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Cobalt Corroles with Bis-Ammonia or Mono-DMSO Axial
Ligands. Electrochemical, Spectroscopic Characterizations
and Ligand Binding Properties

Valentin Quesneau,[a] Wengian Shan,®! Nicolas Desbois, ?! Stéphane Brandeés,?
Yoann Rousselin,!? Meddy Vanotti, ! Virginie Blondeau-Patissier, ! Mario
Naitana,!®

Paul Fleurat-Lessard,!® Eric Van Caemelbecke,!”d Karl M. Kadish,*[’! and Claude P.
Gros*[a

Abstract: Four bis-ammonia ligated cobalt corroles and four mono-DMSO ligated cobalt corroles with different meso-
aryl substituents on the macrocycle (A,B- and A;-corroles) were syn- thesized and investigated as to their
electrochemical and spec- troscopic properties under different solution conditions. The complexation energies of the
investigated cobalt corroles were theoretically calculated to illustrate the propensity of the cobalt center for penta-
coordination or hexa-coordination with various axial ligands (DMSO, CO, py and NHj3). The structure of one
hexacoordinate bis-NH; cobalt corrole complex was also deter- mined by X-ray diffraction.

Introduction

Metallocorroles are now an often-studied group of macrocycles
because of their unique spectral and electrochemical properties
and their potential applications as catalysts for a variety of reac-
tions. Although corroles show many similarities with porphyrins,
their distinctive structural, spectroscopic and photophysical
properties as well as their specific coordination chemistry and
particular chemical reactivity places these macrocycles in a dis-
tinctive position among members of the porphyrinoid family."
Particularly, cobalt corroles exhibit a rich redox chemistry which
depends on both the type of macrocycle and axial coordination
at the cobalt metal center.I"®] We have shown that solvents such
as DMSO or pyridine as well as diatomic molecules such as CO
will strongly coordinate to the cobalt center of the neutral
corrole, leading not only to changes in electron density at the
metal ion, but also in some cases to a change of metal and
ligand oxidation state.l”] Electron-withdrawing groups anchored
at the periphery of the macrocydlic core will also change elec-
tron density at the cobalt central metal ion, thus directly affect-
ing the magnitude and degree of axial coordination.!
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Recently, we reported the synthesis and electrochemical
characterization of nitrophenyl-substituted cobalt corroles axi-
ally ligated with DMSO or pyridine molecules in their air-stable
form.!271 The current manuscript is an expansion of these stud-
ies and characterizes in greater detail the properties of cobalt
corroles with a single DMSQ axial ligand or two NH; axial li-
gands in their air-stable form. It is worthy to note that the hexa-
coordinate bis-ammonia cobalt corroles can easily be converted
into the tetra-coordinated derivatives as shown in Scheme 1.
Removal of the two coordinated ammonia molecules can be
accomplished either under vacuum at 80 °C or by dissolving
the complex in dichloromethane and bubbling N; gas through
the solution. A schematic representation of the investigated
compounds is given in Scheme 2.

Scheme 1. From pentacoordinate to hexacoordinate cobalt corroles; easy ac-
cess to the tetra-coordinated species.

We have been interested in the selective binding and detec-
tion of trace amounts of CO at the sub-ppm level in the atmos-
phere by using Surface Acoustic Wave (SAW) sensors functional-
ized by cobalt corroles!¥] The pathway in Scheme 1 allows for
a smooth and easy access to the active species (the tetra-coor-
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Scheme 2 Stnuchees of the investigated bis-ammonia and mono-DkE0
maso-aryl cobalt coroles.

dinated form of As- andfor AzE-cobalt corralas) which will bind
C0. Very recently, concentrations of OO as low as a few hundred
ppb were measured by SAW sensors emphasizing the interast
of such sensors for the detection of carbon monoxide [

Results and Discussion

Synthests of Cobalt Corrole Complexes

The eight cobalt cormoles 1DMSO-2DMS0 and THH,-aNH,
were prepared according to the synthetic proceduwre shown in
Scheme 3. The As- and AzB-free-base comoles TH-4H were syn-
thesized according to published procedures described by Gryko
and co-workers®! and metallated with CoiDAC); in DMSO to
give the cobalt complexes 1DMS0-4DMS0, each with a single
DMS0 molecule as axial hgand. These mono-OMSO adducts
were then trested with an aqueous ammonia solution to give
the bis-ammonia derivatives TNH,-4NH, in 70-24 % yiekd.

Spectroscople Characterization

The degree of axal coordination at the cobalt corrole center
can be monitored by UV/Vis spectroscopy where lange differen-
s are ssen between the four, five and six-coordinate forms of
the compound. For example, as shown in Figure 1 for 100 and
1DMS0, the two pentatoordinate cobalt corroles are character-
ized by a moderate absorption at 553 and 570 nm in the visible
region of the spectrum. This spectral pattemn confrasis with
both the six coordinate 1NH, that is characterized by an in-
tense absorption band at 616 nm and a split Soret band at 438
and 452 nm and the tetra-coordinate derivative 1 which lacks
axial ligands and displays a much blue-shifted Soret band at
390 nm as seen in Figure 1.

In order to examine the lability of the DMS0 axial ligands
in the currently examined comoles, the UNWVisible spectra of

1H=-4H 1DMED: B5% TNH;: T8%
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Schama 2. Synthasis of mono-DME0 and bis-NH; cobalt coroles.
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Figura 1. UW/¥isible spacira (in CHz0:) of cobalt cormola 1 as a function of
the awial coordination ([DMS0, NH,, OO or nothingl.

1DMS0-4DMS0D were measured at a concentration of 1077 s
im both CH;Ch and DMSD containing 0.1 s TEAP (Rgure 2). In
CH,h, the spectra are characterized by a Soret band at 379-
387 nm and a single less intense band at 562-566 nm. There is
also a shoulder on the Soret band at about 414-417 nm. These
spectra are similar to previously reported UVAis spectra for a
related series of mono-DMS0 ligated cobalt nitrophenylcorroles
under the same solution conditions.!

Similar spectral pattemns are seen for 2DMS0, 3DMS0 and
4DMS0 in the two solvents bt this is not the case for 1DMS0
as seen in Figure 2. The spectrum in CH.CL, (Figure 2a) is as-
signed to the mono-DMS0 adduect while in DMS0 a mixture of
the frve- and sis-coordinate derivatives are proposed to exist,
the hexa-coordinate DMS0 adduct having bands at 417, 242,
453 and 618 mm a5 described on the following pages. It should
be noted that 1IDMSO is the only cobalt comale among the
currently inwestigated compounds which possasses six electron-
withdrawing substituents on the meso-phenyl rings, and this
seams to facilitate the binding of a second DMS0 molecule to
the cobalt center of the newtral compound. Stronger pyridine
binding constants were also earlier reported for cobalt corroles
with electron-withdrawing substituents on the meso-phenyl
rings !

