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A series of Ru(ll) complexes, tcc-RuX,(POC4Pyr-P,0), (X = CI (3), Br (4), 1 (5)), containing the hemilabile phosphine
pyrenyl ether ligand 4-{ 2-(diphenylphosphino)phenoxy} butylpyrene (POC4Pyr (1)) are reported. The synthesis and
spectroscopic properties of both the ligand, POC4pyr (1), and ligand oxide, P(=0)OC4pyr (2), and the solid-state
structure of 1 are reported. Complexes 3-5 react rapidly with CO to give complexes ttt-RuX,(CO),(POC4pyr-P), (X
= CI (6), Br (7), 1 (8)). No pyrene excimer emission is detected from 3-5; however, different intensities of excimer
emission are observed for 6—8. The intensity of excimer emission decreases through the series, with 6 showing
the most intense response. The emission is solely due to intramolecular pyrene excimers at low concentrations
(<10* M). Comparison of the UV-vis and steady-state fluorescence spectra shows overlap between the low
energy d—d absorption of 7 and 8 with excimer emission (480 nm), suggesting nonradiative energy transfer may
be occurring. Once excess CO is removed, complexes 6-8 isomerize to cis-dicarbonyl complexes cct-RuX;(CO),-
(POC4Pyr-P), (X = CI (9), Br (10), I (11)). The intensity of excimer emission from 9—11 increases with respect to
the excimer emission observed for 6-8, with 9 showing a significant increase in excimer intensity.

Introduction the presence or absence of analyte, and the spacer joins the
receptor and reporter togetiieA major advantage of this
aesign approach is the ability to rationally adjust properties
of the sensor by changing the molecular structure of any of

Molecule-based sensors, or chemosensors, are molecule
that are able to bind selectively and reversibly an analyte of
SSIeEZGStrZV ItehrtziﬁegonOC(?[ir(Talatlan(ta(t:)rs]iqugt(ieolr:1 %r:elgkrir:](;;ecg]ecae\;ur-the components,

properties. p . P . ' Luminescence is an attractive reporter mechanism with
electrochemical, magnetic, or mass spectrometric changes . . . o .
S . several advantages including high sensitivity (single molecule
may be measuret Special interest has been paid to the o : . . .
C etection is possible), quick response time, and direct real-
development of chemosensors because of their widespread.

S . : ) . . . ime detection with both spatial and temporal resolution.
applications in chemistry, biology, biochemistry, cell biology, Furthermore, the properties of the fluorescent lumophores
materials science, and clinical and medicinal sciefces. '

. may be tuned to achieve a specific response. To maximize
In the modular design approach to chemosensors, a

. . the response, fluorescence should be eithe—ORF or
receptor, reporter mechanism, and spacer are mcorpo’rated.OFF_ON_ The quenching of aromatic hydrocarbon fluores-
The receptor is the site at which the analyte binds, the

tor is wh bl w ch - cence by transition-metal ions is a well-known phenomeénon.
reporter IS where a measurable property changeé occurs in, previous work by others, transition-metal complexes were
“To whom correspondence should be addressed. E-mail designed and synthesized such that prior to exposure to the
mwolf@chem.ubc.ca. analyte, the fluorescence of the fluorophore is quenched by
lgniverS!g 0; Srittish, Columbia. an open-shell transition metal via photoinduced electron
niversity or Victoria. .
(1) Prodi, L.; Bolletta, F.; Montalti, M.; Zaccheroni, NCoord. Chem. transfer (PET) and/or electronic energy transfer (EET) or
Rev. 200Q 205 59-83.
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Scheme 1. Reactivity oftcc-RuXy(POC4PyrP,0), toward CO
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PYr(CH)i @ Pyr(CHa) undergoes isomerization after excess CO is removed from
Isomerization solution to formcctRUCL(CO)L(POCA4PyYrP), (9).
6x=cl 9x=cl However, pyrene monomer fluorescence was observed
7X=Br 10 X=Br . . .
8X=I 1X=1 prior to exposure to CO fd. One possible way of promoting

N ) fluorescence quenching is by altering the energies of the
the heavy atom effect.? Addition of the analyte displaces  metal d-orbitals through substitution of the chloro ligands
the fluorescent ligand, or fluorescent moiety of the ligand if tor other halides. Herein we report the effect of changing
the ligand is hemilabile, from the metal center. As a result, the halide ligand irtcc-RuXo(POC4pyr-P,0) (X = Cl (3),
ligand fluorescence is revived. Br (4), | (5)) on the luminescence behavior with respect to

Pyrene is a suitable fluorophore for application in chemosen- reaction with CO. The syntheses and characterization of the
sors because of its well-studied photophysical propéftigs new compounds4 and 5, their absorption and emission
and demonstrated ONOFF functionality via PET and/or  spectra, and their reaction with CO are reported. Differences
EET®**Sensors based on PET have been developed in whichiy the degree of excimer emission between the complexes
pyrene luminescence is quenched in the presence of openyre discussed. Furthermore, comparison to the phosphine
shell metal ions such as ¥¢® Cu*, and N?*.2 Furthermore, pyrenyl ether ligand POC4pytY and the oxidized form of
a Zr¢* sensor based on an alkyl pyrene group covalently tne ligand PE0)OC4pyr @) provides insight into the type

bonded to an aza-18-crown-6 at the nitrogen has beengf excimers formed as well as the behavior of the complexes
synthesized in which the quenching of pyrene luminescencej, solution.

