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An efficient nano-Cu,O-catalyzed cascade multicomponent reac-
tion of 2-halobenzoic acids and trimethylsilyl cyanide with diverse
amines was developed using water as a solvent, affording versatile
N-substituted phthalimide derivatives in moderate to excellent
yields. This novel strategy features carbon monoxide gas-free,
environmentally benign, one-pot multistep transformation, com-
mercially available reagents, a cheap catalyst without any additives,
wide functional group tolerance, and operational convenience.

The increasing environmental awareness of the chemical com-
munity has led to the search for more efficient and environ-
mentally friendly approaches for chemical syntheses." One of
the hot research areas has been the replacement of the conven-
tional hazardous organic solvents by safe and green reaction
media. Among them, water has attracted great interest from
synthetic chemists for its unique physicochemical properties
and fascinating advantages, such as its relative abundance,
low cost, inherent safety and environmental friendliness.>
Furthermore, multicomponent reactions (MCRs) have been
adopted as a practical and powerful synthetic tool to create a
relatively complex heterocyclic skeleton in an atom-economical
and straightforward manner by generating multiple bonds in a
single reaction vessel.” Despite the great achievements, conti-
nuing to explore new organic reactions under aqueous con-
ditions involving high efficiency and practicability would be
highly desirable.

Phthalimides not only are prevalent in natural products,
pharmaceuticals, agrochemicals, polymers, and dyes* but also
serve as versatile precursors for various organic transform-
ations.® Consequently, the development of new and effective
methods for their preparation has been stimulated. The tra-
ditional protocol of phthalimide synthesis involves conden-
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“On water” nano-Cu,O-catalyzed CO-free one-pot
multicomponent cascade cyanation—annulation—
aminolysis reaction toward phthalimides+

Xiaowei Wen, Xiaojuan Liu, Zhigi Yang, Menglan Xie, Yuxi Liu, Lipeng Long and

sation between the corresponding phthalic acids or anhydrides
and amines.® Recently, alternative strategies including oxi-
dation of the C-H bond,” coupling of isocyanates,® N-arylation
of phthalimides,” transamidation,'® and transfer-hydrogen-
ation of diols"" have been reported. Among the various
approaches, the most popular methods are the transition-
metal-catalyzed carbonylative cyclization of o-dihaloarenes
(Scheme 1a)'* or o-haloarenes (Scheme 1b)"® and oxidative

Previous work: transition-metal-catalyzed carbonylative cyclization toward
phthalimides with CO as carbonyl source
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Scheme 1 Synthetic methods for phthalimides.
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aminocarbonylation (Scheme 1c),"* in which CO is frequently
used as the carbonyl source. However, laboratory use of
gaseous CO has been impeded due to its high toxicity and
odorless and flammable character. Therefore, further research
into a novel route to construct phthalimide frameworks from
readily accessible precursors with an inexpensive catalyst
under CO-free conditions is still of great challenge.

2-lodobenzoic acids, as commercially available and versatile
building blocks, have been widely employed in many synthetic
strategies. In particular, they have attracted a great deal of
attention for the preparation of hypervalent iodine reagents
used for various organic transformations over the past
decades."”” For example, cyano-1,2-benziodoxol-3(1H)-one
(CBX) prepared from 2-iodobenzoic acid and trimethylsilyl
cyanide (TMSCN) under oxidative conditions has been widely
employed for cyano-containing products via an umpolung
method (Scheme 1d).'® Herein, we describe the first nano-
Cu,O-catalyzed synthesis of phthalimides from 2-halobenzoic
acids and TMSCN with primary aromatic or aliphatic amines
through the cascade cyanation-annulation-aminolysis reac-
tion “on water” (Scheme 1e). This protocol is also suitable for
the synthesis of a variety of N-substituted maleimide
derivatives.

We commenced our study with the reaction of 2-iodoben-
zoic acid 1a and thiophen-2-ylmethanamine 2a with TMSCN
using water as the reaction medium. As shown in Table 1, a
series of common copper salts were investigated. All of the
copper catalysts have some effects on the reaction, and Cu,O
gave the best results (Table 1, entries 1-9). To our delight, the

Table 1 Optimization of the reaction conditions?®

o
NH
OH ‘s 2 + TMSCN
i Y

catalyst (5 mol%)

o)sﬁ
N
O
3a

temp., time

1a 2a
Entry Cat. Temp. Time Yield” (%)
1 CuS0O,4-5H,0 100 8 78
2 Cu(OTf), 100 8 82
3 Cu(OAc), 100 8 84
4 CuO 100 8 81
5 CuCl 100 8 85
6 CuBr 100 8 79
7 Cul 100 8 78
8 CuCN 100 8 80
9 Cu,,0 100 8 88
10° Nano-Cu,O 100 8 97 (92)
11 Nano-Cu,O 80 8 87
12 Nano-Cu,O 60 8 74
13 Nano-Cu,O 40 8 56
14 Nano-Cu,O 25 8 Trace
15 Nano-Cu,O 100 10 97
16 Nano-Cu,O 100 6 85

“Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), TMSCN
£0.24 mmol) with catalyst (5 mol%) in 1.0 mL water for 8 h.
Determined by GC with mesitylene as an internal standard. The
number in parentheses is the isolated yield. “ Commercially available
with 99.9% purity and 4-5 nm mesh size.
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isolated yield of the desired product increased to 92% with
nano-Cu,O as the catalyst (Table 1, entry 10). Then the reac-
tion temperatures were evaluated, and it was found that high
temperature favored the reaction (Table 1, entries 11-14).
When the mixture was stirred in water at room temperature,
only a trace amount of the product was observed (Table 1,
entry 14). Finally, the reaction time was also examined, and an
excellent isolated yield was obtained after 8 h (Table 1, entries
15 and 16). These preliminary experiments showed that the
suitable conditions toward phthalimide 3a are using nano-
Cu,O as the catalyst at 100 °C for 8 h.

With the optimal conditions in hand, we then investigated
the scope of this three-component reaction. As presented in
Scheme 2, a wide range of aromatic and aliphatic amines were
tolerated with 2-iodobenzoic acid to deliver the phthalimide
products in moderate to excellent yields (3b-3ao). Various
aniline derivatives were suitable substrates for this transform-
ation (3c-3q). To our delight, the sterically hindered 2,6-di-
isopropyl substituted 3e was achieved in a satisfactory
yield, which has been approved as an a-tumor necrosis factor
(TNF) inhibitor."” Noteworthily, the substrates bearing active
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Scheme 2 Substrate scope of amines. Reaction conditions: 1la
(0.2 mmol), 2 (0.2 mmol), TMSCN (0.24 mmol), nano-Cu,O (5 mol%)
and H,O (1.0 mL) at 100 °C for 8 h. Isolated yield. ¢ 2-Bromobenzoic
acid was used.
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hydroxyl and amino at the para, meta, and ortho positions of
the phenyl formed 3h, 3i, and 3j in 84%, 89%, and 62% yields,
respectively. Aniline bearing an unsaturated double bond and
a triple bond worked well under the standard conditions (3p
and 3q). Fortunately, heteroaryl substituted phthalimides
could be successfully generated in a good yield (3r-3u).
Moreover, both electron-donating and electron-withdrawing
benzylamines exhibited high reactivity with 2-iodobenzoic acid
to lead to the corresponding products in satisfactory yields
(3v-3z). The reaction was compatible with a set of substituents,
such as alkyl, alkoxy, fluoro, chloro, bromo, and trifluoro-
methyl groups (3k-3z). It is noteworthy that arylbromides
could be further functionalized in cross-coupling reactions (31
and 3ac). The amines containing different heterocycles under-
went the reaction efficiently giving good yields (3ae and 3af).
Meanwhile, straight-chain, branched and cyclic amines were
all reactive in this multicomponent cascade reaction and con-
verted to phthalimides in good yields (3ah-3a0). Notably, 3an
was afforded in 66% yield, which was synthesized through
trifluoromethylation ~ reactions in  previous
Unfortunately, the corresponding phthalimide was not
obtained when ammonia solution was used as a nucleophilic
reagent. Apart from 1a, 2-bromobenzoic acid was also screened
which achieved 3a in 82% yield. However, 2-chlorobenzoic acid
did not afford 3a under the standard conditions.

Subsequently, we explored a handful of substituted 2-halo-
benzoic acids with various amines under the optimized con-
ditions. As shown in Scheme 3, it was found that the substitu-
ents at the ortho- or meta-position of 2-halobenzoic acids
reacted smoothly to furnish the desired products in moderate
to good yields (4a-4q). 2-Halobenzoic acid bearing either an
electron-rich or an electron-deficient group on the benzene
ring favored the reaction, indicating that the electronic effect
did not have a significant influence on the reaction (4a-4j).
The yields were lower when the substituents were at the ortho-
position as compared to the meta-position, suggesting that the
steric effect was overwhelming (4a, 4b, 4e and 4f). The free
amino-substituted substrate was perfectly tolerated under the
standard conditions (4d). Moreover, 1-bromo-2-naphthoic acid
could be successfully converted into polycyclic product 4k in
49% yield. The representative amines including alkylamine,
benzylamine, arylamine and heterocyclic amine were all com-
patible, and resulted in satisfactory yields under the optimal
conditions. These results from Schemes 2 and 3 implied that
this cascade multistep transformation can be effective for the
phthalimide library.

