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Trans-Influence of Cyanide on the Structural and Electronic Properties of a

Series of Organocobalt(TIM) Complexes

Leobardo Rodriguez Segura and Tong Ren*

ABSTRACT: The trans influence of anionic ligands on the nature of the cobalt-carbon bond in
trans-[Co(TIM)RX]"-type complexes (R is a C-bound ligand and TIM is 2,3,9,10-tetramethyl-
1,4,8,11-tetraazacyclotetradeca-1,3,8,10-tetraene) was probed through the incorporation of
cyanide as the second monoanionic axial ligand (X). Salt metathesis reactions between KCN and
corresponding halide precursors readily generated trans-[Co(TIM)(C(CH,)Ph)(CN)]* (1), trans-
[Co(TIM")(C(CH3)CgHy-4-Bu)(CN)]* (2, TIM" is the reduced TIM derivative following the
formation of an aza-cobalt-cyclopropane moiety), and trans-[Co(TIM)(CH3)(CN)]" (3).
Molecular structures of 1 and 2 were established via single-crystal X-ray diffraction studies. FT-
IR spectroscopy revealed a red-shift in the v(C=N) stretching frequency from 1 to 3 to 2. The
absorption spectra of 1-3 exhibit d—d bands which are substantially blue-shifted from their halide
precursors as a result of the enhanced ligand field imbued by the cyanide. Cyclic
voltammograms of 1 and 3 consist of an irreversible Co™*3 oxidation and an irreversible Co*3/*2
reduction. In 2, a reversible Co-centered reduction is observed at -1.75 V vs Fc¢™0, Also reported
are the crystal structures of trans-[Co(TIM)(CN),]PF (4), trans-[Co(TIM)(CH3)I]PF¢ (5) and
trans-[Co(TIM)(CHj3),]PFg (6). The m-accepting capabilities of the cyanide reduce the dn(Co)-
n*(imine) backdonation in 4, while the solely strong o-donating nature of the -CH; ligands in 6

exert a large trans influence and significantly increase the Co-TIM interactions.
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Introduction

The inorganic and organometallic properties of vitamin B, (predominately as the active
cofactors, methylcobalamin and adenosylcobalamin) and its model complexes have inspired
chemists since the structural determination of vitamin B;, by Hodgkin.!: 2 More recently, there
has been an increased emphasis on the role of these organocobalt(Ill) complexes as Nature-
inspired, environmentally benign catalysts for organic transformations. Specifically, the ability
of the cobalt-carbon bond to undergo homolytic cleavage under mild conditions to afford carbon-
centered radicals enables access to a vast number of desirable carbon-carbon bond forming
reactions, such as radical additions, ring expansion, and C-H activation.> # Creative applications
of vitamin B, in cooperative photocatalytic systems have achieved even more diverse reactivity,
including regioselective epoxide arylation and reduction.’

Among the vitamin B;; model complexes, extensive attention has been given to bis-
dimethylglyoxime cobalt complexes, or cobaloximes, (Type A, Scheme 1).6® Notably, the two
equatorial glyoximato ligands yield a pseudomacrocyclic framework around the cobalt center
with a combined dianionic charge. In contrast, cobalamins are supported by a highly conjugated,
monoanionic corrin ring (Type B, Scheme 1). Nonetheless, both species typically bear a L-type
ligand (L = neutral ligand; commonly a weak Lewis base) in the trans position relative to the R
group, and substantial work on the influence of these ligands on the nature of the cobalt-carbon

bond, and vice versa, has been performed.®
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bis-dimethyl corrin (B) TIM (C)
glyoxime (A)
Scheme 1. Equatorial ligands in vitamin B, and model systems.

On the other hand, significantly less consideration has been devoted to vitamin B, model
systems bearing X-type ligands (X = monoanionic ligand) in the analogous trans position.'> 12 A
related family of Co' complexes is based on TIM (2,3,9,10-tetramethyl-1,4,8,11-
tetraazacyclotetradeca-1,3,8,10-tetraene; type C in Scheme 1), where the Co™ center is
substantially more electron-deficient than those in types A and B due to TIM being neutral. The
combined effects of an electron-deficient Co!'' center and the trans anionic ligand are expected to
impact the cobalt-carbon bond in organocobalt™(TIM) complexes. Plausibly, these cis- and
trans-influences have played a role in the surprisingly limited number of examples of previously
reported alkyl trans-[RCo"(TIM)X]*-type complexes (R = -CH3 or -CH,C4¢Hs; X = halide or -
CH;).13 14

