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It is therefore important to establish stringent purification 
N-PROTECTED-3'-O-METHYL-RIBONUCLEOSDES techniques and a certain homogeneity of the phosphoramid 

AND THEIR PHOSPHORAM DITE 
DERVATIVES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of U.S. appli 
cation Ser. No. 07/753,077, filed Aug. 30, 1991, issued as 
U.S. Pat. No. 5,214,135 on May 25, 1993, which is herein 
incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to N-protected-2'-O-methyl- and 
N-protected-3'-O-methyl-ribonucleosides and their synthe 
sis. 

BACKGROUND OF THE INVENTION 

One of the goals of molecular biology is to understand the 
biological information contained in DNA and RNA 
sequences. The use of synthetic, sequence defined DNA and 
RNA has played a key role in understanding the genetic code 
and various regulatory signals such as the operator, pro 
moter, ribosomal binding sites, enhancers, and transposable 
elements. The synthetic approach not only provides a final 
proof of the roles of various DNA and RNA sequences but 
also offers an opportunity for further improvement in func 
tion for practical application. The application of synthetic 
genes, linkers, primers, and probes from both DNA and 
RNA has become a powerful tool in the cloning, sequencing, 
and isolation of genomic DNA. 
The synthetic methodology for the synthesis of short 

oligoribonucleotides by the phosphodiester approach was 
developed in the 1960s by Khorana, H. G., Pure Appl. Chem. 
17:349–381 (1968). Organic chemical syntheses of larger 
molecules of oligoribonucleotides have been attempted by 
using the phophodiester, phosphotriester, or phosphite tri 
ester methods. However, the discovery of RNA ligase has 
extended the possibilities for synthesizing RNA molecules 
such as tRNA. Before RNA can be synthesized, however, the 
starting monomers must be provided. In synthesizing 
sequence-defined RNA oligomers, the purity and correct 
structure of the monomer building blocks is critical. 

Currently, reports are available on the synthesis of N-pro 
tected-2'-O-methyl-3'-O-chlorophenyl phosphotriester ribo 
nucleosides (Inoue, H. et al., FEBS Letters, 215:327-330 
(1987) “Inoue I”) and N-protected-2'-O-methyl-3'-cyanoet 
hyl phosphoramidite ribonucleosides (Sproat, B. S. et al., 
Nucl. Acids Res. 18:41-49 (1990)). The methyl iodide/silver 
oxide method developed by Inoue et al. (1987) on the seven 
membered bis-sililoxy protected (Markiewicz, W. T., J. 
Chem. Res. (S): 24-25 (1979)) uridine and N-cytidine 
generates the undesired 3'-O-methyl-isomers to the extent of 
6-8%. 

It is believed that methyl iodide in the Inoue method 
causes the partial ring opening, and subsequently leads to 
3'-O-methyl-isomer formation. Similarly, the CHN reac 
tion under very mild reaction conditions still leads to for 
mation of some 3'-O-methyl isomer (4-5%). This reaction is 
described in Inoue et al. (1987), as well as in Ekborg, G. et 
al., J. Carbohyd. Nucleosides and Nucleotides, 7:57-61 
(1982) and Heikkila, J. et al., J. Acta. Chem. Scand., 
B36:715–717 (1982). 
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ites because of their use in RNA syntheses. In Sproat, B. S. 
et al., Nucl. Acids Res. 18:41-49 (1990)), discussing the 
synthesis of N-protected-2'-O-methyl-3'-cyanoethyl phos 
phoramidite ribonucleosides, the authors report only a single 
peak in 'P-NMR of N'-(4-tertbutyl) benzamido-2'-O-me 
thyl-3'-cyanoethyl phosphoramidite of guanosine. 

Since these products are used directly in the synthesis of 
defined sequence RNA, the purity as well as absolute 
structure assignment is very critical for any biological 
application. Besides the concern for purity of these bio 
chemicals, it is also advantageous to develop products which 
have the most commonly used protecting groups on the 
pyrimidine or purine ring system of these monomers. This is 
important for the convenience of the synthesizer and dra 
matically improves the quality of the 2'-O-methyl-RNA 
oligomers produced from these monomers. Thus, the N’ 
isobutyryl group on guanosine and N'benzoyl on adenosine 
represent the most versatile protecting groups for the afore 
mentioned purposes. 

