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Abstract
The synthesis of the hitherto unknown imidazo[2,1-b][1,3,4]thiadiazines 7 in good to very good yields (up to 77%) by using suitable imidazole-
2-thione precursors 1 has been described, while S-vinylimidazoles 8 and 9 were isolated as by-products. Moreover, the reactivity of the three
possible reaction sites of the starting thiones 1 was initially examined by methylation experiments, whereupon the enhanced reactivity of sulfur
was proven by the isolation of the methylated derivatives 3 and 4. By prolonged methylation the imidazolinone 6 is finally formed. Theoretical
calculations support the experimental results of alkylation products.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Heterocyclic compounds are rich sources of diverse
physical, chemical, and biological properties.1 In medicinal
chemistry they are commonly used as templates to design bi-
ologically active agents.2 Moreover, in the past 20 years the
drug-discovery process has undergone extraordinary changes
and high-throughput biological screening of potential drug
candidates has led to an ever increasing demand for novel
drug-like compounds.3 Imidazole is a common structural unit
found in many biologically active compounds.4 Substituted
imidazoles have been synthesized by combinatorial fashion
on solid supports5 as well as in the solution phase6 and are
promising scaffolds for drug design.7 2-Substituted imidazol-
ines and imidazoles are of increasing interest because of their
applications8 as disinfectants, pharmaceuticals and also be-
cause of their applications in supramolecular chemistryd
preparation of molecular tectonics through formation of
intermolecular hydrogen bonds,9 formation of helical assem-
bly through triple hydrogen bonds in tris(oxazoline)e
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tris(imidazoline) benzene, preparation of triple-stranded
helices and zigzag chains by coordination with copper(I),11

synthesis of palladium complexes with pyridine/imidazoline
ligands that react readily with carbon monoxide,12 prepara-
tion of supramolecular structures by self assembly using
pep stacking and hydrogen bonding interactions.13 Re-
cently, it has been reported that N-aminoimidazoles and
N-aminoimidazoline thiones inhibit retroviral replication.14

In addition, the regioselective synthesis of a series of pyri-
dinyl imidazoles, inhibitors of p38 MAP (mitogen activated
protein) kinase, from suitable imidazole-2-thione precursors
has been studied.15,16 Moreover, it is long known that 2,3-
dihydroimidazo[2,1-b]thiazoles exhibit anti-inflammatory
activity,17 whereas the synthesis of some imidazo[2,1-b]thi-
azolones has been recently reported.18

2. Results and discussion

As long as the preparation of new fused imidazole deriva-
tives is of great pharmacological interest, we have considered
the synthesis of some imidazo[2,1-b][1,3,4]thiadiazines as
possible anti-inflammatory drugs by using suitable imidazole-
2-thione precursors replacing thus the thiazoline by a thiadi-
azine ring.
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Table 1

Energy properties of compounds 1ae3a, 5a as well as of anionic forms 10e13

calculated at the DFT level (B3LYP/6-31G*)

Compound Etotal (au) DEa

1a �989.4327159 0

2a �989.4112437 13.47b

5a �1028.7455122 0

3a �1028.7289525 10.39c

10, 11 �988.8707755 0

12 �988.8540585 10.49d

13 �988.8435396 17.09e

a In kcal/mol.
b DE¼Etotal (2a)�Etotal (1a).
c DE¼Etotal (3a)�Etotal (5a).
d DE¼Etotal (12)�Etotal (10).
e DE¼Etotal (13)�Etotal (10).
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Our synthetic approach is depicted in Scheme 1. 1-Aryl-
amino-4,5-dimethylimidazole-2-thiones 1 were prepared
according to a known procedure14,19 by the reaction of
3-chloro-2-butanone with potassium thiocyanate and arylhy-
drazines. However, as reported earlier by us20 a closer inspec-
tion of the 1H NMR spectra of compounds 1 indicated a
tautomerization between the thione 1 and the thiol 2 (2:1 ratio,
CDCl3, ambient temperature). This observation is also sup-
ported by theoretical calculations (DFT B3LYP/6-31G*) on
the tautomers 1a and 2a according to which 1a is predicted
to be more stable than 2a by 13.47 kcal/mol. Moreover, calcu-
lations were carried out for the isomers 3a and 5a, whereupon
5a is favored over its isomer by 10.39 kcal/mol (Table 1).