was shown to depend on the length of the tether between
the receptor moiety of the sensor and the pyréne. Results and Discussion

In & preliminary communication, we demonstrated tbet Synthesis and Characterization of 1 and 2The synthesis

RUCL(POCAPyrP,0), (POCAPyr= 4-{2-(diphenylphos- 4 the phosphine pyrenyl ether ligaridwas previously
phino)phenoxybutylpyrene) g) reacts with CO as shown reportedt* Here, the solid-state structure and absorption and
in Scheme 27 The metal center acts as the receptor via the smission properties are investigated. The oxRlewas
labile oxygen of the chelating phosphine pyrenyl ether ligand, synthesized by stirring with H,0, in a 1:1 mixture of DCM/
and luminescent reporting is provided by the pyrene moiety. 5atone. Boti and 2 (see Chart 1) were characterized by
It was found that CO displaces both of the weakly coordi- 1y onq 3p{1H} NMR spectroscopies, elemental analysis,
nated ether ligands to form the compléxRUCKL(CO)- mass spectrometry and by WWis and fluorescence spec-
(POCAPyrP), (6). The reaction with CO is accompanied by 45copies. Crystals of suitable for X-ray analysis were

a color change of the solution and the appearance of excimergrown from hot ethyl acetate solution. The solid-state
emission. The initially formedransdicarbonyl complex gty cture is shown in Figure 1. Intermolecutastacking is

observed in the unit cell between interpenetrating molecules

(5) Bodenant, B.; Weil, T.; Businelli-Pourcel, M.; Fages, F.; Barbe, B.;

Pianet, |.; Laguerre, MJ. Org. Chem1999 64, 7034-7039. of 1 with a pyrene-pyrene interplanar distance of 3.71 A.
(6) Bodenant, B.: Fages, F.; Delville, M- Am. Chem. 504998 129 The crystallographic data fdrare presented in Table 1. The
(7) Wolf, C.; Mei, X. J. Am. Chem. So@003 125 10651-10658. C—X (X = 0O, P) bond lengths and€X—-C (X = O, P)

(8) Cabell, L. A;; Best, M. D.; Lavigne, J. J.; Schneider, S. E.; Perreault, bond angles (Table 2) closely resemble those reported for

?-Z%Ad;lhgi?g%g M.-K.; Anslyn, E. VJ. Chem. Soc., Perkin Trans. (o—methoxyphenyl)diphenylphosphiﬁ%.

(9) de Silva, A. P.; Fox, D. B.; Huxley, A. J. M.; McClenaghan, N. D.; The UV—vis absorption spectra dfand2 are essentially
Roiron, J.Coord. Chem. Re 1999 185, 297—306. identical (Figure 2 The str r rotions in the UV
(10) Birks, J. B.Photophysics of Aromatic Moleculé#/iley-Interscience: de. tica ( gure a’t.))' e structured abso pt O*S { .e U
London, 1970. region arise predominantly from pyrene-baseer* transi-
83 \é\/ilnnik, F. I\Q.ChemkRe_.rhl%S 93j 5&%7;614@ S04977 99 tions® Weaker absorptions from the rest of the molecule
alyanasunaaram, K.; omas, J. K.Am. em. S0 A , . * 14
20392044, are buried beneath the strong pyremytsz* bands:* The
(13) Ji, H.-F.; Dabestani, R.; Brown, G. M.; Hettich, R. Bhotochem.
Photobiol. 1999 69, 513-516. (15) Suomalainen, P.; Jaaskelainen, S.; Haukka, M.; Laitinen, R. H,;
(14) Rogers, C. W.; Wolf, M. OAngew. Chem., Int. E@002 41, 1898— Pursiainen, J.; Pakkanen, T. Eur. J. Inorg. Chem200Q 2607
1900. 2613.
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Table 1. Crystallographic Data fot

5
O‘O‘ C% O‘O‘

ments were carried out, and the lifetimes fbrand 2 in

1 2

dichloromethane are 9% 5 and 101+ 2 ns, respectively.

chemical formula GgH31PO

fw 534.60 Synthesis and Characterization of Complexes-35. The
space group 2'321;‘:1(2'\('3?) 14) dibromo complex4 was synthesized using an analogous
b (A) 15.116(1) procedure to that used to prepa8'* by reaction of
c(A) 7.6453(7) ruthenium(lll) bromide withl in a 5:1 ethanol/toluene
g ((geeg)) gg:g76(5) mixture. The diiodo comple& was synthesized via a halogen
y (deg) 90.0 exchange reaction &with Nal in acetone. Both complexes
\Z/(A3) 3769-0(5) were fully characterized by solution methods. No solvent
T(C) 2100.04+ 0.1 systems were found to yield crystals suitable for X-ray
A(Mo Koy (A) 0.71073 crystallographic analysis. PreviousBwas fully character-
Deaica(g cm) 1.282 ized and its spectral characteristics in solution were compared
ﬁ(('\,:/lsaffll(ggm)(l)) (1)_'821 to those of the compleicc-RuCL(POMeP,0), (POMe =
Ru(F6A® (I > 0.005(1)) 0.103 2-methoxyphenyldiphenylphosphiné)These assignments
R(Fo%)? (all data) 0.134 were used to aid in the assignment of the structuresasfd
Ru(Fo?)® (all data) 0.129

