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Synthesis of ‘Iso or Reversed’ C-nucleosides Analogues using Push-pull Activated
Monosaccharide Derivatives as Precursors Starting from D-furanose
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Summary: Iso or Reversed-C-nucleosides constitute a class of nucleoside analogues in which the
nucleobase is linked by a carbon-carbon bond to a ribose carbon other than C-1. It is anticipated thut
iso-C-nucleosides may have increased chemical and enzymatic stability under physiological
conditions. In this paper we describe the synthesis of ethyl 6- (R,S)-7- (E,Z)-3-O-Benzyl-6,8-
dicyano-6-deoxy—l,2-O-isopropylidcne-7-mcthylsulfanyl-a—D—xylo-non-7-en-5-uloﬁ1ranuronate (1))
as sodium salt and 3-O-Benzyl-1,2-O-isopropylidene-5-methylsulfanyl-a-D-xylo-pentofuran- 0s-5-
ulose (15) from 3-O-Benzyl-6-deoxy-1,2-O-isopropylidene-oi-D-xylo-hept-5-ulofuranurononitrile (6)
synthesis of 6-Aminomethylene-3-0O-Benzyl-6-deoxy-1,2-O-isopropylidene-a-D-xylo-hept-5-ulofu-
ranurononitrile (21) and 7-Amino-cthyl-6- (3-desoxy-1,2-O-isopropylidene-a-D-glycero-pent-3-eno-
furan- uronoyl)-2-methy!sulfanyl-pyrazoiof1,5-aJpyrimidine-3-carboxylate (23) from (£)-3-0-
Benzyl-6-deoxy-6-dimethylaminomethylene-1,2-O-isopropylidene- a-D-xylo-hept-5-ulofuranurono-

nitrile (7) and synthesis of 3-Amino-4- (3-0-Benzyl-1,2-O-isopropylidene-a-D-xylopentofura-
nuronoyl)-5-methylsulfanyl-1-H-pyrazole-1-carbamidine (22) from 3-O-Benzyl-6-deoxy-1,2-0O-

isopropylidene-6-[bis- (methylthio) ethylene]-o-D-xylo-hept-5-ulofuranenitrile (9).

Introduction

Nucleosides are the ribosyl or deoxy ribosyl
derivatives of certain pyrimidine and purine bases.
They are thus glycosylamines or N-glycosides related
to nucleotides by the lack of phosphorylation.

C-nucleosides constitute a category of
analogues in which the modification occurred at the
linkage between the base and the sugar. In C-
nucleosides, the sugar and the base are linked through
a C-C linkage as opposed to N-nucleosides where a
C-N bond is present. This structural alteration is
believed to increase the nucleoside stability towards
nucleoside hydrolase enzymes and to inhibit in
general the cascade of events leading to DNA or
RNA formation [1]. Many naturally occurring C-
nucleosides have been reported as strong antibiotic
agents, which has primed research on C-nucleoside
analogues. However, despite the large amount of data
collected, C-nucleosides and especially C-nucleo-
sides belonging to the 2-deoxy-D-ribose series have
not been explored in an adequate extend [2,3].

Reversed C-nucleoside are known with a
strong and selective anti HIV and anti HSV activity.
Iso ddA is a good representative of this class. Its anti
HIV activity is similar to that of ddA and it has no

apparent toxicity [4]. The synthesis of iso-C-
nucleosides [5, 6] has been reported in the literature.

Our research interests are mainly focused on
the development of new synthetic methodologies
with the aim to generate families of potentially useful
drug candidates [7]. As part of this research we set
out to develop a synthetic route for a family of
‘reverse’-C-nucleoside analogues of the D-furanose
series. We choose the following key features to
define this new nucleoside family: (i) C-linkage
between the sugar and the heterocyclic moiety
through C-5 of the furanose; (ii) the presence of
multiple heteroatoms in the aglycon, as potential
positions for H-bonding recognition; (iii) the sugar
moiety have to derive from the naturally occurring D-
glucose (Scheme 1).

