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Abstract. Peculiarities of the course of the methanesulfo-
derivatives of (benzo)imidazo[2,1-b][1,3]thiazines reac-
tions with a number of nucleophilic reagents were studied.
It was determined that they react nonselectively with po-
tassium thiocyanate to form a mixture of thio- and
isothiocyanate derivatives. When interacting with sodium
azide, nucleophilic substitution competes with an elimina-
tion reaction. The latter is dominant in the reaction with
sodium cyanide. The spatial structure of one of the isomer
elimination products, 4H-benzo[4,5]imidazo[2,1-5][1,3]
thiazine, was established by X-ray structural analysis.

Keywords: (benzo)imidazo[2,1-b][1,3]thiazines, nucleo-
philic substitution reaction, elimination reaction, thio
(isothio)cyanato and azido derivatives.

1. Introduction

Recently, the attention of specialists in the field of
medical and pharmaceutical chemistry is increasingly
focused on the design and synthesis of functional con-
densed heterocyclic systems, among which azole-azine
structures occupy a prominent place.® Among the latter,
it is worth highlighting various derivatives of imidazo[2,1-
b][1,3]thiazines, which are characterized by a wide spec-
trum of biological activity. In particular, compounds with
antioxidant,7 antibacterial,8 antiviral,9 antituberculosis,lo
and antitrypanocidal'’ effects and cytotoxic effects on
non-cancerous F2408 and cancerous 5RP7 cells'> were
found among them. The imidazothiazine ring is an impor-
tant pharmacophore fragment of inhibitors of the cannabi-
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noid-activated protein GPR18," reversible inhibitors of
TbAdoMetDC of African trypanosomiasis,'* and also a
potential agent in the therapy of Chagas disease.""

Nucleophilic substitution reaction in basic scaffolds
is one of the powerful tools for structural modification of
biologically attractive heterocyclic compounds.'>"” This,
in turn, prompted researchers both to search for new vari-
ants of such reactions based on available substrates and to
involve new nucleophilic reagents. Generally, the use of
nucleophilic substitution reactions in heterocyclic cores
yielded a number of compounds interesting in terms of
structure and properties, which can directly be used as
objects of bioscreening studies, and act as synthetic blocks
for the construction of more complex molecular struc-
tures. However, the information is quite scarce regarding
the modification of the (benzo)[4,5]imidazo[2,1-b][1,3]
thiazine core by nucleophilic transformations. That is why
it seemed advisable to study the possibility of hydroxyl
group participation in available hydroxy(benzo) imi-
dazo[2,1-b][1,3]thiazines in substitution reactions with
various types of nucleophilic reagents.

2. Experimental

2.1. Materials and Methods

'H and *C NMR spectra were recorded on a Var-
ian VXR-400 spectrometer (400 and 126 MHz, respec-
tively) in pulsed Fourier mode in DMSO-ds and in CDCl;,
with TMS as the internal standard. Mass spectra were
recorded on an Agilent LC/MSD SL instrument, Zorbax
SB-C18 column, 4.6x15 mm, 1.8 um (PN 82(c)75-932),
DMSO-ds as the solvent, electrospray ionization at at-
mospheric pressure. Elemental analysis was performed on
a PerkinElmer CHN Analyzer 2400 series in the analytical
laboratory of the Institute of Organic Chemistry of the
National Academy of Sciences of Ukraine. Melting points
were determined according to a Kofler table and are un-
corrected. Reagents and solvents were purchased from
UKRORGSYNTEZ LTD. Merck 60 (40-63 p) silica gel
was used for column chromatography.
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2.2. Synthesis of Benzo[4,5]imidazo[2,1-
b][1,3]thiazinyl Methanesulfonates 2a-c

0.12 mL (6.7 mmol) of methanesulfochloride was
added to the solution of 6.4mmol of
(benzo)[4,5]imidazo[2,1-b][1,3]thiazine 1a-¢ in 20 mL of
dry pyridine. The reaction mixture was stirred at room
temperature for 48 h, the resulting suspension was poured
onto ice, the formed precipitate was filtered and dried in a
drying cabinet.

