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Synthesis of annelated pyranosides: a rapid and efficient entry
to highly functionalized optically pure branched-pyrazoles
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Abstract—Pyrazolo-pyranosides prepared from methyl-2,3:4,6-di-O-benzylidene-a-DD-mannopyranoside were functionalized to
design new scaffolds suitable for peptidomimetic construction. Under certain acidic conditions, they undergo only pyranose ring-
opening generating highly functionalized optically pure pyrazoles bearing an aldehyde function.
� 2007 Elsevier Ltd. All rights reserved.
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The use of scaffolds for the construction of biologically
active compounds is now a well-accepted concept.1 Chi-
ral carbohydrate-based scaffolds are well suited for
introducing stereodiversity in the final compounds.2–4

Our preliminary results on the design of peptidomimet-
ics based on sugar scaffolds led us to the conclusion that
a challenge in this area is to construct platforms larger
than a single pyranose ring.5,6 In this regard pyranose-
fused ring systems deserve some attention.7,8 We have
successfully used keto-sugars for pyranosidic homologa-
tion using hetero Diels–Alder reactions.9–11 More
recently, we became interested in the construction of
nitrogen containing heterocycles fused to the pyranose
ring and pyrazole has been chosen as the first target.

Pyrazole derivatives are known to exhibit a wide range
of biological properties such as anti-hyperglycemic,
analgesic, anti-inflammatory, anti-pyretic and sedative-
hypnotic activities. Particularly, arylpyrazoles were re-
ported to have non-nucleoside HIV-1 reverse transcrip-
tase inhibitory activity.12,13 The most common method
to prepare pyrazole heterocycles involves the condensa-
tion of hydrazine derivatives with b-dicarbonyl
compounds or with a,b-unsaturated carbonyl com-
pounds.14–16 However, the generality of this method is
somewhat vitiated by the severe reaction conditions or
the multistep sequence usually required to access the
starting materials. Thus, continuing efforts have been
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made to develop efficient synthetic methods for
preparing functionalized pyrazole derivatives. In this
context, we report our preliminary results in the con-
struction of pyrazolo-pyranose which lead to new scaf-
folds and afford a direct route to acyclo-pyrazole
nucleosides.17

Starting from the known methyl 2,3:4,6-di-O-benzyl-
idene a-DD-mannopyranoside 1, 2-deoxy-3-ulo derivative
2 was prepared by the action of BuLi on 1 as previously
described.9,10 The condensation of N,N-dimethylform-
amide dimethylacetal gave branched-chain ulose 3 in
good yield. Pyrazole-annelated pyranoside4 was pre-
pared in 80% yield by the treatment of 3 with hydrazine
hydrate (Scheme 1).18

In order to construct scaffolds for peptidomimetic
design, the reactivity of compound 4 was explored
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Scheme 1. Reagents and conditions: (i) 1/BuLi/THF/�30 �C; 2/
NH4Cl; (ii) HCNMe2(OMe)2/CH2Cl2; (iii) NH2NH2/MeOH.
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a : R = CH3, b : R = CH2-CH=CH2

c: R = CH2Ph, d : R= CH2COOMe

Scheme 2. Reagents and conditions: (i) method A: RX, NaH, THF;
method B: RX, K2CO3, DMF; method C: RX, C6H6, NaOH,
Bu4NOH.
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Scheme 3. Reagents and conditions: (i) for 7 and 8 formation: method
A: PTSA (20%)/MeOH; for 9 and 10 formation: method B: PTSA
(20%)/THF.
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(Scheme 2). N-Alkylation of the pyrazole moiety with
alkyl halides was investigated using three different meth-
ods A, B and C. In method A, NaH was used as the base
and dry THF as the solvent. In method B, K2CO3 was
used as the base and dry DMF as the solvent. Phase
Transfer Catalysis (PCT) was used in method C, alkyl-
ation reactions being performed by stirring equimolar
amounts of pyrazole and the appropriate alkyl halide
in the presence of 40% aqueous sodium hydroxide and
40% aqueous tetrabutylammonium hydroxide in
benzene. Different alkyl halides (MeI, BnBr, BrCH2-
COOMe and allylbromide) were selected as mimics of
amino-acid side chains: methyl group for alanine, benzyl
group for phenylalanine and methyl acetate for aspartic
acid side chain. The chemical manipulation of the allyl
group could serve for further functionalization.

