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Synthesis of 4’-C-Ethynyl-#-D-ribo-pentofuranosyl Pyrimidines
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The 4'-C-ethynyl-g-p-ribo-pentofuranosylpyrimidines
were prepared from p-glucose through properly protected
4’-C-formyl-p-ribo-ribofuranose as the key intermediate,
and preliminary biological tests against some viruses and
tumor cells showed that the compounds were not active.

Key words: 4’-C-substituted nucleosides; ethynyl group

Considerable attention has been focused on branc-
hed-chain sugar nucleosides because of their biological
importance.'™> Most modifications of the sugar moiety
have been focused on the 2’, 3’ and 5’ positions because
of the easy chemical modification. For example,
Matsuda and his co-workers have recently reported the
synthesis of 1-(3-C-ethynyl-g-D-ribo-pentofuranosyl)
cytosine (A) and its remarkable growth-inhibitory activi-
ty against various human solid tumor cells.® However,
only a few examples of 4’-branched nucleosides have
been reported.”'” We have developed a versatile method
for the synthesis of 4’-branched nucleosides starting
from D-glucose and have reported the very strong
growth-inhibitory activity of 4’-C-methyl-2’-deoxycyti-
dine (B) against leukemic cells.!'? As part of our study
on the synthesis and biological activity of 4’-C-bran-
ched nucleosides, we describe in this paper the synthesis
of  4’-C-ethynyl-#-D-ribo-pentofuranosylpyrimidines
and preliminary biological tests against some viruses
and tumor cells.

Materials and Methods

General methods. Melting point (mp) data were ob-
tained with Shibata melting apparatus and are uncorrect-
ed. 'H-NMR spectra were recorded with a JEOL
JNMEX-400 spectrometer at 21-23°C in CDCl,;, using
tetramethylsilane as an internal standard. IR spectra
were recorded with a Shimazu FTIR-8100M spectrome-
ter, while mass spectra were recorded with a Hitachi M-
80B spectrometer at 70 eV. Specific rotation was meas-
ured with a Jasco DIP-360 at 589 nm. Merck silica gel
Art. 9385 was used for column chromatography, and
Merck silica gel Art. 5554 for analytical thin-layer chro-
matography.

1, 2:5, 6-Di-O-isopropylidene-3-O-p-methoxybenzyl-
a-D-allofuranose (1). To a solution of 1, 2:5, 6-di-O-
isopropylidene-a-D-allofuranose' (10 g, 38.4 mmol) in
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Fig. 1. Structures of Representative Biologically Active Branched-
chain Sugar Nucleosides A, B and C.

dry dimethylformamide (120 ml) was added while stir-
ring 60% sodium hydride in oil (1.84 g, 46 mmol) at
0°C. After 30 min, p-methoxybenzyl chloride (6.25 ml,
46 mmol) was added dropwise to the solution. After stir-
ring for 4 h at room temperature, ethanol (10 ml) was
added dropwise to the mixture. The reaction mixture
was then partitioned between ethyl acetate and water.
The ethyl acetate layer was dried over magnesium sul-
fate and evaporated to give a crude syrup. This syrup
was purified by silica gel column chromatography, using
a mixture of hexane and ethyl acetate (2:1, v/v), to give
1 (13.4g, 92%), mp 73-75°C. [a]p+106.6° (c 1.02,
CHCl;); '"H-NMR (CDCl3) 6: 7.33-6.88 (4H, m, Ph),
5.75 (1H, d, H-1, J1,=3.67), 4.70, 4.53 (2H, 2d,
CH,Ph, J=11.23), 4.55 (1H, t, H-2, J,,=3.67,
J,3=4.40), 4.40-4.34 (1H, m, H-5), 4.13 (1H, dd, H-4,
J34=8.79, J45=2.93), 3.87 (1H, dd, H-3, J;3=4.40,
J;4=28.79), 3.81 (3H, s, OCH,), 1.58, 1.39, 1.37, 1.35
(3Hx4, 4s, acetonide). Anal. Found: C, 63.18; H,
745% Calcd. for C20H2307I C, 6314, H, 742%

1,2-O-Isopropylidene-3-O-p-methoxybenzyl-a-p-allo-
furanose (2). To a solution of 1 (12.3 g, 4 mmol) in acet-
ic acid (210 ml) was added water (90 ml), and the solu-
tion was stirred for 21 h at room temperature. The
solution was condensed in vacuo, and the resulting
residue was coevaporated with toluene (50 ml). The
residual syrup was subjected to silica gel column chro-
matography. Elution with a mixture of chloroform and
methanol (30:1, v/v) gave 2 (9.57 g, 87%), mp 70-72°C,
[alp+107.8° (¢ 1.03, CHCl;); 'H-NMR (CDCl) 4:
7.32-7.26 (2H, m, Ph), 6.91-6.86 (2H, m, Ph), 5.76
(1H, d, H-1, J,,=3.66), 4.71, 4.49 2H, 2d, CH,Ph,
J=10.99), 4.59 (1H, t, H-2, J,,=3.66, J,3=4.40), 4.09
(1H, dd, H-4, J;,=8.79, J;5=3.17), 4.01-3.97 (1H, m,
H-5), 3.90 (1H, dd, H-3, J,;=4.40, J;,=8.79), 3.80