Result and Discussion
Synthesis of ‘Iso or Reversed’-C-nucleoside Analo-
gues on the Basis of Push-pull Functionalized Mono-

saccharides

For many years the chemistry of Push-pull
compounds is one of the main lines of research in our
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Scheme-1: Target family of ‘reversed’ C-nucleosides.

working group. Push-pull alkenes are compounds
having unsymmetrical polarized double bonds. At
one end of the alkene system are loaded electron
withdrawing substituents and at the other end elec-
tron donating groups.

In view of above facts four Push-pull func-
tionalized monosaccharides namely; 3-O-Benzyl-6-
deoxy-1,2-O-isopropylidene-a-D-xylo-hept-5-ulofur-
anurononitrile (6), (E)-3-O-Benzyl-6-deoxy-6-dime-
thylaminomethylene-1,2-O-isopropylidene-a-D-xylo-
hept-5-ulofuranurononitrile (7), (2)-3-O-Benzyl-6-
deoxy-6-dimethylaminomethylene-1,2-O-isopropyli-
dene-a-D-xylo-hept-5-ulofuranurononitrile (8) and 3-
O-Benzyl-6-deoxy-1,2-O-isopropylidene-6-[bis- (me-
thyllithio) ethylene]-a-D-xylo-hept-5-ulofurano-nit-
rile (9) were prepared to be used as precursors for
synthesis of reversed C-nucleoside analogoues. [8].

Synthesis of 3-O-Benzyl-(6)-deoxy-1,2-O-isopropyli-
dene-a-D-xylo-hept-5-ulofuranurononitrile (6)

The 3-O-benzylated ulose 6 was synthesized
starting from D-glucose. Because a protecting group
regime was needed, attention was directed towards
such groups, which could be cleaved under mild
conditions 8] (Scheme 2).
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Scheme-2: Synthesis of 3-O-Benzyl-6-deoxy-1,2-0-
isopropylidene-a-D-xylohept-5-ulofuranurononitrile
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Synthesis of 3-O-Benzyl-6-deoxy-6-dimethylami-
nome-thylene-1,2-O-isopropylid-ene-a-D-xylo-hept-
S-ulo-furanurononitrile (7) and (8)

In recent years Push-pull functionalised
monosaccharides were prepared in our working
group [9, 10). Bredereck and co-workers reported the
reaction of acidic methylene compounds with acetals
of amides [11-13]. Similarly, compound 6 was
reacted with N,N-dimethylformamide dimethylacetal
in THF to furnish the crystalline branched chain
(E)-ulose 7 and the noncrystalline (Z)-ulose 8

(Scheme 3).
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THF. i, 2h M OBn 1}(’ L 03(
7 )

o
6

Scheme-3: Synthesis of a-dimethylaminomethylene

ulose 7 and 8.

Synthesis of 3-O-Benzyl-6-deoxy-1,2-O-isopropy-
lidene-6-[bis- (methylthio) ethylene]-a-D-xylohept-5-
ulofuranonitrile (9)

As it is well known, The a-oxo ketene
dithioacetals can be prepared by the reaction of cyclic
or acyclic ketones with carbon disulphide in the
presence of a base and an alkylating agent [10, 14-
16}. In order to synthesize first type of furanosyl
substituted Push-pull activated ketene-S,S-acetal,
compound 6 was reacted with carbon disulphide and
methyl iodide in the presence of sodium hydride
in dimethylformamide to give 9 as a yellow syrup
(Schemes 4 and 5).
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Scheme-4: Synthesis of a-oxo ketene dithioacetal 9.
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Scheme-5: °C NMR values of compounds 6, 7 and 9.

