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Synthesis and biological evaluation of twin drug of tetramethylpyrazine
and scutellarein for ischemic stroke

LIU Ming-ji, WU Shu-xia, LEI Dan-dan, ZHANG Qing-yan, DONG Li, DONG Yong-xi
( School of Pharmacy, Guizhou Medical University, Guiyang 550025, China)

[ Abstract] Objective: To design and synthesize twin drug of tetramethylpyrazine and scutellarein for ischemic
stroke. Methods: Based upon the theory of twin drug, six targeted compounds were synthesized and their structures
were confirmed by 'H-NMR and HRMS. The antioxidant and anticoagulant activities of the target compounds were
studied in vitro, and the selected compound was further evaluated for cerebral ischemia/reperfusion protection using
middle cerebral artery occlusion (MCAO) model. Results; All the tested compounds showed good effect against
oxidative damage and anticoagulant activity, and the volume ratio of cerebral infarction in the high dose group of
compound 4 was reduced to 23.7% compared with the MCAO group. Conclusion; The twin drug strategy has
certain reference value for the treatment of ischemic stroke.
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Al R ARALIE)
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3-( 4, 5-dimethylthiazol-2-yl ) -2, 5-diphenyltetr-
azolium bromide ( MTS, Sigma 2\ &) ) . PT 3 7 & (4t
5. STG20201-44 ) . TT ik 7 & (it 5. STG20301-
30) APTT i) & (fit*5 : STG20201-22) \FIB 5 &
(L5 :STG20401-29 ) ke AR 5C 22 vh i 14 W F b
SRR BR AR 2N B PC12 40 M bk (b [ BE 24 Rl 2
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GRS R ERE X (A I
3 KB

fat FE bt SD KRB, BEML X 20 , 2 6 H 3k 42
H R (230 £20) g, B¢ 2 ~3 D), A E RS
ZEYWEARARS A, VF A ES —: SYXK (8)
2018-0001 . sh¥yia 3% T ah ¥y b b, P4 =itk 22 ~
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a. K,CO,

& 2

2 2-BEAHE-3,5.6-ZHEEME(I)HEE"

2,3,5,6-PY B FEnt 2 (2. 495 ¢, 0.018 5 mol ) , N-
‘I,%{ﬁT*MHEE&(N-bromosuccinimide NBS, 3. 256 g,
0.018 5 mol ) , 33 % fk — 7% H Bk ( benzoyl peroxide,
BPO,0.453 ¢,0.018 5 mol) # T 1 2 P4 5 fb Bk I T
H,65 °C N, w2 3
TLC) Wi 2 f I 45 o), 26 T ¥ 0], AR J2 A 4l Ak (EA:
PE = 1:4) f6 8 €5 R U 2501 IE3 5 6
iz 1. 323 g,'H-NMR (400 MHz, CDCl,) §:4.53
(s,2H,-CH,-),2.56(s,3H,3-CH, ) ,2.50(s,3H,6-
CH,),2.48(s,3H,5-CH,) ,
3 s (1) B

2-BLH B35, 6-= H L B (515 mg, 2. 406
mmol ) , ZHE R AT i £5 R £h (0. 961 mmol ) FI i iR
#P(182.3 mg,1.921 mmol ) 7F 10 mL N, N-— H £ H
Bk ( N, N’-dimethylformamide , DMF) /3, = 15 3 3,
TLC W I 22 S5 07 45 o, 0 e vk 4, #F 2 #7 2l Ak (EA:
PE =1:2) 13 Jo (i R . B 45 IR 4 vhoim A
2mL =G LM, -5 CHEFERN, TLC Wil 2 /2 vy 45
s AR i %qjlﬁﬂﬁill

e A IR AE: —-[ (3,5, 6-= H1 5 it E-2-
B -3 ] -H R, R :85% . H-NMR (400 MHz,
DMSO-d6) 6: 3.95(s,4H),3.26(s,2H) ,2.45(s,
6H).2.44(s,6H) 2.42(s,6H). —-[(3.5.6-—H
FLt wE-2- 5L ) -H L TN & R, I F :74% 'H NMR
(400 MHz, DMSO-d6) &:3.94 (s,4H),2. 86 (q,

