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The addition of Me3SiCN to Shiff bases 1a–8a,
synthesized by the reaction of furan and
thiophene aldehydes with 3- and 4-aminobenzo-
trifluorides, has been studied in the presence of
various Lewis acids. A series of the correspond-
ing trifluoromethyl derivatives of heterocyclic a-
aminonitriles 1–8 was synthesized in 38–80%
isolated yields. It was found that 4A molecular
sieves (MS) accelerate the addition and increase
the yields of the products. The investigated
catalysts are ranked by their activity in the
following order: AlBr 3 � 4AMS > AlBr 3 >
AlCl 3 > Ti[O( iPr)] 4. A single crystal of N-(5-
methyl-2-thienylcyanomethyl)-3-trifluoromethyl-
aniline was obtained and studied by X-ray
diffraction. The results showed that it was the
crystal of the (R) isomer of this compound.
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INTRODUCTION

Catalytic cyanation of imines (the Strecker reac-
tion), has been studied intensively in several
directions (for recent reviews on this subject, see
Refs. 1–3). The products of these additions (a-
aminonitriles) are useful intermediates for the
synthesis of amino acids4 and other nitrogen-
containing compounds, including precursors of
medicines.5 The addition of hydrocyanic acid to a
carbon–nitrogen double bond forms a new chiral
centre in the molecule; therefore a large number of
studies6–10 of the synthesis of diastereomerica-
aminonitriles from optically active Shiff bases and

catalytic asymmetric cyanation (e.g. Ref. 11) have
been reported. The novel catalysts of the Strecker
synthesis have also been investigated.12 Applica-
tion of trimethylsilyl cyanide (TMSCN) instead of
sodium cyanide and hydrocyanic acid as a cyano-
anion source provides promising and safer routes to
a-aminonitriles.13,14 In our previous work,15 the
addition of Me3SiCN to (hetero)aromatic aldehydes
was investigated. In the present work, trimethyl-
silylcyanation of a series of the heterocyclic
aldimines is reported. Heterocyclic derivatives
containing trifluoromethyl (CF3) groups were used
as substrates that promise high biological activity in
the products.16,17

EXPERIMENTAL

General procedure

In a typical procedure for trimethylsilylcyanation of
imines, in a 5-ml Pierce reaction vial, 1.0 equiv. of
imine 1a–8ain 2 ml dichloromethane reacted with
1.1 equiv. of trimethylsilyl cyanide (Caution:
Toxic!) in the presence of catalytic amounts of
AlBr3 (20 mol%) and 4A molecular sieves (0.5 g) at
ambient temperature under argon. When the
reaction was complete (monitored by TLC),
saturated aqueous NaHCO3 was added, and the
product was extracted with diethyl ether. After the
organic layer had been dried over MgSO4 and
evaporated, the product was isolated by column
chromatography on silica gel.

Materials and methods

Dichloromethane was dried over P2O5 and distilled
prior to use. Trimethylsilyl cyanide (Aldrich) was
used without further purification. AlCl3, AlBr3,
Ti[O(iPr)]4 and the chemicals for the synthesis of
imines were obtained from commercial sources.
Molecular sieves 4A (VEB Laborchemie Apolda)
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andsilica gel for columnchromatography(Kiesel-
gel 60, 0.063–0.200mm, Merck) wereused.

1H NMR spectrawererecordedon BrukerWH-
90/DS (90MHz) and Varian Mercury (200MHz)
spectrometersusingCDCl3 asa solventandMe4Si
asinternalstandard.Massspectrawereobtainedon

an MS-50 (70eV) instrument.Elementalanalysis
was performedon a Carlo Erba EA-1108 instru-
ment.

X-ray crystallographic study
A four-circle computer-controlledsingle-crystal

Scheme1

Scheme2

Table 1 The characteristicsof the reactionandtheproducts

Product X R CF3 Catalyst(mol%)
Temp.
(°C)

Time
(h)

Conversion,
(%)a

Isolated
yield (%)

