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Magnesium methoxide (Mg(OCHs),) and calcium chloride have been shown to facilitate the direct ami-
nolysis of esters by ammonia to primary amides. Methyl, ethyl, isopropyl, and tert-butyl esters were con-
verted to the corresponding carboxamides in good yields. Reactions have been run on a larger scale and
without the safety liability inherent in the use of magnesium nitride (MgzN;). Ammonium chloride and

amine hydrochlorides have been used successfully in the place of ammonia with magnesium methoxide.

© 2010 Elsevier Ltd. All rights reserved.

The transformation of carboxylic esters to carboxamides is a
transformation that is frequently undertaken in organic synthesis.
The direct aminolysis of esters with amines is attractive for its sim-
plicity and economy, yet this transformation frequently performs
poorly in practice, attended by incomplete conversion and long reac-
tion times. As a result, numerous methods have been reported to ef-
fect this transformation in high yield and with short reaction times.!
Recently, magnesium nitride (MgsN;) has been reported as a com-
mercially available, convenient source of ammonia to effect the
transformation of carboxylic esters to primary amides.? The re-
ported procedure utilized excess MgsN, in methanol in a sealed vial
at 80 °C. Notably, the procedure using MgsN, was shown to proceed
in higher yield than a control experiment in which a commercially
available solution of ammonia in methanol was used. In these
experiments, the reaction of MgsN, with methanol generated
ammonia and magnesium methoxide in an exothermic reaction®
within the sealed reaction vessel.” This exotherm presents an inher-
ent safety liability that has resulted in overpressurization and explo-
sion of the sealed reaction vessel.® We sought to develop conditions
for this useful transformation that remedied the inherent safety de-
fect involved with the use of MgsN,, and which could be applied at
larger reaction scales,” using commercially available ammonia in
methanol solution. Clearly MgsN, served as more than a source of
ammonia, because amidation was incomplete in its absence. Transe-
sterification of ethyl and higher esters to methyl esters had been
shown to occur under the reaction conditions reported, and the
methyl ester could reasonably be expected to undergo amidation
more rapidly than an isopropyl or tert-butyl ester. However, it ap-
peared to us that the magnesium ion present may also function as
a Lewis acid which could activate the ester carbonyl to nucleophilic
attack by ammonia. We therefore conducted a parallel screen of
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potential Lewis acids® using methyl 4-chlorobenzoate (1) as a model
ester (Table 1).

From this effort, Mg(OCH3),, MgCl,, CaCl,, and CeCl; appeared
to offer the best conversion. Preparative experiments on a larger
(3 mmol) scale showed that Mg(OCHs), and CaCl, afforded the
highest isolated yields of 2.° Anhydrous CeCl; and MgCl, also gave
acceptable yields as anticipated.'® Anhydrous CaCl, is much more
readily available in most laboratories, and less expensive than

Table 1
Screening of Lewis acid assisted amidation of 1
CO,CH3 additive CONH,
NH3, MeOH
—_—
80 °C

Cl Cl

1 2
Additive Ratio 1:2, 2 h? Ratio 1:2, 6 h Ratio 1:2, 18 h Yield®
Al(OEt)3 95:3 92:6 86:11 N.D.
BF5-Et,0 96:3 88:10 72:25 N.D.
CaCl, 44:50 15:85 6:93 93
CeCls 75:25 33:66 15:85 71
InCl; 98:0 95:3 90:9 N.D.
LiCl 86:12 71:27 51:47 52
Mg(OCH3), 76:23 65:34 17:81 87
MgCl, 90:9 64:35 38:60 72
NH,Cl 96:4 96:4 95:4 N.D.
None 95:4 86:12 70:28 40
Ti(OCH3)4 95:5 83:16 72:27 N.D.
ZnCl, 91:8 73:25 50:45 33

@ Experiments were conducted in 8 mL screw cap vials using 1.4 mmol of 1,
1.4 mmol of additive, 2 mL (14 mmol, 10 equiv) of 7 M NH; in MeOH and 2 mL of
MeOH at 80 °C. Aliquots were taken at 2, 6, and 18 h time points. Ratio of 1:2
determined by integration of peak areas on UPLC. Ratio sums may not equal 100 if
minor impurities were detected. All additives were commercial anhydrous grades.

b Isolated yield of 2 on 3 mmol scale after 24 h (N.D.: not determined).
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Table 2
Amidation of esters with Mg(OCH3),/NH3 or CaCl,/NH3?
Entry Ester Amide Yield® Yield®
o (0]
o~ NH
1 87 (83) 93
Cl o]
1 2
(0] (0]
-
2 o O)LNHZ 78 (85) 72
3 4
(0] (0]
3 Ph/\)ko/\ Ph/\)LNHZ 71 (99) 85
5 6
(0] J\ (0]
7 8
(0] (0]
| - |
5 2 \Q\)LNHZ 97¢ (75) 93
OH OH
9 10
Ox O OsNH,
6 0 m :
o (0]
11 12
I i
! 3 WNHZ 38 (82) 62
OH
14
(0] /k O
8 PhZP/\)kO PhZP/\)kNHZ 87 (93) 92
15 16
(0] (0]
o) NH,
9 o N o N 88! 90
\ 7/ \ 7/
17 18
(0] (0]
10 84 83
NO2 NO2
19 20
(0] (0]
o o
11 95 45¢
NHSO2Ph NHSO2Ph
21 22
Cl 0 Cl 0
T T
12 N OJ N NH, 72 98
H H
23 24
O (0]
CIH< CIH<
13 (0] OJ (¢] NH, 80 88
25 26
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Table 2 (continued)

