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Abstract: A series of 24 benzothiadiazine derivatives withuatural novelty were designed,
synthesized and biologically evaluated as PBl3Klective inhibitors. As a consequence of the
structure-activity relationship (SAR) study, compde 63 and 71 were identified with single-digit
nanomolar 1G, values against PI3Kand submicromolar G values against human malignant B-cell
line SU-DHL-6. Furthermore, chiral resolution ottkey amine intermediate of these two compounds
was performed to achieve corresponding enantiomeisubsequent biological evaluatid®63 (ICs:

4.6 nM) andS-71 (ICs,: below0.32 nM) demonstrated comparable and superior ®liBKibitory
activity, respectively, to that of idelalisib. Adidinally, bothS-63 (Glsy: 33.2 nM) ands-71 (Glsg: 15.9
nM) exerted enhanced anti-proliferative activityaeugt the SU-DHL-6 cell line than that of idelabisi
Moreover, both S-63 and S-71 exhibited excellent PI3K selectivity. In the furtherin vivo
pharmacokinetic (PK) studyS-63 displayed a good plasma exposure and an acceptable
bioavailability of 29.2%. By virtue of its biologit performanceS-63 merits further development as a
potential therapeutic agent for battling B-cell-nag#eld malignancies.
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1. Introduction

Aberrant phosphoinositide 3-kinase (PI3K) signalisgimplicated in a myriad of pathological
conditions [1-5]. PI3K, thdipid kinase transforming phosphatidylinositol 4psphosphate (PHpto
the second messenger phosphatidylinositol 3, 4isphosphate (PHP, comprises several classes,
among which class | PI3Ks have been widely accepsetdrgets for battling human malignancies [6-8].
Owing to the differentiation in the catalytic sultuand biological function, Class | PI3Ks can be
further divided into four highly homologous subtgp®I3Ka, PI3KB, PI3Ky and PI3K [9].

Predominantly enriched in leukocytes, and essefdiaB-cell proliferation and function, PI3K
provides a unique opportunity for therapeutic iméation in B-cell-mediated malignancies,
autoimmune disorders, and inflammatory diseaseslfl0In comparison, PI3K and PI3K3 are
ubiquitously expressed and vital for embryonic depment, insulin action, as well as platelet
aggregation [9, 14-16]. Considering these chargties, the application of pan-class | PI3K inhalpg
for treating leukocyte-mediated conditions may leenpromised by limited tolerability due to the
concomitant suppression of other subtypes irreletardisease initiation and progression [17, 18].
Hence, the past decade has witnessed an increaswegtment in PI3R-selective inhibitors
specifically ablating PI3K signaling without interfering with the biologichlnction of the other three
class | PI3K isoforms [19-24].

Idelalisib (Zydelig)1 is the first-in-classPI3Ks-selective inhibitor approved for treating chronic
lymphocytic leukemia (CLL), follicular lymphoma (ffLand small lymphocytic lymphoma (SLL) in
2014 [25, 26]. Duvelisil2, ad-weighted PI3K/y dual inhibitor [27], has also been approved rdgent
for curing hematopoietic malignancies. Several otbhandidates, as exemplified by acalisth
AMG-319 4, tenalisib5 and umbralisib6 (https://www.pharmacodia.com/cn), have progressed t
clinical trials as remedies for B or T cell-relatedlignanciesKigure 1). With respect to the binding
mode, these advanced PBkKhibitors may be defined as ATP-competitive dkoig inhibitors and
are capable of inducing a hydrophobic selectivibghet between residues Trp760 and Met752, which
is not present in the apo structure of the enzy28e29].

Despite differentiated chemical structures, thedlstaric inhibitors, also termed as the
propeller-shaped inhibitors, harbor approximatehg tsame pharmacophore, featuring a bicyclic
heteroaromatic core, a six-membered aryl groupctljrattached to it, as well as a hinge binder (HB)

tethered to itvia a short spacer [30F{gure 1). Among these, the six-membered aryl moiety and HB
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assume a perpendicular conformation to the heteneatic core that is embedded in the selectivity
pocket. The spacer between the bicyclic heteroaiornare and HB, commonly containing an amino
linker and a chiral carbon, is vital for induciniget specificity pocket. In addition to the PIK

inhibitors characterized by this pharmacophore,emecmedicinal chemistry efforts have also
culminated in propeller-shaped inhibitors with nesdd aromatic core, and nonpropeller-shaped

inhibitors [31].
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Figure 1. The approved or clinically investigated PIBKelective inhibitors.

Built upon our insight into the typical propellenegped PI3K-selective inhibitors, especially the
successful exploration @& 4 and5 via bioisosterism, we envisioned that replacementuadagolinone
of idelalisib with the benzothiadiazine template ymiae a feasible approach to obtaining novel
P13Ks-selective inhibitorsKigure 2). To explore the structure-activity relationshi{@ARs) of these
benzothiadiazines, different;RR, and R substituents were investigated to obtain optimaleties.
Also, for some compounds, the aminopurine was oeplaby its ring-opening surrogate 4,
6-diamino-5-carbonitrile pyrimidine, or reversedttwits N9 tethered to the chiral carbon. Through
careful modification oN-2 phenyl moiety, C-8 replacement, C-3 short speaed hinge binder, both
compounds3 and 71 were identified with attractive PI3Kinhibitory activity and anti-proliferative
efficacy. In addition, chiral resolution of the keymine intermediate towards the preparation of
representative compoundé3(and 71) was performed to pave the way for revealing theact of
absolute configuration on PI3Kinhibitory activity and specificity. Based on tie vitro biological

evaluation,S-63, the most promising benzothiadiazine derivativedlghout the series, was further
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investigated forin vivo PK profiles. We herein communicate our recent redfdeading to a novel

structural series of benzothiadiazine derivative® BK5-selective inhibitors.
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Figure 2. The design rationale of target benzothiadiazinévdtves.

2. Results and Discussion
2.1. Chemistry

The synthetic route to target benzothiadiazine vaéisies is displayed inScheme 1. 1,
2-difluoro-3-nitrobenzener or 1, 2-dichloro-3-nitrobenzen8 was converted into corresponding
benzenesulfonyl chlorid@ or 10, respectively, according to a reported proced8&3. [The resulting
products or 2-nitrobenzenesulfonyl chlorid& were subsequently condensed with various aromatic
amines to afford sulfonamidek?-19 The nitro moiety of the sulfonamides was thenuced by
NaBH,, and the produced amines were converted to C-3 alkbstituted benzothiadiazin@9-31
after condensation with orthoester and intramobacglyclization [33]. Nexta-bromination of the
derived products yielde82-43[34, 35], which were subjected to a two-step Galsimthesis to
generate the key amine intermediates-54 Ultimately, 44-54 reacted with 6-chlorot9-purine,
6-chloro-2-fluoro-#H-purine, 2,6-dichloro-B-purine or 4-amino-6-chloropyrimidine-5-carbongrito
produces5-72as the target compounds [18, 21, 36]. Additionahig treatment of bromid&2-34 37,

39 and40 with adenine in the presence ofGO; gernerated target compounds-78
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20, 32, 44, 55 R,=Ph, Ry=H, Rs=Me, R,=H
21, 33, 45, 56 R,=4-F-Ph, R,=H, Ry=Me, Ry=H

22, 34 Ry=4-F-Ph, Ry=H, Ry=Et

23, 35, 46, 57 R1=3-CF3-Ph, R2=H, R3=Me, R4=H

24, 36, 47, 58 R,=3-CF5-Ph, Ry=H, Ry=Et , Ry=H

25, 37, 48, 59 R1=4-OCF3-Ph, Ry=H, R;=Et, R4=H

26, 38, 49, 60 Ry=3, 4-di-OCH;-Ph, Ry=H, Ry=Et, R,=H
27, 39, 50, 61 R,=3-Py, Ry=H, Rs=Me, R,=H

28, 40, 51 Ry=Ph, R,=F, R;=Me

29, 41, 52, 62 Ry=Ph, Ry=F, Ry=Et, R4=H

30, 42, 53, 63 R,=Ph, R,=Cl, R;=Me, R4=H

31, 43, 54, 64 R,=Ph, Ry=Cl, Ry=Et, Ry=H

73 R1=Ph, Ry=H, Rz=Me

74 Ry=4-F-Ph, Ry=H,R3=Me

75 Ry=4-F-Ph, Ry=H, R,=Et

76 Ry=4-OCF3-Ph, Ry=H, R,=Et
77 R4=3-Py, Ry=H, Ry=Me

78 R,=Ph, R,=F, R;=Me

Scheme 1 Reagents and conditions: (a) (1) benzyl mercapg€a@0s;, DMF, rt; (2) Cb, DCM/H,0,

0 °C; (b) corresponding aromatic amine, pyridin€ND 0 °C to rt; (c) (1) NaBH NiCl, (hexahydrate),

MeOH/DCM, 0 °C to rt; (2) corresponding orthoesfie80 °C, N; (3) PhO, 250 °C, N (As for 30 and

31, intramolecular cyclization occurred during theattment with orthoester, and this step was omitted)

(d) Br,, AcONa, AcOH, 40 °C; (e) (1) phthalimide 8Os, DMF, 40 °C; (2) hydrazine hydrate (85%),

EtOH, 80 °C, N; (f) 6-chloro-H-purine, 6-chloro-2-fluoro-#H-purine, 2,6-dichloro-Bl-purine or

4-amino-6-chloropyrimidine-5-carbonitrile, DIPEABUOH, 80 °C, N; (g) adenine, KCO;, DMF, rt.
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2.2. SAR Investigation

According to the design rationale summarizedrigure 2, 24 benzothiadiazines were prepared and
biologically evaluated for the PI3Kinhibitory activity. The experimental data of coouymds bearing
aminopurine as HB and those bearing 4, 6-diamia+bonitrile pyrimidine or reversed aminopurine
as HB are displayed iffable 1 and Table 2, respectively. Among them, 9 compounds, including
63-65 68, 69, 71-73and78, exhibited potent PI3Kinhibitory activity with 1G, values below 100
nM. In particular, the purine derivativé3 and 4, 6-diamino-5-carbonitrile pyrimidine derivat 71,
both with C-8 chloro and C-3 ethyl substitutionedard remarkable PI3Kinhibitory activity with
respective 1G, values of 9.8 and 3.2 nM.

Table 1.PI3Ks inhibitory activity of target compounds bearinginapurine as HB.

