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NiII complexes with the Schiff bases of (E )� and (Z )�2�aminobut�2�enoic acids were
obtained with (S)�N�(2�benzoylphenyl)�1�(2�chlorobenzyl)pyrrolidine�2�carboxamide and
(S)�N�(2�benzoylphenyl)�1�(3,4�dimethylbenzyl)pyrrolidine�2�carboxamide as new chiral
auxiliaries. Asymmetric addition of nucleophiles to the C=C bond of these complexes was
studied.
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Many physiologically active peptides, antibiotics, and
various pharmaceutical drugs contain enantiomerically
pure non�proteinogenic amino acids,1—4 including β�sub�
stituted derivatives of α�aminobutyric acid.5,6 In addi�
tion, isotope�labelled amino acids are of considerable cur�
rent interest: they are successfully used in positron emis�
sion tomography for early diagnostics of cancer diseases.7

For this reason, a search for novel chiral auxiliaries and
catalysts that ensure highly selective and rapid asymmet�
ric synthesis of amino acids remains of topical interest.8—10

Sufficiently well known studies on asymmetric syn�
thesis of α� and β�substituted α�amino acids are based
on increased reactivities of amino acid and dehydro�
amino acid fragments in square planar NiII complexes
with Schiff bases with the chiral auxiliary reagent
(S)�N�(2�benzoylphenyl)�1�benzylpyrrolidine�2�carbox�
amide ((S)�BPB).11—15

Earlier, to enhance the enantioselectivity by increas�
ing the steric strain in complexes, their structures have
been modified via replacement of the benzyl group in the
chiral reagent by naphthylmethyl,16 2,4,6�trimethyl�
benzyl,17 and 3,4�dichlorobenzyl groups.18 The enantio�
selectivity has increased when passing from benzylproline
derivatives to naphthylmethylproline ones;16 however,
these reagents have found no use. In the case of 2,4,6�tri�
methylbenzylproline complexes, the stereoselectivity of
the synthesis of amino acids has been low (41—66%).17

The high reaction stereoselectivity and rate have been

observed with complexes with another chiral reagent,
namely, (S)�N�(2�benzoylphenyl)�1�(3,4�dichloroben�
zyl)pyrrolidine�2�carboxamide ((S)�3,4�DCBPB) (ee of
the resulting amino acids were 90—99%).18—20

Previous19,20 studies of NiII complexes with the Schiff
bases of (E )� and (Z )�2�aminobut�2�enoic acids in asym�
metric addition reactions with nucleophiles (alcohols,
thiols, and amines) in the presence of the chiral auxiliary
reagents (S)�BPB and (S)�3,4�DCBPB have given birth
to methods for the asymmetric synthesis of β�substi�
tuted α�aminobutyric acids of the absolute configuration
((S)�anti (or L�allo)).

Thus, introduction of electron�withdrawing Cl atoms
into the aromatic ring of the N�benzylproline residue in�
creases the diastereoselectivity and rate of nucleophilic
addition. However, this is the only example; because of
the foregoing demand for a rapid and highly stereoselective
route to amino acids, it was expedient to check this trend.

Results and Discussion

Here we present the synthesis from proline derivatives
1a,b of the novel chiral auxiliaries (S)�N�(2�benzoyl�
phenyl)�1�(2�chlorobenzyl)pyrrolidine�2�carboxamide
(2a) and (S)�N�(2�benzoylphenyl)�1�(3,4�dimethylben�
zyl)pyrrolidine�2�carboxamide (2b), as well as of NiII

complexes with their Schiff bases with the amino acids
glycine, alanine, and threonine (3a,b—6a,b) and (E )� and
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(Z )�2�aminobut�2�enoic acids (7a,b) (Scheme 1). Com�
plexes 7a,b were studied in reactions with nucleophiles
(asymmetric addition to the C=C bond).

Novel chiral auxiliaries and their NiII complexes of
Schiff bases with amino acids were synthesized as de�
scribed earlier18,19,21,22 (see Scheme 1). The thermody�
namic stereoselectivities of formation of complexes of
(S)�alanine 4a,b* and (R)�threonine 5a,b were determined
by chiral GLC analysis of a mixture of amino acids iso�
lated upon decomposition of the equilibrium mixture of
the diastereomeric complexes. The stereoselectivity was
96% for complex 4a and 92.5% for complex 4b (the

(S)�alanine�containing complex is dominant). In the case
of the threonine complexes, the de value was 96.5% (5a)
and 91% (5b), the diastereomer containing (R)�threonine
being major.

The configurations of complexes 4a,b were determined
by X�ray diffraction analysis. The molecular structures of
complexes 4a,b are shown in Fig. 1. The X�ray diffraction
data unambiguously confirm the (S)�configuration of the
alanine residue.

The ratio of the (E )� to (Z )�isomers obtained in the
synthesis of complexes 7a,b was determined by 1H NMR
spectroscopy from the relative intensities of the signals for
the Me protons in the dehydroaminobutyric fragment:
the ratio was 2 : 1 and 3 : 1 for 7a and 7b, respectively.
These (E )/(Z ) values are lower than those for complexes
based on the chiral reagent (S)�BPB.19 Such a phenom�
enon has been noted in the preparation of complexes of
2�aminobut�2�enoic acid with (S)�3,4�DCBPB.20

Scheme 1

Ar = 2�ClC6H4 (a), 3,4�Me2C6H3 (b)

* For the synthesis of the complexes, racemic alanine was used
in a double excess with respect to the chiral reagent. As shown
earlier,12,13,20 the stereoselectivity of the process does not de�
pend on whether racemic or optically pure (S)� or (R)�alanine
is used.
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The (E )� and (Z )�configurations of isomers 7a,b were
assigned from 1H NMR data for the individual complexes
by analogy with the (S)�BPB�based complex.19 The spec�
tra of the isomers with the higher Rf values show relatively
low�field signals (δ 1.62 and 1.64 for 7a and 7b, respec�
tively), which is characteristic of the (E )�configuration.19

Analogous signals for the isomers with the lower Rf values
appear in higher fields (δ 0.88 and 0.92 for 7a and 7b,
respectively). This indicates considerable shielding of the
Me protons due to the magnetic anisotropy of the phenyl
substituent at the C=N bond, which is characteristic of the
(Z )�configuration of the dehydroaminobutyric fragment.

Addition of alkoxide ions to the C=C bond of com�
plexes 7a,b was carried out according to an earlier devel�

oped procedure19,20 (Scheme 2). For this purpose, both
the pure (E )� and (Z )�isomers of complexes 7a,b and
their synthetic mixture were used. In all cases, the addi�
tion gave a mixture of diastereomeric complexes with a
large excess of the (S,S,S)�diastereomer. The major
diastereomeric complexes 8a,b and 9a,b were isolated by
column chromatography and characterized by spectro�
scopic methods.

Scheme 2

Ar R Ar R

8a 2�ClC6H4 Me 9a 2�ClC6H4 Et
8b 3,4�Me2C6H3 Me 9b 3,4�Me2C6H3 Et

The configuration of the α�C atom of the amino acid
residue was determined from the sign of the optical rota�
tion at a wavelength of 589 nm, as had been done ear�
lier19,20 for complexes of these amino acids with the chiral
reagents (S)�BPB and (S)�3,4�DCBPB.

The configuration of the β�C atom of the amino acid
residue was determined by 1H NMR spectroscopy. Ear�
lier, it has been shown that in the spectra of anti�isomers
((S,S,S)�diastereomers), the signals for the β�Me protons
of the amino acid residue appear in the higher fields
than the relatively low�field signals for the syn�isomers
((S,S,R)�diastereomers).19,20 The data obtained suggest
that the major adducts are complexes 8a,b and 9a,b with
the (S,S,S)�configuration. According to the sign of the
optical rotation and 1H NMR data, the sole accompany�
ing minor diastereomer in the case of complexes 8a and 9a
is the complex with (S,S,R)�configuration. In the case of
complexes 8b and 9b, no accompanying minor diastereo�
mers* were isolated in the individual state.

