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ABSTRACT: A	
  Janus-­‐type	
  di-­‐NHC	
  ligand	
  based	
  on	
  a	
  quinoxalinophenanthrophenazine	
  core	
  has	
  been	
  obtained	
  and	
  
coordinated	
  to	
  iridium.	
  The	
  electronic	
  properties	
  of	
  the	
  ligand	
  have	
  been	
  determined	
  based	
  on	
  the	
  evaluation	
  of	
  the	
  
TEP	
  values.	
  The	
  new	
  ligand	
  disposes	
  the	
  two	
  metals	
  at	
  a	
  distance	
  of	
  22.4	
  Å,	
  significantly	
  longer	
  than	
  any	
  of	
  the	
  re-­‐
lated	
  ligands	
  reported	
  so	
  far.	
  

INTRODUCTION 
During	
   the	
   last	
   two	
   decades,	
   N-­‐heterocyclic	
   carbene	
  

(NHC)	
  chemistry	
  has	
  experienced	
  an	
  enormous	
  develop-­‐
ment,1	
   which	
   has	
   been	
   boosted	
   by	
   the	
   large	
   amount	
   of	
  
applications	
   found	
   in	
   areas	
   beyond	
   chemistry,	
   such	
   as	
  
physics2	
   and	
   medicine.2b,3	
   Probably,	
   a	
   large	
   part	
   of	
   the	
  
success	
  of	
  NHC	
  chemistry	
  comes	
  from	
  the	
  easy	
  access	
  to	
  a	
  
large	
  variety	
  of	
  azoliums,	
  which	
  can	
  be	
  considered	
  as	
  the	
  
most	
   widely	
   used	
   NHC-­‐precursors.	
   Among	
   poly-­‐NHCs,4	
  
those	
  featuring	
  geometrically	
  isolated	
  carbenes	
  bound	
  by	
  
rigid	
  polyaromatic	
  systems	
  have	
  constituted	
  a	
  particularly	
  
interesting	
   family,	
   because	
   they	
   can	
   give	
   access	
   to	
  
bis(NHC)	
   structurally	
   dynamic	
   homopolymers,5	
   and	
  
polymetallic	
  catalysts	
  whose	
  properties	
  are	
  fundamentally	
  
different	
   from	
   those	
   given	
   by	
   their	
   monometallic	
   ana-­‐
logues.6	
  Besides	
  their	
  applications	
  in	
  catalysis	
  and	
  materi-­‐
als	
  science,	
   this	
   type	
  of	
  compounds	
  have	
   found	
  a	
  promi-­‐
nent	
  space	
  in	
  the	
  field	
  of	
  metallosupramolecular	
  chemis-­‐
try,	
   in	
   which	
   a	
   number	
   of	
   poly	
   NHC-­‐based	
   molecular	
  
rectangles,7	
   cylinders,8	
   and	
   organometallic	
   polymers9	
   are	
  
known.	
  Metallorganic	
   assemblies	
   with	
   cavities	
   are	
   espe-­‐
cially	
  interesting	
  because	
  cage-­‐like	
  structures	
  can	
  be	
  used	
  
for	
   purely	
   cage-­‐catalyzed	
   chemical	
   transformations,10	
   in	
  
which	
  the	
  substrate	
  adapts	
  to	
  the	
  shape	
  of	
  the	
  cavity	
  giv-­‐
ing	
  rise	
  to	
  increased	
  reactivity	
  and	
  selectivity.11	
  One	
  of	
  the	
  
most	
  important	
  challenges	
  for	
  researchers	
  in	
  the	
  area	
  is	
  to	
  
be	
   able	
   to	
   synthesize	
   target	
   structures	
   with	
   controlled	
  
length	
  and	
  width,	
  for	
  which	
  the	
  availability	
  of	
  a	
  library	
  of	
  
functional	
   ligands	
   is	
   playing	
   a	
   dominant	
   role.	
   Bis(NHC)	
  
ligands	
   with	
   rigid	
   polyaromatic	
   linkers	
   constitute	
   excel-­‐
lent	
   building	
   blocks	
   for	
   the	
   preparation	
   of	
   discrete	
  mo-­‐
lecular	
   species	
   and	
   supramolecular	
   assemblies,	
   in	
   which	
  
the	
   shape	
  of	
   the	
  molecule	
   can	
  be	
  carefully	
   controlled	
  by	
  
the	
  right	
  choice	
  of	
  the	
  bis-­‐carbene	
  ligand.	
  Scheme	
  1	
  shows	
  
the	
   library	
  of	
  known	
  rigid-­‐rod	
  bis(NHCs),	
   and	
   illustrates	
  

the	
   great	
   potential	
   of	
   this	
   type	
   of	
   ligands	
   as	
   building	
  
blocks	
  for	
  an	
  enormous	
  number	
  of	
  assemblies.	
  While	
  the	
  
bis(NHC)	
   ligands	
   reported	
   to	
   date	
   allow	
   to	
   establish	
   a	
  
metal-­‐to-­‐metal	
   through-­‐space	
   separation	
   in	
   the	
   range	
   of	
  
6-­‐14	
   Å	
   (A-­‐D),9e,12	
   in	
   the	
   present	
   work	
   we	
   describe	
   the	
  
preparation	
   of	
   a	
   new	
   Janus-­‐bis(NHC)	
   that	
   connects	
   the	
  
two	
  metal	
   fragments	
   at	
   a	
   distance	
   of	
   22.4	
   Å	
   (E),	
   an	
   im-­‐
portant	
   qualitative	
   leap	
   forward	
   that	
   makes	
   this	
   nano-­‐
sized	
   ligand	
   the	
   longest	
   among	
   all	
   previously	
   reported	
  
bis-­‐carbenes.	
  The	
  bis-­‐carbene	
  E,	
   incorporates	
   a	
  quinoxa-­‐
lino[2’,3’:9,10]phenanthro[4,5-­‐abc]phenazine	
   core,	
   a	
   frag-­‐
ment	
   that	
   adds	
   a	
   great	
   potential	
   to	
   the	
   complexes	
   de-­‐
rived,	
   because	
   it	
   has	
   already	
   found	
   applications	
   in	
   the	
  
design	
  of	
  organic	
  semiconductors,13	
  sensors,14	
  nanofibers15	
  
and	
  EPR	
  spin	
  labels.16	
  

Scheme	
  1	
  

RESULTS AND DISCUSSION 
The	
  quinoxalinophenanthrophenazine-­‐bis-­‐imidazolium	
  

iodides	
  2	
  and	
  3	
  were	
  obtained	
  from	
  the	
  direct	
  condensa-­‐
tion	
   of	
   pyrene-­‐4,5,9,10-­‐tetraone	
   (or	
   2,7-­‐di-­‐tert-­‐
butylpyrene-­‐4,5,9,10-­‐tetraone)	
   with	
   1,3-­‐dibutyl-­‐5,6-­‐
diaminobenzimidazolium	
   iodide	
   (1)17	
   in	
  methanol,	
   in	
   70	
  
and	
   74	
  %	
   yield,	
   respectively.	
  Anion	
  metathesis	
   of	
  3	
  with	
  



 

[NH4](PF6)	
  allowed	
  the	
  preparation	
  of	
   the	
  corresponding	
  
hexafluorophosphate	
   salt,	
   4	
   (Scheme	
   2).	
   All	
   salts	
   were	
  
characterized	
   by	
   NMR	
   spectroscopy,	
   mass	
   spectrometry	
  
and	
  elemental	
  analysis.	
  Due	
  to	
  its	
  high	
  insolubility,	
  the	
  13C	
  
NMR	
  spectrum	
  of	
   the	
  bisazolium	
  salt	
  with	
   the	
  unsubsti-­‐
tuted	
  pyrene	
  core	
  (2,	
  R	
  =	
  H),	
  could	
  not	
  be	
  obtained.	
  