* To whom correspondence should be addressed. Fax: +81-22-717-8806; E-mail: ohrui@biochem.tohoku.ac.jp
Abbreviations: PDC, pyridinium dichromate; DDQ, 2, 3-dichloro-5, 6-dicyano-1, 4-benzoquinone; NOE, nuclear Overhauser effect
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(3H, s, OCHs3), 3.74-3.61 (2H, m, H-6, 6’), 2.47 (2H,
br. s, 5-OH, 6-OH), 1.59, 1.36 (3Hx2, 2s, acetonide).
Anal. Found: C, 60.14; H, 7.14%. Calcd. for C;7H2407:
C, 59.99; H, 7.11%.

4-C-Hydroxymethyl-1,2-O-isopropylidene-3-O-p-me-
thoxybenzyl-a-pD-ribo-pentofuranose (3). To a solution
of 2 (15.7 g, 46.1 mmol) in water (140 ml) was added a
solution of sodium periodate (10.85 g, 50.7 mmol) in
water (140 ml). After the solution had been stirred for
1.5 h at room temperature, ethylene glycol (2.5 ml, 46
mmol) was added, and the solution was stirred for 5 min
more, before being extracted with chloroform. The chlo-
roform solution was dried over magnesium sulfate and
evaporated under reduced pressure to afford a syrupy al-
dehyde. This aldehyde was used without purification for
the next step. To a solution of the aldehyde and formal-
dehyde (37%, 40.8 ml) in a mixture of water and tetra-
hydrofuran (1:1, v/v, 200 ml) was added a 1N sodium
hydroxide solution (92.2 ml) while stirring at 0°C, be-
fore the mixture was stirred for 46 h at room tempera-
ture and then extracted with chloroform. The chlo-
roform solution was dried over magnesium sulfate and
evaporated under reduced pressure to give a syrupy
residue. This syrup was purified by silica gel column
chromatography with a mixture of chloroform and
methanol (20:1, v/v) as the eluent to give 3 (13.5 g,
86%), mp 143.5-145.5°C, [alp+79.7° (c 1.07, CHCL);
'H-NMR (CDCl;) §: 7.32-7.26 2H, m, Ph), 6.92-6.87
(2H, m, Ph), 5.76 (1H, d, H-1, J,,=3.90), 4.74, 4.50
(2H, 2d, CH,Ph, J=11.23), 4.62 (1H, dd, H-2,
J12=3.90, J,,=5.13), 4.19 (1H, d, H-3, J,3=5.13),
3.90 (2H, s, 5-CH,), 3.81 (3H, s, OCH;), 3.77, 3.55
(1Hx2, 2d, 5'-CH,, J=12.20), 2.14 (2H, b. s, 5-OH, 6-
OH), 1.63, 1.33 (3Hx2, 2s, acetonide). Anal. Found: C,
60.20, H, 7.24% Calcd. for C17H2407: C, 5999, H,
7.11%.

4-C-Hydroxymethyl-1,2-O-isopropylidene-3,5-di-O-
p-methoxybenzyl-a-D-ribo-pentofuranose (4). To a solu-
tion of 3 (10.0 g, 29.4 mmol) in dry dimethylformamide
(100 ml) was added while stirring at —20°C sodium hy-
dride (60% in oil, 1.41 g, 32.3 mmol). After the mixture
had been stirred at —20°C for 30 min, a solution of p-
methoxybenzyl chloride (4.37 ml, 32.3 mmol) in dry
dimethylformamide (10 ml) was added dropwise to the
mixture. The resulting mixture was stirred for 6 h at
—20°C. Ethanol (10 ml) was added at —20°C, and the
mixture was stirred for 5 min. The mixture was con-
densed under reduced pressure, and the resulting residue
was partitioned between ethyl acetate and water. The or-
ganic layer was dried over magnesium sulfate and evapo-
rated under reduced pressure to give a syrup. This syrup
was subjected to silica gel column chromatography with
a mixture of hexane and ethyl acetate (3:1, v/v) to give
three compounds. 1st-eluting 4-C-hAydroxymethyl-1,2-
O-isopropylidene-3,5,5" -tri-O-p-methoxybenzyl-o - D-
ribo-pentofuranose (4b; 2.48 g, 15%), syrup, [alp
+33.3° (¢ 1.35, CHCL). 'H-NMR (CDCL) &: 7.25-6.81
(12H, m, Ph), 5.74 (1H, d, H-1, J;,=3.9), 4.61-4.45
(1Hx2, 2d, CH;Ph, J=11.72), 4.58, 4.45 (1Hx2, 2d,

