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Platinum(1l) complexes with (fluoren-9-ylidene)methanedithiolato and its 2,7-di-tert-butyl- and 2,7-dimethoxy-substituted
analogues were obtained by reacting different chloroplatinum(ll) precursors with the piperidinium dithioates (pipH)-
[(2,7-R,C1,H6)CHCS;] [R = H (1a), t-Bu (1b), or OMe (1c)] in the presence of piperidine. The anionic complexes
Qz[Pt{SQC=C(C12H5R2-2,7)}Q] [R = H, (PI’4N)226; R = tBu, (PI’4N)22b, (Et4N)22b; R = OMe, (PMN)QZC] were
prepared from PtCl,, piperidine, the corresponding QCI salt, and 1a—c in molar ratio 1:2:2:2. In the absence of
QCl, the complexes (pipH),2b and [Pt(pip)s]2b were isolated depending on the PtCly:pip molar ratio. The neutral
complexes [P{ S;C=C(Cy,HsR,-2,7)L,] [L = PPhs, R = H (3a), t-Bu (3b), OMe (3c); L = PEt;, R = H (4a), t-Bu
(4b), OMe (4c); L, = dbbpy, R = H (5a), tBu (5b), OMe (5¢) (dbbpy = 4,4'-di-tert-butyl-2,2'-bipyridyl)] were
similarly prepared from the corresponding precursors [PtCl,L,] and 1a—c in the presence of piperidine. Oxidation
of Q,2b with [FeCp,]PFs afforded the mixed Pt(Il)=Pt(IV) complex Q,[Ptx{ S,C=C[C1,He(t-Bu)2-2,7]} 4] (Q26, Q =
Et;N*, PryN*). The protonation of (PrsN),2b with 2 equiv of triflic acid gave the neutral dithioato complex [Pt{ Sz-
CCHICy2Hg(t-Bu),-2,7]} 4] (7). The same reaction in 1:1 molar ratio gave the mixed dithiolato/dithioato complex
PryN[PH{ S;C=C|[C12Hs(t-Bu),-2, 7]} { S2CCH[C1,Hs(t-Bu)2-2,7]}] (PrsN8) while the corresponding DMANH* salt was
obtained by treating 7 with 2 equiv of 1,8-bis(dimethylamino)naphthalene (DMAN). The crystal structures of 3b and
5¢-CH,Cl, have been solved by X-ray crystallography. All the platinum complexes are photoluminescent at 77 K
in CH,Cl, or KBr matrix, except for Q,6. Compounds 5a—c and Q8 show room-temperature luminescence in fluid
solution. The electronic absorption and emission spectra of the dithiolato complexes reveal charge-transfer absorption
and emission energies which are significantly lower than those of analogous platinum complexes with previously
described 1,1-ethylenedithiolato ligands and in most cases compare well to those of 1,2-dithiolene complexes.
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Platinum (Fluoren-9-ylidene)methanedithiolates

delocalization and subsequently diminished ability to undergo been ascribed to a charge-transfer transition involving a
facile redox changes. However, there has been considerabléHOMO of mixed metal/dithiolato character and a LUMO

interest in 1,1-ethylenedithiolates in connection with their
ability to form cluster$and heteropolynuclear complexes,
stabilize high oxidation statégr make use of multiple donor
atoms to form coordination polymefs.

which is a diimine-based* orbital. This transition has been

referred to as mixed-metal/ligand-to-ligand charge-transfer

(MMLLCT) or, more generally, charge-transfer-to-diimine.
The presence of strongly electron-withdrawing functional

Platinum complexes with 1,1-ethylenedithiolates have beengroups is a common feature of the majority of 1,1-
the subject of intensive research because of their interestingethylenedithiolato ligands described to date. In the case of
excited-state properties. Dianionic complexes of the type [Pt- platinum, the most widely used ligands of this kind &rent
(1,1-ethylenedithiolatg)?~ & and neutral complexes [Pt(1,1- (XYC=CS? with X =Y = CN) and ecda (¥= CN, Y =
ethylenedithiolato)k] with phosphines, diphosphines, phos- CO:Et) 8 13181%nd all other ligands contain at least one CN,
phate$:1°and 1,5-cyclooctadiefkare luminescent, and their  C(O)R, or CQR function]42%-22 with the exception of
emissions have been assigned to a charge-transfer excited(Cyclopentadienylidene)methanedithiolate, which was em-
state involving a HOMO that is a mixture of dithiolate and ployed by Bereman for the preparation of anionic Ni, Pd,
metal orbital character and a LUMO that is a dithiolate-based and Pt complexe¥. Probably as a result of this, the
7* orbital. Special attention has been devoted to platinum exhaustive studies based on systematic ligand variation,
diimine complexes containing 1,1-ethylenedithiolato or 1,2- which have been carried out to understand the influence of
dithiolene ligands, which display solvatochromic behavior dithiolato and diimine ligands in the photoluminescence of
and room-temperature luminescence in soldfidhand have  their platinum complexes, have not found appreciable
been considered suitable candidates for applications asdifferences among the 1,1-ethylenedithiolato complexes and
photocatalysts in light-to-chemical energy conversion pro- have attributed little or no influence to the substituents on
cessed® 17 |n these systems, the observed luminescence haghese ligand$:1%*8Usually, the greatest differences are found
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between 1,2-dithiolenes and 1,1-ethylenedithiolates, the
former showing much lower charge-transfer absorption and
emission energiek.

Following our work on the synthesis and study of the
reactivity and properties of gold, palladium, and platinum
complexes containing the 2,2-diacetyl-1,1-ethylenedithiolato
ligand?42>we recently started to investigate the reactivity
and emission properties of transition metal complexes
containing the (fluoren-9-ylidene)methanedithiolato ligand
and its 2,7-ditert-butyl- and 2,7-bis(octyloxy)-substituted
derivatives with the preparation of the first series of gold
complexeg® These ligands show remarkable differences with
respect to the previously used 1,1-ethylenedithiolates, which
are mainly due to the absence of strongly electron-withdraw-
ing substituents. Thus, the very low energies of the LMCT
emissions of the gold(l) complexes with (fluoren-9-ylidene)-
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Chart 1

Vicente et al.
Table 1. Crystallographic Data foBb and5c:CH,Cl,

methanedithiolate and its substituted derivatives, as well as
their facile oxidation to gold(lll) under atmospheric condi-
tions, revealed a marked influence of the strongly electron-
donating character of the new ligands on the emission
properties and redox behavior of their complexes.

In this paper, we describe the preparation and character-

ization of the first series of platinum(ll) complexes with
(fluoren-9-ylidene)methanedithiolate and its 2, eti-butyl-

and 2,7-dimethoxy-substituted derivatives (Chart 1) and
report on the effect of the electron-donating character of the
dithiolato ligands on their photoluminescence and reactivity.
The complexes studied are of the basic types [Pt(dithigJ&te)
and [Pt(dithiolate)k], with L = PPh, PEg or L, = 4,4-di-
tert-butyl-2,2-bipyridyl (dbbpy). We also present the oxida-
tion and protonation reactions of the anionic complex with
(2,7-ditert-butylfluoren-9-ylidene)methanedithiolate, which
lead to the formation of an unprecedented PHMY(IV)
dithiolato complex or dithioato complexes, respectively.

Experimental Section

General Considerations, Materials, and Instrumentation All

param 3b 5¢CH.CI,
formula GgHs4PoPtS C35H38C|2N202Pt&
fw 1072.16 848.78
T(K) 133(2) 100(2)
A (A) 0.71073 0.71073
cryst syst orthorhombic orthorhombic
space group P21212¢ P21212¢
a(h) 13.1260(8) 8.1462(4)
b (A) 14.7812(8) 17.0641(9)
c(R) 24.6345(14) 24.0539(13)
V (A3) 4779.5(5) 3343.7(3)
z 4 4
Pealed (Mg m=3) 1.490 1.686
u (mm?) 3.129 4516
R12 0.0193 0.0279
wWR2® 0.0405 0.0670

aR1 = I||Fo| — |F¢||/Z|Fo| for reflections withl > 20(1). PwR2 =
[Z[W(Fo? — FA)?)/IZ[W(Fe2)?]%5 for all reflectionsw = 63(F?) + (aP)2 +
bP, whereP = (2F 2 + F,?)/3 anda andb are constants set by the program.

visible absorption spectra were recorded on Unicam UV500 (range
190-900 nm) or Hitachi U-2000 (range 19@100 nm) spectro-
photometers. Excitation and emission spectra were recorded on a
Jobin Yvon Fluorolog 3-22 spectrofluorometer with a 450 W xenon
lamp, double-grating monochromators, and a Hamamatsu R-928P
photomultiplier. The solid-state measurements were made in front-
face configuration using finely pulverized KBr dispersions of the
samples in 5 mm quartz NMR tubes; the solution measurements
were carried out in right angle configuration using degassed
solutions of the samples in 10 mm quartz fluorescence cells (298
K) or 5 mm quartz NMR tubes (77 K). The solvents used were
CH,Cl, at 298 K and CHCl,, DMF/CH,Cl,/MeOH (1:1:1), or PrCN

at 77 K, as specified. For the low-temperature measurements a
liquid-nitrogen dewar with quartz windows was employed. Emission

preparations were carried out at room temperature unless otherwisq]uantum yields were calculated relative to [Ru(Bj{PFs)z in
stated. Solvents were dried by standard methods. The ligandp,ecn (@ = 0.062¥8 at 298 K for those compounds which are

precursors piperidiniumt-fluorene-9-carbodithioate and its 2,7-
di-tert-butyl- and 2,7-dimethoxy-substituted analogukssc) were
prepared by following the published procedéfelhe platinum
compoundscis-[PtClLL,] with L = PPh or PEt were prepared
from commercial PtGland the corresponding phosphine (1:2) in
CH,Cl,. The complex [PtG(dbbpy)] was prepared by refluxing
PtCL with dbbpy in MeCO for 3 h and purified by recrystallization
from hot CHC4. All other reagents were obtained from commercial
sources and used without further purification. NMR spectra were
recorded on Bruker Avance 200, 300, 400, or 600 spectrometers
usually at 298 K, unless otherwise indicated. Chemical shifts are
referred to internal TMS'H and 13C{H}), external 85% PO,
(3*P{H}), or external NgPtCk (**Pf{H}). The 13C{H} NMR

emissive at room temperature, using the method described by
Demas and Crosi?p.

X-ray Structure Determinations. Crystals of3b and5c-CH,-
Cl, suitable for X-ray diffraction studies were obtained by slow
diffusion of EtO into solutions of the compounds in GEl,.
Numerical details are presented in Table 1. Data 3brwere
recorded on a Bruker SMART 1000 CCD diffractometer &2
60°; data for5c:CH,Cl, on a Bruker SMART APEX diffractometer
to 20max 56°. Multiscan absorption corrections were performed
(program SADABS). The structures were refinedhusing the
program SHELXL-97 (G. M. Sheldrick, University of @mgen).
Hydrogen atoms were included using rigid methyl groups or a riding
model. The Flack parameters refined-t0®.014(2) and 0.039(6),

resonances arising from the cations are not given. The assignmentgiough the concept of absolute configuration is not applicable to

of the H and 3C{H} NMR spectra were made with the help of
HMBC and HSQC experiments. Chart 1 shows the atom numbering
of the dithiolato ligands. Solution conductivities were measured in
Me,CO or MeNG with a Crison microCM 2200 conductimeter.
Melting points were determined on a Reichert apparatus and are

the bulk materials. Some restraints to local aromatic ring symmetry
or light atom displacement factor components were applied. One
methoxy group obc-CH,CI; is disordered over two sites.

