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Efficient synthesis of f-acetamido ketones using BF;/Et,O: a fertile approach toward avoiding
usage of acetyl chloride

Sunil N. Darandale, Nagnnath D. Kokare, Jaiprakash N. Sangshetti and Devanand B. Shinde*

Department of Chemical Technology, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad 431004 (MS), India
(Received 3 November 2011, final version received 24 April 2012)

A simple and efficient one pot synthesis of B-acetamido ketones from reaction of aldehydes, enolizable ketones,
alkyl/aryl nitriles, and BF3/Et,O catalyst under microwave irradiations is described. This method allows synthesis
of B-acetamido ketones without using corrosive and hazardous acetyl chloride. It is applicable for diversified
aldehydes and active methylene ketones supported by synthesizing varieties of P-acetamido ketones. As per
literature, majority of synthetic methods of B-acetamido ketones are restricted to use of acetonitrile lonely, as a
nitrile component. This method is found to be equally effective for range of nitriles, also. Key features of reported
method are simple reaction protocol, better yields, shorter reaction time, and nonhazardous reaction conditions

which support the “Green Chemistry approach.”

Keywords: B-acetamido ketones; BF3/Et,O; multicomponent reactions; aromatic aldehydes; enolizable

ketones

Introduction

B-Amido ketones are important building blocks in
Medicinal Chemistry because of their wide biological
and pharmaceutical properties (I, 2). These are
valuable intermediates for preparation of B-amino
ketones/B-amino alcohols such as antibiotic nikko-
mycins (3, 4) and neopolyoxines (5). The best known
and commonly used route for synthesis of these
compounds is the Dakin—West reaction, (6) which
involves condensation of an a-amino acid with acetic
anhydride in presence of base, providing an
a-acetamido ketones via azalactone intermediate (7).
Common method for synthesis of B-acetamido ke-
tones involves coupling of aryl aldehyde, enolizable
ketone, and acetonitrile using acetyl chloride and
varieties of Lewis acid catalysts such as CoCl, (8—10),
Si0,/H,SO4 (11), BiCl; (13,14), ZrOCl1,.8H,0 (11),
Sc(OTf); (I15), FeCl.6H,O (16), ZnO (17),
H6P2W18062 (18), H3PW1204O (19—24), CO(OAC)2
(25), p-TSA (26), Cu(BF,), (27-29), SnCl,.2H,O
(30-33). Although, plethora of methods are reported
for such transformations, some of these are lacking
ability to produce versatile B-amido ketones as most
of them are restricted to acetonitrile and benzonitrile
moieties (8—14, 19, 20, 22, 25). Most of literature
reported methods (8—33) comprise acetyl chloride
usage as a key reagent for this transformation in spite

of its corrosive and lacrimetric nature. Sometimes, it
creates emulsion formation issue in reaction work up
which end up with lower yields. So, it is noteworthy
to develop an improved method for preparation of
B-acetamido carbonyl compounds using better sub-
stituent for acetyl chloride or avoiding its use
completely. In continuation of our research work to
develop new synthetic methods for preparation of
biologically active heterocyclic compounds (34, 35),
herein we pleased to report microwave assisted neat
synthesis of P-acetamido ketones using BF;/Et,O
catalyst. This is an unique synthetic method wherein
acetyl chloride is not required for desired transforma-
tion. The reported method is advantageous over
known methods in terms of short reaction time,
ease of reaction protocol and work up protocol,
solvent-free reaction conditions and avoiding usage
of acetyl chloride.

Results and discussion

A range of catalysts were screened to synthesize
representative B-acetamido ketone (N-(3-oxo-1,3-di-
phenylpropyl) acetamide (4a) from reaction of ben-
zaldehyde, acetophenone, and acetonitrile in absence
of acetyl chloride (Scheme 1). Out of screened
catalysts (CuCl,, Cul, ZnCl,, ZrOCl,.8H,0, FeCls.
6H,0, SnCl,.2H>0); formation of 4a was observed
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Scheme 1. Synthesis of N-(3-oxo-1,3-diphenylpropyl) acetamide (4a) using aldehydes, acetonitrile, acetophenone and

