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SYNTHESIS OF 6-AMINO-2'-Q-METHYLCYTIDINE, A PROTONATED CYTIDINE
ANALOG FOR TRIPLE HELIX BINDING STUDIES
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Abstract: The synthesis of 6-amino-2'-Q-methylcytidine and its incorporation into an oligonucleotide is reported.
Incorporation of this nucleoside required modified formamidine protection of the exocyclic amino groups. Binding
to double-stranded DNA via triple helix formation was assayed by DNase I footprint analysis and revealed that this
protonated C analog inhibited binding relative to the control 2'-Q-methylcytidine.

The potential for the modulation of gene expression by targeting double stranded DNA (dsDNA) through
triple helix formation has attracted significant attention.! Triple-stranded nucleic acids were first described in
19572 but only recently has this unique structure been pursued as a means of sequence specific DNA
recognition with potential therapeutic applications. Previous reports have shown that a pyrimidine
oligonucleotide (ON) can target a polypurine tract of duplex DNA in a sequence-specific manner.3-5 In this
binding motif, the incoming pyrimidine ON binds to the purine tract in a parallel orientation with thymidine
(T) recognizing the adenine of an adenosine:thymidine (A:T) base pair and N3-protonated cytidine (Ct)
recognizing the guanine of a guanosine:cytidine (G:C) base pair. The pH dependence of this process,5-8
coupled with |H NMR studies,%10 demonstrates that the C*GC triplet requires the N3-protonation of C.

In an effort to overcome the difficulty of protonating C at neutral pH, several groups, including ourselves,
have designed neutral protonated C mimetics!1-13 which remove the pH dependence of triple helix formation
at near physiological pH (i.e. pH=6-8). Modification of 2'-deoxy-5-methylcytidine (C™€) to raise the pKa of
the critical N3-position is another viable approach. Froehler et. al.14 have shown that the carbocyclic ribose
variant of CM€ has a ca. 0.5 higher pKa than that of the parent deoxynucleoside and results in an enhanced
triple helix formation at neutral pH. Similarly, substitution of the cytosine heterocycle can dramatically raise
the pKa at the N3-position. 6-Aminocytidine (6-amino-C) has been synthesized and the pKa measured as
6.8 or a A pKa of 2.3 relative to 2'-deoxycytidine.l5 This enhanced basicity could result in an enhanced
triple helix formation at physiological pH.16 We wish to report the synthesis of an oligonucleotide bearing
this basic cytidine analog and its binding properties.

The synthesis of 6-amino-C deoxynucleoside has been reported,15 but attempts to repeat the experimental
detail proved fruitless in our hands. Therefore, an alternative route was pursued involving the glycosylation of
6-amino-C with §5',3'-Q-dibenzoyl -1'-Q-acetyl-2'-deoxyribose under standard Vorbruggen conditions (Scheme
1, reagents and conditions a) resulted in no detectable nucleoside formation. Ribonucleosides are known to
possess more acid stable glycosidic bonds, when compared to the corresponding 2'-deoxy nucleosides.17
Therefore, it was envisioned that the synthesis of the ribonucleoside could circumvent this problem.
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The N4,N6-diisobutyryl protected 6-aminocytidine 4 was prepared as shown in Scheme 1. In order to
ascertain the relative stability of this protected nucleoside to ON synthesis conditions, compound 4 was
dissolved in 2.5% DCA in CH2CI2. Unfortunately, the compound underwent complete deglycosylation to
yield the heterocycle and sugar (t1/2 was approximately 2 minutes). N-Substituted formamidines have been
used for the protection of heterocyclic amino groups and are useful in stabilizing deoxyadenosine derivatives
towards depurination.18 N,N-Dibutylformamidine was identified as a first choice based upon previously
reported studies examining the stability of N,N-disubstituted formamidines to ammonia deprotection, 18 This
protecting group strategy was explored on the 2'-O-methyl derivative as shown in Scheme 2.

