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Diastereoselective addition of trimethylsilyl cyanide to
chiral O-, S- and N-heterocyclic aldimines
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Systematic investigation of asymmetric trimethylsilylcyanation of heterocyclic azomethines has
been realized. The addition of trimethylsilyl cyanide to optically active furan, thiophene and
pyridine aldimines, derived from (R)- and (S)-1-phenylethylamine, was studied in the presence of
Lewis acids, and a series of the corresponding a-amino nitriles was obtained in fair to good yields
(up to 91%). Unsaturated nitriles were also formed from pyridine imines. The sense of asymmetric
induction and the degree of diastereoselectivity in the synthesis of a-amino nitriles were determined
by means of "H NMR. The stereochemical outcome is a result of the same sense of asymmetric
induction: Re face attack to the (S)-imines and Si face addition to the (R)-imines took place. The
(R,R)- (up to 81%) or (S,S)- (up to 87%) a-amino nitriles predominated in the products obtained from
the all furan, thiophene and pyridine (R)- or (S)-imines respectively. Copyright © 2002 John Wiley &

Sons, Ltd.

KEYWORDS: asymmetric synthesis; trimethylsilylcyanation; catalysis by Lewis acids; heterocyclic Schiff bases; z-amino

nitriles

INTRODUCTION

Asymmetric cyanation of imines (Strecker reaction) provides
an important tool for construction of optically active
nitrogen-containing molecules (for recent reviews, see Refs
1-5). The cyanation of imines derived from chiral amines is
an example of substrate-controlled diastereoselectivity (first-
generation asymmetric synthesis®). In this diastereoselective
reaction, the formation of a new chiral centre is under the
control of an existing centre in the same molecule.

The first asymmetric Strecker synthesis was reported in
1963 by Harada.” Since that time, the general strategy for the
induction of asymmetry in this reaction has been to generate
a chiral Schiff base from the condensation of an aldehyde
and an optically active primary amine. The diastereoselec-
tive addition of a nitrile source introduces a new chiral centre
forming stereoenriched «-amino nitriles. One of the most
suitable auxiliaries for asymmetric Strecker reactions are
benzyl amines (for general examples see Refs 8-15). The use
of trimethylsilyl cyanide (Me;SiCN) in combination with a
Lewis acid is preferable over the conventional NaCN/
AcOH(cat.) method."*%*
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The asymmetric synthesis of a-amino nitriles using (R)-
and (S)-1-phenylethylamine as a chiral matrix and a
collection of aldehydes has been examined in numerous
papers cited above. These studies have shown that the sense
and the degree of stereoselectivity are dependent on the
nature of both the aldimine and the catalytic system.
Nevertheless, the reported data involve addition to imines
obtained mainly from aromatic and aliphatic aldehydes.
Only one heterocyclic aldehyde (3-pyridinealdehyde) was
used recently as a starting substrate in these investigations.'

In previous work®~2® we studied the asymmetric addition
of Me;sSiCN to (hetero)aromatic aldehydes and to achiral
heterocyclic imines. Herein we report the results of catalytic
Me;SiCN addition to imines prepared specially from the
reactions of furan, thiophene and pyridine aldehydes with
(R)- and (S)-1-phenylethylamine. By performing the reaction
in both enantiomeric series we are able to compare the
results and to obtain the corresponding diastereomeric
compounds for further investigation of their biological
activity.

EXPERIMENTAL

General
The solvents were dried (dichloromethane over P,Os and
benzene over CaH,) and distilled prior to use. Me;SiCN

Copyright © 2002 John Wiley & Sons, Ltd.
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(Aldrich) was used without further purification. AICl;, AlBr;
and the chemicals for the synthesis of imines were received
from commercial sources (Fluka, Aldrich). 4 A molecular
sieves (VEB Laborchemie Apolda) and silica gel for column
chromatography (Kieselgel 60, 0.063-0.200 mm, Merck) were
used. Thin-layer chromatography (TLC) was performed on a
Merck silica gel 60 Fps4 with various eluents.

"H NMR spectra were recorded on Bruker WH-90/DS
(90MHz) and Varian Mercury (200 MHz) spectrometers
using CDClj as a solvent and HMDSO as internal standard.
The mass spectra were obtained on an HP 6890 GC/MS
instrument. Optical rotation was determined by means of a
Polamat A (Carl Zeiss, Jena) instrument. Elemental analysis
was performed using Carlo Erba EA-1108 apparatus.
Melting points were determined with a Kofler instrument.

Synthesis of imines (R)- and (S)-1a-h

Imines la-h were synthesized by the reactions of the
corresponding heterocyclic aldehydes (1-8) with (R)- and
(S)-1-phenylethylamine. The aldehyde (5 mmol) was mixed
with the amine (5 mmol) in dry benzene (20 ml) at ambient
temperature in the presence of 4 A molecular sieves (2.0 ).
After some time (20-24h) the molecular sieves were
removed by filtration, the reaction mixture was concen-
trated, and imine was isolated by recrystallization from
hexane or by vacuum distillation.