General Procedure for the Preparation of Q[Pt{S,C=C-
(C12HeR2-2,7)} 2] (Q22a—c). To a suspension of Ptg(1.30 mmol)

uncorrected. Elemental analyses were carried out with a Carlo Erbajy cH,cl, (40 mL) were added piperidine (3Qa., 3.03 mmol)

1106 microanalyzer. Infrared spectra were recorded in the range
4000-200 cn1t on a Perkin-Elmer 16F PC FT-IR spectrophotom-
eter using Nujol mulls between polyethylene sheets or KBr pellets.

and the corresponding QClI salt (2.66 mmol). A pale yellow solution
formed, which was filtered through Celite to remove a small amount
of colloidal Pt. Addition of dithioatela, 1b, or 1c(2.62 mmol) led

FAB mass spectra were recorded on a VG Autospec 5000 massyg jmmediate reaction with formation of an orange precipitate. After

spectrometer using 3-nitrobenzyl alcohol as matrix. ESI mass
spectra were recorded on an Agilent 1100 LC/MSD VL. YV

(27) Vicente, J.; Gonzez-Herrero, P.; GafarSanchez, Y.; Peez-Cadenas,
M. Tetrahedron Lett2004 45, 8859-8861.
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Platinum (Fluoren-9-ylidene)methanedithiolates

(15 mL) and the solid was filtered off, washed with @, (2 x
5 mL) and MeOH (2x 5 mL), and vacuum-dried to giveQa—c.

Data for (Pr4N);2a. Yield: 41%. Anal. Calcd for € 4H73CIN,-
PtS;: C, 59.57; H, 6.92; N, 2.67; S, 12.23. Found: C, 59.48;
7.09; N, 2.83; S, 12.04. Mp: 237TC. Ay (MeNO,, 1.2 x 104
M): 130 Q-1 cm? mol~L. IR (Nujol, cnm1): »(C=CS;), 1500;v-
(Pt=S), 341.1H NMR [400.9 MHz, (CD),SO]: ¢ 8.65 (d,2Jyn =
7.8 Hz, 4 H, H1, H8), 7.81 (B = 7.6 Hz, 4 H, H4, H5), 7.18
(t, 3y = 7.6 Hz, 4 H, H2, H7), 7.04 (8J4y = 7.6 Hz, 4 H, H3,
H6), 3.10 (m, 16 H, NCh), 1.58 (m, 16 H, CH), 0.86 (t,3Jyn =
7.3 Hz, 24 H, Me)13C{H} NMR [100.8 MHz, (CD),SO]: 6 187.1
(CSy), 137.8 (C8a, C9a), 134.0 (C4a, C4b), 125.3 (C9), 125.0 (C2,
C7), 122.5 (C1, C8), 121.1 (C3, C6), 118.3 (C4, C5).

Data for (Et4N),2b. Yield: 43%. Anal. Calcd for GoHggN2-
PtS: C, 62.09; H, 7.64; N, 2.41; S, 11.05. Found: C, 61.73; H,
7.70; N, 2.51; S, 11.05. Mp: 24ZC. Ay (MeNO,, 1.2 x 104
M): 128 Q-1 cn? mol~L. IR (Nujol, cnT1): »(C=CS,), 1500;v-
(Pt=S), 342.'H NMR [400.9 MHz, (C}),SQ]: 6 8.78 (d,*Jun =
1.6 Hz, 4 H, H1, H8), 7.63 (Jyn = 8.0 Hz, 4 H, H4, H5), 7.07
(dd, 33y = 8.0 Hz,*Jyy = 1.6 Hz, 4 H, H3, H6), 3.15 (fIpn =
7.2 Hz, NCH, 16 H), 1.35 (s, 36 H-Bu), 1.11 (334 = 7.2 Hz,
8Jun = 1.7 Hz, 24 H, Me, EINT).

Data for (Pr4N)22b. Yield: 51%. Anal. Calcd for GgHioaN2-
PtS: C, 64.16; H, 8.24; N, 2.20; S, 10.08. Found: C, 64.42;
8.30; N, 2.38; S, 9.80. Mp: 23TC. Ay (MeNO,, 1.0 x 1074 M):
134 Q1 cn? mol™% IR (Nujol, cnmY): »(C=CS;), 1500;v(Pt—
S), 338.1H NMR [400.9 MHz, (CD),SO]: ¢ 8.78 (d,*Jyy = 1.6
Hz, 4 H, H1, H8), 7.62 (d3Juy = 8.0 Hz, 4 H, H4, H5), 7.07 (dd,
3Jyy = 8.0 Hz,%Jyy = 1.6 Hz, 4 H, H3, H6), 3.11 (m, NC§116
H), 1.59 (m, CH, 16 H), 1.34 (s, 36 Ht-Bu), 0.87 (t,3Jyy = 7.2
Hz, 24 H, Me, PyN*).

Data for (Pr4N),2c. Yield: 60%. Anal. Calcd for GsHgoN2O4-
PtS: C, 57.56; H, 6.90; N, 2.40; S, 10.98. Found: C, 57.79; H,
6.54; N, 2.29; S, 11.00. Mp: 22%C. Ay (Me,CO, 2.3x 104
M): 94 Q1 cn? mol~% IR (Nujol, cnmh): »(C=CS;), 1500;v-
(Pt=S), 340.1H NMR [300.1 MHz, (CD3),SO]: ¢ 8.24 (d,*Jyn =
2.2 Hz, 4 H, H1, H8), 7.55 (FJuy = 8.2 Hz, 4 H, H4, H5), 6.60
(dd, 4 H, H3, H6), 3.76 (s, 12 H, OMe), 3.10 (m, 16 H, NgH
1.58 (m, 16 H, CH), 0.87 (t,3Jun = 7.2 Hz, 24 H, Me, PIN™).
13C{1H} NMR [75.5 MHz, (CD;),SO]: 6 186.5 (C9), 157.2 (C2,
C7), 139.1 (C8a, C9a), 128.0 (C4a, C4b), 125.4 (C9), 117.9 (C4,
C5), 108.6 (C3, C6), 106.9 (C1, C8), 54.9 (OMe).

(pipH) o[Pt{ S;C=C(C1.HsR2-2,7)} 2] ((pipH)22b). To a suspen-
sion of PtC} (272 mg, 1.02 mmol) in CkCl, (50 mL) was added
piperidine (250uL, 2.53 mmol), and the resulting pale yellow
solution was filtered through Celite to remove a small amount of
colloidal Pt. Addition oflb (973 mg, 2.04 mmol) led to immediate
reaction with formation of an orange precipitate, which was filtered
off, washed with CHCI, (2 x 5 mL), and vacuum-dried to give
(pipH)22b. Yield: 810 mg, 74%. Anal. Calcd for £H7N,PtS;:
C,60.47;H,6.77; N, 2.61; S, 11.96. Found: C, 60.39; H, 6.89; N,
2.72; S, 11.63. Mp: 239C. Ay (MexCO, 4.7x 104 M): 83Q1
cn? mol~% IR (Nujol, cn): »(NH), 3168;v(C=CS;), 1506;v-
(Pt=S), 348.1H NMR [300.1 MHz, (CD»),SO]: ¢ 8.78 (d,*Jyn =
1.5 Hz, 4 H, H1, H8), 7.63 (Jyy = 7.8 Hz, 4 H, H4, H5), 7.07
(dd, 33y = 8.1 Hz,4Juy = 1.6 Hz, 4 H, H3, H6), 3.36 (br, 4 H,
NH>), 2.99 (m, NCH, 8 H), 1.60 (m, CH, 8 H), 1.53 (m, CH, 4
H), 1.35 (s, 36 H{-Bu). 13C{*H} NMR [100.8 MHz, (C[»),SO]:

0 183.6 (C9), 147.3 (C2, C7), 138.5 (C8a, C9a), 132.1 (C4a, C4b),
126.3 (C9), 119.7 (C1, C8), 118.9 (C3, C6), 117.6 (C4, C5), 34.8
(CMe3), 32.0 (Viey).

[Pt(pip) 4][Pt{ S;C=C[C12He(t-Bu)2-2, 7]} 2] ([Pt(pip) 4]2b). This

orange microcrystalline compound was obtained by following the

procedure described for (pipk2b but using equimolar amounts
of PtCh (372 mg, 1.40 mmol) andlb (668 mg, 1.40 mmol) and 3
equiv of piperidine (42QuL, 4.25 mmol). Yield: 830 mg, 83%.
Anal. Calcd for GsHgoN4PLSs: C, 53.54; H, 6.46; N, 3.90; S, 8.93.
Found: C, 53.62; H, 6.65; N, 3.97; S, 8.66. Mp: 207 (dec).
An (Me;CO, 4.2x 1074 M): 74 Q-1 cn? molL. IR (Nujol, cnil):

v(NH), 3280, 3165»(C=CS,), 1503;v(Pt-S), 348.1H NMR
[300 MHz, (CD3),SO]: 6 8.79 (d,“Jyy = 1.8 Hz, 2 H, H1, H8),
7.63 (d,3J4y = 8.1 Hz, 2 H, H4, H5), 7.22 (d®J.y = 8.1 Hz,
4Jun = 1.8 Hz, 2 H, H3, H6), 2.88 (m, 8 H, NCH{ 1.55 (m, 12 H,
CH,), 1.36 (s, 18 Ht-Bu). 13C{*H} NMR [75.5 MHz, (CD;),SO]:
0183.8 (C9), 147.0 (C2, C7), 138.3 (C8a, C9a), 131.9 (C4a, C4h),
126.0 (C9), 119.5 (C1, C8), 118.7 (C3, C6), 117.4 (C4, C5), 44.7
(NCH,), 34.6 CMe3), 31.8 ((Mes), 23.6 (CH), 22.6 (CH).

[Pt{ S;,C=C(C:Hg)} (PPhy);] (3a). To a solution oflLa (80 mg,
0.25 mmol) and piperidine (26L, 0.26 mmol) in CHCI, (10 mL)
was addedis-[PtClL(PPh),] (153 mg, 0.20 mmol), and the mixture
was stirred for 15 min. Partial evaporation of the clear orange
solution (2 mL) and addition of ED (15 mL) led to the precipitation
of a yellow microcrystalline solid, which was filtered off, washed
with MeOH (2 x 3 mL) and E$O (2 x 3 mL), and vacuum-dried
to give 3a-0.5E40. Yield: 120 mg, 60%. Anal. Calcd for
CsoH43008PPtS: C, 62.64; H, 4.35; S, 6.43. Found: C, 62.56; H,
4.63; S, 6.32. Mp: 130C (dec). IR (Nujol, cml): »(C=CS),
1530.'H NMR (400.9 MHz, CDC}): ¢ 8.26 (m, 2 H, H1, H8),
7.69 (m, 2 H, H4, H5), 7.52 (m, 12 H-H, Ph), 7.34 (m, 6 H,
p-H, Ph), 7.23 (m, 12 HmH, Ph), 7.09 (m, 4 H, H2, H3, H6,
H7), 3.47 (9,334 = 7.0 Hz, 2 H, CH, EtO), 1.21 (t, 3 H,
Me, EtO). 13C{H} NMR (75.5 MHz, CDC}): 6 162.5 (C9),
138.6 (C8a, C9a), 137.2 (C4a, C4b), 134.6 ¢, Ph), 130.7
(m, p-C, Ph), 129.4 (mi-C, Ph), 127.9 (mm-C, Ph), 125.9 (C2,
C7), 124.4 (C1, C8), 123.6 (C3, C6), 118.4 (C4, C5) (C9 not
observed)3P{H} NMR (121.5 MHz, CDCY): 6 14.8 &Jpp= 3031
Hz).

