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ABSTRACT: Bis-dicarbacorrole (bis-H3) with two adj-CCNN subunits was synthesized by incorporating a 
dibenzo[g,p]chrysene moiety into the macrocyclic structure. The two trianionic cores in bis-H3 can stabilize two Cu(III) 
ions (bis-Cu) or concurrently a Cu(III) cation and a Pd(II) ion in the form of a hetero bis-metal complex (mix-Cu/Pd). As 
prepared, mix-Cu/Pd displays organic π radical character, as confirmed by various techniques, including electron para-
magnetic resonance (EPR) spectroscopy, cyclic voltammetry (CV), femtosecond transient absorption (fs-TA) measurements 
and DFT calculations. Radical formation is ascribed to one-electron transfer from the dicarbacorrole backbone to the Pd 
center allowing the d8 Pd(II) center to be accommodated in a square planner coordination geometry. Nucleus-independent 
chemical shift (NICS) and anisotropy of the induced current density (AICD) calculations provide support for the conclusion 
that bis-H3 and bis-Cu both display antiaromatic character and contain two formally 16 π-electron dicarbacorrole subunits. 
On this basis, we suggest that mix-Cu/Pd is best considered as containing a fused 15 π-electron nonaromatic radical subunit 
and a 16 π-electron antiaromatic subunit. The spectroscopic observations are consistent with these assignments.

Introduction 

Stable organic radicals with open-shell character show 
unique electronic properties1 that are very different from tra-
ditional closed-shell π-conjugated systems. Such radical sys-
tems have many potential applications in organic electronics,2 
molecular spintronics,3 non-linear optical materials,4 and en-
ergy storage.5 The inherent complexity of open-shell radical 
systems and their potential utility across a number of applica-
tion areas provide an incentive to make and study novel mo-
lecular systems with radical properties. However, the design 
and synthesis of stable organic radicals is challenging. In gen-
eral open shell systems are characterized by thermodynamic 
instability and high kinetic reactivity. This makes such sys-
tems very difficult to make and manipulate. Oligopyrrolic 
macrocycles, such as porphyrins, metalloporphyrins, and ex-
panded porphyrins, are known to stabilize radicals as the re-
sult of their π-electron delocalized structures.6 Although of 
potential interest in terms of both basic chemistry and for the 
development of magnetic materials,7 stable organic radicals 
based on multimetallic porphyrins are still rare. To date, 
homo bis-metallic complexes, including the bis-Pd complexes 
of a [28]hexaphyrin8 and a contracted doubly N-confused di-
oxohexaphyrin,9 a bis-Cu complex of a siamese-twin porphy-
rin,10 and a bis-Zn complex of a doubly-linked corrole dimer,11 
have been reported that display ligand-centered (i.e., primar-
ily organic) radical character. Here, we report what to our 
knowledge is the first example of a hetero bis-metallic porphy-
rinoid system showing stable organic radical character. We 
also show that depending on the coordination chemistry, it is 

possible to obtain a hetero bis-metallic complex that is for-
mally antiaromatic and lacking radical character. This ability 
to stabilize different metalated and electronic forms is made 
possible by use of a new fused dicarbacorrole. 

Carbaporphyrins are porphyrin analogues in which 
one or more nitrogen atoms within the macrocyclic cavity is 
replaced by a carbon atom.12 Examples of such systems include 
the benziporphyrins13, oxybenziporphyrins,14 tropiporphy-
rins,15 azuliporphyrins,16 napthiporphyrins,17 N-confused por-
phyrins,18 neo-confused porphyrins,19 and pyreniporphyrin.20 
Depending on the specific structure in question, carbaporphy-
rins can display π-conjugation pathways that differ from the 
traditional 18 π-electrons circuits typically found in all-pyr-
rolic porphyrins. The presence of inward pointing C-H moie-
ties can also permit formation of novel metal complexes.12 Alt-
hough mono-metal complexes of carbaporphyriniods with 
one or more C donors have been extensively explored,12 com-
plexes containing more than one coordinated cation have 
been less well studied. Osuka, Furuta, Kim and coworkers 
have reported the use of expanded porphyrins,21 such as hex-
aphyrin/N-confused hexaphyrin, octaporphyrin and nona-
phyrin, as ligands to stabilize bis- and tri-metal complexes 
with group 10 and 11 metals.22 Lash and coworkers reported an 
unusual tris-palladium sandwich complex obtained from a 
simple dicarbaporphyrin ligand.23 However, to the best of our 
knowledge, none of these reported systems has displayed or-
ganic radical character. The goal of the present study, there-
fore, was to create a new carboporphyrin analogue that could 
be used to stabilize a hetero bis-metallic complex with organic 
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radical character. As detailed below, the use of a new carbap-
orphyrinoid that contains two adjoining CCNN coordination 
environments has allowed this goal to be accomplished.  

