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Grignard reactions of 3'-ketouridines la-e with allylmagnesium bromide and
CeCl; afforded novel 3'-C-allyluridines 2a—e and 3d—e. The diprotected 3'-keto
nucleosides la—c afforded xylo-configurated compounds 2a-c¢ and the
5’-unprotected 3’-keto nucleosides 1d—e afforded mixtures of xylo- and ribo-
configurated compounds 2d/3d and 2e/3e. The allyluridine 2a was converted into
the diol 4 by standard hydroboration and further oxidised to the 3'-spiro-y-
lactone nucleoside 5. This compound and its deprotected analogue 6 are the first

examples of a novel class of 3'-spiro nucleoside analogues.

In the search for new antiviral and anticancer agents, a
large number of novel nucleosides have been prepared
and biologically evaluated over the last decade.!'”
Recently, nucleoside analogues with 3'-spiro functionali-
ties have been prepared.®® Among these are TSAO-T
{ [ 1- (2,5-di-O-tert-butyldimethylsilyl )-8-D-ribofuran-
osyl] thymine} -3'-spiro-5"-(4"-amino-1",2"-oxathiole 2",
2"-dioxide) and its derivatives containing a 3'-oxathiole
ring system and a 2'-O-tert-butyldimethylsilyl (TBDMS)
group as essential pharmacophores for anti-HIV-1
activity.*® We consider cyclisations of 3'-C-branched
nucleosides as a possible route to other classes of 3'-spiro
nucleosides and we therefore studied recently published
reports on the addition of carbon nucleophiles to
3'-ketonucleosides.!®2° These include Wittig reactions
on 3'-ketonucleosides,'®!! Lombardo reactions!?> on
3'-ketodeoxynucleosides,!? additions of a cyano group!*
and Grignard reactions on either 3'-keto-2'-deoxy-
nucleosides!>*® or 3'-ketonucleosides.!”2° Preferential
a-facial attack afforded in all reactions (except one'”)
B-D-xylo nucleosides as major products.’*?° In this
report, the possibility of stereochemical control of the
cerium-assisted Grignard addition of an allyl group to
3'-ketouridines is evaluated. Furthermore, the nucleoside
analogues 5 and 6 are reported as the first examples of
a novel class of nucleoside analogues with a 3'-spiro-y-
lactone structure.

Results and discussion

It has recently been described’’ that 3'-C-alkynylnucleos-
ides can be stereoselectively synthesised from the corres-
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ponding 3'-ketonucleosides using organocerium reagents.
Thus, a xylo-isomer was obtained as the only product
from the diprotected 3'-ketonucleoside 1a, and a ribo-
isomer was formed almost exclusively from the
5’-unprotected analogue 1d. Here we report results
for five differently protected 3’-ketouridines la—e
(Scheme 1), namely three 2',5'-di-O-protected analogues
la—¢ and two 2’-O-monoprotected 1ld-e. 2',5'-Di-O-
TBDMS derivative 1a was synthesised as reported®!—23
from disilylated uridine.?* Ketones 1b and 1c were syn-
thesised analogously from 5-O-DMT-2-O-TBDMS-
uridine?* and 5'-0-DMT-2'-O-TBDPS-uridine 7, respect-
ively (DMT =4,4'-dimethoxytrityl, TBDPS = terz-butyl-
diphenylsilyl). Compound 7, a novel compound used as
starting material for the preparation of 1c, was obtained
in 55% yield by regioselective silylation of 5-O-DMT-
uridine with TBDPSC], AgNO; and pyridine in THF
followed by column chromatography. All oxidations
afforded 3'-ketonucleosides 1a—e in high yields (90-95%).
The 5-deprotected 3'-ketonucleosides 1d and le were
synthesised from 1b in 75% yield and 1c in 80% yield,
respectively, by standard detritylation (1.5% tri-
chloroacetic acid in 1,2-dichloroethane).

Grignard addition of the allylmagnesium bromide/
CeCl; reagent to 2',5'-di-O-TBDMS-uridine 1a afforded
as expected exclusively the 3'-C-allyl xylo-nucleoside 2a
after column chromatography. Analogously, only 2b and
2¢ were obtained as the Grignard products from 5-0-
DMT-2-O-TBDMS derivative 1b and 5'-O-DMT-2"-O-
TBDPS derivative 1c, respectively. These reactions were
accomplished in moderate to high yields (52-80%). When
the addition was performed on 5-O-deprotected 2'-O-
silylated 3'-ketonucleosides 1d or le, mixtures of xylo-
and ribo-nucleosides were obtained in moderate yields,



la (R!=R2=TBDMS)
1b (R!=DMT, R2 = TBDMS)
b 1c (R!=DMT, R? = TBDPS)
1d (R!=H, R?=TBDMS) b

le (R! = H, R2= TBDPS)
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Scheme 1. a, AllyIMgBr, CeCls, Et;0, THF; b, 1.5% CI3CCOOH in CICH,CH,CI (v/v). U=uracil-1-yl. *Not separated, yields

estimated by '"H NMR spectroscopy.

