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Abstract. A P(lll)-mediated entry towards construction of
C-N/C-S bond has been devised. The developed
heterocyclization method was exercised for the synthesis of a
diverse range of N,S-heterocycles and related spiro
molecules. P(NMe); revealed the maximum efficacies under
the aerobic reaction conditions and a spectrum of

bis-nucleophiles, and isothiocyanates were tolerated well to
serve the access of manifold immense molecules.

Keywords: Benzothiazin-4-ones; Cascade reaction; N,S-
heterocycles; P(NMey)s; Spiro compounds

Introduction

Nitrogen and sulphur containing heterocycles play an
impeccable and irreplaceable role in the field of
medicinal chemistry owing to their unique
pharmacological  properties.™ In  particular,
heterocyclic moieties such as benzothiazinones,
benzothiazines, pyrrolo[1,2-c]thiazoles and 3-thia-1-
azaspiro cores are well-recognized for their broad
spectrum of biological properties.[t:37]
Benzothiazinones are eminently explored for their in
vitro inhibition of monoacylglycerol lipase (MGL)
activity,®®! antagonizing adenosine receptors (Aza
ARs) and inhibiting monoamine oxidase B (MAO-
B).e¢l  Albeit, these scaffolds possess vital
pharmacological properties, their synthetic strategies
have been rarely investigated. The synthesis of
benzothiazinones are largely accomplished by the
cyclization of aroylthioureas in presence of conc.
H,S0,..55¢¢8 Our research group has recently reported
the synthesis of benzothiazines by employing T3P
(2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane-

2,4,6-trioxide)-mediated cyclization of 2-amino-
arylalkyl alcohols with isothiocyanates.?1 Afar from
these protocols, several other useful approaches
towards the preparation of benzothiazine motifs are
known.Be9 Likewise, the synthesis of pyrrolo[1,2-
c]thiazoles was realized by the cyclization of prolinol
derivatives with isothiocyanates in presence of conc.
HCI.B%acl |n contrast, structurally enthralling 3-thia-

l-azaspiro compounds are barely explored, albeit
their medicinal importance.[7 In continuation of our
research in this area,®@ here we have reporte
P(NMe)s-mediated annulation reactions of bis-
nucleophiles and isothiocyanates towards thc
preparation of diversified N,S-heterocycles (Scheme
1).
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Scheme 1. Approaches towards the synthesis of various
N,S-heterocycles.
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Results and Discussion

We initiated our experiments by considering
anthranilic acid (1a) and benzoyl isothiocyanate (2a)
as model substrates. At the onset, we have screened
various organophosphine (PRs3) reagents such as
trimethyl phosphite (P(OMe)s), dimethylphosphine
(PHMey), tributylphosphine (P"Bus),
trimethylphosphine  (PMes),  triphenylphosphine
(PPhs), 2,4,6-tripropyl-1,3,5,2,4,6-
trioxatriphosphorinane-2,4,6-trioxide (T3P),
hexamethylphosphoramide (HMPA) and
hexamethylphosphorous triamide (HMPT) towards
the formation of the product benzothiazinone 4aa
(entries 1-8).

Table 1. Optimization of reaction conditions.?

O

! o 0
I On sohvant N o OH :::-:;r‘:fr:s Y K:3
1a DNH;- 25 °C, 30 min A NH © - \J’ NH
T ™ SI‘J Ph o”p
S=C=N 25 3aa H daa
Entry Reaction conditions %Yield 4aa”
(% conv.)?
1 P(OMe)s (2 equiv.), EtsN (2.2 0 (trace)
equiv.), MeCN, 8 h
2 PHMe; (2 equiv.), EtsN (2.2 0 (trace)
equiv.), MeCN, 8 h
3 P"Bus (2 equiv.), EtsN (2.2 0 (<20)
equiv.), MeCN, 8 h
4 PMejs (2 equiv.), EtsN (2.2 0 (<15)
equiv.), MeCN, 8 h
5 PPhs (2 equiv.), EtsN (2.2 0 (trace)
equiv.), THF, 6 h
6 T3P (1.1 equiv.), EtsN (2.2 67 (80)
equiv.), MeCN, 8 h
7 HMPA (1.1 equiv.), EtsN (2.2 0 (<20)
equiv.), PhMe, 16 h
8 HMPT (1.1 equiv.), EtsN (2.2 83 (91)
equiv.), PhMe, 4 h
9 HMPT (1.1 equiv.), EtaN (1.1 83 (94)
equiv.), PhMe, 4 h
10 HMPT (1.1 equiv.), PhMe, 4 h 86 (98)
11 HMPT (1.1 equiv.), EtOAc, 6 55 (72)
h
12 HMPT (1.1 equiv.), CH2Cl2, 6 46 (63)
h
13 HMPT (1.1 equiv.), DMSO, 6 31 (47)
h
14 HMPT (1.1 equiv.), DMF, 3h 40 (60)
15 HMPT (1.1 equiv.), MeCN, 93 (100)
05h
16 HMPT (1.1 equiv.), THF, 3h 85 (95)
17 HMPT (0.75 equiv.), MeCN, 74 (90)
05h
18 HMPT (0.50 equiv.), MeCN, 52 (70)
0.5h
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3 All reactions were performed using 1.0 mmol 1a and 1.1
mmol 2a in 2 mL of solvent at 25 °C under air. ® Isolated
yields. © Conversion was monitored by LC-MS

To our dismay, most of the screened reagents were
inactive for the formation of desired product 4aa,
rather the reaction was terminated at the intermediate
3aa stage. Surprisingly, among the screened
phosphine reagents, the P(NMez); (HMPT,
Hexamethylphosphorous triamide) showed greater
efficacy in terms of conversion (91%) and vyield
(83%). Notably, the reaction conditions were found
competent even with reduced amounts of base and
also in absence of base to obtain product 4aa in
similar yields of 83% and 86% respectively (entries
9-10). Upon screening of solvents (entries 11-16), it
was found that MeCN facilitates the formation of
product 4aa in higher yield of 93% (entry 15)
However, when the reaction was performed using
reduced amounts of HMPT, the unsuccessful results
were obtained (entries 17-18).

After screening the reaction conditions, we have
examined the scope of different 2-aminoaryl
carboxylic acids la-h with benzoyl isothiocyanate
(2a) to obtain diverse range of benzothiazinones 4aa-
4ha in yields up to 95% (Scheme 2). The developed
reaction conditions proved to be efficient for the
preparation of thiazinone derivatives 4ia-ka in good
to excellent yields with high functional group
tolerance.
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Scheme 2. Scope of thiazinones.
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Scheme 3. Scope of different isothiocyanates 2.

Thereafter, we focused on elaborating the scope
of the reaction conditions with differently substituted
isothiocyanates 2d-h (Scheme 3). The aromatic
isothiocyanates with electron rich (methyl, methoxy)
as well as electron poor (F, CF3) functional groups
performed well under optimal reaction conditions by
delivering the products 4ab-ag in excellent yields.
Alkyl isothiocyanate 2h also reacted in a desired
pattern to produce 4ah in 88% yield.

Further, in order to expand the scope of the
developed methodology, variety of 2-aminobenzyl
alcohols 5a-h were investigated for reaction with
benzoyl isothiocyanate (2a). As a result, we have
obtained the corresponding benzothiazine derivatives
6aa-ha in the range of 88-97% yields (Scheme 4).
Moreover, 2-aminobenzyl alcohol (5a) was treated
with aryl/alkyl isothiocyanates 2b-d, h, j-m
accommodated with various functional groups to
afford the corresponding benzothiazines 6ab-ad, ah-
am in excellent yields (Scheme 5).
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Scheme 4. Scope of 2-aminobenzyl alcohols 5a-h.
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Scheme 5. Scope of isothiocyanates 2 towards the
synthesis of benzothiazines 6.

While identifying the multiple dimensions of
developed approach, we have come across towards
the synthesis of pyrrolo[1,2-c]thiazoles (8aa and ai)
and thiazolo[3,4-a]pyridines (8ba and ci) skeletons
by employing I-prolinol (7a), 2-piperidinemethanol
(7b), (%)-pipecolinic acid (7c) derivatives and
isothiocyanates 2a, i as substrates (Scheme 6). The
developed reaction conditions demonstrated excellent
proficiency in achieving biologically potential N,S-
heterocycles 8 in yields up to 94%.
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Scheme 6. Synthesis
thiazolo[3,4-a]pyridines.
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Scheme 7. Synthesis of N,S-spiroheterocycles 10.
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To explore the broader application of the devised
method, we were encouraged to realize the amino
acid derivatives 9 as starting materials to construct
the rarely explored N,S-spiroheterocycles 10 (Scheme
7). Interestingly, it was found that the developed
approach was equally efficient to furnish N,S-
spirocyclic frameworks of various ring sizes in good
yields. It was also observed that the compound 10ba
was existing in an inseparable keto-enol tautomeric
form which was confirmed by NMR spectra.