[P{ S;C=C[C1,H¢(t-Bu)-2,7]} (PPhg);] (3b). This yellow com-
plex was prepared as described 3ar from cis{PtCl(PPh);] (143
mg, 0.19 mmol) andlb (100 mg, 0.21 mmol). Yield: 151 mg,
76%. Anal. Calcd for GgHs.P,PtS: C, 64.97; H, 5.08; S, 5.98.
Found: C, 64.65; H, 5.25; S, 5.61. Mp: 120 (dec). IR (Nujol,
cm): »(C=CS), 1538.1H NMR (400.9 MHz, CDC}): ¢ 8.33
(d,*Jqy = 1.7 Hz, 2 H, H1, H8), 7.53 (FJyy = 8.0 Hz, 2 H, H4,
H5), 7.49 (m, 12 Hp-H, Ph), 7.32 (m, 6 Hp-H, Ph), 7.22 (m, 12
H, mH, Ph), 7.10 (dd3Jyn = 8.0 Hz,*Jyy = 1.7 Hz, 2 H, H3,
H6), 1.21 (s, 18 Ht-Bu). 13C{*H} NMR (100.8 MHz, CDC}): 6
159.5 (C9), 148.2 (C2, C7), 139.0 (C8a, C9a), 134.9 (C4a, C4b),
134.6 (m,0-C, Ph), 130.6 (mp-C, Ph), 129.4 (mi-C, Ph), 127.9
(m, mC, Ph), 121.7 (C1, C8), 120.8 (C3, C6), 117.5 (C4, C5),
34.6 [C(CHa)3], 31.7 [C(CH3)3] (C9 not observed)3P{H} NMR
(162.3 MHz, CDCJ): 6 19.6 (Jpip = 3018 Hz).

[Pt{ S,C=C[C1,Hs(OMe),-2, 7T} (PPhy),] (3c). This yellow com-
plex was prepared as described 3ar from cis{PtCl(PPh),] (159
mg, 0.21 mmol) and.c (86 mg, 0.22 mmol). Yield: 83 mg, 40%.
Anal. Calcd for G,H4.,0,P,PtS: C, 61.23; H, 4.15; S, 6.29.
Found: C, 61.40; H, 4.24; S, 6.07. Mp: 126 (dec). IR (Nujol,
cmY): ¥(C=CS), 1537.1H NMR (400.9 MHz, CDC)): 6 7.86
(d, *Jyn = 2.2 Hz, 2 H, H1, H8), 7.51 (m, 12 H-H, Ph), 7.44 (d,
8Jun = 8.3 Hz, 2 H, H4, H5), 7.32 (m, 6 Hy-H, Ph), 7.23 (m, 12
H, mH, Ph), 6.65 (dd, 2 H, H3, H6), 3.63 (s, 6 H, OM&XC{*H}
NMR (100.8 MHz, CDC)): ¢ 162.3 (C9), 157.7 (C2, C7), 139.6
(C8a, C9a), 134.6 (my-C, Ph), 130.8 (C4a, C4b), 130.6 (mC,
Ph), 129.4 (m,-C, Ph), 128.8 (C9), 127.9 (mm-C, Ph), 118.2
(C4, C5), 111.5 (C3, C6), 108.3 (C1, C8), 55.2 (OMEP{H}
NMR (162.3 MHz, CDCJ): ¢ 19.3 (Jpp = 3030 Hz).
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[Pt{ S;,C=C(C1.Hg)} (PEt3);] (4a). This yellow complex was
prepared as described f8a, from cis{PtCl(PE%),] (126 mg, 0.25
mmol) andla (93 mg, 0.28 mmol). Yield: 109 mg, 65%. Anal.
Calcd for GgH3gPoPtS: C, 46.49; H, 5.70; S, 9.55. Found: C,
46.48; H, 5.84; S, 9.42. Mp: 22&C. IR (Nujol, cnTl): »(C=
CS), 1527.'H NMR (400.9 MHz, CDC}): ¢ 8.73 (d,3Juy = 7.7
Hz, 2 H, H1, H8), 7.75 (d3Jyy = 7.4 Hz, 2 H, H4, H5), 7.26 (t,
8y = 7.7 Hz, 2 H, H2, H7), 7.17 (8Juy = 7.4 Hz, 2 H, H3,
H6), 1.83 (M, 12 H, CH), 1.16 (m, 18 H, Me, P&}. 13C{1H} NMR
(75.5 MHz, CDC}): 6 165.2 (C9), 138.7 (C8a, C9a), 137.2 (C4a,
C4b), 129.9 (C9), 126.0 (C2, C7), 124.7 (C1, C8), 123.7 (C3, C6),
118.5 (C4, C5), 15.9 (m, CHi 8.1 CJpic = 23 Hz, Me, PEY). 31P-
{H} NMR (81.0 MHz, CDC}): 6 4.0 (Jppp = 2902 Hz).

[Pt{ S;,C=C[C1,He(t-Bu),-2,7]} (PEt3),] (4b). This yellow com-
plex was prepared as described 3ar from cis{PtCl(PE%),] (137
mg, 0.27 mmol) andlb (132 mg, 0.28 mmol). Yield: 114 mg,
53%. Anal. Calcd for GuHs.P.PtS: C, 52.09; H, 6.94; S, 8.18.
Found: C, 51.72; H, 7.19; S, 8.02. Mp: 246 (dec). IR (Nujol,
cm1): »(C=CS), 1536.'H NMR (400.9 MHz, CDC}): ¢ 8.78
(d,“Jyy = 1.7 Hz, 2 H, H1, H8), 7.60 (I = 8.0 Hz, 2 H, H4,
H5), 7.19 (dd3Jyy = 8.0 Hz,%Jyy = 1.7 Hz, 2 H, H3, H6), 1.90
(m, 12 H, CH), 1.39 (s, 18 H}-Bu), 1.20 (m, 18 H, Me, PEYt
13C{H} NMR (50.3 MHz, CDC}): 6 162.7 (t3Jpc= 79 Hz, CS),
148.4 (C2, C7), 139.1 (C8a, C9a), 134.9 (C4a, C4b), 130434,
= 3 Hz, C9), 121.8 (C1, C8), 121.1 (C3, C6), 117.6 (C4, C5),
34.9 CMey), 31.8 (Mes), 15.8 (M, CH), 8.2 CJpic = 22 Hz, Me,
PE%). 3'P{H} NMR (162.3 MHz, CDC}): ¢ 3.28 (Jpip = 2894
Hz).

[P{ S;,C=C[C1.Hs(OMe),-2, 7T} (PEL3),] (4c). This yellow com-
plex was prepared as described 3a from cis{PtClL(PEg),] (69
mg, 0.14 mmol) and.c (71 mg, 0.18 mmol). Yield: 72 mg, 73%.
Anal. Calcd for GgH4,0.P.PtS: C, 45.96; H, 5.79; S, 8.76.
Found: C, 46.15; H, 5.99; S, 8.78. Mp: 24Q (dec). IR (Nujol,
cm1): »(C=CS), 1532.1H NMR (400.9 MHz, CDC}): ¢ 8.31
(d,“Jyy = 2.2 Hz, 2 H, H1, H8), 7.53 (I = 8.2 Hz, 2 H, H4,
H5), 6.73 (dd, 2 H, H3, H6), 3.88 (s, 6 H, OMe), 1.90 (m, 12 H,
CHy), 1.19 (m, 18 H, Me, PE}. *C{H} NMR (100.8 MHz,
CDCly): ¢ 158.0 (C2, C7), 140.0 (C8a, C9a), 131.2 (C4a, C4b),
118.1 (C4, C5), 111.0 (C3, C6), 109.4 (C1, C8), 55.6 (OMe), 15.9
(m, CHp), 8.2 flpic = 22 Hz, Me, PEJj) (CS; and C9 not observed).
S1IP{H} NMR (121.5 MHz, CDCY): 6 4.19 {Jpip = 2903 Hz).

[Pt{ S;,C=C(C;.Hsg)} (dbbpy)] (5a). To a solution ofLa (237 mg,
0.72 mmol) in CHCI, (25 mL) were added piperidine (1Qd,
1.01 mmol) and [PtG(dbbpy)] (361 mg, 0.68 mmol). A dark purple
solution formed immediately, which was stirred for 10 min and
evaporated to dryness. Treatment of the residue with MeOH (12
mL) led to the formation of a purple precipitate, which was filtered
off, washed with MeOH (3x 5 mL), and vacuum-dried to give
5a. Yield: 345 mg, 72%. Anal. Calcd for&H3,N,PtS: C, 54.61;

H, 4.58; N, 3.98; S, 9.11. Found: C, 54.34; H, 4.73; N, 4.08; S,
8.99. Mp: 200°C (dec). IR (Nujol, cmit): »(C=CS), 1522.*H
NMR (400.9 MHz, CDC}): 6 8.71 (d,“Jyy = 7.7 Hz, 2 H, H1,
H8), 8.56 (d,*Jyy = 5.9 Hz, 2 H, H6, dbbpy), 7.92 (dJsn = 1.8

Hz, 2 H, H3, dbbpy), 7.80 (FJuy = 7.3 Hz, 2 H, H4, H5), 7.44
(dd, 2 H, H5, dbbpy), 7.32 (tdJuy = 1.0 Hz,33yy = 7.7 Hz, 2 H,

H2, H7), 7.22 (td*Jyy = 1.0 Hz,3J4y = 7.6 Hz, 2 H, H3, H6),
1.39 (s, 18 Ht-Bu). 13C{H} NMR (75.5 MHz, CDC}): ¢ 163.0
(C4, dbbpy), 162.2 (C$, 155.1 (C2, dbbpy), 147.6 (C6, dbbpy),
138.3 (C8a, C9a), 137.0 (C4a, C4b), 129.2 (C9), 126.0 (C2, C7),
124.6 (C5, dbbpy), 123.9 (C3, C6), 122.8 (C1, C8), 119.6 (C3,
dbbpy), 118.8 (C4, C5), 35.&Mej3), 30.2 (Mey).

[Pt{ S,C=C[C1,H¢(t-Bu),-2, 7T (dbbpy)] (5b). This dark blue
complex was prepared as described 5ar from [PtCh(dbbpy)]
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(324 mg, 0.61 mmol) andb (296 mg, 0.62 mmol). Yield: 428
mg, 86%. Anal. Calcd for gHsgN-PtS: C, 58.87; H, 5.93; N,
3.43; S, 7.86. Found: C, 58.85; H, 6.14; N, 3.41; S, 7.56. Mp:
180°C (dec). IR (Nujol, cm?): »(C=CS,), 1538, 1520H NMR
(400.9 MHz, CDCJ): 6 8.82 (d,“Juy = 1.4 Hz, 2 H, H1, H8),
8.50 (d,3Juy = 5.9 Hz, 2 H, H6, dbbpy), 8.04 (dJuy = 1.7 Hz,

2 H, H3, dbbpy), 7.67 (Bwy = 7.9 Hz, 2 H, H4, H5), 7.48 (dd,

2 H, H5, dbbpy), 7.25 (dd, 2 H, H3, H6), 1.47, 1.42 (both s, 18 H
each,t-Bu). 13C{H} NMR (100.8 MHz, CDC})): ¢ 162.8 (C4,
dbbpy), 159.1 (Cg, 155.0 (C2, dbbpy), 148.6 (C2, C7), 147.3 (CS6,
dbbpy), 138.8 (C8a, C9a), 134.9 (C4a, C4b), 130.0 (C9), 124.7
(C5, dbbpy), 121.4 (C3, C6), 119.9 (C1, C8), 119.8 (C3, dbbpy),
117.9 (C4, C5), 35.9, 35.CMe3), 31.9, 30.2 (Mey).