Next, the reactivity of the three possible reaction sites of
the molecule, namely the 3-NH, 6-NH, and 7-SH positions
was investigated and therefore, theoretical calculations were
carried out, according to which the 3-NH or the SH proton ab-
straction is favored over that of the 6-NH proton, as depicted
in Figure 1 and in Table 1. The anions 10 and 11, which re-
sulted after the proton abstraction from 3-NH or 7-SH are
mesomeric forms and therefore they have the same geometry
and energy. So, the difference in total energies (DEtotal)
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Scheme 1. Reaction scheme and conditions
between anions 12 and 10 (or 13 and 11) is 10.49 (or
17.09) kcal/mol, anion 12 being more stable than 13. Using
the atomic charge distribution over 1a and 2a as reference,
the calculated new atomic charges on the anions reveal that
in 10 (or 11) the negative charge of 3-N atom is decreased
by 0.1002 electrons, whereas a small increase is calculated
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Figure 1. Relative energies (kcal/mol) for the tautomers 1a and 2a as well as for their anions 10e13 after the abstraction of one proton from the position 3 or 6 or 7

calculated at the DFT level (B3LYP/6-31G*).
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for 13 a small increase in electronic charge of 6-N atom is cal-
culated. For the 7-S atom a substantial increase in electronic
charge is calculated for all anions, especially for 10 (or 11)
(Table 2). This charge increase can be attributed mainly on
charge delocalization on the sulfur atomic orbitals and the
stabilization induced by the aromatization of the imidazole
ring. Therefore, sulfur alkylation should predominate under
mild reaction conditions.

In order to confirm the above results we started studying the
methylation reaction on compounds 1. Upon refluxing 1a with
excess of methyl iodide in acetone for 5 h only the S-alkyl
product 3a was isolated in 85% yield, which could be con-
verted to the exocyclic N-methyl derivative 4a by further
methylation with sodium hydride and methyl iodide in 55%
yield (Scheme 1). Imidazole 4a was also formed in 60% yield
in a one step reaction by methylation of 1a with sodium hy-
dride and methyl iodide. These experimental results confirm
the theoretical predictions.
Table 2

Net charge distribution over some atoms of compounds 1a and 2a in neutral as w

Compound Atomic net charge qnet (�104 electrons)

1 2 3 Dqa 4

1a �3680 3429 �6365 2

2a �3620 2545 �4814 1

10 �3680 2879 �5363 �1002 1

11 �3680 2879 �5363 549 1

12 �3474 3645 �6408 2

13 �3223 2547 �5340 1

a Dq(10)¼q(1a)�q(10), Dq(11)¼q(2a)�q(11).
b Dq(12)¼q(1a)�q(12), Dq(13)¼q(2a)�q(13).
c Dq(10)¼q(1a)�q(10), Dq(11)¼q(2a)�q(11), Dq(12)¼q(1a)�q(12), Dq(13)¼q(2a)�q(13).
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Scheme 2. Plausible mechanism for the synthesis of compo
However, the use of an excess of sodium hydride and
methyl iodide in combination with prolonged reaction times
leads to the formation of the hydrolysis product, the imidazol-
one 6a, which was isolated in 40% yield. Most probably, the
reaction proceeds through initial formation of 4a, from which
upon further methylation 14 could be formed. By subsequent
hydrolysis during the workup procedure compound 6a is
formed, as depicted in Scheme 2.

Having in hand the above methylation results it could be
rather safely predicted that the target imidazo[2,1-b]-
[1,3,4]thiadiazines could be synthesized from thiazolones 1
by using 1,2-dibromoethane. Indeed, compounds 7ae7c were
synthesized in good yield (56e62%) by the cyclization of thio-
nes 1ae1c with sodium hydride and 1,2-dibromoethane
(Method A, Scheme 1), along with the S-vinyl derivatives
8ae8c (21e31% yield) and the N-2-bromoethyl-S-vinyl
compound 9a (5% yield), increasing thus the overall reaction
yield to 77e96%. However, the yield of the thiadiazines 7
ell as for their anions 10e13 calculated at the DFT level (B3LYP/6-31G*)
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was considerably increased (71e77%) at the expense of the
by-products by initial addition of 2.2 equiv of sodium hy-
dride followed after 30 min by dropwise addition of the
1,2-dibromoethane (Method B).

