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Sodium borohydride mediated one-pot synthesis
of secondary amides from primary amides via
reductive acetylation

G. Gurunadham, R. Madhusudhan Raju*, Y. Venkateswarlu

Abstract— A one-pot reduction followed by N-acetylation of primary amides to yield secondary amides using NaBH4/Acetic acid has been
developed and the corresponding N-acetyl amides are obtained respectable yields.

Key words — Primary amides, NaBH4, 1, 4-Dioxane, Acetic acid, and Secondary amide.

INTRODUCTION

The amide function is one of the most fundamental
chemical building blocks found in nature. It is essen-
tial to sustain life, making up the peptide bonds in
proteins such as enzymes, and it is also one of the
most prolific moieties in Natural products, functional
materials, pharmaceuticals, agrochemicals, and pol-
ymers, but also serves as attractive precursors in a va-
riety of organic transformations (Fig-1). Therefore, ef-
ficient synthesis of amides is an important topic of
modern synthetic chemistry not only in academic re-
search but also in industrial application [1-4].
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Fig-1: Biologically active amide molecules

The most popular and common methods for the generation of
amides involve the reaction of activated carboxylic acid deriv-
atives, such as chlorides, anhydrides or esters, with amines [5-
8]. Alternative methods for the synthesis of amides are the
Schmidt reaction [9], Beckmann rearrangement [10,11], ami-
nocarbonylation of haloarenes [12], oxidative amidation of
aldehydes with amines [13-17], aminocarbonylation of aryl
halides

and alkynes [18-21], direct amide synthesis from alcohols and
amines [22-27], direct amidation of alcohols with nitroarenes
[28], Umpolung reaction of amines with a halo nitro alkanes
[29], cross coupling of formamides with alkyl/aryl halides
[30], and amidation of thio acids with azides [31]. All of these
methods have their own advantages, nonetheless they suffer
from certain demerits, such as stoichiometric amount of ami-
dation reagents, harsh reaction conditions, long reaction times,
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low selectivity’s, limited substrate scopes etc. moreover, some
of the catalysts have the difficulties in separation from the re-
action mass and recycling, making their environmental profile
unfavorable. Therefore, there is a clear need for the synthesis
of amides with more efficient, under neutral conditions and
without the generation of waste, which is a challenging goal
[32]. In the search of more atom economical and cost effective
protocols for amide synthesis, metal catalyzed organic trans-
formations have been emerged in the last years as attractive
alternatives, offering the possibility to develop previously un-
available routes starting from substrates other than carboxylic
acids and their derivatives [33].

Herein we report, the synthesis of secondary amides using
sodium borohydride in acetic acid as a reagent. NaBH, is
known in the literature for various organic trans formations
such as acyloxyborohydride species reduce indoles, quino-
lines, isoquinolines, related hetero cycles, imines, enamines,
oximes, enamides, and similar functional groups. They reduce
amides and nitriles, aryl alcohols and ketones, aldehydes in
the presence of ketones, and p-hydroxyketones to 1,3-diols
stereo selectively. This reagent is also useful for the N-
alkylation of primary and secondary amines with aldehydes
and ketones in a novel reductive amination process [34].

2. RESULTS AND DISCUSSION
In a typical experiment, primary carboxamides reacted with
sodium borohydride (NaBHy,) in presence of acetic acid in 1,4-
dioxane at reflux to afford the corresponding product N-
benzylacetamide (2a) in good yield. The reaction was com-
pleted within 16 hours (Scheme-1).
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Scheme-1
Initially, we have examined the effect of temperatures on reac-
tion rate and the amount of NaBH, and reagents used in the
reaction and the results were summarized in the Table-1.
There was no product (Benzyl amine) formation in THF,
DMSO at room temperature and at reflux conditions even af-
ter 8 and 24 hours. The product formation was observed in
presence of reagent at room temperature after 24 hours. It was
found that the ideal reaction conditions were at 1, 4-dioxane
reflux and using the NaBH, in 4.0 eq.
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Table-1: Optimization of Reduction of carbomates to primary amines with NaBH, and different reagents.

