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Polycyclic   aromatic   hydrocarbons   consisting   of   three   fused  
anthracene   units   were   designed   as   new   π-­conjugated   compounds  
having   helical   structures.   These   expanded   helicenes   were  
synthesized  by  Pt-­catalyzed  cycloisomerization  of  the  corresponding  
ethynyl-­substituted   precursors.   The   nonplanar   and   helical   structure  
was  confirmed  by  X-­ray  analysis  and  DFT  calculations,  and  the  barrier  
to  helical  inversion  was  estimated  to  be  34  kJ  mol–1.  The  enantiomers  
of  the  diphenyl  derivative  were  successfully  resolved  by  chiral  HPLC.  
Enantiopure  samples  showed  good  chiroptical  performance  in  the  CD  
(|De|   1380   L  mol–1   cm–1)   and  CPL   (|glum|   0.013)   spectra,   and   these  
values   were   considerably   large   for   simple   organic  molecules.   The  
unique   chiroptical   properties   are   discussed   on   the   basis   of   the  
molecular   structure   and   the   electronic   state   with   the   aid   of   time-­
dependent  DFT  calculations.  

Helicenes   are   the  most   fundamental  motif   for  designing   helical  
chiral  molecules   from  angularly   fused   benzene   units.[1]   A   large  
number  of  enantiopure  helicenes  and  related  compounds  having  
remarkable   chiroptical   properties,   namely,   optical   rotation,  
circular   dichroism   (CD),   and   circularly   polarized   luminescence  
(CPL),   were   synthesized   as   nonplanar   π-­conjugated  
compounds.[2]  Their  characteristic  properties  and  functions  owing  
to   the  helical  π  systems  have   led   to  several  applications   in   the  
fields  of  material  science,  supramolecular  chemistry,  and  so  on.[3]  
In  order  to  construct  novel  structures,   the  fundamental  helicene  
structure   ([6]helicene:   1)   has   been   modified   in   several   ways,  
including   the   lengthening   of   the   helical   chain[4]   and   the  
introduction  of  multiple  helical  sites.[5]  Another  way  to  enlarge  the  
helical  structure   is   the   insertion  of  a   linearly   fused  benzene  ring  
into  angularly  fused  units  (Figure  1):  such  compounds  are  called  
“expanded  helicenes”  according  to  the  classification  by  Tilley  et  
al.,   who   synthesized   compound   2   by   intramolecular  
cycloaddition.[6,7]   In   2018,   Hirose   and   Matsuda   et   al.   reported  
expanded  helicene  3  as  a  helical  analog  of  kekulene,  in  which  five  
benzene  rings  are  inserted.[8]  However,  the  chiroptical  properties  
of  these  expanded  helicenes  were  not  well  investigated  because  

of   the   facile   racemization   (calculated   barrier   54   kJ   mol–1)   via  
helical   inversion.   In   this   study,   we   designed   compound   4  
consisting  of   three   fused  anthracene  units  as  a  new   type  of  π-­
conjugated  expanded  helicene,  in  which  three  benzene  rings  are  
inserted  into  the  structure  of  1.  The  presence  of  three  anthracene  
substructures   in  4  would  give  novel  properties  as  chromophore  
and  fluorophores.[9,10]  We  herein  report  the  synthesis,  structures,  
and  photophysical   properties   of  new   expanded   helicene  4.  We  
resolved   the   enantiomers   of   a   phenyl-­substituted   derivative,  
which   showed   excellent  chiroptical  performance   in   the  CD  and  
CPL   spectra   compared   with   other   helical   hydrocarbons   and  
simple  organic  molecules.  Because  CPL-­active  compounds  have  
recently   attracted   attention   as   chiral   organic   devices,[11]   we  
discuss  these  novel  properties  of  the  anthracene  system  with  the  
aid  of  density  functional  theory  (DFT)  calculations.  