As part of ongoing efforts in developing organometallic compounds based on the
combination of 3d metal ions and tetraaza macrocycles,'> 1® we recently detailed the formation of
trans-[Co"(TIM)(C(CH,)Ar)CI]PF4 complexes (Ar = -CgHs, -CgFs, and -CgHy-4-'Bu), in which
the organic group bonded to the cobalt center is sp” hybridized (see Scheme 2), as alternatives to
the less accessible alkyl complexes.!” Interestingly, trans-[Co(TIM")(C(CH;)Ar)Cl]*-type
complexes (Ar = -C¢Hs and -C¢H;-4-'Bu) were also observed wherein an aza-cobalt-
cyclopropane moiety was generated from the formation of a new C-N bond between the axially

bonded alkenyl and the TIM macrocycle. As a result, the adjacent imine unit in the TIM ligand
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was reduced to an amine to give the TIM" derivative and a Co-C(sp®) bond. Seeking to gain
further insight into the frans-influence of anionic ligands (X-type), as opposed to neutral ligands
(L-type), on the cobalt-carbon bond with various R groups, we have substituted the halide in
trans-[Co(TIM)(C(CH,)Ph)X]*, trans-[Co(TIM")(C(CH3)C¢Hy-4-Bu)X]", and trans-
[Co(TIM)(CH3)X]" complexes with cyanide to yield trans-[Co(TIM)(C(CH,)Ph)(CN)]* (1),
trans-[Co(TIM")(C(CH3)CgHy-4-Bu)(CN)]*  (2), and trans-[Co(TIM)(CH3)(CN)]"  (3),
respectively. Moreover, the stretching frequency of the cyanide is expected to be impacted by the
R ligand; therefore, information on the trans influence of R may be extrapolated.'® Similar
studies for Col macrocyclic complexes by Endicott and coworkers revealed that synergistic trans
influences for the low spin Co!' species (generated in situ via pulse radiolysis) could play a major
role in inner-sphere electron transfer reactions.!® These cyanide complexes may offer innovative
opportunities given that cyanide-bearing vitamin B;, derivates have been shown to behave as
homogeneous electrocatalysts for water oxidation?® and as photothermal conversion catalysts to
promote atom transfer radical polymerizations.?! The new cyanide complexes, 1-3, (see Scheme
2) have been characterized using single crystal X-ray diffraction studies, absorption and FT-IR
spectroscopies, and through electrochemical studies. Additionally, we report the first
crystallographic structures of trans-[Co(TIM)(CN),]PF¢ (4),%? trans-[Co(TIM)(CH;)I]PF¢ (5),!3
and trans-[Co(TIM)(CHj3),]PFs (6)'# in order to probe and classify the structural properties of

these complexes.

Results and discussion

Synthesis. The reaction between trans-[Co(TIM)(C(CH,)Ph)CI]PF¢ and 2 equiv of KCN

in a 2/1 CH30H/CH;CN solvent mixture resulted in the very rapid formation of trans-
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[Co(TIM)(C(CH,)Ph)(CN)]PF4 (1) as a yellow solution. The use of excess KCN (> 3 molar
equivalences) resulted in facile degradation to yield a light brown solution. A similar brown
degradation product was observed if the reaction was left to stir for greater than 0.5 h. Therefore,
the solvent was removed from the crude reaction mixture of 1 (<10 min after the addition of
KCN), and the remaining red-orange residue was redissolved in acetone prior to filtering over
Celite to remove the excess K salts. Analytically pure 1 was obtained from ether/acetone
recrystallization. Comparable reactions and observations were made for the synthesis and
purification of trans-[Co(TIM")(C(CH3)C¢H4-4-Bu)(CN)]PF, (2), trans-
[Co(TIM)(CH3)(CN)]PFs (3), and trans-[Co(TIM)(CN),]PFs (4), which were isolated in
moderate to high yields ranging between 74—88%. A previously published synthetic procedure
for 4 involves reacting aqueous [Co(TIM)CIL;]PF¢ with NaCN in large excess, followed by
purification on ion exchange column.?? All the cyanide complexes appear to be indefinitely
stable as solids, but degrade significantly in CH;OH and CH;CN solutions at room temperature.
Solutions stored at -15 °C are stable up to several weeks. Notably, solutions of complex 2,
bearing the aza-cobalt-cyclopropane moiety, appear to be the most stable while those of the di-

cyano complex, 4, are the least stable.