and to our surprise the xylo-isomers 2d and 2e were the
major products. Thus, the essentially complete stereo-
selectivity reported for other cerium-assisted Grignard
reagents on 1d'” was not observed here using allylmagnes-
ium bromide. From the results depicted in Scheme 1
there seems to be no possibility of influencing the stereo-
chemistry of the Grignard-products by using the larger
2'-O-TBDPS group instead of a 2'-O-TBDMS group.
The stereochemistry of the Grignard products were
confirmed by H-'H COSY and 'H NOE difference
NMR experiments. Thus, e.g., the xylo-configuration of
2d was confirmed by mutual NOE contacts between 3'-C-
CH, and H-4' and between 3-OH and H-5. NOE
contacts between H-2', H-5" and 3'-C-CH, confirmed the
ribo-configuration of 3d. In addition, the small coupling
constants between H-1" and H-2' observed for the xylo-
isomers 2 (Jy-.,-~0-4.6 Hz) confirmed the conformation
of the sugar ring as being predominantly a 3'-endo-
conformer.!® As reported for 3'-C-methyl-ribo- and -xylo-
nucleosides,'® the methyl substituent dictates the con-
formation as it prefers the equatorial position. Therefore,
the xylo-configuration results in a 3'-endo-conformation
and the ribo-configuration in a 2'-endo-conformation. As
these relations are assumed to be similar for 3'-C-allylnuc-
leosides and as the observed coupling constants between
H-1" and H-2' for the ribo-isomers 3 are significantly
larger (J;-5y ~6.9-7.7 Hz, confirming a 2'-endo-conforma-
tion'®) than for the xylo-configurated products, the xylo-
and ribo-isomers can be identified by these coupling

TBDM o

OH
2a

OTBDMS

HO

U

constants. Finally, significantly different *C-shifts for
C-3' are observed. These signals (identified from INEPT
experiments) are at ~81 ppm for the xylo-isomers and
at ~77 ppm for the ribo-isomers. To confirm further the
configurations of the Grignard addition products the
following transformations were performed on an analyt-
ical scale. As epimers 2d and 3d are easily separated, the
5-O-DMT-protected analogue 3b* [selected 3C NMR
shifts (61.71, 78.29, 84.84, 86.54) proved to be different
from 2b] was obtained by standard chemistry (DMTCI
and pyridine) from 3d. Attempts to separate 2e and 3e
using column chromatography failed, but the xylo-isomer
2e was obtained from 2¢ by standard detritylation (1.5%
trichloroacetic acid in 1,2-dichloroethane). Likewise, 2d
was prepared from 2b by detritylation, and from 2a by
selective 5'-O-desilylation (80% AcOH).

As the first step in the synthesis of 3'-spiro deriva-
tives 5 and 6 (Scheme 2), hydroboration of 2a afforded
4 in 46% yield. Attempts to use the reagent
MgCI(CH,);OMgCl1?*® together with CeCl; and 1a to
produce 4 in one step did not work in our hands.
Compound 4 was oxidised with PCC (pyridinium chloro-
chromate) to give the spirolactone nucleoside 5 in 80%
yield. The conditions used were as reported for carbohyd-
rate derivatives by Marquez et al®*’ Lactone 5 was
selectively deprotected by aqueous acetic acid to give the
2'-O-monosilylated derivative 6. The configuration of 5§
(and thus 2, 4 and 6) was confirmed by another NOE
experiment, as mutual contacts between 3'-C-CH, and
H-4' were observed.

—— S5:RI=R2=TBDMS
c

— 6:R!=H, R2=TBDMS

Scheme 2. a, 1. BHz-oxathiane, THF, 2. NaOH, H,0,; b, PCC, 4 A molecular sieves, CH,Cl,; ¢, 80% AcOH. U =uracil-1-yl.

1031



NIELSEN ET AL.

In summary, Ce™-assisted Grignard addition of an
allyl group to the 3'-position of differently protected
nucleosides has been evaluated and preferential a-attack
of the nucleophile has been observed. Contrary to an
earlier report using another Grignard reagent,!” we did
not obtain highly selective B-attack on 5'-O-unprotected
ribo-nucleosides 1d and 1e. An effective and stereoselec-
tive route to a new class of xylo-configurated 3'-spiro-y-
lactone nucleoside analogues having structural similarit-
ies with the anti-HIV-1 active TSAO-compounds*~® has
been developed.