After demonstrating a broad range of substrate
scope, we have attempted to propose a plausible
reaction mechanism for this chemical transformation.
To fulfil this purpose, we have executed admissible
control experiments. To begin with, we have carried
out the reaction of anthranilic acid (1a) and benzoyl
isothiocyanate (2a) to obtain intermediate 3aa in 95%
isolated yield under HMPT-free reaction conditions
(Scheme 8, Eq. 1). The isolated intermediate 3aa is
further subjected to standard reaction conditions to
obtain the desired product 4aa in 92% yield (Scheme
8, Eg. 2). The obtained results reinforced the
formation of thiourea intermediate 3aa during the
reaction pathway. Alternatively, a reaction of
anthranilic acid (1a) under standard reaction
conditions resulted in an amide derivative 11a in 76%
yield (Scheme 8, Eq. 3). The formation of amide 11a
was attributed to the acid-amine coupling reaction
between anthranilic acid 1la and the in-situ liberated
N,N-dimethylamine (12a) during the reaction process.
Simultaneously, we have also carried out the reaction
of la and 2a under standard reaction conditions in
presence of N2 atmosphere. Surprisingly, the reaction
conditions generated the desired product 4aa with
mere 31% vyield (Scheme 8, Eq. 4). Finally, to
elucidate the prospect of phosphine reagent under
aerobic conditions, we have carried out the reaction
of anthranilic acid (1a) and benzoyl isothiocyanate
(2a) under HMPA-mediated reaction conditions. To
our disappointment, the reaction conditions were
found to be inefficient in producing 4aa (Scheme 8,
Eqg. 5). The above obtained results guided us to
understand the following aspects, (i) The reagent
P(NMey)s is not getting converted to OP(NMey); via
aerial oxidation. (ii) The aerial oxygen is mandatory
for acquiring the desired product in higher yields. (iii)
The addition of HMPT to the reaction mixture leads
to the liberation of Me;NH (12a).

10.1002/adsc.202001149
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Scheme 8. Control experiments.

With these preliminary results in hand, wg
intended to gain further insights into the reaction
mechanism. To achieve this motive, we have
performed the reaction of anthranilic acid (1a)
(IM+H]* = 138.0) and benzoyl isothiocyanate (2a)
(IM]* = 162.9) under the standard reaction conditions.
The course of the reaction was monitored by liquid
chromatography-mass spectrometry (LC-MS) after
an interval of 15 min, 30 min and 60 min. The mass-
spectroscopic data revealed the possible participation
of intermediates 3aa ([M+H]* = 301.1) to obtain the
desired product 4aa ([M+H]* = 283.1) along with the
formation of byproduct C ([M]* = 151.1) during the
course of reaction (details of mass spectrometric data
have been provided in Figure 1, Sl).

On the basis of above experimental evidences
and literature reports,*% a plausible mechanism has
been depicted (Scheme 9). According to the proposea
mechanism, thiourea intermediate 3aa ([M+H]* =
301.1) would result by the reaction of anthranilic acid
(1a) ([M+H]* = 138.0) and benzoyl isothiocyanate
(2a) ([M]* = 162.9). The tendency of P(NMey)s
towards hydroxyl functionality enables the rapid
discharge of N,N-dimethylamine (12a) moiety and
subsequent oxidation of phosphine by aerial oxygen
results in the formation of intermediate A. Next, the
intramolecular heterocyclization via nucleophilic
attack of sulphur-atom over carbonyl carbon leads to
the formation of intermediate B. Subsequent
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elimination of phosphorodiamidate derivative C
(IM]* = 151.1) and deprotonation provides the
desired product 4aa ([M+H]* = 283.1).

OH OH
? s O oy
£ O+ ’ ( S = SH
[ P - | oo gl | 8z
NH; N N7 N NN N
= - H ' H
1a B 3aa 1 ) ) Jaa
mz[Me M o miz M+ H}+ = 301 1 P{NMe;)y
a ‘ ' .
1980 iz g+ = 1829 o. b, MeNH T
’ Y 12a
o ;
LP(NMeg) LP(NNe,);
o O‘ viga -0 (NG
: HO. [ oy.
. '\r, H* — \{: : 1Sy
\ [, o I n = ‘ [ 7 o
b ol =8 Lo o i
42 M So-pinMe,y, B H Ap H
miz [M + HH = 283 1 c

mzM s M+ = 1511

Scheme 9. Proposed mechanism for P(NMe)s-mediated
heterocyclization reaction.

Conclusion

In conclusion, we have established a facile
protocol towards the synthesis of diversified N,S-
heterocycles using P(NMez)s—mediated
heterocyclization reaction between bis-nucleophiles
and isothiocyanates under aerobic conditions. This
process provides a convenient synthetic route to
pharmaceutically valuable 2-(acyl)amino-4H-3,1-
benzothiazin-4-ones and related thienothiazinones.
The devised method was also beneficial for the
synthesis of very rarely explored pyrrolo[1,2-
c]thiazoles, thiazolo[3,4-a]pyridines and N,S-
spiroheterocycles. The reaction conditions showed
excellent functional group tolerance and delivered the
desired products in yields up to 97%. The developed
organophosphine-mediated approach was  well
understood by adequate control experiments and
mass-spectroscopic data.

Experimental Section

General Information

All starting materials were purchased from commercial
suppliers (Sigma-Aldrich, Alfa-Aesar, SD fine chemicals,
Merck, HI Media) and were used without further

purification unless otherwise indicated. All reactions were
performed in a 10 mL round bottom flask with magnetic
stirring. Solvents used in extraction and purification were
distilled Tprlor to use. Thin-layer chromatography (TLC)
was performed on TLC plates purchase from Merck.
Compounds were_visualized with UV light (A = 254 nm)
and/or by immersion in KMnQy staining solution followed
by heating. Products were purified by CombiFlash MPLC.
Melting points were determined in open capillary tubes on
EZ-Melt automated melting point apparatus and are
uncorrected. All HRMS are recorded using 6545 QTOF
LC/MS, Agilent instrument equnpged with an auto sampler
in EI-QTOF method and LC-MS are recorded in APCI
method in acetonitrile solvent. *H (**C) NMR spectra were

10.1002/adsc.202001149

recorded at 400 (100) MHz on a Brucker spectrometer
using CDCl; and DMSO-ds as a solvent. The H and 3C
chemical shifts were referenced to residual solvent signals
at dwyc 7.26/77.28 (CDCl3) and Swic 2.51/39.50 (DMS -dsg
relative to TMS as internal standards. Coupling constants
[Hz] were directly taken from the spectra and are not
averagied. Splitting patterns are designated as s (smgilet), d
(doublet), t (triplet), q (quartet), m gmultlplet), overlapped
and br (broad).

General Experimental Procedure for the Synthesis of
4H-3,1-Benzothiazin-4-ones 4aa-ka and 4ab-ah

A 10 mL round bottom flask was charged with 2-amino-
aryl/alkyl carboxylic acids l1a-k (1.0 mmol), aryl or alkyl
isothiocyanates 2a-h (1.0 mmol) in MeCN (2 mL) and the
reaction mixture was stirred at room temperature (25 °C)
for 15 to 30 mins. The reaction progress was monitored b
TLC (SiO, Hexane/EtOAc = 8:2) and LC-MS. The TL
and LCMS analysis showed the absence of both the
starting materials and the formation of thiourea intermeiate.
The reaction mixture was then added with P(NMey)s (1.1
mmol) and the reaction mixture was stirred at room
temperature (25 °C) for 5-210 mins. After completion or
the "reaction (prog8ress was monitored by TLC; SiO,
Hexane/EtOAc = 8:2 and LC-MS), the recation mixture
was extracted with ethyl acetate (3 x 15mL), water
(20 mL). The combined organic layer was washed with
sodium thiosulphate solution (3 x 10 mL) and dried over
anhydrous Na»SO4. Solvent was removed under reduced
pressure and the remaining residue was purified over
CombiFlash MPLC using Hexane/EtOAc = 70:30 as an
eluent to obtain the desired 4H-3,1-benzothiazin-4-ones
4aa-ka and 4ab-ah in high yields.

General Experimental Procedure for the Synthesis of 2-
Amino-1,3-benzothiazines 6aa-ha and 6ab-ad, ah-am

A 10 mL round bottom flask was charged with 2-amino
aralkyl alcohols 5a-h (1.0 mmol), aryl or alkyl
isothiocyanates 2a-d, h-m (1.0 mmol) in MeCN (2 mL)
and the reaction mixture was stirred at room temperature
(25 °C) for 15 to 30 mins. The reaction progress was
monitored by TLC (SiO,, Hexane/EtOAC = 8:2§J and LC-
MS. The TLC and LCMS analysis showed the absence o1
both the starting materials and the formation of thiourea
intermeiate. The reaction mixture was then added with
P(NMez)s (1.1 mmol) and the reaction mixture was stirred
at room temTperature (25 °C) for 15-90 mins. After
completion of the reaction (progress was monitored by
TLC; SiOy, Hexane/EtOAc = 8:2 and LC-MS), the recation
mixture was extracted with ethyl acetate (3 x 15 mL),
water (20 mL). The combined organic layer was washed
with sodium thiosulphate solution (3 x 10 mL) and dried
over anhydrous Na;SOs. Solvent was removed under
reduced pressure and the remaining residue was purified
over CombiFlash MPLC using Hexane/EtOAc = 70:30 as
an eluent to obtain the desired 2-amino-1,3-benzothiazines
6aa-haand  6ab-ad, ah-am in high yields.

