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Abstract: Catalytic defunctionalization of complex molecules has attracted sig-
nificant attention in organic synthesis. This reaction enables common func-
tional groups to serve as “traceless handles” for the new bond construction. In
this mini-review, we have summarized the latest advances, methodologies and
mechanistic insights into the selective cleavage of C—C and C—X bonds catal-
ysed by cobalt complexes, shedding light on their increasing importance in
modern chemical synthesis. The content of this review is categorized according
to the type of functional group being removed from molecules.

Keywords: decarbonylation; decarboxylation; dehalogenation; desulfurization;
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1. INTRODUCTION

Transition metal-mediated defunctionalisation through cleavage of C—C or
C-X bonds is an essential synthetic approach.! Moreover, defunctionalisation
reactions exert a direct influence on synthetic organic chemistry by enabling the
temporary utilization of functional groups in synthetic transformations.2 In vari-
ous contexts, defunctionalised substrates are deemed more advantageous than
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786 KORACAK and AJDACIC

their functionalized form. For example, the dehalogenation of polychlorinated
aromatic pesticides yields less environmentally hazardous compounds. The
deoxygenation of aldehydes, acids and similar molecules derived from natural
sources produces compounds suitable for use as biofuels.3 While highly effect-
ive, the typical utilization of the expensive palladium,*> rhodium®7 and ruthen-
ium8.9 complexes might impede the development of this field. On the other hand,
cobalt is earth-abundant, inexpensive and less toxic compared to second row
transition metals. Over the last two decades, cobalt has garnered significant atten-
tion for its applications as a catalyst in bond formation!0 and the bond cleavage!!
processes. In this mini-review, we highlight the development of the cobalt-cat-
alysed defunctionalisation reactions and their applications in synthetic organic
chemistry.

2. DEHYDRODECARBOXYLATION

Obtaining the terminal alkenes from carboxylic acids is a significant pursuit
in organic chemistry with far-reaching implications in both academic research
and industrial applications. Terminal alkenes are versatile building blocks used in
the synthesis of various compounds, including pharmaceuticals, agrochemicals,
and materials.!2 The practicability of accessing terminal alkenes from carboxylic
acids lies in the abundance and accessibility of carboxylic acids as starting mat-
erial. Carboxylic acids are prevalent in nature, and can be derived from renew-
able sources such as biomass or waste streams, offering a sustainable alternative
to petroleum-derived feedstocks.!3 Moreover, carboxylic acids are relatively
inexpensive and can be synthesized through various routes, making them attract-
ive precursors for alkene synthesis.!4 Traditional methods for alkene synthesis
often involve multi-step low atom economy processes with the use of toxic and
expensive reagents.15 In contrast, the direct conversion of carboxylic acids to ter-
minal alkenes offers a more atom-efficient and environmentally benign route. In
recent years, significant advancements have been made in the development of
catalytic systems and reaction methodologies for the selective conversion of car-
boxylic acids to terminal alkenes. Transition metal catalysis, particularly invol-
ving palladium, ! nickel!7-18 or iron catalysts,!? has emerged as a powerful tool
for this transformation.

Tunge and Cartwright have successfully developed a two-catalyst approach
to produce enamides and enecarbamates directly from readily available and
affordable N-protected amino acids using a photoredox catalyst under blue LED
irradiation and a cobaloxime catalyst Co(dmgH),CIPy.20 The protocol, despite
its success with diverse amino acids, exhibits low selectivity, resulting in the pro-
duction of significant quantities of both olefin isomers (£/Z, Scheme 1). Main-
taining a slight excess of photo catalyst relative to cobaloxime is essential for the
reaction to succeed.
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Scheme 1. Scope of N-acyl amino acids.

In the reaction mechanism, the olefin formation was initially proposed to
occur through oxidative decarboxylation, generating a radical intermediate fol-
lowed by a hydrogen atom transfer (HAT) reaction (Scheme 2). This process
ultimately produces only CO, and H» as the stoichiometric byproducts.

COIII
l R O
OH
He co' \KNHR
)/%& PC* SETR i
Col, / % ]
NHR Co"-H
~~_NHR
||
colll H
R)\/ NHR R Scheme 2. Proposed mechanism for photo-
7 NHR redox/cobalt dual-catalyzed decarboxyl-
CO; ative elimination.

Two years later, the same research group reported novel insights into the
underlying reaction mechanism. Their experimental studies suggest that the prim-
ary catalytic cycle involves Co(Il) and Co(Ill) intermediates rather than an
anionic Co(I) species.2! This proposal is based on thorough experimentation and
analysis, providing valuable insights into the mechanistic pathways of the react-
ion. Based on their research, it was proposed that a proton-coupled electron trans-
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788 KORACAK and AJDACIC

fer (PCET) pathway is the preferred route for HAT, and HE by protonation of the
Co(IIT) hydride is the most probable pathway (Scheme 3).

e c m? Scheme 3. Hypothetical mechanism for
Co ‘\f © photoredox/cobalt dual-catalyzed decar-
CO, boxylative elimination.

Under the photochemical conditions, Ritter and co-workers achieved the cat-
alytic dehydrogenative decarboxyolefination of both fatty acids, and structurally
complex carboxylic acids, into olefins.22 They identified the cobaloxime
Co(dmgH)(4-OMe-py)Cl as a proton reduction catalyst and the photoredox cat-
alyst Ir[dF(CF3)ppy]2(dtbpy)PFg, which mediates oxidative decarboxylation, as
optimal catalytic system that enables high reaction yields requirement for stoi-
chiometric additives. From their substrate scope study, it is evident that the dec-
arboxyolefination of a large variety of structurally and functionally complex car-
boxylic acids had been successful (Scheme 4).