Synthesis of Push-pull Activated Chain Elongated
Monosaccharide Derivatives

To obtain monosaccharides with a longer
carbon chain, we carried out the reaction of 2-cyano-
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3,3-bis (methylthio)acrylic acid ethylester (10) with
urononitrile (6) in the presence of NaOEt. After a
reaction time of 5 h the sodium salt 11 could be
isolated in very good yield (Scheme 6).
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Scheme-6: Synthesis of C-branched monosaccharide.
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The structure of compound 11 was confir-
med by NMR and mass spectrometry. In FAB-
positive mass spectrometry molecular ion peak
[M+Na]" appeared at m/ z = 509 which proved the
presence of compound 11 in salt form.

The strong electron delocalisation in (11)
also affected °C NMR data. So the carbonyl carbon
resonances were shifted upfield to 130.9 ppm
compared with the corresponding values for
compound 7 (187.4) and compound 9 (186.). The S-
methyl signal was detected at 18.1 ppm and the ester
carbonyl atom gave resonance at 163.8 ppm. A
cyclization of the sodium salt (11) could yield
different ‘reversed’ C-nucleosides for example 11b.
Such reactions did not take place due to salt
formation.

But on the other hand, when compound 6
was treated with the Push-pull alkenes (12) and
azaalkenes (13) respectively, in the presence of
NaOEt EtOH, we did not succeed to isolate any
compound. After that we carried out these reactions
in the presence of K,CO,/ DMF, neither got the open
chain derivatives 14 and 16 nor the cyclized forms
14a or 14b and 16a or 16b were observed. Instead in
both cases the respected crystalline compound 15 was
formed in good yield (Schemes 7 and 3).

In ®C NMR spectrum the carbonyl carbon
resonance appeared at 198.8 ppm and the resonance
of the S-methyl group was detected at 10.8 ppm.
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Scheme-7: Unexpected formation of compound 15.
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Scheme-8: Possible mechanism for the formation of
compound 15.

In an effort to synthesize Knoevenagel
compound 18, ulose 6 was treated with malononitrile
and basic aluminium oxide [17] as a catalyst in
dichloromethane at room temperature (Scheme 9).
The desired product 18 would open the way for the
synthesis of furanosyl substituted Push-pull butadiene
derivative, which in further reactions should be used
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Scheme-9: Attempt for the synthesis of 18.

for the preparation of C-nucleoside derivatives
according to known litrature procedures [18-22].
Unfortunately, the Knoevenagel product 18 could not
be produced in this way.

In another attempt we tried to condense the
ulose (6) with the 2-formyl-D-glucal (17) to abtain
the spacer C-disaccharide (19). Different reaction
condi-tions were tried (Scheme 10) but, none gave
positive results. Corresponding to our strategy
disaccharide analogue (19) should be reacted with
ammonia to form after a ring transformation reaction
developed in our working group [23-25], the unusual
pyridine bridged disaccharide (20), having a furanose
and an acyclic sugar moiety.

1) NaH, THF, r t - reflux
IT) AcOH, piperidine, tolueny
8D DBU, toluene, 0°C Brd

OBa
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Scheme-10: Attempt for the synthesis of 19 and 20.

Reactions with Amidines

Amidines are much more basic than amides,
the pK, values of amidines are larger than those of
amides by about 13. Acetamidine for example has a
pK, value of 124. In fact, they are among the
strongest neutral bases. An amidine has two mtrogen
atoms available for protonatlon, one is sp hybri-
dized, the other sp’ hybridized. The sp’ nitrogen
might be expected to be more basic, but protonation

IMRAN ALI HASHMI et al,

occurs at the sp’ nitrogen atom. This behavior is
comparable with an amide in which carbonyl oxygen
is protonated first. When protonation occurs at sp’
hyberdized nitrogen, the positive charge is deloca-
lized over both nitrogen atoms due to presence of

2 NH3

AH + IJII\
NH, 'A?
Scheme-11: Delocalization of positive charge in

Amidines.

