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A new set of luminescent platinum(ll) diimine complexes has been synthesized and characterized. The anionic
ligands in these complexes are arylacetylides. The complexes are brightly emissive in fluid solution with relative
emission quantum yieldgem ranging from 3x 1073 to 10°1. Two series of complexes have been investigated.

The first has the formula Pt(Rphenf&CCsHs), where Rphen is 1,10-phenanthroline substituted in the 5-position
with R = H, Me, ClI, Br, NG, or C=CCsHs, while the second has the formula Pt(dbbpy{CCsH4X), where

dbbpy= 4,4-di(tert-butyl)bipyridine and X= H, Me, F, or NQ. From NMR, IR, and electronic spectroscopies,

all of the complexes are assigned a square planar coordination geometrgisaaikynyl ligands. The crystal
structure of Pt(phen)@&CCsH4CHj3), confirms this assignment. All of the complexes exhibit an absorption band

at ca. 400 nm that corresponds to a Ptdr* gimine Charge-transfer transition. The variationAgf.x for this band

with substituent variation supports this assignment. From similar changes in the energy of the solution luminescence
as a function of substituents R and X, the emissive excited state is also of MLCT origin, but with spin-forbidden
character on the basis of excited-state lifetime measurements-®.84s). The complexes undergo electron-
transfer quenching, showing good SteWolmer behavior using 10-methylphenothiazine aN¢N,N,N'-
tetramethylbenzidine as reductive quenchers. Excited-state reduction potentials are estimated on the basis of a
simple thermochemical analysis. Crystal data for Pt(phesitCsH4CHs)2: monoclinic, space grou@2/c, a =
19.0961(1) Ab = 10.4498(1) Ac = 11.8124(2) A8 = 108.413(1), V = 2236.49 &, number of reflections

1614, number of variables 150, R10.0163, wR2 > 20) = 0.0410.

Introduction for collecting and funneling photon energy, electrdmle pair

Complexes exhibiting excited-state properties consistent with creation, charge separation by vectorial elegtron transfer, Ch?‘rge
accumulation, and catalysis of the desired energy-storing

a high degree of charge separation are of inherent interest for & . S )
number of reasons. One is their potential use in emerging reaction. The directional nature of charge-transfer excited states

technologies such as the design of molecular-scale electronic'! Square planar d"”?'“e complexes is ideal for electrbole .
devicest 5 Another is their applicability in the design of creation and separation, and consequently, these systems merit

supramolecular systems for the conversion of light energy to consideration for use in molecular photochemical devices and

chemical energ§5-15 Such systems will require components related supramolecular systems. The coordinative u_nsaturat|on
of square planar complexes also renders them of interest for

T University of Rochester. sensor application. - .
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systems in which a dithiolate is the anion, the excited state hasethynylbenzene, 1-methoxy-4-ethynylbenzene, and 4-ethynyltoluene
been assigned as a charge transfer from an orbital of mixed(Aldrich) were used as received. 1-Nitro-4-ethynylbenz&rienitro-
metal/dithiolate character tose orbital localized on the diimine ~ Phenanthroliné? Pt(phen)CJ,** and Pt(dbbpy)GF were prepared

ligand23-25 For complexes in which %= CN, the emission is according to literature methods. Pt(Xphen)@mplexes, where X is

often structured and usually occurs at substantially higher NOz Ch Ch, or Brin the 5-position of phenanthroline, were prepared

. " ) ; in a fashion analogous to the synthesis of Pt(phesfdlhe syntheses
energy, corresponding t.o ) e?<C|ted_state, although in ... of Pt(Rphen)(alkynyh complexes were performed under nitrogen with
more concentrated solutions, the di(cyanide) complexes exhibit

a broad red-shifted excimeric emissit6-27 al solvents degassed prior o use. .
) 5-Bromophenanthroline (Brphen). The compound was synthesized

In 1994, Che published a brief account of a different ing 4 modification of the preparation described by Miochowski.
luminescent platinum diimine complex in which =X phenyl- The vyield of product is quite sensitive to the amount of bromine
acetylide?® This complex, Pt(phen)@CCeHs),, was said to employed, the temperature, and the reaction time. Higher temperatures
be brightly emissive with an excited-state energy between thoseresult in the formation of varying amounts of 5,6-dibromophenanthroline
of the di(cyanide) and the dithiolate complexes, arfaCT and 1,10-phenanthroline-5,6-dione. In our hands, the following prepara-
emissive state was proposed. The bright luminescence and thdion resulted in the maximum yield of product. A 3.6 g (20 mmol)
change in excited state from those of the dithiolate and Sample of phenanthroline was placed in a heavy-walled glass reaction
di(cyanide) complexes made this system and its derivatives tube with a Teflon screw top fitted with a Viton O-ring. The reaction
worthy of further study. The notion of how different X ligands ~ V€SS€! was placed in an ice bath, and 12 mL of oleum (15%) and 0.60

infl th lati iti f ligand tered. ligand field mL (11.6 mmol) of bromine were added. The reaction tube was placed
influence the relative positions ot igand-centered, figand Neld, i, 5 gjjicon ol bath, and the temperature was slowly raised to°C35

and charge-transfer excited states in platinum diimine complexesagier 23 h, the reaction mixture was cooled to room temperature, poured

has been discussed by Miskowski efl

over ice, and neutralized with NBH. The mixture was extracted with

Luminescence in other platinum acetylide complexes has beencHCl,. The extracts were stirred with charcoal and then dried over

noted as welf? The specific systems investigated wérans
Pt(C=CR),(PE%)2, where R=H or CgHs, and the luminescence

NaSQ,. The crude reaction mixture contained about 5% unreacted
phenanthroline as judged B NMR spectroscopy. The solid was

of those systems was studied mainly in the solid state and frozenrecrystallized from hot diethyl ether with a minimum amount of
glass solutions at 77 K. While site heterogeneity was noted for CHzClz. Yield: 4.67 g (90%):H NMR (CDCl): 0 9.17 (m, 2H), 8.64

the frozen glass samples, the emission was assigned as arisin

from a charge-transfer excited state involving Bt dnd
acetylenict* orbitals. In fluid solution, emission from the two
acetylide complexes (R H, CsHs) was described as “weak”
and “barely above backgrouné®.

d, 1H,J = 8.0 Hz,J = 1.6 Hz), 8.15 (pseuddd, 1H,J = 8.4 Hz,

= 2.0 Hz,J = 8.0 Hz,J = 1.6 Hz), 8.12 (s, 1H), 7.72 (dd, 1H,=
8.4 Hz,J = 4.0 Hz), 7.61 (dd, 1HJ = 8.0 Hz,J = 4.4 Hz).

Pt(phen)(C=CCgsHs), (1). A 100 mg (0.22 mmol) sample of Pt-
(phen)C}, 10 mg of Cul, 0.2 mL (2.0 mmol) of phenylacetylene, 4

L of DMF, and 3 mL of diethylamine were sonicated for 4 h. The

In this paper, we describe the synthesis, characterization, antask was chilled, and the bright yellow precipitate was collected by
luminescence properties of the highly emissive platinum diimine fiitration and washed with ether. The material was recrystallized from
bis(arylacetylide) complexes. Through ligand variation, the methylene chloride and methanol. Yield: 100 mg (779%).NMR
nature of the excited state has been probed. The complexes aréDMSO-ds): 6 9.71 (2H, d,J = 5.2 Hz), 9.04 (2H, d,) = 8.0 Hz),
found to undergo electron-transfer quenching, and through the8.30 (2H, s), 8.23 (2H, dd] = 8.4 Hz,J = 5.2 Hz), 7.51 (4H, dJ =
use of a simplified thermochemical cycle, excited-state reduction 7.2 Hz), 7.32 (4H, pseudbJ = 7.2 Hz,J = 7.6 Hz), 7.22 (2H, pseudo
potentials are estimated. In the course of studying the photo-t J = 7.6 Hz,J =7.2 Hz). FT-IR (mull): v/cm™* 2106, 2116 {c=c).

physical properties of the Pt(diimine®€CAr), complexes, it

was found that solution excited-state lifetimes decreased wit
increasing metal complex concentration indicative of self-
qguenching, which in turn has led to a separate investigation of

self-quenching by platinum diimine complexes in gené?al.

FAB™ (mNBA): m/z 578.0 [M + H]*. UV—vis (CHCN): Ama/nm

h (€/M~*cm ) 392 (8000), 292 (sh) (32 400), 270 (51 000). Anal. Calcd

for CogH1gNoPt (M, = 577.54): C, 58.23; H, 3.14; N, 4.85. Found: C,
57.95; H, 2.90; N, 4.80.

Pt(phen)(C=CCsH4CH3), (2). The procedure followed fot was
used except that 0.22 mL of ethynyltoluene was used. Yield: 120 mg

While the work described in this paper was in progress, a (ggy).1H NMR (DMSO-<k): ¢ 9.83 (2H, dd,J = 5.1 Hz,J = 1.2
separate report by James et al. on the synthesis of thenz) 9.04 (2H, ddJ = 8.2 Hz,J = 1.3 Hz), 8.32 (2H, s), 8.25 (2H,

Pt(diimine)(G=CAr), complexes appearéd.

