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Introduction

It is important to research the mixeddigand
copper complexes containing bioligands, such as
amino acids, nucleic acids and proteins, in explor-
ing the functional mechanism of microelement cop-
per in organism because the reaction of any mi-
cronutrient with two or more bioligands in the con-
centrated bioligands background gives mixed-igand
ternary complexes, which are more stable!" and re—
lated with storage of substance and transportation
of metal ions in the life process. Furthermore, the
ternary complexes can serve as useful models for
gaining a better understanding of enzyme-metal
ion-substrate complexes, which play an important
role in metalloenzyme—catalysed biochemical reac-

[2_4]

tions Our research group has reported the

syntheses and properties of several mixed-igand
)-1, 10—

.- Here we report the synthesis,

ternary complexes of L-0amino acid—Cu(
phenanthr oline’™ "
characterization, crystal structure and stability of a
new mixed-igand complex formed by L-valine(L—
Val), copper( ) and 1, 10—phenanthroline(phen).
Experimental
1 Physical Measurements

The IR spectrum in KBr disc was recorded in
the range of 400_ 4000 cm ' on a Nicolet 170SX
spectrophotometer. The elemental analyses ( car—
bon, nitrogen and hydrogen contents) were per—
formed on a Perkin-Elmer 240 microanalyser. T he
'H NMR spectrum was recorded on a Bruker DRX
400 instrument and the chemical shifts were given

relative to TMS. The UV -Vis spectrum was mea—

) complex, L-Valine, 1,10-Phenanthroline, Crystal structure, Stability constant

sured in water on a Shimadzu U V260 spectropho-
tometer at room temperature. The molar conduc-
tivity was determined in acetronitrile by using a
DDS-11A conductivity gauge. The TG-DT A study
was performed on a Shimadzu DTG-60 simultane—
ous DT A-TG apparatus. The sample was con-
tained within alumina crucibles and heated at a rate
of 7

der air atmosphere. The pH potentiometric mea—

/min from room temperature to 700 un—
surements were carried out by using a 702SM T itri-
no Lon analysis titration system with a Metrohm
UX glass electrode.
2 Synthesis

The title complex was prepared by dissolving
Cu(ClO4)2 = 6H20( 0.5 mmol) and 1, 10phenan-
throline(0.5 mmol) in 25 mL of 50%/( volume frac-
tion) warm ethanol-water solvent with stirring,
followed by the addition of the aqueous solution of
L-Val(0.5mmol). The pH of the mixture was ad-
justed to about 5 with a dilute HCI1O4 solution and
then filtered. T he resulted solution was allowed to
). The dark blue slen—
der crystals were collected after several days by fil-
tration, washed with cold ethanol and air-dried
(63% yield). IR, Wem™': 3436(b, H20); 3268,
3183 (s, oNH2); 1630 (s, COO ); 1384 (s,
COO ); 1575, 851, 724(m, Phen ring). 'H NMR
[(CD3)2S0], & 13.9(s, 4H, NH2), 3.3(s, 4H,
CH), 0.6(m, 12H, CH3); elemental anal. (%)
caled. for C3aH3sCLN6sO1Cwe: C 42.74, H 3.99, N
8. 80; found: C 42.62, H 4.04, N 8. 90.

stand in a refrigerator (4
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3 X-ray Structural Determination of the Complex

The crystallographic data for the title complex
are listed in Table 1. The data were collected by
using a Bruker Smart 1K CCD diffractometer.
With graphite monochromated Mo K« radiation
(A=0.071073 nm), the structure was solved by
using direct and Fourier methods with the
SHELXS-97" program and refined by full matrix
leastsquares techniques. The non-hydrogen atoms
were assigned with anisotropic displacement pa-
rameters in the refinement. T he structure was then
refined on F°’ by using the SHELXL-97 pro-

gram t

Table 1 Crystallographic data of the complex
[ Cu(L-Val) (phen) (H:0) | - C10,

Formula

M

Colour

Crystal size
Crystal system
Space group

Unit cell dimensions

V/nm3
Z
DJ(g-cm’)

w/mm™!

F(000)
T/K
0 range for data collection

Range of h, k, [

Reflections measured

Indep endent reflections
Absorption correction
Refinem ent method
Data/restraints/ parameters
Goodness of fit on F?
Final R indices[ I> 20(1) ]
R indices(all data)

Max., Min. height in final
AF map/ (e =nm™?)

