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Abstract—The acid catalized reaction of tri-O-acetyl-D-glucal with benzotriazole or 6-methylthiopurine in acetoni-
trile gave a mixture of 1',2'- and 2',3'-unsaturated nucleosides, the former predominating. The relationship between
these unsaturated nucleosides is studied and an allylic carbonium ion is proposed as an intermediate for these
isomerizations. The acid catalized reaction of 1’,2'-unsaturated nucleosides with more benzotriazole or 6-methyl-
thiopurine gave 1',3-two base nucleosides. The conformation and anomeric configuration of the N-glycosyl
compounds obtained were assigned by NMR spectroscopy.

INTRODUCTION

In previous papers”™ we have reported the synthesis of
2'.3"-unsaturated nucleosides 1 by acid catalyzed con-
densation of acylated glycals with purines and ben-
zotriazoles. These 2',3-unsaturated nucleosides under
forcing reaction conditions are transformed into the 1',2'-
unsaturated nucleosides 2 in which the base is attached
to the C-3' of the sugar.”®” Based on this observation
Ferrier and Ponpipom® stated that 2',3'-unsaturated
nucleosides could be the kinetic controlled products and
the I',2'-unsaturated, the thermodinamic controlled ones.
This rearrangement in the case of 1 - (4 - O - acetyl -
2,3 - dideoxy - B - D - and L - glycero - pent - 2 -
enopyranosyl) benzotriazole has been shown to proceed
through an allylic carbonium ion 3,® the existence of which
is widely accepted.>'

B = Heterocyclic base

The 1',2'-unsaturated nucleosides (nucleosides with
glycal-structure) 2 have been isolated by several
groups'™ since they were initially and simultaneously
reported by this and other laboratories.**” However, no
further studies have been undertaken in order to eluci-
date their properties or to improve the usually low yields.
In this paper we report a procedure to obtain glycal
nucleosides in good yields, some experiments in order to
clarify their relationship with 2',3-unsaturated
nucleosides, as well as their utilization as starting ma-
terials for the synthesis of nucleosides with two N-
heterocyclic bases attached to C-1' and C-3' of the sugar
moiety, by taking advantage of the vinyl ether double
bond reactivity.

tDedicated to the memory of Prof. Dr. G. Garcisa-MURoz.

RESULTS AND DISCUSSION

The trifluoroacetic acid catalized reaction of tri-O-
acetyl-D-glucal with benzotriazole or 6-methylthiopurine
at 85-95°C for two days in acetonitrile gave good yields
(90%) of 1’,2"-unsaturated nucleosides 6 and 7. A minor
product was detected, the 2',3'-unsaturated-a-anomer 5.
TLC monitoring of the reaction mixture showed the
initial formation of 2',3'-unsaturated nucleosides" 4 and
§, which were the major products after about 16-24 h. As
the reaction proceeded, the concentrations of 4 and §
decreased, while two new products appeared, the glycal
nucleoside empimers 6 and 7. Compounds 6 and 7 became
the major products after about 40-50 h. Nevertheless,
the (4, 56, 7) isomerization was not complete, even in
forced conditions, and depending on the base used,
variable amounts of 2',3-unsaturated nucleosides were
obtained.”

Under stronger reaction conditions (90-105°C for 2-3
days)}—small amounts of the two base nucleosides 8, 9,
10 and 11 were also obtained.
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Heating in acetonitrile of any one of the unsaturated

nucelosides 4, 5, 6 or 7 in the presence of acid yielded a

mixture of the four unsaturated nucleosides isomers and
small amounts of the two base nucleosides. The com-
position of the unsaturated nucleoside mixture was
similar in all cases and did not depend on the unsaturated
nucleoside used as starting material. The same treat-
ment of 4, 5, 6 or 7 with an equimolecular amount of
base resulted in the formation of a mixture in which
double base nucleosides were the major products,
minor amounts of unsaturated nucleosides, 5, 6 and 7 were
also present.

Based on these and the following observations the
overall process can be represented as shown in Scheme
1. According to it, the four unsaturated nucleosides
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would be in equilibrium, the common intermediate being
the allylic carbonium ion 12.