  

Figure  1.  Structures  of  [6]helicene  (1)  and  its  expanded  analogs  2–4.  Inserted  
linearly  fused  benzene  rings  are  highlighted  in  red.  
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The   fused   anthracene   system   was   constructed   by   the  
cycloisomerization   reaction   of   1-­(2-­ethynylphenyl)anthracene  
derivatives  because  this  reaction  was  occasionally  utilized  for  the  
synthesis   of   phenanthrene   derivatives   from   2-­ethynyl-­1,1’-­
biphenyl   derivatives   via   the   6-­endo   cyclization   reaction.[12]   The  
reaction   conditions   were   optimized   for   the   PtCl2-­catalyzed  
cycloisomerization   of   5   as   the   model   reaction   (Scheme   1   and  
Table   S1).   When   5   was   heated   in   toluene   in   the   presence   of  
P(C6F5)3  ligand,[13]  naphtho[1,2-­a]anthracene  (6)  was  obtained  in  
73%  yield  without   the  formation  of  a  significant  amount  of  other  
cyclized   products.   Compound  7a   was   similarly   reacted   to   give  
doubly  cyclized  product  4a  in  49%  yield  as  a  yellow  solid.  Phenyl-­
substituted   derivative   4b   and   2,4,6-­trimethylphenyl   (mesityl)  
substituted   derivative   4c   were   similarly   synthesized   from   the  
corresponding  precursors.[14]  Compound  4a,  dianthra[1,2-­a:2’,1’-­
j]anthracene,  which  consists  of  three  fused  anthracene  units,  is  a  
new  aromatic  ring  parent.  These  products  were  characterized  by  
their  NMR  and  mass  spectra,  and  their  structures  were  confirmed  
by  X-­ray  analysis  as  mentioned  below.  

  

Scheme  1.  Synthesis  of  6  and  4  by  PtCl2-­catalyzed  cycloisomerization.  

In  the  1H  NMR  spectrum  of  4a,  the  signal  due  to  Ha  in  the  
central  anthracene  unit  was  observed  at  12.11  ppm  as  a  singlet.  
The   unusual   deshielding   of   the   proton   in   the   cove   area   was  
attributed   to   the   strong   ring   current   effects   of   the   surrounding  
aromatic  moieties  as  well  as  the  steric  compression  effect.[15]   In  
fact,  an   intense  nuclear  Overhauser  effect  (41%)  was  observed  
for  the  Ha  signal  upon  irradiation  of  the  Hb  signal  (Figure  S1),  and  

this   value   was   close   to   the   theoretical   maximum   (50%)   for  
homonuclear  coupling.[16]  For  4b,  restricted  rotation  of  the  phenyl  
groups   was   observed   by   variable-­temperature   1H   NMR  
measurements   (Figure   S3).   The   barrier   determined   by   the  
dynamic  NMR  method  (DG‡298  =  53  kJ  mol–1)  was  lower  than  that  
of   the   enantiomerization   mentioned   later.   This   value   of   4b   is  
comparable  to  the  calculated  rotational  barrier  of  the  phenyl  group  
in  1-­phenylanthracene  (DG‡298  =  55  kJ  mol–1).[17]  

The   UV-­vis   and   fluorescence   spectra   of   4a   and   4b   were  
measured  in  CHCl3  (Figure  S7  and  Table  1).  Compound  4a  gave  
an   intense   peak   at   346   nm   and   a   series   of   absorption   bands  
extending  to  470  nm,  which  were  bathochromically  shifted  by  50–
80   nm   relative   to   those   of   anthracene   and   [6]helicene.[18]   The  
absorption  at  the  longest  wavelength  (lmax  459  nm)  was  assigned  
to  the  HOMO®LUMO  transition  according  to  the  time-­dependent  
(TD)-­DFT   calculation   mentioned   later.   In   the   fluorescence  
spectrum,  4a   showed   an   intense   emission   band   at   467  nm   (Ff  
0.18,  tf  9.6  ns).  Its  fluorescence  quantum  yield  was  much  larger  
than   that  of   [6]helicene   (Ff   0.03),  which  underwent   intersystem  
crossing   rapidly   at   the   excited   state,[19]   as   revealed   by   the  
increased  fluorescence  emission  rate  constant  kf  and  the  slightly  
decreased  nonradiative  decay  rate  constant  knr.  The  small  Stokes  
shift  of  4a  (370  cm–1)  demonstrated  that  the  structural  change  at  
the  excited  state  should  be  small.  These  bathochromic  effects  in  
the   absorption   and   emission   spectra   indicated   that   the   π-­
conjugation   was   effectively   extended   by   the   fused   anthracene  
units  in  4a.  Compound  4b  having  phenyl  groups  showed  similar  
absorption  and  emission  spectra  with  bathochromic  shifts  by  4–6  
nm  relative  to  4a.  

