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ABSTRACT

Using a novel tetraphenanthrolinated porphyrin building block and heteroleptic bisphenanthroline complexation, copper-instructed multicomponent
assemblies exhibiting distinct electrochemical and photoactive behavior were accessed.

One of the important prerequisites to realize complex systemsposes a considerable challenge, often requiring long synthetic
characterized by interdependence and emergence is to bringequences, metal-instructed supramolecular assembly is now
together functional constituents within appreciable spatial being looked at as an effective alternative to build supra-
proximity, thus enabling interaction and possible amplifica- molecular aggregates with well-defined geometry and ori-
tion of desired functions. Dendritic and supramolecular entationt®

approaches have addressed this issue by Clustering functional In the past few years, we have been exp|oring a novel
units into large molecules to control communication among approach (HETPHEN approach) to heteroleptic bisphenan-

the components, thus leading to high end functions such as

catalysis} light harvesting’ and molecular switching and
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throline complexation at various metal centémghich has 2,9-aryl substitution on the phenanthroline additionally
been exploited to build supramolecular nanoscaffolds, ring- circumvents solubility problems common to many multiple
in-ring structures, and nanogri@isderein, we demonstrate  1,10-phenanthroline systems.
the utility of our approach to access peripherally function-  Thus, 5 was attached to porphyringa,b'> via a Sono-
alized porphyrins that may have applications as electronic gashira cross-coupling protoc§lPurification was achieved
switches in energy gating and harvesting processes. Ourby preparative size exclusion chromatography using BioRad
intention in studying copper(l) phenanthroline-appended Bio-Beads SX-1 under gravity flovba and6b were obtained
porphyrins stems from the interesting photophysical behavior in 51 and 43% vyields, respectively, and characterizetHoy
of copper(l) phenanthrolines as cheap substitutes to ruthe-and*3C NMR, electrospray mass and absorption spectros-
nium complexe$. Tetraruthenated porphyrins have been copy, and elemental analysis.
reported earlie? Exploring 1,10-phenanthrolines in conjunc- The absorption spectrum da displayed a marginal
tion with porphyrins could be fruitful in getting closer to bathochromic shift of 8 nm of the B band as compared to
viable molecular device’$.Herein, we describe the synthesis 420 nm inZnTPP (zinc tetraphenylporphyrin). Besides, the
and characterization of the tetraphenanthrolinated por- oxidation potentials oBa obtained by cyclic voltammetry
phyring! 6a and 6b as supramolecular synthons and their were not different from those &nTPP’ (Table 1). This
Cu(l)-instructed assembliels—3.

The strategy conceived to obtain target molecias _
was to attach a highly modified phenanthroline substéate Table 1. Cyclic Voltammetric Data
to the mesoposition of the porphyringla,b, (Scheme 1) EulV EunlV EunlV EunlV

(Fc/Fct) (Cut/Cu?™) (Por/Por™) (Por*/Por2*)

1 0.76 0.90 (Epa= 0.94) 1.23
Scheme 2 0.56 0.73

6a 0.85 (Epa= 0.87) 1.12

8 0.53

ZnTPP 0.81 (Epa= 0.85) 1.10

11 0.57

a8 Ey vs SCE in CHCI, with n-BwNPFs (0.1 M); scan rate 100 mV

suggests the absence of any strong electronic interaction
between the porphyrin ring and the phenanthrolines and
insignificant perturbation of the HOMO of the porphyrin unit
by the phenanthroline appendages.

UV—uvis titration of6a against Cu(l) revealed that the low-
energy shoulder of the—x* band of the phenanthroline
moved bathochromically (with an isosbestic point at 361 nm).
With increasing addition of Cu(l) was also noticed a decrease
aConditions: (i) Pe(dba), AsPh, pyridine, 40°C, 4 h. in the intensity of the Soret band accompanied by broadening.
This enhanced interaction between the porphyrin chro-
mophore and the Culoaded phenanthrolines could be due
through an acetylene linker at the 3-position of the 1,10- to the MLCT interaction between Cu(l) and the phenanthro-
phenanthroline. The basic unf has been used by us line units forcing a shift of electron density from the
previously? as a component of ligands in supramolecular porphyrin core toward the periphery.
assemblied.Apart from stabilizing Cti complexes against — - - - _
oxidatiort?and enhancing the photophysical propertidse (L1 Tevsbiyigy nd iesiemyroy poehyins, (o) Kb, . 2 L
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The coordination behavior ofa was explored by its Complex2 contains 13 redox centers in the form of eight
reaction with 4 equiv of 1,10-phenanthroline in the presence peripheral ferrocenes, four Cu(l) phenanthroline units, and
of [Cu(CH;CN)4]PFs, yielding exclusivelyl as a tetrakis-  a Zinc porphyrin core and is akin to many first-generation
heteroleptic porphyrin phenanthroline aggregate. The protonferrocene dendrimers reported earfierA study of its
NMR of 1 revealed an upfield shift of 0.9 ppm (froén6.97 electrochemical properties revealed two reversible oxidation
ppm in6ato 0 6.00 ppm inl) for the 3" and 5" protons at waves at 0.56 and 0.73¥= Quantification experiments and
the mesitylene due to the shielding effect of the aromatic  simulation showed that the former wave was a four-electron

