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NICKEL(II) COMPLEX WITH THE BIS(PHENOLATE)
PINCER N-HETEROCYCLIC CARBENE LIGAND: SYNTHESIS,
STRUCTURE, AND PROPERTIES
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Abstract. The nickel(IT) complex Ni(L)Py (I) (L is 1,3-bis(3,5-di-fert-butyl-2-phenolato)-5,5-dimethyl-(4,6-
dihydropyrimidin-2-ylidene)) containing the dianionic bonded N-heterocyclic carbene (NHC) bis(phenolate)
ligand is synthesized. In the presence of a stronger base (4-dimethylaminopyridine (DMAP)), the exchange
reaction occurs with the replacement of pyridine in complex I by the DMAP molecule to form complex
Ni(L)(DMAP) (II), the crystal structure of which is determined by XRD. The synthesized compounds are
characterized by elemental analysis, mass spectrometry, and NMR spectroscopy. The spectral characteristics

of the compounds are studied.
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INTRODUCTION

The growing interest in the chemistry of transition
metal complexes with N-heterocyclic carbene (NHC)
ligands is primarily due to their unique electronic
properties, which facilitate the formation of strong
M—Cypcbonding, and their chemical behavior [1-8].
These complexes are finding increasing applications in
various fields of science, including organic synthesis,
materials science and medicine [9—15]. Meanwhile,
N-heterocyclic carbene complexes of metals of the
nickel subgroup are well established as catalysts for
various transformations including cross-coupling,
cycloisomerization, polymerization and hydrosilylation
reactions [16—25].

For additional tuning of steric and electronic
properties of complexes based on N-heterocyclic
carbenes, the use of tridentate bisphenolate-NHC
ligands of pincer type was previously proposed
[2]. According to the HSAB theory [26, 27], the
combination of a soft NHC ligand with two hard
O-donor anionic groups should significantly affect the

electronic structure and functional properties of the
metal complexes. Indeed, the high stability, variability
and activity of transition metal complexes based on
pincer-type ligands have made them indispensable in
modern organometallic chemistry and homogeneous
catalysis [28—30]. Thus, benzimidazolylidene,
imidazolylidene bisphenolate carbene ligands have been
used to construct nickel complexes (complexes A and
B, Scheme 1) [2, 31]. The influence of the o-donating
ability of NHC ligands on the catalytic activity and
selectivity of reactions catalyzed by transition metal
complexes has been reported in a number of works
[32—34]. Expansion of the NHC ring has been shown
to provide an increase in o-donor properties [35, 36].

The interest of our research group is directed
to the synthesis and catalytic application of pincer
complexes of metals of the nickel subgroup [37—43].
The present work describes the synthesis, structure
and spectral characterization of an N-heterocyclic
carbene bisphenolate nickel complex based on
tetrahydropyrimidin-2-ylidene. The N-heterocyclic



4 GAFUROV et al.
Bu —\ ‘Bu  Bu
N_ _N N. N
§ §
o—N\~o o—Ni~o
Bu N Bu Bu N Bu
| |
- g
A B
Scheme 1.

carbene used is a stronger o-donor than the ligands of
complexes A and B [44].

EXPERIMENTAL PART

All experiments related to the preparation of initial
reagents and electrochemical studies were performed in
an inert atmosphere (nitrogen 6.0) using standard Schlenk
apparatus. Organic solvents (pentane, dichloromethane,
pyridine) were purified and degassed using standard
techniques [45]. The starting proligand, 1,3-bis(3,5-
di-fert-butyl-2-hydroxyphenyl)-5,5-dimethyl-3,4,5,6-
tetrahydropyrimidin-1-yl chloride (LH,Cl), was
prepared according to previously published methods
[46]. All other reagents (potassium carbonate (Vecton),
anhydrous NiCl, (Acros), 4-dimethylaminopyridine
(DMAP, Acros), and CDCI, (Solvex)) were used without
further purification.

