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ABSTRACT

=N N= Br

=N N= Br

Nitration of 3-bromobenzaldehyde followed by sodium dithionite reduction provides 5-bromo-2-aminobenzaldehyde, which undergoes the
Friedlander condensation with a variety of enolizable ketones to afford bidentate and tridentate 6-bromoquinoline derivatives. These species
may be dimerized with Ni(0) to form biquinolines or treated under Sonogashira conditions to afford 6-alkynyl derivatives. Examination of
optical properties indicate an unusually high emission quantum yield for 6,6'-biquinolines.

In the burgeoning field of nanoscale chemistry, the organized pyridine rings are connected in a meta rather than a para
synthesis of polynuclear metal complexes holds considerablefashion. These ligands form helical rather than linear com-
promise for the construction of useful molecular devites. plexes, and tertiary structural considerations are of consider-
Early work centered on bridging ligands in which two, most able importancé.

often equivalent, metal binding centers were incorporated

into a single moleculé.Often these metal binding centers —

were chelating groups, and the polypyridines have received \_,7 ﬁ_\ =\
considerable attention in this reg&rdolecules such as H\ - H
quaterpyridine or sexipyridinel(n = 1, 2) have multiple AW n
binding sites that involve critical spacial demands since the 1(n=12) 3(n=1,2)
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1,10-phenanthroline (phen) is the repeating &ifihe syn 8! provides the 3,3dimethylene-6-bromobiq (11) in 88%
orientation of the two chelating pyridine moieties is enforced yield. A similar 2:1 condensation d@ with 1,2-cyclohex-
by fusion of the central benzo-ring. anedione (9% provides a 68% vyield of the dimethylene-

Another serious problem in polychelating ligands is Pridged 6,6'-dibromobiq derivative2.
electronic communication between each subunit. Such com-
munication is strongly affected by the dihedral angle between [
two adjacent aromatic units. These units normally prefer a N

more orthogonal conformation, which is unfavorable to the
m-overlap required for effective communication. One solution
is the incorporation of alkynyl linker groups that allow more
efficient electronic communicatioh.

The ligand 2,2biquinoline (biq) is a benzalogue of 252

bipyridine that presents some electronic advantages over its 8

simpler counterpart. The extendeesystem provides a more
delocalized molecule whosg-state provides a lower energy
metal-to-ligand charge transfer (MLCT) for transition metal
complexes. This MLCT results in a lower energy absorption
that extends considerably further into the visible region of

the spectrum. To incorporate quinoline into ligand systems,
we have developed a simple synthesis of 6-bromoquinolines

and report on the utility of this approach.
NapS,04
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The nitration of 3-bromobenzaldehyde with nitric and
sulfuric acids provides 5-bromo-2-nitrobenzaldehy8g®(
which may be reduced t6 in modest yield with sodium
dithionite. This reduction method is preferred over the more
traditional method involving iron and HCI since it provides
pure product directly without the need for chromatographic
separatiof.The aminoaldehydé then undergoes Friedldnder
condensatiol with 2-acetylpyridine 7) to provide 6-bromo-
2-(2'pyridyl)-quinoline (0) in 65% yield. In an analogous
fashion, the condensation 6fwith the tetrahydroacridone
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These bromoquinolines may be coupled with Ni(0) gener-
ated from the treatment of Ni€with zinc and triphen-
ylphosphine'3 The 2,2'-di(2"-pyridyl)-6,6'-biquinoline (13)
is obtained in 27% yield, while the dimer &fl is obtained
by a similar reaction in 77% yield. An important part of this
coupling process involves sonication of the crude product
with KCN to scavenge any Ni(ll) byproduct that may have
complexed with the desired ligaiddl.