6,7-Dihydro-5H-imidazo[2,1-b][1,3] thiazin-6-yl
methanesulfonate 2a. Yield: 51 %, mp 409-411 K. Crys-
tallize from propanol-2. "H NMR spectrum, DMSO-dy, 3,
ppm (J, Hz): 3.35 s (3H, CH3), 3.44-3.49 m (1H, SCH,),
3.62-3.66 m (1H, SCH,), 4.30-4.40 m (2H, NCH,), 5.50-
554m (1H, CH), 7.03s (1H, CHimidazole)» 7.30 ¢ (1H,
CHimidazole)- ~C NMR spectrum, DMSO-dg, 8, ppm: 29.9
(C7), 38.4 (CHy), 49.3 (CY), 70.2 (C°), 122.8 (CY), 126.8
(C?, 136.1 (C™). Mass spectrum, m/z: 235 [M+H]".
Found, %: C 35.80; H 4.29; N 11.94. C;H;(N,0;S,. Cal-
culated, %: C 35.88; H 4.30; N 11.96.

2,3-Diphenyl-6,7-dihydro-5H-imidazo[2,1-
b][1,3]thiazin-6-yl methanesulfonate 2b. Yield: 86 %,
mp 438-440 K. Crystallize from propanol-2. 'H NMR
spectrum, DMSO-d;, 6, ppm (J, Hz): 3.30 s (3H, CHj),
3.46-3.51 m (1H, SCHy), 3.61-3.64 m (1H, SCH,), 3.85-
3.89m (1H, NCH,), 4.11-4.15m (1H, NCH,), 5.47-
5.50 m (1H, CH), 7.11-7.15 m (1H, Ar), 7.18-7.21 m (2H,
Ar), 7.33-739m (4H, Ar), 7.47-7.54m (3H, Ar).
BC NMR spectrum, DMSO-d, 8, ppm: 29.4 (C7), 38.3
(CH3), 48.1 (CY), 70.4 (C°), 126.5, 126.9, 128.6, 129.4,
129.7 (C, Ar), 129.8 (C%), 130.0, 131.1, 134.4 (C, Ar),
136.6 (CY), 136.8 (C*). Mass spectrum, m/z: 387 [M+H] .
Found, %: C 59.03; H 4.66; N 7.23. C;oH;sN,05S,. Cal-
culated, %: C 59.05; H 4.69; N 7.25.

3,4-Dihydro-2H-benzo|[4,5]imidazo|2,1-

b][1,3]thiazin-3-yl methanesulfonate 2c. Yield: 84 %,
mp 438-440 K. Crystallize from propanol-2. 'H NMR
spectrum, DMSO-d;, 6, ppm (J, Hz): 3.36 s (3H, CHj),
3.54-3.58 m (1H, SCHy), 3.73-3.77 m (1H, SCH,), 4.42-
446 m (1H, NCH,), 4.54-4.58 m (1H, NCH;), 5.65-
5.69 m (1H, CH), 7.18-7.20 m (2H, Ar), 7.47-7.50 m (2H,
Ar). "CNMR spectrum, DMSO-dy, 8, ppm: 29.7 (C?),
38.4 (CHy), 47.2 (CY, 69.9 (CY), 109.4 (C*), 117.6 (C°),
1218 (C), 122.7 (C%), 136.0 (C*), 142.6 (C™), 145.9
(C'™). Mass spectrum, m/z: 285 [M+H]". Found, %: C
46.37; H 4.24; N 9.83. C;;H2N,0;S;. Calculated, %: C
46.46; H 4.25; N 9.85.

