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CHEMICAL CONVERSION OF SOME RIBONUCLEOSIDES
INTO THE CORRESPONDING 1
B=D-ARABINOFURANOSYL DERIVATIVES

Nobuo Sakairi,+l Ichiro Hirao,.i‘2 Yoshiaki Zama,+3

. L
and Yoshiharu Ishido
+18chool of Dental Medicine, Tsurumi University,
Tsurumi, Tsurumi-ku, Yokohama 230, Japan
1-2Departmen’<: of Chemistry, Faculty of Science,

Tokyo Institute of Technology,
O-okayama, Meguro-ku, Tokyo 152, Japan
+3Central Research Laboratories,

Kaken Chemical Co., Ltd.,
Honkomagome, Bunkyo-ku, Tckyo 113, Japan

Abstract: Five 3',5'-dji-Q-acylribonucleosides were
converted into the corresponding f-D-arabinofuranocsyl
derivatives through DMSO-oxidation followed by NaBH4—
reduction and deacylation with NaOMe-MeOH.

Some of arabinofuranosyl nucleosides, e.g., 9—8—2—
arabinofuranosyladenine (Ara A) and 1-B-D-arabinofuranosyl-
cytosine (Ara C) are known for their antiviral and anti-
leukemic properties, Typically, purine B-D-arabino-
nucleosides have been derived from 2',3'-anhydrolyxo-
nucleosides by Reist et al.,3 from 8,2'-cyclonucleosides by
Ikehara and Ogiso,4 by Sowa and Tsunoda,5 and by Chatto-
padhyaya and Reese,6 from condensation of arabinofuranose
derivatives and purines by Glaudemans and Fletcher,7and by
Keller et al.,8 and from 2'-trifluoromethanesulfonate by
Ranganathan and Larwoodg; however, these procedures were
tedious to perform and, in addition, the total yields were

not so high.
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222 SAKAIRI ET AL,

On the other hand, Moffatt gg_il.lo reported the syn-
thesis of 1-B-D-arabinofuranosyl uracil and cytosine
through DMSO-oxidation and subsequent stereoselective reduc-
tion with sodium borohydride of the corresponding 3',5'-di-
O-trityl derivatives. We have recently established regio-
selective 2'-0O-deacylation of fully acylated purine and
pyrimidine ribonucleosides by treatment with hydrazine
hydrate in acetic acid-pyridine (1:4 v/v) and/or hydroxyl-
aminium acetate in pyridine, giving the corresponding 2'-OH
derivatives in high yields.ll Thus, we tried to covert
the 3',5'-diacylates to the corresponding B-D-arabinofuran-

osyl derivatives by the method reported by Moffatt et al.10

In addition to 3',5'-di—g—benzoyladenosinell (1),
3',5'—di—g—benzoyl—gs-benzyladenosine11 (2), and 3{75'—di—
_O_—acetyl-l_\]_z—benzoylguanosinell (3), 9—(3fg:di—g—benzoyl-8-
D-ribofuranosyl)-6-methylthiopurine £€) and 4-amino-7-(3,5-
di-0-benzoyl-g-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine (5)
were prepared from 9—(2,3,5—tri—9—benzoyl-B—g—ribofuran—/v
osyl) -6-methylthiopurine &Q} and 4-dibenzoylamino-7-(2,3,5-
tri-O-benzoyl-g-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine
&Z), respectively by the hydrazinolysis procedure. Oxida-
tion Of'iizg"é' and’e,with DMSO—trifluoroacetii3anhydride
at -78°C, and of 5 with DMSO-acetic anhydride gave the
corresponding pentézuran-Z'—uloside derivatives. Thin
layer chromatography of these reaction mixtures showed
that they contained more than three components, which might
be the starting material, the corresponding pentofuran-2'-
ulosides, and their hydrates; Separation of the mixture

with silica gel-column chromatography (chloroform-methanol
system) was unsuccessful due to undesirable decomposition

