Journal Pre-proof

Organo
metallic
hemistry

PP
Preparation and self-aggregation properties of a series of pyrene-imidazolylidene }c—a{
complexes of gold (1) if;

s

Susana |banez, Macarena Poyatos, Eduardo Peris

PII: S0022-328X(20)30186-8
DOI: https://doi.org/10.1016/j.jorganchem.2020.121284
Reference: JOM 121284

To appearin:  Journal of Organometallic Chemistry

Received Date: 25 February 2020
Revised Date: 30 March 2020
Accepted Date: 6 April 2020

Please cite this article as: S. Ibafiez, M. Poyatos, E. Peris, Preparation and self-aggregation properties
of a series of pyrene-imidazolylidene complexes of gold (1), Journal of Organometallic Chemistry (2020),
doi: https://doi.org/10.1016/j.jorganchem.2020.121284.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier B.V.


https://doi.org/10.1016/j.jorganchem.2020.121284
https://doi.org/10.1016/j.jorganchem.2020.121284

Preparation and self-aggregation properties of a series of

pyrene-imidazolylidene complexes of gold (1)

Susana IbafiezMacarena Poyatos and Eduardo Peris*

Institute of Advanced Materials (INAM). Centro denbvacion en Quimica Avanzada
(ORFEO-CINQA). Universitat Jaume I. Av. Vicente Smynat s/n. Castellon. E-
12071. Spain.

"Dedicated to Prof. Ekkehardt Hahn and his outsanding scientific career, on the
occasion of his 65th birthday

Keywords:. gold, N-heterocyclic carbenes, supramolecular;asdbciationtestacking
ABSTRACT

This article describes the preparation of thrededkht Au(l) complexes bearing a
pyrene-imidazolylidene ligand, two of which are hduto phenyl-acetylene ligands.
The supramolecular and photophysical propertiesllahree complexes are described.
The supramolecular behavior of all three complegsetminated by the presence of the
pyrene moiety, which facilitates that all compourst®wrestacking interactions in
solution and in the solid state. The molecularcitmes of all three complexes were
determined by single crystal X-ray diffraction sesl The'H NMR studies performed

in CDCL, show that the self-association constants aredmange of 11-44 M



INTRODUCTION

Gold(l) N-heterocyclic carbene (NHC) complexes haeen recognized for years as a
powerful synthetic tool for a large number of ongatransformations, most usually
those involving the use of alkenes or alkynes.[T-8¢ether with their well-recognized
properties in homogeneous catalysis,[10] Au-NHC plexes have recently
experienced increased attention due to their esdina@ary photoluminescence[11] and
biological properties.[12] It is precisely the camdtion of the luminescence properties
of Au-NHC complexes, together with their potenttarapeutic properties, what makes
this type of compounds especially useful in theeflgyment of optical theranostic
agents.[13-14]

Gold (I) complexes are known to form linear compasivith aryl-acetylides.[15] This
structural property has been extensively used tier greparation of oligomeric and
polymeric materials with attractive photophysicebgerties.[16-20] Another interesting
feature of gold-alkynyls is their tendency to fosmpramolecular architectures due to
their ability to afford linear geometries and saflsembly structures through aurophilic
interactions.[21-29] It is worth mentioning, thdkyanyl-gold (I) complexes with NHC
ligands have shown interesting industrial apploadi as electroluminescent
materials.[30-33]

During the past three years we prepared a serigold{l) metallotwezers[34-38] and
metallocages[39-40] by combining the use of pyremetionalized NHCs and rigid
bis-alkynyl linkers (Scheme 1). By doing so, we eva@ble to obtain supramolecular
systems that showed great ability to encapsulalgapmomatic aromatic hydrocarbons
(PAHS).[38-40] Some other metallosupramoleculeswslib a large ability to self-
associate in the presence of metal cations,(8gi and TI) forming interesting self-

associated structures[35, 37] and polymers,[36] tdua combination oft-Testacking



and metallophilic interactions. These non-covaletdractions are known to play a very
important role in the photophysical and catalyticiP] properties of metal complexes,
as we recently observed for NHC complexes functiped with rigid polyaromatic
moieties.[43] With all these precedents in handeimewe describe the preparation of a
family of pyrene-functionalized NHC complexes of (Bucontaining aryl-alkynyl
ligands. Their non-covalent self-assembly propsiitiesolution, and their photophysical

properties are also described.

