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Modified oligonucleotides are finding increasing ap-
plication as therapeutic candidates and as mechanistic
and diagnostic probes.1-11 In addition, as the goal of
sequencing the human genome approaches reality, the
growing need for determining gene function promises to
provide further uses for modified oligonucleotides. One
general family of modified oligonucleotides that are
valuable for the above applications are those biopolymers
that are covalently bonded to a variety of molecules
including fluorescent tags, intercalators, hydrophobic
species, enzyme cofactors, and peptides. These molecules
are conjugated at either oligonucleotide terminus, or
internally using the phosphates, nucleobases, and car-
bohydrate components as sites for covalent modification.
Current methods for oligonucleotide conjugate synthesis
include utilization of specific phosphoramidites, deriva-
tization of support bound biopolymers, and postsynthetic
modification of deprotected oligonucleotides. In addition,
oligonucleotide-peptide conjugates are preparable in a
linear fashion on a single solid phase support.9 These
synthetic methods suffer from a variety of disadvantages
that include one or more of the following: nonconver-
gency, requirement of a large excess of reagents, elabo-
rate substrate synthesis, poor yields, and nonspecific
covalent modifications.
We report an orthogonal, convergent strategy for the

synthesis of oligonucleotide conjugates that results in
high isolated yields of homogeneous products under rapid
and mild reaction conditions.12 Our approach involves
solution phase amide bond formation utilizing protected

oligonucleotides containing 3′-alkyl amines (Scheme 1).13
Methods for the modification of the 3′-terminus of oligo-
nucleotides are relatively scarce compared to those
available for altering the 5′-terminus.1c,5 In addition to
being a convergent method for oligonucleotide conjugate
synthesis, this approach obviates the need for chemically
synthesizing specific phosphoramidites for biopolymer
modification. Conjugation of oligonucleotides derived
from 1 also proceeds with greater chemoselectivity and
regioselectivity than comparable reactions on deprotected
oligonucleotides. Conjugation of protected oligonucle-
otides eliminates the possibility for formation of regioi-
somers via reaction with the exocyclic amines of the
nucleobases.8 Amide protection of purine nucleotides also
renders the cyclic nitrogens less nucleophilic than they
are in the deprotected oligonucleotides.
When selecting a method for biopolymer conjugation,

we anticipated that for many research purposes one
would want to utilize submicromole quantities of oligo-
nucleotides. In this way, one could prepare several 3′-
terminal modified oligonucleotides from a single standard
solid phase synthesis.14 In order to utilize volumes of
(volatile) solvents that are easily manipulated, we an-
ticipated employing millimolar solutions of oligonucleo-
tides. Consequently, we chose to effect amide bond
formation using a redox condensation process which has
proven very useful for carrying out macrocyclizations,
where dilute conditions are necessary.15,16

Reaction conditions were optimized using the conjuga-
tion of an eicosameric protected polythymidylate (2) and
4-pyrenebutanoic acid (3). All reactions were carried out
on crude photolysate in a 1:1 mixture of acetonitrile and
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1,2-dichloroethane at 55 °C. Reactions were analyzed by
anion exchange HPLC following deprotection of the crude
reaction mixture. Conjugate 4 and all other conjugates
reported below were characterized by electrospray mass
spectrometry. Isolated yields of 4 averaging 91 ( 10%
were obtained in 4 h using 10 equivalents of 3, 2,2′-
pyridyl disulfide ((PyS)2), DMAP, and triphenylphosphine
(PPh3), relative to 2 (present at ∼3 mM). Further
experimentation revealed that comparable yields of 4
were reproducibly obtained using reaction times of 2 h.
The generality of the conjugation method was demon-

strated using an eicosameric heteropolymer (5). The
protected heteropolymer 5 was synthesized using com-
mercially available N-isobutyryl protected phosphor-
amidites in order to avoid transamidation of nucleobase
protecting groups to the 3′-alkyl amine.17 Using the
optimized conditions found for preparing 4, isolated yields
of 89% of 6a were obtained (Table 1). The syntheses of
6b-d proceeded in comparable efficiency (Table 1).
Reactions yielding 6c and 6d were carried out in DMF
in order to solvate the respective carboxylic acid sub-
strates. Conjugates from 5 were isolated in yields
comparable to those obtained from 2 using the same
number of equivalents of reagents (Table 1). In addition,
we were unable to detect alkaline labile lesions such as
those resulting from acylation of nucleophilic positions
of purine bases (e.g. N3-adenine, N7-guanine). These
observations indicate that neither cyclic or protected
exocyclic amines are reactive under the conditions re-
quired to effect efficient conjugation.
Additional support for the versatility and generality

of this method is gleaned by preparing oligonucleotide-
peptide conjugates (6e, 6f, Table 1). Recently, a number
of reports concerning the linear synthesis of oligonucle-
otide-peptide conjugates have appeared.9 These methods
also require the stepwise incorporation of a spacer
molecule between the two types of biopolymers during
the solid phase synthesis and typically result in low
yields. Conjugations of 5 to N-FMOC-protected tripep-
tides were carried out in DMF at room temperature,
under otherwise identical conditions as discussed above.
These reactions were carried out at room temperature
in order to prevent loss of the peptide FMOC group and
subsequent oligomerization of the tripeptide. The oligo-
nucleotide-peptide conjugates, 6e and 6f, were obtained
in 99% and 89% yields, respectively. The synthesis of
6f is noteworthy in that the Gly‚Gly‚His tripeptide has
potential nuclease activity.9a,18,19 The synthesis of this
conjugate is unobtainable using previous methods unless
the N-terminus of the peptide is modified.9a
In conclusion, we have developed a general, efficient,

high-yielding, solution phase method for the conjugation
of protected oligonucleotides. This is the first method for
conjugating protected oligonucleotides in solution. The

protected oligonucleotides are obtained in a straight
forward manner using commercially available reagents
and standard oligonucleotide synthesis protocols. These
results represent a general method for the synthesis of
oligonucleotide conjugates that are not limited to DNA,
or the type of linkage described above.
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Table 1. Isolated Yields of Oligonucleotide Conjugates
Obtained from 5
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