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Introduction

There is increasing interest in the design and synthesis of

supramolecular systems capable of harvesting and using light

energy:® The bulk of research involving transition metal

complexes in this field has been devoted to systems incorporat-

ing M(diiminek?t (M = Ru, Os) and other & diimine-
containing chromophoré=’%-27 Studies over the past decade
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have shown that Pt diimine dithiolate complexes may also prove
of value in this venue. Specifically, these complexes possess a
directional charge-transfer emitting state formed upon electron
excitation from an orbital of mixed metal/dithiolate character
to a vacantr* level of the diimine moiety?® 32 The complexes

are emissive in fluid solution and undergo electron transfer
guenching both oxidatively and reductively. However, only
under reductive quenching conditions are the complexes stable
upon prolonged irradiation.

The notion of using the Pt diimine dithiolate chromophore
in a multicomponent system for light-driven reactions has
stimulated the design and synthesis of related complexes having
ligands capable of functioning as bridges. Complexes of one
such ligand, dipyridocatecholate or phenanthroline-5,6-diolate,
have recently been reportét> In the present study, the
dithiolate ligand is replaced by two thiolates having pyridyl
groups for connection to another metal. We describe herein
the synthesis, characterization, and X-ray structure determination
of the resultant complex, Pt(dbbpy)(S-4-pyiibbpy = 4,4-
di-tert-butyl-2,2-bipyridine, S-4-py= pyridine-4-thiolate). Di-
imine bis(thiolate) complexes of platinum(ll) have not been
studied as extensively as the corresponding dithiolate systems,
but they appear to have a similar electronic structure with an
intense solvatochromic absorption band in the visible region of
the spectrum and an associated charge-transfer emission that is
observable at 77 R8?29.36-38

Experimental Section

Physical Measurements. *H NMR spectra were recorded on a
Bruker AMX 400 NMR spectrometer, and electronic absorption spectra
were obtained on a Hitachi U2000 WWisible spectrophotometer.
Emission spectra were collected at room temperature on a Spex
Fluorolog-2 fluorescence spectrophotometer using Ixcincm quartz
fluorescence cells with degassed and dry methylene chloride as a
solvent. The concentrations of solutions were in the®1d range.

The emission spectra were measured using an internal rhodamine B
quantum counter and corrected for detector sensitivity. Electrochemical
measurements were performed using an EG&G PAR 263A poten-
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Table 1. Crystallographic Data for Pt(dbbpy)(S-4-py) N3)
formula GsH3N4PtS clist

fw 683.89 )

temp 193(2) K
wavelength 0.717 03 A 1 o52)

space group P1 cnel 8

a(h) 9.8484(3%

b (R) 11.4826(5% oo

c(A) 13.3472(5%

o (deg) 113.5590(16) ci7 @

p (deg) 97.0060(10)

y (deg) 95.6940(16)

V (A3 1354.95(9)

z 2

Dcaic (g/cn¥) 1.676

final Rindices | > 20(1)] R, = 0.0679, WR, = 0.1222 )

Rindices (all data) R; = 0.0920, WR, = 0.1356 cu3n N4
2|t has been noted that the integration program SAINT produces L

cell constant errors that are unreasonably small, since systematic error N D €33

is not included. More reasonable errors might be estimated-atthi€®
listed values® Ry = (3 [|Fo| — |Fel)/Y|Fol; WR: = [Y[W(Fs? — FA)3/
SIW(FAA Y2, wherew = 1/[0F») + (@P)?> + bP] and P =
[f(Max;0F?) + 2FZ2)/3; GOF = [J[W(Fs? — FA)?/(n — p)]¥2 where
n and p denote the number of data and parametBs.= 5 |F,> — ) )
F2(mean)/S[Fodl; Reigma= Y[0(FAVI[FA. Figure 1. ORTEP diagram of Pt(dbbpy)(S-4-py)

tiostat/aal tat and Il havi Pt disk worki lectrod Pt refinement of three-dimensional centroids of 3807 reflections. The
lostatigalvanostat and a cell having a L disk working €lectrode, a M1 g46 group was assignedris and the structure was solved by using

auxiliary electrode, and a Ag wire pseu_doreference. Measuremgqtsdirect methods and refined by employing full-matrix least-squares on
were done at room temperature on nitrogen-saturated acetonitrile - (Siemens, SHELXTL, version 5.04. For aZ value of 2, there is

sol+utions containing ca. .O'l M [(n-BiN](PFe) electrolyte. The Fc/ one independent molecule in the asymmetric unit. The methyl groups
Fc* couple (0.400 V relative to NHE) was used as an internal reference of one of thet-Bu substituents of the dbbpy ligand were found to be

to calibrate the cell potential, and val_ues are quoted_ re_Iative to that rotationally disordered. The SOFs (site occupations factors) of the
couple. Elemental analyses were obtained from Quantitative TeChmlO'disordered atom pairs refined to a 60:40 ratio, leading to acceptable

gies Inc.,Wh|tehouse, NJ. . isotropic thermal parameters for the disordered atoms. All other non-
Synthesis of Pt(dbbpy)(S-4-py) Pt(dbbpy)Cl was synthesized  pyqrogen atoms were refined anisotropically with hydrogen atoms

according to the literature repcft. A sample of 0.290 g of Pt(dbbpy)-  jncluded in idealized positions giving a data:parameter ratio of

