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PERHYDRO-1,4-DIAZEPINE-2,5-DIONES 

Adel Nefzi, John M. Ostresh and Richard A. Houghten* 
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Abstract: The solid phase synthesis of 1,3,4,7-Tetrasubstituted Perhydro-l,4-diazepine-2,5-diones is 

described. Starting from the resin-bound tBu ester ofaspartic acid and employing reductive alkylation and 

amide formation, 40 diazepines have been synthesized in good yield and high purity. The general nature of 

this approach permits not only large numbers of individual diazepines to be prepared, but also combinatorial 

libraries. © 1997 Elsevier Science Ltd. 

Due to their versatility, amino acids have been used extensively for the synthesis of heterocyclic compounds. 

Furthermore, their activation, protection and deprotection are well documented. 2 

In our ongoing efforts directed toward the solid phase synthesis of small molecule and heterocyclic compounds 

and the generation of combinatorial libraries of organic compounds using amino acids and peptides as starting 

materials, 3 we report here the design and solid phase synthesis of diazepines derived from resin-bound aspartic 

acid. We believe that this family of derivatives offers a uniquely useful structure for the discovery of new, 

biologically active compounds. 

Our synthetic approach is illustrated in Scheme 1. The solid phase synthesis of diazepine derivatives is 

initiated by reduction with NaBH3CN in 1% AcOH in DMF of the enamine formed by the reaction product 

between an aldehyde and the a-amino group of the p-methylbenzhydrylamine resin-bound aspartic acid. No 

racemization has been observed when the resulting imine is reduced immediately upon formation, a The coupling 

of an Fmoc amino acid to the resulting secondary amine does not readily go to completion. This same difficulty 

was previously described by Krchfib.k and co-workers for the solid phase synthesis of 2,5-disubstituted 

dioxopiperazinesJ Satisfactory results were obtained using double coupling with HATU. 6 This coupling step 

depends strongly on the incoming amino acid. 7 Good yields were obtained with Phe and Met(O), whereas low 

yields were obtained with hindered amino acids such as Val. 

Once the dipeptide has been formed, the Fmoc protecting group is removed and a second reductive alkylation 

is carried out using the same conditions. Following tBu cleavage, the thermodynamically favorable coupling of 

the resulting secondary amine to the side chain ofaspartic acid was readily accomplished in the presence of HATU. 
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Scheme 1. Solid phase synthesis of 1,3,4,7-Tetrasubstituted Perhydro-l,4-diazepine-2,5-diones 

using aspartic acid as starting material. 

Dimerization of the unreacted N-substituted aspartic acid (i.e., compound 2 minus the tBu) was obtained as 

a byproduct (5-15%). This yielded the eight-membered cyclic dipeptidomimetic. Employing the above strategy 

and using the simultaneous parallel synthesis approach (T-bag technology), 8'9 we synthesized 40 different 

diazepines with HPLC purities ranging from 15 to 87%. Examples are shown in Table 1. All of the compounds 

prepared were characterized by RP-HPLC, LCQ-Mass spectra and ~H-NMR. In those cases in which low yields 

were obtained, the major product found was the dialkylated amine resulting from a second reduction with R3CHO 

and NaBH3CN alkylation of any remaining secondary amine from unreacted 2. 

In Scheme 2, we show the LCQ-MS spectra of the major peak corresponding to the desired product: the 

diazepine 6a derived from (R1 = R2 = R3 = benzyl), with the expected mass (MH ÷= 442); and the MS spectra of 

the minor peak corresponding to the cyclic dipeptidomimetic 7a resulting from the dimerization of the N- 

benzylated aspartic acid (MH ÷= 409).1° 
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Table 1. 

Compound # 

6a 

6b 

6c 

6d 

6 0  

6f 

6g 

6h 

R1 

M eO ~ ) ~ _  

C>-,.. 
C>-,.. 

R2 

H3C-- 1 

H~C-s~. / 

o 

0 

R3 

~ J  

HPLC purity, % 

72 

85 

87 

80 

15 

52 

62 

56 

The products were run on a Vydac column, gradient 5 to 95% of 0.05% TFA in ACN in 7 rain. ~'i~ne purity was estimated on analytical 

traces at 214 rim. 
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Scheme 2: LCQ-Mass  spectra o f  6a and 7a. 
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