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ABSTRACT
o HQ W o)
Ar Birch-Cope
Xs  sequence
pr——
OCH; 7 steps
X=(8)-2-(methoxy-
methyl)pyrrolidine OCH3;
Ar=3,4-(CH;0),Ph OCH,

(+)mesembrine

A synthetic technique for generating carbocyclic quaternary stereocenters with exceptionally high levels of enantioselectivity is described. A
sequence of three reactions, enantioselective Birch reduction —allylation, enol ether hydrolysis, and Cope rearrangement, is used to
stereoselectively generate chiral quaternary centers on a 2-cyclohexen-1-one ring. The products of the sequence are 4,4-disubstituted-2-
carboxamide-2-cyclohexen-1-one structures which are versatile intermediates in complex natural product synthesis. An application of the
sequence to the synthesis of ( +)-mesembrine illustrates the utility of these intermediates.

One significant challenge in modern synthetic organic rearrangement (BirchCope sequence, Scheme 1). Use of
chemistry is the enantioselective synthesis of carbocyclic the elegant asymmetric Birch reductiealkylation method
guaternary stereogenic centéRecently, we communicated of Schultz would make this process enantioselectiderein

a sequence of reactions that efficiently generates quaternarywe describe our application of the asymmetric Birch reduc-
stereogenic centefsThe three-step sequence involves a tion—alkylation method to the Birch—Cope sequence.
Birch reduction—allylation, enol ether hydrolysis, and Cope
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Furthermore, to illustrate the potential of this tool to

was subjected to Birch reductiomttylation to afford cyclo-

address challenges in the asymmetric synthesis of carbocyclithexadienel (Scheme 3). Compountiwas obtained in 72%

quaternary stereogenic centers, the Bir€lope sequence is
applied to the enantioselective synthesis-bf-tnesembrine
(Figure 1), the unnatural isomer of the bioactive alkafdid.

HiC H

OCHj,
OCH3

Figure 1. (+)-Mesembrine.

Mesembrine is a member of ti&eeletiumalkaloids and has
demonstrated interesting bioactivftylost notably, a recent
report describes potent serotonin re-uptake inhibitor activity
for the natural isomer, (—)-mesembrine.

Theo-anisic acid derivatives, which were used as starting
materials in the Birch—Cope sequence, were synthesized

from commercially available precursors (Scheme3®32).

Scheme 2. Birch Reduction—Allylation Substrate Preparation

R CO,H 1)DMS, R CO,H
CL 2=
OH 2)KOH, A OCH3

1 (90-100%) 2
a, R=CHj; b, R=l
0o  —OCH;
1) SOCI R 3
) Hz N
2)
NG 3 OCHy
_R59,
EON (75-85%)
3) CHy-l, NaH

Methylation of both the phenol and the carboxylic acid was
accomplished with dimethyl sulfate (DMS). After saponifica-

Scheme 3. Enantioselective Birch—Cope Sequence
1) K, NHg/THF,

Q +-BUOH,
HiC o HiyC
3 X, -78 °C 3 Xe
2) 1,3-penta-
OCH;  diene OCHj
3a 3)/\/ Br 4
(72%) dr=110:1
HsC HaC
6N HC| A
CH30H 1,2-DCB
(97%) 5 (88%) 6

X={8)-2-(methoxymethyl)pyrrolidine

isolated yield and shown to be a 110:1 mixture of dia-
stereomers by GC analysis and comparison with an inde-
pendently synthesized 1:1 diastereomeric mixturee other
major product £15%) was the result of-allylation at the
C-3 position? The absolute sense of the new quaternary
center in4 and all subsequent Birch products is based on
the preferences reported by Schdltiydrolysis of the
methyl enol ether afforded the 1,5-diene Cope subs&ate
which was heated at reflux in 1,2-dichlorobenzene (1,2-DCB)
for 10 h to effect the stereospecific Cope rearrangerifent,
leading to the thermodynamically more stable isoférhe
entire process can be conducted on gram scale@6%
overall yield.

Variation of the C-5 group of the-anisic acid derivatives
was pursued through a divergent strategy that utilzeds
a substrate in cross-coupling reactions (Scheme 4). Previous
reports have described biaryl Birch substrate synthesis via
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The 5-methyl derivativ8a was chosen as the first test of
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our knowledge, this represents the first case of a Cope

