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Figure 2. EPR spectra of copper(l1) 5,10,15,20-tetrakis(2,6-dipival- 
amidopheny1)porphyrinate (3) in 1:l toluene/CH2C12: (A) at 77 K; (B) 
a t  300 K. 

Despite the steric bulk of the four pivolyl groups on each face of the 
porphyrin, the metallation of 2 by anhydrous C U ( C I O ~ ) ~  in DMF occurs 
a t  a rate greater than 7.6 X lo2 M-I s-l at  60 OC. This rate is signifi- 
cantly more rapid than the rate of 8.4 X lo-' M-I s-l associated with 
H2TPP under identical reaction conditions.13 Clearly, the assumption 
that the pivolyl groups prevent the incorporation of copper ion into the 
porphyrin must be revised. The rapid rate of metallation of the bis- 
picket-fence porphyrin suggests that either the porphyrin ring can assume 
a conformation which is very favorable for metal ion complexation or a 
new pathway for metalation is a~ai1able . I~ 

(13) Longo, F. R.; Brown, E. M.; Quimby, D. J.; Adler, A. D.; Meot-Ner, 
M. Ann. N.Y. Acad. Sci. 1973, 206, 420. Rate quoted at 60 'C was 
calculated from data presented therein. 

(14) An alternative pathway for metalation could involve the participation 
of the carbonyl oxygen lone pairs found on the pivolyl group@). In the 
case of the picket-fence porphyrin the conformation of the porphyrin 
plane might make this pathway less favorable. 

The formation of copper(I1) 5,10,15,2O-tetrakis(2,6-dipivalamido- 
pheny1)porphyrinate (3) is demonstrated by its visible (Table I) and EPR 
spectra. It is interesting to note that the Soret band of 3 also exhibits 
a blue-shift relative to copper(I1) picket-fence porphyrinate" and Cu"- 
TPP. The EPR spectrum of 3 (Figure 2) indicates that both the g values 
[g(iso) = 2.193, g(z) = 2.075, g(xy) = 2.122)] and A values (Xlo" cm-') 
[(A(iso)Cu) = 88, (A(z)Cu) = 183, (A(x,y)Cu) = 38, (A(iso)N) = 15, 
(A(z)N) = 13, (A(x,y)N) = 16]15 are similar to those of copper(I1) 
porphyrinates.16 The degree of resolution of the nitrogen superhyperfine 
structure in the EPR spectrum of copper(I1) porphyrinates is indicative 
of the extent of porphyrin aggregation.I6 The 17-line hyperfine splitting 
pattern observed in the g ( x y )  region of the EPR spectrum at  77 K 
indicates that 3 does not aggregate in solution. Previous investigators 
have shown that the coordination of a Lewis base such as pyridine to the 
copper(I1) ion is reflected by a marked increase in the g factor and a 
decrease in the nitrogen superhyperfine coupling constant.16 Since the 
g factor and A-values remain virtually unchanged in 1:l toluene/CH2C12 
and pyridine solvent, it is clear that the pivolyl groups prevent the co- 
ordination of pyridine by the copper(I1) ion. Collman reports the for- 
mation of Fe11a,a,a,a-T(o-((CH3)3CONH)PP(L)2 ( L  = l-methyl- 
imidazole), although this species is disfavored compared to the 1:l 
base/metal adduct.Ia In solution, the steric interaction of the pivolyl 
substituents on the sterically congested face of picket-fence porphyrin can 
be diminished by the deformation of the porphyrin plane. In this con- 
figuration, the deformed metalloporphyrin can bind two molecules of 
solvent a t  the metal center. In the case of the cofacially substituted 
sterically hindered bis-picket-fence metalloporphyrin 3, preferential 
distortion of the porphyrin plane to relieve the steric interaction of the 
pivolyl groups on one porphyrin face will increase steric interaction on 
the opposite face. For this reason, it is not surprising that 3 is unable 
to coordinate a base such as pyridine to the copper ion even at  77 K. 

