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Abstract: Four novel unsymmetric piperazinyl polyazacyclophane scaffolds 1-4 were synthesized in high
yields by an efficient cyclization strategy. Twenty-six libraries 12-37 (total 16000 compounds) were generated
by a solution-phase combinatorial approach from 1-4 and thirty-eight functional groups. Potent antibacterial
and HIV-1 tat/TAR protein—-RNA disrupting activities were discovered.© 1998 Elsevier Science Ltd. All rights reserved.

A variety of combinatorial strategies allowing creation of single-compound or mixture libraries to enhance
discovery of new leads, and subsequent lead optimizations have been reported.! Oligomeric? and small-molecule’
libraries are typically generated by solid-phase approaches. Solution-phase combinatorial approaches have
recently become of interest as an alternative for the generation of paralle! single-compound libraries,* indexed
libraries,” and complex libraries.® Solid-support extraction’ methods have been used for the purification of
solution-phase libraries. We have recently reported a process to generate chemical libraries by simultaneous
reacting a mixture of functionalities with several different reactive sites on a core scaffold in solution.®® This
solution-phase simultaneous addition of functionalities (SPSAF) combinatorial approach was designed and
developed for lead discovery by incorporating diverse functionalities in large mixture libraries. In this approach,

811 and linear'? scaffolds have been synthesized and utilized for the generation

unsymmetric polyazacyclophane
of a variety of mixture libraries. Libraries generated from the more rigid scaffolds exhibited more potent
antibacterial activity than those based on the more flexible scaffolds.’® Chemical synthesis'* and HPLC
fractionation'* methods were used for the deconvolution of active libraries, and a series of novel antibacterial
compounds were identified.

Herein we describe the synthesis of four new piperazinyl polyazacyclophane scaffolds 1-4 (Scheme 1).
Twenty-six chemical libraries 12-37 (Scheme 2), having a total complexity of over 16000 compounds, were
generated from these new scaffolds and a variety of functionalities (R;—Rsg) (Figure 1) using the SPSAF
combinatorial approach. Preliminary biological activities of these libraries in antibacterial and HIV-1 tat/TAR
protein—-RNA disruption assays (Table 1) will be disclosed.

4’-Piperazinylpyridine-2,6-dimethanol (5)'° (Scheme 1) was treated with di-z-butyl dicarbonate to give ¢
Boc-protected compound 6 in high yield. Compound 6 was reacted with tosyl chloride to provide the
corresponding ditosylate 7. Various cyclization methods to prepare polyazaphane related macrocyclic
compounds have been reported.'® N7, N®-Bis(amino) compounds protected with Cbz, COOEY, +-Boc, Tf, and Ts
groups'® have been used in similar cyclization steps to prepare symmetric polyazamacrocylic compounds.
These methods typically provide low yields because of the requirements of strong basic conditions at elevated
temperature. Removal of the protecting groups on the resulted macrocyclic compounds are generally low-yield
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reactions because of the requirements of strong acids or bases or reducing agents. The 2-nitrobenzenesulfonyl
protecting group was easily removed under mild condition; thus tris(2-nitrobenzenesulfonyl)-protected
unsymmetric triamines 8 and 9'"! were found to support efficient cyclizations. The 1:1 cyclization of ditosylate
7 with triprotected triamines 8 and 9, using Cs,COj; as a base and the Cs” cation serving as a template, afforded
orthogonally protected piperazinyl substituted polyazacyclophanes 10 and 11 in 92% and 88% yields,
respectively. The 2-nitrobenzenesulfonyl protecting groups on compounds 10 and 11 were selectively removed
by thiophenol under mild conditions. The mono-protected unsymmetric piperaziny! polyaza-cyclophane
scaffolds 1 and 2, suitable for the SPSAF combinatorialization, were obtained in high yields. Scaffolds 1 and 2
were treated with trifluoroacetic acid (TFA) to provide the corresponding unprotected polyazacyclophane
scaffolds 3 and 4. Novel compounds 1-4, 6, 7, 10, and 11 were characterized by NMR and HRMS
spectrometry and combustion analyses.
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Scheme 1. Synthesis of new piperazinyl polyazaphane scaffolds 1-4

Mono-¢-Boc-protected scaffolds 1 and 2 have three 2°-amine reactive sites, while the unprotected
scaffolds 3 and 4 have four 2°-amine reactive sites for the combinatorialization process. Scaffolds 1 and 3
contain the 13-membered polyazamacrocyclic ring, and scaffolds 2 and 4 share the 15-membered macrocyclic
ring. Scaffolds 1-4 were utilized for the generation of twenty-six chemical libraries 12-37 (Scheme 2) using the
SPSAF combinatorial approach. Thirty-eight different functionalities R)—Rj3 (Figure 1) were grouped into
fourteen functionality sets A—N. Their corresponding bromides or chlorides were used as starting reagents. 1,3-
Propane sultone was used as the starting reagent for R,;. The functionality sets A-N have been determined to
have similar reactivity.*'? Bromoacetonitrile and benzyl bromide derivatives Br—R,_jq in functionality set A
were used for the generation of libraries 12-21 (Scheme 2). Three 2°-amine reactive sites of mono-s-Boc-
protected scaffold 2 were combinatorialized with equimolar amounts of the ten bromides in functionality set A

