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ABSTRACT

The known Rh(2-Me-8-0xq)(CO), complex (1) was prepared through treatment of dicar-
bonyl(acetylacetonate)rhodium (I) with 2-methyl-8-hydroxyquinoline for the first time. The reactions of 1
with triphenylphosphine and triphenylphosphite result in complexes Rh(2-Me-8-0xq)(PPh3)(CO) (2) and
Rh(2-Me-8-0xq)[P(OPh)3](CO) (3) that were characterized by IR and NMR spectroscopy. The structures
of complexes 2 and 3 were determined by single-crystal X-ray diffraction analysis. The complexes show
the 2-methyl-8-quinolinolato ligand in the expected coordination mode with a slightly disordered square
planar geometry at the rhodium center. In the crystal, molecules of Rh(2-Me-8-0xq)(CO)(PPh3) (2) form
centrosymmetric dimers due to m-stacking interactions. No intermolecular contacts are observed in
the crystal of 3. The UV spectroscopic and electrochemical properties of complexes 1-3 were studied.
Their electronic spectra in CH3CN show three quinoline-centered absorptions. The electrochemical study
revealed that the oxidation of the complexes 1-3 is two-electron and leads to the formation of dication

UV spectroscopy
X-ray structure

Rh (III) species while their reduction gives radical anions, which undergoes rapid decomposition.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Rhodium (I) complexes of the type Rh(bident)(CO)(L) (where
L is a C-, P-, N- or S-donor ligand) with chelating monoanionic
bidentate ligands coordinated to rhodium via 0,0- or N,O- donor
atoms remain one of the predominantly utilized catalysts pre-
cursors in hydroformylation, isomerization and hydrogenation of
olefins [1,2]. In the last decade, it was found out that these species
are also able to catalyze coupling reactions of common reagents
in ways that have not been demonstrated with other metal cat-
alysts [3-8]. For example, the team of Fumitoshi Kakiuchi devel-
oped efficient protocols for the regioselective synthesis of (Z)-enol
ethers, based on the reactions of anti-Markovnikov addition of
alcohols to terminal acetylenes catalyzed by rhodium dicarbonyl
complexes containing 2-methyl-8-quinolinolato ligand [4,9]. How-
ever, the rhodium (I) complexes containing 8-quinolinolato ligands

* Corresponding author.
E-mail addresses: vvv@sany-ok.ru, vvv@icct.ru (V.V. Verpekin).

https://doi.org/10.1016/j.molstruc.2021.131557
0022-2860/© 2021 Elsevier B.V. All rights reserved.

are less studied than those with S-diketone ligands. To our knowl-
edge, no electrochemical and UV-absorption spectroscopic proper-
ties of such 8-quinolinolato rhodium (I) species were described up
to date. Herewith, study of physic-chemical properties and deter-
mination of structures of new rhodium (I) complexes is essential
not only to their chemistry, but also to the understanding their role
in different processes.

From our point of view, dicarbonyl rhodium (I) complexes can
also be applied as precursors in the construction of heterometallic
complexes [10]. For example, previously, our group demonstrated
that the treatment of manganese vinylidene Cp(CO),Mn=C=CHPh
with Rh(acac)(CO), resulted in binuclear p-vinylidene MnRh com-
plex Cp(CO),Re(n1-C=CHPh)Rh(CO)(acac) [11]. The feasibility of the
synthesis of such heterobimetallic species is possible due to the la-
bility of one of the carbonyl groups in the dicarbonyl rhodium (I)
complexes. Unfortunately, attempts to synthesize any heterometal-
lic complexes via reactions between Rh(2-Me-8-0xq)(CO), and
Cp(CO);M=C=CHPh (M = Mn, Re) were unsuccessful. However,
a literature search revealed no reports describing the electro-
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chemistry, UV spectra or molecular structures of Rh(I) complexes
with the 2-methyl-8-quinolinolato ligand. Therefore, this work has
been evolved into a study of series of such complexes, Rh(2-Me-
8-0xq)(CO), (1), Rh(2-Me-8-0xq)(PPh3)(CO) (2) and Rh(2-Me-8-
0xq)[P(OPh)3](CO) (3). Here we report the electrochemical and
UV-spectroscopic properties of the Rh(I) 2-methyl-8-quinolinolato
complexes for the first time. During this work, we also character-
ize the complexes 2 and 3 by IR and NMR spectroscopy, perform
their X-ray diffraction study and develop a more straightforward
synthetic method to 1.

2. Experimental
2.1. Materials

All operations and manipulations were carried out under an
argon atmosphere. Solvents (diethyl ether, petroleum ether, hex-
ane, dichloromethane, acetonitrile) were purified by distillation
from the appropriate drying agents and stored under argon.
Triphenylphosphine, triphenylphosphite and 2-methyl-8-quinoline
(ABCR) were commercially available and used as received. Dicar-
bonyl(acetylacetonate)rhodium (I) Rh(acac)(CO), was prepared ac-
cording to literature procedure [12].

