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Synthesis and Antiviral Activity of the a-Analogues of
1,5-Anhydrohexitol Nucleosides
(1,5-Anhydro-2,3-dideoxy-D-ribohexitol Nucleosides)
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1,5-Anhydro-2,3-dideoxy-p-ribohexitol nucleosides were synthesized starting from 4,6-di-O-benzyl-
1,5-di-O-pivaloyl-3-deoxy-p-glucitol using a ring closure procedure. The target nucleoside adopts
a “C; conformation as also demonstrated for the corresponding 1,5-anhydrohexitol nucleosides with
pB-configuration of the base-substituted carbon atom. The cytosine congener demonstrated a
moderate but selective activity against Herpes simplex virus types 1 and 2.

Introduction

The research on antiviral nucleosides with a six-
membered carbohydrate moiety has been far behind the
research on biological active nucleosides with modified
five-membered ring structures. This is due to the fact
that six-membered rings are conformationally less flex-
ible than five-membered rings, and conformational flex-
ibility of a nucleoside is important for the metabolic
activation and for the interaction with the target enzyme.
With nonflexible molecules, a perfect steric and electronic
fit is necessary between enzyme and substrate, and this
is difficult to obtain. Recently, however, a new series of
nucleosides with a six-membered carbohydrate moiety
has been discovered showing potent antiviral activity.!
This class of nucleosides also shows an increased RNA
duplex stability when used as building blocks for oligo-
nucleotides.?® These nucleosides have a 2,3-dideoxy-1,5-
anhydro-b-mannitol moiety with a heterocyclic base
situated in the 23-position. A particular characteristic
of these nucleosides is an axial orientation of the base
moiety, which is due to the fact that nucleosides with a
six-membered carbohydrate moiety prefer a conformation
avoiding as much as possible unfavorable 1,3-diaxial
interactions. As part of the investigation on the struc-
tural requirements of anhydrohexitols for antiviral activ-
ity, we synthesized the a-analogues of the aforemen-
tioned 2,3-dideoxy-1,5-anhydro-p-mannitol nucleosides
starting from either 4,6-dibenzyl-2,3-dideoxy-2-p-man-
nitylthymine or 4,6-di-O-benzyl-1,5-di-O-pivaloyl-3-deoxy-
p-glucitol. These nucleosides adopt a “C; conformation,
and the cytosine congener demonstrates activity against
Herpes simplex virus types 1 and 2.

® Abstract published in Advance ACS Abstracts, March 15, 1997.
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Results and Discussion

Recently, we described* the synthesis of a new series
of acyclic nucleoside analogues (1) starting from com-
mercially available 2-deoxy-bp-ribose. These nucleoside
analogues can theoretically be used for the preparation
of the target compounds. Therefore, compound 1 (Scheme
1) was treated with p-toluenesulfonyl chloride in pyridine
at room temperature to afford intermediate 2, which upon
treatment with NaH in DMF at room temperature
smoothly cyclized to give 3 in 55% yield in two steps.

Benzyl groups were removed from 3 upon treatment®
with Pd(OH), on C to give 4 in 94% yield. The ring-
closure reaction with adenine or 6-chloro-2-aminopurine
as base, however, was unsuccessful, using either the
Mitsunobu reaction or simple nucleophilic displacement,
and resulted in a complex mixture.

It appears that this synthetic scheme is limited to the
synthesis of certain pyrimidine nucleoside derivatives.
To develop a more general scheme that can be used for
the synthesis of pyrimidine as well as purine analogues,
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it proved necessary to first transform the pentofuranose
sugar to an anhydrohexitol sugar derivative before
introducing the base moiety. Conditions for alkylation
of the nucleobases, however, are dependent on the base
considered.

The synthetic strategy is given in Scheme 2. A base-
stable protecting group for the 2-hydroxyl group of 5 is
needed during removal of the pivaloyl groups at positions
1 and 5 and also during the ring-closure reaction of 8 to
9. To this end, the tetrahydropyran-1-yl group® could be
used. Treatment of 5 with dihydropyran in dichlo-
romethane in the presence of a catalytic amount of
p-toluenesulfonic acid at room temperature for 30 min
gave 6 in 94% yield. The pivaloyl groups of 6 were
removed with agueous NaOH (N) and dioxane at 55 °C
for 30 h to give 7 in 95% yield. These pivaloyl groups
are surprisingly resistant to hydrolysis upon treatment
with aqueous NaOH (N) in dioxane at room temperature
and were insufficient for hydrolysis. Attempted ring-
closure reaction of 7 under Mitsunobu conditions was
unsuccessful, in contrast to a simple nucleophilic substi-
tution reaction. Compound 7 was treated with p-tolu-
enesulfonyl chloride in pyridine at room temperature to
afford 8, which was not isolated but used directly for the
next step after usual workup. Treatment of 8 with NaH
in DMF gave 9 in 62% yield. The yield of the acidic
hydrolysis of the tetrahydropyran-1-yl group in 9 using
agueous acetic acid never exceeded 60%. When 9 was
treated with p-toluenesulfonic acid” in methanol at room
temperature for 30 min, however, 10 was isolated in 90%
yield. Compound 10 can be used as a general starting
material for the synthesis of both pyrimidine and purine
nucleoside analogues.

