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Abstract: The novel RNA mimic 2'-O-AOE has been incorporated into antisense 
oligonucleotides. This 2'-O-modification significantly enhances hybridization against 
target RNA, and furthermore, exhibits specificity for RNA over DNA. The nuclease 
resistance (SVPD) of 2'-O-AOE modified phosphodiester oligonucleotides is 
significantly higher than the unmodified DNA and comparable to the 2'-O-MOE 
oligonucleotides. © 1999 Elsevier Science Ltd. All rights reserved. 

The paradigm of antisense oligonucleotides as therapeutic drugs requires that the oligonucleotide forms a 

stable duplex with target mRNA, prevents translation of message (most often via RNase H-mediated 

cleavage), and is resistant to nucleases. 1 Thus far, 2'-O-modified oligonucleotides as "gapmers ' '2 (contiguous 

sequence of 2'-deoxy-phospborothioate (P=S) oligonucleotide flanked on both 3'- and 5'- sides by modified 

oligonucleotides) have provided the most effective antisense molecules. The 2'-O-substituents provide 

enhancement of hybridization, the P=S linkages increase nuclease resistance, and the 2'-deoxy region 

activates the RNase H enzyme. 1 However, with experience we have found that sulfur-containing 

oligonucleotides can control the pharmacokinetic profile of the compounds, especially via enhanced 

oligonucleotide-protein binding. Thus, to modulate these parameters we aspire to control, albeit not 

necessarily eliminate, the sulfur content of the oligonucleotide while maintaining the desired attributes of an 

antisense drug. To date the 2'-O-methoxyethyl-modified oligonucleotide 3 (2'-O-MOE, Figure 1) used with 

the "gapmer ' '2 technology has emerged as a leading 

candidate for clinical application. Although the 2'-O- 

MOE modification has desirable antisense qualities, 

its nuclease resistance within a phosphodiester (P=O) 

linkage could be further improved upon. Hence, we 

were led to investigate the pseudoisostere of MOE, 

the novel 2'-O-aminooxyethyl modification (2'-O- 

AOE, Figure 1). 

Figure I 
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The hydroxylamino function present in this modification is observed in nature in the form of glycosylated 

antibiotics 4 and has also been synthetically incorporated into oligonucleotide backbones. 5 Among the unique 

properties of the hydroxylamino function are the unusual conformational preferences of the N-O bond4, 6 and 
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the surprisingly low pK, (MeONH2, 4.2, MeONHMe, 4.75, MeONMe2, 3.65). 7 We expect that the AOE 

modification will retain the putative "gauche effect ''8 within the side chain strengthening the bias of the 
furanose sugar toward the 3'-endo conformation. This preorganization is known to enhance hydridization with 

RNA. 1 Furthermore, the primary aminooxy group of 2'-O-AOE nucleosides allows for further derivatization, 

e.g., into alkylaminooxy, oxime, etc. In this work we have successfully prepared the 2'-O-AOE-5- 

methyluridine and -adenosine and incorporated the modified nucleosides into oligonucleotides. The 2'-O- 

AOE modified oligonucleotides exhibit strong affinity to target RNA and nuclease resistance in snake venom 
phosphodiesterase (SVPD) assays. 

Chemistry. The synthesis of 2'-O-AOE-5-methyluridine was achieved via utilization of the selectively 

protected sugar 13 (Scheme 1). Alkylation of compound 1 with ethyl 2-bromoacetate followed by 

glycosylation with thymine under Vorbrueggen 9 conditions afforded the protected nucleoside 2 in 44% along 

with the resolvable ot-anomer. The activated ester 2 underwent facile reduction with NaBH, in good yield to 

give the alcohol which on subsequent Mitsunobu 10 reaction with N-hydroxyphthalimide provided 3 in good 
yield, thus incorporating a protected aminooxy function. Deprotection of the dichlorobenzyl groups followed 

by standard chemistries gave phosphoramidite 4 in modest yield. 
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Scheme 1. I: BrCH=CO2Et, Ndt, DMF, 95%; U: Thymine, BSA, CH2CICH=CI, TMS-OTrl, reflux, 44%; iii: NaBIt4, EtOH, 90%; iv: 
HONPhIh, PPh~ DEAD, 81%; v: BCI3/CH2CI2, -78" to RT; vt: aq NaHCO3, -15-0 °, 59%; vii: DMTCI, pyr, 68%; viii: 
P(OCH~CH~CN)(N4P~, 
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Scheme 2. I: Nail, BrCH2CO=Et, DMF; ii: TIPDSCI2, pyr, 22%, 2 steps; iii: NaBH4, EtOH (anh), 80%; iv: PhthNOH, PPha, DEAD, 
THF, 68%; v: BzCI, pyr, 48%; vi: HF, pyr, 86%; vi: DMTCI, pyr, 63%; vii: P(OCH2CH2CNXNd-Pr2), & 55%. 