Experimental

NMR spectra were recorded at 250 and 500 MHz for 'H
and at 62.9 and 125 MHz for *C. 'H NMR chemical
shifts are in ppm relative to tetramethylsilane as internal
standard. "M NMR peak assignments for compounds
2d, 3d and 5 were derived from ‘H-'H COSY and NOE
NMR experiments. 3C NMR peak assignments for
compound 5 were derived from INEPT and 'H-'3C
COSY NMR experiments. Microanalyses were per-
formed at the Department of Chemistry, University of
Copenhagen. The silica gel used for column chromato-
graphy (0.040-0.063 mm) was purchased from Merck.
To verify the purity and identity of compounds 2b—2e
and 3d, copies of the **C NMR spectra were enclosed
on submission of this manuscript.

General procedure for preparation of 2',5'-di-O-protected
3'-ketouridines. 1la-lc. The standard procedure is
illustrated by the oxidation of 2'-O-(tert-butyl-
dimethylsilyl )-5'-O-(4,4’-dimethoxytrityl Juridine to give
1b. CrO; (1.52 g, 15.2 mmol) as a powder was dried with
molecular sieves (3 A, powder, 1.9 g) and CH,Cl, (27 ml)
was added. To the suspension were added acetic anhyd-
ride (1.52ml, 16.1 mmol) and pyridine (2.67 ml,
33.1 mmol) and the mixture was stirred for 0.5h.
A solution of 2'-O-(tert-butyldimethylsilyl)-5'-0-(4,4'-
dimethoxytrityl )uridine?* (2.00 g, 3.04 mmol) in CH,Cl,
(9 ml) was added slowly, and the mixture was stirred for
1 h and poured into EtOAc (300 ml). This mixture was
filtered through a layer of silica gel, evaporated and
coevaporated with toluene and CHCl;.

1-[2',5'-Di-O-~(tert-butyldimethylsilyl)- B-D-erythro-pento-

furan-3-ulosylJuracil. (1a).>* Amounts used: CrO,
(3.01 g, 30.1 mmol), molecular sieves (3 ;\, powder, 3.7
g), acetic anhydride (3.01 ml, 31.9 mmol), pyridine (5.26
ml, 66.2 mmol), 2',5-Di-O-(tert-butyldimethylsilyl)-
uridine** (4.74g, 10.0mmol) and CH,Cl, (27 ml).
Yield: 4.50 g (95%). R=0.66 (5% MeOH in CH,Cl,,
v/v). 'H NMR (CDCl,): 8 0.01, 0.07, 0.09, 0.10 (12 H,
4xs), 0.86-0.94 (18 H, m), 3.92 (2H, m), 4.18 (1 H, d,
J=8.0 Hz), 4.23 (1H, m), 582 (1H, d, J=8.1), 6.27
(1H, d, J=8.0Hz), 7.83 (1 H, d, J=8.1 Hz), 9.27 (1 H,
br s). 13C NMR (CDCly): 8 —5.78, —5.63, —5.44,
—-4.79, 18.12, 18.19, 25.36, 25.73, 62.81, 77.33, 81.89,
84.90, 103.67, 138.97, 150.27, 162.74, 208.21.
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1-[ 2’-O-(tert-Butyldimethylsilyl)-5'-O-( 4,4'-dimethoxytrit-

yl)-B-D-erythro-pentofuran-3-ulosyljuracil. (1b). Yield:
1.79 g (90%). R;=0.67 (5% MeOH in CH,Cl,, v/v).
'H NMR (CDCl;): 3 0.10, 0.18 (6 H, 2 x), 0.91 (9 H,
s), 3.41 (1 H, dd, J=2.3, 10.5Hz), 3.62 (1 H, dd, J=
2.2, 10.6 Hz), 3.79 (6 H, s), 4.25 (1 H, m), 4.53 (1 H, d,
J=8.0Hz), 542 (1H, d, J=8.1Hz), 6.24 (1H, d, J=
8.0 Hz), 6.82-7.31 (13 H, m), 7.65 (1 H, d, /=8.2 Hz),
8.73 (1 H, br s). 3C NMR (CDCl;): 8 —5.32, —4.67,
18.20, 25.42, 55.24, 63.08, 76.71, 80.59, 85.12, 87.42,
103.51, 113.43, 127.32, 127.98, 128.09, 129.95, 130.11,
134.65, 134.89, 139.28, 144.13, 150.17, 158.92, 162.43,
208.45.