SUMMARY OF THE INVENTION 

This invention is directed to processes for producing high 
purity N-protected-2'-O-methyl-5'-dimethoxytrityl-3'-ribo 
nucleoside methoxy, N,N-diisopropyl phosphoramidites 
(group 1), and N-protected-2'-O-methyl-5'-dimethoxytrityl 
3'-ribonucleoside ethoxy, N,N-diisopropyl phosphoramid 
ites (group 2). This invention is further directed to the 
process for producing high purity 2'-O-methyl-5' dimethox 
ytrityl-inosine (structure IX; group 3), and 2'-O-methyl-5- 
dimethoxytrityl-inosine-3'-cyanoethyl, N,N-diisopropyl 
phosphoramidite (structure X; group 3). This invention is 
also directed to the process for producing high purity 
N-protected-3'-O-methyl-5'-dimethoxytrityl ribonucleosides 
(group 6), and N-protected-3'-O-methyl-5'-dimethoxytrityl 
2'-ribonucleoside cyanoethyl, N,N-diisopropyl phospora 
midites (group 7). 
The process involved in group 1 compounds produces the 

following (see TABLES 2 and 10): 
N-benzoyl-2'-O-methyl-5'-dimethoxytrityl-adenosine-3- 

methoxy-N,N-diisopropyl phosphoramidite (structure I); 
N-benzoyl-2'-O-methyl-5'-dimethoxytrityl-cytidine-3'- 

methoxy-N,N-diisopropyl phosphoramidite (structure 
IIa); 

N-isobutyryl-2'-O-methyl-5'-dimethoxytrityl-cytidine-3'- 
methoxy-N,N-diisopropyl phosphoramidite (structure 
IIb); 

N°-isobutyryl-2'-O-methyl-5'-dimethoxytrityl-guanosine-3'- 
methoxy-N,N-diisopropyl phosphoramidite (structure 
III); 

2'-O-methyl-5'-dimethoxytrityl-uridine-3'-methoxy-N,N-di 
iso-propyl phosphoramidite (structure IVa); and 

2'-O-methyl-5'-dimethoxytrityl-uridine-3'-cyanoethyl-N,N- 
diisopropyl phosphoramidite (structure IVb). 
The process involved in group 2 produces the following 

compounds (see TABLES3 and 10): 
N-benzoyl-2'-O-methyl-5'-dimethoxytrityl-adenosine-3'- 

ethoxy-N,N-diisopropyl phosphoramidite (structure V); 
N-benzoyl-2'-O-methyl-5'-dimethoxytrityl-cytidine-3- 

ethoxy-N,N-diisopropyl phosphoramidite (structure VI); 
N°-isobutyryl-2'-O-methyl-5'-dimethoxytrityl-guanosine-3'- 

ethoxy-N,N-diisopropyl phosphoramidite (structure VII); 
and 

2'-O-methyl-5'-dimethoxytrityl-uridine-3'-ethoxy-N,N-di 
iso-propyl phosphoramidite (structure VIII). 
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The process involved in group 3 produces the following 
compounds (see TABLES 4, 5 and 10): 
2'-O-methyl-5'-dimethoxytrityl-inosine (structure IX); 
2'-O-methyl-5'-dimethoxytrityl-inosine-3'-cyanoethyl N,N- 

diisopropyl phosphoramidite (structure Xa); 
2'-O-methyl-5'-dimethoxytrityl-inosine-3'-methoxy N,N-di 

isopropyl phosphoramidite (structure Xb); and 
2'-O-methyl-5'-dimethoxytrityl-inosine-3'-ethoxy N,N-di 

isopropyl phosphoramidite (structure Xc). 
The compounds of group 4 and group 5 are produced 

using the process disclosed for producing compounds of 
group II of parent patent application, Ser. No. 07/753,077. 
The process involved for group 6 produces the following 

compounds (see TABLE 6): 
N-benzoyl-3'-O-methyl-5'-dimethoxytrityl-adenosine 

(structure XI); 
N-benzoyl-3'-O-methyl-5'-dimethoxytrityl-cytidine (struc 

ture XIIa); 
N-isobutyryl-3'-O-methyl-5'-dimethoxytrityl-cytidine 

(structure XIIb); 
N*-isobutyryl-3'-O-methyl-5'-dimethoxytrityl-guanosine 

(structure XIII); and 
3'-O-methyl-5'-dimethoxytrityl-uridine (structure XIV). 
The process involved for group 7 produces the following 

compounds (see TABLES 8 and 10): 
N-benzoyl-3'-O-methyl-5'-dimethoxytrityl-adenosine-2'- 

cyanoethyl N,N-diisopropyl phosphoramidite (structure 
XV); 

