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Synthesis of 2-(Alkylamino)benzonitriles from «-(Bromoarylamino)nitriles
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The treatment of a-(bromoarylamino)nitriles with Bu;SnH/AIBN
induced 1,4-cyano group migration which led to 2-(alkylamino)ben-
zonitriles.

A number of intramolecular free radical additions to
nitriles have been reported.! For example radical inter-
mediates, generated by the deoxygenation of alcohols,?
or the reduction of ketones,® undergo intramolecular ring
closure when suitably located cyano groups are present.
These reactions provide a new synthesis of cyclopenta-
nones. The synthesis of cyclohexanones has also been
accomplished by the addition of radicals to a cyano
group.* Furthermore, the 1,5-migration of a hydrogen
atom? and the 1,4-migration of a cyano group® have also
been observed when d-cyano radicals are produced.

Here we would like to report that a 1,4-migration of the
cyano group in a-(bromoarylamino)nitriles produces 2-
(alkylamino)benzonitriles,” which are potential precur-
sors of narcotic antagonists,® on treatment with Bu,SnH
in the presence of azobisisobutyronitrile (AIBN) under
reflux (Scheme 1).
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a-(Bromoaryl)aminonitriles 1-5 were prepared from the
corresponding 2-bromoaniline. The condensation of the
2-bromoaniline with an aldehyde or a ketone led to the
formation of the corresponding imines® in good yields
(> 70%). Addition of trimethylsilyl cyanide (TMSCN)
to the imine generated the corresponding a-(bromo-
aryl)aminonitrile (Scheme 2).1° When compounds 1-5
were treated by Bu;SnH in the presence of AIBN in
refluxing toluene the rearranged products 6—10 were ob-
tained with yields superior to 45 %. The results are sum-
marized in the Table.
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The 1,4-migration of the cyano group is general. The
reaction is chemoselective as the chloro substituent was
not cleaved. Moreover, a 1,5-migration of the cyano
group was not observed when compound 11 was treated
with Bu;SnH/AIBN. Only unidentified products were
formed (Scheme 3).
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Furthermore, treatment of 3-(2-bromophenyl)-2,2-di-
methylpropionitrile (12), which carries no amino group
with Bu;SnH in the presence of AIBN in refluxing toluene
led primarily to the formation of cyclopentanone 13!
(Scheme 4).

Table. Synthesis of 2-(Alkylamino)benzonitriles from «-(Bromo-
arylamino)nitriles
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The formation of compounds 6—10 and 13 can be ex-
plained by the fact that the radical, resulting from the
cleavage of the C—Br bond, attacked the cyano group
to produce the imine radical B. The cleavage of the C,—C,
bond is favorable as the a-amino radical (Z = NH) is
more stable than the alkyl radical C (Z = CH,) by ca.
16 kcal/mol (Scheme 5).12
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With compound 11, neither the migration of the cyano
group nor the formation of the cyclized product was
observed. This can be explained by postulating that the
attack of the radical at the cyano group cannot occur
with a suitable trajectory (angle of 120°)!* because of
the steric interactions between the phenyl and the cyano
groups.

In summary, this study has disclosed that 1,4-migration
of the cyano group in a-(bromoaryl)aminonitrile com-
pounds is a facile process and leads to 2-(alkylamino)-
benzonitriles in good yields.

NMR spectra (CDCl;, TMS) were recorded using a Bruker AC
300 spectrometer. IR spectra were obtained on a Perkin-Elmer 298
IR spectrophotometer instrument. MS were performed at 70 eV
and were recorded on a HP 5890/5971 mass selective detector.
Merck silica gel (Kieselgel 60 F,;,) was used for analytical TLC.
Column chromatography was performed with Merck silica gel (Kie-
selgel 60, 230—-400 mesh).

All commercially available chemicals and solvents were used as
received from the suppliers. Toluene was distilled from CaH, and
stored under N,.

