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batract: Synthesiz of novel spire uracil nuclecsides with an anomeric orthoester structure

a stereoselective manner under the hypoiodite reaction conditions of Heusler-Kalvoda
and Suarez is fully described. While 2'-deoxy-6-(hydroxymethyl)uridine 2 and 2'-deoxy-6-
{(1-hydroxy-1-me thyl)ethyl Juridine 4 gave p- and a-spiro nucleosides in 43-68% yields with
low f/a selectivity (1/1,3~3/1), the second ary alcohols 3a and 3b showed 68-79% chemical
yields with significantly better fa selectivity (6.5/1~1/46). The P/a orientation of the 6-
(hydroxyalkyluridine counterparis 6-8, 16-17, and 19 seemed to be controlled not only by
the 2'-substituent but also by the chirality at the C7-stereocenter of the C6-side chain like in
the 2'-deoxyuridine series. The transition state geometries of the reaction were postulated

based on the X-ray crystallographic structures of cyclized products 20a and 248.
© 1999 Elsevier Science Ltd. All rights reserved.

Much attention has been focused on the nucleoside anomeric radical formation as one of
the important DNA and RNA degradation mechanisms by certain anticancer drugs and oxygen
radicals.! A number of C1'-elongated nucleosides showing interesting biological activities have
been isolated as natural products, and several modes for introducing a functional group into the
nucleoside anomeric position have been explored extensively. We have studied the method for
generating nucleoside anomeric radicals and the synthetic utility of such species as the reactive

intermediate to create a novel framework of nucleosides with Cl-modification? In a
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preliminary communication,3® we have reported the hypomdlte reaction? on 2'-deoxy-6-

es (2-4 and 6-7).° Anomeric hydrogen was
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(hydroxyalkyl)- and 6-(hydroxyalkyl)uridi
abstracted by the Cé6-alkoxy radical, wmch was generated by irradiation of a hypoilodite
intermediate, wvia radical 1,5-translocation?2®8 and the subsequent stereoselective
cyclization afforded spiro nucleosides having an anomeric orthoester structure.3® We wish to
report in detail this radical reaction with additional results from the substrates 6-
(hydroxyalkyluridines 8, 16-17, and 19, some of which provided B-spiro nucleosides

predominantly.”

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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Results and Discussion
Preparation of substrates. To introduce the hydroxyalkyl group into the 6-position of
uridines, 3',5"- O-(tetraisopropyldisiloxan- 1,3-diyl)- 2'-deoxyuridine 1 and 5-O-TBDMS-2',3-0-
(isopropylidene) uridine 5 were first lithiated with LDA, respectively, and subsequently treated
with an appropriate electrophile: 1) DMF to introduce a 6-formyl group, then NaBHj4
reduction of the resulting aldehyde for 2 (53%)%2 and 6 (79%)5b; 2) acetaldehyde to give the

secondary alcohols 3 and 7; or the tertiary alcohols 4 (24%) an

e 5

ra .

o chloroacetate 9, which enabled the

separation of 9a (24%) and 9b (30%) by HPLC. Each chloroacetate was treated with

NH3/MeOH to afford depicted (7R)-alcohol 3a and (7S)-alcohol 8b in quantitative yields
(Scheme 1).

2
T
®w
@
o2
g
=
=
» <
&
(o]
EE
(4]
]
-y
<]
§
%"
[
w
€
)
o
Q
Q
2
o
H
ot
o
Q"i'

P P
g/u\ NH HNJ\ 5

R A ab  Rlo—y O e A2
(0] 7 ; H‘

\/ \_/ oH
R'O R RO R
2'-deoxyuridine 2: R3=R4=H
1: R=H, R'&R2=TIPDS 3: R%, R*zH, Me
4: R3=R*=Me
uridine

5: R=OR', R'=isopropylidene, R2=TBDMS 6: R%=R*=H
' T y T 7a: R3=H, R*=Me
7b: R3=Me, R*=H
8: R3=R*=Me

P
HN
R20— Ofl‘:l R
s VY e

\/ ORS
RO

9a: R3=H, R*=Me, R5=COCH,CI

P T A i emB i e

g (9 R3=Me, R*=H, R°>=COCH,Ci
Ao D3 od_w. O5_u
W va. n —l_l mn =vie, it =n
3b: R3=Me, R*=H, R°=H

Scheme 1. Reagents and conditions: a) LDA (3 eq), THF, —-78 °C, 30 min; b) for 2 and 6: DMF (11 eq),
then NaBHj4 (3 eq), for 3 and 7: acetaldehyde (5-11 eq), for 4 and 8: acetone (30 eq); ¢) (CICH2CO)20 (3
eq), DMAP (56 eq), CH2Clg, rt, 15 min, HPLC purification; d) saturated NH3z in MeOH, rt, 5 min.
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3b was unambiguously determined as S-configuration by T
X-ray crystallographic analysis (Figure 1).32 The C7- (%%
configurations of 7a and 7b were consistent with 'H o Ol ﬂ%@
NMR evidence of their O-methylmandelates® and TN, 0

Mosher's esters. 8¢ For example, chemical shifts of H5 @ %%g{?ﬂ

and C7-Me in (S')-Omethylmandelate of 7a are 5.59 and

pm, 1 (2)-Urmethylmand D are )

5.32 and 1 55 ppm, res;}ectxvel" In addition, 7a and 7b S5 ﬁ T
re converted to their (S)-MTPA esters, and Ad values of % e ) ;/)

"5, C7-Me, and H1' were calculated® as 3[7b(S)- &%%gw S
MTPA] - d[7a+(S)-MTPA]. H5, +0.06; C7-Me, —0.05; and g’K

H1', +0.06 ppm. These results suggest that 7a has (7EK)- g W/

configuration and 7b possesses (7S)-configuration.

] 1] 1] .
2'.3,5"-Tris-O-TBDMS -6-Chydroxyalkyluridines 18,17, and 19 were also synthesized to
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23", 5"tris-O-(TBDM S)uridine is not effective;>*? therefore, we planned to yield these
compounds via the 6-formyluridine derivative 15. 6-Iodouridine 11,% which was obtained by
deprotection of 10 in an acidic condition, was protected by the TBDMS groups to afford 12 in
89% yield. Stille coupling with tributyl(vinyl)tin!? in the presence of Cul'! and Pd(CH3CN)2Cl2
as a catalyst gave 6-vinyluridine 13 in 91% yield. Dihydroxylation of the vinyl group using cat.
0s04/NMO, followed by periodate oxidation of the resulting vicinal diol gave aldehyde 15 in
76% yield in two steps.
Reduction of 15 by

Methylation with MeMgBr in
which was chloroacetylated to isolate each diastereomer, in yields of 43 and 32%, by HPLC.

NaBH4 afforded the primary ho n quantitative yield

HF provided a diastereomeric mixture of the secondary alcohols,
Deacylation with NH3s/MeOH gave 17a (97%) and 17b (89%), respectively. Stereochemistry at
C7 was determined based on chemical conversion from 3a or 8b.12 Moffatt oxidation of 17
afforded ketone 18 in 86% yield, and subsequent methylation with MeLi in Et20 gave the
tertiary alcohol 19 in 27% yield (Scheme 2).

The H1' resonance of the tert-alcohols 8 and 19 appeared at 8 6.98 ppm in CDCl3, while
that of the other primary and secondary alcohols was in a range of 5.49-5.82 ppm. This

remarkable deshielding effect, which was reflected by proximity of the tertiary hydroxyl group
ALTT oo oV ahonnd 1 dha 913 swidi 3a
to n1', was aiso observed in tne Z-aeoxXyuridine case



5322 A. Kittaka et al. / Tetrahedron 55 (1999) 5319-5344

R'd oa‘ RG OR RGO OR RG OR
10: R'=isopropylidene, R2=TBDMS 13 14 f 15
11: R'=R?%=H HN t - i
12: R'=R2=TBDMS R=TBDMS A ’> 7 I
RO—y On N ) I 9
\ O™ |
RO OR

P
P P N4

Hi HN 0{_{\ /
RO OM H ,n_o—.o’l\,/ CHs i ROW —
Vg - T

-/ "o RO OR
RO OR RO OR 17 |
17a 17b Tl
!
HN H,N'&
RO— 07 A £Hy i RO— Of(\:q,(
VY e — VY 7f°"3
\/ HO /
RO OR RO OR
19 18

Scheme 2. Reagents and conditions: a) 50% CF3CO2zH; b) TBDMSCI (5 eq), imidazole (8 eq), DMF; c¢)
Bu3SnCH=CHz (1.85 eq), 10 mol% Pd(CH3CN)2Clp, Cul (0.2 eq), THF, rt; d) cat. 0sO4, NMO (1.6 eg),
acetone-Hz0 (6:1); e) NalO4 (1.1 eq), dioxane-H20 (6:1); f) NaBH, (3 eq), MeOH; g) MeMgBr (10 eq), THF;

h) (CICH2C0)20 (3 eq), DMAP (3 eq), CH2Cly, followed by HPLC separation; then saturated NHzin MeOH;

i) DCC (3 eq), CizCHCOzH (0.15 eq), DMSO; j) MeLi (i5 eq), Et20.

Cyclization reaction of alcohols in hypoiodite reaction conditions. The
hypoiodite reaction of aleohols thus obtained above was carried out under the conditions of
Heusler-Kalvoda [Pb(OAc)4/12/CaCOs/hv : method A]4® and the reaction conditions of Suarez
[(diacetoxyiodo)benzene (DIB)/Io/hv : method B]44-€ (Scheme 3).
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19; R%=R*=Me 348: R%=R*=Me 340 R3=R*-Me
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Scheme 3. Reagents and conditions: method A: Ph(OAc)4 (4 eq), I2 (0.6 eq), CaCO3 (4 eq), hv (250W
tungsten lamp), cyclohexane-CHzClz (6:1 or 3:1); method B: DIB (2.4-3.0 eq), I2 (0.6 eq), hv (250W
tungsten lamp), cyclohexane-CH2Clz (6:1 or 3:1).

The cyclized products were purified by silica gel column chromatography and subsequent
HPLC. The results are summarized in Table 1.32%7 It was found that DIB was the better
oxidant than Pb(OAc)4 for this cyclization reaction, in terms of not only chemical yield but also

face selectivity. Although reaction time was shorter, the acidic condition of the Pb(QAc)4
system would result in poor chemical balance
inin tha annmawin otarannhanic . o~ PR — 1Y
To determine the anomeric stereochemistly of the cyclized products in uridine series 27-

34, the anisotropic effect of the fixed C2 carbonyl group toward H2' and H4' could be taken
into account as in the 2-deoxyuridine cases.?? For example, in B-spiro nucleoside Z7p,
chemical shifts of H2' and H4'in CDClj3 are 5.46 and 4.28 ppm, respectively, and those for the
corres ponding o-nucleoside 27 are 4.68 and 4.72 ppm. The free nucleoside 3568 from 34p
was recrystallized from EtOH to subject to X-ray crystallographic analysis, and the C1*-
stereochemistly was clarified (data not shown, ORTEP drawing of Chatgilialoglu’s group, see
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reference 3¢). Namely, H2'is deshielded by the C2 carbonyl in B-spiro nucleosides, and H4' is
influe nced by the same effect in a-spiro nucleosides (Table 2).

Table 1. Hvnoiodite reaction of 6-(hydroxyalkyhuridine derivatives
irradiation time cyclized products anomeric
entry substrate method® (min)® (% yield by HPLC separation) combined yield (%) pla ratio
i 2 A 15 208 (19) 200 (24) 43 1/1.3
2 2 8 80 200 (25 200 {(43) 68 T
3 32 A 18 218 (62) 21a (9.5) 715 6.5/
4 3a B 45 21 (60) 21a  (8.5) 68.5 7.01
5 3b A 15 228 (2.0) 220 (67) 69 1/33.3
6 3b B 45 228 (1.7) 220 (78) 80 1/45.7
7 4 A 15 23 (46) 23 (15) 61 3.0/
8 4 B 45 23p (44) 230 (22) 66 2.0/1
9 6 A 20 278 (19) 270 (1.7) 21 11.11
10 8 B 30 278 (42) 27¢  (1.2) 43 34.6/1
11 Ta A 10 283 (53) 28a (3.8) 57 13.8/1
12 7a B8 60 283 (62) 28a (1.8) 64 34.4/1
13 i) A 20 293 (18) 290 (12) 30 1.5/1
14 7b B 87 293 (39) 2%a (14) 53 271
15 8 A 15 308 (40) 30a (19) 59 211
i6 8 B 55 308 (69) 30a (11) 80 6.5/1
17 16 B 95 318 (55) - 55 B-only
18 17a B 65 328 (61) - 61 B-only
19 17b B 80 33 (38) 33a (19) 57 2.01
20 19 B 150 34 (55) 34a (9.5) 64.5 5.8/1

Table 2. 'H NMR chemical shifts of spiro nudeosides (ppm).