N-benzoyl-3-O-methyl-5'-dimethoxytrityl-cytidine-2-cya 
noethyl-N,N-diisopropyl phosphoramidite (structure 
XVIa); 

N-isobutyryl-3'-O-methyl-5'-dimethoxytrityl-cytidine-2'- 
cyanoethyl-N,N-diisopropyl phosphoramidite (structure 
XVIb); 

N-isobutyryl-3'-O-methyl-5'-dimethoxytrityl-guanosine-2'- 
cyanoethyl-N,N-diisopropyl phosphoramidite (structure 
XVII); and 

3'-O-methyl-5'-dimethoxytrityl-uridine-2-cyanoethyl-N,N- 
diisopropyl phosphoramidite (structure XVIII). 
The process involved for group 8 produces the following 

compound (see TABLE 7): 
N-isobutyryl-2'-O-methyl-5'-dimethoxytrityl-cytidine 

(structure XIX). 
BRIEF EDESCRIPTION OF THE FIGURES 

FIG. 1 shows the 31P-NMR spectra (300 MHz) of the 
2'-O-methyl nucleoside 3'-methoxy phosphoramidites in 
CDCl3: 
a. Structure I: N-bz-2'-O-methyl-5-DMT-adenosine-3- 

methoxy-N,N-diisoporpyl phosphoramidite; 
b. Structure IIa: N'-bz-2'-O-methyl-5'-DMT-cytidine-3'- 

methoxy-N,N-diisopropyl phosphoramidite; 
c. Structure III: N'-ibu-2'-O-methyl-5-DMT-guanosine-3- 

methoxy-N,N-diisopropyl phosphoramidite, and 
d. Structure IVa: 2'-O-methyl-5'-DMT-uridine-'-methoxy-N, 

N-diisopropyl phosphoramidite. 
FIG. 2 shows the 'P-NMR spectra (300 MHz) of the 

2'-O-methyl nucleoside 3'-ethoxy phosphoramidites in 
CDCl: 
a. Structure V: N-bz-2'-O-methyl-5-DMT-adenosine-3'- 

ethoxy-N,N-diisopropyl phosphoramidite; 
b. Structure VI: N'-bz-2'-O-methyl-5-DMT-cytidine-3'- 

ethoxy, N,N-diisopropyl phosphoramidite; 
c. Structure VII: N'-ibu-2'-O-methyl-5-DMT guanosine-3- 

ethoxy, N,N-diisoporpyl phosphoramidite; and 
d. Structure VIII: 2'-O-methyl-5'-DMT-uridine-'-ethoxy,N, 

N-diisopropyl phosphoramidite. 
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4 
FIG. 3 shows the P-NMR spectra (300 MHz) of 2'-O- 

methyl-5-DMT-inosine-3'-CNEt-N,N-diisopropyl phos 
phoramidite (Structure Xa). 

FIG. 4 shows the P-NMR spectra (300 MHz) of the 
3'-O-methyl nucleoside 2'-cyanoethyl phosphoramidites: 
a. Structure XV: N-bz-3'-O-methyl-5-DMT-adensoine-2'- 

CNEt-N,N-diisopropyl phosphoramidite; 
b. Structure XVIa: N'-bz-3'-O-methyl-5-DMT-cytidine-2'- 

CNEt-N,N-diisopropyl phosphoramidite, 
c. Structure XVIb: N'-ibu-3'-O-methyl-5-DMT-cytidine-2'- 

CNEt-N,N-diisopropyl phosphoramidite; and 
d. Structure XVIII: 3'-O-methyl-5-DMT-uridine-2-CNEt 

N,N-diisopropyl phosphoramidite. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The reaction scheme for the synthesis of the compounds 
of this invention are depicted in the schematic representa 
tion. The symbols and abbreviations in the schematic follow 
standard nomenclature: A=Adenosine; G=Guanosine; 
C=Cytidine; and U-Uridine. The substitutents at B or R are 
represented by standard symbols wherein N-nitrogen; 
Bz-Benzoyl; iBu=isobutyryl, FiMT represents 
monomethoxytrityl, DMT represents dimethoxytrityl, TMT 
represents trimethoxytrityl, isopropyl represents 
NCHCCH). Where DMT is indicated, it will be understood 
that it can be substituted with either MMT or TMT. 