NMR spectra of 'H, BC{'H} were recorded on a
BRUKER AVANCE-400 spectrometer (Germany-
Switzerland) at 400.17 MHz ('H) and 100.62 MHz (*C).
The chemical shifts of '"H and *C{'H} are given relative
to tetramethylsilane in ppm and calibrated against the
residual proton resonance of the deuterated solvent used.
IER mass spectra were taken on a BRUKER AmazonX
mass spectrometer (Germany). Detection of positive
ions was performed in the m/z range from 100 to 2800.
The voltage on the capillary is 4500 V. Nitrogen with
a temperature of 250°C and a flow rate of 8 1/min was
used as a drying gas. The sample was injected at a rate
of 4 ul/min using a syringe pump. Elemental analysis
was performed on a CHNS high-temperature analyzer
Elementar vario MACRO cube (Germany). Absorption
spectra of the studied complexes were recorded on a
Perkin-Elmer Lambda 35 spectrophotometer (USA) at
a sample scanning speed of 480 nm/min with a slit of 1
nm. The spectra of sample solutions in dichloromethane
with a concentration of 0.1 mM were recorded in quartz
cuvettes 10 mm thick at a temperature of 298 K.

Synthesis of [1,3-bis(3,5-di-zert-butyl-2-phenolate)-
5,5-dimethyl- (4,6-dihydropyrimidin-2-ylidene] pyridine
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nickel (I). A mixture of LH;Cl (100 mg, 0.179 mmol),
anhydrous NiCl, (23.2 mg, 0.179 mmol) and potassium
carbonate (744 mg, 5.4 mmol, 30 eq.) was suspended
using an ultrasonic bath in pyridine (10 mL) in a Schlenk
flask. The mixture was then stirred for 12 h at 100°C
under nitrogen atmosphere. Thereafter, the volatile
components of the resulting suspension were removed
vacuo. The residue was dissolved in dichloromethane,
the resulting solution was filtered through a silica gel
column, then the solvent was removed in vacuo. The
yield was complex I (85 mg, 68%, brown solid).

PMR spectrum: (400.17 MHz; 300 K; CDCl;; 9,
ppm): 0.90 (s, 18H, C(CH,),), 1.21 (s, 6H, C(CH,),),
1.33 (s, 18H, C(CH,);), 3.54 (s, 4H, CH,), 6.90 (d,
4 = 2.4 Hz, 2H, CH jpenoxy)> 6.99 (d, # Jyyyy = 2.3 He,
2H, Cthenoxy) 7.28 (t, oy = 6.3, 2H, CH, 2 7.67
(t, oy = 7.7, TH, CH, 2 8.86 (d, WV =54, o,
NCHp,). Spectrum 5C{1H} NMR (100.62 MHz; 300 K;
CDCL;; 5, ppm): 24.6 (C(CHs),), 28.4 (C(CH,)s),
29.3 (C(CH3)3) 31.8 (C(CHj)3), 34.9 (C(CH,)5), 57.3
(NCH,), 113.3 (CH,,), 118.9 (CH,,), 123.5 (CH,,),
134.5 (C—0), 137.2 (CHy,), 137.3 (C,,), 138.6 (Coo.
150.5 (CHy,), 154.3 (C,)), 173.3 (Coppons)-

IER mass spectrum (in CH;CN), m/z: 576.41 [1—
Py]", 519.51 [L+ H]*; 655.36 [I]‘.

Found, %: C70.73; H 8.38; N6.33.
For C;yHsN;0,Ni
calculated, %: C71.34; H 8.44; N6.40.

Synthesis of [1,3-bis(3,5-di-zert-butyl-2-phenolate)-
5,5-dimethyl-(4,6-dihydropyrimidin-2-ylidene] (4-dime-
thylaminopyridine) nickel (IT). To a solution of complex
I (15 mg, 0.023 mmol) in dichloromethane (2 mL)
a solution of 4-dimethylaminopyridine (DMAP)
(3.4 mg, 0.028 mmol, 1.2 eq.) in dichloromethane
(2 mL) was added. The resulting mixture was stirred
at room temperature for 2 h, after which all volatile
components of the mixture were removed in vacuo, the
product was extracted with pentane (3 mL) and filtered
through a Schott filter. The filtrate was incubated for
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3 days at —10°C, which resulted in the formation of red
crystals. The mother liquor was decanted, the crystals
were washed with cold pentane and dried in vacuo. The
yield of complex II was 56% (9 mg, red colored solid).
Crystals of complex II suitable for X-ray diffraction
study were obtained from the solution in pentane by
slow evaporation of the solvent.