CH,Ph, J=11.96), 4.54 (1H, dd, H-2, J;,=3.91,
J3=5.13), 4.46, 4.36 (1Hx2, 2d, CH,Ph, J=11.72),
4.18 (1H, d, H-3, J,3=5.3), 3.93, 3.47 (1Hx2, 2d, CH,,
J=10.50), 3.68, 3.66 (1Hx2, d, CH;, J=10.99), 3.78
(9H, s, OCH5), 1.50, 1.31 (3Hx2, 2s, acetonide). Anal.
Found: C, 68.43; H, 7.10%. Calcd. for C33HyOs: C,
68.26; H, 6.94%. 2nd-eluting 4-C-hydroxymethyl-1,2-
O-isopropylidene-3,5-di-O-p-methoxybenzyl-a-D-ribo-
pentofuranose (4; 8.93g, 66%), mp 65-68°C, [ulp
+72.6° (c 0.95, CHCL3). 'TH-NMR (CDCls) 6: 7.22-6.84
(8H, m, Ph), 5.77 (1H, d, H-1, J,,=3.90), 4.69, 4.42
(1Hx2, 2d, CH,Ph, J=11.47), 4.60 (1H, dd, H-2,
J1,=3.90, J,5=5.12), 4.48, 4.37 (1Hx2, 2d, CH,Ph,
J=11.72), 4.22 (1H, d, H-3, J,3=5.12), 3.89, 3.80
(1Hx2, 2d, H-5', J=11.72), 3.80 (3Hx2, 2s, OCH;x2),
3.56, 3.48 (1Hx2, 2d, H-5, J=11.50), 2.41 (1H, dd, 5’-
OH), 1.62, 1.34 (3Hx2, 2s, acetonide). Anal. Found: C,
65.16; H, 693%. Caled. for C25H3208: C, 65.20; H,
7.00%. 3rd-eluting 4-C-p-methoxybenzyloxymethyi-1,
2-O-isopropylidene-3-O-p-methoxybenzyl-a-D-ribo-pen-
tofuranose (4a; 091g, 7%), [alp+26.3° (¢ 0.98,
CHCL). 'H-NMR (CDClL) J: 7.29-6.84 (8H, m, Ph),
5.73 (1H, d, H-1, J,,=3.91), 4.66, 4.56, 4.53, 4.46
(2Hx2, CH,Phx2, J=11.72), 4.55 (1H, dd, H-2,
J12=3.91, J,,=5.13), 4.10 (1H, d, H-3, J;3=5.13),
4.01, 3.71 (1Hx2, 2d, CH,, /=10.74), 3.91, 3.40 2H, d,
H-5, J=11.96), 3.81, 3.80 (3Hx2, 2s, OCH;x2), 1.94
(1H, dd, 5-OH), 1.51, 1.31 (3Hx2, 2s). Anal. Found: C,
65.21; H, 6.70%. Calcd. for C»sH304: C, 65.20; H,
7.00%.

4-C-Formyl-1,2-O-isopropylidene-3,5-di-O-p-meth-
oxybenzyl-a-D-ribo-pentofuranose (5). To a solution of
4 (8.55g, 18.6 mmol) in dimethylformamide (100 ml)
were added 4A molecular sieves (0.5 g), and the mixture
was stirred for 5 min. To the solution was then added
pyridinium dichromate (PDC, 20.95 g, 55.3 mmol), and
the mixture was stirred for 10 h at 40°C. The mixture
was filtered through Celite, and the filtrate was con-
densed under reduced pressure to give a syrup. This
syrup was dissolved in ethyl acetate (100 ml), washed
with water and dried over magnesium sulfate. After
filtering away the magnesium sulfate, ethyl acetate was
removed under reduced pressure to afford crystalline 5
(6.45 g, 76%), mp 107.5-109.5°C, [a]p+24.3° (c 1.03,
CHCl;). 'TH-NMR (CDCl) 6: 9.89 (1H, s, CHO), 7.26-
7.15 (4H, m, Ph), 6.88-6.84 (4H, m, Ph), 5.82 (1H, d,
J12=3.30), 4.55 (1H, dd, H-2, J,,=3.30, J;3;=4.40),
4.62, 4.52 (1Hx2, 2d, CH,Ph, J=12.09), 4.46, 4.38
(1Hx2, 2d, CH,Ph, J=11.55), 4.32 (1H, d, H-3,
J3=4.39), 3.80, 3.79 (3Hx2, 2s, OCH;x2), 3.62, 3.57
(1Hx2, 2d, H-5, J=10.63), 1.59, 1.33 (3Hx2, 2s,
acetonide). Anal. Found C, 65.40; H, 6.66%. Calcd. for
C2sH300;5: C, 65.49; H, 6.59%.