AR = Y ||Fo| — IFcll/Z|Fol. ® Ry = (X(Fo? — FAHIW(F?)A) 2.
Table 2. Selected Interatomic Distances and AnglesXor

Bond Length (A)

0O(1)-C(21) 1.364(4) P(BC(27) 1.825(4)
O(1)-C(20) 1.450(4) P(HC(33) 1.824(4)
P(1)-C(26) 1.831(4)

Bond Angle (deg)

C(20)-0O(1)-C(21) 116.9(3) C(26)P(1)-C(33)  102.45(17)
C(26-P(1}-C(27) 100.64(18) C(2AHP(1)-C(33) 102.06(18)
Torsion Angle (deg)
P(1)-C(26)-C(21)-0(1) —6.4(4)

Pa values, defined as the ratio of the absorption intensity of
the 1L, band (345 nm) to that of the adjacent minimum at
shorter wavelength (337 nn¥),for 1 and 2 are shown in
Table 3. Values oP, that are less than 3 indicate pyrene

5.

One singlet is observed in tHé&P{*H} NMR spectra of
3—5 (Table 3). To confirm the relative stereochemistry of
the phosphines, a series'8€{'H} NMR experiments were
previously carried out for3.** Complexes4 and 5 are
presumed to have the same geometry with the two halide
ligands trans-disposed to one another and the tWqO-
coordinated phosphine ether ligands coordinated such that
the phosphines areis-disposed to one another and are
chemically equivalent. The similarities in tA#{'H} NMR
data for3—5 support this assignment.

The UV—vis absorption spectra dfand5 are essentially
identical to that of3 (Figure 3). Furthermore, the structured
absorptions in the UV region of the spectra 8+5 closely
resemble those observed fband2. Each of the ruthenium
complexes also has a weak, metal-based visible absorption

preassociation in the ground state, where the degree ofband (a-d transition)_ that gives rise to the observed color
preassociation increases the further the value deviates from{Table 3). TheP, ratios of complexe8—5 (Table 3) are

3. The P values for1l and 2 are slightly less than 3,
indicating a very small amount of preassociation of the

less than those of and 2 indicating that there is more
ground-state interaction between the pyrene moieties of

pyrene moieties in the ground state. No pyrene excimer 3—5.** The molar absorptivitiesegay for the low-energy

emission is observed for concentrations less thart Din
the steady-state emission spectrdladr 2 (panels ¢ and d

pyrenyl absorption band vary with halidd € 4 < 5). This
is attributed to changes in the peak breadth, which has

of Figure 2), indicating that the small degree of preassociation Previously been related to the degree of ground-state interac-

is not significant enough to influence excimer formation at
low concentrations. Excitation of both compounds in dilute
solution (10® M) with UV light leads to indigo-blue

emission, as is typically observed for the pyrene mondfher.

tion between the pyrene groufs.

The emission and excitation spectra for all three complexes
are shown in Figure 4. As with, excitation of each complex
in dilute solution (10% M) with UV light gives indigo-blue

The emission and excitation spectra are near mirror imagesemission, typical for the pyrene mononiéiThe emission
of each other, and a small Stokes shift typical of fluorescent and excitation spectra resemble thoselaind 2, and the

aromatic molecules is observ&dThe excitation spectra

excitation spectra are identical to the absorption spectra.

contain the same features as the absorption spectra. Quantum None of the emission spectra for complexdess at any

yields for emission are 0.1640.1) and 0.190.1) for 1
and 2, respectively. Single-photon counting (SPC) experi-

4612 Inorganic Chemistry, Vol. 45, No. 12, 2006

concentration studied<(10~* M) show excimer emission.
Pyrene monomer emission is not completely quenched in
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Figure 2. UV —vis absorption spectra for (d)and (b)2, [1] and [2] ~ 10-5 M; excitation (- - -) and emission) spectra for (c)l and (d)2, [1] and [2]
~ 1076 M; Aex = 345 nm;Aem = 398 nm.

Table 3. Summary of Characterization Data fbr-11

31P{ 1H} NMR Vco
compd o (ppmp (cm™hyb Amax (€max)® Pa ratio? Ad—d) (€d—d)® color
1 -14.2 345 (44 700) 280.1 colorless
2 27.0 345 (45 000) 2901 colorless
3 63.7 345 (61 400) 2501 517 (590) red
4 64.7 345 (71 700) 2502 542 (500) purplered
5 66.0 345 (89 900) 2401 577 (760) graygreen
6 27.1 2007 345 (61 400) 2501 440 (220) yellow
7 26.0 2001 345 (72 900) 280.1 455 (250) light orange
8 225 2007 345 (88 300) 280.1 502 (240) regtorange
9 13.9 2059, 1998 345 (69 900) 2450.1 none observed white
10 10.2 2059, 2000 345 (70 700) 2400.1 none observed yellow
11 5.1 2055, 1989 345 (82 500) 220.1 shoulder at-500 light orange

aCDCla. P CH,Cly. © Amax (NM) andemax (M~ cm™1) are, respectively, the maximum wavelength and the molar absorptivity of the lowest-energy vibronic
band of thellL , electronic transition of the pyrene chromophore ¢CH, 25 °C). ¢ Determined by averaginBa ratios from several sample34g—q) (NM)
andeg—q (M~1 cm™2) are respectively the wavelength and molar absorptivity of the metal-basedrdnsition (CHCI,, 25 °C).

