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Synthesis	of	bright	red-emissive	dicyanoetheno-bridged	hexa-
peri-hexabenzocoronene	dimers		
Kazuma	Oda,a	Satoru	Hiroto,a*	Ichiro	Hisakib	and	Hiroshi	Shinokuboa*	

Introduction	of	a	dicyanomethyl	anion	group	to	hexa-peri-hexabenzocoronene	(HBC)	substantially	enhanced	the	emission	
property	 of	 HBC	 due	 to	 large	 perturbation	 of	 its	 electronic	 structure.	 In	 addition,	 dicyanoetheno-bridged	 HBC	 dimers	
obtained	 from	 oxidation	 of	 a	 dicyanomethyl	 HBC	 anion	 exhibited	 bright	 red	 emission	 in	 solution	 and	 solid	 states.	
Intramolecular	charge	transfer	interactions	between	the	HBC	units	and	the	dicyanoethene	bridge	induced	solvatochromic	
behaviour	in	their	emission	spectra.	Dicyanoetheno-bridged	HBC	dimers	exhibited	cis–trans	photoisomerization	behaviour	
in	 the	 solution,	 affording	 the	 mixture	 in	 cis-isomer	 dominance	 at	 the	 photostationary	 state.	 Theoretical	 calculations	
revealed	 that	 the	 cis-isomer	 is	 more	 thermodynamically	 stable	 than	 the	 trans-isomer.

Introduction	
Polycyclic	 aromatic	 hydrocarbons	 (PAHs),	 small	 fragments	 of	
graphenes,	have	attracted	significant	attentions	as	optical	and	
electronic	 molecular	 materials.1	 Among	 a	 large	 number	 of	
PAHs,	 hexa-peri-hexabenzocoronenes	 (HBCs)	 have	 been	
regarded	as	a	good	model	for	a	small	piece	of	armchair-edged	
graphenes.	 	 HBCs	 have	 been	 investigated	 as	 a	 centrepiece	 in	
supramolecular	 chemistry	 because	 of	 their	 disk-like	 large	 π-
conjugated	 planes,	 promoting	 efficient	 intermolecular	 π–π	
interaction.2	 In	addition,	HBCs	have	rich	electronic	properties,	
which	would	 be	 applicable	 to	 semiconducting	materials	 such	
as	p-type	 field-effect	 transistor	 (FET)	 owing	 to	 their	 electron-
donating	nature.3	On	the	other	hand,	HBCs	usually	have	poor	
optical	 characteristics	 due	 to	 their	 highly	 symmetrical	
structures,	 which	 induce	 symmetry-forbidden	 transition	 from	
the	 S1	 to	 the	 ground	 state	 S0.

4	 Furthermore,	 the	 large	 and	
planar	 π-surface	 of	 HBCs	 prompts	 aggregation-caused	
fluorescence	 quenching	 (ACQ),	 resulting	 in	 low	 emission	
efficiency.	 	 In	 contrast	 to	 these	 situations,	 nanometre-sized	
carbon	 quantum	 dots,	 so-called	 nanographenes,	 have	 been	
investigated	as	emissive	materials	for	the	application	to	optical	
devices.5	 Thus,	 it	 is	 important	 to	 establish	 a	methodology	 to	
tune	 emissive	 properties	 of	 HBCs,	 which	 leads	 to	 highly	
emissive	carbon	quantum	dots.	
	 Introduction	 of	 functionalities	 at	 HBC	 peripheries	 causes	

perturbation	 of	 their	 electronic	 structures	 and	 dynamic	
behaviour.6	 Such	 electronic	 perturbation	 can	 modulate	 their	
optical	properties.		We	have	recently	developed	regioselective	
functionalizations	of	HBCs	through	 iridium	catalysed	direct	C–
H	 borylation.4b,	 7	 Installation	 of	 electron-donating	 and	
withdrawing	 groups	 at	 HBC	 peripheries	 enhanced	 the	
fluorescence	quantum	yields.	 For	example,	amino-substituted	
HBCs	 exhibited	 relatively	 strong	 fluorescence	 in	 the	 solution	
state.	 However,	 amino-HBCs	 were	 not	 very	 stable	 under	
aerobic	conditions.		In	addition,	solid-state	emissive	HBCs	have	
never	been	achieved.	
	 A	 dicyanoethene	 unit	 is	 a	 useful	 component	 to	 allow	
effective	 construction	 of	 donor–acceptor–donor	 (D-A-D)	
chromophores.8	Such	chromophores	exhibit	non-linear	optical	
properties	 derived	 from	 their	 strong	 polarizability.[9]	 For	
instance,	 2,3-bis[4-(diphenylamino)phenyl]fumaronitrile	
(NPAFN)	 (Fig.	 1),	 has	 been	widely	 used	 as	 a	 non-doped	 host	
emitters	for	red	organic	light-emitting	diodes	and	aggregation	
induced	 emission	 (AIE)	 fluorophore.10	 Here	 we	 report	 the	
serendipitous	synthesis	of	dicyanoetheno-bridged	HBC	dimers	
by	oxidation	of	a	dicyanomethyl	HBC	anion.	Because	of	the	D–
A–D	 type	 electronic	 structure,	 dicyanoetheno-bridged	 HBC	
dimers	 exhibited	 bright	 red	 emission	 in	 solution	 and	 solid	
states.	

	
Fig.	1	Structure	of	2,3-bis[4-(diphenylamino)phenyl]fumaronitrile	(NPAFN).	

Results	and	discussion	
	 Scheme	1	illustrates	the	synthesis	of	dicyanomethyl	HBC	4.	
Iridium-catalysed	direct	borylation	of	pentamesityl	substituted	
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HBC	1	proceeded	smoothly	 in	THF,	producing	monoborylated	
product	 2	 in	 90%.4b,11	 Monoborylated	 HBC	 2	 was	 easily	
converted	 to	 monoiodo	 HBC	 3	 in	 78%	 by	 treatment	 of	
copper(I)	 iodide	(1.5	equiv)	and	N-iodosuccinimide	(1.5	equiv)	
in	 a	 mixture	 of	 DMF/toluene	 (2:1,	 v/v).12	 Subsequently,	
dicyanomethyl	 HBC	 4	 was	 obtained	 in	 78%	 by	 Takahashi	
coupling	of	3	with	malononitrile	(3.6	equiv)	in	the	presence	of	
Pd(PPh3)4	 (30	mol%),	 copper(I)	 iodide	 (1.1	 equiv)	 and	 sodium	
tert-butoxide	 (4.1	 equiv)	 in	 THF.13	 Dicyanomethyl	 HBC	 4	 was	
stable	in	the	solid	state	but	relatively	sensitive	to	air	in	solution.	
Introduction	of	a	dicyanomethyl	group	was	confirmed	by	NMR	
analysis.	The	1H	NMR	spectrum	of	4	exhibited	a	single	peak	at	
5.62	 ppm	 due	 to	 a	 methine	 proton	 of	 a	 dicyanomethyl	
substituent.	

