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SYNTHESIS AND APPLICATION OF PHOSPHINITE LIGAND-CONTAINING RUTHENIUM
CATALYSTS IN TRANSFER HYDROGENATION

Abstract: Transfer hydrogenation (TH) is a highly significant reaction in organic chemistry, especially
in the synthesis of pharmaceuticals, agrochemicals, and fine chemicals. This method involves the transfer of
hydrogen from a donor molecule to an unsaturated substrate, offering a safer and more convenient alternative
to direct hydrogenation, which typically requires high-pressure hydrogen gas. TH stands out for its ability to
selectively reduce multiple functional groups under milder conditions, thereby reducing the risk of over-
reduction or damage to sensitive functional groups. This technique is particularly valuable in asymmetric
synthesis (AS), where chiral catalysts enable the production of enantiomerically pure compounds, crucial for
drug development.

Ruthenium complexes are particularly noteworthy for their effectiveness in asymmetric TH. Their stability
and adaptability to different reaction environments make them ideal for both laboratory-scale and industrial
applications. Phosphinite ligands (P(OR)R';) are used in synthesis of complexes to improve their properties.
These ligands are known for their ability to finely tune the electronic and steric properties of metal centers. The
electron-donating nature of the phosphorus atom, combined with the variability in the R and R' groups, allows
for significant customization of the catalyst's properties.

The purpose of the work is to review up-to-date discoveries in the field of TH.

The integration of phosphinite ligands into ruthenium catalysts marks a significant advancement in the
field of TH. These catalysts exhibit enhanced efficiency, selectivity, and stability, proving crucial in AS. The
study's exploration of various hydrogen sources, bases, and mechanisms has provided deeper insight into the
process of TH.

Key words: transfer hydrogenation, ruthenium catalyst, phosphinite ligand, asymmetric synthesis,
enantioselectivity, catalytic efficiency, steric and electronic properties.

Introduction

Transfer hydrogenation (TH) is a highly significant reaction in organic chemistry, especially in
the synthesis of pharmaceuticals, agrochemicals, and fine chemicals. This method involves the
transfer of hydrogen from a donor molecule to an unsaturated substrate, offering a safer and more
convenient alternative to direct hydrogenation, which typically requires high-pressure hydrogen gas,
upgraded from 2018 to 2023 [1-6]. TH stands out for its ability to selectively reduce multiple functional
groups under milder conditions, thereby reducing the risk of over-reduction or damage to sensitive
functional groups [3]. This technique is particularly valuable in asymmetric synthesis, where chiral
catalysts enable the production of enantiomerically pure compounds, crucial for drug development

[4].

Ruthenium catalysts have gained prominence in transfer hydrogenation due to their excellent
catalytic activity by 2018. These catalysts are versatile and can be used in the reduction of various
functional groups, including ketones, aldehydes, imines, and even nitriles [5, 6].
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Ruthenium complexes are particularly noteworthy for their effectiveness in asymmetric transfer
hydrogenation, providing high enantioselectivity in the reduction of prochiral substrates [7]. Their
stability and adaptability to different reaction environments make them ideal for both laboratory-scale
and industrial applications.

Phosphinite ligands, typically characterized by their P(OR)R'; structure (where R and R’
represent alkyl or aryl groups), are a class of ligands that have attracted considerable interest in
catalysis. These ligands are known for their ability to finely tune the electronic and steric properties
of metal centers [8-12]. The electron-donating nature of the phosphorus atom, combined with the
variability in the R and R' groups, allows for significant customization of the catalyst's properties.
This customization can influence the catalyst's activity, selectivity, and stability, making phosphinite
ligands highly valuable in the design of advanced catalytic systems [13].

The incorporation of phosphinite ligands into ruthenium catalysts has revolutionized their
application in transfer hydrogenation. These ligands enhance the efficiency and selectivity of
ruthenium catalysts, enabling more precise control over the reaction process. In asymmetric transfer
hydrogenation, phosphinite ligands have been instrumental in achieving high levels of
enantioselectivity, crucial for the production of chiral molecules. Additionally, the steric and electronic
modulation provided by these ligands has been found to improve the turnover frequency and
operational stability of ruthenium catalysts, making them more effective and durable for various
synthetic applications. The development of ruthenium-phosphinite catalysts represents a significant
advancement in catalysis, offering new possibilities for efficient, selective, and sustainable chemical
synthesis [14-16].

Phosphinite Ligands: Structure, Properties, and Synthesis

Due to the distinctive properties of phosphorus derivatives in metal coordination, trivalent
phosphorus ligands have consistently been significant in asymmetric homogeneous organometallic
catalysis as metal binders. These compounds provide the ability to tailor the steric and electronic
attributes of the ligands. From an electronic perspective, the Tr-acceptor characteristics of the
phosphorus group can be significantly altered by substituting P-C bonds with P-O, resulting in the
formation of phosphinites, phosphonites, or phosphites (refer to Figure 1a). Generally, ligands, and
particularly phosphorus-based derivatives, vary based on their coordination style, including
monodentate, bidentate, or polydentate modes, as illustrated inFigure 1b [17].
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Figure 1a — Various trivalent phosphorus ligand families

P ~~pH Hp— TPH HP— ~pu X
| / \ / N /
monodentate bidentate polydentate mixed bidentate

(X=0, N, S, etc.)
Figure 1b — Modes of coordination for the trivalent phosphorus ligands

The P-O bond in phosphinites is polar due to the higher electronegativity of oxygen compared
to phosphorus, resulting in a partial negative charge on oxygen and a partial positive charge on
phosphorus. This polarity significantly influences the ligand's electronic characteristics, affecting its
coordination behavior with metals. Moreover, the steric properties of phosphinite ligands, dictated
by the size and shape of the R and R' groups, are crucial in determining their utility in catalysis,
particularly in controlling the spatial environment around the metal center [18, 19].

Synthesizing phosphinite ligands typically involves a reaction between a secondary phosphine
and an alcohol. The general reaction can be represented as follows (1) [20]:

R-OH +R':PH — R-OPR"+H; (1)
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The choice of R and R' groups offers a plethora of possibilities for the resultant phosphinite
ligand. Key factors in this synthesis include the selection of appropriate secondary phosphine and
alcohol, reaction conditions such as temperature and duration, and the potential use of catalysts or
dehydrogenating agents to drive the reaction to completion [21-26].

A prototypical example is the synthesis of diphenylphosphinite (H2NCsHs-OPPhy) from
diphenylphosphine (Ph2PH) and an alcohol such as 2-aminophenol (H:NCsH4OH) (Figure 2). The
process generally yields high-purity phosphinite ligands, with typical yields exceeding 85% [27].
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2-aminophenol diphenylphosphine 2-Aminophenyl diphenyl phosphinite

Figure 2 — Synthesis of 2-Aminophenyl diphenyl phosphinite

Another example of the preparation of phosphinite ligands is shown below in Figure 3

By e O

(R)-Styrene oxide, z Y2 equiv.Ph,PCl, ¥ equiv.

MeOH Ph—/ EtN, thf. ph_/
—_—
)—ph Ph

PhCO, MeOH, HO
reﬂux P
Ph *Ph

(S)-Glycidyl phenyl Y2 equiv.Ph,PCI, 2 equiv.
! z emer MeOH EtaN thf.
" H - x

Ph’p
6

Figure 3 — Synthesis of phosphinite ligands [5].

Aydemir and Tribo groups [5, 28] describe the synthesis of chiral monodentate C;-symmetric
phosphinite ligands. This process involves hydrogen abstraction from specific chiral amino alcohols,
using triethylamine (EtsN) and reacting with phenyldichlorophosphine (Ph2PCI) in anhydrous
methylene chloride (CH.Cl,), all under an inert argon atmosphere [29]. The phosphinite ligands,
known to gradually decompose into oxide and diphenylphosphinous acid (Ph.P(O)H)[30], were
characterized by 3'P-{*H} NMR spectroscopy. This spectroscopy revealed the formation of PPh,PPh,
and P(O)PhzPPh,, with distinctive NMR signals [31].

The advancement of the ligand preparation reactions was effectively tracked using 3P-{*H}
NMR spectroscopy. The initial PPh2Cl material, exhibiting signals at & = 81.0 ppm, vanished, and
new singlets emerged at lower fields, indicating the formation of phosphinite ligands (3,4,5,6 in
Figure 3). Moreover, the 3'P-{*H} NMR spectra of the isolated ligands matched the values, 5=15.4
ppm, 35.0 ppm, 21.6 ppm previously reported for similar compounds [5, 32, 33].

Development of Ruthenium-Phosphinite Catalysts

Ru complexes in Figure 4 were synthesized using specific phosphinite ligands and ruthenium
precursors [34]. Notably, the use of [Ru(n®-p-cymene)(u-CI)Cl], and [Ru(n®-benzene)(u-CI)Cl], as
precursors is outlined, with the formation of mono- or binuclear complexes [35]. In the synthesis of
ruthenium(ll) complexes, the initial material used was [Ru(n®-p-cymene)(u-CI)Cl],. This precursor
was synthesized through a reaction involving a commercially available compound, a-phellandrene
(5-isopropyl-2-methylcyclohexa-1,3-diene), and RuCls; [36]. The ligand p-cymene is especially
revealing in understanding the symmetry of the tri-legged fragment in the molecular structure [37].
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In ruthenium chemistry, p-cymene is a common arene ligand, and its NMR signal is sensitive to the
symmetry of organometallic compounds [38]. When coupled to a ML,L’ metal fragment (Cs
symmetry), the H and *C NMR peaks are significantly different from those associated with h®-
coordinated to a ML1L,L3 fragment (C, symmetry) [39]. In this case, the free rotation of p-cymene
ligand around the axis of Ru-arene prevented by the steric hindrance of amino alcohol phosphinite
ligands [40]. The authors discuss the sensitivity of NMR signals of p-cymene to the symmetry in
ruthenium complexes and analyzes the nuclear Overhauser effect interaction to deduce
stereochemistry. The synthesis and characterization of complexes are described in detail, with a
focus on their NMR spectra and the influences of solubility on the target product’s yields. The study
concludes with the confirmation of the structures of these complexes using IR spectroscopy and
microanalysis [5].
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Figure 4 — Synthesis of Ru catalysts [5].