(thin layer chromatography,

/\[(O

anhydrous DMF

b CH,COCI/MeOH,
EtOAc, -5 C-rt
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a. DCC.HCI,.DMAP,DCM
—_—
b. CH,COCI,MeOH,DCM

Fbs A & 9 10 1 2

1H),2.45(s,6H) ,2.44(s,6H),2.41(s,6H),1.48
(d,J =6.2 Hz,3H), —-[(3,5,6-= H i ©E-2-
He) - L ] A AR % 71% ' H NMR (400 MHz,
DMSO-d6) 6:3.95(s, 4H), 2.73(d, J=10.7 Hz,
1H), 2.46(s, 6H), 2.45(s, 6H), 2.43(s, 6H),
0.87(d, J=6.5Hz, 6H), —-[(3,5,6-=H Jnf -
2-3) -3 ] 5o ERR, OR :61% J'H NMR (400 MHz,
DMSO-d6) §:3.92(s, 4H),3.30(t, J=7.2Hz, 1H),
2.40(s,12H),2.33(s,6H),1.73 ~1.60(m,3H),
0.73(d,J=6.2 Hz,6H), 2-[ —(3,5,6-=H il
We-2-5L) PR ] g L) -3- 3K R IR, i R 48%
"H NMR (400 MHz,DMSO0-d6) &: 3.91 (d, J=13.6 Hz,
4H), 2.80(d, J=10.7 Hz, 1H), 2.37 (s, 12H),
2.35(s, 6H), 2.23 ~2.07(m, 3H), 1.12(d, J=
6.5 Hz, 3H) ,
4 6,7-“HEBMRRPTRZEETT () &
WERPUTR LR 10 g TRURLH A+, A —
E L TEHN 20% BIWRBRIR , 76 2T PR 37 H B HE
IO, TLC M 0 28 52 W 45 9, 2 I M 68 s , il A 2%
TOKM RS, BB | h W ik B A U . Pk, T
BT SR O R oL, KATR L KO0 (5.432 g,
19. 0 mmol) ¥ Ti& i DMF rf fin A 4-— F g BL it i
(4-dimethylaminopyridine, DMAP ,2.76 g,22.6 mmol ) ,
VR I s R W
4 mL,20. 8 mmol) , 180 °C [B] % &z i , TLC Wi & &
SR HEEAT AL (EA: PE = 1:7) £33 H AR ™

r

( dichlorodiphenylmethane,
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Py 2.675 g(BIfb&H T o m AR BE, ™
%.68.4% ,'H NMR (400 MHz, DMSO-d6) §:12.59
(brs, 1H), 7.92(d, J=8.8 Hz, 2H), 7.56 ~7.53
(m, 4H),7.46 ~7.44(m,6H),7.04(s,1H) ,6.91
(d, J=8.8 Hz, 2H), 6.83(s, 1H),

5 ISBAEZEEREZYF(1~5)MF&

SR ELR YT B AT 3% £ F AT 6 (344 mg,0. 741 mmol ) ,
] 4 (I, 0.961 mmol ), DMAP (181 mg, 1.482
mmol) ,N,N- "I 3k —WHE (N, N-dicyclohexy-
lcarbodiimide ,DCC,213 mg,1.037 mmol ) 7 T4 — 44
FR e v 4 8 g, TLC Wi 28 i g 285 0, Fn 454 i 48
FEJZ BT 2hiAk ( 5 be: B = 100: 1) , 45 3 7= )1k
AW 18T mg, -5 CH&MT KK E H BE (50 pL,
400 wmol ) Fll Z, Bt 44 (20 wl,333 pmol) fin A 2 mL [
TE W E, -5 CHEFE N 3 h 5 Z RS E Y
A I3 T 1.5 mL 4 Pk, 3] ik e
WRP L RFFRERN 2 h 5, 227 2=,
12 h, 5 AR 7= A4 O AR RGBS O 5 BT 800
WEH O R CTRUEVR 3 I, 449 5 By AR HAR W) o
6 JISENBZEEREZTF(6)HH&E

