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Abstract— Synthesis of amides via pyrolysis of the salts obtained by mixing neat primary amines and carboxylic acids were realized under
solvent-free conditions within short times and appreciable yields under microwave activation. The evident specific non-thermal microwave
effects are attributed to polarity increase during the course of the reaction, due to development of a dipole in the transition state. © 2002

Elsevier Science Ltd. All rights reserved.

1. Introduction

There is considerable interest in the formation of amides by
the direct combination of carboxylic acids and amines, as
the methods employed may also be utilized in peptide and
lactam synthesis. In general, the formation of carboxamides
from amines and carboxylic acids implies the activation of the
carboxyl group.! The most common methods involve either
conversion of carboxylic acid to a more reactive functional
group such as an acyl chloride, mixed anhydride, acyl azide or
active esters, or via an in situ activation of carboxyl group by
some coupling reagents such as carbodiimides.>® More
recently, new systems were recommended such as titanium
or divalent tin reagents of type Sn(N(TMS)2)2,4 treatment
with equivalent amounts of triphenylphosphine and N-halo-
succinimides such as NBS. or with trichloroacetonitrile.®

With the aim of simplification of the procedures, especially
in order to avoid the preliminary and often expensive
synthesis of coupling reagents, pyrolitic preparations of
amides should be considered as the most interesting method
for their syntheses in the absence of any catalyst and
solvent.” It consists of the pyrolysis of the corresponding
salts obtained by mixture of the amine and the carboxylic
acid (Eq. (1)).

RCO,H + R'NH,

A
RCOy, *NH;R' RCONHR'
\ H,0
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However, this method usually suffers from rather harsh
conditions with respect to temperature and reaction times.

In recent developments, the use of microwave irradiation
(MW) to simplify and improve classic organic reactions
has become a very popular method,®'® because it often
leads to higher yields, cleaner reactions and shorter reaction
times. In connection with solvent-free conditions, MW
methods result in efficient and safe technology, ‘Green

Chemistry’. 10.11

Microwave activation has been used with a great deal of
success in several cases of amide synthesis by direct irradia-
tion of amine—carboxylic acid mixtures. They involved
different kinds of catalysts such as K-10 montmorillonite,12
imidazole," zeolite-HY,"* polyphosphoric acid," p-tolue-
nesulfonic acid,'® TaCls-silica gel,17 KF—-alumina and silica
gel.18 In a few cases, reactions were performed in the
absence of catalyst for the synthesis of aromatic amides, '’
2-oxazolines® and imides from dicarboxylic acids.?!

This set of reactions was carried out using domestic micro-
wave ovens, i.e. without any control of temperature and
emitted power. There was no comparison provided with
conventional heating (A) under identical conditions
(medium, temperature, time, pressure) to check for possible
specific purely non-thermal microwave effects. To this
purpose, we have studied the synthesis of typical amides
by pyrolysis of the salts obtained quasi-instantaneously
from mixtures of an amine and a carboxylic acid. Reactions
were performed under mechanical stirring to avoid macro-
scopic hot spots,”” using a monomode reactor with focused
waves'® (Prolabo Synthewave® 402) with accurate control
of power and temperature (by infrared detection or with an
optical fibre) during the course of the reaction. Experiments
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were then repeated, for sake of comparison with microwave
activation, under exactly the same conditions including
similar profiles of rises in temperature by conventional
heating (using a thermostated oil bath).

2. Results

Experiments were carried out without catalyst (in contrast to
ester aminolysis which could be realized either under
neutral or basic conditions and studied elsewhere under
microwave irradiation’’) with conjugated and non-
conjugated carboxylic acids and amines. The reaction
temperature selected was 150°C in order to favour shifting
of the equilibrium by water removal (Eq. (2)).

RCO,H + R'NH, = RCONHR’ + H,0-4 )
1 2 3

R=C¢Hs, CsHsCH,, n-CoHio;
R,:CGHS, p-CH3OC6H4, C6H5CH2, }’l-CgH17.

