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High yields of oligodeoxyribonucleotides modified at the C2'-position of site specifically incorporated 2'-amino-2'-deoxyuridine are obtained
by photolytically unmasking the nucleophile in an otherwise protected solid-phase support-bound biopolymer.

As the applications for modified oligonucleotides increase, polymerase enzymes or chemical synthesis can be used to

so do the methods for their chemical synthéstestsynthetic

synthesize a variety of modified oligonucleotides. One

modification of oligonucleotides is one general approach to potential downside of postsynthetic modification is that the
this family of biomolecules. This strategy is attractive from conditions for carrying out the conjugation reaction, yield,

the standpoint that a single nucleotide triphospRatkos-
phoramidite? or solid-phase suppdithat is compatible with
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and/or product purity can be less than optimal. Recently, we
reported methods for conjugating protected oligodeoxyribo-
nucleotides in solution or on solid-phase supports (“on-
column”) that produce high vyields of products in short

reaction times, using modest excesses of reagéntis
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approach to modified oligodeoxyribonucleotides has now decanucleotide containing the nucleotide derived fiomas
been extended to introducing functionality at the 2'-position prepared usingi-cyanoethyl phosphoramidites containing

of a nucleotide by substituting for the pR-hydrogen in
2'-deoxyuridine (Scheme 1). Previously, oligonucleotides
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functionalized at the '2position have utilized individually

N-isobutyryl protecting groups for deoxyadenosine, deoxy-
cytidine, and deoxyguanosine, to eliminate transamidation
of the support-bound protected oligodeoxyribonucleotfde.
The steric bulk of the carbamate at thepdsition of 1
hindered its coupling during automated solid-phase synthesis.
Using standard coupling timdscoupled in only 35% yield.
However, the coupling yield was improved to 87% overall
by reactingl twice with the support-bound primary hydroxyl
and extending the reaction time to 10 min. Deprotection using
concentrated agueous ammonium hydroxide, followed by
detritylation and purification by denaturing polyacrylamide
gel electrophoresis of this hexadecanucleotide prior to
photolysis, produced the carbamate-containing oligodeoxy-
ribonucleotide3 without any loss of the-nitrobenzyl moiety,

as determined by electrospray ionization mass spectrometry
(ESI-MS) 1t
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Photolytic unmasking of the’zamino group was carried
out under conditionsifax 365 Nnm, 2 h, 25°C) previously
shown to be optimal for the deprotection of a primary amine
in support-bound protected oligodeoxyribonucleotithes.
Furthermore, these photolysis conditions have been shown

synthesized phosphoramidites or have been prepared postsynyot to impart any measurable damage on oligonucleotitles.

thetically using fully deprotected oligonucleotides containing Following concentrated aqueous ammonia deprotection (6
an appropriate functional grodpg.

The requisite phosphoramidite (1) designed for this
problem utilizes theo-nitrobenzyl photoredox process to
selectively unmask the-amino group and was synthesized
in a straightforward manner from 5'-O-dimethoxytritylated
2'-amino-2-deoxyuridine (Scheme 2)A protected hexa-

alLegend: (a) 4,5-dimethoxy-2-nitrobenzyl chloroformate (1.3
equiv), diisopropylethylamine (2 equiv), THF; (b) 2-cyanoethyl
diisopropylchlorophosphoramidite (1.5 equiv), diisopropylethyl-
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h, 55°C) and detritylation, the crude oligonucleotide was
purified by denaturing polyacrylamide gel electrophoresis
(PAGE). Although the 3amino-containing oligonucleotide

(4) migrates more quickly thaBin a denaturing ge$ was

the only compound observed by denaturing polyacrylamide
gel electrophoresis as well as by ESI-M3Dn the basis of
these observations, we concluded that the photoconversion
of the o-nitrobenzyl protecting group was complete.
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s homogeneity ofa was analyzed by ESI-MS and reverse-

Table 1. Isolated Yields of Oligodeoxyribonucleotide phase HPL_C ar?alysis Of the nuclleosides. relgaseq upon
Conjugates Prepared via Coupling wh enzymatic digestioft'°As in all previous studies involving
the conjugation of protected oligonucleotides, these methods
did not detect any impurities in the modified oligodeoxyribo-

| /’E\H nucleotide>® The generality of these conditions (10 equiv,
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2
O‘ Figure 1. Oligonucleotide conjugates (6a,b) formed via coupling
of 2 with isocyanates.

