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Assembly of Co-based Organic-metal Cyclohelicate Compound
for Recognition of Glutathione
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China )

Abstract: A novel organic-cobalt ternary macrocyclic compound HL-Co was constructed by cobalt ion with
5-N,N-dibenzylamino-N',N"*-bis(quinolin-2-ylmethylene) isophthalohydrazide, which was synthesized by
introduction of quinoline and dansylamide groups into 5-aminoisophthalic acid. The recognition process
and sensing effect of glutathione (GSH) were studied with HL-Co by electrospray ionization mass
spectrometry (ESI-MS) and ultraviolet spectroscopy (UV-vis). The results showed that HL-Co formed a
stable [3+3] macrocyclic structure in solution and could encapsulate glutathione at a molar ratio of 1 : 1.
The absorbance at 320 nm was gradually increased when glutathione was added into the solution of HL-Co,
while the absorbance at 425 nm gradually decreased until the equilibrium. The isosbestic point occurred at a
wavelength of 357 nm. The equilibrium constant, 1gK(GSH)=4.41, was calculated by using Benesi-
Hildebrand plot. The minimum detection limit of glutathione was 1.0x10°mol/L, which indicated that
HL-Co had good recognition of glutathione.

Key words: glutathione; organic-cobalt macrocyclic compound; UV-vis spectrum; recognition; functional
materials
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FURI, XA e H R B8 G 00 75 3% 32 24 W AT (i
WL AR BRI B AUREDY FERZ
R, ik BA T REE . BRI LR E
PSR | R R AE S TSR DL S A 22 R
FHPON, S8 g5k 2 A A I H IR 235 h ik (—
SH ) FY A% B 3 56 X0 46 T 85 e 21 FIRE 1 B R A
HEAT RS SN Michael g . <5 J BC 45 0 U S
R SUNYPRANRTUEAR: AU ERIE: ESF 18- IFANAS )
HAGIATEH K. SR, X LETTIEAERE AR AL EE | B

N

BEEHAL . s AT SR E T A —E
SR BRAENTET Rk, AR A T KR E S5k, R

P57 R G TR U0 5 A5 Oy E 2

AL JE RIME G Y= A LIRS 6 s B
¥ A AAG FURYBA G & BT 1R E =S I AL S
Yo HAL2tEmAeE . BAEE LR E IR,
Ao B T A0 A 0 5 o S B R RT LA AR A L
RIS RN L BORYE  RBINLEL 45
TS AR RS . R, HAEEY T30
B EALSE T A LR R, AR )
AL TN 53R R 1Y Ty A A 1

ARSCLL 5S-G F-1,3-K R REA, i@ 25

NH,

QQ

CH;0H
#H,S0,
H;COOC

NH,

fb2p A A MR HL, HL 54868 T A4 T
B4 =T RIFE S HL-Co., FIFH L4181 %
£L°7 HL-Co X437 e H KA+ i P fE o

1 SEIEES

11 RFIE5{E
S-FIe-13- K HER ., 2-MEMKHEE (5 Alfa
Aesar fL2FA R A ), AMHIK ( LIBEXIZRSH

FRAFIVEYIEEER ); LR E R . HEfR . A2
(AETAEY TR RO ARAAE ) 7SEEER
B, WHER . OKEME (BT ECH 80% ). WRIRIR
LR . AW, vKESRR . WEE. 2IF . N .
IRIRET . JOKBRIREN . LBE ( RHERH B AL i)
AMRAFE ). RIS AR,
HPLC-Q-Tof MS %Y H 555 i . HP8453 %
Ah-ATLSGTEAL, S5 Agilent 23 F]; X-6 ﬁMlﬁ)ﬁ
1, e B AR ABR A FE] 5 Vario EL [IJTER 7304
i, f#[E Elementar /A7) ; Nicolet NEXUS 670 FTIR
FEIEAL, 3£ E Nicolet 24 H]; Varian INOVA 400 ¥/
FEYRPEFEAL (TMS HHNFR ), FEE Varian 247 .
1.2 FHik
1.2.1 Betk HL 8946 %
BeiA& HL /96 BB ZE a0 R TR o