R0, 0

N/)\/R3
NH
NP SN
By
Ry °N [jll
Cpd. R; R, R3 R, PI3K & (ICso, NM)
55 Ph H Me H 344
56 4-F-Ph H Me H 1999
57 3-CFy-Ph H Me H >3000
58 3-CR-Ph H Et H >3000
59 4-OCFy-Ph H Et H >3000
60 3, 4di-OCHs-Ph H Et H >3000
61 3-Py H Me H 921
62 Ph F Et H >3000
63 Ph cl Me H 9.8
64 Ph cl Et H 81
65 Ph H Me F 92
66 Ph H Me Cl 1202
67 Ph F Et F 383
PI-103 14




Table 2.PI3K3 inhibitory activity of target compounds bearingé4diamino-5-carbonitrile pyrimidine

or reversed aminopurine as HB.

de Rl R2 R3 W P|3K6 (|0501 nM)
T
NH
68 Ph H Me NS 15
S,
-
NH
69 Ph F Me N7 . CN 35
\N NH,
-
NH
70 Ph F Et KA 141
k\N NH,
—
NH
71 Ph cl Me KA 3.2
\N NH,
D,
NH
72 Ph cl Et N)\/.[m 12
\N NH,
-
N.
« / N\
73 Ph H Me N 68
—N
HN
-
o™
74 4-F-Ph H Me ,3{\) 628
—N
H,N
-
o™
75 4-F-Ph H Et &{\> >3000
—N
H,N
-
o™
76 4-OCFy-Ph H Et &{\) >3000
—N
HN
-
N.
« / N\
77 3-Py H Me N 623
—N
HN
-
N.
« / N\
78 Ph F Me N 54
—N
H,N
PI-103 14




From the biological data presentedTiable 1 and2, some valuable SARs can be deduced. Firstly,
theN-2 phenyl moiety was optimum and substitution atphenyl was detrimental to PI8Knhibitory
activity. In addition, replacing thd-2 phenyl moiety with pyridinyl weakened the enzyimactivity
by approximately 3-foldg1 versus55). When comparing8 (ICs, > 3000 nM) ta59 (ICso > 3000 nM)
or 60 (ICs, > 3000 nM), it became evident that neither the @9nor 3, 4di-OCH; substitution
boosted PI3K inhibitory activity. Secondly, the introduction afchloro-substituent at the C-8 position
significantly improved PI3K inhibitory activity. As for compounds with aminajne as HB, C-8
chlorinated compound3 (ICso = 9.8 nM) was 35-fold more potent than its C-8 ubsituted
counterparb5, and C-8 chlorinated compouitd (ICso = 81 nM) was over 35-fold more active than
C-8 fluorinated counterpar62 (ICso > 3000 nM). Similar results can also be observed f
benzothiadiazines with 4, 6-diamino-5-carbonitplgimidine as HB, e.g71 versus68, 71 versust9,
and 72 versus70. Thirdly, HB had an important impact on PI8Knhibitory activity. Replacing
aminopurine with 4, 6-diamino-5-carbonitrile pyrohitie can dramatically improve PI3Kinhibitory
activity, as illustrated b$8 versusb5, 70 versus62, 71 versus63, and72 versus64. The reversion of
the aminopurine also enhanced P33Khibitory activity, as demonstrated B3 versusb5, 74 versus
56, and 77 versus6l. Finally, compounds with a C-3 ethyl substituen¢rev superior to their
counterparts with a C-3 propyl substituent in Pd3Khibitory activity, as shown b§3 versust4, 69

versus/0, and71 versusr2.

Table 3. The anti-proliferative activity of selected compds against SU-DHL-6 cell line.

Cpd. SU-DHL-6 (Glso, nM) Cpd. SU-DHL-6 (Glso, NM)
63 770 71 187
64 2193 72 1675
65 4689 73 23147
68 3501 78 7203
69 1217
Paclitaxel 7.9
70 10511

Compounds with PI3KICsgvalues below 200 nM were evaluated for their anbliferative activity

against the human malignant B-cell line SU-DHL46.general, over half of them exhibited favorable
8



anti-proliferative efficacy with G, values ranging from low micromolar to submicronndivel, and
the cellular activity was consistent with the enagim activity (Table 3). Compound$3 and 71, the
two most potent PI3K inhibitors throughout this series, also exertecharkable anti-proliferative

efficacy with respective @ values of 770 and 187 nM against the SU-DHL-6 load!.

2.3. Chiral Resolution

OH
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Figure 3. The chiral resolution of the key amine intermedB2and the result for X-ray single crystal

diffraction of S-63.

Upon SAR investigation stated above, two benzothiade derivative$3 and71 were identified
with promisingin vitro potency, both characterized by single-digit nankamBI3K3 inhibitory activity
and submicromolar anti-proliferative efficacy. Téfre, we subsequently undertook the chiral
resolution of53, the key amine intermediate towards the preparaifacompounds$3 and71, which
would pave the way to reveal how the absolute goméition affected PI3Kinhibitory activity and
subtype specificity Kigure 3). Through our investigation on differenhiral resolving reagent§ or

R-mandelic acid was identified to be optimum. Bdtk R-mandelic acid salt 053-1 and Smandelic
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acid salt of53-2 were attained in higde value (over 95%) after recrystallization from dthgetate
(EA). After basifying theR-mandelic acid salt 063-1, the free amine was converted into the
corresponding purine derivati@63, the absolute configuration of which was determiviea X-ray
single crystal diffraction. Accordingly, the abs@iconfigurations 053-1and53-2were determined as
S andR, respectively. On the basis of this, we prepaRe@i3, S-71 and R-71 for further biological

evaluation.
2.4. In Vitro Activity and Subtype Selectivity of Optically Pure Compounds

Table 4.In vitro activity of the optically pure compounds.

Cl o ,o/@
SN
DY

N~ "Rs
PI3K & SU-DHL-6
Cpd. Rs
(ICs0, NM) @ (Glso, NM) a
A
NH
S63 A 4.6 33.2
L D
NT N
&
R-63 o 62 190
L D
NN
A
NH
S71 <0.32 15.9
o
L\N NH,
NH
R-71 N/‘ N 7.0 70.3
L\N NH,
Idelalisib 1.8 124

a. The data were obtained from separated experimemnt fiorresponding one performed for the
racemates.

The successful resolution of the key amine inteiated3 prompted us to investigate the PBK
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inhibitory potency and subtype specificity of thatioally pure compounds, includirg63, R-63, S-71
and R-71 (Table 4). ConsequentlyS-63 and R-71, with respective Ig, values of 4.6 and 7.0 nM,
exhibited comparable PI3Kinhibitory activity tothat of idelalisib. In particularS-71 demonstrated
potent PI3K inhibitory activity with 1G, value below 0.32 nM, which was superior to thadefalisib.
Importantly, the impact of absolute configuratianenzymatic activity was clearly observed according
to the obtained biological data, and tBeenantiomers %63 and S-71) displayed dramatically
improved enzymatic potency compared to that ofesgondingR-enantiomersR-63 and R-71). In
addition to the favorable enzymatic activity, b&63 andS-71, with respective Gl values of 33.2
and 15.9 nM, exhibited enhanced anti-proliferatieévity than that of idelalisib.

The absolute configuration also had a considerafilgence on subtype specificity, as illustrated by
the superior PI3K specificity of S-63 and S-71 to that of the corresponding enantiom&$3 and
R-71 over the other class | PI3K subtypeRlfle 5. Among them,S-63 exhibited comparable

d-subtype selectivity to that of idelalisib, whie71 displayed a more favorable specificity.

Table 5. Subtype specificity data of optically pure composind

S63 R-63 S71 R-71 Idelalisib
Kinases
(ICs0, NM) (ICs0, NM) (ICs0, NM) (ICs0, NM) (ICs0, NM)
PI3Ks 4.6 62 <0.32 7.0 1.8
3637 >5000 996 >5000 2164
PI3Ka
(791-fold)® (>81-fold)? (>3113-fold? (>714-fold)® (1202-folg)®
766 3990 55 169 154
PI3KB
(167-fold)® (64-fold)? (>172-fold)® (24-fold)? (85-fold)?
156 1905 100 112 63
PI3Ky
(34-fold)? (31-fold)? (>313-fold)? (16-fold)? (35-fold)?

a. Selectivity fold

2.5. Pharmacokinetics (PKs)
By virtue of the favorable PI3Kinhibitory activity and specificityS-63 was selected for further PK

evaluation in Sprague—Dawley (SD) Rats with idslaliused as the reference. Despite its better 13K

11



inhibitory activity and specificityS-71 exhibited a remarkably lower AUC value than thaSe83 in

the preliminary PK evaluation (Data not shown) aves not investigated extensively. As shown in

Table 6, S-63 displayed a favorable plasma exposure (AU€£2009+993 h ng/mL) and an acceptable

oral bioavailability (F% = 29.2+14.7). Moreover gtleclearance, volume distribution, and elimination

half-life were comparable to those of idelalisib.

Table 6.The PK property of selected compousié3.

Administration

Chax T AUC Vss CL
Cpd. Route and F%?®
(ng/mL)? (h)? (h ng/mL)? (L/kg)? (mL/kg/min) 2
Dosage
iv (2 mg/kg) 0.51840.121 1400446  0.853t0.0854  .828.67
S63 29.2+14.7
po (10 mg/kg) 643+413 1.20£0.256  2009+993 B _
iv (2 mg/kg) 0.519 £0.091 1396 + 298 0.884+0.044 24.5+4.83
Idelalisib 45.8+11.5
po (10 mg/kg)  2317+1075  1.03+0.0541 31914802 3 3

a. Data were shown as mean + SD (n=3).

2.6. Molecular Docking

Met752

Figure 4. The molecular docking @3-63 (a) andS-71 (b) into the PI3K active site.

The molecular docking analysis 863 andS-71 was carried out to elucidate their possible bigdin

modes with PI3I active site Figure 4). Consequently, the purine moiety $f63 was engaged in

H-bond contacts with residues Glu826 and Val82&him hinge region, while the benzothiadiazine

12



template inserted deeply into the allosteric spatifpocket with Trp760 on one side and Met752 on
the other sideHRigure 4a). Similarly, S-71 formed two H-bonds with residues in the hinge oagi
while the benzothiadiazine core occupied the alistselectivity pocketHigure 4b). These results of
molecular simulation may account for the P§3Khibitory potency and the subtype selectivitySe63
andsS-71.
3. Conclusions

In summary, we have designed and synthesized @ssefibenzothiadiazine-based P&3selective
inhibitors via bioisosterism. Among these compound8 and 71 displayed remarkable PI3K
inhibitory activity (IGgs: below 10 nM), along with promising anti-prolifgive potency against the
B-cell leukemia SU-DHL-6 cells (Gds: below 1uM). We next performed the chiral resolution of the
key amine intermediate towards their synthesis@a@ared corresponding enantiomers. In subsequent
biological evaluationS-63 andS-71 demonstrated comparable and superior BIBHibitory activity,
respectively, to that of idelalisib. Additionallipoth compounds exerted enhanced anti-proliferative
potency against the SU-DHL-6 cells compared to ¢fiadlelalisib. In terms of PI3&selectivity,5-63
and S-71 were comparable and superior to idelalisib, respelgt Furthermore, thé&-configuration
was more beneficial to both PI3Knhibitory activity and specificity thaR-configuration. In furthein
vivo PK study,S-63displayed a good plasma exposure and an accemtalbioavailability of 29.2%.
Owing to its favorable biological performancg&;63 merits further development as a potential

therapeutic agent for treating B-cell-mediated gradincies.

