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Efficient, Solvent-Free Aminolysis of Monoesters
Catalyzed by Sodium
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Abstract An efficient, solvent-free procedure using sodium as catalyst for the aminolysis of monoesters is reported. A
detailed comparison of catalysts between sodium and sodium amide was made. It was found that the fresh sodium amide by
in-situ synthesis of sodium with ammonia was more active than the indirectly adding sodium amide. As compared to the
previously reported approaches, the procedure given in this work is much faster and performed under mild conditions.

Furthermore, this procedure is applied successfully for the aminolysis of other monoesters.

Keywords monoester; aminolysis; sodium; sodium amide

1 Introduction

Amide constitutes one of the most important function
units in various compounds.'' In recent years, considera-
ble efforts have been devoted to economic and eco-friendly
synthesis,”*! especially solvent free method.”) However, the
efficiency of amide-bond formation is always hampered by
poor atom economy and the limited scope of substrates.™
Ester aminolysis is the classical method for making am-
ides, regardless of the lower level activation of esters than
acyl halides, anhydrides acyl azides and acylimidazoles, as
esters produce fewer side reactions.') For example, acyl
chlorides!” were prone to be hydrolyzed in the reaction
with ammonia, the same holds true for the reaction of tri-
fluoroacetic anhydride® with ammonia in methanol. Car-
boxylic acid ammoniolysis is also a common method for

* Corresponding author. E-mail: qianchao@zju.edu.cn

making amides. Carboxylic acids’” undergo neutralization
and then dehydration to produce the amides. However,
harsh conditions like microwave are always required due
to the poor reactivity of carboxylic acids."” In addition,
nitrile,"'"'* aldehyde,"*'* alcohol!*'®! and alkyne!'”! were
also employed in the conversion to amides. Cyanide anion
was found to be an efficient catalyst for the aminolysis of
substituted phenyl esters in alcoholic solution,"™ and aro-
matic carboxylic esters are converted to secondary amides
using Zn dust as catalyst when microwave is subjected in
the presence of N,N-dimethylformamide. Conventional
heating is also valid if tetrahydrofuran is used as sol-
vent.'”) By contrast, aminolysis of alkyl ester is always
achieved with longer reaction time and lower yield. For
example, it costs 18 h for methyl 2-(methylthio)acetate to
be converted to 2-(methylthio)acetamide at room tempera-

Received August 7, 2018; revised September 28, 2018; published online October 26, 2018.
Project supported by the National Natural Science Foundation of China (No. 21476194) and the National Key Research and Development Program of China

(No. 2016YFB0301800).

K HRFHFFE 4 (No. 21476194)F1 [H X & sii A& 1Kl (No. 2016 YFB0301800) %5 B i H .

Chin. J. Org. Chem. 2019, 39, 873~877

[ 5 A\

| © 2019 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 873



BIKE

o

ture in the presence of ammonia.””’ This number amounts
to 15 h for methyl-acetate conversion at 180 ‘C in the
presence of 2-(2-(aminomethoxy)ethoxy)ethanamine.*"
N-Butyllithium, Grignard reagent and sodium amide were
reported to be capable of enhancing the aminolysis of sim-
ple alkyl esters.”” Free radical reaction'”** and Passerini
reaction™ were also reported to synthesize amide.

Herein, we report that sodium is an ideal catalyst in the
solvent-free ammonolysis of ethyl acetate. The applicabil-
ity of this approach was also tested for various monoesters,
and the corresponding products were obtained with
>95% yield under mild conditions.

2 Results and discussion

The aminolysis of ethyl acetate was selected as the
model reaction. As shown in Table 1, the aminolysis did
occur though rather slowly at 90 “C (Table 1, Entries 1, 2)
and the yield could be improved further with temperature
increasing (Table 1, Entries 3~6). However, the yield only
reached up to 71.5%, even prolonging reaction time to 10 h
(Table 1, Entry 6). In order to improve the yield and reduce
reaction time, various base catalysts were screened. As
shown in Table 2, when sodium was employed, the product
was obtained in 98.8% yield at 110 ‘C (Table 2, Entry
11). When sodium amide was employed, the products were
obtained in 96%~97% (Table 2, Entries 13~15), and
when sodium carbonate, calcium oxide and sodium meth-
oxide were employed, the product were obtained in 35%~
55% (Table 2, Entries 3, 6, 9). The results demonstrated
that sodium and sodium amide promoted the reaction while
sodium carbonate, calcium oxide and sodium methoxide
all failed. The amount of sodium was then evaluated. Fig-
ure 1 shows that the optimum amount of sodium to be used
was 0.06 equiv. while a lower ratio worked worse signifi-
cantly and a higher ratio did not further function.

