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Synthesis and antitumor activities of 1, 2-benzothiazines[ 1, 3, 4] thiadiazolo

[3,2-a][1, 3, 5] triazin derivatives
ZHAO Xiaomei', WANG Xin' ", JI Xia', ZHANG Hua', ZHANG Pingping', HU Guogiang’
" College of Pharmacy, Qilu Medical University, Zibo 255300; * Institute of Pharmacy, Henan University, Kaifeng 475001, China

Abstract Based on the drug design principle of reactive functional group splicing, nine novel title compounds
were designed and synthesized with piroxicam intermediate as the starting material. Their structures were charac-
terized by '"H NMR and MS analysis. The in vitro antitumor activity evaluation suggested that compounds 6f, 6h
and 6g exhibited good inhibitory reactivity on pancreatic cancer cell line Capan-1 (ICs; =2.4 £0.5 pmol/L),
leukemia cell line L1210 (IC5) =5.4 +0.2 pmol/L), and human liver cancer cell line SMMC-7721 (1C,, =
3.8 £0.2 pumol/L), respectively. The introduction of thiadiazolo[ 3, 2-a] triazine side chain could improve the
antitumor activity of these compounds.
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Scheme 1  Synthetic route of the target compounds
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CAS:35511-15-0, 4t &% 5 S K5 4l fb T AR
Al AL A 1 (2-F 4032 -1, 2- 55 - EWR -3 -
G JE-1-1-— 4 Ak ) 4% SCik [ 17 ] 19 Jr s il 45
HAKFN S AT B4, R AP, T A

T B ANAT 1 I 5, IR B R O 5 AM2400
R REAEARA (FE [ Bruker 23 H]) ; HP1100 7 Jiy i
(L Agilent 23] ) ; PE2400-1T ST 73 Hr % ( 36
= PE A¥]) .
1.2.1 4bA4p2(3-(5-84-1,3,4vE w2 H)-
2-WHA-FHEIH1,2-FK &A1, 1- =& dh) &
Sk LA 126.9 (0.1 mol) ,KSCN 19.5 g
(0.2 mol) , Z & 135 mL(2.36 mol) KX N A |
250 mL (1 = FOf AP P50 05 A, [l g 8

I IAE A R R AR 2 RS A
PG EA MR R iR
A 2 IR R A RO TR PO
TR 11 S s T NS N TR SIf o e A
STz R FET U, AR AL E 1 HE G e A
(2-HIEA- L2 H-1, 2- KRB 523 - I T Jig-1-1-
ALY, CAS:35511-15-0) S J5URE, FH AR 2% #R 72
1,298 FF R34 C-3 AT PEPHE , @2 8 &
J—FRFN 1,2 HE R AE A 1 [ 1,3 ,4 ] e ik
I[3,2-a][1,3,5 | =M A, BRI ERER 1,

OH OH CHO
AN POCI A KMnO
A n
A, —— o s)\ NH, :
DMF N KOH
SN SN
N N
2 3
R R R R

h, TLC Kl , e N 58 42 ) , B 0, 1k U8, TR fe &
) 23.3 g, K 75% ;mp:244 ~245 C,

1.2.2 e 3(2-84-5-(2-F A 4-% L 2H-1,2-
FotvEvk-1,1- =8 4-3-38)-1,3,4-E = 3 (2H) -
VES) 096,  TERAIRETTHRY 500 mL PY Ff A,
IO W it (DMF ) 45 mL, v 45140, &%
P& N = SAWE 130 mL(1. 4 mol) , 5 iR /N T
10 °C 7% 5, B fb &4 2(22. 1 g,0.07 mol) , 34tk
IS Y O PR BE /N T 15 °C ke, B4R
FHEZEW, )1 h 5, in#iE 80 ~90 C, If
NES ho RN ESHG W ROBRAE A KoK B
LAY 30 R CBERK TR A 1 5700 6 7= 4 ik
TTEZS G, 8, T, S asY 12.4 g, JICR
51% ;mp:252 ~254 °C

