine feeding experiment was 

diluted with inactive 6-hydroxycrinamine (350 mg.) and recrys

tallized from chloroform-acetone to give 1|_50 mg., 1|.88 x 10^ 

dpm/ml4. The 6-hydroxycrinamine was degraded to 6-phenyl-

piperonyl alcohol and dimethylglycine hydrochloride according 

• to the procedure previously described for the degradation of 

6-hydroxy cri namine derived from the l-'^^C-tyraxiine feeding. 

The 6-phenylpiperonyl alcohol was found to have an activity of 

2.58 X 10̂  dpm/mM, while the dimethylglycine hydrochloride was 

found to be inactive. 

Ms thy1ene di oxy determination To 100 mg. of 6-hydroxy-

crinamine (1.71 x 10^' dpm/mli ) and 300 mg. of dime done tms 

added 7 ml. of sulfuric acid (6 ml. of sulfuric acid in 10 ml. 

of water). The reaction mixture was heated on a steam bath 

for 18 hours and added to 25 ml. of water. Tlie aqueous solu- • 

tion was heated in order to dissolve the excess dimedone. The 

hot solution was filtered and the precipitate was recrystallized 
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from methanol to give 12 mg., of formaldehyde dimedone adduct, 

n.p. 193-19^°, 8.67 x 10^ dpm/mM. 

Methoxyl determination The nethoxyl determination was 

conducted in the apparatus shown in Figure 2i|. A solution of 

0.^ ml. of 5/0 cadmium sulfate and 0.5 ril. of sodium thio-

sulfate was placed in the iodine trap 3. A solution of 5 -il. 

of 5/^ tri ethyl ami ne in absolute ethanol was placed in trap C to 

trap the methyl iodide generated in the reaction as methyl-

triethyl ariimonium iodide. Trap C was emersed in a dry ice-

chloroform bath. 

To 55 ng. of 6-hydroxycrinaraine and $00 mg. of phenol in 

flask A was added 2 ml. of hydroidodic acid. Flask A was 

then connected to the nitrogen source and heated at 125-132° 

in a V/ood's metal bath for Il5 minutes. Trap C was then de

tached at point D (rubber joint) and stored under nitrogen 

overnight. The ethanol-triethylamine solution was concentrated 

under reduced pressure to leave a residue which crystallized 

from methanol-ether to give 3h mg. of methyltriethyl amraoniura 

iodide, m.p. 295-297°, identical with an authentic sample 

(8.38 X 10^ dpm/mM). 

I-Iethylenedioxy. determination of lycorine hydrochloride derived 
from the DL-2-14.C-T:-hydrojqrpheny 1 serine feeding to Grinui.i 
erubescens 

The lycorine hydrochloride (100 mg., 2.07 x 10^ dpm/ml'I) was 

degraded according to the procedure described for the methy1-

enedioxy determination of the p-hydrozycrinamine derived from " 
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•0 

Nitrogen • 

outlet a 

Condenser 

Nitrogen 

. inlet 

Figure 2i|.. Apparatus for nethozyl determination (6l, p. 89) 
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the DL-2-^^"C-p-hydroxyphenylserine feeding. The formaldehyde 

diiiiedone adduct (3l|- mg., m.p. 195-196°) obtained in the 

degradation was found to have an activity of 2.16 x 10 ̂ dprn/ml'I. 

I-îethoxyl determination of 6-hydroxycrina.mine derived from the 

DL-1- ^c-octopamine feeding to Crinum erubescens 

The 6-hydroxycrinaniine (I|.0 mg., 3.8k x 10 dpm/ml-I) was 

degraded according to the procedure described for the methoxyl 

determination carried out on the 6-hydroxycrinamine which was 

isolated from the DL-2-^^G-p-hydroxypheny1serine feeding. The 

methyltriethyl arimonium iodide (2? mg., m.p. 295-297°) isolated 

in the degradation, was found to have an activity of 1.9^ x 10-" 

dpm/mI4. 

liethylenodioxy determination of 6-hydroxycrinamino and lycorine 

hydrochloride derived from the PL --1 - ̂ - o c t op ami n e feeding to 

Crinum erubescens 

The 6-hydroxycrinamine (8o mg., 3.8^ x 10"^ dpm/m>l) and 

lycorine hydrochloride (6J4. mg., 1.05 % 10^^ dpm/mM) were de

graded according to the procedure previously described for the 

alkaloids derived from the DL-E-^^^-p-hydroxyphenylserine 

feeding. The formaldehyde dime done adduct (7 mg., m.p. 19-^-

196°) derived from the 6-hydroxycrinamine exiiibited an activity 

of 1.81 X 10'^ dpm/ml'I, while the adduct obtained from the 

lycorine hydrochloride degradation (I8 mg., m.p. 195-196°) had 

an activity of 1.01 x 10^ dprn/m^I. 
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Instrumentation 

The nuclear magnetic resonance spectra were run on a 

Varian A-60 spectrometer operating at 60 Mc.p.s. The spin 

decoupling experiments were performed with a Varian HR-oO 

69 
spectrometer by a modification of the method of Johnson 

All mass spectra were determined with an Atlas CII-I;. mass 

spectrometer using the TO-i.'. ion source (70 e.v.). 

Melting points were taken on a Kofler microscope hot stage 

and are corrected. The infrared spectra were obtained on the 

Perkin-Elmer Model 21 and the Beclcian IR 12 spectrophotometers. 

All gas phase analyses were done on a Chromalab Model A-110 gas 

phase chromatograph using a 12 ft. glass column containing 1/j 

Silicone GS SE-30 on Gas-Chrom Q, (Applied Science Laboratories). 

The elemental analyses were carried out by Use Beetz Micro-

analytical Laboratory, Kronach, West Germany. 
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