2.1. Reaction of benzylamine (2, R'=C¢H;CH,) with
several carboxylic acids (Table 1)

Table 1. Reaction of benzylamine with RCO,H at 150°C (scale: 3 mmol)
under microwave activation (MW) or by conventional heating in a thermo-
stated oil bath (A)

R Reaction time (min) Relative amount 1/2  Yields® (%3)
MW A

CeHs 30 1:1 10 10
30 1:1.5 80 8

30 1.5:1 75 17

C¢HsCH, 10 1:1 51 24
30 1:1 80 63

30 1:1.5 92 40

30 1.5:1 93 72

n—C9H|9 10 1:1 80 34
30 1:1 85 49

# In isolated products.

In all cases, good to excellent yields were obtained within
30 min of microwave exposure. The excess of one or the

other reagent (1 or 2) is highly favourable, especially in the
case of benzoic acid, as it allowed for noticeable improve-
ment in yields.

Under these conditions, very important specific purely non-
thermal microwave effects were evidenced, especially in the
case of benzoic acid amidation under similar conventional
heating profiles of temperature increase (Fig. 1).

2.2. Reaction of the r-octylamine (2, R'=n-CgH,,)
(Table 2)

Table 2. Reaction of n-octylamine with RCO,H at 150°C within 30 min
(scale: 3 mmol) under microwave activation (MW) or classical heating (A)

R Relative amount 1/2 Yields* (%3)
MW A
C6H5 1:1 3 -
1:1.5 2 -
1.5:1 10 -
C6H5CH2 1:1 54 23
1:1.5 82 41
1.5:1 52 35
n-Cngg 1:1 63 54
1:1.5 68 68
1.5:1 52 46

* In isolated products.

Under these conditions, benzoic acid failed to react regard-
less of the relative amount of acid/amine used. Quite
excellent yields were obtained in the two next cases but
only phenylacetic acid revealed the intervention of specific
microwave effects.

When considering the most favourable conditions, one can
establish the following sequence for the different acid

reactivities:

”'C9H19C02H = C6H5CH2CO2H >> C6H5C02H

180 300
160
250
140 1
120 1 + 200
n 100
< temperature ("C) + 150
= 80
power (Watts)
60 4 + 100
40
+ 50
20 -
0 t t t t t += 0
0 100 200 300 400 500 600

Figure 1. Profile of rise in temperature under microwave irradiation by modulation of emitted power for the reaction of benzoic acid with benzylamine

(1/2=1:1.5).
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2.3. Reaction of aniline (2, R'=C¢Hs) (Table 3)

Table 3. Reaction of aniline with RCO,H at 150°C (scale: 3 mmol) under
microwave activation (MW) or classical heating (A)

R Reaction time (min) Relative amount 1/2  Yields® (%3)
MW A

CeHs 120 1:1.5 12 -
C¢HsCH, 30 1:1 40 33
30 1:1.5 40 41

30 1.5:1 52 45

n-CoHjg 30 1:1.5 14 -
120 1:1 40 35

120 1:1.5 34 30

 In isolated products.

Poor to moderate yields were obtained in the case of aniline.
They were only slightly modified by extending reaction
times or changing the amounts of reagents.

2.4. Reaction of p-methoxyaniline (2, R’=p-CH;0C¢H,)
(Table 4)

Table 4. Reaction of p-methoxyaniline with RCO,H at 150°C (scale:
3 mmol) under microwave activation (MW) or classical heating (A)

R Reaction time (min) Relative amount 1/2 Yields® (%3)
MW A

Cg¢Hs 30 1:1 29 18
30 1:1.5 33 32

30 1.5:1 28 25

C¢HsCH, 30 1:1 62 44
30 1:1.5 68 59

30 1.5:1 69 59

120 1:1.5 85 74

n-CoHjog 30 1:1 23 20
30 1.5:1 34 28

30 1:1.5 58 30

60 1:1.5 71 33

120 1:1.5 86 70

* In isolated products.

Yields were significantly enhanced due to the electron-
donating effect of the methoxy group. These experiments
correlated better with phenylacetic and decanoic acid
experiments with evidence for some rather limited specific
microwave effects.