The  X-­ray  structures  of  4a  are  shown   in  Figure  2(a).  The  
molecule  had  a  helical  structure  to  avoid  steric  hindrance  between  
the  terminal  benzene  rings.  As  a  result,  the  interatomic  distance  
C(1)···C(19)   (3.99  Å)  was   larger   than   the   sum  of   their   van   der  
Waals  radii  (3.40  Å).  The  torsion  angles  along  the  inner  carbons  
were  ca.  10°  for  one  [4]helicene  moiety  and  ca.  20°  for  the  other,  
meaning  that  the  two  moieties  had  different  torsional  curves.  The  
angle  between  the  mean  planes  of  the  terminal  benzene  rings  (A  
and   I)   was   30.2°,   and   this   value   was   smaller   than   the  
corresponding   angle   (59.5°)   in   [6]helicene[20]   and   larger   than  
those   in   2   (6.3°)[6]   and   3   (18.2°).[8]   The   interatomic   distances  
between   the   Ha   and   Hb   atoms   (1.88   and   1.78   Å)   were   much  
smaller   than  the  sum  of   the  van  der  Waals  radii  (2.40  Å),  being  
consistent   with   the   NMR   data   mentioned   above.   This   helical  
structure  of  4a  was  nearly  reproduced  by  DFT  calculations  at  the  
M06-­2X/6-­31G(d,p)   level   (Figure  S25).   The   optimized  structure  
was  ideally  C2  symmetric  and  the  dihedral  angles  along  the  inner  
carbons  in  the  [4]helicene  region  were  12.4°  or  22.4°.  The  packing  

toluene

PtCl2 (5 mol%)

80 °C, 24 h

P(C6F5)3 (5 mol%)

73%

toluene

PtCl2 (10 mol%)

80 °C, 24 h

P(C6F5)3 (10 mol%)

4a: 49% 4b: 77%

5 6

XX

7 4

XX

H
H H

a
bb

Y Y Y Y

a: 
b: 
c:

4c: 23%
X = Y = H
X = Ph, Y = H
X = H, Y = 2,4,6-trimethylphenyl

Table  1.  UV-­vis  and  fluorescence  spectral  data  of  4a,  4b,  anthracene,  and  [6]helicene  (1).[a]  

   UV-­vis      FL                  Stokes  shift    

   lmax  [nm]  (e  [L  mol−1  cm−1])      lem  [nm]   Ff  [b]   tf  [ns]  [c]   kf  [ns–1]  [d]   knr  [ns–1]  [e]      [cm–1]  

4a   459  (2900),  346  (56300),  287  (105000)      467   0.18   9.6   0.019   0.086      370  

rac-­4b   465  (3000),  352  (56600),  298  (71900)      471   0.15   8.5   0.018   0.10      270  

