Tetrahedron Letters, Vol. 36, No. 25, pp. 4373-4376, 1995
Pergamon Elsevier Science Ltd

Printed in Great Britain
0040-4039/95 $9.50+0.00
0040-4039(95)00816-0

Oxidative Conversion of N-Dimethylformamidine
Nucleosides to N-Cyano Nucleosides

Bashar Mullah and Alex Andrus*
Applied Biosystems Division of Perkin-Elmer Co., 850 Lincoln Centre Dr., Foster City, CA 94404
Hong Zhao and Roger A. Jones*

Department of Chemistry, Rutgers, The State University of New Jersey, Piscataway, NJ 08855

Abstract: Reaction of the N-dimethylformamidine (dmf) derivatives of 2'-deoxyguanosine, guanosine,
and 2'-deoxyadenosine with iodine and aqueous ammonia gives the corresponding N-cyano nucleosides.
‘This reaction occurs in oligonucleotides under conditions where iodine is retained on the solid support, or
in the synthesis column, prior to cleavage with aqueous ammonia. This base modification can be
eliminated with lower iodine concentration in the oxidation reagent.

The N-dimethylformamidine (dmf) group was first reported for exocyclic amine protection of nucleosides
by Zemlicka and Holy and has been used effectively in oligonucleotide synthesis.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!0 and H-phosphonate!! methods.
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Figure 1. Anion-exchange HPLC (left) and RP HPLC of enzymatic digest (right) of
18mer 5' TCA CAG TCT GAT CTC GAT 3' made with 0.1M iodine oxidation reagent

‘Wel0 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,!3 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 (dmf) group was used for dG protection. Enzymatic
degradation14.15 of crude oligonucleotide mixtures revealed the presence of a modified nucleoside, that was
found to comigrate with material obtained by treatment of 1 with 0.1 M iodine in THF/water/pyridine (7/1/2)10
or by addition of 1 and 1 eq of iodine to aqueous ammonia.1! The IR spectrum of 2 has a characteristic nitrile
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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 13N-ammonia in the conversion of 1 to 2
resulted in incorporation of 1N into the cyano group, as shown by 15N NMR and MS, and split the 121
resonance in the 13C NMR spectrum into a doublet.1?
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The N-6-dimethylformamidine derivatives of deoxyadenosine,!8 and guanosine, !9 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 solid 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 mtrogen triiodide. Thus, it appears that nitrogen triiodide is not involved in the conversion of 1 to 2.

Enzymatic degradation and HPLC analyses of
crude d(GgT), prepared by an H-phosphonate method,
showed, in addition to 2, N-2-formyl-2'-

dG
T deoxyguanosine (3, Fig 2).11 Treatment of 1 with
2 aqueous ammonia for three hours gives 3 in an isolated
T yield of about 20%.22 HPLC during the reaction shows
ﬂ 3 3 several intermediates, but 3 appears to be the only
— isolable compound. Further treatment of 3 with aqueous

0 5 0 5 ammonia and iodine gives only hydrolysis to dG, with

no detectable formation of 2. Thus, although 3 is an
i,gm 2. Rlz HPLC o:’tlmandmmm Ob'ail;t:)upon en;lysmatic intermediate in the hydrolysis of 1, it is not an
gradation (nuclease calf alkaline phosphatase) "> of : IR :
AGET] after ion and cleavage from the § m'tcrmedlate in the conve:rsxon of 1to 2. The presence of
by treatment with concl . agq. NH3 a1 50 °C for 6b. (left) Wl”-th a0 3 in d(GgT) presumably is due to some secondary
iodine present, and (right) with traces of iodine present.2! 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 internucleotide phosphite to phosphotriester during oligonucleotide synthesis with any
nucleobase 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




