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The 1,3-dipolar cycloaddition of 2-alkylidene-1-indanone with azomethine
ylides has been developed successfully promoted by simple imidazolium
salts to construct a variety of spirocycles containing highly substituted
pyrrolidines efficiently, affording the corresponding compounds in
excellent yields (up to 99%). The highly efficient catalytic system exhibited
broad substrate scopes under mild conditions.

The highly substituted pyrrolidines are prevalent in many
natural products which exhibit a broad range of biological and
pharmaceutical activities." In particular, highly substituted
pyrrolidine motifs containing a spiro quaternary stereogenic
carbon center and fused with 1-indanone are versatile
synthetic motifs for the biologically active natural products and
pharmat:euticals.2 The significance of those molecules has
stimulated intensive interests to develop numerous excellent
manufacturing approaches.3 and 4 Among them, 1,3-dipolar
cycloaddition of 2-alkylidene-1-indanone with azomethine
ylides is an extremely powerful and efficient strategy for the
construction of spiro[pyrrolidine-1-indanone] derivatives and
widely applied in organic synthesis.5 Wang6 reported the first
example of 1,3-dipolar cycloaddition reaction of 2-alkylidene-
ketones with azomethine ylide using Ag(l)/TF-BiphamPhos
complex. To the best of our knowledge, no successful and
efficient organocatalytic protocols for the 1,3-dipolar
cycloaddition reaction of 2-alkylidene-1-indanone with
azomethine ylides have been reported. And it is still highly
challenging and desirable to develop new efficient catalytic
systems for this transformation.”
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Centers via 1,3-Dipolar Cycloaddition of 2-Alkylidene-1-Indanone
and Azomethine Ylides Promted by Simple Imidazolium Salts

Wei-Qjang Hu,” Yan-Su Cui,*® Zhi-Jun Wu,® Chuan-Bao Zhang,’ Pei-Hao Dou,’ Song-Yang Niu,’ Ji-Ya

lonic liquids, which are powerful tools to activate donors or
acceptors, can be designed for task-specific applications
through smart choice of the respective cation and/or anion.”
Since the last century, ionic liquids (ILs) have been attracting
organic chemists’ attentions because of their advantages of
friendly to environment, convenient to use, controlled
properties and thermal stability.8 Especially, functionalized ILs,
such as acidic, basic and other ionic liquids have been
synthesized and used to promote various chemical reactions.’
Although several kinds of functionalized ILs have been used for
excellent catalysts for a number of reactions,10 such as Michael
addition,11 Diels-Alder addition™ etc, rarely functionalized ILs
were applied to 1,3-dipolar cycloaddition of 2-alkylidene-1-
indanone with azomethine ylides.

Herein, as a part of our program to explore the potential of
functional ILs in chemical transformations, we described the
first 1,3-dipolar cycloaddition reaction of 2-alkylidene-1-
indanone with various azomethine vylide promoted by
imidazolium salts, one kind of simple and useful functionalized
ILs, for the synthesis of spiro heterocyclic compounds
containing highly substituted pyrrolidine and 1-indanone
motifs with excellent results.

For investigation on 1,3-dipolar cycloaddition of 2-alkylidene-
1-indanone with azomethine ylides, we choose 2-alkylidene-1-
indanone (1a) and azomethine ylide (2a) as model reactants to
determine the optimal conditions and the results are
summarized in Table 1. A variety of imidazolium salts (3a-3h)
were synthesized and tested in the model reaction in
acetonitrile, and moderate to excellent yields (52-99%) were
obtained (Table 1, entries 4-11). Catalysts 1-butyl-3-
methylimidazolium bromide ([bmim]Br) (3a) was first
evaluated, and gave the desired product (4aa) in 66% vyield
(Table 1, entry 4). The anion of the imidazolium salts affected
the results obviously (Table 1, entries 4-7). The catalyst with
dicarbonate as anion (3b) was tested and 52% yield was
obtained (Table 1, entry 5). With carboxylate as anion,
catalysts 3e-3g provided 4aa in 90-99% vyields (Table 1, entries
8-11). Especially, catalyst [bmim]CH3(CH,),CO, gave 4aa in 99%
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yield, and it turned out to be efficient to promote the reaction
(Table 1, entry 10).

Table 1 Screening of catalysts and optimized the conditions®

o Ph H
L pn PN OMe  Cat 3 (20 mol% FYN oM
1 ’ CH4CN (1 mL), 40 °C Q,/ L
O O O P
o
Br HCOs © NEN), BFy
3a 3b 3c 3d
e \— \— N
N N N N
SRS SR SR \/\/gwe
CHacoze CHACH,COY CHacHQCHQCOC;) CH4CH(OH)CO,
3e 3f 3g 3h
Entry Cat. Solvent Time Yield®
(h) (%)
1 K,CO3 CH5CN 48 trace
2 DABCO CHsCN 48 trace
3 NaOAc CHsCN 48 24
4 3a CH3CN 168 66
5 3b CH;CN 168 52
6 3c CHsCN 168 72
7 3d CH3CN 168 62
8 3e CHsCN 20 90
9 3f CHsCN 5 97
10 3g CH;CN 5 99
11 3h CHsCN 46 80
12 3g toluene 48 66
13 3g CHCl3 48 70
14 3g CICH,CH,CI 48 21
15 3g CH;3CO,Et 48 82
16 3g Et,0 2 80
17 3g THF 2 85
18 3g MeOH 24 93
19 3g DMF 3 92
20 3g DMSO 3 69
21° 3g CH3CN 46 81
22¢ 3g CHsCN 29 86