	

	
Scheme	1.	Synthesis	of	dicyanomethyl	HBC	4.	Ar	=	mesityl,	dtbpy	=	4,4'-Di-tert-
butyl-2,2'-bipyridyl.	

A	 dicyanomethyl	 group	 has	 a	 highly	 acidic	 proton.	
Treatment	of	4	with	tetrabutylammonium	hydroxide	followed	
by	reprecipitation	by	addition	of	water	provided	a	salt	4–[TBA+]	
as	an	orange	solid.14	4–[TBA+]	was	stable	enough	to	be	handled	
with	under	aerobic	conditions.	 	The	generation	of	the	anionic	
specie	 4–[TBA+]	 was	 monitored	 by	 NMR	 analysis:	 the	
methylene	 proton	 of	 4	 around	 5	 ppm	 disappeared	 upon	
addition	of	tetrabutylammonium	hydroxide.	

The	 dicyanomethyl	 anion	 was	 easily	 oxidized	 chemically	
and	 electronically	 due	 to	 its	 electron-rich	 nature.	 	 We	
anticipated	 that	 the	 large	 π-conjugation	 system	 of	 the	 HBC	
core	would	enhance	the	stability	of	the	oxidized	intermediate.	

We	then	attempted	to	oxidize	4–[TBA+].	Treatment	of	4–[TBA+]	
with	 an	 excess	 amount	 of	 PbO2	 afforded	 two	 red	 colored	
compounds	 5a	 and	 5b	 (Scheme	 2).	 These	 compounds	 were	
separable	 by	 silica-gel	 column	 chromatography	 under	 careful	
light	 shielding.	 Both	 compounds	 showed	 the	 same	 mass	
spectrum	 (m/z	 =	 2301.0650	 for	5a,	m/z	 =	 2301.0659	 for	5b).	
The	 isotopic	 patterns	 of	 their	 high-resolution	 mass	 spectra	
were	in	good	agreement	with	the	component	of	[C178H134N2]

+.		
Further	characterization	of	5a	and	5b	were	carried	out	by	NMR	
spectroscopy.	 1H	NMR	 spectra	of	 both	 compounds	 suggested	
their	 highly	 symmetric	 feature.	 The	 13C	 NMR	 spectrum	 of	5a	
showed	 36	 peaks	 around	 110–150	 ppm	 due	 to	 34	 aromatic,	
one	 alkenyl,	 and	 one	 cyano	 carbon	 atoms	 (Fig.	 S14).	While	 a	
singlet	 peak	 at	 29.3	 ppm	 was	 observed	 due	 to	 methine	 sp3	
carbon	of	 the	dicyanomethyl	 group	 in	 the	 13C	NMR	spectrum	
of	4	 (Fig.	S10),	5a	and	5b	 showed	no	sp3	carbon	peak	except	
methyl	 groups,	 suggesting	 the	 transformation	 of	 the	
dicyanomethyl	 unit.	 On	 the	 basis	 of	 these	 analyses,	 we	
characterized	 the	 compound	 5a	 and	 5b	 as	 dicyanoetheno-
linked	 HBC	 dimers.	 The	 peaks	 of	 HBC	 units	 in	 the	 1H	 NMR	
spectrum	of	5b	appeared	in	the	same	region	as	those	of	4	(Fig.	
S15).	On	the	other	hand,	two	peaks	due	to	the	HBC	units	and	
mesityl	 aromatic	 protons	 were	 observed	 in	 the	 higher	 field	
(8.47	and	6.48	ppm)	in	the	case	of	5a	(Fig.	S13).	These	shifts	in	
5a	 indicated	 the	 presence	 of	 the	 shielding	 effect	 by	 the	 ring	
current	 of	 the	 other	 HBC	 unit.	 To	 reveal	 conformations	 of	
these	 compounds	 in	 the	 solution	 state,	 1H–1H	 ROESY	 NMR	
experiments	for	5b	and	5a	were	conducted.		For	5a,	all	protons	
of	 the	 HBC	 cores	 were	 fully	 assigned	 on	 the	 basis	 of	 1H–1H	
correlation	 between	 protons	 at	 the	HBC	 periphery	 and	ortho	
methyl	protons	of	mesityl	groups	(Fig.	2,	S19):	there	were	1H–
1H	correlations	between	Hpa	 (2.03	ppm)	at	para	position,	and	
Hc	 (8.77	ppm)	and	Hd	 (8.86	ppm)	of	 the	HBC	unit	 (Fig.	2).	On	
the	 other	 hand,	 methyl	 protons	 of	 mesityl	 para-position	
showed	no	correlation	with	HBC	protons	in	5b.		These	analyses	
concluded	 that	 5a	 and	 5b	 are	 cis	 and	 trans	 isomers,	
respectively.	
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Scheme	2.	Deprotonation	followed	by	oxidative	dimerization	of	4.	

	

Fig.	2	 (a)	 Labeling	of	protons	 in	5a,	 (b)	 1H–1H	correlations	between	Hpa	at	para	
position	and	Hc	and	Hd	of	the	HBC	unit,	and	(c)

1H–1H	ROESY	NMR	spectrum	of	5a	
in	CDCl3.	