of the furan-2'-ulosides on silica gel. Therefore, we
directly treated the oxidation mixture with sodium boro-
hydride at 0°C in benzene-ethanol (1:1 v/v) and with sodium
methoxide in methanol for deacylation, and purified the
objective products — 9—8—2:arabinofuranosyladenine gg),
9-g-D-arabinofuranosyl-N°®-benzyladenine (9), 9-g-D-arabino-
furanosylguanine (}8)' 9~B-D-arabinofuranosyl-6-methylthio-

purine (;}), and 4-amino-7-g-D-arabinofuranosylpyrrolo(2,3-
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v
RO 0 RO 0 B HO 0 B
—_— —_—y — H
OR OH OR O OH
1l: B=Adenine-9, R=Bz 8: B'=Adenine-9
o~ -~
,%‘ B=§G—Benzyladenine—9, R=Bz ,3: B'=§6—Benzyladenine—9
3: B=N?-Benzoylguanine-9, R=Ac 10: B'=Guanine-9
4: B=6-Methylthiopurine-9, R=Bz ;}: B'=6-Methylthiopurine-9
~
5: B=7-Deazaadenine-9, R=Bz 12: B'=7-Deazaadenine-9
~ m~v
TABLE Synthesis of Arabinofuranosides a
Entry B Method Yield (%)
1 Adenine-9 (1) DMSO-TFAA 66°
2 N°®-Benzyladenine-9 (2) DMSO-TFAA 70
- lad
3 N2?-Benzoylguanine-9 (3) DMSO-TFAA 38
4 6-Methylthiopurine-9 (4) DMSO-TFAA 51
fa"d
5 7-Deazaadenine-9 g@ DMSO-AA 40
a

Oxidation reactions were performed by the use of

dimethyl sulfoxide (DMSO)-trifluoroacetic anhydride
(TFAA) at -78°C, or DMSO-acetic anhydride (AA) at
room temperature, and the products were isolated
after reduction with NaBH, at 0°C, followed by

deacylation. 4

b the vield was 63% on oxidation with DMSO-AA in

place of TFAA (ref. 10).

d]lpyrimidine (%3) —— through column chromatography on

Dowex 1 x 2 [OH  forml, reported by Dekker,14

or on silica

gel. The results thus obtained are summarized in the

TABLE.

In conclusion, Swern~oxidation of ribonucleoside 3',5'-

diacylates, followed by NaBH4

-reduction, is effective for

the conversion to the corresponding B-D-arabinonucleosides.

EXPERIMENTAL SECTION

Melting points were determined with a Yanagimoto Micro

Melting Point Apparatus and are uncorrected.

Specific
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rotational values were determined with a JASCO DIP-4
apparatus. U.v. spectra were recorded with a Hitachi EPS
3T spectrometer for solution in ethanol. lH—n.m.r. spectra
were recorded with a Varian T-60 instrument (Tetramethyl-
silane as the internal standard). T.l.c. was performed on
Merck 60 F254 silica gel precoated plates (thickness 0,25
mm) employing chloroform-methanol (9:1 v/v) as eluent,
Column chromatography was performed on Wakogel C-300.
Elementary analysis was performed with a Perkin-Elmer 240-
002 instrument by Miss Mikiko Acki, Laboratory of Organic
Analysis, Department of Chemistry, Tokyo Institute of
Technology.
9-g-D~Arabinofuranosyladenine (8).

