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Synthesis and Crystal Structure of Metal Complexes of
N-phenyl-o-benzoquinonediimine (M = Ru®*, Co®*, Ni")

Hei-Ying Cheng ( #UE#H ), Cheng-Chen Lin { #0F# ).
Biing-Chiau Tzeng ( #HA¥s ) and Shie-Ming Peng* ( FZhEHH )
Department of Chemistry, National Taiwan University, Taipei, Taiwan, R.0.C.

Electron-delocalized quinoid-like complexes -—— [Ruf{bipy),(N-ph-bqdi)]*, cis-[Co™(N-ph-s-
bqdi),(py)i* and trans-[Ni"(N-ph-s-bqdi),] (N-ph-bqdi = N-phenyi-o-benzoquinonediimine, N-ph-s-bqdi =
N-phenyl-o-semi-benzoguinonediimine) were synthesized that display reversible multi-electron redox cou-
ples. The respective cis- and trans- conformation of the Co and Ni complexes are controlled by the steric
effect of the substituent pheny! gronp. The Ni complex forms one-dimensional stacks in crystals. The crys-
tal and molecular structures of three compounds are reported. [Ru(bipy),(N-ph-badi)}}(PF,),: space group
P2,/c, a= 13.292(2), b= 18.785(4), ¢ = 13.959(2) A; B = 9742(1)°, V = 3456(1) A%, Z = 4, Rf = 0.047, Rw
= 0.044; ¢is-[Co(N-ph-s-bqdi),(py)1-(QAc)-(H,0): space group P2./n, a = 12.752(4), b= 13.303(2), c =
16.683(3) A; B = 102.27(2)°, V =2765(1) A%, Z = 4, Rf = 0.035, Rw = 0.035; and trans-[Ni(N-ph-s-bqdi), }:
space gronp P-1, a=9.771(2), b= 10.417(1), ¢ = 1 1. 541(2) A; o =92.24(1), P = 104.04(1), y= 117.94(1)",
V =990.6(3) A%, Z = 2, Rf = 0.030, Rw = 0.031. Infrared, 'H NMR, "N NMR and electronic absorption

spectra, elemental analyses, magnetic and cyclic voliammetric data are presented.

INTRODUCTION

Electron-delocalized complexes with ortho-semiben-
zoquinonediimine and ortho-benzoguinonediimine, shown
beiow, play a main role in applications as pigments, photo-
sensitizers and conductive materials.' Examples of
such complexes are [Re'(s-badi))’} [Fe'(bgdi)s)™
{Run(blpy)z(qul)]z” [Ru(bqdi)(opda)]™,®  [Co™(s-
badidApy)1",” [M'(s-bgdi)s] (M = Co, Ni, Pd, P), [Cu"(s-
badi):).*
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diamine diamirate quizonediimine diimine
opda opdi s-badi badi

In our research, we devote much atfention to com-
plexes that bave substituent groups on the nitrogen atoms of
the ligands. Eq. (1) and eq. (2) show related reactions of
two designed ligands N,N’-(p-tosyl}-opda and N-ch-opda
(N,N'-{p-tosyl)-opda = N,N’-bis{p-toluenesulfonyl)-o-
phenylenediamine, N-ch-opda = N-cyclohexyl-o-phenyle-
nediamine) respectively, The former ligand has two
strongly electron-withdrawing groups (-SO;R); the latter
has one electron-donating group (-CsH, ). All these dis-
torted tetrahedral complexes — [Cu"(N,N’-p-tosyl-

opdiXpy)],® [Cu"(N,N’-p-tosyl-opdi);]** and [Cu"(N-ch-
bgdi):]" '° (N,N-p-tosyl-opdi = N,N’-bis{p-toluenesul-
fonyl)-o-phenylene-diamine dianion, N-ch-bgdi = N-cyclo-
hexylbenzoguinonediimine) are well characterized by X-ray
crystallography.
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The substituent groups on nitrogen atoms of the li-
gands have a stroag influence on the reaction system. Thus,
the newly designed ligand — N-phenyl-opda and related
compiexes are introduced in this paper. Here we describe
synthesis, structural, spectral and redox propertics of three
complexes — [Ru"(bipy)(N-ph-bqdi)}(PFs)s, cis-[Co™(N-
ph-s-bqdi)(py)]-(OAC) and trans-{Ni"(N-ph-s-bqdi};). The
product of the coupling reaction of ligands — CpaHisNy
-C10;4 is discussed.

