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ABSTRACT 

The nucleosides N6-methoxy-2’-deoxyadenosme (dZ) and 2-amino-9-(2.deoxy+ribofuranosyl)-6- 

methoxyaminopurine (dK) have been synthesised and converted into 5’.O-dimethoxytrityl3’-(2-cyanoethyl 

N,N-diisopropylphosphoramidites). These monomers have been used in machine DNA synthesis to give a 

set of heptadecanucleotides containing up to three analogue nucleotides. The melting transitions (T,) show 

that the 17-mer duplexes containing Z-T and ZX base-pairs have closely similar stabilities, as have those 

containing K-T and K.C pairs. They are less stable than the corresponding fully complementary duplexes, 

but more stable than those containing mismatched pairs. This, in the case of dZ. is in accord with the 

amino-imino tautomeric ratio of +. I :4 observed for the nucleoside in methyl sulfoxide. The application of 

oligomers containing such “degenerate” bases in oligonucleotide probes and primers is discussed. 

INTRODUCTION 

The genetic code is degenerate. One consequence is that a unique oligonucleotide 

sequence cannot be deduced from a peptide sequence within the encoded protein. Thus, 

oligonucleotides for probing genomic or copy DNA banks for such sequences by 

hybridisation must, in general, consist of many chains’. This multiplicity can be 

diminished, in part, in a variety of ways. One way is to use deoxyinosine (d1) in the 

probe, since hypoxanthine forms base pairs with all the normal bases2,j. Their stabilities, 

however, vary considerably and indeed do not contribute to the duplex stability as a 

whole. Nevertheless, use has been made of I in designing primers for the polymerase 

chain reaction4. 

Instead of using a “universal” base with which to replace the normal purines and 

pyrimidines, A, G, C, and T, we thought it more appropriate to seek a pyrimidine 

analogue to base-pair with A and G, and correspondingly a purine analogue to pair with 

C and T. Thus, initially, we investigated oligonucleotides containing the pyrimidine 

analogues iV4-methoxycytosine (mo4C;M) (1) and the bicyclic base (P) 25,h. These were 

chosen because the tautomeric state of mo”C was believed to be of the order of 1 C&30 in 

favour of the imino form, that is, it was much closer to unity than C or T in which the 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 

’ Presented at the 9th International Round Table on Nucleosides, Nucleotides, and Their Biological 

Applications, Uppsala, Sweden, July 1990. 
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Fig. I. 400-MHz ‘H-n.m.r. spectrum (external Me,%) of 2’-deoxy-Nh-methoxy-3’,5’-di-O-p-toluoyladeno- 

sine in Me,SO at 30”. An equilibrium mixture ofimino and amino species is shown by the presence of two sets 

of proton signals for the base and the sugar (the assignments are based on ref. 13). 

RESULTS AND DISCUSSION 

The most obvious route to Nh-methoxy-2,6-diaminopurine nucleosides is from 

deoxyguanosine. Sugar-protected 06-sulphonylated intermediates have been used in 

nucleophilic displacements at that site’.“. Unfortunately, reaction with methoxyamine 

was temperamental and, although products of the form 3 (R = HNAcyl) were ob- 

tained”, we preferred the earlier methods involving 6-chloro intermediates12. The 

nucleosides corresponding to 8 and 11 have also been synthesised by other workers, 

using a Dimroth rearrangement route”.‘4. 

2-Amino-6-chloropurine was coupled in high yield with 2-deoxy-3,5-di-O-p- 

toluoyl-a-D-ribosyl chloride, using the phase-transfer method of Seela and co-work- 

ers’5.‘6, which leads to inversion at C-l with high stereospecificity. The major product 

was the 9-P-nucleoside 5a together with a minor product assigned the 7-p structure 5b. 

In order to establish the structure of the major product 5a, it was further acylated to the 

N’,3’,5’-tri-p-toluoyl derivative 6. Deoxyguanosine (7) was tri-p-toluoylated and then 

converted, although in poor yield, into the 6-chloro compound 6, identical to that from 

the glycosylation route. 