Treatment of 10 with N3-benzoylthymine® (Scheme 3),
triphenylphosphine, and diethylazodicarboxylate (DEAD)?
in dioxane gave 11, which was directly treated with
aqueous NaOH in dioxane to give 3 (precursor of 4) in
47% yield (two steps). Compound 10 was treated either
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with methanesulfonyl chloride in the presence of triethyl-
amine in dichloromethane to give 12 (100%) or with
p-toluenesulfonyl chloride in pyridine at room tempera-
ture to give 13 in 90% yield. Treatment of 12 or 13 with
cytosine and cesium carbonate!® in DMF at 120 °C gave
14 (11%) and 16 (40%). The use of 12 or 13 does not
make any difference in yield of 14 and 16. Unfortunately,
Mitsunobu reaction conditions® in combination with
protected cytosine did not improve the yield. The benzyl
groups in 14 and 16 were removed to give 15 (96%) and
17 (91%), respectively.

An analogous procedure was used for the synthesis of
the purine derivatives (Scheme 4). The adenine analogue
may be obtained either from 10 using triphenylphos-
phine, adenine, and DEAD in dioxane (21% yield) or from
12 using adenine in the presence of NaH in DMF at 90
°C (18% yield). This low yield is due to steric hindrance,

(10) (a) Vandendriessche, F.; Snoeck, R.; Janssen, G.; Hoogmartens,
J.; Van Aerschot, A.; De Clercq, E.; Herdewijn, P. 3. Med. Chem. 1992,
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which is consistent with previously published work.! The
benzyl groups in 18 were removed to give 19 in 91% vyield.
Treatment of the triflate derivative 20 with the tetrabu-
tylammonium salt of 6-iodo-2-aminopurine!? in dichlo-
romethane at 0 °C and with agueous CF;COOH?* at room
temperature gave 22 in 9% yield (three steps). Mainly
elimination reactions occurred. The benzyl groups from
22 were removed to give 23 in 90% vyield.

To be able to unambiguously determine the configu-
ration of compounds 4, 15, 19, and 23, we repeated the
synthetic scheme for the thymine analogue using the C-2
epimeric starting material 27 (Scheme 5). In this way,
the anhydrohexitol nucleoside! with a -configuration at
position 2 was obtained. Previously, we have described*
the synthesis of 24—26 using AD-mix a. In order to
achieve better stereoselectivity in favor of 25, we have
tried AD-mix §3, but the effort was unsuccessful. In case
of AD-mix f3, we used the same procedure as described
before* using 24, AD-mix ' in 2-methyl-2-propanol, and
water to give 25 (46%) and 26 (46%) in a combined yield
of 92%. We have performed this reaction on a 7.6 mmol
scale using the same experimental conditions as de-
scribed previously.* The spectroscopic properties of 25
and 26 were identical to those of earlier work.* Com-
pound 274 was treated with N3-benzoylthymine, DEAD,
and PhsP in dioxane to afford crude 28, which was
directly treated with aqueous NaOH (N) in dioxane to
give 29 in 45% yield (two steps). Compound 29 was
treated with p-toluenesulfonyl chloride in pyridine, and
after usual workup the residue was treated with NaH in
DMF solution to give the cyclized product 31 in 55% yield
(two steps). Finally, the benzyl groups in 31 were
removed to give 32 in 94% yield. The site of alkylation
of the nucleobase in 3, 4, 14—23, and 31—32 is deter-
mined on the basis of 3C-NMR spectra. In case of O?-
alkylated pyrimidine nucleoside derivatives the sugar C
attached to O? of the nucleobase resonates at lower field
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Table 1. Cytotoxicity and Antiviral Activity of the
Cytosine Analogue 15 in E¢SM Cell Cultures!>16 (EDsg
Values Are Given in ug/mL)

minimum inhibitory
concentration®

compd 15 acyclovir
cell morphology? >400 400
Herpes simplex virus-1 (KOS) 7 0.02
Herpes simplex virus-2 (G) 20 0.07
Vaccinia virus 20 >200
Herpes simplex virus-1 TK~(B2006) 10 10
Herpes simplex virus-1 (TK/TK™) 4 1

(VMW 1837)

a Minimum cytotoxic concentration or concentration required
to cause a microscopically detectable alteration of normal cell
morphology. ° Required to reduce virus-induced cytopathogenecity
by 50%.

Figure 1.

