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ABSTRACT: Herein, we report a simple and mild protocol for the chemoselective mono- and diamination of ketone using pyrazole
as the amine source in a combined copper—organocatalyst system. Various substrates are compatible, providing the corresponding
products in moderate to good yields. This strategy gives an efficient and convenient solution for the synthesis of a-pyrazole and a,a-
dipyrazole ketone derivatives. The control experiment demonstrates that in situ generated hydrazone is a key intermediate in the
transformation.

ver the past decade, remarkable advances have been Scheme 1. a-Functionalization of Ketones via

made in the development of facile and practical Prefunctionalized Ketones: (a) a-Functionalization of
strategies for the synthesis of a-functionalized ketones,' Ketones, (b) a-Amination of Ketones, and (c) Selective
because such products are versatile intermediates in natural Mono- and Diamination of Ketones
product synthesis, materials science, and pharmaceutical Previous work
chemistry.” Methods for direct a-functionalization of ketones o Le o
have been regarded as among the most promising approach to R*K/Ra — R‘J\(Rz — R*u\g:;' @
streamline organic synthesis as a result of the maximization of R R? R
the step and atom economies. In this active field, various LG = OLi, OTf, OTMS, etc. high cost and potential toxiCjtyofLG;’
efficient catalytic methods have been developed, including the Nu = alkyl, aryl, SO;R, CF3, OR, etc. [hmh o comionsl
iodine-promoted transformation,” transition metal catalysis,*
etc.’ Among them, a-functionalization of ketones via ot oTBS N o ,4>
prefunctionalized ketones with leaving groups has received RA\/FQ CZ(::.)SSSNT )ﬁ/ ] —» R1JS<N‘N/ ®
growing attention (Scheme la). As early as in 2014, Dong’s R? R? R
group described an amine and rhodium co- catalyzed a-
alkylation of ketones with simple terminal olefins.” Recently, This work: Dual catalyst system.
Nishikata and co-workers reported seminal work on a- H[N) ,/>
alkylation of ketones via enamine-mediated dehalogenation O _amine [N]\K )l\/’/> o )K(
to synthesize substituted 1,4-dicarbonyl compounds.” Mau- R &
lide’s group has a long-standing interest in the chemoselective h . 7N E |} | ; ! |
triﬂic—anhydride—mediated activation of acetophenones via enamine formation seﬁ:(t:?ng(;::jnl:zon upsfoe;:;?‘;/izfds upt7067xff°;:§izlsds

metal-free electrophilic activation.” In 2020, they demonstrated
an efficient strategy to generate a-arylated acetophenones from
vinyl triflates.” Jiang’s group developed a copper-catalyzed
coupling of oxime acetates with sodium sulfinates for the Received:  April 4, 2022
synthesis of f-ketosulfones.'” Thomson’s group'' described Published: May 13, 2022
another efficient strategy to generate a-pyrazole ketones in
2020, through a silyl enolether radical cation intermediate
(Scheme 1b). Despite their utilities, most of these catalytic
systems generally suffer from disadvantages, such as air and
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moisture sensitivity and harsh reaction conditions. In fact, Table 1. Optimization of the Amination of Ketones”
most of the methods can only be used for mono-C—H al
functionalization of ketones, and the C—H bifunctionalization o o =

of ketones was rarely reported. From the green and sustainable O)\/NW/ 3a
chemistry points of view, the development of more cost- ©)\ 12\ aminomorpholine (50 mol%)

effective, precision-controlled, and efficient strategies for the a- . Cul (5 mol%), phen (8 mol%) o p
functionalization of ketones is highly requisite. H C:zgzooo;;_zoe?;tf) N‘/N/

Recently, our main research interest focuses on the C—H N

functionalization of ketones.'” In 2021, we developed an
efficient olefination of ketones through 2 comblnatlon of cl
heterogeneous catalysis and photocatalysis.'** Inspired from
our previous studies, herein, we design and develop a

2a MeCN , 60 °C, Air, 6 h
4a
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controlled amination of ketones for the synthesis of a-pyrazole entry pELen o {3 gien condlion s Ak
and a,a-dipyrazole ketones (Scheme 1c). In addition, a- 1 none 64

pyrazole ketones are known for their outstanding biological 2 HCl instead of CF;COOH 21 3
activities,"® such as anticonvulsant and antimicrobial as well as 3 CH,SO;H instead of CF;COOH 49

anticancer activities (Figure 1). It should be noted that this 4 AcOH instead of CF,COOH 8 10

