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Abstract: Enantiomerically pure homologous 1-azabicyclo-
[x.y.0]alkanones (x = 4-5, y = 4-7) can be synthesized by ring clos-
ing olefin metathesis using Grubbs’ ruthenium catalyst. By starting
from monocyclic lactams, the bicyclic products, even eight- and
nine-membered rings, are formed in high yields. The monocyclic
lactames can be obtained enantiomerically pure by enzyme-cata-
lyzed kinetic resolution. 
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Due to their ubiquity as frameworks in natural products,
the synthesis of 1-azabicyclo[x.y.0]alkane-alkaloids such
as 1 [4.4.0] or 2 [6.3.0] and [10.3.1] has attracted consid-
erable attention.1,2 In addition, these heterocycles 3 [5.4.0]
are useful candidates for the incorporation into small pep-
tides to induce certain secondary structural elements, e. g.
β turns.3 In retrospect, most of the numerous synthetic
strategies towards enantiomerically pure products report-
ed so far start from building blocks provided by the chiral
pool.4,5 By starting from naturally occurring and easily
available amino acids the number of derivatives allowing
the synthesis of a broad variety of differing ring sizes is
limited. Therefore, there is still need for a method by
which homologues can be prepared following a common
synthetic route. 

We now report a general method for the preparation of bi-
cyclic lactams using δ- and ε-lactams as conformational
constraint precursors in the ring closing olefin metathesis
employing the Grubbs’ catalyst
[Ru = CHPh(Cl)2(PCy3)2].

6 Enantiomerically pure mono-

cyclic lactams can be prepared as we previously de-
scribed.7 Starting from β-keto esters 4a-e bearing an ω-
olefinic side chain at the quaternary carbon center, kinetic
resolution was carried out with pig liver esterase (PLE)
(Scheme 1). The products were isolated in high enantio-
meric purities (ee > 98%). Subsequently, treatment of (–)-
4a-e with hydroxylamine afforded the corresponding E-
oximes in almost quantitative yield (E:Z ≥ 50:1). Conse-
quently, lactams (–)-7a-e were obtained via a stereo-
specific Beckmann-rearrangement. No racemization took
place during the Beckmann-rearrangement as determined
by 1H NMR employing chiral shift reagent Eu(tfc)3.
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Transformation of 7 into the diolefinic compounds 8 was
carried out with allyl bromide after deprotonation with
NaH (Scheme 2). The intramolecular ring closing met-
athesis reaction to form 9 was performed using 3 mol% of
Grubbs’ ruthenium catalyst. After stirring in CH2Cl2 at
room temperature, the cyclized products were isolated in
high yields (see Table 1). Starting from valerolactams
(n = 1), the reaction was completed after 1 – 12 hours. The
yields of isolated products ranged from 67% – 95%.9

These high yields were especially remarkable for the for-
mation of 9-membered rings, which, in general, are not
easy to obtain.10 In addition, the formation of the new dou-
ble bond, which can be cis- or trans configurated for 9d
was highly selective. Indeed, the bicyclic product con-
tained only a cis-double bond. 

By starting from caprolactam 7e (n = 2), the yield of cy-
clized product 9e was 77%, the reaction time was pro-
longed in comparison with the valerolactam derivatives. 

We also showed that lactam 9a can be decarboxylated us-
ing the Barton protocol, which is known to be stereoselec-
tive in rigid bicycles.11,12 Cleavage of the ethyl ester
(NaOH) of 9a afforded acid 10 in essentially quantitative
yield. After treatment with oxalyl chloride, the acid chlo-
ride 11 was directly coupled with N-hydroxy pyridine-2-
thione, which was exposed to t-butyl sulfide in toluene
(80 °C). Enantiomerically pure 12 was obtained in 65%
yield (9a → 12). 

The results presented above show the power of the ring-
closing metathesis by using Grubbs’ ruthenium catalyst.
To the best of our knowledge, these results are among the
highest reported so far for the formation of 8- and 9-mem-
bered rings. Due to the high degree of functionalization
these bicyclic lactams offer the possibility to be employed
in natural product synthesis.
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Table 1 Synthesis of bicyclic lactams 9 by ring closing olefin me-
tathesis of 8.
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