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A simple and direct synthesis of 2-aminoimidazoles from vinyl azides and cyanamide was developed. An
attractive feature of this protocol is that the desired products are generated in a highly efficient and eco-
friendly manner without the use of a catalyst. A plausible mechanism has been proposed.
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1. Introduction

2-Aminoimidazoles are one of the most important heterocyclic
motifs in organic chemistry, they are the central feature of alkaloids
and many biologically active substances.! As a result, the de-
velopment of methods for the preparation of these molecules has
attracted considerable attention. A number of methods have been
developed for the synthesis of 2-aminoimidazoles, such as a cyclo-
condensation between diketones with guanidine followed by cat-
alytic hydrogenation;> the reaction of a-halo ketones with N-
acetylguanidine;® the iminophosphorane-mediated cyclization of
a-azido esters;* the synthesis of 2-aminoimidazoles by the for-
mation of imidazo[1,2-a]|pyrimidines followed by cleavage of the
pyrimidine ring with hydrazine or amines;> and the ammonolysis
of 2-amino-1,3-oxazol-3-ium salts.® Some of the common synthetic
approaches either need a prolonged reaction time, difficult exper-
imental procedures, expensive transition metal additives, complex
substrates, or in unsatisfied yields.> ® Furthermore, polyfunc
tionalized 4,5-disubstututed-2-aminoimidazoles are not readily
available through general methods.

Therefore, the development of improved methods for the syn-
thesis of 2-aminoimidazoles is of importance.

* Corresponding author. Tel./fax: +86 571 8820 8452; e-mail addresses: yyu@zju.
edu.cn, yyu@tpims.org (Y. Yu).
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Herein, we report a novel, facile approach to provide poly-
functionalized 2-aminoimidazoles using vinyl azides and cyana-
mide. An attractive feature of this protocol is that the desired
product could be generated in a highly efficient and eco-friendly
manner.

2. Results and discussion

Initially, (Z)-2-azido-1,3-diphenylprop-2-en-1-one and cyana-
mide were selected as reagents in order to optimize the reaction
condition. Firstly, a range of solvents were screened (Table 1, entries
1-6). It was determined that ethanol (Table 1, entry 3) was superior
to other aprotic and protic solvents. In order to further improve the
reaction conditions, a range of bases were tested as additives (Table
1, entries 7—13). When an inorganic base, such as Cs;C0O3, K,CO3 or
NaOAc was added into the reaction, no significant improvement in
product yields was identified. Moreover, NaOH was found to be
destructive to this reaction (Table 1, entry 10). Conversely the yield
of the desired product was significantly improved when an organic
base like EtsN or DBU was used in this reaction (Table 1, entries 12
and 13). However, when DMAP was used, the yield declined sig-
nificantly (Table 1, entry 11). The reaction was also assessed at
a lower temperature but this resulted in a decrease in the yield
(Table 1, entries 14 and 15). On the basis of this initial study, the
most efficient reaction condition occurred when (Z)-2-azido-1,3-
diphenylprop-2-en-1-one (1 equiv), cyanamide (2 equiv), and
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Table 2
Table 1 Scope of the reaction of vinyl azides and cyanamide under optimal conditions®
Optimization of reaction conditions® " . R n
RN 3 !
o - /7‘/3 n NHCN - oH, 90°C oh RZIN\%NHz
O N O T NHeN Conditions OJ S NH, 1 2 3
N3 ” cl
Ph % Z ‘ Z ‘
H X X
Entry Additive Solvent T(°C) Conversion (%) oY ':?/NHZ o~ n> - OAO/H> -
1 — CH3CN 90 53% o~ Ly Ly
\ ~ ~
2 — THF 90 34% 7 d \/J
3 — DMF 90 Trace 3a, 82% 3b, 85% 3¢, 74%
4 — 1,4-Dioxane 90 21% Yo H
5 — Toluene 90 52% "
6 — Ethanol 0 64% H 07 N>/NH2 H
7 Cs,C03 Ethanol 90 66% o, - j/LN’ o,
8 K2COs3 Ethanol 90 67% (J'" () A~
9 NaOAc Ethanol 90 72% L o P
10 DMAP Ethanol 90 30% 3d,72% 30,85% B ar oo
11 NaOH Ethanol 90 Trace 7 NO,
12 DBU Ethanol 90 85%
13 EtsN Ethanol 90 90% H H
14 EtsN Ethanol 40 23% o7 g o™ g P
15 E6N Ethanol 60 50% ~ ¥ Q/\N A}N :
\ \_ {
¢ Reaction conditions: (Z)-2-azido-1,3-diphenylprop-2-en-1-one(0.5 mmol, Br cl o 7