4. Experimental section
4.1. Chemistry

All the reagents and solvents were purchased fromnoon commercial suppliers. If necessary,
purification was carried out prior to use. Meltipgints were uncorrected and determined on a Blichi
B-540 apparatusH and**CNMR spectra were recorded on a Bruker Avance 00 $500 MHz) or
Bruker Avance 400 Il (400MHz) spectrometer in tinelicated solvent. ESI-MS were obtained by
Bruker Esquire-LC-00075 spectrometer, and HRMS weparded on aigilent 6224 TOF LC/MS
spectrometer. Flash column chromatography was peefd using silica gel (200—300 mesh). HPLC
was performed using an Agilent 1200 system with ttection at 254 nm, eluting with a binary

solvent system A and B [A: MeOH; B:,B with 0.12% ammonium acetate (W/V)]. Analyticalripy
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of all target compounds was shown in the suppleangrhaterial. Chiral HPLC was performed on a
Shimadzu LC-2010C system with UV detection at 264 eluting with a binary solvent system C and
D (C: i-PrOH; D: hexane).

4.1.1. General procedure for intermediates 9 and 10

2-Fluoro-6-nitrobenzenesulfonyl chloride and 2-chloro-6-nitrobenzenesulfonyl chlorid® were
prepared according to a reported procedure from 24difluoro-3-nitrobenzene7 and 1,
2-dichloro-3-nitrobenzeng, respectively, as light yellow solids.

4.1.2. General procedure for intermediates 12-19

To a solution of aniline (23 mL, 249 mmol, 1.1 em)d pyridine (22 mL, 271 mmol, 1.2 eq) in
anhydrous DCM (200 mL) was added a solution oftBsbenzenesulfonyl chloride (50.0 g, 226 mmol,
1.0 eq) in anhydrous DCM (200 mL) dropwise at O T@e resultant mixture was stirred at room
temperature for 0.5 h and then quenched with diytirochloric acid (1 N). After filtration, the fiate
was washed with brine, dried over anhydrous3@, and concentrated in vacuo. The residue was
ultimately subjected to recrystallization with Et@&1provideN-phenyl-2-nitrobenzenesulfonamid@
as a light yellow solid. Yield 83%ESI-MS: m/z = 279 [M+H]. Intermediated3-19were prepared in
a procedure similar to that described T@r

N-(4-fluorophenyl)-2-nitrobenzenesulfonamide3) Light yellow solid; yield 76%; ESI-MS: m/z =
297 [M+HT".

N-(3-(trifluoromethyl)phenyl)-2-nitrobenzenesulfonai® (14) Light yellow solid; yield 73%;
ESI-MS: m/z = 347 [M+H].

N-(4-(trifluoromethoxy)phenyl)-2-nitrobenzenesulfonige (15) Light yellow solid; yield 82%;
ESI-MS: m/z = 363 [M+H].

N-(3,4-dimethoxyphenyl)-2-nitrobenzenesulfonam{dé) Light yellow solid; yield 89%; ESI-MS:
m/z = 339 [M+H]J.

N-(pyridin-3-yl)-2-nitrobenzenesulfonamidd&®) The crude product was purified by flash column
chromatography using EA/petroleum ether (PE) (B2)the eluent. Light yellow solid; yield 70%;
ESI-MS: m/z = 280 [M+H].

N-phenyl-2-fluoro-6-nitrobenzenesulfonamide8l The crude product was purified by flash column
chromatography using EA/PE (1:129) as the eluent. Light yellow solid; yield 68%{ NMR (500

MHz, DMSO-dq): & 11.14 (s, 1H), 7.93-7.85 (m, 1H), 7.78 (d, 8.0 Hd), 7.73 (t, 9.0 Hz, 1H), 7.29 (t,
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8.0 Hz, 2H), 7.16-7.02 (m, 3H); ESI-MS: m/z = 28/+H]*.

N-phenyl-2-chloro-6-nitro-benzenesulfonamid®) The crude product was purified by flash column
chromatography using EA/PE (1:129) as the eluent. Light yellow solid; Yield 63%] NMR (500
MHz, DMSO-q): § 11.14 (s, 1H), 7.91-7.85 (m, 2H), 7.81 (t, 8.0 M), 7.29-7.24 (m, 2H), 7.10—
7.06 (m, 3H); ESI-MS: m/z = 313 [M+H]

4.1.3. General procedure for intermediates 20-31

To a solution ofL2 (25.0 g, 89.9 mmol, 1.0 eq) and NiGH,O (42.8 g, 180 mmol, 2.0 eq) in DCM
(300 mL) and MeOH (100 mL) was added NaBH3.7 g, 360 mmol, 4.0 eq) carefully at 0 °C. The
resultant mixture was stirred at room temperatarédf5 h and the solvent was removed under reduced
pressure. The residue was then extracted with Efarédfiltration, and the filtrate was washed
successively with O and brine. After being dried over anhydrous,3@, the organic layer was
concentrated in vacuo to afford a clear and visaciluhat was slowly solidified. Yield 91%.

A solution of the newly afforded product (10.0 §.3rmmol, 1.0 eq) in triethylorthopropionate (16
mL, 80.6 mmol, 2.0 eq) was stirred at 130 °C urdemtmosphere. After TLC indicated the total
conversion, removal of EtOH formed during the reactand the excessive triethylorthopropionate
under reduced pressure gave a viscous ojORBO mL) was then added and the resultant solution
boiled at 250 °C under Natmosphere for 4 h. Subsequently, it was totadlgled and kept at —10 °C
overnight. PE was added to the mixture, which waentstirred at room temperature. Following
filtration, the precipitate was washed successivelith PE and MeOH to afford
3-ethyl-2-phenyl-Bi-benzof][1,2,4]thiadiazine 1,1-dioxid0 as a pale solid. Yield 94% (for two
steps)H NMR (500 MHz, DMSOd): & 7.95 (dd, 1.5 Hz, 8.0 Hz, 1H), 7.88—7.82 (m, 1HR7—7.63
(m, 1H), 7.62-7.56 (m, 4H), 7.53-7.48 (m, 2H), 2(837.5 Hz, 2H), 1.11 (t, 7.5 Hz, 3H); ESI-MS:
m/z = 287 [M+H]. Intermediate®1-31were prepared in a procedure similar to that desdrfor20.

For 21-29 the reaction mixture of the intramolecular cyatisn was directly subjected to flash
column chromatography utilizing EA/PE (1:7) as éheent to afford the product. As f80 and31, the
intramolecular cyclization occurred when the redupeoduct of19 was treated with corresponding
orthoester. After removal of EtOH and the excessivhoester, the residue was purified by flash
column chromatography utilizing EA/PE (1:7) as ¢heent to afford the product.

3-Ethyl-2-(4-fluorophenyl)-Bl-benzof][1,2,4]thiadiazine 1,1-dioxide2() White solid; yield 84%

(for three steps)*H NMR (500 MHz, DMSOds): 6 7.96 (d, 8.0 Hz, 1H), 7.88-7.82 (m, 1H), 7.65 (d,
15



8.0 Hz, 1H), 7.63-7.56 (m, 3H), 7.43 (t, 8.5 Hz,)2R.33 (q, 7.0 Hz, 2H), 1.11 (t, 7.0 Hz, 3H);
ESI-MS: m/z = 305 [M+H].

2-(4-Fluorophenyl)-3-propyl{a-benzof][1,2,4]thiadiazine 1,1-dioxide2@) White solid; yield 80%
(for three steps); ESI-MS: m/z = 319 [M+H]

3-Ethyl-2-(3-(trifluoromethyl)phenyl)-A-benzof][1,2,4]thiadiazine 1,1-dioxide2@) White solid;
yield 79% (for three steps)H NMR (500 MHz, DMSOdg): 5 8.00-7.95 (m, 3H), 7.91-7.81 (m, 3H),
7.66 (d, 9.5 Hz, 1H), 7.60 (t, 9.5 Hz, 1H), 2.33 9D Hz, 2H), 1.11 (t, 9.0 Hz, 3H); ESI-MS: m/z =
355 [M+H]".

3-Propyl-2-(3-(trifluoromethyl)phenyl)12-benzog][1,2,4]thiadiazine 1,1-dioxide2d) White solid;
yield 73% (for three steps)H NMR (500 MHz, DMSO€e): 5 8.00-7.92 (m, 3H), 7.89-7.81 (m, 3H),
7.66 (d, 9.5 Hz, 1H), 7.60 (t, 9.5 Hz, 1H), 2.309(0 Hz, 2H), 1.71-1.55 (m, 2H), 0.83 (t, 9.0 BH);
ESI-MS: m/z = 369 [M+H].

3-Propyl-2-(4-(trifluoromethoxy)phenyl)¥2-benzof][1,2,4]thiadiazine 1,1-dioxide26) White solid;
yield 84% (for three stepsjH NMR (500 MHz, DMSOdg): & 7.96 (d, 7.5 Hz, 1H), 7.86 (t, 8.0 Hz,
1H), 7.71-7.64 (m, 3H), 7.62—7.55 (m, 3H), 2.327(§ Hz, 2H), 1.67-1.59 (m, 2H), 0.85 (t, 7.5 Hz,
3H); ESI-MS: m/z = 385 [M+H]

2-(3,4-Dimethoxyphenyl)-3-propylt2-benzog][1,2,4]thiadiazine 1,1-dioxide 26) White solid;
yield 78% (for three stepsiid NMR (500 MHz, DMSOdg): & 7.94 (dd, 1.5 Hz, 7.5 Hz, 1H), 7.86—7.79
(m, 1H), 7.62 (d, 8.0 Hz, 1H), 7.59-7.56 (m, 1H1Z(d, 8.5 Hz, 1H), 7.06 (dd, 2.5 Hz, 8.5 Hz, 1H),
7.01 (d, 2.5 Hz, 1H), 3.84 (s, 3H), 3.76 (s, 3HB4(t, 7.5 Hz, 2H), 1.70-1.61 (m, 2H), 0.86 (§ Az,
3H); ESI-MS: m/z = 361 [M+H]

3-Ethyl-2-(pyridin-3-yl)-H-benzog][1,2,4]thiadiazine 1,1-dioxide2f) White solid; yield 62% (for
three steps)*H NMR (500 MHz, DMSO#d): & 8.78 (dd, 1.5 Hz, 5.0 Hz, 1H), 8.72 (d, 2.5 Hz)1H
8.07-8.03 (m, 1H), 7.98 (dd, 1.0 Hz, 8.0 Hz, 1HR9%7.85 (m, 1H), 7.69-7.60 (m, 3H), 2.34 (q, 7.5
Hz, 2H), 1.12 (t, 7.5 Hz, 3H); ESI-MS: m/z = 288{M]".