The present system differs from previous reported 1,4-
phenylene-bridged expanded porphyrins24 in that it contains 
a large dibenzo[g,p]chrysene moiety within its core structure. 
This creates two trianionic cavities, which are similar to those 
in corrole,25 a contracted porphyrin known to stabilize higher 
oxidation states of metal ions.26 The present bis-dicarbacor-
role (bis-H3) acts as a ligand that can stabilize complexes con-
taining one or two Cu(III) ions (mono-Cu and bis-Cu). It can 
also stabilize a mixed Pd(II)-Cu(III) complex, mix-Cu/Pd. On 
the basis of its near-silent 1H and 19FNMR signals, an observed 
EPR signal at g = 2.00, and NICS and ACID calculations mix-
Cu/Pd is considered to contain both 15 π-electron nonaro-
matic neutral radical and a 16 π-electron antiaromatic dicar-
bacorrole-like subunits.  

Scheme 1 Synthesis of bis-H3 and its metal complexes.a,b 

 

aConditions for the synthesis of bis-H3: (i) DDQ and trifluoro-
methanesulfonic acid in dichloromethane (DCM) with stir-
ring at 0 °C for 1 h, then room temperature for 4 h, 30%, (ii) n-
BuLi in THF, -78 °C, 1 h, then mesitaldehyde, -78 °C, 1 h, 55%; 
(iii) pyrrole and BF3•OEt2, reflux, 20 h, 60%; (iv) pentafluoro-
benzaldehyde and BF3•OEt2 in dry DCM, room temperature, 
2.5 h, then DDQ, room temperature, 0.5 h, 8%. bConditions 
for the synthesis of metal complexes: (v), Cu(OAc)2•H2O in 
CHCl3, reflux, 48 h. The isolated yields for mono-Cu and bis-
Cu are 46% and 33%, respectively, (vi) Pd(PhCN)2Cl2 in PhCN, 
180 °C, 2h, 89%. Mes and C6F5 denote mesityl and pentafluor-
ophenyl groups, respectively. 

Results and Discussion 

The synthesis of bis-H3 is summarized in Scheme 1a. 
Firstly, a trifluoromethanesulfonic acid-promoted oxidative 
fusion of tetra(p-bromophenyl)ethene27 1 was carried out us-
ing 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) to form 
the tetrabrominated dibenzo[g,p]chrysene 2. The tetra-
carbinol 3 was then synthesized from 2 by reaction with me-
sitaldehyde in the presence of n-butyllithium. Heating 3 in 

pyrrole at reflux provided the tetrapyrrole intermediate 4. Fi-
nally, a boron trifluoride etherate-catalyzed condensation re-
action between 4 and pentafluorobenzaldehyde, followed by 
oxidation with DDQ, produced the target bis-H3 in 8% yield. 
Bis-H3 was characterized by 1H, 19F, 2D-correlation spectros-
copy (COSY) NMR spectroscopies, UV-vis absorption spec-
troscopy, high-resolution ESI mass spectrometry and single 
crystal X-ray diffraction analysis (Figures S26-S29 and S40). 

Suitable single-crystals of bis-H3 were grown in 
CH2Cl2/n-hexane and the resulting X-ray structure unambig-
uously confirmed the formation of bis-H3. As shown in Figure 
1, the central dibenzochrysene is distorted from the plane de-
fined by the flanking dipyrromethene subunits. The dihedral 
angles between two inner benzenes and the dipyrromethene 
plane are 23.0° (Figure 1b), which is bigger than that in re-
ported in a different dicarbaporphyrinoid.28 The C(10)-C(11) 
and C(1)-C(21) bond lengths were 1.473 and 1.472 Å (Figure 1a), 
respectively, indicating that the dibenzochrysene moiety is 
bound to both dipyrromethene units through what are pre-
dominantly single bonds. However, all non-hydrogen atoms 
in the core appear to be sp2 hybridized. 

 
Figure 1. Single crystal X-ray diffraction structure of bis-H3; 
(a) top and (b) side views. Thermal ellipsoids are scaled to the 
50% probability level. meso-Aryl substituents are omitted for 
clarity. 

