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A Rapid Synthesis of 5H-Benzol[d]imidazo[5,1-b][1,3]thiazines via
Copper(l)-Catalyzed Cascade Bicyclization of o-Alkynylphenyl
Isothiocyanates with Ethyl (E)-2-(Benzylideneamino)acetates
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Abstract A rapid and efficient protocol for copper(I)-catalyzed tandem bicyclization of o-alkynylphenyl isothiocyanates
with ethyl (E)-2-(benzylideneamino)acetates has been developed, affording a series of 5H-benzo[d]imidazo[5,1-b][1,3]thia-
zines in moderate to good yields. In this transformation, a [3+2] cycloaddition reaction mechanism was involved and two new
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rings were formed in one pot.
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1 Introduction

Imidazoles is an important class of five-membered het-
erocycles with significant biological activities.'!' Among
their derivatives, imidazobenzothiazines show a broad
range of biological activities and attract considerable atten-
tion in medicinal and pharmaceutical sciences. Some of
these compounds have been used as analgesic drugs with
potential anti-inflammatory, antimicrobial and anti-hel-
minthic activity,?! as selective inhibitors of COX-2 with
affinity for the omega modulatory sites of GABAA recep-
tors.l*l Therefore, the synthesis of libraries of such com-
pounds should be interesting. However, only a few practi-
cal methods have been developed for the synthesis of these
imidazobenzothiazines.'! Sequential nucleophilic addi-
tion/salinization/cyclization reactions of 2-aminobenzhy-

* Corresponding author. E-mail: wenyanhao@jxnu.edu.cn

drol with thiourea are used for the synthesis of 5H-benzo-
[d]imidazo[2,1-b][1,3]thiazines.’’) Another approach to
functionalized benzimidazobenzothiazines was getting a
precursor via a Sx2 reaction and then adding NaH for cy-
clization.” Ullmann coupling of 2-mercaptoimidazoles
and bromobenzyl bromides provides an alternative method
for synthesizing these frameworks.”’ However, most of
these mentioned reactions have more or less disadvantages
such as narrow substrate scope, long reaction time and
tedious multi-step manipulations.

Recently, transition-metal-catalyzed cascade bicycliza-
tion of o-alkynylphenyl isothiocyanates with various nu-
cleophiles provides a new and powerful synthetic strategy
to construct different heterocycles such as indoles,®! quin-
oline,”! thiazine!'” and so on. For example, Saito group®!
developed an Rh-mediated Pauson-Khand (PK) reaction to
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construct a 3-substituted-2H-thieno[2,3-b]indol-2-ones by
using o-alkynylphenyl isothiocyanates and CO as the sub-
strates (Scheme 1, a). Li and co-workers®!!1 also devel-
oped two cases of cascade functionalization of isonitriles
and diaryliodonium salts with o-alkynylphenyl isothiocya-
nates to construct thieno[2,3-b]indole and thiochrome-
no[2,3-b]indole heterocycles (Schemes 1, b and c¢). Wang
group!'?! reported a Cu-catalyzed cascade bicyclization for
the synthesis of 2-(1H-indol-1-yl)-4,5-dihydrothiazoles
from o-alkynylphenyl isothiocyanates and propargylamine
(Scheme 1, d). Recently, a Silver-catalyzed cascade bicy-
clization of o-alkynylphenyl isothiocyanates with sodium
azide for the synthesis of S5H-benzo[d]tetrazolo[5,1-
b][1,3]thiazines has been reported by our group (Scheme 1,
€).[31 Encouraged by these fascinating researches and our
continuing interest in the transformation of o-alkynyl-
phenyl isothiocyanates,'¥ we herein report an efficient
copper-catalyzed cyclization of o-alkynylphenyl isothio-
cyanates with ethyl (E)-2-(benzylideneamino)acetates for
the synthesis of 5H-benzo[d]imidazo[5,1-b][1,3]thiazines
(Scheme 1, 1).

2 Results and discussion

Similar to the process reported in previous literature,!'¥]
our initial study began with 1.0 equiv. of 1-isothiocyanato-
2-(phenylethynyl)benzene (1a) and 2.0 equiv. of ethyl
(E)-2-(benzylideneamino)acetates (2a) with 2.0 equiv. of
Cs2COs in the presence of Cu(OAc), (10 mol%) in 2 mL of
anhydrous MeCN at 80 C for 30 min. To our delight,
desired product 3aa was successfully isolated in 40% yield
(Table 1, Entry 1). Then, other copper catalysts were
screened, and CuCl was found to be the best choice (Table
1, Entries 2~7). A blank experiment indicated that the
copper salt can promote the reaction, because desired
product 3a was obtained in only 30% yield in the absence of
the copper catalyst (Table 1, Entry 8). The reaction also did
not go well in the absence of a base (Table 1, Entry 9),
which indicated that the combination of a copper catalyst
and a base was helpful to improve the yield. Reducing the
amount of copper salts to 5 mol%, the yield increased
slightly (Table 1, Entry 10). The effect of base on the reac-
tion was next investigated. The yield was improved to 81%
if KOH was employed, whereas phosphorus salt failed to
promote the reaction. Other bases such as Na,CO3, K»COs3,
NaOH, #BuOK and 1,5-dizzabicyclo[5.4.0]undecen-5-ene
(DBU) were substantially less effective (Table 1, Entries
11~18). The solvent of the reaction was also screened. No
improved yield was observed by using 1,2-dichloroethane
(DCE), toluene, dioxane, tetrahydrofuran (THF), CH3;OH,
N,N'-dimethylformamide (DMF) and dimethyl sulfoxide
(DMSO) as solvents (Table 1, Entries 19~25). Finally, the
effect of temperature on the reaction was examined and it
was found that 25 ‘C gave the best result (Table 1, Entries
26~30). Therefore, the optimized conditions include the
use of a combination of CuCl (5 mol%) as the catalyst and
KOH (2.0 equiv.) as the base in 2 mL of MeCN at 25 ‘C
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Table 1 Initial studies for the tandem reaction of 1-isothiocy-
anato-2-(phenylethynyl)benzene (1a) with ethyl (£)-2-(benzyli-

deneamino)acetate (2a)*
COOEt O

I _ N catalyst base s o
solvent temp.
N™N
N )=

1a 3aa

Entry Catalyst  Base Solvent Temp./C Yield?/%
1 Cu(OAc), Cs2CO3 MeCN 80 40
2 Cu(OTf)2 Cs2CO3  MeCN 80 36
3 CuBr2 Cs2CO0s MeCN 80 42
4 CuO Cs2CO0s MeCN 80 47

