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Z . C A I ,  H . Z H A N G ,  H . G E N G,  Z . L I U , *  S . YAN G ,  H . L U O,  L . J I AN G ,  Q . P E N G ,  G . Z HA N G ,  

J . C H E N ,  Y . YI ,  W . H U,  D . Z H A NG * ( B E I J I N G  N AT I O NA L  L A B O R A T O R Y  FO R  M O L E C UL AR  

S C I E N C E S ,  P.  R .  C H I N A)

Thiepin-Fused Heteroacenes: Simple Synthesis, Unusual Structure, and Semiconductors with Less Anisotropic 

Behavior

Chem. Eur. J. 2013, 19, 14573–14580.

One-Pot Synthesis of Thiepin-Fused 
Heteroacenes

Significance: Polycyclic aromatic hydrocarbons 
with heteroatom substitution are attractive materi-
als for semiconductor applications. The authors 
present the efficient installation of a thiepin unit 
onto easily accessible DIDT (C.-H. Chen, Y.-J. 
Cheng, M. Dubosc, C.-H. Hsieh, C.-C. Chu, C.-S. 
Hsu Chem. Asian J. 2010, 5, 2483). In this one-pot 
synthesis, DIDT was deprotonated with potassium 
tert-butoxide, reacted with carbon disulfide, and 
quenched with methyl iodide or hexyl bromide. 
The fused thiepins were obtained in 90% and 80% 
yield. 

Comment: HOMO and LUMO energies were 
determined by cyclic voltammetry (–5.35 eV and 
–3.26 eV, respectively, regardless of the alkyl 
chain). Both compounds exhibited typical p-type 
semiconducting behavior with hole mobilities up 
to 1.0 x 10–2 cm2 V–1 s–1. Thin films were further 
characterized by AFM and XRD. Crystal structures 
were obtained for both compounds and showed 
multiple S…S contacts.
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R = Me:  90% yield
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C . SH U ,  C . - B . C H E N,  W. - X . CH E N ,  L . - W . YE *  ( XI AM E N  U N I V E R S I T Y,  P.  R .  O F  C HI NA )

Flexible and Practical Synthesis of Anthracenes through Gold-Catalyzed Cyclization of o-Alkynyldiarylmethanes

Org. Lett. 2013, 15, 5542–5545.

Gold-Catalyzed Synthesis of Anthracenes

Significance: The gold-catalyzed synthesis of 
anthracene derivatives from their corresponding 
o-alkynyldiarylmethanes is reported. Compared 
to previously reported syntheses, the presented 
method is a mild and atom-economic approach 
that enables access to functionalized anthracenes 
from a wide substrate scope in good yields. 

Comment: In addition to anthracenes, the authors 
report the synthesis of a tetracene derivative (see 
above) from a naphthalene-containing substrate, 
thus demonstrating the potential of this synthetic 
strategy in the synthesis of functionalized extend-
ed acenes. 

R3

R1 R2

Et3PAuNTf2 (5 mol%)

HNTf2 (0.5 equiv)
DCE, 80 °C, 5 h

R3

R1 R2

R4

21 examples
58–80% yield

R4

Proposed mechanistic pathways:

–[Au]

O

[Au]

[Au]
[Au] + acid

Selected examples:

Substrate:

Product:

F

F

OH
2

Ph

Ph

OH
3

62% yield 68% yield 71% yield 80% yield

+
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J . TA O ,  R . TR A N ,  G .  K . M UR P H Y*  ( U N I V E R S I T Y  O F  WA T E R L O O ,  C A N A D A )

Dihaloiodoarenes: α,α-Dihalogenation of Phenylacetate Derivatives

J. Am. Chem. Soc. 2013, 135, 16312–16315.

Hypervalent Iodine for α,α-Dihalogenation

Significance: Functionalization at the α-position 
of carbonyls represents one of the most versatile 
and useful types of transformations in organic 
chemistry. In this paper, the authors describe the 
use of a hypervalent iodine species to doubly 
halogenate the α-position of esters with either 
chlorine or fluorine. 

