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a1a-Adrenocepter chromatography in studying biological affinity of piperazine compounds
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[Abstract | Objective To use aa-AR (aja-adrenocepter) chromatography for studying the biological affinity of piperazine
compounds. Methods Affinity chromatography was used to purify aya-AR obtained from rabbit heart. oja-AR was immobilized on
macroporous silica through the covalent bond by mild chemical coupling methods. The retention characteristics of aja-AR column were
investigated with terazosin, norepinephrine, tamsulosin, metaraminol, and urapidil. Six piperazine compounds were synthesized, and the
interactions between the compounds and a;5-AR were investigated by the chromatographic model. Results Biological affinity was found
between the synthesized piperazine compounds and aa-AR, with the order of affinity intensities being compound 3 > compound 4 >
compound 1>>compound 2>>compound 5>>compound 6. Conclusion o;2-AR chromatography is a specific and reliable biological affinity
chromatography and can be used for preliminary study of drug activity.
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Nicolet 5700 FT-IR 1%; J& & 43 # X J§ Finnigan
Flash1112 Series EA;85-2 %5 & 8 I8 Jin #4 % 1 B+ 2%
CHUNASER LA BR 28 7)) s S e =& e (O3 T
gl KA E TR AL T A BRA A s B (g al, K
TR R AR 2E R A B WD 5 Bk R S0 L TG K i PR
BTl R T R Ak 2 R A BR A R L 2-IR R
FE-4- 5 HE-6 . 7- I SR BE sk bk (b 2 40 B PR AR R -
T g R 24k T A FRASFD) 5 2-mk g R (fb 24, i &y
gl A B R 5 2- DU Sk g R (T2 40 e RIS
Pk THIRAFD s 2-58-4,6- A H-1,3,5- = (fk
Sl R AL T AT BR S A 5 4-F 3 N ok (fk 2 4l
] 25 4 AL A BRA D

ZZXT-A AL CR AR R R 3 B A28 A R
F]) s BT01-100 8% 3h 5 (2 25 46 16 3 2 A BR A
Al . 6B-BiNE B ER (T8 % 38 K AR B8 A4 W B AR By
AMRA T, BS-050824) , -2 N &k = & U 3 ik be ()
JEEIRAE TR AR A BR A ) o 3k ks S 7R
PTG R TR A R R L U RR f  EDT A
¥ B Sigma A AL AR 35 R 43 al
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2.1 an-AR FA & # ke

2.1.1 an-AR M & 8 # & WMEROMEHL, =
FBICHR[3-4 09 7 B A B A W aia-AR B9 TR B
W, —T0°CHIERA.

2.1.2 oan-AR B8 S SCE[5 ] Tk A K
100 ml JF4ifk aia-AR B35 FNE TR NG , 5K J5 2 4
F 200 ml 100 mmol/L NaCl,10. 0 mmol/L Tris-HCI,
2.0 mmol/L EDTA ,0. 1 %6 1 JI5 40 JIE 2 44 28 1 0 15 K
(pH 7. 2)FMH: T, KR aifb 1) oo a- AR LB 1
FEL4°C, %8 &2 o W (500 mmol/L NaCl, 50. 0
mmol/L Tris-HCI,2. 0 mmol/L EDTA , 1. 0% i i % I8
MReh, pH 7. ) PRk, HEAF R B =, FH 200 ml %
R A R 11 2 WS TR P R DG L R AR R (R B Ry 0~
80.0 pmol/L, WL HARUEM M . FH Sephadex G50 X
SHHEREA: B 2% 04 W it B R b R R L DA -
AR PRI A VR AR 2 2.5 ml, —70°C RAF .

2.1.3 an-ARFREEFFEHNAERMELE S
B SCHR AT vk A TN R e L 1 B 3k ek
Mg AL, B 1.0 g WA RENS . A aa-AR PR N
BERRER ZZ b W (pH 7. 2), FIRTHEFE 2 h, HhiE,
RERC 28 vP e 2 WG R 2 1 % H &R L TR
WP R 30 min, HRe S FZE vl MR B A5 3 -
AR SEFM@AIEF EA . L 5.0 mmol/L Tris-HCI ¥
W (pH 7. 2) R A TUE ] L 7E 4. 0X 10" Pa 1Y H
JFHEHATERE (50 mm X 2. 1 mm),

