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We have therefore prepared monomeric phenyl amide 
complexes of platinum(I1) with tricyclohexylphosphine 
ligands in order to try and direct selectivity toward the 
PGNH, bond. Treating tr~ns-PtPhCl(PCy,)~ with Ag- 
C104, followed by ammonia gas, gives trans-[PtPh- 
(NH3)(PCy3)2]C104 (18) (31P{1H] NMR: 6 17.7 (9)). This 
complex reacts with the amide ion to give trans-PtPh- 
(NH2)(PCy3), (19) (31P{1H1 NMR: 6 17.0 (s)) (eq 15). 
trans-[PtPh(NH3)(PCy3),]ClO4 + NaNH, - 

18 
trans-PtPh(NH,)(PCy,), + NaC10, + NH, (15) 

Treating trans-PtPh(NH,)(PCy,), with trifluorosulfonic 
acid or water gives the ammine cation complexes trans- 
[PtPh(NH,)(PCy,),]X (X = CF3S03, OH). Treating 
trans-PtPh(NH,)(PCyJ, with methyl iodide or allyl 
chloride gives trans-PtPhX(PCy,), (X = I, C1) (eq 16). 
The amine products have not been detected. 

19 

tn)~-PtPhI(PCyj)p + MeNH2 I-=-- 
wm-Rm(NH2)(PCY3)2 

trans-PtPtCI(PCy3)p + CHp=CHCH,NH, 

(16) 

Carbon dioxide reacts with trans-PtPh(NH,)(PC~~)~ in 
benzene solvent with the precipitation of trans-PtPh- 
(NHCO,H)(PCy,), (22) (v(C0) 1602 cm-l, v(NH + OH) 
3351, 3318 cm-'; 'H NMR 6 3.35 (br, NH; ,J(PtH = 24 
Hz))).,~ This N-bonded carbamato complex is formed by 

CHz=CHCH&I 

electrophilic attack a t  the amide nitrogen by the carbon 
atom of carbon dioxide (eq 17). When this carbamato-N 

- I  (17) 

complex is dissolved in dichloromethane, isomerization to 
the 0-bonded complex trans-PtPh(OCONH,)(PCy,), (v- 
(CO) 1616 cm-'; 'H NMR 6 4.01 (s, NH,); I3C {'HI NMR 
6 162.5) occurs.22 This 0-bonded isomer can be obtained 
in a single step by reacting trans-PtPh(NH2)(PCy3), with 
carbon dioxide in dichloromethane solvent, when the 
N-isomer trans-PtPh(NHC02H)(PCy3)2 is observed as an 
intermediate in solution. These transformations are shown 
in Scheme 11. 

Acknowledgment. We thank the Louisiana Board of 
Regents for support through the Louisiana Education 
Quality Support Fund. We thank the Office of Naval 
Research for funds to purchase the FTIR spectrometer. 
We thank Dr. F. Joslin for assistance. 

Supplementary Material Available: Tables of atomic co- 
ordinates, bond lengths, bond angles, anisotropic thermal pa- 
rameters, and H atom coordinates and isotropic thermal param- 
eters (4 pages); a listing of F,, and F, values (37 pages). Ordering 
information is given on any current masthead page. 

+ 
Pt-NHz Pt-NH2 R -NH 

o=c=o o=c -0- c o d  
L - I  

(21) Glueck, D. S.; Hollander, F. J.; Bergman, R. G. J. Am. Chem. SOC. 
1989,111, 2719-2721. 

(22) Monodentate dimethylcarbamate ligands are known with v(C0) 
in the 1630-1640-cm-' range: see: Chisholm. M. H.: Extine. M. W. J. Am. 
Chem. SOC. 1977, 99,782=?92, 

Synthesis of Platinum( I I )  Hydroxycarbonyl Complexes and 
Related Species and Their Reactions with Hydrogen Peroxide: 

Existence of Organometallic Peroxy Acids 

Ivana Torresan,'a Rino A. Michelin, lb Andrea Marsella, la Andrea Zanardo, la Francesco Pinna, la 

and Giorgio Strukul'*la 

Department of Chemistry, University of Venice, 30 123 Venice, Italy, 
and Institute of Industrial Chemistry, University of Padua, 35 100 Padua, Italy 

Received March 15, 1990 

The synthesis and characterization of a class of complexes of the type P2Pt(Rx)(COOH) (P2 = (PPhJ,, 
(PPh2Me),, dppe, diphoe, dppp; Rx = CF3, Me, Ph) obtained by insertion of CO into the Pt-OH bond 
of the corresponding hydroxo complexes is reported, together with their reactivity toward MeOH, P2Pt- 
(CF,)(OH), and P,Pt(CF,)(OOH) species (P2 = diphosphine). The reaction between PtCOOH and PtOH 
complexes leads to the formation of C0,-bridged dinuclear species. The reactions of all the carboxy 
compounds with hydrogen peroxide were studied with the aim of finding a synthetic route to organometallic 
peroxy acids. Spectroscopic studies suggest the existence of transient hydroperoxy species of the type 
PtCO0,H; however, attempts to exploit their oxidizing properties in the oxidation of olefins resulted only 
in the catalytic oxidation of carbon monoxide. 

Introduction and sulfones from sulfides, tertiary amine oxides from 
tertiary amines, and esters or lactones from ketonesa2 

example in the Bayer-Degussa3 and Propylox4 processes 
Hydrogen peroxide is a poor oxidant for organic syn- 

of organic peroxy acids, which are very versatile reagents 
thesis, but it is a key starting materid for the preparation Organic PeroxY acids are also employed in industry, for 

in a iariety of organic oxidation reaciions, including the 
(2) For general reviews of this argument see: (a) Plesnicar, B. In 

demic Press: New York, 1978; Part C, p 211. (b) Bouillon, G.; Lick, C.; 
Shank, K. In The Chemistry of Peroxides: Patai, S.. Ed.: Wilev: New 
York, 1983: Chapter 10, p 279. 

synthesis Of epoxides and glYcO1s from Olefins, Oxidation i n  Organic Chemistry; part C; Trahanovsky, W. S., Ed.; Aca- 

(1) (a) University of Venice. (b) University of Padua. 
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for the production of propylene oxide, thereby allowing 
the ultimate use of H202 as a terminal oxidant in industrial 
organic chemistry. 

However, more direct methods for the activation of 
hydrogen peroxide are needed. Despite the flourishing of 
new chemical systems based on do transition-metal centers 
in alkene oxidation with organic hydroperoxides, the re- 
lated use of hydrogen peroxide has met with only limited 
success, mostly because of the unavoidable presence of 
watera5 

We have recently reported complexes of the type 
PzPt(CF3)X (Pz = diphosphine, X = solvent, -OH) that 
are totally tolerant of aqueous systems and have been used 
as catalysts for the selective and enantioselective ep- 
oxidation of terminal olefins with diluted ( 5 3 5 % )  Hz02.697 
These compounds are essentially organometallic bases that 
form PtOOH species very easily through acid-base reaction 
with HzOz: 

Pt+ + HzOz - PtOOH + H' 

PtOH + HZOZ PtOOH + HzO 

Pt = P,Pt(CF,) 

The coordinated hydroperoxide is then transferred to the 
olefin via activation of the latter on a second platinum 
 enter,^ thereby resulting in a genuine example of bi- 
functional catalysis. The P,Pt(CF,)(OH) complexes are 
versatile reagents since, by insertion of carbon monoxide 
into the Pt-OH bond, they allow the synthesis of what may 
be formally considered as the organometallic carboxylic 
acids MCOOH (or hydroxycarbonyl complexes). 

Although the synthesis and characterization of these 
hydroxycarbonyl compounds have been accomplished 
relatively recently: they were believed for many years, and 
in some cases proved, to be involved as intermediates in 
a variety of reactions involving carbon monoxide, including 
the homogeneously catalyzed water-gas shift rea~t ion.~ In 
this paper we report the synthesis of a class of PzPt- 
(Rx)(COOR) complexes (P2 = two monophosphines or one 
diphosphine; Rx = alkyl or aryl; R = H, Me) along with 
their reactions with HzOz with the aim of finding a syn- 
thetic route to organometallic peroxy acids. 

Torresan et al. 

