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N,N'-Bis( n-octyl)-2,3,6,7-tetrabromonaphthalene diimide (TBNDI) was synthesized by a new imidization reaction and characterized by HRMS,
IH NMR, 13C NMR, elemental analyses, FT-IR, UV —vis, and single-crystal X-ray analysis. The TBNDIs are the key precursors for the synthesis
of core-tetrasubstituted-naphthalene diimides.

Naphthalene diimides (NDIs) are an important class of dichloronaphthalene dianhydride (DCNDA) or 2,6-bro-
organic species. They have been extensively used in su-monaphthalene dianhydride (DBNDA) as precursors. Wiirth-
pramolecular chemistry electron-transfer systerAsDNA ner et al reported core-substituted NDI dyes by introducing
sensors, electrically conductive aggregatésand n-type one or two alkyl amines to the naphthalene core; these NDI
organic field effect transistors (OFETs)Two different dyes exhibit intensive fluorescence with high quantum yields.
methods were used to achieve the chemical modification of More excitingly, some of these chromophores have been
NDIs. One is to introduce substituents at N atoms of imide successfully used in artificial photosynthesislarks and
groups, and the other is to functionalize the naphthalene coreWasielewski attached two cyano groups to the naphthalene
of NDIs. The synthesis of the latter mostly uses 2,6- core of NDI and obtained air-stable, flexible, and optically

(1) (a) Lokey, R. S.; Iverson, B. INature1995,375, 303. (b) Zych, A. (3) (@) Takenaka, S.; Yamashita, K.; Takagi, M.; Uto, Y.; Kondo, H.
J.; lverson, B. LJ. Am. Chem. So@000,122, 8898. (c) Hansen, J. G; Anal. Chem2000,72, 1334. (b) Sato, S.; Fujii, S.; Yamashita, K.; Takagi,
Feeder, N.; Hamilton, D. G.; Gunter, M. J.; Becher, J.; Sanders, J. K. M. M.; Kondo, H.; Takenaka, Sl. Organomet. Chen2001,637—639, 476.
Org. Lett. 200Q 2, 449. (d) Choi, D.-S.; Chong, Y. S.; Whitehead, D.; (c) Rogers, J. E.; Weiss, S. J.; Kelly, L. A. Am. Chem. So€000,122,
Shimizu, K. D.Org. Lett.2001,3, 3757. (e) Colquhoun, H. M.; Zhu, Z; 427. (d) Bevers, S.; Schutte, S.; McLaughlin, L. W.Am. Chem. Soc.
Williams, D. J.Org. Lett.2003,5, 4353. (f) Tanaka, H.; Litvinchuk, S.; 2000,122, 5905. (e) Abraham, B.; McMasters, S.; Mullan, M. A.; Kelly,

Tran, D.-H.; Bollot, G.; Mareda, J.; Sakai, N.; Matile, $. Am. Chem. L. A. J. Am. Chem. So2004,126, 4293.

Soc.2006, 128, 16000. (g) Pantpss. D.; Pengo, P.; Sanders, J. K. M. (4) Miller, L. L.; Mann, K. R. Acc. Chem. Red.996,29, 417.

Angew. Chemlnt. Ed. 2007,46, 194. (5) (a) Katz, H. E.; Lovinger, A. J.; Johnson, J.; Kloc, C.; Siegrist, T.;
(2) (@) Redmore, N. P.; Rubtsov, I. V.; Therien, M.JJ.Am. Chem. Li, W.; Lin, Y.-Y.; Dodabalapur, A.Nature2000,404, 478. (b) Katz, H.

S0c.2003,125, 8769. (b) Chernick, E. T.; Mi, Q.; Kelley, R. F.; Weiss, E.  E.; Johnson, J.; Lovinger, A. J.; Li, W. Am. Chem. So2000,122, 7787.

