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WE AR TS KEBEGHERR Schiff ff(salval)s#IF1 1,10-3E 0k (phen) & 2,2-BXut e (bpy) 7 & 1) = TG &4
[Cu(salval)(phen)] (1), [Cu(salval)(bpy)]*3H,0 (2). i e E 4 Hr, BE/RHES, IR, UV, TG-DTG X HEHT T RAE. FAEY
2 MEERIZE X ST AT i e, =R R, P-1 5 a=0.92676(3) nm, b=1.03143(4) nm, c=1.25042(3) nm; a=
74.108(2)°, B=77.2240(10)°, y=81.5880(10)°, V=1.11642(6) nm®, D.=1.467 gecm °, Z=2, F(000)=>514, /o< H T
R;=0.0441, WR,=0.0856 [I>20(1)]. [RIf %05 TR &W5 24 3G B S A (BSA) WA TLAE M. 455K, PR
G5 BSA (M58 Sa#AT BRI KA, S AR K g g iR K R R . AR BELE C wanlCasa 77 0~105GHIPY, BLA
Y LRI 248 BSA AT LGSO 7055 25 C 45 & H K Ka 43730 6.50X 10° (1), 4.33X10° (2) Lemol % #54A(BSA)
552 AR (BE &) 18] (R A B S v 439904 3.85 (1), 4.26 (2) nm. I PRI S #RBE R /04BN BSA 20 T8, He&4 1
5 BSA MEH R TIEAY 2.
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Synthesis, Crystal Structure of Copper Complexes of DL-Valinato
Schiff Base with N,N'-Heterocyclic Bases and the Interaction with BSA
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Abstract Two copper ternary complexes of N-salicylidene-DL-valinato Schiff base with 1,10-phenan-
throline [Cu(salva)(phen)] (1) and 2,2'-bipyridine [Cu(salva)(bpy)]*3H,0 (2) were synthesized and charac-
terized via elemental analysis, molar conductance, IR, UV and TG-DTG. The structure of 2 was determined
by single crystal X-ray crystallography, which is of triclinic, space group P-1 with a=0.92676(3) nm, b=
1.03143(4) nm, c=1.25042(3) nm, a=74.108(2)°, f="77.2240(10)°, y=81.5880(10)°, V=1.11642(6) nm’,
D.=1.467 gecm °, Z=2, F(000)=514, R;=0.0441 and wR,=0.0856 [I>204(1)]. At the same time, the
binding reaction between the complexes and bovine serum abumin (BSA) was studied by fluorescence
spectroscopy. The research results indicated that the two complexes had a quite strong ability to quench the
fluorescence from BSA and their combination reactions were mainly a static quenching process. The two
complexes strongly bound BSA with amolar ratio of 1 : 1 and the binding constant K, values a 25 "C were
6.50%X 10° (1) and 4.33%X 10° (2) Lemol *, respectively. The shortest binding distance r between the donor
BSA and acceptor of the ternary complexes were 3.85 (1) and 4.26 (2) nm, respectively, which affirms that
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the ternary complexes have partly inserted into the hydrophobic pocket of BSA and the interaction ability of

complex 1 is stronger than that of complex 2.

Keywords valine; sdlicyladehyde; copper complex; N,N'-heterocyclic base; bovine serum albumin (BSA);

fluorescence spectra
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I3 h R R R AR, AGEE YRR IS IE
JEEIE, iRe V2 WIRL SNEYEAL S 4, 15T
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1.1 {LEEFRAF

Vario EL W JCHR /T (5 [E Elementar 2 wl);
ORION 150A AL 24X (3 Orion 27]); NEXUS
670 B AR AR (36 E Thermo Nicolet 2+
H); UV-2501PC 540 nf WL 23 66 BE v (H 4% Shimadzu 24
F]); TGA/SDTA851° & #h73 #1 4% (Bii - Mettler-Toledo 24
F]); LSE5 MGG (3£ E Perkin Elmer 2 w);
SMART APEX Il CCD H & fiTHH X (#2F Bruker 22 ).

