y/ <3
&3/ TETRAHEDRON
NS

) LETITEKD
Tetrahedron Letters 39 (1998) 6299-6302

Pergamon
Stereoselective 3-N-Glycosylation of 2,3-Dideoxyribofuranose
DNerivativee Caontrallad hv a Methvlenenhaenhannthinate
WA RY WA V¥V WD N FRAVA VIAVAE uJ J."\#‘vll.y .‘I‘l‘l’.l“ﬂl’l.“llv‘u‘v“"‘f
AT TV o IR TR S ) S PY S
runcuoiidi Ul‘oup dl LIIC O-I OSIl1u1

Tsutomu Yokomatsu, Tomoyuki Sada, Takanori Shimizu, and Shiroshi Shibuya*
School of Pharmacy. Tokyo University of Pharmacy & Life Science, 1432-1 Horinouchi, Hachioji, Tokye 192-0392, Japan
Received 15 May 1998; revised 24 June 1998; accepted 26 June 1998

Abstract: N—g]yco]ylation of 3- (diethoxyphosphorothioyl)melhyl 5-0- bcnwyl 1- ()-clhyl -2,3- didcoxyriboses 9b and
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corresponding B-nucleotide analogues in good yield. A remarkable neighboring group participation of the
methylenephosphonothioate functionality was observed in the course of the B-N-glycosylation. © 1998 Elsevier Science
Ltd. All rights reserved.

The inhibition of protein synthesis by the antisense oligonucleotides is an area of considerable interest in
medicinal chemistry.' It offers a highly specific chemical strategy for the disruption of diseases such as viral
infection and cancer." In recent years, significant advances have been made in chemical modification of antisense
oligonucleotides. The relative metabolic instability of the phosphodiester function of antisense olig
derived from naturally occurrin

of the phosphodiester backbon

the phosphod ackbone with metabolically stable isosteres.' Onc tactic for the modification comprise
replacement of one of the oxygen atoms in the phosphate bridge a methylene group. Thus, the
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To obtain nucleotide analogues 2 of a HOL
variety of nucleobases, B-N-glycolylation *l/o\?ase
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ose derivatives 3 with nucleobases would HO-§=0 = 3
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ergent.* In this context, we have pursued ("7 OEt OFt
N-glycosylation reactions of glycosyl > 3 X0
. . OH -
donors 3 and 4 possessing either a 2 4 X=S

methylenephosphonate or a methylene- 1
phosphonothioate functional group at the
3-position. In these reactions, we have observed a remarkable neighboring group participation of the
methylenephosphonothioate functionality in favor of B-N-glycosyl formation. In this paper, we disclose
stereoselective synthesis of glycosyl donors 3 (R,= Bz, R, =Et) and 4 (R,= Bz, R, = Et) as well as the results
of the N-glycosylation reactions with bis-trimethylsilylthymine under the Vorbriiggen conditions.®

The radical mediated cyclyzation® of conjugated phosphonate 8a and phosphonothioate 8b was applied to
stereoselective synthesis of the required glycosyl donors 9a.b and 10a.b (Scheme 1). Horner-Emmons-
Wadsworth reaction of 1,2-0,0- monmnvhdene R)-glyceraldehyde 5 with either methylenebisphosphonates 6a
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Bu,SnH in toluene in the presence of Et,B at —50 °C according to our procedures described previously* gave a
i:i mixtre of 9a,b and 10a,b (85% ylela for a mixure of 9a and 10a; 95% yleld for a mixture of 9b and
10b), individual anomers of which were readily separated by column chromatography on silica gel." It is worth
noting that both radical cyclyzations of 8a and 8b proceed with excellent diastereoselectivity (>99% de) with

respect to the 3,4-stereogenic centers under the conditions.’
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Having established an efficient method for stereoselective synthesis of the required glycosyl donors 9a,b
and 10a,b, in the first place, N-glycosylation reaction of the phosphonate analogues 9a and 10a with bis-
trimethylsilylthymine was examined using several Lewis acids as an activator (Eq.1). The representative results
are summarized in Table 1.

RO. RO

9aor 10a e C:3Hz * : ' M

25 °C / solvent He
EtO—P=0 EtO—I‘3=O
OEt OEt
T=thymine
Y 11 R=Bz 13 R=Bz
12 R=H 14 R=H

Table 1. N-glycosylation reaction of 2,3-dideoxyribofuranose derivatives 9a and 10a
with bis-trimethylsilylthymine in the presence of Lewis acid
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1 9a SnCl, / CH,CI, 59 42:58
2 9aand 10a (1:1)  TiCl,/ CH,CL, 35 44156
3 9a TMSOTf/ CH,CN 52 61:39
4 10a TMSOTf/CH,CN 65 66:34

