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Introduction
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In the past few years, we have been interested in the synthesis
of polynuclear complexes of platinum bearing alkynyl groups
as unigue bridging ligands. The homoleptic and mixed alkynyl
platinates [Pt$(C=CR)]%~ (X = C¢Fs cis- or trans,, C=CR)
have proved to be valuable precursors for the synthesis of a
variety of homo- and heteronuclear complexes with only alkynyl
fragments bridging the metal centérg-or this reason, we have
initiated an investigation into the preparation and structural
characterization of heteronuclear platingthallium complexes
by reacting the above-mentioned platinate substrates with
thallium(l) salts. Since little is known about the ability of TI-

(1) to interact with acetylenethis study could provide adequate
systems in which such an interaction could occur. On the other
hand, the presence of directFil bonds in complexes such as
(NBu)2[TH{ Pt(GsFs)a} 2], " [PY(CN)TI],® cis-[(CeFs)(PPHy)Pt-
(u-OOCCHy)TI],® (NBus)2[{ (CoFs5)3P of 42-O uu3-O' CCHy)-

Polymeric complexes have gradually attracted much attention iy 1 9 (NBu)JIPHCF)TIT.. 20 [TIPt(COR(PC Rh(z-
from synthetic and material chemists, basically because of theircs}ﬁl’z)cfz] 11a2,x1[d [I(D%(/ts-)'?'l)(]QLCO[)g(Lt-dSE)pp);)f[(PFG]%l)li] Bsugﬂy

novel structural features and perhaps also because of theyggqciated with intense photoluminescence, has also stimulated

possibility of their having novel solid state propertiehese
materials are usually formed by the self-

hydrogen bridging bonds. Currently, there is a growing and
active investigation into the preparation of polymetallic deriva-
tives based on linear or cross-conjugated-bis(alkynyl) and
functionalized o-alkynyl building blocks because of their

potential electrical conducting, nonlinear optical, luminescence

and liquid crystalline properties. By contrast, polymeric
derivatives involving monoanionic REC™ bridging ligands are

rather scarcé,and only in a few cases have such species been

characterized by single-crystal X-ray crystallography.
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our interest in the study of these reactions, which will allow us

assembly of molecular , gpserve the possible competition between the basic platinum
components held together by weak coordinative bonds or

center and the acetylenic fragments to bind the thallium ion
and also the possible luminescence properties of the resulting
platinum—thallium-containing complexes.

Here we report on the synthesis and X-ray single-crystal
characterization of a platinuathallium-containing polymeric

' complex transtranstrans|[PtTly(CsFs)(C=CBu);](acetoney n,

({2(acetoney} ), stabilized by alkynyl bridging ligands and
platinum—thallium metat-metal bonding interactions. Its spec-
troscopic and luminescence properties have also been investi-
gated.

Results and Discussion

Addition of TINO3 (2 equiv) to an aqueous solution dfdns
Pt(GsFs)2(C=CBu);]?-, prepared, as previously reportédrom
trans[Pt(CsFs)2(tht);] (tht = tetrahydrothiophene) and L#EC-

Bu, results in the immediate precipitation of [P{TsFs)(C=C'-
Bu);] (2) as a deep yellow solid (yield 70%). Compl&xan
also be prepared in moderate yield (43%) by reacting
(NBug)[trans-Pt(CsFs)(C=C'Bu),] (1) and TING; (1:2.5) in
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Figure 1. Short section of the chain structure §R(acetoney .
Ellipsoids are drawn at the 50% probability level. Hydrogen atoms have
been omitted, and acetone molecules have been left isotropic for clarity.
Symmetry codes: (ayxy,0.5— z (b) x,—y,—0.5+ 7 (c) —x,~y,—z

(d) x,—y,05+ z

Table 1. Selected Interatomic Distances (A) and Angles (deg) for
{2(acetone} ,?