As shown in Scheme 1, 2',3-unsaturated nucleosides
are initially formed by addition of the base to the glycal
double bond with elimination of the acetoxy group at
C-3. This first step, which requires an acid catalyst, has
been performed either in polar non protic solvents
(acetonitrile, nitrobenzene,® nitromethane,”) or low
polarity solvents (EtOAc,”® CHCL,?). On the other hand,
the isomerization step shows a marked dependence on
the nature of the solvent and the presence of an acid
catalyst.

Treatment of 2',3-unsaturated nucleosides in EtOAc
or CHCI, in presence of acid, may eventually give very
small amounts of glycal nucleosides, but the same treat-
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Heterocyclic N-glycosyl derivatives—XIX

ment in acetonitrile, nitromethane or nitrobenzene of
either the a-anomer Sa or the B-anomer 4a leads to a fast
isomerization giving among other products similar mix-
tures of unsaturated nucleosides 5a, 6a and 7a in which the
1’,2"-unsaturated epimers 6a and 7a predominated. This
transformation, 2',3' > 1',2’ - unsaturated nucleosides, has
been observed previously.*®

The inverse transformation (i.e. 1,2’ - 2'3' unsaturated),
the experimental verification of which is absolutely
necessary for the equilibrium mechanism shown (Scheme
1), has not yet been observed. This transformation follows
the same solvent and catalyst dependence pattern as
before. Thus, treatment of 6a in EtQAc with trifluoroacetic
acid at 95°C for 60 h gave 62% of the unchanged starting
material, and many minor products none of which was a
2',3-unsaturated nucleoside. However the same treatment
of 6a or 7a in acetonitrile produced, in addition to small
amounts of double base nucleosides, a mixture of
unsaturated nucleosides 5a, 6a and 7a.

In contrast to the 2',3"-unsaturated nucleosides, which
usually isomerize'*"” readily, the epimerization between
1',2"-unsaturated nucleosides requires the presence of an
acid catalyst, and the presence of a polar aprotic solvent.
This epimerization is never complete and is always ac-
companied by the formation of 2',3'-unsaturated isomers.
No reaction is observed in the absence of acid. As is
shown in Scheme 1 and according to experimental facts
the epimerization 627 should also go through the polar
intermediate 12.

This solvent and acid catalyst dependence is in better
agreement with an ionic (such as 12) or polarized
intermediate rather than a sigmatropic allylic rear-
rangement as suggested by Ferrier and Ponpipom.® Their
suggestion is based mainly on an observation made
by these authors, that in which 2',3-unsaturated
nucleosides yielded, by heating in nitrobenzene, the 1',2'-
unsaturated derivatives. They also obtained glycal
nucleosides in other experiments, performed under dif-
ferent conditions but aiways in the presence of acid. In
spite of nitrobenzene high dielectric constant (36.1 vs
38.8 for acetonitrile at 20°C) the former rearrangement
seemed to be an exclusively thermal rearrangement,
since no acid catalyst was added. This result disagreed
with our proposed carbonium intermediate, thus, we
performed a series of parallel experiments to those of
Ferrier and Ponpipom. Compound 5a was heated for
45 min in refluxing nitrobenzene giving a mixture of 4a,
5a, 6a and 7a. When a solution of 5a in nitrobenzene was
passed through a column of potassium carbonate (in
order to eliminate any traces of acid from nitration of
benzene) and then heated to reflux for the same time, 5a
was recovered almost unchanged. When p-toluenesul-
phonic acid was added to this acid free solution and the
mixture refluxed for 15min, isomerization appeared
again. Compound 7a was treated in the same way.
Heating in nitrobenzene gave 7a as the major product
and small amounts of the other unsaturated nucleosides.
Heating of a solution previously passed through a potas-
sium carbonate column gave almost exclusively 7a.

From these experiments one can deduce that this is
not a pure thermal rearrangement, but an isomerization
that requires a highly polar solvent and an acid catalyst.
Further supporting evidence for the polar intermediate
rather than the concerted sigmatropic allylic rear-
rangement is the isolation of compounds 8-11, in ad-
dition to the expected unsaturated nucleosides, when one
such unsaturated nucleoside, 4, 5, 6 or 7 was heated in
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acetonitrile with TFA. This implies that during the
isomerization, the C-N bond between sugar and base
moieties is broken, since the addition of a second base
molecule to an unsaturated nucleoside: requires the
presence of unbonded base in the reaction medium.
Furthermore, the formation of double base nucleosides
can be inhibited by the addition of a small amount of
tri-O-acetyl-D-glucal, the double bond of which competes
with that of the 1’,2"-unsaturated nucleoside, trapping the
base as it is liberated.