Experimental Section

ReagentsPhenanthroline (Aldrich) and PtCls] (Johnson Matthey)
were used without further purification. Ethynylbenzene, 1-fluoro-4-

(20) Wan, K.-T.; Che, C.-M.; Cho, K.-CJ. Chem. Soc., Dalton Trans.
1991, 1077-1080.

(21) Zuleta, J. A.; Chesta, C. A.; Eisenberg, RAm. Chem. S0d.989
111, 8916-8917.

(22) Zuleta, J. A.; Bevilacqua, J. M.; Eisenberg, ®ord. Chem. Re
1992 111, 237-248.

(23) Cummings, S. D.; Eisenberg, R.Am. Chem. S04996 118 1949-
1960.

(24) Zuleta, J. A.; Bevilacqua, J. M.; Proserpio, D. M.; Harvey, P.
Eisenberg, RInorg. Chem.1992 31, 2396-2404.

(25) Cummings, S. D.; Eisenberg, Rorg. Chem1995 34, 2007-2014.

(26) Che, C.-M.; Wan, K.-T.; He, L.-Y.; Poon, C.-K.; Yam, V. W.-W.
Chem. Soc., Chem. Commui989 943-945.

(27) Kunkely, H.; Vogler, AJ. Am. Chem. Sod.99Q 112 5625-5627.

(28) Chan, C.-W.; Cheng, L.-K.; Che, C.-i@oord. Chem. Re 1994 132,
87-97.

(29) Sacksteder, L.; Baralt, E.; DeGraff, B. A.; Lukehart, C. M.; Demas,
J. N.Inorg. Chem.1991, 30, 2468-2476.

(30) Connick, W. B.; Geiger, D. P.; Eisenberg,|Rorg. Chem1999 38,
3264-3265.

dd,J = 8.3 Hz,J = 5.2 Hz), 7.22 (AB quartet, 8Hlxs = 8.0 Hz, Ay
= 56.9 Hz), 2.31 (6H, s). FT-IR (mull)y/cm™* 2110, 2120 (sh)yc=

o). FAB* (MNBA): m/z 606.0 [M + H]*. UV—vis (CH:CN): Amal
nm (/M~1cm™1): 392 (9800), 292 (sh) (46 400), 270 (70 500). Anal.
Calcd for GgH22N,Pt0.5 CH;OH (M, = 605.55+ 16.02): C, 58.93;
H, 3.89; N, 4.51. Found: C, 59.03; H, 3.66; N, 4.66.

Pt(phen)(C=CC¢H4F). (3). The procedure followed fod was
used except that 0.18 mL of 1-ethynyl-4-fluorobenzene was used.
Yield: 100 mg (91%)!H NMR (DMSO-dg): 6 9.79 (2H,dJ=5.4
Hz), 9.05 (2H, dJ = 8.4 Hz), 8.31 (2H, s), 8.24 (2 H, dd,= 8.4 Hz,

J = 5.4 Hz), 7.46 (4H, dd) = 8.4 Hz,J = 5.7 Hz), 7.15 (4H, tJ) =
9.0 Hz). FT-IR (mull): v/cm™ 2112, 2123 (sh) ¥c=c). FABT
(mNBA): mV/z 614 [M + H]*. UV—vis (CH;CN): Ama/nm (/M1
cm™Y) 391 (7100), 286 (sh) (29 600), 265 (46 800). Anal. Calcd for

(31) James, S. L.; Younus, M.; Raithby, P. R.; LewisJJOrganomet.
Chem.1997, 543 233-235.

(32) Takahashi, S.; Kuroyama, Y.; Sonogashira, K.; Hagihar&yNthesis
1980 627—-630.

(33) Smith, G. F.; Cagle, J., F. W. Org. Chem1947, 12, 781-784.

(34) Hodges, K. D.; Rund, J. Mnorg. Chem.1975 14, 525-528.

(35) Mlochowski, J.Roczniki Chem., Ann. Soc. Chim. Polonor@&v4
48, 2145.



Platinum Diimine Bis(acetylide) Complexes

CaogHigNoFPt (M, = 613.52): C, 54.82; H, 2.63; N, 4.57. Found: C,
54.64; H, 2.56; N, 4.59.

Pt(NO2phen)(C=CCgHs), (4). Method 1: To 100 mg (0.20 mmol)
of Pt(phenNQ)Cl; and 10 mg of Cul were added 4 mL of DMF, 4 mL
of triethylamine, and 0.2 mL of ethynylbenzene. The mixture was
sonicated for 3, h, during which time most of the starting material
dissolved. The solution was filtered, removing ca. 10 mg of yellow
solid identified as starting material. The product was isolated from the
filtrate with the addition of diethyl ether and dried under vacuum.
Yield: 96 mg (76%). Method 2: A 50 mg (0.102 mmol) sample of
Pt(5-NGphen)C} and 1 mg of Cul were placed in a Schlenk flask
under nitrogen. A mixture of dichloromethane (20 mL), acetonitrile

Inorganic Chemistry, Vol. 39, No. 3, 200&49

and 3 mL of E4N was deaerated and added to the flask. A#40.40
mmol) portion of ethynylbenzene was added to the mixture, which was
stirred at room temperature for 2 h. After filteration, the remaining
Et;N base was removed via rotary evaporation and the DMF solvent
was removed under vacuum. The golden residue was recrystallized from
CHCl; and EtOH. A 120 mg sample of material was collected. A bright
yellow fraction was isolated by preparative TLC (silica gel; 1% MeOH/
CH.Cly). Yield: 45 mg (25%)H NMR (DMSO-ds): 6 9.89 (d, 1H,
J=5.2 Hz), 9.80 (d, 1HJ = 5.2 Hz), 9.30 (dd, 1HJ = 8.4 Hz,J =

1.2 Hz), 9.01 (d, 1H) = 8.4 Hz), 8.65 (s, 1H), 8.35 (dd, 1H,= 8.4
Hz,J = 5.2 Hz), 8.25 (dd, 1H) = 8.4 Hz,J = 5.2 Hz), 7.84 (m, 2H),
7.54 (m, 3H), 7.43 (m, 4H), 7.31 (t, 4H,= 7.6 Hz), 7.20 (pseudo-t,

(10 mL), and diisopropylamine (3 mL) was degassed and added to the2H, J = 8.0 Hz,J = 7.2 Hz). FT-IR (mull): v/cm™* 2106, 2115, 2124
flask. Then 0.03 mL of ethynylbenzene was added to the mixture, which (ve=c). FABT (m-NBA): mV/z 677 [M]*. UV—vis (CHCN): Ama/nm
was stirred for 24 h at room temperature. The solvent was removed (¢/M~* cm™1) 396 (9600), 336 (23 600), 273 (66 500). Anal. Calcd for
under vacuum. The crude precipitate was chromatographed on neutralCzsH2oN-P+CH;OH (M, = 677.66+ 32.04): C, 62.62; H, 3.69; N,
alumina using dichloromethane/methanol as eluent with a gradient of 3.95. Found: C, 62.71; H, 3.47; N, 4.02.

methanol (6-10, v/v). The product was further purified by recrystal-
lization from acetone/hexane. Yield: 39 mg (61%j.NMR (DMSO-
dg): 6 9.82 (d, 2H,J = 4.5 Hz), 9.39 (s, 1H), 9.36 (d, 1H,= 9.3
Hz), 9.24 (d, 1HJ = 7.8 Hz), 8.34 (m, 2H), 7.42 (d, 4H,= 7.5 Hz),
7.32 (pseudo-t, 4H) = 7.2 Hz,J = 7.7 Hz), 7.21 (pseudo-t, 2H,=
7.2 Hz). FT-IR (mull): v/cm™t 2116, 2126 (shyc=c); 842, 1334, 1484
(Vnoy). FABT (MNBA) Mz 623 [M + H]*. UV—vis (CH;CN): Ama
nm /M-t cm™) 397 (5000), 323 (sh) (6200), 272 (31 000). Anal.
Calcd for GgH17NzO,PtCsHsO (M, = 622.54+ 58.08): C, 54.71; H,
3.41; N, 6.17. Found: C, 54.63; H, 3.23; N, 6.31.
Pt(Brphen)(C=CC¢H?5s); (5). A 100 mg (0.15 mmol) sample of Pt-
(Brphen)C} and 10 mg of Cul were placed in a round-bottom flask
under nitrogen. A mixture of 4 mL of DMF and 3 mL of & was
degassed and added to the flask2 mL portion of ethynylbenzene
was added to the mixture, which was sonicated for 3 h. After filtration,
the remaining EN was removed under vacuum. The DMF solution
was added to CkCl, and extracted with water. The GEl; fraction