Because of the two equivalent resonance forms of pyr-
azole 4 anion, a regioisomeric mixture of 5 and 6 is ex-
pected from N-alkylation, as described in the literature
for unsymmetrical substituted pyrazoles.19 Depending
on the reaction conditions used, the three methods fur-
nished two separable regioisomers 5 (N1-alkylated)
and 6 (N2-alkylated) in different ratio (Table 1) except
for allylbromide (entries 4–6) for which only regioisomer
5b was obtained in good yield. Using method A, alkyl-
ation with methyl iodide gave mainly regioisomer 5a
(entry 1). This ratio is reversed using method B and C
(entries 2 and 3). Alkylation with benzyl bromide using
Table 1. Alkylations of pyrazolo-pyranoside 4

Entry Alkyl halide Method Yielda (%) 5/6 ratio

1 CH3I A 87 71:29
2 CH3I B 88 26:74
3 CH3I C 90 32:68
4 AllylBr A 80 100:0
5 AllylBr B 75 100:0
6 AllylBr C 80 100:0
7 BnBr A 56 100:0
8 BnBr B 40 39:61
9 BnBr C 79 56:44

10 BrCH2COOMe A 70 43:57
11 BrCH2COOMe B 71 59:41

a Yields refer to pure products after chromatography.
method A, provided only regioisomer 5c (entry 7). The
ratio of compound 6c increased with both methods B
and C (entries 8 and 9). Modest yields observed with
methods A and B can be explained by the opening of
the sugar ring forming aldehyde 9c (Scheme 3). The
introduction of ester functionality was achieved in good
yield by alkylation with methyl bromoacetate. A mix-
ture of regioisomers 5d and 6d in equal amounts was ob-
tained with both methods A and B (entries 10 and 11).

The structures of regioisomers 5 and 6 have been estab-
lished by 1D and 2D NMR (1H, 13C, COSY, HMBC,
HMQC). Heteronuclear correlations (HMBC) between
C7/H8 and C3/H8 strongly support the structure of
substituted pyrazoles 5d and 6d, respectively (Fig. 1).
Moreover, the chemical shift of H7 is upfield in regio-
isomer 6d (7.46 ppm) as compared to regioisomer 5d
(7.75 ppm), whereas the chemical shift of C7 is down-
field in regioisomer 6d (136.8 ppm) versus regioisomer
5d (131.5 ppm). These variations on chemical shifts were
observed for all regioisomers and strongly support the
structure of the substituted pyrazolo-pyranosides.

In order to develop the functionalization of the bicyclic
scaffolds 5 and 6, the cleavage of the benzylidene acetal
of both compounds was considered.

Unexpectedly, acid hydrolysis using a catalytic amount
of PTSA in methanol at room temperature for one hour
gave a mixture of 4,6-diols 7 or 8 and pyrazoles 9 or 10,
respectively (Scheme 3). Prolonged stirring (12 h at
8
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Figure 1. Heteronuclear correlations (HMBC) of substituted pyrazoles
5d and 6d, respectively.



Table 2. Hydrolysis of compounds 5 and 6

Entry R 4,6-Diola (%) Aldehydeb (%)

1 Me 7a (76) 9a (78)
2 Allyl 7b (75) 9b (66)
3 Bn 7c (72) 9c (68)
4 CH2COOMe 7d (70) 9d (70)
5 Me 8a (78) 10a (63)
6 Bn 8c (73) 10c (63)
7 CH2COOMe 8d (79) 10d (71)

a Yields refer to pure isolated compounds after chromatography
(method A).

b Yields refer to pure isolated compounds after chromatography
(method B).
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room temperature) gave only diols 7 and 8 in good yield
(Table 2).20

Polyhydroxylated pyrazoles are often considered as
nucleoside acyclic analogues of biological interest.17

Thus, we have developed optimized conditions for the
formation of 9 and 10 in good yield. The replacement
of methanol by THF in acidic hydrolysis allows the for-
mation of only aldehydes 9 and 10 giving an efficient ac-
cess to yet unknown optically active polyhydroxylated
pyrazoles (Table 2) bearing an aldehyde function at
the 4-position of the pyrazole ring.21

All these data suggest that acetal hydrolysis takes place
first at the anomeric centre then at the benzylic centre.
As soon as the six-membered benzylidene acetal is
cleaved, glycosylation of the free sugar then occurs in
methanol to provide compounds 7 or 8. This unusual
glycoside sensitivity towards acid hydrolysis could be ex-
plained by the strain induced by the tricyclic system and
by the 2-deoxy nature of compounds 5 and 6. In tetrahy-
drofuran, only the most sensitive glycosidic bond is
cleaved giving aldehyde 9 or 10.

In conclusion, we have described a rapid and efficient
synthesis of enantiomerically pure highly functionalized
pyrano-pyrazoles. From the two acetals present on these
scaffolds, both can be selectively cleaved depending on
the acidic hydrolysis conditions. Anomeric acetal hydro-
lysis is obtained in THF and gives access to new chiral
pyrazoles functionalized at position 3 and 4 in good
yields. Benzylidene acetal acidic hydrolysis of these pyr-
azolo-pyranosides occurs only in methanol yielding
bicyclic scaffolds bearing hydroxyl functions at C4-
and C6-position of the sugar ring. Further functionali-
zation of these templates for the design peptidomimetics
is under investigation.
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