C3H33CLCu2N6O 14

952. 68

Dark blue

0.41 nm><0.40 nm><0. 19 nm
T riclinic

Pl

a= 0.8052(4) nm, o= 112.370(9)
b= 1.1590(6) nm, B= 105.690(8) =
c= 1.2309(6) nm, ¥= 99.094(9) <
0.9778(9)

1

1.618

1.299
488

293(2)
1.92 o 24.99°
- 9=h=29, - 12<<k=13,

o

- l4=i=14

3399

3074( Rim= 0.0160)
None

Full-matrix leastsquares on F2
3074/ 0/ 262

1. 135

Ri=0.0754, wR,= 0.1984
Ri=0.0809, wR,= 0.2017
1190, - 908

4 Determination of Stability Constants
The pH titrations were carried out according

to the procedure previously reported® . The stabi-

. Cu Cu( .
lity constants KC!J‘(L*VaD and K ¢u(phen) (1va) of the bina—

“u( phen)

ry Cu(L-Val)" and ternary Cu(phen) (L-Val)”
complexes, respectively, were measured under the
same conditions as used for the acidity constants,
but NaClO4 was partly replaced by Cu(Cl04)2. For
the binary Cu2+/(L—Val) system, titrations were
made with n(L-Val) n( Cu%) =1 5 For the
ternary Cu” /phen/ (L-Val) system, the conditions
120

were exactly the same as those of the binary one
except that Cu” was replaced by Cu” ina 1 1
molar ratio of Cu”’ to phen. Under the condition
with a lower L—Val concentration, i-e. n(L-Val)
n(Cu™) n(phen) =1 5 5, the Cu(phen)2+
complex was completely formed before the coordi-
nation of the amino acid takes place. T he final val-
ues of KEE(L—\'al) and Kfﬁi?iliﬁu_va]) are the averages of
at least three independent titrations.
Results and Discussion

The results of elemental analyses, IR, and
'H NMR spectra of the title complex are in agree—
ment with the following formula: [ Cu(L-Val) -
(phen) (H20)] - Cl04. The complex is stable in air
and soluble in water, methanol and ethanol, but
not in ether and other weak—polarity organic sol-
vents. Molar conductivity measurement in acetro—
nitrile at 10" mol/L, Aw= 154.58S - em’ - mol” 1,
would give evidence to the idea that the complex
belonged to an electrolyte of 1 1 typeI .
1 Crystal Structure of [ Cu(L-Val) (phen) (H20) |
- C10s

The crystal structure and the packing of com—
plex [Cu(L-Val) (phen) (H20)] - ClO4 are shown
in Figs. 1 and 2. The crystal structure consists of
[ Cu(L-Val)(phen)(H20)]" cations and ClOs an-

ions, which are packed with each other by electro—

Fig. 1 ORTEP plot showing the structure of
[ Cu(L-Val) - (phen)( HO)] " cation
and the atom-numbering scheme.

Fig.2 Crystal packing diagram showing H-bonds
of the complex.
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static and hydrogen-bonding interactions [ d
(Olw_ 04)=0.2951nm in x— 1, y, z, d(Olw_
01)=0.2860 nm in — x, — y+ 2, =z, d(Olw_
02)= 0.3264 nm in — x, — y+ 2, — z and d(N3_
05)= 0.3078 nm in x— 1, ¥y, z]. As shown in
Fig. 1, the structure of the [ Cu(L-Val) (phen)
(H20)]" cation is similar to that of complexes [ Cu
(gly) ( phen) - (H20) 17" and [ Cu(L-meth) (phen)
(H20)]+m, in which each central Cu (

ligated in an approximately square-pyramidal ge-

) don is

ometry constructed by two nitrogen atoms of phen,
the 0-amino nitrogen atom, one carboxylate oxygen
atom of L-Val in the equatorial plane [d( Cul_ 05)
= 0.1924(5) nm, d(Cul_ N3)=0.1990(5) nm, d
(Cul _ N2) = 0.2000(5) nm, d(Cul _ N1) =
0. 2009(5) nm] , and one water oxygen atom at an

[d(Cu_ Olw) = 0.2274(6) nm].

The bond lengths in the complex are comparable to

axial position

the corresponding values of complexes [ Cu (gly)
(phen) - (H20)]" (d(Cu_ 0)= 0.1956(2) nm, d
(Cu_ N)=0.1992(2)_ 0.2023(2) nm, d(Cu_
OW)=0.2254(2) nm) and [ Cu( L-meth) ( phen)
(H20)]" [d(Cu_ O)=0.1938(2) nm, d(Cu_ N)
= 0.1987(2) _ 0.2017(2) nm, d(Cu_ Ow) =
0. 2352(2) nm]. The carboxyl group of the amino
acid is coordinated to the Cu(

gen atom as an unidentate, and the electron delo—

) atom via one oxy—

calization was observed in the carboxyl group. In
the carboxyl group, the bond distance [ 0. 1258(9)
nm| between the coordinated oxygen atom and the
carbon atom is slightly longer than that [ 0.1212
(10) nm| between the uncoordinated oxygen atom
and the carbon atom as expected. The selected

bond lengths and angles are given in Table 2
Table 2 Selected bond lengths(nm) and
bond angles( §