QNQ

H;COOC

ArCHzBr

K2C03
COOCH;,
COOCH;

NHzNHZ N H20

HCCARRNSS

&N R

a A (5-EH-1,3-2 " HRHEE ) #4n:
FREL 5.0 g (27.6 mmol ) 5-243E-1,3- K —H A
250 mL BeifiH, Jfm A 150 mL HEE, 7k
TR AL PRI N 24 h, RN ESIRIGEH . A
FBR BRAN A IR TR A B R R, SR 4 LR LT
UL, TEEBREAVIER, BALEY A,

AW B (5-N, N-Z WA H-1,3- K ZHRH
g ) BYA . FREL 4.1 g (24.1 mmol) FIER K 2.7 g

H
HzN/N\ i C/N\NHZ
0 d

C

(19.6 mmol ) B R4 L A = ik, FHimA
100 mL ZHEH%W . # 2.0 g (9.6 mmoDl) fLEW A
30 mL GG, e Rk & s bk
=B, 7E 80 °CR I 6 h, W, EZEbRE
RRI NG, H CH,CL-H,0 A VEFIZEEL, A HLA
ToKBRIR N TG, BEZERR LA, S8 A @ik,
RiSh1bA49 B,

AW C(5-N, N-— R FHEIE-1,3- 8 g )
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B4 FREL2.0 g (5.1 mmol) fL4& 4 B it AL
W, A 10.4 g NoH,-H,0 [0 24 h, 58] A G5,
WAL, Uk, TH, SEMEAY C.

HL [ 5-N, N-Z R FE-N, N'-3L(2-M ko
F)-1,3- 8 WL ) 195 A FREX 2.0 g (5.1 mmol )
&8 C F 1.9 g(12.1 mmol ) 2- bk FFY R Tkt 1) 63
L MAZ 150 mL HEE, 7EVKESIR (0.2 mL ) fifk
T ERE 24 h, RRIEATIE, B, FuE, 1455 HL
29g, FEEN 86%, M 238.5~239.3 °C; JLE T
(C4H330,N7, JHHE 50 $50/%) , BEiE{H : C 73.80,H 5.33,
N 14.01, s2{E : C 72.77,H 5.40, N 14.04; ESI-MS;
m/Z=668.2, A& H[HL+H] ", m/Z=690.3, g N
[HL+Na]"; '"HNMR (DMSO-d;, 400 MHz): 12.21 (s,
2H, Hconn), 8.62 (s, 2H), 8.45 (d, 2H, J= 8.4 Hz),
8.13 (d, 2H, J = 8.4 Hz), 8.06 (t, 4H), 7.82 (t, 2H),
7.73 (s, 1H), 7.67 (t, 2H), 7.44(s, 2H), 7.37 (m,
7H), 7.29 (d, 3H, J=7.6 Hz), 4.87(s, 4H); IR (KBr
R, s fRFRIER R, m (CRIEEE PR, wit
KRS, viem™: 696 (s), 754 (s), 839 (w),
1074 (w), 1157(m), 1332 (m), 1357 (m), 1451 (m),
1502 (s), 1547 (s), 1598 (s), 1658 (s), 3245 (w),
3458 (m).

1.2.2 A M-4kBeb4 HL-Co #)4 M

FRHL 133.4 mg (0.20 mmol) HL AL AR,
fIA 10 mL B B, i fig 3 m A 200 mg(0.69 mmol)
Co(NO3),-6H,0 1) 10 mL H B, =i FiHE 30
min, #RJ5, MHAPMA 2 g NH,PFg, FoAfE G
W, Uk, ARG, BES TS, ke
H P-4 B A% HL-Co . J& & & M .
[ C126H9906N5 P5F 5Cos-CH;OH-2CH;CN-2H,0 ( %
R T RIME B S BN, SKIMMEEW 5+
W B LLAC 2R 18, RS BRZ:, Bl “JTR a7
BZERPSHEN ), Basnri/% ), BigfE: C

