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Abstract—Starting from 5’-O-trityl-2/,3/-seco-uridine, reconstruction of a furanose structure was carried out by the following sequence of
reactions: (1) regioselective introduction of a phenylselenenyl group to the 2’-position of the 2/,3’-seco-uridine, (2) oxidation and subsequent
Wittig reaction of the 3'-hydroxyl group and (3) intramolecular radical reaction (5-exo-trig ring closure) leading to 3’-C-carbon-substituted
2'.3’-dideoxyuridine. Also studied is the Pummerer reaction of the 2’-phenylseleno derivative of 2/,3’-seco-uridine. The resulting product, an
a-(acyloxy)phenylselenide, also serves as a substrate for the radical cyclization to allow the introduction of a hydroxyl group at the 2'-
position of the reconstructed furanose ring. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

3’-C-Branched 2’,3’-dideoxyribonucleosides of general
structure 1 have attracted much attention due to their struc-
tural similarity to the anti-HIV agent AZT (3'-azido-3'-
deoxythymidine) as well as their usefulness as building
blocks of nuclease-resistant antisense oligonucleotides.!
Syntheses of 1 have been accomplished by initial construc-
tion of sugar structures which were then condensed with
nucleobases,2 or by radical-mediated 3’-C-allylation of 2'-
deoxyuridine or thymidine derivatives.®

o 1
A 1 X=H, Me
i Y = CH=CHj,, C=CH, CN, CO,R, PO(OR),
CH,Y

The latter method, by further manipulation of the 3’-C-allyl
group, allowed the preparations of 3’-C-cyanomethyl and
3'-C-propargyl derivatives.* An additional unique approach
to 1 (X=Me, Y=CO,Et) utilizing 5'-O-protected 2’,3'-seco-
(ribofuranosyl)thymine (2) has been reported by
Chattopadhyaya et al. (Scheme 1).° In this approach, the

Keywords: nucleosides; radicals and radical reactions; selenium and

compounds; steric and strain effects.

* Corresponding author. Tel.: +81-3-3784-8186; fax: +81-3-3784-8252;
e-mail: hirotnk @pharm.showa-u.ac.jp

2/-0O-silyl derivative 3 was separated from 4 and 5, and
was then converted to the radical precursor 8 which under-
went a highly diastereoselective S-exo-trig ring closure
leading to 9.

In 1988, we reported that a phenylselenide anion prepared
by reducing (PhSe), with LiAlH, serves as a highly efficient
species for the introduction of a phenylselenenyl group to
the 2’-position, through cleavage of the anhydro bond of
0?2'-cyclouridine.® We anticipated that the regioselective
preparation of the 2’-phenylselenenyl-2’,3'-seco-uridines
would be possible starting with a readily accessible 0%2'-
cyclo derivative of 2'3’-seco-uridine, and that such
compounds, upon radical cyclization, would give 1 as
reported by Chattopadhyaya et al.

In the present study, the regioselective introduction of a
phenylselenenyl group to the 2’-position of 2',3’-seco-
uridine and the radical-mediated reconstruction of the
furanose ring were studied in detail. The choice of phenyl-
selenenyl group is not only as a precursor of a simple 2'-
alkyl radical but also due to its possibility to undergo a
Pummerer reaction, the product of which would permit
generation of an a-acyloxyalkyl radical.

2. Preparation of substrates for radical reaction

The 2/,3’-seco-uridine 10, prepared from 5’-O-trityluridine,
was converted to the 0,2-cyclo derivative 11 according to
the published procedure.” Preparation of 12 by selective ring
opening of 11 was then examined (Scheme 2).
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When sodium benzeneselenolate, prepared from Na and
(PhSe), in THF in the presence of 18-crown-6,% was reacted
with 11 (room temperature, for 19 h), several products (13,
3%; 14, 5%; 15, 5%) were formed in addition to 12 (7%) and
the recovered 11 (44%). The formation of 13 and 14’ is a
likely consequence of aryl-O-fission of the O*2’-anhydro
bond which yields 2-phenylseleno-4-pyrimidone inter-
mediate that could be hydrolyzed during work-up. The
reaction of 11 with a selenide anion generated by reducing
(PhSe), with NaBH, in EtOH-THF’ (room temperature, for
16 h) improved the yield of 12 (49%), but again a consider-
able amount of 11 (26%) was recovered together with a
by-product 16 (6%).

In contrast to these results, when phenylselenide anion
derived from (PhSe),/LiAIH,/THF® was used, the desired
12 was obtained exclusively in 94% yield. This reaction is
completed within 15 min at —20°C, which also contrasts
with the above two examples. Compound 12 was converted
to the 3’-hydroxyl derivative 17 by treatment with NaOAc
in 5% aqueous DMF (100°C for 3 h, 93%) followed by NH3/
MeOH (room temperature for 42 h, 97%).

To introduce radical-acceptors to the 3’-position, oxidation
of 17 under several conditions and subsequent Wittig reac-
tion with Ph;PCHCO,Me were examined (Scheme 3).

When the Swern oxidation'® was applied, the desired 18
(32%) was accompanied by its 4’-epimer 19 (14%), presu-
mably due to Et;N which was used for quenching the oxi-
dation. The use of (i-Pr),NEt prevented the formation of
19; however, poor reproducibility of the yield of 18 (37—
69%) led us to examine two other oxidation methods, the

0
(‘\NH
TrO N~ 0

Yoj

O

O
b2

Y

13 X=0H, Y =0Ms
16 X =Y =SePh

14
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Pfitzner—Moffatt oxidation'' and the Dess—Martin oxida-
tion.'> Although both methods gave more than 70% yield
of 18 without epimerization at the 4’-position, the latter
method appeared to be superior due to its simplicity of
work-up procedure.

Thus, when the 3’-aldehyde obtained by the Dess—Martin
oxidation of 17 was reacted in CH3CN with
Ph;PCHCO,Me, 18 was obtained in 73% isolated yield.
The (E)-configuration of 18 was confirmed by 'H NMR
spectroscopy (J-value of the olefinic protons: 15.9 Hz).
Occasionally, a small amount (<1-3%) of the (Z)-isomer
(J-value of the olefinic protons: 11.8 Hz) was observed in
18. The same reaction sequence was applied to the prepara-
tion of 20 (76%, E/Z=88:12) and 21 (44%).

3. Reconstruction of furanose ring by radical cyclization

By using 18 as a substrate, reconstruction of the furanose
ring leading to 2/,3’-dideoxy-3’-C-carbon-substituted
uridine was investigated (Scheme 4). The radical-mediated
cyclization, carried out by adding a mixture of Bu;SnH and
AIBN via a motor-driven syringe, proceeded in 5-exo-trig
manner in high yield with a high diastereoselectivity (22/
23), irrespective of the reaction temperature (Table 1).13

Although the reaction time varies significantly depending
on the temperature, no detectable amount of reduced
product was formed in all entries. The highly efficient cycli-
zation observed here is certainly due to the nucleophilic
character' of the 2’-alkyl radical, which favors reaction
with electron-deficient olefins.

As pointed out by Chattopadhyaya et al.,’ the observed
dominant formation of the erythro isomer 22 would be
explicable based on the fact that the radical species involved
in this reaction is a ‘2,4-cis-disubstituted 5-hexenyl radi-
cal’® and, thus, both substituents (uracil base and 4'-
CH,OTr) would favor pseudo-equatorial positions (confor-
mer A in Fig. 1) in the transition state that resembles the
chair form of cyclohexane. An additional factor working
here in disfavor of B may be a 1,3-allylic strain'® between
the vinylic hydrogen alpha to the methoxycarbonyl group
and the 4’-CH,OTr substituent. To see which substituent
(uracil base or 4/-CH,OTr) is more demanding in the
pseudo-equatorial position, the cyclization of the (4'R)-
epimer 19 was also carried out under the conditions of
entry 4 in Table 1.

As shown in Scheme 5, the reaction of 19 not only gave the
simple furanose-reconstructed products, 24 (51%) and 25
(21%),17 but also the 6,3’-methano derivative 26 (7%: as a

BusSnH / Et3B or AIBN TrO N™ ~O TrO N™ "0
A MeOQC
“Co,Me 23
22

Scheme 4.
Table 1. Radical-mediated cyclization of 18
Entry Reagents (equiv.) Solvent Temperature (°C) Time (h) Yield (%) Ratio of 22/23
1 Bu;SnH (1.5), Et;B (1.2) Benzene rt 68 84 97:3
2 BusSnH (1.5), Et;B (1.2) Benzene 50 28 80 98:2
3 Bu;SnH (2.0), AIBN (0.2) Benzene 80 20 90 97:3
4 Bu;SnH (1.5), AIBN (0.1) Toluene 110 1 92 97:3
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Figure 1. Transition structures of the radical derived from 18.
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Figure 2. Transition structures of the radical derived from 19.

mixture of two diastereomers).'® One could say that the
transition state conformation C (Fig. 2) is preferred simply
because the 4'-CH,OTr group is more bulky than the base
moiety. However, the observed stereochemical outcome
may also be explicable in terms of 1,3-allylic strain: in the
conformer D, an unfavorable disposition of the vinylic
hydrogen and the 4'-CH,OTr results, as was seen in the
conformer B in Fig. 1.

