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Abstract — The synthesis of bis-biquinoline ligands possessing G1 and G2
Behera's amine-based dendrons with acid and ester termini was accomplished.
Treatment with Cu(l) salts quantitatively generated the desired stable

metallodendrimers with a Cu(I) core.

INTRODUCTION

Iterative synthetic methodology' is useful for the construction of dendrons possessing specific functional
units at the focal position, that can be used for a variety of purposes, e.g. metal complexation, hydrogen
bonding,” molecular recognition,” and catalysis.®® Such construction can be achieved using appropriate
tailored functional monomers, spacers, and core units; whereas, characterization of the resultant stable
metal complexes can be accomplished using traditional spectroscopic techniques as well as MALDI-TOF
mass spectrometry and electrochemistry. These uniform, spherical metallomacromolecules remain
essentially monodisperse for the first few generations, beyond which they can deviate from precise
construction due to incomplete tier conversion. Such metallodendrimers possess a metal-core, which
opens avenues to novel photophysical and redox properties that can be tuned by the metal and ligand
choices. The judicious choice of metal core and more importantly the different ligating internal structures,
derived from different metal-centered coordination, such as: bipyridines,”'® phenanthroline,'®"

18-20 * 2,6-diiminopyridine,”  Ro,PCH,CH,PR,;,”  diketiminato,” 8-

carboxylate, imidazolium,
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12,28-37

hydroxyquinoline,” porphyrin,”® B-diketones,”’ phenylpyridine, bis(pyrazolyl)methane,"” a-

42-52

diimine,*® cyclam,” 2-phenylbenzimid-azole,***' bisterpyridine, and phthalocyanine™ have started to

open interesting utilitarian possibilities. These ordered dendritic networks have been shown to have

applications®®>*>*

in a variety of areas of material science, such as: molecular electronics,” bio-
molecular engineering, and liquid crystal engineering.®’

Towards this goal, dendrimers with incorporated internal 2,2'-bipyridine units were designed,
synthesized,”"** and shown to form Cu(I) complexes, which possess poor structural stability. Hence, the
2,2'-biquinoline ligand was chosen due to the enhanced stability associated with its tetrahedral metal
complexes. Herein, dendronized biquinoline ligands were prepared and transformed to the Cu(l)

complexes.

RESULTS AND DISCUSSION
Several attempts were made to construct functionalized 6,6'-disubstituted 2,2'-biquinolines. Commercially

available quinoline-6-carboxylic acid (1) was converted to the ethyl ester 2 under Fisher esterification
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Scheme 1. Synthesis of the 4,4'-dendronized 2,2'-biquinolines
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conditions.” The attempted coupling of 2 using Pd/C, Rh/C or Raney nickel failed to produce the desired
biquinoline; in all cases, unreacted material was recovered. Several attempts for homocoupling of 6-nitro-
and 6-acetamidoquinolines were also unsuccessful. Homocoupling of 6-methylquinoline with Rh/C did,
however, give 6,6'-dimethyl-2,2'-biquinoline; subsequent oxidation using KMnQO4, CrO; or Na,Cr,0
failed to generate the desired diacid but rather ring-fragmentation was realized.

Our attention was then redirected to 4,4'-disubstituted 2,2'-biquinoline, in which the desired diacid 3 was
precipitated by treating an aqueous solution of 2,2'-biquinoline-4,4'-dicarboxylic acid dipotassium salt
with acetic acid. Whereas diacid 3 is insoluble in common organic solvents, treatment with freshly
distilled thionyl chloride gave the diacyl dichloride 4, as a light yellow solid that was easily recrystallized
from benzene. Its °C NMR (DMSO-d) spectrum showed nine distinct aromatic signals and a carbonyl
signal at 167.5 ppm. The pure diacyl chloride 4 was then treated with 2.2 equivalents of Behera’s amine 5
in the presence of (i-pr);EtN in anhydrous THF at 45 °C to give (80-90%) hexaester 6, after column
chromatography.
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Scheme 2. Preparation of the self-assembled biquinoline dendrimers
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The structure of 6 was established by °C NMR spectrum, which showed nine distinct aromatic signals
along with an amide carbonyl peak at 167.0 ppm and ester carbonyl peak at 172.5 ppm, apart from the
other expected signals for the carbons of dendritic arms. There is a remarkable shift of the aromatic
protons of the hexaester 6 in that the two doublets of the starting diacyl chloride at 8.6 and 8.4 ppm
corresponding to the 8,8'- and 5,5'-positions of biquinoline ring shifted upfield to overlap and appear at
8.3 ppm due to the change in the electron-withdrawing nature of the juxtaposed carbonyl group.
Molecular ion at m/z 1139.8 in the electrospray mass spectrum of 6 provides further conclusive evidence
for the proposed structure.

