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Efficient one-step method for the synthesis of amides directly from ketones and benzoxazoles from (2-
hydroxyaryl) ketones by the reaction of acetohydroxamic acid using sulfuric acid as catalyst was

© 2011 Elsevier Ltd. All rights reserved.

Amide functionality is ubiquitous in natural products and its
formation is a fundamental reaction in organic synthesis.! Though
a variety of methods for the preparation of amides are available in
the literature,? the Beckmann rearrangement of a ketoxime into an
amide stands as a powerful method for the preparation of amides,
particularly for the manufacture of ¢-caprolactam in the chemical
industry.?

Preparation of amides from ketones is generally carried out in
two steps. In the first step, ketone is converted into an oxime by
the reaction with hydroxylamine hydrochloride in the presence
of stoichiometric quantity of a base. In the second step, oxime is
subjected to the Beckmann rearrangement using a Lewis or Bron-
sted acid as a catalyst to obtain amide. In the literature, however,
methods for the direct conversion of ketone into amide in a single
step are scarce and the only method known so far is by solvent-free
heating of the mixture of a ketone, hydroxylamine hydrochloride
(4.3 equiv), and ZnO (2.0 equiv) at >140 °C for 1-9 h.*

Acetohydroxamic acid (AHA) or CH;CONHOH or Lithostat® is a
commercially available stable solid compound, which has impor-
tant applications as a drug for the treatment of urinary tract infec-
tions® and as a chelating agent in UREX process for the recovery of
uranium from spent nuclear fuel.® However, in organic chemistry,
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AHA has received little attention for the study of its synthetic appli-
cations and recently, we reported a novel application of AHA for the
efficient conversion of carbonyls into oximes using BFs-Et,0 as the
catalyst under reflux in methanol as shown in Scheme 1.

Oximes are known to undergo efficient conversion into amides
through Beckmann rearrangement under Lewis or Bronsted acid
catalysis.® However, in our previous study (Scheme 1), amides were
not formed even in trace quantities with BFs;-Et,0 or with other
Lewis and Bronsted acids as catalysts and only oxime or a mixture
of oxime and oxime acetate under the reaction conditions was
obtained. At this stage, we envisioned achieving direct conversion
of ketones into amides exploring suitable conditions for the reac-
tion. Our efforts in this direction gave us fruitful results and herein
we report for the first time an efficient method for the preparation
of amides directly from ketones with AHA using sulfuric acid as the
catalyst under reflux in acetonitrile as shown in Scheme 2.

In our preliminary experiments, we studied the reaction of AHA
and acetophenone using different combinations of acids and
solvents to observe the formation of acetanilide. We screened the
reaction with several Lewis and Bronsted acid catalysts, such as
I, ZnCl,, InCls, BF3-Et,0, Bi(OTf);, Eu(OTf)3, sulfuric acid, p-toluene
sulfonic acid, acetic acid, hydrochloric acid, and trifluoroacetic acid
using a variety of solvents, such as acetonitrile, toluene, tetrahydro-
furan, dichloromethane, and methanol. In this study, we found the
formation of acetanilide from acetophenone only with Bronsted
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0 BF;.Et,0/ MeOH NOH
)]\ + CH;CONHOH reflux, 3.5-8h
R R' or R R'
MW, 6-10 min

82-95% (microwave heating)
76-87% (conventional heating)

Scheme 1. Synthesis of oximes from carbonyls using acetohydroxamic acid.

H,S0, (Cat.)
R RNH
>=o ~+  CH,CONHOH CH,CN, rz?ux’ §-13h >=o
R’ MW, 9-16 min R'
la-k 2a-k

63-84% (conventional heating)
68-90% (microwave heating)

Scheme 2. Synthesis of amides from ketones using acetohydroxamic acid.

Table 1
Acid catalyzed conversion of acetophenone into acetanilide and acetophenone oxime
(0] O NOH
)I\ Catalyst - J\ )]\ NOCOCH;
CH;CONHOH < )J\
Ph + 3 CH;CN N + Ph + Ph
reflux H
la 2a 3a 4a
Entry Catalyst® Reaction Time (h) % Yield®
2a 3a 4a
1 H,S04 8.5 80 9 0
2 PTSA 24 35 64 0
3 CH5COOH 24 0 67 0
4 HCl 24 0 50 0
5 CF3;COOH 24 30 65 0
6 I, 10 0 53 0
7 ZnCl, 12 0 62 0
8 InCl3 15 0 68 0
9 BF3.E,0 8 0 75 0
10 Bi(OTf); 13 0 72 0
11 Eu(OTf); 9 0 65 0
¢ 40 mol %.
b Isolated yields.
Table 2
Solvent effect on the reaction of acetophenone with acetohydroxamic acid.
0 %Hg‘éONHtOH 0 NOH NOCOCH,
)j\ S0y (cat.) Ph J\ + )J\ + )J\
Ph solvent E Ph Ph
reflux
la 2a 3a 4a
Entry Solvent Reaction Time (h) % Yield*
2a 3a 4a
1 Acetonitrile 8.5 80 9 0
2 Toluene 12 0 62 0
3 Tetrahydrofuran 10 0 67 0
4 Dichloromethane 8 0 58 17
5 MeOH 6 0 86 0