any of the complexes. This suggests that either the pyrene 120000
moieties are not close enough to the metal center for emission \ (@)
X . 80000
to be quenched, or that the changes in energies of the metal
d-orbitals with different halide ligands are not significant <™ 40000 w
enough to lead to quenching of pyrene monomer emission. g
It has been reported that a tether length of four methylene FE 0
groups is too long to observe significant quenching of pyrene "> 120000 | (b)
emission via PET? s
When the steady-state emission spectra3e’ were 2 60000 w
compared periodically over 48 h, the intensities of the 3
monomer emission increased with time. This suggests some 2 0
decomposition may be occurring in solution leading to the T (c)
; o ; S 120000
formation of a more emissive species. The degree of s
monomer emission increased more quickly for samples stored \
o ; : 60000
in light versus those stored in the dark, suggesting a
photochemical process is involved. However, samples both 0
stored in the dark and stored in the light showed increases 300 400 500
in monomer emission over time suggesting thermal decom- Wavelength (nm)

position may also be occurring. No shifts in the emission Figure 3. UV —vis absorption spectra of (8) (b) 4, and (c)5; [tcc-RuXz-
spectra were observed during this experiment. The formed (POC4PYP.0)z] ~ 10°° M.

species was identified BYP{'H} and'H NMR spectroscopy  occurs in solution. It is therefore impossible to exclude the
as 2, suggesting that oxidation of some dissociated ligand possibility that steady-state emission t5 is partially due

Inorganic Chemistry, Vol. 45, No. 12, 2006 4613
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(c) 5; [tcc-RuXx(POC4PyIP,0);] ~ 1075 M; Aex = 345 nm;lem = 398
nm.

to dissociated ligandlj or ligand oxide ). Thus, neither
reliable quantum yield values, nor SPC lifetimes 85
could be obtained.

trans-Dicarbonyl Complexes 6-8. It has been shown that
complexes of the type RWPOL-P,0), (X = halogen; POL
= hemilabile phosphine ether ligand) react with CO to form
RuX(CO)(POL-P); or RuX;(CO)(POLP,0)(POL-P).16-20
Reaction of 3 with CO and accompanying changes in
photophysical properties have been descrife&omplexes
4 and 5 react similarly with CO (Scheme 1), and upon
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Figure 5. Visible d—d absorption bands of (& (—) and6 (- - -), (b) 4
(—) and7 (---), and (c)5 (—) and 8 (- - -); [tcc-RuXz(POC4PyrP,0);]
and ftt-Ru(COXo(POCAPYIP),] ~ 2 x 1073 M.

o

5). The molar absorptivities of the-dl bands for complexes
6—8 are similar to those for complex&s-5 (Table 3).

At high concentrations d (~102 M), reaction with CO
under UV irradiation resulted in a change from the weak
indigo-blue emission 08, characteristic of pyrene monomer
emission, to the strong blue-green excimer emissiof.'df
This observation is consistent with the formation of inter-
molecular excimers (Figure 6&)In dilute solution ¢107°
M), a small amount of excimer emission was still observed.
Since intermolecular excimer formation is insignificant at
106 M, this must be due to intramolecular excimers (Figure
6b)1° It was proposed that an increase in conformational

exposure to CO an immediate color change is observed forg.aadom of the alkylpyrene moieties occurs after displace-

all three complexes in solution.

A summary of the characterization data 6t8 is shown
in Table 3. Reaction a3—5 with CO is accompanied by an
immediate shift in thé'P{*H} NMR resonance. For all three
complexes, the resonances shifted upfield relative to the
resonances prior to reaction with CO. Previously, a series
of 3C{*H} NMR experiments were conducted usitig-
labeled CO to assign the relative stoichiometrybafsttt.14
The stereochemistry of and 8 are assigned in the same
way, supported by the similarities in ti#éP {*H} NMR
chemical shifts and IR bands for the three complexes (Table
3).

The UV—vis absorption spectra dd—8 are essentially
identical, with no significant change in the molar absorp-
tivities in the UV region. The absorption bands in the UV
region are identical in structure to those ®f5. The Pa
values changed very little relative to those determined for
the complexe8—5 (Table 3), supporting a weak interaction
between the pyrene moieties 88 in the ground stat&
This is somewhat surprising as the pyrene ligands are
disposed differently ir8—5 versus in6—8. For eachrans
dicarbonyl complex, the weak metal-based transition is blue-
shifted relative to its position before exposure to CO (Figure

(16) Gill, D. F.; Mann, B. E.; Shaw, B. LJ. Chem. Soc., Dalton Trans.
1973 311-317.

(17) Rauchfuss, T. B.; Patino, F. T.; Roundhill, D. Morg. Chem1975
14, 652—-656.

(18) Jeffrey, J. C.; Rauchfuss, T. Biorg. Chem.1979 18, 2658-2666.

(19) Krassowski, D. W.; Nelson, J. H.; Brower, K. R.; Hauenstein, D.;
Jacobson, R. Alnorg. Chem.1988 27, 4294-4307.

(20) Lindner, E.; Gepraegs, M.; Gierling, K.; Fawzi, R.; Steimanniridrg.
Chem.1995 34, 6106-6117.
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ment of the ether from the metal center influencing the ability
of the pyrene moieties to interact with one anotHer.
However, the displacement of the ether moieties from the
metal center does not significantly affect thgvalues; that

is, it does not influence the ground-state interaction of the
pyrene moieties at~10"® M.l Thus, the formation of
intramolecular excimers appears to be a dynamic process as
a result of the increase in conformational freedom.

