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Abstract: The chemistry, synthesis of model compounds, selection of building blocks, and synthesis of a 
library of 1,4,7-trisubstituted perhydro-l,4-diazepine-2,5-diones are described. Secondary diamines and 
Fmoc protected amino alcohols were attached to chlorotrityl resin and the amino group acylated with 
Fmoc-Asp(OAll). The Fmoc group was cleaved, and the amino group alkylateci. Then bromoacetic acid 
was coupled to the amino group and the bromide displaced by primary amines. After removal of the allyl 
ester function, the seven membered ring was closed upon mild activation of the carboxyl group. Products 
were cleaved from the resin by TFA vapor. © 1997 Elsevier Science Ltd. 

The solid-phase synthesis of benzodiazepines,  described by Bunin an d Ellman, 2 represents the first 

combinatorial synthesis of small heterocyclic molecules. Since then, the literature has been flooded with 

descriptions of polymer-supported chemistries yielding various heterocyclic compounds  for combinatorial 

libraries. 3 In this contribution we wish to report the straightforward solid-phase synthesis of diverse 1,4,7- 

trisubstituted perhydro-l,4-diazepine-2,5-diones (Scheme 1) using commercially available building blocks: 

diamines (or amino alcohols), aldehydes,  and amines. 

The synthesis was developed on TentaGel resin (Rapp Polyrnere, Germany, subst. 0.24 mmol /g )  

derivatized with either Rink or trityl (Trt) linker. The Trt linker allows the attachment of a variety of 

bifunctional building blocks such as amino acids, amino alcohols as well as diamines via the carboxyl, 

hydroxyl or amino groups, respectively. Thus, a polymer-supported amino group is available for further 

modification. 4 The linker is stable towards nucleophiles, a necessary condition in this case since primary 

amines are used in the last combinatorial step. The advantage of the Trt linker from the screening point of 

view is the ability to cleave compounds  with TFA vapor or HC1 gas applied to the dry beads. The beads can 

be handled after cleavage and the compounds  released into solution only when  the extracting solvent is 

applied. 

The synthesis of perhydro-l,4-diazepine-2,5-diones begins with the attachment of the symmetrical 

secondary diamines and secondary Fmoc protected amino alcohols to the chlorotrityl resin. One can also 

use primary diamines or Fmoc protected primary amino alcohols, followed by reductive alkylation of the 

amino group. In this way the diversity of the library can be increased in combinatorial fashion (10 primary 
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diammes and 10 aldehydes provide 100 secondary diamines). Alternatively, amino acids are coupled to 
RAM TentaGel. 

The presence of the secondary amino group is necessary. The primary amino group, acylated by 
Fmoc-Asp(OAll), undergo base catalyzed aspartimide formation during Fmoc deprotection (Scheme 2). 5 
The formation of the five membered ring product is confirmed by MS and HPLC. 

S c h e m e  1. Polymer-supported synthesis of 1,4,7-trisubstituted perhydro-l,4-diazepine-2,5-diones. 
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Acylation using Fmoc-Asp(OAll) is followed by piperidine deprotection and reductive alkylation of the ~- 
amino group (the second combinatorial step using the set of aldehydes). The reaction is successful for a 
representative set of aliphatic, aromatic, and heteroaromatic aldehydes (Figure 1). We have used a modified 
procedure with triethylorthoformate and sodium triacetoxyborohydride as dehydrating and reducing 
agents, respectively. 6,7 The secondary amine thus formed is then acylated with bromoacetic acid activated 
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in situ with tetramethylfluoroformamidinium hexafluorophosphate (TFFH).S The otherwise difficult 
acylation of this secondary amino group 9 proceeded smoothly. 

Scheme 2. Base catalyzed aspartimide formation 
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In the last combinatorial step the bromide is displaced using a 2 M solution of primary amine in 
DMSO at room temperature, following the procedure described by Simon et alY ° It is worth mentioning 
that the aUyl ester is stable under these conditions. 

Figure 1. Building blocks used in individual combinatorial steps. 
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The next reaction step included the allyl ester removal with Pd°(PPh3)4 . Alternatively saponification 
easily occurs using 0.5% NaOH in MeOH/H20 (20:80). The seven membered ring is closed by mild 
activation of the carboxyl group with diphenylphosphoryl azide overnight. The expected molecular ions 
are detected by mass spectrometry and the NMR spectra confirm the presence of the seven membered 
ring. n 

The perhydro-l,4-diazepine-2,5-diones are then cleaved from the Trt resin by TFA vapor. A glass 
desiccator is saturated with TFA vapor by placing a Petri dish with neat TFA on the bottom of the 
desiccator. Dry resin beads in open vials are then exposed to TFA vapor at room temperature ovemight. 
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T h e  TFA d i s h  is t h e n  r e m o v e d  f r o m  the  des iccator ,  a n d  the  res in  e v a c u a t e d  ove rn igh t .  The  p r o d u c t  is t hen  

ex t rac ted  th ree  t i m e s  w i t h  M e O H .  Yields r ange  f r o m  73 to 84% of c r u d e  mater ia l .  To a s s u r e  tha t  c leavage  is 

comple te ,  the  r e s in  b e a d s  are  t rea ted  w i t h  n e a t  TFA for 1 h,  a n d  the  TFA so lu t ion  is evapora ted .  The  

r e s i d u e  is d i s s o l v e d  in M e O H ,  a n d  ana l yzed  for the  p r e sence  of p r o d u c t  by  analy t ica l  HPLC.  Typical ly ,  

w h e n  c o m p a r e d  to the  g a s e o u s  release,  less t h a n  5% of d i a z e p i n e s  is detected.  

W e  tes ted  8 s y m m e t r i c a l  s e c o n d a r y  d i a m i n e s  a n d  a m i n o  alcohols ,  17 a l d e h y d e s  a n d  20 p r i m a r y  

a m i n e s  in  m o d e l  c o m p o u n d s  p r io r  to the  l ibrary  syn the s i s .  Each b u i l d i n g  block w a s  tes ted  in the  syn the s i s  

of  at  l eas t  t w o  m o d e l  c o m p o u n d s .  T he  pu r i t y  of  the  p r o d u c t s  w a s  a n a l y z e d  by  H P L C  at 215 n m  a n d  r a n g e d  

f r o m  76 to 96%. 12 The  correct  mo l ecu l a r  w e i g h t  w a s  c o n f i r m e d  by  m a s s  s p e c t r o m e t r y  (PE-Sciex API  III+ 

w i t h  a n  a r t i cu la ted  ion  s p r a y  s a m p l e  inlet  sy s t em) .  The  first sma l l  l ibrary s y n t h e s i z e d  b y  s p l i t / m i x  

t e c h n i q u e  w i t h  8 s e c o n d a r y  d i a m i n e s  a n d  a m i n o  a lcohols ,  17 a l d e h y d e s ,  a n d  20 p r i m a r y  a m i n e s  p r o v i d e d  

the  final c o m p l e x i t y  of  2,720 c o m p o u n d s .  
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