2.3. Synthesis of Thio- 3a-c and Isothio-
cyanato(benzo)imidazo[2,1-
b][1,3]thiazines 4a,b

0.33 g (3.4 mmol) of KSCN was added to solution
of 1.7 mmol of mesylate 2a-¢c in 10 mL of dry DMFA.
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The reaction mixture was heated at 373 K for 10 h, the
solvent was evaporated under reduced pressure, the result-
ing residue was treated with water and extracted with
CHCI;. The organic layer was dried with Na,SO, and
evaporated, the residue was separated by a column chro-
matography (eluent CHCl;-MeOH, 150:1).

6-Thiocyanato-6,7-dihydro-5H-imidazo[2,1-
b][1,3]thiazine 3a. Yield: 28 %, yellow oil. IR spectrum,
v, cm ': 2162 (SCN). '"H NMR spectrum, CDCl3, 8, ppm
(J, Hz): 3.25dd (1H, *J=12.0, °J=8.0, SCH,), 3.40 dd
(1H, %J=14.0, *J=6.0, SCH,), 421 dd (1H, *J=12.0,
J=4.0, NCH,), 4.31 dd (1H, %/ =10.0, *J=6.0, NCH,),
4.48-4.54 m (1H, CH), 6.95 s (1H, CHimidazol), 6.98 s (1H,
CHimidazole)- -C NMR spectrum, CDCl, 8, ppm: 37.8 (C),
48.8 (C%), 51.0 (C°), 110.4 (SCN), 116.8 (C?), 134.0 (C*),
146.8 (C*). Mass spectrum, m/z: 198 [M+H]". Found, %:
C 42.87; H 3.52; N 21.43. C;H:N3S,. Calculated, %: C
42.62; H 3.58; N 21.30.

2,3-Diphenyl-6-thiocyanato-6,7-dihydro-SH-
imidazo[2,1-b][1,3]thiazine 3b. Yield: 45%, mp 415-
417 K. Crystallize from chloroform. IR spectrum, v, cm ':
2155 (SCN). 'HNMR spectrum, CDCls, 8, ppm (J, Hz):
332dd (1H, *J=13.6, *J=88, SCH,), 3.46dd (IH,
*J=13.8,°J=62, SCH,), 4.14 dd (1H, *J=12.0, *J =32,
NCH,), 431dd (1H, *J=11.6, /=68, NCH,), 4.51-
4.57 m (1H, CH), 7.34-7.36 m (3H, Ar), 7.41-7.45 m (5H,
Ar), 7.49-7.50 m (2H, Ar). "C NMR spectrum, CDCls, 3,
ppm: 383 (C7), 49.0 (CY), 51.1 (C°), 110.8 (SCN), 126.9,
127.0, 127.8, 1283, 128.6, 129.1, 129.2, 130.1 (C, Ar),
134.2 (C?), 1429 (CY), 146.5 (C*). Mass spectrum, m/z:
350 [M+H]". Found, %: C 65.17; H 4.32; N 12.00.
C1oH;sN;3S,. Calculated, %: C 65.30; H 4.33; N 12.02.

Mixture of 2,3-Diphenyl-6-thiocyanato-6,7-
dihydro-5H-imidazo[2,1-b][1,3]thiazine 3b and 2,3-
Diphenyl-6-isothiocyanato-6,7-dihydro-5SH-
imidazo[2,1-b][1,3]thiazine 4a. 'H NMR spectrum,
CDCl;, 8, ppm (J, Hz): 3.29-3.35m (1H, SCH,), 3.42-
3.48 m (2H, SCH,), 3.54-3.58 m (1H, SCH,), 3.99-4.04 m
(1H, NCH,), 4.08-4.17 m (3H, NCH,), 4.29-4.34 m (1H,
CH), 4.51-4.57 m (1H, CH), 7.17-7.28 m (8H, Ar), 7.35-
7.51 m (12H, Ar).