[PH{S,C=C|[C1.Hs(OMe),-2,7]} (dbbpy)] (5¢). This purple com-
plex was prepared as described && from [PtCh(dbbpy)] (359
mg, 0.93 mmol) andlc (393 mg, 0.74 mmol). Yield: 444 mg,
79%. Anal. Calcd for gH3eN,O-PtS: C, 53.46; H, 4.75; N, 3.67;

S, 8.40. Found: C, 53.31; H, 4.88; N, 3.78; S, 8.24. Mp: 1680
(dec). IR (Nujol, cnY): »(C=CS,), 1537.1H NMR (400.9 MHz,
CDCl): ¢ 8.61 (d,SJHH = 5.9 Hz, 2 H, H6, dbbpy), 8.33 (dJHH

= 2.2 Hz, 2 H, H1, H8), 7.95 (d!Jun = 1.8 Hz, 2 H, H3, dbbpy),
7.57 (d,3J4y = 8.1 Hz, 2 H, H4, H5), 7.48 (dd, 2 H, H5, dbbpy),
6.77 (dd, 2 H, H3, H6), 3.94 (s, 6 H, OMe), 1.42 (s, 18tHRu).
13C{1H} NMR (100.8 MHz, CDC}): 6 163.0 (C4, dbbpy), 158.2
(C2, C7), 155.0 (C2, dbbpy), 147.7 (C6, dbbpy), 139.6 (C8a, C9a),
130.8 (C4a, C4b), 124.7 (C5, dbbpy), 119.5 (C3, dbbpy), 118.4
(C4, C5), 110.7 (C3, C6), 108.2 (C1, C8), 55.7 (OMe), 3ENI€s),
30.2 (QVie;) (CS,, C9 not observed).

(PraN),[Pt{ S,C=C[C1,Hg(t-Bu)2-2, 7Tt 4] [(Pr4N)26]. To a sus-
pension of (PiN),2b (553 mg, 0.43 mmol) in THF (25 mL) was
added [FeCgPFs (151 mg, 0.46 mmol), and the mixture was stirred
for 1.5 h. Partial evaporation of the resulting dark brown solution
(10 mL) and addition of BD (25 mL) caused the precipitation of
a reddish brown solid, which was filtered off, washed with MeOH
(2 x 5 mL), and vacuum-dried to give (\).6. Yield: 231 mg,
49%. Anal. Calcd for € H15)N-PbSs: C, 61.90; H, 7.05; N, 1.29;

S, 11.80. Found: C, 61.70; H, 7.27; N, 1.30; S, 11.70. Mp: 211
°C (dec).Auw (MexCO, 3.6x 104 M): 121 Q-1 cn? mol™. IR
(Nujol, cm™): »(C=CS,), 1510.1H NMR [400.9 MHz, (CDB)-
COJ: 6 8.90, 8.88, 8.52, 8.14 (all dJyy = 1.5 Hz, 2 H each, H1,
H8), 7.70, 7.67, 7.62, 7.47 (all )y = 8.0 Hz, 2 H each, H4,
H5), 7.30 (app td3Jyn = 8.0 Hz,*Jyy = 1.5 Hz, 4 H, H3, H6),
7.16, 7.01 (both diBJyy = 8.0 Hz,%Jyy = 1.5 Hz, 2 H each, H3,
H6), 3.11 (m, 16 H, NCH), 1.52 (m, CH, 16 H), 1.47, 1.40, 1.29,
1.13 (all s, 18 H each;Bu), 0.79 (t,3Jyy = 7.2 Hz, 24 H, Me,
P|'4N+).

(Et4N),[Pto{ S;,C=C[C1,H(t-Bu)-2,7T 4] [(Et 4N).6]. This com-
pound was prepared as described fogs6, from (E4N),2b (93
mg, 0.08 mmol) and [FeG}PFs (29 mg, 0.09 mmol). Yield: 73
mg, 89%. Anal. Calcd for G/H13N2PLSg: C, 60.61; H, 6.65; N,
1.36; S, 12.45. Found: C, 60.09; H, 6.46; N, 1.47; S, 12.19. Mp:
240°C (dec).Ay (MexCO, 1.6x 1074 M): 149 Q= cn? mol .

IR (Nujol, cm™3): »(C=C$%), 1514.1H NMR [400.9 MHz, (CD),-
COJ: 0 8.94, 8.86, 8.55, 8.04 (all dJun = 1.5 Hz, 2 H each, H1,
H8), 7.70, 7.66, 7.63, 7.49 (all )y = 8.0 Hz, 2 H each, H4,
H5), 7.31, 7.29, 7.17, 7.03 (all d&8}yy = 8.0 Hz,*Jyn = 1.5 Hz,
2 H each, H3, H6), 3.24 (¢Jus = 7.3 Hz, 16 H, NCH), 1.45,
1.41,1.31, (all s, 18 H eachkBu), 1.13 (tt,3Jyy = 7.2 HZ,3J\u =
1.5 Hz, 24 H, Me, EN™), 1.12 (s, 18 H{-Bu).

(PPNY[PtA S,C=C[C1,He(t-Bu),-2,7T} 4] [[PPN)26]. To a sus-
pension of (PiN),6 (249 mg, 0.12 mmol) in CkCl, (20 mL) were
added (PPN)CI (330 mg, 0.57 mmol) and water (8 mL), and the
mixture was vigorously stirred for 15 min. The dark brown organic
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layer was decanted, filtered through anhydrous MgSénd
concentrated (2 mL). Addition of MeOH (8 mL) led to the formation
of a dark brown solid, which was filtered off, washed with MeOH
(2 x 3 mL) and EtO (2 x 3 mL), and vacuum-dried to give
(PPN)Y6. Yield: 298 mg, 86%. Anal. Calcd for GoH156N2PHSs:

C, 66.78; H, 5.46; N, 0.97; S, 8.91. Found: C, 66.59; H, 5.64; N,
1.05; S, 8.69. Mp: 200C (dec).Au (Me,CO, 4.4 x 1074 M):
144Q~1 cm? mol~L. IR (Nujol, cnm): »(C=CS), 1520.H NMR
[400.9 MHz, (CDB),CO]: ¢ 8.94, 8.83, 8.56, 8.12 (all &)y =
1.7 Hz, 2 H each, H1, H8), 7.737.49 (m, 66 H, PPN + H4,
H5), 7.41 (d,2J4n = 8.0 Hz, 2 H, H4, H5), 7.257.22 (m, 4 H,
H3, H6), 7.12, 6.94 (both ddJyy = 8.0 Hz,*Jyy = 1.7 Hz, 2 H
each, H3, H6), 1.37, 1.33, 1.25, 1.07 (all s, 18 H eadB)). 13C-
{H} NMR [100.8 MHz, (C?),CO]: 6 174.9, 165.5, 152.5 (G}

149.4, 148.93, 148.88, 148.4 (C2, C7), 139.6, 139.5, 139.4 (C8a,

(10 mL) was added 1,8-bis(dimethylamino)naphthalene (22 mg,
0.10 mmol). A brownish red precipitate formed immediately, which
was filtered off, washed with ED (5 mL), and vacuum-dried to
give DMANHS. Yield: 104 mg, 92%. Anal. Calcd for £gHggN2-
PtS: C, 62.39; H, 6.14; N, 2.51; S, 11.49. Found: C, 62.09; H,
6.14; N, 2.45; S, 11.32. Mp: 15%C (dec).An (Me,CO, 3.1x
104 M): 95Q~1cnm? molL IR (Nujol, cnr): »(C=CS,), 1514.

IH NMR [400.9 MHz, (C3).CO]J: 6 8.80 (d,*Jyn = 1.5 Hz, 2 H,
H1, H8, dithiolato), 8.09 (BJyy = 7.7 Hz, 4 H, H2, H4, H5, H7,
DMANH), 7.85 (br s, 2 H, H1, H8, dithioato), 7.73 &y = 7.7
Hz, 2 H, H3, H6, DMANH), 7.70, 7.60 (both &)y = 8.0 Hz, 2

H each, H4, H5, dithioato and dithiolato), 7.48 (dd,y = 8.0
Hz, 4Jun = 1.6 Hz, 2 H, H3, H6, dithioato), 7.12 (ddJyn = 8.0
Hz, Juy = 1.6 Hz, 2 H, H3, H6, dithiolato), 4.87 (s, 1 H, H9,
dithioato), 3.31, 3.30 (both § H each, NMg), 1.38, 1.34 (both s,

C9a, two signals clearly overlapped), 136.5, 135.6, 134.3, 134.0 18 H eacht-Bu).

(C4a, C4b), 128.7, 128.6 (C9, expected third signal probably
overlapped by PPNresonances), 123.3, 123.1 (C3, C6), 121.9,

121.6 (C1, C8), 121.4, 120.5 (C3, C6), 120.3, 119.5 (C1, C8) 118.7,

118.6, 118.0 (C4, C5, two signals clearly overlapped), 35.7, 35.5,
35.3 CMe;s, two signals clearly overlapped), 32.6, 32.5, 32.21,
32.18 (QViey).

[Pt S;,CCH[C 1He(t-Bu),-2,7TH4] (7). To a suspension of
(PrN)22b (209 mg, 0.16 mmol) in CkCl, (20 mL) was added
trifluoromethanesulfonic acid (32L, 0.37 mmol). The resulting

dark red solution was stirred for 5 min and evaporated to dryness.

Results and Discussion

Synthesis and Properties of Platinum(ll) Complexes
with (Fluoren-9-yliden)methanedithiolato and Substituted
Derivatives. The platinum(ll) complexes with (fluoren-9-
ylidene)methanedithiolato ligand and its 2, 7telit-butyl- and
2,7-dimethoxy-substituted analogues were obtained by react-
ing different chloroplatinum(ll) precursors with the dithioates
(pipH)[(2,7-RC12He)CHCS] [R = H (14&), t-Bu (1b), or

Treatment of the residue with pentane (20 mL) gave a precipitate OMe (10)] in the presence of piperidine. As in the case of

of PuN(CRS0;) and a dark red solution. The solid was removed
by filtration and the clear filtrate evaporated to dryness to give
as a dark brown microcrystalline solid. Yield: 116 mg, 78%. Anal.
Calcd for GgH1odPLSs: C, 58.58; H, 5.59; S, 14.22. Found: C,
58.60; H, 5.93; S, 14.13. Mp: 24&. IR (Nujol, cnTd): v(CS),
1025, 998.*H NMR (600 MHz, CDC}): ¢ 7.57, 7.45 (both d,
3Juy = 8.0 Hz, 4 H each, H4, H5), 7.41, 7.40 (both BrH each,
H1, H8), 7.36, 7.33 (both d&Jyy = 8.0 Hz,“Jyy = 1.6 Hz, 4 H
each, H3, H6), 5.44, 4.32 (both  H each, H9), 1.24, 1.22 (both
s, 36 H eacht-Bu). 13C{1H} NMR (150.9 MHz, CDC}): ¢ 261.5,
239.8 (C9), 150.6, 150.5 (C2, C7), 144.8, 139.9 (C8a, C9a), 138.7,
138.1 (C4a, C4b), 125.7, 125.0 (C3, C6), 122.9, 121.7 (C1, C8),
119.2 (C4, C5), 71.5, 68.2 (C9), 35.0, 34OMe3), 31.7, 31.6
(CMes). 9P 'H} NMR (86.2 MHz, CDC}): 6 —3176.