	 The	 structures	 of	 5a	 and	 5b	 were	 unambiguously	
elucidated	 by	 X-ray	 diffraction	 analysis	 (Fig.	 3).15	 The	 ethene	

unit	 in	 5a takes	 cis	 conformation	 and	 one	 of	 the	 HBC	 cores	
partially	overlaps	with	 the	other	one.	This	 result	 is	 consistent	
with	(well	described)	the	two	upfield-shifted	peaks	observed	in	
the	1H	NMR	spectrum	of	5a.	The	dihedral	angle	between	two	
HBC	 planes	 of	 5a	 was	 38.44°.	 The	 average	 torsion	 angle	
between	 the	 HBC	 and	 the	 central	 dicyanoethene	 units	 was	
36.95°.	The	bond	length	of	the	central	C–C	double	bond	of	5a	
was	1.342(8)	Å,	which	 is	comparable	with	 typical	 sp2–sp2	C–C	
bond	lengths	(1.34	Å)	and	fumaronitrile	derivatives	(1.34–1.36	
Å).10c,	 16	 The	 averaged	 distance	 between	 para-methyl	 carbon	
atoms	 in	 mesityl	 groups	 and	 the	 HBC	 surfaces	 was	 3.345	 Å,	
indicating	 the	presence	of	 the	CH–π	 interactions.	 The	ethene	
unit	of	5b	adopts	trans	conformation,	 in	which	each	HBC	unit	
points	 to	 the	opposite	 direction.	 The	dihedral	 angle	 between	
the	two	HBC	planes	was	0.0°.	The	central	dicyanoethene	unit	
was	 tilted	 to	 the	 HBC	 planes	 due	 to	 the	 steric	 repulsion	
between	the	cyano	group	and	HBC	core.10c	The	average	tilting	
angle	 between	 the	HBC	 and	 central	 dicyanoethene	units	was	
46.79°,	which	were	larger	than	that	of	5a.	The	bond	length	of	
the	 central	 C–C	 double	 bond	 of	 5b	 was	 1.343(6)	 Å,	 which	 is	
similar	with	that	of	5a.	

	
Fig.	3	X-ray	crystal	structures	of	5a	and	5b.	(a)	Top	view	and	(b)	side	view	of	5a.	
(c)	Top	view	and	(d)	side	view	of	5b.		Mesityl	groups	except	for	the	internal	ones	
are	omitted	for	clarity	in	(a)	and	(b),	and	all	mesityl	groups	are	omitted	for	clarity	
in	(c)	and	(d).	The	thermal	ellipsoids	were	scaled	at	the	50%	probability	level.	

The	 structures	 of	 5a	 and	 5b	 in	 gaseous	 phase	 were	
calculated	by	density	functional	theory	(DFT)	method	(Fig.	S27).	
The	geometries	were	optimized	by	the	ONIOM	method	using	a	
combination	 of	 a	 density	 functional	 theory	 at	 the	 B3LYP/6-
31G(d)	 level	 for	 HBC	 cores	 and	 the	 semi-empirical	 PM6	
method	 for	 mesityl	 groups.	 As	 a	 result,	 almost	 the	 same	
structures	were	elucidated,	indicating	that	the	folded	structure	
of	5a	is	not	influenced	by	crystal	packing.		The	thermal	energy	
of	5a	was	lower	than	that	of	5b	by	6.61	kJ/mol,	suggesting	the	
dominance	of	the	cis-conformation	(Table	S3).	

Next,	 we	 investigated	 the	 reaction	 mechanism	 of	 the	
dimerization	 reaction.	 We	 discovered	 that	 oxidation	 of	 4–

[TBA+]	 with	 PbO2	 afforded	 a	 non-emissive	 compound	 in	
addition	 to	 the	 starting	 material	 4	 after	 20	 min.	 After	
additional	40	min,	this	compound	almost	disappeared	and	the	
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spots	of	5a	and	5b	were	detected	by	TLC	and	1H	NMR	analysis	
of	 the	 crude	 product.	 These	 results	 indicated	 that	 this	 non-
emissive	compound	is	an	intermediate	for	the	generation	of	5a	
and	5b.	This	non-emissive	compound	6	was	purified	by	silica-
gel	 column	 chromatography,	 and	 characterized	 by	 NMR	 and	
HR-MS	 analysis.	 The	 13C	 NMR	 spectrum	 of	 the	 neutral	
precursor	 4	 exhibited	 a	 single	 peak	 at	 29.3	 ppm	 due	 to	
methine	 sp3	 carbon	of	dicyanomethyl	 groups,	while	 that	of	6	
showed	 a	 single	 peak	 at	 55.8	 ppm,	 suggesting	 the	 bond	
formation	 between	 dicyanomethyl	 units	 (Fig.	 S18).	 	 HR-MS	
analysis	 showed	 the	 parent	 ion	 peak	 at	 m/z	 =	 2353.0620,	
which	 was	 consistent	 with	 the	 exact	 mass	 of	
tetracyanoethylene-linked	 HBC	 dimer	 6.	 	 Recently,	 Sakamaki	
and	 Seki	 reported	 that	 a	 dicyanomethyl	 group	 is	 oxidized	 to	
afford	 dicyanomethyl	 radical	 species,	 which	 undergoes	
effective	 dimerization.13	 	 In	 fact,	 treatment	 of	 dicyanomethyl	
HBC	 4	 with	 an	 excess	 amount	 of	 PbO2	 in	 dichloromethane	
afforded	6	 in	 75%	 yield	 (Scheme	 S1).	6	was	 converted	 to	5a	
and	5b	 in	55%	and	13%	yields,	respectively,	by	treatment	with	
sodium	 hydroxide	 (10	 equiv)	 in	 the	 presence	 of	
tetrabutylammonium	 bromide	 (10	 equiv)	 for	 10	 h	 in	
dichloromethane	at	room	temperature	(Scheme	3).	In	this	case,	
no	reaction	proceeded	in	the	absence	of	tetrabutylammonium	
bromide	 due	 to	 insolubility	 of	 sodium	 hydroxide,	 suggesting	
that	 tetrabutylammonium	 ion	 in	4–[TBA+]	worked	 as	 a	 phase	
transfer	 catalyst.	 According	 to	 these	 results,	 we	 propose	 the	
reaction	mechanism	for	the	generation	of	dicyanoetheno	HBC	
5a	and	5b	in	Scheme	4.17	First,	nucleophilic	attack	of	a	hydroxy	
ion	 on	 the	 nitrile	 carbon	 followed	 by	 a	 C–C	 bond	 cleavage	
affords	 carbanion	 species.	 Subsequently,	 generation	 of	 C–C	
double	 bond	 by	 an	 elimination	 of	 a	 cyanide	 ion	 provides	 the	
dicyanoethene	moiety.	

