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Unusual rearrangement of spiro b-lactams to
1,4-diazabicyclo[4,4,0]decanes and 1,4-diazabicyclo[4,3,0]nonanes.
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Abstract—Synthesis of 1,4-diazabicyclo[4,4,0]decanes and 1,4-diazabicyclo[4,3,0]nonanes was achieved by using 4-formyl spiro b-
lactams as easily available starting materials. Furthermore, the application of this protocol to the preparation of conformationally
restricted r-receptor ligands was also performed. Theoretical calculations were carried out on a model reaction, in order to give
some understanding of the reaction mechanism.
� 2004 Elsevier Ltd. All rights reserved.
Nitrogen-containing heterocycles such as 1,4-diazabi-
cyclo[4,4,0]decanes and 1,4-diazabicyclo[4,3,0]nonanes
are remarkable structural units encountered in several
biologically active products (Fig. 1). Simple modifica-
tions in their skeletons impart intringuing biological
activities to the parent molecule. In this respect, several
different biological profiles were found in these pyrrolo
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and pyrido pyrazines just by changing the substituent
placed at the nitrogen. Thus, compounds 1 were found
to be potent and selective 5-hydroxy tryptamine (5-HT6)
receptor antagonist and therefore, promising candidates
for the possible treatment of schizophrenia, depression
and memory dysfunction.1 Systems of type 2 that bear a
diethylamido group attached to the heterocyclic moiety
exhibited significant antifilarial activity.2 Nonachlazine
3 (n ¼ 1) is used in medical practice as an antianginal
agent.3 Finally, derivatives 4 constitute a series of con-
formationally restricted r-receptor ligands, which play a
significant role in mediating the behavioural and toxic
effects of cocaine4 (Fig. 1). Furthermore, compounds 4
were claimed for the treatment of central nervous system
(CNS) disorders such as cerebral ischaemia, psychoses
and convulsions.4

Additionally, these types of chiral diamines were used as
chiral ligands in the reduction of prochiral ketones by
treatment of a mixture of stannous chloride and a di-
amine with diisobutylaluminium hydride.5 Herein, we
wish to report the preparation of these types of hetero-
cyclic structures by means of an unusual rearrangement
of readily available 4-formyl spiro b-lactams. The
application of this protocol to the synthesis of the con-
formationally restricted r-receptor ligand 4 (n ¼ 1) will
be presented as well.

According to previous results from our group,6 b-lactam
8 (Scheme 1) was prepared by the [2+2]-cycloaddition of
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the unsymmetrical cyclic ketene derived from N-benz-
yloxycarbonyl LL-proline acid chloride 5 (n ¼ 1,
R¼Cl), with diimine 7. The reaction was carried out at
)40 �C to room temperature affording, after acidic work
up, the 4-formyl spiro b-lactam 8 as a 9/1 mixture of
diastereoisomers in 42% overall yield.7 The major
product showed a cis relative relationship between the
pyrrolidine nitrogen and the formyl substituent at the
carbon C4 of the azetidinone ring, as it was deduced
from the NOESY spectra of b-lactam 8.

The cycloaddition reaction of N-benzyloxycarbonyl
DD/LL-pipecolinic acid 6 and diimine 7, using the benz-
enesulfonyl chloride method,8 afforded, after the acidic
hydrolysis, the 4-formyl spiro b-lactam 9 as a single cis
diastereoisomer (deduced from the NOESY spectra) in
48% overall yield. The starting spiro b-lactams 8, and 9
were subjected to hydrogenolysis by treatment with
hydrogen in the presence of palladium catalyst, and
after the expected removal of Cbz protecting group,9 the
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product rearranged under the reaction conditions to
afford the bicyclic systems 10 and 11, respectively, in
excellent yields (Scheme 1).10