PraN[PH{ S,CCHIC 12He(t-Bu)2-2, 7H S;C=C[C 12H¢(t-Bu)2-
2,711 (Pr4N8). To a suspension of (i),2b (112 mg, 0.09 mmol)
in CH,Cl, (15 mL) was added trifluoromethanesulfonic acid«(8
0.09 mmol). Reaction took place immediately to give a violet
solution. Partial evaporation of the solvent (4 mL) and addition of
Et,O (5 mL) led to the formation of a violet precipitate, which
was filtered off, washed with a 2:3 (v/v) mixture of GEl, and
Et,O (2 x 3 mL), and vacuum-dried to give JN8. Yield: 81 mg,
85%. Anal. Calcd for ggH7NPtS;: C, 61.85; H, 7.14; N, 1.29; S,
11.79. Found: C, 61.88; H, 7.22; N, 1.50; S, 11.83. Mp: 160
(dec).Ap (Me,CO, 3.0x 1074 M): 97 Q-1 cn? mol~2. IR (Nujol,
cm1): »(C=CS), 1514;v(Pt=S), 353, 364*H NMR (400.9 MHz,
CDCl): 6 8.72 (d,Juy = 1.6 Hz, 2 H, H1, H8, dithiolato), 7.81
(brs, 2 H, H1, H8, dithioato), 7.60 (app*tn = 7.9 Hz, 4 H, H4,
H5, dithioato+ dithiolato), 7.42 (dd3Jyy = 7.9 Hz,%Jyy = 1.6
Hz, 2 H, H3, H6, dithioato), 7.14 (ddJuy = 7.9 Hz,*Jyy = 1.6
Hz, 2 H, H3, H6, dithiolato), 4.85 (s, 1 H, H9, dithioato), 2.97 (m,
8 H, NCH,), 1.37 (s, 18 H{-Bu), 1.35 (s, 18 H{-Bu), 1.40-1.32
(m, 8H, CH,, overlapped by-Bu signals), 0.70 (8Juy = 7.3 Hz,
12 H, Me, PEN™).

DMANH[Pt { SQCCH[C 12H 6(t-BU)2-2,7]}{SzC=C[C12H e(t-BU)z-
2,711 (DMANHS). To a solution of7 (92 mg, 0.05 mmol) in EO

the gold(l) and gold(lll) complexes, the formation the
platinum(Il) complexes is straightforward, taking place by
the displacement of the chloro ligands by the dithioates and
the subsequent deprotonation of the C9 carbon atom of the
9-fluorenyl moiety by the base.

The anionic complexes fPH{ S,C=C(Ci-HesR2-2,7)} 2],
where @ = PyN™ for R = H [(PryN),2a], Qt = E4N™ or
PNt for R = t-Bu (Q:2b), or Q" = PN* for R = OMe
[(PraN).2c], were prepared in moderate yields 4680%)
from the reaction of PtGlwith piperidine, the corresponding
QCl salt, and the piperidinium dithioat&a—c in molar ratio
1:2:2:2 in CHCI, (Scheme 1). Addition of piperidine to GH
Cl, suspensions of Ptgkesults in the formation of clear
solutions presumably containing a mixturecis- andtrans-
[PtClx(pip).].%° The dithioatesla—c displace the chloro and
piperidine ligands and are then deprotonated by the free
piperidine. In the presence of QCI salts {PrN*, EuUNT),
the poorly soluble compounds,Za—c precipitate as orange
solids and can be separated from the piperidinium chloride
by washing with CHCI,. Attempts to obtain more soluble
salts by using bulkier cations resulted in very low yields
(BusN™) or were unsuccessful (PPNind PhP"). In absence
of QCI, the piperidinium salt (pipH2b was obtained in 74%
yield. In an attempt to prepare the neutral complex$E=
C[C12Hs(t-Bu),-2, 7T (pip)2] from the reaction of PtG| 1b,
and piperidine in molar ratio 1:1:3, the Magnus-t§fpealt
[Pt(pipk]2b was obtained in 83% vyield. The salts 2d—c
are moderately stable compounds both in the solid state and
in dimethyl sulfoxide solution.

(30) Belluco, U.; Cattalini, L.; Turco, Al. Am. Chem. So&964 86, 3257
3261. Kauffman, G. B.; Cowan, D. Qnorg. Synth.1965 7, 249.
Cattalini, L.; Guidi, F.; Tobe, M. LJ. Chem. Soc., Dalton Trans.
1993 233-236.

(31) Rodgers, M. L.; Martin, D. SPolyhedron1987, 6, 225-254.
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Scheme 1 Scheme 2

pip

tBu t-Bu
R 5a-c
R Q L
a H 2a,c PryN* -c PPh O
Q2a,c Pryl ) N 3a-c 3 Q.6 EtN*, PrN* "

b +Bu Qu2b EtN* PrN* pipH*  da-c PEts a8 PrN" DMANH® R= ,

¢ OMe or Qs = [Pt(pip)4]?* A O
pip = piperidine; dbbpy = 4 ,4'-di-tert-butyl-2,2'-bipyridyl tBu

The neutral complexes [F$,C=C(Ci2HeR2-2,7)Ls], where character of the ligands, which had also been revealed by

L = PPk and R= H (3a), t-Bu (3b), and OMe 8¢), L = the electronic absorption and emission properties of the gold-
PEg and R= H (4a), t-Bu (4b), and OMe 4¢), or L, = (I) complexes. To investigate if the (fluoren-9-ylidene)-
dbbpy for R= H (5a), t-Bu (5b), and OMe bc) (dbbpy= methanedithiolato ligands would also facilitate the oxidation

4,4 -di-tert-butyl-2,2-bipyridyl), were prepared in moderate of the platinum(ll) complexes, we carried out the reactions
to high yields by displacement of the chloro ligands in the of Q,2a—c with the mild oxidant [FeCgPFs. Although the
corresponding precursors [PtC4] with the dithioatesla—c three complexes reacted at room temperature in THF, MeCN,
in the presence of piperidine. In most cases, the piperidinium or Me;CO, only in the cases of the salts2if was one single
chloride can be removed easily by washing the crude platinum product obtained, whose elemental analyses and
products with MeOH or EtOH. The phosphine complexes negative-ion FAB mass spectra were consistent with the
3a—c and4a—c are remarkably stable yellow microcrystal- formulation Q[Pt{ S,C=C[C12Hes(t-Bu),-2,7] 4] (Q26, Q =
line solids. In contrast, the diimine derivativea—c are very EuN*, PuNT) (Scheme 2). These salts are brownish red
dark colored solids (purple or dark blue) and are sensitive microcrystalline solids that scarcely dissolve in £t or
to visible light both in the solid state and in CHQ@Ir CH,- CHCIl; and are only slightly more soluble in MO and
Cl, solutions?? Like the previously described complexes of dimethyl sulfoxide. To complete the characterization of the
the type [Pt(dithiolato)(diimine)], compounds—c display dianion 6 by *C{*H} NMR and to obtain single crystals
a marked solvatochromism (see below). suitable for X-ray diffraction studies, we prepared the soluble
Oxidation of Q,2b. Formation of an Unprecedented Pt- salt (PPN)6 (PPN = [(PhsP)N]™) from (PiN),6 by cation
(I —Pt(1V) Dithiolato Complex. We have recently reported metathesis with (PPN)CI in Cigl/water. Preliminary
that the gold(l) complexes with (fluoren-9-ylidene)methane- crystallographic studies on theXsalts (see below) revealed
dithiolato ligand and its substituted analogues are readily that the dianion6 is composed of one Pt(Il) center in a
oxidized to gold(lll) complexes under atmospheric conditions distorted square-planar environment and one Pt(IV) center
or through their reactions with the organic acceptor TCRQ. in a distorted octahedral environment, joined together by two
This fact was attributed to the strong electron-donating bridging dithiolato ligands, as depicted in Scheme 2. The
(32) Platnom dimine dil m— - f compounds &b (Q = EuNT, PyN™) can also be obtained
atinum dimine dithiolates which display low-energy charge-transter- jn moderate to high yields by reactingZp with anhydrous
reaclions. Soe, ot example: voler A Kunkely. JLAm. Crem. " FeCh or FeCh (1:1) in MeCO, MeCN, or THF. The reaction
Soc.1981, 103 1559-1560. Zhang, Y.; Ley, K. D.; Schanze, K. S.  with FeCh succeeds only in the presence of atmospheric
Inorg. Chem 199§ 35, 7102 7110. Connick, W. B.; Gray, H. B oxygen and is not catalytic. The dianiéndisplays a very

Am. Chem. Sod 997, 119, 11626-11627. We are currently investi- ’ - : : . '
gating the photoreactivity dba—c. high stability both in the solid state and in solution, and the
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attempts to split it into Pt(ll) and Pt(IV) complexes through
the reaction with excess NaCN or KSCN were unsuccessful.
As far as we are aware, the previously reported 1,1-
ethylenedithiolato complexes of Pt(IV) are limited to the
(cyclopentadienylidene)methanedithiolato derivativaNgt
[Pt(SC=C:H4)3)*® and [PtBs(tbcda)(dpphen)] (tbcda=
2-(tert-butoxycarbonyl)-2-cyano-1,1-ethylenedithiolate; dp-
phen= 4,7-diphenyl-1,10-phenanthrolin&).

Protonation of 2b. The protonation of the anionic
complexea—c was attempted to explore the basic character
of the coordinated (fluoren-9-ylidene)methanedithiolato ligands
and the possibility of obtaining dithioato complexes. Only
in the case of complexXb, containing the diert-butyl-
substituted dithiolato ligand, were compounds of definite
compositions obtained. The reaction of f@r2b with triflic
acid (HGSCHR;, HTfO) in molar ratio 1:2 in BO resulted
in the protonation of both dithiolato ligands at the C9 carbon
atom of the 2,7-dtert-butylfluoren-9-ylidene moiety and the
formation of the dinuclear dithioato complex {$,CCH- =
[CioH6(t-Bu)-2, 7T 4] (7). This dark brown compound is  Figure 1. Structure of comple8b. Hydrogen atoms are omitted for clarity.
highly soluble in most organic solvents, including@tand
hexane, and can be easily separated from th&\JPfO and
isolated in almost quantitative yields. Although it was not
possible to grow crystals af suitable for X-ray diffraction
studies, a dinuclear structure containing two bridging and
two chelating dithioato ligands (Scheme 2) can be proposed
on the basis of itdH and **C NMR spectra, which reveal
the presence of two different dithioato ligands. This structure
has been found in a dinuclear (dithiocumato)platinum(Il)
complex reported by Fackler and co-work&$he positive-
ion FAB mass spectrum af shows the isotope distribution
corresponding to a dinuclear™™on. Compound’ can also
be obtained directly by reacting PtGlith 1b (1:2) in CH,-

Cl,. The reaction of7 with 2 equiv of piperidine resulted in
its deprotonation to give (pipk2b. A

When the protonation of (&)22b was carried out with Figure 2. Structure of comple%c. Hydrogen atoms are omitted for clarity.
1 equiv of triflic acid, the mixed dithiolato/dithioato complex )

Pr4N[Pt{ SQC=C[C]_2H6(t'BU)2'2,7]}{SQCCH[C]_ZHG(t'BU)Z' Table 2. Selected Bond Distances (A) and Angles (deg)3br