The 2'-Q-Me sugar 1 was synthesized via a published procedure.19 Commercially available 6-
aminocytosine (2) was silylated and then allowed to react with sugar 1 under Vorbruggen coupling conditions
to furnish compound § along with the o« anomer (f:¢ ratio 9:1). Conveniently, the triflic acid salt of the B-
nucleoside 5 precipitated from the MeOH-quenched reaction mixture, exclusively. Compound 5 was then
treated with MeONa/MeOH followed by protection of the amine groups with N,N-dibutylformamide
dimethylacetal in DMF to furnish the bis-formamidine protected compound 6a. This compound is stable to
standard detritylation condtions with no decomposition being observed in 2.5% DCA in CH2CI2 over 24 hrs.
Protection of the 5'-hydroxyl as a DMT ether followed by phosphonylation furnished compound 7a. Attempts
to incorporate this monomer into an ON using a H-phosphonate protocol resulted in no detectable ON being
isolated. Strong bases such as TEA or DMAP are known to inhibit H-phosphonate couplings .20 Assuming
that the coupling failed due to the strong basicity of the bis-formamidine protected 6-amino-C heterocycle, a
formamidine group of lower basicity was pursued. The N,N-di-(2-methoxy)ethylformamide dimethyl acetal
was synthesized and allowed to react with debenzoylated compound 5 in DMF to yield compound 6b (no
decomposition observed in 2.5% DCA in CH2CI over 24 hrs.) and was treated as before to yield compound
7b. Incorporation of this monomer into the mixed nucleotide sequence 5' TC*TC*TC*TC*TC*TTTTT
(where T=thymidine and C*=6-amino-2'-Q-methylcytidine) was then accomplished by standard H-
phosphonate methods to furnish ON 8. Mixed oligonucleotide 8 was analyzed by exhaustive nuclease and
phosphatase digestion followed by HPLC analysis of the resulting monomers and afforded the expected ratio
of T : 6-amino-2'-Q-methylcytidine 2!

With the test ON (8) in hand, two additional control ONs were synthesized: 5' TC*TC*"TC*TC "TC*"TTTTT
(9) and 5’ TCmeTCmeTCmeTCMeTCMETTTTT (10), (where T=thymidine, C*=2'-QO-methylcytidine, and Cie=
2'-deoxy-5-methylcytidine). Binding to dsDNA was determined by DNase I footprint analysis (as previously
described)?2 with conditions selected to approximate the intracellular environment.23 The control 2'-QO-
methylcytidine ON (9) afforded partial protection of the target duplex at 10 uM, while the 6-amino-2'-Q-
methylcytidine ON (8) did not show any detectable protection at that concentration. The 5-methyl-C
containing ON (10) did bind to the target as has been previously observed2? and afforded complete protection
at a concentration of 0.1 UM, verifying the integrity of the target. The complete protection of the target by ON
10 and only partial protection by ON 9 is consistent with the enhanced affinity of Ce for dsDNA when
compared to cytidine.24,25 However, the substitution of an amino group at the 6-position of 2'-Q-
methylcytosine inhibits triple helix formation. The 6-amino modification could be perturbing the glycosyl



Synthesis of 6-amino-2’-O-methylcytidine
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conformation to disfavor binding to the target duplex. Triple helix structures require the protonated cytosine
to adopt the anti conformation and the presence of a 6-substituent on 6-amino-2'-Q-MeC within an ON could
be preventing this. Previous 1H NMR studies that were conducted on 6-amino-pyrimidine nucleosides (which
bear a 5'-hydroxyl group) indicated that the glycosyl bond was adopting an anti conformer, 16 but perhaps the
neighboring phosphate within the ON interacts with the 6-amino group of 6-amino-2'-Q-Me-C resulting in a
perturbation of conformation sufficient to preclude binding. Further NMR studies are required to elucidate

this question.

References and Notes:

PN N AW

17.
. Froehler, B.C.; Matteucci, M.D., Nucl. Acids Res., 1983, 11, 8031.
19.

20.
2L
22.
23.

24.
25.

26.
27.

. Matteucci, M.D.; Bischofberger, N. Ann. Rep. Med. Chem. 1991, 26, 287.
. Felsenfel, G.; Davies, D.R.; Rich, A. J. Am. Chem. Soc. 1957, 79, 2023.
. Moser, H.E.; Dervan, P.B. Science 1987, 238, 645.