BF;.Et,0 catalyst under microwave irradiations.

using catalysts BF3/Et,O (Conversion: 45%) and
ZrOCl,.8H,0 (Conversion: 17%) catalysts only. To
improve isolated yield of product using BF3/Et,O
catalyst, various reactions were checked using differ-
ent solvents and temperatures. But, isolated yields
improved up to 64% only, in optimized reaction
conditions (Reaction condition: benzaldehyde
(1 equi.), acetophenone (1 equi.), BF;.Et,O (20
mol%.) in acetonitrile solvent under reflux for 8 hr).
For further improvement of yield and reaction time,
reaction was checked using microwave irradiation.
Using microwave, reaction went to completion within
30 min at 25°C which on work up afford 76% desired
product. Reaction conditions were standardized in
terms of solvent and reaction temperature (Table 1).

Among solvents checked for optimization of
reaction conditions (acetonitrile, THF, ethanol,
water, cthanol-water, and THF-water), water
(Table 1, entry 6) was found to be superior at 25°C
end up with 84% yield.. More fascinatingly, in
solvent-free reaction conditions (Table 1, entry 7),
product 4a was isolated with 92% yield as an off-
yellow solid product. Further tuning of reaction
conditions, end up with optimized reaction condi-
tions, that is use of benzaldehyde (1 equi.), acetophe-
none (1 equi.), BF3.Et,O (20 mol%) catalyst at 70°C
for 5-10 min reaction time (Table 1, entry 10).

Table 1. Reaction conditions optimization for preparation
of N-(3-oxo-1,3-diphenylpropyl) acetamide (4a) under mi-
crowave irradiations.

Temperature Reaction Yield

Sr. no.  Solvent used O time (min) (%)
1 THF 25 60 20
2 Ethanol 25 60 65
3 Acetonitrile 25 50 76
4 Ethanol-Water 25 30 70

(1:1)
5 Water 25 25 80
6 Water 25 50 84
7 Solvent free 25 20 92
8 Solvent free 50 5 96
9 Solvent free 60 5 93
10 Solvent free 70 5 97

Variety of B-acetamido ketones were synthesized
using different substituted aldehydes, acetophenone,
and acetonitrile using optimized reaction conditions.
Results obtained are summarized in Table 2. Yields
obtained were ranging from 91% to 98%. 5—10 min
reaction time was found to be sufficient to drive
reaction toward completion. Method found to be
advantageous over reported methods (//—30) in terms
of shorter reaction time and ease of reaction protocol.
Literature reveals, majority reported methods re-
quired 4-15 hr reaction time depending on substrates
(11, 15, 16), while present method require 5—10 min
only for range of substrate. This is possible most
probably due to usage of energetic microwave irra-
diations.

Especially for synthesis of compounds 4b, 4f, and 4i
using ZrOCl,.8H,O catalyst, yields obtained were
85%, 80%, and 92%, respectively and reaction times
required were 8, 12, and 7 hr, respectively (13, 14).
While these products (4b, 4f, and 4i) were isolated in
95%, 93%, and 94% yield (respectively, entry 2, entry
6,and entry 9 in Table 2) in 5 min reaction time (). Work
up protocol of reaction includes, the triturating reac-
tion mass with 2% aqueous Na,COj solution (5 vol) at
40—45°C to get precipitation of the product followed by
filtration and water washings (2 x2 vol) to afford
desired product of sufficient HPLC purity (>90%).
Crude products were further purified by recrystalliza-
tion using suitable solvent like ethanol and MTBE.

Applicability of method was checked for synthesis
various B-acetamido ketones using substituted acet-
ophenones and different nitrile components. Present
method was found to be versatile and equally
effective for range of substituted aldehydes,
acetophenones, and substituted nitrile components
(Table 3). Yields obtained were in the range of 91%—
96% and 5-10 min reaction time. Literature reveals,
synthesis of 51, 5Sm, and 5n with 86% yield (reaction
time — 3.5 hr), 88% yield (reaction time — 3.0 hr), and
89% yield (reaction time — 3.5 hr), respectively using
Cu(BF,), catalyst along with acetyl chloride (28, 29)..
Whereas using present method, these compounds
were isolated in 93%, 91%, and 94% yields, respec-
tively in 5 min reaction time in absence of acetyl
chloride reagent. It indicates the use of reported



Downloaded by [National Science Library] at 01:03 06 December 2017

Green Chemistry Letters and Reviews 645

Table 2. Synthesis of B-acetamido ketones from aldehydes”, acetonitrile, and acetophenone and BF3.Et,O catalyst under

microwave irradiations.