S extended reaction time (12 h) S3 26

N 6° 3.0 equiv of compound 2a and K,S,04 was used 32 64

W N 7¢ 4.0 equiv of compound 2a and K,S,04 was used 14 78

equiv), N-aminomorpholine (50 mol %), Cul (5 mol %), phen (S mol
N o %), CF;COOH (50 mol %), K,S,05 (2.0 equiv), CH;CN (1 mL), 60
SOCE Inhibitors JAK inhibitors °C, air, and 6 h. “Isolated yields. “AcOH (50 mol %) and 12 h.

o0 = — 8¢ Cu,O instead of Cul 32 3
%Q 9 ) “Reaction conditions: compound 1a (0.2 mmol), compound 2a (2.0
()/ \l/ N

o
/—(J . - . b
o0 /_(- @ A Scheme 2. Selective Monoamination of Ketones™
/(>>S N-aminomorpholine (50 mol%) R
N H 0 o (o] =\=
F3C N ) m o n-N Cul (5 mol%), phen (5 mol%) F >
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R .
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Figure 1. Representative bioactive a-pyrazole ketones. ,/> )J\/N—N iy o N
N
B G I GRS
catalytic system providing a novel and feasible approach for 3b, 74%, 9%° 3¢, 41% 3d, 34% 3o, 30%
various a@-pyrazole and a,a-dipyrazole ketones. As far as we 31, R= 3.Ph, 68%, 5% 3], R = 44, 71% 3n R = 3.5-Ph, 62%
know, this selective mono- and diamination has not yet been [ "> 3g, R=3-Br, 64% 3k, R=4-NO;, 51% 30, R =3,5-CHy-4-Br, 73%°
demonstrated Ph)k/ 3h,R=4-CHy, 61%¢ 31, R =51, 64% 3p, R = 3,5-CHy-4-1, 67%
Tateth o ] ) 3i, R=4-Br, 76%, 8%° 3m, R = 3,5-CHs, 68%7 3q, R = 3,4,5-Br, 63%
Our initial investigation of this reaction focused on the O13rR=4CH, 73% W, R=4CN.68%  3ab R =351 76%
screening of various auxiliary groups (Table S1 of the Q [Ty 3R=4F74% 3x, R =4-Ph, 70% 3ac, R = 2-CHj, 52%
. - . No? 3t R =4-Cl, 76%, 10%° 3y, R = 3-CHy, 74%, 8%° 3ad, R = 2-F, 61%
- - X N 3
Supporting Information). The results showed that N-amino RE 3u, R=4Br.73% 32 R=3F 77% 3ae, R = 34-C1, 73%
morpholine gives the highest yield. Therefore, we selected N- 3,R=4NO, 67% 3aa,R=3-Cl72%  “onR=35F 64%

aminomorpholine as the auxiliary group for further inves-

Cl Cl Cl Cl
tigation. After evaluation of a variety of reaction parameters, i fg i Nf\‘& i fﬁ i N’\gg
such as metal catalysts, ligand, oxidants, and solvents (Table 1 N ©)H/ N ©)‘>< N (])K/ N

S

and Tables S2—SS of the Supporting Information), the

monoaminated product (3a) was obtained in 64% yield a7 o o7 o race o, oA

under standard reaction conditions (entry 1 in Table 1). Next, “Reaction conditions: compound 1a (0.2 mmol), compound 2a (2.0
the effect of acids was examined (entries 2—4 in Table 1). It equiv), N-aminomorpholine (50 mol %), Cul (S mol %), phen (S mol
was found that the monoaminated product could be obtained %), AcOH (50 mol %), K;8,05 (2.0 equiv), CH;CN (1 mL), 60 °C,
in 84% yield when AcOH was used as the acid. It should be alr, and 6 h. “Isolated yields. “The yields of the diaminated product.

noted that the diaminated product (4a) was obtained in a low “Reaction was performed on a 1 mmol scale.

