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1-Alkynyl-2-deoxy- p-riboses 7 and 8 were independently synthesized and subsequently used to generate several novel

C-nucleosides.

The discovery of new chemotherapeutic treatments for occurring nucleosides exerting potent antiviral and antine-

controlling microbial infections is an important topic in

medicinal chemistry. Nucleosides and nucleoside biochem-

istry lie at the heart of life and life propagation, and therefore

oplastic activity; PseudouridifeShowdomycirf, Pyrazofu-
rin,” and Tiazofuri§ have been shown to possess a wide
range of medicinal properties, including antibiotic, antiviral,

nucleoside analogues have attracted much attention asand antitumor activity.C-Nucleosides belonging to the

potential antimicrobial and antitumor agents. Many nucleo-
sides of natural origin have been found to be bioactive.
Bredininé (Mizoribine) is an imidazole nucleoside antibiotic
clinically used as an immunosuppressaftyyocamycin
Mycalisin A* and Thiosangivamyctare three naturally
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2-deoxybp-ribose series have been scarcely explored and at
present no data are available on the biological activity of
nucleosides of the-anomeric serie$In recent times interest
increased on the medicinal chemistry of alkynyl-substituted
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nucleosided®!! For instance, Matzuda described the syn-
thesis of 3-alkynyl cytosine and ‘3alkynyl uridinel® The
presence of an additional electrophilic element (alkyne)
imparted to these molecules a high antitumor activity.
Additionally, 4-alkynyl nucleosides have been prepared and
found to be remarkably active against HI¥The high
activity displayed by 3 and 4-alkynyl nucleosides poses
questions about the activity of other alkynyl nucleosides
including 1-alkynyl nucleoside analogues. With this in mind,
we set out to develop a synthetic route to families of
C-nucleosided and?2 (Figure 1) that (a) allows the inclusion
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Figure 1. A family of 2-deoxyribose-base@-nucleosides.

of a wide variety of heterocyclic moieties, (b) allows the
introduction of an alkynyl moiety at C-1and (c) allows
the preparation af. and C-nucleosides independently. We
now report a preliminary account of the studies we have
undertaken.

A retrosynthetic analysis a&-nucleosided and?2 identi-
fied 1-alkynyl-2-deoxye-ribose3 as a key synthon for their

Scheme 1. Inouye’s Synthesis of Scaffoldsand 82
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The stereochemistry at the anomeric position was assigned
by NOE experiments: in th8 anomer, positive NOE was
observed between the anomeric H-5 and H-2; in the
anomer, positive NOE was observed between the anomeric
H-5 and H-3 and between the anomeric H-5 and H-6.

Scheme 2. Stereospecific Synthesis @fand8
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preparation. For example, several compounds of general

structurel could potentially be prepared froBby reacting
the alkyne moiety in a cycloaddition reaction with various
1,3-dipoles. Alternatively, 1-alkynyC-nucleosides of struc-
ture 2 could be obtained fron8 through a Sonogashira
coupling or through a reaction with a suitable electrophile.
A literature survey revealed that the preparation of 1-alkynyl-
2-deoxyo-riboses7 and8 has been reportéd.n this report,

4 (Scheme 1) was converted Toand 8 by treatment with
alkynylmagnesium bromide followed by intramolecular
Nicholas reaction.

On the basis of this report, we have developed a more

practical synthesis of compoun@dsind8 that allowed their

selective preparation independently (Scheme 2). In our

synthesis, 3,5-dB-benzyl-2-deoxys-ribofuranose4 was
reacted with ethynylmagnesium bromide and the resulting
diastereoisomeric diols and6 were subsequently separated
by SiO, column chromatography. Diols and 6 were then
independently reacted witp-toluenesulfonyl chloride and
base to obtai and8, respectively, in stereospecific fashion.
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This route offered the advantage of avoiding the use of
highly sensitive Cg(CO)s; and rendered the preparation?of
and 8 operationally simpler. Additionally, the chromato-
graphic separation dd and 6 was easier compared to the
separation of7 from 8. With compounds7 and8 in hand,
we explored their potential for the preparation Gf
nucleosides of structurelsand 2.

We began our studies by generating the lithium alkynoates
of 7 and8 (Scheme 3 and Table 1) and then reacting them

Scheme 3. Preparation of Propargyl AlcohoB&-12
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with aromatic or aliphatic aldehydes. 2-Furaldehyde and
cyclohexylcarboxaldehyde were selected as examples of an
aromatic and an aliphatic aldehyde. We were delighted to
observe that, in these experiments, propargylic alcdhel?
were obtained in high isolated yields (Scheme 3 and Table
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Table 1. Isolated Yields of Propargyl Alcohol8—12 (Scheme
3)
entry  starter aldehyde product yield %
HO
1 7 Cyclohexyl O .= 73
R e~ =
BnO'
9
HO
2 8 Cyclohexyl = 72
yclohexy ) O/\(m
BnO
10
HO
3 7 2-furyl —"~0Q 70
o BnO/\<O7M\/KE/)
BnO"
11
HO
4 8 2-furyl = 0 54
v BnO 0= \/)
BnO"

12
a|solated yields after flash chromatography.