The (S,S,S)/(S,S,R) ratio for complexes 8a,b and 9a,b
was determined from the integral intensity ratio of the
signals for the β�Me group of the amino acid residue
when analyzing the 1H NMR spectra of a mixture of the
diastereomers (Table 1). In addition, the ratio of the amino
acid diastereomers determined for complexes 8a,b by

Fig. 1. Structures 4a,b according to the X�ray diffraction data.
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* In this case, two accompanying  diastereomeric complexes
were detected (1H NMR data).



Chiral Ni complexes with 2�aminobutenoic acid Russ.Chem.Bull., Int.Ed., Vol. 55, No. 3, March, 2006 445

chiral GLC analysis of their mixture obtained upon de�
composition of the reaction mixture fully agrees with that
from the 1H NMR data. Unfortunately, in the case of
addition of ethanol to complexes 7a,b, we failed to deter�
mine the ratio of the amino acid stereoisomers by chiral
GLC analysis upon the decomposition of the reaction
mixture (complexes 9a,b).

Thus, the addition of the Me– and EtO– ions to the
C=C bond of complexes 7a,b mainly gives complexes
of (2S,3S)�2�amino�3�methoxybutyric acid 8a,b and
(2S,3S)�2�amino�3�ethoxybutyric acid 9a,b. A compari�
son of our data (see Table 1, entries 1—12) with previous
results (obtained with complexes based on other chiral
derivatives of (S)�proline19,20) reveals increasing de val�
ues in the following order of the chiral auxiliaries: BPB
(de 86%)19 < 3,4�DCBPB (de 90%)20 < 2b (de 91%) < 2a
(de 97%).

The highest de values were obtained in the addition of
alkoxide ions to complex (E )�7a (see Table 1, entries 1, 4).
In addition, in agreement with previous data,19,20 an in�
crease in de and a reduction in the reaction time of the
nucleophilic addition were observed when passing from
the (Z )�isomers of 2�aminobut�2�enoic acid complexes
to the (E )�isomers (see Table 1; cf. entries 2, 5, 8, and 11
with 1, 4, 7, and 10).

It is evident from the data in Table 1 that the highest
diastereoselectivity and nucleophilic addition rate were

reached with complexes based on the modified chiral re�
agent 2a. This can be explained by analyzing the struc�
tures of complexes 4a,b (see Fig. 1)*. According to X�ray
diffraction data, the presence of substituents in the aro�
matic ring of the N�benzylproline fragment causes its ben�
zyl group to change position above the nickel coordina�
tion plane. In structure 4a, the electron�withdrawing sub�
stituent of the benzylproline residue is directly above the
NiII ion and its apical coordination to the nickel ion
seems to be quite probable. This substantially changes the
electron density distribution in the complex and we as�
sume that the increase in the reaction rate can be mainly
associated with such a coordination. In addition, because
the 2�chlorobenzyl fragment comes closer to the nickel
ion (Ni...Cl 3.149 Å), the angle between the Ph group of
the benzophenone residue and the nickel coordination
plane in the complexes changes (the deviation of the di�
hedral N(1)—C(4)—C(5)—C(6) angle from 90°, see
Fig. 1). This angle for complexes of the type 4 based on
the chiral reagents (S)�3,4�DCBPB, 2b, and 2a was 6°,
8°, and 20°, respectively. With an increase in this angle,
steric interactions between the Ph group at the azomethine
bond and the α�H(1) atom of the (S)�amino acid frag�
ment become stronger; as the result, the (S)�amino acid
chelate ring is distorted and the H(1) atom occupies
an unfavorable equatorial position. In the case of the
complexes of (R)�amino acid, the Ph group at the
azomethine bond interacts with the bulky alkyl radical
rather than the Hα atom, which makes the system more
strained. Thus, the complex of the (R)�amino acid should
become substantially less favorable in the order (S)�BPB,
(S)�3,4�DCBPB, 2b, and 2a, while this effect for com�
plexes of the (S)�amino acid is not so pronounced. There�
fore, the energy difference between the diastereomeric
complexes with the (S)� and (R)�amino acids increases,
which means that under thermodynamic control (note
that addition of nucleophiles to the C=C bond of com�
plexes 7a,b is thermodynamically controlled) the content
of the complex with the (R)�amino acid in an equilibrium
diastereomeric mixture will progressively decrease.

On decomposition of the complexes and isolation of
the amino acids, the starting reagents 2a,b were easily
recovered in >90% yields, their original optical activities
being completely retained.

Thus, we obtained the novel and very promising chiral
reagent 2a, which is suitable for highly stereoselective
asymmetric synthesis of a wide range of amino acids.

Experimental

Commercial reagents were used: amino acids (Reanal,
Hungary); L 40/100 silica gel (Chemapol, Praha); CHCl3, Ac2O,

Table 1. Addition of alkoxide ions to complexes (E )�7a,b and
(Z )�7a,b at 55—60 °C

Entry Starting Nucleo� tb/h Pro� Yield dec

complex philea duct
(%)

1 (E)�7a MeO– 1 8a 92 >98 (99.5)
2 (Z )�7a MeO– 4 8a 88 93 (92.5)
3 (E,Z )�7ad MeO– 4 8a 90 96 (96)
4 (E)�7a EtO– 1.5 9a 92 >98
5 (Z )�7a EtO– 20 9a 88 95
6 (E,Z )�7ad EtO– 20 9a 90 >98
7 (E)�7b MeO– 2 8b 86 90 (91e)
8 (Z )�7b MeO– 3 8b 83 80 (71.8e)
9 (E,Z )�7b f MeO– 3 8b 85 85 (85.3e)
10 (E)�7b EtO– 5 9b 88 89
11 (Z )�7b EtO– 2 9b 85 56
12 (E,Z )�7b f EtO– 3 9b 87 76

a 0.2 M MeONa in MeOH and 0.04 M EtONa in EtOH
were used.
b The reaction duration.
c The ratio of the diastereomers according to data from 1H NMR
spectroscopy and chiral GLC analysis (in parentheses).
d The mixture of the (E )� and (Z )�isomers in the ratio
(E )�7a/(Z )�7a = 2 : 1.
e A third diastereomer (<3%) with an unidentified configuration
was detected.
f The mixture of the (E )� and (Z )�isomers in the ratio
(E )�7b/(Z )�7b = 3 : 1.

* Earlier,23 it has been shown that the conformations of the
complexes are identical in the crystal and in solution.
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AcOH, Me2CO, MeCN, and PriOH (Reakhim); 2�chlorobenzyl
chloride, 3,4�dimethylbenzyl chloride, and 2�aminobenzo�
phenone (Aldrich). All solvents were used freshly distilled. Enan�
tiomeric GLC analysis of amino acids as their isopropyl N�tri�
fluoroacetates was carried out on the ChirasilVal chiral phase24

(capillary quartz column 40 m × 0.23 mm, film thickness
0.12 µm, column temperature 125 °C, helium as a carrier gas).
1H NMR spectra were recorded on a Mercury�300 Varian in�
strument (300 MHz) in DMSO�d6—CCl4 (1 : 3) (unless other�
wise specified). The signals in the 1H NMR spectra were as�
signed from double resonance and 2D COSY experiments. Opti�
cal rotation was measured on a Perkin—Elmer�341 polarimeter.
Column chromatography was carried out on a glass column
(2×20 cm) packed with L 40/100 silica gel; Merck glass plates
(5×10 cm) were used for TLC.