The intensity of excimer emission fro6+8 depends on
the nature of the halide ligand (Figure 7). The intensity of
excimer emission at 16 M is lower for 7 and8 than for6;
only a very small amount of intramolecular excimer is
observed for7, and almost no intramolecular excimer is
observed foi8. One possible explanation of this is that the
d—d absorption foi7 and8 is close enough in energy to the
pyrene excimer emission, centered at 480 nm, for energy
transfer to occur. Since EET is a nonradiative quenching
pathway, the extent of excimer emission observed would be
expected to be less fat and 8 compared to that 06. An
alternative explanation is that because of the difference in
size between the small chloro ligands and the larger bromo
and iodo ligands, the alkylpyrene moiety cannot “fold over”
the complex as readily to form an intramolecular excimer
as shown in Figure 6b. The intensity of excimer emission is
limited by the ability of an excimer to form within the
lifetime of the excited state of the pyrene monofiiéand
by the stabilization of the excimét. Thus, if the lifetimes
of the excited states faf and8 are sufficiently shorter than
that of 6 such that a conformation suitable for excimer
formation cannot be achieved or that the stabilization of the
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(a) (b)

Figure 6. Schematic structure of (a) an intermolecular excimer and (b) an intramolecular excintiefRaCh(CO)(POC4PyrP),.
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300 400 500 600 398 nm.

Wavelength (nm) . .
Figure 7. Excitation (- - -) and emission=) spectra for (a, (b) 7, and -0 stretchl.ng 'reglon are expected foctRUX;(CO)-
(€) 8; [ttt-RU(COPXo(POCAPYIP);] ~ 10-6 M; fex = 345 NMiZem = 398 (POCA4PyrP),;, this was observed for all three complexes
nm. (Table 3), supporting the assignment of theseas

The UV—vis spectra for thectisomers also show typical

excimer cannot overcome the added steric repulsion resultingabsorption from pyrene-based-z* transitions in the UV
from the interaction of the alkylpyrene moieties “folding region° The metal-based-ed transition for9 and 10 are
over” the larger bromo and iodo ligands, excimer emission not observed; they are presumably shifted to higher energy
would be significantly reduced or eliminated completely.  and are obscured by the strong pyrene absorption band.

cis-Dicarbonyl Complexes 9-11. Complexes of the type  Isomerization of other RUgICO)(phosphine) complexes
ttt-RuXx(CO)(PRs). are known to isomerize to the thermo- from thettt to thecctisomer results in a color change from
dynamically more stable isometst-RuX;(CO)(PRs),.1921 yellow to white®® consistent with the results observed $or
This isomerization typically occurs through a dissociative and10. Complex11does show an absorption banc~&00
mechanisn’ This mechanism is consistent with the obser- nm, which appears as a shoulder to the pyrene absorption
vation that isomerization does not occur until excess CO is band, slightly blue-shifted from the absorption of tte
removed from solutions 06—8 by sparging the solutions  isomer8. In addition, theP, values for eaclectisomer are
with N, or by degassing via repeated freepeimp-thaw essentially the same as those obtained for the corresponding

o]
o o
1

cycles (Scheme 1). ttt isomer (Table 3), indicating a small degree of pyrene
A summary of the characterization data $6r11is given preassociation in the ground state.
in Table 3. Like thett isomers, thectisomers contain two Comparison of the fluorescence from titteisomers6—8

equivalent phosphines, as indicated by the singlet resonanceavith that from thecctisomers9—11is interesting. Previously

in the31P{H} NMR spectrum of each complex. The dichloro it was reported that strong excimer emission was observed
complex9 has previously been studied usitig{*H} NMR for 9, even in dilute solutiod? It was concluded that the
experiments with3C-labeled CO to verify the stereochemical pyrene moieties if® must be able to more easily interact to
assignment asct4 ComplexeslO and11 are presumed to  form an intramolecular excimer. At 1M a small increase
have the same geometry. Complex@s1l were also in the excimer intensity 010 is observed with respect
characterized by IR spectroscopy. Two absorptions in the (Figure 8b). Almost no excimer emission is observedifor
(Figure 8c), similar to the result for compl8xThese results
(21) Bader, A.; Lindner, ECoord. Chem. Re 1991, 108 27—110. support the conclusion that intramolecular energy transfer
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may be responsible for the changes in excimer intensity. TheEclipse spectrofluorometer. Measurements were made in a 1-cm
blue shift in the dd band from thdtt isomersé and7 to quartz cell in air-saturated solutions. For the measurements, 5 nm
the cctisomers9 and 10 results in poorer overlap between excitation and emission slit widths were used. Fluorescence spectra
this band and the pyrene excimer, consistent with the increasd©" 1 and2 and quantum yield measurements were obtained on a
in excimer intensity for thecct isomers of these two Photon Technology International fluorimeter using a 1-cm quartz
complexes. For botB and11, the d—d band overlaps well cell. Excitation and emission slit bandwidths were all 4 nm. The

ith th ted ission band f . dquantum yields were determined relative to anthracene. All solutions
W' € expected emission an' ene'rgy rom exmmgr, a_n for quantum yield measurements were sparged with nitrogen gas
in these two complexes no excimer is observed. It is still {5 3 minimum of 10 min. The relative quantum yields in solution
possible that the larger size of the bromo and iodo ligands were calculated based on the expres&ion

impedes the formation of intramolecular excimers, implying

that the formation of excimer il is facilitated more easily Jml (v) dv e

by the cis disposed chloro ligands rather than by the CO o= ¥ (1-10 )(_’L)
ligands. j:ﬁg(v) q\1—107/\;8
Conclusions