? Unless otherwise specified, all reaction carried out with 2-alkylidene-1-indanone
(1a, 0.20 mmol, 1.0 equiv), azomethine ylide (2a, 0.2 mmol, 1.0 equiv), solvent (1
mL) and catalyst 3 (20 mmol%) at 40 °C; ° Isolated yields; ¢ Carried out at 25 °C; ¢
Carried out with 10 mol% catalyst 3g.

Then a series of solvents were evaluated with 3g as catalyst
and the results were presented in Table 1 (entries 12-20). All
solvents gave moderate to good yields (66-92%). In polar
solvents such as Et,0, THF, DMF, DMSO, 3g delivered high
yields (80%-92%) (Table 1, entries 16, 17, 19 and 20). Protic
solvents such as MeOH, afforded the cycloadduct 4aa in 93%
yield (Table 1, entries 18). Among the screened solvents,
acetonitrile, affording the desired products in 99% yields, was
chosen for further optimization (Table 1, entry 10). Reaction
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temperature was studied with 3g as catalyst and acetonitrile
as the solvent. Decreasing the temperature to 25 °C, the
reaction proceeded smoothly and afforded the desired adduct
4aa in good yield (81%, Table 1, entry 21). Lowering catalyst
loading to 10 mol%, the vyields were decreased (Table 1,
entries 22 vs 10). Thus, the optimized reaction conditions were
found to be reaction of 1.0 equiv 2-alkylidene-1-indanone (1a)
with 1.0 equiv azomethine ylide (2a), in the presence of 20
mol% of 3g, in acetonitrile at 40 °C (Table 1, entry 10).

With the optimized reaction conditions in hand, the scopes of
the substrates for this 1,3-dipolar cycloaddition of 2-
alkylidene-1-indanone with azomethine ylides promoted by
BlLs were evaluated and the results are summarized in Table 2.
Generally, a series of the azomethine ylides were successfully
employed in this transformation and proceeded smoothly
affording the corresponding adducts 4 in moderate to
excellent yields (61-99%), and the results strongly depended
on the substituents of the aromatic ring. Substrates bearing
various electron-withdrawing groups on the aromatic ring at 4-
position, such as fluoro, chloro, trifluoromethyl, and nitro
group, were well-tolerated, delivering the products 4ab-4af in
83-87% yields (Table 2, entries 2-6). The electron-donating
substituents, such as methyl and methoxyl, obviously
increased the reactivity of azomethine ylides in this reaction
(Table 2, entries 7 and 8). Substrates with an electron-
withdrawing or electron-donating groups on the aromatic ring
at 2-position gave lower yields than those with substituents at
4-position, and the reaction rate was decreased (Table 2,
entries 10, 11, 12 vs 3, 4, 8). For azomethine ylide 2m, 90%
yield was obtained (Table 2, entry 13). In addition, the 2-furyl
substituted azomethine ylide gave 61% yield (Table 2, entry
14).

We next examined the scopes of this 1,3-dipolar cycloaddition
by varying the 2-alkylidene-1-indanones under the optimized
conditions (Table 2, entries 16-20). This transformation
tolerated various 2-alkylidene-1-indanones with electron-
donating or electron-withdrawing substituents on the
aromatic ring at 4-position, affording the products (4ba-4fa) in
moderate yields (Table 2, entries 16-20). The electron-
withdrawing group, for example, fluoro, chloro, bromo and
trifluoromethyl group, on the phenyl ring of the 2-alkylidene-1-
indanones usually gave the slightly higher yield compared with
the methoxyl-substituted one (Table 2, etries 20 vs 16-19).