On the other hand, treatment as before, of one of the
unsaturated nucleosides 4a, 5a, 6a or 7a with an equi-
molecular amount of benzotriazole gave the four pos-
sible double base nucleosides as the major products. The
latter compounds are thought to be formed by addition
of the base to the glycal nucleoside double bond. When
the starting materials were 6a or 7a, the two base
nucleosides, in which the base at C-3' had the same
disposition as in the starting material, slightly pre-
dominated. Several attempts to increase this selectivity
gave no significative improvements.

Reaction of 6b with 6-methylthiopurine gave only one
double base nucleoside, 8b. This is probably due to the
stability of 8b in which all the substituents are equatorial.

The double base nucleosides are of interest because
they should increase or modify the biological activities of
already active bases. Conceivably, other nucleoside
derivatives could be obtained by taking advantage of the
glycal double bond reactivity’ of compounds 6 and 7.
The conclusion to be drawn from the above discussion is
that the reaction can be directed to the desired products
by modifying the reaction conditions.

The structures of all the new compounds were based
on UV and NMR spectroscopic data. In all the cases
glycosylation was shown to be at N-1 for benzotriazole,
and at N-9, for 6-methylthiopurine, as indicated by their
UV spectra, which were within the range of the reported
model compounds 1-methylbenzotriazole' and 9 -
methyl - 6 - methylthiopurine.”

The magnetic parameters obtained from compounds 6
and 7 (Table 1) were very similar to those reported”™" for
related 1',2-unsaturated nucleosides with bases at C-3’,
thus, providing conclusive evidence of their conformations
and configurations.

The assignment of the C1 conformation to both
anomers 8 and 9 was made from the values of J, s
9.5-9.8 Hz which are characteristic of an axial-axial
relationship for H-4' and H-5'. The equatorial position
of the base was assigned according to J»+ 9.9-10.2 and
Jyax 10.8-12.5 Hz, the high value of which indicate that
H-2:, H-3' and H-4’ are axial. The anomeric configurations
were based on the values of J;,, S.0Hz and J,.,. 1.4Hz
for the a-anomer 9 and J,,, 109-11.0Hz and J,,
2.0-2.2 Hz for the B-anomers 8.

In the case of compound 10a, the small value of J, 5
2.4 Hz indicates that these protons are in an equatorial-
equatorial relationship. This, together with the observed
long-range coupling between H-2'e and H4' (w-planar
arrangement) suggest that compound 10a exists in the 1C
conformation with the acetoxymethyl group at C-5' axial.
The equatorial position for the base in C-3’' was based on
the high value J,,, 12.6 Hz characteristic of an axial-
axial relationship. The a-anomeric configuration of 10
was established from the coupling constants J; .,
10.1 Hz and I, ». 3.9 Hz which indicate the axial position
of H-1'.

The unusual conformation of 10a can be better under-
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Table 1. NMR parameters of 4',6' - di - O - acetyl - 1',2",3 - trideoxy - D - arabino and ribo -
hex - 1’ - enopyranos - 3' - yl derivatives (CDCl,, 100 MHz)

Chemical shifts (r values)

Comp. H-' H-2 H-¥ H4 H-5 H6 CH, OAc
6a 326 456 416 439 —6.0— 800 8.18
6b 332 5.3 446 461  545-590 730 796 820
Ta 310 481 415 458 531 563 79 836
Th 319 499 449 460 558-596 729 793 822
Coupling constants (Hz)
Comp. Joz Jiw P Ly Jos
6a 6.1 2.1 2.0 8.6 9.0
6b 59 1.9 19 8.7 88
Ta 6.0 12 59 51 10.3
o 59 1.0 55 47 9.5

Table 2. NMR parameters of 1',3'-two base nucleosides 8-11 (CDCl,, 100 MHz)

Chemical shifts (v values)