 

 
 
Scheme	
  2	
  

Due	
   to	
   the	
   higher	
   solubility	
   of	
   the	
   di-­‐tert-­‐butyl-­‐
substituted	
   bisazoliums	
   3	
   and	
  4,	
   we	
   considered	
   them	
   as	
  
more	
   suitable	
   bis-­‐NHC	
   precursors	
   than	
   2,	
   and	
   therefore	
  
used	
  them	
  for	
  the	
  coordination	
  to	
  metals.	
  The	
  reaction	
  of	
  
the	
   bisazolium	
   di-­‐hexafluorophosphate	
   4	
   with	
  
[IrCl(COD)]2	
   in	
   THF	
   in	
   the	
   presence	
   of	
   potassium	
   tert-­‐
butoxide,	
   allowed	
   the	
   formation	
   of	
   the	
   di-­‐iridium	
   com-­‐
plex	
  5,	
  in	
  39%	
  yield.	
  By	
  following	
  a	
  similar	
  procedure,	
  but	
  
with	
  the	
  addition	
  of	
  an	
  excess	
  of	
  KI,	
  the	
  reaction	
  of	
  3	
  with	
  
[IrCl(COD)]2	
   afforded	
   the	
   iodide	
   analogue	
   complex	
  6,	
   in	
  
42%	
   yield.	
   Both	
   1H	
   and	
   13C	
   NMR	
   spectra	
   of	
   5	
   and	
   6	
   are	
  
consistent	
  with	
  the	
  twofold	
  symmetry	
  of	
  the	
  molecules,	
  as	
  
exemplified	
  by	
   the	
  appearance	
  of	
  only	
  one	
   1H	
   signal	
  due	
  
to	
  the	
  four	
  protons	
  of	
  the	
  pyrene	
  core,	
  or	
  to	
  the	
  four	
  pro-­‐
tons	
   of	
   the	
   two	
   benzenes	
   that	
   connect	
   the	
   imidazolyli-­‐
denes	
  with	
   the	
   pyrene.	
  The	
   13C	
  NMR	
   spectra	
   display	
   the	
  
distinctive	
   carbene-­‐carbon	
   resonances	
   at	
   δ	
   202.2	
   and	
  
202.8,	
  for	
  5	
  and	
  6,	
  respectively.	
  

Scheme	
  3	
  

The	
  reaction	
  of	
  5	
  with	
  carbon	
  monoxide	
   in	
  CH2Cl2,	
  al-­‐
lowed	
   the	
   preparation	
   of	
   the	
   tetracarbonyl-­‐di-­‐iridium	
  
complex	
  7.	
  The	
  analysis	
  of	
  the	
  CO	
  stretching	
  frequencies	
  
of	
  the	
  complex	
  (bands	
  at	
  1989	
  and	
  2072	
  cm-­‐1,	
  from	
  a	
  solu-­‐
tion	
   of	
   the	
   complex	
   in	
   CH2Cl2)	
   allows	
   quantifying	
   the	
  
electrondonating	
  character	
  of	
  the	
  ligand,	
  by	
  calculating	
  a	
  
TEP	
   value	
   of	
   2056	
   cm-­‐1,	
   from	
   the	
   well-­‐known	
  
correlations.18	
   This	
   value	
   differs	
   in	
   +2	
   cm-­‐1	
   compared	
   to	
  
the	
   related	
   pyrene-­‐based	
   bis-­‐imidazolylidene	
  C	
   (Scheme	
  
1),	
   indicating	
  that	
  the	
  presence	
  of	
   the	
  two	
  pyrazine	
  rings	
  
results	
  in	
  a	
  slight	
  decrease	
  of	
  the	
  electrondonating	
  power	
  
of	
  the	
  ligand.	
  Interestingly,	
  the	
  CO	
  stretching	
  frequencies	
  
of	
  the	
  complex	
  are	
  modified	
  by	
  the	
  addition	
  of	
  π-­‐stacking	
  
additives	
  to	
  CH2Cl2	
  solutions	
  of	
  7.	
  The	
  addition	
  of	
  pyrene	
  
results	
  in	
  a	
  decrease	
  of	
  the	
  TEP	
  value	
  to	
  2054	
  cm-­‐1,	
  while	
  
the	
   addition	
   of	
   C6F6	
  makes	
   the	
   TEP	
   to	
   raise	
   up	
   to	
   2057	
  
cm-­‐1,	
  therefore	
  indicating	
  that	
  the	
  addition	
  of	
  the	
  suitable	
  
π-­‐stacking	
   additive	
   may	
   post-­‐modify	
   the	
   electron-­‐
donating	
   ligand	
  by	
   increasing	
  or	
  decreasing	
   its	
   electron-­‐
donating	
  character.	
  We	
  have	
  recently	
  observed	
  the	
  same	
  
type	
   of	
   effect	
   for	
   a	
   series	
   of	
   Ir-­‐carbonyl	
   complexes	
   with	
  
NHC	
   ligands	
   decorated	
  with	
   extended	
   polyaromatic	
   sys-­‐
tems.	
  

We	
  previously	
  suggested	
  that	
  the	
  DFT	
  evaluation	
  of	
  the	
  
TEP	
   values	
   of	
   di-­‐NHC	
   ligands	
   connected	
   by	
   extended	
  
polyaromatic	
   systems	
  may	
   be	
   used	
   for	
   the	
   estimation	
   of	
  
the	
  electronic	
  communication	
  between	
  the	
  metals	
  bound	
  
to	
   the	
   ligand.19	
   For	
   this	
   purpose,	
   we	
   calculated	
   the	
   TEP	
  
value	
   for	
   the	
   di-­‐NHC	
   ligand	
   bound	
   to	
   a	
   single	
   Ni(CO)3	
  
fragment,	
  while	
  keeping	
  the	
  other	
  carbene	
  unbound	
  (F	
  in	
  
Chart	
  2,	
  note	
  that	
  for	
  this	
  ligand,	
  the	
  2,7-­‐tBu	
  substituents	
  
were	
  replaced	
  by	
  hydrogens,	
  and	
  N-­‐Me	
  groups	
  were	
  used	
  
instead	
  of	
  N-­‐nBu).	
  The	
  resulting	
  TEP	
  value	
  is	
  2059.5	
  cm-­‐1.	
  
The	
  calculated	
  TEP	
  value	
  for	
  the	
  system	
  in	
  which	
  the	
  di-­‐
NHC	
   ligand	
   is	
   bound	
   to	
   two	
   Ni(CO)3	
   fragments	
   (G)	
   is	
  
2060	
   cm-­‐1.	
   This	
   small	
   TEP-­‐shift,	
   indicates	
   that	
   the	
   two	
  
metals	
  are	
  basically	
  disconnected,	
  despite	
  being	
  apparent-­‐
ly	
  linked	
  by	
  a	
  very	
  effective	
  π-­‐delocalized	
  system.19	
  	
  

Scheme	
  4	
  

We	
  wanted	
   to	
   quantify	
   the	
   π-­‐stacking	
   interaction	
   be-­‐
tween	
   7	
   and	
   other	
   polyaromatic	
   substrates	
   and,	
   for	
   that	
  
reason,	
  we	
  decided	
   to	
  perform	
  an	
   experiment	
   consisting	
  
of	
  the	
  titration	
  of	
  7	
  with	
  pyrene	
  and	
  the	
  evaluation	
  of	
  the	
  
changes	
   produced	
   in	
   the	
   resulting	
   1H	
  NMR	
   spectra.	
   The	
  
first	
  indication	
  that	
  the	
  π-­‐stacking	
  between	
  7	
  and	
  pyrene	
  
is	
   produced,	
   is	
   the	
   shifting	
   of	
   the	
   signals	
   at	
   9.8	
   and	
   8.5	
  
ppm	
  toward	
  lower	
  frequencies,	
  upon	
  addition	
  of	
  increas-­‐
ing	
   amounts	
   of	
   pyrene,	
   indicating	
   that	
   the	
   interaction	
  



 

between	
  pyrene	
  and	
  7	
  is	
  mainly	
  produced	
  at	
  the	
  pyrazine	
  
part	
  of	
  the	
  ligand	
  in	
  7.	
  By	
  assuming	
  a	
  1:1	
  molar	
  stoichiom-­‐
etry	
  for	
  the	
  formation	
  of	
  the	
  π-­‐stacking	
  adducts,	
  we	
  were	
  
able	
  to	
  estimate	
  the	
  association	
  constant	
  between	
  pyrene	
  
and	
  7,	
  by	
  using	
  the	
  Benesi-­‐Hildebrand	
  treatment	
  (see	
  ESI	
  
for	
  all	
  details).20	
  The	
  resulting	
  association	
  constant	
  is	
  Ka	
  =	
  
11.6	
   M-­‐1,	
   higher	
   than	
   the	
   association	
   constants	
   that	
   we	
  
found	
   for	
   the	
   interaction	
   of	
   pyrene	
   with	
   other	
   mono-­‐
NHCs	
  decorated	
  with	
  polyaromatic	
  ligands.21	
  	