General Experimental Procedure for the Synthesis of
Pyrrolo[1,2-c]thiazoles (8aa and ai) and Thiazolo[3,4-
aﬁoyrldlnes( ba and ci)

A 10 mL round bottom flask was charged with I-prolinol
E?ag or 2-piperidinemethanol (7b) or (*)-pipecolinic acid
(7c) (1.0 mmol), _bezoa/l isothiocyanates (2a) or phenyl
isothiocyanates (2i) (1.0 mmol) in MeCN (2 mL) and the
reaction mixture was stirred at room temperature (25 °C)
for 15 to 30 mins. The reaction progress was monitored b

TLC (SiO, Hexane/EtOAc = 8:2) and LC-MS. The TL

and LCMS analysis showed the absence of both the
starting materials and the formation of thiourea intermeiate.
The reaction mixture was then added with P(NMey)s (1.1
mmol) and the reaction mixture was stirred at room
temperature (25 °C) for 15-90 mins. After completion of
the reaction (pro%ress was monitored by TLC; SiO,
Hexane/EtOAc = 8:2 and LC-MS), the recation mixture

5
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was extracted with ethyl acetate (3 x 15mL), water
(20 mL). The combined organic layer was washed with
sodium thiosulphate solution (3 x 10 mL) and dried over
anhydrous Na,SOs. Solvent was removed under_ reduced
pressure and the remaining residue was purified over
CombiFlash MPLC using Hexane/EtOAc = 80:20 as an
eluent to obtain the desired pyrrolo{lz c]thiazoles (8aa
anddal) and thiazolo[3,4-a]pyridines (8ba and ci) in high
yields

General Experimental Procedure for the Synthesis of
N,S-spirocycles 10aa-da

A 10 mL round bottom flask was charged with 1-amino-1-
%/cloalkylcarboxyllc acids 9a-d, bezoyl isothiocyanates

a) (1.0 mmol) in MeCN (2 mL) and the reaction mixture
Was stirred at room temperature (25 °C) for 30 mins. The
reaction progress was monitored b)i_ TLC (SiOy,
Hexane/EtOAc = 8:2) and LC-MS. The TLC and LCMS
analysis showed the absence of both the starting materials
and the formation of thiourea intermeiate. The reaction
mixture was then added with P(NMe,); (1.1 mmol) and the
reaction mixture was stirred at room temperature (25 °C)
for 15-90 mins. After completion of the reaction (progress
was monitored by TLC; SiO,, Hexane/EtOAc = 8:2 and
LC-MS), the recation mixture was_ extracted with ethyl
acetate (3 x 15 mL), water (20 mL). The combined organic
Ia er was washed with sodium th|osulphate solution (3 x

mL) and dried over anhydrous Na,SOs. Solvent was
removed under reduced pressure and the remaining residue
was purified over CombiFlash MPLC  usin
Hexane/EtOAc = 80:20 as an eluent to obtain the desire
N,S-spirocycles 10aa-da in high yields.

Analytical Data of Synthesized 4H-3,1-Benzothiazin-4-
ones 4aa-ka and 4ab-al

N-(4-ox0-4H- benzo[d] 3|Lth|azm -2- gl)benzamlde (4aa)
(Scheme 2): White soli iO,, Hexane/EtOAC
= 8:2); ur|f|cat|0n system: ComblFlash MPLC
Hexane/EtOAC = 80: 20); yield: 262 mg (93%); m.p =
681 169.1 °C; *H NMR( 00 MHz, DM Ods)6—1324
gs 807dJ 8.0 Hz, 3H), 7.90 dtJ 8.0 Hz, 1H),
62(m 2H)754(tJ 0 Hz, m; 2C NM
100 MHz, DMSO-de): 6 = 185.11, 136. 81 33 47, 129.04,
28.96, 124.89, 119.92, 114.02 ppm; MS APCI) [M + 1{
= 282.90 (99 84%); HRMS §EI-Q [M + H]
calculated for Cy5H11N,05S: 283.0541" found: 283.0536.

yl)genzamlde (4ba) (Scheme 2 ite solid; R¢ = 0.60
SiOy, Hexane/EtOAc = purification system:
ombiFlash MPLC Ac = 80:20); yield: 275
g/l 93%); m.p = 181.2-182.4 °C; 'H NMR (400 MHz,

D Ode & = 12.25 (br, 1H), 8.03 (d, J = 7.6 Hz, 2H)

7.93(d, J=8.0 Hz, 1H 762 (t, J=7.2'Hz, 1H), 7.51 (t, J

= 8.0 Hz, 2H 743 br 733 dd, J = 8.0 Hz, 1H

2.44 (s, 3H m; 100 MHz, DMSO- dz)

184.5 ,1478 1334 1327 129.01, 128.91, 128.8, 124.8

117.75, 21.88 ppm; |v|s APCI) [M + 1]" = 297. 10

g)g 71%) HRMS (ESI- }M + HA*) calculated for

ound 97.069

sH13N20,S: 297.0697,
methoxy-4-oxo0-4H- benzoé\%S]thlazm -2-

methyl-4-o0x0-4H- benzo[d;j[l\,/\S/]r;thiazin-Z-

Hexane/Et

yl)genzamlde (4ca (Scheme 2 hite solid; Rr = 0.50
SiOy, Hexane/Et = 8:2); purification system:
ombiFlash MPLC Hexane/Et Ac = 80:20

mg (95%); m.p = 186.2-187.4 °C; 'H NMR (400 MHz,

DM Ode) 6 = 12.21 (br, 1H), 8.03 (d, J = 7.6 Hz, 2H),

7.99 (t,J=7.2 Hz, 1H),7.63 (t, J = 7.2 Hz, 1H), 752(t J=

7.6 Hz, 2H), 7.11 (d, 88Hz 1H), 7.04 (d,J = 2.4'Hz,

1Hf 391 s, 3H) ppm; 15C' NMR (1 0 MHz, DMSO- d5)6

83.1, 1681 165.7, 155.9, 149.7, 133.4, 132.7, 129.0,
128.9, 127.1, 115.7, 113.8, 110.6, 56.3 m MS (APCI):
L'M + 1]* = 313.1 (99 75%) HRMS SI- TOF M +

SOGXSICUIatEd for CigH13N203S: 313. 0646 found:

yield: 296

10.1002/adsc.202001149

3]thiazin-2-

hite solid; Rf = 0.50

() 7-chloro-4-ox0-4H-benzo[d [1
yl)benzamide (4da (Scheme

SiO,, Hexane/Et = 8:2): pur|f|cat|on system:
ombiFlash MPLC gHexane/E Ac = 80:20); yield: 284
mg (90%); mp—2322246°C 'H NMR (400 MHz,
DMSO-ds) &

12.44 (s, 1H£803800m3H 763tJ
=74 Hz, 1H)758dJ 9 Hz, 1H), 7.54-7.49 (m, 3H)
pg 13C NMR glO MHz, DMSO-de) 5 = 184.4, 168.18,

156.54, 148.9, 141.18, 13353, 132.44, 129.0, 128.93,
127.8, 127.57, 126.9, 118. 67 p QI_ MS APCI M +1]" =
317.3 ﬂ.OO%) HRMS (ESI- OF, M + H] Calculated
for C1sH10CIN20,S: 317 0151 found: 317 0146.

-(4-oxo- 7(§tr|fluoromethyl) -4H-benzo[d][1,3]thiazin-2-
g% enzamide (4ea) (Scheme 2): Off-white solid; Rf =
.55 (SiO2, Hexane/EtOAc = 8:2); pur|f|cat|on system
CombiFlash MPLC (Hexane/EtO c = 80 20); yield: 315
ml_g| (90%); *H NMR (400 MHz, DMSO-ds) & = 12. 48 br
)823dJ 8.0 Hz, 1H), 8.03(d, J = 8H22H%
80(m2 7.65 (t,J = 72Hzl ), 7.53 (t, J 6 H
%E?lp ¢ NM (100 MHz, DMSO ds) 5 = 184. 83
156.2, 148.1, 1356 q, J = 32.5 Hz), 133.6, 132. 23,
1296 129.0, 1289 127.7, 126.6, 124.56 (9,3 = 272.1 Hz),
122.0, 1195 m MS (APCI): [M + 1]* = 35L.
98. 42%) HR (ESI QTOF, [M + H]*) calculated for
16H10F3N2OZS 351. 0415 found: 351.0411.