Doan, T.L.; Perrounault, D.; Praseuth, D.; Habhoub, N.; Decout, J.L.; Thuong, N.T.; Lhomme, J.;
Helene, C. Nucl. Acids Res. 1987, 15, 7749.

Lyamichev, V.L; Mirkin, $.M.; Frank-Kamentskii, M.D.; Cantor, C.R. Nucl. Acids Res. 1988,
16, 2165.

. Francois, J.C.; Saison-Behmoras, T.; Thuong, N.T.; Helene, C. Biochemistry 1989, 28, 9617.
. Maher, J.L.; Wold, B.; Dervan, P.B. Science 1989, 245, 725.
. Plum G.E,; Park, Y.W_; Singleton, S.F.; Dervan, P.B.; Breslauer, K.J. Proc. Nat. Acad. Sci. U.S.A.,

1990, 87, 9436.
Pajagopal, P.; Feigon, J. Nature 1989, 239, 637.

. de los Santos, C.; Rosen, M.; Patel, D. Biochemistry 1989, 28, 7282.
. Ono, A.; Ts'o, P.O.P.; Kan, L.S. J. Am. Chem. Soc. 1991, 113, 4032.
. Krawczyk, S.H.; Milligan, J.F.; Wadwani, S.; Moulds, C.; Froehler, B.C., Matteucci M.D.

Proc. Nat. Acad. Sci. U.S.A. 1992, 89, 3761.

. Koh, I.S.; Dervan, P.B. J. Am. Chem. Soc. 1992, 114, 1470.

. Froehler, B.C.; Ricca, D.J. J. Am. Chem. Soc. 1992, 114, 8320.

. Goldman, D.; Kalman, T.I., Nucleos. Nucleot. 1983, 2, 175.

. The 6-amino group could perturb the anti conformation of the glycosyl bond in the pyrimidine

nucleoside resulting in the unfavorable syn conformation. Limited data suggests that this is not
the case. 5-Aza-6-amino-cytidine was studied by IH NMR and the glycosyl bond did adopt the
expected anti orientation. Piskala, A.; Hanna, N.B.; Zajicek, J.; Cihak, A. Collect. Czech.

Chem. Commun. 1989, 54, 2502.

Michelson, A M. The Chemistry of Nucleosides and Nucleotides 1963, Academic Press, N.Y., 26.

Chavis, C.; Dumont, F.; Wightman, R.; Ziegler, J.C.; Imbach, J.L. Nucleic Acid Chemistry,
New Synthetic Procedures, Methods, and Techniques , vol. I1I, 1986, John Wiley and Sons, 76.
Froehler, B.C. Private communication.
Eadie, J.S.; McBride, L.J.; Efcavitch, J.W.; Hoff, L.B.; Cathcart, R. Anal. Biochem. 1987, 163, 442.
Jones, R.J.; Lin, K.-Y.; Milligan, J.F.; Wadwani, S.; Matteucci, M.D. J. Org. Chem. 1993, 58, 2983.
140 mM KCl, 5 mM NagHPO4, 1 mM MgCl2 and pH 7.2. sec Alberts, B., et. al. Molecular Biology of
the Cell, Garland: New York 1989, 301.
Povsic, T.J.; Dervan, P.B. J. Am. Chem. Soc. 1989, 111, 3059.
An additional variable between ON 9 and 10 is the presence of 2'-Q-Me ribose sugars in ON 9. 2-Q-Me
sugars would be expected to enhance triple helix formation relative to the 2'-deoxyribose derivatives.26.27
This is not observed, apparently the 5-methylcytosine stabilizing effect dominates in these sequences.
Shimizu, M.; Konishi, A.; Shimada, Y.; Inoue, H.; Ohtsuka, E. FEBS Letters 1992, 302, 155.
Escudé, C; Sun, J.S.; Rougée, M.; Garestier, T.; Héléne, C. C.R. Acad. Sci. Paris 1992 Série 111, 313, 521.

(Received 11 October 1993)