UV/Visible spectra of the bis-ammonia compleses TNH=-
4NH: were also measured at a concentration of 1 1077 & un-
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Figure: 2. UN®iible spectra of 1DMS0-40MS0 at 107" s concsntration in
@y CH;0; and () DMED containing 0.1 & TEAF.

der two solution conditions, one being CH,Cl, containing 0L w
TEAP and the other CH,Cl; containing 0.1 wm TBAP and 1% (W
Vi NH OH which produces NH, in solution. Examples of the
corrole spectra i the two solvents are shown in Figure 3 and
a summary of the spectroscopic data for 1NH,-aNH, in CH.Cl,
containing 1% MH,OH is given in Table 1. As seen in Figure 3,
b, thee LW Aisiblie spectrum of each bis-MNH, derivative is charac-
terizad by & split Soret band and two or three visible bands,
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Figure: 2. NWVisiole spectra of TMH;—4MHz at 1077 M concentration in 2)
CHzTh and by CHzC with 1% fw'v) NHyOH containing 0.1 s THAR.



Tabla 1. UWWisibla spectroscopic data of imvestigated cobalt coroles under differant solution conditicns.

Solution condition tpd Wiavddength A, nen o= W07 w" om™)
Sorat region visibla region
CHA, T L LE 418 (4.1) zh 5es 13
2= 285 [5.4) BET (133
IDMED  zE7 ) 414 (2.8) sh 53 13
4DMsD 282 7.3 553 1.8
CHL 1NH; 417 5.0 438 (82} 451 (75 588 (1.7 615 B3
1 =MHOH MM, a07 (23] 436 (41) 45T 35 541 |05 A1 (0.7 621 (17
INH; 420 3.9) 434 (45 453 |43y 53 [1.1) 584 [1.1] A28 (2.1)
“'.I 400 4.2] 432 (o) 452 |52) 581 [1.4] 622 24)

the most intense of which is located at 615-628 nm and is
considered as a marker band for the hexacoordinate Co' cor-
rolbe. The owerall spectral patterns of the TMH, to 4NH, deriva-
fives are similar to speciral pattermns earlier reported for structur-
ally related cobalt corroles containing two axially bound pyrid-
ine ligands !

The same UWVAVis spectrum is obtained for 1MHz in CHCl
with and without 1% NH.OH, both spectra being essentially
identical with spactra of the initial synthesized bis-MH, adduct
im toluene (see Exp. Sect.). In contrast, different spectral patterns
are sean upon going from 2ZNH, to 4MH, in CH O, with and
without 1 % NH,OH. The largest vanation between the two so-
lution conditions is observed in the Soret region of the spec-
trum, where bands assigned to a five-coondinate cormole are
observed for the bis-NH, derivatives 2, 3 and 4 but not for
compound 1. The fact that identical specira are obtained for
1NH; in CH,O, with and without added NH,OH suggests that
this comole has a stronger affinity for NH, than the other inves-
tigated denvatives and that dissociation of the bound MH, axial
ligands does not readily occur in CHCl,. This observation is
consistent with the lower electron density of the TNHs macro-
cycle due 1o the electron-withdrawing halogen atoms on the
meso-phenyl rings of the corrole and it is also consistent with
the relative order of the pyndine binding constants to the
mona-D#4S0 dervatives, as desoribed below.

Pyridine Binding Ability

The relative intensity of the disgnostic six-coordinate absorp-
tion band at 615-627 nm for compounds 1MH; to 4NH: in
Figure 3a follows the order TNHz = 2MH: > 3NHy = 4NH: and
provides an approximate measure of the extent of NH, dissocia-
tion from the bis-NMH, adducts in €H,CL; at a cormole concentra-
tion of 10~ s. The band intensity follows the order 1> 2= 32
= & and this would also be the relative order of the MH, binding
stremgth for the examined bis-NH, dervatives in the CH,O; sol-
went.

We could not evaluste the magnitude of the MH, binding
constants 1o the four-coordinate coroles in the current study
bt we could measure binding constants for the stepwise addi-
tion of two pyridine molecules to the mono-DM30 adducts in
CHy . This was done by monitoring changes in the UVVisible
spectra during a titration of each corrole with pyridine, giving

results of the type shown in Figure 4 for the stepwise conver-
sion of 1DMS0-4DMS0 to their respective six-coordinate, bis-
pyriding form. Equilibrium constants for addition of the first
pyridine axial ligand to the mono-DM30 adducts were not de-
termined dwe to the small differences in spectra between the
initial corrole reactant and the mono-pyridine adduct but much
larger speciral changes and well-defined log-log plots were ob-
tained upon formation of the bis-pyridine derivatives as shown
im Figure 4, b. The binding constant for addition of a secomnd
pyridine molecule to TDMS0 was measured as log K; = 3.6 and
this log K; value systematically decreasad to 2.1, 1.5 and 1.1 for
ZDM50, ZDMS0 and aDMSO0, respectively. Thesa values are
given in Table 2 along with log Kz = 2.6 for addition of a second
pyri:iphle molecule o MessCorCoipyl, as reported in an earlier
study

MS Spectra of TNH,-aNH, and 1DMSO-sDMSO

Mass spectrometry utilizing different ionization modes (ESI and
MALDITOF) was used to characterize the bis-ammonia and
mana-DMS0 complexes. In the case of MALDETOF analysis, the
data gives in each case the cobalt corroles withowt any axial
ligands, the M50 and MH; groups being bost under high vac-
wum during the preparation step thus leading to the tetra-
coordinated cobalt complexes 1-4& (Figure 52a-h). In order to
ohserve the labile igands, we optimized the M3 procedure in
the ESl mode by directly injecting the compounds dissolved in
a solution of ammonia or DMS0 (see Exp. Sect) and, under
these conditions, the labile DMS0 or NH: axial ligands were
both observed (see Figure 52a-h) providing further evidence
for formation of the penta- and hexacoordinate cobalt corrole
complexes in the original symthesis.

