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Abstract: N-Phenyl-2-phenylacetamide was alkylated with benzyl chloride in
the presence of powdered potassium hydroxide under microwave irradiation in
a solvent-free system. The reactions were also performed in the presence of
phase-transfer catalysts. The formation of N-, O- and C-products of alkylation
was followed by gas chromatography. The N-product was found to be the main
product under microwave irradiation. The O-product was obtained in higher
yields when an excess of base and benzyl chloride was used.
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INTRODUCTION

N-Substituted 2-phenylacetamides are very interesting compounds because of
their structural similarity to the lateral chain of natural benzylpenicillin.! Selec-
tive O-alkylation of N-substituted 2-phenylacetamides is of practical importance
in penicillin chemistry, not only for use in chemical transformations of natural
benzylpenicillin into 6-aminopenicillanic acid, but also because of the possibility
of direct transformation of the imino ether into a new semi-synthetic penicillin.
On the other hand, N-alkylation yields N,N-disubstituted 2-phenylacetamides, which
are important intermediates in the production of herbicides and tertiary amines.2

Alkylation of N-substituted 2-phenylacetamides under neutral and basic con-
ditions has been reviewed recently.? Alkylation of N-phenyl-2-phenylacetamide
(1, Scheme 1) has also been studied.3-® Work et al.3 showed that when 1 is al-
kylated with benzyl chloride in the presence of sodium amide, only the C-product
is formed. Torosyan et al.# alkylated 1 with benzyl chloride under phase-transfer
conditions and obtained only the N-product in 48 % yield. Benzylation of
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N-phenyl-2-phenylacetamide with benzyl chloride in the presence of powdered
KOH was performed in the presence of various phase-transfer catalysts, solvents
and temperatures.> The N-product was found to be the main product in most of
the employed systems. In an excess of potassium hydroxide and benzyl chloride
at reflux temperature in toluene, an almost quantitative yield of the N-product
was obtained after 4 h of heating. When 1 was alkylated with ethyl bromide
under phase-transfer conditions, in addition to the N-product, the O-product was
also detected.®

H,0
> PhCH,C(OCH ,Ph)NPh —— PhCH ,COOCH ,Ph
2
PhCH ,CI
PhCH ,CONHPh ——————= PhCH ,CON(Ph)CH ,Ph
KOH, MW 3

1

— PhCH(CH ,Ph)CONHPh

4
Scheme 1. Alkylation of N-phenyl-2-phenylacetamide (1) with benzyl chloride in the presence
of KOH under microwave irradiation. Product 2 is the O-product (benzyl ester of phenylacetic

acid, PAA), product 3 is the N-product (N-benzyl-N-phenyl-2-phenylacetamide) and product 4
is the C-product (N-phenyl-2,3-diphenylpropanamide) of alkylation.

Microwave irradiation has become an important method in organic synthesis
which is applicable to a wide range of reactions with short reaction times and high
yields. Reactions in the absence of solvent (solvent-free synthesis) under micro-
wave irradiation also offer several advantages. The absence of solvent reduces
the risk of explosion and simplifies the work-up procedure.” Such procedures are
often examples of green chemistry.

Fast solvent-free alkylation of amides and lactams under microwave irradia-
tion was reported.8 Under PTC/OH conditions in a very short time (2.5 min),
N-alkylation was achieved in high yield but phenylacetamides were not used. Con-
veniently, the author used amides which can be easily N-alkylated, such as N-me-
thylacetamide, N-phenylacetamide, N-phenylbenzamide, caprolactam and valero-
lactam. To the best of our knowledge, no other study of other reaction products
of alkylation of amides under microwave irradiation has hitherto been performed.

In our study of the alkylation of N-substituted 2-phenylacetamides,? in this
paper, the alkylation of N-phenyl-2-phenylacetamide with benzyl chloride under
microwave irradiation is now reported. The reactions were performed in a sol-
vent-free system with and without phase-transfer catalysts.

