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An improvement to our solid phase strategy to generate pharmacologically interesting molecule libraries is proposed here. The
synthesis of new 𝑜-chlorophenol-functionalised solid supports with very high loading (0.18–0.22meq/g for control pore glass
(CPG) and 0.25–0.50meq/g for TG) is reported. To test the efficiency of these supports, we prepared nucleotide and oligonucleotide
models, and their coupling yields and the purity of the crude detached materials were comparable to previously available results.
These supports allow the facile and high-yield preparation of highly pure phosphodiester and phosphoramidate monoester
nucleosides, conjugated oligonucleotides, and other yet unexplored classes of phosphodiester and phosphoramidate molecules.

1. Introduction

Oligonucleotides (ODNs) and nucleotides represent classes
of potential therapeutic agents with a broad spectrum of
pharmacological activities. Desired improvements of certain
properties, such as cell-specific delivery, cellular uptake
efficiency, intracellular distribution, and target specificity,
can be achieved by chemical modifications. Conjugation
of ODNs to other molecules (e.g., proteins and peptides,
saccharides, fluorophores and photoprobes, inhibitors, and
vitamins) that provide the conjugate with a desired novel
property offers a feasible way to address these requirements
[1–16]. With regard to nucleosides, however, many research
groups have developed a prodrug approach to deliver bio-
logically active nucleosides into cells in the form of masked
charged monophosphate derivatives; a variety of different
5-phosphorothioate and 5-phosphodiester nucleoside ana-
logues have been prepared for this purpose [17–21].

Organic chemists investigating these fields must pre-
pare many types of pure modified compounds in sufficient
quantities. The methods used for the preparation of these
molecules fall into two major categories: solution and solid

phase approaches. The solid phase method, in association
with combinatorial chemistry approaches, has proven useful
for the synthesis of a large number of these analogues. An
advantage of the solid-supported method compared with
conjugation or derivatisation in solution is that it is less labo-
rious, among other advantages. In fact, on a solid support,
the unreacted compounds are usually used in considerable
excess, and the possible by-products can be removed by sim-
ple washing. The development of a broad array of reactions
in the solid phase has increased the scope and potential
of this method, allowing the synthesis of large libraries of
compounds endowed with a diverse series of molecular
motifs [26–29]. Various combinatorial approaches have been
successfully adopted for the generation of a wide range of
oligomeric and smallmolecule libraries for biological screens.
Moreover, the combinatorial approach has allowed the rapid
screening of a plethora of different substrates, accelerating
lead identification and resulting in fundamental develop-
ments in biomedicinal chemistry.Within this framework, the
low loading of the solid supports has proven to be a limitation
of this method, as it strongly inhibits the amount of targets
that can be obtained.
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Current solid phase methods for the synthesis of ODN
conjugates include the utilisation of prefabricated labels, pre-
viously converted into the corresponding phosphoramidite
or H-phosphonate derivatives, and elaborate supports bear-
ing an appropriate linker to incorporate the conjugating
residue, generally employed as a postsynthetic modification
of the ODNs [30]. In both strategies, stringently applied
purifications (in the first approach, for the reactive phospho-
rylated derivatives of the labels; in the second, for the prepa-
ration of the linker or in the final step) are typically required
to isolate the desired conjugatedmolecule in a pure form [31–
34]. Althoughmanymethods have been reported for the solid
phase synthesis of conjugated ODNs, the same cannot be said
for solid phase synthesis of modified nucleotides. A variety
of different 5-phosphorylated, 5-phosphoramidate, and 5-
phosphorothioate nucleoside analogues have been prepared
and evaluated for their biological activity [17–21].

As part of our continuing effort towards the synthesis of
new solid supports that are useful for generating pharmaco-
logically interestingmolecule libraries [22–25, 35–40] of high
quality in large quantities, we present here an improvement of
our solid phase strategy discussed above. Aiming to achieve
the synthesis of a solid support with a higher load than
that currently available and that is also compatible with
phosphoramidite and phosphotriester chemistry, we devised
a straightforward and efficient synthetic protocol to prepare
a new support in which the loading of the o-chlorofunctional
group is very high (0.20–0.50meq/g).