N-(4-ox0-4H- pyr|do 2,3-d][1,3]thiazin-2- yl)benzamlde
(4fa) (Scheme  2): ff-white solid; R¢ = 0.45 (SiOy,
Hexane/EtOAcC = 7 3); pur|f|cat|on system: CombiFlash
MPLC (Hexane/EtO c = 60: 40) eld: 229 mg (881%)
mf 211.8-212.6 °C; 'H NMR ( 00 MHz, DMS
2.73 (br, 1H), 8.95 (s, 1H 841 d, J =76 Hz, 1H)
807(_| J=7.6 Hz, 2H), 7.64 t J=7.2 Hz, 1H), 7.55-7.51
m; 3C NM (100 MHz, DMSO- -ds) 0 = 186.2,
68. 76 1 796 157.16, 134 38, 133.62, 132.55, 129.19,
128.96, 122.95, 115.88 R/Ipm MS APCI): M+ 1] =
284.10 (100. 00%) ESI-QTOF, + HIY):
calculated for C14H10N3028 284.0493; found: 284.0490:

N-(4-ox0-4H- naphtho[2 3-d][1, 3(th|azm -2-yl)benzamide
(4ga) (Scheme 2): Yellow solid; Rr = 0.60 (SiO;
Hexane/EtOAc = & pur|f|cat|on system: CombiFlash
MPLC (Hexane/EtO c = 80:20); Ze/le d: 286 mg (886%)
m{) 265.0-266.0 °C; 'H NMR %OO MHz, DMS

2.16 rlH)879(s 1H), 8.23 (d, J = 8.0 Hz, 1H)
8.17 (s, 1H), 8.10 (d J-76Hz 1H)805(dJ 8.0 Hz,
2H_/) 1g J= 80Hz 1H), 7.66-7.58 (m, 2H), 7.53 (1, J

6 H pm; 13C NMR (100 MHz, 'DMSO- -ds) 6 =
186.02, 171.98, 156.26, 141.99, 138.14, 135.28, 134.97,
133.71, 132.95,132.17, 131.77 pEm MS APCI): [M + 1 !
= 3333 (99 39%) HRMS SI-Q [M + HI):
calculated or C19H13N20,S: 333 0697 found 333.0694.

5,6-dimethyl-4-oxo0-4H-thieno[2

(} 3-d][1,3]thiazin-2-
yl) enzamide (4ha (Scheme Zé)

/hite solid; Rr = 0.60
SiOy, Hexane/Et = 82 purlflcatlon system:
ombiFlash MPLC Ac = 80:20); yield: 278
mgﬂg88% m.p = 251.1-252.3 °C; *H NMR (400 MHz,
O-dg) 6 =12.39 (s, 1H), 801(d J=7.2Hz, 2H), 7.63
(t, J =72 Hz, 1H), 751 (t, J = 8.0 Hz, 2H), 2.34 (s, 6H)
m; 3C NMR (100 MHz, DMSO-dg) 5= 17778, 167.07,
1633 157.86, 133.4, 132.33, 129.11, 128.88, 119.76
13.91, 12.7 ppm; MS (APCI): [M + 11" = 317.10
g99 28%) HRMS (ESI-QTOF, [M + H]5) calculated for
15H13N20282 317. 418 fOUI’]d 17.041

Hexane/Et

(2)-N-(8-0x0-5,6,7,8-tetrahydro-4H-1,3-thiazocin-2-
yl)benzamide (4|a (Scheme 2 Yellow solid; Rf = 0.5
SiO;, Hexane/Et = purlflcatlon system:
ombiFlash MPLC Ac = 80:20); yield: 194
mgﬂé 4%); m.p = 145.2-146.9 °C; 'H NMR (400 MHz,
Ode ) & = 12.99 (br, 1H), 7.84 (d, J = 7.2 Hz, 2H),
763 J 7.6 Hz, lH)753tJ 7.4 Hz, 2H 406403
2.52-2.48 (m, 2H), 1.83-1.75 (m, 4H {)(?m MS
APC(g d[M +1]* =263.1 (91 6%); 13C NMR 0 MHz,
184 6, 174.76, 167. 5 134.11, 133 9, 129.6,
129.14, 51.17, 35.27,'23.19, 20.28 ppm; MS (APCI): [M +

Hexane/ Et
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1]* = 317.10 égg .28%); HRMS (ESI-QTOF, + HY):
calculated for C13H15N20,S: 263.0854; found: 2 30852

g -methyl-6-0x0-5,6-dihydro-4H-1,3-thiazin-2-
yl) enzamlde (4 & (Scheme 2 Stlcky solid; Rf = 0.4
SiO, Hexane/Et 8:2); pur|f|cat|on system:
ombiFlash MPLC gHexane/Et Ac = 80:20); yield: 203
gASZ% .p = 196.0-197.1 °C; 'H NMR (400 MHz,
D Ods)6:1169(br lH) 782 (d, J = 7.6 Hz, 2H),
7.56 (t, J = 7.4 Hz, 2) 78Hz 2H2396 dd
J= 6 5.6 Hz, 1H), 3.69 (t, J 122Hz 1H), 3.15

3.0 (m,
1H)115(d J="72Hz, 1H%3 m; 3¢ NMR (100 MHz,
DMSO-de) 5 = 1815, 174.4, 170.87, 134.95, 13 19, 129.7,

128.99, 50.09, 35.14, 12.36 ppm; HRMS (ESI-QTOF M
+ H&*) calculated for CiH1sN,0,S: 249.0697; found:

(Z) N-(1-methyl-4-oxo-1H-benzo[d][1, 3]th|azm 2(4H)-
|dene8benzam|de 4ka)P®l (Scheme 2): Off-whlte solid;
4 (SiOz, Hexane/EtOAc = purlflcatlon

system: Comb|Flash MPLC Hexane/Et AC = 80:20);

yield: 258 mg (87%); 65.0-266.0 °C: 'H NM
S400MH2 DMSOd 8 808 (d,J=7.9 Hz, 1H
7.6 Hz, 2H), tJ—76Hz 1H), 776 'J=80
Hz, 1H), 769tJ—72HZ 1H 755 ém 3H) 4.00
s, 3H) ppm; *C NMR (100 MHz, DMSO-ds) = 173.7,
67.9, 158.6, 142.0, 137.0, 135.1, 131.93, 1307 129.75,
1279 12557, 117.67, 117.3, 36.95 ppm; MS (APCI): [M
+1]*'= 297.1 (93.94%):; HRMS é SI-QTOF, [M + HJ*):
calculated for C16H13N20,S: 297.0697; found: 297.0695.

2-(p-tolylamino)-4H- benzo[d]%l 3%th|a2|n -4-one (4ab)ity
gScheme 3): White solid; Rt 4 (SiO2, Hexane/EtOAC =
urification  system:  CombiFlash MPLC

Hexane EtOAc = 80:20); yield: 241 m% (90%); m.p
60.6-161.2 °C; *H NMR( 00 MHz, DMSO- de)S 10 1
g/_br 1H), 7.95 (d, J = 8 Hz, 1H), 7.73 (t, J = 8 Hz, 1H),
67 (d,J = 8Hz 2H), 746(d J=8.2 Hz, 1H), 729(t J=
72Hz 1H), 7.16 (d,J = 8 Hz, 2H), 2.27 (s, 3H) ppm; =C

NMR 510 MHz, DMSO-dg) & = 184.04, 152.2, 1503
137.2, 136.7, 133.18, 129.7, 128.81, 124.92, 124.8, 121.0,
117.73, 209 p m MS (APCI): [M + 1]* = 269.0

&93 17%) HR ESI— TOF é[)M + H]): calculated for
sH13N20S: 2690 48; found 269.0744.

2-((2,4- d|methylphenyl)am|no) -4H-
benzok][l ,3Jthiazin-4-one (4ac) (Scheme 3): White
solid; 0.4 (SiO3, Hexane/EtOAC = 8:2); pur|f|cat|on
system: CombiFlash MPLC (Hexane/EtOAc = 80:20);
K/leld 254 (90%); m.p = 140.0-141.0 °C; 'H NMR (400
Hz, DMSO-ds) 6 980 (Bbr 1H), 7.90 (br, 1H), 7.66 (t, J
=7.6 Hz, 1H),7.27 (d, J 0 Hz, 1H), 722715m3H)
7.02 (br, 1H), 2.26 (s 3H), 2.16 (s, H 13C NMR (100
MHz, DMS de) 6 = 183.9, 155.38, 150 72 136.72,136.2,
131 0, 127.85, 124.98, 124.2, 117.36, 20.92, 17.85 |£
@PCI) M + 1]|+- 283.20 (99.43%); HRMS FSI-
1M): calculated for CigH1sN2OS: 283.0905;
found 283.0901.