Whererbﬁ is the quantum yield of the standard, integréf8$=(v)

The fluorescence oB—5 is very similar because of dv and /g IXv) dv are the areas ugder the spectrum of the
monomer emission from the pendant pyrenyl groups; after compound and the standartk(¢)and IZ(v) are the intensity of
exposure to CO and formation of thans-dicarbony! fluorescence of the compound and standard as a function of
product, excimer emission was observed. The dependencdvavenumber, respectivelyp, and A® are the absorptions of the

L S . . .
of the excimer emission intensity is attributed to differences COMPound and standard, anands® are the refractive indices of
. - the solvent used for the solutions of the compound and standard,
in the extent of nonradiative energy transfer between the

ited L d I-based respectively.
excited-state pyrene moieties and metal-based staesdn Time-resolved fluorescence measurements were performed with

Steric constraints may also play a role in favoring excimer g Edinburgh Instruments OB 920 single-photon counting system
formation for6 over 7 and8. There are to our knowledge  with a hydrogen flash lamp excitation source. The excitation and
no other examples in which tuning the electronics at a metal emission wavelengths were set to 345 and 375 nm, respectively,
via ancillary ligands results in changes in the intensity of and the band-pass for the excitation and emission monochromators
excimer emission from a second ligand. Here, binding with was ca. 16 nm (2 mm slits). An iris was employed to ensure that
CO triggers the formation of the excimer; however, binding the frequency of the stop pulses was smaller than 2% of the start
of other ligands in related complexes bearing such hemilabile Pulse frequency. The number of counts in the channel of maximum
pyrenyl ligands should also be possible. Fluorescence-basedtensity was either 10 000 or 2000. A Lauda RM6 bath was used
detection of nonfluorescent compounds is thus feasible. to keep the sample at a constant temperature oP@0The .
Alteration of the ligating end of the hemilabile ligand would instrument response function is very narrow for the measured time

. - . e scale (1us), and deconvolution of the instrument response function
allow increased control of binding selectivity and sensitivity. from the decay was therefore not necessary. Data were fitted to

Here, the selected alkyl tether is four carbons long. This nonoexponential decays using the Edinburgh software. The value
length was selected largely on the basis of synthetic of 42 (0.9-1.1) and visual inspection of the residuals and the
accessiblity; however, shorter lengths would clearly be of autocorrelation were used to determine the quality of thé? fit.
interest as pyrene emission quenching may be enhanced irsolutions were prepared in dichloromethane by preparing an
these cases. Synthetic approaches to these ligands are beirappropriate 1 mM stock solution and diluting tquM. Solutions

explored. were purged with Kfor at least 20 min prior to measurement.
Chemicals were used as received from the supplier (Aldrich,
Experimental Section Strem) unless otherwise specified. Deuterated solvents were used

] ) ) as received from Cambridge Isotope Labs. Carbon monoxide was

General. All reactions were carried out under a nitrogen  gptained from Praxair and was used as received. Spectroscopic
atmqsphere unless otherwise stated. NMR spectra were a(:qmrqur‘.jde CHCI, used for UV-vis and fluorescence measurements
on either a Bruker AC-200, Bruker Avance 300, or Avance 400 gaye negligible background luminescence at the excitation wave-
instrument. Residual protonated solvent peaks were used as |nterna|%ngthS used for the fluorescence measurements. The synthesis and
'H references (vs TMS and 0). *P{*H} NMR spectra were  characterization of POC4PYL) tcc-RUCKL(POCAPYP,0), (3), tit-
referenced to 85% #P0O, (6 0). Elemental analyses and mass RUCKL(CO)(POCAPYIP), (6), and cctRUCKL(CO)(POCAPYIP),
spectra were both performed by the UBC Department of Chemistry (9) are reported elsewheté.
Microanalytical Services Laboratory. Electrospray (ES) mass spectra P(=0)OC4pyr (2). POC4pyr (0.096 g, 0.18 mmol) was dis-
were obtained on a Micromass LCT time-of-flight (TOF) mass gqjyved in 20 mL of a 1:1 mixture of dichloromethane and acetone.
spectrome_ter equipped with an ES ion source. The sample_s Wererg the mixture, 30% kD, (0.05 mL) was added, and the solution
analyzed in MeOH/ChLI, (1:1) at 100uM. IR spectroscopic as stirred open to air at room temperature for 15 min. The solution
measurements were made using @ BOMEM MBI1S5S FTIR a5 washed with water (% 10 mL), and the organic layer was
spectrometer and using solution samples. All spectra were corrected

for solvent by subtracting the appropriate solvent spectrum=UV  (22) Kollar, J.; Hrdlovic, P.; Chmela, S.; Sarakha, M.; Guyot, B.

vis and fluorescence spectra were all carried out in HPLC grade Photochem. Photobiol., A: Cher005 171, 27-38. )

dichloromethane. UVvis spectra were obtained using a Cary 5000 (23) Bohne, C.; Redmond, R. W.; Scaiano, J. C. Use of Photophysical
. Techniques in the Study of Organized Assemblie®hotochemistry