Co(dmgH),(4-OMe-Py)CI (5 mol%)

/\8 I{dF(CF3)ppyla(dtbpy)PFs (1 mol%)
b Cs,CO;3 (1 equiv)

C + O +

R (o)) DME/H,0 18:1 RSN 0+®

35 °C, Blue LED

97% 96% 86%
Q)W OA U Q “/
90% 70% 93%

Scheme 4. Substrate scope for dehydrogenative decarboxyolefination.
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DEFUNCTIONALIZATION OF ORGANIC COMPOUNDS 789

In this method, the presence of a base is significantly important as it inc-
reases the concentration of carboxylate, facilitating the efficient one-electron
oxidation to form the neutral carboxyl radical by the iridium catalyst (Scheme 5).

H O Ce:
rA A N
H o Vﬂ
RMO' )\/CO"'
base
H (¢] @
o Decarboxylative Dehydrogenative
cycle cycle R/\
Co"-H
III
*h.lll
RCOOH

H, + RCOO"

Scheme 5. Proposed mechanism for catalytic dehydrogenative decarboxyolefination of
carboxylic acid.

Larionov and coworkers also applied a photoinduced dual catalytic dehydro-
decarboxylation strategy to carboxylic acids using acridine as a photocatalyst and
cobaloxime in a mixture of dichloromethane and methanol under Blue LED
irradiation, in order to obtain alkenes.23 From their comprehensive substrate
scope study, it was observed that the developed method exhibits a broad substrate
scope, encompassing various carboxylic acids, and demonstrated high tolerance
towards diverse functional groups, thereby showcasing its versatility and poten-
tial applicability (Scheme 6).

& Co(dmgH),CIPy (5 mol%)
acridine (20 mol%)

C + +

R oD DCM/MeOH 2:1 RN Q@

LED 2 =400nm
OH o
BnOzc\/\ ©/\/\ \(k/\]/ MeOJ\(\ﬁs/\
72% 66% 63% 83%

71%

Scheme 6. Substrate scope of photoinduced dehydrodecarboxylation.
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790 KORACAK and AJDACIC

They also discovered an efficient chemoenzymatic synthesis (LACo, lipase-
-acridine-cobaloxime method) of long-chain alkenes from triglycerides and unre-
fined biomass. Amano lipase PS from Burkholderia cepacia was used to achieve
enhanced conversion in the hydrolysis of triglycerides (Scheme 7).

Co(dmgH),CIPy (5 mol%)

)L j\ acridine (20 mol%)
1-CorHag O/Y\O n-Cy7Has  Burkholderia cepacia lipase NS
O.__n-Cy7Hs5 DCM/H,0/MeCN 10:4:1 12
A G 74%
| 25-27 °C, LED )\ =400nm 2

Scheme 7. Cooperative chemoenzymatic LACo process.

3. DECARBONYLATION

The aldehyde decarbonylation reaction is among the most important trans-
formations both in biological systems and in a synthetic laboratory. Various org-
anisms possess the ability to convert long-chain aldehydes into alkanes or alk-
enes via a group of enzymes known as aldehyde decarbonylases.24 This process
is accomplished by the release of small molecules such as formic acid, carbon
dioxide and carbon monoxide. Numerous methods have been identified for the
decarbonylation of aldehydes catalysed by transition metals and their comp-
lexes.25:26 Given the ubiquity of the aldehyde group, selective decarbonylation
can serve as an important synthetic strategy, using the aldehyde groups as “trace-
less handles” in various transformations such as the Diels—Alder (DA) reaction,
C—H activation, and others.2

Li and coworkers in 2016 reported the first example of the Co-catalyzed
decarbonylation.2? It was exemplified only on one substrate, 2.4,5-trifluoro-
benzaldehyde. They demonstrated catalytic decarbonylation reaction of 2,4,5-tri-
fluorobenzaldehyde to afford 1,2,4-trifluorobenzene with CoMe(PMes), as a cat-
alyst, and with 1.2 eq. of triethylsilane as a hydrogen source (Scheme 8).

Q5 H Co(PMeg),(SiEt;) "
(10 mol%) .
Et,SiH (1.02 equiv) . \Cﬁ@
. THF,50°C,6h
F F

94%
Scheme 8. Decarbonylation of 2,4,5-trifluorobenzaldehyde catalyzed by CoMe(PMes),.
Dehydroformylation of a-quaternary aldehydes that involves a decarbonyl-
ation step was achieved by Sorensen and coworkers using the dual catalytic

system (Scheme 9).28 Tetrabutylammonium decatungstate (TBADT) and cobal-
oxime pyridine chloride (COPC) were used as catalysts and upon UV irradiation
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DEFUNCTIONALIZATION OF ORGANIC COMPOUNDS 79 1

at room temperature olefinic products were obtained as regioisomeric mixtures in
low yields (Scheme 9).

Co(dmgH),CIPy (4 mol%)
T H TBADT (4 mol%) ,/'“H J@ @
! i + +
4AM.S., CDsCN C

3 31°C, Ar, hv
substrate ; products
[e] H
<OWH <OW <0m
o i o o]
! 19% 12%
o :
' =
H |
R :
X=H : X=H, 61% X=H, 12%
X=CN : X =CN, 65% X=CN, 13%
X =CO,CH3 X = CO,CHj3, 59% X =CO,CHj3, 9%
o :
AN g4
: 21% 17%

Scheme 9. Dehydroformylation of a-quaternary aldehydes.

Next year, Tonzetich and colleagues successfully conducted the decarbonly-
ation of aromatic and aliphatic aldehydes using cobalt(I) pincer complexes as cat-
alyst.2% However, a drawback of this method is the necessity for a stoichiometric
amount of the catalyst. As depicted in the reaction mechanism illustrated in
Scheme 10, following the formation of the product, the cobalt carbonyl complex
A is unable to undergo further substitution to complete the catalytic cycle.