(60—70 ppm), whereas the C-atom attached to N* of the
heterocyclic base resonates more upfield (45—55 ppm).
All of these data are in agreement with our earlier work.*

The configuration and conformation of 4, 15, 19, and
23 were determined on the basis of their 'H-NMR
spectra. This is described here using the thymine ana-
loge 4 as a representative example (Figure 1). The H-
NMR spectrum of 4 shows large 3Ju coupling constants,
8323 =11.2 Hz,333:. 4 = 9.8 Hz,3J45 = 9.4 Hz, and 33y »
= 12.7 Hz. These large 3Juy coupling constants are
expected for diaxial orientation of the respective protons
(structure A). In structure B or D, the 3Jgeqz5eq Should
be small, which was not observed in the 'H-NMR
spectrum of 4. In C, the 3J1vax2eq @and 3Jzeqzax should
differ from our observed 3J.4 coupling constants. From
these observations it is clear that the large 3J coupling
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constants of 4 fit well with structure A. This together
with the independent synthesis of the C-2 epimer of 4
(i.e., 32) proves the configuration of the synthesized
compounds. Note that the precursors of 1 and 29 were
obtained as diastereomeric mixtures by Sharpless dihy-
droxylation of 24. The obtained results also confirmed
the previously determined configuration of both starting
materials.*

The antiviral activity of the synthesized compounds
was determined against herpes simplex virus type 1,
herpes simplex virus type 2, vaccinia virus, vesicular
stomatitis virus, Coxsackie virus type B4, respiratory
syncytial virus, parainfluenza-3 virus, reovirus-1, Sindbis
virus, and Punta Toro virus. Except for 15, none of the
compounds demonstrated any antiviral activity. The
antiviral activity and cytotoxicity data for 15 are pre-
sented in Table 1 in comparison with acyclovir. Although
the antiviral activity was moderate, the compound proved
selective in its antiviral action, as it showed no toxicity
to the host cells. Moreover, the compound was as active
against thymidine kinase positive (TK') as against
thymidine kinase negative (TK~) herpesvirus strains
(Table 1). The observed activity is remarkable as it
proves that even the a-isomers of this anomalous class
of nucleosides are able to selectively interfere with viral
specific processes. Further studies are needed to unravel
the mode of action of this compound.

Experimental Section

Analytical instruments used were described previ-
ously.* All concentrations were done in a vacuum, and
organic layers were dried over anhydrous Na,SO,. Chemi-
cal shifts are reported in 6 units.

1,5-Anhydro-4,6-di-O-benzyl-2,3-dideoxy-2-(thymin-
1-yl)-p-ribohexitol (3). A mixture of 1* (170 mg, 0.37
mmol) and p-toluenesulfonyl chloride (85 mg, 0.45 mmol)
in pyridine (3 mL) was kept at room temperature
overnight and then concentrated. After addition of water
(3 mL), the mixture was extracted with dichloromethane
(3 x 20 mL). The combined organic layer was concen-
trated and coevaporated with toluene (3 x 10 mL). The
residue was dissolved in dichloromethane (40 mL) and
washed successively with aqueous saturated NaHCO; (3
x 5 mL) and water (5 mL). The organic layer was dried,
filtered, and concentrated. The residue was dissolved in
DMF (1 mL), added to a suspension of NaH (80%) (32
mg, 1.1 mmol) in DMF (4 mL), and kept at room
temperature overnight. The mixture was concentrated,
and after addition of aqueous saturated NaHCO; (3 mL)
it was extracted with ethyl acetate (3 x 20 mL). The
combined organic layer was washed with water (3 mL),
dried, filtered, and concentrated. The residue was puri-
fied by silica gel column chromatography (2.5—50%
EtOAc an hexane) to give 3 (90 mg, 55%). Alternative
Method. Compound 3 was also prepared by the Mit-
sunobu reaction. Thus, to a mixture of 10 (80 mg, 0.24
mmol), PhzP (126 mg, 0.48 mmol), and N3-benzoylthy-
mine (109 mg, 0.48 mmol) in dioxane (5 mL) was added
DEAD (74 uL) in dioxane (10 mL) over a period of 60
min at room temperature, and the reaction mixture was
kept at room temperature overnight. The reaction
mixture was concentrated to give crude 11, which was
directly treated with aqueous NaOH (N) in dioxane at
room temperature for 4 h. The reaction mixture was
adjusted to pH 7.0 by addition of dilute agueous HCI, and
the volume was reduced to 1/3 of its original volume and
extracted with ethyl acetate (2 x 20 mL). The combined

