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ABSTRACT
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The synthesis of several amphiphilic, nonpeptidic scaffolds that mimic the presentation of

i, i+ 3ori+ 4, and i + 7 residues of a peptide

o-helix is described. The approach uses a pyridazine core, and the synthesis involves only a few steps and minimizes the number of C -C

bond-forming reactions. The versatility of the synthesis makes it suitable for the preparation of small libraries of low molecular weight

mimetics that could be targeted to certain protein/protein interactions.

o-helix

a-Helices are the most common protein secondary structuresmimic the surfaces of constrained peptides offer the advan-

and play a pivotal role in many proteiiprotein interactions.

tage of improved stability, lower molecular weight, and in

Frequently the critical interactions are found along a “face” some cases better bioavailability. Although synthetic small

of the helix involving side chains from thigi + 3 or i + 4,
andi + 7 residues. These project from thiehelix with well-
known distances and angular relationsHipolecules that

molecules that adopt various well-defined secondary struc-
tures are well-documentédhe first useful mimetics for an
o-helix were reported only recently by Hamilton and co-

can predictably and selectively reproduce these projectionsworkers: the terphenyl scaffofdand its pyridin@ and
could be valuable as tools in molecular biology and, terephthalic acitf analogues.

potentially, as leads in drug discoveéryhe syntheses of
peptidomimetics having a stabilizedhelical conformation

Here we describe the synthesis of small libraries of new
classes of low molecular weiglt-helix mimetics having

have been achieved by introducing synthetic templates intoa pyridazine ring in the central position and hydrophobic

the peptidic chaihby usingS-hairpin mimetics! 3-peptide
sequence3,and unnatural oligomers with discrete folding
propensities (foldamer§)Small synthetic molecules able to
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positions. These include the pyrazelgyridazine-piperazine || NN

scaffold1 and the oxadiazole—pyridazine—phenyl scaffold Scheme 1. General Routes for the SynthesiscoHelix

2 (Figure 1). Mimetics Based on Pyridazing
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Figure 1. (a) Pyrazole-pyridazine-piperazine scaffold. (b) Super- RS Cl 4

imposition of 1 (orange) on the, i + 3,1 + 7 positions of an
a-helix. (¢) Oxadiazole—pyridazine—phenyl scaffold. (d) Super-
imposition of 2 (orange) on the, i + 3,1 + 7 positions of an
o-helix.

ropyridazinet? Accordingly, esterification of commercially

Inspired by the Hamilton terphenyl, we sought improved 2available 6-oxo—1,6—dih)_/dropyridazine—lg—ca_rboxylic a&d
synthetic accessibity, and an amphiphilic structure with followed by treatment with POgBave6.* This underwent

hydrophobic surface for recognition and a “wet edge” for homolytic alkylation by free isobutyl radical, generated by
enhanced solubility. silver-catalyzed oxidative decarboxylation of isovaleric acid,

and led to a mixture (ca 2:1 regioisomeric ratio) of regio-
isomers 3 and 4 that were easily separated by flash
chromatography.

The structures of regioisome8sand4 were assigned on
the basis of the chemical shifts of the aromatic protons (see

esters3 and4, respectively. The latter could be obtained by . ° )
nucleophilic alkylation of 3-chloro-6-carboxypyridazine ethyl  the Supporting Information). Moreover, it has been reported
that similar pyridazines having a carbonitrile group instead

ester6'! by alkyl free radicals that are known to react with ) ’ e S -
of the ethyl ester function reacted with pivalic acid under

electron-poor protonated heteroaromatics such as 3,6-dichlo- - : ' -
the same conditions to yield a 7:3 mixture of two regioiso-
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As depicted in Scheme 1, compounti&ind 2 could be
obtained in a few steps involving a minimum number of
C—C bond-forming reactions, starting from two regioiso-
meric 4- and 5-alkyl-3-chloro-6-carboxypyridazine ethyl
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The minor regioisomed was found to be sufficiently
Scheme 2. Synthesis of the PyrazolePyridazine—Piperazine ~ €lectron poor to undergo Suzuki coupltfgvith commer-