	
Scheme	 3.	 Generation	 and	 base-mediated	 decyanation	 of	 tetracyanoethylene-
bridged	HBC	dimer	6.	

	
Scheme	4.	Proposed	reaction	mechanism	for	the	generation	of	dicyanoetheno-
bridged	HBC	dimer.	

	 HBC	 dimers	 5a	 and	 5b	 underwent	 photoisomerization	 in	
solution	 under	 room	 light.18	 1H	 NMR	 analysis	 revealed	 that	
pure	5b	in	CDCl3	was	changed	to	a	mixture	of	5a	and	5b	(5a:5b	
=	83:17)	after	8	h	under	room	light	without	light	shielding	(Fig.	
S24).	A	mixture	of	5a	and	5b	(5a:5b	=	82:18)	was	also	obtained	
from	5a	under	the	same	conditions	(Fig.	S25).	 In	contrast,	the	
spectrum	 of	 5a	 remained	 unchanged	 after	 8	 h	 under	 dark.	
These	 results	 clearly	 indicate	 that	 cis–trans	 isomerization	
occurred	by	 irradiation	of	room	light.	The	ratio	of	5a	 to	5b	at	
the	 photostationary	 state	 (PPS)	 was	 dependent	 on	 the	
temperature	 in	 light	 irradiation.	 The	 ratio	 of	5a	decreased	 as	
the	irradiation	temperature	decreased	(Table	1,	Fig.	S26).18b,	19	

Table	1.	The	ratio	of	5a	at	PPS	depending	on	the	irradiation	temperatures	

Temperature	for	irradiation	(°C)	 Yield	of	5a	at	PSS	(%)	

90	 94	

26	 87	

–78	 78	

	

 Deprotonation	 of	 4	 caused	 dramatic	 change	 of	 optical	
properties.	 A	 broad	 absorption	 band	 around	 500	 nm	 was	
observed	 for	 the	salt	4–[TBA+]	 (Fig.	4a).	 	 In	addition,	4–[TBA+]	
exhibited	 bright	 orange	 fluorescence	 (617	 nm,	Φf	 =	 0.24)	 in	
dichloromethane,	 while	 precursor	 4	 showed	 weak	 green	
emission	(472	nm,	Φf	=	0.04)	(Fig.	4b).	
	 A	 significant	 change	 was	 also	 observed	 in	 the	 absorption	
spectra	 of	 dicyanoetheno-bridged	 dimers.	 In	 the	 UV-vis	
absorption	 spectra	 of	 5a	 and	 5b	 in	 dichloromethane,	 a	 new	
absorption	 band	 appeared	 around	 480	 nm,	 which	 was	 not	
observed	 in	 the	 spectrum	 of	 4	 (Fig.	 5a).	 The	 lowest	 energy	
absorption	 band	 of	 5a	 (λmax	 =	 483	 nm)	 was	 red-shifted	 in	
comparison	to	that	of	5b	(λmax	=	478	nm).	This	result	is	in	good	
agreement	with	 the	calculated	absorption	energies	of	5a	 and	
5b	 by	 the	 TD-DFT	 calculations	 as	 discussed	 later	 (Fig.	 S28).	
During	the	measurement,	no	change	in	the	absorption	spectra	
of	 5a	 and	 5b	 were	 observed,	 indicating	 the	 enhanced	
photostability	 of	 these	 compounds	 due	 to	 the	 electron-
withdrawing	dicyanoethene	unit.	
	 HBC	 dimers	 5a	 and	 5b	 also	 exhibited	 red	 fluorescence	 in	
the	solution	state	(Fig.	5b).	To	further	investigate	these	optical	
features,	emission	spectra	of	the	5a	and	5b	were	measured	in	
various	 solvents	 (Fig.	 5c,	 Fig.	 S22).	 	 The	 maximum	 emission	
peaks	of	5a	showed	bathochromic	shift	as	the	solvent	polarity	
increased:	cyclohexane	(619	nm,	 Φf	=	0.21),	toluene	(629	nm,	
Φf	 =	0.25),	 ethyl	 acetate	 (680	nm,	Φf	 =	0.12),	 dichloroethane	
(717	 nm,	Φf	 =	 0.08),	 and	 acetone	 (739	 nm,	Φf	 =	 0.04).	 The	
emission	 wavelength	 of	 5b	 exhibited	 bathochromic	 shift	
depending	on	solvent	polarities	 in	similar	fashion	with	that	of	
5a.	 These	 solvent	effects	of	5a	 and	5b	 indicated	 that	both	of	
5a	 and	 5b	 has	 intramolecular	 charge	 transfer	 character.	
Notably,	5a	and	5b	showed	red	fluorescence	in	the	solid	state	
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(Fig.	5d,	5a:	687	nm,	 Φf	=	0.18,	5b:	666	nm,	 Φf	=	0.21,	using	a	
drop-cast	 film	 from	 a	 dichloromethane	 solution	 deposited	
onto	a	quartz	substrate).	According	 to	 the	absorption	spectra	
for	the	film	of	5a	and	5b	(Fig.	S21),	Stokes	shifts	of	5a	and	5b	
were	 6105	 cm–1	 and	 4985	 cm–1,	 respectively,	 which	 were	
remarkably	 larger	 than	parent	HBC	4	 (181	 cm–1).	 These	 large	
Stokes	shifts	due	to	intramolecular	charge	transfer	inhibit	self-
absorption	quenching,	 enhancing	 fluorescence	quantum	yield	
in	solid	state.20	

	
Fig.	 4	 (a)	 UV-vis	 absorption	 spectra	 and	 (b)	 fluorescence	 spectra	 of	 4	 and	 anion	 4–

[TBA+]	 in	 dichloromethane	 upon	 excitation	 at	 350	 and	 450	 nm,	 respectively.	 Each	
emission	spectrum	was	obtained	at	the	concentration	of	1	µM.	

	

	

Fig.	5	(a)	UV-vis	absorption	spectra	and	(b)	emission	spectra	of	5a,	5b	and	4	in	CH2Cl2.	
(c)	Emission	spectra	of	5a	in	various	solvents.	(d)	Emission	spectra	of	5a,	5b	and	4	in	the	
drop-cast	film.	Excitation	wavelength:	360	nm	for	4,	450	nm	for	5a	and	5b.	