3-Ethyl-8-fluoro-2-phenyl-Bl-benzof][1,2,4]thiadiazine 1,1-dioxide28) White solid; yield 78%
(for two steps)H NMR (500 MHz, DMSOde): 5 7.90-7.83 (m, 1H), 7.63—7.58 (m, 3H), 7.57—7.52
(m, 2H), 7.51-7.43 (m, 2H), 2.30 (q, 7.5 Hz, 2HLAL(t, 7.5 Hz, 3H); ESI-MS: m/z = 305 [M+H]

8-Fluoro-2-phenyl-3-propyla-benzog][1,2,4]thiadiazine 1,1-dioxide20) White solid; yield 81%

(for two steps)™H NMR (500 MHz, DMSOe): & 7.89-7.81 (m, 1H), 7.63—7.58 (m, 3H), 7.55-7.51
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(m, 2H), 7.50-7.44 (m, 2H), 2.28 (t, 7.0 Hz, 2HB3-1.57 (m, 2H), 0.82 (t, 7.5 Hz, 3H); ESI-MS: m/z
=319 [M+HT".

8-Chloro-3-ethyl-2-phenylHa-benzof][1,2,4]thiadiazine 1,1-dioxide30) White solid; yield 78%
(for two steps)*H NMR (500 MHz, DMSOd): 6 7.84—7.76 (m, 1H), 7.70-7.50 (m, 7H), 2.28 (g, 9.0
Hz, 2H), 1.09 (t, 9.0 Hz, 3H); ESI-MS: m/z = 321{M]".

8-Chloro-2-phenyl-3-propylHa-benzog][1,2,4]thiadiazine 1,1-dioxide3() White solid; yield 80%
(for two steps)*H NMR (500 MHz, DMSOd): 5 7.80 (t, 8.5 Hz, 1H), 7.66 (dd, 1.0 Hz, 8.0 Hz,)1H
7.63-7.57 (m, 4H), 7.55-7.50 (m, 2H), 2.67 (t, A5 2H), 1.65-1.57 (m, 2H), 0.82 (t, 7.5 Hz, 3H);
ESI-MS: m/z = 335 [M+H].
4.1.4. General procedure for intermediates 32-43

To a solution 020 (6.00 g, 20.9 mmol, 1.0 eq) and AcONa (2.41 g328mol, 1.4 eq) in AcOH (40
mL) were carefully added B(1.50 mL, 29.3 mmol, 1.4 eq), and the resultantunée was stirred at 40
°C till TLC demonstrated total conversion 2. After the reaction mixture was cooled, water was
added to quench the reaction and the deposit ¢etliday filtration. The solution of the filter cake
DCM was then washed with saturated,8&- solution, brine, dried over N&O,, and concentrated in
vacuo. The residue was subjected to recrystaliimati using EA to afford
3-(1-bromoethyl)-2-phenyl+2-benzof][1,2,4]thiadiazine 1,1-dioxid82 as a white solid. Yield 91%;
H NMR (500 MHz, DMSOds): 5 7.99 (dd, 1.5 Hz, 8.0 Hz, 1H), 7.94-7.88 (m, 1HY5 (dd, 1.0 Hz,
8.0 Hz, 1H), 7.68 (dt, 1.0 Hz, 8.0 Hz, 1H), 7.6%/(m, 5H), 4.55 (q, 6.5 Hz, 1H), 1.93 (t, 6.5 BE);
ESI-MS: m/z = 365 [M+H]. Intermediates33-43 were prepared in a procedure similar to that
described for32. The crude product was purified by flash colummoatatography utilizing EA/PE
(1:10) as the eluent.

3-(1-Bromoethyl)-2-(4-fluorophenyl)+2-benzof][1,2,4]thiadiazine 1,1-dioxide 3@) White solid;
yield 83%;*H NMR (500 MHz, DMSOsdg): § 7.99 (dd, 1.0 Hz, 8.0 Hz, 1H), 7.95-7.87 (m, 1HY5
(d, 8.0 Hz, 1H), 7.72-7.54 (m, 3H), 7.45 (t, 8.0, A#), 4.59 (q, 6.5 Hz, 1H), 1.93 (t, 6.5 Hz, 3H);
ESI-MS: m/z = 383 [M+H].

3-(1-Bromopropyl)-2-(4-fluorophenyl){2-benzof][1,2,4]thiadiazine 1,1-dioxide3@) White solid;
yield 85%;*H NMR (500 MHz, DMSOsg): § 8.00 (dd, 1.0 Hz, 7.5 Hz, 1H), 7.95-7.87 (m, 1HY3
(d, 7.5 Hz, 1H), 7.70-7.67 (m, 1H), 7.61 (s, 2HX%67(t, 7.5 Hz, 2H), 4.30 (q, 7.0 Hz, 1H), 2.42-2.3

(m, 1H), 2.18-2.09 (m, 1H), 0.94 (t, 7.0 Hz, 3HBIEBMS: m/z = 397 [M+H].
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3-(1-Bromoethyl)-2-(3-(trifluoromethyl)phenyl)F2benzof][1,2,4]thiadiazine  1,1-dioxide 365)
White solid; yield 79%*H NMR (500 MHz, DMSOdq): & 8.02—7.97 (m, 3H), 7.92 (t, 9.5 Hz, 2H),
7.85 (t, 9.5 Hz, 1H), 7.76 (d, 10.5 Hz, 1H), 7.694.5 Hz, 1H), 4.58 (q, 8.0 Hz, 1H), 1.94 (d, BA
3H); ESI-MS: m/z = 433 [M+H]

3-(1-Bromopropyl)-2-(3-(trifluoromethyl)phenyl)Fbenzog][1,2,4]thiadiazine 1,1-dioxide 36)
White solid; yield 79%* NMR (500 MHz, DMSOds): 5 8.03-7.99 (m, 2H), 7.96—7.82 (m, 4H), 7.75
(d, 10.5 Hz, 1H), 7.69 (t, 9.5 Hz, 1H), 4.29 (0 ®#z, 1H), 2.44-2.31 (m, 1H), 2.18-2.07 (m, 1HP40.
(t, 9.0 Hz, 3H); ESI-MS: m/z = 447 [M+H]

3-(1-Bromopropyl)-2-(4-(trifluoromethoxy)phenyl}2benzof][1,2,4]thiadiazine 1,1-dioxide 3{)
White solid; yield 84%H NMR (500 MHz, DMSO#dq): & 8.00 (d, 9.5 Hz, 1H), 7.91 (t, 9.5 Hz, 1H),
7.83-7.52 (m, 6H), 4.32 (t, 9.0 Hz, 1H), 2.43-2(81. 1H), 2.21-2.07 (m, 1H), 0.94 (t, 9.0 Hz, 3H);
ESI-MS: m/z = 463 [M+H].

3-(1-Bromopropyl)-2-(3,4-dimethoxyphenylH2benzog][1,2,4]thiadiazine 1,1-dioxide38) White
solid; yield 93%:*H NMR (500 MHz, DMSOds): 5 7.99 (dd, 1.5 Hz, 7.5 Hz, 1H), 7.92—7.86 (m, 1H),
7.71 (dd, 1.0 Hz, 8.5 Hz, 1H), 7.68—7.65 (m, 1H}176.88 (m, 3H), 4.33 (t, 7.5 Hz, 1H), 3.84 (s)3H
3.74 (s, 3H), 2.43-2.33 (m, 1H), 2.14-2.08 (m, 1093 (t, 7.0 Hz, 3H); ESI-MS: m/z = 439 [M+H]

3-(1-Bromoethyl)-2-(pyridin-3-yl)-Bi-benzof][1,2,4]thiadiazine 1,1-dioxide3Q) White solid; yield
76%; ESI-MS: m/z = 366 [M+H]

3-(1-Bromoethyl)-8-fluoro-2-phenyl#2-benzof][1,2,4]thiadiazine 1,1-dioxide 40) White solid;
yield 89%;*H NMR (500 MHz, DMSOde): & 7.97—7.87 (m, 1H), 7.71-7.45 (m, 7H), 4.51 (q, 185
1H), 1.91 (d, 6.5 Hz, 3H); ESI-MS: m/z = 383 [M+H]

3-(1-Bromopropyl)-8-fluoro-2-phenyli2-benzog][1,2,4]thiadiazine 1,1-dioxide4() White solid;
yield 86%; ESI-MS: m/z = 397 [M+H]

3-(1-Bromoethyl)-8-chloro-2-phenylkbenzof][1,2,4]thiadiazine 1,1-dioxide 4@) White solid;
yield 929%;*H NMR (500 MHz, DMSOdy): § 7.62—7.57 (m, 3H), 7.56—7.50 (m, 4H), 7.48 (d6, iz,
7.0 Hz, 1H), 4.38 (q, 7.0 Hz, 1H), 1.96 (d, 6.5 BH); ESI-MS: m/z = 399 [M+H]

3-(1-Bromopropyl)-8-chloro-2-phenylk2benzof][1,2,4]thiadiazine 1,1-dioxide4@) White solid;
yield 87%;*H NMR (500 MHz, DMSOde): 5 7.86 (t, 8.5 Hz, 1H), 7.75 (dd, 1.0 Hz, 8.0 Hz) 168
(dd, 1.0 Hz, 8.0 Hz, 1H), 7.65-7.42 (m, 5H), 4.1,97(5 Hz, 1H), 2.40-2.31 (m, 1H), 2.15-2.06 (m,

1H), 0.92 (d, 7.0 Hz, 3H); ESI-MS: m/z = 413 [M+H]
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4.1.5. General procedure for intermediates 44-54
To a solution 0f32 (7.86 g, 21.6 mmol, 1.0 eq) and phthalimide (3g1&1.6 mmol, 1.0 eq) in
anhydrous DMF (30 mL) was added anhydrou€®; (4.47 g, 32.4 mmol, 1.5 eq). The resultant
mixture was stirred at 40 °C for 6 h, angdCHwas added under agitation to quench the reactifier
filtration, the solution of the filter cake in DCMas washed successively with®and brine, dried
over anhydrous N&Q,, and concentrated in vacuo. To the residue, EtO3) (mL) and hydrazine
hydrate (85%, 2.6 mL, 43.2 mmol, 2.0 eq) were add&e resultant mixture was stirred at 80 °C under
N, atmosphere till TLC demonstrated total conversibthe substrate. After the reaction mixture was
completely cooled, the precipitate was filtered #relfiltrate was concentered in vacuo. To thediesi
EA was added, and the undissolved component wisefil. The filtrate was subsequently washed
successively with NaOH solution (0.5 N) and brideed over anhydrous Na0O,, and concentrated in
vacuo. Final flash column chromatography utilizieg/PE/TEA (60:60:1) as the eluent afforded
3-(1-aminoethyl)-2-phenyli2-benzof][1,2,4]thiadiazine 1,1-dioxidd4 as a light yellow oil that was
slowly solidified. Yield 52% (for two steps); ESI$4 m/z = 302 [M+H]. Intermediategt5-54 were
prepared in a procedure similar to that descriloed 4.
3-(1-Aminoethyl)-2-(4-fluorophenyl)43-benzof][1,2,4]thiadiazine 1,1-dioxide4f) Light yellow
oil; yield 39% (for two steps); ESI-MS: m/z = 320 {H]".
3-(1-Aminoethyl)-2-(3-(trifluoromethyl)phenyl)+2-benzof][1,2,4]thiadiazine  1,1-dioxide 46)
Light yellow oil; yield 32% (for two steps); ESI-M&1/z = 370 [M+H].
3-(1-Aminopropyl)-2-(3-(trifluoromethyl)phenyl)#2-benzog][1,2,4]thiadiazine 1,1-dioxide 4{)
Light yellow oil; yield 54% (for two steps); ESI-M&1/z = 384 [M+H].
3-(1-Aminopropyl)-2-(4-(trifluoromethoxy)phenyl)F2benzof][1,2,4]thiadiazine 1,1-dioxide 48)
Light yellow oil; yield 50% (for two steps); ESI-M&1/z = 400 [M+H].
3-(1-Aminopropyl)-2-(3,4-dimethoxyphenyl)-2benzof][1,2,4]thiadiazine 1,1-dioxide4@) Light
yellow oil; yield 55% (for two steps); ESI-MS: m#z376 [M+H]".
3-(1-Aminoethyl)-2-(pyridin-3-yl)-H-benzof][1,2,4]thiadiazine 1,1-dioxide50) Light yellow oil;
yield 34% (for two steps); ESI-MS: m/z = 303 [M+H]
3-(1-Aminoethyl)-8-fluoro-2-phenyl4a-benzof][1,2,4]thiadiazine 1,1-dioxide5() Light yellow oil;
yield 37% (for two steps); ESI-MS: m/z = 320 [M+H]