Pt(1)-C(1) 2.11(2) PH(1)C(5) 2.05(2)
Pt(1)-C(9) 2.030(11) PHBYTI(L) 3.135(1)
TI(1)—C(9c) 2.905(10) TI(1}F(2a) 2.887(8)
TI(1)—F(6a) 2.937(7) TI(1}O(1) 2.83(2)
TI(1)—Pt(1b) 3.785(1) TI(1} TI(1c) 3.982(1)
C)-Pt(1)}-C(9)  94.6(4) C(5yPt(1)-C(9) 85.4(4)
C(9)-Pt(1}-C(9a) 170.8(5) C(5}Pt(1-C(1)  180.0(4)
C(9)-Pt(1)-TI(1) 107.8(3) C(9ayPt(1)}-TI(1) 72.0(3)
C)-Pt(1)-TI(1)  91.38(2) C(5)-Pt(1)-TI(1) 8.62(2)

a Symmetry transformations used to generate equivalent atams:
=—xy,05—z b=x-y,-05+2zc=—x-y—z
an acetone/bD mixture (1:1). This compound was fully
characterized spectroscopically (IR atttland1°F NMR) and
by elemental analysis. The IR spectrum shows(@=C)
absorption at 2085 cmt. This value is only slightly lower than
that observed in the starting materda[2091 cnt?), suggesting
that the interaction of the thallium centers with the acetylenic
fragments is probably weak. The room temperattrand!oF
NMR spectra confirm the expected pairwise chemical equiva-
lence of the alkynyl and pentafluorophenyl ligands (see Ex-
perimental Section). Although solvent-free crystal2abuld
not be obtained, crystals of an acetone add{@facetonej} )
were prepared by slow diffusion efhexane into an acetone
solution of2 at low temperature<40 °C). The single-crystal
X-ray study has revealed a very unusual one-dimensional chain
extending along the crystallographicaxis of the lattice. A
short section of the chain is depicted in Figure 1, and selected
interatomic distances and angles are presented in Table 1. Th
polymeric complex can be regarded as trinuclear octahedral
fragments transtranstrans[PtTly(CgFs)(C=C'Bu),] linked
through weak alkynytthallium interactions. To our knowledge,

this is the second heterometallic polymeric species assembled

only by monoanionic alkynyl ligands characterized by X-ray
crystallographyk and it also increases the short list of examples
containing platinum-thallium bonds™1! The local geometry

at the platinum center has some resemblance to that of the

deceptively simple molecular compound [Pt(GN})],8¢dwhich
contains a Pt(CN)core and two axial PtTl bonds. Thus, in
the{transtranstrans[PtTlx(CsFs)2(C=C'Bu)](acetoney} build-

ing blocks, the thallium atoms sit above and below the square-
planartrans Pt(GsFs)2(C=C'Bu), unit, completing an octahedral-
like geometry at the platinum atom (see Figure 2), withdise

e

Notes

Figure 2. Octahedral-like geometry at the platinum center in
{2(acetoney} .

bond angles ranging from 72.0¢3for C(9)—Pt(1)-TI(1a) to
107.8(3) for C(9)—Pt(1)-TI(1) and nearly lineatransangles.
Both PtTI distances within the octahedral unit are 3.135(1)
A, similar to distances observed in other complexes with Pt-
(I —TI(I) interactionstabe14t js remarkable to note that the
thallium atoms do not bind to the alkynyl functions within the
pseudooctahedral unit, as corresponding distances-TICt)
(9a) = 3.165(13) A and TI(1}-C(9) = 4.223(8) A are well
beyond a significant bonding interaction.