'H NMR, EPR and IR Characterization

The effect of the meso-aryl substituents on the coordinating
ability of the cobalt center of 1NH, and aNH, was examined
by "H NMR spectroscopy. In the polar CDCL solvent, broad sig-
nals were obtained for 1NH: which contains two electron-with-
drawing Cl substituents on the meso-phenyl rings (Figure 5c),
but almost mo signal is observed for 4MHy which bears elec-
tron-donating substituents (Figure 5f). The lack of a diamag-
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netic spectrum for 4MH, is consistent with a dissocdation of one
of both labile MH, ligands in €D, generating a paramagnetic
form of the cobalt corole due to the mon-innocent character
of the four- or five-coordinate species ™ Howswer, when NH.
gas was bubbled into the MMR tube, broad signals appeared
for 4NH, (Figure 5e indicating a mixture of electromic spin
states for the cobalt jon (5 = 0, diamagnetic and 5 = 1, para-
magnetic), as well as some 5 = 1/2 species probably due to
traces of the comole radical™ This contrasts with the NMR
spactrum of 1NH, which exhibits sharp signals (Figura 5b) char-
acteristic of a pure diamagnetic compound.
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Figura 5 "H NMR spactra of 1HH (top) and 4KH; ibottom) in COCk bafore
(<1 and f) and aftor addition of dl, () Mig) ar (2, id) BHH,0

In order to confirm the paramagnetic behavior of these com-
plexes, EPR experiments were run on the electron-poor and
electron-rich 1MH, and 4NH, compleses in toluens at 293 K
{Figures 5% and 5100, and this data should give a direct meas-
urement of the electronic spin state ™ In both cases, the spacira
(Figures 53a and 510a) have a radicalHike pattern centersd at
g = 2002, with a small broadening of the single line (FWHH =
10 G). This central line can be assigned to a radical impurity
due to over-oxidation of the comole that is frequently cbserved
for these type of macrocycles ™=

Mo other transition is shown for 1MH,, indicating either that
the cobalt comole is mainly in & diamagnetic Co form, or that
it possesses a strongly antiferromagnetic 5 = 0 spin state and
a Co'-comole” formulation. The assignment is favored after
addition of NH.OH, since two broad signals with low intensities
assigned to the excited triplet state now appear on either side
of the radical signal Under these conditions, the hexacoordi-
nate complex with two MH- axial hgands is predominant in so-
lution (see UNWAfisible data). It should also be noted that the
intensity of the radical signal strongly decreases after addition
of NH,OH, susogesting om one hand the formation of a more
diamagnetic hexacoordinate complex, and on the other a par-
tial over-omidation of the pentacoordinate corrole formed after
loss of one MH, ligand from the bis-ammonia complex when it
iz dissolved in woluens (Figure 58a). In addition, the low inten-
sity of the triplet state agrees with a large singlet-triplet gap,
inducing & weak population of the excted triplet state. This
result adds strong support to assignments from the NMR spec-
tra which show formation of a diamagnetic 1NH, complex dis-
solved in solutions comtaining MH,OH or MJH,_ Finally, it should
be noted that hydrazine can act as a mild reducing agent which
would remove all traces of any paramagnetic corrole radical.

A rather similar situation was observed for AMH, (Figure
£10a,b) which is characterized by a radical spectrum centered
at g = 2.002, bart flanked with two strong signals at g = 2015
and 1986 assigned to the triplet state resulting from ferromag-
netic coupling between the cobalt(l) ion and the ion radical for
the Co'-corrole® formalism. In addition, the spectrum is de-
void of any resolvable hyperfine interactions due to the
strongly delocalized spin system. As the intensity of the spec-
trum is directly correlsted to the relative population of the trip-
let state, one can anticipate a lower singlet-triplet gap com-
pared to TMHs and an overall picture of & singlet ground state
with the thermally accessible triplet state.

The addition of M, H, (Figure 510c) resultad in & loss of the
radical signal and only the two signals assigned to the triplet
state are preserved. This result is in agreement with the NMR
spectroscopic data of 4MH» that show more resolved signals
after addition of hydrazine (Figure 5d). The rather broad NMR
lines of 4NH: compared to TNH: can also be attributed to a
residual paramagnetism of the complex due the more accessi-
ble triplet state

Moreover, the hexacoordinate bis-MH, complexes could be
formed directly from the pentacoordinate mono-DM30 deriva-
tives by adding ammonia gas into the NMR twbe in order to
displace the coordinated DMS0. After the displacement has oc-
curred, a peak for one free DMS0 molecule is seen in the
spectrum at & = 260 ppm and the two MH: ligands appear
in the anisotropic ring curent of the comole at around -6.60.
Integration of the NMR signals for both DMS0 and MHy peaks
conifirms the assigned penta- and hexa-coordination (see Figure
53e-g).

The axial coordination of NH. was also observable by infra-
red spectroscopy. The infrared spectra of 1MH—4NH; are char-
acterized by antisymmetric and symmetric NH, stratching vibra-
tions at arcund 3260 and 3360 ppm, respectively (see Figure 56
and Table 52).



Penta- ws. Hexa- Coordination of Cobalt Corroles Examined
by DFT Computational Study

Cobalt corroles are known to bind two molecules of pyridine
but only a single molecule of carbon monoxide!™ or DMS0UA
In the cument study, we observed that the examined cobalt
corroles would easily bind two moleculas of NH, and this was
theoretically examined for the case of (0,PhlyCorCo 1, which
was also modelled with respect to the binding of OO, DMSO,
pyridine and MH,. The ogeometry of the cobalt cormole
(CLPhlyConlo 1 was optimized, both as the four-coordinate
complex and as five- and six-coordinate derivatives complexed
with one and two axial ligands, respectively. The axial coordina-
tion processes are described by Equation (1) and Equation (2,
where X represents the axial igand and AG is the complexation
free energy. The calculated complexation free enengies are
listed in Table 3.

{CLPh)CorCo + X = (CLPhl,CorCoX — A,G, (%) m
{ClPhiCorCol + X = (CkPhhCorCoXs — AG:X) @

A negative value of A G (X indicates that hexa-coordination
is favored, while a positive value indicates complexation of only
& single axial ligand at the cobalt center. As seen in Table 3, the
formation of hexacoordinate complexes for (ClPhl-CorCo 1 is
favorable with MH; or pyridine ligands, but unfavorabde with
beoth C0 and DMS0, & result in agreement with the exparimen-
tal data However it should be noted that the theoretical
value of A.G; (DMS0) is close to 0, a result which may exgplain
why the characteristic UV/Visible spectral pattern of a bis-DMS0
complex is observed for 1DMSO in the DMSO solent at a
10~ m concentration of the corrole (Figure 2b)

In order to theoretically study the effect of different meso-
phenyl substituents on the NH, binding ability of the comales,
we also calculated the complexation free energies of 1-4 with
MH,. These values are given in Table 4 and show that the bis-
ammonia complex is in each case greatly favored, with large
negative walues ranging from -12.2 to -5.3 keal'mol. The data
in Table 4 show that the binding strength with NH; follows the

order: 1 > 2 > 4 > 3, which is slightly different from the order
predicted by measurements of the six-coordinate marker band
in U/ ¥isible spectra for the same compounds, namely 1 > 2 =
3=4A