1-[ 2'-O-(tert-Butyldiphenylsilyl)-5'-O-( 4,4'-dimethoxytrit-

yl)-p-pD-erythro-pentofuran-3-ulosyl]uracil. (1c). Amounts
used: CrO; (1.68 g, 16.8 mmol), molecular sieves (3 A,
powder, 2.0 g), acetic anhydride (1.68 ml, 17.8 mmol),
pyridine (2.94 ml, 36.4 mmol), nucleoside 7 (2.65g,
3.34 mmol) and CH,Cl, (29 ml). Yield: 2.50 g (94%).
R;=0.73 (5% MeOH in CH,Cl,, v/v). 'H NMR
(CDCl;3): 8 1.13(9H, s),3.28 (1 H, dd, J=2.3, 10.4 Hz),
3.61 (1 H, dd, J=2.1, 10.4 Hz), 3.76, 3.77 (6 H, 2 xs),
4.25 (1 H, m), 4.65 (1 H, d, J=8.0Hz), 494 (1 H, d,
J=8.1Hz), 6.27 (1 H, d, J=8.0 Hz), 6.66-7.85 (24 H,
m), 8.62 (1 H, brs). *C NMR (CDCl,): 5 19.02, 26.59,
55.12, 63.07, 75.74, 80.28, 84.78, 87.24, 103.08, 113.19,
113.23, 127.06, 127.83, 127.90, 127.90, 128.91, 129.04,
129.86, 130.24, 130.27, 131.89, 132.24, 134.35, 134.90,
135.59, 135.88, 138.65, 143.57, 149.86, 158.64, 162.45,
208.63.

1-[ 2'-O-(tert- Butyldimethylsilyl)-B-D-erythro-pentofuran-
3-ulosyl]uracil. (1d4).2* Ketone 1b (500 mg, 0.76 mmol)
was dissolved in 1.5% CI;CCOOH in CICH,CH,Cl
(8.27 ml, 0.76 mmol, v/v) and stirred for 1 h. After this
time, the mixture was added to a column of silica gel
packed in CH,Cl,. After being washed with CH,Cl,, the
product was eluted with 2-4% MeOH in CH,Cl, (v/v).
Yield: 217 mg (80%). R;=0.59 (10% MeOH in CH,Cl,,
v/v). 'H NMR (CDCl,): 8 0.04, 0.12 (6 H, 2 xs), 0.86
(9H, s), 3.93-3.98 (2H, m), 4.26 (1 H, m), 4.67 (1 H,
d, J=7.7Hz), 580 (1H, d, J=7.7Hz), 586 (1 H, d,
J =8.1Hz), 7.55 (1 H, d, J=8.1 Hz), 9.46 (1 H, br s).
13C NMR (CDCl,): 6 —5.36, —4.64, 18.09, 25.43, 61.73,
74.94, 82.28,90.04, 103.59, 141.67, 150.41, 162.94, 208.28.

1-[ 2'-O-(tert-Butyldiphenylsilyl)- B-D-erythro-pentofuran-
3-ulosyl]uracil. (1e). Ketone 1¢ (500 mg, 0.64 mmol)
was dissolved in 1.5 % CI;CCOOH in CICH,CH,Cl
(6.96 ml, 0.64 mmol, v/v). After being stirred for 1 h, the
mixture was added to a column of silica gel packed in
CH,CIl,. After being washed with CH,Cl,, the product
was eluted with 2% MeOH in CH,Cl, (v/v). Yield:
231 mg (75%). R=0.22 (5% MeOH in CH,Cl,, v/v).
!H NMR (CDCl,): 8 1.10, 1.11 (9 H, 2xs), 3.79 (1 H,
m), 3.87 (1H, m), 424 (1H, m), 470 (1H, d, J=
7.4Hz), 538 (1H, d, J=7.7Hz), 585 (1H, d, J=



7.2 Hz), 6.99 (1 H, d, J=7.7 Hz), 7.26-7.71 (10 H, m),
9.08 (1H, br s). 3C NMR (CDCL): 8 19.16, 26.70,
61.71, 74.64, 82.17, 89.13, 103.31, 127.88, 127.91, 130.34,
135.63, 135.92, 140.49, 149.98, 162.66, 208.28.

General procedure for the preparation of 3'-allyluridines.
2a—e, 3d and 3e. The standard procedure is illustrated by
the preparation of 2a from ketone 1la. CeCl;-7 H,O
(6.18 g, 16.6 mmol) was dried under vacuum at 140 °C
for 4 h and the residue was stirred in anhydrous THF
(195ml) for 2h and then cooled to —78°C.
Allylmagnesium bromide (1 M) in anhydrous ether
(16.6 ml, 16.6 mmol) was added dropwise, and the mix-
ture was stirred for another 2h at —78°C. A solution
of 1a (1.30 g, 2.8 mmol) in anhydrous THF (40 ml) was
added dropwise and stirring was continued for 1 h. The
reaction was quenched by addition of glacial acetic acid
(2.2 ml) and the mixture was allowed to warm to room
temperature. The mixture was poured into EtOAc
(400 m]) and washed with water (3 x 200 ml) and brine
(3x200ml). The organic phase was separated, dried
(Na,S0O,) and concentrated. Purification using silica gel
column chromatography (0-1% MeOH in CH,Cl,, v/v)
afforded 2a as a white solid.

