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ABSTRACT
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The combinatorial parallel synthesis of peptide-biphenyl hybrids on solid support using state of the art of peptide synthesis is reported. Key
steps were the N to C addition of an amino moiety, hydrolysis of the methyl ester, and the absence of cross-linked compounds when the

2,2'-diamino-1,1 '-biphenyl was incorporated. When tested for activity as calpain inhibitors, some of the compounds exhibited IC

nanomolar range.

50 values in the

Peptide-biphenyl hybridé\ (Figure 1) are compounds in

which peptides or single amino acids are bound to the 2-

and 2-positions of a biphenyl ring systetrBoth peptides

and biaryl compounds have been used as chiral cat&lysts,
as building blocks for the design of technological matedals,

T Taken in part from the Ph.D. Thesis of A.M. (Universidad Aama,
Madrid, 2004).

* Abbreviations: CDI, carbonyldiimidazole; DIEAN,N-diisopropyl-
ethylamine; DIPCDIN,N'-diisopropylcarbodiimide; DMFN,N-dimethyl-

formamide; HOAt, 1-hydroxy-7-azabenzotriazole; HOBt, 1-hydroxyben-
zotriazole; MBHA, 4-methylbenzhydrylamine; PS, polystyrene; PyBOP,
(benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate; TEA,

triethylamine; TFA, trifluoroacetic acid; THF, tetrahydrofuran. Amino acid
symbols denote-configuration.
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Figure 1. Generic structure of peptide-biphenyl hybAd

as biologically active compounds, and in other applications.
The combination of both structural fragments in a single
molecule provides compounds with synergistic propettfes.
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Our previous research on the inhibition of calpain by is incorporated, the chain reverses sense. Optimization of
peptide-biphenyl hybrids yielded several nanomolar inhibitors the solid-phase process was carried out for tyxeX (4)
(Figure 2)%2To establish structureactivity relationships for and typeXXXX (13) compounds. The synthesis is illustrated
in Scheme 1.

Rink-MBHA-PS-resin (the loading of intial MBHA-PS
resin was 0.7 mmol/g) was transformed into the solid-phase

o linked dipeptide5 by standard methodology involving the
Q O 'g,‘\)J\ appropriate Fmoc-removal [piperidine-DMF (1:4)] and cou-
o OCH, pling (DIPCDI/HOBY, 3 equiv each) to the corresponding

H3C°j(\u O © @ N-Fmoc-amino acid (Val and Phe, sequentially, 3 equiv).

01 o —eanst All of the reactions involving resin-bound amines were
= monitored by Kaiser's teStand when necessary, the coupling
O H ¢ was repeated until a negative test result was obtained. The
o , YO N\:.)]\OH first biphenyl fragment was introduced by the reactiorbof
Haco)i(N\n/‘\N 0 3 with diphenic anhydride in the presence of TEA to give the
o M O @ acid6. The free acid ob was activated with PyBOP/HOAt
2,1C50=6nM and then coupled with H-L-Phe-OMe to giveThe reactions
Q O w0 O involving resin-bound carboxylic acids were monitored by
o \ 0 NN the malachite green tetAt this stage an aliquot of was
XJIH\H/QN o v H Y treated with TFA to give8, which had a purity of over 95%
6 H O @ O by HPLC-MS!° The next step, the hydrolysis of the methyl
ester with LIOH in THF to afford the aci®, required
3. X= OCHs, ¥ = NHy, 15 = 87 pM extensive optimizatio&t Thus, the amount of LiOH, reaction
4 X=NHz, Y = NHs', CFaCO; temperature, and reaction time were all investigated in order
Figure 2. Structures and 1§ values of previously reported peptide-  t0 achieve a satisfactory result. This process was readily
biphenyl hybrid calpain inhibitord—3 as well as the structure of ~ followed by HPLC/MS analysis of samples obtained after
target4. TFA cleavage of aliquots dd. Complete conversion and a
purity of >95% of the acid10 were obtained when the
) ) ) ] . . reaction was carried out with 25 equiv of LiOH, at 30
peptide-biphenyl hybrids, a large variety of peptide-biphenyl t5r 17 hit The penultimate step of the synthesis was
hybrids is needed, and a solid-phase combinatorial synthetic,tivation of the acid functionality ¢ with CDI (10 equiv)
strategy is desiretlOur target library includes compounds  ¢gjiowed by addition of the rather poor nucleophile 2,2
of the typesXXX and XXXX (Figure 3), which exhibit  giamino-1,1-biphenyl (5 equiv) to give the monoacylated
structural similarity to the lead moleculd. The target  roquct11 No diacylated cross-linked product was detected
compounds possess two common biphenyl fragments andnqer these conditions. This absence can be attributed to the
either three or four amino acid residues that are used to“pseudo-dilution phenomenok’associated with the solid
generate molecular diversity. _ _ phase, as well as to the poor nucleophilicity of the amino
The synthesis of peptide-biphenyl hybrids was previously group of compound 1 Finally, TFA cleavage from the resin
carried out in solution using an efficient coupling reaction yields in the target moleculé (as the trifluoroacetate salt).
between a nucleophile (either an amino acid or a peptide Compound4 was analyzed by HPLC-M.1t is interesting
derivative) and an electrophile [either conveniently activated {4 note that at room temperature, the chromatogram of the
2,2-biphenyl-1,1-dicarboxylic acid or dibenzale]oxepine- peptide-bipheny# shows two close peaks at 9.61 and 9.73
5,7-dione (diphenic anhydride)]. The aforementioned strategy min that coalesce (9.60 min) when the temperature is
is not readily applicable to the solid phase, as it does notreased to 46C (Figure 4, Supporting Information). These
facilitate linkage to a solid support. Alternatively, a standard 1, peaks may be attributed to the two possible atropisomers
solid-phase peptide strategy that involves linkage of the first ¢ compound4 that have been also detected by NMR.1¢

amino acid to the solid support through the C-terminal the synthesis is very efficient, provididgn an overall yield
carboxylic acid and elongation of the chain through the ot 7504 for the 11 step sequencé.

