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Experimental

'H, "C and ""F NMR spectra were recorded on Varian NMR spectrometers at 400 MHz.
'H NMR chemical shifts were determined relative to internal tetramethylsilane at & 0.0
ppm or to the signal of a residual proton of the solvent in CDCl; at § 7.24 ppm, *C NMR
chemical shifts were determined relative to internal tetramethylsilane at & 0.0 ppm or to
the °C signal of CDCls at § 77.0 ppm. '°F NMR chemical shifts were determined relative

to internal CFCl; at 6 0.0 ppm.

Materials and Methods
Nafion®-H (perfluoroalkanesulfonic acid polymer) and Nafion® SAC-13, Silica gel,

fumed silica, were used as environmentally benign catalysts. The aldehydes, ketones,
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amines, and Nafion® SAC-13 were purchased from Sigma-Aldrich (Milwaukee, WI).
Nafion®-H was prepared from Nafion®-K (potassium salt) following a literature
procedure.’ The fluorinated ketones, TMSCN, silica gel and fumed silica were purchased
from other commercial sources. The solvent used in all the reactions was
dichloromethane (CH,Cl,). Control experiment was conducted using Ga(OTf); as the
catalyst for comparison. Gallium triflate, prepared earlier following a literature

2
procedure.

Preparation of Nafion®-H from Nafion®-K

Nafion®-K (50 g) was stirred in boiling deionized water (150 mL) for 2 hours and
filtered. The resin was then stirred with 20% nitric acid (200 mL) for 5h at room
temperature and filtered. This step was repeated four times for maximum exchange of K"
with H". The polymer was washed many times with deionized water till the filtrate
became neutral, when tested with pH paper. It was then dried under vacuum at 105 °C for
24 h. The dry Nafion®-H polymer was finely ground in a grinder (by adding liquid
nitrogen to make it brittle) and sieved in a testing sieve (VWR, USA standard testing
sieve, No. 60 with 250 pm opening). This was further dried under vacuum and used for

the reactions.

General procedure for the Strecker reaction of aldehydes and ketones

Aldehyde or ketone (2 mmol)/ fluorinated ketone (3 mmol), amine (2 mmol), TMSCN (3
mmol) and catalyst (200 mg) were taken in dichloromethane (5 mL) in a sealed pressure
tube and the reaction mixture was stirred at the required temperature for several hours as

indicated (refer Schemes and Tables). Completion of the reaction was monitored by 'H or
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F NMR. After completion, the mixture was then filtered and the residue was washed
with CH,Cl, (3 x 15 mL) and ethyl acetate (3 x 15 mL). The filtrate was collected and the
solvent was removed under reduced pressure to obtain the crude product. Further
purification can be carried out by trituration of the residue with excess hexane followed
by evaporation of hexane. Products were characterized by spectral analysis ("H NMR, *C

NMR, "’F NMR and GC/MS) and comparing them with those of the authentic samples.’

Spectral Data

2-phenyl-2-(phenylamino)acetonitrile (Table 1, entry 1)

55

'H NMR 8 4.08 (d,J=7.51 Hz, 1H), 5.37 (d, J = 8.24 Hz, 1H), 6.73 (d, J = 7.69 Hz, 2H),

6.86 (t, J = 7.41 Hz, 1H), 7.23 (dd, J = 8.42 Hz, J = 0.91 Hz, 2H), 7.39-7.42 (m, 3H),
7.53-7.56 (m, 2H) °C NMR § 50.2, 114.2, 118.3, 120.2, 127.3, 129.4, 129.5, 129.6,

134.0, 144.7.

2-(cyclopentylamino)-2-phenylacetonitrile (Table 1, entry 2)

H CN/O

'"H NMR § 1.36-1.45 (m, 2H), 1.56-1.62 (m, 2H), 1.68-1.75 (m, 3H), 1.84-1.92 (m, 2H),

3.42-3.46 (m, 1H), 4.70 (s, 1H), 7.34-7.42 (m, 3H), 7.49-7.52 (m, 2H); *C NMR § 23.81,

23.87,32.1,33.5,53.3,57.8,119.2, 127.1, 128.77, 128.82, 135.3.



Supplementary Material (ESI) for Green Chemistry
This journal is (C) The Royal Society of Chemistry 2008

2-(butylamino)-2-phenylacetonitrile (Table 1, entry 3)

H__CN

-C4H
N49
H

'H NMR § 0.91 (t, J = 7.14 Hz, 3H), 1.35-1.45 (m, 2H), 1.46-1.55 (m, 2H), 1.66 (brs,
1H), 2.68-2.87 (m, 2H), 4.77 (s, 1H), 7.32-7.40 (m, 3H), 7.50-7.53 (m, 2H); °C NMR 5

13.7,20.1, 31.5,46.9, 54.4, 118.9, 127.1, 128.7, 134.9.