EXPERIMENTAL SECTION

Physical Measurements

UV-vis spectra were measured on & spectrophotometer
Hewlett-Packard 8452 A, 1R spectra were recorded of KBr
pellets on a grating spectrophotometer Perkin-Elmer 983,
N NMR specira were measured by the proton-inverse-de-
tected "N NMF. technique on instruments Broker AMX-500
and AM-300 with nitromethane as standard. Magnetic sus-
ceptibilities were determined according to Gouy’s method
on a magnetic balance Cahn 7500 using Hg{Co(SCN)j4] as
the calibrant. Elementa) analyses were performed on a Per-
kin-Elmer 240C instrument,

Electrochemistry

Acetonitrile (Fishet, speciral grade) was distilled from
KMnO, and CaH,. Tetrabutylammoninm hexafluorophos-
phate (Janssen) was recrystallized and dried in vacuo at 100
°C. Cyclic voltammetry and constant potential electrolysis
were performed on a potentiostat/digital coulometer EG&G
Princeton Applied Research model 173/179 equipped with a
universal programmer model 175. The working, reference
and auxiliary electrodes were glassy carbon, Ag/AgCl and
platinum respectively.

X-ray Structural Detertnination

Crystals of [Ru(bipy)(N-ph-bgdi))(PFs), were ob-
tained by slow diffusion of diethyl ether inito an acetonitrile
solution of [Ru(bipy):(N-ph-bgdi)}J{PFs).. Crystals of cou-
pling ligand perchlorate salt CaHsNs-CIO, were ob-
tained similarly. Crystals of cis-{Co(N-ph-s-bqdi)s(py)]
(OAcKH,0) were obtained by slow diffusion of diethyl
ether into a pyridine solution. Crystals of trans-[Ni(N-ph-s-
bqdi).| were obtained from methano} solution by keeping
the temperature at 0 °C for 12 h. Details of crysial parame-
ters, data collection, and structoral refingment are presented
in Table 1. Raw intensities were collected on a Nonius
CAD4 ftully automated four-circle diffractometer with
graphite-monochromatized Mo Ko radiation, using the
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/20 scan mode at 297 K with 28, = 50°. Cell dimensions
were obtained from 25 reflections with 28 angle in the range
20.00-28.86°. All reflections were corrected for Lorentz,
polarization and absorption effects. [ata reduction and
structural refinement were performed using the NRCC-
SDP-VAX packages. The stmctures were determined by the
Patterson method and refined by least squares; all non-hy-
drogen atoms were refined with anisotropic thermal pa-
rameiers and hydrogen atoms were included at idealized po-
sitions with a fixed contribution. Ri= TNF-IFI/ZIEf, Rw =
[Ew(IEN-IEDEw(IET 2 Tables 2, 3,4 and 5 list selected
bond lengths and bond angles of the compounds —
[Ru(bipy}{N-ph-bqdi}[{PFs)2, cis-{Co{N-ph-s-bgdi).(py)]-
(OACHHLO), trans-[Ni(N-ph-s-bqdi)z] and CaaHisNa-ClOs,
respectively.

Materials

Ru(bipy)Cl,  {Strem), Co(QAc), Ni{(OAck,
Cu(Cl0.)-6H0 (Merck), NEt; (Fluka) were used as pur-
chased. The ligand N-ph-opda was prepared by a modifica-
tion of the method of Ashon and Suschitzky." All solvents
and chemicals for syntheses were of reagent grade.