  
The	
   molecular	
   structure	
   of	
   6	
   was	
   unambiguously	
   de-­‐

termined	
  by	
  single	
  crystal	
  X-­‐ray	
  diffraction.	
  The	
  molecule	
  
consists	
   of	
   a	
   quinoxalinophenanthrophenazine-­‐bis-­‐
imidazole-­‐di-­‐ylidene,	
   bridging	
   two	
   iridium	
   fragments,	
  
which	
  complete	
   their	
  coordination	
  spheres	
  with	
  a	
   iodide	
  
and	
   a	
   1,5-­‐cyclooctadiene	
   ligand.	
   The	
   relative	
   orientation	
  
of	
   the	
   two	
  metal	
   fragments	
   is	
   anti,	
   with	
   the	
   two	
   iodide	
  
ligands	
   pointing	
   at	
   opposite	
   directions.	
   The	
   average	
   Ir-­‐
Ccarbene	
   bond	
   distance	
   is	
   2.01	
   Å.	
   The	
  molecule	
   displays	
   a	
  
remarkably	
   long	
   metal-­‐to-­‐metal	
   through-­‐space	
   distance	
  
of	
  22.37	
  Å	
  (the	
  longest	
  reported	
  so	
  far	
  for	
  a	
  Janus-­‐type	
  di-­‐
NHC	
  ligand),	
  which	
   is	
   slightly	
  shorter	
   than	
  the	
  through-­‐
ligand	
   distance	
   of	
   22.61	
  Å	
   as	
   a	
   consequence	
   of	
   the	
   bow-­‐
shaped	
   conformation	
   adopted	
   by	
   the	
   ligand.	
   The	
   crystal	
  
packing	
  reveals	
  that	
  the	
  molecules	
  are	
  associated	
  in	
  pairs,	
  
in	
  which	
  the	
  convex	
  parts	
  of	
  the	
  molecules	
  are	
  approach-­‐
ing	
  each	
  other	
  by	
  one	
  of	
  their	
  pyrazine	
  heterocycles.	
  

Figure	
   1.	
   Two	
   perspectives	
   of	
   the	
  molecular	
   structure	
   of	
  6.	
  
Hydrogen	
   atoms	
   have	
   been	
   omitted	
   for	
   clarity.	
   Thermal	
  
ellipsoids	
   are	
   shown	
   at	
   the	
   50%	
   level	
   of	
   probability.	
   The	
  
figure	
   below	
   shows	
   a	
   side-­‐on	
   perspective	
   of	
   the	
   molecule,	
  
and	
  illustrates	
  the	
  π-­‐stacking	
  between	
  two	
  molecules.	
  Selec-­‐
ted	
  bond	
  distances	
   (Å)	
   and	
   angles	
   (º):	
   Ir1-­‐I1	
   2.6153(9),	
   Ir1-­‐C1	
  
2.013(9),	
  Ir1-­‐C3	
  2.083(13),	
  Ir1-­‐C4	
  2.082(12),	
  Ir1-­‐C5	
  2.188(10),	
  Ir1-­‐
C6	
   2.185(9),	
   Ir2-­‐I2	
   2.6057(10),	
   Ir2-­‐C2	
   2.000(10),	
   Ir2-­‐C7	
  
2.082(11),	
   Ir2-­‐C8	
  2.078(10),	
   Ir2-­‐C9	
  2.199(10),	
   Ir2-­‐C10	
  2.191(10),	
  
C1-­‐Ir1-­‐I1	
  86.6(3),	
  C2-­‐Ir2-­‐I2	
  87.9(4).	
  

 

CONCLUSIONS 
In summary, in this work we have prepared and successfully 
coordinated a new Janus di-N-heterocyclic-carbene ligand based 
on a quinoxalinophenanthrophenazine core. The preparation of 
this type of ligand may serve as a scaffold for the preparation of 
sophisticated metallorganic structures, which may include molec-
ular squares, cages and organometallic polymers. The π-stacking 
abilities of the molecules based on this new ligand have been 
demonstrated, and may introduce interesting benefits for the 
selective recognition of polyaromatic substrates, if the related 
metallosupramolecules derived were obtained. Efforts aiming to 
obtain molecular cages based on this new ligand are underway in 
our lab. 

EXPERIMENTAL SECTION 
General	
   methods.	
   1,3-­‐Dibutyl-­‐5,6-­‐dinitro-­‐
benzimidazolium	
   iodide,17	
   pyrene-­‐4,5,9,10-­‐tetraone,22	
   and	
  
2,7-­‐di-­‐tert-­‐butylpyrene-­‐4,5,9,10-­‐tetraone22	
   were	
   prepared	
  
according	
   to	
   literature	
   methods.	
   All	
   reactions	
   were	
   car-­‐
ried	
   out	
   under	
   nitrogen	
   standard	
   Schlenk	
   techniques	
  
unless	
   otherwise	
   stated.	
   Anhydrous	
   solvents	
   were	
   dried	
  
using	
   a	
   solvent	
   purification	
   system	
   (SPS	
   M	
   BRAUN)	
   or	
  
purchased	
   and	
   degassed	
   prior	
   to	
   use	
   by	
   purging	
   with	
  
nitrogen	
   and	
   kept	
   over	
   molecular	
   sieves.	
   All	
   other	
   rea-­‐
gents	
   were	
   used	
   as	
   received	
   from	
   commercial	
   suppliers.	
  
NMR	
  spectra	
  were	
   recorded	
  on	
  a	
  Varian	
   Innova	
  300	
  and	
  
500	
   MHz,	
   using	
   CDCl3	
   or	
   DMSO-­‐d6	
   as	
   solvents.	
   Elec-­‐
trospray	
  mass	
   spectra	
   (ESI-­‐MS)	
   were	
   recorded	
   on	
   a	
  Mi-­‐
cromass	
  Quatro	
  LC	
  instrument;	
  nitrogen	
  was	
  employed	
  as	
  
drying	
   and	
   nebulizing	
   gas.	
   Elemental	
   analyses	
  were	
   car-­‐
ried	
   out	
   on	
   a	
   TruSpec	
   Micro	
   Series.	
   Infrared	
   spectra	
  
(FTIR)	
   were	
   performed	
   on	
   a	
   Bruker	
   EQUINOX	
   55	
   spec-­‐
trometer	
  with	
  a	
  spectral	
  window	
  of	
  4000-­‐600	
  cm-­‐1.	
  
Synthesis	
  of	
  1,3-­‐dibutyl-­‐5,6-­‐diaminobenzimidazolium	
  
iodide	
   (1).	
  Hydrazine	
   (8.2	
   mL	
   of	
   64%	
   of	
   aqueous	
   solu-­‐
tion,	
   108.19	
  mmol)	
   was	
   added	
   dropwise	
   to	
   a	
   solution	
   of	
  
1,3-­‐dibutyl-­‐5,6-­‐dinitrobenzimidazolium	
   iodide	
   (1.6	
   g,	
   3.57	
  
mmol)	
  and	
  Pd/C	
   (0.4	
  g	
  of	
   10%	
  wt.	
  Pd,	
  0.38	
  mmol)	
   in	
  80	
  
mL	
  of	
  deoxygenated	
  ethanol.	
  After	
  5	
  minutes,	
  25	
  mL	
  of	
  a	
  1	
  
M	
   solution	
   of	
   HCl	
   were	
   added	
   dropwise.	
   The	
   reaction	
  
mixture	
  was	
  stirred	
  and	
  heated	
  at	
  80ºC	
  for	
  4h.	
  Then,	
  the	
  
solution	
   was	
   cooled	
   to	
   room	
   temperature	
   and	
   filtered	
  
thought	
   Celite.	
   The	
   clear	
   solution	
  was	
   concentrated	
   un-­‐
der	
  vacuum	
  and	
  the	
  precipitated	
  white	
  solid	
  was	
  filtered,	
  
washed	
  with	
  water	
  and	
  abundant	
  diethyl	
  ether.	
  Yield:	
  1.24	
  
g	
   (90%).	
   1H	
   NMR	
   (300	
   MHz,	
   DMSO-­‐d6):	
   δ	
   9.29	
   (s,	
   1H,	
  
NCHN),	
  6.89	
  (s,	
  2H,	
  CHAr),	
  5.27	
  (s,	
  4H,	
  NH2),	
  4.25	
  (t,	
  

3JH-­‐H	
  
=	
   6.7	
   Hz,	
   4H,	
   NCH2CH2CH2CH3),	
   1.96-­‐1.73	
   (m,	
   4H,	
  
NCH2CH2CH2CH3),	
   1.43-­‐1.19	
   (m,	
   4H,	
   NCH2CH2CH2CH3),	
  
0.90	
  (t,	
  3JH-­‐H	
  =	
  7.2	
  Hz,	
  6H,	
  NCH2CH2CH2CH3).	
  