KM, DL-42 1R, Cu(OAC)»H,0, 1,10-F H& ik
(pheneH,0), 2,2-HEILIE (bpy) ¥k 43 Hirall, W H E 254
B A A PR\ RIS B B E (BSA) W T 1
AR AR IR A ) AR o al, S8
KA ZIRZE K.
12 BEE¥MHEN
121 KApEYE S RBR Schiff #5648 496~ A%,

ZHSCHR[4] 7, 5 mmol 4R 5l R KOH 1
95% ZBEH A3 1 h. 60 “C ] A% A 7 5 mmol
IKIWER O5% LWL, iHk 1.5 h, SRJ5 IIASEH) )
I Cu(OAC)*H,0, 4k&L4iit: 4 h, Prfq il taiiie HzK

R W2 RS TG T, JCE T RS WA A
C1oH17NOsCu.
1.2.2 Bes-4[Cu(salval)(phen)] (1)494 %

1 mmol /KigEE4i%ia e Schiff & 4%+ 10 mL
I K TR GV 7 i (Vs V=1 4), T e hn & 25 )
JFi i pheneHL0 [ AL, TRA WS N 5h G
k. SRR, JLRJGE T SR UTNE, YIEH F
B 4, 772 60%.

1.2.3  E4#[Cu(salval)(bpy)]*3H,0 (2) 894 %

H bpy 10%% pheneH,0, 777k 5BLAY) 115 1AL,
FEE A%, F PR A S HIEACR IR R, S
DN SENR NI
1.3 E&EY5 BSA BIER

2 1135 1 25 11 (BSA) H 0.05 molsL ™ ) NaCl % fic
Wp h 5 gL THIRERW, BT 1~4 CHRAE AW
DMSO-H,0 IRV - V=1 4tk 10 * moleL 11
JE; Tris 2235 mmolsL ™ Tris/50 mmolsL ™ NaCl,
pH="7.4) % M 5 1AL
131 RAekE

¥ 5 geL M BSA SR 10 f5)5, B 1.34
mL T 10 mL EEEE T, IAAEIE A SR, H
Tris P BUE B R ZIE, 19215 WA (& BSA 1.0X
10 ° moleL ™). ¥k MK 280 nm, B4%5% 3 nm, %
290~500 nm 3 [l P 1 5% S 1.

132 RFERIA#E

DWRR I ECH S 1.3.0 A5AHIR. SR FR B a8
[FIS EATH 4, SO RIS BA dem IR A A W] 1)
K7 AL dem=lect AL, 3545 AL =15 nm HI AL =60 nm
ISR [R5 58 6 6 1.

133 #FHh-T A

DA Tris ZZr/ES LLE 5 BSA KR FEBC &)
IR .

1.4 ELEY 2 WRIREHNE

YEHL 0.175 mm X< 0.157 mm X 0.057 mm &4 2 i
B, BT Bruker SMART CCD fif5iHy b, DIAT SR
L1 Mo Ka (A=0.071073 nm) £ b, 78 1.72°<
0<27.55°GHIN, KM o/® 137 R, 296(2) K ik
19115 ANATHE AT, b ST AT A 5118 AN (Rye=
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0.0604), ATMLIATIS sk 3602 ANI>20(1)]. A At
Ht 28 - 200 T AT OO IE .

mn RSt SHELEX97 )7 H i th, X4
AR SR T AR bR B A 1) e IS O A R R /N — TR
PAHHMTBIE. Bk ERFE AN UMEINA, K R
1 ZE {8 Fourier VA EN. AR Pz A S IEIE. &
A =R &, P-1 2 E B a=0.92676(3) nm, b=
1.03143(4) nm, c=1.25042(3) nm; a=74.108(2)°, =
77.2240(10)°, y=81.5880(10)°, V=1.11642(6) nm®, D=
1.467 gecm 3, Z=2, F(000)=514, H/5W&H T R=
0.0441, WR,=0.0856 [I>20(1)], & Z{b i 1 = B i
IR I U LI RCHRAR 10853 519 A\ prnc="309 €/ Al
Apmin=—341 e/nm®,