Deprotection of the peripheral tert-butyl groups of 6 was achieved by treatment with formic acid at 25 °C
for 24 h to afford (78%) hexaacid 7. Residual formic acid was removed by washing with MeOH. The
structure of 7 was confirmed by ?C NMR (D,O/NaOD) spectrum, which shows a new signal at 182.5
ppm for the acid carbonyl carbon and disappearance of the signals associated with tert-butyl group at 28,
80, and 172.5 ppm.

The hexaacid 7 was coupled with amine 5 in the presence of DCC and 1-HBT®* in dry DMF to afford
(60%) the 2™ generation 18-ester 8. Evidence for the formation of 8 was obtained by *C NMR, which
shows (1) a broadening of signals, (2) differences in the relative intensities of the aliphatic vs. aromatic
signals, and (3) the presence of two signals at 59.1 and 57.5 ppm, corresponding to the * CNH of the 1™
and 2™ generations, respectively, as well as the 172.7 ppm absorption for CO,tBu. Absence of the
distinctive carbonyl signal at 182.5 ppm for the acid moieties also supported the transformation. The 18-
ester 8 was treated with formic acid to give the desired 18-acid 9, which has the same structural
characteristics as the hexaacid except for the additional signals for the new generation. The signals for 9
are broader and, unlike hexaacid 7, 9 is soluble in MeOH. The three-carbonyl signals from inside towards

the periphery of the molecule appear at 169.3, 175.6, and 177.4 ppm, respectively.
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Figure 1. Plot of ligand (—) and biquinoline dendron 6 (----) versus Cu(I) concentrations showing the

formation of a 2:1 complex
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The Cu(I) complexes of dendritic ester ligands 6 and 8 were prepared by reacting each with one
equivalent of [Cu(MeCN)4]BF,4 in MeCN solution to form complexes 10 and 11, respectively (Scheme 2).
These stable purple complexes were characterized by °C and 'H NMR, UV-VIS, and ESI-MS. There is a
significant chemical shift ("H NMR) for the 8- and 8'-protons of the biquinoline ring upon complexation.
One of the doublets that appears at 6 8.3 in the free ligand shifts upfield to & 7.7 and overlaps with NH
proton, which shifted downfield from 6 6.9 upon complexation. The method of continuous variation was
used to confirm the formation of 2:1 complex; the free 2,2'-biquinoline and dendritic biquinoline ligand
were treated with [Cu(MeCN)4]BF, (Figure 1) in MeCN at 25 °C. The absorbance due to complexation
was measured in the visible region at 540 nm with an increasing ratio of metal. The maximum absorbance
was observed at 2:1 ratio of ligand to Cu metal confirming the formation of shown complex. ESI-MS

spectra of the complexes also confirm the proposed structures.

CONCLUSION

In summary, the potential to incorporate biquinoline ligands into dendritic architectures by using it as a
branching core capable of subsequent metal coordination has been demonstrated. Facile generation of the
dendritic complexes was accomplished in high yield by treatment of the branched biquinolines with
[Cu(MeCN)4]BF4. Their characterization, as well as that of the intermediates, was achieved by standard
NMR and MS methods. Confirmation of complex formation for the dendritic, bisbiquinoline-Cu(I)
species was obtained by observation of the UV absorption spectra at 540 nm for differing ratios of 1*
generation, dendritic biquinoline 6 and metal and comparison to the spectra obtained with the ligand and

metal.

