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Abstract: Reactiotl of tim N-dimethylfo;mAmidine (dm0 derivatives of 2'-deoxygummsine, gmmosine, 
and 2'-deoxyadenosine with iodine mud aqueous mmmonia gives the co¢~g N-cyano nucleosides. 
This reaction occurs in oligonucleotides under conditions where iodine is retained on the solid suppoct, or 
in the synthesis column, prior to cleavage with aqueous a~unonia. This base modification can be 
eliminatted with lower iodine concenlratio~ hl the oxidation reagent. 

The N-dimethylformamidine (din0 group was first reported for exocyclic amine protection of nucleosides 
by Zemlicka and Holy and has been used effectively in oligonucleotide syntl~is. 1-8 The dmf group can be 
introduced selectively in near quantitative yield, and it stabilizes the glycosidic linkage of deoxyadenosine. 
Because of instability of the adenine and cytosine derivatives to hydrolysis, recent work has focused on its use 
for guanine protection.9 We now report that our two groups each observed heterogeneity in oligonucleotides 
synthesized with N-2-dimethylformamidine-dG using both phosphoramidite 10 and H-phosphonate 11 methods. 
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Figure 1. Anion-exchange ~ (left) and RP ~ of enzymatic digest (righ0 of 

18met 5' TCA CAG TCT GAT CTC GAT 3' ~ with 0.1M iodine oxidation reagmt 

We 10 have reported recently a new synthesis column design with large porous frits to occupy dead volume 
and minimize reagent consumption. 12 During experiments on further optimizing this system, 13 we found that the 
use of iodine at concentrations greater than 0.05 M (THF:H20:pyr / 7:1:2) correlated with the heterogeneity 
observed when the N-2 dimethylformamidine (dm0 group was used for dG protection. Enzymatic 
degradation14,15 of crude oligonueleotide mixtures revealed the p ~ c e  of a modified nueleoside, that was 
found to comigrate with material obtained by treatment of I with 0.1 M iodine in THF/watedpyridine (7/1/2) 10 
or by addition of 1 and 1 eq of iodine to aqueous ammonia.l I The IR spectrum of 2 has a characteristic nitfile 
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stretch at 2170 cm -1, while the 13C NMR of 2 differs significantly from that of the deoxyguanosine only by the 
presence of an additional resonance at 121 ppm. 16 Moreover, use of 15N-ammonia in the conversion of 1 to 2 
resulted in incorporation of 1SN into the cyano group, as shown by lSN NMR and MS, and split the 121 

0 
resonance in the :312 NMR spectrum into a doublet. 17 
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The N-6-dimethylformamidine derivatives of deoxyadenosine,18 and guanosine,19 react similarly, while 
unprotected nucleosides (G, dG, dA) do not react. It is well known that iodine and aqueous ammonia form 
nitrogen triiodide, a black sofid that is an unpredictable contact explosive and oxidant. 20 In the reactions using 1 
eq of iodine, no black precipitate was formed. In contrast, when iodine and aqueous ammonia were allowed to 
react for several hours before adding 1 (1 eq), a black insoluble material was present, and there was limited 
formation of 2, along with N-2-formyl-2'-deoxyguanosine 3 and dG. A portion of the insoluble material was 
removed and allowed to dry on a filter paper. Contact with a spatula then caused it to detonate, indicating the 
presence of nitrogen triiodide. Thus, it appears that nitrogen triiodide is not involved in the conversion of 1 to 2. 

0(3 Enzymatic degradation and HPLC analyses of 
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Figure 2. RP HPLC of the mixtures obtained upon enzymatic 
degradation (nuclease PI and calf anca,ne phosph~t~e)15 of 
calde d[C-ST] after degoteoim and cleavage from the support 
by treatment with cone. aq. Nil 3 at 50 *(2 for 6h. (left) with no 
iodine present, and (righ0 with traces of iodine present. 21 

crude d(GsT), prepared by an H-phosphonate method, 
showed, in addition to 2, N-2-formyl-2'- 
deoxyguanosine (3, Fig 2). 11 Treatment of 1 with 
aqueous ammonia for three hours gives 3 in an isolated 
yield of about 20%. 22 HPLC during the reaction shows 
several intermediates, but 3 appears to be the only 
isolable compound. Further treatment of 3 with aqueous 
ammonia and iodine gives only hydrolysis to dG, with 
no detectable formation of 2. Thus, although 3 is an 
intermediate in the hydrolysis of 1, it is not an 
intermediate in the conversion of 1 to 2. The presence of 
3 in d(GsT) presumably is due to some secondary 
structure, or aggregation, of this molecule which slows 

further hydrolysis, since there was no trace of 3 found in many other syntheses of oligomers containing mixed 
sequences. 10 

The conversion of dmf protected G bases in oligonucleotides to the N-2-cyano derivatives is completely 
banished by the use of a lower concentration (0.02M) iodine oxidation reagent. This reagent provides rapid and 
complete oxidation of the intemucleotide phosphite to phosphotriester during oligonucieotide synthesis with any 
nucieobase protecting group, any scale, DNA or RNA. The presence of 10% water was also helpful in washing 
residual iodine from the solid support, frit, and synthesis column compartment. When the same 18mer shown in 
Figure 1 was prepared using 0.02M iodine in the oxidation reagent, and analyzed, high purity and yield (Figure 
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3) was obtained. No N-2 cyuno deoxyguanosine was detected by digestion analysis of this sample. Rapid 
deprotection of unmodified oligonucleotides can be attained with N-2 dimethylformamidine protection of G 
under these conditions. 
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Figure 3. Anion-exchange HPLC (left) s~l RP HPLC of enzymatic digest (righ0 of 18mer 

5' TCA CAG TCT GAT CTC GAT 3' made with 0.02M iodine oxidation reagent 
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