Amidines represent 1,3-N,N-dinucleophiles
and can be used for the preparation of pyrimidines for
example by the reaction with enaminokeétones [27-
30]. The dimethylaminomethylene ulose with Push-
pull functionality should serve for displacement
reactions of the dimethylamino group through
substituted amidines {31-32]. The higher reactivity of
enaminoketones compared with the corresponding a-
oxoketene-S,S-dithioacetals is attributed to the
presence of only one donor group in this Push-pull
system reflecting the straight forward substitution of
the dimethylamino group and ring closure by
treatment of dimethylaminomethylene ulose 7 with
substituted amidines leading to the formation of
pyrimidine derivatives [33].

Similarly, ulose (7) was reacted with
formamidinium acetate in methanol with sodium
methanolate as a base in order to synthesize the
corresponding pyrimidine derivative. The spectro-
scopic data of the isolated compound 21 showed that
instead of cyclization, substitution of -N (Me),
group has taken place by the attack of -NH, group
(Scheme 12). The signals of carbonyl and nitrile
function are still present in the IR and NMR spectra
and absence of dimethylamino signals in NMR
spectrum has confirmed this substitution. The
ammonia necessary for this substitution reaction may
be formed by an attack of methanol/ methanolate on

foramidine.
- NaOMe, MeOH
M NA\&Q it Sh,53%
Wl T e
7 [ y obn O
ococn, "
Scheme-12: Reaction of compound 7 with

formamidinium acetate.
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Reactions with Guanidine and Substituted Guani-
dines

Guanidine, pK, 13.6, is more basic then
amidine. On protonation, the positive charge can be
delocalised over three nitrogen atoms to give a very
stable cation (Scheme 13). All three nitrogen lone
pairs cooperate to donate electrons but protonation
occurs, again, on the sp” nitrogen atom.
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Scheme-13: Guanidine a very strong bases.

Guanidines and substituted guanidines were
reacted with enaminoketones to form different
pyrimidine derivatives, which represent the class of
compounds that exhibits anti-inflammatory and anti-
tumor activitives [34-38].

After the successful formation with
guanidinium chloride, aminoguanidinium carbonate
was utilized for the heterocyclization of a-oxoketene
dithioacetal (9) again in DMF in the presence of
triethylamine at 80 °C. The reaction was completed
after 1 h resulting in the formation of yellowish solid
as a pure product.

In EI-MS spectrum the molecular ion peak
was observed at m/ z 447 corresponding with the
substitution of methylthio group by the amino-
guanidine. But in the °C NMR and the IR spectrum
no CN signal could be detected. On the other hand, a
carbonyl signal appeared at 185.2 ppm in *C NMR
and at 1675 cm™' in IR. That means nitrile function
instead of the carbonyl function was involved in this
reaction. Furthermore, only one MeS signal was
present in °C NMR (13.1 ppm) and 'H NMR (2.39
ppm) spectrum confirming a cyclization with
inclusion of C-1° of the a-oxoketene-dithioacetale 9
and the nitrile group. But, the question which two
nitrogen atoms of aminoguanidine were involved in
this cyclization is not easy to answer.

Theoretically, six compounds can be formed
(Schemes 14 and 15). The amino pyrimidine can act
as 1,2-N,N, 1,3-NN and 14-NN dinucleophile.
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Scheme-14: Reaction of compound 9 with amino-
guanidine carbonate.
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Scheme-15: Postulated mechanism.

Further more, there are two different possibilities to
serve as a 1,3-N,N dinucleophile. In fact, we were not
able to make an exact dicision between the seven
formulated structures. Unfortunately the quality of
obtained crystals were not good enough for X-ray
analysis.
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Synthesis of ‘Reversed’ Pyrazolof1,5-a]pyrimidine-
C-nucleosides

Pyrazolo [1,5-alpyrimidine-C-nucleosides
shows activity against various cancer cell lines and
are also used as probes in biological examinations
[39]. Because of their structural analogy with
naturally occurring N-nucleosides, representative of
this class of compounds serve as enzyme substrates
or inhibitors [40-45]. There exists only few reports
about the synthesis of pyrazolo[1,5-g]pyrimidine-C-
nucleosides. In almost all the cases the sugar part is
linked with C-3 or C-7 of the heterocyclic moiety.
Usually, the syntheses of these compounds require
drastic conditions, long reaction times and/ or
complex pathways [46-49]. New reactions that build
up C-C bonds and at the same time introduce
nitrogen-containing functionalities into the structural
framework are especially attractive for the rapid
construction of interesting organic molecules with
potential biological activity.