4375

3) was obtained. No N-2 cyano 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) and RP HPLC of enzymatic digest (right) of 18mer
5' TCA CAG TCT GAT CTC GAT 3' made with 0.02M iodine oxidation reagent
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NH4HCO3 in 30 min at a flow rate of 24 mL/min gave 22,500 OD{;O (0.86 mmol, 86%) of 2 as the
ammonium salt. UV (Hy0) max 270 nm (€270=2.6 x 10* cm-1mol-IL); min 234 nm (g534=6.8 x 103 cm"
Imol-1L). IR (KBr) 3499, 3120, 2168, 1673 cm-1; 1H NMR (200 MHz, DMSO-dg) 8 (ppm) 10.41 (b, 1,
Hj), 8.03 (s, 1, Hg), 7.34, 7.08 & 7.83 ("t", 4, Jopp=51.1 Hz, NHgt), 6.16 ("t", 1, Jo5,=6.9 Hz, Hy'),
5.28 (m, 1, 3-OH), 4.35 (m, 1, Hy), 3.82 (m, 1, Hy), 3.54 (m, 2, Hg' 5+), 2.56 &£ 2.28 (m & m, 1 & 1,
Hy & Hy+); 13C NMR (50.3 MHz, DMSO-dg) 8 (ppm) 159.9 (C4=0), 158.3 (Cy), 151.7 (Cy), 145.0
(Cg), 120.9 (C=N), 116.0 (Cs), 87.7 (C11), 82.4 (Cy), 71.1 (Cy), 62.0 (C31), 39.6 (C5+); CIMS (FAB*)
m/z: 293(100, M+1); EIMS m/z: 176(71), 151(94), 81(98). A portion of this material was converted to the
sodium form using a Bio-Rad 50W-X4 column.!H NMR (200 MHz, DMSO-dg) 8 (ppm) 10.20 (s, 1,
Hi), 8.03 (s, 1, H8), 6.13 (*t", 1, J5;n=6.3 Hz, H1'), 5.28 & 5.26 (d, 1, Japp=2.5 Hz, 3'-OH), 4.86 (m,
1, 5'-OH), 4.33 (m, 1, H3"), 3.79 (m, 1, H4), 3.51 (m, 2, H5,5"),248 & 2.19(m & m, 1 & 1, H2 &
H2"). Anal. calcd. for Cy;H;;NgO4Na*H,O: C 39.76, H 3.94, N 25.30. Found: C 39.55, H 4.06, N
25.03.

N-2-[5N]-cyano-2'-deoxyguanosine. To 545 mg (10 mmol) of 1SNH,CI, 400 mg (10 mmol) of NaOH
and 279 mg (1.1 mmole) of iodine were added 100 mL of water and 322 mg (1 mmol) of N-2-
dimethylformamidine-2'-deoxyguanosine (1). The mixture was maintained at room temperature for one
day, concentrated to about.10 mL, and applied to the above preparative reversed-phase HPLC column.
Elution as above gave N-2-[5N]-cyano-2'-deoxyguanosine as the sodium salt. 1H NMR (200 MHz,
DMSO-dg) 8 (ppm) 10.16 (b, 1, Hy), 7.78 (s, 1, Hg), 6.13 ("t", 1, Jgpp,=6.9 Hz, Hy), 527 & 525 (d, 1,
Japp=3.9 Hz, 3-OH), 4.85 (m, 1, 5-OH), 4.32 (m, 1, Hy), 3.79 (m, 1, Hy), 3.51 (m, 2, Hg 5-), 2.48
& 2.19 (m & m, 1 & 1, Hy & Hy+); 13C NMR (50.3 MHz, DMSO-dg) 8 (ppm) 159.9 (C¢=0), 158.1
(Cp), 151.6 (Cy), 134.8 (Cg), 121.0 & 120.7 ( d, C=I5N, J=16.7 Hz), 116.0 (Cs), 87.6 (Cy), 82.2
(C4), 71.0(Cy), 61.9 (Cy), 34.5 (Cs); 15N NMR (40.5 MHz, H,0) 3 (ppm) 173.9; 15N NMR (40.5
MHz, DMSO-dg) 8 (ppm) 190.4; CIMS (FAB-) m/z: 292.