cloud of the complexed parent 1,10-phenanthroline. wave, while the latter involved two electrons. A straight-
When the reaction was performed in a sequential manner,forward assignment of all waves could be made on the basis
it was possible to isolate and charactefzg(Cu)**, a Cu(l)- of electrochemical studies dh 8, and model complet1,

loaded species, b{H NMR, ESI MS, and UV. The proton  which is a simple heteroleptic copper(l) complex8ivith
NMR of 6a(Cu)** revealed a downfield shift of all the  2,9-bis(bromoduryl) phenanthroline.

phenanthroline protons due to the coordination to Cu(l). _
| Scheme 3. Representation of complex@s3, and model
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aConditions: (i) Pd(PPH.Cl,,Cul, DIPA, benzene, 80C, 48
h. (ii) Pd(PPh), NEts, benzene 80C, 12 h. (iii) Pd(PP§4, NEt,
NaCO;, 80°C, 48 h

Phenanthrolin® and model complef 1 exhibited single
oxidation waves at 0.53 and 0.5%34 respectively. Current
guantification established that only one electron was oxida-
tively transferred both i8 and11, indicating considerable

Since it was possible to readily assemble four heteroleptic
copper complexes quantitatively in a single step, we decided

to prepare the novel phenanthrolingsand 10 to add a communication among the two- and three-metal centers of
functional iph 1. Th is(f [-ethynyl . R - .
unctional periphery  to us, bis(ferrocenyl-ethynyl) 8 and 11, respectively. Such mixed valence behavior of

phenanthroline (8) was synthesized by a Sonogashira cross-_ " . :
coupling reaction from ferrocene acetylene and 3,8-dibromo- multiple metal centers has been well establistted.

: . . . . With complexl, a reversible oxidation wave at 0.763¢
h throl 7) in 42% yield. Bisanthryl ph throl .
Eoe\zl\r;aasn prré)plgree((j zr:)nm g-grilheryl b(;?gr:]ic rgsgp glrjlglrédr;me due to the CU' couple® and two reversible waves at 0.90

7 via a Suzuki coupling reaction in 40% yield. Subsequent agd 1'2?1 \f_'CE ascribable to porptrrl]yrln I”?.g OX|dat|otn_ \{[vere_t
complexation of8 and 10 in the presence of Cu(l) ions observed. Fowever, measuring the relative current Intensity

afforded 2 and 3 as peripherally functionalized tetrakis- in 1 revealed that only two of the four Ceenters were

heteroleptic complexes. They were characterized by ESI MS, $X|d|zed. The d”:orti ingg!c pOteFFEI Iof(;che trmt?w o>(<j|dat|on in
IH NMR, UV —vis spectroscopy, and elemental analysis. The as compared fo tha IS most likely due to the decrease

presence of a four-charged species was unequivocally prover{cnojr ilfitcr)z? ?eer:{!g/non the ring arising from the peripheral
by the isotopic splitting from the molecular ion in the ESI bp piexation.