anthracene   379  (9000)      383   0.12   2.0   0.060   0.44      280  

1  [f]   410  (250)      420   0.03   8.4   0.0036   0.12      580  

[a]  Measured   in  CHCl3   at   room   temperature  unless  otherwise  noted.   [b]  Absolute   fluorescence  quantum  yield.   [c]  Fluorescence   lifetime.   [d]  Fluorescence  
emission  rate  constant:  kf  =  Ff/tf.  [e]  Nonradiative  decay  rate  constant:  knr  =  (1−Ff)/tf.  [f]  Ref.  18.  Measured  in  CH2Cl2.  
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diagram  in  Figure  2(b)  showed  that  molecules  of  the  same  helicity  
were  stacked  linearly  via  π···π  interactions  along  the  b  axis,  which  
extended  to  the  long  axis  of  a  needle-­like  single  crystal.  In  the  X-­
ray   structure   of   4a,   the   bond   alternation   was   significant   for  
benzene   rings  C,  D,  F,  and  G  as  parameterized  by   the  HOMA  
index  (Table  S3).[21]  The  C(6)–C(7),  C(8)–C(9),  C(11)–C(12),  and  
C(13)–C(14)  bonds  were  shorter   than  the  other  bonds,  and  had  
high  double-­bond  character.  The  NICS(0)  values  were  calculated  
for   each   benzene   ring   in   the   optimized   structure   at   the   GIAO-­
B3LYP/6-­31G(d,p)   level:   A(I)   −9.55,   B(H)   −11.52,   C(G)   −5.32,  
D(F)  −6.47,  and  E  −11.57.[22]  These  experimental  and  theoretical  
data  indicated  that  the  aromatic  character  was  high  for  the  linearly  
fused   benzene   rings   and   low   for   the   angularly   fused   benzene  
rings,  as  illustrated  in  Clar’s  structure  in  Figure  2(c).  

  

Figure  2.  X-­ray  structures  of  4a.  (a)  Two  views  of  ORTEP  drawing  with  thermal  
ellipsoids   at   50%   probability.   Dihedral   angles:   C(20)–C(20a)–C(20b)–C(20c)  
19.4°,  C(20a)–C(20b)–C(20c)–C(21)  19.7°,  C(21)–C(21a)–C(21b)–C(21c)  9.5°,  
C(21a)–C(21b)–C(21c)–C(22)  11.1°.  Interatomic  distances:  H(20)···H(21)  1.88  
Å,   H(21)···H(22)   1.78   Å,   C(1)···C(19)   3.99   Å.   Interplanar   angle:   plane(A)–
plane(I)  30.2°.  (b)  Packing  diagram  and  a  picture  of  the  single  crystal  measured.  
Red  and  blue  models  show  P  and  M  molecules,  respectively.  (c)  Selected  C–C  
bond   distances   in   Å.   Blue   and   red   values   indicate   long   and   short   bonds,  
respectively,  relative  to  the  normal  aromatic  bond.  

Although   the   helical   inversion   in   4a   resulted   in  
enantiomerization  of  the  chiral  compound,  this  compound  lacked  
a  probe  to  observe  this  dynamic  process  by  NMR  spectroscopy.  
Therefore,   we   measured   the   NMR   spectra   of   the   mesityl  
derivative   4c,   in   which   the   two   o-­Me   groups   should   be  
nonequivalent   in   the   fixed   helical   structure   (Figure   3a).[23]  
Because  the  rotation  of  the  mesityl  groups  relative  to  the  aromatic  
framework  was  highly  restricted,[23]  the  site  exchange  between  the  
MeA  and  MeB  should  occur  by  enantiomerization  via   the  helical  
inversion.  The  signal  due  to  the  o-­Me  groups  was  measured  as  a  

singlet  at  room  temperature  and  even  at  −90  °C  in  CD2Cl2  (Figure  
S6).  This  observation  meant  that  the  enantiomerization  occurred  
much  faster  than  the  NMR  time  scale  (barrier  <35  kJ  mol–1).  The  
DFT   calculation   revealed   that   the   enantiomerization   of   global  
minimum  structure  X  proceeded  in  three  steps  via  intermediate  Y  
and  its  enantiomer  (Figure  3b).  The  calculated  barrier   to  helical  
inversion,  namely  the  energy  difference  between  X  and  TS2  (Cs  
symmetric  butterfly  structure),  was  25.2  kJ  mol–1  at  298  K,  and  
this   value   is   consistent   with   the   above   NMR   observation.   This  
barrier  was  much  lower  than  that  of  [6]helicene  (151  kJ  mol–1),[24]  
and  lower  than  those  of  expanded  helicenes  2  and  3   (45–55  kJ  
mol–1)  in  Figure  1.[6,8]  

  

Figure  3.  Enantiomerization  via  helical   inversion  of  4.  (a)  Site  exchange  of  o-­
Me   groups   in   2,4,6-­trimethylphenyl   groups   in   4c.   (b)   Mechanism   of   helical  
inversion  of  4a  calculated  at  M06-­2X/6-­31G(d,p)  level.  

