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The benzylation of an indazolyl-substituted pyrazole under the influence of KOHÿAl2O3, KFÿAl2O3 and CsFÿAl2O3
is investigated.

Many alkylation reactions on pyrazole1 have been investigated
and described as not being selective. Only in a few cases has
regioselectivity has been described for special pyrazole
derivatives and special reaction conditions, e.g. if
diazomethane1 or phase-transfer catalysts2 are used. An alky-
lation of pyrazoles under the in£uence of inorganic solid
supported bases has not been described until now. But in
the literature this method has been used for the alkylation
of imidazole3 and benzotriazole.4 In the case of
benzotriazole a regioselectivity that depends on the choice
of the solvent has been described.4 In a recently published
work5 this method was used for the alkylation of a
naphthoindazolyl pyrazole and has shown a 100%
regioselectivity (Scheme 1).
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Scheme 1 Selective benzylation of a pyrazole derivative5

The regioselectivity was explained by an adsorptive
substrate mechanism. In this mechanism the aryl substituent
adsorbs on the Al2O3-surface, while the pyrazole twists
out of the plane of the aryl group and is ¢xed by a hydrogen

bond with the surface of the base (Scheme 2, II)5 With a
shift of double bonds around the pyrazole ring, the alkylation
takes place at the nitrogen neighbouring the methyl group
(Scheme 2, III).5

Our interest was in whether the described reaction is still
regioselective in the case of smaller aryl groups. Therefore,
the benzylation of the analogous, indazolyl-substituted
pyrazole 1 was investigated (Scheme 3).
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The benzylation has been investigated under the in£uence
of KOHÿAl2O2, KFÿAl2O3 and CsFÿAl2O3. The ratio
of the isomers 2 and 3 was determined via the intensities
of the methylene peaks in the 1HNMR spectra. To judge
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1: Adsorption of the aryl group on the Al2O3 surface, 2: hydrogen bond

Scheme 2 Alkylation mechanism under the influence of inorganic solid supported bases5
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the regioselectivity, the products have also been produced in
the presence of bases without a support. By comparison,
benzylation under the in£uence of inorganic solid supported
bases appeared to be highly selective. The results are listed
in Table 1.
As seen in Table 1, the use of acetone and acetonitrile is

disadvantageous to the reaction. Acetonitrile is not useful
because it leads to decomposition of the products. On the
other hand, ethyl acetate, THF and 1,4-dioxane support
the selectivity.
The activity of the inorganic solid supported bases

decreases in the order CsFÿAl2O3 > KFÿAl2O3

> KOHÿAl2O3. This is explainable by decreasing strength
of the hydrogen bond between the pyrazole and the surface
of the base.
Other than in usual alkylation reactions, the used solvents

have not been puri¢ed. Only 1,4-dioxane was stored over
sodium metal, to prevent the formation of peroxides. As
in all cases, the overall yield was between 90 and 100%,
and traces of water seem not to disturb the reaction.

Experimental
1-(5-Methyl-4-phenyl-1H-pyrazol-3-yl)-3-methylindazole (1).ö15ml

conc. H2SO4 was cooled to ÿ15 8C in a 50ml ¯ask. At this tem-
perature a solution of 1 g (3.5mmole) 3,6-dimethyl-3,7-diphenyl-3H-
pyrazolo[5,1-c][1,2,4]triazole6 in 5ml ethyl acetate was slowly added.
This solution was stirred at ÿ15 8C for 2.5 h. It was then poured
on 300ml of crushed ice and neutralized with K2CO3 to pH 5. The
organic material was extracted with ethyl acetate. The solution was
dried over MgSO4 and the solvent removed until 20ml remained.
The product precipitated overnight as colourless needles. It was
®ltered off by suction, washed with light petroleum (bp 60±90 8C)
and dried over P4O10. Yield: 0.6 g (60%); mp 203 8C, Rf SiO2=Et2O
0.54, Rf �SiO2=CH2Cl2): 0.02; dH �CDCl3� 1.96 (s, 3H, 3-CH3),
2.55 (s, 3H, 1-C-5-CH3), 6.98±7.24 (m, 8H, 5,6,7-H�
1-C-4-C-2,3,4,5,6-H), 7.61 (d, 1H, 4-H), 10.65 (s, 1H, N-H); dC

�CDCl3) 10.58, 11.55, 110.35, 113.29, 120.13, 120.48, 123.19, 126.13,
126.83, 128.11, 128.28, 131.81, 137.48, 141.06, 142.59, 144.75.
(Found: C, 75.03; H, 5.47; N, 19.61. Required: C, 74.98; H, 5.59;
N, 19.43%).