2-{(2-Bromophenyl)amino]-2-ethylbutanenitrile (1):

To a stirred solution of pentan-3-one (0.59 mL, 5.8 mmol) and 2-
bromoaniline (1 g, 5.8 mmol) in glacial AcOH (10 mL) was added
trimethylsilyl cyanide (0.77 mL, 5.8 mmol) dropwise over a period
of 20 min, while maintaining the temperature below 40°C. The
solution was stirred for an additional 30 min and then poured into
cold NH,OH solution (10 mL of aq 35 % NH,OH, 10 g of crushed
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ice). Furthermore, an aq solution of NH,OH (35 %) was slowly
added to the mixture until pH 10 was reached. The resulting solution
was extracted with CH,Cl, (3 x 40 mL), and the combined organic
phases were dried (MgSO,), filtered, and concentrated. The crude
product was purified by flash chromatography to afford 1 as an
oil; yield: 0.55 g (35%); R, 0.66 (EtOAc/cyclohexane, 10:90).

IR (film): v = 3460, 2240 cm 1.

I NMR (300 MHz, CDCl,): § = 7.43 (dd, J = 8.57,1.70 Hz, 1 H),
7.33-7.28 (m, 2H), 6.73 (td, J = 8.57, 1.70 Hz, 1 H), 4.51 (s, 1 H),
2.05-1.70 (m, 4H), 1.00 (t, J = 7.58 Hz, 6 H).

13CNMR (75 MHz, CDCl,): § = 140.9 (s), 132.7 (d), 128.2 (d),
120.3 (s), 120.0 (d), 114.6 (d), 111.7 (s), 57.0 (s), 29.4 (t, 2C), 7.8
(q,20).

MS (EL 70 eV): m/z = 266 (M *, 18), 268 (19), 239 (100), 237 (94),
212 (58), 210 (61).

a-(Bromoarylamino)nitriles 2—4; General Procedure:

The crude imine'* (5.8 mmol), prepared from the corresponding
substituted 2-bromoaniline and ketone, was dissolved in EtOH
(10 mL). The solution was treated with trimethylsilyl cyanide
(1.56 mL, 11.6 mmol). After 48 h reflux, the solution was cooled
and concentrated under vacuo. The crude product was purified by
flash chromatography.

1-[( 2- Bromophenyl) amino|cyclopentane-1-carbonitrile (2); oil; yield:
54%; R, 0.55 (EtOAc/cyclohexane, 20: 80).

IR (film): v = 3460, 2240 cm .

tHNMR (300 MHz, CDCl,): § = 7.50 (dd, J = 8.57,1.70 Hz, 1 H),
7.28 (td, J = 8.57, 1.70 Hz, 1 H), 7.10 (dd, J = 8.57, 1.70 Hz, 1 H),
6.72 (td, J = 8.57, 1.70 Hz, 1 H), 4.53 (br s, 1 H), 2.50-2.29 (m,
2H), 2.25-2.08 (m, 2H), 1.90-1.20 (m, 4 H).

I3CNMR (75 MHz, CDCl,): 6 = 141.2 (s), 132.7 (d), 128.3 (d),
120.0 (d), 119.0 (s), 114.2 (d), 111.2 (s), 56.9 (s), 39.9 (t, 2C), 23.6
(t, 2C).

MS (EI, 70 eV): mjz = 237 (M* — HCN, 54), 239 (52), 208 (100),
210 (96), 157 (16), 155 (15).

1-[( 2-Bromophenyl) aminolcyclohexane-1-carbonitrile (3); solid, mp
98-99°C; yield: 43 %; R; 0.50 (EtOAc/cyclohexane, 15:85).

IR (film): v = 3460, 2240 cm ™ *.

H NMR (300 MHz, CDCl,): 6 = 7.49 (dd, J = 7.35, 1.47 Hz, 1 H),
7.28—-7.18 (m, 2H), 6.60 (td, J = 7.35, 1.47Hz, 1H), 435 (br s,
1H), 2.45-2.29 (m, 2H), 1.85-1.55 (m, 8 H).

13CNMR (75 MHz, CDCl,): & = 140.7 (s), 132.7 (d), 128.2 (d),
120.2 (d), 119.2 (s), 115.2 (d), 111.9 (8), 53.3 (s), 36.0 (t, 2C), 24.6
t), 21.8 (t, 2C).

MS (EI, 70 eV): m/z = 251 (M* — HCN, 51), 253 (51), 208 (100),
210 (96), 155 (25), 157 (25).