Results and Discussion 
Synthesis and Characterization. The platinum(I1) 

complexes of general formula P,Pt(Rx)(COOH) were 
prepared by the insertion of carbon monoxide into the 

(3) Prescher, G.; Schreyer, G.; Weiberg, 0.; Wirthwein, R.; Waldmann, 
H.; Seifert, H.; Schwerdtel, W.; Swodenk, W. German Patents 2,519,297 
and 2,519,298, 1976. 

(4) Hilden, A. M.; Munly, T. P.; Jaggars, A. J. German Patent 
2,747,762, 1978. 

( 5 )  For recent reviews on this argument see: (a) Mimoun, H. In Com- 
prehensiue Cuordination Chemistry; Wilkinson, G., Gillard, R. D., 
McCleverty, J., Eds.; Pergamon Press: Oxford, U.K., 1987; Vol. 6, 
Chapter 61.3, p 317. (b) Mimoun, H. In The Chemistry of Peroxides; 
Patai, S., Ed.; Wiley: New York, 1983; Chapter 15, p 463. 

(6) (a) Strukul, G.; Michelin, R. A. J .  Chem. Soc., Chem. Commun. 
19R41538. (b) Strukul, G.; Michelin, R. A. J. Am. Chem. SOC. 1985,107, 
7563. (c) Sinigalia, R.; Michelin, R. A,; Pinna, F.; Strukul, G. Organo- 
metallics 1987, 6, 728. (d) Zanardo, A.; Michelin, R. A.; Pinna, F.; 
Strukul, G. Inorg. Chem. 1989,28, 1648. 

(7) Zanardo, A.; Pinna, F.; Michelin, R. A,; Strukul, G. Inorg. Chem. 
1988,27, 1966. 
(8) Bennett, M. A. J .  Mol. Catal. 1987, 41, 1 and references therein. 
(9) (a) Ford, P. C.; Rokicki, A. Adu. Organomet. Chem. 1988,28,139. 

(b) Ford, P. C. Acc. Chem. Res. 1981,14,31. (c) Halpern, J. Comments 
Inorg. Chem. 1981, I, 3. (d) Eisenberg, R.; Hendriksen, D. E. Adu. Catal. 
1979,28,79. (e) Kubota, M. Inorp. Chem. 1990.29.574 and references 
therein. 

Table I. IR Data (cm-') for the Complexes 
P,Pt(Rx)(COOH)' 

u(C-0)I 
complex u(0-H) u(C=O) 6(0-H) 

(diphoe)Pt(CF,)- 2690 (3440) 1610 (1655) 1155, 1170 

(dppe)Pt(CF3)- 2680 (3440) 1610 (1652) 1155 

t r a n ~ - ( P P h , M e ) ~ P t -  2685 (3440) 1590, 1600 1148, 1163 

( ~ P P P ) P ~ ( C F ~ ) -  2685 (3440) 1610 (1655) 1165, 1170 

trans-(PPh,),Pt- (3440) 1655, 1670 (1655) 1148, 1165 

(dppe)Pt(Ph)- (2690) 1655 (1635) 

(diphoe)Pt(CH,)- 2670 (3440) 1600 (1635) 

trans-(PCy,),Pt- 2660 1620 (1658, 1600) 

(COOH) 

(COOH) 

(CF3)(COOH) 

(COOH) 

(CF&(COOH) 

(COOH) 

(COOH) 

(CH3)(COOH)b 

a Spectra recorded in Nujol mulls with use of CsI windows; da ta  
in parentheses refer to  CH2ClP solutions, in 0.5-mm CaF, cells. 
Band assignments are according to ref 11. *Only slightly soluble in 
CH2C12. 

Table 11. NMR Spectroscopic Data for the Complexes 

c o m D 1 ex 'H 6(COOH) 19F 6(CF,) 
P,Pt(CF,)(COO€i)' 

(diphoe)Pt(CF,)(COOH) 10.62 ( 8 )  -14.83 (dd); 3J~p,i, 
e 14.1, 'JFpbm = 
54.9, 2J~pt  729 

(dppe)Pt(CF,)(COOH) 10.45 (s) -15.3 (dd); 3J~p,;. = _- 
18.3, ,JFP,,- = 
53.3, 'JFpt 718 

trans-(PPh,Me),Pt(CF,)- 10.15 (s) -15.00 (t); ,JFp = 
(COOH) 2.19 (t, 6(PMePh2); 11.4, *JFpt 

'J"p + 'JHP = 413.2 
6.2, , JHp+ = 37.4 . ... . 

trans-(PPh,),Pt(CF,)- 

cis-(PPh,),Pt(CF,)(COOH) 
(COOH) 

-14.58 (t); 3JFp = 
12.0, 2JFpt = 401 

= 13.7, 'JFpbUu = 
50.1, 2 J ~ p t  = 711 

-17.12 (dd); 'JFP,~, 

a Spectral data taken a t  room temperature in DMSO-d,; 6 in ppm, J 
in Hz. References: 'H, TMS; l9F, CFCl,. Abbreviations: s, singlet; d, 
doublet; t, triplet; dd, doublet of doublets. 

Pt-OH bond of the corresponding P,Pt(Rx)(OH) com- 
plexes: 

P~PI(Rx)(OH) + CO -C P~R(Rx)(COOH) (1) 

4Jpe dppp 
P = Pphs, PPhMe, PcY3  
RX = CF3, Ph, Me 

This synthetic procedure, which was developed by some 
of uslo and by Bennett and co-workers,8J1 is peculiar for 
platinum, while for other metals, the synthesis consists of 
the addition of HO- or HzO to coordinated carbon mon- 
oxidenga 

Reaction 1 is carried out in toluene at  low Pt concen- 
tration (C0.007 M) and room temperature and is generally 
complete in 6 h. Yields are generally good (65439%) but 
are considerably lower if the Pt concentration is increased 
or if THF is used as solvent because of the precipitation 

(10) Michelin, R. A.; Napoli, M.; Ros, R. J.  Organomet. Chem. 1979, 
175, 239. 

(11) (a) Appleton, T. G.; Bennett, M. A. J.  Organomet. Chem. 1973, 
55, C88. (b) Bennett, M. A.; Rokicki, A. Organometallics 1985,4, 180. 
( c )  Bennett, M. A.; Robertson, G. B.; Rokicki, A.; Wickramasinghe, W. 
A. J. Am. Chem. SOC. 1988, 110, 7088. 
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complexes either the 19F NMR data or the 31P(1HJ NMR 
data are in agreement with the proposed structures (Tables 
I1 and 111). 

Chemical Properties. All the PtCOOH complexes 
synthesized are stable in the solid state and do not de- 
compose at  room temperature with elimination of CO,. 
Solutions of the CF, derivatives are stable in CH,Cl,, while 
solutions of (dppe)Pt(Ph)(COOH) and (diphoe)Pt(Me)- 
(COOH) evolve CO,. In fact, the IR spectra (CH2C12 so- 
lution) show in the case of (diphoe)Pt(Me)(COOH) the 
rapid decay of the original bands at  1625 and 3440 cm-' 
and the growth of a sharp band at 2320 cm-' typical of free 
C02. The reaction is complete in about 20 min. A similar 
result was obtained for (dppe)Pt(Ph)(COOH). This be- 
havior might be associated either with the facile hydrolysis 
of the Pt-alkyl or -aryl u bond in the latter complexes by 
traces of HC1 present in CH2C12 followed by carbon dioxide 
evolution or, more likely, with a P-hydride elimination 
process according to the reaction 

Table 111. NMR Spectroscopic Data for the Complexes 
P,Pt(Ph)(COOH) and P,Pt(Me)(COOH)" 

complex 'H 31P(1HI 
(diphoe)Pt(Me)(COOH) 10.03 (e, COOH) 55.13 (d); 

51.24 ( 8 ) ;  

0.67 (t, Me); 3 J ~ p  = 'Jppt = 1855, 
14.5, 'JHpt 71.8 'Jpp 16.2 

'Jppt 1741, 
2Jpp = 16.2 

trans-(PCy3),Pt(Me)- 9.67 (8 ,  COOH) 20.8 (9); 
(COOHI* -0.05 (t, Me); 3JHp = 'JpPt = 2820 

5.0, 'JHpt = 720 
(dppe)Pt(Ph)(COOH) 9.98 (s) 39.94 (s); 

37.37 (s); 
'Jppt = 1792 

'Jppt = 1736, 
2Jpp 0 

Spectral data taken at room temperature in DMSO-$; 8 in ppm, J 
in Hz. References: 'H, TMS; 31P, 85% H3PO4. Abbreviations: s, sin- 
glet; d, doublet; t, triplet; dd, doublet of doublets. *CD2C12 as solvent 
for solubility reasons. 

of a side product formed by condensation of the PtCOOH 
product with the unreacted PtOH starting complex (vide 
infra). The reaction of CO with tran~-(PPh,)~Pt(Ph)- 
(OH)', and tr~ns-(PPh~)~Pt(Bz)(OH)'~ failed to give the 
desired hydroxycarbonyl complexes but instead gave only 
orange solutions containing Pt(0) species (vide infra). 

