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Benzylation of N-benzyl-2-phenylacetamide
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N-Benzyl-2-phenylacetamide was used as a model for the study of the alkylation

of N-substituted 2-phenylacetamides with benzyl chloride in the presence of powdered

KOH. The reactions were carried out in the presence and absence of phase-transfer

catalysts, in order to establish any possible difference in the reaction products. Various

phase-transfer catalysts, solvents and temperatures were used. A comparative study with

the benzylation reaction of other N-substituted-2-phenylacetamides is presented. The

observed lower reactivity of N-benzyl-2-phenylacetamide in comparison with the

reactivity of N-ethyl-2-phenylacetamide and N-phenyl-2-phenylacetamide can be ex-
plained in terms of steric and polar effects.
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N-Substituted 2—phcnyldcctdm1dcs have been alkylated using various alkylating
agents under different conditions.!*” Previously N-phenyl-2-phenylacetamide (PPA)
was also alkylated. 6.7 Work et al.® showed that when PPA is alkylated with benzyl
chloride in the presence of sodium amide, only the C-product is formed. Torrossian et
al.” alkylated PPA with benzyl chloride under phase-transfer conditions, and obtained
only the N-product in 48% yield. When PPA was alkylated with ethyl bromide undel
phase-transfer condmons besides the N-product, the O-product was detected.® We
showed earlier” that, when PPA is alkylated with benzyl chloride, the N-product was
the main product in all reactions and in most reactions the only product.

It is known®!0 that when a N-substituted phenylacetamide is alkylated under
basic conditions, an anion or dianion is initially formed (with equal amounts of base
and amide) due to the acidity of the nitrogen atom hydrogen and of the O=o-carbon
hydrogen. This provides the possibility for the formation of different products of
alkylation due to the formed anion or dianion (N-(I), C-(II), O-(IIT)products) (Scheme 1).

In order to study the alkylation reaction of N-benzyl-2-phenylacetamide
(BPA) with benzyl chloride under basic conditions with and without phase-transfer
catalyst, we alkylated BPA with benzyl chloride using powdered potassium hydrox-
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Scheme 1. The reaction products of the alkylation of N-substituted 2-phenylacctamides under basic
conditions (N-product (1), C-product (1) and O-product (1I1); R = ethyl, phenyl, benzyl; X=CI).

ide as the base in different solvents and at various temperatures, with equimolar
amounts of base and benzyl chloride, as well as with an excess of each of them. The
reactions were also carried out in the presence of different phase-transfer catalysts
in the non-polar solvent toluene, at 60 °C.

EXPERIMENTAL

Materials

The starting N-benzyl-2-phenylacctamide was obtained by the reaction of phenylacetyl chloride
and benzylamine: ™ Vi (KBr): 3315, 3065, 3015, 2910, 1640, 1450 and 700 cm ' "H-NMR-8ppm
(90 MHz; CDCl3; MesSi): 3.50 (4H, s, 2xCH2Ar), 4.34 (2H, m, N-CHz), 5.85 (1H, s, NH), 7.25 (10H,
s, 2xArH); m.p. = 116-119 °C, GC purity = 99.9%. N,N-Dibenzyl-2-phenylacetamide was obtained
by the same mcthodlﬂ from phenylacetyl chloride and N,N-dibenzylamine: vimax(KBr): 3060, 3040,
2940, 1650 and 1490 e¢m '; "H-NMR-8 ppm (90 MHz; CDCl3; Me4Si): 3.78 (2H, s, -CH2~CO-),
4.40-4.60 (4H. def.d, 2xN-CHy), 7.30 (15H, s, 3xArH); mp. = 22-25 °C, GC purity = 99.8%.
N-Benzyl-2,3-diphenylpropanamide was similarly obtained'* from 2,3-diphenylpropanoy! chloride
and benzylamine: Vimax(KBr): 3285, 3050, 3025, 2915, 1640, 1450 and 700 cm '; 'H-NMR-8ppm (90
MHz; CDCls; MesSi): 3.00 (2H, m, -CH»—CO-), 3.60 (1H, m,-CH-), 4.22 (2H.m, N-CH3), 6.12 (1H,
5. -NH-), 7.20-7.30 (15H, def's, 3xArH); mp=95-98 °C, GC purity = 91.5%. 2,3-Diphenylpropanoyl
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chloride was obtained by the reaction of 2,3-diphenylpropanoic acid and thiony] chloride.®'" 2.3-
Diphenylpropanoic acid was obtained by the hydrolysis of 2,3-diphenylpropanenitrile, which was
obtained by the reaction of phenylacetonitrile and benzyl bromide.™

