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INTRODUCTION

‘Many investigations have been carried out in the last
five years to defermine the biosynthetic pathways leading to
the Amaryllidaceae alkaloids. Relatively little consideration
has been given to the .study of in vivo rearrangements, alkaloid =
interconversions, and the exploration of alternate bilosynthetic
routes. This thesis is concerned with thesé three aspects of
biosynthesis.

The alkaloids haemanthamine and crinamine have been shown
to undergo in 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 nafure 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



precursor. The study of this phenomenon was carried out in
order to gain a better understanding of alkaloid intercon-
versions and to learn‘more about the stage at ﬁhich the
absolute configuration of the crinine=type alkaloids is dgter-
mined.

It is well known that <the Cé-Ca'units of the Amaryllidaceae
allkaloids are derived from the precursors tyrosine and tyramine.
Recent studies with the Berberine alkaloids have shown that a
hydroxylated 06-02 unit can utilize a different biosynthetic
pathway than its non-hydroxylated counterpart and become
specifically incorporated into'a more highly oxygenated alkalold,
There existed the possibility that a hydroxylated 06-C2 unit
could be more efficiently incorporated intc 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 famlly as well.



HISTORICAL

Ring Systems -
Plants of the Amaryllidaceae family produce many differ-
ent alkaloids (well over one hundred are known)l, all of which

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

N:
- R

Figure 1. Amaryllidaceae ring systems



Ly

For convenience, eacﬁ 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
(4), montanine (5), tazettine (6) and belladine (7). Each
ring system contains an aromatic C6'Cl and a hydroaromatic
06—C2 unit shown by the heavy lines in each nucleus. Belladine
has an aromatic rather than a hydroaromatic 06-02 unit.

The large number of alkaloids are a resuit of the varia-
tions in oxygen substitution within the ring systems. bThe
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.
| O
<O}©[§ CH30@ CH30O O'
O ' CH30O |
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Mgure 2. Oxygen substitution patterns of the aromatic anad
' hydroaromatic rings of the Amaryllidaceae alkaloids



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 Cé'cl units and at C1 of the

Biosynthesis of the Amaryllidaceae Alkaloids

Biosyﬁthetic investigations of the Amaryllidaceae alkaloilds
began in 1960 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_(B) is a precursor of the hydro-
aromatic Cé-C2 unit and phenylalanine (9) is the aromatic
06-0l unit precursor. These incorporations were shown to be
highly specific. The tyrosine was never incorporated into the
aromatic 06—01 unit and the phenylalanine was shown to be

incorporated only into the aromatic Cé-C1 unit.

HO COoH CO2H

NHo NHo
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There have been two‘pathways2 proposed for the incorpora-
tion of phenylalahine into the 06-01 unit of the Amaryllidaceae
alkaloids: (a) phenylalanine — phenylserine —— benzalde-
hyde 4—9 protocatechuic 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.

NH»>
> S
~
CO2H COoH
9 10
HO HO
= ’ //
COoH - HO COoH
11 12
HO
HO CHO

13

Figure 3. Incorporation of phenylalanine into the ¢,-C. unit
of the Amaryllidaceae alkaloids via trans=cifinamic

acid



Table 1.

Incorporation of amino acids into Amaryllidaceae alkaloids

Precursor Plant Alkaloid % Inc. Ref.
QL—Z—luC—Tyrosine Narcissus "Twink" Haemanthamine 0.08 3,4
Norpluviine 0.15 3,5

Caranine 0.08 3
_ Lycorine 0.23 3,5

Narcissus "King Alfred" Galanthamine 0.013 6

Narcissus "Texas" Haemanthamine 0.13 6

. Lycorine o0.hl 6

Narcissus "Deanna Durbin" Lycorinea ----- 7

2&-3—1uC-Tyrosine Spfekelia formossisima Haemanthamine® ~  —cee- 8

Haemanthidine 0.20 8

Tazettine 0.16 8

Haemanthus natalensis Haemanthawine 0.97 9

Haemanthidine 0.19 9

6-Hydroxycrinamine 1.18 9

Nerine bowdenii Lycorine 0.11 10

' Belladine 0.82 10

DL —2—1uC-Phenylalanine Narcissus incomparibilis Lycorine 0.00 11

a . . . pn . ' . .
Percentage of incorporation was either not reported or quoted in figures that

could not be converted to per cent incorporation.

ations were evident.

In all cases, appreciable incorpor-



Table 1. (Continued)

Precursor

Plant

DL-3-1uC-Pheny1a1anine Narcissus incomparibilis Lycorine 0.18 11
Nerine bowdenii Belladine 0.h2 10
Lycorine 0.095 10

Narcissus "Deanna Durbin" Lycorinez -----

Pluviine™ === @ acaea-

.. &
Haemanthamine

Galanthine

B ER PN




Table 2.

Incorporation of possible C,-C. unit precursors into Amaryllidaceas alkaloids
P 6”71 J

Plant

Precursor Alkaloid % inc. Ref.
2&-3-1AC-Phenylserine Narcissus pseudonarcissus Haemanthamine®  -wm--- 2,12
‘. Narcissus incomparabilis  Lycorine 0.00 12
7—luC-Benzaldehyde ' Narcissus pseudonarcissus Haemanthamine 0.00 2
' Sprekelia formossisima . Tazettine 0.005 13
E-Hydroxy-?—1uC-benza1dehyde Narcissus pseudonarcissus Haemanthamine 0.00 2,12
Tran§-3—lhc-cinnamic acid Narcissus pseudonarcissus Haemanthamine®  —wen- 2,12
Sodiun 3-1hC-cinnamate Nerine bowdenii Lycorine 0.02 13
3-1MC-B-FydrO“"cwnnamic acid Narcissus pseuvdonarcissus Haemahthaminea ————— 2,1k
Nerine bowdenii Lycorine 3.1 15
3-1uC-Caffeic acid Narcissus incomparabilis Haemanthamine®  ——--- 1L,16
” Lycorinea ————— 1L,16
3H-Protocatechuﬁc aldehyde Narcissus incomvarabilis Lycorine 0.23 17,18
J
7-1MC-P otocau chuic aldehyde Narcissus incomparabills Haemanthamine®  --em- 16
Lycorinea
7-1MC-Protocatechuic acid Narcissus "Deanna Durbin" ILycorine 0.002 3
Norpluviine 0.001 3

Pevcenuage of incorporation was either not reported or quoted in figures that

could not be converued to per cent incorporation.

tions were evicdent.

In all cases,

appreciable

incorpora-
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The incorporation of tyrosine (Table 1) and tyramine
(2&)3’;9 into the Amaryllidaceae alkaloids suggests that
tyrosine is decarboxylated to tyramine which then serves as
the 06-02 unit.

Barton and Cohen20 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 (lla).
At the time that they postulated this precursor, the alkaloid
belladine (1) was unknown. The subsequent isolation of
belladine21 from Nerine bowdenii and Amaryllis bellsadonna lent

support to their hypothesis. DBarton and Cohen derivedzo a

biogenetic scheme for the formation of lycorine (16), caranine
(15) and galanthamine (18)'(Figures It and 5). In vitro
chemical verification for their hypothesis was obtained when
galanthamine was fofmed in a synthesis from the norbelladine
derivative 17 by manganese dioxide oxidation followed by
lithium aluminum hydride reductionaz.

The biosynthesis of tazettine (21) via phenyl-phenyl
oxidative coupling proved difficult tolexplain. However,
recent studies23 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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RO HO |
05— mele-
RO” N, HO N,

R H -
14 Q)R=H
D) R=CHy

O
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—_— —_—
O hk '
H

Pigure li. DRiogenesis of lycorine and caranine (Barton and
Cohen) _
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OH Mo~
CH3O©\@ ., CH30 ! Q
OH
(:F13<21::ji:£5?5§;;2 C:F13CQT::ji]£E%§§;%}/
N
' *CH
18 3

Figure 5. Biogenesis of galanthamine (Barton and Cohen)

‘ OCH3 | OCH3
0 < ® OH

Figure 6 Conversion of haemanthamine to tazettine 1n vivo
(fales and Wildman) —_—



tazettine but the haemanthamine was found to be inactive.
Tritiated tazettine was not converted in significant quanti-
ties to either hacmanthamine or haemanthidine.

Further biosynthetic studies, summarized in Table 3, have
shown double-and triple-labeled norbelladine derivatives to be
incorporated intact into the Amaryllidaceae alkalolds. 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 ouf
by Wildman and Battersby13 have shown negligible incorporation
of 1-1&C~bisdeoxynorbelladine (22) and of l'-luC-hydroxynoru
‘belladine (23) into haemanthamine, tazettine and lycorine type
alkaloids (Table 3). These data suggest that the aromatic ring
in the C,-C, unit must be di-oxygenated and fhe aromatic ring
in the_06-02 unit must be mono-oxygenated prior to the phenyl-
phenyl oxidative coupling step. The combined biosynthetic
.pathway for the incorporation of phenylélanine and tyrosine

into norbelladine is given in PFigure 7.

- OH
HO HO
-~ XA HO ,
N\
* H

N HO
22 - 23



1l

Clopdi,  Tlayd
CHy~CH-COoH CHp-CH-COoH

9 B8

~
ZCOgH CHyCHa-NHy
10 l 24

7::::]\\557\\<:C> H chJ:::::\\ /PQ\
2 H

11 14a
HO ‘HO
I::l\é7\ B
HO CO2H HO CHO
12 | 13

Figure 7. TIncorporation of phenylalanine and tyrosine invo
norbelladine



Table 3. Incorporation of norbelladine and norbelladine derivatives into
Amaryllidaceae alkaloids

Precursor

0.0017

Plant Alkaloid % inc.  Ref.
1-1uC-Norbelladine Narcissus "Twink" Lycorine 0.2l 2l
Norpluviine 0.7L 2l

Haemanthariine 0.15 L

1—1'-1uCéNorbelladine Nerine bowdeniil Lycorine 0.07 25
Crinamine 0.0009 25

Belladine 2.6l 25

O-th-Kethyl-N—luc-methyl— Narcissus "King Alfred"  Galanthamine 0.018 26
1-1'C-norbelladine Galanthine 0.00 26
Haemanthamine 0.00 26

'l'-1uC-Bisdeoxynorbelladine Narcissus "Twink" Tazettine 0.00 13
Haemanthamine 0.00 13

l'-1hC-Hydroxynorbelladine Narcissus "Twink" Lycorine 0.0007 13
. ' Norpluviine 13

at
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Chemistry and Biosynthesis of lMontanine
The structure of montanine (25), a major alkaloid of

Rhodophiala bifida27 and various Haemanthus speciesas, was

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

and spectroscopic methodszg. The absolute configuration of

the montanine-type alkalolds was derived from the known

structures of haemanthamine (19) and crinamine (27)29.

Mesylation 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). When 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 th;.h&droxyl 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'nonmal O-acetyl

derivatives in the presence of pyridine and acetic anhydridezs’jo
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,C)CH43
-OH
S < COr
® N’ O N‘ OH
27 31

Figure 8. Rearrangements. to montanine ring system
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The rearrangement did not occur with dihydrohacmanthamine (32)
or epihaemanthamine (33). The presence of a double bond and a-
specific configuration of the hydroxyl group appeared to be a

prerequisite for the rearrangement.