56.90, H4.12, N 11.65, L{E: C56.13, H4.13,
N 11.59; IR (KBr JEJ), viem': 558 (m), 847 (s),
1079 (m), 1145 (w), 1298 (m), 1384 (w), 1452 (w),
1494(s), 1590 (s), 1636 (m), 3061 (w), 3432 (s).
1.3 HL-Co X &Rt HE RLHIIR A
1.3.1 B &M EH

WA HL-45 KA 9 HL-Co FH DMF %5 i it i
BCRHE (1.0x107° mol/L ) &M, #MEH k. L-2k
ez . H 2 M2 BREH K 1.0x107° mol/L i)
DMF %, M E AR 4 75 Z2 A A V(H,0) : V(DMF)=
12 9 MW TR R
1.3.2 B RaEm X

FHR W 2 B 2 mL HL KL &%) HL-Co 7%
W (50 umol/L ) MAR| L@ mh ., $Kia, I
T S 1) H o S A (R R RE A B AR 4y T
(ABEH B, L2t ERR . HEARMAAR ), HE
AT, W 5E HL-Co XA [ & AR I 48 Sh ot %, I
FETLHEN 265~600 nm,

2 HR5WR

21 HL-CoX&RtHBEKE ESI-MS izt

HL =% (N, N, 0) Ffifi5 Co™
WA W = A P-4 8 [3+3] U KI5,
ESI-MS 25 SR UL 118 1 AT RIS 3] 3 A
m/Z=725.3502 , V1 J& F [(HL-2H");Cos]*" ; m/Z=
1087.4872 , 1 J& T [(HL);Cos-4H'?*" ; m/Z=
1170.8246, V)& H[(HL);Cos-3H +H,0+ PF¢]*", %
W] HL-Co TEWWHIE M T Ha € A HL-55 =0 KA
45t

A L5 =T R HL-Co 4547 & & L
K2, WEEAGIACH T SRR E B MR RT Y BR 18

7253052 1087.4872 1170.8246
’ Theoretlcal
Theoretlcal 1087.4872 I ‘\ \F\
100 Il
J\ ‘ “ ” L
725.3052
1087.4872 1170.8246
|
Experimental i / \\ Experimental
/J \ [ \ ir\\
/1) \ I\ A
AR A M 11708246 0V e
725.3502
0 (N A L L ’l O A i A e astnadh
600 700 800 900 1000 1100 1200 1300

mlZ

B 1 AHL-4 =T RIFLAY HL-Co i ESI-MS % &

Fig.1

ESI-MS spectrum of Co-based organic-metal cyclohelicate compound HL-Co
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Fig. 2 Structure of Co-based organic-metal cyclohelicate
compound HL-Co

A HL-8h =0 KRIES 4 HL-Co Hhnm A%
Yy RS e K ( GSH ) B B 8% 35 5 135 ) 4k 4%
RILE 3,

ME 3 ATLUE 1, B A5 AN IE FL A 1 3 g
Hidr, m/Z=725.3502 F1 1087.4872 y HL-Co & T
g, 4hnA GSH 5, ESI-MS i sl T 3
W, 23504 m/Z=827.6919, V)& H[(HL-H");Cos+
GSHI*"; m/Z=1118.9865, 1 J& N [(HL);Cos-4H"+
H,0+CH;CN1*"; m/Z=1241.0142, V1)@ N[(HL);Cos-
4H"+ GSHI*", PHIRMILA Y HL-Co % IRYI T Y
HEL 1 1 GUE TARHKS .

