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CHEMICAL CONVERSION OF URIDINE TO 3'-BRANCHED SUGAR
NUCLEOSIDES (NUCLEOSIDES AND NUCLEOTIDES. 421.)

*
Satoshi Shuto, Tatsuyoshi Iwano, Hideo Inoue, and Tohru Ueda

Faculty of Pharmaceutical Sciences, Hokkaido University
Sapporo, 060, Japan

ABSTRACT

Deamination of 1-(3-amino-3-deoxy-@-D-glucopyranosyl)-
uracil gave a ring contracted nucleoside, 3'-deoxy-3'-formyl-
uridine as a hemiacetal form, and uracil. Similar treatment
of the 2'-deoxyderivative, 1l-(3-amino-2,3~dideoxy-4-D-gluco-
pyranosyl)uracil, gave the corresponding 2',3'-dideoxy-3'~
formyluridine in high yield. The 3'-epimerization of the 3'-
formyluridine derivative was achieved and after reduction of
the formyl groups, 2',3'-dideoxy-3' (R and S)-hydroxymethyl-
uridine were obtained.

There has been much effort expended on the preparation
of 3'~-branched sugar nucleosides as potential antimetabolites.
Most of these compounds have been synthesized by the prior
preparation of branched sugars and successive condensation
with nucleobases? In the present paper we report the synthesis
of 3'-hydroxymethyluridines from uridine (l) by reactions in-
volving the ring expansion-recontraction of the ribosyl moiety.

It is known that the nitrite deamination of aminosugars
such as methyl 3-amino-3-deoxy-f-D-glucopyranoside proceeds by
regioselective ring contraction to give methyl 3-deoxy-3-
formyl-ﬁ-Q—xylofuranoside? However, the O-acylated derivative

. 3b . . Lot
of the same 3-aminoglucose or its uracil nucle051de4 are re-
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ported to give the gluco or alleo derivatives, respectively,
without ring contraction during the deamination. It is of in-
terest to examine whether the nitrite deamination of 3-amino-
3-deoxyglucopyranosyluracil proceeds with regiospecific or
stereospecific ring contraction or with a simple amino-hydroxy
substitution.

Treatment of 1-(3-amino-3—deoxy1ﬁ-g—glucopyranosyl)uracil
(2, readily accessible from uridine via a periodate oxidation
followed by condensation with nitromethane, and successive
hydrogenations) with sodium nitrite in 20% acetic acid at low
temperature and separation of the products through a silica
gel column afforded a crystalline material (3). The structure
of 3 was determined on the basis of elemental analyses, mass
and NMR spectra, as 3'-deoxy-3'-formyluridine in a form of
cyclic hemiacetal (3). The (R) ~configuration of the 3' -carbon
of 3 was deduced as the coupling of the 3''-proton was obser-
ved only with that of the 3'' ~hydroxyl group in NMR measure-
ment (Table 1). The structure of 3 was further confirmed by
converting it to the 3'-hydroxymethyl derivative (4) by treat-
ment of 3 with sodium borohydride (Scheme 1).

The yield of 3 was less than 50% from 2 and the reaction
also gave a significant amount of uracil. This release of ura-
cil may be best explained by assuming two pathways of ring
contraction of the diazonium intermediate (A, Scheme 1),
giving the 3'-formyl (B) and 2'-formyl (C) derivatives, res-
pectively. The 3'-formyl derivative (B) is stabilized by a
cyclic hemiacetal (3) formation while the 2'-formyl derivative
is expected to undergo ready beta-elimination to release uracil.

Therefore it follows that for a similar ring contraction
with the 2'-deoxy derivative of 2, the exclusive bond migration
from the 4'-5' linkage would be expected giving the 3'-formyl-
2'-deoxyuridine derivative as a sole product. Preparation of
3'~amino-2"',3'-dideoxy-8-D-glucopyranosyluracil was achieved
by the route shown in Scheme 2. 1-(3-Deoxy=-3-nitro-g-D-gluco-
pyranosyl)uracils(g) was treated with benzaldehyde and zinc
chloride to give the 4',6'-O-benzylidene derivativeG(g). This

was treated with methanesulfonyl chleoride and triethylamine in
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tetrahydrofuran to give the 2',3'-unsaturated derivative (7)
which was hydrogenated with sodium borohydride to furnish the
2',3'-dideoxy-3'-nitro derivative (8) in a crystalline form.
Deprotection of 8 with refluxing aqueous acetic acid gave cry-
stalline 1-(2,3-dideoxy~3-nitro-g-D-glucopyranosyl)uracil (9).
hydrogenation of 9 with Ni catalyst gave the 3'-amino compound
(10).