UV —vis—near-IR spectrophotometer. A 1-cm quartz cell was used. in Organized & Constrained MedjaRamamurthy, V., Ed.; VCH

Fluorescence spectra f8r-11 were collected using a Varian Cary Publishers: New York, 1991; pp 7432.
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dried over NaSQO, and concentrated by rotary evaporation to yield minimum of 5 min after a color change had occurred. The initial
a clear, colorless oil. White analytically pure crystals were obtained trans-dicarbonyl product was characterized immediately after

by drying the oil in vacuo. Yield: 99%. Anal. Calcd forsgis:- exposure to CO. Each solution was sparged with nitrogen in order
PG, (%): C, 82.89; H, 5.67. Found: C, 82.50; H, 6.02. ESI-MS: for the isomerization to occur.
m'z= 551 (M + H)*. 31P{'H} NMR (121.4 MHz, 25°C, CDC4): ttt-RUBr ,(CO),(POCA4PYr-P), (7). Treatment of a red-purple

6 27.0 (s).*H NMR (200 MHz, 25°C, CDCh): ¢ 8.22-7.90 (m, solution of4 with CO yielded a yellow solution 67. IR (CH,Cl,):
9H, pyrene), 7.80 (m, 2H, Ph), 7.70.55 (m, 6H, Ph), 7.50 (m, ;. = 2001 cnTL 3!P{1H} NMR (121.4 MHz, 25°C, CDCk):
2H, Ph), 7.15 (m, 2H, Ph), 6.80 (m, 2H, Ph), 4.85 (t, 2H, pyrene- 2g o (s).!H NMR (200 MHz, 25°C, CDCE): & 8.24-7.58 (m,
CHy(CH),CH,—0), 3.15 (m, 2H, pyrened8,(CH,).,CH,~0O), 1.65 26H, pyrene), 7.367.12 (overlapping m, 14H), 6.936.78 (over-

(t, 2H, pyrene-CHCH,CH,CH,—0), 1.45 (t, 2H, pyrene-C}CH,- lapping m, 6H), 3.94 (m, 4H, pyreneHzCH,CH,CH,—0), 3.18
CH,CH,—0); assignments based on previous experiments done for(m’ 4H, pyrene-ChHCH,CH,CH,—0), 1.67 (m, 4H, pyrene-CH
POC4pyr CH,CH,CH,—0), 1.40 (m, 4H, pyrene-CHH,CH,CH,—O).

tccRuBr,(POCA4Pyr-P,0); (4). POC4Pyr (0.382 g, 0.710 mmol) ttt-Rul ,(CO),(POC4Pyr-P), (8). Treatment of a green solution
was heated in ethanol (60 mL) to reflux. Toluene (17 mL) was of 5with CO yielded an orange solution 8f IR (CH,Cl,): vco=
then added to ensure that the ligand was completely dissolved.2007 cnr. 3P{1H} NMR (121.4 MHz, 25°C, CDCh): & 22.5
Distilled water (15 mL) was added to RufxH,0 (0.122 g, 0.360 (s). H NMR (200 MHz, 25°C, CDCh): & 8.22-7.64 (m, 26H,

mmc_>l), an_d the solution was sonicated for 10 min followed by pyrene), 7.46-7.03 (overlapping m, 14H), 6.9%.74 (overlapping
heating with a heat gun. This treatment was repeated two more 1 6H), 3.87 (m, 4H, pyrenedg,CH,CH,CH,—0), 3.10 (m, 4H

timesl. Trlwe ruth;enit;]m(llll) bromide S(()jlution \;1vas d(ijlgtedd wit_r(;lan pyrene-CHCH,CH,CH,—0), 1.58 (m, 4H, pyrene-C}H,CH,-
equal volume of ethanol (15 mL) and was then added rapidly to CH,—0), 1.41 (m, 4H, pyrene-C}€H,CH,CH,—O).

the ligand solution. The reaction was heated at reflux for 72 h. RUBIA(CO)(POCAPYI-P), (10). Soluti ” d with
Over the course of the reaction, the solution changed from opaque cctRUBrA(CO)( yr-P)2 (10). Solutions o4 treated wit

black to red-purple in color. The reaction mixture was hot-filtered, CO in CHCI; or CHCl an_d degassed with nitrogen after thg color
and the residue was washed with 200 mL of dichloromethane. The change undergo conversion (36 _h atroom temperaturez tgshe
filtrate was concentrated to100 mL, by heating the solution to dlcarbonyl productO. IR (CH,Cp): vco = 2059, 2?00 crme. p-
reflux, and then diluted with 200 mL of hexanes. The solution was {*H} NMR (121.4 MHz, 25°C, CDCL): 6 10.2 (s)."H NMR (200

again heated to reflux and, as the dichloromethane evaporated, a{VIHZ’ 25°C, C_ch): 08.22-7.98 (overlappi_ng m, 24H), 7.74
purple-red powder precipitated. This was filtered from the hot /-28 (overlapping m, 4H), 7.327.20 (overlapping m, 14H), 7.32

solution and washed with hexanes. The red-purple solid was dried(7'00 (overlapping m, 2H), 6.926.80 (overlapping m, 2H), 3.82

in vacuo. Yield: 39%. Anal. Calcd for fgHs-Br,0.P:Ru (%): C, m, 4H, pyrene-@1,CH,CH,CH,—0), 3.16 (m, 4H, pyrene-CH
68.63; H, 4.70. Found: C, 68.41; H, 5.00. ESI-M@yz = 1249 ~ CHCH:CH,~0), 1.43 (m, 8H, pyrene-Ci€H,CH,CH,~O).
(M — Br)*. 33P{1H} NMR (121.4 MHz, 25°C, CDCk): 6 64.7 cctRul ,(CO),(POC4Pyr-P), (11). Solutions of5 treated with