The Ru-arene complexes shows singlets in their 3'P-{*H} NMR spectra at approximately &
106-110 ppm [41]. The successful formation of Ru-phosphinite complexes in 2020 is often validated
by a combination of spectroscopic and crystallographic techniques [41]. These complexes are
significant due to their enhanced catalytic properties, particularly in transfer hydrogenation reactions,
where they exhibit improved reactivity and selectivity [42-47].

Catalytic Applications in Transfer Hydrogenation

The authors [5] discuss the development of new Ru(ll) complexes with carefully crafted
ligands, driven by the impressive catalytic capabilities and structural flexibility of phosphinite-based
transition metal complexes in 2018 [48, 49]. Special emphasis was placed on arene ligands [50] due
to their unique properties: they occupy three adjacent sites in ruthenium's octahedral coordination
environment, offer distinct reactivity due to their relatively weak electron-donating nature, and allow
for flexible substitution patterns. The study tested these complexes as catalysts in the transfer
hydrogenation of aromatic ketones using iPrOH solution, with compounds in Figure 4 serving as
precatalysts alongside iPrOH/KOH as the reducing system and acetophenone as the model
substrate, Figure 5.

0 OH
i

CH, + )\ Ru cat., KOH CH, + )
H,C~ ~CH, ———* H.C” ~CH,

Figure 5 — Transfer hydrogenation of acetophenone
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Table 1 — Transfer hydrogenation of acetophenone with 2-propanol catalyzed by (1R)-2-
{benzyl[(1S)-1-(naphthalen 1-yl)ethyl] amino} — 1-phenylethyl diphenylphosphinito [dichloro(ns-p-
cymene)ruthenium(l1)] (), (1R)-2{benzyl[(1S)-1-(naphthalen-1-yl)ethyllamino}-1-phenylethyl
diphenylphosphinito [dichloro(n8-benzene) ruthenium (I)] (8), (2S)-1-{benzyl[(1S)-1-(naphthalen-1-
yl)ethyl]amino}-3-phenoxypropan-2-yl diphenylphosphinito[dichloro(n®-p-cymene)ruthenium (I1)] (9)
and (2S)-1-{benzyl[(1S)-1-(naphthalen-1-yl)ethyllamino} — 3 phenoxypropan-2-yl diphenyl-
phosphinito [dichloro(n®-benzene) ruthenium (I1)] (10), (catalysts 7, 8, 9, 10 are shown in picture 4)

Entry | Complex S/C/KOH Time | Conversion (%) % eeld Conf.l TOF(h1)ll
1 71l 100:1:5 96h 12 (22) d 72 (65) s <5
2 glal 100:1:5 96h 16 (28)¢ 81 (77) ¢ s <5
3 olal 100:1:5 96h 21 (34) ¢ 86 (81) ¢ R <5
4 100 100:1:5 96h 28 (53) ¢ 91 (87) ¢ R <5
5 7t 100:1 1h trace
6 glel 100:1 1h trace
7 olb] 100:1 1h trace
8 10 100:1 1h trace
9 70l 100:1:5 2h 97 (91)® 78 (70) S 48
10 glel 100:1:5 1h 98 (93) ¢ 87 (79) ¢ S 08
11 9l 100:1:5 1h 99 (93) ¢ 91 (86) ¢ R 99
12 100 100:1:5 1/2h 98 (92) ¢ 96 (91) ¢ R 196
13 10 100:1:3K 1/2h 94 89 S 188
14 10 100:1:5K 1/2h 98 96 S 196
15 10 100:1:7K 1/2h 90 90 R 180
16 10 100:1:9K 1/2h 87 91 R 174

Reaction conditions: @ At room temperature; acetophenone/Cat./KOH, 100:1:5; [l Refluxing in 2-propanol;
acetophenone/Cat., 100:1, in the absence of base; [l Refluxing in 2-propanol; acetophenone/Cat./KOH, 100:1:5; [4 At room
temperature; acetophenone/Cat./KOH, 100:1:5, (120 h); [¢l Refluxing in 2-propanol; acetophenone/Cat./NaOH, 100:1:5; [f
Determined by GC (three independent catalytic experiments); @ Determined by capillary GC analysis using a chiral
cyclodex B (Agilent) capillary column (30 m x 0.32 mm I.D. x 0.25 um film thickness); M Determined by comparison of the
retention times of the enantiomers on the GC traces with the literature values, (S) or (R) configuration was obtained in all
experiments; [ TOF = (mol product/mol Cat.) x h-1; M Refluxing in 2-propanol; acetophenone/Cat.,100:1.

Also, outlines the efficiency evaluation of Ru(ll) complexes in the asymmetric transfer
hydrogenation of ketones, using acetophenone as a standard test reaction. The experiments,
conducted under argon using Schlenk-line techniques, involved adding acetophenone and
KOH/iPrOH solution to an iPrOH solution of each complex at room temperature. The reactions
yielded (R) or (S)-1-phenyl ethanol with varying conversions and enantiomeric excesses.
Temperature was found to play a crucial role in catalytic activity and enantioselectivity. The study
also notes that the Ru(ll) complexes were highly active, leading to quantitative conversions with
varying catalyst/base ratios. A control experiment without a base showed no significant conversion.
Also, replacing KOH with NaOH resulted in a minor reduction of both the reaction speed and the
enantioselectivity, Table 1. The research further revealed that complexes with -CH,OPh in the
phosphinite skeleton showed higher activity than those with -Ph moiety. The electronic
characteristics, including both the type and the location of substituents on the phenyl ring of the
ketone, influenced the rate of reduction and the enantioselectivity. Notably, adding electron-
withdrawing groups to the aryl ring of the ketone reduced the electron density on the C=0 bond,
thereby enhancing the activity and facilitating easier hydrogenation, Table 2. [51-53].

Binuclear and trinuclear ruthenium complexes have emerged as an important class of
catalysts for TH. Both the Li and Aydemir research groups synthesized stable phosphinite-bridged
dinuclear ruthenium arene complexes [54,55], labeled 12 and 13, through the metalation of
phosphinite-containing Schiff base ligands with [Ru(n®-arene)-(u-Cl)Cll.. These complexes
demonstrated high catalytic efficiency in TH of aromatic ketones, with 12 and 13 achieving turnover
frequency (TOF) values up to 530 h™ [55]. Additionally, a binuclear ruthenium(ll) pyridazine complex,
14, proved effective for similar reactions [56]. Innovative tridentate aminophosphine—phosphinite and
phosphinite ligands were also developed, leading to trinuclear ruthenium(ll) dichloro complexes.
When applied in TH of ketones in 2-PrOH solution, particularly with 4-fluoro acetophenone, these
complexes, especially catalyst 15, achieved a TOF of 1176 h™ [57], Figure 6.
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Table 2 — Transfer hydrogenation results for substituted acetophenones with the catalyst systems
prepared from (1R)-2-{benzyl[(1S)-1-(naphthalen-1-yl)ethyllamino}-1-phenylethyl diphenylphosphinito
[dichloro(h8-p-cymene)ruthenium(ll)] (), (1R)-2-{benzyl[(1S)-1-(naphthalen-1-yl)ethyllamino}-1-
phenylethyl diphenylphosphinito  [dichloro(h®-benzene)ruthenium(I)] (8), (2S)-1-{benzyl[(1S)-1-
(naphthalen-1-yl)ethyllamino}-3-phenoxypropan-2-yldiphenyl-phosphinito [dichloro-(hé-p-cymene)
ruthenium(ll)] (9) and (2S)-1-{benzyl[(1S)-1-(naphthalen-1-yl)ethyllamino}-3-phenoxypropan-2-yl

diphenylphosphinito [dichloro(h®-benzene)ruthenium(ll)](10)&, (catalysts 7, 8, 9, 10 are shown in picture
4)

Entry | Cat. Substrate Product Time Conv. (%) % eeld Config.[!
1 7 0 OH 45 min 98 77 S
2 8 0N O,N 20 min 97 85 S
3 9 20 min 99 90 R
4 10 10 min 99 94 R
5 7 CF o CFy  on 1h 97 79 S
6 8 30 min 98 87 S
7 9 20 min 98 92 R
8 10 20 min 97 96 R
9 7 o OH 45 min 99 76 R
10 8 F;C F;C 20 min 98 85 R
11 9 20 min 98 90 R
12 10 10 min 99 94 R
13 7 ° oH 30 min 99 74 S
14 8 15 min 99 84 S
15 9 15 min 97 86 R
16 10 F:C F.C 5 min 98 90 R

C
17 7 0 OH 13 h 97 81 S
18 8 H;CO H,CO 8h 99 89 S
19 9 8h 98 92 R
20 10 5h 98 98 R
21 7 0 OH 8h 99 66 S
22 8 5h 99 73 S
23 9 5h 97 81 R
24 | 10 | 4o H,CO 3h 99 87 R
25 7 CH; ¢ CH;  op 12 h 97 70 S
26 8 7h 99 74 S
27 9 7h 98 85 R
28 10 4h 99 93 R
29 7 o ot 9h 97 67 S
30 8 H,C H,C 5h 98 71 S
31 9 5h 98 81 R
32 10 3h 99 90 R
33 7 0 OH 6h 98 64 S
34 8 3h 99 68 S
35 9 3h 97 79 R
36 10 HC 2h 99 84 R
HC 3

Reaction conditions: [a] Catalyst (0.005 mmol), substrate (0.5 mmol), 2-propanol (5 mL), KOH (0.025 mmol%), 82°C, the
concentration of acetophenone derivatives are 0.1M; [b] Purity of compounds is checked by NMR and GC (three independent catalytic
experiments), yields are based on aryl ketone; [c] Determined by capillary GC analysis using a chiral cyclodex B (Agilent) capillary column
(30 m 0.32 mml.D. x 0.25 mm film thickness);[d] Determined by comparison of the retention times of the enantiomers on the GC traces
with literature values, (S) or (R) configuration was obtained in all experiments.
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Figure 6 — Binuclear and Trinuclear Ru TH Catalysts and their ligands [54-57]

Hydrogen sources and bases in TH

In the realm of TH powered by transition-metal catalysts, a diverse array of "sacrificial"
hydrogen sources has been employed, including cyclohexene, cyclohexadiene, various alcohols (2-
PrOH, MeOH, EtOH, glycerol), formic acid, Hantzsch esters [58], hydrazine, benzothiazoles, and
more. The prevalent use of 2-PrOH and formate as reducing agents is largely attributed to their
affordability and sustainability. Certain instances saw the use of an alkane as the hydrogen donor
and an olefin as the acceptor, to optimize the thermodynamics of the TH reaction. A pioneering
example by Crabtree’s group [59] in 1979 demonstrated the efficient catalysis of hydrogen transfer
from cyclones to t-butylethylene using an iridium complex, yielding the corresponding cycloolefins
and 2,2-dimethylbutane. Subsequent studies revealed the activity of other complexes as
[IrtH2(O2CCF3)(PArs).] and [ReH;(PPhs),] in similar dehydrogenation processes [60,61].

