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Agl nanoparticles as heterogeneous catalysts in one-pot
alkylation reaction of chiral amines (L-valine methyl

ester) in water-alcohol media
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An efficient eco-friendly method for the alkylation reaction of various chiral amines

is described by a simple one-pot reaction of aldehydes, amines and alkyl iodides in
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the presence of Agl nanoparticles in water-alcohol media. Silver iodide nanoparticles

mediated the enhanced rate and facility of reaction and showed high influence in the
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green synthesis of some amine derivatives. Moreover, this nanoparticle increased the

yields of products, decreased the reaction times in all cases and did not affect the re-
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action diastereoselectivity. The heterogeneous mediator was fully characterized by

scanning electron microscopy (SEM), X-ray diffraction (XRD) and FT-IR experimental
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INTRODUCTION

Amines are important building blocks for the pharmaceutical
and chemical industry [1-4]. In recent years, there has been a
great interest in the development of organic reactions in water-
alcohol media [5, 6]. The use of water-alcohol as a solvent in or-
ganic synthesis has many advantages from both economic and
environmental aspects [7]. Preparation of alkylated amines
from imines was reported by several methods, in which the
imines were prepared in situ by aldehydes and amines. In one
method aldhydes and amines reacted in the prescence of L-
proline as an organocatalyst [8]. The synthesis of secondary
amine derivatives under the condensation of diethyl phospho-
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nate, amine and aldhyde with lanthanide triflate catalysis is
the other method [9]. Chiral propargylamines can also be pre-
pared by one-pot three-component reaction between alkyne,
aldehyde and a secondary amine at room temperature in the
presence of CuBr and (R)-quinap as a catalyst [10]. Recently,
Barbier type alkylation reactions have been extensively studied
with aldehydes, ketones, amines, acetals, and nitriles [11, 12].
The Barbier-Grignard reaction using metallic mediators and
alkyl halides in water is one of the most useful and convenient
method for performing alkylation reaction. Most of the metal-
mediated alkylation reactions of amines were reported using
indium [13, 14]. Recently, it was reported that the combination
In/Agl/InCl, was an efficient system for alkylation reaction of
amines using unactivated alkyl iodides in water-alcohol [15].
Thus far, there has been no report of the Grignard-Barbier-type
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Scheme. Silver iodide nanoparticles as an effiecient mediator for the preparation of chiral imines

alkylation of amines using nanometals as mediators in aqueous
media. The higher efficiency of nanoparticles as mediators in
organic reactions under mild conditions, in comparison with
traditional solid state catalysts, has been demonstrated [16].
Nowadays, application of nanostructures is an important ver-
satile method for the preparation of organic compounds. Re-
cently, nanoparticles are attracting a great attention since they
display homogeneous-like activities due to their large surface
areas relative to their bulk forms [17-19]. It has been demon-
strated to be efficient on nano-scale materials for various useful
chemical transformations for the synthesis of diverse organic
compounds, such as preparations of propargylamines [20, 21],
triazole derivatives [22], quinoxalines compounds [23], C-N
cross coupling reactions [24], alkyne-azide aycloadditions [25],
B-acetamido ketones/ esters [26], synthesis of diaryl sulphides
[27] and other reactions.

Herein, we wish to report a novel and efficient aqueous
Barbier-Grignard-type alkylation of amines with alkyl io-
dides in an indium-nanosilveriodide-indium chloride sys-
tem. A series of experiments were carried out in an effort to
develop an improved procedure for the synthesis of second-
ary chiral amines by three-component coupling between al-
dehydes, chiral amino ester and alkyl iodides in water-alcohol
media (Scheme).

RESULTS AND DISCUSSION
Among the different metals investigated, indium was ob-

served to be an effective metal for the alkylation reactions of
L-valine methyl ester in water-alcohol media [15]. We carried

out the one-pot Barbier-Grignard-type alkylation reaction
of L-valine methyl ester by using In/Agl(np)/InCl, in water-
methanol. The scope and versatility of the present reaction
were investigated by using various aldehydes and alkyl io-
dides. This reaction is an efficient method for alkylation of
L-valine methyl ester so that yield gives rise up to 90%, as
shown in Table. Utilization of Agl nanoparticles increased
the yield of reaction and also decreased the time of reaction
impressively. L-valine methyl ester has an asymmetric carbon
so there are two possibilities for the attack of alkyl radical to
the imine in the second step. Thus, two diastereomeres with
different amounts will be produced. We expect that nano sil-
ver iodide would not affect the reaction diastereoselectivity.
The ratio of two isomers which was determined by "H NMR
integration was not different using bulk or nanoparticle cata-
lysts as shown in the Table.