Sspiro compounds H2' H4' Bora
278 5.46 4.28 B
27a 4.68 4.72 o
280 5.50 4.25 B
28a 4.46 4.70 o
298 5.32 4.31 B
2% 4.71 4.71 o
308 5.41 4.26 B
30a 4.68 4.69 o
318 5.21 3.95 8
328 5.11 4.06 B
338 492 4.16 B
33a 412 4.42 a
34p 5.10 4.07 B
34a 4.05 4.20 o
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Scheme 4. The plausible reaction mechanism.
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The plausible reaction mechanism. The following reaction steps would be involved as
shown in Scheme 4: 1) hypoiodite (i) formation at the C7-hydroxyl group; 2) photo-cleavage of
the O-I bond to generate an alkoxy radical and an iodine atom; 3) 1,5-translocation to provide
an anomeric radical (ii); 4) oxidation of the anomeric carbon by the iodine to produce an
oxonium cation (iii), or radical coupling between the C1'-radical and the iodine to form a C1'-

=
iodo intermediate (iv), which would reach equilibrium with iii; and 5) rise to the transition
, . . ) ) L _
state (T'S1 or T'S2) for cyclization. The origin of the chiral induction of the cyclization (B/x=1/46)
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newly forming oxazolidine ring in the transition states, C1', N atoms are placed

on the same plane as the uracil ring, and only O8 is forced to be located below the plane due to

the anomeric effect of the furanose ring oxygen (04".13 The ORTEP drawing of 24 shows that

the pro-S hydrogen and the O4'atom are mutually in the quasi 1,3-diaxial disposition. If this
hydrogen were replaced by a methyl group as in 3b, there would be an enhanced steric
repulsion between (7S)-Me and O4'; therefore, the TS2 (leading to 22a) should be more
avorable than TS1. The reverse has been discussed in reference 3a using the X-ray result of

The presence of the 2'-a-O-substituent plays an important role as a stereo-directing
group for the p-cyumatiOﬁ t}‘u“ﬁﬁg‘nou all uridine derivatives (Table 1, entries 5-20), espema fy'
in the primary alcohols. When the steric demand from the 2'-a-O-substituent matched the C7-
configuration (7R), a high /o ratio was again observed (entries 11-12 and 17-18). In contrast,
when mismatched [(7S)-alcohols: entries 13-14, and 19], the ratio decreased significantly. The
tertiary alcohols 8 and 19 gave spiro products with low face selectivity but in high yield as in
the 2'-deoxy case of 432 (entries 15-16 and 20). We recognized that proximity between the

tertiary hydroxyl group and H1'is most likely one of the important factors to encourage the

1,5-translocation and cyclization steps
Regammg differences of B/a ratics between methods A and B, especially in the uridine

cyclization step is different between the two methods. Uridine’s 2-oxygen may destabilize the
oxonium cation i11 due to its negative inductive effect, and the population of the intermediate
iv would be enriched in the equilibrium relative to the 2'-deoxyuridine case.!?

Additionally, it was found that 6-(phenylhydroxymethyl)-3',5'-O-TIPDS -2'-deoxyuridine®?
was a poor substrate for the cyclization conditions. All cyclized products in method B were
obtained in lower than 5% yield (data not shown).

Deprotection of cyclized compounds. Some of the spiro nucleosides (20[3, 22a, 23f, and

THF), which furnished the corresponding free nucleosides (248, 250, 2683, and
yields.

Conclusions

of novel
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nomeric spiro uracilnucleosides with

the geometries of the transition states have been proposed to explain remarks:
selectivity of the cyclization.
The possibility of introducing such an acid labile component, with base moiety fixed in
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General Information. Melting points were determined with a Yanagimoto micro melting
point apparatus and are uncorrected. !H NMR spectra were measured at 23 °C with a JEOL
JNM-GX 400 or a JEOL ramda 500 spectrometer. Chemical shifts were reported in ppm on
the J scale relative to the internal standard (Me,Si). Mass spectra (MS) were taken on a

JEOL SX-102A spectrometer in FAB mode (m-nitrobenzylalcohol as a matrix). Ultraviolet
spectra (UV) were recorded on a JASCQO Ubest-55 spectrophotometer. A commeraally

PFowve R Taeto ATRASINARTSAR LRV VURPTOV EERIUNSLZA L3 WRPasaazala vatdasny

available hexane solution of BuLi was titrated before use with diphenyl acetic acid in THF.

THF was distilled from benzophenone ketyl. Column chromatography was carried out on
silica gel (Silica Gel 60, Merck). Thin layer chromatography (TLC) was performed on silica gel

(precorted silica gel plate Fas4, Merck). Preparative HPLC was carried out on a Shimadzu LC-
6AD with a Shim-pack PREP-SIL(H) * KIT column (2 X25 cm).

Synthesis of the secondary alcohols 3a and 3b. To a THF (23 mL) solution of LDA (13.7
mmol), 3'5-0O-(tetraisopropyldisiloxan-1,3-diyl)-2'-deoxyuridine 1 (2.15 g, 4.57 mmol) in THF
(23 mL) was added via a syringe while maintaining the temperature below -70 °C. After
stirring for 30 min at -78 °C, freshly distilled acetaldehyde (2.8 mL, 50.3 mmol) was added

- : v na ot = 1 L  dhn cantin Farnea b Aftnwthn additine ~F A NIT O
aAiiu LiIC LIIALUIT Wad dLuLilivu vl 1 1 ul« VIIC dallic I:Uulpt}ldbull: AILEeY tiié aaaition o1 AcCuIn \&.U

mL, 45.4 mmol), the mixture was partitioned between EtOAc (450 mL) and water (75 mL). The
organic layer was separated and washed with saturated aqueous NaHCOg3, H20, and brine (50
mL each), successively, and dried over NazSO4. Purification by column chromatography on
silica gel (17-40% EtOAc in hexane) gave a diastereomeric mixture of alcohols 3a and 3b (1.50
g, 64%) as a colorless oil, which was used for the subsequent chloroacetylation for separation.

Chloroacetylation of the secondary alcohols. To the solution of the diastereomeric
mixture of alcohols 3a and 3b (341.5 mg, 0.663 mmol) and DMAP (405.2 mg, 3.32 mmol) in

CH2Cl2 (12 mL), monochloroacetic anhydride (340.1 mg, 1.99 mmol) in CH2Cl2 (12 mL) was
add.d M. n W o otsmeend ~d wb fow 1R 3 and 19

anliiéan P - ~ A+ mrrarmn b o+
aaaea. 1ne sgiution was stirrea at rov 1ot 19 Llll.ll, aliu 1.4 1l |8}
T

L of EtOH was added to quench the
reaction. The mixture was partitioned between EtOAc (200 mL) and water (80 mL), the organic
layer was washed with 0.5 M HCI, saturated aqueous NaHCO3, H20, and brine (50 mL each),
successively, and dried over Na2SOQ4. Silica gel column chromatography (10-33% EtOAc in
hexane) followed by HPLC (EtOAc:hexane=1:1) gave 9a (retention time (tr) 9.2 min, 147.5 mg,
solid, 38%) and 9b (tr 10.2 min, 184.4 mg, powder, 47%). Data for each alcohol is as follows:
3',5'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6-[(1R)-1-chloroacetoxyethyl}-2'-deoxy-
uridine (9&) mp 146.5-147.5 °C (hexane-Et20). UV (MeOH) Amax 261 nm (g 10300), Amin 231
nm (¢ 2600). 1TH NMR (CDCl3) § 8.00 (1H, br), 5.82 (1H, q, J7,cH3=6.8 Hz), 5.81~5.78 (2H, m),
dt Jo 3= Im 4=7.0, Tm =88 Hz) 413 (2H, s), 4.01~396 (2H, m), 3.79 (1H dt

y g, AREijy, R.AU (mai, Ty, \&aay 22/ 42, 2%,

4.8 Hz), 2.95 (1H, ddd, J1',2=8.1, Jgem=13.4 Hz), 2.38 (1H, ddd, J1,2=9.3 Hz), 1.65

N
o
H
=
O
Q.
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+ +

(3H, d), 1.19~0.87 (28H, m). FABMS m/z 615, 613 (M+Na)*, 593, 591 M+H)*, and 549, 547
ML TN A Y MN_1 16 _N__ LT . _MAT N Q: . eNnT70.LT 7 303N A TA Bamnnd. Y ENCO. YT 77 A1
{M~—1rT) . Anai. Uaica Ior U25r43uiiNgUsoiz: U, oU. 7Y, 1, /.00, IN, 4.74. founa. L, oVv.ou; N1, .41,

3',56'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6-[(1S)-1-chloroacetoxyethyl]-2'-deoxy-

uridine (9b). UV MeOH) Amax 264 nm (¢ 10300), Amin 231 nm (¢ 2400). 'H NMR (CDCl3) §
8.07 (1H, br), 6.25 (1H, Jr,2=5.1 and 9.0), 5.81 (1H, s), 5.80 (1H, q, J7,cH3=6.2), 4.87 (1H, dt,
J2,3=J3,4=6.6, Jo 3=9.2 Hz), 4.09 (2H, s), 4.04 (1H, dd, J4 5=3.7, Jgem=12.1 Hz), 3.99 (1H, dd,
J¢ 5=5.5 Hz), 3.75 (1H, ddd), 2.89 (1H, ddd, Jgem=13.6 Hz), 2.39 (1H, ddd), 1.61 (3H, d), 1.10~

0.90 (28H, m). FAB MS m/z 615, 613 (M+Na)*, 593, 591 M+H)*, and 549, 547 (M-iPr)*. Anal.
Caled for C25Hi3CIN203sSi2: C, 50.79; H, 7.33; N, 4.74. Found: C, 50.89; H, 7.29; N, 4.69.

3',6'-0-(Tetraisopropyidisiloxan-1,3-diyl)-6-{(1R)-1-hydroxyethylj-2'-deoxy-

uridine (3a). Compound 9a (169.1 mg, 0.286 mmol) was dissolved in saturated NHg3 in
MeOH (15 mL). After 5 min, the solution was concentrated and the residue was purified on a
silica gel column (20-40% EtOAc in hexane) to yield 3a (139.3 mg, 95%) as an oil, which was
gradually solidified. Recrystallization from hexane-EtOAc gave an analytical sample: mp
175.0-175.5 °C (hexane-EtOAc). UV (MeOH) Amax 261 nm (€ 11000), Amin 229 nm (e 2500). 1H

NMR (CDCl3) 8 8.26 (1H, br), 6.10 (1H, dd, J1,2=3.4 and 9.3 Hz), 5.84 (1H, br), 4.98 (1H, dt,
=89

+r1 i
(M-1Pr)*. Anal. Calcd for C23H42N207812 , 53.67; H, 8.22; N, 5.44. Found: C, 53.92; H, 8.32; N,
5.36.

3',6'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6-[(1S)-1-hydroxyethyl]-2'-deoxy-
uridine (38b). This compound (160.5 mg) was obtained from 9b (184.4 mg, 0.312 mmol) by the
same procedure for 3a in the quantitative yield. The resulting solid was recrystallized from

amnle: mpn 173.0-174 5 °C (hexane- F‘ann\ Vv (MeQOH

havana Bt ot otvo an analvtieal ¢
AAU AR ARC T AAUNJLAW VY 51'\; A LR uxlux_y VALVEA L Dumlll.\l ARRpS AT UV \AEC ARV aduiss \+7 &vva.a.
Amax 262 nm (¢ 12300), Amin 230 nm (¢ 2500). 'H NMR (CDCl3) § 8.58 (1H, br), 5.99 (1H,

Jr,2=3.7 and 9.5 Hz), 5.88 (1H, d, J5,NuH=2.4 Hz), 4.57 (1n, dt, J2,3=J3,4=6.9, J2,3=8.9 Hz),
4.85 (1H, m), 4.01 (1H, dd, Js 5=6.9, Jgem=11.6 Hz), 3.98 (1H, dd, Ju¢,5=4.3 Hz), 3.79 (1H, dt),
3.07 (1H, d, J7,04=4.3 Hz), 2.91 (1H, ddd, Jgem=13.4 Hz), 2.35 (1H, ddd), 1.50 (3H, d, J7,cH3=6.7
Hz), 1.20~0.89 (28H, m). FAB MS m/z 537 (M+Na)*, 515 (M+H)*, and 471 (M-iPr)*. Anal.