5 Cul Cs2CO0s MeCN 80 42

6 CuBr Cs2CO0s MeCN 80 47

7 CuCl Cs2CO03 MeCN 80 52
8 Cs2CO0s MeCN 80 30
9 CuCl MeCN 80 32
10¢ CuCl Cs2CO0s MeCN 80 53
11¢ CuCl K5PO4 MeCN 80 Trace
12¢ CuCl Na;HPOs MeCN 80 Trace
13¢ CuCl K2COs MeCN 80 53
14¢ CuCl Na2CO3  MeCN 80 56
15¢ CuCl NaOH MeCN 80 79
16¢ CuCl KOH MeCN 80 81
17¢ CuCl t-BuOK  MeCN 80 65
18¢ CuCl DBU MeCN 80 70
19¢ CuCl KOH DCE 80 37
20¢ CuCl KOH Toluene 80 44
21¢ CuCl KOH 1,4-Dioxane 80 33
22¢ CuCl KOH THF 80 40
23¢ CuCl KOH CH;OH 80 36
24¢ CuCl KOH DMF 80 56
25¢ CuCl KOH DMSO 80 62
26¢ CuCl KOH MeCN 120 Trace
27¢ CuCl KOH MeCN 100 66
28¢ CuCl KOH MeCN 60 77
29¢ CuCl KOH MeCN 40 79
30¢ CuCl KOH MeCN 25 83

© 2021 Chinese Chemical Society & SIOC, CAS

@ Reaction was performed with 1a (0.2 mmol), 2a (0.4 mmol), catalyst (0.02
mmol), base (0.4 mmol) in solvent (2 mL) for 30 min. ® Isolated yield based on
1-isothiocyanato-2-(phenylethynyl)benzene (1a). ¢ The amount of copper salt
is 5 mol%.

(Table 1, Entry 30).

Under the optimal condition, a variety of o-alkynyl-
phenyl isothiocyanates 1 with ethyl (£)-2-(benzylidene-
amino)acetate (2a) were investigated. As shown in Table 2,
all reactions proceeded smoothly, leading to the desired
SH-benzo[d]imidazo[5,1-b][1,3]thiazines in moderate to
good yields. For example, the substituents on the R? posi-
tion of o-alkynylphenyl isothiocyanates showed obvious
electronic effects on the reaction. When the R? group in the

http://sioc-journal.cn/ 1983
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Scheme 1  Synthesis of N,S-containing heterocycles through o-alkynylphenyl isothiocyanates

Table 2  Substrate scope of diverse o-alkynylphenyl isothiocyanates®

R2
I
// CuCl (5 mol%) R o S
i . SN COOET KOH (2.0 equiv.) =
I /C/ MeCN, r.t., 30 min
1a ~ 1r 2
3aa ~ 3ra

C ‘\I‘ ‘\1‘ . | O O
M V M M N
} 0™\ =N 0™\ NN
3aa 83% yield 3ba 64% vyield 3ca 71% yield 3da 69% vyield 3ea 87% yield 3fa 88% vyield
I |
F
S
§ A0 O :
NN N NM
=N

SaesVpealgealyve
alRvalnes @*

f O
O

3la 60% yield

3ga 62% yield 3ha 75% y|e| 3ia 74% ylel 3ja 54% yield 3ka 89% yield
O O Br O F
| FsC l
S
(L ¢ O G 100y
NN Br A N /S//( NM NM
=Ny O\ =N =N 0™\ - 0\ =N 07\
3ma 72% yield 3na 71% yield 30a 86% yield 3pa 70% yield 3qa 70% yield 3ra 54% yield

4 Reaction conditions: o-alkynylphenyl isothiocyanates (1, 0.2 mmol), (E)-2-(benzylideneamino)acetate (2a, 0.4 mmol), KOH (0.4 mmol), and CuCl (5 mol%) in
MeCN (2 mL) at r.t. © Isolated yield based on o-alkynylphenyl isothiocyanates 1.
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substrates 1 was an electron-deficient aryl, such as p-FC¢Ha,
p-CICsH4 and p-BrCsHs, the reactions with 2a proceeded
smoothly to afford the corresponding products 3ba~3da in
lower yields compared with the reactions of substrates 1
with an electron-rich aryl group such as p-MeC¢Hs and
p-MeOCgH4 at the R? position, which afforded the corre-
sponding products 3ea and 3fa in 87% and 88% yields,
respectively. No desired products were obtained when the
R? group in the substrate o-alkynylphenyl isothiocyanates 1
was an alkyl group, such as n-butyl, #-butyl and n-hexyl.
This may be due to the fact that alkyl group cannot con-
jugate with an acetylenic bond and activate it. In addition,
the reactions of o-alkynylphenyl isothiocyanates bearing
various substituents such as fluoro, chloro, bromo, trifluo-
romethyl and methyl groups on the aryl rings, regardless of
their substitution positions, gave the desired products 3ga~
30a in moderate to good yields. Similarly, the substitution
of electron-donating groups in the reaction was significantly
better than that of electron-withdrawing groups (30a/3ja).
Later, the o-alkynylphenyl isothiocyanate was replaced to
2-isothiocyanato-3-(phenylethynyl)pyridine, the correspon-
ding product 3pa was also obtained in 70% yield. Products
ethyl (Z)-7-bromo-5-(4-bromobenzylidene)-1-phenyl-5H-
benzo[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3qa)

and ethyl (Z)-5-(4-fluorobenzylidene)-1-phenyl-7-(trifluo-
romethyl)-5H-benzo[d]imidazo[5,1-b][1,3]thiazine-3-car-
boxylate (3ra) could also be conveniently obtained in 70%
and 54% yields, respectively. It is noteworthy that only
Z-isomers were formed which is determined by sin-
gle-crystal X-ray analysis of 3aa (Figure 1). This result may
be due to kinetic effects according to Baldwin’s rules.!'