The results are shown in the Table: the usage of nano-
particles as mediators shows a very remarkable effect on the
reaction so we can reach even 90% yield in 18 h (entry 3, 5,
Table). Nanoparticles are well dispersed in the solvent so that
the reactant reaches the active site by diffusion. The compari-
son between the time of reaction in the presence of Agl na-
noparticles and bulk Agl is shown in the Table.

In order to investigate the morphology and particle size
of Agl nanoparticles, a SEM image of Agl nanoparticles was
recorded and presented in Fig. 1. These results show that
spherical Agl nanoparticles were obtained from AgNO, and
KI with the particle size 45-50 nm under ultrasound power.

Fig. 2 shows the FT-IR spectrum of Agl nanoparticles.
The broad peak at 3436 and 1628 cm™ can be attributed to

Table. Indium-silver iodide mediated alkylation reaction of L-Valine methyl ester in water- methanol

dr | Timeh/Vield,% |  Timeh/Vield,% | RI | ArCHO | Entry
o
89:11 28/72 18/85 o O)kH 1
0
88:12 28/53 17/68 o /@*H 2
Br
0
89:11 28/86 18/97 (- /@JJ\H 3
HaC
0
89:11 28/66 17/79 O /Q)‘\H 4
cl
o
92:8 28/82 18/95 O O)kH 5

?in presence of Agl nanoparticles.
bin presence of bulk Agl.
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Fig. 1. SEM images of Agl nanoparticles

the v (OH) stretching and bending vibrations, respectively.  of this peak suggests that a trace amount of SDS has been
Thus, these peaks indicate the presence of physisorbed wa-  coated on the surface of Agl nanoparticles.

ter linked to nanoparticles. As shown in Fig. 2, the peak cor- Fig. 3 shows the XRD pattern of Agl nanoparticles. All re-
responding to the CH, stretching vibration of SDS (sodium  flection peaks in Fig. 1 can be readily indexed to the pure cu-
dodecyl sulfonate) at 2923 cm™ can be seen. The appearance  bic phase of Agl with F-43mspace group (JCDPS No. 78-0641).
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The crystallite size diameter (D) of the Agl nanoparticles has
been calculated by the Debye-Scherrer equation (D = KA/
BcosB), where B FWHM (full-width at half-maximum or half-
width) is in radians and 6 is the position of the maximum of
diffraction peak, K is the so-called shape factor, which usu-
ally takes a value of about 0.9, and k is the X-ray wavelength
(1.5406 A for Cu Ka). Crystallite size of Agl has been found
to be 48 nm.

EXPERIMENTAL

Chemicals were purchased from Merck in high purity. All of
the materials were of commercial reagent grade. Flash-co-
lumn chromatography was performed by using Merck silica
gel 60 with freshly distilled solvents.

The NMR spectra ('H, "*C) were recorded on a Bruker
400 Ultrashield spectrometer by using TMS as an internal
standard. The UV-Vis measurements were obtained with a
GBC cintra 6 UV-Vis spectrophotometer. The FT-IR spec-
trum was recorded on a Magna-IR, spectrometer 550 Nicolet
in KBr pellets in the range of 400-4 000 cm™". Powder X-ray
diffraction (XRD) was carried out on a Philips diffractometer
of X’pert Company with monochromatized Cu Ka radiation
(A = 1.5406 A). Microscopic morphology of products was
visualized by SEM (LEO 1455VP).

Preparation of silver iodide nanoparticle

A solution of 0.415 g KI (25 x 107 mol) in 25 ml of distil-
lated water was added dropwise to AgNO, solution (0.425 g,
25 x 10~ mol in 25 ml of distillated water) under ultrasound
power in the presence of 0.2 g SDS as a surfactant. The yel-
low as-synthesized precipitate was separated by centrifuga-
tion and washed with distillated water and ethanol to remove
impurities for several times and then dried.

