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Tin-catalyzed solvent free one-pot multicomponent cascade reaction strategy for direct Michael addition/C(sp3)-H

functionalization of 2-alkylazaarenes with aldhydes and ketones via aldol reaction has been developed. This is the first

report and provides cost effective new access to potent biologically/medicinally important azaarene derivatives with high

atom economy.

The C(sp2)-H and C(sp3)-H bond activation/ functionilization as
well as C-C bond formation emerged as key strategy to
construct complex structural biologically active compounds.1
Although, direct C(sp3)-H bond activation/functionalization of
2-alkyl azaarenes using transition metal catalyst2 have been
well documented by various research groups. Nonetheless, the
complement to transition metal catalyst, a Lewis acid
catalyzed C(sp3)-H bond activation/functionalization of 2-alkyl
azaarenes has been reported by Kanai et al as shown in
previous work®® (Scheme 1). Even though, significant progress
has been achieved for the C-H bond functionalization of 2-
azzarene using Michael addition,3 alkylation reaction,” aldol
reaction,5 nucleophilic addition reaction for C-C, C-N and other
hetro atom bond formation,6 however, all these strategies are
limited to single step reaction as shown in previous work
(Scheme 1). To our knowledge, so far kumar et al’ has been
reported multi-component protocol for the synthesis of alkyl
azaarene pyridinium zwitterions via iodine mediated C-H
activation of a 2-alkyl azaarene. Therefore, development of
C(sp3)-H bond activation/functionalization of methyl group of

HO
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Fig. 1 Selected B-azaarenes substituted biologically active compounds.
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implementing cascade sequential scaffold strategy is not
explored so far (present work, scheme 1), which is became
very interesting and an exciting research area in modern-day-
organic chemistry.8
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- long reaction time 36-72 h
Present Work:
(0] (0] SnC|2.2H20
0,
‘ CH3 ‘ H (20 mol %)
,\ +

R" Solvent Free R

120°C 24 h
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Scheme 1 Metal-catalyzed C-H functionalization of azaarenes.

Being azaarenes derivatives are not only ubiquitous motifs in
the wide range of alkaloid/natural products but also potent
precursors of biological/pharmaceutical active compounds

(Fig.l).g’llc Also 2-(azaaryl) methanes as core structural
constituents of heterocyclic compound along with
benziimidazole, benzooxazole, benzothiazole, pyridine,

piperazine moieties have been attracted world-wide because
of their huge application in therapeutic,12 as well as
pharmacophore in library design and drug discovery.13
the development of solvent-free, more efficient, cost effective,

Hence,

environmentally sustainable methodologies to construct its
structural units with the concept of high atom economy is a
real challenge in organic synthesis. As part of our ongoing
program development of  C(sp3)-H

research on
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of 2-methyl and (2-
azaaryl)methanesloa and one-pot multi-component reaction

strategy we herein repor
MCR) strategy'*®* herei t

cascade sequential scaffold strategy for an atom-economic,

functionilization azaarenes

for organic synthesis,

solvent free, and efficient synthesis of B-azaarene substituted
ketones via tin catalyzed one-pot multi-component reaction
(MCRs) protocol for C(sp3)-H bond activation/functionalization
of 2-alkyl azaarenes, as shown in present work (Scheme 1).

In order to test the possibility of our MCR hypothesis,
acetophenone 1a, benzaldehyde 2a and 2-methyl
benzothiazole 3a were chosen as model substrates to optimize
the reaction conditions. Initially, the screening of various Lewis
acid catalysts such as ZnCl,, Cu(OAC),, FeCl;, AICl3, CuCl, were
performed by reacting acetophenone (1 mmol) 1a,
benzaldehyde (1 mmol) 2a and 2-methyl benzothiazole (1
mmol) in the presence and absence of 5 ml of DMF as solvent
using 20 mol % catalyst at 120 °C, 24 h (Table 1). However, in
the

Table 1 Comparison of the results between previous research work and present
research work

Entry Catalyst Solvent | Yield (%)
Previous work

Sc(OTf)3

)CLA /(\_R (10 mol %)
R = Ry + N/) 3 - =
PhCI,120-160 °C R

36-72 h

1 Sc(OTf); PhCl 60-96

Present work : Optimization of the reaction condition®

Catalyst
(20 mol %)

O

Solvent Free

(0] o
CH H s
iy + N/fCHg
1a 2a 3a

120°C 24 h 4a
2 InCls DMF 25°
3 SnCl,2H,0 DMF 38"
4° DTP/SiO, DMF 16°
5 Zncl, - 41°
6 InCls - 65°
7 SnCl,2H,0 - 72°
8¢ DTP/SiO, - a0°