OCH,

A proposed mechanism29 for the rearrangement involved the
formation of a normal mesylate in the first step. Inspection
of structure 3l indicates that the'aryl group i1s ideally .
situated for nﬁcleophilic 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 C, and migration of the double bond (Figure 9).

2
The rearrangemeht of 34 has also been considered to proceed
through ary11_3 participatiénBl which would lead to an inter-
mediate aronium ion (36). Attack of base at 02 would then
lead to 35.

The mesylate of haemanthamine (3L, R:OCH3, R1=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 C, and C,. In the mesylate of
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Figure 9. Rearrangement mechanism to montanine ring system
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crinamine (3L, R:H,‘Rl=OCH3), the methoxyl group has a pscudo-
equatorial configuration allowing attack of base on both sides
of the molecule and two isomers (28 and 29) were formed.

The alkaloid ll-hydroxyvittetine (37) was recently iso-

lated from P. maritimum32 and Ruodophiala bifida33. During
the chemical characterization of this base, it was observed
that the 0,0-diacetyl derivative was converved to apo-

d33.

haemanthamine (38) upon mild ftreatment with mineral aci

The hydroxyl group at C11 was assigned the configuration

depicted in 37 because epihaemanthamine (33) gave very poor
yields of 38 with acidBu. Mild hydrolysis of the 0,0-diacetyl
derivative of 37 furnished a separable mixture of acetates (39
and 40). Mesylation of 39 followed by treatment with meth-

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




21

The in vitro rcarrangements of ll-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)35. 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

experiment36 tyrosine and phenylalanine were fed to Rhodophiala

bifida and‘were‘shown to be incorporated into montanine
(Table'u). 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»C6-Cl and 06-02
units as haemaﬁthamine,”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 sjstem, iv
seemed pbssible 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 cocciheusBS. This plant is




Table lj. Incorporation of amino acids into montanine-type alkaloids

Specific

Activity
Precursor Plant Alkaloid dpm/mH % inc. Ref.
Qg—3-th-Phenylalanine Haemanthus coccineus Coccinine | 1.11 X 105 0.03 35
Rhodophiala bifida Montanine 1.2 X 102 0.023 36
Haemanthamine 6.17 X 10° 0.012 35
QL—3-1AC-Tyrosine Rhodophiala bifida Montanine 9.10 X 103 0.0015 36
Haemanthamine L42.9 X 107 0.0011 36

ce
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known to contain the alkaloids manthine (L4l), montanine,
cocecinine and haemanthamine. The plants were processed after
one month and no alkaloid containing the montanine nucleus

was found to be radiocactive. This feeding experiment sug-
gested that haemanthamine is not a precursor of the montanine-
type alkaloids. The methoxyl group at C3 of haemanthamine
would appear to be a likely point of interference in the in
vivo rearrangement, since montanine and coccinine have a Iree
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.

YOG
N0 N OH -
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Demeothylations of this type have never been observed in the
biosynthesis of the Amaryllidaceae alkaloids. Manthinc, wnich
contains methoxyl groups at 02 and 03, was also found to be
devoid of radiocactivity. This finding seems to indicate that
the oxygen function at the C3 position of manthine is being

methylated after the rearrangement step.

Hydroxylated C -02 Units as Possible Precursors
to ﬁmaryllidaceae Alkaloilds

Late stage hydroxylations

Approximately eleven alkaloids isolated from lNerine
bowdenii are based on the (-)-crinane (42) ring system37. They
differ only in the level of oxidation at Cl’ 02, Cé, C7 and Cll‘
Crinamine (27) and (+)-epicrinine (l43) are also present in
N. bowdenii but possess ring systems which are enantiomeric

with that of (-)-crinine (l4l). If the CB-hydroxyl of (+)-epi-

oy

\
[ I

N/
43

crinine and crinine (lli) could be converted to a ketone in

the plant, the enantiomers might be interconvertible via the
symmetrical dienone (45). To examine this possibility,
ar-tritiated crinine was fed to N. bowdehiiBB. The plants were

processed after three weeks and all alkaloids derived from the
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QOH ‘1!43
o . O <>
100 . SNGe ¢

44 45

-+ {-)=crinine nucleus were found to be radioactive. Neither
crinamine nor (+)-epicrinine was radioactive. These results
eliminated the possibility that crinine can revert to 5. One

of the radioactive alkaloids isolated in this experiment was

ambelline (46). This finding indicated that C,,-hydroxylation

can occur after phenYl-phenyl oxidative coupling takes place.

LOCHS3
<o HO
N
O
OCH3

46

Eérly stage hydroxylations

Berberastine (4 8) was isolated from the c¢xtracts of

lvdrastlis canadensing. This alkaloid differé from berberine

(L9) by an additional hydroxyl group located at a site which,

in the biosynthesis of berberine, is derived from the benzylic
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carbon atom of 3,lL-dihydroxyphenylethylamine (50)“0. Vhen
either 1-1u0-dopamine or'QL-2-1MC-noradrenaline (4L7) was fed

to plants of H. canadensis, berberastine of high specific

L

activity was obtainedul. Berberine derived from noradrenaline-

fed plants was found to be almost devoid of radioactivity.

- OH OH
HO * ) A O A
HON~  NHp <o S UUN
a | [/ OCH
T ‘ 3
OCH3
<O ; 48 "
+
O ]N\
N\ OCH3 HO ™
NH
OCH HO 2
49 3 50

The noradrenaline~derived berberastine was degraded and the
radioactive carbon was shown 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 indicatved that
berberine was not a precﬁrsor of berberastine. Noradrenaline
has been found in a number of plantsl|r2 and a. dopamine-g-hydroxyl-

"ase preparation has been obtained from a plant sourceuB. These
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results showed that a g-phenylethylamine derivative was under=-
going B-hydroxylation and then followed a different biosynthetic
path than its non-hydroxylated counterpart.

The £~hydroxylation of tyrosine and tyramine has been

demonstrated in living systemsuu'ué. In Sorghum vulgare tyro-

sine was shown to be converted to p-hydroxyphenylserine (51)

Ly

by radiocactive labeling experiments™ .

HO COH HO COoH
—_—

NHo S

8 5 OF

The enzyme, 3,l-dihydroxyphenylethylamine-g-oxidase, was

NH»>

found not to be specific, but was able to catalyze the oxidation
of tyramine to octopamine (SZ)AS. This B8-oxidation process was
found to be very rapid in beef adrenal medulla. This oxidation
was also observed to take place in mice heartsu6. Octopamine
was first extracted from the salivary glands of the octopu547.
It was later isolated from human and animal urineu8. Recently,

octopamine was isolated from lemon 1eavesu9. This was the

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

HO HO
A —"0L,

24 52 OH



Metabolism of £ -Fhenylethanolamines

The most definitive studies on the metabolism of 4-phenyl-
ethanolamines have been carried out with adrenaline (53) and
noradrenaline (h?)SO’Sl. In man, both substances are rapidly
metabolized by two mechanisms, O-methylation and oxidative
deaminationso. The liver is the major site for these trans-
formations. The principal metabolites of adrenaline and nor-
adrenaline found in urine are 3-methoxy-L-hydroxymandelic acid
(60), 3-methoxyepinephrine (55) and 3-methoxy-L-hydroxyphenyl-
glyool (59). The corresponding catechols, 3,l-dihydroxymandelic
acid (57), 3,h-dihydroxyphenylglycol (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 plg was
found to differ markedly from that in man. Tracer studies have
| shownsl that adrenaline and noradrenaline are oxidized to
adrenalone (61) and noradrenalone (62) respectively. There is
no interconversion of the adrenaline derivatives with their
noradrenaline counterparts. Both adrenaline and noradrenaline
undergo oxidative deamination to 3,li-dihydroxyphenylglyoxal (63).
The glyoxal is then fragmented to protocatechuic aldehyde (13)
which in turn is oxidized to protocatechuic acid (6L4). The

metabolism scheme is summarized in Figure 1l.
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Figure 10. Metabolism of adrenaline and noradrenaline in man
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RESULTS AND DISCUSSION

The in vitro studies on the rearrangement of haemanthamine-
type alkaloids to alkaloids containing the montanine nucleus
led to the hypothesis that a similar rearrangement might also

occur in the plantBS. The failure of the conversion of

35

haemanthamine to manthine or montanine in iH. coceclneus and

the production of haemanthamine from phenylalanine and tyro-
sine=fed plants36 possessing a'higher specific activity than
montanine, suggests thaﬁ haemanthamine and montanine are
derived from a common precursor. The object of this investiga-
tion is to determine the biosynthetic pathway by whidh the
montanine nucleus is formed and to establish the relationship
between the biosynthesis of haemanthamine and montanine.

To carry out this blosynthetic study, suitable radio-
actively-labeled precursors for montanine had to be found.‘ All
previous research in this area suggested that ll-hydroxy-
vittatine was a likely precursor to the montanine-type alka-
loids. This choice was influenced by two recent observations:
(a) 1ll-hydroxyvittatine was isolated from a plant that
contains the alkaloids vittatine (67a), haemanthamine and
mon?anine33, and (bj montanine was formed from the 1in vitro
rearrangement of the mesylate of 1léhydroxyvittatin633. A
precursor in the form of l)"’C or 3H-ll-hydroxyvittatine was
needed, but because of the scarcity of ll-hydroxyvittatine, a

method was sought to make a 3H—derivative of vittatine. In the



course of this study, an attempt was made to replace the Cll"
hydroxyl group of crinamine with hydrogen. Although the
mesylate of crinamine was found to rearrange to the montanine
ring system in the presence of baseeg, it was hoped that the
reaction of lithium aluminum hydride on the Cll-chloride would

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

reaction could then be repeated on haemanthamine using lithium

52

alunminum tritide followed by cleavage of the methoxyl group

to give tritium-labeled vittatine (67b).