2-((2- methoxyghenyl)amlno) -4H- benzo[clg[l ,3]thiazin-
4-one (4ad) (Scheme 3): White solid; = 0.5 (SiOy,
Hexane/EtOAC = 8:2); purlflcatlon system: CombiFlash
MPLC (Hexane/EtOAC = 80: 20); |ed 273 mg 696%)
g—l 6.0-177.0 °C; *H NMR OO MHz, DMS

61 (br, 1H), 7.92 (d, J = 6.8 Hz, 1H), 778§br 1H)
769 J—68Hz 1H 734(tJ—8Hz 1H 24-7.19
m2 709dJ 8.4 Hz, 1H), 6.97 (t, J 2Hle)
Zg)é)m 13C NMR (100 MHz, DMSO- -dg) & =
184 2 152.83, 150. 41 136.69, 128.54, 127.0,

1263 124 86, 1245 120. 93, 117, 53, 112, 44, 56. 14 £
APCI + 1 +'=285.10 99 .73%); HRMS (ESI-
}*) calculated for C15sH13N20,S: 285.0697;

found 2 5069

2-((3- methoxy henyl)ammo) -4H- benzo[(g[l 3]th|a2|
4-one (4ae) (Sch eme 3): White solid; 0.5 (SiO,
Hexane/EtOAC = & purification system: CombiFlash
MPLC (Hexane/EtO ¢ = 80:20); yield: 261 mg (92%);

,8.02 (d,

10.1002/adsc.202001149

mf—17751785°C IH NMR (400 MHz, DMSO dg) 8
0.19 (br, 1H), 7.97'(d, J = 7.2 Hz, 1H), 7.75 (t 2
Hz, 1H), 7.62 (s, 1H), 7.49 (d, J—84Hz 1& 34722
(m. 3H). 6.67 (d, J ='8.0 Hz, 1H), 3.77 (s, 3H) ppm; °C
NMR (100 MHz, DMSO-ds) 8— 183.99, 160.0, 151.96,
150.0, 140.98, 136.8, 1300, 128.92, 125.28, 124.81,
117.82, 112.87, 109.58, 106.46, 55.47 pm: MS éAPCI)
LQ + 1]* = 285.1 (99.70%); HRMS f SI-QTO

calculated for CisHisN2O,S: 285.0697, found

2-((3-fluoro henyl)amlno) -4H- benz%[d][_el 3]th|a2|n
one (4af) (Scheme 3): White soli 5 (SiO,,
Hexane/EtOAc = 8: /& purlflcat|on system: Comb|Flash
MPLC (Hexane/EtO c = 80:20); yield: 245 mg 590%)
mf—18821 8.4 °C; 'H NMR 00 MHz, DMS

0.38 (br, 1H) 799gd J= 76Hz 1H), 7.89 (d, J
Hz, 1H), 7.77 (t, J = 7.2 Hz, 1H), 755750(m H) 741-
733(m 2H), 690 dt, J = 7.6, 2.0 Hz, 1H) ppm; “C
NMR (100 MHz, D So- dze d = 183.7, 162.5 Sd J =
240.2 Hz), 151.8, 149.65, 141.57, 141.46, 136.8, 130.84,
130.75, 129.0, 12559, 124.82, 117.9, 116.17, 110.18 (d, J
= 20.9 Hz), 107.37 (d. J = 26.4 Hz) ppm; MS (APCI):
+ 1]* = 273.20 (96.45%); HRMS (ESI-QTOF, [M + H +‘
calculated for C14H10FN2OS: 273.0497; found: 273.0494.

benzo[d][1,3]thiazin-4-one (4ag) (Scheme 3): Off-white
solid; R = 0.60 (SiO,, Hexane/EtOAc = 7:3): purification
sy stem: CombiFlash MPLC (Hexane/EtOAc = 70:30);

eld 296 mg (592%) m.p = 220-220.8 °C; 'H NMR (400

Hz DMSO-dg) 6 = 10.53 (br, 1H), 8.06 (d, J = 6.8 Hz,
2H) 799(d J= 80Hz 1H) 779 (t,3=7.2 Hz, 1H), 7.70
(d,J=7.6 Hz, 2H), 7.57 (d, J = 8.0Hz, 1H)737(t =6.8
Hz, 1H) ppm; C’NMR (100 MHz, DMSO-ds) & = 183.66,
151.69, 149.39, 143.44, 136.72, 129.0, 126.45, 125.7,
125.21 (g, J = 249.8 Hz), 123.21 (q J=318 sz 120.27,
117.94 ppm; MS éAP iy: [M + 1] = 323.0 (99.73%);
HRMS ESI -QTOF ). calculated for
ClsH10F3NzoS 323.0465; found 323.0460.

2-((4- Lrlfluoromethyl)phen [)amino)-4H-

Ethyl  (4-oxo0-4H-benzo[d][1,3]thiazin-2-yl)carbamate
(4ah) (Scheme 3): Off-white solid; Rt = 0.5 (SiOp,
Hexane/EtOAc = 8:2); purification system: CombiFlash
MPLC (Hexane/EtO c = 70: 30); yield: 220 mg (88%);

m.p = 111.8-113.0 °C; 'H NMR (400 MHz, DMSO-dg) $
=11.69 (br, 1H), 801(d J=8.0 Hz, 1H), 7.83 (dt, J = 6.8,
1.2 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H)748(d = 7.6 Hz,
1H), 4.17 (4, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H)pp
13C NMR (100 MHz, DMSO-ds) 6 = 183. 91 153. 44
152.29, 147.59, 135.72, 128.95, 126.89, 1250, 119.52,
62.79, 14.19 pm; MS (APCI) [M+ 1]* =251.0 (99 45%);
HRMS (ESI-QTOF, [M + HJ]): calculated for
C11H11N203S: 251.0490; found: 251.0488.

Analytical Data of Synthesized
benzothiazines 6aa-ha and 6ab-ad, ah-am

2-Amino-1,3-

N-(4H-Benzo \klj][l ,3]thiazin-2-yl)benzamide §6aa)[Zﬂ
(Scheme 4); White solid; Rr ='0.60 (SiO;, hexane/EtOAc
= 8:2); purification system: ombiFlash MPLC
hexane/EtOAC = 87: 13) |eld 260 mg (97%); m.p 124-
25 °C (Litt1 123-124 Cg/ 'H NMR (400 MHz, DMSO
de 5=11.69 (brs, 1H), 8.07 (d, J = 7.6 Hz, 2H 755(t J
.6 Hz, 1H), 747(t J= 76Hz 2H), 7.30-7. 4(m 2H),
720(dd J=8.0Hz, 1H), 7.13 (t,J = 80Hz 1H), 3.95 (s,
2H) ppm; *C NMR (10 ' MHz, DMSO-ds) & = 172 4 %ess
intense), '164.5 (less intense), 138.4 gless mtense) 1
less mtense) 132.55, 129.31, 128.75, 128.54, 127.36,
25.24, 121.66, 28.21 ppm; HRMS gESI QTOF, M +
H]+): calcd for CisH1sN20S, 269.0748; found, 269.0746.

N-(7-methyl-4H-benzo d]][l ,3]thiazin-2- %I)benzam|de
(6ba)21 (Scheme 4): Off-white solid; R = 0.60 (SiO,,
Hexane/EtOAc = 8:2); purlflcatlon s stem ComblFlash
MPLC (EtOAc/Hexane = 20:80); 259 mg &92%)
m.p = 144.6-145.4 °C (Lit1 14 146 °C) 'H NMR (400
MHz, DMSO-ds) 6 = 11.61 (br, 1H), 8.07 (d, J = 7.2 Hz,

7
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2H), 7.55 (t, J = 7.2 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.12
(d, J—24Hz 1H), 7.00 (brs, 1l;l_? 6.94 (dd, J=176, 22
Hz, 1H), 3.90 és H) 2.2 (5 3H) ppm; l3C NMR (100
MHZ MSO 6 = 170.2 (less intense), 137.9, 135.8,
132.5, 129.32, 128.73, 127.18, 125.86, 118.64, 28.0, 21.27
ppm; MS APCI M + 1] = 283.1 (99%); HRMS (ESI-

QTOF, + H]*) calculated for CiH1sN20S: 283. 0905
found 2 3090

N-(8-methyl-4H-benzo d![l ,3]thiazin- Z%I)benzamlde
(6ca)l? éScheme 4y: hite solid; Rr = 0.60 (SiO,,
Hexane/EtOAc = 8:2); purlflcat|on system: ComblFlash
MPLC (Hexane/EtO ¢ = 80:20); vield: 251 mﬁ/”gBQ%)
m.p = 128.0-129.2 °C (LitP1 12 ‘128 °C); 'H N 400
MHz DMSO-ds) 8 = 11.59 (br, 1H), 802 (d,J —56 Hz,
%759 (t, J =7.2 Hz, 1H), 7.49 (t, J = 7.5 Hz, ZHg
7.14 (m, 1H), 7.05 d .] =49 Hz 2HB)393 (s, 2H
231 (s, 3H) ppm; 3C ﬁlOO MHz, DMSO- de) & =
170.1 (Iess mtense) 1387 (less mtense) 134.5 (less
intense), 132.81, 129.97, 129.13, 128.79, 125.75, 124.98,
28.82, 17.74 ppm;_ MS (APCI): [M + 1]* = 283.1
99. 10%) HRMS (ESI-QTOF, [M + H]*): calculated for
16H15sN20S: 283.0905; found: 283.0902.

