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During the past decade Meyers and co-workers have
provided the synthetic community with several powerful
methods for the asymmetric construction of quaternary
chiral centers. One particular vehicle has been the
utilization of chiral [3.3.0] bicyclic lactams for the prepa-
ration of chiral R-disubstituted γ-keto acids,1 3,3-dialkyl-
2-cyclopentenones,2 and 4,4-diakyl-2-cyclohexenones.3 The
alkylation of [3.3.0] bicyclic lactams (1) derived from
phenylglycinol, valinol, or tert-leucinol has been shown
to proceed predominately by endo (R) facial attack of the
electrophile (Figure 1), and limited mechanistic rationale,
based on electronic effects such as the Cieplak effect, has
been put forth in order to rationalize this selectivity.4

We wish to report a new polycyclic lactam system that
offers complementary selectivity upon alkylation; that is,
mono- and bis-alkylation is seen to occur with high exo
(â) selectivity even at ice-bath and ambient reaction
temperatures. Furthermore, the chiral auxilary is de-
rived from readily available (S)-R-pinene. In addition,
the alkylation selectivities observed are in some cases
considerably higher than those obtained with the valinol
template.
In conjunction with an on-going project, we have had

access to kilogram quantities of the enantiomerically pure
oxime derived from inexpensive (R)-2-hydroxypinan-3-
one (2).5 Reduction of the oxime with lithium aluminum
hydride6 furnished the desired amino alcohol 3 in good
yield (eq 2). The corresponding lactams were prepared
by heating the appropriate keto acids with 3, in toluene,
with a catalytic amount of p-toluenesulfonic acid. This
gave the desired diastereomerically pure 4a-c as highly
crystalline solids in good to excellent yields after recrys-
tallization from hexanes.

In all three examples only a single diastereomer was
formed, and the structures were verified by single-crystal
X-ray analysis7 (for example, 4a is shown in Figure 1).
Treatment of substrate 4a with sec-butyllithium fol-

lowed by quenching with iodomethane furnished a single
diastereomer as determined by proton NMR. Subsequent
enolization of this intermediate with a second equivalent
of sec-butyllithium and trapping with benzyl bromide
again afforded a single diastereomer (5a) in 82% yield
after recrystallization from hexanes. The dialkylated
lactam was then subjected to acidic hydrolysis (eq 3) to

give the desired butyl ester. This ester was found to have
an optical rotation opposite of that reported by the
Meyers group,1 indicating that the absolute stereochem-
istry was opposite (R configuration) and that alkylation
must have occurred from exo electrophilic attack.
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Figure 1. ORTEP diagram of 4a.
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With this result, a series of experiments were con-
ducted in order to probe the preliminary scope of this
alkylation methodology. A summary of the results is
provided in Table 1. To our surprise, it was found that
substrate 4a will undergo exo alkylation with good
diastereoselectivity even when the reaction is conducted
at ambient temperature (Table 1, entry 3). Bis-alkylation
of substrates 4b and 4c with iodomethane and then
benzyl bromide also proceeded in an identical manner
(Table 1, entries 12 and 15). The exo selectivity was
verified via two methods, 1H NMR spectroscopy8 and
X-ray crystallography. Two-dimensional nuclear Over-
hauser spectroscopy9 (NOESY) spectra for 5b and c
(Table 1, entries 7 and 12) yield cross peaks from the
methyl hydrogens of R1 to the corresponding methyl
hydrogens of R2 for 5a and to the aromatic ring hydrogens
(2,6) for 5c (Table 1, entry 12). In addition, NOE cross
peaks from hydrogens of R1, R2, and or R3 to regiospecific
hydrogens on neighboring and proximal carbon atoms
confirm the unambiguous exo substitution. Similar
arguments stand true for compound 5d.
The addition of lithium-aggregate disrupting reagents

or use of the sodium enolate did not alter the course of
the reaction (Table 1, entries 9-11).
As reported for the [3.3.0] bicyclic lactams,10 the

hydrogen-substituted substrate 4c did not exhibit the
high diastereoselectivity on monoalkylation with io-
domethane (Table 1, entry 13). Subsequent re-enoliza-
tion and quenching with benzyl bromide furnished the
quaternary asymmetric center with high selectivity
(Table 1, entry 15, 5d). It is worth noting that the
corresponding valinol-derived lactam described by Mey-
ers afforded only a 54% diastereomeric excess (endo
attack favored) for the same alkylation sequence.10 The

single-crystal X-ray structure of the product (Figure 2)11
serves as confirmation of the NMR assignment for exo
alkylation.
From a mechanistic standpoint, it is not immediately

obvious as to the nature of the high exo selectivity of the
alkylation reaction. Intuition would suggest a strong
steric effect, with the R-face of the enolate fully blocked
by either the bridging gem-dimethyl groups of the pinene
ring system or the axial methyl adjacent to the ring
oxygen, thus accounting for the high exo-selectivity even
at ambient temperatures. However, the poor monoalky-
lation selectivity of the hydrogen-substituted lactam 4c
does not fit this rationale, suggesting that there may
indeed be an electronic influence on the trajectory of
electrophilic attack.
In summary, we have described a “Meyers-type” eno-

late-lactam system, derived from γ-keto acids, that
undergoes asymmetric alkylation in high enantiomeric
excess with unprecedented exo selectivity and where the
stereochemical induction can occur at unusually warm
temperatures. We believe that these observations extend
the synthetic utility of the “bicyclic lactam” approach to
enantiomerically pure compounds by providing access to
complementary enantiomers with a cost-effective tem-
plate and mild reaction conditions. Also, these observa-
tions are of theoretical interest generated by the opposite
sense of the selectivity.12 Work is currently in progress
to understand the mechanistic aspects for this selectivity
and to extend this methodology to the preparation of
more complex systems.
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Table 1. Mono- and Bis-Alkylation of Lactams 4a-c

entry
(compd) R1 R2 R3 basea T (°C) exo:endob

1 (5a) Ph Bn Me s-BuLi -80 >99:1c
2 Ph Me H s-BuLi -80 96:4
3 Ph Me H LDA 25 92:8
4 Ph Bn H s-BuLi -80 90:10
5 Ph Me Bn s-BuLi -80 98:2
6 Ph allyl Me s-BuLi -80 >99:1c
7 (5b) Me Me H s-BuLi -80 >99:1
8 Me Me H s-BuLi 0 97:2
9 Me Me H s-BuLi/TMEDAd -80 >98:2
10 Me Me H s-BuLi/DMPUd -80 >98:2
11 Me Me H NaN(TMS)2 -80 >98:2
12 (5c) Me Bn Me s-BuLi -80 >99:1
13 H Me H s-BuLi -80 2:1
14 H Me H s-BuLi 0 1:1
15 (5d) H Bn Me s-BuLi -80 >99:1c

a All reactions were conducted at 0.1 M in THF. b Diastereo-
meric ratio determined by 1H NMR at 270 MHz c Crude product
was recrystallized from hexanes; the minor diastereomer could not
be detected in the NMR of the crude product. d An excess of 4 equiv
of the additive was used.

Figure 2. ORTEP diagram of 5d.
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