4-C-(2,2-Dibromoethenyl)-1,2-O-isopropylidene-3,5-
di-O-p-methoxybenzyl-a-D-ribo-pentofuranose (6). To
a solution of 5 (10.5 g, 22.9 mmol) in dichloromethane
(200 mil) were added carbon tetrabromide (15.19 g, 45.8
mmol) and triphenylphosphine (24.03 g, 91.6 mmol) at
0°C, and the mixture was stirred for 30 min at room tem-
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perature. To this mixture was added triethylamine (19.2
ml, 13.74 mmol), and mixture was stirred for 5 min at
room temperature. The reaction mixture was poured
into hexane (1000 ml) while stirring, and the precipitat-
ed by-products were removed by filtration. The filtra-
tion was condensed under reduced pressure to afford a
crude crystalline mass (27.0 g). This was purified by sili-
ca gel column chromatography with chloroform to give
6 as a syrup (13.3 g, 95%). [a]p+10.5° (¢ 1.05, CHCL).
"H-NMR (CDCly) §: 7.27-7.17 (4H, m, Ph), 7.09 (1H, s,
Br,C=CH-), 6.89-6.85 (4H, m, Ph), 5.75 (1H, d, H-1,
J12,=3.85), 4.62, 4.54, 4.51, 4.35 (1Hx4, 2d, CH,Ph,
J=11.81), 4.49 (1H, t, H-2, J=4.12), 4.16 (1H, d, H-3,
J,3=4.67), 3.80, 3.79 (3Hx2, 2s, OCH;x2), 3.79, 3.35
(1Hx2, 2d, H-5, J=11.26), 1.57, 1.29 (3Hx2, s,
acetonide).

4-C-Ethynyl-1,2-O-isopropylidene-3,5-di-O-p-meth-
oxybenzyl-a-D-ribo-pentofuranose (7). To a solution of
6 (4.58 g, 7.46 mmol) in tetrahydrofuran (60 ml) was
added n-butyl lithium (10.25 ml of 1.6 M in n-hexane,
16.4 mmol) at —78°C under a nitrogen atmosphere,
and the mixture was stirred for 2h at —78°C. Water
(25 ml) was then added dropwise to the mixture, and the
solution was stirred for 5 min and raised to room temper-
ature. Ethyl acetate (300 ml) was added to the mixture
before washing with water. The organic layer was dried
over magnesium sulfate and condensed under reduced
pressure to afford a syrupy residue. This syrup was
purified by silica gel column chromatography with a mix-
ture of hexane and ethyl acetate (4:1, v/v) to afford 7
(3.12 g, 92%) as a syrup. [alp+21.0° (c 1.07, CHCL).
'H-NMR (CDCl) J: 7.33-6.83 (8H, m, Ph), 5.69 (1H,
d, H-1, J,,=3.85), 4.68, 4.61 (1Hx2, 2d, CH,Ph,
J=12.22), 4.50 (1H, t, H-2, J=4.26), 4.47, 4.37 (1Hx2,
2d, CH,Ph, J=11.68), 4.12 (1H, d, H-3, J,3;=4.40),
3.80 (6H, s, OCH;x2), 3.67, 3.50 (1Hx2, 2d, H-5, H-5',
J=11.54), 2.63 (1H, s, ethynyl), 1.72, 1.32 (3Hx2, 2s,
acetonide).

4-C-Ethynyl-1,2-O-isopropylidene-o-D-ribo-pento-
furanose (8). A mixture of 7 (2.89 g, 6.36 mmol), 2, 3-
dichloro-5, 6-dicyano-1, 4-benzoquinone (DDQ, 4.33 g,
19 mmol), dichloromethane (100 ml) and water (20 ml)
was stirred for 24 h at room temperature. Chloroform
(200 ml) was added to the mixture before washing with
water. The organic layer was dried over magnesium sul-
fate and condensed under reduced pressure. The residue
was subjected to silica gel column chromatography. Elu-
tion with a mixture of hexane and ethyl acetate (1:1, v/
v) gave crystalline 8 (428 mg, 32%), [a]lp+3.74° (¢ 0.99,
CHCL). 'H-NMR (CDClL) J: 5.83 (1H, d, H-1,
J1,=4.12), 4.65 (1H, dd, H-2, J,,=4.12, J,;=5.22),
4.30 (1H, dd, H-3, J,5=5.22), 3.85, 3.66 (1Hx2, 2d, H-
5, H-5", J=12.09), 2.82 (1H, d, 3-OH), 2.71 (1H, s,
ethynyl), 1.99 (1H, dd, 5-OH), 1.68, 1.36 (3Hx2, 2s,
acetonide). Anal. Found: C, 55.95; H, 6.75%. Calcd.
for C10H1405I C, 5607, H, 659%

3,5-Di-O-benzoyl-4-C-ethynyl-1,2-O-isopropylidene-
a-D-ribo-pentofuranose (9). A mixture of 7 (1.20g,

