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Photoreaction of Platinum(ll) B-Diketonate Complexes with Olefing
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Pt(hfac) [hfac = 1,1,1,5,5,5-hexafluoro-2,4-pentanedionato] reacts with ethylene when irradiated at 350 nm to
yield a single photoproduct which we have isolated for the first time. X-ray diffraction reveals this to be Bt(hfac)
(7?-C;Hy), a five coordinated complex, with two bidentate hfac ligands remaining intact. When Pi(bfat)
ethylene were irradiated at 300 nm, a second product that could not be isolated was detéetédMiy and*9F

NMR. Pt(hfac)(;7?-C,H,4) was also shown not to be stable at shorter wavelengths. The corresponding photoproducts
of Pt(hfac} with propene and of Pt(tfag]tfac = 1,1,1-trifluoro-2,4-pentanedionato] with ethylene were detected

by ™H NMR spectroscopy.

Introduction Scheme 1

Platinum complexes are reported to be among the most active ,_\CF&
thermal and photochemical catalysts for hydrosilylation reac- FBC\E&
tions!~8 The original mechanism for such reactions attributed >3500m %, T
to Chalk and Harrod suggested formation of a square-planar — Pt------ “

O

platinum(ll)-olefin complex during the activation step, followed Fs
by oxidative addition of hydrosilane to the metal, olefin insertion
into the platinum-hydride bond, and reductive elimination
forming the Si-C bond’ A heterogeneous mechanism in which
colloidal platinum metal is the active species has also been . .
proposed. There are also numerous reports of Pt(0)-catalyzed 300nm_ oMoy 1y ihtac)
hydrosilylation reactions in which Pt(0) complexes were fs&d. T e

Lewis and co-workers recently reported on the photochemistry )
of group 10(Il) p-diketonates® Though they isolated no observed byH NMR and!®F NMR. Though attempts to isolate
products, they postulated formation of a soluble active speciesthese complexes were not successful, similar structures are
following photolysis. This highly active homogeneous catalyst Proposed.
can be converted to a less active heterogeneous catalyst b)ffeesults
subsequent photochemical or thermal routes.

We now report that, when irradiated at 350 nm, Pt(hfac) Photoreaction of Pt(hfac) with Ethylene. The absorption
reacts with ethylene resulting in formation of an isolable five- spectrum of Pt(hfag)displays maxima at 326 and 424 nm (20
coordinated complex, Pt(hfa)?-C,H4). Though this adduct ¢ = 4.5 and 1.8, respectively). The lowest energy allowed
is unstable in solution in the absence of free ethylene, it can beabsorption results from a ligand-centereet* transition. A
obtained from an ethylene rich solution as a well-defined yellow slightly higher energy transition is that of the ligand-to-metal
crystalline material. Photoproducts of Pt(hfaw)ith propene, charge transfer (LMCT) excited stdfe!?Irradiation of Pt(hfag)
Pt(acac) with ethylene, and Pt(tfagwith ethylene were also  with excess ethylene at both 350 and 420 nm in Gfdles
the same final product. This is the complex involvigigoonding

* Contribution No. 440 from the Center for Photochemical Sciences.  Of ethylene to platinum(ll), Pt(hfag);*>-CH) (Scheme 1; 56
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Figure 1. UV-vis absorption spectra of Pt(hfag)?-C.Hs) in
CH,Cly. ([Pt(hfack(n?-CoHs)] = 1.042x 10* M)
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Figure 2. Steady-state UVvis absorption spectra of Pt(hfaayith
C;H, in CH.CI; at 350 nm (Inset: irradiation time, units/min).

Figure 3. Single-crystal X-ray structure of product Pt(hfggf-C.H,).
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Table 1. NMR Data of the Photoreaction between Pt(hfaar)d
C2H4 in CDC|3

1H NMR 19F NMR
oH oH oF
(C—H) (CHq) [J(*Pt-H)| (CFy)
free ligand (hfac) 6.35 —76.99
reaction mixture beforesh 6.5 5.4 —73.83
final product of 300 nnhw  6.35  4.71 56 Hz —76.99
Final product of 350 nnlw  6.15  4.06 84Hz —74.0,
—76.50
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Figure 4. Steady-state UVvis absorption spectra study of Pt(hfac)
with C;H, in CH,Cl, at 300 nm (Inset time of irradiation in minutes).