The n-benzyl ester of PAA was prepared from benzyl chloride and phenylacetic acid, in the
presence of 40 % sodium hydroxide and tetrabutylammonium hydrogensulfate.8

Tetrabutylammonium iodide and tetracthylammonium bromide were prepared from the corre-
sponding trialkylamines and alkyl halide."”

The other materials were obtained commercially.

Methods
N-Benzylation of N-benzyl-2-phenylacetamide: Typical procedure.

A mixture of powdered KOH (5 mmol), N-benzyl-2-phenylacetamide (5 mmoles), benzyl chloride
(5 mmol), PTC catalyst (0.5 mmoles, if used), and solvent (10 ml) was stirred at 600 rpm in a threc-necked
glass reactor equipped with a condenser, magnetic stirrer (Janke-Kunkel, model IKAMAG RET-G) and an
ultra thermostat (+0.1 °C) at 60 °C for 4 h. The reaction was stopped by the addition of water (100 ml), the
layers were separated and the water layer extracted with methylene chloride (25 ml). n-Hexadecane (0.3 g)
was added and sample was analyzed by GC ona DB-1 capillary column (Varian 3400 witha Varian integrator
4270) using n-hexadecane as an internal standard. '

All given results were obtained from at least two similar experiments (£5% error).

RESULTS AND DISCUSSION

We showed earlier that when N-substituted-2-phenylacetamides were alky-
lated with ethyl, n-butyl and benzyl halides, 1e.3-3 different products were obtained.
As a sequence to the reactions performed carlier,>? we performed the alkylation of
BPA with benzyl chloride in the presence of powdered potassium hydroxide in a
solid-liquid system both without and with a phase-transfer catalyst.

In the first part of the experimental work, the alkylations were carried out by
varying the quantities of used benzyl chloride (Table I). The reactions were per-
formed at 30 °C and at the reflux temperature in toluene as solvent. One can see
from the results that no reaction products were detected when equimolar quantities
of reactants were employed at 30 °C while at the reflux temperature the N-product
was formed as the only product. An increase in the reactivity of BPA was observed
both at low and high temperature when an excess of benzyl chloride was used.

When the amount of used potassium hydroxide was varied (in toluene) at 30
°C, no increase in reactivity was detected with an excess of potassium hydroxide,
while at 60 °C, both the N- and the O-product were detected. At reflux temperature,
increasing the amount of potassium hydroxide resulted in an increase in the
reactivity of the BPA, with only the N-product being formed. The formation of the
O-product versus the N-product can be explained in terms of kinetic and thermody-
namic products of the reaction.*1Y Since the reaction temperature was not too high
(60 °C) to promote the formation of only the thermodynamic product of the reaction
(the N-product) the kinetic product was also formed (the O-product).