“Reaction conditions: 2-methyl benzothiazole (1 mmol), benzaldehyde (1 mmol),
acetophenone (1 mmol), Catalyst (20 mol %), Solvent (5 mL). 90-120 ° for 24 h.
blsolated yield. “DTP/SiO, 100 mg catalyst.

presence of DMF solvent, the formation of the desired product
4a was not observed using ZnCl,, Cu(OAC),, FeCls, AlCl3;, CuCl,
as catalysts, whereas InCls, SnCl,.2H,0, and DTP/SiO, catalysts
provided 4a in 25, 38 and 16 % vyields, respectively (entries 2-
4). Due to highest performance of SnCl,.2H,0 catalyst

2| J. Name., 2012, 00, 1-3

compared to other catalysts in DMF, the screening of other
solvents such as 1,4-dioxane, toluene, DCE, DMSO, and NMP
have been also carried out, unfortunately, desired product
formation was not observed. Therefore, the performance of
Lewis acid catalysts were examined in the absence DMF
solvent. The Cu(OAC),, FeCls, AICl3, CuCl, catalysts does not
shows any sign of catalytic activity. Moreover, SnCl,.2H,0
catalyst (entry 7) exhibited excellent performance compared

Table 2 Substrate scope of substituted acetophenone and benzaldehyde.a’b

SNCl,.2H,0
COMe CHO s (20 mol %)
N N ©: )—CHs
| + | o+ N
X /\R“ Solvent Free
R 120°C 24 h
1a 2a 3a
N N N
i I I
o] S o S o S
> ; WOAACINNORA S
4a, 72% 4b, 75% 4c, 80%
{/ > N’ﬁ > Né >
’\f | |
o) S (o] S o S
RORACINCOASINCRA S
MeO Br cl Cl
4d, 73% 4e, 82% 4f, 80%

Me~™ Me
49.74% 4h, 64% 30 h

O ) )

O S o S fe) S
oS 0 °
OMe OMe (¢]

4i, 76% 4j, 71% 4k, 70%

O O O
| | |

le} S e} S o S

oo, oo, oTurt
cl NO,

41, 82% 4m, 80% 4n, 77%

e
|
) S

40, 80%

ap, 81%

?Reactions were conducted with 2-methyl benzothiazole (1 mmol), acetophenone
(1 mmol), benzaldehyde (1 mmol), SnCl,.2H,0 (20 mol %) in Solvent free
condition at 120 °C for 24 h. °The yields indicated are the isolated yield by
column chromatography
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to ZnCl,, InCl3, and DTP/SiO, catalysts (entry 4, 6, 8) under the
solvent free reaction conditions. Results on the catalysts
screening reveals that the SnCl,.2H,0 catalyst shows excellent
performance at 120 °C in 24 h under solvent free reaction
conditions.

With the optimized reaction condition in hand, we then
explored the substrate scope of MCR protocol for the synthesis
of B-azaarene substituted ketones. To explore the substrate
scope of one pot multicomponent reaction through cascade
process for the synthesis of B-azaarene substituted ketones via
Sn-catalyzed C(sp3)-H bond activation/functionalization of
various azaarenes, initially the reactitivity of various
acetophenone has been tested with benzaldehyde and 2-
methylbenzothiazole, results are shown in Table 2. To our
surprise, the acetophenone as well as acetophenone bearing
electron-withdrawing and electron-releasing functional group
at ortho, meta, para position of aryl ring are reacted smoothly
with benzaldehyde and 2-methylbenzothiazole and afforded
the corresponding desired product in moderate to good yield
(entries 4a-4d). Amazingly, the disubstituted acetophenone

such as 2-bromo, 4-methoxyacetophenone, 2, 4-
dichloroacetophenone, and 4-isobutyl acetophenone were
also well reacted with benzaldehyde and 2-

methylbenzothiazole, and delivered the desired product in
good yields ranging from 82-74% (entries 4e-4g). However, the
results on cyclic ketone reveal that the 1-Indanone is less
reactive and provided moderate yield (64%) in longer reaction
time (entry 4h). Due to encouraging results on the substituted
acetophenone, the reactivity of different substituted
benzaldehydes and its electronic effects were examined. The
electronic rich substrate such as 4-methoxybenzaldehyde, 3, 4
dimethoxybenzaldehyde, and piperonal were well reacted with
acetophenone, 2-methylbenzothiazole under optimized
reaction condition and furnished the corresponding desired
compounds in good yield (entries 4i-4k). Also the electronically
poor aldehydes such as 4-chlorobenzaldehyde and 4-
nitrobenzaldehyde were well tolerated to optimized reaction
conditions and delivered corresponding desired product (Table
1 entry 4l, 4m) in good yield.

