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SYNTHESES AND INTERACTIONS OF OLIGODEOXYRIBONUCLEOTIDES CONTAINING 
2'-AMINO-2'-DEOXYURIDINE 

Paul S .  Miller*t, Purshotam BhanS, and Lou-Sing Kanl 

?Department of Biochemistry, School of Hygiene and Public Health, The 
Johns Hopkins University, 615 North Wolfe Street, Baltimore, MD, USA; 
$Dyad Pharmaceuticals, 7101 Riverwood Drive, Columbia, MD, USA; 

JInstitute of Chemistry, Academica Sinca, Nankang,Taipei, Taiwan, ROC 

Abstract: Oligodeoxyribonucleotides containing 2'-amino-2'-deoxy- 
uridine (dg) were synthesized and their ability to form duplexes with 
complementary DNA or RNA oligonucleotides was studied. 
dU with dg in these oligomers results in lowered Tms of the duplexes. 

The recent interest in the use of antisense and anticode oligo- 

Substitution of 

nucleotides for controlling gene ekpression and their potential as 
therapeutic agents has lead to efforts to design oligonucleotide analogs 
which show increased resistance to hydrolysis by nucleases and which are 
capable of binding to complementary nucleic acids'. 
modifications of the phosphodiester backbone such as the introduction of 
nuclease resistant phosphorothioate' or methylphosphonate' linkages, 
modifications to the sugar such as introduction of 2'-0-alkylribo- 
nucleosides can also impart nuclease resistance to the oligomer, while 
not affecting its ability to hybridize to complementary nucleic 
 acid^'.^.^. 

In addition to 

Oligomers which contain 2'-amino-2'-deoxyribonucleosides would 
also appear to be potential candidates for antisense applications. 
Previous studies have reported that polynucleotides which contain 2'- 
amino-2'-deoxycytidine (dC) or 2'-amino-2'-deoxyuridine (dv) show 
increased resistance to alkaline hydrolysis and enzymatic hydrolysis by 
pancreatic ribonuclease, micrococcal nuclease or snake venom phospho- 
diesterase'. 
hammerhead ribozymes which contain 2'-amino-2'-deoxyribonucleoside 
substitutions have increased resistance to enzymatic degradation, and in 
some cases still retain catalytic properties similar to those of the 
parent rib~zyme'.~.'~. Although these results are encouraging, the 
effects of 2'-aminonucleoside substitution on oligomer hybridization 
properties have not been explored. 
syntheses of a series of oligodeoxyribonucleotides which contain one or 
more 2'-amino-2'-deoxyuridine residues and studies on the effects of 

Recent studies by Eckstein and coworkers have shown that 

In this paper we describe the 
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this substitution on the ability of these oligomers to form duplexes 
with complementary DNA and RNA targets. 

MATERIAL AND METHODS 
Reactions were monitored by thin layer chromatography (TLC) on 

precoated thin layer (0.25 mm ) silica gel 60 F-254 plates purchased 
from EM Reagents. High performance liquid chromatography (HPLC) was 
carried out on Whatman C-18 reversed phase columns (ODS-3) using linear 
gradients of acetonitrile in 0.1 M sodium phosphate buffer (pH 5.8) at a 
flow rate of 1.0 ml/min for the analytical columns and 2.5 ml/min for 
the preparative columns. 
calcium hydride followed by distillation under anhydrous conditions. 
The RNA oligonucleotide, r-GGUCAACUAG, was prepared by GENTA, Inc. 
Proton and phosphorous nmr spectra were recorded on a Bruker WM 300 MHz 
spectrometer. 

was prepared from uridine (15 g; 61 mmol) according to literature 
procedures".". 
chromatography on a Dowex 50Wx8 (H' form) column and was obtained in 40% 
overall yield: mp 197-199 'C. 'H NMR: (DMSO-d6), 7.71 (H-6, d, 8 . 0  Hz, 

q, 5.3 Hz/2.2 Hz, 1H), 3.82 (H-4', m, 3.7 Hz/2.2 Hz, lH), 3.53 (H-5', m, 
11.7 Hz/3.7 Hz, 1H), 3.51 (H-5", m, 11.7Hz/3.7Hz, 1H) 3.26 (H-2', q, 7.9 
Hz/5.3 Hz, 1H). 

