%524 55 9 W] PV T T
2008 4F 9 1 CHINESE JOURNAL OF INORGANIC CHEMISTRY

Vol.24 No.9
1523~1526

5 BFFE AR E;

N N

X-SEREREEW . S, FHRBELFER

*eF FMNAE R AF

A

ARE F OF R OE
%

FER, WA AW, MRS, 1§ A%
HESES, 0614.61°1 XHARIRED . A XEHE : 1001-4861(2008)09-1523-04
p-Hydroquinone-metal Complex: Synthesis, Crystal Structure and Electrochemical Property

HUANG Fu-Ping WANG Yi-Xia ZHAO Jing BIAN He-Dong® YU Qing LIANG Hong*
(Key Laboratory of Medicinal Chemical Resources and Molecular Engineering, College of Chemisiry
and Chemical Engineering, Guangxi Normal University, Guilin, Guangxi 541004)

Abstract: A new Chromium(lll) complex, [Cr(Hcah)(H,0),]-2H,0, where H,cah=2-[N,N-bis(carboxymethyl)aminome-
thyl] hydroquinone (H,cah), has been synthesized and characterized using X-ray diffraction single crystal structure
determination, IR and elemental analysis. The complex belongs monoclinic, space group P2//c, with a=0.792 05(4)
nm, b=1.008 63(6) nm, ¢=1.920 40(10) nm, 8=93.069(4)°, V=1.53198(14) nm?, and Z=4. The cyclic voltametric
analysis shows that the electron transfer in the electrode reaction is irreversible for Cr(I)/Cr,0~ and Cr(I)/Cr(II)

redox couples while reversible for process of interchange from p-Hydroquinone to p-semiquinones. CCDC: 666208.
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p-Hydroquinones along with their oxidation
products, p-semiquinones and p-quinones, comprise
perhaps the interesting organic electron and hydrogen
transfer systems!'. For example, electron transfer reac-
tions between transition metal centers and p-quinone
cofactors are vital for all life™, occurring in key biolo-
gical processes in the oxidative maintenance of biolo-
gical amine levelsP¥, tissue formation™, photosynthe-
sis® and aerobic respiration.

The interaction of p-hydroquinones with Cr (Il)
presents more interest due to the participation of
chromium(ll) ions '**. However, the examples documen-
ted in the CSD of structurally characterized p-hydroqui-

none-metal compounds are surprisingly rare!'”. A strate-
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gy to prepare such species is to synthesize substituted,
in the o-position, p-hydroquinones with substituents
containing one or more donor atoms, thus enabling the
metal atom to form chelate rings. In the article, we wish
to report the synthesis, crystal structure and electroche-
mical property of the p-hydroquinone-metal compound
with potentially chelate o-substituted ligand 2-[V,N-bis
(carboxymethyl) aminomethyl] hydroquinone (Hycah).

1 Experimental

1.1 Materials and physical measurements
The ligand 2-[ N,N-bis(carboxymethyl) aminometh-
yl] hydroquinone was prepared according to literature!".

All chemicals were obtained from commercial sources
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and used without further purification. IR spectra were
FTIR
spectrometer in the 4 000~400 ¢cm ™ region with KBr

taken on a Perkin-Elmer spectrum One
pellets. Elemental analyses for C, H and N were carried
out on a Model 2400 II , Perkin-Elmer elemental analy-
zer. Electrochemical measurement was made at 25 °C
using a BAS Epsilon Electrochemical workstation with
a conventional three-electrode cell consisting of a
glassy carbon working, a platinum wire auxiliary and a
saturated calomel reference electrode (SCE). 0.1 mol -
L™ KCI was used as supporting electrolytes in aqueous
solution.
1.2 Preparation of [Cr(Hcah)(H,0),]-2H,0

The title complex was synthesized by the addition
of Cr(NO3);-9H,0 (0.5 mmol) to 20 mL methanol solut-
ion containing Hyeah (0.127 5 g, 0.5 mmol) and Et;N
(0.5 mmol). The resulting solution was stirred for 3 h at
60 °C and then filtered. Red block single crystals were
isolated from the solution at room temperature over sev-
eral days. The product was isolated in 60% yield. Anal.
Caled. (%) for C;jHsCrNO,, (Found, %): C 35.49(35.11);
H 4.12(4.82); N 3.58(3.72). IR: (KBr, cm™): 3 448.58(s),
3366.95 (m), 1 663.56 (vs), 1 492.00 (s), 1 451.05 (m),
1364.94(s), 1221.97(m), 925.22(w), 806.38 (w), 504.36
(m).
1.3 Crystal structure determination

A red block single crystal of the title compound
with dimensions of 0.40 mm x 0.35 mm x 0.30 mm was
put on a Bruker SMART CCD diffractometer equipped
with a graphite-monochromatic Mo Ka (A =0.071 073
nm) by using an @ scan mode at 294 (2) K. Out of the
total 12 824 reflections collected in the 2.12° <6 <
27.67° range, 3 571 were independent with R;,=0.044,
of which 2 623 were considered as observed I>20 (1).

