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o-Amino carbonyl compounds are an important class of nitrogen-containing substances. This review highlights their
synthesis using various strategies and considers mechanisms of the processes. The strategies are classified into subcategories
based on the type of starting materials, chemical reactions and synthetic methods in use. In the literature survey, different
types of reactions are discussed like oxidation, reduction, addition, coupling, C—H amination, oxidative cleavage and
rearrangement, amidation, multicomponent cascade reaction, etc., for the synthesis of these compounds.
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1. Introduction

a-Amino carbonyl compounds or «-amino ketones are
important building blocks for the synthesis of various
natural products. Also, they are found in a large number
of biologically and pharmacologically active natural prod-
ucts, so they play a significant role in pharmaceutical and
medicinal chemistry.!~® These nitrogen-containing skele-
tons are also important synthetic intermediates for the
synthesis of 2-amino alcohols®~!2? and various nitrogenous
heterocycles due to their unique structures and reactiv-
ity.13-16 Commercial drugs such as mephedrone!’ and
bupropion '® (Fig. 1) contain «-amino carbonyl moieties.
The Scheme 1 shows synthetic strategies to prepare some
nitrogenous heterocycles (A, B, C) derived from «-amino
carbonyl compounds.

So, among nitrogen-containing heterocyclic scaffolds,
the synthesis of those bearing an a-amino carbonyl unit has
gained significant attention due to the importance of this
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structural motif. In view of this, several methods have been
developed up to date based on various strategies.'”=22 In
the present review, publications concerning some recent
strategies for the synthesis of this important scaffold are
discussed. This review is divided into some subsections
based on the type of starting materials, chemical reactions
and synthetic methods of choice. Also, plausible mecha-
nisms and limitations of the presented methods are consi-
dered. The collected data have been published mainly over
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N Cl N\But
Mephedrone Bupropion
Figure 1. Examples of commercial a-amino carbonyl-containing
drugs.
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the last two decades (2001 —2022). In a review,?° synthetic
approaches are described using natural o-amino acids as
starting materials.? We did not include these methods carbonyl)nitrene was developed. The authors also

herein, since they are quite old. Although some works
published before the year 2000 will be mentioned so as to
illustrate the history of the synthesis of this moiety.

2. Synthetic strategies

2.1. Thermolysis of ethyl azidoformate in enol silanes

Initially, Lociuro et al.?? was the first to develop a one-step
method for the synthesis of N-protected a-amino carbonyl
derivatives by thermolysis of ethyl azidoformate in enol
trimethylsilyl ethers. Various enol ethers derived from alkyl,
cycloalkyl, and alkyl aryl ketones were successfully used in
this reaction to provide high yields of the products. A
reaction pathway was proposed as shown in Scheme 2. In
a follow-up study,?® another approach to N-protected
a-amino carbonyl derivatives from enamines and (ethoxy-

described the outcome of the reactions between ketene silyl
acetals and ethyl azidoformate.?>

In 1994, Evans et al.?® reported the synthesis of a-amino
ketones by the reaction between (N-(p-tolylsulfonyl)imino)-
phenyliodinane (PhI=NTs) and enol silanes in the presence
of CuClOy4. The product yields in the reaction the 53—-75%
based on the nitrene precursor.

Later, Lim and Ahn?7 reported a convenient catalyst-
free method for the synthesis of a-tosylamino carbonyl
compounds from enol silanes using the same aminating
reagent PhI=NTs (Scheme 3). Various aromatic enol
silanes reacted with PhI=NTs to afford o-tosylamino
carbonyls in good yields. Relatively lower yields were
obtained when PhI=NTs reacted with aliphatic enol silanes
such as 3-(trimethylsilyloxy)-2-pentene (53%) and 1-(trime-
thylsilyloxy)-1,3-butadiene (52%). Unfortunately, enol

A.Mukherjee. Graduated from the University of Burdwan (2014, India),
MSc from the UFU (2017, Russia); Post-graduate student at the same
University.

E-mail: anindita0423@gmail.com

Current research interests: heterocyclic drug candidates, ligands and
fluorophores, chemosensors.

S.Mahato. BSc (2013) and MSc (2015), PhD in Chemistry (2020) from the
Visva-Bharati University (India).

E-mail: sachinto123@gmail.com

Current research interests: biologically active heterocycles.
D.S.Kopchuk. PhD in Chemistry (2010), Doctor of Chemical Sciences
(2019) from the UFU.

E-mail: dkopchuk@mail.ru

Current research interests: development of novel synthetic approaches to
(hetero)aromatic compounds, bi- and terpyridine ligands, substituted
1,2,4-triazines, chemosensors for the metal cations, explosive detection.
S.Santra. PhD in Chemistry from Visva-Bharati (2014); since 2015, Post-
doctoral Researcher, then Senior researcher at the UFU.

E-mail: sougatasantra85@gmail.com

Current research interests: development of new synthetic approached to
heterocyclic scaffolds along the lines of green chemistry.

G.V.Zyryanov. PhD in Chemistry (2000), Post-doctoral studies
(2001-2010, USA), Doctor of Chemical Sciences (2012), Professor of
RAS (2018) at the UFU.

E-mail: gvzyrianov@gmail.com

Current research interests: development of novel and rational synthetic
approaches to new (hetero)aromatic drug candidates, ligands, chemo-
sensors and fluorophores.

A.Majee. PhD in Chemistry at the Indian Association for the Cultivation
of Science (1998, India), CIES postdoctoral research fellow with Prof.
Laurent El Kaim (1999 —2000, France), BOYSCAST fellow at the Uni-
versity of Sheffield (2010, UK), Professor at the Visva-Bharati University.
E-mail: adinath.majee@ visva-bharati.ac.in

Current research interests: development of new synthetic methodologies
with special emphasis on organocatalysis and green chemistry.
O.N.Chupakhin. PhD in Chemistry (1962), Doctor of Chemical Sciences
(1976), Academician of RAS, Professor at the UFU, Chief Researcher at
the IOS UB RAS.

E-mail: chupakhin@ios.uran.ru

Current research interests: new methodologies in organic synthesis,
structural analysis of organic compounds, mechanisms of organic reac-
tions, heterocyclic chemistry, green chemistry, industrial chemistry, envi-
ronmental chemistry, medicinal chemistry, chemosensors, molecular
recognition and supramolecular chemistry.



A.Mukherjee, S.Mahato, D.S.Kopchuk, S.Santra, G.V.Zyryanov, A.Majee, O.N.Chupakhin

Russ. Chem. Rev., 2023, 92 (3) RCR5046

3of17

; Scheme 3
I—N—Ts

OTMS
PhINTs (1 1 equiv.)

RN Dymecn 25C, R
R2 N2 (1 atm)

o)
)K( NHTs —>/IK(NHTS
R?

Tsis tosyl; R' = Ar, Alk; R2 = H, Me

Representative examples of synthesized compounds

©/u\rNHTs NHTs ©5/NHTS

94% 70% 67%
\)K(NHTS NHTs NHTs
53% 52% 96%

97% 99%

silanes such as 1-(trimethylsilyloxy)cyclohexene and 1-phen-
oxy-1-(trimethylsilyloxy)ethane did not react with
PhI=NTs at all.