By contrast, both pentafluorophenyl groups are oriented in
such a way that botb-F atoms on each ring are close to the Tl
atoms. The Th-F distances [2.887(8) and 2.937(7) A] are
comparable to those observed in {PCsFs)a}2]2~ 7 but
somewhat shorter than the-FF distances observed in other
related compounds!> Although thel®F NMR spectrum o2
at room temperature does not show coupling of thé&
resonance to th&3T| nuclei, this signal became very broad on
cooling, suggesting that the-T{F interactions are partially lost
in solution, even at low temperature. Nevertheless, thesd-TlI
weak interactions contribute to the stability of the complex and
clearly have an influence on the conformation of the«3ings,
as in other pentafluorophenyl-PM-containing complexe
The dihedral angle between both rings is 71.5(8)nd their
respective angles to the C(1)C(5)C(9)C(9a)Pt(1) plane are 39.9-
(4)° [C(1)—C(4) ring] and 68.6(4) [C(5)—C(8) ring]. In
addition, an acetone molecule is weakly bonded to each thallium
atom, the T+O distance [2.83(2) A] being comparable to those
found in other complexé¥13abthyt clearly longer than the sum
of the covalent radii (2.21 A). This longer distance indicates a
very weak T+O bond.

The resulting {transtranstrans[PtTIly(CgFs)2(C=C'Bu);]-
(acetoney} units are assembled in such a way that the Tl atoms
of each unit make a short secondary contact with thet®m

of one of the alkynyl functions [TI(5C(9¢c) = 2.905(10) A]
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of the next unit, which results in six-membered metallacycles "o . 00 2640 nm (dotted line).

(Pt=TI=Cy—Pt=TI-C,) which run along the axis. The T

C, distance of 2.90(1) A is much longer than Ag, distances
found in platinum-silver alkynyl complexes but comparable
to TI—C distances reported for cyclopentadienyl thallium arene
complexe¥’ and shorter than distances reported in thallium arene
complexes (3.083.36 A)6 The Pt--TI[3.785(1) A] and Tt-+-

T1 [3.982(1) A] distances between units exclude any bonding
interaction.

Figure 3 shows the thallium environment. From the crystal-
lographic data it seems reasonable to assume that the bondingn
system between the Pt and Tl centers is similar to the one found
in [Pt(CN),Tl3], for which theoretical analysis recently carried
out supports a mainly ionic bonding between the Hnd
[Pt(CN)]?~ ions with some covalent character and in whic
the correlation and the crystal field contributions are also
important8®d In addition, the thallium centers establish weak
interactions with F, O, and C atoms which are similar in strength
to the Tt--N interactions observed in [Pt(CH)].8d

In acetone solutior? shows a significant electrical conduc-
tivity (Am = 20 S cn? mol™1), suggesting a partial PfTI
dissociation.

The optical properties & show evidence of HPt bonding.
The absorption spectrum of the starting precufisior benzene
solution (5 x 107® M) exhibits two intense bands at 278 and

1 upon excitation at 315 nm consists of a very broad band with
its maximum at 620 nm (16 130 ¢} and full width at half-
maximum (fwhm) of 4650 cml. It shows an excitation
maximum at 420 nm (23810 cr and another, more efficient,
excitation at higher energies. According to previous spectro-
scopic report3® the lowest energy excitation may be due to
metal (d)~ligand ¢z*) transitions (mict) (ligand &C'Bu).

Upon excitation { = 441 nm),2 (Figure 4) exhibits a much
ore intense yellow luminescence, giving a broad emission band
with a maximum at 678 nm (14 750 cr) and fwhm of 3900
cm™L. Excitation maxima for this band are observed at 555
h (18 005 cntl) and 420 nm (23 700 cm). In the solid state,
two absorption features are observedat 430 and 300 nm;
the lower energy absorption matches well with the 420 nm
excitation maximum. Although both complexes exhibit wide
luminescence bands, as well as large Stokes shifts (7880 (
and 3255 cm! (2), 2 shows a stronger luminescence, red-shifted
with respect to that of, which can be obviously related to the
presence of PtTl bonds. Tt is luminescent, but its absorption
and emission bands lie at higher energies. Consequently, as in
1, luminescence may be ascribed to MLCT transitions, where
the Pt metal and the ligand orbitals probably also have a