RCHO

F|’CY2 N PCy, R

= N
NCoNp  E [T N-GocfH
PC < 0
Y2 o K4 PCy,
Nz% ™
?5,’,-;.’ \
PCy, .-~
= PCy,
Al N-Co-cO A | P
~Uke <7
Y2
PCéZO PCy,
RH = 3 .
- N‘,“:O'R e Scheme 10. Proposed mechanism for aldehyde dec-
PCy, arbonylation.

Based on the previous observations of Sorensen and colleagues, Konig et al.
reported a photocatalytic method for the decarbonylation of benzaldehydes in
short reaction time.30 Their method uses thioxanthone (TX) as an inexpensive
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792 KORACAK and AJDACIC

hydrogen atom transfer (HAT) agent, cobalt(Il) acetylacetonate (Co(acac),) as
the cobalt source, and 4,4'-di-fert-butyl-2,2'-dipyridyl (bbbpy) as the ligand
(Scheme 11). The limitations of this methodology include the weak reactivity of
substrates bearing hydroxy, thioether, nitro and carboxylic acid groups, the deg-
radation of amino and bromo substituted derivatives, and the limited success with
aliphatic aldehydes.

Co(acac); (1 mol%) (0]

TX (8 mol%) Y
Q0 SPOH bbbpy @mote) N O O
T MeCN, LED 7 =385 nm” R L =

N,, 28°C,5h G@ D¢

+C

Nelolio e aies

94% 95% 74% 85% 75%
cl
H H H ©/H H
- o o
© m/©/ NC F F4CO
o 7% 73% 76% 78% 93%

Scheme 11. Decarbonylation of benzaldehydes.

Initially, when the photocatalyst (PC) is excited to its triplet state (PC*), a
hydrogen atom transfer (HAT) occurs with benzaldehyde (I), resulting in the
formation of an acyl radical (II). This intermediate can then combine with the
cobalt(Il) complex (III) to produce a cobalt(IIl) complex (IV). This acyl complex
(IV) is likely to undergo decarbonylation, releasing carbon monoxide and form-
ing organocobalt complex V which can interact with the reduced form of the
photocatalyst (PC—H), restoring it to its ground state (PC) through HAT. Con-

J Rj). ]

j\ R™\1I [co™
oxidative
R IH% PC-H i additon

. (0]
PC
reductive
HAT! elimination R)J\ [Co™
co v
extrusion
PC i
& o 1CoM co
v
R-H
Vi

Scheme 12. Proposed reaction mechanism.
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DEFUNCTIONALIZATION OF ORGANIC COMPOUNDS 793

comitantly, the final product, decarbonylated arene (VI), is formed in this last
step, and active cobalt species is regenerated (Scheme 12). To confirm the evo-
lution of carbon monoxide, CO produced from the decarbonylation of 4-z-butyl-
benzaldehyde is used in the palladium-catalysed aminocarbonylation reaction,
resulting in the synthesis of the anxiolytic drug moclobemide in good yield

(Scheme 13).
Co(acac), (1 mol%)
TX (8 mol%)
H bbbpy (2 mol%)
MeCN, LED 2 =385 nm
t-Bu

2 equiv N,, 28 °C 5h

©@
Et;N (3 equiv)
| o Pd(OAc), (2.5 mol%)
XantPhos (2 5 mol%)
.
cl HZN/\/N\) “THF, N, 50°C, 16h

1 equiv 1.5 equiv

Moclobemide, 63%

Scheme 13. Test reaction for confirming CO evolution.

Following their research on the photocatalytic method for the decarbonyl-
ation of benzaldehydes, Konig et al. reported a photocatalytic dehydroformyl-
ation.31 This process integrates the dehydrogenation of benzyl alcohols into ben-
zaldehydes, followed by the decarbonylation to produce arenes in a one-pot two-
step protocol. It enables the efficient conversion of the diverse benzyl alcohols
under mild photocatalytic conditions. The combination of tetrabutylammonium
decatungstate as photoexcitable HAT-agent and cobaloxime pyridine chloride as
co-catalyst was found to be highly effective (Scheme 14).

HH  Co(dmgH),CIPy (2.5 mol%)

AN (o} TBADT (3 mol%) AN H (}@
RT CH4CN, N,, 35 °C RT _ + 7+ @

LED A = 385 nm

@r@@nﬁjo@“

85% 74% 42% 83% 50%
O 42% 48% 83% 91% 67%

Scheme 14. Substrate scope for benzylalcohols.
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794 KORACAK and AJDACIC

4. DEHALOGENATION

The use of halides as blocking/protecting groups is an intriguing concept.
For this purpose, it is essential to develop efficient dehalogenation strategies.32-33
Additionally, the dehalogenation processes are crucial for eliminating toxic halo-
genated compounds, like chlorinated arenes, which persist in the environment
and resist natural degradation, and a few examples of them are depicted in Fig.
1.34 The efficient reductive dehalogenation methods, often involving transition
metals and hydride sources, have been explored extensively.3>

Cl

O L cl N-CN
Cl.,, ACl |
J O A
cl cl e “cl N
Cl
DDT Lindane Thiacloprid

Fig. 1. Halogen-containing pesticides.

Based on their previous research related to selective C—F/C—H bond act-
ivation of fluoroarenes by cobalt complexes, Li et al. reported the selective hyd-
rodefluorination of aryl fluorides catalysed by Co(PMe3)s.3¢ In this method,
sodium formate was applied as a reducing agent, and the reaction can be con-
ducted in either acetonitrile or DMSO (Scheme 15).