With these data in hand, the enantioselective version of
the process was examined next. Recently, we have de-
scribed the preparation of enantiomerically pure spiro
b-lactam 13 by reaction of acid chloride 5 with chiral
imine 12a derived from glyceraldehyde acetonide
(Scheme 2).6b Removal of the PMP protecting group by
treatment with ammonium cerium(IV) nitrate (CAN),
followed by the standard protocol for the transforma-
tion of the dioxolane ring into the corresponding alde-
hyde,11 gave rise to the chiral starting aldehyde 18.
Hydrogenolysis of this spiro b-lactam led to the rear-
ranged product 20 in good yield. Reduction of com-
pound 20 to the bicyclic diamine 22 was previously
described by treatment with lithium aluminium
hydride12 (Scheme 2).

Finally, we decided to apply this methodology to the
preparation of pyrrolopyrazine 4 (n ¼ 1) (Scheme 2),
compound that, as we have mentioned before, was
claimed for the treatment of CNS disorders.4 With this
purpose, we prepared imine 12b, which contains
attached to the nitrogen the aryl side chain present in the
target compound.

Staudinger reaction with acid chloride 5 took place in a
modest 25% yield with good diastereoselectivity afford-
ing the expected spiro b-lactam 15 as a 9/1 mixture of
diastereoisomers. After chromatographic purification,
aldehyde 19 was prepared using the methodology
described before and then subjected to the rearrange-
ment conditions. The process took place nicely to afford
bicyclic system 21 that was reduced to the final diamine
4 by treatment with AlH2Cl13 (Scheme 2). In the process
of characterization of all the intermediates described
herein, we found out that optical rotation of compound
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20 was zero. This fact means that a racemization event
took place during the rearrangement, and therefore, that
we have prepared compound 20 in its racemic form.
With these considerations we proposed the mechanism
outlined in Scheme 3 as a plausible explanation for this
transformation.

After the initial removal of the Cbz group of A, a ‘retro-
Mannich’ process that involves the ring-opening of the
b-lactam in intermediate B took place. Hydrogenation
of the iminic functional group and further nucleophilic
addition of the secondary amine to the aldehyde group
affords the bicyclic enamine E. Finally, hydrogenation
of this enamine would lead to the bicyclic derivative F.
Theoretical calculations carried out at the Becke3LYP/
6-31G* level, support this assumption.14

The critical step of the mechanism outlined in Scheme 3,
the retro-Mannich reaction, was studied using the model
reaction showed in Scheme 4. The transition structure I
was found for the ring-opening of the model b-lactam G.
The hydrogen atom attached to the nitrogen of the
pyrrolidine ring in the spiro b-lactam G is transferred to
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the oxygen of the carbonyl group, forming the enol
intermediate H. In the transition structure I, the C3–C4
bond of the b-lactam is completely broken, while the CO
double bond is slightly elongated as compared with the
same bond in G (1.217�A). The normal mode associated
with the imaginary frequency of the transition structure
corresponds basically to the stretching movement of the
C3–C4 bond.15 The barrier for the ring-opening of the b-
lactam G is predicted to amount 8.7 kcal mol�1; also, the
enol intermediate H is 3.6 kcal mol�1 more stable than
the reactant.16 The reduced value of the activation
energy is in good agreement with the experimental evi-
dence indicating that the rearrangement of spiro b-lac-
tams A, takes place under mild conditions.

In the rearrangement of B to C, the sp3 C3 and C4
centres are transformed in sp2 ones, which originates the
lost of the stereochemical information. As the reduction
of the imine intermediate D is not stereoselective, the
final bicyclic compound F is obtained as a racemic
mixture.

In conclusion, preparation of 1,4-diazabicyclo[4,3,0]-
nonanes and 1,4-diazabicyclo[4,4,0]decanes by means of
an unusual rearrangement of readily available spiro
b-lactams was performed. The application of this pro-
tocol to the synthesis of the conformationally restricted
r-receptor ligand 4 (n ¼ 1) was carried out, although in
its racemic form since the process took place with
racemization at the carbon C3 of the initial 2-azetidi-
none ring.
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