N�Benzylation of proline was carried out as described ear�
lier.18 2�Chlorobenzyl chloride or 3,4�dimethylbenzyl chloride
was added to the reaction mixture at 0 °C.

(S)�N�(2�Chlorobenzyl)proline (1a). The yield was 95%, m.p.
160—162 °C, [α]D

20 –21.0, [α]578
20 –22.1, [α]546

20 –24.9,
[α]436

20 –40.5, [α]365
20 –60.4 (c 1.0, EtOH). Found (%):

C, 60.35; H, 5.56; N, 5.92. C12H14ClNO2. Calculated (%):
C, 60.12; H, 5.85; N, 5.85. 1H NMR, δ: 1.90—2.14 (m, 3 H,
β�H Pro, γ�H Pro); 2.33 (m, 1 H, β�H Pro); 2.91 (dt, 1 H,
δ�H Pro, 2J = 9.8 Hz, 3J = 8.1 Hz); 3.26 (dt, 1 H, δ�H Pro, 2J =
9.8 Hz, 3J = 6.0 Hz); 3.91 (dd, 1 H, α�H Pro, 3J = 8.8 Hz, 3J =
6.4 Hz); 4.22, 4.40 (both d, 1 H each, NCH2Ar, 2J = 13.9 Hz);
7.26—7.39 (m, 3 H, H arom.); 7.78 (dd, 1 H, H arom., 3J =
6.8 Hz, 4J = 2.6 Hz).

(S)�N�(3,4�Dimethylbenzyl)proline (1b). The yield was 74%,
m.p. 182—185 °C, [α]D

20 –25.6 (c 1.0, EtOH). Found (%):
C, 72.10; H, 8.26; N, 6.04. C14H19NO2. Calculated (%):
C, 72.10; H, 8.15; N, 6.01. 1H NMR, δ: 1.70—2.15 (m, 4 H,
β�H Pro, γ�H Pro); 2.23, 2.24 (both s, 3 H each, Me); 2.40 (m,
1 H, δ�H Pro); 2.95 (ddd, 1 H, δ�H Pro, 2J = 9.1 Hz, 3J =
7.0 Hz, 3J = 4.1 Hz); 3.21 (dd, 1 H, α�H Pro, 3J = 8.7 Hz, 3J =
5.6 Hz); 3.45, 3.94 (both d, 1 H each, NCH2Ar, 2J = 12.8 Hz);
6.99 (s, 2 H, H arom.); 7.05 (s, 1 H, H arom.).

Synthesis of chiral amides as hydrochlorides was carried out
as described earlier.18 After all the components were added, the
reaction mixture was stirred at ~20 °C for 15 h.

(S)�N�(2�Benzoylphenyl)�1�(2�chlorobenzyl)pyrrolidine�2�
carboxamide hydrochloride (2a). The yield was 72%, m.p.
203—205 °C, [α]D

20 –40.17 (c 1.0, MeOH). Found (%):
C, 65.91; H, 3.15; N, 6.14. C25H23ClN2O2•HCl.. Calcu�
lated (%): C, 65.93; H, 3.07; N, 6.15. 1H NMR, δ: 1.60 (m, 1 H,
β�H Pro); 1.84, 2.03 (both m, 1 H each, γ�H Pro); 2.43 (m, 1 H,
β�H Pro); 4.27—4.90 (br.m, 5 H, α�H Pro, δ�H Pro, NCH2Ar);
7.20—7.59 (m, 9 H, H arom.); 7.46 (br.t, 2 H, H arom., 3J =
7.5 Hz); 7.78 (br.d, 2 H, H arom., 3J = 7.5 Hz); 9.78 (br, 1 H,
NH+); 12.15 (br.s, 1 H, HCl).

(S)�N�(2�Benzoylphenyl)�1�(3,4�dimethylbenzyl)pyrrolidine�
2�carboxamide hydrochloride (2b). The yield was 40%, m.p.
230—235 °C, [α]D

20 –38.46 (c 1.0, MeOH). Found (%):
C, 72.10; H, 6.28; N, 6.19. C27H28N2O2•HCl. Calculated (%):
C, 72.24; H, 6.24; N, 6.24. 1H NMR, δ: 1.76, 2.00 (both m,
1 H each, β�H Pro); 2.21, 2.24 (both s, 3 H each, Me); 3.20—3.38
(m, 2 H, γ�H Pro); 4.14—4.5 (br.m, 4 H, δ�H Pro, NCH2Ar);
4.72 (m, 1 H, α�H Pro); 7.02—7.56 (m, 10 H, H arom.); 7.77 (d,
2 H, H arom., 3J = 7.6 Hz); 9.72 (br, 1 H, NH+); 12.11 (br.s,
1 H, HCl).

Complexes 3a,b and 4a,b were obtained according to known
procedures.19,21,22

(S )�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
a m i d o ] p h e n y l } { p h e n y l } m e t h y l i d e n e ) g l y c i n a t o �
N,N´,N″″″″″,O]nickel(II) (3a). The yield was 85%, Rf 0.41 (SiO2,
CHCl3—acetone (5 : 1)), m.p. 186—188 °C, [α]D

25 +2364
(c 0.05, CHCl3). Found (%): C, 60.85; H, 4.58; N, 7.88.
C27H24ClN3NiO3. Calculated (%): C, 60.88; H, 4.54; N, 7.89.
1H NMR, δ: 2.09—2.19 (m, 2 H, β�H Pro, γ�H Pro); 2.54 (m,
1 H, γ�H Pro); 2.77 (m, 1 H, β�H Pro); 3.43 (m, 1 H, δ�H Pro);
3.52 (dd, 1 H, α�H Pro, 3J = 10.9 Hz, 3J = 6.1 Hz); 3.64 (m,
1 H, δ�H Pro); 3.69, 3.77 (both d, 1 H each, CH2 Gly, 2J =
20.0 Hz); 4.00, 4.56 (both d, 1 H each, NCH2Ar, 2J = 12.9 Hz);
6.73 (br.t, 1 H, H arom., 3J = 7.6 Hz); 6.83 (dd, 1 H, H arom.,
3J = 8.2 Hz, 4J = 1.8 Hz); 6.98 (br.m, 1 H, H arom.); 7.15 (br.d,
1 H, H arom., 3J = 7.2 Hz); 7.21 (ddd, 1 H, H arom., 3J =
8.6 Hz, 3J = 6.8 Hz, 4J = 2.0 Hz); 7.27 (dd, 1 H, H arom., 3J =
7.6 Hz, 4J = 1.8 Hz); 7.36 (td, 1 H, H arom., 3J = 7.5 Hz, 4J =
1.4 Hz); 7.43 (dd, 1 H, H arom., 3J = 8.1 Hz, 4J = 1.4 Hz);
7.48—7.56 (m, 3 H, H arom.); 8.18 (dd, 1 H, H arom., 3J =
8.8 Hz, 4J = 1.0 Hz); 8.29 (dd, 1 H, H arom., 3J = 7.6 Hz,
4J = 1.8 Hz).

