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ABSTRACT

An eco-friendly, simple, mild, chemoselective and highly efficient procedure for the acylation
of primary and secondary amine function in various structurally and electronically aliphatic and
aromatic compounds affording their corresponding N-Ac derivatives is developed. Mild conditions,
simplicity and easier work-up are the main advantages of this method.
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INTRODUCTION

In the last two decades, the development
of mild, non-toxic, low cost, eco-friendly
methodologies has received much attention in
modern organic transformations.'

The acylation of amines is fundamental
chemical reaction for the production of important
precursors, fine chemicals and pharmaceutical.?
The N-acylation of amines also provides an efficient
and low-cost means to protect their -NH groups in
a multi-step organic proccess.®>* It is, generally,
achieved by the reaction between amines and

reagents containing acyl group. In the past few
years, several methodologies were developed for
N-acylation. This reaction is usually carried out with
acylating reagent, such as acetic anhydride or
acetyl chloride in the presence of acidic or basic
catalysts in an organic medium. Recently, many
methods were reported for on N-acylation of various
structurally amines. The use of catalysts such as
KF-ALO,,* ZnO,° sodium formate,” Amberlite IR, ,0,°
FeCl,,° AI(OTf), " TiCI3(OTf)," B(OCH,CF,),,"
anhydrous NiCl,,"®* iodine' and homogeneous
Lewis acid such as ZnCl,'* have been reported for
the N-acylation under various conditions. Also,
microwave irradiation technique', thermally
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decomposed Ni-Fe-hydrotalcite,'” heteropolyanion-
based ionic liquids™ were used for the
transformation of amines to their corresponding N-
Ac derivatives. However, many of these methods
suffered from various drawbacks such long reaction
times, formation of side-products during base-
catalyzed reactions.

As a consequence of serious pollution
problems, the adoption of new methods for
minimizing the negative impact and process
optimization is an urgent priority'. In this context,
the development of mild and eco-friendly N-
acylation reaction continue to attach a great deal
attention.?® An environmentally benign approach is
described, where the N-Ac derivatives were
prepared chemoselectively in water/micro-reaction
system.2"22

In continuation of our interest toward the
development of useful green synthetic procedure,®
2 we report the N-acylation of various structurally
amine, amino alcohols and sulfonamides under
catalyst-free conditions.

RESULTS AND DISCUSSION

In order to find out the most effective
reaction conditions, aniline was chosen as a model
substrate. We first examined the influence of the
solvent at room temperature. The reaction of aniline
(1 mmol) with acetic anhydride (1.2 mmol) was
studied using various solvents (THF, CH,CI,, CHCI,,
Et,0, EtOAc and H,0) at room temperature (Table
1). As shown in Table 1: entries 01-07, the reaction
was completed within 5-15 min, the acylated product
was obtained in good to excellent yields and the
nature of solvent does not influenced the reaction.

For typical reaction, we achieved the

reaction without solvent and got the similar yields.
Also, time necessary for completion of the reaction

NH, HNJ\
solvent

o o
© +H3C)J\O)J\CH3 . ©

Scheme 1: N-acylation of aniline with
acetic anhydride in various solvents
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was the same, thus we observed that the solvent
does not have any role in this reaction.

Table 1: Acylation of aniline in various solvents?

Entry Solvents  Time (min) Yields (%)°
1 THF 6 75
2 CHCI, 5 79
3 CH.CI, 5 81
4 Et,0 10 76
5 EtOAc 12 72
6 CH,CN 7 78
7 H,0 5 90
8 No solvent 5 89

2Reaction conditions: aniline (1mmolanydrid acetic
(1mmol). *Isolated yield

o 0 o
Ry )k )k Solvent-free R, J\
~ + ~
NH ™ hc™ >0 e N CHs
R2 Rz

R1, Ro=H, aryl, alkyl

Scheme 2: N-acylation of amines
with acetic anhydride in solvents free

Encouraged by the preliminary result and
to increase the scope of this reaction, we attempt
this study to aliphatic, aromatic and heterocyclic
amines (Scheme 2). The results are summarized in
Table 2. In all cases, we obtained the N-acylated
product with good to excellent yields. The best result
was obtained with p-nitroaniline as substrate,
affording N-acylated product in 91% yield after 8
minutes.

The results showed that all products™® are
not influenced by the electron-withdrawing and
electron-releasing substituents.

In order to expand the scope of this new
protocol, we investigated the acylation to a variety
of aminoalcohols (alaninol, valinol, leucinol and
phenylalaninol) (Scheme 3).

o O Ivent-free
R solven R
OH + _— OH
% H3C)k0)kCH3 r.t %

NH3 NH-Ac

Scheme 3: N-acylation of amino alcohols
with acetic anhydride in solvents free
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Table 2: Acylation of amines

Entry Substrate Product Time (min) Yield (%)

NH; NH-Ac
©/ 5 86

¥

01
NH, NHAC
o oy e
02 MeO MeO
NH, NHAC
03 HaC HaC
NH, NH-Ac
o oy o w
04 HO HO

NH, NH-Ac
o o S
05 Br’ Br
NH, NH-Ac
o o .
06 a cl
NH, NH-Ac
©/\ ©/\ . %
07
d\NHZ ©)\NHAC 8 81
08
OMe OMe
NH, NH-Ac
6 85
09
NH, NH-Ac
o joi o
10 oN O,N
NH, NH-Ac
of of o
11
12 S~~~ NH2 S~ NH-AC 5 78
15 76
13 HaC—NH3 HaC—NH-Ac