Conversion of5a into the ti-methoxy derivative 8 was best effected by methoxya- 

mine in dry ethanol, following Giner-Sorolla and co-workers”. We found that, in this 

series, as with 2,6-diaminopurine nucleosides, N’-acyl groups require vigorous condi- 

tions for their removal’. The nucleoside 8 was therefore deacylated and converted into 
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intention of theexperiments appears to be borne out, that is, the base pairs K-T and KC 

give closely similar contributions to duplex stability. This is seen clearly in entries 

(I 1,12), (13,15), and (16,17) in which one, two, and three K-residues are compared. It is 

evident that the drop in T,,, over this series is relatively small and that, compared with the 

triple mismatch (entry 5). those duplexes with three K-residues (entries 16,17) are much 

more stable. Further experiments will be required to show whether oligomers that 

contain these residues are useful as hybridisation probes. 

The question as to the structures of the base-pairs with Z and K remains. It has 

been shown that addition of a thymine derivative in CDCI, to Nb-methoxy-2’,3’,5’-tri-O- 

methyl-deoxyadenosine shifts the tautomeric equilibrium of the latter towards the 

amino formx. The free energy difference between the imino and amino forms must be 

very small. Moreover, the stabilities ofduplexes that contain Z suggest strongly that the 

Z-T and ZC base-pairs should contain more than one hydrogen bond and are of 

comparable stability. A similar observation was recently noted by Ueda and co- 

workers18, although no T,, values were given. The greater stability of the K-T and KC 



I ir 



OLIGONUCLEOTIDE SYNTHESIS AND DUPLEX STABILITY 135 

Me 
I 

H 0 

Fig. 2. Bases Z and K and their amino and imino tautomeric forms pairing with thymine and cytosine in a 

Watson-Crick manner. 

EXPERIMENTAL 

General. - 2-Amino-6-chloropurine and 6-chloropurine were purchased from 
Aldrich Chemical Co. 2-Deoxy-3,5-di-O-p-toluoyl-a-D-ribosyl chloride (2-deoxy-3,5- 
di-O-p-toluoyl-x-D-ery&&pentosyl chloride*) was a generous gift from Dr. R. Hin- 
man and Pfizer Inc., and was also synthesised by the method of Hoffer”. Flash-column 
chromatography and t.1.c. were done using Kieselgel60 H (7736) and 60 Fzs4 (Merck), 
respectively, with chloroform-methanol mixtures unless otherwise stated. ‘H-N.m.r. 
spectra (external Me,Si) were recorded with Bruker WM 250 MHz and AM 400 MHz 
spectrometers. Mass spectra were recorded with a Kratos M350 instrument, and 

melting points were measured on an Electrothermal apparatus and are uncorrected. 
2-Amino-6-chioro-9-(2-deoxy-3,5-di-O-p-tofuoyI-~-D-ribofuranosyl)purine (5a). 

- A suspension of finely powdered KOH (3.2 g, 58 mmol) and tris[2-(2-methoxyetho- 
xy)ethyl]amine (TDA-1) (0.376 g, 1.16 mmol) was stirred in anhydrous acetonitrile (240 
mL) at room temperature under argon. After 15 min, 2-amino-6-chloropurine (2.0 g, 
11.6 mmol) was added and stirring was continued for 10 min. 2-Deoxy-3,5-di-O-p- 
toluoyl-a-D-ribosyl chloride (4.88 g, 12.0 mmol) was added and, after 40 min, the 
suspension was filtered and taken to dryness. The crude product (6.0 g) was purified by 

* In this paper, derivatives of 2-deoxy-o-eryrhro-pentose are named as derivatives of 2-deoxy-o-ribose. 
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6-Chloro-9-(2-deoxy-3,5-di-O-p-toIuo~l-~-D-riboj~ranosyl)purine. - &Chloro- 

purine (2.5 g) was treated with 2-deoxy-3,5-di-0-p-toluoyl-cr-D-ribosyl chloride, as 

described above for 5a, to give the title compound (4.13 g, 48%), m.p. 119” (from 

acetonitrile). ‘H-N.m.r. data (CDCI,): 6 2.39 fs, 3 H, CH,), 2.44 (s, 3 H, CH,), 2.8332.92 

(m, 1 H, H-2’a), 3.10-3.22 (m, 1 H, H-2’b), 4.614.83 (m, 3 H, H4’,5’a,5’b), 5.81-5.84 

(m 1 H, H-3’), 6.53-6.59 (m, 1 H, H-l’), 7.18-7.29 (m, 4 H, Ar), 7.83-7.98 (m, 4H, Ar), 

8.28 (s, 1 H, H-8), 8.66 (s, 1 H, H-2). 

Anal. Calc. for C,H,,ClN,O,: C, 61.6; H, 4.5; N, 11.1; m/z (Mt) 506.1356. 