Single Crystal X-ray Diffrection Studies of Bls-Ammonila
Cobalt Corrole 1HH,

Single crystals of corrole TNH, were grown by slow evaporation
of a CH,Clhexane mixture of INH, and gave the structure
shown in Figure 6. Details about the structure are given in the
sl

Figura & ORTEP view of compound 1HH;. Thermal allipscids are drown: at

Table 3. Comphasation fes energias A5, (%) and A5 Meal'mol] of (C1Phi;Contio 1 with M4, pyridine, <0 and SO,

Cobak corola Ligand X Complaxation free energies [keal/'meol]

ANy Ayl X)
THH; NHa -4.7 =122
Py Pyricin -50 -1s
j [nd] oa -13 +2.4
1DMS0 Dbzl -3 +14
[2] 5 = 1 is tha most sbla state for these complanas.
Tabla 4. Complaxation froa anangias A G, (X) and &G X) [keab’mol] of cobalt coroles 1-8 with BH,.
Compaound Ligand X Complaxation fres enargies [kealfmol]

Ay ALzl

Cl PRI CorCo 1 WH, -47 -122
(CO0MaPh#es, CorCo 2 KH, =21 B[]
PhizCorCo 3 NHa -4z -53
[0MakLPh]Mas CorCo 4 HH; -19 57




Compound 1NH, orystallizes in a F2,/c centrosymmetric
group. The asymmetric unit is composed of a cobalt cormole
with two disordered dichlorophenyl units over two positions
and one disordered hexane molecule (see Sl The cobalt com-
plex is hexacoordinate with four nitrogen atoms of the cormole
umit and two axial ammonia ligands which are bound to the
cobalt center in an apical position. Thus, this complex adopts
an octahedral geometry with a typical Of type symmetry.

The Co-N;sqacomae distances range from 1.E68(6] to
15086 A, valuss almost identical to those reported for the
structure of witamin 122 ie between 1887 & and 1912 A
The amial Co-MH; distances of 1.954(6) A& and 19746 & are
slightly longer than the Co—Mhzzscomie distances. However,
the values are still of the same order of magnitude as in the
Co"-NH. complex 1.961(20) A, and are shorter than the cobatt-
pyridine distances for the same type of compound, 1381-
1590(2) A™ The corrole complex has a planar geometry with
a maximum deviation from the mean plane of 013 A for the
C36 atom. The crystalline stacking is governed by intermolec-
ular hydrogen bonds between the NH, and the Cl groups of
the comole (ortho-dichlorophenyl substituents), thus forming a
miolecular wire banded by hydrogen bonds (Figure 52).

Electrochemistry
Redox properties of the synthesized corroles were investigatad
by cydic voltammetry wunder different solution conditions. As
previcusly demonstrated for a related series of derivatives " the
ized mono-ligated DMS0 cobalt corroles are invariably
characterized by facile and reversible cne-electron reductions
im CH, i, or DMS0 (Figure 7 and Figure 57). This contrasts with
what i seen for the hexacoordinate bis-pyridine derivatives
where the first reduction in pyridine is imeversible and oocurs
at much more negative potentials™! The difference in redox
behavior between what is seen in CH,Cl,, DMSO or pyridine
was explained as being due to a different site of electron trans-
fer and a different electronic configuration of the redox active
form of the corrole in solution, the mono-DM30 adducts being
assigned as containing a Co" center and a non-innocent easily
reduced macrocydic ligand in CH,Cl, or DMS0 as compared to
& Co" center and a hard to reduce innocent maorocydic ligand
in pyridine where the first reduction involves a metal-centered
o"/Co" process followed by a boss of one or both axial ligands
after electron transfer. In other words, the reversibility of the
first reduction process and the small electronic effect of the
ligand on the potential values are in accordance with a Co"
center and a non-innocent macrocycle.

The difference in axial coordination and ligand innocence or
nonHinnocence also manifests itself in a difference of half-wave
potentials for the first one-electron omidation, this process be-
ing easiast (more negative potential) for oxdation of the cobalt
bis-pyridine derivatives in pyridine and harder (more positive
potential) for oxidation of the fowr- or five-coordinate cobalt
comoles in CHxCly or DMSD™

We anticipated observing facile one-electron reductions for
the newly synthesized mono-DM30 derivatives in the current
study and this is indeed the case as shown by the cyclic voltam-
mograms measured in DMS0 (Figure 7) or CHaOl; (Figure 57).
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Fgura 7. Cydic voltammograms of cobakt comoke complaxes TDMSD-
ADMED (= 1077w in DMED containing 01 » TEAR

1DMs0-2DMS0 in DMS0 (Figure 7) undergoes two reduc-
tential limits of the solvent. The first one-electron reduction is
kocated at By = -0.26 0 -0.42 ¥ and the second at -1.56 to
-1.70 ¥. The first one-electron oxidation ranges from Eyq = 037
to 047 V depending upon the spedfic meso-substituents. kn
addition, the absolste potential difference between the first re-
versible reduction and the first reversible oxidation of each
compound (the HOMO-LUMD gap) varied from 0.72 to .79 V
in DMS0, a range of values slightly smaller than the maasured
HOMO-LUMO gaps in CH,CL, where the potential separation
ranges from 0.75 to 0.E7 V (52 examples of cydic voltammo-
grams in Figure 57 and summary of half-wave potentials in
Table 5.

The binding of NHa to the newtral and singly oxidized cobalt
corrodes 1 to 4 is stronger than the binding of DMS0 to the
same series of compounds in CH,CL, and this is reflected in
large negative shifts of potential for the first one-electron ab-
straction, the measured E,. values ranging from 030 V for
1NH, to 005 W for 4NH, as seen in Figure & (and Figure 58).
Like potentials for electron abstraction from the mono-DS0
adducts, the measured half-wave potentials for oxidation of the
bis-NH, derivatives shift negatively with increasing electron-
donating character of substituents on the three meso-
rings of the macrocycle. However, it should be noted that the
substitwent effect of the meso-phenyl groups is larger for the
bis-MH, ligated Co' corroles than for the five-coordinate deriva-
tives (perhaps containing a Co" center and a non-innocent k-
gand], resulting in an increasing difference in By values be-
tween the first oidation of the same corrole with different axial



Tabla 5. Haf-wave or paak potentials (Eyg or En ¥ ws. SCE) for reductions: and the first two cxidations of the cobalt coroles in different solution conditicns

containing 0.1 s TEAP [sweap rate: 100 mii's).

