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ABSTRACT

Formamide, primary and secondary amines react with esters in
the presence of potassium tert-butoxide under microwave irra-
diation. Substituted amides are formed in yields (generally
more than 70%) much higher than under conventional heating.

The amide bond is an important building unit naturally or syntheti-
cally occurring.!"*? It is present as a key in many important natural products
and man-made compounds.”” For example, N-acylalkylenediamines'™ react
with 4-amino-2-chloro-6,7-dimethoxyquinazolines to give a variety of
antihypertensive agents.
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3526 ZRADNI, HAMELIN, AND DERDOUR

The synthesis of amides from carboxylic esters is a transformation
of general synthetic interest which in many cases needs harsh conditions
(temperature, reaction periods) or the use of strong catalysts.>®

However, the enormous growth in the use of microwave irradiation
this last decade in synthetic organic chemistry!”! inspired us to study this
reaction. A recently described synthesis of N-acylalkylenediamines from the
corresponding carboxylic esters and alkylene diamines which requires
prolonged reaction times (3-16h)® and also synthesis of N-arylamides,”
prompt us to report our results under solvent-free conditions which proceed
in a much shorter time (2-3 min).

For the synthesis of primary amides, the reactions were carried out
using an ester (1eq.), formamide (3eq.) and solid potassium fert-butoxide
(--BuOK) (leq.) and the reaction mixture was submitted to microwave
irradiation (MWI) in a focused microwave oven (Synthewave 402%).[1%

1 5 MWI/-BuOK )
R'CO,R? + HCONH; — "% R'CONH, + HCO,R

Rl:Me, C6H5CH2, NCCHQ, C6H5CH:CH, H3CC02CH2,

R’=Me, Et

While the synthesis of secondary amides are realized from esters (1 eq.)
and butylamine (leq.), tertiary amides result from esters (leq.) and

secondary amines (1 eq.) with adjusted amounts of (-BuOK) as shown in
Table 2 for the following reactions.

MWI/-BuOK |
——— R CONHBu

MWI/-BuOK
————

R'CO,R? + BuNH,

R'CO,R? + R*°R*NH R'CONR’R*

Table 1. Solvent-Free Synthesis of Amides from Esters and Formamide Using
Potassium tert-Butoxide

Time Yield®

Entry Starting Materials Products (min) (%)
1 CH;CO,C,H; CH;CONH, 2 80
2 Cs¢HsCH,CO,CH; C¢HsCH,CONH, 3 79
3 NCCH,CO,CH; NCCH,CONH, 2 72
4 CsHsCH=CHCO,CH; C¢HsCH=CHCONH, 2 85
5 CH,(CO,CH3), CH;CO,CH,CONH, 3 43

“The yield refers to isolated products which exhibit physical and spectral properties
(NMR spectra) in agreement with the assigned structures.



MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

3527

SYNTHESIS OF AMIDES FROM ESTERS AND AMINES

(sInoy Y sAep :p) ‘syudwLIadXa dABMOIOIW Ay} JO aInjeradwo)
oy} 1® 398 A[snoiaaid (V) yieq [0 UB Ul UOTIORIY, S2INJONIIS pauSisse 9y} yim judwadise ur (v13oads YIAN) sentadoad [enoads
pue [earsAyd 31qryxa yorym spnpod paje|ost 0} s19Ja Plalk dY L, ornjesodud) pasIsap dy) 10§ parojuow st romod uonerpe.r oy L,

Y9 ¢ |87 YL S0 ep Y*HD0D)*HD ST
s L SL 9L1 S0 ey *HOYODHO=HO*H’D 14!
o SL ob1 $T0 ep YHO*OD'HOIN €l
(9 st 0L 0T S0 ep YHO*OD*HDOH?D 4!
P1)og YL 6C1 S0 (ep) -*(‘HD)-HN SHYO0OD*HD 1
g s s $S6 $T0 eg Y(*HD®0D)*HD 01
Us) 6 69 861 STO eg *HO*OOHO=HD*H’D 6
(U8) 6¢ 8L 061 S0 eg YHOYOD HOIN 8
[CEIRS! €9 61T I eg YHO*OD*HO H?D L
PDIc 69 LS1 STO (e€) -"(‘HDO)-HN SH*D0DHD 9
P S LT 1L S0 ey YEHD0D)*HD S
P 19 96 I eg *HO*OOHO=HD*H"D 14
P LI 09 €8 I L4 YHO*OD*HOON €
P1)9¢ L6 S0l S0 ez YHOYODHOH®D 4
(P2 st 0L $6 I () “HNng SHYO0OD'HD I
(%) .V (%) oM .) (‘bo) JONng- sourury s101sg Anuyg
Iapun pRIA Iapun PRIA L dwo Jo finuend
Co_um%wg: mﬁmﬁoumz msmﬁﬁm

