Tetrahedron Letters No.13, pp. 1201-1206, 1967, Pergamon Press Ltd, Printed in Great Britain,

SYNTHESIS OF d1-CEPHARANTHINE
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(Received 30 December 1966)
Cepharanthine (I) is a member of biscoclaurine (bisbenzylisoquinoline)

alkaloids, and possesses a unique structural feature with the methylenedioxy
group on its tetrahydroisoquinoline nucleus,

Isolation of the base from Stephania cepharantha Hayata and S, Sasakii

1)

Hayata (family Menispermaceae) was reported by H. Kondo and his collaborators™),

and later the structureZ) and absolute configurationj) were fully elucidated,

although attempts to synthesize this alkaloid remained ambiguous or unsuccess-
*
fulq’s)' .
This paper describes the first successful example of the synthesis of

dl-cepharanthine, which was achieved through Bischler-Napieralski reaction of

cyclobisamide II,
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Cyclobisamide II was synthesized by an unambiguous route shown below.

* Recently, a synthetic approach to cepharanthine via a route different from
ours was reported by T. Kametani gt 91.6) though the aimed compound, dl-

cepharanthine, was not isolated nor characterized.
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Preparation of 5-bromohomopiperonylamine (VI) started with S-bromoproto-
catechuic aldehyde (III) was already described by Erne and Ramirez7), but the
modifications adopted by the present authors raised the yield in every step
©i Thne reatilon sepuence.

Methylenation of II1 with methylene bromide in dimethylformamide (DMF)
was effected under the presence of cupric oxide catalystB), and the obtained
S_bromopipercnal lyield: 224 1TV} was condemsed witk xitroweildane in Ihe
presence of ammonium acetate in acetic acid to afford the nitrostyrene V
(yield: 73%), which was further reduced under Clemmensen condition to the
corresponding phnenefhylamine YI {yielad: ©¥hHd. ¥-Formyiation of Y1 with formic
acid in decalin gave N-formyl derivative VII (colorless pillars, m.p. 126-7°)
in 8@ % vield,

On the one hand, 3-methoxy-4-hydroxy-w-nitrostyrene (VIII) was treated

with etmyl cnloroformate in pyridine and thne resulted carvetinoxy derivative

IX {yellow needles, m.p. 126°, vield 89%) was reduced under Clemmensen condi+
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tion to the phenethylamine X (oxalate: colorless microcrystalline, m,p., 185-

191°

, yield: 57%). The carbethoxyamine X was treated with carbobenzoxy chlo-
ride to protect the amino function, then the protective group for the phenolic
hydroxyl was selectively removed by aqueous sodium- bicarbonate treatment,
N-Carbobenzoxyhomovanillylamine (XI) was thus obtained as colorless needles,
m.p. 73-74°(48% from X).

Ullmann condensation reaction catalysed by cupric oxide between VII and
XI followed by the removal of formyl group (hydrochloric acid-methanol)
afforded the diphenyl ether XII (pale yellow oily substance) in 27% yield.
Another intermediate for the synthesis of cyclobisamide II, the diphenyl

ether diacetic acid mono-ester XVIII was prepared by the following scheme,

[:::1\ #J:::B—CHZCOZH [::j\ J::::rCH2C02Bu(tert.)
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p-Benzyloxyphenylacetic acid (XIII) was converted to the tert, butyl
ester XIV in 81% yield (yellowish oil) by phosphoryl chloride-pyridine methodgz
and the ester XIV was in turn debenzylated by hydrogenolysis over palladised
charcoal to give the hydroxy ester XV (colorless pillars, m.p. 96-97°, yield:
95%) . Methyl 3-bromo—Q-methoxyphenylacetate10)(XVII) was prepared by methylas
tion of the corresponding phenolic methyl ester XVIlO) with dimethyl sulfate
and potassium carbonate in DMF; the yield was 88,

Cu0 catalysed Ullmann condensation between the hydroxy ester XV and bromo
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ester XVII followed by the selective semoval of tert. butyl group using
p-toluene sulfonic acid in benzene yielded the half ester XVIII (colorless
needles, m.p. 114-6°%, yield: 13%).

