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Abstract: The syntheses of two azaperylene 9,10-
dicarboximides are presented. 1-Aza- and 1,6-diazaperylene
9,10-dicarboximides  containing a  2,6-diisopropylphenyl
substituent at the N-imide position were synthesized in two
steps starting from naphthalene and isoquinoline derivatives.
Key words: perylenes, isoquinolines, cross-coupling,
cyclization, oxidation

Boasting brilliant colors, large extinction coefficients,
near-unity  fluorescence quantum yields and
remarkable photostability, perylene-based
chromophores have found unique prominence as dyes
and pigments.I Particularly, perylene-3,4,9,10-
tetracarboxdiimides (PDIs, 1) are suitable for
demanding applications, such as photovoltaic
devices,” dye lasers,” light-emitting diodes” and
molecular switches.” The related perylene-3,4-
dicarboximides (PIs, 2) can be monofunctionalized
more readily than 1,° which is interesting for certain
applications, such as fluorescence labeling and
controlled conjugation to other fluorophores.

Although most of the aforementioned applications
capitalize on the high fluorescence efficiencies of 1
and 2, access to the PDI or PI triplet state represents a
desirable goal for some niche applications, such as
solar energy conversion,’ and as a method to generate
deep red and/or near IR phosphorescence. Previous
attempts to directly attach late transition metals to the
perylene skeleton resulted in minimal electronic
interaction between the metal center and PDI x-
system.8 Moreover, it was found that introducing
conjugated spacers between the metal center and PDI
n-system only yielded non-emissive complexes‘7
Inspired by the superior photophysical properties and
high  phosphorescence  quantum  yields  of
cyclometalated platinum (II), and ruthenium (II)
iridium (III) complexes,9 we sought to synthesize PDI
or PI analogs that contained a 2-phenylpyridine
moiety that would eventually allow access to
cyclometalated perylene complexes.

Along these lines, l-azaperylene was previously
synthesized and reported to undergo directed C-H
activation to yield bay-functionalized 12-hydroxy-1-
azaperylene, which displayed excited state
intramolecular proton transfer (ESIPT).IO However,
due to the lack of notable functional groups in the
perylene skeleton, a harsh anion-radical cyclization of
either 1- or 8-(a-naphthyl)-isoquinoline was necessary
to generate the 1-azaperylene chromophore.
Moreover, we anticipated that the rigidity of 1-
azaperylene, combined with its lack of solubilizing
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groups, would lead to complexes of poor solubility.
Instead, we envisioned that (a) introduction of an
electron- withdrawing imide moiety to the
azaperylene skeleton would allow the use of a
comparativel;f—mild, base-promoted cyclization
procedure'"'* to synthesize the desired azaperylene
imides and that (b) introduction of bulky substituents
at the N-imide position would greatly improve the
solubility of the chromophore. Additionally, the
resulting azaperylene imide chromophore would have
bathochromically shifted absorption and emission
spectra relative to the cyan-emitting 1-azaperylene.
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Figure 1 Structures of PDI, PI and azaperylene imides

Initially, a one-step synthesis of 1-azaperylene-9,10-
dicarboximide (3) by base-promoted heterocoupling
of naphthalene-1,8-dicarboximide and 1-
chloroisoquinoline was attempted, based on the
previousl?/—reported one-pot synthesis of terrylene
diimides.”> However, only homocoupling between
naphthalene-1,8-dicarboximide reactants was
observed and N,N’-bis(2,6-diisopropylphenyl) PDI
was isolated in 80% yield. Therefore, a multi-step
approach to 3 and 4 was pursued. Precursors 7, 8 and
9 were synthesized by a one-pot Suzuki-Miyaura
cross-coupling between a 4-bromonaphthalene-1,8-
dicarboximide®  and  either an isoquinoline
derivative'® or a 2,7-naphthyridine derivative."”” The
boronic ester derivative of bromide 5 was generated in
situ by standard palladium-catalyzed reaction with
bis(pinacolato)diboron. Subsequent addition of the
corresponding  isoquinoline or 2,7-naphthyridine
coupling partner furnished precursors 7, 8 and 10 in
good to high yield. The use of S-Phos was necessary
in the cross-coupling reactions involving 1-
chloroisoquioline and 1-chloro-2,7-naphthyridine (9),
as other phosphine ligands afforded low product
yields and resulted in extensive protodehalogenation.
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Scheme 1 Synthesis of precursors 7, 8 and 10.