Phukan and Sudalai?® demonstrated the possibility to
prepare a-amino carbonyl compounds from silyl enol ethers
using heterogeneous catalyst such as Cu-exchanged Y-zeo-
lite (Cu—Y) at room temperature in acetonitrile in good
yields (Scheme 4). The catalyst was prepared by an ion
exchange method in an aqueous solution of copper acetate.
It was observed that the yields were lower in the case of
cyclic substrates; but the rate of reaction was higher due to
the ring strain effect.

Scheme 4
OTMS  PhINTS (0.67 equiv.), o
Cu—Y catalyst NHTs
RS MeCN, 25°C,2—3h R’
R2 R2

5 examples,

R' = R? = Ar, cyclo-Alk 48—63% yields

In 2008, Bolm and co-workers 2° developed a method for
aziridination of various enol silyl ethers at ambient temper-
ature. The reaction was carried out using iron catalyst in
acetonitrile to provide the desired products in moderate to
good yields (Scheme 5).

In 2011, Zhdankin and co-workers 3° described a metal-
free amination reaction using nitrene precursors derived
from ortho-alkoxyiodobenzenes (Scheme 6). Various silyl
enol ethers reacted smoothly and provided the desired
products in moderate yields in the presence of boron
trifluoride diethyl etherate in DCM in 0.2—24 h. Readily
available 2-iodophenol ethers were used to prepare the
desired o-alkoxyphenyliminoiodanes in two simple steps.

Mizar and Wirth 3! carried out the synthesis of a-amino
carbonyl derivatives as well as functionalization of carbonyl

Scheme 5
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R1

X R N
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R = Me, Pr, Pri, Bu

compounds at a-position through the umpolung reaction in
the presence of hypervalent iodine, (diacetoxyiodo)benzene
[PhI(OAc)2] (Scheme 7). This reaction proceeded smoothly
at ambient temperature in the presence of phenyliodine(III)
diacetate (PIDA) without using any Lewis acid. Various
nucleophiles gave the desired products in moderate to good
yields.

Scheme 7
|
O/Si\R2 PhI(OACc)2 )J\/
/& CHACl/MeCN (1:1) R R
R? 25°C,2-4h 47 examples,

50-92% yields
R'" = Ar, Alk; R2 = NEtp, NHTs, N(SiMe3)Ts,
N(SiMes3),, OH, OMe, OEt, OAc; R® = NEt,, NHTs, NTs, NH,, OH,
OMe, OEt, OAc

A metal-free nitroso aldol reaction providing o-amino
ketones was carried out at room temperature by the direct
cross-coupling of various anilines with silyl enol ethers
(Scheme 8).32 For this purpose, only inexpensive and user-
friendly Oxone was required, and the reaction demonstrated
remarkable functional group tolerance. The reaction
sequence comprised the following steps: one-pot tandem
generation of nitroso compound, the selective C—N bond
formation and the N—O bond cleavage.
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Oxone is potassium peroxymonosulfate

2.2. Additions of acyl silanes to imines
A new base-mediated organocatalytic process for the syn-
thesis of a-amino carbonyl derivatives is based on the
addition of acylsilanes to N-diphenylphosphinoylimines
(Scheme 9).33 Neutral carbenes (or zwitterions) generated
in situ from readily available thiazolium salts served as
catalysts. It was found that both alkyl and aryl acyl silanes
and various substituted aryl imines reacted smoothly. A
plausible reaction mechanism was proposed (see Scheme 9).
The formation of the heterocyclic carbene/zwitterion
catalyst species A was initiated by the thiazolium salt.34~ 3¢
This species A underwent the Brook rearrangement by
addition to the acyl silane to generate intermediate B.37 In
the presence of 2-propanol, the newly formed enol silane
was converted to C. The resulting reduced steric environ-

o o Scheme 9
0 Il
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1JJ\ (30 mol.%) R’
+ —_—
R S'\ )\ DBU, CHCls, HN-
PriOH pPh2
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\
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O
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\ \
eject SiMe,R2
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O |‘3Ph2 W\
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HO R
S ) R? addltlon R?
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D J\I\/PPhg
|
R® H

ment around the double bond initiated addition to the imine
in the next step. Collapse of the tetrahedral intermediate (D)
occurred in the final step and the desired product was
obtained with concomitant regeneration of the catalyst.

2.3. Coupling of enol acetates

with N-arylsulfonyl-1-aminopyridine salts

A visible-light-promoted photoredox-catalyzed synthesis of
a-sulfonylamino ketones was reported.?® The reaction was
carried out by coupling aryl enol acetates with N-arylsul-
fonyl-1-aminopyridine salts in up to 83% yields
(Scheme 10). It was observed that catalytic amounts of
Ir(ppy)s (2 mol.%) (ppy is 2-phenylpyridine) accelerated
the formation of N-centered radical intermediates from N-
arylsulfonyl-1-aminopyridine salts upon irradiation with a
blue LED (/4 = 425415 nm) and these intermediates were
directly involved in the coupling reaction.

Scheme 10
X, BF;
OAc | 1/U\/ “
+ ~ —>
SARCICEN
R I O 3
R2 HN\% 3Zexamples,
(‘5 31—83% yields

(a) Ir(ppy)s (2 mol.%), blue LED (12 W), N2, MeCN, rt, 24 h;
R" = R2 = Ar, Het, cyclo-Alk; R® = Me, F, Cl, Br, NO,, CF3, Ph;
ppy is 2-phenylpyridine

According to the proposed reaction mechanism
(Scheme 11), the blue LED light excited the photocatalyst
Ir(ppy)s to Ir*(ppy)s. Next, the N-centered radical A was
formed via the reduction of N-Ts-protected 1-aminopyridi-
nium salt initiated by Ir*(ppy)s through a single electron
transfer (SET) process with simultaneous oxidation of
Ir*(ppy)s to Ir(ppy)7. The radical intermediate B was
produced by an attack of N-centered radical species A on
the enol double bond. Cation C was generated from
intermediate B by oxidation in the presence of Ir(ppy)s
with simultaneous regeneration of Ir(ppy)s to complete the
catalytic cycle. Finally, the desired a-sulfonylamino ketone
along with the acetyl cation D was formed from the
resulting cation C. It is worth mentioning that existing
nucleophilic species (e.g., pyridine) captured the acetyl
cation D.

Scheme 11
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LED N
Irppy)s —— Ir(ppy);  Ir(ppy); OAc  5ac
X SET X
@ enHTs PR o7 S NHTS
N~ BFy A B
‘ +
NHTs pyridine Ir(ppy)3
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20AC
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SET is single electron transfer D
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2.4. Reduction of a-imino carbonyl compounds

In 2001, Shimizu er al.?® offered a method for the synthesis
of a-amino carbonyl derivatives by the reduction of a-imino
carbonyl compounds using titanium tetraiodide (Tils) as a
reducing reagent (Scheme 12). Various types of imine sub-
strate were reduced to the corresponding amino compounds
in good to high yields.

o 0 Scheme 12

)S(Rz Tils (2.0 equiv.) R2
R1 >
NR

1
MeCN,0°C—r, R
R! = Ph, OEt; R2 =

15-22h NHR
PAn is para-anisidine

32-90% yield
H, Ph; R = PTs, PAn;

c=0
(CH2)s |

C=NPAnN MeCN, 0 °C —rt,
16 h

_—=NPANn Tils (2.0 equiv.) NHPAN H
MeCN, 0 °C —rt, +
\ 2% h H NHPAN
O

Tils (2.0 equiv.) C=0
4—> (CH2)8
HC=NHPAN

49%

exo 55%, endo

85:15

The authors proposed a reaction pathway for this
process (Scheme 13). First, an initial attack of iodide
anion occurs on the imino or carbonyl carbon followed by
the reaction with another iodide anion to generate enolates
species. The latter are protonated to give chemoselectively
a-amino carbonyl compounds.