The hydroxycarbonyl complexes are white microcrys- 
talline solids, insoluble in H20 and fairly soluble in acetone, 
tetrahydrofuran (THF), CH2C12, dimethyl sulfoxide 
(DMSO), and dimethoxyethane (DME). They have been 
characterized spectroscopically by IR, 'H NMR and either 
19F or 31P(1H) NMR methods and the relevant data are 
reported in Tables 1-111. A comparison of the v(OH) and 
v(C0) values in the IR spectra for the solid and in CH2C12 
solution (Table I) indicates that most of the -CF3 deriv- 
atives and (diphoe)Pt(Me)(COOH) are associated in the 
solid state through hydrogen bonding (2660-2690 cm-' 
(OH), 1590-1610 cm-' (CO)), while they are monomeric 
in solution (3440 cm-' (OH), 1635-1655 cm-' (CO)). On 
the other hand, tram-(PPh,),Pt(CF,)(COOH) appears to 
be monomeric even in the solid state, tran~-(PCy,)~Pt- 
(Me)(COOH) is partially associated, and (dppe)Pt(Ph)- 
(COOH) is completely associated in CH2C12 solution. In 
this respect, the former group of complexes differ strongly 
from organic carboxylic acids that are partially associated 
even in the gas phase,14 while the latter intermediate be- 
havior resembles the observations for trans-(PEt,),Pt- 
(Ph)(COOH) reported by Bennett et al.'lc 

The 'H NMR spectra do not show the carboxylic proton 
resonance in most common solvents, probably because of 
both rapid exchange and partial overlapping with the 
phosphine phenyl signals; however, the use of DMSO-d6 
allowed us to locate the COOH proton (Tables I1 and 111) 
of all the complexes with the exception of (PPh,),Pt- 
(CF3)(COOH). The '9 NMR spectrum of this compound 
reveals the presence of a mixture of cis and trans isomers 
(approximate ratio 1/21 both in DMSO-d6 and in CD2C12, 
which is in contrast with the solid-state IR spectrum, where 
no bands are observed at 555 cm-' typical of cis- 
(PPh3),PtX, species according to Mastin's identification 
method.16 This behavior suggests that this complex is 
most likely trans in the solid state. For all the other 

(12) Yoshida, T.; Okano, T.; Otauka, S .  J. Chem. SOC., Dalton Trans. 
1976. 993. -. - - - -  ~. . 

(13) Strukul, G.; Michelin, R. A,; Orbell, J. D.; Randaccio, L. Inorg. 

(14) Bellamy, L. J. The Infrared Spectra of Complex Molecules; 

(15) Mastin, S .  H. Inorg. Chem. 1974, 13, 1003. 

Chem. 1983,22, 3706. 

Chapman and Hall: London, 1975; p 183. 

0 H, 

I 
(pxROH + CO, - R(0) + RxH (2) 

p' 'Rx P' 'fk 

Rx=Me,Ph 

This type of reaction has been observed for other metals%'6 
and was reported by Catellani and Halpern for trans- 
(PPh3)2Pt(COOH)C1." In both cases the IR spectrum 
does not give evidence of bands around 2000 cm-' due to 
v(PtH) absorptions, but it is known that cis-hydrido-alkyl 
or cis-hydrido-aryl species of Pt(I1) reductively eliminate 
RxH even at -50 This behavior is likely to occur 
also for the species derived by CO insertion in trans- 
(PPh,),Pt(Ph)(OH) and trans-(PPh,),Pt(Bz)(OH). The 
presumed PtCOOH derivatives could not be isolated; in- 
stead, the orange solid that was isolated from the reaction 
of the benzyl complex with CO shows IR bands at  1850 
and 1795 cm-' typical of Pt3(C0)3(PPh3)4.'9 

Despite the presence of a carboxylic moiety the PtCOOH 
complexes described here differ from organic carboxylic 
acids in that they are very poor acids. Attempts to de- 
termine their acidity constant were unsuccessful due to the 
lack of solubility in aqueous alkali solutions. The hy- 
droxycarbonyl compounds do not protonate l,&bis(di- 
methy1amino)naphthalene in polar solvents such as ace- 
tone, DMSO, and DME. Instead, the compounds react 
with strong noncoordinating acids to give the corre- 
sponding metal carbonyl complexes according to the re- 
action 

(3) 

For example the reaction between (diphoe)Pt(CF,)(COOH) 
and a stoichiometric amount of 12.7 M HC104 leads to the 
formation of a species showing spectroscopic features 

Pt-COOH + H+ + Pt-CO+ + H2O 

(16) (a) Deeming, A. J.; Shaw, B. J. J. Chem. SOC. A 1969,443. (b) 
Bowman, K.; Deeming, A. J.; Proud, G. P. J. Chem. SOC., Dalton Tram. 
1985,857. (c) Darensbourg, D. A.; Froelich, J. A. Inorg. Chem. 1978,17, 
3300. (d) Barrientos-Penna, C. F.; Gilchrist, A. B.; Kahn-Oliva, A. H.; 
Hanlan, A. J. L.; Sutton, D. Organometallics 1986,4,478. (e) Sweet, J. 
R.; Graham, W. A. G. J. Am. Chem. SOC. 1982,104,2811. (f) Casey, C. 
P.; Andrews, M. A.; Rinz, J. E. J. Am. Chem. SOC. 1979, 101, 741. (g) 
Lilga, M. A.; Ibers, J. A. Organometallics 1986,4,590. (h) Grim, N.; Kao, 
S. C.; Pettit, R. J. Am.  Chem. SOC. 1979, 101, 1627. (i) Gibson, D. H.; 
Owens, K.; Ong, T.-S. J. Am. Chem. SOC. 1984,106,1125. (j) Ishida, H.; 
Tanaka, K.; Morimoto, M.; Tanaka, T.  Organometallics 1986, 5, 724. 

(17) Catellani, M.; Halpern, J. Inorg. Chem. 1980, 19, 566. 
(18) Abis, L.; Sen, A,; Halpern, J. J. Am. Chem. SOC. 1978,100,2915. 
(19) Chatt, J.; Chini, P. J. Chem. SOC. A 1970, 1538. 
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Table IV. IR Features (cm-') of the Complexes 
P,Pt (Rx)(COOMe)" 

complex v(C=O) dC-OC) 
(diphoe)Pt(CF,)(COOMe) 1657, 1643 (1643) 1055b 
(dppe)Pt(CF&(COOMe) 1665, 1643 (1640) 1O7Ob 
(dppp)Pt(CF,)(COOMe) 1650 (1642) 1O5Ob 

"As Nujol mulls with use of CsI windows. Data in parentheses 
refer to CHIClz solutions in 0.5-mm CaF, cells. *In solution cov- 
ered by CF3 absorptions. 

(diphoe)Pt(CH,)(COOMe) 1632 (1628) 1100 (1100) 

identical with those of [(diphoe)Pt(CF3)(C0)]C1O4 (IR 
Nujol) 2130 cm-' (CO); 19F NMR (CD2C12, -70 OC) 6 -14.51 

13C(lH) flMR (CD2C12, -48%) S(C0) 171.48 m, 2Jcp. = 

19F NMR?ata are quite similar to those for previously 
reported complexes of the same type,6*7J0 while the 13C 
parameters are in agreement with the general behavior of 
Pt carbonyl compounds.20 The 2Jcp,m and ,JCF values are 
very close, giving rise to an apparent quintet. The IR 
spectrum is similar to the spectra of previously reported 
complexes of the same type such as [(PPh,),Pt(CF,)- 
(CO)]PF, and [(PPh,),Pt(CO)Cl]PF, (v(C0) (THF solu- 
tion) 2143 and 2121 cm-', respectively)21 and indicates the 
presence of a very weakly bound CO. In fact the complex 
tends to lose carbon monoxide even in the solid state on 
storage a t  room temperature. In solution, CO is easily 
displaced by the solvent, but the solvato cationic species 
obtained when treated with CO restores the starting car- 
bonyl complex even at  -70 "C (19F NMR evidence). 