The synthesis of 2'-O-AOE-adenosine entailed a direct alkylation of adenosine with ethyl 2-bromoacetate to 
give the 2'-O-alkylated nucleoside (Scheme 2) along with the putative 3'-O-isomer. The product mixture was 

not purified at this stage but was protected as the disiloxanylidene 11 derivative to provide the 2'-O-ethylester 

5 in 22% over two steps. Subsequent chemistries were analogous to that of the 2'-O-AOE-5-methyluridine 

synthesis (Scheme 1) to afford moderate yields of the phosphoramidite 7. Finally the modified 
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oligonucleotides were synthesized as phosphodiesters employing phosphoramidite chemistry and 

characterized (depmtection conditions were NIt, OH, 6 h, 55* C). 

Hybridimtlon.12 The 2'-O-AOE modified oligonucleotides showed impressive enhancement of I". against 

RNA of 1.0 and 1.2" C/substitution (relative to DNA standard) when four or ten consecutive substitutions, 
respectively, were incorporated (Table I). In comparison to the 2'-O-MOE modification, the stabilizing effects 

of ten 2'-O-AOE substitutions were essentially equivalent. This translates to nearly +2.0 *C 

increase/modification when compared to the first generation phosphorothioate (P=S) drugs. Hybridization of 

the oligonucleotide with 10 substitutions against DNA resulted in a destabilized duplex (relative to DNA 

standard) as evidenced by the decrease in T .  of -0.94* C/substitution indicating the 2'-O-AOE modified 

oligonucleotides display a high specificity toward RNA vs. DNA. 

Table I. Effects of 2'-O-Aminooxyethyl (AOE) Modifications on DNA(antisense) * 

RNA(sense) Duplex Stability 
Antisense seauence subst T= (°C) 

CTC GTA CTT T I C  CGG TCC 61.5 

CTC GTA CT*T* T*T*C CGG TCC 4 65.6 4.1 1.0 

GCG T T r  TTT TTT TGC G 48.2 

GCG T*T*T* T*T*T* T*T*T* T*GC G 10 60.0 11.9 1.2 

GCG TITIT I TeT|T e Tl'rFl "0 TIGC G I0 12. I v 1.2 ¥ 

GCG T'I'r TTT TTT TGC G t 53.5 t 

C__,-CG T*T*T* T*T*T* T*T*T* T*GC G t 10 44.0 t -9.4 t -0.94 t 

AT_ (°C) AT_ (°C)/subst 

T* = 2'-O-AOE-5-methyluridine. T t = 2'-O-MOE-5*methyluridine. ¥ Value from reference 3.1" hybridized 
against DNA as sense strand. 

Nudease Resistance. To 

investigate the stability of the 

2'-O-AOE modified oligonu- 

cleotides against nucleases a 
19-met oligonucleotide was 
synthesized with a T-capping 

of four 2'-O-AOE-5- 

methyluridines beginning 

with the T-penultimate 
position (terminal position 
not modified). In the SVPD 

assay the 2 '-O-AOE 

phosphodiester oligonucleo- 

tide in comparison with the 

unmodified phosphodiester 

Rgure 2. RelaUw Nucieam R i l i l l l n ~ l  of 2'~D-AOE OIIgo Capped wllh 4 
Modified NucleoUdu (SVPD Ashy) TTT TTT Tl"r TTr TTT* T*T*T'T 
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exhibits a much increased stability (Figure 2), while in a head to head comparison with 2'-O-MOE 

oligonucleotide, the 2'-O-AOE oligonucleotide displays comparable stabilities (Figure 3) to the 2'-O-MOE 

oligonucleotide, i.e., 50% and 40% of full length/N- 1 oligonucleotide remains at 6 and 24 hours, respectively. 
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Conclusions. In summary we have synthesized the novel 2'-O-AOE- 5-methyluridine and -adenosine 

nucleosides and successfully incorporated them into oligonucleotides. The novel 2'-O-modifications 

significantly enhance hybridization against RNA, and furthermore, exhibit specificity for RNA over DNA. 

Although the nuclease resistance (SVPD) of 2'-O-AOE modified oligonucleotides is comparable to that of 2'- 

O-MOE, the presently well-accepted antisense RNA mimetic, we desire further improvements. In this regard 

the primary aminooxy group of 2'-O-AOE nucleosides is currently being elaborated into other derivatives to 

optimize the properties of 
antisense molecules. 
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Rgure 3. Relatlve Nucleau Reslstance of 2"O-AOE and 2'-O-MOE 
Ollgoe Capped wlth 4 Modified Nucleotlde8 (SVPD Assay) 
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