The  calculated  barrier   to  enantiomerization  of  4a  was   too  
low   to   isolate   enantiomers   at   room   temperature.   However,   the  
enantiomers  of  diphenyl  derivative  4b  were  successfully  resolved  
by  chiral  HPLC  with  a  Daicel  CHIRALPAK-­IC  column  (Figure  S20).  
The   first   and   second   eluted   fractions   showed   negative   and  
positive  Cotton  effects,  respectively,  at  352  nm  in  the  CD  spectra.  
Each  enantiomer  slowly  racemized  on  heating  at  90  °C  in  toluene,  
and  kinetic  analysis  gave  barrier   to  enantiomerization  DG‡363  of  
121   kJ   mol–1.   Because   this   barrier   was   much   higher   than   the  
estimated  value  of  4a,  the  phenyl  groups  effectively  enhanced  the  
barrier  to  helical  inversion  by  destabilization  of  the  transition  state.  
The  X-­ray  structures  of  4b   (Figures  S15  and  S16)  showed   that  
the  helical  pitch  [C(1)···C(19)  5.74  Å]  was  increased  by  the  steric  
effects  of  the  phenyl  groups.  

In   order   to   examine   the   chiroptical   properties   of   4b,   we  
measured   the  CD  and  CPL   spectra   of   enantiopure   samples   in  
CHCl3   at   room   temperature.   As   clearly   shown   in   Figure   4,   the  
spectra  of  the  enantiomers  were  mirror  images  of  each  other.  In  
the  CD  spectrum,  the  second  fraction  gave  a  large  positive  Cotton  
effect   at   352   nm   (De +1380,   gabs   +0.024)   and   a   large   negative  
Cotton  effect  at  297  nm  (De −1020,  gabs  −0.014)   in  addition  to  a  
weak   one   at   465   nm   (De −44,   gabs   −0.015),   in   which   gabs   is  
absorption  dissymmetry  factor  defined  by  De/e.  The  magnitude  of  
the   molar   CD   |De|   rarely   exceeded   1000   for   small   organic  
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molecules,  and  the  value  of  4b  at  352  nm  was  larger  than  those  
of   a   double-­[6]helicene   (801)[18]   and   a   nanographene   propeller  
(1182)[25]   as   well   as   [6]helicene   (284).[18]   This   characteristic  
property   is  consistent  with   the  general   tendency   that   increased  
twisting   in   aromatic   moieties   increase   the   Cotton   effect.[26]  We  
calculated  the  CD  spectrum  of  (P)-­4b  by  the  TDDFT  method  at  
the  B3LYP/6-­31G(d,p)  level  (Figure  S31).  The  shapes  and  signs  
of  the  calculated  bands  agreed  with  the  experimental  spectrum  of  
the  second  eluted  isomer.  Therefore,  we  were  able  to  determine  
the   absolute   stereochemistry   of   4b   as   (P)-­[CD(+)352]   or   (M)-­
[CD(−)352].   This   assignment   was   also   supported   by   the   X-­ray  
analysis  of  the  [CD(−)352]  isomer,  in  which  the  Flack  parameter  
was  nearly  zero  (0.028)  on  refinement  of  the  M  structure.[27]  

 

  

Figure  4.  Chiroptical  data  of  enantiopure  4b  in  CHCl3  at  room  temperature.  (a)  
CD  and  UV-­vis  spectra.  (b)  CPL  and  FL  spectra.  Blue  line:  first  fraction,  (M)-­4b.  
Red  line:  second  fraction,  (P)-­4b.  