Syntheses
[Ru'l(bipy),(N-ph-bqdi)}(PFs)»

To an aqueous solution (20 mL) of N-ph-opda (0.038
g, 2 mmol}, Ru(bipy):Cl, (0.1 g, 2 mmol) was added. The
resulting mixtore was refluxed under N for 2 h. NEt; (0.2
ml.) was added to the mixture which was then further stirred
under air at room temperature for 24 h. Upon addition of ex-
cess NH4.PFs, a red-purple solid precipitated; it was filtered
and washed with methanol (yield 60%). IR (cm™): 3298
(N-H), 1603, 1506, 1464, 1445, 842 (PFs). N NMR
({CDs),80) = -104.6 ppm (NH). UV-vis (CHsCN) Agex (nm)
(oge/{cm*M)"): 732br (2.70), 521 (4.24), 421sh (3.85).
Diamagnetic. Anal. Calc. for [Cs2HaeNePoF1Rul: C, 43.36;
H, 2.94, N, 9,49. Found; C, 43.11; H, 2.76; N, 9.88%.
cis-[CoTY(N-ph-s-baqdi)2{py) ) OACc)HL0)

A mixture of N-ph-opda (0.29 g, 1.6 mmo}) and
Co(OAc) (0.2 g, 0.8 mmol) in pyridine (20 m1.) was stirred
under air for 24 h. The deep blue crystals were formed di-
rectly by diffusion of diethyl ether into pyridine solution
(vield 50%). TR {cm'}: 3311 (N-H), 1585, 1549, 1521,
1460, 1422, UV-vis (CH:CN) Aumw (nm) (Ioge(cm*M)™):
T64br (3,71}, 587 (3.92), 464sh (3.82). Diamagnetic. Anal,
Cale. for [Cs HuoNsO4Co): C, 64.25; H, 5.18; N, 12.09,
Found: C,63.92; H, 5.26; N, 11.69%.
trans-[Ni'l{N-ph-s-bqdi), ]

To a methanolic selution (20 mL) of N-ph-opda (0.29
g, 1.6 mmol) and Ni{QAc); (1.2 g, 0.8 mmol), NEt; (0.2 mL)
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Table 1. Crystal Data and Data Colleccion Parameters for Benzoquinonediimine Complexes

Formula
M(g/mol)
Crystal system
alA

biA

ofA

o/deg

Bfdeg

‘yideg

uA’

Space group
Z

Dl em”
}.u‘cm'1
F{000)
Crystal size
Max., min.
transmission
bk range

Total no. of reflections
No. of unique reflections
No. of veflections vsed
fi>20))

No. of parameters

Final R{

Final Ry’

R“Csz]ﬁNﬁPQF[2
885.60
Monoclinic
13.292(2)
18.785(4)
13.959(2)

90

97.42(1)

90

3456(1)

P21/C

4

1762

6.3

1768
0.10=0.10%0.30

1,095
-14to 14
01020
(o 15
4502
4502
2317

478
0.047
0044

COC3]H30N 503
579.54
Monoclinic
12.752(4)
13.303(2)
16.683(3)

90

102.27(2)

90

2765(1)

le/n

4

1.392

6.6

1200
0.35%0.40+0.60

1,0977
-15t0 14
Owl5
Qw19
4858
4858
3644

390
0.035
0035

NiCasHagNs CasH1oN4O4Ci
423.15 446.76
Triclinic Triclinic
9.771(2) 9 107(2)
10.417(1) 9.863(4)
11.541(2) 13.915(2)
92.24(1) 74.85(2)
104.04(1) 72.03(1)
117.94(1) 66.52(2)
990.6(3) 1076.7(5)
B-1 P-i

2 2

1419 1.378
10.0 21

440 480
0.25+0,30%0.55  0.10%0.15%0.30
1,0914 1. 0916
11109 O to L
Qta 12 Oto il
13013 15016
34R0 3804
3472 3789
2786 1751

274 298
0.030 0.063
0.031 0.060

* Ry = ZUFHFIVZIF]

® Ry = [Ew(EJAELYEw(EN

Table 2. Selected Bond Distances/A and Anglesideg of

[Ru(bipy)2(N-ph-bgdi)l(PFs)z
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Table 3. Selected Bond Distances/A and Angles/deg of [Co(N-ph-

s-bdi)2{py) (OAcHHz0)

