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Abstract—A solid-phase synthesis has been developed to make a thymidinyl and 2’-deoxyuridinyl Ugi library starting from 5’-azido-
nucleosides loaded onto polystyrene butyl diethylsilane (PS-DES) resin. Library synthesis development including: Ugi reaction
optimization; selection of building blocks and optimization to 96-well filter plate synthesis are reported. A 1344 member library

was synthesized for anti-bacterial screening.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Nucleoside motifs are commonly found in many natu-
rally occurring antibiotics that target the early stages
of bacterial cell wall biosynthesis such as tunicamycins,
mureidomycins, and liposidomycins.! By analogy to
these natural products, a thymidinyl and 2’-deoxyuridi-
nyl nucleoside—peptide hybrid library 1 was designed
and synthesized to produce potential inhibitors of bacte-
rial cell wall biosynthesis (Fig. 1). A Ugi reaction® was
employed to introduce four points of diversity using
two nucleoside amines, aldehyde, carboxylic acid, and

isocyanide inputs. The Ugi reaction is a powerful, widely
used reaction for library construction and can produce
attractive peptidomimetics.?

Parallel synthesis of small molecule drugs has become an
important tool for drug discovery.* Solid-phase organic
synthesis techniques offer simple purification of prod-
ucts from reactants through filtration, allowing for
the rapid synthesis of arrays of compounds for drug
testing.> Solid-phase Ugi reactions have been widely
used to prepare compound libraries®® ¢ and herein
we report the modification of these techniques for the
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Figure 1. Naturally occurring antibiotics and our targeted library 1.
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preparation of a nucleoside—peptide based Ugi library
by the immobilization of a nucleoside amine input.

2. Solid-phase synthesis development

Key to the solid-phase synthesis of the target library was
the choice of a suitable linker strategy. One that would
allow the use of orthogonal chemistries to build the tar-
get library and mild cleavage conditions avoiding degra-
dation of the nucleoside bond within the library.
Therefore, a strategy was developed using polystyrene
butyl diethylsilane (PS-DES) resin’ (Scheme 1), in which
the 3’-hydroxy of a nucleoside azide® was attached to the
solid support followed by reduction of the azide using
SnCl,/HSPh/N(Et); (1/4/5) in THF.? This yielded the
target polymer-bound aminonucleoside 2 and the reac-
tion was monitored for completion using the Kaiser
test.' Following library synthesis, the compounds could
be cleaved from the resin using either mild acid condi-
tions or HF/pyridine, with no evidence of degradation
of the products.
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Scheme 1. Solid-phase synthesis development of library 1.

Table 1. Solid-phase Ugi reaction at room temperature (rt) and 40 °C
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2.1. Ugi reaction optimization

Utilization of the aminonucleoside-bound resin 2 as a
support for Ugi chemistry was explored and the condi-
tions were optimized (Scheme 1). First, two preliminary
Ugi experiments, using the thymidinyl nucleoside, were
performed at room temperature and 40 °C for 24 h. Fol-
lowing filtration, washing, cleavage, and analysis,'!
results (Table 1) showed that 40 °C gave better yields.
HPLC purities of the desired Ugi products were 61%
and 75% at 40 °C, compared with 43% and 61% at room
temperature. Aminothymidine was the only side-
product.

The second Ugi optimization experiment was designed
to study the effects of solvent and molar ratios of the
ingredients on reaction yields using a parallel array in
Robbins 96-well Flexchem filter plates. Twelve carbox-
ylic acids, three aldehydes, and one isocyanide (Fig. 2)
were used in this study to create 12 different reactant
combinations (columns 1-12) under eight different reac-
tion conditions of solvent and molar ratios (rows A—H).
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Figure 2. Building blocks used in Ugi optimization.
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Table 2. HPLC purity of desired products under solid-phase Ugi reaction optimization

Solvent* R,CHOR,COHR,NC" 1 2 3 4 5 6 7 8 9 10 11 12
A DCM/MeOH(1/1), 0.6 mL 10/10/10 Q0 0000V OGOOGOOGO®K O® O
B DCM/MeOH(2/1), 0.9 mL 10/10/10 . . . . . . . . . . . .
C  DCM/MeOH(2/1), 1.5 mL 20/20/10 . . ‘ . . . . . ‘ . . .
D DCM/MeOH(1/1), 1.2 mL 10/20/10 . . . . . . . . . . . .
E DCM/MeOH(1/1), 1.2 mL 10/10/10 . . . . . . . . . . . .
F  CHCIy/MeOH(3/1), 1.2 mL 10/10/10 . . . . . . . . . . . .
G  PhMe/MeCN(3/1), 1.2 mL 10/10/5 . . . . . . . . . . . .
H THF, 0.9 mL 10/10/10 . . . . . . . . . . . .
Product yield index: Green: >80%; Blue: 50-80%; Pink: 20-50%; Red: <20%.; “v/v. °molar ratio.