Scheme 1, Selected examples of Au(l)-based metallotweeaedsmetallocages recently described by our

group.

RESULTSAND DISCUSSION

The Au(l) complexes that we obtained in this workrevsynthesized according to the
procedure depicted in Scheme 2. The reaction ofptlrene-imidazolium iodide[44]
with silver oxide in methylene chloride formed t@responding silver-NHC complex,
which reactedn situ with [AuCI(SMe,)] yielding complexl, in 81% yield. Subsequent
reaction of phenylacetylene or 1,4-diethynylbenzeite the NHC-Au(l) complex in

MeOH in the presence of NaOH, afforded compleXesid3 as yellow solids, in 91%



and 73% yields, respectively. The NMR spectra ghglexesl-3 were in accordance
with the symmetry of their predicted structurese i€ NMR spectra shows the signals
due to the metallated carbene-carbons at 177.8027%nd 193.28 ppm fdr, 2 and3,

respectively.
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Scheme 2. Synthesis of complexés3.

The molecular structures df, 2 and 3 were confirmed by single crystal X-ray
diffraction (Figure 1). The molecular structure bf(Figure l1la) contains a pyrene-
imidazolylidene ligand bound to an Au-Cl fragmefhe Au-Gamenebond distance is
1.994(13) A, therefore in the typical range foresthu-NHC complexes.[45] The Au
atom is slightly deviated from the plane formedthg extended polycyclic ligand, at a
distance of 0.6 A. The molecular structure df(Figure 1b) contains a pyrene-
imidazolylidene ligand bound to an Au-phenylacetg@dragment. The Au-Grenebond
distance is 2.028(3) A and the Au-C(2) bond distaisc1.987(3) A. The coordination
about the metal center is quasi-linear, as reftedig the C(1)-Au-C(2) angle of
175.13(12)°.The Au atom is slightly deviated frane fplane formed by the extended
polycyclic ligand by 0.8 A, and the angle betwela planes formed by the pyrene and

phenyl moieties is of 68.9°. Compl&x(Figure 1c) contains a diethynylbenzene ligand



bridging two Au pyrene-imidazolylidene moietiesfrfong a nanosized sinuous-shaped
molecule. The distance between the Au atoms andateene carbons are 2.040(5) or
2.029(5) A. The two gold atoms are separated agtarcce of 12.04 A. The two pyrene
moieties are disposed in a parallel fashion, aedatigle established between the planes

formed by the two pyrenes and the bridging phereykamg is of 51.2°.
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Figure 1. Molecular structures of complexdga), 2 (b) and3 (c). Hydrogen atoms and solvent are
omitted for clarity. N-butyl groups are represeniedhe wireframe form. Selected bond distances\d a
angles (°). Compleg: Au(1)-CI(1) 2.300(3), Au(1)-C(1) 1.994(13), C(A)#(1)-Cl(1) 179.4(4). Complex
2: Au(1)-C(1) 2.028(3), Au(1)-C(2) 1.987(3), C(1)-A)-C(2) 175.13(12). Comples: Au(1)-C(1)
2.040(5), Au(1)-C(3) 1.997(6), C(1)-Au(1)-C(3) 18@), Au(2)-C(2) 2.029(5), Au(2)-C(4) 2.009(6),

C(2)-Au(1)-C(4) 176.2(2).



Figure 2. Molecular arrangement observed in the crystal jpgof 1.
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Figure 3. Molecular arrangement observed in the crystal jpgokf 3.

The crystal packing of the compound is dominatedth®/m—restacking interactions

established between the pyrene moieties of the cul@s. For example, the crystal



packing of complexL. shows a rhombohedral arrangementstatacks disposed in an
antiparallel manner, as shown in Figure 2. Thetahgructure of comple® (Figure 3)
shows the formation of zig-zag chains formed by tihe-stacking interaction of both
pyrene moieties of the dimetallic molecule, so tihat linear axis of each molecule is
oriented at an angle of 59° with respect to the akithe subsequent one. None of the
crystal structures of complexds3 showed aurophilic interactions, as all the shortes
AuAu intermolecular distance was of about &.5

