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Synthesis of a-Aminonitriles through Strecker Reaction of N-Tosylaldimines

Using Molecular Iodine!
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Abstract: The Strecker reaction of N-tosylaldimines with trimeth-
ylsilyl cyanide in the presence of catalytic amount of iodine at room
temperature produces the corresponding protected o-aminonitriles
in high yields.
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o-Aminonitriles are useful intermediates for the prepara-
tion of a-amino acids,? various nitrogen containing het-
erocycles, such as imidazoles and thiadiazoles,® and
pharmaceuticals.*® a-Amino acids are highly applicable
in chemistry and biology as valuable building blocks.?
The Strecker reaction involving nucleophilic addition of a
cyanide ion to an imine, is of great importance to modern
organic chemistry as it offers one of the most direct feasi-
ble methods for the synthesis of a-aminonitriles.® Howev-
er the experimental procedure of this reaction is tedious.
Several modified methods have been subsequently intro-
duced using various cyanide reagents [e.g. diethyl phos-
phorocyanidate, a-(trimethylsiloxy)nitrile, tributyltin
cyanide, trimethylsilyl cyanide, etc.].” Among these cya-
nide ion equivalents, trimethylsilyl cyanide was found to
be more efficient and safer in handling.

The Strecker reaction has been studied extensively by us-
ing various Lewis acids,® Lewis bases,” N-heterocyclic
carbenes,'® and metal complexes and metal-salen com-
plexes.!! Recently, a number of asymmetric Strecker reac-
tions using effective catalysts have been reported.'?

s NHTs
N 15 (15 mol%)
)I\ + TMSCN = G it R~ CN
R™, H 2 60-90 min 3
86-94%

R = aryl, alkyl

Scheme 1 Synthesis of a-aminonitriles by the reaction of N-tosyl-
aldimines and trimethylsilyl cyanide

o-Aminonitriles have also been synthesized by employing
Strecker methodology using ionic liquids and water in-
stead of regular organic solvents.?&!3
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Table 1 Evaluation of the Catalytic Activity of Different Catalysts
for the Preparation of o-Aminonitrile 3a*

T T
1S catalyst (15 mol%) HNT S
| TMSCN CHCly, r.t.

_—
H T CN

1a 2 3a
Entry Catalyst Time (h) Yield® (%)
1 L 1.0 94
2 FeCl, 3.5 85
3 ZrCl, 3.5 82
4 Cul 4.0 78
5 ZnCl, 40 53
6 SnCl, 4.0 trace

 Conditions: N-tosylaldimine 1a (1.0 mmol), TMSCN 2 (1.3 mmol),
catalyst (15 mol%), CH,Cl, (2 mL), r.t.
® Isolated yield.

There have numerous reports in recent years on the appli-
cation of N-sulfonyl- and N-sulfinylimines, which are sta-
ble compounds.'# These sulfonyl and sulfinyl groups are
good activators of the C=N bond for nucleophilic addition
reactions. Therefore, the addition of trimethylsilyl cya-
nide to these compounds is expected to be a good method
for obtaining a-aminonitriles. There are only a few reports
on the Strecker reaction of N-sulfonylimines using N-het-
erocyclic carbenes,'>*® Feng’s bifunctional N,N'-diox-
ide,’>* Lewis acids and bases,*” and Nap-MgO.'">!
However, many of these methods suffer from different
drawbacks such as requirement for longer reaction times,
application of costly reagents, harsh reaction conditions,
and unsatisfactory yields.

In continuation of our work on the development of useful
synthetic methodologies we have observed that protected
a-aminonitriles 3 can efficiently be synthesized by treat-
ment of N-sulfonylaldimines 1 with trimethylsilyl cyanide
(2) in the presence of iodine as a catalyst at room temper-
ature (Scheme 1).