Entry Ester Amide Yield® Yield®
A o} 0]
| . Y
14 EE NH, 6 45
27
28
(e} (0]
o™ NH,
15 N. N 90 82
Bn “Bn
29 30
(0] 0}
7 7
O T
16 =N © \= NH, 95 86
31 32
2 Reactions were conducted with 3 mmol of ester, 10 equiv of 7 M NH3 in MeOH, and 1 equiv of 0.6 M Mg(OCH3), in MeOH in screw cap sealed tubes at 80 °C for 24 h.
b Isolated yields of pure products using Mg(OCHs),. Yields in parentheses are those reported in Ref. 2.
¢ Isolated yields of pure products using CaCl.
43 Equiv of 2.1 M Mg(OCH3), in MeOH were used.
e

Remainder recovered starting ester.

anhydrous MgCl, or CeCls. These conditions were then applied to a
set of esters including several previously published examples? (Ta-
ble 2).

Our results generally compare favorably with those previously
reported for the use of MgsN,. In the case of the lactone 13 and
the furan 27, complete conversion to the amides 14 and 28 was ob-
served but recovery of the products from the aqueous solution dur-
ing workup was inefficient.!' Some esters containing (latent) acidic
functional groups (9, 13, and 17) gave incomplete conversion with
1 equiv of Mg(OCHs), but afforded complete conversion when
3 equiv of Mg(OCH3), was used.'? The sulfonamide 21 was the only
substrate examined that performed poorly with CaCl,. In this case
the reaction was only 45% complete after 24 h at 80 °C. Indole and
benzofuran substrates were successful with both Mg(OCHj5),/NH3
and CaCl/NHs. By contrast, ethyl 2-furoate was decomposed by
Mg(OCH3),/NH3 with the formation of resinous by-products, but
underwent reaction successfully with CaCl,/NHs. However, in none
of these cases did a pressure excursion occur.'> An extractive
workup was not necessary in most cases, making product isolation
easier on a larger scale.® Exposure of a substrate with a chiral cen-
ter (29, 96% ee) afforded the primary amide product with partial
epimerization (65% ee) in the case of Mg(OCHs),/NH3 and signifi-
cantly less epimerization (91% ee) when CaCl,/NH; was employed.
As a control experiment, treatment of 1 under the conditions em-
ployed in Table 2 in the absence of Mg(OCH3), or CaCl, returned a
40% isolated yield of 2 after 24 h.'>16

Importantly, and in contrast to MgsN,, there was no noticeable
exotherm upon mixing of these reagents. Although our method
does utilize a closed system to contain the ammonia, the internal
pressure at the reaction temperature of 80 °C was measured at
about 170 kPa.!” This pressure is low enough to permit the use of
standard sealed tube techniques with appropriate safety precau-
tions, including shielding of the reaction tube with a blast shield.

It should be noted that Mg(OCH3), is commercially available as
a 6-10% solution in methanol,'® however it may be very easily pre-
pared from magnesium turnings and methanol.'"® We have found
that solutions of ammonia in methanol can occasionally lose
ammonia in an unpredictable manner and therefore the concentra-
tion of ammonia should be confirmed periodically.?°

Many laboratories may not have convenient access to ammonia
gas or its solutions in methanol. We were therefore pleased to find
that a mixture of NH4Cl and Mg(OCHs), also afforded good yields

of primary amides from esters. Other amines that are gases at room
temperature and pressure could also be used under these condi-
tions, in the form of their hydrochloride salts (Table 3).2!22

The role of Mg(OCH3), in this transformation is not fully under-
stood.?? Clearly transesterification of higher alkyl esters to kineti-
cally more reactive methyl esters occurs, as the methyl ester has
been isolated as an intermediate in these cases. However, we be-
lieve that magnesium or calcium ion may coordinate to the ester
carbonyl and predispose the ester to nucleophilic attack by the
product amide to yield an intermediate imide that undergoes ami-
nolysis more rapidly than the ester starting material. A similar
mechanism was proposed in 1965 for the amidation of esters by
formamide catalyzed by sodium methoxide.?* The intermediacy
of an imide in these reactions is supported by the isolation of a
sample of the imide 36 in 2% yield from the reaction of 23 with
Mg(OCHs5), and NH3.2>2¢ Thus the reaction in the presence of

Table 3
Amidation with amine HCl salts®
Entry Ester Amide Yield®
1 1 2 67
2 5 6 87
(0]
-
3 1 ﬁ H 93
Cl
33
(0]
N~
4 1 | 94¢
Cl
34
o
N7
5 1 H 95
Cl
35

2 Reactions were conducted with 3 mmol of ester, 10 equiv of amine HCI, and
6 equiv of 2.1 M Mg(OCHj3), in MeOH in screw cap sealed tubes at 80 °C for 24 h.

b Isolated yields of pure products.

¢ Heated for 72 h.
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Mg(OCHs), or CaCl, is autocatalytic, as any amide that is formed
spontaneously from the ester and NH; can undergo reaction with
additional ester to form imide, which may then undergo aminoly-
sis to form additional amide.

cl NH HN cl

36

The formation of a precipitate in all reactions employing
Mg(OCHs),/NHs, particularly reactions such as with ester 1, in
which all reactants and products are completely soluble in the
hot reaction mixture, provides evidence that residual water has
been consumed by reaction with Mg(OCHs), with the formation
of insoluble Mg(OH)s.

In summary, we present a method for the amidation of esters by
ammonia and amines, or their hydrochloride salts that uses inex-
pensive commercial reagents.?” The method affords good yields
with the convenient reaction times associated with MgsN, but
without the safety liability inherent in the use of MgsN,.
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