2 HFR5iTE

21 BEYMMRIE
211 BAMEERS R

=IO AP AP RARE, 2T HIEE, DMSO,
DMF 55 PEA HLA A, A8 HO FINER . L BEEEIR
PEG P FI P, BLA Y L0635 4T BB R H
Anal. calcd for CyHpN;OsCu: C 62.26, H 4.57, N 9.08,
Cu 13.73; found C 62.03, H 4.66, N 9.02, Cu 13.48. A,
(102 molsL ™%, DMSO, 20 C): 2.3 sscm®mol %, Kk
fi s, R HEIC &9 1 (4% A [Cu(salval)(phen)].
B4 2 MG 50 1 A B K F 3 Anal. caled for
CoH27N3O6Cu: C 53.60, H 5.52, N 8.52, Cu 12.89; found
C 53.66, H 554, N 8.79, Cu 12.77. A, (10~ moleL ™%,
DMSO, 20 “C): 1.8 sscm?mol %, i mil™. Atk
A 2 (K40 )8k [Cu(salval) (bpy)]*3H,O[ Bt & 4+
Cu(I) &k EDTA & 20 M4 .
2.1.2 oAb Lk

ZEANRISO R WL 1 BEA 1 RS 2
Schiff fiik IV 24 55 (C= N) FH iy 4 B (Ph—O) (1 RF fiE R i e
55 A 1 Schiff BAHEL R AE T 48, U 2 55 AR
RIASE TIAL. va(COO) MR IEAE 1 AT 2 Hh 73531
f7F 1630 1 1602 cm*, v(COO )i T 1400 F1 1401

cm L, Z{l 4=v(COO ) —v(CO0 )>200 nm, &k
AR DL b TR AR AZ AR, 5 e A b, =
TCHLE D IS B HEL T phen B bpy FIAHRFAEIR
i, [ Ak phensl bpy!®4)J7E 850, 732 Al 1041,
760 cm b 155 R BRSNS AR B (O ) W AE TR I L
GYEAARRFEERLR, Bon phen 5l bpy (%51
L Culicfr. RPBHIX v(Cu—N)F1 w(Cu—O) W L g
W, H—BE TRIR TRAR TS Cu RAEL.

B W h Al Schiff Bl T Amednm [ef(Le
mol fecm 1)]: 317 (3080), 256 (18440), 215 (23500) 4t !
LA, U8 T A A DS R en BRI,
B4 1 AE Amadnm [e/(Lemol tecm™)]: 367 (2850), 268
(21280), 244 (16020), 225 (29780); FC &M 2 £E Amadnm
[e/(Lemol~*ecm™h)]: 365 (3620), 272 (16860), 242 (24140),
223 (20400) % A A DY, o Schiff Gl 3h
gl [ s} 23 55 A7 7 A SR e .
213 #HENHM

AT, BL 10 Comin™t [T HIR 8 2 X &
Y 1 {E 30~800 CHIMA AT MIET WS, Bl 1
TG-DTG £k 7R 200 CRFEAB AT RE, HHRAY
AN H 57 200~380 CH LS K, KR
44.04%( R 1B A1 43.90%), W 2k Schiff HRc 4 11 2 2541
Wil B 450 “C A — W R, RE4 38.96%,
5 Ry AR HE M IR 1) B 16 1E(38.92%) — 5, F 800
T s A E, B RPN Cuo, FRE N
16.87% (FiR{H: 17.18%).
22 EEY 2 MERIKEY

BEAY) 2 (05 Fa i n e 2, 2 B R £ WL
2. CUP" SRR TV DY 7 HE O A A4 78 (45 K TR F £, =0.19),
Schiff Bis 4 i1 =AM 51 O(1), O(3), N(3) BRI frY)— >
R N T ARG 1, ez 1) o5 — AN &R T N(L)
HARAE T HEI L Cu—N, Cu—O #KAE 0.19337(19)~
0.2014(2) nm A, 5 7] 28 0 7 A e 2 e e K3
—3. #i) Cu—N gEKSH 0.2260(2) nm, BT
Jahn-Teller SN g f K. 8 O(1)—Cu(1)—N(3)
93.48(8)°, N(3)—Cu(1)—0O(3) 82.87(8)°, O(1)—Cu(1)—