2V 33,5, 6- = B 3Lk B (1,178 mg,0. 832
mmol ) 5 TR 45 H -3 A AT 38 £ K T (11,310 mg,
0. 666 mmol ) Fl &% 2 8 (61 mg,0. 643 mmol ) 7F 2 ~
3 mL DMF thgs g4k, TLC Wil 28 2 7 45 o, 4 )2
Mrafifh ( 5 W ke BB =200: 1), 15 7% 8 008 AR
K 172 mg,

=5 CHMTT ARUCH HEE 50 wL(400 pmol) F
LA 20 wL(333 wmol) TA 2 mL ) 5 ke,
-5 CHiFE N 3 h J5, % Z A0 15 20 E AR T
1.5 mL &G 5, & b3k =R AR & i, gk 2k I
FRRER N 2 h J5, @4 T B a0, Wk 12 h, A [
= A VAR RS B0 TR DIE - 2R &
BRVEY 3 L3 HbR= %) 6,

HARAb & W EAE 4-(5,6,7-= 5 H-4-45 -4 H-lt
MR -2-3 ) 78 - —-[ (3,5, 6-= FF JEfk mE-2-0% ) -H
HIHAEMREE (1), 8%.21%, m.p.: 175 ~177 C,
"H NMR (400 MHz,DMSO-d6) &: 8.17 (d,J =8. 8 Hz,
2H),7.51(d,J =8.8 Hz,2H) ,6.92 (s,1H),6.65
(s,1H),3.72(s,4H),3.21(s,2H) ,2.47(s,12H) ,
2.33(s, 6H), HRESIMS m/z (pos): 612.246 3
Cy,H,,N,O, (caled. 612.2458), 4-(5,6,7- =¥ 3&-
4- S8 A4 H- N g -2 - 35 ) 2R - —-[ (3,5, 6-— I Lk
We-2-) L N2 Rl (2), W% 18% . m. p. :

e
PEHNDRT
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181 ~184 °C ,'H NMR (400 MHz,DMSO0-d6) §: 8.19
(d,] =8.8 Hz, 2H), 7.54 (d, J=8.8 Hz, 2H),
6.95 (s, 1H), 6.68 (s, 1H), 3.71(s, 4H), 2.83
(s, 1H), 2.47 (s, 12H), 2.33(s, 6H), 1.62(d,
J=6.2Hz, 3H), HRESIMS m/z (pos): 626.262 1
C,,H,,N,O, (caled. 626.2615), 4-(5,6,7-=FF&-
4-SUACAH - R -2-3% ) 28 5[ (3,5, 6-— H Skt
WE-2-5L) H AL ] 40 A R iR (3) , Wi #8:26% o m. p.
196 ~ 198 °C ,'H NMR (400 MHz,DMSO-d6) §: 8. 14
(d,/=8.8 Hz, 2H),7.51(d,J=8.8 Hz,2H) , 6.91
(s,1H),6.62(s,1H),3.81(d,J =13.6 Hz,4H),
2.80(d, J=10.7Hz, 1H), 2.37(s, 6H), 2.35(s,
12H),2.20 ~2.07(m,1H),0.90(d,J =6.5 Hz,
6H), HRESIMS m/z (pos): 654.2938 C,,H,,N,0O,
(caled. 654.2928) , 4-(5,6,7-=#F-4-Fft-4H-iL,
MRl -2- 35 ) AR - - (3,5,6- = H1 3Lk g -2- 3% ) HT 3L |
SRR AR (4), I FE:13% , m.p.: 191 ~195 C,
"H NMR (400 MHz,DMSO-d6) &: 8.17(d,J =8.8 Hz,
2H),7.53(d,J =8.8 Hz,2H),6.94(s,1H),6. 65
(s, 1H), 3.91 (d, J=2.4 Hz, 4H), 3.30(t, J=
7.2 Hz,1H),2.40(s,12H),2.33(s,6H) ,1.73 ~
1.60(m,3H), 0.73(d, J=6.2 Hz,6H) , HRESIMS
m/z (pos) :668.309 1 C,,H,,N,0, (caled. 668.3084)
4-(5,6,7-= %2 He-4-% A4 H-ME T -2k ) 4 AL -2-
[Z(3,5,6- = F Sttt W20 ) F O ] 2 -3-F1 26 I
ik (5) ,10%:29% , m.p.: 192 ~194 °C.,'H NMR
(400 MHz, DMSO-d6) 6: 8.15(d,J =8.8 Hz,2H),
7.53(d,J =8.8 Hz,2H),6.92(s,1H) ,6. 63 (s,
1H),3.81(d,J=13.6 Hz,4H),2.80(d,J =10.7 Hz,
1H),2.37(s,12H),2.35(s,6H),2.23 ~2. 07 (m,
3H),1.12(d,J =6.5 Hz,3H) , HRESIMS m/z (pos) :
668.308 6 C,,H,N,0O, (caled. 668.3084), 5,6,7-
SRRHE-2-14-[(3,5,6- = HI B ML R 25 ) FH AL | OR
BEf -4H-ME M R4 W7 (6) , W% :15% . m.p.: 195 ~
198 °C ,'H NMR (400 MHz, DMSO-d6) &: 8.17 (d,
J=8.8Hz, 2H),7.50(d,J =8.8 Hz,2H) ,6.96 (s,
1H),6.68(s,1H) ,4.57(s,2H) ,2.47(s,6H) ,2.55
(s,3H) ., HRESIMS m/z (pos):421.140 8 C,,H,, N,0,
(caled. 421.1400) .
7 BRiEYI H,0,FS PC12 HEAFRMLBG
HRPERF R

