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A new protecting group ‘3',5'-O-sulfinyl’ for xylo-nucleosides.
A simple and efficient synthesis of 3’-amino-3'-deoxyadenosine
(a puromycin intermediate), 2,2"-anhydro-pyrimidine
nucleosides and 2',3'-anhydro-adenosine
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Abstract—We developed a new protecting group, the cyclic sulfite for the protection of the 3',5'-dihydroxy group of nucleosides.
Seven cyclic sulfites, 4a—c, Sa-b, and 6a-b were prepared in high yields from the corresponding xylo-uridines 1 and 2, and xylo-
adenosines 3 with thionyl chloride, respectively. Synthesis of the puromycin intermediate 8 was carried out by deprotection of the
sulfite moiety through an intramolecular cyclization of the 2'-a-carbamate 7.

© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Although numerous methods for protection of hydroxyl
groups have been developed in nucleoside chemistry,
still new effective protective groups are desired in order
to cope with rapid progress in this area.! We have ex-
ploited a new protective group, the cyclic sulfite, which
is not only an efficient protective group for 3',5'-hydroxy
groups, but also a potent leaving group. This feature is
demonstrated in the syntheses of 2,2’-anhydro-pyrimi-
dines 14 and the puromycin intermediate 8. The cyclic
sulfite protecting group was eliminated either by an in-
tramolecular nucleophilic attack with 2’-hydroxy group
(synthesis of 14) or with 2’-carbamoyl group (synthesis
of 8).

The antibiotic puromycin, a metabolite of Streptomyces
alboniger, was first isolated by Porter et al. in 1952.2
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Puromycin has been used extensively for elucidation of
the mechanism of protein biosynthesis.’ It was recog-
nized to have close structural similarity to the aminoacyl
end of aminoacyl-tRNA.* Even though a number of
synthetic routes to puromycin and its analogues have
been reported, most of them have problems in numerous
synthetic steps and low overall yields. Recently, Rob-
ins*® and Strazewski®® have reported synthesis of puro-
mycin and its analogues via 3’-amino-3’-deoxyadenosine
10 starting from ribo-adenosine. However, their syn-
thesis still has problems in a usage of pyrophoric bro-
modimethylborane,®® and 3'-regioselectivity.”® In this
paper, we challenge these critical problems and establish
the stereo and regioselective synthesis of nucleosides
using 3',5'-O-sulfinyl-xylo-adenosine with a reasonably
safe procedure.

Our target nucleosides, 2,2’-anhydro-pyrimidine nucleo-
sides 14 are key intermediates for the preparation of
2'-deoxy and 2'-functionalized pyrimidine nucleosides,
such as B-thymidine and 2’-O-methyl-pyrimidinenucleo-
sides.® The presence of 2'-O-methyl-pyrimidinenucleo-
sides in oligonucleotides provides better stability and
also binding capability to the complementary gene
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targets, for example, a second-generation antisense
construction.” In general, 2'-deoxynucleosides® and
2'-functionalized pyrimidine nucleosides such as 2'-O-
methyl-pyrimidinenucleosides and 2’-halogeno pyrimi-
dinenucleosides, have been prepared from D-ribose.’
However, the high cost of D-ribose poses a limitation
to the method. An alternative method, 2-deoxy-p-
ribose as a starting material, is fraught with poor ano-
mer selectivity. It is desirable to use inexpensive sugars
such as D-xylose as a starting material. So far, only one
synthesis of p-thymidine has been known using
D-xylose via a 2,2'-anhydro-thymidine 14b in a moderate
yield.’

Another target, 2’,3'-anhydro-adenosine 13a, usually
prepared from D-ribo-adenosine, is an important inter-
mediate for the synthesis of antibiotics such as 3’-de-
oxyadenosine (Cordycepin).'°

We report here an efficient and short-step synthesis of 3'-
amino-3'-deoxyadenosine 10, 2,2’-anhydro-pyrimidine
nucleosides 14, and 2’,3’-anhydro-adenosine 13, through
a novel and efficient ribo-stereoselective and 3'-regiose-
lective rearrangement of 3',5'-O-sulfinyl-xylo-nucleo-
sides 4, 5, 6, and 7 prepared from D-xylose. Also
presented is a new type of stereospecific hydroxylation
through 2,2’-anhydro-cytidines 15 resulting in a forma-
tion of ribo-cytidines 16.

