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N-Alkylation of tosylhydrazones in the presence of an acid catalyst is described for the first time.
Tris(pentafluorophenyl) borane was found to be a mild and efficient catalyst when benzylic alcohols were
used as the alkylating agents.
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Scheme 1. N-alkylation of tosylhydrazones.

Table 1
Acid-catalyzed N-alkylation of tosyl hydrazone 1a with alcohol 2a using acid catalysts

Entry Acid (5 mol %) Conditions Time (h) Yielda (%)

1 p-TSA CH2Cl2/rt 30 45
2 p-TSA CH2Cl2/reflux 24 48
3 B(C6F5)3 CH2Cl2/rt 20 90
4 BF3Et2O CH2Cl2/rt 24 46
5 ZnCl2 CH2Cl2/rt 24 44
6c PS-pTSA CH2Cl2/reflux 24 0b

7c PS-pTSA CH3NO2/reflux 20 85d

a Isolated yield after purification.
b No reaction.
c 50 mg/mmol catalyst used.
d No reaction at rt.
In continuation of our earlier work in the alkylation of various
compounds such as sulfonamides1 and coumarins2 under acid
catalysis using benzylic alcohols, we were interested in exploring
the N-alkylation of tosylhydrazones. A careful literature survey re-
vealed that there is no precedent for the acid-catalyzed N-alkyl-
ation of tosylhydrazones. Commonly, N-alkylation is achieved
using alkyl halide/base3 and in the presence of phase transfer cat-
alyst.4 Recently, N-alkylation of tosylhydrazones was achieved
using alcohols under Mitsunobu reaction conditions (DEAD/
Ph3P).5 Furthermore, these N-alkylated hydrazones have various
applications in organic synthesis as useful synthons.6 Reductive
deoxygenation of alcohols can also be achieved via N-alkylation
of hydrazones.7 Thus, the development of new methods for N-
alkylation of tosylhydrazones is of significance.

In the light of above comments, herein we wish to report the re-
sults on N-alkylation of tosylhydrazones using benzylic alcohols as
alkylating agents under acidic conditions (Scheme 1).

Initially, the reaction of N0-benzylidene-4-methylbenzene
sulfonohydrazide (1a) with diphenyl methanol (2a) was carried out
in dichloromethane using p-toluenesulfonic acid (5 mol %) at room
temperature for 30 h, under which conditions the N-alkylation reac-
tion took place. However, this afforded the desired product, N-benz-
hydryl-N0-benzylidene-4-methylbenzenesulfonohy drazide (3a) in
only 45% yield (Table 1, entry 1). When, the same reaction was con-
ducted at reflux temperature for 24 h, there was no improvement in
the yield (Table 1, entry 2). Based on these results, the same reaction
was screened with different acid catalysts (5 mol %) to find the best
ll rights reserved.
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catalyst for N-alkylation (Table 1). Among the catalysts screened
tris(pentafluorophenyl) borane [B(C6F5)3] gave good yields of the N-
alkylated product (Table 1, entry 3), whereas, ZnCl2 and BF3�Et2O fur-
nished the product in low yields (Table 1, entries 4 and 5). However,
polystyrene-bound p-TSA (50 mg/mmol) in nitromethane under
refluxing conditions provided the product 3a in good yields (Table
1, entry 7), while there was no reaction either at room temperature
or in dichloromethane (Table 1, entries 6 and 7).
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Under the optimized conditions, we next investigated the reaction
of aldehyde tosylhydrazones with benzylic alcohols under the present
Table 2
B(C6F5)3-catalyzed N-alkylation of aldehye tosylhydrazones using benzylic alcohols

Entry Tosyl hydrazone Benzylic alcohol

1
1a

NPh
N
H

Ts

Ph Ph

OH

2a

2 1a Ph
2b

OH

Ph

3 1a 4 -OMeC6H4 OH
2c

4 1a

2d

OH

5 1a Ph OH
2e

6
1b

N4 -OMeC6H4 N
H

Ts
2a

7 1b 2b

8 1b 2c

9 1b 2d

10
1c

N2 -NO2C6H4 N
H

Ts
2a

11 1c 2b

12 1c 2c

13 1c 2d

a All the products were characterized by 1H, 13C NMR and mass spectra.
b Isolated yields.
c No reaction either at room temperature or at 40 �C.
conditions. The results are summarized in Table 2. N-Alkylation of N0-
benzylidene-4-methylbenzenesulfonohydrazide (1a) with benzylic
Reaction time (h) Producta Yieldb (%)
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Scheme 2. N-alkylation with enantiopure alcohol R-2d.
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alcohols 2b to 2d in the presence of B(C6F5)3 in dichloromethane gave
the corresponding N-alkylated products 3b to 3d, respectively, in
good yields (Table 2, entries 2–4). However, the reaction of 1a with
3-phenyl-1-propanol (2e) did not proceed under the present reaction
conditions (Table 2, entry 5). This may be due to the non-benzylic nat-
ure of the alcohol. However, the reaction of N0-(4-methoxybenzyli-
dene)-4-methylbenzenesulfonohydrazide (1b) and 4-methyl-N0-(-
2-nitrobenzylidene) benzenesulfonohydrazide (1c) with benzylic
alcohols 2a to 2d proceeded smoothly to give the corresponding N-
alkylated products 3f to 3m in good yields (Table 2, entries 6–13).

To check the configuration of enantiopure secondary benzylic
alcohols during the N-alkylation, the reaction of 1a with enantio-
pure 2d (R-2d) was carried out under the present reaction condi-
tions, which gave the corresponding N-alkylated product 3d with
loss of configuration.8 This may be due to the initial formation of
carbocation from benzylic alcohol followed by the reaction with
hydrazone (Scheme 2).

Furthermore, we have demonstrated the utility of the N-alkylated
hydrazone products in the synthesis of pyrazole products. The reac-
tion of N-alkylated tosylhydrazone 3b with silver hexafluoroantimo-
nate in dichloromethane at room temperature gave the 3,5-diphenyl-
1-(phenyl(tosyl) methyl)-1H-pyrazole 4 in 85% yield (Scheme 3).6e

In conclusion, we have developed an acid-catalyzed N-benzyla-
tion of tosylhydrazones using benzylic alcohols as alkylating
agents for the first time. The reaction conditions were mild and
efficient and provided the products in excellent yields. The applica-
bility of N-alkylated hydrazones has also been successfully demon-
strated for the synthesis of pyrazole.

General experimental procedure for B(C6F5)3-catalyzed N-alkyl-
ation of aldehyde tosylhydrazones using benzylic alcohols: To a stirred
solution of benzylic alcohol 2 (1 mmol) in dichloromethane (5 mL)
were added tosyl hydrazone 1 (1 mmol) and 5 mol % B(C6F5)3. The
reaction mixture was stirred at room temperature and the reaction
progress was monitored by TLC analysis. After the completion of
the reaction (for reaction time, see Table 2), the mixture was evap-
orated in vacuo. The residue was purified by column chromatogra-
phy on silica gel using ethyl acetate and hexanes as eluent to give
the corresponding N-alkylated products.9
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