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Abstract: Direct 2'-hydroxyl alkylation (R= methyl, ethyl, propyl, pentyl or allyl) of 5'-dimethoxytrityl-N-(t-
butylphenoxyacetyl or benzoyl)-cytidine 1 was achieved by reaction in the presence of silver I oxide and a

catalytic amount of pyridine with excess alkyl halide. At 0°C alkylation of the 2'-hydroxyl was found to be highly
selective; less than 10% di (2'3")-O-alkylated or 3'-O-alkylated side products were detected in most cases.
Quantitative deamination of 2'-O-alkylated cytidines to 2'-O-alkylated uridines were performed by refluxing in
4M aq. LIOH solution. This method simplifies access to various 2'-O-alkylated ribopyrimidines using readily
available starting materials in one or two steps.

The synthesis of 2'-O-alkyl ribonucleosides have been intensely investigated, largely
in part due to increased importance of these monomers in antisense and antiviral
oligonucleotide chemistryl,z. The advantages of permanent modifications at the 2'-hydroxyl
include stabilization of RNA oligomers during synthesis and deprotection, increased nuclease
resistance in vitro and enhancement of duplex stability upon hybridization to target
sequences.1 Notably 2'-O-methy! modifications in synthetic RNA oligomers have been shown
useful for inhibition of in vitro mRNA processing,za1 and in synthetic ribozymes have been
shown to enhance catalytic activity.Zb Thus, the need for improved methods of large scale
synthesis of 2-'O-alkylated monomers has emerged. Specific alkylations and allylations of the
2' hydroxyl group have been reported using 3',5'-O-(tetraisopropyldisiloxane-1,3-diyl) (TIPS}
protected ribonucleosides.3-5 The TIPS group must be removed after alkylation for subsequent
replacement with the 5'-O-dimethoxytrityl protecting group. Earlier methods of methylation
using diazomethane on unprotected or minimally protected 2',3'-diol ribonucleosides® suffered
from low yields and/or poor selectivity giving mixtures of 2'-O-Me; 3'-O-Me; N-Me products.
Wagner et al.7 have shown moderate selectivity in alkylations of the 2'-hydroxyl (2':3' ratio of
4:1) on unprotected cytidine or adenosine using 1 equivalents of sodium hydride and 1.5 - 2.0
equivalent of alkyl iodide. However, methylation products were difficult to separate at this
stage requiring subsequent protection of the base exocyclic amine and the 5'-hydroxyl to
facilitate purification. Furthermore alkylation of uridine was accomplished using the N3-(2-
cyanoethyl) protected 5'-O-DMT-uridine which is very base labile. Other methods of
alkylation of partially protected uridines utilize several additional protection and

deprotection steps and have resulted in low overall yields of desired product.4d

TCurrem Address: Monomer Sciences, Inc. 2114 Memorial Pkwy, Huntsville, AL 35801.
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During our studies of hydroxyl alkylations of nucleosides we found that alkylation
reactions on 5'-O-DMT-N-tBPA(or Bz)-cytidine occurred selectively at the 2'-hydroxyl without
any observable N-alkylation (tBPA protected cytidines exhibit greater selectivity). In addition
we found that refluxing the 2'-O-alky! cytidine products in 4M lithium hydroxide converts
these to 2'-O-alkyl uridines quantitatively in one step. Phosphitylation of all 2'-O-alkyl
cytidine and uridine products could be performed immediately after purification to produce
the corresponding phosphoramiditess. In this communication, we report that N-tBPA, 5'-O-
DMT cytidine is an excellent starting material for the formation of several 2'-O-alkyl cytidine
derivatives which can then be easily converted to the corresponding 2'-O-alkyl uridines with

lithum hydroxide solution (Scheme 1.).
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Scheme 1.

A). 25 eq. methyl iodide, 1.5 eq. Ag,0, 0.2¢q. pyridine, dry toluene, 0°C, 3hrs.
B). 4M lithium hydroxide, methanol: water (4:1), reflux, 4-16hrs.