S. No Condition. (equiv) Solvent. (vol) T(eogp T(ir':)‘e Yield (%)
1 | NaBH,(2:3) | lodine (2.3) THF 20) 25 8 No conver:
2 | NaBH4(5.0) | MeSOzH (L5) DMSO (10) 105 24 No Sci%?]"er'
3 | NaBH,(45) | BF:-ELO (5.0) THF (10) 40 16 27.0
4 | NaBH.(3.0) | TiCls (1.0) DME (10) 75 16 335
5 | Vitride (2.5) | CH:COOH (5.0) THF (10) 80 24 No Sci%?]"er'
6 | NaBH.(5.0) | CH;COOH (5.0) THF (10) 80 24 No Sci%?]"er'
7 | NaBH4(5.0) | CHsCOOH (5.0) | Monoglyme (10) 30 16 40.0
8 | NaBH;(5.0) | CHsCOOH (5.0) | Monoglyme (10) 85 16 60.0
9 | NaBH;(4.0) | CH;COOH (1.2) | 1,4-Dioxane (20) 30 16 45.0
10 | NaBH.(4.0) | CHsCOOH (1.2) | 1,4-Dioxane (20) 95 16 82.0
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In a similar manner, a comparative study on the role and re-
quirement for reducing reagent has been carried out, and the
obtained results are clearly shown in Table-2. The union of
sodium borohydride and carboxylic acids is versatile and effi-
cient set of reducing reagents. The reactant for this reaction are

also benzamide and NaBH,;, AcOH in 1,4-dioxane. From our
observation, NaBH, (6.0eq), AcOH (6.0eq) is adequate for the
complete the conversion of benzamide into the required re-
ductiveacetylation product.

Table-2: Reductive Acetylation of carboximides with NaBH, in CH;COOH.

S. No Reagent (equiv) Solvent Teomp Time Result/Yields
(<) (h)

1 NaBHy, (6.0) AcOH (6.0) Toluene 120 16 No conversion
2 NaBHy, (6.0) AcOH (6.0) 2-Me THF 83 16 No conversion
3 NaBHy, (6.0) AcOH (6.0) Ethanol 85 16 No conversion
4 NaBHy, (6.0) AcOH (6.0) THF 60 16 No conversion
5 NaBHy, (6.0) AcOH (6.0) Acetonitrile 80 16 No conversion
6 NaBH, (6.0) AcOH (6.0) 1,4-Dioxane 100 16 75%

Finally, it was decided that the suitable conditions for reduc-
tive acetylation is in a solvent and in the presence of an activa-
tor or promoter. As shown in Table-3. Aromatic, hetero aro-
matic and aliphatic amides were reacted very well to afford
the corresponding products of amide derivatives in very good
yields. In general, the aromatic amides bearing electron donat-
ing groups and heteroaromatic compounds are reacting little
faster when compared with other amides. In a similar manner,
the aliphatic and aromatic amides containing electron with-
drawing groups are reacting comparatively little slower in
terms of conversion. In general, all the reactions were com-
pleted within 21 to 30 hours of reaction period and the ob-

tained yields also 68 to 73%.

3. MECHANISM

The mechanism of the reaction of sodium borohydride with
primary amide processed in the first step, H (-) detaches from
the BH, (-) and adds to the carbonyl carbon. This forms the C-
H bond, and breaks the C-O bond, Rapid reduction by the H
from the hydride reagent as it adds to the electrophilic C in the
iminium system. r electrons from the C=N move to the cation-
ic N neutralizing the charge creating the amine product, this
amine react acid to obtained secondary amide.
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Proposed mechanism for secondary amide formation from primary amide, acetic acid using NaBH,

4. EXPERMENTAL SECTIONS

General Methods:

Melting points were recorded on Buchi R-535 apparatus and
are uncorrected. IR spectra were recorded on a Perkin-Elmer
FT-IR spectrophotometer using KBr discs. The reactions were
monitored by TLC plates Merck Silica Gel 60, F254 and visual-
ization with UV light (254 and 365nm) *H NMR spectra were
recorded on Bruker-400 spectrometer in CDCl; using TMS as
internal standard. Mass spectra were recorded at ionization
energy 70 eV on API Q Star pulsar spectrometer using elctro-
spary ionization.