Comp. Conf. H-1 H2a H2e HY H4 HSY He6a H6b CH, OAc
8a C1 3.48 6.08 7.07 4.63 4.37 ~5.7— 7.94 8.37
8b Cl 3.89 6.55 7.24 5.04 436 591 ~5.75— 7.30 7.95 8.20
9a C1 336 633 6.48 4.08 434 6.43 5.88 6.10 8.02 8.47
10a 1C 385  5.69 7.22 425 452 —5.5— 7.92 8.14
11a C1 250 623 7.03 412 458 513 575 5.80 7.98 8.35
Coupling constants (Hz)
Comp. Jiza Jize Jaaze | P Jres Jaew Jau Jes  Jsga Jsen Jeasw
8a 109 20 -133 122 4.1 9.9 9.6
8b 11.0 2.2 -12.8 12.5 4.5 10.0 9.5
9a 5.0 14 -14.2 10.8 5.8 10.2 9.8 5.0 21 -123
10a 10.1 39 -134 126 3.7 0.7 36 24
11a 10.8 2.3 -147 5.2 22 49 103 52 1.4 -124
Table 3. Physical constants of compounds 6-11
Compound m.p. °C [als® AZIOH nm (e)
6a e -71.0° 255(8040) 261(7730)sh 280(5460)
6b 149-150° +61.0° 283(20,200) 290(19200)
7a 78-79" +355.0° 255(7820) 261(7500)sh 281(4830)
b 124-125° +248.0° 284(20900) 291(19550)
8a 202-203" -5 254(14300) 260(13300)sh ~ 281(8030)
8b 231-232° -6.6° 285(39700) 292(40300)
9a e +151.0° 255(15550) 261(14700)sh 281(8250)
10a 225-226° +79.1° 254(14570) 260(14000)sh  279(9630)
11a “ +43.6° 255(16000) 260(15000)sh 280(8450)

“Homogeneous syrup; “From EtOAc-petroleum ether; “Concentration = 0.5 CHCL.

stood if one considers that in the alternative C1 con-
formation, in which the acetoxy methyl group at C-5' is
equatorial, the two bases at C-1' and C-3' would both be
axially oriented.

The conformation of 11a was easily determined as C1
from the large value of J, 5 10.3 Hz which establishes the
trans-diaxial relationship between H-4' and H-5'. In ad-
dition, the observed values for Jis, J2o3 and Jz.» es-
tablished that the benzotriazole moiety at C-3' is axially
oriented. The B-anomeric configuration was based on the
high value of J, », characteristic of axially related pro-
tons. It should be noted that H-1' and H-5' protons are
strongly deshielded. The anomeric proton appeared at

very low field, in the region of the aromatic benzotriazole
protons. These assignations were further confirmed by
double resonance experiments.

EXPERIMENTAL

M.ps are uncorrected. UV absorption spectra were recorded
with a Perkin-Elmer 350 spectrophotometer. NMR spectra were
recorded with a Varian XL 100 spectrophotometer, in 10-
15% wiv solutions at standard probe temp., TMS being used as
an internal reference. Optical rotations were measured with a
Perkin-Elmer 141 polarimeter. PLC (20X 20 cm 2 mm thickness)
was performed on PF,,, silica gel (Merck); silica gel GFas,
(Merck) was used for analytical TLC. Spots were visualized with
UV light (254 mp).
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1-(4,6-Di-0 - acetyl - 1,23 - trideoxy - D - arabino and ribo -
hex - 1 - enopyranos - 3 - yl) benzotriazole 6a and Ta

A mixture of benzotriazole (1.19 g, 0.01 mole), triacetyl glucal
(5.44 g, 0.02 mole), acetonitrile (60 ml) and trifluoroacetic acid
(6-8 drops) was heated in a sealed tube at 85°C for 48 h. Then the
solvent was evaporated in vacuo, and the residue dissolved in
CHCI; was applied to 20 preparative TLC plates. The plates were
developed 9 times with a mixture of EtOAc-petroleum ether
(1:3). Under UV light two major bands were visible, which were
removed and the compounds extracted with EtOAc. The slowest
running band gave 1.85g (56%) of a syrup, which was rech-
romatographed to pure giving the arabino compound 6a. (Found:
C, 58.10; H, 5.25; N, 12.50. C,sH,,0sN, requires: C, 58.00; H,
5.17; N, 12.68%). The fastest band gave 1.15 g (34%) of the ribo
epimer 7a (Found: C, 57.99; H, 5.19; N, 12.40. C,;H,;N,0;s
requires: C, 58.00; H, 5.17; N, 12.68%).