o}
HN)kNH
b 98+ 11 (3) 3 h, 25°C) was demonstrated using other carboxylic acids
NN whose structures are representative of families of molecules
38

typically used to modify the physical and biological proper-
ties of oligonucleotides (Table 1).

o y 0 The utility of the solid-phase supported oligodeoxyribo-
¢ }EJ\/NT(\NJK/NHz 1009 (4) nucleotide containing a singlé-amine was further demon-

o H strated in its conjugation to isocyanateésAnino-substituted
nucleotides in deprotected oligonucleotides have been con-
jugated to isocyanates postsynthetically in previous stifdies.
In these experiments high yields were reported following
careful optimization of the reaction conditions so as to avoid
reaction between the oligonucleotides’ exocyclic amines and
the electrophilic reagents. Because the nucleobases remained

a|solated yields were determined by comparing the amount of oligode- pmteCted’ such side reactions were not a concern @it
oxyribonucleotide obtained from a comparable amount of unconjugated and conjugation (10 equiv, 3 h) with 2-nitrophenyl isocyanate
At subjected ot denta) deprtectonpurfcaton and Solaton and 3-niropheny! isocyanate proceeded essentially quanti
the standard deviation from this value. The numbers of reactions run are tatively (6a,b) at room temperature (Figure 1).
noted in parentheses. In summary, a convenient, convergent method for intro-
ducing modifications in oligodeoxyribonucleotides at the 2
position of a defined nucleotide has been developed. High

Conditions for the conjugation of carboxylic acids20  yields of homogeneous oligodeoxyribonucleotide conjugates
were optimized using 4-pyrenebutyric acid as substrate. (5 6) have been obtained by selectively unmasking the 2'-
Initial experiments were carried out using conditions previ- amino substituent in an otherwise protected biopolymer that
ously established in our group for on-column conjugation s covalently bound to the solid-phase support on which it
studies as a guideFollowing deprotection, the slower as prepared via automated synthesis. This oligonucleotide
moving conjugates were separated from any unreatt®d  conjugate synthon facilitates the synthesis of modified
denaturing PAGE, as discussed above. However, under thesgyligonucleotides and should also be amenable to the chemical
initial conjugation conditions (1 h, 5 equiv of PyBOP and synthesis of libraries of such molecules.
carboxylic acid substrate relative &) the steric hindrance
surrounding the 2'-amine &resulted in only an 82 2% with 60 uL (10 molar equiv) of a 1:1 mixture (by volume) of the PyBOP

; ; ; and carboxylic acid solutions. The reaction mixture was capped and shaken
yleld of 5a Longer r_eaCtlon tlmes_ (3 h_) and a greater _excess at room temperature for 3 h. The resin was washed with MeOkt (B
of reagents (10 equiv) were required in order to consistently mL) and dried in vacuo. Detritylation was effected by transferring the resin
obtain yields ofa well in excess of 95% (Table #}.The to a standard oligonucleotide synthesis column and passing the standard
trichloroacetic acid solution (X 10 s) through the column, followed by
CH3CN and drying under vacuum. The free-flowing resin was treated with
(14) General Procedure for Conjugation of Protected Resin-Bound 28% aqueous ammonia (6@Q) for 6 h at 55°C and concentrated under
Oligodeoxyribonucleotides. A solution (20 mM) of the coupling reagents  vacuum. Purification of the conjugated oligonucleotide was carried out via
(8 mg PyBOP and 5.2L of diisopropylethylamine (2 molar equiv)) in 20% polyacrylamide denaturing gel electrophoresis. Isolated yields were
DMF (500uL) was prepared in an oven-dried 1 dram vial equipped with obtained (0.d. 260 nm; 350 nm fd¥a) by comparing the amount of
a septum. A solution (20 mM) of carboxylic acid (0.01 mmol in 5Q00f conjugated oligonucleotide to the amount of unconjugated material subjected
DMF) was prepared in a second oven-dried vial. The resin-bound DNA (2 to identical deprotection, purification, and isolation conditions.
mg, containing~60 nmol of DNA, based on trityl response) was treated (15) Hwang, J. T.; Greenberg, M. N. Am. Chem. So999 121, 4311.
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