J. Org. Chem., Vol. 62, No. 8, 1997 2445

organic layer was washed with water, dried, filtered, and
concentrated. The residue was purified by silica gel
column chromatography (2.5—50% EtOAc in hexane) to
afford 3 (50 mg, 47% in two steps). 'H-NMR (CDCl,):
9.10 (br s, 1H); 7.41—7.15 (m, 10 H); 6.98 (s, 1H); 4.78—
4.38 (m, 5H); 4.05 (m, J = 4.6, 10.6 Hz, 1H); 3.81—3.58
(m, 3H); 3.49—-3.35 (m, 2H); 2.48 (m, 1H); 1.90 (s, 3H);
1.81 (m, 1H). *¥C-NMR (CDCl;): 163.5, 150.8, 138.0,
137.7, 128.5, 128.0, 127.9, 111.3, 80.1, 73.7, 72.4, 71.5,
69.0, 68.7, 50.3, 34.2; 12.7. HRMS: calcd for CzsH29N205
(M + H)* 437.2076, found 437.2075.
1,5-Anhydro-2,3-dideoxy-2-(thymin-1-yl)-p-ribo-
hexitol (4). Compound 3 (80 mg, 0.18 mmol) was
treated with Pd(OH), on C(20%) (80 mg) in methanol (10
mL) and cyclohexene (3 mL) at reflux temperature for
24 h. The reaction mixture was filtered and concentrated
to give a white solid, which was washed with hexane and
dichloromethane to afford pure 4 (44 mg, 94%). Mp:
220—222 °C. 'H-NMR (DMSO-dg): 11.91 (brs, 1H); 7.51
(s, 1H); 5.05 (d, J = 5.0 Hz, 1H); 4.46 (t, J = 5.8 Hz, 1H);
4.35 (m, J = 12.7 Hz, 1H); 3.73 (ddd, J = 4.5, 10.3, 1.8
Hz, 1H); 3.69 (ddd, J = 2.0, 14.8, 5.8 Hz, 1H); 3.42 (m,
2H); 3.38 (m, 1H); 3.03 (ddd, J = 6.2, 9.4, 2.0 Hz, 1H);
2.04(m,J=43,4.9,11.8 Hz, 1H); 1.86 (m, J =11.2,9.8
Hz, 1H); 1.75 (s, 3H). 3C-NMR (DMSO-dg): 164.8, 152.0,
138.9, 110.1, 83.9, 68.6, 66.3, 62.3, 51.0, 37.7, 13.1.
HRMS: calcd for C11H17N»Os (M + H)Jr 257.1137, found
257.1154. Anal. Calcd for C11H16N205:0.3CeHy4:  C,
54.50; H, 7.22; N, 9.93. Found: C, 54.37; H, 6.98; N, 9.68.
3-Deoxy-4,6-di-O-benzyl-1,5-di-O-pivaloyl-2-O-(tet-
rahydropyran-1-yl)-p-glucitol (6). Compound 5 (7.3
g, 14.2 mmol) was treated with dihydropyran (6.0 g) and
p-toluenesulfonic acid (24 mg) in dichloromethane (100
mL) for 30 min at room temperature. The reaction
mixture was diluted with dichloromethane (150 mL) and
washed successively with aqueous saturated NaHCO; (10
mL) and water (5 mL). The organic layer was dried,
filtered, and concentrated. The residue was purified by
silica gel column chromatography (0—15% EtOAc in
hexane) to give 6 (8.0 g, 94%). Compound 6 is a mixture
of two diastereocisomers due to the chirality of the
tetrahydropyran-1-yl (THP) group. 'H-NMR (CDCls):
7.41-7.19 (m, 10 H); 5.45 (m, 1H); 5.00—4.50 (m, 4H);
4.41-3.38 (m, 9H); 1.98—1.41 (m, 8H); 1.25 and 1.20 (2
x s, 18 H). HRMS: calcd for CzsHs005 (M + Na)
621.3403, found 621.3434.
3-Deoxy-4,6-di-O-benzyl-2-O-(tetrahydropyran-1-
yD-b-glucitol (7). A mixture of 6 (7.0 g, 11.7 mmol),
aqueous NaOH (N) (150 mL), and dioxane (150 mL) was
kept at 55 °C for 30 h. The reaction mixture was cooled
to 0 °C and adjusted to pH 7 by addition of dilute aqueous
HCI. The reaction mixture was reduced to one third of
its volume, and it was extracted with ethyl acetate (3 x
200 mL). The organic layer was dried, filtered, and
concentrated. The residue was purified by silica gel
column chromatography (2.5—60% EtOAc in hexane) to
afford 7 (4.8 g, 95%), which is a mixture of two diaste-
reoisomers due to the chirality of THP group. 'H-NMR
(CDCl; + D;0): 7.41—7.20 (m, 10 H); 4.58—4.48 (m, 5H);
4.18—-3.38 (m, 9H); 1.99—1.38 (m, 8H). HRMS: calcd for
C25H35OG (M + H)Jr 431.2433, found 431.2447.
1,5-Anhydro-3-deoxy-4,6-di-O-benzyl-2-O-(tetrahy-
dropyran-1-yl)-p-arabinohexitol (9). Compound 7
(4.7 g, 10.9 mmol) was treated with p-toluenesulfonyl
chloride (2.27 g, 11.9 mmol) in pyridine (100 mL) at room
temperature overnight, and an additional 400 mg of
p-toluenesulfonyl chloride was added and kept at room
temperature for another 5 h. After addition of methanol
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(5 mL), the mixture was concentrated. The residue was
dissolved in ethyl acetate (200 mL) and washed with
water (20 mL). The combined organic layer was concen-
trated and coevaporated with toluene (3 x 20 mL) and
the residue redissolved in ethyl acetate (200 mL) and
washed successively with aqueous saturated NaHCO; (3
x 20 mL) and water (10 mL). The organic layer was
dried, filtered, and concentrated. The residue was dis-
solved in DMF (5 mL) and added to a suspension of NaH
(80%) (650 mg, 21.7 mmol) in 75 mL of DMF. The
reaction mixture was kept at room temperature over-
night. After concentration, saturated agueous NH,CI (20
mL) was added, and the mixture was extracted with ethyl
acetate (3 x 60 mL). The combined organic layer was
washed with water (20 mL), dried, and concentrated. The
residue was purified by silica gel column chromatography
(2.5—40% EtOAc in hexane) to give 9 (2.8 g, 62%). This
compound is a mixture of two diastereocisomers due to
the chirality of the tetrahydropyran-1-yl group. *H-NMR
(CDCly): 7.41-7.18 (m, 10 H); 4.71-4.37 (m, 5H); 4.10—
3.38 (m, 9H); 2.55—-2.30 (m, 1H); 1.91-1.39 (m, 7H).
1,5-Anhydro-3-deoxy-4,6-di-O-benzyl-d-arabino-