UONBIPRLI] Jopu) Uil ¢ SuLn( SUIUY Pu® SI9ISH WOIJ SOPIuY AIeNId], PUB AIBpuo0daS JO SISAYIUAS 92I]-JUSA[OS 7 dIqv]

€10z Aseniged 82 7T-€0 e [Aisieniun uosog] Aq pepeojumoq



ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

Downloaded by [Boston University] at 03:14 28 February 2013

™
©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

3528 ZRADNI, HAMELIN, AND DERDOUR

We observe that the reaction yields are lower for dimethyl-malonate
either with alicyclic or cyclic amines when compared to other esters
(Entries 13-15). It is noteworthy that the reaction is also working for
enolisable esters (which is not the case with the substrates used by
Varma and Naicker™). The referee suggest that in the presence of a
strong base, a ketene may be invoved in this case.

The structures of the amides were assigned on the basis of their
"HNMR spectra and comparison with literature data.

We compared the results of the present synthesis using microwaves
with classical heating during the same time. It is noteworthy that after 3 min
in the same conditions, the yields under classical heating are nearly nul. In
Table 2 we report in the last column the yields after a more longer time to
allow the determination.

In conclusion, microwave irradiation accelerates considerably the
process of condensation as compared with classical heating.

EXPERIMENTAL SECTION

NMR spectra were measured on a Bruker FT AM 200 spectrometer
using CDCl; as solvent and TMS as internal standard.

General Procedure for the Preparation of Amides
Method A (MWI)

The typical procedure for the substituted amides synthesis is as follows:
potassium ferz-butoxide (1 eq., 5.107>mol or 0.5 or 0.25eq.) was added to a
premixed mixture of amines (1 eq.) and esters (1 eq.) in the (o: 2.5 cm) reactor
of a focused microwave oven (Synthewave 402)!'” and irradiated under
stirring for the specified temperature and time (see Tables 1-2). On
completion of the reaction, the mixture was extracted with CH,Cl,.

After filtration and evaporation of the solvent, the resulting mixture
was analyzed by '"H NMR.

Method B (Conventional)

Reactions are performed in the same conditions in the same
vessel using an oil bath previously set at the temperature measured in
the microwave oven. As this study was done only for the comparison,
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the products were not isolated and the ratio were determinated by
"HNMR.

Acetamide:!'! Yield : 80%; Solid, m.p.: 78-80°C, '"H NMR (200 MHz,
CDCly): §:1.6 (s, 2H, NH,); 2.0 (s, 3H,CH;).

Phenylacetamide:"'! Yield : 79%:; Solid, m.p.: 154-157°C, '"HNMR
(200 MHz, CDCl3): §:1.95 (s, 2H, CH,); 4.69 (s, 2H, NH,); 7.10 a 7.25
(m, 5H, phenyl).

Cyanoacetamide:!'*! Yield:71%; Solid, m.p.: 120-122°C, '"HNMR
(200 MHz, CDCl3):8:3.08 (s, 2H, NH,); 3.40 (s, 2H, CH.,).

Cinnamamide:"" Yield:84%; Solid, m.p.: 140-148°C, 'HNMR
(200 MHz, CDCl3):8:3.49 (s, 2H, NH,); 6.45 a 7.65 (dd, CH=CH); 7.35
(m, 5H, phenyl).

Methylmalonamide:!'” Yield : 43%; Solid, m.p.: 216-217°C, '"HNMR
(200 MHz, CDCl3):8:3.76 (s, 2H.NH,); 3.50 (s, 3H, CHs); 1.67
(s, 2H, CH.,).

N-Butyl-acetamide:!'® Yield: 70%; Brown paste, b.p.:229°C (lit),
"HNMR (200 MHz, CDCl5):8:3.40 (t, 1H, NH); 0.87 (t, 3H, CHs); 1.40
(m, 4H, CH,-CH,); 1.95 (s, 3H, CH;-CO).