Scaffold cially available 2-alkoxyaryl boronic acidkba,b affording
HOw _R2 O _R2 compoundd 6a,bin acceptable yields (Scheme 4). Both the
OH
G e | _ ——
+ . Scheme 4. Synthesis of the Oxadiazoté’yridazine—Phenyl
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N Tab X i
r[\1] P N Martin N X Scaffold
Pd(PPhg),Cl, N~ DCME N~ HO.. _.OH
Cul, TEA
COOEt THF, 70°c ~ COOEt  (90-93%)  COOEt cOORt O g
3 (75-78%) 8a,b 9a,b
NS 15a,b 1) LIOH, THFH,0
R2 N~ > N o
Pd(PPh3)s, NaHCO; sat. 2) e
N= Cl DME/ELOH, reflux HaN~ g2
HN - 4 2h H
. _549 17a,b
NH,NH, N 1) LIOH, THF/H,O (65-64%) EDCI, HOBt, DCM
- % N — R2 (70-85%)
MeOH N. -~ 2 OR R2
0°C ) H'L/ H'ﬂ/&o N=(
(75-80%) fo(ziEt N goo HN~ 0 Ny 0 2a R2= jPr, R3= Ph (45%)
’ 11a,b POCl, GH,CN 2b R2= Bn, R3= Ph (46%)
EDCI, HOBt NS » N 2¢ R?= Pr, R3= iPr (53%)
r2 DCM N~ reflux, 12h Nz 2d R?= Bn, R®= iPr (50%)
(74-98%)
1 O‘R3 O‘Ra
HN._~
1a R2=jBu, R® = /Bu (98%)
1) TFA,DCM "X 1b R? = jBu, R%= Bn (94%) 18a-d 2a-d
—_—» 2 _ 3_
1¢ R =Bn, R*= /Bu (96%)
z)é;i"CLEA N 1d R?=Bn, R®= Bn (98%) ) ) ) . o
o N/\\\RS alkoxy side chains and alkyl side chains serve to mimic the
K/N key hydrophobic residues in protei-helix ligand interac-
Ac tions? Hydrolysis of the ethyl ester with LIOH, followed

by coupling withN-acyl hydrazided.7a,b (easily obtained

mediated by EDCI/HOB led to the formation of intermedi-
ates 18a—d in good overall yields. FinallyN,N'-diacyl
hydrazides18a—d were dehydrated by using PQCin
refluxing CHCN to achieve the synthesis @fhelix mimetic
oxadiazole—pyridazine—phenyl scaffold

followed by coupling with different commercially available
N-Boc-protected piperazinekla,b, we obtained a small
library of compound4.2a—d. After deprotection, these were
selectively acetylated at the free amine function of the
piperazine ring leading to the target compoutidsd. Such
structures were recently shown to give good overlap of their

i i i : i icasl8 . . . o
protruding functions with the side chains efhelices™® Scheme 5. Synthesis of the Piperazin®yridazine—Phenyl
The versatility of alkynyl keton®awas further exploited Scaffold
in its reaction with formamidine in refluxing EtOH leading HO. JOH
to the formation of the pyrimidine derivativi8 in moderate B R2
yield (Scheme 3). Following the same strategy depicted in  coogt COOH HN/\N
NS 19 NS 11b,c
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Scheme 2, we obtained the synthesis of a new class of
a-helix mimetics, namely, the pyrimidine—pyridazine— 21b,c 22b,c
piperazine scaffold (compoundgla—c).
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The Suzuki coupling with 2-isopropylphenyl boronic acid thought of as synthetic counterparts of amphiplulibelices
19 with use of a 2 Maqueous solution of N&O; (instead having a “wet face” along one side and a hydrophobic face
of a saturated aqueous solution of NaH{Qave directly along the other side of the helix. The combinatorial synthesis
the free carboxylic acid20, which could be used as of an array of these compounds and their ability to recognize
intermediate for the construction of other scaffolds (Scheme protein surfaces are currently under investigation.
5). For example, coupling0 with N-Boc-piperazinedl1b,c
gave, after the usual deprotection/acetylation sequence, the Acknowledgment. We are grateful to Novartis and the
piperazine-pyridazine-phenyl scaffold represented by com- Skaggs Institute for financial support. A.V. and L.M. are
pounds22b,c. Skaggs Postdoctoral Fellows.

In summary, the synthesis of new-helix scaffolds
mimickingi, i + 3 ori+ 4,i + 7 residues was accomplished. ~ Supporting Information Available: Experimental pro-
The common pyridazine heterocycle originates from the cedures and full spectoscopic data for all new compounds.

easily available building blocks. These scaffolds may be ~ This material is available free of charge via the Internet at
http://pubs.acs.org.
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