General procedure:

To a solution of benzamide (1.0 g, 4.6 mmol) in 1,4-dioxane (20
mL, 20 vol) cooled to 5-10 ‘C, and then added drop wise acetic
acid lot-1 (1.67 g, 27.8 mmol), sodium borohydride (1.05 g, 27.8
mmol) with in the period of 30 min, reaction mass allowed 25-
30 'C, and warm to 95-100 ‘C, maintained for 5-6 h. The reac-

tion mixture was cooled 25-30 ‘C, progress of the reaction was
monitored by TLC identified by (benzyl amine) and after add-
ed lot-1l of acetic acid (2.0 mL, 2 vol) drop wise again warm to
95-100 ‘C maintained for overnight. Then starting material was
disappearing by TLC. After completion of the reaction as indi-
cated by TLC, the solvent was removed from reaction mass
under reduced pressure. The residue was extracted with ethyl
acetate (10 mL, 10 vol) followed by brine. The organic layer
was dried over Na;SO4, and concentrated under reduced pres-
sure to afford the products, which were purified by column
chromatography using silica gel (100-200 mesh) eluted with
hexane and ethyl acetate (7:3) to afford the product (Table-3).
All the products were identified by their tH NMR, IR and
Mass spectroscopy data.

Table-3: NaBH, and CH3;COOH catalyzed by synthesis of
secondary amides

S.No Reactant Product (2a-2q) Time (h) | Yield (%)
e} (@]
a Oy @AHK 21 76
b oy ﬁjﬂuk 23 72
[¢] (o]
| o~ | o | B | .
OH O OH (o)
d Oy @A 23 69
e /@ANHZ /@ﬁuk 24 73
(o] o
f Q*NHZ — 25 68
\O \O/@
ONHz Ni 24 70
s | SO | O
i 1
h @*Nm ! 22 72
FsC F3C/©/\H
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5. SPECTRAL DATA FOR ALL THE COMPOUNDS
N-Benzylacetamide (2a): Solid, mp: 61-63 ‘C. 'H-NMR (400
MHz, CDCIs) &: 7.34-7.26 (m, 5H), 5.95 (brs, 1H), 4.56 (d, J = 4.4
Hz), 2.06 (s, 3H). IR (KBr) (cm): 3290, 3082, 2988, 1640, 1551,
1369, 1291, 1078, 741, 695, 616. Mass: m/z = 150 [(M+H)]*, 132
(22), 92 (100), 91 (90).

2-Methyl N-benzylacetamide (2b): Solid, mp: 141-143 'C. 1H-
NMR (400 MHz, CDCls) 8 7.24 (m, 4H), 5.51 (brs, 1H), 4.49 (d, J
= 4.8 Hz, 2H), 2.35 (s, 3H), 2.08 (s, 3H). IR (KBr) (cm): 3294,
3063, 2924, 2876, 2815, 1637, 1546, 1457, 1280, 1046, 1000, 747,
715, 600. Mass: m/z =164.06 [(M+H)]+, 100), 143 (15), 105 (25),
102 (90).