Pt(dbbpy)(C=CC¢H5s); (9). A 150 mg (0.28 mmol) sample of Pt-
(dbbpy)Ch and 5 mg of Cul were placed in a Schlenk flask under
nitrogen. A solution of 15 mL of dichloromethane and 5 mL of
diisopropylamine was degassed and added to the flask. Ethynylbenzene
(0.08 mol) was then added to the mixture, which was stirred for 24 h
at room temperature. The solvent was removed under vacuum. The
crude precipitate was chromatographed on neutral alumina using
hexane/dichloromethane as eluent with a gradient of dichloromethane
(20—100, v/v). The yellow product was further purified by recrystal-
lization from dichloromethane/methanol and hexane. Yield: 110 mg
(58%).R: = 0.50 (20 vol % hexane in dichloromethane, silica gel).
NMR (des-acetone)s 9.66 (d, 2H,J = 6 Hz), 8.61 (d, 2H,) = 1 Hz),

7.86 (dd, 2HJ = 6 Hz,J = 2 Hz), 7.38 (dd, 4HJ = 8 Hz), 7.23 (t,
4H,J = 8 Hz), 7.11 (t, 2HJ = 8 Hz), 1.46 (s, 18H). FT-IR (KBr):
viem ™t 2119, 2106 %c=c). FABT (m-NBA): m/z666 [M + H]*. UV—
Vvis (CH:CN): Ama/nm (/M~* cm™1) 386 (5800), 281 (sh) (42 200),
262 (44 300). Anal. Calcd for £H34N.P+CH;OH (M, = 665.73+

was washed with water and then evaporated to dryness. Yield: 69 mg32.04): C, 60.25; H, 5.49; N, 4.01. Found: C, 60.43; H, 5.44; N, 3.83.

(86%). The NMR spectrum of the material showed a small amount of
starting material; the sample was purified by preparative TLC (silica
gel; 1% MeOH/CHCL,). 'H NMR (DMSO-dg): ¢ 9.77 (d, 1H,J =

5.2 Hz), 9.70 (d, 1HJ = 4.8 Hz), 8.99 (d, 1HJ = 8.4 Hz), 8.92 (d,
1H,J = 8.4 Hz), 8.74 (s, 1H), 8.28 (dd, 1H,= 8.0 Hz,J = 5.2 Hz),
8.19 (dd, 1H,J = 8.4 Hz,J = 5.4 Hz), 7.41 (m, 4H), 7.31 (pseudp
4H,J=7.6 Hz), 7.20 (pseudo-t, 2H,= 7.2 Hz). FT-IR (mull): v/cm™*
2116, 2125 (sh)yc=c). FABT (m-NBA): m/z 656 [M + H]*. UV—

Vis (CHsCN): Ama/nm (/M~1 cm™1) 395 (8000), 262 (86 000). Anal.
Calcd for GgH17NoPtBr (M, = 656.44): C, 51.23; H, 2.61; N, 4.27.
Found: C, 50.94; H, 2.71; N, 4.09.

Pt(Clphen)(C=CCg¢Hs). (6). The procedure for Pt(Brphen)-
(C=CGCsHs), was followed except that 132 mg (0.275 mmol) of Pt-
(Clphen)C} and 10 mL of degassed MeCN were added to the reaction
mixture. Yield: 116 mg (69%):H NMR (DMSO-ds): ¢ 9.85 (d, 1H,
J=4.8 Hz), 9.75 (d, 1HJ = 4.8 Hz), 9.12 (d, 1HJ = 8.4 Hz), 8.95
(d, 1H,J = 8.0 Hz), 8.61 (s, 1H), 8.33 (dd, 1KH,= 8.4 Hz,J=5.2
Hz), 8.23 (dd, 1HJ = 8.0 Hz,J = 5.2 Hz), 7.42 (m, 4H), 7.31 (pseudo
t, 4H,J = 7.6 Hz), 7.19 (pseudg 2H, J = 7.6 Hz). FT-IR (mull):
viem 1 2121, 2130 (sh)uc=c). FABT (m-NBA): m/z 612 [M + H]*.

UV —vis (CHCN): Ama/nm (/M1 cm™1) 397 (7200), 272 (49 500).
Anal. Calcd for GgH17N.CIPtCH;OH (M, = 611.98+ 32.04): C,
54.08; H, 3.29; N, 4.35. Found: C, 54.46; H, 2.95; N, 4.32.

Pt(CH3zphen)(C=CCgHs). (7). The procedure fob was followed
except 70.0 mg (0.152 mmol) of Pt(@bhen)C} was used. Yield: 57.6
mg (64%).*H NMR (DMSO-dg): 6 9.81 (d, 1HJ = 5.1 Hz), 9.71 (d,
1H,J = 5.1 Hz), 9.06 (d, 1H,J = 8.5 Hz), 8.88 (d, 1H,) = 8.3 Hz),
8.24 (dd, 1HJ = 8.4 Hz,J = 5.2 Hz) 8.17 (dd, 1HJ = 8.2 Hz,J =
5.2 Hz), 8.10 (s, 1H), 7.41 (m, 4H), 7.31 (m, 4H), 7.19 (m, 2H), 2.87
(s, 3H). FT-IR (mull): v/cm™ 2117, 2126 (sh). FAB(m-NBA): m/z
592 [M + H]*. UV—vis (CHCN) Ama/nm (/M1 cm1) 396 (7600),
272 (49 400). Anal. Calcd for fHyN.PtH,O (M, = 591.57 +
18.02): C, 57.14; H, 3.64; 4.60. Found: C, 56.88; H, 3.44; N, 4.65.

Pt(CeHsC=Cphen)(C=CCg¢Hs5). (8). A 140 mg (0.27 mmol) sample
of Pt(Brphen)CJ, 16 mg of Pd(PP4),Cl,, and 2 mg of Cul were placed
in a round-bottom flask under nitrogen. A mixture of 5 mL of DMF

Pt(dbbpy)(C=CC¢H4CH3), (10). The procedure followed fd® was
used except that 0.09 mL of ethynyltoluene was used. Yield: 120 mg
(61%).R = 0.51 (20 vol % hexane in dichloromethane, silica gé).
NMR (CDClg): 6 9.53 (d, 2HJ =5 Hz), 7.89 (d, 2HJ = 2 Hz), 7.40
(dd, 2H,J =6 Hz,J = 2 Hz), 7.15 (AB quartet, 8HJag = 8.0 Hz,Av
= 139.8 Hz), 2.41 (s, 6H), 1.34 (s, 18H). FT-IR (KBry/fcm ! 2112,
2124 (sh) fc=c). FABT (m-NBA): m/z 693 [M + H]*. UV—vis
(CHSCN): Amadnm (€/M~1cm™t) 389 (8200), 273 (73 000). Anal. Calcd
for CseHasNoPt (M = 693.79): C, 62.32; H, 5.52; N, 4.04. Found: C,
62.28; H, 5.64; N, 3.80.

Pt(dbbpy)(C=CC¢H,OCHy3), (11). The procedure followed fo®
was used except that 0.09 mL of 1-methoxy-4-ethynylbenzene was used.
Yield: 130 mg (64%)R; = 0.48 (dichloromethane, silica getd NMR
(ds-acetone):6 9.68 (d, 2H,J = 6 Hz), 8.59 (d, 2H,)= 1.6 Hz), 7.84
(dd, 2H,J=5.6 Hz,J = 1.6 Hz), 7.06 (AB quartet, 8Hlxg = 8.8 Hz,

Av = 196.2 Hz), 3.77 (s, 6 H), 1.46 (s, 18H). FT-IR (KBr)/cm*
2111, 2121 (sh)ie=c). FAB* (m-NBA): miz 725 [M + H]*. UV—
Vis (CHsCN): Amadnm (€/M~1 cm™1) 393 (6600), 279 (38 000). Anal.
Calcd for GeHagNoPtO»CH;OH (M, = 725.79+ 32.04): C, 58.64;
H, 5.59; N, 3.70. Found: C, 58.46; H, 5.57; N, 3.31.

Pt(dbbpy)(C=CC¢H4F). (12). The procedure followed fo® was
used except that 0.08 mL of 1-fluoro-4-ethynylbenzene was used.
Yield: 146 mg (74%)R: = 0.61 (20 vol % hexane in dichloromethane,
silica gel).'H NMR (ds-acetone):o 9.61 (d, 2H,J = 6 Hz), 7.88 (s,
2H), 7.51 (d, 2HJ = 6 Hz), 7.41 (dd, 4 HJ = 8.0 Hz,J = 5.6 Hz),
6.86 (pseudo-t, 4 H] = 8.8 Hz) 1.38 (s, 18H). FT-IR (KBr)w/cm™?
2114, 2126 (sh)ic=c). FAB* (m-NBA): mz 701 [M + H]*. UV—

Vis (CHsCN) Ama/nm (e/M~* cm™1) 385 (7500), 271 (55 800). Anal.
Calcd for GaHz2NoPtFR+0.5 CHCI, (M, = 701.71+ 42.47): C, 55.68;
H, 4.47; N, 3.76. Found: C, 55.63; H, 4.80; N, 3.43.