Initially we carried out the reaction of N-tosylbenzald-
imine (1a) with trimethylsilyl cyanide (2) in the presence
of various catalysts. However, considering the reaction
time and yield iodine was found to be most effective
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(Table 1). Finally a series of protected a-aminonitriles 3
were prepared (Table 2) from different N-tosylaldimines
2142¢16 derived from various aromatic, heteroaromatic,
and aliphatic aldehydes using trimethylsilyl cyanide (2) in
the presence of iodine. The aromatic aldehydes contained
both electron-donating as well as electron-withdrawing
groups (Table 1, entries 2—12). The aliphatic aldimine de-
rivatives (Table 2, entries 15 and 16) also underwent
smooth conversion into a-aminonitriles. The reaction was
conducted at room temperature and the conversion was
complete within 60-90 minutes and the protected o-ami-
nonitriles 3 were formed in excellent yields (86-94%).
The structures of the products 3 were confirmed by their
spectral (IR, 'H and '*C NMR, and MS) data. The N-tosyl
group of the products can easily be deprotected!” to fur-
nish the corresponding a-aminonitriles which can be used
to explore their biological applications.

The catalyst, iodine is inexpensive, easily available, and
nontoxic. It efficiently conducts the nucleophilic addition
of N-sulfonylimines by polarizing the CH=N bond of the
compounds.

Table 2 Iodine-Catalyzed Synthesis of a-Aminonitriles 3 by the
Reaction of N-Tosylaldimines 1 and Trimethylsilyl Cyanide (2)*

N Ts NHTs
)I\ + TMSCN I> (15 mol%)
7y H 2 oS min Ry
R = aryl, alkyl 86-94 %
Entry R Time (min) Product Yield® (%)
1 Ph 60 3a 94
2 3-CIC¢H, 60 3b 92
3 4-CIC4H, 60 3c 93
4 4-F-3-CIC4H; 70 3d 92
5 2,3,4-F;C¢H, 80 3e 90
6 4-O,NCH, 80 3f 91
7 4-MeOC¢H, 90 3g 88
8 4-BnOC¢H, 90 3h 89
9 4-EtOC¢H, 90 3i 90
10 4-MeC¢H, 80 3j 92
11 2,5-Me,C¢H; 80 3k 90
12 2,4,6-Me;C¢H, 90 3l 88
13 2-furyl 90 3m 86
14 2-thienyl 80 3n 89
15 Et 60 3o 91
16 Pr 60 3p 90

* Reaction conditions: N-tosylaldimine 1 (1.0 mmol), TMSCN 2 (1.3
mmol), I, (15 mol%), CH,Cl, (2 mL), r.t.
b Isolated yield.

Synthesis 2009, No. 20, 3467-3471 © Thieme Stuttgart - New York

In conclusion, we have developed a facile method for the
synthesis of a-aminonitriles from N-tosylaldimines and
trimethylsilyl cyanide using iodine as a catalyst. The op-
erational simplicity, mild reaction conditions, application
of an easily available catalyst, short reaction times and ex-
cellent yields are the notable advantages of the method.
The tosyl group of the products can also easily be depro-
tected to free amines, which can be utilized for the prepa-
ration of various desired analogues.

Melting points were measured on a Buchi 510 apparatus and are un-
corrected. The IR spectra were recorded with KBr on a Perkin-
Elmer RX 1 FT-IR spectrophotometer; the NMR spectra on a Varian
Gemini-200 MHz spectrometer using CDCl; as a solvent and TMS
as an internal standard; and the mass spectra on a VG Micromass
7070 H (70 eV) and Thermo Finnegan LCQ ion trap mass spectro-
meters. Column chromatography was performed over silica gel
(BDH, 100-200 mesh) and TLC on silica gel GF 254.

o-Aminonitriles 3; General Procedure

Tosylimine 1 (1 mmol) was taken in CH,Cl, (2 mL) and I, (15
mol%) was added. To this mixture TMSCN 2 (1.3 mmol) was added
dropwise. The mixture was stirred at r.t. (TLC monitoring). After
completion the reaction was quenched with sat. Na,S,0; soln (10
mL) and the mixture was extracted with CH,Cl, (3 x 10 mL). The
combined extracts were dried and concentrated and the residue was
subjected to column chromatography (silica gel, hexane—EtOAc) to
obtain pure a-aminonitrile 3.

N-[Cyano(phenyl)methyl]-4-methylbenzenesulfonamide (3a)
Mp 151-153 °C.

IR: 3264, 2310, 1597, 1448, 1333, 1156 cm™'.

