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Fully deprotected oligodeoxynucleotides containing 6-chloropurine have been synthesized and used in solution
phase reactions with amine nucleophiles to prepare oligonucleotides containing substituted adenine residues.
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between N positions of deoxyadenosines in the two strands. © 1998 Elsevier Science Ltd. All rights reserved.
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Over the past decade our laboratory and others have been interested in the synthesis of
oligonucleotides containing bases which bear substituents capable of undergoing further
transformations after oligonucleotide synthesis [1- 19] These transformations can be carried
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out while the ougonuc:ieouae is still attached to the matrix or concomitant with removai
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5,12,14,17,18]. For preparation of adenine adducts we have incorporated 6-chloro- or 6-
fluoropurine deoxyriboside into oligonucleotides followed by reaction of the matrix-bound

oligonucleotide with amine nucleophiles (such as the triol amine formed by opening of a
PAH diol epoxide with anhydrous NH3). The adducted oligonucleotide is then removed
from the matrix and deprotected with ammonium hydroxide in the usual manner. This
strategy suffers from the problems inherent in working in an inhomogeneous system such as
insufficient mixing and slow reaction. In addition, when N4-benzoyl-protected cytosines are
present a side reaction may occur in which the amine can displace the acylamino group at C4
[4,20]. Furthermore, it is cumbersome to follow the course of reactions that are carried out
on the beads. We previously developed methodology for preparing purified deprotected
oligonucleotides containing a suitabie guanine precursor (2-fluoro-O9-(trimethylsilyiethyi)-
deoxyinosine) and showed that both mono-adducted and interstrand crosslinked oligo-
nucleotides could be synthesized from them [12]. The strategy employed commercially
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extension of this strategy to the preparation of fully deprotected oligonucleotides containing
6-chloropurine and the use of these oligonucleotides for the synthesis of both N6 dA
monoadducts and N6-N6 dA crosslinked oligomers.
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in mauy, 6-chl oropurine deoxyriboside was treated under the deprotection conditions
i

stability inasmuch as halogen substituents at the 6 position of purines are more
than at the 2 position. Treatment of 6-chloropurine nucleoside with 0.1 M NaOH

2]
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} at room temperature caused only ~5% decomposition. As a preliminary study, 5'-
CAGPuCIT-3' was prepared (Expeditem phosphoramidites; Expedite™ 8909 DNA
synthesizer, PerSeptive Biosystem 1). Deprotec ti on(I1mLof0.1 M NaOH/AQ mg

w1thm 1 h and removal of all protectmg groups w1th1n 9 10 h. The reaction mixture was
neutralized with 0.2 M HOAc and purified by HPLC.! Purified oligonucleotide 2 was
characterized by electrospray mass spectrometry (ESMS: caled M; = 1506; measured mass
based on 752.1 (M-2H)/2z, 501.2 (M-3H)/3z = 1506.4) and enzymatic hydrolysis to
deoxynucleosides which showed the chlorine was still in place on the modified nucleoside and
that no deamination of cytosine had occurred. NMR spectroscopy showed only the expected
signals in the aromatic and anomeric regions, confirming that deprotection was complete and
no degradation of the chloronucleoside had occurred; the aromatic protons of chloropurine
are significantly downfield, 8.59 and 8.75 ppm, relative to those of adenine, 8.27-7.95 ppm,

IExperimental conditions for HPLC and enzymatic hydrolysis to deoxynucleosides have previously been described [14,18].



in this 5-mer. The strategy was extended to the synthesis of an 11-mer containing a styrene
oxide adduct which had previously been prepared by the matrix-bound strategy (Scheme 1)
[5]. Fully deprotected 5'-CGGACPuCIAGAAG-3' (3) was prepared as for the 5-mer except
that a reaction period of 48 h was required for complete deprotection. In the course of this
study, it was observed that the time required for complete deprotection is dependent on the
size of the oligonucieotide and number of guanines present; deprotection for as iong as 72 h
at 25 °C did not cause significant hydrolysis of the chloropurine. Higher temperatures were
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e ng tion to t terial ed by solid-phase synthesis.