EXPERIMENTAL

The 2,2'-biquinoline-4,4'-dicarboxylic acid dipotassium salt trihydrate was purchased from Aldrich and
used directly. The salt [Cu(MeCN)4]PF¢ was purchased from Aldrich and recrystallized from MeCN,
prior to use. For the size exclusion column, Bio-beads (100) were purchased from Bio-rad laboratories
and the polymer was swollen in MeCN for 12h and packed in a narrow column.
6-Cascade:2,2'-biquinoline-4,4':(2-oxo-3-azaethylidyne):zert-butyl Propanoate (6): To a stirred
solution of diacid chloride 4 (800 mg, 2.09 mmol) in dry THF (100 mL), a solution of (i-pr),EtN (596 mg,
4.61 mmol), Behera’s amine®®® (5; 1.92 g, 4.6 mmol) in THF (20 mL) was added slowly with stirring.
The mixture was heated to 45 °C for 12 h under N», and then cooled to 25 °C. After the solvent was
removed in vacuo, the white residue was dissolved in EtOAc, washed successively with sat. K,COs,
distilled H,O, saturated brine, and the organic layer dried (Na,SO4). The solvent removed in vacuo to

give a white residue, which was chromatographed (Al,O3) with CH,Cl, to give (88%) pure 6: 2.1 g; mp
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82-85 °C; "H NMR & 1.33 (s, CHs, 54H), 2.16 (t, CH,CH,CO, 12H), 2.35 (t, CH,CO, 12H), 6.99 (s, NH,
2H), 7.54 (t, 7,7-ArH, *J = 7.5 Hz, 2H), 7.70 (t, 6,6'-ArH, *J = 7.5 Hz, 2H), 8.19 (dd, 5,5'- & 8,8-ArH,
4H), 8.71 (s, 3,3-ArH, 2H); *C NMR 28.0 (CH;), 29.3, 29.8 (CH,CH,CO,), 58.6 (*CNH), 80.4
OC(CHj)s, 1159, 124.5, 125.1, 127.8, 129.6, 130.0, 142.9, 147.9, 154.6 (Ca;), 167.0 (CONH), 172.5
(CO,Bu); ESI-MS m/z 1139.8 (M" + 1). Anal. Caled for CesHooN4O14 (1138.64): C, 67.46; H, 7.96; N,
4.92. Found: C, 67.40; H, 7.88; N, 4.88.
6-Cascade:2,2'-biquinoline-4,4':(2-oxo-3-azaethylidyne):propanoic Acid (7). A stirred mixture of
hexaester 6 (2g, 1.75 mmol) and freshly distilled formic acid (20 mL) was maintained at 25 °C for 12 h.
Formic acid was removed in vacuo, and the residue washed with cold MeOH to give (78%) pure hexaacid
7: 1.1 g; '"H NMR (CD;0D) & 2.42 (br s, CH,CH,CO,, 12H), 2.73 (br s, CH,CO,, 12H), 7.91, 8.13, 8.51,
9.05 (br, ArH, 10H); *C NMR (D,0/NaOD) & 30.7 (CH,CH,CO,), 31.7 (CH,CO5), 60.0 (* CNH), 171.3,
123.6, 124.6, 128.3, 128.8, 131.2, 143.6, 146.9, 154.9 (Ca:), 168.9 (CONH), 182.5 (CO,); ESI-MS m/z
803.66 (M+ + 1). Anal. Calcd for C4oH4oN4O14: C, 59.85; H, 5.27; N, 6.98. Found: C, 59.77; H, 5.15; N,
6.86.

