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of azomethine imines with carboxylic acids
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The alkylation of cyclic five-membered azomethine imines
with carboxylic acids proceeds under irradiation with O (-\ («\
400 nm light using a dual catalytic system consisting of 4—(7 0 ‘P_Cj ‘\_Nj
9-arylacridine and tetrabutylammonium decatungstate. N

Azomethine imines containing aromatic, heterocyclic and J

aliphatic groups are suitable for the process providing

pyrazolidin-3-ones in 42-98% vyields.
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Pyrazolone is a common five-membered heterocyclic motif  catalysis was recently developed.?-2> Several studies on radical
present in the structures of a number of commercial drugs and addition to azomethine imines 1 using the visible light-driven

prospective bioactive compounds.l® Drugs of the phenyl- methodology were carried out?® (Scheme 1, part A). Thus, the
butazone family are used for animal treatment by virtue of their Hantzsch esters were used as sources of radicals of various
anti-inflammatory properties? (Figure 1). For the 1,2-diaryl-  types.?2 Amines,?>3! fluorinated alkyl bromides,3? and

pyrazolidin-3-one derivatives, a wide range of antibacterial N-sulfonyl cyclopropylamines,®® were also employed as
activity was recently reported.® Edaravone, a neuroprotective precursors of radical species. Generation of radicals under
agent with antioxidant properties,* and the pyrazolone based electrochemical conditions from N-hydroxyphthalimide esters
experimental HIV drug® also exemplify the importance of  was described as well.3*

compounds of this class. The promising fungicides for plant Carboxylic acids are versatile feedstock compounds in

protection have recently been found among pyrazolones.®

organic chemistry3>36 often used as substrates for radical

Cyclic azomethine imines bearing pyrazolidinone moiety 1 reactions. Among various methodologies developed for
have long been recognized as versatile starting materials for the ~ decarboxylative radical generation,3":3¢ acridine photocatalysis
introduction of the dinitrogen cycle due to their availability has outstanding advantages as it utilizes free acids at room
and diverse reactivity.l® Azomethine imines 1 can be easily

synthesized from the corresponding aldehydes, acrylates, and

A. Previous work

hydrazine. Various [3 +n] cycloadditions resulting in N-N fused

bicyclic systems!-16 and nucleophilic additions at the iminium O 0 0
carbon®™-1° are well established reactions of azomethines. Open- / < - / (_ / <
shell reactivity of azomethine imines has not attracted significant KJ’N = ) ,:,fN N»NH
attention until mild radical generation based on photoredox | b a- | - ’
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Figure 1 Bioactive substances containing pyrazolone motif. Scheme 1
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temperature with no need for auxiliaries, metals, or strong bases.
The ability of acridines to activate carboxylic acids under visible
irradiation was noticed in the late 1960s.%° However, the intensive
development of this field began only in the 2020s by the Larionov
group,*>-47 along with our research group*®-5! and others.52-54

Recently, we introduced a novel photocatalytic method using a
combination of acridine and tetrabutylammonium decatungstate
(TBADT) photocatalysts for the addition of carboxylic acids to
imines and hydrazones.®® In this dual catalytic system, the
decatungstate facilitates the turnover of the acridine photocatalyst
through the hydrogen atom transfer. Inspired by this phenomenon,
here we expand the acridine/decatungstate protocol to cyclic
azomethine imines (see Scheme 1, part B). After brief optimization,
we found that azomethine imine la efficiently reacted with
cyclohexanecarboxylic acid in the presence of bulky acridine
catalyst TIP-Acr and TBADT to afford pyrazolidinone product 2a
(Scheme 2, Table 1, entry 1). The reaction proceeded at room
temperature under violet light irradiation (400 nm) in acetonitrile.
Without TBADT, the yield was significantly lower (entry 2), and
in the absence of acridine, no product was detected (entry 4). Less
hindered 9-mesitylacridine catalyst showed comparable results in
optimization (entry 5) but exhibited poor reproductivity with other
substrates. The reaction conducted under 450 nm irradiation also
provided product 2a in good yield (entry 6).