Treatment of 10 with sodium nitrite in 25% acetic acid
gave, after column chromatography with silica gel, a cyclic
hemiacetal (l;) of 2',3'-dideoxy-3'-formyluridine (lla) in a
yield of 73%. In this case liberation of uracil was not obser-
ved. Reduction of 11 with sodium borohydride afforded cystall-
ine 2',3'-dideoxy-3"'(S)-hydroxymethyluridine (12).

As the analog of 2'-deoxyuridine the 3'-epimer of 12
would be more important. In order to obtain this compound the
epimerization of the 3'-position at the step of lla seemed
promising and might be realized by the prior protection of the
5'-hydroxyl group of lla to prevent the hemiacetal formation.
Treatment of 9 with benzoyl chloride in a mixture of chloro-
form and pyridine at -20° to -5° gave the 6'-O-benzoyl deri~
vative (13) in high yield. Hydrogenation of the 3'-nitro
group of 13 to produce 14 followed by nitrite treatment gave
the free 3'(R)-formyl derivative (15). When the product was
applied to a silica gel column and kept for 24 hr in the co-
lumn (solvent: chloroform-ethyl acetate) the epimerization at
the C-3' took place to reach an equilibrium in which the 3'(S)-
epimer (l6) was predominant, The epimerization was readily
checked by the NMR chemical shift of the aldehydic proton of
15 (9.93 ppm) to 16 (9.70 ppm). Reduction of the formyl group
of 16 with sodium acetoxyborohydride gave 5'-0O-benzoyl-2',63'-
dideoxy-3"' (R)-hydroxymethyluridine (17). Debenzoylation of 17
afforded the 3'-hydroxymethyluridine (18), a 3'-methylene homo-

log of 2'-deoxyuridine.
EXPERIMENTAL

General procedures—---- NMR spectra were taken on a JEOL
PS-100 spectrometer (100 MHz) or a JEOL PS-200 spectrometer
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(200 MHz) with tetramethylsilane as internal standard, and
were summarized in Table 1. Mass spectra were measured on a
JEOL JMS-D300 spectrometer. Mass spectrum of all compounds
gave a molecular ion, a sugar ion, and a base or base + 1 or
base + 2 ion. UV spectra were measured on a Shimadzu UV-300
or UV-240 spectrophotometer. Melting points were measured on
a Yanagimoto MP-3 micro melting point apparatus and were un-

corrected.

3'-Deoxy-3' (R)-formyluridine~5',3"''~-hemiacetal (3)----
Compound 35(20 g) was dissolved in 400 mL of 25% AcOH and

the solution was coocled in an ice-bath. Sodium nitrite (32 g)

in 10 mL of H,0 was added dropwisely to the solution for 25
min. The mixture was stirred further for 30 min at room temp-
erature and the solvent was removed in vacuo. The residue was
dissolved in 50% MeOH (50 mL) and 100 g of silica gel was
added to the solution. The mixture was dried in vacuo and the
residue was applied on top of a silica gel column (500 g). The
product was eluted with 30% iAmOH-CHCl3 and crystallized from
water to give 9.2 g (49%) of 3, mp 214-215°. Anal. Calcd for
C,.H,,N,O,: C, 46.88; H, 4.72; N, 10.93. Found: C, 46.91; H,

107127276°
4.71; N, 10.83.

3'-Deoxy-3'(R)-hydroxymethyluridine (4)----Compound 3

(135 mg) was dissolved in H20 and 40 mg of NaBH, was added to

the solution. After stirring overnight the soluiion was neutra-
lized with 1 N HCl and the solvent was removed. The residue was
mixed with 1.5 g of silica gel in MeOH and the mixture was
dried in vacuo. The residue was applied on top of a silica gel
column (20 g). The product was eluted with 10% MeOH—CHC13.
Crystallization from MeOH gave 142 mg of 4, mp 161-163°. Anal.
Calced for C,.H,,N,O,.: C, 46.51; H, 5.47; N, 10.85. Found: C,

107147276°
46.51; H, 5.44; N, 10.88.

1-(3-Deoxy-3-nitro-4,6-0O-benzylidene-g-D-glucopyranosyl) -
uracil (6)----Compound 25 (9.0 g) and ZnCl2 (9.0 g, freshly
fused) were taken in 150 ml of benzaldehyde and the mixture was
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stirred for 2 days at room temperature. The mixture was
poured into 1000 mL of n-hexane under vigorous stirring. The
solvent was removed by decantation and the oily residue was
taken up in EtOAc. The solution was washed with dil.HC1,
NaHCO3 solution, and HZO and the organic layer was concent-
rated. The concentrate was applied to a column of silica gel.
Elution with EtOAc-CHCl3 (1:1) gave 7.9 g (67%) of 6 which
was crystallized from MeOH, mp 255-260° (dec.). Anal. Caled
for Cq7H17N30g3 C, 52.18; H, 4.38; N, 10.74. Found: C, 52.06;
H, 4.29; N, 10.51.