Pt(dbbpy)(C=CC¢H4NO,), (13). The procedure followed fd was
used except that 0.100 mg (0.57 mmol) of 1-nitro-4-ethynylbenzene
was used. Yield: 139 mg (61%) = 0.81 (10 vol % hexane in
dichloromethane, silica geBH NMR(CDCl): 6 9.50 (d, 2HJ = 6.2
Hz), 7.94 (d, 2HJ = 2.0 Hz), 7.58 (dd, 2H) = 6.2 Hz,J = 2.0 Hz),
7.80 (AB quartet, 8 HJag = 9.1 Hz,Av = 214.2 Hz), 1.41 (s, 18H).
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Table 1. Crystallographic Data for Pt(phenf&CCsH4CHs)2 (2)

empirical formula GoH22N2Pt abs correction empirical (SADABS)
fw 605.59 transm range 0.63®.928

T, K 193(2) F(000) 1176

A A 0.71073 2 range, deg 5.5t0 46.8
cryst syst monoclinic limiting indices —21<h=<19
space group C2/c (no. 15) —11=<k=10

z 4 —12<1=13

a, A2 19.0961(1) no. of reflns collected 4857

b, Aa 10.4498(1) no. of independent/obsd~ 20) reflns 1614/1574

c, Aa 11.8124(2) no. of data/restraints/params 1614/0/150
B, deg 108.413(1) goodness offfit 1.088

Vv, A3 2236.49 R1, wR2I(> 20)° 0.0163, 0.0410
Pealca g CNT 3 1.799 R1, wR2 (all dat&) 0.0170, 0.0413
w, mmt 6.295 largest difference peak and hole, ®/A 0.584 and-0.603

2|t has been noted that the integration program SAINT produces cell constant errors that are unreasonably small, since systematic error is not
included. More reasonable errors might be estimated at th@ listed value® GOF = [S[w(F,? — F)3/(n — p)]¥2 wheren and p denote the
number of data and parameters, respectiveRr. = (Z||Fo| — [Fcl|)/Z|Fol; WR2 = [Z[W(F2 — FA)/Z[W(FA] Y2, wherew = 1/[0%(F?) + (aP)?
+ bP] and P = f(max) orFs? + (1 — f)F2

FT-IR (KBr): vicm™ 2111, 2121 (sh)yc=c) 852, 1337, 15041o,)- 1075 M, while quencher concentrations varied in the range %06
FAB* (m-NBA): m/z 756 [M + H]*. UV—vis (CH:CN): Ama/nm (¢/ to 3 x 1074 M. N,N,N,N'-Tetramethylbenzidine (TMB) was sublimed
M~tcmt) 371 (38 100), 320 (26 800), 278 (19 600). Anal. Calcd for just prior to use.

CsaH3N4PtO2CHOH (M, = 755.73+ 64.08): C, 52.74; H, 4.92; Crystal Structure Determination of Pt(phen)(C=CCsH4CH3), (2).

N, 6.83. Found: C, 52.58; H, 4.53; N, 6.52. Crystals were grown by slow vapor diffusion of hexane into a

Physical Measurements.Infrared spectra were obtained from  concentrated solution &in CH,Cl,. A single crystal (0.18< 0.14 x
tetrachloroethylene mulls using a Perkin-Elmer 1600 FTIR spectrometer 0.14 mm) coated with Paratone-8277 was mounted on a glass fiber
or from KBr pellets using a Mattson Galaxy 6020 FTIR spectrometer. and immediately placed in a cold nitrogen steam-86 °C. The X-ray
!H NMR spectra were recorded on a Bruker AMX-400 or DPX 300 intensity data were collected on a standard Siemens SMART CCD area
spectrometer (400 and 300 MHz, respectively). Cyclic voltammetry detector system equipped with a normal focus molybdenum-target X-ray
experiments were carried out on either a BAS CV-37 electrochemical tube operated at 2.0 kW (50 kV, 40 mA). A total of 1321 frames of
analyzer or an EG&G PAR 263A potentiostat/galvanostat using a three- data (1.3 hemispheres) were collected using a narrow frame method
electrode single-cell compartment. All samples were degassed with with scan widths of 0.3in w and exposure times of 10 s/frame using
nitrogen or argon. A Pt working electrode, Pt auxiliary electrode, and a detector-to-crystal distance of 5.088 cm (maximuéh ahgle of
Ag/AgNOy/acetonitrile reference electrode were used. For all of the 56.5%). The total data collection time was approximately 13 h. Frames
measurements, the ferrocene/ferrocenium couple at 0.40 V vs NHE were integrated with the Siemens SAINT program to 0.90 A to yield
was used to calibrate the cell potential. a total of 4857 reflections, 1614 of which were independent. Crystal,

Absorption spectra were recorded using either a Hewlett-Packard data collectiorf® and refinement parameters are summarized in Table
HP8452A or a Hitachi U2000 spectrometer. Luminescence spectra werel. The structure was solved using direct methods and refined by full-
obtained using a Spex Fluorolog-2 spectrophotometer and correctedmatrix least-squares de2. All non-hydrogen atoms were refined with
for instrumental response. Fluid solution emission samples were freeze anisotropic thermal parameters. Hydrogen atoms were included in

pump-thaw cycled at least four times with a vacuum of 4@ orr or idealized positions, giving a data:parameter ratio of about 11:1 in final
lower. Frozen glass emission samples at 77 K were prepared by insertingleast-squares refinements. Final refined atomic coordinates and aniso-
a 3 mm (internal diameter) quartz tube containing a ca® Msolution tropic thermal parameters are given in the Supporting Information.
(butyronitrile or ethanol/methanol (3:1)) of the complex into a quartz- Molecular Orbital Calculations. Iterative extended Hikel (IEH)
tipped finger dewar of liquid nitrogen. Luminescence quantum yields calculations were performed using the program FORTIC@NEhe
were referenced to tris(Z;Bipyridyl)ruthenium(ll) in acetonitrile H; values obtained from valence-orbital ionization potentials (VOIP)
= 0.062)% as previously described.Long emission lifetimes were  for H, C, and N were included in the program. For Pt, the double-
measured using an excimer pumped dye laser syster@ (@J/pulse) expansion was used and tHg values were charge-iterated for square
and fitted to single-exponential decajShorter luminescent lifetimes planar complexe® The geometries of the complexes were optimized
were determined using time-correlated single-photon coufting. using PCSpartan pld8,giving C,, symmetry for Pt(phen)(&CH),,

For all the compounds studied, unless otherwise noted, self- Pt(phen)(G&CCsHs),, and Pt(phen)(&CF), andCs symmetry for Pt-
quenching was observé@iOver a range of concentrations {10 ¢ (phenNQ)(C=CH),. The structures were optimized with- and
to approximately 2x 104 M), the emission decayds = 1/7) are Pt—C bond distances constrained at 1.948 and 2.062 A, respectively,
well modeled by a modified SterfiVolmer expression (eq 1), as observed for the structure 2f

Kobs = Kq[Pt] + K, (1) Results and Discussion

Synthesis and Characterization.The synthetic strategy for

wherek; is the self-quenching rate constant, [Pt] is the concentration . .
N q J [P making the complexes Pt(diimine#€CAr), shown below

of Pt complex, and, (1/7,) is the rate of excited-state decay at infinite
dilution. For the self-quenching studids,svalues at each concentration : :
were taken at the emission maximum or at higher energy and averaged(36) Kober, E. M.; Marshall, J. L.; Dressick, W. J.; Sullivan, B. P.; Caspar,

i ; i i i _ J. V.; Meyer, T. JInorg. Chem.1985 24, 2755-2763.
Bimolecular reductive quenching studies were performed by lumines (37) Williams, A. T. R.. Winfield, S. A Miller. J. NAnalyst1983 108

cence lifetime measurements and fit by Stevfolmer kinetics (eq 2), 1067-1071.
(38) Chen, L.; Farahat, M. S.; Galllard, E. R.; Farid, S.; Whitten, DJ.G.
/T = 1+ Kz [quencher] 2 Photochem. Photobiol., A996 95, 21—25.

(39) Jukabiak, R.; Collison, C. J.; Wan, W. C.; Rothberg, L. J.; Hsieh, B.

. . : : R. J. Phys. Chem. A999 103 2394-2398.
wherek, is the quenching rate constant, [quencher] is the concentration (40) Wavefunction, Inc., 18401 Von Karman, Stite 370, Irvine, CA 92612.

of quencher, and, andz are the lifetimes of the chromophore in the  (47) QCPE Program No. 344, Indiana University Chemistry Department.
absence and presence of quencher, respectively. The concentration 0f42) Hoffmann, R.; Summerville, R. H. Am. Chem. Sod976 98, 7240~
Pt chromophore used in these studies was held constant at xa. 3 7254,
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involves a Cul-catalyzed chloride-to-alkyne metathesis that has
been used for synthesizing other Pt alkynyl derivatit’Ehe
complexes Pt(dbbpy)ECCsH4X),, with X = H, CHs, OCHg,
NO,, or F, were obtained in good yield by this strategy from
stoichiometric reaction of Pt(dbbpy)Gkith the corresponding
terminal alkyne H&ECCsH4X. For the dbbpy systems, the Cul
catalyst (10 mol %) was used with dichloromethane as solvent
and diisopropylamine as base. The preparation of the 5-substi-
tuted phenanthroline derivatives Pt(RpherrCCsH4X), re-
quired sonication because of low solubility of the dichloride
starting compounds Pt(Rphen)Gh the dimethylformamide/
diethylamine solvent/base combination employed.