EXPERIMENTAL
Materials

The starting N-phenyl-2-phenylacetamide (1) and the expected alkylation products, i.e.,
the O- (2), N- (3) and C-product (4), were prepared as follows.
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The starting amide (1) was obtained by the reaction of phenylacetyl chloride and anili-
ne.” 'TH-NMR (CDCls, 6, ppm): 3.70 (2H, s, Ph—CH,), 7.0~7.5 (10H, m, ArH); m.p. 114-116 °C.

N-Benzylaniline was obtained by the alkylation of aniline with benzyl chloride in the pre-
sence of KOH and tetrabutylammonium hydrogensulfate by mixing 0.10 mol aniline, 0.10 mol
KOH, 1.25 mmol tetrabutylammonium hydrogensulfate and 11.2 ml of water. Then 0.10 mol
benzyl chloride was added dropwise to the mixture heated on a boiling water bath. After 5 h
heating and stirring, the reaction mixture was cooled to room temperature and water was ad-
ded. The layers were separated and the water layer was extracted with diethyl ether. The orga-
nic layers were combined and dried over anhydrous sodium sulfate. The product was isolated
by distillation. 'H-NMR (CDCls, 6, ppm): 3.75 (1H, s, NH), 4.17 (2H, s, CH,), 6.60 (5H, ¢,
Ph-N), 7.23 (5H, s, Ph—CH,); b.p. 112—117 °C (0.40 mbar).

The benzyl ester of PAA (2) was prepared from benzyl chloride and phenylacetic acid, in
the presence of 40 % sodium hydroxide and tetrabutylammonium hydrogensulfate.® '"H-NMR
(CDCl, 0, ppm): 3.62 (2H, s, CH,—Ph), 5.10 (2H, d, O-CH,), 7,27 (10H, s, 2xPh); b.p. 169—
—171 °C (3.0 mbar).

N-Benzyl-N-phenyl-2-phenylacetamide (3) was synthesized by the same method as for 1
but from phenylacetyl chloride and N-benzylaniline. "TH-NMR (CDCl;, 6, ppm): 3.70 (2H, s,
CH,—CO), 4.90 (2H, s, N-CH,), 6.70-7.30 (15H, m, 3xArH); m.p. 86-88 °C.

N-Phenyl-2,3-diphenylpropanamide (4) was prepared from 2,3-diphenylpropanoyl chlo-
ride and aniline. 'TH-NMR (CDCls, 6, ppm): 3.10 (2H, m, CH,), 3.60 (1H, m, CH), 7.00-7.40
(15H, m, 3xArH); m.p. 168-169 °C.

2,3-Diphenylpropanoyl chloride was synthesized by the reaction of 2,3-diphenylpropa-
noic acid and thionyl chloride.!? 2,3-Diphenylpropanoic acid was obtained by the hydrolysis
of 2,3-diphenylpropanenitrile, which was obtained by the reaction of phenylacetonitrile and
benzyl chloride.!!

The other materials were obtained commercially.

The 'H-NMR spectra were determined on a Varian EM 390 spectrometer (90 MHz)
using TMS as the internal standard.

Methods

In a typical procedure for alkylation under microwave irradiation, a mixture of N-phenyl-
-2-phenylacetamide (2.0 mmol), freshly prepared powdered KOH (2.0 mmol), benzyl chloride
(2.0 mmol), PTC catalyst (0.20 mmol, if used) was made in a test tube by mixing the sub-
stances for 10 s with a spatula. The reaction mixture was then irradiated in a commercial do-
mestic microwave oven (Samsung M182DN). The reaction temperature was measured using
an IR thermometer Ebro TN 4088 LC. The reaction was stopped by the addition of water (2.0 ml),
and then dichloromethane (5.0 ml) was added. The water layer was separated and washed with
dichloromethane (5.0 ml). The organic layers were combined and analyzed by gas chromato-
graphy on a DB-1 capillary column (Varian 3400 with Varian integrator 4270), using n-hexa-
decane as an internal standard.