under carbonate basic condition to provide library 12 containing 1000 compounds (10%). Treatment of library 12
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with TFA gave the intermediate library 13 containing one 2°-amine reactive site. Library 13 was reacted
separately with 4-(bromomethyl)benzoic acid, 5-(bromomethyl)benzofuran, 4-(bromomethyl)-2,6-dichloro-
pyridine, cinnamyl bromide, and r-butyl bromoacetate to give the corresponding libraries 14-18 possessing
different functional groups at the 4’-piperazinyl fixed position. Deprotection of library 18 with TFA afforded
acid library 19. Library 13 was reacted with 2 equiv of 1,3-bis(ters-butoxycarbonyl)-2-methyl-thiopseudourea to
give the r-Boc-protected library 20, which was then treated with TFA and HCl-saturated methanol to give
guanidine type of library 21 with an amidine group at the fixed position. Libraries 12-20 were purified by flash
or preparative thin-layer chromatographic techniques except the guanidine library 21, which was obtained as its

hydrochloride salt without further purification. Libraries 12-21 each contain 1000 compounds as they share the
same functionality set A.
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Scheme 2. Preparation of libraries 12-37.
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Mono-#-Boc-protected scaffold 1 was separately combinatorialized with bromides or chlorides of

functionality sets B—G, where the guanidine and amine groups were protected by ¢-Boc group (six functionalities

in each set) (Figure 1). The resulting -Boc-protected intermediate libraries were purified by chromatographic
techniques and then treated with TFA and HCl-saturated methanol to give the corresponding final polar libraries
22-27 as their hydrochloride salts. Libraries 28-31 were similarly obtained from the corresponding scaffold 2
and functionality sets H, I, E, and J, where the guanidine and amine groups were protected by -Boc group. Each
of these ten libraries 22-31 contain 216 compounds (6%), and posses a hydrogen atom at the 4’-piperazinyl fixed

position. The four 2°-amine reactive sites of the unprotected scaffolds 3 and 4 were separately

combinatorialized with three sets of functionalities K, L, and M or K, L, and N, where the guanidine and amine
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Figure 1. Functionality sets A—Nfor diverse chemical libraries 12-37
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groups were protected by ¢-Boc group (five functionalities in each set). After purification, the -Boc-protected
libraries were deprotected with TFA followed by the treatment with HCl-saturated methanol to give the
corresponding six final polar libraries 32-37 as their hydrochloride salts. Each of libraries 32-37 contains 625
compounds (5*). Libraries described above were confirmed by their electrospray ionization mass spectra.
Libraries 12-37 were tested in Streptococcus pyogenes and Escherichia coli imp- antigrowth assays, and
HIV-1 tat/TAR protein-RNA disrupting assay by high-throughput screening.>!'"'*> The biological activities are
listed in Table 1. Libraries 13, 19, 21-23, and 26-36 showed different antibacterial activity against S. pyogenes
and E. coli imp-. Libraries 22, 23, 27, 32, and 33 exhibited potent antibacterial activity with MIC’s as low as 2
uM. Generally, these libraries were more potent against Gram-positive bacterium S. pyogenes than Gram-
negative bacgerium E. coli imp- (see libraries 22, 23, 26, 27, 32, and 34). A hydrogen atom at the fixed position
of the piperazine (library 13) was more active than when the position was modified (libraries 14-21). r-Boc-
protected libraries 12, 18, and 20, acid library 24, as well as other libraries 15, 17, and 37 were not active in the
assays. Libraries 32—34 made from the 13-membered scaffold 3 exhibited more potent activity than libraries
35-37 made from the 15-membered scaffold 4. This results further confirmed our conclusion that more rigid
scaffold provides more potent activity.") Guanidine libraries 22, 25, 26, 32, 34, and amine library 23 disrupted
HIV-1 tat/TAR protein—-RNA interaction with 32 and 34 exhibiting activity at [Csy’s of 80 nM and 90 nM.

Table 1. Biological activities® of combinatorial libraries 12-37
library Complexity S. pyogenes E. coli imp- tat/TAR compd Complexity S. pyogenes E. coli imp- tat/TAR

12 1000 - - - 26 216 10-20 20-100 2.2
13 1000 4-20 4-20 - 27 216 2-10 <20 -
14 1000 - - - 28 216 5-20 5-20 -
15 1000 - - — 29 216 5-20 5-20 -
16 1000 - - - 30 216 20-100 20-100 -
17 1000 - - - 31 216 <100 <100 -
18 1000 - - - 32 625 2-10 10-50 0.08
19 1000 20-100 20-100 - 33 625 2-10 2-10 -
20 1000 - - - 34 625 2-50 10-50 0.09
21 1000 <20 <20 - 35 625 <100 <100 -
22 216 2-20 20-100 2.5 36 625 <100 <100 -
23 216 2-20 20-100 7 37 625 - - ~
24 216 - - -

25 216 - - 1.5

*The MIC (minimum inhibitory concentration, pM) value is given as a range of library concentration (total concentration of
compounds in library). After 24 h, the complete inhibition of growth was observed at the higher concentration of the given MIC, and
the growth was observed at the lower concentration. ICs, values (LM) were given for tat/TAR activity.

In summary, four novel piperaziny!l polyazacyclophane scaffolds 1-4 were synthesized by an effective
cyclization of piperazinyl pyridine ditosylate 7 with triprotected triamines 8 and 9, followed by sequential
deprotections. These novel scaffolds were combinatorialized with fifteen sets of thirty-eight diverse
functionalities. Employing the SPSAF combinatorial process for the generation of twenty-six libraries, providing
a total complexity of 16000 compounds, was achieved. High-throughput screening uncovered a series of
antibacterial libraries with MIC’s in the range of 2-10 pM. Guanidine libraries 32 and 34 were potent inhibitors
(ICsp of 80 and 90 nM) of HIV-1 tat/TAR protein—RNA interaction.
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