1 Schiff BRI K E A LT ANEE HEMR O % (em )2
Tablel Main IR absorption frequencies (cm ) of Schiff base and complexes

Compound V(C=N) 1(COO0 ") v(COO ) v(Ph—O) v(Cu—N) v(Cu—O) v(phen or bpy)

KLP 1637 (s) 1606 (m) 1376(s)  1310(m) — — —
[Cu(L)(H20)]*HO 1647 (s) 1612 (m) 1400 (vs) 1277 (m) 547 (w) 457 (w) —

[Cu(L)(phen)] (1) 1630 (vs) 1630(m) 1399(s) 1301 (m) 513(w) 472(w) 1502 (m), 1410 (m), 841 (w), 728 (w)
[Cu(L)(bpy)]*3H0 (2) 1635 (s) 1602 (m) 1401 (vs) 1297 (m) 520(w) 446 (w) 1576 (m), 1445 (m), 1034 (w), 764 (w)

3KBr phase;  L=salval.
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Figurel TG-DTG curvesof complex 1
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Figure2 Molecular structure of complex 2

N(2) 90.74(8)°, O(3)—Cu(1)—N(2) 90.62(8)°Z Fi
357.71°, M Cu HHEE O(1)—O(3)—N(3)—N(Q)FA

JLH. fEER b, 2,215k E b 1, 10- 5 e ubk 5 2% 5 4L,
2,2 CILE W J5C A7 i P S I B O AR 58 4 4b T T — P 1
W, TR B R A Y, NQ)FTEILIERR S N(2)
JITAEREIE R (1) A1 R 1.6°.

S FHERE (B ) oL & W) P AR+ A
Iy ¥ 1A A7 4E 1 O(BW)—H(3WA) -+ O(1), O(BW)—
H(3WB)---O(2) Al O(IW)—H(1WB)---O(2) & B[ At K
739124 0.2810(3), 0.2818(3), 0.2797(4) nm, Hff )54
172(5)°, 165(3)°, 171(5)°1 Ut W T & b /K 21 I 4R 1
(O(3W), O(IW)) 55 Schiff fik (11 2 FE 48U 1 O(1) LA &
RILAR T O AHIE. [l i 7K 43 2 1]t 38 T &1 5
O(AW)—H(IWA)-+-O(2W)FI O(2W)—H(2WB)---O(3W)
Rk, K94 0.2779(5), 0.2694(5) nm, £
Sy A 168(5)°, 167(5)°. S LM, MyFRItia Ik
MEmE o {7 B IS R 171 N SV, XSSV A
BT LA P — 4E PR 2574

B3 BCE 2 i
Figure3 Crysta packing of complex 2

R2 EEW 2 E A (nm) RIS A (%)
Table2 Selected bond lengths (nm) and angles (°) of complex 2

Cu(1)—O(1) 0.19337(19)  O(1)—C(2)
Cu(1)—N(3) 0.1940(2) 0(2)—C(12)
Cu(1)—O(3) 0.19796(19)  O(3)—C(12)
Cu(1)—N(2) 0.2014(2) N(1)—C(18)
Cu(1)—N(1) 0.2260(2) N(2)—C(13)
O(1)—Cu(1)—N(3) 93.48(8) O(1)—Cu(1)—N(1)
O(1)—Cu(1)—O(3)  159.84(8) N(3)—Cu(1)—N(1)
N(3)—Cu(1)—O(3) 82.87(8) O(3)—Cu(1)—N(1)
O(1)—Cu(1)—N(2) 90.74(8) N(2)—Cu(1)—N(1)
N(3)—Cu(l)—N(2)  171.49(9) C(7)—N(3)—Cu(1)
O(3)—Cu(1)—N(2) 90.62(8) C(11)—N(3)—Cu(1)

0.1317(3) N(2)—C(17) 0.1342(3)
0.1233(3) N(3)—C(7) 0.1282(3)
0.1279(3) C(1)—C(2) 0.1417(3)
0.1343(3) C(1)—C(7) 0.1437(4)
0.1342(3) C(17)—C(18) 0.1488(4)
96.91(8) C(2)—O(1)—Cu(1) 126.53(16)
109.82(8) C(12)—O(3)—Cu(1) 115.09(17)
102.99(8) C(13)—N(2)—Cu(1) 121.89(19)
76.92(8) C(17)—N(2)—Cu(1) 119.52(19)
125.80(18) C(22)—N(1)—Cu(1) 130.52(19)
112.82(17) C(18)—N(1)—Cu(1) 111.53(17)
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23 E&%M5 BSA BIER
231 BSA &9 KA R AR RALIE