Yields of the target products were determined by LC/
MS analysis and are shown in Table 2. Based on these
results DCM/MeOH (2/1, v/v, 0.9 mL) and 10/10/10
molar excess of reactants to resin loading (row B)
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Figure 3. Building blocks evaluated on solid-phase Ugi reaction.
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was selected for use in library synthesis, as it gave opti-
mal results in the trade off between favored Ugi reac-
tion conditions, cost of reagents, and necessary resin
swelling.
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Figure 4. Ugi reaction library diagram.

2.2. Selection of building blocks

In order to maximize the structural diversity of the
building blocks in the library, 24 carboxylic acids and
22 aldehydes with aliphatic, aromatic, and heterocyclic
motifs were investigated for their compatibility with
the Ugi conditions in the 96-well filter plates (Fig. 3).
Generally speaking, the reactivity order of aldehydes
was as follows: aliphatic > aromatic > heterocyclic.
The purity of desired products was more sensitive to
aldehyde structure than the carboxylic acid inputs.
These findings are consistent with the previous reports.>
Using this data, 12 carboxylic acids (1-12) and eight
aldehydes (A-H) (Fig. 4) were selected for library syn-
thesis based on solubility, chemistry feasibility, and
library structural diversity.

3. Synthesis of Ugi library 1

Library synthesis was performed in 14 Robbins 96-well
Flexchem filter plates. Nucleoside amine 2 resin was
reacted with 8 aldehydes (each allocated to discrete rows
A-H), 12 carboxylic acids (each allocated to discrete col-
umns 1-12), and 1 isocyanide per plate to afford solid-
supported Ugi product 3 in an 8 x 12 x 7 array for each
of the two nucleosides (Scheme 1 and Fig. 4). Final
cleavage was performed in HF/pyridine in THF. The
excess HF was quenched by adding methoxytrimethyl-
silane.'? This allowed simple evaporation to generate
Ugi products suitable for biological screening and
removal of byproducts. Based on the protocol,'?
1344 member library was synthes1zed As antlclpated
based on HPLC analysis and '"H NMR diastereomeric
Ugi products (ca. 1-1 ratio) were obtained.'