B ColPMes), (10 moi%) H
F HCOONa (1.5 equiv) Fn.1—1(>/
Z MeCN, 80 °C Z

H H FE FFR F
F F F F
RN
fI FH W
~
F F F N F
CF, F FF F
70% 61% 76%

Scheme 15. Cobalt-catalyzed hydrodefluorination of polyfluoroarenes.

Based on the proposed mechanism, the process begins with the oxidative
addition of the C—F bond of the aryl fluoride to the cobalt(0) centre, forming
intermediate I, followed by substitution of fluoride ligand by a formate anion to
yield complex II. Decarboxylation of II generates the hydrido cobalt(Il) inter-
mediate III. Subsequent ligand exchange between the hydrido H atom and the F
atom of the perfluoroarenes produces the hydrodefluorination product, regener-
ating the starting Co(II) fluoride (Scheme 16).

Hydrodehalogenation of aryl bromides in the presence of cobalt porphyrin
catalyst was achieved by Chan and coworkers.37 The optimized reaction condit-
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DEFUNCTIONALIZATION OF ORGANIC COMPOUNDS 795

ions, encompassing cobalt porphyrin catalyst and 50 equiv of KOH, at 200 °C in
THF under nitrogen, were applied for hydrodehalogenation of few electron-rich
and electron-poor aryl bromides (Scheme 17). Although the yields were moder-
ately good, the substrate scope was mainly limited. Conducting the reaction in air
using 2-propanol as the solvent and 4-bromoanisole as the model substrate res-
ulted in the formation of anisole, only slightly lower yield than that obtained
under a nitrogen atmosphere.

Co(PMes),

X
-PMe, }/ GF"
%

H ||>|v|e3
Me;P. F
| \_F ’ >C0/ S
A ™7 MesP @Fm HCOONa
N ! Q(
| —Fn NaF
=
PMe; o)
MesP | H MesP 0—4
L MesP-&g  H
vesP” [ Yr,g LN
m MesP || 5 Fn
=
Il
v Scheme 16. Proposed mechanism of the cat-

-

CO, alytic hydrodefluorination.
Co(ttp) (5 mol%) H
R X KOH (50 equiv) R@/
= THF, N, 200 °C Z
p-tolyl p-tolyl
H H H H
i ? i Br
p-tolyl p-tolyl OMe Cl
0, 0, 0, 0,
Colttp) 84% 88% 48% 43%

Scheme 17. Substrate scope of aryl-bromides.

The reaction starts with Coll(ttp) abstracting a bromine atom from ArBr,
leading to the formation of aryl radical and Colll(ttp)Br. Subsequently, the aryl
radical abstracts a hydrogen atom from the solvent to produce ArH and
Colll(ttp)Br intermediate undergoes ligand substitution with KOH, yielding KBr
and Co!ll(ttp)OH. The Co!ll(ttp)OH species then generates HO, and regenerate
Coll(ttp) via reductive elimination (Scheme 18).
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ArBr

co'l(ttp) H20,
Halogen i
atom transfer 1/2H,0+1/20,

1
AH THF Co -'(.ﬂp)BI‘

Hydrogen — Af Co'l(ttp)oH

atom transfer
KO\HT/

KBr

Scheme 18. Proposed reaction mechanism.

A few years later, the same group improved their method for the catalytic
hydrodebromination reaction of aryl bromides in the presence of a cobalt por-
phyrin catalyst.38 Replacing Coll(ttp) with more electron rich Coll(tbp) at lower
temperature, in the less reactive hydrogen donating solvent (EtOH) resulted in a
higher yield and broader scope. The limited reactivity is observed for the C—CI
bond suggests that aryl chlorides exhibit inertness towards hydrodechlorination
under the optimized reaction conditions (Scheme 19).

n-Bu n-Bu
Co(tbp) (5 mol%) H
RE KOH (d0equiv) gL
Z EtOH, N, 150 °C Z
X=Cl,Br, | n-Bu n-Bu
Co(tbp)
H H H H
OMe cl t-Bu X =Br, 7%
X =Br,100% X =Br, 100% X = Cl, 3%
X =1,100%
OO L
ST ™H
X=1,72% X =Br, 87%

Scheme 19. Substrate scope of Co(tbp) catalyzed hydrodehalogenation.

They have also proposed a revised mechanism, that is based on single elec-
tron transfer. In strongly basic conditions, Coll(tbp) coordinates with OH~ to
form [Coll(tbp)(OH)]~, which transfers one electron to an aryl bromide, gener-
ating an aryl bromide radical anion. This radical anion undergoes rapid carbon—
—bromide bond cleavage to produce an aryl radical and a bromide anion. The aryl
radical can abstract a hydrogen atom from EtOH, yielding the corresponding
arene as the final product. Alternatively, the Co(tbp)aryl intermediate can undergo
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DEFUNCTIONALIZATION OF ORGANIC COMPOUNDS 797

hydrolysis to yield the corresponding arene and Co!ll(tbp)OH. The resullting
Co!ll(tbp)OH then undergoes reductive dimerization to regenerate Coll(tbp)
(Scheme 20).

Hydrogen
atom transfer ArBr [Co"(tbp)(OH)I
AH ~—EOH_ ¢ Vg OH'
-CH3CHOH .
co'(tbp)(OH)
Co(tbp)Ar co'l(tbp)
OH", EtOH
Hydro’YS'>§<CH35HOH A
co'(tbp)(OH)”  -1/2H,0,
ArH

Scheme 20. Catalytic cycle for Col(tbp) catalyzed hydrodebromination.