Scheme 4. Biaryl Birch Substrate Preparation equjlibriu_m that balance_:s th(_a stapilization of phenyl group
Pu(OA conjugation versus conjugation with a ketone. Amide con-
[ O8%:  ar jugation is expected to be weak based on literature reports
x_ PPhs, KoCOg3 X . ; ;
° T Ar-B(OH),, ¢ of related structuré$ and computational studi¥s(Figure
OCHj n-C3H;0H/H,0 OCHg 2) that show the amide to be orthogonal to the enone system
3b (96%) 7 due to steric hindrance.
X=(8)-2-(methoxymethyl)- Ar=3,4-(CH3;0),Ph
pyrrolidine
Suzuki—Miyaura reactions prior to the addition of the chiral J\JJ $
auxiliary* However, ()-proline is inexpensive and the 9 ’9 ?

divergent strategy was more efficient to synthesize a selection I MJ’

of biaryl compounds. For the present study, a cross-coupling ' f
reaction betweedb and 3,4-dimethoxyphenylboronic acid J)’ 4

generated

Application of the Birch-Cope sequence tobegan with (NI,
the asymmetric Birch reductierallylation to yield8 (Scheme H;\Hac OCHj4
5). The Birch reduction demonstrates excellent chemoselec- K\I‘%

Scheme 5. Birch—Cope Sequence with Biaryl Substrate Figure 2. Semiempirical minimization o6.

1) Li, NHy/THF, 0
ZI?ZZZMZZE; \CfL With both 5 and 7, the Cope rearrangement generated a
N OCH; versatile 4jalIyI—2—cycIohexen—1—one §ystem. To.demonsFrate
(70% Ar=34- (CH3O)2Ph Fhe potential of these structures as important mtermgdlates
dr‘>99 1 in complex natural product syntheslif)was elaborated into
Ar\& (+)-mesembrine (Scheme 6). Ozonolysis of the terminal
6N HCl _a
CH30H 1,2-DCB
(95%) 9 (80%)

Scheme 6. (+)-Mesembrine Synthesis
0s; 7 9

‘o (CHops AN X, _CHaNH,
5 NaBH;CN

11 (63%, two steps)

X=(8)2-{methoxymethyl)pyrrolidine

tivity for the more electron deficient aromatic rifg.

Decomposition of8 under GC conditions necessitated the Ar=3,4-(CH;0),Ph
use of HPLC analysis to determine the stereoselectivity of O Xe
the process. HPLC analysis 8frevealed maximum stereo- HC
selectivity with more dilute reactions. Therefore a dia- N OCH3NHOH
stereomeric ratio (dr) of 60:1 was seen whemas reduced EtOH, A
at 8 mM, but that stereoselectivity increased@9:1 when ’1”2 (60%)
7 was reduced at a more dilute 4 mM. Completion of the o
Birch—Cope sequence entailed hydrolysi8db provide a HG, o | Q
3-cyclohexen-2-on@ that efficiently rearranged t@0. N N_;:fco)
. . . . 6 .
D_e_sp_|te the presence t_)f phenyl conjugatlorjgln_the r CHACNH,0. (+)-mesembrine
equilibrium favorsl10 to a significant extent, albeit slightly 13 A(75%)

less than the equilibrium fd6/6. The Cope rearrangement
of 5/6 provides complete conversion 6 However, under

the same thermal equilibration conditions, 15% ®fis alkene afforded aldehydkl. This was unstable, so it was
recovered after chromatographic purification. To the best of jjmediately subjected to reductive amination. The resulting

: : secondary amine spontaneously underwent conjugate addition
K,(élc)rlﬁn'zmASé'g? 8%" '(\:Ah;erznhza(;](?zi éé? gygg,_l;%zettus, L Thakkar, {5 afford 12. Cleavage of the chiral auxiliary with\-

'(12) For other examples of chemoselective biaryl Birch reduetion ~methylhydroxylamine affordedl3, which was reduced,
alkylations, see ref 11 and: (a) Guo, Z.; Schultz, A.Tetrahedron Lett. hydrolyzed, and decarboxylated in one step to affer (
2004 45, 919-921. (b) Guo, Z.; Schultz, A. G.; Antoulinakis, Brg. Lett. '
2001,3, 1177—1180. (c) Schultz, A. G.; Green, N.JJ.Am. Chem. Soc.
1991,113, 4931—-4936. (d) Schultz, A. G.; Macielag, M.; Podhorez, D. E.; (13) Schultz, A. G.; Harrington, R. El. Am. Chem. Sod991, 113,
Suhadolnik, J. C.; Kullnig, R. KJ. Org. Chem1988,53, 2456—2464. 4926—4931.
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mesembrine, identical with authentic material (see the application of this synthetic tool)-mesembrine has been
Supporting Information). The one-step—® reduction, synthesized in a concise sequence of eight steps 8om
hydrolysis, and concomitant decarboxylation was a fortuitous Further studies are being undertaken to explore the breadth
event and, to our knowledge, represents the first report of of applications possible for this exciting new sequence.
such a tandem process caused by Mo(20)
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