Maeba et al., synthesized pyrazolo[1,5-alpy-
rimidine-C-nucleosides by cyclization of aminopyra-
zoles with chain extended monosaccharides having
an enaminon function in the prolongated chain [50]
in acidic medium. In another report given by Robin
{51] analogues of pyrazolo-pyrimidine N-nucleoside
was synthesized.

We chose an entirely different route for the
building up of such compounds by utilizing 3
substituted S-amino-pyrazole-4-carboxylates as 1,3-
N,N dinucleophiles to furnish novel ‘reversed’
pyrazolo[1,5-a]pyrimidine-C-nucleosides. These 5-
amino-pyrazoles exhibit a high reactivity towards
Push-pull ethene systems especially, the substituted
3,5-diaminopyrazole-4-carboxylates, reported by
Gompper et al., [52-53).

Reaction of a-dimethylaminomethylene ulose 1 with
5-Aminopyrazoles

To synthesize ‘reversed’ furanosyl nucleo-
sides with a more complex heterocyclic unit in the
following examinations 5-aminopyrazoles were used
as dinucleophiles in the cyclization reaction with the
enaminone 7.

When the same reaction was performed in
methanol with sodium methanolate as base at room

IMRAN ALI HASHMI eral,

temperature for 24 hours only compound 23 was
formed in 62 % yield (Scheme 16).

=~ @ E00c T?\Qng(
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Scheme-16: Synthesis of pyrozolo[1,5-a]pyrimidine
derivative 23.

The spectroscopic data of the- heterocyclic
part of product 23 are in agreement with those of
compound? The absence of the benzyl group and *C
NMR chemical shift of C-3' and C-4' unequivocal
displayed elimination of benzyl alcohol. Mass
spectrometric values and elemental analysis were in
conformity with structure 23.

Experimental

General Procedures

Melting points were determined with a
Bot&tius melting point apparatus and are corrected.
Optical rotations were measured with a Gyromat-HP
(Dr. Kernchen Ltd.) polarimeter. IR spectra were
recorded with a Nicolet 205 FT-IR spectrometer. 'H
and °C NMR spectra were recorded with Bruker
spectrometers AC 250 (250.1 MHz and 62.9 MHz,
respectively) and ARX 300 (300.1 MHz and 75.5
MHz, respectively), with CDCl; (compounds 3¢ and
7 with DMSO-dg) as solvent. The calibration of
spectra was carried out on solvent signals (CDCl; &
('H) = 7.25; 6 (*C) ="77.0; DMSO-d: 5 ('H) = 2.50;
8 (°C) = 39.7). Mass spectra were obtained with an
AMD 402/ 3 spectrometer (AMD Intectra GmbH).
Elemental analyses were performed with a Leco
CHNS-932. Column chromatography was carried out
on silica gel 60 (63 — 200 um, Merck). Thin-layer
chromatography (TLC) was performed on silica gel
60 GF,s4 foils (Merck) with detection by UV-light
and by charring with sulphuric acid. Solvents and
liquid reagents were purified and dried according to
recommended procedures.