We next examined the influence of the configuration of the
olefinic structure. Oxidation of 17 with DMSO-DCC
followed by the Horner—-Emmons reaction employing
LHMDS and (CF;CH,0),P(O)CH,CO,Me" gave a mixture
of 18 and its (Z)-isomer 27 (total yield 74%, E/Z=1.0:4.6).

The desired (Z)-isomer 27 was isolated by HPLC purifica-
tion of the mixture. When 27 was subjected to the radical
reaction under the conditions of entry 4 in Table 1, almost
the same results as the case of 18 were obtained (93% yield,
ratio of 22/23=99:1). However, when the reaction of 27 was
carried out in benzene at room temperature, the cyclized

26a and 26b

product 22?° was obtained only in 35% yield after 68 h,
which contrasts with the case of 18 (entry 1 in Table 1).
TLC analysis (hexane/EtOAc=2:3) of the reaction mixture
showed that, in addition to 22 (35% yield, R; 0.19) and the
starting material 27 (29% yield, R; 0.43), an additional
product (R; 0.49) was formed in this reaction. The 'H
NMR spectrum of this product confirmed its structure to
be the (E)-isomer 18 (18% yield). It is conceivable, there-
fore, that the radical-mediated isomerization of 27 to 18 is a
slow process and that the cyclization of 27 takes place at
least in part through 18.*'

O O

TrO O?l\‘l\i-lo Tro\wfl: /Ii-lo

MeO,C % SePh N
27 28

{_OPh
P
O OPh 29

The cyclization of other substrates 20 and 21 under the
optimized reaction conditions (entry 4 in Table 1) also
gave the corresponding furanose-reconstructed products
28 (93% yield, erythro/threo=97:3) and 29 (95% yield,
erythro/threo=99:1), respectively, in a highly diastereo-
selective manner.
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4. Pummerer products derived from 2’-phenylseleno-
2/,3'-seco-uridine and their use as substrates for radical-
mediated reconstruction of furanose ring

Although a selenium version of the Pummerer reaction
has been known,** one concern regarding this reaction is
concomitant formation of elimination products caused by
enhanced reactivity of selenoxides. In our earlier works on
selenoxide elimination using uridine derivatives,6b it was
observed that their phenylselenoxides are stable enough to
be isolated when the (3-position is occupied with an electro-
negative atom such as oxygen.”

Since the B-position to the selenium atom of 2’-phenyl-
seleno-2/,3/-seco-uridines carries an oxygen atom as well
as the base moiety, we reasoned that the selenoxide derived
from these compounds could be stable and that their
Pummerer reaction would give a-(acyloxy)phenylselenides,
that can serve as substrates for the radical cyclization,
without forming 1/,2'-unsaturated 2’,3’-seco-uridines. This
appeared to be the case. When 18 was oxidized with
m-CPBA in CH,Cl,, the corresponding selenoxide 30
was isolated in 91% yield as a mixture of two dia-
stereomers. When the seleno-Pummerer reaction using
30 was carried out in CH,Cl, with acid anhydrides,
the a-(acyloxy)phenylselenides 31-33 were obtained

Table 2. Radical-mediated cyclization of 31-33

o)
(‘\NH (J\ NH
TrO N’go Tro N/J*o
BusSnH / AIBN or Et;B o O
31-33 : : v + UOCOR
MeO,C—  OCOR MeO,C—
34a R=Me 35a R=Me
34b R =CMej 35b R =CMes
34c R=Ph 35¢ R="Ph

uniformly in high yields (78-89%) as a mixture of
two diastereomers.

(o]
Cy

|
TrO N~ ~O TrO N™ "0
0 0
E z,/O Z/OCOR 31 R=Me
/" sé-pn /' “sePh 32 R=CMe;
COsMe COsMe 33 R=Ph
30

We next studied the radical reactions of 31-33 to recon-
struct the furanose ring having a hydroxyl group at the
2'-position (Scheme 6). The results are summarized in
Table 2. Despite the fact that an acyloxy substituent
decreases the nucleophilicity of carbon-radicals,”® these
substrates uniformly gave high yields of cyclized products.
From Table 2, it can also be seen that, irrespective of the
substrate used, the major product was the isomer 34 having
3'-deoxyribofuranosyl configuration.”> To see the effect of
reaction temperature on the stereoselectivity about the 2'-
position (the ratio of 34/35), the reaction of 33 was carried
out at lower temperatures (entries 4—6); however, no
significant change was observed even at —50°C.

Entry Substrate Initiator (equiv.) Solvent Temp. Time (h) Yield (%) Ratio of 34/35
1 31 AIBN (0.2) toluene 110°C 1 90 68/32

2 32 AIBN (0.2) toluene 110°C 1 82 59/41

3 33 AIBN (0.2) toluene 110°C 1 94 69/31

4 33 Et;B (1.2) benzene r.t. 24 91 74/26

5 33 Et;B (1.2) benzene 0°C 24 94 75125

6 33 Et;B (1.2) toluene -50°C 24 76 77/23

All reactions were carried out by using 2.0 equiv of Bu;SnH.

Table 3. Radical-mediated cyclization of the two diastereomers of 31

Entry Substrate Initiator (equiv.) Solvent Temp. Time (h) Yield (%) Ratio of 34/35
1 31a AIBN (0.2) toluene 110°C 1 74 66/34

2 31a Et;B (1.2) benzene r.t. 24 93 71/29

3 31b AIBN (0.2) toluene 110°C 1 98 68/32

4 31b Et;B (1.2) benzene r.t. 24 97 71/29

All reactions were carried out by using 2.0 equiv of Bu;SnH.
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An additional factor, which possibly alters the stereo-
selectivity of these reactions, would be the configuration
about the 2’-position of the substrates 31-33.%° To examine
this possibility, each diastereomer of 31 was isolated by
silica gel column chromatography, and these were sepa-
rately used as substrates for the radical cyclization. In
Table 3, the major isomer and the minor one are referred
to as 31a and 31b, respectively. When a comparison is made
between the yields of entries 1 and 3, it is apparent that the
major diastereomer 31a is less reactive than 31b. In terms of
the stereoselectivity, however, both substrates gave exactly
the same results irrespective of the reaction temperature.
These results suggest that, although accessibility of tin
radical to the 2’-phenylseleno group may differ depending
on the configuration (the steric environment around the
2'-position), both diastereomers eventually generate the
same sp’-hybridized radical intermediate.”’

5. Conclusion

Following regioselective preparation of 2/,3’-seco-uridines
having a phenylselenenyl group at the 2’-position, 3’-C-
branched 2’,3’-dideoxyribonucleosides (1) were synthe-
sized based on radical-mediated reconstruction of the fura-
nose ring. The observed dominant formation of the erythro
isomer can be explained in terms of the stability of the chair-
like transition structure, in which 1,3-pseudo-diaxial inter-
action between the base and the 4’-CH,OTr as well as 1,3-
allylic strain of the olefinic portion could be working as
determinants of the stereochemistry.

Successful seleno-Pummerer reaction of the selenoxide
derived from 18 exemplified the utility of the present
approach by the synthesis of 3’-C-branched nucleosides
having a hydroxyl group at the 2’-position.

6. Experimental
6.1. General

'"H NMR spectra were measured at 23°C (internal standard,
Me,Si) with JNM-LAS00 (500 MHz) or JNM-GX400
(400 MHz) spectrometers. Mass spectra (MS) were taken
in FAB mode (m-nitrobenzyl alcohol as a matrix) with a
JMS-SX 102A spectrometer. For compounds containing
Se, ion peaks corresponding to *°Se are shown. Ultraviolet
(UV) spectra were recorded on a JASCO Ubest-55 spectro-
photometer. Column chromatography was carried out on
silica gel (Silica Gel 60, Merck). Thin layer chromatography
(TLC) was performed on silica gel (precoated silica gel
plate F,s4, Merck). HPLC was carried out on a Shimadzu
LC-6AD with a Shim-pack PREP-SIL (H) KIT column
(2X25 cm).