All of the complexes were characterized By NMR, FT-
IR, electronic absorption, and emission spectroscopies, mass
spectrometry, and elemental analyses. The spectroscopic data
support the anticipated structure assignment of a square planar
coordinated platinum(ll) ion with twais-alkynyl ligands and
a diimine chelate. The cis disposition of the alkynyl ligands )
leads to two bands at ca. 2100 thtorresponding to the sym- Figure 1. Molecular structure and atom numbering scheme for Pt-
metric and asymmetriec—c stretches of the alkynyl ligandd. ~ (PheM(G=CCH.CHs)2 (2) (50% probability ellipsoids).

Tlhe structural i'sggrliml?m for the Pt(g”m'nﬁ(CAr)z Cforr?- . Table 2. Selected Bond Lengths (A) and Angles (deg) 2r

plexes was confirmed by a structure determination of the bis-

(tolylacetylide) derivative Pt(phen)&@CCHCHy), (2). While  py(7) o) 2o0s4 cuzncas) Lao0

the structure of Pt(phen)é&CCsHs), (1) has been mentioned  N(1)-C(10) 1.347(4) C(13)C(14) 1.397(4)

in the literature?® details of that determination have not yet N(1)-C(14) 1.361(4) C(13)C(15) 1.436(5)

appeared. c(1)-C(2) 1.201(5) C(14yC(14) 1.425(6)
c)-c(3) 1.452(5) C(15)C(15) 1.334(8)
C(10)-C(11) 1.381(5)

CY-P{1)-C(1) 92.5(2) C(10¥N(1)—Pt(1) 128.1(2)
C(1)-Pt(1)-N(1y  94.32(12) C(14¥N(1)-Pt(1  113.6(2)
C(1)-Pt(1)-N(1) 170.83(12) C(BC(1)-Ptl)  170.4(3)
N(1)—Pt(1)-N(1) 79.64(14) C(1}C(2-C(3)  177.8(4)
C(10)-N(1)—-C(14) 118.0(3) ~ N(1}C(14)-C(14) 116.5(2)

a Symmetry transformations used to generate equivalent (primed)
atoms: —x+ 1,y, —z + 3.

/"_g
\ / \/

1.948(3) A, which compares well with values of 2.02(4) and
1.958(7) A for the two independent molecules of [Pt-
(C=C'Bu)4]2Ag4,% 2.01(3) A in [cis-{ Pt(CsFs)2(C=CSiMes),} -
Pd@73-CsHs)] ~,46 2.026(9) A in [(PPB)Pt(u-n-n2-C=C'Bu),Pd-

p<\ &
gV g
X X
9
10

B X X (73-C3aHs)] 7,47 1.998(4) A in transPt(2,2:6',2"-terpyridin-

1 H H H 4'-ylethynyl)(PBw)2,48 and 2.013(1) A in {cis-Pt(GsFs),-

2 H Me Me (C=CPh}},Ag;]?".49 Only the PtC distance of 2.17(2) A

3 H Me 11 F found in [Pt(u-C=CHPh)(G=CPh)(PE$)4]* *Cis significantly
longer compared to the present value. The phenanthroline ligand

4 NO, H 12 OMe is planar to within 0.061 A, while the phenyl rings are tilted at

5 Br H 13  NO, an angle of 56 from the phenanthroline plane.

6 cl H Deviations from square planar coordination geometry are
relatively minor. The G-Pt—C angle is 92.5(2) while a 9.6

7 Me H twist angle exists between the PtINN and PtCC planes defined

8 PhC=C H by the donor atoms. An examination of the crystal packing

shown in Figure 2 reveals an intricate network containing

Molecular Structure of Pt(phen)(C=CCgH4CH3), (2). The cofacialz stacking between phenyl rings on adjacent molecules
molecular structure o2, which is crystallographically required ~ and perpendicular aromatic interactions between phenyl rings
to haveC2 Symmetry, is shown in Figure 1 a|ong with the atom and neighboring phenanthroline Iigands. The closest intermo-
numbering scheme used. Important bond lengths and angles are

; ; ; ; ; (45) Espinet, P.; Fornies, J.; Martinez, F.; Tomas, M.; Lalinde, E.; Moreno,
given in Table 2, while a complete tabulation of distances and M. T.. Ruiz, A Welch. A. J.J. Chem. Soc.. Dalton Trand99Q

angles may be found in the Supporting Information. TheNPt 791—798.
distance is 2.063(3) A and compares well to those of other Pt- (46) Berenguer, J. R.; Fornies, J.; Lalinde, E.; Martinez].Forganomet.
(phen) complexes, such as [Pt(phg8)., which exhibits a Chem.1994 470, C15-C18.

. . 47) Berenguer, J. R.; Fornies, J.; Lalinde, E.; Martineifganometallics
Pt—N bond length of 2.033(6) A% The Pt+C bond distance is (“7) 1996 %5, 1537-4546. &
(48) Harriman, A.; Hissler, M.; Ziessel, R.; DeCian, A.; Fisher].Xhem.

(43) Sonogashira, K.; Fujikura, Y.; Yatake, T.; Toyoshima, N.; Takahashi, Soc., Dalton Trans1995 4067-4080.
S.; Hagihara, NJ. Organomet. Chenl978 145 101-108. (49) Espinet, P.; Fornies, J.; Martinez, F.; Sotes, M.; Lalinde, E.; Moreno,
(44) Hazell, A.; Mukhopadhyay, AActa Crystallogr.198Q B36, 1647 M. T.; Ruiz, A.; Welch, A. JJ. Organomet. Chen1991 403 253—

1649. 267.
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Figure 2. Packing diagram for Pt(phen&CCsH4CHz), (2). The
nearest Pt-Pt distance is 5.92 A.

700

“T500

400 600

nm
Figure 3. Normalized absorption and RT emission spectra of Pt(phen)-
(C=CGCsHs)2 in CHCI, (—), acetonitrile {:), and 2:1 EfO/CH,Cl,
-9

lecular contact of the former type is between C7 and &7
3.20 A, and that of the latter type is between C5 and'Gi2
3.48 A. The closest PtPt contact is 5.92 A, indicating the
absence of any interaction between metal centers.

Absorption Spectra. The absorption spectra of the complexes
exhibit a slightly solvatochromic band near 400 nm, as shown
in Figure 3 forl, in addition to higher energy bands € 310

Hissler et al.

varied. Nevertheless, it is evident that the aggregate transitions
comprising the 400 nm band shift to lower energy as the
electron-accepting properties of the phenanthroline increase. In
particular, it is striking that the low-energy tail of this absorption
manifold systematically shifts to lower energy as the electron-
withdrawing properties of the diimine substituents increase (Me
< H < CI, Br < NO,).%! This behavior is entirely consistent
with charge transfer to diimine transitions.

The influence of varying the para substituent of the aryl-
acetylide ligands on the ca. 400 nm feature is shown in Figure
4B. While the difference in absorption maxima is nearly
indiscernible for X= H and F, the band does exhibit a
significant shift to lower energy for X= OCH; and CH.
Moreover, it is noteworthy that the low-energy tail of the
absorption manifold systematically shifts to lower energy as the
electron-donating properties of the acetylide substituents increase
(F < H < Me < OCHg). These results are consistent with the
notion that the HOMO is predominantly metal-based. As
arylacetylide donicity increases, it is expected that the energies
of nonbonding and weaklyr bonding metal orbitals will
increasé? leading to the observed red shifts for the Pt(dbbpy)-
(C=CCH4OCHg), (11) and Pt(dbbpy)(&CCsH4CHs), (10)
derivatives.

The p-nitrophenylacetylide complex Pt(dbbpy¥CCsHa-
NO,), (13) exhibits an absorption spectrum that is significantly
different from those of the rest of the series and is omitted from
Figure 4B. Specifically, the lowest energy absorption band,
which is significantly blue shifted, possesses a molar extinction
coefficient that is substantially highes ¢ 37 000 Mt cm™1)
than those of the rest of the series. While the shift of the MLCT
absorption to higher energy (ca. 380 nm) is expected for the
nitro derivativel3 on the basis of reduced donor ability for the
acetylide ligands, the change in molar absorptivity suggests that
the observed band actually corresponds to a different transition,
obscuring the MLCT band. The intense 380 nm absorption is
attributed to a transition based on tpenitrophenylacetylide
ligand. Freep-NO,CsH,C=CH exhibits a similar band at 286
nm that shifts to lower energy upon coordination. Support for
this notion is seen in the electrochemical results discussed below.