In order to learn if the non-covalent interactiomsre also taking place in solution, we
performed a series 0H NMR spectra in CDGlat different concentrations of all three
complexes. As an illustrative example, Figure 4vsha series ofH NMR spectra of
complex3 at concentrations ranging from 0.24-11.57 mM. $haes of spectra show
that one of the signals assigned to an aromatitoprof the pyrene moiety is upfield
shifted by 0.11 ppm upon increasing the concewinatf the complex. This observation
strongly suggests that the complex self-aggregttesugh there—restacking of the
pyrene moiety. In addition, the signal due to thetgns of the methylene group bound
to the nitrogen atoms of the imidazolylidene ligamd also significantly shifted upfield
(Ad= 0.10 ppm). This observation is a clear indicatihat the complex shows
significant self-association in the range of condions used. The global nonlinear
regression analysis of the data[46-47] allowedrdatgng a self-association constant of
44(1) M*, as shown in the binding isotherm depicted in fégba. By doing the same
type of NMR study, we obtained the related selbasgion constants fot and2, as
11(1) and 29(1) M, respectively (see ESI for full details). The sasbociation constant
for 1, is identical to the one that we found for a sanmitomplex but bearing a pyrene-
imidazolylidene ligand functionalized with twert-butyl groups, although in that case

the constant was calculated in €IN.[48] In any case, these self-association cotstan



are quite significant, and indicate that self-aggted species exist in a significant
percentage at the milimolar range. For example, anM of 3, about 26% of the
complex is self-aggregated at room temperatureaasbe observed in the speciation
plot shown in Figure 5b. As we pointed out in aviras study, this may have important
implications in the properties of the complex as for example, its catalytic

performance.[48]
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Figure 4. Selected region of a series’®f NMR spectra (400 MHz) of complekin CDC}; at different

concentrations (the complete set of spectra arersimthe Supplementary Information, Figure S5).
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Figure5. a) Binding isotherm with the resulting self-aggr#gn constant obtained from the non-linear

regression. b) Speciation plot.

Once the self-aggregation properties of complek@were studied, we turned out
attention toward the electronic properties of the&senpounds. The Uv-vis. and
emission spectra of all three complexes are shoviigure 6. The electronic spectra of
complexesl-3 show similar absorption spectra with two sets arids centered at 275
(high energy) and 325 (low energy) nm. The low ggpdrand is assigned to the pyrene-
centered singlet state, as in previously reportgcerne-imidazolylidene containing
complexeg37, 49-50] Complexes2 and3 also exhibit absorption bands between 274-
325 nm, due to the intraligand (lm-1t* transitions of the alkynyl ligands1-53] In the
case of comples, this band is more intense, and significantly sadted compared to
that shown by2, due to the elongated conjugation promoted bypHra substitution
about the central benzene ring.[54] The emissiaectsp of all three complexes are
superimposable, and exhibit a vibronically-resolbaehd with a peak maximum at 375

nm, which is coincident with the typical monomerigsion band of pyrene, as shown in



other pyrene-based NHC ligands.[49-50] The quanyigiis for complexeq, 2 and3

were calculated to be 0.029, 0.011 and 0.012, ctispéy.
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Figure 6. Uv-Vis (a) and emissionAf, = 345 nm) (b) spectra of complexés3. All spectra were

recorded in ChCl,, using 10 M solutions of the complexes.

Finally, we studied the electrochemical propertigs complexes1-3 by cyclic
voltammetry (Figure 7). All complexets3 show one irreversible oxidation wave at
1.55, 1.55 and 1.60 V, respectively, which is assito the oxidation of the Au(l)
centre. Additional irreversible waves at 1.32 anti91V are observed fa2, and 3,
respectively, which are attributed to the alkynigahd-centered oxidation. Similar
oxidation waves have been found for related Au(jEN complexes with phenyl-
acetylene ligands.[55-56] The presence of a singidation wave for the two Au(l)
centres in3, indicate that the electronic communication betwte two metal centers

in the complex through the phenyl-di-acetylenerd&s negligible.
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Figure 7. Cyclic voltammetry (CV) plot of complexel 2 and 3. Measurements were performed on a
1mM solution of the analyte in dry GaI, with 0.1 M [NBu][PFg] as the supporting electrolyte, 100
mV/s scan rate, Fc/Faused as standard wikh,,(Fc/F¢) = 0.46 V vs SCE.

Conclusions

In summary, in this work we reported the preparatiad full characterization of three
different gold(l) complexes bearing a pyrene-immglzdene ligand. Two of the
complexes are bound to phenyl-acetylene ligandd,care of the compounds is a di-
Au(l) complex with a diethynylbenzene ligand. Thregence of the pyrene moiety in all
three complexes determines their supramoleculaabeh which is illustrated by the
stacking interactions shown by all three complerdbe solid state and in solution. The
self-association constants of all three complexeschloroform solution are very
significant, thus indicating that this type of saimolecular behavior must be taken into
account when considering the physicochemical ptoggerof these complexes in
solution.