6.1.1. Reaction of 11 with NaSePh. A mixture of (PhSe),
(228 mg, 0.73 mmol) and Na (33 mg, 1.43 mmol) in THF
(7 mL) was refluxed for 4 h under positive pressure of dry
Ar. To the resulting solution, 11 (500 mg, 0.91 mmol) and
18-crown-6 (12 mg, 0.045 mmol) were added at room
temperature, and stirred for 19 h. The reaction mixture
was treated with 20% AcOH in MeOH and then partitioned

between CHCl; and H,O. Silica gel column chromato-
graphy (10% MeOH in CHCl;) of the organic layer gave
the recovered 11 (219 mg, 44%). Fractions containing 12
and 14 were combined and subjected to HPLC separation
(hexane/EtOAc=1:2). This gave 12 (tg 12 min, 47 mg, 7%)
and 14 (tg 15 min, 19 mg, 5%).

Physical data of 12: UV (MeOH) A, 263 nm (e 11 100),
Amin 244 nm (e 7700); '"H NMR (CDCl;y) & 2.94 (3H, s,
SO,Me), 3.12 (1H, dd, J=6.4 and 13.6 Hz, H-5"), 3.20—
3.22 (2H, m, H-2/), 3.28 (1H, dd, J=6.0 and 13.6 Hz,
H-5%), 3.63-3.66 (1H, m, H-4'), 4.27 (1H, dd, J=2.4 and
11.2 Hz, H-3'), 440 (1H, dd, J=3.2 and 11.2 Hz, H-3'),
5.42 (1H, d, J=8.0 Hz, H-5), 6.02 (1H, t, J=6.0 Hz, H-1),
7.19 (1H, d, J=8.0 Hz, H-6), 7.20-7.35 and 7.49-7.50
(20H, each as m, Ph), 9.01 (1H, br, NH); FAB-MS m/z
707 (M*+H). Anal. caled for C35H3,N,0,SSe: C, 59.57;
H, 4.86; N, 3.97. Found: C, 59.47; H, 4.49; N, 3.97.

Physical data of 14: see Ref. 5.

Fractions containing 13 and 15 were combined and
subjected to HPLC separation (CHCI;/MeOH=30:1). This
gave 15 (fg 15 min, 29 mg, 5%) and 13 (g 16 min, 14 mg,
3%).

Physical data of 13: UV (MeOH) A, 260 nm (e 8600),
Amin 243 nm (€ 5300); '"H NMR (CDCl;) & 3.03 (3H, s,
SO,Me), 3.20-3.27 (2H, m, H-2/), 3.68-3.75 (2H, m,
H-3' and H-4'), 3.80 (1H, dd, J=5.2 and 12.4 Hz, H-3),
4.34 (1H, dd, J=5.2 and 11.6 Hz, H-5'), 4.49 (1H, dd,
J=2.8 and 11.6 Hz, H-5'), 5.56 (1H, d, J=8.0 Hz, H-5),
5.91 (1H, t, J=5.2 Hz, H-1/), 7.21-7.35 (16H, m, Ph and
H-6); FAB-MS m/z 567 (M"+H). Anal. caled for
CyH39N,OgS: C, 61.47; H, 5.34; N, 4.94. Found: C,
61.32; H, 5.28; N, 4.78.

Physical data of 15: UV (MeOH) A gouider 262 nm (e 8400);
'HNMR (CDCl;) 6 2.86 (1H, dd, J=8.0 and 13.2 Hz, H-3'),
3.03 (1H, dd, J=4.0 and 13.2 Hz, H-3'), 3.27 (1H, dd, J=7.2
and 11.2 Hz, H-5"), 3.42 (1H, dd, J=4.0 and 11.2 Hz, H-5),
3.71-3.77 (1H, m, H-4"), 4.48 (1H, dd, J=2.8 and 10.4 Hz,
H-2"), 4.62 (1H, dd, J=6.4 and 10.4 Hz, H-2'), 5.72 (1H, d,
J=17.4 Hz, H-5), 5.78 (1H, dd, J=2.8 and 6.4 Hz, H-1'), 7.17
(1H, d, J=7.4 Hz, H-6), 7.25-7.36 and 7.37-7.43 (20H,
each as m, Ph); FAB-MS m/z 611 (M"+H). Anal. calcd
for C34H30N,O4Se: C, 66.99; H, 4.96; N, 4.60. Found: C,
66.62; H, 5.07; N, 4.40.

6.1.2. Reaction of 11 with (PhSe),/NaBH,. Under positive
pressure of dry Ar, an EtOH (5 mL) solution containing
(PhSe), (240 mg, 0.77 mmol) was treated with NaBH,
(45 mg, 1.19 mmol) at room temperature for 10 min. To
this was added 11 (500 mg, 0.91 mmol) in THF (5 mL),
and the reaction mixture was stirred at room temperature
for 16 h. The mixture was quenched by adding 20% AcOH
in MeOH and evaporated. The resulting residue was chro-
matographed on a silica gel column. Elution with hexane/
EtOAc=2:1-1:4 gave 16 (39 mg, 6%, foam) and 12
(315 mg, 49%). Elution with 10% MeOH in CHCl; gave
the recovered 11 (130 mg, 26%).

Physical data of 16: UV (MeOH) A, 265 nm (e 14 700),
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Amin 245 nm (e 11 200); 'H NMR (CDCl3) 6 3.03-3.13
(4H, m, H-2/ and H-3'), 3.19 (1H, dd, J=6.2 and 10.4 Hz,
H-57), 3.26 (1H, dd, J=4.4 and 10.4 Hz, H-5), 3.61-3.63
(1H, m, H-4"), 5.36 (1H, d, J=8.0 Hz, H-5), 5.92 (1H, t,
J=5.6 Hz, H-1"), 7.19-7.32, 7.37-7.40, and 7.44-7.47
(26H, each as m, Ph and H-6), 8.06 (1H, br, NH); FAB-
MS m/z 807 (M*+H). Anal. calcd for CyoH36N,0,Se,: C,
62.67; H, 4.73; N, 3.65. Found: C, 62.76; H, 4.49; N, 3.66.

6.1.3. Reaction of 11 with (PhSe),/LiAlH,. Under positive
pressure of dry Ar, a THF (30 mL) solution containing
(PhSe), (1.36 g, 4.37 mmol) was treated with LiAlH,
(124 mg, 3.28 mmol) at room temperature for 15 min and
then cooled to —20°C. To this was added 11 (3.0 g,
5.47 mmol), and the reaction mixture was stirred at
—20°C for 15 min. After being quenched with 10% AcOH
in MeOH, the whole reaction mixture was chromatographed
on a silica gel column (hexane/EtOAc=1:4) to give 12
(3.61 g, 94%).

6.1.4.  2'-Deoxy-2’-phenylseleno-5'-O-trityl-2',3'-seco-
uridine (17). A mixture of 12 (2.24 g, 3.17 mmol) and
NaOAc (1.3 g, 15.8 mmol) in 5% aqueous DMF (20 mL)
was heated at 100°C for 3 h. The reaction mixture was parti-
tioned between EtOAc and H,O. Silica gel column chroma-
tography (hexane/EtOAc=1:1) of the organic layer gave
3’-0-acetyl-2'-deoxy-2'-phenylseleno-5'-O-trityl-2',3'-seco-
uridine (1.97 g, 93%) as a foam. Physical data of this
compound are as follows: UV (MeOH) A, 263 nm (€
11 400), Amin 244 nm (e 7800); 'H NMR (CDCly) 6 1.97
(3H, s, Ac), 3.08-3.24 (4H, m, H-2' and H-5'), 3.63-3.68
(1H, m, H-4"), 4.08 (1H, dd, J=6.2 and 12.0 Hz, H-3"), 4.30
(1H, dd, J=3.6 and 12.0 Hz, H-3'), 5.42 (1H, d, J=8.0 Hz,
H-5), 6.08 (1H, t, J=6.0 Hz, H-1/), 7.21-7.36 and 7.48-
7.50 (21H, each as m, Ph and H-6), 8.19 (1H, br, NH);
FAB-MS m/z 671 (M"+H). Anal. caled for
C36H3uN,OgSe: C, 64.57; H, 5.12; N, 4.18. Found: C,
64.26; H, 4.72; N, 4.10. The above acetate (1.95¢g,
2.91 mmol) in THF (20 mL) was treated with saturated
NH; in MeOH (60 mL) in a sealed tube for 42 h. The reac-
tion mixture was evaporated and chromatographed on a
silica gel column (hexane/EtOAc=1:4). This gave 17
(1.78 g, 97%) as a foam: UV (MeOH) A, 263 nm (e
11 300), Amin 245 nm (e 7900); 'H NMR (CDCl,, after
addition of D,O) 6 3.11 (1H, dd, J=7.6 and 13.6 Hz,
H-2'), 3.17 (1H, dd, J=4.4 and 13.6 Hz, H-2'), 3.21 (1H,
dd, J=4.4 and 10.4 Hz, H-5'), 3.30 (1H, dd, J/=6.4 and
10.4 Hz, H-5"), 3.48-3.51 (1H, m, H-4'), 3.61 (1H, dd,
J=48 and 12.8 Hz, H-3’), 3.78 (1H, dd, J=3.6 and
12.8 Hz, H-3'), 5.47 (1H, d, J/=8.0 Hz, H-5), 5.93 (1H, dd,
J=44 and 7.6Hz, H-1'), 7.22-7.30, 7.34-7.36, and
7.51-7.54 (20H, each as m, Ph), 7.42 (1H, d, /=8.0 Hz,
H-6); FAB-MS m/z 629 (M*'+H). Anal. caled for
C34H3,N,05S5e-0.5H,0: C, 64.15; H, 5.23; N, 4.40. Found:
C, 64.48; H, 4.94; N, 4.28.