Melting point (°C)

Sr. no R-CHO Product® Time (min) Observed Reference Yield® (%)
1 C¢Hs- 4a 5 102-104 102-104 (27,28) 97
2 4-Cl-C¢Hs- 4b 5 147-149 146-148 (16) 95
3 2-Cl-C¢Hs- 4c 10 134-137 135-136 (34,35) 96
4 4-NO,-C¢H- 4d 5 154-156 153154 (16) 94
5 3-NO,-C¢H5- 4e 5 137-139 139-140 (13,14) 92
6 2-NO,-C¢Hs- 4f 5 187-189 186—188 (16) 93
7 4-Br-C¢Hs- 4g 5 148150 148150 (16) 91
8 4-Me-CgH5- 4h 5 109-111 110-111 (21) 95
9 4-MeO-CgHs- 4i 5 114-116 115-117 21) 94
10 2-MeO-C¢H5- 4k 10 112-114 114-115 (13,14) 96

#All reactions were carried out on 15 mmol scale.
All products were characterized by Mass and NMR.
“Isolated yields.

method for diversified substituents affording better
yields in shorter reaction time.

Sufficient data on mechanistic study for this
reaction in presence of acid catalyst and acetyl

chloride is published in literature. It proceeds via
knoevenagel condensation of aldehyde and ketone to
afford o-hydroxy ketone which is subsequently being
protected with acetyl group (from acetyl chloride)

Table 3. Synthesis of B-acetamido ketones from different enolizable ketones, aldehydes, nitriles, and BF5.Et,O catalyst under

microwave irradiations.

Reactants Melting points (°C)
Sr. Time Yield
no Aldehyde Ketone Nitrile Product (min) Observed  Reference (%)
1 Benzaldehyde 4-Methyl CH;CN Sa 10 121-123  120-122 (31) 95
acetophenone
2 Benzaldehyde 4- Nitro CH;CN 5b 5 96-98 97-98 (17) 91
acetophenone
3 4-Nitro benzaldehyde 4-Methyl CH;CN 5¢ 5 67-69  67-69 (27,28) 94
acetophenone
4 4-Nitro benzaldehyde 4- Nitro CH;CN 5d 5 181-183 - 94
acetophenone
5 4-Methoxy 4-Methyl CH;CN Se 10 216-218 218-220 96
benzaldehyde acetophenone (27,28)
6 4-Chloro 4-Methyl CH;CN 5f 10 154-156 - 95
benzaldehyde acetophenone
7 Benzaldehyde Acetophenone PhCN S5g 10 150-152  153-154 (16) 96
8 Benzaldehyde Acetophenone CH, =CHCN 5h 5 89-91 90-92 (27-29) 90
9 4-Chloro Acetophenone PhCN 5i 5 181-183  180-182 (16) 96
benzaldehyde
10 4-Nitro benzaldehyde Acetophenone PhCN 5j 5 140-142  142-144 (16) 96
11 3-Nitro benzaldehyde Acetophenone Ph-CH,-CN 5k 5 128-130 126-128 96
(27-29)
12 3-Nitro benzaldehyde 4-Methyl Ph-CH,-CN 51 10 119-121 - 93
acetophenone
13 4-Nitro benzaldehyde 4-Chloro Ph-CH,-CN S5m 5 114-116 218-220 91
acetophenone (27-29)
14 4-Chloro 4- Chloro Ph-CH,-CN S5n 5 112-114 - 94
benzaldehyde acetophenone