hexitol (10). Compound 9 (2.8 g, 6.8 mmol) was treated
with p-toluenesulfonic acid (1.52 g, 8.0 mmol) in methanol
(60 mL) at room temperature for 30 min. After concen-
tration, the residue was dissolved in dichloromethane
(200 mL) and washed successively with aqueous satu-
rated NaHCO; (3 x 25 mL) and water (20 mL). The
combined organic layer was dried, filtered, and concen-
trated. The residue was purified by silica gel column
chromatography (2.5—50% EtOAc in hexane) to give 10
(2.0 g, 90%). H-NMR (CDCl3): 7.41-7.18 (m, 10 H);
4.65—4.32 (m, 4H); 3.98 (m, 1H); 3.90—3.35 (m, 6H); 2.45
(m,J =4.3,13.2 Hz, 1H); 2.22 (d, J = 7.6 Hz, 1H); 1.55
(m, 1H). 3C-NMR (CDCls): 138.0, 128.3, 128.0, 127.9,
127.6, 80.6, 73.5, 72.1, 71.0, 69.8, 69.5, 66.7 and 36.0.
HRMS: calcd for CyH204 (M + H)*™ 329.1752, found
329.1768.
1,5-Anhydro-3-deoxy-4,6-di-O-benzyl-2-O-mesyl-p-
arabinohexitol (12). Compound 10 (328 mg, 1.0 mmol)
was treated with methanesulfonyl chloride (116 uL, 1.5
mmol) in the presence of triethylamine (208 uL, 1.5
mmol) in dichloromethane (10 mL) at 0 °C for 2 h. After
addition of 2 mL of water the two layers were separated.
The organic layer was washed successively with aqueous
saturated NaHCO; (2 x 3 mL) and water (3 mL). The
organic layer was dried, filtered, and concentrated to give
12 (406 mg, 100%), which was used in the next step
without further purification. 'H-NMR (CDCls): 7.39—
7.18 (m, 10 H); 4.98 (m, 1H); 4.67—4.38 (m, 4H); 4.15 (dt,
J = 2.3, 13.3 Hz, 1H); 3.83—3.57 (m, 4H); 3.45 (m, 1H);
3.02 (s, 3H); 2.65 (m, J = 4.6, 14.1 Hz, 1H); 1.72 (m, 1H).
B3C-NMR (CDCly): 138.0,137.8,128.4,127.8, 127.7, 80.4,
76.0, 73.6, 71.5, 69.3, 39.0 and 34.5.
1,5-Anhydro-3-deoxy-4,6-di-O-benzyl-2-O-tosyl-p-
arabinohexitol (13). A mixture of 10 (656 mg, 2.0
mmol) and p-toluenesulfonyl chloride (572 mg, 3.0 mmol)
in 10 mL of pyridine was stirred at room temperature
for 24 h. After concentration, the residue was dissolved
in dichloromethane (30 mL) and washed with water (5
mL). The organic layer was concentrated and coevapo-
rated with toluene (3 x 10 mL). The residue was
dissolved in dichloromethane (30 mL) and washed suc-
cessively with aqueous saturated NaHCO; (3 x 5 mL)
and water (5 mL). The organic layer was dried, filtered,
and concentrated. The residue was purified by silica gel
column chromatography (0—30% EtOAc in hexane) to
give pure 13 (870 mg, 90%). 'H-NMR (CDCls): 7.79 (m,
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2H); 7.40—7.11 (m, 12 H); 4.76 (m, 1H); 4.62—4.28 (m,
4H); 3.90 (br d, J = 2.0, 12.9 Hz, 1H); 3.78—3.57 (m, 3H);
3.46 (br d, 1H); 3.38 (m, 1H); 2.48 (m, 1H); 2.42 (s, 3H);
1.60 (m, 1H). 3C-NMR (CDCls): 144.8, 138.1, 137.8,
129.9, 128.3, 127.7, 80.2, 76.8, 73.5, 71.4, 69.6, 69.5, 69.0,
34.1, 21.6.
1,5-Anhydro-2-(cytosin-1-yl)-2,3-dideoxy-4,6-di-O-
benzyl-p-ribohexitol (14) and 1,5-Anhydro-2-(cy-
tosin-2-0-yl)-2,3-dideoxy-4,6-O-dibenzyl-p-ribohex-
itol (16). Compound 13 (400 mg, 0.83 mmol) was treated
with cytosine (150 mg, 1.35 mmol) in the presence of
cesium carbonate (588 mg, 1.80 mmol) in DMF (10 mL)
at 120 °C for 14 h. The reaction mixture was cooled to
room temperature and concentrated. After addition of
dichloromethane (20 mL) and methanol (1 mL), the
mixture was filtered, concentrated, and purified by silica
gel column chromatography (0.5—6.0% MeOH in CH,Cl,)
to give 14 (40 mg, 11%) and 16 (140 mg, 40%). Com-
pound 14. H-NMR (CDCl;): 7.40—7.18 (m, 11 H); 5.88
(d, 3=7.1Hz, 1H); 4.75 (m, 1H); 4.68—4.38 (m, 4H); 4.05
(m, J =4.2,10.5 Hz, 1H); 3.81—-3.55 (m, 3H); 3.46—3.28
(m, 2H); 2.48 (m, 1H), 1.85 (m, 1H). 3C-NMR (CDCly):
165.1, 156.2, 141.5, 138.0, 137.9, 128.4, 127.9, 127.8,
127.7, 95.2, 80.1, 73.6, 72.6, 71.3, 69.3, 50.9, 34.4.
HRMS: calcd for Cy4H2sN30,4 (M + H)* 422.2079, found
422.2075. Compound 16. 'H-NMR (CDCI): 8.00 (d,
J = 5.6 Hz, 1H); 7.41-7.18 (m, 10 H); 6.09 (d, J = 5.6
Hz, 1H); 5.07 (m, 1H); 4.89 (br s, 2H); 4.70—4.36 (m, 4H);
4.25(m,J = 5.1, 10.6 Hz, 1H); 3.82—3.55 (m, 3H); 3.48—
3.28 (m, 2H); 2.71 (m, 1H); 1.68 (m, 1H). 3C-NMR
(CDCl3): 164.7, 157.8, 138.2, 128.4, 127.9, 127.7, 127.6,
99.5, 80.0, 73.6, 72.2, 71.0, 69.4, 69.3, 68.7, 35.4.
HRMS: calcd for Cy4H2sN30,4 (M + H)* 422.2079, found
422.2079.
1,5-Anhydro-2-(cytosin-1-yl)-2,3-dideoxy-bp-ribo-
hexitol (15). The reaction was performed as described
for 4 using 14 (40 mg, 0.095 mmol) and Pd(OH), on C
(20%) (40 mg) in methanol (10 mL) and cyclohexene (3
mL) to give pure 15 (22 mg, 96%). H-NMR (DMSO-d):
7.67 (d, J = 7.4 Hz, 1H), 7.18, 7.00 (2 x br s, 2H); 5.69
(d,J=7.4Hz 1H);5.18 (d, I = 4.9 Hz, 1H); 4.59 (t,J =
5.8 Hz, 1H); 4.45 (m, 1H); 3.69 (m, 2H); 3.49—3.13 (m,
3H, under DMSO peak); 3.01 (m, 1H); 2.01 (m, 1H); 1.78
(m, 1H). 3C-NMR (DMSO-dg): 165.3, 155.6, 142.5, 93.8,
82.9, 68.3, 65.2, 61.2, 50.5, 37.0. HRMS: calcd for
C10H16N304 (M + H)*™ 242.1140, found 242.1124. Anal.
Calcd for CyoH15N304°0.5CH,Cl,-2.0H,0: C, 39.44; H,
