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Abstract
A facile approach to the synthesis of 2,3,6-trisubstituted-5,6-dihydroimidazo[2,1-b]thiazole was
reported. A resin bound cyclic thiourea was formed by the treatment of a resin bound diamine with
1,1′-thiocarbonyldiimidazole, and then reacted with a α-haloketone to generate a resin bound
isothiourea. HF treatment of the resin bound isothiourea resulted in the cleavage of the product
and simultaneous formation of an enamine bond. This led to the formation of the 2,3,6-
trisubstituted-5,6-dihydroimidazo[2,1-b]thiazole in high yield and purity.

Heterocyclic compounds have been found to have multiple applications in the treatment of
human diseases.1 Imidazole and thiazole are among the most common heterocycles
currently utilized in medicinal science and drug discovery.2 Imidazole- and thiazole-
containing structures have been found in many developed drugs, as well as in many
bioactive natural products and synthetic compounds.3 From the well-known natural drugs
penicillin and vitamin B, to the synthetic drugs Meloxicam, Cimetidine, Metronidazole, and
Eprosartan, these important drugs are either imidazole- or thiazole-containing compounds.4
Imidazothiazole, which consists of an imidazole-ring fused with a thiazole-ring, has been
reported to have excellent immunostimulating properties and anti-inflammation activities.5
Levamisole, a marketed anthelminthic and immunomodulator belongs to this class.
Levamisole is also used in combination with other forms of chemotherapy for cancer
treatment.6

Imidazothiazoles have generally been synthesized from starting materials that already
contain a heterocyclo—either an ethylenethiourea (Scheme 1, method i) or a thiazole
(Scheme 1, method ii).7 The limited accesses of commercially available starting
heterocycles restrict the high throughput synthesis of multiple-substituted imidazothiazole
compounds. In order to overcome these drawbacks, herein, we report a facile approach to
the high throughput synthesis of 2,3,6-trisubstituted-5,6-dihydroimidazo[2,1-b]thiazole
derivatives through the use of a solid-phase synthetic method.

The synthesis was based on the reaction of a cyclic thiourea with an α-haloketone. The
cyclic thiourea was generated through the solid-phase synthetic method described below
(Scheme 2).8 Starting from MBHA resin 1, a Boc-amino acid was coupled on the resin using
a standard DIC/HOBt protocol to generate the resin bound amino acid 2. After removal of
the Boc group, the resin bound 2 was reduced by exhaustive borane reduction to yield the
resin bound diamine 3. The resin bound diamine 3 was treated with 1,1′-
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thiocarbonyldiimidazole, forming the resin bound cyclic thiourea 4. An α-haloketone was
then coupled to yield the resin bound isothiourea 5. The resin bound isothiourea 5 was then
treated with anhydrous HF at 0 °C to release the products from the polymer support.
Simultaneous ring closure was carried out by enamine formation, generating the second
thiazole ring, and eventually resulting in the 2,3,6-trisubstituted-5,6-dihydroimidazo[2,1-
b]thiazole derivatives 6 (Table 1, 6a–6j).

A variety of different α-haloketones were examined under the described conditions.
Generally, linear α-haloketone generated the desired product with good-to-excellent yield
and purity. However attempts made with α-halocycloketones such as 2-
bromocyclohexanone, 2-chlorocyclopentanone, and 2-bromo-1-indanone did not yield the
desired imidazothiazole products under the current conditions. The main products obtained
after HF cleavage were identical to the products obtained from resin bound 4. This indicates
the resin-bound isothiourea did not form after the resin bound cyclic thiourea 4 reacted with
the α-halocycloketone. This is probably caused by the stereo hindrance of both structurally
rigid reactants—the resin bound cyclic thiourea and the α-halocycloketone. This problem
was not be solved by increasing the reaction time or raising the temperature to 90 °C.