Maleimide derivatives have found wide applications in
pharmaceuticals.™® Transition-metal-catalyzed annulation reac-
tions containing Ru,>® Rh,>' Fe,> and Pd** complexes from
alkynes, CO, and amines or isocyanates have received signifi-
cant attention for the preparation of maleimides in recent
years. Fortunately, the present method can also be applied to
the cyclization of B-iodoacrylic acids.>* Both methyl and
phenyl substituted substrates were compatible and rendered
the desired products in moderate to good yields (5a-5g)
(Scheme 4).

work.'®
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Scheme 3 Substrate scope of 2-halobenzoic acids and amines.
Reaction conditions: 1 (0.2 mmol), 2 (0.2 mmol), TMSCN (0.24 mmol),
nano-Cu,0 (5 mol%) and H,O (1.0 mL) at 100 °C for 8 h. Isolated yield.
@2-lodo-6-methylbenzoic acid was used. ®2-lodo-5-methylbenzoic
acid. ©2-lodo-4-methoxybenzoic acid. ?5-Amino-2-bromobenzoic
acid. € 2-Fluoro-6-iodobenzoic acid. *5-Fluoro-2-iodobenzoic acid. 9 4-
Chloro-2-iodobenzoic acid.” 5-Bromo-2-iodobenzoic acid.’ 2-Bromo-4-
nitrobenzoic acid. / 2-lodo-4-(trifluoromethyl)benzoic acid. ¥1-Bromo-
2-naphthoic acid.
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Scheme 4 Reaction of p-iodoacrylic acids with amines. Reaction con-
ditions: 1 (0.2 mmol), 2 (0.2 mmol), TMSCN (0.24 mmol), nano-Cu,O
(5 mol%) and H,O (1.0 mL) at 100 °C for 8 h. Isolated yield.
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Most importantly, the reaction could be conducted on a
large scale and provided the product in a good yield (Fig. 1).
Before the reaction, 2-iodobenzoic acid was only partially dis-
solved in water. When reacting at 100 °C, the reaction mixture
became clear. After reaction for 1 h, a great amount of precipi-
tate appeared in the reaction mixture. After the reaction, the
desired product was obtained through extraction and column
chromatography with 81% yield.

Some control experiments were carried out to elucidate the
mechanism (Scheme 5). First, considering that the phthali-
mide products may be formed by the cyanation of substituted
2-iodobenzamide, the reaction of 2-iodobenzoic acid 1a and
thiophen-2-ylmethanamine 2a was performed under the stan-
dard conditions. However, they could not form the corres-
ponding intermediate 6a (Scheme 5a). Then, the reaction of 1a
and TMSCN could smoothly form o-phthalic anhydride 7a
(Scheme 5b). Subsequently, the reaction of o-phthalic an-

SRV
@

Fig. 1 Gram-scale synthesis of 3a: (a) before the reaction, 20 mL of
water and 2-iodobenzoic acid (10 mmol) were added; (b) before the
reaction, a mixture of 20 mL of water, TMSCN (12 mmol), 2-iodobenzoic
acid (10 mmol), thiophen-2-ylmethanamine (10 mmol), and nano-Cu,O
(2 mol%) was added; (c) reacted at 100 °C; and (d) reacted for 1 h.
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Scheme 5 Control experiments.
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Scheme 6 Possible reaction mechanism.

hydride 7a or 2-cyanobenzoic acid 8a with 2a generated the
desired product 3a in 98% or 93% yield, respectively
(Scheme 5c¢ and d). The results indicated that 8a and 7a may
be the intermediates of the reaction. In addition, 8a leads to
o-phthalic anhydride 7a in an excellent yield (Scheme 5e).
Furthermore, the reaction of 2-iodobenzoic acid 1a with an
excess of CuCN gave the corresponding aryl nitrile 8a in a trace
yield; this result inferred that TMSCN was indispensible for
this transformation and excluded the Rosenmund-von Braun
mechanism for the cyanation process (Scheme 5f).

On the basis of the results described above and the literature
procedure, a plausible mechanism is proposed for this cascade
reaction (Scheme 6). Initially, intermediate 8a was generated
from 2-iodobenzoic acid 1a and TMSCN via a copper-catalyzed
cyanation reaction.>” Then intramolecular nucleophilic addition
took place to generate intermediate A, followed by hydrolysis of
A to obtain o-phthalic anhydride 7a. Finally, the fast reaction of
o-phthalic anhydride with an amine formed the phthalimide
product 3. Probably, Cu,O catalyzed the cyanation reaction and
accelerated the cyclization and hydrolysis process.

In conclusion, we have developed the first nano-Cu,O-cata-
lyzed, ligand- and additive-free cascade multicomponent reac-
tion for the synthesis of N-substituted phthalimide and male-
imide derivatives. A variety of amines were compatible and
afforded the products in moderate to excellent yields. The reac-
tion circumvents the use of carbon monoxide gas with an
additional advantage of the application of water as a reaction
solvent towards valuable phthalimide and maleimide pro-
ducts. Moreover, readily available substrates, excellent func-
tional group compatibilities, and operational simplicity make
this approach practical to the synthetic community. Further
synthetic utilization and mechanistic studies are currently
ongoing in our laboratory.
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