yield, when we extended the reaction time to 12 h (entry S in

Table 1). We further tried to optimize the reaction conditions were well-compatible under standard reaction conditions,
to develop a diamination method. A 64% yield of compound affording the corresponding products (3b—3e) in 30—74%
4a was obtained when 3.0 equiv of pyrazole (2a) and K,S,05 yield. We next investigated a wide range of pyrazole;

was employed (entry 6 in Table 1). To our delight, a good functionalized pyrazoles containing either electron-donating
yield of 78% was obtained when the amounts of pyrazole and or electron-withdrawing groups were well-compatible, giving
K,S,04 were increased to 4.0 equiv (entry 7 in Table 1). the target products in moderate to good yields (3f—3l).
Cu,0, as the other Cu' catalyst, was used in this transition, Notably, multi-substituted pyrazoles were also tolerated under
delivering the diaminated product in 32% yield (entry 8 in the standard conditions to give the target products (3m—3q)
Table 1). in 63—73% vyield. Furthermore, various substituted acetophe-
Then, the substrate scope of a-pyrazole acetophenone nones could couple with 4-chloropyrazole to form a-pyrazole
derivatives was explored (Scheme 2). Various kinds of azoles acetophenone derivatives. The acetophenones, which bear
3615 https://doi.org/10.1021/acs.orglett.2c01140
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para-substituted groups, such as CHj;, F, Br, NO,, CN, or Ph
groups, could be converted into the corresponding products in
moderate to good yields (3r—3x), and electron-withdrawing
groups showed a negative effect on our reaction (3v and 3w).
When using the ortho- or meta-substituted acetophenones as
the substrates, the corresponding products were formed in 52—
77% vyield (3y—3af). The substrates 2-acetonaphthone
propiophenone and 3-acetylthiophene also gave good yields
of a-pyrazole acetophenone derivatives (3ag, 3ah, and 3aj).
Meanwhile, under the monoamination reaction conditions, the
yields of diaminated products were about 5—10%. Unfortu-
nately, isobutyrophenone was not suitable in our reaction.
Subsequently, the substrate scope of diamination was
investigated (Scheme 3). A variety of pyrazoles could react

Scheme 3. Selective Diamination of Ketones™”

N-N

L2,

Ar)J\ * AcOH (50 mol%)
K3S,05 (4.0 equiv)

MeCN , 60 °C, Air, 12 h

o]
N-aminomorpholine (50 mol%) N:/>
Cul (5 mol%), phen (5 mol%) Ar N
N
¢ N

R™_/

o =
LD &Q*Ph 9 fg 0
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( U} \ 4 \
Ph 5/—/
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4b, 54%, 12%° 4c, 68%, 7%° 4d9, 71%, 11%° 4e. 66%
[ 4h, R = 4-CH3, 73%
o = Cl 4, R=4-F 71%
N« 7 N\ 4j, R = 4-Cl, 76%, 9%°
Ph N N‘N/ 4k, R =4-Br, 64%

N, R 41,R = 4-NO,, 67%
;_,}“ \ﬁ_( Z \N*N 4m, R = 3-CHy, 61%
| S—’/ 4n,R = 3-F, 66%

cl 40, R = 3-CI, 59%, 11%°

4f, 63% 4g°, 65%, 10%°

4p, R = 2-F, 47%
4q,R = 3,4-Cl, 67%

“Reaction conditions: compound 1a (0.2 mmol), compound 2a (4.0
equiv), N-aminomorpholine (50 mol %), Cul (S mol %), phen (S mol
%), AcOH (50 rnol %), K,S,04 (4.0 equiv), CH;CN (1 mL), 60 °C,
air, and 12 h. YIsolated yields. “The yields of the monoaminated
product. 9DCE instead of MeCN.

with acetophenones smoothly, delivering the diaminated
products (4b—4g) in 54—71% yields. In addition, reactions
between different substituted acetophenones and 4-chloropyr-
azole also proceed well, affording the diaminated products
(4h—4q) in 59—76% yields. Steric hindrance of the substrate
demonstrated a negative effect in our reaction, Similarly, under
the diamination reaction condition, the yields of monoami-
nated products were about 7—12%.

The practical synthetic application of the procedure was also
investigated. First, a gram-scale synthesis was performed. The
monoaminated product (3a) was obtained in 67% yield
(Scheme 4a), and the diaminated product (4a) was obtained
in 54% yield (Scheme 4b). Then, potentially bioactive non-
steroidal anti-inflammatory drugs (NSAIDs) COX-2 inhibitors
(5a and Sb) could also be easily synthesized via further
transformation.

