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Abstract—The synthesis of rigid spirocyclic bislactams derived from pyroglutamic acid has been established.
� 2005 Elsevier Ltd. All rights reserved.
Spirocyclic lactams have recently been of considerable
interest, because of their occurrence in structurally com-
plex and highly active natural products,1 for example, in
the spiropyrrolidinyloxindole alkaloids,2,3 perophorami-
dine,4 amathaspiramides5 and azaspirene.6 They have
also come to prevalence in their use in conformationally
controlled templates, scaffolds and bioisosteres as a
result of their well-defined molecular architecture.7 In
particular, spiro-bis-d-lactams based on the pyrogluta-
mate8 and proline9 templates have recently been pre-
pared for their potential as b-turn mimetics. The rapid
asymmetric synthesis of spiro-2-pyrrolidin-5-ones has
recently been reported,10,11 and related spiro com-
pounds have attracted considerable recently interest
due to their resemblance to natural products.12

We have examined spirocyclic lactam systems derived
from the bicyclic lactam system 2, readily prepared using
our published methodology.13 Alkylation of ester 2 with
several bromonitriles/NaH in THF gave products 3, 4a,
4b and 4c in yields of 65%, 68%, 42% and 30%, respec-
tively (Scheme 1).14 Lactam 3 was obtained as a 2:1 dia-
stereomeric but inseparable mixture, for which the
stereochemistry of the major isomer was assigned as
7R, arising by exo-attack of the electrophile; this assign-
ment was made by comparison of the chemical shift dif-
ference of the C(6)H protons (Dd 0.2) with the observed
differences in previously reported compounds (bicyclic
lactams formed via exo-alkylation reliably have a chemi-
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cal shift difference for the C(6)H protons of Dd 0.2, but
those from endo-alkylation show a difference of Dd
0.8).15,13 Lactam 4a was similarly assigned the 7R ste-
reochemistry (Dd 0.3), but was epimeric at C-1 0 as shown
by the doubling of the signals of C(1 0)Me in the 13C
NMR spectrum; this analysis was confirmed by NOE
results (Fig. 1). Lactam 4b was obtained as a single crys-
talline diastereomer, and X-ray analysis allowed the
unequivocal assignment as (7R,1 0S); in this case, the
chemical shift difference of the C(6)H protons (Dd 0.3)
was consistent with the protocol used for the other com-
pounds for their stereochemical assignment. Lactam 4c
was obtained as a 1:1 mixture of exo- and endo-diaste-
reomers, each of which exhibited the expected C(6)H
chemical shift differences (Dd 0.3 and Dd 1.0, respec-
tively); the exo-assignment of the former was confirmed
by NOE analysis (Fig. 1). The alkylation reactions of 2
with substituted halonitriles therefore give high levels of
exo-diastereoselectivity relative to bromoacetonitrile,
and in the case of the phenyl substituted product 4b, also
excellent C-1 0 stereoselectivity.

Reduction of nitriles 3, 4a and 4b (NaBH4, CoCl2ÆH2O
or NaBH4, NiCl2ÆH2O) followed by in situ cyclisation
of the resulting amine16 gave the desired spirolactam
systems 5a,b and 6a,b and 7, albeit in low yields (25%,
20% and 21%, respectively); this is likely to be due to
the strained spirobislactam system, but their very high
polarity and water solubility (typically, a MeOH/EtOAc
mixture is required for efficient elution in column
chromatography) also complicated isolation. Spirocycli-
sation was accompanied by large changes in the chemi-
cal shifts of the C(6)H protons relative to the starting
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lactams; for example, for 5a, whose stereochemistry was
established by NOE, the C(6)H protons exhibited Dd
0.9, but for 5b, the value was Dd 0.5. Reduction and
cyclisation of 4c was not successful due to the instability
of the starting material. Interestingly, despite their
expected well-defined conformation, stereochemical
assignment has been unexpectedly difficult. For lactams
6a,b, the isomers were also obtained as a diastereomeric
mixture (ratio 6a:6b = 1:1) with C(6)H proton chemical
shift difference values of Dd 0.1 and Dd 0.6, respectively;
2D-NOESY analysis convincingly indicated the proxi-
mal relationship of C-1 0(Me), C(6)Hexo and C(5)H of
lactam 6b, with the C-1 0(Me) substituent located under
the pyroglutaminyl ring. Interestingly, however, a long
range but weak NOE was observed in lactam 6a from
C(5)H to C-1 0(Me). The stereochemistry of 7 follows
from the unequivocal assignment of 4b; the C-1 0(S) con-
figuration in which the phenyl substituent is located
under the pyroglutaminyl ring was confirmed by NOE
analysis (Fig. 1) and the fact that an anisotropic shield-
ing effect from the nearby aromatic ring on C(6)Hexo

was apparent (d 1.95 as opposed to d 2.8) in the unsub-
stituted lactam 5a. Deprotection of 7 efficiently yielded
the pyroglutaminyl system 8; this compound is very
polar (DMSO soluble only) and has not been purified,
but was readily converted to the corresponding ester 9
in a two-step oxidation–esterification process in 15%
overall yield. Bioassays of compounds 5a,b, 6a and 7
indicated weak activity against Staphylococcus aureus
(hole plate method) at 30 lg ml�1.
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