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A brief review of our work on orthogonally-positioned NHC
metallopolymers is highlighted herein. Some pertinent literature is
presented, followed by the synthetic strategy employed as well as
comprehensive electrochemical analyses. Derivatization of a suitable
diimine into a electropolymerizable gold (I) NHC complex resulted
in the first orthogonally-positioned NHC metallopolymer. Extension
of this methodology to prepare analogous group 11, iridium and
sulfur-substituted metallopolymers generated thin films with electro-
chromic activity that could be tuned by proper selection of the metal
center.
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My first meeting with Gordon Stone took place at his former home in
Bristol, UK. The University of Bristol had been selected as the location
of an international meeting on organometallic chemistry in the mid-
1960s. A large tent had been erected in the Stones’ back garden to
provide hospitality for his distinguished guests — a category to which I
certainly did not belong! I was under the mistaken impression that all
the conferees had been invited. Once there, I realized that I had made
a terrible mistake and started a retreat to my humble dormitory room
when I came across Gordon’s late wife, Judith. Truly a charming lady,
she escorted me back to the infamous tent and introduced me to
Gordon. As you can imagine, this initial meeting did not exactly put a
smile on Gordon’s face! So, from this rather odd beginning Gordon
and I became very good friends and I have a particularly happy memory
of visiting the Stones at their Bristol home along with my family. More-
over, he has been very helpful in terms of my own career and for this I am
extremely grateful. Gordon has had a tremendous impact on inorganic
chemistry in general and at the University of Bristol and Baylor Univer-
sity in particular. Indeed, he has earned his place as one of the greats in
inorganic chemistry.

Well-defined transition metal complexes supported by N-hetero-
cyclic carbenes (NHCs) have found tremendous utility in a broad range
of catalytic!!! and medicinal applications over the past several decades.”!
However, relatively less attention has been directed toward polymeric
materials containing NHCs. Due to their unique electronic and/or physi-
cal properties, such materials hold promise for enabling the aforemen-
tioned applications, in addition to creating new ones.’! As illustrated
in Figure 1, three types of polymeric NHCs are currently known.

Figure 1. General examples of transition metal complexes supported by three different
classes of poly(NHC)s. ML, = transition metal complex. R = aryl or alkyl.
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Tethered poly(NHC) complexes typically feature catalytically-active
complexes connected via alkyl linkers to the main chains of synthetic
polymers or Merrifield resins.[*! One notable advantage of these materi-
als is that they can be conveniently recovered from various reaction mix-
tures and re-used. Another example is main-chain poly(NHC)s where
carbene-metal complexes are integral components of the polymer
main-chain. Certain derivatives of these materials have been shown to
be thermally-reversible, which has helped to establish new concepts in
self-healing electronics, self-assembly, and catalysis.”! Recently, we
reported the first examples of poly(NHC) complexes in which the car-
bene functionalities are orthogonally connected to the main chains of
the respective polymers.'%! These materials feature a backbone analogous
to polythiophene, which renders them attractive for use as components
in molecular electronics and redox-switchable catalysts.!*”!

The synthetic strategy used to prepare the latter class of polymers was
based on a series of thiophene-substituted diimine ligands that were
previously reported!® by our group (see Figure 2). Due to their ability
to accept up to two electrons, these diimine ligands and their transition
metal complexes were envisioned to undergo electropolymerizaton.
However, these species were found to be too unstable under oxidative
conditions to be electropolymerized. Subsequent cyclic voltammetry
studies revealed that the installation of electron-donating groups lowered
the oxidation potential of the aforementioned diimines. Hence, it was sur-
mised that the incorporation of bithiophene moieties might sufficiently
lower the oxidation potential to facilitate electropolymerization.

