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Synthesis and Carboxypeptidase A Mimic of Supramolecular Triads
Formed by Benzene-1,3,5-tricarboxylamido-bridged
Tri(#-cyclodextrin), Zn®“and Admantane Derivatives

CHEN, Yong  CHIL Heng  LIU, Yu*
(Department of Chemistry, State Key Laboratory of Elemento-Organic Chemistry, Nankai University, Tianjin 300071)

Abstract A benzene-1,3,5-tricarboxylamido-bridged tri(-cyclodextrin) and its Zn* complex 2 are synthe-
sized. Inclusion complexations of 2 with admantane derivatives give three supramolecular triads formed by
tri( f~cyclodextrin), Zn*"and admantane derivatives. Their carboxypeptidase activities and conformational
mutating abilities under different pH were explored by ninhydrin colorimetric and circular dichroism spec-
trometric studies, and the possible mechanism was discussed. The results show that the 1/Zn*"/1-adamantane-

acetic acid system gave the highest enzymatic activity up to 10.43 Usmg ' at a neutral condition.
Keywords bridged tri(f-cyclodextrin); admantane derivative; supramolecular triad; carboxypeptidase A;

enzyme mimic
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1.1 RTINS

FARTEAR YT L(+)-4LE IR YR =& S&Rlke-1-
2. LS AR A BSA). ORI (DCC)
5 Acros ;7 i, RS EEAH. $-[6-(L _JiHk)-6-
JI5E 520 18- A B R AR 5 SCHRU A . NLN- R 3 R
(DMP)HEES T4 2 d JassZ8 & . s BREE
10 mg/mL Zf- I35 114K L (BSA) 7K 2 e =l ik 7742 SCiik
Tkl

HL 2 AE DDS-307 HLSEAY BllE. SAMGi A
[ 0563 5> Sl 4E Shimadzu UV-2401PC &4 - 7] WO
HEALFN JASCO J-7208 [ (i {3 FaiseE, Bl RE
R 10 mm X 10 mm X 40 mm FE AT g, I 5E 5
JE AR Bk ¥ 6146 (25.0£0.1) C.
1.2 R ZERREREE = (B-FRHIFE) ()RS K

7 100 mL [#JEIHE AT 30 mL DMF #1 1.2
g H-[6-( L JiHE)-6-li - B- IR, B AURY R AEVK
B 0.08 g BZK = RS 5 mL DMF #%90F1 5
mL = ZfE. RNIRAWAEVKE PR 2 d, SRS E =R
R 2 d. PR ZERRIEE A, Bk R A D K R S T
A 150 mL AT IO, B ERAE R il
JEM] Sephadex G-25 M (o i bt: 7 25 (LA /K AE A eI
FNEFEN0.15 g 7= il, 77512 %. UV-ViS Anax (H,0) (log ¢):
273 (2.82) nm; "H NMR (D,0, TMS, 300 MHz) d: 2.54~
2.95 (m, 12H, NHCH,), 3.34~3.79 (m, 126H, -CD’s
C-2H, C-3H, C-4H, C-5H, C-6H), 4.85~4.87 (m, 21H,
p-CD’s C-1H), 7.15~7.20 (m, 3H, aromatic H); ESI-MS
m/z (%): 3689 (M + H ", 100). Anal. caled for
C141H250105sNg*8H,0: C 41.10, H 6.75, N 2.04; found C
40.71, H 6.74, N 2.26.
1.3 ME=ERRENEK = (SIS ()M
A

¥ 1 MK N BRI i 1 e SRR KA,
PN L. ZARRAE S CF RV 2 d 5, Rk

ARRSUL, BT ARDUUE /D B (0 SR SEDEGS, 55
JEA3 2 I A 2, 775 47%. 'H NMR (D,0, TMS,
300 MHz) o: 2.74~3.25 (m, 12H, NHCH,), 3.34~3.79
(m, 126H, p-CD’s C-2H, C-3H, C-4H, C-5H, C-6H),
4.85~4.87 (m, 21H, g-CD’s C-1H), 7.15~7.20 (m, 3H,
aromatic H); UV/Vis An.x (H,O) (log €): 273 (2.34) nm.
Anal. calcd for Ci4H;80105sN¢*Zn(Cl10O,),*8H,0: C 41.30,
H 6.00, N 2.04; found C 40.95, H 6.32, N 2.06.
14 &RAKZHEASKREREG)HEMH