(S)�[({2�[1�(3,4�Dimethylbenzyl)pyrrolidine�2�carbox�
a m i d o ] p h e n y l } { p h e n y l } m e t h y l i d e n e ) g l y c i n a t o �
N,N´,N″″″″″,O]nickel(II) (3b). The yield was 75%, Rf 0.66 (SiO2,
CHCl3—acetone (5 : 1)), m.p. 176—178 °C, [α]D

25 +1513
(c 0.05, CHCl3). Found (%): C, 66.25; H, 5.44; N, 8.00.
C29H29N3NiO3. Calculated (%): C, 66.20; H, 5.52; N, 7.99.
1H NMR, δ: 2.05—2.24 (m, 2 H, β�H Pro); 2.10, 2.18 (both s,
3 H each, Me); 2.36—2.47 (m, 2 H, γ�H Pro); 3.25—3.41 (m,
2 H, α�H Pro, δ�H Pro); 3.50 (d, 1 H, CH2 Gly, 2J = 20.0 Hz);
3.51 (d, 1 H, NCH2Ar, 2J = 12.3 Hz); 3.57 (m, 1 H, δ�H Pro);
3.63 (d, 1 H, CH2 Gly, 2J = 20.0 Hz); 4.32 (d, 1 H, NCH2Ar,
2J = 12.9 Hz); 6.60 (ddd, 1 H, H arom., 3J = 8.2 Hz, 3J =
6.8 Hz, 4J = 1.3 Hz); 6.69 (dd, 1 H, H arom., 3J = 8.2 Hz, 4J =
1.8 Hz); 7.05—7.11 (m, 2 H, H arom.); 7.11 (d, 1 H, H arom.,
3J = 7.5 Hz); 7.23 (br.d, 1 H, H arom., 3J = 7.5 Hz); 7.50—7.62
(m, 3 H, H arom.); 7.76 (dd, 1 H, H arom., 3J = 7.5 Hz, 4J =
1.9 Hz); 8.13 (dd, 1 H, H arom., 3J = 8.9 Hz, 4J = 1.3 Hz); 8.31
(d, 1 H, H arom., 4J = 1.9 Hz).

(S )�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
a m i d o ] p h e n y l } { p h e n y l } m e t h y l i d e n e ) � ( S ) � a l a n i n a t o �
N,N´,N″″″″″,O]nickel(II) (4a). The yield was 92%, Rf 0.64 (SiO2,
CHCl3—acetone (5 : 1)), m.p. 324—326 °C, [α]D

25 +2574
(c 0.05, CHCl3). Found (%): C, 61.59; H, 4.81; N, 7.61.
C28H26ClN3NiO3. Calculated (%): C, 61.52; H, 4.76; N, 7.69.
1H NMR (CDCl3), δ: 1.58 (d, 3 H, Me Ala, 3J = 7.0 Hz); 2.09
(m, 1 H, γ�H Pro); 2.26, 2.64 (both m, 1 H each, β�H Pro); 2.94
(m, 1 H, γ�H Pro); 3.51 (dd, 1 H, δ�H Pro, 3J = 10.4 Hz, 3J =
6.1 Hz); 3.57 (dd, 1 H, α�H Pro, 3J = 11.0 Hz, 3J = 6.1 Hz); 3.72
(m, 1 H, δ�H Pro); 3.90 (q, 1 H, α�H Ala, 3J = 7.0 Hz); 3.85,
4.50 (both d, 1 H each, NCH2Ar, 2J = 12.9 Hz); 6.64—6.72 (m,
2 H, H arom.); 6.96 (br.d, 1 H, H arom., 3J = 7.3 Hz); 7.25—7.38
(m, 3 H, H arom.); 7.11—7.22 (m, 2 H, H arom.); 7.43—7.54
(m, 3 H, H arom.); 8.00 (d, 1 H, H arom., 3J = 8.6 Hz); 8.22
(br.d, 1 H, H arom., 3J = 7.5 Hz).

( S ) � [ ( { 2 � [ 1 � ( 3 , 4 � D i m e t h y l b e n z y l ) p y r r o l i d i n e � 2 �
carboxamido]phenyl}{phenyl}methylidene)�(S)�alaninato�
N,N´,N″″″″″,O]nickel(II) (4b). The yield was 80%, Rf 0.70 (SiO2,
CHCl3—acetone (5 : 1)), m.p. 315—317 °C (decomp.),
[α]D

25 +2562 (c 0.05, CHCl3). Found (%): C, 66.76; H, 5.79;
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N, 7.71. C30H31N3NiO3. Calculated (%): C, 66.70; H, 5.74;
N, 7.78. 1H NMR, δ: 1.50 (d, 3 H, Me Ala, 3J = 7.1 Hz); 1.90,
2.00 (both s, 3 H each, Me); 2.01 (m, 1 H, γ�H Pro); 2.17, 2.51
(both m, 1 H each, β�H Pro); 2.97 (m, 1 H, γ�H Pro); 3.21 (d,
1 H, NCH2Ar, 2J = 12.3 Hz); 3.37 (dd, 1 H, α�H Pro, 3J =
11.1 Hz, 3J = 5.8 Hz); 3.38, 3.63 (both m, 1 H each, δ�H Pro);
3.74 (q, 1 H, α�H Ala, 3J = 7.1 Hz); 4.19 (d, 1 H, NCH2Ar, 2J =
12.3 Hz); 6.49—6.59 (m, 2 H, H arom.); 6.86—7.02 (m, 3 H,
H arom.); 7.18 (dt, 1 H, H arom., 3J = 6.8 Hz, 4J = 2.0 Hz);
7.36—7.52 (m, 3 H, H arom.); 7.59 (dd, 1 H, H arom., 3J =
7.1 Hz, 4J = 1.9 Hz); 7.81 (d, 1 H, H arom., 3J = 8.6 Hz); 8.40
(d, 1 H, H arom., 4J = 1.5 Hz).

Aldol condensation of complexes 3a,b was carried out ac�
cording to known procedures.19,22 Complexes of (R)�threonine
were crystallized from heptane—acetone—methanol (1 : 1 : 1).

(S )�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methyl idene)�(R )� threoninato�
N,N´,N″″″″″,O]nickel(II) (5a). The yield was 65%, Rf 0.54 (SiO2,
CHCl3—acetone (5 : 1)), m.p. 89—91 °C, [α]D

25 –679.3
(c 0.05, CHCl3). Found (%): C, 60.60; H, 4.78; N, 7.21.
C29H28ClN3NiO4. Calculated (%): C, 60.40; H, 4.85; N, 7.28.
1H NMR, δ: 1.13 (d, 3 H, β�Me Thr, 3J = 6.2 Hz); 1.93 (m, 1 H,
β�H Pro); 2.05—2.23 (m, 2 H, β�H Pro, γ�H Pro); 2.48 (m, 1 H,
γ�H Pro); 2.74 (ddd, 1 H, δ�H Pro, 2J = 11.5 Hz, 3J = 8.5 Hz,
3J = 6.4 Hz); 3.42 (d, 1 H, α�H Thr, 3J = 7.2 Hz); 3.47 (dd, 1 H,
α�H Pro, 3J = 9.1 Hz, 3J = 4.6 Hz); 4.06 (d, 1 H, NCH2Ar, 2J =
14.1 Hz); 4.10—4.21 (m, 2 H, δ�H Pro, β�H Thr); 4.67 (d, 1 H,
NCH2Ar, 2J = 14.1 Hz); 5.14 (d, 1 H, OH, 3J = 6.4 Hz); 6.68
(ddd, 1 H, H arom., 3J = 8.3 Hz, 3J = 6.9 Hz, 4J = 1.3 Hz); 6.78
(dd, 1 H, H arom., 3J = 8.3 Hz, 4J = 1.8 Hz); 7.19 (ddd, 1 H,
H arom., 3J = 8.8 Hz, 3J = 6.9 Hz, 4J = 1.8 Hz); 7.27, 7.33
(both m, 1 H each, H arom.); 7.41—7.64 (m, 6 H, H arom.);
8.52 (dd, 1 H, H arom., 3J = 8.8 Hz, 4J = 1.0 Hz); 9.25 (dd, 1 H,
H arom., 3J = 7.7 Hz, 4J = 1.6 Hz).