3. Structure assignments

The assigned molecular structures of all new compounds
are based on rigorous spectroscopic analysis including IR,
NMR (1H, 13C, DEPT, COSY HeH, NOESY HeH, HETCOR
CeH and COLOC CeH), MS, and elemental analysis data.

Concerning compound 3a the methyl protons resonating at
d 2.87 have long range CeH (COLOC) correlation with the
quaternary carbon at 144.5 ppm (C-2) via 3JCH, whereas
both methyl protons at d 2.15 and at d 2.44 have COLOC cor-
relation with the quaternary carbons at 125.4 and 128.4 ppm,
via 2JCH and 3JCH, being the C-5 and C-4, respectively. The
NHPh proton resonating at d 8.31 shows COLOC correlations
with C-10 and C-20, and also NOESY correlation spot with the
methyl protons at d 2.15 proving thus that methyl is set on C-5.
The intensities of the COLOC correlation spots are higher
between C(5)eCH3(5) and C(4)eCH3(4) than the correlations
between C(5)eCH3(4) and C(4)eCH3(5) proving thus that
2JCH is closer to the optimized value of 10 Hz than the 3JCH

(Fig. 2). This observation can be used as evidence for the
assignment of the methyl signals of 4,5-dimethylimidazoles.

The structure of compound 6a was deduced from the spec-
tral data presented in Section 5, as well from the COLOC cor-
relations depicted in Figure 2. The mass spectrum (m/z¼231)
and elemental analysis are in accord with the molecular
formula C13H17N3O. The more downfield carbon signal at
151.6 ppm is assigned to the ureido carbonyl group that gives
in IR a strong double absorption at 1702 and 1690 cm�1.

Concerning the imidazothiadiazines 7, the structure of
compound 7b will be analyzed. The mass spectrum (m/z¼
279/281) and elemental analysis are in accord with the mole-
cular formula C13H14ClN3S. The proton NMR spectrum
showed the presence of two methyl groups at d 1.90 (C-6)
and d 2.15 (C-7) having COLOC correlation spots with both
quaternary carbons at 122.5 ppm (C-6) and 130.9 ppm (C-7).
There are also two methylene groups at d 2.99 (t, J¼5.3 Hz)
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Figure 2. Long range correlations (COLOC) between protons and carbons via
2JCH and 3JCH in compounds 3a, 6a, 7b, and 8a.
and d 3.98 (br s) with their carbons resonating at 20.6 and
51.7 ppm, respectively. The methylene group at d 3.98 being
in the vicinity of the phenyl group appears as a broad signal,
whereas the second methylene protons show COLOC correla-
tion spot with the quaternary carbon at 130.5 ppm (C-8a), con-
firming thus their position (Fig. 2).

For the vinyl substituted compounds 8, 8a will be analyzed.
The mass spectrum (m/z¼245) and elemental analysis were in
accord with the molecular formula C13H15N3S. The proton
NMR spectrum showed the presence of two methyl groups
at d 2.07 (on C-5, 126.9 ppm) and d 2.21 (on C-4,
132.7 ppm). Concerning the vinyl group, the H-8 proton ap-
pears as doublet of doublets at d 6.53 (Jcis¼9.5 Hz,
Jtrans¼16.7 Hz, on C-8, 128.6 ppm), whereas the two H-9 pro-
tons appear as doublet of doublets at d 5.75 (Jtrans¼16.7 Hz,
Jgem¼0.4 Hz) and d 5.79 (Jcis¼9.5 Hz, Jgem¼0.4 Hz) with their
carbon resonating at 116.4 ppm.