To a stirred solution of ézhethyl sulfoxide (0.43 mL,
6 mmol) in dichloromethane (6 mL) in a dry ice-acetone bath,
trifluorcacetic anhydride (0.19 mL, 9 mmol) in dichloro-

methane (6 mL) was added dropwise, and stirred for 10 min.
To the resulting mixture 3',5'—di—g—benzoyladenosinell (1)
(1.43 g, 3 mmol) in dichloromethane-dimethyl sulfoxide {I;l
v/v, 20 mL) was added dropwise, and stirred for 30 min,
after which triethylamine (4 mL) was added dropwise, fol-
lowed by warming to room temperature. The reaction mixture
was then poured into ice~water, and the solution was ex-
tracted with dichloromethane (100 mL). The organic layer
was washed successively with 1 M hydrochloric acid, aqueous
saturated sodium hydrogen carbonate, and water, and dried
over anhydrous magnesium sulfate. A syrup obtained by
evaporation of the organic solution was then dissolved in
benzene-ethanol (1:1 v/v, 50 mL) and the resulting solution
was treated with sodium borohydride (150 mg) at 0°C. After
stirring the mixture at 0°C for 2 h, it was then evaporated
to dryness, and the residue was dissolved in anhydrous
methanol (20 mL), to which several drops of 2 M methanolic
sodium methoxide was added, and the solution was stirred
overnight at room temperature. The syrup obtained by eva-
poration of the resulting solution was subjected to chroma-
tographic purification on a column of Dowex 1 x 2 [OH form]

ion-exchange resin, eluting successively with 60% aqueous
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methanol and 0.1 M aqueous ammonium hydrogen carbonate. The
fraction eluted by the latter was evaporated to dryness and

the residue was recrystallized from water to give (0.64 g,

8
. . . . i1
66% yield), identical to an authentic sample.

9-p-D-Arabinofuranosyl-N®-benzyladenosine (9).

Treatment of 3',5'—di-g—benzoyl-l\]_‘-benzyladenosinell

gg (1.0 g, 1.7 mmol) with trifluorocacetic anhydride-
dimethyl sulfoxide, followed by sodium borohydride and
methanolic sodium methoxide in the same way as above, and
chromatographic purification on a column of silica gel (elu-
tion with chloroform-methanol (9:1 v/v)], gave 9,6 (0.42 g,
70% yield); m.p. 195-197°C (from ethanol), [a];3 -5°, N,N-
dimethylformamide), 1H-—n.m.r. [dimethyl sulfoxide-d6 -
chloroform-4 {1:1 v/v)] § 6.40 (4, 1, Jl‘,2‘ 4.0 Hz, B-1'),
7.35 (m, 5, Ph}, 8.30 (s, 1, H-2), and 8.33 (s, 1, H-8).
Anal. Calcd for C, H,  N.O,: C, 57.14; H, 5.36; N,

17719°57°4°
19.60. Found: C, 56.82; H, 5.45; N, 19.33.

9-B-D-Arabinofuranosylguanine &ig).

Treatment of 3',5'—di—g—acetyl—gz—benzoylguanosine11
gy (0.47 g, 1.0 mmol) with trifluoroacetic anhydride-
dimethyl sulfoxide, followed by sodium borohydride and
methanolic sodium methoxide in the same way as above, and
chromatographic purification on a column of Dowex 1 x 2 [oH™
form], eluting successively with 60% agueous methanol and
0.1 M and 0.2 M agueous ammonium hydrogen carbonate, gave
;3 (0.11 g, ig% yield); m.p. 262—266°C1(decomp.) (from
water) [lit. m.p. 265°C (decomp.)], "H-n.m.r. (dimethyl

sulfoxide-dG) § 6.40 (4, 1, Jiv o0 3.5 Hz, H-1").
14

9-(3,S—Qi—o—benzoyl-B-Q—ribofuranosyl)-6—methylthiopurine
(4}).