PMR spectrum: (400.17 MHz; 300 K; CDCl;; 9,
ppm): 0.96 (s, 18H, C(CH,)), 1.18 (s, 6H, C(CH,),),
1.32 (s, 18H, C(CH,;);), 2.99 (c, 6H, N(CH,;),) 3.51
(s, 4H, CH,), 6.40 (d, 3Jy; = 6.2 Hz, 2H, CHpyap),
6.89 (¢, 2H, CH . c100)» 6.97 (¢, 2H, CH . 00,)5 8.29 (d,
3uy = 6.2 Hz, 2H, CHpyap)- NMR spectrum: *C{'H}
(100.62 MHz; 300 K; CDCls; 8, ppm): 24.1 (C(CHj5),),
29.2 (N(CH,),), 29.9 (C(CH,;),), 31.6 (C(CH,)5), 34.5
(C(CH,),), 35.4 (C(CH,),), 61.7 (NCH,), 119.9 (CHAr),
122.6 (CH,,), 132.2 (CHy,), 139.5 (C-0), 143.0 (C,)),
148.1 (Cy,), 154.7 (CHp,), 165.4 (C_ypene)-

IER mass spectrum (in CH;CN), m/z: 659.37 [1I—
DMAP+2CH,CN]", 698.36 [11]~

Found, %: C70.52; N&8.73; N7.93.
For C,H¢N,O,Ni
calculated, %: C70.39; N&8.64; NS8.0I.

X-ray crystallography of a single crystal of compound
IT was performed on an automatic diffractometer
Bruker D8 QUEST (Germany) with MoK -radiation
(0.71073 A) at a temperature of 120(2) K. Data
acquisition and indexing, determination and refinement
of unit cell parameters, absorption correction,
accounting for systematic errors, and determination of
the crystal space group were performed using the APEX4
software package (v2021.10—0, Bruker AXS). The
structure was decoded by the SHELXT-2018/2 software
[47] and refined by the full-matrix least-squares method
on F?by the SHELXL-2018/3 software [48]referred to
simply as 'a CIF'. The final refinement was performed
by the Olex2 software [49]. All non-hydrogen atoms are
refined in the anisotropic approximation. Hydrogen
atoms are placed in geometrically calculated positions
and included in the refinement in the riding model.
The crystallographic data and details of the diffraction
experiment are summarized in Table 1.

Crystallographic parameters have been deposited
in the Cambridge Structural Data Bank (CCDC No.
2366418; http://www.ccdc.cam.ac.uk)

Quantum-chemical molecular structure calculations
were performed by the B3LYP density functional
method [50, 51] using the all-electron basis set cc-pVDZ
[52, 53] taking into account the influence of dispersion
interactions [54, 55] broader range of applicability, and
less empiricism. The main new ingredients are atom-
pairwise specific dispersion coefficients and cutoff
radii that are both computed from first principles. The
coefficients for new eighth-order dispersion terms are
computed using established recursion relations. System
(geometry (computational procedure B3LYP-D3(BJ)/

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 51

cc-pVDZ). Vertical singlet-singlet electronic transitions
(absorption spectra) were calculated by the TD-DFT
method within the Tamma-Dankov approximation
[56—58]. The basic working equations of TD-DFRT
are then derived in a form analogous to the time-
dependent Hartree—Fock (TDHF using the B3LYP
density functional and the extended def2-TZVP basis
set [59—61] (computational procedure TD-B3LYP/
def2-TZVP). All quantum chemical calculations were
performed using the ORCA 4.0 software package [62].