	 Fluorescence	 decay	 measurements	 were	 performed	 to	
reveal	 excited-state	 behaviour.	 	 Fluorescence	 lifetimes	 of	 5a	
and	5b	in	dichloromethane	were	determined	to	be	5.5	and	4.8	
ns,	 respectively,	 with	 single-exponential	 decay,	 which	 were	
shorter	than	that	of	monomer	4	 (19.4	ns)	(Table	2).	The	short	

4

4–[TBA+]

4

4–[TBA+]

(a)

(b)

(a)

(b)

4
5a
5b

4
5a
5b

(c)

(d)

4
5a
5b



ARTICLE	 Journal	Name	

6 	|	J.	Name.,	2012,	00,	1-3	 This	journal	is	©	The	Royal	Society	of	Chemistry	20xx	

Please	do	not	adjust	margins	

Please	do	not	adjust	margins	

lifetimes	 for	 5a	 and	 5b	 reflected	 the	 existence	 of	 dynamic	
behaviour	 in	 excited	 state.	 Non-radiative	 constants	 knr	 of	 5a	
and	 5b	 calculated	 from	 fluorescence	 lifetime	 and	 quantum	
yields	 were	 larger	 than	 that	 of	 4	 indicated	 the	 flexible	
geometries	 for	 5a	 and	 5b.	 In	 addition,	 we	 have	 measured	
lifetimes	 of	 the	 1wt%	 doped	 films	 of	5a	 and	5b	 in	 poly	 vinyl	
chloride	(PVC).		For	5b,	almost	the	same	fluorescence	quantum	
yields	 and	 lifetimes	 in	 the	 solid	 state	 were	 observed	 in	
comparison	 to	 that	 in	 the	solution	state.	 	On	 the	other	hand,	
fluorescence	quantum	yields	of	5a	 in	the	solid	and	film	states	
were	higher	 than	 that	 in	 the	solution	state	 (Table	S1).	 	These	
results	indicated	the	flexible	nature	of	5a	as	compared	with	5b.	

Table	2.	Fluorescence	parameters	of	4,	5a	and	5b.	

Compounds  τ (ns)  Φf kf (107 s–1) knr (107 s–1) 

4 19.4 0.04 0.21 4.9 

5a 5.5 0.08 1.5 17 

5b 4.8 0.17 3.5 17 

	

	 The	 molecular	 orbitals	 of	 5a	 and	 5b	 calculated	 at	 the	
B3LYP/6-31G(d)	 level	 revealed	 that	HOMOs	were	 localized	on	
the	 HBC	 skeleton,	 while	 LUMOs	 located	 mainly	 on	 the	
dicyanoethene	moiety	due	to	the	electron	deficient	nature	of	
cyano	 groups	 (Fig.	 6).	 These	 calculations	 indicated	 the	
intramolecular	 charge	 transfer	 character	 for	 5a	 and	 5b	 from	
the	 electron-rich	 HBC	 core	 to	 the	 electron-deficient	
dicyanoethene	 moiety.	 On	 the	 basis	 of	 TD-DFT	 calculations,	
the	 lowest	 energy	 absorption	 bands	 of	 5a	 and	 5b	 were	
assigned	to	intramolecular	charge	transfer	transition,	resulting	
in	bathochromic-shift	as	compared	with	4.	

	

Fig.	 6	 Frontier	molecular	orbitals	of	a)	5a	 and	b)	5b	 calculated	at	 the	B3LYP/6-
31G(d)	level.	

Conclusions	
In	conclusion,	we	have	succeeded	in	the	efficient	synthesis	

of	 cis-	 and	 trans-dicyanoetheno-bridged	 HBC	 dimers	 through	
oxidation	 of	 a	 dicyanomethyl	 HBC	 anion.	 	 Dicyanotheno-
bridged	 HBC	 dimers	 exhibited	 cis–trans	 photoisomerization	
behaviour	 in	 solution.	 	 X-ray	 diffraction	 analysis	 and	

theoretical	 calculations	 revealed	 that	 the	 cis	 isomer	 is	 more	
thermodynamically	 stable	 than	 the	 trans	 isomer.	
Intramolecular	charge	transfer	interactions	from	the	HBC	cores	
to	 electron-deficient	 dicyanoethene	 bridge	 induced	
solvatochromic	 behaviour	 in	 emission	 spectra	 of	 the	 dimers.	
Such	electronic	deviation	of	HBC	cores	enabled	allowed	S1–S0	
transition,	exhibiting	bright	 red	emission	both	 in	solution	and	
solid	 states.	 	 These	 results	 suggest	 that	 introduction	 of	
dicyanomethyl-	 and	 dicyanoetheno-unit	 offers	 rich	 optical	
properties	 to	 a	 variety	 of	 carbon	materials	 such	 as	 graphene	
quantum	 dots.	 Further	 application	 of	 our	 protocol	 to	 larger	
carbon	materials	has	been	under	investigation.	

Experimental	Section	

Instrumental	and	materials	
	 1H	NMR	 (500	MHz)	and	 13C	NMR	 (126	MHz)	 spectra	were	
recorded	 on	 a	 Bruker	 AVANCE	 III	 HD	 spectrometer,	 and	
chemical	 shifts	 were	 reported	 as	 the	 delta	 scale	 in	 ppm	
relative	to	CHCl3	(d	=	7.260	ppm)	and	CD3CN	(d	=	1.94	ppm)	for	
1H	 NMR	 and	 CDCl3	 (d	 =	 77.16	 ppm)	 and	 CD3CN	 (d	 =	 118.26	
ppm)	 for	 13C	 NMR.	 UV/vis/NIR	 absorption	 spectra	 were	
recorded	 on	 a	 Shimadzu	 UV-2550.	 	 Emission	 spectra	 were	
recorded	 on	 a	 JASCO	 FP-6500	 spectrometer	 and	 absolute	
fluorescence	 quantum	 yields	 were	 measured	 by	 photon-
counting	 method	 using	 an	 integration	 sphere.	 Fluorescence	
lifetimes	 were	 recorded	 on	 a	 Hamamatsu	 Photonics	
Quantaurus-tau	 (C11367-25).	 High-Resolution	 (HR)	 Mass	
spectra	 were	 recorded	 on	 a	 Bruker	 microTOF	 using	 positive	
mode	 ESI	method	 for	 acetonitrile	 solutions.	 	 X-ray	 diffraction	
data	of	5a	was	 taken	on	a	Rigaku	CCD	diffractometer	 (Saturn	
724	 with	 MicroMax-007)	 with	 Varimax	 Mo	 optics	 using	
graphite	monochromated	MoKα	radiation	(λ	=	0.71075	Å).		X-
ray	 diffraction	 data	 for	 5b	 was	 collected	 using	 synchrotron	
radiation	 (λ	 =	 0.8000	 Å)	 at	 BL38B1	 in	 the	 Spring-8	 with	
approval	of	the	Japan	Synchrotron	Radiation	Research	Institute	
(JASRI)	 (proposal	 No.	 2016B1151).	 	 The	 oscillation	 angle	 and	
camera	 distance	 were	 2°	 and	 75	 mm,	 respectively.	 	 The	
exposure	 time	 per	 frame	 was	 20s	 or	 40s	 depending	 on	 the	
data	 set.	 	 Two	 data	 sets	 consisted	 of	 90	 frames	 were	
integrated,	 scaled,	 and	 merged	 with	 the	 programs	 HKL2000.		
Unless	 otherwise	 noted,	materials	 obtained	 from	 commercial	
suppliers	were	used	without	further	purification.	