In Figure 2 the COLOC (long range via 2JCH and 3JCH

couplings) CeH correlations for compounds 3a, 6a, 7b, and
8a are depicted.
4. Conclusion

In summary, the methylation of 1-phenylamino-4,5-dime-
thylimidazole-2-thiones has been studied and the results are
in agreement with the results of theoretical calculations ac-
cording to which the 3-position proton is more acidic than
the NHAr proton. Furthermore, by prolonged methylation an
imidazolinone is formed as the only reaction product. More
important, the target synthesis of the hitherto unknown phar-
macologically interesting imidazo[2,1-b][1,3,4]thiadiazines
in very good yields by using suitable imidazole-2-thione
precursors has been achieved.
5. Experimental

5.1. General procedure

Melting points were measured on a Kofler hot-stage and are
uncorrected. Column chromatography was carried out using
Merck silica gel (70e230 mesh). Petroleum ether refers to
the fraction boiling between 60 and 80 �C. IR Spectra: Perkine
Elmer 1600 series FTIR spectrophotometer, n in cm�1. NMR
spectra were recorded on a Bruker AM 300 spectrometer at
300 MHz for 1H and 75 MHz for 13C, respectively, using
CDCl3 as solvent. The chemical shifts are expressed in d values
(ppm) relative to TMS as internal standard for 1H (0.00 ppm)
or to CDCl3 (77.05 ppm) for 13C NMR spectra. Coupling con-
stants nJ are reported in hertz. Low-resolution electron impact
mass spectra (EIMS) were obtained on a 6890N GC/MS
instrument (Agilent Technology), m/z (rel intensity in %);
ionization energy 70 eV. Elemental analyses performed with
a PerkineElmer 2400-II CHN analyzer. Geometries were
optimized and Mulliken net atomic charges were computed
at the Density Functional Theory (DFT, B3LYP/6-31G level)
in vacuo as implemented in the Gaussian 03 package.21
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5.2. Synthesis of compounds 1 and 3

5.2.1. 1,3-Dihydro-4,5-dimethyl-1-phenylamino-2H-
imidazole-2-thione (1a)

The compound was synthesized in 70% yield according to a
known procedure.19,20 Mp 229e231 �C (lit.19 230e232 �C).

5.2.2. 1-[(4-Chlorophenyl)amino]-1,3-dihydro-4,5-
dimethyl-2H-imidazole-2-thione (1b)

The compound was synthesized in 70% yield according to
a known procedure.19 Mp 226e228 �C. IR (cm�1) 3208, 3190
(NH), 3092, 2920, 2726, 1670, 1596. 1H NMR (CDCl3þ
DMSO-d6) d 1.98 (s, 3H, 4-CH3), 2.08 (s, 3H, 5-CH3), 3.12
(br s, 0.41H, 2-SH), 6.58 (d, J¼12.0, 2H, H-20,60), 7.14 (d,
J¼12.0, 2H, H-30,50), 8.15 (br s, 1H, NH), 11.9 (br s, 0.59H,
3-NH). 13C NMR (CDCl3þDMSO-d6) d 8.0 (4-CH3), 9.4
(5-CH3), 114.7 (C-20,60), 117.8 (C-5), 122.5 (C-4), 125.2
(C-400), 128.9 (C-30,50), 145.7 (C-10), 159.8 (C-2). EIMS:
253/255 (Mþ

�
, 100), 237/239 (20), 220/22 (20), 211/213

(12), 185 (30), 170 (15), 127 (25). Anal. Calcd for
C11H12ClN3S (253.75): C, 52.07; H, 4.77; N, 16.56. Found:
C, 51.99; H, 4.67; N, 16.33.

5.2.3. 1,3-Dihydro-4,5-dimethyl-1-[(4-nitrophenyl)amino]-
2H-imidazole-2-thione (1c)

The compound was synthesized in 71% yield according to
a known procedure.19 Mp 262e264 �C (lit.19 275e280 �C).
1H NMR (CDCl3þDMSO-d6) d 1.98 (s, 3H, 4-CH3), 2.10 (s,
3H, 5-CH3), 6.66 (d, J¼8.8, 2H, H-20,60), 8.08 (d, J¼8.8,
2H, H-30,50), 9.53 (s, 1H, NH), 12.03 (br s, 1H, 3-NH). 13C
NMR (CDCl3þDMSO-d6) d 8.0 (4-CH3), 9.4 (5-CH3), 111.8
(C-20,60), 118.2 (C-5), 122.3 (C-4), 125.7 (C-30,50), 140.4
(C-40), 152.9 (C-10), 160.8 (C-2). EIMS: 264 (Mþ

�
, 100),

248 (15), 234 (15), 217 (18), 207 (50), 185 (30), 128 (27).
Anal. Calcd for C11H12N4 O2S (264.31): C, 49.99; H, 4.58;
N, 21.20. Found: C, 49.94; H, 4.79; N, 21.43.

