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N-Phenylated N-Heteroacenes: Synthesis, Structures and 

Properties 

Xiao Gu, Bowen Shan, Zikai He§ and Qian Miao* 

Abstract: Herein we report two novel N-phenylated N-

heteroacenes (1 and 2) detailing their synthesis, structures and 

properties. 1 is a N-hetero analogue of rubrene, but differs from 

rubrene by having a bent backbone and behaving as an 

insulator in the solid state due to lack of π–π interactions. 2 is a 

N-hetero analogue of 6,13-diphenylpentacene (DPP) with 

essentially the same molecular geometry and crystal packing as 

DPP, but exhibiting field effect mobility higher than that of DPP 

by two orders of magnitude. 

Functionalization of acenes [1] and N-heteroacenes [2, 3, 4] with 

various substituting groups has led to a family of organic 

semiconductors. The most successful functional groups for this 

strategy are (trialkylsilyl)ethynyl groups, which were first 

introduced by Anthony to acenes [ 5 ] and later applied to N-

heteroacenes [6, 7] resulting in a few solution-processed organic 

semiconductors with high field effect mobility in orgnaic thin film 

transistors (OTFTs).[8]  Unlike acenes, N-heteroacenes can be 

functionalized by attaching substituents to not only C atoms but 

also N atoms. However, N-functionalization has been less 

explored than C-functionalization for N-heteroacenes. The 

known N-functionalized N-heteroacenes were synthesized by 

direct N-alkylation of N-heteropentacenes [9, 10] or by attaching 

phenyl groups to N atoms in the synthetic precursors of N-

phenylated N-heteroacenes. [11] Here, we report synthesis of two 

new members of N-phenylated N-heteroacenes, 1 and 2, by N-

phenylation of N-heteroacenes. As shown in Figure 1, 1 is a N-

hetero analogue of rubrene, a leading p-type organic 

semiconductor with high field effect mobility of up to 40 cm2 V–1 

s–1 as measured from single crystal transistors,[12, 13, 14] and 2 is a 

N-hetero analogue of 6,13-diphenylpentacene (DPP), a p-type 

organic semiconductor with low field mobility (10−5 cm2 V–1 s–1) in 

thin films. [15] In the following study, we compare 1 and 2 with 

their hydrocarbon analogues in terms of structures and 

properties to better understand the structure-property 

relationship. 

Scheme 1 shows the synthesis of 1 starting from 6,11-

dibromo-5,12-diazatetracene (3).[ 16 ] The Suzuki coupling of 3 

with phenylboronic acid resulted in 6,11-diphenyl-5,12-

diazatetracene (4). Nucleophilic addition of phenyl lithium to 4 

yielded 5, which was used in the next step without purification. 

The Buchwald–Hartwig coupling reaction [ 17 ]  of 5 with 

iodobenzene using (t-Bu)3P as ligand yielded 1 as a yellow solid. 

Similarly, the Buchwald–Hartwig coupling reaction of 6,13-

dihydro-6,13-diazapentacene (6) [18] with iodobenzene using 2-

dicyclohexylphosphino-2’,6’-diisopropoxybiphenyl (RuPhos) as 

the ligand yielded 2 in a moderate yield. 

 

Figure 1 Structures of N-phenylated N-heteroacenes 1 and 2 as well as their 

hydrocarbon analogues. 

 

Scheme 1 Synthesis of 1 and 2.  

Single crystals of 1 qualified for X-ray crystallography were 

grown slow evaporation of n-hexane solution, while those of 2 

were grown by sublimation in a physical vapor transport (PVT) 

system. [19] Figure 2 compares the crystal structures of 1 [20] and 

rubrene. [21] As shown in Figure 2a and b, the crystal structure of 

1 exhibits a significantly bent backbone with an angle of 142.7° 
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between the naphthalene plane and the benzene plane (Figure 

2b), in agreement with sp3 hybridized N atoms. The four C-N 

bonds (shown in red in Figure 2a) in the dihydropyrazine ring 

have bond lengths of 1.42 to 1.44 Å and are longer than the 

corresponding C-N bonds in 2 (shown in red in Figure 3b) by 0.2 

to 0.4 Å, suggesting poorer conjugation between the benzene 

ring and the N atom in the tetracene backbone of 1. In contrast, 

rubrene in the crystal has an essentially flat tetracene backbone, 

which is surrounded with four substituting phenyl groups roughly 

parallel to each other and roughly perpendicular to the tetracene 

plane as shown in Figure 2c. Unlike the phenyl substituents in 

rubrene, the two substituting phenyl rings on N atoms in 1 are 

roughly perpendicular to each other. The different molecular 

geometries of 1 and rubrene suggest that 1 has a more flexible 

backbone than rubrene, in agreement with poor conjugation 

between the benzene rings in the backbone. The observed 

molecular geometry of 1 is a result of bending the backbone to 

avoid repulsions between the neighboring phenyl substituents. 