2.64 mmol), 2, 3-dichloro-5, 6-dicyano-1, 4-benzoqui-
none (1.80 g, 7 mmol), dichloromethane (45 ml) and
methanol (5 ml) was stirred for 24 h at room tempera-
ture and then evaporated under reduced pressure to give
a crude crystalline mass (4.40 g). To a solution of this
residue in pyridine (50 ml) was added benzoyl chloride
(3.07ml, 26.40 mmol) at 0°C, and the mixture was
stirred for 2 h at room temperature. To the mixture was
added an ice-water mixture (5 ml), before evaporating
under reduced pressure and coevaporating the residue
with toluene. The residue was dissolved in ethyl acetate
(50 ml), washed with water and dried over magnesium
sulfate. The magnesium sulfate was filtered off, and the
ethyl acetate was evaporated under reduced pressure to
afford a syrup. This syrup was purified by silica gel
column chromatography, with a mixture of hexane and
ethyl acetate (9:1, v/ v) as the eluent, to give 9 as a syrup
(0.80 g, 72%), [alp+68.4° (¢ 0.99, CHCL). 'H-NMR
(CDCL) 6: 8.18-7.99 (4H, m, Ph), 7.64-7.34 (6H, m,
Ph), 5.96 (1H, d, H-1, J,,=3.85), 5.31 (1H, d, H-3,
J3=5.22), 5.06 (1H, dd, H-2, J,,=3.85, J,3=5.22),
4.67, 4.45 (1Hx2, 2d, H-5, H-5', J=11.81), 2.77 (1H, s,
ethynyl), 1.71, 1.34 (3Hx2, 2s, acetonide). Anal. Found:
C, 6836, H, 534% Calcd. for C24H2207: C, 6824, H,
5.25%.

1,2-Di-O-acetyl-3,5-di-O-benzoyl-4-C-ethynyl-a-D-
ribo-pentofuranose (11). To a solution of 9 (3.66 g,
8.66 mmol) in acetic acid (50 ml) was added water (40
ml) and trifluoroacetic acid (10 ml), and the resulting so-
Iution was stirred for 18 h at room temperature before
being evaporated under reduced pressure to afford a
syrup. After this syrup had been coevaporated with tol-
uene, the syrup was dissolved in pyridine (100 ml). To
the solution was added acetic anhydride (8.19 ml, 86
mmol) at 0°C, and the mixture was stirred for 4 h at
room temperature. To the mixture was then added water
(10 ml), and the solution was evaporated under reduced
pressure to give a syrup. This syrup was purified by sili-
ca gel column chromatography, using a mixture of
hexane and ethyl acetate (5:1, v/v) as the eluent, to give
11 (3.08 g, c:f=12:88, 76%). 'H-NMR (CDCl;) ¢ for
the « isomer: 6.54 (1H, d, H-1, J,,=4.67), 5.90 (1H, d,
H-3, J,;=6.60), 5.50 (1H, dd, H-2, J,,=4.67,
J,3=6.60); 6 for the f isomer: 6.36 (1H, d, H-1,
J12,=0.55), 5.92 (1H, d, H-3, J,5;=4.95), 5.57 (1H, dd,
H-2, J,,=0.55, J,53=4.95). HRMS: found, 467.1338;
caled. for C25H2309; 467.1341.

2'-0O-Acetyl-3',5' -di-O-benzoyl-4’ -C-ethynyl-f-D-
ribo-pentofuranosyluracil (12). A mixture of 11 (440
mg, 943 umol), wuracil (264mg, 2.2mmol) and
bis(trimethylsilylacetamide (1.63 ml, 6.2 mmol) in
dichloroethane was stirred under reflux for 1 h and then
cooled to 0°C. Trimethylsilyl triffuoromethanesulfonate
(0.24 ml, 1.2 mmol) was added to the mixture and the
mixture was stirred under reflux for 24 h before being
cooled to room temperature. Ice-cold saturated aqueous
sodium hydrogen carbonate (10 ml) was added, and the
mixture was extracted with chloroform (3 x 10 ml). The
organic layer was successively washed with saturated
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aqueous sodium hydrogen carbonate (2x 10ml) and
brine (2x 10 ml), and dried over magnesium sulfate.
The solvent was removed under reduced pressure, and
the residue was purified by silica gel column chro-
matography, using hexane and ethyl acetate (1:1, v/v)
as the eluent, to give 12 as a foam (393 mg, 80%), [a]p
—39.4° (¢ 1.00, CHCL). '"H-NMR (CDCl;) J: 8.16 (1H,
s, NH), 8.13-8.08 (4H, m, Ph), 7.66-7.45 (6H, m, Ph),
7.20 (1H, d, H-6, Jsx=8.06), 6.18 (1H, d, H-l’,
Jr»=5.37), 5.91 (1H, d, H-3', J» ;=6.84), 5.59-5.56
(2H, m, H-2’, H-5), 4.87, 4.59 (1Hx2, 2d, H-5'a, H-5'b,
J=12.21), 2.77 (1H, s, ethynyl), 2.06 (3H, s, Ac). Anal.
Found: C, 62.38; H, 4.38; N, 5.58%. Calcd. for
C27H22N209: C, 6255, H, 428; N, 540%