13C	
  NMR	
  (75	
  
MHz,	
  DMSO-­‐d6):	
   δ	
   137.2	
   (NCHN),	
   135.5	
   (CAr),	
   123.8	
   (CAr),	
  
94.0	
   (CHAr),	
   45.8	
   (NCH2CH2CH2CH3),	
   30.2	
  
(NCH2CH2CH2CH3),	
   19.0	
   (NCH2CH2CH2CH3),	
   13.3	
  
(NCH2CH2CH2CH3).	
   Electrospray	
   MS	
   (20	
   V,	
   m/z):	
   261.3	
  
[M]+.	
  Anal.	
  Calcd.	
  for	
  C15H25IN4	
  (388.3):	
  C,	
  46.40;	
  H,	
  6.49;	
  
N,	
  14.43.	
  Found:	
  C,	
  46.40;	
  H,	
  6.47;	
  N,	
  14.84.	
  
Synthesis	
   of	
   bisazolium	
   salts.	
   General	
   procedure.	
  A	
  
mixture	
   of	
   1	
   (2.2	
   eq.)	
   and	
   the	
   corresponding	
   tetraone	
   (1	
  



 

eq.)	
   in	
  methanol	
   (50	
  mL)	
  was	
   refluxed	
   overnight.	
   Then,	
  
the	
  reaction	
  mixture	
  was	
  cooled	
  to	
  room	
  temperature	
  and	
  
concentrated	
   under	
   vacuum.	
   The	
   solid	
   so	
   formed	
   was	
  
separated	
   by	
   filtration	
   and	
   washed	
   subsequently	
   with	
   a	
  
little	
  amount	
  of	
  ethanol	
  and	
  diethyl	
  ether.	
  
Synthesis	
  of	
  2.	
  Compound	
  2	
  was	
  prepared	
  by	
   reacting	
   1	
  
(163	
   mg,	
   0.42	
   mmol)	
   with	
   pyrene-­‐4,5,9,10-­‐tetraone	
   (50	
  
mg,	
  0.19	
  mmol).	
  Yield:	
  143.2	
  mg	
  (75%).	
  1H	
  NMR	
  (300	
  MHz,	
  
DMSO-­‐d6):	
   δ	
   10.18	
   (br	
   s,	
   2H,	
   NCHN),	
   9.48-­‐9.24	
   (m,	
   4H,	
  
CHAr),	
  8.91	
  (s,	
  4H,	
  CHAr),	
  8.40-­‐8.12	
  (m,	
  2H,	
  CHAr),	
  4.63	
  (br	
  
s,	
   8H,	
   NCH2CH2CH2CH3),	
   2.06	
   (br	
   s,	
   8H,	
  
NCH2CH2CH2CH3),	
   1.69-­‐1.31	
   (br	
   m,	
   8H,	
  
NCH2CH2CH2CH3),	
   1.05	
   (br	
   s,	
   12H,	
   NCH2CH2CH2CH3).	
  
Attempts	
   to	
   record	
   the	
   13C	
  NMR	
  spectrum	
  of	
  2	
  were	
  un-­‐
successful	
   due	
   to	
   the	
   low	
   solubility	
   of	
   the	
   compound.	
  
Electrospray	
  MS	
  (20	
  V,	
  m/z):	
  356.4	
  [M]2+.	
  Anal.	
  Calcd.	
  for	
  
C46H48I2N8·∙2H2O	
  (1002.8):	
  C,	
  55.10;	
  H,	
  5.23;	
  N,	
  11.17.	
  Found:	
  
C,	
  55.63;	
  H,	
  5.30;	
  N,	
  11.09.	
  

Synthesis	
  of	
   3.	
  Compound	
  3	
  was	
  prepared	
  by	
   reacting	
   1	
  
(300	
  mg,	
  0.77	
  mmol)	
  with	
  2,7-­‐di-­‐tert-­‐butylpyrene-­‐4,5,9,10-­‐
tetraone	
   (131	
  mg,	
   0.35	
  mmol).	
   Yield:	
   276.7	
  mg	
   (73%).	
   1H	
  
NMR	
   (500	
  MHz,	
  DMSO-­‐d6):	
   δ	
   10.19	
   (s,	
   2H,	
  NCHN),	
   9.72	
  
(s,	
  4H,	
  CHAr),	
  9.19	
  (s,	
  4H,	
  CHAr),	
  4.72	
  (t,	
  

3JH-­‐H	
  =	
  7.1	
  Hz,	
  8H,	
  
NCH2CH2CH2CH3),	
   2.18-­‐1.99	
   (m,	
   8H,	
   NCH2CH2CH2CH3),	
  
1.76	
  (s,	
  18H,	
  C(CH3)3),	
  1.65-­‐1.43	
  (m,	
  8H,	
  NCH2CH2CH2CH3),	
  
1.05	
   (t,	
   3JH-­‐H	
   =	
   7.4	
   Hz,	
   12H,	
   NCH2CH2CH2CH3).

	
   13C	
   NMR	
  
(126	
  MHz,	
   DMSO-­‐d6):	
   δ	
   151.0	
   (CAr),	
   146.4	
   (NCHN),	
   142.6	
  
(CAr),	
   138.5	
   (CAr),	
   133.3	
   (CAr),	
   128.6	
   (CAr),	
   125.3	
   (CAr),	
   124.8	
  
(CHAr),	
   112.5	
   (CHAr),	
   47.0	
   (NCH2CH2CH2CH3),	
   35.5	
  
(NCH2CH2CH2CH3),	
   31.4	
   (C(CH3)3),	
   30.5	
   (C(CH3)3),	
   19.2	
  
(NCH2CH2CH2CH3),	
  13.5	
  (NCH2CH2CH2CH3).	
  Electrospray	
  
MS	
   (20	
   V,	
  m/z):	
   412.4	
   [M]2+.	
   Anal.	
   Calcd.	
   for	
   C54H64I2N8	
  

(1078.9):	
   C,	
   60.11;	
   H,	
   5.98;	
   N,	
   10.39.	
   Found:	
   C,	
   60.00;	
   H,	
  
6.02;	
  N,	
  10.31.	
  
Synthesis	
  of	
  4.	
  NH4PF6	
  (77.3	
  mg,	
  0.48	
  mmol)	
  was	
  added	
  
to	
  a	
  solution	
  of	
  3	
   (255.9	
  mg,	
  0.24	
  mmol)	
   in	
  a	
  mixture	
  3:1	
  
methanol/CH2Cl2.	
   The	
   reaction	
   mixture	
   was	
   stirred	
   at	
  
room	
   temperature	
   overnight.	
   Then,	
   the	
   yellow	
   solid	
   so	
  
formed	
   was	
   separated	
   by	
   filtration	
   and	
   washed	
   with	
  
methanol	
   and	
   diethyl	
   ether.	
   Yield:	
   252.7	
   mg	
   (93%).	
   1H	
  
NMR	
   (300	
  MHz,	
  DMSO-­‐d6):	
   δ	
   10.17	
   (s,	
   2H,	
  NCHN),	
  9.69	
  
(s,	
   4H,	
   CHAr),	
   9.12	
   (s,	
   4H,	
   CHAr),	
   4.83-­‐4.56	
   (m,	
   8H,	
  
NCH2CH2CH2CH3),	
   2.21-­‐1.97	
   (m,	
   8H,	
   NCH2CH2CH2CH3),	
  
1.77	
  (s,	
  18H,	
  C(CH3)3),	
  1.64-­‐1.45	
  (m,	
  8H,	
  NCH2CH2CH2CH3),	
  
1.05	
  (t,	
  3JH-­‐H	
  =	
  7.3	
  Hz,	
  12H,	
  NCH2CH2CH2CH3).	
  

13C	
  NMR	
  (75	
  
MHz,	
   DMSO-­‐d6):	
   δ	
   150.9	
   (CAr),	
   148.0	
   (CAr),	
   142.3	
   (CAr),	
  
138.3	
  (CAr),	
  133.1	
  (CAr),	
  128.2	
  (CAr),	
  124.9	
  (CAr),	
  124.6	
  (CHAr),	
  
112.2	
   (CHAr),	
   47.0	
   (NCH2CH2CH2CH3),	
   35.5	
  
(NCH2CH2CH2CH3),	
   31.5	
   (C(CH3)3),	
   30.4	
   (C(CH3)3),	
   19.3	
  
(NCH2CH2CH2CH3),	
  13.5	
  (NCH2CH2CH2CH3).	
  Electrospray	
  
MS	
   (20	
   V,	
   m/z):	
   412.3	
   [M]2+.	
   Anal.	
   Calcd.	
   For	
  
C54H64F12N8P2·∙2H2O	
   (1151.1):	
   C,	
   56.34;	
   H,	
   5.95;	
   N,	
   9.73.	
  
Found:	
  C,	
  56.57;	
  H,	
  5.92;	
  N,	
  9.73.	
  