Comment: While the chlorination procedure was 
shown to be broadly functional group tolerant, the 
need for BF3·OEt2 in the case of fluorination limits 
the possible functionality in the starting material. 
The authors report that substrates with labile 
moieties such as OMe or NHAc decompose upon 
heating with BF3·OEt2.

N2

OR2

O
R1

OR2

O
R1

Cl Cl

PhICl2 (1.1 equiv)

pyridine (5 mol%)  
CH2Cl2

N2

OR2

O
R1

OR2

O
R1

F F

TolIF2 (1.1 equiv)

BF3⋅OEt2 (1 mol%)  
PhCl, 110 °C

5 min

OMe

O

F F
OMe

O
O2N

F F

OMe

O
TsO

F F

Br

79% yield66% yield 74% yield

OBn

O

F F
OMe

O

F F

O

O

F F

26% yield79% yield 17% yield

MeO

OMe

O

Cl Cl
OMe

O
O2N

Cl Cl

OMe

O
TsO

Cl Cl

Br

67% yield87% yield 89% yield

OBn

O

Cl Cl
OMe

O

Cl Cl

O

O

Cl Cl

79% yield95% yield 89% yield

MeO

Fluorination:

Chlorination:

Selected examples:

Selected examples:
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R . B U L A ,  M . F I N G E R L E ,  A . R U FF,  B . S P E I S E R ,  C . M A I C HL E - M Ö SS M E R ,  H .  F . B E T T I N G E R *  

( U N I V E R S I T Ä T  T Ü B I N G E N  AN D  U N I V E R SI T Ä T  ST U T T G A R T ,  G E R M A N Y)

Anti-[2.2](1,4)pentacenophane: A Covalently Coupled Pentacene Dimer

Angew. Chem. Int. Ed. 2013, 52, 11647–11650.

Pentacenes Communicate Through Space

Significance: Due to their demonstrated utility in 
optoelectronic devices, polyacenes continue to 
garner attention as fascinating systems for study-
ing the fundamental properties that are responsi-
ble for their observed behavior. The authors con-
tribute to the study of charge-transfer 
communication between pentacenes by creatively 
expanding on the concept of covalently coupled 
anthracenes developed by the Misumi group in 
the 1970s (Tetrahedron Lett. 1972, 13, 1731). Pre-
liminary characterization of 6 via UV/Vis spectros-
copy, DFT modeling, and cyclic voltammetry pro-
vides a useful benchmark for future studies of this 
class of compounds. 

Comment: Applying de Meijere’s method (Chem. 
Ber. 1993, 126, 2531) of accessing pseudo-para 
tetrabromide 2 and cycloadducts 3 is a clever ap-
proach to constructing anti-[2.2]pentacenophane 
6, a blue solid that is moderately soluble in organic 
solvents. The bathochromic shift (~ 20 nm) of 6, 
compared to pentacene monomer 7, is attributed 
to coupling between the pentacene subunits. It 
would be interesting to build off of this result by 
comparing the device performance of 6 and relat-
ed pentacenophanes to their respective penta-
cene monomers. 

Br2

cat. I2

n-BuLi, furan

O

O

NNN

N NN

DBU, LiI

THF, reflux, 3 h

75% yield

37% yield

1.

2. SnCl2, H2SO4

Li

TIPS

TIPS

TIPS

TIPS

TIPS

O

O

O

O

O

O

O

O

O

O

O

O
Br

Br

Br

Br

CHCl3, 2 h, r.t.
42% yield

1 2 3

4 5

6

Synthesis of anti-[2.2](1,4)pentacenophane 6:

TIPS

TIPS

7
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A .  M . WA G N E R ,  A .  J . H I C K M A N ,  M .  S . S A NF O R D *  ( U N I V E R S I T Y  O F  M I C H I G A N ,  A N N  

A R BO R,  US A)

Platinum-Catalyzed C–H Arylation of Simple Arenes

J. Am. Chem. Soc. 2013, 135, 15710–15713.

C–H Arylation with Platinum

Significance: C–H activation in aryl systems finds 
broad applicability in the construction of conjugat-
ed organic materials. This paper reports the use of 
a platinum catalyst to couple aryl groups pendant 
on hypervalent iodine to simple arenes via a C–H 
activation pathway. 