HCI

86 a)R=H, R-0CH;
b) R=0CH3, R,=H b) R=H
The exploratory work was carriéd out with crinamine due to
the limited supply of haemanthamine that was avallable. 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% 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 em™t
wnich are characteristic of the montanine-type alkaloids. The
nmmr spectrum was not in accord with that known for the vitta-
tine nucleus and allowed the postulation of desoxXylsocrinamine
(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 amr and mass spectral data
of the compound with that of montanine. The nmr spectra of
montanine and desoxyisocrinamine are shouwn in Figure 12. The

striking similarity between the two spectra suggested a common

ring system for both compounds. A significant feature of the
mmr spectrum of 68 is the presence of only'one'olefinic proton
resonance., The loss of an olefinic hydrogen and a hydroxyl
group from 02 in the conversion of crinamine to 68 is charac-

teristic of the rearrangement of crinamine to isocrinamine.

| _OoCHs |
® "o O
% i e
N 3

N
27 68



Figure 12. Nuclear magnetic resonance spectra

top - montanine (25)

bottom - desoxyisocrinamine (68)
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= .In order to establish the structure of desoxyisocrinamine,
a conplete analysis of the nmr spectrum of montanine was under-
taken. The two singlets in the spectrum ol montanine at 6.51
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 L.}O0 and 3.50 ppm were
assigned with the aid of spin-spin decoupling experiments. The
singlet at L.21 ppm disappeared when DZO was added to The sam-
ple tube and was therefore assigned to the proton ol the
hydroxyl group. Decoupling studles showed that the peaks at
L..10, lt.11 and 3.80 ppm afe part of an AB pattern centered at
3.95 ppm (J=17 cps). The AB pattern is assigned to the ben-
zylic protons on Cé. 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 02 and Cua' This assignment 1s

based on a spin decoupling study which showed the olefinic
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proton at 5.55 ppm to be coupled to a proton at 3.42 ppm. This
offect is attributed to the vicinal coupling between the ole-
finic proton and the proton at 02 plus a small contribution
arising from the allylic coupling of the proton at CL&' The
two broad singlets at 3.25 and 2.98 ppm are assigned to the
benzylic proton at Cll and the two bridge protons at 012
respectively. An examination of the integral of the spectrum
reveals the presence of two protons which appear as a complex
‘multiplet in the region between 1.25 and 2..0 ppn. This multi-
plet is assigned to the resonances of the protons av CM'
Decoupling experiments showed that the protons av Cu are cou-
pled to the proton which appears as a multiplet at l..OL ppm and
to a proton located at 3.40 ppm. The multiplet at L.OL ppm

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

3.40 ppm that.is boupled to the Ch protons is assigned to the
hydrogen at Cua.

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 desoxylsocrina-
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 C1 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 06‘ The singlet at 3.L0



ppﬁ 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 C11 and the bridge
protvons at 012 respecvively. The complex multiplet in the
region between 1.01 and 2.85 ppm contains four protons repre-
senting the protons on 02 and CM' then the pfotons of the
methoxyl group and those assigned to C11 and 012 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 C3 and Cua'

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 02 of
desoxyisocrinamine, If the assigned structure is correct, then
the protons at C2 and Cl should constitute an ABX system and
afford a four line splitting pattern for the oleiinic 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 singlect. The nmr resulvs
are therefore consistent with the proposed structure.

The analysis of the mass spectra of montanine and
desoxyisocrinamine (Figure 13) offered another means of compar-
ing the two compounds. A recent study53 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 (M-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

69 70,m/e 270
| 5 e
Xryy — o=
O H;}i* O I\
CHo | HN=CHz
71, mye 252 72

O '.
KL

73, mje 223



Mass spectra

S

ton - montanine (25)

bottom - desoxyisocrinamine (68)
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235.5 (252,52/270:235.3) in the spectrum of montanine confirmed
the loss of water from the species 70. This procecss was vis-
ualized‘as a 1,2-climination with the formation of 71 (m/e 252).
Further decomposition of the species 71 by the elimination of

29 mass units (CHé=NH) was proposed according to the scheme

rd

71 > 72 > 73 (m/e 223). A peak of substantial abundance ét
m/e 257 (M-uu)'in the spectrum is derived from a retro-Diels-
Alder fragmentation of ring C according to 69 — 7l. (m/e 257).
A metastable ion at mass 219.5 (2572/301=219.L) established
that the ion at m/e 257 arose from a single stage decomposition

of the molecular ion of montanine.

-
74,mle 257

rominent ion in the spectrum of desoxylsocrin-

The most

‘o
b}

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 methoxyl group. Thé beak at m/e 25L (¥-31l) represents the
loss of the methoxyl.radical to give the species 76 (m/e 25L).
This fragmentation is substantiated by the observation of a
metastable ion at mass 226.5 (25&2/285=226.3). The fragment

76 may then lose a hydrogen atom to give fragment 77 corre-
sponding to fhe peak at m/e 253 (M-32). The peak at m/e 223

can be visualized as arising from the aromatization of ring
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C of 77 followed by the elimination of 29 mass units (CHé=NH)

to give the conjugated ion 78.

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 (2272/285=180.6)L The presence of a peak at m/e 226

in the spectrum of desoxyisocrinamine can be interpretved
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75 O, M/e 227
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mechanistically by the 1o.§s ‘of a hydrogen atom from 79 vo form

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

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

can be rationalized by the mechanistic scheme 75 > 81 >

82 — 83,

OCH3
< mOCH3 N OCH3 |
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Certain similarities are observed in the fragmentation
patterns of montanine and desoxyisocrinamine. Both compounds
display peaks at M=-31 (atbtributed to the loss of a methoxyl
radical) and m/e 223. The two compdunds 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 1is 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 02 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 obtalined in
the reaction of lithium aluminum hydride with the chlorine
derivative of crinamine attests to the facility of the rear-

" rangementv. A possible mechanism for this rearrangement in=-
volves the attack of hydfide at 02 followed by the migration of
the double bond and subsequent displacement of the chloride ion
by the aryl group. This mechanism is iliustrated by the con-

version of 8l —> 68. -
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3H-Vittatine Feeding to Rhodophiala bifida

Several methods are known for introducing vritium atoms
into organic molecules via chemical exchange technlquessu'sé.
The Wilzbachvtechniquesu has been successfully used to prepare
tritium-labeled steroidsSE. The tritium label is introduced by
exposing the compound to tritium gas of high specific activity
for long periods of time. Another successful technique, usea
primarily on aromatic compounds, involves the acid catalyzed
exchange of aromatic hydrogen atoms for tritium atoms23,56.
The latter method was tried in a second attempt to aquire
tritium-labeled vittatine.

A small amount of vittatine waé converted to O-aceiyl-
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, Hass;). The radiocactive
O-acetylvittatine was hydrolyzed and diluted with cold vitta-

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

the aromatic ring, the vittatine was oxidized to hydrastic
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anhydride (85) with potassium permanganate. The hydrastic
anhydride was converted to N-ethylhydrastimide (86) which was

shown to account for all the activity of the 1abeled'vittatine.
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The feeding experiment was carried out using Rhodophiala

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

contains montanine as the major alkaloid27. Other alkaloids

present in Rhodovhiala bifida include haemanthamine, vittatine

and 11-hydroxyvittatine. However, in a small scale feeding,
haemanthamine is present in isolatable quantities while
vittatine and ll-hydroxyvittatine are only found in trace
amounts., The objecti&e of the.feeding experiment was to learn
whether vittatine is a precursor of montanine and to obtain
some daﬁa regarding the relative incorporation of vittatine
into haemanthamine and montanine. This data would be helpful
in determining whether haemanthamine and montanine have a -
cormon biosynthetic precursor.

Ar~tritiated vittatine was administered to Rhodophiala

t————
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bifida by injection into the bulb at pHb6. 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 5.

Table 5. Feeding experiment with Rhodophiala bifida as plant
host

. Activity a
Precursor Alkaloid (dpm/mit) Dilution % inc.

3H.Vittatine® Hoemantnamine 35.2 x 10° 2.80 x 10°  0.20
Montanine: .21l x 106 23.h x 103 0.057

aDilution::spebific activity of precursor < specific
activity of alkaloid.

Prye total activity of SH-vittatine was 1.6l me,

Each of the isolated alkaloids was oxidized with potassium
permanganate, and the hydrastic anhydride was converted to its
Neethylimide with ethylamine. The activity of the imide rela-
tive to the corresponding élkaloid 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 3H-vitta-
tine feeding experiment

Activity of

Neethyl- imide
Activity hydrastimide relative to
Alkaloid (dpm/mM) activity (dpm/miM) alkaloid
Haemanthamine 1l.46 x lO5 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 shown that haemanthamine is
not a precursor of montanine35, the above results indicate that
haemanthamine and montanine have a common precursor. This
precursor is probably ll-hydroxyvittatine. The specific active-
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 hasmanthamine

only requires the methylation of the hydroxyl function aﬁ 03 of
ll-hydroxyvittatine while the formation of montanine involves a
rearrangement of the vittatine ring system plus the methylation

of the oxygen function at 02. The biosynthetic scheme of

haemanthamine and montanine is illustrated in Figure 1l.
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Pigure 1ll. Biosynthetic conversion of vittatine to
haemanthamine and montanine
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3H-Oxovittatine Peedingz to Nerine bowdenii
QO

Recent blosynthetic studies38 have shown that the alkaloid
crinine does not revert to the symmetrical dienonc 5 in .
bowdenii., It was thought that, if an oxidative process can
occur in the plant to convert the CB-hydroxyl of either crinine

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

e

| @/OH

O g ' O

LIS —/— G Y
44 |

45
interconvertible via L5. This hypothesis assumes that if
crinine is oxidized to oxocrinine 87, the ketone will readily
undergo-£-elimination to form L5. This is not a valid assump-
tion because the oxocrinine can be formed and reduced on the
surface ol an enzyme before 1t has a chance to4£-eliminate.

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

evidence for the oxidative formation of oxocrinine, it is still
nov known whether the crinine and vittatine alkaloids are in-

terconvertible via the symmetrical dienone U5.

0 Eg |
<o<)v‘\J
87
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A more profitable approach to this problem would be to
feed either radioactive ozocrinine or oxovittatine (88) to a
plant which produces both crinine and vittatine-type alkalolds
and determine the extent of éhe incorporatcion of the ketonic
precursor. If the labeled oxo-compound is coaverted to L5 via
B-elimination, then the alkalolds stsessing the crinine and
vittatine stveriochemistry will be radiocactive, but if the oxo-
compound is being preferably reduced to the alcohol, then only
those alkaloids possessing the same absolute configuration as

the precursor will be radioactive.

To study this phenomenon, oxovittatine was the preferred

ttatine was readily

=

'precursor, since a supply of ar-tritiated v
available. The tritium was shown by degradative methods to be
confined to the aromatic ring. A small amount of 3H-vittatine
was oxidized to 3H-oxovittatine with manganese dioxide. The
3H-oxovittatine was fed to N. bowdenii and the plants were
allowed to grow for three weeks in a greennouse., The bulbs
were processed and the alkaloids were lsolated in the usual
manner. It was found that all alkalolds derived from the
(-)-crinine nucleus were inactive. These included undulatine
(89a), crinamidine (89b) crinine and ambelline (Lb). As
expected, lycorine and belladine were 1lnactive. Both crinamine
and (+)-epicrinine were isolated by dilution and found to be

radlioactive. The crinamine was oxidized to hydrastic anhy-

dride which was then converted to its Neethylimide with
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D)R=H
ethylamine. The activity of the imide relative to the crina-
mine showed the tritium to be confined to the aromatic & ring.

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

Table 7. Feeding experiment with Nerine bowdenil as plant host

e ... 8
Activity

Precursor Alkaloid (Gpm/mii) Dilution % inc.

3. . .. .- ~b 5 A3

E-Oxo- p  Crinamine LL.6lL x 10 3.76 x 10 0.06
vittatine

(+)-Epicrinine 6.59 x 106 2.63 x 107 0.09

%mach alkaloid was isolated by dilution with 70 mg. of
cold compound.