1-[3'-C-Allyl-2',5'- Di-O-( tert-butyldimethylsilyl) - -D-xy-
lofuranosylluracil. (2a). Yield 1.11g (78 %). R;=0.38
(5% MeOH in CH,Cl,, v/v). 'H NMR (CDCl,): 5 0.14,
0.15, 0.15, 0.23 (12 H, 4xs), 091, 0.93 (18 H, 2xs),
2.32 (1H, dd, J=8.7, 142 Hz), 2.58 (1 H, dd, J=5.6,
142 Hz), 3.97 (1H, m), 4.11 (1 H, dd, J=24, 12.0),
423 (1H,dd,J=25,12.0),443(1H,s),5.17 (1 H, m),
5.22 (1 H, m), 5.61 (1 H, dd, J=1.9, 8.2 Hz), 5.68 (1 H,
s), 5.89 (1 H, m), 7.97 (1 H, d, J=8.2 Hz), 9.36 (1 H, br
s). 3C NMR (CDCl,): 8 —5.83, —5.67, —5.44, —4.22,
17.95, 17.98, 25.64, 25.74, 37.33, 62.72, 81.28, 82.58,
82.96, 91.08, 100.75, 119.21, 132.41, 141.07, 150.46,
163.73. Anal. Calcd. for C,,H,,N,04Si,: C, 56.21; H,
8.65; N, 5.46. Found: C, 56.63; H, 8.87; N, 5.12.

1- [ 3'-C-Allyl-2'-O- (tert-Butyldimethylsilyl) -5'-O- ( 4,4'-di-
methoxytrityl)-B-D-xylofuranosyl]uracil. (2b). Amounts
used: CeCl;-7H,0 (1.36g, 3.65mmol), ketone 1b
(400 mg, 0.61 mmol), 1 M allylMgBr in ether (3.65 mi,
3.65mmol) and THF (70 ml). Yield: 231 mg (52 %).
R;=0.36 (5% MeOH in CH,Cl,, v/v). 'H NMR
(CDCl,): 8 0.15, 0.26 (6 H, 2 x5, 2 x SiCH3), 0.89 (9 H,
s, -Bu), 2.04 (1 H, dd, J=8.8, 14.2 Hz, CH,a), 2.48
(1 H, dd, J=5.6, 142 Hz, CH,b), 3.48-3.55 (2H, m,
2 x H-5'), 3.80 (6 H, s, 2xOCHj,), 4.06 (1 H, s, H-2'),
4.09 (1 H, m, H-4), 5.04 (1 H, m, H,C=a), 5.10 (1 H,
m, H,C=b), 5.54 (1H, d, J=8.3 Hz, H-S5), 5.68 (1 H,
m, —-CH=), 5.70 (1H, s, H-1"), 6.83-7.44 (13H, m,
DMT), 8.03 (1H, d, J=8.2Hz, H-6). ®C NMR
(CDCl;): & —5.59, —4.06, 17.96, 25.81, 36.76, 55.25,
62.17, 80.81, 81.98, 83.91, 87.84, 91.78, 100.55, 113.41,
119.83, 127.21, 127.99, 128.11, 129.98, 130.01, 132.01,

3-C-ALLYLURIDINES

134.85, 135.06, 141.39, 143.90, 150.40, 158.82, 163.62.
FAB-MS m/z=723 (M+Na™).

1-[3'-C-Allyl-2'-O- ( tert-butyldiphenylsilyl) -5'-O- ( 4,4'-di-
methoxytrityl)-B-D-xylofuranosyl]uracil. (2¢). Amounts
used: CeCl;-7H,O0 (2.84g, 7.63mmol), ketone Ic
(1.05g, 1.27 mmol), 1 M allylMgBr in ether (7.63 mi,
7.63 mmol) and THF (130 ml). Yield: 883 mg (80 %).
R=0.64 (5% MeOH in CH,Cl,, v/v). 'H NMR
(CDCl;): 6 1.11 (9 H, 5), 2.33 (1 H, dd, J=8.6, 14.4 Hz),
2.60 (1 H, dd, J=5.8, 14.4Hz), 3.45 (1 H, dd, J=3.1,
11.1 Hz), 3.73 (1 H, dd, J=2.8, 11.2 Hz), 3.79 (6 H, s),
4.09 (1 H, m), 420 (1 H, d, J=3.1 Hz), 4.96-5.05 (2 H,
m), 5.32 (1 H, dd, J=1.9, 7.2 Hz), 5.66 (1 H, m), 5.92
(1H, d, J=3.1 Hz), 6.78-7.73 (24 H, m), 8.62 (1 H, br
s). 13C NMR (CDCl,): & 19.32, 26.98, 37.96, 55.20,
62.53, 80.73, 82.19, 82.82, 87.72, 89.66, 101.65, 113.32,
119.42, 123.67, 127.12, 127.76, 127.91, 128.01, 128.28,
129.98, 130.11, 132.32, 132.48, 134.82, 135.00, 135.93,
136.06, 141.37, 143.84, 149.73, 149.96, 158.73, 162.97.
FAB-MS: m/z=847 (M+Na™).