M.p.
(°C)b

1 O H 3- AlCl3(20) 20 5.5 — 46d Oil
4A MSc 20 6.5 27 —

2 O CH3 3- AlCl3(20) 20 21 — 40d Oil
AlCl3(20) 20 5 50 —
AlBr3(20) 20 0.5 74 —
Ti[O(ipr)]4(20) 20 23 68 —

3 S H 3- AlCl3(5) 20 49
40 5.5 — 26d —

AlBr3(20) 20 1 100 80 69–70
4 S CH3 3- AlCl3(5) 20 49

40 5.5 30 — —
AlBr3(20) 20 5 38 — —
AlBr3 (20)� 4A MS 20 26 70 68 84–85

5 O H 4- AlBr3(20)� 4A MS 20 2 100 47d 143–144
6 O CH3 4- AlBr3(20)� 4A MS 20 1 76 40d 95–96
7 S H 4- AlBr3(20)� 4A MS 20 6.5 70 38d 100–101
8 S CH3 4- AlBr3(20)� 4A MS 20 4 81 40d 131–132

a Determinedby 1H NMR.
b After recrystallizationfrom ethyl acetate/hexaneor benzene/hexane.
c MS, molecularsieves.
d Theproductswereisolatedby columnchromatography.
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SyntexP21 diffractometerwith graphite-monochro-
matic Mo-Ka (� = 0.71069Å) radiation was used
for intensitydatacollection.A total of 1336unique
reflection intensities were collected at room
temperatureusing the �/2�-scan techniqueup to
2�max= 50°; one standardreflection showed no
significantdecay;Lorentzandpolarizationcorrec-
tionswereappliedto thedata.

The crystalsof 8 are monoclinic, spacegroup
P21; the lattice parametersare as follows: a =
5.337(2), b = 9.978(4), c = 13.334(4)Å, b =
92.44(3)°; V = 709.4(4)Å3, Dx = 1.378(1)g cmÿ3,
F(000)= 304,� = 0.252mmÿ1, Z = 2.

The crystal structurewas solved by the direct
method and refined by least squaresin block-
diagonalapproximationwith anisotropictempera-
ture factors.Thehydrogenatomswerefound from

differential Fouriersynthesis.The final R-factor is
0.0531 for 904 reflections with I > 2(I). All
calculationswere carriedout with the help of the
AREN complexof programs.18

RESULTS AND DISCUSSION

In this work, the addition of Me3SiCN to imines
1a–8a (previously synthesized19) was studied in
the presenceof severalLewis acids(5–20mol%).
The reactionswerecarriedout in dichloromethane
at 20 or 40°C. Under these conditions the
correspondingnovel a-aminonitriles (1–8) were
obtainedin isolatedyields up to 80% (Scheme1).
AlBr3 was found to be moreactive than AlCl3 or

Table 2 Elementalanalysisof thesolid a-aminonitriles obtained

Found(%)/Calculated(%)

Product Mol. formula Mol. mass C H N S

3 C13H9N2SF3 282.29 54.60/55.31 3.21/3.21 9.41/9.92 11.20/11.36
4 C14H11N2SF3 296.32 56.72/56.75 3.59/3.74 9.42/9.45 10.85/10.82
5 C13H9N2OF3 266.22 58.64/58.65 3.50/3.41 10.38/10.52 —
6 C14H11N2OF3 280.25 60.40/60.00 4.18/3.96 9.86/9.99 —
7 C13H9N2SF3 282.29 55.36/55.31 3.12/3.21 10.07/9.92 11.34/11.36
8 C14H11N2SF3 296.32 56.85/56.75 3.71/3.74 9.46/9.45 10.78/10.82

Table 3 1H NMR spectraof thea-aminonitrilessynthesized

Chemicalshift (ppm),J (Hz)

Compound
J = 0.9–1
CH3, d

J = 8–9
NH, d CHCN, d Ring protons

1 — 4.47 5.46 6.38(1H, dd, J=4, 3.5; FurH-4) 6.71–7.33(4H, m; ArH4)
6.53(1H, dd, J=4, 1.5; FurH-3)
7.40(1H, dd, J = 3.5,1.5; FurH-5)

2 2.29 4.33 5.41 5.97(1H, dq, J = 4, 0.9; FurH-4) 6.78–7.64(4H, m; ArH4)
6.44(1H, d, J = 4; FurH-3)

3 — 4.44 5.63 6.78–7.60(7H, m; ThH3, ArH4)
4 2.49 4.31 5.57 6.69(1H, dq, J = 4, 0.9; ThH-4) 6.82–7.51(4H, m; ArH4)

7.13(1H, d, J = 4; ThH-3)
5 — 4.49 5.53 6.47(1H, dd, J = 4, 3.8; FurH-4) 6.80(2H, d, J = 8; ArH-3,5)

6.62(1H, m, J = 4, 1; FurH-3)
7.49(1H, dd, J = 3.8,1; FurH-5) 7.53(2H, d, J = 8; ArH-2,6)