2,5,8,11,14-Pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	(1).	

	 A	solution	of	FeCl3	(1.98	g,	12.2	mmol)	in	CH3NO2	(4.0	mL)	
was	added	to	a	solution	of	1,2,3,4,5-pentakis(4-mesitylphenyl)-
6-phenylbenzene	 7	 (676	 mg,	 0.600	 mmol)	 in	 anhydrous	
CH2Cl2/EtOH	 (100	 mL/0.05	 mL).	 The	 reaction	 mixture	 was	
stirred	 for	 1	 h	 with	 continuous	 N2	 bubbling	 through	 the	
reaction	mixture.	The	reaction	mixture	was	poured	into	MeOH	
and	 concentrated	 in	 vacuo.	 Purification	 of	 the	 residue	 by	
column	 chromatography	 on	 silica-gel	 (CH2Cl2)	 followed	 by	
recrystallization	from	CH2Cl2/MeOH	afforded	1	(606	mg,	0.544	
mmol)	in	91%	yield.	1H	NMR	(CDCl3):	d	9.24	(d,	J	=	8.0	Hz,	2H,	
HBC),	9.12	(s,	J	=	8.0	Hz,	2H,	HBC),	9.03	(s,	8H,	HBC),	8.22	(t,	J	=	
8.0	Hz,	1H,	HBC),	7.14	(s,	4H,	Mes),	7.09	(s,	6H,	Mes),	2.46	(s,	
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6H,	p-Me),	2.43	(s,	9H,	p-Me),	and	2.24-2.27	(s+s+s,	30H,	o-Me)	
ppm;	 13C	 NMR	 (CDCl3):	 d	 140.2,	 140.2,	 140.1,	 139.4,	 139.2,	
137.4,	 137.3,	 136.5,	 136.3,	 131.1,	 131.1,	 131.0,	 128.6,	 127.3,	
126.1,	 124.7,	 124.6,	 123.7,	 123.7,	 123.6,	 122.5,	 121.6,	 121.5,	
121.4,	 21.5,	 21.3,	 and	 21.3	 ppm;	 HR-MS	 (ESI-MS):	 m/z	 =	
1113.5408,	calcd	for	(C87H69)

+	=	1113.5394	[(M	+	H)+].	

2-Bolyl-5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene(s)	(2).	

	 A	 Schlenk	 flask	 containing	 1	 (333	 mg,	 0.299	 mmol),	
bis(pinacolato)diboron	 (152.8	 mg,	 0.602	 mmol),	 4,4’-di-tert-
butyl-2,2’-bipyridyl	 (17.4	 mg,	 0.0648	 mmol),	 and	
[Ir(OMe)(cod)]2	(19.95	mg,	0.0301	mmol)	was	purged	with	N2,	
and	 then	 charged	with	 anhydrous	 and	degassed	 THF	 (15	mL)	
and	 mixture	 was	 stirred	 for	 24	 h	 at	 65	 °C.	 The	 solvent	 was	
removed	 in	 vacuo,	 and	 purification	 of	 the	 residue	 by	 column	
chromatography	on	silica-gel	followed	by	recrystallization	from	
CHCl3/MeOH	 afforded	 2-bolyl-5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	2	(334.6	mg,	
0.270	mmol)	in	78%	yield.	1H	NMR	(CDCl3):	d	9.66	(s,	2H,	HBC),	
9.23	(s,	2H,	HBC),	9.02	(s,	8H,	HBC),	7.16	(s,	4H,	Mes),	7.08	(s,	
6H,	Mes),	 2.42-2.48	 (s+s,	 15H,	p-Me),	 2.23-2.26	 (s+s,	 30H,	o-
Me),	 and	 1.52	 (s,	 12H,	 Bpin)	 ppm;	 13C	NMR	 (CDCl3):	d	 140.2,	
140.2,	 140.2,	 139.5,	 139.2,	 139.2,	 137.4,	 137.2,	 136.6,	 136.3,	
131.4,	 131.2,	 131.1,	 130.0,	 128.8,	 128.0,	 124.6,	 123.7,	 123.7,	
123.4,	122.0,	121.8,	121.4,	121.3,	84.6,	25.2,	21.5,	21.5,	21.3,	
and	 21.3	 ppm;	 HR-MS	 (ESI-MS):	m/z	 =	 1239.6309,	 calcd	 for	
(C93H80BO2)

+	=	1239.6251	[(M	+	H)+].	

2-Iodo-5,	8,	11,	14,	17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	(3).	