1-[3'-C-Allyl-2"-O-( tert-butyldimethylsilyl)- B-D-xylofur-

anosyl]uracil (2d) and 1-[3'-C-allyl-2'-O-(tert-butyl-
dimethylsilyl)-B-D-ribofuranosyl]uracil. (3d). Amounts
used: CeCl;-7H,0 (0.98 g, 2.68 mmol), ketone 1d
(159 mg, 0.45 mmol), 1 M allylMgBr in ether (2.68 ml,
2.68 mmol) and THF (50 ml). 2d: Yield: 48 mg (27 %).
R;=0.42 (5% MeOH in CH,Cl,, v/v). 'H NMR (DMSO-
dg): 6 0.11, 0.16 (6 H, 2 xs, 2x SiCHj3), 0.88 (9 H, s, #-
Bu), 2.29 (1 H, dd, /=8.0, 144 Hz, CH,a), 242 (1 H,
dd, J=6.0, 14.4 Hz, CH,b), 3.60-3.80 (2 H, m, 2 x H-5'),
391 (1 H, m, H-4), 4.09 (1 H, d, J=1.3 Hz, H-2), 4.81
(1H, dd, J=5.4, 5.6 Hz, 5-OH), 4.99 (1 H, s, 3-OH),
5.07 (1 H, s, H,C=a), 5.12 (1 H, d, J=5.3 Hz, H,C=b),
5.51 (1H, d, J=1.2Hz, H-1), 5.58 (1 H, dd, J=2.1,
8.2 Hz, H-5), 5.82 (1 H, m, -CH=), 7.79 (1H, d, J=
8.2 Hz, H-6), 11.3 (1 H, d, /=15 Hz, NH). 3C NMR
(DMSO-dg): & —5.65, —4.40, 17.53, 25.58, 36.59, 59.60,
79.24, 81.55, 86.29, 90.34, 100.01, 117.92, 133.33, 140.92,
150.49, 163.24. FAB-MS m/z=421 (M+Na®*, 100%).
3d: Yield: 32 mg (18 %). R;=0.42 (5% MeOH in CH,Cl,,
v/v). 'H NMR (DMSO-d;): 8§ —0.14, 0.01(6 H, 2 xs,
2 x SiCH3), 0.83 (9 H, s, t-Bu), 2.41-2.49 (2 H, m, CH,a,
CH,b), 3.57 (1 H, m, H-5'a), 3.68 (1 H, m, H-5'b), 3.82
(1H, s, 5-OH), 4.14 (1H, d, J=7.6 Hz, H-2"), 4.62
(1H, s, 3-OH), 5.10-5.18 (2H, m, H,C=a, H,C=b),
5.30 (1 H, m, H-4"), 5.75 (1 H, dd, J=2.1, 8.1 Hz, H-5),
595 (1H, m, -CH-), 597 (1H, d, J=7.6 Hz, H-1"),
8.13 (1 H, d, J=8.2Hz, H-6), 11.3 (1H, d, J=1.8 Hz,
NH). *C NMR (DMSO-dy): & —5.08, —4.68, 17.51,
25.43, 37.48, 60.00, 77.76, 77.88, 85.14, 85.96, 102.41,
117.57, 133.85, 140.74, 150.96, 162.73.

1-[3'-C-Allyl-2"-O-( tert- Butyldiphenylsilyl ) - f-D-xylofur-
anosylJuracil (2¢) and 1-[3'-C-allyl-2’-O-('tert-butyl-
diphenylsilyl)-B-D-ribofuranosyl]uracil. (3e). Amounts
used: CeCl;*7H,O0 (0.91g, 2.44mmol), ketone 1e
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(195 mg, 0.41 mmol), 1 M allylMgBr in ether (2.44 ml,
2.44 mmol) and THF (55 ml). Yield: 128 mg (a mixture
of le:2e:3e 4:5:3). R;=0.40 (5% MeOH in CH,Cl,,
v/v). Data for 2e (obtained from the analytical trans-
formation described in the text): 'H NMR (CDCls): 8§
1.09 (9 H, s), 2.51 (1 H, dd, J=8.5, 144 Hz), 2.76 (1 H,
dd, /=59, 144 Hz), 3.88-4.00 (3H, m), 444 (1 H, d,
J=4.6 Hz), 5.20 (1 H, s), 5.26 (1 H, d, /=3.0 Hz), 5.34
(1H,d, J=8.1Hz), 5.69 (1 H, d, J=4.6 Hz), 591 (1 H,
m), 7.26-7.72 (11 H, m). *C NMR (CDCl;): & 19.30,
26.92, 38.47, 62.18, 80.91, 82.04, 82.29, 90.37, 102.19,
119.88, 127.82, 127.87, 128.04, 130.17, 130.22, 132.28,
132.36, 135.62, 135.80, 135.90, 135.97, 141.96, 149.93,
163.09.