Note Added in Proof. An alternative synthesis of tetrakis(2,6-di- 
nitropheny1)porphyrin has been reported: Quintana, C. A.; Assink, R. 
A.; Shelnutt, J. A. Znorg. Chem. 1989, 28, 3421. 
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(15) [Cu(por)] = 1 X IO4 M in 1:l toluene/CHzC12 or pyridine. Isotropic 
X-band EPR measurements were at 298 K; anisotropic measurements 
were at 77 K. Modulation amplitude is 5 G. 

(16) (a) MacCragh, A,; Storm, C. B.; Koski, W. S .  J .  Am. Chem. Soc. 1965, 
87, 1470. (b) Lin, W. C. In The Porphyrins; Dolphin, D., Ed.; Aca- 
demic Press: New York, 1979; Vol. IV, Chapter 7. 
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The neutral nickel(I1) complex of an anionic macrocyclic ligand, (6,14-diacetyl-lO-hydroxy-7,13-dimethyl-l,4,8,1 l-tetraaza- 
cyclopentadeca-4,6,12,14-tetraenato)nickel(II) ([Ni(AQMQ(OH)[ 1 SItetraenato-~~N)]), is formed by a template reaction involving 
the closure of [3,3'-(ethylenebis(iminomethylidene))bis(2,4-pentan~ionato)]nickel(II) with 1,3-diamino-2-propanol. The unco- 
ordinated hydroxyl group on the macrocyclic ligand reacts smoothly with acylating agents. Previous reports have indicated that 
hydroxyl groups on the carbon framework of transition-metal complexes exhibit low reactivity toward electrophilic reagents. The 
differences in behavior are discussed. 

Introduction 
W i t h  the continued expansion of chelate  chemistry a n d  or- 

ganometallic chemistry into such areas  as inclusion chemistry and 
bioinorganic chemistry i t  has  become increasingly rout ine t o  

*To whom correspondence should be addressed at the Department of 
Chemistry, The University of Kansas, Lawrence, KS 66045. 
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conduct organic chemical reactions on both coordinated and free 
functional moieties within t h e  metal complexes. This  focuses 
a t tent ion on the relative reactivities of functional groups in t h e  
presence and absence of the metal ion of the chelate. An abnormal 
absence of reactivity toward electrophiles has  been reported for 
uncoordinated alcoholic OH groups in a number of chelate com- 
plexes. W e  report here  t h e  synthesis a n d  character izat ion of a 
nickel(I1) complex of a macrocyclic ligand having an appended 
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hydroxyl function that exhibits a useful reactivity toward elec- 
trophiles. 

The first report of such an unreactive OH group has proven 
to be the product of error and confusion. Keller and Edwards' 
reported that the tris(ligand)cobalt(III) complex of 2-( (2-  
aminoethyl)amino)ethanol, [C~(etolen),]~+, failed to react with 
acylating agents. Drinkard et aL2 reexamined the system and 
showed that the procedure described by Keller and Edwards gave 
significant amounts of tris(ethylenediamine)cobalt(III), [Co- 

probably formed by oxidative cleavage of the hydroxy- 
ethyl group during the oxidation of the cobalt(I1) to cobalt(II1). 
Their alternative synthetic procedure for the preparation of 
[Co(eto1en),l3+ involved ligand displacement from the cobalt(II1) 
complex hexaamminecobalt(III)? A still more recent study failed 
to produce the tris(2-((2-aminoethyl)amino)ethanol)cobalt(III) 
complex; further, only the species containing 2 mol of ligand/mol 
of cobalt(II1) was isolated., The hydroxyl group of 2-( (2-  
aminoethy1)amino)ethanol participates in coordination and the 
ligand coordinates as an anion, in a tridentate manner, in the 2:l 
complex. In view of these most recent conclusions it is not sur- 
prising that the hydroxyl function displays an unusual reactivity. 
In contrast, the dangling hydroxyl group in the platinum(I1) 
complex of 2-((2-aminoethyl)amino)ethanol, [Pt(et~len),](BF~)~, 
reacts with thionyl chloride in dimethylformamide," although a 
mixture of products was obtained. 