Caled for C23H42N207Si2: C, 53.67; H, 8.22; N, 5.44. Found: C, 53.50; H, 8.40; N, 5.38.

', 5'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6-[(1-hydroxy-1-methyl)ethyl]-2'-deoxy-
uridine (4). To a THF (27 mL) solution of LDA (16.4 mmol), 1 (2.57 g, 5.46 mmol) in THF (27
mL) was added via a syringe while maintaining the temperature belew ~70 °C. After stirring
for 30 min at —78 °C, freshly distilled acetone (12 mL, 164 mmol) was added and the mixture
was stirred for 1 h at the same temperature. After the addition of AcOH (3.1 mL, 54.6 mmol),
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the mixture was partitioned between EtOAc (300 mL) and water (100 mL). The organic layer

e wew

was separated and washed with saturated aqueous NaHCOj3, H20, and brine (100 mL each),
successively, and dried over Na2S04. Purification by column chromatography on silica gel (10-
33% EtOAc in hexane) gave alcohol 4 (677.3 mg, 24%) as a solid along with recovered 1 (1.88 g,
73%). Recrystallization from hexane-EtOAc gave an analytically pure sample: mp 150.0-151.0
°C (hexane-EtOAc). UV (MeOH) Amax 264 nm (¢ 10500), Amin 231 nm (¢ 2300). 'H NMR
(CDCl3) 8 8.11 (1H, br), 6.86 (1H, dd, J1,2=3.7 and 9.5 Hz), 5.71 (1H, d, J5 nu=2.2 Hz), 5.00 (1H,
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1Pr)*. Anal. Calced for C24H44N207Si2: C, 54.51; H, 8.39; N, 5.30. Found: C, 54.56;
5.28.

65'-O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-6-(hydroxymethyl)uridine

(6). To a THF (23.5 mL) solution of LDA (14.1 mmol), 5-O-(tert-butyldimethylsilyl)-2',3"-O-
(isopropylidene)uridine 5 (1.88 g, 4.72 mmol) in THF (23.5 mL) was added via a syringe while
maintaining the temperature below -70 °C. After stirring for 30 min at =78 °C, anhydrous
DMF (4.0 mL, 51.9 mmol) was added and the m
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mmol), the mixture was pdruuuueu
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nd water (50 mL). The organic layer was separated and washed with
saturated aqueous NaHCOj3, H20, and brine (50 mL each), successively, and dried over Na2SOj4.
After evaporation of the solvent, the residual oil was dissolved in MeOH (100 mL) and NaBHj4
(635.7 mg, 14.2 mmol) was added portionwise. After stirring for 3 h, AcOH (0.81 mL, 14.2
mmol) was added and the mixture was concentrated in vacuo. The residue was partitioned
between EtOAc (300 mL) and saturated agueous NaHCO3 (50 mL). The organic layer was

separated and washed with H20 and brine (50 mL each), successively, and dried over Na2SQOy4.
Purification by column chromatography on silica gel (17-60% EtOAc in hexane) gave alecho! 8§
(1.59 g, 79%) as a solid: UV (MeOH) Amax 260 nm (¢ 9800), Amin 228 nm (¢ 2800). 'H NMR
(CDCl3) 6 9.27 (1H, br), 5.81 (1H, br), 5.78 (1H, d, J1,2=1.3 Hz), 5.18 (1H, dd, J2 3 =6.6 Hz),

4.80 (1H, dd, J3,4=4.6 Hz), 4.53 (2H, d, J7,08=6.6 Hz), 4.15 (1H, dt, J4 5=4.6 and 7.2 Hz), 3.88
(1H, dd, Jgem=11.0 Hz), 3.83 (1H, dd), 3.39 (1H, t), 1.55 and 1.33 (6H, each as s), 0.89 (9H, s),
0.08 and 0.07 (6H, each as s). FAB MS m/z 451 (M+Na)*, 429 (M+H)*, 413 M-Me)*, and 371
(M—'Bu)*. Anal. Calcd for C20H34N2078i: C, 53.25; H, 7.53; N, 6.54. Found: C, 53.48; H, 7.46; N,
6.41.

5'-0O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-6-[(R)-1-hydroxy-ethyl]-

uridine (7a) and 5'-O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-6-[(S)-1-
hydroxyethyl]uridine (7b). To a THF (28.5 mL) solution of LDA (15.3 mmol), compound 5
(2.02 g, 5.07 mmol) in THF (28.5 mL) was added via a syringe while maintaining the
temperature below —70 °C. After stirring for 30 min at ’78 C, freshly distiiled acetaldehyde
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and the mixture was stirred for 1 h at the same temperature.
mi, 50.7 mmol), the mixture was partitioned between EtOAc
(300 mL) and water (50 mL). The organic layer was separated and washed with saturated
aqueous NaHCO3, H20, and brine (50 mL each), successively, and dried over Na2SOs.
Purification by column chromatography on silica gel (10-33% EtOAc in hexane) gave a
diastereomixture of alcohols 7a and 7b, which was separated by HPLC (33% hexane in EtOAc)
to yield 7a (tr 10.7 min, 564.5 mg, foam, 25%) and 7b (tr 10.2 min, 826.4 mg, foam, 37%).

Ta: UV (MeOH) Amax 260 nm (€ 10100), Amin 230 nm (g 2800). 'H NMR (CDCl3) § 9.24 (1H, br)

6.04 (IH d Jvwae=12H) 82 (1TH d J-»u=21H2\ R 1R (1 Ad Jor =R K5 Hs) 4 R (1H dn
Ay vy UL Lo Aobed RALJy VUelTbt \ALLy \hy ) INDL T date b RALL), \Li1, W\, UL,0 V.J 1i4), .00 \ L4k, WY,

In mzga=0 "7 To meamdAd Q LT A4 QN 11T 33 T, .;—A 77 LI\ 1A 77 LT 1. T o1 -1 70 1T

v, bﬂd—U I, J({0UH—%.0 114}, 4.0V 111, Uuu, v3’' 4'—%.1 I114), 14 (111, 4y, J4'5'—0.1 d1IM [ .4

. 4. 5. .
(1H, dd, Jgem=10.8 Hz), 3.83 (1H, dd), 3.41 (1H, d), 1.57 (3H, d), 1.55 and 1.34 (6H, each a s),
0.89 (9H, s), 0.06 (6H, s). FAB MS m/z: 465 (M+Na)*, 443 (M+H)*, 427 (M-Me)*, and 385 (M
‘Bu)*. Anal. Calcd for C20H34N207Si: C, 54.28; H, 7.74; N, 6.33. Found: C, 54.42; H, 7.72; N,
6.25.

7b: UV (MeOH) Amax 260 nm (¢ 10700), Amin 230 nm (¢ 2700). 'H NMR (CDCl3) § 8.86 (1H, br),
5.87 (1H, d, J5Nnu=2.1 Hz), 5.79 (1H, br), 5.21 (1H, dd, Ji,2=1.2, J2,3=6.4 Hz), 4.85 (1H, dq,
J7,00H=4.6, J7,cH3=6.7 Hz), 4.77 (1H, dd, J3 4=4.3 Hz), 4.17 (1H, dt, Js 5=4.4 and 8.5 Hz), 3.94

(1H, dd, Jgem=11.0 Hz), 3.84 (1H, dd), 3. 43 (1H, d), 1.67 (3H, d), 1.51 and 1.33 (6H, each as s),
; 43 (\ Me)* Ru)t*

0.09 (8 <) FAR m/z 465 (M+Na)t A+HYY 497 (M— and 285 (M_tR; Anal
Ve \Via, OJ, LiaEJ ivasd 14iide "ZOU \UvA T ANQr; , O \AVLR VKR 5 LT \AVATAVE c; y QiRA TUU \uvi AFNA] . LrllAl.
MY 1 £ . MN_TT AT MO ™ a4 00, TT 7 Ma. AT N an T LAY ma 00, IYT o, AT N Oa
Calca 1or C2ori34iN20701: C, 54.28; 1, 7.74; N, 6.33. Found: C, 54.32; H, 7.95; N, 0.24.

5'-O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-6-[(1-hydroxy-1-methyl)-

ethyl]uridine (8). To a THF (21 mL) solution of LDA (12.6 mmol), compound 5 (1.68 g, 4.22
mmol) in THF (21 mL) was added via a syringe while maintaining the temperature below -70
°C. After stirring for 30 min at —-78 °C, freshly distilled acetone (9.3 mL, 127 mmol) was added

and the mixture was stirred for 1 h at the same temperature. After quenching with AcOH (2.4

- T T g - T = et YT TEEEE TR TTEETEET T - = Ay
mL 42 2 mmol). the mixture was nartitioned between EtQAc (300 mL) and water (50 ml1). The
01), tne mixt ure was partitigned petween LIVUAC(SVV miu) ang water{(oUmuL). 1 he
Moo v |n- nm tarmnan cnrnawntad and mracshad th cntrrmntad nnrranTIs AT, Y aanAd hasean (RN
Orgamnic iayer was separated ana wasnea witin saturatea agueous (NanLuUsg, rizyu, and orine (ov

mL each), successively, and dried over Na2SO4. Purification by column chromatography on
silica gel (10-33% EtOAc in hexane) gave alcohol 8 (392.9 mg, 20%) as a foam, along with
recovered b (1.24 g, 74%). Compound 8: UV (MeOH) Amax 261 nm (¢ 13000), Amin 231 nm (e
5900). 'H NMR (CDCl3) § 9.02 (1H, br), 6.97 (1H, d, J12=1.4 Hz), 5.61 (1H, d, J5 Nnu=2.4 Hz),
5.15 (1H, dd, J2,3=6.7 Hz), 4.75 (1H, dd, J3,4=4.6 Hz), 4.15 (1H, dt, J4,5=4.6 and 8.6 Hz), 4.00
(1H, dd, Jgem=10.7 Hz), 3.86 (1H, dd), 3.67 (1H, br), 1.63 and 1.61 (6H, each as s), 1.54 and 1.33
(6H, each as s), 0.88 (9H, s), 0.09 and 0.06 (6H, each as s). FAB MS m/z 479 (M+Na)*, 457
(M+H)*, 441 M-Me)*, and 399 M-!Bu)*. Anal. Caled for C21H36N207Si: C, 55.29; H, 8.08; N,

E Q2 Faund- P B85 94- T 7 QK- N & 14
J.Jou. rouia. u,u LY, 1L, §.00; IN, U.i4a.

{(-)-Mandelate esters of 7a and 7b. Freshly distilied oxalyl chioride (60 L, 0.688 mmol)

e (
was added to the solution of DMF (80 puL, 1.03 mmol) in CH3CN (5 mL) at 0 °C under Ar, and
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/as added and the mixture was stirred for 5 min. After the addition of a diastereomeric
mixture of 7a and 7b (304.5 mg, 0.688 mmol) in pyridine (1 mL) while stirring for 1.5 h, the
mixture was partitioned between Et20 (100 mL) and saturated aqueous CuSO4 (30 mL). The
organic layer was washed with saturated aqueous NaHCO3, H20, and brine (30 mL each), and
dried over Na2SO4. Partial purification by silica gel column chromatography (10-33% EtOAc
in hexane) and subsequent HPLC (33% EtOAc in hexane) gave (-)-mandelates with tg of 16.7
min (77.3 mg, foam, 19%) and with tr of 18.5 min (111.7 mg, foam, 27%).

2222 Y4124,

(-)-Mandelate with tg of 16.7 min: 1H NMR (CDCl3) 8§ 8.71 (1H, br), 7.39~7.44, (5H, m), 5.81

GRLICIaLT willil i L2 Y2 2% (ARG Ced a \aaa, va \UAs, a21y

(1H, q, J7,cH3=6.3 Hz), 5.75 (1H, s), 5.59 (1H, s), 5. 18 (1H, d, J2,3=6.5 Hz), 4.83 (1H, s), 4.79
- 13 s

~

(1H, dd, J3,4=4.8 Hz), 4.13 (1H, dt, Jo,5=4.9 and 7.2 Hz), 3.83 (1H, dd, Jgem=11.2 Hz), 3.78 (1H,
dd), 3.42 (3H, s), 1.43 (3H, d), 1.51 and 1.33 (6H, each as s), 0.87 (9H, s), 0.07 (6H, s). FAB MS
m/z613 (M+Na)*, 591 (M+H)*, 575 (M-Me)*, and 533 (M-fBu)*.