In addition, alkylation was performed in a microwave synthesizer CEM Discover®
BenchMate (initial power 100 W, set temperature 155 °C, run time 30 s, hold time 0.5-5 min,
25 cm? flask equipped with a condenser). The subsequent work-up and analysis were same as
previously described.

RESULTS AND DISCUSSION

It was shown earlier that when 1 is alkylated under basic conditions different
products of alkylation could be obtained.> On the basis of these results, 1 was al-
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kylated with benzyl chloride in the presence of powdered potassium hydroxide in
a solid-liquid system both with and without a phase-transfer catalyst under mi-
crowave irradiation. The alkylation of 1 under basic conditions is given in Scheme 1.
The results of the alkylation of 1 with benzyl chloride at 850 W irradiation
power for different reaction times are given in Table 1. The yield of the N-pro-
duct increased with increasing reaction time. The highest yield was obtained after
5 min of irradiation. The yields of 3 were between 48.56 and 69.78 %.
TABLE I. Alkylation of 1 with benzyl chloride in the presence of KOH at 850 W microwave

irradiation (amount of 1: 2.0 mmol; amount of KOH: 2.0 mmol; amount of benzyl chloride:
2.0 mmol)

L . Yield, %
Reaction time, min
1 2 3 4 Other products

1 50.03 0 48.56 0 1.41
2 31.23 0 59.94 0.32 8.51
3 32.80 0 60.58 0.30 6.32
5 22.93 0 69.78 0 7.29
7 25.49 0 65.82 0 8.69
10 25.51 0 63.80 0 10.69

In addition, the effect of the reactant ratio was investigated. The results of al-
kylation with excess of benzyl chloride and potassium hydroxide are given in Ta-
ble II, from which it can be seen that excess benzyl chloride promotes the N-al-
kylation reaction. This was also the case when excess base was used; the maxi-
mum yield was achieved with 100 % excess of potassium hydroxide. When ex-
cesses of both base and alkylating agent were used, almost all of 1 reacted and
the almost highest yield of 2 was achieved. The maximum yield of 3 was about
70 %. In comparison to conventional synthesis (99 % yield of 3, toluene, reflux,
4 h),> the microwave synthesis gave a lower yield of 3 but no solvent was em-
ployed and the reaction time was only 1 min. In addition, reaction was performed
in a plain test tube. The highest reaction temperature recorded was 151 °C.

Additional experiments were conducted in a microwave synthesizer CEM
Discover® BenchMate using an excess of base and alkylating agent, since almost
all of 1 reacted in the experiments in a commercial microwave oven. The reaction
temperature was set to 155 °C and the initial power was 100 W. In all experi-
ments, the run time was 30 s, while the hold time was varied between 0.5-5 min.
The results of alkylation under these conditions are given in Table III. At shorter
hold time, the yields of the O- and N-alkylation products were similar. With in-
creasing hold time, N-alkylation prevailed, which is consistent with the fact that
the O-product is a kinetic product, while the N-product is the thermodynamically
stable one.? According to the obtained results, N-phenyl-2-phenylacetamide is less
reactive under microwave irradiation than previously$ investigated amides.
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TABLE II. Alkylation of 1 in the presence of various quantities of benzyl chloride at 850 W
microwave irradiation (amount of 1: 2.0 mmol; initial amount of base and alkylating agent:
2.0 mmol; reaction time: 1 min)

1 0,
KOH:PhCH,CI Yield, %
1 2 3 4 Other products

1:1 50.03 0 48.56 0 1.41
1:2 50.85 0.58 36.30 0.57 11.70
1:3 31.78 1.72 57.60 0 8.90
2:1 18.54 1.98 71.18 0.74 7.56
3:1 32.10 0 65.85 0 2.05
2:2 1.05 12.50 70.83 0.71 14.91

TABLE III. Alkylation of 1 in a microwave synthesizer CEM Discover® BenchMate (amount
of 1: 2.0 mmol; initial amount of base and alkylating agent: 4.0 mmol; initial power: 100 W;
set temperature: 155 °C; run time: 30 s)