Emission Spectra.Figure 5 presents the room temperature
and 77 K emission spectra of Pt(dbbpy3#CCsHs), (9) and
Pt(CHsphen)(G=CCsHs), (7) as well as their absorption spectra.
The room-temperature emission is broad and asymmetric, while
the 77 K spectrum in butyronitrile glass shows a rigidochromic
shift and resolvable vibronic components of the emission. The

nm) that correspond to diimine- and acetylide-based intraligand 'oom-temperature luminescence mirrors the absorption spectrum

transitions. The slightly solvatochromic transition with a molar
extinction coefficient of ca. 8000 Mt cm~! has been assigned
by Che as a charge-transfer excitation from a filled metal d
orbital to a vacantr* gimine orbital (MLCT).28 The dependence
of this absorption maximum on the diimine and acetylide

with good 0-0 overlap. For the 77 K spectrum, the vibronic
interval is ~1230 cnt?!, which is diagnostic of diimine
involvement in the emissive excited state, and the HudRigys
constantS, 1(1,0)1(0,0), is about 0.65 and 0.90 farand 9,
respectively. The latter compares to values of 1.4 observed for

substituents has been studied for both series of complexes, andhe®IL emission of the Pt(bpy)(ef) catiort” and slightly greater
these results are tabulated in Table 3 and illustrated in Figurethan 1 observled for the solid-state emission of PKE34z-
4. Interpretation of these spectra is complicated by the fact that OCOkbpy)Ch.*®

this asymmetric band clearly is comprised of more than one

transition. In fact, a higher energy shoulder (35870 nm) is
resolved in absorption spectra df 5, 6, and 7 (Figure 4A).
This shoulder shifts strongly to lower energy as the electron-

withdrawing properties of the substituent on the phenanthroline

ligand increase (Ck H, ~350 nm; Cl,~370 nm); for the NG
phen complexd, this feature presumably is buried in the 400
nm band envelope. In contrast, the absorptimximunfor the
Pt(Rphen)(&CPh) series shows only a modest shift from 392
nm for 1 to 397 nm for4 as the phenanthroline substituent is

The influence of substituent variation on the emission energies
for the Pt(Rphen)(&CCsHs), and Pt(dbbpy)(&CCsH4X),
series of complexes is shown in Figure 6 and tabulated in Table
3. The extent of the observed shifts is greater than those seen

(50) Afzal, D.; Lenhert, P. G.; Lukehart, C. M. Am. Chem. S0d.984
106 3050-3052.

(51) In Figure 4, panel A, the Brphen complé&xis omitted for clarity
since it and the Clphen derivativ® have very similar absorption
spectra as would be expected on the basis of the similar electron-
withdrawing ability of the chloro and bromo substituents.



Platinum Diimine Bis(acetylide) Complexes Inorganic Chemistry, Vol. 39, No. 3, 200&53

Table 3. Absorption Maxima, Emission Maxima, Luminescence Quantum Yields, Excited-State Lifetimes, and Self-Quenching Rate Constants
for Pt(diimine)(G=CAr), Complexes in Acetonitrile

compound Aabs(NM) Aem (NM) Gen? 7o (NSY kg (x10°s7)
Pt(phen)(G=CCeH3), (1) 392 (8000) 575 0.090 907 6.3
Pt(phen)(E&=CCsH.CHs): (2) 392 (9800) 578 549 6.2
Pt(phen)(G=CCeH4F), (3) 391 (7100) 584 814 6.7
Pt(NO,phen)(G=CCsHs)2 (4) 397 (5000) 582 0.003 ~400
Pt(Brphen)(G=CCsHs)2 (5) 395 (8000) 605 0.036 366 450.2
Pt(Clphen)(G=CCsHs), (6) 397 (7200) 605 0.040 390 5:50.7
Pt(CHsphen)(G=CCsHs)> (7) 396 (7600) 575 0.098 972 550.2
Pt(CsHsC=Cphen)(G=CCeHs)> (8) 396 (9600) 590 5600 42+03
Pt(dbbpy)(G=CCsHs): (9) 386 (7900) 570 0.11 691 140.2
Pt(dbbpy)(G=CCsH4CHs), (10) 389 (8200) 592 0.07 440 100.2
Pt(dbbpy)(G=CCsH,OCH), (11) 393 (6600) 640 0.002 14
Pt(dbbpy)(G=CCsHs—F), (12) 385 (7500) 570 0.14 663 1:60.1
Pt(dbbpy)(G=CCsHs—NO,), (13) 371 (38100) 570 0.04 ~4500

a| uminescence quantum yields are extrapolated to infinite dilution. Estimated er#et5%0.° 7, is the lifetime at infinite dilution£ 5%.
¢Measured in acetonitrile (ref 309 Measured by single-photon counting at one concentration 215 M). ¢ There is a shoulder to higher
energy.
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Figure 4. Absorption spectra for the Pt(Rpheny¥CGCsHs), series (A) CHLCN () and 77 K emission spectra in butyronitrile (- - -) for (A)

: 5)2 Pt(dbbpy)(GCCsHs). (9) and (B) Pt(CHph G=CGCsHs), (7).

and Pt(dbbpy)(&CCsH4X), series (B) in CHCN at room temperature. (dbbpy)( CeHo)z (9) and (B) PH(CHphen)( CeHo)z (7)

and diimine-centered LUMO. More dramatic perturbations in

the emission are realized when the acetylide ligands are re-
placed with other carbanion ligands, namely, phenyl or methyl

in the absorption spectra of Figure 4 with trends that are exactly
parallel. Shifts to lower energy in emission bands occur as the

electron-withdrawing ability of the diimine substituent increases groups. Figure 7 shows the 77 K ethanol/methanol (3:1) glass

and as the donicit_y of the_arylacet_ylide ligand increases. Both emission spectra for a series of Pt(phenjBmplexes where R
changes are consistent with a mainly metal-based HOMO andis C=CCHs, CsHs, or CHs. The emissions from the metf§§i
a7 gimine LUMO. Tfhe |Eflu§n;er?f sugstlf_l:ent v«’a\r:ftlggbon the  and ary$3 derivatives previously have been identified as
emission energies for the P(RpherigCCeHs), and Pt(dbbpy)- originating from lowesEMLCT excited states. The onset of the

(C=CGCsH4X)2 series of complexes is shown in Figure 6 and SMLCT emission from the Pt(
; S phen)&CCsHs), occurs ca. 400
tabulated in Table 3. The extent of the observed shifts is greater, .4 1000 cmt to higher energy of the onset of the emission

than those seen for the ca. 400 nm absperon maximum Wlth from the phenyl and methyl complexes, respectively. It is
trends that are exactly parallel. The_em|ssu_)n maximum shifts striking that the energy of the onset of emission from these
to Ic_)wer energy as the electron-wnhdrawmg_ gbmty of the complexes decreases€CCsHs > CgHs > CHa) with increas-
d||m|n9 su_bst|tuer_1t increases a_nd as th_e o!onlcny_of the aryl- ing basicity of the carbanion ligands (spsp? < sp)). These
acetylide ligands increases. This behavior is consistent with @ observations are consistent with more electron-donating ligands

mainly metal-based HOMO and s gimine LUMO. From the stabilizing MLCT states as discussed by Miskowski and co-
limited data set tested, the HOM@UMO gap appears to be | 111 (18

much more sensitive to substitution on the diimine than on the

aryl group_of the alkynyl Ilgands;_the_relatlve_ |r_15en3|t|_\/|ty tc_) (52) Hill. R. H.: Puddephatt, R. 4. Am. Chem. Sod985 107, 1219-
para substituents of the arylacetylide ligands is in keeping with 1225,

their distance from the predominantly metal-centered HOMO (53) Klein, A.; Kaim, W.Organometallics1995 14, 1176-1186.
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Figure 6. Normalized emission spectra for the Pt(Rphes(@CsHs)2
series (A) and Pt(dbbpy)&CCsH4X), series (B) in CHCN at room

temperature.
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Figure 7. Emission spectra (77 K) of Pt(phen)R ethanol/methanol

(3:1) glass where R is€CCHs (—), CsHs (+++), and CH (—+--—).
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concentrations is shown in Figure 8. The red-shifted emission
at higher concentration is assigned as an excimer emission
consistent with what has been described by Connick et al. for
Pt(phen)(&CGCsHs), (1) and by Vogler and Che for the di-
(cyanide) derivative?20-30

Electrochemistry. Cyclic voltammograms recorded for the
Pt(diimine)(G=CAr), complexes all exhibit one reversible
reduction wave betweenl1.20 and—1.50 V, corresponding to
the addition of an electron to an orbital on the respective diimine
ligand (Table 5§* Substitution at the 5-position of phenanthro-
line while keeping the alkynyl ligand fixed(5—7) has a more
substantial effect on thE;,, reduction potentials than does a
corresponding variation of the arylacetylide substituent while
keeping the diimine fixedd—12). For the former series, methyl
substitution at the 5-position makes the reduction more difficult
while chloro, bromo, and phenylethynyl substituents shift
very modestly to less negative values. Substitution at the
5-position of phenanthroline clearly influences the energy of
the 7* gimine LUMO, which is in turn probed by one-electron
reduction. The phenylethynyl substituent3may achieve this
effect through greater delocalization.