From the later eluate 1l-(3-deoxy-3-nitro-4,6-O-benzyli-

dene-g-D-galactopyranosyl)uracil, 1.6 g(14%), was obtained as
a crystal from MeOH, mp 254-256°. NMR (200 MHz, DMSO—dG)Sppm:
11.43 (broad s, 1, HN°), 7.60 (d, 1, H-6, J= 7.60 Hz), 6.21
(¢, 1, HO-2', J= 5.4 Hz), 5.76 (4, 1, H-5), 5.72 (4, 1, H-1"',
J= 8.8 Hz), 5.68 (s, 1, HCPh), 7.39 (s, 5, Ph), 5.35 (ad, 1,
H-3', J2,'3.= 9.9 Hz, J3.,4,= 3.4 Hz), 4.82 (4, 1, H-4',
J4.,5.= 0 Hz), 4.48 (m, 1, H-2'"), 4.14 (broad s, 2, H-6'),
4.02 (s, 1, H-5'). Anal. Caled for C,,H, N;0.: C, 52.18; H,
4.38; N, 10.74. Found: C, 52.19; H, 4.31; N, 10.68.

1-(2,3-Dideoxy-3-nitro-4,6-0-benzylidene-g-D~glucopyrano-

syl)uracil (8)----Compound 6 (500 mg) was dissolved in 10 mL
of THF and MsCl (0.2 mL) was added to the solution at room
temperature. After stirring for 20 min the solution was cooled

in an ice bath and Et3N (0.5 mL) was added. The mixture was

stirred for 45 min while the temperature was gradually raised
to room temperature. After separation of precipitates by fil-
tration, the filtrate was concentrated and the residue was

taken up in EtOAc and washed with dil.NaHCO3 solution. The

solvent was evaporated to leave amorphous 7 which was dissol-
ved in EtOH (10 mL) and treated with 150 mg of NaBH4 for 5 hr.
The mixture was neutralized with 1 N AcOH and the solvent was

evaporated. The residue was taken up in EtOAc-H,O, the orga-

2

nic layer was concentrated, and the residue was crystallized

from MeOH to give 444 mg (81%) of 8, mp 245-247°.
1-(2,3-Dideoxy-3-nitro-g-D-glucopyranosyl)uracil (9)----

Compound 8 (880 mg) in 10 mL of 75% AcOH was refluxed for 40
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min and the
taken up in
silica gel.
gel and was
tion of the
give 457 mg
C.~H,,N.,O

10713V37°¢
4.53; N, 14

solvent was removed in vacuo. The residue was

a small volume of MeOH, which was adsorbed in
The dried gel was applied to a column of silica
eluted with MeOH—CHCl3 (1:10). After concentra-
eluate the residue was crystallized from MeOH to
(67%) of 9, mp 244-247°. Anal. Calcd for

C, 41.81; H, 4.56; N, 14.63. Found: C, 41.62; H,

.47.

1-(2,3-Dideoxy-3-amino-g-D-glucopyranosyl)uracil (10)--

---Compound 9 (457 mg) was dissolved in 30 mL of 60% MeOH
and hydrogenated over Ni catalyst (wet weight 2 g) at 3 atm
H2 for 50 min. The mixture was filtered, the filtrate was
concentrated, and the residue 10 (331 mg, 81%) was used for
the next step without further purification.

2',3'-Dideoxy-3' (R)-formyluridine-3'"',5'-O-hemiacetal
(11)--=-Compound 10 {330 mg) was dissolved in 10 mL of 25%
AcOH and a 5 mlL solution of 600 mg of NaNO, in H,0 was added

2 2
dropwise to the solution under ice-cooling. After stirring

for 30 min at room temperature the mixture was concentrated
and the residue was taken to 50% MeOH and mixed with silica
gel. After drying the gel it was placed on a column of silica
gel and developed with MeOH—CHCl3 (1:19). From the eluate

226 mg of 11 (73%) was obtained whichwas crystallized from
H,O, mp 197-199°., Anal. Calcd for C,.H, N,O.: C, 50.00; H,