Cul_NI 0.2009(5) || Cul_ N3 0. 1990( 5)
Cul_N2 0.2000(5) || Cul_ 01W 0. 2274(6)
Cul_05 0. 1924(5)

05_ Cul_ N3 84.0(2) || 05_ Cul_ N2 93.3(2)
NI_ Cul_ N3 98.4(2) || N3_cul_01W 99.0(3)
NI_Cul_ OIW  920(2) |[05_c13_ 06 123.6(8)
Cl6_ CI5_ Cl4  1256(13) |[Cc17_cCI5_ Cl4  103.0(2)

2 Electronic Absorption Spectrum

The electronic absorption spectrum of the
complex in the aqueous solution presents four im-—
portant absorption bands, in which the bands at
206.5 nm(€= 20680 L - mol ' - em™ '), 224.0 nm
(€= 31030 L. - mol ™" ") and 271.5 nm (€=
29830 L - mol™' = c¢cm™ ') can be attributed to the

T—T transitions of the coordinated phen ligand,

= Cm

and the broad and weak absorption band at 624 nm
(e= 1023 I, - mol ' ") to the d —»d transition

2 . S
of the central Cu” " ion, which is similar to the re—

-cm

. . 2+
lated aromatic amine—Cu
[5. 9,13, 14]

amino acid complex—

3 Thermal Analysis

The TGA-DTA study of the title complex
showed four mass loss stages. The first mass loss
(3.16%) occurs between 102.7 _ 131.6  (en-
dothermic peak observed at 123.9 in DTA),
corresponding to the loss of the coordinated water
molecule; the second and the third mass losses
(25.14%) occur between 131.7_ 319.4  (three
strong exothermic peaks observed at 208. 6, 215.3
and 285.7
ing to the loss of the L-Val ligand and the combus-

, respectively, in DT A), correspond-

tion of the organic groups; the fourth mass loss
(55.14%) occurs from 319.5
of constant weight(broad exothermic peak observed
at 497.2 in DTA),
position of ClO4 and the destruction of the bone

to the tem perature
corresponding to the decom—

structure.
4 Stability of the Complex in Aqueous Solution
The acidity dissociation constants Kﬂz(/‘-viﬂ) and
K izvay of L-Val were calculated by using eqs. (1)
and (2), respectively. The stability constants
K Gz and K cutha) va) of the binary Cu(L Val)*
and ternary Cu(Phen) (L-Val)”
fined by eqs. (3) and (4),

complexes are de—

respectively.

H2(L-Val)"= H + H(L-Val),
Ho [H ”H(L Val”
Kibea =" P L val) ' | (1

H(L-Val)= H" + (L-Val)~
[H'][(L-Val)~]

H p—
Kirvay = [H(L—Val)] (2)
Cu"+ (LVal)"= Cu(L-Val)"
G [Cu(LNVal)"]
K crvay= [Cu2+][(L—Val)_] (3)
Cu(phen) oy (LVal) = Cu(phen)(L—Val)+

[Cu(phen) (L-Val)"]

[ Cu(phen)™ ][ (L-Val)~] (4)
The acidity dissociation constants ( 1gK ggL—Val)

and 1gK Hieva)) of ligand L-Val are 2.411 and

9. 344, respectively, and the stability constants

(ng Gva) and lg K&t zvan) for the binary Cu

(L-Val)" and ternary Cu(phen)(L-Val) *

es are 7.90 and 7. 68, respectively.

phen

K (ué phen; (L~Val)=

complex—

A common way to quantify the stability of a
ternary complex is based on a comparison with the
corresponding binary parent complex, i-e., by de—

121



CHEM. RES. CHINESE U.

Vol.21

termining the position of eq- (5)[15]2
Cu(phen)™ + Cu(L-Val) "=
Cu(phen)(L-Val) "+ Cu™ (5)
The corresponding equilibrium constant 10*¥" @[ eq.
(6)] may be calculated with eq. (7)
aiek . _ [Cu(phen) (L-Val)*][Cu® ]
107 % w= pn T (6)
[ Cu(phen) ™ ][ Cu(L-Val)™ ]
where AlgKcu= K Gifha) i va— Kiva
For a distorted octahedral (do) coordination

sphere of Cu™, the statistical value AlgK.va =
- 0.9 However, the AlgK cu value ( 7.68 —
7.90= - 0.31) of the ternary complex is larger
than the statistical value. The increased stability
may be mainly attributed to the T—Tm cooperative
effect between the heteroaromatic N -base(phen) ™
and the O donor ligand(L-val) ™, which depends
on the coexistence of the Thack-bond from Cu”" to
the heteroaromatic N -base ligand and pTm—d T bond
between the Tdonating oxygen and Cu™ .
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