The crystal structure was solved by direct methods with
SHLXS-97 program and refined by full-matrix least-
squares techniques on F* using SHLXTL-97 program!".
All non-hydrogen atoms were assigned anisotropically.
The H atoms of the water molecules were located in a
difference Fourier map and the H atoms on O1 and all
C atoms were positioned geometrically (C-H=0.093 nm
for C-H,pmaier C-H=0.097 nm for C-Hs and O1-H1=
0.082 nm). All the hydrogen atoms were refined with a
common isotropic thermal parameter. The final cycle of
refinement converged at R=0.039 6, wR=0.091 1 (w=1/
[*(F,)+(0.041 8Py*+0.717 1P|, where P=(F,*+2F?)/3).
CCDC: 666208.

2 Results and discussion

2.1 Structure

The selected bond distances and bond angles are
given in Table 1 and the molecular structure of the title
complex are shown in Fig.1. The crystal structure of the
title complex shows that the Cr (I) atom in the
asymmetric unit is coordinated by one tetradentate
Hcah ligand and two coordinated water molecules
complete a distorted octahedral CrNOs coordination
environment, with bond distance of Cr-O lies in the
0.192 4~0.199 3 nm range, and Cr-N is 0.207 1 nm
which is similar to that reported". The best equatorial
plane is defined by 02, N1, O3 and Olw, while O5 and
02w occupy the apical sites. The mononuclear structure
of the complex is similar to the hydroquinonate complex
of Mo(VD'™, Cu(II)*3, Mg(ID"®, Fe()"” and Ga(ll)!®. In the
title complex, the most important intermolecular
interaction in the crystal packing is formation of the
(Fig.2) through hydrogen bonds
(Olw-HI1A--- 03", Olw-H1B--- 02%, Table 2) among

infinite 1D chain

Table 1 Selected bond lengths (nm) and bond angles (°) of the title complex

Crl-02 0.192 39(16) Crl-0lw
Crl1-03 0.199 28(17) Crl-02w
02-Cr1-05 90.66(7) 02w-Cr1-03
01w-Cr1-03 94.88(8) 05-Cr1-02w
02-Cr1-Olw 91.81(8) 05-Cr1-N1
02w-Cr1-N1 93.34(9) 02w-Cr1-01w
02-Cr1-03 171.71(8) 03-Cr1-N1

0.199 03(19) Crl-05 0.196 35(16)
0.197 35(19) Crl-N1 0.207 1(2)
86.60(8) 02-Cr1-02w 88.21(8)
176.53(8) 02-Cr1-N1 93.52(7)
83.46(7) 05-Cr1-Olw 90.55(8)
92.76(9) 01w-Crl-NI 172.02(8)
80.36(7) 05-Cr1-03 94.16(7)
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Table 2 Hydrogen bond lengths and bond angels in complex 1

D-H---A D-H / nm H---A/ nm DA/ nm D-H---A / (°)
01-H1---05" 0.082 0.192 0.271 5(3) 162
Olw-H1A---03" 0.080 0.194 0.273 8(3) 176(3)
Olw-H1B---02% 0.087 0.176 0.262 6(3) 175(3)
02w-H2A---04w* 0.084 0.175 0.257 8(3) 170(3)
02w-H2B---03w 0.083 0.178 0.260 7(4) 174(3)
03w-H3A---01* 0.084 0.213 0.295 6(4) 167(6)
03w-H3B---06® 0.086 0.223 0.271 1(4) 115(6)
04w-H4A---04" 0.083 0.192 0.273 3(3) 166(3)
04w-H4B---01% 0.082 0.202 0.283 4(3) 172(3)

Symmetry codes: * w+1, y=1/2, —z+1/2; 2 x, —y+1, —z+1; ® —x+1, —y+1, —z+1; # x=1, —y=1/2, 2-1/2; ® %, —y=1/2, z-1/2;

* _x+1, y+1/2, —z+1/2.
the The

coordinated phenolate oxygen atoms and coordinated

coordinated carboxylate oxygen atoms.
water molecules, which are parallel, connected to each

other and extended to a 3D hydrogen-bonded network.