‘Bu
o0 o0 o
/N\ /N\\/ /N\ /N\\( /N\ /N\\/
X— \—/C\o/)\ X— \—/C\o Py X— \_/C\O/)\ R
X=-CP X=-CI X=-CN R=-CH;(3)

-CN (1) -CN (2) -CN -CN (4)
I -CH5 (5)°
CHs -CHs (6)7

Scheme 2. Organocobalt"'(TIM) complexes; complexes previously reported in references 17¢,

225, 13¢, and 149.
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The previously reported synthesis of trans-[Co(TIM)(CH;)CI]" starts with the addition of

NaBH, to trans-[Co(TIM)Cl,]" to generate a nucleophilic Co!(TIM) intermediate, which reacts
with Mel under an inert atmosphere.!3 Efforts to obtain the mono-alkyl complex in a similar
fashion resulted in an abundance of trans-[Co(TIM)(CH;)I]PFg4 (5) in our hands, where the use
of excess Mel favored a replacement of the trans chloride ligand with an iodide. Moreover, it
was found that careful purification over silica using a 1/9 acetone/CH,Cl, solvent mixture
afforded 5 in 27%, while isolation of a chloro- derivative was not achieved. In the literature, the
subsequent reaction of trans-[Co(TIM)(CH;)X]* with Mel upon reduction with NaBH, resulted
in trans-[Co(TIM)(CH3),]" (6).'* Interestingly, an alternative literature procedure describes the
synthesis of 6 directly from [Co(TIM)CIL,]" using NaBH,; and Mel with no mention of a
protective inert atmosphere.?* The latter procedure for 6 was employed in this work, except that
the PF4 counterion was used instead of the reported C10,4 salt.
Molecular Structures. The structures for both new compounds 1 and 2, and previously
synthesized but structurally unknown compounds 4-6 were determined via single crystal X-ray
diffraction and are shown in Fig. 1 and 2. Selected bond lengths and angles are provided in Table
1, and additional details regarding the data collection and structure refinement are provided in
the ESI (Table S1). All complexes assume a pseudo-octahedral geometry with the TIM (or TIM"
in 2) ligand occupying the equatorial positions.

Table 1. Selected bond lengths (A) and angles (°) for compounds 1, 2, and 4-6

1 2 4 5 6

Co-C 2.036(2)  1.995(2) - 2.009(3) 2.077(3)

Co-I/C(EN)  1.951(2) 1.982(2) 1.915(1) 2.7090(5) -

Co-N,, 1.914[3]  -- 1.925[2] 1.916[3] 1.889[4]

C=N 1.1442)  1.129(3) 1.150(2) - -

C=Nrma ~ 1.291[4]  1.287[4]*  1.290[3] 1.293[4] 1.293[7]
6
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C-Crimay 1.479[3] 1.4713)*  1.481(2) 1.476[5] 1.442[6]

“Bond lengths reported for the intact a-diimine unit.

In the alkenyl-bearing cyanide complex, 1, a Co-C bond length to the alkenyl ligand of
2.036(2) A is observed, which is slightly contracted from that (2.044(2) A) in the precursor
complex, [Co(TIM)(C(CH,)Ph)CI]".!'” Given that cyanide is a strong c-donor and chloride is
only a weak m-donor, the Co-C bond contraction was unanticipated. It is plausible that the strong
n-acidity of the cyanide reduces the electron density at the Co center, resulting in the slight
shortening of the cobalt-alkenyl bond. Across the cobalt center, the mutual ¢rans influence of the
alkenyl can be seen in the Co-C(=N) bond length of 1.951(2) A.

The molecular structure of 2 confirms that the aza-cobalt-cyclopropane moiety is
preserved upon the substitution of chloride with cyanide. Within the three-member ring, no
significant structural differences in the bonds and angles are noted between 2 and the chloride
precursor.!” The TIM" macrocycle, in which an imine unit is reduced to generate a new bond
between the amido nitrogen and the a-carbon of the axial ethylbenzene ligand, is also not
impacted structurally by the cyanide. On the other hand, the Co-C(=N) bond length is 1.982(2)
A, elongated from that in 1. This is consistent with a stronger trans influence exerted by the alkyl
group from the three-member ring. Interestingly, the cyanide in 2 leads to a cobalt-carbon bond
distance of 1.995(2) A, which is significantly lengthened compared to the analogous bond in
[Co(TIM")(C(CH3)C¢H4-4-Bu)CI]* (1.967(2) A).'7 The lengthening of the Co-C bond is in
agreement with the stronger electron donating ability of the cyanide relative to the chloride. The
altered TIM" ligand may exert a cis influence which results in the elongation of the cobalt-

carbon bond unlike the contraction observed above in 1.
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Fig 1. ORTEP plot of 1 (top) and 2 (bottom) at 30% probability level. H atoms, PF¢ counterions,
and solvent molecules are omitted for clarity.