2. Results and discussion

B-p-Xylofuranosyl nucleosides 1, 2, and 3 were prepared
from commercially available inexpensive D-xylose ac-
cording to the literature.”!' N, N-Dimethyl-xylo-adeno-
sine 3b was obtained from N, N-dimethyl-adenine'? and
xylofuranoside. The synthesis of 3',5-O-sulfinyl-xylo-
nucleosides 4,7 5, and 6 is shown in Scheme 1.
Reactions of 1, 2, and 3 with thionyl chloride in dry
acetonitrile afforded crystalline 3',5'-O-cyclosulfinyl de-
rivatives 4, 5, and 6!7 in 77.9-85.3% yield"® without
chromatographic purification. Their infrared spectra
showed sharp bands corresponding to the vs—o of
the alkylated sulfinate ester at 1180-1257 cm~!. Their
structures were determined based on NMR and
FAB-MS spectral analyses. The 3',5-sulfinyl group can
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Scheme 1. Synthesis of 3',5'-O-sulfinyl-xylo-nucleosides.

be a good leaving group with an assistance of a nucle-
ophilic attack by the 2’-hydroxyl or 2’-carbamoyl group
from the a-side of 3'-position affording 3’-substituted
ribo-nucleosides in an stereco- and regioselective way.

The synthesis of 3’-amino-3'-deoxyadenosine 10 is
shown in Scheme 2. Treatment of the cylosulfinylade-
nosine 6a with benzylisocyanate at room temperature
gave the carbamate 7'7 keeping the sulfinyl group and
the amino group intact. Subsequent treatment of the
carbamate with potassium hydrogencarbonate in dry
DMEF at room temperature for 11 days gave 3'-cycliza-
tion product 8% in 60% yield after silica gel column
chromatography with 13 as a minor product. Following
hydrolytic decarbonylation (NaOH/H,O/THF) of 8
gave the 3’-benzylamine derivative 9 (80%). Hydrogen-
olysis of 9°* with Pd(OH),—C as a catalyst afforded 10
(90%), which was a key intermediate in the synthesis
of puromycin and its analogues.’
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Scheme 3. Synthesis of 2,2'-anhydro-pyrimidine nucleosides, cytidines, and 2’,3’-anhydro-adenosine 13.

The synthesis of to 2,2’-anhydro-pyrimidine nucleosides
14 is carried out as shown in Scheme 3. Treatment of the
cyclosulfinyluridines 4a, 4¢, and cyclosulfinylthymidine
4b with sodium hydrogencarbonate in dry DMF at
90°C for 5h gave 2,2'-anhydro-nucleosides 14a,'° 14c,
and 14b' in 87.3-95.9% yields. The reaction proceeded
in a high yield irrespective of the electronic nature of
substituents at the 5-position.

Cyclosulfinylcytidines 5a and 5b obtained by the same
procedure as for 4, were stable at room temperature.
Surprisingly, they were transformed into ribo-cytosines
16a'® and 16b in 76.5% and 49.2% yields, respectively. In
contrast to the synthesis of 14, neither the formation of

2,2'-anhydro-cytidines nor arabino-cytosines was ob-
served. In order to confirm the reaction mechanisms, we
carried out the reaction using an independently prepared
15a (R’ =H). The reaction of 15a under the same reac-
tion conditions as for the preparation of 16a from 5,
afforded 16a in 80.9% yield. Consequently, the results
verify the assumption that the reaction proceeds via 2,2'-
anhydro-cytidines 15 with an assistance of carbonate
anion in dry DMF as shown in Scheme 3. It is well
known that the hydrolysis of 2,2’-anhydro-cytidine
gives arabino-cytosine (ara-C).!313

In order to elucidate the reaction intermediate, we exam-
ined the rearrangement of 3’,5-sulfinyl-xylo-adenosine
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6a under the similar conditions as for 4 and 5. In con-
trast to the reaction of 4 and 5, the intermediate 2/,3’'-
oxirane, 2’,3’-anhydro-adenosine 13, was isolated in
83.0% vyield (Scheme 3). It is obvious that the cyclo-
sulfinyl group at 3’-position is substituted with the 2'-
hydroxy group from the a-side. The results indicate the
involvement of the 2'3/-oxirane intermediates, 11 and 12,
in the rearrangement of 4 and 5, respectively.