Solution condithon Cpd Potentials (W v 5CE)

CHx, 10WE0 ] o A 1.z
HOkED 0Es sz -0 1884
aDkED 1148 na s - 1.2
ADME0 1145 == ] -037 178

D0 1DME0 gl 047 -03E -158
DME0 a4 040 -3z 160
DhE0 o 033 -39 -158
4DMED o7 037 T -170

THx, 1M 1174 L] 030 T -108 —1a2H
I, 1148 074 o4 -3 139 168
MM, 1144 L] 1l ~mg 121 —1aa
A 1145 DueE s -036 140 —178M

CHpOl (w1 % NHLOHD -, - - - - -
M, 074 o4 -3 1.
I s oo -oazE -1 1640
A 1] s 03 1788

ligands, from 170 mV in the case of compound 1 (047 W in
D#A50 and 030 V in CH;OL) to 320 m for compound &4 (037
s, 0,05 Vi

the others for the five- and/or four-coordinate species which
generate the o' corrole at potentials as positive as —0.07 to
-0.26 W as seen in Figure 8.

Evidence for dissociation of the MH, ligand(s) prior to elec-

FAa—— .,. o tron transfer is given in part by the shape of the current voltage
. ) __;""‘_ _ .-'f.-” curies which s consistent with a coupled chemical reaction
o _l.f ot prior to electron transfer (an electrochemical CE mechanism),
_—:ﬁi}'—“f”’ e in part by the fact that the first ll-defined) reduction potentials
T - . . . .
i = of the bis-MH- complexes in Figure 8 are almost identical to the
i r e LU AN i
/| i) 3, . : well-defined Fyy; values for the same cobalt cormoles bearing a
[ An s S single DMSO axial ligand in their synthesized air stable form
L _--_f’“ '—_;’,:#;".: - (Figure 7], namely, -0.19/-0.20 V for 2NHx and 2DMS0. 0.1 V
P By ' g for 3MH, and 3IDMS0 and -0.26/-0.27  for 4NHy and 4DMS0
— e Ay i (see Fgure 7 and Table 5), and in part by the current voltage
- - curves for TNH, to 4NH, obtained in CH,Cl, containing excess
A -’IT;I_”;_ — WH, added in the form of MH,OH.
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Figura 8. Cydic wokammograms of mbalt corole complaces THH;-SNH;
[ 1077 wa) i CHzC), containing 01 s TBAR

The oxidation of (CorkColNH,), o [(CorkfCofMH,L]* ooours in
the absence of coupled chemical reactions but this is not the
case for the reduction where a dissociation of one or both MH,
aial lhgands is proposed to ooowr pror to electron transfer, thus
leading to several competing reduction pathways, one for the
sin-coordinate complex which is the most difficult to reduce
and located at Eyy; values more negative than -1.0 W vs. 3CE and
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Figure 9. Cydic voltammograms of 4DMS0 in 2) CHy, B) DMSO and o
myriding containing 01 m TBAR



Examples of cyclic voltammograms under these later solu-
tion conditions are given in Figure 58 for 2MH., 3NH, and
4NH.. For all three corroles, the half-wave potentials of the two
owidations are the same as in the CHz Ol solvent without added
NH, (Figure &), consistent with the proposed [(CoriColNHsl]™*
redox process. However, when MH; is added to solution, a di-
minished current intensity is seen in the first reduction peak as
the equilibrium is shifted towards the harder to reduece bis-liga-
ted form of the corrole in solution.

As mentioned abowe, the average HOMO-LLUMO gap of the
four mono-DMS0 adducts 1DMS0 to ADMS0 decreases from
825 mV im OH,CL, (Figure 571 to 705 mV in DMS0 (Figure 7) and
the gap decreases even further for the bis-MH. adducts where
the separation between the first oxidation and first reduction is
330 mY¥ for 2MHz in CHxCL: and 310 mV for 4MH, under the

same solution conditions (see Figure 8). In each case, the de-
creasa in the measured gap is atinbuted for the most part to a
shift of the HOMO towards an easier oxidation. As shown in
Figure 9, the measured E,4 value for the one-electron abstrac-
tion of ADMS0 varies from 0.59 to 037 V upon going from
CH:Cl; to DMS0 and from 037 to 019 W upon going from
D=0 to pyridine.

Spectroelectrochemistry

The singly cxidized and singly reduced forms of mono-DMS0
and bis-ammonia corroles were characterized by thin-layer UV/
Visible spectroelectrochemistry and examples of the resulting
spectral changes are illustrated in Figure 10 for compounds
ADMS0O and 4MH. under different solution conditions. The
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spactral changes obtained during reduction of 4DMSO are es-
sentially independent of solvent as shown in Figure 100 where
the Soret band of the neutral cormole shifts from 379/381 to
420421 nm and the single visible band at 561/563 nm of the
wnireduced compound is replaced by two visible bands located
between 570 and 618 nm after the addition of one-electron.

The spectrum of [4ADMS0]- is assigned as containing an unli-
gated Co" central metal ion and wvirtually the same UN/Visible
spectrum is obtained after the reduction of 4MHs in CHXCL
under an M; or MH. atmosphers, thus suggesting a similar
square planar Co" electroreduction product. However, as men-
tioned earier in the manuscoript, a partial dissociation of one or
both MH: ligands occurs for 4NHs when dissolved in CHRCL
unider Nz but the original bis-NHy adduct can be easily regener-
ated under an NH.: atmosphere or when NH;OH s added to
soluticn. This is shown by the spectroscopic data in Figure 10
where the initial spectrum of 4NH, under N, is identical to that
of fowr- or five-coordinate ADMS0 species but conwverts to that
of the onginal bis-MNH, addwct when NH, gas is bubbled
throwgh the solution. Under these conditions, the neutral six-
coordinate complex is characterized by a split Soret band at
437 and 452 nm and an intense six-coondinate marker band at
624 mm as shown in Figure 10. This spectrum is assigned to
the Co" corole which is then converted to its Co® form after
controlled potential reduction at —1.00 ¥ in the thin layer cell
The zame spectral product is obtained after the one-slectron
omidation of 4NH, under N, or NH, and this speces, with a split
Soret band between 403 and 419 nm and a broad O band
between 600 and 725 nm is assigned as a six-coordinate Co™
n-cation radical. Singly oxidized ADMSO has a similar spectrum
in DME0 which is assigned to the bis-DMS0 Co™ n-cation radi-
cal but this spectrum differs substantially from the spectrum of
singly oxidized 4ADMS0 in CHLOL.