(-)-Mandelates with tg of 18.5 min: 'H NMR (CDCls) 6 8.42 (1H, br), 7.34~7.44, (5H, m), 5.83
(1H, s), 5.75 (1H, dq, J7,cH3= 6.4 Hz), 5.32 (1H, s), 5.21 (1H, d, J2 3=6.3 Hz), 4.83 (1H, s), 4.81
(1H, dd, J3,4=4.6 Hz), 4.06 (1H, ddd, J¢,5=4.9 and 6.0 Hz), 3.82 (1H, dd, Jgem=10.6 Hz), 3.76

(1H, dd), 3.41 (3H, s), 1.56 (3H, d), 1.54 and 1.34 (6H, each as s), 0.88 (9H, s), 0.04 (6H, s). FAB
MS m/z613 (M+Na)*, 591 (M+H)*, 575 (M-Me)*, and 533 (M-tBu)*.

JJ L 5 allill
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b. To the CH2Cl2 (12 mL) solution of 7 (55.3 mg, 0.125 mmol)
and 4-(dimethylamino)pyridine (58.2 mg, 0.476 mmol), (-)-MTPA chloride (44.9 pL, 0.240

mmol) was added at 0 °C under Ar, and the solution was stirred at rt for 15 min. After
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{S)-MTPA esters o i

. |
a aniu

evaporation of the solvent, the residue was purified on preparative TLC plates (33% EtOAc in
hexane) to yield (S)-MTPA esters with R/0.6 (15.8 mg, foam, 19%) and with Rr0.7 (23.0 mg, oil,
28%). lH NMR data for these compounds are as follows:

(S)-MTPA ester with Rr0.6: 'H NMR (CDCls) 8 9.35 (1H, br), 7.39~7.50 (5H, m), 5.97 (1H, q
,CH3=6.4 Hz), 5.72 (1H, s), 5.58 (1H, s), 5.20 (1H, d, J2 3=6.6 Hz), 4.82 (1H, dd, J3 4=4.8 Hz

‘

-/

7 = 224 \Eidy 37, L0 J2a2, 5 Aidy, U, UL, 0TV daky, TUL \Adx My o, 4 TESO J.;u,,
4.10( H ddd, J¢,5=5.5 and 6.6 Hz), 3.83 (1H, dd, Jgem=11.1 Hz), 3.79 (1H, dd), 3.57 (3H, s),
1.67 (3H, d), 1.55 and 1.33 (6H, each as s), 0.89 (9H, s), 0.05 (6H, s).

(S)- x‘viTrA ester with RBr0.7: 1H NM

NMR (CDClg) 6 9.47 (1H, br), 7.43~7.51 (6H, m), 6.04 (1H, dq,
J7,cH3=6.6 Hz), 5.78 (1H, 8), 5.64 (1H, s), 5.21 (1H, d, J2,3=6.2 Hz), 4.80 (1H, dd, J3,4=5.3 Hz),
4.13 (1H, ddd, J4,5=5.5 and 7.0 Hz), 3.81 (1H, dd, Jgem=11.2 Hz), 3.77 (1H, dd), 3.54 (3H, s),
1.62 (3H, d), 1.54 and 1.33 (6H, each as s), 0.86 (9H, s), 0.03 and 0.02 (6H, each as s).

ound B (2.562 g, 6.32 mmol) wa l!thlated by LDA (19.0 mmol) in THF according to the
same procedure for the preparation of 8, and I (1.92 g, 7.56 mmol) in THF (35.5 mL) was
added as an electrcp}‘ule below =70 °C. After 1 h stirring at —=78 °C, AcOH (3.6 mL, 63 mmol)

which was partimoned between bt()Ac (600 mL) and saturated aqueous NaHCOs3 (200 mL),
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and the organic phase was washed with H20 and brine (200 mL each), and dried over Na2SOy4.
Silica gel column chromatography (10-33% EtOAc in hexane) gave & (2.44 g, 74%) as a pale
yellow foam: UV (MeOH) Amax 266 nm (€ 6900), Amin 241 nm (¢ 4500). 'H NMR (CDCl3) § 9.11
(1H, br), 6.45 (1H, s), 6.09 (1H, d, J1,2=1.4 Hz), 5.18 (1H, dd, J 3=6.4 Hz), 4.81 (1H, dd,
J3,4=4.4 Hz), 4.17 (1H, ddd, J¢ 5=5.6 and 7.1 Hz), 3.81 (1H, dd, Jgem=10.8 Hz), 3.78 (1H, dd),
1.34 and 1.56 (6H, each as s), 0.89 (9H, s), 0.05 and 0.04 (6H, each as s). FAB MS m/z 547
(M+Na)*, 525 M+H)*, 509 M-Me)*, and 467 M-‘Bu)*. Anal. Caled for
Ha2eIN20sSi- 1/2H20: C, 54.77; H, 8.70; N, 4,56. Found: C, 54.57 H, 890 N, 4.49,

AL S LS <4 N Ny UK 0, Axy s A Vvaaas AN,

’ LAy

2',3",5'-Tris-O-(tert-butyldimethylsilyl)-6-iodouridine (12). Compound 10 (2.12 g,
4.04 mmol) was dissolved in 50% CF3COOH (50 mL) and the solution was stirred at rt for 18 h
in the dark. The mixture was concentrated in vacuo with EtOH-toluene, and the residue was
partially purified by silica gel column chromatography (50% benzene-MeOH) to yield 11 (1.55 g,
quant.), which was used without further purification. Compound 11 (560 mg, 1.5 mmol) was
dissolved in DMF (10 mL), and imidazole (817 mg, 12.0 mmol) and TBDMSCI (1.36 g, 9.0
mmol) were added. The reaction mixture was stirred at rt overnight in the dark. The mixture
d saturated aqueous NaHCOj3 (50 mL), and the

\_z,_‘

.in 1 .
(MeOH) Amax 268 nm (g 6200), Amin 239 nm (¢ 200) 1H NMR (CDCl3) 8 8.38 (1H, br), 6.36 (1H,
d, J5,nu=1.8 Hz), 5.81 (1H, d, J1,2=6.4 Hz), 5.02 (1H, dd, J2,3=4.6 Hz), 4.12 (1H, dd, J3,¢4=1.7
Hz), 3.83 (1H, ddd, J4 5=4.9 and 8.3 Hz), 3.68 (1H, dd, Jgem=10.8 Hz), 3.56 (1H, dd), 0.84, 0.82,
and 0.80 (27H, each as s), 0.02, -0.04, -0.05, -0.08, -0.10, and -0.12 (18H, each as s). FAB MS
m/z 736 (M+Na)*, 714 M+H)*, 698 (M-Me)*, and 656 (M-‘Bu)*. Anal. Calcd for
C27H53IN206S13+ 2/3H20: C, 44.44; H, 7.34; N, 3.61. Found: C, 44.81; H, 7.54; N, 3.87.

2',3',6'-Tris-O-(tert-butyldimethylsilyl)-6-vinyluridine (13). The mixture of compound
1O (INE Q sevr N TEN 2n s A1) DA/(‘U_..(‘I\T\ N30 sener TE N t1nmaan]Y Ve (877 aan N N aren ~1N o |
L& \1VV.O 11y, V.1Juyu 1111U1), L U\ IlJWiN)JI Ul Q.0 lilg, L1V.V HLLl 1), LUl (V.1 uxg, V.Uo ailviy, dllu
e o VWalke Fal sl /00 .71 a9EaYaY " £ I' AY 4 1 my

BuzSnCHCHz2 (88 uL, 6.30 mmol) in THF (4 mL) was stirred 1.5 h. The reaction mixture was

passed through a celite pad, and the eluate was concentrated in vacuo. The residue was
partitioned between EtOAc (100 mL) and saturated aqueous NaHCOQ3 (30 mL), and the organic
phase was washed with H20 and brine (30 mL each), and dried over Na2SO4. Silica gel column
chromatography (10-17% EtOAc in hexane) gave 13 (83.6 mg, 91%) as a colorless oil: UV
(MeOH) Amax 276 nm (€ 5600), Amin 243 nm (¢ 2600). 'H NMR (CDCl3) 8 9.05 (1H, br), 6.62 (1H,

dd, J7.8a=11, J7.85=17 Hz), 5.80 (1H, d), 5.72 (1H, d, J5 nu=2.6 Hz), 5.59 (1H, d), 5.53 (1H, d,
Jura=G O HzY 501 (1 dd Jo =3 3 Hz) 4 25 (1 dd Jo 4a=4 O Hz) 2391 (1H dt. Jsa =4 9 and
©“1,4 WS RR&ify UV A \LALy AR, LT U dAlu)y XU \Adady VY 0,4 T/ BAbuJy Vs A \LARy MUy T4 5T e QKax A
7.2 Hz), 3.82 (1H, dd, Jgem=10.9 Hz), 3.68 (1H, dd), 0.91, 0.89, and 0.83 (27H, each as s), 0.10,
NNO NNA NN __ 31 NnNne 1017 L . .\ T'AD MQ __/_0or MAIN_ A 019 MALINNG a7 /A

U.Uo, U.UD, U.Uo, ana —u.uo (1on, eacn as §). rAD VMO IIIVZ 000 UITINA) , 010 (MTH) , oJi (vi—
Me)*, and 555 (M-tBu). Anal. Calcd for C29Hs6N206S13: C, 56.60; H, 9.33; N, 4.27. Found: C,
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2',3‘,5'=TnsaOs(tert-butyldimethy;aﬂyi)-%-(l,2-d1hydf*xye ylyuridine (14). To the
acetone-Hz20 (6:1, 35 mL) solution of compound 13 (1.12 g, 1.83 mmol), 4-methylmolpholine N-
oxide (350.9 mg, 3.00 mmol) and 2% Os04 in H20 (0.23 mL) were added. The solution was

stirred at rt overnight and partitioned between EtOAc (350 mL) and H20 (100 mL). The
organic layer was washed with brine (80 mL) and dried over Na2SO4. Silica gel column
chromatography (20-50% EtOAc in hexane) gave vicinal diol 14 (1.00 g, 85%) as a foam: UV
(MeOH) Amax 262 nm (g 7200), Amin 231 nm (¢ 2100). 'H NMR (CDCl3) é 8.46 and 8.50 (1H,

each as br), 6.00 and 6.03 (1H, each as s), 5.63 (0.5H, d, J1 2=7.2 Hz), 5.48 (0.5H, d, Jy 2=7.2
Hz), 5.28 (0.5H, dd, J2 3=4.6 Hz), 5.21 (0.5H, dd, J2 3=4.6 Hz), 4.79 (0.5H, dd, J7.5=3.5 and 6.3
Hz), 4.73 (0.5H, dd, J7,6=3.5 and 6.3 Hz), 4.21 (0.5H, dd, J3.4=1.5 Hz), 4.19 (0.5H, d), 3.95 (2H,
m), 3.83 (1H, dd, Jgem=11.4 Hz), 3.76 (1H, dd, J4 5=8.2, Jgem=11.8 Hz), 3.71 (1H, dd, Js 5=5.2,
Jegem=11.8 Hz), 3.63 (0.5H, dd, Jgem=11.4 Hz), 0.93, 0.92, 0.90, 0.89, 0.86 and 0.85 (27H, each as
s), 0.11, 0.09, 0.08, 0.07, 0.06, 0.04, —0.03, and ~0.04 (18H, each as s). FAB MS m/z 647 (M+H)*,

631 (M-Me)", and 589 (M-‘Bu). Anal. Caled for C29H56N207Si13: C, 54.00; H, 8.75: N, 4.34.
Found: C, 53.93; H, 9.08; N, 4.26.
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column chromatography (10-17% EtOAc in hexane) gave aldehyde 156 (959.3 mg, 95%) as a
foam: UV (MeOH) Amax 262 nm (€ 8600), Amin 232 nm (¢ 2100). 'H NMR (CDCls) § 10.07 (1H,
s), 9.71 (1H, br), 6.19 (1H, d, J1,2=7.5 Hz), 6.17 (1H, s), 4.53 (1H, dd, J2,3=5.0 Hz), 4.19 (1H, dd,
J3,4=2.1 Hz), 4.01 (1H, ddd, Js,5=3.7 and 4.6 Hz), 3.80 (1H, dd, Jgem=11.3 Hz), 3.73 (1H, dd),
0.92, 0.91, and 0.83 (27H, each as s), 0.10, 0.09, 0.08, and 0.02 (6H, each as s). FAB MS m/z
638 (M+Na)*, 615 M+H)*, 599 (M-Me)*, and 557 (M-‘Bu)*. Anal. Calcd for C2s8H53N207Si3: C,
54.77; H, 8.70; N, 4.56. Found: C, 54.57; H, 8.90; N, 4.49.