3-(1-Aminopropyl)-8-fluoro-2-phenylHa-benzof][1,2,4]thiadiazine 1,1-dioxide5@) Light yellow
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solid; yield 53% (for two stepsjH NMR (500 MHz, DMSOds): & 7.91-7.82 (m, 1H), 7.66—7.56 (m,
3H), 7.55-7.45 (m, 4H), 3.14-3.07 (m, 1H), 2.03s(#H), 1.74-1.63 (m, 1H), 1.47-1.37 (m, 1H),
0.76 (t, 7.5 Hz, 3H); ESI-MS: m/z = 334 [M+H]

3-(1-Aminoethyl)-8-chloro-2-phenyl#2-benzof][1,2,4]thiadiazine 1,1-dioxide5@) Light yellow
oil; yield 40% (for two steps); ESI-MS: m/z = 33@{H]".

3-(1-Aminopropyl)-8-chloro-2-phenylt2-benzof][1,2,4]thiadiazine 1,1-dioxide5@) Light yellow
solid; yield 56% (for two stepsjH NMR (500 MHz, DMSOde): & 7.81 (t, 8.0 Hz, 1H), 7.67 (dd, 1.0
Hz, 8.0 Hz, 1H), 7.64 (dd, 1.0 Hz, 8.5 Hz, 1H),1-8.56 (m, 3H), 7.55-7.46 (m, 2H), 3.14-3.02 (m,
1H), 2.00 (brs, 2H), 1.76-1.61 (m, 1H), 1.47-1.86 {H), 0.77 (t, 7.5 Hz, 3H); ESI-MS: m/z = 350
[M+H] ™.
4.1.6. General procedure for target compounds 55-72

To the solution of44 (200 mg, 0.664 mmol, 1.1 eq) itBuOH (4 mL) were added
6-chloro-H-purine (93 mg, 0.604 mmol, 1.0 eq) and DIPEA (149 0.906 mmol, 1.5 eq). The
resultant mixture was stirred at 80 °C underahnosphere for 8 h and concentrated in vacuohg&o t
residue was added DCM, and the mixture was washeckessively with saturated NaHg®bolution,
dilute hydrochloric acid (0.5 N) and brine. The amg layer was dried over anhydrous,8@, and
concentrated in vacuo. Flash column chromatograpitigzing EA/PE (1:1-3:1) and EA/AcOH (80:1)
as the eluent afforded a light yellow oil. It waen dissolved in DCM, and the resulting solutiorswa
washed successively with saturated NaHQOlution, brine, dried over anhydrous ,86)y, and
concentrated in vacuo to afford
3-(1-((H-purin-6-yl)amino)ethyl)-2-phenyl12-benzog][1,2,4]thiadiazine 1,1-dioxideb5 as a light
yellow solid. Yield 28%:H NMR (500 MHz, DMSOd): § 12.96 (s, 0.7H), 12.10 (s, 0.3H), 8.31-8.09
(m, 2H), 7.94 (d, 7.5 Hz, 2H), 7.80 (t, 7.5 Hz, 1A)68-7.50 (m, 7H), 4.91-4.71 (m, 1H), 1.48 (@, 7.
Hz, 3H);*°C NMR (125 MHz, DMSOdq): 5 158.79, 153.40, 152.38, 142.09, 139.70, 134.82,523
130.65, 130.46, 130.11, 129.86, 129.73, 128.24,1828 27.09, 121.95, 48.54, 18.83; ESI-HRMS: m/z
calcd for GgH17N;0,S [M+H]" 420.1243, found 420.1235; HPLG; £ 15.19 min, flow rate 1.2
mL/min, Diamonsil™ C18 51 4.6x200 mm, rt, eluent A-75%, eluent B-25%.

Compound56-72 were prepared in a manner similar to that desdriioe 55. As for compounds

68-72 the products were precipitated from the reactitirture and obtained by filtration without

further treatment.
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3-(1-((H-purin-6-yl)amino)ethyl)-2-(4-fluorophenyl)i-benzof][1,2,4]thiadiazine  1,1-dioxide

(56) Light yellow solid; yield 21% NMR (500 MHz, CDC})): & 8.36 (s, 1H), 8.05 (s, 1H), 7.90 (dd,
1.5 Hz, 8.0 Hz, 1H), 7.71 (t, 7.5 Hz, 1H), 7.64 (b Hz, 1H), 7.60-7.46 (m, 3H), 7.28-7.18 (m, 2H),
7.12-7.03 (m, 1H), 5.21-4.94 (m, 1H), 1.61 (d,Hz) 3H);**C NMR (125 MHz, DMSOdy): 5 163.22
(d, Jcr = 247.5 Hz), 158.64, 152.29, 144.01, 142.06, 184182.93, 128.25 (dcr = 8.75 Hz), 126.93,
122.71 (dJer = 8.75 Hz), 122.01, 121.74, 118.87, 117.00)k = 22.5 Hz), 116.61 (dlcr = 22.5
Hz), 114.47, 48.47, 18.77, ESI-HRMS: m/z calcd f05H:sFN,O,S [M+H]* 438.1148, found
438.1146; HPLC:g = 7.67 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MiSolumn (4.61Dx250
mm), rt, eluent A-65%, eluent B-35%.

3-(1-((H-purin-6-yl)amino)ethyl)-2-(3-(trifluoromethyl)phgt)-2H-benzof][1,2,4]thiadiazine
1,1-dioxide 67) Light yellow solid; yield 25%*H NMR (500 MHz, DMSOds): & 12.95 (s, 1H), 8.17
(s, 2H), 8.07—7.88 (m, 4H), 7.84 (t, 7.0 Hz, 2HY7%7.67 (m, 1H), 7.66—7.55 (m, 2H), 4.93-4.81 (m,
1H), 1.50 (d, 7.0 Hz, 3H); ESI-HRMS: m/z calcd f@:H;¢FsN;,0,S [M+H]" 488.1117, found
488.1122; HPLC:g = 7.87 min, flow rate 1.0 mL/min, COSMOSIL 5C18-NMiSolumn (4.61Dx250
mm), rt, eluent A-70%, eluent B-30%.

3-(1-((H-purin-6-yl)amino)propyl)-2-(3-(trifluoromethyl)pimgl)-2H-benzog][1,2,4]thiadiazine
1,1-dioxide 68) Light yellow solid; yield 40%*H NMR (500 MHz, DMSOedg): 6 12.96 (s, 1H), 8.18
(s, 1H), 8.11-7.70 (m, 8H), 7.68-7.54 (m, 2H), 4835 (m, 1H), 2.11-1.85 (m, 2H), 0.86 (t, 6.5 Hz,
3H); ¥C NMR (125 MHz, DMSOdg): 6 157.14, 154.33, 153.81, 151.91, 149.29, 141.99.464
139.86, 139.15, 134.99, 134.47, 133.37, 131.39,6B3(, Jc.r = 32.5 Hz), 128.47, 127.27, 127.09,
123.82 (q,dcr = 270 Hz), 121.94, 53.96, 25.95, 11.09; ESI-HRMEz calcd for GH;sFsN70,S
[M+H]* 502.1273, found 502.1277; HPLG; £ 10.56 min, flow rate 1.0 mL/min, COSMOSIL
5C18-MS-II column (4.61Dx250 mm), rt, eluent A-70&tuent B-30%.

3-(1-((H-purin-6-yl)amino)propyl)-2-(4-(trifluoromethoxy) @myl)-2H-benzof][1,2,4]thiadiazine
1,1-dioxide 69) Light yellow solid; yield 47%:H NMR (500 MHz, DMSO#d,): & 12.98 (s, 0.85H),
12.12 (s, 0.15H), 8.30 (s, 0.3H), 8.22-8.04 (mH), 7.95 (d, 7.0 Hz, 2H), 7.82 (t, 7.0 Hz, 1H), 87
7.66 (m, 2H), 7.65-7.44 (m, 4H), 4.85-4.56 (m, 1R))8-1.80 (m, 2H), 0.86 (t, 7.0 Hz, 3H);
ESI-HRMS: m/z calcd for §H,gFsN;0sS [M+H]" 518.1222, found 518.1214; HPLG:+ 13.16 min,
flow rate 1.0 mL/min, COSMOSIL 5C18-MS-Il column.fDx250 mm), rt, eluent A-70%, eluent

B-30%.
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3-(1-((H-purin-6-yl)amino)propyl)-2-(3,4-dimethoxyphenylHzbenzog][1,2,4]thiadiazine
1,1-dioxide 60) Light yellow solid; yield 40%;H NMR (500 MHz, CDC}): & 8.30 (s, 1H), 8.03 (s,
1H), 7.89 (dd, 1.5 Hz, 7.5 Hz, 1H), 7.73-7.61 (H),27.51-7.44 (m, 1H), 7.17-6.76 (m, 3H), 5.28—
5.12 (m, 1H), 3.96 (s, 3H), 3.79 (s, 3H), 2.17-206 1H), 1.96-1.86 (m, 1H), 0.98 (t, 7.0 Hz, 3H);
¥C NMR (125 MHz, DMSOdg): 6 157.88, 153.76, 152.29, 150.55, 149.53, 146.72,0B4 139.65,
134.72, 128.32, 128.21, 128.10, 127.11, 124.56,812221.97, 113.62, 112.04, 56.16, 56.07, 53.71,
26.22, 11.01; ESI-HRMS: m/z calcd fop48,5N;0,S [M+H]" 494.1610, found 494.1607; HPLG: %
9.68 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MSelblumn (4.61Dx250 mm), rt, eluent A-60%,
eluent B-40%.