To further assess the universality of this reaction, a vari-
ety of imines with o-alkynylphenyl isothiocyanates (1a)
were examined. As shown in Table 3, methyl (£)-2-(ben-
zylideneamino)acetates could get the corresponding prod-
uct in 86% yield (3ab). Beside, this reaction tolerated lots of
substituents on phenyl ring of (£)-2-(benzylideneamino)-
acetates containing electron-donating and electron-with-
drawing groups in moderate yields (3ac~3ai). However, to
our disappointed, the corresponding products could not be
obtained when R* was hydroxyl group and n-butyl group
(3ai).

The structure of ethyl (Z)-5-benzylidene-1-phenyl-5H-
benzo[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate  (3aa)
was corroborated by X-ray diffraction analysis of the crystal
structure of 3aa, and its ORTEP diagram is displayed in
Figure 1.

A plausible mechanism is proposed in Scheme 2. Firstly,

Table 3 Substrate scope of diverse (E)-2-(benzylideneamino)acetates®”

NS
+  RYONTCOOR?

1a 2b ~ 2k

KOH (2.0 equiv. )

CuCl (5 mol%) |

MeCN, r.t., 30 min

3ag 72% yield 3ah 81% yield

3ai 53% yield

3ak n.d.

@ Reaction conditions: 1-isothiocyanato-2-(phenylethynyl)benzene (1a, 0.2 mmol), (E)-2-(benzylideneamino)acetates (2, 0.4 mmol), KOH (0.4 mmol), and CuCl (5
mol%) in MeCN (2 mL) at r.t. for 30 min. ? Isolated yield based on o-alkynylphenyl isothiocyanate 1a.
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Figure 1 Single-crystal X-ray diffraction structure of 3aa
Thermal ellipsoids are at a 30% probability level (CCDC number is
2047019)

in the presence of copper(I) chloride and the base, the C—H
bond of ethyl (£)-2-(benzylideneamino)acetates (2) would
be activated to afford the intermediate A. Then, intermedi-
ate A reacts with o-alkynylphenyl isothiocyanate through a
concerted [3 + 2] cycloaddition process to generate the
organo-copper intermediate B which undergoes subsequent
isomerization to afford intermediate C. Next, protonation of
the N—Cu bond of the intermediate C by ethyl (F)-2-
(benzylideneamino)acetates 2 would produce the com-
pound D with the regeneration of the copper intermediate A
to end the catalytic cycle. Finally, the subsequent cop-
per-catalyzed intra-molecular nucleophilic cyclization of
compound D would occur to give product 3.

3 Conclusions

In summary, a rapid method for the synthesis of SH-
benzo[d]imidazo[5,1-b][1,3]thiazines via the tandem bicy-
clization reaction of o-alknylphenyl isothiocyanates with
ethyl (E)-2-(benzylideneamino)acetates was developed. Di-
fferent kinds of SH-benzo[d]imidazo[5,1-b][1,3]thiazines
could be synthesized in moderate to good yields. In this
reaction, a [3+2] cycloaddition was proposed to be in-

i e, °
| HS
N —
R1_: _ ° O <—CUL” = NYN
N~ N D
Ph 3

volved and two new rings were formed in a one-pot reac-
tion. This present cascade bicyclization strategy represents
an effective way to construct small molecular N,S-hetero-
cycles with great value.

4 Experimental section

4.1 Instruments and reagents

'H NMR and *C NMR spectra were recorded in 400
MHz apparatus and the frequencies for 'H NMR and '3C
NMR test are 400 MHz and 100 MHz, respectively. The
mass analyzer type used for the HRMS measurements is
micro TOF. Yields refer to chromatographically and spec-
troscopically pure compounds, unless otherwise indicated.
All reagents and metal catalysts were obtained from com-
mercial sources without further purification, and commer-
cially available solvents were purified before use. All reac-
tions were performed in reaction tubes. All new com-
pounds were fully characterized. Silica gel plate GF254
was used for thin layer chromatography (TLC) and silica
gel H or 300~400 mesh was used for flash column chro-
matography. Thin layer chromatography plates were visu-
alized by exposure to ultraviolet light.

4.2 General procedure for the synthesis of product 3

A mixture of o-alkynylphenyl isothiocyanates 1 (0.20
mmol), ethyl (E)-2-(benzylideneamino)acetates 2 (0.4
mmol) and KOH (0.40 mmol) was added into a tube. Sub-
sequently MeCN (2 mL) was added. Then, the sealed tube
was heated at room temperature for 30 min. After comple-
tion of reaction as indicated by TLC, the mixture was con-
centrated and directly purified by flash column chroma-
tography (EtOAc/petroleum ether, V. V=1 ! 2) to give
the desired product 3.