General	
  procedure	
  for	
  the	
  synthesis	
  of	
  the	
  Ir(I)	
  com-­‐
plexes.	
  A	
  mixture	
   of	
   the	
   corresponding	
   bisazolium	
   salt	
  
(1eq.),	
  potassium	
  tert-­‐butoxide	
  (2.2	
  eq.)	
  and	
  [IrCl(cod)]2	
  (1	
  
eq.)	
   in	
  THF	
   (10	
  mL)	
  was	
   stirred	
   overnight	
   at	
   room	
   tem-­‐
perature.	
   After	
   removal	
   of	
   the	
   volatiles,	
   the	
   crude	
   solid	
  

was	
  purified	
  by	
  column	
  chromatography	
  using	
  CH2Cl2	
  as	
  
eluent.	
  

Synthesis	
   of	
   5.	
   Compound	
   5	
   was	
   prepared	
   by	
   reacting	
  
the	
   bisazolium	
   salt	
   4	
   (100.0	
  mg,	
   0.09	
  mmol),	
   potassium	
  
tert-­‐butoxide	
   (21.4	
  mg,	
   0.19	
  mmol)	
   and	
   [IrCl(cod)]2	
   (58.4	
  
mg,	
   0.09	
   mmol).	
   Yield:	
   52.8	
   (39%).	
   1H	
   NMR	
   (300	
  
MHz,CDCl3):	
  δ	
  9.81	
  (s,	
  4H,	
  CHAr),	
  8.20	
  (s,	
  4H,	
  CHAr),	
  5.14-­‐
4.73	
   (m,	
   12H,	
   4H	
  CHCOD	
   and	
   8H	
  NCH2CH2CH2CH3),	
   3.10	
  
(br	
   s,	
   4H,	
   CHCOD),	
   2.36	
   (br	
   s,	
   16H,	
   8H	
   CH2	
   COD	
   and	
   8H	
  
NCH2CH2CH2CH3),	
   2.24-­‐1.65	
   (m,	
   34H,	
   8H	
   CH2	
   COD,	
   8H	
  
NCH2CH2CH2CH3	
  and	
  18H	
  C(CH3)3),	
  1.19	
  (t,	
  

3JH-­‐H	
  =	
  7.3	
  Hz,	
  
12H,	
   NCH2CH2CH2CH3).	
  

13C	
   NMR	
   (75	
   MHz,	
   CDCl3):	
   δ	
  
202.2	
   (Ir-­‐Ccarbene),	
   151.2	
   (CAr),	
   142.7	
   (CAr),	
   138.7	
   (CAr),	
   137.7	
  
(CAr),	
   129.6	
   (CAr),	
   125.8	
   (CAr),	
   124.7	
   (CHAr),	
   106.8	
   (CHAr),	
  
88.9	
   (CHCOD),	
  53.3	
   (CHCOD),	
  49.1	
   (NCH2CH2CH2CH3),	
  36.1	
  
(C(CH3)3),	
   33.8	
   (NCH2CH2CH2CH3),	
   32.1	
   (C(CH3)3),	
   31.4	
  
(CH2	
   COD),	
   29.5	
   (CH2	
   COD),	
   20.8	
   (NCH2CH2CH2CH3),	
   14.1	
  
(NCH2CH2CH2CH3).	
  HRMS	
  ESI-­‐TOF-­‐MS	
  (positive	
  mode):	
  
m/z	
   calcd.	
   :	
   1500.6188	
   [M-­‐Cl+CH3CN]+	
   (monoisotopic	
  
peak);	
   found:	
   1500.6385.	
   Anal.	
   Calcd.	
   for	
  
C70H86Cl2Ir2N8·∙3H2O	
   (1548.9):	
   C,	
   54.28;	
   H,	
   5.99;	
   N,	
   7.23.	
  
Found:	
  C,	
  54.37;	
  H,	
  5.95;	
  N,	
  7.35.	
  

Synthesis	
   of	
   6.	
   Compound	
   6	
   was	
   prepared	
   by	
   reacting	
  
the	
  bisazolium	
  salt	
  3	
  (70	
  mg,	
  0.06	
  mmol),	
  potassium	
  tert-­‐
butoxide	
  (16.0	
  mg,	
  0.14	
  mmol),	
  KI	
  (59.76	
  mg,	
  0.36	
  mmol)	
  
and	
   [IrCl(cod)]2	
   (43.6	
   mg,	
   0.06	
   mmol).	
   Yield:	
   45.2	
   mg	
  
(42%).	
   1H	
  NMR	
   (300	
  MHz,	
   CDCl3):	
   δ	
   9.81	
   (s,	
   4H,	
   CHAr),	
  
8.12	
   (s,	
   4H,	
   CHAr),	
   5.08	
   (br	
   s,	
   4H,	
   CHCOD),	
   4.99-­‐4.65	
   (m,	
  
8H,	
  NCH2CH2CH2CH3),	
   3.04	
   (br	
   s,	
   4H,	
   CHCOD),	
   2.50-­‐2.16	
  
(m,	
  16H,	
  8H	
  CH2	
  COD	
  and	
  8H	
  NCH2CH2CH2CH3),	
  2.16-­‐1.88	
  
(m,	
  8H,	
  CH2	
  COD),	
   1.84	
  (s,	
   18H,	
  C(CH3)3),	
   1.77-­‐1.63	
  (m,	
  8H,	
  
NCH2CH2CH2CH3),	
   1.19	
   (t,	
   3JH-­‐H	
   =	
   7.4	
   Hz,	
   12H,	
  
NCH2CH2CH2CH3).	
  

13C	
  NMR	
  (75	
  MHz,	
  CDCl3):	
  δ	
  202.8	
  (Ir-­‐
Ccarbene),	
  151.1	
  (CAr),	
  142.5	
  (CAr),	
  138.6	
  (CAr),	
  137.8	
  (CAr),	
  129.5	
  
(CAr),	
  125.6,	
  (CAr)	
  124.6	
  (CHAr),	
  106.7	
  (CHAr),	
  86.9	
  (CHCOD),	
  
56.5	
   (CHCOD),	
   48.8	
   (NCH2CH2CH2CH3),	
   36.2	
   (C(CH3)3),	
  
33.1	
   (NCH2CH2CH2CH3),	
   32.1	
   (C(CH3)3),	
   30.8	
   (CH2	
   COD),	
  
30.3	
   (CH2	
   COD),	
   20.8	
   (NCH2CH2CH2CH3),	
   14.1	
  
(NCH2CH2CH2CH3).	
  HRMS	
  ESI-­‐TOF-­‐MS	
  (positive	
  mode):	
  
m/z	
  calcd	
  :	
  1592.5544	
  [M-­‐I+CH3CN]+	
  (monoisotopic	
  peak);	
  
found:	
  1592.5741.	
  Anal.	
  Calcd.	
  For	
  C70H86I2Ir2N8	
  (1677.7):	
  C,	
  
50.11;	
  H,	
  5.17;	
  N,	
  6.68.	
  Found:	
  C,	
  49.83;	
  H,	
  5.04;	
  N,	
  6.68.	
  

Synthesis	
  of	
  7.	
  CO	
  gas	
  was	
  bubbled	
  through	
  a	
  solution	
  of	
  
complex	
  5	
  (50	
  mg,	
  0.03	
  mmol)	
  in	
  dichloromethane	
  (5	
  mL)	
  
at	
   0°C	
   during	
   20	
   min.	
   The	
   solution	
   was	
   concentrated	
  
under	
   reduced	
   pressure,	
   and	
   hexane	
   was	
   added	
   to	
   give	
  
carbonyl	
   derivative	
   7	
   as	
   a	
   yellow	
   solid.	
   Yield:	
   45.0	
   mg	
  
(96%).	
   1H	
  NMR	
   (300	
  MHz,	
  CDCl3):	
   δ	
   9.85	
   (s,	
   4H,	
  CHAr),	
  
8.45	
   (s,	
   4H,	
   CHAr),	
   5.10-­‐4.87	
   (m,	
   4H,	
   NCH2CH2CH2CH3),	
  
4.87-­‐4.65	
   (m,	
   4H,	
   NCH2CH2CH2CH3),	
   2.42-­‐2.07	
   (m,	
   8H,	
  
NCH2CH2CH2CH3),	
   1.80	
   (s,	
   18H,	
   C(CH3)3),	
   1.73-­‐1.48	
   (m,	
   ,	
  
NCH2CH2CH2CH3),	
   1.23-­‐0.99	
   (m,	
   12H,	
  NCH2CH2CH2CH3).	
  