The method descnbed herel for preparing ohgonucleotldes ‘with substituents on N6 of
adenine has significant advantages over similar methods previously described by Verdine and
coworkers which employed oligonucleotides containing 6-phenoxy- [7], or 6-(4-chloro-
phenoxy)purine [24]. Namely, 6-chloropurine deoxyriboside is more reactive and easier to
prepare [25-28]. The low reactivity of the phenoxy synthons necessitated use of high
concentrations of nucleophiles even with unhindered amines. As an example of the utility of
the chioropurine method, we have prepared a 9-mer/15-mer duplex containing a 4-carbon
interchain crosslink (Scheme 2). The high molecular Weights of the two oligonucleotides
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clupluycu m ine Ccrossunking reacuon necessitated using them in OIﬂy millimolar
concentrations. It is unlikely that this crosslinking reaction could be achieved with the less
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I 9
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(CHaz)4NHz 5-GGA-TGC-AGT-3
T \
5-GGA-TGC-AGT-3' (CHa)4
5.GCX-TCC-TGC-ACG-ACG-3' . \
borate buffer, pH 10 \

7 55 °C. 5 3-GCA-GCA-GGT-CCT-ACG-5'
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Fully deprotected 9-mer 5§ (0.33 pumoles) was prepared as above and treated with 2
equiv of 1,4-diaminobutane (0.35 ml DMSO, 50 °C, 2 h) to give modified oligonucleotide 6
which was purified by HPLC and ion-exchange chromatography (Econo-Pac™ High Q (Bio-
Rad) cartridge, gradient with 0.1 M NaOH/0.1 M NaOH containing 0.6 M NaCl),
neutralization and desalting (Sephadex G-25) to give a 70% yield of monoadduct 6 (ESMS:
calcd M; = 2849; measured mass based on 949.0 (M-3H)/3z, 711.2 (M-4H)/4z, 568.9 (M-
5H)/5z, 474.1 (M-6H)/6z = 2849.7). The ion-exchange step is necessary to ensure complete
removal of excess diamine. Monoadduct 6 (0.11 pmoles, 0.36 mM) and purified 6-
chloropurine-containing oligonucleotide 7 (0.33 pmoles, 1.0 mM) were reacted in sodium
borate buffer (0.05 M, pH 10, 0.30 ml, 55 °C) until HPLC analysis showed no 6 remained (5



d). Under these conditions significant conversion of the chloronucleoside to inosine was
observed, although little hydrolysis was seen at room temperature. The reaction was
neutralized (5% HOACc) and the product was isolated by HPLC to give ~50% of crosslinked
oligonucleotide 8 which was characterized by enzyme digestion,> capillary gel
electrophoresis and MS (ESMS: calcd M = 7367; measured mass based on 817.9 (M-9H)/9z,
735.7 (M-10H)/10z, 668.8 (M-11H)/11z, 612.8 (M-12H)/12z = 7367.6).

The strategy described herein has advantages over the matrix-bound route: the starting
haloohgonucleoude can be purified and characterized, the reactlon can be followed by
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particularly valuable for crosslinking reactions and reactions in which the nucleophile is in
short supply or too unstable for conditions used in the matrix-bound strategies
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INucleoside standards for enzymatic hydrolysis: N6, (4-aminobutyl)deoxyadenosine [29] was prepared by treatment of 6-

yals 1394}

chloropurine deox yr1b031de with 2-fold excess of diaminobutane (DMSO, diisopropylethylamine, 60 °C, 5 h). IH NMR (DMSO-dg
+ D10, 45 °C) & 8.25 (s, 1H), 8.16 (s, 1H), 6.34 (m, 1H), 4.41 (m, 1H), 3.89 (m, 1H), 3.58 (m, 4H), 2.87 (m, 2H), 2.71 (m, lH)
2.28 (m, 1H), 1.63 (m, 2H), 1.45 (m, 2H). +FABMS: calcd. for Cj4Hy3NgO3 [M+H}* 323.1831; found 323.1828. 1,4-
bis(dggxyadggosin -Nﬁ-vl)butane was prepared similarly except that the chloronucleoside was used in 2-fold excess. IH NMR
(DMSO-dg, 45 °C) & 8.25 (s, 2ZH), 8.16 (s, 2H), 7.54 (1, J=6Hz, 2H), 6.33 (m, 2H), 5.11 (d, J=4Hz, 2H, 3'-OH), 4.98 (dd, J=6Hz

and 5Hz, ZH, 5'-OH), 4.41 (m, 2H), 3.87 (m, 2H), 3.59 (m, 8H), 2.69 (m, 2H), 2.27 (m, 2H), 1.67 (m, 4H). +FABMS: calcd. for
C24H33N 1006 [M+H]* 557.2584; found 557.2593.



