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Base
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Abstract: Facile access to diverse C5-substituted imidazoles
and oxazoles via sequential Van Leusen-Suzuki, Van Leusen-
Heck, and Van Leusen-Sonogashira protocols, employing imid-
azolium-ILs as solvents along with piperidine-appended imidaz-
olium [PAIM][NTf,] as task-specific basic IL has been demon-

strated, in a high-yielding one-pot method, starting with readily
available aldimines (for imidazole) or aldehydes (for oxazole)
and tosylmethylisocyanide (Tos-MIC), under mild conditions
with potential for recycling and reuse of the IL solvent. The
scope of the method is supported 49 examples.

Introduction

Imidazoles and oxazoles are highly important classes of hetero-
cyclic compounds that are present in numerous bioactive natu-
ral products and are widely utilized as building blocks in medic-
inal chemistry and drug discovery."'? Imidazolium salts in par-
ticular are widely employed as ionic liquids and have found
wide application as solvents and catalysts.®! It is therefore
highly desirable to develop synthetic methods that provide fac-
ile access to diversely functionalized imidazoles and oxazoles
that can serve as small molecule building blocks for further
elaboration.

The Van Leusen tricomponent imidazole and oxazole synthe-
ses are practical one-pot protocols that utilize the unique reac-
tivity of tosylmethylisocyanide (Tos-MIC) to prepare imidazoles
from aldimines and oxazoles from aldehydes. Continuing de-
velopments in multi-component (MC) sequential reactions have
created a new life for the van Leusen reaction, by combining
this key reaction with other transformations such as cycloaddi-
tion,”! C-H bond activation,’ ring closing metathesis,”! and
other C-C bond forming reactions sequential reactions.-1!

We are aware of only one previous report in which
[BMIM][Br] was used as solvent to prepare oxazoles by Van
Leusen reaction using mono-substituted Tos-MICs along with
base.l'" To the best of our knowledge IL.-mediated MC-sequen-
tial methods involving the van Leusen reaction have not been
reported.
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In continuation of our work on developing synthetic meth-
ods in ILs as catalysts and solvents,['? and in relation our recent
study on sequential reactions in ILs employing task-specific ILs
as base,!"3! we wish to report here a facile entry into diversely
C-5 substituted imidazoles and oxazoles via sequential van
Leusen-Suzuki, van Leusen-Heck, and van Leusen-Sonogashira
protocols, employing imidazolium-ILs as solvent along with the
piperidine-appended imidazolium-NTf,["3! as task-specific basic
IL, in one-pot high yielding reactions starting from readily avail-
able aldimines (for imidazole) or aldehydes (for oxazole) and
tosylmethylisocyanide (Tos-MIC), under mild conditions. The
potential for recycling and reuse of the IL solvent is also demon-
strated, and scope of the method is highlighted by providing
49 examples.

Results and Discussion

At the onset, the potential to efficiently perform the van Leusen
imidazole and oxazole reactions in [BMIM][X] with X = PFg and
BF, as solvent with piperidine-appended imidazolium IL
[PAIM][NTf,] as base was examined, by using p-bromo-benz-
aldimines and benzaldehyde respectively, in one-pot reactions
using Tos-MIC, and the reactions were monitored by TLC. The
reactions went to completion at 60-70 °C typically after 5-6
hours (see exp. in Sl file). The method also proved applicable
when using p-bromo-furan-aldimine and p-bromo-furan-
carboxaldehyde.

In the next phase, the feasibility to perform multi-compo-
nent (MC) van Leusen imidazole-Suzuki and oxazole-Suzuki se-
quential reactions were examined by introducing Pd(OAc), and
[PAIM][NTf,] along with various aryl/heteroaryl boronic acids
into the same reaction tube with mild heating and TLC monitor-
ing. The results are summarized in Table 1-Table 2 with 23 ex-
amples provided, and with isolated yields in the 70-80 % range
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using fresh IL solvent, decreasing gradually when using recycled
IL.

Table 1. The Van Leusen imidazole-Suzuki sequence.