2.2. Measurements

Physical-chemical characteristics were obtained in the Krasno-
yarsk Regional center of Research Equipment, Siberian Branch of
the Russian Academy of Sciences. The IR spectra were recorded on
the Shimadzu IR Tracer-100 spectrometer (Japan). The UV spectra
were measured from 210 to 700 nm on Shimadzu UV-3600 Plus
spectrometer. The 'H, 3C{1H} and 3'P{'"H} NMR spectra were ob-
tained using NMR spectrometer AVANCE III 600 (Bruker, Germany).
The X-ray data were obtained with the Smart Photon II diffrac-
tometer (Bruker AXS, Germany). The course of reactions was mon-
itored by IR spectroscopy.

2.3. Synthesis

2.3.1. Rh(2-Me-8-0xq)(CO),

Rh(acac)(CO), (122 mg, 0.473 mmol) was dissolved in diethyl
ether (8 mL), then (2-Me-8-OxqH) (79 mg, 0.497 mmol) were
added. The mixture was stirred at room temperature in argon at-
mosphere. The dark green crystalline precipitate appeared imme-
diately. Petroleum ether (4 mL) was added to the reaction mix-
ture. The precipitate was filtered on a Schott filter, washed with
diethyl ether (2x2 mL) and petroleum ether (3x2 mL) and dried
in vacuo to yield Rh(2-Me-8-0xq)(CO), as bronze-colored solid
(125 mg, 0.393 mmol, 83%). Anal. Found: C, 43.86; H, 2.30; N,
4.19%. Calc. for C;oHgNO3sRh (317): C, 45.45; H, 2.54; N, 4.42%. IR,
cm~!: 2080 cm~!, 2003 cm~! (CH,Cl,); 2065 cm~!, 2007 cm™!
(KBr). The 13C and 'H NMR data obtained for the CDCl; solution of
the complex are in good agreement with the literature data [9].

2.3.2. Rh(2-Me-8-0xq)(CO)(PPh3)

Rh(2-Me-8-0xq)(CO), (117 mg, 0.369 mmol) was suspended in
diethyl ether (8 mL) with stirring in an argon atmosphere at room
temperature, then PPhs (97 mg, 0.370 mmol) was added. A yellow
precipitate formed, which was filtered on a Schott filter, washed
with diethyl ether (2 x 2 mL) and petroleum ether (3 x 2 mL)
and dried in vacuo to yield 165 mg (0.299 mmol, 81%) of product.
Anal. Found: C, 63.28; H, 3.87; N, 2.90%. Calc. for C;gH,3NO,PRh
(551): C, 63.17; H, 4.20; N, 2.54%. IR, cm~!: 1961 cm~!(CH,Cl,);
1950 cm~! (KBr).

TH NMR (CDCl3, 25°C) 8, ppm [], Hz]: 3.03 (s, 3H, -CH3); 6.74
(d, Jann = 1.1, Jyg = 8.0, 1H, H7); 6.90 (d, Jyy = 7.8, 1H, H5); 7.29
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(t, Jay = 8.0, 1H, H6); 7.33 (d, Jyyq = 8.5, 1H, H3); 7.42-7.50 (m, 9H,
H of PPhs); 7.84 (m, 6H, H of PPhs); 8.11 (d, Jyy = 8.5, 1H, H4).

13C{TH} NMR (CDCl3, 25°C) 8, ppm [J, Hz]: 29.9 (d, 3Jgic = 1.7,
-CHs); 1114 (s, C5); 114.9 (d, 3Jgpc = 1.7, C7); 122.7 (d, 3Jgpc = 3.5,
C3); 128.2 (d, Jop = 10.4, Cmeta Of PPh3); 128.9 (s, C6); 130.3 (d,
Jop = 2.4, Cpara Of PPh3); 1321 (d, 3Jgpc = 10.1, C4a); 132.8 (d,
Jep = 50.3, Cipgo Of PPh3); 134.7 (d, Jcp = 114, Coyeno Of PPh3); 138.5
(s, C4); 144.3 (d, 2gnc = 1.7, C8a); 157.8 (d, 2Jgnc = 1.7, C2); 164.4
(d, Zgnc = 4.5, C8); 191.3 (dd, Jgyc = 70.1, -CO).

31p{1H} NMR (CDCl3, 25°C) §, ppm [], Hz]: 43.52 (Jpg, = 172.0).

2.3.3. Rh(2-Me-8-0xq)(CO)[P(OPh)3]

Rh(2-Me-8-0xq)(CO), (50 mg, 0.158 mmol) was suspended in
diethyl ether (6 mL) with stirring in an argon atmosphere at room
temperature, then P(OPh3) (0.043 mL, 51 mg, 0.165 mmol) was
added. A yellow precipitate formed, which was filtered on a Schott
filter, washed with diethyl ether (2 x 2 mL) and petroleum ether
(3 x 2 mL) and dried in vacuo to yield 78 mg (0.131 mmol,
82%) of product. Anal. Found: C, 58.13; H, 3.72; N, 2.66%. Calc.
for CyoH3NOsPRh (599): C, 58.02; H, 4.03; N, 2.33%. IR, cm™!:
1988 cm~! (CH,Cly); 1983 cm~! (KBr).