1241.0142
827.6919 1118.9865 ﬂ r
’\ f (\ Theoretlcal ’\j / 10874872 /\ fUL/\ Theoretlcal
100 : | \
J | ) JU e
R 1241.0142
827.6919 1118.9865 P
A A \ /\ K]\ Experimental
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JNJ \\j\/\JM \/ J
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827.6919 1118.9865
725.3502 l L
0 1 1 1 l N | | N . 1 1
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K 3 [a HL-Co H N A BEH KA ESI-MS 33 &

Fig.3 ESI-MS spectrum of HL-Co in presence of GSH

2.2 HL-Co 3% Bt H Bk B £8 50 im Rz ¢ i i

IG5 % %5 T HL-Co XF 4 Bt H K it 1R 5]
AR, ERILE 4, E 4a SRR HL FAG HL-45 =0
KIFMEAY HL-Co BYELIMRIBOETERE, K 4b R1E
K& HL Foin A e H IR LM 2 6, 1K 4c
FE HL-Co HFIMAA I H IR IR 28 S 2 i 1] o

& 4a %0, EAR HL 78 V(H,0) : V(DMF)=
1 : 9 I PRIy 282 F1 320 nm,, 24 HL 5 Co*"
BOAZ S5, FE 425 nm &b H BB B I ig , IR AR RS T RE
& HL 7£ 282 F1 320 nm AL AW I . 24 B iR HL
FOMASBEH IS, SAMRIBOGIE A T AR, U
HIBC AR HL ASRERUMN A BEH AR, anl&l 4b FroR . 4w
HL-Co HIMAZBEH BKJE , 320 nm &b A4 i Wi e ik
O, 425 nm AW SR BEES , BT, SEIR
Wk 357 nm, WL 4c, FARAMIPRILFE] 1.0x
10° mol/L. XEH FAMHIKYE =L KHLEY
HL-Co 2 M B UL AL, HL-Co i [ B4 E 25 i
e I R SR S T RS e I R 5
4d A HL-Co Him A4 Bt H K A9 R 3 5 58 A i
S PE AR L R, HH, A 2 320 nm ZbAY R
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K4 WA HL A L5 = I8 K3 HL-Co 144 Fh I U
JEiE A (a); fERCHR HL sPoim A4 BE H K ( GSH)
( 1.0x107 mol/L ) 1y 5 S & D1 (b ); 7 HL-Co
(50 pmol/L ) ™ fim A% Bt H K ( 0~50 pmol/L)
HHMEEICHE (c); 19 HL-Co A A A Bt H Ak
A e B A 0 SR A W I R B ( A3n ) HOGR A

(d).
UV-vis spectra of HL and HL-Co (a);UV-vis
titration spectra of HL upon addition of GSH
(1.0x10% mol/L) (b); The changes of UV-vis
titration spectra of HL-Co (50 pumol/L) by adding
GSH (0~50 pmol/L); The effect of addition

amount of GSH into HL-Co on the absorbance
intensity at 320 nm

Fig. 4

WRE . I 4d RTLLE H, A BEH BOMA S 5EA -
8N 1) AR AL SR MG &R |, HL-Co BES NG 1fE
BRI A e H KT, I B = F A R R YR
B 11, SR 3 EmEsE A R — 2
Wit UV-vis Fil ESI-MS il nl %11, HL-Co REf%
DR L 1 L AR RO TR A
A=t (1) PR,
n - 1
A-4y Key Ay —A Ao — 4
K. K NFAE S ¢ v HL-Co BIRILE UM,
mol/L; n M INALBEH BK A BEAEEL; 40 320 nm
A HL-Co (PR ¢o) BIWOGIE ;s 4 4 320 nm AbAE
HL-Co HmA—E s A H G WOLEE; Apa N
320 nm Ab I A G GSH By KOG .
FIH 320 nm &b %5 S0 W% A5 B £ 4T Benesi-

(1)

Hildebrand £, 118 HL-Co L& 4B H REAY

%@ﬁﬁm,masﬁaouxi%{A,

ax

y= ALi?_Fﬁ Benesi-Hildebrand (455, 15 21 °F

i H 4% 1gK(GSH)=4.41,

R*=0.999

1.0 1.1 12 13 1.4
nl(A=Ao)