3-Thiocyanato-3,4-dihydro-2H-
benzo[4,5]imidazo[2,1-b][1,3]thiazine 3c. Yield: 42 %,
417-418 K. Crystallize from chloroform. IR spectrum, v,
cm ' 2150 (SCN). '"H NMR spectrum, CDCLs, 8, ppm (J,
Hz): 3.55 dd (1H, %/ = 12.0, °J = 8.0, SCH,), 3.60-3.64 m
(1H, SCH,), 423-429m (1H, CH), 442dd (IH,
2J=12.0,°J=8.0, NCH,), 4.61 dd (1H, %/ = 8.0, >J=4.0,
NCH,), 7.26-7.32m (3H, Ar), 7.65-7.67m (1H, Ar).
BC NMR spectrum, CDCls, 8, ppm: 30.0 (C?), 41.4 (CY),
47.0 (C?), 109.1 (C%, 110.9 (SCN), 117.3 (C%), 121.6
(C), 122.3 (C*), 135.5 (C™), 142.8 (C™), 144.6 (C'™).
Mass spectrum, m/z: 248 [M+H]". Found, %: C 53.60; H



544

3.69; N 16.84. C;1HoN3S,. Calculated, %: C 53.42; H
3.67;N 16.99.
3-Isothiocyanato-3,4-dihydro-2H-

benzo[4,5]imidazo[2,1-b][1,3]thiazine 4b. Yield: 22 %,
404-406 K. Crystallize from chloroform. IR spectrum, v,
cm ' 1954 (NCS). '"H NMR spectrum, CDCls, 8, ppm (J,
Hz): 3.32 dd (1H, %/ = 12.0, °J = 8.0, SCH,), 3.50 dd (1H,
2J=14.0,J=6.0, SCH,), 4.40-4.48 m (2H, NCH,), 4.64-
470 m (1H, CH), 7.22-7.26 m (3H, Ar), 7.64-7.66 m (1H,
Ar). "CNMR spectrum, CDCls, 8, ppm: 38.4 (C?), 47.6
(CY), 52.8 (C?), 110.4 (C%, 113.1 (C™), 118.3 (C*), 122.0
(C+CY), 134.2 (C™), 149.0 (C'™), 156.8 (NCS). Mass
spectrum, m/z: 248 [M+H]". Found, %: C 53.65; H 3.62;
N 17.13. C1HoN;S,. Calculated, %: C 53.42; H 3.67; N
16.99.

2.4. Synthesis of Azidoimidazo[2,1-
b][1,3]thiazines 5a-c

0.28 g (4.25 mmol) of sodium azide was added to
the solution of 1.7 mmol of mesylate 2a-c in 10 mL of dry
DMF and heated at 373 K for 10 h. The solvent was
evaporated under reduced pressure, the resulting residue
was treated with water and extracted with CHCl;. The
organic layer was dried with Na,SO,4 and evaporated, the
residue was separated by a column chromatography (elu-
ent CHCl;-MeOH, 50:1).

6-Azido-6,7-dihydro-5H-imidazo[2,1-
b][1,3]thiazine S5a. Yield: 32 %, brown oil. 'H NMR
spectrum, CDCls, 6, ppm (J, Hz): 3.18-3.25m (1H,
SCH,), 3.27-3.33m (1H, SCH,), 3.89-3.96m (1H,
NCH,), 4.15-4.21 m (1H, NCH,), 4.28-4.35 m (1H, CH),
6.85 s (1H, CHimidazote), 6.98 s (1H, CHimigazole). ~C NMR
spectrum, CDCly, 8, ppm: 29.4 (C7), 48.0 (C°), 53.4 (C°),
120.1 (C?), 128.7 (C?), 135.5 (C*). Mass spectrum, m/z:
182 [M+H]". Found, %: C 39.69; H 3.87; N 38.59.
CeH7N;S. Calculated, %: C 39.77; H 3.89; N 38.65.