Trimethylsilylcyanation of chiral heterocyclic
aldimines

In a typical procedure, in a 5cm® Pierce reaction vial, 1.0
equivalent of imine in dichloromethane (2 ml) reacted with
1.2 equivalents of MesSiCN (CAUTION: toxic!) in the

Table 1. Characteristics of aldimines 1a—h
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Scheme 1. Synthesis of imines (R)- and (S)-1a-h.

presence of catalytic amounts of AlBrs (10 mol%) and 4 A
molecular sieves (0.5g) at 20 or 40°C under an argon
atmosphere. When the reaction was complete [monitored by
TLC and gas chromatography-mass spectrometry (GC-
MS)], conversion of starting imine was determined by 'H
NMR. Then saturated aqueous NaHCO; was added, and the
organic compounds were extracted with diethyl ether. After
the organic layer was dried over MgSO, and evaporated, the
products were isolated by column chromatography on silica
gel using various eluents. The "H NMR spectra of isolated
products were recorded and optical rotation determined.

RESULTS AND DISCUSSION

Synthesis of chiral heterocyclic imines

A series of optically active heterocyclic Schiff bases was
synthesized by the reactions of aldehydes 1-8 with (R)- and
(S)-1-phenylethylamine in the presence of 4 A molecular
sieves (Scheme 1, Table 1). The spectral and analytical data
for all the imines were in good agreement with their
structure (Tables 2-4).

Imine® R X Pyridine isomer Isolated yield (%) M.p. (°C) [#]5:" (deg) (c in benzene) Colour Lit. [o] (deg)
(R-la H O - 78 oil —722 (7.4) yellow [o]2 —66.1 (c 6.4, benzene)*®
S1la H O 78 oil +71.6 (8.0 ellow [¢]> 4 76.4 (c 1.1, CHCl5)*
y D
(R)-1b CH; O - 80 oil ~123.4 (8.1) yellow
(S-1b CH; O 79 oil +1253 (7.7) yellow
(R-1c H S - 83 44-45 ~155.3 (7.3) white
S-lc H S 85 47 +159.6 (3.6 white  [2]%, +183.4 (¢ 9.7, acetone)®
546
(R)-1d CH; S - 78 40 —229.2 (4.7) white
(5-1d CH; S 81 39 42255 (4.2) white
(R)-1e H - o 79 oil —55.4 (6.3) yellow
S-le H - o 78 oil +55.8 (4.4 ellow [o]® + 37 (c 2.24, CHCl3)*
y D
R-1f H - B 76 oil —-92.0 (6.7 white  [0]%, +55.7 (c 51.0, acetone)®
546
S-1f H - B 81 oil +92.1 (6.6 white  [0]® +62.1 (c 2.1, CHCl5)®
D
(R-1g H - 7 80 oil —66.1 (6.7) white
S-1g H - " 84 oil +66.2 (8.6) white  [«)3 +27.1 (c 1.1, CHCl)*
(R)-1h CH; - o 82 28 —20.2 (5.0) white
S)-1h CHj - “ 89 oil +21.0 (10.1 ellow []2% +29.6 (c 10.0, acetone)®
y 546

2 Racemic compounds 1a-d were synthesized previously.?” The data of the "TH NMR and MS spectra given for them were identical with the spectra of (R)-

and (S)-isomers.

Copyright © 2002 John Wiley & Sons, Ltd.
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Table 2. 'H NMR spectra of pyridine aldimines 1e~h

Imine™?

Chemical shift (ppm), ] (Hz)

CH5CH, d MeCH, q CHj-ring, s Ph, m Protons of pyridine ring CH-N, s

1le

1f

1g

1h

1.61 464 - 7.2-7.5 7.29,ddd, J=7.7, 4.9, 1.4, PyH-5 8.46
J=69 7.72,m,]=77,18, PyH-4
8.09, ddd, J=7.7, 1.4, 1.0, PyH-3
8.63, m, J=49, 17, 1.0, PyH-6
157 455 - 7.2-75, m, 6H, Ph, PyH-5 8.39
J=66 8.14, dt, ]=8.0, 2.0, PyH-4
8.61,dd, J=52, 2.0, PyH-6
8.88, d, =24, PyH-2
1.58 457 - 7.2-7.5 7.60, dd, ] = 6.0, 2.0, PyH-3,5 8.33
J=64 8.67,dd, ] =6.0, 2.0, PyH-2,6
1.60 462 258 7.2-7.4 7.16,d, [=7.7, PyH-5 8.44
J=68 7.61,t, J=77, PyH-4
7.92,d,]=77, PyH-3

? Identical spectra of the (R)-and (S)-isomers for all the compounds were found.
P Spectra of 1e-h were comparable with those given in Refs 29, 30 for these imines.