3. Discussion

In the examples described in Tables 1-4, one can conclude
that good to excellent yields of amides (except in some
cases with benzoic acid) can be obtained by simple mixing
of reagents under microwave irradiation with reduced
reaction times (10-30 min). Significant differences in
reactivities were observed according to the structures of
the reagents:

Carboxylic acid : n-CoH;iCO,H = C4H;CH,CO,H
> C¢H5CO,H

C¢HsCH,NH, > n-CgH,;NH,

> p-CH;0C¢H,NH, > C4Hs;NH,

Amines :

3.1. Mechanistic considerations

At room temperature, mixing of an amine and a carboxylic
acid leads to the rapid formation of the corresponding
ammonium salt by an acid—base equilibrium (Eq. (3)).

RCO,H + R'NH, = RCO; , "NH;R’ 3)

Subsequently, the pyrolysis of this salt leads to amide
formation by equilibrium retrogradation and subsequent
nucleophilic attack of the amine on the carbonyl group.
This process needs temperatures higher than 100°C for
water elimination (Eq. (4)).

RCOy, +NH3R' RCO,H

+ R'NH, T RCONHR'
H,0

2

“4)

Different factors can be considered to justify the relative
reactivities of amines and carboxylic acids:

In a first approach, amide formation could be favoured by
displacement to the right of the previous equilibrium

(Eq. 3)).

Table 5. pK values® for amines and carboxylic acid

n-CgHy7;NH, C¢HsCH,NH,  p-CH;0C¢H,NH, CgHsNH,
pK, 3.35 4.67 8.66 9.40
C¢HsCO,H C¢HsCH,CO,H  n-CyH;yCO,H
pK, 421 431 4.89

From pK values for amines and carboxylic acids (Table 5),
one can expect rather similar behaviours of the different
carboxylic acids due to their close pK, values and a large
influence of the amine structure between aliphatic (pK,~3—
5) and the less basic aromatic ones (8—10). As the experi-
mental sequences (Tables 1—4) are clearly different from the
ones we can expect from these predictions, this possible
influence on the position of acid—base equilibrium has to
be rejected.

3.2. Nucleophilic attack of amine on carbonyl group
(Eq. (4))

It constitutes the rate-determining step and occurs by the
attack of nitrogen atom on carbonyl group of the acid
(Scheme 1).

Ab initio calculations (geometry, charges and orbital levels)
have allowed us the conclusion that this reaction occurs
presumably under orbital control® as there is no connection
with charge densities on N and C atoms of amine and acid,
respectively. Conversely, good correlations are obtained
with the relative energy levels of the molecular orbitals
(MOs) involved in the electronic transfer (Scheme 2).%°
These are the occupied N-non-bonding orbital (ny)
describing the amine lone pair and the empty 7" c—q orbital
on the carboxyl moiety.?’



2158 L. Perreux et al. / Tetrahedron 58 (2002) 2155-2162

R B

\ 7

/":O

.
HO > ;
H/[\R' H P\l
H -
(GS) (TS)

Scheme 1. Mechanism for nucleophilic attack of amine on carboxylic acid.
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Scheme 2. Energy diagram representing the interactions between the
different reactants.

The highest ny orbitals of the amines are found for non-
conjugated compounds that indeed correspond to the most
reactive species. Due to conjugation with the orbitals of the
phenyl ring, the ny orbital is lowered in energy in the case of
aniline which is the less reactive species. Similar trends are
found in the m"c—g series: when conjugation with the phenyl
ring MOs occurs, the m°c—¢ rises in energy. As a conse-
quence, benzoic acid is predicted to be the less reactive
species.

3.3. Influence of the excess of one reagent

The most striking case concerns the influence of the ratio of
1/2 for the reaction of benzoic acid with benzylamine (Table
1). Among some other possibilities, the most simple and
adapted interpretation for this observation lies in the possi-
bility of complexation by hydrogen bonding of the carbonyl
group of RCO,H with the excess of either amine or acid.
This provides some explanation of its electrophilic assis-
tance to nucleophilic attack by N atom (Scheme 3).