Cl, was suspended in 30 mL of degassed 1:1 mixture ofI¥acetone, approximately 12:1. The structure refined to a goodness of fit (GOF)

to which was added a degassed solution of 0.160 g of 4-mercapto- ot 1.017 and final residuals @R = 6.79% ( > 20(1)) and WR, =

pyridine in CHOH containing one pellet of KOH. The mixture was 12 2294 ( > 20(1)) as defined in Table 1.

stirred fa 3 h atroom temperature. As the starting dichloride complex

dissolved slowly, the color of the solution changed from yellow to Results and Discussion

orange. After evaporation to dryness, the residue was dissolved in 2

mL of CH,Cl, (orange solution) and precipitated with hexanes (yellow  The orange complex Pt(dbbpy)(S-4-pylas been prepared

solid). This recrystallization was repeated once. The solid was isolated in high yield from Pt(dbbpy)Gland 4-mercaptopyridine in the

by filtration and dried in air. Yield: 0.330 g (89%). Anal. Calcd for presence of base, eq 1. This complex was characterized by

CogH3oNsSPt: C, 49.18; H, 4.72; N, 8.19. Found: C, 48.77; H, 4.40;

cuz2n N

Cl141

N, 7.92. 'H NMR (ppm, CDC}): 9.57 (d, 2H,J = 6.0 Hz), 8.00 (d, 7 N _
2H,J = 2.0 Hz), 7.98 (m, 4H), 7.54 (dd, 2H,= 6.0, 2.0 Hz), 751  CL_ Ny ' Ny  KOH SNl A
(m, 4H), 1.43 (s, 18H). UV/vis (nm): DMF, 435; GBI, 452; THF, ANy +2 | J— \p< Q)
464; toluene, 490. c N\ 0 1 _ s7 N7 I
X-ray Structural Determination of Pt(dbbpy)(S-4-py).. A sum- N J x
mary of selected crystallographic data for Pt(dbbpy)(S-4-yyiven
in Table 1. Crystals were grown by cooling a concentrated@H elemental analysi$H NMR and electronic spectroscopies, and

solution of the complex. An orange fragment of aproximate dimensions single-crystal X-ray diffraction. The ORTEP diagram of Pt-
0.12x 0.10x 0.08 mm was cut froma clus_ter of pIatgs undt_er Paratone- (dbbpy)(4-Spy) obtained from the crystal strucuture analysis
8277, mounted under the oil on a glass fiber, and immediately placed is shown in Figure 1, while selected bond lengths and angles

in a cold nitrogen stream at80 °C on the X-ray diffractometer. The .
X-ray intensity data were collected on a standard Siemens SMART for the structure are presented in Table 2. The Pt(l) complex

CCD area detector system equipped with a normal focus molybdenum-POSS€SS€s a square planar Coo_rdination geometry with the two
target X-ray tube operated at 2.0 KW (50 kV, 40 mA). Atotal of 1321 thiolate donors trans to the diimine N atoms. The-Rt
frames of data (1.3 hemispheres) were collected using a narrow framedistances of 2.058(7) and 2.060(8) A and the ™—N bond
method with scan widths of 023n w and exposure times of 10 s/frame  angle of 79.1(3) agree well with values found for other Pt(ll)
using a detector-to-crystal distance of 5.09 cm (maximénar2gle of diimine complexes including Pt(bpy)(bdt), Pt(Abpy)(met), and
56.52). The total data collection time was approximately 6 h. Frames Pt(Phphen)(SBoC:H11)2.393741 The structure is only the second
were integrated to 0.75 A with the Siemens SAINT program to yield ot 5 py(11) diimine bis(thiolate) complex to be reported, and the

a total of 7998 reflections, of which 5683 were independéii ¢ observed PtS distances are in close agreement between the

3.70%,Rsig = 10.10%; see Table 1 for definitions) and 4585 were above .
20(1). Laue symmetry revealed a triclinic crystal system, and the final two structures (2.290(3) and 2.294(3) A'in the present study