Given the current interest for developing new AWNHC complexes with alkynyl
ligands, we believe that our study contributes twdarstand the electronic and
supramolecular properties of this interesting tgbeompounds.

Experimental Section

General considerations. The pyrene-based imidazolium salt was preparedrditg to

literature methods.[44] All other reagents wereduses received from commercial
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suppliers. NMR spectra were recorded on a BrukérNaBiz MHz or Bruker 400 MHz
using CDC} as solvents. Infrared spectra (FTIR) were perfarma a FT/IR-6200
(Jasco) spectrometer equipped with a Pro One ATR avspectral window of 4000-400
cm’. Electrospray mass spectra (ESI-MS) were recomfed Micromass Quatro LC
instrument; nitrogen was employed as drying anduliehg gas. Elemental analyses
were carried out on a TruSpec Micro Series. UVNesiabsorption spectra were
recorded on a Varian Cary 300 BIO spectrophotomesang dichloromethane under
ambient conditions. Emission spectra were recoofed modular Horiba FluoroLog-3
spectrofluorometer employing dichloromethane. Fgoence quantum yields were
determined using a Hamamatsu integrating spheogjrexat 345 nm. Electrochemical
studies were carried out by using an Autolab Paistat (Model PGSTAT101) using a
three-electrode cell. The cell was equipped withtiptm working and counter
electrodes, as well as a silver wire referencetrde. In all experiments, [NB]IPFg)
(0.1 M in dry CHCI,) was used as the supporting electrolyte with aeatgncentration
of approximately 1 mM. Measurements were performed00 mV& scan rates. All
redox potentials were referenced to the'/Fc couple as internal standard with

E1o(Fc/FC) vs. the saturated calomel electrode SCE = +0.46 V.

Synthesis of complex 1. A suspension of the pyrene-imidazolium salt (250 g7
mmol) and AgO (66.5 mg, 0.29 mmol) in dichloromethane (30 mlasvgtirred at room
temperature for 4 h under the exclusion of lighteit, [AuCI(SMeg)] (169.1 mg, 0.57
mmol) was added and the resulting mixture wasestiat room temperature overnight.
The suspension was filtered through a pad of Celiteé the solvent removed under
vacuum. The desired solid was isolated as a byigltaw crystalline solid. Yield: 271.9
mg, 81 %. Electrospray MS (20 \W2): 592.2 [M-Cl+MeCN]J. Anal. Calcd. for

CasH26N2AUCI- CHCI, (671.72): C, 46.48; H, 4.20; N, 4.17. Found: C,786 H, 4.32;

12



N, 4.23."H NMR (300 MHz, CDCJ): 68.52 (d,*Ju.n = 9 Hz, 2H, Glyy), 8.28 (d,*Jnn

= 9 Hz, 2H, Glyy), 8.15 (S, 2H, By, 8.12 (1,33 n = 9 Hz, 2H, Elyy,), 5.17-5.05 (m,
4H, NCH,CH,CH,CHs), 2.16-2.03 (m, 4H, NCHCH,CH,CHs), 1.73-1.57 (m, 4H,
NCH,CH,CH,CHs), 1.04 (3. = 15 Hz, 6H, NCHCH,CH,CHa). *C{*H} NMR (75
MHz, CDCk): J177.89 (AUCcarben), 132.35 Cq py), 128.51 CHyy), 127.53 Cq py),
126.66 CHoy), 126.39 CHoy), 123.50 Cq py), 120.93 €4 py), 119.12 CHyy), 52.28
(NCH,CH,CH,CHs), 32.36 (NCHCH,CH,CHs), 20.14 (NCHCH,CH.CHz), 14.01
(NCH,CH,CH,CHs).