6.1.5. Swern oxidation of 17 and subsequent reaction
with Ph;PCHCO,Me: formation of 3'-C-(E)-(carbo-
methoxy)methylene-2’,3'-dideoxy-2’-phenylseleno-5'-0-
trityl-2’,3’-seco-uridine (18) and its 4’-epimer (19). Under
positive pressure of dry Ar, (COCI), (102 L, 1.70 mmol)
was added to a CH,Cl, (7 mL) solution of DMSO (200 L,
2.83 mmol) at —80°C, and the mixture was stirred for 5 min.

Compound 17 (711 mg, 1.13 mmol) in CH,Cl, (7 mL) was
added to the above solution. After stirring for 30 min at
—80°C, the reaction was quenched by adding Et;N
(1.57 mL, 11.3 mmol), and the mixture was stirred for
30 min at room temperature. The reaction mixture was
partitioned between saturated aqueous NH,4Cl and CH,Cl,.
The separated organic layer was dried (MgSQO,), evaporated,
and taken up into CH3CN (7 mL). The resulting CH;CN
solution was reacted with PhsPCHCO,Me (568 mg,
1.7 mmol) at room temperature overnight. The reaction
mixture was evaporated and passed through a short column
of silica gel (hexane/EtOAc=3:2). HPLC separation
(hexane/EtOAc=2:3) of the mixture gave 18 (g 10 min,
247 mg, 32%, foam) and 19 (g 12 min, 106 mg, 14%,
foam).

Physical data of 18: UV (MeOH) A, 263 nm (e 11 900),
Amin 244 nm (e 8600); '"H NMR (CDCl3) & 3.13 (1H, dd,
J=3.2and 10.9 Hz, H-5"), 3.19 (1H, dd, J=5.4 and 13.6 Hz,
H-27),3.26 (1H, dd, J=5.4 and 13.6 Hz, H-2/), 3.36 (1H, dd,
J=17.6 and 10.8 Hz, H-5), 3.72 (3H, s, CO,Me), 3.83-3.87
(1H, m, H-4"), 5.47 (1H, dd, J=2.0 and 8.0 Hz, H-5), 5.79
(1H, t, J=5.4 Hz, H-1"), 5.97 (1H, dd, J=1.0 and 15.9 Hz,
CHCO,Me), 6.61 (1H, dd, J=3.6 and 159 Hz,
CH=CHCO,Me), 7.19-7.31, 7.35-7.38 and 7.46-7.48
(20H, each as m, Ph), 7.58 (1H, d, J/=8.0 Hz, H-6), 8.80
(1H, br, NH); FAB-MS m/z 683 (M*+H). Anal. calcd for
C37H3,N,O4Se: C, 65.20; H, 5.03; N, 4.11. Found: C, 64.93;
H, 4.89; N, 4.09.

Physical data of 19: UV (MeOH) A ., 263 nm (e 11 600),
Amin 244 nm (e 8400); '"H NMR (CDCl5) & 3.19 (1H, dd,
J=6.2 and 13.6 Hz, H-2'), 3.24-3.32 (3H, m, H-2’ and
H-5), 3.69 (3H, s, CO,Me), 4.06-4.09 (1H, m, H-4'),
5.55 (1H, d, J=8.2 Hz, H-5), 5.86 (1H, dd, J=1.4 and
15.8 Hz, CHCO,Me), 6.19 (1H, t, J=6.2 Hz, H-1'), 6.61
(1H, dd, J=6.2 and 15.8 Hz, CH=CHCO,Me), 7.16-7.70
(21H, m, Ph and H-6), 8.29 (1H, br, NH); FAB-MS m/z 683
(M"+H). Anal. calcd for C3;H34N,0¢Se-0.5H,0: C, 64.35;
H, 5.11; N, 4.06. Found: C, 64.74; H, 4.82; N, 3.83.

6.1.6. Dess—Martin oxidation of 17 and subsequent reac-
tion with Ph;PCHCO,Me. Under positive pressure of dry
Ar, a mixture of 17 (1.0 g, 1.59 mmol) and the Dess—Martin
reagent 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-
one (810 mg, 1.91 mmol) in CH,Cl, (10 mL) was stirred at
room temperature for 15 min. The reaction mixture was
filtered, and the filtrate was partitioned between saturated
aqueous NH,CI and CH,Cl,. The organic layer was evapo-
rated and taken up into CH3CN (10 mL). The resulting
CH;CN solution was reacted with Ph;PCHCO,Me
(797 mg, 2.39 mmol) at room temperature overnight. After
evaporation of the solvent, the reaction mixture was chro-
matographed on a silica gel column (hexane/EtOAc=1:1) to
give 18 (796 mg, 73%).

6.1.7. 3/-C-Cyanomethylene-2’,3'-dideoxy-2’-phenylseleno-
5'-0-trityl-2',3'-seco-uridine (20). Under positive pressure
of dry Ar, a THF (8 mL) solution of (cyanomethyl)tributyl-
phosphonium chloride (797 mg, 2.87 mmol) was treated
with LHMDS (1 M THEF solution, 2.6 mL, 2.58 mmol) for
30 min. To this was added a THF (8 mL) solution of the
aldehyde prepared from 17 (600 mg, 0.96 mmol) and the
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Dess—Martin reagent (425 mg, 1.05 mmol) as described for
the preparation of 18. The reaction mixture was stirred for
30 min at room temperature, and then partitioned between
EtOAc and H,O. Silica gel column chromatography (hex-
ane/EtOAc=2:1) of the organic layer gave 20 (471 mg,
76%, foam) as a mixture of two geometrical isomers (E/
Z=88:12): UV (MeOH) A 263 nm (e 11 400), A
245 nm (e 8200); '"H NMR (CDCl) for (E)-isomer & 3.13
(1H, dd, J=5.5 and 13.5 Hz, H-2'), 3.15 (1H, dd, J=4.3 and
11.0 Hz, H-5'), 3.20 (1H, dd, J=6.4 and 13.5 Hz, H-2'),
3.32 (1H, dd, J=7.0 and 11.0 Hz, H-5'), 3.74-3.77 (1H,
m, H-4%), 5.52 (1H, d, J=8.0 Hz, H-5), 5.59 (1H, dd, J=
1.5 and 16.5 Hz, CHCN), 5.76 (1H, dd, J=5.5 and 6.4 Hz,
H-1'), 6.41 (1H, dd, J=6.1 and 16.5 Hz, CH—=CHCN),
7.24-7.31, 7.33-7.36 and 7.48-7.51 (20H, each as m,
Ph), 7.39 (1H, d, J=8.0 Hz, H-6); '"H NMR (CDCl;) for
(Z)-isomer 6 3.18 (1H, dd, J=5.2 and 13.6 Hz, H-2/), 3.18
(1H, dd, J/=4.0 and 10.4 Hz, H-5"), 3.28 (1H, dd, J/=6.4 and
13.6 Hz, H-2'), 3.33 (1H, dd, J=6.8 and 10.4 Hz, H-5),
4.37-4.41 (1H, m, H-4"), 5.55 (1H, d, J=8.4 Hz, H-5),
5.55 (1H, dd, J=1.2 and 11.2 Hz, CHCN), 5.85 (1H, dd,
J=5.2 and 6.4 Hz, H-1'), 6.33 (1H, dd, J=8.4 and 11.2 Hz,
CH=—CHCN), 7.20-7.33, 7.35-7.39, and 7.46-7.50 (20H,
each as m, Ph), 7.42 (1H, d, J=8.4 Hz, H-6); FAB-MS m/z
650 (M++H) Anal. calcd for C36H31N304SCZ C, 6666, H,
4.82; N, 6.48. Found: C, 66.44; H, 4.69; N, 6.37.