2’-0-Acetyl-3',5'-di-O-benzoyl-4'-C-ethynyl-f-D-ribo-
pentofuranosylthymine (13). A mixture of 11 (732
mg, 1.57 mmol), thymine (495 mg, 3.9 mmol) and
bis(trimethylsilyl)acetamide (2.72ml, 11 mmol) in
dichloroethane (40 ml) was stirred under reflux for 1 h
and then cooled to room temperature. Trimethylsilyl
trifluoromethanesulfonate (0.39 ml, 2.0 mmol) was
added to the mixture, which was stirred at reflux for 24
h and then cooled to room temperature. Ice-cold aque-
ous sodium hydrogen carbonate (10 ml) was added to
the mixture, before it was extracted with chloroform
(3 x 10 ml). The organic layer was successively washed
with saturated sodium hydrogen carbonate (2 x 10 ml)
and brine (2 x 10 ml) and dried over magnesium sulfate.
The solvent was removed under reduced pressure, and
the residue was purified by silica gel column chro-
matography, using a mixture of hexane and ethyl
acetate (2:1, v/v) as the eluent, to give 13 (600 mg, 72%)
as a foam, [a]p —61.5° (¢ 1.02, CHCl). 'H-NMR
(CDCL) ¢6: 8.15-8.11 (5H, m, Ph), 8.09 (1H, s, NH),
7.68-7.46 (5H, m, Ph), 6.98 (1H, d, H-6, Jsn.=1.24),
6.30 (1H, d, H-1’, J;»=6.04), 5.93 (1H, d, H-3’,
J» 3=6.59), 5.57 (1H, dd, H-2', J; »=6.04, J» 3y =6.59),
4.92, 4.56 (1Hx2, 2d, H-5'a, H-5'b, J=12.09), 2.75
(1H, s, ethynyl), 2.05 (3H, s, Ac), 1.59 (3H, d, 6-CH;,
Jsme=1.24). Anal. Found: C, 62.44; H, 4.77; N, 5.39%.
Caled. for CysHuN,Oq. 1/4H,0: C, 62.62; H, 4.60; N,
5.22%.

4'-C-Ethynyluridine (14). A solution of 12 (550 mg,
1.06 mmol) in sat. methanolic ammonia (30 ml) was
stirred for 17 h at room temperature and then evaporat-
ed under reduced pressure to afford a syrup. This syrup
was purified by silica gel column chromatography, using
a mixture of chloroform and methanol (7:1, v/v) as the
eluent, to give crystalline 14 (240 mg, 84%), mp 120-
122°C, [a]lp+2.48° (¢ 1.01, H,0). UV Ay (MeOH) nm
(€): 261 (10100). 'H- NMR (DMSO-dq) 6: 11.15 (1H, s,
NH), 7.71 (1H, d, H-6, J;,=38.06), 5.86 (1H, d, H-1’,
Jv»=5.86), 5.66 (1H, d, H-5, Js;5s=28.06), 5.41 (1H, t,
5'-OH), 4.14 (1H, dd, H-2', Ji'»=5.86, Jy 3=6.10),
4.07 (1H, d, H-3', J» 3 =6.10), 3.58, 3.55 (1Hx2, 2d, H-
5'a, H-5'b, Js5,50,=11.96), 3.33 (1H, s, ethynyl). Anal.
Found: C, 48.12; H, 4.51; N, 10.01%. Calcd. for
CiiHiN;O¢. 1/4H,0: C, 48.41; H, 4.62; N, 10.27%.

4'-C-Ethynyl-f-D-ribo-pentofuranosylthymine (15).
A solution of 13 (600 mg, 1.13 mmol) in sat. methanolic
ammonia (30 ml) was stirred for 16 h at room tempera-
ture and then evaporated under reduced pressure to
afford a syrup. This syrup was purified by silica gel
column chromatography, using a mixture of chlo-
roform and methanol (10:1, v/v), to give 15 (260 mg,
82%) as a foam, [«]p+10.3° (¢ 0.50, H;0). UV A
(MeOH) nm (g): 266 (9650). 'H-NMR (DMSO-dy) J:
11.22 (1H, s, NH), 7.60 (1H, d, H-6, Jsm.=1.22), 5.90
(1H, d, H-1’, J; »=6.10), 5.40 (1H, t, 5'-OH), 5.22,
5.07 (1Hx2, 2d, 2'-OH, 3'-OH), 4.16 (1H, dd, H-2’,
Ji2=6.10, J» 3 =5.80), 4.10 (1H, t, H-3', J» 3 =5.80),
3.62,3.57 (1Hx2, 2d, H-5"a, H-5'b, J5.,5,=11.90), 3.42
(1H, s, ethynyl), 1.59 (3H, Me, Jsme=0.92). Anal.
Found: C, 50.23; H, 5.32; N, 9.57%. Calcd. for
C12H14N205. 1/4H20 C, 5026, H, 510, N, 977%