(s). *H NMR (200 MHz, 25°C, CDCk): 6 8.22-7.85 (m, 16H, CO in CH,CI, or CHCL and degassed with nitrogen after the color
pyrene), 7.68 (BJun = 8.0 Hz, 2H, pyrene), 7.387.05 (m, 26H, change undergo conversion (36 h at room temperature) toishe
Ph), 6.96 (m, 2H, Ph), 4.78 (m, 4H, pyrene-{&H,),CH,—0), dicarbonyl product. 1. IR (CH,Cl,): vco = 2055, 1989 cm?. 31p-
3.11 (M, 4H, pyrene-B,(CH,),CH,—0), 1.90 (m, 4H, pyrene-CH {*H} NMR (121.4 MHz, 25°C, CDCk): 6 5.1 (s).'H NMR (200
CH,CH,CH,—0), 1.67 (m, 4H, pyrene-C}€H,CH,CH,—0); as- MHz, 25°C, CDCk): ¢ 8.22-7.97 (overlapping m, 24H), 7.76
signments based on previous experiments donetdeiRuCh- 7.54 (overlapping m, 4H), 7.357.15 (overlapping m, 14H), 7.0
(POC4PyIP,0),.14 6.98 (overlapping m, 2H), 6.926.83 (overlapping m, 2H), 3.81
tce-Rul (POCA4Pyr-P,0), (5). Acetone (15 mL) was added to (M, 4H, pyrene-EG,CH,CH,CH,—0), 3.18 (m, 4H, pyrene-CH
tcc-RUCKL(POC4PyrP,0), (0.096 g, 0.080 mmol) and Nal (0.054 CH:CH,CH>—0), 1.50 (m, 8H, pyrene-Ci€H,CH,CH,—O0).
g, 0.36 mmol). The reaction was heated at reflux for 2 h. During  X-ray Crystallographic Analyses.A colorless thin-plate crystal
the reaction time, the solution changed from red to green and aof 1 was mounted on a glass fiber, and the data were collected at
green precipitate formed. The reaction mixture was cooled, and —100.0+ 0.1°C. The structure was solved using direct metitds
acetone was removed in vacuo to give a sticky green solid. The and refined using SHELXTE® All measurements were made on a
solid was redissolved in dichloromethane and passed through aBruker X8 APEX diffractometer with graphite monochromated Mo
Buchner funnel to remove NaCl and unreacted Nal. The filtrate Ko radiation.
was diluted with 100 mL of hexanes. The solution was heated t0  The data forl were collected to a maximunmgalue of 45.0.
reflux, and as the dichloromethane was evaporated a green powdepata were collected in a series@ande scans in 0.5Doscillations
precipitated, which was filtered from the hot solution and washed \ith 60.0 s exposures. The crystal to detector distance was 38.02
with hexanes. The graygreen solid was dried in vacuo. Yield:  mm. Data were collected and integrated using the Bruker SAANT
94%. Anal. Calcd for GHeal20.P,Ru (%): C, 64.10; H, 4.39.  software package and were corrected for absorption effects using
Found: C, 64.06; H, 4.79. ESI-MSm/z = 1297 (M — I)*. 3IP- the multiscan technique (SADABS) The data were corrected for
{*H} NMR (162 MHz, 25°C, CDCE): ¢ 66.6 (s).'H NMR (400 Lorentz and polarization effects. All non-hydrogen atoms were

MHz, 25°C, CDCk): 6 8.11-7.87 (m, 16H, pyrene), 7.69 (&l refined anisotropically. All hydrogen atoms were included in
= 7.3 Hz, 2H, pyrene), 7.347.07 (m, 26H, Ph), 6.96 (m, 2H, Ph), calculated positions but not refined.

4.82 (m, 4H, pyrene-CHICH,),CH,—0), 3.16 (m, 4H, pyrene-
CH,(CH,),CH,—0), 2.04 (m, 4H, pyrene-C{H,CH,CH,—0),

(24) Altomare, A.; Cascarano, M.; Giacovazzo, C.; Guagliardi).AAppl.

1.71.(m, 4H, pyrene-Ckﬂ:HZCHZCHz—O); assignments based on Crystallogr. 1994 26.
previous experiments done farc-RuChL(POC4PyrP,0),.14 (25) SHELXTL version 5.1; Bruker AXS Inc.: Madision, Wisconsin, 1997.
; ; ; i ai (26) SAINT, version 6.0.2; Bruker AXS Inc.: Madison, Wisconsin, 1999.
Reactlons. Wlt.h CO.Squtlons of3, 4, or5in eléher CHCL .Or (27) SADABS: Bruker Nonius Area Detector Scaling and Absorption
CHCI; (ranging in concentration from 10to 10°° M depending Correction, version 2.05; Bruker AXS Inc.: Madison, Wisconsin,

on the experiments being performed) were sparged with CO for a 2002.
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