. . : contribution from the thallium orbitals. As in the related [Pt-
300 nm, respectively. Increasing the concentratiod dbes CN\TI lexe® th halli 9 babl
not lead to a notable change of the spectrum; presumably the( ).4. 2] complex;® the two thallium centers ii2 probably
. o ’ '~ stabilize the [Pt(gFs)2(C=C!Bu),]?~ fragment and lower the
absorptions at lower frequencies, if any, are too weak to reflect

energy of the first empty orbitals, which could explain the
any changf_e. It shoul(_j be noted that ban(_jzs at300 nm have observed shift to the red of the optical absorptions. Furthermore,
been previously assigned to metal-to-ligand charge-transfer

o . : the smaller Stokes shift ifd indicates less modification of the
18 -
(MLCT) transitions: T.he intense, high energy bands observg d electronic distribution upon optical excitation and, consequently,
are probably due to intraligand transitions. The absorption : .
; ! S 4 less relaxation to produce the luminescence. The presence of
spectrum of thallium-platinum derivative2 (benzene~10-

M) is significantly different and also shows two moderately red- Tl orbitals in the initial and final states would diminish the Pt
. 9 ntly y MLCT character of the transition. Further luminescence and
shifted, prominent bands at 286 and 310 nm and an intense

absorption at lower frequencies (386 nm), thus reflecting the structural studies of new platinunthallium alkynyl complexes

presence of thallium centers. Upon photoexcitation, Aahd are in development.
2 exhibit luminescence in the solid stdf8 For2, no emission

was detected in solution at room temperature. The dotted line
in Figure 3 shows the excitation spectrum obtained by monitor-  All manipulations were carried out in2Nitmosphere using distilled

ing the ||ght intensity emitted at 640 nm. The luminescence of solvents. The bidistilled D used was routinely deoxygenated. The
instruments and procedures used have been previously repbridu:

Experimental Section

(17) (a) Sawamura, M. likura, H.; Nakamura,EEAm. Chem. Sod.996 optical absorption spectra have been registered in U-3400 Hitachi (solid)
118 12850. (b) Schumann, H.; Janiak, C.; Khan, M. A.; Zukerman, and Hewlett Packard 8452 A (benzene solution) spectrophotometers
J. J.J. Organomet. Chenl988 354 7. in the visible and near-UV ranges. Luminescence as well as excitation

(18) g%/la:j\i, ZHZ-;ZGSO?S)gaYShiFa, \*/< V';'la%{/haf%r?ﬂ”- Ehgm- LSQC-TJIOF'\:- spectra have been corrected for instrumental response of the equipment
. am, V. W.-W,; Chan, L.-P.; Lai, T. F. : ;

1 Lad : ' y L =eh using a standard calibrated tungstéralogen lamp. The complexes
Organometallics1993 12, 2197 and referencess therein. (c) Sackst- :
edgr, L.; Baralt, E.;3DeGraff, B. A.; Lukehart, C. M; Der(n;s, J.N. tranS'[Pt(Cst)z(tht)z]lg and1*? were prepared as described elsewhere.
Inorg. Chem1991, 30, 2468. (d) Yip, H.-K.; Lin, H.-M.; Wang, Y.; Preparation of [PtTI2(CeFs)2(C=C'Bu)] (2). (a)trans[Pt(CeFs)-

Che, Ch.-M.J. Chem. Soc., Dalton Tran$993 2939. (tht);] (0.320 g, 0.454 mmol) was added at low temperatur2(q °C)
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Table 2. Crystallographic Data and Structure Refinement
Parameters fof2(acetonej}

empirical formula GsHzoF100:Pt Tl
formula weight 1192.35
crystal system monoclinic
space group C2lc

unit cell dimensions a=16.197(3) A

b= 23.537(3) A
c=11.002(1) A

a=90°
p=122.88(1}
y =90°
volume 3522.4(9) A
VA 4
density (calcd) 2.248 Mg/tn
absorption coeff 13.164 mmh
F(000) 2176
temp 200(1) K
radiation (graphite monochromator) MaA = 0.710 73 A
Rindices | > 24(1)]? R, = 0.0390, wR, = 0.0798
Rindices (all dat& R; =0.0741, wR, = 0.0958