The compounds containing nitro groupsdnd 13) exhibit
additional reduction waves that are not observed in the cyclic
voltammograms of the other complexes. On the basis of the
electrochemical behavior of the free ligarf§dthese waves are
attributed to nitro group reductions. For both p@en and
p-NO,CgH4C=C ligands, the observed ArN&ased reduction
waves occur at more positive values when coordinated to Pt
than when not coordinated, as expected on the basis of donation
of electron density upon coordination. Further support for
assigning the additional, less cathodic reduction waves to the
nitro groups is obtained from the electrochemical study of the
related Pt(4,4(NO,).bpy)Ch complex, which shows facile
reductions that are highly localized on the nitro grobf¥sThe
shift in reduction potential betweek8 and freep-nitrophenyl-
acetylene is completely consistent with the observed shift in
their absorption spectra for the intense low-energy band. The
380 nm absorption band i3 is based omp-nitrophenylacetyl-
ide, and it is red-shifted relative to that of free ligand with a
higher energy LUMO. This is the orbital that serves as the
acceptor function upon one electrochemical reduction.

Oxidation of the Pt(diimine)(&CAr), complexes is not
observed in most cases up to 1.6 V vs NHE. When it is seen,

IEH molecular orbital calculations also support the assignment the oxidation wave is irreversible. The results can be compared

of the emission to a loweSMLCT excited state. As shown in
Table 4, the HOMO is primarily metal,dn character and the
LUMO is localized on the phenanthroline ligand. The HOMO

LUMO gaps obtained for Pt(phen)$&CCsHs),, Pt(phen)(&

CH),, Pt(phen)(&CF), and Pt(phenNg(C=CH), are 1.59,

with previous reports on platinum diimine dithiolate systems

and other Pt complexes containing heteroaromatic or related

chelating ligands that show only irreversible oxidatiéh2%-58
Excited-State Lifetimes and Emission Quantum Yields.

In Table 3 are presented the lifetimes at infinite dilutiag) (

1.65, 1.70, and 0.76 eV, respectively. This trend is co_nsistent and the self-quenching rate constantg) (for all of the
with that observed for the low-energy MLCT absorptions at compounds studied except the nitro-containing derivatheaasd
ca. 400 nm and for the room-temperature emission at ca. 58013, These two compounds were too weakly emissive to be

nm in MeCN solution for the Pt(dbbpy)éCCsH4X), series

of complexes. The fact that the calculated HOMIQJMO gap
is at least 0.7 eV less energetic than the observed emissionpower per pulse). The methoxyphenylacetylide compolihd
energies indicates that these calculations are of value mainly injs also weakly emissivept, = 0.002). While its short excited-

the comparison of electronically similar systems and not in any state lifetime was measured by single-photon counting4(
absolute sense.

Whereas all of the emission spectra presented in Figure 6

analyzed by the same procedure as done for the rest of the
compounds (i.e., similar concentration ranges and excitation

ns in a 2.9x 107> M acetonitrile solution), a quenching study

show one asymmetric but structureless band, the emission spec(s4) ohsawa, K. W.; Hanck, K. W.; DeArmond, M. K. Electroanal.

trum of 8 gives evidence of a vibrational progression with a
Huang-Rhys parameter of greater than 1 and, at higher con-
centrations, of a substantially red-shifted emission at 750 nm.
The emission spectrum f&in MeCN solutions at two different

Chem. Interfacial Electrochen1984 175 229-240.

(55) (a) Bock, C. R.; Connor, J. A.; Gutierrez, A. R.; Meyer, T. J.; Whitten,
D. G.; Sullivan, B. P.; Nagle, J. K. Am. Chem. Sod979 101,
4815-4824. (b) Mclnnes, E. J. L.; Welch, A. J.; Yellowlees, L. J.
Chem. Commuril996 2393-2394.
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Table 4. Relative Percent Atomic Contribution to the MOs

Pt(phen)(&CH),, C,, symmetry Pt(phenNg(C=CH),, Cs symmetry
energy of energy of
MO, eV Pt G=C phenzt MO, eV Pt G=C phenz NO,
—7.45 0.1 0.2 99.7 -7.57 16.2 71.7 121 0.0
—7.57 16.5 72.8 10.7 —8.07 1.8 4.0 93.0 1.2
—-8.11 15 35 95.0 —-9.31 0.3 0.1 83.0 16.6
—9.60 0.3 0.1 99.6 —9.73 21 1.1 96.7 0.0
-9.73 2.2 1.2 96.7 —10.62 0.1 0.0 32.7 67.3
—11.38 61.7 8.4 0.0 —11.38 61.3 8.4 28.2 0.3
—12.16 17.7 4.2 78.1 —12.22 66.7 25.4 7.1 0.1
—12.22 66.9 255 0.0 —12.25 31.8 7.6 54.2 6.4
—-12.33 61.7 15.0 23.3 —12.34 63.0 15.3 21.3 0.4
—12.47 59.6 155 24.9 —12.49 20.0 5.2 60.6 8.4
—12.52 21.1 5.2 0.0 —12.51 45.2 12.1 384 4.3
Pt(phen)(&CPh}, C,, symmetry Pt(phen)(&CF), C,, symmetry
energy of energy of
MO, eV Pt G=C phenz MO, eV Pt G=C phenz 2F
—8.27 0.0 0.0 0.0 —7.4 46.3 245 27.8 1.0
—8.71 0.2 25.4 0.5 7.4 0.1 0.1 99.8 0.0
—8.77 3.3 26.1 0.1 —-8.1 1.1 1.5 97.4 0.1
—9.52 0.8 0.1 99.1 —9.6 0.3 0.1 99.6 0.0
—9.82 25 0.9 96.5 -9.7 2.2 0.9 96.8 0.1
—11.4% 65.3 10.9 20.7 —-11.4 61.8 6.1 30.3 0.3
-11.93 50.6 21.6 3.2 —-12.1 65.5 27.3 4.6 2.3
—12.16 56.0 21.5 16.4 —-12.1 235 6.5 69.5 0.5
—12.16 46.0 17.0 32.1 —-12.3 62.1 195 16.8 16
—12.27 0.5 37.8 1.7 —-12.4 50.0 16.4 32.3 1.3
—12.42 16.8 8.4 71.9 —12.5 21.3 3.0 68.5 0.2

a Highest occupied molecular orbital.

> Table 5. Electrochemical DataH,,, Values for Reductions and
% Irreversible Oxidation Waves) for Pt(diimine€CAr), Complexes
E compound Eox (V) Ered (V)
7 Pt(phen)(G&=CCsHs), (1) —1.31,—2.00
= Pt(phen)(&CCsH4CHs), (2)2 —1.30
2 Pt(phen)(G=CCsH4F), (3)° -1.29
8 Pt(NO;phen)(G=CCsHs), (4)? —0.62,—0.89,—1.36
g Pt(Brphen)(&CCsHs). (5)2 -1.17
5 Pt(Clphen)(GCGCsHs). (6)° —1.20
[l S i L ' Pt(CHsphen)(G=CCeHs), (7)° 1.15 (irr) —1.41
500 600 700 800 Pt(dbbpy)(G=CCsHs)- (9)° —1.40
, _ oom Pt(dbbpy)(G=CCsH.CHa), (10P  1.18 (irr) —1.42
Figure 8. Normalized emission spectra of P#€sC=Cphen)- Pt(dbbpy)(G=CCsH,OCHs), (11  1.02 (irr) —1.42
(C=CGHs). (8) at 135 and 13.%M. The difference between these  Pt(dbbpy)(G=CCsHiNOy); (13y —0.95,-1.20,—-1.53
spectra is also shown-f). Pt(dbbpy)(G=CCsH4F), (12) -1.39
Pt(GsHsC=Cphen)(G=CCe¢Hs), (8)° -1.21
was not performed. Because the measurement was made at |°V¥)-N02-CGH4—CECH ~1.07
concentration, there is an insignificant deviation from the 5-nitrophenantrolire —0.96,—1.67
Irgteeads?geigﬁlgﬁgrgﬁui%%gared to a value that might be extrapo- In dimethylformamide solution containing 0.1 M (TBA)P& 293

. K. ®In acetonitrile solution containing 0.1 M (TBA)R&t 293 K.¢In
Table 3 shows that some of the systems have luminescenceyichloromethane solution containing 0.1 M (TBA)PEt 293 K.

quantum yields nearly twice that of Ru(bg?¥) in acetonitrile. Potentials in volts are versus NHE as calibrated using the ferrocene/
Luminescent quantum yields in Table 3 were corrected for ferrocenium couple at 0.40 V vs NHE (see the Experimental Section).
infinite dilution using a modified SteraVolmer equatiof? (eq

3), where¢ and ¢, are the measured quantum yield and the k= ¢4 ! (4)
quantum yield at infinite dilution, respectively. 1
Kne = k(¢ ~— 1) ®)
¢Jo =1+ kz[Pl] (3)

. L . . In Table 6 are showikey"® k., andk,, for the Pt(Rphen)-
From the lifetime and emission quantum yields, the radiative ,~_ : e
and nonradiative rate constants can be calculated using egs AC=CCets); and PH(dbbpy)(ECCeHaX), series. The radiative
and 5.