2. Experimental

2.1. General. NMR spectra were recorded in CDCl
3
and

CD
3
OD with a Bruker WM 400 spectrometer. The chemical

shifts (𝛿) are given in ppm and referenced to the residual
solvent signal (7.26 and 3.31 ppm, resp.), and coupling con
stants (𝐽) are in Hz. 31P NMR spectra were recorded at
161.98MHz using D

3
PO
4
as an external standard. For ESI-

MS analysis, a Waters Micromass ZQ instrument—equipped
with an electrospray source—was used in the negative mode.
MALDI TOF mass spectrometric analyses were performed
on a PerSeptive Biosystems Voyager-DE Pro MALDI mass
spectrometer in the linearmode. HPLC analysis and purifica-
tion were performed on an Agilent Technologies 1200 series
instrument equippedwith aUVdetector.The crudematerials
of 5 and 6 were analysed by HPLC on a C18 Phenomenex
LUNA column (5 𝜇m, 10.0 × 250mm) eluted with a linear
gradient of CH

3
CN in H

2
O, flow rate = 0.8mL/min, and

detection at 𝜆 = 260 nm. The crude material of 9 was
analysed by HPLC on a Nucleogel SAX column (Macherey-
Nagel, 1000–8/46); buffer A: 20mM KH

2
PO
4
aq. solution,

pH 7.0, containing 20% (v/v) CH
3
CN; buffer B: 1.0M KCl,

20mM KH
2
PO
4
aq. solution, pH 7.0, containing 20% (v/v)

CH
3
CN; linear gradient from 0 to 100% B over 30min, flow

rate 0.8mL/min, and detection at 𝜆 = 260 nm. The crude
material was purified by gel filtration chromatography on
a Sephadex G25 column eluted with H

2
O/EtOH (4 : 1, v/v).

LCAA-CPG and TentaGel amino supports were purchased
from Link Technologies and Novabiochem, respectively.

The nucleotide phosphoramidites, the activator solution
(0.45M tetrazole in CH

3
CN), and the oxidiser solution

(0.1M I
2
/THF/H

2
O/pyridine) were purchased from Link

Technologies.

2.2. Synthesis of Supports 1a and 1b. Support 1a: 250mg
of LCAA-CPG-NH

2
(0.10meq/g, 0.02mmol) was reacted, at

r.t. overnight, with a mixture of 109.5mg (0.25mmol) of N-
𝛼-Fmoc-3-chloro-L-tyrosine, 51.5mg (0.25mmol) of DCCI,
45 𝜇L (0.25mmol) of DIEA, and 38.0mg (0.25mmol) of
N-hydroxybenzotriazole (HOBt⋅H

2
O) dissolved in 3mL of

anhydrous pyridine. After exhaustivewashingwithDCMand
Et
2
O, the support was dried under reduced pressure and then

treated with 20% piperidine in DMF three times for 5min.
The coupling and Fmoc removal were repeated twice more
in similar conditions. According to the Kaiser test [41], the
incorporation of the linker was always in the range of 65–
85%, corresponding to 0.19–0.25meq/g. After capping the
unreacted amino functional groups with Ac

2
O/pyridine (1 : 1,

v/v) for 1 h at r.t., the support was treated with conc. aq.
ammonia (28%) at 50∘C for 1 h. After exhaustivewashingwith
CH
3
OH, DCM, and Et

2
O, the resulting support 1a was dried

under reduced pressure.
Support 1b: 250mg of TG-NH

2
LL (0.29meq/g, 0.07

mmol) was reacted, at r.t. overnight, with a mixture of 317.5
mg (0.72mmol) of N-3-chlorotyrosine acid, 150.0mg (0.72
mmol) of DCCI, 126.0𝜇L of DIEA, and 110.0mg (1.5mmol)
of N-hydroxybenzotriazole (HOBt⋅H