TH NMR (CDCl;, 25°C) 8, ppm [J, Hz]: 2.87 (s, 3H, -CH3); 6.91
(m, 2H, H5+H7); 718 (t, Jyy = 7.8, 3H, Hpara of PPh3); 7.26 (d,
Jau = 8.2, 1H, H3); 7.34 (m, 7H, H of PPh; + H6); 7.47 (m, GH,
H of PPhs); 8.08 (d, Jyy = 8.5, 1H, H4).

13C{TH} NMR (CDCl3, 25°C) 8, ppm [J, Hz]: 29.6 (d, 3Jgnc = 1.7,
-CHs); 111.7 (s, €5); 115.1 (d, 3Jgpe = 1.7, C7); 121.2 (d, ®Jpc = 5.2,
Cpara Of P(OPh)3); 122.4 (d, 3Jgnc = 5.2, C3); 124.8 (d, 4Jpc = 1.0,
Cmeta of P(OPh)3); 128.4 (s, C4a); 129.0 (s, C6); 129.5 (s, Cortho
of P(OPh);); 139.1 (s, C4); 143.7 (d, 2Jgsc = 3.1, C8a); 1514 (d,
2Jpc = 6.6, Cipso Of P(OPh)3); 157.9 (d, 2Jene = 2.1, C2); 168.0 (d,
2Jrnc = 4.9, C8); 188.6 (dd, Jgpc = 68.7, -CO).

31p{1H} NMR (CDCl3, 25°C) 8, ppm [], Hz]: 120.07 (Jpgp, = 292.5).

2.3. X-ray diffraction studies

Crystal data and X-ray experimental details for the complexes 2
and 3 are given in Table 1 and in the supplementary materials.

Bright yellow crystals of carbonyl(2-methyl-8-quinolinolato)
(triphenylphosphane)rhodium Rh(2-Me-8-0xq)(CO)(PPh3) (2) and
carbonyl(2-methyl-8-quinolinolato)(triphenyl ~ phosphite)rhodium
Rh(2-Me-8-0xq)(CO)[P(OPh)s3] (3) complexes suitable for the X-ray
crystallography were grown from methylene chloride solutions
under argon atmosphere at +5 °C. The experimental data were
collected on a Smart Photon II diffractometer (Bruker AXS) with
CCD area detector and graphite monochromator using MoKo
(A = 0.71073 A) radiation at room temperature. Absorption
corrections have been applied using multiscan procedure [13].
The structures were solved by direct methods and refined by
full-matrix least squares on F2, using SHELX programs [14,15].
Hydrogen atoms have been placed in calculated positions and
taken into account in the final stages of refinement in the “riding
model” approximation.

2.4. Electrochemistry

The electrochemical measurements were carried out in acetoni-
trile solutions with 0.1 M [Et4N][BF4] as a supporting electrolyte.
The cyclic voltammograms (CV) and polarograms were recorded on
an IPC-Pro M potentiostat (Volta, Saint-Petersburg, Russia) using a
three-electrode system. The working electrode! was a stationary
platinum (Pt) electrode of 1 mm diameter or a stationary glassy

T The application of different working electrodes offers an opportunity to study
the oxidation and reduction properties of compounds in the wide range of acces-
sible potentials. The measurement region of potentials in acetonitrile (vs. Ag/0.1 M
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Table 1
Crystallographic data and the details of X-ray diffraction experiments.
2 3
CCDC 2078783 2078782
Empirical formula RhPNCy90,Hy3 RhPNCy905H>3
Formula weight 551 599
T(K) 296
Crystal system Triclinic
Space group P-1(2)
a(A) 9.3599(5) 9.3211(3)
b (A) 9.8661(5) 11.6208(4)
c(A) 14.4994(7) 12.6026(5)
o (°) 98.1870(10) 96.5100(10)
B (°) 93.0600(10) 106.1780(10)
y (°) 114.9920(10) 94.8790(10)
V (A3) 1191.56(11) 1292.82(8)
deae (g/cm=3) 1.537 1.540
z 2 2
u (mm-1) 0.811 0.763
F(000) 560 608
Radiation MoKa (A=0.71073)
26-range for data collection (°) 2.86 to 54.334 3.4 to 58
Index ranges -12<h<12,-12<k<12,-18 <1< 18 -12<h<12,-15<k <15,-17<1 <17
Reflections collected 13,531 15,255
Unigq. refl./R;/R» 5280/ 0.0370/ 0.0428 6845/ 0.0408/ 0.0541
Number of parameters/restraints 308/ 0 336/ 0
R1[I>20(1)] 0.0349 0.0398
R1/wR2 [all data] 0.0486/0.0756 0.0634 | 0.0867
GooF 1.037 1.023
AP min A Pmax -0.28/0.36 -0.35/0.41