'H NMR (200 MHz, CDCl,): § = 7.82 (d, J = 8.0 Hz, 2 H), 7.49—
7.36 (m, 7 H), 5.60 (d, J = 10.0 Hz, 1 H), 5.47 (d, J = 10.0 Hz, 1 H),
2.49 (s, 3 H).

13C NMR (50 MHz, CDCL,): § = 144.8, 136.1, 132.2, 130.0, 129.9,
129.4, 127.3, 127.1, 116.5, 48.3, 21.9.
MS (ESD): m/z = 309 [M + Nal*.

Anal. Calcd for C;sH,N,0,S: C, 62.93; H, 4.89; N, 9.79. Found: C,
62.86; H, 4.97; N, 9.84.

N-[3-Chlorophenyl)(cyano)methyl]-4-methylbenzenesulfon-
amide (3b)
Mp 101-103 °C.

IR: 3278, 2237, 1596, 1437, 1349, 1161 cm™'.

'H NMR (200 MHz, CDCL,): & = 7.78 (d, J = 8.0 Hz, 2 H), 7.40-
7.31 (m, 6 H), 5.59 (d, J = 10.0 Hz, 1 H), 5.39 (d, J = 10.0 Hz, 1 H),
2.48 (s, 3 H).

13C NMR (50 MHz, CDCl,): § = 145.0, 135.8, 135.3, 133.9, 130.8,
130.1, 130.0, 127.1, 125.2, 116.0, 47.8, 21.9.
MS (ESI): m/z = 343, 345 [M + Na]*.

Anal. Calcd for C,sH,;CIN,0,S: C, 56.26; H, 4.06; N, 8.74. Found:
C,56.31; H,4.13; N, 8.62.

N-[(4-Chlorophenyl)(cyano)methyl]-4-methylbenzenesulfon-
amide (3¢)
Mp 133-135 °C.

IR: 3261, 1925, 1594, 1491, 1342, 1159 cm™.

"H NMR (200 MHz, CDCl,): § = 7.77 (d, J = 8.0 Hz, 2 H), 7.43-
7.31 (m, 6 H),5.81 (d,J=10.0Hz, 1 H),5.41 (d, /= 10.0 Hz, 1 H),
248 (s, 3 H).
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13C NMR (50 MHz, CDCly): § = 148.9, 136.1, 136.0, 130.9, 130.5,
129.8, 128.2, 127.6, 116.0, 47.7, 21.5.

MS (ESI): m/z = 343, 345 [M + Na]*.

Anal. Calcd for C,sH,;CIN,0,S: C, 56.25; H, 4.06; N, 8.73. Found:
C, 56.22; H,4.11; N, 8.79.

N-[(3-Chloro-4-fluorophenyl)(cyano)methyl]-4-methylben-
zenesulfonamide (3d)
Mp 124-125 °C.

IR: 3279, 1597, 1499, 1443, 1345, 1159 cm.

'H NMR (200 MHz, CDCL,): § =7.74 (d, J = 8.0 Hz, 2 H), 7.42 (dd,
J=8.0,2.0Hz, 1 H),7.35 (d, J = 2.0 Hz, 1 H), 7.32 (d, J = 8.0 Hz,
2H),7.12 (t, J=8.0 Hz, 1 H), 5.92 (d, J = 10.0 Hz, 1 H), 5.41 (d,
J=10.0 Hz, 1 H), 2.42 (s, 3 H).

13C NMR (50 MHz, CDCL,): § = 157.0, 145.0, 135.9, 130.2, 130.0,
129.6, 127.1, 122.0 (d, J=8.0 Hz), 117.5 (d, J = 8.0 Hz), 115.7,
47.1,215.

MS (ESI): m/z = 361, 363 [M + Nal*.

Anal. Caled for CsH,,CIFN,O,S: C, 53.25; H, 3.55; N, 8.28.
Found: C, 53.32; H, 3.46; N, 8.21.

N-[Cyano(2,3,4-trifluorophenyl)methyl]-4-methylbenzene-
sulfonamide (3e)
Mp 96-98 °C.

IR: 3253, 2240, 1600, 1512, 1348, 1153 cm".