2,71] (Pr,N8) was obtained (Scheme 2), which can be PtP(1) 2.2958(6)  S(1H)C(10) 1.756(2)
separated from the (/M)TfO thanks to its lower solubility ﬁi:g% g:gggg% g((a%((llg)) i;gggg
in CHCI/Et,O and isolated in high yield as a violet solid.  pt-s(2) 2.3259(6)

The anion8 can also be obtained from the reactiorafith P(1-Pt-P(2)  103.29(2) S(HPt=S(2) 74.33(2)
1 equiv of the proton sponge (1,8-bis(dimethylamino)- ﬁ&tﬁ::g&; 18?:3%?2()1 9 g((llgggg)tg gg:éig;
naphthalene= DMAN) in Et,O, where the salt DMANIE P(1)-Pt=S(2) 91.51(2) S(&C(10y-S(1)  106.16(10)
precipitates as a brownish red solid. Botl8 ®alts are P(2-Pt-S(2)  165.00(2)

unstable in solution under atmospheric conditions, undergo-

. : . . Table 3. Selected Bond Distances (A) and Angles (deg)FoiCH,Cl,
ing deprotonation and oxidation to form the Pt{iPt(IV)

complex6é. The aniorBis a rare example of mixed dithiolato/ E:&t“% g:giggig ggggggg 1;2;8
dithioato complex. Pt(1)-S(1) 2.2745(13)  C(9)C(10) 1.359(7)
Crystal Structures of Complexes.The crystal structures ~ Pt(1)-S(2) 2.2762(13)

. . : N(2)—-Pt(1)-N(1)  78.86(16 S(LYPt(1)-S(2 75.20(5
of 3b (Figure 1) andcCH,Cl, (Figure 2) were determined N§2§—Pt§l)):s§l)) 177.66((12)) C((feas((l))__,g(t()l) 90.235123)

by X-ray diffraction studies. Selected bond distances N(1)-Pt(1)-S(1) 103.24(11) C(18)S(2)-Pt(1)  90.17(17)
and angles are listed in Tables 2 and 3. Both structures “g;:ﬁ:g)ﬁg% %;;ggg S(HC(10)-S(2)  104.4(3)
exhibit a square planar coordination around the plati- ’

num atom (mean deviations from planes:P8%, 0.053 A;

(33) §4uoTTéggs, S.D.; Cheng, L. T.; Eisenberg Ghem. Mater1997 9, S,PtN,, 0.022 A). The angles -SPt—S of 74.33(2) 8b)
(34) Fackler, J. P., Jd. Am. Chem. Sod972 94, 1009-1010. Burke, 5. @nd 75.20(5) (5¢) are typical of four-membered G8

M.; Fackler, J. PInorg. Chem.1972 11, 3000-3009. chelate rings, and the coordination geometries anSRind
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Pt—N bond distances are very similar to those of the re- equivalent atoms. As a result, thd NMR spectra show a
lated complexes [P§,C=C(COMe)} (PPh),],?® [Pt(SC= total of four singlets of the same intensity for thBu groups
CHCOPh)(PP¥)5]?° and [Pt(SC=CHCOFc)(PP¥§),] (Fc = and four sets of signals for the aromatic protons (see
ferrocenyl)?? or [P{S,C=C(COMe})}(dbbpy)] and [Pt- Experimental Section and Supporting Information)3&-
{ S,C=C(CN)(GsH4Br-4} (dbbpy)]** The dithiolato ligands  {*H} NMR spectrum could be measured only for the more
are essentially planar [excluding substituents of the fluoren- soluble PPN salt and shows four signals for each of the
9-ylidene fragments; mean deviations from plane: 0.838) (  carbon atoms of the dithiolato ligand, except for the,CS
and 0.029 A §0)]. and C9 atoms. The three expected resonances o€&e
Crystals of the EN*, PuN™, and PPN salts of dianion carbon atoms appear @tl74.9, 165.5, and 152.5, the latter
6, obtained from a variety of solvents, and also of the displaying a higher intensity and being assignable to the
DMANH™* salt, obtained from the aerial oxidation of bridging ligands. Only two of the three expected C9
DMANH8 in Me,CO, were apparently suitable for crystal- resonances are observable §at28.7 and 128.6), probably
lographic studies, but they either underwent rapid loss of because one of them is overlapped by PRbsonances.
solvent or, if stable enough to be handled, presented severe The presence of the dithioato ligands in complexesd
twinning or disorder problems; therefore, the structures could Q8 is clearly confirmed by the resonances of the H9 atoms
not be refined satisfactorily. However, in all cases the data of the 2,7-ditert-butylfluoren-9-yl group, which appear in
revealed unequivocally that complék has the structure  the ranged 5.44-4.32. The'H and3C{!H} NMR spectra

depicted in Scheme 2, which can be viewed as §3@&= of complex7 show duplicate signals for each of the protons
C[CiHe(t-Bu)2-2, 7]} 5] unit, with a Pt(IV) in a distorted  and carbon atoms of the dithioato ligand, which is consistent
octahedral environment, attached to af fBC=C[CyHs(t- with the presence of two bridging and two chelating
Bu)-2,7]}] fragment, containing the Pt(ll) center, through dithioates as depicted in Scheme 2. The saBsg@e rise
two sulfur atoms of different ligands. The /i salt, to almost identical resonances for the protons of the anion,
obtained as described for the PPMNalt, crystallizes as a  with one set of signals corresponding to a dithioato ligand
dichloromethane disolvate in the space gré&ipwith a = and another set corresponding to a symmetrical dithiolato
18.489(3),b = 18.634(3), anc = 19.573(3) A anda = ligand.

99.389(4),5 = 94.922(4), andy = 108.726(3) at —140 IR Spectra. The solid-state infrared spectra of the platinum

°C. The structure was refined to wR2 0.37, R1 0.13 (anion complexes with the (fluoren-9-ylidene)methanedithiolato
Ptand S anisotropic, all other atoms isotropic, H atoms not jigand and its substituted derivatives show one or two bands
included; see the CIF file in Supporting Information) and petween 1500 and 1538 cassignable to the(C=CS)
its qualitative nature established unambiguously, but large mode3s As is the case with the previously described gold
features of residual electron density (9 e%precludgd complexeg? the observed variations in the energies of the
satisfactory refinement. The crystal was probably tyvmned. »(C=CS,) bands can be attributed to the oxidation state of
NMR Spectra. The *H NMR spectra of the platinum  the metal center and the nature of the ligands attached to it,
complexes with the (fluoren-9-ylidene)methanedithiolato hich affect the strength of the component of the €CS;
ligand and its substituted analogues show the signals cor-pond. Usually, a higher oxidation state and/or the presence
responding to the aromatic protons of the ligands between of weaker donor ligands favor the resonance farof the
6 8.94 and 6.60. The resonances of the H1 and H8 protons(flyoren-9-ylidene)methanedithiolato ligand (Chart 1) and
(0 8.94-7.86) are significantly downfield-shifted relative to  jncrease the energy of the(C=CS,) band. Thus, the
the free dithioateda—c and represent a distinctive charac- djanionic complexe®a—c give rise to the lowest energy
teristic of coordinated (fluoren-9-ylidene)methanedithiolato for this band (around 1500 cr), while the Pt(I1)-Pt(1V)
ligands?® The *C NMR spectra show the resonance of the complex6 (1510-1520 cnt?), the monoprotonate8l (1514
C9 atom within a very narrow range aroundl30, while cmY), and the neutral complex&a—c, 4a—c, and5a—c
the chemical shift of theCS, carbon atom undergoes (1520-1538 cn?) display appreciably higher energies. The
S|gr_1|f|c_ant variations, being much higher for the anionic ,(pt-S) band can be unequivocally assigned only for the
derivatives @a—c (6 187.1-183.2) than for the neutraa— dianionic complexe®a—c and appears around 340 th
¢, 4a—c, and5a—c (0 165.5-159.1). These variations agree 1355 Spectra. The electrospray ionization (ESI) and/or
with the observations reported for the gold comple3der fast atom bombardment (FAB) mass spectra of complexes
which theCS, chemical shift decreases as the negative charge(Pr4N)22b (Pr:N)6, 7, Pr;N8, and DMANHB were measured
on the complex decreases or as the oxidation state of th€y, comfirm their nuclearity (see Supporting Information for
metal center or its electron-accepting character increases. geyails). The most abundant peak in the negative ESI mass
Thf 'H NMR Spectga of compoundsQ (Q = EtN", spectrum of (PiN),2b appears am'z 450 and corresponds
PuN™, PPN') and the*C NMR spectrum of (PPNp are (5 the dianionic specieb; the isotopic distributions cor-
fully consistent with the dinuclear structure depicted in regnonding to the monoanion resulting from the one-electron
Scheme 2. The dianio6 is a chiral molecule with overall ;v iqation of 2b and the ionic association M2b are also

C, symmetry in solution, containing three types of dithiolato  jpserved (most intense peaksnaz 900 and 1086, respec-
ligands. The two bridging dithiolates are equivalent to each

other but, in contrast to thg chelating dithiolates, do not _Iie (35) Jensen, K. A.. Henriksen, IActa Chem. Scand.968 22, 1107
along theC, symmetry axis and therefore do not contain 1128.
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tively). The isotope pattern of the ion pair,R6 is observed Table 4. Electronic Absorption Data for Compoun@s-8 in CH,Cl>
. . . i 5
in both the negative-ion FAB and ESI mass spectra of Solution (ca. 5< 107 M) at 298 K ¢ > 330 nm)

(PruN),6 at m/z 1985. The fragmentation & gives funda- compd Anm /M~ em™)
mentally monoanioni2b in FAB, while the softer ESI (PuN)-2a 338 (12 500), 435 (sh, 7100), 501 (38 100)
technique allows the observation of several dinuclear species. (PN)22b 337 (28 100), 428 (12 200), 490 (57 600)
The positive-ion FAB mass spectrumdhows the isotope E';téﬂ)pz M2b 408 Eg(l)oscgb; 219(21&(13%0&’);1 71(30000)
distribution corresponding to a dinuclearNon atm/z 1804 3a 398 (45 400)
with a relative abundance of 35%, while the most abundant 3P 399 (47 800)
ion is the mononuclear species {BfCCH[Cy2Hg(t-Bu)e- ig §§§ 82 288; 410 (26 900)
2,7T+2]", which most probably results from the fragmentation  4b 391 (31 900), 408 (28 800)
of the M* ion. In negative mode, the FAB MS @fdisplays 4c 389 (35 500), 405 (30 900)

. N e 5a 383 (28 000), 399 (33 100), 532 (10 800)
the isotopic distribution of monoanionizb as the most 5b 381 (27 800), 397 (31 400), 543 (10 000)
abundant ion, while the partially deprotonated dinuclear sc 388 (22 100), 395 (23 500), 531 (8200)
species [P"_{ SZCZC[Clej(t'Bu)z'ZJ]} o S;CCHIC,Heft- Egg’r\\ll))fga ggg gm’sélzl;om, 420 (116 400)
Bu).-2,7]} 2]~ and [PH S;C=C[CiHe(t-Bu)-2, 7] o S;,CCH- 7 347 (12'900), 388 (11 300), 509 (2800), 574 (1900)
[CioHs(t-Bu),-2,71]~ show up with very low relative PLN8 383 (27 400), 401 (35 600), 534 (15 700)
abundances atvz 1802 and 1448, respectively, indicating =~ DMANHS 384 (22 300), 402 (28 800), 535 (11 400)

that they have a very low stability as compared to monoan-  aAccurate concentration andvalues could no be meassured for this
ionic 2b. The ionization of7 by the ESI technique was very ~ compound due to its very low solubility.
poor in CHCl,, and the compound is not soluble enough in for these low values. The molar conductivities of th8 Q
MeCN; therefore, consistent results were not obtained. The - _