2
O) dissolved in 5mL of

anhydrous pyridine. After exhaustivewashingwithDCMand
Et
2
O, the support was dried under reduced pressure and then

treated with 20% piperidine in DMF three times for 5min.
The coupling and Fmoc removal were repeated twice more in
similar conditions.The incorporation of the linkerwas always
in the range of 65–85%, corresponding to 0.50–0.75meq/g,
according to the Kaiser and Fmoc tests. After capping the
unreacted amino functional groups with Ac

2
O/pyridine (1 : 1,

v/v) for 1 h at r.t., the support was treated with conc. aq.
ammonia (28%) at 50∘C for 1 h. After exhaustivewashingwith
CH
3
OH, DCM, and Et

2
O, the resulting support 1b was dried

under reduced pressure.

2.3. Synthesis of Supports 4a, 4b, and 8a. Support 4a: 1.1mL
(0.5mmol) of a commonly used “activator solution” (0.45
M tetrazole in CH

3
CN) was added to 0.08mmol of 5-O-(2-

cyanoethyl)-N,N-diisopropylphosphoramidite-3-O-(4,4-di-
dimethoxytriphenylmethyl)-thymidine, and 250mg (0.22
meq/g, 0.05mmol) of support 1a. After 1 h, the support was
exhaustively washed with CH

3
CN and treated (3 times)

with 5mL of a commonly used “oxidiser” solution (I
2
/

pyridine/H
2
O/THF) for 5min. After exhaustive washing

with CH
3
CN, DCM, and Et

2
O, the resulting support 3a

was dried under reduced pressure. Incorporation yields
of the nucleotides were always in the range of 82–99%
(0.18–0.22meq/g), as determined by a quantitative DMT
test performed on dried and weighed samples of support 3a.
After the standard capping procedure with Ac

2
O/pyridine

(1 : 1, v/v), the 2-cyanoethyl group from the phosphate was
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then removed by treatment with 20% piperidine in DMF for
5min at r.t. (3 times), resulting in support 4a.

Support 4b: 4.9mL (2.2mmol) of a commonly used
“activator solution” (0.45M tetrazole in CH

3
CN) was added

to 0.35mmol of the 5-O-(2-cyanoethyl)-N,N-diisopro-
pylphosphoramidite-3-O-(4,4-dimethoxytriphenylmethyl)-
2-deoxyribonucleoside, and 250mg (0.55meq/g, 0.14mmol)
of support 1b. After 1 h, the support was exhaustively washed
with CH

3
CN and treated (5 times) with 5mL of a commonly

used “oxidiser” solution (I
2
/pyridine/H

2
O/THF) for 5min.

After exhaustive washing with CH
3
CN, DCM, and Et

2
O,

the resulting support was dried under reduced pressure. The
complete oxidation of the phosphite triester into a phosphate
triester, leading to support 3b, was monitored by 31P NMR
of the resin suspended in CDCl

3
. As is typical, a relevant

upfield shift of the signal at 137 ppm to two signals centred
at 𝛿 −6.5 ppm was observed. After a standard capping
procedure with Ac

2
O/pyridine (1 : 1, v/v), the 2-cyanoethyl

group was removed from the phosphate by treatment with
20% piperidine in DMF for 5min at r.t. (5 times), resulting in
support 4b. Incorporation yields of nucleotides, calculated
after capping, were always in the range of 75–91% (0.40–
0.50meq/g), as determined by a quantitative DMT test
performed on dried and weighed samples of support 4b.
The total deprotection of the phosphates was confirmed by
a characteristic upfield shift in the signal of the 31P NMR
spectrum of the solid support suspended in CDCl

3
.

Support 8a: this support was obtained by following the
procedure described for the synthesis of support 4a, using
5-O-(4,4-dimethoxytriphenylmethyl)-3-O-(2-cyanoethyl)-
N,N-diisopropylphosphoramidite-thymidine starting from
support 1a.

