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The pterin-containing molybdenum enzymes are comprised Scheme 1
of three general classes which perform simple oxygen-atom
transfer either to or from subst_rate_ (sulfite oxidase and DMSO (Sp) ZNTTP "-Mo(V)O(pzb)
reductase families) and the oxidative hydroxylation of various
substrates (xanthine oxidase family)}-ollowing oxygen-atom
transfer, the resting state of the enzyme is regenerated by two ki .
sequential one-electron transfers. Therefore, it is of interest to i (S4) ZnTTP -Mo(V)O(pzb)
invgstiggte_ electrc_>r_1 transfer events in oxomolybd_enur_n systems “w:k4 (T4) ZnTTP'-Mo(V)O(pzb)
which mimic specific structural features of the active site. Here K
we describe the results of our initial investigations on photo-
induced electron transfer ifb,10,15-trip-tolyl-20-[2,3-[((hy-
drotris(3,5-dimethylpyrazolyl)borato)oxomolybdenio)dioxy]phenyl]-
porphyrinatdzinc(ll) (ZnTTP(2,3-MdO(pzb)),1) and{5,10,15-
tri-p-tolyl-20-[3,4-[((hydrotris(3,5-dimethylpyrazolyl)borato)- ks
oxomolybdenio)dioxy]phenyl]porphyringtainc(ll) (ZnTTP-
(3,4-M0'O(pzb)), 2), where a catechol moiety is used to
covalently link the donor (porphyrin) and acceptor (Mo) sites
via themesoposition of the porphyrid. The incorporation of (So) ZNTTP-Mo(V)O(pzb)
oxo—Mo(V) centers as electron acceptors make these systems
effective first generation models of electron transfer processesand 2 in DMSO are virtually identical. This indicates no
occurring at the active site of pterin-containing oxomolybdenum significant porphyrin excited state(8r $) electronic structural
enzymes. The structural rigidity of the catechol linker is  differences occur upon covalent attachment of the pendant
particularly attractive since the through-bond and through-space[MoVO(pzb)F* subunit. However, steady-state emission studies
distances, and the relative orientation of the donor and acceptorshow that covalent attachment of the [K@(pzb)F* pendant
can be easily modified by changing the spacer group from ato the porphyrin periphery il and 2 results in complete
2,3-catechol to a 3,4-catechol. This provides a basis for testinggquenching of the porphyrin fluorescence as opposed to the
various theoretical aspects of electron transfer and allows for behavior of nonperipherally metalatedi and 4. Since the
detailed spectral probing of the electronic effects of linkage emissive quantum yield fat and2 is zero for both B (§ and
isomers on electron transfer rate constants. Furthermore,Q (S) band excitation, the competing deactivation pathway
peripherally metalated porphyrin systems also provide a generaloriginates from the lowest lying porphyrin excited statg,@n
means of probing real-time electron transfer dynamics at redox the basis of thermodynamic considerations, the mechanism
active transition metal sités.In this communication we report ~ responsible for the dramatic fluorescence quenchingasfd2
direct evidence for photoinduced electron transfer in covalently may be explained in terms of electron transfer from ZnTTP to
linked donor-acceptor molecule$ and 2. [MoVO(pzb)Pt (Scheme 1}.