2'-deoxvuridine 2'-Amino-2'-deoxyuridine (3.lg; 12.76 mmol) was 
suspended in dry methanol (260 ml) and S-ethyl trifluorothioacetate (2.5 
ml; 19.67 mmol) added to it. The mixture was stirred at room temper- 
ature for 2 hr until homogenous and the clear solution was allowed to 
stand at room temperature for 24 h. This solution was next bubbled with 
nitrogen for 1 hr followed by the removal of solvent under reduced 
pressure to give 4 g of 2'-tr if luoroacetamido-2'-deoxyuridine 
intermediate which was used without purification. This intermediate 
(1.5 g; 4.62 mmol) was dried by co-evaporation with dry pyridine (2x50 
ml) and dissolved in dry pyridine (50 ml). Dimethoxytrityl chloride 
(1.725 g; 5.1 mmol) was added with stirring in five one hour 
installments followed by stirring for five more hours. The reaction 
mixture was diluted with methanol (10 ml) and the solvents removed under 
reduced pressure. The residue was dissolved in chloroform (200 ml) and 
washed with 5% sodium bicarbonate solution (1x100 ml), brine (1x100 ml) 
and dried over anhydrous sodium sulfate. 
crude product which was purified on silica gel (60 g). Elution with 5% 

All solvents were dried by refluxing over 

Synthesis of 2'-amino-2'-deoxvuridine 2'-Amino-2'-deoxyuridine 

The nucleoside was purified by ion exchange 

1H) 5.63 (H-l', d, 7.9 Hz, lH), 5.54 (H-5, d, 8.0 Hz, lH), 3.88 (H-3', 

Synthesis of 5'- O-~4.4'-Dimethoxvtritvl)-2'-trifluoroacetamido- 

Removal of solvent gave the 
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2 '-AMINO-2 '-DEOXYURIDINE 787 

methanol-chloroform gave 2.2 g of pure product (75.8 % overall yield). 
'H NMR: (DMSO-M), 7.69 (H-6, d, 8.1 Hz, lH), 7.32 (DMTr, m, 5H), 7.25 
(DMTr, d, 8.7 Hz, 4H), 6.89 (DMTr, d, 8.7 Hz, 4H), 6.01, (H-l', d, 6.1 
Hz, IH), 5.46 (H-5, d, 8.1 Hz, lH), 4.59 (H-2', m, lH), 4.25 (H-3', m, 
1H), 4.04 (H-4', m, lH), 3.72 (-OCH,, s,  6H), 3.25 (H-5'. m, 2H). 

Synthesis of 5'- O-(4.4'-Dimethoxvtrityl~-2'-trifluoroacetamido- 
2'-deoxwridine 3'-0-~2-Cyanoethyl-N.N'-dTiso~ro~yl~hosphoramidite~ A 
solution of 5'-dimethoxytrityl-2'-trifluoroacetamido-2'-deoxyuridine 
(1.34 g; 2.14 mmol) in dry CH2C12 (40 ml) was treated with 2-cyanoethyl 
chloro-N-N'-diisopropylphosphoramidite (0.75 ml; 2.95 mmol) in the 
presence of diisopropylethylamine (0.76 ml; 4.3 mmol) for 1 hr at room 
temperature. The mixture was diluted with methylene chloride (75 ml) and 
washed with a solution of 5% sodium bicarbonate (1x50 ml) and brine 
(1x50 ml). The aqueous solutions were back-extracted with ethyl acetate 
(1x50 ml) and the combined organics dried over anhydrous sodium sulfate. 
Removal of solvents furnished the product (1.6 g, 96% yield) which was 
found to be homogenous on TLC. Proton-decoupled "P NMR: (CDCl,), 149.00 
( s ) ,  150.45 ( s ) .  

Svnthesis of Oligodeoxyribonucleotides Oligodeoxyribonucleotides 
were synthesized on a Biosearch 8700 DNA synthesizer on 1 pmol scales on 
controlled pore glass supports using protected deoxynucleoside-3'-0-(2- 
cyanoethyl-N,N'-diisopropylphosphoramidite) synthons following standard 
procedurest3. For oligomers containing 2'-amino-2'-deoxyuridine, the 
coupling step was extended to 30 min. 
remove the dimethoxytrityl group at the end of the synthesis. The 
oligomers were deprotected and cleaved from the support by treatment of 
the support with 1 ml of 50% concentrated ammonium hydroxide for 5 h at 
55 'C. The support was filtered, washed with water (5xlml) and the 
combined washings were evaporated. The residue was dissolved in water 
and purified by reversed phase HPLC. 
Sep-Pak cartridges (Waters Associates) and were eluted from the 
cartridge with 3 ml of acetonitrile/water (1:l v/v). 

Characterization of the Olieomers The base ratios of the 
oligonucleotides containing 2'-amino-2'-deoxyuridine were determined by 
HPLC analysis of nuclease digests of the oligomers. Each oligomer 
(0.15 A?,, unit) was treated with 0.006 units of snake venom 
phosphodiesterase and 2.4 units of calf intestinal phosphatase in a 
buffer containing 50 mM Tris (pH 8.2), 2 mM magnesium chloride at 37°C 
for 16 hrs. 
activity which converted deoxyadenosine to deoxyinosine. 
was analyzed by reversed phase HPLC using a gradient 2%-3% acetonitrile 
(12 min) followed by 3%-20% acetonitrile in 50 mM sodium phosphate (pH 
5 . 8 )  at a flow rate of 1.0 ml/min. The results are shown in TABLE 1. 
The extinction coefficients of the oligomers were also determined. 