2.4. Synthesis of Thymidine Analogue 5. 30mg (0.40meq/g,
0.012mmol) of dried support 4b was washed and swelled
in anhydrous pyridine and then reacted with a mixture of
46mg (0.12mmol) of cholesterol and 36mg (0.12mmol) of
MSNT in 500𝜇L of anhydrous pyridine for 12 h at r.t. After
exhaustive washing with pyridine, CH

3
OH, DCM, and Et

2
O,

the target analogues were detached from the support by conc.
aq. ammonia treatment at 50∘C for 5 h. The crude material
of 5 was analysed by HPLC on a C18 Phenomenex LUNA
column (5𝜇m, 10.0 × 250mm) eluted with a linear gradient
(from 10 to 100% B over 30min, A = H

2
O, B = CH

3
CN), flow

rate = 0.8mL/min, detection at 𝜆 = 260 nm, 𝑡
𝑅
= 16.5min,

and HPLC purity 88% (see Figure 1). 1H NMR (CD
3
OD,

400MHz) 𝛿: 7.79 (1H, s, H-6 T), 6.35 (1H, dd, 𝐽 = 6.4, 6.4Hz,
H-1 T), 5.32 (1H, m, H-6 cholesterol residue), 4.50 (1H, m,
H-3 T), 4.04–3.90 (3H, overlapped signals, H-4, and H

2
-5

T), 3.65 (1H, s, H-3 cholesterol residue), 2.30 (2H, m, H
2
-2

T), 2.20–0.65 (complex signals of cholesterol residue), and
1.94 (3H, s, CH

3
T) ppm. 31P NMR (CD

3
OD, 161.98MHz)

𝛿: 2.6 ppm. ESI-MS𝑚/𝑧: 688.51 [(M–H)−].

2.5. Synthesis of Thymidine Analogue 6. Synthesis of 6
starting from 4a: 50mg (0.22meq/g, 0.011mmol) of dried
support 4a was washed and swelled in anhydrous pyridine.
The support was then treated with 1mL of a freshly prepared

0
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700
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0 2.5 5 7.5 10 12.5 15 17.5
min

Figure 1: SAX-HPLC profile of crude detached 5 (Phenomenex
LUNA, 5𝜇mC18, 10.0×250mm) eluted with a linear gradient from
10 to 100% B in 30min, A = H

2
O, B = CH

3
CN; detection at 𝜆 =

260 nm; flow rate 0.8mL/min.

tosyl chloride solution (0.2MTsCl, 0.4MNMIm in pyridine)
for 15min at r.t. to generate the active ester, followed by
addition of 1mL of the amine solution (0.45M in pyridine),
with appropriate washing steps in between [42]. This proce-
dure was repeated six times. After exhaustive washing with
pyridine, CH

3
OH,DCM, and Et

2
O, the resulting support was

dried under reduced pressure. The conjugation yields were
evaluated by the DMT cation test on a weighed sample of
the support after ammonia treatment (28% NH

4
OH, 50∘C,

5 h). The conjugation yields were always in the range of 65–
75%. The target analogue 6 was detached from the support
by conc. aq. ammonia treatment at 50∘C for 5 h. The crude
material was analysed byHPLC on aC18 Phenomenex LUNA
column (5𝜇m, 10.0 × 250mm) eluted with a linear gradient
(from 0 to 100% B over 30min, A = H

2
O, B = CH

3
CN), flow

rate = 0.8mL/min, detection at𝜆= 260 nm, 𝑡
𝑅
= 13.6min, and

HPLC purity 91%.
Synthesis of 6 starting from 4b: 30mg (0.40meq/g,

0.012mmol) of dried support 4b was washed and swelled
in anhydrous pyridine. The support was then treated with
2mL of a freshly prepared tosyl chloride solution (0.2M
TsCl, 0.4M NMIm in pyridine) for 15min at r.t. to generate
the active ester, followed by the addition of 1mL of the
butylamine solution (0.45M in pyridine), with appropriate
washing steps in between. This procedure was repeated ten
times. After exhaustive washings with pyridine, CH