6-Azido-2,3-diphenyl-6,7-dihydro-5H-
imidazo[2,1-b][1,3]thiazine Sb. Yield: 55 %, mp 413-
414 K. Crystallize from chloroform. "H NMR spectrum,
CDCls, &, ppm (J, Hz): 3.21 dd (1H, J=13.0, *J=7.28,
SCH,), 3.29-3.33 m (1H, SCH,), 3.67 dd (1H, /=134,
3J=17.0, NCH,), 3.84 dd (1H, 2/ =13.2, *J=4.0, NCH,),
4.24-429 m (1H, CH), 7.12-7.21 m (3H, Ar), 7.30-7.32 m
(2H, Ar), 7.45-747m (5H, Ar ). "CNMR spectrum,
CDCls, 8, ppm: 29.3 (C7), 47.8 (CY), 53.9 (C%), 126.6,
126.7, 128.1, 129.0, 129.2, 129.5, 129.7, 130.8 (Cuom.),
133.8 (C?), 136.2 (C?), 138.0 (C*). Mass spectrum, m/z:
334 [M+H]". Found, %: C 64.71; H 4.51; N 20.98.
CisH;sNsS. Calculated, %: C 64.84; H 4.53; N 21.01.

3-Azido-3,4-dihydro-2H-benzo[4,5]imidazo[2,1-
b][1,3]thiazine 5c. Yield: 46 %, mp 412-413 K. Crystal-
lize from chloroform. 'H NMR spectrum, CDCls, 8, ppm
(J, Hz): 321dd (1H, /=128, *J=8.0, SCH,), 3.27-

Features of (Benzo)Imidazo[2,1-b][1,3]thiazine Mezylates Reaction with Nucleophilic Reagents

331m (1H, SCHy), 3.90dd (1H, =126, J=74,
NCH,), 4.14dd (1H, J=124, J=44, NCH,), 4.32-
438m (1H, CH), 7.08d (1H, *J=8.0, Ar), 7.16t (1H,
3J=8.0 Ar), 722t (1H, >J=7.6, Ar), 7.59 d (1H, *J=7.6,
Ar). PCNMR spectrum, CDCls, 8, ppm: 29.3 (C?), 46.1
(CY), 53.4 (CY), 107.9 (C%), 118.2 (C*), 122.0 (C7), 122.8
(C?), 1354 (C™), 143.0 (C™), 145.1 (C'™). Mass spec-
trum, m/z: 232 [M+H]". Found, %: C 51.83; H 3.91; N
30.23. CioHoNsS. Calculated, %: C 51.93; H 3.92; N
30.28.

2.5. Synthesis (benzo)imidazo[2,1-
b][1,3]thiazine 6a,b, 7a,b

0.17 g (3.4 mmol) of sodium cyanide was added to
the solution of 1.7 mmol of mesylate 2a-c in 10 mL of dry
DMFA and heated at 373 K for 10 h. The solvent was
evaporated under reduced pressure, the resulting residue
was treated with water and extracted with CHCl;. The
organic layer was dried with Na,SO,4 and evaporated, the
residue was separated by a column chromatography (elu-
ent CHCl;-MeOH, 150:1).

Mixture of  2,3-diphenyl-5H-imidazo|2,1-
b][1,3]thiazine 6a and 2,3-diphenyl-7H-imidazo[2,1-
b][1,3]thiazine 7a. 'HNMR spectrum, CDCls, 6, ppm (J,
Hz): 3.57d (2H, *J=8.0, CH,), 4.43-4.44 m (2H, CH,),
5.45-550m (1H, CH), 5.78-5.83 m (1H, CH), 6.34-
6.37m (1H, CH), 6.51-6.53 m (1H, CH), 7.12-7.24 m
(6H, Ar), 7.33-7.35 m (4H, Ar), 7.44-7.53 m (10H, Ar).