A.; Jones, B. A;; Marks, T. J.; Ratner, M. A.; Wasielewski, M. RAm. (c) Wirthner, FAngew. Chemlnt. Ed. 2001,40, 1037. (d) Kao, C.-C;

Chem. Soc2006 128 4356. (c) Kelley, R. F.; Tauber, M. J.; Wasielewski, Lin, P.; Lee, C.-C.; Wang, Y.-K.; Ho, J.-C.; Shen, Y.-Xppl. Phys. Lett.
M. R. J. Am. Chem. So@006,128, 4779. (d) Reczek, J. J.; Villazor, K. = 2007,90, 212101.

R.; Lynch, V.; Swager, T. M.; lverson, B. LJ. Am. Chem. So2006,128, (6) (a) Wirthner, F.; Ahmed, S.; Thalacker, C.; Debaerdemaeker, T.
7995. (e) Chaignon, F.; Falkenstrém, M.; Karlsson, S.; Blart, E.; Odobel, Chem. Eur. J2002,8, 4742. (b) Thalacker, C.; Réger, C.; WirthnerJF.

F.; Hammarstim, L. Chem. Commur2007, 64. (f) PantgsG. D.; Wietor, Org. Chem.2006,71, 8098. (c) Thalacker, C.; Miura, A.; De Feyter, S.;
J.-L.; Sanders, J. K. MAngew. Chemint. Ed. 2007,46, 2238. De Schryver, F. C.; Wirthner, B. Bimol. Chem2005, 3, 414.

10.1021/01701539z CCC: $37.00  © 2007 American Chemical Society
Published on Web 09/07/2007



transparenin-type OFETS. However, up to now, core- hydride (TBPDA) could be obtained by brominating PDA
tetrasubstituted NDIs have not been available in the literature with Br; in the mixture of sulfuric acid and oleuti By the
owing to synthetic difficulty. In fact, 2,3,6,7-tetrabromonaph- maodification of the synthesis of TBPDA and as shown in
thalene diimides (TBNDIs) are the key precursors for the Scheme 12 was synthesized by treatmentlénd 5.3 equiv
synthesis of core-tetrasubstituted NDIs, using nucleophilic of Br; in the mixture of sulfuric acid and oleum (V:¥
aromatic substitution (@\r),%7° nucleophilic halogen ex-  4:1) at 140°C for 4 weeks. High-purity2 was obtained with
change reactioh!® and the Suzuki or Stille cross-coupling a high yield of 96%, which was characterized by elemental
reactiont'>*Herein, we report the first synthesis of TBNDIs, analyses, HRMS, and FT-IR. To avoid the aforementioned
N,N'-bis(rnroctyl)-2,3,6,7-tetrabromonaphthalene diimide SyAr reactions, the synthesis &fwas performed in acetic
(Scheme 15). acid, where most amino functions are protonated, and the
reactivity of the amines is sufficiently lo#.However, our
results showed that for an elongated reaction tim&Q(min),

the reaction oR and 4 equiv ofn-octylamines in refluxing
acetic acid could lead to more and more car@¢tylamino)-

Oy 0.0 05 0.0 . . :
substituted compounds, with deep red color. The reaction
OO Bry, HpS0, ' OO B with a shortened reaction time 80 min) also failed to afford
E—— . . .
140°C Br 5. A yellow solid-state crude product was instead obtained,
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Scheme 1. Synthesis of TBNDIsg)
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r which is difficult to purify further or to isolate. The MALDI-
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bamoyl)naphthalene-1,5-dicarboxylic ac8) {vas contained
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from 3. First, we tried the dehydration reaction 8fin
5 refluxing organic solvents such as toluene, DMF, quinoline
with zinc acetate catalyst, and organic acids, but we failed.
) ) Then, we carried out the dehydration reaction3ofinder
2,3,6,7-Tetrabromonaphthalene dianhydride (TBNRA,  \acyum at 160°C for several hours, which also gave no

