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The synthesis of biologically and pharmacologically active 
enantiopure compounds plays an important role in biotechnology, 
medicine, and bioorganic chemistry.1 Naturally, the catalytic 
methods of asymmetric synthesis are in greater demand in 
industry as compared to the stoichiometric methods.1 However, 
a stoichiometric synthetic approach is often used to find lead 
pharmaceuticals or even in pilot plants before large scale produc­
tion begins. In other words, the cost and constraints of using 
asymmetric catalysts opens a niche for asymmetric stoichiometric 
synthesis, even in industry. Additionally, in special cases such 
as  the synthesis of very expensive radiotracers for positron 
emission tomography imaging, the asymmetric stoichiometric 
synthetic approach is still highly competitive and there is often 
no alternative.2

Our research group elaborated an asymmetric protocol for 
the  synthesis of enantiopure a-amino acids, including a set of 
non-proteinogenic amino acids, using a chiral Niii complex derived 

from a Schiff base of glycine and 2-[(S)-N-(N-benzylprolinoyl­
amino)]benzophenone 1 (Scheme 1).3 The amino acid moiety 
inside the complex acquires the CH-acidity and enters in the reac­
tions with different electrophiles to generate the corresponding 
diastereoisomeric complexes with very high diastereomeric excess 
(de).3,4 The acidic hydrolysis decomposes the complexes leading 
to the target amino acid (up to 99% ee) along with recovery of 
chiral auxiliary and Niii ions which can be reused.

It would be highly desirable to harness the advantages of the 
chiral auxiliary to develop synthetic protocols for other classes 
of organic compounds containing nitrogen atoms within their 
structures.

Aminoacetone seems to be a challenging candidate to enter in 
the Niii complex framework in place of glycine (Scheme 2). Both 
the acetyl group and imino substituents at the a-carbon atom 
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A representative within a new class of chiral enol Niii 
complexes derived from a Schiff base of aminoacetone 
and  (S)-2-N-(N-benzylprolinoylamino)benzophenone was 
prepared, and its performance in nucleophilic addition 
was estimated. The complex was inert towards aldehydes and 
activated C=C bonds but reacted with carboxylic anhydrides 
and di-tert-butyl acetylenedicarboxylate. An unusual Michael 
addition intermediate stabilized by the Ni–C bond was 
discovered in the latter reaction. 
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Scheme  2  Reagents and conditions: i, LDA, THF, –40 °C, then Ac2O; 
ii, crystallization, air, acetone.
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would make the moiety highly acidic. Thus, the electroneutrality 
of the complex would be due to the moiety ionization, resulting in 
the chiral enol complex 2. The chiral enol reactivity could then be 
tested in a series of reactions reminiscent of metal acetylacetonate 
reactivity.5 Herein, we report the synthesis and preliminary 
studies of the reactivity of chiral aminoacetone Ni complex 2 
analogous to complex 1.

The target product (S)-2 was prepared by acylation of complex 
(S)-1 with Ac2O (see Scheme 2).† Most likely, the first stage of 
the conversion leads to the expected acetylated intermediate, 
which is then decarboxylated to give the chiral enolate (S)-2.

Numerous attempts to grow a crystal of (S)-2 suitable for 
X-ray experiments failed until a crystal was grown from acetone 
in air. The crystal thus obtained was a 1 : 1 racemic mixture of 
(S)-2 and (R)-2. Evidently, the racemization involved a very 
small portion of the whole mixture during the crystallization. 
This was supported by continuous high performance liquid 
chromatography (CHPLC) analysis of the recovered (S)-ligand 
from the initial (S)-1 and (S)-2. The chiral auxiliary proved to be 
enantiomerically pure (see Figure S13, Online Supplementary 
Materials). The enantiopure (S)-2 most likely did not crystallize 
under the reaction conditions and only the racemized portion 
precipitated. The racemization of the N-benzylproline moiety 
should involve both N- and C-centres. Otherwise, the removal of 
the a-proton from the proline moiety would involve the retention 
of the configuration, as was shown earlier6 for the Coiii proline 
moiety. Although the real mechanism for the racemization is 
unknown, the reversible formation of Nii by electron transfer from 
the coordinated enolate may be implicated in the mechanism 
of the transformation. Such a complex should be expected to be 
labile, and the uncoordinated ligand racemized easily in the basic 
solutions.

Unexpectedly, the crystallization of complex 2 from acetone 
in air resulted in partial oxidation of the ligand moiety to afford 
compound 3 with an a-hydroxyproline fragment. The crystal 
contained both oxidized and unoxidized molecules in a 1 : 1 ratio 
(Figure 1, for full crystallographic data, see Online Supplementary 
Materials). The C(2)=C(3) bond [1.354(4) Å] corresponds to 
the double character expected for the enol form of the complex. 
It is slightly elongated due to the presence of a long chain of 
conjugated bonds. 