Ru-N1 1.964(7) Ru-N4 2.082(7)
Ru-N2 2.035(7) Ru-NS 2.089(6)
Ru-N3 2047 Ru-N6 2.070(h
N1-Ct LAL1LY Ne-C28 1.3534(10}
N2-Co 1.308(11) N6-C32 1.328(11)
N2-C7 1.423(10) C1-C2 1.409(12)
N3.C13 1.338(12) Cl-Ch 1.466(12}
N3-C17 1.368(11) C2-C3 1.340(13)
N4-C18 1.366(11) C3-C4 1.421(14)
N4-C22 1.323(12) C4-C5 1.336(14)
N5-C23 1.336(11) {5-Co 1.426(13)
N5-C27 1.345(10)

N1-Ru-N2 71.6(3) N2-Ru-N6 92.2(3)
NI-Ru-N3 91.8(3) N3-Ru-N4 71.7(3)
N1-Ru-N4 91.0(3) N3-Ru-N3 92.6(3)
N1-Ru-N3 175.1(3) N3-Ru-N6 168.6(3)
N1-Ru-N6 98.1(3) N4-Ru-N5 92.2(3)
N2-Ru-N3 95.3(3) N4-Ru-N§ 96.5(3)
N2-Ru-N4 166.5(3) N5-Ru-N6 77.8(3)
N2-Ru-N5 99.73{23)

Co-N1 1.8522(21) Co-N4 1.9399(20)
Co-N2 1.9291(20) Co-N5 1.9921(22)
Co-N3 1.8357(20) C1-C2 1.424(4)
N1-Cl 1.312(3) C1-C6 1.440(3)
N1-Hnl 0.850(22} C2-C3 1.354{%)
N2-C6 1.341(3) C3-C4 1.417(4)
N2-C13 1.434(3) C4-C5 1.357(4)
N3-C7 1.317(3) C5-C6 1.427(4)
N3-Hn3 0.828(21) C7-C8 1.420(4)
N4-C12 1.341(3) C7-C12 1.440(3)
N4-C19 1.442(3) C8-C9 1.345(4)
N3-C25 1.337(3) Co-Cl10 1.426(4}
N5-C29 1.339(3) C10-Cl11 1.351¢4)
C1-C2 1.424(4) C11-C12 1.419(4}
N1-Co-N2 81.83(9) N2-Co-N4 100.88(8)
N1-Co-N3 88.35(9) N2-Co-N5 101.60(8)
N1-Co-N4 162.13(9) N3-Co-N4 82.19(9)
N1-Co-N5 99.52(9} N3-Co-N5 101.66(9)
N2-Co-N3 155.54(9) N4-Co-N5 97.22(%}
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Table 4. Selected Bond Distances/A and Angles/deg of [Ni(N-ph-

Cheng et al.

Table 5. Selected Bond Distances/A and Anglesideg of

s—qui)z] CQAH19N4+CIO4-
Nia-Nla 1.8198(19) Nia-N2a 1.8639(17) Nla-Cla 1.327(1 C5a-Coa 1.356(8;
N1la-Cla 1.333(3) C2a-C3a 1.358(3) N2a-Cha 1.383(7) N1b-C1b 1.356(7)
N2a-Coa 1.355(3) C3a-Cda 1.403(4) N2a-C7a 1.415(7} N2b-Cth 1.385(7)
N2a-CT7a 1.426(3) C4a-C5a 1.365(3) Cla-C2a 1.387(8) N2b-C7b 1.449(D
Cla-Cla 1.408(3) C5a-C6a 1.405(3) Cla-Coa 1.465(7) C1b-C2b 1.406(8)
Cla-C6a 1.431¢3) C2a-C3a 1.384(8) C1b-Cob 1.408(8)
C3la-Cda 1.451(7) C2b-C3b 1.355(8)
Nla-Nia-Nla 180.0 Nla-Nia-N2a 96.46(8) C3a-N2h 1.363(7) C3b-C4b 1.391(9)
Nla-Nia-N2a 83.54(8) Nla-Nia-N2a 83.54(8) C4a-C5a 1.424(7) C4b-C5b 1.352(9)
Nla-Nia-N2a 96.46(8) N2a-Nia-N2a 180.0 C4a-N1b 13177 C5b-Cob 1.417(8)
C6a-N2a-C7a 128.1(5) C4a-N1b-Clb 117.8(5)
(C3a-N2b-C6b 121.4(4) C3a-N2b-C7b 119.2(4)
was added. The resulting mixture was stirred for 3 h under C6b-N2b-C7b 119.4(4)

