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Abstract: Recognition of DNA sequences by triple helix-forming oligonucleotides is restricted to

homopurine sequences. Based on geometrical considerations, a single nucleoside, 4-guanidinocytidine 1,

was designed to recognize both guanosine (as the natural 1 anomer) and cytidine (as the 1@ anomer) in

a new triple helix context where the third strand is centered in the major groove of the target duplex.

Several methods of synthesis of this nucleoside arc described.

© 1998 Published by Elsevier Science Ltd. All rights reserved.

aymneuc oligonucieotide-direcied t (nplt: helix formation represents a promising way to interiere with gene

expression and has been an area of intense investigation since it was first demonstrated in 1987'. Much effort
has been devoted to overcommg the major limitation of this approach, i.e. the requirement of a long homopurine
tract on the target DNA Tnplex formation indeed involves bidentate Hoogsteen hydrogen bond torrnatlon
between the nucleic bases of the third-strand UligﬁﬂuuCO’uuc ana pulii‘les in the major groove of the target DNA
duplex. Pyrimidines only present a single hydrogen bonding site which makes their recognition tricky.
In our approach the difficulty of pyrimidine recognition is circumvented by binding the opposite purine of the
Watson-Crick base pair in a non-natural triple helix context where the ribose- phosphate chain of the
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is shifted away relative to the known Py*Pu-Py and Pu*Pu-Py triple helix families to become equidistant from
the strands of the target duplex. As a consequence, molecular recognition of a random sequence may be
achieved w1th only two targeting residues able to ‘read’ guanine and adenine on either strand through the o/
anomerism™. This approach Icads to a perfect triplex isomorphism, yet at the expense of optimal base stacking
at each pur me/pyrimidine junction.

4-Guanidinopyrimidine nucleosides (1) match the extended third- strand-rihose—to-target-hase distance and

have the potential H-bond network of a planar guanine-binding residue (Fig. 1). Here we report several methods
to synthesize 1.
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Fig. 1 Guanidinopyrimidine 1 from an oligonucleotide centered in the major groove would be able to bind guanine on either
strand through the /B anomerism. (e) is the position of the (C17)dRib within the known triple helix families. Hoogsteen
hydrogen-bonded heterocycles are labeled with an asterisk (*).
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Straightforward mild methods of guanidinopyrimidine 1 synthesis via reaction of cytidine hydrochloride
with hydrogen cyanamrde (a genera] route to aromatic guamdmes ), with NN’ dl(Boc)throuredIHg(H) or with
|n-pyra70|e-1 -carboxamidines® were unsuccessful. Nuueopnulc substitution of pyrlmlames (the lnymlome
method) and guanidine synthesis via reaction of activated thioureas with amines in the presence of a
carbodiimide’ (the Cytidine method) gave 1, yet with moderate yields.

In the Thymldme method, the 4- 0tr11sopropylphenylsu1f0nyl OTPS) thymidine derivative 2 was
guanylated uncc.uy in appropriate conditions. This type of reaction was C' scribed for various N-, O-, and C-
nucleophiles®, The strongly basic nature of guanidine and low solubility of guanidinium salts in most solvents
led us to choose ~-BuOK/+-BuOH as homogeneous non-nucleophilic base. When 2 was treated with a large
cxcess (10 eq.) of guanidinium chloride i m +-BuOK/-BuOH at room temperature for 4 hours, TLC revea]ed a
fluorescent spot corresponding to the highly conjugated guanidino derivative 1°. After workup, the reaction
product was recovered by preparative silica gel chromatography in 18-40% yield. The main by-product,
thymidine, resulted from preferentlal reaction of 2 with unavoidable trace amounts of water rather than with the
weak nucleophile guanidine. Some base-induced desilylation also occured. The 5’-O-MMTr-3’-O-silyl
derivative of 2 appeared to be more resistant to strong base, as compared to 57, 3’-O-di-TBDMS 2. The

Thymrdme method was used to synthesize also the a-anomer of nucleoside 1 starting from commercial «-
thymidine'.

