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Abstract: An efficient and catalytic a-chlorination of 2-acyl imidazoles with readily
available tosyl chloride catalyzed by an octahedral iridium complex under mild
condition was reported. A range of 2-acyl imidazoles were converted to their

corresponding a-chlorination products in good to excellent yields.
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1. Introduction:

The carbon-halogen bond formations especially C-Cl bond forming reactions
are of both synthetic and historic significance. Among the various C-Cl bond forming

reactions, direct catalytic a-chlorination of carbonyl compounds is of great
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importance. The a-chlorinated carbonyl compounds are versatile intermediates and
building blocks in organic synthesis as they can be easily converted into a wide range
of functionalized molecules including biologically active compounds and drugs.’ As a
result, a significant number of catalytic methods were developed towards the a-
chlorination of carbonyl compounds by varying catalysts, chlorinating agents and
carbonyl substrates. A range of catalysts including organocatalyts,® Lewis. acids,’
amberlyst* and transitional metal complexes® had been explored for a-chlorination of
carbonyl compounds. Likewise, various chlorinating agents ranging from inorganic
compounds to polychlorinated organic molecules were also explored. However, the
choice of chlorinating agents plays crucial role, as it strongly influence the reaction
mechanism, vyield, selectivity and nature of by-products.® Historically, molecular
chlorine had been used as a chlorinating agent, but the high reactivity and difficulty in
handling of this gas make it impractical.” Commonly used chlorinating agents N-
chlorosuccinimide (NCS)?*2® > N-chlorophthalimide,® 2,2,6,6-
tetrachlorocyclohexanone,® hexachlorocyclohexadienone,'® and trichloroquinolinone?
required a relatively large cost. Sulfuryl chloride,™ trichloromethylsulfonyl chloride?
and trifluoromethylsulfonyl chloride™ were also employed with limited success. p-
Toluenesulfonyl chloride (TsCI) is a widely available chemical reagent, which have
been industrially produced on-ton scale. Given to its wide availability and low cost, it
appears to be a very attractive chlorinating agent. In 1999, Brummond and co-workers
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employed TsCl asa source of “C1"™ for the a-chlorination of ketones, in the presence
of stoichiometric amount of strong base LDA.** Herein, we reported a catalytic
protocol for the a-chlorination of 2-acyl imidazoles with TsCl catalyzed by an

octahedral iridium complex.™
2. Results and discussion

To start with, the reaction of 2-acyl imidazole 1a with TsCl was carried out in
the presence of 5 mol% Sc(OTf)zas catalyst and Na,HPO, (1.2 equiv.) as additive in
THF at 40 °C under air atmosphere (entry 1, Table 1). To our dismay, trace amount of
the a-chlorination product 3a was observed from GC analysis. However, a promising
result was achieved with Cu(OTf),as catalyst, which resulted in 31% GC yield of 3a
(entry 3). Interestingly, the yield of 3a was greatly improved to 85% when 1 mol% of
racemic octahedral rhodium complex, rac-Rh was employed as catalyst (entry 4). The

use of racemic octahedral iridium complex, rac-Ir (1 mol%) further improved the



yield to 97% (entry 5). Increase of catalyst loading to 2 mol% resulted in 98% yield
(entry 6) while lowering the catalyst loading (0.5 mol%) decreased the yield to 77%
(entry 7). As anticipated, the reaction could not deliver the desired product in the
absence of catalyst (entry 8). Other bases such as NaHCO3, KF and Et;N were also
screened, giving average to good yields of the desired product 3a (entries 11-13).
While, in the absence of base, only 7% GC vyield of 3a was observed, demonstrating
the necessity of base additives in the reaction (entry 14). Interestingly, the reaction
was found to be strongly influenced by the solvent used. No product formation was
observed in MeCN, CHCI;, 1,4-dioxane and toluene (entries 15-18), while trace
amount of chlorination product 3a was achieved in DMF (entry 19).

