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Novel Synthesis of Primary Arylamides from Aryl Methyl Ketone Oxidations
using Iodine in Aqueous Ammonia
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Primary arylamides were obtained when several aryl methyl ketones were treated with iodine
in aqueous ammonia at room temperature in goods yields.

Arilamidas primdrias foram obtidas em bons rendimentos quando diversas arilmetilcetonas
foram tratadas com iodo em amonia aquosa a temperatura ambiente.
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Introduction

The amide group has a special importance in chemistry
and biochemistry, since this functional group is the frame
of several biological and pharmaceutical products and it
is a point of departure en route to many natural products.'

Currently, one employed method to prepare aryl and
heteroaryl amides involves the haloform cleavage reaction
of trihalo acetyl derivatives.>® However, these procedures
require anhydrous conditions and, in some cases, expensive
reagents such as trichloroacetyl chloride for preparing the
trichloroketone starting material.*” In addition, the use of
water is preferred in environmental friendly procedures,
which makes the chemical processes economical.® These
precedents motivated us to explore alternative routes to
prepare amides from less expensive materials using mild
conditions. In connection with other synthetic studies, we
were attracted by the reports of Fang®! and Talukdar!!
about the transformation of aldehydes to nitriles and
amides, and we decided to apply these reactions in addition
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with other previous haloform reaction reports'*!¢ to the
synthesis of primary amides from methyl ketones. This
report describes our successful endeavors in this area.

In a model study, acetophenone was treated with an
excess of iodine (3 molar equivalents) in aqueous ammonia
and THF as cosolvent. After 1 h, iodoform was separated
and the product was extracted. Purification by crystallization
afforded benzamide in 85% yield (Scheme 1).

In order to explore the reaction scope, several aryl
and heteroaryl methyl ketones were reacted under similar
conditions (see Table 1, Scheme 2). In general, the
results showed that amides were the preferred products.
It is noteworthy that ammonia concentration plays an
important role, because the reaction is carried out only
in a concentrated ammonium hydroxide solution, and at
lower ammonia concentrations, the yields decreased or
the amide is not formed, and only the starting material was
isolated (Table 2).

The mechanism proposed for this reaction involves
the triitodo methyl ketone formation, with the subsequent
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Scheme 1. Reaction of acetophenone with iodine in aqueous concentrated ammonia.
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Scheme 2. General reaction of methyl ketones with iodine in aqueous concentrated ammonia.

Table 1. Amides derived from diverse methyl ketones, iodine and ammonia

Entry Methyl ketone Amide Reaction time (h) mp (°C) mp lit. (°C) Yield (%)
1 acetophenone benzamide 1 127 128 85
2 4-methylacetophenone 4-methylbenzamide 1 137 137% 95
3 2-methylacetophenone 2-methylbenzamide 1 140 141-142% 92
4 4-chloroacetophenone 4-chlorobenzamide 0.5 175 172-176* 90
5 4-fluoroacetophenone 4-fluorobenzamide 1 152 152-153* 94
6 4-aminoacetophenone 4-aminobenzamide 24 181 181-183% 90
7 4-methoxyacetophenone 4-methoxybenzamide 24 162 162-163 % 83
8 3-acetylthiophene thiophene-3-carboxylic 24 115 - 50
acid amide
9 1-methyl-3-acetylpyrrole I-methylpyrrole-3-carboxylic 24 140 - 63
acid amide
10 2-acetylfuran furamide 12 142 142-143% 82
11 2-acetylpyridine pyridine-2-carboxylic acid amide 12 109 108-109 % 73
12 3-acetylpyridine pyridine-3-carboxylic acid amide 12 129 128-131 % 69
13 4-acetylpyridine pyridine-4-carboxylic acid amide 12 157 157" 49

Table 2. Effect of ammonia concentration in benzamide yield from
acetophenone

Ammonia Reaction time (h) Yield (%)
Concentration (%)

28 85

25 3 75

20 8 50

15 24 0

ammonia substitution (Scheme 3). Alternatively, enamine
formation and subsequent iodination can also explain amide
formation. At the moment, our group is investigating the
mechanistic details of this reaction.
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Scheme 3. Mechanism of amide formation from methy] ketones and I,-NH..

On the other hand, this process represents a new variant

17-19 which allows the direct

of the Haller-Bauer reaction,
conversion of nonenolizable ketones to primary amides,
with the advantage that strong bases such as sodium amide

are not required.
Conclusions

In conclusion, the appropriately constituted methyl
ketones are efficiently converted into primary amides through
a simple and mild method. In addition, the procedure is
economic and environmentally benign. These elements
suggest that this route will enjoy widespread application.
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Experimental

The starting materials were purchased from Aldrich
Chemical Co. and were used without further purification.
Solvents were distilled before use. Silica plates of 0.20 mm
thickness were used for thin layer chromatography.
Melting points were determined with a Fisher-Johns
melting point apparatus and they are uncorrected. 'H and
BBC NMR spectra were recorded using a Bruker AVANCE
300, the chemical shifts (0) are given in ppm relative to
TMS as internal standard (0.00). For analytical purposes
the mass spectra were recorded on a JEOL JIMS-5X 10217
in the EI mode, 70 eV, 200 °C via direct inlet probe.
Only the molecular and parent ions (m/z) are reported.
IR spectra were recorded on a Nicolet Magna 55-X FT
instrument.