The previously unknown molecular structure of the di-cyano complex, 4 (see Fig. 2), is
determined and serves to provide further insight into the structural influence of the cyanide
ligand. Relative to the alkenyl-bearing complex, 1, the Co-C(=N) bond in 4 is noticeably
shortened to 1.915(1) A. The highly symmetrical cyanide ligands are both m-acceptors, which
allow the axial ligands to withdraw electron density away from the metal center. Consequently, a

slight increase in the Co-N,, is observed in 4, implying that the dn(Co)-n*(imine) backdonation
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is reduced. Interestingly, the averaged Co-C(=N) bond length is nearly the same as those in other
structurally similar complexes, namely trans-bis(dimethylglyoximato)(dicyano)cobalt(IIT)**
(~1914 A) and 2,3,9,10-tetramethyl-1,4,8,11-tetraazaundecane-1,3,8,10-tetraen-11-ol-1-
olatodicyanocobalt(II1)?5 (~1.913 A). This correlation would suggest that anionic charges, or lack
thereof, on the equatorial ligand(s) do not have considerable impact on the axially bonded
cyanide ligands.

The structures for 5 and 6 (Fig. 2, middle and bottom, respectively) represent the first
examples of Co(TIM) complexes bearing axial alkyl ligands. In particular, the structure of 6 is a
rare example of a cobalt di-alkyl supported by a macrocyclic ligand.?% 27 In the structure of 5, the
bond lengths within the macrocycle are in good agreement with the structure of the precursor
compound, [Co(TIM)CI,]*, although a small decrease in the Co-N,, bond length in 5 is observed
from 1.926[3] ([Co(TIM)CL,]*) to 1.916[3] A (5).28 This decrease is much more significant for
the di-methyl complex, 6, which has a Co-N,, bond length of 1.889[4] A. The shortening of the
bond between the metal center and the TIM nitrogen atoms is likely caused by an increase in the
electron density at the Co center, which in turn enhances the drn(Co)-n*(imine) backdonation.
Interestingly, the imine bonds (C=Nryy.y) do not seem to be influenced by the nature of the axial
ligands, but a shortening from [Co(TIM)Cl,]* (1.486[3] A) to 6 (1.442[6] A) in the C-C bonds of
the a-diimine units is noted. The average of the same C-C bonds in 5 was found to be 1.476[5]
A. These values reveal a considerable amount of n-electron delocalization within the TIM ligand
in 6, which has been postulated to aid in stabilizing the di-methyl Co™(TIM) complex.2°

The Co-CHj; bond length of 2.009(3) A in 5, is slightly elongated relative to the Co-Me
bond in methylcobalamin (1.979(4)-1.987(1) A).2% 30 However, it is, within experimental errors,

the same as the corresponding bond in other vitamin By, model complexes, such as trans-
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bis(glyoximato)(methyl)(pyridine)cobalt(III)3! (2.005(4) A) and trans-
bis(dimethylglyoximato)(methyl)(pyridine)cobalt(Il1)32 (1.998(5) A). The lack of a pronounced
trans influence by the anionic iodide is in agreement with previous reports on structurally related
methyl-bearing Co(III) macrocyclic complexes, which reveal that the Co-C bond length is more
sensitive to steric cis influences from the equatorial ligand than the electronic nature of the trans
ligand.33 34 Alternatively, the trans influence of the iodide serves to counterbalance the weaker
cis influence from the neutral TIM ligand. The coordination of a second methyl group results in a
Co-C bond distance of 2.077(3) A, which is considerably elongated compared to that in 5 but
consistent with the same bond in 2,3,9,10-tetramethyl-1,4,8,11-tetraazaundecane-1,3,8,10-

tetraen-11-ol-1-olatodimethylcobalt(IIT) (2.049[8] A).26

10
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C1

Fig 2. ORTEP plot of 4 (top), 5 (middle), 6 (bottom) at 30% probability level. H atoms, atom
disorder, and the PF4 counterions are omitted for clarity.

C=N Stretching Characteristics. The v(C=N) stretching frequencies for 1-3 were examined
using FT-IR, and the resulting spectra are shown in Fig. 3 (for full spectra see Fig. S1).
Increasing the donor strength of the ligand trans to the cyanide results in a slight red-shift in
Vv(C=N). The shift to lower frequencies is expected based on the increased electron density at the
Co center, which enables greater m-backbonding into the cyanide antibonding orbitals and
weakens the C=N bond.?® Thus, v(C=N) is 2135, 2133, 2129, and 2123 cm™' when the trans
ligand is -CN, -C,Ph,3¢ -C(CH,)Ph, and -CH3, respectively. The stretching frequency in 2 (2113
cm!) is further red-shifted, suggesting that there is an even greater electron density donated
through the Co' center by the aza-cobalt-cyclopropane moiety. This is consistent with the
increased Co-C(=N) bond length from 1 to 2 as discussed above.