Comment: The authors have previously reported 
a similar process using a palladium catalyst (ACS 
Catal. 2011, 1, 170). However, with the exception 
of some examples in which the reaction resulted in 
mixed isomers, the use of a platinum catalyst pro-
duced materials with different selectivity than the 
palladium catalyst, providing two processes with 
complementary reactivity. 

[Ar2I]TFA

Na2PtCl4 (2.5–5 mol%) 
TFA or AcOH (0–32 equiv)

Bu4NOTf (5 equiv) 
100–120 °C, 72 h

RR Ar+

MeO

Ph

MeO

PhMeO

Cl

p-MeOC6H4Cl

[Cl4PtII]2–

ArI

[Ar2I]X

[Cl4XPtIVAr]2–[Cl4XPtIVAr]2–

H

Y
HX

Y

Ar

Y

Proposed mechanism:

F

Ph

F3C

83% yield 48% yield 66% yield

52% yield
m/p = 6:1

53% yield
m/p = 1.4:1

58% yield
m/p = 2.5:1

p-MeOC6H4 Br p-MeOC6H4

Selected examples:
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S . S UE KI ,  Y . G U O,  M . K A N A I ,  Y . K U N I N O B U *  ( T H E  U NI VE R S I T Y  O F TO K Y O  A N D C R E ST  

S C I E NC E  A N D  TE C H N O L O G Y A G E N C Y,  TO KY O ,  J A PA N )

Rhenium-Catalyzed Synthesis of 3-Imino-1-isoindolinones by C–H Bond Activation: Application to the Synthesis of 

Polyimide Derivatives

Angew. Chem. Int. Ed 2013, 52, 11879–11883.

Insert, Cyclize, Eliminate: Polyimides from 
Imidates and Isocyanates

Significance: Polyimides find application in aero-
space engineering and electronic materials be-
cause of their inherent rigidity, strength, heat-
resistance, and electrical non-conductance. How-
ever, their low solubility in organic solvents limits 
processability. The authors hypothesized that the 
solubility could be improved by switching the car-
bonyl group into an imino group functionalized 
with pendant alkyl chains. They confirmed their 
hypothesis by developing a mild, atom-economi-
cal rhenium-catalyzed transformation that involves 
sequential C–H activation, intramolecular nucleo-
philic cyclization, and elimination of methanol.

Comment: The key step in the reported method-
ology is the restoration of the C=N double bond by 
elimination of a small molecule (methanol). The ef-
ficacy of this tactic is evidenced by the good yields 
obtained throughout a diverse substrate scope 
and on a gram-scale reaction (80% yield). This is 
the first example of polyimide derivatives having 
imino groups; the polymers obtained are highly 
soluble in toluene, tetrahydrofuran, dichlorometh-
ane, and chloroform. It will be important to explore 
the mechanical properties of this new class of 
polyimides to determine how they compare to 
their less soluble, carbonyl-containing counter-
parts. 

O

OMe

N

MeO

N
RR

NCOOCN

O

NN

N

O

N

O

RR

n

MeO

N

OMe

N
R

N

N

O

R

nR

N

O

N
R

[Re2(CO)10] (5.0 mol%)

PhMe, 150 °C, 48 h

(1.0 equiv)

3  R = C6H4Hex

NCOOCN

[Re2(CO)10] (5.0 mol %)

PhMe, 150 ºC, 48 h

(1.0 equiv)

OMe

N
Ph

N

N

O

Ph
OCN

[Re2(CO)10] (2.5 mol%)

PhMe, 150 °C, 24 h

(1.0 equiv)

2 
99% yield

1

Representative transformation:

4  53% yield
Mn = 4700, Mw/Mn = 3.12, Td5/N2 = 323 °C 

(5% wt loss temperature, 10 °C/min)

5a  R = C6H4Hex
5b  R = C6H4(CH2)11Me

6a  60% yield
Mn = 4400, Mw/Mn = 2.87, Td5/N2 = 362 °C 
(5% wt loss temperature, 10 °C/min)

6b  68% yield
Mn = 6200, Mw/Mn = 2.97, Td5/N2 = 328 °C 
(5% wt loss temperature, 10 °C/min)
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P . S O L A N K E,  F . B U R E Š , *  O . P Y T E L A ,  J . KU L H Á N E K ,  Z . P A DĚL K O VÁ  ( U N I V E R S I T Y  OF  

P A R D UB I C E ,  C Z E C H  R E P U B L I C )

T-Shaped Push–Pull Chromophores: First Modification of the Indan-1,3-dione-Fused Benzene Ring by Cross-

Coupling Reactions

Synthesis 2013, 45, 3044–3051.