’ Ny o ; salts [97 (Q= PiNT) and 95Q~ cn? mol™? =
most abundant isotope distribution observed in the ESI mass, [97 (Q ") (Q
spectra of @ (Q = PyN* and DMANHY), obtained from
fresdhly_ prep%redbllvlecm or Gl SIOIUtlorrEO#L negative Electronic Absorption Spectra. The UV—visible absorp-
moae, IS attributable to the mononucieara € patterr_1 tion spectra of the platinum compounds were measured in
is similar to that of monoanioni2b but shifted by one unit the range 206700 nm in CHCl, at 298 K. All of them
at highemvz. However, its most intense peak occurs also at display the bands arising from the fluoren-9-ylidene moiety
mz 900, _and_not the expecteufz 901, probably because of at around 230, 250, and 300 rifnThe absorptions witii
the con'Frlb_utlon OT small amounts of monoanio@le After > 330 nm are listed in Table 4. The spectra of the dianionic
ca. 5 min in s.olufuon, the ESI. mass spectra &f Show fche complexes @a—c show medium-intensity bands in the
isotopic distribution of the dianio@b at m/z 450, which 330-340 and 406430 nm regions and a very intense band
results from the .dfe.protonatlon 6f . - in the range 496501 nm, the pattern being similar to that
~ Molar Conductivities. Because of their very low solubility  gpserved for the isoelectronic gold(lll) complexes {&C=
in Me,CO, the molar conductivities of (f).2a and Q2b C(CiHeR>-2,7}2]~ (R = H, t-Bu, OGH:).26 The spectra
(Q=EtN", PuN") were measured in MENGA concentra- o the phosphine complex@sda-—c also display very intense
tions of ‘E‘li 1x 107" M. The values found (128134 bands above 330 nm; for the PRIomplexes, only one band
cn? mol™) fall in the range g'Yle” by Giaﬁ/ for 2:1 of triangular shape is observed at around 400 nm, which
electrolytes in MeN@(115-250Q"* c? mol™); however,  regolves into two bands for the REmalogues at 390 and
accurate comparisons are not possible because the concentra g nm. The intense lowest energy absorption band observed
tions employed for obtaining reference values (usually’10  for 3 number of dianionic bis(1,1-ethylenedithiolato)platinate-
M) were much higher. The conductivities of the rest of the (1837 and neutral 1,1-ethylenedithiolatobis(phosphine)-
ionic compounds were measured in /2O at 5x 10 M platinum(l1y*° complexes has been assigned to a metal-to-
or somewhat lower concentrations. Thglvalues f011r11d for ligand charge-transfer (MLCT) transition for which the
(pipH):2b and (PiN).2c (83 and 94Q™* cm? mol™, HOMO is a mixture of metal and dithiolate orbital character
respectlvely)_ are considerably lower than expected for 2:1 504 the LUMO is a dithiolate-basett orbital. The lowest
electrolytes in MgCO (range 166200 Q™* cn¥ mol™*),* energy absorptions observed fos2@—c, 3a—c, and4a—c
probably as a resullt of ion aS§°9'at'°”- The conductivity of ¢an pe given the same assignment on the basis of structural
[Pt(pipk]2b (74 Q™+ cn? mol™) is rather low relatlve_lto similarity. Their large molar extinction coefficients are
reference values for 1:1 electrolytes (range 000 © comparable to those of analogous derivatives containing
cn? mol™); although we have not found reference data for j_mnt or ecda ligands®?” and typical of charge-transfer
bisdivalent electrolytes in the literature, this value confirms yansitions in 1,1-ethylenedithiolato compleXeEhe lower
the lonic nature of the compound. The sali§ @ = EUNE energies observed for the MLCT absorptions in the anionic
PrN*, PPN’) gave conductivities in the range 12149 complexes @a—c relative to those in the neutral complexes
cn? mol™%, which are close to the lower limit of the reference 3,4a—c are consistent with the expected higher d orbital

range given for 2:1 electrolytes; again, ion association and gpergies in the anionic systems as compared to the neutral.
probably the expected low mobility of diani@may account The variations due to the phosphine ligandsSjda—c are

DMANH *)] are in good agreement with the reference values
given for 1:1 electrolytes.

(36) Geary, W. JCoord. Chem. Re 1971, 7, 81-122. (37) Werden, B. G.; Billig, E.; Gray, H. Bnorg. Chem1966 5, 78—81.
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Table 5. Lowest Energy Absorption Band for Complexea—c as a
Function of Solverit

Amax, NM
solvent 5a 5b 5¢

toluene 599 607 596

THF 552 564 553

CHCl3 560 572 557

CH.Cl, 532 543 531 A
Me,CO 512 528 513

dimethyl sulfoxide 494 511 497

MeCN 490 502 495

a5 x 1075 M.

small, but the lower MLCT energies observed #a—c
relative to 3a—c are attributable to the higher electron- S
donating character of Pﬁtwh_ich raises the energy of the 350 400 250 500 550 500 650 700
HOMO.1° When compared with analogous complexes con- Wavelength (nm)

taining 1,1-ethylenedithiolates with electron-withdrawing rigure 3. Absorption spectra of complesb in solvents of different
groups, the energies of the MLCT transitions igP@-c and polarity (absorbance not to scale).

3,4a—care conside_rably lower. Thus, in the cases gtay berg® gave good linear correlationsR{ > 0.93; see
¢, the MLCT band is up to 4250 crhlower than that of the  sypporting Information) and yielded solvatochromic shifts
anionic complexes [Atmnt)]>~ (413 nmj§’ and [Pt(ecda)?” of 0.21 Ga), 0.23 6b), and 0.22 §c) (in cm* x 1079),

(424 nm§ and only comparable to those found for the closely \yhich are generally lower than those reported for the
related (cyclopentadienyilidene)methanedithiolato derivative sojlvatochromic transitions of other Pt(ll) diimine dithiolates.
(516 nmj® and dithiolene complexes such as [P{(ft)  As s the case for the MLCT transitions observed foR&-
(474 nmj®and [Pt(qdt]>" (510 nm)®* Likewise, the MLCT ¢ 3a—c, and 4a—c, the energies of the solvatochromic
energies observed for the phosphine comple3@sc and transition in 5a—c in CHCl, are much lower than in
4a—c are about 3840 or 3080 cr respectively, lower than analogous Pt(Il) complexes containing dbbpy and 1,1-
those of [Pt(ecda)(PBJ] (346 nm) and [Pt(ecda)(PGy] ethylenedithiolates with electron-withdrawing functional
(364 nm) but similar to that of [P{mnt)(PRH (410 nm):®  groups. For example, the solvatochromic absorptions of [Pt-
Although the nature of the dithiolato ligands is expected t0 (thcda)(dbbpy)] (437 nm), [Pt(cpdt)(dbbpy)] (434 rfr(cpdt
affect both the HOMO and LUMO energies, the considerably = 1.diethylphosphonate-1-cyanoethylene-2,2-dithiolate), and
reduced HOMG-LUMO gap in complexes @a—c, 3a—c, [P{ S,C=C(COMe}} (dbbpy)] (452 nm)* are about 3300
and 4a—c with respect to the analogous derivatives With cm-1 higher in energy. Only analogous complexes with
i-mnt and ecda is most probably the result of an appreciably githiolenes such as 2,3-toluenedithiolate (tdt, 563 nm) and
higher HOMO energy, due to the strong electron-donating majeonitriledithiolate (mnt, 497 nm) display a similar energy
character of the (fluoren-9-ylidene)methanedithiolato ligands. oy this transition. Since the energy of the diimine-based
The spectra of the diimine complex8a—c show three | UMO is not expected to vary significantly with modifica-
absorption bands above 330 nm. In £CH} solution, the first  tjons of the dithiolato ligand the reduced HOMGLUMO
two bands are observed at 380 and 400 nm, with little gap in complexeSa—c with respect to their analogues tbcda,
variations along the series, and have high molar extinction cpdt, or 2,2-diacetyl-1,1-ethylenedithiolate must be attributed
coefficients (22 10633 100 M* cm™), while the third band o a considerably higher energy of the mixed metal/dithiolato
is very broad, stretching from 420 to 620 nm approximately, HOMO.
and centered at 535§), 543 ©b), or 531 fc) nm, with The salts @6 (Q = PrN* and PPN) have almost identical
molar extinction coefficients of 10 800, 10 000, or 8200'M  apsorption spectra. A very intense absorption is observed at
cm™, respectively. The higher energy bands are insensitive 420 nm, which probably overlaps higher energy bands
to solvent variations and most probably arise from electronic (weakly pronounced shoulders are observed at 400 and 370
transitions within the dithiolato Ilgan%f In contrast, the nm)_ The assignment of this band is uncertain’ but its
broad, lowest energy absorption band is strongly solvent- intensity and energy suggest a MLCT transition, as observed
dependent and can be assigned to the Pt(d)/3(@)nine for the previously discussed complexes.
solvatochromic transition typically observed for Pt(ll) diimine The absorptions of the dithioato compléabove 300 nm
dithiolates:® The UV—visible spectra oba—c in a variety  occur as broad bands centered at 347, 388, 509, and 577 nm
of organic solvents showed that this band shifts to lower and have molar extinction coefficientsof 12 900, 11 300,
energy as solvent polarity decreases (Table 5; Figure 3). Thez800, and 1900 Mt cm™?, respectively. The first two bands
plots of the lowest absorption energies against the Pt(NN)- are most probably the result of the perturbation of the band
(SS) solvent parameter introduced by Cummings and Eisen-gphserved for the free dithioattb at 346 nm ¢ = 12000
—— : —— M~t cm™1), which arises from axz* transitions within the
(38) Js.h/gr?]écéhesrh!"s\évcilgaerzséesisggieg'z?" Billig, E.; Clark, R-J. H. - =5~ group2s The low intensity and energy of the 509 and
(39) Cummings, S. D.; Eisenberg, Rorg. Chem1995 34, 2007-2014. 577 nm bands are typical of metal-centereeiidransitions.
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Table 6. Excitation and Emission Data for (f\),2a—c, 3a—c, and Table 7. Excitation and Emission Data f&a—c, 7, and (B in
4a—c in DMF/CH.CIly/MeOH (1:1:1 v/v/v) Glasses at 772K Solutior?
compd Aexc Aen? 298 Kb 77 Ke
(PuN)22a 454,511 587599, 642 compd Aexc Aem @end Aexc Aem
EE:“H;%E igggég ggj gggc 635 5a 380,398 537 700 2.0 377397 450, 478, 516595 657
3a4 2 376’395 416 562 614 676 5b 380,396,548 711 1.7 377397, 457,490, 524608 661°
' ’ 5¢ 376,394,535 698 2.3 371391, 456, 480, 516626, 652
3b 376,394, 416 567,618, 68t
3c 373 416 561 611, 672 ! 400,513, 569 4
12 372 405, 416 561 610. 673 Pr,N8 378,398 530 711 1.5 400 432,521 703
ab 372,389 410 561 612 674 DMANHS8 381,400 534 720 1.4 381, 40435 704
4c 372,391 414 566,618, 682 aln nm. The most intense peak is italicized. Emission spectra are

registered at the lowest energy excitation maximgimn.CH,Cl,. ¢ In PrCN

aIn nm. The most intense peak is italicizédAt the lowest energy glass ba—c) or frozen CHCl, solutions ¢, Q8). ¢ x10F.  Shoulder.

excitation maximume¢ Shoulder.
1_
The absorption spectra of JRB and DMANHS are almost
identical in CHCI, solution and show three bands at 380,
400, and 534 nm, which, surprisingly, are very similar in
energy, intensity, and shape to those of the diimine deriva-
tives 5a—c. The analogous gold(lll) mixed dithiolato/
dithioato complexes [ALS,C=C(C;:HsR2-2,7}{ S;CCH-
(C12HeR2-2,7)}] (R = H, t-Bu, OGH17)?8 give rise to similar
absorptions at slightly higher energies. The two higher energy
bands are therefore assignable to transitions within the 0.2
dithiolato ligand. The lowest energy broad band at 534 nm
is essentially not solvent-dependent, consistent with little or 0 : :
no change in polarity between the ground and excited states. 300 400 500 600 700
Its origin is uncertain and can only be tentatively assigned. Wavenumber (nm)
Since a similar band is not observed in the spectra of the Figure 4. Excitation and emission spectra of {Rjz2a in CH,Cl> ()
bis(dithiolato) complexes 2a—c or the dithioato derivative and3ain DMM glass at 77 K () (normalized intensity).