The synthesizer was programmed to 

The oligomers were desalted on 

The calf intestinal phosphatase contained adenine deaminase 
Each digest 

Each 
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788 MILLER, BHAN, AND KAN 

TABLE 1. Base Ratios and Molar Extinction Coefficients of 
Oligodeoxyribonucleotides 

oligomer (0.15 A,,, unit) was dissolved in 48 11 of 50 mM Tris (pH 8 . 2 ) ,  
2 mM magnesium chloride solution. 
water or 2 pl snake venom phosphodiesterase (0.006 units) for 16 hrs at 
37°C. The spectra of the enzyme treated oligomer and the water treated 
oligomer were recorded and the extinction coefficient was determined. 
The results are shown in TABLE 1. 

buffer containing 0.1 M sodium chloride, 50 mM sodium citrate, pH 5.0 or 
0.1 M sodium chloride, 50 mM Tris, pH 8 . 0 .  The buffers used in 
experiments with the RNA target were prepared using deionized water 
which had been treated with diethylpyrocarbonate and then autoclaved to 
ensure removal of ribonuclease activity. All glassware, including the 
W cuvettes were baked overnight at 90°C to inactivate ribonucleases. 
The duplexes were prepared by mixing equal volumes of 2 pM stock 
solutions of the component oligomers at room temperature. 
were stored overnight at 4 ° C .  Absorbance versus temperature profiles 
were measured on either a Cary 219 or Cary 3 spectrophotometer fitted 
with a programmable, thermostatted cell compartment and a temperature 
probe. The solutions were heated from 0 to 60 ‘C at a rate of 0.5 ‘C 

per minute. The melting temperature (Tm) of duplex was calculated as 
the midpoint in the sigmoidal shaped thermal transition profile. The 
melting profiles were reversible and did not show hysteresis effects. 

The solution was treated with 2 pl of 

Melting Experiments Melting experiments were carried out in a 

The solutions 

RESULTS AND DISCUSSION 
Oligodeoxyribonucleotides containing 2‘-amino-2‘-deoxyuridine were 

prepared (Figure 1). The sequences of the oligodeoxyribonucleotides are 
shown in Table 1. 2’-Amino-2’-deoxyuridine was prepared in a three step 
procedure similar to that described by Verheyden et. al.” and by Hobbs 
and Eckstein”. 
derivative by treatment with diphenylcarbonate. 

This involved conversion of uridine to its 2,2’-anhydro 
The anhydro derivative 
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2' -AMINO-2' -DEOXYURIDINE 789 

was converted to 2'-azido-2'-deoxyuridine by reaction with sodium azide 
and the azide intermediate was reduced by hydrogenation on Pd/carbon to 
give d-U. 
cyanoethyl-N,N'-diisopropylphosphoramidite synthon, which was used to 
prepare the oligonucleotides by standard phosphoramidite chemistry on a 
controlled pore glass support. 
treatment with 50% ammonium hydroxide and purified by reversed phase 
HPTX. The oligomers could be phosphorylated by polynucleotide kinase and 
ATP and the phosphorylated oligomers migrated as single bands when 
subjected to polyacrylamide gel electrophoresis. 
completely digested to their component nucleosides upon overnight 
treatment with a combination of snake venom phosphodiesterase and 

The amino nucleoside was then converted to its protected 2- 

The oligomers were deprotected by 

The oligomers were 

bacterial alkaline phosphatase and gave the 
expected ratio of nucleosides as shown in TABLE 
1. The extinction coefficients of the dg 
containing oligomers were determined by enzymatic 
hydrolysis" and were similar to that of the dU 
containing parent oligomer. 