4H-Benzo[4,5]imidazo([2,1-b][1,3]thiazine  6b.
Yield: 34 %, 425-426 K. Crystallize from chloroform.
'HNMR spectrum, CDCls, 8, ppm (J, Hz): 4.93-4.94 m
(2H, NCH,), 6.08-6.12 m (1H, CH), 6.40-6.43 m (1H,
CH), 7.30-7.34m (3H, Ar), 7.71-7.73m (1H, Ar).
C NMR spectrum, CDCls, 8, ppm: 43.4 (C*), 108.7 (C°),
114.8 (C?), 115.8 (C?), 117.9 (C*), 122.8 (C7), 123.5 (C¥),
134.1 (C™), 142.9 (C™), 147.8 (C'™). Mass spectrum, m/z:
350 [M+H]". Found, %: C 63.61; H 4.32; N 15.00.
C1oHsN,S. Calculated, %: C 63.80; H 4.28; N 14.88.

Mixture of 4H-benzo|4,5]imidazo[2,1-b][1,3]
thiazine 6b and 2H-benzo[4,5]imidazo[2,1-b][1,3] thi-
azine 7b. '"HNMR spectrum, CDCls, 8, ppm (J, Hz):
3.68-3.70 m (2H, SCH,), 4.91-4.92 m (2H, NCH,), 5.58-
5.63m (1H, CH), 6.06-6.09 m (1H, CH), 6.39-6.42 m
(1H, CH),7.06-7.08 m (1H, CH), 7.24-7.31 m (6H, Ar),
7.64-7.71 m (2H, Ar).

2.6. X-Ray crystal structure
determination

The yellow crystals of compound 6b (C;oHsN,S)
are monoclinic. At 293 K a = 6.0820(7), b= 12.1456(14),
c=123132(16) A, B=104.172(7)°, V=2881.89(19) A3,
M, =188.24, Z= 4, space group P2/c, dcqi-=1.418 g/cm3,
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WMoKy) =0.314 mm”, F(000)=392. Intensities of
12803 reflections (1550 independent, R;,,= 0.022) were
measured on the Bruker APEX II diffractometer (graphite
monochromated MoK, radiation, CCD detector, -
scaning, 20, = 50°). The structure was solved by a di-
rect method using SHELXTL package."® Positions of the
hydrogen atoms were located from electron density differ-
ence maps and refined using a “riding” model with
Uiso = 1.2U,, of the carrier atom. Full-matrix least-squares
refinement against F° in an anisotropic approximation for
non-hydrogen atoms using 1550 reflections was converged
to wR,=0.106 (R;=0.039 for 1263 reflections with
F>46(F), §=1.053). The final atomic coordinates, and
crystallographic data for molecule 6b have been deposited
to with the Cambridge Crystallographic Data Centre, 12
Union Road, CB2 1EZ, UK (fax: +44-1223-336033; e-
mail: deposit@ccdc.cam.ac.uk) and are available on the
request quoting the deposition numbers CCDC 2234051).

3. Results and Discussion

The reaction of nucleophilic substitution of nitro-
gen- and sulfur-containing fragments for a halogen atom
or a hydroxyl group is known as a convenient and effec-
tive approach for directed functionalization of heterocyc-
lic compounds. It is usually characterized by a significant
degree of conversion and high yields of target products.
However, imidazo[2,1-b][1,3]thiazine derivatives were
not systematically studied in this kind of transformations,
except for the report [19] that described the synthesis of 6-
bromo-2,3-diphenylimidazo[2,1- b][1,3]thiazine and 3-
chlorobenzo[4,5]imidazo[2,1-b][1,3]thiazine by halogena-
tion of the corresponding 6(3)-hydroxy(benzo) imi-
dazo[2,1-b] [1,3]thiazines. Therefore, we decided to in-
vestigate the possibility of using h(?fdroxy—substituted
(benzo)imidazo[Z,l—b][1,3]thiazineslo’2 2 as basic sub-
strates in nucleophilic substitution reactions with sodium
azide, potassium thiocyanate, and sodium cyanide.