 
The 1H NMR spectrum of bis-H3 was recorded in CD2Cl2. 

(Figure 2) There are two doublets located at 5.48 and 5.79 ppm, 
which are assigned to the pyrrolic β-Hs. Signals at 6.02 and 
7.42 ppm are also seen that assigned to the outer CHs in the 
dibenzo[g,p]chrysene moiety. A combination of D2O ex-
change (Figure S28) and H-H COSY experiments (Figure S29) 
revealed broad resonances at 14.49 and 15.97 ppm that were 
assigned to the inner CH and NH groups, respectively (Figure 
2). The average chemical shift differences between the pyrrolic 
NH and β-H protons (Δδ) and the dibenzo[g,p]chrysene inner 
CH and outer CH (Δδ’) were found to be 10.3 and 7.8 ppm, 
respectively. These distinct differences between the chemical 
shifts were taken as initial evidence that bis-H3 possesses an-
tiaromatic character.     

The UV−Vis-NIR absorption spectrum of bis-H3 in tolu-
ene is consistent with this assignment. An intense absorption 
feature at 425 nm with two shoulders located at 379 and 502 
nm, along with a weak, broad absorption band centered at ca. 
780 nm, are seen (Figure 3). The absorption spectrum is quite 

Page 2 of 8

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

similar but slightly red-shifted to that of phenanthriporphy-
rin,29 a previously characterized antiaromatic system.  

 
 

  
Figure 2.  1HNMR spectra of bis-H3, bis-Cu and mix-Cu/Pd 
recorded in CD2Cl2 at room temperature. In the symmetric 
systems, the labeling refers to the features for a single corrole-
like subunit. Asterisks indicate peaks arising from the solvent. 

 
Figure 3. UV−vis-NIR absorption spectra of bis-H3, bis-Cu 
and mix-Cu/Pd recorded in toluene. 

 
Further support for the proposed antiaromaticity of bis-

H3, came from nucleus-independent chemical shift (NICS) 
and anisotropy of the induced current density (ACID) calcu-
lations. (Figures S9-S11). The DFT optimized structure used for 
these calculations proved in good agreement with the crystal 
structure. (Figure S6) The NICSZZ values were visualized using 
the program Multiwfn_2.9.930 to produce an isochemical 
shielding surface (ICSS) (Figure 5a and S10). Using this visual-
ization approach, positive and negative NICS values are shown 
in blue and red, respectively. Bis-H3 shows positive NICSzz val-
ues (red) within the inner circuit along the XY plane (NICSzz 

(Z = 0)). To avoid σ-bond interactions with atoms, plots were 
also constructed in the XZ plane (ICSSzz (Y = 0)). Now the in-
side is characterized by negative values, while positive values 
are seen for the outside. Such findings are consistent with the 
assignment of bis-H3 as antiaromatic. In the ICSSzz (Y = 0) plot, 
a node is seen at the center of the two subunits, leading us to 
propose that there are two individual π-conjugation pathways 
within bis-H3. Various NICS(0) values within bis-H3 were also 
calculated (Figure S9). All of the NICS(0) values within the in-
ner circuits were positive, as expected for an antiaromatic sys-
tem. ACID plots of bis-H3 revealed paratropic antiaromatic 

current flow within the independent circuits of the two subu-
nits, with the independence resulting in part from the tilted 
nature of dibenzochrysene bridging element (Figure S11).  

To rationalize the π-conjugation pathway along the indi-
vidual circuits, harmonic oscillator model of aromaticity 
(HOMA) calculations were carried out for the possible path-
ways using the optimized structure.31 HOMA values are de-
fined in terms of the normalized sum of the squared devia-
tions of bond lengths from the optimal values along a given π-
conjugation pathway.32 The cannical aromatic system, ben-
zene, has a HOMA value = 1, while the HOMA value = 0 is for 
a nonaromatic compound. In the case of bis-H3, the HOMA 
values of 0.503 and 0.510 for the antiaromatic 16 and 20 π-elec-

tron conjugation pathways, respectively, are similar to that 
(0.549) calculated for a what might be expected to be a com-
peting 38 π-electron aromatic pathway. On this basis, we sug-
gest that the putative global conjugation is broken due to the 
presence of central dibenzochrysene (Figure S17) and that bis-
H3 has antiaromatic character (16 π + 16 π = 32 π-electrons) and 
can be viewed as being a kind of fused corrole dimer.33 