carbon (GC) electrode of 4 mm diameter in a Teflon housings or
a dropping mercury electrode (DME) with a positive margin drop
(m = 3.6 mg/s, T = 0.23 s). The reference electrode was Ag/0.1 M
AgNO3; in MeCN. Potentials are given versus Ag/0.1 M AgNO; in
MeCN (they can be converted to V versus SCE by adding 0.337 V).
The auxiliary electrode was a platinum wire. The reference elec-
trode and the auxiliary electrode were separated from the bulk so-
lution in a glass tube filled with an electrolyte solution and fit-
ted with a porous plug. The number of the electrons transferred
in a particular redox process was estimated by comparison of the
wave height observed with those of the one-electron ferrocene*/°
of the same concentration as well as through usual diagnostic elec-
trochemical parameters.

3. Results and discussion
3.1. Synthesis

Previously [4], the reaction of dimethylammonium dicar-
bonyldichlororhodate [NH,;Me,][RhCl;(CO),] with 2-methyl-8-
hydroxyquinoline in DMF was suggested by Kakiuchi’'s group for
the synthesis of the complex 1 (Scheme 1, reaction (a)). However,
to isolate the desired product Rh(2-Me-8-0xq)(CO), (1) obtained
by this method, a large amount of solvents was required. At the
same time, the team of Varshavsky previously showed that the
analogous 8-quinolinolato rhodium (I) complex Rh(8-Oxq)(CO),
can be obtained by the substitution of the acetylacetonate ligand
in Rh(acac)(CO), with 8-hydroxyquinoline [16] . We found out that
complex 1 can also be prepared in high yields by Varshavsky’s
approach using the reaction of dicarbonyl(acetylacetonate)rhodium
(I) with 2-methyl-8-hydroxyquinoline. Moreover, in contrast to
the “dicarbonyldichlororhodate” method, the isolation of Rh(2-
Me-8-0xq)(CO), (1), in this case, was more straightforward and
required significantly less solvent (see Experimental part and
Supplementary material). The addition of triphenylphosphine

AgNO5 in MeCN) is from 0.30 to -3.20 V at DME, from 2.00 to -2.20 V, and from
2.00 to -2.80 V at the Pt and GC electrodes, respectively.

Table 2
The main structural characteristics of 2-methyl-8-quinolinolato rhodium (I) com-
plexes.

Rh(2-Me-8-0xq)(CO)(PPhs) (2)  Rh(2-Me-8-0xq)(CO)[P(OPh)s] (3)

Lengths, A
Rh-C1 1.794(4) 1.807(3)
c1-01 1.156(4) 1.152(4)
Rh-N 2.155(2) 2.128(2)
Rh-02 2.024(2) 2.018(2)
2-02 1.318(3) 1.326(3)
Rh-P 2.2565(7) 2.1724(7)

Angles, (°)

N-Rh-P 167.52(7) 167.08(7)
02-Rh-C1 175.47(13) 175.37(11)
Rh-C1-01 176.7(4) 176.0(3)

P-Rh-C1 90.33(10) 89.23(10)
N-Rh-02 79.67(9) 80.89(9)

P-Rh-02 87.94(6) 86.32(6)
N-Rh-C1 102.14(12) 103.60(12)

and triphenylphosphite to complex 1 resulted in the formation
of complexes Rh(2-Me-8-0xq)(CO)(PPh3) (2) and Rh(2-Me-8-
0xq)(CO)[P(OPh)3] (3), respectively.

3.2. Molecular structures

The molecular structures of complexes 2 and 3 were estab-
lished by an X-ray diffraction study. Suitable crystals were grown
from methylene chloride solutions. The views of the structures are
shown in Fig. 1. Crystal data and refinement parameters are shown
in Table 1. Selected bond distances and angles of the complexes are
given in Table 2.

Both complexes crystallized in the triclinic space group P-1 (2),
their molecular structures are similar and display a slightly dis-
torted square planar geometry, with PPh; and P(OPh); ligands dis-
posed trans to the nitrogen atom of the 2-methyl-8-quinolinolato
chelate (N-Rh-P angles = 167.52(7)° for 2 and 167.08(7)° for 3).
Both complexes have the 2-methyl-8-quinolinolato chelate, the
carbonyl group and the P atom of phosphorous ligand in the
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Fig. 2. The packing diagram of Rh(2-Me-8-0xq)(CO)(PPhs) (2).

same plane as expected for square planar coordination of the
rhodium atom. The bond lengths and angles in 2 and 3 are close
to each other (Table 2). However, one can detect the shorten-
ing of Rh-P and Rh-N bond lengths in complex 3 compared to
the same bonds in 2 (by 0.084 and 0.027 A, respectively). This
shortening is apparently attributed to the better m-acceptor abil-
ity of the P(OPh); ligand with respect to PPhs in 2. The Rh-CO
distance in 3 is by 0.013 A longer than in 2. Similar correla-
tions in geometric parameters were observed for the analogous 8-
quinolinolato rhodium (I) complexes Rh(8-0xq)(CO)(PPh3) [17,18]
and Rh(8-0xq)(CO)[P(OPh)3] [19]. Moreover, a comparison of these
complexes with 2 and 3 indicates that there are negligible struc-
tural differences between them. Only lengthening of Rh-N bond
distances in 2 and 3 by ca. 0.04 A should be noted, compared to
8-quinolinolato rhodium (I) complexes.