Taking into account the fact that the hydroxyl
group near the sp’-hybridized third carbon atom does not
play the role of a leaver in nucleophilic substitution reac-
tions (unlike its protonated form), it was transformed in
(benzo)imidazo[2,1-b][1,3]thiazines 1a-c to a more nu-
cleofugous mesylate group. For this purpose, the corre-
sponding mesylates 2a-¢ were obtained with yields of 51-
86 % by treating heterocyclic alcohols 1a-¢ with methane-
sulfonic acid chloroanhydride in a pyridine solution at
room temperature (Scheme 1).

The structure of the synthesized compounds 2a-c¢
was reliably confirmed by a complex of ?hysico—chemical
researches, particularly by the results of 'H and “C NMR
measurements, in which the characteristic signal of the
methyl group is recorded at 3.30-3.36 ppm and 38.23-
38.4 ppm, respectively.
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Scheme 1. Synthesis of imidazo[2,1-b][1,3]
thiazinyl methanesulfonates 2a-c

The optimal course of the reaction of mesylates 2a-c
with such an ambident nucleophile as potassium thiocyanate
turned out to be heating the reagents in DMFA solution at
373 K for 10 hours. It was also established that in the case of
methanesulfonate 2a unsubstituted in the imidazole ring, the
reaction proceeds selectively with the formation of 6-
thiocyanatoimidazo[2,1-b][1,3]thiazine 3a (Scheme 2). On
the other hand, in the case of diphenyl-substituted 2b and
benzoannelated 2¢ derivatives, it was revealed by the 'H
NMR spectroscopy method that a non-selective process is
observed, leading to two types of isomeric substitution prod-
ucts, thiocyanatoimidazo[2,1-b]thiazines 3b,c and isothiocy-
anatoimidazo[2,1-b]thiazines 4a,b in the ratio 3b:4a=3.2:1;
3c:4b=2.5:1 (Scheme 2). The resulting mixture of products
was separated by the column chromatography on silica gel
using a mixture of CHCl;:MeOH, 150:1 as an eluent. The
preferred thiocyanates 3b,c were isolated, and their structure
was confirmed by IR spectra with narrow absorption bands
of SCN groups at 2155-2162 cm ' and >C NMR spectra with
signals of carbon atoms of the thiocyanate group at 110.7-
110.8 ppm. However, among the minor products only 3-
isothiocyanato-3,4-dihydro-2 H-benzo[4,5] imidazo[2,1-
b][1,3]thiazine 4b could be isolated. Its IR spectrum is char-
acterized by a wide absorption band of the NCS group at
1954 cm !, and the C NMR spectrum has the signal of the
carbon atom of this group at 156.8 ppm.

The reaction of nucleophilic substitution of the me-
sylate group of compounds 2a-c¢ with sodium azide under
similar reaction conditions is also non-selective. It was
found in the case of mesylate 2a that unidentified products
of the destruction of the imidazothiazine core were formed
along with the target azide Sa (32 % yield). At the same
time, diphenyl-substituted 2b and benzoannelated 2¢ me-
sylates react with the formation of a mixture of azides
5b,c and structurally isomeric products of the elimination
of methanesulfonic acid 6a,b and 7a,b (Scheme 3). The
ratio of the latter determined by comparing the integral
intensities of alkenyl protons in the reaction mixture was
6a:7a=1.6:1; 6b:7b =2:1. Purification and isolation of
target azides 5a-c were performed by the column chroma-
tography on silica gel (eluent CHCl;-MeOH, 50:1).
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Scheme 3. Synthesis of azidoimidazo[2,1-b][1,3]thiazines 5a-c and products of elimination 6a,b, 7a,b

Their own specifics were revealed in the reaction
of compounds 2a-c¢ with sodium cyanide, a stronger re-
agent in terms of nucleophilicity and basicity compared to
sodium azide® under the above reaction conditions. Thus,
its interaction with mesylate 2a is accompanied by the
destruction of the imidazothiazine cycle, whereas in the
case of diphenyl-substituted 2b and benzoannelated 2c
derivatives, an isomer mixture of the elimination products
is formed with the ratio 6a:7a=1.1:1; 6b:7b=2.5:1
(Scheme 3). Isomer 6b was isolated by the column chro-
matography, while isomers 6a, 7a could not be separated.