In 2015, Liao and co-workers proposed the reaction mechanism of debrom-
ination, catalysed by the Bj;-dependent reductive dehalogenase (NpRdhA),
elucidated using the quantum chemical cluster approach with 2,6-dibromophen-
olate as a model substrate (Scheme 21).3% According to the proposed mechanism,
the reaction proceeds through Col-initiated concerted dehalogenation for the
reductive dehalogenase NpRdhA. They also demonstrated that reactivity in the
dehalogenation reaction changes with various halogen substitutions (F, Cl, Br, I)
and indicated the enzyme’s inability to catalyse the defluorination of 2,6-diflu-
orophenolate.

Using molecular hydrogen as a green reducing agent, Beller and coworkers
reported a method for hydrodehalogenation of alkyl and (hetero)aryl-halides in
the presence of heterogeneous cobalt catalyst.#0 Synthesis of novel sustainable
catalyst was based on the complexation of cobalt salt Co(OAc); by chitosan (a
polymer of D-glucosamine) followed by pyrolysis. The substrate scope was very
broad; a range of alkyl, aryl, heteroaryl halides successfully underwent hydrode-
halogenation in the presence of this new cobalt catalyst from cheap and readily
available biowaste with good chemoselectivity (Scheme 22).

They demonstrated the utility of this method in the multistep synthesis of
(£)-peronatin B alkaloid (Scheme 23) and in degradation of halogen containing
pesticides (Metazachlor, Benodanil).

Dehalogenation of bromo- and chloro-aryl and -alkyl derivatives in the pre-
sence of CoBrp, manganese as reductant, and bipyridine ligand, in acetonitrile at
50 °C, and isopropanol as hydrogen donor, was explored by Gosmini and co-
workers in 2021.41 A range of aryl halides featuring both electron-withdrawing
and electron-donating functional groups underwent successful dehalogenation
(Scheme 24).
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H
Lys488-NH, R Br € Lys488- NH3
Tyr426-OH \E;[O_ Tyr426- OH \@[

Br !E!r

C’,‘)" ‘ | l

Enzyme-supstrate complex

R Br R Br
; :o' ; :o’
H Br

- gt

Lys488-NH,

Lysd88-NH; R Br eH
Tyr426-OH \@[o' ) Tyr426-OH
H
Br

"o
S

Enzyme-product complex

Scheme 21. Suggested reductive debromination mechanisms for NpRdhA.

Co-Co3;0,@Chitosan-700

(6-16 mol% Co) H
R X NEt, (2-4 equiv) R1@/
Z H, (30-50 bar) F
MeOH/H,O (3/1-1/1) ~
RZ/Q 120-140 °C Ry H
X =Cl,Br, |
O Cﬁu
X =Br, 95% X = Br, 90% X =1,88%
X =1,90%
f H¢L E
_N
X = Br, 59%
Xi= Br, 49% X = Cl, 90%

Scheme 22. Hydrodehalogenationof alkyl and aryl halides.

In addition to the classic methods described previously, there have also been
developments in the utilization of vitamin B and related bioinspired complexes
as efficient catalysts for dehalogenation reactions. These compounds undergo
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DEFUNCTIONALIZATION OF ORGANIC COMPOUNDS 799

chemical,*? photochemical4? or electrochemical?4 reduction to form supernuc-
leophilic cobalt species, which then reacts with alkyl and aryl halides to produce
alkyl/aryl complexes, by the cleavage of C-X bond (Fig. 2).4°

)\MgBr
O (3 equiv) O A
T .
No, THF.-78°C,2h H

Protechng__ @ e,

group

55%

Co-Co3;0,@Chitosan-700
(8 mol% Co)
K3POy (2 equiv.), Hy (50 bar)
MeOH/H,0 3:1, 120 °C

9] A\

N
g - Scheme 23. Application in (£)-peronatin B
(¥)-Perontain B 88% alkaloid synthesis.
CoBr; (5 mol%)
bipy (5 mol%) H
R = Mn (2.2 equiv) R@/
—_—
=3 TFA, i-PrOH Z
X=Cl, Br MeCN, 50 °C
H H H
COOH OMe
X = Br, 96% X =Br, 80% X = Br, 96%
X =Cl, 96% X =Cl, 66%
H
L, o
z I\
N~ "H s
CN
X =Br, 96% X =Br, 82% X = Br. 99%
X =Cl, 94% X=Cl, 51% ' Scheme 24. Reactivity of aryl electrophiles.

5. DEOXYGENATION

Over the past few decades, the increasing costs associated with petroleum
and other fossil fuels, both in financial, environmental, and societal terms, have
underscored the need to turn to renewable resources for fuel and chemicals
production. Biomass-derived materials have emerged as prime contenders for
renewable chemical sources due to their abundance and ease of handling.3 How-
ever, these materials are typically rich in oxygen, necessitating efficient deoxy-
genation processes. Therefore, it is necessary to continually develop new meth-
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odologies and catalytic systems for removing oxygen-containing functional
groups (hydroxy#0, alkoxy#’, etc.).

R

—=RH |
B, derivate ‘/\\ :
@ .
reduction 1
X

RX

supernucleophile

Fig. 2. Vitamin B, derivatives as efficient catalysts for dehalogenation.

©

CHCl; CCl; CHsCCl; CF4CCls  CHBry

5.1. Dehydroxylation

In 1978, Funabiki and coworkers reported the use of the cobalt complex
HCo(CN)s3, formed in situ from cobalt(Il) chloride and potassium cyanide
under hydrogen atmosphere, as a catalyst for the deoxygenation of allylic alco-
hols.*8 According to the proposed concerted reaction mechanism, the hydrogen-
ation of the C=C bond was followed by elimination of the hydroxy group. How-
ever, the occurrence of double bond transposition is contingent upon the ratio of
cyanide to cobalt, leading to the formation of a mixture of products (Scheme 25).