2', 3', 5'-Tris-O-(tert-butyldimethylsilyl)-6-(hydroxymethyl)uridine (16). To the
MeOH (2 mL) solution of aldehyde 15 (111.9 mg, 0.182 mmol), NaBH4 (20.7 mg, 0.546 mmol)
was added and the mixture was stirred for 2 h. After the addition of AcOH (31 uL, 0.54 mmol),
the mixture was partitioned between EtOAc (100 mL) and saturated aqueous NaHCO3 (30
mL). The organic layer was washed with H20 and brine (30 mL each) and dried over Na2S04.
Silica gel column chromatography (20-50% EtOAc in hexane) gave alcohol 16 (110.1 mg, 98%)
as a solid: UV (MeOH) Amax 260 nm (g 7000), Amin 230 nm (¢ 2000). 'H NMR (CDCIa) 5 8.80

(1H, br), 6.36 (1H, d, J5 Nu=1.8 Hz), 5.49 (lH d, J1,2=6.6 Hz), 5.10 (1H, dd, Jz,

l\'J
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' Q' R' Myia_).(tort.-hutvldimathevlailvNN.B. I/ R.(1 _hvdravevlathullnridina (17a) and
Y O EY Mala N (énwd heictb ol dicmatbhaeloil.1Y 2 7O 71 heedanewerbadbhoa1Toawnl 12 71 L\ m._
2',3',6'-Tris-O-(tert-butyldimethylsilyl)-6-[(S)-(1-hydroxy)ethyljuridine (17b). To
the THF (15 mL) solution of MeMgBr (10.1 mmol), aldehyde 15 (1.24 g, 2.02 mmol) in THF (15

mL) was added at 0 °C, and the solution was stirred at rt overnight. The mixture was diluted
with EtOAc (300 mL) and washed with saturated aqueous NH4Cl, NaHCO3, H20, and brine
(100 mL each). After drying with Na2S0Oy4, column chromatography on silica gel (10-25% EtOAc
in hexane) gave a diastereomeric mixture of alcohols 17a and 17b (1.27 g, quant.). The mixture
(712.3 mg, 1.13 mmol) in CH2Cl2 (25 mL) reacted with chloroacetic anhydride (579.6 mg, 3.39
mmol) in the presence of 4-dimethylaminopyridine (414.2 mg, 3.39 mmol) at rt. EtOH (3 mL)

SETEEEEEEEAS

was added and the mixture was partitioned between EtOAc (250 mL) and saturated aqueous

NaldON, 18N vl ) tha Aancania nhonon wong waochad whith TN c20nd hadean /0N T Anak) and daiad
INArnuuUj3 (ov i), L€ Orgaliic piriase was wasnea wiun ri12v ana orine (ov niuw eéacdn), ana arnea
P, \- o 1 i, - 1 VR FUY Y o b & 3 o b I R | 1 A 4 T T
over 1 azau4 Purification Dy silica gel coiumn chromatograpny (LUritUi3) anda sunsegquent L

»"td

(25% EtOAc in hexane) gave chloroacetates 36b (tr 12.7 min, 252.4 mg, foam, 32%) and 36a
(tr 13.7 min, 336.8 mg, foam, 43%). The former compound (252.4 mg, 0.357 mmol) was treated
with saturated NH3 in MeOH (10 mL) to yield 17b (201.1 mg, solid, 89%), and the latter
(336.8 mg, 0.476 mmol) was also converted to 17a (292.6 mg, solid, 97%) in the same way.

36a: UV (MeOH) Amax 262 nm (g 9400), Amin 230 nm (g 2800). 'H NMR (CDCls) § 9.51 (1H, br),
5.88 (1H, d, J5,nu=2.1 Hz), 5.83 (1H, q, J7,cu3=6.6 Hz), 5.49 (1H, d, J1,2=7.3 Hz), 5.28 (1H, dd,

______ L Bl

Jo 3=4.6 Hz), 4.18 (1H, dd, Jy a=1. 9H7\ 410and 4.12 (2H, eachas d, Jeem=15.1 Hz), 393 (1H

...... 2.4 (223, B, ki addify, Bea 4L, TQlilasS 2, vgem 4 Ay, 2.2 (225,

and N Q Y N1T1T NN NNE NNE NNA and NNAMQALT nnonh ag a) AR N e 721 770Q
alla v.Ou \« Ly, d), V.11, V.UJ, U.UU, U.VU, U.U%T, dlIU TU. U (1011, Ealil ad d5). I'ND IV il 101, {40
JAE WY N A e Nan AL Y A4+ A Y M1 1 ~ r MIAT M 0V Lm0 00, IT O 21, AN ann
(M+INa) ana vol, v4vu (Mi—"'DU) . Andi. Luaica 10r LU31iri59uIiiN2uUgd13: U, 04.045 11, 8.41, 1IN, .90

Found: C, 53.01; H, 8.42; N, 3.87.

36b: UV MeOH) Amax 262 nm (€ 9700), Amin 232 nm (e 2700). 'TH NMR (CDCl3) § 9.08 (1H, br),
5.83 (1H, d, J5,Nu=2.1 Hz), 5.77 (1H, q, J7,cH3=6.7 Hz), 5.51 (1H, d, J1,2=6.7 Hz), 5.19 (1H, dd,
Jz,3=4.3 Hz), 4.24 (1H, dd, J3,4=1.7 Hz), 4.10 and 4.12 (2H, each as d, Jgem=15.1 Hz), 3.92 (1H,
dt, J¢,5=4.8 and 8.8 Hz), 3.78 (1H, dd, Jgem=10.7 Hz), 3.65 (1H, dd), 1.67 (3H, d), 0.93, 0.89,
.85 (27H, s), 0.12,0.10, 0.06, 0.05, 0.04, and -0.01 (18H, each as s). FAB MS m/z 731, 729

M+ a)*and@é, : C,52.62;: H, 8.41: N, 3.96.

ViV, ady U.TA, aF, V.U

=]

and

—~

17a: UV (MeOH) Xmax 260 nm (e 14000), Amin 230 nm (& 4700) 'H NMR (CDCl3) & 8.28 (1H,
br), 5.97 (1H, d, J5,Nu=2.1 Hz), 5.56 (1H, d, J1,2=7.3 Hz), 5.38 (1H, dd, J2,3=4.4 Hz), 4.47 (1H,
dq, J7,00=3.7, J7,cu3 =6.4 Hz), 4.21 (1H, dd, J3,4=0.8 Hz), 3.96 (1H, ddd, J1,5=4.7 and 9.0 Hz),
3.79 (1H, dd, Jgem=10.8 Hz), 3.69 (1H, dd), 2.64 (1H, d), 1.55 (3H, d), 0.93, 0.90, and 0.85 (27H,
s), 0.12, 0.10, 0.07, 0.06, 0.05, and —-0.03 (18H, each as s). FAB MS m/z 654 (M+Na)®*, 632
M+H)*, 616 M-Me)*, and 574 (M-'Bu)*. Anal. Calcd for C29H58N207Sis: C, 55.19; H, 9.27; N,
4.44. Found: C, 55.36; H, 9.35; N, 4.38.

17b: UV (MeOH) Amax 260 nm (¢ 10700), Amin 230 nm (¢ 2700). 'H NMR (CDCl3) 8 8.11 (1H,
L.y Z O 7317 A T sz —O QLT B /1LY A T, =7 9 1T 2 1Q /11T A4 Tat ni—mA 9 1Ty A QY M1
0r), 9.9 {11, U, J5 NH—4L.4 [14), .00 (111, U, v]' Z2'—i.0 114), v.1J \(11x, U, o2 4—%.0 114}, 2.01 (111,
1 » o~ -~ r o TY S /A TT 11 T —_ O TT N N Mna ATT h T —_r O -1 onNn TT_N\
dq, J7,08=3.7, J7,cH3=6.3 Hz), 4.20 (1H, aq, J3,4=0.8 nz), 3.94 (in, at, 44,5=0.2 ana 8.9 nz),
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,d), 1.55 (3H, d), 0.93, 0.
3 (181'I each as s). FAB MS m/z
(M+H)+ 616 (1\/I—Me)+ and 574 M-tBu)*. Anal. Caled for C2sH5s8N207Si3: C, 5

4.44. Found: C, 55.14; H, 9.39; N, 4.39.

2'3',6'-Tris-O-(tert-butyldimethylsilyl)-6-acetyluridine (18). The mixture of
compound 17 (730.2 mg, 1.16 mmol) and DCC (1.19 g, 5.79
treated with dichloroacetic acid (14.5 uL, 0.175 mm

innoed hotwr n FHtOA~ (250 mT ) and an ur. atad annianna
Viivu wTu

one ween ftUAC (250 mL) and saturated agueous iNan

phase was washed with H20 and brine (100 mL each), and dried over Na2SOs. Punﬁcatxon by

1 wa

silica gel column chromatography (10-25% EtOAc in hexane) gave 6-acetyluridine 18 (628.5 mg,
86%) as a foam: UV (MeOH) Amax 270 nm (¢ 7200), Amin 238 nm (¢ 2600). 1H NMR (CDCl3) &
8.76 (1H, br), 5.63 (1H, d, J5,Nu=2.4 Hz), 5.52 (1H, d, J1,2=6.7 Hz), 4.86 (1H, dd, J2 3=4.6 Hz),
4.21 (1H, dd, J3,4=2.0 Hz), 3.93 (1H, dd, Js,5=5.8 and 7.5 Hz), 3.70 (1H, Jgem=10.8 Hz), 3.65
(1H, dd), 2.50 (3H, s), 0.90, 0.89, and 0.87 (27H, s), 0.09, 0.08, 0.07, 0.06, and 0.05 (18H, each
as s). FAB MS m/z 629 (M+H)*, 613 (M-Me)*, and 571 (M-!Bu)*. Anal. Calcd for

C29H56N2078S13: C, 55.37; H, 8.97; N, 4.45. Found: C, 55.56; H, 8.72; N, 4.43.

5
"E
«Q

>

2',3",5'-Tris-O-(tert-butyldimethylsilyl)-6-[(1-hydroxy-1-methyl)ethyljuridine (19).
To the Et20 (10 mL) solution of ketone 18 (203.1 mg, 0.323 mmol), MeLi in Et20 (1.62 mmol)

was added at —78 °C, and the solution was stirred at =40 °C for 6 h. The mixture was
partitioned between EtOAc (100 mL) and saturated aqueous NH4Cl (50 mL), the organic phase
was washed with H20 and brine (50 mL each), and dried over Na2SQj4. Purification by silica gel
column chromatography (10-25% EtOAc in hexane) gave tert-aleohol 19 (55.1 mg, 26%) as a
solid along with the starting material 18 (91.7 mg, 45%). Compound 19: UV (MeOH) Amax 261
nm (€ 7200), Amin 230 nm (¢ 2000). 'H NMR (CDCl3) § 8.33 (1H, br), 6.39 (1H, d, J1 2=8.2 Hz),
5.97(1H,d, J5s xu=2.4 Hz), 5.42 (1H, dd, Jo 3= 4.1 Hz), 4.21 (1H, d), 3.93 (1H, 44, J¢

Js NH=2.4 Hz) 542 (1H, dd, 41H (1H, d), 3.93 (1H, dd, J4 5=5.0 and
9.3 Hz), 3.75 (1H, dd, Jgem=10.7 Hz), 3.71 (1H, dd), 2.45, (1H, br), 1.68 (6H, s), 0.93, 0.90, and
.83 (27H, s), 0.12, 0.09, .07, .06, 0. 63 and -0.04 (18H, each as s). FAB MS m/z 667 (M+Na)*,
645 (M‘fH) 629 (M-Me)*, and 587 (M~‘Bu)*. Anal. Calcd for C30HeoN207Si3: C, 55.86; H,
9.38; N, 4.34. Found: C, 55.74; H, 9.53; N, 4.31.

Cyclization reaction of alcohols. The typical procedures of method A and B are described
for compound 2. Method A: The mixture of CaCO3 (97.3 mg, 0.972 mmol), I2 (37.0 mg, 0.146
mmol), and Pb(OAc)4 (431.0 mg, 0.972 mmol) in cyclohexane (24 mL) was stirred at rt for 5 min.