Push–Pull Chromophores from Indan-1,3-
dione

Significance: The synthesis of T-shaped push–
pull chromophores based on indan-1,3-dione as 
an electron acceptor is presented. The two donor 
moieties that comprise the T-shaped architecture 
are installed via the Knoevenagel condensation of 
4,7-diiodoindan-1,3-dione with an aryl aldehyde, 
followed by palladium-catalyzed cross-coupling of 
the iodides with N,N-dimethylaniline or thiophene-
containing substituents. 

Comment: The optical and electronic properties 
of the synthesized T-shaped chromophores are 
extensively studied by UV/Vis absorption spec-
troscopy and calculations. Their non-linear optical 
properties are also examined through theoretical 
calculations. 

O

O

O

I2

H2SO4 (fuming), 70 °C
O

O

O

I

I

2. HCl–H2O, 80 °C

1. ethyl acetoacetate
    Et3N, Ac2O, 25 °C

O

O

I

I

50% yield46% yield

OO

II

N

Me

Me

Al2O3

OO

RR

N

Me

Me

R =

S
N

Me

Me

S
N

Me

Me

OO

II

N

Me

Me

Pd-catalyzed
cross-coupling

n = 0, 82% yield
n = 1, 60% yield

,

n
n

n

n = 0, 80% yield
n = 1, 77 % yield

n = 0, 47% yield
n = 1, 75% yield

n = 0, 32% yield
n = 1, 54% yield

n = 0, 30% yield
n = 1, 75% yield

CH2Cl2, 25 °C

Modification of indan-1,3-dione:

T-Shaped chromophore synthesis:

O

N
MeMe

n
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H . TSU J I , *  G . C AN T A G R E L ,  Y . U E D A ,  T . C H E N ,  L . - J . WA N, *  E . N A K A M U R A* ( T H E  

U N I V E R S I T Y  O F  TOK Y O  A N D  JS T- P R E S TO ,  SA I T A M A ,  J A PA N ;  B E I J I N G  N A T I O N AL  

L A B OR A T O R Y  F O R  M O L E C U L A R  SC I E N C E S A N D  I N S T I T U T E  O F  C H E M I S T R Y,  B E I J I N G ,  

P. R . OF C H I N A )

Synthesis of Benzotrifuran and Benzotripyrrole Derivatives and Molecular Orientations on the Surface and in the 

Solid State

Chem. Asian J. 2013, 8, 2377–2382.

Facile Access to Heteroaromatic 
Triphenylene Analogues

Significance: Planar disc-shaped molecules have 
attractive properties for applications in materials 
science, particularly when they exhibit three-fold 
symmetry. In the present work, the authors dem-
onstrate a versatile approach to the synthesis of 
benzotrifurans and benzotripyrroles. The C3h-
symmetric target molecules are obtained in a triple 
cyclization with excellent yields over a wide range 
of substrates (75–97%). The authors also study 
the 2-D molecular arrangement of the phenyl-sub-
stituted benzotrifuran via scanning tunneling mi-
croscopy and compare it to its 3-D arrangement in 
the crystalline state. 

Comment: The starting 1,3,5-triethynylbenzenes 
are prepared by Sonogashira coupling with 1,3,5-
trifluoro-2,4,6-triiodobenzene. Reaction with cesi-
um hydroxide in N,N-dimethylacetamide (DMA) or 
with a sodium amide in an amine solvent induces 
the triple cyclization. For alkynes with tert-butyl 
substitution, the reaction hardly proceeds beyond 
the second ring closure. Crystal structures were 
obtained for four benzotrifurans and one benzotri-
pyrrol, and the authors analyze their emission 
spectra in the solid state and in solution. 