Sodium salt of ethyl 6- (R,S)-7- (E,Z)-3-O-Benzyl-6,8-
dicyano-6-deoxy- 1,2-O-isopropylidene- 7-methylsul-
Janyl-a-D-xylo-non-7-en-5-ulofuranuronate (11)

3-O-Benzyl-6-deoxy-1,2-O-isopropylidene-
a-D-xylo-hept-5-ulofuranurononitrile (6) (100 mg,
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0.32 mmol) and 2-cyano-3,3-bis (methylthio)acrylic
acid ethylester 85.5 mg (0.394 mmol) were dissolved
in 5ml anhydrous EtOH. NaOEt (9.12 mg, 0.394
mmol) was added and the mixture was stirred at room
temperature for 5 h. After completion of the reaction
(monitored by TLC) the solvent was evaporated in
vacuum and the residue purified by column
chromatography (100 % ethyl acetate) to obtain (11)
as a yellow solid. Yield: 127 mg (91 % , yellow
solid); R¢: 0.49 (ethyl acetate); [alp™: + 342.7 (c =
1.0, CHCL); 'H NMR (250.133 MHz, CDCl;), &
(ppm): 1.10, 1.55 (2s, 6H, C (CH3)); 1.29 (t, 3H,
CH; (COOEY)); 2.40 (s, 3H, SCHj); 3.94 (m, IH,
CH, (COOEY)); 4.35 (m, 1H, CH, (COOEY)); 4.57 (d,
1H, J54 = 3.6 Hz, H-3); 4.51 (m, 1H, CHHPh); 4.48
(m, 1H, H-2); 4.46 (m, 1H,CHHPh); 5.53 (d, IH, J;4
= 3.6 Hz, H-4); 5.97 (d, 1H, J,, = 3.9 Hz, H-1); 7.28-
7.33 (m, SH, Ph); C NMR (62.89 MHz, CDCl;), &
(ppm): 14.6 (SCH3); 18.1 (CH; (COOEY)); 26.7, 25.2
(C (CH,)y); 62.0 (CH, (COOE)); 73.5 (CH,Ph); 78.9
(C-8); 80.7 (C-4); 82.6 (C-2); 85.2 (C-3); 95.1 (C-6);
104.5 (C-1); 1129 (C (CHy),); 120.3 (CN); 121.2
(CN); 129.1, 129.3, 130.4 (Ph); 134.6 (i-Ph); 163.8
(CO (COOEY));178.4 (C-7); 180.9 (CO); MS (FAB
pos.), m/z (% ): 509 [M+Na]"

3-O-Benzyl-1,2-O-isopropylidene-5-methyisulfanyl-
a-D-xylo-pentofuran- os-5-ulose (15)

3-0-Benzyl-6-deoxy-1,2-O-isopropylidene-
o-D-xylo-hept-5-ulofuranurononitrile (6) (100 mg,
0.32 mmol) and (bis-methylsulfanylmethylene)
malononitrile 81 mg (0.48 mmol) were dissolved in
5ml anhydrous EtOH. NaOEt (9.12 mg, 0.48 mmol)
was added and the mixture was stirred at room
temperature for 24 h. After completion of the reaction
(monitored by TLC) the solvent was evaporated in
vacuum and the residue purified by column
chromatography (toluene/ ethyl acetate 8:2) to obtain
(15) as colourless crystals. Yield: 58 mg (57 % ,
colourless crystals); M.P: 88 °C; Ry 0.56 (toluene/
ethyl acetate 9:1); [a]p?*: — 127.1 (c = 1.0, CHCL);
'H NMR (250.133 MHz, CDC};), 6 (ppm): 1.17, 1.30
(2s, 6H, C (CH;)y; 2.13 (s, 3H, CH;S); 4.19 (d, 1H,
J3‘4 = 3.6 Hz, H-3); 4.42 (d, lH, JCH ®),CH (b) = 11.9
Hz, CHHPh), 4.56 (d, lH, JCH @®),CH (o) ~ 11.8 HZ,
CHHPh); 4.64 (d, 1H, J;, = 3.3 Hz, H-2); 4.71 (d,
1H, /4 = 3.6 Hz, H-4); 592 (d, 1H, J,, =3.3 Hz, H-
1); 7.20-7.13 (m, SH, Ph); “C NMR (62.89 MHz,
CDCl;), 8 (ppm): 10.8 (CH;S); 26.3, 27.0 (C (CH;)y),
72.8 (CH;Ph); 82.3 (C-4); 82.8 (C-2); 85.5 (C-3);
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105.9 (C-1); 112.6 (C (CHa)); 127.4, 127.8, 1283
(Ph); 136.9 (i-Ph); 198.8 (CO); IR (capillary), v (cm™
1): 1680 (C=0); MS (ED), m/ z (% ): 325 [M+1]"
C7HisNOs (324.389) Caled: C= 59.24, H= 6.21,
$=9.88, Found: C=58.80, H=5.98, S=9.64