2.5. Oxidative cleavage of aziridines
In 2003, Rao and co-workers#? described a procedure for
the oxidative cleavage of B-cyclodextrin (B-CD)-aziridi-
ne(epoxide) complexes with 2-iodoxybenzoic acid (IBX) to
produce a-hydroxyketones and o-aminoketones in high
yields (Scheme 14, method A). This reaction is mediated
by B-CD and proceeds in water. Cyclodextrins are cyclic
oligosaccharides, which have a cavity-like structures and
can selectively bind substrates and catalyze chemical reac-
tions. In the absence of cyclodextrin, the reaction does not
proceed. This is the first example of a direct one-step
synthesis of a-amino carbonyl derivatives from aziridines.
In a follow-up study,*! a-tosylamino carbonyl deriva-
tives were effectively synthesized from aziridines at 50 °C in
water (Scheme 14, method B). In this reaction, NBS
(N-bromosuccinimide) was used for the first time for the
oxidative cleavage of the in situ formed B-cyclodextrin-
aziridine complexes. As a result, the corresponding a-tosy-
lamino carbonyl derivatives were produced in high yields.
The authors developed one more procedure to prepare
a-hydroxy ketones and a-amino ketones by oxidation of
epoxides and aziridines wunder ambient conditions
(Scheme 15).4? This reaction was carried out in the presence
of cerium(Iv) ammonium nitrate (CAN) and NBS in an
acetonitrile-water mixture to give the corresponding prod-
ucts in high yields. In this case, the substrate scope was
much wider as compared to the above-mentioned methods.

(0] Scheme 13

R1

Scheme 14

ij/u method A or B
—_
B-CD

Method A: IBX (1 equiv.), H20, rt; 84 —92% yields;
R = H, 4-Br, 3-Cl, 4-Cl, 4-Me, 4-OMe, 4-NOy;
X =0, NTs

Method B: NBS (1 equiv.), H20, 50 °C, 12 h; 80 —90% vyields;
R = H, 4-Me, 4-Cl, 3-Cl, 4-Br, 4-OMe, 4-COMe;
X = NTs;

IBX is 2-iodoxybenzoic acid, NBS is N-bromosuccinimide

Scheme 15
CAN (0.2 equiv.)

X NBS 1equw)
R—
MeCN : H,0 (9 1)

rt,4—12h

/U\/XH

16 examples,
R = Ar, Alk; X = O, NTs; 84 —94% yields

CAN is cerium(lv) ammonium nitrate

Both aryl- and alkyl-substituted aziridines performed well
under the reaction conditions.

Luo et al*?® reported the synthesis of a-tosylamino
carbonyl derivatives by the oxidative ring-opening of azir-
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idines in presence of a stoichiometric amount of pyridine
N-oxide (Scheme 16). The corresponding carbonyl deriva-
tives were obtained in high yields. A reaction pathway was
proposed (see Scheme 16). At first, intermediate A is formed
by a nucleophilic attack of amine oxide on the aziridine.
a-Amino ketones were produced in the next step by the
intramolecular proton transfer and elimination of pyridine.

In 2016, Zhang et al.** developed an efficient approach
to a-amino aryl ketones via regiospecific oxidative ring-
opening of N-sulfonyl aziridines with DMSO at ambient
temperature (Scheme 17). Here, 2-methylquinoline was
used as a ring-opening promoter to provide the correspond-
ing a-amino ketones in high yields. Supposedly, it was due
to the appropriate alkalinity of 2-methylquinoline.*3 40
Although, the exact role of this 2-methylquinoline is still
unclear. The reaction was also applicable to the gram-scale
synthesis. A reaction mechanism was also proposed by the

R’ Scheme 17
|
O:?:O 2-methylquinoline (0] l}l
N (2 equiv.) N\S//O
DMSO, tt, 24 h o// g
R 15 examples,
R 60—92% yields

R = H, Me, But, Cl, Br; R = Ar, Alk

Representative examples of synthesized compounds

o H R' = 4-CF3CgH4 (75%), R' = Me (60%),
4-BuCgHy (75%), Bu" (64%),

>s7 2-Naph (78%): 4-MeCegHs (87%)
0~ "R! Naph is naphthyl

authors (Scheme 18). Given the stability of the polarized
cations, aryl-substituted N-sulfonyl aziridines were more
easily polarized to the intermediate A than to A’. Hence,
the oxygen atom (nucleophilic) of DMSO regiospecifically
attacked the benzylic carbon of the N-sulfonyl aziridines
and gave the zwitterionic intermediate B. Then, intermedi-
ate C (highly polarized) was formed by the protonation of
intermediate B by water. Further, alkoxysulfonium ylide D
was formed by deprotonation of the methyl group in the
intermediate C by 2-methylquinoline. Upon intramolecular
deprotonation, ylide D gave the desired a-sulfonylamino
aryl ketones.

2.6. Oxidative deconstruction of azetidinols

Quite recently, a silver-mediated oxidative deconstruction
of azetidinols was reported, which provided a-amino car-
bonyl derivatives in up to 80% yields (Scheme 19).#7 Rela-
tively inexpensive oxidants were used for this scalable
procedure and a wide range of aryl and heteroaryl substitu-
ents were compatible with the reaction conditions. In
addition, the authors carried out some control experiments
to understand the reaction pathway (see Scheme 19). It was
suggested that the reaction proceeds through the sequence
of B-scission of an alkoxy radical, followed by oxidation
and C—N cleavage of the resulting a-amido radical.

2.7. Oxidation of alkenes

In 2005, Muiiz and co-workers4® described osmium-cata-
lyzed oxidation of alkenes to a«-amino carbonyls
(Scheme 20). This reaction was carried out in the presence
of osmium complex, K>[OsO>(OH)4] (2 mol.%) and 3 equiv.
of chloramine T in a ftert-butyl alcohol/water mixture.
According to the proposed reaction pathway, osma(VI)aza-
glycolate A was formed after preliminary aminohydroxyla-
tion of alkene (see Scheme 20). Intermediate A was re-
oxidized to osma(VIll)azaglycolate B. The absence of any
cinchona alkaloid ligand slowed down hydrolysis of the
amino alcohol leading to concomitant oxidation of the
second alkene to provide bis(azaglycolate) C and, upon
additional re-oxidation, osma(VIII)-bis(azaglycolate) D.
Then mono-bound 2-amino ketone (E) was formed by the
intramolecular oxidation of an amino alcohol ligand. This
compound E was hydrolysed to redevelop complex A and
complete the overall catalytic cycle.
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Scheme 19 Scheme 20
NBoc  AgNOs (0.2 equiv.), K2[0sO2(OH)4] 0
Ar K2S20s (4 equiv.) 2 (2 mol.%) 3
7D — T, \H/\NHBoc iR 0, NHSO:R
HO DCE/H20 (1:1), R3S0,NNaCl (3 equiv.), ,
BUtOH/H20, rt—35 °C R
DCE = CI(CHz)2Cl; 10 examples, 7 examples,