"~ 9-(2,3,5-Tri-O-benzoyl-g-D-ribofuranosyl) -6-methylthio-
purine £Q) {6.10 g, 10 mmol) and hydroxylaminium acetate
(3.70 g, 40 mmol) were stirred in pyridine (50 mL) at room
temperature for 2 4. After quenching the resulting solu-

tion with acetone {(ga. 10 mL) with stirring, the reaction
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mixture was evaporated to a syrup, which was then chroma-
tographed on a column of silica gel [chloroform-methanol
{97:3 v/v)1 to give/i}(Z.? g, 53% yield); m.p. 116-117.5°C

2
(from ethanol), [a]D0 -76.4° (c 1.0, N,N-dimethylformamide),
2
Amax(EtO?) 83 nm (e 18500) and Ashoulder(EtOH) 289 nm (e
17900), "H-n.m.r. (chloroform-d) 8§ 2.60 (s, 3, SMe), 4.40-
4,96 (m, 3, H-4', 5', and 5"), 5.17-5147 (m, 1, H-2'), 5.72
5.93 (m, 1, B-3'), 6.18 (d, 1, J), ,, 5.4 Hz, H-1'), and
7.07-8.60 (m, 12, H-2, 8, and Ph x 2).
Anal. Calcd for C25H26N4OGS: C, 59.28; H, 4.38; N,
11.06; S, 6.33. Found: C, 59.05; H, 4.40; N, 10.81; S,
6.37.

9-p-D-Arabinofuranosyl-6-methylthiopurine (11).

Treatment of 4 (1.52 g, 3 mmol) with trifluoroacetic
anhydride-dimethyl sulfoxide, followed by sodium borohy-
dride and methanolic sodium methoxide in the same way as de-
scribed above, and chromatographic purification on silica
gel, gave 11 (0.46 g, 51% yield); m.p. 182-192°C, [al’’
-2.,2° (c 1.0, N,N-dimethylforamide), Amax(EtO§) 283 nm (¢
18500) and xshoulder(EtOH) 289 nm (¢ 17900), "H-n.m.r. {(di-
methyl sulfoxide-dG) § 2.70 (sm 3, SMe), 3.55-4.05 (m, 3,
H-4', 5', and 5"), 4,05-4.49 (m, 2, H=2' and 3'), 5.02-5.31
(m, 1, 5'-OH), 5.53~5.77 (m, 2, 2'- and 3'-OH), 6.43 (4, 1,
Jl',2' 4.2 Hz, H-1'), 8.55 (s, 1, H-2), and 8.75 (s, 1,
H-8) .

Anal., Calcd for C11H14N4O4S: C, 44.29; H, 4.73; N,
18.78; s, 10.75. Found: C, 44.56; H, 4.71; N, 18.79; S,
10.49.

4-Amino-7-(3,5-di-0~benzoyl-g-D-ribofuranosyl)pyrrolo[(2,3-

dlpyrimidine gau

A solution of 4-dibenzoylamino-7-(2,3,5-tri-O-benzoyl-
B-Q-ribofuranosyl)pyrrolo[2,3-d]pyrimidine16 (7) (3.13 g,
4 mmol) and hydrazine hydrate (1.4 mL, 28 mmofy’in acetic
acid-pyridine (1:19 v/v, 30 mL) was stirred at room
temperature for 2 4, at which time further hydrazine hydrate

(0.6 mL, 12 mmol) was added, and stirring continued for 2 4.
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After quenching the resulting solution with acetone (ca. 10
mL) with stirring, it was evaporated to a syrup, which was
then chromatographed on a column of silica gel; elution with
chloroform-methanol (97:3 v/v) gave a syrupy mixture of di-
benzoates (1.34 g, 70% yield) and crystallization of the
suryp from methanol gavetal(l.OG g, 56% yield), and elution
with chloroform-methanol (95:5 v/v) gave 4-amino-7-(5-0-
benzoyl-g-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine (}3)
(0.18 g, 12% yield).

Compound 5 had m.p. 178-179°C, [alp? -51° (¢ 1,5, N,N-
dimethylformamide), Amax(EtOH) 270 nm (i 13600) and 227 nm
(e 30000), Amin(EtOH) 249 nm (¢ 7900), "H-n.m.r. [dimethyl
sulfoxide-d6 - acetone-d6 (1:2 v/v)] 6 4.60-4.95 (m, 3, H-4",
5', and 5"), 5.05 (t, 1, 3}, 5, = J,, 3, 6.0 Hz, H-2"),
5.65-5.85 (m, 1, H-3'), 6.40 (4, 1, H-1'), 6.63 (4, 1, J5,6
3.5 Hz, H-5), 6.7 {broad s, 2, NH2), 7.36 (@, 1, H-6), and
7.20-8.40 (m, 11, H-2 and Ph x 2).