The alkylation reactions of BPA were carried out in different solvents at different
temperatures (Table I). One can see from the obtained results that in non-polar solvent,
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in almost all cases, only the N-product was formed. The obtained results for the reaction
in polar solvents are as before.*> In polar basic solvent DMSO, the C-product and the
O-product were formed in addition to the N-product, which was the main product. This
increase in reactivity can be explained by the basicity of solvent which promote the
formation of reactive anions or by the change in the mechanism of the reaction (SN1 to
SN2).'* As can be seen, increasing the temprature lowers the reactivity of BPA and the
yield of the products, especially the N-product, due to the decreased solvation of reacting
species. Less basic and less polar solvent dioxane!# do not promote the reaction neither
by increasing number of anions nor by changing the mechanisms of the reaction.
Concerning the N-product, nonpolar solvents, high temperatures and excess of base and
benzyl chloride favor the reaction. At reflux temperature with an equimolar ratio of the
reactants the highest yields of the N-product were obtained in isooctane and then in
toluene, indicating that at high temperatures less polar solvents favor N-alkylation.
Concerning solvents the order for N-alkylation (equimolar ratio of reactants, reflux
temperature) is: isooctane > toluene > DMSO. :

TABLE! The influence ofthe solvent, temperature and ratio of reactants of the BPA alkylation reaction
with benzyl chloride in the presence of powdered KOH (10 ml of solvent; reaction time 4 h)

Solvent SR Ph,cHZC] tc:np ' Bﬁ“ pré\(fluct procduct pr(giuct prooglueclts
(mol) (mol) (°C) (%) %) %) (%) )
Hexanc 5 5 60 99.24 0.76
Isooctane 5 S 60 99.98 0.02
5 S5 reflux 57.70 41.18 1.04
Toluene ] 5 30 99.14 0.86
5 10 30 95.80 2.80 1.40
15 5 30 95.96 4.04
5 5 60 98.17 1.83
20 5 60 90.30 2.53 1.76 5.41
5 5 reflux 82.40 16.66 0.94
3 10 reflux 69.82 27.92 2.26
10 10 reflux 54.42 4337 2.21
Dioxane 5 5 30 09.23 0.77
5 S5 60 99.01 0.99
5 5 reflux 99.50 0.50
DMSO 5 5 30 69.26 27.63 1.44 0.71 0.96
5 S 60 56.82 22.54 17.50 3.14
) 5 reflux 80.99 8.53 1.47 9.01

When BPA was alkylated in the presence of different phase-transfer catalysts,
the main product was again found to be the N-product, while the C-product was
found in only three cases (tetrabutylammonium (TBA) bromide and chloride, and
triethylbenzylammonium (TEBA) bromide, Table II). All the used phase-transfer
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catalysts catalyze the reaction, while at reflux temperature the yield of the N-product
of alkylation is almost as high as in the non-catalyzed reaction with an excess of
base and benzyl chloride. The nature of the counter ion has influence on the yield
of the N-product, but the more important fact is that more organophilic quats give
better results. Triethylbenzylammonium (TEBA) bromide, which is not usually
good for solid-liquid phase-transfer systems, gave good result. The order of the
reactivity of the phase-transfer catalysts for N-alkylation is: TBAI > TBACI,
18-crown-6 ether> TEBABr, TBABr> TEABr > TBAHSO4. On the other hand
when tetrabutylammonium (TBA) bromide was used, the highest reactivity of BPA
was achieved. The order of the influence of anions is: I” > CI™ > Br~> HSO4". The
obtained results indicate that the phase-transfer catalyzed reactions proceeds by the
extraction mechanism.'?

TABLE II. The effect of the catalyst structure on the alkylation of BPA with benzyl chloride in toluene

(amount of BPA 5 mmol; amount of benzy! chloride 5 mmol; amount of KOH 5 mmol; amount of
catalyst 0.5 mmol; 10 ml of toluene; reaction temperature 60 °C; reaction time 4 h)

quat or Counter BPA N-product C-product  O-product cher
catalyst ion (%) (%) (%) (%) prodiucts

(%)