4’-C-Ethynylcytidine (17). To a solution of 12 (620
mg, 1.2 mmol) in pyridine (30 ml) was added 4-chlo-
rophenyl dichlorophosphate (0.48 ml, 3.0 mmol) at 0°C
during 2 min. To the mixture was then added 1, 2, 4-tria-
zole (734 mg, 12 mmol), and the mixture was stirred for
72 h at room temperature. The solvent was removed un-
der reduced pressure. The residual syrup was purified by
silica gel column chromatography, using a mixture of
hexane, ethyl acetate and 2-propanol (10:10:1, v/v/v),
to give a triazole derivative (16) as a syrup. A solution of
this syrup (850 mg) in a mixture of ammonium
hydroxide and dioxane (1:3, v/v, 40 ml) was stirred for
2 h, and then the solvent was removed under reduced
pressure to afford a syrup. This syrup was dissolved in
sat. methanolic ammonia (30 ml) and stirred for 18 h at
room temperature. The solvent was removed under
reduced pressure to give a syrup (560 mg). This syrup
was purified by silica gel column chromatography to
afford crystalline 17 (160 mg, 50%), mp 217-220°C,
[a]p+18.7° (¢ 0.47, H,0). UV Anax (MeOH) nm (g): 273
(10700). 'H-NMR (DMSO-ds) é: 7.68 (1H, d, H-6,
Js6=7.32), 7.08 2H, s, NH), 591 (1H, d, H-1’,
Ji2»=4.64), 5.66 (1H, d, Js,=8.06), 5.34 (1H, t, 5'-
OH), 5.15, 4.95 (1Hx2, 2d, 2’-OH, 3’-OH), 4.08-4.11
(2H, m, H-2’', H-3"), 3.61, 3.55 (1Hx2, 2d, H-5'a, H-
5'b, Jsas=11.96), 3.40 (1H, s, ethynyl). Found: C,
49.06; H, 5.09; N, 15.30%. Calcd. for C;1H3N;0s-1/
8H,0: C, 49.03; H, 4.96; N, 15.59%.

Results and Discussion

We had previously used 3, 5-di-O-benzyl-4-C-hydrox-
ymethyl-1, 2-O-isopropylidene-a-D-ribo-pentofuranose
4’ for the synthesis of both B and 4’-C-fluoromethyl-2’-
deoxycytidine C." However, we used here 4-C-hydrox-
ymethyl-1, 2-O-isopropylidene-3, 5-di-O-p-methoxyben-
zyl-a-D-ribo-pentofuranose 4 as an intermediate because
it was anticipated that de-O-protection of the p-methox-
ybenzyl group in the presence of an ethynyl group
would be much easier than that of the benzyl group
(Scheme 1).

The selective p-methoxybenzylation of 4-C-hydrox-
ymethyl-1, 2-O-isopropylidene-3-O-p-methoxybenzyl-
o-D-ribo-pentofuranose (3), which had been prepared
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Scheme 2. Synthesis of 4'-C-Ethynyl-g-D-ribo-pentofuranosyl Pyrimidines.
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from D-glucose by a similar procedure” to that used for
the synthesis of corresponding 3-O-benzyl derivative 3’,
with a limited amount of p-methoxybenzyl chloride and
sodium hydride in dimethylformamide at —20°C gave a
mixture of 6-O-p-methoxybenzyl derivative 4a (7%) and
5, 6-di-O-p-methoxybenzyl derivative 4b (15%), as well
as desired 5-O-p-methoxybenzyl derivative 4 (66%). The
structure of the major product was tentatively assigned
as 4, because 4’ was the major product of the reaction of
3’ with benzyl chloride under similar conditions. The as-
signment was later confirmed by nuclear Overhauser
effect (NOE) experiments with both the 4-C-formyl and
4-C-ethynyl derivatives. Oxidation of 4 with pyridinium
dichromate in dimethylformamide gave 4-C-formyl
derivative 5 in a 76% yield. Aldehyde 5 could be a versa-
tile intermediate for the synthesis of various 4’-C-sub-
stituted f-D-ribo-pentofuranosyl nucleosides. Here, 5
was converted to ethynyl derivative 7 by Corey’s pro-
tocol." Thus, 5 was reacted with carbon tetrabromide
in the presence of triphenylphosphine to give syrupy
vinyl dibromide 6 in a 95% yield. 6 was treated with n-
butyl lithium to afford 3, 5-di-O-p-methoxybenzyl-4-C-
ethynyl-1, 2-O-isopropylidene-a-D-ribo-pentofuranose
(7) in a 92% yield. The 4-C-substituted D-ribo structures
of 4, 5 and 7 were confirmed by NOE experiments with 5
and 7. Irradiation at the endo methyl of the 1, 2-O-
isopropylidene group of 5 and 7 enhance the signals of
the aldehyde proton and the ethynyl proton, respec-
tively, to show the cis stereochemistry of these groups
on the furanose ring (Fig. 2). At this stage of synthesis,
the 3- and 5-O-p-methoxybenzyl groups were removed,
and the hydroxyl groups were benzoylated, because it
was anticipated that oxidative removal of the p-methox-
ybenzyl group at any later stage of the synthesis would
be cumbersome due to the difficulty of isolating the
deprotected more hydrophilic product from the reaction
mixture. Treatment of 7 with 2, 3-dichloro-5, 6-dicya-
no-1, 4-benzoquinone in a mixture of dichloromethane
and water gave expected 3, 5-dihydroxy product 8 in a
moderate yield judged by thin-layer chromatography.
However, 8 could be obtained in only a 32% yield be-
cause of the difficulty of isolating 8 from the reaction
mixture. Therefore, the oxidative de-O-p-methoxybenzy-
lation of 7 was conducted in a mixture of
dichloromethane and methanol'® with 2, 3-dichloro-5,
6-dicyano-1, 4-benzoquinone, and after evaporating the
solvent, the whole residue was benzoylated without
isolating 8, and desired 3, 5-di-O-benzoyl derivative 9
was obtained in a 72% yield. The isopropylidene group
of 9 was removed in aqueous acetic acid, and reducing
sugar 10 was acetylated without purification to afford 1,
2-di-O-acetyl-3, 5-di-O-benzoyl-4-C-ethynyl-D-ribo-pen-

