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TRICYCLIC “OXABIAZAPHOSPHO~ OXIDE” GUANOSINES: 
A NEW STRATEGY TO THE PROTBCTION OF GUANINB BASES DURING RNA SYNTHESIS 
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Abstmct: A novel strategy for sinudkmeously protecting the &tarn and NZ-amino/lmctions of guatdne nttcleosides is reported. 
h!2-benzoyloted guanosines wem madily amverted inw nicyclic “oxadiasuphosphorine oxide” guatwsines upon mauion with 
N.Ndiisopmpylphosphommidmts dichlwi& followed & osidation with t-b@ hyaiopemxide. The tricyciic guanine detivative 
is reuntverted madilly w the natttml guanine agljcone upon treatment wirh ethylenediandne/ethano~ (I:C 1 mitt, r.t.). 

Guanine bases are notoriously susceptible to reaction at the 6-oxygen with a variety of sulfonylating, 

phosphorylating, phosphitylating, and acylating reagents. 1 precautionary measures which reverse these side 

reactions during oligonucleotide synthesis may minimize, but cannot completely eliminate these 

modifications? This is particularly true in the synthesis of long oligomers where repeati exposure of the 
guanine residues to coupling reagents leads to an increase in base modification with increasing chain length. 
To avoid side-reactions at guanine residues during synthesis of oligonucleotides, several protecting groups 
for the 06-position of guanine have been developed. To date, substituted ethyl groups which are cleaved by 
&elimination reactions are the most popular, e.g., the p-nitrophenylethyl3 and /?-cyanoethyl groups4 are the 

most widely used. 
In this report we describe the synthesis of tricyclic guanosine derivatives containing a novel! 

oxadiazaphosphorine oxide ring and demonstrate their usefulness as “06-Nl, N2”-protected guanosines in 

the solid-phase synthesis of oligoribonucleotides. The strength of these derivatives is their stability to 

general conditions used in current methods for RNA synthesis, yet their extremely rapid transformation into 
natural guanosine at ambient temperature. ’ ’ 

Certain guanosines acylated at N2 (e.g., u were reported by Damha and Ogilvie to react rapidly with 

N,N-diisopropylphosphoramidous dichloride (2e) and N,N-diisopropylethylamine to produce tricyclic 
guanosine derivatives in high yields (Scheme 1). 5 Specifically, guanosine h, obtained from 1 in 96% yield, 
was carefully and thoroughly characterized (UV, 31P, 13C, ~SN-W, properties, Table 1). This derivative 
se$ved as a “protected” guanosine since it reconverted readily to 1 upon treatment with 3% trichloroacetic 
acid/chloroform (20 oC). While such protection may be of some utility for guanine liucleosides, it is 
utkely that it &ld be used for oligonucleotide synthesis in which cyclic removal of trityl protecting groups 
with trichloroacetic acid is used during the course of the synthesis. Analogous tricyclic derivatives obtained 
from NZ-isobutyryl and N2-acetylguanosine were even less stable toward the acidic treatment. 

As a means to evaluate the properties of this new class of guanosine analogues, we prepared a variety 

of other oxadiazaphosphorines. Generally, variation in the tricyclic structure &as introduced by changing the 
phosphitylating reagent (Scheme 1). Among the derivatives && the tetramethylpiperidyl derivative & was 
the only derivative which was stable for chromatography on silica gel (48% yield from 1; properties, Table 
1). Its stability to trichloroacetic acid/chloroform solutions, however, was about the same as found for &I 
(3% TCA, tl/z cu. 1 min, 20 *C). Derivatives &, 3p, and & were extremely sensitive to water and 
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SCHEME 1 
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a, R2= N(kPr)2 b, R2= N 
3 

c, R2= NPh2 d, R2= OCH2CH2CN e, R2= OCHS 

R,=2’,3,5’,-tri-0-TBDMS-B-D-ribduranosyl 

their isolation was unsucces&. Nevertheless, they could be detected and characterixed by monitoring the 
course of the phosphitylation reactions by NMR (Table 1). For example, when & (14 pL, 0.12 mmol) was 