A similar observation was made by Baldwin et al.'** with
respects to the reaction of benzylamine with benzoic acid
under microwave activation. They have shown that the addi-
tion of one equivalent of imidazole induced an increase in
the yields (from 13 to 61%). This secondary amine did not
react with the carboxylic acid but electrophilically assisted
the carbonyl group.

ot
R
o =0
-H,0 \N\
H
¢]
\_ % / /
/T:O H—N\ >T:8‘ ,,,,,, H—O
HO R'
) HO )
.. /
N .
TR H/T\R
H H

Scheme 3. Electrophilic assistance to nucleophilic attack by amine.
3.4. On the possibility of m-stacking

When each reagent (amine and acid) bears an aromatic ring
in adequate relative position to give possible w— inter-
actions at distances 3—4 A, m-stacking can be involved.”®
They are shown to play an important role especially under
s 72030

solvent-free conditions where they can be developed
with their optimal magnitude as restrictions imposed by
solvent—substrate interactions are minimal (Scheme 4).

<G>

@\N\H
=0

H-—0O

Scheme 4. Approach showing an optimal magnitude of w— interactions.

This may be the case of two benzylic reagents, i.e. benzyl-
amine and phenylacetic acid (Scheme 4). This phenomenon
allows for a stabilization of the transition state (TS) of the
reaction thus leading to a decrease in activation energy and
therefore enhancement in yields.

To support the possibility of m-stacking, molecular model-
ling calculations (MP3 type which is the most adapted
method to describe hydrogen bonding and the interactions
between non-bonding atoms—Hyperchem program) were
done on N-benzylbenzamide. The most stable form is the
one where overlapping between w systems is involved
(Scheme 5).

3.5. Interpretation of specific microwave effects

Very important specific non-thermal microwave effects are
evidenced in the majority of the reactions concerned. They
seem to be increasingly important in the case of sluggish
reactions. For instance, they allow for an improvement in
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Scheme 5. Optimized geometry for N-benzylphenylacetamide.

yields from 8-17% (conventional heating) to 75-80%
(microwave activation) in the reaction of benzoic acid and
benzylamine.

It is evident that the effect lies in the enhancement by micro-
wave radiation of nucleophilic attack by the nitrogen atom
on the carbonyl group (the rate-determining step) as the
temperature (150°C) allows for a water removal regardless
the mode of activation.

These effects can be easily understood by considering the
possible microwave activation affects by dipole—dipole
interactions according to mechanistic considerations and
to an increase of the polarity of the system during the
progress of the reaction®' (Scheme 1).

It is well established that microwave—materials interactions
are increased with the polarity of the materials.’* As the TS
is consequently more polar than the ground state (GS), its
stabilization is more affected (by dipole—dipole interactions
with the electromagnetic field), thus resulting in a decrease
in activation energy (Scheme 6).

It is important here to state that the preliminary formation of
ammonium salts be considered of prime interest as it

I

TS

GS

U

t

!

2159

generates polar species prone to interact strongly with
microwave radiation which induces a noticeable rise in
temperature (Scheme 7).

The profiles of the elevation in temperature obtained under
microwave irradiation are representative of the polarity of
the reactants as they interact strongly with the electro-
magnetic field. The amine and the carboxylic acid interact
weakly with microwave radiation, as the temperatures
obtained, after 30 min of microwave exposure, are 125
and 80°C, respectively. On the other hand, there is a signifi-
cant enhancement in the polarity with the liquid ammonium
carboxylate and amide, i.e. when above their melting point
(175 and 122°C, respectively).

The increase in the polarity of the system provided by the
ammonium carboxylate thus strongly favours to the reaction
as well as the formation of polar amide during the course of
the reaction.

Some measurements of dielectric characteristics (&’ and )
are in progress to support these hypotheses.

4. Conclusion

Pyrolysis of salts obtained by mixing neat primary amines
and carboxylic acids were, in a great majority of cases,
realized under solvent-free conditions within short times
and appreciable yields with microwave activation. The
evident specific non-thermal microwave effects are
attributed to enhancements in microwave—materials inter-
action due to polarity increase during the progress of the
reaction. Further experiments including dielectric character-

t .
AGMW < A(*'\

t

AGMW

Scheme 6. Relative stabilizations of a more polar TS when compared to GS (polar mechanism).