Anal. Calcd for CoygHyN,0c: C, 63.28; H, 4.67; N,
11.81. Found: C, 63.32; H, 4.69; N, 11.82.

Compound }3 had m.p. 205-205.5°C, [oz];2 -37° (¢ 1.5,
N,N-dimethylformamide), imax(EtOH) 271 nm (e 18000), Amin
(EtOH) 248 nm (e 7400), "H-n.m.r. (dimethyl sulfoxide—de) s
4.20-4.47 (m, 5, H-2', 3', 4', 5', and 5"), 6.17 (4, 1,
Jl,'z, 4,5 Hz, H-1'}, 6.63 (4, 1, J5,6 3.5 Hz, H-5), 6.9
(broad s, 2, NHz), 7.20 (4, 1, H-6), and 7.25-8.20 (m, 6,
H-2 and Ph).

Anal. Calcd for C, H. N, 0_-H,O: C, 56.98; H, 5.05; N,

187187475 72
14.77. Found: C, 57.02; H, 4.87; N, 14.69.

4-Amino-7-B-D-arabinofuranosylpyrrolo[2,3-d]pyrimidine (;3).
A solution of'g (1.42 g, 3 mmol) in dimethyl sulfoxide
(20 mL) and acetic anhydride (10 mL) was stirred at room

temperature for 14 h. The resulting mixture was poured
into ice-water, and the mixture was extracted with ethyl
acetate (250 mL), and the extract was washed with agqueous
saturated sodium hydrogen carbonate and with water. After
drying the organic solution over sodium sulfate, it was
evaporated to give a syrup, which was dissolved in benzene-



10: 32 27 January 2011

Downl oaded At:

228 SAKATRI ET AL.

ethanol (1:1 v/v, 50 mL), treated with sodium borohydride
(200 mg), and allowed to stand at 0°C with stirring for 2
h. The reaction mixture was evaporated, the residue was
distributed in a 1:1 mixture of ethyl acetate and water,
and the organic layer was dried over sodium sulfate after
washing with water. The organic solution, after filtering
the dessicant off, was evaporated, and the syrup thus
obtained was subjected to chromatographic purification on a
column of silica gel [carbon tetrachloride-acetone (2:1
v/v)] to give a mixture of dibenzoates (700 mg). This
mixture was dissolved in methanol (5 mL) to which was added
0.5 M methanolic sodium methoxide (0.5 mL), and the mixture
was heated under reflux for 3 h. Evaporation of the
resulting mixture left a syrup which gave }3’(320 ng, 40%
yield) by chromatographic purification on a column of Dowex
1 x 2 [OH form] (elution with 60% aqueous methanol).

Compound }5 had m.p. 203-2-6°C (determined with a
YAZAWA Micro Melting Point Apparatus), different from m.p.
125-126°C of an authentic sample,17 although its lH—n.m.r.
data [(dimethyl sulfoxide—d6) § 3.58-3.80 (m, 3, H-4', 5',
and 5"), 3.98-4.20 (m, 2, H-2' and 3'), 6.42 (4, 1, Jl',Z'
4.0 Hz, H-1'), 6.50 (4, 1, J5,6 4.0 Hz, H-5), 6.9 {(broad s,
2, NHZ), 7.30 (4, 1, H~6), and 8.03 (s, 1, H-2)] and behav-
ior in TLC under the conditions used were identical with
those17 reported.

Anal. Caled for C.,H, ,N,0,-0.4 HZO: C, 48.31; H, 5.46;

117147474
N, 20.49,. Found: C, 48.37; H, 5.48; N, 20.21.
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