2.1.4 EEEAYHEETT  LL10. 0 mmol/L Tris-
HCI.1. 0 mmol/L EDTA F1 1. 0 mmol/L NaCl ZH il #)
VW (pH 7. 2) A TSN AR FE T E N 0.5 ml/min [ 2544
T I E SRR R e g K EIRER R Y
F BRI Sy R AE N A A aua- AR B TS AE
PR BRI 2 S AR RGEACIT E] 20, A A5
T B = (r—10) /2o FIBTETERE BTG 1

2.1.5 RERMAEHWAYERENE D2, 1.4
TR B E £ LB TE aa-AR EREEH T
) 4 B B I

2.1.6 REMEHWESEHMNE REHRN
20°C L R FH R A 60358 2% 00 5 e AR-52 1K 1 45 & 0 2
PL2. 1.4 TR s sh A A W, A RS 1 i Al iy
WS IR SV WA B OV B S A T 35 A 60
min, 2R J5 B AL A SR 6 A B W R 5 L BITHE A
PL 0.5 ml/min Y #6055 A L B 2 O 1 5240
WK B 508, 10 5% 28 B IS [, 31580 il 4 38 31 355 0
AR ARL, TR 9E BL NaNO, % 3 % 3% & 4019 58
KRB, R Scatchard A AL A& HH Ka,

2.2 VRTACA M8 AR

2.2.1 1-(4-E#E-6,7-—FEHE-2-avd k)R E N
AR B 2-FHAA-EFE-6, - A FE K. 2 o

BT 20,0 ml 1,4- S NH P R AR T 0. 86 ¢
JC/KWREE 0. 8 ml DMF 9 80 ml 1,4- & AN HE R
L 110°C I 3 h, TLC fa il e iy i %, v, H 1
mol/L ) NaOH ¥ H pH 2 Mk, JH =& W ke A
I3 WKL B KZ KA HLZ R AT NaCl /KB vE 2
vk I JCK B R B T R A DR ZE T R R
K1.8 g, ZHEMLAMBACOKHK 1.2 g, 7%,
83.0% ., %4 IR, "HNMR % fiF. { @ [# /&, '"HNMR
(CDCl;,400 MHz) ;7. 40 (s, 1H, Ar-H),6. 72 (s, 1H,
Ar-H).3. 83 (s,3H,-OCH;),3. 79 (s,3H,-OCH;),
3.63~2.70 (t, 8H,-CH,-N-CH, )., 3. 31 (brs, 2H,
-NH,), 2.51(t,1H,-NH-);IR (KBr) v:3 321.3 230,
1630,1 634,1 583,1 517,1 552.,1 487,1 378,1 278,
1100 em ' MS(m/2):290. 2[lM+H]",

2.2.2 1-(4-8HE6,7-—FARE2%uwgiE)4T
Bt AR RN A R (2) B 1-(4-SE K6, 7- A A2
MR I ) -IR IR 1. 45 g ¥ T 100 ml 1,4- "5,
FEBEFEE A S 0. 36 ml ZEEEK 10 ml 1,4- A
VWL IRBEPE 24 h, TLC A By 72, RN,
AhERE] 2. 2. 1, EHER K 1,82 g, KL & Pk
BE =5« RPN A E el e (kR 1,45 g,
FE L 87, 3%, 4 IR, '"HNMR % fiF. A {4 [ 14,
"HNMR (CDCl; , 400 MHz): 8. 12 (brs, 2H,-NH,),
7.54(s,1H,Ar-H),7.12(s,1H, Ar-H), 3. 98 (s,3H,
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-OCH3),3. 94 (s,3H.,-OCH;), 3.88~3. 76 (s,8H,
-CH.-N-CH>),2.17 (s,3H,-CH;) ;IR (KBr) v:3 178,
2926,1 631,1 596,1 531,1 438,1 297,1 254,1 110
em s MS Gn/2) 332 1[M+H]",