"N-Protection of adenosine" is meant to include benzoyl, 
substituted benzoyl, other aroyls (such as naphthoyl), acetyl, 
substituted acetyl, phenoxyacetyl, and related compounds. 

"N'-Protection of cytidine" is meant to include benzoyl, 
substituted benzoyl, other aroyls (such as naphthoyl), acetyl, 
substituted acetyl, phenoxyacetyl, and related compounds. 
."N’-Protection of guanosine is meant to include isobu 

tyryl, acetyl, substituted acetyls, phenoxyacetyl, and related 
compounds. 

Preparation of 
2'-O-Methyl-5"Dimethoxytrityl-Inosine (Structure 

IX) 

5'-DMT-Inosine (10 mmole) was taken in DMF (250 ml), 
and SnCl2 (0.3gm), and the solution was brought to -12°C. 
Diazomethane made according to the literature procedure 
(Robins, M. J., J. Org. Chem. 39:, 1891-1899 (1974), 
solution B, was added (105ml) portionwise, during 4 hours, 
while maintaining the reaction temperature of -12 C., 
followed by stirring at 8-10° C. for an additional 2 hours. 
Aqueous ammonia (5 ml) was added at 0°C., and then the 
solution was pumped out to remove DMF, followed by 
extraction with chloroform. The crude product was purified 
by column chromatography on silica gel (grade A), using 
chloroform and 1-10% methanol. The isolated yield of the 
pure desired product (structure IX) was 1.68 g (28%). 

Procedure for the preparation of 2' and 
3'-phosphoramidites purity greater than 99.54 

(groups 1-2, and 7): 
The appropriate precursor compounds have been 

described in parent application Ser. No. 07/753,077, herein 
incorporated by reference, and include: N-benzoyl-2'-O- 
methyl-5'-dimethoxytrityl adenosine; N-benzoyl-2'-O-me 
thyl-5'-dimethoxytrityl cytidine, N°-isobutyryl-2'-O-me 
thyl-5'-dimethoxytrityl guanosine, and 2'-O-methyl-5- 
dimethoxytrityluridine. These are demonstrated with certain 
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specific examples represented in group 1 and group 2. 
Further compounds, including those of group 3 (structure 
IX) and group 6 (represented by structures XI, XIIa, XIIb, 
XIII; XIV), were converted to corresponding phosphora 
midites, group 3 (structures X) and group 7 (structures 
XV-XVIII), respectively, by modification of the procedure 
as described in Scaringe, S.A. et al., Nucleic Acid Research 
18:5433-541 (1990). 

Phosphitylation of the compounds (1 equivalent), with 
(N,N-diisopropyl amino) (cyanoethyl) phosphonamidic 
chloride, or (N,N-diisopropyl amino) (methyl) phosphona 
midic chloride (structure XX), or (N,N-diisopropyl amino) 
(ethyl) phosphonamidic chloride (structure XXI) (2.5 
equivalent), 2,4,6-collidine (3.5 equivalent), in freshly dis 
tilled peroxide free tetrahydrofuran (10 ml/mmole nucleo 
side), at 5° C., for 2.5 hours. The title compounds were 
purified by silicagel column chromatography (grade A). The 
gradient system was used based on the guidelines obtained 
with the RF values which were noted in the solvent systems 
listed in TABLE 1. 