Despite their very weak acidic character the P2Pt- 
(Rx)(COOH) complexes readily react with methanol to 
form esters (reaction 4). The preparation can be carried 

NEt, 
Pt-COOH + MeOH - Pt-COOMe + H 2 0  (4) 

out more conveniently, either in a one-pot synthesis 
starting from the hydroxy complex, carbon monoxide, and 
methanol in the presence of triethylamine or by insertion 
of CO into the corresponding methoxo complexes.22 The 
former procedure yields better synthetic results, and 
through this route the new complexes (dppe)Pt(CF,)- 
(COOMe), (dppp)Pt(CF,)(COOMe), and (diphoe)Pt- 
(MeHCOOMe) have been prepared together with the al- 
ready known1° complex (diphoe)Pt(CF,)(COOMe). 

The complexes have been characterized by IR, 'H NMR, 
19F NMR, and 31P{1HJ NMR spectroscopies, and the rel- 
evant data are reported in Tables IV and V. Consistent 
with the structures, the IR spectra do not show the ex- 
istence of OH stretching and the carboxylate group fre- 
quencies do not significantly differ in solution and in the 
solid state. A typical singlet is observed in the 'H NMR 
spectra in the region 2.89-3.40 ppm due to the -OMe group 
with evidence for lg5Pt couplings of about 6 Hz for the CF3 
derivatives and 3.4 Hz for (diphoe)Pt(Me)(COOMe). The 
19F and 31P NMR data are in agreement with the proposed 
structures. I t  is interesting to note that the values of the 
'Jppt coupling constants reflect the strong trans influence 
of both Pt-C c bonds.23 In fact, the magnitudes of the 
two 'Jppt values are very similar and an assignment of the 

dd, ,JFP. = 10.7 Hz, 3 J ~ p  

7 Hz, 2Jcp 

= 57.8 Hz, 2JFpt = 565 Hz; 

= 125 Hz, ,JCF = 7 Hz, 'Jcpt = 312 Hz). The 

(20) (a) Appleton, T. G.; Berry, R. D.; Hall, J. R.; Neale, T. W. J. 
Organomet. Chem. 1989, 364, 249. (b) Mann, B. E.; Taylor, B. F. 13C 
NMR Data for Organometallic Compounds; Academic Press: London, 
1981; p 181. 

(21) Zanotto, L.; Bertani, R.; Michelin, R. A. Znorg. Chem., in press. 
(22) Bryndza, H. E. Organometallics 1985, 4, 1686. 
(23) Appleton, T. G.; Bennett, M. A. Inorg. Chem. 1978, 17, 738. 

- 3 0  
P pm 

-10  - 20 

Figure 1. 19F NMR spectrum of [(diph~e)Pt(CF,)]~(p-CO,): (A) 
full spectrum; (B) expansion of the region around -25 ppm 
showing the existence of 5JFpt. 

phosphorus signals is possible only on the basis of the 3JpF 
value, where present. 

Dimerization Reactions. In the description of the 
preparation of the PtCOOH complexes, the condensation 
of P,Pt(Rx)(COOH) and P2Pt(Rx)(OH) in THF solutions 
has been mentioned. The formation of a well-characterized 
dinuclear species during the preparation of the PtCOOH 
complex occurred only in the case of (diphoe)Pt(CF& 
(COOH). To generalize this process, we have carried out 
the synthesis of other complexes of this kind, varying the 
diphosphine ligand bound to the metal (reaction 5). 

P̂P I diphoe, dppe, dppp 

The compounds (diphoe)Pt(CF,)(COOH), (dppe)Pt- 
(CF,)(COOH), and (dppp)Pt(CF,)(COOH) were reacted 
with stoichiometric amounts of the corresponding hydroxo 
complexes in concentrated THF solutions. Quantitative 
formation of the diphoe p C 0 2  compound is observed in 
3 h, while the dppe derivative requires 24 h. During the 
same time, the reaction does not occur in the case of the 
dppp derivative. We have also attempted the preparation 
of a mixed dinuclear compound by treating (diphoe)Pt- 
(CF,)(COOH) with (dppp)Pt(CF,)(OH). The formation 
of an equilibrium yield of about 60% of product was ob- 
served. A 19F NMR analysis of the isolated solid shows 
the presence of both starting reagents and the presence 
of a new species, which was identified as the mixed dinu- 
clear compound on the basis of its pattern by analogy with 
the other homologous complexes. Formulation of the 
compounds with structure as in reaction 5 was based on 
IR and lgF NMR spectroscopic data (Table VI). 31P(1H) 
NMR spectra were exceedingly complicated due to ex- 
tensive overlapping of signals, and no assignments were 
attempted. As shown in Table VI, the IR spectra are 
characterized by the absence of OH stretchings and the 
carboxylate group frequencies are the same both in solid 
and in solution. Their values become closer to each other 
than in the corresponding bands of the PtCOOH com- 
plexes, and this behavior resembles that of the symmetric 
and asymmetric COB- stretchings of the organic carboxylate 
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Table V. NMR Spectral Data for the Complexes P2Pt(Rx)(COOMe)" 
'@F 6(CF3) 31P(1HJ c o m p 1 ex 'H 6(OCH3) 

(diphoe)Pt(CF,)(COOMe) 3.31 (9); 'JptH = 6.3 -17.7 (dd); 'JFpEiI = 

(dppe)Pt(CF,)(COOMe) 3.26 (s); 'JptH = 6.2 -18.1 (dd); 3JFp,, = 

(dppp)Pt(CF,)(COOMe) 2.89 (5); 4JptH = 6.0 -19.5 (dd); 'JFpCi, = 

cis CF, (dq) 53.23; 3JpF = 

cis CF3 (dq) 41.2; 3JpF = 

trans CF3 (dq) 48.7; 3Jpp = 

trans CF3 (dq) 54.6; 'JpF = 

13.8, 'JF~,~,,,, = 67.0, 13.8, 'Jpp = 10.8, 'Jppt = 67.0, 'Jpp = 10.8, 'Jppt = 
2Jpt = 736 1835 1736 

13.8, 3 J ~ p u . N  = 54.6, 13.8, *Jpp = 3.2, 'Jppt 54.6, 'Jpp = 3.2, 'Jppt = 
'Jpt~ = 718 1833 1980 

cis CF3 (dq) -5.87; 3JpF = trans CF3 (dq) -9.48; 3JpF = 
13.4, 3J~pt,.,,a = 52.1, 13.4, 'Jpp 27.5, 'Jppt = 52.1, 'Jpp = 27.5, 'Jppt = 
'Jpu = 716 1778 1828 

(diphoe)Pt(CH3)(COOMe) 3.4 (9); 4JptH = 3.4 
0.71 (dd);b ,JHP,, = 'Jppt = 1876 'Jppt 1810 

(dq) 52.2; 'Jpp = 12.8, (dq) 57.6; 'Jpp = 12.8, 

6.9, 3J~pua,, E 7.8, 
'JptH = 71.0 

" Spectral data taken at room temperature in CD'C1,; 8 in ppm, J in Hz. References: 'H, TMS; lSF, CFCI,; 85% H3P01. Abbrevia- 
tions: s, singlet; d, doublet; t, triplet; dd, doublet of doublets; dq, doublet of quartets. *Pt-CH,. 