6.1.8. 2',3'-Dideoxy-3'-C-(E)-(bisphenoxyphosphono)-
methylene-2’-phenylseleno-5'-0-trityl-2/,3'-seco-uridine
(21). To a CH3CN (10 mL) solution containing the alde-
hyde, prepared from 17 (550 mg, 0.88 mmol) and the
Dess—Martin reagent (410 mg, 0.96 mmol) as described
for the preparation of 18, was added Ph;PCHP(O)(OPh),*®
(890 mg, 1.75 mmol). The reaction mixture was stirred at
room temperature overnight. Evaporation of the solvent
followed by silica gel column chromatography (hexane/
EtOAc=1:1) of the resulting residue gave 21 (327 mg,
44%, foam): UV (MeOH) A .« 262 nm (e 12 700), A,
244 nm (e 8900); 'H NMR (CDCl;) 6 3.09 (1H, dd, J=
3.2 and 11.1 Hz, H-5), 3.09 (1H, dd, J=5.6 and 13.5 Hz,
H-2%),3.18 (1H, dd, J=5.6 and 13.5 Hz, H-2'), 3.26 (1H, dd,
J=7.4 and 11.1 Hz, H-5"), 3.82-3.85 (1H, m, H-4'), 5.41
(1H, d, J=8.0 Hz, H-5), 5.72 (1H, t, J=5.6 Hz, H-1'), 6.19
(1H, ddd, J=1.0, 17.2 and 23.3 Hz, CHP(O)(OPh),), 6.64
(1H, ddd, J=6.0, 23.3 and 23.3 Hz, CH=CHP(O)(OPh),),
7.12-749 (31H, m, Ph and H-6); FAB-MS m/z 857
(M +H). Anal. caled for C47H,N,O-PSe: C, 65.96; H,
4.83; N, 3.27. Found: C, 66.25; H, 5.05; N, 3.47.

6.1.9. Radical-mediated cyclization of 18: formation of
1-[3-C-(carbomethoxy)methyl-2,3-dideoxy-5-O-trityl-3-
D-erythro-pentofuranosyl]uracil (22) and its threo-
isomer (23). To a toluene (8.2 mL) solution of 18
(281 mg, 0.41 mmol) kept at 110°C, a mixture of AIBN
(6.8 mg, 0.04 mmol) and BuzSnH (166 pL, 0.62 mmol) in
toluene (5.5 mL) was added by a syringe-pump over 1h
under Ar atmosphere. Evaporation of the solvent followed
by silica gel column chromatography (hexane/EtOAc=1:1)
of the residue gave a mixture of 22 and 23 (22/23=97:3
based on integration of H-6, total yield 200 mg, 92%) as
foam. HPLC separation (hexane/EtOAc=1:2) of the
mixture gave pure 22 (fg 19.4 min, foam) and 23 (R
17.3 min, foam).

Physical data of 22: UV (MeOH) A, 263 nm (e 9600),
Amin 242 nm (€ 5100); '"H NMR (CDCl3) 6 2.13-2.23 (1H,
m, H-2'), 2.20 (1H, dd, J=9.0 and 16.0 Hz, CH,CO,Me),
2.31 (1H, dd, J=5.1 and 16.0 Hz, CH,CO,Me), 2.40 (1H,
ddd, J=2.6, 7.6 and 13.9 Hz, H-2'), 2.73-2.83 (1H, m,
H-3'), 3.34 (1H, dd, J=3.3 and 11.1 Hz, H-5'), 3.60 (1H,
dd, J/=2.6 and 11.1 Hz, H-5'), 3.63 (3H, s, CO,Me), 3.77—
3.81 (1H, m, H-4'), 5.35 (1H, d, J=8.2 Hz, H-5), 6.11 (1H,
dd, J=2.6 and 6.9 Hz, H-1'), 7.25-7.35 and 7.40-7.43
(15H, each as m, Ph), 8.00 (1H, d, J/=8.2 Hz, H-6), 8.43
(1H, br, NH); FAB-MS m/z 527 (M"+H). Anal. calcd for
C31H30N206'0.5H20: C, 6952, H, 583, N, 5.23. Found: C,
69.33; H, 5.69; N, 5.15.

Physical data of 23: UV (MeOH) A, 261 nm, A,
241 nm; 'H NMR (CDCl;) & 1.18 (1H, ddd, J=8.6, 12.0
and 12.2 Hz, H-2/), 2.42 (1H, dd, J=7.4 and 16.6 Hz,
CH,CO,Me), 2.50 (1H, dd, J=8.2 and 16.6 Hz,
CH,CO,Me), 2.54 (1H, ddd, J=5.5, 6.8 and 12.2 Hz,
H-2%), 2.91-2.99 (1H, m, H-3'), 3.14 (1H, dd, J=4.0 and
10.8 Hz, H-5'), 3.52 (1H, dd, J=4.0 and 10.8 Hz, H-5'),
3.56 (3H, s, CO,Me), 4.41 (1H, dt, J=4.0 and 8.1 Hz, H-
4", 5.33 (1H, d, J=8.3 Hz, H-5), 6.16 (1H, dd, J=5.5 and
8.6 Hz, H-1'), 7.22-7.42 (15H, m, Ph), 7.78 (1H, d,
J=8.3Hz, H-6), 890 (1H, br, NH); HRFAB-MS m/z
527.2227 (M++H), calcd for C3]H3]N206 (M++H)
527.2182.

6.1.10. Radical-mediated cyclization of 19: formation of
24, 25 and 26. To a toluene (4.0 mL) solution of 19
(138.9 mg, 0.203 mmol) kept at 110°C, a mixture of
AIBN (6.7 mg, 0.041 mmol) and Bu;SnH (109 pL,
0.406 mmol) in toluene (1.8 mL) was added by a syringe-
pump over 1h under Ar atmosphere. Evaporation of the
solvent followed by silica gel column chromatography of
the residue gave a mixture of 26a and 26b (elution with
hexane/EtOAc=2:1, 7.2 mg, 7% yield, 26a/26b=1:1), and
then a mixture of 24 and 25 (elution with hexane/
EtOAc=1:1, 77.3 mg, 72% yield, 24/25=2.4:1). Isolation
of pure compounds was carried out by preparative TLC
(hexane/EtOAc=1:2) for 26a and 26b, and by HPLC
(hexane/EtOAc=2:3) for 24 (tzr 30 min) and 25 (#z 34 min).

Physical data of 24: UV (MeOH) A, 261 nm (e 11 000),
Amin 242 nm (€ 6000); '"H NMR (CDCl;) § 1.77 (1H, ddd,
J=6.8, 10.0 and 13.4 Hz, H-2'), 2.29 (1H, dd, J/=8.6 and
15.9 Hz, CH,CO,Me), 2.44 (1H, dd, J=5.2 and 15.9 Hz,
CH,CO,Me), 2.57-2.67 (1H, m, H-3’), 2.83 (1H, ddd,
J=6.4, 7.6 and 13.4 Hz, H-2'), 3.23 (1H, dd, J=4.8 and
10.6 Hz, H-5'), 3.31 (1H, dd, J=4.0 and 10.6 Hz, H-5'),
3.61 (3H, s, CO,Me), 4.05 (1H, ddd, J=4.0, 4.8 and
8.5 Hz, H-4"), 5.77 (1H, d, J=8.0 Hz, H-5), 6.08 (1H, dd,
J=6.4 and 6.8 Hz, H-1"), 7.22—7.32 and 7.43-7.48 (16H, m,
Ph and H-6), 9.15 (1H, br, NH); FAB-MS m/z 527 (M" +H).
Anal. calcd for C3;H30N,06-0.25H,0: C, 70.11; H, 5.79; N,
5.27. Found: C, 70.09; H, 5.48; N, 5.23.