In order to cyclize 7, 8 and 10, the base-promoted
cyclization procedures described in the syntheses of
extended lene diimide chromophores were
investigated. "2 In these examples, it is thought that
nucleophilic attack of an arylide anion initially
generates the leuco form of the chromophore (12),
which subsequently oxidizes to form the rylene
skeleton (Scheme 2).1{7 Compounds 7 and 8, which are
both precursors to azaperylene imide 3, differ only in
the position at which the naphthalene imide and
isoquinoline rings are linked. We anticipated (a) that
these isomeric structures would display different
amenabilities to the initial arylide attack and (b) that
the resulting isomeric leuco forms of 3 would display
varying stabilities to oxidation.

Treatment of 7, 8, and 10 with K,COj/ethanolamine
and subsequent heating initially resulted in the
formation of the reduced versions of the desired
azaperylene imide chromophores, which upon workup
and oxidation formed the desired products (Scheme
3). The individual reduced forms of 3 and 4 generally
displayed a greater resistance to oxidation relative to
their all-carbon perylene analogs. For the base-
promoted cyclization reactions of 7 and 10, stirring
under air after a water workup yielded 3 and 4,
respectively, after approximately 1 hour. In the case of
precursor 8, however, the yield of 3 was improved if
the workup procedure included hydrogen peroxide.
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Based on this observation, we posit that leuco
compound 14 is slightly more stable compared to
leuco compound 13. Unfortunately, attempts to isolate
and purify the various reduced forms of 3 and 4 were
unsuccessful, as the azaperylene imides were
inevitably obtained in most trials.
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Scheme 2 Base-promoted cyclization of rylene imides.

Azaperylene imide 3 was very soluble in CH)Cl,
CHCI3, MeOH, EtOH and MeCN while 4 was very
soluble in MeOH and MeCN and only partially
soluble in CHCl, and CHCIl;. The absorption and
emission spectra of 3 and 4 are shown in Figure 2.
Both azaperylene imides display similar absorption
and emission bands to the carbon analog 2 (R = 2,6-
diisopropylphenyl). The fluorescence quantum yield is
93% for both 3 and 4, compared to ca. 98% for 2.
Additionally, the fluorescence lifetimes of all three
chromophores were also similar: 4.71 ns for 2, 4.82
ns for 3, and 4.94 ns for 4.
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Scheme 3 Base-promoted cyclization to synthesize 3 and 4.

In conclusion, azaperylene imide and diazaperylene
imide were synthesized in two steps starting from
naphthalene imide and either an isoquinoline
derivative or a 2,7-naphthyridine derivative. Base
promoted cyclization of binaphthoid intermediates
resulted in reduced versions of the desired
chromophores, which had a finite lifetime and could
be oxidized to yield 1-aza- and 1,6-diaza perylene-
9,10-dicarboximides. The azaperylene imides display
similar photophysical characteristics to their carbon
analogs. Studies into the cyclometalation of these
chromophores are currently underway.
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Figure 2 Absorption (grey) and emission (black) spectra of (A) 3
and (B) 4 in chloroform. The absorption and emission spectra of
the carbon analog 2 (R = 2,6-diisopropylphenyl) is also
superimposed (dotted line).

Supporting Information for this article is available
online at http://www.thieme-
connect.de/ejournals/toc/synlett.

References

(1) (a) Zollinger, H. Color Chemistry, 3 ed.; VCH:
Weinheim, 2003. (b) Wiirthner, F. Chem. Commun.
2004, 1564.

(2) (a) Zhan, X.; Tan, Z.; Domercq, B.; An, Z.; Zhang, X.;
Barlow, S.; Li, Y.; Zhu, D.; Kippelen, B.; Marder, S. R.
J. Am. Chem. Soc. 2007, 129, 7246. (b) Schmidt-Mende,
L.; Fechtenkotter, A.; Miillen, K.; Moons, E.; Friend, R.
H.; MacKenzie, J. D. Science 2001, 293, 1119. (c)
Yakimov, A.; Forrest, S. R. Appl. Phys. Lett. 2002, 80,
1667. (d) Shin, W. S.; Jeong, H.-H.; Kim, M.-K_; Jin, S.-
H.; Kim, M.-R_; Lee, J.-K.; Leec, J. W.; Gal, Y.-S. J.
Mater. Chem. 2006, 16, 384.