Table 3. Mass spectra of pyridine aldimines 1e=h

a,b

Imine GC-MS, m/z (L1, %)°

1e 210 (12, M%), 209 (9, [M — H]"), 195 (51, [M — Me]*), 181 (6), 168 (7), 133 (10, [M — Ph]*), 118 (2), 105 (100, [Ph(Me)HC]",
[CsH,NCH=N]"), 92 (18), 79 (22, [PyH]"), 78 (18, Py*), 77 (35, Ph*), 65 (12), 51 (21), 39 (13), 28 (22)

1f 210 (18, M'*), 209 (4, [M — H]"), 195 (17, [M — Me]"), 183 (6), 167 (14), 133 (4, [M — Ph]*), 132 (3, [M — Py]*), 115 (3), 106
(23), 105 (100, [Ph(Me)HC] ", [CsH,NCH=N]"), 103 (10), 91 (16), 79 (28, [PyH]"), 78 (18, Py"), 77 (34, Ph™), 63 (16), 51
(33), 39 (11)

1g 210 (15, M1, 195 (12, [M — Me] "), 183 (12), 167 (10), 131 (5), 106 (18), 105 (100, [Ph(Me)HC]", [CsH,;NCH=N]"), 103 (9),
91 (5), 91 (4), 79 (27, [PyH] "), 78 (19, Py*), 77 (31, Ph™), 63 (13), 51 (37), 39 (10)

1h 224 (29, M), 223 (15, [M — H]"), 210 (15), 209 (95, [M — Me| "), 182 (35), 132 (12), 121 (20), 106 (21), 105 (100,

1),

[Ph(Me)HC]*), 103 (22), 94 (13), 79 (21), 78 (12), 77 (45, Ph*), 65 (15), 51 (17), 39 (20)

@ Identical spectra of the (R)- and (S)-isomers for all the compounds were found.
P Spectra of le-g were comparable with those given in Ref. 29 for these imines.

¢ Py = pyridyl.

Table 4. Elemental analysis of the solid aldimines obtained

Imine Mol. formula Found/ calculated (%)

C H N S
(R)-1c Cy3H1aNS 72.26/72.52 6.00/6.09 6.40/6.50 14.77/14.89
(S)-1c Cy3H1aNS 72.53/72.52 6.11/6.09 6.47/6.50 14.88/14.89
(R)-1d Cy4H15NS 73.22/73.32 6.58/6.59 6.06/6.11 13.89/13.98
(S)-1d C14H15NS 73.13/73.32 6.52/6.59 6.05/6.11 13.87/13.98
(R)-1h CisHi6N2 80.33/80.32 7.19/7.19 12.54/12.49 -
(5)-2d Ci5H16NS 71.02/70.28 6.40/6.29 10.46/10.93 11.93/12.51
Copyright © 2002 John Wiley & Sons, Ltd. Appl. Organometal. Chem. 2002; 16: 133-140
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Scheme 3. Reactivity order of heterocyclic imines in the Strecker
reaction.

Asymmetric addition of Me3SiCN to optically
active heterocyclic imines

Scheme 2. Trimethylsilylcyanation of the optically active
heterocyclic imines.

Two chiral imines (R)- and (S)-1a-h prepared were tested in
the Strecker synthesis catalysed by Lewis acids: AlICl; or
AlBr3 (5-20 mol%). The addition of Me;SiCN to imines was
carried out in methylene chloride at 20 or 40°C until imine
conversion was mainly 78-100% (monitored by TLC and
GC-MS and determined by 'H NMR). Some of products

Table 5. Characteristics of the trimethylsilylcyanation reactions and the products