Co Co-H Co-H

\/\,\(/OH IONL o/ xON (S

+CN° S -CN° {OH
Co-OH
Co-H Co
~_H ~_H /=
\l/\ N N~ /_\_H
H CN/Co < 5:1 CN/Co > 5:1
CN/Co > 5:1

Scheme 25. Direct deoxygenation of allylic alcohols with in situ formed HCo(CN)s™3.

Later, in 1990 Jong-Tae Lee and Howard Alper demonstrated the deoxygen-
ation of allylic alcohols using S-cyclodextrin as a phase transfer catalyst and hyd-
ridopentacyanocobaltate anion as a catalyst.4 The catalytic deoxygenation of
primary and secondary allylic alcohols was achieved in good yields affording
olefins, however the tertiary allylic alcohols did not undergo the reaction under
these reaction conditions (Scheme 26).
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CoCl; (30 mol%)
p-cyclodextrin (5.5 mol%)
KCN (1.7 equiv)

KCI (70 mol%
RW ( o) _ R/\/\H

KOH (0.4 N)

H

S~~~ H Yy e
91% 87% 40%

Scheme 26. Hydrogenolysis of allylic alcohols using HCo(CN)s3 and -cyclodextrin.

The advantage of this method is evident as no hydrogenation or shift of the
double bond was observed. According to the proposed mechanism, the reaction
of the adduct of S-cyclodextrin (f-CD) and HCo(CN)s—3 with the g-allyl complex
VI would yield the product and regenerate II (Scheme 27).

B-CD + HCo(CN)g> — ([3—CD)Hf:o(CN)X3' % (B-CD)Co(CN), >
I

Co(CN),(3-CD)*
AN
RTX"0oH % R X""0C0(CN)(p-CD) —= R™F

n v
[(3-CD)Co(CN),J* ) CN_“ oN-
fO(CN)x.Aﬁ-CD)Z'
RSN i RS 0CoEN) (0D o RS
| - v

Scheme 27. Proposed reaction mechanism.

Mebane and co-workers in 2001 reported a novel method for the deoxygen-
ation of aromatic alcohols using Raney catalysts.59 Raney cobalt was first used in
this kind of transformation and demonstrates its effectiveness exclusively in
catalysing the deoxygenation of a-substituted alcohol (Scheme 28). Compared to

R/@ Raney cobalt R/\H

i-PrOH, A
!
100% 100%
H H
“
Scheme 28. Deoxygenation of a-substituted
98% 0% alcohols.
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Raney nickel, Raney cobalt is less reactive in transfer hydrogenolysis reactions.
However, its advantage is reflected in the absence of ring reduction encountered
during the deoxygenation of a-substituted alcohols containing two or more arom-
atic rings, which can occur with Raney nickel.

5.2. Deoxygenation of phenol ether

In 2014, Wang and co-workers demonstrated an efficient cobalt-catalysed
method for the reductive cleavage of inert aromatic C—O bonds with high sel-
ectivity.5! The desired products were obtained in good to moderate yields using
airstable Co(acac), as a catalyst (Scheme 29).

Co(acac), (15 mol%)
LiAlH, (2.5 equiv)

H
R1—' = Rz +-BuONa (2.5 equiv) R1—; S +R.-OH
Lz toluene, 140 °C = 2

substrate products

SRl O
: 93%

92%

oo, OO0

R = Me R=Me, 100% R=Me, 98%
R = OMe | R=0OMe, 89% R=OMe, 64%
OMe : H

62%

Scheme 29. Co-catalyzed reductive cleavage of various aromatic C—O bonds.

6. REDUCTIVE DESULFURIZATION

In 2018, Yorimitsu and colleagues developed a method for the reduction of
aryl sulfones to produce the corresponding arenes using cobalt-NHC as a cat-
aylst, and primary alkylmagnesium reagent as a hydride source.>? Additionally,
they demonstrated versatility by extending their methodology to a variety of org-
anosulphur compounds, including alkenyl and benzyl sulfones, N-tosylindole, as
well as aryl sulphide and sulphoxide derivatives (Scheme 30).

The proposed reaction mechanism for the reduction of aryl methyl sulphones
is presented in Scheme 32. In the presence of alkylmagnesium reagent, a low-val-
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ent Co-NHC complex A is formed. The oxidative addition of aryl methyl sulfone
I leads to the formation of arylcobalt methanesulfinate B. Intermediate B then
undergoes the transmetalation with an alkylmagnesium reagent to produce the
alkylarylcobalt C, followed by subsequent f-hydride elimination and reductive
elimination to yield arene II. The methanesulphinate anion generated as the leav-
ing group might undergo reduction under the present highly reductive conditions,
hence requiring an excess amount of alkylmagnesium reagent (Scheme 31).

Co(acac), (10 mol%) Pr

Q.9  IPrHCI (12 mol%)
S CgHy3MgBr (3 equiv) N) N
THF, 70 °C Pr iPr
IPrHCI
i /
T OO CC
H
N~ /
OC1zHps
R=Me, 75% R=Me 66%  R=Me, 83% R = Me, 36%
R = tBu, 74%
R = Ph, 85%
O 9\
‘ 9} :§ Tol
S S s
~
COCO U E L
89% 75% 40% 57%

Scheme 30. Cobalt-calatyzed reduction of aryl sulfones and other sulfonyl compounds.

IPreHCI
+
Co(acac),

BrMg._~g l Q.0
“CH,
i |

SR \@
IPr IPr
oy
.