Ethyl (2)-5-benzylidene-1-phenyl-5H-benzo[d]imidazo-
[5,1-b][1,3]thiazine-3-carboxylate (3aa): Yellow solid,
70.4 mg, 83% yield. m.p. 92.5~94.5 ‘C; 'H NMR (400
MHz, CDCls) 6: 7.62~7.56 (m, 4H), 7.45 (t, J=7.2 Hz,
2H), 7.36~7.42 (m, 5H), 7.31~7.33 (m, 2H), 7.13 (t, J=

NS
@ANACOOEt Ph
=
1CuL,,/Base X ~

R1_' _s
® 9 N N//C/
SN COOE
(|3uLn [3+2] cycloaddition
A
Ph
=
N S

Ph )= N

Ph
N = CuL
N"COOEt gy B

R 0

AN £

NN
= O
Ph cuL,,

Cc

Scheme 2 Plausible mechanism
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7.8 Hz, 1H), 6.98 (d, /=8.0 Hz, 1H), 4.41 (q, /=7.2 Hz,
2H), 1.40 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCI;)
0: 162.6, 147.3, 134.8, 133.6, 132.8, 132.0, 130.99, 129.8,
129.6, 129.2, 128.9, 128.7, 128.7, 128.5, 127.8, 127.4,
124.2, 122.1, 60.9, 14.5; HRMS calcd for CyH21N>0,S
[M-+H]" 425.1318, found 425.1323.

Ethyl (Z2)-5-(4-fluorobenzylidene)-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ba): Yel-
low solid, 56.6 mg, 64% yield. m.p. 101.1~102.8 ‘C; 'H
NMR (400 MHz, CDCl3) 6: 7.62~7.55 (m, 5H), 7.46~
7.38 (m, 4H), 7.33 (t, J=7.2 Hz, 1H), 7.16 (d, /=8.4 Hz,
3H), 7.00 (d, /=8.0 Hz, 1H), 4.43 (q, /=7.2 Hz, 2H), 1.41
(t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5) §: 162.57,
162.54 (d, 'Jer=248 Hz), 147.3, 133.2, 132.8, 131.6 (d,
3Jer=9 Hz), 131.05, 131.02, 130.9, 130.8, 129.6, 129.5,
128.9, 128.7, 128.7, 127.9, 127.5 (d, 2Jcr=26 Hz), 124.1,
122.1, 115.6 (d, 2Jcr=22 Hz), 60.9, 14.5; HRMS calcd for
C26H20FN,0,S [M+H]" 443.1224, found 443.1234.

Ethyl (Z)-5-(4-chlorobenzylidene)-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ca): Yel-
low solid, 65.0 mg, 71% yield. m.p. 115.2~117.2 'C; 'H
NMR (400 MHz, CDCl3) d: 7.58~7.62 (m, 3H), 7.52 (d,
J=8.4 Hz, 2H), 7.41~7.45 (m, 5H), 7.34 (t, J/=7.6 Hz,
1H), 7.25 (s, 1H), 7.16 (t, J=7.6 Hz, 1H), 7.00 (d, /=8.4
Hz, 1H), 4.43 (q, J/=7.2 Hz, 2H), 1.41 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, CDCl3) 6: 162.5, 147.4, 134.4, 133.3,
133.0, 132.8, 131.0, 130.9, 130.5, 129.7, 129.4, 129.0,
128.9, 128.8, 128.8, 127.9, 127.7, 127.4, 125.1, 122.1, 60.9,
14.5; HRMS calcd for Ca6H20CIN,0,S [M-+H]" 459.0929,
found 459.0930.

Ethyl (Z)-5-(4-bromobenzylidene)-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3da): Yel-
low solid, 69.3 mg, 69% yield. m.p. 121.6~123.1 'C; 'H
NMR (400 MHz, CDCl3) 6: 7.50~7.55 (m, 4H), 7.38~
7.31 (m, 5H), 7,26 (t, J=7.6 Hz, 1H), 7.17 (d, J=16.4 Hz,
2H), 7.08 (d, J=7.2 Hz, 1H), 6.92 (d, J=8.4 Hz, 1H),
4.35(q, J=7.2 Hz, 2H), 1.34 (t, J=7.2 Hz, 3H); '*C NMR
(100 MHz, CDCl3) d: 162.5, 147.4, 133.7, 132.9, 132.8,
131.7, 131.2, 130.9, 130.6, 129.7, 129.4, 129.00, 128.9,
128.8, 127.9, 127.7, 127.5, 125.2, 122.7, 122.1, 60.9, 14.5;
HRMS calcd for CaHxBrNO,S [M+H] " 503.0423,
found 503.0428.

Ethyl (Z)-5-(4-methylbenzylidene)-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ea): Yel-
low solid, 76.2 mg, 87% yield. m.p. 108.4~109.4 C; 'H
NMR (400 MHz, CDCl3) d: 7.58~7.62 (m, 3H), 7.48 (d,
J=8.0 Hz, 2H), 7.38~7.43 (m, 3H), 7.32 (t, J/=7.2 Hz,
1H), 7.27 (d, J=6.0 Hz, 2H),7.20~7.08 (m, 2H), 6.98 (d,
J=8.4 Hz, 1H), 4.42 (q, J=7.2 Hz, 2H), 2.41 (s, 3H), 1.41
(t, J/=7.2 Hz, 3H); *C NMR (100 MHz, CDCI3) J: 162.6,
147.2, 138.7, 132.1, 132.0, 131.0, 129.9, 129.7, 129.6,
129.3, 128.9, 128.7, 128.5, 128.5, 127.8, 127.7, 127.3,
123.1, 122.0, 60.8, 21.4, 14.5; HRMS caled for
C27H23N,0,S [M+H]" 439.1475, found 439.1485.