	 To	 a	 round-bottom	 flask	 containing	 2-bolyl-5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	 (185.7	 mg,	
0.150	mmol),	 copper(I)	 iodide	 (42.1	mg,	0.221	mmol),	and	N-
iodo	 succinimide	 (49.9	 mg,	 0.222	 mmol)	 was	 added	
DMF/toluene	(10	mL/5	mL)	and	the	mixture	was	stirred	for	6	h	
at	80	°C	under	light	shielding.	The	reaction	was	quenched	with	
aqueous	 sodium	 thiosulfate,	 and	 the	 mixture	 was	 extracted	
with	 EtOAc.	 The	 organic	 layer	was	washed	with	water,	 dried	
over	 anhydrous	 Na2SO4,	 and	 concentrated	 in	 vacuo.	
Purification	 of	 the	 residue	 by	 column	 chromatography	 on	
silica-gel	 (CH2Cl2)	 followed	 by	 recrystallization	 from	
CH2Cl2/MeOH	 afforded	 2-iodo-5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	2	(145.7	mg,	
0.118	mmol)	in	78%	yield.	1H	NMR	(CDCl3):	d	9.49	(s,	2H,	HBC),	
9.00-9.05	 (s+s+s,	 10H,	 HBC),	 7.14	 (s,	 4H,	 Mes),	 7.09	 (s,	 6H,	
Mes),	 2.42-2.46	 (s+s,	 15H,	p-Me),	 and	2.23-2.26	 (s+s,	 30H,	o-
Me)	ppm;	13C	NMR	(CDCl3):	d	140.4,	140.4,	139.1,	137.5,	137.3,	
136.4,	 136.2,	 132.8,	 131.2,	 131.1,	 131.0,	 129.8,	 128.6,	 128.6,	
125.1,	 124.7,	 124.6,	 124.6,	 124.2,	 123.9,	 123.8,	 123.8,	 123.6,	
121.8,	121.5,	21.5,	21.4,	21.3,	and	21.3	ppm;	HR-MS	(ESI-MS):	
m/z	=	1239.4389,	calcd	for	(C87H68I)

+	=	1239.4360	[(M	+	H)+].	

2-dicyanomethyl-5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	4.	

	 A	 Schlenk	 flask	 containing	NaOtBu	 (27.2	mg,	 0.283	mmol)	
and	malononitrile	(16.1	mg,	0.244	mmol)	was	purged	with	N2,	

and	then	charged	with	anhydrous	and	degassed	THF	 (10	mL),	
and	then	the	resulting	mixture	was	stirred	for	15	min	at	room	
temperature.	 To	 the	mixture	was	 added	2	 (85.15	mg,	 0.0687	
mmol),	 tetrakis(triphenylphosphine)palladium	 (24.1	 mg,	
0.0201	mmol),	 copper(I)	 iodide	 (14.4	mg,	 0.0756	mmol),	 and	
anhydrous	 and	 degassed	 THF	 (20	 mL)	 at	 room	 temperature.	
The	 reaction	mixture	was	 stirred	at	60	 °C	 for	15	h,	quenched	
with	aqueous	HCl,	extracted	with	CH2Cl2,	and	then	dried	over	
Na2SO4.	The	solvent	was	removed	in	vacuo,	and	purification	of	
the	 residue	by	 column	 chromatography	on	 silica-gel	 followed	
(CH2Cl2/hexane)	 by	 recrystallization	 from	 CHCl3/MeOH	
afforded	 2-dicyanomethyl-5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	4	(63.45	mg,	
0.0539	mmol)	in	78%	yield.	1H	NMR	(CDCl3):	d	9.26	(s,	2H,	HBC),	
9.10	(s,	2H,	HBC),	9.08	(s,	2H,	HBC),	9.04	(s,	6H,	HBC),	7.14	(s,	
4H,	Mes),	7.08	(s,	6H,	Mes),	5.62	(s,	1H,	CHCN2),	2.42-2.46	(s+s,	
15H,	 p-Me),	 and	 2.22-2.26	 (s+s,	 30H,	 o-Me)	 ppm;	 13C	 NMR	
(CDCl3):	d	140.7,	140.7,	140.6,	139.0,	138.9,	137.7,	137.4,	137.4,	
136.4,	 136.2,	 132.8,	 131.4,	 131.3,	 131.2,	 130.9,	 129.9,	 128.7,	
128.6,	 124.9,	 124.9,	 124.9,	 124.6,	 124.1,	 123.9,	 123.7,	 122.3,	
121.7	 121.7,	 120.6,	 120.3,	 112.2,	 29.3,	 21.5,	 21.5,	 21.4,	 21.3,	
and	 21.3	 ppm;	 HR-MS	 (ESI-MS):	m/z	 =	 1177.5455,	 calcd	 for	
(C64H69N2)

+	=	1177.5448	[(M	+	H)+];	UV/vis	(CH2Cl2):	lmax	(e	[M
–1	

cm–1])	 =	 364	 (220000),	 393	 (58000),	 444	 (2100),	 and	 450	
(1600)	nm.	

2-Dicyanomethyl-5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronene	
tetrabutylammonium	salt	(4–[TBA+]).	

	 A	 Schlenk	 tube	 containing	 4	 (23.5	 mg,	 19.9	 µmol)	 was	
purged	 with	 N2,	 and	 charged	 with	 anhydrous	 and	 degassed	
CH3CN	 (2.0	 mL).	 To	 the	 solution,	 40%	 aqueous	 solution	 of	
tetrabutylammonium	 hydroxide	 (26.4	 mg,	 40.7	 µmol)	 was	
added,	and	the	mixture	was	stirred	at	room	temperature	for	5	
min.	H2O	was	added	to	the	reaction	mixture,	and	precipitation	
was	filtered	with	H2O	to	afford	4

–[TBA+]	(23.9	mg,	166	µmol)	in	
78%	yield.	1H	NMR	(CD3CN):	d	9.09-9.11	(s+s,	8H,	HBC),	8.31	(s,	
2H,	HBC),	8.66	(s,	2H,	HBC),	7.12	(s,	4H,	Mes),	7.07	(s,	6H,	Mes),	
2.96	 (t,	 J	=	8.6	Hz,	8H,	NCH2C3H7),	2.15	 (s,	6H,	p-Me),	2.37	 (s,	
3H+6H,	p-Me),	2.18	(s,	30H,	o-Me),	1.50	(m,	8H,	NCH2CH2C2H5),	
1.27	 (m,	 8H,	 NCH2CH2CH2CH3),	 and	 0.90	 (t,	 J	 =	 7.0	 Hz,	 12H,	
NCH2CH2CH2CH3)	ppm;	13C	NMR	(CD3CN):	141.1,	141.2,	140.2,	
140.1,	 138.1,	 137.8,	 137.2,	 131.9,	 131.9,	 131.7,	 131.5,	 129.3,	
129.2,	 126.7,	 126.6,	 124.9,	 124.5,	 122.2,	 120.6,	 113.8,	 59.3,	
59.3,	24.3,	21.5,	21.5,	21.4,	21.3,	21.2,	20.3,	and	13.7	ppm.	