PThe total activity of the SH-oxovittatine was 0.88 mec.

The results of this biosynthetic investigation show that
in ¥. boudenii, oxovittatine is reduced to (+)-epicrinine and
is not undergoing a g-elimination to the symmetrical dienone
LS. Tt appears that the phenyl-phenyl oxidative coupling step
is occurring on the surface of an enzyme which exhibits a high

degree of specificity. T is at this stage in the biosynthetic



Siy

pathway that the absolute configuration of the crinine-type
allkaloids is determined. The results of this invecstigation

are schematically represented in Figure 15.

-~
N

45

Figure 15, nlosynthe ic conversion of oxovittatine to (+)-
epicrinine and crinamine

luC Labeled Z~Phenylethylanmine Feedings to
Crinum erubescens

Some crinine-type alkaloids possess hydroxyl functions at

N

the C osition. These include crinamine, 6-hydroxycrinamine
ll 3 3
haemanthamine, haemanthidine, ll-hydroxyvittatine and ambelline.

38

The conversion of crinine to ambelline in N. bowdenii showed
that the hydroxyl function at C11 can be introduced aiter the

phenyl-phenyl oxidative coupling step. There exists the
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possibility of an alternate biosynthetic pathway for the Cll'
hydroxylated alkaloids, as in the biosynthesis of berberastine
in which a hydroxylated 06-02 unit followed a different bio=-
synthetic path thah its non-hydroxylated counterpartul. (See
historical section)

A hydroxylated Cé-C2 unit such as octopamine 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 blosynthetic scheme 1s illustrated in

Figure 16.

HO OH

e
HO"CHO | HoN
13 OH 52
i)

OH
OH

HO

HO N\H

90
— T~ 0
H 5 HQ@ |
. <O 52 .

Figure 16. Alternate biosynthetic pathway for Cll-hydroxyl-
ated alkaloids

i
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A controlled feeding experiment was desipgned to determine
whether the Cll~hydroxylated alkaloids were derived frow

hydroxylated 06-C2 unit precursors. Octopamine and p-hydroxy-

[ #]

phenylserine were selected as possible hydroxylated precursors
for this study. These phenylethanolamines are the S-hydroxyl-
ated derivatives of tyrosine and tyramine which serve as the
precursors of the 06-62 units of the Amaryllidaceae alkaloids.
(The B-hydroxylation of tyrosine and tyramine has been observed
in living system "hé). Radioactive tyrosine and tyramine
served to act as a control in the feeding experiment.

SIxcept for octopamine, all of the radiocactive compounds
were commercially avallable. A synthetic route was devised
which afforded octopamine tartrate (97) in an overall yield of
21%. The radioactive label was introduced by allowing sodium
cyanide-luC to react with p-hydroxybenzaldehyde (93) to form
the.cyanohydrin (9l) in the first step of the'synthesis. The
cyanohydrin was then converted to the di-tetrahydropy?anyl
ether (95) with dihydropyran57. Lithium aluminum 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 ﬁo consvant activity. The synthesis

7.

|

of octopamine tartrate is illustrated in Flgure
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Figure 17. Syntheslis of 22-1-1ucwoctopamine tartrate

Crinum erubescens was chosen for this feeding experiment

because it contains lycorine, crinamine, and 6-hydroxycrinamine
. . 8 - . s

(98) as the major a:l.kaloufl.s:5 . If a hydroxylated C -C, unit is

a precursor to the Cll-hydroxylated alkaloids, then octopamine

and/or p-hydroxyphenylserine would have a higher per cent
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incorporation into crinamine and 6-hydroxycrinamine than would
tyrosine and tyramine. The hydroxylated precursors woulid also
have a much lower incorporation into lycorine than would their
non-hydroxylated counterparts. The possibility also exists
that the hydroxylated phehylethanolamine derivatives can under-
go reduction to tyrosine and tyramine. I1I this should occur,
then the alkaloids derived from the tyramine and tyrosine-fed
plants would exhibit a higher per cent incorporatvion than those
derived from the phenylethanolamine feedings. |

The activity of the compounds used -In this feeding exper-

s given in Table 8. The labeled compounds were fed to

e

iment

Crinum 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 Tthe usual manner. The

eeding experiment are presented in Tables 9-12.

Fh

data from the

In Crinum erubescens the levels of incorporation of the radio-

active tracers, 92-3-lh0-tyrosine and QE-E—luC-Q-hydroxy-

-! t - » 3
phenylserine were cormparadble. However, 1l=- LC-tyramlne exhibi-

1L

ted a very high level of incorporation while DL-1-""C-
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Y

v
.

Table 8. Radioactive compounds Ted to Crinum crubcsconc

ia

Total Specific

activity activity
Compound fed (me) (e /mii)

T2 lb.- ‘rm s
Di=-3-""C-Tyrosine 100 6.71
1o ryramine® . 100 L.71
2Q=2-1MC-E-Hydroxy- 100 9.00
phenylserine 4 .

2&-1-1MC-Octopamineb L2 ‘ 1.9

a, . . . .
The tyramine was fed as the hydrobromide salt,

b . .
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 thé_mode of incorporation of the precursor. Because of
previous biosynthetic experiments with QQ-B-luC-tyrosine, this
substance was used as a reference; its incorporation into the
Cé-C2 unit of meny Amaryllidaceae alkalolds is well established

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

alkaloids derived from the 25—3-140-tyrosine-fed bulb.

Degradation of 6-Hydroxycrinamine Derived From the
L . .
1-""C-Tyramine IFeeding

Tyramine was shown to be incorporated intact into the
Cé-C2 unit of lycorinGB’lg.l 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



Table O. 2&-3~1uC—tyrosine feeding to Crinunm erubescens
. Specific
Weight activity Per cent
Alkaloid isolated (dpm/mall) Dilution incorporation
Lycorine 0.372 g. 8.50 x 10S 1.77 x 101L 0.51
Crinamine 0.027 g. .32 x 10° 3.6 x 103 0.17
6-hydroxyecrinanine 0.4140 g. 1.3 x lO5 1.05 x lO5 0.09
Table 10. 1-1MC~tyramine feeding to Crinum erubescens
Specific
Yleight activity Per cent
Alkeloid isolated (apm/mii) Dilution incorporation
. ) N & 3 |
Lycorine 0.571 g. 1.86 x 10 5.63 x 10 1.60
Crinsaine 0.140 g. 6.35 x 10° 1.65 x 107 1.30
6-hydroxycrinanine 0.513 g. 3.21 % 105 3.27 x th 0.23

09
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Table 11. DL-2- ~-p-hydroxyphenylsering feeding to Crinunm erubescens
Specific
: VWeight activity Per cent
Alkaloid isolated (Adpm/mM) Dilution incorporation
Lycorine 0.53% g. 3.31 x 10° 6.0 = 10¥ 0.28
Crinamine 0.071 g. 2.37 x 106 8.9 x 103 0.25
. ¢
6-hydroxycrinamine 0.380 g. 2.1l x 10”° 9.27 x lO)"'L 0.12

Table 12. DL-1-')

! . 0 . A
“‘C~-cctopamine feeding to Crinum erubescens

Specific
activity
(dpm/mi1)

Dilution

Per cent
incorporation

Vleight
Alkaloid isolated
Lycorine 0.660 g.
Crinamine 0.162 g.
6-hydroxvyerinamine 0.586 g.

ly
L

1.88 % 10

3.15 x 10

.15 % 10°

1.75 x 105

1.06 = 105

7.8L x 105

0.0L6
0.018

0.0C8

qa09
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OCH
QOCH3 : 3
I
1) CHxl @) \}__l; CHAI
2) NaOH i <O OOH
o9
l N
- =
e
yhea O O'g\gHzN'CHB
107
1) NaOH
~L2)HCI

o O | H, cl”
< O + CH3-N-CH2-COoH

O CHoOH CHs
102 | 103

Figure 18. Degradation of 6-hydroxycrinanine
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p-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-hydroxycrinamine isolated from the l-luC-tyramine feeding
would be labeled at the C12 position.

The 6-hydroxycrinamine was converted to criwelline
(99)58’59 which was then degraded according to the procedure

given in Figure 18. If the 6-hydroxycrinamine was labeled at

H

the 012 position, the radioactivity would appear in the cri-
welline methine (101) at the position indicated by the asterisk.
Basic hydrolysis of 101 gave 6-pherylpiperonyl alcohol (102)

and dimethylglycine, which was isolated as the hydrochloride
(103). The dimethylglycine hydrochloride was oxidized with
lead tetraacetateél to obtain the carbonyl group as carbon
dioxide and the methylene group as formaldehyde dimedone adduct

(10L) (Figure 19).

- O . O
H, Cl Po(OACI X
CH3-N-CHp-COH 5 HaC | . CHs
CH3 CH3 HH CHsz
103 | 104
+
CO»p

Figure 19. Lead tetraacetate oxidation of dimethylglycine
hydrochloride
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The radiocactivity was found to be confined to the formalde-
hyde dimedone adduct as would be expected for the intact
incorporation of l-luC_tyramine into 6-hydroxycrinamine. The

results of the degradation are summarized in Table 13.

Table 13. Degradation of 6-hydroxycrinamine isolated from the

<
! . . .
1-LLC-tyram1ne feeding experiment

Amt. used Rel.
Compound Yield next rcin. act.
6-Hydroxycrinamine - 230 nmg. 1.00
Criwelline 21,0 mg. 210 mg. 1.01
Criwelline methiodide 212 mg. 200 mnmg. .95
6-Phenylpiperonyl alcochol 93 mg. 0.00
Dimethylglycine hydrochlorice 30 ng. 28 mg. 0.97
Pormaldenhyde dimedone adduct 6 ng. 0.98
from dimethylglycine :
hydrochloride
Carbon dioxide from dimethyl.  ~-we--= 0.00

glycine hydrochloride®

a . s . . . . 4o
"The carbon dioxide was trapped in Hyamine hydroxide 10X
(Packard) and toluene-POPOP scintillation solution.

6-Hydroxycrinamine Isolated From the DL-Z-laC-Q-hydrOX'-

phenylserine Feeding Ixperiment
The 6-hydrokycrinamine derived Irom the Q&—Z-luC—g-hydroxy_
phenylserine feeding was degraded to 6-phenylpiperonyl alcohol
and dimethylglycine hydrochloride. If the precursor was incor-
porated intact, the dimethylglycine hydrochloride would be

da

expected to contain all of the activity. However, the
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*._J

dimethylglycine hydrochloride was found to be inactive while

ct

the b-phonylpiperonyl alconol molety accounted Ifor 535 of the
total sctivity. During the conversion of criweclline methiodide
to eriwelline methine (Figure 18) a methoxyl group is lost
which could contain the remaining L7% of the activity. In
order to substantiate this, a methoxyl determination was

rried out on 6-hydroxycrinamine using the Zelsel method

o
o

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

acid and the resulting methyl iodide was isolated as the

O]

methiodide salt of triethylamine. The methiodide salt wa

10—~

©a

found to contain L9% of the total activity. The ra
.activity of the 6-phenylpiperonyl glcohol moiety was assumed
to be confined to.the mnethylenedioxy group since it 1Is also
derived from a one carbon fragmentée. The activity of the
methylenedioxy group was determined by acld hydrolysis to
formaldehyde63 (Figure 21), which was isolated as the dimedone
adduct. The methylenedioxy group was shown to have 515 of the

otal radioactivity of the 6-hydroxycrinamine. The results of

ct

the degradation are summarized in Table 1L, The one carbon

v
L * * ul b - a ) 3 2 o - ™™ lb—n
unit in lycorine was also shown to be derived Ifrom Du-2-77C-Dn-

<t

ed from tnis feeding

(W)

hydroxyphenylserine., The lycorine isol
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was degraded and all the activity was found to be confined to

the methylenedioxy group.