6-Aminomethylene-3-O-Benzyl-6-deoxy-1,2-O-iso-
propylidene-a-D-xylo-hept-5-ulofuranurononitrile
(21)

Sodium (17 mg, 0.74 mmol) was added to
methanol (1 ml). After 5 min foramidinium acetate
(77 mg, 0.74 mmol) was added and the solution
stirred for 20 min. This mixture was then added to
another stirred solution of (7) (141 mg, 0.37 mmol) in
methanol (2 ml) at room temperature. The resulting
mixture was stirred for 5 h. After completion of the
reaction (monitored by TLC) the solvent was
evaporated in vacuum and the residue purified by
column chromatography (100 % ethyl acetate) to
obtain (21) as a colourless syrup. Yield: 69 mg (53 %
, colourless syrup); Rg: 0.52 (ethyl acetate); '"H NMR
(250.133 MHz, CDC},), 8 (ppm): 1.25, 1.42 (2s, 6H,
C (CHg)z); 447 (d, lH, JCH @CH (b 11.9 HZ,
CHHPh); 4.56 (m, 2H, H-2, H-3); 4.61 (d, 1H, Jcy
@),CH (b) = 11.9 Hz, CHHPh), 5.08 (d, lH, J3’4 = 3.6
Hz, H-4); 6.00 (d, 1H, J,, = 3.3 Hz, H-1); 7.10-7.37
(m, 6H, H-1", Ph); 9.82 (d, J = 10.6 Hz, NH,); “C
NMR (62.89 MHz, CDCl;), & (ppm): 25.4, 26.0 (C
(CH;)y); 71.5 (CH,Ph); 79.8 (C-6), 81.6 (C-2), 81.7
(C-3); 82.2 (C4); 1043 (C-1); 111.6 (C (CHs)y);
117.9 (CN); 126.6,127.0,127.4 (Ph); 135.9 (i-Ph);
1582 (C-1'); 190.8 (CO); IR (capillary), v (cm™):
1690 (C=0), 2235 (CN), 3242, 3100 (NH,); MS (EI),
m/z (% ): 344 [M]" Cy3H,0N,05 (344.364) Calcd: C =
6278, H=15.85 N=8.13; Found: C=6291,H=
5.68, N=8.45

3-Amino-4- (3-O-Benzyl-1,2-O-isopropylidene-a-D-
xylopentofuranuronoyl)-5-methylsulfanyl-1-H-pyra-
zole-1-carbamidine (22)