1.2.3 o4 4(2-RA-5-(2-F £ 4-% K 2H-1,
2-K 5 k-l 1-= A 4L-3-2L)-1,3, 42K —wk3
(2H)-#m) w9 & HAL G 3(11.3 ¢,0.03
mol ) , 4ifk 7k 300 mL 4R AZE] 1 000 mL = 1
L E 70 ~ 80 °C, I LB R, W 5%
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KMnO, 7K 360 mL, 2 30 min 58, [0t %
o, H T mol/L KOH 7K ¥ il S B 1) pHL i
8 ~9, N 8 h, TLC Kl 5k N 5E 45, A
SR HI B IR TS 5 g AR e AR S
Ya71.2e, FE61% ,mp:286 ~288 °C

1.2.4 o 5(2-(2-F A4-% A 2H1 2-% 57
vk 1,1-—84L-3-%)-6,8a-— A -5H-[1,3,4 |n& —wk
3#[3,2-a][1,3,5] ="5-6-87) 6454 [i] 100 mL
S AKRTOMAL G4 4(5.3 g,0.014 mol) | HH
Pk (5. 6 mL,0. 141 mol) , FHE % 120 ~ 130 °C i
3 h 5, FIHEZ 160 ~ 170 CHLRE N 2 h, ]
50, HARRHIE 50 °C /424, A 300 mL /K, 7

Table 1 Physical properties of compounds 6a —6i

e, AR, TR EAAGY S 2.1 g IR
39% ,mp:253 ~255 C,
1.2.5 fua-d6a(N-(2-(2-W h4-% KL 2H-1,2-K
kol 1-Z A A3-2)-6,8a-= A-5H-[1,3,4] %
—vkF[03,2-a][1,3,5] =a-5- L) 5K TBLRz)
#9610 100 mL = HfH A& S(1. 1 ¢,
0. 003 mol) , HHACZEENZ (0.3 g,0.004 mol) , JTGIK &
Fi 20 mL, JIEAEE [R5, K2V 6 h, TLC G , f2 )i 4%
J&, ARV A R, U R A5 6a 0.8 g,
% 62% ,mp ;237 ~239 C.,

ALY 6a AR Jr ko3l HARL &4
6b ~6i, FRALTEFUADGIEEE IR 1 Fik 2,

Elemental analysis/ (% ,Calcd. )

Compd. Formula Yield/ % mp/°C C H N

6a CsH 4 NgO, S5 62 237-239 42.56(42.64) 3.64(3.34) 19.92(19.89)

6b C4H 4 Ng 0,8, 58 224-226 38.45(38.35) 3.43(3.22) 25.57(25.55)

6¢c C1oHgNg0,S, 55 233-235 51.92(51.81) 3.56(3.66) 19.14(19.08)

6d CyHgNgO;S, 57 236-238 52.74(52.85) 4.03(3.99) 18.46(18.49)

6e CoH N0, S, 60 230-232 50.72(49.99) 3.74(3.53) 18.58(18.41)

6f CigHsN; 0585 53 242-244 42.65(42.75) 3.32(3.36) 21.84(21.81)

6g C;;H 4N 0,5, 50 231-233 46.23(46.15) 3.24(3.1) 25.33(5.32)

6h CigH,5N; 0,8, 50 243-245 49.02(48.97) 3.45(3.42) 22.18(22.21)

6i CgHy N, 0,8, 49 238-240 48.32(48.31) 4.78(4.73) 21.96(21.91)

Table 2 Spectral data of compounds 2 —5 and 6a — 6i
Compd. "H NMR (DMSO0-dq) 6 "C NMR (DMSO-dg) & MS(m/z)

2 12.23(1H,s,-OH),7.42-7.85 (4H, m, Ph-H),7.68 (2H,s,-NH, ) ,2.87 163,157,135,132,129,127,122, 31I[M+H]*
(3H,s,-NCH;) 108,37

