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Summary 

Hydroxo and alkoxo alkyl complexes of the general formula cis- and trans- 

Pt(OR)(R,)L, (R = H, CH,; R, = CH2CN, CF3, CH2CF,; Lz = 2 PPh,, diphos- 

phine) were prepared by metathesis of PtCl(R,)LZ or [Pt(R,)L,]BF, with NaOR. 

The platinum--oxygen bonds undergo facile insertion of CO, COS, CS, and SO,. 
The hydroxo complexes react with a variety of acids, including fairly weak car- 
bon or nitrogen acids, such as phenylacetylene, acetamide and methylaniline, to 
give the corresponding condensation complexes. 

Introduction 

Only a limited number of transition ds metal complexes containing metai- 
oxygen bonds have been reported, at least in the case of monodentate ligands, 
probably owing to the “hard” character of oxygen. These complexes doubtless 
play an important role as intermediates in synthetic reactions, particularly in 
some catalytic processes, viz. hydration of nitriles [ 13, oxidation of ethylene 
[2] and alcohols [3]. 

Much work in this area has been carried out on platinum(I1) and palladium- 
(II) complexes_ In particular, two. outstanding observations have been made in 
studies on these complexes_ Firstly, small molecules such as CO [4,5], SO* [6], 
isocyanides [7] and CO2 [S] insert into metal-oxygen bonds, M-OH.or M-OR, 
forming stable hydroxy- or alkoxy-carbonyl, -sulfonyl, carbamoyl or alkoxy- 
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the parent chlorides PtCI( R, )L, (R, = CHZCN, CF,, CHZCF,) with AgBF, in 
dichloromethant? with aqueous KOH. The following hydroxo complexes were 
prepared by this general procedure: Pt(OH)(CH2CN)L2 (IIa, L, = Ph,PCH= 
CHPPh? [12]; IIb, L, = Ph.IPCH2CH2PPh,; IIc, L2 = Ph,P(CH&PPh2)Pt(OH)- 
(CFj)LZ (IId, LZ = PhzPCH-CHPPh2; ITe, L, = 2 PPh,, IIf, L2 = 2 PPh,Me) and 
ci.s-Pt(OH)(CH,CF,)(PPh,)2 (Jig). A similar reaction of cis-PtCl(CH,NO,)- 
(PPh,)? did not give the expected hydroxo complexes, but an uncharacterized 
pale-yellow product, whose IR and ‘H NMR spectra do not show the typical 
hands of the nitro group and the resonances of nitromethyl protons; a strong 
absorption at 2230 cm -I in their IR spectrum suggest.s the formation of a ful- 
minato derivative by loss of water from the CH,NO, ligand [15]. 

The hydroxo complexes IIa-IIg are white crystalline solids, which are more 
stable in air than the corresponding methoxo complexes. The trifluoromethyl 
derivatives IId-Ilf are pcarticularly stable, and can be stored in air for several 
weeks. The trams geometry of IIe and IIf is deduced from their NMR spectra: a 
triplet for both OH and CF, resonances due to coupling with two equivaler,t 
phosphorus nuclei. Additional evidence for the trams configuration of IIe was 
provided by the 3’P { ‘H) FT NtiIR specbrum which showed a quartet. centered 
at 6 25.8 ppm, with losPt satellites, ‘J(PtP) 3202 Hz. This quartet is due to 
coupling of the two equivalent PPh, in W2n.s position with the three fluorine 
atoms of CF, (“J(FCPtP) 17.0 Hz, as alsq found in its ‘“F NMR spectrum). All 
the other hydroxo complexes have a cis geometry: the CHzCN and the CF, 
resonances show the usual cloublet of doublets; the smaller coupling constant 
“J(PPtCH) or ‘J(PPtCF) is due to the phosphorus atom trnns to the CH2CN or 
CF, ligands, since these groups have a very high tlnns influence despite their 
strong electronegativity [ 14,16,17]. In the ‘H NMR spectra of hyclroxo com- 
plexes with cis configurations we were unable to detect a proton signal in the 
range 6 +5 to -5, perhaps because of hydrogen-bonding association. Only the 
OH resonance of IIg could be located at 6 0.53 ppm, but it appears uiiexpectedly 
as a triplet. The IR spectra of the bydroxo complexes (Table 1) show v(O--H) in 
the 3625-3600 cm-’ region. This band is broad and weak in Nujol mulls, but 
sharp and of medium intensity in dichloromethane solution. 

Insertion reactions into Pt-OR and Pt-OH bonds 
Alkosycarbonyl complexes of palladium (Pd-COOR) have been postulated 

as intermediates in carbonylation reactions of alcohols [lS] and also in certain 
palladium(H) catalyzed carbonylations of olefins in the presence of alcohols 
[19]. Stabilization of the alkoxocarbonyl l&and by phosphines (L) has been 
accomplished in the synthesis of complexes of type MX(COOR)L, (IV1 = Pd, Pt), 
by various methods [20,21]. However, a widely employed procedure involves 
nucleophilic attack of ROH or RO- on the metal carbonyl species [ 22-24]_ 
Recently, Bennett and Yoshida [9] have reported the preparation of Pt(COOCH3)- 
(C,H9)(Ph2PCH2CH2PPhZ) via CO insertion into the Pt-0CH3 bond. 

In order to gain more information on the nature of the Pt-0 bond, we have 
examined the insertion reactions with isocyanides [7], and with CO, COS, CS, 
and SO;! (vide infra). 