Synthesis of complex 2. Phenylacetylene (9.54 pL, 0.085 mmol) and NaOB2&ng,
0.213 mmol) were dissolved in methanol (20 mL). Shkition was heated at reflux for
1 hour. Then, complek (50.00 mg, 0.085 mmol) was added as a solid amdetsulting
suspension was heated at reflux for 4 h. The nmexiwas evaporated to dryness and the
solid residue was extracted with dichloromethane, the solution was filtered through
a short pad of Celite. Compl@xwas isolated as a yellow solid. Yield: 50.80 mg¥®
IR (ATR): v(C=C): 2115 cnit. HRMS ESI-TOF-MS (positive mode): 653.3 [M+H]
Anal. Calcd. for GsH31N2AuU (652.50): C, 60.73; H, 4.79; N, 4.29. Found:60,74; H,
4.73; N, 4.26™H NMR (300 MHz, CDCY): 8.53 (d,*Jun = 6 Hz, 2H, Gy, 8.25 (d,
3Jin = 6 Hz, 2H, Glyy), 8.12 (s, 2H, Elpy), 8.10 (t,°Jun = 9 Hz, 2H, El,y), 7.58 (d,
39%n = 6 Hz, 2H, ®ye), 7.31-7.19 (m, 3H, Bue), 5.26-5.09 (m, 4H,
NCH,CH,CH,CHs), 2.22-2.02 (m, 4H, NCHCH,CH,CHs), 1.79-1.57 (m, 4H,
NCH,CH,CH,CHs), 1.03 (t,2Ju.n = 16 Hz, 6H, NCHCH,CH,CHs). *C{*H} NMR (75
MHz, CDCL): 0 193.27 (AUCcaren), 132.57 CHuer), 132.30 Cq py)» 128.42 CHyyy),
128.00 CHber), 127.68 €y py), 126.55 CHyyr), 126.50 Cq by, 126.14 CH,yy), 125.81

(Cq pyr), 123.45 Cq pyr), 121.10 Cq acety”dé, 119.12 Cprr), 105.60 Cq acety”dé, 51.92

13



(NCH,CH,CH,CHg), 32.51 (NCHCH2CH,CHs), 20.19 (NCHCH,CH,CHs), 14.07

(NCH,CH,CH,CHs).

Synthesis of complex 3. 1,4-Diethynylbenzene (10.74 mg, 0.085 mmol) and NaO
(17.04 mg, 0.426 mmol) were dissolved in methaB06lrL). The solution was heated
at reflux for 1 hour. Then, complei (100.00 mg, 0.170 mmol) was added as a solid
and the resulting suspension was heated at refiuk h. The mixture was evaporated to
dryness and the solid residue was extracted wahlaiomethane, and the solution was
filtered through a short pad of Celite. CompRwas isolated as a yellow solid. Yield:
76.00 mg, 73%. IR (ATRW(C=C): 2112 crit. HRMS ESI-TOF-MS (positive mode):
1227.4 [M+H]. Anal. Calcd. for GHsgNsAU, CHoCl, (1311.79): C, 55.84; H, 4.46; N,
4.27. Found: C, 55.67; H, 4.86; N, 4.38.NMR (300 MHz, CDCJ): 68.42 (d ).t =

6 Hz, 2H, Gpyy), 8.22 (d.3Jnn = 6 Hz, 2H, Gy, 8.10 (s, 2H, @), 8.05 (t,°Jhk =

9 Hz, 2H, GHpyr), 7.50 (s, 2H, Elyen, 5.18-4.98 (m, 4H, NB,CH,CH,CHj), 2.19-1.95
(m, 4H, NCHCH,CH,CHs), 1.74-1.54 (m, 4H, NC}CH,CH,CHz), 1.02 (t,3J4.n = 9
Hz, 6H, NCHCH,CH,CH3). **C{*H} NMR (75 MHz, CDCk): J 193.28 (AUCcarben),
132.18 Cq py), 132.15 CHper), 129.47 Cq py), 128.38 CHyyr), 127.46 Cq py), 126.46
(CHpyr), 126.05 CHypyr), 123.74 Cq ver), 121.27 €4 py), 120.93 €4 acetyiad, 119.01
(CHpyr), 105.94 Cq acetyliag, 51.82 (NCH.CH,CH,CHj3), 32.46 (NCHCH>CH,CH),

20.16 (NCHCH,CH2CHj3), 14.06 (NCHCH,CH,CH3).
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Highlights:

Three pyrene-imidazolylidene complexes of gold(l) are described and fully
characterized.

The properties of these complexes are dominated by their tendency to self-
aggregate, as shown by their solid state structures and by the *"HNMR studies in

solution.

The photophysical properties of the complexes have been studied, including Uv-Vis

and emission spectra, emission quantum yields and cyclic voltammetry
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