3
OH,

DCM, and Et
2
O, the resulting support was dried under

reduced pressure. The conjugation yields were evaluated by
the DMT cation test on a weighed sample of the support
after ammonia treatment (28% NH

4
OH, 50∘C, 5 h). The

conjugation yields were always in the range of 85–90%. The
target analogue 6 was detached from the support by conc.
aq. ammonia treatment at 50∘C for 5 h. The crude material
was analysed by HPLC on a C18 Phenomenex LUNA column
(5 𝜇m, 10.0 × 250mm) eluted with a linear gradient (from
0 to 100% B over 30min, A = H

2
O, B = CH

3
CN), flow rate

= 0.8mL/min, detection at 𝜆 = 260 nm, 𝑡
𝑅
= 13.6min, and

HPLC purity 86%. 1HNMR (CD
3
OD, 400MHz) 𝛿: 7.89 (1H,

s, H-6 T), 6.35 (1H, dd, J = 6.4, 6.4Hz,H-1 T), 4.52 (1H,m,H-
3 T), 4.03 (1H, bs, H-4 T), 3.96 (2H, bs, H

2
-5 T), 2.86 (2H,

m, CH
2
-NH), 2.33-2.18 (2H, m, H

2
-2 T), 1.95 (3H, s, CH

3
T),
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Scheme 1: Solid phase methodology to obtain phosphodiester, phosphoramidate monoester nucleoside analogues [22], oligonucleotide
conjugates [23, 24], and monofunctionalised CDs [25].

1.46 (2H, m, CH
3
-CH
2
-CH
2
-CH
2
-NH), 1.32 (2H, m, CH

3
-

CH
2
-CH
2
-CH
2
-NH), and 0.89 (3H, t, 𝐽 = 7.2Hz, CH

3
butyl

residue) ppm. 31P NMR (CD
3
OD, 161.98MHz) 𝛿: 11.0 ppm.

ESI-MS𝑚/𝑧: 376.24 [(M–H)−].

2.6. Synthesis of Oligonucleotide Conjugated 9. 50mg
(0.22meq/g, 0.011mmol) of dried support 8a was washed
and swelled in anhydrous pyridine. The support was then
treated with 1mL of a freshly prepared tosyl chloride
solution (0.2M TsCl, 0.4M NMIm in pyridine) for 15min
at r.t. to generate the active ester, followed by the addition
of 1mL of the butylamine solution (0.45M in pyridine),
with appropriate washing steps in between. This procedure
was repeated six times. After exhaustive washings with
pyridine, CH

3
OH, DCM, and Et

2
O, the resulting support

was dried under reduced pressure. Starting from 25mg of
support, a 10-mer oligodeoxyribonucleotide was assembled
by the automated standard phosphoramidite procedure [43]
(DMT off), using commercially available phosphoramidite
nucleosides. Detachment from the support and deprotection

were achieved by treatment with conc. aq. ammonia solution
(28%, 6 h, 55∘C), and the crude material, thus, released was
then purified by a simple gel filtration chromatography on a
Sephadex G25 column eluted withH

2
O/EtOH (4 : 1, v/v).The

purity of the isolated compounds was then checked by ion
exchange HPLC analysis and their identities determined by
MALDI-TOFmass spectrometry 𝑡

𝑅
= 31.2min. MALDI-TOF

𝑚/𝑧: 3040.63 [(M–H)+] (obsv.), 3038.55 (calcd.).