added to a solution of nucleoside 1 (0.10 mmol) and N,N-diisopropylethylamine (0.75 mmol) in dry 
deuterated chloroform (0.30 mL), SIP-NMR showed complete reaction within 2 min at ambient temperature. 
The spectmm displayed no traces of unreacted h (181.4 ppm) but only two signals at 97.7 and 97.3 ppm in a 

ratio of 1: 1. These chemical shifts are characteristic of oxadiazaphosphorine derivatives (Table 1) and have 
been tentatively assigned as the diastereomeric derivative &. Support for this assignment has been provided 
by 13C-NMR U, -HN213cOPh, 6 167.1 ppm. &, -N2=13MPh)-0-31P-, isomer one: 6 157.7 ppm, 2J13C- 
31P= 7.0 Hx ; isomer two: 6 157.6 ppm, ~JW-~JP= 7.0 Hz ). Addition of methanol (10 CCL, 25 mmol) into 

the NMR tube resulted in the immediate and quantitative conversion of the phosphorus species at ca. 97 p$m 
into trimethylphosphite (141.2 ppm, a product of the -Nl-P(OMe)-0-C=N2- group reacting with methanol). 
Analysis of the resulting mixture by TLC showed the presence of only one UV-absorbing species identified 

as the starting material 1. The lability of derivatives a and & explains why such modified guanine 
compounds have never been isolated from earlier chlorophosphite syntheses., Furthermore, the reaction of 
N2-acylated guanine bases with alkylphosphorodichloridites may account for the low yield&of guaninarich 
oligonucleotides obtained in previous phosphorodichloridite syntheses.6 To the best of our knowledge, these 
tricyclic derivatives were first detected by Letsinger et al. but their structures were not elucidated.7 

Oxidation of 3p (1 mmol) by r-butyl hydroperoxide (40 mmol) in CH2C12 (1 h, r.t.) afforded 
oxadiazaphosphorine-P(V)-oxide derivative 4 as a yellow solid in 98% yield (Scheme 2, properties Table 1). 
Unlike a, derivative 4 was stable to 3% trichloroacetic acid/dichloroethane treatment (r.t., 2 h). 
Furthermore, no detectable modification of 4 was observed (TLC, UV) when it was treated with the 

following reagents at r.t. for 16 h: (i) 0.1 M iodine in THF/pyridine/water (75:20:2, v/v/v); (ii) 5% acetic 
anhydride/ 5% 2,6-lutidine/ 8% N-methylimidaxole in THF; (iii) 0.5 M tetraxole in acetonitrile; (iv) 0.5 M l- 
(2-mesitylenesulfonyl)-3-nitro-1,2,4-triaxole/ 1 M N-methylimidaxole in pyridine. Treatment of 4 with 
excess ethylenediamine (EDA)/ethanol (1:4, v/v) at room temperature, however, resulted in complete 
cleavage of the oxadiaxaphosphorine oxide ring within 1 set at 20 oC to give 6 in quantitative yield (Scheme 
3). By comparison, N2-benzoyl-2’,3’,5’-tri-0-TBDMS-guanosine (I) and N2-(dimethylamino)methylene- 
2’,3’,5’-tri-O-TBDMS-guanosine were transformed into 6 by 1:4 EDA/ethanol with a half-life of cu. 7 h and 

10 min, respectively. 
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1. PRopERTIEs GUANOSINES 

C~pound ~max,am 3’P-NMR FAB-MS Rf(TLC) 
(95% EtOH) 0C13) MH+, @+2Ii)+ silica gel 

1 23X258,265.296 730,256 0.W 
& 26% 344,356,32&h 377sb. 4o8sll 93.7, 93.5 / 859.385 0.83a 
& 26o, 34o,36o* 329sb, 38osll. 4o8sb 114.2, 113.6 a!w. 425 0.45.o.d 
f C 80.0, 79.9 C C 

ii 
C 101.8, 101.0 ‘C c 

97.7. 97.3 
4 263,343.&, 326sb. 38%. rlwsb -1.4 87; 401 0.70,co.65a 
d 256v275sh 626,152 oma 
9 234.259.265.298 114.256 0.32a 

f 27a.344.360.326eb,38o&406sh -8.1, -8.3 918.401 0.63, OS8 
273, 344.361.327&, 382&, 4O8sb 152.3. 152.0. 150.3, 149.5 1016.4Ol 0.63, OSa 

-1.32. -1.31. -1.42. -1.44 
a. 3:7 ethedCH2Cl2; b. 1: 11 ethedCH2Cl2; c. decomposes upcm work-up (see text). 