In summary, a novel strategy for the high throughput synthesis of 2,3,6-trisubstituted-5,6-
dihydroimidazo[2,1-b]thiazole derivatives has been reported by the use of a solid-phase
synthetic method. The resin bound cyclic thiourea was straightforwardly generated from the
resin bound amino acid and was reacted with the linear α-haloketone to form the resin bound
isothiourea. The HF cleavage and simultaneous formation of the enamine lead to the final
products, the 2,3,6-trisubstituted-5,6-dihydroimidazo[2,1-b]thiazole derivatives. This
strategy provides for the facile high throughput preparation of structurally-diverse
imidazothiazole derivatives.
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0.10 M in DMF) and DIC (5 equiv, 0.10 M in DMF) were added to the reaction vessel. The reaction
was shaken at room temperature for 2 h, followed by washing with DMF (3 times). Upon removal
of the Boc- group with 55% TFA in DCM at room temperature for 30 min, the resin was washed
and neutralized with 5% DIEA in DCM. After washing with DCM (2 times), DMF (1 time), DCM
(2 times) and air dried, the resin bound amino acids were reduced with borane in THF at 65 °C for
72 h, followed by treatment with piperidine at 65 °C overnight. The resin bound diamines were then
reacted with 1,1′-thiocarbonyldiimidazole (5 equiv, 0.10 M in DCM) overnight. After washing with
DCM, α-bromoketone (5 equiv, 0.10 M in DMF) was added to the reaction vessel. The reaction was
performed at 65 °C for 24 h. The resin packet was then washed with DMF (3 times), DCM (3 times)
and MeOH (3 times). The cleavage of the product was carried out by the treatment with anhydrous
HF at 0 °C for 90 min, followed by nitrogen gas flow to remove the HF. The product was extracted
by 95% acetic acid. After lyophilization, the product of 2,3,6-trisubstituted-5,6-dihydroimidazo[2,1-
b]thiazole was obtained. The product was characterized by LC-MS under ESI conditions and NMR
spectroscopy. For representative product 6b: separation yield: 63%; HPLC column condition:
CH3CN(+ 0.05% formic acid) in H2O (+ 0.05% formic acid), 5–95% in 6 min; column: luna C18, 5
μm, 50 × 4.60 mm, detection 254 nm, tR = 2.41 min; ESI-MS (m/z): 293.1 [M+H]; 1H NMR (500
MHz, CDCl3) δ: 0.93 (d, 3H, J = 6 Hz), 3.83 (dd, 1H, J = 3.3, 12 Hz), 4.39 (dd, 1H, J = 9.5, 12 Hz),
4.42–4.44 (m, 1H), 7.06–7.08 (m, 2H), 7.16–7.18 (m, 3H), 7.31–7.33 (m, 2H), 7.38–7.42 (m,
3H). 13C NMR (250 MHz, CDCl3) δ: 19.9, 56.5, 63.6, 127.8, 128.3, 128.9, 129.4, 129.5, 129.8. For
compound 6g: separation yield: 72%; HPLC: tR = 2.07 min; ESI-MS (m/z): 245.0 [M+H]; 1H NMR
(500 MHz, CDCl3) δ: 2.00 (s, 3H), 2.07 (s, 3H), 2.87 (dd, 1H, J = 9.2, 13.6 Hz), 3.06 (dd, 1H, J =
4.3, 13.6 Hz), 3.97 (dd, 1H, J = 3.9, 12.8 Hz), 4.11 (dd, 1H, J = 9.3, 12.8 Hz), 4.41–4.46 (m, 1H),
7.17 (d, 2H, J = 7.1 Hz), 7.27–7.36 (m, 3H).
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Scheme 1.
Structure of Levamisole and General Routes to Synthetic Imidazothiazole
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Scheme 2.
Synthesis of 2,3,6-trisubstituted-5,6-dihydroimidazo[2, 1-b]thiazole derivatives
(a) Boc-AA-OH (5 equiv), DIC (5 equiv), HOBt (5 equiv); 55% TFA/DCM. (b) BH3·THF
(40 equiv), 65 °C, 72 h; piperidine, 65 °C, overnight. (c) 1,1′-thiocarbonyldiimidazole (5
equiv) in CH2Cl2, overnight. (d) α-haloketone (5 equiv) in DMF, 65 °C, 24 h. (e) anhydrous
HF, 0 °C, 1.5 h.
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