Boc is tert-butoxycarbonyl 23-80% yields

Representative examples of synthesized compounds

w NHTSs NHTs
NHTs

40% 80% OMe  32%
37°/ NHTs 23%

Proposed reaction mechanism

g'"  H* +Ad

NBoc NBoc
Ar ‘: SET i Ar B-scission

Ny o
0 SN\
SOz * HSO,
Ag" Agd'
Ar —* E SET i ()
> A +
\n/\gloc — r N74>
O OAT o Boc H,0O

S,0; SO} +S0;° l

O
\H/\NHBoc T YBOC

CH20 —> HCOzH/COZ

HAT is hydrogen atom abstraction

An NBS-promoted one-pot approach for the synthesis
of a-amino carbonyl derivatives by the reaction with styr-
enes was developed (Scheme 21).4° NBS facilitated the
bromonium ion formation, bromohydrin oxidation and
also provided the nucleophilic nitrogen source. The reaction
path could be easily switched between a-imido and a-amino
carbonyl derivatives by a simple change of a base. It was
observed that when DBU was used as a base, a-imido
carbonyl derivatives were formed in the reaction with
NBS; but with amines, a-amino ketones were isolated in
good yields. The reaction pathway included the formation
of bromohydrin (B) by the sequential NBS-mediated gen-
eration of a bromonium ion (A), followed by regioselective
addition of water (Scheme 22). Bromohydrin (B) then
reacted with NBS to give a hypobromite intermediate (C),
which transformed to phenacyl bromide (D), which
afforded the resulting a-imido ketone through the nucleo-
philic displacement with a succinimide anion in the presence
of a base.”* 32 Using an amine, a-amino ketone was
produced because of its more nucleophilic and less basic
nature and further underwent direct nucleophilic displace-
ment with phenacyl bromide (D) generated in situ.

Another effective approach to the synthesis of the
similar compounds by the regioselective oxo-amination of

R' = Ph, Bu™; R2 = H, Me, Ph; 42-82% yields

R3 = Tol, Ph, Me, But; Tol = CeHsMe-4

Proposed reaction pathway

Initiation
o T\IS R’ TS R
\>Os/\ j/ oxidant O\ H/ j
TsN. 07 o TsN// \O "2
A B

0 R1/\/R2
R1)J\/R2
Ts
R, 0_ | N<gR'
H T
R0 (0 [ g )i /O\OI
;:]ii\ (JS/// Faz T F{
S
NﬁH\o "/,Rz c
oxidant

H
R1 u, o Ts R?

Scheme 21

NBS, 80 °C, H-0, 0 N
1.2 h, then acetone NO
< f, e areIs
DBU, rt, 45 min  Ar \
R (6]

~ R — 10 examples,
AT 56—73% yields

R =H Me NBS, 80 °C, H-0,

(0] [”
1.2 h, then acetone N
- > .
/N . Ar ~
HN 2, rt, 45 min
A— R

/
L

18 examples,
48 —83% yields

Scheme 22
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) O Scheme 23 erated N-centered radicals under visible light irradiation.
NBS (I;Beguw.), 0 D Diamidation and oxidative amidation of alkenes can be
DNISO. 25 °C R)k( \(\) achieved in MeCN and DMSO solvents, respectively.
R . .
15 examples, 2.8. Using N—sulfonyl-l,2,3—tr1azoles
SR 52-91% yields In 2011, Murakami and co-workers>> reported the rho-
R . o dium-catalyzed synthesis of a-amino carbonyl derivatives
RorR = Ar Ak NBRS1 Szmuw.), s from terminal alkynes via denitrogenative hydration of
OAlk DMsO,25°C R NR'R N-sulfonyl-1,2,3-triazoles (Scheme 25). Substrate scope of
' R’ this reaction was broad. Not only an aryl sulfonyl group but
4 examples, also simple alkyl substituents such as methyl, n-butyl,
67 —86% yields benzyl, etc., were suitable for this reaction.
Proposed reaction pathway Scheme 25
o] _ Rhz(Oct)s
§ /g\ 0 N/N\N—SO R2 4 HoO _(05mol%) /U\/
DMSO +\S*O RYAR 1)§/ : 10§quiv 15 min, 140 °C, NSO2R?
N—-Br ——— N S| T R CHCl3, MW
{ Br
o A Representative examples of synthesized compounds
\ NHTs
[ 5 "$-0- o</§\ NHTs %
;
— R’] —— ) —_— NHTs
R/<IB/ R%R —MesS 90% Et0:C 90% 91%
H
Br O o H R = 4-BrCeH4 (86%),
base C NHTs )J\/’\I‘ 2-Naph (90%),
0 /A/_} 0 Ph SS0,R - Me (95%),
. 0P \S0 R 78% Bu" (93%),
— —— R Bn (93%),
N Oct is octanoate, Bn = CH2Ph TMS(CH2)2 (99%)

) ~r

alkenes and enol ethers using NBS—DMSO —secondary
amine oxidative system was developed (Scheme 23).°3 In
addition, a one-pot method for the synthesis of vicinal
amino alcohols and a-ketoamides through the oxidative
coupling of alkenes and secondary amines was also reported
in this work. It is worth mentioning that the (bromooxy)-
dimethylsulfonium ion generated by the interaction of NBS
and DMSO was identified as a reactive species in the oxo-
amination reaction (see Scheme 23).

Yu and co-workers>* carried out deamidation and
oxidative amidation of alkenes with O-acyl hydroxylamine
derivatives  under  photoredox-catalysis  conditions
(Scheme 24). Here, O-acyl hydroxylamine derivatives gen-

0 Scheme 24
a NHTroc
DMSO,
R = CF3
1%
(0]

STroc

-
MeCN, ; E

R = CN
©)\/NHTroc
67%

(a) Ir(ppy)s (1 mol.%), 25 °C,
N2, 3—12 h, white LED;
Troc is 2,2,2-trichloroethoxycarbonyl

The proposed reaction mechanism is shown in
Scheme 26. In the first step, the ring-chain tautomerization
of 1,2,3-triazole led to the generation of an a-diazo
imine,>%->7 which then reacted with rhodium(1r) to form
a-imino rhodium carbenoid A by releasing molecular nitro-
gen. In the next step, a-imino alcohol B was formed by the
insertion of A into the O—H bond of water,%®-%° and the
rhodium(II) catalyst was regenerated. Finally, a-amino enol
C was produced by imine-enamine tautomerization; the
following keto-enol tautomerization afforded the final
product.

Another convenient one-pot two-step procedure to pre-
pare o-amino carbonyl compounds was developed using
intramolecular oxygen transfer from sulfonyl to carbenoid
carbon as an extension of the reaction behaviour of the

corresponding common N-sulfonyl-1,2,3-triazoles
) Scheme 26
=N ~SO2R
N=N N N
&N—SOZRZ — ) _Rnty
—Na
R? R! H
H
SO2R? SO2R?
[Rh] Nt HO. H N~ ¢
4 H20 H
— —_— —
—Rh(Il)
R? H R1 H
A B
H _so.R?

— — — >
R1>—<H o NSO.R
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Scheme 27
N=N Rha(piv)s (5 mol.%), @ N\
« N—SO:R  AgF (10 mol.%), N
NFSI (1.0 equiv.) \
DCE, reflux, 1 h rt, 1h

T
NSOzR

Ar = Ph, 2-Naph;

R = Ar, Alk;

piv is pivalate;

NFSl is N-fluorobenzene-
sulfonimide

27 examples,
up to 86% total yields
for two steps

(Scheme 27).%° Various nucleophiles such as indoles and
some other arenes were reacted with the key N-sulfinyl
imine intermediate.