4 NI%E-1-24./(0.3 g, 1 mmol)Al HOBt (0.3 g, 2
mmol) ¥ T fx /D& i CH,Cly, VKGR 20 min J5 A H
AR A 2R 1Y CHLCL % 30 mL (0.4 g, 2 mmol),
FARY N T 30 min NG DCC CHLCL ¥ 5
mL (0.6 g, 3 mmol), Z4EFFUKHT 2 h BPLEA I . =
TR HE 24 h JERE0E, SRJ5 LA 1 mol/L BRIR SN KV (ZY
10 mL)¥52% HOBt, B bR IR, AHUARNE TS
LAV(TER) @ VOK)=9 @ LRSS, 13300 IR A4,
HATHA3™ 0 03 g, 7°% 85%. 'H NMR (CDCL,,
TMS, 300 MHz) ¢: 1.5~2.0 (m, 15H, CH, and CH of ad-
mantane skeleton), 2.3~2.4 (m, 2H, CH,COO), 3.0~3.4
(m, 2H, CH, of His residue), 3.5~3.8 (m, 3H, COOCHj;),
3.9~4.1 (m, 1H, CH of His residue), 6.5~6.9 (m, 1H,
aromatic H of His residue), 7.2~7.4 (m, 1H, aromatic H of
His residue); ESI-MS m/z (%): 346 (M+H', 100). Anal.
calcd for C;9H,;05N;3: C 66.06, H 7.88, N 12.16; found C
66.04, H 7.69, N 12.64.
1.5 =8I FERRABIEN

WS RIHE-1- LFE(1.1 mmol, 27 mL) 1) FF S 1% ¥
FAZI A 2 (1 mmol, 3 mL)FI/KIFH, 40 C N
PR 5 h. gl e o R D CUE, K EE A G I
BT AGKH A, 7% 25 % 'H NMR (D0, TMS,
300 MHz) ¢: 1.53~2.11 (m, 15H, CH, and CH of adman-
tane skeleton), 2.44~2.51 (m, 2H, CH,COO), 2.74~3.25
(m, 12H, NHCH,), 3.49~3.90 (m, 126H, 5-CD’s C-2H,
C-3H, C-4H, C-5H, C-6H), 4.99~5.00 (m, 21H, S-CD’s
C-1H), 7.15~8.20 (m, 3H, aromatic H). Anal. calcd for
C153H2460107N6Zn(C104),°8H,0: C 45.61, H 6.56, N 2.09;
found C 46.10, H 6.62, N 2.33.
1.6 =T8I FIERRG)BIEM

=IJClTHRR 5 G BRI AEY 2 (1
mmol, 3 mL)FI AV LRI TR HE P4 Sk e - 1- 2
2 3 (1.1 mmol, 27 mL)¥] B N 46, 774 22 %.
'H NMR (D,O, TMS, 300 MHz) §: 1.53~2.11 (m, 15H,
CH,; and CH of admantane skeleton), 2.44~2.51 (m, 2H,
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CH,COO), 2.74~3.25 (m, 12H, NHCH,), 3.49~3.90 (m,
126H, p-CD’s C-2H, C-3H, C-4H, C-5H, C-6H), 4.99~
5.00 (m, 21H, p-CD’s C-1H), 7.15~8.20 (m, 5H, aromatic
H of phenyl linker and His resudue). Anal. calcd for
Ci60H2550108N9*Zn(ClOy4),*6H,0: C 43.61, H 6.11, N 2.86;
found C 43.60, H 6.52, N 3.03.
1.7 ZBATFIHRREG)HEM