Run Starting  Catalyst (mol%) Temp. Time Conversion  Col. Chrom. eluent Product™  Yield dr®® [u]5:>(deg) (c
imine (°C)  (h) (%)™ (%) in benzene)
1 (R-la AICL (5) 20 25 nd.  CeHgEtOAc=9:1 2a(R) 43 7822 4889 (0.84)
2 (S)-1a AICkL (5) 20 20 nd.  CeHgEtOAc=9:1 2a(S) 38 6733  —80.6(0.5)
3 (R)-1b AlBr; (20) 20 1 ~100 - 2b(R) 82 7426 41055 (0.7)
4 (S-1b AlBr; (20) 20 1 ~100 - 2b(S) 80 7426 —103.2(0.7)
5 (R}lc AlBrs (10)+MS4A 20 65 80  HexEtOAc=5:1 2¢(R) 75 7921 +119.4 (2.1)
6 (S-lc AlBrs (10)+MS4A 20 65 78 HexEtOAc=>5:1 2¢(S) 72 7822 —103.2 (1.8)
7 (R)-1d AlBr; (20) 20 1 80  HexEtOAc=5:1 2d(R) 58 7723 +69.1 (1.3)
8 (S)-1d AlBr; (20) 20 1 87  HexEtOAc=5:1 2d(S) 62 7525 —69.1(13)
9 (R)-1le AICk (20) 40 19 75 - 2e(R) nd.  71:29
10 (R)}-le AlBrs (10)+MS4A 40 2 87  CHClyMeOH =9.5:0.5 2e(R) 40 7822 4558 (12)
CHCl;:MeOH = 9.5:0.5 (R)-3e 33 - 4438(08)
11 (S)}-1e AICI; (20) 40 19 nd.  CHCl3MeOH = 9:1 2e(S) 61 7426 455 (12)
CHCl;:MeOH =9:1 (S)-3e 0 -
12 (S}-le AlBrs (10) 20 41 0 - 2e(S) - 7129
13 (S)-1e AlBr; (10) + MS 4A 40 8.5 96 CHCl3:MeOH = 9.5:0.5 2e(S) 73 7921 473 (1.3)
CHCly: MeOH = 9.5:0.5 (S)-3e 18 - —428(05)
14 (R)-If AlBry (10)+MS4A 40 21 95  CH,ClyMeOH = 10:1 26(R) 70 7525  +93.4 (1.8)
CH,Cl,: MeOH =10:1 (R)-3f 15 -
15 (S)-1f AlBrs (10)+ MS4A 40 225 82 CH,Cl;MeOH = 10:1 26(5) 75 8020 —89.7 (2.5)
16 (R)-1g AlBrs (10)+MS4A 20 85 97  CH,ClyMeOH =10:1 2g(R) 60 8119 4724 (18)
CH,Cl,: MeOH =10:1 (R)-3g 25 - +38.3 (0.8)
17 (S)1g AlBrs (10)+MS4A 20 6 91  CH,ClyMeOH =10:1 2g(S) 64 8713 823 (1.2)
CH,Cl: MeOH =10:1 (S)-3g 12 -
18 (R}-1h AlBrs (10)+ MS4A 20 2 98  CH,ClyMeOH =20:1 (R)-2h 70 8020  +85.1 (1.4)
CH,Cl,: MeOH =20:1 (R)-3h 20 - +77.7 (0.6)
19  (S)-1h AlBrs (10)+ MS4A 20 25  ~100 - 2h(S) 85 7624 —92.6 (3.7)

2 Determined by "H NMR.
 n.d.: not determined.

¢ Configuration of the newly formed stereocentre is given.

4 All the compounds were oils except 2d(S): solid, m.p. 48-49°C.

¢ d.r.: diastereoisomeric ratio.

Copyright © 2002 John Wiley & Sons, Ltd.

Appl. Organometal. Chem. 2002; 16: 133-140



m Materials, Nanomaterials and Synthesis

Catalytic trimethylsilylcyanation of imines

| F=
0.
5500 — o
g -~
© @ L
I
&) r
eZv'L vt L
PAS) 20 Shvt
= L
=
© SN
r -
-
D
- ©
£
E r £
Loy g
o en —
o o
£ 6 -Q\’ ~ I o
., s o o)
/< G (=3 [ - C
£L - =
T = & = ~ g
o Z—T é = = - [e)
I/< @ \/ —= &
~ ©
= w0 =
Q > =
= £ ] E
= o
i Z . £
©.m B | = IS
£ D = 3 7
* —
..':___/”< E‘; 5/ o
——— = —_— E
Z—= Z 2
o - o, =
:/< 2 \ © £ r ®
T O - ) 7 o
= Q i @
2 T <
3 S
e L z
T
7o) -
L » " .
=+ -
r o
£
i S
2
L i
o L
Q ~
_ove ° ?jo_
— S S
SLEL Escif:—ﬁ?k‘ ok
vyl - -
\jz‘ i
S182 ~ 5L
£68°L — i
‘ 00
L
065'8 .. |
€198 — N =
gziLe i o~

Copyright © 2002 John Wiley & Sons, Ltd.

Appl. Organometal. Chem. 2002; 16: 133-140

137



Materials, Nanomaterials and Synthesis

L. Tovel et al.

138

‘uaA1d st dnoxd yJ(e)HD a3 Jo uonerngyuo)