Physical data of 25: UV (MeOH) A, 262 nm (€ 11 600),
Amin 242 nm (e 6100); '"H NMR (CDCl3) 6 2.27 (1H, ddd,
J=1.8, 7.5 and 13.5 Hz, H-2'), 2.39 (1H, dd, J=7.0 and
17.0 Hz, CH,CO,Me), 2.45 (1H, dd, J=7.8 and 17.0 Hz,
CH,CO,Me), 2.55 (1H, ddd, J=6.4, 11.5 and 13.5 Hz,
H-2%), 2.69-2.80 (1H, m, H-3'), 2.87 (1H, dd, J=2.8 and
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11.0 Hz, H-5'), 3.43 (1H, dd, J=4.0 and 11.0 Hz, H-5'),
3.53 (3H, s, CO,Me), 4.60 (1H, m, H-4'), 5.74 (1H, d, J=
8.4 Hz, H-5), 6.30 (1H, dd, J=1.8 and 6.4 Hz, H-1'), 7.22—
7.34 and 7.42-7.45 (16H, m, Ph and H-6), 8.68 (1H, br,
NH); FAB-MS m/z 527 (M*'+H). Anal. caled for
C;31H30N,Oq: C, 70.71; H, 5.74; N, 5.32. Found: C, 70.67;
H, 5.38; N, 5.28.

'H NMR and HRFAB-MS data of 26a: '"H NMR (CDCl5) &
1.89-1.95 (1H, m, H-2'), 2.22 (1H, d, J=12.0 Hz, H-2"),
2.53 (1H, dd, J=4.8 and 16.7 Hz, H-5), 2.75-2.79 (2H, m,
H-3' and H-6'), 2.97 (1H, dd, J=12.8 and 16.7 Hz, H-5),
3.04 (1H, dd, J=6.4 and 10.2 Hz, H-5"), 3.23 (1H, dd, J=5.2
and 10.2 Hz, H-5'), 3.74 (3H, s, CO,Me), 3.94 (1H, dt, J=
4.8 and 12.8 Hz, H-6), 4.08 (1H, dd, J=5.2 and 6.4 Hz,
H-4"), 631 (1H, d, J=4.8 Hz, H-1"), 7.22-7.33 and 7.40-
7.43 (15H, m, Ph), 7.67 (1H, br, NH); HRFAB-MS m/z
527.2214 (M +H), caled for C3H3;N,Og (M +H) 527.2182.

'H NMR and HRFAB-MS data of 26b: '"H NMR (CDCl5) &
1.65 (1H, d, J=12.0 Hz, H-2/), 2.08 (1H, dt, J=5.2 and
12.0 Hz, H-2'), 2.38 (1H, dd, J=13.0 and 16.7 Hz, H-5),
2.56 (1H, dd, J=2.4 and 10.4 Hz, H-6'), 2.90-2.98 (3H,
m, H-5/, H-5, and H-3'), 3.20 (1H, dd, J=4.6 and 9.5 Hz,
H-5'), 3.78 (3H, s, CO,Me), 4.06-4.13 (1H, m, H-6), 4.26
(1H, dd, J=4.6 and 7.2 Hz, H-4'), 6.25 (1H, d, J=4.4 Hz,
H-1'), 7.22-7.32 and 7.36-7.39 (15H, m, Ph), 7.66 (1H, br,
NH); HRFAB-MS m/z 5272175 (M +H), caled for
C3H;3N,0 M ' +H) 527.2182.

6.1.11. 3'-C-(Z)-(Carbomethoxy)methylene-2',3'-dideoxy-
2’-phenylseleno-5'-O-trityl-2',3'-seco-uridine (27). To a
DMSO (3 mL) solution of 17 (301.8 mg, 0.48 mmol),
DCC (298 mg, 1.44 mmol) and dichloroacetic acid
(20 pL, 0.24 mmol) were added and the mixture was stirred
for 2 h at room temperature under positive pressure of dry
Ar. Filtration of the oxidation mixture was followed by
participation between EtOAc and H,O. The organic layer
was dried (MgSO,), evaporated to dryness, and dissolved in
THF (3 mL). Under positive pressure of dry Ar, the above
THF solution was added at below —78°C to a mixture of
18-crown-6 (636 mg, 2.41 mmol), (CF;CH,0),P(O)CH,-
CO,Me (102 pL, 0.48 mmol), and LHMDS (24% THF
solution, 481 pL, 0.48 mmol) in THF (7 mL). After stirring
for 1h, (CF;CH,0),P(O)CH,CO,Me (51 pL, 0.24 mmol)
was added, and the mixture was stirred for 15 min. The
reaction mixture was diluted with H,O, and extracted with
EtOAc. Silica gel column chromatography (hexane/
EtOAc=3:2) of the extract gave a mixture (242.3 mg,
74%, E/Z=1.0:4.6) of 18 and 27. Compound 27 (#x
12 min) was separated from 18 (fg 10 min) by HPLC
(hexane/EtOAc=2:3): UV (MeOH) A,,x 263nm (e
12 100), Amin 244 nm (e 8600); '"H NMR (CDCl3) & 3.15
(1H dd, J=3.2 and 10.2 Hz, H-5), 3.19 (1H, dd, /=4.4 and
13.6 Hz, H-2'), 3.24 (1H, dd, J=6.0 and 13.6 Hz, H-2),
3.26 (1H, dd, J=7.6 and 10.2 Hz, H-5"), 3.66 (3H, s,
CO,Me), 5.34-5.38 (1H, m, H-4'), 5.57 (1H, dd, J=2.0
and 8.0 Hz, H-5), 5.81 (1H, dd, /=4.4 and 6.0 Hz, H-1'),
5.96 (1H, dd, J/=0.8 and 11.8 Hz, CHCO,Me), 6.06 (1H, dd,
J=8.4 and 11.8 Hz, CH=CHCO,Me), 7.18-7.40 (20H, m,
Ph), 7.67 (1H, d, /=8.0 Hz, H-6), 8.03 (1H, br, NH); FAB-
MS m/z 683 (M"+H). Anal. calcd for C3;H;4N,O¢Se: C,
65.20; H, 5.03; N, 4.11. Found: C, 65.04; H, 4.75; N, 4.13.

6.1.12. 1-[3-C-Cyanomethyl-2,3-dideoxy-5-O-trityl-3-D-
erythro-pentofuranosyl]uracil (28). UV (MeOH) A .«
262nm (€ 9500), Ay, 243nm (e 5300); 'H NMR
(CDCly) 6 2.18 (1H, dd, J=7.0 and 17.1 Hz, CH,CN),
2.31 (1H, dd, J=4.8 and 17.1 Hz, CH,CN), 2.35-2.39
(2H, m, H-2/), 2.61-2.71 (1H, m, H-3"), 3.40 (1H, dd, J=
3.0 and 11.4 Hz, H-5'), 3.73 (1H, dd, J=3.0 and 11.4 Hz,
H-5), 3.85 (1H, dt, J=3.0 and 9.0 Hz, H-4'), 5.42 (1H, d,
J=8.2 Hz, H-5), 6.11 (1H, dd, J=3.6 and 6.0 Hz, H-1/),
7.24-7.43 (15H, m, Ph), 7.95 (1H, d, J/=8.2 Hz, H-6),
8.57 (1H, br, NH); FAB-MS m/z 494 (M*+H). Anal.
caled for C3yH,7N30,4-0.5H,0: C, 71.70; H, 5.62; N, 8.36.
Found: C, 71.80; H, 5.35; N, 8.36.

6.1.13. 1-[2,3-Dideoxy-3-C-(diphenoxy)phosphonomethyl-
5-O-trityl--p-erythro-pentofuranosylJuracil (29). UV
(MeOH) Ay 261 nm (e 10 400), Ay, 242 nm (e 5600);
'H NMR (CDCl;) 6 1.90 (1H, ddd, J=10.4, 15.4 and
18.0 Hz, CH,PO), 2.17 (1H, ddd, J=4.0, 154 and
20.2 Hz, CH,PO), 2.36 (1H, ddd, J=7.0, 11.0 and
14.1 Hz, H-2"), 2.58 (1H, ddd, J=2.0, 7.3 and 14.1 Hz,
H-2'), 2.93-3.00 (1H, m, H-3’), 3.38 (1H, dd, J=2.8 and
11.2 Hz, H-5), 3.62 (1H, dd, J=2.8 and 11.2 Hz, H-5'),
3.82 (1H, ddd, J=2.8 and 9.3 Hz, H-4'), 5.38 (1H, d,
J=8.0 Hz, H-5), 6.14 (1H, dd, J/=2.0 and 7.0 Hz, H-1'),
7.09-7.42 (25H, m, Ph), 7.97 (1H, d, J=8.0 Hz, H-6),
8.47 (1H, br, NH); FAB-MS m/z 739 (M"+K). Anal.
calcd for C4H3;N,O4P: C, 70.28; H, 5.32; N, 4.00. Found:
C, 70.20; H, 5.03; N, 4.00.