air and filtered. Upon standing at 0 °C for 12 h, deep blue
crystals were formed, which were filtered and washed with
methanol (vield 70%). IR (cm™): 3336 (N-H), 3044 (C-1D),
1570, 1531, 1477, 1440. "N NMR ((CDs),S0) (ppm): -206
(NH). UV-vis (CHiCN) Amyx (nm) (loge(cm*M)')): 823
(5.62), 683 (4.39), 663 (4.75), 565 (4.46), 454 (4.49), 371
(5.02). Diamagnetic. Anal. Calc. for [CasHyNNi): C,
68.13; H, 4.72; N, 13.25. Found: C, 67.98; H, 4.67; N,
12.95%.
C24H19N;-ClOy

A mixture of excess N-ph-opda (1.98 g, 1.08 mmol)
and Cu(ClGu}2-6H:0 (0.1 g, 0.27 mmol} in acetonitrile (20
mL) was stirred for 10 min and filtered. Purple crystals
were formed directly by diffusion of diethyl ether into ace-
tonitrile solution for several days (yield 30%). IR (cm™):
3369, 3235, 3068 (N-H), 1669, 1568, 1548, 1513 (vs),
1485, 1460, 1108 (vs), 1007 (ClOs). Anal. Calc. for
(CaaHisNaClCu]: C, 64.46; H, 4.25; N, 12.53. Found: C,
64.29; H, 4.02; N, 12.84%.

RESULTS AND DISCUSSION

Structure and Spectra of [Run(bipy)z(N-ph-qui)](PFs)z

The structure of [Ru{bipy)(N-ph-bqdi)]*" is shown in
Fig. 1. The Ru atom is bonded to the tris-bhidentate ligand as
a trigonally distorted octahedron. The diimine ligand N-ph-
badi replaces one bipyridyl lipand of Ru(bipy)s>*,'? with the
original structure retained. The bite angles of the bidencate
ligands are in the range 77.5°-78.5° for the three complexes
Ru(bipy);”*, Ru(bqdi):(opda)”® ° and Ru(bipy).(N-ph-
bqdi)™*. N-ph-bgdi apparently indicates the quinoid instinct
of the ring with localization of double bonds (average dis-
tance 1.338(14) (C2-C3, C4-C5) vs 1.431(25) A for the
other four single bonds). The relative strength of the metai

to ligand back-w-bonding is proved by the coexisting pres-
ence of bipy and N-ph-bqdi in the coordination sphere of the
Ru(ll) complex. The bond lengths are 1.964(7) and
2.035(7) A for Ru-N(1) and Ru-N(2) respectively and the
average bond length of Ru-N(bipy) is 2.072(7) A. The mag-
nitude of back-r-bonding to both N-ph-bgdi and bqdi is
therefore more significant than that to bipy. Basically, the
two complexes Ru(bipy):(bqdi)* and Ru(bipy)(N-ph-
bqdi)** show similar bond patterns.

Table 6 shows cyclic voltammetric data of [Ru(bipy).-
(N-ph-bgdi)}* in acetonitrile. Two reversible one-electron
reduction couples at -0.38 and -1.05 V versus SCE were

Fig. 1. Perspective view of [Ru"(bipy),{N-ph-bgdi)]*
cation with atomic numbering,
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Table 6. Blectrochemical Reduction Potentials/V of Benzoguinonediimine Complexes

