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Studies on the Early Stages of Papaver
Alkaloid Biogenesis!
Sir:

The Pictet-Spengler condensation of a 3-arylethylamine
with a carbonyl derivative has long been cited as the proba-
ble mechanism for the biogenesis of tetrahydroisoquinoline
and B-carboline skeletons of diverse alkaloids.? In the syn-
thesis of indole alkaloids of Vinca rosea,?® the participating
carbonyl group has been shown by tracer studies to be the
aldehyde of secologanin, whereas for certain methyl
tetrahydroisoquinolines the ketone of pyruvic acid has been
implicated.* For Papaver alkaloids the carbonyl donor has
not been identified. Labeled dopamine (I) has been incorpo-
rated solely into the upper half of the benzyltetrahydroiso-
quinoline structure whereas tyrosine labels both Cg-C;
moieties.?
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To examine its possible role in the latter pathway, 3,4-
dihydroxyphenylpyruvate (II1)> has been prepared and
subjected to Pictet-Spengler condensation® with dopamine
(I) (Scheme I). The product, norlaudanosolinecarboxylic
acid (I1I) was purified as its hydrochloride: mp 287-295°
dec; uv Amax (0.1 N HCI) 284 nm (log € 3.79); ir Amax
(KBr) 1730 cm™!; nmr (CD3;0D) 6 6.7-7.6 (m, aromatic
H’s), 3-4.1 (m aH, H-1, H-3, H-4); mass spec m/e 331
(M+0.7%), 284 (23%), 208 (18%), 164 (100%), 124 (77%),
123 (33%). Another potential intermediate, 1,2-dehydro-
norlaudanosoline (IV), was synthesized by a modification
of the method for the synthesis of norlaudanosoline (V).7 [t
was characterized as its HCI salt: 287-290° dec; uv Apax
(0.1 N HCI) 244, 302, 352 nm (log ¢ 4.14, 3.92, 3.88, re-
spectively); ir Amax (KBr) 3550 (sh), 3250 (br), 1650 cm~!;
nmr (CD30D) 6 7.4 (s, H-7), 6.7 (m aromatic H’s), 4.12 (s,
aH), 3.82 (t, H-3) 3.0 (t, H-4); mass spec m/e 285 (M+*
64%), 284 (100%), 268 (22%), 267 (11%), 162 (20%), 124
(20%), 123 (20%). Norlaudanosoline (V) obtained by pub-
lished procedures”® gave spectral data consistent with re-
ported values and its hydrochloride melted without depres-
sion, mp 278-280°, when measured with an admixture of
an authentic sample kindly provided by Dr. A. S. Teitel of
Hoffman La Roche.

With Papaver alkaloids 111-V in hand in vivo tracer ex-
periments were undertaken using 15-day old Papaver orien-
tale seedlings as well as with latex expressed from capsules
of this plant harvested immediately after petal fall. After
incubation with 1 uCi of '“C-labeled precursor (4 hr for
latex, 8-24 hr for seedlings), the plant material was homog-
enized with 1 & HCI containing 20 mg of carrier alka-

Table I
Expt Precursor System Alkaloid isolated %, incorp
1 [1-4C-2-3H]I Seedling IT1 0.07
3H/14C = 2.0 3H/14C = 2.0
2 [1-14C-2-3H]T Latex 111 4.1
3H/14C = 3.56 3H/14C = 3.42
\% 5.0
SH/UC = 3.46
3 [Carboxy-14Cldopa Seedling 111 0.73e
4 [Carboxy-1¢Cldopa 111 0.45
\% <0.001
5 [Carboxy-1¢C]dopa Latex 11 6.0
6 [2-14C]Dopa Seedling 111 0.08
v 0.02
7 [1,2-1¢C]Dopa Seedling I 0.86%
8 I11 0.57e
9 [3-14C-4-3H]III Latex A% 2.2
SH/MC = 4.1 3H/14C = 4.25

« Decarboxylation of the isolated amino acid (II1) afforded CO. with at least 80 of the total activity in experiment 3 and 9 and 13 %7 of the

total activity of III in experiments 7 and 8, respectively.
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loid(s) and subjected to cation exchange chromatography
(Carboxymethyl cellulose eluted with H>0, 0.5 and 1% ace-
tic acid). the labeled alkaloids were then recrystallized to
constant specific activity.® As seen in experiments 1 and 2
(Table 1) doubly labeled dopamine (I) was incorporated
into norlaudanosoline (V) and norlaudanosolinecarboxylic
acid (IITI) with no change in 3H/!4C ratios. [Carboxy-
14C]D,L-dopa was efficiently utilized by P. orientale for the
synthesis of amino acid III, but expectedly no label was
found in norlaudanosoline (V) (experiments 3-5). [2-
!4C]p,L-Dopa was incorporated into both 1,2-dehydronor-
laudanosoline (IV) and amino acid (III). Experiments 1-6
establish direct conversion of dopamine and dopa into the
tetrahydroisoquinoline alkaloids, {.e., with minimal reutili-
zation of their degradation products by CO, fixation.