RESULTS AND DISCUSSION

The precursor N-heterocyclic carbene ligand
LH,CI was prepared according to the described
method [46]. The synthesis of its nickel complex was
carried out using a modified procedure proposed
earlier for related complexes A and B [2]. Thus, the
interaction of the proligand LH,Cl with anhydrous
nickel dichloride and an excess of potassium
carbonate in pyridine at 100°C for 12 h (Scheme
1) led to the formation of complex I in 68% yield.
The formation of the corresponding bisphenolate
N-heterocyclic carbene complex was confirmed
by the presence of a carbene carbon atom signal
on the NMR spectrum of ;C{,H} at 173.3 ppm.
At the same time NC(H)N and OH protons of
tetrahydropyrimidine and phenol of the initial
proligand were not detected when analyzing the
'H NMR spectra. Note that the values of chemical
shifts O.,eqe described for complexes A and B are
much smaller (146.8 ppm for A and 162.4 ppm for
B), which reflects the o-donor ability of NHC ligands
increasing in the series of complexes A, B, and I [36].
A complete assignment of the signals in the 'H and
BC{'H} NMR spectra for complex I is presented in
the Experimental Part. The proposed formula of the
complex was also confirmed by elemental analysis and
ESI mass spectrometry.

Despite numerous attempts, a crystal of the
complex I suitable for X-ray diffraction study could
not be obtained. However, it was found that in the
presence of a stronger base (DMAP), an exchange
reaction occurs with the replacement of pyridine
in the complex I with a DMAP molecule to form
the complex II (Scheme 2). In the NMRBC{'H}
spectrum of the complex II, a singlet with a chemical
shift of 165.4 ppm corresponds to the carbene
carbon atom (the complete assignment of signals in
NMR 'H and BC{'H} spectra for the complex II is
presented in the Experimental part). According to
X-ray crystallography data, the complex II crystallizes
in the space group P2,/n. The Ni(1) atom is in a
distorted plano-square environment formed by C(1),
O(1), O(2) and N(3) atoms (Fig. 1), which is in full
agreement with the diamagnetism of the obtained
complex. The pyridine occupies a frans position
relative to the ipso-carbon of the pincer ligand. The
Ni—O bond lengths are 1.851(2) and 1.820(3) A
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Table 1. Crystallographic data and parameters of structure refinement complex 11

Parameter Value
Gross formula C, HgN,O,Ni
M 699.64

Color, habitus

Crystal dimensions, mm
Shooting temperature, K
Syngony

Sp. group

a, A

b, A

c, A

a, A

B, A

y, A

v, A3

VA

p(ded.), g/em?

p, mm-!

F(000)

0._..-0 . deg

min~ ¥ max,

Reflection index intervals

Red-orange, prism
0.311 x 0.205 x 0.177
120
Monoclinic
P2,/n
15.1781(8)
13.1021(6)
24.6441(12)

90
100.061(2)

90
4825.5(4)

4
0.963
0.433
1512
2.94 t0 53.992.
—19<h<19,—16< k< 16,—31 < /< 31

Reflections measured 94542
Independent reflections 10535 (R, = 0.0758, Ry, = 0.0355)
Reflections with 7> 26([) 10535
Reflections/restrictions/parameters 10535/139/499
GOOF 1.228
c® N , ‘Bu N. _N ‘Bu
@ I\F/ N1C12, KzCO}, Py (I:
) HO Bu 100°C o T\|ILO
Bu OH tBu N\ tBu
‘Bu | —
LH;Cl1 1, 68%
‘Bu N. _N ‘Bu ‘Bu N. _N 'Bu
C DMAP §
_Ni - > _Ni
o LO CH,Cl,, RT o LO
Bu Ny ‘Bu S Bu Ny ‘Bu
| 4 | 4
1
N
2, 56
Scheme 2. > 56%
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and agree well with the Ni—Opy,,.,, distances in
the analogous phenolate complex A (1.847(2) and
1.835(2) A). At the same time, the Ni—C_,, ... bond
length (1.851(4) A) is longer than in the case of
complex A (1.794(3) A). Also worth noting is the
significant deviation from the OCONIi plane of the

|O(1)—N(1)—N(2)—0(2)| = 44.33° fragment (29.97°

for A) [2].

Fig. 2 shows the optimized structure of the
complex I. Selected bond lengths (A) and angles (deg)

for the complexes I, II, and A are given in Table 2.

Quantum chemical calculations of the molecular
structure predict a deviation of the NHC fragment from
the plane defined by OCO atoms, which is in agreement
with the results of the diffraction analysis carried out
for the complex II. The Ni—C_, .. bond length (1.876
A) in the optimized structure of the complex I is also
longer than that found for its analog A.