Species Ru*YRu'?®  bgdifs-bqdi  s-bqdifopdi  bpy/bpy(1)  bpy/bpy(2) solvent
[Ru(bpy)(N-ph-bqdi)i**®  +1.39 -0.38 -1.05 -1.68° 1.78° CH:CN
[Ru(bpy)(badiy™ * +135 -047 -1.15° -1.72° -196° CHsCN
[Ru(pyabadiy]** * +1.37F -0.48 -1.24 CH,CN
{Rufopda)(bgdi),]™ ** -0.32° CH:CN
Species” bqdi/s-bqdi(2) bqdifs-bqdi(1) opdifs-badi(l} opdifs-hqdi{2) solvent
[Co(N-ph-s-badilo(py)]"®*  +0.76 +0.35 -0.08" 055 CH:CN
[Co(s-badi)s™* +0.61 -0.17 080 183 DMSO
[Ni(N-ph-s-bgdi)]"" +0.23° -0.69 137 CH5CN
[Ni(s-bgdija]’ +023 -0.88 159 DMSO
[Pd(s-badi)s]*! +0.78 +0.10 080 144 DMSO

* The valence charge is +2 for all metal ions except compound g. The labers 1 and 2 on bpy, opdi, s-bgdi, bqdi potentials

refer to redox of the first and second ligand unit.

b This work, [TBA(PFg)] = 0.1 M, scan rate = 100 mVis.

® Quasi-reversible, “Ref. 13. ¢ Ref. 5. T Pooly defined wave, irreversible reduction. & The valence charge is +3 for cobalt

metal ion. ® A Kitter split owing to py dissociation. 'Ref. 7.

tound. The additional chemically itreversibic reduction
couple in excess of -1.5 V results from formation of bypro-
ducts from highly reduced forms of the complex. Undoubt-
edly, the two steps corresponding to the ligand-centered re-
duction in which the benzoquinediimine accepts an electron
yield a semi-benzoquinonediimine ligand that progressively
receives an electron to become an o-phenylenediamine dian-
ion ligand. Electronic absorptions at 521 (d(Ru)—n*(N-
phb-bqdi)) and 421 nm (d(Ru)—>n*(bipy)) are comparable
with values at 515 and 445 nm in [Ru(bipy):(bqdi}]*"."* To
sum up, the sequence of T* orbital energies is N-ph-badi <
badi < bipy.

Structure and spectra of Cis-[CnﬂI(N—ph—s—hqdi)z(py)]-
{OAC)(H20)

The coordination geometry arcund the cobalt atom is
squarc pyramidal with two basal N-ph-s-bqdi ligands and
ihe axial pyridine (shown in Fig. 2). Two phenyl groups are
simuktaneously perpeadicular to the s-bqdi rings and located
at the same side. Average bond distances Co-N (N1, N3,
N=C (N1-C1, N3-C7), and the conjugaied C=C (C2-C3, C8-
C9) are 1.844(2), 1.315(3), and 1.350(6) A respectively; on
the other side, the average bond distances Co-N (N2, N4),
N=C (N2-C6, N4-C12) and of their relevant conjugated
C=C are 1.935(8), 1.341(3) and 1.354(4) A respectively.
Because of the steric effect, the bonds of Co-N, N-C and ad-
jacent C=C that are near the substitution group are longer.

Comparison of cis-[Co(N-ph-s-badi)(py)]” with
[Co(s-bgdi).pyl*,’ indicates that the bond patterns are simi-
lar except the orientation of the axial pyridine. Because the
bond lengths of ligands are in the gray range between typi-
cal s-bqdi and badi, the valences of cobalt atom and coordi-

nating ligands are ambiguous according o Xray structural
analysis. Therefore, the electronic structure can be de-
scribed as either Co®* with bis-semi-benzoquinonediimine
or Co* with bis-benzoguinonediimine.

According to s vollammogram cis-[Co(N-ph-s-
bqdi)x(py)]" in acetonitrile (Table 6) exhibits one reduction
couple at -0.35V. The quasi-reversible one-electron couple
at -0.8 V accompanied by a little split at -0.1 V is due to the
lability of the axial pyridine. According to our early work
on [Cofs-badi)(py)]’, the fact that the axial ligand is labile
in CH5CN or DMSO is proved by NMR spectra and by iso-
lation of the final stable product — Co(s-bgdi),. The stable
one- and two-electron-reduced species-[Co{N-ph-s-bgdi))’

Fig. 2. Perspective view of [Co™(N-ph-s-bqdi)s(py)]
cation with atomic numbering.
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and [Co(N-ph-s-bgdi)-]' were generated electrochemically.