OCH3 H,S0
-OH 2274, CH30

Dimedone

OH O O

f
H~2C ‘ CH

CHs Wi CHz

Figure 21. Methylenedioxy determination

Teble 1lli. Degradation of 6-hydroxycrinsmine isolated from the
| . e .
DL-2-""C~p-hydroxyphenylserine fesding experiment

Amt. used Rel.
Compound Yield next rctin. act.
6~Hydroxycrinamine 1150 mg. 1.00
Criwelline 395 mg. 390 mg. 0.98
Criwelline methiodide 530 mg. 525 mg. 0.98
6~FPhenylpiperonyl alcochol 260 ng. 0.53
Dimethylglycine hydrochloride 100 g 0.00
Methyltriethyl ammonium iodide 3l mg.® 0.49
Formaldehyde dimedone adduct 12 mg.b. 0.51

from methylencdioxy
determination

a . ' . .
- “Derived from 55 mg. of 6-hydroxycrinamine.

bDerived from 100 mg. of 6-hydroxycrinamine.
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Lycorine and, 6-Iydroxycrinamine Isolated From the
DL-1- Fc-Octopamine lfeeding Experiment
Since DL-2- MC-“-nydroanhenylserino was found to be a
precursor of one 04rbon units in lycorine and 6-hydroxycrina
mine, it was conceivable that the structurally reclated octopa-
mine could also have a comparable mode of incorporation.

Methylenedioxy and methoxyl determinations were carried out on

o

both the lycorine and b6-hydroxycrinamine isolated from th

<

- 1 . . . X
- DL=l- AC-octopamlne-fea Crinum erubescens. The results of

these degradations are presented in Table 15.

Table 15. Degradation of b-hydroxycrinasmine and lycorine iso-
]
lated from the DL-1- QC octopamine feeding experimert

9 of total activity

Alkaloid Methylenedioxy group euhoxyl group
6-Hydroxycrinamine L7 51
Lycorine 96 -

It is clear from these experiments that both p-hydroxy-
phenylserine and OCuopamlne serve solely as precursors of Cl
units such as methoxyl and methylenedioxy groups. The relative
activities of the methylenedioxy and methoxyl groups}of the
6-hydroxycrinamine derived from the'ng2-140-34hydroxyphenyl-
serine and'gg-l-luc-octODamiﬁe feedings are comparable to those
obtained for taze*“lnc derived from 3=- LC-so rine-fed blan+s/

In each case, the actlety ratic of the methylenedioxy and

methoxyl groups were l:1l. A priori, one would have expescted
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the carbon atom of the methoxyl group atb C3 to have a rela-
tively higher activity than the methylene carbon of the méthyl-
enedioxy group since the methoxyl carbon probably 1s intro-
duced at a later stage in the bilosynthetic pathway. DBio-

62

synthetic studies have shown that the methylene carbon of the

nmethylenedioxy group originates from an O-methyl group which is

-

formed before the phenyl-phenyl oxidative coupling step. The

fida

)
o’
PJI
i

conversion of vittatine to haemanthamine in hodophlals

. P

indicates that the methoxyl group at C3 is formed after the
phenyl-phenyl oxidative coupling step and possibly aftver the
hydroxylation at the C,q position.

In order to explain the 1:1 acvivity ratio of the methyl-
enedioxy 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 fuhction at

03 are very rapid processes so that no 03 hyaroxylated inter-~
mediates are ever present in appreciable quantitvies. This

postulation is supported by the observation that there are no

major alkaloids in Crinum erubescens or Sprekelia formosissima

.. o 1h . . ‘ . .. b1y

(plants in which 3~ LC-serlne was lncorporated into tazettine )
: ) £ a2 oL 3 3 s 5836‘4- Q18

possessing hydroxyl functlons at the 03 position . Addi-

vional feeding experiments should be carried out in which

S which

ct

either radioactive serine or formate 1s fed to plan

contain appreciable quantities of alkalolds with O, hydroxyl

>
functions. A comparison should then be made of the actlivity

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 vrovide some useful information concerning the
relative rates at which various biosynthetic interconversions

take place. Nerine bowdenii would be a plant to consider

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

The feeding experiments performed with Crinum erubcscens

showed that_£-phenylethanolamine derivatives such as octopamine
and p-hydroxyphenylserine can undergo a transformation o one
arbon Ifragments which then become the source of C1 units such
as the methoxyl and methylenedlioxy groups in the alkalolds.
The fact that both precursors have the same mode of incorpors-
tion into the methoxyl and methylenedioxy groups ol the
alkaloids studied, suggests that p-hydroxyphenylserine is being

converted to octopamine via a decarboxylation. This transfor-

cl

s analogous to the conversion of tyrosine to tyramine

i

mation
which has been proposed on the basis of earlier feeding experi~
mentsB’lg. A possible biosynthetic pathway for the fragmenta-
tion of octopamine can be envisaged as involving the oxidation
of the benzylic hydroxyl function in the Ifirst step to give the
ketone (105). This ketone can then undergo oxidative deamina-
tionso to form the glyoxal (106). Enzymatic fregmentation of
the glpoal can then occur with bthe subsequent transfer of the

65

formyl group to tetrahydrofolic acid -, The transifer of

[¢]
(@}

unit from formylated tetrahydrofolic acid to methylating agents

.

. . . 6
-such as methionine is well known 5. It has been shown that
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Immethyl-th—methionine is a source of the Cl unit of the

mnethylenedioxy and methoxyl groups of the lycorine-type

. 213
allkaloids™"~.

The proposed blosynthetic pathway for p-hydroxy-

phenylserine and octopamine is illustrated in Figure 22. Nore

than one viosynthetic scheme can be proposed for octopamine

and the one presented in Figure 22 should only be considered

as a tentative rationalization., However, this scheme 1s pre-

ferred because it is analogous to the results obtained for the

'—I
. . . . 1 .. .
metabolism of adrenaline and noradrenaline” (see historical

section).

HQ COLH

NHo

OH
51

HO

¥ NH>
Q
105
HO~ l +
X-"CHO
o3
Figure 22,

Proposed biosynthetic pa
serine and octopanine (THPF=tetrahydrofolic acid

HO
> .——-—)
NHo>
OH
52
R HO THF
> —_—
CHO
I
O
106
Formy|-THF
Methionine

BN

thway for p-hydroxyphenyl-
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T

is theoretically possible for the aldchyde (93), which

cr

results from the fragwentation of the glyoxal, to undergo
further oxidation to protocatechiuc aldehyde and thereby become
incorporated into the Cé-cl unit of the Amaryllidaceae alka-
loids. Additional experiments are needed using QQ-Z-lMC-
octopamine in order to determine the biosynthetic fate of the

proposed Cé’cl fragment derived Ifrom octopamine.



The Amaryllidaceae alkaloid vittavine was &clccted as a
likely precursor tvo 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 crinamine
was found to rearrange to desoxyisocrinamine wnlch was showrn
To be a new compound posSsess i. the montanine ring system. An
interpretation of tnls rearrangement as well as spectral'daté

are presented.

0]

It has been shown that the alkaloid vittatine is a pre-
cursor to haemanthamine and montanine. The data presented in
this study suggest that both haemanthamine and montanine are

derived from a common intermediate which 1s postulated To be

ented that oxovittatine

0]

2]

ll-hydroxyvittatine. Zvidence is »pre
is incorporated only into alkaloids of the same absolute con-

iguration and is nov undergoing af-elinination to a symmetri=-

o}

cal dienone prior to incorporation into the alkaloids.

Octooamlne and p-hydroxyphenylserine serve as Precursors
of the methoxyl and methylenedioxy groups of 6-hydrdxycrinamine
and the methylenedioxy group of lycorine. These precursors are
shown not to be incorporated into either the 06'01’ or Cé-C2
units of lycorine or 6—hydroxycrinamine while tyramine was
showm to be incorporated intact into the 06-02 unit of

6-hydroxycrinamine. Biogenetic routes are presented which are

in accord with these experimental findings.
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EXPERIMENTAL

Sourcc of FPlant Materials and Radioactive Precursors

The Nerine bowdenii bulbs were obtained from the ‘aller

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

Crinum erubescens bulbs were supplied by Robert D. Goedert,

Jacksonville, Florida.

The 3H-vittatine used in the Rhodophiala bifida feeding
was labeled by the New Ingland Nuclear Corp., Boston, Mass.
The 2&-1-1u0-oct0pamine was synthesized using sodium C-
cyanide which was secured from Tracerlab Inc., Waltham, lass.
The QE-2-luC-g—hydroxyphenylserine was obtained from Calbiochem,
Los Angeles, California., All other radlioactive precursors

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

Measurement of the Radioactivities of the Compounds

Activities were measured by scintillation counting in

e

solution. The radioactive sample (1-5 mg.) was counted in
15 ml. of Bray's scintillation solution Ego g. of napnthalene,
L g. of 1,li-bis-2-(5-phenyloxazolyl)-benzene (Packard) énd

100 mg. of 2,5-diphenyloxazole (Packard) in 20 ml. Qf 1,2~
ethanediol, 100 ml. of methanol and sufficient dry, peroxide-
free dioxane to make 1 1., of solutio@J. The efficiency'of his
method is generally 80-85% for carbon-ll. and 13-17% for
tritium counting and it was determined for each sample by means

. ‘1 3.
of an internal standard of uC or “H-toluene. All measurements

of the radiocactivities of the compounds were obtained with a



Packard Tri-Carb Liquid Scintillation Spectrometer System
(model 3002). The counts obtained from this instrument had

a meximum error of +3 per cent.

Purity of Precursors and JTsolated Alkaloids

The 2&-1-1MC—octopamine tartrate and the ftritium-labeled
vittatine and oxovittatine were purified by recrystallization
.until constant activity was achieved. The phenolic precursors
(Table 8) were chromatographed on “Yhatman No. 1 paper with the
solvent system n-butanol-acetic acid-water (L.:1:1) and auto-
radiographs were téken with x-ra& filrn., The phenols Qere
detected‘bngpraying with diazotized_Q—nitroaniline. The radio-
active afeé énd the "vhenolic 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.

1lliza-

£

Dilution with pure inactive alksaloid and further recryst
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 mg.) which was of good chemical purity.
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Administration of Labelcd Precursors to the Planty
An aqueous solution (pH &) of the precursor (usually
0.5-1.0 ml.) was introduced directly into the bulb with a fine
hypodermic needle, 3-5 days later a second injection (0.5-
1.0 ml.) was made, and the plants were grown in pots in a

agreenhouse at Towa State University and harveutoa after 3 weeks.