Typical procedure for indium-(silver iodide nanoparticle)
alkylation of L-valine methyl ester

A mixture of water (5 mL), methanol (5 mL), aldehyde
(0.5 mmol), amine (1.0 mmol) and InCl, (0.5 mmol) was
stirred well in a round-bottomed flask for 4 h at room tem-
perature. Then, indium (3 mmol), Agl (2 mmol) or Agl nano-
particle (0.5 mmol) and alkyl iodide (2.5 mmol) were added
sequentially to the reaction system. The reaction mixture was
stirred at room temperature for 24 h (with bulk Agl) and 14 h
(with nano Agl). After completion the reaction, it was ex-
tracted by using ether, dried over anhydrous sodium sulfate,
filtered, and the solvent was evaporated in vacuum to give
the crude product. The product was separated using silica-gel
column chromatography by using hexane: ethyl acetate (8: 1)
as an eluent.

2-[(1-Cyclohexyl-1-phenylmethyl)amino]-3-methylbutyr-
ic acid methyl ester (1)

Rf =0.65 (EtOAc/ hexane 1: 8). - 'H NMR (400 MHz, CDCL):
0.85 (d, ] = 6.7 Hz, 3H), 0.94 (d, ] = 6.8 Hz, 3H), 1.08-1.37

(m, 13H), 2.73 (d, ] = 6.3 Hz, 1H), 3.17 (d, ] = 6.9 Hz, 1H),
3.67 (s, 3H), 7.27-7.36 ppm (m, 5H). - C NMR (100 MHz,
CDCL): § = 176.42 (CO), 142.53 (C), 128.63 (2CH), 127.75
(2CH), 126.82 (CH), 67.36 (CH), 64.52 (CH), 51.22 (CH)),
44.43 (CH), 31.82 (CH), 29.94 (CH.),29.72 (CH.), 26.52 (CH.),
26.23 (2CH,), 19.54 (CH,), 18.63 ppm (CH,). - IR (KBr, neat):
v =3 453 (N-H stretching), 2931 and 2856 (C-H stretching),
1729 (C=0 stretching), 1601 and 1454 cm™ (C=C stretching
aromatic).

2-{[1-Cyclohexyl-1-(p-bromophenyl)methyl) Jamino}-3-
methylbutyric acid methyl ester (2)

R, = 0.61 (EtOAC / hexane 1 : 8). - 'H NMR (400 MHz, CDCL,):
§=0.82(d,] = 6.8 Hz, 3H), 0.88 (d, ] = 6.8 Hz, 3H), 1.07-1.85
(m, 13H), 2.65 (d, ] = 6.3 Hz, 1H), 3.16 (d, J = 7.0 Hz, 1H),
3.70 (s, 3H), 7.13-7.46 ppm (m, 4H). - *C NMR (100 MHz,
CDCL): § = 175.72 (CO), 141.10 (C), 131.14 (2CH), 130.32
(2CH), 120.76 (CH), 66.93 (CH), 64.62 (CH), 51.42 (CH,),
44.15 (CH), 31.63 (CH), 29.92 (CH,),29.51 (CH,), 26.42 (CH,),
26.12 (2CH,), 19.42 (CH,), 18.61 ppm (CH,). - IR (KBr, neat):
v = 3494 (N-H stretching), 2981 and 2864 (C-H stretching),
1738 (C=0 stretching), 1595 and 1510 cm™ (C=C stretching
aromatic).

2-{[1-Cyclohexyl-1-(p-methylphenyl)methyl)]amino}-3-
methylbutyric acid methyl ester (3)

Rf= 0.61 (EtOAc / hexane 1 : 8). — 'H NMR (400 MHz, CD-
Cl): 8 = 0.88 (d, ] = 6.7 Hz, 3H), 0.94 (d, ] = 6.8 Hz, 3H),
1.19-1.75 (m, 13H), 2.32 (s, 3H), 2.72 (d, J = 6.4 Hz, 1H),
3.15 (d, ] = 6.9 Hz, 1H), 3.69 (s, 3H), 7.53-7.73 ppm (m,
4H). - "C NMR (100 MHz, CDCL,): 6 = 176.41 (CO), 139.42
(C), 136.28 (C), 128.46 (4CH), 66.93 (CH), 64.52 (CH), 51.12
(CH,), 44.53 (CH), 31.83 (CH), 29.94 (CH,), 29.72 (CH,),
26.52 (CH,), 26.23 (2CH,), 21.13 (CH,) 19.44 (CH,), 18.63
ppm (CH,). - IR (KBr, neat ): v = 3449 (N-H stretching),
2926 and 2855 (C-H stretching), 1728 (C=0 stretching),
1599 and 1 453 cm™ (C=C stretching aromatic).