The NMR data for the final products are compiled in Table 1.
The changes in theH NMR spectra occurring during the
reaction are presented in the Supporting Information. The
photoreaction initially results in the formation of Pt(hfg(gy-
C.Hy), the same product formed with 350 nm irradiation.
However, with continuous irradiation at the shorter wavelength,
Pt(hfac)(n?-C,H4) decomposes. A neH NMR peak at 6.36
ppm known to be that of the free ligand 1,1,1,5,5,5-hexafluoro-
2,4-pentanedione appears. The formation of this product is
further confirmed from thé®F NMR spectrum (see Table 1).
A new peak at 4.70 ppm with two satellites and coupling
constant|J(1%Pt—H)| = 56 Hz belonging to the protons of
ethylene also results. During this secondary reaction the peaks
at 424 and 326 nm in the UMvis absorption spectra disappear.
This is accompanied by the appearance of a new band at 280
nm (Figure 4). Though the products could not be isolated, we
conclude that, with the higher energy irradiation of the 300 nm
light source, dissociation of the two bidentate hfac ligands is
the result.

Decomposition of the isolated complex Pt(hffig§-CoHy)
also occurs at 300 nm. This was confirmed from the irradiation
of the isolated product in CDgl The molar absorbances of
Pt(hfacy(n?-C,H,) are 7.0x 10° and 4.8x 1C° Imol~tcm™t at
300 and 350 nm, respectively. In contrast, the corresponding

the changes are not large, there is a slight increase in themolar absorbances of Pt(hfadhe initial light absorbing starting
absorption at 344 nm and decrease at 424 nm. The reactionmaterial, are 4.8x 10° and 4.7 x 1C® Imol~tcm~1. When

proceeds directly. There are no obvious intermediates.
Single-Crystal X-ray Diffraction Analysis of Pt(hfac)a(5?-

irradiated at 350 nm, excited Pt(hfaadeacts with ethylene
forming Pt(hfac)(n?-C,H4). After 50-60% conversion, the

C,H4). A summary of the crystallographic data is presented in Pt(hfacy(;?-C;Hs) competitively absorbs light but that is of

the Supporting Information. An ORTEP plot of the molecule

is shown in Figure 3.

insufficient energy to cause photodecomposition, and no further
reaction occurs. When irradiated at 300 nm, Pt(h{gé)C.H,)

We note that the molecule has crystallographic 2-fold becomes the main light absorbing species after some initial
symmetry. Despite the low temperature used for data collection, period of reaction. Because Pt(hfggf-C;H,) is unstable under

the librational amplitude for the GFgroups is still high as

the conditions of the experiment (300 nm irradiation), it

clearly shown in Figure 3. The expected side on coordination undergoes further reaction leading, we suggest,td,Ggand

of the ethylene molecule is clearly demonstrated.
Photoreaction of Pt(hfac)y with Ethylene (300 nm). A

different photochemical process is observed when Pt(hfac)

displacement (Scheme 1.
The IH NMR spectrum of Pt(gHz)s 4 [0 = 6.94 ppm;
J(Pt=H) = 57 Hz in GDg] is inconsistent with the spectrum

irradiated at 300 nm in the presence of excess ethylene in£DCI observed when Pt(hfad) irradiated in the presence of ethylene
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Table 2. NMR Data of the Reaction between Pt(tfaend GH,4 Scheme 2
in CDCl;
'
OH OH OH o_ . (O\A',(O
(C—H) (CHs) (CoHa) |I(Pt=H)] CO/“(Z) - 0/2 L
free ligand (tfac) 5.908 2.207 !
reaction mixture beforesh 5998 2.076 54 H
final product after 300 nw  5.914 2.205 4.701 56 Hz . N({B O\N({},
OLP> LT CO/ L
in CDCl; at 300 nm. In view of the fact that the spectrum of 6 3

Pt(GHy4)s had been reported ingDg solution, we irradiated i
Pt(hfac) in the presence of ethylene in benzene at 300 nm but (o L

found no product. We conclude, therefore, that Bt{£)s is not OYO: {CC’)M(L} 6-dik)
the product. o ot

Photoreactions of Pt(hfac) with Propene and 1-Hexene 7 4
at 300 nm. Photoreactions of Pt(hfacin the presence of R H
propene and 1-hexene were also obsert NMR) upon Og Pl iy i
irradiation at 300 nm. In both cases, a new peak belonging to L ﬁ/éo 5 ’
the proton (G-H) of hfac at 6.12 ppm is observed. In the 0
photoreaction with propene, new peaks of the propene protons ¢
were observed at 4.9 (multiple peaks) and 4.0 ppm (quartet
peaks) with satellites indicating a Pt(propylene) adduct is
formed.