6.30; N, 13.14. Found: C, 39.98; H, 6.22; N, 13.17.
1,5-Anhydro-2-(cytosin-2-O-yl)-2,3-dideoxy-bp-ribo-
hexitol (17). The reaction was performed as described
for 4 using 16 (125 mg, 0.30 mmol), Pd(OH), on C (20%)
(125 mg) in cyclohexene (3 mL), and methanol (10 mL)
to give 17 (65 mg, 91%). H-NMR (DMSO-dg): 7.82 (d,
J =5.8 Hz, 1H); 7.01 (br s, 2H); 6.08 (d, J = 5.8 Hz, 1H);
4.98 (d, J = 3.5 Hz, 1H); 4.82 (m, 1H); 4.50 (br s, 1H);
4.04 (m, J = 5.0, 10.0 Hz, 1H); 3.72—3.22 (m, 3H, under
DMSO peak); 3.15—-2.93 (m, 2H), 2.38 (m, 1H, under
DMSO peak); 1.45 (m, 1H). *C-NMR (DMSO-ds): 165.6,
163.5; 155.2; 99.6; 83.2; 68.4; 64.4; 61.2; 38.3. HRMS:
Calcd for C1oH16N3O,4 (M + H)™ 242.1140, found 242.1153.
Anal. Calcd for C10H15N304'0.1CH30H'O.7H201 C, 4719,
H, 6.59; N, 16.35. Found: C, 47.46; H, 6.29; N, 16.01.
2-(Adenin-9-yl)-1,5-anhydro-4,6-di-O-benzyl-2,3-
dideoxy-p-ribohexitol (18). Diethyl azodicarboxylate
(129 uL) in dioxane (10 mL) was added to a mixture of
10 (140 mg, 0.43 mmol), PhsP (220 mg, 0.84 mmol), and
adenine (113 mg, 0.84 mmol) in dioxane (10 mL) over a
period of 60 min at room temperature. After 20 h, the
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reaction mixture was concentrated and the residue
purified by silica gel column chromatography (0.5—6.0%
MeOH in CH.CI,) to give pure 18 (40 mg, 21%). This
compound was also prepared by a nucleophilic displace-
ment reaction as follows: a mixture of adenine (270 mg,
2.0 mmol) and NaH (80%) (60 mg, 2.0 mmol) in DMF
(10 mL) was kept at 90 °C for 60 min. To the sodium
salt of adenine was added 12 (406 mg, 1.0 mmol) in DMF
(1 mL) and the mixture left at 90 °C for 24 h. The
reaction mixture was cooled to room temperature. The
solvent was removed, and aqueous saturated NaHCO;
(10 mL) was added and extracted with ethyl acetate (3
x 30 mL). The combined organic layer was washed with
water (10 mL), dried, filtered, and concentrated. The
residue was purified by silica gel column chromatography
(0.5—6% MeOH in CH,Cl,) to give pure 18 (80 mg, 18%).
1H-NMR (CDCl3): 8.38 (s, 1H); 7.80 (s, 1H); 7.41—7.18
(m, 10 H); 5.76 (br s, 2H); 4.72 (m, 1H); 4.66—4.41 (m,
4H); 4.20 (ddd, 3 = 1.9, 4.7, 10.7 Hz, 1H); 3.85—3.51 (m,
5H); 2.72 (m, 1H); 2.24 (m, 1H). 3C-NMR (CDCly):
155.5, 153.0, 150.0, 138.4, 138.0, 137.7, 128.4, 127.9,
127.8, 119.9, 80.2, 73.6, 72.2, 71.5, 69.7, 69.0, 50.4, 35.3.
HRMS: calcd for CysH2sNs03 (M + H)*™ 446.2192, found
446.2199.
2-(Adenin-9-yl)-1,5-anhydro-2,3-dideoxy-bp-ribo-
hexitol (19). The reaction was performed as described
for 4 using 18 (70 mg, 0.16 mmol) and Pd(OH), on C
(20%) (70 mg) in methanol (10 mL) and cyclohexene (3
mL) to give 19 (38 mg, 91%). 'H-NMR (DMSO-d¢): 8.28,
8.16 (2 x s, 2H); 7.31 (br s, 2H); 5.17 (br s, 1H); 4.53 (m,
2H); 3.98 (m, 1H); 3.71 (m, 2H); 3.58—3.28 (m, 2H, under
DMSO peak); 3.16 (m, 1H); 2.28 (m, 2H). 3C-NMR
(DMSO-dg): 155.8,152.3, 149.4, 139.9, 119.0, 83.2, 68.7,
64.9, 61.3, 50.4, 37.9. HRMS: calcd for C11H15N503 (M
+ H)™ 266.1253, found 266.1256. Anal. Calcd for
Ci11H15N503-0.8CH30H-H,0: C, 45.88; H, 6.59; N, 22.67.
Found: C, 45.92; H, 6.15; N, 22.46.
1,5-Anhydro-4,6-di-O-benzyl-2,3-dideoxy-2-(guanin-
9-yl)-p-ribohexitol (22). The reaction was performed
following a literature procedure!? using 10 (280 mg, 0.85
mmol), trifluoromethanesulfonic anhydride (214 uL in 3
mL of CH,Cl,), and pyridine (136 uL). After workup,?
the filtrate was dried over Na,SO, at 0 °C and directly
filtered onto a solution of the tetrabutylammonium salt
of 6-iodo-2-aminopurine (502 mg, 1.0 mmol) in CHCI,
(2 mL) at 0 °C and stirred for 8 h. The residue was
concentrated and treated with 80% CF;COOH in water
(3 mL) at room temperature for 48 h. The solvent was
removed. The residue was treated with NH,OH (1 mL)
in methanol (3 mL). After concentration, the residue was
purified by silica gel column chromatography (0.5—7.0%
MeOH in CH,CI,) to give 22 (35 mg, 9% in three steps).
IH-NMR (DMSO-dg): 8.95 (br s, 1H); 7.80 (s, 1H); 7.41—
7.20 (m, 10 H); 6.50 (br s, 2H); 4.68—4.37 (m, 4H); 4.30
(m, 1H); 3.90 (m, 1H); 3.80—3.40 (m, 4H); 3.09 (m, 1H);
2.60 (m, 1H); 2.15 (m, 1H). HRMS: calcd for C5H35N504
(M + H)* 462.2141, found 462.2151.
1,5-Anhydro-2-(guanin-9-yl)-2,3-dideoxy-bp-ribo-
hexitol (23). The reaction was performed as described
for 4 using 22 (20 mg, 0.043 mmol), Pd(OH), on C (20%)
(20 mg) in methanol (6 mL), and cyclohexene (2 mL) to
give pure 23 (11 mg, 90%). H-NMR (DMSO-ds): 10.62
(br s, 1H); 7.80 (s, 1H); 6.58 (br s, 2H); 5.18 (d, J = 4.8
Hz, 1H); 4.58 (t, J = 5.5 Hz, 1H); 4.30 (m, 1H); 3.90 (m,
1H), 3.71 (m, 1H); 3.58—3.30 (m, 3H, under DMSO peak);
3.10 (m, 1H); 2.28 (m, 1H); 2.08 (m, 1H). 3C-NMR
(DMSO-dg): 156.9, 153.6, 150.9, 135.4, 116.7, 83.0, 68.7,
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64.8, 61.2, 49.4, 37.9. HRMS: calcd for C;;H16NsO4 (M
+ H)* 282.1202, found 282.1240.