@ Isolated yields.

acids, such as sulfuric acid, trifluoroacetic acid, and p-toluene

sulfonic acid under reflux in acetonitrile as shown in Table 1.
Sulfuric acid catalyzed the formation of acetanilide 2a from

acetophenone in 80% yield when the reaction was carried out un-

der reflux in acetonitrile. In solvents, such as tetrahydrofuran,
dichloromethane, and methanol, a mixture of acetophenone oxime
3a and acetophenone oxime acetate 4a were obtained as shown in
Table 2.
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Table 3
Synthesis of amides from the reaction of ketones with acetohydroxamic acid
0 CH3;CONHOH (0} NOH
)]\ 1 H,SO, (cat.) R. JJ\ R
R "R CH;CN, reflux }NI R R™ "R!
la-k 2a-k 3a-k
Entry Ketones, 1 Amides, 2 Microwave heating Conventional heating
Time (min) % Yield* Time (h) % Yield*
2 3 2 3
O H O
a ©7N_< 10 86 5 8.5 80 7
O H O
b Me MEQN% 13 83 7 95 76 11
O H O
c MeO MeOQN—( 12 90 0 3 83 7
O H O
d F FQN{ 10 78 6 12 71 12
O H O
e O,N OZNQN 15 67 10 16 62 17
x X
Ph.
f Ph Ph N Ph 11 72 8 9.5 65 13
H
g E>:O @o 8 87 0 8 75 6
NH
h <:>:O GO 10 83 4 105 70 9
NH
o} O
i > Z )\NJJ\ 8 76 0 9.5 67 10
H
O (0]
j )\/”\ NJ\ 10 87 0 115 74 8
Y\H
(6] (6]
K \)J\/ /\NJ\/ 12 79 0 10.5 73 10
H
2 Isolated yields. All products gave satisfactory 'H and '*C NMR, IR, and mass spectral data.
R’ RNH

H,S0, (Cat.)

R

R!
: CHs CH3CN, reflux

H‘)SO4 Cat.
R

Scheme 3. Possible mechanism for the formation of amide.

Next, we reacted AHA with a variety of ketones (e.g., aryl alkyl
ketones, diarylketones, dialkyl ketones, and cyclic ketones) 1a-m
to obtain the corresponding amides 2a-m in 63-83% and oximes
3a-m in 0-10% yields using sulfuric acid as a catalyst under reflux
in acetonitrile for 8-16 h. We have also studied these reactions un-
der microwave heating conditions using sulfuric acid as a catalyst
in acetonitrile and obtained amides 2a-m in 68-90% yields and
oximes 3a-m in 0-17% yields in 8-15 min. Here, microwave heat-
ing was found to be more advantageous than conventional heating
as it reduced the reaction time from several hours to few minutes.
The representative results obtained in this study® are shown in
Table 3.

In the above study, though we observed conversion of ketone
into amide in one-step, we consider that this reaction proceeds
through the formation of ketoxime as an intermediate, which could
undergo rapid Beckmann rearrangement to amide under the reac-
tion conditions as shown in Scheme 3. In our study, when aceto-
phenone oxime was subjected to Beckmann rearrangement using
sulfuric acid as a catalyst under reflux in acetonitrile, we obtained
acetanilide in 98% yield in 30 min.