€-HAd 'S9=[ ‘P ‘€62 ‘T"HAd ‘S9=[ 4 ‘€9°£Z "Yd "W ‘S’ /-¢'£ ‘S HAd ‘S°9=[ ‘P ‘€T’L ¥'9=[ ‘ST’S - - 9T v9=[ 91 ye-()
PHAD 94=[ V6872 Ud "W ‘G LT L ‘€-HAd ‘9'2=[ 'P 'ST'L 'S HAd '9'2=[ ‘P ‘60°Z ¥9=[ ‘86°C S0LY s1q ‘g 66T ¥9=['T¥'T touru ﬁ%ﬁ
VHAD '94=[ V6572 Ud "W ‘G LT L '¢-HAd ‘9 2=[ ‘P ‘ST'2 ‘S HAd ‘9°L=[ ‘P ‘60°'L 99=[ ‘LT T S‘LEY s1q°gT 96T 99=[ /¥ Iofewr (e
3¢-(s)
9'T-HAd ‘0T ‘0°9=[ ‘PP ‘848 ‘S’e-HAd ‘0T ‘0'9=[ ‘PP ‘¥8'L Ud "W ‘9'L-TL TL=[‘TT’S - - =191 3¢-(y)
9'C-HAd ‘0T '09=[ ‘PP ‘29'8 ‘G’€-HAd ‘Ud ‘W ‘9°L-¢'/ 0'L=[ ‘T0¥ S ‘8LF $1q ‘1T - 0= ‘¥%'1 oUW ﬁmvwa
9'THAd ‘0T ‘0°9=[ ‘PP 298 ‘S'e-HAd ‘Ud ‘W ‘9'L-¢'L 0'L=] FTT S IFp s1q 1 - 0z=[‘z¥1 Iolewr | (¥)Sz
TT=[ ‘P 488 '9-HAd ‘9’1 ‘0°S=[ ‘PP ‘SL'S ‘F-HAd ‘TT ‘S’ L=[ WP “L1'8 "Ud 'S HAL ‘W ‘G’ /~T'L 99=[ ‘0TS - - - 99=[ ‘g¢'1 36-()
V2=l ‘P “€4'8 ‘9-HAd ‘9’1 ‘0°S=[ ‘PP ‘09’8 ‘T-HAd ‘2T ‘0°8=[ WP ‘€8'£ Ud ‘S HAd ‘W ‘G /~TL 99=[ ‘66'C S VA $19°0C - 99=[ ‘¢p'1 Iouru A@N
ve=['P ‘€48 '9-HAd ‘9T ‘0°S=[ ‘PP ‘09'8 ‘FT-HAd ‘TT ‘0'8=[ WP “€8'2 Ud ‘S-HAJ ‘W ‘S L-TL 9'9=[ ‘FT¥ s ‘ch¥ $19°0C - 99=[ $%T Iofewr | (DI
a¢-(5)
9-HAJ ‘8= ‘W ‘698 ‘e-HAJ ‘0°Z=[ ‘P ‘TI'S #-HAd ‘91 '0°Z=[ ‘P} “€4'£ ‘Ud ‘S-HAd ‘W ‘SL-¢'/ ¥9=[ ‘ST’S - - ¥9=[ 91 a¢-(¥)
9-HAd ‘9%=[ ‘W “19°8 F-HAJ ‘T'T ‘0'9=[ ‘P} ‘042 Ud 'S'e-HAd ‘W ¥'£-T' L 99=[ '86'C CRCYA $1q ‘9T - 99=[ ‘1H'1 Iouru ﬁmvum
9-HAd ‘9%=[ ‘W ‘198 F-HAJ ‘T'T ‘0°9=[ ‘P} ‘042 Ud 'S'e-HAd ‘W ¥ 4-TL 99=["/T¥ S ¥ $1q ‘9T - 99=[‘gp'1 Iolewr | (¥)ag
Yd ‘W F =74 -HYL ‘Fe=[ ‘P F6'9 F-HUL ‘Te=[ ‘P 259 99=[00F 91I=['P'9FF PIQ6T W 99=[‘¢cT Tounu ﬁmvcm
Ud ‘W 474 HUL ‘Fe=[ P 769 F-HUL Fe=[ ‘P ‘LS9 99=[‘9TF 9TI=[‘P’‘S¥¥ 9TI=[P‘S6T T 99=[‘cg1 tolew |(¥)pT
G-HYL ‘W $9°Z ‘Yd ‘P'¢-HUL ‘W ‘G/-89 0'4=[‘66'¢ 0TI=[P ‘6¥% 0Cl=[ P ‘S6L - 0'Z=[ ‘g¢'T tounu ﬁ@&
G-HYL ‘W $9°Z Yd ‘P'¢-HUL ‘W ‘S4-89 0/=[‘STF 0CI=[ P ‘6¥% 0TI=['P‘G6'L - 0z=[‘2€T Iofewr | (¥)og
Yd ‘W pL-T L fe-HAN ‘Te=] ‘W 0T FrHINd ‘TT=[ ‘W 26’ $9=[ ‘¢6'¢ S 1919 s1q6'1 e ¥9=[‘/¢'T rounu ﬁ@ﬁ
Yd ‘W FL-T L - HIN ‘Te=[ W YGT9 FrHING ‘TC=[ ‘W T6'S $9=[ ‘1Y S 1q’Ged $19 61 8Tz v9=[‘cv1 1ofewr |(¥)qz
Yd ‘S-HINI ‘W F /-7 L Fe-HIMT ‘W F9-¢9 $9=[ ‘T6'¢ S 19789 $19°0C - v9=[ /€T tounu ﬁmvﬁ
Yd ‘SHIN ‘W F4-TL PeHMT ‘W H9-¢9 9= 61V $1q¢hY $19°0C - vo=[‘cp1 Iofewr |(y)er
suojoxd Sury b oNHD NDHD HN Sun-f> p ‘HOHD
(zH) [ “(wdd) yyrys Teorwayd Jpunoduo)