CsFÿAl2O3,3, KFÿAl2O3
3 and KOHÿAl2O3

4 were produced
according to the literature.
1-(1-Benzyl-5-methyl-4-phenyl-1H-pyrazol-3-yl)-3-methylindazole

(2) and 1-(1-Benzyl-3-methyl-4-phenyl-1H-pyrazol-5-yl)-3-methyl-
indazole (3). 0.1g (0.35mmol) of 1 was dissolved in a 50ml £ask in
the amount of solvent listed inTable1.Then a12-fold excess of inorganic
solid supported base (4.2mmole; 0.81g KOHÿAl2O3, 1.1g KF^Al2O3,

1.83 g CsFÿAl2O3� was added. After 5min of stirring at room tem-
perature 0.1ml (0.14 g, 0.8mmole) of benzyl bromide were added with
a syringe. The mixture was stirred at room temperature for 4 h. It
was then ¢ltered and the ¢lter and base were washed with solvent.
The solvent was removed from the ¢ltrate. The oily residue was
dissolved in 50ml of ethyl acetate; 50ml of water and 3ml of
triethylamine were added and the mixture was stirred vigorously for
1h. The two layers separated. The organic layer was washed 3 times
with water and then dried over MgSO4. After removal of the solvent
the product remained as a colourless solid residue. It was dried under
the vacuum of the belt drive pump for 1h and then investigated by
1HNMR �CDCl3) (see Table 1).

The two isomers 2 and 3 have been separated via column
chromatography (SiO2/CH2Cl2 :Et2O � 30 :1) and identi¢ed by NOE.

2: mp 130 8C, Rf (SiO2/CH2Cl2 :Et2O � 30 : 1): 0.52; dH�CDCl3�
2.30 (s, 3H, 3-CH3), 2.57 (s, 3H, 1-C-5-CH3), 5.41 (s, 2H,
1-N-1-CH2), 7.12±7.32 (m, 13H, 5,6,7-H� 1-C-4-C-2,3,4,5,6-H�
1-N-CH2-C-2,3,4,5,6-H), 7.62 (d, 1H, 4-H); dC�CDCl3� 10.15, 11.56,
53.23, 110.39, 114.97, 119.53, 120.10, 123.50, 126.11, 126.29, 126.54,
127.33, 127.78, 128.35, 128.66, 131.45, 136.01, 137.03, 140.74, 143.40.
144.24. (Found: C, 78.95; H, 5.68; N, 14.67. Required: C, 79.34; H,
5.86; N, 14.80%).

3: mp 133 8C, Rf �SiO2=CH2Cl2 :Et2O � 30 : 1): 0.43; dH�CDCl3�
2.44 (s, 3H, 3-CH3), 2.62 (s, 3H, 1-C-5-CH3), 5.11 (s, 2H,
1-N-1-CH2), 6.70 (d, 1H, 7-H), 7.07±7.11 (m, 12H,
5,6-H� 1-C-4-C-2,3,4,5,6-H� 1-N-CH2-C-2,3,4,5,6-H), 7.59 (d,
1H, 4-H); dC (CDCl3) 11.57, 13.19, 52.45, 109.26, 116.71, 119.59,
120.55, 123.31, 126.06, 126.85, 127.14, 127.79, 131.07, 133.59, 135.72,
141.37, 145.15, 145.33. (Found: C, 79.27; H, 5.65; N, 14.44.
Required: C, 79.34; H, 5.65; N, 14.44%).

To remove the toxicity from the KFÿAl2O3 and the CsFÿAl2O3,
which remained in the ¢lter, it was suspended in 200ml of water
and CaCl2 was added. Thus it was transformed into insoluble CaF2

and was no longer bioavailable.
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Table 1 Benzylation of 1 under various reaction conditions

No. Solvent Amount/ml Base 2 (%)a 3 (%)a

1 Acetone 10 KOHÿAl2O3 60 40
2 Ethyl acetate 30 KOHÿAl2O3 90 10
3 Acetonitrile 30 KOHÿAl2O3 Decomposision
4 THF 10 KOHÿAl2O3 87 13
5 1,4-Dioxane 15 KOHÿAl2O3 91 9
6 DMF 10 KOHÿAl2O3 65 35
7 Acetone 10 KFÿAl2O3 70 30
8 Ethyl acetate 30 KFÿAl2O3 90 10
9 Acetonitrile 30 KFÿAl2O3 Decomposision

10 THF 10 KFÿAl2O3 85 15
11 1,4-Dioxane 15 KFÿAl2O3 100 0
12 DMF 10 KFÿAl2O3 63 37
13 Acetone 10 CsFÿAl2O3 70 30
14 Ethyl acetate 30 CsFÿAl2O3 100 0
15 Acetonitrile 30 CsFÿAl2O3 Decomposision
16 THF 10 CsFÿAl2O3 100 0
17 1,4-Dioxane 15 CsFÿAl2O3 100 0
18 DMF 10 CsFÿAl2O3 84 16
19 Acetone 10 K2CO3 58 42
20 1,4-Dioxane 15 K2CO3 62 38
21 1,4-Dioxane 15 KOH 70 30
22 1,4-Dioxane 15 Et3N 60 40
a The ratio of isomers 2 and 3 were determined according to the intensities of the methylene peaks (2: d � 5:41, 3, d � 5:11� in the 1H
NMR spectra (CDCl3).
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