A bithiophene-substituted diimine (1) was synthesized in 77% over-
all yield by dimerizing and then oxidizing the monoimine formed from

M = Pd, Pt, Cr, Ni,
B, Ge, Ga, Sb

Figure 2. Metallation of thiophene-substituted diimines with various main-group and tran-
sition metal complexes.
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Figure 3. Overlay of continuous cyclic voltammograms of diimine 1 over time. Inset: plot of
current maxima vs. number of cycles. Conditions: CH,Cl,, [(n-Bu)sN*] [PF,] (0.1 M),
[1lo0=1x10">M, v=100mVs~'. The potentials were referenced to SCE by shifting
FC*O/FC*Jr to —0.057 V. (Figure appears in color online.)

the condensation of 2,2'-bithiophene carboxaldehyde with 4-n-butylani-
line. Continuous electrochemical cycling of a CH,Cl, solution of 1 in a
three-electrode cell resulted in the deposition of a yellow film of polymer.
While the relationship between the oxidative current and the scan rate
was found to be linear, an indicator that good films were being electro-
deposited,’®! a reduction feature was observed at —0.2 'V (see Figure 3)
and the overall profile did not resemble that of a standard thiophene
polymerization. Hence, the material appeared to undergo decomposition

50 °C, PhMe CH,Cl,
N 85% yield

"By cr “Bu
nB"_O_N‘ /N—@-"Bu (CH20)p, HCI \©\N/\\'G Agz0,
S S
S

95% yield

Au(tht)CI,
CH,Cl,

95% yield

Figure 4. Synthesis of electropolymerizable gold-NHC monomer 2.
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Figure 5. Oxidative electropolymerizaton of 2.

upon deposition, precluding its use as an effective scaffold for ligating
transition metals.

To overcome this limitation, the aforementioned diimine (1) was
transformed into the NHC-gold complex 2 as summarized in Figure 4.
This monomer was subsequently electropolymerized (Figure 5) onto a
platinum disc in a three-electrode cell. As shown in Figure 6, features
attributable to the oxidation and reduction processes were clear and eas-
ily assigned, and the current generated upon oxidation was found to vary
linearly with scan rate, as anticipated. This enhancement in the electro-
chemical properties of the diimine upon metallation is consistent with
previous reports on other systems!'®! and we surmised that the ligated
metals effectively assisted electron transfer processes. Regardless,
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Figure 6. Overlay of continuous cyclic voltammograms of 2 over time. Inset: plot of current
maxima vs. number of cycles. Conditions: CH,Cly, [(n-Bu)},N'] [PFg] (0.1 M),
[2lo=1x10"3M, v=100mVs~'. The potentials were referenced to SCE by shifting
Fc*o/ Fc** to —0.057 V. (Figure appears in color online.)
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-2e

ML,=AgCl  ML,=S
MLn=AuCl ML, = Ir(cod)CI
ML, = AgOAc ML, = Ir(CO),CI

Figure 7. Oxidative electropolymerizaton of various NHC supported transition metal and
main group complexes.

elemental analysis of poly(2) by XPS revealed the anticipated atomic
ratios for sulfur, nitrogen and gold and the UV-vis profile of the polymer
was shifted bathochromically with respect to its monomer, consistent
with the formation of an electronically delocalized polymeric structure.

As illustrated in Figure 7, the aforementioned synthetic approach
was recently extended to include five new polymeric NHCs of the general
formula [ML(NHC)],..['""! These metallopolymers were found to undergo
a reversible color change from yellow to blue upon electrochemical oxi-
dation, although the stability of these materials was found to depend on
the identity of the incorporated ligated transition metal complex. The
Ir(CO),Cl-substitued material was found to be the most stable electro-
chromic material studied and was the only system capable of stabilizing

co co

1 1
”BU\QSI_E_(:S@/"BU "Bu@fl_g_cf@anu
VN VN

Bipolaron

Figure 8. Formation of polaron and bipolaron excitations along the main-chain of metallo-
polymer containing an NHC supported Ir(CO),Cl complex.
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both polarons and bipolarons. Moreover, excitations assigned to bipo-
laron formation, which were observed at 1100nm by UV-vis-NIR
spectroscopy, were relatively discrete when compared to other
polythiophene-based materials.!'?! As shown in Figure 8, the polarons
and bipolarons formed are believed to exist along the quarterthiophene
chains that connect the NHC metal moieties. The metals act as electron
sinks, which facilitate the formation of positive charges along the oli-
gothiophene linkers. Although organic polymers are known to exhibit
electrochromic properties,ml analogues that contain transition metals
are rare.'¥ Further study of the aforementioned metallopolymers in a
variety of applications is currently underway.
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