(S)�[({2�[1�(3,4�Dimethylbenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methyl idene)�(R )� threoninato�
N,N´,N″″″″″,O]nickel(II) (5b). The yield was 47%, Rf 0.81 (SiO2,
CHCl3—acetone (5 : 1)), m.p. 165—167 °C, [α]D

25 –1104.0
(c 0.05, CHCl3). Found (%): C, 65.60; H, 5.85; N, 8.00.
C31H33N3NiO4. Calculated (%): C, 65.30; H, 5.91; N, 7.89.
1H NMR, δ: 1.20 (d, 3 H, β�Me Thr, 3J = 6.2 Hz); 1.86 (m, 1 H,
β�H Pro); 1.97—2.15 (m, 2 H, β�H Pro, γ�H Pro); 2.41 (m, 1 H,
γ�H Pro); 2.32, 2.34 (both s, 3 H each, Me); 2.68 (m, 1 H,
δ�H Pro); 3.42 (d, 1 H, α�H Thr, 3J = 7.2 Hz); 3.55 (dd, 1 H,
δ�H Pro, 3J = 9.1 Hz, 3J = 4.0 Hz); 3.63 (d, 1 H, NCH2Ar, 2J =
13.0 Hz); 4.15 (ddq, 1 H, β�H Thr, 3J = 7.2 Hz, 3J = 6.4 Hz,
3J = 6.2 Hz); 4.26 (m, 1 H, α�H Pro); 4.49 (d, 1 H, NCH2Ar,
2J = 13.0 Hz); 5.05 (d, 1 H, OH); 6.66 (br.t, 1 H, H arom., 3J =
7.5 Hz); 6.74 (dd, 1 H, H arom., 3J = 8.3 Hz, 4J = 1.8 Hz); 7.16
(ddd, 1 H, H arom., 3J = 8.7 Hz, 3J = 6.8 Hz, 4J = 1.8 Hz);
7.21—7.32, 7.46—7.53 (both m, 3 H each, H arom.); 7.60 (m,
1 H, H arom.); 7.75 (dd, 1 H, H arom., 3J = 7.7 Hz, 4J =
1.8 Hz); 8.51 (d, 1 H, H arom., 3J = 8.7 Hz).

O�Acetylation and deacetylation of complexes 5a,b were car�
ried out as described earlier.19,20 After the deacetylation was
completed, the reaction mixture was diluted with a fivefold ex�
cess of water and the precipitate of 2�aminobut�2�enoic acid
complexes that formed was filtered off. The product was ob�
tained as a mixture of the (E )� and (Z )�isomers of complexes
7a,b, which were separated by column chromatography on silica
gel with AcOEt—CHCl3 (3 : 1) as an eluent.

(S)�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(R)�O�acetylthreoninato�
N,N´,N″″″″″,O]nickel(II) (6a). The yield was 95%, Rf 0.66 (SiO2,
AcOEt—CHCl3 (3 : 1)), m.p. 120—122 °C, [α]D

25 –448.1
(c 0.05, CHCl3). Found (%): C, 60.10; H, 4.78; N, 6.78.
C31H30ClN3NiO5. Calculated (%): C, 60.17; H, 4.85; N, 6.79.
1H NMR, δ: 1.33 (d, 3 H, β�Me Thr, 3J = 6.4 Hz); 1.80 (s, 3 H,
Me Ac�Thr); 1.94 (m, 1 H, γ�H Pro); 2.15 (m, 2 H, β�H,
γ�H Pro); 2.54 (m, 1 H, β�H Pro); 2.68 (ddd, 1 H, δ�H Pro, 2J =
11.3 Hz, 3J = 8.7 Hz, 3J = 6.4 Hz); 3.45 (dd, 1 H, α�H Pro, 3J =
9.6 Hz, 3J = 4.4 Hz); 3.61 (d, 1 H, α�H Thr, 3J = 7.6 Hz); 4.04
(ddd, 1 H, δ�H Pro, 2J = 11.3 Hz, 3J = 6.6 Hz, 3J = 4.4 Hz);
4.20, 4.83 (both d, 1 H each, NCH2Ar, 2J = 13.8 Hz); 5.34 (dq,
1 H, β�H Thr, 3J = 7.6 Hz, 3J = 6.3 Hz); 6.70 (ddd, 1 H,
H arom., 3J = 8.3 Hz, 3J = 6.8 Hz, 4J = 1.2 Hz); 6.81 (dd, 1 H,
H arom., 3J = 8.3 Hz, 4J = 1.8 Hz); 7.22 (ddd, 1 H, H arom.,
3J = 8.7 Hz, 3J = 6.9 Hz, 4J = 1.8 Hz); 7.26 (m, 1 H, H arom.);
7.34 (br.d, 1 H, H arom., 3J = 6.8 Hz); 7.42 (ddd, 1 H, H arom.,
3J = 7.9 Hz, 3J = 7.3 Hz, 4J = 1.7 Hz); 7.49—7.67 (m, 5 H,
H arom.); 8.47 (dd, 1 H, H arom., 3J = 8.8 Hz, 4J = 1.2 Hz);
8.84 (dd, 1 H, H arom., 3J = 7.7 Hz, 4J = 1.7 Hz).

(S)�[({2�[1�(3,4�Dimethylbenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(R)�O�acetylthreoninato�
N,N´,N″″″″″,O]nickel(II) (6b). The yield was 80%, Rf 0.92 (SiO2,
AcOEt—CHCl3 (3 : 1)), m.p. 193—195 °C, [α]D

25 –1092.5
(c 0.05, CHCl3). Found (%): C, 64.98; H, 5.64; N, 6.92.
C33H35N3NiO5. Calculated (%): C, 64.73; H, 5.72; N, 6.86.
1H NMR, δ: 1.40 (d, 3 H, β�Me Thr, 3J = 6.4 Hz); 1.81 (s, 3 H,
Me Ac�Thr); 2.07 (m, 2 H, β�H Pro, γ�H Pro); 2.30, 2.32
(both s, 3 H each, Me); 2.40 (m, 1 H, γ�H Pro); 2.64 (m, 1 H,
β�H Pro); 3.55 (dd, 1 H, α�H Pro, 3J = 9.5 Hz, 3J = 4.0 Hz);
3.63 (d, 1 H, α�H Thr, 3J = 7.4 Hz); 3.84 (d, 1 H, NCH2Ar, 2J =
13.2 Hz); 3.92 (ddd, 1 H, δ�H Pro, 2J = 11.5 Hz, 3J = 7.3 Hz,
3J = 4.2 Hz); 4.13 (dd, 1 H, δ�H Pro, 3J = 5.8 Hz, 3J = 3.6 Hz);
4.73 (d, 1 H, NCH2Ar, 2J = 13.2 Hz); 5.37 (dq, 1 H, β�H Thr,
3J = 7.4 Hz, 3J = 6.4 Hz); 6.68 (ddd, 1 H, H arom., 3J = 8.4 Hz,
3J = 6.7 Hz, 4J = 1.1 Hz); 6.77 (dd, 1 H, H arom., 3J = 8.2 Hz,
4J = 1.9 Hz); 7.18—7.24 (m, 3 H, H arom.); 7.32 (br.d, 1 H,
H arom., 3J = 7.1 Hz); 7.42 (d, 1 H, H arom., 4J = 1.9 Hz);
7.50—7.59 (m, 3 H, H arom.); 7.66 (m, 1 H, H arom.); 8.50 (dd,
1 H, H arom., 3J = 8.8 Hz, 4J = 1.0 Hz).