3. Results and Discussion

3.1. Synthesis of Supports following the New Strategy. We have
recently reported a simple solid phasemethodology to obtain
phosphodiester and phosphoramidate monoester nucleoside
analogues and 5- and 3-ODN conjugates in extremely
pure form by using standard phosphotriester chemistry
(Scheme 1). Initially, inspired by Pedroso’s procedure previ-
ously developed for the solid phase synthesis of cyclic ODNs
[36], we prepared a small library of thymidine analogues
conjugated at the 5-position with a set of representative
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OR
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∙ 1% DCA in DCM, 5, r.t.;

∙ Ac2O/pyridine, 1:1 (v/v), 30 , r.t.;

∙ 20% piperidine in DMF, r.t.

a = CPG; b = TG

+

Scheme 2: The strategy to obtain CPG or TG with high loading of o-chlorophenol residues.

alcohols and amines [22]. Later, a number of 5- or 3-
ODN and 3-oligoribonucleotide conjugates, incorporating a
variety of labels covalently linked through a phosphodiester
or a phosphoramidate bond, were synthesised and charac-
terised [23, 24, 37]. In all cases, ad hoc derivatised solid
supports, to which the first nucleoside unit was attached
through a phosphate linkage, have been exploited (Scheme 1).
The key step in our strategy is the derivatisation of the solid
support (TG, CPG) with a 3-chloro-4-hydroxyphenylacetic
linker, onto which the nucleotide is attached through a
phosphate triester linkage. Due to the structure of the linker,
after cleavage from the support, the HPLC analyses of the
released nucleotides and ODNs showed only the single
desired product in all cases. High purity can be obtained
because only the nucleoside or ODN linked to the support
through a phosphotriester or phosphoramidate diester bond
is cleaved from the resin after ammonia treatment, whereas
the nucleoside or ODN anchored through a phosphodiester
bond, that is, the unreacted ODN chain, is not affected under
the same conditions.

Recently, this approachwas extended to the regioselective
solid phase synthesis of cyclodextrins (CDs) tethered to

a variety of labels through a stable phosphodiester linkage
at the C-6 position (Scheme 1) [25]. The new support, based
on the Novagel resin anchored with an o-nitrophenol linker
(0.46meq/g), allowed the detachment of the desired products
under conditions milder than those required for the support
with the o-chlorophenol linker.These results have shown that
anchoring the o-chloro- or o-nitrophenol linker to a suitable
matrix allows us to extend our methodology to all molecules
whose phosphoramidites are either commercially available or
easily realised through standard, recognised chemistry.

To exploit the advantages of the regioselective release of
the o-chlorophenol support, here, we report the synthesis of a
support derivatised with an o-chlorophenol linker that shows
higher loading than those previously reported and is useful
for large scale syntheses.Thekey stepwas the derivatisation of
commonly used (LCAA-CPGandTG) solid supports withN-
𝛼-Fmoc-3-chloro-L-tyrosine (3-Cl-Tyr). Unlike the 3-chloro-
4-hydroxy-phenylacetic linker, used previously, the 3-chloro-
L-tyrosine linker not only contains an o-chlorophenol skele-
ton but also simultaneously has amino and acidic functional
groups, which allow a versatile elongation of the peptide
chain, with a resulting increase of the functionalisation of
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Scheme 3: The feasibility tests of new supports for the solid phase synthesis of nucleotide analogues and oligonucleotide conjugates.

the OH groups. In an initial series of experiments, we
synthesised supports (LCAA-CPG (load 0.10meq/g) or TG
(load 0.29meq/g) amino supports) with a homopeptide (3-
Cl)-Tyr

3
following an Fmoc protocol, leading to 1a and 1b,

respectively (Scheme 2). The peptide chain was prepared
using DCC/HOBt as coupling agents, with each monomer
addition monitored by the Kaiser test; the yields were always
in the range of 65–85%, corresponding to 0.19–0.25meq/g for
1a and 0.50–0.75meq/g for 1b.