unit cell parameters (at80 °C) were determined from a least-squares

(40) SHELXTL: Structure Analysis Progranversion 5.04; Siemens
Industrial Automation Inc.: Madison, WI, 1995.
(39) Hodges, K. D.; Rund, J. Mnorg. Chem.1975 14, 525. (41) Connick, W. B.; Gray, H. BJ. Am. Chem. S0d.997, 119, 11620.
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Table 2. Selected Structural Parameters for Pt(dbbpy)(S-4-py) molecular orbital being of nearly pure*(diimine) character.
Bond Distances (A) The value of—1.73 V vs F¢/Fc found for the reduction is in
Pt-N(2) 2.057(8) PtS(1) 2.291(3) reasonable agreement wily, values reported for a series of
PtN(1) 2.059(8) PtS(2) 2.293(3) Pt(dbbpy)(dithiolate) complex&swhen adjusted to a common
S(1)-C(12) 1.742(11) S(2)C(13) 1.751(10) reference. The irreversible oxidation wave is more problematic
Bond Angles (deg) to compare-it is slightly more positive than the irreversible
N(2)—Pt=N(1) 79.5(3)  N(1)-Pt-S(1) 175.0(2) oxidation waves of the Pt(dbbpy)(dithiolate) series, but it agrees
N(2)—Pt=S(1) 96.7(2)  N(1L)}Pt-S(2) 94.9(2) with the corresponding process reported for Pt(bp9CeH4-
N(2)-Pt-S(2)  174.4(2)  S(HPt-S(2) 88.88(10) NO,),.38 On the other hand, Pt(Rphen)(SBC.Ha11), does not

C(12)-S)-Pt 106.3(4) C(13)SE@)-Pt 107.43) exhibit an oxidation process out to 1.8 V vs Ag/AgClIn the

diimine dithiolate complexes, oxidation is associated with a
highest occupied orbital of mixed-metalithiolate character
and a similar assignment for a metahiolate HOMO appears

Fc/Fc* operative for the bis(thiolate) systems as well. This conclusion
\* receives additional support from the spectroscopic data described
below.

The absorption spectrum of Pt(dbbpy)(S-4-pgl)splays a
low-energy band in the visible region. This band is solvato-
chromic with absorption energies ranging from 435 nm in DMF
to 490 nmin toluene. The shift to lower energy with decreasing
solvent polarity has been classified as negative. Itis reminiscent
of the Pt(1l) diimine dithiolate complexes and indicates a similar
polar ground state in Pt(dbbpy)(S-4-pyith a metal/thiolate-

1 L 1 1 . 1 1

15 1 05 ¢ 05 4 -5 2 -25 to-diimine charge transfer. The related Pt bis(thiolate) com-
Potential vs. Fc/Fc* [V] plexes Pt(diimine)(SR) (diimine = 4,4-dimethylbipyridine
Figure 2. Cyclic voltammogram of Pt(dbbpy)(S-4-py) (dmbpy), 4,7-diphenylphenanthroline (dpphen)=Ret Ph)?®

Pt(diimine)(SGH4X)2 (diimine = phen or bpy, X= H, NO,,
OCHjz, N(CHz),),38 and Pt(Phphen)(SBoCzH11)2%7 all show a
similar, strongly allowed charge-transfer band having negative
solvatochromism. Unlike the Pt(ll) diimine dithiolate com-
plexes, Pt(dbbpy)(S-4-pydoes not display emission at room
temperature when this solvatochromic band is irradiated. An
emission is observed, however, at 77 K with the maximum at
530 nm (Figure 2). Possible explanations for the increased
nonradiative decay that precludes room temperature emission
include greater flexibility of the coordination sphere resulting
from the nonchelated thiolate donors and uncoordinated pyridyl
N atoms that may interact rapidly and reversibly with available
! . 1 . ! . protons in the solvent. It should be noted, however, that the
350 400 450 500 550 600 650 700 emissions from other Pt(Il) diimine bis(thiolate) complexes have
only been reported for rigid media samples at 778R738
Wavelength . . .
Syntheses of multicomponent complexes incorporating Pt-
Figure 3. Emission and excitation spectra of Pt(dbbpy)(S-4zpy) (dbbpy)(S-4-py) are currently underway. It is expected that
collected at 77 K in a DMM glass (DMF, methylene chloride, methanol, . 0-aiooio "¢ the pyridyl groups will reduce nonradiative

Emission intensity

1:1:1). deactivation of the excited charge transfer state in this chro-
and 2.313 and 2.286 A for Pt(Rihen)(SBoCzH11)2*"). How- mophore. Such a reduction in the rate of nonradiative decay
ever, the PtS distances are longer than the average value of \ya5 previously observed in the case of dipyridocatecholate
2.246 A reported in the analogous dithiolate systéits. complexes of Pt(ll), where coordination of the phenanthroline

Deviation of the bond angles in the square planar coordination mgjety to a second metal center resulted in emission from the
sphere from perfect right angles arises from constraints due t0pormajly nonemissive Pt(ll) diimine catecholate cerfeiror

the small bite of the diimine chelate. While the core of the he titie complex, the presence of uncoordinated pyridyl groups
bipyridine ligand lies in the same plane as the f8\toordina- ¢reates the possibility of synthesizing novel multicomponent
tion sphere, the pyridyl substituents of the thiolate donors deviate ¢omplexes/supramolecular systems containing the Pt(diimine)-

out of the plane. As can be seen in Figure 1, one pyridyl is (hiolate) chromophore with its directional metal/thiolate-to-
oriented above the coordination plane while the other is directed giimine charge transfer.

below it. The arrangement is similar to that seen in the other
reported bis(thiolate) structure, namely Pyiien)(SBCoH11)2.57
The cyclic voltammogram of the Pt(dbbpy)(4-Spgpmplex
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