18-Cascade:2,2'-biquinoline-4,4':(2-0xo0-3-azaethylidyne):(3-oxo-2-azapentylidyne):zert-butyl
Propanoate (8). A mixture of hexaacid 7 (1 g, 1.24 mmol), DCC (1.85 g, 8.95 mmol), and 1-HBT (1.21 g,
8.95 mmol) in dry DMF (20 mL) was stirred for 2 h at 25 °C. A white precipitate of dicyclohexylurea
was noted. Amine 5 (3.72 g, 8.95 mmol) was added and the mixture was stirred at 25 °C for 48 h. After
filtration, DMF was removed in vacuo to give a residue, which was dissolved in EtOAc. The organic
layer was then sequentially washed with aq. HCl (10%), followed by deionized water, K,COs3 solution,
saturated brine, and dried (MgSQ,). The solvent was then evaporated in vacuo to give a residue, which
was chromatographed (Al,O3) eluting with a mixture of EtOAc/CH,Cl, (1:1) affording (60%) 8, as a
white solid: 2.37 g; mp 81-84 °C; *C NMR & 27.9 (CH3), 29.8 (CH,CH,CO,t-Bu), 31.7 (CH,CH,CONH),
57.5, 59.1 (*CNH), 80.5 (OCMe3), 116.7, 124.9, 125.4, 128.3, 130.2, 130.4, 142.9, 148.3, 155.0 (Ca,),
167.5 (ArCONH), 172.4 (CONH), 172.7 (COyt-Bu); MALDI-TOF MS: m/z 3189; Calcd for
Ci172H276N10044: 3188.12.
18-Cascade:2,2'-biquinoline-4,4':(2-oxo0-3-azaethylidyne):(3-oxo-2-azapentylidyne): propanoic Acid
(9). A mixture of ester 8 (90 mg, 28 umol) and formic acid (5 mL) was stirred at 25 °C for 18 h. Formic
acid was removed in vacuo to give a residue, which was dissolved in MeOH then concentrated in vacuo
to give (94%) 9, as a white powder: 58 mg; '"H NMR (CD;O0D) & 2.17, 2.44 (br CH>,CH,, 96H), 7.95, 8.10,
8.46, 8.51, 9.01 (br, ArH, 10H); "C NMR (CD;OD) & 29.4, 30.6 (CH,CH,CO.t-Bu), 32.1
(CH,CH,CONH), 58.8, 60.9 (*CNH), 118.8, 126.4, 127.0, 129.9, 130.7, 133.1, 146.8, 148.1, 154.9 (Ca,),
169.3 (ArCONH), 175.6 (CONH), 177.4 (CO,H); ESI-MS: m/z 2179 (M + 1); Caled for CiooH 32N 0044:
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2178.18.

Generation 1 Cu(I) Complex 10. To a solution of hexaester 6 (100 mg, 87 umol) in MeCN (5 mL),
[Cu(MeCN)4]BF4 (13.6 mg, 43.5 umol) in MeCN was added dropwise under an N, atmosphere. A deep
purple color was immediately observed due to complex formation. The mixture was stirred for an
additional 6 h, then the solvent was removed in vacuo. Fresh MeCN was added and the solution was
filtered through a size exclusion column using MeCN to give (100%) the purple Cu(I) complex 10: 113
mg; 'H NMR & 1.43 (s, CHs, 104H), 2.35, 2.41 (br CH,CH>, 48H), 7.40 (t, ArH, 4H), 7.55 (t, ArH and
NH, 8H), 7.72 (d, ArH, 4H), 8.30 (d, ArH, 4H), 8.95 (s, ArH, 4H); >*C NMR & 27.9 (CH3), 29.9
(CH,CH,), 59.4 (*CNH), 80.5 (OCMe3), 117.7, 125.7, 126.5, 128.0, 129.6, 131.8, 144.4, 145.9, 151.3
(Car), 166.0 (CONH), 172.7 (COt-Bu); Amax (MeCN): 540 nm (¢ = 2800); ESI-MS m/z 2341.8 (M -
BFy); Calcd for Cj23H 30BCuFsNgOag (2429.22).

Generation 2 Cu(I) Complex 11. A solution of [Cu(MeCN)4]BF4 (5 mg, 15 umol) in MeCN was added
to a stirred solution of free ligand 8 (100 mg, 30 umol) in MeCN under N, atmosphere. A deep purple
color due to complex formation was immediately observed. After six hours, the solvent was removed in
vacuo and fresh MeCN was added. The resultant solution was filtered through a size exclusion column
using MeCN to give (100%) 11, as a purple solid: 101 mg; "H NMR & 1.42 (s, CHs, 324H), 2.2 - 2.4 (br
CH,CH,, 216H), 7.4 — 9.0 (br, ArH & NH, 40H); °C NMR & 27.8 (CH3), 29.9 (CH,CH,), 59.4, 57.6
(*CNH), 80.5 (OCMe3), 117.6, 125.8, 126.5, 128.0, 129.5, 131.8, 144.3, 145.9, 151.3 (Ca:), 166.0,
172.4(CONH), 172.7 (COzt-Bu); Amax (MeCN): 540 nm (g = 2200); MALDI-TOF MS: 6439 (M-BF,);
Calcd. C344Hs55:BCuF4N»Oss (6526.59).
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