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An efficient and straightforward strategy for the synthesis of tetrasubstituted imidazoles from propargyl amines, sulfonyl azides, and terminal
alkynes is described. N-Sulfonyl ketenimine and aminoallene are believed to be the key intermediates for this two-step one-pot transformation.

Imidazole and its derivatives are an important class of
heterocyclic compounds, which are widely used in biology
as inhibitors,' and are also used in medicinal chemistry”
and as functionalized materials.®> Classic methods for
the synthesis of imidazoles include Debus—Radziszewski
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imidazole synthesis,* Weidenhagen imidazole synthesis,’
and Van Leusen imidazole synthesis.® Recently, a number
of multicomponent syntheses of imidazoles have also
been developed.” Nonetheless, the development of more
efficient and versatile approaches to functionalized im-
idazoles remains very important.

Since Staudinger and Hauser prepared the first keteni-
mine in 1921,° this class of reactive intermediates has been
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explored and applied in the construction of various
heterocycles.’ The most attractive and sustainable method
for generating ketenimines is the copper catalyzed azide—
alkyne cycloaddition (CuAAC).'® Chang,'*!" our group,'?
and others'® developed a number of three-component reac-
tions by trapping ketenimines generated in situ from sulfo-
nyl azides and terminal alkynes via this CuAAC process.
Amines, alcohols, and water could all be the nucleophiles.
The skeletons of diverse heterocycles, such as coumarins, 2"
quinolines,'* pyrrolines,'?® pyrimidines,'* azetidines,'*
and oxetanes,'>® were successfully constructed by this
strategy. Encouraged by these results, we used substituted
propynyl amines, which could be easily prepared from
aldehydes, amines, and alkynes via a Mannich-type reaction'*
to trap the in situ generated ketenimines for the synthesis
of cyclization products in a cascade process. Herein, we
would like to report the result of this effort.

Primarily, when the mixture of N-(1,3-diphenylprop-2-
yn-1-yl)aniline (1a), ethynylbenzene (2a), 4-methylbenze-
nesulfonyl azide (3a), Cul, and Et;N was stirred at 25 °C
for 6 h, we obtained a three-component product 4a in good
yield. Optimization of reaction conditions for the forma-
tion of 4a was then conducted (Table 1). Several solvents,
such as acetonitrile, toluene, dichloroethane (DCE), di-
chloromethane (DCM), and tetrahydrofuran (THF), were
screened for this transformation, and acetonitrile was
found to be the best one (Table 1, entries 1—5). Triethyla-
mine was the best base in comparison with pyridine and
potassium carbonate (Table 1, entries 4, 6 and 7). Altering
the copper source to CuBr, the yield actually decreased
(Table 1, entry 8). Thus, the best reaction conditions for the
formation of 4a were established (Table 1, entry 4).

Table 1. Screening for the Reaction Conditions”

Ph
Ph |‘| cat., base Ph%<
Ph—— + + TsNg — > N—Ph
HN-Ph Ph solvent, N TsN
25°C Ph
1a 2a 3a 4a
entry catalyst base solvent time (h) yieldl7 (%)

1 Cul EtsN DCM 6 70
2 Cul EtsN DCE 6 71
3 Cul EtsN toluene 6 83
4 Cul EtsN MeCN 6 89
5 Cul Et;N THF 6 75
6 Cul Py MeCN 6 45
7 Cul K;CO3; MeCN 6 76
8 CuBr EtsN MeCN 6 62

“Reaction conditions: 1a (1 mmol), 2a (1.1 mmol), 3a (1.2 mmol),
base (1.2 mmol), catalyst (0.1 mmol), solvent (10 mL). ® Isolated yield
referred to 1a.