According to Fig. 3 (red line), the absorption
maxima of 0.1 mM solution of the complex I in
dichloromethane are detected at wavelengths of 311
nm (e = 9580 M! x cm™!) and 382 nm (e = 2600 M"!

Fig. 1. Molecular structure of the complex II (top) and
C—Ni axis view (bottom; 7-Bu groups and DMAP not
shown). Selected bond lengths and angles: C(1)—Ni(1),
1.851(4); N(3)—Ni(1), 1.972(3); O(1)—Ni(1), 1.851(2);
0(2)—Ni(1), 1.820(3) A; N(1) C(1) N(2) 117.9(3)*; C(1)
Ni(1) O(2) 91.6(1)%; C(1) Ni(1) O(1) 91.8(1)*; O(2) Ni(1)
O(1) 173.9(1)°; C(1) Ni(1) N(3) 174.1(1)".
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Fig. 2. Structure of the complex I optimized as a result
of quantum chemical calculation by density functional
theory (B3LYP-D3(BJ)/cc-pVDZ).

x ¢cm™'). According to quantum chemical calculations,
both absorption bands correspond to intraligand n—m*
(phenolate - NHC) excitations mixed with metal-
to-metal charge transfer. Thus, calculations predict
a band at 382 nm (f,,, = 0.13), for which HOMO -
LUMO+2 (47%) and HOMO - LUMO+3 (34%)
excitations are responsible, as well as high-energy
bands at 339 (f,,. = 0.11) and 323 (f,,, = 0.08) nm
corresponding to HOMO-1 - LUMO+2 (62%) and
HOMO-1 - LUMO+3 (75%) transitions, respectively.
The absorption spectrum for the complex II (Fig.
3, blue line) is almost identical to the spectrum
obtained for the complex I. It is worth noting that the
absorption maximum for the complex A is observed at
374 nm and for the complex B at 393 nm [31]; these
bands are similarly assigned to phenolate - NHC
transitions.

Thus, in the present work, the pyridine complex of
nickel I with pincer tetrahydropyrimidine-2-ylidene
O, C, O-bisphenolate ligand was synthesized and
isolated in good yield. The interaction of the complex
I with DMAP leads to the substitution of pyridine
in the complex I with DMAP molecule to form the
complex II, the structure of which in the crystal was
unambiguously established by X-ray crystallography
and confirmed by NMR spectroscopy in solution.
The nickel atom in the complex is characterized by
a flat-quadratic ligand environment, which is in full
agreement with the diamagnetism of the obtained
complex. The reversal of the NHC fragment of
the pincer ligand relative to the plane defined by
[OCONi] atoms is 44.33°, which is much larger than
that found for the similar nickel A complex based
on imidazol-2-ylidene (29.97°). Quantum chemical

No.1 2025
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Table 2. Comparison of the selected bond lengths (A) and angles (deg) in I, II, and A*

GAFUROV et al.

Complex Ni(1)—0(1) Ni(1)—-0(2) Ni(1)—C(1) I0(1)=N(1)=N(2)—0(2)|
I (calculated) 1.879 1.838 1.876 41.48
11 (exp.) 1.851(2) 1.820(3) 1.851(4) 44.33
A (exp.) [2] 1.847(2) 1.835(2) 1.794(3) 29.97

*Experimental values were obtained from X-ray crystal structures; Calculated values were obtained from quantum chemical calculation

(B3LYP-D3(BJ)/cc-pVDZ).

0.6

Absorbance, rel. units

300 400 500
Wavelength, nm

-0.5

o o
. z)J . :';
Oscillation

T
e
S}

-0.1

600 700 800

Fig. 3. Absorption spectra of 0.1 mM solutions of the complexes I (red line) and II (blue line) in dichloromethane at 298
K. The dotted line represents the calculated absorption spectrum (TD-B3LYP/def2-TZVP) for the complex I (red line) and
II (blue line). The vertical bars represent the calculated electronic transitions for the complex I. Inset: molecular orbitals of
the complex I participating in electronic transitions (contour value 0.03).

calculation of the molecular structure of the complex
I predicts an elongation of the Ni—C_,,.,. bond
compared to A, which is consistent with the X-ray
crystallography data for II.
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