With the bent backbone and unsymmetrical arrangement of 

phenyl substituents, 1 is chiral and its crystal lattice consists of a 

pair of enantiomers, which pack in an alternate arrangement 

without π–π interactions between the tetracene backbone. 

Instead, as shown in Figure 2b, edge-to-face interactions are 

found between a phenyl substituent and the naphthalene moiety 

with a H-to-C contact (2.86 Å) shorter than the sum of van der 

Waals radii of H and C atoms as shown in Figure 2b. In contrast, 

rubrene exhibits a slipped π–π stacking between neighboring 

tetracene backbones with a π-to-π distance of 3.72 Å as shown 

in Figure 2d.  

 

Figure 2 (a) Structure and (b) molecular packing of 1 in the single crystal; (c) 

structure and (d) molecular packing of rubrene in the single crystal.
 [22]

 (C, N 

atoms are shown as grey and blue ellipsoids, respectively, at 50% probability 

level.) 

Figure 3a and b show the crystal structure of 2,[20] which has 

an essentially flat pentacene backbone with slight bending along 

its long axis, suggesting the two N atoms are sp2 hybridized. 

Unlike 1, molecule 2 does not need to bend its backbone 

because its phenyl substituents do not experience repulsions 

from crowdedness. The four C-N bonds (shown in red in Figure 

3b) in the central ring are 1.40 Å long. The shorter bond length 

of these C-N bonds in comparison to those in 1 suggests 

stronger conjugation between C and N atoms in the pentacene 

backbone of 2. The two phenyl substituents of 2 are roughly 

perpendicular to the pentacene plane with an angle of 85° 

between the ideal pentacene plane and either of the phenyl 

planes, and an angle of 10° between two phenyl rings. As shown 

in Figure 3a, the pentacene backbone of 2 is arranged co-

facially but the long axes of the nearest neighboring acenes are 

orthogonal, resulting in a columnar cage-like supramolecular 

structure. The edge-to-face interactions between the phenyl 

substituents and the pentacene backbone are responsible for 

this type of molecular packing. It is found that 2 has a large π-to-

π distance of 4.9 Å as measured from the distance between the 

two central rings of neighboring molecules. In comparison to this, 

the (phenyl)edge-to-(pentacene)face interactions involve shorter 

intermolecular distances of 3.7 to 3.8 Å as measured between C 

atoms. The adjacent supramolecular columns of 2 contact with 

each other with a C-to-C distance (3.36 Å) shorter than the sum 

of van der Waals radii of two C atoms as shown in Figure 3b. 

The molecular geometry and packing motif of 2 as described 

above are essentially the same as those of DPP in the crystal,[15] 

which are shown in Figure 3c for comparison. The cage-like 

supramolecular structure of DPP has the same π-to-π distance 

of 4.9 Å and similar phenyl-to-pentacene interactions with edge-

to-face contacts of about 3.8 Å as measured from C to C atoms. 

Similar short C-to-C contacts of 3.34 Å are also found between 

the supramolecular columns of DPP.  

 

Figure 3 (a) Crystal structure of 2 showing the columnar cage-like 

supramolecular structure; (b) crystal structure of 2 showing the short C-to-C 

contacts; (c) crystal structure of DPP.
[ 23 ] (C and N atoms are shown as 

ellipsoids at 50% probability level.) 
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To contrast the isolated molecular structure with that 