The   enantiomers   of  4b   were  CPL-­active;;   (M)-­   and   (P)-­4b  
gave  positive  and  negative  bands,  respectively,  at  471  nm  (Figure  
4b).  Luminescence  dissymmetry  factor  glum,  which   is  defined  by  
the  relative  difference  between  left-­  and  right-­circularly  polarized  

emission,[2a]   was   +0.013   and   –0.012   for   (M)-­   and   (P)-­4b,  
respectively.  In  general,  non-­aggregated  small  organic  molecules  
exhibit  only  small  |glum|  values  of  10–5  to  10–3  order,  if  CPL-­active,  
and  examples  of  the  values  in  the  10–2  order  are  limited.[11,28]  As  
for   carbohelicenes,   typical   reported   values   were   0.0009   for  
[6]helicene,[18]   0.0025   for   double-­[6]helicene,[18]   0.032   for  
bitriphenylene-­type   helicene.[29]   Therefore,   compound   4b  
featured   a   very   large   |glum|   value   with   retention   of   emissive  
property.      

To   obtain   further   information   about   the   optical   and  
chiroptical  properties,  we  carried  out  TDDFT  calculations  of  4a  at  
the  B3LYP/6-­31G(d,p)//M06-­2X/6-­31G(d,p)  level  as  the  model  of  
4b   (Figure   5).[30]   The   HOMO–LUMO   gap   of   4a   (2.97   eV)   was  
smaller   than   that   of   [6]helicene   (4.03   eV)   as   a   result   of   the  
extended  π-­conjugation   in  the  former.  The  observed  absorption  
at  459  nm  of  4a  was  attributed  to  the  HOMO®LUMO  excitation.  
The  calculated  data  of  the  electric  (µ)  and  magnetic  (m)  transition  
dipole  moments  for  important  transitions  in  (P)-­4a  are  compiled  in  
Table  3.  The  two  transition  dipole  moments  determined  the  CD  
and  CPL  intensities  according  to  the  following  equations:  rotatory  
strength   R   =   |µ||m|cosq   and   g   =   4|µ||m|cosq/(|µ|2+|m|2)   »  
4|m|cosq/|µ|,  where  q  is  the  angle  between  them.[31]  The  transition  
dipole  moments  for  the  symmetry-­conserved  S0→S1  transition  in  
the  C2  symmetric  structure  of  (P)-­4a  were  antiparallel  (q  =  180°),  
maximizing  the  magnitude  of  the  angle  term  in  R  and  g  values.[2c]  
In  contrast,  the  two  dipole  moments  were  nonparallel  (q  =  68°)  for  
the   transition   at   353   nm   (S0→S7),   during   which   the   orbital  
symmetry  was  not  conserved.  Nevertheless,  the  ratio  |m|/|µ|  was  
so  large  that  the  g  value  (+0.0196)  was  still  large.  This  value  was  
1.8  times  larger  than  that  of  the  corresponding  transition  of  (P)-­
[6]helicene  1  (S0→S3)  (Table  S8).  The  magnitude  of  the  g  value  
was  further  enhanced  to  +0.0313  by  the   introduction  of   the  two  
phenyl  substituents  in  (P)-­4b  (Table  S7).  This  situation  produced  
the  strong  Cotton  effect  at  356  nm   for  enantiopure  4b.  Table  3  
also   shows   the   transition   dipole   moments   in   the   excited   state  
(S1→S0),  which  corresponds  to  the  emission  at  471  nm.  For  the  
same  reason  as  above,  the  dipole  moments  were  antiparallel  to  
enhance  the  |glum|  value  (0.0043).  This  feature  contrasted  that  of  
[6]helicene,   in   which   the   two   transition   dipole   moments   were  
nearly  orthogonal,  leading  to  very  small  |glum|  (S1→S0)  as  well  as  
|gabs|  value  (S0→S1)  values  (Table  S8).  Thus,  the  intense  CD  and  
CPL   bands  were   reasonably   explained  by   the  magnitudes   and  
angles   of   the   two   transition   dipole   moments.   This   feature   is  

Table  2.  Chiroptical  properties  of  (P)-­4b,  (M)-­4b,  and  (P)-­[6]helicene  (1).[a]  

   CD               FL     

   l  [nm]     De  [L  mol−1  cm−1] e  [L  mol−1  cm−1]  [b]   gabs  [c]      lem  [nm]   glum  [d]  

