Available online at www.sciencedirect.com

sc.ENCE@D.RECT@

Tetrahedron
Letters

Tetrahedron Letters 46 (2005) 31-35

A novel simple pyrolytic approach towards anhydronucleosides
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Abstract—An interesting novel gas phase thermal intramolecular substitution reaction was discovered, which led to the conversion
of the 2-B-p-N-glucosyl, 2-B-p-N-galactosyl and 2-B-D-N-ribosyl derivatives of 3-thioxo-2,3-dihydro-1,2,4-triazin-5(4 H)-ones into
their corresponding 3,2’-anhydro-B-p-mannosyl, 3,2’-anhydro-f-p-talosyl and 3,2’-anhydro-B-p-arabinosyl derivatives. The struc-
tures of these new anhydroglycosyls were determined by NMR experiments and by X-ray crystallography.

© 2004 Elsevier Ltd. All rights reserved.

There exists considerable interest in the synthesis of 2,2'-
and 2,3’-anhydronucleosides due to the possibility that
these compounds can be attacked by nucleophiles at
the C-2’ or C-3’ positions affording compounds with
anti-AIDS activity.! To the best of our knowledge the
first reported method for the synthesis of 2,2’-anhydro-
nucleosides involved treating 1-3’,5’-O-isopropylidene-
2’-O-methanesulfonyl-p-p-xylofuranosylthymine  with
sodium hydroxide in refluxing ethanol to afford the cor-
responding 2,2’-anhydronucleoside.> Recently,!d:&3-5
the action of bases (NaHCOs;/DMF, PhCOONa or
DBU) on the the appropriate 2’-O-phenyloxycarbonyl
or 2’-O-methanesulfonyl derivatives of nucleosides
have been used to promote anhydrization. Additionally,
heating 2’'-deoxy-2'-iodonucleosides in DMF with di-n-
butyltin oxide gave the corresponding anhydronucleo-
sides.® 2,2’-Anhydrothionucleosides have also been
investigated and some synthetic methods have been
reported.”® Moreover, a method has been reported
for the synthesis of arabino-6-aza-2-thio-2,2’-anhydro-
uridine.®

The chemistry and diverse applications of heterocyclic
glycosyl derivatives have received much attention due
to their pronounced biological activity. Recently® we re-
ported a simple selective synthesis of 2-glycosyl deriva-
tives of 1,2 4-triazine-3,5(2H,4H)-diones and their
thiones (6-azauracil derivatives), which possess potential

Keywords:  Pyrolysis; Nucleosides; Anhydronucleosides; 1,2,4-
Triazines.

* Corresponding authors. Tel.: +965 9464215; fax: +965 4816482;
e-mail addresses: nouria@kucOl.kuniv.edu.kw; yehiaai@kucOl.
kuniv.edu.kw

0040-4039/$ - see front matter © 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.11.050

biological activity as cytotoxic, antiviral, enzyme inhibi-
ting, immunosuppressive, antiphlogestic and bacterio-
static agents.'®!! Extension of this methodology
enabled a direct selective synthesis of 2-N-glycosyls of
1,2,4-triazole-3(2 H)-thione, which are also of consider-
able biological interest.!? Scheme 1 illustrates the crucial
step in our synthetic methods, which depends on selec-
tive protection—deprotection via the arylideneamino
group. In our previous work we have shown that re-
moval of the benzonitrile leads to efficient selective syn-
thesis of the desired 2-glycosyl derivatives (e.g., 2a) upon
pyrolysis of the arylideneamino derivatives (e.g., 1,
Scheme 1) at ca. 180-200°C. We have also studied the
kinetics of the triazole derivatives, which involves six-
membered transition state concerted hetero-retro-ene
elimination reactions.!?> During our kinetic studies of
the pyrolysis of the 2-glucosyl-4-arylideneamino-3-thi-
0x0-2,3-dihydro-1,2 4-triazin-4(5H)-ones 1 we found
that heating 1 at a temperature above 220°C led to
the formation of the expected N-glucosyl derivative 2a
in addition to another product, which was identified
as 3,2’-anhydro-2-(3,4,6-tri-O-acetyl-B-D-mannosyl)-3-
mercapto-1,2,4-triazin-5(2H)-one 3a. The yield of the
latter was optimal at 270°C. This finding represents an
interesting, new, easy pyrolytic synthetic access to anhy-
droglycosyl derivatives. This gas phase pyrolytic
approach has been extended to the synthesis of 3,2'-
anhydro-B-p-talosyl and 3,2’-anhydro-B-p-arabinosyl
derivatives of 3-mercapto-1,2,4-triazin-5(2 H)-ones.