3) Sadrai, M.; Hadel, L.; Sauers, R. R.; Husain, S.; Krogh-
Jespersen, K.; Westbrook, J. D.; Bird, F. R. J. Phys.
Chem. 1992, 96, 7988.

(4)  Ego, C.; Marsitzky, D.; Becker, S.; Zhang, J.;
Grimsdale, A. C.; Miillen, K.; MacKenzie, J. D.; Silva,
C.; Friend, R. H. J. Am. Chem. Soc. 2003, 125, 437.

) O’Neil, M. P.; Niemczyk, M. P.; Svec, W. A.; Gosztola,
D.; Gaines, 111, G. L.; Wasielewski, M. R. Science
1992, 257, 63.

(6) Feiler, L.; Langhals, H.; Polborn, K. Liebigs Ann. 1995,
1229.

(@) Rachford, A. A.; Goeb, S.; Castellano, F. N. J. Am.
Chem. Soc. 2008, 130, 2766.

?) Weissman, H.; Shirman, E.; Ben-Moshe, T.; Cohen, R.;
Leitus, G.; Shimon, L. J. W.; Rybtchinski, B. Inorg.
Chem. 2007, 46, 4790.

2012-10-01, page 3 of 5

Timothy Swager 10/1/12 11:30 AM
Deleted: 2010-10-15




SYNLETT: LETTER

©)

(10)
an

(12)
(13)
(14)

15)

(16)

Template for SYNLETT and SYNTHESIS © Thieme Stuttgart - New York

(a) Baldo, M. A.; Thompson, M. E.; Forrest, S. R.
Nature 2000, 403, 750. (b) Brooks, J.; Babayan, Y.;
Lamansky, S.; Djurovich, P. I; Tsyba, L.; Bau, R.;
Thompson, M. E. Inorg. Chem. 2002, 41, 3055. (c)
Tsuboyama, A.; Iwawaki, H.; Furugori, M.; Mukaide,
T.; Kamatani, J.; Igawa, S.; Moriyama, T.; Miura, S.;
Takiguchi, T.; Okada, S.; Hoshino, M.; Ueno, K. J. Am.
Chem. Soc. 2003, 125, 12971. (d) Chassot, L.; von
Zelewsky, A. Inorg. Chem. 1987, 26, 2814. (e) Thomas
1II, S. W.; Venkatesan, K.; Miiller, P.; Swager, T. M. J.
Am. Chem. Soc. 2006, 128, 16641.

Gryko, D. T.; Piechowska, J.; Galgzowski, M. J. Org.
Chem. 2010, 75, 1297.

(a) Jiao, C.; Huang, K.-W.; Luo, J.; Zhang, K.; Chi, C.;
Wu, J. Org. Lett. 2009, 11, 4508. (b) Yao, J. H.; Chi, C.;
Wu, J.; Loh, K.-P. Chem. Eur. J. 2009, 15, 9299.
Nolde, F.; Qu, J.; Kohl, C.; Pschirer, N. G.; Reuther, E.;
Miillen, K. Chem, Eur. J. 2005, 11, 3959.

Weil, T.; Reuther, E.; Beer, C.; Miillen, K. Chem. Eur.
J.2004, 10, 1398.

1-Chloroisoquinoline is a commercial compound.
Triflate 6 was synthesized from 8-hydroxyisoquinoline,
following: Yoshida, Y.; Barrett, D.; Azami, H.;
Morinaga, C.; Matsumoto, S.; Matsumoto, Y.; Takasugi,
H. Biorg. Med. Chem. 1999, 7, 2647.

Chloride 9 was synthesized by POCI; treatment of 2,7-
naphthyridine-1-one, which was synthesized following:
Zhang, A.; Ding, C. Y.; Cheng, C.; Yao, Q. Z. J. Comb.
Chem. 2007, 9, 916.

Sakamoto, T.; Pac, C. J. Org. Chem. 2001, 66, 94.

2012-10-01,

page 4 of 5

Timothy Swager 10/1/12 11:30 AM
Deleted: 2010-10-15




W

SYNLETT: LETTER

The synthesis of azaperylene 9,10-dicarboximides

ey

o5

O N_O O N_O
O i. base O
ii. [O] ‘
Z"N XN
Py Py
X=CH,N

Template for SYNLETT and SYNTHESIS © Thieme Stuttgart - New York

2012-10-01,

page Sof 5

¥ Timothy Swager 10/1/12 11:30 AM
" | Deleted: 2010-10-15




