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RNA molecules are known to play key roles in vital
biological processes, and as a result, they are emerging as
attractive drug targets.1 Since therapeutic targeting of RNA
with small molecules is not as well-developed as with
proteins, the discovery of new RNA small molecule binders
is a challenging task. Combinatorial chemistry2 may serve
as a useful tool to uncover new lead structures with high
affinity and selectivity for RNA.

A combinatorial library based on piperidine- and pyrro-
lidine-substituted3 ethylenediamine scaffolds were prepared
(1a-c and5, Scheme 1).4 These templates are attractive as
they can be easily assembled using readily accessible building
blocks (N-protected ethylenediamine and heterocyclic amino
alcohols) and display a diverse array of functionality at three
sites. In addition, the flexible nature of the scaffolds allows
the diversity elements to occupy a variety of spatial orienta-
tions.

Since the Fukuyama-Mitsunobu reaction5 is known to
proceed in excellent yield on solid support, it was chosen as
the key scaffold assembly reaction. The 2-nitrobenzenesulfo-
nyl group of the ethylenediamine unit serves as both an
activating group for the Fukuyama-Mitsunobu reaction as
well as a protecting group for a latent diversity site. Building
block 2-nitrobenzenesulfonamide3 (HCl salt) was prepared
according to literature procedures,6 and the amino alcohol
components (4a-c and 7) were prepared by trimethylsi-
lylethoxycarbonyl(Teoc)-protecting commercially available
amino alcohols.7 The amino terminus of3 was immobilized
on an aldehyde-bearing resin via a reductive amination
procedure.8 The resin attachment procedure is attractive as
the secondary amine generated in this step can serve as a
combinatorial diversity site through N-functionalization. The
orthogonal protecting groups on the scaffolds enable the
combinatorial synthesis to take place by the sequential
deprotection of amino groups.

The general synthetic plan is shown in Scheme 2. To
explore synthesis feasibility, model library member14awas
prepared usingp-toluenesulfonyl chloride,m-toluic acid, and
phenylacetic acid as diversity reagents. ArgoGel-MB-CHO
resin9 was reacted with neutralized 2-nitrobenzenesulfonyl-
protected ethylenediamine (8) via a borane-pyridine mediated
reductive amination procedure8 to afford sulfonamide9.
According to gel-phase13C NMR spectroscopy, the yield of
resin loading is>95%, based upon the initial resin substitu-
tion. The secondary amine of resin9 was reacted withp-tol-
uenesulfonyl chloride/diisopropylethylamine (DIEA) to af-
ford resin10. A Mitsunobu reaction employing Fukuyama’s

protocol5 with heterocyclic amino alcohol4a provided
scaffold 11 in essentially quantitative yield, according to
HPLC and mass spectrometric analysis of the residue liber-
ated from solid support with trifluoroacetic acid (TFA). Or-
thogonally protected scaffold11was then consecutively fun-
ctionalized at two nitrogen atoms following selective un-
masking. First, the 2-nitrobenzenesulfonyl group was re-
moved with mercaptoacetic acid/1,8-diazabicyclo[5.4.0]un-
dec-7-ene (DBU), and the resultant amine acylated withm-
toluic acid usingo-(7-azabenzotriazol-1-yl)-1,1,3,3-tetrameth-
yluronium hexafluorphosphate (HATU)10 activation. The Te-
oc-protecting group of resin12was then removed with tetra-
butylammonium fluoride (TBAF) and the piperidine nitrogen
acylated with phenylacetic acid to provide resin13. Ethylene-
diamine-derivatized library member14awas liberated from
resin with TFA, in 94% HPLC purity and 81% crude mass
recovery yield.

A combinatorial library of 180 members (5× 4 × 3 × 3
array) was prepared using the IRORI radio frequency-en-
coded split-mix synthesis technology11 in order to examine
the scope and generality of the synthetic scheme. The second-
ary amine site of resin-bound diamine9 was reacted with a
variety of reagents (p-toluenesulfonyl chloride, dansyl chlo-
ride, 4-methoxybenzene isocyanate, Boc-3-aminobenzoic
acid, and Boc-isonipecotic acid). Other heterocyclic amino
alcohol building blocks (4b, 4c, and7) were then incorpo-
rated into the Fukuyama-Mitsunobu reaction. It was found
that the Mitsunobu reaction tolerated a variety of functional-
ity at the substituted amine site in structure10 according to
the high purity of final library members. There was interest
in expanding the library to incorporate 3-hydroxy- and
4-hydroxypiperidines; however, the yields of Mitsunobu pro-
ducts were too low in these experiments to give sufficiently
pure final library members. Presumably, steric constraints
in the Fukuyama-Mitsunobu reaction accounts for the low
reactivity of these heterocyclic secondary alcohols. The
N-protected diveristy sites of scaffolds11 were selectively
deprotected and functionalized. The 2-nitrobenzenesulfonyl
group was removed with mercaptoacetic acid/DBU, and the
secondary amine was reacted with either 2-pyrazinecarboxy-
lic acid or isopropylisocyanate. Alternatively, isobutyralde-
hyde was reacted at this amine site via a reductive amination
protocol. After the Teoc protection of resin12was removed
with TBAF, the secondary amine was acylated with either
thymine-1-acetic acid or cyclopropanecarboxylic acid. Al-
ternatively, the secondary amine was reacted with 3-hy-
droxybenzaldehyde via a reductive amination procedure.
Library members14 were cleaved from solid support in
excellent purity, sufficient for direct biological screening.