Table 2. Scope of substrates®

R, H
02N OMe
N M Cat. 3g (20 mol% — 0]
Rz/\N/YO e g ( o) < )
o CH4CN (1mL), 40°C  \__ 7
~\
1 2 4 R,
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Entry R: Ry dr Yield® (%)
1 H (1a) Ph (2a) 1.00:0.63:0.21:0.78:0.73:0 99 (4aa)
H(1a) 4-FPh (2b) 1.00:0.06:0.21:0.16:0.26:0.66 85 (4ab)
3 H(1a) 4-CIPh (2¢) 1.00:0.21:0.13:0.14:0.16:0.17 83 (dac)
4 H (1a) 4-BrPh (2d) 1.00:0.05:0.04:0.11: 0.11:0.16 87 (4ad)
5 H(1a) 4-NO,Ph (2e) 1.00:0.80:0.35:0.36:0.76:0.79 86 (4ae)
6 H (1a) 4-CF3Ph (2f) 1.00:0.05:0.17:0.82:0:0 85 (4af)
7 H (1a) 4-CHsPh (2g) 1.00:0.21:0.44:0.14:0.58:0.51 93 (4ag)
8 H (1a) 4-CH;0Ph (2h) 1.00:0.10:0.55:0.96:0:0 98 (4ah)
9 H (1a) 4-N(Me),Ph (2i) 1.00:0.13:0.52:0.71:0.61:0.10 71 (4ai)
10 H(1a) 2-CIPh (2j) 1.00:0.29:0.20:0.24:0:0 65 (4aj)
11 H (1a) 2-BrPh (2k) 1.00:0.34:0.16:0.10:0:0 85 (4ak)
12 H (1a) 2-CH;0Ph (21) 1.00:0.81:0.40:0.26:0.47:0.79 67 (4al)
13 H (1a) (2m) 1.00:0.27:0.29:0.59:0.71:0.35 90 (4am)
14 H (1a) (2n) 1.00:0.07:0.03:0.25:0.23:0.58 61 (4an)
15 H (1a) (CH3),CH,CH, (2p) n.d. trace
16 4-F (1b) Ph (2a) 1.00:0.30:0.25:0.40:0.40:0.19 80 (4ba)
17 4-Cl (1c) Ph (2a) 1.00:0.08:0.22:0.47:0.16:0.85 76 (4ca)
18 4-Br (1d) Ph (2a) 1.00:0.08:0.32:0.26:0.54:0.52 68 (4da)
19 4-CF5 (1e) Ph (2a) 1.00:0.06:0.29:0.13:0.25:0.18 78 (4ea)
20 4-CH50 (1f) Ph (2a) 1.00:0.91:0.56:0.90:0:0 64 (4fa)

? Unless otherwise specified, all reaction carried out with 2-alkylidene-1-indanone (1a, 0.20 mmol, 1.0 equiv), azomethine ylide (2a, 0.2 mmol, 1.0 equiv), solvent (1

mL) and catalyst 3g (20 mmol%) at 40 °C in 2-27 h; ® |solated yields.

Ph Cat. 3g (20 mol% oM
S at. mol
o o CH4CN (1mL), 40 °C 0 b
12 1a aa'a 87%yield
" o
7 Ph N OMe
Ph
N Cat. 3g (20 mol%
©j§0 + Ph/\N/YOMe g ( b) g
o o) CH4CN (1mL), 40 °C d
1a" 1a 4a"a 93% yield

Scheme 1 The results of 1,3-dipolar cycloaddition of 2-alkylidene-3-benzofuranone or

3-alkylidene-2-benzofuranone with azomethine ylides.

Encouraged by these results for the 2-alkylidene-ketones, we
then investigated the 1,3-dipolar cycloaddition of 2-alkylidene-
3-benzofuranone (1a’) or 3-alkylidene-2-benzofuranone (1a”’)
with azomethine ylides (Scheme 1). To our delight, the
reaction smoothly proceeded with ILs 3g as catalyst, and the
highly substituted pyrrolidines were still successfully obtained
to give the corresponding cycloadduct 4a’a and 4a”a in 87%
and 93% yields, respectively.

This journal is © The Royal Society of Chemistry 20xx

Recyclability of the catalyst
100

1 2 3 4 5
run

Figure 1 Recyclability of the catalyst. Reaction conditions: 1a (0.20 mmol, 1.0 equiv), 2a
(0.20 mmol, 1.0 equiv), catalyst 3g (20 mol%), in CH5CN at 40 °C.

yield (%)
£ 2 9z

()
S

To test the catalyst reusability and be convenient for recycling,
the reaction was carried out in the presence of a catalytic
amount of imidazolium salts under the conditions with 1a
(0.20 mmol), 2a (0.20 mmol), catalyst 3g (20 mol%), at 40 °C
and the reaction was monitored by TLC. When the reaction
was completed, the reaction mixture was concentrated in-
vacuo, and extracted with DCM, the ionic liquid left in the
aqueous phase was concentrated in-vacuo. Recycled 3g was
directly used in the next run and the results indicated that the
isolated yield of the product 4a was almost consistent after
five runs and 3g could be reused at least five times (Figure 1).
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Scheme 2 Proposed mechanism

Based on the experimental results, we suggested a
plausible bifunctional catalytic mechanism involving
nucleophilic butyric anion as a base to capture a proton of
azomethine ylides and an electrophilic imidazolium cation to
accept the transferred electron to complete the reaction cycle
as shown in Scheme 2. Azomethine ylides was activated by
the butyric anion and 2-alkylidene-1-indanone might be
activated by the imidazolium cation (Scheme 2).

Conclusions

In summary, we have developed an efficient catalyst to
promote 1,3-dipolar cycloaddition of 2-alkylidene-1-indanone
with azomethine ylides leading to the formation of useful
spirocycles containing highly substituted pyrrolidines and 1-
indanone motifs with spiro quaternary stereogenic centers.
This is the first example of 1,3-dipolar cycloadditions of 2-
alkylidene-1-indanone with azomethine ylides. Moreover, this
transformation provides an efficient and practical method for
the synthesis of structurally diverse 1-indanone derivatives
under mild conditions.
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