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Abstract: LNA (Locked Nucleic Acids) is a novel oligonucleotide analogue
contzining [2.2.1]bicyclo nucleoside monomers. A novel and significantly improved
method for convergent synthesis of LNA [2.2.1]bicyclo nuclcosides using a 4-C-
tosyl:)xymcthyl 1 2 d1 O-acetyl furanos k y syntho is descnbed In addmon
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years. /e have recently introduced LN (LOCKed Vucleic Acids) as a novel class of conformationally
be

restricted oligonucleotide analogues showing
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é_ Base e Unprecedented thermal stabilities of duplexes towards
_]/O\] complementary DNA and RNA (AT, = +3 to +8 °C)
e Stability towards 3'-exonucleolytic degradation
/=0
? e Efficient automated oligomerization
C=P—0O -
% e Good aqueous solubility
Fig. 1. Structure and pr opeme of LNA.3-6 AT;,, = change in duplex melting temperatures per
T AT A cenmen ovamn T vv\f\-o'n" Dnﬂn — mumimiding ar nnrina nuinlanhacec
LINA IMOnNoimer inc Ulp o Dadt = pPyiuiluliiic Ul pul it tutivuiasus.

Based on these appealing features, development of efficient syntheses of LNA monomeric nucleosides
is an important goal. In our initial approach (Scheme 1), the 4-C-acetoxymethyl-1,2-di-O-acetyl furanose 1
was condensed with silylated nucleobases using the Vorbriiggen methodology”:8 to give partly deprotected
nucleosides 2 after deacylation. Monotosylation, base-induced ring-closure and debenzylation afforded the
parent LNA nucleosides 3 in overall yields of 7-30%.49 Especially the monotosylation of nucleoside diols 2
proved troublesome resulting in conversion of 2 to 3',5'- di-O-benzyl[2.2.1]bicyclo nucleoside intermediates
n ylelds of only 29-51%.4
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Scheme 1. The initial strategy for synthesis of LNA nucleosides.? (a) i) silylated base, TMS-
triflate, 11) deacetylation; (b) 1) monotosylation, u) rmg -closure, iil) debenzylation. Base =

thymin-1-yl, uracil-1-yl, 2-N-isobutyrylguanin-9-yl, 4-N-benzoylcytosin-1-yl (2), cytosin-1-yl
(3), 6-N-bezoyladenin-9-y! (2), and adenin-9-yl (3)

As part cf our program for optimizing and upscaling the syntheses of LNA nucleosides we have
developed the improved convergent approach depicted in Scheme 2. Tosylation of 4-C-hydroxymethyl
furanose 4* followed by acetolysis afforded  1,2-di-C-acetyl 5!© as an anomeric mixture in 59%
yield. To evaluzte the potential of furanose § as an intermediate for nucleoside synthesis, 5 was reacted with

thymine, N,O-bis(trimethylsilyl)acetamide and trimethylsilyl triflate’-8 in acetonitrile giving stereoselective-
ly the desired B‘-conﬁgu-rated 4'-C-tosyloxymethyl nuclcoside 6 in 92% yield. Subsequent deacetylation was
accomplished using half-concentrated methanolic ammonia (4 h, room temperature, 87% vyield) affording
nucleoside 7.1! The tosyloxy group remained intact during this reaction. Treatment of 7 with sodium hydride
in anhydrous DMF (37 h, 0 ©C) resulted in efficient ring-closurc to give (/S,3R,4R, 75)-7-henzyloxy-1-
benzyloxymethyl-3-(thymin-1-y1)-2,5-dioxabicyclo[2.2. 1lheptane (8) in 92% vield. Tho he umvgrsaht_y
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of this procedure needs to be proven, these preliminary results (correspondmg to ove ral 3% yield
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Scheme 2. (a) i) TsCl, anhydrous pyridine, CH,Cl,, ii) 80% aqueous AcOH, iii) Ac,0,
anhydrous pyridine; (b) thymine, N, O—bis(trimethylsilyl)acetamide trimethylsilyl triflate,

~ nnls _Af PR s o dlec o
CH;CN,; (¢) NH3, MeOH; (d) NaH, anhydrous DMF; (¢) reference 4. Base = thymin-



