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65. Selective N*- and 5’-O-Alkylation of 2’,3’-O-Isopropylideneuridine
with Methyl Iodide

by Jari Hovinen
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The 2',3'-O-isopropylideneuridine (1) reacts with Mel in the presence of an excess of NaH in THF giving
2',3'-0-isopropylidene-5'-O-methyluridine (2). Prolonged reaction time gives rise to 2',3’-O-isopropylidene-3,5'-0-
dimethyluridine (4). The use of an equimolar amount of base and alkylating agent results predominantly in
methylation at N(3) (- 3).

Introduction. — It is well established that ‘soft’ alkylating agents react with nucleic
acids in Sy2 fashion, the reaction taking place predominantly at N-sites [1]. In addition
to classical alkylating agents such as dialkyl sulfates and alkyl halides, a large variety of
better and more selective N-alkylating agents have been developed [2]. On the other hand,
methods for alkylation of the carbohydrate moiety of nucleosides are finite. The wide-
spread use of diazomethane for methylation of sugar OH groups is limited to the
2'(3')-0O-monomethyl derivatives of ribonucleosides [3]. Selective 2'-O-methylation of
rnibonucleosides can be performed by reaction of Mel with a 3',5'-0-(tetraisopropyl-
disiloxane-1,3-diyDnucleoside in the presense of silver oxide [4] or by using 5'-O-trityl-
2',3’-0-(dibutylstannylene)nucleosides and diazomethane [5]. Naturally, these methods
[3-35] call for N-protection of the base residues. The only method reported for the
preparation of 5'-O-methylnucleosides involves alkylation of 2',3'-O-isopropylidenecy-
tidine at its 5'-OH group with dimethyl sulfate in 10M aqueous alkali [6]. The product,
5’-0O-methyl-2',3’-O-isopropylidenecytidine, can be further converted into 5'-O-methyl-
uridine (5) by hydrogensulfite-ion-catalyzed deamination at the cytosine moiety and
removal of the cis-diol protecting group. However, the overall yield of 5is only 14 %, and
the use of the highly carcinogenic reagent dimethyl sulfate is needed. Here is presented
a highly simplified synthesis of 5 using a considerably less carcinogenic reagent, methyl
iodide. It is also shown that the site and level of alkylation can be controlled by reaction
time, solvent, and the ratio of the reactants.

Results and Discussion. — Blank and Pfleiderer have shown in 1970, that 2',3'-O-iso-
propylideneuridine (1) can be selectively benzylated at the 5-OH group with benzyl
chloride in dioxane/benzene under reflux in the presence of an excess of NaH [7].
However, when 1 was allowed to react with Mel under similar conditions, the corre-
sponding 5’-O-methyl derivative 2 was obtained only in very low yield [8]; no N-methy-
lated product 3 was detected. Since good site specifity was obtained, the reaction was
further investigated as a function of reaction time and ratio of the reactants. Thus, 1 was
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allowed to react with Mel in the presence of various amounts of NaH in dry THF at
room temperature, and the progress of the reaction was followed by HPLC. When a
10-fold excess of base and alkylating agents was used for 3 h, the methylation occurred
almost exclusively at the 5-O position (— 2; see Scheme and Table (Entry 1)); Only
traces of 2',3'-O-isopropylidene-3-methyluridine (3) and 2’,3’-O-isopropylidene-3,5'-0O-
dimethyluridine (4) were formed (Fig., a). Prolonged reaction time produced more 4. The
amount of NaH and Mel could be reduced to 3 and 1 mol-equiv., respectively, without
affecting dramatically the yield of 2 (Table, Entry 2). By contrast, when only an equimo-
lar amount of base was used, the site of alkylation was N(3). Although the site specificity
was excellent, the reaction was undesirably slow: after two days at room temperature, the
reaction mixture contained the desired product 3 and an equimolar amount of un-
changed starting material 1. When the solvent was changed to DMF, the reaction was
completed in 12 h at room temperature, the site specificity being still acceptable: accord-
ing to HPLC analysis, the reaction mixture contained 80% of 3 and ca. 10% of 1 and 4
(Fig., b, Table (Entry 3)), both of which were easily removable by column chromatogra-
phy (silica gel). When desired, the 3,5'-O-dimethylated product 4 was easily obtained by
using an excess of base and alkylating agent in DMF [9] (10] (Fig., ¢, Table (Entry 4)).
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Figure. HPLC Traces (crude reaction mixtures) of the reaction of 2',3'-O-isopropylideneuridine (1) with Mel in the

presence of NaH at room temperature. a) 10 equiv. of Mel and 10 equiv. of NaH in THF, after 3 h; b) 1.1 equiv. of