-(8-fluoro-4H-benzo Ml ,3]thiazin-2-yl)benzamide
(6 a)?1 (Scheme 4): white solid; Rf = 0.50 (SiOy,
Hexane/EtOAc = 8:2); purlflcatlon s stem CombiFlash
MPLC (Hexane/EtOAC = 80:20); 235 mg g32%)
m.p = 124.6-125.8 °C (Lt 12 125 °c IH NMR (400
MHz, DMSO-dg) 6 = 11.95 (s, 1H), 800 'd,J = 79 Hz,
2H), 7.60 (t, J = 7.3 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H).
7.19-7.16 (m, 2H), 7.08-7.05 (m, 1H), 3.97 Ss 2H) ppm;
13C NMR (100 MHz, DMSO-ds) § = 172.0 Sess intense),
133.05 129.07, 128.97, 128.83, 125,59 (d, J = 232 Hz),
122 93 d J = 3 Hz) 115.27 d J = 20 Hz), 28.12 Ié)m;
&A +1+-280 992%Kl RMSFSI-
M ¥ H +) calculated for C15H12FNOS: 287.0654;
found 287 0650.

N-(7-chloro-4H- benzo[v%l| ,3]thiazin-2-yl)benzamide
Eﬁea)[zﬂ (Scheme 43 ite solid; Rf = 0.60 (SiOo,
tOAc/Hexane = 8:2); purlflcatlon system: CombiFlash
MPLC EtOAc/Hexane = 20:80): vield: 266 mg lg38%)
2.2-153.4 °C (th[zﬂ 151-152 °C); 'H NMR (400
MHz DMSO-ds) 6 = 11.71 (br, 1H), 805 (d, J = 7.6 Hz,
2H) 757£t J= 76Hz 1H), 7.48 (t,J = 7.6 Hz, 2H), 7.29
d, J = 8.4 Hz, 1H) 7.19 (br 2H) 395 (s, 2H) ppm; BC
NMR (100 MHz DMSO -ds) & = 136.3 (less intense),
132, 76 132,57, 129.39, 128.97, 128, 81, 1249, 120.
27.65 ppm; MS (APCI) M + 1|_]|+ = 303.0 (99 80%)
HRMS (ESI TOF, calculated  for
C1sH1,CINZOS: 303.0358; found 303 0354

E) -(trifluoromet 2yl) -4H- benzo[%l ,3]thiazin-2-
yl)benzamide (6fa)?1'(Scheme 4): White solid; Rs = 0.50
SiOy, Hexane/EtOAc = 8:2); pur|f|cat|on system:
omb|Flash MPLC (Hexane/EtOAc = 80:20); yield: 296
88‘V m.p = 116.6-117. 8 °C (Lit?1 116-117 °C); H
400 MHz, DMSO-dg) 5 = 11. 84§]br 1H), 8.05(d, J
-72 z, 2H), 7582 t,J= 72Hz 1H), 7.51-7.45 (m, 5H),
4,05 (s, 2H) ppm; C NMR (100 MHz, DMSO-de) § =
134.8 (less mtense) 132.84, 129.72, 129.3, 129.2 (g, J =

31.8 Hz), 128.5, 126.12, 124.38 (q, J = 271 Hz), 121. 7,
27.94 m MS APCI) M + %\t = 337.0 ( 857%)
HRM ESI- TOF, 1M): calculated for

C15H12F3NZOS 337 0622; found 337.0618.

N-(4-phenyl-4H- benzo; \/L ,3]thiazin- ZF%/I)benzamlde
(6ga) (Scheme 4) Off-White solid; 0.50 (SiOy,
Hexane/EtOAc = 8:2); purlflcatlon system: ComblFlash
MPLC Hexane/EtOAC = 80: 20) ield: 258 m 8875%)
.0-88.0 °C; 'H NMR MHz, DMS o=
1165|_$br 1H), 8.01'(d, J = 8.0 z 2H), 753 dd J—72
Hz, 1H), 7.45(t, J = 9Hz 2H) 738 &m , 1.25-
7.09 ém 5H), 557 (s, 1H) m 13C NM 'MHz,
DMS = 171. 1 141. 7 13498 132. 68 131.32,
129.19, 128 96, 128.77, 128.06, 127.86, 127.66, 125.88,
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123.89, 121.27, 44.7 ppm; HRMS (ESI-QTOF, gM + H]Y):
calculated for C21H17N208 345.1061; found: 345.1063.

(2)-N-(1-methyl-1,4-dihydro-2H-benzo[d][1,3]thiazin-2-
\glden?benzamlde (6ha % (Scheme 4) Pale brown solid;
SiO;, Hexane/EtOAc = 8:2); pur|f|cat|on
system: ComblFlash MPLC (Hexane/Et AC = 85: 15);
ield: 260 mg (92%); m.p = 178.8-181 °C; *H NMR (400
Hz, DMSO 5)8 8.17 (d, J = 7.9 Hz, ZH; 761(tt J=
7.3 Hz, 1H), 72tJ—79Hz 2H)745 , 3H),
7.25 (dt, J = 7.8 Hz 1H), 3.93 (s, ZHg 3.82 (s 3H) ppm;
3C NMR (100 MHz, DMSO- -dg) 0o = 174.1, 167.11,
140.58, 136.44, 132.68, 129.74, 128.87, 128.61, 126.87,
126,54, 125.21,118.72, 37.82, 28. 07£ m; MS APCI):{M
+ 1" = 283.1 (99.42%); HRMS (ESI-QTOF, [M + HJ")
calculated for C16H15N20S: 283.0905; found 283.0901.

(ﬁ tolyl)-4H-benzo[d][1,3]thiazin-2-amine  (6ab)
Scheme '5): Off-white solid; Rt = 0.60 (SiO,,
Hexane/EtOAc = 8:2); pur|f|cat|on system: CombiFlash
MPLC (EtOAc /Hexane= 20:80); yield: 229 mg &90%)
m.p = 187.5-188.8 °C (Lit*1 18 “189 °C); 'H NMR (400
MHz, DMSO- de 8 =9.35 %)r 1H), 770 (br, 2H), 722-

715m2H 8 (d, J = 8.0 Hz, 2H), 703697(m 2H),
3.99 g 223 (s 3H) ppm; BC NMR (100 MHz,
DMS = 150.7 (less intense), 145.0 (less intense),

131.67, 129 49 128.34, 127.23, 123.63, 120.77, 120.29,
29.12, 20.88 Mpm MS (APCI): [M + 1] = 255.1
8)9 10%) HRMS (ESI- QTOF JM + H]*): calculated for
15H15N2S: 255, 0955 found: 255.0951.

N-(2,4-dimeth f}/ henyl)-4H-benzo[d][1,3]thiazin-2-
amine (6ac)? {;Scheme 5): Off white solid; R = 0.45
SiOy, Hexane/ tOACc = purlflcatlon system:
ombiFlash MPLC (Hexane/Et Ac = 80: 20); yield: 231
mgﬂgso/g E' 176.4-177.6 °C (Litl?1 176-177 °C); H
400 MHz, DMSO-ds) 3 = 9.96 (br, 1H), 7.19-7.14
gm 2H), 7.02 (d, J = 2.6 Hz, 1H)698dJ 6 Hz, 1H),
91 (t, J = 74Hz 1H), 6773_| Hz, 1H 672$br
1H)392s2H)21(53)2073 gf ;
NMR (100 MHz, DMSO-dg) & = 152.48, 13 130.3
128 34,127.16, 124.75, 122.3, 120.92, 28.78, 21.08, 17. 91'
m MS (APCI): [M + 1]* = 269.1 (98.10%); HRMS
SI- TOF M + H +) calculated for CigH17N,S:
69. 1112 found 269.1114

N-(2-methoxyphen I) -4H- benzo[d](gl 3&th|azin-2-amine
(6ad)l (Scheme White soli = 0.60 (SiO;,
Hexane/EtOAc = 8: ) purlflcatlon system: CombiFlash
MPLC (EtOAc /Hexane= 20:80); yield: 238 mg gBS%)

m.p = 117.2-118.1 °C (Litl1 11 118 °C); *H NMR (400
MHz, DMSO- da 3 =09.15 br 1H 746 Ebr 1H), 7 21-
715m2H ), 7.04-6.93 (m, 9-6.85 (dt, J = 8.0 Hz,
1H), 3.93 (s, 2H), 3.75 (5, 3H) ppm 13C NMR (100 MHz,
DMSO-d6) 6 = 152.1, 151.03, 128.35, 127.2, 12434
123.23, 122.87, 120.91, 120.7, 111.82, 55.92, 28.9 ;%
MS (APCI): [M + 1]* = 271.1 (98%); HRMS (ESI-

M + H +) calculated for CisHisN2OS: 271. 0905 ound

Ethyl(4H-benzo[d][1,3]thiazin-2-yl)carbamate SGah)[Zﬂ
(Scheme 5): White solid; Rs = 0.60 (SiO2, Hexane/EtOAC
= 8:2); purification system: CombiFlash MPLC
Hexane/EtOAC = 90: 102|_Y|eld 208 mg (88%); m.p = 92-
93 °C Lit21 93-94 °C NMR (400 MHz, DMSO-ds) &

= 11.10 (br, 1H), -7.19 (m, 2H), 7.10-7.04 (m, 2H),
4.06 (9, J = 7.8 z 2H 3.94 (s, 2H), 1.18 (t, J = 8.0 Hz,
0O-ds) 6 = 157.6 (less

3H) ppm; C NMR gl 0 MHz, DM
intense), "139. 98 128,52, 127.27, 125.1, 120.88, 61.28,
28.07, 14.84 ppm; HRMS ;ESI QTOF [M + H]IY:
calculated for C11H13N2028 237.0697; found: 237 0694.