The formation of 3a presumably involves elimination of
acetic acid from 2a. This presumption was substantiated
by pyrolyzing 2a and this indeed gave 3a with the opti-
mum yield (87%) obtained by heating at 270°C for
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Table 1. Pyrolytic conditions for the reactions of 2a—c, 6, 9a,b, yields and characteristic '"H NMR data

Entry Substrate'® Conditions® (yield ¢ )  Products® '"H NMR 6 (J Hz) substrate Anomeric H product
o)
Rw)k
| NH
Ac N\N/KS
o
OAc
AcO
AcO
1 2a 270°C/20min (87) 3a 6.69 (9.2) 5.80 (3.6)
2 2b 255°C/20min (60) 3b 6.66 (9.0) 5.74 (3.7)
3 2c 280°C/20 min (85) 3c 6.67 (9.2) 5.79 (3.6)
o)
H,C NH CH,
| /g AcO fo) N=
Ac N\N s (o]
Ac ] AcO ):N
OAc S
OAc
AcO
4 6 280°C/40min (87) 7 6.64 (9.1) 5.72(4)
o
Rw/lk
| NH
N /g AcO
SN S
AcO o K
k } AcO
AcO  OAc
5 9a 260°C/20min (30) 10a 7.08 (2.0) 6.33 (7.2)
6 9b 275°C/20min (16) 10b 7.11 (2.6) 6.31 (7.3)

#The substrate (50-150mg) was introduced into a pyrex tube (1.5 x 12cm), cooled in liquid nitrogen, sealed under vacuum (0.06 mbar) and heated at
the appropriate temperature for the time indicated in a custom-made pyrolyzer.'*

® The conversion (as indicated by complete disappearance of the starting material) was 100% in each case. The yield was determined by '"H NMR
spectroscopy. 15

¢ Compound 3a, yellow crystals, mp 234°C, LCMS: m/z = 400 (M+1); Anal. Cald for C;sH;7N304S (399.4): C 45.11, H 4.29, N 10.52%. Found: C
45.31, H 4.29, N 10.62%. Compound 3b, yellow crystals, mp 209°C, LCMS: m/z = 414 (M+1), Anal. Cald for C;sH9N3OgS (413.4): C 46.49, H
4.63, N 10.16%. Found: C 46.53, H 4.71, N 10.14%. Compound 3¢, brownish crystals, mp 229°C, LCMS: m/z = 532 (M+1), Anal. Cald for
Co4H55N3048S (531.5): C 54.23, H 4.74, N 7.91%. Found: C 54.46, H 5.02, N 7.91%. Compound 7, colourless crystals, mp 271 °C, LCMS: m/z = 414
(M+1), Anal. Cald for C;¢HoN3OgS (413.4): C 46.49, H 4.63, N 10.16%. Found: C 46.66, H 4.77, N 10.26%. Compound 10a, brown syrup, LCMS:
mlz = 328 (M+1), Anal. Cald for C,H3N306S (327.3): C 44.03, H 4.00, N 12.84%. Found: C 44.15, H 4.20, N 12.65%. Compound 10b, brown
syrup, LCMS: m/z = 342 (M+1), Anal. Cald for C;3H;sN30¢S (341.4): C 45.74, H 4.43, N 12.31%. Found: C 45.56, H 4.52, N 12.45%.
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20min. The procedure was extended to the synthesis of
the anhydromannosyls 3b,c by heating the correspond-
ing glucosyl derivatives 2b,c. Table 1 summarizes the
results. The structure of the anhydromannosyl deriva-
tive 3a was determined by MS, LCMS, 'H, '°C NMR,
H,H-COSY, HMQC and HMBC spectral data.'®* Thus,
whereas the anomeric protons of B-N-glycosyls 1 and 2
appear downfield with large J values (/= 9Hz), the
anhydro products 3 have anomeric proton signals
shifted upfield with small coupling constants (J = 3.6,
3.7Hz) (Table 1). This upfield shift is attributed to the
removal of the acetoxy group with its inductive and
anisotropic effect. The change of the coupling constant
depends on the dihedral angle, which is large (1,2-axial,
axial) in 1, 2 and small (1,2-axial, equatorial) in 3. The
X-ray analysis of compound 3a (Fig. 1)!° confirmed its
structure and stereochemistry.