1. NiCly, Zn W )
o A Wa Wl
2. KCN
(27%) 13
1. NiClp, Zn
" —
2. KCN

(77%)

The alkynyl-linked analogu&6 may be prepared by two
sequential Sonogashira reactions. The first coupling between
11 and 2-methyl-3-butyn-2-ol, followed by base-promoted
removal of the acetone protecting group, provides the
6-ethynyl derivativel5in 92% overall yield’2 This species
is then coupled with another equivalentf to afford the
bis-big alkynel6 in 71% yield. When the same coupling
approach is applied to the dibromo derivatii, the bis-
ethynyl specied7 may be prepared in 94% overall yield.
Coupling this species with 2 equiv of the 6-bromoHid
affords a low yield of what appears by mass spectroscopy
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to be the trimeric ligand, but further characterization was ||| G

prevented by poor solubility. Table 1. Photophysical Data for Quinoline Derivatives
absorption emission®
H%"OH compound Amax, NM (¢, M~ cm~1) Aem, M 103¢ppm®
1" Pp— t:ij::e big-2¢ 227 (40 500), 261 (64 700), 422 4.33
npropylarmine  (92%) 343 (20 800), 358 (24 200)
10 254 (37 900), 324 (14 600),  none
339 (11 900)
» 11 228 (39 000), 265 (58 500), 377,389  1.66
346 (20 900), 362 (27 900)
J:fgi;gﬁfne 12 230 (45 200), 268 (61 000), 379,393  4.10
(719%) 16 349 (24 900), 364 (35 700)
13 227 (33 500), 264 (55 500), 386,396 658
ve— | on _ _ 350 (49 100)
NaOH Y 14 228 (51 700), 277 (69 300), 405,426 310
12 [Pd(PPhg)y] toluene W= — N N = " 378 (65 600)
npropylamine  (94%) 17 15 232 (34 800), 267 (54 500), 403 6.14
350 (22 000), 367 (29 000)
16 229 (54 700), 273 (57 800), 408,430 350
A tridentate system incorporating two 6-bromoquinoline 377 (72 500), 395 (67 700)
moieties can be prepared in a similar fashion by the con- 7 234 (39700), 274 (56 800), 389,405 135
densation of the aminoaldehy@evith 2,6-diacetylpyridine. 357 (26 800), 375 (39 400)
. . 9 256 (90 600), 325 (40 200), 365 2.94
Once again, solubility problems thwarted the complete char- 341 (34 600)
acterization of the parent ligari®a, but the 4-butyl ana- 20 254 (77 600), 306 (14 300), 356, 372 100
logue was formed in 57% yield from the corresponding 320 (sh, 12 900)

4-tert-butyl-2,6-diacetylpyridine (184%.
y yipy ( )5 aSolvent: CH Cl,—MeOH (99:1), 25°C. P Excited at the long-wave-
length absorption maximuni.3,3'-Dimethylene-2,2'-biquinoliné.Error:

+10%.
» 6
HsC N7 CHs moiety found in14. The very strong emissio (< 0.658)
o observed fol3 seems to bear out this premise. As a further
18a ReH test, we prepared the parent '6béquinoline (20) by the
b R=C(CHy)s dimerization of 6-bromoquinoliféand found that it emitted

at 352 and 372 nm witkh = 0.100. Future work will report

L the coordination properties of these systems.
The bromo- and alkynyl-quinolines, as well as the coupled prop y

derivatives, were characterized by their NMR spectra, mass

spectra, and elemental analyses (see Supporting Information). % O
Since the prepared molecules were to be used as ligands for — =
the preparation of potentially photoactive transition metal 20
complexes, it was of interest to measure their absorption and
emission properties. These properties were recorded in
CH,CIl,—CH30H (99:1), and the data are collected in Table
1. The 2,2'-biquinoline derivatives show long-wavelength
absorptions in the range of 358—375 nm, while the dimeric Supporting Information Available: Full experimental
speciesl4 and16 show absorptions that are about twice as details for the preparation of compoun8s6, 10—17,19,
intense at somewhat lower energies (378 and 395 nm). All
the monomeric species excdfitemit when excited into their
long-wavelength band with quantum yields in the range of
1.66-13.5x 1073, The dimeric species, however, show more OL034559Q

intense emissions with quantum yields that are about 2 orders - .

of magnitude greater. We suspected that the stronger &gg ggﬁﬁg'ff;ggﬁ; Ff?;r%%ré?gfé‘i',"S.Qé)gél’.zg’rgffo%et. Chem.
emission might be due to the presence of th&Biguinoline 1987,1, 535.
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