Alcohol 2 (121.5 mg, 0.243 mmol) in CH2Cl2 (4 mL) was added to the mixture above, and the
resu,ting deep violet mixture was stirred and irradiated with a 250W-tungsten lamp until the
JEgEY DR E h Y A 0 Lg 3} PN d 2 ek e 3 L_a . T A_ rONn T\
UUIUI' sdppedreu U..d lﬂ) 1ne reacrtion m1xtu1‘e was pdl'lal U ied pertween LIUAC OV 1ML
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24%). Method B: The mixture of DIB (105.4 mg, 0.328 mmol) and Iz (38.1 mg, 0.150 mmol) in
cyclohexane (13.7 mL) was stirred at rt for 5 min. Alcohol 2 (136.5 mg, 0.273 mmol) in CH2Cl2
(4.6 mL) was added to the mixture, which was stirred and irradiated with a 250W-tungsten
lamp for 15 min with refluxing of the solvent. Additional DIB (52.7 mg, 0.164 mmol) was added
three times every 15 min, and finally the color of iodine disappeared. The reaction mixture was

partitioned between EtOAc (20 mL) and 0.2N Na2S203 (56 mL). The organic layer was washed
with water, saturated aqueous NaHCOQO3, H20, an and dried

> 2[a RAaTR

1d C
over Na2804. Silica gel column chromatography (10-40% EtOAc in hexane) followed by HPLC
0 e {
ol

weXane daiAacE 1. 4) gave \._y\..uwu Compounas avp

oo
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min, 58.5 mg, 43%). Recrystaliization from hexane-EtO
Physical data for these compounds are as follows:
3',5'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6,1'-(1-oxoethano)-2'-deoxyuridine
(208). mp 241.5-242.0 °C (hexane-EtOAc). UV (MeOH) Amax 260 nm (¢ 11700), Amin 227 nm (&
2100). 'H NMR (CDCl3) § 8.14 (1H, br), 5.55 (1H, br), 4.94 (1H, dt, J» 3=8.4, J3 4=7.6 Hz), 4.92
(1H, dd, J5,7=1.5, Jgem=14.6 Hz), 4.84 (1H, dd, J5,7=1.2 Hz), 4.00 (1H, dd, J4,5=3.1, Jgem=12.2
Hz), 3.95 (1H, dd, J4 5=5.2), 3.89 (1H, ddd), 3.20 (1H, dd, Jgem=14.0 Hz), 2.49 (1H, dd), 1.13~
0.92 (28H, m). FAB MS m/z 521 (M+Na)*, 499 (M+H)* and 455 (M-iPr)*. Anal. Caled for

C22H38N207Si2: C, 52.98; H, 7.68; N, 5.62. Found: C, 52.73; H, 7.71; N, 5.51.

! |mr N Im...b..-...........h_--|.l-_-‘l.._.._ .. ' RY a 1' £1 mermnmdlhhawecn ) o O D rcens et Al
9, -u—\xebruxauprup iU Bllul‘u'l_ 0 UlY1)-0, 1L ~\1-UAUCLHALY)-U~ 4L “UCUVUAY UILIUIRE
(20a). mp 209 0-2‘10.5 C (nexane EtUAC) uv (1‘ i O") Amax 26" 0 nm (e 11300), Amin 227 nm (e

.80 (1H, ddd, J57 1.2 Hz) 4.65 (1H ddd Jz's 70 and 10.7, J3 4—79 Hz) 4.22 (lH ddd,
J¢,5=3.4 and 4.3 Hz), 3.97 (1H, dd, Jgem=12.8 Hz), 3.92 (1H, dd), 3.43 (1H, dd, Jgem=12.5 Hz),
2.42 (1H, dd), 1.12~0.91 (28H, m). FAB MS m/z 521 (M+Na)*, 499 (M+H)* and 455 (M-iPr)*.
Anal. Calcd for C22H3sN2078Si2: C, 52.98; H, 7.68; N, 5.62. Found: C, 53.12; H, 7.80; N, 5.62.
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Tlln nllawning twn snmnaunde 21R and 21y waoara nhtainad firvm alonhnl Qa hy hath moathade

C 10LUWITNE VWO COMPUUIGS & ap QiU &2 WEIT U0valilCl LIUIA axlUsiUs da Oy U laounalus A
awmAdA D AL 4L .1 A, A1 L. 1D (102077 o Y VDO oo 1) e aos, 3TN AITND 6 e = DO 22 A DT A /I Q
dIld D, [VIELNIOU A. AICOI1L oa&a (1V4L. 1 N, V.04LJ VL) FAaVe L 1P (1VUO.4 LIE, U4L/70) Al 40U (190
mg, 9.5%), which were separated by HPLC (hexane-EtOAc=1:1; 21P tr 10.9 min, 21a tr 14.3
min); Method B: Alcohol 3a (167.7 mg, 0.326 mmol) gave 21p (100.1 mg, 60%) and Z21a (14.2

mg, 8.5%). Physical data for these compounds are as follows:
3',5'-0O-(Tetraisopropyldisiloxan-1,3-diyl)-6,1'-[(2R)-2-methyl-1-oxoethano]-2'-
deoxyuridine (21f). mp 180.0-181.0 °C (hexane-EtOAc). UV (MeOH) Amax 259 nm (¢ 11000),
Amin 227 nm (e 2000). 'H NMR (CDCl3) 3 8.01 (1H, br), 5.45 (1H, dd, J5,7=1.5, J5 Nu=2.3 Hz),

5.10 (1H, dq, J7,cH3=6.6 Hz), 4.93 (1H, ddd, J2,3=8.2 and 8.9, J3 4=7.6 Hz), 3.99 (1H, dd,

T =2 A4 T =19 A 2y 2QR (11 44 T rpi=H 9 2Y ARR (1TH Add4dY 219 (1 dd .J...=14 0
g4 .0 X, Ugem 4L.°% 1AL}, Q.JU \(kiL, Uu, v4,9 Vo RLALJ; U.UU \41E; UMWYy U.iwv \(Liay, KW, Tge F S FAV4
Hel 9 4Q /1 AN 1 59 /ML Ay 1 12~.nN QN0 2 WY FAR MQ 0/ K2R A4N a3t 512 (MA4INDY
114), &.40 (111, UU), 1.J4 \Vii, Uy, 1.19 UV.JU \LU11, 1lil). L'23L) AViw /4 Oud \WVL T iNay) , 14U \iv: v i14y

1 Ao /MA TANdE A1 MY e N TT  NT M O AIATIT N M 20 A1 1T mOoO. N £ A9 D . _..1. M
anda 4oy (M—1rr) . Anail. valca 10or U23ri40iN2uiole ® 1/4n2v. v, 99.41, 11, (.09, iN, 9.44. rouila. v,
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Tetraisopropyldisiloxan-1,3-diyl)-6,1'-{(2R)-2-methyl-1-oxoethano]-a- 2'-

deoxyuridine (21a). mp 209.0-213.5 °C (hexane-EtOAc). UV MeOH) Amax 260 nm (¢ 11400),
Amin 228 nm (¢ 2200). TH NMR (CDCl3) 8 7.92 (1H, br), 5.47 (1H, t, J57=J5Nu=1.7 Hz), 4.99
(1H, dq, J7,cH3=6.7 Hz), 4.62 (1H, ddd, J2,3=10.7 and 7.0, J3 4=7.9 Hz), 4.22 (1H, ddd, J¢ 5=3.4
and 4.9 Hz), 3.99 (1H, dd, Jgem=12.5 Hz), 3.92 (1H, dd), 3.28 (1H, dd, Jgem=12.2 Hz), 2.39 (1H,
dd), 1.56 (3H, d), 1.13~0.93 (28H, m). FAB MS m/z 513 M+H)* and 469 (M~-iPr)*. Anal. Caled
for C2aH40N207S12: C, 53.88; H, 7.86; N, 5.46. Found: C, 53.54; H, 7.91; N, 5.38.

1.~ £ A O N 90OQ9 ~1\

and B. Method A Alcohol 3b uqa 9 mg, 0.283 mmm) g" ve 22{3 (2.9 mg,

The following two compounds 228 and 22a were obtained from alcohol 3b by both methods
2

mg, 78%). Physical data for these compounds are as follows:
3',5'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6,1'-[(25)-2-methyl-1-o0xoethano]-2'-
deoxyuridine (228). mp 201.0-202.0 °C (hexane-EtOAc). UV (MeOH) Amax 260 nm (¢ 11000),
Amin 227 nm (¢ 2100). 'H NMR (CDCl3) § 7.83 (1H, br), 5.46 (1H, t, J5,7=J5Nua=1.5 Hz), 5.10

(1H da J7cua=6.6 Hz) 4923 (1“ ddd. Jo 2=8.1 and 8.8, J3 4=7.7 Hz). 4.00 (1H, dd, Js+ 5=3.3
(153, 4q, J7,CH3=L.0 NZ ), 4.90 (111, aqad, ¢2.,3=¢.1 and 0.0, J3'.4 { 1z), 400 (18, 44, J4 5=3.0,
Jeem=12.5 Hz), 3.95 (1H, dd, Jy 5=4.8 Hz), 3.88 (1H, ddd), 3.19 (1H, dd, Jgem=13.9 Hz), 2.48
1LY 21\ 1 3 /OLT I\ 1 1D~ . NO1T /MOOLT ...\ oy ~\t + o

(1H, dd), 1.52 (3H, d), 1.12~0.91 (28H, m). FAB MS m/z 535 (M+Na)*, 513 (M+H)", and 469

il
(M-iPr)*. Anal. Calcd for C23H40N207S12: C, 53.88; H, 7.
5.39.
3',6'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6,1'-[(25)-2-methyl-1-oxoethano]-u-2'-
deoxyuridine (22a). mp 229.0-230.5 °C (hexane-EtOAc). UV (MeOH) Amax 260 nm (e 11300),
Amin 228 nm (e 2200). 'H NMR (CDCl3) § 8.62 (1H, br), 5.48 (1H, t, J57=J5 Nu=1.5 Hz), 5.14
(1H, dq, J7,cH3=6.6 Hz), 4.65 (1H, dt, J2 3= J3,4=7.5, J2,3=10.6 Hz), 4.21 (1H, ddd, J4 5=3.3

and 4.8 Hz), 4.00 (1H, dd, Jgew=12.5 Hz), 3.90 (1H, dd), 3.51 (1H, dd, Jgem=12.5 Hz), 2.39 (1H,

dd), 1.48 (3H, d), 1.12~0.92 (28H, m). FAB MS m/z 535 (M+Na)*, 5613 (M+H)*, and 469 (M-
iPr)*. Anal. Caled for C23HaoN207Si12: C, 53.88; H, 7.86; N, 5.46. Found: C, 53.61; H, 7.91; N,
5.40.

The following two compounds 23p and 230 were obtained from alcohol 4 by both methods A
and B. Method A: Alcohol 4 (198.8 mg, 0.376 mmol) gave 2 3p (90.9 mg, 46%) and 2 3« (30.2 mg,
15%), which were separated by HPLC (hexane-EtOAc=1:1; 23 tr 10.0 min, 23ca tr 11.5 min);
Method B: Alcohol 4 (85.7 mg, 0.162 mmol) gave 23 (37.3 mg, 44%) and 23a (19.1 mg, 22%).

xyuridine (2383). mp 240.0-241.0 °C (hexane). UV (MeOH) Amax un (€ 11400), Amin
228 nm (¢ 2100). 'H NMR (CDCl3) & 8.08 (1H, br), 5.40 (1H, d, J5N1=1.8 Hz), 4.93 (1H, q,
J2,3=J3 4=8.4 Hz), 4.02~3.97 (ZH, m), 3.94~3.89 (1H, m), 3.14 and 2.46 (2H, each as dd,
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Jgem=14.3 Hz}), 1.61 and 1.59 (6H, each as s), 1.13~0.90 (28H, m). FAB MS m/z 527 (M+H)*
o ra. V. S » SR 4 —_=Y M1 3 L M rx T _ : . . T .

and 483 (M-iPr)*. Anal. Calcd for C24H42N207S12: C, 54.72; H, 8.04; N, 5.32. Found: C, 54.47; H
8.10; N, 5.24.

3',6'-0-(Tetraisopropyldisiloxan-1,3-diyl)-6,1'-[2,2-dimethyl-1-oxoethano]-a- 2'-

deoxyuridine (23a). mp 238.0-238.5 °C (hexane-EtOAc). UV (MeOH) Amax 260 nm (¢ 11600),
Amin 228 nm (g 2300). 'H NMR (CDCl3) § 8.19 (1H, br), 5.43 (1H, d, Js5 NH=1.8 Hz), 4.62 (1H, dt,
J2,3=dJ3,4=1.5, J2,3=10.7 Hz), 4.20 (1H, ddd, Jy 5=3.4 and 5.5 Hz), 3.97 (1H, dd, Jgem=12.5 Hz),

3.88 (1H, dd), 3.42 (1H, dd, Jgem=12.5 Hz), 2.35 (1H, dd), 1.56 and 1.50 (6H, each as s), 1.12~
0.92 (28H, m). FAB MS m/z 527 (M+H)* and 483 (M—-iPr)*. Anal. Caled for C24H42N207Si2: C,

VEROLE; aAL): L 000D AVAW) M E 0L 122 Lraaai, vRal] fazrfosN

54.72; H, 8.04; N, 5.32. Found: C, 54.61; H, 8.14; N, 5.20.