N-phenyl-4H- benzoW]rEl 3]thiazin-2-amine (6ai)2"
(Scheme 5): Off-White solid; Rr = 0.60 (SiO,,
Hexane/EtOAc = 8:2); purlflcatlon system: CombiFlash
MPLC (Hexane/EtOAC = 85: 15); yield: 221 mg?_|(92%%e
méj 02.2 - 203.4 °C (Lit?T 201-202 °C)

(400 MHz, DMSO-ds) & = 9.43 (br, 1H), 7. 84 (br, 2H),

8
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3H), 00 (s, 2H) ppm “BCNMR (100 MHz, DMSO-d

= 152.0 (less intense), 142.9 (less intense), 129.0, 128

127. 26, 124.69, 123.92, 122.78, 120.77, 120.09, 29.11

ppm; MSl\SAPCl-P M + 1]+ =241.1 (98. 2%): HRMSS (ESI-
QTOF 1*): calculated for CisHis .S: 241.0799;

found 241.0796.

7.27 (t, J = 8.0 Hz, 2H) 7.23-7.16 (m, 2H), 706696§
7,

N-(o-toly g -4H- benzo[ld][l ,3]thiazin-2-amine (6aj)[21
(Scheme 5): White solid; Rs = 0.60 (SiO, EtOAc/Hexane
= 8:2); purification system: ComblFlash MPLC

Hexane/EtOAC = 85 15); yield: 234 mg I\XQZO nlua
68.8-169.8 °C (Litl?7 1 8- 169 °C); 'H N (400 Hz,
DMSO -ds) 8 = 10.00 (br, 1H), 7.19-7.15 (m, 3H), 7.09 (t, J
= 8.0 Hz, 1H), 7.00- .90 (m 4H), 393 (s 2H), 2.13 (s,
8§) m; 3C NMR (]100 MHz, DMSO- d2)28 = 152.53,

128.35, 127.17, 126.45, 124 04, 122.32, 120.93,
28 77, 18.37 ppm; MS APCI?\/I + 1] = 254.82
S (ESI QTOF + H]"): calculated for

ggg 20%); HR
sH1sN2S: 255.0955; found: 255.0954.

N-(4- methoxyphen 1)-4H- benzo[dﬂ[l 3 hlazm 2-amine
(6ak)T (Scheme % Pinkish solid; Rs = 0.55 (SiO,,
Hexane/EtOAC = 8: purlflcatlon system: CombiFlash
MPLC (Hexane/EtOAC = 85:15); yield: 251 mg/”(?B%)
m.p = 179.6-180.8 °C (Lit2T 170-180 °C); 'H N 400
MHz, DMSO- do)la = 9.29 (br, 1H), 774 (br, 2H), 721-

714m2H 699§m 2H)686(de 8.2 Hz, 2H),
39885 . 3.71 (s, 3H) ppm; ®C NMR (100 MHz,
= 155. 19 150.2 (less intense), 145.2 (less

intense), 128 32 127.22, 121.84, 120.79, 114.18, 55.61,
29.13 ppm; MS (APCI) l\/fM + 1|_]|+ = 271.1 (99.20%):
HRMS (ESI QTOF AJ calculated for
C15H15N20S: 271.0905; found 271.0904.

(P?/ndm -3-yl)-4H-benzo[d][1,3]thiazin-2- am|ne

6al)i?1 (Scheme % Brown solid; Rt = 0.2 (SiOs,
Hexane/EtOAc =8: purlflcatlon system: CombiFlash
MPLC (Hexane/EtO ¢ = 70:30); yield: 202 mg [(?4%)

m.p = 146.2-147.4 °C (Lit1 14 146 °C); 'H NMR (400
MHz, DMSO-ds) & = 9.67 (br, 1H), 8.94 (br, 1H), 834 (br,
1H) 819 d,J=7.6Hz 1H), 7.3 7308m 1H) 7.26-7.18
m, 2H), 7.07-7.0 (m, 2H), 4.04 (s, 2H 1BC NMR
100 HZ DMSO-d6 6 = 150.8 (less 1ntense 143.63,
41 59, 128.48, 127. 124.45, 123.88, 120.71, 29.02

m MS '(AP(’:\/P M + 11+ = 242.10 (99 85%); HRMS

SI— + H +) calculated for CizHi12NsS:
42. 0751 found 242.0747.

(5ﬂ4 3]thiazin-2-

El)ammoggroganoate (6am Scheme 5 ite solid;

=0 i0,, Hexane/EtOAc = 8:2 pur|f|cat|on
system: ComblFlash MPLC (Hexane/EtOAC = 80:20);
}/leld 224 mg (85%); m.p = 60-61 °C (Lit[* 59-60 °C);

H NMR (400 MHz, DMSO-ds) & = 7.36 (br, 1H) 7.16-

Ethyl H- benzo[di[l

708% 2H)691tJ 8.0 Hz, 2H), 4.05 (g, J = 7.6 Hz,
2H), 3.87 (s, 2H), 3.55 (t, J = 6.8 Hz, 2H)260 t,J=78
Hz, 2H), 116 t J'= 8.0 Hz, 3H) ppm; 3C NMR (100

MHz, DMSO-de) & = 171.78, 15327, 146.31, 128.21,
127.1, 124. 22 1 2.82, 120.62, 60.34, 38.16, 34.12, 29.04,
14.53 ppm; MS APCI N{M + 1|_]|+ = 265.1 99 20%);
HRMS (ESI QTOF calculated for
C13H17N2025 265. 1010 ound: 265. 00

Analytical Data of Synthesized Pyrrolo[1,2-c]thiazoles
(8aa and ai) and Thiazolo[3,4-a]pyridines (8ba and ci)

(E)-N-(tetrahydropyrrolo[1,2-c]thiazol- S(lH)-
Elldenegbenzamlde 8aa) (Scheme 6): Off- white solid;
Si0,;, Hexane/EtOAc = 8:2); pur|f|cat|on

system: ComblFlash MPLC (Hexane/EtOAC = 80:20);
yield: 229 mg (93%); m.p = 124.2-125.1 °C; *H NM
5400 MHz, DMSO-de) 5 = 8.10 (d, J = 7.8 Hz, 2H), 7.51 (t,

= 7.6 Hz, 1H), 7.43 (t, J = 7.8 Hz, 2H), 4.31-4.22 (m.
1H), 3.70-3.63 (M, 1H), 3.42 (dt, J = 8.0 Hz, 1H), 3.30 (t, J
= 9.0 Hz, 1H), 3.01 (t, J =112 Hz, 1H), 2.29-2.03 (m, Hg
1.67-1.55 (m. 1H) ppm; C NMR (100 MHz, DMSO ‘ds
= 173.46, 167.08, 136.88, 132.2, 129.41, 128.54, 64.
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42,58, 33.31, 30.18, 27.46 ppm; MS %APCIEN{M + H* =
247.1  (99. 00%) HRMS (ESI-QTOF
calculated for C13H1sN2OS: 247.0905; found: 247.0901.

(E)-N-(tetrahydrop rrolo[l 2-C thlazol -3(1H)-
ylidene)aniline 8a|¥ (Scheme 6): White solid; Rt = 0.4
SiO;, Hexane/EtOAc = 8:2); purlflcat|on system:
ombiFlash MPLC (Hexane/EtOAC = 80:20); yield: 192
m'g\)/IgSS%) m.p = 101.0-102.2 °C; H NM (1400 MHz,
O-ds) 8 = 7.27 (t, J = 7.6 Hz, 2H), 701(_I 7.6 Hz,
1H), 684(d J=7.6 Hz, 1H), 4.27-4.19 (m, 1H), 3.61-3.54
gm 1H), 3.42- 335§m 1H),3.29-3.23 (m, 1H),3.05 (t, J =
4 Hz 1H) 2.25-2.00 (m, 3H) 1.65-1.55 (m, 1H) ppm;
LC NMR (100 MHz, DMSO-dg) 5 = 156.33, 129.15,
122.78, 122.00, 64.65, 45.85, 33.44, 30.41, 27.58 ppm;
HRMS ESI-QTOF [M + H]"): calculated for CioH1sN5S:
219.0955; found: 219.0952.