4-Methyl N-benzylacetamide (2c): Solid, mp: 71-73 ‘C. H-
NMR (400 MHz, CDCls) 6: 7.18-7.13 (q, J, = 6.8Hz, J, = 6.8 Hz,
4H) 5.25 (brs, 1H), 4.38 (d, J = 4.8 Hz, 2H), 2.35 (s, 3H), 1.05 (s,
3H). IR (KBr) (cm): 3287, 3077, 2923, 2357, 1639, 1551, 1444,
1370, 1286, 1017, 804, 736, 601, 544. Mass: m/z =163.9
[(M+H)]*, 100), 104 (50), 72 (25).

N-(2-Hydroxybenzyl)acetamide (2d): Solid, mp: 107-108 'C.
IH-NMR (400 MHz, CDCls) &: 7.05-7.01 (m, 4H), 4.64 (d, J =
4.4Hz, 2H), 2.02 (s, 3H). IR (KBr) (cm): 3394, 3187, 2735, 2360,
1676, 1631, 1590, 1426, 1359, 1247, 1138, 846, 748, 644, 600.
Mass: m/z =165.9 [(M+H)]*, 35), 137.9 (100), 120.9 (18), 106.9
(40), 91 (10).

N-(4-Fluorobenzyl)acetamide (2e): Solid, mp: 94-96 'C. 1H-
NMR (400 MHz, CDCls) &: 7.28-7.24 (m, 2H), 7.15 (t, J =
19.2Hz, 2H), 5.75 (brs, 1H), 4.82 (d, J = 6.4Hz, 2H), 2.05 (s, 3H).
IR (KBr) (cm): 3288, 3069, 2935, 1642, 1553, 1508, 1371, 1213,
1157, 1091, 1010, 831, 727, 600, 544. Mass: m/z =167.9 [(M+1)]*,
100), 108 (25), 72 (26).

N-(4-Methoxybenzyl)acetamide (2f): Solid, mp: 95-96 ‘C. 1H-
NMR (400 MHz, CDCls) 6: 7.74 (d, ] = 4.8 Hz, 2H), 6.72-6.71 (d,
J=5.6 Hz, 2H), 6.08 (brs, 1H), 3.88 (s, 3H),

3.58 (d, J = 4.8 Hz, 2H), 1.25 (s, 3H). IR (KBr) (cm-): 3320, 2973,
2935, 2841, 1617, 1547, 1505, 1451, 1306, 1253, 1181, 1148, 1112,
1032, 843, 757. Mass: m/z =179.9 [(M+H)]+100), 120.9 (40), 100
(25).

N-(4-Chlorobenzyl) acetamide (2g): Solid, mp: 105-107 ‘C. 1H-
NMR (400 MHz, CDCls) 6: 7.72 (d, ] = 12.4 Hz, 2H), 7.41 (dd, )
=4.4 Hz, J, = 4.4Hz, 2H), 6.17 (brs, 1H), 3.50 (t, ] = 8.4Hz, 2H),
1.25 (s, 3H). IR (KBr) (cm):3303, 3065, 2978, 2871, 1635, 1539,
1475, 1300, 1150, 1087, 849, 673. Mass: m/z =184[(M+H)]+100),
139 (15).

N-(4-(Trifluoromethyl) benzyl) acetamide (2h): Solid, mp:
103-105 'C. 'H-NMR (400 MHz, CDCls) &: 7.53-7.42 (m, 4H),
5.92 (brs, 1H), 5.18 (d, J = 4.2 Hz, 2H), 2.15 (s, 3H). IR (KBr)
(cmr1): 3291, 3071, 2929, 1651, 1555, 1440, 1326, 1167, 1125, 1076,
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1029, 910, 797. Mass: m/z =184[(M+H)]*100), 195.9 (10), 175.9
(12).

N-((Thiophen-2-yl)methyl)acetamide (2i): Liquid, bp: 145-146
‘C. tH-NMR (400 MHz, CDCl3) &: 7.34 (dd, ), = 4.4 Hz, ), = 4.4
Hz, 1H), 6.98-6.93 (m, 2H), 5.78 (brs, 1H), 4.52 (d, J = 4.8 Hz,
2H), 2.03 (s, 3H). IR (KBr) (cm): 3305, 3078, 2931, 1716, 1635,
1545, 1424, 1370, 1283, 1159, 1037, 843, 704. Mass: m/z =156
[(M+H)]*45), 103 (25), 102 (100), 97 (48).

