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PHENOL OXIDATION OF ISOQUINOLINE ALKALOIDS WITH
CUPROUS CHLORIDE AND OXYGEN IN PYRIDINE AS AN ENZYMATIC MODEL,
BIOMIMETIC TOTAL SYNTHESIS OF

CORYTUBERINE, ISOBOLDINE, PALLIDINE, GRIENTALINONE AND KREYSIGINCONE

Pharmaceutical Institute, Tohoku University, Achayama, Sendal, Japan

Phenol oxidaiton of (+)-reticuline (1) perchlorate with
cuprous chloride and oxygen in pyridine gave (+)-corytuberine
{2), {+)-isoboldine {3), and pallidine (4). Under the sane
reaction conditions, (#)-orientaline (5) perchlorate yielded
(t}-orientalinone (6) and its epimer (7), while (+)-1,2,3,4-
tetrahydro-7-hydroxy-1- (4-hydroxy—-3-methoxyphenethyl)-6-
methoxylisoquincline (8) hydrochloride furnished (i)~krey-
siginone (9) and the diasterecoisomer (10). Oxidation with
cupric chleride and potassium superoxide in pyridine gave

rise to the similar results.

The oxidation and coupling of phenols is a subject of great impor-
tance in biochemistry and organic chemistry.l Particularly, in an
isoguinoline alkalecid field, biosynthetic pathways to a variety of
the alkaloid groups, for example, éporphines, morphines, proaporphines,
2,3

cularines, bisbenzylisoquinolines and phenethylisoguinolines,

involve phenol oxidative coupling as a key reaction. The three main
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classes of enzymes known as catalyst for phenol oxidation and coupling
are the laccase, the tyrosinase, and the peroxidase. However, success
in demonstrating the intramolecular coupling with enzymes in vitro has

4,5

so far been limited. On the other hand, there are many examples

of the phenol oxidations using potassium ferricyanide,sa“g ferric

Ge,h 61

chloride,6f vanadium oxychloride, thallium tristrifluorocacetate
and so on as chemical oxidizing agents, although most of them gave
unsatisfactory vields. We examined phenol oxidation of some isoguino-
line alkaloids by a mixture of cuprous chloride and oxygen in pyridine
as an enzymatic model, which has already been used for intermolecular
coupling of some simple phenols such as 2,6—dimethy1phenol,7 and here
wish to report the total synthesis of corytuberine (2), isobcldine
(3}, pallidine (4), (*)-orientalinone (6), and (%)-Kkreysiginone (9).

A solution of (+)-reticuline (l)8 perchlorate (126 mg, 0.3 mmol) in
pyridine (6 ml) was added dropwise over 10 min at 20° with efficient
stirring under an oxygen atmosphere to a dark green mixture, which
was prepared by the absorption of oxygen into a mixture of cuprous
chloride (60 mg, 0.3 mmol) in pyridine (6 ml). After 30 min, crystalline
ammonium chloride was added. Then the mixture was partitioned between
chloroform and dilute ammonia. The chloroform extract was purified

by a preparative t.l.c. on silica gel to afford (+)-corytuberine (2)9Fll

12

(27.4 mg, 28 %}, (+)-isoboldine (3) (7.8 mg, 8 %) and pallidine (4)11

(7.7 mg, & %).

A similar reaction of (t)-orientaline (5) perchlorate13 gave {(*)-

13,14 (19,4 %) and (*)-iso-orientalinone (7 or

6f,g

orientalinone (6 or 7}
6) (6.5 %), while a racemic phenethylisoguinoline (8} hydrochloride

provided {(*)-kreysiginone (9)6f’g (11.4 %) and the diasterecisomer
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Scheme 1

{ 6 ) racemate { 7)) racemate

{9) raceméte ( 10 ) racemate

of (lO)ef’g (26,6 %) under the similar conditions as above.

The above reactions have the fellowing characteristic features.
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The ortho-ortho oxidative coupling of reticuline to corytuberine with
chemical reagent is the first example, An equimolar amount of cuprous
chloride for the substrate was required for the consumption of the
substrate. The use of the salts as the substrates for the reaction
appears to be favorable. The oxidation using free base yieldedla
more tarry material, The work-up of this reaction is easy comparing
with the use of the other oxidizing agents.

The use of the other solvent such as dimethylformamide in palce of
pyridine for the above reaction gave a poor result and longer reaction
time. Cuprous bromide gave a similar result as cuprous chloride, but
the use of divalent copper salts such as cupric chloride instead of
cuprous chloride gave no oxidized product.

Two mechanisms could be considered for the above oxidation. The

first one resembles to the tysosinasel’15 in which the copper would

Scheme 2
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be in the cuprous state throughout the reaction and phenols are oxi-
dized'directly with activated molecular oxygen to aryloxy radicals
as in the following equation.

ArOH + O ——> Ar0- + HO.,.

2 2
The second one is relevant to that for the laccase,l’16

in which
one elec.tron of one phenol group is transfered to molecular oxygen
via copper, the valence of which changed during the reaction as shown
in the Scheme 2.

Tsuji and his co-workers found an oxidative cleavage of catechol
or phenol to monomethyl muconate under the similar reaction conditions
as above exgept the presence of methanol and regarded the oxidation

"as the model reaction of pyrocatechase.17 Morco—oka and Foote demon-
strated that superoxide acts in the similar way of pyrocatechase and
metapyrocatechase.l? In order to clarify the mechanism of the above
oxidation, the following reactions were studied. When a mixture of
cupric chloride and an excess of potassium superoxide in pyridine was
stirred for several hours at room temperature under nitrogen atmos-
phere, the color of the solution changed to dark green. With this
mixture, {(f)-reticuline (racemate of 1) perchlorate was converted
into (*}-~corytuberine (racemate of 2) (32.5 %), (#)-isoboldine
{racemate of 3} (8.5 %) and (#)-pallidine (racemate of 4) {6.5 %),
whereas (t)-orientaline (%) perchlorate was transformed to a mixture
of (¢#)-orientalinone (6) and isoorientalinone {7} (25 % yield), the
ratio of two components of which was nearly consistent with the case
of the mixture of cuprous chleride and oxygen in pyridine. Neither

potassium superoxide in pyridine nor potassium superoxide and cuprous

chloride in pyridine under nitrogen atmosphere oxidized the above
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substrates, but the starting material was recovered. It is thus
presumed that the stage such as C in Scheme 2 would operate on the
above oxidation, although cupric chloride could bhe reduced with
potassium superoxide to cuprous salt as shown in the following
equation.
2CuC12 + 2K02 — Cu2c12 + 202 + 2KC1

Furthermore, on the oxidation in pyridine using a divalent copper

complex, [pyridine CuCl(OCH3)]2. prepared according to the reported

b (#)-reticuline {racemate of 1) and (%)-orientaline (5)

procedure,
perchlorates afforded the same reaction products as above. Therefore,
the above oxidizing system, cuprous chloride-oxygen-pyridine, would

be regarded as a laccase enzymatic model involving redox copper.
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