The pure fractions were monitored by thin layer chroma 
tography and high pressure liquid chromatography (Rabbit 
HP, Rainin Instruments Company), using a Rainin 
microsorb C-18 reverse phase column. The purest fractions 
obtained from the analytical data obtained above are then 
pooled together and dried. The products are then subjected 
to 'P-NMR analysis. This reveals phosphorus containing 
impurities which are generally present between 1-5%, 
between 0-100ppm. Isomeric impurities also show in the 
'P-NMR analysis, generally a few ppm away from the 
desired peak. The isomeric impurities could range from 
1-2%. The method of quantitation for the percent isomeric 
impurities have been discussed in parent patent application 
Ser. No. 07/753,077. The removal of the impurities at this 
stage is achieved by column chromatography in silica gel 
grade A, with the above gradient system, modifying the 
polarity as to reduce the rate of elution to approximately 
10% less. 

The final purity was established with P-NMR (TABLE 
10), and the correct structural identity was determined by H 
NMR (TABLES 2-9). 

It has been observed as a general rule that in H NMR, the 
methoxy groups on the aromatic rings (DMT) and the 
2'-O-methyl protons are much closer to each other, as 
compared to 3'-O-methyl protons. Conversely, the 3'-O- 
methyl protons are observed distinctly upfield, compared to 
2'-O-methyl protons. 

p OCH 

6'N R 2 of NQ 
(GROUP 1) 
Structures: 

I; B; A, R&R; Isopropyl, R.; CH; R; DMT 
II; B; C"; R&R; Isopropyl, R.; CH, DMT 

IIb; B; C"; R&R; Isopropyl, R. CHCHCN; R; DMT 
III; B; G"; R&R; Isopropyl, R., CH, R; DMT 
IVa; B; U; R&R; Isopropyl, R', CH, R.; DMT 

IVb; B; U; R&R; Isopropyi, R., CHCHCN; R; DMT 
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6 
-continued 

R2O 
o B 

p OCH 
P R 

CHso 1 YN1 
N R 

(GROUP 2) 
Structures: 

V; B; V; A", R&R; Isopropyl; R; DMT 
VI; B, C, R&R; Isopropyl; R”; DMT 
VII; B; G, R&R; Isopropyl; R; DMT 
VIII; B; U; R&R; Isopropyl; R, DMT 

O 

N HN 

) ls 
N N 

R1O 
O 

OR OCH 

(GROUP3) 
Structure IX; R, H, R'; DMT 

Structure Xa; R; POCH2CH2CN), N,N-Diisopropyl; R'; DMT 
Structure Xb; R, P(OCH3), N,N-Diisopropyl; R'; DMT 
Structure Xc; R; POC2H5), N,N-Diisopropyl; R'; DMT 

NHCO-R 

) is is 
R3O 

O 

p OCH3 
P 

CNEto 1 YN1 
YR2 

Ri 

(GROUP 4) 

O 

N HN 

) 
-ocins N N 

R3O 
O 

p OCH 
P R CNELO 1 NC 

(GROUP5) 
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TABLE 8-continued 

H-NMR of N-Protected-3'-O-Methyl-5'-dimethoxytrityl-nucleoside 
2-methoxy Phosphoramidites (Structures XV-XVIII) 

CH3 N 
CH 

H-5& 3'-O OP. CH2- DMT- / Arom 
H-1 H-2 H-3 H-4' H-5" CH3 CH2 CN OCH3 CH3 tics 

H-8 

5.78 5.18, 4.25 4.08 3.12- 3.49 3.30 NA 3.81 0.72- 1.16 6.82 7.80 
- - - - 3.16& & - - - 0.76&- - r & 

5.80 5.22 4.26 4.11 3.55- 3.51 3.35 3.82 0.95- 122 7.60 7.84 
3.59 1.0 

ts pi 
3'-O-Methyl-5'-dimethoxytrityl-uridine-2-CNEt,N,N-diisopropyl 
phosphoramidite (structure XVIII). 