These results suggest that dopa may be metabolized by P.
orientale in at least two ways, decarboxylation and trans-
amination. In experiments 7 and 8, [1,2-'4C]D,L-dopa was
fed to Papaver seedlings and the norlaudanosolinecarboxyl-
ic acid (I1I) was isolated, purified, and subjected to decar-
boxylation. The CO; trapped possessed an average of 11%
of the total specific activity in III. Since equal amounts of
label were introduced into the 1 and 2 carbons of precursor
dopa, the ratio of 78/11 represents the extent of decarbox-
ylation over transamination.!® This conclusion is valid if
metabolism of dopa occurs solely within a putative vacuolar
site of alkaloid synthesis as has been proposed for at least
the latex system of Papaver somniferum by Fairbairn!'?
and Roberts.!3:!4

Finally to establish the intermediacy of norlaudanoso-
linecarboxylic acid (III), we have synthesized a doubly la-
beled form and incubated it with latex of poppy capsules.
As seen in Table I (experiment 9) III is readily converted to
norlaudanosoline (V) with no change in the *H/'*C ratio.
These results suggest that norlaudanosolinecarboxylic acid
(IID), as the first tetrahydroisoquinoline alkaloid of the se-
ries, is converted to norlaudanosoline which in turn has
been shown to be a precursor of thebaine and isothebaine in
this plant and related alkaloids in the Papaveraceae and
other plant families.?

Biogenetic-type chemical synthesis of amino acid (III)
from dopamine (I) and 3,4-dihydroxyphenylpyruvic acid
(IT) were affected under physiological conditions® in yields
up to 80%. Chemical decarboxylation of III to afford at
least 20% of 1,2-dehydronorlaudanosoline (IV) under phys-
iological conditions!® was also observed. In fact facile
chemical Pictet-Spengler condensation has thwarted at-
tempts to identify an enzymatic process using cell-free ex-
tracts from seedlings.

The above experiments support the putative intermediacy
of imine (IV) in this pathway. Since dopa incorporation into
IV was observed to occur at a relatively low rate, in experi-
ment 6 the possibility of chemical decarboxylation of amino
acid to afford IV during the isolation procedure cannot be
excluded. However, a mechanism for decarboxylation of
amino acid ([II) to afford norlaudanosoline (V) directly has
to our knowledge no precedent in nature.
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Chemistry of Electrogenerated Diarylnitrenium Ions.
Absorption Spectra of Stable Protonated Nitrenium Ions
Sir:

Anodic oxidation of di-p- anisylamine in nitromethane or
acetonitrile solutions has been used as a route to the cation
radical.! We have studied the hydrolysis of the dication by
residual water in the CH3CN medium and we have ob-
served this species in organic solutions of Lewis acids.? Re-
cently, a note has been published about the isolation of a
salt of the di-p-anisylamine dication generated by SbCls
oxidation of a CH,Cl, solution of this amine.? We wish to
report the strong effect of the number of methoxyl groups
upon the stability of the dioxidized species formed from di-
phenylamines 1. The hexasubstituted compound 1a allows
the generation of both the dication and its stable deproto-
nated form, the diarylnitrenium ion, in CH;CN.,

This study was performed with 1073 M solutions of
amines 1 in anhydrous CH3;CN and 10~! M EtsNCIO,
{(water level near 3.1073 M). At a platinum disk electrode,
compounds 1a and 1b give a cyclic voltammogram with two
reversible one-electron redox couples for a voltage sweep
rate equal to 33 mV sec™!. The mean of the oxidation and
reduction peak potentials matches the half-wave potentials,
E |2, recorded at a rotating disk electrode (Table I). The
first one-electron transfer produces the cation radical 2 and
further oxidation gives the dication 3. The lifetime of this
last species from 1a and 1b is larger than 1 sec in contrast
with the low stability of the dication 3¢. Exhaustive oxida-
tion at the level of the first wave requires 1.0 faraday/mol
and gives the stable cation radicals 2 characterized by their
uv-visible absorption spectra (Table I). Macroscale elec-
trolysis for a fluoroborate solution allows the isolation* of
the salts of 2a and 2b. During the one-electron oxidation of
2a the green color of the radical changes into a deep blue
{Amax 590 nm) of the dication 3a. However, this species dis-
appears more or less quickly by reaction with residual water
which leads to the monoprotonated quinone imine 4a. The
addition of a base such as acetate produces the neutral form
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