In other vitamin By, model complexes, considerable attention has been given to the cis
influence of the macrocycle.?”- 3 Comparison of the stretching frequencies between 3 (2123 cm-
1) and methylcyanocobanimide’® (2088 cm'!) reveals a substantial difference of 35 cm™!. This is
consistent with the fact that TIM is significantly less donating than corrin, which renders a much
weaker dmn(Co)-n*(C=N) backdonation in 3 than that in methylcyanocobanimide. A similar

11
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comparison, albeit to a lesser degree, can be made between the v(C=N) in the dicyano complex,
4 (2135 cm!) and that reported for another vitamin B, model complex, 8,12-diethyl-

1,2,3,7,13,17,18,19-octamethyltetradehydrocorrincobalt(IIl) dicyanide (2120 cm™).3°

100

98 -

96 A

Transmittance

94

92 T T T T T
2200 2175 2150 2125 2100 2075 2050

Wavenumber (cm™)
Fig. 3. ATR-FTIR of 14 showcasing the C=N stretches.

Analysis of the v(C=N) stretch for the imine units of the TIM macrocycle was also
considered. In the original report of [Co(TIM)CI,]PF, the authors assigned a weak band at 1597
cm! as the v(C=N) symmetric stretch for the imine units of the TIM macrocycle.** Additionally,
a weaker band at 1650 cm™' was assigned as the v(C=N) asymmetric stretch. Analysis of the
spectra for 1-6 within this region reveals weak bands that may be tentatively assigned as the
corresponding stretching modes (see Fig. S1); however, significant broadening of the bands in 1
and 3 and the absence of a band in 5 makes it difficult to extrapolate experimentally meaningful
information from these vibrations.

Electronic absorption spectra. Absorption spectra for compounds 1-3 were collected at room
temperature in CH;CN under ambient conditions and the resulting spectra are shown in Fig. 4,
along with that of the precursor of 1, [Co(TIM)(C(CH,)Ph)CI]PF¢. The alkenyl-bearing complex

1 displays a well-defined transition at 365 nm (e ~ 3,500), which is likely derived from the peak

12
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at 477 nm (g ~ 1,300) for [Co(TIM)(C(CH,)Ph)CI]PF4. While both peaks are significantly more
intense than the lowest energy d—d bands in [Co(CN)s]* (A = 312 nm; & ~ 140),*! and
[Co(TIM)CL]* (A = 575 nm; € ~ 50),% they are still primarily d—d transitions with substantial
charge-transfer character related to the alkenyl ligand. The considerable blue shift of the peak of
1 from that of [Co(TIM)(C(CH,)Ph)CI1]PFg is clearly attributed to the ligand field enhancement
via the substitution of Cl- by CN-. The corresponding d-d band in 2 appears at 420 nm (g ~
2,500), and the red-shift from that of 1 is attributed to the reduced n-acidity of TIM" compared to
TIM, which results in a weaker ligand field in 2. Similar to 1, the d-d band in 2 is blue shifted
from that of the precursor [Co(TIM")(C(CH;3)CsHy-4-Bu)Cl]PF¢ (spectra shown in Fig. S2A),
reflecting the ligand field enhancement by CN- ligation. The same blue shift of the d-d band due

to CN- ligation is clear from the comparison of the spectra of 3 and 5 (Fig. S2B).
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Fig. 4. Absorption spectra of 1-3 and [Co(TIM)(C(CH;)Ph)CI]PF, (dotted trace) in CH;CN.
Electrochemical studies. Compounds 1-3 were studied electrochemically and the cyclic
voltammograms for the reduction events are shown in Fig. 5 (see Fig. S4-S6 for oxidation
events). For comparison, voltammetric studies of 4 and 5 were also performed (see Fig. 6, S7,
and S8). The electrode potentials (vs Fc*1/) are listed in Table 2.