observed in the crystal, we conducted density functional theory 

(DFT) calculation to optimize the molecular structures of 1 and 2 

at the B3LYP level with the 6-31G(d,p) basis set. As shown in 

Figure 4a, energy-minimized model of 1 is very similar to its 

structure in the crystal having a distorted backbone bent at the N 

atoms with a bending angle of 139.2° between the benzene and 

naphthalene planes. The two phenyl groups attached to the N 

atoms are roughly perpendicular to each other. As shown in 

Figure 4b, the energy-minimized model of 2 is essentially the 

same as its structure in the crystal except that the model has a 

completely flat backbone with two phenyl groups on N atoms 

perpendicular to the pentacene plane. In agreement with the 

structures observed in the crystals, the four red C-N bonds in 

the model of 1 (Figure 4a) are longer than those in the model of 

2 (Figure 4b) by about 0.2 Å. As calculated at the B3LYP level of 

DFT with the 6-311++G(d,p) basis set, the highest occupied 

molecular orbital (HOMO) energy levels of 1 and 2 are –5.39 eV 

and –4.85 eV, respectively, while the lowest unoccupied 

molecular orbital (LUMO) energy levels of 1 and 2 are –1.51 eV 

and –1.27 eV, respectively.   

 

Figure 4 Calculated structures of 1 (a) and 2 (b). 

Both 1 and 2 formed yellow solutions in CH2Cl2 exhibiting 

strong blue fluorescence when excited with UV light. Figure 5 

shows the absorption and emission spectra of 1 and 2 as 

measured from their solutions in CH2Cl2 at the same 

concentration. 1 exhibits the longest-wavelength absorption 

maxima at 371 nm, which is blue shifted by 156 nm relative to 

that of rubrene. 2 exhibits the longest-wavelength absorption 

maxima at 421 nm, which is blue shifted by 177 nm relative to 

that of DPP. The blue-shifted absorption of 1 and 2 relative to 

their hydrocarbon analogues (rubrene and DPP, respectively) 

are similar to the absorption of 6,13-dihydro-6,13-

diazapentacene, which is blue shifted relative to that of 

pentacene by 157 nm.[24] As found from Figure 5, 1 exhibits a 

Stokes shift of 102 nm, while 2 exhibits a Stokes shift of 12 nm.   

The much larger Stokes shift of 1 as well as its broad absorption 

band without fine structures can be attributed to its flexible 

structure, which allows the energy of the excited state to be 

consumed by bending the tetracene backbone and rotating the 

phenyl substituents on the N atoms. In contrast, the small 

Stocks shift of 2 suggests its pentacene backbone is rigid. 

 

Figure 5 UV-vis absorption and fluorescence spectra of 1 and 2 in solution    

(1 × 10
−5

 M in CH2Cl2). (The fluorescence spectra of 1 and 2 were recorded 

with excitation at 371 nm and 397 nm, respectively.) 

Table 1 Absorption edge, oxidation potentials and energy levels of frontier 

molecular orbital for 1, 2, and their hydrocarbon analogues. 

 

Experimental Calculated 
e
 

Optical 

Gap (eV)
 a
 

Eox
1
  

(V)
 b
 

HOMO 

(eV) 
c
 

LUMO 

(eV) 
d
 

HOMO 

(eV)  

LUMO 

(eV)  

1 2.87 0.17 −5.27 −2.40 −5.39 −1.51 

2 2.83 0.14 −5.24 −2.41 −4.85 −1.27 

rubrene 2.18 0.37 −5.47 -3.29 −5.03 −2.46 

DPP 1.97 0.25 −5.35 -3.38 −4.84 −2.71 

a
 Estimated from the absorption edge of the UV-vis absorption spectrum from 

a solution in CH2Cl2 (1 × 10
–5 

M). 
b
 Half-wave potential versus ferrocenium/ 

ferrocene. 
c
 Estimated from HOMO = –5.10 – Eox

1
 (eV). 

d
 Calculated from the 

optical gap and the HOMO energy level. 
e
 calculated at the B3LYP level of 

DFT with the 6-311++G(d,p) basis set. 

 

The redox behaviours of 1 and 2 in solution were 

investigated with cyclic voltammetry and compared with rubrene 

and DPP, respectively. The cyclic voltammograms of 1, 2 and 

DPP (Figure S2 in the Supporting Information) all exhibited two 

quasi-reversible oxidation waves, while that of rubrene exhibited 

one quasi-reversible oxidation wave and one irreversible 

oxidation wave. Based on the first oxidation potentials [25] and 

the absorption edges found from the UV-vis absorption spectra, 

the HOMO and LUMO energy levels of 1, 2, rubrene and DPP 

are estimated and summarized in Table 1. It is found that 1 and 

2 have slightly higher HOMO energy levels and significantly 

higher LUMO energy levels than their hydrocarbon analogues 

(rubrene and DPP, respectively), in agreement with the fact that 

1 and 2 are more electron-rich than rubrene and DPP, 
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respectively. The DFT-calculated HOMO energy levels of 1 and 