ARy = Y(IFol — [Fel)/YIFol; WRe = [SW(Fe2 — FA2y w2 Y2 w
= [0¥Fo) + (0.047P)3~%; P = [max(F.%0) + 2FA/3.

to a freshly prepared solution of LEC!Bu (3.632 mmol) in diethyl
ether (30 mL), prepared froBuC=CH and LI'Bu, and the mixture
was stirred at room temperature for 24 h. The resulting white

suspension was evaporated to dryness, and the residue was treated wi
water (~50 mL). The aqueous solution was filtered and added dropwise

to a stirred solution of TIN@(0.242 g, 0.908 mmol) in water (15 mL),
causing the precipitation & as a yellow solid. The resulting yellow
suspension was stirredrf@ h and then filtered off, washed repeatedly
with deoxygenated water, and finally air-dried (0.350 g, 70% vyield).

(b) A solution of TING; (0.110 g, 0.413 mmol) in water (10 mL)
was added to an acetone solution (10 mL) of (MBfurans
Pt(GFs)2(C=C'Bu);] (1) (0.200 g, 0.170 mmol), and the mixture was
stirred at room temperature for 3 h. The yellow solid formed was then
filtered off and washed with water (0.08 g, 43% yield).

Anal. Calcd for GsHigF10PtTL: C, 26.20; H, 1.65. Found: C,
27.19; H, 1.99. FAB{) mass spectrummvz (relative intensity) 933
[M — CeFs]™ (47), 1305 [M+ TI]* (33), other peaks 358 (92), 429
(100), 685 (42). IR(cmt): »(C=C) 2085(W);v(CsFs)x—sensitive 7 74(S).

H NMR (CDClg): at 15°C, 6 1.10 (s,'Bu). °F NMR (CDCk): at
15°C, 0 —113.59 (d,0-F, 3Jpo-r = 230 Hz, coupling to thallium is
not observed)—~160.93 (it,p-F), —162.61 (m,m-F); at —35 °C, 6

(19) Usm, R.; Fornis, J.; Martnez, F.; Toma, M. J. Chem. Soc., Dalton
Trans.198Q 888.

Notes

—113.3 (vbr,0-F, 9Pt satellites are not observed)160.44 (tt,p-F),
—162,67 (br,m-F). Ay (in acetone)= 20 S cn? mol~. Due to the
low solubility of the complex, thé3C NMR spectrum could not be
registered.

X-ray Crystal Structure determination of {transtranstrans-
[PtTIo(CeFs)(C=C'Bu);](acetone}}. A representative crystal of
2(acetone) of dimensions 0.50< 0.18 x 0.10 mm was selected and
mounted on a Siemens P4 four circle diffractometer. The basic
crystallographic parameters for this complex are listed in Table 2. Data
were collected at 200 K by the—26 scan technique. Three standard
reflections measured at regular intervals showed no decay during data
collection. Data reduction included an empirical correctignsgcan
method, 12 reflections, transmission facters1.000, 0.377). The
structure was solved by the Patterson heavy atom method, which
revealed the positions of the Pt and Tl atoms. The remaining non-
hydrogen atoms were located in succeeding difference Fourier syntheses
and refined with anisotropic thermal parameters. Hydrogen atoms were
constrained to ride on their C atoms and located at fixed positions with
the isotropic equivalent thermal parameter taken abldi(€). One
acetone molecule was found to be present per asymmetric unit. A total
of 2756 independent reflections were used to refine 207 parameters.
Final residuals wer&, = 0.0390 and \R, = 0.0958, with a quality of
fit indicator of 1.028. The peaks above 1 &fA the final difference
map (three peaks of 1.40, 1.28, and 1.10%4ke close to those of the
Pt or Tl atoms and have no chemical significance.

All calculations were performed on a local area VAX cluster (VAX/

MMS V5.5) with the Siemens SHELXTL PLUSand SHELX 93!

software packages.
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