€ PuUe g s8|11u Jo esoads HAN H, "9 siqel

Appl. Organometal. Chem. 2002; 16: 133-140

Copyright © 2002 John Wiley & Sons, Ltd.



m Materials, Nanomaterials and Synthesis

Table 7. Mass spectra of nitriles 2 and 3

Catalytic trimethylsilylcyanation of imines

Compound®®

MS/ n/l/Z (Irel/ %)

2a 211 (15, [M — Me]*), 200 (18), 199 (100, [M — HCN]*), 198 (7), 185 (12), 184 (82, [M — HCN — Me]*), 157 (17), 128 (16),
121 (18, [M — Ph(Me)HC] "), 116 (15), 106 (56), 105 (100, [Ph(Me)HC] "), 104 (25), 103 (32), 91 (10), 79 (47), 78 (30), 77
(73, Ph"), 65 (12), 63 (10), 53 (15), 52 (32), 51 (55), 50 (17), 39 (50), 38 (12), 27 (65, [HCN]*)

2e 236 (5, [M — HJ™), 235 (30, [M — 2H] "), 234 (67, [M — 3H]*), 220 (50, [M — 2H — Me] "), 211 (15, [M — CNJ*), 210 (17,
[M — HCNJ™), 209 (16, [M — CN — 2H]*), 208 (30, [M — HCN — 2H] "), 207 (15), 196 (25, [M — CN — Me]*), 195 (100,
[M — HCN — Me|*), 194 (55, [M — CN — Me — 2H]"), 168 (23), 167 (17), 159 (10, [M - Py]), 133 (20), 132 (18,
[PyCH(CN)NH]), 131 (21), 130 (16), 121 (28), 120 (95, [Ph(Me)CHNH] ), 118 (28), 117 (55, [PyCHCN]"), 107 (30), 106
(93), 105 (100, [Ph(Me)CH] "), 104 (50), 103 (54), 92 (80), 79 (70, [PyH] "), 78 (68, Py™), 77 (79, Ph*), 63 (13), 52 (30), 51

(32), 43 (30), 39 (35), 27 (40, [HCN])

3e 235 (24, M'*), 234 (8, [M — HJ*), 220 (20, [M — Me]*), 208 (12), 193 (7), 158 (7, [M — Ph]), 157 (7, [M — Py]), 132 (5), 117
(25), 105 (100, [Ph(Me)CH] "), 90 (17), 79 (28, [PyH]"), 78 (21, Py*), 77 (42, Ph*), 63 (13), 51 (28), 39 (11)
2f 235 (2, [M — 2H]"), 222 (7, [M — Me|*), 211 (8, [M — CNJ*), 210 (30, [M — HCN]*), 209 (16, [M — CN — 2H] "), 183 (15),

168 (14), 167 (13), 117 (8, [PyCHCN] "), 107 (17), 106 (60), 105 (100, [Ph(Me)CH] "), 104 (20), 103 (25), 91 (19), 79 (38,
[PyH]"), 78 (48, Py™"), 77 (42, Ph™), 63 (21), 52 (32), 51 (36), 50 (30), 39 (23), 27 (22, [HCN]*)

3f 235 (19, M'*), 220 (18, [M — Me]*), 192 (8), 166 (6), 157 (7, [M — Py]*), 156 (10), 116 (5), 106 (10), 105 (100,
[Ph(Me)CH]*), 103 (15), 89 (9), 79 (15, [PyH] "), 78 (12, Py*), 77 (26, Ph), 63 (7), 51 (20), 39 (6)
2g 236 (2, [M — H]"), 235 (25, [M — 2H]*), 234 (2), 220 (20, [M — 2H — Me]*), 210 (5, [M — HCN]*), 195 (4), 193 (6), 192

(7), 183 (4), 167 (6), 166 (5), 157 (18), 156 (14), 131 (10), 120 (17), 117 (11, [PyCHCN]"), 106 (52), 105 (100,
[Ph(Me)CH] "), 104 (20), 103 (22), 89 (15), 79 (40, [PyH]"), 78 (42, Py™"), 77 (42, Ph™), 63 (17), 53 (23), 52 (40), 51 (25), 39

(15), 27 (12, [HCN])

3g 235 (25, M*), 234 (5, [M — H] ), 220 (18, [M — Me]*), 208 (3), 192 (7), 157 (10, [M — Py]"), 156 (8), 131 (3), 116 (4), 105
(100, [Ph(Me)CH]*), 103 (13), 89 (7), 79 (14, [PyH]"), 78 (15, Py*), 77 (21, Ph*), 63 (10), 51 (18), 39 (5)
3h 249 (30, M), 248 (95, [M — H] "), 234 (36, [M — Me] "), 223 (15), 222 (58), 221 (27), 209 (8), 131 (14), 119 (15), 106 (7), 105

(100, [Ph(Me)CH]*), 104 (22), 103 (34), 92 (9), 79 (23, [PyH]"), 78 (18, Py™), 77 (55, Ph), 65 (20), 51 (20), 39 (15)

@ Registration of the mass spectra for some z-amino nitriles was not successful since decomposition of these compounds took place.