Cyclization reaction of ribo series. Compound 6 (103.6 mg, 0.24 mmol) was treated with
the same procedure for compound 2 in Method A. Silica gel column chromatography (10-33%
EtOAc in hexane) and subsequent HPLC (EtOAchexane=1:1) gave following two cyclized
compounds 278 (tr 16.6 min, 19.4 mg, 19%) and 270 (tr 19.4 min, 1.8 mg, 1.7%). In Method B,
alcohol 6 (500.4 mg, 1.17 mmol) was converted to 278 (207.1 mg, 41.5%) and 27a (5.9 mg,
1.2%).

. 481(1H de 6, J3,4=2.9 Hz), 4.28 (1H, dd,
Jy 5=6.2 Hz), 3.78 (2H, d), 1.59, 1.38 (6H each as s), 0.89 (9H s) 0.07, 0.06 (6H, each as s).
FAB MS m/z 449 (M+Na)*, 427 M+H)*, 411 (M-Me)*, and 369 (M-‘Bu)*. Anal. Calcd for
C19H30N2078Si: C, 53.50; H, 7.09; N, 6.57. Found: C, 53.36; H, 7.07; N, 6.39.
5'-0O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-a-6,1'-[(1-oxa)ethano]-
uridine (270a). mp 247.0-247.5 °C (hexane-EtOAc). UV (MeOH) Amax 259 nm (¢ 10800), Amin
226 nm (g 2000). 'H NMR (CDCl3) 8 7.91 (1H, br), 5.53 (1H, d, J57=1.5 Hz), 4.97 (1H, dd,

411 4 1 L5 1X4) a433; v,

5'-0O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-6,1'-[(2R)-2-methyl-1-0xa-

ethanojuridine (28p) and 5'-O-(tert-butyldimethylsilyl)-2',3'-O-isopropylidene-a-
6,1'-[(2R)-2- methyl l-oxaethano]uridine (28a). The secondary alcohol 7a (177 5 mg,
0.401 mmol) was treated with Method A and the subsequent H
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QA (11l Ly EEN/AILY 3 T, . —0 A LT\ EEN /M1IT 3 7. .—1 7T\ E QA4 /11T 1 T N~ T
6.J0 (111, 1), 9.0V Un, 4, 42,3-0.4 NZ), 0.0U (10, qQ, J5,7=1.7 11zZ), 0.£24 (111, dq, J7,CH3=0.7 Hz),
A Yy /9 1Y 113 b § 'y { a4 TTX N\ - -aTY 1 r ey Tr ~ o s - - - s T3 -
4.7/ (1N, daq, J3,4=2.4 iz), 4.25 (1H, dd, J¢,5=6.4 Hz), 3.76 (2H, d), 1.59 and 1.37 (6H, each as

X
a

s), 1.56 (3H, d), 0.88 (9H, s), 0.06 and 0.05 (6H, each as s). FAB MS m/z 463 (M+Na)* ,441
(M+H)*, 425 (M-Me)*, and 383 (M~-‘Bu)*. Anal. Calcd for C20H32N207Si: C, 54.53; H, 7.32: N,
6.36. Found: C, 54.30; H, 7.40; N, 6.15.

Physical data for compound 28a: UV MeOH) Amax 258 nm (€ 8400), Amin 228 nm (¢ 1800). 'H
NMR (CDCl3) & 7.96 (1H, br), 5.44 (1H, d, J57=1.1 Hz), 5.15 (1H, dq, J7,cu3=6.7 Hz), 4.95 (1H,

dd, J2.,3=7.3, J3,4=2.4 Hz), 4.71 (1H, d), 4.70~4.68 (1H, m), 3.77~3.76 (2H, m), 1.56 and 1.33

(6H, each as s), 1.52 (3H, d), 0.90 (9H, s), 0.08 (6H, s). FAB MS m/z 463 M+Na)* 441 M+H)*
AR, TRV RO D), 2.UE \UiRy W,y VWU (VIR 3), V.U Uk, 5. VO3 UVID 4L TUJ UVLTINa) , 2l uviTril)
425 (M-Me)*, and 383 (M-‘Bu)*. Anal. Caled for C20H32N207Si: C, 54.53; H, 7.32; N, 6.36.
TA_ 1. Mt a0 YY rP o4 s AT N oan
rouna: C, 54.21; H, 7.44; N, 6.18.

5'-O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-6,1'-[(25)-2-methyl-1-oxa-

ethano]uridine (29p3) and 6'-O-(tert-butyldimethylsilyl)-2',3'-O-isopropylidene-a-
6,1'-[(2S)-2-methyl-1-oxaethano]uridine (29a). The secondary alcohol 7b (146.4 mg,
0.331 mmol) was treated with Method A and the subsequent HPLC purification
(EtOAc:hexane=1:1) gave compounds 29f (tg 18.3 min, 29.2 mg, 20%) and 29« (tg 17.0 min,
19.2 mg, 13%) as white powder. These compounds 2 9q (15.0 mg, 15%)

hese compo .0 mg, 40%) and 2
2 ; 2V 70) A FA (1a.0 IE,
waoarn alen nhtainad fram Anmnatind h (1IN D gy N DV smmarn sl bwy Afnthhnd D Dheratnnl dasn Ow
YWULL @idU UULAQLLICW LU WWINLIPUULIU TV \LVUOV.W0 1, V.40 1HIIIVL) VY MOuOU D, rilysiCail dia 101
nnnnn AD9AR. 1TV (MAANY DEQ cnins 70 100NN 2 QO - fa 0NN 1IT ATAAD 7TV N €
wu.xpuuuu &OP. UV \WWICWU LU0 1 \t L4OVUV), Amin £40 Il (& L0OUL) rn INivin (vwui) o

32 (1H, d, J2,3=6.3 Hz), 5.18 (1H, dq, J5,7=1.3, J7,cH3=7.0 Hz),
4.79 (1H, dd, J3,4=2.9 Hz), 4.31 (1H, dd, J¢ 5= 6.4 Hz), 3.79 (2H, d), 1.62 (3H, d), 1.60 and 1.37
(6H, each as s), 0.89 (9H, s), 0.06 and 0.05 (6H, each as s). FAB MS m/z 463 (M+Na)*, 441
(M+H)*, 425 (M-Me)*, and 383 (M-‘Bu)*. Anal. Caled for C20H32N207Si: C, 54.53; H, 7.32; N,
6.36. Found: C, 54.47; H, 7.41: N, 6.25.

Physical data for compound 29a: UV (MeOH) Amax 258 nm (¢ 7200), Amin

2
NMR (CDCl3) 6 7.97 (1H, br), 5.45 (1H, br), 5.15 1H dd, J5,7=1.3, J7,cH3=6.6 Hz)

ATNAS] W S0 \ 228, L =) V225 pS v, U5, 7 U,

J2,3=7.3, J3,4=2.6 Hz), 4.71 (1H, d), 4.69 (1H, m), 3.77 (2H, d, J4,5=3.7 Hz

T AN N N1 /TT Y r\nry INTY TAAT RAOY 7 4 Vs VY R N\ 4+ aos

d), 6.51 (84, s), 0.07 (6H, s). FAB MS m/z 463 (M +Na)
I
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Caled for C20H32N20781: C, 54.53; H, 7.32;

5'-O-(tert-Butyldimethylsilyl)-2',3'-O-isopropylidene-6,1'-(2,2-dimethyl-1-oxa-

ethano)uridine (308) and 5'-O-(tert-butyldimethylsilyl)-2',3'-O-isopropylidene-a-
6,1'-(2,2-dimethyl-1-oxaethano)uridine (30a). The tert1ary alcohol 8 (175.0 mg, 0.383
mmol) was treated with Method A and the st

) ) ; A
2122 L} & =) L L w22 =Ty 2 Y

gave comn 106 min 69.2 mo nowd 30a (tr 130 min 332 me
gave compounds 30B (tr 10.6 min, 69.3 mg, powder, nd 30« (tr 13.0 min , 33.2 mg,
nawrdar 1004Y MNMhmanaiin AQ /278 Y macr N QALY smmanl) wrag annunstad +4 ANR /92T 6 s L2004 and
PUWUUI, 1 70). Uumpuuuu O (V.1 u.ls, V.0OJ 1 1111VL) wad LulliveiLicu w UUP \«uvili.v Lu.s, VJ/70) aliu
30a (40.9 mg, 11%) by Method B. Physical data for compound 30[3 uv (MeOH) Kmax 259 nm (e
8400), Amin 227 nm (e 2300). *H NMR (CDCl3) 8 9.1 1H H
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i

/2 TIT 2 1’, o 4 TT_N\ 4 ﬂr- /11T 31 T - 0 TT_ N\ 4 OO /1TT I 1 n ,-, /OYT b AN NN
(1n, qa, J2,3=6.4 Hz), 4.75 (1H, dd, J3,4=2.2 Hz), 4.26 (1H, dd, J¢,5=6.6 Hz), 3 { (411, 4), 1.00
and 1.59 (6H, each as s), 1.56 and 1.36 (6H, each as s), 0.88 (9H, s), 0.06 (6H, s). FAB MS m/z

477 (M+Na)", 455 M+H)*, 439 (M-Me)*, and 397 (M-!Bu)*. Anal. Caled for C21H34N207Si: C,
55.48; H, 7.64; N, 6.16. Found: C, 55.30; H, 7.65; N, 6.06.

Physical data for compound 30a: UV (MeOH) Amax 259 nm (g 7000), Amin 227 nm (¢ 1500). 1H
NMR (CDCl3) 8 8.44 (1H, br), 5.40 (1H, d, J5,7=1.8 Hz), 4.94 (1H, dd, J2,3=7.1, J3 4=2.7 Hz),
4.70~4.67 (2H, m), 3.76 (2H, d, Jy 5=3.6 Hz), 1.54 (6H, s), 1.63 and 1.31 (6H, each as s), 0.90
(9H, s), 0.07 (6H, s). FAB MS m/z 477 (M+Na)*, 455 (M+H)", 439 (M-Me)*, and 397 (M-‘Bu)".

A Sied = - ~7 <

Anal Calad far Ca  HanrNaNaQic N KRR AQ. T 7 EA-N 212 Famnind. M SR 97. 1 7EK.N & 14
Allai. Vet 107 U2irijoiN2uToll U, 9920, 11, i.9%, 1N, .16, YOUnG. U, 39.417, 11, .09, iy, G.14.

Q) e Fy M_°_ ) 24 L_-L_-‘J:A_-_A‘__-‘_. s L R VA TP n nT (22} W4
2',3',6'-Tris-O-(tert-butyldimethyisilyl)-6,1'-(1-oxaetano)uridine iB). This

compound was obtained from 16 (204.7 mg, 0.332 mmol) according to Method B as a solid
(112.2 mg, 55%) which was recrystallized from hexane-EtOAc: mp 249.0-249.3 °C. UV (MeOH)
Amax 260 nm (g 8000), Amin 227 nm (¢ 1800). 'TH NMR (CDCls3) 8 8.13 (1H, br), 5.56 (1H, m),
5.01 (1H, d, J2,3=5.2 Hz), 5.00 (1H, dd, J57=1.5, Jgem= 15.0 Hz), 4.85 (1H, dd), 4.24 (1H, dd,
J3,4=0.9 Hz), 4.13 (1H, ddd, J1,5=5.2 and 8.6 Hz), 3.76 (1H, dd, Jgem=10.7 Hz), 3.70 (1H, dd),
0.92, 0.91 and 0.86 (27H, each as s), 0.11, 0.09, 0.08, 0.07, 0.05, and -0.05 (18H, each as s).
FAB MS m/z 637 (M+Na)*, 615 (M+H)*, and 557 (M—~tBu)*. Anal. Caled for CogHs

A I
222 \av2 “ -a.u...v 1C L0} B W A044% . Ny

2',3',6°-Tris-O-(tert-butyldimethylsilyi)-6,1'-[(2R)-2-methyl-1-oxaethanojuridine

(32p). This compound was obtained from 17a (106.0 mg, 0.168 mmol) by Method B as a solid
(65.7 mg, 62%): mp 87.0-88.0 °C (solidified from hexane-EtOAc). UV (MeOH) Amax 260 nm (e
7600), Amin 227 nm (¢ 1600). 'TH NMR (CDCl3) § 9.27 (1H, br), 5.49 (1H, s, H5), 5.17 (1H, dq,
J5,7=1.5, J7.cH3=6.4 Hz), 5.11 (1H, d, J2.3=5.2 Hz), 4.25 (1H, dd, J3 4=1.3 Hz), 4.06 (1H, ddd,

Jr 5=5.3 and 8.5 Hz), 3.71 (1H, dd, Jz.»=10.8 Hz), 3.67 (1H, dd), 1.49 (3H, d), 0.91, 0.89, and
0.86 (27H, s), 0.10, 0.07, 0.06, 0.05, 0.04, and -0.04 (18H, each as s). FAB MS m/z 652 (M+Na)*,
630 M+H)*, and 571 M-=tBu)*. Anal. Calcd for C2sHssN207Sis: C, 55.37; H, 8.97; N, 4.45.
Found: C, 55.24; H, 9.09; N, 4.40.