1-(2,3-Dideoxy-4,6-di-O-benzyl-2-p-glucityl)thy-
mine (29). This reaction was performed as described for
11 (see alternative procedure for the preparation of 3)
using 274 (900 mg, 1.75 mmol), PhsP (915 mg, 3.48 mmol),
N3-benzoylthymine (796 mg, 3.48 mmol), and DEAD (540
uL in 20 mL dioxane) in dioxane (20 mL) to give crude
28, which was directly treated, as described previously,*
with 20 mL of NaOH (N) and dioxane (20 mL) at room
temperature for 24 h to give 29 (360 mg, 45%). The
workup and purification is identical to the procedure
previously described.* 'H-NMR (CDCls): 9.68 (br s, 1H);
7.41-7.18 (m, 10 H); 7.00 (s, 1H); 4.68 (m, 1H); 4.58—
4.30 (m, 4H); 3.95 (m, 1H), 3.80—3.53 (m, 4H); 3.42 (m,
1H); 2.08 (m, 1H); 1.85 (m, 1H); 1.69 (s, 3H). 3C-NMR
(CDCl3): 164.2, 151.9, 139.3, 137.6, 128.6, 128.0, 110.5,
77.0, 73.6, 72.6, 71.1, 70.8, 64.0, 56.6, 29.5, 12.5.
HRMS: calcd for C,sH3:N,O6 (M + H)* 455.2181, found
455.2184.