300
—+— benzoic acid
~&- benzylamine
- N-benzylphenylacetamde

250

— ammonium carboxylate

800

ts)

1000 1200 1400 1oy 1800

Scheme 7. Profile of rise in temperature of the different reactants for the reaction of benzylamine with benzoic acid when submitted to microwaves (emitted

power=300 W).
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istics measurements and theoretical approaches are under
progress.

5. Experimental
5.1. Theoretical calculations

Ab initio calculations were performed at the RHF level
using the Gaussian set of programs.®® The polarized split-
valence basis set 6-31G(d) was wused throughout.
Geometries of amines and acids were fully optimized.
Characterizations of the optimized extrema were performed
by frequencies calculations.

5.2. Reactants and equipment

The microwave reactor was a monomode system
(Synthewave® 402 from Prolabo) with focused waves
operating at 2.45 GHz. The temperature was controlled
throughout the reaction and evaluated by an infrared detec-
tor which indicated the surface temperature (the IR probe
was calibrated by tuning the emissivity factor using a
thermo-couple introduced into the reaction mixture).
Temperature was maintained constant at a chosen value
by modulation of emitted MW power (Fig. 1). Mechanical
stirring during the irradiation period provided good homo-
geneity (power and temperature). Data gathering and treat-
ment was performed by a computer. All reactions were
performed in cylindrical Pyrex open vessels.

In order to compare microwave irradiation with conven-
tional heating, the reactions were performed under similar
experimental conditions (weight of reactants, time and
temperature) using a thermostated oil bath. The temperature
was measured by the insertion of a Quick digital thermo-
meter into the reaction mixture and the rate of the tempera-
ture rise was adjusted to be the same as to that measured
under microwave irradiation.

'H and C NMR spectra were recorded at 200 and 50 MHz,
and at 250 and 62.5 MHz (Briiker WP 200, WP 250, respec-
tively). Chemical shifts are given in ppm downfield from
internal standard tetramethylsilane (6=0.00 ppm).

5.3. General procedure for the synthesis of amides

Synthesis of amides was performed under microwave
irradiation or conventional heating. In a Pyrex cylindrical
open reactor adapted to the Synthewave reactor, 3 mmol of
amine were mixed with 3 mmol of carboxylic acid. The
mixture was then homogenized and subjected to microwave
irradiation with mechanical stirring. At the end of irradia-
tion, the reaction mixture was cooled to room temperature
and extracted with chloroform. The extracts were washed
successively with a solution of 2M HCI (50 mL) and a
solution of 5% NaHCOj; (50 mL). The organic layer was
dried over MgSO; and concentrated under vacuum.
The crude product was purified by simple washing with
pentane.

5.3.1. N-Benzylbenzamide. (3, R=C¢Hs, R'=CcHsCH,):
mp=105-107°C (lit.** mp=105°C); 'H NMR (250 MHz,

CDCly):® & 4.65 (s, 2H), 6.40 (br s, 1H), 7.40 (m, 8H),
7.80 (d, 2H, J=8.0 Hz).

5.3.2. N-Benzylphenylacetamide. (3, R=C¢HsCH,,
R’'=C¢HsCH,): mp=118-120°C (lit.® mp=118-119°C);
'H NMR (250 MHz, CDCl,): & 3.46 (s, 2H), 4.25 (s, 2H),
7.27 (m, 10H), 8.60 (br s, 1H); *C NMR (62.5 MHz,
CDCly): & 43.48, 43.64, 127.19, 127.27, 127.39, 128.52,
128.86, 129.29, 134.89, 138.19, 170.62.

5.3.3. N-Benzyldecanamide. (3, R=CgH,y, R’=C¢HsCH,):
mp=60—62°C; 'H NMR (200 MHz, CDCl5): & 0.85 (t, 3H,
J=3.4Hz), 1.24 (m, 12H), 1.65 (m, 2H), 2.20 (t, 2H,
J=3.9 Hz), 443 (d, 2H, J=2.8 Hz), 5.60 (br s, 1H), 7.30
(m, 5H); “C NMR (62.5 MHz, CDCl;): & 14.0, 22.59,
25.74, 29.29, 29.38, 31.80, 36.72, 43.52, 127.36, 127.72,
128.60, 173.01. HRMS: calcd 261.41, found 261.21.