Conversion of Crinamine to Desoxyisocrinamine

A solution of 148 mg. of crinamine in 15 ml. of thionyl
chloride was refluxed for 1.5 hours. The solvent was removed
under reduced pressure, and the resulbting residue was dissolved
in 10 ml. of dry tetrahydrofuran. The tebtrahydrofuran solution
was added dropwise to a suspension of 28L mg. of 1lithium alumi-
num hydride in 1.0 ml. of dry tetrahydrofuran. After the addi-
‘ulon was completed, the reaction mixbure was refluxed for 5
;hours., The excess hydride was decomposed by the addition of
water., The tetrahydrofuran was deoanted. The precivitate was
washed with chloroforin, and the washings were combined with the
tetrahydrofuran. Ivaporation of the dried solvents left 150 mg.
of crude product which was chromatographed over alumina. DBlu-
tion with ethyl acetate in benzene (1:10) afforded 82 mg. of
white crystals which were shown to be pure by gas phase and
thin layer chromatography. The compound was recrystallized
from ether, m.p. 1&3-1&@0. The infrared spectrum showed the
absence of hydroxyl absorption and exhibited bands at 1330 and

1370 cm“l which are characteristic of the montanine nucleus.
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The molecular weight by mass spectrometry was 285.
Anal. Calecd, for Cl7H19N03: ¢,71.56; H,6.71; N,L.91.

Found: C,71.52; H,6.75; N,L.9L.

Conversion of Vittatine to O=-Acetylvittatine

A solution of 100 mg. of vittatine in 20 ml. of pyridine
and i ml, of acetic anhydride was stirred overnight at roon
tempefaturé. The pyridine was removed under reduced pressure
and the resulting residue dissolved in chloroform. The
chloroform solution was washed with a solution of sodium
carbonate and then dried with magnesium sulfate. The chloro-
forn was removed under reduced pressure Lo give 100 mg. of
crude O-acetylvittatine. Recrystallization from benzene-
Skelly-A afforded 60 mg. of pure O-acetylvittatine, m.p.
- 115-146° (reported for enantiomer%‘m.p. lu3-lh50). The infra-
red spectrum was superimposable with that of an authentic
sample.

Tritium-Labeled Vittatine

Tritiation was conducted by cowbining 50 mg. of O-acetyl-

containing 10

Q.

vittatine with 0.2 ml., of glacial acetic sacl
curies of tritiated water, and 25 g of prereduced platinum
catalyst and heating the mixture at 100° overnight. The
catalyst was removed and the radiocactive sample was divided
into seven aliquots (100 mec./7 mg.) in acetic acid (Wew Zngland
Nuclear Corp., Boston, Mass.). One of these aliquots was

purified in the following menner. The acetic acld was removed
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P -

under reduced pressure and the rcsulting residue was dis
in 15 ml. of methanol and 1 ml. of 50/ sodium hydroxide. The

basic solution was allowed %o stand at room temperature for two

days. The methanol was then removed under reduced pressure and
the residuc was dissolved in 50 ml. of water. The agueous
solution was diluted with 35 mg. of inactive vittatine and

extracted with chloroform. The chloroform solution was washed

-n

repeatedly with water in order to remove the remaining labile

tritium. Concentration of the dried chloroform extract gave

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

tallized from acetone to consvant activity to give 10 ng.,

m.p. 210-211° (reported” m.p. 211-212°), 9.89 x 10°° dpm/mi.

Py
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Administration OL labeled vrecursor

The 3H-vittatine (1.6l mc., 10 ng.) was dissolved in 0.5

ml. of water (pH 6) and inbtroduced directly into the hhodophiala

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

radiocactive residue in the vial was dissolved in 0.5 ml. of
water and injected into six additional bulbs 3 days later. The
plants were grown in pots in a greenhouse at Iowa State
University for a period of 3 weeks after ﬁhich the bulbs were

harvested and the alkaloids isolated in the usual manner.
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Txtraction and separation of alkaloids from hodophiala bifida

cdada

bulbs

Thé twenty-six bulbs (L37 g.) were macerated with 3 1. of
95% ethanol in a Waring Blendor. The mlxture was Iiltered and
the filter cake 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.
The filvrates 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 aqueéus acidic solution was made basic (pH 10) with
armmonium hydroxide and extracted several times with chloroform.
The aqueous solution was then adjusted to pH 12 by the addition
of 10% sodium hydroxide and extracted three times with 2043
ethanol in chloroform solution. he extracts were combined and
concentrated under reduced pressure to give 2.0 g. of crude
basic material. The basic residue was dissolved in a minimm
amount of acetone. To the acetone solution was added ten .drops
of 70% vperchloric acid followed by enough ether to cause the
solution to become turbid. The solution was allowed to stand

o) e e e
at 0 for two hours in order to insure complete precipitation
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of montanine verchlorate. Yhe crystalline perchlorate salt

of montanine (109 mgz.) was removed by filtration and rocrys-

. &) a) . ' ) o 0
tallized from acetone to n1ve 100 m%., m.D. 249-250"., The

filtrate was dissolved in water; made basic with ammoniurm

£

hydroxide, and extracted with chloroform. Ivaporation of

Lt

-

the chlorofornm gave 1.0 z. of a crude residue which cxhibited
an activity of 1.61 x 106 dpn/mg.

A Dbenzene solution of the crude residue was chromato-
gravhed on alumina vacked in benzene. ZElution with 25%
chloroform in benzene afforded fractions from which 62 ng.
of haemanthamine, m.Dp. 199-2000, was obiained by crystal-
lization from acetone. ZElution with 50-75% chloroform in
benzene gave fractions rich in montanine from which 91

n the

1=

of montanine perchlorate, m.D. 250-25105 was obtained
usual manner. PFurther clution with chloroform and 1-10%
methanol-chloroform solutions gave no characterizable pro-
ducts,

The haémanthaxlnb and montvanine perchlorate were
recrystallized to constant activity to give a total of 62 g

1 200-201), 3.52 %

. o}
of haemanthamine, m.p. 199-200" (reported
107 dpm/mM and 200 mg. of montanine Uerchlbrate, Mm.p. 250~

251° (peported®! m.p. 248-251°), L.21 x 10° dpm/mi.
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Degradation of Tritiated Vittatine, Haemanthamine,
and irHontanine

Permanganate oxidation of vittatine

Vittatine (800 mg., 7.29 x 107 dpr/ml) was dissolved in
20 ml. of dilute hydrochloric acid. The solution was made
basic (pH 8) with sodium carbonate. This solution was stirred
while a solution of I.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 2lL hours at roon
temperature. Vo permanganate remained at this point. The
manganese dioxide was diséolved by the addition of
oxide. The clear yellow solution was acldified with dilute

o

sulfuric acid and extracted withh fiv

o

portions of ethyl acetave.
The ethyl acetate extract was dried over magnesium sulfate,
filtered and evaporated to leave 113 mg. of yellow oil.

The original aqueous solution from the oxidation was con-
tinuously extracted with ether for L8 hours. The ether cxtract
“was dried over magnesium sulfate, filtered and evaporated To
leave 2L mg. of yellow oil. The two exztracts were cowmbined
(137 mg.) and partitioned between dilute sodium bicarbonate
solution and ethyl acetate. The bicérbonate extract was washed
once with ether, acidified with dilute sulfuric acld, andé tle
solution continuously extracted with ether overnight. The
ether extract was dried over magnesium sulfate, filtered, and
concentrated to leave 86 mg. of acidic material which‘was

~

. o :
sublimed at 120~ (0.01 mm.). The crystals were separated from
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the oily material to give 6 mg., m.D. 159-170° (reported29

rude hydrastic anhydride. The crude hydrastic

159-176°), of

anhydride was triturated v1th several drops of 70p ethylamnine

solution in a sublimation tube. The excess ethylamine and

. 4

water were evaporated under rcduced pressure and the residuc

. = ~nO
was sublimed at 120~ (0.01 rm.). The crystals were recrystal-

lized from ethanol to give 2 mg.,; Mm.». 170~ 17; s orf HN-ethyl

m/rail) .
authentic N-ethyl hydrastimide (m.p. 169-170" °) was 169-1700

hydrastimide (7.01 x lO7 The mizxed melting point with

Oxidation of haemanthamine and montanine isolated Irom the
Jg-~vittatine fecding to rhodonhiala bifida

Both haemanthamine and montanine were oxidized accord1n~
to the procedure described above for the permanganate oxidation
ons are swmmarized

of vittatine. The results of these oxidati

in Table 16.

Teble 16. Bermanc anate oxidation of alkaloids isolated from
H-vittatine feeding with Rhodophiala bifida as
pnlant host
AcTivity
Yield of of imide
Necthyl Imide relative
Activit¥. hydrast- activity to
Alkaloid (dpm/mi inide (Qpm/mil) alkalold
- .. a
Haemanthamine 1.6 x 105 50 ng. 1.39 lO5 0.96
Mont ine a 2 ~r 5 " b - 5 Q
ntanine 1.31 x 10 25 ng. 1.27 x 10 0.97

a . . :
The oxidation wras

.5 g. of alkaloid.
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Conversion of 3H-Vittatine to 3H-Oxovittatine

To a stirred solution of 57 mg. of 3H-vittatino (L.73-%
10%0 dpm/mil) in 20 ml. of chloroform was added 350 mg. of
manganese dioxideéé. The reaction mixtﬁre 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 colérless oil that was
crystallized from ether-chloroform. Recrystallization from
ether-chloroform afforded pure oxovittatine, LO mg., m.p. 185-
187° (reported for enantiomer > m.p. 184-186°), 1.75 x 10%°

dpm/mM.

Nerine bowdenii Feeding Experiment

Administration of labesled precursor

The -H-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 injeéted into the same 8 bulbs one week later.
The plants were grown 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.



Extraction and separation of alkaloids from lerine bowdenil
bulbs ‘

The fresh bulbs (463 g.) were ground three times in a
Waring Blendor with 2 1. of 95% ethanol. The mixture was
filtered and the filter cake was allowed to stand overnight in
1 1. of 959 ethanol. The solid material was separated by

filtration and the Tiltrates were combined and concentrated

under reduced pressure to 100 ml. This concentrate was ciluted

Y

with two volumes of water, acidified with 2K nydrochlbric acid,
and filtered through Celite. The Celite cake was washed with
‘lOO nl., of ENIhydrochloric acid and the filtrates were added %o
the original aqueous filtrate. The agueous solﬁtion was
extracted wi%h 300 ml. of benzene in order to remove neutral

and acidic material. The benzene extract gave a negative

ic acid and was discarded. The

ct

alkaloid test with silicotungs
solution was then extracted with 1.5 1. of chloroform. The
chloroform extract was concentrated under reduced preséure to
give 600 mg. of alkaloids forming chloroform-soluble hydro-
chlorides. The agueous solutlon was basified with ammonium
hydroxide to pH 10 and extracted several times wilthh chlorolorm.
Concentration of this chloroform extract gave 50 mg. of ly-
corine which precipitated and was removed by filtration.
Further concentration of the chloroform solution save 600 ng.

of crude alkaloids forming chloroform-insoluble hydrochlorides.