Carbaporphyrinoids with adj-CCNN cores are known to 
stabilize higher oxidation state of metal ions or main group 
elements, such as Cu(III),28,34 Ag(III),34a and P(V).29 Pd com-
plexes of carbaporphyrinoids have also been extensively ex-
plored.23,35 Metalation of bis-H3 with excess Cu(OAc)2•H2O in 
CHCl3 at reflux give bis-Cu and mono-Cu in 33% and 46% 
yield, respectively (Scheme 1b). Reaction of mono-Cu with 
bis(benzonitrile)palladium chloride (Pd(PhCN)2Cl2) in PhCN 
at 180 oC (Scheme 1b) produced a red-brown fraction that 
could be isolated via normal silica chromatographic purifica-
tion. A high-resolution ESI mass spectrometric analysis of the 
product revealed a parent ion peak at m/z 1627.3025 (calcd for 
C96H60CuF10N4Pd [M]+: 1627.3009, Figure S40), as would be the 
formation of a hetero metal complex containing both Cu and 
Pd centers. The bis-Cu and mix-Cu/Pd complexes were fur-
ther characterized by UV-vis-NIR absorption spectroscopy, 1H 
and 19F NMR or EPR spectroscopies, and single crystal X-ray 
diffraction analysis (Figures S4-S5, S33-S37 and S42-S43).  

Figure 4. Single crystal X-ray diffraction structures of bis-Cu 
and mix-Cu/Pd. a) Top and b) side views of the bis-Cu, c) Top 
and d) side views of the mix-Cu/Pd. For mix-Cu/Pd, the Cu 
and Pd ions are disordered over the two possible locations in 
the macrocycle and only one population is shown. Thermal 
ellipsoids are scaled to the 50% probability level. meso-Aryl 
groups are omitted for clarity.  

 
As can be seen from an inspection of Figure 4, both bis-

Cu and mix-Cu/Pd are characterized by twisted confor-
mations in solid state displaying a greater degree of distortion 
than seen in the starting free base ligand, bis-H3. Dihedral an-
gles of 32.4o and 30.6 o, respectively, are seen between the two 
corrole subunits (defined by the mean plane of the CCNN at-
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oms). In these metal complexes, the Pd and Cu ions are lo-
cated within the corresponding adj-CCNN cores with square-
planar coordination geometries and no axial ligands being 
seen in the crystal structure. The absence of axial ligands, the 
presence of what are square-planar coordination geometries 
about the metal centers, and metal-C and metal-N bond 
lengths (Figure S21) that are in good agreement with those re-
ported for Cu(III) dicarbaporphyrinoid complexes with adj-
CCNN cores28 leads us to assign the oxidations of the copper 
ions in both bis-Cu and mix-Cu/Pd as +3 (d8). On the other 
hand, the high reactivity and propensity for Jahn-Teller dis-
tortion away from pure octahedral geometries seen in the case 
of d7 Pd(III) complexes,36 leads us to suggest that the oxidation 
state of the Pd ion in mix-Cu/Pd is +2 (d8). Further analyses 
were then carried out to confirm or refute this preliminary as-
signment as discussed below. 

The 1HNMR spectra of both bis-Cu and mix-Cu/Pd were 
recorded in CD2Cl2 (cf. Figure 2). The 1HNMR spectrum of bis-
Cu bears resemblance to that of bis-H3. However, many of the 
signals are slightly upfield shifted. The same proved true in the 
case of mono-Cu (Figure S30). These findings are consistent 
with both copper-only complexes being diamagnetic and the 
ligand possessing antiaromatic character analogous to that 
seen in the original doubly trianionic ligand, bis-H3. In con-
trast to the sharp signals seen for bis-Cu and mono-Cu, only 
the meso-mesityl proton signals are readily observable in the 
spectrum of mix-Cu/Pd either at room temperature (Figure 2) 
or -80 °C (Figure S36). These findings were mirrored in the 
case of the 19F NMR spectra, where only a weak signal for the 
o-F of the meso-pentafluorophenyl groups could be observed 
both at room temperature and -80 °C (Figure S37). These find-
ings are consistent with the Pd center being in the +2 oxida-
tion state and the ligand as a whole having radical character 
to provide for the necessary charge balance. 