We envisioned that the cyclization of 4a could lead to the
formation of a heterocyclic compound using a Lewis acid
or a base as catalyst. First, we examined several silver and
palladium salts that could activate the triple bond,'* but no
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reaction occurred in these cases. I, and NIS!® were also
tried, and complex mixtures were yielded. As the next step,
we focused our attention on the base-promoted cyclization
of 4a. In this case, fortunately, we obtained tetrasubsti-
tuted imidazole 5a (Table 2). Then we studied the reaction
conditions for cyclization of 4a in the presence of base
(Table 2). Various bases, such as K,COj3, Cs,CO3;, KOH,
t-BuONa, Et;N, and DBU were examined in MeCN at
80 °C, and Cs,COj; gave the best yield (Table 2, entries
1—6). Other solvents, such as DCE, toluene, THF, and
DMF, were also screened, but they gave lower yields as
compared with MeCN (Table 2, entries 7—10). Decreasing
the reaction temperature led to a lower yield (Table 2,
entries 11 and 12). Cs,COj3 could be reduced to 0.2 equiv,
while the reaction time could be reduced to 2 h (Table 2,
entries 13—17).

Table 2. Screening for the Reaction Conditions”

Ph Ph
Ph——= ph>’2\ N’Ph
N—Ph base /
- A _pn
TSN:Q; solvent Ts N
Ph
4a 5a
temp time yield®
entry base/equiv solvent (°C) (h) (%)

1 KyCO3/2 MeCN 80 4 nd‘
2 CsoC0O3/2 MeCN 80 0.5 80
3 KOH/2 MeCN 80 4 trace
4 t-BuONa/2 MeCN 80 0.5 28
5 Et3N/2 MeCN 80 4 trace
6 DBU/2 MeCN 80 1.5 69
7 Cs,C0O3/2 toluene 80 1.5 78
8 Cs2C045/2 DCE 80 4 trace
9 Cs5C03/2 THF 80 1 72
10 Cs2C0O3/2 DMF 80 0.5 34
1 Cs2CO3/2 MeCN 50 2 74
12 CsoCO3/2 MeCN 25 4 38
13 Cs2CO03/1.5 MeCN 80 0.5 81
14 CsoCO3/1 MeCN 80 0.5 80
15 Cs2C03/0.5 MeCN 80 0.5 79
16 Cs2C03/0.2 MeCN 80 2 80
17 Cs2C03/0.1 MeCN 80 4 55

“Reaction conditions: 4a (I mmol), solvent (10 mL), equivalent
molar to 4a. ® Isolated yield referred to 4a. “nd = not detected.
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Table 3. One-Pot Synthesis of 5¢

R? o)

R—=— + R“= + R-§-N

1. Cul/ EtsN, N,

MeCN, 25°C.6 h

R5\§O R2 R3
s 2w
R'] N/ R
5

HN-R3 I 2. Cs,CO3, MeCN
0,
1 2 3 80°C,4h
entry 1 (RY/R*R?) 2 (R% 3 (R%? 5/ yield (%)°

1 1a (Ph/Ph/Ph) 2a (Ph) 3a (4-MeCgH,) 5a/69
2 la 2a 3b (Ph) 5b/62
3 1b (Ph/Ph/PhCHy) 2a 3c (CHy) 5¢/60
4 la 2a 3d (4-CICgHy) 5d/52
5 1b 2a 3e (2-naphthyl) 5e/59
6 la 2b (2-BrCgHy) 3a 5£/52
7 la 2¢ (3-BrCgHy) 3a 5g/58
8 la 2d (4-MeCgHy) 3a 5h/65
9 la 2e (n-C4Hg) 3a 5i/66
10 1b 2f (4-MeOCgHy) 3a 5j/39
11 1b 2a 3a 5k/78
12 1c (Ph/Ph/4-MeCgH,) 2a 3a 51/71
13 1d (Ph/Ph/n-CgH;7) 2a 3a 5m/83
14 le (Ph/4-BrC¢Hy/Ph) 2a 3a 5n/49
15 1f (Ph/4-MeCgH/Ph) 2a 3a 50/50
16 1g (Ph/2-furanyl/PhCHy) 2a 3a 5p/59
17 1h (Ph/3-OMeCgH4/ Ph) 2a 3a 5q/64
18 1i (4-OMeCgH,/Ph/Ph) 2a 3a 5r/57
19 1j (2-BrCgH,/ Ph/PhCHy) 2a 3a 5s/56
20 1b 2a 3a 5k/75%

“Reaction conditions: 1 (1 mmol), 2 (1.1 mmol), 3 (1.2 mmol), Et;N (1.2 mmol), Cul (0.1 mmol), Cs,CO; (0.5 mmol), MeCN (10 mL). b Although the
mixture of sulfonyl azides is the safest of a group of diazo compounds, one should keep in mind the inherent instability, shock sensitivity, and explosive
power of azides. All users should exercise appropriate caution. ¢ Isolated yield referred to 1. “ The reaction was performed on 3 mmol scale, 0.2 M.