Table VI. Spectral Data for [P,Pt(CF,)l2(@2O2) Complexes" 

complex 
lgF NMR (b(CF3)) 

IR ( K O ) )  cis to 0 cis to C 
[ (diphoe)Pt(CF,)l,(r-CO~) 1535 (1535), -24.96 (dd); 3J~p, ,8  = 10.8, 'JF~,,,,, = -16.32 (dd); = 14.9, 'JF~,, = 

[(dppe)Pt(CF,)l,(r-CO~) 1545 (1545), -25.59 (dd); 'JFP,, = 12.1, 3J~pt,,, = -17.23 (dd); 3JFp = 15.8, ,JFp,,,,, = 

(diphoe)(CF,)Pt(,-CO,)Pt(CF,)(dppp) 

1205 (1205) 68.1, 'JFpt = 559, 5JFpt = 11.6 55.6, 'JFpt = 757 

1200 (1185) 65.7, 'JFpt = 551, 5JFpt = 11.4 54.3, 'JFpt = 75U0, 5JFpt = 1.5 
-25.03 (dd); 3 J ~ p , , ,  = 13.8, 3J~p,,, = -15.99 (dd); 3J~pEU = 16.5, 'JFpuVu 

58.2, 'JFpt = 500, 'JFpt = 2.3 55.9, 'JFpt = 751 

a IR: in Nujol mulls with use of CsI windows; data in parentheses refer to CH2Cl2 solutions in 0.5-mm CaF, cells. "F NMR: in CDzClp at 
room temperature; 6 in ppm referenced to CFCI,, J in Hz. Abbreviations: s, singlet; d, doublet; t, triplet; dd, doublet of doublets. 

anion.24 19F NMR spectra were more informative since 
they show two different sets of signals (1/1 ratio), one 
corresponding to a CF, ligand cis to oxygen and the other 
to a CF3 cis to carbon. The assignment is based on their 
very different 2JFpt values, which closely resemble those 
of the parent PtCOOH and PtOH complexes. Even more 
important, in all cases at  least one of the two CF3 signals 
shows a small long-range coupling with the distal lg5Pt 
center in the form of satellites (Figure 1). A similar 
complex, trans-[ (PE~),Pt(Ph)],(~-CO2), has been recently 
reported by Bennett, and the bridging nature of the COz 
moiety was determined by 13C NMR spectroscopy on an 
enriched sample (6 201.0 ppm in CDzC1z).llC Unfortu- 
nately, in the present case due to the moderate solubility 
of the samples, the cis nature of the complexes, and the 
presence of C-F couplings the 13C('HJ NMR signals for the 
p C 0 ,  complexes appeared as very weak multiplets cen- 
tered a t  -206 ppm, and a parameter analysis was im- 
possible. I t  has to be pointed out that, while COP com- 
plexes in which both carbon and oxygen are bound to the 
same metal center are rather species in which 
COz bridges two different metal centers are relatively 
rare.z6 These species can be seen as models for the COz 
activation at the metal surface of heterogeneous catalysts.n 

Peroxy Dimerization Reactions. The occurrence of 
the condensation reaction reported above to give bridging 
carboxylato complexes suggests that a similar reaction may 
take place between the hydroxycarbonyl complexes and 

(24) Silverstein, R. M.; Bawler, G. C.; Morrill, T. C. Spectrometric 
Identification of Organic Compounds, 3rd ed.; Wiley: New York, 1974. 

(25) For general reviews see: (a) Sneeden, R. P. A. In Comprehensive 
Organometallic Chemistry; Wilkinson, G., Stone, F. G. A,, Abel, E. W., 
Eds.; Pergamon: Oxford, U.K., 1982; Vol. 8, p 225. (b) Floriani, C. Pure 
Appl. Chem. 1983,55,1. (e) Darensbourg, D. J.; Kudaroski, R. A. Ado. 
Organomet. Chem. 1983,22, 129. 

(26) (a) Audett, J. D.; Collins, T. J.; Santarsiero, B. D.; Spies, G. H. 
J. Am. Chem. SOC. 1982,104,7352. (b) Tso, C. T.; Cutler, A. R. J. Am. 
Chem. SOC. 1986,108,6069. (e) Senn, D. R.; Gladysz, J. A.; Emerson, K.; 
Larsen, R. D. Inorg. Chem. 1987, 26, 2737. 

(27) Solymoei, F.; Bugyi, L. J.  Chem. SOC., Faraday Tram.  I 1987,83, 
2015 and references therein. 

Scheme I 

Pt-C+ ,'OH + Pt-OOH - Pt-% /a + Pt-'OH 
0 0 

: - H,O 
i 1 - GO, 

,'O-O, + HZO 
Pt--C, Pt  Pt-OH + 

- CO'O 0 

1 
, O - P t  

Pt-\ + H,O 
0 

Pt = (diphoe)Pt(CF,) 

the corresponding hydroperoxy species PtOOH. In the 
literature there is only one example of a peroxycarbonyl 
complex of Pt(II), which was obtained by Kubota and 
co-workers28 according to reaction 6. The compound is 

&P,+ /o-0 PPh3 I 
ph3p/R\ 'c-PI-CI (7) 

pph3 bl bPh3 

particularly stable, probably because of the bridging tri- 
dentate coordination mode of the peroxycarbonyl ligand. 
However, further reaction of the tridentate derivative with 
PPh3 allowed the same authors the isolation also of the 
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bridging bidentate peroxycarbonyl (reaction 7).28 
We have tried to synthesize a similar bridging peroxy 

compound by condensation of (diphoe)Pt(CF,) (COOH) 
and (diphoe)Pt(CF,)(OOH) in THF at room temperature. 
After 3 h an analysis of the gas phase reveals the existence 
of significant amounts of COP, while the IR spectrum of 
the solid that precipitated from solution shows the pres- 
ence of [(diphoe)Pt(CF3)],(p-COZ), which was confirmed 
also by 19F NMR analysis. 

The same reaction was monitored with 19F NMR spec- 
troscopy in CD2C1, at  low temperature with the hope of 
identifying the intermediate species involved. Solutions 
of the starting complexes (final concentration for both 0.1 
M) were mixed at -80 "C, and the temperature was grad- 
ually increased. A t  -20 OC the reaction gave no evidence 
of any intermediate except [ (diphoe)Pt(CF3)I2(p-CO2). A 
possible explanation might be the occurrence of a rapid 
partial exchange (Scheme I) between HOO- and HO- to 
form an intermediate hydroperoxycarbonyl species from 
which carbon dioxide is produced by intramolecular oxi- 
dation. The hydroxy complex thus formed reacts with the 
remaining PtCOOH to give the observed dimeric species. 

More evidence for the existence of transient species of 
the PtCO0,H complex was found with a labeling experi- 
ment. The complex (diphoe)Pt(CFJ(l8OH) was synthes- 
ized by exchange in CH2C12 solution between the corre- 
sponding PtOH complex and HPl80. As indicated by IR 
spectroscopy (CH2Cl, solution), the exchange is complete 
after about 10 h (40-H) in PtOH 3620 cm-', in Pt180H 
3611 cm-'). CO insertion into the Pt180H complex af- 
forded (diphoe)Pt(CFJ(CO'*OH) (~(0-H) 3432 cm-'). The 
reaction shown in Scheme I was repeated with the labeled 
hydroxycarbonyl compound, yielding C02 containing only 
5% of C0l8O. This seems to rule out the possible existence 
of a peroxy dimerization intermediate similar to Kubota's= 
(dashed arrows in Scheme I), since in this case mostly 
C0180 should be observed in the gas phase. 

Reactions with Hydrogen Peroxide. As mentioned 
in the Introduction, the main goal in the preparation of 
the present PtCOOH complexes was to test their utility 
as precursors for the synthesis of metal peracidic species 
P,Pt(Rx)(COO,H) to be employed as oxidants in organic 
synthesis, which would allow the ultimate use of hydrogen 
peroxide in a more direct and catalytic fashion. Organic 
peroxy acids are generally prepared from the corresponding 
carboxylic acid by reaction with concentrated solutions of 
H20, in strongly acidic media., Further operations include 
separation, purification, and finally use as oxidants in 
organic synthesis. This series of operations, while tolerable 
on a laboratory scale, is undesirable for the industrial 
practice, because the coproduct carboxylic acid must be 
recovered and recycled. 

We tested the reactions of the P,Pt(Rx)(COOH) com- 
plexes with hydrogen peroxide without any added H+ 
because of the above-described protonation reaction to give 
metal carbonyl complexes. The reactions were carried out 
in THF at 0 OC with use of H,Oz in different concentra- 
tions. At  the end, the presence of COz in the gas phase 
was determined for each reaction. The product consisted 
always of a mixture of variable amounts of PtOH and 
PtOOH complexes. Some Pt hydroxycarbonyl complexes 
react only with 72% H,02, while for others 34% H202 is 
sufficient for the reaction to proceed. A summary of the 
results is reported in the upper part of Scheme 11. I t  
should be pointed out that the same products were ob- 
tained some years ago when we tried to insert carbon 

(28) Kubota, M.; Rosenberg, F. S.; Sailor, M. J. J. Am. Chem. SOC. 

Organometallics, Vol. 10, No. 3, 1991 

1985,107,4558. 

Torresan et  al. 