In 2003, Goldman's research identified the “pincer’-ligated transition-metal complex
[Ir(*®"PCP)H,] as a robust catalyst for TH reactions [62,63], producing enamines and cyclooctenes
with good vyields. The solvent medium for TH has varied from organic, ionic liquid [64-67], and
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agueous states [68]. Enzyme-catalyzed TH in agueous media, a longstanding natural process, has
guided recent advances in metal-catalyzed TH in water [69-74]. These advancements underline the
economic and environmental advantages of water as a solvent, its compatibility with commonly used
hydrogen sources, and the breakthroughs in synthesizing water-soluble catalysts or ligands [75-77].
The performance of transition metals in aqueous media is particularly influenced by the pH of the
reaction mixtures, enhancing selectivity and minimizing side reactions [78-80]. In particular,
reactions in water have been observed to proceed faster than in organic solvents, marking a
significant stride in the field of catalysis [81,82].

In TH, a variety of organic and inorganic bases, including EtsN, KOH, NaOH, and others, have
been utilized. The catalytic efficiency of transition-metal catalysts in TH is influenced by the base's
pKa value and whether it's cationic or anionic [83]. Interestingly, TH has been successfully conducted
in some instances without any base [84-87]. A wide range of unsaturated compounds, such as
ketones and aldehydes, have been reduced through TH, facilitated by either homogeneous or
heterogeneous transition-metal catalysts. This process has even been extended to the industrial-
scale synthesis of asymmetric products [88].

Proposed transfer hydrogenation reaction pathways

The transfer of hydrogen to ketones or aldehydes generally follows three distinct pathways.
The first, known as "direct hydrogen transfer," is associated with main group elements and does not
involve a metal hydride intermediate. The second pathway, the "hydridic route," is common for most
transition metal catalysts and includes a metal hydride intermediate in the hydrogen transfer. Metal-
ligand bifunctional catalysts, which have both a hydridic hydrogen on the metal and an acidic
hydrogen on the ligand, also function via this hydridic route. Additionally, an "ionic mechanism" has
been suggested for some transition-metal-catalyzed hydrogenations [89, 90].

For catalysts that are monohydride complexes and follow the "hydridic route" in hydrogen
transfer to ketones, two distinct pathways, "inner-sphere" and "outer-sphere" mechanisms, have
been proposed. In both cases, the hydride moves to the carbonyl carbon. However, the inner-sphere
mechanism involves the formation of a metal alkoxide intermediate, requiring the substrate's
coordination with the catalyst. In contrast, the outer-sphere mechanism suggests a concerted
hydrogen transfer that occurs without substrate coordination to the catalyst [89].

A prominent example in hydrogen-transfer catalysts is the Shvo catalyst, identified as {[Pha(n°-
C4CO)]2H}-Ru2(CO)4H [90, 101], Figure 7, 8.
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Figure 7 — Equilibrium between Precursor and Active Species of the Shvo Catalyst
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Figure 8 — Proposed mechanisms for the carbonyl hydrogenation by means of the Shvo catalyst
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Catalyst (17) in Figure 7 has been effectively utilized in various hydrogen-transfer [90,91]
reactions, including the hydrogenation of alkynes [92], carbonyls [93], and imines [94], as well as the
oxidation of alcohols [95] and amines [96]. It's also used in the dynamic kinetic resolution of
secondary alcohols [97] and primary amines [98] alongside lipases. Introduced about two decades
ago, the Shvo catalyst was among the earliest metal-ligand bifunctional catalysts. Since its
development, numerous such catalysts based on Ru [99], including Noyori’'s Ru(diamine)(BINAP)
and Ru(nb-arene)-TsDPEN, as well as others involving Rh, Ir, and Os, have been synthesized [100].

M. H
L /(UJ\ N _H+_ T H* Q "o
}\ * = #j % —‘-‘/“\ ' )\
g
R R
1 2 R1 Rz R1 R2

excess in reduction excess in oxidation
Figure 9 — MPV reduction and Oppenauer oxidation [102].

The pathway through a «direct hydrogen transfer» was proposed for the Meerwein—Ponndorf—
Verley (MPV) reduction in Figure 9 [102].

Conclusion

In conclusion, the exploration of phosphinite ligand-containing ruthenium catalysts in transfer
hydrogenation has demonstrated significant potential to transform organic synthesis. The unique
properties of these ligands, combined with the versatility and efficiency of ruthenium complexes,
suggest that future research will likely focus on innovative ligand design and synthesis to enhance
catalytic performance. Advancements in mechanistic understanding, driven by advanced
spectroscopic techniques and computational modeling, will provide deeper insights into reaction
pathways, enabling the rational design of more efficient catalysts. Additionally, there is a growing
emphasis on sustainable catalysis, with future efforts prioritizing the use of environmentally benign
hydrogen donors and solvent systems, improved catalyst recyclability, and the expansion of
substrate scope to include more challenging and diverse functional groups. Interdisciplinary
approaches, involving collaborations across materials science, computational chemistry, and
chemical engineering, will be essential for developing more robust catalytic systems and integrating
them into industrial applications. By addressing these areas, researchers can unlock new potentials,
making these catalysts indispensable tools in organic synthesis and paving the way for innovative
applications in various industries.

References
1. Transfer Hydrogenation of Alkenes Using Ethanol Catalyzed by a NCP Pincer Iridium Complex:
Scope and Mechanism / Y. Wang et al // J. Am. Chem. Soc. — 2018. — Vol. 140. — P. 4417-4429.
DOI: https://doi.org/10.1021/jacs.8b01038.
2. Exploring Hydrogen Sources in Catalytic Transfer Hydrogenation: A Review of Unsaturated
Compound Reduction / B. Taleb et al // Molecules. — 2023. — Vol. 28. — P. 7541. DOI:
https://doi.org/10.3390/molecules28227541.
3. Arslan N. Enantioselective transfer hydrogenation of pro-chiral ketones catalyzed by novel
ruthenium and iridium complexes of well-designed phosphinite ligand / N. Arslan //
Phosphorus,Sulfur ~ Silicon Relat. Elem. - 2019. - Vol. 195. - P. 628-637. DOI:
https://doi.org/10.1080/10426507.2019.1704285.
4. Vyas V.K. Enantioselective Synthesis of Bicyclopentane-Containing Alcohols via Asymmetric
Transfer Hydrogenation / V.K. Vyas, G.J. Clarkson, M. Wills // Org. Lett. — 2021. — Vol. 23. - P. 3179-
3183. DOI: https://doi.org/10.1021/acs.orglett.1c00889.
5. A new class of well-defined ruthenium catalysts for enantioselective transfer hydrogenation of
various ketones / C. Kayan et al // J. Organomet. Chem. — 2018. — Vol. 869. — P. 37-47. DOI.
https://doi.org/10.1016/j.jorganchem.2018.06.002.
6. Simple ruthenium-catalyzed reductive amination enables the synthesis of a broad range of primary
amines / T. Senthamarai et al // Nat. Commun. — 2018. — Vol. 9. — P. 4123. DOl
https://www.nature.com/articles/s41467-018-06416-6.

ISSN 2788-7995 (Print) Becruuxk yunsepcurera llakapuma. Texaudeckue Hayku Ne 3(15) 2024 291
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024


https://doi.org/10.1021/jacs.8b01038
https://doi.org/10.3390/molecules28227541
https://doi.org/10.1080/10426507.2019.1704285
https://doi.org/10.1021/acs.orglett.1c00889
https://doi.org/10.1016/j.jorganchem.2018.06.002
https://www.nature.com/articles/s41467-018-06416-6

7. A new efficient bis(phosphinite)-ruthenium(ll) catalyst system for the asymmetric transfer
hydrogenation of aromatic ketones / F. Durap et al // Inorg. Chim. Acta. — 2014. - Vol. 411. — P. 77-
82. DOI: https://doi.org/10.1016/j.ica.2013.11.029.

8. Extraction of actinide ions using three CMPO-functionalized pillar[5]arenes in a room temperature
ionic liquid / A. Sengupta et al // J. Sep. Pur. — 2017. — Vol. 195. — P. 224-231. DOI:
https://doi.org/10.1016/j.seppur.2017.11.059.

9. Extending the Application Scope of Organophosphorus(V) Compounds in Palladium(ll) Pincer
Chemistry / D.V. Aleksanyan et al // Organometallics. — 2019. — Vol. 38. — P. 1062-1080. DOI:
https://doi.org/10.1021/acs.organomet.8b00867.