Scheme 5. Reaction of 1-Alkynyl Estef 3 with Nitrones
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regioisomerl6.*® Despite the poor yields, compountié—
16 remain interesting for their potential medicinal properties.
The reactivity of 7 and 8 as alkyne components in the
Sonogashira reaction was also studied. 2-Bromopyridine was
selected as the arylbromide component and was reacted with
7 and8 under standard PtCU catalysist’ In these experi-
ments, 17 and 18 were obtained in only 1617% yields
(Scheme 6).

1). Remarkably, in these reactions only one diastereoisome_

was obtained?
Lithiated 7 was also used as a starting material for the
preparation of alkynyl ested3 (Scheme 4). We were

Scheme 4. Preparation of 1-Alkynyl Ester Deoxyribode
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interested in attaching an electron-withdrawing group to the gno

alkyne since, usually, electronic dissymmetry favors the
reactivity of alkynes in 1,3-dipolar cycloadditiofs.
Compoundl13 was obtained in 37% isolated yield by
reaction of7 with lithium bis(trimethylsilyl)amide (LITMSA)
followed by treatment with ethyl chloroformate(Scheme
4). To explore the potential 0f3 for the generation of
C-nucleosides, we have reactd® with phenyl N-tert-

Scheme 6. Preparation of 1-Alkynyle-nucleosidesl7—20
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butylbenzyl nitrone (Scheme 5). Several reports described Compoundsl9 and20, arising from an alkyne homocou-

the 1,3-dipolar cycloaddition of nitrones to propargylic esters

pling process, were isolated as the principal products of the

as proceeding with high levels of regio- and diastereoselec-reactiont®

tivity.

However, the reaction ofL3 with N-tert-butylbenzyl
nitrone yielded two diastereoisomeric isoxazolididdsand
15 in a 1:1 ratio, together with a minor amount of

(13) Compound9—12 were obtained as colorless liquid. NOE were run
in order to assign the absolute stereochemistr§-612, but unfortunately
these experiments were inconclusive.
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Several attempts were made to reduce the extent of
formation of 19 and 20. This included carrying out the
reaction under nonoxidative atmosphere (hydrogen atmo-
sphere}8or in the absence of copper cocatalfsir by using
different ratios of PHCU catalysts. To optimize the yield
of 17 and18 and reduce the long reaction time required, we
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but unfortunately these experiments were inconclusive.
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have studied the effect of temperature, ratio of reagents, || GGccIENGGNEEEEEEEEE

concentration of reactants, solvent, and aryl halide. In no

case was an improvement of the yieldslgfand 18 noted.

It was lately found that a more efficient Sonogashira coupling

occurred by reaction of l-alkynylsugall and 22 and
2-iodopyridine (Scheme 7). Additionally, in these experi-

Scheme 7. Preparation of 1-Alkynyle-nucleoside®3 and 24
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ments no evidence for the formation of homocoupled
compound was observed. Acetyl-protected alkynyl sugars
and 22 were opportunely prepared frofhand 8 by means

of debenzylation and subsequent acetylatfon.

Alkynyl sugars7 and8 were also reacted with GE&O)
to obtain the corresponding cobalt comple28sand26 that
are intermediates required for the Paus#and reaction
(Scheme 8%°

In this experiment, cobalt complex&b and 26 were
obtained in high isolated yields. Compouritfsand26 were
subsequently used to prepare cyclopenten@idesd28 by
treatment with excess vinyl benzoate axtanethylmorpho-
line (NMO) (Scheme 8).

Considering the modular nature of this reaction, it is easy

BnO 0]

Scheme 8. Preparation ofc-Nucleoside27 and 28
CH4CN
Co,(CO)g -

(1.2 equw) Co,(CO)

8 26 93% yield

BnO"

()

BnO"

CH,Cly, vinyl
benzoate (20
equiv),

NMO (12 equiv), rt
15-22 h.

28

CHACN B”O«EO) —
Cos(COY \

(1.2 equiv.) BnO Coy(CO)s
7 25

55% yield

BnO/\LO)

BnO

94% yield

Bno«Q @

BnO
27

CH,Cly, vinyl
benzoate (20
equiv),
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In conclusion we have developed a practical synthesis of
1-alkynyl-2-deoxyp-riboses7 and 8 and we have studied
their reactivity as starting materials for the generation of
novel unnaturalC-nucleosides. These studies identified the
potential and limitation o7 and8 in synthesis and furnished
several classes of nov&-nucleosides. Studies aimed at
developing diversity orientated synthesis franand 8 are
in progress.
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preparation and spectroscopic data of compo@raa8 and
NOE and'H—!H cosy spectra of compoundsand8. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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