2 are in good agreement with the corresponding experimental 

values, while the calculated LUMO energy levels are higher than 

the corresponding experimental values by a larger degree 

similar to the reported N-hetero acenes.[7]  

Since 1 and 2 are N-hetero analogues of rubrene and DPP, 

respectively, it is interesting to test whether 1 and 2 can also 

function as semiconductors in thin films. Therefore, thin films of 

1 and 2 were deposited by thermal evaporation under a high 

vacuum onto silicon wafers, whose SiO2 dielectric surface was 

pre-treated with a self-assembled monolayer (SAM) of 

octadecyltrimethoxysilane (OTMS). [ 26 ] The device fabrication 

was completed by depositing a layer of gold on the organic films 

through a shadow mask to form top-contact source and drain 

electrodes. The resulting devices had highly doped silicon as the 

gate electrode and a 300 nm-thick layer of SiO2 as dielectrics. 

Not surprisingly, the films of 1 behaved as an insulator in 

agreement with the lack of π–π interactions in the solid state. In 

contrast, 2 functioned as p-type semiconductors with a field 

effect mobility of 0.012 ± 0.003 cm2 V–1 s–1 as measured in 

ambient air from at least 20 channels. The highest mobility of 2 

is 0.02 cm2 V–1 s–1 as extracted from the transfer I-V curve shown 

in Figure 6, using the equation: IDS = (µWCi/2L)(VGS – Vth)
2, 

where IDS is the drain current, µ is the field-effect mobility, Ci is 

the capacitance per unit area for the OTMS-modified SiO2 

dielectric, W is the channel width, L is the channel length, VGS 

and Vth are the gate and threshold voltage, respectively. The 

mobility of 2 is higher than the reported mobility of DPP (8×10–5 

cm2 V–1 s–1) in amorphous vacuum-deposited films [15] by two 

orders of magnitude. 

    

Figure 6 Drain current (IDS) versus gate voltage (VGS) with drain voltage (VDS) 

at −50 V for the best-performing OTFT of 2 with an active channel of W = 1 

mm and L = 150 µm measured in air. 

To better understand the higher field effect mobility of 2 in 

comparison to that of DPP, its films were investigated with X-ray 

diffraction (XRD) and atomic force microscope (AFM). The out-

of-plane XRD patterns from the films of 2 exhibit peaks at 2θ = 

8.00° (d spacing of 11.05 Å), 2θ = 15.99° (d spacing of 5.54 Å) 

and 2θ = 24.09° (d spacing of 3.69 Å). These peaks correspond 

to (110), (220) and (330) diffractions as derived from the single 

crystal structure of 2, indicating an ordered film with the (110) 

lattice plane parallel to the surface. Analysis of the crystal 

structure reveals that molecules of 2 adopt an edge-on 

orientation with the pentacene plane perpendicular to the 

substrate surface when the (110) plane is parallel to the 

substrate surface. The AFM image for the film of 2 exhibits 

columnar crystallites in agreement with the crystalline nature of 

the films. Therefore the higher field effect mobility of 2 in 

comparison to DPP can be attributed to the higher ordering of 

molecules in the polycrystalline films of 2. The pathways for 

charge transport in the films of 2 presumably include the π-π 

stacks within the column of 2 despite the large π-to-π distance 

(Figure 3a) and the short C-to-C contacts between the columns 

(Figure 3b).  However, it remains an unanswered question why 2 

easily crystallizes in the vacuum-deposited films but its 

hydrocarbon analogue, DPP, with essentially the same 

molecular geometry and crystal packing cannot form crystalline 

films by vacuum deposition. 

In summary, two novel N-phenylated N-heteroacenes 1 and 

2 were synthesized and fully characterized. 1 differs from its 

hydrocarbon analogue, rubrene, by having a bent backbone and 

lacking π–π interactions in the solid state. In agreement with this 

structure, 1 behaves as an insulator in thin films. In contrast, 2 

has essentially the same molecular geometry and crystal 

packing as its hydrocarbon analogue, DPP. But unlike DPP, 2 

crystallizes in vacuum-deposited films functioning as a p-type 

semiconductor with hole mobility higher than that of DPP by two 

orders of magnitude.  