N-terminus was probetiin this case, however, when the
biphenyl residue, which contains two carboxylic moieties,

The last coupling for the preparation of typ€XXX
involves the reaction of the poor nucleophile aromatic amine

(5) (@) Montero, A.; Mann, E.; Chana, A.; Herfadd®. Chem. Biodier.
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E.; Navas, J. M.; Herrddp B. Bioorg. Med. Chem. LetR004 14, 2753. Biochem.197Q 34, 594.

(c) Herradm, B.; Benito, E.; Chana, A.; Mann, E.; Montero, A. Spanish (9) Attardi, M. E.; Portu, G.; Taddei, MTetrahedron Lett200Q 41,
Patent Application 200301125; PCT Application ES2004/070034. 7391.
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Weinheim, Germany, 2002 Sci.2004 10, 326.
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Scheme 1. Solid-Phase Synthesis of Target Molecues a Representative Example of Peptide-biphenyl Hybrids of Kpf€)
and 13 (as a Representative Example of Peptide-biphenyl Hybrids of FpQ€X )2
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@ Reagents and conditions: (a) HCI H-Phe-OMe (3.0 equiv), PyBOP (3.0 equiv), HOAt (3.0 equw), DIEA (6.0 equiv), DMF. (b) TFA
CH,ClI; (95:5). (9 2 N LiOH (25 equiv), THF-H,0 (7:3), 50°C. (d) (i) symmetricN-Fmoc-amino acid anhydride (3.0 equiv), TEA (3.0

equiv), CHCIy; (ii) piperidine—DMF (1:4).

present in1ll and an N-protected amino acid derivative.
Several procedures such as activation with DIPCDI/HOBt

o (o O aas N O H
o
] i,
”;W*ﬁ :

Figure 3. Generic structures of the target peptide-biphenyl hybrids
XXX andXXXX with the sites (R—R,) for generating molecular
diversity highlighted. XXX and XXXX denote sublibraries contain-
ing three and four amino acids, respectively.
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or use of the acid chloride were tested but proved to be
unsatisfactory? The best result was obtained using the
symmetrical anhydride in Ci&l,, providing12 (Scheme 1).
Finally, after removal of thé\-Fmoc protecting group and
cleavage from the resin, the peptide-biphenyl hydvas
obtained as a trifluoroacetate salt.

The proof of concept of this methodology was undertaken
by the generation of a small combinatorial library of
compounds of the type¥XX and XXXX using a parallel
synthesis strategy. In addition to having studied the scope
and limitation of the synthetic methodology, these experi-
ments should test the utility of the semiautomatic system
proposed for these and future libraries.

The peptide-biphenyl hybrid¥XX and XXXX (Figure
3) possess three and four amino acids, respectively. Since
previous results from one of our laboratories indicated that
the peptide-biphenyl hybrids that are most active as calpain

(14) While the reaction promoted by DIPCDI/HOBt was very slow, the
acid chloride methods were not always the best methods for incorporating
urethane-protected amino acids, because they led to the formation of the
less reactive oxazolone. See ref 7.
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Figure 4. Structures and 16 values of the compounds of the library of peptide-biphenyl hybrids; V@lues were determined using a
previously reported spectrofluorimetric method incorporating calpain | from porcine erythrocytes and fluorescence-labeled casein as a
substraté.

inhibitors are those with aromatic and hydrophobic amino (VFFA and VFAA, Figure 4 and Table 1, Supporting
acids, the following amino acids were selected: Val and lle Information) are potent calpain inhibitors, having:d@alues
for position ag, Phe and Tyr for position aaPhe and Ala in the nanomolar range.

for position ag, and Ala and Phe for position adeptide- In summary, we have shown that peptide-biphenyl! hybrids
biphenyl hybrid libraries were prepared according to the can pe obtained via solid-phase methodology. Key steps of
synthetic procedure illustrated in Scheme 1. Figure 4 showsthis protocol were the N to C addition of an amino moiety,
the structures of the peptide-biphenyl hybrids prepared on athe hydrolysis of the methyl ester, and the total absence of
solid phase. cross-linked compounds when the'Zi2amino-1,1-biphenyl

Itis worth mentioning that eight out of the nine compounds  \yas incorporated. The interesting biological activity of these

have purities higher than 90%; only compow¥F has a  ompounds has inspired an ongoing preparation of a large
lower but still acceptable purity of 78%. The overall yields ,mber of congeners.

for the entire sequences (11 steps for compounds of type
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Supporting Information Available: Experimental pro-
cedures and copies of HPLC/MS. This material is available
free of charge via the Internet at http://pubs.acs.org.
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