3-(1-((H-purin-6-yl)amino)ethyl)-2-(pyridin-3-yl)-A-benzog][1,2,4]thiadiazine 1,1-dioxide 6(Q)
Light yellow solid; yield 19%!H NMR (500 MHz, DMSOdy): 6 12.96 (s, 0.8H), 12.01 (s, 0.2H), 8.77
(s, 1H), 8.66 (s, 1H), 8.29 (s, 0.2H), 8.18-8.10 {m8H), 8.08 (s, 2H), 7.97 (dd, 1.0 Hz, 8.0 Hz)1H
7.85-7.80 (m, 1H), 7.65-7.47 (m, 3H), 4.84—-4.741H), 1.51 (d, 7.0 Hz, 3H); ESI-HRMS: m/z calcd
for CigH1gNgO,S [M+H]* 421.1195, found 421.1197; HPLG: £ 6.91 min, flow rate 1.0 mL/min,
COSMOSIL 5C18-MS-II column (4.61Dx250 mm), rt, ehié\-60%, eluent B-40%.

3-(1-((H-purin-6-yl)amino)propyl)-8-fluoro-2-phenylk2-benzof][1,2,4]thiadiazine  1,1-dioxide
(62) White solid; yield 46%*H NMR (500 MHz, DMSOd): § 12.99 (s, 0.8H), 12.16 (s, 0.2H), 8.37—
8.02 (m, 2H), 7.98-7.72 (m, 2H), 7.70-7.52 (m, 5H%6 (t, 9.0 Hz, 1H), 7.36 (d, 7.5 Hz, 1H), 4.77—
4.53 (m, 1H), 2.04-1.73 (m, 2H), 0.81 (t, 7.0 HE{)3*C NMR (125 MHz, DMSOdg): 5 158.76,
156.29 (d Jcr = 255 Hz), 153.96, 152.33, 150.40, 143.90, 139136,91 (dJc ¢ = 10.00 Hz), 131.75,
130.92, 130.13, 124.59, 120.53, 119.33, 115.784g+ 12.50 Hz), 114.82 (d..- = 20.00 Hz), 54.21,
25.91, 11.12; ESI-HRMS: m/z calcd fop8,8FN;0,S [M+H]* 452.1305, found 452.1303; HPLG: t
= 6.43 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MiSeolumn (4.61Dx250 mm), rt, eluent
A-70%, eluent B-30%.

3-(1-((H-purin-6-yl)amino)ethyl)-8-chloro-2-phenyl2benzof][1,2,4]thiadiazine 1,1-dioxide6Q)
Pale solid; yield 23%'H NMR (500 MHz, DMSOds): & 12.97 (s, 0.8H), 12.06 (s, 0.2H), 8.29 (s,
0.2H), 8.20 (s, 0.2H), 8.17-8.10 (m, 1.6H), 8.085(HH), 7.74 (t, 8.0 Hz, 1H), 7.70-7.61 (m, 3H),
7.60—7.50 (m, 3H), 7.48-7.43 (m, 1H), 4.79-4.65 i), 1.47 (d, 7.0 Hz, 3H}H NMR (500 MHz,
CDCly): 5 8.33 (s, 1H), 7.97 (s, 1H), 7.63—7.47 (m, 7H)27d, 6.0 Hz, 1H), 6.79 (brs, 1H), 5.28-4.91

(m, 1H), 1.56 (d, 5.0 Hz, 1H?C NMR (125 MHz, DMSOdq): & 159.21, 152.33, 144.26, 139.70,
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135.07, 131.98, 131.04, 130.89, 130.14, 130.03,662927.98, 127.94, 127.89, 125.22, 119.27, 48.54,
18.17; ESI-HRMS: m/z calcd for,gH:6CIN;O,S [M+H]" 454.0853, found 454.0851; HPLG:% 7.74
min, flow rate 1.2 mL/min, COSMOSIL 5C18-MS-II cohn (4.61Dx250 mm), rt, eluent A-65%,
eluent B-35%.

3-(1-((H-purin-6-yl)amino)propyl)-8-chloro-2-phenylk-2benzof][1,2,4]thiadiazine  1,1-dioxide
(64) White solid; yield 51%*H NMR (500 MHz, CDC}): § 13.87 (brs, 1H), 8.35 (s, 1H), 8.05 (s, 1H),
7.69-7.36 (m, 8H), 6.88 (d, 7.0 Hz, 1H), 5.20-4(87 1H), 2.14-2.07 (m, 1H), 1.95-1.86 (m, 1H),
0.98 (t, 7.0 Hz, 3H)}*C NMR (125 MHz, DMSOd): 5 158.31, 153.25, 152.24, 144.14, 140.53,
135.09, 132.07, 130.93, 130.08, 129.81, 129.77,302827.99, 127.87, 125.35, 121.69, 54.14, 25.92,
11.07; ESI-MS: m/z = 468 [M+H] HPLC: & = 10.75 min, flow rate 1.2 mL/min, COSMOSIL
5C18-MS-II column (4.61Dx250 mm), rt, eluent A-65&tuent B-35%.

3-(1-((2-Fluoro-#H-purin-6-yl)amino)ethyl)-2-phenyl2-benzof][1,2,4]thiadiazine 1,1-dioxide6E)
Pale solid; yield 46%H NMR (500 MHz, DMSOd,): § 13.15-12.93 (m, 0.8H), 12.12 (s, 0.2H), 8.71
(d, 4.5 Hz, 0.7H), 8.43-8.23 (m, 0.6H), 8.14 (§H), 7.95 (d, 7.0 Hz, 1H), 7.86—7.76 (m, 1H), 7.67—
7.43 (m, 7H), 4.84-4.65 (m, 1H), 1.49 (d, 6.0 Hi);:3°C NMR (125 MHz, DMSOd): § 158.61 (d,
Jor = 202.5 Hz), 157.87, 155.16, 151.55, 142.01, 134182.44, 132.38, 130.65, 130.30, 130.07,
129.72, 128.33, 128.30, 127.07, 121.99, 48.76, 318EHI-HRMS: m/z calcd for £H16FN;O,S
[M+H]* 438.1148, found 438.1146; HPLC; t 7.28 min, flow rate 1.2 mL/min, COSMOSIL
5C18-MS-II column (4.61Dx250 mm), rt, eluent A-65&tuent B-35%.

3-(1-((2-Chloro-#-purin-6-yl)amino)ethyl)-2-phenyl42-benzog][1,2,4]thiadiazine 1,1-dioxide5E)
Pale solid; yield 38%"H NMR (500 MHz, DMSO#d): § 13.14 (brs, 1H), 8.68 (s, 0.8H), 8.46-8.12 (m,
1.2H), 8.05-7.90 (m, 1H), 7.80 (t, 7.0 Hz, 1H),4-7.64 (m, 2H), 7.63—7.28 (m, 5H), 4.83-4.61 (m,
1H), 1.48 (d, 6.0 Hz, 3H)",‘°’C NMR (125 MHz, DMSOdg): 6 158.06, 152.88, 142.01, 140.35, 135.15,
134.88, 133.07, 132.36, 130.69, 130.30, 130.14,7129.28.29, 127.08, 125.00, 121.99, 48.67, 18.30;
ESI-HRMS: m/z calcd for gH;¢CIN;O,S [M+H]" 454.0853, found 454.0854; HPLG: £ 7.77 min,
flow rate 1.2 mL/min, COSMOSIL 5C18-MS-Il column.64Dx250 mm), rt, eluent A-70%, eluent
B-30%.

8-Fluoro-3-(1-((2-fluoro-#®1-purin-6-yl)amino)propyl)-2-phenyl{2-benzog][1,2,4]thiadiazine
1,1-dioxide 67) Pale solid; yield 42%H NMR (500 MHz, CDC)): 6 8.00 (s, 1H), 7.68—7.44 (m, 7H),

7.40 (d, 8.5 Hz, 1H), 7.17 (t, 8.5 Hz, 1H), 7.11&d Hz, 1H), 4.99-4.87 (m, 1H), 2.15-2.02 (m, ,1H)
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1.97-1.84 (m, 1H), 0.97 (d, 7.0 Hz, 3HJC NMR (125 MHz, DMSOdq): 5 158.58 (dJer = 204 Hz),
158.02, 157.33, 156.65 (dgr = 273 Hz), 155.73, 155.29, 144.58, 143.84, 1401B5,.98 (dJcr =
8.25 Hz), 131.59, 130.90 (de.r = 21.25 Hz), 130.26, 130.10, 124.66 Jdr = 2.50 Hz), 115.93 (d,
Jer = 20.0 Hz), 54.67, 25.51, 11.35; ESI-HRMS: m/zcdafor G;H;/F,N;0,S [M+H]" 470.1211,
found 470.1227; HPLC:gxt= 7.86 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MIScolumn
(4.61Dx250 mm), rt, eluent A-70%, eluent B-30%.
4-Amino-6-((1-(1,1-dioxido-2-phenyli2-benzof][1,2,4]thiadiazin-3-yl)ethyl)amino)pyrimidine-5-
carbonitrile 68) Yield 63%;*H NMR (500 MHz, DMSOd): & 7.96 (dd, 1.5 Hz, 7.5 Hz, 1H), 7.93 (s,
1H), 7.87-7.81 (m, 1H), 7.69 (d, 7.0 Hz, 1H), 7540 (m, 7H), 7.32 (brs, 2H), 4.73-4.65 (m, 1H),
1.40 (d, 7.0 Hz, 3H)**C NMR (125 MHz, DMSOd,): § 170.03, 167.26, 165.12, 163.24, 147.28,
140.23, 137.73, 135.94, 135.65, 135.44, 133.62,613332.40, 127.32, 121.05, 73.97, 54.32, 23.83;
ESI-HRMS: m/z calcd for gH1/N;O,S [M+H]" 420.1243, found 420.1241; HPLG: £ 7.38 min,
flow rate 1.0 mL/min, COSMOSIL 5C18-MS-Il column.gDx250 mm), rt, eluent A-65%, eluent
B-35%.
4-Amino-6-((1-(8-fluoro-1,1-dioxido-2-phenylk-benzog][1,2,4]thiadiazin-3-yl)ethyl)amino)pyri
midine-5-carbonitrile §9) White solid, yield 58%;H NMR (500 MHz, DMSOd): & 7.93 (s, 1H),
7.89-7.82 (m, 1H), 7.70 (d, 7.0 Hz, 1H), 7.63-7(88 2H), 7.57—7.53 (m, 3H), 7.51-7.47 (m, 1H),
7.43 (d, 8.0 Hz, 1H), 7.31 (brs, 2H), 4.72—4.58 {H), 1.40 (d, 7.0 Hz, 3H)C NMR (125 MHz,
DMSO-dg): 6 164.72, 161.87, 159.76, 158.68, 156.38Xd; = 255 Hz), 143.87, 136.99 (dgr =
10.00 Hz), 131.53, 130.91, 130.10, 124.63Xd: = 2.50 Hz), 115.70, 115.64 (dgr = 13.75 Hz),
114.82 (d,Jor = 18.75 Hz), 68.64, 49.16, 18.44; ESI-HRMS: m/icddor CyoH1FN;0,S [M+H]'
438.1148, found 438.1149; HPLG £ 7.36 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MIS
column (4.61Dx250 mm), rt, eluent A-65%, eluent B3
4-Amino-6-((1-(8-fluoro-1,1-dioxido-2-phenylF-benzog][1,2,4]thiadiazin-3-yl)propyl)amino) pyri
midine-5-carbonitrile 70) White solid, yield 69%:'H NMR (500 MHz, DMSOsdg): & 7.92 (s, 1H),
7.90-7.83 (m, 1H), 7.57 (s, 5H), 7.54—7.48 (m, ZH33 (d, 8.0 Hz, 1H), 7.33 (brs, 2H), 4.59-4.52 (m
1H), 1.94-1.84 (m, 2H), 0.76 (t, 7.5 Hz, 3HJC NMR (125 MHz, DMSOdg): & 164.71, 162.51,
159.81, 157.91, 156.30 (dgr = 255 Hz), 143.74, 136.03 (d.r = 10.0 Hz), 131.65, 130.96, 130.77,
130.18, 124.63 (dJc.r = 2.50 Hz), 115.76 (dlcr = 13.75 Hz), 115.70, 114.97 (8 = 20.00 Hz),

68.78, 54.53, 25.42, 10.93; ESI-HRMS: m/z calcd @%H1gFN;0,S [M+H]" 452.1305, found
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452.1318; HPLC:¢= 10.23 min, flow rate 1.0 mL/min, COSMOSIL 5C18SMI column (4.61Dx250
mm), rt, eluent A-65%, eluent B-35%.