Primary, secondary, and tertiary radicals generated from the
corresponding acids R2CO,H were successfully attached to
azomethine imines 1la-f under the optimal conditions
(Scheme 3). For the primary phenethyl radical, product 2¢c was
obtained in moderate yield. On the other hand, stabilized
methoxymethyl radicals generated from methoxyacetic acid
led to pyrazolidin-3-one 2d in excellent yield. The reaction
tolerated heterocycles (products 2e—g) and a halogen substituent
(2f). The aromatic substituent in reactant 1 was not necessary
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Scheme 2

Table 1 Optimization studies for conversion of azomethine imine 1a into
pyrazolidinone 2a (see Scheme 2).

Entry Reaction conditions Yield of 2a (%)?
1 Optimal® 83 (789

2 Without TBADT 61

3 In CH,CI, without TBADT 48

4 Without TIP-Acr -

5 With Mes-Acr instead of TIP-Acr 82

6 With 450 nm LED 83

apetermined by NMR using CH,Br, as internal standard. °Optimal
conditions: TIP-Acr (5 mol%), TBADT (1 mol%), 60 W LED 400 nm,
MeCN, 20 °C, 3 h. lsolated yield.

() ()

JoT o A
Rl

R TR?
la—f (2.5 equiv.) 2a-i

a R=Ph a Rl=Ph,R?=Cy, 78%

b R! = 2-thienyl b R!=Ph, R?=Bu!, 79%

¢ R!=5-bromo-2-thienyl ¢ R!=Ph, R? = Ph(CH,),, 42%

d R!=2-pyridyl d R!=Ph, R?= MeOCH,, 98%

e R'=n-CsHys e R!=2-thienyl, R? = Cy, 65%

f R'=Bu f R!=5-bromo-2-thienyl, R? = Cy, 87%
g R!=2-pyridyl, R? = Cy, 56%
h R!=n-C;H;s5, R?=Cy, 81%
|

R! = Bu', R2 = Cy, 66%

Scheme 3 Reagents and conditions: i, 0.5mmol of la-f, TIP-Acr
(5 mol%), TBADT (1 mol%), 60 W 400 nm LED, MeCN, 20 °C, 3 h. For
2¢, 10 mol% of TIP-Acr was used. Additional experiment for 2a: 5 mmol
scale, 80 W 400 nm LED, 74% yield (0.957 g).

for the reaction, as n-heptyl- or tert-butyl-containing
azomethine imines le,f gave the desired products 2h,i in good
yields. While the reactions were typically performed on
0.5 mmol of azomethine imines, they can also be conducted in
a 5 mmol scale of la using slightly higher irradiation power
(80 W) without significant loss of yield, as was demonstrated
for the synthesis of product 2a. Unfortunately, the reactions
with azomethine imine derived from 5-hydroxymethylfurfural
failed and led to complex mixtures.

The proposed reaction mechanism is shown in Scheme 4.
First, carboxylic acid is activated with photoexcited acridine to
generate carboxylic radical which would expel carbon dioxide.
The activation of carboxylic acid proceeds as proton coupled
electron transfer and is accompanied by the formation of
acridinium radical A having the N-H bond. Addition of the
alkyl radical at the C=N bond of azomethine imine 1 leads to
formation of N-centered radical B. Proposedly, the hydrogen
atom transfer between B and acridinum intermediate A is
inefficient. It is believed that this step is promoted by
decatungstate,®57 so the decatungstate may abstract the
hydrogen atom from A followed by transferring it to radical B
with the regeneration of the acridine photocatalyst and
formation of product 2. It is likely that decatungstate anion
works as a hydrogen atom transfer agent in the ground state, as
blue H-[W,,0g,]* particles were observed under low-energy
450 nm light irradiation, whereas the decatungstate anion
[W;03,]% itself has no absorption in the visible region (see
Table 1, entry 6).56

In summary, a photocatalytic method for the synthesis of
1-derivatized pyrazolidin-3-ones by reaction of azomethine

0]

. _ Ch
T yﬁ

. CLIC
.)ko@ N H—[W1003,]* X

|

H

N A
T

Ar

(0]
(L2
=
N

Scheme 4

[W103,]*

- 674 —



Mendeleev Commun., 2024, 34, 673-675

imines with carboxylic acids has been developed. The reaction
features the combined use of 9-aryl-substituted acridine and
tetrabutylammonium decatungstate which are needed for the
radical generation and photocatalyst recycling, respectively.

This work was supported by the Russian Science Foundation
(grant no. 21-73-10129).

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2024.09.015.
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