(S)�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(E )�2�aminobut�2�enoato�
N,N´,N″″″″″,O]nickel(II) ((E )�7a). The yield was 67.4%, Rf 0.55
(SiO2, AcOEt—CHCl3 (3 : 1)), m.p. 218—220 °C,
[α]D

25 +3031.8 (c 0.022, CHCl3). Found (%): C, 62.42; H, 4.75;
N, 7.45. C29H26ClN3NiO3. Calculated (%): C, 62.34; H, 4.65;
N, 7.52. 1H NMR, δ: 1.62 (d, 3 H, >C=CH(Me), 3J = 7.4 Hz);
2.14—2.31 (m, 2 H, β�H Pro, γ�H Pro); 2.60 (m, 1 H, γ�H Pro);
2.78 (m, 1 H, β�H Pro); 3.28 (dd, 1 H, δ�H Pro, 3J = 9.1 Hz,
3J = 6.2 Hz); 3.55 (dd, 1 H, α�H Pro, 3J = 11.0 Hz, 3J = 6.2 Hz);
3.67 (m, 1 H, δ�H Pro); 3.78, 4.22 (both d, 1 H each, NCH2Ar,
2J = 12.6 Hz); 5.05 (q, 1 H, >C=CH(Me), 3J = 7.4 Hz); 6.65
(ddd, 1 H, H arom., 3J = 8.3 Hz, 3J = 6.8 Hz, 4J = 1.3 Hz); 6.82
(dd, 1 H, H arom., 3J = 8.3 Hz, 4J = 1.8 Hz); 7.04 (ddd, 1 H,
H arom., 3J = 8.7 Hz, 3J = 6.9 Hz, 4J = 1.8 Hz); 7.12—7.38 (m,
5 H, H arom.); 7.46 (m, 3 H, H arom.); 7.98 (dd, 1 H, H arom.,
3J = 8.7 Hz, 4J = 1.1 Hz); 8.21 (dd, 1 H, H arom., 3J = 7.7 Hz,
4J = 1.8 Hz).

(S)�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(Z )�2�aminobut�2�enoato�
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N,N´,N″″″″″,O]nickel(II) ((Z )�7a). The yield was 32.6%, Rf 0.44
(SiO2, AcOEt—CHCl3 (3 : 1)), m.p. 243—244 °C,
[α]D

25 +2645.0 (c 0.02, CHCl3). Found (%): C, 62.38; H, 4.75;
N, 7.58. C29H26ClN3NiO3. Calculated (%): C, 62.34; H, 4.65;
N, 7.52. 1H NMR, δ: 0.88 (d, 3 H, >C=CH(Me), 3J = 7.6 Hz);
2.18 (m, 1 H, β�H Pro); 2.29, 2.64 (both m, 1 H each, γ�H Pro);
3.24 (m, 1 H, β�H Pro); 3.56 (dd, 1 H, α�H Pro, 3J = 10.9 Hz,
3J = 6.2 Hz); 3.73 (d, 1 H, NCH2Ar, 2J = 12.6 Hz); 3.75
(m, 1 H, δ�H Pro); 4.13 (d, 1 H, NCH2Ar, 2J = 12.6 Hz);
4.13 (dd, 1 H, δ�H Pro, 3J = 5.6 Hz, 3J = 3.5 Hz); 5.55 (q,
1 H, >C=CH(Me), 3J = 7.6 Hz); 6.69 (ddd, 1 H, H arom.,
3J = 8.2 Hz, 3J = 6.8 Hz, 4J = 1.0 Hz); 6.98 (dd, 1 H, H arom.,
3J = 8.2 Hz, 4J = 1.8 Hz); 7.2 (ddd, 1 H, H arom., 3J =
8.6 Hz, 3J = 6.8 Hz, 4J = 1.8 Hz); 7.22—7.42 (m, 5 H,
H arom.); 7.56 (m, 3 H, H arom.); 7.98 (dd, 1 H, H arom., 3J =
8.6 Hz, 4J = 1.1 Hz); 8.19 (dd, 1 H, H arom., 3J = 7.7 Hz,
4J = 1.8 Hz).

(S)�[({2�[1�(3,4�Dimethylbenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(E )�2�aminobut�2�enoato�
N,N´,N″″″″″,O]nickel(II) ((E )�7b). The yield was 60%, Rf 0.82 (SiO2,
AcOEt—CHCl3 (3 : 1)), m.p. 188—190 °C, [α]D

25 +2084.7
(c 0.05, CHCl3). Found (%): C, 67.73; H, 5.72; N, 7.74.
C31H31N3NiO3. Calculated (%): C, 67.42; H, 5.62; N, 7.61.
1H NMR, δ: 1.64 (d, 3 H, >C=CH(Me), 3J = 7.4 Hz); 1.97,
2.04 (both s, 3 H each, Me); 2.14 (m, 1 H, β�H Pro); 2.34, 2.65
(both m, 1 H each, γ�H Pro); 2.74 (m, 1 H, β�H Pro); 2.83 (dd,
1 H, δ�H Pro, 3J = 9.2 Hz, 3J = 6.4 Hz); 3.42 (dd, 1 H, α�H Pro,
3J = 11.0 Hz, 3J = 6.4 Hz); 3.65 (m, 1 H, δ�H Pro); 3.98, 4.10
(both d, 1 H each, NCH2Ar, 2J = 12.6 Hz); 5.02 (q, 1 H,
>C=CH(Me), 3J = 7.4 Hz); 6.60 (ddd, 1 H, H arom., 3J =
8.4 Hz, 3J = 6.8 Hz, 4J = 1.1 Hz); 6.78 (dd, 1 H, H arom., 3J =
8.4 Hz, 4J = 1.8 Hz); 7.02 (ddd, 1 H, H arom., 3J = 8.9 Hz, 3J =
6.8 Hz, 4J = 1.8 Hz); 7.20—7.42 (m, 4 H, H arom.); 7.56 (m,
3 H, H arom.); 7.64 (dd, 1 H, H arom., 3J = 8.9 Hz, 4J =
1.1 Hz); 8.23 (dd, 1 H, H arom., 3J = 7.6 Hz, 4J = 1.7 Hz).

(S)�[({2�[1�(3,4�Dimethylbenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(Z )�2�aminobut�2�enoato�
N,N´,N″″″″″,O]nickel(II) (Z�7b). The yield was 40%, Rf 0.64 (SiO2,
AcOEt—CHCl3 (3 : 1)), m.p. >250 °C, [α]D

25 +3141.3 (c 0.025,
CHCl3). Found (%): C, 67.48; H, 5.68; N, 7.74. C31H31N3NiO3.
Calculated (%): C, 67.42; H, 5.62; N, 7.61. 1H NMR, δ: 0.92 (d,
3 H, >C=CH(Me), J = 7.6 Hz); 1.99, 2.05 (both s, 3 H each,
Me); 2.18 (m, 1 H, β�H Pro); 2.22, 2.63 (both m, 1 H each,
γ�H Pro); 2.78 (m, 1 H, β�H Pro); 2.92 (dd, 1 H, δ�H Pro, 3J =
9.4 Hz, 3J = 6.4 Hz); 3.22 (dd, 1 H, α�H Pro, 3J = 11.0 Hz, 3J =
6.4 Hz); 3.63 (m, 1 H, δ�H Pro); 3.96, 4.23 (both d, 1 H each,
NCH2Ar, 2J = 12.6 Hz); 5.56 (q, 1 H, >C=CH(Me), 3J =
7.6 Hz); 6.62 (ddd, 1 H, H arom., 3J = 8.4 Hz, 3J = 6.6 Hz, 4J =
1.3 Hz); 6.80 (dd, 1 H, H arom., 3J = 8.4 Hz, 4J = 1.8 Hz); 6.96
(ddd, 1 H, H arom., 3J = 8.7 Hz, 3J = 6.9 Hz, 4J = 1.8 Hz);
7.02—7.46 (m, 4 H, H arom.); 7.62 (m, 3 H, H arom.); 7.98 (dd,
1 H, H arom., 3J = 8.7 Hz, 4J = 1.1 Hz); 8.42 (dd, 1 H, H arom.,
3J = 7.7 Hz, 4J = 1.8 Hz).

Addition of the alkoxide ions to complexes 7a,b was carried
out as described earlier.19,20 Both the individual (E )� and
(Z )�isomers and their mixtures (2 : 1 for 7a and 3 : 2 for 7b)
obtained in the synthesis were used. The base : complex ratio
was 3 : 1.