Broomhead has reported the synthesis of a different neutral 
cobalt( 111) complex of 2 4  ( 2 4  (2-aminoethy1)amino)ethyl)- 
amino)ethanol, [Co(et~Idien)(NO~)~]! Subsequent treatment of 
this complex with thionyl chloride in dimethylformamide solution 
resulted in a product that showed no hydroxyl stretching band 
in its infrared spectrum, indicating successful conversion into a 
chloro group (under acid conditions). 

Martell and co-workers have examined the complexation of 
N-(2-hydroxyethyl)iminodiacetic acid with a number of metal ions 
in aqueous solution.5 Although the basicity of nitrogen in N- 
(2-hydroxyethy1)iminodiacetic acid is diminished relative to that 
in iminodiacetic acid, the stabilities of the metal chelates are 
greatly increased when the amino proton of iminodiacetic acid 
is replaced by a hydroxyethyl group. The preparation and isolation 
of 2: 1 complexes of N-(2-hydroxyethyl)iminodiacetic acid with 
various degrees of deprotonation have been described by Krause.6 
The reactivity of hydroxyl groups in bis[N-(2-hydroxyethyl)im- 
inodiacetato]chromium( 111) was investigated by Krause and 

(1) Keller, R. N.; Edwards, L. J. J.  Am. Chem. SOC. 1952, 74, 215. 
(2) Drinkard, W. C.; Bauer, H. F.; Bailar, J. C., Jr. J .  Am. Chem. Soc. 

1960, 82, 2992. 
(3) Das Sarma, B.; Tennenhouse, G. J.; Bailar, J. C., Jr. J. Am. Chem. Soc. 

1968, 90, 1362. 
(4) Broomhead, J. A. J .  Am. Chem. SOC. 1968, 90,4480. 
(5) Chaberek, S., Jr.; Courtney, R. C.; Martell, A. E. J. Am. Chem. SOC. 

1952, 74, 5057. 
(6) Krause, R. A. Inorg. Chem. 1963, 2, 297. 
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Goldby using a number of electrophilic reagents.' Attempted 
acetylation with acetyl chloride under a variety of conditions was 
unsuccessful. The potassium salt of bis[N-(2-hydroxyethyl)im- 
inodiacetato]chromium(III) was acetylated in poor yield with use 
of acetic anhydride in glacial acetic acid at  reflux. The use of 
ketene under forcing conditions converts the tetraethylammonium 
salt of bis[N-(2-hydroxyethyl)iminodiacetato]chromium(III) to 
the diester in high yield. Isolation under strongly acidic conditions 
gave the oxonium salt of the diester. It is interesting to note that 
the oxonium salt of the diester acts as an acylating agent; for 
example, heating the complex in methanol leads to the formation 
of methyl acetate. 

Welsh et a1.8 have investigated the reactivity of hydroxyl groups 
on the periphery of tetraaza macrocyclic complexes related to TIM 
(see Figure 1). The authors observed no reactivity at the hydroxyl 
centers for the tetrafluoroborate salts of the cobalt(II1) complexes 
using phenyl isocyanate, acetyl chloride, or benzenesulfonyl 
chloride. The stability of cobalt(I1) complexes of phenyl-sub- 
stituted TIM with respect to oxidation by molecular oxygen is 
greatly enhanced when hydroxyl groups are present. 

Experimental Section 
Materials. The complex [3,3'-(ethylenebis(iminomethylidene))bis- 

(2,4-pentanedionato)]nickel(II) was synthesized by the procedure of 
Riley.lo All chemicals were reagent grade and were used without pu- 
rification. Solvents were dried by using established procedures where 
necessary. 

Physical Measurements. Elemental analyses were performed by 
Galbraith Laboratories, Inc. Infrared spectra were obtained as KBr 
pellets or Nujol mulls with a Perkin-Elmer 283B grating infrared spec- 
trophotometer. I3C NMR spectra were recorded on either a Bruker 
WP80 Fourier transform spectrometer operating at 20.1 15 MHz or a 
Bruker AM-500 Fourier transform spectrometer operating at 125.759 
MHz. Multiplicities were determined by using off-resonance decoupling 
and are indicated in parentheses as follows: s = singlet, d = doublet, t 
= triplet, q = quartet. 'H NMR spectra were recorded on a Bruker 
AM-500 instrument at an operating frequency of 500.135 MHz. Mass 
spectra were recorded by Richard Weisenberger using an MS-9 mass 
spectrometer operating at 70 eV. 