'H NMR (200 MHz, CDCL,): & = 7.72 (d, J = 8.0 Hz, 2 H), 7.38—
7.19 (m, 3 H), 7.00 (m, 1 H), 5.92 (d, J = 10.0 Hz, 1 H), 5.57 (d,
J =10.0 Hz, 1 H), 2.45 (s, 3 H).

3C NMR (50 MHz, CDCl5): § = 145.0, 135.9, 130.1, 127.2, 123.0,
122.9,118.0,117.9, 116.1, 113.1, 113.0, 42.4, 21.9.
MS (ESD): m/z =363 [M + Na]*.

Anal. Calcd for C;sH;,F;N,0,S: C, 52.94; H, 3.24; N, 8.24. Found:
C, 52.82; H, 3.19; N, 8.17.

N-[Cyano(4-nitrophenyl)methyl]-4-methylbenzenesulfon-
amide (3f)
Mp 120-122 °C.

IR: 3261, 1920, 1600, 1531, 1459, 1347, 1161 cm™'.

'H NMR (200 MHz, CDCL,): § = 8.26 (d, J = 8.0 Hz, 2 H), 7.78 (d,
J=8.0Hz,2H),7.70 (d, J = 8.0 Hz, 2 H), 7.38 (d, J = 8.0 Hz, 2 H),
5.55(d, J=10.0 Hz, 1 H), 5.36 (d, J = 10.0 Hz, 1 H), 2.7 (s, 3 H).

13C NMR (50 MHz, CDCL,): § = 148.7, 145.3, 138.6, 135.5, 130.3,
128.4, 127.3, 124.5, 115.6, 47.5, 21.7.
MS (ESI): m/z = 354 [M + Nal*.

Anal. Calcd for C;sH;3N;0,S: C, 54.39; H, 3.93; N, 12.69. Found:
C, 54.30; H, 3.99; N, 12.76.

N-[Cyano(4-methoxyphenyl)methyl]-4-methylbenzenesulfon-
amide (3g)
Mp 128-130 °C.

IR: 3269, 2320, 1606, 1512, 1437, 1252, 1158 cm™'.

'H NMR (200 MHz, CDCL,): & = 7.70 (d, J = 8.0 Hz, 2 H), 7.35 (d,
J=8.0Hz,2H),7.32(d, J= 8.0 Hz, 2 H), 6.88 (d, J = 8.0 Hz, 2 H),
5.58(d,J=10.0 Hz, 1 H), 5.39 (d, J = 10.0 Hz, 1 H), 3.79 (s, 3 H),
2.45 (s, 3 H).

13C NMR (50 MHz, CDCl,): § = 160.4, 144.5, 136.2, 130.0, 128.4,
127.2,124.0, 116.8, 114.9, 55.8, 47.9, 21.8.

MS (ESI): m/z = 339 [M + Nal*.

Anal. Calcd for C,¢H;4N,0;S: C, 60.76; H, 5.06; N, 8.86. Found: C,
60.85; H, 5.13; N, 8.78.

N-{[4-(Benzyloxy)phenyl](cyano)methyl}-4-methylbenzene-
sulfonamide (3h)
Mp 164-166 °C.

IR: 3258, 2238, 1606, 1513, 1329, 1247 cm™'.

'H NMR (200 MHz, CDCL,): § = 7.81 (d, J = 8.0 Hz, 2 H), 7.46—
7.31 (m, 9 H), 6.98 (d, J = 8.0 Hz, 2 H), 5.41 (d, J = 10.0 Hz, 1 H),
5.17 (d, J = 10.0 Hz, 1 H), 5.05 (s, 2 H), 2.46 (s, 3 H).

13C NMR (50 MHz, CDCL,): § = 158.8, 145.5, 136.1, 130.1, 128.9,
128.8, 127.3, 124.6, 115.8, 70.1, 48.0, 21.8.
MS (ESD): m/z = 415 [M + Nal*.

Anal. Calcd for C,,H,)N,05S: C, 67.35; H, 5.10; N, 7.14. Found: C,
67.52; H, 5.04; N, 7.28.

N-[Cyano(4-ethoxyphenyl)methyl]-4-methylbenzenesulfon-
amide (3i)
Mp 112-114 °C.

