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(-)-Cepharamine (1), isolated fromStephania cepharantha

Haijata, is a member of the hasubanan family of alkaloids.1 The
hasubanan alkaloids are of pharmacological interest because of
their structural resemblance to the morphine alkaloids; see
morphine (2).2 However, the absolute configuration at C(13) in
1 is opposite to that in morphine, resulting in an inversion of the
critical spatial relationship of the nitrogen atom to the aromatic
ring in 1 relative to 2. Thus, the natural enantiomers of
cepharamine and other hasubanan alkaloids are expected to be
ineffective analgesic agents.3 Although there has been substantial
interest in the synthesis of hasubanan alkaloids,4,5 an enantiose-
lective synthesis has not been reported. Herein we describe the
first asymmetric synthesis of (+)-cepharamine, the unnatural
enantiomer of1, by a highly convergent strategy dependent upon
the asymmetric Birch reduction-alkylation protocol6 and a radical
cyclization reaction to fashion the critical C(9)-C(14) and C(12)-
C(13) bonds.

Birch reduction of the chiral benzamide37 with potassium in
NH3, THF, andtert-butyl alcohol (1 equiv) at-78 °C, followed
by addition of LiBr8 and then the alkylation reagent49 gave the 1,4-cyclohexadiene5 in 95% yield as a single diastereomer

(Scheme 1).10,11 Enol ether hydrolysis12 and reduction of the
resulting cyclohexenone derivative with NaBH4 gave a mixture
of diastereomerically related alcohols (∼1:1). As expected from
earlier model studies,13 both diastereomers gave the phenolic
lactone6 on treatment withp-toluenesulfonic acid (PTSA) in
refluxing benzene solution. It is assumed that thesyn-hydroxya-
mide converts to6 by an acid-catalyzed transesterification and
theanti-hydroxyamide by an amide carbonyl assisted ionization
of the protonated alcohol.

Although it was found that6 underwent radical cyclization (as
the unprotected phenol) to give the desired hydrophenanthrene
ring system,14 problems associated with the development of a
regiospecific construction of the 7-methoxy enone functionality
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Scheme 1a

a Reaction conditions: (a) BF3‚OEt2, Bu4NF‚XH2O, CH2Cl2; (b)
NaBH4, THF; (c) PTSA, PhH, reflux; (d) CH3CO2CHO, pyridine, CH2Cl2;
(e) t-BuOOH, CuBr, PhH; (f) (TMSOCH2)2, TMSOTf; (g) AIBN,
Bu3SnH, PhH, reflux; (h) Na2CO3, MeOH, H2O, THF; (i) NaH, THF,
MOMCl, reflux; (j) NH3, THF, -33 °C to 25°C; (k) MeOH, THF,-78
°C to reflux; (l) THF, reflux; (m) Et3N, CH2Cl2, -10 °C; (n) 18-crown-
6, DMF, 25°C; (o) acetone, H2O, reflux.
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in cepharamine (Vide infra) required an earlier introduction of
the C(6) carbonyl group. Protection of the phenolic hydroxyl
group as the formate ester and allylic oxidation withtert-butyl
hydroperoxide and CuBr15 gave enone7. Ketalization of7 under
aprotic conditions16 provided 8, and radical cyclization of8,
followed by basic hydrolysis of the formate ester gave9a.

The phenol9awas converted to a base-stable MOM derivative
9b, from which a very efficient Hofmann-type rearrangement gave
the cyclic carbamate10. Formation of the cis-fusedN-meth-
ylpyrrolidine ring was then effected in one experimental operation
by treatment of 10 with LiAlH 4 in refluxing THF. This
remarkably efficient transformation of10 to 11 evolved from a
careful study17 of the less efficient stepwise process involving
(1) cleavage of the aryl ether with CAN, (2) conversion of the
resulting alcohol to the mesylate, (3) intramolecular carbamate
N-alkylation, and (4) reduction of the cyclic carbamate with
LiAlH 4.

Swern oxidation of11 gave ketone12, and alkylation of the
enolate of12 under conditions that favor O-alkylation with MeI
afforded enol ether13.18 It should be noted that this solution to
the challenge of construction of the C(6)-C(8) keto enol ether
in cepharamine is a considerable improvement with respect to
methodology involving oxidation to a 6,7-diketone derivative
followed by acid-catalyzed enol ether formation.19 Finally, acid-
catalyzed ketal and MOM ether hydrolysis proceeded without
disruption of the enol ether to give (+)-cepharamine (14) in 97%

yield: mp 184-185°C (colorless prisms from ether); [R]26
D +246

(c 2.8, CHCl3); lit. mp for (-)-cepharamine (1) 187-188 °C;
[R]22

D -243 (c 0.88, CHCl3).20

In summary, the first asymmetric synthesis of a hasubanan
alkaloid, (+)-cepharamine (14), has been carried out with
complete regio- and stereocontrol. The synthesis of14 required
16 steps from the chiral benzamide3 and was carried out with
an overall yield of 12%. Important features of the synthesis are
the convergency of the asymmetric Birch reduction-alkylation
step 3+ 4 f 5, the efficient release of the chiral auxiliary by
the acid-catalyzed lactonization to give6, the radical cyclization
that generates a quaternary center at C(13) by way of the 6-exo-
trig pathway, the efficient carboxyl to amino conversion9b f
10 which very effectively extends the utility of the asymmetric
Birch reduction-alkylation protocol,21 and the development of a
potentially general solution to the introduction of C-ring func-
tionality in the hasubanan alkaloids. The opioid receptor
pharmacology of14and congeners is under investigation and will
be reported elsewhere when completed.
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