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Abstract: Head-to-tail histidine containing cyclopeptides can be efficiently synthesised by a three-dimensional 
orthogonal solid-phase strategy (Fmoc/tBu/allyl) v/a anchoring the imidazole ring to trityi-resins. Furthermore, 
Fmoc-His(Trt-®)-OAl can be a useful starting support for the preparation of diketopiperazine combinatorial 
libraries. © 1999 Elsevier Science Ltd. All fights reserved. 
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Cyclisation is a key step in small cyclic peptide synthesis. Only a few examples of  cyclisation in the solid- 

phase of constrained tetrapeptides are described. ~ A major problem is represented by cyclodimerization. The 
extent of  oligomerization is strongly correlated to the choice of  the C-terminal residue. 2 An efficient approach to 

the solid-phase preparation of  head-to-tail cyclic peptides, which recently found wide application, is based on the 

principle of anchoring the peptide to the resin through a side chain. 3 The combination of Fmoc/tBu/allyl 4 

provides a really flexible three-dimensional orthogonal protection scheme that permits the construction of more 

complex peptides including peptides which are cyclic, which have branching, which contain post-translational 

modifications or which are conjugated to sugars and oligonucleotides, s An extension of the side-chain anchoring 

approach to the synthesis of  head-to-tail cyclic peptides, based on the exploitation of allyi chemistry, is the 

possibility of anchoring the imidazole ring of a peptide containing His residues to a trityl-resin (Trt-(~), 6 

following the methodology we describe in this communication. 

Our method, which can be generalized, is based on the anchoring of  the imidazole ring of a His residue to the 

handle of  a Trt-®. This approach can be used in batch or in continuous-flow peptide synthesisers depending on 

the starting resin, following the efficient three-dimensional orthogonal solid-phase Fmoc,/tBu/allyl strategy. 7 The 

anchoring was successful with tritylchloride-resin as well as with NovaSyn tritylalcohoi-resin. In order to anchor 
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the resin to the imidazole ring, we synthesised the new building block Fmoc-His-OAl 1. s As the Trt group is 

known to be a protective group for the NH of  the imidazole ring of  His, we anchored it to the handle ofa  Trt-®. 

The trityichloride-resin 2a was treated with 1 under mechanical stirring. 9 The quantity of  the amino acid was 

specifically chosen in order to obtain a final level of  substitution around 0.4-0.6 mmoi/g. This was to take 

advantage, in the subsequent cyclisation step, of  the pseudo-dilution phenomenon which favors intramolecular 

resin-bound reactions, minimizing inter-chain interactions. 

As we wanted to be able to use this amino acid anchored to Trt-® also on a continuous-flow peptide 

synthesiser, we followed the same procedure with a NovaSyn tritylaicohol-resin. In this case, we had to activate 

the triphenylmethanoi-handle, transforming it into the corresponding chloride 2b by treatment, in anhydrous 

toluene at 60 °C, with SOC!2. l° After obtaining the required level of  substitution, we end-capped. In this way, we 

inactivated the reactive sites which remained after coupling of  the first amino acid on the resin. 

To verify the validity of  the title strategy, Fmoc-His(Trt-~)-OA1 3a and Fmoc,-I-Iis(NovaSyn Trt-®)-OAl 3b 

(Scheme 1) were used to synthesise the peptides anchored to the resins Fmoc-Gly-His(Trt)-Gly-His(Trt-®)-OAl 

and Fmoc-Gly-His(Trt)-Gly-His(Trt)-Gly-His(Trt-®)-OAl H as precursors of  the linear tetra- and hexapeptides 

and of  the corresponding cyclopeptides. During the synthesis, after the coupling of  every amino acid (HATU- 

DIPEA activation), we performed the Kaiser ninhydrin test ~2 and a spectrophotometric estimate of  substitution 

on samples of resin. 

Moreover, in order to test the stability of  the linkage of  the Trt-® to the imidazole ring, after every coupling 

of an amino acid, the peptide anchored to the resin was treated with i) Pd°(PPh3)4 in CHCI3-AcOH-NMM 

( 3 7 : 2 : 1 )  under Ar atmosphere (to remove the allyl group from the C-terminal function) and/or ii) with 

piperidine-DMF (1 : 4), to remove the N%Fmoc protection. All the solutions we obtained after treatment with i) 

and/or ii), analyzed by ESI-MS, showed no peaks which could be attributed to the corresponding peptide 

fragment and the resin substitution was maintained (indicating that the linkage to the resin was stable to standard 

cycles of  the synthesis). 

The linear hexapeptide anchored to the resin was firstly deprotected in the N-terminal position and suspended 

in a solution of DIPEA and TBTU in DMF. After cleavage from the resin with I"FA-H20 (95 : 5) and 

purification by I-IPLC, 13 w e  obtained cyclo(-His-Gly-~h (Scheme 1). 

Scheme I 

H I 
Ph 

/ ~Ph N 

Ph F m ° C ~ N v ~ O ~  
I II 
H O 

2a,b 3a,b 

i) PeptJde chain dongation i 
A 

(5 cycles) I ,I( 
ii) Cyclisation and cleavage [13] Cyclo(-His-Gly-)3 



811 

We followed the same procedure for the c~]¢lisation of the tetrapeptide. The crude product was examined by 
both ESI-MS and FAB-MS which yielded mass spectra containing three signals centered on charge ratios (m/z) 
of 777, 389 and 195. These signals correspond to the singly protonated molecules of the cyclo(-His-Gly-)4, 
cyclo(-His-Gly-)2 and diketopiperazine (DKP) formed. It is well known that ionization techniques can generate 
both singly and doubly protonated species and therefore, we have to assume that the signal at m/z 389 may 
contain both singly protonated cyclo(-I-Iis-Gly-)2 as well as the doubly protonated ¢yclo(-His-Gly-)4. However, 
HPLC separation showed only two peaks. The first one (Rt -- 3.22) was attributed to the DKP formed during 
Fmoc removal in piperidine at the dipeptide level, according to that recently reported by Barany et al. ~' This 

process, promoted by the allyl alcohol leaving group, the Gly residue in the second 
O H position and the stability of the resulting DKP formed [3-(1H-imidazol-4-yimethyl)- 

~ , . I - I  j [ ~  piperazine-2,5-dione, Fig. 1], totally suppressed by doing a fast could be Fmoc 
N/~ deprotection cycle at the level of the second coupling reaction. The second peak (Rt 

H / = 3.53) appeared to be a mixture of the target cyclo(-His-Gly-)2 and the 
O corresponding cyclodimer. Further work is in hand to find chromatographic 

Fig. 1 conditions for the purification of the cyclotetrapeptide, which was the major product, 
as shown by FAB-MS spectra. 

In conclusion, we have shown that Fmoc-Hi~rt-®)-OAl is a useful starting support for the synthesis of His 

containing head-to-tail cyclopeptides. Moreover, when the reaction conditions ate optimized towards DKP 
formation at the dipeptidyi level, the above described strategy can be used as an alternative efficient way to 
prepare DKP combinatorial libraries, 15 leading to scaffolds which can be screened in the context of a rational 
drug design. 
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