5.2.4. 1-Anilino-4,5-dimethyl-2-methylthio-1H-imidazole (3a)
The compound was synthesized in 80% yield according to a

known procedure.19 Mp 197e199 �C (lit.19 198 �C). 1H NMR
(CDCl3) d 2.15 (s, 3H, 5-CH3), 2.44 (s, 3H, 4-CH3), 2.87 (s,
3H, SCH3), 6.59 (d, J¼9.0, 2H, H-20,60), 6.90e6.96 (m, 1H,
H-40), 7.20e7.26 (m, 2H, H-30,50), 8.31 (br s, 1H, NH). 13C
NMR (CDCl3þDMSO-d6) d 7.6 (5-CH3), 9.6 (4-CH3), 15.2
(SCH3), 112.5 (C-20,60), 121.8 (C-40), 125.4 (C-5), 128.4
(C-4), 129.1 (C-30,50), 143.9 (C-10), 144.5 (C-2). EIMS: 233
(Mþ

�
, 100), 141 (73).

5.3. Synthesis of compound 4

5.3.1. 2-Methylthio-N-phenyl-N,4,5-trimethyl-1H-
imidazole-1-amine (4a)

5.3.1.1. Method A from 3a. To a suspension of compound 3a
(0.116 g, 0.5 mmol) in dry tetrahydrofuran (20 mL) at 0 �C
sodium hydride (0.030 g of 60% in oil, 1.2 mmol) was added.
Salt formation was allowed to proceed at ambient temperature
for 30 min, methyl iodide (0.285 g, 2.0 mmol) was then added
and the solution was stirred for 1.5 h. Water was added, the
organic layer was washed with water, dried (Na2SO4), and
concentrated. The methylated product was crystallized, by
the addition of petroleum ether, as a yellow solid in 55% yield.
Mp 78e80 �C (CH2Cl2epet. ether). 1H NMR (CDCl3) d 1.94
(s, 3H, 5-CH3), 2.18 (s, 3H, 4-CH3), 2.47 (s, 3H, S-CH3), 3.35
(s, 3H, N-CH3), 6.46 (d, J¼9.0, 2H, H-20,60), 6.86e6.91 (m,
1H, H-40), 7.21e7.27 (m, 2H, H-30,50). 13C NMR (CDCl3)
d 8.4 (5-CH3), 13.1 (4-CH3), 15.0 (S-CH3), 39.8 (N-CH3),
112.1 (C-20,60), 120.1 (C-40), 124.5 (C-5), 129.4 (C-30,50),
132.7 (C-4), 141.5 (C-2), 147.7 (C-10). EIMS: 247 (Mþ,
100), 232 (7), 200 (35), 191 (25), 141 (100). Anal. Calcd for
C13H17N3S (247.36): C, 63.12; H, 6.93; N, 16.99. Found: C,
63.34; H, 6.89; N, 16.83.

5.3.1.2. Method B from 1a. To a suspension of compound 1a
(0.110 g, 0.5 mmol) in dry tetrahydrofuran (10 mL) at 0 �C
sodium hydride (0.036 g of 60% in oil, 1.5 mmol) was added.
Salt formation was allowed to proceed at ambient temperature
for 30 min, methyl iodide (0.43 g, 3.0 mmol) was then added
and the solution was stirred for 1.5 h. The reaction mixture
was worked up as above and compound 4a was obtained in
60% yield.