Condensation of the amine XII and the carboxylic acid XVIII with the aid
of dicyclohexylcarbodiimide in methylene chloride gave the amide XIX (pale
yellow 0il) in 70% yield, and the resulted amide XIX was hydrolysed by aq.
sodium carbonate to the corresponding carboxylic acid XX (pale yellow oil,
yield: 90%). The cyclization of XX to the cyclobisamide II was effected in

439% yield by p-nitrophenyl ester method similar to that developed by the

present authors in the synthesis of glfcycleaninell). The cyclobisamide was
obtained as colorless needles, m.p. 232—40.
CH
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Bischler—-Napieralski reaction of the cyclobisamide II (700 mg.) with

XIX

phosphoryl chloride in chloroform gave a mixture of 3,4~-dihydroisoquinolines
which showed two distinct spots on thin layer chromatography (TLC), This
mixture was hydrogenated over platinum catalyst to avoid the ready oxidation
with atmospheric oxygen, and the product was treated with formalin and sodium
borohydride to afford a mixture of N-methyltetrahydroisoquinolines, The
mixture showed four distinct spots on TLC (Silica Gel G acc. to Stahl,
methanol) .

Differences in the composition of the product mixture by the reducing
agents were examined using the Bischler-Napieralski cyclization products from

2)

each 100 mg, of TII. Zinc-sulfuric acid method1 gave no substantial diffe-
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rence on TLC comparison, but sodium borohydride reduction was found to show a
detectable difference in relative ratio of the spots in density, which was
understood as ascribable to the stereoselectivity of the reducing agentlz).

The reaction products by the above three different method were combined;
and separation and purification into four species of bases (Base A, B, C, and
D in order of decreasing Rf values on TLC) were performed utilizing pfeparative
TLC on silicic acid and column chrqmatograghy on alumina. Thé Rf value of
Base C was identical with that of natural cepharanthine,

Among these bases finally obfained, Base C (amorph., 3.5 mg.) gave super-
imposable spectra with natural cepharanthine on IR (CHC13) and NMR (CDC13)
measurements, and thus was proved to be dl-cepharanthine (XXI1).

Base D (amorph., 3.0 mg.) was concluded to be the diastereoisomer (XXII)
of dl-cepharanthine on the basis of IR, NMR, and mass spectral comparisons
with the natural base,

The IR, NMR, and mass spectral data of Base A (amo;ph., 25 mg.) and B
(amorph., 36 mg.) pointed out that these bases are diastereoisomeric each to
each, with the same planar structure not other than XXIII. The formation of
isomers of this type with the undesirable direction of isoquinoline ring
closure was already exemplified by the present authorsll).

A comparison of chemical shift data of these final products is drawn below,

(t values in CDC1 TMS internal standard.)

3°
—O—CHZ—O— —O—CH3 -N-—CH3
Base A .96, d., ' 4,0 .
(XIII) 3.9 9, d., 6.08, 6.12 7.37, 7.67
J=1,5 cps J=1,5 cps
Base B 4,16 .
(XIII) r S 6.10, 6.12 | 7.38, 7.70
?:ﬁcgpha b.42, a., h.46, d., 6.11, 6.33 7.35, 7.43 identical
" ranthine) ‘J=1 cps J=1 cps ::;:a::;:ﬁiie
Base D 4_42’ d., 4,56, d.
(XX1T) 56, ) 6.03, 6.50 7.40, 7.45
J=1 cps J=1 cps




1206

No.13

X\

XN

1 (a=S, b=R), (a=R. b=S)

dl pair (=dl-cepharanthine) XXIII
1l (a=%, b=s), (a=R, b=R)

dl paix

Homogeneity of all compounds were checked by NMR spectrometry at 60 Mc.,

and satlisfactory elemental analyses were obtained for all crystalline compounds,

[ 5]
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