5.3.4. N-Octylbenzamide.’® (3, R=C¢Hs, R'=CgH,,):
mp=39-41°C; '"H NMR (200 MHz, CDCl5): 6 0.9 (t, 3H,
J=6.6 Hz), 1.35 (m, 10H), 1.60 (m, 2H), 3.40 (t, 1H,
J=6.4 Hz), 3.45 (t, 1H, J=6.6 Hz), 6.05 (br s, 1H), 7.45
(m, 3H), 7.75 (d, 2H, J=8.0 Hz); *C NMR (50 MHz,
CDCly): 6 13.90, 22.48, 28.91, 29.07, 29.17, 29.55, 31.66,
40.04, 126.92, 128.26, 131.06, 134.81, 167.51.

5.3.5. N-Octylphenylacetamide. (3, R=C¢Hs;CH,,
R’=CgH;,): mp=61-64°C; '"H NMR (250 MHz, CDCl;):
8 0.85 (t, 3H, J=6.6 Hz), 1.10-1.50 (m, 10H), 1.45 (m,
2H), 3.10 (t, 1H, J=6.3 Hz), 3.15 (t, 1H, J=6.7 Hz), 3.55
(s, 2H), 5.03 (br s, 1H), 7.30 (m, 5H); '*C NMR (62.5 MHz,
CDCly): 6 13.79, 22.26, 25.36, 31.37, 36.45, 43.27, 127.15,
127.53, 128.43, 134.56, 173.16; HRMS: calcd 247.38,
found 247.19.

5.3.6. N-Octyldecanamide. (3, R=CyH;9, R’=CgH,):
mp=63-64°C; '"H NMR (200 MHz, CDCl;): & 0.85 (t,
6H, J=6.6 Hz), 1.25 (m, 22H), 1.45-1.65 (m, 4H), 2.15
(t, 2H, J=7.5Hz), 3.20 (t, 1H, J=6.3 Hz), 3.25 (t, 1H,
J=6.5 Hz), 7.40 (br s, 1H); °C NMR (50 MHz, CDCl5): &
13.78, 22.40, 25.77, 26.81, 29.16, 31.60, 36.46, 39.27,
173.28.

5.3.7. N-Phenylbenzamide.” (3, R=C¢Hs, R'=CgHs):
commercial compound.

5.3.8. N-Phenylphenylacetamide. (3, R=C¢HsCH,,
R'=C¢Hs): mp=117-119°C (lit.>’ mp=117-118°C); 'H
NMR (250 MHz, CDCl;): 6 3.65 (s, 2H), 7.05-7.35 (m,
10H).

5.3.9. N-Phenyldecanamide. (3, R=C¢H;9, R’=C¢Hs):
mp=65-66°C; 'H NMR (200 MHz, CDCl;): & 0.85 (t,
3H, J=6.4 Hz), 1.25 (m, 12H), 1.72 (m, 2H), 2.35 (t, 2H,
J=17.5Hz), 7.10 (t, 2H, J=7.8 Hz), 7.30 (t, 1H, J=7.8 Hz),
7.50 (t, 2H, J=7.9 Hz); *C NMR (62.5 MHz, CDCl;): &
14.03, 22.56, 25.68, 29.22, 29.35, 31.78, 37.62, 120.00,
124.03, 128.77, 138.06, 172.03; HRMS: calcd 247.38,
found 247.19.

5.3.10. N-(p-Methoxyphenyl)benzamide. (3, R=C¢Hs,
R’=p-CH;0C¢H,): mp=162-163°C, '"H NMR (200 MHz,
DMSO): 6 3.75 (s, 3H), 6.95 (d, 2H, J=8.9 Hz), 7.50 (m,
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3H), 7.70 (d, 2H, J=38.9 Hz), 7.95 (d, 2H, J=8.0 Hz), 10.15
(br s, 1H); *C NMR (50 MHz, DMSO): & 55.13, 113.71,
122.00, 127.55, 128.32, 131.35, 132.34, 135.07, 155.55,
165.13; Anal. calcd for C,H;3sNO,: C, 73.99; H, 5.77; N,
6.16; O, 14.08. Found: C, 73.47; H, 5.78:; N, 6.04; O, 14.01.