MS. The experimental isotopic distributions fit perfectly with Blyzj%ompanson d";"tﬁl’;h}qe':ox'd?“o_?hOQ at 0'56. \.éCE i
the calculated ones. could be assigned to the FcffFcouple. The wave arising a

The upfield chemical shifts of the 3ind 5" mesitylene (18) (a) Alvarez, J.; Ren, T.; Kaifer, A. Erganometallics2001, 20,
protons are a reliable indicator for the extent of shielding 3543-3549. (b) Cuadrado, I.; Casado, C. M.; Alonso, B.; Morian, M.;
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P . X 9 y S.; Ruiz, J.; Sartor, V.; Navarro, R., Blais, J.-C.; Astruc,dhem. Eur. J.
1,10-phenanthroline. The smallest upfield shift was found 2000,6, 2544—2553.

for those in3 (6 6.39 ppm) followed by those i (6 6.14 ggg Earl_ow, S.; <_)’I;are,dDCh<.am_.I Rev|1997,%7,_6353669.f |

. : . ssignment is based on similar values obtained by us for analogous
ppm), and the largest upfield shift was found for thos& in Cu(l) heteroleptic complexes: Schmittel, M.; Michel, C.; Liu, S.-X,;
(6 6.00 ppm). Schildbach, D.; Fenske, [Eur. J. Inorg. Chem2001, 1155—1166.
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0.73 V was ascribed to the ®ucouple analogously to that
in 1. In contrast tdl, no waves for porphyrin oxidation were
detectable ir2. It is noteworthy that only four out of eight 06

ferrocenes and only two out of four Cucenters were 3
oxidized. Obviously the CY8) units in 2 form a mixed L '3 ®
valence system of two ferrocenes with the*Qeenter not = -
being involved (unlike inl1). The oxidation of altogether )

only two Cu" centers inl and 2, respectively, reveals an < 0025 &0 800

enhanced communication across the core porphyrin upon  5g %"
metal complexation.

Complex3, being an assembly of eight anthracene units E &
and a porphyrin chromophore, was investigated for its
emission properties. Studies of the emission properties of 300 400 () 500 600
bisanthryl phenanthrolinel0 showed a single emission " 300 400 500 600 700 800
maximum at 431 nm irrespective of excitation at the Wavelength

anthracene or phenanthroline chromophores, suggesting that
the anthracene chromophores interact with the phenanthrolineFigure 1. Emission spectra dfa and3 (shaded black) excited at
unit producing a Sing|e emission. 429 nm. Inset (tOp): AbSOfptiOﬂ spectrumﬁﬂin CH,CI, (black)

: . and emission oba excited at 429 nm (red) and 279 nm (black).
F!uorescence studies d8a in ,CHZCIZ revealed that' Inset (bottom): Absorption spectrum ShO (E:)Iack) and emi(ssion)
excitation at 429 nm, corresponding to the Soret absorption gpectra of10 excited at 279 nm (red) and 369 nm (blue).
of the zinc porphyrin chromophore, led to emission at 605
nm with a shoulder at 649. Importantly, excitation at 279
nm (excitation of the phenanthroline chromophorejaralso In conclusion, the new tetraphenanthrolinated porphyrins
led to an emission at 605 and 649, amounting to an energy®a.b emerge as promising supramolecular synthons for the
transfer from the phenanthroline chromophore to the por- Preparation of the heteroleptic multicomponent assemblies
phyrin core. 1-3. Given the considerable interest that CuNBystems
In complex3, it was found that excitation at both the are receiving due to their photophysical and electronic

anthracene and the phenanthroline chromophores reveale®oPerties, this approach should allow for rapid exploration
no emission. Moreover, a 96% decrease in the intensity of Of @ wide variety of heteroleptic porphyrin aggregates such
the porphyrin emission was observed when the heteroleptic®S2 @1d3. In particular, it will be enticing to see whether
Cu(l) complex3 was excited at 429 nm (Soret absorption). (N nature or the oxidation state of metal ions at the
While this decrease is certainly due to quenching by CiNN phenanthrollne coordination site or in thg center of the
as reported earliéf, the fluorescence quenching of the POrPhyrin can open/close the communication between the
anthracene chromophore in addition suggests the occurrenc@€riPheral units and the porphyrin in order to generate gated
of a more complex process. Thus, an effective switching €/€Ctronic devices.
occurs when liganéa (showing emission of the porphyrin
center: ON) coordinates to phenanthrolines furnishing
complex 3 (showing a quenching of the porphyrin emis-
sion: OFF).

As our approach also allows for the use of other metals

(silver, zinc) in heteroleptic bisphenanthroline complex Supporting Information Available: (1) ESI MS spectra
formation, the interesting road maps of switching behavior \yith jsotopic distributions, (2) fluorescence and UV spectra,
(cf. in 3) and electronic communication (cf. i8) as a  (3) cyclic voltammograms, and (4) NMR spectra. This
function of other metals are currently being investigated. material is available free of charge via the Internet at
http://pubs.acs.org.
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