2.9. Multicomponent reactions

A Cs;COs-promoted multicomponent synthesis of a-amino
carbonyls was developed by the reaction between hydr-
azines, benzaldehyde, and a-haloketones (Scheme 28).6!
The reaction proceeded through the cascade condensation,
nucleophilic substitution and the N—N bond cleavage.
a-Halo ketones and hydrazines bearing groups of different
steric and electronic nature, reacted smoothly to afford
a-amino carbonyl derivatives in satisfactory to high yields.
It was observed that varying the structure of the starting
aldehyde, a broad range of nitriles can be obtained. Accord-
ing to the authors, nucleophilic substitution product B was
produced by the reaction between hydrazone A (obtained

Scheme 28

0 ‘o H
R)K/Br + PhCHO + R2NHNH, —2» R1/J\/NR2

11 examples,

(a) 1) MeOH, 60 °C; 2) Cs2CO3 (1.1 equiv.), 47 -90% yields
MeCN, rt; R' = Ar, Alk; R2 = Ts, Ms, SO,Ph,

COzMe, COPh; Ms is mesyl

Proposed reaction pathway o

J\/Br
R2 N._Ph R
s \H/ D e

0
R2NHNH, + )L ! -
A
Y HB RZ\N/N'%/Ph
o
c HN «__Ph

rRe N ph R2_ N Ph
. U ="y
NS NS

¢ ¢ 1
He -

R’ R’ F
D E

N

NY_-Ph

HS D

-

R1 R?
B is base G

in situ from hydrazine and benzaldehyde) and a-haloketone
under basic conditions (see Scheme 28). A six-membered
ring intermediate D was generated through the transition
state C from product B by enolization reaction/intramolec-
ular cyclization. The intermediate G was yielded from an
unstable D via the 1,2-hydrogen shift/N — N bond cleavage/
protonation step. Finally, intermediate G gave the final
products through the rapid retro-ene type fragmenta-
tion.62, 63

A catalyst-free method to produce a-amino carbonyls
based on the three-component reaction between aldehydes,
anilines, and acylzirconocene chlorides was developed.®* As
an alternative, the same reaction was also carried out in the
presence of Yb(OTT);/TMSOTT as catalysts (Scheme 29).6%
In this case, acylzirconocene chlorides reacted as unmasked
acyl anion donors.

Scheme 29
(0] NR2 Bronsted acid (20 mol.%) O
)L i )J\ or Lewis acid (20 mol.%) R1
RT 4rCpz ~ pi7H THF
cl NHR2
up to 83% yield

R = n-CgH47, CyCHy, Bu{(CHy)2, (E)-Ph(CH2).,CH=CH;

R' = Ar, Alk; R? = Ar, Bronsted acid: HCI (0.5 M)/THF, 60% HCIO4;
Lewis acid: BF3- OEty, Yb(OTf)3/TMSOTT; Cy is cyclohexyl;

Cp is cyclopentadienyl

2.10. Alkyne amidation reactions
Recently, we reported ¢> quite a different approach to the
synthesis of a-amino carbonyls using (diacetoxy)iodoben-
zene (phenyliodine(IT) diacetate) (PIDA)® as the oxidant
under ambient conditions. It was found that o-amino
carbonyl derivatives (a-sulfonylamino ketones) could be
obtained in high yields by the reaction between terminal
alkynes and benzenesulfonamide in the presence of PIDA
(Scheme 30). The broad substrate scope included diversely
substituted terminal alkynes and benzenesulfonamides. It
was observed that a-acetoxy ketones were formed in the
absence of sulfonamide.

Based on the literature data,®’ % we proposed a plau-

sible reaction pathway as shown in Scheme 31. Phenyl-
o Scheme 30
Il
— . R < > 4 N, PIDA(©25equiv)
8 MeCN, rt, 10 h

R’I
0 /©/ R = Ar, Alk, Het;
R' = H, Me, CI;
PIDA is phenyliodine(lll)
diacetate

22:
Z—TI
=0

o=

21 examples, 72—-87% yields

Representative examples of synthesized compounds

Cl
T o H
R)J\/N\T NG
S
~S

R = 4-ButCgHs (85%), !
4-AcCeH4 (87%), Br
3-02NCeHy (81%),

3-Th (86%) (This thienyl),
PhCH,CH; (87%)

o

82%
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Scheme 31  neous semipinacol rearrangement in the presence of
+ _H PhI(OCOCFs3), (PIFA). The reaction provided various
PhI(OAC)> /_\A(:GH AcO a-amino carbonyl compounds in excellent yields using
R—= R— I—Ph - —> enamines bearing mesyl, tosyl and ethanesulfonyl substitu-
} A OAc R ||—Ph ents on the nitrogen atom (Scheme 33).
AcOH B OAc
o ) Scheme 33
AcQ, OAc H,0 R o)
e >=C: —— R
—OAc, R2
R R OAc s~
—_Phl C D N
PIFA o o
(0] R'SO,NH.» (0] H (1.2 equiv.)
[ =
)J\/OAC )J\/N\ X s ~R? DCM, rt,
R R SOzR! // S 5 min
AcOH 0
;
c R R
19 examples,
R = H, Me, OMe, But, F; 34— 81% yields
alkynyl iodanyl acetate intermediate A is formed by the R’ = NEtz, N(Pr)z2, N(Bu")2, N(CH2CHCHz)2,

reaction of alkyne with PhI(OAc),. Then, intermediate A
undergoes Michael type addition of AcOH to provide
intermediate B. The intermediate carbene C is generated
via the expulsion of acetate anion and then reacts with an
acetoxy nucleophile to produce diacetoxy alkene intermedi-
ate D. The latter species reacts with residual water to afford
a-acetoxy ketone. Finally, a-sulfonylamino ketone is
formed in the presence of sulphonamides.

2.11. Sulfur-mediated difunctionalization of internal alkynes
In 2019, Zhang et al.’® developed an efficient one-pot
method for the synthesis of a-amino carbonyl compounds
through the sulfur-mediated difunctionalization of internal
alkynes (Scheme 32). It was observed that the reaction
proceeded through the attack of the internal alkyne on
triflic anhydride-activated diphenyl sulfoxide, which gene-
rated a sulfonium vinyl triflate intermediate, and was
followed by hydrolysis to give an a-sulfonium ketone and
finally substitution with various nucleophiles.

Scheme 32
R2
=
1) Ph2SO, Tf,0
1 P 1
R 2)NaOH, H,0, R NR3R*
then NaH,PO4
3) R*R*NH 40 examples,
up to 81% yields

Proposed reaction pathway

R2
E) m3R4

1
R3R*NH
v

l

(nucleophile)

——————

*OTf

@o

2.12. Oxidative rearrangement of enamines

An efficient and fast chemoselective oxidative rearrange-
ment of enamines was carried out by Yadagiri and Anbar-
asan.”! The reaction proceeded through the initial enamine
oxidation to an a-acyloxyimine intermediate and simulta-

N(Et)(CH2CHCHz), OMe, H, efc.; R2 = p-Tol, Me, Et;
PIFA = PhI(OCOCF3),

According to the proposed reaction pathway, the reac-
tion between the enamine and PIFA starts from the sub-
stitution of CF3;COO~ with enamine to give the iodonium
intermediate A (Scheme 34). Next, a-acyloxyimine inter-
mediate C was obtained by the reaction sequence of enam-
ine-assisted iodonium A reduction to phenyl iodide and
cationic imine B, intermolecular trapping of B with the
CF3;COO~ anion. Instead of this step, a-acyloxyimine C
formation can also be expected from intermediate A
through an intramolecular rearrangement. The formation
of the final product from a-acyloxyimine C was envisioned
in the next step via the acid-promoted semipinacol rear-
rangement.”? 73 Thus, electrophilic C activation with TFA
and subsequent stabilization by an electron-rich aryl group
resulted in the intermediate phenonium ion D. Oxonium ion
E was generated in the final step due to the 1,2-migration of

Scheme 34
NR2 NR2 CF3CO0 NR
PIFA /ph
H —TFA |/OCOCF3 *Ph|
~ N N
Ar "Ry AN SRi Ar Z
A B
—Phl
intramolecular l
. rearrangement
(NRZ
CF,CO0 -~  JTFA
FsC_ _O
T
O Ar NH
D R'
l NR2 NRZ
CF3COO
—_—
—(CF3CO)20
F3C
I?JH
Ar R?