Alkaloids forming chloroform-inscluble hydrochlorides

A chloroform solutbion containing approximately 600 mg. of
alkaloids was chromatographed on Florisil packed in chloroform.

ction

)

Blution with 1% methanol in chloroform eluted a large fr

ce or

)

[ul

(110 mg.) of a mixture of ambelline, crinamine, and a tr
buphanisine. Zlution with 5% methanol. in chloroform afforded

a mixture (150 mg.) of crinamidine, crinine, and (+)- epi-
crinine. Subsequent fractions gave no characterizable alka-
loids.

The ambelline containing mixture (140 mg.) was rechromato-
graphed on Florisil packed in chloroform. Ilution with 1%
methanol in chloroform gave fractions from which 62 mg. of
ambelline, m.p. 258-260° (reportedBo m.p. 260-261°), was ob-
tained by crystallization from ethyl acetate. Further elution
with this solvent gave fractions from which 15 mg. of crina-
midine, m.p. 232-23&0 (reported37 m.p.4229-2300), was obtained
by crystallization from chloroform-atetone.

The crinine containing mixture (150 mg.) was rechromato-
graphed on Florisil packed in chloroform. Elution with 2%
methanol in chloroform gave fractions from which 10 mg. of
crinamidine was obtained by crystallization from chlorofora-
acetone. TFurther elution with 5% methanol in chloroform gave
fractions from which 61 mg. of crinine, m.p. 205-207° (re-
portedBO m.P. 209-2100), was obtained after crystallization

Trom acetone.
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The ambelline filtrate was diluted with 70 mg. of inactive

crinamine. The crinamine wag recovered and recrystallized from
: . " . . o 4.
acetone to afford radiocactive crinamine, m.p. 199-200" (re-
+ 30 © 6 S BT r

ported”” m.p. 198-1997), L.6L x 10 dpm/mM. The crinine fil--
trate was diluted in a similar manner with 70 mg. of inactive
(+)-epicrinine. Recrystallization from chloroform-acetone
o " . FRE . ) A2 mond am S . 208 2000 ( . £ .,_37
fforded radioactive (+)-epicrinine, m.Dp. -209 reported

m.p. 207-2090), 6.59 x 106 dpm/mi{.

Alkaloids forming chloroforn-soluble hydrochlorides

:?

The extract containing 600 mg. of chloroform-soluble hydro

chlo 1de salts was dissolved in water and basified to »pH 10

"w1th ammonium thTOXLQO. The agueous solution was extracted

T

several times with chloroform and the chlorolorm extract was
concentrated under reduced pressure Lo leave 500 mg. of crude
alkaloids. A benzene solution of the crude alkaloids forming
chloroform-soluble hydrochlorides (500 mg.?) was chromotographed
on Florisil packed in benzene., Zlution with 10% ethyl acetate
in benzene gave fractions containing belladine. IFurther elu-
tion with 50% ethyl acetate in benzene afforded a mixture of
belladine and undulatine. Conbtinued elution with ethyl acetate
gave fractions containing undulatine which was crystalllzed

from ethanol-water to give 60 ng., m.p. 151-152° (reported”

' o ' . . . . -
m.p. 1L9-150"). Further elution with increasing percentages of

®

methanol in ethyl acetate gave no additional characterizabl

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. Ither
was added to the point of permanent turbldity and the flask was
seeded with belladine hydrochloride. The resulting precipitate
was filtered znd recrystallized from methanol to give 128 ng.
_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 MNerine bowdenii isclation

Amount LActivity
Alkaloid isolated (dpm/mM ) Yield, %
Lycorine ) 50 mg. T 0.011
Ambelline _ 62 mg. 0.013
Crinamidine 25 mg. 0.005L
Crinine 61 mg. inactive 0.013
Belladine® 128 mg. 0.028
Undulatine 110 ng. | 0.02L
Crinamine®  ceeeee- | u,égwx 106 _____
(+)-Epicrinine® mccmme- 6.59 x 10 aeoea

%Isolated as the hydrochloride salt.

bIsolated by dilution with 70 mg. of inactive alkaloid.
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Oxicdation of Crinaminc isolated from the 3H-ozovittatine
Teading o Nerine bowdenii ‘

tatine feeding to Nerine bowdenii was further diluted to give

800 mg., 7.53 x 10” dpm/mM. The crinamine was then oxidized
aecording 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. 168-1690, 8.02 x ].OLlL dpm/mM. The activity of

the N-ethyl hydrastimide relative to the crinamine was 1.06.
Synthesis of 2&-1—140-Octopamine

Conversion of p-hydroxybenzaldehyde to b-hydroxymendelonitrile

The p-hydroxybenzaldehyde (170 mg.) was dissolved in 1.7
ml. of 10% sodium bisulfite solution at 0°. The sodium ¥C-
cyanide (2 me., 8.L mg.,) was diluted with 76 mg. of inactive
sodium cyanide and-dissolved in 0.8 ml. of water. The agueous

cyénide solution was added dropwise to the stirred bisulfite

r for one hour

Py

solution at 0°. The solution was allowed to st
at 0°, After this time, 2 ml. of ether was added and the
reaction mixture was allowed to stir for an additional 25
minutes. The reaction mixture was extracted with ether and the
ether extract was washed twice with 20 ml. of 10% sodium
bisulfite and once with 20 ml. of saturated sodium chloridé

solution. The ether extract was then dried with sodium sulfate
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and concentrated to give an éily residue. This residuec was
dried under vacuum in the dark for five hours to give 128 mg.
of li-hydroxymandelonitrile, m.p. 100-101° (reported67 m.p. 99-

102°).

Di-tet ranvd%onvranvl ether of Li-hydroxymsndelonitrile

The dry u-hydroxymandelonitrile (128 mg.) was dissolved in
2.5 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 mii-
ture was mixed with 60 ml. of ether and shaken vigorously with
.20 ml. of 10% sodium hydroxide to insure removal of all traces
of acid and any phenolic compounds present. The ether solution
waé washed with a saturated sodium chloride solution and dried
over sodium sulfate. The ether and excess dihydropyran were
removed under reduced pressuré to leave 500 mg. of an olily mix-
ture of the di-tetrahydropyranﬁl ether of b~hydroxyaandeloni;
trile and qecompos1tlon products of dlhydrOUy The infrared
soectrum of the mixture showed the absence of hydroxyl 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 ctner of L-hydroxv-
mendelonitrile

The mixture contalining the di-tetrahydropyranyl ether of
Li-hydroxymandelonitrile (500 mg.) was dissolved in 10 ml. of

ether and added dropwise under anitrogen to a stirred suspcnsion



of 76 mg. of lithium alwainum hydride in LO ml., 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 deccmposed with dilute sodium
hjdroxide‘and the reaction mixture was filtered. The filter
calze was washed with ether and the combined ether filtrates
were dried with sodium sulfate and concentrated to leave

300 mg. of a mixture of the di-tetrshydropyronyl ether of
octopamine and decomposition products from dihydropyran. The
infrared spectrum of the mixture showed bands at 3180 and
3550 et corresponding to the asymmetric and symmetric'

stretching of the primar

4

amino group.

l ct
O

Conversion of the di-tetrahydronyranyl ether of cctopamine
octonanine tartrate

The mixture éontaining the di-tetrahydropyranyl ether of
octopamine (300 mg.) was dissolved.in a solution of 57 mg. of.
d-tartaric acid in 8 ml. of water and allowed %o 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 column in water. The resin was washed with 50 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 agueous eluate was neutral,
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After the addition of the aqueous tartrate solution, the
colurm was eluted with 50 ml. of water in order to remove the
tartaric acid and other impurities. DTlution with LI amuoniun
hydroxide eluted fractions containing octopaminc. The ammoni-
acal fractions were combined and concentrated under reduced
pressure in a nitrogen atmosphere to leave a brown 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-
cipivated and was recrystallized to constant activity from
ethanol-water to give 70 mg., (21% overall yield) m.p. 195-
197°, (reportedéBan.lQS-ZOOO)3.31 X 107 dpm/mM. An elemental
analysis was carried out on an inactive sample synthesized
according to the procedure des¢ribed in this section.

Anal. Calcd. for CZOHZBNZOIO: C,52.62; H,6.19; N,b6.1l.

Found: C,52.40; H,6.2L; N,6.13.

Crinum erubescens Feeding Experiment

Administration of labeled precursors

The labeled compounds used in this feeding experiment were
_1_luc_

2&-3-1uc-tyrosine (0.1 me.), l-luC—tyramine (0.1 mc.), DL
octopamine (0.042 me.), and QE-2-1AC-£-hydroxyphenylserine
(0.1 mec.). Rach 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 grown in a greenhouse

at Iowa State University for a period of 3 weeks after which
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the bulbs were harvested.

Ixtraction and separation of alkaloids from Crinum erupbescens
bulbs

Tach isolation was carried out in exactly the same nanner
and in the interest of brevity, only the extraction and isola-
tion of the alkaloids derived from the Q£—3-lhc-tyrosine
feeding are described below.

The bulb (305 g.) was ground three times in a Waring
Blendor with 2 1. of 95% ethanol. The mixture was filtered and
the filter cake was allowed to stand overnight in 1 1. of 95%
ethanol., The mixture was filtered and the Ifiltrates were com-
bined and concentrated under reduced pressure to approximately
100 ml. This concentrate was diluted with 200 ml. water,
acidified with 2N hydrochloric acid, and filtered through
Celite. The Celite cake was washed with 100 ml. of 2N hydro-
chloric acid and the filtrates were added to the original
agqueous filtrate. The aqueous solution was extracted with
200 ml. of benzene in order to remove neutral and acidic mater-
ial. The benzene extract gave a negative allkalold test with
silicotungstic acld and was discarded., The aqueous solution
was then basified with 10% sodium hydroxide to »H 12 and ex-
tracted with 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 saturatcd with
gaseous hydrogen chloride. ILther was added to the-point of
permanent turbidity and the flask was seeded with lycorine
hydrochloride. The resulting precipitvate was removed by fil-
tration and recrystallized from methanol to give L0O0 mg. of
lycorine hydrochloride, m.p. 21&-2150'(reportedl M.p. 212=-
214%), 8.50 x lO5 dpra/mM. Further concenbtration of the
ethanolic chloroform solution gave 1.39 g. of crude alkaloids.
The crude alkaloids (1.39 g.) were chromatographed on
Florisil packed in chloroform. Blubtion with chloroform and 17

el

methanol in chloroform gave fractions from which 27 mg. of

6

- - O -~ L) - -
crinamine, m.p. 199-200", L.32 x 10~ dpm/mM, was obtained by
crystallization from acetone. Further elution with 2-L%
methanol in chloroform gave fractions from which LLO mg. of
: s . o . .58 oy
6-hydroxycrinamine, m.p. 210-211° (reported” m.p. 2107 ),

-
1.3 x 107 dpm/mlM, was obtained by crystallization from chloro-

form—-acetone. The data from the Crinum erubescens isolations

are presented in Tables 18-21.
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Table 18. Alkaloids isolated from the DL-3-""C-tyrosinc
feeding to Crinum crubescens

Per cent Per cent

Weight of alkaloid in alkalold

Alkaloid alkaloid extract®sD in bulbC
Lycorine 372 ng. 27 0.12
Crinamine 27 mg. 2 0.009
6-hydroxycrinamine LLO ng. 32 0.1lL

a .