HArfbs P 0 H,0, %55 PC12 40 i S 1L 5 1
AIPRAPVE I E 45 2R L3R 1,



&1 Hisfbawxt H,0, iS5 PCI2 41 %A ik

405 B PR R I 5 &35 X*s

YN LT )/ %

(a7

2 wmol L' 10 wmol-L ™" 20 pmol L~
Sc-Ag 65.26 +0.97" 67.21 +0.57" 69.26 +0.21°
1 63.38 +0.59° 72.37 +0.35° 80.36 +1.32¢
2 63.69 +0.28" 67.24 +0.33" 83.63 £1.31°
3 60.63 +0.48" 74.51 £0.95° 85.34 +1.56"
4 69.32 £0.57° 79.26 +0.36" 85.39 +1.26"
5 69.21 £1.21° 77.85 £1.32° 87.37 +0.34"
6 60.52 +1.34" 61.54 +1.08" 72.10 £1.17°

H,0, 47.43 +0.58

Con 100.07 +1.24

a5 H,0, A, P <0.001; b: 5 Sc-Ag U A, P <0.05; c: 5 Sc-Ag
HA,P <0.01; d: 5 Sc-Ag ML, P <0.001

e B B A K 1 PC12 40 i, L4 AL 100 plL,
5~10 x 10* 4>+ mL ™ R T 96 FLI% 37 ML, 4 1 32
W& T 37 C 5% CO, FE A HIEH 24 h, L)
FIE AL KA A Sc-Ag M ZE WAL, IF T
HEZH 45 L i A 100 wL. DMEM % 35 i ; #5782 rfofg
H,0, B % 1000 pmol - L~", 4L/ A 100 pL; A
PEZG2H T Sc-Ag B B B U JE S 20 pmol - L1 JE A
A H,0, BRfdi 4540 H,0, ¥ 1000 pmol - L™,
BALIA 100 pwL; 259 4 bl 24k & W s B 2 R
[ R B L 6 B (2,10,20 pmol - L7") 3 A H,0,
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W A4 H,0, #1000 wmol - L1 4 FLAINA
100 WL, #£ ] PC12 413 6 h 5 A MTS 323 5 H: 41 i
R BT 4 1L, S0 HEE 3 .
8 BiRUEWEIMELFERR

BV 22 RCH S i S RIS, 908 3l Tk B, , Wi £
T 3. 8% MIMKIR A — UM T B A R AL i B
H(HLEERI /MW =1:9,0/v), 3000 r-min " B0
10 min, 43 B 2% 1fiL /> % 1M 2% ( platelet poor plasma,
PPP) i . i Z XA & W T 80% L%, B
TMP 2 200 pmol - L™"4h, H 4 2 1k & 4 W i R
100 wmol -L~",