The mass spectrometric (electrospray ionization) and
analytical reversed-phase HPLC data (light-scattering detec-
tion) for a representative set of library members is sum-
marized in Table 1. Automated high-performance liquid
chromatography and mass spectrometry (LC/MS)12 featuring
atmospheric chemical ionization (APCI) was recently inte-
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grated into our drug discovery program for both structure
characterization and purity assessment of library members.
Characterization of the heterocyclic ethylenediamine library

by LC/MS showed formation of the expected products in
comparable amounts (see Supporting Information).

1H NMR spectra were obtained on selected library
members to provide additional structural characterization (see
Supporting Information). The1H NMR spectra were found
to be rather complex due to the conformational rotomers of
the flexible scaffolds. For these reasons, the use of1H NMR
spectroscopy as a technique to determine compound purity
proves difficult for this class of compounds. The technique
of APCI-LC/MS was found to be better suited as an indicator
of library member purity.

In summary, a versatile solid-phase route to a heterocyclic
ethylenediamine-derivatized combinatorial library has been
developed from readily accessible building blocks. Three
independent sets of diversity elements can be introduced
around the scaffolds. The synthesis scheme was applied to
a mixture-based synthesis of>20 000 library members,13

using an automated parallel array synthesis technology.14

Alternatively, the synthesis of a larger combinatorial library
using the IRORI directed sorting technology is feasible.

Library members were screened in various high-through-
put RNA-targeted functional assays, and no high-affinity lead
compounds were found. It can be suggested that the ethyl-
enediamine-derivatized library members are too flexible to
support an induced fit binding to structured RNA, which is
relatively dynamic in nature. Combinatorial libraries sup-
porting more rigid, constrained structures have recently led
to compounds with more promising RNA-binding activity.15
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Scheme 1

a 4a ) 4-hydroxymethylpiperidine,4b ) 3-hydroxymethylpiperidine,4c ) 2-hydroxymethylpiperidine.

Scheme 2a

a Reagents and conditions for library synthesis: (a) 3.0 equiv8, 3.1 equiv
DIEA, 1.0 equiv ArgoGel-MB-CHO, 4:1 MeOH/CH(OMe)3, rt, 24 h; (b)
2.0 equiv BH3-pyridine, 2.0 equiv AcOH, rt, 24 h; (c) 0.20 Mp-
toluenesulfonyl chloride or dansyl chloride, 0.20 M DIEA, DCM, rt, 24 h;
(d) 0.11 M Boc-isonipecotic acid or Boc-3-aminobenzoic acid, 0.11 M
HATU, 0.22 M collidine, DMF, rt, 24 h; (e) 0.20 M 4-methoxybenzyl
isocyanate, DMF, rt, 24 h; (f) 0.33 M4a-c or 7, 0.33 M triphenylphospine,
0.33 M diisopropylazodicarboxylate, DCM, 0°C to room temperature, 24
h; (g) 0.50 M HSCH2CO2H, 1.0 M DBU, DMF, rt, 2 h; (h) 0.11 Mm-toluic
acid or 2-pyrazine carboxylic acid/0.11 M HATU, 0.22 M collidine, DMF,
rt, 24 h; (i) 0.20 M isopropylisocyanate, DMF, rt, 24 h; (j) 0.50 M
isobutyraldehyde, 0.50 M BH3-pyridine, MeOH/trimethylorthoformate (3/
1, v/v) + 5% AcOH, rt, 24 h; (k) 0.2 M TBAF, NMP, rt, 2 h; (l) 0.11 M
phenyl acetic acid, thymine-1-acetic acid or cyclopropane carboxylic acid,
0.11 M HATU, 0.22 M collidine, DMF; (m) 0.5 M 3-hydroxybenzaldehyde,
0.5 M BH3-pyridine, MeOH/trimethylorthoformate (3/1, v/v)+ 5% AcOH,
rt, 24 h; (n) TFA/triisopropylsilane (95/5, v/v), rt, 5 h.bWhenn ) 0, m )
0 (3-substituted) and whenn ) 1, m ) 1 (2-, 3-, and 4-substituted).
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Table 1. Ethylenediamine-Derivatized Heterocyclic Library Members14a-y

a 4a ) N-Teoc-4-hydroxymethylpiperidine,4b ) N-Teoc-3-hydroxymethylpiperidine,4c ) N-Teoc-2-hydroxymethylpiperidine,7 ) N-Teoc-
3-hydroxypyrrolidine.b Purity determined by RP-HPLC using an evaporative light-scattering detector. Yields are derived from the average resin
loading of MicroKans, using a resin-solvent slurry. Samples were dried to constant weight under high vacuum, over NaOH.c Synthesis of library
members was carried out separately on a 100 mmol scale. In a purification step, samples were passed through short silica gel columns.
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