o
MPMO= O, H. HaC.

MPMO— O,
NH NH
o, | I

c o Hesc 0

H Nog 1T NTTO  nog B NTTO
MPMO O-I—' MPMO O Bz0%\ 0 Bz0\ 0
5 CHg 7 & ) )
Noek/ b HC=C HC=C
BzO OAc BzO OAc

12 13

Fig. 2. NOE Contacts to Confirm the Stereochemistry.

tofuranose 11 as an anomeric mixture («: f=12:88) in a
76% vyield. In the 'TH-NMR analysis of 11, the signal of
an anomeric proton with the larger J;, value was as-
signed to that of the a isomer (J;, for the «
isomer=4.67 Hz, J,, for the f isomer=0.55 Hz). The
condensation of 11 with silylated uracil or thymine in
the presence of trimethylsilyl trifluoromethanesulfonate
as a catalyst in 1, 2-dichloroethane needed refluxing for
24 h to complete the condensation to give 4’-C-ethynyl
uridine (12) and 4’-C-ethynyl-S-D-ribo-pentofuranosyl
thymine (13) in 80% and 72% yields, respectively. In
this reaction, the o isomer was not detected. Since the
condensation of 1, 2-di-O-acetyl-3, 5-di-O-benzoyl-4-C-
methyl-D-ribo-pentofuranose with silylated uracil and
thymine proceeded at room temperature for 2 h,'? the
ethynyl group at the 4-position of 11 seems to have deac-
tivated its anomeric position. The anomeric configura-
tions of 12 and 13 can both be expected to be £ by the
Vorbruggen protocol'® that affords the nucleosides with
17, 2’-trans stereochemistry when the furanoses have a
neighboring participating acyloxy group at the 2-posi-
tion. However, 12 and 13 had relatively large H-1" and
H-2’ coupling constants of 5.4 and 6.0 Hz, respectively,
which might be assigned to an «a-configuration accord-
ing to the 'TH-NMR empirical rule for assigning the ano-
meric configuration of ribofuranosyl nucleosides.'®
Although f-selective N-glycosylation and similar rela-
tively large *Ju.1- m.o- values have been reported for 4’-C-
hydroxymethyl-” and 4’-C-methyl-B-D-ribo-pentofu-
ranosyl'Y nucleosides, the f-stereochemistry of 12 and
13 was confirmed by the results of NOE experiments
(Fig. 2). Both 12 and 13 showed clear NOEs between H-
6 and H-2’, and between H-6 and H-5’. These clear
NOE contacts indicated the f-stereochemistry of these
nucleosides and the predominant anti-conformation of
the uracil and thymine bases.!”? The large *Ju.;- no value
indicated more distortion of the conformation of the
furanose rings of 4’-ethynyl-ribo-nucleosides than of
ribofuranosyl nucleosides, as was the case with other 4’-
C-substituted ribo-pentofuranosylnucleosides.”!? Dea-
cylation of 12 and 13 gave 4’-C-ethynyluridine 14 and
4’-C-ethynyl-f-D-ribo-pentofuranosylthymine 15, re-
spectively, in good yields. Since the condensation of 11
with silylated N-acetylcytosine did not proceed at all, 4’-
C-ethynyl-g-D-ribo-pentofuranosylcytosine (17) was pre-
pared from 12 by Reese’s methodology'® through 1, 2,
4-triazole derivative 16 in a 50% yield. A preliminary
biological test on these 4’-C-ethynylnucleosides showed
that they were not active against HSV-1, HSV-2, CCRF-
HSB-2, and KB cells.

Conclusions

We prepared 4’-C-ethynyl-8-pD-ribo-pentofuranosyl-
pyrimidines in moderate yields from D-glucose.
However, their preliminary biological evaluation
showed that they were not active against viruses and
tumor cells, as was the case with 4’-C-methyl-g-D-ribo-
pentofuranosylnucleosides.'® The preparation of purine
derivatives, 2’-deoxy and arabinofuranosyl derivatives
is underway in our laboratory.
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