We conducted a preliminary mechanistic investigation to
gain insight into the reaction mechanism. First, the
monoaminated product (3a) could be obtained in good yield
when acetophenone hydrazone was used as the substrate. This
result demonstrated that the hydrazone structure plays a

3616

Scheme 4. Further Chemistry

o
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Cul (5 mol%), phen (5 mol%)
AcOH (50 mol%)
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__ KO 7
©)\/ “MeCN reflux (©
NO,
3m, X=H COX-2 inhibitors, 5a, 75%

5b, 71%

crucial role in this transformation (Scheme Sa). According to
previous works,'* hydrazone is important for this deprotona-

Scheme 5. Control Experiments

O
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i phen (5 mol %) o Fg
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Cl
Cul (5 mol %)
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' \
Cl
3a 2a Cu-catalyst system 4a, 63%
cl Cul (5 mol %)
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N p additive (2.0 equiv) 0 F/g
"standard conditions" N\N
cl (d)
2a 3a
TEMPO (2.0 equiv) as additive trace
DPE (2.0 equiv) as additive trace
|
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> 30% 80 incoporation
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tion at the a position of acetophenone derivatives. The
monoaminated product (3a) could be easily changed into the
diaminated product (4a) under the Cu catalyst system
(Scheme Sb). Furthermore, we selected diphenyl diselenide
(PhSeSePh) to replace pyrazole. Similarly, the a,a-disubsti-
tuted product (6a) could be obtained in 84% yield (Scheme
Sc). The transformation was completely inhibited in the
presence of a radical scavenger under standard conditions. This

https://doi.org/10.1021/acs.orglett.2c01140
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result supported that a radical pathway was involved (Scheme
5d). Subsequently, the reaction atmosphere of the trans-
formation between compounds la and 2a was conducted
(Scheme Se). It was shown that the reaction proceeded
smoothly under different atmospheres, affording the desired
product 3a in similar yields. In addition, the '®O-labeling
experiments were performed by adding H,'®O to the standard
conditions, and the significant 'O incorporation of compound
3a was obtained. This result indicated that the O atom in
carbonyl group of a-pyrazole acetophenone derivative 3a came
from moisture instead of O,.

On the basis of the above results and previous reports,
we proposed a possible reaction mechanism (Scheme 6).

15,16

Scheme 6. Proposed Mechanism

o N=
1a ‘}-m
INH]H ph)l\/N 4

o™
N.
~ NH ] [NH] rﬂ}
N/ ¢
Ph/& Ph)\/
A D
’:“ o K3S,0.
2928
CILNB INH] ol
Ph)-\
K2S,04 N
°N
2a §_//
Cl
Prop d for
3a cu'Ln 4a
7
3
3 43.5;0
H* ’
culln
cu'ln HO\ ,QN,/ cl
o ‘[‘\13\ Ph
'+e/N_/Cl Ln = phen N
Ph N N @
E \ 4
Cl
a Suln
\ g N=
LNB ‘*f-"’\“}‘c' A\
cl Ph Y,
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Initially, enamine A is formed by the N-aminomorpholine
([NH]H) and AcOH catalysts. Afterward, pyrazole radical B,
which is generated through the oxidation of K,S,0s, attacks
the enamine A to produce intermediate C. Subsequently, the
generation of intermediate D was proposed via a single
electron transfer process. The monoaminated product 3a can
be obtained by hydrolysis®” with concomitant formation of N-
aminomorpholine to complete the catalytic cycle through

hydrolysis of intermediate D. For oxidative diamination of

acetophenones,’” a Cu(Il) species existing in this catalytic
system combines with substrate 3a to generate the metal
complex E through a single-electron transfer (SET) process.
Then, activated pyrazole radical B reacts with complex E to
generate intermediate F, which was detected by high-
resolution mass spectrometry (HRMS). Finally, the diami-

nated product is obtained via the proton transfer (PT) process.
Through the oxidation of K,S,05 Cu(I) species change to
Cu(II) species and are then involved in the next catalytic cycle.

In summary, we have disclosed a dual catalyst system for the
facile and controlled amination of acetophenones with azoles.
A variety of acetophenones and azoles undergo the reaction
smoothly, giving the corresponding aminated products in
moderate-to-good yields. This method gives an efficient and
convenient solution for the synthesis of a-pyrazole and a,a-
dipyrazole ketone derivatives, which could be employed as
useful synthetic building blocks for the construction of value-
added fine chemicals.
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