1-[2',5'-Di-O-( tert- Butyldimethylsilyl)-3'-C-( 3-hydroxy-

propyl)-B-p-xylofuranosyl]uracil (4). To a stirred solu-
tion of nucleoside 2a (1.08 g, 2.1 mmol) in anhydrous
THF (7.5 ml) under argon was added a 7.8 M solution
of BH; in oxathiane (0.26 ml, 2.0 mmol). The reaction
was stirred for 45 min, after which a 2M aqueous
solution of NaOH (1.2 ml, 2.4 mmol) was added slowly.
The mixture was cooled to 0 °C and 35% H,0, (0.25 ml,
2.5 mmol) was added. The mixture was allowed to warm
to rt, stirred for 60 min and then poured into a mixture
of ether (100 ml) and water (100 ml). The organic phase
was separated and washed several times with a saturated
aqueous solution of NaHCO;, dried (Na,SO,) and evap-
orated. Purification using silica gel column chromato-
graphy (0-2% MeOH in CH,Cl,, v/v) afforded 4 as a
white solid. Yield 478 mg (43%). R;=0.35 (5% MeOH
in CH,Cl,, v/v). '"H NMR (CDCl,): 5 0.15, 0.16, 0.16,
0.25 (12 H, 4xs, 4xSiCH;), 0.90, 0.93 (18 H, 2 xs,
2 x t-Bu), 1.55-1.97 (4 H, m, 3-C-CH,CH,), 3.61-3.76
(2H, m, OCH,), 397 (1H, t, J=2.7Hz, H4'), 4.07
(1H, s, H-2'), 4.09 (1 H, dd, J=2.7, 11.9 Hz, H-5a),
423 (1 H, dd, J=2.7, 12.1 Hz, H-5'b), 5.60 (1 H, d, J=
8.2 Hz, H-5), 5.65(1 H, s, H-1"),7.96 (1 H, d, J=8.2 Hz,
H-6), 9.39 (1 H, br s, NH). *C NMR (CDCl,): &
—5.76, —5.70, —5.59, —3.97, 17.92, 18.06, 25.70, 25.76,
26.87, 29.43, 62.25, 63.05, 81.56, 81.79, 83.99, 91.66,
100.43, 141.29, 15047, 163.89. FAB-MS: m/z=531
(MH*). Anal. Caled. for C,,H gN,0,Si,: C, 54.31; H,
8.73; N, 5.28. Found: C, 54.26; H, 9.06; N, 5.11.

( 5S,6R,8R,9R )-6-( tert- Butyldimethylsilyloxymethyl)-9-
(tert-butyldimethylsilyloxy) -8 - (uracil-1-yl) - 1, 7 - dioxa-
spiro-2-oxo[ 4.4 ]nonane) (5). To a suspension of predried
PCC (308 mg, 1.43 mmol) and molecular sieves (4 A,
powder, 358 mg) in CH,Cl, (2.3 ml) was added a solu-
tion of diol 4 (190 mg, 0.36 mmol) in CH,Cl, (2.1 ml).
The mixture was stirred for 1 h and then poured into
EtOAc (40 ml) and filtered through a layer of silica gel.
Purification using silica gel column chromatography
(0-2% MeOH in CH,Cl,, v/v) afforded 5§ as a white
solid. Yield 176 mg (93 %). R;=0.62 (5% MeOH in
CH,Cl,, v/v). 'H NMR (CDCl,): § 0.09, 0.10, 0.10, 0.13
(12H, 4xs, 4xSiCH;), 0.88, 0.89 (18 H, 2xs, 2x1-
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Bu), 2.21 (1 H, m, H-4b), 2.46-2.64 (3 H, m, H-3a,
H-3b, H-4b), 3.90 (2 H, m, CH,), 4.12 (1 H, dd, /=4.8,
6.0 Hz, H-6), 422 (1 H, d, J=2.8 Hz, H-9), 5.73 (1 H,
dd, /=1.5, 8.1 Hz, H-5'), 5.81 (1 H, d, /=2.8 Hz, H-8),
7.65 (1 H, d, J=82Hz, H-6), 9.51 (1 H, br s, NH).
13C NMR (CDClLy): 8 —5.74, —5.52, —5.22, —4.58
(4 xSiCH3), 17.85, 18.26 (2 x t-Bu), 24.33 (C-4), 25.59,
25.77 (2 x t-Bu), 27.38 (C-3), 60.56 (CH,), 80.81 (C-9),
84.07 (C-6), 89.25 (C-8), 89.70 (C-5), 102.29 (C-5'),
139.93 (C-6'), 150.49 (C-2'), 163.29 (C-4'), 175.25 (C-2).
FAB-MS: m/z=527 (MH?'). Anal. Caled. for
C,:H,,N,0,81,: C, 54.72; H, 8.04; N, 5.32. Found: C,
54.48; H, 8.15; N, 5.17.