MO R 280 nm i, AL A4 7E 300~500
nm Y8 [ AR S, BT T S R e S R I
SERFRIE A AE HAT N EZEOG. [ BSA IREE, &A1
INEC AU, BSA 7 350 nm 5O A B 2
K, HIETEAREEARAS, ik 4 fios. T DMSO X}
BSA JLT- ¥ emild, il A BSA R4 T 1EH.
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Bl 4 25 CEAY 1A 2% BSA 58 EHEK
Figure 4 Effect of complexs 1 and 2 on the fluorescence spec-
traof BSA at 25 C
(A) complex 1; (B) complex 2. Aedden=280 nmy/350 nm, Cesa=1.0X10°
molsLtin all cases; /(10 ® molsL"%)=0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 8.0, 9.0,
10.0 from ato j, respectively; c/(10~° molsL "1)=0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0,
7.0, 8.0, 9.0, 10.0 from ato k, respectively

FHGTAIRT BSA FOG K AR T 43 1l 5 |
B K K, HiH Stern-Volmer 77 F21: FF=1+
Kol Q] =1+Ko[Q], s Kq Ay Moy ¥ A i st R %
5, o AHERFIAAFAERI PRI H 1, Ko R BNESFE
KB, [QUATERFIIHREE, AR Ksy=Kqro. A FolF
HIQUEAT LA, 8 HEL. 1 H%MNEKE
Ka/(Lemol )=2.85X10° (1), 7.57 X 10* (2). H T Wk
TP Fdr K2 1078 M ki Ay L sk 45

Ko/(Lemol s H)=2.85X 10" (1), 7.57X 10" (2). HK ik
HHE Kg TR T TR K AR AR 531 IR e KA 1L
WK HH(2X 10" Lemol tes™), £ HIPAIECL &% BSA
DI CHE K FEAS I A BRI S AR, Tk T i
SEAWPTG R AR,
232 Bbdhh BSA 6946 F L Ka frdd 6454 n
B ZIYIHE R T 1 A n /M R ST [ 45 &
fr L, WA SCHR[16] 5t 2 20 1g(Fo— F)/IF=1g Ka+
nig[Q], FIH K 455654k, LLIg(Fo—F)/F Xt 1g[QIE K
(K5), —H R RIFMLMEXR. HELHIEERRR
K15 Ka F1n 239524 Ka/(Lemol ) =6.50X 10° (1), 4.33
X 10° (2); n=1.073 (1), 1.154 (2).

0.6
a

& 0.0 o
L$ b
<
on
-  -0.6

1.2

T T T T T T T
-6.4 -6.0 -5.6 -5.2 -4.8

1g[Q]

B 5 BSA JGHE KR Hih 2k
Figure5 Logarithmic plots of fluorescence quenching of BSA
(a) Complex 1; (b) complex 2

JIT A B0 U8 W R G 5 P 5 DA S B B
FINLLL D 1E S B REGY, HRGY 1INE&
WHKTHRCEY 2. X0 AL T 4B IEng Wk L pentt g 2
AR 7 AT R R v, AL BN BSA (1)
LK 5 R LRI 4 A
233 IR(BSA)-Z R (BLo4)a) 64 53R B

Wt Forster 4w 5t ik B R ER M, k-2 4k
e E E B A2 AR EL S r FIRE SR 00 5
RofFAEN N R &:

E=1—F/Fo= R /(RS +1°

Hrh Ry R %R 50%IN (G A B RS =8.8X
10 KN @, X K2 R = R K1, N AR
TSRS, @ AFRI DR 7=, (EARSLI AT
T, ARG AR TRBEAL A BTHR I NP K=
213, N(T i e 50 BUK MG ML F 341 N=1.336, &=
0.118™8. 3 g #h PR (R 11 ) A e 6 2 36 16 1 45 52 A Py
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RV ) O R T B 4, TR
I=[ 2 F (A)es(A)2 A/ D F (2)+AJ]

S F() R TICARARAE DL K A AT TG, e(A) A 52 1k
A A LRI EE IR R 5L 6 2l 300~500 nm i [l
PN C A5 90 1) A 1 PR 29 D' RO D6 1% () 55 28 AR O 1
(b). WIEAXRGESHI I, 4iA - ARCEIE, ik
R1F Ry, E AT IOE, 113K 3.