13
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At negative potentials, compound 1 undergoes one irreversible 1 e reduction at -1.52 V,
which is best assigned as a Co™"*2 reduction. This event is cathodically shifted when compared
to the same reduction event in the precursor, [Co(TIM)(C(CH,)Ph)CI1]* (-1.01 V).!7 The 500 mV
shift in the potential is attributed to the stronger donating nature and trans influence of cyanide
when compared to chloride. Likewise, compound 2 exhibits one reduction at -1.75 V, which is
cathodically shifted from that of [Co(TIM")(C(CH3)CsHs-4-Bu)CI]* (-1.43 V).!7 Interestingly,
the precursor of 2 exhibited a second reduction event at -1.57 V, which was tentatively assigned
as a TIM"-based reduction. In 2, the high sensitivity of the reduction potential to the nature of the
axial ligand (i.e. chloride to cyanide) suggests that the one electron event is best assigned as
being cobalt-centered. Based on previous calculations on the chloride-bearing species,
[Co(TIM")(C(CH3)Ph)CI1]PF4, a high degree of orbital mixing occurs between the five 3d
orbitals and the axial and equatorial ligands.!” Therefore, the strong donating capabilities of the
cyanide increases the electron density around the cobalt center to the degree that a TIM"-based
reduction is shifted to much higher potentials in 2.

The cathodic process in the methyl-bearing cyanide complex, 3, is less well-defined, with
a shoulder visible around -1.59 V and an irreversible Co**? reduction at -1.68 V (Fig. 5). In the
di-cyano complex, 4, the cobalt-centered reduction becomes less cathodic at -1.29 V, which is
attributed to a lessening of the electron density at the metal center due to the m-accepting nature
of the cyanides. The irreversibility of this couple is strongly indicative of the fast dissociation of
a CN- upon the reduction at the Co center, which may also be the cause of the irreversibility of
the Co™*2 couple in 1 and 3. The o-donating nature of the cyanide is greater than that of iodide

as evidenced by the more anodically shifted Co***2 reduction potential in 5 (-1.20 V).

14
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1 10 uA T

0.50 —0.75 —1.00 =1.25 —1.50 —1.75 -2.00
E/V vs Fc*t10

Fig. 5. Cyclic voltammograms of compounds 1-3 (1.0 mM) recorded in 0.10 M CH;CN
solutions of ["BuyN][PF¢] at a scan rate of 0.1 V/s.

Complexes 4 and 5 exhibit reduction events at more negative potentials, while 1-3 do
not. It is plausible that a combination of the strong o-donating R groups and the strong o-
donating cyanide in 1-3 shifted reductions beyond Co*3*? out of the solvent window.
Meanwhile, for 5 (see Fig. 6), an irreversible reduction at -1.32 V closely follows the Co*3/*?
event. The second event is tentatively assigned as a Co'**! reduction based on the readily
accessible Co!(TIM)(CHj3) species isolated by Farmery and Busch.!* At further negative
potentials, a third event occurs at -1.69 V. Owing to the redox non-innocent nature of the TIM
ligand, it is possible that this event is a TIM?~! reduction.*> %> During the return wave, an anodic
process was seen at -1.18 V, but increasing the scan rate to 0.5 V/s did not improve the
electrochemical reversibility of the event (see Fig. S9).

While the frans cyanide significantly impacts the reduction events in the Co(TIM)
complexes, it exerts less influence on the oxidation processes. The irreversible 1 e oxidation
(Co*¥*3) exhibited for 1 at 1.33 V (Fig. S4) is nearly identical in potential to the same event in

15
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the chloro-bearing precursor (1.32 V).!”7 Likewise, the Co™*3 oxidation potential in the methyl-

bearing cyanide species, 3, is only slightly shifted at -0.02 V (Fig. S6) compared to the respective

oNOYTULT D WN =

oxidation event in 5 (-0.06 V). Instead, the 1.30 V cathodic shift in the oxidation potential from 1
10 to 3 is primarily attributed to the stronger o-donating nature of the axial methyl ligand in the
latter. For the aza-cobalt-cyclopropane-bearing TIM" complex, 2, the substitution of chloride
15 with cyanide results in a 300 mV cathodic shift in the oxidation potential to 0.82 V from 1.12 V
17 in [Co(TIM")(C(CH3)CsH4-4-Bu)CI]PF4 (Fig. S5).!7 The strong influence of the axial ligand
trans to R in the latter species supports the conclusion that the frontier molecular orbitals in the
22 aza-cobalt-cyclopropane-bearing species differ significantly from the more typical Co(TIM)

24 complexes. Additional discussion on the oxidation events can be found in the ESI.

37 10pA ]

e -0.5 -1.0 -15 -2.0 -25

43 E/V vs Fc*'/0

46 Fig. 6. Cyclic voltammogram of compounds 4 and 5 (1.0 mM) recorded in 0.10 M CH;CN
48 solutions of ["BuyN][PF¢] at a scan rate of 0.1 V/s.