Table 1 Aminolysis of ethyl acetate without catalyst®

o) 0
)ko/\ + NHs )J\NH2+ ~OH

Entry Temperature/C Time/h Yield®/%
1 90 7 1.1
2 90 10 6.8
3 140 7 15.3
4 140 10 26.6
5 170 7 60.4
6 170 10 71.5

“ Reaction conditions: ethyl acetate (0.3 mol), ammonia (1.2 mol). * GC yield.

rate-determining step
(a) 2NH3 = NH4+ + NH2_ (6] H2N e}
—
(b) Na+NH; —<== Na* + NHy 0 )40/\

() NaNH, —<== Na* + NH key factor

The proposed mechanism for aminolysis of ethyl acetate
was presented in Figure 2. The concentration of amide
anions was a key factor affecting the rate-determining step
in this reaction. When the reaction was employed without
catalyst (a), amide anions were obtained only by molecular
autoionisation of ammonia. When the sodium amide was

Table 2 Aminolysis of ethyl acetate with different catalysts”

0
)J\o/\ + NHy

catalyst
)J\NHZ * “oH

Entry  Catalyst (0.1 equiv.) Temperature/'C  Yield®/%
1 Sodium carbonate 90 7.4
2 Sodium carbonate 110 12.6
3 Sodium carbonate 140 35.4
4 Calcium oxide 90 10.3
5 Calcium oxide 110 17.8
6 Calcium oxide 140 45.5
7 Sodium methoxide 90 15.3
8 Sodium methoxide 110 36.8
9 Sodium methoxide 140 55.5
10 Sodium 90 98.7
11 Sodium 110 98.8
12 Sodium 140 98.7
13 Sodium amide 90 96.8
14 Sodium amide 110 97.2
15 Sodium amide 140 97.1

NH,+  HeN ('o'H
NH; Co™

¢ Reaction conditions: ethyl acetate (0.3 mol), ammonia (1.2 mol), catalyst
(0.03 mol), 7 h. “GC yield.

100

98 "
96
94

92 4

Yield/%

90 4 -
88

86

84

L J J J J T
0.04 0.05 0.06 0.07 0.08 0.09 0.10
Molar ratio

Figure 1 Effects of sodium amount on the aminolysis of ethyl
acetate
Reaction conditions: 90 C, NHj (4 equiv.), 7 h, GC yield.

“OH o
ANHQ/\O'—’)J\NHQ ~oH

Figure 2 Proposed mechanism for aminolysis of ethyl acetate and three main sources of amide anions
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employed (c), amide anions were mainly obtained by ioni-
zation of sodium amide, which increased the concentration
of amide anions and then promoted the whole reaction. And
when the sodium was employed (b), sodium reacted with
ammonia to produce sodium amide.” This fresh and
in-situ synthesized sodium amide increased the concentra-
tion of amide anions directly without ionization process. It
was more important that this kind of amide anions were
more active.

In order to verify the mechanism, sodium amide was used
as a catalyst in the similar reaction conditions (Table 2,
Entries 13, 14, 15). As evident from these three high yields,
sodium amide did promote this reaction. At the same time
from the results of Figure 3, a significant comparative ad-
vantage using sodium as catalyst was identified.

100 + -
] -
90 /
i o
2 804
3
Q
> 704 w
60 -
—m— Sodium employed
) —0O— Sodium amide employed
50 T T T T T
2 4 6 8

Reaction time/h

Figure 3 Effect of reaction time on the reactions employed with
sodium or sodium amide

Reaction conditions: ammonia (4 equiv.); catalyst (0.06 equiv.), 90 C;
GC yield.

Further, the aminolysis of various esters was examined,
and the detailed results are shown in Table 3. In general,
the aminolysis of all selected esters achieved with good to
excellent yields (84.8%~96.5%). When the R' group was
an aliphatic group, methyl propionate gave its product in
96% yield (Table 3, Entry 1), but methyl hexanoate only
gave its product in 85.1% yield with higher temperature.
As seen from the result (Table 3, Entries 1~4), longer
carbon chain was involved, and harsher condition was re-
quired. When R' or R* group was a phenyl group, corre-
sponding products were obtained in 96.5%, 84.8%, 96.2%
and 92.6% yields, respectively (Table 3, Entries 5~8).
The above reactions confirmed the wide substrate scope of
this procedure in terms of aminolysis of monoesters under
mild conditions.

3 Conclusions

In sum, an efficient, mild, and solvent-free procedure for
the aminolysis of monoesters using sodium as catalyst has
been presented. It has been demonstrated that the fresh
sodium amide in-situ synthesized by sodium with ammonia
was more active than the indirectly adding sodium amide

Chin. J. Org. Chem. 2019, 39, 873~877

by a comparative study. In addition, the mechanism for
aminolysis of ethyl acetate was proposed. The procedure in
this study is expanded extensively to other monoesters.

