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The potential of [PAIM][NTf2]/BMIM-ILs as a base/solvent in the Corey-Chaykovsky reaction is demon-
strated by the facile synthesis of libraries of functionalized cyclopropanes from enones and oxiranes from
aldehydes and ketones, at room temperature in respectable isolated yields. To demonstrate their appli-
cation, the synthesized epoxides were employed as substrates for the synthesis of a library of 2,3-disub-
stituted quinolines, using [BMIM(SO3H)][OTf]/[BMIM][PF6] as a catalyst/solvent. The potential for
recycling/reuse of the IL solvents was also explored.

� 2021 Elsevier Ltd. All rights reserved.
Introduction

In the classical Corey-Chaykovsky (CC) reaction, ylides derived
from the deprotonation of sulfonium and sulfoxonium halides
using a strong base react with aldehydes and ketones to give oxi-
ranes and with enones to furnish cyclopropyl-ketones as cis/trans
mixtures [1a]. A phase transfer catalysis (PTC) version of this reac-
tion also gave cis/trans mixtures [1b]. Typical bases employed
include NaH, BuLi, and t-BuOK, with DMF, THF, or dioxane as
solvent [1a–3].

Due to the prominence of cyclopropane and oxirane motifs in a
wide range of bioactive natural and synthetic compounds which
are important in drug development [4], numerous studies aiming
to improve on these transformations have been reported. Although
cyclopropanation using milder bases such as DABCO and Et3N in
MeCN proved unsuccessful, guanidine bases (TMG, and MTBD)
were effective, especially when used in excess, forming > 98% trans
isomer [5].

The asymmetric version of the Corey-Chaykovsky cyclopropa-
nation has also been studied [6]. Epoxidation of aryl-aldehydes
using an in-situ generated benzyl-sulfonium salt (from tetrahy-
drothiophene (THT)/benzyl alcohol/HBF4-Et2O) with NaH as base,
and in-situ generated sulfonium triflate (from THT/MeOTf), as well
as its asymmetric version using chiral analogs of THT and phosp-
hazene bases, have also been reported [7].

Zinc-derived sulfur ylides generated via the Simmons-Smith
reaction offer an alternative for the epoxidation of aldehydes,
and the cyclopropanation of a,b-unsaturated ketones and esters
using NiCl2 as a catalyst [8,9].

Despite considerable progress in this area, the development of
alternative methods that utilize mild bases, avoid the use of metals
and high boiling hazardous solvents, and offer the possibility for
recycling/reuse of the solvent is still highly desirable.

In continuation of our studies focusing on the development of
alternative synthetic methods employing ILs as catalysts and sol-
vents [10], and in relation to our long standing interest in onium
salts and their synthetic applications [11], we report herein the
facile synthesis of libraries of functionalized cyclopropanes and
oxiranes at room temperature, employing the piperidine-
appended-IL [PAIM][NTf2] [10f,10i] as base and BMIM-ILs as
solvent (Fig. 1), without metals or additives, and with potential
for recycling/reuse of the IL solvent. These studies underscore the
potential of [PAIM][NTf2]/[BMIM][X] for the in-situ generation of
sulfur ylides from sulfoxonium and sulfonium salts at room
g ionic
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Fig. 1. Structures of the key ILs.
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Fig. 2. Cyclopropanation of enones.

Table 1
Cyclopropanation of enones employing ILs as base and solvent.a

Entry Substrate Product
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O
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a Reagents and conditions: enone (1 mmol), trimethylsulfoxonium iodide (1.1 mmol)
b Isolated yield.
c Yield employing fresh IL.
d Yield using recycled IL (2nd cycle).
e Yield using recycled IL (3rd cycle).
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temperature. To the best of our knowledge there has only been one
previous report of the CC reaction employing an IL as solvent with
KOH as base [12]. In connection with recent reports regarding the
synthesis of 2,3-disubstituted quinolones [13], application of the
synthesized epoxides for the synthesis of a library of 2,3-disubsti-
IL Solvent Time (min) Yield (%)b

[BMIM][PF6] 90 90c

[BMIM][BF4] 90 92c

[BMIM][PF6] 100 85e

[BMIM][BF4] 90 91c

[BMIM][PF6] 60 87d

[BMIM][PF6] 80 82e

[BMIM][BF4] 80 85d

[BMIM][PF6] 120 81e

[BMIM][PF6] 120 83d

[BMIM][BF4] 60 90c

[BMIM][BF4] 80 87d

, [BMIM][BF4] or [BMIM][PF6] (5–6 mL), [PAIM][NTf2] (20 mol%), r.t.



Fig. 3. Graphical representation for recycling/reuse of the ILs in the cyclopropanation reaction.

Fig. 4. Synthesis of oxiranes.

Table 2
Epoxidation of aldehydes and ketones employing ILs as base and solvent.a

Entry Substrate Product

1. O

2. O

O2N
3.

O
4.

O

5. O

6. O

Cl
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tuted quinolines using [BMIM(SO3H)][OTf]/[BMIM][PF6] as a cata-
lyst/solvent is also demonstrated.

