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ABSTRACT: The preparation of several novel 2.9-diaryl phenanthrolines is described. Depending on the steric
shielding the formation of bis-homoleptic phenanthroline copper(I) complexes can be suppressed and mixed
phenanthroline complexes can be prepared.

INTRODUCTION

Metal phenanthroline complexes currently enjoy a renaissance because they find frequent use in exciting
molecular structures (2), such as molecular knots (3), rotaxanes (4), dendrimers (5) and catenanes (6), as well as
in enantioselective and supramolecular catalysts (7). Unfortunately, bis- and trisphenanthroline complexes have
mostly been limited to the general structure [M(Ll)n] (e.g. for Cu(l), Fe(ll), Fe(1ll)) because of rapid ligand
exchange processes. Only for Ru(ILIll) the combination of different phenanthroline ligands L in mixed
(heteroleptic) complexes [RuL'sz]M3+ and [RuL'L*L’1*”" is known since their kinetic exchange is very slow
(8). Obviously, many more combinations were possible if we had a strategy at hand to build mixed
phenanthroline complexes of metal ions that are prone to rapid ligand exchange, such as copper(I) (9). We have
recently shown (10) that the use of sterically encumbered groups in the 2- and 9-position of phenanthrolines,
such as in A (scheme 1), prevents formation of complexes of type [Cu(A,)]". In contrast, when phenanthroline
A is reacted in presence of Cu(I) with a sterically unimpeded phenanthroline B (e.g. without any 2,9-
substituents) mixed complexes' [Cu(A)(B)]" are afforded in good yield (10). We now want to describe the
synthesis of several novel phenanthroline ligands with bulky groups in positions 2 and 9, the steric shielding of
which is appropriately tuned tc use them for the formation of bis-heteroleptic phenanthroline copper(l)

complexes. Of the following 2,9-diaryl phenanthrolines only 3f and 3g have been described before (11).
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cuan* A [Cu@xe) *
Scheme 1.

Results und Discussion

The synthesis of the 2,9-disubstituted phenanthrolines was undertaken in analogy to the literature
procedure (11). However, we found that for introducing sterically demanding groups Ar (scheme 2) the use of
toluene, as described for numerous other 2,9-disubstituted phenanthrolines, as well as carrying out the reaction

in one step always led to a mixture of mono- and disubstituted products that were difficult to separate.

y H Z Ar
| I
NN a) ArBr, nBuL; 1t NN a) Ar'Br, nBuLi; rt
_— _——
N b) MnO, ‘N b) MnO;
| I
NNH NNH
1 2a: Ar = 2 4,6-trimethylphenyl (76%) 3a: Ar = Ar’= 2,4 6-trimethylphenyl (65%)
2b: Ar = 4-bromo-2,3,5,6- 3b: Ar = Ar'= 4-bromo-2,3,5.6-
tetramethylphenyl (70%) tetramethylphenyl (51%)
2¢: Ar = 9-anthracenyl (67%) 3¢: Ar = 9-anthracenyl, Ar'= Phenyl (64%)

3d: Ar = 9-anthracenyl, Ar’= 1-naphthyl (33%)
3e: Ar = Ar’= g-anthracenyl (21%)
3f: Ar = Ar’= 2,6-dimethylphenyl (ref. 11)
3g: Ar = Ar’= 2 6-dimethoxyphenyl (ref. 11)
Scheme 2.

The yields could be substantially increased by carrying out the substitution in two steps (1 —2—3)
and by using diethylether as solvent. Isolation of phenanthrolines 2 was easily accomplished by addition of
hexane whereupon 2 readily precipitated. This material was pure enough for a second substitution reaction
following the same procedure. For each of the substitution reactions, we first generated the aryllithium species
from n-butyllithium and the bromoarene in diethyl ether at 0 °C before then adding the phenanthroline in
substance. The mixture was stirred overnight (2a-b. 3a-b) or for a few days (2¢, 3c-e) at room temperature.

After hydrolysis and oxidative rearomatization by MnO, the crude product was purified by chromatography.

This procedure afforded the desired phenanthrolines in satisfying yields (scheme 2).
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To evaluate the steric hindrance of groups Ar in phenanthrolines 2 and 3 we tested whether formation of
[Cu(A).]" using A = phenanthrolines 2 and 3 was impeded. Usually, symmetrical copper(I) complexes form
quantitatively within seconds by mixing 2 equiv. of the ligand with [Cu(MeCN),]BF, in CH;CN or CH,Cl,

following the general equation:
2 A+ [Cu(MeCN),]JBF; — [CuA;]BF;+4MeCN

Indeed, when we reacted A = 2a-c. 3c,d with [Cu(MeCN),]BF, the formation of complexes [CuA,]BF,
was immediately visible by their characteristic red color, indicating that steric shielding in these phenanthro-
lines is not sufficient. Some of the symmetrical phenanthroline copper(I) complexes were isolated and fully

characterized to establish their structure (12).