Found: C, 61.3; H, 4.5; N, 10.9; Mt 506.131 1. 

J-Amino -9- (2 -deoxy-3,5- di-O-p-to/uoyl-j3-D-ribofuranosyl)-6-metho,~yaminopu- 
rine (8). ~ To a solution of 5a (0.2 g, 0.368 mmol) in dry EtOH (2 mL) was added 

methoxyamine” (0.5 mL), and the sealed vessel was heated at 90” for 4 h. The solvent 

was evaporated and a solution of the product in CHCl, was chromatographed to give 8 

(100 mg, 49%) as a foam. ‘H-N.m.r. data (MeSO): 6 2.38 (s, 3 H, CH,), 2.40 (s, 3 H, 

CH,), 2.62L2.70 (m, 1 H, H-2’a), 3.OG3.12 (m, 1 H, H-2’b), 3.73 (s, 3 H, NOCH,), 

4.464.64(m,3H,H-4’,5’a,5’b),5.665.69(m, 1H,H-3’),6.18P6.24(m,1 H,H-1’),6.58 

(b, 2 H, NH?), 7.31-7.38 (m,4 H, Ar), 7.72 (s, 1 H, H-8), 7.867.98 (m, 4H, Ar),9.84(s, 1 

H, NH). 

Anal. Calc. for C,,H,,N,O,: m/z (Mt) 532.2070. Found: Mob 532.2025. 

2’-Deoxy-Nh-methoxy-3’,5’-di-O-p-toluoyladenosine (II). - 6-Chloro-9-(2-de- 

oxy-3,5-di-0-p-toluoyl-/3-D-ribofuranosyl)purine was treated with methoxyamine in 

dry EtOH, as described above, to obtain 11, as a colourless crystalline powder, m.p. 

213”. ‘H-N.m.r. data (MeSO): imino tautomer, 6 2.38 (s. 3 H, CH,), 2.40 (s, 3 H, CH,), 

2.68-2.75 (m, 1 H, H-2/a), 3.163.21 (m, 1 H, H-2’b), 3.76 (s, 3 H, NOCH,), 4.4994.62 

(m, 3 H, H-4’,5’a,5’b), 5.75 (b, 1 H, H-3’), 6.38 (t, 1 H, J6.6 Hz, H-l’), 7.30-7.38 (m, 4 H, 

Ar), 7.49 (s, 1 H, H-2), 7.84-7.95 (m, 4 H, Ar), 8.07 (s, I H, H-8), 11.25 (b, 1 H, NH); 

amino tautomer, 6 5.61 (b, H-3’), 6.54 (b, H-l’), 8.27 (s, H-8), 8.42 (s, H-2), 11.00 (b, 

NH). 

Anal. Calc. for C,,H,,N,O,: m/z (Mi) 517.1961. Found: M+ 517.1972. 

9-[2-Deoxy-5-0-(4,4’-dimethoxytrit~~l)-~-~-ribofurano.~yl]-2-dimethylaminome- 
thyleneamino-6-methoxyaminopurinr 3’-(2-cyanoethyl N,N-di-isopropylphosphorami- 
dite) (lOa). -- Compound 8 was heated at 55’ overnight with saturated NH,/MeOH to 

give the free nucleoside quantitatively, a solution of which (0.4 g, 1.35 mmol) in 

anhydrous NJ-dimethylformamide (2.5 mL) and NJ-dimethylformamide dimethyl 

acetal(2.5 mL) was stirred at 50” for 2 h. Removal of the solvent and further coevap- 

oration of toluene and acetone from the residue in uacuo gave the N’-dimethylamino- 

methylene derivative (one spot in t.1.c.). The crude product was treated with 4,4’- 

dimethoxytrityl chloride (0.54 g, 1.62 mmol) in dry pyridine at room temperature for 1.5 

h. Removal of the solvent in uacuo then chromatography of the dark-blue foam with 

CH,CI,Me&O (4:l) afforded the dimethoxytrityl derivative 9 (131 mg) as a pale- 

yellow foam. ‘H-N.m.r. data (MeSO): 6 3.01 (s, 3 H, NCH,), 3.10 (s, 3 H, NCH,), 3.72 

(s,9H, 3OCH,), 6.77-7.36(m, 13 H, Ar),7.77 (s, 1 H,H-8) 8.48(s, 1 H,N=CHN), 8.88 

(s, 1 H, NH). 
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