Table 1 Optimization of reaction conditions®

@Q

N\v)bph ba(;a: ((;(gn ggﬁi)v.) N NCMe
<\/N‘Me r e THF , 40°C \ @ NCMe
1a 23 open to air
Me :::,hfarg:Rh
Entry cat (x mol%) Base(1.2 equiv) Solvent Yield (%)°
1 Sc(OTh)3(5) Na;HPO, THF trace
2 Yb(OTf);(5) Na;HPO, THF trace
3 Cu(OTf)2(5) Na;HPO, THF 31
4 rac-Rh (1) Na;HPO, THF 85
5 rac-1r (1) Na;HPO, THF 97
6 rac-1r (2) Na;HPO, THF 98
7 rac-1Ir (0.5) Na;HPO, THF 77
8 - NayHPO4 THF trace
9° rac-Ir (2) Na;HPO, THF 87
10° rac-1Ir (2) Na;HPO, THF 82
11 rac-1r (2) NaHCO; THF 59
12 rac-1r (2) KF THF 54
13 rac-Ir (2) EtsN THF 73




14 rac-1r (2) - THF 7

15 rac-1r (1) NayHPO4 MeCN -
16 rac-Ir (1) Na;HPO,4 CHCI; -
17 rac-Ir (1) Na;HPO, 1,4-dioxnae -
18 rac-Ir (1) Na;HPO, toluene -
19 rac-Ir (1) Na;HPO, DMF trace

®Reaction conditions: 1a (0.1 mmol), 2a (0.15 mmol), cat. (x mol %), base (0.12
mmol), solvent (2 mL) at 40 °C for 24 h under air atmosphere. °Determined by GC.
“Carried out at room temperature. “Carried out at 60 °C.

A comparative study of the a-chlorination of 2-acyl imidazoles with different
chlorinating agents such as NCS, trichloroisocyanuric acid, LiCl and
trifluoromethylsulfonyl chloride, was also carried out (Table 2). The chlorination of
2-acyl imidazoles with trifluoromethylsulfonyl chloride under the optimized reaction
conditions gave less than 10% GC vyield of 3a (entry 4, Table 2) while other
chlorinating agents failed to produce the desired product (entries 1-3, Table 2). Based
on these investigations, the optimal reaction conditions for the a-chlorination of 2-
acyl imidazoles with tosyl chloride was identified as following: 2-acyl imidazole (1
equiv.) and tosylchloride (1.5 equiv.) in the presence of 1 mol% rac-Ir and 1.2
equivalent of Na,HPOy4 in THF at 40 °C.

Table 2. Screening chlorinating agents®

(0]
rac-Ir (1 mol%) o
N Ph -
w . Ol source base (1.2 equw.)‘ <N/\7)j\( Ph
N‘Me THF, 40 °C \ N, ClI
open to air Me
1a 2 3a
Entry Cl source Base (1.2 equiv) Solvent Yield (%)°

1 NCS Na,HPO, THF trace
2 TCCA® Na,HPO, THF trace
3 LiCl Na,HPO, THF trace

4 CF3sSOCl Na;HPO, THF 7




®Reaction conditions: 1a (0.1 mmol), 2 (0.15 mmol), rac-Ir (1 mol %), base (0.12
mmol) in THF (2 mL) at 40 °C for 24 h under air atmosphere. "TCCA=
Trichloroisocyanuric acid. “Determined by GC.

With the optimal reaction conditions in hand, a range of N-methyl-2-acyl
imidazoles 1 were subjected to a-chlorination (Table 3). The 2-acyl imidazoles with
electron rich phenyl ring (1b-1f) led to formation of corresponding a-chlorination
products 3b-3f in good to excellent yields. The position of the electron-donating
group in the phenyl ring didn't have significant influence on the reaction yields as
evident from the chlorination of 2-acyl imidazoles with methyl or methoxy substituent
at different positions of the phenyl ring (3b-3d and 3e-3f). Likewise, 2-acyl
imidazoles with electron deficient phenyl rings having chloro-, bromo- and fluoro
substitution also afforded the a-chlorinated products 3g-3j in good yields. The 2-acyl
imidazole with o-fluoro-phenyl group 1j furnished the desired a-chlorinated product
3j in 96% vyield. However, 2-acyl imidazoles incorporating naphthyl (1k) or 3-thienyl
groups (11) resulted the chlorinated products 3k and 3l in relatively lower yields, 30%
and 50% vyields respectively, along with di-ketone compounds as by-products.
However, alkyl substituted (1m-10) and vinyl substituted (1q) acyl imidazoles failed

to furnish the desired a-chlorinated products under our optimized reaction conditions.