P Identical spectra of the optical isomers were obtained.

were thermally unstable under GC analysis conditions. After
hydrolysis of the reaction mixtures with aqueous NaHCO3,
the products were isolated by column chromatography.
Besides the corresponding o-amino nitriles 2, the formation
of unexpected unsaturated nitriles 3 from all the pyridine
imines was found (Scheme 2, Table 5).

Usually, reactions of Me;SiCN with imines lead to o-
amino nitriles and not to the unsaturated nitriles (in
particular, this is so for the furan and thiophene derivatives;
see above). This fact suggests that the pyridine N-atom plays
some role in the formation of products 3 (yields in our
conditions were up to 33% — run 10, Table 5). Comparable
results were obtained in previous investigations™* of
Me;SiCN addition to imines (produced from reactions of
furan, thiophene and pyridine aldehydes with unchiral
amines), and were also accompanied by the formation of the
corresponding unsaturated compounds from pyridine imi-
nes only. Apparently, the pathway to unsaturated nitriles is
achieved via formation of the intermediate o-complex of
AlX; with imine (through the N-atom of the pyridine ring)
leading to an increase in the hydrogen atom mobility in the
CH=N group. The proposed scheme of trimethylsilylcyana-
tion of pyridine imines is given in Ref. 26.

Copyright © 2002 John Wiley & Sons, Ltd.

It is interesting to compare this with the results of
diastereoselective addition of methyllithium to aldimines
(including some heterocyclic ones) derived from (S)-1-
phenylethylamine.>* Analogous formation of unsaturated
byproducts — ketimines in this case — was found by these
authors, who proposed a radical mechanism for these
reactions. One can notice that the corresponding ketimine
has been formed from the 4-pyridine derivative and not in
the case from the 2-furyl compound.

AlBr; was more active than AlCl; in the Strecker synthesis
with the heterocyclic imines studied. It was found that the
reactions proceeded most smoothly under the action of a
catalyst together with 4 A molecular sieves. Furan imines
were more active in the addition of MesSiCN than for
thiophene and pyridine imines. The reactivity of methyl
derivatives was higher than that of the heterocyclic
azomethines themselves. The aldimines studied are ar-
ranged with respect to their reactivity according to Scheme
3.

All the products obtained were characterized by "H NMR,
polarimetry and GC-MS (Tables 5-7). The reactions in all
cases afforded mixtures of the #-amino nitrile diastereomers,
with one diastereomer predominating, that being shown by

Appl. Organometal. Chem. 2002; 16: 133-140
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the '"H NMR spectra (Tables 5 and 6). All the spectra were
found to have two quartets of benzylic protons and two
signals of methine protons. The diastereoisomeric ratios
obtained were determined by means of "H NMR using the
signals of benzyl protons as key signals. A typical "H NMR
spectrum is shown in Fig. 1 (for the product of Me;SiCN
addition to imine (S)-1f as an example). The signals of benzyl
protons CH(Me)Ph appeared as well-separated quartets: the
downfield (major) at J 4.15-4.27 and the upfield (minor) at &
3.92-4.02 ppm for all compounds 2 obtained from (R)- and
from (S)-imines. The signals were assigned analogously in
recent work' on the basis of the study by Ogura and
coworkers'* and taking into consideration the data in Refs
11, 12, 29 as follows: downfield to (R,R)- and (S,S)-anti-
diastereomers and upfield to (R,S)- and (S,R)-syn-isomers.
The signs of optical rotation (Table 5) correlated with 'H
NMR data. The «-amino nitriles obtained from all the (S)-
imines were laevorotatory, whereas the (R)-isomers afforded
(+)-products. The addition of Me;SiCN to all the imines
studied followed the same sense of asymmetric induction.
When the configuration of the nitrogen auxiliary was R, the
(R,R)-a-amino nitriles predominated over the (S,R)-isomer,
whereas the (S,S)-products of addition formed mainly from
(S)-imines. Thus, Re face attack to the (S)-imines and Si face
addition to the (R)-imines occurred in all cases. All x-amino
nitriles 2 were obtained with moderate diastereopurity: up to
81% for (R,R)- and up to 87% for (S,S)-isomers. Almost the
same values of diastereoisomeric ratio were obtained in both
enantiomeric series. Some differences appeared; these were
generally in the isolation step of the products by column
chromatography.