Synthetic	procedure	for	cis-	and	trans-a,b-dicyanoetheno	HBC	
dimers	

	 A	Schlenk	flask	containing	4–[TBA+]	(21.3	mg,	0.0149	mmol)	
and	PbO2	(360.0	mg,	1.51	mmol)	was	purged	with	N2,	and	then	
charged	 with	 anhydrous	 and	 degassed	 CH2Cl2	 (2.0	 mL).	 The	
resulting	mixture	was	stirred	for	3	h	at	room	temperature.	The	
reaction	mixture	was	 filtered	 through	Celite	with	 CH2Cl2,	 and	
concentrated	 in	 vacuo.	 Purification	 of	 the	 residue	 by	 column	
chromatography	 on	 silica-gel	 under	 careful	 light	 shielding	
followed	 by	 recrystallization	 from	 CHCl3/MeOH	 afforded	 5a	
and	 5b	 in	 69%	 and	 15%	 yields,	 respectively.	 5a:	 Rf	 =	 0.46	
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(CH2Cl2/hexane	 =	 1/1,	 v/v);	
1H	 NMR	 (CDCl3):	  δ	 9.39	 (s,	 4H,	

HBC),	 9.01	 (s,	 4H,	 HBC),	 8.99	 (s,	 4H,	 HBC),	 8.86	 (s,	 4H,	 HBC),	
8.77	(s,	4H,	HBC),	8.47	(s,	4H,	HBC),	7.07	(s,	4H,	Mes),	7.01	(s,	
8H,	Mes),	6.48	(s,	8H,	Mes),	2.40	(s,	6H,	p-Me),	2.37	(s,	12H,	p-
Me),	2.22	(s,	12H,	p-Me),	2.13	(s,	24H,	o-Me),	2.03	(s,	12H,	p-
Me),	and	1.63	 (s,	24H,	o-Me)	ppm;	 13C	NMR	 (CDCl3):	δ	140.7,	
140.4,	 140.3,	 139.0,	 138.9,	 138.2,	 137.4,	 137.3,	 136.9,	 136.2,	
136.1,	 135.6,	 131.6,	 131.3,	 131.1,	 130.9,	 130.8,	 129.7,	 129.1,	
128.6,	 128.5,	 128.1,	 127.4,	 127.0,	 124.5,	 124.5,	 124.4,	 123.9,	
123.7,	 123.5,	 123.0,	 122.5,	 122.0,	 121.5,	 120.3,	 117.5,	 21.5,	
21.4,	 21.3,	 21.2,	 21.0,	 and	 20.8	 ppm;	HR-MS	 (ESI-MS):	m/z	 =	
2301.0650,	 calcd	 for	 (C178H135N2)

+	 =	 2301.0653	 [(M	 +	 H)+];	
UV/vis	 (CH2Cl2):	 λmax	 (ε	 [M

–1	 cm–1])	 =	 360	 (300000),	 376	
(130000),	 and	 487	 (21000)	 nm;	 5b:	Rf	 =	 0.82	 (CH2Cl2/hexane	
=1/1,	 v/v);	 1H	 NMR	 (CDCl3):	 δ	 9.78	 (s,	 2H,	 HBC),	 9.22	 (s,	 2H,	
HBC),	9.11	(s,	2H,	HBC),	9.05	(s,	6H,	HBC),	7.09–7.10	(s	+	s,	10H,	
Mes),	2.41–2.43	(s	+	s,	15H,	p-Me),	and	2.24–2.29	(s	+	s,	30H,	
o-Me)	 ppm;	 13C	 NMR	 (CDCl3):	 δ	 140.7,	 140.7,	 140.5,	 139.1,	
139.0,	 137.4,	 137.4,	 136.4,	 136.2,	 131.9,	 131.3,	 131.3,	 131.2,	
131.0,	 130.7,	 130.4,	 130.2,	 128.7,	 128.6,	 128.4,	 128.1,	 127.4,	
124.9,	 124.7,	 124.7,	 124.0,	 123.9,	 122.5,	 122.4,	 122.1,	 121.6,	
120.6,	117.8,	21.5,	21.5,	and	21.3	ppm;	HR-MS	(ESI-MS):	m/z	=	
2301.0659,	 calcd	 for	 (C178H135N2)

+	 =	 2301.0653	 [(M	 +	 H)+];	
UV/vis	 (CH2Cl2):	 λmax	 (ε	 [M

–1	 cm–1])	 =	 359	 (230000),	 375	
(88000),	and	477	(12000)	nm.	

1,2-Bis(5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]coronen-2-yl)ethane-
1,1,2,2-tetracarbonitrile	(6).	

	 A	Schlenk	flask	containing	4	 (13.42	mg,	0.0114	mmol)	and	
PbO2	was	 purged	with	 N2,	 and	 then	 charged	with	 anhydrous	
and	 degassed	 CH2Cl2	 (2.0	 mL).	 The	 resulting	 mixture	 was	
stirred	for	1	h	at	room	temperature.	The	reaction	mixture	was	
filtered	through	Celite	with	CH2Cl2,	concentrated	in	vacuo,	and	
purification	 of	 the	 residue	 by	 column	 chromatography	 on	
silica-gel	 followed	 by	 recrystallization	 from	 CH2Cl2/MeOH	
afforded	 1,2-bis(5,8,11,14,17-
pentamesitylhexabenzo[bc,ef,hi,kl,no,qr]-	 coronen-2-
yl)ethane-1,1,2,2-tetracarbonitrile	6	 (10.10	mg,	 4.29	mmol)	 in	
75%	yield.	1H	NMR	(CDCl3):	d;	9.03	(broad,	HBC),	and	7.04-7.08	
(broad,	 Mes)	 ppm;	 13C	 NMR	 (CDCl3):	 d	 140.8,	 140.5,	 139.0,	
138.9,	 137.4,	 136.2,	 136.1,	 131.3,	 131.3,	 130.7,	 128.6,	 127.6,	
125.2,	124.4,	124.0,	122.6,	121.8,	121.6,	119.5,	54.3,	21.5,	21.4,	
21.3,	 and	21.3	ppm;	HR-MS	 (ESI-MS):	m/z	 =	2353.0620,	 calcd	
for	(C180H135N4)

+	=	2353.0715	[(M	+	H)+].	
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