is an ideal synthon for the synthesis of TBNDZshas been  pint of the formation o6. This failure might be ascribed to
reported as a small quantity of byproducts by brominating he strong electron-withdrawing ability of four Br atoms,
NDA (1) with Brz in sulfuric acid;? but this protocol could  \yhich makes3 a strong organic acid and might form the
not be reproduced even for the synthesis of DBNDMWe  jytemal salt. Thus, the exploration of conceptually new
recently discovered that 1,6,7,12-tetrabromoperylene d'an'methodology is a compelling subject in aromatic bisimides
(7) Bhosale, S.; Sisson, A. L.; Talukdar, P.; Furstenberg, A.; Banerjj, .ChemIStI:Y' fl1t Iiweu_known ;haht the reiCtlvcljtyZOf acyl'hzllde
N.; Vauthey, E.; Bollot, G.; Mareda, J.; Réger, C.: Wirthner, F.; Sakai, IS Very high. As shown in Schemes 1 and 2, we tried new
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" a(t%)rf'ggg;'l%’Az'%gs?_mhett" A;; Marks, T. J.; Wasielewski, MCRem. excess PByin refluxing toluene for 12 h affordeBlin 31.4%
(9) Blaszczyk, A.; Fischer, M.; von Hanisch, C.; Mayor, Nely. Chim. overall yield calculated froni. The first TBNDIs,5, was

Acta 2006,89, 1986. characterized by HRMStH NMR, 3C NMR, elemental
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A.; Marks, T. J.; Wasielewski, M. RAngew. Chem.Int. Ed. 2004, 43, As displayed in Scheme 1, the synthesisdfom 3 might
6363. (c) Wirthner, F.; Osswald, P.; Schmidt, R.; Kaiser, T. E.; Mansikka-
maki, H.; Kbnemann, MOrg. Lett.2006,8, 3765.
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867. toluene and afforded the core-tetrasubstituted NDIs. But the unexpected
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involve two reaction steps: the first step is the formation of

2,3,6,7-tetrabromo-4,8-bis(octylcarbamoyl)naphthalene-1,5-

dicarbony! dibromide 4), and the second one is the dehy-
drobromination reaction of, which leads to the formation
of 5. In*H NMR spectrum of5, there are no signals in the

aromatic region, indicating the core-tetrasubstituted behavior.

Only four carbon signals appear in the aromatic region of
the *C NMR spectrum ob, implying the symmetric core-

tetrasubstituted feature. The NMR data together with the data
of HRMS and elemental analyses demonstrate the accurate

chemical structure 05.

Single crystals of5 suitable for single-crystal X-ray
analysis were obtained by slowly diffusing methanol into
chloroform that contains. The molecular structure & is
depicted in Figure 1. Unlike the core-unsubstituted NBls,

Figure 1. ORTEP drawings o6 (50% probability for thermal
ellipsoids): a face-on view (top) and a side view (bottom).

steric crowding of Br atoms and adjacent O atoms results in

a slightly unsymmeric molecular structure %fin crystal.

The naphthalene core together with four Br atoms are
coplanar with the mean atom deviation of 0.043 A from the
plane. However, the two six-membered imide rings are

Figure 2. HOMO orbital (top) and LUMO orbital (bottom) db
obtained by DFT calculations.

DFT results show thai has a lower lying LUMO level and
narrower band gap comparable to those of NDI-C8.

twisted because of the interatomic steric crowding. The meanFigure 3. Normalized UV—vis absorption spectra bf(red line)

atom deviations from the N1 imide ring and the N2 imide
ring are 0.084 and 0.076 A, respectively.