Scheme I1 
P2Pt(Rx)(COOH) + H,O, ---) CO, + P,R(Rx)(OH) + P,Pt(Rx)(OOH) 

HZO, 34% P, = dppp RX = CF, 
P =PPh3 
P, = diphoe 
P, = dppe 

H,O, 72% P, = diphoe Rx = CF, 

Fix = Me 
Rx = Ph 

P, = dppe 
P =PPh,Me 

P,R(Rx)(COOMe) + H,O, - Pt-OH + R-OOH + CO, 

H,O, 34% P,=diphoe Rx =CH, 

H,O, 72% P, = diphoe Rx = CF, 
P, = dppe 
Pz = dPPP 

[P2Pt(CF3)],(~-CO2) + H,02 - R-OH + Pt-OOH + CO, 

H,O, 72% P, = diphoe 
P, = dppe 

monoxide into the Pt-0 bond of some P,Pt(CFJ(OOH) 
complexes:29 
P,Pt(CF&(OOH) + CO 4 P,Pt(CFJ(OH) + COP (8) 

P2 = diphoe, dppe, 2 PPh,Me 

The above reaction and the one reported in Scheme I1 
most likely proceed through a common organometallic 
peroxycarboxylic intermediate. In order to detect the 
existence of this intermediate, we have studied in detail 
the case of (diphoe)Pt(CF,)(COOH). This complex was 
chosen because of its greater stability and the expected 
higher acidity of the carboxylic proton compared to those 
in the other homologous complexes because of the elec- 
tron-withdrawing effect of the CF, ligand. As shown in 
Scheme 11, this complex reacts only mth 72 % Hz02, while 
with 34% H202 it is recovered unaltered. 

In order to trap the putative hydroperoxycarbonyl in- 
termediate, we carried out some 19F NMR spectroscopy 
studies at  variable temperature (-80 "C to room temper- 
ature). Reaction 8 appeared to be better suited for this 
purpose because of the higher solubility of the starting 
materials at  low temperature. The complex (diphoe)Pt- 
(CF,)(OOH) was dissolved in CDzClz (0.1 M), and the 
solution was placed in an NMR tube, cooled to -80 "C, 
degassed, and saturated with CO. The reaction mixture 
evolution with temperature and time was monitored with 
19F NMR spectroscopy. At -80 "C only the signals cor- 
responding to the starting complex are present (6 -27.32 

and no evolution was observed after 15 h at -80 "C. Then 
the temperature was slowly raised; a t  -20 "C the signals 
of a new species appeared, the intensity of which increased 
regularly with time. By its typical pattern this species was 
recognized to be [(diph~e)Pt(CF,)]~(p-CO~). No other 
products were detected (spectra were registered every 40 
min), and after about 6 h the reaction had gone to com- 
pletion. CO, was present in the gas phase. 

Although the expected PtCOOzH intermediate could not 
be directly observed, the formation of the dimer requires 
prior formation of the corresponding PtOH complex, which 
in turn implies the insertion of CO into PtOOH to give as 
a transient intermediate the peracidic species from which 
COP is formed. Partial insertion of CO in the PtOH com- 

dd, 3 J ~ p , ,  = 11.0 Hz, 3 J ~ p -  = 62.0 Hz, ' J ~ p t  = 554 HZ),' 

(29) Strukul, G.; Ros, R.; Michelin, R. A. Inorg. Chem. 1982,21,495. 
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This system has been checked in the oxidation of simple 
olefiis such as cyclohexene and 1-&ne in THF with 72% 
H202. The reactions have been carried out either a t  -25 
OC or at -10 "C; they were monitored with GLC for 5 days, 
but no organic oxidation products were detected. Modest 
amounts of Coo were produced at -25 "C, while a t  -10 "C 
massive formation of carbon dioxide took place (virtually 
all the H202 introduced was consumed to give Coo) in 
about 4 h. At  the end of these tests the catalyst was 
recovered and characterized. I t  consisted of a -1/1 
mixture of PtOH and PtCOOH with minor amounts of 
PtOOH. This reaction is indeed a catalytic process, since 
blank tests carried out under the same experimental con- 
ditions or even at 25 "C in the absence of Pt complex gave 
only negligible amounts of Coo. 

The mechanism for decarboxylation in the present 
system may be similar to processes in the water-gas shift 
reaction, for which two possibilities have been suggested: 
(i) a concerted "p-elimination" type of mechanism (reaction 
11) and (ii) a stepwise mechanism via deprotonation (re- 
action 12).9 Although in most cases the hydroxycarbonyl 

(11) L,M-COOH 4 L,M-H + Coo 

Scheme I11 

/-, R-oH\ / co 

A 
R-OOH Pt-COOH \\ Pt-COOZH H21/J 

ox id  

olef in 

plex would account for the formation of the dimer. 
In a second experiment [ (diphoe)Pt(CF3)(CO)]C10, was 

treated with a stoichiometric amount of 34% H202. The 
initial 'gF NMR spectrum was run at -70 "C in CD2Cl2 (0.1 
M); after addition of 34% Hz02 nothing happened until 
the temperature was raised to -20 "C. At this temperature 
the initial carbonyl species slowly disappeared and was 
replaced by the signals characteristic of (diphoe)Pt- 
( CF,) (OH) and [ (diphoe)Pt (CF,) ( CHoCl2)]+ (PtOH, 6 
-27.40 dd, 57.6 HZ, 2JFpt = 596 
Hz; Pt+, 6 -29.Q6 dd, ,JFP,,, = 8.8 Hz, 3JFpww = 56.7 Hz, 
2JFpt = 518 Hz).' The reaction was complete in about 1 
h, and carbon dioxide was found in the gas phase. Reac- 
tions 9 and 10 show a plausible pathway that accounts for 

= 9.1 HZ, ,JFP,, I 

34% 
U 

co, + PI-OH (10) 

the products observed. Again, these observations seem to 
suggest the intermediacy of the hydroperoxy carbonyl 
species. 

Reactions with H202 have been carried out also on the 
methyl esters and on the carboxy dimers. The results are 
summarized in the lower part of Scheme I1 and do not 
differ greatly from those obtained with the PtCOOH 
complexes, indicating that the CF3 derivatives are generally 
more reluctant to undergo decarboxylation. Most likely, 
these reactions proceed through prior hydrolysis of the 
starting complexes followed by the chemistry already de- 
scribed for the PtCOOH complexes. 

Catalytic Reactions. The possible involvement of 
platinum peracids in the above reactions seems to suggest 
that the oxidizing ability of these species could indeed be 
exploited only if the oxygen transfer to an organic substrate 
were faster than the oxidation of the carbonyl. In order 
to make our ultimate goal (i.e. organic oxidation) more 
likely, we have devised a catalytic system consiting of 
(diphoe)Pt(CF,)(OH), hydrogen peroxide, and an olefin 
under a carbon monoxide atmosphere, which should pro- 
vide for the formation of the necessary PtCOOH complex 
and compensate for losses of active species due to oxidation 
of the carbonyl to COP Under these conditions two pos- 
sible catalytic cycles can take place (Scheme 111): one 
leading to the oxidation of carbon monoxide (A) and the 
other one to the oxidation of the olefin to products (B). 

L,M-COOH 4 H+ + L,M-C02- --* Coo + L,M- + H+ 
(12) 

complexes described in this paper seem to be reluctant to 
undergo reaction 11, a similar p-hydroxy rearrangement 
following nucleophilic attack (as in reaction 9) seems the 
most favorable pathway for decarboxylation, since a be- 
havior analogous to reaction 12 would require in this case 
the unlikely formation of HO+. Reaction 10 can be con- 
sidered the decomposition of an intermediate quasi peroxy 
metallacycle, which was suggested as the key step in the 
epoxidation of olefins with H202 by use of the same Po- 
Pt ( CF3) (OH) catalysts.' 

Of the two possible catalytic cycles shown in Scheme 111, 
only cycle A seems to work, which suggests that the in- 
ternal nucleophilic attack on the carbonyl is overwhelming 
compared to the oxygen transfer to the external olefin. 

Conclusions 
The study reported here has allowed the synthesis of a 

variety of carboxylic complexes and the suggestion of an 
intriguing chemistry concerning peroxy species; however, 
the organometallic carboxylic acids synthesized are not 
useful as catalysts for the oxidation of organic substrates. 
In fact, we have observed that, even if there is repeated, 
although indirect, evidence for the intermediacy of per- 
oxycarboxylic species in the reactions with H202, their 
reactivity seems to be dominated by the tendency to un- 
dergo intramolecular oxidation, which is overriding with 
respect to any other oxidation process. We believe that 
the main reason for this behavior lies in the very weak (if 
any) acidic character of the carboxylic group, even in those 
complexes containing strongly electron-withdrawing lig- 
ands. 