2',3',6'-Tris-O-(tert-butyldimethylsilyl)-6,1'-[(2S)-2-methyl-1-oxaethano]uridine

(338) and 2',3'.5'-tris-O-(tert-butyldimethylsilyl)-«-6,1'-[(2S)-2-methyl-1-oxa-
ethano]uridine (33a). These compounds were obtained from 17b (106.9 mg, 0.170 mmol) by
Method B. Purification of HPLC (EtOAc:hexane=1:1) gave 33 (tr 10.1 min, 40.1 mg, 38%) as a
foam and 33« (tr 13.4 min, 20.8 mg, 19%) as a solid. 33pB: UV (MeOH) Amax 259 nm (¢ 8100),
Amin 228 nm (g 1900). l1H NMR (CDCl3) 8 8.73 (1H, br), 5.49 (1H, dq, J7,cH3=6.6 Hz), 5.48 (1H,

~EAALS, N wId Bt

e d N O T\ O ME /1TT 113 ' =17 IT_N O 7N IYT AN 1 M4 /OTT AN al et} QN 1N or /9
and 9.2 Hz), 3.75 (1H, dd, Jgem=10.7 Hz), 3.70 (1H, dd), 1.54 (3H, d), 0.52, §.50, and 0.85 (274,
N N 1N AN AN NN k] e WaT A K3 & ) 1 N TMATY N L 0ON AL LTIV 1 71 /X

0, 0.07, G. Ub, 0.04, and -0.06 ua ,each as s). FAB 630 M+H)" and 571 (M-
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AA41 A2~ mn 1RRE R_1R7 0 o (enlidifiad fraom havanna EBEOAAN TV MO DCN mrn (o
T SXL. UUW, MY 10OJ.JT101T WV L/ (DULLULLITU LIUVIM HICAANIT- IV AL VY \iViTU1ll] Amax &UV 1 &
AQONANMN 1 . 900 s o ONANM 1T AITAID /AT Y © /1TT LN E oAy fF1IT 2 T — o LT N
{IJUU), Amqun 4£4J NI (E SUUU). “TT INIVIIV (LLAUL3) O O lv) (11’1, Dr), 0.49 (111, ﬂq, J7, CH3=0.0 nz),

5.48 (1H, d, J5 Nu=1.7 Hz), 4.93 (1H, d, J2,3=5.2 Hz), 4.20 (1H, dd, J3,4=0.6 Hz), 4.16 (1H, dd,
Je,5=5.2 and 9.2 Hz), 3.756 (1H, dd, Jgem=10.7 Hz), 3.70 (1H, dd), 1.54 (3H, d), 0.92, 0.90, and
0.85 (27H, s), 0.14, 0.10, 0.07, 0.06, and -0.07 (18H, each as s). FAB MS m/z 630 M+H)"*, 614
(M-Me)*, and 571 (M-tBu)*. Anal. Calcd for C29H56N207Si3: C, 55.37; H, 8.97: N, 4.45. Found:
C, 55.35; H, 9.01; N, 4.41.

A
4
min, 67.9 mg, powder,

n TYTY a

e
{
Method B. Purification of HPLC (EtOAchexane=1:1) gave 34;’3 (tr 9.

56%) and 340 (tr 11.7 min, 11.4 mg, powder, 9.5%). 34p: UV (MeOH) Amax 260 nm (¢ 7200),
Amin 227 nm (€ 1900). 1H NMR (CDCl3) $ 9.10 (1H, br), 5.44 (lH, s), 5.10 (1H, d, J2,3=5.0 Hz),
4.20 (1H, dd, J3,4=0.8 Hz), 4.07 (1H, dd, J¢,5=5.8 and 8.5 Hz), 3.69 (1H, dd, Jgem=10.5 Hz),
3.66 (1H, dd), 1.50 and 1.57 (6H, each as s), 0.91, 0.90, and 0.86 (27H, s), 0.09, 0.07, 0.06, 0.04,
and -0.03 (18H, s). FAB MS m/z 585 (M-‘Bu)*. Anal. Calcd for C30Hs58N207Si3: C, 56.03; H,
9.09; N, 4.36. Found: C, 55.86; H,9.11; N, 4.20. 34a: UV (MeOH) Amax 260 nm (¢ 11000), A

\ivl 11111

229 nm (c 2400), 1q NMR mnma\ 8797 {'IH hr\ 538 (1H s) 469 (1]—] dt. Jar a

|
* o]
>
:"
o
Il

AAAAA \4aky 5y, T.U

Hz), 4.32 (1H, dd, J2,3=5.2 Hz), 4.05 (1H, d), 3.89 (1H, dd, Jgem=12.2 Hz), 3.72 (1H, dd),
, 0 6

o

o

and 1.52 (6H, each as s), 0.91, 0.89, and 0.87 (27H, s), 0.12, 0.

P 1 e s T m e

(18H, s). FAB MS m/z 643 (M+H)* and 585 (M—‘Bu)*. Anal. Caled
H, 9.09; N, 4.36. Found: C, 56.06; H, 9.05; N, 4.34.
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Deprotection of the silyl protecting groups. Four free spiro nucleosides were obtained by
TBAF treatment in THF and fully characterized. The typical procedure is described for
compound 24p. To the THF solution (3 mL) of 20p (33.9 mg, 0.0680 mmol), TBAF (35.5 mg,

N 128 mimal) wae addad Aftar & h ativminog gilica onl (280 meo) wae addead and tha whnla
V. 10U l.l.ll.l.lul.l WAOS aAauuTu. v v 1 Ublllllls’ oiii1va SGI \UUYU i) WAD AuuuTu Al v vyiluviao
O S SRR TP T crm s ML 3 o o _Y:_ 1 ____ S T 1 1_____ [ BFR
mixiure was neenrdiea i vdacCuo. 1nNe resiaue wds dpplied uil 4 silltd gel Colulniin daniu LI

el ADs RE _MIT Vel Ve PR el 3 13 LOAD /Y4 Y . ONV0/N
CleproteCCeﬂ Compoun(l was eluteﬂ \1 470 VieuIl 111 LUI2Ui2) 10 yiela 80114 01 44p (14.1 g, 017),

which was recrystallized from CHCI3-EtOH.

6,1'-(1-Oxoethano)-2'-deoxyuridine (24f). mp 192.0-193.0 °C (CHCI3-EtOH). UV
(MeOH) Amax 259 nm (¢ 10800), Amin 227 nm (¢ 2100). 'H NMR (DMSO-dg) & 11.29 (1H, br),
5.58 (1H, br), 5.30 (1H, d, J3,04=5.5 Hz), 4.97 (1H, dd, J5,7=1.1, Jgem=15.0 Hz), 4.87 (1H, dd,
J5,7=1.3 Hz), 4.74 (1H, t, J5.08=5.9), 4.25 (1H, ddt, J2 3=J3,4=6.7, J2,3=8.2 Hz), 3.81 (1H, dt,

Ja 5=6.7 and 3.3 Hz), 3.69 (1H, ddd, Jgem=12.1 Hz), 3.44 (1H, ddd), 3.12 (1H, dd, Jgem=14.3 Hz),
2.13 (1H, dd). FAB MS m/z 257 (M+H)*. Anal. Caled for C10H12N20¢: C, 46.88; H, 4.72; N,
10.93. Found: C, 46.91; H, 4.60; N, 10.85

- - 2 L oy 3 A VY 3 NP 423 T 1 700 O

,1'-[(285)-2-Methyl-1-oxoethanoj-a-2'-deoxyuridine (25c). This compound (28.2 mg

R4
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A- -u., T T Y

sample. mp 184.0 185.0 °C (CHCl3-EtOH). UV (MeOH) ;\«max 259 nm (e 10700), Amin 227.4 nm
(e 2400). TH NMR (DMSO-de) 8 11.39 (1H, br), 5.65 (1H, d, J5,7=1.5 Hz), 5.45 (1H, d, J3,04=6.2
Hz), 5.13 (1H, dq, J7,cH3=6.6 Hz), 4.75 (1H, t, J5,08=5.9 Hz), 4.14 (1H, ddt, J2 3=8.4 and 7.5,
J3,4=6.2 Hz), 3.97 (1H, dt, J¢,5=6.2 and 3.3 Hz), 3.56 (1H, ddd, Jgem=12.1 Hz), 3.38 (1H, ddd),
3.10 (1H, dd, Jgem=13.6 Hz), 2.36 (1H, dd), 1.41 (3H, d). FAB MS m/z271 (M+H)*. Anal. Calcd
for C11H14N20g: C, 48.89; H, 5.22; N, 10.37. Found: C, 48.86; H, 5.24; N, 10.22.

6,1'-[2,2-Dimethyl-1-oxoethano]-2'-deoxyuridine (26B). This compound (26.0 mg) was

£ FAD PR T |

UULHIHBU irom &Op (40.4 mg, U UUIL) mmux) Uy LIle same pn)(,euure QEbLl'lDE(l [Ul' é‘lp lIl Lﬂe

quantitative yield. The resuiting white foam was recrystallized from CHCI3-EtOH for an
analytical sample: mp 187.5-188.5 °C (CHCI3-EtOH). UV (MeOH) Amax 259 nm (¢ 11000), Amin
228 nm (¢ 2200). 'H NMR (DMSO-dg) 6 11.27 (1H, br), 5.69 (1H, d, J5 nu=2.1 Hz), 5.21 (1H, d,
J3,00=5.2 Hz), 4.66 (1H, t, J5 ou=5.8 Hz), 4.24 (1H, ddt, J2 3=J3,4=6.4, J2,3=8.1 Hz), 3.82 (1H,
dt, J4 5=6.4 and 3.4 Hz), 3.58 (1H, ddd, Jgem=11.9 Hz), 3.40 (1H, ddd), 3.09 (1H, dd, Jgem=14.0
Hz), 2.07 (1H, dd), 1.52 and 1.42 (6H, each as s). FAB MS m/z 307 (M+Na)* and 285 (M+H)*.

eN20g: C, 50.70; H, 5.67: N, 9.85. Found: C, 50.33; H, 5.56; N, 9.61.

Ny UL E RV, ARy VT, AN, CL.OU. Liiiiia. W, VLUV, Li, V.U, 4

6,1'-(1-Oxaetano)uridine (358). The 1 M solution of TBAF in THF (0.63 mL, 0.63 mmol)
was added to the THF (6 mL) solution of 34p (108.6 mg, 0.177 mmol) at 0 °C. The mixture was
stirred at rt for 18 h. Purification on a silica gel column (1-10% MeOH in CHCl3) followed by
recrystallization from EtOH gave 36p (45.3 mg, 94%). Physical data of 35 is as follows: mp
183.0-185.0 °C (EtOH). UV MeOH) Amax 260 nm (¢ 8400), Amin 228 nm (¢ 1600). 'H NMR
(DMSO-ds) 6 11.4 (1H, br), 5.62 (1H, t, J5,7=J5, Nu=1.4 Hz), 5.14 (1H, d, J3 0n=4.3 Hz), 5.05 (1H,
d, J2.05=9.2 Hz), 5.00 (1H, dd, Jgem=15.1 Hz), 4.92 (1H, dd), 4.74 (1H, dd, J2,3=6.1 Hz), 4.67

(1H, dd, J5,04=5.2 and 7.0 Hz), 4.02 (1H, m), 4.00 (1H, dt, J3,4=1.6, J1 5=5.1 and 5.5 Hz), 3.52

(T A4 =117 HY 248 (1 AdAAN E‘AT_! MS m/z 273 (T\A’J_T-T Annal Calod for
\i1ix, uuu, Ugem LK./ LiL), J.xJ (111, uuuj. PAVS NS iViwg 1487 de. LtV ivat 1] £3i1ak. waivu  1us
ral Y ] ntT Y, Y 20 H L IT OO, A np TN ____ 1. MV A0 Q. ITT N o9, AT s N
Ci1oH12N207°1/2H20: C, 42.71; H, 9.96; N, 4.66. Found: C, 42.85; H, 9.83; N, 4.50.
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subsequent acidic treatment; and the 2',3',5'-tris-O-silylation step was also problematic
in this sequence.
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