TFA = CF3CO2H
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electron-rich aryl group in D. The oxonium ion E hydrolysis
provided the key product.

2.13. o-C — H amination of ketones

MacMillan and co-workers 7# developed a copper(1l)-cata-
lyzed direct o-amination of ketones (Scheme 35). This
method also works well for esters and aldehydes. The most
highlighted application of this method is the one-step syn-
thesis of two important pharmaceutical agents, plavix and
amfepramone. The authors proposed a plausible reaction
mechanism for this transformation (see Scheme 35). In the
presence of catalytic copper(1I) bromide, carbonyl substrate
undergoes bromination at the a-position’> via a copper-
bound enolate to produce an a-bromo carbonyl derivative
along with an equivalent of HBr and two molecules of
copper(I) bromide.”® Next, the facile nucleophilic displace-
ment of a-C=O0O bromide functionality by a secondary
amine delivered the key product along with the second
equivalent of HBr. Copper(1l) bromide catalyst was regen-
erated by reoxidation of copper(I) bromide in the presence
of HBr. It should be noted that water was the only by-
product.

Sch 35
H o cheme
0 l\ll CuBrz
/\KA + N (10mol%) X R
| T
X R \_ -  air, DMSO, /N\
~ rt,12h : :
X = H, Ar, Alk, cyclic/acyclic NP
Het dialkyl amines 29 examples,
up to 93% yield

& -Plavix,

87%

o Cl S a
+ >
2T I e o

(a) CuBrz (10 mol.%), DMSO, 50 °C,
Oz (1atm), 24 h

MeO

Proposed reaction mechanism

2H20

1/202 + 2 HBr

/
2 Cu'Br 0 Y
N BI’
X
Me
T 0
X)\‘/ X)\‘/
H

Catalyst regeneration using oxygen and transient HBr

2HBr + 1202 + 2CuBr —> 2CuBr2 + H20

110f17
Scheme 36
o
L BuNI, TBHP  R%( AQLW
2 3R4 _— >
R R® + RR'NH Eonc,130°c.an - N
R4 R2
37 examples,
TBHP is tert-butyl hydroperoxide up to 94% yields

Ketones: MeC(O)R, where R = Me, Et, Pri, Bu', cyclo-Pr

"D 5 QUL

n=1,23 R = H,Ph

oo

R = H, 4-Cl, 4-1, 4-OMe, 4-Ph, 4-OH, 3-NO_, 3-OMe, 2-F, 2-Cl

Imides: H
(0]

O 0 i\ N\
Y,

N s\\ // .'
NH 0 L

R1

% R' = H, Me, Ol\/le

R? = H, Me

oo 0
cl NH
w
A O
a O

The first example of oxidative imidation of N—H bonds
in imides and C(sp3)—H bonds in simple ketones in the
presence of TBHP as the oxidant and Buy NI as the catalyst
was reported (Scheme 36).”7 A number of imides such as
succinimide, saccharin and phthalimide and various ketones
including the simplest acetone were used and all performed
well. During optimization, various common oxidants such
as TBHP, K3S,0s, di-tert-butylperoxide (TBP), O, and
30% H>0O, were used; among them, TBHP was the most
effective peroxide for this conversion. In addition, catalysts
other than Bu}jNI such as Nal, NH4I, Bu}NBr, BuyNCI, I,,
and NIS either decreased the yields or have no effect on the
reaction at all.

A plausible reaction pathway for this transformation is
illustrated in Scheme 37. First, tert-butoxy radical and
hydroxide anion were generated from TBHP in the presence
of an iodide anion. After that, hydroxide reacted with imide
(e.g., saccharin) to form an imidyl radical A in the presence
of 1,783 which might be stabilized by its resonance
structures A’ and A”. In the next step, enol form of ketone
underwent another reaction with radical intermediate A in
the presence of hydroxide to generate radical B, which gave
the final product upon oxidation.84

Jia et al.®5 synthesized and characterized several Cu(II)
mononuclear complexes and binuclear complexes by react-
ing CuX, (X = Cl, Br) with DMOX and Dm-Pybox ligands.
During these studies, these complexes were tested as cata-
lysts in o-amination of ketones and esters through the
formation of a-bromo carbonyl intermediates and proved
to be quite promising (Scheme 38). A number of secondary

O2N
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h 37 h 3
BU'O* + ~OH Bu'OOH Scheme o Scheme3
H NHal (15 mol.%),
I\'l NazCOs - 1.5 Hz02 R*)S/W
o o )K/RZ N :/ \: (2 equiv.) N
\\S/ o MeCN, 50 °C N
|2 21— \N Ik\ ,JI
R' = Ar, Het; R2 = Alk, Ar; S
Y \ Amines are cyclic/acyclic dialkyl amines, 27 exampl.es,
/ O\ aliphatic primary amines, anilines, amides up to 94% yield
\\ // \\ // O\\ // Proposed reaction mechanism
“OH + \ \N. P \ ‘O 21°
\ \ ph/J\/
(0] A 21
base, mb
\\// i seTio] o
(0] ~OH OH
/‘K )\ N O Ph)\/ Phk/
X B* A 2 HI
\ \ H202
BulO* N o
\\// OH \\ /O NG [ —H* 1
OH
S N S, Ph/Y
(0]
‘ |
Bu'OH Phk‘/ (isolable)
N
Scheme 38 Q
o
. FUJK‘A was used as the oxidant. Various amines such as cyclic or
Ji ] w acyclic dialkyl amines, aliphatic primary amines, anilines
W™y air, DMSO, rt, 10 h Ji j and amides can be used in this reaction. Interestingly, an
Ej ,j oy appetite suppressant amfepramone 8’ was synthesized fol-
= t A lowing this protocol by the reaction of propiophenone with
R" = Ar, Het; R? = H, Me or ester; e diethylamine. Based on a number of control experiments,
X =C, 0, S; catalyst = [(DMOX)CuBrz], 30 examples, which revealed that the reaction follows the radical path-

[{(DMOX)CUCI}2(1-Cl)5] or [(Dm-Pybox)CuBro]; ~ 69—97%yields

DMOX is 4,5-dihydro-2-(4,5-dihydro-4,4-di-
methyloxazol-2-yl)-4,4-dimethyloxazole;
Dm-Pybox is 2,6-bis[4’,4’-dimethyloxazolin-2'-yl]pyridine

Representative examples of synthesized compounds

92% 84% 86%

amines (e.g., morpholine, thiomorpholine, piperidine and
1,2,3,4-tetrahydroisoquinoline) were reacted with various
carbonyls in this amidation reaction to provide good to high
yields of the corresponding a-amino carbonyl compounds.
A transition-metal-free method for the oxidative
o-C —H amination of ketones by the reaction with amines
was developed (Scheme 39).8¢ Herein, sodium percarbonate

way, the authors suggested its plausible mechanism (see
Scheme 39).8¢ First, molecular iodine was generated by
iodide (I7) oxidation with hydrogen peroxide. The molec-
ular iodine was again decomposed into iodine radical. Next,
radical intermediate A was formed by the abstraction of
a-hydrogen of the propiophenone by the iodine radical
releasing the HI molecule, which was trapped by the base
to regenerate iodide (I7). In addition, HI could also be
reoxidized into molecular iodide in the presence of hydro-
gen peroxide. The carbon radical A was converted to the
intermediate cation B through the subsequent single elec-
tron oxidation. The desired product was formed by the
nucleophilic addition of amine to the intermediate B in the
final step.