5.4. Synthesis of compound 6a

5.4.1. 1,3-Dihydro-1-(methyl(phenyl)amino)-3,4,5-tri-
methyl-2H-imidazole-2-one (6a)

To a suspension of compound 1a (0.116 g, 0.5 mmol) in dry
tetrahydrofuran (20 mL) at 0 �C sodium hydride (0.048 g of
60% in oil, 2.0 mmol) was added. Salt formation was allowed
to proceed at ambient temperature for 30 min, methyl iodide
(0.57 g, 4.0 mmol) was then added and the solution was stirred
for seven days. Water was added, the organic layer was
washed with water, dried (Na2SO4), and concentrated. The
imidazolone was crystallized, by the addition of methylene
chloride and petroleum ether, as a white solid in 40% yield.
Mp 200e202 �C (CH2Cl2epet. ether). IR (cm�1) 1702, 1690
(C]O). 1H NMR (CDCl3) d 1.89 (q, J¼0.9, 3H, 5-CH3),
2.02 (q, J¼0.9, 3H, 4-CH3), 3.19 (s, 3H, 3-CH3), 3.34 (s,
3H, PhN-CH3), 6.57e6.62 (m, 2H, H-20,60), 6.81e6.87 (m,
1H, H-40), 7.20e7.25 (m, 2H, H-30,50). 13C NMR (CDCl3)
d 7.7 (5-CH3), 8.9 (4-CH3), 27.3 (3-CH3), 39.7 (PhN-CH3),
112.1 (C-4), 112.3 (C-20,60), 114.2 (C-5), 119.6 (C-40), 129.2
(C-30,50), 149.0 (C-10), 151.6 (C]O). EIMS: 231 (Mþ, 100),
189(50), 173 (39), 159 (40). Anal. Calcd for C13H17N3O
(231.29): C, 67.51; H, 7.41; N, 18.17. Found: C, 67.59; H,
7.47; N, 18.13.

5.5. General procedure for the reaction of thiones (1ae1c)
with 1,2-dibromoethane (method A)

To a suspension of compound 1a (0.5 mmol) in dry dime-
thylformamide (5 mL) at �10 �C sodium hydride (0.015 g of
60% in oil, 0.62 mmol) was added. Salt formation was allowed
to proceed for 30 min, 1,2-dibromoethane (0.14 g, 0.7 mmol)
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was then added and the reaction mixture was stirred for 1.5 h
at �10 �C. Sodium hydride (0.015 g of 60% in oil, 0.62 mmol)
was again added to this solution at �10 �C and the reaction
mixture was stirred for another 1.5 h. Dilution of the solution
with 40 mL ice-water precipitated the products. The crude
product mixture was subjected to column chromatography
on silica gel using petroleum ether/EtOAc (3:1) as eluent, to
give in order of elution.

5.5.1. From compound 1a

5.5.1.1. 1-[(N-2-Bromoethyl)-(N-phenyl)]amino-4,5-dimethyl-
2-(vinylthio)-1H-imidazole (9a). Colorless crystals, yield
0.018 g, 5%. Mp 77e79 �C. 1H NMR (CDCl3) d 2.00 (s,
3H, 5-CH3), 2.21 (s, 3H, 4-CH3), 3.57 (t, J¼8.3, 2H, H-10),
3.97e4.21 (m, 2H, H-11), 5.36 (d, Jcis¼9.5, 1H, H-9), 5.38
(d, Jtrans¼16.6, 1H, H-9), 6.41 (d, J¼9.0, 2H, H-20,60), 6.62
(dd, Jcis¼9.5, Jtrans¼16.6, 1H, H-8), 6.90e6.95 (m, 1H,
H-40), 7.22e7.28 (m, 2H, H-30,50). 13C NMR (CDCl3) d 8.7
(5-CH3), 13.3 (4-CH3), 27.5 (C-11), 55.3 (C-11), 116.4
(C-9), 116.6 (C-20,60), 121.0 (C-40), 125.4 (C-5), 128.6
(C-8), 129.7 (C-30,50), 134.1 (C-4), 137.8 (C-2), 146.5
(C-10). Anal. Calcd for C15H18BrN3S (352.29): C, 51.14; H,
5.15; N, 11.93. Found: C, 51.01; H, 5.22; N, 11.78.