The thermodynamic/kinetic possibilities in the asym-
metric Strecker synthesis with a number of aldimines based
on 1-phenylethylamine (using HCN or NaCN in MeOH
without any catalyst) were investigated in Refs 12, 14.
Formation of amino nitriles has been found to occur under
thermodynamic control. Equilibrium between the diaster-
eomers was established in ca 0.5 h'? or 3 h'* for derivatives of
aromatic and aliphatic aldehydes respectively.

Comparable results were obtained in the present work and
in Ref. 15. The diastereoisomeric ratio was 80:20 in the
synthesis of 2f from (S)-1f (Table 5) and 79:21 (in the reaction
without catalyst, 6 days)."”” In our opinion, this fact
demonstrates that complete equilibrium between the dia-
stereomers was reached in our experiments.

Acknowledgements

The authors are grateful to Dr S. Grinberga and Mr A. Gaukhman for
the performance of analytical work. Thanks are also due to the
Latvian Council of Science for financial support (grant no. 181).

Copyright © 2002 John Wiley & Sons, Ltd.

Materials, Nanomaterials and Synthesis m

REFERENCES

1. Fache F, Schulz E, Tommarino ML and Lemaire M. Chem. Rev.
2000; 100: 2159.

2. Kobayashi S and Ishitani H. Chem. Rev. 1999; 99: 1069.

3. Mori A and Inone S. In Comprehensive Asymmetric Catalysis,
Jacobsen EN, Pfaltz A, Yamamoto HH (eds). Springer: Berlin,
1999; 983-994.

4. Kunz H. In Houben-Weyl Methods of Organic Chemistry, E21.
Stereoselective Synthesis, vol. 3, Helmchen G, Hoffmann RW,
Mulzer ], Schaumann E (eds). Thieme: Stuttgart, New York, 1995;
1931-1952.

5. Shafran YM, Bakulev VA and Mokrushin VS. Russ. Chem. Rev.
1989; 58: 148.

6. Stephenson GR and Genet J-P. Advanced Asymmetric Synthesis,

Stephenson GR (ed.). Chapman & Hall: London, 1966; 3-5.

. Harada K. Nature 1963; 200: 1201.

. Patel MS and Worsley M. Can. ]. Chem. 1970; 48: 1881.

. Harada K and Okawara T. |. Org. Chem. 1973; 38: 707.

10. Weinges K, Gries K, Stemmle B and Schrank W. Chem. Ber. 1977;

110: 2098.
11. Gjima I, Inaba S and Nagai Y. Chem. Lett. 1975: 737.
12. Stout DM, Black LA and Matier WL. ]. Org. Chem. 1983; 48: 5369.
13. Subramanian PK and Woodard RW. Synth. Commun. 1986; 16:
337.

14. Inaba T, Fujita M and Ogura K. ]. Org. Chem. 1991; 56: 1274.

15. Leclerc E, Mangeney P and Henryon V. Tetrahedron Asymm. 2000;
11: 3471.
16. Ojima I, Inaba S and Nakatsugawa K. Chem. Lett. 1975; 331.
17. Mai K and Patil G. Tetrahedron Lett. 1984; 25: 4583.
18. Kunz H and Sager W. Angew. Chem. Int. Ed. Engl. 1987; 26: 557.
19. Reetz MT, Hiibel M, Jaeger R, Schwickardi R and Goddard R.
Synthesis 1994; 733.

20. Cainelli G, Giacomini D, Trere A and Galletti P. Tetrahedron
Asymm. 1995; 6: 1593.

21. Chakraborty TK, Hussain KA and Reddy GV. Tetrahedron 1995;
51: 9179.

22. Cativiela C, Diaz-de-Villegas MD, Galvez JA and Garcia ]I
Tetrahedron 1996; 52: 9563.

23. Kobayashi S, Ishitani H and Ueno M. Synlett 1997; 115.

24. Jovel I, Popelis ], Fleisher M and Lukevics E. Tetrahedron Asymm.
1997; 8: 1279.

25. Iovel I, Golomba L, Belyakov S, Popelis J, Grinberga S and
Lukevics E. Appl. Organomet. Chem. 2000; 14: 721.

26. Iovel I, Golomba L, Belyakov S, Kemme A and Lukevics E. Appl.
Organomet. Chem. 2001; 15: 733.

27. lovel I, Golomba L, Popelis J, Grinberga S and Lukevics E. Chem.
Heterocycl. Compd. 2000; 36: 779.

28. Terent’ev AP and Potapov VM. |. Gen. Chem. USSR (Engl. Transl.)
1958; 28: 1220.

29. Alvaro G, Boga C, Savoia D and Umani-Ronchi A. . Chem. Soc.,
Perkin Trans. 1 1996; 875.

30. Brunner H, Reiter B and Riepl G. Chem. Ber. 1984; 117: 1330.

31. Alvaro G, Savoia D and Valentinetti MR. Tetrahedron 1996; 52:
12571.

O 00

Appl. Organometal. Chem. 2002; 16: 133-140



	mk1