Previous investigations by Guschlbauer and 
Jankowski have shown that the pk of the 2'-amino 
group of dg is 6.2 and that the sugar exists 
primarily in the 2'-endo c~nformation'~. We used 
proton nmr to determine the pk of the 2'-amino 
group and to examine the conformation of the 
sugars in d-UpU. Sugar proton assignments were 
carried out using 1-D and 2-D COSY analysis. 
Examination of the effect of pH on the chemical 
shifts of the 1',2',3' and 4' protons of the dg 
residue indicated that the pk of the 2'-amino 
group is 6.0 in the dimer. This value is similar 
to that of dg and is in good agreement with that 
observed for p01y(dU)~. As shown in Table 2, 

p NH, 
e b p 0  w 

R - H  or N H 2  
'IGURE 1 

both sugars in the dimer preferentially exist in the 2'-endo 
conformation over the pH range 1.7 to 7.516. 
place the protonated amino group in close proximity to the negatively 
charged phosphodiester linkage and potentLally allow fOriBatLQn of an ion 
pair. Previous studies on poly (a) suggested that interactions between 
the 2'-amino group and the phosphodiester backbone could contribute to 
the unusual stacking interactions observed by circular dichroism 
spectroscopy at pH 5.7 for this polyn~cleotide'~. 

complementary DNA target, d-GGTCAACTAG, or RNA target, r-GGUCAACUAG, 
were studied. 
under which the 2'-amino groups should be protonated, and at Ph 8.0, 

This conformation would 

The stabilities of duplexes formed between oligomers 1 - 4 and a 

These experiments were carried out at Ph 5.0, conditions 
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MILLER, BHAN, AND KAN 790 

1.7 7.7 Hz 71.3 6.6 Hz 

6.0 7.9 Hz 73.1 6.6 Hz 

7.5 7.5 Hz 69.4 6.6 Hz 

TABLE 2. Effect of pH on Sugar Conformation in d-gpU 

61.1 

61.1 

61.1 

TABLE 3 
deoxyuridine 

Melting Temperatures of Duplexes Containing 2’-Amino-2*- 

conditions under which the 2’-amino groups should exist in the free 
mine form. 
with both the DNA and RNA targets. 
varied with both the number of dU residues and the pH. 

targets, had similar melting temperatures (Tms). A similar result was 
observed by Inoue et. al. in a study of hybrids formed between DNA and 
RNA oligonucleotides, although the relative Tms appear to depend on the 
sequences of the oligonucleotides6. 

Introduction of a single dg near the 5’-end of the oligomer, as 
illustrated by oligomer 2, results in a small, 1-3 O C ,  reduction in the 
Tm of the duplex formed with the DNA target and a greater, 6 O C ,  

reduction of the Tm of the duplex formed with the RNA target. 
effect may be related to the sugar conformation of du. 
found that DNA/DNA duplexes tend to adopt a B-form geometry in which the 
sugars have a 2’-endo conformation, whereas DNA/RNA duplexes appear to 
adopt an A-form geometry in which the nucleoside sugars are in a 3’-endo 
conformation”. Thus introduction of a single nucleoside unit which has 
a strong preference for the 2’-endo sugar conformation may perturb the 
ability of the oligomer to bind to a complementary RNA target. 

As shown in Table 3, all four oligomers formed duplexes 
The stabilities of these duplexes 

Duplexes formed between the parent oligomer, 1, and the DNA or RNA 

This 
It is generally 
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2’-AMINO-2’-DEOXYURIDINE 79 1 

An even greater reduction in Tm is seen when the two central dU 
nucleosides are replaced by du, as in 2 and 4. In this case the 
stabilities of the duplexes formed with the DNA target are reduced to a 
greater extent than are those formed with the RNA target, a result which 
is opposite that observed for duplexes formed by oligomer 1 which 
contains a single dlJ substitution. Consistent with these results is the 
observation that (dLJ),, did not form a duplex with d-GG(A),,CC whereas 
(dU),, formed a duplex with a Tm of 12 OC at pH 8.0. Thus it appears 
that other factors in addition to conformational preference contribute 
to the overall stability of du-containing duplexes. 

DNA or the RNA target are reduced to a greater extent at pH 5.0 than 
they are at pH 8.0. 
oligomer 2 which contains three du residues. The 2’-amino groups of dLJ 
should be protonated at pH 5.0. Such protonation would reduce the net 
charge of the oligomer and thus reduce the charge repulsion between the 
oligomer backbones, an effect which would be expected to stabilize the 
duplexes. 
of electrostatic interactions between the 2‘-amino group of the sugar 
and the negatively charged phosphodiester internucleotide bond which 
would tend to increase the conformational rigidity of the sugar- 
phosphate backbone. 

The Tms of duplexes formed between oligomers 3 or 2 and either the 

The magnitude of this reduction is greater for 

The observed destabilizing effect of lower pH may be a result 

It appears that dLJ substitution, particularly multiple 
substitutions, can influence the ability of oligodeoxyribonucleotides to 
interact with complementary DNA and RNA targets. 
conditions of the experiment, these effects could arise from 
conformational changes and/or electrostatic interactions within the 
oligomer. 
nucleosides are considered for use in antisense oligonucleotides or are 
inserted into biochemically active nucleic acids such as ribozymes. 

Depending upon the 

These factors could play a role when 2’-amino-2‘-deoxyuridine 
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