T (1 3 190,y 40 S i bk B IR bt L A 5 K 95 3
MU SR ey bk, 5 kN BSA (K, SRS
15 BSA S &I r BECASW 2 /6. WAL S Y5
BSA MIZGHEEY/NT 7 nm W4, KRAET e,
GBI R TIRAEE Ry, AR AZT
i BSA SR I BB R, L A R R A TR K
234 Febdst BSA # 269% 0k

T AR 2O, AL=15 nm B HERIL
P TR L 56, AA=60 nm I b7 (0 B I ik ik 1)
P, RN SRR R 0 e K R S A 5 JL i b A 5% 1)
B KPEAR DG, Fir LA BH R SR A 1 e m S W ek 1 R %
fi 2% ),

[ BSA IR, BHTHINAC AP, $14
AL=15 nm I AA=60 nm [{[F]25 5661 7. Bl &4
2 % BSA P52 S ELAH 1AL, KB BSA 15861
B AR IRRIE DTk, HE& 2 R IR IE I R S K B AR
b, CRBRIEIEI RSB R, WHRAY 1 mA
i BSA MG RN, oo FR5RIE T AR5 1 7K
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Figure 6 Fluorescence emission spectra of BSA (a) and UV
absorption spectra (b) of complexesat 25 “C

(A) Complex 1; (B) complex 2. Casa=C1=C,=1.0X10 ®molsL *

£33 WHEYE BSA EHINIIA LSHQ, E, Ryandr)
Table3 Relevant parameters (J, E, Ry and r) of complexes-BSA
systems

Complex J/(cm*Lemol }) E/% Ry/nm r/nm
1 1.85%x10 0.11 2.72 3.85
2 1.16X 10 % 0.04 251 4.26

7E 925 54T (Aol Aem= 280 NmY/350 nm, 25 C) I, BSA
9t FBR B A 212 {7 (2 Rk, 15k ILA T
BSA B /K I, FTsREFI r {E4 45 & A ik ik 2

A/nm

800

a
600 l
400

200

Fluorescence intensity/a.u.

240 ' 280 ' 320 ' 360
A/nm
B 7 B 1% BSA [ HOLI
Figure 7 Effect of complex 1 on the synchronous fluorescence
spectra of BSA

(A) A2=15 nm; (B) AA=60 nm. c(BSA)=1.0x10® molsL ™", from ato e
¢2/(10 ®moleL %)=0, 1.0, 2.0, 4.0, 5.0, respectively
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PERE, BSA PIABINGKLEHIHIT FCAE, B R T
3,

T P B AR L KA I A 4 2 IR Schiff B Al
IR =GR &), b AR G5 A B B R C 2 B0 5,
5 =1 NOO-Schiff #ififl1 & N,N-ZZIuk[F i fr. 12
MZOCIES BB T RSP S BSA HIFEH, 45 R
RYIM AR BSA IO IFAE e Bz i 5h
AP, MRS E WIS R E S 25
W) 4 P AR €0 2 R SR T AR PR B PR L K PR AT, A o
JEFEENG 5 320 BSA IIMIBUR AL, 96 AR
50 HRORN 25 4 B S K SR T P R I 5 ) 5
FESRIIREJEE ALl 101 Mg EREAY, B
B&9 15 BSA E SR TRCEY) 2, #E AT AE2 Hi 1
£ T A SIS 1 W B PR REE I AT 5K ) 55 0 RS AR
JEvTE, A 1 SN BSA Bk 5 SRk AL 45
B IR S RO R R IR R A R L & A
FIRHUE AR LIS O Tl 5 (0 Se g, D9 HAE25)
S T AR S T € I BRI K e
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