Syntheses. (3,11-Diacetyl-4,10-dimethyl-7-hydroxy-l,5,9,13-tetraa- 
zacyclopentadeca- 1,3,9,11 -tetraenato-r4N) nickel( 11), [ Ni( Ac2Me2- 
(OH)[1S]tetraenato-~~N)]. A mixture of [3,3'-(ethylenebis(imino- 
methylidene))bis(2,4-pentanedionato)]nickel(II) (5.0 g, 15 mmol) and 
1,3-diamino-2-propanol (5.0 g, 55  mmol) was stirred and heated to 150 
"C for 1 h. When the mixture was cooled, water (200 mL) was added 
to give an orange precipitate. The solid was collected by filtration, 
washed with water, and then dried under vacuum. Purification was 
achieved by using column chromatography over neutral alumina. The 

(7) Krause, R. A.; Goldby, S. D. Adv. Chem. Ser. 1963, No. 37, 143. 
(8) Welsh, W. A.; Reynolds, G. J.; Henry, P. M. Inorg. Chem. 1977, 16, 

2558. 
(9) JBger, E. 2. Anorg. Allg. Chem. 1966, 346, 76. 
(IO) Riley, D. P.; Busch, D. H. Inorg. Synth. 1978, 18, 36. 
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very difficult. It is more convenient to perform the macro- 
cyclization reaction with excess 1,3-diamin0-2-propanol a t  160 
OC for 1 h. Under these conditions significant quantities of the 
starting material remain and isolation of the nickel(I1) complex 
of the hydroxy!-containing macrocycle 1 was achieved by using 

Scheme I 

Yo 

A 0 

initial orange band was eluted with chloroform, isolated, and identified 
as the starting material by using infrared and I3C NMR spectroscopy. 
A pink band was eluted by using a mixture of chloroform and methanol 
(955). This band was collected and concentrated to give the macrocyclic 
nickel(I1) complex, 1, yield 2.3 g (40%). Anal. Calcd for 
C17Hz4N4Ni03~H20 C, 49.91; H, 6.40; N, 13.69; Ni, 14.35. Found: C, 
50.20; H, 6.78; N, 13.69 Ni, 14.48. IR (Nujol mull): Y, 3300 (broad), 
1575 cm-I. laC(lHJ NMR (DMSO-d,): 8 192.32 (s, C=O), 166.76 (s, 
C=C), 156.67 (d, CH=C), 111.63 (s, C=C), 67.37 (d, CH-OH),  

(3,11-Diacetyl-4,10-dimetbyl-7-acetoxy- 1,5,9,13-tetraazacyclo- 
pentadeca-1,3,9,1 l-tetraenato-r4N)nkkel(II), [Ni(AczMez(OAc)[ 15Itet- 
raenato-K'N)]. [Ni(A~,Me~(OH)[15]tetraenato-~~IV)] (1.90 g, 4.9 
mmol), acetic anhydride (0.5 mL, 5.3 mmol), and triethylamine (0.75 
mL, 5.4 mmol), in dry dichloromethane (250 mL) containing a trace of 
4-(dimethylamino)pyridine, were stirred at room temperature for 18 h. 
The resulting red solution was concentrated under reduced pressure and 
purified by using column chromatography over neutral alumina. The 
acetylated complex was obtained; yield 1.61 g (76%). Anal. Calcd for 
CI9Hz6N4O4Ni: C, 52.69; H, 6.05; N, 12.94; Ni, 13.55. Found: C, 
52.45; H, 6.15; N, 12.81; Ni, 13.48. IR (KBr pellet): 1735, 1625 (weak), 
1585 cm-I. 13C(1HJ NMR (CDCI,): 8 193.67, 169.97, 168.34, 156.21, 
112,54,70.82,59.03, 49.19,27.92, 20.61, 18.37 ppm. IHNMR (CDCI,): 

H, CH,N), 3.58, 3.76 (AB quartet of doublets, 4 H, J = 13.6 Hz, 
CH,N), 4.81 (quin, 1 H, J = 5.6 Hz, CH-0), 7.46 (s, 2 H, CH=). 
MS: mJz 434, 432 (M'+). 