( 5S,6R 8R ,9R)-9-(tert-Butyldimethylsilyloxy)-6-hydroxy-

methyl-8-(uracil-1-yl)-1,7-dioxaspiro[ 4.4 Jnonane-2-one
(6). A solution of lactone 5 (70 mg, 0.13 mmol ) in 80 %
aqueous AcOH (2.0 ml) was stirred for 3 h at 60 °C. The
solution was neutralised with saturated aqueous
NaHCO; and the mixture was poured into CH,Cl,
(10 ml). The organic phase was separated and washed
with saturated aqueous solutions of NaHCO; (3 x 5 ml),
dried (Na,SO,) and evaporated. Purification using pre-
parative TLC (7% MeOH in CH,Cl,, v/v) afforded 6 as
a white solid. Yield 50 mg (91 %). R;=0.44 (10% MeOH
in CH,Cl,, v/v). 'H NMR (CDCl,): & 0.11, 0.15 (6 H,
2xs), 0.90 (9H, s), 2.21 (1 H, m), 2.51-2.74 (3 H, m),
391 (1H, dd, J=54, 11.6 Hz), 4.02 (1 H, dd, J=4.5,
11.7 Hz), 4.22 (1 H, m), 4.31 (1 H, d, J=3.0Hz), 5.77
(1H,d,J=8.2Hz), 584 (1H,d, J=3.0Hz), 7.72 (1 H,
d, J=8.2Hz), 9.44 (1 H, br s). *C NMR (CDCl,): §
—5.29, —4.67, 11.77, 24.36, 25.51, 27.42, 60.01, 80.34,
84.21, 89.24, 90.00, 102.25, 140.18, 150.37, 163.38, 175.5.
FAB-MS: m/z=413 (MH™"). Anal. Caled. for
CsH2N,0,8i.0.5H,0: C, 51.29; H, 6.93; N, 6.65.
Found: C, 51.23; H, 7.03; N, 6.40.

1-[2'-O-(tert-Butyldiphenylsilyl)-5'-O-( 4,4'-dimethoxytri-
tyl)-B-D-ribofuranosyl]uracil (7). To a stirred solution
of 5-O-DMT-uridine® (5.0 g, 9.2 mmol) in anhydrous
THF (90ml) and pyridine (2.8 ml, 33.8 mmol) was
added AgNO; (1.83g, 11.0mmol) and TBDPSCI
(3.07 ml, 11.8 mmol). After being stirred for 18 h, the
mixture was filtered, poured into EtOAc (250 ml) and
washed with NaHCO; (3 x 100 ml). The organic phase
was dried (Na,SO,) and evaporated. Purification using
silica gel column chromatography (0-10% EtOAc, 0.5 %
pyridine, CH,Cl,, v/v/v) afforded 7 as a white solid
which was used for preparation of 1c¢ without further
purfication. Yield 4.32 g (55 %). Ry=0.60 (5% MeOH in
CH,Cl,, v/v). 'H NMR (CDCly): 8 1.13 (9 H, s), 3.30
(2H, m), 3.77 (6 H, s), 4.15-4.18 (2H, m), 4.57 (1 H,
dd, J=5.0Hz, 6.4 Hz), 5.03 (1 H, dd, /=1.8, 8.2 Hz),
6.20 (1 H, d, J=6.6 Hz), 6.65-7.61 (23 H, m), 7.67 (1 H,
d, J=82Hz), 8.66 (1 H, m). 3C NMR (CDCl,): &
19.05, 26.85, 55.22, 63.77, 72.13, 75.95, 84.17, 87.17,
87.48, 102.49, 113.22, 123.22, 127.06, 127.90, 128.03,
128.16, 128.23, 129.99, 130.50, 131.52, 132.32, 134.78,



135.52, 135.63, 13591, 140.09, 143.87, 149.80, 150.10,
158.64, 162.81. In addition, a mixture of 7 and the isomer
1-[3’-O-(tert-butyldiphenylsilyl )-5'-0-(4,4’-dimethoxy-
trityl )-B-pD-ribofuranosyl Juracil was isolated in 30 %

yield.
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