16 0, NH e} N—A 13 68
—AC
/ /
T CO O
15 72
NH N—Ac
18 @N NH 13 70
N N—A
/ NI
1 r\NH r\N—Ac
o o 15 72
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Table 3: Acylation of amino alcohols
Entry Substrate Product Time (min) Yield (%)
H3C H3C

20 N on N om 10 84
NH> NH-Ac

21 /H/\OH /k(\OH 12 85
NH, NH-Ac

- WOH WOH 5 &7

NH, NH-Ac
NH, NH-Ac

As it can be seen from results in Table 3,
the reaction worked very well, and it was quite
satisfactory considering that it was carried out
without the use of any base, catalyst and solvent.
The isolated yields of products (Table 3, Entries 20-
23) were in the range of 85-90% after few minutes
of reaction.

The simplicity and the chemoselectivity of
this method can be determining of its application in
the organic synthesis and particularly in peptide
synthesis.

It is noteworthy that the reaction preserves
the regioselctivity and stereochemical integrity of
N-acyl amino alcohols, where the configuration of
the chiral center was not affected by the conditions
of reaction and the optically pure N-acyl derivatives
were confirmed by optical rotation and comparison
with literature.

The structures of all compounds were
unambiguously confirmed by spectroscopic

v o 0 Solventfree 0.9 7
R, S\ + i R., S.
N~ N ybc)ko)kcm . N N CH

R=aryl, alkyl

Scheme 4: N-acylation of sulfonamides
with acetic anhydride under solvents free
conditions

methods (IR, 'H, *C NMR and elemental analysis).
For the resulting compounds (Table 3, Entries 18-
21), IR spectra showed bands at 1650-1700 cm-
(C=0) acetyl. '"H-NMR spectra showed the shift of
proton corresponding to CH, acetyl at 2.25 ppm.

To increase the scope of this reaction, we
extended this study to sulfonamides® (scheme 04).

Unfortunately moderate yields of the
corresponding products ware formed with longer
reaction times (table 04). Thus we thought that the
sulfonamide require the use of a small amount of
solvent.

For this reason and after referring to table
1, we decide to use the solvent who showed the
best results; water. We treated sulfonamide (1mmol)
in water with acetic anhydride in the absence of
any catalyst (scheme 05). We choose N-benzyl
sulfonamide as a model substrate. The reaction was
complete in 8 minutes and expected product was
obtained in (92%).

O 0 O O 00 O
RS L H0 RS o
H NHz  Hc” "O” “CHs . NN 3
R=aryl, alkyl

Scheme 5: N-acylation of sulfonamides
with acetic anhydride in water
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Table 4: Acylation of sulfonamide

Entry Substrate Product Time (min) Yield (%)
24 24 Y )1 14 90
\/\N/ \NHZ \/\N/S\N
H H H
0.0 o o0 O
25 §\ -l é\ L 12 90
N NHy N N
H H H
0.0 o o ©
N N/
A o C ol
H H H
o o ©
F N/S\NHZ F N/S\Nk
H H H
3% ¥ I
28 @/ “NH, @Qr N 8 90
o, 0 o, 0
\// \Y
(\N/S\NHZ hN/S\”k
29 NJ N 10 90
MeO MeO. o
"I DY 0§’ ST
N” NH, NN
H H H
o, 0 o0 ©
NN/ \//
S
CogEe g e
H H H
EXPERIMENTAL thin layer chromatography (TLC) on silica Merck
60 F254 percolated aluminium plates. Column
General chromatography was performed on Merck silica gel

All commercial chemicals and solvents
were used without further purification. Melting points
were determined in open capillary tubes on a Bichi
apparatus and are uncorrected. 'H and *C NMR
spectra were recorded in a 250 MHz Brucker
spectrometer. Chemical shifts are reported in (ppm)
units with tetramethylsilane (TMS) as reference. All
coupling constants (J) are reported in Hertz.
Multiplicity is indicated as s (singlet), d (doublet), t
(triplet), q (quartet), m (multiplet), and combinations
of these signals. All reactions were monitored by

(230-400 mesh).

Typical experimental procedure for the
synthesis of N-Acylated amines, amino alcohols
and sulfonamides

In a 50mL round-bottomed flask, a mixture
of amine or amino alcohol (1 mmol) and acetic
anhydride (1.2 mmol) was stirred at room
temperature for the appropriate time. After
completion of the reaction, as monitored by TLC,
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the reaction mixture was dissolved in ether (5 mL)
and was allowed to stand at room temperature for
1 hour. During this time, crystal of product formed,
which were collected by filtration.

In the case of solid substrates
(sulfonamides), the same protocol was used.
However, the use of water was required for the
solubility of the mixture. The N-acylated
sulfonamides were collected by crystallization from
diethyl ether.

CONCLUSIONS

In summary, we developed new and
efficient acylation of primary and secondary amines,
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aminoalcohols and sulfonamides. This new process
has several advantages, such as high yield, short
reaction times, low cost and simple experimental
procedure. This method provides a green and much
improved protocol over the existing methods.
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