2.2.3 1-(4-2F#-6,7-= W & F-2-% wb ok H)-4-[ (2,
AL A-RKH D 2RI IREN ARG
16 50 ml =P LE 1. 10 ml KIF = BEHRIE T
30 ml H 2K A 0.8 ml SOCL  iFEIE 1 h, 2
o R R KRR R K TR 2 g PP ARV T 20
ml 1,4- A0S H M B 2. 89 ¢ 1-(4-Z= K6,
7- UV B 2- MRS - IR 1% 0. 8 ml DMF 1 100 ml
1 4- TSN IRE T W I R BEFE RN 24 W, OB
JEAEPRIE 2. 2. 1,45 EAR R 4 g, DLW & - B
B =20 : 1 JPRMLH . ke 2 AT i b A5 B AR K 3. 25
g, FEHLT72.1%, £ IR,'HNMR #£AF. [ @@ 4,
"HNMR (CDCl; ,400 MHz) ;6. 97~6. 79 (m,6H, Ar-
H).5.19 (brs,2H,-NH,),4. 90 (t,1H,-OCHCH,),
4,53 (d.J=11.92 Hz .,1H,-OCHCH,) ,4. 37 (d,] =
11. 81 Hz, 1H,-OCHCH, ), 4. 05 (t, 2H,
-CH,NCH,), 3. 98 (s, 3H, -OCH;), 3. 94 (s, 3H,
-OCH;), 3. 87 (t, 2H,-CH, NCH,), 3. 75 (t, 2H,
-CH,NCH,),3. 61 (t,2H,-CH,NCH,); IR (KBr) v:
3343,3 226,2 926,1 634,1 560,1 495,1 430,1 373,
1239,1173,1 100 ecm ' ;MSGn/2) :452. 6{M+H]",
2.2.4  1-(4-8 H-6,7-Z W & HE-2-v ok ok )4
(-BEE-KEBE ) REH SR KR 22,3
AR 1-(4- -6, 7- AR -2 148 AR IR 3 ) -4- (4-
P LR RS RIS L R JF AR AR 2.1 g0 &
FEZMaiftb 5 B R K 1.8 g, 7%K.83. 6%, &
IR."HNMR Fif. . # & [& {&, '"HNMR (CDCl; , 400
MHz) :10. 08 (s, 1H,-CHO), 8. 01 ~6. 73 (s, 6H, Ar-
H).7.16(s,2H,-NH,).3. 83 (s,3H,-OCH,),3. 79(s,
3H,-OCH,), 3.72~3.33 (s,8H,-CH,-N-CH,); IR
(KBr) v:3478,3 355,2 980,2 934,1 715,1 609,1 519,
1449,1 104 em ' ;MSGn/2) :422. 7TM-+H]" ,

2.2.5 1-2-kgFB I RE ARG £ 100 ml =
HURH A 2. 24 g WEIRBRIER TN 0. 22 g Xf FH 2R 2 L
80 ml FEEL HA A L 85°C [ 3L 5 o S 58 ¥ I 5 7=
HEEZET U OB RIS . B NaHCO, 3
Uk 3 WG AT HIL)Z I JC K G R T e 5k A el 2
T RO 2.2 g, KPTRE AW 25 ml 1.4-—
AN N RN 1,72 g JEUKIRME (10 ml F S
B A 120 ml 1,4- SN FRE R, 110°C B
3.0 W7, TLC A s v #E# . RS . 1 mol/L 1
HCLFWOH pH 2 it . F B 28 T, = S be s i
Jei s FHTCK R BR B T MRt 7 08U 25 T A5 38 GBI 3. 85

g, PATE WS« WEE=15: 1 NBEBLH, S 4E 2 A4l
AT B A AK 2. 86 g, 77 %.79. 4%, 4 IR,'HNMR
FAE . B @WK, HNMR (CDCly , 400 MHz) ;7. 49 (d.,
J=3.33 Mz,1H,-O-CH=),6. 99(d. J = 3. 32 Hz, 1H,
-C=CH-).6.48 (dd.J,=1.60 Hz, J.=1.62 Hz, 1H,
-CH=),4. 98 (brs, 1H,-NH-), 3. 77 (t, 4H,-N-CH,-),
3.70 (t,4H,-N-CH.-);IR (KBr) v:3 135,3 108,1 604,
1 565,1 482,1 430,1 273,1 178,1 008 cm ' ;MS(m/2)
181. 9[M+H]",

2.2.6 1-(2-vk v HOBEHE)4 T B HE RGN A
A (6)  BU1-(2-MR IR I ) IR R 1. 45 g ¥ T 50 ml

1 A-Z S F BRI A 0. 36 ml SRS 10
ml 1.4- "N IR 24 h, TLC &l &0
PR, RBNJEACEER] 2. 2.1, SREEMraifbis e
HK1.2g, PHF67.0%.4 IR, HNMR EAF IR # @
R, "HNMR (CDCl;, 400 MHz): 7. 51 (s, 1H,
-O-CH=),7.06(d,J=2. 33 Hz,1H, =CH-,6.51 (d,
J=2.35 Hz,1H,-CH=C),3. 70(t,4H,-N-CH,-) , 3. 57
(t, 4H,-N-CH,-), 2. 51 (S, 3H,-CH;); IR (KBr) v:
3 142,3 092,1 675,1 582,1 485,1 441,1 280,1 172,1 005
em s MSGn/2):223. 3[M+H]",
2.3 FEEBRITAGERGER 4B E M
T H 2576 SN B RE A A o0 AR i A B9 14 i
FRAE A2 25 5 70 0 W36 1,38 2., NaNO. i W &
RYBERTE] 2 1. 745 min,