2-(4-fluorophenylamino)-2-phenylacetonitrile (Table 1, entry 4)

'H NMR & 4.02 (brs, 1H), 5.32 (s, 1H), 6.67- 6.70 (m, 2H), 6.93 (t, J = 8.6 Hz, 2H), 7.39-
7.43 (m, 3H), 7.53-7.56 (m, 2H); °C NMR & 50.7, 115.5 (d, *Jer = 7.64 Hz), 116.0 (d,
2Jer=22.89 Hz), 118.1, 127.1, 129.2, 129.4, 133.6, 140.8 (d, “Jer = 2.29 Hz),157.2 (d,

'Jer = 238.8 Hz); "’F NMR § -124.58 (m).

2-(4-Chlorophenyl)-2-p-tolylaminoacetonitrile (Table 1, entry 5)
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'H NMR & 2.27 (s, 3H), 3.87 (brs, 1H), 5.36 (s, 1H), 6.67 (d, J = 8.61 Hz, 2H), 7.07 (d, J
= 8.61 Hz, 2H), 7.42 (d, J = 8.61 Hz, 2H), 7.53 (d, J = 8.61 Hz, 2H), °*C NMR & 20.5,

50.0, 114.6, 118.0, 128.5, 129.4, 129.9, 130.0, 132.5, 135.4, 142.0.

2-(4-bromophenyl)-2-(p-tolylamino)acetonitrile (Table 1, entry 6)

'"H NMR & 2.27 (s, 3H), 3.91 (d, J = 8.0 Hz, 1H), 5.36 (d, J = 7.9 Hz, 1H), 6.67 (d, J =
8.61 Hz, 2H), 7.07 (d, J = 8.61 Hz, 2H), 7.47 (d, J = 8.61 Hz, 2H), 7.57 (d, J = 8.38 Hz,

2H), C NMR § 20.5, 50.1, 114.6, 117.9, 123.6, 128.8, 130.0, 132.4, 133.0, 142.0.

2-(4-bromophenylamino)-2-p-tolylacetonitrile (Table 1, entry 7)

'"H NMR & 2.38 (s, 3H), 4.06 (d, J = 6.0 Hz, 1H), 5.32 (d, J = 5.9 Hz, 1H), 6.67 (d, J =
8.98 Hz, 2H), 7.07 (d, J = 7.87 Hz, 2H), 7.47 (d, J = 8.79 Hz, 2H), 7.57 (d, J = 8.06 Hz,

2H), *C NMR § 21.1, 49.8, 112.1, 115.7, 118.0, 127.0, 130.0, 130.4, 132.3, 139.7, 143.6.

2-Methyl-2-(p-tolylamino)propionitrile (Table 1, entry 8)

Me
HsC_ CN
% O

HyC™ N

H
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'"H NMR 5 1.65 (s, 6H), 2.28 (s, 3H), 3.59 (s, 1H), 6.86 (d, J = 8.42 Hz, 2H), 7.07 (d, J =

8.6 Hz, 2H); >C NMR § 20.5, 28.2, 49.6, 119.0, 122.2, 129.7, 131.0, 141.1.

2-methyl-2-(phenylamino)butanenitrile (Table 1, entry 9)

'H NMR § 1.1 (t, J = 7.33 Hz, 3H), 1.59 (s, 3H), 1.82-2.0 (m, 2H), 3.7 (brs, 1H), 6.86-
6.91 (m, 3H), 7.20-7.25 (m, 2H); '°C NMR & 8.3, 24.9, 33.3, 53.3, 117.1, 120.3, 121.4,

129.1, 143.7.

1-(phenylamino)cyclopentanecarbonitrile (Table 1, entry 10)
o
05
H

'"H NMR § 1.85-1.95 (m, 4H), 2.10-2.20 (m, 2H), 2.30-2.40 (m, 2H), 3.94 (s, 1H), 6.80-

6.91 (m, 3H), 7.20-7.30 (m, 2H); *C NMR § 23.7, 40.0, 57.3, 115.4, 119.6, 122.2, 129.1,

144.0.

2-phenyl-2-(p-tolylamino)acetonitrile (Table 2, entry 2)

CH
e

\
H
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"H NMR & 2.25 (s, 3H), 3.92 (d, J = 8.24 Hz, 1H), 5.33 (d, J = 8.24 Hz, 1H), 6.65 (d, J =
8.61 Hz, 2H), 7.04 (d, J = 8.61 Hz, 2H), 7.38-7.42 (m, 3H), 7.53-7.55 (m, 2H), >*C NMR

620.4,50.4,114.3,118.0, 127.1, 129.1, 129.3, 129.5, 129.9, 133.9, 135.4, 142.3.