To estimate the position of frontier orbitals 6fand its
counterpart compound (NDI-C8, a core-unsubstituted NDIs
with two terminaln-octyl chains), Density Functional Theory
(DFT) calculations were performed with Gaussian 03 at the
B3LYP/6-31G(d) level. As shown in Figure 2 (top), the
largest coefficients in the HOMO orbital & are mainly
located on the ambient heteroatoms of theskeleton,
especially on four Br atoms, giving a polarized HOMO
orbital. Whereas the HOMO orbital of NDI-C8 is mainly
situated on the naphthalene core, for LUMO orbitals, both
5 and NDI-C8 have the strongest coefficients at aromatic
carbon atoms along the molecular long axis (Figure 2,
bottom). The energy values of HOMO and LUMO orbitals
of 5 and NDI-C8 were also calculated by DFT (HOMO:
—6.79 and—6.97 eV; LUMO: —3.61 and—3.35 eV; band
gap: 3.18 and 3.62 eV f&rand NDI-C8, respectively). The

(14) Katz, H. E.; Siegrist, T.; Schon, J. H.; Kloc, C.; Batlogg, B.;
Lovinger, A. J.; Johnson, £LhemPhysCher001,2, 167.
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and NDI-C8 (black line) in ChCls.

As shown in Figure 3, the absorption spectrum of NDI-
C8 exhibits the electronic,SS; absorption at 359 and 380
nm 8® However, the absorption &showed much more red-
shift than that of NDI-C8, with the bands at 400 and 425
nm. The results demonstrate that the introduction of four Br
atoms to the naphthalene core greatly affects the electronic
structure of NDIs. The optical band gaps%énd NDI-C8,
estimated from the absorption edges, are 2.79 and 3.18 eV,
respectively, implying the decreased band gaps when four
Br atoms were introduced to the naphthalene skeleton.
Similar results were obtained by the above DFT calculations.
A thermogravimetric analysis (TGA) study reveals tat
has excellent thermal stability with the onset decomposition
temperature of 336C. According to its differential scanning
calorimetry (DSC) measurement, a sharp melting endother-
mal peak was observed at 2%8. The redox properties of
5 were investigated by cyclic voltammetry (CV) (see the
Supporting Information for details). The first reversible RDI
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NDI~ redox process was observed-ad.33 and—0.64 V transistors, and other new fields. We are currently exploring
vs Ag/AgCI for 5 and NDI-C8, respectively, indicating a these avenues.
310 mV positive-shift when four electron-withdrawing Br
atoms were attached to the naphthalene core of NDI. The Acknowledgment. The present research was financially
LUMO levels of 5 and ND|_C8, estimated from the onset Supported by National Natural Science Foundation (20472089,
reduction potential relative to vacuum, ard.12 and-3.84 90206049, 20421101, 20573115, 20573115, 20472089,
eV, respectively. Although there is about 0.5 eV error, the 60671047, 50673093), the Major State Basic Research
values obtained by CV are basically consistent with the Development Program (2006CB806200, 2006CB932100),
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and—3.35 eV, respectively), demonstrating the lower lying
LUMO level of 5 relative to that of NDI-C8, which benefits
the air-stablen-type OFETS$:10

In summary, a hitherto unknown TBNDIS, was syn-
thesized by a new imidization reactidghhas good thermal
property and low-lying LUMO level, which makes it a
promisingn-type OFET material. More importantly, TBNDIs
(5 as one of its derivatives) can be widely used for the
synthesis of core-tetrasubstituted NDIs. The core-tetrasub-
stituted NDIs would open up new opportunities in many
applications, including organic dyes, organic field-effect OL701539z

Supporting Information Available: General experimen-
tal methods; synthesis and characterizations of compounds
2, 3, and5; HRMS and FT-IR spectra &; MALDI-TOF-
MS spectrum of3; HRMS,H NMR, 3C NMR, and FT-IR
spectra of5; crystallographic data (CIF) d&; TGA-DTA
and DSC images d; CV and DPV plots ob and NDI-C8;
and HOMO and LUMO orbitals of NDI-C8 obtained by DFT
calculations. This material is available free of charge via the
Internet at http://pubs.acs.org.
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