Aminoguanidinium carbonate (48 mg, 0.35
mmol) was added to the solution of (9) (100 mg, 0.24
mmol) in DMF (2 ml) at 80 °C in the presence of
triethylamine (0.1 ml, 0.7 mmol). The resulting
mixture was stirred for 1 h. After completion of the
reaction (monitored by TLC) the solvent was
evaporated in vacuum and the residue purified by
column chromatography (toluene/ EtOAc 8:2) to
furnish compound 22. Yield: 65 mg (61 % , yellow
solid); R¢ 0.54 (toluene/ EtOAc 7:3); [a]p™: - 17.1
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(c = 1.0, CHCL;); 'H NMR (250.133 MHz, CDCl), §
(ppm): 1.28, 1.48 (2s, 6H, C (CH,),); 2.35 (s, 3H,
SCH;); 4.26 (d, 1H, Jou wcn ) = 12.2 Hz, CHHPh);
4.53 (d, 1H, Jou @ycu ) = 13.7 Hz, CHHPh); 4.54 (d,
1H, J;, = 3.6 Hz, H-3"); 4.59 (d, 1H, J,, = 3.6 Hz, H-
2'); 5.34 (d, 1H, J5, = 3.3 Hz, H4'); 5.54 (br.s, 2H,
NH,); 6.10 (d, 1H, J, ; = 3.6 Hz, H-1); 7.01-7.04 (m,
2H, Ph); 7.05-7.08 (m, 3H, Ph) ); 8.40 (brs, 1H,
NH); *C NMR (62.89 MHz, CDCly), & (ppm): 13.6
(SCH3); 25.5, 26.1 (C (CHs),); 70.9 (CH,Ph); 80.4
(C4); 81.5 (C-2'); 82.0 (C-3°); 101.3 (C-4); 104.3
(C-1'); 111.2 (C (CHa)y); 126.7,127.0,127.1 (Ph);
135.7 (i-Ph); 145.8 (C-5); 152.0 (C-3); 153.9 (C-1");
1852 (CO); IR (capillary), v (cm™): 1675 (CO),
3412, 3463 (NH,); MS (EI), m/ z (% ): 447 [M]"
Cy0H,sNsO5S (447.506) HR-MS: Calcd: 447.15765
Found: 447.15631

7-Amino-ethyl-6- (3-desoxy-1,2-O-isopropylidene-a-
D-glycero-pent-3-eno-furan- uronoyl)-2-methylsulfa-
nyl-pyrazolof1,5-a]pyrimidine-3-carboxylate (23)

Sodium (13 mg, 0.55 mmol) was added to
methanol (1 ml). After 5 min 5-amino-3-methyl-
sulfanyl-1H-pyrazole-4-carboxylic acid ethyl ester
(106 mg, 0.53 mmol) was added and the solution
stirred for 24 min. This mixture was then added to
another stirred solution of (7) (100 mg, 0.26 mmol) in
methanol (2 ml) at room temperature. The resulting
mixture was stirred for 24 h. After completion of the
reaction (monitored by TLC) the solvent was
evaporated in vacuum and the residue purified by
column chromatography (toluene/ EtOAc 7:3) to
obtain compound 23. Yield: 69.5 mg (62 % , yellow
solid); R¢: 0.50 (toluene/ EtOAc 7:3); [a]p: + 187.7
(¢ = 1.0, CHCL); 'H NMR (250.133 MHz, CDCL,), §
(ppm): 1.36 (t, 3H, CH;-COOEY); 1.41, 1.43 (25, 6H,
C (CH3)y); 2.54 (s, 3H, SCH;); 4.44 (dd, 2H, J= 7.0
Hz, CH,-COOE); 5.39 (dd, 1H, J,3=2.7Hz, J,, =
5.5 Hz, H-2); 5.97 (d, 1H, J,3 = 2.4 Hz, C-3'); 6.21
(d, 1H, J;, = 5.5 Hz, H-1"); 9.29 (s, 1H, H-6); 9.41
(NH,); °C NMR (62.89 MHz, CDCl,), § (ppm): 12.4
(SCH3); 13.5 (CH;-COOE); 26.6, 27.0 (C (CH;),);
59.7 (CH-COOEY); 81.3 (C-2"); 99.5 (C-6); 100.9
(C-3); 106.0 (C-17); 109.3 (C-3"); 112.1 (C (CH;));
147.5 (C-5); 147.8 (C-3a); 154.0 (C4°); 155.0 (C-7);
160.4 (C-2); 161.6 (CO-COOE); 182.3 (CO); IR
(capillary), v (cm™): 1669 (CO-COOEY), 1590 (CO),
3341, 3390 (NHy); MS (EI), m/ z (% ). 420 [M]*
C1sH2oN,O6S (420.437).
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