10. Rahim A. 1,4-Migration of Transition Metals in Organic Synthesis / A. Rahim, J. Feng, Z. Gu //
Chin. J. Chem. — 2019. — Vol. 37. — P. 929-945. DOI: https://doi.org/10.1002/cjoc.201900180.

11. Gomez-Suarez A. Complexes of the Late Transition Metals: Organometallic Chemistry and
Catalysis / A. Gomez-Suarez, D.J. Nelson, S.P. Nolan // Adv. Organomet.Chem. — 2019. — Vol. 69.
— P. 283-327. DOI: https://doi.org/10.1016/bs.adomc.2018.02.004.

12. Synthesis and coordination chemistry of aminophosphine derivatives of adenine / Q. Zhang et al
/I Dalton Trans. — 2003. — Vol. 16. — P. 3250-3257. DOI: https://doi.org/10.1039/B303715K.

13. Arrayas R.G. Recent Applications of Chiral Ferrocene Ligands in Asymmetric Catalysis / R.G.
Arrayas, J. Adrio, J.C. Carretero // Wiley. — 2006. — Vol. 46. — P. 7674-7715. DOI:
https://doi.org/10.1002/anie.200602482.

14. Sutcliffe O.B. Planar chiral 2-ferrocenyloxazolines and 1,1-bis (oxazolinyl) ferrocenes —
syntheses and applications in asymmetric catalysis / O.B. Sutcliffe, M.R. Bryce // Tetrahedron. —
2003. — Vol. 14. — P. 2297-2325. DOI: https://doi.org/10.1016/S0957-4166(03)00520-2.

15. Chiral Cz-symmetricn®-p-cymene-Ru(ll)-phosphinite complexes: Synthesis and catalytic activity
in asymmetric reduction of aromatic, methyl alkyl and alkyl/aryl ketones / D.E. Karakas et al // Inorg.
Chim. Acta. — 2017. — Vol. 471. — P. 430-439. DOI: https://doi.org/10.1016/j.ica.2017.11.044.

16. Sun S. Exploration of chiral diastereomeric spiroketal (SPIROL)-based phosphinite ligands in
asymmetric hydrogenation of heterocycles / S. Sun, P. Nagorny // Chem. Commun. — 2020. — Vol.
56. — P. 8432-8435. DOI: https://doi.org/10.1039/d0cc03088k.

17. Phosphine-Phosphinite and Phosphine-Phosphite Ligands: Preparation and Applications in
Asymmetric Catalysis / H. Fernandez-Perez et al // Chem. Rev. — 2011. - Vol. 111. - P. 2119-2176.
DOI: https://sci-hub.se/10.1021/cr100244e.

18. Woodwarda S. Use of sugar-based ligands in selective catalysis: Recent developments / S.
Woodwarda, M. Dieguez, O. Pamies // Coord. Chem. Rev. — 2010. — Vol. 254. — P. 2007-2030. DOI:
https://doi.org/10.1016/j.ccr.2010.03.005.

19. Isik U. Novel mononuclear metal-phosphinite compounds and catalytic performance in transfer
hydrogenation of ketones / U. Isik, N. Meric, M. Aydemir // Middle East J. Sci. — 2022. — Vol. 8. — P.
1-15. DOI: https://doi.org/10.51477/mejs.1077805.

20. Gonzalez-Fernandez R. Half-sandwich ruthenium (<scp>ii</scp>)complexes with tethered
arene-phosphinite ligands: synthesis, structure and application in catalytic cross dehydrogenative
coupling reactions of silanes and alcohols / R. Gonzalez-Fernandez, P. Crochet, V. Cadierno //
Dalton Trans. — 2020. — Vol. 49. — P. 210. DOI: https://doi.org/10.1039/c9dt04421c.

21. Woodwarda S. Use of sugar-based ligands in selective catalysis: Recent developments / S.
Woodwarda, M. Dieguez, O. Pamies // Coord. Chem. Rev. — 2010. — Vol. 254. — P. 2007-2030. DOI:
https://doi.org/10.1016/j.ccr.2010.03.005.

22. Synthesis of half-sandwich ruthenium(ll) and iridium(lll) complexes containing imidazole-based
phosphinite ligands and their use in catalytic transfer hydrogenation of acetophenone with
isopropanol / U. Isik et al // J. Organomet. Chem. — 2023. — Vol. 998. — P. 122800. DOI:
https://doi.org/10.1016/j.jorganchem.2023.122800/

23. Review of Phosphorus Chemistry in the Thermal Conversion of Biomass: Progress and
Perspectives / E.O. Olsson et al // Energy Fuels. — 2023. — Vol. 37. — P. 6907-6998. DOI:
https://doi.org/10.1021/acs.energyfuels.2c04048.

24. Ketone transfer hydrogenation reactions catalyzed by catalysts based on a phosphinite ligand /
D.E. Karakas et al // J. Coord. Chem. — 2022. — Vol. 75. — P. 493-506. DOI:
https://doi.org/10.1080/00958972.2022.2054339.

ISSN 2788-7995 (Print) [IokopiM yHHBEpCUTETIHIH Xabapiibichl. TexHUKaIbIK FhibiMaap Ne 3(15) 2024 292
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024


https://doi.org/10.1016/j.ica.2013.11.029
https://doi.org/10.1016/j.seppur.2017.11.059
https://doi.org/10.1021/acs.organomet.8b00867
https://doi.org/10.1002/cjoc.201900180
https://doi.org/10.1016/bs.adomc.2018.02.004
https://doi.org/10.1039/B303715K
https://doi.org/10.1002/anie.200602482
https://doi.org/10.1016/S0957-4166(03)00520-2
https://doi.org/10.1016/j.ica.2017.11.044
https://doi.org/10.1039/d0cc03088k
https://sci-hub.se/10.1021/cr100244e
https://doi.org/10.1016/j.ccr.2010.03.005
https://doi.org/10.51477/mejs.1077805
https://doi.org/10.1039/c9dt04421c
https://doi.org/10.1016/j.ccr.2010.03.005
https://doi.org/10.1016/j.jorganchem.2023.122800
https://doi.org/10.1021/acs.energyfuels.2c04048
https://doi.org/10.1080/00958972.2022.2054339

25. Gong J. Transition Metal Pincer Complexes With Chiral Imidazoline Donor(s) / J. Gong, X. Zhu,
M. Song // Elsevier Inc. — 2018. — P. 191-218. DOI: https://doi.org/10.1016/b978-0-12-812931-
9.00009-8.

26. Radai Z. Synthesis and Reactions of a-Hydroxyphosphonates / Z. Radai, G. Keglevich //
Molecules. — 2018. — Vol. 23. — P. 1493. DOI: https://doi.org/10.3390/molecules23061493.

27. Firouzabadi H. 2-Aminophenyl diphenylphosphinite as an easily accessible ligand for
heterogeneous palladium-catalyzed Suzuki-Miyaura reaction in water in the absence of any organic
co-solvent / H. Firouzabadi, N. Iranpoor, M. Gholinejad // J. Organomet. Chem. — 2010. — Vol. 695.
— P. 2093-2097. DOI: https://doi.org/10.1016/j.jorganchem.2010.05.016.

28. Exploring the Versatility of N-Pyrazole, P-Phosphinite Hybrid Ligands against Pd(ll). From
Monomers and Dimers to One-Dimensional Chain, Two-Dimensional Layer Polymers and Three-
Dimensional Networks / S. Munoz et al // Cryst. Growth Des. — 2012. — Vol. 12. — P. 6234-6242. DOI:
https://doi.org/10.1021/cg3014333.

29. Aydemir M. Applications of transition metal complexes containing 3,3"-
bis(diphenylphosphinoamine)-2,2'-bipyridine ligand to transfer hydrogenation of ketones / M.
Aydemir, N. Meric, A. Baysal // J. Organomet. Chem. — 2012. — Vol. 720. — P. 38-45. DOI:
https://doi.org/10.1016/j.jorganchem.2012.08.031.

30. Metal-Metal Interactions in C3-Symmetric Diiron Imido Complexes Linked by Phosphinoamide
Ligands / S. Kuppuswamy et al // Inorg. Chem. — 2013. — Vol. 52. — P. 4802-4811. DOI:
https://doi.org/10.1021/ic302108K.

31. A DFT Protocol for the Prediction of 31P NMR Chemical Shifts of Phosphine Ligands in First-
Row Transition-Metal Complexes / P. Payard et al // Organometallics. — 2020. — Vol. 39. — P. 3121-
3130. DOI: https://doi.org/10.1021/acs.organomet.0c00309.

32. Adhikary A. Catalysis Involving Phosphinite-Based Metallacycles / A. Adhikary, H. Guan // ACS
Catal. — 2015. — Vol. 5. — P. 6858-6873. DOI: https://doi.org/10.1021/acscatal.5b01688.

33. Iridium Complexes as Highly Selective Catalysts: Asymmetric Hydrogenation of Trisubstituted
Alkenes. Angew / D. Rageot et al // Chem. Int. Ed. — 2011. — Vol. 13. — P. 3020-3035. DOI:
https://doi.org/10.1002/anie.201104105.

34. Synthesis and structures of a chiral phosphine-phosphoric acid ligand and its rhodium(l)
complexes / T. lwai et al // Tetrahedron. — 2015. — Vol. 26. — P. 1245-1250. DOI:
https://doi.org/10.1016/j.tetasy.2015.09.016.

35. Romero-Canelon I. Next-Generation Metal Anticancer Complexes: Multitargeting via Redox
Modulation / I. Romero-Canelon, P.J. Sadler // Inorg. Chem. — 2013. — Vol. 52. — P. 12276-12291.
DOI: https://doi.org/10.1021/ic400835n.

36. Kharisov B.l. Coordination and organometallic compounds in the functionalization of carbon
nanotubes / B.l. Kharisov, O.V. Kharissova // J. Coord. Chem. — 2014. — Vol. 67. — P. 3769-3808.
DOI: https://doi.org/10.1080/00958972.2014.888063.