2-{[1-Cyclohexyl-1-(p-chlorophenyl)methyl) Jamino}-3-
methylbutyric acid methyl ester (4)

R =063 (EtOAc / hexane 1 : 8). - 'H NMR (400 MHz, CDCL,):
0=0.84 (d,J = 6.8 Hz,3H),0.90 (d, ] = 6.8 Hz, 3H), 1.40-1.81
(m, 13H), 2.65 (d, ] = 6.4 Hz, 1H), 3.13 (d, ] = 6.8 Hz, 1H), 3.71
(s,3H),7.27-7.55 ppm (m, 4H). - *C NMR (100 MHz, CDC13):
8 =176.23 (CO), 141.12 (C), 132.44 (C), 129.91 (2CH), 127.93
(2CH), 66.71 (CH), 64.65 (CH), 51.32 (CH,), 44.43 (CH), 31.84
(CH), 29.92 (CH,), 29.50 (CH,), 26.43 (CH,), 26.22 (2CH),
19.54 (CH,),18.52 ppm (CH,). - IR (KBr, neat): v = 3492 (N-H
stretching), 2928 and 2854 (C-H stretching), 1731.24 (C=0
stretching),1588 and 1450 cm™ (C=C stretching aromatic).

2-[(1-Cyclopentyl-1-phenylmethyl)amino]-3-methyl-
butyric acid methyl ester (5)

Rf: 0.61 (EtOAc/ hexane 1:8). - 'H NMR (400 MHz, CDCL,):
§=0.85(d,J=6.8 Hz,3H),0.96 (d,] = 6.8 Hz,3H), 1.05-1.43
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(m, 11H), 2.60 (d, ] = 6.3 Hz, 1H), 3.12 (d, J = 8.8 Hz, 1H),
3.71 (s, 3H), 7.03-7.18 ppm (m, 5H). - C NMR (100 MHz,
CDCL): 8 = 17632 (CO), 143.53 (C), 128.23 (2CH), 127.85
(2CH), 126.82 (CH), 67.63 (CH), 64.42 (CH), 51.22 (CH,),
47.63 (CH),31.72 (CH),30.14 (CH,),30.08 (CH,), 25.42 (CH.),
25.13 (CH,), 19.44 (CH,), 18.53 ppm (CH,). - IR (KBr, neat):
v = 3443 (N-H stretching), 2 939 and 2 866 (C-H stretching),
1739 (C=0 stretching),1 621and 1434 cm™ (C=C stretching
aromatic).

CONCLUSIONS

An efficient, facile and economical method for the alkylation
of amines has been developed using Agl-nanoparticles as
the mediator in water-methanol media. The products were
obtained in excellent yields and the reaction times were sig-
nificantly reduced in comparison to using bulk silver iodide.
The diastereoselectivity of reactions did not change using
nanoparticles. The present protocol represents a simple and
remarkable method for C-N bond formation in order to pre-
pare some amino ester derivatives in the presence of novel
nano-scale materials.
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AGI NANODALELES KAIP HETEROGENINIS KATALI-
ZATORIUS VIENOS STADIJOS CHIRALINIU AMINU
(L-VALINO METILO ESTERIO) ALKILINIMO
REAKCIJOJE, VANDENS-ALKOHOLIO TERPEJE

Santrauka

Aprasytas efektyvus ekologiskas chiraliniy aminy alkilinimo meto-
das. Metodo esme sudaro vienos stadijos aldehidy, aminy ir alkiljo-
didy reakcija vandens-alkoholio terpéje naudojant Agl nanodaleles
kaip katalizatoriy.