Although the present approach to organometallic peroxy 
acids has failed, we still believe that these species, which 
in principle combine around the same metal center the 
peracidic function and the ability to activate the substrate, 
might be a plausible new way to transition-metal-catalyzed 
organic oxidations. 

Experimental Section 
Apparatus. IR spectra were taken on a Perkin-Elmer 683 

spectrophotometer and on a Digilab FTS 40 interferometer either 
in Nujol mulls CsI plates or in CHZCl2 solution CaFZ windows. 
'H, leF, and 31P(1HJ NMR spectra were recorded on a Varian FT 
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Table VII. Microanalytical Data for New Complexes 

compd (found) (found) 
% C calcd % H calcd 

(dppe)Pt(Ph)(OH) 55.89 (55.78) 4.40 (4.32) 
(dppe)Pt(CF,)(COOH) 47.53 (47.45) 3.56 (3.61) 
(~PPP)P~(CFJ(COOH) 48.27 (48.40) 3.77 (3.75) 
tr~ns-(PPh,Me)~Pt(CF~)(C00H) 47.39 (47.28) 3.84 (3.78) 
tr~ns-(PPh,)~Pt(CF,)(C00H) 54.75 (54.82) 3.75 (3.82) 
(diphoe)Pt(Me)(COOH) 51.62 (51.70) 4.02 (4.10) 
(dppe)Pt(Ph)(COOH) 55.39 (55.31) 4.22 (4.29) 
trans-(PCy,),Pt(Me)(COOH) 55.93 (55.85) 8.65 (8.68) 
(dppe)Pt(CF,)(COOMe) 48.27 (48.21) 3.77 (3.81) 
(dppp)Pt(CF,)(COOMe) 48.98 (49.04) 3.97 (4.02) 
(diphoe)Pt(Me)(COOMe) 52.33 (52.21) 4.24 (4.20) 
(di~hoe)~Pt~(CF,),(r-CO~) 48.40 (48.47) 3.25 (3.28) 
(dppe),Pt2(CF3)&r-C02) 48.25 (48.22) 3.53 (3.48) 

80A spectrometer operating in the FT mode, using as external 
references TMS, CFCl,, and 85% H3P04, respectively. l3C(lH1 
NMR spectra at -40 "C were recorded on a Bruker AM 400 
spectrometer operating in the FT mode, using as an external 
reference TMS. Negative chemical shifts are upfield from the 
reference. UV-vis spectra were registered on a Perkin-Elmer 
Lambda 5 spectrophotometer in the 220-450-nm region. GLC 
measurements were taken on a Hewlett-Packard 5790A gas 
chromatograph equipped with a 3390 automatic integrator. 
GM-MS experiments were performed on a Carlo Erba HRGC 
5160 gas chromatograph equipped with a Hewlett-Packard 5970 
mass selective detector. Identification of products was made with 
GLC by comparison with authentic samples. pH measurements 
were performed on a Orion 701 digital pH meter. 

Materials. Solvents were dried and purified according to 
standard methods. 1-Octene (Fluka) was purified by passing 
through neutral alumina, distilled, and stored under N2 in the 
dark. H2180 (95% isotopic purity from Cambridge Isotope 
Laboratories), hydrogen peroxide (35% from Fluka, 72% from 
Degussa), and diphoe (cis-1,2-bis(diphenylphosphino)ethylene), 
dppe (1,Z-bis(diphenylphosphino)ethane), dppp (1,3-bis(di- 
phenylphosphino)propane), PPh,, PPh2Me, and PCy, (all from 
Strem) were commercial products and were used without puri- 
fication. 

The following compounds were prepared according to literature 
procedures: (dppe)Pt(Ph)C1,30 (dppe)Pt(CF,)(OH),lO (dppp)Pt- 
(CF3)(OH),sd tran~-(PPh,Me),Pt(CF~)(0H),'~ t ran~-(PPh, )~Pt -  
(CF3)(0H),l0 (diphoe)Pt(Me)(OH),B tr~ns-(PCy,),Pt(Me)(OH),6~ 
(diph0e)Pt(CF,)(C00H),~O and (diph0e)Pt(CF,)(C0OMe).*~ 

Preparat ion of New Complexes. The preparation of new 
complexes was performed under dry N2 by using conventional 
Schlenk and syringe techniques, although all of the complexes, 
except one, were found to  be air-stable once isolated. All com- 
plexes gave satisfactory elemental analyses (Table VII). 

(dppe)Pt(Ph)(OH). (dppe)Pt(Ph)Cl (1.70 g, 2.38 mmol) was 
suspended in acetone, and the suspeneion was degassed and placed 
under N2 AgBFl (2.4 mL of a 1 M solution in acetone) was added 
dropwise. After 1 h AgCl was filtered off and to the concentrated 
solution was added KOH (0.094 g, 2.4 mmol) dissolved in H 2 0  
(10 mL) dropwise with stirring. The mixture darkened quickly 
and after 1 h was brought to dryness in vacuo. The solid residue 
was extracted with a CH,Cl,/toluene (1:2 v/v) mixture, and the 
resulting solution was concentrated in vacuo and then placed at 
-20 OC overnight. The white solid obtained was filtered, washed 
with hexane, and dried. Recrystallization was from CH2C12/E~0 
(yield 40%). 

(dppe)Pt(CF,)(COOH). (dppe)Pt(CF3)(OH) (0.50 g, 0.70 
mmol) was partially dissolved in 150 mL of toluene. The system 
was degassed and saturated with CO, with stirring. In a few 
minutes the solid dissolved completely and stirring was continued 
at room temperature for 24 h. The solvent was removed in vacuo 
to about 50 mL. The precipitation was completed by addition 
of EhO. The white solid was filtered, washed with E h 0 ,  and dried. 
Recrystallization was from CH2CI2/Et20 (yield 65% ). 

(dppp)Pt(CF3)(COOH). The complex could be obtained by 
starting from the corresponding hydroxo derivative (0.50 g, 0.69 

(30) Baird, M. C.; Wilkinson, C. J. Chem. SOC. A 1967, 865. 

mmol) according to the procedure described for (dppe)Pt- 
(CF,)(COOH), but the reaction time was 6 h (yield 68%). 

trans -( PPh2Me),Pt(CF3)(C0OH). The complex could be 
obtained by starting from the corresponding hydroxo derivative 
(0.70 g, 0.98 mmol) according to the procedure described for 
(dppp)Pt(CF,)(COOH) (yield 75%). 
trans-(PPh,),Pt(CF,)(COOH). trans-(PPh,),Pt(CF,)(OH) 

(0.50 g, 0.62 mmol) was partially dissolved in 150 mL of toluene. 
The system was degassed and saturated with CO, with stirring. 
Complete dissolution took place in a few minutes, while after 30 
min a white solid precipitated out of solution. Stirring was 
continued at room temperature for a further 5 h. The solvent 
was removed in vacuo to about 5 mL. The precipitation was 
completed by addition of hexane. The white solid was filtered, 
washed with hexane, and dried. Recrystallization was from 
CH2C12/hexane (yield 70%). 

(diphoe)Pt(Me)(COOH). The complex could be obtained by 
starting from the corresponding hydroxo derivative (0.40 g, 0.62 
mmol) according to the procedure described for (dppp)Pt- 
(CF,)(COOH) (yield 65%). 

(dppe)Pt(Ph)(COOH). (dppe)Pt(Ph)(OH) (0.55 g, 0.80 "01) 
was partially dissolved in 5 mL of dry THF. The mixture was 
degassed, saturated with CO, which caused immediate complete 
dissolution, and stirred for 45 min at room temperature. The white 
precipitate was filtered, washed with Et20,  and dried in vacuo. 
Recrystallization was from CH2Cl2/Et2O (yield 45%). 
trans-(PCy,),Pt(Me)(COOH). The complex could be ob- 

tained by starting from the corresponding hydroxo derivative (0.50 
g, 0.64 mmol) according to the procedure described for (dppp)- 
Pt(CF,)(COOH) (yield 65%). 