Strructure and spectra of trans-[NiH(N-ph-s-qui)z]

The coordination geometry around the nickel atom is
square planar with two N-ph-s-bqdi ligands (shown in Fig.
3). There are two independent molecules A and B in a lat-

Fig. 3. Perspective view of {Ni”(N-ph-.s;-qui)g]0 with
atomic numbering.

Fig. 4. View of the [Ni"(N-ph-s-bqdi),|* moiecuiar one-
dimeunsional stack and alignment with a axis
packing in the crystal.

Cheng ct al.

tice cell. The central nickel atom of the complexes forms
onc-dimensional stacks aligned along the b axis (shown in
Fig. 4). For the A molecule, the bond distances Ni-NI, N1i-
C1 and of the related aromatic C2-C3 are 1.820(2), 1.333(3)
and 1.358(3) A respectively. On the opposite symmetric
side, the bond distances Ni-N2, N2-C6, and relevant aro-
matic C5-C4 are 1.864(2), 1.355(3) and 1.365(3) A respec-
tively. The structures of ¢rams-[Ni(N-ph-s-bqdi);} and
[Ni(s-bqdi}2] ¥ are similar. In order 1o decrease its steric
hindrance, the Ni complex exists in the trans comformation.

Cyclic voltammeiry reveals two electrochemical re-
duction steps and one oxidation step in the nickel complex
(see Table 6). Apparently, two reversible one-electron cou-
ples at -0.69 and -1.37 V have generated two species of
Ni(N-ph-s-bqdi)(N-ph-opdi)” and Ni(N-ph-opdi),”. How-
ever, the irreversible two-electron couple at +0.3 V comes
from ligand-center oxidation. The results indicate that the
oxidized product Ni(N-ph-bqdi),™ is relatively unstable un-
der the measured scan rate.

According to the theoretical investigation by both
Zelewsky" and Lelj,’" the exceptional spectra may be pre-
dominantly ascribed to the ligand character of the HOMO
and LUMO orbitals. However, the substituent phenyl group
can greatly influence the elecronic transition from 780 nm
for [Ni(s-bqdi):] to 823 nm for [Ni(N-ph-s-bgdi),].

Structure of Cz4Hi9Ns-ClOy4

Both N-ph-opda and opda have the same chemical be-
havior that leads to a coupling reaction of the ligands and
produces 2,3-diamino-4,8-diphenylphenazine cation,'”**
especially under the basic conditions with metal ions (Cu™
ion produces the best yield). Resonance structures can be
used to rationalize the bond patterns of this coupling prod-
uct (shown below). The short bonds CI1A-N1A, C5A-C6A,

CI.B@Q C1Bd
s ea

Fig. 5. Perspective view of CyuHisNg* cation with
atomic numbering.




Metal Complexes of N-phenyl-o-benzoquinonediimine

N1B-C4A, C3B-C2B and C4B-C5B indicate that they are
inclined to double-bond character in the structore. Ring A is
like a para-quinoncdiiming, and ring C is like an ortho-gui-
none diimine moicty.
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N-ph-opda and opda play analogous roles in reaction
systems. Phenyl groups have no apparent electronic effect.
They are distngt {rom alkylsutfony! groups or alkyl groups
in altering the oxidation stalcs of ligands. From considera-
tion of the bond patterns of these compounds, phenyl groups
affect both the comformation of the complexes and molecu-
lar packing in the crystal. The red shifts of clectronic ab-
sorption show better mixing of d{Ru)-m*{N-ph-bqdi) orbi-
tals than that of d(Ru)-m*(bgdi) orbuals. To compare with
well known metal complexes bipy and phen,"” the quinoid-
like electron-delocalized complexes deserve theoretical in-
vestigation.
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