5.5.1.2. 4,5-Dimethyl-1-N-phenylamino-2-(vinylthio)-1H-imid-
azole (8a). White solid in 31% yield. Mp 140e142 �C. IR
(cm�1) 3470 (NH). 1H NMR (CDCl3) d 2.07 (s, 3H, 5-CH3),
2.21 (s, 3H, 4-CH3), 5.75 (dd, J¼16.7, 0.4, 1H, Htrans-9),
5.79 (dd, J¼9.5, 0.4, 1H, Hcis-9), 6.53 (dd, J¼16.7, 9.5, 1H,
H-8), 6.50e6.54 (m, 2H, H-20,60), 6.90e6.96 (m, 1H, H-40),
7.10 (br s, 1H, NH), 7.19e7.25 (m, 2H, H-30,50). 13C NMR
(CDCl3) d 8.3 (5-CH3), 12.9 (4-CH3), 112.8 (C-20,60), 116.4
(C-9), 121.8 (C-40), 126.9 (C-5), 128.6 (C-8), 129.5 (C-30,50),
132.7 (C-4), 137.2 (C-2), 146.2 (C-10). EIMS: 245 (Mþ, 70),
153 (100). Anal. Calcd for C13H15N3S (245.34): C, 63.64;
H, 6.16; N, 17.13. Found: C, 63.48; H, 6.27; N, 17.00.

5.5.1.3. 6,7-Dimethyl-4-phenyl-3,4-dihydro-2H-imidazo[2,1-b]-
[1,3,4]thiadiazine (7a). White solid in 62% yield. Mp 135e
137 �C. 1H NMR (CDCl3) d 1.90 (s, 3H, 6-CH3), 2.17 (s,
3H, 7-CH3), 2.99 (t, J¼5.5, 2H, H-2), 4.00 (br s, 2H, H-3),
6.65e6.70 (m, 2H, H-20,60), 7.00e7.07 (m, 1H, H-40), 7.26e
7.33 (m, 2H, H-30,50). 13C NMR (CDCl3) d 7.5 (6-CH3),
12.7 (7-CH3), 20.5 (C-2), 51.6 (C-3), 117.7 (C-20,60), 122.6
(C-6), 123.5 (C-40), 129.5 (C-30,50), 130.5 (C-7), 130.6
(C-8a), 147.5 (C-10). EIMS: 245 (Mþ, 23), 211 (90), 210
(100), 200 (20), 187 (60), 128 (40). Anal. Calcd for
C13H15N3S (245.34): C, 63.64; H, 6.16; N, 17.13. Found: C,
63.78; H, 6.25; N, 17.30.

5.5.2. From compound 1b

5.5.2.1. 4,5-Dimethyl-1-N-(4-chlorophenyl)amino-2-(vinylthio)-
1H-imidazole (8b). White solid in 29% yield. Mp 135e
137 �C. 1H NMR (CDCl3) d 2.07 (s, 3H, 5-CH3), 2.21 (s,
3H, 4-CH3), 5.26 (d, Jtrans¼16.7, 1H, H-9), 5.31 (d, Jcis¼9.6,
1H, H-9), 6.44 (d, J¼8.8, 2H, H-20,60), 6.48 (dd, Jcis¼9.6,
Jtrans¼16.7, 1H, H-8), 6.63 (br s, 1H, NH), 7.19 (d, J¼8.8,
2H, H-30,50). 13C NMR (CDCl3) d 8.4 (5-CH3), 13.3 (4-CH3),
114.0 (C-20,60), 116.0 (C-9), 126.4 (C-40), 126.7 (C-5), 128.9
(C-8), 129.5 (C-30,50), 133.6 (C-4), 136.6 (C-2), 144.90 (C-10).
EIMS: 279/281 (Mþ, 70), 153 (100), 126/128 (15), 94 (40).
Anal. Calcd for C13H14ClN3S (279.79): C, 55.81; H, 5.04;
N, 15.02. Found: C, 55.99; H, 5.12; N, 14.93.

5.5.2.2. 6,7-Dimethyl-4-(4-chlorophenyl)-3,4-dihydro-2H-imid-
azo[2,1-b][1,3,4]thiadiazine (7b). White solid in 60% yield.
Mp 141e143 �C. 1H NMR (CDCl3) d 1.90 (s, 3H, 6-CH3),
2.15 (s, 3H, 7-CH3), 2.99 (t, J¼5.3, 2H, H-2), 3.98 (br s,
2H, H-3), 6.62 (d, J¼8.9, 2H, H-20,60), 7.26 (d, J¼8.9, 2H,
H-30,50). 13C NMR (CDCl3) d 7.5 (6-CH3), 12.8 (7-CH3),
20.6 (C-2), 51.7 (C-3), 119.0 (C-20,60), 122.5 (C-6), 128.7
(C-40), 129.6 (C-30,50), 130.5 (C-8a), 130.9 (C-7), 146.1
(C-10). EIMS: 279/281 (Mþ, 85), 237/239 (50), 223/225
(45), 184/186 (15), 169/171 (100), 137/139 (30). Anal. Calcd
for C13H14ClN3S (279.79): C, 55.81; H, 5.04; N, 15.02.
Found: C, 55.72; H, 5.07; N, 15.13.