Ethyl (Z2)-5-(4-methoxybenzylidene)-1-phenyl-5H-
benzo[d]imidazo[5,1-b][1,3] thiazine-3-carboxylate (3fa):
Yellow solid, 79.9 mg, 88% yield. m.p. 115.5~117.5 C;

Chin. J. Org. Chem. 2021, 41, 1982~1990
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"H NMR (400 MHz, CDCI3) 8: 7.55~7.61 (m, 4H), 7.36~
7.45 (m, 4H), 7.32 (d, J=7.2 Hz, 1H), 7.25 (d, /=8.4 Hz,
1H), 7.06~7.18 (m, 2H), 6.97~7.00 (m, 2H), 4.43 (q, J=
7.2 Hz, 2H), 3.87 (s, 3H), 1.42 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCl3) d: 162.6, 159.8, 147.2, 133.9, 132.8,
131.7, 131.3, 131.1, 130.1, 129.5, 129.2, 128.9, 128.7,
128.3, 127.7, 127.6, 127.3, 122.0, 121.8, 114.0, 60.8, 55.4,
14.5; HRMS calcd for Co7H23N,03S [M+H]" 455.1424,
found 455.1434.

Ethyl (Z)-5-benzylidene-7-fluoro-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ga): Yel-
low solid, 54.8 mg, 62% yield. m.p. 100.5~101.5 'C; 'H
NMR (400 MHz, CDCls) 6: 7.58 (d, J=7.2 Hz, 3H), 7.37~
7.49 (m, 6H), 7.28~7.35 (m, 3H), 6.96~6.99 (m, 1H),
6.84~6.89 (m, 1H),4.42 (q,J=7.2 Hz, 2H), 1.41 (t,J=7.2
Hz, 3H); '3C NMR (100 MHz, CDCl;) J: 162.5, 161.1 (d,
lJcr=248 Hz), 147.1, 134.4, 133.0, 132.9, 131.8, 130.8,
129.8, 129.7, 129.2, 128.9, 128.6, 128.4, 128.3, 128.0,
123.8 (d, 3Jcr=9 Hz), 123.4, 115.7 (d, 2Jcr=23 Hz), 114.3
(d, ZJcr=24 Hz), 60.9, 14.5; HRMS calcd for CgHaoF-
N,O,S [M+H]" 443.1224, found 443.1237.

Ethyl (Z)-5-benzylidene-7-chloro-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ha): Yel-
low solid, 68.7 mg, 75% yield. m.p. 116.0~116.9 C; 'H
NMR (400 MHz, CDCl3) 6: 7.59 (dd, J=13.6, 4.8 Hz, 3H),
7.48~7.36 (m, 8H), 7.30 (s, 1H), 7.10 (dd, /=8.4, 2.0 Hz,
1H), 6.92 (d, J/=8.4 Hz, 1H), 4.41 (q, J=7.2 Hz, 2H), 1.40
(t, J/=7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) §: 162.4,
147.2, 1344, 133.2, 133.0, 132.9, 131.8, 131.4, 131.2,
130.7, 129.8, 129.6, 128.9, 128.8, 128.6, 128.4, 128.0,
127.5, 123.2, 123.0, 61.0, 14.5; HRMS caled for
C26H20CIN,0,S [M+H]" 459.0929, found 459.0939.

Ethyl (2)-5-benzylidene-7-bromo-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ia): Yellow
solid, 74.3 mg, 74% yield. m.p. 120.8~121.8 C; 'H NMR
(400 MHz, CDCl3) 0: 7.69 (d, J/=2.0 Hz, 1H), 7.50 (d, J=
7.2 Hz, 4H), 7.42~7.24 (m, 6H), 7.09~7.19 (m, 2H), 6.78
(d, J/=8.4 Hz, 1H), 4.34 (q, J/=7.2 Hz, 2H), 1.33 (t, J=7.2
Hz, 3H); *C NMR (100 MHz, CDCl3) J: 162.4, 147.2,
134.4, 133.1, 131.9, 131.8, 131.5, 131.4, 130.7, 130.4,
129.8, 128.9, 128.8, 128.6, 128.4, 128.3, 128.0, 123.4,
122.9, 120.8, 61.0, 14.5; HRMS caled for Cy6H20BrN,O,S
[M-+H]" 503.0423, found 503.0427.

Ethyl (Z)-5-benzylidene-1-phenyl-7-(trifluoromethyl)-
5H-benzo[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate
(3ja): Yellow solid, 53.1 mg, 54% yield. m.p. 106.5~
107.5 “C; 'TH NMR (400 MHz, CDCl5) 6: 7.89 (s, 1H), 7.59
(d, J/=6.8 Hz, 3H), 7.38~7.51 (m, 8H), 7.29~7.33 (m,
1H), 7.11 (d, J/=6.8 Hz, 1H), 4.43 (q, J/=7.2 Hz, 2H), 1.41
(t, J/=7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) §: 162.4,
147.6, 1354, 134.3, 133.7, 131.8, 130.5, 130.2, 130.0,
129.9, 129.0, 128.8, 128.8, 128.6, 128.5, 128.4, 128.2,
125.3 (q, Jerz=4 HZ), 125.1 (q, Jerz=4 HZ), 122.9, 122.5,
61.0, 14.5; HRMS caled for Cp7HyF3N,0,S [M+H]"
493.1192, found 493.1193.

Ethyl (Z2)-5-benzylidene-7-methyl-1-phenyl-5H-benzo-

[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ka): Yel-
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low solid, 78.0 mg, 89% yield. m.p. 106.6~108.6 ‘C; 'H
NMR (400 MHz, CDCl3) 6: 7.57~7.60 (m, 3H), 7.35~
7.49 (m, 7H), 7.31 (s, 2H), 6.95 (d, J=7.6 Hz, 1H), 6.85~
6.90 (m, 1H), 4.42 (q, J=7.2 Hz, 2H), 2.39 (s, 3H), 1.40 (4,
J=17.2 Hz, 3H); 3C NMR (100 MHz, CDCls) 6: 162.6,
147.1, 137.4, 1349, 133.3, 131.6, 131.1, 130.6, 129.8,
129.5, 129.4, 129.0, 128.9, 128.8, 128.7, 128.5, 128.0,
127.7, 124.4, 121.9, 60.8, 21.0, 14.56; HRMS calcd for
C27H23N>0,S [M+H]" 439.1475, found 439.1482.