The results of measurements of IH, BC NMR and
LC-MS spectra (see Sec. 2 Experimental) do not contra-
dict the proposed structure of elimination products 6b and
7b. In addition, the physico-chemical characteristics of
compound 6b coincide with those of the compound ob-
tained by the counter way of synthesis, cyclocondensation
of N-(prop-2- gfl)—o—phenyldiamine hydrochloride with
carbon disulfide.”* However, in order to clarify the stereo-

chemical features of its structure, X-ray structural study
was considered advisable.

The X-ray diffraction study has shown that the tri-
cyclic fragment of compound 6b has a linear structure
(Fig.). All the non-hydrogen cyclic atoms lie within the
plane with the accuracy of 0.02 A despite of the Csp’
hybridization of the C7 atom. Planar structure of the thiaz-
ine ring causes the shortening of the C7—C8 bond up to
1.468(3) A as compared to its mean value of 1.506 A.*

In the crystal phase, molecules 6b form stacking
dimers of the “head-to-tail” type due to both stacking
interaction (the distance between m-systems is 3.46 A, the
shift of the m-systems to each other is 1.923 A) and C—
H...m hydrogen bonds (C7-H7b...C2’ symmetry opera-
tion is 1-x,1-y,1-z, the H...C distance is 2.79 A, the C—
H...C bond angle is 154° and C7-H7b...C3’ symmetry
operation is 1-x,1-y,1-z, the H...C distance is 2.89 A, the
C—H...C bond angle is 126°).
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Figure. Molecular structure of compound 6b according to X-ray
diffraction data. For clarity, only one conformer is presented.
Thermal ellipsoids are shown at 50% probability level

4, Conclusions

We investigated the particularities of the course of
the reaction of (benzo)imidazo[2,1-b][1,3]thiazine mesy-
lates with a number of typical nucleophilic reagents: potas-
sium thiocyanate, sodium azide, and sodium cyanide. It was
established that depending on their nucleophilicity, the
formation of elimination products takes place along with
substitution products. The spatial structure of the elimina-
tion product, 4H-benzo[4,5]imidazo[2,1-b][1,3]thiazine 6b,
was established by X-ray structural analysis.
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OCOBJIMBOCTI B3AEMO/IIi (FEH30)IMIJIA30][2,1-
B][1,3]TIASMHME3WJIATIB 3 HYKJIEO®LTLHUMH
PEATEHTAMU

Anomauin. Bugueno ocobnusocmi nepebicy peaxyiii meman-
cynvghonoxionux (bens)imioasof2,1-b] [1,3miazunie 3 psioom Hykie-
oinvHux peacenmie. Bcmanosneno, wjo 60HU HECENeKMUSHO ped-
2yIomb i3 Kailo mioyianamom, ymeoproouu cymiui mio- ma i30mio-
yianamonoxionux. Y cgoto uepey, y pe3yivmami 63acMoOii 3 Hampiio
azudom nopso i3 HyKIeOQIIbHUM 3aMIUEHHIM MAE MICye KOHK)-
pyioua peaxyis eniminysannst. OCmanHs peanizyemvcsi ik OOMIHYIOUA
6 peaxyii 3 Hampio yianioom. Memooom penmeeHoCmpyKnypHo2O
aHanizy 6CMaHosleHo Npocmoposy 6y008y 00HO20 3 I30MEPHUX Npo-
oykmie eniminysanns — 4H-6enzof4, 5]imioazof2, 1-b] [1,3] miazumy.

Knrouosei cnosa: (6enzo)imioasof2,1-b][1,3] miazunu, peax-
yii' HyKILeoPinbHo20 3amiujents, peaxyii enimMinygans, mio(izomio)
YiaHamo- ma a3u0OnoXioHi.