3 12.15(1H,s,-OH),8.23 (2H,s,-NH,),8. 11 (1H,s,-CHO),7.56-7.94 160,156,150,134,132,128,127, 341[M+H]*
(4H,m,Ph-H) ,5.75(1H,s,-CH-S) ,2. 82(3H,s,-NCH, ) 124,68 ,42

4 13.43(1H,s,-COOH),12.02(1H,s,-OH),8. 14 (2H,s,-NH, ) ,7.44-7.85 158,156,150,134,132,129,127, 357[M+H]*
(4H,m,Ph-H) ,5.68(1H,s,-CH-S) ,2. 74(3H,s,-NCH, ) 124,104 ,40

5  11.98(1H,s,-OH),9.43(1H,s,-CONH) ,7. 64 (1H,s,-N = CH) ,7.35-7.84 157,155,151,149,134,132,129, 366[M +H]*
(4H,m,Ph-H) ,5.68(1H,s,-N-CH-N) ,2. 76 (3H,s,-NCH, ) 126,123 ,1,04,41

6a 12.13(1H,s,-OH),10.33(1H,s,-N = C-NH) ,7.52(1H,s,-N = CH) ,7. 52— 216,158,156,153,150,149,136, 423[M+H]*
7.78(4H,m,Ph-H) ,4. 62(1H,s,-N-CH-N) ,2. 64(3H,s,-NCH, ) ,1.26 (3H, 134, 132, 128, 127, 124, 105,
s,-CHy) 40,32

6b  12.08(1H,s,-OH),10.87 (1H,s,-CSNH),10.46 (1H,s,-N = C-NH) ,7.72 183,158,155,146,135,134,132,  439[M+H] *
(2H,s,-CSNH, ) ,7.58 (1H,s,-N = CH) ,7.43-7.75 (4H, m, Ph-H) ,4.48 129,127,124 ,104,70,39
(1H,s,-N-CH-N) ,2. 64(3H,s,-NCH;)

6c 12.21(1H,s,-OH),10.46(1H,s,-N = C-NH) ,7.58 (1H,s,-N = CH) ,7.29— 159,155,150,138,137,134,132, 441[M+H]*
7.74(9H,m,Ph-H) ,4.36 (1H,s,-N-CH-N) ,2. 69 (3H,s,-NCH; ) 130,129,127,124,122,104 ,41

6d 12.33(1H,s,-OH),10.42(1H,s,-N=C-NH),7.62(1H,s,-N =CH) ,7.25- 158,155,153,5,1,135,132,129,  455[M+H]*

7.83(10H, m, Ph-H),4.22 (1H, s,-N-CH-N) , 2. 67 (3H, s,-NCH, ) , 2. 52
(2H,s,-C =N-CH,)

128, 127, 126, 124, 115, 106,
55,40
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Compd. "H NMR (DMSO-dq) 6 "C NMR (DMSO-dg) & MS(m/z)
6e 12.28(1H,s,-OH),11.63(1H,s,Ph-OH),10.54 (1H,s,-N = C-NH) ,7.63 158,155,152,150,138,136,134, 457[M+H]*

6f

6g

6h

6i

(1H,s,-N=CH),7.14-7.83 (8H, m, Ph-H) ,4.25 (1H,s,-N-CH-N ) , 2. 68
(3H,s,-NCH, )

12.24(1H,s,-OH) ,10.38(1H,s,-N =C-NH) ,7.52(1H,s,-N=CH) ,7. 42—
7.74(4H,m,Ph-H) ,4.35(1H,s,-N-CH-N) ,3. 82 (2H,s,-C = N-CH, ) ,3. 28
(2H,s,-S-CH, ) ,2. 67(3H,s,-NCH, )

