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A short and elegant synthetic pathway was developed for the

synthesis of 1,3-dioxo-hexahydropyrido[1,2-c][1,3]diazepine car-

boxylates, a new 1,3-diazepan-2,4-dione containing bicyclic

moiety, starting from pyroglutamate esters.

Ever since the importance of diazepines in psychotherapy was

discovered in the early 1960s, this class of azaheterocyclic

compounds has received a lot of attention from the scientific

community. Besides their CNS depressant properties, a wide

variety of derivatives possess activities ranging from anxiolytic1 to

anticonvulsant2 and from antitumor3 to herbicidal properties.4

Very recently, 1,4-diazepan-2,5-diones were disclosed as novel

inhibitors of LFA-1 (lymphocyte function-associated antigen-1).5

Among the different classes of diazepines, the 1,3-diazepines have

been studied to a minor extent although their derivatives show

some interesting activities too, i.e. inhibition of the HIV-1

protease,6,7 adenosine deaminase and guanase.8 1,3-Diazepan-

2,4-diones, or perhydro-1,3-diazepine-2,4-diones, however, are rare

and no straightforward synthetic method for their preparation

existed until recently we discovered that this interesting skeleton

can be prepared in one step by intramolecular transamidation of

pyroglutamates after reaction with isocyanates.9 During our

ongoing research to use ring-closing metathesis for the construc-

tion of agrochemically and pharmaceutically interesting azahetero-

cyclic skeletons,10 we wanted to evaluate the possibility of using

RCM for the construction of hexahydropyridodiazepines, because

most of the bioactive diazepines contain one or more fused rings in

order to reduce the flexibility of the 7-membered ring. This would

produce a new interesting heterocyclic skeleton 1 (Fig. 1), since

very similar skeletons are described in the literature with very

promising properties.

The six-membered analogue 2, for example, is a crucial part of a

variety of compounds that are CCK (cholecystokinin) receptor

antagonists,11 ligands for 5-HT (5-hydroxytryptamine) receptors,12

antibacterial agents,13 antiarrhythmics14 and herbicides.15

Derivatives containing the diazepinone core 3 are patented as

inhibitors of neutral endopeptidase and angiotensin converting

enzyme.16

Our strategy to synthesise this heterocyclic skeleton 1, started

from a pyroglutamate ester 4 (Fig. 2). The first step is

functionalisation at the C2 position 5. Carbamoylation and

immediate ring expansion would provide the seven-membered

motif 6. Subsequent N-alkylation 7 and RCM would provide the

envisaged compounds 8. This strategy provides the possibility of

introducing a variety of substituents at four positions and thus

would be ideal to synthesise a library of highly functionalised

molecules.

Although alkylation of pyroglutamates at the C2 position has

been described before,17 this method is rather impractical with the

need for stringent time and temperature control. It was found that

excellent results can be obtained when a mixture of the

pyroglutamate and the electrophile is treated with 2.1 equivalents

of LiHMDS at 240 uC (Scheme 1). When using several

equivalents of electrophile, no N-alkylation was observed. This

methodology, however, cannot be followed if base-sensitive

electrophiles are used (e.g. in the case of 5e and 5f). When using

the benzyl ester, however, small amounts of benzyl alcohol were

formed caused by fragmentation of the ester.18 Therefore, all

subsequent reactions were carried out on the ethyl ester.

Next the ring expansion was performed with different

isocyanates (Scheme 2). In almost all cases, small amounts of

carbamoyllactam 9 were formed together with the desired
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Fig. 1

Fig. 2 Retrosynthetic analysis of bicyclic skeleton 8.
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7-membered ring 6 thus requiring purification. It was observed

that bulky R1 substituents (e.g. phenyl, morpholinomethyl)

prevent the pyroglutamate from reacting with the isocyanate even

under more drastic conditions (reflux in DMF). In these cases only

unreacted starting material could be recovered.

Also compound 5f, with a propyne substituent at C2, gave a

mixture of compounds upon reaction with isocyanates and was

therefore not further used. The 1,4-functionalised 1,3-diazepan-2,4-

diones 6 obtained in this fashion proved to be rather poor

nucleophiles. Treatment with strong bases did not lead to

alkylation but resulted in partial decomposition of the starting

material. The only way to alkylate these intermediates at N3 in

good yield was to reflux them with 2 equivalents of electrophile

and 5 equivalents of finely ground K2CO3 in acetone for several

days (Scheme 2). Finally, ring-closing metathesis on substrates 7

provided the envisaged bicyclic structures 8 in excellent yield

(Scheme 3).

The second generation Grubbs’ and Hoveyda–Grubbs’ catalysts

provide the possibility of performing RCM on a variety of

substrates with different substituents on the double bond.

Substrates with a vinylic19 or allylic chloride (8c, 8e, 8g) or an

extra ester-functionality (8f) thus provide the possibility of further

functionalisation.

In short, we have developed an efficient four step protocol for

the synthesis of highly functionalised 1,3-dioxo-hexahydropyrido-

[1,2-c][1,3]diazepine carboxylates, a new bicyclic skeleton which

allows further functionalisation.
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Scheme 2 Reagents and conditions: (a) R2NCO, NaH, THF, rt; (b)

electrophile, K2CO3, acetone, reflux.

Scheme 3 Reagents and conditions: for entries a, b, d, e and h: 5%

Grubbs’ 2nd generation catalyst, CH2Cl2, reflux, 2 h; for entry f: 5%

Hoveyda–Grubbs’ 2nd generation catalyst, CH2Cl2, reflux, 2 h; for entries

c and g: 5% Grubbs’ 2nd generation catalyst, benzene, reflux, 14 h.

Scheme 1 Reagents and conditions: 4 equiv. electrophile, 2.1 equiv.

LiHMDS, THF, 30 min at 240 uC then 2 h at rt.
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