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Abstract — A highly diastereoselective self-1,3-dipolar [3+3] cycloaddition
reaction catalyzed by cesium carbonate has been established for the synthesis of
2,5-dispirooxindole-piperazines. This reaction involves the reaction of azomethine
ylides derived from unprotected isatins with tetrahydroisoquinolines. The method
is characterized by its simplicity, avoidance of excess external acids and high

diastereoselectivity.

As privileged structures, spirocyclic oxindoles are frequently found in natural products, drugs and
pharmaceutical active molecules,! rendering them significant synthetic objectives in the realms of organic
and medicinal research.? In recent years, 1, 3-dipolar cycloaddition (1,3-DC) of azomethine ylides derived
from isatins has attracted an increasing amount of interest owing to their distinctive ability to construct a
wide array of spirooxindole ring systems.® For example, the azomethine ylides, which are formed in situ
from isatin derivatives and specific amino substrates, undergo reactions with various electrophilic
reagents as dipolarophiles. These reagents include electron-deficient alkenes,* alkynes,® chromane
derivatives,® azirines,” or a, B-unsaturated ketones.® These reactions result in the formation of structurally
intricate spirooxindole derivatives through multicomponent 1,3-dipolar cycloaddition reactions. Although
effective and innovative approaches for the diversity-oriented synthesis of spirooxindoles have been
developed, these methods typically necessitate the utilization of specific secondary a-amino acids or
amino compounds in conjunction with an excess of strong acid additives to generate the crucial
azomethine ylides. Furthermore, although many metal salts, such as copper,® silver etc.,'° have been used
as catalyst for the cycloaddition of imino esters-derived azomethine ylides, the research of employing

metal salts as catalyst in the transformation of isatin-derived azomethine ylides remains less-explored.!
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Recently, as an important advance of this research area, Yang and co-workers reported self-1,3-dipolar
[3+2] and [3+3] cyclization of azomethine ylides derived from isatins with primary or cyclic secondary
amines.’? These findings are interesting and provide direct access to the diversified dispirooxindole
scaffolds. For example, the unprecedented 2,5-dispirooxindole-piperazine skeleton'® could be obtained
directly from protected isatins and 1,2,3,4-tetrahydroisoquinolines (THIQs) assisted by the use of
trifluoroacetic acid as additive (Scheme 1a). Indeed, the use of excess amount of external acid additives,
requirement of specific protecting groups and the unsatisfactory diastereoselectivity made these reactions
are still in urgent need of improvement.

Herein, we present the advancement of the self-1,3-dipolar [3+3] cycloaddition of azomethine ylides
derived from isatin with THIQ facilitated by a cesium catalyst. The implementation of this catalytic
approach demonstrates notable enhancements in the utility and scalability of this self-[3+3] cycloaddition,
owing to its utilization of mild reaction conditions, good compatibility with various functional groups,

and high diastereoselectivity.
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Scheme 1. Cycloaddtion of isatin and THIQ

We commenced our studies by optimizing the reaction conditions using N-methylisatin la and
1,2,3,4-tetrahydroisoquinoline 2a as the model substrates (Table 1). Firstly, different solvent was
investigated under catalyst-free condition. When ethanol (EtOH) was used as the solvent under air in 50
°C, the self-[3+3] cycloaddtion product 3aa was obtain in 56% yield with 85/15 diastereoselectivity (dr)

(Table 1, entry 1). The dr values of product 3aa are decided by comparation with Yang’s work.'? The use
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of methanol and isopropanol solvent failed to improve yield and diastereoselectivity (Table 1, entries 2
and 3). When the aprotic solvent tetrahydronfuran (THF) was used as the solvent, only trace amount of
desired product was detected (Table 1, entry 4). Gratifyingly, under protic solvent of trifluoroethanol
(TFE), the reaction was accelerated and a considerable yield and diastereoselectivity were obtained after
just 16 h (Table 1, entry 6). A better result was obtained by increasing the temperature to 70 °C (Table 1,
entries 7 - 8). Considering that metal salts showed effective catalytic activities for the relevant azomethine
ylide research, we then turned our attention to metal salt optimization. When Cu(OAc). or CuBr, was
used as catalyst, only trace amount of desired product was detected (Table 1, entries 9 - 10). We assumed
that the copper catalyst could not activate and stabilize the azomethine ylide derived from isatin and the
reason is probably due to the complexing of the exposed N-H group with the copper catalysts and
poisoning the catalyst.!* When the Znl, was employed, the desired product 3aa was obtained in 70%
yield with 89/11 dr (Table 1, entry 11). Attempts to enhance the yield with other metal salts were
unsuccessful (Table 1, entries 12 - 15). Finally, when Cs>COs was used, the yield was successfully
improved to 79% with 90/10 dr (Table 1, entry 16). The N-free isatin was also investigated under this
condition, the corresponding dispirooxindole 2ba was obtained in 84% yield with excellent
diastereoselectivity (only single isomer) (Table 1, entry 17). However, when the CsCl and Na,COs were
used, only 22% and 35% yield of desired products were obtained, respectively. These results suggest that
both the cesium ion and carbonate ion are keys for the high efficience of this transformation (Table 1,
entries 18,19).