12.32(1H,s,-OH) ,10. 34 (1H,s,-N = C-NH) ,7. 72-8. 56 (3H,m,, pyrimidine-
H),7.61 (1H,s,-N = CH) ,7.42-7.86 (4H, m, Ph-H) ,4.32 (1H, s,-N-CH-
N),3.82(2H,s,-C =N-CH, ) ,3.28(2H,s,-S-CH, ) ,2. 67(3H,s,-NCH, )
12.22(1H,s,-OH) ,10.36 (1H,s,-N = C-NH) ,7.36—8. 52 (4H, m, pyridine-
H),7.53 (1H,s,-N = CH) ,7.46-7. 78 (4H, m, Ph-H) ,4.37 (1H, s,-N-CH-
N),2.69(3H,s,-NCH,)

12.26(1H,s,-OH) ,10. 42 (1H,s,-N = C-NH) ,7. 48 (1H,s,-N = CH) ,7. 44—
7.83(4H,m,Ph-H) ,4.34(1H,s,-N-CH-N) ,2. 66 (3H,s,-NCH; ) , 1. 52-2. 94

129,127,124 ,115,104 ,72 ,41

174,157, 153, 150,, 133, 132, 450[M+H]*

129,127,124 ,104,71,55 ,41,

32

163,160,158,137,134,132,129,  443[M+H] "

127,124 115,104 ,72 ,40

157,156,150,149,139,138,134,  442[M+H]*

132,129,127,124,104,72,39

158,155,149 140,134 132,129,  448[M+H]*
127,124,106 71,51 ,41 25 24

(10H,m, piperidine-H)

2 HEE S
SR JH MTT 35300 5 80 H AR & B3 N e

JEZNNE Capan-1 (P [E BE2ARE 22 Be DR AT E ) | IR

2R L1210 (A P2 2 k2 B bin A0 240 M e )
AP 2 SMMC-7721 (Hp [ BR 2 ) 2 g Hp A
AR ) B R ik BE (1G5, ) L &5 R ILFK 3

Table 3  Anti-proliferative activity of the tested compounds against Capan-1 SMMC-7721 and 11210 tumor cells(x £s,n=3)

1C50/ ( umol/L)
Compd.

Capan-1 SMMC-7721 L1210
6a 12.7+1.3 14.8+1.6 15.2+1.6
6b 14.6 £1.8 12.1+1.3 13.4+1.3
6¢ 15.8+1.6 126 +1.4" 13.8+1.4
6d 10.2+1.1° 11.4+£1.2 10.4+1.0°
6e 15.6 +1.8 16.9 £1.8 15.2+1.6
6f 2.6+1.1" 8.7+0.7" 9.2+0.9"°
6g 7.8+1.0 8.4+0.9 2.2+0.3
6h 9.2+1.0" 3.1x0.2" 8.7+0.8"
6i 11.3£1.2 10.7+1.2" 9.8x1.0°
Doxorubicin 3.5+0.6 2.7+0.2 1.4 +0.2
Piroxicam intermediate >100 >100 >100
1 >100 >100 >100
2 80.2 8.1 78.5+7.3 77.4£7.3
3 75.5 £7. 1 72.7£7.0 74.6 £7.5
4 68.2+£6.3 67.3£6.5 69.5+7.0
5 20.2£2.3 22.5+2.4 26.4+£2.6

* P <0.05 vs doxorubicin

IRINTUIMR SE 3R 45 2R R 9 > B & Bt

N B E AH M Capan-1 | B %% 20 i L1210 FLA
JH9E A0 A SMMC-7721 52 0 HH AN [+ A B 1 410 i 4= P
(IC5#4/F 20 pmol/L) , Horp {4547 6f .6g F1 6h
%} Capan-1 L1210 F1 SMMC-7721 i 1C,, 5 %t HE 2}

EZ S

FCER TG PEAR 2

SEIRFH WE IR =R NGE A T X e
RSV RIGTI R TG —E R FEmE
W =R A -, 51 A7 IR BT 2 R B, 1
B WD IR I PR R DU QN B8, U S A
75 B AE NG I, AR T Ak G F AT 119 23 BT A
SE , N T ALY R T, BA i —
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