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Chelation-Enhanced Circular Dichroism of Tripodal Bisporphyrin Ligands
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Porphyrins are superb chromophores that offer well-defined metal Scheme 1
binding sites rich with reaction and molecular recognition chem-
istry.l The photochemical behavior of porphyrins has played an ’
important role in studies of artificial photosynthesis, photoreduction,
photodynamic therapy, sensors, optical materials, and muchore.
Circular dichroism (CD) has become a versatile tool for configu-
rational assignment and the structural evaluation of chiral porphyrins
and phthalocyaningsin particular, exciton coupled circular dichro- <
ism (ECCD) has become the spectral method of choice for
configurational assignment of chiral substrates containing dichroic
chromophores due to its non-empirical theoretical foundéttie
have utilized this method and demonstrated such an approach with oH, N7
quinoline-derivatized chiral amino acids, primary amines, and N[ /':-%\,]‘1
alcohols>~7 Additionally, we have used ECCD to characterize j
redox-responsive coordination complexes of interest as optical
materials®” Here we report a chiral tripodal ligand readily prepared
from primary amines that contains two monosubstituted tetraphen-
ylporphyrin (TPP) moieties and show that chelation of Cu(ll) results ;o D H
in strong ECCD spectra with visible wavelength light. Y

Scheme 1 shows the target ligand designed to retain the N,N,N,O P@DO, A (;i“H 'Q f}aﬂ-f—'
coordination environment of previously characterized tripodal ! Benzaldehyde, QN HI { o
ligand$ but incorporating TPP as chromophores. The ligand is ¢ © P
conformationally mobile and adopts many conformations in solu- | ‘ 2
tion. Complexation with Cu(ll) causes the ligand to wrap around ﬁ
the metal, fixing the geometry of the chromophores in a preponder- ~F
ant conformation to position the porphyrins such that the strong Cin & ! A N t-UOH NaHCOs, DMF
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Soret electronic transitions couple, giving ECEDx this case the O N 4 g -
target compound is derived from methioninol, for which analogous U e 5 . ~N !
quinoline derivatives showed strong ECCD speétra. 0 ¢ SCHs

The synthetic approach involved the preparation of a mesylate
derivative of a tetraphenylporphyrin, used to alkyl&methioninol. 3
Porphyrin2 (4—5%) was obtained by reacting 4-boropinacolato-
benzaldehyde, benzaldehyde, pyrrole, tetraphenylphosphoniummaximum at 415 nm (purple line), which matches that reported
chloride, and boron trifluoride-diethyl etherate, followed by the for CuTPP (414 nm). In Figure 1 (top), a typical ECCD spectrum
addition of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DE3}. appears, with apparent splitting of 9 nm between 411 and 420 nm,
Suzuki coupling of with 6-bromo-2-formylpyridine (66-81%)-2 as well as a metalloporphyrin characteristic peak at 538 nm
followed by reduction with sodium borohydride (530%)- and (Supporting Information (Sl), Figure S-1). The ECCD spectra
reaction with mesyl chloride gav8 (80%)* Alkylation of

50,CHs

S-methioninol under @ conditions provided the targ&(26%)° x 3eq of Cull) and NHNCS
Figure 1 shows absorbance and CD spectrhanid its complex 100 ] — free ligand
formed with excess Cu(ll). The free ligand shows an absorbance 3 °
in the Soret region very similar to that of TPR,{x418,¢ 500,000 A0 \/
M~1cm L in CH,Cl,) with Amax at 417 nm. No CD signal appears -
for the ligand in absence of metal. Complexes were formed by .16 380 350 420 as0 a0
adding a solution of metal salt and NSCN in methanol to a g
dichloromethane (DCM) solution of ligand such that the final e
methanol concentration was1%. < pos
As shown in Figure 1 (bottom), addition of 3 equiv of Cu(GJD o0 _&
in the presence of NMNCS resulted in a single absorbance el . . -

i(nm)

TNew York University.

* Present Address: Doane College, Department of Chemistry, Crete, Nebraska Figure 1. ECCD and UV/vis spectra df with addition of 3Cu(CIQ). +
68333. 3NH4NCS (purple) in methylene chloride andl% MeOH.
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suggest free librational motion about the porphynahenyl bond It is interesting to draw an analogy between the metal dependence
involved in the linkage to the tripodal ligand site The CD of the CD spectra and the well-known “chelation-enhanced
amplitude is very strong, consistent with the strong electronic fluorescence” (CHEF}! In CHEF, metal association results in
absorbance of the porphyrin moieties and with favorable geometry strong enhancement of spectroscopic signal. In chelation-enhanced
giving rise to strong coupling. The amplitude is on scale with other CD, the strong enhancement is due to geometrical changes when
reported bisporphyrin systeris!® but strong even compared to  the spectroscopic mechanism is ECCD.

these. A blue-shift in the absorbance and the bisignate shape of This approach provides excellent CD spectral characteristics with

the CD spectra indicate binding of metals at both porphyrin sites visible light. Further work is underway to engineer improved metal

as well as the tripodal ligand site. Addition of Co(ll), Ni(ll), or

binding at the tripod site, which will allow better addressing of

even Ca(ll) gave much weaker ECCD spectra, probably due to lessmetals to a particular site.

optimal orientation of the porphyrin moieties. Similar weak ECCD
spectra were observed with such complexes that are probably six-
coordinate and therefore lack the strong twist associated with five-
coordinate complexéd.Preliminary experiments with addition of
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previously obtained with bisquinoline chiral ligant<Crystal-
lographic data for analogous amino alcohol compounds has
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established the N,N,N,O-chelation mode of the tripod binding’site. References
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