We then tried to combine the formation and cycliza-
tion of 4a in one pot by adding Cs,CO; after the three-
component reaction of 1a, 2a, and 3a. Thus, the two-step
one-pot reaction was accomplished successfully. In this
case, the total yield for the two-step reaction was 69%
when 0.5 equiv of Cs,CO5; was used and the reaction was
carried out at 80 °C for 4 h.

With the optimized reaction conditions in hand, we
investigated the substrate scope for this transformation
(Table 3). Several substituted sulfonyl azides 3a—e were
examined, and the yields ranged from 52% to 69% (Table 3,
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entries 1—5). The substituent effect on the alkynes 2a—f was
also explored (Table 3, entry 1 and entries 6—10). The strong
electron-donating group substituted ethynylbenzene (Table 3,
entry 10) gave a much lower yield (39%) than ethynyl-
benzene (Table 3, entry 5). An aliphatic alkyne, hex-1-yne
(2e), could also work with a 66% yield (Table 3, entry 9).
For substituted propynyl amines, it was found that benzyl
amine 1b (Table 3, entry 11) and aliphatic amine 1d
(Table 3, entry 13) gave higher yields than the aromatic
amines la, 1c¢, and le—1j (Table 3, entries 1, 12, and
14—19) due to the stronger nucleophilicity of 1b and 1d.

The gram scale reaction was performed using 3 mmol of
1b, 3.3 mmol of 2a, and 3.6 mmol of 3a. In this case, we
obtained 1.28 g of 5k in 75% yield (Table 3, entry 20). The
structure of 5k was established by X-ray crystal analysis
(Figure 1).

To gain good insight into the cyclization mechanism,
especially the sulfonyl group shift, we investigated the pos-
sibility of a cross reaction between 4b and 4c¢ (Scheme 1).
Only two products 50 and 5t were detected in the reaction
mixture. This result suggested that the migration of the
sulfonyl group should undergo an intramolecular process.

According to these results, a possible mechanism for this
cascade reaction is proposed in Scheme 2. In the first step,
ketenimine A is generated in situ from 2a and 3a via a
CuAAC process. Then, the nitrogen of 1a nucleophilically
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Figure 1. X-ray analysis of 5k.

Scheme 1. Reaction Design To Validate the Migration of
Sulfonyl Group
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MeO@— Ph MeO 0 NN
1] ?7 \<\
5
. Ph ” Ph
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attacks the central carbon of ketenimine A to generate 4a.
In the second step, in the presence of base, the propargyl
moiety of 4a may transform into allene B,'” which under-
goes a 6-ECR'® to form C with two resonance structures
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R.; Hsung, R. P.; Feltenberger, J. B.; Lohse, A. G. Org. Lett. 2009, 11,
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Scheme 2. Proposed Mechanism for the Transformation
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( CN-Ph — N-Ph N-Ph
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B Ph Ph_
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Ph Ph
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sa “Ph

C; and C,. Finally, the outcome of imidazole Sa occurs via
a sulfonyl 1,3-shift."

In summary, we have developed an efficient approach to
tetrasubstituted imidazoles via a two-step one-pot reaction
of propargyl amines, N-sulfonyl azides, and alkynes. A
possible mechanism for this reaction was proposed, which
involves the formation of a N-sulfonyl ketenimine inter-
mediate and an aminoallene intermediate, a 6;7-ECR, and
a sulfonyl 1,3-shift. Further investigations on the synthetic
applications of this chemistry are ongoing in our laboratory.
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