Table 3 Substrates scope of chlorination?
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®Reaction conditions: 1 (0.1 mmol), 2 (0.15 mmol), rac-Ir (1 mol%), Na,HPO, (0.12
mmol) in THF (2 mL) at 40 °C for 24 h under air atmosphere. Isolated yields were
reported.

Next, we explored the substrate scope with 2-acyl imidazole with different N-
substitutions (Table 4). Like the N-methyl 2-acyl imidazoles, N-isopropyl 2-acyl
imidazole 4a also afforded the desired a-chlorinated product 5a in excellent yield
(98%). However, the a-chlorinated product 5b was achieved in comparatively lower
yield (48%) from the N-phenyl 2-acyl imidazole 4b. Then, we wondered if we could
replace the imidazole moiety with other heterocyclic rings (Table 4). The chlorination
of 2-acyl benzimidazole 4c preceded smoothly under our optimized reaction
conditions to furnish the a-chlorinated product 5c in 88% vyield. Likewise, 2-acyl
pyridine 4d also found to be compatible in our reaction conditions to afford desired
product 5d in 50% yield. However, no a-chlorinated product formation was observed

in the case of 2-acyl thiazole 4e and 2-acyl pyrazole 4f.

Table 4 Substrates scope of chlorination?



rac-Ir (1 mol%) o)

O Na,HPO, (1.2 equiv.
)K/R + TsCl 2HPO, ( quiv.) ZJS/R
z THF, 40 °C

4 open to air 5 c
0 Me 0 MeCl
<\/ <\/N @ 7
N <. Cl
\iPrCI Ph N o
5a; 98% 5b; 48% 5c; 88%
(0] O (0]
N N
® \» &
S« \_s ¢ O
5d; 50% 5e; 0% 5f: 0%

®Reaction conditions: 1 (0.1 mmol), 2 (0.15 mmol), rac-Ir (1 mol%), Na,HPO, (0.12
mmol) in THF (2 mL) at 40 °C for 24 h under air atmosphere. Isolated yields were
reported.

In order to understand this transformation, controlled experiments were carried
out as showed in Scheme 1. When the reaction was carried on in a sealed tube, the
reaction failed to afford desired product, which indicated that oxygen is necessary for
titled transformation. When 1.equivalent of TEMPO was introduced to the reaction,
the reaction also failed to give any product with starting material 1a completely
recovered, which implied that radical process might be involved in this transformation
(eq 1, Scheme 1).** o-Carbonyl carbon radicals derived from imidazole substrate
might not be generated since no product was obtained in this reaction conditions with
TEMPO.* Based on the literature report™ that rac-Ir complex is known as
photocatalyst, further experiment was carried on under visible light irradiation (eq 2,
Scheme 1). The reaction could occur under these conditions, however, resulting in

desired product 3a in 20% yield along with di-ketone product 6 in 72% yield.*
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Scheme 1. Controlled experiments.

In addition, we attempted to investigate the asymmetric version of this
protocol. For this purpose, A-Ir complex (1 mol%) was employed as catalyst for the
title reaction. The reaction worked smoothly to afford corresponding product 3a in 95%

yield, however, without enantioselectivity (Scheme 2).

o A-Ir (1 mol%) o ! N
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Scheme 2. Attempt towards asymmetric synthesis of 3a.

In conclusion, we had developed an efficient and catalytic approach for a-
chlorination of 2-acyl imidazoles with readily available and cheap tosyl chloride,
catalyzed by an octahedral iridium complex with as low as 1 mol% catalyst loading.
The a-chlorinated 2-acyl imidazoles were achieved in good to excellent yields under

mild condition. Likewise, 2-acyl benzimidazole and 2-acyl pyridine also afford the



corresponding a-chlorinated products. The reaction might proceed via a free-radical

process based on the controlled experiments performed.
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Highlight

¢ Well-defined octahedral iridium complex is employed in catalytic a-chlorination.
¢ TsClis employed as a Cl source.
+ Aslow as 1 mol% of catalyst is employed.

+ The reactions are conducted under air condition.