Since the [M¥O(pzb)E*+ fragment possesses a comparatively ~ We have utilized single-pulse pumjprobe picosecond
low oscillator strengthd < 108 M~1 cm1), the ground-state  transient resonance Ranfamd nanosecond transient absorption
electronic absorption spectra bfand2 are dominated by the  spectroscopies to assess the nature of the competing pathways
intensesr — * transitions of the porphyrin. The room- leading to enhanced;State relaxation and complete fluores-
temperature electronic absorption spectra of the nonperipherallycence quenching. The transient absorption speétram3
metalated {5,10,15-trip-tolyl-20-[2,3-dimethoxyphenyl]por- (Figure 1) is typical of nonperipherally metalated porphyrins.
phyrinatg zinc(ll) (ZnTTP(2,3-(OMe)), 3) and{5,10,15-trip- The spectrum displays a clear bleach of the ground sta(B S
tolyl-20-[3,4-dimethoxyphenyl]porphyrinatainc(ll) (ZnTTP- band) absorption with a concomitant increase in absorption to
(3,4-(OMe)), 4) and the peripherally metalated derivatives  lower energy, indicating the formation of the porphyrin triplet
state (T).” In marked contrast t&, the transient absorption
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Figure 1. Transient absorption spectra (416 nm excitation} afnd 1250 1350 1450 1550
3in DMSO showing the absence of triplet,jTstate formation fod. . o)
Raman Shift (cm™)

The detector response time was 50 ns.
Figure 2. Laser fluence dependent picosecond transient Raman spectra

; ; ; of 1in DMSO using 416 nm laser excitation. The difference spectrum
spectrum ofl (Figure 1) is completely flat and displays no displays frequency shiftéyv — —5 cmL, Av, = —11 onT ™, andAvs

evidence for the formation of a triplet statéa intersystem = _g cnr?, consistent with the formation of a porphyriscation
crossingg Therefore, both the emissivép] and intersystem radicall?
crossing Ki) relaxation pathways of Scheme 1 are being macrocycle modes. These are consistent with the formation of
compl.etely superseded by an additional dea.ctlvatlon pathway. 5 porphyrinz-cation radica and corroborate the existence of
Transient resonance Raman spectroscopy is a very powerfulgactron transferkg) from the S state of ZnTTP to [MYO-
probe of the electronic structure of excited state intermediates (pzb)R*.
and can be viewed as complementary to transient absorption™ |, 'symmary, the photoinduced electron transfer observed for
spectroscopy. Specifically, the resonance selectivity of the 1 5nq2 is consistent with Scheme 1. Compourtignd 2
Raman experiment will result in the enhancement of vibrational possess biologically relevent oxto(V) acceptors and rep-
modes associated with excited states possessing appreciablgsent first generation models for investigating real-time electron
absorption at the probe Wavelenﬁthfl'he_ 30_ Ps t;anaent transfer dynamics in pterin-containing molybdenum enzymes.
resonance Raman spectralaire presented in Figure! -Low Furthermore, the judicious substitution of other biomimetic
laser fluence excitation at 416 nm yields spectra dominated by yanition metal complexes coupled with appropriate modifica-
m-plillne totally symmetric macrocycle modes of the porphyrin tions to the porphyrirmetal linkage results in a general
core:= Upon increase of the photon fluence, spectral changes nnroach to probing electron transfer dynamics relevant to the
become readily evident which are attributable to the formation (o4ox behavior of a variety of metalloenzyme active sites. The
of a transient excited Statel' The difference spectrum displays eqits presented here clearly demonstrate that transition metal
appreciable shifts (510 cnm) to lower energy for the in-plane  5cceptors can be photoactivated in porphyrin-based supra-
molecular systemsia an antenna-mediated electron transfer
(6) Transient absorption was performed in DMSO using a Spex Model process. Finally, extension of this methodology allows for the

1857,32%'6@ pgclmfgg%ph W'tthl‘? PATFEMOdEI 1|420 OMA gaéed detecrg-r potential photochemical and photophysical exploitation of the

an oae controller. € samples were maae anaeronic . L. i L2 L

via three freeze/pumpithaw cycles. Excitation at 416 nm was provided Unique reactivity and catalytic activity of transition metal

by Raman shifting the output of a tripled NYAG laser Model systems in general.
DCR-2 in a high pressure hydrogen gas cell. The probe light source
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a result, resonance enhancement of tharf®l T states forl and2 is (12) The resonance Raman frequency shifts between the ground and excited

not anticipated. Furthermore, there is no evidence for a long-liyed T state ofl and2 areAvy; = =5 cnm'?, Av, = —11 enm'l, andAv, =
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