4-Amino-6-((1-(8-chloro-1,1-dioxido-2-phenyH2benzog][1,2,4]thiadiazin-3-yl)ethyl)amino)pyri
midine-5-carbonitrile 1) White solid, yield 62%;H NMR (500 MHz, DMSOds): 5 7.91 (s, 1H),
7.76 (t, 8.0 Hz, 1H), 7.66-7.63 (m, 2H), 7.59-7(66 2H), 7.55-7.47 (m, 4H), 7.28 (brs, 2H), 4.69—
4.56 (m, 1H), 1.38 (d, 6.5 Hz, 3H)C NMR (125 MHz, DMSOde): 5 164.71, 161.88, 159.76, 158.32,
144.10, 135.17, 131.84, 130.91, 130.86, 130.06,7829.28.02, 127.95, 125.18, 115.71, 68.64, 49.13,
18.38; ESI-HRMS: m/z calcd for ,84:6CIN;O,S [M+H]" 454.0853, found 454.0850; HPLG; t
10.09 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MSzblumn (4.61Dx250 mm), rt, eluent A-65%,
eluent B-35%.

4-Amino-6-((1-(8-chloro-1,1-dioxido-2-phenyH2benzog][1,2,4]thiadiazin-3-yl)propyl)amino)pyri
midine-5-carbonitrile 72) White solid; yield 71%;H NMR (500 MHz, DMSOd): & 7.92 (s, 1H),
7.81 (t, 8.0 Hz, 1H), 7.69 (d, 7.5 Hz, 1H), 7.64+7(m, 7H), 7.33 (brs, 2H), 4.59-4.49 (m, 1H), 93
1.81 (m, 2H), 0.76 (t, 7.0 Hz, 3HY'C NMR (125 MHz, DMSOde): 5 164.70, 162.52, 159.81, 157.55,
143.98, 135.21, 131.97, 130.92, 130.78, 130.13,912928.02, 127.91, 125.34, 115.71, 68.78, 54.47,
25.36, 10.90; ESI-HRMS: m/z calcd fop:8:6CIN;O,S [M+H]* 468.1009, found 468.1001; HPLG: t
= 9.37 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MiSeolumn (4.61Dx250 mm), rt, eluent
A-70%, eluent B-30%.
4.1.7. General procedure for target compounds 73-78

To a solution 0of32 (60 mg, 0.165 mmol, 1.0 eq) and adenine (22 mtED.mmol, 1.0 eq) in

anhydrous DMF (1 mL) was added anhydrou€®; (23 mg, 0.165 mmol, 1.0 eq). The resultant
mixture was stirred at room temperature for 6 iy BbO was added under agitation to quench the
reaction. After filtration, the solution of thetéif cake in DCM was washed successively witdtnd
brine, dried over anhydrous p&0O,, and concentrated in vacuo. The residue was siejeo flash
column chromatography utilizing EA as the eluent to afford
3-(1-(6-amino-¥-purin-9-yl)ethyl)-2-phenyl-Bl-benzof][1,2,4]thiadiazine 1,1-dioxid&3 as a white
solid. Yield 65%;'H NMR (500 MHz, DMSO«d): & 8.15 (s, 1H), 7.99-7.92 (m, 2H), 7.84 (t, 8.0 Hz,
1H), 7.64 (t, 7.5 Hz, 1H), 7.57 (d, 8.0 Hz, 1HK3F7.42 (m, 3H), 7.34 (brs, 2H), 7.21 (s, 2H), 541
7.0 Hz, 1H), 1.78 (d, 7.0 Hz, 3HYC NMR (100 MHz, DMSOd,): 8 158.28, 154.37, 152.84, 149.49,

141.45, 139.57, 135.01, 131.94, 130.74, 130.31,612929.03, 128.72, 127.12, 121.99, 118.56, 51.26,
25



18.91; ESI-HRMS: m/z calcd for H:/N;0,S [M+H]" 420.1243, found 420.1243; HPLGy ¢ 7.11
min, flow rate 1.0 mL/min, COSMOSIL 5C18-MS-Il calun (4.61Dx250 mm), rt, eluent A-60%,
eluent B-40%.

Compoundr4-78were prepared in a procedure similar to that dlesdrfor73.

3-(1-(6-Amino-H-purin-9-yl)ethyl)-2-(4-fluorophenyl)-A-benzof][1,2,4]thiadiazine 1,1-dioxide
(74) White solid; yield 47%H NMR (500 MHz, DMSOdg): & 8.15 (s, 1H), 8.02—7.93 (m, 2H), 7.87
(t, 8.0 Hz, 1H), 7.75-7.53 (m, 3H), 7.45-7.07 (H)55.44 (q, 7.0 Hz, 1H), 1.79 (d, 7.0 Hz, 3&C
NMR (100 MHz, DMSO€): 6 163.20 (d,Jcr = 247 Hz), 156.30, 154.16, 152.82, 149.41, 141.42,
139.38, 135.07, 132.02 (dsr = 9.00 Hz), 129.06, 128.78, 128.01, 126.99, 122108.53, 117.24 (d,
Jor = 22.0 Hz), 51.21, 19.01; ESI-HRMS: m/z calcd @yH16FN;,0,S [M+H]" 438.1148, found
438.1155; HPLC:g = 7.99 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MScolumn (4.61Dx250
mm), rt, eluent A-60%, eluent B-40%.

3-(1-(6-Amino-H-purin-9-yl)propyl)-2-(4-fluorophenyl)-B-benzof][1,2,4]thiadiazine
1,1-dioxide 75) White solid; yield 62%H NMR (500 MHz, DMSO#d): & 8.20 (s, 1H), 8.02-7.93 (m,
2H), 7.89 (t, 7.5 Hz, 1H), 7.73-7.63 (m, 2H), 7.5®1 (m, 6H), 5.25 (dd, 5.0 Hz, 9.5 Hz, 1H), 2.43—
2.34 (m, 1H), 2.31-2.21 (m, 1H), 0.74 (t, 7.0 HE);3"C NMR (100 MHz, DMSQdg): & 163.20 (d,
Jor = 247 Hz), 156.29, 153.48, 152.82, 149.95, 141189.56, 135.06, 132.01 (dgr = 8.00 Hz),
129.15, 128.84, 128.08 (dg.r = 2.00 Hz), 127.13, 122.00, 118.31, 117.27)(d; = 24.0 Hz), 56.43,
26.78, 10.75; ESI-HRMS: m/z calcd fob:8:5FN;0,S [M+H]" 452.1305, found 452.1303; HPLG: t
= 11.06 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MScolumn (4.6IDx250 mm), rt, eluent
A-60%, eluent B-40%.

3-(1-(6-Amino-H-purin-9-yl)propyl)-2-(4-(trifluoromethoxy)phenyBH-benzof][1,2,4]thiadiazine

1,1-dioxide {6) White solid; yield 55%*H NMR (500 MHz, DMSOsd): & 8.15 (s, 1H), 7.98 (d, 7.5
Hz, 1H), 7.95-7.83 (m, 2H), 7.74 (d, 7.5 Hz, 1HBF(t, 7.0 Hz, 1H), 7.58-6.88 (m, 6H), 5.28 (O 7.
Hz, 1H), 2.45-2.35 (m, 1H), 2.32-2.19 (m, 1H), 0(@47.0 Hz, 3H)**C NMR (100 MHz, DMSOdy):
§ 156.31, 153.15, 152.78, 149.89, 149.62, 141.49,303 135.15, 131.61, 130.76, 129.30, 128.93,
127.22, 122.62, 121.99, 120.34 Jg- = 256 Hz), 118.23, 56.40, 26.85, 10.66; ESI-HRM calcd
for CyH1gFsN;05S [M+H]" 518.1222, found 518.1230; HPLG: * 8.90 min, flow rate 1.0 mL/min,
COSMOSIL 5C18-MS-II column (4.61Dx250 mm), rt, ehié\-70%, eluent B-30%.

3-(1-(6-Amino-H-purin-9-yl)ethyl)-2-(pyridin-3-yl)-H-benzog][1,2,4]thiadiazine 1,1-dioxide7()
26



White solid; yield 52%*H NMR (500 MHz, DMSOd): & 8.63 (d, 4.5 Hz, 1H), 8.47 (s, 1H), 8.14 (s,
1H), 7.99 (d, 7.5 Hz, 1H), 7.95 (s, 1H), 7.89 (& Hz, 1H), 7.76 (brs, 1H), 7.71-7.63 (m, 2H), 7.48
(brs, 1H), 7.25 (s, 2H), 5.46 (q, 6.5 Hz, 1H), 1(816.5 Hz, 3H)*C NMR (100 MHz, DMSOd): &
156.30, 153.70, 152.89, 151.37, 149.58, 149.32,3B41139.25, 137.22, 135.23, 129.27, 129.15,
128.93, 127.00, 125.03, 122.06, 118.51, 51.29 3t &ESI-HRMS: m/z calcd for gH1¢NgO,S [M+H]"
421.1195, found 421.1195; HPLG £ 9.61 min, flow rate 1.0 mL/min, COSMOSIL 5C18-MIS
column (4.61Dx250 mm), rt, eluent A-50%, eluent 8%b.
3-(1-(6-Amino-H-purin-9-yl)ethyl)-8-fluoro-2-phenyl-8-benzof][1,2,4]thiadiazine  1,1-dioxide
(78) White solid; yield 48%*H NMR (500 MHz, DMSOds): & 8.16 (s, 1H), 7.99 (s, 1H), 7.91-7.82
(m, 1H), 7.65-7.29 (m, 7H), 7.25 (s, 2H), 5.39{d) Hz, 1H), 1.78 (d, 7.0 Hz, 3HYC NMR (100
MHz, DMSO-dg): 6 156.27, 156.21 (dlcr = 255 Hz), 155.05, 152.85, 149.47, 143.25, 139188,12
(d, Jcr = 10.0 Hz), 131.10 (dlc¢ = 5.0 Hz), 130.35, 130.16, 125.10, 118.58, 11511%,66, 115.61
(d, Jor = 20.0 Hz), 51.39, 18.89; ESI-HRMS: m/z calcd @gH:¢FN;O,S [M+H]" 438.1148, found
438.1145; HPLC:g = 6.95 min, flow rate 1.0 mL/min, COSMOSIL 5C18-NMiSolumn (4.61Dx250
mm), rt, eluent A-60%, eluent B-40%.
4.1.8. The procedure for optically pure compounds S-63, R-63, S-71 and R-71