Downloaded by [National Science Library] at 01:03 06 December 2017

646 S.N. Darandale et al.

followed by the nucleophilic displacement by alkyl/
aryl nitrile to from the desired product (17, 19,
20, 24). Therefore, acetyl chloride plays a vital role
to allow nucleophilic attack of nitrile component. To
write a plausible mechanism of this reaction in
absence of acetyl chloride, initially we considered
the formation of a-hydroxy ketone via knoevenagel
condensation of aldehyde and ketone in presence of
BF;/Et,0. Later on, one aspect to get desired product
is hydrogen bonding between hydroxyl (—OH) group
and BF;/Et,O to convert free —OH group to a good
leaving group. This will allow the nucleophilic attack
of nitrile component to get formation of desired
product. If this is a reaction path, the desired
products should be obtained with various acid
catalysts in absence of acetyl chloride, also. Since
this is not a case, this aspect was discarded. To get
idea about an intermediate formation (if any), we set
up one reaction for preparation of 4a using benzal-
dehyde, acetophenone, and acetonitrile under micro-
wave irradiations at 20°C. Reaction was taken for
work up at intermittent stage only and reaction mass
was analyzed on TLC and HPLC. It showed forma-
tion of two additional products apart from benzalde-
hyde and ketone. Out of these two, one was
knoevenagel product from benzaldehyde & ketone
and second was found to be a corresponding
a,B-unsaturated ketone (Matching with standard on
TLC and HPLC). It clearly indicates formation of
knoevenagel product from aldehyde and ketone
followed by a,B-unsaturated ketones. The subsequent
step should be 1,4-Michael addition of nitriles in
presence of BF3/Et,O to afford desired product.
Chalcone formation (o,B-unsaturated ketones) is
well reported in literature (36) using various acid
catalysts including BF;/Et,O which support first two
steps of reaction path (36). To support nucleophilic
Michael addition of nitrile to chalcone, representative
chalcone (7a) was treated with acetonitrile in presence
of 10 mol% BF;/Et,O under microwave irradiations.
The formation of desired 4a product was observed in
95% yield. This reaction was explored by treating
representative chalcones (7a and 7b) with acetonitrile
and benzonitrile (Table 4) to support the plausible
reaction pathway as depicted in reaction Scheme 2.

In conclusion, an efficient method for synthesis of
B-acetamido ketones has been developed using
BF;.Et,O catalyst under microwave irradiation. Ad-
vantageous of present method are higher yields,
shorter reaction time, ease of reaction protocol, and
solvent-free reaction conditions. Present method does
not require use of acetyl chloride like reported
methods and leading to avoid usage of corrosive
and hazardous chemicals. So, this is an effective and
successful approach for synthesizing B-amido ketones
in absence of acetyl chloride reagent.

Experimental

All chemicals/reagents used for reactions were pro-
cured from either Sigma Aldrich or Across chemical
suppliers. Melting points were obtained with an SRS
Optimelt melting point apparatus and are uncorrected.
Microwave reactions were carried out using Ethusi
Milestone (MicroSynth) Labstation with temperature
control. Infra-red (IR) spectra were recorded using
JASCO FT-IR 4000 in KBr powder. NMR spectra
were recorded on 400 MHz Bruker spectrometer using
tetramethylsilane as an internal standard. The abbre-
viations used for NMR interpretation are: singlet — s,
doublet —d, triplet —t, quartet — q, multiplate — m, and
broad singlet — bs. Mass spectra were recorded
on Micromass-QUATTRO-II of WATER mass
spectrometer.

General procedure for the synthesis of f acetamido
ketones derivatives using microwave

A stirred solution of aldehyde (10 mmol), nitrile (15
mmol), ketone (10 mmol), and BF3/ Et,O (2 mmol)
was irradiated in microwave at 70°C till completion
of reaction. Reaction monitored on TLC (mobile
phase =20% Ethyl Acetate in Hexane). After com-
pletion of reaction, product was triturated with 3%
aqueous sodium carbonate solution and resulted
reaction mass was stirred for 30 min. Reaction mass
filtered on Buchner funnel and washed with water
(4V) for twice and suck dried to get the crude
product. The crude products were recrystallized using
suitable solvent like ethanol/isopropanol.

Table 4. Synthesis of B-acetamido ketones using BF3.Et,O catalyst using various chalcones and nitriles under microwave

irradiations.