5.3.11. N-(p-Methoxyphenyl)phenylacetamide. (3,
R=C¢HsCH,, R’=p-CH;0C¢H,): mp=124-125°C, 'H
NMR (200 MHz, DMSO): é 3.70 (s, 5H), 6.90 (d, 2H,
J=8.9 Hz), 7.35 (m, 5SH), 7.65 (d, 2H, J=8.9 Hz), 10.15
(br s, 1H); *C NMR (50 MHz, DMSO): & 43.38, 55.02,
113.81, 120.86, 126.48, 128.27, 129.12, 132.47, 136.23,
155.32, 168.74; HRMS: calcd 241.29, found 241.11.

5.3.12. N-(p-Methoxyphenyl)decanamide. (3, R=CyH o,
R/=p-CH;0C¢H,): mp=102-103°C, '"H NMR (200 MHz,
DMSO): 6 0.85 (m, 3H), 1.25 (m, 12H), 1.70 (m, 2H),
2.30 (t, 2H, J=7.5Hz), 3.80 (s, 3H), 6.75 (d, 2H,
J=8.8 Hz), 7.40 (d, 2H, J=8.8 Hz), 8.35 (br s, 1H); *C
NMR (50 MHz, DMSO): § 13.96, 22.52, 25.73, 29.21,
29.34, 31.73, 37.25, 5521, 113.74, 121.94, 131.26,
156.04, 171.99; HRMS: calcd 277.41, found 277.20.

5.3.13. N-Phenethylbenzamide. (3, R=C¢HsCH,,
R'=C¢HsCH,CH,): mp=94-96°C, 'H NMR (250 MHz,
CDCly): 8 2.70 (t, 2H, J=6.9 Hz), 3.40 (t, 1H, J=6.8 Hz),
3.45 (t, 1H, J=6.9 Hz), 3.50 (s, 2H), 6.00 (br s, 1H), 7.05 (d,
2H, J=7.7Hz), 7.25 (m, 8H); *C NMR (62.5 MHz,
CDCly): & 35.17, 40.50, 43.37, 126.10, 126.89, 128.26,
128.43, 128.59, 129.08, 134.73, 138.51, 170.85; HRMS:
calcd 239.31, found 239.13.

5.3.14. N-Benzylhydrocinnamide. (3, R=C¢Hs;CH,CH,,
R'=C¢HsCH,): mp=84-86°C, 'H NMR (200 MHz,
CDCl,): 8 2.50 (t, 2H, J=7.7 Hz), 2.95 (t, 2H, J=7.6 Hz),
4.30 (d, 2H, J=5.7 Hz), 5.60 (br s, 1H), 7.25 (m, 10H); '*C
NMR (50 MHz, CDCly): & 31.41, 37.77, 42.50, 125.88,
126.93, 127.23, 128.09, 128.21, 140.55, 172.08; Anal.
calcd for C;4H;7sNO: C, 80.30; H, 7.16; N, 5.85; O, 6.69.
Found: C, 79.81; H, 7.15; N, 5.98; O, 6.89.

5.3.15. N-Phenethylhydrocinnamide. (3, R=C¢Hs;CH,CH,,
R’=C¢HsCH,CH,): mp=98—100°C, 'H NMR (250 MHz,
CDCly): 6 2.45 (t, 2H, J=6.6 Hz), 2.70 (t, 2H, J=6.7 Hz),
2.95 (t, 2H, J=6.6 Hz), 3.40 (t, 1H, J=6.6 Hz), 3.45 (t, 1H,
J=6.7 Hz), 5.30 (br s, 1H), 7.05 (m, 2H), 7.20 (m, 8H);
Anal. calcd for C;HoNO: C, 80.60; H, 7.56; N, 5.53; O,
6.32. Found: C, 80.48; H, 7.57; N, 5.59; O, 6.51.
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