(59) If one assumes that the self-quenching constant for compblisl
similar to those of the rest of the compounds in the Pt(dbbpy)-

(56) Zuleta, J. A.; Burberry, M. S.; Eisenberg, ®oord. Chem. Re 199Q (C=CCsH4X), series obtained from eq 2, it can be seen that the dif-
97, 47-64. ference int vs 7, is less than 0.1%. Compared to the estimated error

(57) Cornioley-Deuschel, C.; von Zelewsky, Morg. Chem.1987, 26, of 5% in the value ot,, this error is negligible. Likewise, the correc-
3354-3358. tion for the quantum yield at infinite dilution will be negligible too.

(58) Blanton, C. B.; Murtaza, Z.; Shaver, R. J.; Rillema, Dlrferg. Chem. (60) Vincze, L.; Sandor, F.; Pem, J.; BosnyakJGPhotochem. Photobiol.

1992 31, 3230-3235. A 1999 120, 11-14.
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Table 6. Radiative and Nonradiative Rates for the Pt(RphesQ®Ph), and Pt(dbbpy)(&CCsH4X), Seried

compound Eo(cm™) k (x10P s k(x10°s™h Kor (x10P s79)

Pt(phen)(E=CCeHs)2 (1) 17 300 0.099 1.103 1.00
Pt(NO;phen)(G=CCsHs)2 (4) 17 180 0.008 2.500 2.49
Pt(Brphen)(E&CCsHs)2 (5) 16 530 0.129 3.497 3.37
Pt(Clphen)(G=CCsHs): (6) 16 530 0.103 2.564 2.46
Pt(CHsphen)(G=CCeHs)2 (7) 17 390 0.101 1.029 0.93
Pt(dbbpy)(G=CCeHs)2 (9) 17 540 0.159 1.447 1.29
Pt(dbbpy)(G=CCsH4CHs), (10) 16 890 0.159 2.273 2.11
Pt(dbbpy)(G=CCsHsOCHs), (11) 15 630 0.143 71.429 71.3

Pt(dbbpy)(G=CCsH4F), (12) 17 540 0.211 1.508 1.23
Pt(dbbpy)(G=CCsHNO5), (13) 17 540 0.007 0.177 0.17

a All rates are estimated to have an errord6£5%.

Table 7. Ground- and Excited-State Redox Properties of
3l R Pt(diimine)(G=CAr), Complexe3
’ Eoo Eip2 (red,
B compound (eV) VvsNHE) E(Pt*/Pt)

W, Pt(phen)(G=CCeHs)z (1) 250 —1.31 1.19
Pt(Brphen)(G=CCsHs)> (5) 244 117 1.27
e Pt(Clphen)(&=CCeHs), (6) 244  -1.20 1.24
~ Pt(CHphen)(G=CCeHs), (7) 250 —1.41 1.09
1 Pt(dbbpy)(G=CCsHs)2 (9) 255  —1.38 1.17
0 0.0001 0.0002 0.0003 Pt(dbbpy)(G=CCHsCHa), (10)  2.52  —1.37 1.15
10-MePTZ (M) Pt(dbbpy)(GECCeH,OCHg), (11) 2.38 —-1.39 0.99
Pt(dbbpy)(G=CCsH4F), (12) 2.55 -1.36 1.19

Figure 9. Stern-Volmer plot for the quenching of Pt(dbbpy)-
(C=CGCsHs)2 (9) in CH3CN with 10-methylphenothiazine. a All potentials in volts vs NHE.

rate constants (£6-10° s2) indicate that the observed emission statereduction potentials for the Pt(diimine)(€CAr), com-
has a a significant degree of spin-forbiddedness consistent withplexes have been estimated. Table 7 presents these results. As
a3MLCT assignment_ Except for the nitro Compounﬁgnd eXpeCted for a lowest MLCT excited State, the smallest
13, all of the compounds obey the energy gap law from plots E(Pt*/Pt") value for the Pt(Rphen)(ECCeHs). series occurs
of log kn, versusEe"® for each series. This includes the short for the complex which has an electron-donating :Giibstit-
lifetime and low emission quantum vyield for the electron- uent on the phenanthroline ligand. Likewise, the smallest
donatingp-MeOGsH, acetylide derivativd 1 These resultslend ~ E(Pt*/Pt") value for the Pt(dbbpy)(&CCsHaX). series occurs
support to the assertion that the lowest energy excited state infor complex 11, which has an electron-donating methoxy
all of these complexes originates from a metal-to-diimine ligand Substituent on each arylacetylide ligand. The observed ordering
charge-transfer transition. is consistent with the notion that the excited-state reduction
The phototophysical, electrochemical, and spectroscopic datapotential reflects the driving force for filling the vacancy in
for Pt(dbbpy)(G=CCsH4NO,); (13) suggest that the emission the ground-state HOMO. A better donating ligand will in-
from this complex originates from a different lowest excited Ccrease electron density on the metal center more, thereby raising
state (involving a LUMO centered on the acetylide ligand) than in energy the predominantly metal-centered HOMO, while

observed for the other complexes in the Pt(dbbpsaQTCsH.- shifting the excited-state reduction potential to less positive
X). series. Further spectroscopic studies on this system are invalues.
progress. .

Conclusions

Estimation of Excited-State Reduction PotentialsThe Pt-
(diimine)(C=CAr), complexes undergo electron-transfer quench-  The Pt(diimine)(&CAr), complexes comprise a new and
ing of both reductive and oxidative types. As with the potentially useful set of solution luminescent square planar
corresponding diimine dithiolate complex@ghe systems are ~ complexes, with some members exhibiting greater emission
relatively photostable in the presence of an electron donor, intensity than comparable solutions of Ru(bgy) The nature
whereas photodegradation occurs under oxidative quenching.of the excited state in these systems has been investigated
For example, photolysis of Pt(dbbpyCCsC4sCHs), (10) in through systematic ligand variation and its influence on excited-
acetonitrile containingp-nitrobenzaldehyde with Hg(Xe) ir-  state properties. In this context, two series of complexes were
radiation @ex > 345 nm) leads to substantial photodegradation synthesized and studied, one having the diimine held constant
after 30 min. as ditert-butylbipyridine while the para substituent on the

For the complex Pt(dbbpy)eECCsHs)2 (9), reductive quench-  arylacetylide ligand was changed and the other having the
ing was examined quantitatively by measuring the emission alkynyl fixed as phenylacetylide with the diimine varying.
lifetime in the presence of the electron donors 10-methylphe- Through this investigation the emitting state is confirmed to be

nothiazine andN,N,N',N'-tetramethylbenzidine. SteriVolmer a Pt-to-diimine charge transfer in accord with that originally
behavior was observed using both quenchers with essentiallyproposed by Che. This assignment is consistent with the notion
diffusion-controlledk, values of 9.6x 10° and 1.3x 101°M1 that variation of the diimine affects the energy of the lowest
s1, respectively, and, of 715+ 20 ns. A plot ofz/t vs the unoccupied molecular orbital, and that variation of the aryl-

concentration of 10-methylphenothiazine is shown in Figure 9. acetylide leads to only minor changes in the Pt-based HOMO.
Through the use of a simple thermochemical cycle involving Luminescence decay measurements reveal excited-state lifetimes

the excited-state energiks, (estimated from the 77 K emission  between 14 and 5600 ns and a degree of spin-forbiddenness

spectra) and the reversible reduction potentals the excited- corresponding to 8MLCT assignment® Unlike the octahedral
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dé diimine complexes such as Ru(diimig&) and Re(diimine)- (R.E.), and the Research Corporation (D.K.G.). We thank Dr.

(COXX (where X = halide or pyridyl group¥! these square = Witek Paw and Dr. Adnan Mansour for valuable discussions,

planar & complexes exhibit self-quenching of their excited state. Dr. Gary Dombrowski for expert technical assistance, and Dr.
The Pt(diimine)(&CAr), complexes undergo electron- Chris Collison for assistance with single-photon counting

transfer quenching with good SterWolmer behavior seen for ~ measurements.

Pt(phen)(&CGCsHs), when quenched by the electron donors

10-methylphenothiazine ad,N,N,N'-tetramethylbenzidine. A Supporting Information Available: - Tables giving crystal data and

simple thermochemical analysis leads to estimates for the strpcture _reflnement, atomic and hydrogen coordinates, isotropic and

excited-state reduction potentials in the range of ca—1.8 anisotropic displacement parameters, and bond lengths and angles for

. . S 2. This material is available free of charge via the Internet at http://

V. The long-lived excited states of the Pt(diimineCAr), pubs.acs.org.

complexes, their redox properties, and the synthetic flexibility

which these systems offer make these complexes very attractive

for application in molecular photochemical devices and the IC991250N

construction of multicomponent molecular systems.
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