9-(4,6-Di-0 - acetyl - 1,23 - trideoxy - D - arabino and ribo -
hex - 1 - enopyranos - 3 - yl) - 6 - methylthiopurine 6b and Tb

Triacetyl-D-glucal (5.44¢g, 0.02mole) and 6-methylthiopurine
(1.66 g, 0.01 mole) in acetonitrile (50 ml) containing trifluoroacetic
acid (6-8 drops) were heated at 95°C for 48 h. After evaporation
of the solvent, the crude thick syrup obtained was dissolved in
CHCI, and applied to 22 preparative TLC plates which were
eluted 5 times with EtOAc—petroleum ether (3:4), resulting in
the separation of two major compounds. The slowest running
band gave 1.72 g (45%) of 6b. (Found: C, 51.08; H, 4.79; N, 15.03;
S, 8.54: C ¢HsN.OsS requires: C, 50.79; H, 4.79: N, 14.81; S,
8.45). The fastest band gave 1.66 g (44%) of pure 7b. (Found: C,
51.04; H, 4.83; N, 15.01; S, 8.65. C,cHsN,0sS requires: C, 50.79;
H, 4.79; N, 14.81; S, 8.45).

Preparation of benzotriazole 1',3'-two base nucleosides

(a) From 6a. A mixture of 0.50 g of 6a (1.5 mmole) and 0.18 ¢
(1.5 mmole) of benzotriazole in 20 ml of acetonitrile with 4 drops
of trifluoroacetic acid were heated in a sealed tube at 85°C for 2
days. This material was treated and chromatographed with a
mixture of EtQOAc-petroleum ether as before, resulting in the
separation of 6 major bands.

1-(4,6- Di - O - acetyl - (3 - benzotriazol - 1 - yl) - 2,3 - dideoxy -
B - D - arabino - hexopyranosyl) benzotrialole 8a

The slowest band gave 0.100 g (15%) of 8a. (Found: C, 58.37;
H, 5.04; N, 18.61. C»,H,,NO; requires: C, 58.66; H, 4.92: N,
18.65).

1-(4,6 - Di - O- acetyl - (3 - benzotriazol - 1 - yl} - 2,3 - dideoxy -
a - D - 1ibo - hexopyranosyl) benzotriazole 10a

The second running band gave 0.035 g (5%) of 10a. (Found: C,
58.35; H, 5.07; N, 18.38. C,,H,,N¢O; requires: C, 58.66; H, 4.92;
N, 18.65.

The third band in proximity to the origin gave 0.256 g (39%) of
a syrup, the NMR spectra of which showed it was a 3:2 mixture
of two double base nucleosides. Several attempts to separate the
two components by chromatography in different solvent mixtures
were unsuccessful. Their separation was accomplished by the
following procedure: 0.305 g of the mixture were treated at room
temp. with a mixture of methanolic sodium bicarbonate for
3 days. After filtration and evaporation of the solvent, the residue
was chromatographed on 4 TLC preparative plates using a
EtOAC-CHCl;,—petroleum ether mixture (4:4:1). Under UV light
two bands were observed. The slowest moving band gave 0.068 g
of deacetylated nucleoside which after acetylation with acetic
anhydride-pyridine and chromatography on silica gel gave 0.078 g
(12%) of pure 1- (4,6 - di - O - acetyl - (3 - benzotriazol - 1 - yl) -
2,3 - dideoxy - B - D - ribo - hexopyranosyl)benzotriazole 11a as an
homogeneous syrup. (Found: C, 58.40; H, 4.68; N, 18.95.
CxH2,NOs requires: C, 58.66; H, 4.92; N, 18.65). From the
fastest moving band were obtained 0.128g of deacetylated
nucleoside which after acetylation and chromatography as before
gave 0.144g (22%) of pure 1 - (4,6 - di - O - acetyl - 3 -
benzotriazol - 1 - yl) - 23 - dideoxy - a - D - arabino -
hexopyranosyl)benzotriazole 9a as an homogeneous syrup.
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(Found: C, 58.60; H, 5.16; N, 18.93. C,,H»N¢O; requires: C,
58.66; H, 4.92; N, 18.66).