37. Structure-Activity Relationships of Targeted Rull(n®-p-Cymene) Anticancer Complexes with
Flavonol-Derived Ligands / A. Kurzwernhart et al // J. Med. Chem. — 2012. — Vol. 55. — P. 10512-
10522. DOI: https://doi.org/10.1021/jm301376a.

38. Popp J. Facile Arene Ligand Exchange in p-Cymene Ruthenium(ll) Complexes of Tertiary P-
Chiral Ferrocenyl Phosphines / J. Popp, S. Hanf, E. Hey-Hawkins // ACS Omega. — 2019. — Vol. 4.
— P. 22540-22548. DOI: https://doi.org/10.1021/acsomega.9b03251.

39. Ritleng V. Ruthenacycles and Iridacycles as Transfer Hydrogenation Catalysts / V. Ritleng, J.G.
Vries // Molecules. — 2021. — Vol. 6. — P. 4076. DOI: https://doi.org/10.3390/molecules26134076.
40. Cruchter T. Asymmetric catalysis with octahedral stereogenic-at-metal complexes featuring
chiral ligands / T. Cruchter, V.A. Larionov // Coord. Chem. Rev. — 2018. — Vol. 376. — P. 95-113.
DOI: https://doi.org/10.1016/j.ccr.2018.08.002.

41. Catalytic Nitrile Hydration with [Ru(n®-p-cymene)Cl(PR:R’)] Complexes: Secondary
Coordination Sphere Effects with Phosphine Oxide and Phosphinite Ligands / S.M. Knapp et al //
Organometallics. — 2013. — Vol. 32. — P. 3744-3752. DOI: https://doi.org/10.1021/o0m400380);.

42. Astruc D. Why is Ferrocene so Exceptional? / D. Astruc // Eur. J. Inorg. Chem. — 2016. — P. 6-
29. DOIl:https://doi.org/10.1002/ejic.201600983.

ISSN 2788-7995 (Print) Becruuxk yunsepcurera llakapuma. Texaudeckue Hayku Ne 3(15) 2024 293
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024


https://doi.org/10.1016/b978-0-12-812931-9.00009-8
https://doi.org/10.1016/b978-0-12-812931-9.00009-8
https://doi.org/10.3390/molecules23061493
https://doi.org/10.1016/j.jorganchem.2010.05.016
https://doi.org/10.1021/cg3014333
https://doi.org/10.1016/j.jorganchem.2012.08.031
https://doi.org/10.1021/ic302108k
https://doi.org/10.1021/acs.organomet.0c00309
https://doi.org/10.1021/acscatal.5b01688
https://doi.org/10.1002/anie.201104105
https://doi.org/10.1016/j.tetasy.2015.09.016
https://doi.org/10.1021/ic400835n
https://doi.org/10.1080/00958972.2014.888063
https://doi.org/10.1021/jm301376a
https://doi.org/10.1021/acsomega.9b03251
https://doi.org/10.3390/molecules26134076
https://doi.org/10.1016/j.ccr.2018.08.002
https://doi.org/10.1021/om400380j
https://doi.org/10.1002/ejic.201600983

43. Cunningham L. Recent developments in the synthesis and applications of chiral ferrocene
ligands and organocatalysts in asymmetric catalysis / L. Cunningham, A. Benson, P.J. Guiry // Org.
Biomol. Chem. — 2020. — Vol. 18. — P. 9329-9370. DOI: https://doi.org/10.1039/d0ob01933;.

44. Noncovalent Interaction-Assisted Ferrocenyl Phosphine Ligands in Asymmetric Catalysis / Q.
Zhao et al /[ Acc. Chem. Res. - 2020. - Vol. 53. - P. 1905-1921. DOI:
https://doi.org/10.1021/acs.accounts.0c00347.

45. The design, synthesis and application of imidazolium-tagged ferrocenyl oxazoline phosphine
ligands for the asymmetric 1,3-dipolar cycloaddition of azomethine ylides with nitroalkenes: ion effect
for enhancing the reactivity, stereoselectivity and recyclability / L. Dai et al // Tetrahedron:
Asymmetry. — 2015. — Vol. 26. — P. 350-360. DOI: https://doi.org/10.1016/j.tetasy.2015.02.009.

46. Novel ruthenium and palladium complexes as potential anticancer molecules on SCLC and
NSCLC cell lines / O. Tokgun et al // Chem. Pap. — 2020. — Vol. 74. — P. 2883-2892. DOI:
http://dx.doi.org/10.1007/s11696-020-01129-x.

47. Horak K.T. Dioxygen Reduction by a Pd(0)-Hydroquinone Diphosphine Complex / K.T. Horak,
T. Agapie // J. Am. Chem. Soc. — 2016. - Vol. 138. — P. 3443-3452. DOL:
https://doi.org/10.1021/jacs.5b12928.

48. The 2-(4-Phenyl-1H-1,2,3-triazol-1-yl)ethanol - Based Phosphinite Ligand Ph.,POCH>CH[1,2,3-
N3C(Ph)C(H)] — Synthesis, Transition-Metal Complexes, and Structural Studies / B. Choubey et al
/I Eur. J. Inorg. Chem. — 2018. — P. 1707-1714. DOI: https://doi.org/10.1002/ejic.201701058.

49. A modular design of ruthenium(ll) catalysts with chiral C>-symmetric phosphinite ligands for
effective asymmetric transfer hydrogenation of aromatic ketones / M. Aydemir et al // Tetrahedron:
Asymmetry. — 2010. — Vol. 21. — P. 703-710. DOI: https://doi.org/10.1016/j.tetasy.2010.04.002.

50. Indenyl Rhodium Complexes with Arene Ligands: Synthesis and Application for Reductive
Amination / V.B. Kharitonov et al // Organometallics. — 2018. — Vol. 37. — P. 2553-2562. DOI:
https://doi.org/10.1021/acs.organomet.8b00311.

51. New insight into the role of a base in the mechanism of imine transfer hydrogenation on a Ru(ii)
half-sandwich complex / M. Kuzma et al // Dalton Trans. — 2013. — Vol. 42. — P. 5174-5182. DOI:
https://doi.org/10.1039/c3dt32733g.

52. Fluorine/phenyl chelated boron complexes: Synthesis, fluorescence properties and catalyst for
transfer hydrogenation of aromatic ketones / A. Kilic et al // J. Fluorine Chem. — 2014. — Vol. 62. —
P. 9-16. DOI: https://doi.org/10.1016/}.jfluchem.2014.03.004.

53. Rhodium-catalyzed transfer hydrogenation with functionalized bis(phosphino)amine ligands / M.
Aydemir et al // Inorg. Chim. Acta - 2013. - Vol. 398. - P. 1-10. DOL
https://doi.org/10.1016/j.ica.2012.12.005.

54. Synthesis of ruthenium (II) complexes containing a dihydroperimidine-derived phosphine ligand
and their application in transfer hydrogenation of ketones / Q. Fu et al // Inorg. Chem. Commun. —
2013. —Vol. 38. — P. 28-32. DOI: http://dx.doi.org/10.1016/j.inoche.2013.10.013.

55. Novel Neutral Phosphinite Bridged Dinuclear Ruthenium(ll) Arene Complexes and their Catalytic
Use in Transfer Hydrogenation of Aromatic Ketones: Xray Structure of a New Schiff Base, N3,N3'-Di-
2-Hydroxybenzylidene- [2,2"bipyridinyl-3,3"-Diamine / M. Aydemir et al // J. Mol. Catal. A: Chem. —
2010. — Vol. 326. — P. 75-81. DOI: https://doi.org/10.1016/j.molcata.2010.04.010.

56. Raja N. Binuclear Ruthenium(ll) Pyridazine Complex Catalyzed Transfer Hydrogenation of
Ketones / N. Raja, R. Ramesh // Tetrahedron Lett. — 2012. — Vol. 53. — P. 4770-4774. DOI:
https://doi.org/10.1016/j.tetlet.2012.06.119.

57. The Application, of Tunable Tridentate P-Based Ligands for the Ru(ll)-Catalysed Transfer
Hydrogenation of Various Ketones / N. Meric et al // Appl. Organomet. Chem. — 2014. — Vol. 28. —
P. 803-808. DOI: http://dx.doi.org/10.1002/a0c.3202.

58. Zheng C. Transfer Hydrogenation with Hantzsch Esters and Related Organic Hydridedonors / C.
Zheng, S.L. You // Chem. Soc. Rev. — 2012. - Vol. 41. — P. 2498-2518. DOI:
https://doi.org/10.1039/C1CS15268H.

59. Iridium-Catalyzed Hydrogenation of N-Heterocyclic Compounds under Mild Conditions by an
Outer-Sphere Pathway / G.E. Dobereiner et al // 3. Am. Chem. Soc. — 2011. — Vol. 133. — P. 7547-
7562. DOI: https://doi.org/10.1021/ja2014983.

