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Among the most demanding challenges encountered in the
synthesis of complex molecules is enantioselective formation of
vicinal stereogenic quaternary carbon centers.1,2 This problem
typically has been addressed by constructing the quaternary
centers sequentially,3 often using a sigmatropic rearrangement to
form the second center.4 In this disclosure, we report that vicinal
stereogenic carbon centers can be constructed in a single step
and with excellent control of relative and absolute stereochemistry
using an intramolecular Heck reaction cascade. We have addressed
this problem in the context of the total synthesis of polypyrrolo-
indoline alkaloids whose signature structural motif is the hexa-
cyclic 3a,3a′-bispyrrolo[2,3-b]indoline ring system.5 All possible
stereoisomers of the simplest members of this indole alkaloid
family, the chimonanthines, are found in Nature: (-)-chimonan-
thine (1)6,7 andmeso-chimonanthine (2)8 in plants, (+)-chimon-
anthine in a dendrobatid frog9 and in plants.10 Absolute config-
uration assignments for the chiral chimonanthine enantiomers
derive from circular dichroism studies11 of (+)-calycanthine (3),12

which under acidic conditions is in equilibrium with1.12c Chiral
C2-symmetric chimonanthines and their analogues have previously
been prepared only as racemates through nonstereocontrolled
routes.5,12c-14 Herein we describe the first stereo- and enantio-
controlled total synthesis of (-)-chimonanthine (1) and (+)-
calycanthine (3), and a second stereocontrolled route tomeso-
chimonanthine (2).14

We envisaged pentacyclic bisoxindole4 as a precursor of the
chimonanthines and conjectured that this intermediate could be
accessed by palladium-catalyzed cyclization of6 (Scheme 1).
Although we have previously utilized intramolecular Heck
reactions to fashion various sterically congested quaternary carbon
centers,15 the projected conversion of6 f 4 was expected to be
particularly challenging since insertion of a tetrasubstituted double
bond would be required in the first Heck reaction, while the
second insertion would form adjacent quaternary centers. At the
outset, we entertained the possibility that the stereochemistry of
the trans oxygen substituents of6 might regulate stereoselection
in the generation of4.

Synthesis of theC2-symmetric cyclization substrate began with
double alkylation16 of the lithium dienolate of dimethyl succinate
(7) and tartrate-derived diiodide8,17 followed by oxidation18 of
the resulting diastereomeric mixture of saturated diesters with
LDA and I2 to form9 in 33% overall yield (Scheme 2). Although
the efficiency of the initial dialkylation was low, this sequence
could be performed conveniently on large scale to provide
multigram quantities of enantiomerically pure9. Aminolysis of
9 with the dimethylaluminum amide of 2-iodoaniline19 and
conventionalN-benzylation of the product generated11. Removal
of the benzyl ethers with BCl3, followed by silylation withtert-
butyldimethylsilyl chloride (TBDMSCl) gave cyclization substrate
13. Heck cyclization of13 at 100°C in N,N-dimethylacetamide
(DMA) in the presence of 10% (Ph3P)2PdCl2 and excess Et3N
provided bisoxindole14 in 71% yield.20 Only a single pentacyclic
bisoxindole, which ultimately proved to have the meso relation-
ship of the two oxindole groups, was isolated. Cleavage of the
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silyl ethers of14 with HF in acetonitrile and reduction of the
R-hydroxy ketone product with NaBH4 provided the correspond-
ing cyclohexanediol. This diol was cleaved with Pb(OAc)4, and
the resulting labile dialdehyde was immediately reduced to furnish
diol 15 in 88% overall yield from14. Reduction of15with sodium
bis(2-methoxyethoxy)aluminum hydride (Red-Al) in refluxing
THF provided a delicate pentacyclic diol which was immediately
converted to its diazide derivative16, an intermediate in our earlier
synthesis ofmeso-chimonanthine.14

The outcome of the double Heck cyclization was dramatically
altered when the cyclohexanediol was protected as an acetonide
(Scheme 3).21 Thus, Heck cyclization of acetonide1720b under
identical conditions occurred efficiently to give bisoxindole18
in 90% yield; the relative stereochemistry of18 was secured by
single-crystal X-ray analysis.22 Processing of18 to 19 and
reduction of the latter with Red-Al in refluxing THF gave unstable
pentacyclic diol20, which was immediately converted into diazide
21. Stereoselection in the cascade Heck cyclization of17 was
extremely high, since no trace of the meso stereoisomer15 was
seen in the 500 MHz1H NMR spectrum of diol19. Transforma-
tion of diazide21 to the correspondingC2-symmetric bispyrrolo-
indoline proved challenging due to facile fragmentation of the
3a-3a′ bond. We eventually discovered that heating a methanol
solution of diamine22 at 110 °C in a sealed tube generated
bispyrroloindoline23 in high yield. Reductive methylation of this
product and discharge of the benzyl groups of24 using Na/NH3

gave (-)-chimonanthine (1), [R]23
D -310° (c 0.5 EtOH), in 67%

overall yield from diazide21.23,24 Finally, exposure of1 to hot

acetic acid provided (+)-calycanthine (3)12 in 60% yield.25,26Due
to an error in drawing11 the enantiomer of chimonanthine that
would lead to (+)-calycanthine upon equilibration in acid, the
absolute configuration of (-)-chimonanthine has been represented
incorrectly in the literature and should be revised to be as depicted
in this paper.27

In summary, the first stereo- and enantioselective route for
preparing chiral 3a,3a′-bispyrrolo[2,3-b]indolines and their caly-
canthine isomers has been developed. The central step in this
sequence is a double Heck cyclization that forges vicinal
quaternary carbon centers in high yield (up to 90%) and with
complete stereocontrol.
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Scheme 2a

a Reaction conditions: (a) LDA, THF/HMPA,-78 °C, 46%; LDA,
THF, I2, -78 °C, 72%; (b) 2-iodoaniline, Me3Al, toluene, rt, 92%; (c)
NaH, BnBr, DMF, 87%; d) BCl3, -78 °C, 70%; (e) TBDMSCl,
imidazole, CH2Cl2, 86%; (f) 10% (Ph3P)2PdCl2, Et3N, DMA, 100 °C,
71%; (g) HF, MeCN; NaBH4, MeOH; Pb(OAc)4, PhH, then NaBH4,
MeOH, 88% overall; (h) Red-Al, THF, rtf reflux; HN3, Ph3P,
EtO2CNdNCO2Et, THF, 78%.

Scheme 3a

a Reaction conditions: (a) camphorsulfonic acid monohydrate (CSA),
2,2-dimethoxypropane, 80%; (b) 10% (Ph3P)2PdCl2, Et3N, DMA, 100
°C, 90%; (c) CSA, THF; NaBH4, MeOH; Pb(OAc)4, PhH, then NaBH4,
MeOH, 88% overall; (d) Red-Al, THF, rtf reflux; (e) (PhO)2P(O)N3,
Ph3P, EtO2CNdNCO2Et, THF, 92% over two steps; (f) H2, 10% Pd/C,
EtOH, 100%; (g) MeOH, 110°C, sealed tube; (h) CH2O, NaBH(OAc)3,
MeOH, 75% over two steps; Na, NH3/THF, 98%; (i) AcOH, reflux, 60%.
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