6.1.14. Oxidation of 18: formation of the selenoxide 30. A
solution of 18 (724.2 mg, 1.06 mmol) in CH,Cl, (10 mL)
was cooled at 0°C. To this solution, m-CPBA (275 mg,
1.59 mmol) was added and the reaction mixture was stirred
for 10 min. The mixture was neutralized by adding Et;N,
and then partitioned between saturated aqueous NaHCOj;
and CH,Cl,. Silica gel column chromatography (CHCls/
MeOH=50:1) of the organic layer gave 30 (675.1 mg,
91%) as a mixture of two diastereomers (ca. 1.0:0.9):
FAB-MS m/z 737 (M*+K). An aliquot of this mixture
was purified by HPLC (CHCly/MeOH=10:1) for '"H NMR
measurement to give the major isomer (fg 8.1 min) and the
minor one (fz 8.6 min).

Physical data of the major isomer: UV (MeOH) A .«
258 nm (e 10 800), A, 244nm (e 8800); 'H NMR
(CDCls) & 3.18-3.24 (3H, m, H-2' and H-5"), 3.38 (1H,
dd, J=7.4 and 10.6 Hz, H-5"), 3.74 (3H, s, CO,Me), 3.91—
3.95 (1H, m, H-4%), 5.59 (1H, d, J/=8.4 Hz, H-5), 6.01
(1H, dd, J=0.8 and 15.8 Hz, CHCO,Me), 6.06 (1H, t, J=
7.2Hz, H-1'), 6.66 (1H, dd, J=7.2 and 15.8 Hz,
CH=CHCO,Me), 7.23-7.43, 7.51-7.52 and 7.77-7.79
(21H, each as m, Ph and H-6). Anal. calcd for
C57H3,N,0,Se-0.5H,0: C, 62.89; H, 4.85; N, 3.96. Found:
C, 62.79; H, 4.80; N, 3.92.

Physical data of the minor isomer: UV (MeOH) A .«
258 nm (e 11 200), Apm 244nm (e 9200); 'H NMR
(CDCl3) 6 3.18-3.44 (4H, m, H-2/ and H-5'), 3.75 (3H, s,
CO,Me), 3.82-3.87 (1H, m, H-4"), 5.60 (1H, d, J=8.0 Hz,
H-5), 5.86-5.90 (2H, m, H-1’ and CH—=CHCO,Me), 6.58
(1H, dd, J=7.6 and 15.6 Hz, H-3'), 7.23-7.38, 7.50-7.51
and 7.70-7.74 (21H, each as m, Ph and H-6). Anal. calcd for
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C3,H3,N,0,Se-H,0: C, 62.10; H, 4.79; N, 3.91. Found: C,
62.14; H, 4.92; N, 3.73.

6.1.15. 2’-0-Acetyl-3'-C-(E)-(carbomethoxy)methylene-
3’-deoxy-2’-phenylseleno-5'-O-trityl-2/,3’-seco-uridine
(31). A mixture of 30 (373.4 mg, 0.53 mmol) and Ac,O
(151 pL, 1.60 mmol) in CH,Cl, (6 mL) was stirred for
19.5h at room temperature. The reaction mixture was
neutralized by adding Et;N, and then partitioned between
saturated aqueous NaHCOj; and CH,Cl,. Silica gel column
chromatography (hexane/EtOAc=1:1) of the organic layer
gave 31 (foam, 351.5 mg, 89%) as a mixture of two dia-
stereomers (ca. 1.0:0.6). Further purification of 31 by silica
gel column chromatography (hexane/EtOAc=1:1) enabled
the isolation of the major isomer 31a and the minor isomer
31b.

Physical data of 31a: UV (MeOH) A ., 261 nm (e 11 200),
Amin 244 nm (e 7800); '"H NMR (CDCl;) & 2.07 (3H, s, Ac),
3.18 (1H, dd, /=4.8 and 10.8 Hz, H-5"), 3.43 (1H, dd, /=84
and 10.8 Hz, H-5'), 3.73 (3H, s, CO,Me), 3.97-4.00 (1H, m,
H-4"), 5.59 (1H, d, J=8.0 Hz, H-5), 5.78 (1H, d, J=4.0 Hz,
H-17), 6.15 (1H, dd, J=1.2 and 16.0 Hz, CHCO,Me), 6.26
(1H, d, J=4.0 Hz, H-2), 6.64 (1H, dd, J=6.4 and 16.0 Hz,
CH=CHCO,Me), 7.24-7.40 and 7.51-7.60 (20H, each as
m, Ph), 7.91 (1H, d, /=8.0 Hz, H-6), 7.95 (1H, br, NH);
FAB-MS m/z 741 (M*'+H). Anal. caled for
C3oH36N,OgSe: C, 63.33; H, 4.91; N, 3.79. Found: C,
63.23; H, 4.83; N, 3.82.

Physical data of 31b: UV (MeOH) A, 260 nm (e 11 600),
Amin 244 nm (€ 8100); "H NMR (CDCl;) & 2.04 (3H, s, Ac),
3.14 (1H, dd, J=3.1 and 10.9 Hz, H-5"), 3.41 (1H, dd, J=7.8
and 10.9 Hz, H-5), 3.74 (3H, s, CO,Me), 3.91-3.94 (1H, m,
H-4"), 5.50 (1H, dd, J=1.6 and 8.3 Hz, H-5), 5.95 (1H, d,
J=52Hz, H-1'), 6.04 (1H, dd, J=1.0 and 15.9 Hz,
CHCO,Me), 6.38 (1H, d, J=5.2 Hz, H-2/), 6.65 (1H, dd,
J=6.8 and 15.9 Hz, CH—=CHCO,Me), 7.24-7.32, 7.36—
7.38 and 7.55-7.59 (21H, each as m, Ph and H-6), 8.68
(1H, br, NH); FAB-MS m/z 741 (M"+H). Anal. calcd for
C39H34N,O4Se: C, 63.33; H, 4.91; N, 3.79. Found: C, 63.34;
H, 4.83; N, 3.84.

6.1.16. 3'-C-(E)-(Carbomethoxy)methylene-3’-deoxy-2'-
O-pivaloyl-2’-phenylseleno-5'-O-trityl-2’,3'-seco-uridine
(32). This compound (foam, a mixture of two diastereomers,
ca. 1.0:0.7) was prepared in 78% yield from 30 by the
procedure described for the preparation of 31: FAB-MS
mlz 782 (M*+H). '"H NMR (CDCl,) for the major isomer
6 1.10 (9H, s, CMe;), 3.17 (1H, dd, J=3.0 and 10.9 Hz,
H-5'), 3.42 (1H, dd, J=7.8 and 10.9 Hz, H-5'), 3.74 (3H,
s, CO,Me), 3.86—3.90 (1H, m, H-4'), 5.58 (1H, d, J=8.0 Hz,
H-5),5.86 (1H, d, J=5.8 Hz, H-1'), 6.04 (1H, dd, J=1.0 and
15.9 Hz, CHCO,Me), 6.27 (1H, d, J=5.8 Hz, H-2'), 6.66
(1H, dd, J/=7.0 and 15.9 Hz, CH=CHCO,Me), 7.23-7.32,
7.35-7.39, and 7.57-7.61 (20H, each as m, Ph), 7.67 (1H, d,
J=8.0 Hz, H-6), 8.22 (1H, br, NH). "H NMR (CDCl5) for
the minor isomer 6 1.12 (9H, s, CMe3), 3.13 (1H, dd, J=2.8
and 10.8 Hz, H-5'), 3.46 (1H, dd, J=8.0 and 10.8 Hz, H-5'),
3.74 (3H, s, CO,Me), 3.90-3.94 (1H, m, H-4'), 5.48 (1H, d,
J=8.4 Hz, H-5), 5.99 (1H, d, /=5.2 Hz, H-1'), 6.04 (1H, dd,
J=1.4 and 15.9 Hz, CHCO,Me), 6.40 (1H, d, J/=5.2 Hz,
H-2'), 6.64 (1H, dd, J=7.0 and 15.9 Hz, CH—=CHCO,Me),

7.23-7.32, 7.35-7.39, and 7.57-7.61 (21H, each as m, Ph
and H-6), 8.38 (1H, br, NH).