Square planar 16-electron rhodium (I) complexes are known to
be prone to stack, producing continuous one-dimensional chains
or dimers in the solid state [20-22]. These aggregation properties
were showed to control by metallophilic rhodium-rhodium inter-
actions caused by the sigma-sigma interaction of d,2 molecular or-
bitals [23]. In the crystals of 2, no metallophilic Rh(I)---Rh(I) inter-
action are observed. The shortest rhodium-rhodium distances are
6.846 A. However, more detailed study of crystal packing showed
that molecules of Rh(2-Me-8-0xq)(CO)(PPhs) (2) form centrosym-
metric dimers due to m-stacking interactions between rhodium
2-methyl-8-quinolinolato fragments [Rh(2-Me-8-0xq)] with inter-
planar distance of 3.481 A and the shortest interatomic Rh.--C5
(2-x, 1-y, 2-z) distance of 3.682(4) A (Fig. 2). In these dimers
the Rh(2-Me-8-0xq)(CO)(PPh3) molecules are related by an inver-
sion center. Beside, weak interactions of the C-H-.-C type between
dimers were detected in the crystal of 2. The shortest one of
2.782(5) A was found between the meta hydrogen H28(1+x, ¥,
z) of PPhs ligand and C7 atom of 2-methyl-8-quinolonolato unit
(C28-H28.---C7 angle is equal to 143°). The interplanar distance be-
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&)

Fig. 1. Molecular structures of: Rh(2-Me-8-0xq)(CO)(PPh3) (2), Rh(2-Me-8-0xq)(CO)[P(OPh)3] (3).

tween the two nearest molecules of neighboring dimers of Rh(2-
Me-8-0xq)(CO)(PPhs) (2) is 1.697 A (Fig. 2). In contrast to 2, com-
plex Rh(2-Me-8-0xq)(CO)[P(OPh)3] (3) exists as a monomer in the
solid state with no intermolecular contacts. The shortest inter-
molecular distance observed in 3 between the oxygen of CO lig-
and and hydrogen of P(OPh); is 3.255 A and cannot be defined as
an interaction. The absence of any intermolecular contacts between
molecules in the crystal of 3 can be attributed to the larger steric
size of OPh substituents vs. Ph. Thus, despite the similarity of the
geometric parameters of molecules of both complexes, their crystal
packing is very different.

3.3. NMR and IR parameters

The 'H, 3C, 3'P NMR and the IR data for the complexes 2
and 3 were obtained (see Table 1S and Experimental part). The
structure of these complexes in solution can be deduced from
the combined NMR and IR data, which are similar to those of
previously described Rh(2-Me-8-0xq)(CO), (1) and 8-quinolinolato
rhodium complexes [9,16,19,24]. The 'H and '3C resonances of 2-
methyl-8-quinolinolato ligand of 2 and 3 were assigned on the ba-
sis of the published data of relative rhodium (I) complexes with
8-quinolinolato ligand. Overall, chemical shifts of this ligand of 2
and 3 'H and 3C NMR spectra are comparable with those of 1 and
only minor differences are observed [9]. For example, the carbon
atom of phenolic function in the 3C NMR spectra of 2 (164.4 ppm)
are upfield shifted by ~ 2.5 ppm in comparison to those of 1
(167.0 ppm) and 3 (168.0 ppm) containing better ;r-acceptor CO
and P(OPh); groups. The signals of PPhy and P(OPh); ligands in
the 1H, 13C, 3P NMR spectra of 2 and 3 are found in regions that
are typical for these ligands coordinated to the metal center.