General Alkylation Method

Addition of excess alkyl halide (25 eq.) in the presence of silver I oxide (1.5 eq.)9 and
trace amounts (0.1-0.2 eq.) of pyridine to a solution of S‘O-DMT-N4-protected (benzoy! or t-
butylphenoxyacetyllo) cytidine in dry toluene (SmL per gram of nucleoside) at 0°C gave the 2'-
O-alkyl cytidine product (65-95%) and a small amount of the 2',3'-0,0-dialkylated species (3-
5%). The reaction usually takes around 3 to 7hrs for methylations depending on the scale and
reactivity of the alkylating agent (see Table 1.). Similar selectivity was found for alkylations
with allyl, ethyl, propyl and pentyl; however for the higher alkyl chains, reaction times were
much slower and the temperature was allowed to rise to room temperature. Reactions were
considered complete when less than 10% starting material remained. The reaction slurry was
filtered through a celite plug (twice for larger scales) and evaporated. The residue was then
redissolved in ethyl acetate and extracted with 5% sodium iodide in 1M citrate buffer (pH 6.0).
The organic layer was then dried over sodium sulfate, filtered and evaporated. Normal phase
HPLC of the crude product showed the presence of 3-5% dialkylated product11 (confirmed by
isolation, 1H NMR and mass spectrometry) and a trace (1-2%) remaining starting material; both
can be easily separated by silica gel chromatography (using Merck Silica Si-60 and solvents
methylene chloride and 1% water containing ethylacetate). The condition used for a large scale

puriﬁcation13 (725.0 g of crude material) was Solvent A (a mixture of 78% methylenechloride
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in ethylacetate containing 1% water) and Solvent B (ethylacetate containing 1% water); the
material was eluted initially with 100% Solvent A for 30 min and then with a linear gradient of
a mixture of Solvent A and Solvent B reaching 20% Solvent B in 30 min using the Biotage kilo
prep 1000 HPLC system.

Table 1. Alkylation Results

Pg Scale Alkyl lodide Equiv. Equiv. Temp. Rxn %products
(8) Base  Ag20 oc _ Time (2, diMe, Sm?)

Bz 1 methyl 0.2 1.5 0-23 5h 50,16,24
tBPA 1 methyl 0.1 25 0-5 7h 93,1,3
tBPA 5 methyl 0.2 2.5 0-5 3h 91,34
tBPA 50 methyl 0.1 1.5 0-5 9h 92,1,5
tBPA 132 methyl 0.1 2.5 0-5 17 h 83,5,2
tBPA 1 allyl 0.2 2.5 0-5 4h 74,29
tBPA 1 ethyl 0.2 2.5 0-10 10h 98,0,1

2 Sm = Starting material (N-Bz-5'-O-DMT-cytidine or N-tBPA-5'-O-DMT-cytidine)

With the success of the 2'-O-alkyl cytidine synthesis, our next goal was to convert
these 5'-O-DMT, 2'-O-alkyl cytidines directly to the corresponding 5'-O-DMT uridine
compounds. It is well established that cytidine derivatives can be deaminated to uridine using
either acidic or basic deamination conditions.}2 Attempted bisulfite catalyzed deamination
conditions122 were found to be unsuitable due to significant loss of the 5'-O-DMT from the
nucleoside because of the acidic nature of this reagent and prolonged refluxing., We found that
refluxing N-tBPA (or Bz), 5'-O-DMT, 2'-O-Me cytidine in 4M lithium hydroxide in
water:methanol (4:1) gave consistent yields (50-70%) of the uridine product in 4-16hrs. lLoss
of the trityl group was also minimized (<3%) with this process. Base protecting groups were
removed rapidly (within 30 minutes for Bz and <15 minutes for tBPA) followed by slow
deamination. Upon analysis of the crude product, a small amount (5-10%) 3'-O-alkyl products
were discovered; probably due to intramolecular transfer of the alkyl group (longer chains
showed less of this rearrangement). However, it is worth noting that no significant
rearrangement or loss of the allyl group was observed with the 2'-O-allyl cytidine derivatives
under these conditions. Following purification by chromatography (MeOH:CH2Cl3), these 2'0-

alkyl uridines could be phosphitylated directly using standard methods.8

Table 2. Deamination Results

2b, R= Rxn (g) Time %2'prod. Ratio 2':3'
methyl 1 4hrs 00 10:1
methyl 30 ohrs 74 16:1
methyl 80 8hrs 60 16:1
allyl 0.6 10hrs 59 20:1
ethyl 1.1 16hrs 53 7:1
propyl 0.7 24 hrs 59 24:1

pentyl 0.8 2days 55 100:1
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General Deamination Method
To 1mmole 5'-O-DMT N4-(BPA (or Bz) 2'-O-alkyl cytidine was added 2 mL methanol and 8mL

4M aq. LiOH. The suspension was then attached to a reflux condenser and refluxed for 6 to

10hrs. Upon completion the reaction was cooled, neutralized with ammonium chloride to pH 7-

8, diluted with 100mL of ethyl acetate and the layers extracted. The organic layer was dried

over sodium sulfate, filtered and evaporated. Crude products were then purified by silica gel
chromatography (0-1% MeOH / CHClp).