Mel and 1.1 equiv. of NaH in DME, after 12 h; c) 10 equiv. of Mel and {0 equiv. of NaH in DMF, after 12 h.

Column: Hypersil C-18, mobile phase 0.1M acetate buffer (pH 4.3) in 15% MeCN/H,0, flow rate { mlmin™}, 4
260 nm.

Table. Reaction Conditions for N-, O- and Bis-alkylation of 2',3'-O-Isopropylideneuridine (1) at Room Temperaiure

Entry Me,l NaH Solvent Reaction Product Yield
[equiv.] [equiv.] time {h] [%]")

1 10 10 THF 3 2 96

2 i1 3 THF 12 2 88

3 1.5 11 DMF 12 3 80

4 10 10 DMF 12 4 97

?)  According to HPLC analysis.

The change in the site of alkylation of 1 resembles alkylation of mono- and dicarban-
ions of ethyl acetoacetate [11]. When 1 equiv. of a strong base is used, the alkylation
of 1 takes place at the most acidic position of the molecule, i.e., at N(3) (pK, 9.2 [12)]).
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When a 2nd equiv. of base is used, not only the most acidic proton is removed but also
the second most acidic one (from the 5'-OH group; pK, estimated to be ca. 15 [3d]). The
5'-alkoxide ion is considerably more reactive towards Mel in THF than the deprotonated
N(3), since the nucleophilicity of the latter is reduced by conjugation to the C(2) and C(4)
carbonyl groups. While 5'-O-alkylation is completed in few hours at room temperature,
alkylation at N(3) takes considerably longer time. Hence, the alkylation at the
5'-0 position can be driven into completion by using an excess of base and Mel without
contamination of the product with the dimethylated derivative 4.

In summary, a simple method for the preparation of 2—4 is described that is based
on differences in the reactivities of the two nucleophilic sites and their conjugate bases.
They can be further converted into the corresponding deprotected nucleosides 5-7 using
standard literature procedures [13].

Experimental Part

General. Column chromatography (CC): silica gel 60 (Merck). Anal. TLC: silica gel 60 F,, plates (Merck),
eluent CH,Cl,/MeOH 9:1 (v/v). HPLC: Perkin-Elmer instrument consisting of a series 400 gradient pump, LC 290
UV/VIS detector, and LCI-400 integrator; reversed-phase mode on Hypersil C-18 4.6 x 240 mm; Merck, 6 um,
isocratic elution with 0.1M acetate buffer (pH 4.3) containing 15% MeCN, flow rate 1 mImin~!; detection at
A 260 nm; samples were taken directly from reaction vessels and analyzed after dilution with eluent buffer, and
attributions were confirmed by spiking with authentic materials. UV Spectra: Perkin-Elmer Lamda-12 spectropho-
tometer; A, in nm. NMR Spectra: Jeol-La-400 spectrometer, at 399.8 and 100.5 MHz for 'H and '*C, resp.;
 in ppm rel. to internal Me,Si (= 0 ppm), coupling constants J in Hz; 'H-signal attributions tentative, High
resolution mass spectra (HR-MS): VG ZabSpec-ao TOF instrument, fast-atom bombardment (FAB) in the
positive mode.