6.1.17. 2'-0-Benzoyl-3'-C-(E)-(carbomethoxy)methylene-
3’-deoxy-2’-phenylseleno-5'-0-trityl-2/,3’-seco-uridine
(33). This compound (foam, a mixture of two diastereomers,
ca. 1.0:0.7) was prepared in 88% yield from 30 by the
procedure for the preparation of 31: FAB-MS m/z 801
(M*+H); 'H NMR (CDCl5) for the major isomer & 3.19
(1H, dd, J=3.2 and 10.8 Hz, H-5'), 3.46 (1H, dd, J=7.8 and
10.8 Hz, H-5"), 3.70 (3H, s, CO,Me), 3.94-3.98 (1H, m,
H-4'), 5.57 (1H, dd, J=2.0 and 8.0 Hz, H-5), 5.96 (1H, d,
J=5.0Hz, H-1’), 6.10 (1H, dd, J=1.0 and 15.8 Hz,
CHCO,Me), 6.48 (1H, d, J=5.0 Hz, H-2"), 6.71 (1H, dd,
J=6.8 and 15.8 Hz, CH—=CHCO,Me), 7.21-8.13 (26H,
m, Ph and H-6), 8.47 (1H, br, NH); '"H NMR (CDCl;) for
the minor isomer 6 3.11 (1H, dd, J=2.8 and 10.8 Hz, H-5"),
342 (1H, dd, J=8.0 and 10.8 Hz, H-5"), 3.73 (3H, s,
CO,Me), 3.94-3.98 (1H, m, H-4'), 5.40 (1H, dd, J=2.0
and 8.0 Hz, H-5), 6.05 (IH, dd, J=1.4 and 15.8 Hz,
CHCO,Me), 6.09 (1H, d, J=5.6 Hz, H-1'), 6.62 (1H, d,
J=5.6Hz, H-2'), 6.63 (1H, dd, J=7.0 and 15.8 Hz,
CH=—CHCO,Me), 7.21-8.13 (26H, m, Ph and H-6), 8.65
(1H, br, NH).

6.1.18. 2/-0-Acetyl-3'-deoxy-3'-C-(carbomethoxy)methyl-
5'-O-trityluridine (34a) and its 2’-epimer (35a). These
compounds were obtained as a foam. Separation of 34a
and 35a was carried out by silica gel column chromato-
graphy (hexane/EtOAc=2:3).

Physical data of 34a: UV (MeOH) A . 260 nm (€ 9600),
Amin 242 nm (€ 5700); '"H NMR (CDCl3) & 2.08 (1H, dd,
J=5.4 and 16.7 Hz, CH,CO,Me), 2.11 (3H, s, Ac), 2.35
(1H, dd, J/=9.6 and 16.7 Hz, CH,CO,Me), 2.95-3.03 (1H,
m, H-3"), 3.34 (1H, dd, J/=3.2 and 11.2 Hz, H-5"), 3.61 (3H,
s, CO,Me), 3.67 (1H, dd, J=2.4 and 11.2 Hz, H-5'), 3.99—
4.03 (1H, m, H-4"), 5.38 (1H, dd, J=8.2 Hz, H-5), 5.51 (1H,
dd, J/=1.6 and 6.0 Hz, H-2/), 5.92 (1H, d, J=1.6 Hz, H-1),
7.25-7.34 and 7.39-7.45 (15H, each as m, Ph), 7.88 (1H, d,
J=8.2 Hz, H-6), 8.83 (1H, br, NH); FAB-MS m/z 585
(M*+H). Anal. calcd for C33H3,N,Og: C, 67.80; H, 5.52;
N, 4.79. Found: C, 67.59; H, 5.38; N, 4.77.

Physical data of 35a: UV (MeOH) A ., 260 nm (e 10 100),
Amin 242 nm (€ 5900); "H NMR (CDCl;) 8 1.96 (3H, s, Ac),
2.47 (2H, d, J=6.4 Hz, CH,CO,Me), 2.69-2.76 (1H, m, H-
3, 3.33 (1H, dd, J=4.2 and 10.9 Hz, H-5'), 3.56 (1H, dd,
J=3.2 and 10.8 Hz, H-5’), 3.60 (3H, s, CO,Me), 3.92-3.96
(1H, m, H-4"), 5.35 (1H, dd, J/=5.6 and 6.0 Hz, H-2'), 5.45
(1H, d, J=8.2 Hz, H-5), 6.23 (1H, d, J=5.6 Hz, H-1), 7.22—
7.35 and 7.40-7.44 (15H, each as m, Ph), 7.79 (1H, d,
J=8.2 Hz, H-6), 8.12 (1H, br, NH); FAB-MS m/z 585
(M*+H). Anal. caled for C33H3,N,Og: C, 67.80; H, 5.52;
N, 4.79. Found: C, 67.75; H, 5.37; N, 4.80.

6.1.19. 3'-Deoxy-3'-C-(carbomethoxy)methyl-2'-0O-piva-
loyl-5'-O-trityluridine (34b) and its 2’-epimer (35b).
These compounds were obtained as a mixture: FAB-MS
mlz 627 M " +H).

Compound 34b: '"HNMR (CDCl3) 6 1.21 (9H, s, Bu-1), 2.08
(1H, dd, J=5.8 and 16.7 Hz, CH,CO,Me), 2.36 (1H, dd,
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J=9.2 and 16.7 Hz, CH,CO,Me), 2.96-3.30 (1H, m, H-3"),
3.35 (1H, dd, J=3.2 and 11.4 Hz, H-5), 3.60 (3H, s,
CO,Me), 3.65 (1H, dd, J=2.8 and 11.4 Hz, H-5"), 3.96—
4.00 (1H, m, H-4"), 542 (1H, d, J=8.2 Hz, H-5), 5.45
(1H, dd, J=1.6 and 6.0 Hz, H-2'), 5.85 (1H, d, J=1.6 Hz,
H-1"), 7.25-7.34 and 7.40-7.43 (15H, each as m, Ph), 7.82
(1H, d, /=8.2 Hz, H-6), 8.18 (1H, br, NH).

Compound 35b: "HNMR (CDCl5) 6 1.05 (9H, s, Bu-t), 2.49
(2H, d, J=6.4 Hz, CH,CO,Me), 2.63-2.72 (1H, m, H-3'),
3.30 (1H, dd, J=4.8 and 10.8 Hz, H-5"), 3.55 (1H, dd, J=2.8
and 10.8 Hz, H-5'), 3.61 (3H, s, CO,Me), 4.00 (1H, ddd,
J=2.8, 4.8 and 8.0 Hz, H-4'), 5.31 (1H, t, J=5.4 Hz, H-2/),
5.47 (1H, d, J=8.2 Hz, H-5), 6.25 (1H, d, J=5.4 Hz, H-1),
7.25-7.34 and 7.41-7.44 (15H, each as m, Ph), 7.78 (1H, d,
J=8.2 Hz, H-6), 8.18 (1H, br, NH).

6.1.20. 2’-0-Benzoyl-3'-deoxy-3'-C-(carbomethoxy)methyl-
5'-O-trityluridine (34c) and its 2’-epimer (35c). These
compounds were obtained as a mixture: FAB-MS m/z 647
M*'+H).

Compound 34c: 'H NMR (CDCl;) & 2.18 (1H, dd, J=5.8
and 16.6 Hz, CH,CO,Me), 298 (1H, dd, J/=9.0 and
16.6 Hz, CH,CO,Me), 3.09-3.17 (1H, m, H-3/), 3.40 (1H,
dd, J=3.0 and 11.2 Hz, H-5'), 3.53 (3H, s, CO,Me), 3.69
(1H, dd, J=2.4 and 11.2 Hz, H-5'), 4.13-4.17 (1H, m,
H-47), 5.41 (1H, d, J=8.2 Hz, H-5), 5.75 (1H, dd, J=1.6
and 6.2 Hz, H-2), 6.05 (1H, d, J=1.6 Hz, H-1/), 7.25—
7.35, 7.42-7.47, 7.57-7.61 and 7.99-8.02 (20H, each as
m, Ph), 7.89 (1H, d, J=8.2 Hz, H-6), 8.60 (1H, br, NH).

Compound 35c: 'H NMR (CDCl;) 6 2.55 (1H, dd, J=6.2
and 16.5Hz, CH,CO,Me), 2.62 (1H, dd, J=6.4 and
16.5 Hz, CH,CO,Me), 2.82-2.88 (1H, m, H-3"), 3.35 (1H,
dd, J=4.4 and 10.8 Hz, H-5'), 3.57 (3H, s, CO,Me), 3.60
(1H, dd, J=3.2 and 10.8 Hz, H-5'), 4.02—4.06 (1H, m,
H-4"), 5.48 (1H, d, J=8.2 Hz, H-5), 5.58 (1H, t, J=5.4 Hz,
H-2"), 6.35 (1H, d, J=5.4 Hz, H-1"), 7.20-7.30, 7.32-7.46,
7.58-7.60 and 7.79-7.81 (20H, each as m, Ph), 7.85 (1H, d,
J=8.2 Hz, H-6), 8.21 (1H, br, NH).
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