We have established an efficient synthesis of 3’-amino-3'-
deoxyadenosine 10, 2,2'-anhydro-pyrimidine nucleosides
14, and 2',3’-anhydro-adenosine 13, which furnishes
puromycine,’ 2’-deoxy, 2’-functional pyrimidine nucleo-
sides,>>!"15 and 3'-deoxyadenosines.'® Further synthetic
study of puromycin via 6b is now in progress.
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'H, *C NMR, and mp data were identical with those
of the authentic sample (Sigma—Aldrich).

Spectral data of selected compounds: 4a: Mp (4-methyl-2-
pentanone) 185°C. IR (KBr): v = 3271, 3169, 3043, 1671,
1471, 1415, 1273, 1210 (RO-SO-OR), 1191, 1113, 1089,
1010, 833, 768, 715cm™"'. 'H NMR (DMSO-d°): § 11.41
(s, 1H, NH), 7.61 (d, J =8.2Hz, 1H, H-6), 6.27 (d,
J =43Hz, 1H, H-l'), 5.73 (s, 1H, 2’-OH), 5.71 (dd,
J=8.2 and 1.5Hz, 1H, H-5), 491 (dd, J =13.4 and
1.8Hz, 1H, H-4), 4.71 (d, J = 2.4Hz, 1H, H-3), 4.39 (br
s, 1H, H-5), 4.34 (d, J =13.4Hz, 1H, H-Y), 4.21 (d,
J =43Hz, 1H, H-2). BC NMR (DMSO-d°): § 163.1,
150.4, 139.4, 101.5, 91.0, 78.7, 73.1, 70.5, 55.8. FAB-MS
m/z: 291.0295 (IM+H]", CyH;1N,O;S requires m/z:
291.0287). 6a: Mp (4-methyl-2-pentanone) 229°C. 'H
NMR (DMSO-d*®): § 8.22 (s, 1H, 2-H), 8.15 (s, 1H, 8-H),
7.37 (br s, 2H, NH,), 6.48 (d, 1H, J = 4.0Hz, OH), 6.09
(brs, 1H, H-1'), 4.98 (dd, 1H, J = 13.3 and 1.9 Hz, H-4),
4.87 (d, 1H, J =2.4Hz, H-3), 4.63 (d, 1H, J = 2.8 Hz,
H-2"),4.51 (d, 1H, J = 1.8 Hz, H-5), 4.36 (d, 1H, 13.1 Hz,
H-5"). MS (m/z, %): 314 ((IM+H]") (100), 165 (15), 120
(35) 89 (56), 77 (50). 7 Mp (4-methyl-2-pentanone) 174 °C.
'"H NMR (DMSO-d%): § 8.23 (t, J = 6.2Hz, 1H, NH),
8.20 (pseudo-s, 2H, H-2, and H-8), 7.38 (br s, 2H, NH,),
7.29 (m, 5H, Ph-H), 6.25 (d, 1H, J = 1.8 Hz, H-1"), 5.48
(s, 1H, H-2'), 5.12(d, 1H, J = 2.4 Hz, H-3'), 4.97 (dd, 1H,
J =13.3 and 2.0 Hz, 1H, H-4'), 4.45 (pseudo-s, 1H, H-5),
4.35 (d, J = 13.4Hz, 1H, H-5), 4.23 (d, J = 6.1 Hz, 2H,
Ph-CH,). 3C NMR (DMSO-d*%): § 156.0, 154.4, 153.0,
149.1, 138.9, 137.7, 128.2, 127.1, 126.9, 118.5, 86.7, 80.4,
72.9, 69.3, 55.4, 44.0. MS (m/z, %): 447 (IM+H]") (93),
312 (54), 307 (33), 91 (100), 89 (65).



	A new protecting group &lsquo;3prime,5prime-O-sulfinyl&rsquo; for xylo-nucleosides. A simple and efficient synthesis of 3prime-amino-3prime-deoxyadenosine a puromycin intermediate, 2,2prime-anhydro-pyrimidine nucleosides and 2prime,3prime-anhydro-
	Introduction
	Results and discussion
	References


