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Figure 104 C NMR spectrum of phenethyl benzoate (5e)
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Figure 108 IR spectrum of sec-butyl benzoate (5g)
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Figure 110 °C NMR spectrum of sec-butyl benzoate (5g)
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Figure 112 'H NMR spectrum of 1-phenylethyl benzoate (5h)
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Abstract: Acylbenzotriazoles are known acylating
agents for amines and carbonyl compounds due to
the stability of the benzotriazolide anion which
served as a good leaving group. However, the
reagent failed to react with alcohols under
previously known reaction conditions. This
prompted us to the finding that esterification of
alcohols with acylbenzotriazole could be realized
only in the presence of K,CO; in THF solution.
Esterification of alcohols with acylbenzotriazoles
gave the corresponding esters in good to excellent
yields. The esterifying agents could -easily be
prepared in high yields from benzotriazole and the
corresponding acid chlorides. Treatment of the
crude esters from N-propionyl benzotriazole with
methanol followed by extraction with 2 M Na,CO;
gave pure esters in good yields while those derived
from N-benzoyl benzotriazole were isolated and
purified by repeated extraction with 2 M Na,CO;
solution. This method thus served as an efficient
and versatile alternative synthesis of ester under
mild basic condition.

Introduction

Common route for ester synthesis is the treatment
of carboxylic acid with alcohol in the presence of an
acid catalyst such as concentrated sulfuric acid.
However, the reaction takes a long period of time to
reach its equilibrium and large excess of reagent is
unavoidable in order to get high yield of ester.
Although activated carboxylic acids such as acid
chloride or acid anhydride give better results, they
suffer from the problem of reagent handling and
manipulating the reaction due to the highly reactive
nature of the reagents. Exothermic reactions are
always encountered and anhydrous conditions are
required. In order to overcome these difficulties we
have developed a much milder method for ester
synthesis using N-acylbenzotriazoles as acylating
agents which are stable solids that can easily be stored,
handled and manipulated.

Materials and Methods

Preparation of Benzotriazole (1)

To a stirred cooled solution (156C) of o-
phenylenediamine (10.8 g, 0.1 mol) in glacial acetic
acid (11.5 ml) was added a solution of sodium nitrite
(7.5 g, 0.11 mol) in water (15 ml). Mild exothermic
reaction commensed within a few minutes and rapidly
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subsided while the deep red colour faded into pale
brown. Stirring was continue for 15 minutes until the
temp dropped to 35-40€C and the mixture was then
chilled in an ice-water bath for 30 minutes. The pale
brown precipitates were collected by vacuum filtration
and washed with ice-cold water. Highly colored crude
product was purified by repeated recrystallization from
water using activated charcoal as a decolorizing agent.
Benzotriazole (1) was obtained as fine white needles
(7.97 g, 0.07 mol, 67%), mp. 95-97 &C. (lit.mp. 96-97 &C)
Preparation of N-propionyl benzotriazole (2)

To a stirred mixture of benzotriazole (1) (1.20 g,
0.01 mol) and anhydrous K,CO; (2.76 g, 0.02 mol) in
CH,Cl, (30 ml) was slowly added propionyl chloride
(1.05 ml, 0.012 mol). The mixture was stirred for 30
minutes and filtrated under reduced pressure through a
celite pad. The filtrate was evaporated using a rota-
vaporator to dryness and the residue was purified by
recrystallization from hexane to afford N-propionyl
benzotriazole (2) as white crystals (1.65 g, 9.4 mmol,
94% vyield).

Preparation of N-benzoyl benzotriazole (3)

To a stirred mixture of benzotriazole (1) (1.20 g,
0.01 mol) and anhydrous K,CO; (2.76 g, 0.02 mol) in
CH,Cl, (30 ml) was slowly added benzoyl chloride
(1.69 ml, 0.012 mol). The mixture was stirred for 30
minutes and filtrated under reduced pressure through a
celite pad. The filtrate was evaporated using a rota-
vaporator to dryness and the residue was purified by
recrystallization from hexane to afford N-benzoyl
benzotriazole (3) as white crystals (2.29 g, 9.8 mmol,
98% yield).

General method for preparation of ester using V-
propionylbenzotriazole (2)

A mixture of N-propionyl benzotriazole (2) (0.21
g, 1.2 mmol) and alcohol (I mmol) and anhydrous
K,CO; (0.28 g, 2.0 mmol) in THF (5 ml) was refluxed
for 30-60 minute. The mixture was cooled to room
temperature and the solvent was evaporated under
vacuum to dryness. The residue was added CH,Cl, (2-
3 ml) and methanol (2 ml) and further stirred for 5
minutes. The resulting mixture was added 2M Na,CO;
(2 ml) and stirring was continued for 30 minutes then
extracted with CH,Cl, (2x5 ml). Combine organic
layer were dried and concentrated under reduced
pressure to give pure ester (57-89%).

General method for preparation of ester using V-
-benzoyl benzotriazole (3)

A mixture of N-benzoyl benzotriazole (3) (0.28 g,
1.2 mmol) and alcohol (1 mmol) and anhydrous
K,CO; (0.28 g, 2.0 mmol) in THF (5 ml) was refluxed
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for 30-60 minute. The mixture was cooled to room
temperature and the solvent was evaporated under
vacuum to dryness. The residue was added CH,Cl, (2-
3 ml) and 2M Na,CO; (2 ml) and stirring was
continued for 30 minutes then extracted with CH,Cl,
(2x5 ml). Combine organic layer were dried and

concentrated under reduced pressure to give pure ester
(55-93%).

Results and Discussion

Benzotriazole was prepared from the reaction
between o-phenylenediamine and sodium nitrite in
acidic condition as shown below.

NH, .
C[ >
- - N

CHLCOOH 7

* Ny >

N-Acylbenzotriazoles were prepared from the reaction
between acid chlorides and benzotriazole in basic
condition with high yields as shown below.

0 i /U\ N
N N
R cl N// THF

2L RAFL 4%, mp. 79-80 °C (HLBO-82 %Cy
3 R=Ph9R%. mp. 1315 °C (i 1124113 9C)

N-Acylbenzotriazoles were allowed to react with 1° or
2" alcohols in THF in the presence of anhydrous
K,CO; at reflux to give the corresponding esters.

A\
N\
N KCO, 2
\‘/ fR=—OH ”
# THE . reftux e
0

Crude esters derived from N-propionyl benzotriazole
were easily purified by treatment with methanol
followed by repeated extraction with 2M Na,CO;,
while those derived N-benzoyl benzotriazole were
isolated and purified by repeated extraction with 2M
Na,COs. N-propionyl benzotriazoles and N-benzoyl
benzotriazole both gave esters from 1° and 2° aliphatic
alcohols in good to excellent yields. In addition,
phenols could also be esterifies with N-benzoyl
benzotriazole in excellent yields.
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Figure 1. Esters from N- propionyl benzotriazole
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In addition, N-benzoyl benzotriazoles with 1°, 2°
and aromatic alcohols to give ester in good yields.
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Figure 2. Esters from N- benzoyl benzotriazole
Conclusions

Benzotriazole was prepared in moderate vyield.
Purification was simply carried out by using water as a
cheap and nontoxic solvent. Esters of 1° and 2°
alcohols could be prepared using either N-propionyl
benzotriazole or N-benzoyl benzotriazole in good to
excellent yields. Product separation and purification
could easily be achieved by basic extraction. An
alternative mild and efficient method for ester
preparation using N-acylbenzotriazoles as stable
acylating solid reagents has been established.
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