F

F F

R1

R1

R1

O

O
O

R2N

N
NR2

R1

R1

R1

R1

R1

R1

obtained from Sonogashira 
coupling (35–93% yield)

CsOH⋅H2O (10 equiv)
DMA

reflux, 1 h

NaH (10 equiv)
R2NH2

100 °C, 1–3 h

R2

R1

Ph
2-MeC6H4

3-MeC6H4

4-MeC6H4

4-H11C5C6H4

4-MeOC6H4

4-F3CC6H4

4-BrC6H4

2-py
t-Bu

 Yield (%)1

95
79
92
84
91
75
88
92
77
41

R1

Ph
2-MeC6H4

3-MeC6H4

4-MeC6H4

4-MeOC6H4

4-F3CC6H4

4-BrC6H4

2-py
t-Bu
Ph
Ph

  Yield (%)11

91
90
84
82
83
97
86
78
0
91
82

R2

Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Oct
Cy
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M . GH O L A M I ,  S . R A M SA Y W A C K ,  M .  N . C H A U R ,  A .  H . M U R R A Y ,  R . M C D O N A L D ,  

M .  J . F E RG U S ON ,  L . E C H E G O Y E N,  R .  R . TY K W I N SK I *  ( UN I V E R S I T Y  O F E R L A N G E N -
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P A S O ,  U SA )

Synthesis and Derivatization of Expanded [n]Radialenes (n = 3, 4)

Chem. Eur. J. 2013, 19, 15120–15132.

Expanded [n]Radialenes: Unusual Carbon-
Rich Molecules

Significance: Conjugated macrocycles belong to 
a class of carbon-rich molecules that exhibit un-
usual structures and fascinating electronic and 
optical properties. Here, Tykwinski and co-work-
ers report synthetic approaches to extended 
[4]radialenes 1 and [3]radialenes 2. 

Comment: Synthesis of the extended radialenes 1 
and 2 is accomplished by a one-pot deprotection 
and palladium-catalyzed cross-coupling reaction 
of common intermediates 3 and 4, respectively. 
Increased bond-angle strain appears to reduce 
yields in the synthesis of 2 compared to 1. A 
modified synthesis that leads to C2-symmetric 
expanded [4]radialenes is also presented in this 
work.

TBDMS TBDMS

1. TBAF
    THF

2. Pd(PPh3)4, CuI
    i-Pr2NH, THF, Δ

R R

R R

BrBr

TBDMS

TBDMS

1. TBAF
    THF

2. Pd(PPh3)4, CuI
    i-Pr2NH, THF, Δ

R R

BrBr

RR

R R TIPS TIPS

CF3F3C=

68% yield 79% yield 64% yield 77% yield

Synthesis of extended [4]radialenes:

Synthesis of extended [3]radialenes:

R R TIPS TIPS

CF3F3C=

10% yield 45% yield 40% yield 33% yield

Ph Ph

1

2

3

4
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Hypervalent Iodine(III)-Induced Oxidative [4+2] Annulation of o-Phenylenediamines and Electron-Deficient 

Alkynes: Direct Synthesis of Quinoxalines from Alkyne Substrates under Metal-Free Conditions

Chem. Commun. 2013, 49, 9266–9268.

Quinoxalines Directly from Electron-Deficient 
Alkynes

Significance: The authors report the metal-free 
oxidative [4+2] annulation of electron-deficient al-
kynes and ortho-phenylenediamines to synthesize 
quinoxalines, which are most commonly prepared 
by condensing diamines with α-diketones. The 
reactions with electron-rich, -neutral, and -poor 
substrates all proceed with high yield. The synthe-
sis of anhydride 4 demonstrates the utility of this 
method, as such electron-deficient quinoxalines 
are challenging to prepare by traditional methods. 

Comment: Initial results with tert-butyl hypoiodite 
predominately yielded the dearomatized cis,cis-
mucononitrile. Phenyliodine diacetate (PIDA) 
proved to be crucial, despite attempts with several 
other hypervalent iodine reagents. The reaction is 
also highly solvent-dependent, proceeding more 
effectively with increasing solvent polarity.