The IR spectra of 2 and 3 in KBr pellets contain intense carbonyl
group stretching bands at 1950 and 1983 cm~!, respectively. Car-
bonyl carbon resonance in the 13C NMR spectra of these complexes
in CDCl3 solutions appears as doublet of doublets at 191.3 ppm
(Jrnc = 70.1 Hz) and 188.6 ppm (Jgpc = 69.0 Hz), respectively. Com-
parison of IR data of 1-3 revealed a decrease of v(CO) frequencies
in order of decreasing m-acceptor and increasing o-donor ability
of ligands from CO to P(OPh); and PPh;. The downfield shift of
carbon resonances of CO group is also observed in the *C NMR
spectra of 1-3 in the same order. The same tendencies in changes
of v(CO) values and carbonyl § 13C shifts was detected for the se-
ries of the analogous 8-quinolinolato rhodium (I) complexes Rh(8-
0xq)(CO)L (L = CO, PPhs, P(OPh)3) [16,24]. It is worth noting that
the differences in the IR and NMR parameters of carbonyl groups
between the 2-methyl-8-quinolinolato rhodium (I) complexes (1-
3) and their 8-quinolinolato analogues are minor. For example, an
upfield shift of § 13C carbon resonances of CO ligands by ~ 1 ppm
can be noted for 1-3 in comparison to Rh(8-Oxq)(CO)L (L = CO,
PPhs, P(OPh)3).
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Table 3
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UV/vis spectroscopic data of 2-methyl-8-quinolinolato rhodium (I) complexes 1-3 (C = 0.5 mM,
L = 2 mm), 2-Me-8-OxqH, its protonated and deprotonated forms in acetonitrile solutions

(C=1mM,L =2 mm).

Compound A, nm g, L:mol~1.cm™! AHjpp, cm™!
2-Me-8-OxqH 303 1500 3700
243 19700 2500
[2-Me-8-0xqH, |* 361 700 4200
324 1500 2600
258 19000 2400
[2-Me-8-0xq]~ 396 2160 3800
349 3820 1500
266 15000 2500
Rh(2-Me-8-0xq)(CO), (1) 430 3300 3300
369 2800 2600
273 28800 2400
Rh(2-Me-8-0xq)(CO)(PPhs ) (2) 415 3500 3400
343 4400 2800
271 20400 2300
Rh(2-Me-8-0xq)(CO)[P(OPh)s] (3) 428 3300 3100
385 3200 3000
270 24500 2300
3.04 (@) (b)
2.0
2.5
2.0 1.5
8 38
< 1.5 < 4ol
1.0
0.5
0.5
00! 0.0
T T T ) . X
200 300 400 500 300 400 500
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Fig. 3. UV/vis spectra of: (a) - Rh(2-Me-8-0xq)(CO); (1), (b) - Rh(2-Me-8-0xq)(CO)(PPhs) (2), (c) - Rh(2-Me-8-0xq)(CO)[P(OPh)s;] (3), (d) - 2-Me-8-OxqH in MeCN.

3.4. UV)vis absorption spectra

The UV/vis-absorption spectra of the complexes 1-3, as well
as 2-methyl-8-hydroxyquinoline, its protonated and deprotonated
forms, were obtained in CH3CN solutions. The UV data obtained
are given in Table 3, the spectra of 1-3 are shown in Fig. 3. The
spectrum of 2-methyl-8-hydroxyquinoline shows two intense ab-
sorption bands at A; = 303 nm (¢ = 1630) and A, = 243 nm
(¢ = 23,000). In the spectra of protonated [2-Me-8-OxqH,]* and
deprotonated (2-Me-8-Oxq*) forms of the ligand, a red shift of
electronic transitions is observed, together with an appearance of
new low-lying bands at 363 [2-Me-8-OxqH,]* and 400 [2-Me-8-

0xq|~ nm (Table 3). These results correlate with published data
on the UV spectroscopy study of 8-hydroxyquinoline [25,26]. The
UV/vis-spectra of the complexes 1-3 are quite similar to that of the
deprotonated form of 2-methyl-8-hydroxyquinoline. However, the
absorption bands of 1-3 are red-shifted to a different extent rela-
tively the [2-Me-8-0xq]~ form indicative of chelation of rhodium
(I) center with 2-methyl-8-quinolinolato ligand. Thus, the observed
maximum of absorptions of complexes 1-3 are ligand centered (as-
signed to the ILCT w — m * transition [26] and O—N charge-
transfer) but perturbed to a different extent by the rhodium and
its ligand environment. For example, a sequential blue shift of the
A3 band on going from 1 (430 nm) to 3 (428 nm) and 2 (415 nm)
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Table 4
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Electrochemical characteristics of 2-methyl-8-quinolinolato rhodium (I) complexes and 2-Me-8-OxqH (MeCN,

0.1 M Et;NBF,, 1 mM, Ag/ 0.1 M AgNO; in MeCN).

Eip2, V (n)

Compounds Pt GC DME

Ox Red Ox Red Red

Rh(2-Me-8-0xq)(CO), (1) 0.53(2) -1.86(1) 0.60(2)  -1.93(1)" -1.96(1)
-2.72(<1)

Rh(2-Me-8-0xq)(CO)(PPhs) (2) 028(2) - 030022  -2.30(1) -2.32(1)
-2.72(<1)
-2.95(<1)

Rh(2-Me-8-0xq)(CO)[P(OPh);] (3)  0.38(2) ~— 0.40(2)*  -2.24(12 -2.26(1)
-2.66(<1)? -2.70(<1)

2-Me-8-0xqH 0.58(2) ~— 0.63(2)  -2.40(1) -2.41(1)
-2.72(<1)

"The number of electrons transferred in a particular electrochemical stage (the sign “<” indicates that the wave
height is smaller than the height of the one-electron wave).*Quasi-reversible stage.