Acknowledgements 

We thank Ms. Hoi Shan Chan (the Chinese University of Hong 

Kong) for the single crystal crystallography. This work was 

supported by the Research Grants Council of Hong Kong 

(GRF402613). 

Keywords: arenes • polycycles • N-heterocycles • organic 

semiconductors 

 
[1] J. E. Anthony, Chem. Rev. 2006, 106, 5028–5048.  

[2] a) U. H. F. Bunz, J. U. Engelhart, B. D. Lindner, M. Schaffroth, Angew. 

Chem. Int. Ed. 2013, 52, 3810–3821; b) U. H. F. Bunz, Acc. Chem. Res. 

2015, 48, 1676–1686. 

[3] a) Q. Miao, Adv. Mater.  2014, 26, 5541–5549; b) Q. Miao, Synlett 2012, 

23, 326–336. 

[4] a) J. Li, Q. Zhang, ACS Appl. Mater. Interfaces 2015, 7, 28049–28062; 
b) C. Wang, P. Gu, B. Hu, Q. Zhang, J. Mater. Chem. C 2015, 3, 
10055–10065; c) C. Wang, J. Zhang, G. Long, N. Aratani, H. Yamada, Y. 
Zhao, Q. Zhang, Angew. Chem. Int. Ed. 2015, 54, 6292–6296.  

[5] a) J. E. Anthony, J. S. Brooks, D. L. Eaton, S. R. Parkin, J. Am. Chem. 
Soc. 2001, 123, 9482–9483; b) J. E. Anthony, D. L. Eaton, S. R. Parkin, 

Org. Lett. 2002, 4, 15–18.  
[6] a) Z. Liang, Q. Tang, J. Xu, Q. Miao, Adv. Mater. 2011, 23, 1535–1539; 

b)  Z. He, R. Mao, D. Liu, Q. Miao, Org. Lett. 2012, 14, 1050–1053.   

[7] Z. Liang, Q. Tang, R. Mao, D. Liu, J. Xu, Q. Miao, Adv. Mater. 2011, 23, 

5514–5518.  

[8] a) Y. Diao, B. C.-K. Tee, G. Giri, J. Xu, D. H. Kim, H. A. Becerril, R. M. 
Stoltenberg, T. H. Lee, G. Xue, S. C. B. Mannsfeld, Z. Bao, Nature 
Mater. 2013, 12, 665–671; b) D. Liu, Z. He, Y. Su, Y. Diao, S. C. B. 
Mannsfeld, Z. Bao, J. Xu and Q. Miao, Adv. Mater. 2014, 26, 7190–
7196; c) X. Xu, Y. Yao, B. Shan, X. Gu, D. Liu, J. Liu, J. Xu, N. Zhao, W. 
Hu, Q. Miao, Adv. Mater. 2016, 28, 5276–5283.  

[9] Q. Tang, J. Liu, H. S. Chan, Q. Miao, Chem. Eur. J. 2009, 15, 3965–



ChemPlusChem 10.1002/cplu.201600465

 

This article is protected by copyright. All rights reserved 

 

A
c
c
e

p
te

d
 M

a
n

u
s
c
ri
p

t 

COMMUNICATION          

 

 

 

 

 

3969.  

[10] T. Itoh, S. Aomori, M Oh-e, M. Koden, Y. Arakawa, Synth. Metal 2012, 

162, 1264–1270.  

[11] a) F. Wudl, P. A. Koutentis, A. Weitz, B. Ma, T. Strassner, K. N. Houk, S. 

I. Khan, Pure Appl. Chem. 1999, 71, 295–302; b) J. Fleischhauer, R. 

Beckert, Y. Jüttke, D. Hornig, W. Günther, E. Birckner, U.-W. Grummt, H. 

Görls, Chem. Eur. J. 2009, 15, 12799–12806; c) J. Fleischhauer, S. 

Zahn, R. Beckert, U.-W. Grummt, E. Birckner, H. Görls, Chem. Eur. J. 

2012, 18, 4549–4557.  

[12]   V. C. Sundar, J. Zaumseil, V. Podzorov, E. Menard, R. L. Willett, T. 

Someya, M. E. Gershenson, J. A. Rogers, Science, 2004, 303, 1644–

1646. 