(P)-­4b  
465  
352  
297  

−44  
+1380  
−1020  

3000  
56600  
71800  

−0.015  
+0.024  
−0.014  

   472   −0.012  

(M)-­4b  
465  
352  
297  

+43  
−1370  
+1020  

3000    
56600  
71800  

+0.015  
−0.024  
+0.014  

   469   +0.013  

(P)-­1  [e]   410  
325  

−0.3  
+284  

250  
27000  

−0.0012  
+0.0092  

   420   −0.0009  

[a]  Measured  in  CHCl3  at  room  temperature  unless  otherwise  noted.  [b]  For  (P)-­4b  and  (M)-­4b,  molar  absorption  coefficients  at  peaks  or  troughs  in  the  CD  
spectra,  read  from  the  UV-­vis  spectrum  of  rac-­4b.  [c]  Absorption  dissymmetry  factor,  gabs  =  De  /e.  [d]  Luminescence  dissymmetry  factor.  [e]  Ref  18.  Measured  
in  CH2Cl2.  
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attributed  to   the  anthracene  based  chromophores   in   the  helical  
system.  

  

Figure  5.  Frontier  Kohn-­Sham  orbitals  and  orbital  energy  diagrams  of  4a  and  
[6]helicene   (1)   calculated   at   the   TD-­B3LYP/6-­31G(d,p)//M06-­2X/6-­31G(d,p)  
level.  Data  of  the  transition  of  the  lowest  energy  are  shown.  l:  transition  energy,  
f:  oscillator  strength.  

Table  3.  Transition  dipole  moments  for  selected  transitions  of  (P)-­4a  calculated  
at  the  TD-­B3LYP/6-­31G(d,p)//M06-­2X/6-­31G(d,p)  level.  

Transition   S0→S1   S0→S7   S1→S0  

l  [nm]  [a]   482   353   541  

|µ|  [b]   111.78   423.79   144.90  

|m|  [c]   0.1587   5.4702   0.1559  

cosq  [d]   –1.000   0.380   –1.000  

g  [e]   –0.0057   +0.0196   –0.0043  

Orientation  
of  µ  and  m  

     
  

[a]  Transition  energy.  [b]  Magnitude  of  electric  transition  dipole  moment  in  10–20  
esu  cm  units.  [c]  Magnitude  of  magnetic  transition  dipole  moment  in  10–20  erg  
G–1   units.   [d]   q:   angle   between   the   electric   and   magnetic   transition   dipole  
moments.  [e]  Dissymmetry  factor,  g  =  4|µ||m|cosq/(|µ|2+|m|2).  gabs  for  absorption  
and  glum  for  luminescence.  

In  summary,  expanded  helicenes  4  consisting  of  three  fused  
anthracene   units   were   synthesized   by   the   Pt-­catalyzed  
cycloisomerization   of   alkynes.   X-­ray   analysis   and   DFT  
calculations   revealed   that   substituent-­free   compound   4a   had   a  
helical  structure  that  underwent  helical  inversion  rapidly  at  room  
temperature.   The   enantiomers   of   diphenyl   derivative   4b   were  
resolved  by  chiral  HPLC  and  exhibited  very  intense  Cotton  effects  
in  the  CD  spectra  and  very  large  magnitudes  of  glum  factors  in  the  
CPL   spectra   for   simple   organic   compounds.   The   TDDFT  

calculations   indicated   that   the  magnitudes  and  directions  of   the  
electric  and  magnetic  transition  dipole  moments  in  4  were  in  good  
balance   to   enhance   the   chiroptical   performance,   in   contrast   to  
[6]helicene.   These   results   demonstrate   the   critical   role   of   the  
structural  expansion   of   helicenes   in   their   chiroptical   properties,  
which  would  pave   the  way   for  designing  novel  advanced  chiral  
molecules  and  materials,  in  particular  circularly  polarized  devices.  
Further   studies   of   synthesis   of   the   further   fused   or   expanded  
anthracene  compounds  as  well  as  the  properties  and  functions  of  
these  π-­conjugated  compounds  are  in  progress.  
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