Conclusions

In summary, we have reported and characterized the electro-
chemistry and spectroscopic properties of mono-DM30 and
bis-ammonia cobalt corroles in CHLCL, D85S0 and CH,OLS
MH,0H mixtures. The ligated DM20 axial igand can be replaced
by two ammonia molecules, shifting from a pentacoordinate
cobalt corrole to a hexacoordinate one. The two ammonia mo-
lecules can be removed to smoothly access the tetra-coondi-
nated the cobalt corrole, the active form of the compound able
to selectively bind carfron monoxide. The formation of penta-
coordinate cobalt corroles in the case of the DMSD and COD
derivatives and hexacoordinate derivatives in the case of NH.
and pyridine axial ligands is obsarved i and also
observed by a DFT computational study. Thus, the theoretical
predictions are in agreement with results from an X-ray deter-
mination on one compound and a vanety of experimental data
on all of the examined derivatives, which were characterized by
electrochemistry, UWV/Visible and 'H NMR, spectroscopy and
mass spectrometry.

Experimantal Section

Materials and Instrumentation: All chemicals and solvents wers
of the highest grade avallsble and were used without further purifi-

cation. Dichloromethane iTH-CL) and pyridine (Py) were purchased
from Sigma Aldrich Co. and used as received. Tetra-n-butyl-ammeon-

wm perchiorate (TEAP), wed & supporting electrolyte, was ob-
tainad from Sigma Chemical Coo

Silica gels 60 (70-230 and 230400 mesh, Sigma Aldnch) were usad
for column chroma . Reactions were monitored by thin-
layer chromatography, Uvivisible spectroscopy and mass spectrom-
etry. CDCh was wsed &5 & solvent for 'H NMR spactra which were
recorded on a Eruker AVANCE Nl spectrometer (500 MHz). The mess-
urements were made at the PACSMUE-WPCM technological plat-
form, which relies on the “Institut de Chimie Moléculalre de 'Uni-
versie de Bourgogne” and wellence “TM", & Burgundy University
private subsidiary. Chemical shifis were expressad In ppm. For
1DMSO-ADMS0, NHy of NaH-H20 was added o enhance resolu-
tion of the spectra. Mass spectrs were recorded on & Eruker
Uliraflex Extreme MALD Tandem TOF Mass Spectrometer using di-
thranol &5 the matrix o on & LT Orbitrap XL (Thermo) Instrament
In the E51 made ifor the HAMS spectra). Low-resolution mass spec-
tra {LAMS) were recorded on & Thermo Scentific™ M5S0 Plus™ singls
quadrupole mass spectrometer equipped with an electrospray lonl-
zation (ES sounce. All LAMS mass spectrs were recorded In the
peositive mode (ESY) using the following parameters: “full scan®,
250-1250 amu, dats type: centrold, neadle voltage: 3.0 kv, de-
tector woltage: 1100 ¥, probe tempersture: 350 °C, cone voltage: 10
W oor 75 W and scan Himes 1 5 Sample preparation: Stock solution
{1 mgvmL} of cobalt corroles were prepared In CH,CHL Dilution by
& factor = 20 was schieved In CHyCRMHLO (21, wivi and the resuliing
solution (ca. 600 pLI was directly analyzed by ESHMS [direct infusion
mode with & syringe pump, cone veltage: 75 V1L To assess the chels-
tion of DM30 and NHa molecules, 2 pL of an aq. DMSO solution
{25 % In water, ) of NH,OH was added to & dilute ssmple prior
to Injection through a direct Infusion mode (cone voltage: 10 V.

Infrared specira were recorded In the solld state on an FT IR Eruker
Viertex 70w, using KEr pellets. Uhvisible spectra were necosded with
& Hewlatt-Packand Model 8453 diode amray spectrophotometer or
with a Varlan Cary 50. Cyclic voltsmmetry was carried out af 298 K
at 100 my/s sweep rate using an EGEG Princeton Applied Research
173 potentiostst/galvancstst. A thres-electrode system was usad
for cyclic voltsmmetric measurements snd consisted of & glassy
carbon working electrode, & platinum counter electrods and a satu-
rated calomel reference electrode (SCE). The SCE was separsted
from the bulk of the sohution by & fritad glass brdge of low porcs-
m:mh:h contalned the solvent/supporting electrolyte mbdure.

layer Uvnvisible spactroelactrochemicsl expenments wene per-
formed with & commendal spectroslectrochemical call purchased
from Pine Instrument inC. Potentlsls were applied and monioned
with an EGEG PAR Model 173 patenticstat. High purtty Ny from
Trigas was used to deaxygenate the solution and a stream of nittro-
gen was kept ower the solution during each electrochemical and
speciroelectrochemical expedment. Thermogravimetric (TGA) anal-
yses were recorded using a Netzsch STA 409 PC thermal analyzer.
The samples {approximately 7.0 mg) were hested from 298 to 1273
K with & heating rate of 5 Kmin" under a flow of nitrogen
30 mL min-"} and axygen (10 mL min-").

DFT Computstional Detalls: Quantum mechanics calculstions
were performed with the Gausslan0d software 1 Enargy
and forces were computed by density functional th with the
hybeid E3LYP exchange-comelation functional. Dispersion effects are
included through the empircal correction of Grimme with the
Becke—lohnson damping schems. ™ Previous studies have shown

that this level accurstely reproduces geometries and energles of
cobalt cormole comiplewes =17



The solvent effects were modelled using & poladzable continuum
medeF 1 [PCM) a5 Implemented In Gaussland® to describe the di-
chlommethane bulk medium. Geometries were optimized and char-
actertred with the &31+Gid, pi basks sets for all stoms. Freguency
caloulations were performed to ensure the sbsence of any Imagl-
nary frequencies on bocal minima, and the presence of only one
Imaginary frequency on transition states. Gibbs free enengles were
computed st 208K and 1 stm. using the electronic energies and
fregquendies computed st the 631+G(d, pi level

Synthesis of Free-base and Mono-DMS0 Cobalt Corroles. Gen-
eral Procedure: The free-base comoles trisi26-dich
cormole  (TH),  10-(4-methoaycarbonylphemyll-5.15-dimesitylcomols
(3], triphenylcomole (3HL, 100246 trimethoryphenyl-5,15-d-
{4H) were synthestzed sccording to procedures. re-
and co-workers ™ Each free-base comole, TH, 2H,
2H or 4H, (1.0 equiv) was sdded to a solution of cobalt acetate
tetrahydrate (47 ma, 189 pmol, 1.2 equiv) with DMS0 (20 mL) in &
round-bottomed flask after which the resction mbcture was stirmed
at B0 T fior 40 minutes and then cooled to room temperature. The
crude mixture, Crude-Co, was poured Into & cobd Madl squeous
soluthon (0.8 mi, the resulting suspension was filtered, and the solid
was washed five times with water and dried owemight in vaouo.
The obtained dark red powder was charscterized as the mono-
DM30 ligated complex 1DMS0, 2DMS0, IDMS0 or ADMS0.