6 2.31 4.49 5.44 6.00(1H, dq, J = 4.4,0.9; FurH-4) 6.78(2H, d, J = 8; ArH-3,5)
6.47(1H, d, J = 4.4; FurH-3) 7.51(2H, d, J = 8; ArH-2,6)

7 — 4.58 5.64 7.02(1H, d, J = 5, 4.5; ThH-4) 6.78(2H, d, J = 8; ArH-3,5)
7.24–7.40(2H, m, J = 5, 4.5,2; ThH-3,5) 7.49(2H, d, J = 8; ArH-2,6)

8 2.49 4.42 5.58 6.64(1H, dq, J = 4, 1; ThH-4) 6.75(2H, d, J = 8; ArH-3,5)
7.11(1H, d, J = 4; ThH-3) 7.47(2H, d, J = 8; ArH-2,6)
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Ti[O(iPr)]4 (Table1). To avoidpossiblehydrolysis
problemsduring the reactions,we carriedout the
processesin the presenceof a dehydrationreagent
such as 4A molecularsieves(MS). It was found
that the addition proceededsluggishly in the
presenceof 4A MS without any catalysts.Under
the actionof the catalystand4A MS together,the
reactions proceededmost smoothly. The furan
derivatives were more active in the addition of
Me3SiCN than the thiopheneones.The order of
reactivity of the imines studiedwas accordingto
Scheme2.

The productswere isolatedmainly by column
chromatographyand identified by 1H NMR, MS
spectraandelementalanalysis(Tables2–4).All the
productswere thermally very unstable;therefore

theGC andGC-MSanalysescouldnot beusedfor
thesecompounds.

A singlecrystalof N-(5-methyl-2-thienylcyano-
methyl)-3-trifluoromethylaniline (8) was obtained

Table 4 Massspectraof the (a)-aminonitrilessynthesized

Compound MS, m/z(Irel, %)

1 266 (8, M�), 240 (20, [Mÿ CN]�), 239 (100, [Mÿ HCN]�), 238 (52, [Mÿ HCNÿ H]�), 220 (16,
[Mÿ HCNÿ F]�), 211 (38, [Mÿ CNÿ HCO]�), 210 (36, [Mÿ HCNÿ HCO]�), 190 (18), 185 (20),
183 (19), 172 (21, [Mÿ HCNÿ Fur]�), 170 (25, [Mÿ HCNÿ CF3]

�), 145 (68, [C6H4—CF3]
�), 125

(29), 115 (28), 106 (38, [Fur—CHCN]�), 95 (32), 75 (26), 71 (52), 69 (25, [CF3]
�), 57 (30), 55 (31),

43 (40), 41 (41), 39 (42), 27 (49, [HCN]�)
2 280 (10, M�), 254 (20, [Mÿ CN]�), 253 (100, [Mÿ HCN]�), 252 (30, [Mÿ HCNÿ H]�), 238 (25,

[Mÿ HCNÿMe]�), 211 (22, [Mÿ CNÿMe—CO]�), 210 (25, [Mÿ HCNÿMe—CO]�), 190 (31),
172 (25), 161 (26), 145 (47, [C6H4—CF3]

�), 120 (51, [Me—C4H2O—CHCN]�), 95 (18), 69 (12,
[CF3]

�), 53 (23), 43 (39, [H3CCO]�), 39 (17), 27 (30, [HCN]�)
3 282 (2, M�), 263 (1, [Mÿ F]�), 255 (100, [Mÿ HCN]�), 145 (68, [C6H4—CF3]

�), 122 (30,
[C4H3S—CHCN]�), 112 (28), 111 (31), 95 (44), 84 (46, [ThH]�), 69 (22, [CF3]

�), 43 (30), 39 (42),
27 (38, [HCN]�)

4 296 (3, M�), 294 (2, [Mÿ 2H]�), 277 (1, [Mÿ F]�), 269 (98, [Mÿ HCN]�), 268 (100, [Mÿ
HCNÿ H]�), 250 (18, [Mÿ HCNÿ F]�), 200 (17, [Mÿ HCNÿ CF3]

�), 172 (16), 161 (15), 145 (72,
[C6H4—CF3]

�), 136 (70, [Me—C4H2S—CHCN]�), 125 (12), 97 (60, [Me—C4H2S]�), 95 (52), 76
(36), 69 (40, [CF3]