60. Wang Y., Huang Z., LiuG.,Huang Z. A New Paradigm in Pincer Iridium Chemistry: PCN
Complexes for (De)Hydrogenation Catalysis and Beyond // Acc. Chem. Res., — 2022. — Vol. 55. — P.
2148-2161. DOI:https://doi.org/10.1021/acs.accounts.2¢c00311

ISSN 2788-7995 (Print) IITokopiM yHHBEpCHTETiHIH XabapIubIchl. TexXHUKaIbIK FeuTbIMaap Ne 3(15) 2024 294
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024


https://doi.org/10.1039/d0ob01933j
https://doi.org/10.1021/acs.accounts.0c00347
https://doi.org/10.1016/j.tetasy.2015.02.009
http://dx.doi.org/10.1007/s11696-020-01129-x
https://doi.org/10.1021/jacs.5b12928
https://doi.org/10.1002/ejic.201701058
https://doi.org/10.1016/j.tetasy.2010.04.002
https://doi.org/10.1021/acs.organomet.8b00311
https://doi.org/10.1039/c3dt32733g
https://doi.org/10.1016/j.jfluchem.2014.03.004
https://doi.org/10.1016/j.ica.2012.12.005
http://dx.doi.org/10.1016/j.inoche.2013.10.013
https://doi.org/10.1016/j.molcata.2010.04.010
https://doi.org/10.1016/j.tetlet.2012.06.119
http://dx.doi.org/10.1002/aoc.3202
https://doi.org/10.1039/C1CS15268H
https://doi.org/10.1021/ja2014983
https://doi.org/10.1021/acs.accounts.2c00311

61. Grieco G., Blacque O. Solution and Solid-State Structure of the First NHC-Substituted Rhenium
Heptahydrides // Eur. J. Inorg. Chem., - 2019. - P. 3810-3819. DOI:
https://doi.org/10.1002/ejic.201900712

62. Renkema K.B. Mechanism of Alkane Transfer Dehydrogenation Catalyzed by a Pincer-Ligated
Iridium Complex / K.B. Renkema, Y.V. Kissin, A.S. Goldman // J. Am. Chem. Soc. — 2003. — Vol.
125. — P. 7770-7771. DOI: https://doi.org/10.1021/ja0289200.

63. Regioselective Gas-Phase n-Butane Transfer Dehydrogenation via Silica-Supported Pincer-
Iridium Complexes / B. Sheludko et al // Chem. Cat. Chem. — 2021. — Vol. 13. — P. 407-415. DOI:
https: //chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/cctc.202001399.

64. A suitable modified palladium immobilized on imidazolium supported ionic liquid catalysed
transfer hydrogenation of nitroarenes / R. Shanmugapriya et al // J. Organomet. Chem. — 2021. —
Vol. 49. — P. 121935. DOI: https://doi.org/10.1016/j.jorganchem.2021.121935.

65. Patil N.M. Immobilized Iron Metal-Containing lonic Liquid-Catalyzed Chemoselective Transfer
Hydrogenation of Nitroarenes into Anilines / N.M. Patil, T. Sasaki, B.M. Bhanage // ACS Sustainable
Chem. Eng. — 2016. — Vol. 4. — P. 429-436. DOI: https://doi.org/10.1021/acssuschemeng.5b01453.
66. Coordinating Chiral lonic Liquids: Design, Synthesis, and Application in Asymmetric Transfer
Hydrogenation under Aqueous Conditions / M. Vasiloiu et al // Eur. J. Org. Chem. — 2015. — Vol. 11.
— P. 2374-2381. DOI: https://doi.org/10.1002/ejoc.201403555.

67. Preparation of Chiral Ligands Connected with Quaternary Ammonium Group for Recyclable
Catalytic Asymmetric Transfer Hydrogenation in lonic Liquid / H. Uchimoto et al // Chem. Pharm.
Bull. — 2015. — Vol. 63. — P. 200-209. DOI: https://doi.org/10.1248/cpb.c14-00747.

68. Asymmetric Transfer Hydrogenation Reaction in Water: Comparison of Chiral Proline
Amide/Amine Ruthenium (II) Complexes / S. Denizalti et al // J. Organomet. Chem. — 2015. — Vol.
779. — P. 62-66. DOI: http://dx.doi.org/10.1016/j.jorganchem.2014.12.023.

69. Direct Synthesis of Hydrogen Peroxide in Water by Means of a Rh-Based Catalyst/ S. Ogo et al
1 Organometallics. - 2020. — Vol. 39. — P. 3731-3741. DOI:
https://doi.org/10.1021/acs.organomet.0c00565.

70. An Outstanding Catalyst for Asymmetric Transfer Hydrogenation in Aqueous Solution and Formic
Acid/Triethylamine / D.S. Matharu et al // Chem. Inform. — 2006. — Vol. 37. — P. 49. DOI:
https://doi.org/10.1002/chin.200649028.

71. Transfer Hydrogenation in Aqueous Media / Y. Wei et al // Catal. Today. — 2015. — Vol. 247. — P.
104-116. DOI: http://dx.doi.org/10.1016/j.cattod.2014.03.066.

72. Das S. Organocatalytic Asymmetric Transfer Hydrogenation Reactions / S. Das, V.N.
Wakchaure, B. List // Asymm. Hyd. Trans. Hyd. - 2021. - P. 339-373. DOL:
https://doi.org/10.1002/9783527822294.ch11.

73. Robertson A. The Development of Aqueous Transfer Hydrogenation Catalysts / A. Robertson,
T. Matsumoto, S. Ogo // Dalton Trans. — 2011. — Vol. 40. — P. 10304-10310. DOI:
https://doi.org/10.1039/C1DT10544B.

74. Dehalogenation of organic halides in agueous media by hydrogen transfer from formate
catalyzed by water-soluble Ru(ll)-N-heterocyclic carbene complexes / N. Marozsan et al // J. Mol.
Catal: A Chem. - 2016. - Vol. 425. - P. 103-109. DOI:
https://doi.org/10.1016/j.molcata.2016.09.036.

75. Khamis N. Heterocycle-containing Noyori-lkariya catalysts for asymmetric transfer
hydrogenation of ketones / N. Khamis, G.J. Clarkson, M. Will // Dalton Trans. — 2022. — Vol. 51. — P.
13462-13469. DOI: https://doi.org/10.1039/D2DT02411J.

76. Muniyappan P. Ru(ll) complexes containing NOO donors of tridentate Schiff base ligands:
Synthesis, characterization, crystal structure and catalytic activity in transfer hydrogenation of
ketones / P. Muniyappan, V. Paranthaman, V. Galmari // Chem. Inorg. Mat. — 2023. — Vol. 1. — P.
100003. DOI: https://doi.org/10.1016/j.cinorg.2023.100003.

77. Gorgas N. Chemoselective transfer hydrogenation of aldehydes in aqueous media catalyzed by
a well-defined iron(ll) hydride complex / N. Gorgas, A. llic, K. Kirchner // Springer Ser. Chem. Phys.
—2019. - Vol. 150. — P. 121-126. DOI: https://doi.org/10.1007/s00706-018-2279-7.

78. Water-Soluble Arene Ruthenium Complexes Containing a trans-1,2-Diaminocyclohexane Ligand
as Enantioselective Transfer Hydrogenation Catalysts in Aqueous Solution / J. Canivet et al // Eur.
J. Inorg. Chem. — 2005. — Vol. 22. — P.4493-4500. DOI: https://doi.org/10.1002/ejic.200500498.

ISSN 2788-7995 (Print) Becruuxk yunsepcurera llakapuma. Texaudeckue Hayku Ne 3(15) 2024 295
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024


https://doi.org/10.1002/ejic.201900712
https://doi.org/10.1021/ja0289200
https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/cctc.202001399
https://doi.org/10.1016/j.jorganchem.2021.121935
https://doi.org/10.1021/acssuschemeng.5b01453
https://doi.org/10.1002/ejoc.201403555
https://doi.org/10.1248/cpb.c14-00747
http://dx.doi.org/10.1016/j.jorganchem.2014.12.023
https://doi.org/10.1021/acs.organomet.0c00565
https://doi.org/10.1002/chin.200649028
http://dx.doi.org/10.1016/j.cattod.2014.03.066
https://doi.org/10.1002/9783527822294.ch11
https://doi.org/10.1039/C1DT10544B
https://doi.org/10.1016/j.molcata.2016.09.036
https://doi.org/10.1039/D2DT02411J
https://doi.org/10.1016/j.cinorg.2023.100003
https://doi.org/10.1007/s00706-018-2279-7
https://doi.org/10.1002/ejic.200500498

79. Ariger M.A. pH-Independent Transfer Hydrogenation in Water: Catalytic, Enantioselective
Reduction of B-Keto Esters / M.A. Ariger, E.M. Carreira // Org. Lett. — 2012. — Vol. 14. — P. 4522-
4524. DOI: https://doi.org/10.1021/01301903c.

80. Wu X. Transfer Hydrogenation in Water / X. Wu, C. Wang, J. Xiao // J. Chem. Soc. — 2016. —
Vol. 16. — P. 2772-2786. DOI: https://doi.org/10.1002/tcr.201600089.

81. Butler R.N. Water: Nature’s Reaction Enforcer Comparative Effects for Organic Synthesis «In-
Water» and «On-Water» / R.N. Butler, A.G. Coyne // Chem. Rev. — 2010. — Vol. 110. — P. 6302-
6337. DOI: https://doi.org/10.1021/cr100162c.

82. Unexpectedly Fast Catalytic Transfer Hydrogenation of Aldehydes by Formate in 2-
Propanol-Water Mixtures under Mild Conditions / I. Szatmari et al // Catal. Today. — 2015. — Vol.
247. - P. 14-19. DOI: https://doi.org/10.1016/j.cattod.2014.06.023.

83. Chen S.J. A Base-Controlled Chemoselective Transfer Hydrogenation of Alpha, Beta-
Unsaturated Ketones Catalyzed by [IrCp*ClI-2](2) with 2-Propanol / S.J. Chen, G.P. Lu // RSC Adv.
—2015. — Vol. 5. — P. 13208-13211. DOI: https://doi.org/10.1039/C5RA00484E.

84. Bifunctional Rhenium Complexes for the Catalytic Transfer-Hydrogenation Reactions of Ketones
and Imines / A. Landwehr et al // Chem. Eur. J. — 2012. — Vol. 18. — P. 5701-5714. DOI:
https://doi.org/10.1002/chem.201103685.

85. Mechanistic Studies on Ruthenium(ll)-Catalyzed Base-Free Transfer Hydrogenation Triggered
by Roll-Over Cyclometalation / C. Kerner et al // Chem. Eur. J. — 2017. — Vol. 82. — P. 212-224. DOI:
https://doi.org/10.1002/cplu.201600526.

