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ABSTRACT

The total synthesis of (+)-sparteine was accomplished from 2,5-norbornadione in 15 steps and 15.7% overall yield. The key steps were two
ring-expansion reactions, one involving an intramolecular Schmidt reaction and one using a novel variant of the photo-Beckmann rearrangement.

The lupidine alkaloid (-)-sparteine is used as a cardiovas-
cular agent1 and has found widespread use in recent years
as a chiral ligand for asymmetric deprotonations, oxidations,
conjugate addition, and other asymmetric reactions.2 (-)-
Sparteine, as isolated from certain papilionaceous plants such
as Scotch broom, is commercially available. Its enantiomer,
(+)-sparteine, is also naturally occurring but not easily
obtained from natural sources. Although it can be prepared
from (-)-lupanine,3 no asymmetric total synthesis4 of (+)-
sparteine exists (or of its (-)-enantiomer, for that matter),
which limits the use of this chiral ligand.

Herein, we describe a total asymmetric synthesis of
sparteine that can deliver either enantiomer of this alkaloid
in pure form.5 Our basic plan and the principal challenges
of this synthesis are shown in Scheme 1. We envisioned

making the tetracyclic structure of the target using sequential
nitrogen ring-expansion reactions on a bicyclic substrate that
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would ultimately be derived from theC2-symmetrical, chiral
ketone1. Reduction of the resulting bislactam would lead
to sparteine. Note that the stereochemistry of sparteine
requires that one of the two appendages containing an
ultimately reactive nitrogen moiety be placed onto this ketone
in an endoposition and the other in anexoorientation.

Norbornadiene was subjected to chiral (bis)hydrosilation
(HSiCl3, (-)-S-MOP, allylpalladium chloride dimer; then
H2O2, KI, KHCO3), which was previously shown to provide
the diol6 corresponding to (+)-1 with high enantio- and
regioselectivity (Scheme 2). Swern oxidation gave diketone

(+)-1,7 which could be brought to effective enantiomeric
purity by simple recrystallization from ether/hexane ([R]D

-4.5 (c 2.7, EtOH), mp 141.5-142°C). Our attempts to
alkylate enolates derived from1 directly failed due to
apparent decomposition. However, monoketalization fol-
lowed by an aldol reaction with aldehyde28 gave enone3
following elimination. At this point, treatment with H2 and
Pd/C both removed the benzylic ether and reduced theR,â-
unsaturated olefin. Hydrogenation from the less hinderedexo
face established the desiredendo orientation of this side
chain. A modified Mitsunobu azidation9 afforded4, which
was treated with excess TiCl4 to smoothly effect an intramo-
lecular Schmidt reaction,10 which was accompanied by
deketalization and resulted in5.

Although the direct alkylation of keto lactam5 was
inefficient (10-19%), the corresponding amine reacted
smoothly with base and 1,4-iodochlorobutane to give6 in
76% overall yield for four steps (Scheme 3). This time,
simpleexoalkylation gave the chloride as a single stereo-
isomer. Obtained from a Finklestein reaction, the iodide could
be converted to the corresponding azide with ease. However,

we were not able to effect another intramolecular Schmidt
reaction on this compound (ormany closely related ana-
logues!) under a wide range of conditions known to promote
this process.10 We hypothesize that the inactivity of these
compounds was due to preferential Lewis or protic acid
coordination to the amine nitrogen or lactam carbonyl instead
of the ketone needed for successful reaction with the weakly
nucleophilic azide.11 We therefore turned our attention to
nitrogen nucleophiles that should not require promotion by
Lewis acid catalysts, eventually rescuing this route with a
novel variant of the photo-Beckmann rearrangment.12

The literature holds only a few examples of the photo-
chemical rearrangement of nitrones embedded into a mul-
ticyclic structure and fewer still that proceed in acceptable
chemical yields.13 In the present case, displacement of the
iodide with BocNHOBoc followed by deprotection of the
hydroxylamine gave nitrone8 by intramolecular condensa-
tion. Photolysis in benzene at 254 nm afforded smooth
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rearrangement to the lactam in 76% yield. Removal of the
lactam carbonyl with LAH afforded (+)-sparteine in es-
sentially quantitative yield. The specific rotation of the
synthetic material was [R]D +21.3 (c1.7, EtOH) as compared
to [R]D -20.7 (c 1.8, EtOH) measured for levrorotatory
material purchased from Aldrich. The enantiomeric purity
of the synthetic material was confirmed by chiral GC.

In summary, we were able to complete the first asymmetric
total synthesis of (+)-sparteine using two different kinds of
nitrogen ring-expansion reactions. We are currently working
toward streamlining this route and attaining a truly practical
synthesis of this rare material.
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