�), 59 (35), 53 (42), 45 (43), 39 (32), 27 (39, [HCN]�)
5 266 (5, M�), 240 (16, [Mÿ CN]�), 239 (100, [Mÿ HCN]�), 238 (68, [M ÿ HCNÿ H]�), 220 (13,

[Mÿ HCNÿ F]�), 211 (33, [Mÿ CNÿ HCO]�), 210 (38, [Mÿ HCNÿ HCO]�), 190 (8), 185 (19),
183 (14), 172 (9, [Mÿ HCNÿ Fur]�), 170 (12, [Mÿ HCNÿ CF3]

�), 145 (85, [C6H4—CF3]
�), 125

(18), 115 (17), 106 (62, [Fur—CHCN]�), 95 (22), 78 (12), 75 (15), 73 (10), 69 (5, [CF3]
�), 57 (15),

55 (16), 51 (21), 43 (18), 41 (19), 39 (33), 27 (48, [HCN]�)
6 280 (3, M�), 278 (2, [Mÿ 2H]�), 254 (15, [Mÿ CN]�), 253 (100, [Mÿ HCN]�), 252 (32, [Mÿ

HCNÿ H]�), 239 (8, [Mÿ HCNÿMe]�), 234 (12, [Mÿ HCNÿ F]�), 211 (40, [Mÿ CNÿMe—
CO]�), 210 (44, [Mÿ HCNÿMe—CO]�), 190 (5), 183 (15), 172 (6), 145 (60, [C6H4—CF3]

�), 120
(42, [Me—C4H2O—CHCN]�), 95 (33), 81 (18), 79 (16), 75 (15), 73 (16), 69 (22, [CF3]

�), 53 (25), 43
(52, [H3CCO]�), 41 (15), 39 (26), 27 (38, [HCN]�)

7 282 (6, M�), 280 (1, [Mÿ 2H]�), 279 (1), 263 (1, [Mÿ F]�), 255 (98, [Mÿ HCN]�), 254 (100, [Mÿ
HCNÿ H]�), 236 (15, [Mÿ HCNÿ F]�), 234 (12), 186 (14), 145 (62, [C6H4—CF3]

�), 122 (58,
[C4H3S—CHCN]�), 95 (42), 84 (15, [ThH]�), 75 (7), 69 (28, [CF3]

�), 45 (33), 39 (38), 27 (41,
[HCN]�)

8 296 (1, M�), 294 (7, [Mÿ 2H]�), 293 (5), 271 (5), 279 (10), 269 (100, [Mÿ HCN]�), 268 (98, [Mÿ
HCNÿ H]�), 250 (8, [Mÿ HCNÿ F]�), 200 (12, [Mÿ HCNÿ CF3]

�), 172 (13), 149 (5), 145 (65,
[C6H4ÿ CF3]

�), 136 (28, [Me—C4H2S—CHCN]�), 125 (12), 97 (49, [Me—C4H2S]�), 94 (41), 69
(31, [CF3]

�), 53 (22), 43 (30), 39 (24), 27 (40, [HCN]�)

a Fur, furyl; Th, thienyl.

Figure 1 Perspectiveview of molecule 8 with thermal
ellipsoids.
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Table 5 Bond lengthsandanglesfor compound8

Distance(Å) Angle (°)

S(1)–C(5) 1.7077(0.0076) C(1)-S(1)-C(5) 92.38(0.37)
S(1)–C(2) 1.7160(0.0058)
C(2)–C(3) 1.3413(0.0084) C(3)-C(1)-C(7) 130.19(0.54)
C(2)–C(7) 1.4793(0.0071) C(3)-C(1)-S(1) 110.72(0.44)
C(2)–S(1) 1.7160(0.0058) C(7)-C(1)-S(1) 119.01(0.40)
C(3)–C(2) 1.3413(0.0084) C(1)-C(3)-C(4) 112.51(0.69)
C(3)–C(4) 1.4118(0.0104)
C(4)–C(5) 1.3364(0.0113) C(3)-C(4)-C(5) 114.08(0.64)
C(5)–C(6) 1.5097(0.0102) C(4)-C(5)-C(6) 128.68(0.80)
C(5)–S(1) 1.7077(0.0076) C(4)-C(5)-S(1) 110.30(0.53)

C(6)-C(5)-S(1) 121.00(0.76)
C(7)–N(1) 1.4665(0.0071) N(1)-C(7)-C(8) 110.78(0.45)
C(7)–C(8) 1.4807(0.0097) C(1)-C(7)-N(1) 110.65(0.40)