1,5-Anhydro-4,6-di-O-benzyl-2,3-dideoxy-2-(thymin-
1-yl)-p-arabinohexitol (31). Compound 29 (227 mg, 0.5
mmol) was treated with p-toluenesulfonyl chloride (114
mg, 0.6 mmol) in pyridine (3 mL) at room temperature
overnight. After addition of water (3 mL), it was ex-
tracted with ethyl acetate (2 x 20 mL). The combined
organic layer was concentrated and coevaporated with
toluene (3 x 10 mL). The residue was dissolved in ethyl
acetate (20 mL) and washed successively with aqueous
saturated NaHCO; (2 x 5 mL) and water (3 mL). The
organic layer was dried, filtered, and concentrated to give
crude 30. The residue was dissolved in DMF (2 mL) and
added to a suspension of NaH (80%, 45 mg, 1.5 mmol) in
DMF (5 mL). The reaction mixture was stirred at room
temperature overnight. The solvent was removed, and
the residue was dissolved in ethyl acetate (20 mL) and
washed successively with saturated aqueous NaHCO3 (2
x 5 mL) and water (5 mL). The organic layer was dried,
filtered, and concentrated. The residue was purified by
silica gel column chromatography (2.0—60% EtOAc in
hexane) to give pure 31 (120 mg, 55% in two steps). 'H-
NMR (CDCls): 9.10 (br s, 1H); 7.92 (s, 1H); 7.42—7.18
(m, 10 H); 4.75 (m, 1H); 4.61—4.36 (m, 4H); 4.16 (m, 1H);
3.88 (dd, J = 3.3, 13.5 Hz, 1H); 3.82—3.68 (m, 3H); 3.52
(m, 1H); 2.48 (m, 1H); 1.88 (m, 1H); 1.78 (s, 3H). 3C-
NMR (CDCl3): 163.8, 151.1, 138.9, 138.0, 137.6, 128.5,
127.9, 127.8, 127.7, 110.6, 79.9, 73.5, 71.4, 69.1, 68.5,
68.4, 50.6, 33.0, 12.5. HRMS: calcd for CysH9N,Os (M
+ H)* 437.2076, found 437.2050. Experimental proce-
dure for the preparation of 32 is analogous to 4. The
spectroscopic properties of 32 were identical with that
of the previously synthesized compound.!
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