2,3'-O-Isopropylidene-5'-O-methyluridine (2). To a suspension of 2',3'-O-isopropylideneuridine (1) {14}
(0.45 g, 1.5 mmol) in dry THF (5 ml), NaH (360 mg, 15 mmol) was added, and the mixture was stirred for 10 min
at r.t. Then, Mel (934 ul, 15.0 mmol) was added in one portion and the mixture stirred for an additional 3 h. The
reaction was quenched by dropwise addition of MeOH. The mixture was neutralized with AcOH and evaporated.
The residue was suspended in CH,Cl, and the org. phase washed with aq. NaHSO, soln., dried (MgSO,), and
evaporated: 2 as a glass which was chromatographically and spectroscopically identical with material synthesized
according to [6]. R, 0.56. UV (H,0): 261; min. 231. UV (0.1 NaOH): 260; min. 242. 'H-NMR (CDCl,):
9.89 (br., H-N(3)); 7.54(d,J =83, H-C(6)); 5.87(d,J=19, H-C(1)); 573(d, J=28.0, H-C(5);
4.77 (m, H~C(2"), H-C(3")); 4.37 (m, H—C(4)); 3.65(dd, J =3.2, 10.5, 1TH-C(5)); 3.59(dd, J = 4.2, 104,
1H-C(5)); 3.39 (s, MeO); 1.59 (s, 1 Me); 1.37 (s, 1 Me). '3C-NMR (CDCl,): 163.5, 150.2, 141.3, 114.2, 102.1,
93.3, 85.7, 85.0, 81.0, 72.7, 59.2, 27.2, 25.3. HR-MS: 299.1242 ([M + H]*, C;3H,(N,0/ ; calc. 299.1243).

2 ,3-O-Isopropylidene-3-methyluridine (3) was synthesized as described for 2. For conditions, see Table.
The product was purified by CC (silica gel, CH,Cl,/MeOH 95:5). R, 0.49. UV (H,0): 260; min. 244.
UV (0.1M NaOH): 260; min. 234. '"H-NMR: identical with the reported one [15]. '*C-NMR (CDCl,): 162.4,
150.8,139.6,113.8,101.1, 94.6, 86.6, 84.4,80.3,62.1, 27.3,26.9, 24.9. HR-MS: 299.1243 ([M + H]"*, C,,H,,NO;;
calc. 299.1243).

2',3'-O-Isopropylidene-3,5'-O-dimethyluridine (4) was synthesized as described for 2. For conditions, see Table.
R; 0.82. '"H-NMR: identical with the reported one [10]. UV (H,0): 260; min. 231. UV (0.1 NaOH): 260; min.
231. '*C-NMR (CDCl,): 163.0, 151.0, 138.6, 114.0, 101.2, 94.2, 85.7, 85.4, 81.1, 72.7, 59.2, 27.5, 27.2, 25.3.
HR-MS: 313.1408 (M + H]*, C, ,H, N,0/; cal. 313.1399).

General Method for Deprotection. To a soln. of 2, 3 or 4 (1.0 mmol) in H,0/MeCN 1:1 (50 ml), conc. HCI
soln. (1 ml) was added and the mixture stirred overnight at r.t. All volatile material was evaporated and the residue
co-evaporated twice from dry MeCN.

5"-O-Methyluridine (5): 0.23 g (87%). Chromatographically and spectroscopically identical with material
synthesized according to [6]. UV (H,0): 261; min. 231. UV (0.1 NaOH): 260; min. 242. '"H-NMR ((D4) DMSO):
11.32 (br., H-N(3)); 7.68(d, J=8.1, H-C(6)); 5.57(d, /=51, H-C{1")); 565(d J=28.1, H-C(5);
5.42(d,J = 5.6, exchange with D,0, 1H); 5.19 (d,J = 5.1, exchange with D,0, 1H); 4.02 (m, H-C(2"));
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390 (m,H-C(3"), H-C(4)); 3.55(dd,J =29, 11.0, 1H-C(5)); 3.46(dd, J=39, 11.0, 1H-C(5));
3.30 (s, MeO). 3C-NMR ((D,)DMSO): 163.1, 150.7, 140.6, 102.0, 88.1, 82.7, 73.1, 72.0, 58.6. HR-MS: 259.0928
(M + H]*, C;(H,,N,0¢ ; calc. 259.0932).

3-Methyluridine (6) 0.21 g, (83%). HPLC: identity confirmed by spiking with commercial product from
Sigma.