Ethyl (Z)-5-benzylidene-8-fluoro-1-phenyl-5H-benzo-
[d]-imidazo[5,1-b][1,3]thiazine-3-carboxylate (3la): Yel-
low solid, 53.0 mg, 60% yield. m.p. 102.6~103.9 C; 'H
NMR (400 MHz, CDCl3) 6: 7.63~7.53 (m, 5H), 7.55~
7.61 (m, 5H), 7.38 (t, J/=7.2 Hz, 1H), 7.25 (s, 1H), 7.05 (td,
J=8.6,2.5Hz, 1H), 6.69 (dd, /=10.0,2.4 Hz, 1H), 4.42 (q,
J=17.2 Hz, 2H), 1.40 (t, J=7.2 Hz, 3H); '3C NMR (100
MHz, CDCls) d: 162.5, 162.0 (d, 'Jor=248 Hz), 1474,
134.6, 133.9 (d, 3Jcr=11 Hz), 133.5, 132.1, 130.4, 130.0,
129.7, 129.5 (d, 3Jcr=9 Hz), 129.0, 128.9, 128.6, 128.6,
127.9, 125.7, 123.4, 114.6 (d, 2Jor=21 Hz), 109.5 (d,
2JCF:27 HZ), 610, 14.5; HRMS calced for CzﬁHzoFNzOzS
[M-+H]" 443.1224, found 443.1234.

Ethyl (Z)-5-benzylidene-8-chloro-1-phenyl-5H-benzo-
[d]-imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ma): Yel-
low solid, 66.0 mg, 72% yield. m.p. 115.2~117.2 C; 'H
NMR (400 MHz, CDCl3) é: 7.59 (dd, J=13.6, 4.8 Hz, 4H),
7.49~7.37 (m, 7H), 7.31 (s, 1H), 7.11 (dd, /=8.4, 2.0 Hz,
1H), 6.92 (d, J/=8.4 Hz, 1H), 4.42 (q, J=7.2 Hz, 2H), 1.40
(t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 162.4,
147.2, 134.4, 133.2, 133.0, 132.9, 131.8, 131.4, 131.2,
130.7, 129.8, 129.6, 128.9, 128.8, 128.6, 128.3, 127.5,
123.2, 123.0, 60.9, 14.5; HRMS calcd for CocH20CIN,O,S
[M+H]" 459.0929, found 459.0939.

Ethyl (Z)-5-benzylidene-8-bromo-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3na): Yel-
low solid, 71.3 mg, 71% yield. m.p. 123.5~124.5 'C; 'H
NMR (400 MHz, CDCl3) é: 7.77 (d, J=2.0 Hz, 1H), 7.58
(d, J/=17.2 Hz, 4H), 7.49~7.37 (m, 7H), 7.31 (s, 1H), 6.85
(d, J=8.8 Hz, 1H), 4.41 (q, /=7.2 Hz, 2H), 1.40 (t, J=7.2
Hz, 3H); '*C NMR (100 MHz, CDCl3) ¢: 162.4, 147.2,
134.4, 133.1, 131.9, 131.8, 131.5, 131.4, 130.7, 130.4,
129.8, 128.9, 128.8, 128.8, 128.6, 128.4, 128.0, 123.4,
122.9, 120.7, 61.0, 14.5; HRMS calcd for C26H20BrN,0,S
[M+H]" 503.0423, found 503.0437.

Ethyl (Z)-5-benzylidene-8-methyl-1-phenyl-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (30a): Yellow
solid, 75.3 mg, 86% yield. m.p. 107.3~109.6 C; 'H NMR
(400 MHz, CDCl3) o: 7.52~7.49 (m, 4H), 7.40~7.27 (m,
7H), 7.22 (s, 1H), 6.86 (dd, J=8.4, 1.2 Hz, 1H), 6.79 (d,
J=8.4 Hz, 1H), 4.34 (q, J=7.2 Hz, 2H), 2.30 (s, 3H), 1.32
(t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 162.6,
147.1, 137.3, 134.9, 133.3, 131.6, 131.1, 130.6, 129.8,
129.5, 129.4, 129.4, 1289, 128.7, 128.5, 128.5, 128.0,
127.7, 124.4, 121.9, 60.8, 21.0, 14.5; HRMS calcd for
C27H23N>0,S [M+H]" 439.1475, found 439.1487.

Ethyl (Z)-5-(4-chlorobenzylidene)-9-phenyl-5H-
imidazo[5,1-b]pyrido[2,3-d][1,3]thiazine-7-carboxylate
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(3pa): Yellow solid, 64.3 mg, 70% yield. m.p. 109.4~
111.4 °C; 'H NMR (400 MHz, CDCl;) &: 8.17 (d, J=2.8
Hz, 1H), 7.96 (d, /=8.0 Hz, 1H), 7.65~7.50 (m, 4H), 7.44
(d,J=8.4 Hz, 2H), 7.29~7.41 (m, 4H), 7.19 (d, J=5.6 Hz,
1H), 4.44 (td, J=13.8, 6.8 Hz, 2H), 1.42 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, CDCl3) J: 162.7, 148.2, 145.1, 135.6,
134.7, 133.0, 132.3, 131.0, 130.9, 130.1, 129.2, 129.0,
128.9, 128.8, 128.7, 127.89, 127.82, 127.7, 124.1, 123.2,
123.1, 61.0, 14.5; HRMS calcd for C25H19C1N3028 [M+
H]" 460.0881, found 460.0892.