1-[( 2-Bromo-4-chlorophenyl) aminolcyclohexane-1-carbonitrile  (4);
solid, mp 100-101°C; yield: 70%; R, 0.55 (EtOAc/cyclohexane,
15:85).

IR (film): v = 3450, 2240 cm ™ *.

"HNMR (300 MHz, CDCl,): 6 = 7.30 (d, J = 0.74 Hz, 1H), 7.03
(dd, J =9.00, 0.74 Hz, 1H), 6.94 (d, J =9.00Hz, 1H), 4.19 (s,
1H), 2.30-2.15 (m, 2 H), 1.75-1.45 (m, 8 H).

13CNMR (75 MHz, CDCl,): 6 = 139.5 (s), 132.1 (d), 128.1 (d),
124.2 (8), 120.3 (s), 115.6 (d), 111.8 (s), 53.4 (s), 35.9 (t, 2C), 24.6
t), 21.8 (t, 20).

MS (EI, 70 eV): m/z = 285 (M™* — HCN, 56), 287 (71), 244 (100),
242 (78), 191 (16), 189 (12).

2-[(2-Bromophenyl)amino]butanenitrile (5):

Propionaldehyde (0.36 mL, 5 mmol) was added dropwise to 2-bro-
moaniline (0.86 g, 5 mmol) and the mixture was stirred for 24 h.
EtOH (10 mL) was added to the crude aldimine and the solution
was treated with trimethylsilyl cyanide (1.3 mL, 10 mmol). After
48 h reflux, the solution was cooled, concentrated, and the crude
reaction mixture which was purified by flash chromatography; yield:
0.48 g (40%); R; 0.55 (EtOAc/cyclohexane, 10:90).

IR (film): v = 3460, 2240 cm 1.
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'H NMR (300 MHz, CDCL,): § = 7.53 (dd, J = 7.72, 1.47 Hz, 1 H),
7.29 (td, J = 7.72, 1.47 Hz, 1 H), 6.86-6.72 (m, 2H), 4.54 (d, J =
8.00 Hz, 1H), 4.16 (td, J = 8.00, 7.35 Hz, 1H), 1.98 (quint, J =
7.35Hz, 2H), 1.19 (t, J = 7.35 Hz, 3 H). ’

13CNMR (75 MHz, CDCL): & = 142.1 (s), 132.4 (d), 128.4 (d),
119.2 (d), 119.1 (5), 115.8 (d), 110.6 (s), 46.8 (d), 26.5 (1), 10.1 (q).

MS (EI; 70 eV): m/z = 238 (M*, 26), 240 (26), 211 (100), 209 (92).

(2-Alkylamino)benzonitriles 6—10; General Procedure:

AIBN (0.1 equiv) and Bu,SnH (2 equiv) were added to a stirred
solution of the appropriate a-aminonitrile 1-5 (0.03 equiv) in tol-
uene. The reaction was monitored by TLC. After 1 h reflux (except

for 1, 20 h), the toluene was evaporated in vacuo and the residue

was purified by flash chromatography.

2-[( I-Ethylpropyl)aminolbenzonitrile (6); oil; yield: 58 %; R, 0.55
(EtOAc/cyclohexane; 10: 90).

IR (film): v = 3400, 2210 cm ™ 1.

HNMR (300 MHz, CDCl,): § = 7.30-7.26 (m, 2H), 6.56 (d, J =
9.19 Hz, 1 H),6.54(dd, J = 9.80,2.50 Hz, 1 H),4.25(d, J = 8.00 Hz,
1H), 3.16 (quint d, J = 8.00, 6.80 Hz, 1 H), 1.65-1.35 (m, 4H),
0.88 (t, J = 7.6 Hz, 6 H).

13CNMR (75 MHz, CDCly): § = 150.4 (s), 134.0 (d), 132.7 (d),
117.9 (s), 115.6 (d), 110.8 (d), 95.2 (s), 55.3 (d), 26.7 (1, 2C), 9.9 (q,
20).

MS (EL 70 eV): m/z = 188 (M ™*, 13), 160 (11), 159 (100), 132 (13).