=ooH s TR 6 &I LR IEMREEY 2 (1
mmol, 3 mL)FZKEEBAE AR 4L B4 Wb
-1-Z1% 3 (10 mmol, 27 mL)IF H A SNl %, 7= 2%
32 %. '"H NMR (D,0, TMS, 300 MHz) 6: 1.53~2.11 (m,
45H, CH, and CH of admantane skeleton), 2.44~2.51 (m,
6H, CH,COO), 2.74~3.25 (m, 12H, NHCH,), 3.49~3.90
(m, 126H, p-CD’s C-2H, C-3H, C-4H, C-5H, C-6H),
4.99~5.00 (m, 21H, f-CD’s C-1H), 7.15~8.20 (m, 9H,
aromatic H of phenyl linker and His resudue). Anal. caled
for Ci98H3090122N15°Zn(C104),*6H,0: C 46.63, H 6.35, N
4.12; found C 45.60, H 6.72, N 3.85.
1.8 E—&i%

S AIAE pH=6.2, 7.1, 8.9 WIEATEEE /KM SN, 7
10 mg/mL BSA Tris-HCl i th A = o 7314k
F 3 (BRIKIE N 5 mg/mL), P10 mg/mL BSA WRAE K4S
M. FERIEIE 37 CLRML 16 h, i 1 mmol/L EDTA #
HEPER O IR E 90 CAIE M. BRI E 25 CHl
B30 min, B0 BB TR A

2 H#HR5HE

21 HER=BREMBE=AMBEE()RENR=TTE S
FHRAEMER SR

SR FHAZ G 6 18 10 H 35 5 R D7V 9 T 380 2K =k
JEFIE = FRRIRS 155 Zo™ B 7 IORCAZLAT A ZETIIAN 1
[¥] D,O W I Zn(ClO,), f5, 3 'H NMR Jaifhiik
S 6 2~3 I L e HEAE S RS 7
&), RPL JktE LIEIR T HET Zn® KA T EAL
YERL. MeAh, 164 )@ 31 SRR TR 5, Hags)
ZEIRAE, ATFER S RN N B, RATES
M UZo* R R SRR E T 15 Zn 8 FEKE
W I EAA AT L Wl 2 Fos, AR 3Y
R = BRI = IORIRS 180N, Zn(Cl0,), i TR 2
Je NG B ES, IFE1]/[Zn(Cl04),]=1 A%
WA, R 1 5 Zn® KB AL Rl
11 A

VEZWFFLRIA, B-FRMIRS 125 i vl LA 4 NIl 5 4]
TR gL Sl oL Ao, AR T M

400+
3504
300
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1504

Conductivity/(pSscm—1)

100+

o T T T T T

[11/[Zn(CIO,),]
B2 25 CHHEE=HMHIFE 1 f£7EF Zn(ClO,), (0.4 mmol/L)
1 i 3 AR A
Figure 2 Conductivity of Zn(ClOy), (0.4 mmol/L) in the pres-
ence of 1 solution at 25 C

SR T 1/Zn*> BE &5 4 K e AT A2 0 1) B0 45 e 0
TER. BT HBAR MK v, A 1 Wb A A= 904
D,0 HANE B RAZ GG 5. 4RI, 4~6 () 'TH NMR J¢i
(D0 WIEFNIEALZENIAE 6 1~2 22 1) it W 8 fr 4 Ml
B SR ME S, 1R T 1z B &b i —
ANBUAN FRRIIRG 205 Ji 5 <6 W oe A A= 0 60, 5 A T 7 T
I TARR. W IR C-1 5 N
V5 I AR TR ) LU 2 — 04> PR R 4~6
VZn* A5 S RIERT A I A Sl A L 3 1
L1 DDA 230 U FRATTmT EAHERT, %1 =l s> 7k
R4S, 1Zo® T A AT — AN RIS 25 s 4 4 W1 e
SEIHBT S PE, M T ol TR R 6, VZn* &
SANIRIRG 2 AR A Mo A
22 BEHANERNES T