To a solution 063 (1.00 g, 3.0 mmol, 1.0 eq) in EtOH (14 mL) wasedi@ solution oR-mandelic
acid (0.46 g, 3.0 mmol, 1.0eq) in EtOH (7 mL) dragavat room temperature. The resultant mixture
was stirred for 0.5 h, and white solid wargcipitated during this period. Then, EA (7 mL)snadded
slowly, and the resultant mixture was allowed tmsdtat —10 °C for 4 h. After filtration, the filteake
was washed with pre-cooled EA, dried in vacuo, smdjected to recrystallization with EA to afford
R-mandelic acid salt 0553 (de = 99 %) as the white crystal. Yield 34%; mp 173-2C; ESI-MS:
m/z = 336 [M+HJ; Chiral HPLC: = 15.0 min, flow rate 0.5 mL/min, Welch Ultimatesiid-Y
column (4.6x250 mm, pM), 15 °C, eluent C-40%, eluent D-60%.

The Smandelic acid salt oR-53 (de = 95 %) was obtained in a similar procedure td foa
R-mandelic acid salt 0853 as the white crystal. Yield 42%; mp 174-175 °C; ®&S: m/z = 336
[M+H]"; Chiral HPLC: = 11.5 min, flow rate 0.5 mL/min, Welch Ultimateellid-Y column
(4.6x250 mm, M), 15 °C, eluent C-40%, eluent D-60%.

The S'mandelic acid salt dR-53 andR-mandelic acid salt d5-53 were basified successively with

NaOH solution (0.5 N) to affor®-53 andS-53, respectively. The optical purity &-53 andS-53 was
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analyzed by chiral HPLAR-53; ee = 95%; & = 11.5 min;S-53: ee = 99%; & = 15.0 min; Chiral HPLC:
flow rate 0.5 mL/min, Welch Ultimate Cellud-Y colunm{4.6x250 mm, uM), 15 °C, eluent C-40%,
eluent D-60%.
CompoundsS-63, R-63, S-71 and R-71 were prepared in a procedure similar to that diesdrifor
corresponding racemates.
(9-3-(1-((H-purin-6-yl)amino)ethyl)-8-chloro-2-phenylF2benzof][1,2,4]thiadiazine 1,1-dioxide
(S-63) 'H NMR (500 MHz, CDCJ): 5 8.37 (s, 1H), 8.03 (s, 1H), 7.64—7.49 (m, 7H)47(dd, 1.0 Hz,
7.5 Hz, 1H), 7.00 (brs, 1H), 5.21-4.96 (m, 1H),91(d, 7.0 Hz, 3H); ESI-HRMS: m/z calcd for
CyH16CIN;O,S [M+H]" 454.0853, found 454.0840; HPLG: £ 9.16 min, flow rate 1.0 mL/min,
COSMOSIL 5C18-MS-Il column (4.61Dx250 mm), rt, ehieA-65%, eluent B-35%. The title
compound can be obtained as single crystal by skaporation from a solution of the pure compound
in a mixture of EtOH and EA at room temperature.
(9-3-(1-((H-purin-6-yl)amino)ethyl)-8-chloro-2-phenyl-2benzof][1,2,4]thiadiazine 1,1-dioxide
(R-63) *H NMR (500 MHz, CDCJ): & 8.36 (s, 1H), 8.03 (s, 1H), 7.63-7.49 (m, 7H)47(d, 7.5 Hz,
1H), 6.96 (brs, 1H), 5.19-4.98 (m, 1H), 1.59 (d5 &4z, 3H); ESI-HRMS: m/z calcd for
C,0H16CIN,O,S [M+H]" 454.0853, found 454.0841; HPLG: + 7.88 min, flow rate 1.2 mL/min,
COSMOSIL 5C18-MS-II column (4.61Dx250 mm), rt, ehié\-65%, eluent B-35%.
(9-4-amino-6-((1-(8-chloro-1,1-dioxido-2-phenyl-2HtizoE][1,2,4]thiadiazin-3-yl)ethyl)amino)py
rimidine-5-carbonitrile $-71) *H NMR (500 MHz, CDCJ): & 8.11 (s, 1H), 7.66—7.44 (m, 8H), 6.53 (d,
7.5 Hz, 1H), 5.47 (s, 2H), 4.96-4.86 (m, 1H), 149 7.0 Hz, 3H); ESI-HRMS: m/z calcd for
CyoH16CIN;O,S [M+H]" 454.0853, found 454.0835; HPLG: £ 10.32 min, flow rate 1.0 mL/min,
COSMOSIL 5C18-MS-II column (4.61Dx250 mm), rt, elié\-65%, eluent B-35%.
(R)-4-amino-6-((1-(8-chloro-1,1-dioxido-2-phenyl-2Hiz o] [1,2,4]thiadiazin-3-yl)ethyl)amino)p
yrimidine-5-carbonitrile R-71) *H NMR (500 MHz, CDC}): 6 8.10 (s, 1H), 7.66-7.41 (m, 8H), 6.57
(d, 7.5 Hz, 1H), 5.56 (s, 2H), 4.95-4.86 (m, 1H}9 (d, 6.5 Hz, 3H); ESI-HRMS: m/z calcd for
C,0H16CIN,O,S [M+H]" 454.0853, found 454.0864; HPLG: £ 10.29 min, flow rate 1.0 mL/min,

COSMOSIL 5C18-MS-Il column (4.61Dx250 mm), rt, efueA-65%, eluent B-35%.

4.2. Class| PI3Ks Biochemical Assay

ADP-Glo Luminescent Assay (Promega) was performad efvaluating the inhibitory activities
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against PI3K (Invitrogen), PI3K (Millipore) and PI3Ky (Invitrogen), while Kinase-Glo Luminescent
Assay (Promega) was performed for evaluating théitory activity against PI3K (Invitrogen).

For PI3K> biochemical assay, the kinase was dissolved inkihase buffer, containing 50 mM
HEPES (pH 7.5), 3 mM MgGl1 mM EDTA, 100 mM NacCl, 0.03% CHAPS, and 2 mM DQTtd
prepare the kinase solution, and Pdhd ATP were dissolved in the kinase buffer toppre the
substrate solutionSerially dilutedcompound solutions were added successively to #ié of the
384-well assay plate (Corning). After the successiddition of the kinase solution and the substrate
solution, the reaction mixture, with the final centration of PI3K being 2.4 nM, was incubated at
room temperature for 2 h, and then stopped by AldPr€agent. After being equilibrated, the mixture
was treated with the kinase detection reagent. plates were read in a Synergy reader for
luminescence. The percent inhibition was calculatedmax—sample RLU)/(max—min)*100. Herein,
‘min’ stands for the RLU of no enzyme control, vehimax’ means the RLU of DMSO control. PIBK
and y inhibitory activities were evaluated according ttee PI3KS inhibition assay with minor
modification. The final concentrations of PIglkind PI3K in the kinase reaction mixture were 4.8 and
7.6 nM, respectively.

The composition of the kinase buffer, as well as fineparation of the kinase solution and the
substrate solution, in PI3Kinhibition assay was identical to those in P33Biochemical assay. The
final concentration of PI3K in the kinase reaction mixture was 1.65 nM. Afiecubation at room
temperature for 1 h, the kinase reaction was stfyyeKinase-Glo reagent. The plates were read in a
Flexstation reader for luminescence. The percehibition was calculated as 100—-(max—-sample
RLU)/(max—min)*100. Herein, ‘max’ stands for the Blof no enzyme control, while ‘min’ means the
RLU of DMSO control. Finally, all the collected datvere presented in MS Excel and the curves fitted

by Graphpad 5.0 for identifying kgvalues.

4.3. Anti-proliferative Assay

CellTiter-Glo luminescent cell viability assay phased from Promega was performed to evaluate
the anti-proliferative activity against SU-DHL-6lickne (ATCC). Cells were seeded in 96-well plates
(Costar) at the density of 1x%@ells per well, and co-incubated with the testechpounds or the
medium alone at the indicated concentrations foh.7Qell lysis was induced by the addition of 30 pL

CellTiter-Glo reagent. After equilibration, an appriate amount of the mixture from each well was
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transferred to a new 96-well black plate and tmitescence was read on EnSpire. The collected data

were analyzed by XLFit software to givesgValues.

4.4. PK Evaluation

The PK profiles 0fS-63 and idelalisib were tested in three male SD ratsed iv (2 mg/kg) and
orally (10 mg/kg), respectively. The intravenouseavas formulated in a solution of 5% DMSO, 10%
Solutol, 10% EtOH and 75% Saline at 0.4 mg/mL, whihe oral dose was formulated in a
homogenous opaque suspension of 2%DMSO and 98%0Ns@0} at 1 mg/mL. At the designated time
points, the animal was anaesthetized with isoflarand blood sample was collectéi@ orbit for
terminal bleeding into EDTA-2K tubes. Terfenadimel duspirone (10.60ig/mL) in CH;CN was used
as the internal standard for the PK studySed3, while terfenadine anBuspirone (50.Ghg/mL) in
CH:CN was used as the internal standard for the PHystii idelalisib. The plasma samples were
stored at —2fC until the analysis and the concentration of thstei® compound in plasma was

determined with LC/MS/MS.

4.5. Molecular docking

The co-crystal structure of PI3kcomplexed with idelalisib (PDB code 4XEOQ) [29] wased for the
molecular docking analysis in C-DOCKER module ob€avery Studio (version 2.5; Accelrys, San
Diego, CA, USA, 2008). The 3D structures of theligs were generated and the energy minimization
was performed. CHARMm-force field was applied te frotein after removing idelalisib and solvent
molecules. The active site of the receptor wasrdeted according to the location of idelalisib in
PI13K6 and each ligand was docked into the defined §he.final binding conformations of them were

determined on the basis of the calculated C-DOCKENERGE.
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Highlights

24 benzothiadiazine derivatives with structural novelty were designed, synthesized and
biologically evaluated as Pl 3K 3-selective inhibitors.

Chiral resolution of the key amine intermediate of representative compounds 63 and 71 was
performed to achieve corresponding enantiomers.

S-63 and S-71 exhibited remarkable PI3K$ inhibitory activity, potent anti-proliferative efficacy
against human malignant B-cell line SU-DHL-6, and excellent PI3K4 selectivity.

S-63 displayed a good plasma exposure and an acceptable oral bioavailability of 29.2%.