The cyclopropanation of a variety of electron-deficient alkenes
was effected by the in-situ generated sulfur ylide derived from
trimethylsulfoxonium iodide at r.t., employing [PAIM][NTf2] as a
basic-IL in readily available BMIM-ILs as solvent (Fig. 2 and
Table 1).
IL Solvent Time (min) Yieldb (%)

[BMIM][BF4] 60 89e

[BMIM][PF6] 120 83e

[BMIM][PF6] 90 88d

[BMIM][BF4] 100 81e

[BMIM][BF4] 150 85d

[BMIM][BF4] 80 91c

(continued on next page)



Table 2 (continued)

Entry Substrate Product IL Solvent Time (min) Yieldb (%)

7. O O [BMIM][PF6] 90 90c

8. O O [BMIM][BF4] 90 92c

9. O O [BMIM][PF6] 80 89c

10.

O
O

[BMIM][BF4] 120 84e

11.

CF3

O

CF3

O [BMIM][BF4] 120 82d

a Reagents and conditions: carbonyl compound (1 mmol), trimethylsulfonium iodide (1.1 mmol), [BMIM][BF4] or [BMIM][PF6] (5–6 mL), [PAIM][NTf2] (20 mol%), r.t.
b Isolated yield.
c Yield employing fresh IL.
d Yield using recycled IL (2nd cycle).
e Yield using recycled IL (3rd cycle).

Fig. 5. Graphical representation for recycling/reuse of the ILs in the epoxidation reaction.

Fig. 6. Synthesis of 2,3-disubstituted quinolines.
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Table 3
Synthesis of 2,3-disubstituted quinolines in ILs.a

Entry Epoxide Ar-amine Product Time (h) Yield (%)b

1. O NH2
17 43c

2. O NH2
18 45e

3. O

Cl

NH2

O

O 15 78c

4. O NH2

O

O 16 72c

5. O NH2

O

18 56d

6. O

Cl

NH2
16 68d

(continued on next page)
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Table 3 (continued)

Entry Epoxide Ar-amine Product Time (h) Yield (%)b

7. O NH2
16 66c

8. O 18 59d

9. 18 65c

a Reagents and conditions: epoxide (5 mmol), arylamine (1 mmol), [BMIM][PF6] (5–6 mL), [BMIM(SO3H)][OTf] (1 mmol), TEMPO (1 mmol), 4 Å MS (1 g), oil bath (55–60 �C).
b Isolated yield.
c Yield employing fresh IL.
d Yield using recycled IL (2nd cycle).
e Yield using recycled IL (3rd cycle).

Fig. 7. Graphical representation of recycling/reuse of the IL solvent in quinoline synthesis.
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The isolated yields were in the 89–90% range when using fresh
ILs, decreasing only slightly in reused/recycled ILs. Fig. 3 is a graph-
ical representation of the cyclopropanation reaction using recov-
ered/reused ILs up to 4 cycles, with entry 10 in Table 1 as a
model reaction.

The predominant trans stereochemistry (>97%) of the cyclo-
propanation products in the present study was determined based
on 1H NMR spectroscopy along with GC–MS and by comparison
with the reported NMR data (see ESI).

Turning our attention to epoxidation, structurally diverse alde-
hydes and ketones were conveniently transformed into oxiranes
via the in-situ generated sulfur ylide derived from trimethylsulfo-
nium iodide at r.t., employing [PAIM][NTf2] as a basic-IL in readily
available BMIM-ILs as solvent (Fig. 4 and Table 2). The isolated
yields were in the 89–92% range when using fresh ILs, decreasing
only slightly when employing reused/recycled ILs.

Fig. 5 is a graphical representation of the epoxidation using
recovered/reused ILs up to 4 cycles, with entry 8 in Table 2 as a
model reaction, showing only a minor decrease in the isolated
yields.

There has been renewed interest in the synthesis of 2,3-disub-
stituted quinolones [13], in particular via the condensation of
epoxides with anilines using Sc(OTf)3 in THF [13a]. To
demonstrate application, in the context of the present study, and
for comparison with the literature data, we prepared a library of
2-benzyl-3-aryl-quinolines employing [BMIM(SO3H)][OTf]/
[BMIM][PF6] (Fig. 6 and Table 3). In line with the earlier reported
study, TEMPO was used as an additive to avoid the formation of
side products [13a]. Isolated yields were in the 43–78% range,
depending on the choice of epoxide and aniline, which is similar
to the previously reported outcomes (10–96%) [13a].

Fig. 7 is a graphical representation of the quinoline synthesis
using recovered/reused [BMIM][PF6] up to 4 cycles, with entry 3
in Table 3 as a model reaction, showing only a small decrease in
the isolated yields.

In summary, we have shown that [PAIM][NTf2]/BMIM-ILs
represents a suitable medium for the in-situ generation of sul-
fur ylides from sulfoxonium and sulfonium salts, thus enabling
access to libraries of functionalized cyclopropanes from enones,
and oxiranes from aldehydes and ketones, at room tempera-
ture in respectable isolated yields, with reasonable prospects
for the reuse/recycling of the IL solvent. The synthesized oxi-
ranes were employed as starting materials for the synthesis
of a small library of 2-benzyl-3-aryl-quinolines using [BMIM
(SO3H)][OTf]/[BMIM][PF6] as catalyst/solvent. The reported
cyclopropanation and epoxidation methods avoid the use of
strong bases and high boiling solvents typically employed in
the CC reaction.
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