Synthesks of Bis-MH; Cobalt Corroles: The crude mibcture. Crude-
Co, obtained In the previous metslstion step, was dissolved In
150 mL of dichloromethane, the organic phase washed four times
(100 miL sach) with an squeous 0.4 & ammonls solution, followed
by addition of five drops. of 25 % aqueous ammaonis to the solution.
Methanol (50 mL} was sdded to the organic phase and dichloro-
methane removed, affording the desired product The solid was
then filtered snd dried cvemnight A dark green powder was ob-
tainied snd charsctenzed a5 the s-MH; lgated cobalt comole TNH=.
2NH;. TNH; or ANH,.

i€1,Ph);CorCo[DMS0] (1DMSOfk: 89 % yield (124 mg). UVAVEble
(toluene, 1% DMSOE Ao (E 2 1077 Lmol™" am-) 381 (51.9), 570
(1CL6) nm. TH NMR [500 MHz, C0Ch + NHy (gl & = 913 {d, 3w =
4.1 Hz, 2 H), 852 [d, Ty = 4.7 Hz, 2 H), 852 [d, Ty = 4.1 Hz, 2
H), 849 [d, iy, = 47 Hz 2 H), 774 (d, Ty, = B6 HE, 6 H, 764
750 (m, 3 H), 260 {5 & H), -6.59 {5, 6 H} ppm. M5 [MALDITOF)
mfz = T85.73 [M - DMSOH*, 78589 calod. for €y H, ,Cl,CoN,. HR-MS
(E3: myz = 7858833 [M - DMSDT- 7858911 calod. for
o H,,Cl,C0M,. DMS0 content by TGA: Am (calod for 1 DMSD
Iigated) = 1146 % (1010 %), Toer = 124 °C, Tona = 235 C

(c1,Ph)y CorColNH, ), [THH,k 75 % yield (102 mgl. UNAVsible (tols-
ene, 1% NH,OHE 4, (B 1077 Lmol" om-") 440 [93.2), 451 (87.3),
514 (5.5), 585 [19.1), 617 (32.7) nm. "H NMR [500 MHz, CDCL, + HH,
gk & =914 [d, *hyw = 4.1 Hz, 2 H), 862 [d, Thew = 46 Hz, 2 H),
853 §d, "Jyw = 41 HEZ 2 H), 849 i, Yy = 46 HE 2 H, 7.75 Im, &
H], 762 (m, T H}, -6.61 i5, & H) ppm. M5 [MALDFTOF) méz = 7BS.77
[M - ZMH,I*, 785.89 calod. fior o H, Ol 00N, MS (ESH miz = 82030
[MI*, 819.94 calcd, for C, H,,Cl,CoN,. HR-MS (ESI: myz = 7B5.8943
[M - ZMH,*, TBS8911 calcd. for Cy,H,0,CoN,. MH, content by
TGA: Am (cabod for 2 HH, Bgated) = 4.66 % (4.16%), T, =113°C,
Tonat = 176 "C IR ¥ = 3360, 3260 cm™".

(Co merhlMes, CorColDMS0) (ZDMS0): 88 % vield 211 mgl. Uy
Visible (toluene, 1% DMSO): 4, {E = 1077 Lamol? cm") 383 (62.9),
563 (13.1) nm. "H NMR [500 MHz, CDCl, + NH, (gl]: 4 = 8.98 4,
g = 41 HE 2 H), B62 (d, Uy = 47 HZ 2 H B59 (d, Uy, =
4.7 Hz, 2 H), 842 (d, Thyy = 4.1 Hz, 2 H), 837 (d, Ty =79 Hz, 2
Hl, B26 (d, Ty = 7.9 Hz 2 H), 722 (5. 4 H), 402 (5, 3 H), 256 (5. &

H), 255 (5, & H, 186 [5, 12 H}, -6.58 {5, & H} ppm. MS (MALDETOF)
miz = T23.75 M - DMSOT-, 72422 calod for CHyCoMeD,. WS
{ESN myz = 80230 [M}*, B02.24 calod for CorHyCoML0,5. HA-MS
(ESl: miz = FI42363 [M - DMSO:, 7243043 caled for
€3y COM,0;. DMSO content by TGA: Am fcabod. for 1 DMSD
ligated) = 12.25 % (1076 %), T,..,, = 144 °C, T,y = 208 °C.

C0zMePh Mes; CorColMH;]2 [ZMHa): 34 % yield (151 mo). ik
ble (toluzne, 1% MHYOHE L, (B = 1077 Lol cm) 438 (532,
461 (S89), 514 (B2}, 584 (93], 623 (25.00 nm. "H MMR [500 MHZ,
CDCl, + MHy (Qik & = 905 fd, Uy, = 1 Hz, 2 H), 868 d, Ty, =
4.6 Hz, 2 H), 8.66 [d, 1, = 4.6 HZ, 2 H), B49 id, Tl = 41 HE, 2
H), B39 (d, ", = B2 HE, 2 H, 832 {d, Y, = 82 Hz, 2 H), 736 i5,
4 Hl, 407 5, 3 H), 261 is. & H), 1.90 {5, 12 H), -6.61 [, & H) ppm.
M5 [MALDFTOF) miz = T248E [M - INHiI* 72422 walod. for
CasHarCoM,02. M5 (ES) mfz = 75826 M- 75628 calod for
CauH o CoM 0. HR-MS [ESIE myz = 7247244 [M — INH,[*, 7243243
cabod, for CoH,, CoM,0,. NH, content by TGA: Am (cakcod. for 2 NH,
ligated) = 541 % (476 %), T = 100 ", Tpe = ITS "L IR ¥ =
3338, 3257 am .

PhyCorCo{DMSD) (2DMS0): 71 % yield (70 mag). UWnvisible itolu-
eng, 1% DMS0): A, [ = 1077 Lmob" cmr') 387 (77.0), 566 (14.1)
nm. "H HMR [500 MHz, COCL + NH, [gil 8 = 9.07 (d, “y,, = 41 Hz,
2 Hy, B9 [d, Yy = 47 Hz, 2 H), BLP4-867 (m, 4 H), 822 id, Yy =
7.4 HZ, 4 H), 8.4 td, "figy = 7.4 HZ, 2 H), 772-7.56 (M, 9 H), 252 i5,
& H), -647 (s, 6 H) ppm. M5 (MALDITOF) mfz = SB171 [M -
DMSOT, 58212 caled. for CasHayCobl. MS (ESI) myz = 66033 [MI
660.14 calod for CogHpsCoMyDS. HR-MS (ESN: miz = 5821257 [M -
DMSOT™, 582.1249 calod. for C,,HCo,. DMSD content by TGA:
Am jcalcd. for 1 DMSO bgated) = 10.53 % (1120 %), T, = 120°C,
Ty = 193 °C.