NH2

NH2 R3

R2 N

N

R3

R2
PhI(OAc)2 (2 equiv)

DMF, –20 °C, 24 h
+

1
(1 equiv)

2
(1 equiv)

3

R1 R1

N

N

CO2Me

CO2Me
N

N

CO2Me

CO2Me
N

N

CO2Me

CO2Me

MeO

N

N

CO2Me

CO2Me

Br

N

N

CO2Me

CO2Me

F3C

N

N

CO2Me

CO2Me

EtO2C

N

N

SO2Ph

CO2Me

Cl

Cl

3a, 92% yield 3b, 85% yield 3c, 97% yield 3d, 91% yield

3e, 85% yield 3f, 95% yield 3g, 65% yield

N

N

CO2Me

CO2Me

3h, 56% yield

3a
1. 1 M NaOH, reflux, 12 h

2. Ac2O, reflux, 3 h N

N

O

O

O
4

Selected examples:
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( L UN D  U N I V E R SI T Y,  SW E D E N  A N D TE C H N I C A L  U N I V E R SI T Y  O F  D E N M A R K ,  K O N G E N S  

LY N G B Y,  DE NM AR K)

Synthesis of an Orthogonal Topological Analogue of Helicene

Chem. Eur. J. 2013, 19, 14963–14969.

A Tubular Structural Analogue of Helicene

Significance: Helical molecular systems, both 
natural and unnatural, continue to capture the in-
terests of chemists. Using an enantiomerically 
pure bicyclic moiety to appropriately place kinks 
into the system, Wärnmark and co-workers report 
the synthesis of helical structure 1, an orthogonal 
topological analogue of helicene.

Comment: The synthesis of 1 is accomplished by 
repeated employment of a two-step set of reac-
tions consisting of (1) ring-opening hydrolysis in 
acid and (2) Friedländer condensation with a chiral 
bicyclic ketone. By this strategy, monomer 2 is 
converted into ring-opened trimer 3, which is con-
verted into trimeric ketone 4. Condensation of 4 
and 3 affords the helical target 1. 

N

O

N N

NH2

O+
t-BuOK

N

N

N

N

N

N

NH2

O

HCl
MW

NN

N
N

N

N
N

N
N

N

N

N

N

N

N

N

O

N

N

N

N

NH2

O O

O

3, 87% yield

KOH

MeOH, py

4, 98% yield

3
KOH 

MeOH
py

N

N

N

N

N

N

2
KOH

MeOH
py

HCl
MW

helical structure 1, 76% yield

2
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Synthesis of Functionalized Tetracyanocyclopentadienides from Tetracyanothiophene and Sulfones

J. Org. Chem. 2013, 78, 10978–10985.

Superacid Anions from Tetracyanothiophene

Significance: The authors report an improved 
synthesis of tetracyanocyclopentadienyl anions, a 
class of superacid anions with functional handles. 
By including the leaving group on the nucleophile, 
product 3 is accessed more directly from thio-
phene 1 and sulfone 2. The researchers demon-
strate the reaction’s utility with a variety of sul-
fones and successful exchange of cations. 

Comment: Optimization of the reaction conditions 
revealed a strong dependence on base, with NaH 
outperforming alkoxide, silazide, and non-ionic ni-
trogen bases. Using phenylsulfones as the leaving 
groups proved more facile than using halides. Ke-
tones could not be directly synthesized with this 
method but can be obtained from the Weinreb 
amide derivative 3c. 

S

NC

NC

CN

CN + R1 SO2R2

NaH (3 equiv)

THF, –40 °C, 30–120 min
NC

NC

CN

CN

1 2 3

Entry R2R1

R1

Product Yield (%)

1

2

3

4

5

CO2Me

CN

CONMe(OMe)

CH2CH2OBn

Ph

Ph

6

Ph

Tol

Tol

Ph

CF3

CF3

3a

3b

3c

3d

3e

3f

59

96

86

15

71

61

Proposed mechanism:

S

S

NC CN

CNNC

n

LGR
Na+

S

S
n

CN

CN
NC

NC

R

LG
S

S
n

CN

CN

NC

NC

R
H

:base

S

S
n

CN

CN

NC

NC

R

S

S

NC

CN

CN
NCNC

NC

CN

CN

R
Na+

3
n

–

–

–

–

–

–
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