The EPR spectrum of mix-Cu/Pd in toluene solution was 
then measured at 290 K (Figure 6a). A single peak was ob-
served at g = 2.00. This is as would be expected for a typical 
organic monoradical (S =1/2). No discernible signals corre-
sponding to ΔmS = ±2 are seen in the half-field region (Figure 
S4). Both bis-Cu and mono-Cu are EPR silent over the 90-360 
K temperature range (Figure S5). This is consistent with their 
proposed diamagnetic nature and the +3 oxidation state as-
signed to the Cu ions and is in accord with previous reports of 

Cu(III) dicarbacorrole complexes characterized by an adj-
CCNN coordination environment.28 In preliminary work, the 
mixed free-base mono-palladium complex of bis-H3 was pre-
pared; it also gave rise to an EPR spectrum consistent with 
radical character (cf. Figure S4). 

The absorption spectrum of bis-Cu recorded in toluene 
bears resemblance to that of bis-H3 but is characterized by a 
more intense band at ca. 445 nm and a new shoulder at ca. 526 
nm (Figure 3). Discernible NIR bands, which could originate 
from slightly enhanced excitonic coupling between the two 
subunits, are also seen. In contrast to both bis-Cu and mono-
Cu (Figure S1) the absorption spectrum of mix-Cu/Pd is char-
acterized by broadened and red-shifted spectral features, as 
well as broad NIR bands centered at 1255 and 1524 nm. (Figure 
3) The relatively strong NIR features are typical for radical spe-
cies and reflect the small energy gap between the singly occu-
pied molecular orbital (SOMO) and the singly unoccupied 
molecular orbital (SUMO). The change in the absorption 
spectrum of mix-Cu/Pd in toluene solution was monitored as 
a function of time under ambient conditions. Over a period of 
120 h little discernible change as seen (Figure S2), leading us 
to suggest that the complex is stable on the laboratory time 
scale. 

 
Figure 6. a) X-band EPR spectra of mix-Cu/Pd (1.0 mM in 
toluene) at 290 K. Instrument parameters: ν = 9.44 GHz, mod-
ulation frequency 100 kHz, modulation amplitude 2.0 G, mi-
crowave power 2.00 mW. b) Spin density map of mix-Cu/Pd 
calculated at the uM06/LANL2DZp level. Similar results were 
obtained when the calculation was carried out at the 
uB3LYP/IANI2DZp level (cf. Figure S20).  
 

The redox properties of bis-H3, bis-Cu and mix-Cu/Pd 
were studied by means of cyclic voltammetry (CV) carried out 
in CH2Cl2 containing 0.1 M NBu4PF6 as the electrolyte. The 

Figure 5. ICSSzz plots of a) bis-H3, b) bis-Cu, and c) mix-Cu/Pd. Blue and red contour colors denote negative and positive NICSzz 
values, respectively. The upper and lower panels represent ICSSzz (Z = 0) and ICSSzz (Y = 0), respectively 
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CVs of both bis-H3 and bis-Cu are characterized by oxidation 
waves in the region of ca. +0.2 and +0.5 V vs Fc/Fc+, as well as 
reduction waves around -1.31 to -1.39 V (Figure 7). Compared 
with bis-H3 and bis-Cu, the first oxidation wave of mix-
Cu/Pd undergoes a modest cathodic shift (to + 0.14 V), while 
the first reduction wave undergoes a very substantial anodic 
shift and appears at -0.30 V. Thus, the gap between the first 
oxidation and reduction potentials (ΔE=E1

Ox -E1
Red) based on the 

CV data decrease from ca. 1.63 and 1.51 V in the case bis-H3 
and bis-Cu to 0.44 V in mix-Cu/Pd. Such an energetic reduc-
tion would account for the strongly red-shifted absorption 
features seen for mix-Cu/Pd (λmax = 1524 nm, Figure 3). A 
small ΔE (0.44 V) is also a typical character for open shell or-
ganic radical species.6k,9,11  

 

Figure 7. Cyclic voltammograms of bis-H3, bis-Cu, and mix-
Cu/Pd in CH2Cl2 containing 0.1 M NBu4PF6. The Fc/Fc+ couple 
was used as an external reference and the scan rate is 50 mV/s. 

To investigate the excited state dynamics of bis-H3, bis-
Cu, and mix-Cu/Pd, visible (VIS) femtosecond transient ab-
sorption (TA) studies were carried out in toluene (Figure S3). 
In the case of bis-H3, the TA spectra decayed with two time 
components with half-lives of 0.3 and 8.6 ps, respectively (Fig-
ure S3). The TA spectra of bis-Cu was similar with the two 
decay components having half-lives of 1.2 and 8.9 ps, respec-
tively (Figure S3). The two decay components seen in the case 
of both bis-H3 and bis-Cu are assigned to 1) internal conver-
sion from the higher excited state to the lowest excited singlet 
state and 2) decay of the S1 state, respectively, and are typical 
of what are seen for previous studies on porphyrin tapes or 
hybrid tapes.37 The TA decay profile of mix-Cu/Pd could also 
be fit to a double exponential, yielding decay constants of 0.3 
and 5.0 ps, respectively (Figure S3). The relatively short ex-
cited state lifetime is consistent with the radical nature of 
mix-Cu/Pd.38 