Liang er al.®® reported an electrochemical protocol for
the synthesis of a-amino carbonyl compounds. The reaction
was carried out by the coupling of ketones with secondary
amines at ambient temperature in a simple undivided cell
with NHyl as the redox catalyst and cheap graphite plate as
the working electrode (Scheme 40). As for the mechanistic
study, initial a-iodination of ketone followed by a nucleo-
philic substitution of amines gave the desired products.

Kumar et al.%° developed a straightforward strategy for
the synthesis of a-amino carbonyl compounds by a-amina-
tion of the in situ generated deoxybenzoin in the presence of
NBS (Scheme 41). It was observed that a wide range of
functionalities in arylacetonitriles, boronic acids and amine
reaction components were well tolerated under the reaction
conditions.
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Scheme 40 Scheme 41
Pd(TFA)2 (5 mol.%),
2,2'-bpy (10 mol.%), (Het)
N\ (Het) (Het) CSA (2 equiv.) (Het) €
N - _— Arz
+ 2 R R
,-N “R R Art” "GN+ Ar KF 2H.0 (2 equiv.), | Ar' /\ﬂ/
3 equ|v EtOH—H20, o)
16 examples, MW, 100 °C, 20 min
up to 75% yield R1 R2
(a) NH4l (50 mol.%), LiClO4/MeCN, rt, CCE; \N/
R = H, 4-Cl, 3-Cl, 4-F, 4-Me, 3-Me, 4-OMe; R' = Me, cyclo-Pr NBS (2 equiv)_ o0 (Het)
o NT Amine (4 equiv.), Ar' Ar
Amines: (Nj ) E ] ’ @Q\IH ) ©/\H MeCN, rt o
N N 34 examples,
R = BF3sK, B(OH)z; up to 86% yields

CCE is constant current electrolysis

Proposed reaction mechanism

D H @
R2- \Rs

@ -riy" &V HZ

| | 2
N
Anode * 2 Phk/Rﬂ PhJ\( “R2

R1

===
_——-

Cathode

The authors proposed a plausible reaction mechanism as
shown in Scheme 42. The reaction started with the forma-
tion of an enolate-anion A from deoxybenzoin in the excess
of morpholine. Then, enolate-anion and NBS were involved
in the SET °°—92 reaction to generate benzylic radical B and
bromine radical. Accordingly, the benzylic radical B could
trap the in situ generated bromine radical thus affording
intermediate C. The desired a-amino diaryl ketone was
produced by the nucleophilic substitution of o-bromo
ketone C with a nucleophile in the final step.

2.14. o-C — H amination of benzylic secondary alcohols
Sekar and co-workers®? described an efficient one-pot
method for the synthesis of the above-mentioned com-
pounds directly from benzylic alcohols using various pri-
mary and secondary amines. The reaction proceeded
through sequential alcohol oxidation and ketone o-bromi-
nation/C—N bond formation in the presence of NBS
(Scheme 43). Various amines such as piperidine, 1,2,3,4-tet-
rahydroisoquinoline and pyrrolidine were examined and the
corresponding desired products were isolated in good to
excellent yields. In addition, aliphatic and aromatic primary
amines (e.g., para-toluidine, tert-butylamine, and para-ani-
sidine) were also quite suitable and gave the desired prod-
ucts in moderate yields. This methodology also provided
pharmaceutical agents like amfepramone and pyrovalerone
in good yields.

According to the plausible reaction mechanism, hypo-
bromite intermediate A was first formed by the reaction
between NBS and alcohol (see Scheme 43). Then, further
oxidation of A gave ketone and HBr. It was assumed that
the oxidation was very fast and exothermic, and the heat
thus generated facilitated oxidation of HBr to Br; in the

bpy is 2,2'-bipyridine;
CSA is camphor-10-sulfonic acid;

snes: (0.0, (). O
CC - T oA

Representative examples of synthesized compounds

[ j = 4-CF3Ph (76%),

N 3-Py (61%),

)ﬁ(Ph 2-Th (64%),
Ph
PhCH2CH, (18%); X = 0 (33%),
Py is pyridinyl o S (45%)
RZ
RIS~ Amines: O oﬂo
’ N
)ﬁ(Ph N H
Ph H
5 68% 58%
Scheme 42

()
)
Phwph H
(0]

O

PhﬁO(Ph [ j

+
N
H
NBS,
SET
P D [ j
o 0F 70
B H
| oy (°
H  Br [Nj [Nj
Ph H
Ph ‘
o Ph ‘
C O

presence of oxygen.’* The processes of a-bromination of
ketone B by the in situ generated bromine and nucleophilic
substitution of a-bromoketone with the amine affording
a-amino ketone occurred consecutively.

2.15. Heyns rearrangement of a-hydroxyl ketones

Tang and co-workers®> developed a method to produce
a-amino ketones based on the Heyns rearrangement of
a-hydroxyl ketones and secondary amines (Scheme 44). In
this synthetic procedure, the solvent-free reaction was
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R' = H, Me, But, OMe, Cl, CF3, NO2; 26 examples,
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carried out using p-toluenesulfonic acid (PTSA) as the
catalyst. In carbohydrate chemistry, the Heyns rearrange-
ment has been in high demand over the decades.”® Various
types of ketones with a primary or secondary o-hydroxy
group and various amines including aliphatic and aromatic
secondary amines were used in this reaction. The authors
suggested the putative mechanism of the reaction by virtue
of the Heyns rearrangement (see Scheme 44).

2.16. Amination of umpoled enolates

Xu and co-workers °7 reported a convenient method for the
synthesis of a-amino carbonyl derivatives using the umpo-
lung strategy via an SN2’ pathway. In this method, umpoled
enolates (e.g., N-alkenoxypyridinium salts) efficiently
reacted with aromatic amines (Scheme 45). Both non-func-
tionalized alkenoxypyridiniums and aliphatic N-alkenoxy-
pyridiniums bearing several functional groups such as
cyano, 1,3-ketoester, allyl, benzyl ether, benzoxy ester and
phenoxy groups were well tolerated in this reaction.