(3,l l-Wacetyl-4,1Bdbethyl-7-(beazoyloxy)-1,5,9,llte~azrrcyclo- 
pentadeca-1,3,9,11-tetnenrto-r4N)nickel(II), [Ni(AczMez(OCOPb)- 
[lSItetraenato-~~N)]. Benzoyl chloride (0.14 g, 1.0 mmol) and 4-(di- 
methy1amino)pyridine (1.22 g, 1 .O mmol) were added to a stirred sus- 
pension of [Ni(AczMez(OH)[ 15]tetraenato-~")] (1; 0.4 g, 1.0 mmol) 
in chloroform (100 mL) under dry conditions. A red solution was ob- 
tained after 24 h at room temperature. The solution was concentrated, 
and the crude material was purified by chromatography over neutral 
alumina. The red band that moved rapidly with chloroform elution was 
collected and concentrated to give the benzoate ester 2, yield 0.19 g 
(38%). Anal. Calcd for CZ4HZ8N4O4Ni: C, 58.21; H, 5.70; N, 11.31; 
Ni, 11.86. Found: C, 58.10; H, 5.83; N, 11.28; Ni, 11.92. IR (KBr 
pellet): 1715, 1630, l58Ocm-I. 13C(1H) NMR (CDCI,): 8 194.00 (s), 
168.84 (s), 165.90 (s), 165.51 (d), 133.45 (d), 129.68 (d), 128.60 (d), 
112.95 (s), 71.68 (d), 59.29 (t),49.71 (t), 28.18 (q), 18.85 (4). MS: m/z 
494, 496 (M'+). 

Results and Discussion 
The template ring closure of linear tetradentate ligands of 

general structure A (Scheme I), with use of their NzOz-chelated 
nickel( 11) complexes, occurs under vigorous conditions to give a 
nickel(I1) macrocyclic complex of general structure B (Scheme 
I).9.10 The complex [3,3'-(ethylenebis(iminomethy1idene)bis- 
(2,4-pentanedionato) ]nickel( 11) reacted with excess 1,3-di- 
amineZpropano1 at  150 O C  for 1 h to give the macrocyclic ligand 
derivative (6,14-diacety1-7,13-dimethyl-lO-hydroxy- 1,4,8,1 Ztet- 
raazacyclopentadeca-4,6,12,14-tetraenato-~~N)nickel(I~) (1). If 
the reaction is continued until the starting nickel(I1) chelate is 
completely consumed, the separation of the product mixture is 

58.23 (t, CHzN). 52.55 (t, CHzN), 27.95 (q, CH3), 17.86 (q, CH3). 

1.94 (s, 3 H, CHj), 2.16 (s, 6 H, CH3), 2.30 (s, 6 H, CH,), 3.05 (s, 4 

(1) R = H 

(2) R=COPh 

(3) R = COCH3 

column chromatography over neutral alumina. Due to the un- 
favorable solubility properties of the crude product it was not 
possible to load the sample as a solution in the solvent chosen for 
initial elution. Crude product was deposited on neutral alumina 
by concentrating a solution in dichloromethane containing 5% 
methanol. The supported sample was loaded as a thin layer on 
the top of a neutral alumina column. Initial elution with dioxane 
gave an orange component, which was identified as the starting 
material by using 13C N M R  and IR spectroscopy. 

The more polar component was isolated by elution with a 1:l 
mixture of dioxane and methanol, followed by removal of the 
solvent under reduced pressure. The broad-band decoupled 13C 
N M R  spectrum of the second component is consistent with 
structure 1, the number of signals reflecting the presence of a 
mirror plane. The assignment of each resonance was accomplished 
by using off-resonance decoupling and by comparison with "C 
N M R  spectra of related complexes. An infrared spectrum after 
rigorous drying showed a strong absorption at 3300 cm-' attributed 
to a hydroxyl stretching vibration and is consistent with structure 
1. The results of elemental analysis support the proposed structure 
and indicate the presence of 1 equiv of water. 