COMe CHO H3 SnChL.2H,0
+ P2 _(20mol %) _
‘ Z
N” °Cl  Solvent-free
120°C 24 h

1a 2a 3a 4a 00% 5a, 74%

Scheme 2 Sn-Catalyzed C-H functionalization of 2-chloro-4-methyl pyridine

Interestingly, the benzaldehyde, neutral
naphthaldehyde as heterocyclic 2-thiophene
carboxylate were reacted smoothly with acetophenone, 2-
methylbenzothiazole and furnished desired product in good
(72-81%) vyield (entries 4n-4p). The results in the Table 2
reveals that electron withdrawing and electron releasing
substituent on the aryl ring of acetophone as well as aldehydes

plays key role and yield obtained was very much dependent on

3-phenoxy
well as

This journal is © The Royal Society of Chemistry 20xx

it. An ortho, para substituents on aryl rings provided higher
yield compared meta substituents.

Because of excellent performance of MCR protocols using
substituted acetophenones, substitiuted aldehydes and 2-
methylbenzothiazole, we were keen to know the Sn-catalyzed
C(sp3)-H bond activation/functionalization of 2-chloro-4-
methylpyridine. Therefore acetophenone, aldehyde and 2-
chloro-4-methylpyridine optimized
reaction condition, unfortunately, the reaction failed to deliver

were reacted under

the expected compound 4a, nonetheless we end up with
unexpected a-arylated acetophenone product 5a in 74% yield

(Scheme 2).
)
=N

SnCh.2H,0
(20 mol %)
SO T
SolventFree
120°C 24 h
6a 3a 7a,88 %
SnCh.2H,0 s
O OH s (20 mol %) -
+ @: >—CH, o N
N SolventFree
OMe 120°C 24 h O O
8a 3a 9a,62 %

Scheme 3 Control experiment

To gain further insight into the mechanism, various control
experiments were performed (scheme 3). A result on the
controlled experiments reveals that the mechanism involves

via enone formation.

Y
s

-H,0

2-methyl azaarene

«f./"ﬁ

Echeme 4 Plausible mechanisms for the synthesis of B-azaarenes substituted
etones.

As per previous research work reported in the Iiterature,3b‘ bae
and also based on the controlled experiments results a
plausible reaction mechanisms scenario for one pot multi-
component cascade strategies via aldol condensation, sp3 C-H
functionalization or Michael addition process is outlined in

J. Name., 2013, 00, 1-3 | 3
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Scheme 4. Initially, Sn-catalyzed condensation of aldehyde
with ketone followed by in-situ elimination of water provides
enone (l). Meanwhile, Sn-catalyzed in-situ generated enamine
(1) from 2-alkylazarenes. The enone (l) reacted with enamine
(1), which facilitated through C-H functionalization or Michael
addition to generate the corresponding intermediate (lll)
followed by rearrangement to give the final corresponding
desired product (1V).

Conclusions

In conclusion, we have developed Sn-catalyzed solvent free
one-pot multicomponent cascade reaction strategy for direct
Michael adition/ C(sp3)-H functionalization of 2-
alkylazaarenes with aldhydes and ketones via aldol reaction for
the synthesis of biologically relevant novel 4-(benzo(d)thiazol-
2-yl)-1,3diphenylbutan-1-one and azaarenes containing other
derivatives. The developed method is an efficient, mild, atom-
economical and one-pot multicomponent cascade reaction via
aldol condensation, C-H Functionalization or Michael
additions. This strategy allows C(sp3)-H functionalization in
one-pot cascade process to rationalize the complex molecule
synthesis. Further applications of these newly developed
methods for other substrates and the synthesis of biologically
active compounds are under way in our research group.
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Tin-catalyzed solvent free one-pot multi-component cascade reaction strategy for efficient synthesis of f-azaarene substituted
ketones via Aldol-Michael addition/C(sp3)-H functionalization of 2-alkylazaarenes has been developed.

o o]

SnCl,.2H,0

[ CHs CNOH @ (20 mol %)
R‘// "'R,,// + HC Solvent free
1a 2a 3a 120°C 24 h

(+)-one-pot C(sp®)-H functionalization (+)-wide subtrate scope
of azaarene (+) 4a and 5a, total 17-examples
(+) atom/step/economical synthesis (+) 64-82% yields