Table 1. Formation of symmetrical and mixed Cu(I) phenanthroline complexes.

phenanthroline [Cu(A),]BF,* g Ein [Cu(A)B)]BF, 2 example of mixed E\p
A [V vs. Fc] ¢ complex ? [V vs. Fc] ¢
2a X (84%) 0.02V =
2b X —

2 X (78%) -0.05 V -

3a - X Cu[(3a)(4b)]" (86%)° 030V
3b = X Cu[(3b)(4c)]" (85%) 025V
3e x4 —

3d X (85%)” 0.56 V —

3e - X Cu[(3e)(4a)]" (95%) 0.16 V
3f — X Cu[(3f)(4b)]" (86%) ¢ 0.36 V
3g — X Cul(3g)@b)]" (97%)°¢  0.04V
3h — X Cu[(3h)(4c)]" (65%) 022V
3i - X Cu[(3i)(40)]” (60%) 020V

? Yields after purification (in brackets). 5 X = Formation possible. © Half-wave potentials E,, (V vs.
ferrocene/ferrocenium) of copper(I) complexes determined by cyclic voltammetry in dichloromethane
atv=100mV s (electrolyte: 0.1 M NBu" ,PF). “Not isolated. ° See reference 10. ¥ As PF, salt.

In contrast, with the bulkier phenanthroline ligands A = Ja,b and 3e-g only a yellow solution was ob-
tained under the same conditions, indicative of type [Cu(A)]” complexes. To acquire some structural
information about them they were treated with one equivalent of a 4,7-disubstituted phenanthroline B (e.g. 4a-
¢), which immediately resulted in the formation of a red solution. Therefrom, mixed ligand complexes
[Cu(A)B))BF, could be isolated. Their structural assignment is based on several characteristic high field shifts
in the "H-NMR spectra, as in [Cu(3e)(4a)]” the 2-H and 9-H protons in 4a are shifted to 7.14 ppm from 9.24

ppm in the free ligand (13). Further convincing evidence for mixed complexes was found in the ESI-MS spectra
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as the corresponding molecular ions M]" for [Cu(A)B)]" were detected. In addition, collision activated
dissociation of the precursor ions led to the formation of characteristic product ions. For example, the molecular
ion [M]" for [Cu(3e)(4a)]” was detected at m/z 927.4; ESI-MS/MS analysis of [Cu(3¢)(4a)]" yielded a product
jon at m/z 595.4 corresponding to neutral loss of 4a, giving [Cu(3e)]". This result clearly shows that
monosubstituted copper(l) complexes with sterically encumbered phenanthroline ligands (scheme 1) display a
much higher stability than the copper adducts of 4,7-disubstituted ligands, and are therefore exclusively

obtained in the tandem ESI-MS-experiments.

4a 4b 4c

Scheme 3. 4,7-disubstituted phenanthrolines used for the preparation of mixed complexes [Cu(A)(B)]" (10,14).

To test whether mixed Cu(l) complexes can be obtained from functionalized phenanthrolines, we
coupled 3b with 3-methoxyphenyl boronic acid under Suzuki conditions (15) to yield 78% of phenanthroline
3h. Cleavage of the methyl ether with boron tribromide furnished the bisphenolic ligand 3i in high yield (85%)).

3b 3h 3i

Scheme 4. Synthesis of 2,9-disubstituted phenanthrolines 3h,i: a) 3-methoxyphenyl boronic acid, Pd(PPh;), (3
mol-%), Na,COj3, toluene, methanol, H,0, 48 h, 80-90 °C, 78%; b) BBr;, CH,Cl,, 48 h, -78 °C, 85%.
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Ligands 3h,i were now reacted in the presence of Cu(l) with the crown-ether phenanthroline 4¢ (14)
following the procedure described above to yield the complexes [Cu(3h)(4¢)]BF, (65%) and [Cu(3i)(4¢)] BF,
(60%) (scheme 5). Both were characterized by NMR, elemental analysis., ESI-MS as well as cyclic
voltammetry. In the ESI-MS spectra the molecular ions [M]" for the mixed complexes at m/z 1273.6 and m/z
1245.5 respectively corresponding to [Cu(A)B)]" could be detected.

[Cu(3i)(4e) *
Scheme 5.

Cyclic voltammetry experiments revealed reversible oxidation waves indicative of a reversible redox
process Cu(I) = Cu(ll) despite the fact that both oxidation states of copper prefer different coordination
geometries (tetrahedral vs. square planar). In future investigations it is intended to probe whether [Cu(3i)(4c)]”

can act as a redox active host system for the incorporation of artificial or natural guest molecules.

CONCLUSION

It seems obvious from the above results that to impede the formation of the bishomoleptic [Cu(A,)]"
complexes the two phenyl groups attached to positions 2 and 9 of the phenanthroline need to carry two
additional ortho-substituents. This is true with the 2,6-dimethylphenyl, 2,6-dimethoxyphenyl, 2,4,6-trimethyl-
phenyl, 2,3,5,6-tetramethylphenyl or alternatively with the anthracenyl but not with the naphthyl group. Hence,
all these special ligands can be used for the clean preparation of mixed (bis-heteroleptic) complexes

[Cu(A)(B)]" that are expected to exhibit interesting novel properties.
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