Alternatively, we have used a linear strategy to synthesize the 6-N-benzoyiated adenine nucieoside 14
(Scheme 3).12 Tosylation of 4'-C-hydroxymethyl-2',3"-O-isopropylidine-6-N-benzoyl adenosine (9)!3 af-
forded 4'-C-tosvloxymethyl nucleoside 10 (1.5 eqv. TsCl, 4 h, 0 °C, 37% yield). Besides, the 5'-O-tosyl
regioisomer was isolated in 13% yield and unreacted starting material in 19% yield. Trifluoroacetic acid (30
min, room temperature, 94% yield) was applied to remove the isopropylidene group giving nucleoside 11.
Direct base-induced ring-closure of the corresponding 5'-O-dimethoxytrityl protected uracil nucleoside has

been reported to yield exclusively the 3'-0.4'-C-linked oxetane nucleoside.!4 Analogously, our attempts on

both 3',4'- and 4',5"-oxetane formation by synthe5121ng the 3'-0,5'-0 protected nucleoside 12 (1.2 eqv. 1,3-
dichiorodisiioxzne reagent, 2 h, 0 SC, then room temperature, 78% yieid). Subsequent cyciization (NaH, 30
min, 0 9C, 84%) yielded smoothly the tricyclic nucleoside intermediate 13 which was desilylated (1 h, room
temperature) to afford the desired [2.2.1]bicyclo adenine nucleoside 14.4 The overall yield from nucleoside 9
to the parent LMA adenine nucleoside 14 was 21%.

Recently, an analogous linear approach to the synthesis of the corresponding uracil nucleoside,
employing a selective C-O bond cleavage of a 2',3'-O-benzylidene intermediate as a key step, has been

developed independently (overall vield was 24%). 6 Thus, the vields for the two alternative linear strateg
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can not be ruled out. As nucleobase participation is very unlikely (the purine adenine was employed) in the
reaction sequence 9 to 14 it can be anticipated that analogous reactions for the corresponding 4'-C
hydroxymethyl pyrimidine nucleosides should be possible.
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tetraisopropyldisiloxane, anhydrous pyridine; (d) NaH, anhydrous THF; (e) Et;N-3HF,
anhydrous THF. [Si] = 1,1,3,3-tetraisopropyldisiloxan-1,3-diyl.
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Summarizing, a novel and significantly improved method for convergent synthesis of LNA [2.2.1]bi-

cyclo nucleosides has been developed. Thus, furanose 5 is a novel convenient key synthon for condensation
with silylated nucleobases as shown by synthesis of the thymine nucleosides 6-8. An alternative, robust

linear approach allowing selective formation of the desired [2.2.1]bicyclo LNA nucleosides via tricyclo

nucleoside 13 has been described and exemplified by synthesis of the adenine nucleoside 14. Evaluation of

these methods for synthesis of LNA nucleosides in general is under way.
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Overall vields obtained for the individual LNA nucleosides (reference 4): thymin-1-y1 (30%), uracil-1-

vl (17%), 2-N-isobutyrylguanin- 9-yl (21%), cytosin-1-yl (7%), and adenin-9-y1 (14%).
1,2-Di-0-acetyl-3,5-di-O-benzyl-4-C-(p-toluenesulphonyloxymethyl)-ct,B-D-ribofuranose (5).

3¢ (CDCly) 169.8, 169.6, 169.4, 168.8 (C=0), 144.7, 137.7, 137.6, 137.5, 132.8, 129.7, 129.6, 128.5,
128.4, 128.3, 128.2, 128.0, 127.8, 127.7, 127.6 (Ar), 97.4, 94.2 (C-1), 86.4, 84.2 (C-4), 78.9, 77.5,
74.5,74.1,73.7,73.5,71.8, 70.6, 70.5, 69.6, 69.5 (Bn, C-2, C-3, C-5, C-1", 21.6, 21.0, 20.8, 20.6, 20.4
(4 x COCH4, 2 x CH,). FAB-MS m/z 599 [M+H]Jr (Found C, 61.8; H, 5.6; C3,H3,0,,S requires C,
62.2; H, 5.7).

1-(3,5-Di-O-benzyl-4-C-(p-toluenesulphonyloxymethyl)-B-D-ribofuranosyl)thymine (7). 8¢ (CDCl5)
163.8 (C-4), 150.9 (C-2), 145.0, 137.0, 136.9, 135.9, 132.3, 129.8, 128.7, 128.6, 128.2, 128.1, 128.0,
127.6 (Ar, C-6), 111.0 (C-5), 89.6, 85.3, 78.4, 74.5, 73.8, 71.1, 69.7 (Bn, C-1', C-2', C-3', C-4', C-5', C-
"), 21.6 (CH3), 12.0 (CH3). FAB-MS m/z 623 [M+H]t (Found C, 61.5; H, 5.2; N, 44; S, 5.2,
C15H3409N,S requires C, 61.7; H, 5.4; N, 4.5; §, 5.1).

Protection of the exocyclic amino groups of cytosine, adenine and guanine nucleobases is needed for
automated oligonucleotide synthesis. In the original convergent strategy (reference 4), debenzylation
resulted in concomitant debenzoylation in the adenine moiety.
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