SCHEME 2 

At least two factors appear to be responsible for the extremely fast and quantitative conversion of the 
tricyclic oxadiihosphorine-P(V)-oxide system into the natural guanine aglycone: (a) the facile cleavage of 
cyclic imidate esters (in our case, a cyclic imido-phosphorodiamidate) by nitrogen nucleophi1es.g and (b) the 
entropically favouted cyclixation reaction of the resulting benxamidine intermediate 5 (Scheme 3). The 
identification of 2-phenyliiidaxolii CD and phosphoramidate S by NMR and FAB-MS substantiates our 
proposed mechanism. 

SCHEME 3 

To determine the applicability of the oxadiaxaphosphorine oxide protecting group to RNA synthesis, 
the tridecamer r(AGAAGGGAGAGGG) u2) was prepared on a 1.0 j&no1 scale by the normal solid-phase 
protocol using rAux monomer9 and the tricyclic rG monomer 11 (preparation, Scheme 4). At the end of the 
synthesis, the LCAA-CPG beads were treated with 1:l EDAlethanol (12 h. r.t.) to simultaneously cleave 
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oxadiazaphosphorine oxide rings, benzoyl and &cyanoethyl groups, and the oligomer from the support 

Removal of the TBDMS groups with 1.0 M TBAFmF (0.5 mL, ft., 10 h) afforded 22 A(260) units of the 

crude oligomer. Conventional purification by polyacrylamide gel electrophoresis (PAGE) and reverse-phase 
SCHEME 4 

[a, Cl$N(i-R)2. (i-P+NEt. 10 min. ct.. 73%; b, t-BuOOH. CbClp 4h, rd.. 78%: c, ClP@CH,ClL#JN)N(i-Prh, (i-R)zN@, Sh. r.t., 83%] 

on Cl&SEP-PAKN afforded the lfmer, 6.8 A(260) units (31 %). For comparison, an RNA oligomer with 
the same sequence was prepared under the same conditions, except that rGiBu monomer9 was used instead of 
fl(30 % yield). The two oligomers were the same, as shown by PAGE and thermal dissociation (Tm 77 Oc, 
800 mM NaCl) of complexes ,formed with a compJementary oligoribonucleotide, r(CCCUCUCCCUUCU). 
In addition, enzymatic hydrolysis (snake venom phosphodiesterase and atkaline phosphatase) of the oligomer 
derived from tricyclic guanine bases afforded the ribonucleosides in the expected ratio. 

The tridecamer r(UGUGUGUCUUUAU) (1l) was also prepared on a 0.2 ~01 scale using rG l.I and 

rAdmf, rCiBu, rU monomers.10 In this case, the support was sequentially treated with 1:4 EDAlethanol (10 
min. r.t.), ethanol (2 min wash; r.t.), and 3:l cont. NJQOH/ethanol (12 h. r.t.). Evaporation of the 
ammoniacal solution, treatment with 1.0 M TBAF/THF (0.4 mL, r.t., 12 h), and purification of the oligomer 

as described above afforded p in 23% yield. 
In summary, RNA oligomers assembled with G-oxaphosphorine oxide I,l in conjunction with 

standard ribonucleoside phosphoramidite reagents can be deprotected rapidly and under very mild conditions. 
This improved methodology not only eliminates reactions at guanine 6-oxygen and unwanted chain cleavage, 

but should also allow the synthesis of oligoribonucleotide analogues containmg base-sensitive moieties. 
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