Scheme 45
2
il @ T )
ri” o TR R 857, 16N 1/\/ R
NTfy up to 77% ylelds

R =(CH2)3CN, (CH2)s0Bn; R? = Alk; R3 = Ar

X

1) 87 » HNTf2, PhsPAUNTY,,
I HFIP, 1t, 3 h

Ri—= —2 R“J\/N\Ph

|
2) _N__ ,MeCN,55°C,16h
Y w” Nph

up to 50% yields

R% = Hex", CH2(CHz)s—O —Allyl, (CH2)3CN, (CH2)s0Bz, efc.;
HFIP is hexafluoroisopropanol; Bz = PhC(O)

Proposed reaction mechanism

For less basic aromatic amines:
R1

AN
/NH
R? 1 o R =
JL - ‘ )K/’ll * N ‘
—_— _— >~
R o/'}‘ N R \RZ H™ =+ NTfy

NTf;

For more basic aliphatic amines:

V/—\NH

I F

NTf;

U

NTfy

According to the proposed reaction mechanism (see
Scheme 45), there are two electrophilic sites in N-alkenoxy-
pyridinium. In the case of less basic aromatic amine, the
amine nucleophile attacks the terminal carbon of the double
bond yielding the desired product. At the same time, more
nucleophilic aliphatic amine attacks the 4-position of pyri-
dinium to furnish 4-aminopyridine.

2.17. Aza-benzoin reaction
In 2014, Wilde and Gravel °® reported for the first time an
aza-benzoin reaction between aldehydes and phosphinoyl
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Scheme 46
catalyst R? o)
P SO2Tol (20 mol.%) I
R 0
NHPLOPh: SO HEEN. 0 ip(op,
13 examples,
= CgHa, 4-MeO2CCgHa, 2-Furyl, 4-CICgHa, up to 90% yield

4-BrCeHg, 3,4-(Me0)2CeH3; R2 = Ph, 4-MeCgHg,
4-|\/|eOCsH4, 4-BrCeH4, 3,4-(MeO)ngH3;
H  BPh;
4
catalyst:
EtoN NEt,
Bis(amino)cyclopropenylidene

imines in the presence of bis(amino)cyclopropenylidene
(BAC) catalyst (Scheme 46). The reaction performed well
for a variety of (hetero)aromatic aldehydes and a wide
range of aromatic phosphinoyl imines to afford various
a-amino carbonyl derivatives.

2.18. C(sp®) —H aroylation of amines

The strategy of C(sp’)—H aroylation of amines (see
Scheme 45) gave rise to two different methods. For exam-
ple, Joe and Doyle?® proposed a photoredox nickel-cata-
lyzed C(sp®) —H coupling of acyl donors with N-aryl amines
to afford a-amino carbonyl derivatives, in which saturated
aza-heterocyclic moiety was substituted with a broad range
of aliphatic acyl groups (Scheme 47, reaction a). Recently,
G.-Q.Xu et al.'% reported a convenient method for the
direct cross-coupling of -amino and aroyl radicals using an
organic photocatalyst, which allowed to prepare the target
compounds (Scheme 47, reaction b).

Scheme 47
a
R2
0 a
Et
BN /k Et/u\oJ\Et e, R/\'.“/H(
ph Ph O
28 examples,
(a) [Ir(ppy)z(dtbbpy)]PFe (1 mol.%), up to 86'%pyie|d
[Ni(cod)2] (5 mol.%), dtbbpy (7.5 mol.%),
quinuclidine (1.5 equiv.), DMF (0.04 m), 25 °C,
16 h, 34 W blue LEDs; R, R2 = Alk
r
55 examples,
(b) 4 CzIPN (0.5 mol. %), up to 97% vyield

EtCO2K (3 equiv.), DCM (0.05 m),

50 W White CFL, N2, 3 h; Ar' = Ph, 1-Naph, 2-Naph, etc.;

Ar? = Ph, 2-Naph, 2-Th, 2-Fu, etc.; Fu is furyl;

dtbbpy = 4,4'-di-tert-butyl-2,2'-dipyridyl, cod is 1,5-cyclooctadiene;
Cz is carbazolyl

3. Conclusion

In recent years, there has been a keen interest in the
synthesis of a-amino carbonyl motif due to its presence in
natural products, pharmaceuticals and photoluminescent
materials. This review summarizes the advances in the
synthesis of a-amino carbonyl derivatives from the view-

point of substrates, reagents, catalysts, and mechanistic
aspects of various versatile protocols developed over the
last few decades. Several methods are discussed based on
the starting materials in use such as enol silanes, acylsilanes,
alkenes, alkynes, aziridines, etc. In addition, various types
of reactions like oxidation, reduction, addition, coupling,
C—H amination, oxidative cleavage and rearrangement,
amidation, multicomponent cascade reaction efc., were
carried out. However, it is worth mentioning that the
synthetic methods are still in their infancy and need more
attention from organic chemists. Besides, it is still essential
to overcome several challenges to explore the major syn-
thetic utility of o-amino carbonyls. The reaction mecha-
nisms are also discussed to help the young researchers in
academic circles. Moreover, these nitrogen-containing scaf-
folds are also important synthetic intermediates, which are
used in organic and medicinal chemistry. Therefore, we
believe that this review will provide new insights into
medicinal chemistry for carrying out future research and
will inspire synthetic chemistry practitioners.
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4. List of acronyms

Ac — acetyl,

atm — atmospheric pressure,

BAC — bis(amino)cyclopropenylidene,

Bn — benzyl,

Boc — tert-butyloxycarbonyl,

bpy — 2,2’-bipyridine,

CAN — cerium(IV) ammonium nitrate,

CCE — constant current electrolysis,

CD — cyclodextrin,

CFL — compact fluorescent lamp,

Cp — cylopentadienyl,

cod — 1,5-cyclooctadiene,

CSA — camphor 10-sulfonic acid,

Cz — carbazolyl,

DBU — 1,8-diazabicyclo[5.4.0Jundec-7-ene,

DCE — 1,2-dichlorethane,

DCM — dichloromethane,

DDQ — 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,

DMF — N,N-dimethylformamide,

DMOX — 4,5-dihydro-2-(4,5-dihydro-4,4-dimethylox-
azol-2-yl)-4,4-dimethyloxazole,

Dm-Pybox — 2,6-bis[4’,4’-dimethyloxazolin-2"-yl]pyridine,

DMSO — dimethyl sulfoxide,

dtbbpy — 4,4'-di-tert-butyl-2,2'-dipyridyl,

Fu — furyl,

HAT — hydrogen atom abstraction,

Het — heteroaryl,

HFIP — hexafluoroisopropanol,

IBX — 2-iodoxybenzoic acid,

LED — light-emitting diode,

MS — molecular sieves,

Ms — mesyl (methanesulfonyl),

MW — microwave irradiation,
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Naph — naphthyl,

NBS — N-bromosuccinimide,

NFSI — N-fluorobenzenesulfonimide,
Oct — octanoate,

PIDA — (diacetoxyiodo)benzene, or phenyliodine(IIl)

diacetate,

PIFA — (bis(trifluoroacetoxy)iodo)benzene,

PhINTs — (N-(p-tolylsulfonyl)imino)phenyliodinane,
ppy — 2-phenylpyridine,

PTSA — p-toluenesulfonic acid,

Py — pyridinyl,

rt — room temperature,

SET — single electron transfer,

TBHP — tert-butyl hydroperoxide,

TBP — di-zert-butylperoxide,

Tf — triflyl,
TFA — trifluoroacetic acid,
Th — thienyl,

THF — tetrahydrofuran,

TMS — tetramethylsilane,

Tol — p-tolyl (p-methylphenyl),

Troc — 2,2,2-trichloroethoxycarbonyl,
Ts — tosyl (p-toluenesulfonyl).
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