13C	
   NMR	
   (75	
   MHz,	
   CDCl3):	
   δ	
   192.2	
   (Ir-­‐Ccarbene),	
   181.2	
   (Ir-­‐
CO),	
  168.2	
  (Ir-­‐CO),	
  151.5	
  (CAr),	
  143.5	
  (CAr),	
  138.8	
  (CAr),	
  136.5	
  
(CAr),	
   129.4	
   (CAr),	
   126.2	
   (CAr),	
   125.4	
   (CHAr),	
   109.1	
   (CHAr),	
  
49.6	
   (NCH2CH2CH2CH3),	
   36.2	
   (C(CH3)3),	
   32.0	
   (C(CH3)3),	
  
31.4	
   (NCH2CH2CH2CH3),	
   20.5	
   (NCH2CH2CH2CH3),	
   14.1	
  
(NCH2CH2CH2CH3).	
  HRMS	
  ESI-­‐TOF-­‐MS	
  (positive	
  mode):	
  
m/z	
  calcd.	
  :	
  1391.3608	
  [M+H]+(monoisotopic	
  peak);	
  found:	
  



 

1391.3599.	
  Anal.	
  Calcd.	
  for	
  C58H62Cl2Ir2N8O4·∙3H2O	
  (1444.6):	
  
C,	
  48.22;	
  H,	
  4.74;	
  N,	
  7.76.	
  Found:	
  C,	
  48.32;	
  H,	
  4.78;	
  N,	
  7.65.	
  
X-Ray Crystallography 
Suitable crystals for X-Ray study of complex 6 were obtained 
by slow diffusion of chloroform into a concentrated solution 
of the complex in methanol. Diffraction data was collected on 
a Agilent SuperNova diffractometer equipped with an Atlas 
CCD detector using Mo-Kα radiation (λ = 0.71073 Å). Single 
crystals were mounted on a MicroMount® polymer tip 
(MiteGen) in a random orientation. Absorption corrections 
based on the multiscan method were applied.23 Using Olex2,24 
the structure of complex 5-H was solved using Charge Flip-
ping25 in Superflip26 and refined with ShelXL refinement 
package using Least Squares minimisation.27  
Disorder solvent is present in two voids per unit cell. Solvents 
used in synthesis and crystallization (methanol and chloro-
form) could not be recognized in the disordered electron den-
sity. The contribution of the disordered solvent to the diffrac-
tion pattern was therefore incorporated in the model using 
Squeeze in Platon v1.17.28 A total of 1171 electrons were 
found in two voids of 497 and 674 Å3, located at (0.000, 
0.000, 0.000) and (0.054, 0.446, 0.500), respectively. 
Key details of the crystals and structure refinement data are 
summarized in the Supplementary Table S2. Further crystallo-
graphic details may be found in the CIF which was deposited 
at the Cambridge Crystallographic Data Centre, Cambridge, 
UK. The reference number for 6 was assigned as 1048774. 
Computational details 
The DFT calculations presented in this work were carried out 
as reported in the literature.29  

ASSOCIATED CONTENT  
Supporting Information 
CIF	
   files	
   of	
   the	
   molecular	
   structures	
   of	
   complex	
   6,	
   NMR	
  
spectra	
   of	
   the	
   new	
   complexes,	
   relevant	
   sections	
   of	
   the	
   1H	
  
NMR	
  spectra	
   for	
   the	
  application	
  of	
   the	
  Method	
  of	
  Continu-­‐
ous	
  Variations	
  (MCV),	
  computational	
  details.	
  This	
  material	
  is	
  
available	
   free	
   of	
   charge	
   via	
   the	
   Internet	
   at	
  
http://pubs.acs.org.	
  	
  

AUTHOR INFORMATION 
Corresponding Author 
poyatosd@uji.es	
  
eperis@uji.es	
  

Notes 
The	
  authors	
  declare	
  no	
  competing	
  financial	
  interests.	
  

ACKNOWLEDGMENT  
We gratefully acknowledge financial support from MEC of Spain 
(CTQ2011-24055/BQU). The authors are grateful to the Serveis 
Centrals d’Instrumentació Científica (SCIC) of the Universitat 
Jaume I for providing with spectroscopic and X-Ray facilities. We 
would also like to thank the Ramón y Cajal (M.P.) and the Santia-
go Grisolía (H.V.) programs. We are very thankful to Prof. Dmitri 
Gusev (Wilfrid Laurier University) for the computational calcula-
tions. 

 

REFERENCES 
(1)	
   a)	
   Melaimi,	
   M.;	
   Soleilhavoup,	
   M.;	
   Bertrand,	
   G.	
   Angew.	
  

Chem.	
  Int.	
  Ed.	
  2010,	
  49,	
  8810-­‐8849;	
  b)	
  Jahnke,	
  M.	
  C.;	
  Hahn,	
  F.	
  E.	
  
In	
  Transition	
  Metal	
   Complexes	
   of	
   Neutral	
   Eta1-­‐Carbon	
   Ligands;	
  
Chauvin,	
  R.,	
  Canac,	
  Y.,	
  Eds.	
  2010;	
  Vol.	
  30,	
  p	
  95-­‐129;	
  c)	
  Hahn,	
  F.	
  E.;	
  
Jahnke,	
   M.	
   C.	
   Angew.	
   Chem.	
   Int.	
   Ed.	
   2008,	
   47,	
   3122-­‐3172;	
   d)	
  
Herrmann,	
  W.	
   A.	
  Angew.	
   Chem.	
   Int.	
   Ed.	
   2002,	
   41,	
   1291-­‐1309;	
   e)	
  
Schuster,	
   O.;	
   Yang,	
   L.	
   R.;	
   Raubenheimer,	
   H.	
   G.;	
   Albrecht,	
   M.	
  
Chem.	
  Rev.	
  2009,	
  109,	
  3445-­‐3478.	
  

(2)	
   a)	
   Schuster,	
  O.;	
  Mercs,	
   L.;	
   Albrecht,	
  M.	
  Chimia	
  2010,	
  64,	
  
184-­‐187;	
  b)	
  Mercs,	
  L.;	
  Albrecht,	
  M.	
  Chem.	
  Soc.	
  Rev.	
  2010,	
  39,	
  1903-­‐
1912;	
  c)	
  Visbal,	
  R.;	
  Concepcion	
  Gimeno,	
  M.	
  Chem.	
  Soc.	
  Rev.	
  2014,	
  
43,	
   3551-­‐3574;	
   d)	
   Lin,	
   J.	
   C.	
   Y.;	
   Huang,	
   R.	
   T.	
   W.;	
   Lee,	
   C.	
   S.;	
  
Bhattacharyya,	
  A.;	
  Hwang,	
  W.	
   S.;	
   Lin,	
   I.	
   J.	
   B.	
  Chem.	
  Rev.	
  2009,	
  
109,	
  3561-­‐3598.	
  

(3)	
   a)	
   Kascatan-­‐Nebioglu,	
   A.;	
   Panzner,	
   M.	
   J.;	
   Tessier,	
   C.	
   A.;	
  
Cannon,	
  C.	
  L.;	
  Youngs,	
  W.	
   J.	
  Coord.	
  Chem.	
  Rev.	
  2007,	
  251,	
   884-­‐
895;	
  b)	
  Garrison,	
  J.	
  C.;	
  Youngs,	
  W.	
  J.	
  Chem.	
  Rev.	
  2005,	
  105,	
  3978-­‐
4008;	
  c)	
  Hindi,	
  K.	
  M.;	
  Panzner,	
  M.	
  J.;	
  Tessier,	
  C.	
  A.;	
  Cannon,	
  C.	
  
L.;	
   Youngs,	
   W.	
   J.	
   Chem.	
   Rev.	
   2009,	
   109,	
   3859-­‐3884;	
   d)	
  
Raubenheimer,	
  H.	
  G.;	
  Cronje,	
  S.	
  Chem.	
  Soc.	
  Rev.	
  2008,	
  37,	
  1998-­‐
2011.	
  

(4)	
  a)	
  Poyatos,	
  M.;	
  Mata,	
  J.	
  A.;	
  Peris,	
  E.	
  Chem.	
  Rev.	
  2009,	
  109,	
  
3677-­‐3707;	
  b)	
  Mata,	
  J.	
  A.;	
  Poyatos,	
  M.;	
  Peris,	
  E.	
  Coord.	
  Chem.	
  Rev.	
  
2007,	
  251,	
  841-­‐859.	
  

(5)	
  a)	
  Neilson,	
  B.	
  M.;	
  Tennyson,	
  A.	
  G.;	
  Bielawski,	
  C.	
  W.	
  J.	
  Phys.	
  
Org.	
  Chem.	
  2012,	
  25,	
   531-­‐543;	
  b)	
  Powell,	
  A.	
  B.;	
  Bielawski,	
  C.	
  W.;	
  
Cowley,	
   A.	
   H.	
   Comments	
   Inorganic	
   Chem.	
   2010,	
   31,	
   75-­‐82;	
   c)	
  
Norris,	
   B.	
   C.;	
   Bielawski,	
   C.	
   W.	
  Macromolecules	
   2010,	
   43,	
   3591-­‐
3593;	
  d)	
  Williams,	
  K.	
  A.;	
  Boydston,	
  A.	
  J.;	
  Bielawski,	
  C.	
  W.	
  Chem.	
  