B{OH), R

- n
@L xc/E:],s\,nc [BMIM][X]
oy Pd(0AC),
NTf;,- @
Entry Van-Leusen Coupling . . Time  Yield
No.  Product Partner  Suzuki Reaction T ] [%]*
Wy, 0, Ny
01 @ [BMIM][BFs] 5 78
Br
\N,\N B{OH], A N
02 @ [BMIM][BFs] 6 70°
Br
L,
Lm B(OH), bl
03 /@;J @ [BMIM][PFs] 5 81
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{ B(OH), Lr\
04 L]
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Br 0
[
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SNy B{OH), SN,
07 ay\@/@ %/J [BMIM](PE] 5 83
N, B(oH), .
08 ur\@%}“ (; W [BMIM][PEs] 5 740
h B{OH), N
09 u»@/D W [BMIM][PFs] 6 68°
L {
N BioH, .
10 y @, T [BMIM][PFs] 5 73
Br
\M h
B(OH),
11 C‘(LJ CF [BMIM][PFs] 5 70*
Br
“w SN
ij& gﬂh [BMIM][PFs] 6 67
12 0 [3 ©
Br
13 /QI’\” gcuz : [BMIM][PFs] 5 78
s 6 3
B - s
! TN
- BioH,
14 /@)J . C{Cﬁ’ﬂ [BMIM][BFs] 5 700
:] S5

[a] Recycled IL was used (1°t time). [b] Recycled IL was used (2" time). [c]
Recycled IL was used (3™ time); *Isolated yield of pure compounds.

Control experiments showed that it is possible to perform
the reactions by using [PAIM][NTf,] alone, however this required
a larger quantity of the basic-IL as it also acts as solvent for the
reaction, and was not deemed economical, since the basic-IL is
not recycled. Optimal results were achieved by a combined use
of [BMIM][X] acting as solvent and [PAIM][NTf,] acting as a com-
patible base.
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Table 2. The Van Leusen oxazole-Suzuki sequence.
n[oupz o,
Lw
§Vnc [BMIM][X]
E'Ir H c/3 et N Pd(m\:)z
NTf, -
Entry VanLeusen  Coupling . . Time  Yield
No. Product Partner Suzuki Reaction 1L [h] [%]*
[BMIM][PFs] 4 78

[BMIM][PFs] 6 74

g
6, G,

% %

[BMIM][PFs] 5 67

G4
%%{3 éici@%k
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[BMIM][BF4] 60°

2

[BMIM][BF4] 7 54¢

ar N son,
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B(OH]),

B

21

\(:jve/" B(OH), L'l

22
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[a] Recycled IL was used (1% time). [b] ®Recycled IL was used (2" time). [c]
“Recycled IL was used (3" time); *Isolated yield of pure compounds.

[BMIM][PFs] 6 64°

:, 4
0

e

[BMIM][BF] 5 68

;

The efficacy to perform MC van Leusen imidazole-Heck and
oxazole-Heck sequential reactions was examined next. For
these reactions, following the completion of the van Leusen
step, styrene or p-methyl-styrene was introduced along with
Pd(OAc), and [PAMII[NTf,] with no other additives with mild
heating. Isolated yields using fresh IL solvent were in the 78-
68 % range and decreasing gradually when recycled IL was em-
ployed. The results are summarized in Table 3-Table 4 with 17
examples provided.

In a subsequent study, the van Leusen imidazole-Sonoga-
shira and oxazole-Sonogashira sequential reactions were per-
formed by introducing substituted alkynes along with 6 mol-
% Pd(OAc), and with Cul as additive. The reactions went to
completion after overnight stirring and mild heating. Average
isolated yields were in 70-60 % range and again lower yields
were obtained by using recycled IL. The results are gathered in
Table 5-Table 6 with 12 examples provided.

To get a sense for the limits of recovery and reuse of the IL
solvent, one reaction was selected from each category and was
repeated in [BMIM][BF,] and [BMIM][PF¢] up to five times to
compare isolated yields. The results are presented in graphical
form in the Sl file. The data show a relatively consistent trend
of decreasing yields by about 10 % after each cycle. For some
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Table 3. The Van Leusen imidazole-Heck sequence.

n.,:;)‘ é S
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No. Leusen Partner Heck Reaction IL Mm%
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P

[a] Recycled IL was used (1°t time). [b] Recycled IL was used (2" time). [c]
Recycled IL was used (3" time); *Isolated yield of pure compounds.