PT,TT,APTT, FIB A5 il , 34 % B8 3o 5] & K it /s
M B BE 1 A 7~ 23 B ASCAH DG Ul B £ 47, 40 pL PPP
1637 CWEF 3 min, BEJ5 A 40 WL &E i 4l i 7 T
20 pL Bl & T PT A ;40 wL PPP 7
37 CH¢E 3 min, B J5 in A 40 wL &E I B %5 W 0
20 pL A W, 37 CHEE 3 min I T TT 0946
;50 L PPP, 40 wL 7% 4k &8 43 &€ I i )5t i W Al
10 pL AR B s W 76 37 C % F 3 min, B J5 N A
50 wL CaCl, F§F APTT {40 ; 10 wL PPP 190 pL
WK i 22w AE 37 CIER 3 min, B 5 N A 50 L £F
Y EUE WA 10 WL BE S OH T FIB A AR
Mo PRAFE NI EZAE (26 £2) C .4 h Z W58
SLH .

F2 AR HARE S WK SO BE IS P A 5T I 45 2R X xS
EE 1M 25K
&
TT/s APTT/s PT/s FIB/g-1.~!
T™P 29.34 +0.76 41.19 +0.19 7.47 £0.67 2.98 +1.06
80% .1 11.38 £0.42 18.35 £0.61 4.26 £0.43 14.18 +0.36
1 31.06 +0.36" 46.39 +0.38" 7.58 +0.27" 2.09 +0.12°
3 30.48 +0.26" 45.37 +0.17° 7.07 £0.16* 2.35+0.17¢
4 35.14 £0.37° 44.41 +0.321 8.47 £0.32° 2.01 £0.21°

a:5 80% LBELHAIL,P <0.001; b 5 TMP ZHAH I ,P <0.05; c: 5 TMP ZH A1 ,P <0.01; d: 5 TMP ZHAH L, P <0.001

9 ZEXTHFA4MNKERFMBEIFTRGORPE
ArFst?

MCAO 45 5 fry g <7 5% FH SCmk ARl i 07 i, %
HR BT B 2 h J53E 47 P, SR 18 A0 hir £k 4 il
HmR 52 R B vh 30 k6 Ak ot 24 b, B Ab S Ik e ol -
AT . T AR BRAIHL I, AR IEY
AH T o

Y2575 % FHPEZG 84 . 0. 70 mmol - kg " AT F 2

FAFI0,0.70 mmol - kg™ I HE AL, 44 0.35
mmol-kg 'L & ¥ 4 (R JE 2 ) 0. 70 mmol - kg ™' fk
A ACTHRIELL) (1.4 mmol-kg LAY 4 (R E
) o BT AR L A A 2 ST AR I A B R K
(#0.25%CMC-Na) . B 52, &AM E
UL EUE BE K T d, R IK A 24 30 min J5 R

0LV 24 h S R 2 AT g 2 VRS AR T
43, TTC Y a3+ 5 R AE AR AR L
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abc

abc

Neurological Score (5-point scale)
w

o Q A A A
N\P\G %\(\‘3‘(\ 50»P‘Q' '\N\ 0\\(\(} 0\‘(\@ ((\0\‘(\%
«© A\
056 ()10 A0
L&

30

25

20

15

Ratio of infarct area/%

10

abc
abc

e

O ? A A A
W 50 P A O (w8 (w0
\\ N
AR
Teima

a; 5 MCAO 4IAHIL,P <0.05; b: 5 Sc-Ag IAH It ,P <0.05; c¢: 5 TMP 444t ,P <0.001
B3 Hirftkaw 4 it h2m o LASEAR R L 52 m (x £5, n=6)

BT PR IR A 2 A T S BN ES R AT
CEFILEHAEY 6 A, I BEAT RSN LA AL 513
PRAPE PO 5T HTBE L AF 50 A e ke P 0 00 0 R
PRI

BRI H,0, B 45 1Y PC12 41 i A5 7 %) H A
fo& Wy kA7 hrE AL s HERE Y, S5 R R, 5 R
Sc-Ag ML, BRAEH W 6 Sb, Hom Z kAL & W 4% ¥k 2
AT REAS [A) 72 BE 2 oo A0 A7 05 R, 4R v L2 AR
A 1% o AN ISR AT BB AL S 1 6 I A P 4K
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