The fourth running band gave 0.065g (10%) of the starting
material 6a. The fifth band gave 0.040 g (6%) of 5a. The sixth
band gave 0.041g of 7a.

(b) From 7a. Using the same experimental conditions the
same products were obtained in the following yields. 5a (6%), 6a
(8%), Ta (6%), 8a (12%), 9a (15%), 10a (9%), 11a (25%).

(c) From 4a. Proceeding as before the yields were 5a (2%), 6a
(35%), Ta(22%), 8a (6%), 9a (15%), 10a (1%), 11a (3%).

(d) From 5a. The results were 5a (7%), 6a (38%), 7a (24%), 8a
(5%), 9a (1.5%), 10a (1%), 11a (1.5%).

(e) From tri-O-acetyl-D-glucal and benzotriazole. The starting
materials were treated as before and gave 5a (9.5%), 6a (38%), Ta
(27%), 8a (3.5%), 9a (3.5%), 10a (3%), 11a (4.5%).

Isomerizations of unsaturated nucleosides

(a) In acetonitrile. A solution of the unsaturated nucleoside
4a, Sa, 6a, or 7a (0.01 mole) in 10 ml of acetonitrile with 3 drops
TFA was heated in a sealed tube to 90-100°C for 2 days. Then,
the solution was treated as before yielding after chromatography
the 6 major bands already mentioned.

With da as starting material a 25% yield of two base
nucleosides was obtained, 5a (1%), 6a (35%), Ta (22%). When
starting from 5a a 15% vyield of two base nucleosides was
obtained, 5a (7%), 6a (38%), 7a (24%). When starting from 6a a
28% yield of two base nucleosides was obtained, 5a (8%), 6a
(22%), 7a (14%). When starting from 7a a 25% yield of two base
nucleosides was obtained, 5a (7%), 6a (27%), 7a (20%). In this
case yields refer to the weight of the starting material. In all the
other cases yields are on a molar basis.

(b) In nitrobenzene. A solution of 0.1g of 5a in 10ml of
nitrobenzene was heated to reflux for 45min and then, the
solvent was evaporated in vacuo. The composition of the
residue, as estimated from its NMR spectrum (CDClL;) was 4a
(28%), 5a (56%), 6a (8%), and 7a (8%).

The same treatment of an identical solution previously passed
through a small column of 5 g of K,CO; gave 4a (5%), 5a (92%),
6a (1%) and 7a (2%).

To the former solution were added 5 mg of p-toluensulfonic
acid and then heated in boiling nitrobenzene for 15 min giving 4a
(15%), 5a (35%), 6a (30%) and 7a (20%).

A solution of 0.1¢ of 7a in 10 ml of nitrobenzene was heated
for 6 h to reflux, after the above treatment gave 4a (4%), 5a (6%),
6a (7%) and 7a (83%).

The same treatment of an identical solution previously passed
through a small column of § g of K,CO, gave 4a (1%), 5a (2%), 6a
(2%) and 7a (95%).

9-[4,6 - Di-O - acetyl -3 - (6 - methylthiopurin -9 - yl)-2'3' -
dideoxy - B - D - arabino - hexopyranosyl] - 6 - methylthiopurine
8b

A mixture of 6-methylthiopurine (0.332g, 2 mmole) and 6b
(0.756 g, 2 mmole) was heated in acetonitrile (50 ml) with TFA
(6-8 drops) at 95° for 4 days in a sealed tube. Then, the solution
was treated as usual and chromatographed with EtOAc-pe-
troleum ether (3:2). Under UV light several bands were ob-
served. Only the four major ones were isolated and charac-
terised. The slowest running band gave 0.227 g of 8b (Found: C,
48.32; H, 4.28; N, 20.38; S, 12.02. C,,H,NgOS, requires: C,
48.52; H, 4.44; N, 20.58: S, 11.80%).The second running band
gave 0.330 g of a mixture from which 6-methylthiopurine (0.190 g)
was recovered by crystallization. The third running band gave
0.176 g of the starting material 6b. The fastest band gave 0.097 g
of 7b.
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