04W

Fig.1

Asymmetric unit of the title complex

#1: x+1, y-1/2, —2+1/2, #2: x, —y+1, —z+1
Fig.2 1D chain structure in the complex linked by the

hydrogen bonds shown as dashed lines

2.2 Cyclic voltammetry (CV) discussion

Cyclic voltammogram (CV) of the Chromium ()
complex (Fig.3) was measured with a conventional three
electrode cell in aqueous solution with complex

condensation of 1.0x107° mol :L . The measurement

was carried out at room temperature with scanning
range of —1.500~1.750 V and scanning rate of 100 mV -
s7!. The result shows that one irreversible oxidative and

one irreversible reductive response at 1.420 and -0.377
V due to Cr(I)/Cr,07~ and Cr(I)/Cr(I) redox couples,

190 However, only one reversible redox

respectively
wave was observed at £,,=0.292 V (AE,=260 mV, 1./
I,.=1.54) corresponding to the process of interchange

from p-hydroquinone to p-semiquinones.
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Fig.3  Cyclic voltammogram of the title complex
References:

[1] (a)Rappoport Z, Patai S. The Chemistry of the Quinonoid Com-
pounds. New York: Wiley, 1988.Vol. Il , Parts 1 and 2
(b)Patai S. The Chemistry of the Quinonoid Compounds.
New York: Wiley, 1974.Vol. I, Parts 1 and 2
[2] Drouza C, Tolis V, Gramlich V, et al. Chem. Comm., 2002:
2786~2787
[3] (@)Dooley D M, McGuir M A, Brown D E, et al. Nature, 1991,
349:262~265
(b)Dooley D M, Scott R A, Knowles P F, et al. J. Am. Chem.
Soc., 1998,120:2599~2605
[4] (a)Klinman J P. Chem. Rev., 1996,96:2541~2562
(b)Mclntire W S. Annu. Rev. Nutrition, 1998,18:145~178



1526 koMl e

A

S 24 %

[5] Wang S X, Mure M, Medzihradsky K F, et al. Science, 1996,
273:1078~1084
[6] (a)Calvo R, Abresch E C, Bittl R, et al. J. Am. Chem. Soc.,
2000,122:7327~7341
(b)Hoganson C W, Babcock G T. Science, 1997,277:1953 ~
1956
[7] Iwata S, Lee L. W, Okada K, et al. Science, 1998,281:64~71
[8] Sokolowski A, Bothe E, Bill E, et al. Chem. Comm., 1996:
1671~1672
[9] Darenshourg D J, Mackiewicz R M, Billodeaux D R. Organo-
metallics, 2005,24:144~148
[10]Allen F H. Acta Cryst., 2002,B58:380~388
[11]JFAN Neng-Ting(¥ 88 4E). Handbook of Organic Synthesis (7
#Lb A F ). Beijing: Beijing Institute of Technology Press,
1992.
[12] (a)Sheldrick G M. SHELXS-97, Program for X-ray Crystal
Structure Solution, Gottingen Uiversity, Germany, 1997.
(b)Sheldrick G M. SHELXL-97, Program for X-ray Crystal

Structure Refinement, Gottingen University, Germany, 1997.

[13]Coronado E, Mascarés J] R G, Gastaldo C M. Polyhedron,
2007,26:2101~2104

[14]Snehadrinarayan K, Helen S E, Takunori H, et al. Inorg.
Chem., 2006,45:9619~9621.

[15]Meng B H, Gao F, Du X Q. Acta Cryst., 2004,E60:m1103 ~
m1105

[16]Gao F, Meng B H, Wei Y B. Acta Cryst., 2004,C60:m360~
m362

[17]Wolfgang S, Muralee M, Jeremy C G, et al. Polyhedron., 2001,
20:1687~1697

[18]Olivier J, Florent M, Christian P, et al. Eur. J. Inorg. Chem.,
2005:4417~4424

[19]Codd R, Dillon C T, Levina A. Coord. Chem. Rev., 2001,216:
537~528

[20]YANG Pei-Hui(# % £, ZHANG Wen-Hao (7 3C5£), ZHAO
Qiu-Xiang (® B ), et al. Chinese J. Inorg. Chem. (Wuji
Huaxue Xuebao), 2005,21(4):495~499