Table 1. Condition optimizations
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Entry R! Solvent Catalyst T (°C) t (h) Yield (%) dr

1 Me EtOH - 50 40 56 (3aa) 85/15
2 Me MeOH - 50 48 29 (3aa) 86/14
3 Me iPrOH - 50 48 38 (3aa) 84/16
4 Me THF - 50 48 trace -
5 Me HFIP - 50 48 24 (3aa) 79/21
6 Me TFE - 50 16 51 (3aa) 90/10
7 Me TFE - 60 12 53 (3aa) 90/10
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8 Me TFE - 70 12 61 (3aa) 90/10
9 Me TFE Cu(OAC):, 70 16 trace -

10 Me TFE CuBr2 70 16 trace -

11 Me TFE Znl 70 16 70(3aa) 89/11
12 Me TFE AgOAcC 70 16 67 (3aa) 90/10
13 Me TFE AgBr 70 16 55 (3aa) 90/10
14 Me TFE FeCl> 70 16 61 (3aa) 90/10
15 Me TFE CeCls 70 16 70 (3aa) 91/9
16 Me TFE Cs2CO3 70 16 79 (3aa) 90/10
17 H TFE Cs2CO3 70 16 84 (3ba) >99/1
18 H TFE CsClI 70 30 22 (3ba) >99/1
19 H TFE Na2CO3 70 30 35 (3ba) >99/1

With the optimized reaction conditions in hand, we then investigated the substrate scope of the reaction.
As shown in Scheme 2, a wide range of N-free isatins bearing electronically different substituents on the
phenyl moiety react smoothly to give self-[3+3] cycloaddtion dispirooxindoles in high yields with
exculsive diastereoselectivities. Electron-donating groups such as methyl (1c and 1h) and methoxy (1le
and 1j) as well as electron-withdrawing groups such as fluoro (1f), chloro (1d and 1k), bromo (1i and 1I)
and iodo (1g) were well tolerated under this cesium catalytic system. Moreover, 7-chloro and 8-methyl
substituted tetrahydroisoquinolines tolerated the optimal conditions, giving the desired products 3db—3dc
in 85%—87% yields with >99/1 drs. Furthermore, under the optimal conditions, the use of various N-
methyl substituted isatins with different functional substituents on the phenyl moieties afforded the

corresponding products 3ma—3sa in 69%—-95% yields with 90/10-92/8 drs.
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Scheme 2. Substrate scope of the reaction

In order to investigate the mechanism of the reaction, several control experiments have been performed.
In 2015, Yang et al.* reported the self-1,3-dipolar [3+3] cyclization reaction of N-substituted isatins with
THIQs by using excess amount of trifluoroacetic acid (TFA) as additive. In accordance with Yang’s
protocol, we treated N-free isatin 1b, 1,2,3,4-tetrahydroisoquinoline 2a with TFA instead of Cs>CO3
under the current conditions, only 26% yield of desired product 3ba was obtained (Scheme 3, eq. 1).
When this reaction was conducted under Yang’s optimal conditions, only 21% yield of product 3ba was
isolated (Scheme 3, eq. 2). Interestingly, the diastereoselectivities of the product 3ba are both exclusive
under the TFA conditions. These results suggest that the diastereoselectivity of this reaction is mainly
controlled by the N-protecting group of the isatins and the yiled of the reaction is greatly improved by the
use of Cs,COs as the catalyst. Combined with Yang et al.*? proposed reaction pathway and previous
relevant metal-catalyzed cycloaddition reactions of azomethine ylides researches,®° we proposed that the
coordination of azomethine ylide to cesium catalyst to form the key intermediate A, followed by
intermolecular 1,3-dipolar [3+3] cyclization to form the 2,5- dispirooxindole-piperazine product. In this
process, the cesium catalyst shows higher catalytic reactivities than that of protonic-acid TFA and the
formation of cis-2,5-dispirooxindole-piperazine 3ba is favored through the transition state TS-1 (Scheme
3).
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Scheme 3. Control experiments and proposed reaction pathway

In summary, a highly diastereoselective self-1,3-dipolar [3+3] cycloaddition of azomethine ylides derived
from unprotected isatins with tetrahydroisoquinolines has been developed for the synthesis of
2,5-dispirooxindole-piperazines. This protocol, facilitated by a Cs>COs catalyst, is characterized by its

simplicity, high diastereoselectivity, and avoidance of excessive external acid usage.
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