(S)�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(2S,3S)�O�methylthreo�
ninato�N,N´,N″″″″″,O]nickel(II) (8a). The yield was 90%, m.p.

188—190 °C, [α]D
25 +2935 (c 0.05, CHCl3). Found (%):

C, 61.15; H, 5.22; N, 7.08. C30H30ClN3NiO4. Calculated (%):
C, 61.00; H, 5.12; N, 7.11. 1H NMR, δ: 1.05 (d, 3 H,
>CH—CH(Me), 3J = 6.4 Hz); 2.05—2.21 (m, 2 H, γ�H Pro);
2.60, 2.84 (both m, 1 H each, β�H Pro); 3.26 (m, 1 H, δ�H Pro);
3.29 (qd, 1 H, >CH—CH(Me), 3J = 6.4 Hz, 3J = 2.2 Hz);
3.46 (dd, 1 H, α�H Pro, 3J = 10.7 Hz, 3J = 6.7 Hz); 3.56 (s,
3 H, OMe); 3.57 (d, 1 H, >CH—CH(Me), 3J = 2.2 Hz); 3.81
(m, 1 H, δ�H Pro); 3.87, 4.29 (both d, 1 H each, NCH2Ar,
2J = 12.7 Hz); 6.59—6.62, 7.01—7.12 (both m, 2 H each,
H arom.); 7.17 (td, 1 H, H arom., 3J = 7.7 Hz, 4J = 1.7 Hz);
7.29—7.39, 7.45—7.68 (both m, 3 H each, H arom.); 8.05 (d,
1 H, H arom., 3J = 8.6 Hz); 8.26 (dd, 1 H, H arom., 3J = 7.7 Hz,
4J = 1.6 Hz).

(S)�[({2�[1�(3,4�Dimethylbenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(2S,3S)�O�methylthreo�
ninato�N,N´,N″″″″″,O]nickel(II) (8b). The yield was 85%, m.p.
220—222 °C, [α]D

25 +2932 (c 0.05, CHCl3). Found (%):
C, 65.63; H, 6.02; N, 7.22. C32H35N3NiO4. Calculated (%):
C, 65.77; H, 6.04; N, 7.19. 1H NMR, δ: 1.07 (d, 3 H,
>CH—CH(Me), 3J = 6.4 Hz); 1.98, 2.09 (both s, 3 H each,
Me); 2.03—2.17 (m, 3 H, β�H Pro, γ�H Pro); 2.55 (m, 1 H,
β�H Pro); 3.28 (qd, 1 H, >CH—CH(Me), 3J = 6.4 Hz, 3J =
2.2 Hz); 3.33 (d, 1 H, NCH2Ar, 2J = 12.3 Hz); 3.66 (dd, 1 H,
α�H Pro, 3J = 10.4 Hz, 3J = 6.4 Hz); 3.36 (m, 1 H, δ�H Pro);
3.56 (s, 3 H, OMe); 3.61 (d, 1 H, CH—CH(Me), 3J = 2.2 Hz);
3.79 (m, 1 H, δ�H Pro); 4.17 (d, 1 H, NCH2Ar, 2J = 12.3 Hz);
6.54—6.60 (m, 2 H, H arom.); 6.98—7.08 (m, 3 H, H arom.);
7.38 (br.d, 1 H, H arom., 3J = 7.5 Hz); 7.43—7.68 (m, 4 H,
H arom.); 8.00 (d, 1 H, H arom., 3J = 8.6 Hz); 8.49 (d, 1 H,
H arom., 4J = 1.9 Hz).

(S )�[({2�[1�(2�Chlorobenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(2S,3S)�O�ethylthreoninato�
N,N´,N″″″″″,O]nickel(II) (9a). The yield was 90%, m.p. 166—168 °C,
[α]D

25 +2409 (c 0.05, CHCl3). Found (%): C, 61.61; H, 5.38;
N, 6.91. C31H32ClN3NiO4. Calculated (%): C, 61.57; H, 5.33;
N, 6.95. 1H NMR, δ: 0.98 (d, 3 H, >CH—CH(Me), 3J = 6.4 Hz);
1.37 (t, 3 H, OCH2Me, 3J = 7.0 Hz); 2.04—2.20 (m, 2 H,
γ�H Pro, β�H Pro); 2.51 (m, 1 H, β�H Pro); 2.86 (m, 1 H,
γ�H Pro); 3.28 (m, 1 H, δ�H Pro); 3.46 (qd, 1 H,
>CH—CH(Me), 3J = 6.4 Hz, 3J = 2.2 Hz); 3.48 (dd, 1 H,
α�H Pro, 3J = 10.6 Hz, 3J = 6.6 Hz); 3.65 (d, 1 H,
>CH—CH(Me), 3J = 2.2 Hz); 3.81 (m, 1 H, δ�H Pro); 3.72 (q,
2 H, OCH2Me, 2J = 7.0 Hz); 3.33 (d, 1 H, NCH2Ar, 2J =
12.2 Hz); 4.19 (d, 1 H, NCH2Ar, 2J = 12.7 Hz); 6.59—6.63,
7.01—7.12 (both m, 2 H each, H arom.); 7.18 (td, 1 H, H arom.,
3J = 7.6 Hz, 4J = 1.7 Hz); 7.31—7.39, 7.45—7.68 (both m,
3 H each, H arom.); 8.06 (d, 1 H, H arom., 3J = 8.6 Hz); 8.26
(dd, 1 H, H arom., 3J = 7.6 Hz, 4J = 1.6 Hz).

(S)�[({2�[1�(3,4�Dimethylbenzyl)pyrrolidine�2�carbox�
amido]phenyl}{phenyl}methylidene)�(2S,3S)�O�ethylthreoninato�
N,N´,N″,O]nickel(II) (9b). The yield was 87%, m.p. 235—237 °C,
[α]D

25 +3129 (c 0.05, CHCl3). Found (%): C, 66.38; H, 6.27;
N, 6.99. C33H37N3NiO4. Calculated (%): C, 66.24; H, 6.23;
N, 7.02. 1H NMR, δ: 1.08 (d, 3 H, >CH—CH(Me), 3J = 6.4 Hz);
1.37 (t, 3 H, OCH2Me, 3J = 7.0 Hz); 1.97 (s, 3 H, Me);
2.04—2.14 (m, 3 H, γ�H Pro, β�H Pro); 2.09 (s, 3 H, Me); 2.51
(m, 1 H, β�H Pro); 3.31—3.44 (m, 2 H, α�H Pro, δ�H Pro); 3.33
(d, 1 H, NCH2Ar, 2J = 12.2 Hz); 3.34 (qd, 1 H, >CH—CH(Me),
3J = 6.4 Hz, 3J = 2.2 Hz); 3.65 (d, 1 H, >CH—CH(Me), 3J =
2.2 Hz); 3.72 (q, 2 H, OCH2Me, 2J = 7.0 Hz); 3.73 (m, 1 H,
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δ�H Pro); 4.19 (d, 1 H, NCH2Ar, 2J = 12.7 Hz); 6.53—6.59 (m,
2 H, H arom.); 6.98—7.04 (m, 3 H, H arom.); 7.39—7.65 (m,
5 H, H arom.); 8.03 (d, 1 H, H arom., 3J = 8.6 Hz); 8.49 (d, 1 H,
H arom., 4J = 2.0 Hz).