Acylations of 1 were performed under a variety of conditions. 
4-(Dimethylamino)pyridine has been used as an acylation catalyst 
for many organic systems;" for example, the rate of acetylation 
of propan-2-01 by acetic anhydride is increased by a factor of 2 
X 104 when pyridine is replaced by 4-(dimethylamino)pyridine.Iz 
A suspension of the nickel(I1) complex 1 reacts with benzoyl 
chloride and 4-(dimethy1amino)pyridine in chloroform a t  room 
temperature to give a homogeneous solution. Column chroma- 
tography over neutral alumina with chloroform elution gave a 
rapidly moving band. The infrared spectrum of the material 
obtained from that band exhibited a strong absorption in the 
carbonyl region at 1715 cm-l, which was not present in the infrared 
spectrum of the starting material. The hydroxyl OH stretching 
frequency was also absent from the infrared spectrum of the 
product. 

A broad-band decoupled I3C N M R  spectrum of the product 
of the acylation reaction showed only 13 carbon environments 
rather than the expected 14. The missing carbon was identified 
as C, of the phenyl group on the basis of off-resonance decoupling 
measurements and by comparison of the spectrum with those of 
related complexes. We attribute the absence of this signal to an 
unusually slow rate of nuclear spin relaxation. The number of 
resonances attributed to the macrocycle is consistent with sub- 
stitution on the mirror plane of the complex. The yield of the 

( 1  1) Hofle, G.; Steglich, W.; Vorbrugger, H. Angew. Chem., Inr. Ed. Engl. 
1978, 17, 569. 

(12) Conners, K. A,; Albert, K. S. J. Pharm. Sei. 1973, 62, 845. 



Inorg. Chem. 1989, 

benzoyl ester 2 with use of this procedure was 38%. 
A number of alternative procedures were investigated. The 

reaction of the nickel(I1) macrocycle 1 with benzoyl chloride in 
dry chloroform and with triethylamine and catalytic 44di- 
methy1amino)pyridine gave only a 13% yield of the benzoyl ester 
2. Use of benzene as the reaction solvent failed to give improved 
yields, although the procedure served to dry the nickel(I1) complex. 
However, alternative procedures showed that a stoichiometric 
amount of 4-(dimethylamino)pyridine does indeed give results 
superior to those obtained with comparable amounts of tri- 
ethylamine or those with catalytic amounts of 4-(dimethyl- 
amino)pyridine. In the optimized procedures, acetylations were 
performed in either dry chloroform or dry dichloromethane under 
a nitrogen atmosphere with a suspension of the macrocyclic 
nickel(I1) complex 1. 

An infrared spectrum of the acetylation product showed a 
carbonyl band at 1735 cm-l, which was not present in the infrared 
spectrum of the starting material. The spectrum also showed 
complete loss of the hydroxyl OH stretching frequency. The I3C 
N M R  spectrum of the product dissolved in deuterochloroform 
indicated 11 carbon environments and is fully consistent with 
structure 3. The proton N M R  spectrum was also examined at  
an operating frequency of 200 MHz. The protons of the saturated 
six-membered chelate ring are of particular interest. Those in 
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the pair of methylene groups give rise to an AB quartet of doublets 
centered at  3.66 ppm. The AB quartet corresponds to a geminal 
coupling of * J H H  = 13.6 Hz between protons resonating at  3.76 
and 3.58 ppm. The further coupling of these protons is due to 
the proton on the mirror plane of the complex with 3JHH = 5.7 
Hz. This proton itself appears as a quintet at 4.82 ppm. All other 
resonances in the IH N M R  spectrum appear as singlets. 