To test the efficiency of these supports in the synthesis of
phosphodiester and phosphoramidate monoester nucleoside
analogues, we followed two different methods, as previ-
ously reported. In preliminary tests, we chose to synthesise
the cholesteryl phosphodiester and butylamino phospho-
ramidate of thymidine as nucleotide models. Initially, the
5-phosphoramidite thymidine derivative 2 was anchored
to matrices (CPG and TG) by exploiting classical phos-
phoramidite chemistry. After conversion of the phosphite
to phosphate triesters, affording supports 3a and 3b, the
incorporation of the nucleotide, as determined by the DMT
test, was always in the range of 0.18–0.22meq/g for LCAA-
CPG (3a) and 0.25–0.50meq/g starting from a TG amino
resin (3b). Compared with our previous work, here we have
doubled resin loading (0.08–0.10meq/g and 0.19–0.22meq/g,
resp.).

To obtain the phosphodiester thymidine derivative 5
(Scheme 3), support 4b was reacted with MSNT and choles-
terol in pyridine at r.t. for 12 h. To prepare the phosphorami-
date thymidine derivative, support 4awas treated three times
with p-tosyl chloride in pyridine and then reacted with the

butylamine dissolved in pyridine. As expected, the conju-
gation efficiency was always in the range of 70–80%, lead-
ing to supports with 0.13–0.18meq/g and 0.18–0.40meq/g
loading for 4a and 4b, respectively. These yields could be
indirectly evaluated by DMT tests on weighed samples of the
support after ammonia treatment, determining the amount
of unconjugated material left on the solid support. In fact,
only nucleosides linked to the support through a phosphotri-
ester or phosphoramidate diester linkage are easily removed
upon basic treatment (28% NH

4
OH, 50∘C, 5 h), whereas

nucleosides anchored through a phosphodiester bond are not
cleaved from the resin under the same conditions. AfterDMT
removal and detachment from the supports, the obtained
crude material was analysed by RP-HPLC, and the profiles
showed a single major peak with an area (85%–91%) similar
to values reported previously (Figure 1).The identity of 5 and
6was determined by 1H, 31P NMR, and ESI-MS experiments
that were conducted directly on the crude detached material.
As expected, starting from 30mg of support 4a or 4b, the
target nucleotides were recovered as discrete compounds in
2–4mg and 4–9mg quantities, respectively, in a highly pure
form.

To demonstrate the reliability of the CPG supports for the
automatic synthesis of ODNs, automated assembly has been
explored for the synthesis of the ODN chains, adopting the
elongation directions (3–5). Starting from support 8a, a 10-
mer was synthesised (Scheme 3), and after ammonia cleavage
and deprotection (6 h, 50∘C), ion exchange HPLC analysis of
the released ODN showed a single product corresponding to
the desired compound9.Thepurity of the isolated compound
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was then checked by HPLC, and its identity was determined
byMALDI-TOFMSanalysis. In a typical experiment, starting
from 35mg of functionalised support 8a with an average
0.15meq/g incorporation of the conjugating residue, 150–200
OD units of pure ODNs were isolated after gel filtration.

4. Conclusions

In conclusion, we have reported the synthesis of a new
o-chlorophenol-functionalised solid support, characterised
by a higher loading of hydroxyl phenol functions than
previously achievable (0.18–0.22meq/g to CPG and 0.25–
0.50meq/g to TG). This support allows the facile and high-
yield preparation of phosphodiester and phosphoramidate
monoester nucleosides, aswell as other yet unexplored classes
of phosphodiester and phosphoramidate molecules. To test
the efficiency of this support, we prepared model thymidine
analogues conjugated at the 5-position to cholesterol and
n-butylamine through phosphodiester and phosphoramidate
bridges, respectively. In all cases, the coupling yields and
purity of crude detached materials were comparable to our
previous results, and twice as much target was obtained, due
to the loading being doubled on average. Based on these
preliminary studies, the method is efficient and very reliable.
This synthetic approach proposed here can be a starting point
for the development of a preparative method for obtaining
new phosphodiester and phosphoramidate nucleotides and
oligonucleotide conjugates. Further studies are currently
in progress to optimise the yields of 3-chloro-L-tyrosine
incorporation on the matrix and to evaluate the relationship
between the loading ofmatrices with 3-chloro-L-tyrosine and
the structure of the targets as well as the HPLC purity of the
crude detached material.
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