BrMg-SO,Me
c

Scheme 31. Plausible reaction mechanism.
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7. CONCLUSION

Cobalt-catalysed defunctionalization has emerged as a powerful tool in the
field of organic synthesis, offering chemists efficiency and selectivity in the mod-
ification of complex molecules. Emerging the defunctionalization strategies are
poised to become integral to various energy production methods, such as the
conversion of biomass into biofuels. Additionally, the defunctionalization holds
great importance in drug synthesis, converting environmentally hazardous mole-
cules (such as pesticides) into less harmful forms and obtaining precursors for the
polymer industry.
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REFERENCES

1. A.Modak, D. Maiti, Org. Biomol. Chem. 14 (2016) 21
(https://doi.org/10.1039/C50B01949D)

2. 7. Selakovi¢, A. M. Nikoli¢, V. Ajdagi¢, I. M. Opsenica, Eur. J. Org. Chem. (2022)
€202101265 (https://doi.org/10.1002/ejoc.202101265)

3. J. Zakzeski, P. C. A. Bruijnincx, A. L. Jongerius, B. M. Weckhuysen, Chem. Rev. 110
(2010) 3552 (https://doi.org/10.1021/cr900354u)

4. J. S. Dickstein, J. M. Curto, O. Gutierrez, C. A. Mulrooney, M. C. Kozlowski, J. Org.
Chem. 78 (2013) 4744 (https://doi.org/10.1021/j0400222c)

5. 0. Navarro, H. Kaur, P. Mahjoor, S. P. Nolan, J. Org. Chem. 69 (2004) 3173
(https://doi.org/10.1021/j0035834p)

6. J. F. Hooper, R. D. Young, A. S. Weller, M. C. Willis, Chem. Eur. J. 19 (2013) 3125
(https://doi.org/10.1002/chem.201204056)

7. M. Tobisu, R. Nakamura, Y. Kita, N. Chatani, J. Am. Chem. Soc. 131 (2009) 3174
(https://doi.org/10.1021/ja810142v)

8. N. Chatani, H. Tatamidani, Y. Ie, F. Kakiuchi, S. Murai, J. Am. Chem. Soc. 123 (2001)
4849 (https://doi.org/10.1021/ja0103501)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

DEFUNCTIONALIZATION OF ORGANIC COMPOUNDS 805

G. Domazetis, B. Tarpey, D. Dolphin, B. R. James, J. Chem. Soc., Chem. Commun.
(1980) 939 (https://doi.org/10.1039/C39800000939)

B. Koki¢, B. Vulovié¢, M. Jovi¢, A. Andrijevi¢, V. Ajdaci¢, I. M. Opsenica, Eur. J. Org.
Chem. 26 (2023) ¢202300997 (https://doi.org/10.1002/ejoc.202300997)

B. Koki¢, Z. Selakovi¢, A. M. Nikoli¢, A. Andrijevié, B. Andelkovié, V. Ajdagié, 1. M.
Opsenica, Eur.J. Org.Chem. (2022) 202201112
(https://doi.org/10.1002/ejoc.202201112)

G. R. Lappin, J. D. Sauer, Alpha Olefns Applications Handbook, Marcel Dekker, New
York, 1989 (ISBN:9780824778958)

I. T. Horvath, Chem. Rev. 118 (2018) 369 (https://doi.org/10.1021/acs.chemrev.7b00721)
R. A. Sheldon, J. K. Kochi, Org. React. 19 (2011) 279
(https://doi.org/10.1002/0471264180.0r019.04)

T.Takeda, Modern Carbonyl Olefination: Methods and Applications; John Wiley & Sons,
Hoboken, NJ, 2006 (ISBN:978-3-527-60538-5)

L. J. Goofen, N. A. Rodriguez, Chem. Commun. (2004) 724
(https://doi.org/10.1039/B316613A)

A. John, M. O. Miranda, K. Ding, B. Dereli, M. A. Ortuiio, A. M. LaPointe, G. W.
Coates, C. J. Cramer, W. B. Tolman, Organometallics 35 (2016) 2391
(https://doi.org/10.1021/acs.organomet.6b00415)

A. John, M. A. Hillmyer, W. B. Tolman, Organometallics 36 (2017) 506
(https://doi.org/10.1021/acs.organomet.6b00940)

S. Maetani, T. Fukuyama, N. Suzuki, D. Ishihara, I. Ryu, Organometallics 30 (2011)
1389 (https://doi.org/10.1021/0m1009268)

K. C. Cartwright, J. A. Tunge, ACS Catal. 8 (2018) 11801
(https://doi.org/10.1021/acscatal.8b03282)

K. C. Cartwright, E. Joseph, C. G. Comadoll, J. A. Tunge, Chem. Eur. J. 26 (2020) 12454
(https://doi.org/10.1002/chem.202001952)

X. Sun, J. Chen, T. Ritter, Nature Chem. 10 (2018) 1229
(https://doi.org/10.1038/s41557-018-0142-4)

V. T. Nguyen, V. D. Nguyen, G. C. Haug, H. T. Dang, S. Jin, Z. Li, C. Flores-Hansen, B.
S. Benavides, H. D. Arman, O. V. Larionov, ACS Catal. 9 (2019) 9485
(https://doi.org/10.1021/acscatal.9b02951)

E. N. G. Marsh, M. W. Waugh, ACS Catal. 3 (2013) 2515
(https://doi.org/10.1021/cs400637t)

N. Terzi¢ Jovanovi¢, V. Ajdacic, J. Serb. Chem. Soc. 87 (2022) 669
(https://doi.org/10.2298/JSC220128024T)

H.Lu, T.Y. Yu, P. F. Xu, H. Wei, Chem. Rev. 121 (2021) 365
(https://doi.org/10.1021/acs.chemrev.0c00153)

S. Yuan, H. Sun, S. Zhang, X. Li, Inorg. Chim. Acta 439 (2016) 100
(https://doi.org/10.1016/j.ica.2015.10.006)

D. J. Abrams, J. G. West, E. J. Sorensen, Chem. Sci. 8 (2017) 1954
(https://doi.org/10.1039/C6SC046071)

H. Alawisi, K. F. Al-Afyouni, H. D. Arman, Z. J. Tonzetich, Organometallics 37 (2018)
4128 (https://doi.org/10.1021/acs.organomet.8b00668)