1.0 equiv), cyanamide (1 mmol, 2 equiv), base (0.5 mmol, 1 equiv), 2 mL of solvent,

NO, v
6 h, 90 °C. The most efficient entry is highlighted in bold. 7
[ | N/% 2 o7y N/>/NHZ o )—NH;

T

Et3N(1 equiv) were mixed in ethanol at 90 °C for 6 h (Table 1, entry

14). » ® |®
With the optimized reaction condition in hand, the scope of the 35, 68% 0N e B0

reaction was studied using a set of vinyl azides 1 and cyanamide 7 o J

(Table 2). The a-azidovinylketones were readily prepared from the [Nj j\(ﬂ

corresponding olefins by successive reaction with bromine then with o~ H}/NH oy N%NHz /O\/\LN»/NHz

sodium azide. And the a-azidovinylesters were prepared from the /*%'N/ ’ A~ \\\;

corresponding aldehydes with ethyl azidoacetate.” The result reveals NS L

that various substituted vinyl azides bearing several functional 3m, 73% 3n, 62% 30,65%

groups worked well with cyanamide to provide the desired products. J y J

In general, a-azidovinylketones worked more efficiently in these " w j\rn T

conditions when compared to the a-azidovinylesters (Table 2). a- OZ\W':‘%NW W Y e

Azidovinylketones with electron-deficient groups at the Ry position Q @ ()

performed slightly better (3e and 3k compared to 3a; 3g compared to F \ OaN

3b; 3h compared to 3m, 31 and 3c). While at the R; position, relatively 3, 73% 3q,63% ar, 79%

strong electron-donating groups gave slight increases in yields (3g

and 3f compared to 3e; 3b compared to 3a). Not surprisingly, when -

a morpholinylcarbonyl group was present at the R, position (Table 2, 04»‘/,@;"”

3n) the final yield was lower compared to 3a and 3o. @ N

The structures of the polyfunctionalized 2-aminoimidazoles 3
were characterized by 'H NMR, C NMR, and HRMS. Furthermore,
the structure of 3k was confirmed by X-ray crystal structure anal-
ysis as shown in Fig. 1. On the basis of the results above, we pro-
posed the following possible mechanism for this reaction, as shown
in Scheme 1. The likely first step is a Michael addition—elimination
of the cyanamide 2 to the vinyl azides 1 affording an active in-
termediate I, driven by the excellent leaving-group ability of ni-
trogen. Subsequently, the reaction undergoes an intramolecular
condensation to give the desired product 3.

“Reaction conditions: vinyl azides (0.4mmol, 1.0equiv), cyanamide(0.8mmol,
2equiv), Et;N(0.4mmol,1 equiv) 2mL of solvent, 6h, 90 °C.Isolated yield.

3. Conclusions

In conclusion, we have developed a facile approach to provide
functionalized 2-aminoimidazoles, which are ubiquitous structural
units in a number of biologically active compounds. The synthesis is
economical both in lost atom count and reaction materials. This
novel reaction provides products in good yields via a domino pro-
cess involving sequential cyclization and intramolecular rear-
rangement. This simple synthesis with the ability to incorporate
multiple functional groups into a desired imidazole ring system
provides an attractive strategy for pharmaceutical building blocks
and medicinal chemistry applications. Fig. 1. X-ray crystal structure of 3k.
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