Synthesis of amides from methyl ketones: CAUTION!
Although we did not have any incidents by handling,
it is known that iodine reacts with ammonia under certain
conditions to generate nitrogen triiodide monoamine
(NL;NH,). The dry powder explodes readily by mechanical

shock, heat or irradiation.?

Typical procedure

Iodine (0.76 g, 3 mmol) was added to a solution of the
appropriate ketone (1 mmol) in 28% aqueous ammonia
(10 mL) and THF (1 mL). The mixture was stirred for 1 h
at room temperature. The dark solution became colorless
and 10% Na, SO, (1 mL) was added. Todoform was filtered,
the product was extracted with AcOEt (3 x 20 mL). The
organic phase was washed, dried over Na SO,, and the
solvent was evaporated in vacuo. The final product was

purified by crystallization.

Benzamide

Yield 85%, mp 127 °C (MeOH). IR (KBr) v_ /cm:
3344, 3162, 1667. '"H NMR (300 MHz, CDCl,) 6 6.0 (d,
2H), 7.47 (m, 2H), 7.52 (m, 1H), 7.82 (m, 2H). *C NMR
(75 MHz, CDCl,) ¢ 127.3, 127.3, 128.6, 128.6, 130.2,
132.2, 169.0. MS [EI*] m/z (R1%), (M)*(10), 120 [M-H]*
(75), 105 [M-NH_]* (83), 77 [M-CONH,]* (100).

4-Methylbenzamide

Yield 95%, mp 137 °C (MeOH). IR (KBr) v__/cm™:
3343, 3163, 1667. '"H NMR (300 MHz, CDCl,) 6 2.40 (s,
3H), 6.08 (s, 2H), 7.22 (d, 2H, J 8.6 Hz), 7.69 (d, 2H, J
8.2 Hz). "C NMR (75 MHz, CDCl,) 6 21.4, 127.3, 127.3,
129.2, 129.2, 130.9, 142.5, 169.4. MS m/z (%) 135 [M]*

(65), 119 [M-NH_]* (100), 91 [M-CONH,]* (65).
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2-Methylbenzamide

Yield 92%, mp 140 °C (MeOH). IR (KBr) v__/cm™:
3343, 3163, 1667. 'H NMR (300 MHz, CDCl,) 6 2.48 (s,
3H), 5.88 (s, 1H), 6.27 (S, 1H) 7.24-7.46 (m, 4H). 3C MNR
(75MHz,CDCl,) 6 19.9, 125.7,126.9, 130.2, 131.1, 135.1,
136.3, 171.2. MS m/z (%) 135 [M]* (65), 119 [M-NH_J*
(100), 91 [M-CONH,I* (77).

4-Chlorobenzamide

Yield 90%, mp 175 °C (MeOH). IR (KBr) v /cm:
3343, 3162, 1666. '"H NMR (300 MHz, CDCl,)d 5.94 (s,
2H)7.41(d, 2H,J 8.6 Hz),7.95 (d, 2H, J 8.6 Hz). *C NMR
(75 MHz, CDCL,) 6 128.9, 128.9, 129.3, 129.3, 132.5,
138.0, 166.9. MS m/z (%) 155 [M]* (65), 139 [M-NH_J*
(100), 111 [M-CONH,]* (45).

4-Fluorobenzamide

Yield 94%, mp 152 °C (CH,CL). IR (KBr) v_ /cm:
3326, 3150, 1640. 'H NMR (300 MHz, CDCl,) 0 5.94 (s,
2H), 7.35 (d, 2H, J 8.3 Hz), 7.92 (d, 2H, J 8.3 Hz). *C
NMR (75 MHz, CDCl,) 4 115.6,115.6,129.9,129.9, 131 4,
164.7, 167.9 MS m/z (%) 155 [M]* (65), 139 [M-NH,]*
(100), 111 [M-CONH,]* (45).

4-Aminobenzamide

Yield 90%, mp 181 °C (MeOH). IR (KBr) v__/cm™:
3343, 3163, 1667. 'H NMR (300 MHz, CDCl,) 6 5.45 (s,
2H), 6.52 (d, 2H, J 8.76 Hz), 6.73 (s,1H), 7.44 (s, 1H),
7.58 (d, 2H, J 8.76 Hz). "C NMR (75 MHz, CDCL,) 0
112.4, 112.4, 120.9, 128.9, 128.9, 151.4, 168.1. MS m/z
(%) 136 [M]* (80), 120 [M-NH,]* (100), 92 [M-CONH, |*
(30).