2 10°127275°
5.04; N, 11.66, Found: C, 49.80; H, 5.20; N, 11.56.
2',3'-Dideoxy-3"' (S)-hydroxymethyluridine (12)----Com-

pound 1l (300 mg) in 12 mL of 80% MeOH was treated with 100
mg of NaBH4 in 6 mL of MeOH. After stirring for 2 hr, the
solvent was removed in vacuo and the residue was applied to
a silica gel column and elution with MeOH-CHCl3 {(1:10) gave
280 mg (93%) of 12, which was crystallized from MeOH-EtOAc,
mp 144-147°. Anal. Calcd for C10H14N205: € 49.58; H, 5.83;
N, 11.57. Found: C, 49.37; H, 5.78; N, 1ll.62,
1-(2,3-Dideoxy~3-nitro-6-0O-benzoyl-g-D-glucopyranosyl)

uracil (13)----Compound 9 (400 mg) was dissolved in 16 ml of
CHCl3—pyridine (1:1) and cooled to -20°. To the solution was

added 0.26 mL (1.3 eq) of benzoyl chloride in 5 mL of CHCl3
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over 30 min. The solution was stirred overnight at -5°, The

solvent was removed in vacuo and the residue was applied to

3 (1:19) 13

was obtained as a foam (504 mg, 82%) which was crystallized

from iPrOH, mp 150-156°. Anal. Calcd for C17H17N308: C, 52.17;

H, 4.38; N, 10.74. Found: C, 52.39; H, 4.41; N, 10.54.
2',3'-Dideoxy=-3' (R)-formyl-5'~-O-benzoyluridine (15)--—--

Compound 13 (540 mg) was dissolved in 50 mL of 60% MeOH and

was hydrogenated over Ni catalyst (3.0 g) under hydrogen at

a silica gel column. On elution with MeOH-~CHC1l

3 atm. After separation of the catalyst the filtrate was con-
centrated and the residue (14) was taken in 15 mL of 40% AcOH.
NaNO2 (750 mg) in 5 mL of H,0 was added to the cold solution
and the mixture was stirred for 30 min. After neutralization
of the solution by adding NaHCO3, it was extracted with EtOAc.
The organic layer was dried and evaporated to leave 361 mg
(76%) of 15 as a foam.
2',3'-Dideoxy-3'{8)-formyl-5'-O-benzoyluridine (16)----—

Compound 15 (100 mg) was dissolved in MeOH and silica gel was
added to it. After evaporation and drying the silica gel it
was placed on top of silica gel with CHC13—EtOAc and kept at
room temperature overnight. Elution with the same solvent
gave 84 mg of 16 as a foam.

2',3'-Dideoxy=-3"' (R)-hydroxymethyl-5'-0O-benzoyluridine
(17)----To a solution of compound 16 (60 mg) in 5 mL of THF
was added NaBH,O0Ac (90 mg). After 2 hr the solvent was removed

3
in vacuo and the residue was partitioned between EtOAc and H20.
The organic layer was concentrated and the residue was cryst-
allized from iPrOH to give 31 mg (51%) of 17, mp 165-166°.

Anal. Caled for C,.,H,.,N,O.: C, 58.95; H, 5.24; N, 8.09.

17°187276°
Found: C, 59.07; H, 5.18; N, 8.14.
2',3'-Dideoxy-3' (R)-hydroxymethyluridine (18)----Com-

pound 17 (30 mg) in 2 mL of EtOH was treated with 0.5 mL of
0.5 N NaOEt in EtOH at room temperature for 1 hr. The solu-
tion was neutralized by addition of Dowex 50 (H+) resin, the
resin was filtered off and the filtrate was concentrated. The
residue was partitioned between CHCl3 and HZO and the organic
layer was evaporated to leave 19 mg (90%) of 18. Crystalli-
zation of 18 from EtOAc-MeOH gave a pure sample, mp 140-141°.
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Anal. Calcd for C10H14N205: C, 49.58; H, 5.83; N, 11.57.
Found: C, 49.31; H, 5.76; N, 11.65.

Reduction and Debenzoylation of 15 to 12-~--To a solu-
tion of 15 (360 mg) in 10 mL of THF was added 500 mg of

NaBH3OAc and after stirring for 2 hr the solvent was evapo-

rated and the residue was partitioned between EtOAc and HZO’
The organic layer was concentrated and the residue was appli-
ed to a column of silica gel. From the eluate of MeOH—CHCl3
(1:19) 280 mg (77%) of 2',3'-dideoxy-3'(S)-hydroxymethyl-5'-
O-benzoyluridine was obtained (mp 164.5-165.5° from EtOH.
Anal. Calcd for C17H18N206: C, 58.95; H, 5.24; N, 8.09. Found:
C, 58.71; H, 5.28; N, 8.08). Treatment of the product (35 mg)
with 1 N NaOEt-EtOH (0.1 mL in 2 mL) at room temperature for

1 hr and, after neutralization, evaporation of the solvent
gave 12 (21 mg, 86%) as amorphous form. The spectroscopic data

of the compounds were identical with those of 12 from 11.
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