50 Table 2. Electrode potentials of Co-centered redox couples (V, vs F¢™1/0) in 1-5,
51 [Co(TIM)(C(CH,)Ph)CIJ*, and [Co(TIM")(C(CH3)C¢H,-Bu)CI]* «
Epa(Co™3)  Ep(Co™2)
54 1 1.33 -1.52

[Co(TIM)(C(CH,)Ph)CI]* 1.32 ~1.01(0.17)¢
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2 0.82 -1.75(0.08)¢
[Co(TIM")(C(CH3)C¢H,~Bu)CI[**  1.12 ~1.43(0.15)¢
3 -0.02 -1.68
4 0.67 -1.29
5 -0.06 -1.20

@ Solutions contain 1.0 mM analyte and 0.1 M n-BusNPF¢ as the supporting electrolyte in
CH;CN. ? Ref!7. ¢ Quasi-reversible couple. ¢ E1,(Co™*?) is reported. Peak separation (AEp) is
shown in parentheses.

Conclusions

The trans influence of R ligands in Co(TIM) complexes was probed by introducing a
cyano- ligand as the second axial ligand. Interestingly, it was found that in the case of 1 and 3,
which bear -C(CH,)Ph and -CHj; ligands, respectively, the stronger o-donating capabilities of the
cyanide only minimally perturb the structural and electronic properties of the complexes. On the
other hand, in 2, which bears a 1-aza-2-cobalt-cyclopropane moiety, significant changes to the
electronic nature of the Co'! center are observed upon the substitution of the halide by cyanide as
evidenced by the changes in the absorbance spectra and the cyclic voltammetry. The ability to
tune the electronic structures of the metal center by altering the axial ligands hints at the
possibility of using the trans ligand to tune photophysical/chemical properties of Co™(TIM)
organometallic compounds. Future efforts are also underway to probe the reactivities and
catalytic capabilities of these complexes, which are inspired by the incredible scope of other
vitamin B, model complexes as photochemical hydrogen atom transfer catalysts** and photo-

induced hydrogen evolution catalysts for small-molecule functionalization.*

Experimental
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Materials. lodomethane was purchased from Oakwood Chemical. Dry acetonitrile used in
electrochemical studies was purchased from Thermo Scientific. All reagents were used as
received. Trans-[Co(TIM)CI,]PFg,* trans-[Co(TIM)(C(CH,)Ph)CI]PFg,!” trans-
[Co(TIM")(C(CH3)CgHy-4-Bu)CI]PF,!” trans-[Co(TIM)(CN),]PFq (4),2 trans-
[Co(TIM)(CH3)IJPF¢ (5),'? and trans-[Co(TIM)(CHs),]PF¢ (6),'% 23 were synthesized according
to modified literature procedures.

Physical methods. Elemental analyses were performed by Atlantic Microlab, Inc., Norcross,
GA. UV-vis spectra were recorded on a JASCO V-780 UV-vis-NIR spectrophotometer. Fourier
transform infrared (FT-IR) spectra were collected using a JASCO FT/IR-6700 spectrometer
equipped with a ZnSe ATR accessory. 'H NMR spectra were obtained using a Varian
INOVA300 MHz or Bruker NEO300 MHz spectrometer. Electrospray ionization mass
spectrometry (ESI-MS) results were obtained on an Advion Mass spectrometer. Cyclic
voltammograms were collected on 1.0 mM solutions of the appropriate complex in dry
acetonitrile at a 0.1 M ["BuyN][PF¢] electrolyte concentration using a CHI620A voltammetric
analyzer, with a Pt-wire auxiliary electrode, glassy carbon working electrode (diameter = 2 mm;
area = 3.14 mm?), and a Ag/AgCl pseudo-reference electrode. The working electrode was
polished with alumina (0.05 pm) as needed.

Syntheses. All air-sensitive reactions were performed using standard Schlenk line techniques
under a dry N, atmosphere.

Synthesis  of trans-[Co(TIM)(C(CHy)Ph)(CN)][PFs (I). In a 100 mL flask,
[Co(TIM)(C(CH,)Ph)CIJPF¢ (105.2 mg; 0.178 mmol) was dissolved in 50 mL of CH;0H. A
methanolic solution of KCN (20.1 mg; 0.309 mmol) was added to the red-orange solution

resulting in an immediate color change to red. After 0.5 h, the solvent was removed. The