The reactivity difference resulting from the position of the
double bond of the olefin is striking. No reaction was observed
(*H NMR) between an internal olefin, 2,3-dimethyl-2-butene, . . . . .
with either Pt(hfag) and Pt(acag) However, terminal olefins blpyramlqlal, and the two hfac ligands are'symmetrlc. This was
such as ethylene, propene, and 1-hexene react with platinum-aISO confirmed b}' X-ray strugture analysis. ) .

(I) p-diketonate, giving rise to separable products that can Thermal reactions of platinum complexes with nitrogen
sometimes be isolated and always be detected spectroscopicallycontaining Lewis bases were also previously studied by

Photoreaction of Pt(tfacy with Ethylene. The electronic  Okeya"'®Scheme 2. Products 7 and 8 (Scheme 2) result from

absorption spectrum of Pt(tfadllisplays maxima at 254, 308, cleavage of the PtO bond and subsequent ligand rearrange-
and 386 nm (10° € =10, 6.5, and 2.3). No photoreaction was Ment. The related photochemical process yields similar prod-
observed from Pt(tfag)in the presence of ethylengH NMR) ucts:® However, Pt(hfagl>CzHa), the product we have
upon 350 nm irradiation. When Pt(tfasyas irradiated at shorter ~ iSolated in this study, retains both the hfac ligands coordinating
wavelength (300 nm) in the presence of ethylene lth&IMR 0,0 with platinum (structure 2 in Scheme 2). The differences
showed new peaks that were easily assigned to the protons of" these two reactions may lie in the fact that nitrogen bases
the free ligand tfac (5.91 and 2.21 ppm). An additional new &€ much stronger nucleophiles. With irradiation, the platirum
peak at 4.70 ppm with two satellites and coupling constant ©Xygen bond breaks following nucleophilic displacement and
|J(19%Pt—H)| = 56 Hz arises from the protons of ethylene, the ligand acac rearranges to the more stabéac:® In the
indicating a Pt(olefin) adduct is formed. The chemical shift and case of ethylene, the weakly coordinatgdethylene platinum
coupling constant between Pt and the ethylene protons are thdteraction is not strong enough to produce any further reaction
same as are those of the product formed from Pt(hfao} (Scheme 1). When ethylene is in excess, Pt(ha&)C2Ha)

ethylene when irradiated at 300 nm. The NMR data are shown forms. However, when the ethylene concentration is low, the
in Table 2. initially formed product reverts to the starting materials. This
Photoreaction of Pt(acac) with Ethylene. No photoreaction IS observed using overnightC NMR detection in that the

was observed to occur between Pt(agar)d ethylene when a solution produces a mixture of the product and Pt(hfddpon
mixture was irradiated at 350 nmtH NMR). However 300 nm irradiation and in the presence of excess ethylene,

photoproduct did form afte7 h of irradiation of Pt(acag)with Pt(hfac)(7>-C;H.) will undergo further reaction perhaps forming
CoH. at 300 nm in CDQ solution. After evaporating the ~ cationic complex [Pt(gHa)s|(hfack, with both hfac ligands
unreacted GH, the’H NMR spectrum showed a new peak at displaced by ethylene.

4.48 ppm with two satellites, the coupling constant for which The olefin adduct reported herein is quite unstable in solution,
was 64 Hz. Another new peak that is observed (5.51 ppm) is and others have had difficulty isolatingtin our hands, the

the five-coordinated platinum complexes Pt(hfgR(cyclohexyl}]

and five-coordinated anionic complexes [Pt(hfx¢) (X = ClI,

Br, and 1)1516 A distorted square pyramidal structure with the
phosphine ligand and halide ligand in the basal plane was
observed by X-ray analysi§:.16 Pt(hfac)(12-C;H,) is trigonal

very close to the corresponding signal for acac. product of Pt(hfag)with ethylene is only isolable if an excess
of ethylene is maintained during the preparation. The stability
Discussion of several other adducts prepared from different platinum(Il)

Stable five-coordinated platinum complexes have been previ- ” — 00l S Nak - Bl
ously reported. Okeya and co-workers synthesized and isolated®) Jk¥a.S. %ﬁaﬂfgg'; oo - Nakamura, Y.; KawaguchBel

(16) Okeya, S.; Hashimoto, M.; Matsuo, T.; Yamanaka, K.; Sumino, T.;