(dppe)Pt ( CF,) (COOMe). (dppe)Pt( CF,) (OH) (0.50 g, 0.72 
mmol) was dissolved in MeOH (40 mL) and 0.10 mL of NEt, was 
added to the solution. The solution was then degassed by several 
freeze and thaw cycles, saturated with CO, and stirred for 15 h. 
The white solid obtained was filtered, washed with EhO, and dried 
in vacuo (yield 62%). 

(dppp)Pt(CF,)(COOMe). The complex could be obtained 
by starting from the corresponding hydroxo derivative (0.50 g, 
0.73 mmol) according to the procedure described for (dppe)Pt- 
(CF,)(COOMe) (yield 55%). 

(diphoe)Pt(Me)(COOMe). The complex could be obtained 
by starting from the corresponding hydroxo derivative (0.50 g, 
0.80 mmol) according to the procedure described for (dppe)Pt- 
(CF3)(COOMe). The reaction was complete in 30 min (yield 55%). 

[(diphoe)Pt(CF,)l2(r-CO2). (diphoe)Pt(CF3)(0H) (0.15 g, 0.22 
mmol) and (diphoe)Pt(CF,)(COOH) (0.16 g, 0.22 mmol) were 
dissolved in 15 mL of dry THF. The solution was degassed, 
N2-saturated, and stirred for 3 h. The solution was concentrated 
in vacuo, and addition of E t 2 0  resulted in the precipitation of 
a white solid. This was filtered, washed with Et20, and dried in 
vacuo. Recrystallization was from THF/Et20  (yield 86%). 

[ ( d ~ p e ) P t ( C F , ) ] ~ ( p - C o ~ ) .  The complex could be obtained 
by starting from the corresponding hydroxo (0.055 g, 0.081 mmol) 
and hydroxycarbonyl (0.055 g, 0.081 mmol) derivatives according 
to the procedure described for (diph~e)~P~(CF,) , (p-CO~) (yield 
55%). 
(diphoe)(CF,)Pt(cr-CO,)Pt(CF,)(dppp). The procedure 

described above for (diphoe),Pt2(CF,),(p-CO2) starting from 
(diphoe)Pt(CF,)(COOH) (0.15 g, 0.21 mmol) and (dppp)Pt- 
(CF,)(OH) (0.15 g, 0.21 mmol) gave a product consisting of an 
equilibrium mixture of startine comdexes and the dimeric cam- - -  
piex described. 

[ (diphoe)Pt (CF,) (CO)]ClO,. [ (diphoe)Pt(CF3) ( CH2CIZ)] ClO, 
(0.15 g, 0.18 mmol) was dissolved in CH2Clz (5 mL), degassed, 
and saturated with CO. EvaDoration of the solvent under a stream 
of CO yielded a white solid (yield 95%). 

(diph~e)Pt(CF,)(CO'~oH). The synthesis was performed in 
glassware that was dried in the oven for 2 h and then flushed with 
dry N, prior to use. Manipulation and contact with solvent was 
reduced to the minimum. (diphoe)Pt(CF3)(0H) (0.20 g, 0.28 
mmol) was dissolved in dry CH2C12 and the solution placed under 
N2. To the stirred solution was added 0.2 mL of HZl8O, and the 
mixture was stirred. The solution was sampled periodically and 
analyzed by IR spectroscopy in the 3800-3400-cm-' region. After 
10 h the solution was evaporated to dryness in vacuo and the white 
solid was partially dissolved in 50 mL of dry toluene under a CO 
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atmosphere. After the solution was stirred for 5 h, the solvent 
was removed in vacuo to give a white solid. 

Reaction with PtOOH. (diphoe)Pt(CF3)(C01sOH) (0.050 g, 
0.071 mmol) and (diphoe)Pt(CF,)(OOH) (0.049 g, 0.071 mmol) 
were placed as the solids in a Schlenk tube bearing a screw-capped 
silicone septum. The system was evacuated and filled with N2. 
Dry, Nz-saturated, chilled THF (10 mL) was added and the re- 
action mixture stirred for 2 h. The gas phase was then sampled 
with a gastight syringe and the sample injected into a GC-MS 
system. 

Reactions with H202. Reactions of (diphoe)Pt(Me)(COOH), 
(dppe)Pt(Ph)(COOH), (diphoe)Pt(CF,)(COOH), (dppe)Pt- 

(COOH), tran~-(PPh,Me)~Pt(CF,)(C00H), (diphoe)Pt(CF,)- 
(COOMe), (dppe)Pt(CF3)(COOMe), (dppp)Pt(CF,)(COOMe), 
(diphoe)~Pt2(CF3)2(~-C02), and (dppe)~Pt2(CF3)2b-C02) with H202 
were carried out, according to the general procedure described 
here, in a round-bottomed flask equipped with two stopcocks for 
gas inlet and outlet, a side arm fitted with a screw-capped silicone 
septum to allow sampling, and an external jacket connected to 
the external circulation of a thermostat; stirring was performed 
with a Teflon-coated bar driven externally by a magnetic stirrer. 

In the reactor 0.1 mmol of complex was suspended in 15 mL 
of dry THF. The system was degassed, N,-saturated, and 
thermostated at 0 "C. To the stirred mixture was added 100 pL 
of Hz02 (34% or 72%), and the reaction was carried out for 20 
h. The presence of C 0 2  in the gas phase was determined by 
flushing the reaction vessel with N2 and bubbling the gas through 
a water solution containing Ba(OH)? The weight of BaC03, which 
can be recovered by filtration, gave a semiquantitative estimate 

(CF,)(COOH), (dppp)Pt(CFJ(COOH), trans-(PPh,),Pt(CF,)- 

of the COz evolved. The reaction mixture was then concentrated, 
and addition of Et20  yielded a solid, which was filtered and 
analyzed. 

Catalytic Reactions. The catalytic reactions were carried out 
in the same reactors described above according to the following 
procedure with either (diphoe)Pt(CF,)(OH) or (dppe)Pt(CF,)(OH) 
as catalyst and either 1-octene or cyclohexene as substrate. 

A 0.05-mmol amount of the complex was dissolved in 3 mL of 
dry THF. The system was degassed by several freeze and thaw 
cycles, saturated with CO admitted from a gas reservoir (- 1 L) 
connected to the system, and thermostated at  the required tem- 
perature (either -25 or -10 "C). Through the septum was added 
50 pL of 72% H202 and 1 mL of olefin. The mixture was stirred 
for up to 5 days and sampled periodically. The liquid phase was 
analyzed with a 30-m HP-5 capillary column, while the gas phase 
was analyzed with a 3-m Porapak Q packed column. At  the end 
of the reaction the solution was concentrated and addition of EhO 
yielded a solid, which was filtered and analyzed. 
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Direct Evidence for the Formation of a Disiladiferracyclic 
Compound through Dimerization of an Iron-Silylene 

Intermediate 
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In the reaction between tetrafluorodisilacyclobutene (1) and [ (q5-C,H5)Fe(C0),l2, a metal-mediated 
intramolecular fluorine migration results in an  Fe-silylene intermediate that  rapidly dimerizes to  a di- 
siladiferracyclic compound (6). The structure of 6 is determined by spectroscopies in solution and X-ray 
diffraction of a single crystal. The Fe-silylene intermediate can be stabilized (in the form of 7) by weak 
donor solvents such as tetrahydrofuran (THF), acetonitrile, and hexamethylphosphoric triamide (HMPT). 

Recently we proposed that during cycloaddition reac- 
tions between tetrafluorodisilacyclobutene (1) and  conju- 
gated dienes mediated by metal  a q3-allyl- 
q3-silaallyl complex intermediate might facilitate either 
hydride or fluorine migration depending on the hardness 
of t h e  central metal. For example, t h e  cycloaddition be- 
tween 1 and 2,3-dimethylbuta-l,3-diene mediated by group 

(2) or F migration (3) according to  t h e  hardness of t h e  
metal  (Cr > Mo > W) (eq 1). 

' - @ ~ x s i ~ z  + X 2 

3 

SiF, 

6 metal carbonyls resulted in the product from H migration 1 

If one tunes the hardness of the metal horizontally acroas 
t h e  periodic table,  t he  harder Mn would facilitate F mi- 

(1) Lee, C. Y.; Lin, C. H.; Liu, C. S. Organometallics 1987, 6, 1878. 
(2) Lin, C. H.; Lee, C. Y.; Liu, C. S. Organometallics 1987, 6, 1861. 
(3) Lin, C. H.; Lee, C. Y.; Liu, C. S. Organometallics 1987, 6, 1869. 
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