Soc.	
  Rev.	
  2007,	
  36,	
  729-­‐744.	
  

(6)	
  Mata,	
   J.	
  A.;	
  Hahn,	
  F.	
  E.;	
  Peris,	
  E.	
  Chem.	
  Sci.	
  2014,	
  5,	
   1723-­‐
1732.	
  

(7)	
  a)	
  Han,	
  Y.-­‐F.;	
  Jin,	
  G.-­‐X.;	
  Hahn,	
  F.	
  E.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  
135,	
   9263-­‐9266;	
   b)	
   Gierz,	
   V.;	
   Maichle-­‐Moessmer,	
   C.;	
   Kunz,	
   D.	
  
Organometallics	
  2012,	
  31,	
  739-­‐747;	
  c)	
  Cure,	
  J.;	
  Poteau,	
  R.;	
  Gerber,	
  
I.	
  C.;	
  Gornitzka,	
  H.;	
  Hemmert,	
  C.	
  Organometallics	
  2012,	
  31,	
  619-­‐
626;	
  d)	
   Schmidtendorf,	
  M.;	
   Pape,	
  T.;	
  Hahn,	
   F.	
   E.	
  Dalton	
  Trans.	
  
2013,	
  42,	
  16128-­‐16141;	
  e)	
  Schmidtendorf,	
  M.;	
  Pape,	
  T.;	
  Hahn,	
  F.	
  E.	
  
Angew.	
   Chem.	
   Int.	
   Ed.	
   2012,	
   51,	
   2195-­‐2198;	
   f)	
   Conrady,	
   F.	
   M.;	
  
Fröhlich,	
   R.;	
   Schulte	
   to	
  Brinke,	
  C.;	
   Pape,	
   T.;	
  Hahn,	
   F.	
   E.	
   J.	
   Am.	
  
Chem.	
  Soc.	
  2011,	
  133,	
  11496-­‐11499;	
  g)	
  Rit,	
  A.;	
  Pape,	
  T.;	
  Hahn,	
  F.	
  E.	
  
Organometallics	
  2011,	
  30,	
   6393-­‐6401;	
   h)	
  Radloff,	
  C.;	
  Weigand,	
   J.	
  
J.;	
   Hahn,	
   F.	
   E.	
   Dalton	
   Trans.	
   2009,	
   9392-­‐9394;	
   i)	
   Radloff,	
   C.;	
  
Hahn,	
  F.	
  E.;	
  Pape,	
  T.;	
  Fröhlich,	
  R.	
  Dalton	
  Trans.	
  2009,	
  7215-­‐7222;	
  
j)	
   Saito,	
   S.;	
   Saika,	
   M.;	
   Yamasaki,	
   R.;	
   Azumaya,	
   I.;	
   Masu,	
   H.	
  
Organometallics	
  2011,	
  30,	
  1366-­‐1373.	
  

(8)	
  a)	
  Schulte	
  to	
  Brinke,	
  C.;	
  Pape,	
  T.;	
  Hahn,	
  F.	
  E.	
  Dalton	
  Trans.	
  
2013,	
   42,	
   7330-­‐7337;	
   b)	
  Maity,	
   R.;	
   Rit,	
   A.;	
   Schulte	
   to	
   Brinke,	
   C.;	
  
Daniliuc,	
  C.	
  G.;	
  Hahn,	
  F.	
  E.	
  Chem.	
  Commun.	
  2013,	
  49,	
  1011-­‐1013;	
  c)	
  
Rit,	
  A.;	
  Pape,	
  T.;	
  Hepp,	
  A.;	
  Hahn,	
  F.	
  E.	
  Organometallics	
  2011,	
  30,	
  
334-­‐347;	
  d)	
  Rit,	
  A.;	
  Pape,	
  T.;	
  Hahn,	
  F.	
  E.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2010,	
  
132,	
  4572-­‐4573;	
  e)	
  Radloff,	
  C.;	
  Gong,	
  H.	
  Y.;	
  Schulte	
  to	
  Brinke,	
  C.;	
  
Pape,	
   T.;	
   Lynch,	
   V.	
  M.;	
   Sessler,	
   J.	
   L.;	
  Hahn,	
   F.	
   E.	
  Chem.	
   Eur.	
   J.	
  
2010,	
  16,	
  13077-­‐13081;	
  f)	
  Segarra,	
  C.;	
  Guisado-­‐Barrios,	
  G.;	
  Hahn,	
  F.	
  
E.;	
   Peris,	
   E.	
  Organometallics	
   2014,	
   33,	
   5077-­‐5080;	
   g)	
   Sinha,	
   N.;	
  
Roelfes,	
   F.;	
   Hepp,	
   A.;	
   Mejuto,	
   C.;	
   Peris,	
   E.;	
   Hahn,	
   F.	
   E.	
  
Organometallics	
  2014,	
  33,	
  6898–6904.	
  

(9)	
   a)	
   Guerret,	
   O.;	
   Sole,	
   S.;	
   Gornitzka,	
   H.;	
   Teichert,	
   M.;	
  
Trinquier,	
   G.;	
   Bertrand,	
   G.	
   J.	
   Am.	
   Chem.	
   Soc.	
   1997,	
   119,	
   6668-­‐
6669;	
   b)	
   Karimi,	
   B.;	
   Akhavan,	
   P.	
   F.	
   Chem.	
   Commun.	
   2011,	
   47,	
  
7686-­‐7688;	
   c)	
   Karimi,	
   B.;	
   Akhavan,	
   P.	
   F.	
   Inorg.	
   Chem.	
   2011,	
   50,	
  
6063-­‐6072;	
  d)	
  Karimi,	
  B.;	
  Akhavan,	
  P.	
  F.	
  Chem.	
  Commun.	
  2009,	
  
3750-­‐3752;	
   e)	
   Boydston,	
   A.	
   J.;	
   Bielawski,	
   C.	
   W.	
   Dalton	
   Trans.	
  
2006,	
   4073-­‐4077;	
   f)	
   Mercs,	
   L.;	
   Neels,	
   A.;	
   Albrecht,	
   M.	
   Dalton	
  
Trans.	
   2008,	
   5570-­‐5576;	
   g)	
  Mercs,	
   L.;	
   Neels,	
   A.;	
   Stoeckli-­‐Evans,	
  



 

H.;	
   Albrecht,	
   M.	
  Dalton	
   Trans.	
   2009,	
   7168-­‐7178;	
   h)	
   Zhang,	
   C.;	
  
Wang,	
   J.	
   J.;	
  Liu,	
  Y.;	
  Ma,	
  H.;	
  Yang,	
  X.	
  L.;	
  Xu,	
  H.	
  B.	
  Chem.	
  Eur.	
   J.	
  
2013,	
  19,	
  5004-­‐5008;	
  i)	
  Choi,	
  J.;	
  Yang,	
  H.	
  Y.;	
  Kim,	
  H.	
  J.;	
  Son,	
  S.	
  U.	
  
Angew.	
  Chem.	
  Int.	
  Ed.	
  2010,	
  49,	
  7718-­‐7722;	
  j)	
  Gonell,	
  S.;	
  Poyatos,	
  
M.;	
  Peris,	
  E.	
  Chem.	
  Eur.	
  J.	
  2014,	
  20,	
  5746-­‐5751.	
  

(10)	
  a)	
  Leenders,	
  S.	
  H.	
  A.	
  M.;	
  Gramage-­‐Doria,	
  R.;	
  de	
  Bruin,	
  B.;	
  
Reek,	
  J.	
  N.	
  H.	
  Chem.	
  Soc.	
  Rev.	
  2014,	
  DOI:	
  10.1039/c1034cs00192c;	
  
b)	
   Han,	
   Y.-­‐F.;	
   Jin,	
   G.-­‐X.	
   Acc.	
   Chem.	
   Res.	
   2014,	
   DOI:	
  
10.1021/ar500335a;	
  c)	
  Cook,	
  T.	
  R.;	
  Zheng,	
  Y.-­‐R.;	
  Stang,	
  P.	
  J.	
  Chem.	
  
Rev.	
   2013,	
   113,	
   734-­‐777;	
   d)	
   Chakrabarty,	
   R.;	
   Mukherjee,	
   P.	
   S.;	
  
Stang,	
  P.	
  J.	
  Chem.	
  Rev.	
  2011,	
  111,	
  6810-­‐6918.	
  