Extension of this methodology to other glycosyls was
investigated. Thus, heating of 2-B-p-galactosyl 6 was
studied at different temperatures and the optimum con-
version (100%) was achieved at 280°C (87% yield) to the

Figure 1. ORTEP drawing of compound 3a.
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Figure 2. ORTEP drawing of compound 7.

corresponding  3,2’-anhydro-2-(3,4,6-tri-O-acetyl-B-p-
talosyl)-3-mercapto-1,2,4-triazin-5(2H)-one 7. Com-
pound 6 was obtained as shown in Scheme 2. Thus,
treatment of 4-amino-6-methyl-3(2H)-thioxo-1,2,4-tri-
azin-5(4H)-one 4 with 23,4 6-tetra-O-acetyl-o-D-galac-
topyranosyl bromide in DMF and triethylamine gave
the corresponding 2-B-p-galactopyranosyl derivative 5.
The latter was treated with nitrous acid in acetic acid
to give the desired deaminated derivative 6.

A full assignment of the '"H and '*C NMR signals of 7
was made!®® using H,H-COSY, HMQC and HMBC
spectral data, and the X-ray analysis of compound 7
(Fig. 2)"” confirmed its structure and stereochemistry.

Application of this methodology to the synthesis of the
anhydroarabinosyl derivatives from their corresponding
ribosyl derivatives required 2-(2,3,5-tri-O-acetyl-B-D-
ribofuranosyl)-3(2 H)-thioxo-1,2,4-triazin-5(4 H)-ones
9a,b, which were prepared as shown in Scheme 3 follow-
ing the procedure described by Niedballa and
Vorbriiggen'” for the synthesis of 9a. Thus, heating
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3(2H)-thioxo-1,2,4-triazin-5(4 H)-ones 8a,b with HMDS
and a catalytic amount of ammonium sulfate gave the
corresponding 3,5-S, O-bis(trimethylsilyl)-1,2,4-triazine
derivatives, which were treated with 1,2,3,5-tetra-O-acet-
yl-B-p-ribofuranose and SnCly in 1,2-dichloroethane to
give the required starting 2-(2,3,5-tri-O-acetyl-B-p-ribo-
furanosyl)-3(2 H)-thioxo-1,2,4-triazin-5(4 H)-ones  9a,b.
Pyrolysis of 9a and 9b was optimized to give the
corresponding 3,2’-anhydro-B-p-arabinosyl derivatives
10a,b. The optimum conditions were 260°C/20min for
complete conversion of 9a to give a 30% isolated yield
of 10a and 270°C/20min for complete conversion of
9b to give a 16% isolated yield of 10b. The structures
of 10a,b were confirmed by MS and NMR data.!8¢

The proposed mechanism for the thermal conversion of
these acylated glycosyls 2, 6 and 9 into their anhydro
derivatives 3, 7 and 10 is illustrated in Scheme 4. This in-
volves the intramolecular Sn2 (5-exo-tet) attack by the
sulfur on C-2’ of the glycosyl moiety followed by elimin-
ation of acetate (CH3;COO™) and H", which ultimately
produce acetic acid.

Pyrolysis of each of 1a—e, 2a,b, 6, 9a were studied kine-
tically following our recently reported experimental pro-
cedures.?’ Each compound gave excellent reproducible
first order kinetics to 98% reaction, the rates of which
were independent of the initial concentration of the
compounds. The kinetic data (which will be published
separately) gave excellent Arrhenius plots with no devi-
ant points, as indicated by the correlation coefficient.
This is the most reliable indication of the absence sur-
face catalyzed elimination.?!

The present work describes the development of a new
simple access for the synthesis of anhydronucleosides
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by means of pyrolysis of per-O-acylated glycosides in
which the 2-acetoxy group acted as leaving group in
the formation of the anhydro linkage. Therefore, the
present method is expected to stimulate many interesting
applications since anhydronucleosides are potential
starting materials for the synthesis of modified nucleo-
sides of potential biological activity. Further applica-
tions of this novel synthesis of anhydronucleosides and
their synthetic transformation are under current investi-
gation in our laboratory.
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