(E)-N-(tetrahydro-1H-thiazolo[3,4-a]pyridin-3(5H)-
ylidene)aniline Eba (Scheme[6 V\}hl)te solid; Rf = 0.6
SiOy, Hexane/ pur|f|cat|on system:
ombiFlash MPLC (Hexane/Et Ac = 80: 20); yield: 218
mg 840/ m.p = 116.2-117.4 °C; *H NMR gXOO MHz,
Cla)) &= 8.26 (d, J = 7.6 Hz, 2H), 7.47 (t, 8.0 Hz,
740 t, J = 8.0 Hz, 2H), 4.82 (dd, J = 8.6 Hz, 1H).
(ddd, J'= 8.4 Hz, 1H), 4.29 (dd, J = 8.1 Hz, 1H), 2.82
t J 79Hz 1H 201 196 m 2H 1.81 (d, i= 8.1 Hz,

H),), 1.56-1.46 (m, 3H), J—92 z, 1H) ppm:
B3C'NMR (100 MHz, C C|3) 8 = 175 94, 172.05, 136.85,
131.68, 129.53, 127.9, 60.24, 46.3, 33.48, 32.1, 24.3, 23.87
ppm; HRMS (ESI- OTOF, M + H;;l\): calculated for
C14H17N20S: 261.1061; found: 261.105

(E) -3- (dphenyl|m|no)hexahydro 1H-thiazolo[3,4-
p ridin-1-one (8ci (Scheme 6): White so id; Rr = 0.4
(: o, Hexane/EtO 2} urlflcatlon system:
ombiFlash MPLC Hexane/Et Ac = 80:20); yield: 231
mgﬂé94% m.p = 155.4-156.2 °C; 'H NMR (400 MHz,
O-ds) 6 = 7.52-7.42 (m, 3H), 7.34-7.30 (m, 2H), 4.67
dd J—9l 4.4 Hz, 1H), 4.39 (dd J =114, 4.2 Hz, 1H),
dt, J = 12.9, 3.2 Hz, 1H), 2.16-2.11 (m 1H), 1.95-
180 m, 2H), 1.69-1.52 (m, 2H), 1.43 (ddd, J = 16.3, 12.7
Z, 1H§ ggm 3C NMR (100 MHz, DMSO- ds) o=
179 04, 17 134.20, 129.34, 129.14, 129.05, 60. 34
43.85, 27.78, 25.14, 22.59 ppm; MS (APCI M + H
247.1  (99. 08%) HRMS (ESI-QTOF,
calculated for C13H15N20S: 247.0905; found: 247. 0901

Analytical Data of Synthesized N,S-spirocycles 10aa-da

() -0X0-6-thia-4-azaspiro[2.4
yl)benzamide (10aa) (Scheme
SiO;, Hexane/EtOAc = pur|f|cat|on system:
ombiFlash MPLC Hexane/EtOAc = 80:20); yield: 172
mg (70%); m.p = 143.2-144.4 °C; 'H NMR (400 MHz,
DM Ode)S— 12.19 (br, 1H), 8.00 (d, J = 7.6 Hz, 2H)
7.62 (t, J=7.0 Hz, 1H), 751 t J=7.6Hz, 2H) 1.77 (d,
= 3.2 Hz, 2H), 1.64 (d. J = 4.0 Hz, 2H) ppm; *C NMR
100 MHZ, D SO-de o= 181.97, 168.96, 168. 30, 133.47,
32.50, 129.0, 128.85, 57.30, 21.51, 15.85 gpm HRMS
ESI-QTOF, [M + H]*) calculated” for CioH11N,0,S:
47.0541; found: 247.0543.

hept-4-en-5-
) White solid; Rr = 0.4

N-(8-oxo-7-thia-5-azaspiro[3. 4[](oct -5-en-6-yl)benzamide
(10ba) (Scheme 7): Brown sticky liquid; Rt = 0.45 (SiO,
Hexane/EtOAc = 8:2); pur|f|cat|on system: CombiFlash
MPLC (Hexane/EtOAc = 80: 20); yield: 161 mg (62 %);
'H NMR (Keto form?_'(400 MHz, DMSO de) 6 =10.97 (br,
1H), 7.96 (d, J = 8.0 Hz, 2H ,7.61 (t, J=8.0 Hz, 1H), 7.50
t, J=7.9 Hz, 2H), 2.73-2. 3 m, 2H) 232224(Sm 2H),
197-1.89 (m, 2H) ppm; 3C NMR (Keto form) (100 MHz,
DMSO- dg o = 179.36, 173.46, 168.44, 133 31, 131 59,
128.92, 128.82, 61.51, 31.31, 15.76 ppm; 'H NMR (Enol
form 8? (400 MHz, DMSO- -dg) 8 = 10.62 (br, 1H), 7.84 (d, J
Hz, 2H 746 t,J= 8OHZ 1H) 741 (t,J= 79Hz

2H 2.73-2.63 H 232224m2H) :97-1.89
2H) ppm; BC (Enoi form) (100 MHz, DMSO- de
= 179. 36 173. 46 168 29, 134.72, 132 84, 128. 59, 127.86,
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61.51, 31.31, 15.76££m; MS (APCI): [M + 1]* = 261.9
g98.18%); HRMS (ESI-QTOF, [M + H]*): calculated for
13H13N20,S: 261.0697; found: 261.069

N- 4—0xo—3_—thia—1—azasspiro[4.4]/_non-1—en—2—_ )
yl)benzamide (100a)é cheme 7): brown sticky solid; Rt
= 0.4 (SiO2, Hexane/EtOAc = 8:2); purification system:
CombiFlash MPLC gHexane/EtOAc = 80:20); yield: 203
mgﬂéﬂ%); m.p = 112.2-113.4 °C; 'H NMR (400 MHz,
DMSO-ds) & = 12.10 (br, 1H), 8.03 (d, J = 7.2 Hz, 2H),
7.60 Sﬂ J=7.2Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 2.05-1.92
m, 2H), 1.92-1.76 ﬂr_? 6H) ppm; MS&APCI M+ H =
75.1 (94.86%); HRM ESI-QTOF, [M + HI]":
calculated for C14H15N20,S: 275.0854; found: 275.0852.

N-(5'-ox0-5'H-spiro[adamantane-2,4'-thiazol]-2'-
yl)benzamide (10da) (Scheme 7): White solid; Rf = 0.4
SiOz, Hexane/EtOAc = 8:2); purification system:
ombiFlash MPLC (Hexane/EtOAc¢ = 80:20); yield: 238
mg (70%); m.p = 96.3-97.4 °C; 'H NMR (400 MHz,
DMSO-dg) & = 11.71 (br, 1H), 8.03 (d, J = 8.0 Hz, 2H),
7.60 (t, J =8.0 Hz, 1H), 7.49 (t, J = 7.9 Hz, 2H), 2.40 (dd,
J =13.8 Hz, 4HJ, 1.86-1.50 (m, 10H) ppm; *C NMR (100
MHz, DMSO- %) & = 172.24, 133.21, 129.06, 128.99,
128.83, 38.21, 34.89, 34.64, 30.99, 27.31, 26.06 ppm,;
HRMS (ESI-QTOF, [M + HI[):
C19H2:N20,S: 341.1323; found: 341.1320.

calculated  for

Analytical Data of Isolated Intermediates 3aa and 11a

2-(3-Benzoylthioureido)benzoic acid (3aa)*? (Scheme
8): White solid; Rf = 0.15 (SiO,, Hexane/EtOAC = 6:4);
purification system: CombiFlash MPLC (DCM/MeOH =
98:2); yield: 285 mg (95%); *H NMR (400 MHz, DMSO-
ds) 8 =13.36 (s, 1H), 13.17 (s, 1H), 11.56 (s, 1H), 8.17 (d,
J =8.0 Hz, 1H), 7.99 (d, J = 8.0 Hz, 2H), 7.94 (d, J = 8.0
Hz, 1H), 7.69-7.61 (m, 2H), 7.54 (t, J = 8.0 Hz, 2H), 7.38
(t, J = 8.0 Hz, 1H) ppm; MS (APCI):[M + 1]+ = 301.1
(99.84%); HRMS (EI-QTOF, [M + H]+): calculated for
C15H13N203S: 301.0646; found: 301.0641.

2-Amino-N,N-dimethylbenzamide (11a)1* (Scheme 8):
White solid; Rf = 0.25 (SiO;, Hexane/EtOAc = 8:2);
purification system: CombiFlash MPLC (Hexane/EtOAC
= 80:20); yield: 125 mg (76%); 'H NMR (400 MHz,
DMSO-ds) 6 =7.05 (t, J = 8.0 Hz, 1H), 6.96 (d, J = 8.0 Hz,
1H), 6.67 (d, J = 8.0 Hz, 1H), 6.52 (t, J = 8.0 Hz, 1H), 5.11
(s, 2H), 2.44 (s, 6H) ppm; MS (APCI):[M + 1]+ = 165.1
(100%); HRMS (EI-QTOF, [M + H]+): calculated for
CoH13N20: 165.1027; found: 165.1023.
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