K1, THAGWERR FEZET 0, W
i FE [ 78 A O B AR A R B S ua-AR TN
B e T AT IR 2R S5 A e AR S

x1 MAEIRAESREERE FHRESE
Tab 1 Retention characteristics of positive tool

for drug on aminopropyl silica gel column

Reference Retention time Capacity
drug t/min factor
Terazosin 2.392 0.371
Noradrenaline 1. 955 0.120
Tamsulosin 2.083 0.194
Metaraminol 1. 903 0.091
Urapidil 2.032 0.164

F 2, THZHE o -AR EW @A FEH: B RN
FHRFT1.HAESE L AERE S, HETHEZ
TE ona-AR W) 5% H: b A4 P8 32 52 52 MR- 44 Y
SR E PR A L RIS A AR R ST HE R T
Tk JC A A R S W B . e, TR A 22 T B-AR FH
T H 253 8 35 2806 IR LR R VD T e B AE 1 (4 35+
R ARIE, S5 R BN R, Ik, 54 e .
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35 [ 2 A R B T H 25 = AR S5 B E ML JF B
XFFAR 25 45 & BE 1 A BT 25 5. aoa-AR R 68
TR B A R S M TRUN O 45 G R 259 1 e

F2 MHETIEHAE aws-AR BIEH FHRBHE
Tab 2 Retention characteristics of positive tool for

drug on o;5-AR chromatographic column

Reference Retention time Capacity
drug ¢t/min factor
Terazosin 7.860 3.504
Noradrenaline 11. 465 5.570
Tamsulosin 12.334 6.068
Metaraminol 9.605 4.504
Urapidil 7.453 3.271

a1A-AR: aia-adrenocepter

W 5E A AL B PITE aia-AR 6354 b 1 7 B 4y
AR IR 3, FIREEWTE aa-AR Y @35 |
AN FHRT 1LUWHHY o - AR GBS EGER.
2.4 aa-AR 5 XA A ERER N TIRIE
TC A4 5 e il 5 T 52 AR 08 1V ] 220 A W APE T, AR
WFRTET S A Tris \EDTA 1 NaCl #1051,
T BRBCAR 5 [ 8 A0 L 5% B8 28 5 0 Rk o 2 22 () 1Y)

HUPEFT . TR € 3% B AR IF 52 BE 1R 45 32 1 1) 2 AR
I, ARG Scatchard 22 3ARATFE A 5 32 1% (49 25 5 0 KL

SR 1 1 1 8
ghO A E A = +
&’n H {M““ ' Miapp My X kaX I:‘ &] Mo Mtiape ,ft

Fe SR ELAA W B s o AR EE S LB [ AR
7R TSN AE TR 3 AT ) 5 BE R W L Ka A2 R 5 T
PR Z I P25 4 H 80, 43 AT 3% 2k i &k &
Py A0SR % R, MR Scatchard 1 B, I 115
P A 0 1R 2R P 56 R B 25 5 D S B 4
WELARIEK A,

x3 MELEYE wic-AR BIEE LR EHE
Tab 3 Retention characteristics of piperazine

compounds on a;,-AR chromatographic column

Retention time Capacity

Compound t/min factor
Compound 1 11. 227 5.434
Compound 2 6. 485 2.716
Compound 3 23.878 12. 684
Compound 4 9. 869 4. 656
Compound 5§ 3.813 1. 185
Compound 6 3.721 1.132

a1a-AR: a1a-adrenocepter

F4 RELEVESHNABRESTEH

Tab 4 Binding sites and binding constants of piperazine compounds

Compound Regreslsion Corre‘lallion Binding sites ><71()76 Association constant X 10*
equation coefficient cp/(mol « L™1) (L +mol™ 1)
Compound 1 y=104, 27x+1.070 4X10° 0.999 7 0.934 1.027
Compound 2 y=136.04x+0.779 9X10° 0.999 5 1.282 0.573
Compound 3 y=144.5092+0. 968 9X10° 0.995 8 1.032 2.177
Compound 4 y=79.0502+1.505 2X10° 0.997 7 0.664 1. 904
Compound 5 y=237.95x+0.332 5X10° 0.999 8 3.008 0. 140
Compound 6 y=253.61x+0.342 0X10° 0.999 9 2.924 0.135
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