N-Butyl-2-phenyl-acetamide:''” Yield : 97%; Solid, m.p.: 105°C (114°C
lit.) "HNMR (200 MHz, CDCls): §:7.3 (m, SH, phenyl); 4.55 (s, 2H, -CH,-
CO); 1.40 (m, 4H, CH,-CH,); 0.9 (t, 3H, CH3)

N-Butyl-2-cyano-acetamide:!'® Yield: 60%; Solid, m.p.:148-150°C,
'"THNMR (200MHz, CDCl;):8:3.90 (t, 1H, NH-CH,); 3.45 (s, 2H,
-CH,-CO); 1.65 (q, 4H, CH,-CH,); 0.9 (t, 3H, CH3).

N-Butyl-cinnamic-amide:"”  Yield:61%; Solid, m.p.: 358-60°C,
"HNMR (200 MHz, CDCl3):8:1.01 a 1.95 (5§ Butyl); 3.80 (t, 1H, NH-);
6.5a 7.7 (dd, CH=CH); 7.35 (m, SH, phenyl).

N,N-Dibutyl-malonamide:*”  Yield:17%:; Liquid, b.p.: 46-48°C/
mmHg (lit.) "THNMR (200MHz, CDCl3):6:0.77 a 1.85 (8 Butyl); 3.75
(t, 1H, NH-); 3.95 (s, 2H, CH.,); 4.02 (s, 3H, -CHs).

1-Acetyl-piperidine:*!! Yield: 74%; Solid, m.p.:85-87°C, 'HNMR
(200 MHz, CDCl3):8:1.55 (m, 6H, H,H3H,); 3.05 (t, 4H, H,Hs); 3.45 (s,
3H, -CH;).

1-Phenyl-acetyl-piperidine:**  Yield:70%; Solid, m.p.:52-54°C/
l6mmHg (lit) "HNMR (200 MHz, CDCl;): 8:1.60 (m, 6H, H,H;H,);
3.20 (t, 4H, H,Hs); 3.9 (s, 2H, -CH.,); 7.25 (m, 5H, phenyl).

1-Cyanoacetyl-piperidine:**!  Yield: 75%; Solid, m.p.: 88-90°C,
"HNMR (200 MHz, CDCl5):8:1.60 (m, 6H, HH3H,); 3.20 (t, 4H, H,Hs);
3.50 (s, 2H, -CH,).

3-Phenyl-1-piperidine-1-yl-propenone:*  Yield: 75%; Solid, m.p.:
45-47°C, '"HNMR (200 MHz, CDCl3):8: 1.55 (m, 6H, H,H3Hy); 3.05 (t,
4H, H,Hs); 6.45 a 7.6 (dd, CH=CH); 7.35 (m, SH, phenyl).
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3-Oxo-3-piperidin-1-yl-propionicacid-methyl-ester: >} Yield :41%;
Liquid, b.p.: 75-76°C (lit.) "THNMR (200 MHz, CDCl3):8:1.55 (m, 6H,
H2H3H4); 3.05 (t, 4H, H1H5), 3.7 (S, 2H, -Cﬂz), 3.9 (S, 3H, -CH:;).

N-Acetyl-pyrrolidine:*®  Yield: 69%; Liquid, b.p.:53-54°C (lit.)
'HNMR (200MHz, CDCl;):8: 1.9 (m, 4H, H,Hs); 3.5 (t, 4H, H,H,);
3.75 (s, 3H, -CHa).

1-Phenylacetyl-pyrrolidine:*” Yield : 63%: Liquid, b.p.: 47-50°C (lit.)
"HNMR (200 MHz, CDCl5):8: 1.85 (m, 4H, H,H;); 3.45 (t, 4H, H,H,);
3.99 (s, 2H, -CH,); 7.4 (m, 5H, phenyl).

1-(Cyanoacetyl)-pyrrolidine:**  Yield : 78%; Solid, m.p.:35-37°C,
'"HNMR (200 MHz, CDCls):8: 1.95 (m, 4H, H,H3); 3.45 (t, 4H, H,H,);
3.80 (s, 2H, -CH,).

1-Cinnamoyl-pyrrolidine:*!  Yield:68%; Solid, m.p.:47-49°C,
"THNMR (200 MHz, CDCls):8: 1.85 (m, 4H, H,H;); 3.3 (t, 4H, H,H,);
6.54a 7.7 (dd, -CH=CH-); 7.5 (m, 5SH, phenyl).

3-Oxo-3-pyrrolidin-1-yl-propionicacid-methyl-ester:*"! Yield : 51%;
Liquid, b.p.: 65-67°C (lit.) '"HNMR (200 MHz, CDCls):8: 1.85 (m, 4H,
H,Hs); 3.25 (t, 4H, H Hy); 3.75 (s, 2H, -CH,); 3.95 (s, 3H, -CH3).
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