______ or~ £

2 All reactions were carried oui at 25 °C for 15 h in ihe presence of bis-irimethyisiiyithymine, prepared in sifu
from bis-trimethylsilylacetamide and thymine (2.0 eq.) in the solvent. b Combined yield of 11 and 13. € The
ratios were determined by *'P NMR (162 MHz, CDCl,) analysis of the crude materials.
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selective N-glycosylation of low diastereoselectivity at 25 °C (entries 3 and 4). The results suggest that the
phosphonate functionality does not strongly participate in the formation of the N-glycosyl bond. An inseparable
mixture of 11 and 13 thus obtained was hydrolyzed with ag. NH, in MeOH to isolate nuc leotldc analogues 12
and 14 in diastereomerically pure state. The spectral data of the benzoate 11 derived from the pure 12 are in good
agreement with those of an authentic sample reported by Morr.*® On the basis of these results, the

diastereoselection of N-glycosylation reactions of 9a and 10a under the conditions was unambiguously
confirmed.

In an effort to develop the B-selective N-glycosylation with our glycosyl donors, Lewis acid-catalyzed
coupling reactions of phosphonothioates 9b and 10b with bis-trimethylsilylthymine were explored (Eq. 2). In
these reactions, it was anticipated that the phosphonothioate functional group would effectively participate in
forming the bicyclic cationic intermediate 15, a favorable intermediate for B-selective N-glycosylation reactions,
because the phosphorus-to-sulfur double bond (1.886 A) is much longer than the phosphorus-to-oxygen double
bond (1.580 A).'"*"! The results of the N-glycosylation reactions are summarized in Table 2.

T(TMS)z
] BzO— i BzG BzO.
ewis aci . X
and L, S 7 _ mCPBA o
10b solvent HoG /5 CHgCIQ n
c—\ I/ T i
Et0” ) t0—P=8 RO—P=0
B OEt OEt de
15 16 1) TMSBr 11 X=Et
2) EtsNH* CO5™ 17  X=H

Table 2. N-glycosylation reaction of 2,3-dideoxyribofuranose derivatives 9b and 10b with
bis-trimethylsilyithymine in the presence of Lewis acid

Entry  Glycosyl donor Conditions®? Reaction time (h) Yield of 16  Ratio (B:a)¢
1 9b SnCl, / CH,Cl, 15 56 90:10
2 9b TiCl, / CH,Cl, 8 84 90:10
3 9b TMSOTf / CH,CN 40 97 65:35
4 10b SnCl, / CH, Cl. 15 65 92:8
5 10b TiCl, ./ CH Cl‘ 1 94 96:4
6 10b TMSOTf / CH,CN 40 99 65:35
7 9b and 10b (i:1) TiCl,/ CH,CI, 3 82 96:4

4 Thymine(2.0 eq.) were silylated in situ with bis-trimethylsilylacetamide (4.0 eq.) at 40 °C in the solvent, before
the N—glycosylalwn All reactions were carried out at 25 °C in the prescnuc of 5.0 equw of the Lewis acid.
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hexane:EtOH=90:10) of the crude materials.

When o-glycoside 9b was treated with bis-trimethylsilyithymine in the presence of SnCl, in CH,Cl, at 25
°C, B-selective N-glycosylation with high diastereoselectivity (80% de) proceeded to give 16 in 56% yield (entry
1). The yield significantly increased without a loss of the diastereoselectivity upon using TiCl, as a Lewis acid
under similar conditions (entry 2). While yields of N-glycosylation of 9b and 10b induced by TMSOTS in
CH,CN were excellent, the diastereoselectivity was determined to be very low (entries 3 and 6). The B-glycoside
10b was found to be a better substrate than 9b for the N-glcosylation reactions with respect to yield and
diastereoselectivity (entries 1,2 vs 4,5). Upon using TiCl, as a Lewis acid, the N-glycosylation reaction of 10b
proceeded more rapidly than that of 9b to give 16'* of high diastereomeric purity (92% de) in 94% yield (entry
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The thymidine analogue 16 thus obtained was converted to the corresponding methylenephosphonate
analogue 11 in 81% yield by the oxidation with m-CPBA (5.0 equiv) in CH,Cl, at room temperature, followed
by aqueous work-up (Eq. 2). The ethyl protecting group of 11 was removed to give the triethylammonium salt of
the phosphonic acid 17 by the literature procedure™ (Eq. 2). This class of phosphonic acids was previously
manipulated to dinucleotide analogues 1 by Morr.” Thus, we have developed a highly stereoselective method for
the synthesis of methylenephosphonate analogues 11 of thymidine 3’-phosphate, a useful component of
dinucleotide analogue 1, by a combination of P-N-glycosylation reactions controlled by the
methylenephosphonothioate functionality and the oxidation of the phosphonothioate to a phosphonate
functionality. Application of the methodology to stereoselective synthesis of methylenephosphonate analogues of
other pyrimidine nucleotides as well as purine nucleotides is in progress and will be reported in due time.
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