SR FH B =l R e Rk A RS PL 7 10
mg/mL BSA (Tris-HCI £, pH="7.1)% ¥ 73 Gl A =
TG TR 4~6(ZKIEH 5 mg/mL), B 10 mg/mL
BSA WRAENZ . FEREHAE 37 CIRAE 1 h, H 1
mmol/L EDTA HERGEHEH 0 5 I 90 ‘CZ& 1l Je .
PRI 4 25 CH#E 30 min, S50 EEBRMTEH=
i )52 8. UV-vis 52 570 nm AW G FEAE, FRIKEE A BHS
J1LAAAsjeemg 'eLeh ' FRoR, & XAE37 CF L h EWOE
T Aszo 284k 0.1 Jy—AFEE 5 UPY. AFR 1 v LU
H, =JBS TAR 4 SR EE 1043 Uemg ' BTG
73, 439k 5 K6 11 3.6 f5 A1 15 £, T = JCilE 0 TR R
6 JUT AN RIBEIEVE L. AR R IKEE A fHE A K il IR B -
PRI LERR FA TN = ek 1A R 441k BSA /K i
MINLERGN R : 15, B B 05 S S N = o o) 1
R — R PRI 2 s b, NI — ool 2 74k
RENAER A I, RJ5, B A5 1 ks
Bkt IR L 1 AMEARIK D 75 SRk LR IR 3
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KOTFYH Zo* WA, XA PSR AL, 1735k
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I TARZR 4~6 AR IERA TR, =08 TR R 6
PRI 25 JPs A e W e o B, ASRESS & BRI
77 BN LR [ 78 W L, PRLE s R AR 0 T
AT =JCH 7 7R 5 s, BRI S EA
TR BB L5 G Zo® LSRR AU T
FIT Zo® SIEEMVER. 55 MERIBRT Ao 34
FHRRIE, Tkt — DXt IRBE R IE AT iR, A gs
TR T =oulE 0 TARR 4 (R

1 ZJUHSTRR 4~6 X BSA (/KRS 1 (pH 7.1)

Table 1 Carboxypeptidase activities of 4~6 at pH 7.1
%?Eﬁﬁ/(U‘mgﬂ)
10.43

2.89
0.70

2.3 E—f&igsi

(] A A )R oy - R AR A AT A,
A E EATVE S BN, 0wl DO [ 3
TR AR S5 o-lBiE s p-4T 8 S A g R X
(P&, ASCHE ZEiskie 7TAE pH N =JeilE s
THRR 4~6 i1k BSA KM= o-B8 e 1) & &

M3 LA H, BSA B A% E 210 F1 225 nm
A REAEOS. #RHE A = — ([6]2104000)/29000 A]
PATHEE -4 i & B3 g Bk 2 Fiow.

N

20 1
104 after
on ’/f
L
2 04
3
~101 before
,20 !
-30 T T T T )
210 220 230 240 250

Wavelength/nm

B3 pH=7.1 B IG5 TR 4 1k BSA KM RV HT 5 1)
[ — (4% ([BSA]=10 mg/mL, [4]=2X 10 * mol/L, XM 16
h)

Figure 3 Circular dichroism spectra of BSA (10 mg/mL) before
and after hydrolyzation by 4 (2X10™* mol/L) for 16 h in
Tris-HCI buffer at pH 7.1

F2 AFE pH F=Jul 7> AR 4~6 fiE1L BSA K™
o-WRTER) 7 i

Table 2 Content of a-Helix in BSA before and after hydrolyza-
tion by 4~6 at different pH

pH6.2 pH7.1 pHS89
BSA 64.8 67.1 59.0
4 LK AR 16 h J7 ) BSA 55.6 16.9 26.6
5 fifb/Kf# 16 h J5 1 BSA 63.5 65.0 57.2
6 fi{b/Kf# 16 h J5 11 BSA 64.0 63.9 55.6

MK 20 LR, A2 pHYEH N, —Jo@n 1
AR 4 RET 1 K BSA MBI AL, 7RI PRI S5
=G TIRR 4 X a-BR BRI RE D B0, T PERA
Bk, IR RS, T —JoE S TAR 4, 54
= pH fE ML T X a-BR eSS I BIA RE

3 it

BOE T =R AR A (RS, 2 = A
= IR /20 Re-1- 2 = oo TR R 4 BoR
AL BSA KN RS 7). 3B IR
W] 4 FPIRHIRG S R B RIBE R I 2 5 T B SN
58 i S 0 R W] 4 AR R PR AR i 6 R R K
AR RE ).
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