A, (a)

S ™

2 3 EV

Fig. 4. Cyclic voltammograms of: (a) - Rh(2-Me-8-0xq)(CO), (1), (b) - Rh(2-Me-
8-0xq)(CO)(PPh3) (2), (c) - Rh(2-Me-8-0xq)(CO)[P(OPh);] (3) (GC, MeCN, 0.1 M
Et4;NBF,;, C = 1 mM, Ag/0.1 M AgNO3 in MeCN, scan rate is 25 mVs~').

is observed, that caused by the substitution of one CO group by o-
donor phosphorous ligands and may indicate the increase of back-
donation from Rh atom to quinoline ligand.

In the electronic spectra of previously studied complexes with
8-quinolinolato type ligands the analogous ligand-centered tran-
sitions were observed. For example, the spectrum of Cr(8-0xq)s
displayed one unresolved absorption band at < 300 nm and two
well resolved those at 413, 319 nm [27]. Similar features were ob-
served in the UV-absorption spectra of Al(IIl), Rh(III), Ir(III), Pt(II)
and Fe(Ill) 8-quinolinolato complexes [25,26]. However, in compar-
ison to the Cr(Ill) and Fe(IIl) species [26,27], any bands that can be
assigned to metal-centered d-d transitions were not found in the
absorption spectra of Rh(8-0xq)(CO)L (L = CO, PPhs, P(OPh)s3).

3.5. Electrochemical study

The redox properties of rhodium (I) complexes Rh(2-Me-8-
0xq)(CO)L) [L = CO (1), PPhs (2), P(OPh); (3)] and, for compari-
son, of the 2-methyl-8-hydroxyquinoline were studied in acetoni-
trile solutions by dc polarography at a DME and cyclic voltammetry
at Pt or GC electrodes. The electrochemical characteristics of 1-3
and 2-Me-8-0OxqH are given in Table 4. The cyclic voltammograms
at GC electrode of complexes 1-3 are shown in Fig. 4.

The CVs of complexes 1-3 at Pt and GC-electrodes demon-
strate one two-electron oxidation stage. The quasi-reversible oxi-
dation waves are observed in the CV of 2 (Ipa/lpc = 0.68) and 3
(Ipa/lpc = 0.81) at GC electrode (Table 4, Fig. 4 b,c). In contrast, the
reduction of the complexes differs depending on the electrodes’

r » ¥ T * T T T ¢ T T T b T b T .
14 16 -18 -20 -22 -24 26 -28 -30 BV
Fig. 5. Cyclic voltammograms of: (a) - Rh(2-Me-8-0xq)(CO)[P(OPh)3] (3) with the

addition of phenol at a ratio of 1:2, (b) - Rh(2-Me-8-0xq)(CO)[P(OPh);] (3) (GC,
MecCN, 0.1 M Et4;NBF,, C = 1 mM, Ag/0.1 M AgNO3 in MeCN, scan rate is 25 mVs~1).
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N
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o 2-Me-8-Oxq PR; | (d)
H,C ©
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R = -Ph (2), -O-Ph (3)
Scheme 1.

material and the nature of the ligands. However, the first reduction
waves observed in the CV of 1-3 at all electrodes are one-electron
and, in the case of GC electrode, quasi-reversible (Ipc/Ipa = 0.46
(1), 0.44 (2); 0.54 (3) [28]) (Table 4, Fig. 4). A comparison of the
E;p, values of the oxidation and the first reduction stages of 1-3
clearly showed that substitution of one CO group in the complex
1 by PPhs and P(OPh); lead to a cathodic shift of the redox po-
tentials of 2 and 3 (Table 4). The E;j, values of 1-3 shifted to the



V.V. Verpekin, A.D. Vasiliev, N.G. Maksimov et al.

CH,

Journal of Molecular Structure 1249 (2022) 131557

CHj,

Scheme 3.

cathodic region in the order 1 < 3 < 2 that is consistent with the
electron-donating ability of the phosphorous ligands. It should be
noted that the shift of v(CO) bands in the low-frequency region in
the IR spectra and the blue shift of the A3 absorptions bands in the
UV spectra also occurred in this order.