K5 KIS HL-Co 4 2 D H BRI - o B e il
Fig. 5 The linear fitting of the UV-vis titration upon
addition of GSHinto HL-Co at 320 nm
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SEEE IR R . LR e R . AR A R
028 SR WA iR B FE A

1.5

Absorption
5

o
W

300 400 500 600
A/mm

1.5

Absorption

300 400 500 600
Amm



. 1154 #% #m /. T FINE CHEMICALS 5535 %
Is ek, BT XA I H KGR B4 S AL
i Hih o

g 3 &g
2 W AR ARG T A IL-E S u RIS
03 ) HL-Co, 3 %48 T HX A8 H W 43 F B s S HL AR
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ol Ab B R WSOV SR SN, Aaps A WICSCIE 55 B DRSS 5 Y
300 0w o m 600 [l HL-Co HAITA 2 A B H KA SRR (L B2
ol B MR . ERAH AR ) B, 54 H B m R 28 4
—3, {H HL-Co X} L->f bt 28 R 1A% 2 (1) iU 350 5
6l B4 FH AR . HL-Co S MH M EAYI B
. HEEH 11, 5 LR ERAS ER N E S Y e
4l B 12, F# % 5 1gK(GSH)=4.41
< 1gK(L-Cys)=7.45 . 1gK(Glu)=7.22, HL-Co X7t
2r JR BT S R R R A W B S 2 s L LA
L ) e M2 A IO H KA 5 IR A L-P it A R 5
0GsH  LcCys Gly Glu KIF HL-Co b—NH Z [ &S E1E P E 78 iy, &

K 6 7 HL-Co (50 wmol/L) "1, Zr3IMA (a) L-2Mk
ZAR (0~100 umol/L ), (b) H & ( 0~200 umol/L )
() BEMR (0~150 umol/L ) 4L A1 & i
(d)7E HL-Co #1435 A 50 pmol/L GSH . L-Cys.,

Glu. Gly B EAMNRIEREE Asy0/Asns LB
Fig. 6 UV-vis titration spectra of HL-Co (50 umol/L) upon
addition of L-Cys(0~100 pumol/L) (a), Gly (0~200
pmol/L) (b) and Glu (0~150 pmol/L) (d), respectively;
The absorbance intensity (A43;0/A45) of HL-Co
obtained by adding GSH,L-Cys, Glu, Gly,
respectively (d).

M 6a~c HATLIFH, HL-Co X L-2f P&z
A 2R R R LA AP AR, 78 320 nm &b A9 I i
WA FE RN, TTAE 425 nm A0 W ST 5 8 ek 55, 5 HE
XF 4 JOE IR e 7 A B 52—, R Asp0 23 BIEEHELT T
B HL-Co A L-2f e 2l Fn 4 2 e V- i &% 45, ik B
HL-Co 5 L-2 bt U2 A4+ 2 B 1 & 90 o 10 4 L ¥ o
1 : 2, HL-Co & L->P It 2 MR F 45 2 B -1 & £ oy
4 1gK(L-Cys)=7.45, 1gK(Glu)=7.22., M\[& 6d Al L/
F i1, HL-Co X L-f e 2 A 43 2 i 1Al 35 SR BH
BT HER, XU HL-Co XF A BeH AR % &
Bk A F A A B H RS L-2 e 2008 4% 2R 56
4%, HL-Co X &M HIKKBEEWRMEL N1 : 1,
MX LR A admRNa syl El-y 1 :
2, XJEH T HL-Co KIL AW 2 7N 5 Y,
ULHl HL-Co ¥4t H K A9 1R 51 3 A8 4 A 7E 25 XN
BB, AL H R L2 B s ie i 5 3 s AR
RS HL-Co K3 I i i 2 [] 1 S0 B4 FH ek
AT ZJGFR HL-Co (i HLFARIN Bl 2 4h-n] L

A BEIAF] 1.0x107° mol/L, HL-Co TEZ¥ & 1Y .
Jie 2 A i %) ARG T EL A — R O FH R 5
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