NICS and ACID calculations were performed so as to ob-
tain further insights into the (anti)aromaticity of the metal 
complexes (Figure 5, S9 and S12-16). ISCCzz (Z = 0) plots for 
bis-Cu shows positive values (red and yellow color) inside the 
central macrocyclic cavities, while ISCCzz(Y= 0) plots also re-
veal positive features within the ring (Figure 5b). Similar fea-
tures were seen for bis-H3 (Figure 5a). Furthermore, the 
NICS(0) values at the various positions are positive, support-
ing the antiaromaticity proposed for bis-Cu (Figure S9). ACID 
plots for bis-Cu exhibit paratropic antiaromatic current flows 
along the individual subunits (Figure S15), which is further 
consistent with the proposed antiaromaticity. The dominant 

π-conjugation pathway was inferred from various HOMA cal-
culations (Figure S18). In analogy to what was found for bis-
H3 (vide supra), the HOMA values for the 16 and 20 π-electron 
conjugation paths are almost the same as for a more global 38 
π-electron conjugation pathway, which again is taken as an in-
dication that antiaromatic (16 π + 16 π = 32 π-electron) periph-
eries dominate within individual subunits (Figure S18). 

In contrast to what was seen for bis-H3 and bis-Cu, the 
ISCCzz (Y = 0) plot for mix-Cu/Pd indicates an asymmetric 
NICSzz distribution between the two subunits. In the NICSzz 

(Y = 0) plot, (Figure 5c) the Cu-bound side (right) resembles 
that of bis-Cu, while the Pd-containing side (left) shows sig-
nificantly decreased positive values that reveal nonaromatic 
nature of Pd(II) side.9 The NICS(0) values are consistent with 
the NICSzz plots (Figure S12). A detailed analysis of the HOMA 
values reveals that those for the Pd(II) portion are smaller 
than those for the Cu(III) side of the mixed metal complex. In 
addition, mix-Cu/Pd overall is characterized by a smaller 
HOMA value than either bis-H3 or bis-Cu, which is taken as 
an indication that the global π-conjugation pathway is less ef-
ficient. (Figure S19). The spin density of mix-Cu/Pd, obtained 
from calculations made for a doublet state (Figure 6b), pro-
vide support for the notion that the bulk of the spin density is 
localized on the Pd-containing portion of mix-Cu/Pd.  

The above combination of experiment and calculations 
leads to the reasonable inference that most of the radical char-
acter is localized on this portion of the ligand and is predom-
inantly organic in nature. The requisite ligand oxidation al-
lows the palladium center to remain in the +2 oxidation state 
and adopt a d8 square planar coordination geometry. Such a 
ligand centered oxidation is reasonable in light of the rela-
tively low first oxidation potential of the free ligand (+ 0.24 V 
vs Fc/Fc+, Figure 7) and similar findings made in the case of 
the bis-Pd complex of a doubly N-confused dioxohexaphyrin.9 
On this basis, we propose that mix-Cu/Pd is best considered 
as consisting of fused 15 π-electron nonaromatic and 16 π-elec-

tron antiaromatic subunits that involve the Pd(II) and Cu(III) 
complexed portions of the macrocycle, respectively. 

 
Conclusion 

In summary, we have synthesized and characterized the 
first bis-dicarbacorrole with two adj-CCNN cores. The bis-cor-
role ligand, containing a dibenzo[g,p]chrysene fusion element, 
can coordinate both Cu(III) and Pd(II) ions to form the first 
hetero bis-metal complex mix-Cu/Pd stabilized using a two-
compartment porphyrin analogue. This complex displays sta-
ble organic radical character and supports the two metal cen-
ters in different oxidation states (+2 vs. +3). The present work 
thus underscores how ligand design may be used to create 
mixed metal complexes that allow both unusual metal- and 
ligand-centered oxidation states to be attained. The resulting 
systems are likely to further our understanding of the inter-
play between ligand electronics and metal coordination chem-
istry, as well as features that allow for the stabilization of for-
mally antiaromic π-conjugation pathways. 
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experimental details. This material is available free of charge 
via the Internet at http://pubs.acs.org. 
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