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The ability to routinely synthesize RNA has become increas-
ingly important as research reveals the multitude of RNA’s
biological functions. Over the past 25 years, many chemical
strategies have been explored for synthesizing RNA. Most
approaches have focused on retaining th©-&limethoxytrityl
(DMT) ether and adding a compatiblé-f2ydroxyl protecting
group such as fluoride-labile silyl etherphotolabile moieties,
or acid-labile acetals. The acetals have exhibited many attractive
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Figure 1. 5'-O-SIL-2'-O-ACE ribonucleoside phosphoramidites. (Base
= N-benzoyladenineN-acetylcytosine N-isobutyrylguanine, or uracil.

R = cyclooctyl for guanosine and uridine,-Rcyclododecyl for adenosine
and cytidine.)

ions under neutral conditions which are compatible with an acid-
labile 2-hydroxyl moiety. However, it was subsequently dis-
covered that 50-silyl ether oligonucleotide synthesis chemistry
in conjunction with 2-O-acetals produced side produgt#\cid-
labile orthoester protecting grotpsere investigated as alterna-

features, but a delicate balance has been required to successfullyives and discovered to be suitable for tHehgdroxyl.

utilize the 2-O-acetals and the'8>-DMT ether in the same
synthesis stratedy. Hence, other approaches have involved
retaining the 20-acetal while replacing the ®-DMT.® Several
reviews further document these stratedie®f all of the RNA
synthesis methods reported to date, theOBDMT-2'-O-tert-
butyldimethylsilyl (TBDMS) and the SO-DMT-2'-O-[1-(2-
fluorophenyl)-4-methoxypiperidin-4-yl] (FPMP) chemistries are
offered commercially. Unfortunately, neither allows RNA syn-
thesis to be as routine and dependable as DNA. The current
methods enable the synthesis of RNA in acceptable yields and
quality, but a high level of skill appears to be required to deliver

adequate results. The need and desire exists for more robust RNA

synthesis methods which consistently produce higher quality
RNA.

Whereas most previous approaches were adaptations of DNA
methodologies, we focused orla nao strategy and asked what
would be optimal for RNA. According to the literature, the most
desirable conditions for the final’-©-deprotection would be
mildly acidic aqueous conditions. The obstacle to using mildly
acid-labile 2-O-groups has been thé-8-DMT group, which is
removed under similar conditions. Our investigations led to the
successful development of silyl ethers for protection of the 5
hydroxyl® These protecting groups can be removed with fluoride
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We recently developed thé-D-bis(2-acetoxyethoxy)methyl
(ACE) orthoester that is stable to nucleoside and oligonucleotide
synthesis conditions but is modified via ester hydrolysis during
base deprotection of the oligonucleotideThe resulting 20-
bis(2-hydroxyethoxy)methyl orthoester is 10 times more acid-
labile than the ACE orthoester. Complete cleavage of the-2
protecting groups is effected using extremely mild conditions (pH
3, 10 min., 55°C). The innovative features of this chemistry
have enabled the synthesis of RNA oligonucleotides of unprec-
edented quality.

The structures of the four RNA nucleoside phosphoramidites
are illustrated in Figure 1. The-Bydroxyl was functionalized

as the methox,N-diisopropylphosphoramidite. (We observed
that the cyanoethyl-protected phosphoramidites were not compat-
ible with fluoride reagent® Method optimization resulted in
>99% coupling yields in<90 si! These results are a clear leap
over current yields and coupling times achieved withO2
TBDMS phosphoramidites. The high yields observed with such
a short coupling time are comparable with those routinely
experienced in DNA synthesls.

The following two oligonucleotides were synthesized for this
study: 1 (UCU CCA UCU GAU GAG GCC GAA AGG CCG
AAA AUC CCC) and2 (GUU UUC CCU GAU GAG GCC GAA
AGG CCG AAA UUC UCC X, where X= inverted abasic
residué®). Following oligonucleotide synthesisthe phosphate
methyl protecting group was cleav¥dThe oligonucleotides were
then cleaved from the support concomitantly with removal of the
acyl groups on the exocyclic amines and the acetyl groups on
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Figure 2. Anion-exchange HPLC chromatograph of unpurifigeQ2 Figure 4. Anion-exchange HPLC chromatograph of fully deprotected
protectedl (5'-O-SIL-2'-O-ACE chemistry) {-axis units Albgg). (5'-O-DMT-2'-O-TBDMS chemistry) {-axis units Albe).
¥ oligonucleotided and2 were assayed for base composition, the
0.20 expected nucleoside ratio was observed, and no modifications
] were detected? The identity of oligonucleotid® was further
0.15] confirmed when its mass was measured at 11663.0 (predicted
a1 mass of 11665.86%. The biochemical reactivity of ribozyme
] was assessed via an enzymatic cleavage assay. The initial rates
0.10 .
and extents of cleavage were comparablef@ynthesized by
] both methods. Finally, the extent, if any, df 8 2-migration
0.05+ of the internucleotidic phosphate bonds was ass&yebtlo
1 J\ contaminating 5-2' linkages were observed.
0.00] 5'-O-SIL-2'-O-ACE oligonucleotide chemistry is a definitive
) T T T T advance in RNA synthesis technology. Nucleoside coupling
0.00 20.00 yields are comparable to DNA and require only 90 s. The final
Figure 3. Anion-exchange HPLC chromatograph of fully deproteded  acid deprotection is mild and fast with minimal handling. Several
(5'-0-SIL-2'-O-ACE chemistry) Y-axis units Albeg). assays confirmed the authenticity 6fG-SIL-2'-O-ACE synthe-

sized RNA. Furthermore, this chemistry enables HPLC analysis
the 2-O-orthoester> In the 2-O-protected state, the RNAwas  and purification of stable'20-protected RNA. This innovation

analyzed by HPLC chromatography (Figure'2). has tremendous value. The opportunity to degrade the RNA is
~ To effect complete 20-deprotection, the RNA was incubated  minimized. In addition, it may be possible to analyze troublesome
in aqueous buffers. HPLC analysis showed in 71% yield sequences, which, when fully deprotected, do not easily resolve

(Figure 3}° and 2 in 68% vyield (data not shown). The HPLC into one major conformation due to strong secondary structure.
profiles of the synthesis with and without@-protecting groups  5.0-S|L-2'-O-ACE chemistry enables the routine synthesis of
are comparable. (Identical gradient conditions were used in high quality RNA oligonucleotides. Studies involving the

Figures 2-4.) These profiles represent the entire crude reaction jncorporation of modifications, e.g., phosphorothioates and ha-
mixtures. No purification nor additional workups were performed |ogenated bases, are in progress.

prior to analysis.
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To further assess the authenticity of the RNA produced by our

novel chemistry, a number of assays were performed. When JA980730V
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