1l,‘]e]-'o[?.}lt Of bulb....'...‘0'........".".-'..-. 305 g‘
b . . . . »
Per cent incorporation into extract......... 1.9%

[

nJelght Of e:{tr‘act......-.....-....--......‘.. 1039 gn

Table 19. Alksloids isolated from the 1—14C-tyramine feeding
to Crinum erubescens .

Per cent Per cent

Welght of alkaloid in alkaloid

Alkaloid alkaloid extract®s P in bulb
Lycorine 571 mg. 29 0.13
Crinamine 1L0 mg. 7 0.03
6-hydroxyerinamine 513 mg. 26 0.12

a"lreight Ofbul’o..n.nn.onou.-ottnonoo.oootoon- }-m_l go

b . . . :
Per cent incorporation into extracticeeeeeee lO.u%

cweight O eXtract.veescsscsvssonsosscssnsnssse L.97 8.
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.
Table 20. Alkaloids isolated from the DT-2-*MC-p-hydrox*-

phenylserine feeding to Crinum crubescens

Per cent Por cent
_ Weight of alkaloid in alkalrig
Alkaloid alkaloid . extract™? in bulb”
Lycorine 536 mg. 3l 0.17
Crinamine 71 ng. 5 0.02
6-hydroxycrinamine 380 ng. _ 2l 0.12
aTl‘Ieight Of bulb'-.....l.l.‘........‘l..ll.'." 317 g.
bPer cent incorporation into extract......... 1.13%
CWeight Of exXbracteeeeeeeeecesosesessesenenss Lo50 .
m A > > o Pl + B 1)4" o ]
Table 21. Alkaloids isolated from the DL-l-""C-octopamine
feeding to Crinum erubescens
prer cent Per cent
Weight of alkaloig in alkaloid
Alkalold alkalold extract™? in bulb
Lycorine : - 660 mg. 3l 0.16
Crinamine 162 mg. 8 0.04l
b-hydroxyecrinamine 586 mg. 30 0.16

8q;
Weight Of DULDuveerteecevscososcnsancassceasss 366 3.
b . . . 2
Per cent incorporation into extract.ciescs.. 0.20%

CWeight OF EXLracCt.ieeseecsssssssscssnscanenes L.96 g,
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Demradation of b-hydroxycrinamine derived from the 1-"7C-

tyramine fecding to Crinum erubescens

The 6-hydroxycrinamine (110 ng., 3.21 x 10S dpn/mM) from
the l-luC-tyramine 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 105 dpm/mlM.

ine The

l_.l

to criwvel

@
1

Conversion of 6-hydroxycrinamin

6-hydroxycrinamine (230 mg.) was dissolved in LO ml. of acetone
and 3 ml. of methyl iodide was added. After the solution was
allowed to stand at room temperaturé 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 240 mg. of criwelline. The
criwelline was recrystailized from acetone to give 220 mg.,

m.p. 205-206° (reported: m.p. 205-206°), 1.29 = 10° dpm/mi.

kb

Criwelline methiodide To a solution of 210 mg. o

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 recrvs
& Nj

tallized from acetone~ether to give white crystals, m.p. 201-



202°, 1.21 x 10° dpm/mi.

Dimethylglveine hydrochloride and S5-phenylninecronyl

alcohol To an aquebus 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 slurr& was filtered. Tne fil-
trate was concentrated under reduced pressure and the resulting
residue was pyrolyzed for one hour on a steam bath under
aspirator vacuun to give 1L0 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 (25 ml.) of the methine was added
S ml. of 3N sodium hydroxide. The reaction mixbture was zllowed
to reflux for one hour and then concentrated to 5 ml. The
éoncentrate was mixed with 25 ml. of water and extracted with
ether. FEvaporation of the ether gave a residue which crystal-
lized from ether to give 93 mg. of b-phenylpiperonyl alcohol,

o
m.p. 101-102 (reported61 m.p. 98-99°). The alcohol was found

-~

to be non-radioactive.

The agueous 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 1350 (0.01 mm.). Resublimation of the dimethylzlycine

hydrochloride gave whiteﬁérystals (30 mg.), m.p. 184-1850
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61

(reported®~ m.p. 184-185°), 1.23 x 1O5 dpm/mki .

Lead tetraacetate oxidation of dimethylslyeine hvdro-

chloride To 25 mg. of dimethylglycine hydrochloride in a

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

tetraacetate~glacial acetic acid solution. The flask was
(&3

©

fitted with a nitrogen outlet that led to a trap containing
saturated dimedone solution in water and a second trap con-

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

N

toluene POPOP ‘scintillation solution (Figure 23). The flask

- . ———

1

Nitrogen
outlet

/

ZJ

(L

3

}-\L"
L
Y

Nitrogen
inlet

&

~—» COndenser

Trap1 ' &
‘ Trap 2

Mgure 23. Apparatus fo? lead tetraacg@ato oxidat}pn of
- dimethylglycine hydrochloride (61, p. 86)
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was heated on a asteam bath for BObminutes with & nitrogen
The formaldehyde dimedone adduect was separated from the dime-
done solution by filtration. The adduct was recrystallized
from methanol to give 6 mg., m.p. 195-196° (reported 1 M.P.
192-1930), 1.25 x lO5 dpm/mM., The scintillation solution con-

taining the carbon dioxide was found to be inactive.

Degradation of 6-hydroxycrinanmine derived from the DL-2-""C-p-
hydroxyphenylserine feeding to Crinum erubescens

The 6-hydroxycrinamine (100 mg., 2.20 % 105 dpra/mlM) from
the Qg-2-1hC1E-hydroxyphenylsgrine feeding cxperiment was
diluted with inactive 6-hydroxycrinamine (350 mg.) and recrys-
tallized from chloroform-acetone to give LS50 mg., L.88 x ."1.01'L

dpm/mM. The b-hydroxycrinamine was degraded to 6-phenyl-

piperonyl alcohol and dimethylglycine anﬂocnlorlde accordin

“to the procgdure previously described Ifor the degradation of
-nydroxjcrjnamlne derived from the 1-lu0—tyrﬁnine feeding.

The 6-phenylpiperonyl alcohol as found to have an activity o

)_I. 4 - g
2.58 x 107 dpm/mif, while the dimethylzglycine hydrochloride was
found to be inactive.
Methylenedioxy determination To 100 mg. of b6-hydroxy-

crinamine (1.71 = 104 dpm/mM) and 300 mg. of dimedone was

added 7 ml. of sulfuric acid (6 ml. of sulfuric acid in 10 ml.
of water). The reaction mixture was heated on a stean
for 18 hours and added to 25 ml. of water. The aqueous solu-
tion was he"“ed in order to dissolve the excess dimedone. The

L

hot solutvion was filtered and the precipitate was recrystallized



98

from methanol to give 12 mg., of formaldehyde dlmoqone adduct,

m.p. 193-194°, 8.67 x 10° dpm/mM.

Methoxyl determination The methoxyl devermination was

conducted in the apparatus shown in Figure 2L. 4 solution of
0.5 ml, of 5% cadmium sulfate and 0.5 ml. of 5% sodium thio-
sulfate was placed in the iodine trap B. A solution of 5 ml.
of 5% trlethylamlne in absolute ethanol was placed in trap C to
trap the methyl iodide generated in the reaction as methyl-
triethyl ammonium iodide. Trap C was emersed in a dry ice-
chloroform bath.

To 55 mg. of 6-hydroxycrinamine and 500 mg. of phenol in
flask A was added 2 ml. of }7% hydroidodic acid. Flask 4 was
then connected to the nitrogen source and heated at 125-1320
in a Wood's metal bath for L5 minutes. Trap C was then de=
tached at point D (rubber joint) and stored under nitrogen
overnight. The efhanol-triethylamine solution was concentrated
under reduced pressure to leave a residue which crystallized
from methanol-ether to give_3u ng. of methyltriéthyl ammoni um
iodide, m.p. 295f297°, identical with an authentic sample

(8.38 x 10° dpm/mM).

1euhylonedloxy determination of lycorine hydrochloride derived
from the DL-2-li¢- D-hyQ”OYVernVlSGPLHO feeding to Crinun

erubescens

The lycorine hydrochloride (100 mg., 2.07 x ZLOL:r Som/m¥) was
degraded according to the procedure described for the methyl-

enedioxy determination of the 6-hydroxycrinamine derived from
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the QE—2-1AC-R-hydroxyphenylserine feeding. The formaldehyde
dimedone adduct (;u mg., m.p. 195-196°) obtained in the

radation was found to have an activity of 2.16 x 101 dpm/mM.

degraded according to the procedure described for the methoxyl
determination carried out on the 6-hydroxycrinamine which was

. ] . - S 5
isolated from the DL-2-1LC-g-hydroxyphenylserlne feeding. The

methyltriethyl armonium iodide (27 n X

., M.D. 295-297°) isolated

@

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

viethylencdioxy determination of 6-nycroxyc inaninc and lycorine
hydrochloride derived from the DL-1- MC octopamine feeding to

Crinum erubescens

The 6-hydroxycrinamine {80 mg., 3.8L x 103 dpm/mM) and

L g

lycorine hydrochloride (6l mg., 1.05 x 10 1/mM) were de-

graded according to the procedure previously descrived for the

alkaloids derived from the QE—Z-IMC-R-hydroxyphenylserine

feeding. The formaldehyde dimedone adduct (7 mg., m.p. 195-

-

o] . ‘o s e s
1967) derived from the b6-hydroxycrinamine exhibited an activity
of 1.81 x 103 dpm/mM, while the adduct obtained froi the

lycorine hydrochlorlde degradation (18 mg., m.p. 195-196°) had

an activity of 1.01 x ZLOLlr dpm/mM.
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Tnstrumentation

The nuclear magnetic resonance spectra were run on a

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

o]

decoupling experiments were performed with a Varian HR-560

69

spectrometer by a modification of the method of Johnson

('V

All mass spectra were determined with an Atlas Cl-l. mass

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

(4

Melting points were taken on a Kofler microscope hot stage

<
and are corrected. The infrared spectra were obtained on

-

Perkin-Elmer Hodel 21 and the Beclman IR 12 spectropnotometers.
Al)l gas phase analyses were done on a Chromalab Model A-110 gas
rhase chromatograph using a 12 ft. glass column containing 17
Silicone GE SE-30 on Gas-Chrom Q (Applied Science Laboratoriecs)
The elemental analyses were carried out by Ilse Beetz Micro-

analytical Laboratory, Kronach, Vest Germany.
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