H-5 H-6 

6.02 4.52 49 402 3.72 3.48 3.51 2.66 3.85 1.21 1.29 6.88 5.33 8.07 
& - - - - & - -- - - - -- 

6.10 4.58 428 4.10 4.02 3.54 3.72 2.75 129 140 T.48 5.40 8.11 
pi tS pi t 

TABLE 9 

H-NMR of N'-Isobutyryl-2'-O-methyl-5'-dimethoxytrityl-cytidine-3'-CNEt, 
N,N-diisopropylphosphoramidite 

(Structure IIb) 

H-5& 2'-O P-O- CH2- DMT. CH, AROM 
H-1' H-2' H-3' H-4' H-5" CH, CH, CN OCH3 CH, CH TICS 

5.99 4.51. 4.30 421 3.40 3.63 3.68- 2.52 3.79 1.13 1.28 6.78 
6.01& - - - - - 3.78& - & - - - 

6.03- 4.61 4.40 4.29 3.60 3.64 4.03- 2.63 4.00 128 1.38 7.43 
6.05 - - - - - 4.25 o - - - - 

(CH3)2-RING CH-C=O H-5 H-6 

0.93- 2.32 6.87- 8.45 
0.90& - 6.93& 8.49& 
1.08- 2.39 6.94 - 8.55 
1.13 - 6.98 8.60 

# = d = doublet, dd = doublet of doublets; dc = double quartet; fs= four singlets; m = multiplets; pi= 
present among interfering peaks, q = quartet; sci = sharp doublet; t = triple; t = td; two doublets, tm = two 
multiplets, ts = two singlets; trm = two multiplets; t = two triplets; ths = three singlets. 

RESULTS AND DISCUSSION 

The general methods have been discussed in great details 
for the synthesis of 2'-and 3'-O-methyl-5-DMT-N-protected 
nucleosides in the earlier patent application No. 07/753,077, 
filed Aug. 30, 1991. The purity criteria were established, and 
individual proton NMR peaks were assigned, to rigorously 
determine the correct structures. 

Certain additional 2'-O-methyl-5'-dimethoxytritylnucleo 
sides were added in the present investigation, as to increase 
the further usefulness of these products, as well as to 
demonstrate generality of the synthetic processes. This 
includes the compound N4-isobutyryl-2'-O-methyl-5- 
dimethoxytrityl cytidine (structure XIX), and its subsequent 
conversion to the corresponding 3'-CNEt phosphoramidite 
(structure IIb). The structures of the 3'-O-methyl-5'- 
dimethoxytrityl-N-protected nucleosides have been estab 
lished by H NMR and high resolution thin layer chroma 
tography (group 6; Structures XI, XIIa, XIIb, XIII and XIV). 
These products have been purified to greater than 99.5% 
purity in the present investigation. After the filing of parent 
application Ser. No. 07/753,077, a report has appeared 

50 

55 

60 

65 

describing some of these compounds (E. Wagner et al., 
Nucleic Acids Research 19 (21): 5965–5971, (1991). How 
ever, the assignment of the structures in this article reveals 
significant differences in the NMR shifts of individual 
protons, as compared to the assignments presented here. 
Furthermore full proton assignments have not been made in 
the above mentioned article. 
The 3'-O-methyl-5'-dimethoxytrityl-N-protected nucleo 

sides (structures represented by group 6) have been con 
verted to the corresponding 2'-CNEt phosphoramidites 
(group 7, structures, XV; XVI; XVIb; XVII; XVIII). The 
complete structural characterizations have been made by 
'H-NMR, 'P-NMR and high resolution thin layer chroma 
tography. Purification processes have resulted in the prod 
ucts with a purity in excess of 99.5% and greater. 

Similarly, the characteristic structural features used to 
determine the compounds represented by group 4 (N- 
protected-2'-O-methyl-5-dimethoxytrityl-adenosine cyano 
ethyl N,N-dialkyl-phosphoramidite), as well as the com 
pounds represented by group 5 (N'-protected-2'-O-methyl 
5'-dimethoxytrityl-guanosine cyanoethyl N, N-dialkyl 
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phosphoramidite), have been presented in parent application 
Ser. No. 07/753,077, filed Aug. 30, 1991. These data include 
the complete H-NMR (300 MHz), P-NMR, and high 
resolution thin layer chromatography. These data in combi 
nation were able to confirm that the purity of certain of the 
compounds represented in group 4 and 5 in excess of 99.5% 
and higher. 