The acetylation of the macrocyclic nickel(I1) complex 1 was 
also attempted in dry dichloromethane with use of acetic acid and 
the coupling reagent N&'-dicyclohexylcarbodiimide. No evidence 
of acetylation was found with infrared spectroscopy, and most of 
the starting material was recovered. 
Conclusions 

The acylation of noncoordinated hydroxyl groups in transi- 
tion-metal complexes can be achieved under mild conditions. We 
believe that earlier reports concerning the low reactivity of hy- 
droxyl groups in transition-metal complexes was due to ill-defined 
coordination environments, inappropriate reaction conditions, or 
the charged nature of the complexes. 
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Reactions carried out between 3,5-di-tert-butylsemiquinone and ammonia in the presence of a divalent metal ion yield bis complexes 
of the resulting Schiff base biquinone ligand. The free ligand may chelate with metal ions in forms ranging in charge from 0 
to -3, related by successive reduction steps of the two quinone units of the ligand. Three common electronic forms have been 
found to exist for complexes of these ligands, with the forms related by intramolecular transfer of charge between localized ligand 
and metal electronic levels. If the metal ion used in the synthetic procedure is redox inactive, the M"(Cat-N-BQ), form of the 
complex is obtained. With divalent metal ions that are subject to oxidation the M"'(Cat-N-BQ)(Cat-N-SQ) or MIV(Cat-N-SQ), 
form may result. In this report characterization of the bis(biquinonato)iron complex is presented, which indicates that the metal 
is high-spin ferric iron and that the complex exists in the mixed-charge ligand form Fe"'(Cat-N-BQ)(Cat-N-SQ). The complex 
has an S = 2 magnetic ground state, normally associated with high-spin ferrous complexes, due to spin coupling between the radical 
Cat-N-SQ2- ligand and the metal. This complex and the nickel complex Ni"(Cat-N-BQ),, which differs in charge distribution, 
have been characterized structurally. Both crystallize in the triclinic space group Pi, with Z = 2, in unit cells of the following 
dimensions: Fe(C2*HaN02),, a = 11.753 (3) A, b = 12.286 (3) A, c = 20.81 1 (6) A, a = 83.26 (2)O, f l  = 73.62 (2 ) " ,  y = 75.54 
(2)O; Ni(C28H40N02)2, a = 11.703 (2) A, b = 12.377 (3) A, c = 20.703 (4) A, a = 89.05 (2)O, 0 = 73.78 (2)O, y = 75.48 (2)'. 
Structural features of the ligands, with results obtained earlier on the Co and Mn complexes, have been used to show how a 
consistent pattern of C-O, C-N, and ring C-C bond lengths provides information on ligand charge and on charge distribution 
within the complex. Examples of complexes in the three charge distribution forms have been studied by using cyclic voltammetry 
to identify characteristic differences in electrochemistry. Surprisingly, all three types undergo similar electrochemical processes. 
They show two reversible or quasireversible oxidations, two reversible or quasireversible reductions, and, in some cases, a third 
irreversible reduction. Charge assignments for the products of the redox processes demonstrate coordination of the biquinone ligand 
in forms ranging in charge from the neutral radical SQ-N-BQ to the Cat-N-Cat3- trianion. 

Introduction 
Questions concerning charge distribution between ligand and 

metal have contributed to the interest in complexes of the sem- 
iquinonate and catecholate ligands.' This results from a similarity 
in energy between metal and quinone electronic levels, and similar 
questions exist for the complexes of polyquinone ligands. Com- 
plexes of a Schiff base biquinone ligand prepared by condensation 
of 3,5-di-tert-butyl-l,2-semiquinone with ammonia have been 

(1) Pierpont, C. G.; Larsen, S.  K.; Boone, S. R. Pure Appl. Chem. 1988, 
60, 1331. 
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inve~t igated.~,~ The ligand (1) may coordinate with metal ions 
in forms ranging in charge from 0 to -3. A + 1 diimine form may 
also exist, but its interaction with metals may differ from the 
neutral and anionic forms. In the absence of a metal ion with 
readily available coordination sites, cyclization occurs to give the 
phenoxazinylate radical anion (2): Studies carried out on 

(2) Girgis, A. Y.; Balch, A. L. Inorg. Chem. 1975, 14, 2724. 
(3) Larsen. S.  K.; Pierpont, C. G. J .  Am. Chem. SOC. 1988, 110, 1827. 
(4) delearie, L. A.; Haltiwanger, R. C.; Pierpont, C .  G. Inorg. Chem. 1989, 

28, 644. 
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