IR: 3279, 2250, 1607, 1513, 1337, 1256 cm™".

'H NMR (200 MHz, CDCLy): § =7.79 (d, J = 8.0 Hz, 2 H), 7.32 (d,
J=8.0Hz, 2 H), 7.28 (d, J = 8.0 Hz, 2 H), 6.83 (d, J = 8.0 Hz, 2
H), 5.60 (br's, 1 H), 5.36 (d, J = 8.0 Hz, 1 H), 4.00 (g, J = 7.0 Hz,
2 H), 2.43 (s, 3H), 1.41 (t, J = 7.0 Hz, 3 H).

13C NMR (50 MHz, CDCl,): § = 159.9, 144.5, 136.2, 130.0, 128.5,
127.4,124.0,116.9, 115.2, 63.9, 47.9, 21.6, 14.6.

MS (ESI): m/z = 353 [M + Nal*.

Anal. Calcd for C;H4N,05S: C, 61.82; H, 5.46; N, 8.49. Found:
C,61.94; H,5.52; N, 8.54.

N-[Cyano(p-tolyl)methyl]-4-methylbenzenesulfonamide (3j)
Mp 154-156 °C.

IR: 3269, 2250, 1596, 1437, 1335, 1159 cm™'.

'H NMR (200 MHz, CDCL,): § = 7.82 (d, J = 8.0 Hz, 2 H), 7.38 (d,
J=8.0Hz, 2H),7.32(d,J=8.0Hz 2 H),7.19(d, J = 8.0 Hz, 2 H),
542 (d,J=10.0 Hz, 1 H), 5.01 (d, J = 10.0 Hz, 1 H), 2.50 (s, 3 H),
2.39 (s, 3 H).

13C NMR (50 MHz, CDCl,): § = 144.9, 140.2, 136.0, 130.0, 129.1,
127.2,127.0, 116.5, 48.1, 21.7, 21.1.

MS (ESD): m/z = 323 [M + Nal*.

Anal. Calcd for C,¢H;(N,O,S: C, 64.00; H, 5.33; N, 9.34. Found: C,
64.08; H, 5.25; N, 9.41.

N-[Cyano(2,5-dimethylphenyl)methyl]-4-methylbenzene-
sulfonamide (3k)

Mp 137-139 °C.

IR: 3268, 2217, 1596, 1332, 1157 cm™.

'H NMR (200 MHz, CDCl,): § = 7.80 (d, J = 8.0 Hz, 2 H), 7.35 (d,
J =8.0 Hz, 2 H), 7.22 (dd, J = 8.0, 2.0 Hz, 1 H), 7.08 (br s, 2 H),
5.51(d,J = 10.0 Hz, 1 H), 4.89 (d, J = 10.0 Hz, 1 H), 2.49 (s, 3 H),
2.38 (s, 3 H), 2.31 (s, 3 H).

13C NMR (50 MHz, CDCl,): & = 144.5, 136.8, 136.2, 133.1, 131.6,
130.8, 129.9, 128.2, 127.3, 116.8, 46.0, 21.5, 21.0, 18.2.

MS (ESI): m/z = 337 [M + Nal".

Anal. Calcd for C;;H3N,0,S: C, 64.97; H, 5.73; N, 8.91. Found: C,
64.83; H, 5.82; N, 8.84.

N-[Cyano(mesityl)methyl]-4-methylbenzenesulfonamide (31)
Mp 139-140 °C.
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IR: 3277, 1601, 1416, 1334, 1161 cm™.

'HNMR (200 MHz, CDCL,): § =7.76 (d, J = 8.0 Hz, 2 H), 7.28 (d,
J =8.0Hz, 2 H), 6.81 (s, 2 H), 5.64 (d, J = 8.0 Hz, 1 H), 5.52 (brs,
1 H), 2.42 (s, 3 H), 2.31 (s, 6 H), 2.22 (s, 3 H).

13C NMR (50 MHz, CDCl,): § = 144.8, 139.8, 136.7, 136.0, 130.2,
130.0, 127.3, 126.1, 116.8, 42.9, 21.2, 20.5, 19.9.

MS (ESI): m/z = 351 [M + Nal*.