EtsN" Br 63.38 21.49 15.13

BuyN" Cl 60.13 30.83 4.71 4.33

Br 50.04 23.87 21.36 4.73

[ 56.19 38.82 4.99

HSO4 76.73 17.97 5.30

HSO4 53.30 37.12 9.58

I§-crerwm-§ 60.13 30.85 9.02

ether
TEBA Br 67.74 23.19 5.47 3.60
“reflux

The low reacticity of N-benzyl-2-phenylacetamide (BPA), compared to that
of N-phenyl-2-phenylacetamide (PPA) and N-ethyl-2-phenylacetamide (EPA), can
be explained in terms of steric and polar effects. The order of reactivity of these
three amides is: PPA > EPA > BPA. Since the N-product is the main product in most
of the performed alkylation reactions,”? the order of reactivity can be explained in
terms of the formation of the N-product, the formation of which as the main product
in all the reactions indicates that the most nucleophilic site in the molecule of
N-substituted 2-phenylacetamides is the anion formed by the cleavage of the
nitrogen hydrogen.” As presented in Scheme 2, the nature of the substituent on the
nitrogen atom has an important influence on the reactivity of the amide. The formed
amide anion is stabilized by resonance with the carbonyl group. If an alkyl group is
attached to the nitrogen atom, the positive inductive effect destabilizes the formed
anion. An aryl group, if attached to the nitrogen atom, stabilizes the anion by resonance.
Thus, N-substituted-2-phenylacetamides which have an aryl group as substituent are



88 MIJIN ef al.

more reactive then the corresponding alkyl substituted compounds because their
anion is more readily formed having less energy. The steric effect is important when
the benzyl group is compared to the ethyl group (Scheme 2). Since the benzyl group
has no resonance effect, this group being bulkier hinders the substitution reaction.
Thus, EPA is more reactive then BPA, but less reactive then PPA.

H O _ H q_ H H H Q H
( :F—+J~N > <: :)—|—L" NAH—H > < >_}_L"N"_< )
H H H H H H
m (In am

Scheme 2. The order of reactivity — structure of the formed anions of PPA (1), EPA (II) and BPA (III)
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Abbreviations.

EPA N-ethyl-2-phenylacetamide
PPA N-phenyl-2-phenylacetamide
BPA N-benzyl-2-phenylacetamide
TBHSO4 tetrabutylammonium hydrogen sulfate
TEABr tetraethylammonium bromide
TBABr tetrabutylammonium bromide
TBACI tetrabutylammonium chloride
TBAI tetrabutylammonium iodide
TEBABr triethylbenzylammonium (TEBA) bromide
DMSO dimethylsulfoxide
n 3 B O N

BEH3UIIOBAE N-BEH3WII-2-CEHUITALUETAMWIA

OYUIAH X. MUIVH, BUIbAHA M. BOXWH, BUJA . JAHKOBW R, AYWAH I AHTOHOBUWH,
HAJEXIA 1. CTOJAHOBWR n CIOBOJAH . [IETPOBUTR
Texnonouxo-meianypuurit axyailiedli, Ynueepauitieini y Beozpady, Kapnezujesa 4, 11001 Beozpao

N-Bemsm-2-penunateramuy je ynotpe6/beH Kao MOJIET 3 UCIHTUBAME PEAKIH]C ATTKH-
TIOBama N-CYNICTUTYNCAHIX 2-(heHuUNaleTaMua OEH3UIXJIOPHIOM Y IIPUCYCTBY CIPATICHOT KajlH-
jym-xmppoxcunia. VicnuraH je yTuIaj TeMIepaType, pacTsapada i OUeTHOT OJJHOCA peaKTaHaTa
ua peaximjy. Takobe cy ynorpe6/meHn u mebydasiu karanusaTopy. Y 0UeHa je Malia peak THBHOCT
HCIMTUBAHOT CUCTEMa ¥ OOWjeHH pe3ynTaTd cy ynopebeHu ca NpeTXOiHO WCIUTHBAHUM CH-
CTEMUMa.

(Mpumibero 24. anpuna, pesranpaso 13. HopemGpa 1998)
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