[BMIMJ[PE] 7 72
[BMIM][PFs] 5 68°

[BMIM][BFs] 7 64>

Y
% w [BMIMI[PF 6 67
TN
W [BMIMJ[PEs] 7 s9¢

[BMIM][BF4] 7 66°

[BMIM][PFs] 7 69

Ty

Table 4. The Van Leusen oxazole-Heck sequence.

7w
e
d ,Q/EVME BMIM][X] D Egﬁ
e NN ) Pd{OAc),

[
Entry  Van Leusen Coupling . Time  Yield
No.  Produet Partner R 1L m [
[BMIM][BF4] 5 86

e I
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[BMIM](BFs] 7 7

34 'Y:)D [BMIM][PFs] 7 80
. o

:;(D*

ﬁjD

[BMIM][PFs] 6 73

36 [BMIM][PFs] 7 79

37 [BMIM][PFs] 7 66"

[a] Recycled IL was used (1% time). [b] Recycled IL was used (2" time); *Iso-
lated yield of pure compounds.
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Table 5. The Van Leusen imidazole-Sonogashira sequence.
-R R,
1 0 I "

Pd(OAc), and Cul

Entry  Van Leusen C;;rﬂ:;g Sonogashira e Time Yield
No. Product Reaction [h] [%]*
<
A
38 /@)“)‘ [BMIM][BF4] 12 70

[BMIM][PFs] 11 62"

" P
. P
v
. 5

43
o

[a] Recycled IL was used (1% time). [b] Recycled IL was used (2nd time); *Iso-
lated yield of pure compounds.

[BMIM][PFs] 10 66°

[BMIM][PFs] 09 61

[BMIM][PFs] 10  60°

[BMIM][PFs] 10 63"

Table 6. The Van Leusen oxazole-Sonogashira sequence.

g O
" oL
HC N

Entry  Van Leusen Coupling Sonogashira L Yield
No. Product Partner Reaction [%]*
o
44 Q/L‘J [BMIM][BF4] 15 68°
Br
.
45 “"@if (BMIM][BFs] 12 60
46 /dD‘
Br
.
47 “’@Lﬁ [BMIM][PFs] 10 63

[BMIM][BF4] 12 61°

48 @’D
o
49 g‘jﬁ

[a] Recycled IL was used (1% time). [b] Recycled IL was used (2nd time). *Iso-
lated yield of pure compounds.

[BMIM][PFs] 10 58°

Oﬂa
ﬁjg‘ [BMIM][PFs] 10 61°
>\\@j§)
Of“'b
fD
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of the transformations [BMIM][PFs] appears more resilient and
would be the preferred IL solvent.

In summary, we have demonstrated the potential for se-
quential Van Leusen imidazole and oxazole with Suzuki, Heck,
and Sonogashira coupling protocols, employing imidazolium-
ILs as solvent along with [PAIM][NTf,] as task-specific basic IL,
starting with readily available aldimines (for imidazole) or alde-
hydes (for oxazole) and tosylmethylisocyanide (Tos-MIC) under
mild conditions and highlighted the scope of these sequential
reactions with 49 examples. We also demonstrated the possibil-
ity to recycle and reuse the IL solvent for a limited number of
cycles.

Supporting Information (see footnote on the first page of this
article): Synthetic procedures, IL recycling feasibility studies, analyti-
cal data for isolated compounds, and NMR spectroscopic data
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By sequencing the Van Leusen imidaz-
ole and oxazole syntheses with Suzuki,
Heck and Sonogashira reactions, di-
verse libraries of C5-functionalized

R'.
N
N

=

A

[PAIM][NTf,], Pd(OAc),
[BMIM][X]: X = BF, or PF,

o~

SUZUKI REACTION

imidazoles and oxazoles were synthe-
sized in one-pot reactions employing
[BMIM][X] as a solvent and [PAIMI-
[NTf,] as a base.
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