30. D. Kolb, M. Morgenstern, B. Konig, Chem. Commun. 59 (2023) 8592
(https://doi.org/10.1039/D3CC02170J)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



806 KORACAK and AJDACIC

31. D. Kolb, A. A. Almasalma, M. Morgenstern, L. Ganser, . Weidacher, B. Konig,
ChemPhotoChem 7 (2023) €202300167 (https://doi.org/10.1002/cptc.202300167)

32. A.Dobbs, J. Org. Chem. 66 (2001) 638 (https://doi.org/10.1021/j00057396)

33. A. Ramanathan, L. S. Jimenez, Synthesis (2010) 217 (https://doi.org/10.1055/5-0029-
1217112)

34. S. Agarwal, S. R. Al-Abed, D. D. Dionysiou, Environ. Sci. Technol. 41 (2007) 3722
(https://doi.org/10.1021/es062886y)

35. A. Kokanovi¢, V. Ajdaci¢, N. Terzi¢ Jovanovié, S. Stankic, I. M. Opsenica, ACS Appl.
Nano Mater. 6 (2023) 15820 (https://doi.org/10.1021/acsanm.3c02743)

36. J. Li, T. Zheng, H. Suna, X. Li, Dalton Trans. 42 (2013) 13048
(https://doi.org/10.1039/C3DT50409C)

37. K. S. Chan, C. R. Liu, K. L. Wong, Tetrahedron Lett. 56 (2015) 2728
(https://doi.org/10.1016/j.tetlet.2015.04.014)

38. C. Chen, H. Zuo, K. S. Chan, Tetrahedron 75 (2019) 510
(https://doi.org/10.1016/j.tet.2018.12.010)

39. R. Z. Liao, S. L. Chen, P. E. M. Siegbahn, ACS Catal. 5 (2015) 7350
(https://doi.org/10.1021/acscatal.5b01502)

40. B. Sahoo, A. E. Surkus, M. M. Pohl, J. Radnik, M. Schneider, S. Bachmann, M. Scalone,
K. Junge, M. Beller, Angew. Chem. Int. Ed. 56 (2017) 11242
(https://doi.org/10.1002/anie.201702478)

41. B.R.P.Reddy, A. Auffrant, C. Gosmini, 4sian J. Org. Chem. 10 (2021) 3275
(https://doi.org/10.1002/ajoc.202100616)

42. K. M. McCauley, D. A. Pratt, S. R. Wilson, J. Shey, T. J. Burkey, W. A. van der Donk, J.
Am. Chem. Soc. 127 (2005) 1126 (https://doi.org/10.1021/ja048573p)

43. 43. H. Shimakoshi, M. Tokunaga, T. Babaa, Y. Hisaeda, Chem. Commun. (2004) 1806
(https://doi.org/10.1039/B406400C)

44. H. Shimakoshi, Y. Hisaeda, Chem. Rec. 21 (2021) 2080
(https://doi.org/10.1002/tcr.202100077)

45. H. Shimakoshi, Y. Hisaeda, ChemPlusChem 82 (2017) 18
(https://doi.org/10.1002/cplu.201600303)

46. J. M. Herrmann, B. Konig, Eur. J. Org. Chem. (2013) 7017
(https://doi.org/10.1002/ejoc.201300657)

47. M. Tobisu, K. Yamakawa, T. Shimasakia, N. Chatani, Chem. Commun. 47 (2011) 2946
(https://doi.org/10.1039/COCCO05169A)

48. T. Funabiki, Y. Yamazaki, K. Tarama, J. Chem. Soc., Chem. Commun. (1978) 63
(https://doi.org/10.1039/C39780000063)

49. J. T. Lee, H. Alper, Tetrahedron Lett. 31 (1990) 4101 (https://doi.org/10.1016/S0040-
4039(00)97553-1)

50. B. H. Gross, R. C. Mebane, D. L. Armstrong, Appl. Catal., A 219 (2001) 281
(https://doi.org/10.1016/S0926-860X(01)00700-1)

51. Y. L. Ren, M. Tian, X. Z. Tian, Q. Wang, H. Shang, J. Wang, Z. C. Zhang, Catal.
Commun. 52 (2014) 36 (https://doi.org/10.1016/j.catcom.2014.03.036)

52. J. Fukuda, K. Nogi, H. Yorimitsu, Asian J. Org. Chem. 7 (2018) 2049
(https://doi.org/10.1002/ajoc.201800473).

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice



@Article{Koracak2024,

  author    = {Kora{\v{c}}ak, Ljiljana K and Ajda{\v{c}}i{\'{c}}, Vladimir D},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {{Cobalt catalyzed defunctionalization reactions}},

  year      = {2024},

  issn      = {1820-7421},

  month     = {jul},

  number    = {6},

  pages     = {785--806},

  volume    = {89},

  abstract  = {Catalytic defunctionalization of complex molecules has attracted sig­nificant attention in organic synthesis. This reaction enables common func­tional groups to serve as “traceless handles” for the new bond construction. In this mini-review, we have summarized the latest advances, methodologies and mechanistic insights into the selective cleavage of C–C and C–X bonds catal­ysed by cobalt complexes, shedding light on their increasing importance in modern chemical synthesis. The content of this review is categorized according to the type of functional group being removed from molecules.},

  doi       = {10.2298/JSC240315045K},

  file      = {:C\:/Users/Mario/Downloads/No6_2024/01_12848_5756.pdf:pdf;:01_12848_5756.pdf:PDF},

  keywords  = {decarboxylation,dehalogenation,deoxygenation,desulfurization},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/12848},

}