3,5'-O-Dimethyluridine (7). Purified by CC (silica gel, CH,Cl1,/MeOH 9:1). Yield 92%. UV (H,0): 260; min.
231. UV (0.1m NaOH): 260; min. 231. 'H-NMR (CDCl,): 7.78 (d, J = 8.3, H—C(6)); 5.84 (d, J = 5.3, H—C(1"));
580(d,J=8.3, H-C(5); 4.23(m H-C2)); 420(m, H-C@3)); H-C#)); 3.69 (br., OH-C(2),
OH-C(3);dd, J = 2.2, 10.7, 1H-C(5")); 3.59 (dd, J = 2.7, 10.7, 1H—-C(5"); 3.41 (s, 1Me); 3.30 (s, 1Me).
13C-NMR (CDCl,): 163.1, 151.8, 138.0, 101.5, 90.9, 84.1, 75.6, 71.7, 70.7, 59.3, 27.7. HR-MS: 273.1086
(M + H]*, C,,H,,N,0/; calc. 273.1086).

Financial support from the Academy of Finland is gratefully acknowledged.

REFERENCES

[1] G. M. Blackburn, in ‘Nucleic Acids in Chemistry and Biology’, Eds. G. M. Blackburn and M. J. Gait,
IRL Press, New York, 1990, Chapt. 5.

[2] G.R. Pettit, K. Yamauchi, J. J. Einck, Synth. Commun. 1980, 10, 25; K. Yamauchi, T. Hosokawa, K.
Masayoshi, J. Chem. Soc., Perkin Trans. [ 1989, 13; K. Yamauchi, H., Yorisato, K. Masayoshi, ibid. 1983,
1941; Y. Hisanaga, T. Tanabe, K. Yamauchi, Bull. Chem. Soc. Jpn. 1981 54, 1569; K. Yamauchi, Y. Hisanaga,
K. Yorisato, K. Masayoshi, Synthesis 1980, 853,

[3] A. D. Broom, R. K. Robins, J. Am. Chem. Soc. 1965, 87, 1145; T. A. Khwaja, R. K. Robins, ibid. 1966, 88,
3640; D. M. G. Martin, C. B. Reese, G. F. Stephenson, Biochemistry 1968, 7, 1406; J. B. Gin, G. A. Dekker,
ibid. 1968, 7, 1413; M. J. Robins, S. R. Naik, Biochem. Biophys. Acta 1971, 246, 341; M. J. Robins, S. R. Naik,
Biochemistry 1971, 10, 3591; D. Wagner, J. P. H. Verheyden, J. G. Moffatt, J. Org. Chem. 1974, 39, 24.

[4] B.S. Sproat, A.I. Lamond, in ‘Oligonucleotides and Analogues. A Practical Approach’, Ed. F. Eckstein,
IRL Press, New York, 1991.

[5] T. Pathak, J. Chattopadhyaya, Chem. Scr. 1986, 26, 135.

[6] J. T. Kusmierek, J. Giziewicz, D. Shugar, Biochemistry 1973, 12, 194,

[71 H.-U. Blank, W. Pfleiderer, Liebigs Ann. Chem. 1970, 742, 1.

{8} H. Harvala, J. Hovinen, unpublished results.

[S] M. M. Pompium, S. Hanessian, Can. J. Chem. 1972, 50, 246.

[10] D. Plochocka, A. Rabczenko, D. B. Davies, J. Chem. Soc., Perkin Trans. 2 1981, 82.
[11] J. March, ‘Advanced Organic Chemistry’, 4th edn., Wiley, New York, 1992, p. 366.

[12] ‘CRC Handbook of Biochemistry and Molecular Biology’, 3rd edn., Ed. G. D. Gasman, CRC Press, Boca
Raton, FL, 1986, p. 122.

[13] T. W. Greene, P. G. M. Wuts, ‘Protective Groups in Organic Synthesis’, 2nd edn., Wiley, New York, 1991,
p. 123.

[14] H. P. M. Fromageot, B. E. Griffin, C. B. Reese, J. E. Sultson, Tetrahedron 1967, 23, 2315.

[15] S. Sekine, J. Org. Chem. 1989, 54, 2321.