C(1)-C(7)-C(8) 111.22(0.47)
C(9)–N(1) 1.4000(0.0070) C(7)-N(1)-C(9) 119.98(0.45)
C(8)–N(2) 1.1511(0.0072) C(7)-C(8)-N(1) 175.90(0.62)
C(9)–C(14) 1.3774(0.0093) N(1)-C(9)-C(14) 122.80(0.60)
C(9)–C(10) 1.4023(0.0087) C(10)-C(9)-C(14) 118.88(0.56)

C(10)-C(9)-N(1) 118.25(0.55)
C(10)–C(11) 1.3832(0.0093) C(9)-C(10)-C(11) 119.95(0.68)
C(11)–C(12) 1.3755(0.0116) C(10)-C(11)-C(12) 120.64(0.75)
C(11)–C(15) 1.4806(0.0135) C(12)-C(11)-C(15) 119.50(0.80)

C(10)-C(11)-C(15) 119.68(0.92)
C(12)–C(13) 1.3688(0.0132) C(11)-C(12)-C(13) 119.70(0.67)
C(13)–C(14) 1.3945(0.0101) C(12)-C(13)-C(14) 120.51(0.90)

C(9)-C(14)-C(13) 120.31(083)
C(15)–F(1) 1.2400(0.0105) F(1)-C(15)-F(2) 104.35(0.86)

F(1)-C(15)-F(3) 108.91(1.26)
C(15)–F(2) 1.3544(0.0135) F(2)-C(15)-F(3) 99.89(0.93)
C(15)–F(3) 1.2944(0.0134) F(1)-C(15)-C(11) 117.14(0.94)

F(2)-C(15)-C(11) 109.23(1.13)
F(3)-C(15)-C(11) 115.34(0.80)
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by carefulcrystallizationfrom ethylacetate/hexane
(1:1) and studied by X-ray diffraction. Figure 1
illustratesthe perspectiveview of molecule8 with
atomlabels.Tables5 and6 give the bondlengths,
valence anglesand selectedtorsion angles.The
five- and six-memberedrings in structure8 are
planar.The bond lengthsin theserings showthat
there is delocalizationof the p-electronsin the
system. The bond length N(1)–C(9) 1.400(7)Å
indicatesconjugationbetweenthe six-membered
aromaticring andtheloneelectronpairontheN(1).
However,thenitrogenatomN(1) is not planar,but
pyramidal(the sumof the valenceanglesis 345°).
On the whole, the molecule 8 has a normal
geometry.The decreasein lengthsfor the C(11)–
C(15) and C–F bonds can be explained20 by

significant thermal vibrations of the F and C(15)
atoms(seeFig. 1).

Molecule 8 has a hinderedconformationwith
referenceto the C(7)–N(1)bond;the torsionangle
C(2)–C(7)–N(1)–C(9)is closeto beinga flat angle,
i.e. both ringshavea fully staggereddisposition.

Thereis only oneenantiomer(R-isomer)in the
crystal investigated.An intermolecularhydrogen
bond N(1)—H(1)� � �N(2) was found in the crystal
structure. The hydrogen bond length equals
3.207(7)Å: H(1)� � �N(2) = 2.26Å, �N(1)—H(1)� � �
N(2) = 151°; it is somewhatgreaterthanthe mean
statisticalvalue(2.98Å) for theNH� � �N typeof H-
bond.21
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C(9)-C(10)-C(11)-C(15) 175.08(0.79)
C(10)-C(11)-C(12)-C(13) 0.59(1.24)
C(15)-C(11)-C(12)-C(13) ÿ174.40(1.02)
C(11)-C(12)-C(13)-C(14) ÿ0.42(1.50)
N(1)-C(9)-C(14)-C(13) ÿ175.79(0.72)
C(10)-C(9)-C(14)-C(13) 1.12(1.11)
C(12)-C(13)-C(14)-C(9) ÿ0.44(1.46)
C(12)-C(11)-C(15)-F(1) 47.44(1.61)
C(10)-C(11)-C(15)-F(1) ÿ127.60(1.13)
C(12)-C(11)-C(15)-F(3) 177.66(0.96)
C(10)-C(11)-C(15)-F(3) 2.62(1.50)
C(12)-C(11)-C(15)-F(2) ÿ70.85(1.16)
C(10)-C(11)-C(15)-F(2) 114.12(1.04)
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