References and Notes

10.

11.

12.

13.

a. Rottman, F. and Heinlein,K. (1968) Biochemistry 7, 2634-2641.

b. Rottman, F. and Johnson, K.L. (1969) Biochemistry 8, 4354-4361.

c. Inoue, H., Hayase, Y., Iwai, S. and Ohtsuka, E. (1987) FEBS Letters 215, 327-330.

d. Sproat, B. Lamond, A. Beijer, B. Neuner, P. and Ryder, U. (1989) Nucl. Acids Res. 17,

3373-3386.

e. Beijer, B., Sulston, 1., Sproat, B., Rider, P., Lamond, A., and Neuner, P. (1990) Nucl.
Acids Res. 18, 5143-5151.

f. Lamond, A. (1993) Biochem. Soc. Trans. 21, 1-8.

a. Cotten, M., Oberhauser, B., Bruna, H., Holzne, A., Issakides, G., Noe, C., Schaffner, G.,
Wagner, E. and Birnstiel, M. (1991) Nucl. Acids Res. 19, 2629-2635.

b. Goodchild, J. (1992) Nucl. Acids Res. 20, 4607-4612.

Markiewicz, W. (1979) J. Chem. Res. (S) 24-25.

a. Sproat, B., Iribarren, A., Beijer, B., Pieles, U. and Lamond, A. (1991) Nucleosides and
Nucleotides 10, 25-36.

b. Sproat, B., Iribarren, A., Garcia, R. and Beijer, B. (1991) Nucl. Acids Res. 19, 733-
738.

c. Sproat, B., Beijer, B. and Iribarren, A. (1990) Nucl. Acids Res. 18, 41-49.

d. Beijer, B., Grotli, M., Douglas, M. and Sproat, B. (1994) Nucleosides and Nucleotides
13, 1905-1927.

a. Nyilas, A. and Chattopadhyaya, J. (1986) Acta. Chemica Scand. B40, 826-830.

b. Inoue, H., Hayase, Y., Imura, A,, Iwai, S., Miura, K. and Ohtsuka, A. (1987) Nucl. Acids
Res. 15, 6131-6148.

a. Robins, M., Naik, S. and Lee, S. (1974) J. Org. Chem. 39, 1891-1899.

b. Pathak, T. and Chattopadhyaya, J. (1986) Chemica Scripta, 26, 135-139.

Wagner, E., Oberhauser, B., Holzner, A., Brunar, H., Issakides, G., Schaffner, G., Cotten,
M., Knollmiiller, M. and Noe, C. (1991) Nucl. Acids Res. 19, 5965-5971.

Sinha, N., Biernat, J., MCManus, J. and Késter, H. (1984) Nucl. Acids Res. 12, 4539-4557.

Furukawa, Y., Kobayashi, K., Kanai, Y. and Honjo, M. (1965) Chem. Pharm. Bull. 13, 1273-
1278.

a. Sinha, N,, Davis, P., Usman, N., Pérez, J., Hodge, R., Kremsky, J. and Casale, R. (1993)
Biochimie 75, 13-23.

b. Davis, P.W.; Hudson, D.; Lyttle, M.; Sinha, N.D.; Usman, N.; Weiss, M. and Wright, P.
(PP.) in Innovation and Perspectives in Solid Phase Synthesis of Peptides, Polypeptides
and Oligonucleotides, Second International Symposium, 1991. Roger Epson, Editor,
1992, Intercept Limited, Andover

Note: N-benzoylated-5'-DMT-cytidine produced larger amounts (5-16%) of the 2',3'-
dijalkylated product.

a. Shapiro, R., Difate, V. and Welcher, M. (1974) J. Am. Chem. Soc. 96, 906-912.

b. Ullman, J.S. and McCarthy, B.J. (1973) Biochemica et. Biophysica Acta 294, 396-404.

¢. Wang, R.H.; Kuo, K.C.; Gehrke, C.W.; Huang, L.H. and Ehrlich, M. (1982) Biochemica et.
Biophysica Acta 697, 371-377.

Dr. Dennis Michaud, Personal communication from Process Development Group of

PerSeptive Biosystems

(Received in USA 25 January 1995; revised 27 February 1995; accepted 3 March 1995)