. . Yield, %
Hold time, min
1 2 3 4 Other products
0.5 31.33 30.85 34.95 0.61 2.26
1 19.16 8.92 70.20 0.65 1.07
8.28 5.57 85.30 0.45 0.40

When 1 was alkylated in the presence of different phase-transfer catalysts
under microwave irradiation at 850 W at an equimolar ratio of the reactants, the
main product was again found to be the N-product, while the O-product was a
minor product (Table IV). It can also be seen from Table IV that the C-product
was present in trace amounts only. Although in almost all experiments higher
yields were obtained in comparison to the uncatalysed reaction (except when
tetrabutylammonium bromide was used), the effects of the phase-transfer cata-
lysts were minor.

Table IV. Alkylation of 1 with benzyl chloride under PTC/OH at 850 W microwave irradia-

tion (amount of 1: 2.0 mmol; amount of KOH: 2.0 mmol; amount of benzyl chloride: 2.0 mmol;
amount of phase-transfer catalyst: 0.20 mmol; reaction time: 1 min)

Quat or catalyst Counter ion Yield, %
1 2 3 4 Other products

EtyN* Br- 37.98 0 58.57 0 3.45
BuyN* Cl 41.35 1.08 51.21 0.17 6.19
Br- 52.09 0.53 42.27 0 5.11
I 33.35 0.90 59.24 0 6.51
He N* Br- 26.88 10.16 57.00 0 5.96
TEBA ClI 37.51 0.56 53.10 0 8.83

CONCLUSIONS

When N-phenyl-2-phenylacetamide was alkylated with benzyl chloride in
the presence of potassium hydroxide under microwave irradiation, the N-product
was the main product. Excess of base or alkylating agent increased the yield of
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the N-product. Phase-transfer catalysts promote the reaction to a minor extent.
The highest yield of the N-product of alkylation of N-phenyl-2-phenylacetamide
in a domestic microwave oven was around 70 % after 1 min at 850 W while in
the microwave synthesizer, the yield was around 85 % after 5 min at 155 °C. The
O-product was obtained in higher yields (up to 30 %) when excesses of base and
benzyl chloride were used.
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U3BOJ

BEH3UJIOBAILE N-OEHWI-2-OEHUJIAITETAMUJIA
[MTOMORY MUKPOTAJIACHOI" 3PAYEA

JIYIIAH ). MUJMH!, MAIIIA TIPAILIYEBUR! n CJIOBOJIAH JI. IETPOBUR!2
'Kaitiedpa 3a opaancky xemujy, Texnoaouko—meitianypuiku axyaitieisi, beozpao u 2 Xemopapm, Bpuiay,

N-Oennn-2-deHmnaneraMus je alkmIoBaH OSH3MI-XJIOPUIOM Y IIPUCYCTBY CHPANIEHOT KaJU-
jyM-Xuzpokcuaa nomolly MHKpOTaJacHOI 3paderha. VICIUTUBAH je YTHIAj OAHOCA peaKkTaHata M
npupone MehydasHux katanuzaropa Ha NMPHHOC OYCKMBAHUX IPOM3BOJA PEaKLije AKHIOBarba.
Hacrajame mpoumsBoma peakuuje ankwioBama (N-, O- u C-mpomsBon) je mpaheHo racHom
xpomarorpadujom. YTBpheHo je aa je N-Ipou3BOA IJIaBHH MIPOM3BOJ] PeaKiHje aJKHIOBama MpU
MHUKpOTaJacHOM 3pademy. Kax ce 3a ankuioBame ynorpeOsbaBa BUINAK OCH3WI-XJIOpUAA U Ka-
JIMjyM-XUJIPOKCHUJIA y BUIIEM IIPUHOCY ce 100uja 1 O-POU3BOJ.

(ITpumubeHo S. jyna, peuaupano 21. noBem6pa 2007)
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