PhyCorCo(NHz )z [3NH;k ﬂﬂ'l'npﬂld (237 mgl. UV (toluene, 1%
HH,OHE: 4. {8 107 L-mol" cmr') 436 (29.0), 455 (25.0), 526
(3.0, 585 [4.7), 629 {12.0) nm. "H MR [500 MHz, CD01, + NH, {g)]:
& = 008 §d, Yy, = 32 HZ 2 HY, 891 (d, Uy, = 432 HL 2 H), 872
im, 4 H), B33 (d, U, = 74 He, 4 HL, 815 (d, 4y = 74 Hz, 2 H),
764 {m, 9 H), —6.46 [5, & H} ppm. MS [MALDFTOF) myz = SE2.64 [M
— PHHa]*, 5B2.17 calcdl for CypHgCoMy. M5 (ESI) myz = 61620 [M]-,
61618 calcd. fior CapHpeloby HR-MS (ESD: miz = 5821252 M -
2NH,]*, 5821249 calcd. for €y H,CoM,. NH, content by TGA: Am
icalod. for 2 MH, ligated) = 445 % 472 %), T, = 100°C, T,u =
172 °C IR ¥ = 3338 cm", 3257 omr . IR 3413, 3352 cmr .

[ioMel;PhlMes CorCo{DMS0) (ADMS0): B3 % yield (153 mg). UV
Visibila (toduens, 1 % DMSO): dma (8 x 107 Lamol ™ o) 380 (53.4,
564 (14.1] nm. "H NMR (500 MHz, CDCL, + 1% NHNHpH Ok & =
900 (d, Uy, = 40 Hz, 7 H), 855 [d, U, = 45 Hz, 2 H), B.49 (d,
Uiy = 45 HZ, 2 H), 8.4 [d, Y4y, = 40 Hz, 2 H), 725 (5, 4 H), 654
is, 2 Hy, 407 (s, 3 H, 348 (s, & H), 260 {m, 12 H), 1.88 is. 12 HL
-3.69 {5, 4 H) ppm. M5 {MALDI-TOR) myz = 756.00 [M — DMSOT,
75625 cabod. for CogHay CoMeDn. MS (ESD myZ = 3434 [M]*-, 834.27
calod for CopHeDob0eS. HRE-MS (ESI: miz = 7562507 [M -
DMSOT, 7562506 calod. for C, H,, CoNyOy. DMSO content by TGA:
Am (caled for 1 DMS0 lgated) = 988 % 1960 %), T = 158 °C,
Ty = 33 °C

[i0Me};Ph]MesCorCo(NHz ) (4NH;): B4 % yleld (180 mg). LWV
ble (toluene, 1% MHoOHE dme (B 1077 Lmol ™ cm') 434 (553),
453 (55.9), 514 (62, 565 [10.0), 624 (24.9) nim. "H NMR (500 MHZ,
€0, + 1% MHMHH, O & = 9.05 (d, “hyy, = 4.1 Hz 2 H, 861 {d,
e = 45 Hz, 2 H) B5S [d, Thy, = 45 Hz, 2 H, B9 0, Yy, =
4.1 Hz, 2 H}, 7.29 (5, 4 H} 6.58 {5, 2 H), 411 (5, 3 H, 3.52 i5, & H}, 264
is, & H), 1.93 (5, 12 H), ~4.18 (5, 4 H) ppm. MS MALDETOF) m/z =
756,08 [M - ZNHa]*, 75625 calod. for CagHyr COMeOy. WS (ES) miz =



FOO30 [M]*, 79030 calod. for CygHaCoMe0y. HR-MS (ESD: miz =
562507 [M - IMHal*, 7562505 calod. for CagHyr CoMaOy. MHy con-
mhrmmuﬂ:dh]ﬂml;m:3.lliﬁﬁﬂm1,_:
42 °C, T = 120 . IR ¥ = 3357, 3261 am™".

Crystal Structure Determination of 4H and TMH,: Light violst
needle-shaped crystak of free-base 4H were llized from &
mibcture of water and acetone by show evaporation and a sultable
crystal (025 x 020 x .08} mm” was mounted with MITIGEN holder
oll on & Bruker DB VEMTURE diffrsctometer and kept at 10001) K
during dats collection. For the cobalt cormols 1MH;, dear dark violst
plate-shaped crystals weee obtalned from a mibchure of hexane and
DM by show evaporation and a suttsble crystal (022 s 020 » 0.15)
mim? was selected for structure determination. Both arystals were
examined with Olex 2" and the structures solved with the
ShalTl'= structure solution program, using the Intrinsic Phasing
soluffon method The model was refined with version 2016/ of
ShalXL™ wsing least-squares minimization. Additionsl detalls e
given In supporting Information.

Crystal Data for Free-base Comole 8H: CuoHaoMa0w, M, = 75853,
monoclinic, F2,/c (Mo, 14], @ = 75501(2) A b = M4E157E) A, ¢ =
21EM2T A, f = OFNGS(IC, o = y = OF, ¥ = 4070702 A%, T =
101 K, 2= 4, Z = 1, W0u-K,) = 0,624, 35965 reflactions messurad,
TFUT5 unique (R, = 009&32) which were used In all caloulations. The
fimal witz was 01167 (all dats) and B, was QuISS5E [7 = 200

Crystal Data for 1MHz: CryHeCl 20002, M= 1689.57, monodinic,
P2y/c MO 14), @ = 127200(5) A, b = 7302203) A, £ = 3BT166016) A,
F=METNY, a=y =0, V=354720 A", T= 10001} K, 2= 2,
2= 05, 0K ) = 8.372, 21938 reflections measured, 6253 undgue
(R = 0L0BZ5) which were used In all calculstions. The final wi, was
02447 (all dsts) and B, was 0.0955 [ > 2000,

Supporting Information (see footnote on the fist pege of this
artide): UV/Visible specira, cyclic voltammograms, MALDUTOF M5
spectra, "H MMR, ESR spectra and OF file giving crystallographic
data fior compound 1MH; and compound free-base corrole 4H, se-
lected bond lengths and angles as well as XYZ coordinates [DFT
caloulations).

CCDC 1812155 (for TNH,), and 181709 (for fres-base cormole 4H)

contaln the supplementary crystallographic data for this paper
These data can be obtained free of charge from The Cambridge

Crystallographic Data Centre.
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