Sr. no. Chalcone Nitrile Product Yield (%)
1 Ph-HC = CH-CO-Ph (7a) CH;CN 4a 95

2 4-CIl-Ph-HC = CH-CO-Ph (7b) CH;CN 4b 91

3 Ph-HC = CH-CO-Ph (7a) PhCH,CN Sa 94

4 4-CI-Ph-HC = CH-CO-Ph (7b) PhCH,CN 5h 93
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Scheme 2. Plausible reaction mechanism for representative example 4a.

Spectral data for representative f-acetamido ketones

N-(3-o0x0-1,3-diphenylpropyl)acetamide (4a):

White Crystal, IR (KBr): 3290, 3080, 2950, 1705, 1646,
1570, 1480, 1350, 1225, 995, 750 cm ~'; ES-MS m/z
(%):268 (M + H); "H NMR (400 MHz, CDCl;)1.95
(3H, s), 3.63 (1H, dd, J=6.0 and 16.8 Hz),3.85 (1H,
dd, J= 5.2 and 16.8 Hz), 5.63 (1H, m), 6.85 (1H, d,
J=7.6 Hz), 7.25 (5H, m),7.53 (2H, t, J = 8.0 Hz), 7.65
(1H, t, J =0.6 Hz, Ph), 7.85(2H, d, J =8.0 Hz); '°C
NMR (400 MHz, CDCl;) 24.8, 43.8, 51.5, 126.3,
127.4, 128.3, 128.8, 133.6, 135.8, 141.7, 168.3, 194.3.

N-[1-(4-Chlorophenyl)-3-oxo0-3-phenyl-propyl]aceta-
mide (4b)

White Crystal, IR (KBr): 3180, 2977, 1690, 1705,
1555, 1465, 1380, 1240, 1095, 780 cm ~'; ES-MS m/z

(%): 302 (M +H); ' H NMR (400 MHz, CDCl;)
1.903H, s), 3.65 (1H, dd, J=6.0 and 16.8 Hz),
3.95(1H, dd, J=5.2 and 17.2 Hz), 5.70 (1H, m),
6.74 (1H, d, J =72 Hz), 7.35 (4H, d, ] = 4.4 Hz), 7.50
(2H, t, J=8.0 Hz), 7.70(1H, t, J =7.6 Hz),7.95 (2H,
d, J=8.4 Hz); *C NMR (400 MHz, CDCls) 23.4,
437, 49.9, 127.7, 128.2, 128.5, 133.1, 133.6, 140.5,
142.8, 148.5, 165.2, 194.7.

N-(3-oxo-1-phenyl-3-p-tolylpropyl)acetamide (5a)

Off white solid, IR (KBr): 3285, 2954, 1685, 1631,
1365, 1241, 1159, 990, 774 cm ~'; ES-MS m/z (%):282
(M + H); '"H NMR (400 MHz, CDCl5) 1.92 (s, 3H),
2.26 (s, 3H), 2.96 (dd, 1H, J =6.4 and 16.8 Hz), 3.14
(2H, J=8.8 Hz), 7.16 (m, 7H), 7.38 (d, 2H, J =7.6
Hz);'>*C NMR (400 MHz, CDCl;) 23.1, 24.6, 49.1,
63.5, 54.5, 115.4, 126.8, 127.4, 133.9, 141.0, 143.3,
171.2, 201.3.
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N-(3-(4-nitrophenyl)-3-oxo-1-phenylpropyl)aceta-
mide (5b)

Off white solid, IR (KBr): 3265, 3126, 2952, 1665,
1616, 1492, 1359, 986, 665 cm~'; ES-MS mj/z
(%):311(M=H): 'H NMR (400 MHz, CDCI5)
2.03(s, 3H), 3.10 (dd, 1H, J =7.5 and 12.2 Hz),
3.23(2H, J=9.6 Hz), 7.21 (m, 5H), 7.56 (d, 2H,
J=7.2Hz), 8.01 (d, 2H, J=7.2 Hz); >*C NMR (400
MHz, CDCls) 23.4, 45.2, 71.5, 122.0, 126.8, 127.1,
131.0, 142.3, 158.1, 176.4, 199.3.
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