[13]   J. Takeya, M. Yamagishi, Y. Tominari, R. Hirahara, Y. Nakazawa, T. 

Nishikawa, T. Kawase, T. Shimoda, S. Ogawa,  Appl. Phys. Lett. 2007, 

90, 102120.  

[14] A. L. Briseno, S. C. B. Mannsfeld, M. M. Ling, S. Liu, R. J. Tseng, C. 
Reese, M. E. Roberts, Y. Yang, F. Wudl, Z. Bao, Nature, 2006, 444, 
913–917.  

[15 ]  Q. Miao, X. Chi, S. Xiao, R. Zeis, M. Lefenfeld, T. Siegrist, M. L. 

Steigerwald, C. Nuckolls, J. Am. Chem. Soc. 2006, 128, 1340–1345. 

[16]     X. Xu, B. Shan, S. Kalytchuk, M. Xie, S. Yang, D. Liu, S. V. Kershaw, Q. 

Miao, Chem. Commun. 2014, 50, 12828–12831. 

[17]   a) J. F. Hartwig, Acc. Chem. Res. 1998, 31, 852–860; b) J. P. Wolfe, S. 

Wagaw, J.-F. Marcoux, S. L. Buchwald, Acc. Chem. Res. 1998, 31, 

805–818. 

[18] Q. Miao, T. Q. Nguyen, T. Someya, G. B. Blanchet, C. Nuckolls, J. Am. 
Chem. Soc. 2003, 125, 10284–10287.  

[19]     a) R. A. Laudise, C. Kloc, P. G. Simpkins, T.  Siegrist, J. Cryst. Growth 

1998, 187, 449–454; b) A. J. C. Buurma, O. D. Jurchescu, I. Shokaryev, 

J. Baas, A. Meetsma, G. A. de Wijs, R. A. de Groot, T. T. M. Palstra, J. 

Phys. Chem. C 2007, 111, 3486–3489.  

[20] CCDC 1503034 and 1503035 contain the supplementary 

crystallographic data for 1 and 2, respectively. These data can be 

obtained free of charge from the Cambridge Crystallographic Data 

Centre via www.ccdc.cam.ac.uk/data_request/cif.  

[21] O. D. Jurchescu, A. Meetsma, T. T. M. Palstra, Acta Cryst. B, 2006, 62, 
330–334.  

[22] The crystal structure of rubrene is drawn from the reported 
crystallographic data CCDC 605654.   

[23] The crystal structure of DPP is drawn from the reported crystallographic 
data CCDC 298063.   

[24]   Q. Tang, D. Zhang, S. Wang, N. Ke, J. Xu, J. C. Yu, Q. Miao, Chem. 

Mater. 2009, 21, 1400–1405. 

[25] The commonly used formal potential of the redox couple of 

ferrocenium/ferrocene (Fc
+
/Fc) in the Fermi scale is −5.1 eV, which is 

calculated on the basis of an approximation neglecting solvent effects 

using a work function of 4.46 eV for the normal hydrogen electrode 

(NHE) and an electrochemical potential of 0.64 V for (Fc
+
/Fc) versus 

NHE. See: C. M. Cardona, W. Li, A. E. Kaifer, D. Stockdale, G. C. 

Bazan,  Adv. Mater. 2011, 23, 2367–2371. 

[26]    Y. Ito, A. A. Virkar, S. Mannsfeld, J. H. Oh, M. Toney, A. Locklin, Z. Bao, 

J. Am. Chem. Soc. 2009, 131, 9396–9404. 



ChemPlusChem 10.1002/cplu.201600465

 

This article is protected by copyright. All rights reserved 

 

A
c
c
e

p
te

d
 M

a
n

u
s
c
ri
p

t 

COMMUNICATION          

 

 

 

 

 

Entry for the Table of Contents (Please choose one layout) 

 

Layout 1: 

 

COMMUNICATION 

Herein we report synthesis of two 

novel N-phenylated N-heteroacenes, 

and compare them with their 

hydrocarbon analogues, rubrene and 

6,13-diphenylpentacene, in terms of 

structures and properties. 

   
Xiao Gu, Bowen Shan, Zikai He and 

Qian Miao* 

Page No. – Page No. 

N-Phenylated N-Heteroacenes: 

Synthesis, Structures and Properties 

 

  

 

 

 

 

 

 