86. Burling S. Direct and Transfer Hydrogenation of Ketones and Imines with a Ruthenium
NHeterocyclic Carbene Complex / S. Burling, M.K. Whittlesey, J.M. Williams // Adv. Synth. Catal. —
2005. — Vol. 347. — P. 591-594. DOI: http://dx.doi.org/10.1002/adsc.200404308.

87. Long J. Transfer Hydrogenation of Unsaturated Bonds in the Absence of Base Additives
Catalyzed by a Cobalt-Based Heterogeneous Catalyst / J. Long, Y. Zhou, Y. Li // Chem. Commun.
— 2015. — Vol. 51. — P. 2331-2334. DOI: https://doi.org/10.1039/C4CC08946D.

88. Blaser H.U. Asymmetric Catalysis on Industrial Scale: Challenges, Approaches and Solutions /
H.U. Blaser, H.J. Federsel // Eds. Asymmetric Catalysis on Industrial Scale. Wiley-VCH: Weinheim.
—2010. — P. 13-25. DOI: https://onlinelibrary.wiley.com/doi/book/10.1002/9783527630639.

89. Ohkuma T. Advancement in Catalytic Asymmetric Hydrogenation of Ketones and Imines, and
Development of Asymmetric Isomerization of Allylic Alcohols / T. Ohkuma, N. Arai // TheChem. Rec.
—2016. — Vol.16. — P. 2201-2819. DOI: https://doi.org/10.1002/tcr.201600101.

90. Bullock R.M. Catalytic lonic Hydrogenations / R.M. Bullock // Chem. Eur. J. — 2004. — Vol. 10. —
P. 2366-2374. DOI: https://doi.org/10.1002/chem.200305639.

91. Dou X. Synthesis of Planar Chiral Shvo Catalysts for Asymmetric Transfer Hydrogenation / X.
Dou, T. Hayashi // Adv. Synth. Catal. — 2016. — Vol. 358. — P. 1054-1058. DOI:
https://doi.org/10.1002/adsc.201501162.

92. Ruthenium-Catalyzed E-Selective Partial Hydrogenation of Alkynes under Transfer-
Hydrogenation Conditions using Paraformaldehyde as Hydrogen Source / M.N. Fetzer et al // Chem.
Cat. Chem. — 2021. — Vol. 13. — P. 1317-1325. DOI: https://doi.org/10.1002/cctc.202001411.

93. Selective ruthenium-catalyzed methylation of 2-arylethanols using methanol as C1 feedstock /
Y. Li et al // Chem. Commun. - 2014. - Vol. 50. - P. 14991-14994. DOI:
https://doi.org/10.1039/c4cc06933a.

94. Discovery, Applications, and Catalytic Mechanisms of Shvo’s Catalyst/ B.L. Conley et al // Chem.
Rev. — 2010. — Vol. 110. — P. 2294-2312. DOI: https://doi.org/10.1021/cr9003133.

95. Wang C. Hydrogenation of imino bonds with half-sandwich metal catalysts / C. Wang, B. Villa-
Marcos, J. Xiao // Chem. Commun. - 2011. - Vol. 47. — P. 9773-9785. DOI:
https://doi.org/10.1039/c1cc12326b.

96. J.Transition metal hydrides as active intermediates in hydrogen transfer reactions / G. Csjernyk
et al // J. Organomet. Chem. — 2002. — Vol. 67. — P. 1657-1662. DOI: https://doi.org/10.1016/S0022-
328X(02)01316-5.

97. Liu J. Efficient Aerobic Oxidation of Organic Molecules by Multistep Electron Transfer / J. Liu, A.
Gudmundsson, J. Backvall // Angew. Chem. Int. Ed. — 2021. — Vol. 60. — P. 15686-15704. DOI:
https://doi.org/10.1002/anie.202012707.

ISSN 2788-7995 (Print) [IokopiM yHHBEpCUTETIHIH Xabapiibichl. TexHUKaIbIK FhibiMaap Ne 3(15) 2024 296
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024


https://doi.org/10.1021/ol301903c
https://doi.org/10.1002/tcr.201600089
https://doi.org/10.1016/j.cattod.2014.06.023
https://doi.org/10.1039/C5RA00484E
https://doi.org/10.1002/chem.201103685
https://doi.org/10.1002/cplu.201600526
https://doi.org/10.1039/C4CC08946D
https://onlinelibrary.wiley.com/doi/book/10.1002/9783527630639
https://doi.org/10.1002/tcr.201600101
https://doi.org/10.1002/chem.200305639
https://doi.org/10.1002/adsc.201501162
https://doi.org/10.1002/cctc.202001411
https://doi.org/10.1039/c4cc06933a
https://doi.org/10.1021/cr9003133
https://doi.org/10.1039/c1cc12326b
https://doi.org/10.1016/S0022-328X(02)01316-5
https://doi.org/10.1016/S0022-328X(02)01316-5
https://doi.org/10.1002/anie.202012707

98. Verho O., Backvall J. Chemoenzymatic Dynamic Kinetic Resolution: A Powerful Tool for the
Preparation of Enantiomerically Pure Alcohols and Amines / O. Verho, J. Backvall // J. Am. Chem.
Soc. — 2015. — Vol. 137. — P. 3996-4009. DOI: https://doi.org/10.1021/jacs.5b01031.

99. Warner M.C. Shvo’s Catalyst in Hydrogen Transfer Reactions / M.C. Warner, C.P. Casey, J.
Backvall //  Bifunc. Mol. Catall - 2011. - Vol 37. - P. 85-125.
DOl:https://doi.org/10.1007/3418 2011 7.

100. Varying the ratio of formic acid to triethylamine impacts on asymmetric transfer hydrogenation
of ketones / X. Zhou et al // J. Mol. Catal. — 2012. — Vol. 357. — P. 133-140.
DOl:https://doi.org/10.1016/j.molcata.2012.02.002.

101. Muthaiah S. Acceptorless and Base-Free Dehydrogenation of Alcohols and Amines using
Ruthenium-Hydride Complexes / S. Muthaiah, S.H. Hong // Adv. Synth. Catal. — 2012. — Vol. 354. —
P. 3045-3053. DOI:https://doi.org/10.1002/adsc.201200532.

102. Mechanism of transfer hydrogenation of carbonyl compounds by zirconium and hafnium-
containing metal-organic frameworks / M.S. Rahaman et al // J. Mol. Catal. — 2022. — Vol. 522. — P.
112247. DOI: https://doi.org/10.1016/j.mcat.2022.112247/

Information about financing
This work was financially supported by the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Ne AP13068542).

C.E. TypckiH6ek’’, X.C. PacdhmkoBa?, B.M. lembuukunin®, [1.C. 3onotapesa?, E.O. BensiHkoBa'
1Kasak-bpuTtaH TeXHUKanbIK yHUBEPCUTETI,
KasakctaH, Anmatel, Tene 6u k-ci, 59
2CoTbaeB yHMBEpCUTETI,
KasakctaH, Anmatbl, CaTbaeB Kk-Ci, 22
SKonpaHbanbl 3epTTeynep, MHHOBaLUSINAP XaHe Kacinkepnik optanbifbl, NleTopuax konneaxi,
Kanapga, J1letbpnax
*e-mail: erzhanovnasss@gmail.com

K¥PAMbIHOA ®OCO®UHUT NUTAHObI BAP PYTEHUW KATANU3ATOPNAPbIHbIH CUHTE3I XXOHE
TPAHCO®EPNIK rMOPNEYAE KOJNOAHY

TpaHcopepnik eudpney (TI) opeaHukansik xumusidarsl, acipece chapmauesmukansik npernapammaposl,
aspoxumusinbiK 3ammapobl XXoHe XyKa XUMUsinbIK 3ammapdbl cuHme30eydeai eme MaHbI30bl peakyusi 601biIn
mabbinadel. byn adic cymeeiHiH OOHOprbIKMONeKynadaH KaHbiKnaraH cybcmpamka aybiCyblH KaMmuohbl,
a0emme xofapbl KbiCbIMObI cymeei 2a3biH Kaxem ememiH mikenel audprieyae Kayirncia xoHe blHFalrbl
b6anama 6onadbl. Tl xymcak xarOalnapOa 6ipHewe ¢pyHKUUOHanobiKk mornmapObl maHdamarnbl mypde
asalmy kabinemimeH epekwerneHedi, ocbinatiwa cesiMmarn yHKUUOHanobiKk monmapOobiH wamadaH mbic
asar Hemece 3akbiMOasly KayriH aszalimadbl. byn adic acipece acummempusinibiKk cuHmesoe KyHObI, MyHOa
xupaneObl Kamanuzamopnap 0epinik 3ammapldbiH OaMybl YWiH MaHbi30bl 005bIm  mabblinambiH
SHaHmMuoMeprliKk masa KocbliibicmapObl anyra MyMKiHOik 6epeOdi.

Pymenuli keweHOepi acummempusinbik TI kesiHOeai muimdinieimeH epekwe Ha3ap ayldapmadsbl,
onapdblH mypakmblifiblifbl MEeH 8pmypsii peakyusinblk opmanapra 6eldimoenyi onapObl 3epmxaHarlblK
macwmabma da, eHepkacinmik kondaHy ywiH de eme Konalinsi emedi. ®occpuHummi nueaHomap (P(OR)R'2)
onapdblH KacuemmepiH XakKcapmy YWiH KoMmrnekc cuHmesiH0e KondaHbinadel. byn nueaHdmap memarnn
opmarbIKmapbiHbIH 371eEKMPOHObLIK XoHe cmepuKarsbiKk KkacuemmepiH 0an 6anmal anameiH KabinemimeH
matbimar. ®ocghop amombiHbIH 311eKmpoH 6epemiH maburamsi R xeHe R' monmapbsiHdarbl e32epaiuimikneH
ytnecin, kamanuzamopObiH KacuemmepiH altimaprbikmal pemmeyze MyMKiHOiKk 6epedi. byn e3zepic
kamanu3amopObiH 6erceHlinigiHe, cenekmusmiriigiHe XeHe mypakmbifibiFbiHa acep eme anadbl, coHOali-aK
gocpuHummi nuzaHOmMapObi xemindipineeH KamanumukarnbiK Xxytenepdi xobanayda eme KyHObI emedi,
COHbIMEH Kamap, OCbl fluzaHOmMapMeH KaMmamachi3 emifieeH CMepPUKarslblK XoHe 35IeKmMpPOHObIK MOOynsyus
pymeHul kamanusamopJsiapblHbiH alHasbIM XuiflieiH XoHe XYMbIC mypakmbifblifbiH Xakcapmadsbl, 6y
onapObl spmypsii cuHmemukarbik KorndaHbanap ywiH muimdipek xoHe bepik emedi.