4-Methoxybenzamide

Yield 83%, mp 162 °C (MeOH). IR (KBr) v_ /cm:
3308, 3172, 1617. "H NMR (300 MHz, CDCl,) 6 3.89 (s,
3H), 6.98 (d, 2H, J 8.7 Hz), 7.44 (s, 2H), 7.90 (d, 2H, J
8.7 Hz). "C NMR (75 MHz, CDCl,) 6 56.0, 114.2, 114.2,
127.0, 129.9, 129.9, 163.4, 169.7. MS m/z (%) 151 [M]*
(60), 135 [M-NH, " (100).

Thiophene-3-carboxylic acid amide

Yield 50%, mp 115 °C (MeOH). IR (KBr) v_ /cm:
3343, 3163, 1667. 'H NMR (300 MHz, CDCl,) 6 7.33
(dd, 1H, J,0.9 Hz, J, 4.8 Hz), 7.53 (dd, 1H, J, 0.9 Hz, J,
4.8 Hz), 8.10 (dd, 1H, J, 0.9 Hz, J,2.7 Hz). *C NMR (75
MHz, CDCl,) 0 125.9,126.9, 129.4,136.7, 164.9. MS m/z
(%) 127 [M]* (90), 111 [M-NH,]* (100), 83 [M-CONH,]*
(30). HRMS (FAB*): for C.HNOS Calc. 128.0170; Found
128.0173.
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1-Methylpyrrole-3-carboxylic acid amide

Yield 63%, mp 140 °C (MeOH). IR (KBr) v__/cm™:
3342, 3165, 1668. 'H NMR (300 MHz, CDCl,) 4 3.68 (s,
3H), 5.65 (s, 2H), 6.57 (m, 2H), 7.22 (m, 1H). *C NMR
(75 MHz, CDCL,) 6 36.5, 109.4, 123.3, 126.0, 126.8,
172.8. MS m/z (%) 124 [M]* (30), 108 [M-NH,]* (100),
80 [M-CONH,]* (20). HRMS (FAB*): for C.H/N,O Calc.
125.0175; Found 125.0177.

Furamide

Yield 82%, mp 142 °C (MeOH). IR (KBr) v__/cm:
3361, 3123, 1620. '"H NMR (300 MHz, CDCL,) 6 5.25 (s,
2H), 6.52 (d, 1H, J 3.6 Hz), 7.15 (d, 1H, J 3.6 Hz), 7.60 (m,
1H). "C NMR (75 MHz, CDCl,) ¢ 110.8, 121.3, 144.6,
147.5,162.2. MS m/z (%) 111 [M]* (80), 95 [M-NH,]* (100).

Pyridine-2-carboxylic acid amide

Yield 72%, mp 109 °C (MeOH). IR (KBr) v /cm:
3343, 3163, 1660. '"H NMR (300 MHz, CDCl,) 6 7.04 (s,
1H), 7.45 (m, 1H), 7.86 (m, 1H), 8.00 (s, 1H), 8.22 (m, 1H),
8.56 (m, 1H). "C NMR (75 MHz, CDCl,) 6 122.3, 126.3,
137.2,148.2,149.6, 167.3. MS m/z (%): 122 [M]* (30), 89
[M-NH_J* (100%) , 92 [M-CONH_]* (30%).

Pyridine-3-carboxylic acid amide

Yield 69%, mp 129 °C (MeOH). IR (KBr) v__/cm:
3343, 3163, 1660. 'H NMR (300 MHz, CDCl,) 6 7.04 (s,
1H), 7.45 (m, 1H), 8.07 (s, 1H), 8.28 (m, 1H), 8.75 (m, 1H),
9.18 (s, 1H). "C NMR (75 MHz, CDCl,) 6 122.4, 128.8,
134.8, 148.2, 151.0, 166.8. MS m/z (%) 122 [M]* (100),
106 [M-NH_]* (60%), 78 [M-CONH, ]* (70%).

Pyridine-4-carboxylic acid amide

Yield 49%, mp 157 °C (MeOH). IR (KBr) v__/cm:
3343, 3161, 1667. '"H NMR (300 MHz, CDCl,) 6 7.22 (s,
1H), 7.82 (d, 2H, J 5.4 Hz), 8.12 (s, 1H), 8.73 (d, 2H, J
5.4 Hz). "*CNMR (75 MHz, CDCl,) 6 121.1, 121.1, 140.7,
149.6, 149.6, 167.0. MS m/z (%) 122 [M]* (100), 106 [M-
NH_]* (40%), 78 [M-CONH,]* (55%).
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