The second reduction wave is observed in the cyclic voltammo-
gram of complex 3 at GC-electrode and polarograms of complexes
1-3 (Table 4, Fig. 4c, peak Cy). The Eyj, of this wave almost coin-
cides with the reduction potential value of second reduction wave
(Eqjz = -2.72 V) of the free 2-Me-8-OxqH (Table 4). Thus, it may
be assumed that one-electron reduction of complexes 1-3 results
in the formation of the anion of this ligand. We studied the elec-
trochemical behavior of complex 3 in the presence of phenol as
a proton donor. The cyclic voltammogram in the range of poten-
tials from 0.0 V to 2.00 V didn’t change (Fig. 1S of supplementary
materials) when phenol was added to the solution of 3 (in a 1:2
ratio); only a one-electron wave of phenol oxidation appeared at
Eyp = 1.50 V (Fig. 1S of Supplementary materials). However, the
presence of the phenol caused an increase in the high of the sec-
ond reduction wave of 3 and a slight anodic shift of its E;, value
(Fig. 5a, peak A;) compared to the CVs of the initial solution of
the complex (Fig. 5, peak By). The coincidence of the E;j, values
between the A, wave of 3, observed at the addition of the pro-
ton source, and the second reduction B, wave of the 2-methyl-
8-hydroxyquinoline indicated the formation of the identical one-
electron reduction products, namely 2-methyl-8-quinolinolato an-
ion. Therefore, the reduction of 1 and 2 should also result in the
formation of [2-Me-8-0Oxq]~ as a product of decomposition of their
radical anions.

The half-wave reduction potential value of the third stage in the
polarogram of 2 or the second reduction stage in the CV of 3 at
the GC electrode coincides with the reduction potential value of
PPh; (E;; = -2.95 V) or P(OPh); (E;); = -2,65 V) at the DME. This
observation demonstrates the formation of free PPhs or P(OPh)s
ligands, confirming the decomposition of the radical anions of the
complexes. Previously [29], the one-electron reduction of Rh(I) S-
diketonate complexes were found to result in their complete de-
composition. The one-electron reduction of complexes 1-3 should
proceed in the same way to give a radical anion, which rapidly
decomposes to rhodium (0), free CO, PPh3 or P(OPh)s, and the [2-
Me-8-0xq]~ anion (Scheme 2).

The two-electron oxidation process of complexes 1-3 proceeds
according to a scheme analogous to rhodium (I) complexes with
B-diketonate ligands [30,31] and leads to the formation of dication
Rh (II) species. In general, the redox conversion scheme for com-
plexes 1-3 is given on Scheme 3.

4. Conclusion

In this article, we demonstrated that the known Rh(2-Me-
8-0xq)(CO), complex (1) was easily accessible from the reac-
tion of dicarbonyl(acetylacetonate)rhodium (I) with 2-methyl-8-
hydroxyquinoline as a straightforward and solvent economic ap-
proach. The molecular structures of triphenylphosphine (2) and
triphenylphosphite (3) substituted derivatives of 1 were deter-
mined. It is the first example of structurally characterized rhodium
(I) complexes with the 2-methyl-8-quinolinolato ligand. The geo-
metric parameters of both complexes are almost similar and in-
dicate a slightly distorted square planar geometry at the rhodium
center. Only differences in the Rh-P and Rh-N bond lengths of 2
and 3 should be noted. However, the crystal packing of the com-
plexes is very different. In the crystal of 2 molecules of Rh(2-Me-
8-0xq)(CO)(PPh3) form centrosymmetric dimers due to w-stacking
interactions, whereas no intermolecular contacts in the crystal of
3 are observed at all. Complexes 2 and 3 were characterized by
IR and NMR spectroscopy. For the first time, the UV spectro-
scopic and electrochemical study of rhodium (I) complexes with 8-
quinolinolato type ligands were performed. The UV spectroscopic
investigation of 1-3 and the initial 2-methyl-8-hydroxyquinoline
revealed that all absorptions bands observed in the UV/vis spec-
tra of the studied complexes belong to m — m* transition and
O— N charge-transfer of 2-methyl-8-quinolinolato ligand. The elec-
trochemical study established mechanisms of the complexes 1-3
redox reactions. Their two-electron oxidation leads to the forma-
tion of dication Rh (IIl) species. The reduction of the complexes is
one-electron and leads to radical anions of 1-3, which undergoes
rapid decomposition to rhodium (0), free CO, PPh; or P(OPh);, and
the [2-Me-8-0xq]~ anion.

The present study of the physical-chemical properties of the
rhodium (I) complexes with 2-methyl-8-quinolinolato ligand 1-
3 shows the relationship between these properties and the
rhodium atom’s ligand environment. The geometric, IR, NMR, UV-
spectroscopic and electrochemical parameters of the complexes are
the most responsive to change in the ligands’ electronic properties
(o -donor/m-acceptor ability) at the rhodium atom in Rh(2-Me-8-
0xq)(CO)(L) (L = CO, PPhs, P(OPh)3). At the same time, the differ-
ences in the aggregation properties of the complexes reflected in
their crystal packing correlate with the steric properties of the sub-
stituents in phosphine and phosphite ligands. Thus, the obtained
results on structural, spectroscopic and electrochemical proper-
ties of rhodium (I) complexes with 2-methyl-8-quinolinolato ligand
would provide a piece of helpful information for further design and
study of complexes of type Rh(2-Me-8-0xq)(CO)(L).
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