Thymidine Method

*~__o © RO~ 0 FON__o )T o RO NT o
N s \/,, O
RO RO 4 RO 4 RO  _
L 4 3
d
1-3 R=MMTr, R'=TBDMS —> 4. R=MMTr, R'=H
(e) .
= D R=MMTr
R'=P:OCH>CH,CN
N(I—Pf):)_
Cytidine Method < A NHR" O
A IS
f;‘”z \N/\I:I/\Ph 1\11 ’I\I Ph
i i
H
| Sy () K\N H (& | Ny
1 l " L
RO ~ /\\O RO \N/\O RO \ITJ/\\O
\— ¢ \— O~ o
R'O R'O R'O
6 7 8 R'=H

6 - O R_R'=TBDMS 9 R'= CH,CH,CH,N(CH3)»
Scheme. (a). TPS-CI(1.5eq.)/NaH(5eq./THF/12h/25°C/95%; (b). Guanidine HCI(10eq.)/t-BuOK(10eq.)/--BuOH/4h/25°C/18-
40%; (c). (i-PrC0),0(1.5eq.VEL,N(5eq.)/4-DMAP/CH,CL/1W/25°C/85%; (d). Bu,NT(10eq./THF/2h/25°C/90%: (e). ((i-
Pr)-N),POCH,CH,CN(2¢q.)/Tetrazole(1eq.)/CH,Cl,/30/25°C/75-80%:  (f). BzI-NCS(1.3eq.VELN/CH,CL/18h/25°C/15%: (g).

NH.R"(5-10 eq./EDC(1 2 eq.)/DMF/3-18h/25°C/60-70%.
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derivative 7' by reaction with benzoyllsothrocyanate Benzoylisothiocyanate was chosen as a reagent because
the benzoyl group could act as a protecting group in the subsequent oligomerization procedure Although

- rimidines with
reaction of cytosinc with isocyanates has been used for the preparation of various 4-ureidopyrimidines

moderate to good yields'", the reaction with acylisothiocyanates led to partial decomposition with Joss of
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thiocyanic acid (HSCN)'. The yield of 7 did not exceed 15%, whereas the decomposition product,
benzoylcytidine, was obtained with 60% yield. Changing the solvent polarity or the temperature did not improve
the yield. The cytidine method was nevertheless attractive since the low-yield step was that converting readily
available cytidine into an alrcady base-protected nucleoside. Reaction of 7 with ammonium hvdrgoengarbgnatf-
in the presence of 1-(3- dlmethylammopropyl) -3-ethylcarbodiimide hydrochloride (EDC) proceeded smoothly'®
at room temperature to give guanidino derivative 8. Reaction with another amine (3~(N—dimethyl)—1,3—
uialllillUPlUl}dllC o yicnu 7} bUlllill“CU lllib dpPlUdLll {o UL Ul gbllbldl use l()l LllC \yllll]C\i\ ()I SU[)\LiLulCU
guanidinopyrimidines. Debenzoylation of 8 was either performed in K,CO./aqu. MeOH (1 h) or in standard
oligonucleotide deprotection conditions (32% ammonia) to give 10'°.

Prior to testing the triple helix formation according to Fig. |, the protonation state of the guanidine
be assessed and the nonnatural nucleoside had still to be converted into an oligonucleotide svnthon
In contrast to third-strand cytidine binding to guanine in a Py*Pu-Py triple helix, pynmxdmoguamdine 1 does
not require protonation to establish two hydrogen bonds with guanine (Fig. ]). Moreover, adjacent cationic

loatide are detrimental ta trinley ctahility  The K af 1 Aor A £ th {84
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dependence of the UV spectrum (1: €(303 nm) = 25.0 mL/cm umol 1H": &(300 nm) = 12.2 mL/cmumol) and
found to be equal to 7.5 + 0.5 (for comparison, benzoylouamdme has pK =7.0). This value would be shifted
to the basic side for an isolated site in an oligonucieotide and probably iead to an interesting case of seif-
regulation of the protonation in a guanidinopyrimidine tract under physiological pH conditions.
The guanidino group of nucleoside 1 was protected ((i-PrCO),0/Et,N/CH,CI,)"", the silyl group of 3 was
removed with BuNF/THF to provide intermediate 4 (ylcld 90%)m Phosphlty]anon with  ((i-
Pr),N),POCH,CH,CN/tetrazole following a known procedure afforded synthon 5'° in 75-80% yield.

The automated synthesis of oligonucleotides made of fully modified pyrimidine nucleosides is now being

optimized.
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