(13) We proposed that the structure of this product is [PM@R]%" (hfack?~ Hashimoto, H.; Kanehisa, N.; Kai, YChem Lett 1998 541.
from *H NMR and'°F NMR evidence. Our conclusion from the spectra  (17) Okeya, S.; Nakamura, Y.; Kawaguchi,Buill. Chem Soc Jpn 1981,
is that both hfac ligands are dissociated while ethylene remains 54, 3396.
coordinated to Pt. A referee has suggested that this product could be (18) Okeya, S.; Nakamura, Y.; Kawaguchi,Bill. Chem Soc. Jpn1982
the known Pt(GH)s. Because thélH NMR spectrum has been 55, 1460.
reportedi* we are certain that this product is not present. (19) Wang, F.; Wu, X.; Finnen, D.; Neckers, D. Tetrahedron Lett200Q
(14) Green, M.; Howard, J. A. K.; Spencer, J. L.; Stone, F. Gl.£hem 41, 7613.

Soc, Dalton Trans 1977, 271. (20) Salvi, G. D., Ph.D. Dissertation, Northwestern University, 1993.
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complexes decreases in the order Pt(hfae) Pt(tfacy >
Pt(acag) consistent with the catalytic activity of these complexes
in hydrosilylation® where Pt(hfag) has the lowest catalytic
activity. The ability to form stable products decreases the
catalytic activity of Pt(hfag)in the hydrosilylation process.

Based on these studies, we have demonstrated that a five
coordinated complex is formed in the photoreactions of Pt(hfac)
with terminal olefins. Steric effects likely cause the failure of
the photoreaction of internal olefins with platinum(fjdike-
tonate. This is also observed in the photoactivated hydrosilyl-
ation reactions.

Isolation of the five-coordinated complex Pt(hfggf-CoH.)
makes it possible to study the activity of Pt(hfgg$-C,H,) as
the precatalyst for hydrosilylation. Using Pt(hfg@p-CoH,) as
the catalyst, the hydrosilylation of triethylsilane with vinylsilane
was observed afte h atroom temperature without irradiation.
Study of the activity of Pt(hfagfy2-C,H4) as a catalyst for
hydrosilylation reaction is continuing.

Experimental Section

Materials and Instruments. Pt(hfac) and Pt(tfac) were synthe-
sized?* Pt(acac) was purchased from Alfa Chemical Co. All other
reagents were purchased from Aldrich Chemical Co. and used as
received.'H and °F NMR spectra were recorded in CRQlolution
with a Varian Gemini 200 MHz and a Unity Plus 400 MHz,
respectively. Chemical shift values are expressed in ppm relative to
tetramethylsilane fotH and CRCI for *°F. UV—vis absorption spectra
were recorded using a Hewlett-Packard 8452A diode array-u¥

Inorganic Chemistry, Vol. 40, No. 23, 2006003

three differentp settings and 03incremeniw scans, 2 < 56°, which
corresponds to more than a hemisphere of data. Data integration was
carried out with SAINT2® and corrections for absorption and decay
were applied using SADABZ&Solution was by direct methotksand
refinement by full matrix least squaréson F using all 1855 unique
data. The final refinement included anisotropic thermal parameters for

non-hydrogen atoms and all hydrogen atoms with isotropic thermal
parameters. The refinement converged to wR2.064 (for F, all data)
andR; = 0.025 &, 1772 reflections witH > 20(1)).

General Procedure for Irradiation and Product Detection. A 4
mL vial containing 70 mg of platinum complex in 3 mL of GEl,
solution was degassed with dry argon for about 10 min. Ethylene or
propylene was bubbled in for 10 min while the vial was cooled in a
dry-ice—acetone bath. After warming to room temperature, the sealed
vial was irradiated at ambient temperature in a Rayonet reactor. The
same procedure was used for the NMR experiment and-U¥
absorptions experiments in which either a CP&ilution in an NMR
tube or a cuvette was used.

Pt(hfac)(y>-C,H4): The reaction mixture was irradiated at 350 nm
for 2 h. After evaporation of the solvent, a yellow solid mixture of
Pt(hfac) and Pt(hfac)n?-C,Ha) was obtained. Pt(hfag);?-C,H,) was
isolated by recrystallization from hexane and £CH solution. X-ray
quality crystals were prepared by slowly evaporating a@solution
in the presence of hexane vapor at low temperature. Melting point is
128-129 °C. *H NMR(CDCl;, 200 MHz): 6 6.15(s, 1 H)6 4.06
(singlet with satellites, 4 H] = 84 Hz).1%F NMR (CDCk, 400 MHz):

0 —74.0 (s, 3 F),0 —76.5 (s, 3 F). Anal. Calcd: C, 22.6; H, 0.95.
Found: C, 22.43; H, 1.02.
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