Ethyl (Z)-7-bromo-5-(4-bromobenzylidene)-1-phenyl-
5H-benzo[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate
(3qa): Yellow solid, 81.1 mg, 70% vyield. m.p. 175.5~
177.5 °C; '"H NMR (400 MHz, CDCl;) é: 7.76 (d, J=2.0
Hz, 1H), 7.57 (d, J=6.0 Hz, 1H), 7.52 (d, J=8.4 Hz, 2H),
7.39~7.48 (m, 5H), 7.24~7.34 (m, 3H), 6.86 (d, J=8.8
Hz, 1H), 4.43 (dt, J/=14.3, 7.2 Hz, 2H), 1.41 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCls) J: 162.4, 147.3, 134.8,
132.9, 132.6, 131.9, 131.7, 131.6, 131.1, 131.0, 130.6,
130.3, 129.9, 128.9, 128.8, 128.4, 127.4, 123.7, 123.5,
1208, 610, 14.5; HRMS calcd for C26H19Br2NQOZS [M+
H]" 580.9529, found 580.9534.

Ethyl (Z2)-5-(4-fluorobenzylidene)-1-phenyl-7-(trifluoro-
methyl)-5H-benzo[d]imidazo[5,1-b][1,3]thiazine-3-car-
boxylate (3ra): Yellow solid, 53.1 mg, 54% yield. m.p.
130.5~132.5 “C; '"H NMR (400 MHz, CDCl;) J: 7.87 (s,
1H), 7.58 (d, J/=7.6 Hz, 3H), 7.49~7.38 (m, 5SH), 7.32 (s,
1H), 7.18 (t, J=8.4 Hz, 2H), 7.11 (d, /=8.8 Hz, 1H), 4.43
(g, J=7.2 Hz, 2H), 1.41 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCl;) 6: 162.8 (d, 'Jcr=250 Hz), 162.4, 147.7,
135.4, 133.2, 132.4, 131.8 (d, 3Jcr=9 Hz), 130.5, 130.5,
130.1, 130.0, 129.3, 129.0, 128.9, 128.2, 125.4 (q, Jcr3 =4
Hz), 125.0 (q, Jcrs=4 Hz), 122.8,122.5, 115.7 (d, 2Jcp=22
HZ), 61.1, 14.5; HRMS calced for C27H19CF4N2025 [M+
H]" 511.1098, found 511.1107.

Methyl (Z)-5-benzylidene-1-phenyl-5H-benzo[d]-
imidazo-[5,1-b][1,3]thiazine-3-carboxylate (3ab): Yellow
solid, 70.5 mg, 86% yield. m.p. 87.1~87.9 'C; 'H NMR
(400 MHz, CDCl;) J: 7.49~7.55 (m, 3H), 7.38 (t, J=7.2
Hz, 2H), 7.35~7.23 (m, 7H), 7.18 (s, 1H), 7.06 (t, J=7.8
Hz, 1H), 6.91 (d, J=8.0 Hz, 1H), 3.84 (s, 3H); '*C NMR
(100 MHz, CDCl3) d: 163.0, 147.3, 134.8, 133.8, 132.8,
132.2, 131.7, 130.9, 129.8, 129.7, 128.8, 128.8, 128.7,
128.6, 128.4, 128.2, 127.9, 127.5, 124.0, 122.0, 51.9;
HRMS calcd for CysH9N-O,S [M—I—H]+ 411.1162, found
411.1171.

Ethyl (Z2)-5-benzylidene-1-(4-fluorophenyl)-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ac): Yellow
solid, 57.5 mg, 65% yield. m.p. 100.5~102.5 C; '"H NMR
(400 MHz, CDCls) d: 7.62~7.55 (m, 5H), 7.46~7.37 (m,
4H), 7.33 (d, J/=7.6 Hz, 1H), 7.15 (t, J/=8.4 Hz, 3H), 6.99
(d, J/=7.6 Hz, 1H), 4.43 (q,J=7.2 Hz, 2H), 1.41 (t, J=7.2
Hz, 3H); 3C NMR (100 MHz, CDCl;) &: 162.6, 162.5 (d,
\Jcr=248 Hz), 147. 4, 133.2, 132.8, 131.6 (d, Jcr=8 Hz),
131.1, 130.9, 130.8, 129.6, 129.5, 128.9, 128.7, 127.8,
127.7,127.4,124.1,122.1, 115.72, 115.51(d, 2Jcr=21 Hz),
60.9, 14.5; HRMS caled for CyHyFN,0,S [M + H] "
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443.1224, found 443.1229.

Ethyl (Z)-5-benzylidene-1-(4-chlorophenyl)-5H-
benzo[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ad):
Yellow solid, 67.0 mg, 73% yield. m.p. 118.1~119.6 C;
"HNMR (400 MHz, CDCl5) 6: 7.60 (t, J=8.8 Hz, 3H), 7.52
(d, J/=8.4 Hz, 2H), 7.44~7.38 (m, 5H), 7.33 (t, J/=7.6 Hz,
1H), 7.26 (s, 1H), 7.16 (t, J=7.6 Hz, 1H), 7.00 (d, J=8.0
Hz, 1H), 4.43 (q, J=7.2 Hz, 2H), 1.41 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, CDCl3) 6: 162.6, 147.4, 134.4, 133.3,
133.0, 132.8, 131.0, 130.9, 130.6, 129.7, 129.4, 128.9,
128.8, 128.8, 127.9, 127.7, 127.4, 125.1, 122.1, 61.0, 14.5;
HRMS calcd for CaHaCIN2O.S [M+H] " 459.0929,
found 459.0931.

