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Abstract : Diketopiperazines, which are cyclic dipeptides, are often formed by a side reaction of 
solid-phase peptide synthesis. Using the new "Backbone Amide Linker," this chemistry can be 
conveniently harnessed for the intentional preparation of diketopiperazines. These products will be useful 
scaffolds for combinatorial chemistry, since they incorporate three different points of diversity: both amino 
acid side-chains and one (of the two) amide bonds. © 1998 Elsevier Science Ltd. All rights reserved. 

One current strategy for the design of new drugs consists of the display, on a suitable rigid scaffold, of 

functional groups that are known to be involved in interactions with the corresponding receptor. To further 

speed up drug discovery, many modem programs of medicinal chemistry exploit combinatorial methods, i.e., 

the simultaneous or parallel synthesis of libraries, and their subsequent screening. 3 Preparations of libraries 

may be conducted in solution or in the solid-phase mode, with the latter often preferred for reasons that are 

precedented in syntheses of biomolecules such as peptides and oligonucleotides. 4 It is imperative that 

solid-phase methods be extended to cover preparations of appropriate scaffolds, in ways that at least two 

reactive points for introducing diversity are included in the synthetic schemes. 

Diketopiperazines (2,5-piperazinediones, DKPs), which are the smallest cyclic peptides, are a common 

motif in several natural products with therapeutic properties. Included are inhibitors of the mammalian cell 

cycle, 5 of plasminogen activator-1,6 and of topoisomerase I, 7 as well as competitive antagonists to Substance P 

at the neurokinin-I receptor. 8 Furthermore, DKPs have been shown to be useful scaffolds for rational design of 

several drugs. 9 The present paper reports on a novel and general method for intentional solid-phase DKP 

synthesis.l° These DKPs incorporate three different points of diversity: both amino acid side-chains and one 

(of the two) amide bonds. 
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DKPs have been observed as unwanted side products, arising from intramolecular aminolysis at the 

dipeptidyl level, in both solution and solid-phase stepwise peptide synthesis. 11 DKP formation has been 

established to be either acid 1 lb,e or base catalyzed, 1 la,c-g and is strongly dependent on the nature and the 
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sequence of  the amino acids. Thus, the reaction is favoured by the presence, in either the first or second 

positions, of  amino acids (Gly, Pro, or N-alkyl) that can easily adopt a cis-configuration in the resulting amide 

bond. Another favorable combination is to have one L- and one D-amino acid in the dipeptide, due to the 

minimal steric interference between the two side-chains.4C, I Ib Furthermore, rates of  DKP formation differ 

considerably depending on the C-carboxyl ester protecting groups, or the structures of  the peptide-resin 

linkages in the solid-phase mode.lla,e,f,h,i Several methods which minimize or avoid completely this side 

reaction are described in the literature. 11 b,g,h, 12 

We have described recently the Backbone Amide Linker (BAL) approach for fluorenylmethoxycarbonyl 

(Fmoc) solid-phase peptide synthesis, whereby the growing peptide is anchored through a backbone nitrogen 

instead of the C-terminal carboxyl.13 In working with BAL-anchored amino acyl allyl and n-alkyl esters 

towards the goal of  preparing cyclic and n-alkyl ester peptides, respectively, we observed an almost 

quantitative DKP side reaction during Fmoc group removal at the dipeptidyl level. 14,15 The DKPs thus formed 

remain covalently attached to the solid support, and can be released later by trifluoroacetic acid (TFA). 

However, in the present work we take intentional advantage of  the facile formation of  DKPs to prepare 

resin-bound as well as soluble DKPs. 
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(i) piperidine-DMF (1:4), 25 °C, 3 x 1 min. 3 x 5 min; (ii) 0 / ~N'Li + THF. -70 °C, 90 min; 

~"-"~ Bzl 
(iii) R3X, THF-DMF (7:3), 25 °C, 5 h; (iv) TFA-H20 (9:1), 25 °C, 2 h 

Our strategy starts by addition of  5-(4-tbrmyl-3,5-dimethoxyphenoxy)valeric acid (PALdehyde) 16 to an 

amino-functionalized solid support (PS or PEG-PS) via HATU/DIEA coupling, 17 followed by on-resin 

reductive amination using the appropriate amino acid methyl ester hydrochloride salts 18 and NaBH3CN in 

DMF. 19 Acylation of  the secondary c~-amino group attached to the BAL-resin was found to be slower than 

comparable reactions of  primary amines. High yields for acylation were obtained by applying HATU/DIEA in 

CH2C12-DMF (9:1). 20 Next, treatment of the Fmoc-dipeptidyl BAL-resin with piperidine-DMF (1:4) 21 led 

to essentially quantitative formation of  DKP-BAL-resin. 22 More diversity could be introduced by alkylation 

of  the DKP amide bond; 23 such a step should be performed before any further manipulations of  amino acid 

side-chains that involve the formation of an additional amide bond (e.g., by acylation of  an e-amino function to 

provide compound 5 shown on the next page). Finally, DKPs were liberated into solution by treatment with 

T F A - H 2 0  (9:1). 

Representative resin-bound DKPs synthesized using this strategy include some with orthogonally 

protected side-chains. 24 Thus, DKP (1) contains two Lys with e-amino groups protected by allyloxycarbonyl 

(Alloc) and 4-methyltrityl (Mtt) groups, respectively. DKP (2) contains a carboxyl group from an Asp residue 

protected by an allyl (AI) group, and an amino function protected with Mtt. DKP (3) contains two carboxyl 
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groups from Asp and Glu residues protected by A1 and t-butyl (t-Bu) groups, respectively. Finally, DKP (4) 

contains a hydroxyproline moiety, which confers more rigidity to the scaffold. Resins 1-4 were cleaved with 

TFA to give the corresponding DKPs in solution (retaining acid-stable allyl protection); these were 

characterized further by analytical HPLC 25 and showed the correct mass upon MALDI-TOF. 

BAL 
BAL ~ NH-AIIoc BAL C-- OAI C-- OAI I 
N (CH2)4 H2 

Mtt-NH- (CH2)4 H Mtt-NH- (CH2) 4 H tBuO-- .C.-- (CH2)2T "~" H 

H K H ~ ,-' 
H (1) 14 (2) H (3) H(~ (4) 

As a further example, DKP (5) was synthesized incorporating Ala and Lys(Mtt) at the first and second 

positions, respectively. After cyclization, the amide bond was alkylated with CH3I, 23 the Mtt group was 

removed selectively with TFA-CH2C12 (1:99), and Fmoc-Leu-OH was added using HATU/DIEA coupling. 

TFA cleavage released material with excellent HPLC 25 and MALDI-TOF characteristics, as shown below. 

H 
O-  N ,,,4r CH3 

Fmoc-LetrNH- (CH2)4 ~ ~ . ~ H  

2." N~ "O 
H = 

CH3 
(s) 

A220 

! 
Time(rain) 15 

571.60 + 
[M+Na] 

I 
30 

587.59+ 
[M+KI 

549.60 
[M+H] + 

..L_ 
In conclusion, a strategy has been developed using backbone amide (BAL) anchoring which allows the 

preparation of  rigid DKP scaffolds bearing two or three points of diversity. BAL is compatible with several 

orthogonal protecting groups for additional elaboration of side-chains and display of a wide range of pendant 

functionalities. DKP combinatorial libraries prepared will be suitable for both on- and off-resin screening. 
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