X�ray diffraction analysis of complexes 4a,b. The unit cell
parameters and reflection intensities were measured on Syntex
P21 (T = 173 K, Mo�Kα radiation, graphite monochromator,
θ/2θ scan mode) and Bruker SMART 1000 CCD automatic
diffractometers (T = 105 K, Mo�Kα radiation, graphite mono�
chromator, ϕ and ω scan modes) for complexes 4a and 4b,
respectively. In the case of complex 4b, an absorption correction
was applied with the SADABS program.25 Selected crystallo�
graphic parameters and a summary of data collection are given
in Table 2. The structures of both the complexes were solved by
the direct method and refined by the full�matrix least�squares
method in the anisotropic approximation for non�hydrogen
atoms. In complex 4b, the dimethylphenyl fragment was found
to be randomly disordered over two positions with the occu�
pancy factors 0.7 and 0.3; these positions are superimposed when
rotated about the C(22)—C(23) bond through 180°. The hydro�
gen atoms were located geometrically and refined isotropically
with fixed coordinates ("rider" model) and thermal parameters
(Ui(H) = 1.5Ueq(C) for the Me group and Ui(H) = 1.2Ueq(C) for
the other groups). All calculations were performed with the
SHELXTL PLUS program package (Version 5.10).26 The atomic
coordinates, bond lengths and angles, and anisotropic thermal

parameters for complexes 4a,b have been deposited with the
Cambridge Crystallographic Data Center.

We are grateful to Yu. N. Belokon´ for fruitful discus�
sion of the results obtained.

This work was financially supported by the Interna�
tional Scientific and Technical Center (Grants ISTC 2780
and A�1247) and the Russian Foundation for Basic Re�
search (Project No. 02�03�32050).

References

1. N. Chida, J. Takeoka, K. Ando, N. Tsutsumi, and S. Ogawa,
Tetrahedron, 1997, 53, 1628.

2. C. Cativela, M. D. Diaz�de Villegas, J. A. Galvez, and
Y. Lapena, Tetrahedron, 1997, 53, 5891.

3. Y. Izumi and I. Chibata, Angew. Chem., Int. Ed., 1978,
17, 176.

4. M. S. Sadovnikova and V. M. Belikov, Primenenie aminokislot
v promyshlennosti i farmakologii [Applications of Amino Acids
in Industry and Pharmacology], ONTITEM Mikrobiol.
Prom�sti, Moscow, 1977 (in Russian).

5. Y. Mori, M. Truboi, K. Fukushima, and T. Aroi, J. Chem.
Soc., Chem. Commun., 1982, 94.

6. Y. Shiio and S. Nakamori, Agr. Biol. Chem., 1973,
37, 2053.WW

7. K. J. Fasth and B. Langstrom, Acta Chim. Scand., 1990,
44, 720.

8. R. O. Duthaler, Tetrahedron, 1994, 50, 1539.
9. T. Abellan, R. Chinchilla, N. Galindo, G. Guillena, and

J. M. Sansano, Eur. J. Org. Chem., 2000, 15, 2689.
10. T. Ooi, M. Kameda, and K. Maruoka, J. Am. Chem. Soc.,

1999, 121, 6519.
11. V. A. Soloshonok, H. Ohkura, A. Sorochinsky, N. Voloshin,

A. Markovsky, M. Belik, and T. Yamazaki, Tetrahedron Lett.,
2002, 43, 5445.

12. Yu. N. Belokon´, A. S. Sagyan, S. M. Djamgaryan, V. I.
Bakhmutov, and V. M. Belikov, Tetrahedron, 1988,
44, 5507.W

13. Y. N. Belokon, Pure Appl. Chem., 1992, 64, 1917.
14. Y. N. Belokon´, Janssen Chim. Acta, 1992, 2, 4.
15. V. A. Soloshonok, C. Cai, and V. Hruby, Tetrahedron Lett.,

2000, 41, 9645.
16. Yu. N. Belokon´, V. I. Maleev, M. B. Caporovskaya, V. I.

Bakhmutov, T. V. Timofeeva, A. S. Batsanov, and Yu. T.
Struchkov, Koord. Khim., 1988, 11, 1565 [Sov. J. Coord.
Chem., 1988, 11 (Engl. Transl.)].

17. A. Popkov, A. Gree, M. Nádvorník, and A. Ly ka, Transi�
tion Met. Chem., 2002, 27, 884.

18. Yu. N. Belokon´, V. I. Maleev, A. A. Petrosyan, T. F.
Savel´eva, N. S. Ikonnikov, A. S. Peregudov, V. N.
Khrustalev, and A. S. Sagyan, Izv. Akad. Nauk, Ser. Khim.,
2002, 1464 [Russ. Chem. Bull., Int. Ed., 2002, 51, 1593].

19. Yu. N. Belokon, A. S. Saghyan, S. M. Djamgaryan, V. I.
Bakhmutov, S. V. Vitt, A. S. Batsanov, Yu. T. Struchkov,
and V. M. Belikov, J. Chem. Soc., Perkin Trans. 1, 1990, 2301.

20. A. S. Saghiyan, H. H. Hambardzumyan, L. L. Manasyan,
A. A. Petrosyan, V. I. Maleev, and A. S. Peregudov, Synth.
Commun., 2005, 35, 459.

Table 2. Selected crystallographic parameters and a summary of
data collection for complexes 4a,b

Parameter 4a 4b

Molecular formula C28H26ClN3NiO3 C30H31N3NiO3
Molecular mass 546.68 540.29
T/K 173 105
Crystal system Orthorhombic
Space group P212121 P212121
a/Å 9.3354(19) 9.3420(7)
b/Å 10.033(2) 10.5929(8)
c/Å 25.919(5) 26.297(2)
V/Å3 2427.6(8) 2602.3(3)
Z 4 4
dcalc/g cm–3 1.496 1.379
F(000) 1136 1136
µ/mm–1 0.946 0.782
2θmax/deg 58 56
Number of measured 3632 26535

reflections
Number of independent 3632 6269

reflections
Number of reflections 3265 5581

with I > 2σ(I )
Number of parameters 325 406

refined
R1 (I > 2σ(I )) 0.0604 0.0319
wR2 (all data) 0.1678 0.0690
GOOF 1.027 1.038
Flack parameter 0.00(3) 0.00(1)
Tmin/Tmax — 0.799/0.853



Saghiyan et al.450 Russ.Chem.Bull., Int.Ed., Vol. 55, No. 3, March, 2006

21. Yu. N. Belokon, V. I. Tararov, V. I. Maleev, T. F. Saveleva,
and M. G. Ryzhov, Tetrahedron: Asymmetry, 1998, 9, 4249.

22. Yu. N. Belokon, A. G. Bulychev, S. V. Vitt, Yu. T. Struchkov,
A. S. Batsanov, T. V. Timofeeva, V. A. Tsyrypkin, M. G.
Ryzhov, L. A. Lysova, V. I. Bakhmutov, and V. M. Belikov,
J. Am. Chem. Soc., 1985, 107, 4252.

23. Y. N. Belokon´, V. I. Maleev, S. V. Vitt, M. G. Ryzhov,
Y. N. Kondrashov, S. N. Golubev, Y. P. Vauchskii, A. I.
Kazika, I. L. Dubchak, M. I. Novikova, P. A. Krasutskii,
A. G. Yurchenko, V. E. Shklover, Y. T. Struchkov, V. I.
Bakhmutov, and V. M. Belikov, J. Chem. Soc., Dalton Trans.,
1985, 17.

24. M. B. Soporovskaya, L. M. Volkova, and V. A. Pavlov,
Zh. Anal. Khim., 1989, 44, 525 [J. Anal. Chem. USSR, 1989,
44 (Engl. Transl.)].

25. G. M. Sheldrick, SADABS, V2.01, Bruker/Siemens Area De�
tector Absorption Correction Program, Bruker AXS Inc.,
Madison (WI), 1998.

26. G. M. Sheldrick, SHELXTL, V5.10, Bruker AXS Inc.,
Madison (WI�53719), 1997.

Received December 7, 2004;
in revised form November 2, 2005



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