JKymbicmbiH Makcambl — mpaHcgepsiik  eudpriey canacbiHOarbl 3amaHayu kKaHarnblKmapobl
Kapacmaipy.

®ocpuHummi nuzaHdmapObIiH pymeHul Kamanu3amopnapblHa UHmezpauusinaHybl mpaHcgeprik
audpney canacblHOarbl eneyni inzepineywinikmi kepcemedi. byn kamanuzamopnap xofapbl muimOirikmi,
cerleKmuemiriikmi XeHe mypakmbinbiKmbl Kepcemedi, AFHU acuMMempusifibliK cuHme3s0e eme MaHbI30bl.
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3epmmeydiH spmypni cymeeai ke30epiH, He2i30epiH xoHe mexaHu3moOepiH 3epmmey Tl npoyeciH mepeHipex
myciHy2e MymKiHOik 6epOi.

TyiiiH ce30ep. mpaHchepmmi audpney, pymeHull Kamanusamopbl, ¢ocguHUMmMI nueaHo,
accumempussiblK CUHMe3, 3HaHMUOCE/IeKmuemirnik, KamanumukarnblK muiMOiniK, cmepukarnblK XoHe
351eKmpoHObI Kacuemmep.
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CWUHTE3 U NPUMEHEHUE ®OCP®UHUTOBLIX PYTEHUA COOEPXALLUX KATAITU3ATOPOB
B TPAHC®EPHOM rmaPUPOBAHUAU

TpaHchepHoe audpuposaHue (TI) sensemcsi eecbma 8axHOU peakyuel 8 opaaHuU4ecKou Xumuu,
0CObeHHO rpu cuHmMe3se hapmayesmuyecKux rnpernapamos, azpoxumMukamos u rnpodyKmog moHKOU XumMuu.
3Omom memod ekrroyaem riepeHoc 8odopoda om OOHOPHOU MOMEKYIbl K HEHacbiueHHOMY cybcmpamy,
rnpednazas 6ornee 6e3onacHyto U yO0bHYr arbmepHamuay rnpsiMoMy 2udpuposaHuto, 05151 KOmopoao 06bIYHO
mpebyemcsi 2a3006pasHbili 8000p0d 00 8bICOKUM OasrieHuUeM, 4mo sensemcsi HebesonacHbiM. TI
8bifenissemcs ceoeli cnocobHOCmbIo U3bupamesibHO 80ccmaHass/iug8amp HECKOTbKO hyHKUUOHasbHbIX 2Py
8 bosiee MsieKUX ycriogusix, memMm cambiM CHUXas PUCK 4Ype3MepHO20 80CCIMaHO8/IeHUS UU M08pex0eHuUs
yyecmeumersibHbIX QyHKUUOHasbHbIX 2pyrnn. 3mom mMemo0 0CObeHHO UeHEeH 8 acuMMempu4YHOM criocobe
ronyqyeHuUsi sewiecms, 20e XupasbHble Kamanusamopb! 0380/50m ofy4Yams 3HaHMUOMEpPHO Yucmble
COeOQUHEHUSI, uMerowjue pewaroujee 3HaqdeHue 0 paspabomku hapmayesmuyecKux 1eKkapcms.

PymeHuesbie  Komrnekcbl  O0COBEHHO  npumedYamersibHbl  c80ell  3hgheKmueHOCMbIO  rpu
acuMMempu4yHoOM mpaHcepHoM a2udpuposaHuu. Vix cmabunbHocmbe U adanmupyemMocme K pasiuyHbIM
peakyuoHHbIM cpedam Oenarm pymeHUEes8bIX KOMIMIeKCco8 udeasbHbiMU Kak 05151 nabopamopHo20, mak u 0ns
MPOMBIWIIEHHO20 MPUMEHEHUs], OHU YHUBepcasbHbl U MO2ym UCrob308ambcsi O 80CCMaHO8/IeHUS
KemoHos, anbleaudos, UMUHO8 U Humpunos. @ocguHumossie nueaHObl (P(OR)R'2) ucnonb3ytomcsi 8
CcuHme3se Komririekcos 0715 ynyduweHus ux cgolicma. Omu nuaaHObl O4eHb U38eCMHbI c8oeli CrIOCOBHOCMbIO
MOHKO Hacmpausamb 3/1EKMPOHHbIE U cmepu4Yeckue ceolicmea MemasioyeHmpos. SreKmpoHOOOHOPHas
npupoda amoma ¢hocghopa 8 coyemaHuu ¢ UIMeHYUBOCMbIO (hyHKUUOHasbHbIX epynn R u R' nossonsem
cyuwecmeeHHO Hacmpausams ceolicmea Kamajsiuzamopa.

Llenib pabombl — 0630p cOBPEeMEeHHbIX OmKpbimul 6 obnacmu mpaHcgepHo20 2udpuposaHus u
ucmopu4yeckux npednockisiok TI.

UHmeepayusi ¢pochuHUMHbBIX fueaHO08 C PymeHUesbIMU Kamarnuzamopamu 3HameHyem cobol
3Ha4YumesnbHbIU npogpecc 8 obnacmu mpaHcepHo20 2udpuposaHus. Omu  Kamanusamopbl
GeMoHCMpUpPyrom MOBbILEHHYI0 3hheKmu8HOCMb, CeleKmusHOCmb U cmabufibHOCmb, 4mo umeem
pelwaroujee 3sHayYeHUe 8 acuMMempuU4YHOM CUHMe3e, Komopbil 8axeH 0715 MOy4YeHUs1 hapMaKkonoau4eckux
npenapapamos u agpoxumukamos. M3ydeHue 8 xode uccrnedo8aHusi pas/iuyHbIX UCMOYHUKO8, OCHO8aHUU U
MexaHu3Mos eodopoda no3eosnurno anybxe noHsme npouecc TI.

Knrodeeblie cnoesa: mpaHcgepHoe audpuposaHue, pymeHuesbil Kamarnu3amop, ¢pocghuHUmMOosbIl
nueaHd, acuMMempuyeckul CUHME3, 3HaHMUOCESIEKMUBHOCMb, Kamanumu4ecKkas aKmueHOCMb,
cmepuyeckue U 351IeKmpoHHbIe ceolicmea.
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MHCTUTYT akKyMYnATOPOB,
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010000, KasaxcTaH, r. ActaHa, np. Kaban6ai batbipa 53
"e-mail: arailym.nurpeissova@nu.edu.kz

PA3JIMYHBIE CMNOCOBbI U3BJIEYEHUA NUTUA U3 CITOOYMEHA

AHHOMauyusi: Oma cmamaes npedcmassisiem cobol 0bwupHbIl 0630p COBPEMEHHbIX O0CMUKEHUL
8 obnacmu u3erneyeHusi IUMuUsi U3 crodyMeHoB8bIX KOHUEHMpPamos, 4mo s8/19emcsi Ko4eebIM acreKkmom 6
paspabomke 3amoz0 eaxH020 pecypca. Cmambsi HayuHaemcsi ¢ 0emarsibHO20 OMUCAaHUST XUMUYECKUX U
gusuyeckux ceoticme -crioOymeHa, 0COBEHHO aKUeHmuUpys 8HUMaHUe Ha e20 3HadYumocmu O rpouyecca
usenederus numusi. OCHOBHOe 8HUMaHue yderiiemcsi pasHoobpasHbiM Memodam obpabomku criodymeHa,
8K/IHOYasi MEXHUKU, mMaKue Kak mepmudyeckasi obpabomka, KUC/IOMHOe U ankanulHoe ebiljenaqyusaHue, a
makxxe bonee UHHOBaUUOHHbIE MoOX00kl, 8p0O0E UCM0Ib308aHUS pacmeopumernel U UOHHO20 obMeHa.

B cmambe oceewarwmcsi He MOJIbKO MEXHUYECKUE acrekmbl Kax0o020 mMemoda, HO U UX
3KOHOMUYecKasi U 3Koroaudeckass ycmoudusocmb. Ocoboe e6HUMaHue yOeriiemcs 3KO02UYEeCKUM U
3KOHOMUYECKUM rpobriemam, c8si3aHHbIM C U38Jie4eHUeM SIUMUS, 8 MOM YUCIE CMPEMITIEHUIO K MUHUMU3ayuu
omxo008 U noeblueHUD obwel agpgpekmusHocmu. Aemopbl makKxe Kpumuyecku aHanusupyrom
cyuwjecmesyroujue 02paHUYeHUs, maKkue KaK 6bICOKUe 3ampambl U C/I0XHOCMU MacwmabuposaHusi
rpouyeccos.

BaxHoli yacmbio cmambu sigisemcsi 0630p U CpaBHeHUe pasfiuydHbIX uccredosaHull U
aKcriepuMeHmarsbHbix pabom e amol obrnacmu, ¢ akueHmoM Ha me, Komopble yCrewHo nepewsnu om
nabopamopHbix uccriefogaHuli K peasibHOMy rnpumMeHeHut. Obcyxdaemcss meKyujee CoCmosiHue
uccnedosaHull 8 obnacmu u3sgriedeHUs1 numusi U 8bl0esisiiom rnomeHuyuasibHble HanpasneHus 05 6ydyuux
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