N-6-cyano-2'-deoxyadenosine. To 306 mg (1 mmol) of N-2-dimethylformamidine-2'-deoxyadenosine and
0.279 g (1.1 mmol) iodine was added 80 mL of concentrated aqueous ammonia. The mixture was stirred at
room temperature for one hour, evaporated to about 10 mL, and applied to the above preparative HPLC
column. Elution using a gradient of 0 to 10 % acetonitrile in 0.1 M TEAA buffer in 30 min at a flow rate of
24 mL/min gave the triethylammonium salt of N-6-cyano-2'-deoxyadenosine. This material was desalted
on the same column using water in place of TEAA, and converted to the sodium form as above to give
27,800 OD4gg (0.93 mmol, 93%). UV (H,0) max; 289 nm (280=3.0 x 104 cm-1mol-1L); max; 220 nm
(ex20=1.4 x 104 cm"!mol-1L); min 239 nm (€339=1.8 x 103 cm-Imol"IL). IR (mineral oil) 2144, 1588,
1460, 1376 cm-!; 1H NMR (200 MHz, DMSO-dg) 8 (ppm) 8.14 (s, 1, Hg), 8.02 (s, 1, Hp), 6.28 ("t", 1,
Japp=7.0 Hz, Hy1), 5.43 (m, 1, 3-OH), 5.26 (m, 1, 5-OH), 437 (m, 1, Hy'), 3.86 (m, 1, Hy), 3.57(m,
2,Hg 5),2.68 & 2.22 (m & m, 1 & 1, Hy & Hy-); 13C NMR (50.3 MHz, DMSO-dg) § (ppm) 161.4
(C6=O), 150.7 (C5), 148.3 (Cy), 138.5 (Cg), 123.7 (C5),120.9 (C=N), 88.1 (C;), 84.2 (Cy), 71.1
(C2), 62.0 (C31); CIMS (FAB-) m/z: 275(100, M-1). Anal. calcd. for C;;H;1NgO3Na*H,0: C 41.77, H
4.14, N 26.58. Found: C 42.08, H 4.26, N 26.54.

N-2-cyano-guanosine. IR (cm1) 2175, 1670

Jander, J. Adv. Inorg. Chem. Radiochem. 1976, 19, 2.

The gradient is 2 to 15% CH3CN:0.1M TEAA in 5 min at 2 mL/min on a Smm x 10cm Nova-Pak
cartridge.

N-2-Formyl-2'-deoxyguanosine (3). To 322 mg (1 mmol) of N-2-dimethylformamidine-2'-
deoxyguanosine was added 80 mL of concentrated aqueous ammonia. The solution was maintained at
room temperature for three hours, evaporated to about 10 mL, and applied to the above preparative HPL.C
column, Elution using a gradient of 0 to 10 % acetonitrile in 0.1 M NH4HCOj in 30 min at a flow rate of
24 mL/min gave 4580 OD4; (0.22 mmol, 22%) of 3. UV (H,0) max 261 nm (t-‘qq=2.l x 104 cm-1mol-
1L); min 236 nm (g734=8.1 x 103 cm-!mol-1L). IR (KBr) 3375, 1691, 1603 cm-1; IH NMR (200 MHz,
DMSO-dg) 8 (ppm) 10.17 (b, 2, H; & N;H), 9.13 (b, 1, 0=C—H), 8.12 (s, 1, Hg), 6.22 ("t", 1,
Japp=6.6Hz, Hy), 5.35 (m, 1, 3'-OH), 4.95 (m, 1, 5'-OH), 4.37 (m, 1, Hy), 3.82 (m, 1, Hy), 3.53 (m,
2,Hs'5), 2.62 & 2.28 (m & m, 1 & 1, Hy & Hyp+); 13C NMR (50.3 MHz, DMSO-dg) 8 (ppm) 163.2
(HC=Q), 157.8 (C¢=Q), 149.4 (Cy), 148.9 (Cy), 137.5 (Cy), 120.5 (Cs), 87.7 (Cy1), 83.2 (C4), 70.8
(Cy), 61.7 (C3); CIMS (FAB*) m/z: 296(52, M+1), 180(100). Anal. calcd. for C;;H3N5O5*1/2H,0: C
43.57, H 4.77, N 22.89. Found: C 43.34, H 4.63, N 23.02.
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