Attempts to engage complex (S)-2 in Michael reactions using 
routine electrophiles such as methyl acrylate, acrylonitrile, and 
nitrostyrene failed. Attempts to perform aldol reactions with 
benzaldehyde derivatives were also unsuccessful. Fortunately, 
the complex entered in the reaction with di-tert-butyl acetylene­
dicarboxylate in the absence of bases (Scheme 3). The adduct 4 
was obtained in a 75% yield.‡ The analytical data proved its 
formation, and its Circular Dichroism (CD) spectra supported the 
formation of a new asymmetric centre in the adduct (Figure 2).

According to the X-ray data, the isolated product 4 was the 
Michael adduct intermediate stabilized by coordination with Ni 
via Ni–C bond formation (Figure 3). As in the case of complex 2, 
the crystal grown turned to be a racemic mixture. Still, the ligand 
recovered from the initial complex before the crystallization was 
enantiomerically pure (see Figure S13). The adduct was formed 

†	 Complex (S)-2. Butyllithium (2.5 m hexane solution, 10 ml, 25 mmol) 
was added to a solution of diisopropylamine (4.4 ml, 25 mmol) in THF 
(50 ml) at –40 °C under argon, and the mixture was stirred at –40°C for 
1 h. A solution of complex (S)-1 (5 g, 0.01 mol) in THF (150 ml) was 
added to the thus obtained LDA, and the stirring was continued at –40 °C 
for 1 h. Acetic anhydride (1 ml, 0.01 mol) was then added. The mixture 
was warmed to room temperature and the stirring was continued for 2 h. 
The reaction course was monitored by TLC (SiO2, CHCl3–acetone, 
7 : 1). The mixture was neutralized with 5% aq. AcOH and partly 
evaporated in  vacuo to remove THF. Water (150 ml) was added to the 
residue and the mixture was extracted with CH2Cl2 (150 ml). The product 
was purified by  flash chromatography (SiO2, CHCl3–acetone, 7 : 1) to 
afford 2.5 g (51%) of product 2, mp 111–113 °C, [a]D

20 = +338.67 (c 0.15, 
acetone). MS, m/z: 496.1534. Found (%): C, 66.31; H, 5.44; N, 8.09. 
Calc. for C28H27N3NiO2·0.5H2O (%): C, 66.64; H, 5.55; N, 8.33.
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Figure  1  Molecular structure of racemic co-crystal of compounds 2 and 
3 (dashed lines).
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Figure  2  CD spectra for compounds (1) (S)-1, (2) (S)-2, (3) 4 and (4) 5 
(c 0.6 g dm–3, acetone).

‡	 Synthesis of complex 4. Di-tert-butyl acetylenedicarboxylate (0.273 g, 
1.0 mmol) was added to a solution of complex (S)-2 (0.25 g, 0.5 mmol) in 
CH2Cl2 (15 ml) at 25 °C with stirring. The reaction course was monitored 
by TLC (SiO2, CHCl3–acetone, 7 : 1). The product was purified by column 
chromatography on a SEPHADEX LH-20 (eluent, toluene–ethanol, 3 : 1), 
yield 0.27 g (75%), mp 132–134 °C, [a]D

20 = –1494 (c 0.15, acetone). 
MS,  m/z: 722.2752. Found (%): C, 64.30; H, 6.02; N, 5.40. Calc. for 
C40H45N3NiO7·H2O (%): C, 64.88; H, 6.40; N, 5.67. For additional 
characteristics of compound 4, see Online Supplementary Materials.
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with high diastereoselectivity (1H and 13C NMR spectra, Figures S6 
and S7). Since the racemic crystal was a 1 : 1 (S,R) and (R,S) 
mixture (see Figure 3), enantiopure 3 had S- and R-configurations 
of the proline and the adduct moieties, respectively.

The Ni–C distance of 1.926(4) Å is in the range of values 
observed in the related complexes. The planar-square environ­
ment of the nickel atom is significantly distorted due to steric 
reasons. The C(1)=C(2) bond [1.343(5) Å] is in a good agreement 
with the double character.

Trifluoroacetic anhydride reacted with complex 2 in the 
presence of K2CO3 to afford complex 5.§

The mechanism of the reactions may be more sophisticated 
than usually appeared as significant reaction inhibition occurred 
when the reactions were performed under inert atmosphere.

In conclusion, we have prepared a new type of chiral enol 
aminoacetone Niii complex. The preliminary experiments on its 
reactivity reveal its significant synthetic potential. The unexpected 
formation of a stable intermediate complex with the Ni–C bond 
in its Michael addition at acetylenedicarboxylate indicates its 
unusual reactivity. Further studies of the complex reactivity are 
justified and this work is ongoing in our laboratory.
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Figure  3  Molecular structure of racemic complex 4.

§	 Synthesis of complex 5. Potassium carbonate (0.82 g, 0.6 mmol) and 
trifluroacetic anhydride (0.056 ml, 0.4 mmol) were added to a solution of 
complex (S)-2 (0.1 g, 0.2 mmol) in CH2Cl2 (10 ml) at 25°C with stirring. 
The reaction course was monitored by TLC (SiO2, CHCl3–acetone, 7 : 1). 
The product was purified by column chromatography (SiO2, CHCl3–
acetone, 7 : 1), yield 56.3 mg (48%).