N-(2-(Thiophen-2-yl)ethyl)acetamide (2j): Solid, mp: 50-51 ‘C.
1H-NMR (400 MHz, CDCls) &: 7.174 (d, J = 5.6Hz, 1H), 6.95 (t,
3.36, 1H), 6.84 (d, J = 2.8 Hz, 1H), 5.65 (brs, 1H), 3.53 (g, )1 =
12.8 Hz, J, = 12.8 Hz, 2H), 3.03 (t, J = 6.8 Hz, 2H), 1.96 (s, 3H).
IR (KBr) (cm): 3303, 3053, 2933, 1635, 1540, 1323, 1271, 1083,
760, 701, 590, 471. Mass: m/z =170.2 [(M+ H)]* 100).

3-Phenyl 2-acetamide (2k):Solid, mp: 183-184 C, H-NMR
(400 MHz, CDCl3) &: 7.58 (d, J = 7.6Hz, 2H), 7.52 (d, 8.8Hz,
2H), 7.46-7.28 (m, 5H), 5.75 (brs, 1H), 4.51 (d, J = 5.6Hz, 2H),
2.04 (s, 3H). IR (KBr) (cm): 3279, 3079, 2934, 2865, 1642, 1553,
1435, 1365, 1297, 845, 703. Mass: m/z = 225 [(M+)], 100).

N-Phenethylacetamide (21): Solid, mp: 49-50 'C, tH-NMR (400
MHz, CDCls) 6: 7.15-7.37 (m, 5H), 5.57 (brs, 1H), 3.51 (m, 2H),
2.81 (t,J = 7.1 Hz, 2H), 1.93 (s, 3H). IR (KBr) (cm): 3289, 1645,
1548. Mass: m/z = 186 [(M+Na)], 100).

N-Butylacetamide (2m): Liquid, bp: 117-118 "C. 1H-NMR (400
MHz, CDCls) &: 5.29 (brs, 1H), 3.27 (q, J = 4.8 Hz, 2H), 1.48 (q, J
= 4.8 Hz, 2H), 1.36 (g, J = 4.8 Hz), 0.84 (t, J = 4.2 Hz). IR (KBr)
(cmrt): 3295, 3095, 2958, 2870, 1716, 1647, 1559, 1372, 1293, 441.
Mass: m/z =116 [(M+H)]* 60), 102 (100).

N-(2-(2-Chloroethoxy)ethyl)acetamide (2n): Liquid, bp: 115-
117 "C. *H-NMR (400 MHz, CDCls) &: 6.08 (brs, 1H), 3.57-3.56
(m, 2H), 3.56-3.55 (m, 2H), 3.54-3.53 (m, 2H), 3.50-3.47 (m, 2H).
2.03 (s,3H). IR (KBr) (cm): 3312, 3097, 2875, 2599, 1718, 1647,
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4H), 7.29-7.17 (m, 6H), 4.35 (brs, 1H), 3.82 (t, J = 4.2Hz, 3,53 (t,
4.8 Hz, 2H), 3.42 (t, ] = 5.2 Hz, 2H), 3.05 (brs, 5H), 2.79 (brs,
4H), 2.03 (s, 1H), 2.01 (s, 3H), IR (KBr) (cm-): 3273, 2962, 2827,
1715, 1650, 1549, 1446, 1369, 1287, 1222, 1125, 757. Mass: m/z
=382.2 [(M+H)]* 100).

6. CONCLUSION

In conclusion, the sodium borohydride has been em-
ployed as a novel and efficient catalyst for the synthesis of
secondary amides in good yields. The reaction conditions
were very mild and the isolation of products also very
easy.
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