Ethyl (Z)-5-benzylidene-1-(2-chlorophenyl)-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ae): Yellow
solid, 68.7 mg, 75% yield. m.p. 116.5~117.8 C; 'H NMR
(400 MHz, CDCl;) o: 7.60 (t, J=8.8 Hz, 3H), 7.52 (d, J=
8.4 Hz, 2H), 7.44~7.39 (m, 5H), 7.34 (t, J=7.6 Hz, 1H),
7.25 (s, 1H), 7.16 (t, J/=8.0 Hz, 1H), 7.00 (d, /=8.4 Hz,
1H), 4.43 (q, J=7.2 Hz, 2H), 1.41 (t, J=7.2 Hz, 3H); 3C
NMR (100 MHz, CDCl3) d: 162.6, 147.4, 134.4, 133.3,
133.0, 132.8, 131.3, 131.0, 130.9, 130.6, 129.7, 128.9,
128.8,128.8,128.8, 127.9, 127.7, 127.4, 125.1, 122.1, 61.0,
14.5; HRMS calcd for Ca6H20CIN,02S [M-+H]" 459.0929,
found 459.0937.

Ethyl (Z)-5-benzylidene-1-(4-bromophenyl)-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3af): Yellow
solid, 71.3 mg, 71% yield. m.p. 127.5~128.9 C; 'H NMR
(400 MHz, CDCl3) ¢6: 7.52 (dd, J =14.0, 4.8 Hz, 5H),
7.38~7.30 (m, 5H), 7.25 (t, J=7.6 Hz, 1H), 7.14 (s, 1H),
7.08 (t, J=8.4 Hz, 1H), 6.92 (d, J=8.0 Hz, 1H), 4.35 (q,
J=17.2 Hz, 2H), 1.33 (t, J=7.2 Hz, 3H); '3C NMR (100
MHz, CDCl;) d: 162.6, 147.4, 133.7, 132.9, 132.8, 131.7,
131.2, 130.9, 130.6, 129.7, 129.4, 128.9, 128.8, 127.9,
127.7, 127.5, 125.2, 122.7, 122.1, 60.9, 14.6; HRMS calcd
for Ca6H20BrN>0,S [M~+H]" 503.0423, found 503.0434.

Ethyl (Z)-5-benzylidene-1-(2-bromophenyl)-5H-benzo-
[d]imidazo[5,1-b][1,3]thiazine-3-carboxylate (3ag): Yellow
solid, 72.3 mg, 72% yield. m.p. 127.0~129.0 “C; 'H NMR
(400 MHz, CDCl3) ¢6: 7.60 (dd, J=14.0, 4.8 Hz, 4H),
7.46~7.36 (m, 5H), 7.33 (t, J=7.2 Hz, 2H), 7.22 (s, 1H),
7.16 (t, J=7.2 Hz, 1H), 7.00 (d, J=8.0 Hz, 1H), 4.43 (q,
J=17.2 Hz, 2H), 1.41 (t, J=7.2 Hz, 3H); '3C NMR (100
MHz, CDCl3) d: 162.6, 147.4, 133.7, 132.9, 133.0, 132.8,
131.7, 131.2, 130.9, 130.6, 129.7, 128.9, 128.8, 128.4,
128.2, 128.1, 127.7, 127.5, 125.2, 122.7, 122.1, 61.0, 14.6;
HRMS calcd for CaHBrNO,S [M+H] " 503.0423,
found 503.0424.

Ethyl (Z)-5-benzylidene-1-(p-tolyl)-5H-benzo[d]imi-
dazo[5,1-b][1,3]thiazine-3-carboxylate (3ah): Yellow solid,
71.0 mg, 81% yield. m.p. 107.9~108.8 “C; 'H NMR (400
MHz, CDCl3) d: 7.53 (t, J=7.6 Hz, 3H), 7.41 (d, /=8.0 Hz,
2H), 7.37~7.30 (m, 3H), 7.24 (t, J=7.6 Hz, 1H),7.19 (d,
J=6.4 Hz, 2H), 7.00~7.13 (m, 2H), 6.91 (d, J/=8.4 Hz,
1H), 4.35 (q, /=7.2 Hz, 2H), 2.33 (s, 3H), 1.34 (t, J=7.2
Hz, 3H); '*C NMR (100 MHz, CDCl3) ¢: 162.6, 147.2,
138.7, 133.9, 132.8, 132.0, 131.0, 129.8, 129.7, 129.6,
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129.2, 129.0, 128.9, 128.7, 128.5, 127.8, 127.7, 127.4,
123.1, 122., 60.9, 21.4, 14.5; HRMS caled for Cy7Ha3N»-
0,S" [M+H]" 439.1475, found 439.1481.

Ethyl(Z)-5-(4-fluorobenzylidene)-1-(3-(trifluoromethyl)-
phenyl)-5H-benzo[d]imidazo[5,1-b][1,3]thiazine-3-car-
boxylate (3ai): Yellow solid, 54.1 mg, 53% yield. m.p.
138.2~140.2 °C; 'H NMR (400 MHz, CDCl;) J: 7.87 (s,
1H), 7.59 (t, J=17.6 Hz, 3H), 7.49~7.38 (m, 5H), 7.32 (s,
1H), 7.18 (t, J=8.4 Hz, 2H), 7.11 (d, /=8.4 Hz, 1H), 4.43
(g, J=7.2 Hz, 2H), 1.41 (t, J=7.2 Hz, 3H); '3C NMR (100
MHz, CDCl;) 6: 162.8 (d, 'Jcr=248.0 Hz), 162.4, 147.7,
135.4, 133.8, 133.3, 132.5, 131.8 (d, 3Jcr=8.0 Hz), 130.5,
130.5, 130.5,130.1, 129.0, 128.8, 128.2, 125.4 (q, Jcr3=4.0
Hz), 125.0 (q, Jcrs=4.0 Hz), 122.8, 122.5, 115.7 (d, 2Jcr=
22.0 Hz), 61.1, 14.5; HRMS calcd for C27H9F4N30,S [M+
H]" 511.1098, found 511.1099.

Supporting Information 'H NMR and '*C NMR spectra
for compounds 3aa~3ra and 3ab~3ai. The Supporting
Information is available free of charge via the Internet at
http://siocjournal.cn.
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