18



oNOYTULT D WN =

New Journal of Chemistry

remaining residue was taken up in acetone and filtered through Celite to remove the insoluble K*
salts. The addition of diethyl ether to the orange filtrate and cooling to -15°C yielded the product
as a light red-orange solid. Yield: 72.3 mg (70%). Elem. Anal. Calcd (%) for C3H3,N5C00O, sPF¢
(1-0.5H,0): C, 46.8; H, 5.5; N, 11.9. Found (%): C, 46.8; H, 5.4; N, 12.2. UV-vis, Apax
(CH3CN)/nm: 365 (¢/dm? mol! cm™ 3,460). IR, vy /cm™': 2130 (CN). 'H NMR, & (300 MHz;
CD;CN): 7.24 - 7.13 (3 H, m), 6.66 — 6.61 (2 H, m), 4.25 (1 H,d, J=1.7 Hz), 3.91 - 3.79 (5 H,
m), 3.72 - 3.61 (4 H, m), 2.44 — 2.35 (2 H, m), 2.30 — 2.21 (14 H, m). ESI-MS: m/z 435.8 (M~,
100%).

Synthesis of trans-[Co(TIM")(C(CH;)CsH 4-'Bu)(CN)]JPFs (2). In a 100 mL flask,
[Co(TIM")(C(CH3)CsHy4-4-'Bu)C1]PF4 (100.6 mg; 0.155 mmol) was dissolved in 50 mL of
CH;0H to obtain a dark red solution. In a separate beaker, a methanolic solution of KCN (15.4
mg; 0.233 mmol) was prepared. A similar procedure and work-up described for 1 was performed
to obtain compound 2 as an orange solid. Yield: 66.5 mg (87%). Elem. Anal. Caled (%) for
C,7H43N5CoOPF¢ (2-H,0): C, 49.3; H, 6.6; N, 10.7. Found (%): C, 49.3; H, 6.5; N, 10.9. UV-
vis, Amax (CH;CN)/nm: 420 (¢/dm? mol'! cm™' 2,530), 535sh. IR, vipa/cml: 2113 (CN). 'H NMR,
0 (300 MHz; CD3;CN): 7.55 — 6.09 (4 H, m), 4.57 — 4.44 (1 H, m), 4.22 — 3.82 (3 H, m), 3.57 —
3.25(4 H, m), 3.13-2.99 (1 H, m), 2.96 — 2.77 (1 H, m), 2.50 (3 H, s), 2.23 (2 H, s), 2.04 3 H,
s), 1.99 3 H,s),1.71 3H,d,J=7.3 Hz), 1.28 (12 H, d, J = 6.0 Hz). ESI-MS: m/z 493.9 (M,
60%), 254.6 (M™2-CN+CH;CN, 100%).

Synthesis of trans-[Co(TIM)(CH;)(CN)]PFg (3). In a 50 mL flask, [Co(TIM)(CH;)I]PF¢ (104.6
mg; 0.176 mmol) was dissolved in 15 mL of a 2:1 CH3;0H/CH;CN mixture to yield a dark red-
orange solution. KCN (13.0 mg; 0.200 mmol) was added directly to the solution resulting in a

rapid change to yellow (~5 min). After 10 min, the solution was filtered through Celite using
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CH;OH. Diethyl ether was added to the yellow-orange filtrate until the solution became cloudy.
After allowing crystallization at -15°C for 2.5 h, a light yellow-orange solid was filtered out and
washed with diethyl ether. Yield: 64.5 mg (74%). Elem. Anal. Calcd (%) for C,cH,9NsCoOPF¢
(3-H,0): C, 37.6; H, 5.7; N, 13.7. Found (%): C, 37.3; H, 5.8; N, 13.6. UV-vis, Apax
(CH3CN)/nm: 244 (¢/dm? mol!' cm™ 28,000), 318 (3,000), 402 (2,880). IR, vy /cml: 2123
(CN). 'H NMR, 68y (300 MHz; CD;CN): 4.09 — 3.91 (4 H, m), 3.74 — 3.55 (4 H, m), 2.38 (14 H,
s), 2.28 —2.17 (2H, m), 0.83 (3 H, s). ESI-MS: m/z 348.4 (M*, 100%).

X-ray Crystallographic Analysis.

Single crystals of 1, 2, and 46 were obtained from the slow diffusion of diethyl ether into
concentrated solutions of the appropriate species in CH3CN at -15°C. X-ray diffraction data were
obtained on a Bruker Quest diffractometer with Mo Ka radiation (A = 0.71073 A) at 150 K for 1,
5, and 6 and with Cu Ko radiation (A = 1.54178 A) at 150 K for 2 and 4. Data were collected;
reflections were indexed and processed using APEX446 and reduced using SAINT. The space
groups were assigned and the structures were solved by direct methods using XPREP within the
SHELXTL suite of programs,*’ solved using ShelXT,*® and refined using ShelxI*> 3° and

Shelxle.>! Additional details can be found in the ESI.
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