Anal. Calcd for C;3H,,N,0,S: C, 65.85; H, 6.10; N, 8.54. Found: C,
65.72; H, 6.18; N, 8.63.

N-[Cyano(2-furyl)methyl]-4-methylbenzenesulfonamide (3m)
Mp 99-101 °C.

IR: 3113, 1465, 1330, 1241, 1161 cm™.

'H NMR (200 MHz, CDCL,): § =7.79 (d, J = 8.0 Hz, 2 H), 7.38 (d,
J=8.0Hz, 1 H), 7.32 (d, J = 8.0 Hz, 2 H), 6.48 (m, 1 H), 6.32 (m,
1 H), 5.70 (m, 1 H), 5.52 (d, J = 8.0 Hz, 1 H), 2.43 (s, 3 H).

13C NMR (50 MHz, CDCLy): § = 144.9, 144.5, 144.2, 135.9, 130.1,
127.2,114.8,111.1, 110.7,42.2, 21.7.

MS (ESI): m/z = 299 [M + Nal*.

Anal. Calcd for C;;H;,N,05S: C, 56.52; H, 4.35; N, 10.14. Found:
C, 56.61; H, 4.43; N, 10.07.

N-[Cyano(2-thienyl)methyl]-4-methylbenzenesulfonamide (3n)
Mp 113-115 °C.

IR: 3238, 2217, 1600, 1333 cm™.

'H NMR (200 MHz, CDCL,): & = 7.81 (d, J = 8.0 Hz, 2 H), 7.40-
7.34 (m, 3 H), 7.20 (m, 1 H), 6.98 (m, 1 H), 5.79 (d, J = 10.0 Hz, 1
H), 5.65 (d, J = 10.0 Hz, 1 H), 2.46 (s, 3 H).

13C NMR (50 MHz, CDCl,): § = 145.0, 136.2, 134.9, 130.2, 130.0,
128.2,128.0, 127.3, 127.2, 126.4, 115.8, 43.9, 21.5.

MS (ESD): m/z =315 [M + Na]*.

Anal. Calcd for C;3H|,N,0,S,: C, 53.43; H, 4.11; N, 9.59. Found:
C, 53.58; H,4.17; N, 9.48.

N-(1-Cyanopropyl)-4-methylbenzenesulfonamide (30)
Mp 81-83 °C.

IR: 3269, 2249, 1599, 1441, 1338, 1169 cm™'.

'H NMR (200 MHz, CDCI3): § =7.80 (d, J = 8.0 Hz, 2 H), 7.35 (d,
J =8.0Hz,2H),5.80 (brs, 1 H),4.15(q, J = 7.0 Hz, 1 H), 2.45 (s,
3 H), 1.88-1.76 (m, 2 H), 1.05 (t, / = 7.0 Hz, 3 H).

13C NMR (50 MHz, CDCl,): § = 144.5, 136.0, 130.1, 127.3, 117.5,
45.6,274,21.5,9.8.

MS (ESI): m/z =261 [M + Nal*.

Anal. Calcd for C,;H,;,N,0,S: C, 55.46; H, 5.88; N, 11.76. Found:
C, 55.38; H,5.99; N, 11.84.

N-(1-Cyanobutyl)-4-methylbenzenesulfonamide (3p)
Mp 84-86 °C.

IR: 3282, 2242, 1597, 1424, 1334, 1160 cm™".

'H NMR (200 MHz, CDCl,): § =7.80 (d, J = 8.0 Hz, 2 H), 7.35 (d,
J =8.0Hz,2H),5.69 (brs, 1 H),4.21 (q,J = 7.0 Hz, 1 H), 2.45 (s,
3H), 1.81-1.72 (m, 2 H), 1.52-1.40 (m, 2 H), 0.92 (t, J = 7.0 Hz, 3
H).

13C NMR (50 MHz, CDCL,): § = 144.5, 136.0, 129.9, 127.0, 117.6,
44.0,35.8,21.7, 18.4, 13.0.

MS (ESI): m/z = 275 [M + Nal*.

Anal. Caled for C,H;(N,O,S: C, 57.14; H, 6.35; N, 11.11. Found:
C,57.21; H, 6.47; N, 11.04.
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