0.8+

0.6

04 /

Intensiy (a. u.)

7, itis clear that its existence requires the presence of both 1
dithiolato and dithioato ligands. Also, the higher energy
observed for this band in the analogous gold complexes 0.8

suggests a transition involving a HOMO of significant metal
orbital character. Given that the rest of the dithiolato
complexes described here share a common HOMO of mixed
metal/dithiolate orbital character, it is reasonable that the
transition responsible for this band involves a HOMO of
similar orbital nature. The LUMO is possibly a dithioate-
basedr* orbital, which is expected to lie at a lower energy
than a similar dithiolater* orbital,*® and thus the transition
could be described as a particular type of MMLLCT. 0
Excitation and Emission Spectra. The compounds
(PrN).2a—c, 3a—c, 4a—c., Sa—¢c, 7, and B (Q = P_r4N+’ ) Figure 5. Excitation and emission spectra®in CH,Cl, at 298 K ()
DMANH *) are photoluminescent at 77 K, and their excita- and PrCN glass at 77 k+) (normalized intensity). Emission spectra are
tion and emission spectra have been measured both in theegistered at the lowest energy excitation wavelength.
solid state (KBr dispersions) and in DMM (DMF/GEI,/
MeOH, 1:1:1), PrCN glasses, or frozen @b solutions. The emission spectra of the dianionic complexegNRF
Room-temperature luminescence in the solid state was2a—Cin DMM glasses at 77 K display a sharp maximum in
observed for all of them, whereas only the diimine complexes the range 584589 nm and less intense shoulders at 600
5a—c and the mixed dithiolato/dithioato complex8@mit and 640 nm. When recorded in frozen £&H solutions, the
in fluid CH,Cl, solution at 298 K. The results of the Spectra are almost identical with those obtained from DMM
measurements in solution are summarized in Tables 6 anddlasses, but the shoulders resolve as sharp peak&afor
7, and representative excitation and emission spectra argFigure 4). These peaks could correspond to vibronic
shown in Figures 46. The solid-state excitation and progressions, since the spacings (3325 and 14561508
emission data at 298 and 77 K are given in the Supporting cm™*) approximately coincide with the energies found for
Information. No detectable luminescence was observed forthe v(Pt—=S) andv»(C=CS) modes in the solid state IR

0.6

0.4+

Intensity (a. u.)

0.2

400 500 600 700 800
Wavelength (nm)

the Q6 salts. spectra. The corresponding excitation spectra show the
absolute maximum at around 510 nm, which relates to the
(40) Piovesana, O.; Sestili, lnorg. Chem.1979 18, 2126-2129. MLCT band observed in the room-temperature absorption
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sponding excitation spectra closely reproduce the absorption
spectra, with two intense and narrow bands at 380 and 400
nm and a broad and less intense band at 53y, 648 6b),
or 535 6¢) nm, which coincides in energy with the charge-
transfer-to-diimine absorption. The room-temperature emis-
sion quantum yields are low ((I=2.3) x 104 but
comparable to those found for other Pt(Il) dithiolates
containing dbbpy in CKCl,.*> The emission energies at 298
K did not vary significantly when the spectra were recorded
in PrCN. However, at 77 K in PrCN glass the emission band
sharpens and blue-shifts to around 600 nm and a shoulder
appears at 660 nm. Comparable blue-shifts on going from
W fluid CH,CI, solutions to PrCN glasses have been found for
avelength (nm) . s A
. - . _ other Pt(ll) diimine dithiolates and ascribed to a common
Figure 6. Excitation and emission spectra of4AB in CH,CI, at 298 K .. . ..
() and 77 K ¢--) (normalized intensity). Emission spectra are registered "gidochromic  effect observed for many diimine com-
at the lowest energy excitation wavelength. plexest®*?In all cases, the excitation spectra at 77 K were
identical when collected at the emission maximum or at the
spectra. The solid-state emission spectra display broadshoulder wavelength. The two higher intensity peaks at 380
maxima that are generally red-shifted with respect to the and 400 nm, which correspond to dithiolate-based absorp-
solution emission$: The phosphine derivative3a—c and  tions, are practically unaltered relative to the room-temper-
4a—c give rise to very similar emission spectra in DMM  ature excitation spectra. However, the band corresponding
glasses at 77 K, with the absolute maximum at around 56010 the charge-transfer-to-diimine absorption, which is broad
nm, a less intense peak at 610 nm, and a shoulder at 67Gt 298 K, shows some structure at 77 K, with three relative
nm. The spacings between these peaks range from 1432 tgnaxima. It is also solvent dependent, undergoing the
1518 cm* along the series, approaching in some cases theexpected blue-shift on going from GEll, to the more polar
energy of thev(C=CS) mode. The excitation spectra PrCN solvent. Excitation at any of these maxima produced
collected at any of the emission peaks are identical and showthe same emission spectra. The emissions of previously
three maxima in the range 37216 nm, which brackets the  described Pt(1l) diimine complexes containing 1,1-ethylene-
wavelength range observed for the MLCT absorptions dithiolates have been assigned as originating from multiple
(Figure 4). The solid-state emission spectra3af-c and emitting states, which include a triplet state with the same
4a—c undergo only slight variations with respect to the orbital parentage as the charge-transfer-to-diimine absorption
spectra in DMM glass. The luminescence of complexes of and a diimine-basedi—n* triplet state'318 The present
the types bis(1,1-ethylenedithiolato)platinaté(lgnd 1,1-  |juminescence data f&a—c at 77 K are consistent with an
ethylenedithiolatobis(phosphine)platinum{fijhas been as-  assignment to charge-transfer-to-diimine excited states but
signed as having the same orbital nature as the MLCT do not allow us to precisely establish a mixed origin for their
absorptions but originating from a triplet excited state. The emissions. Also, the relatively large Stokes shifts observed
above-mentioned excitation and emission data gfaQc, support a triplet multiplicity for the emitting states. The
3a—c, and 4a—c and the relatively large Stokes shifts emission energies da—c are up to 2900 crrt (at 298 K
observed {2600 cnt* for Q,2a—c, ~6500 cn* for 3a—c in CH,Cl,) or 3700 cnmi? (at 77 K in PrCN) lower than those
and4a—c) support the same assignment for these complexes.of the analogous tbcda, cptitand 2,2-diacetyl-1,1-ethyl-
The emission energies of the anionic complexe&aQc are enedithiolat® derivatives but are similar to the emission
intermediate between those of the analogous complexes withenergy of the 3,4-toluenedithiolate compléx.
i-mnt (521 nm) and ecda (509 nm) and those of the dithiolene  The dithioato compleX emits at 714 nm in frozen GH
complexes with mnt (712 nm) and qdt (643 nfnThe Cl, solution at 77 K. The excitation spectrum closely
emissions of the phosphine derivatives in solution at 77 K reproduces the absorption prof”e in the range-3620 nm.
are also lower in energy than those of [Pt(ecda)gRP#95 The emission and excitation spectra of this compound in
nm) and approach the energy observed for [Pt(mnt}{ZPh  toluene glass at 77 K were identical with those obtained in
(597 nm):° The emission energies of.@a—c, 3a—c, and  frozen CHCI, solution. Luminescence data of related
4a—c are consistent with the low energies of the MLCT dithioato complexes of platinum are not available for
absorptions, which have been discussed above. comparison. The possible origins of this emission include
The diimine complexeSa—c are emissive in fluid Ck charge-transfer to dithioate and metal-centered transitions.
Cl, solution at 298 K, which is typical of platinum diimine  The PgN* and DMANH' salts of the mononuclear mixed
dithiolates}?1* excitation at the charge-transfer-to-diimine  dithioato/dithiolato comple®8 are emissive in fluid CkCl,
wavelength maximum results in broad emissions that aresolution at 298 K when excited at the lowest-energy
maximized around 700 nm (Figure 5, Table 7). The corre- absorption wavelength (Figure 6). The emission band is broad
and maximized at 711 (fM*) or 720 (DMANH') nm. The

Intensity (a. u.)

T T T T T
400 500 600 700 800

(41) An emission band is observable at 542 or 544 nm in the solid-state
spectra oRa,c at room temperature, probably arising from intraligand  (42) Juris, A.; Balzani, V.; Barigelletti, F.; Campagna, S.; Belser, P.; von
transitions. Zelewsky, A.Coord. Chem. Re 1988 84, 85-277.

7212 Inorganic Chemistry, Vol. 44, No. 20, 2005



Platinum (Fluoren-9-ylidene)methanedithiolates

corresponding excitation spectra are almost superimposablesignificant influence on the absorption and emission energies
on the absorption spectra at 298 K. For the measurementdut are decisive for the stability of the oxidation and
at 77 K, the most suitable solvent was £H, because the  protonation products of the anionic complexss-c. Thus,
salts @ underwent partial deprotonation in glass-forming only in the case of the comple2b, containing the diert-
solvents or mixtures such as EtOH/MeOH, PrCN, and DMM butyl-substituted dithiolato ligand, did the oxidation and
and were not soluble in toluene. The emission band in frozen protonation reactions give products of definite composition.
CH,CI; solutions is sharper and slightly blue-shifted, and The oxidation of2b with [FeCp]PFs, FeCk or FeChHO,
the excitation spectra are similar to those at room-temperatureresulted in the formation of a dinuclear mixed Pt{iPt-
in fluid CH,CI, solution. The transition responsible for the (V) dithiolato complex 6) for which there is no precedent.
emission of @ has probably the same orbital nature as the The behavior o£b toward oxidation contrasts with that of
lowest energy absorption, which we have tentatively assignedcomplexes of the type [Pt(1,2-dithiolegy, which usually
to a MMLLCT. Further studies on the luminescence of give stable, monomeric platinum(lll) complex€sThe
similar mixed dithiolato/dithioato platinum complexes are protonation of both dithiolato ligands b resulted in the
underway to confirm this assignment. formation of the neutral dinuclear dithioato complgxwvhile
by protonating one of the ligands, the monomeric, anionic
mixed dithiolato/dithioato complexX was obtained. The
The first series of platinum complexes with (fluoren-9- anion 8 is a new type of species which displays room-
ylidene)methanedithiolate and its 2,7tdit-butyl- and 2,7- temperature luminescence in fluid solution.
dimethoxy-substituted analogues has been prepared from
chloroplatinum precursors and dithioatea—c. The elec-
tronic absorption and emission data of the anionic complexes
2a—c and the neutral phosphine comple8as-c and4a—c

Conclusions
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