In summary, a solid-phase synthesis was developed to
make a thymidinyl and 2’-deoxyuridinyl nucleoside—
peptide library on PS-DES resin. Library synthesis
development is reported including: Ugi reaction optimi-
zation; selection of building blocks and optimization to
96-well filter plate format. Based on our protocol, a 1344
member library has been synthesized. The compounds
produced were in acceptable purity for primary anti-
bacterial screening. Active compounds could be readily
resynthesized and tested to obtain accurate minimum
inhibitory concentration (MIC) values. Members of this
library are showing promising biological activity, which
will be reported in due course.
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Protocol for Ugi library synthesis in 96-well filter plate: A
neutral buoyancy suspension of solid supported amine 2
(1.4 g, 1.8 mmol) in 140 mL DCM/THF (2/1, v/v) was
evenly distributed into a 96-well filter plate (0.019 mmol
per well) and the solvent was removed using a filtration
manifold. Then a solution of aldehyde A-H in anhydrous
DCM (0.3 mL per well, 0.19 mmol, 10 equiv, 0.63 M) was
added to their corresponding row in the block, except for
aldehyde G, which was added in (0.4 mL, 0.19 mmol,
10 equiv, 0.47 M in anhydrous DCM/MeOH, 3/1, v/v),
the reaction plate was sealed, and agitated at room
temperature for 0.5h, followed by the addition of a
solution of the appropriate carboxylic acid in anhydrous
MeOH to the appropriate column (0.3 mL per well,
0.19 mmol, 10equiv, 0.63 M) except for column 11
(0.6 mL per well, 0.19 mmol, 10 equiv, 0.32 M in anhy-
drous DCM/MeOH, 1/1, v/v). The reaction was agitated
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at room temperature for another 0.5 h, then a solution of
isocyanide (19.7 mmol) in anhydrous DCM (30 mL) was
distributed into all 96 wells (0.3 mL per well, 0.19 mmol,
10 equiv, 0.65 M). The reaction plate was sealed and
agitated at 3540 °C for 2 days. After cooling to room
temperature, the resins were filtered, washed with DMF
(3x1mL), MeOH (3x1mL), DCM (3x1mL) THF
(3x1mL), and dried in vacuo. For cleavage, 0.3 mL of
HF/pyridine in THF (0.4 M) was added to each well of the
96-well plate, the reaction mixture was agitated at room
temperature for 2.5 h, followed by the addition of meth-
oxytrimethylsilane (50 pl, 0.36 mmol, 3 equiv relative to
HF) to each well. The plate was sealed and continuously
agitated at room temperature for another 3.5h. The
solution was filtered and collected into the collection plate,
the resins were washed with MeOH (2 x 1 mL), and the
combined filtrate was evaporated to yield crude products.
Primary hits from biological screening were resynthesized
on a Quest 210 synthesizer and purified by preparative
RP-HPLC, structure was characterized by MS and 'H
NMR, purity was determined by analytical HPLC.
Representative examples of Ugi product characterization.
Crude yield: 76 mg (46%).
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First diastereomeric isomer after preparative HPLC: 8§ mg
(5%). Ry=0.48 (methanol/chloroform = 1/10) (v/v). 'H
NMR (500 MHz, CD;0D): ¢ 7.59 (d, J=8.3 Hz, 1H),
749 (d, J=22Hz, 1H, 6-H), 7.31 (dd, J=2.2 and
8.5Hz, 1H), 7.21 (d, J = 3.4 Hz, 1H), 7.15 (s, 1H), 6.65 (d,
J=13.7Hz, 1H), 6.31 (s, 1H), 5.96 (t, J= 6.8 and 6.6 Hz,
1H, H-1'), 422 (q, 1H, H-4'), 4.14 (d, J=17.1 Hz, 1H,
CH*H"), 3.99 (d, J=17.1 Hz, 1H, CH*H"), 3.89 (br s,
IH, H-3'), 3.77 (s, 3H, CH30CO), 3.65 (br s, 2H, CH,-5),
2.24 (br s, 1H, CH®-2'), 2.14 (m, 1H, CH*-2'), 1.92 (d,
J=0.7Hz, 3H, 5-CH;). MS (ESI): m/z = 689.0 [MHT",
711.0 [MNaJ". HPLC purity: 95%, tg = 11.4 min.

Second diastereomeric isomer after preparative HPLC:
6 mg (4%). Rp= 0.53 (methanol/chloroform = 1/10) (v/v).
"H NMR (500 MHz, CD;0D): § 7.69 (d, J = 8.5 Hz, 1H),
7.61 (d, J=2.2Hz, 1H, 6-H), 7.43 (d, J=8.1 Hz, 1H),
7.40 (br s, 1H), 7.21 (d, J=34Hz, 1H), 6.66 (d,
J=3.4Hz, 1H), 6.16 (s, 1H), 6.05 (t, J= 6.6 and 6.4 Hz,
IH, H-1"), 4.16 (sextet, 1H, H-4'), 4.03 (d, J = 4.4 Hz, 2H,
CH,), 3.99 (br s, 1H, H-3'), 3.94 (br s, 2H, CH,-5'), 3.75
(s, 3H, CH;0CO), 2.36 (m, 1H, CH"-2), 2.21 (m, 1H,
CH*-2'), 1.92 (s, 3H, 5-CH3). MS (ESI): m/z=688.9
[MH]*, 711.0 [MNa]". HPLC purity: 100%,
11.8 min.

Quality assessment of the prepared Ugi library was
performed by LC/MS using one randomly selected
column (eight samples) per plate. Our library gave
acceptable purities after cleavage from resin: 47% of
analyzed samples had HPLC purity greater than 80%, 28%
of samples gave the expected product with purity ranging
from 50% to 80%, 10% of samples had purity ranging from
20% to 50% and 15% had purity less than 20%. 5'-
Aminonucleoside was the major side-product of our
developed library.
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