2-(phenylamino)-2-p-tolylacetonitrile (Table 2, entry 3)

'"H NMR: § 2.34 (s, 3H), 4.1 (brs, 1H), 5.30 (s, 1H), 6.70 (d, J = 7.69 Hz, 2H), 6.85 (t, J =
741 Hz, 1H), 7.19-7.24 (m, 4H), 7.41 (d, J = 8.24 Hz, 2H); *C NMR: § 21.0, 49.7,

114.0, 118.3, 119.9, 127.0, 129.4, 129.8, 130.8, 139.3, 144.6.

2-(4-Methoxyphenyl)-2-(phenylamino)acetonitrile (Table 2, entry 4)

" C'\ﬂ@
©)<N
HsCO H

'"H NMR: 5 3.84 (s, 3H), 4.0 (brs, 1H), 5.36 (s, 1H), 6.77 (d, J = 8.61 Hz, 2H), 6.89 (t, J =

7.42 Hz, 1H), 6.96 (d, J = 8.79 Hz, 2H), 7.25-7.30 (m, 2H), 7.51 (d, J = 8.69 Hz, 2H); °C

NMR: § 49.6, 55.4, 114.1, 114.6, 118.4, 120.2, 125.9, 128.6, 129.5, 144.7, 160.4.

2-(4-chlorophenyl)-2-(phenylamino)acetonitrile (Table 2, entry 5)

o

Cl
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'H NMR & 4.08 (s, 1H), 5.39 (s, 1H), 6.73 (d, J = 7.69 Hz, 2H), 6.90 (t, J = 7.42 Hz, 1H),
7.22-7.28 (m, 2H), 7.39 (d, J = 8.61 Hz, 2H), 7.50 (d, J = 8.42 Hz, 2H); °C NMR § 49.7,

114.4, 118.0, 120.6, 128.4, 129.6, 129.7, 132.5, 135.6, 144.5.

2-(4-Bromophenyl)-2-(phenylamino)acetonitrile (Table 2, entry 6)

ISE

|

Br

'"H NMR: § 4.03 (brs, 1H), 5.38 (s, 1H), 6.73 (d, J = 7.69 Hz, 2H), 6.90 (t, J = 7.41 Hz,
1H), 7.23-7.28 (m, 2H), 7. 46 (d, J = 8.0 Hz, 2H), 7. 57 (d, J = 8.61 Hz, 2H); *C NMR: &

49.7,114.3,117.7, 120.6, 123.7, 128.83, 129.6, 132.5, 132.9, 144.3.

2-(4-chlorophenylamino)-2-methylpropanenitrile (Table 2, entry 9)

'H NMR § 1.67 (s, 6H), 3.71 (s, 1H), 6.83 (d, J = 8.79 Hz, 2H), 7.20 (d, J = 8.97 Hz,

2H); *C NMR § 28.1, 49.0, 118.6, 121.7, 125.8, 129.2, 142.2.

2-(4-bromophenylamino)-2-methylpropanenitrile (Table 2, entry 10)
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'"H NMR 3 1.69 (s, 6H), 3.7 (brs, 1H), 6.79 (d, J = 8.97 Hz, 2H), 7.35 (d, J = 8.98 Hz,

2H); PC NMR 6 28.1, 48.9, 113.8, 118.9, 121.6, 132.1, 142.7.

3-Fluoro-2-methyl-2-(phenylamino)propionitrile (Table 3, entry 1)

”“ﬁf@
FH,C~ N

[
H

'H NMR § 1.64 (d, J = 2.01 Hz, 3H), 3.94 (s, 1H), 4.45 (ddd, J = 46.7 Hz, J = 17.58 Hz,
J=9.16 Hz, 2H), 6.92-6.99 (m, 3H), 7.23-7.29 (m, 2H); >C NMR § 22.1 (d, *Jc.r= 3.81
Hz), 53.4 (d, 2Jer = 19.84 Hz), 85.0 (d, 'Jer = 185.4 Hz), 118.6, 119.0 (d, *Jer = 3.81

Hz), 121.9, 129.4, 142.7; "’F NMR & -223.1 (dd, J = 47.3 Hz, J = 45.78 Hz, 1F).

3-Fluoro-2-methyl-2-(p-tolylamino)propionitrile (Table 3, entry 2)

Me
HiC_ CN
% O
FH,C~ N

|
H

'H NMR & 1.57 (d, J= 2.0 Hz, 3H), 2.26 (s, 3H), 3.82 (s, 1H), 4.45 (ddd, J = 46.51, Hz, J
=17.58 Hz, J = 9.16 Hz, 2H), >C NMR § 20.3, 21.7 (d, *Jer = 3.05 Hz), 53.8 (d, *Jor =
20.6 Hz), 85.0 (d, 'Jer = 183.86 Hz), 119.1 (d, *Jer = 3.05 Hz),119.7, 129.6, 131.8,

140.1; "’F NMR § -223.4 (t, J = 46.51 Hz).
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