When (2-hydroxyaryl) ketones 4a-g were reacted with AHA
using sulfuric acid as a catalyst under microwave heating, we ob-
tained benzoxazoles 5a-g in good yields (53-83%). However, under
similar conditions, (2-hydroxyaryl) aldehydes 4h and 4i gave the
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Table 4
One-step synthesis of benzoxazoles from (2-hydroxyaryl) ketones
R'
COR' N
X X : X NOH
|/ F @[ Y |/ =
(6]
R OH R R OH
da-i Sa-i 6a-i
R'=Me, Etor H
Entry (2-hydroxyaryl) ketone or aldehyde, 4 benzoxazole,5 Microwave heating
Time (min) % Yield*
5 6
COMe N
\>
a ©: 8 70 6
(0]
OH
COEt N
\
b ©: >—Et 10 76 0
OH o
COCHg N
A\
c \©: 5 — 3 68 10
OH
COMe N
\>
d /©: 12 72 8
MeO OH MeO ©
Br COMe Br N
\>_
e o 8 83 0
OH
NO, NO,
Br COMe Br N
f \©: \C[ \>_ 10 65 7
OH O
COMe N
\>
g @: on o 0 78 0
n-C;H450 n-C7H;50
CHO Nﬁ\
(0]
h OH

&

CHO

4

OH

OO 12 32 15

2 Isolated yields. All products gave satisfactory 'H and '*C NMR, IR, and mass spectral data.

corresponding benzoxazoles 5h and 5i in 32% and 28% yields, into a black mass. Benzoxazole is a privileged structural unit in a
respectively, as shown in Table 4. In this study, 5h and 5i were ob- wide range of biologically active and medicinally important com-
tained in low yields because aldehydes 4h and 4i showed less ther- pounds'® and benzoxazoles are generally prepared by treating

mal stability under the reaction conditions and partly decomposed (2-hydroxyaryl) ketone oxime with an acid catalyst.!! The present

NOH

HO HO

10% 2%

)\ HON
o N HO
CH;CONHOH
HZSO4 (cat.)
+
TomeN,

MW, 8 min.
70% 6%

Scheme 4. Reaction of (2-hydroxy) acetophenone with acetohydroxamic acid.
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work is the first method for the direct conversion of a (2-hydroxy-
aryl) ketone directly into benzoxazole.!?

In our study, (2-hydroxyaryl) ketones were converted into
benzoxazoles only under microwave heating. They gave mixtures
of the corresponding amide and oxime under reflux in acetonitrile
and the results obtained with (2-hydroxy) acetophenone under
these conditions are shown as a typical example in Scheme 4.

In summary, this work shows an unprecedented efficient
one-step method for the synthesis of amides from ketones and
benzoxazoles from the reaction of (2-hydroxyaryl) ketones with
acetohydroxamic acid using sulfuric acid as a catalyst in acetoni-
trile. In this study, amides were formed in good yields both under
conventional and microwave heating conditions and we obtained
benzoxazoles only with microwave heating. In both methods, the
reaction times were found to be very short (<15 min) under micro-
wave heating conditions.
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Typical procedure for the preparation of benzoxazoles under microwave heating: 2-
Hydroxy acetophenone 4a (1.0 g, 7.4 mmol), acetohydroxamic acid (0.83 g,
11.0 mmol), acetonitrile (3 ml), and conc. H,SO4 (0.2 ml) were taken into a
10 ml pressure tube and subjected to microwave heating (CEM discover,
360W, 80 °C, 25 psi) for 8 min. Next, the reaction mixture was diluted with
ethyl acetate (3 ml) and to this; saturated sodium bicarbonate solution (5 ml)
was added drop-wise. The mixture was extracted with ethyl acetate
(2 x 10 ml) and the combined organic layer was washed with saturated NaCl
solution, dried over anhy. Na,;SO4, and concentrated under reduced pressure.
Purification of the mixture by normal column chromatography (silica gel 60-
120 mesh, ethyl acetate/hexane: 1:9) gave benzoxazole 5a (0.67 g, 70%) in the
form of a yellow oil and 2-hydroxy acetophenone oxime 6a (68 mg, 6%, mp
104-107 °C) in the form of a white powder.

Spectral data obtained for 5a: '"H NMR (300 MHz, CDCl5): 6 = 7.60-7.63 (m, 1H)
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133 (M)*,118, 92, 52. Exact mass observed for CgH;NO: 133.0528 (calcd:
135.0473).

Spectral data obtained for 6a: 'H NMR (300 MHz, CDC;3): 6=11.52 (bs, 1H,
exchangeable with D,0), 8.13 (bs, 1H, exchangeable with D,0), 7.37-7.40 (d,
J=8.3Hz, 1H), 7.19-7.25 (t, J=8.3,6.7 Hz,1H), 6.91-6.95 (d, J=6.7 Hz, 1H),
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1574, 1494, 1292, 1257, 989, 643 cm™'; EIMS (m/z, %): 151 (M*), 134, 119, 93,
41. Exact mass observed for CgHoNO,: 151.1525 (calcd: 151.1519).
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