5.5.3. From compound 1c

5.5.3.1. 4,5-Dimethyl-1-N-(4-nitrophenyl)amino-2-(vinylthio)-
1H-imidazole (8c). White solid in 21% yield. Mp 86e88 �C.
IR (cm�1) 3470 (NH), 1504 (NO2 as), 1330 (NO2 sym). 1H
NMR (CDCl3) d 2.05 (s, 3H, 5-CH3), 2.21 (s, 3H, 4-CH3),
5.27 (d, Jtrans¼17.1, 1H, H-9), 5.32 (d, Jcis¼9.4, 1H, 9-H),
6.47 (dd, Jcis¼9.4, 1H, 8-H), 6.55 (d, J¼9.2, 2H, H-20,60),
7.4 (br s, 1H, NH), 8.15 (d, J¼9.2, 2H, H-30,50). 13C NMR
(CDCl3) d 8.3 (5-CH3), 13.2 (4-CH3), 111.8 (C-20,60), 116.5
(C-9), 126.1 (C-30,50), 126.9 (C-5), 128.5 (C-8), 134.1 (C-4),
136.9 (C-2), 142.1 (C-40), 151.4 (C-10). EIMS: 290 (Mþ,
78), 153 (100). Anal. Calcd for C13H14N4O2S (290.34): C,
53.78; H, 4.86; N, 19.30. Found: C, 53.62; H, 4.75; N, 19.41.

5.5.3.2. 6,7-Dimethyl-4-(4-nitrophenyl)-3,4-dihydro-2H-imid-
azo[2,1-b][1,3,4]thiadiazine (7c). White solid in 56% yield.
Mp 228e230 �C. 1H NMR (CDCl3) d 1.97 (s, 3H, 6-CH3),
2.18 (s, 3H, 7-CH3), 3.15 (br s, 2H, H-2), 4.20 (br s, 2H,
H-3), 6.80 (d, J¼9.0, 2H, H-20,60), 8.20 (d, J¼9.0, 2H,
H-30,50). 13C NMR (CDCl3) d 7.6 (6-CH3), 12.9 (7-CH3),
22.4 (C-2), 50.9 (C-3), 116.4 (C-20,60), 122.7 (C-6), 125.8
(C-30,50), 131.2 (C-8a), 131.7 (C-7), 143.0 (C-40), 152.7
(C-10). EIMS: 290 (Mþ, 78), 258 (30), 248 (31), 234 (30),
180 (100). Anal. Calcd for C13H14N4O2S (290.34): C, 53.78;
H, 4.86; N, 19.30. Found: C, 53.91; H, 4.62; N, 19.41.

5.6. General procedure for the reaction of thiones (1ae1c)
with 1,2-dibromoethane (method B)

To a suspension of compound 1 (0.5 mmol) in dry dime-
thylformamide (50 mL) sodium hydride (0.27 g of 60% in
oil, 1.13 mmol) was added. Salt formation was allowed to pro-
ceed for 30 min at rt, 1,2-dibromoethane (0.132 g, 0.7 mmol)
in dry dimethylformamide (5 mL) was then added dropwise
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and the reaction mixture was stirred at ambient temperature
for 2 h. Dilution of the solution with 40 mL ice-water precip-
itated the products. The crude product mixture was subjected
to column chromatography on silica gel using petroleum
ether/EtOAc (3:1) as eluent, to give in order of elution.

5.6.1. From compound 1a
Compound 9a in 1% yield; compound 8a in 14% yield and

compound 7a in 77% yield.

5.6.2. From compound 1b
Compound 8b in 15% yield and compound 7b in 74%

yield.

5.6.3. From compound 1c
Compound 8c in 10% yield and compound 7c in 71% yield.
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