Table 3 Aminolysis of other esters using sodium*”

O O
2 N
R1J\O/R + NHs 2 R1JLNH2 + R2—OH
A ia/ . .
Entry Ester fmorta Temp./’C Time/h Yield”/%
equiv.
o}
N 3 90 6 9
O
4 120 6 87.5

3 %O/ 4 120 8 853

0]
4 /\/\)J\ 4 145 6 85.1
o~

(o]
5 @_/( 5 140 5 96.5
O—
(@]
6 ®/ 55 140 55 848
(@)
(0]
7 /@ 5 140 4 962
)J\O

(@]
8 AOA@ 5 140 5 926

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: methyl propionate (0.3 mol), methyl butyrate (0.3 mol),
methyl isobutyrate (0.3 mol), methyl hexanoate (0.3 mol), methyl benzoate
(0.3 mol), methyl 2-phenylacetate (0.2 mol), phenyl acetate (0.2 mol), benzyl
acetate (0.2 mol), sodium (0.06 equiv.). bGc yield.

4 Experimental section

4.1 General procedure

N-Propylamine, sodium methoxide, sodium, sodium
amide and all the ester reagents were commercial products
from Aladdin® with the highest purity available (=97%)
and were used without further purification. N,N-Dimethyl-
formamide (DMF) and all inorganic reagents were com-
mercial products from Sinopharm Chemical Reagent Co.,
Ltd. with a purity of over 99% and were used as received.

A mixture of ester reagent, basic catalyst (Tables 1~3)
were added to a 100 mL high pressure reaction kettle
equipped with stirrer and a temperature measuring device.
The kettle was purged with nitrogen gas until the pressure
was 3.0 MPa and kept steady for 30 min in order to prove
that it was sealed well. And then the nitrogen gas was run-

http://sioc-journal.cn/ 875
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ning out by opening the outlet vale. It was repeated three
times to replace all the air in the kettle. After this, certain
amount of liquid ammonia (Table 1~3) was added to the
kettle from the inlet vale. The reaction mixture was heated
slowly to the reaction temperature (Table 1~3). The reac-
tion was continued for its reaction time (Table 1~3) with
stirring at the reaction temperature. After completion of the
reaction, the mixture was cooled to room temperature
(20 C), and the rest ammonia was released into recycle
system by opening outlet vale. These mixtures were evap-
orated to dryness under reduced pressure, and then the
crude products were purified by recrystallization using
ethanol. After filtration, the solvent was removed and the
products were got. Gas chromatography (GC) detection
was used after the products were dissolved in 50 mL of
N,N-dimethylformamide.

4.2 Product analysis

GC analyses were performed on a GC Agilent 1790F se-
ries. Quantitative analysis of the products was carried out
by external standard method using GC analyses. Gas
Chromatography-Mass Spectrometer (GC-MS) analyses
were performed on a GC-MS Agilent 5973-6890 series
(FID detector, weakly polar capillary column SE-30, ni-
trogen as carrier gas). 'H NMR spectra were recorded in
CDCl; on a Bruker DRX 400 spectrometer. Melting points
were determined in open capillaries using an Electrother-
mal 9100 without further corrections.

Acetamide: m.p. 80~81 C (lit*” 81.1 ‘C); MS (EI,
70 eV) m/z (%): 59 (M™, 100), 44 (80), 43 (56); '"H NMR
(400 MHz, CDCl;) ¢0: 6.13~5.80 (m, 1H), 5.71 (s, 1H),
1.94 (s, 3H).

Propionamide: m.p. 79~80 ‘C (lit.*™® 79 C); 'H
NMR (400 MHz, CDCl;) ¢: 6.15 (s, 1H), 5.72 (s, 1H), 2.19
(q, J=7.60 Hz, 2H), 1.09 (t, J=7.60 Hz, 3H).

Butyramide: m.p. 114~115 C (lit.* 115~116 C);
'H NMR (400 MHz, CDCl;) d: 6.10 (s, 1H), 5.65 (s, 1H),
2.13 (t, J=7.52 Hz, 2H), 1.80~1.24 (m, 2H), 0.90 (t, J=
7.80 Hz, 3H).

Isobutyramide: m.p. 127~ 128 ‘C (lit.*" 126.5 ~
127 “C); '"H NMR (400 MHz, CDCL;) J: 5.94 (s, 1H), 5.53
(s, 1H), 2.36 (dt, J=13.80, 6.9 Hz, 1H), 1.11 (d, J=6.92
Hz, 6H).

Hexanamide: m.p. 100~101 ‘C (1it®" 100 C); 'H
NMR (400 MHz, CDCl;) d: 6.09 (s, 1H), 5.61 (s, 1H),
2.38~1.98 (m, 2H), 1.66~1.45 (m, 2H), 1.35~1.09 (m,
4H), 0.93~0.70 (m, 3H).

Benzamide: m.p. 130~131 C (lit.* 130~131 C);
'H NMR (400 MHz, CDCl;) 0: 7.75~7.33 (m, 5H), 6.10
(s, 1H), 6.02~5.80 (m, 1H).

Benzeneacetamide: m.p. 155~156 C (lit.* 157~
158 “C); '"H NMR (400 MHz, CDCl;) 6: 7.44~7.20 (m,
5H), 5.65 (s, 1H), 5.36 (s, 1H), 3.52 (d, /=3.20 Hz, 2H).

Supporting Information Experimental details and proton
nuclear magnetic resonance of synthesized products. The
Supporting Information is available free of charge via the
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