Similarly, the compound 2'-O-methyl-5'-dimethoxytrityl 
uridine-3' CNEt N, N-diisopropyl phosphoramidite (struc 
ture IVb) was fully characterized in the parent patent appli 
cation, using the same analytical techniques. 
The compounds represented in group 1, specifically 

where R represents CH, and the compounds in group 2, 
where phosphorus atomis attached with the ethoxy (OCH) 
group, extends the earlier investigation (application 07/753, 
077) to novel 2'-O-methyl substituted phosphoramidites 
from the chemical point of view. Biologically, these com 
pounds offer unique synthetic 2'-O-methyl RNA molecules, 
which will possess specific cell membrane permeability 
properties. The inherent antisense biological activities of the 
2'-O-methyl RNA, and the associated better permeability 
properties would most likely make these precursors very 
useful products. 

In summary, various ultrapure 2'-O-methyl and 3'-O- 
methyl-N-protected 5'-dimethoxytrityl nucleosides, and the 
corresponding 3'-and 2'-phosphoramidites have been pre 
pared and fully characterized. The phosphoramidite contain 
cyanoethyl (CNEt), methoxy (OCH), ethoxy (OCH) 
groups on the phosphorus atoms. The CNEt containing 
phosphoramidites will produce 2'-O-methyl RNA with a 
natural phosphodiester bond, while methoxy (OCH), and 
ethoxy (OCH) containing phosphoramidites will produce 
2'-O-methyl RNA with either partially or fully attached 
methoxy or ethoxy group at the internucleotide bonds. These 
RNAs will have a varying degree of cell membrane perme 
ability properties. 

Although the foregoing invention has been described in 
some detail by way of illustration and example for the 
purposes of clarity and understanding, it will be obvious to 
one skilled in the art that certain changes and modifications 
may be practiced within the scope of the appended claims. 
What is claimed is: 
1. An N-protected-2'-O-methyl-ribonucleoside with 

purity greater than 99.5% selected from the group consisting 
of: 
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18 
N-protected-2'-O-methyl-5'-dimethoxytrityl adenosine 

3'-methoxy N,N-dialkyl phosphoramidite; 
N-protected-2'-O-methyl-5'-dimethoxytrityl cytidine-3'- 

methoxy N,N-dialkyl phosphoramidite; 
N°-protected-2'-O-methyl-5-dimethoxytrityl guanosine 

3'-methoxy N,N-dialkyl phosphoramidite, and 
2'-O-methyl-5'-dimethoxytrityl 

N-dialkyl phosphoramidite. 
2. An N-protected-2'-O-methyl-ribonucleoside with 

purity greater than 99.5% selected from the group consisting 
of: 

N-protected-2'-O-methyl-5'-dimethoxytrityl adenosine 
3'-ethoxy N,N-dialkyl phosphoramidite; 

N-protected-2'-O-methyl-5'-dimethoxytrityl cytidine-3- 
ethoxy N,N-dialkyl phosphoramidite; 

N'-protected-2'-O-methyl-5'-dimethoxytrityl guanosine 
3'-ethoxy N,N-dialkyl phosphoramidite; and 

2'-O-methyl-5'-dimethoxytrityl 
N-dialkyl phosphoramidite. 

3. The compound 
N-isobutyryl-2'-O-methyl-5'-dimethoxytrityl cytidine. 
4. An N-protected-3'-O-methyl-ribonucleoside selected 

from the group consisting of: 
N-protected-3'-O-methyl-5'-dimethoxytrityl adenosine; 
N'-protected-3'-O-methyl-5'-dimethoxytrityl cytidine; 
N°-Protected-3'-O-methyl-5'-dimethoxytrityl guanosine; 

and 
3'-0-methyl-5'-dimethoxytrityluridine. 
5. An N-protected-3'-O-methyl-ribonucleoside selected 

from the group consisting of: 
N-protected-3'-O-methyl-5'-dimethoxytrityl adenosine 

2'-cyanoethyl N,N-dialkyl phosphoramidite; 
N-protected-3'-O-methyl-5'-dimethoxytrityl cytidine-2'- 

cyanoethyl N,N-dialkyl phosphoramidite; 
N-protected-3'-O-methyl-5'-dimethoxytrity guanosine 

2'-cyanoethyl N,N-dialkyl phosphoramidite, and 
3'-O-methyl-5'-dimethoxytrityl uridine-2-cyanoethyl N, 

N-dialkyl phosphoramidite. 

uridine-3'-methoxy N, 

uridine-3'-ethoxy N, 

ck cit k cK : 
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