2-(Cyclopentylamino ) benzonitrile (T); oil; yield: 65%; R; 0.57
(EtOAc/cyclohexane, 20: 80).

IR (film): v = 3400, 2210 cm ™ 1.

'HNMR (300 MHz, CDCl,): § = 7.34-7.25 (m, 2H), 6.63 (d,
J = 8.50Hz, 1 H), 6.60 (dd, J = 8.50, 1.07 Hz, 1 H), 4.40 (brs, 1 H),
3.85-3.70 (m, 1 H), 2.05-1.90 (m, 2H), 1.75-1.20 (m, 6 H).
B3CNMR (75 MHz, CDCl,): 6 = 149.8 (5), 133.9 (d), 132.5 (d),
117.8 (s), 115.9 (d), 111.2 (d), 95.4 (s), 54.1 (d), 33.2 (t), 26.6 (1),
23.8 (1), 17.2 (1).

MS (EI, 70 eV): m/z = 186 (M ™, 32), 157 (100), 144 (22), 118 (30).

2-(Cyclohexylamino ) benzonitrile (8); solid, mp 69-70°C; yield:
60%; R; 0.58 (EtOAc/cyclohexane, 15:85).

IR (film): v = 3400, 2210 cm ™.

"HNMR (300 MHz, CDCL,): § =7.40-7.32 (m, 2H), 6.67 (d,
J=825Hz, 1H), 6.62 (td, J = 8.25, 1.10 Hz, 1 H), 4.47 (br s, 1 H),
3.43-3.29 (m, 1H), 2.10-1.99 (m, 2H), 1.87-1.73 (m, 2H),
1.71-1.59 (m, 2H), 1.57-1.29 (m, 4H).

13CNMR (75 MHz, CDCL,): § = 149.3 (s), 133.9 (d), 132.7 (d),
117.9 (s), 115.7 (d), 110.8 (d), 95.3 (s), 51.2 (d), 32.8 (t, 2C), 25.6
(t), 24.6 (t, 20).

MS (EL 70 €V): m/z = 200 (M™*, 24), 157 (100), 144 (12), 118 (25).

5-Chloro-2-( cyclohexylamino ) benzonitrile (9); oil; yield: 45%; R,
0.58 (EtOAc/cyclohexane, 15: 85).

IR (film): v = 3400, 2210 cm ™ *.

"H NMR (300 MHz, CDCl,): 6 = 7.30 (dd, J = 2.58,0.74 Hz, 1 H),
7.26 (dd, J = 9.01, 2.58 Hz, 1 H), 6.60 (d, J = 9.01 Hz, 1H), 4.58
(s, 1H), 3.34-322 (m, 1H), 2.05-1.95 (m, 2H), 1.83-1.71 (m,
2H), 1.69-1.58 (m, 2 H), 1.45-1.16 (m, 4H).

3CNMR (75 MHz, CDCl,): § = 147.9 (s), 134.1 (d), 131.6 (d),
120.0 (s), 116.7 (s), 112.2 (d), 96.2 (s), 51.4 (d), 32.6 (t, 2C), 25.4
(t), 24.6 (t, 2C).

MS (EIL; 70 eV): m/z = 234 (M ™, 35), 236 (12), 193 (32), 191 (100),
152 (47).

2-( Propylamino ) benzonitrile (10);® oil; yield: 45 %; R, 0.58 (EtOAc/
cyclohexane ; 10:90),
IR (film): v = 3380, 2210 cm ™ *.
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'HNMR (300 MHz, CDCL,): § = 7.39-7.33 (m, 2H), 6.65 (d,
J = 8.45Hz, 1 H), 6.63 (td, J = 6.80, 1.10 Hz, 1 H), 4.53 (br s, 1 H),
3.5 (t, J=7.35Hz, 2H), 1.67 (sext, J = 7.35 Hz, 2H), 1.00 (1,
J = 7.35Hz, 3H).

I3CNMR (75 MHz, CDCL,): § = 150.4 (s), 134.2 (d), 132.7 (d),
117.9 (s), 116.9 (d), 110.5 (d), 95.3 (s), 45.0 (1), 22.3 (1), 11.4 (q).

MS (EL 70 eV): m/z = 160 (M*, 23), 131 (100), 104 (10).
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