(11)	
  a)	
  Dydio,	
  P.;	
  Reek,	
  J.	
  N.	
  H.	
  Chem.	
  Sci.	
  2014,	
  5,	
  2135-­‐2145;	
  b)	
  
Koblenz,	
  T.	
  S.;	
  Wassenaar,	
  J.;	
  Reek,	
  J.	
  N.	
  H.	
  Chem.	
  Soc.	
  Rev.	
  2008,	
  
37,	
  247-­‐262.	
  

(12)	
   a)	
   Khramov,	
   D.	
   M.;	
   Boydston,	
   A.	
   J.;	
   Bielawski,	
   C.	
   W.	
  
Angew.	
   Chem.	
   Int.	
   Ed.	
   2006,	
   45,	
   6186-­‐6189;	
   b)	
   Mas-­‐Marza,	
   E.;	
  
Mata,	
  J.	
  A.;	
  Peris,	
  E.	
  Angew.	
  Chem.	
  Int.	
  Ed.	
  2007,	
  46,	
  3729-­‐3731;	
  c)	
  
Prades,	
  A.;	
  Peris,	
  E.;	
  Alcarazo,	
  M.	
  Organometallics	
  2012,	
  31,	
  4623-­‐
4626;	
  d)	
  Gonell,	
  S.;	
  Poyatos,	
  M.;	
  Peris,	
  E.	
  Chem.	
  Eur.	
  J.	
  2014,	
  20,	
  
9716-­‐9724.	
  

(13)	
   a)	
  Bon,	
   S.	
  B.;	
  Valentini,	
   L.;	
  Moustafa,	
  R.	
  M.;	
   Jradi,	
   F.	
  M.;	
  
Kaafarani,	
  B.	
  R.;	
  Verdejo,	
  R.;	
  Lopez-­‐Manchado,	
  M.	
  A.;	
  Kenny,	
   J.	
  
M.	
   Journal	
  of	
  Physical	
  Chemistry	
  C	
  2010,	
   114,	
   11252-­‐11257;	
  b)	
  Lee,	
  
D.-­‐C.;	
  Jang,	
  K.;	
  McGrath,	
  K.	
  K.;	
  Uy,	
  R.;	
  Robins,	
  K.	
  A.;	
  Hatchett,	
  D.	
  
W.	
   Chem.	
   Mater.	
   2008,	
   20,	
   3688-­‐3695;	
   c)	
   Gao,	
   B.;	
   Wang,	
   M.;	
  
Cheng,	
  Y.;	
  Wang,	
  L.;	
   Jing,	
  X.;	
  Wang,	
  F.	
   J.	
  Am.	
  Chem.	
  Soc.	
  2008,	
  
130,	
  8297-­‐8306.	
  

(14)	
   a)	
   Raad,	
   F.	
   S.;	
   El-­‐Ballouli,	
   A.	
   a.	
  O.;	
  Moustafa,	
   R.	
  M.;	
   Al-­‐
Sayah,	
  M.	
  H.;	
  Kaafarani,	
  B.	
  R.	
  Tetrahedron	
  2010,	
  66,	
   2944-­‐2952;	
  
b)	
  Jradi,	
  F.	
  M.;	
  Al-­‐Sayah,	
  M.	
  H.;	
  Kaafarani,	
  B.	
  R.	
  Tetrahedron	
  Lett.	
  
2008,	
  49,	
  238-­‐242.	
  

(15)	
  a)	
  McGrath,	
  K.	
  K.;	
  Jang,	
  K.;	
  Robins,	
  K.	
  A.;	
  Lee,	
  D.-­‐C.	
  Chem.	
  
Eur.	
  J.	
  2009,	
  15,	
  4070-­‐4077;	
  b)	
  Lee,	
  D.-­‐C.;	
  McGrath,	
  K.	
  K.;	
  Jang,	
  K.	
  
Chem.	
  Commun.	
  2008,	
  3636-­‐3638.	
  

(16)	
   Schiemann,	
   O.;	
   Cekan,	
   P.;	
   Margraf,	
   D.;	
   Prisner,	
   T.	
   F.;	
  
Sigurdsson,	
  S.	
  T.	
  Angew.	
  Chem.	
  Int.	
  Ed.	
  2009,	
  48,	
  3292-­‐3295.	
  

(17)	
   Tapu,	
   D.;	
   McCarty,	
   Z.;	
   Hutchinson,	
   L.;	
   Ghattas,	
   C.;	
  
Chowdhury,	
  M.;	
  Salerno,	
  J.;	
  VanDerveer,	
  D.	
  J.	
  Organomet.	
  Chem.	
  
2014,	
  749,	
  134-­‐141.	
  

(18)	
  a)	
  Nelson,	
  D.	
  L.;	
  Nolan,	
   I.	
  P.	
  Chem.	
  Soc.	
  Rev.	
  2013,	
  6723-­‐
6753;	
   b)	
  Chianese,	
  A.	
  R.;	
   Li,	
  X.	
  W.;	
   Janzen,	
  M.	
  C.;	
   Faller,	
   J.	
  W.;	
  
Crabtree,	
  R.	
  H.	
  Organometallics	
  2003,	
  22,	
   1663-­‐1667;	
  c)	
  Kelly,	
  R.	
  
A.,	
   III;	
   Clavier,	
   H.;	
   Giudice,	
   S.;	
   Scott,	
   N.	
   M.;	
   Stevens,	
   E.	
   D.;	
  
Bordner,	
   J.;	
   Samardjiev,	
   I.;	
  Hoff,	
   C.	
  D.;	
   Cavallo,	
   L.;	
  Nolan,	
   S.	
   P.	
  
Organometallics	
  2008,	
  27,	
  202-­‐210.	
  

(19)	
  Gusev,	
  D.	
  G.;	
  Peris,	
  E.	
  Dalton	
  Trans.	
  2013,	
  42,	
  7359-­‐7364.	
  
(20)	
  Benesi,	
  H.	
  A.;	
  Hildebrand,	
  J.	
  H.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1949,	
  71,	
  

2703-­‐2707.	
  
(21)	
  Valdés,	
  H.;	
  Poyatos,	
  M.;	
  Peris,	
  E.	
  Inorg.	
  Chem.	
  2015,	
  DOI:	
  

10.1021/acs.inorgchem.1025b00250.	
  
(22)	
  Hu,	
   J.;	
   Zhang,	
  D.;	
  Harris,	
   F.	
  W.	
   J.	
  Org.	
   Chem.	
   2005,	
   70,	
  

707-­‐708.	
  
(23)	
  Sheldrick,	
  G.	
  M.	
  Acta	
  	
  Crystallogr.	
  A	
  2008,	
  64,	
  112-­‐122.	
  
(24)	
   Bates,	
   J.	
   I.;	
   Gates,	
   D.	
   P.	
  Organometallics	
   2012,	
   31,	
   4529-­‐

4536.	
  
(25)	
  a)	
  Oszlanyi,	
  G.;	
  Suto,	
  A.	
  Acta	
  	
  Crystallogr.	
  A	
  2004,	
  60,	
  134-­‐

141;	
  b)	
  Oszlanyi,	
  G.;	
  Suto,	
  A.	
  Acta	
  	
  Crystallogr.	
  A	
  2005,	
  61,	
  147-­‐152.	
  
(26)	
   Palatinus,	
   L.;	
   Chapuis,	
   G.	
   J.	
   Appl.	
   Crystallogr.	
   2007,	
   40,	
  

786-­‐790.	
  
(27)	
  Dolomanov,	
  O.	
  V.;	
  Bourhis,	
  L.	
  J.;	
  Gildea,	
  R.	
  J.;	
  Howard,	
  J.	
  

A.	
  K.;	
  Puschmann,	
  H.	
  J.	
  Appl.	
  Crystallogr.	
  2009,	
  42,	
  339-­‐341.	
  
(28)	
  Spek,	
  A.	
  L.	
  J.	
  Appl.	
  Crystallogr.	
  2003,	
  36,	
  7-­‐13.	
  
(29)	
  Gusev,	
  D.	
  G.	
  Organometallics	
  2009,	
  28,	
  6458-­‐6461.	
  
 

	
  

Insert	
  Table	
  of	
  Contents	
  artwork	
  here	
  



 

 

7 

	
  

	
  

	
  
A	
  Janus-­‐type	
  di-­‐NHC	
  ligand	
  based	
  on	
  a	
  quinoxalinophenanthrophenazine	
  core	
  has	
  been	
  obtained	
  and	
  coordinated	
  to	
  

iridium.	
  The	
  new	
  ligand	
  disposes	
  the	
  two	
  metals	
  at	
  a	
  distance	
  of	
  22.4	
  Å,	
  significantly	
  longer	
  than	
  any	
  of	
  the	
  related	
  lig-­‐
ands	
  reported	
  so	
  far.	
  

	
  