The methoxo complexes Ia, Id, Ie suspended in benzene react with CO under 
ambient conditions to give the methoxycarbonyl derivatives Pt(COOCH,)(R,)- 

(Continued on pt -344) 
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SCHEME 1 

I 
- Pt-OR 

I 

I 
-Pt-OH 

I 

(I) 

- d,-CHO 

1 ‘OR 

SCHEME 2 

-Pt-OH 
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rrkl 

IIIb 

IIIC 

IIId 

IIIe 

I Va 

IVd 

Va 

Vd 

Via 

VId 

VIId 

Pt(COOCE13)(CF3)(Ph2 PCEI=CHPPhZ) 

Pt(COOH)(CF3)(Ph2 PCH=CHPPh2) 

Pt(SCOOCH3)(CH2 CS)(Ph2 PCH=CEfPPh2 ) 

Pt(SCOOCH3)(CF,)(Pb, PCH=CHPPh2) 

Pt<SCSOCH3)(CH2CN)(PhlCH=CHPPb2) 

Pt(SCSOCH3)(CF3)(Ph2PCH=CHPPh2) 

Pt(S020CH3)(CF3)(PhZPCH=CHPPh,) 

“m.3s. rfC’-N): 

I(i.?IlVS. L.*(cTo): IO-1.5-s. I’(C-- O(‘1 

2208s. [‘(CT-N): 

1638vs, r*(C=:O): 10.5’)vs. r:(C--0C) 

165%. 1632Vs , P(C=O) 
1053s. NC-OC) 
2680~. 1.(0-H) r: 2’)03m. r’(C-X) 

160~lr-s, z,(C=O): 114%. r(C-OEI) 

2686~. v(O-H) f: 16lOvs. r,(C=O) 
1 17Om. 1155~. NC-OEi) 

2205s. rqcr-X) 

1655vs. r,(C=O): 1llOus(br). I~(c-oc) 

1655vs. r-(C=O): 1130s. zyc-OC) 

220%. r(C-N) 

1196s. 1133s. 1057s. CS20CE13 group 

1203s. ll-t’im. 10.55~s. CS20CH3 group 

1238s. vas(sO1); 111%. us(so2) 
605vz. I7 (o-s-o) 

___ ._____..._.._ ..-. ~_._ _._.~~. _ _ - _~~ ---- .- . -. - - .-..- ..-.-. -- 
a IR measured as NujoI mulls, all trifluoromethrl compleses showed strong bands due to v(CF3) in the 1120-1090 
and 1020-980 cm-’ regions, partly overlapped with phospbine absorptions. ’ hIensured at room temperature in 
CD? C!z. unless stated otherwise_ C 19F NMR data at room temperature: cX(CF3) ‘as in Table 1. Cl In CDCIJ. ” 3J- 

(Ph1PCH=CHPPh2) (IIIa, R, = CH,CN; IIId, R, = CF,) and trans-Pt(COOCH3)- 
(CF3)(PPh& (IIIe) (see Experimental, Method A). These complexes can be 
prepared more conveniently by reaction of CO with the corresponding hyclroso 
complexes suspended in methanol and treated with excess of triethyIamine 
(Methdd B). By this latter procedure, which cannot be used for the preparation 
of unstable alkoxo complexes such as isopropoxo and t-butoxo, complexes 1111) 
and IIIc were prepared. These carbonylation reactions are summarized in Scheme 
l_ Such a scheme would indicate the two possible roles of the ROH/NEt, basic 
solution, i.e., formation of the alkoxo derivative I by equilibrium II =+ I, and/or 
esterification of the carboxylato.intermediate complex IV. The path involving 
IV, however, seems definitely to operate in fact, the two consecutive steps can - 
be carried out separately (see Experimental). 

The hydroxo-complexes Ha and IId also undergo COS, CS, and SO, insertions 
readily at room temperature in MeOH/NEt3 solution, producing the stable O- 
methylthiocarbonato (V), O-methyldithiocarbonato (VI), and methoxysulfinato 
(VII), compounds respectively (Scheme 2). 
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Comlensution renctiom promoted by h~cl~oxo-~3lutill~~t~~(II) COI~~~CSC.S 
The hydroxo complex Pt(OH)(CH2CN)(Ph,PCH== Cl-1PPh2) (.ila), suspended 

in benzene, when treated with tet.rafluoroboric acid liberates HZ0 to give t!-le 
cationic complex [Pt(CH,CN)(Ph,PCH= CH1Th2)] (BIT,), [ 12,271 in which the 
cyano group is linked by a o-N-Pt bond to another platinum atom. Ila reacts 
also with weak acids, e-g. hydrogen sulfide, II-n~ethyltl~iol~l~enol, phenylacetylenes 
and acetamide to give high yields of the correspondin, u condensation complexes: 

(KrD,Y = HS; 

HY 

-HZ0 c I 4 i ,/pt\ 
P CH,CN 

Ph2 

I=3 9 
p-CH3C6H,S ; 

XQ 7 ?hCEC ; 

Xb > 
p-C H3C6H,C ZEC ; 

x! 2 CH3CONH ; 

m. Phr<er\! ) 

The strong basic properties of IIa are borne out by reaction with the extremely 
weak acid, N-methylaniline, which gives Pt(NMePh)(CH,CN)(PhZPCH= CHPPh,) 
(XII), although not quantitatively_ Similar condensation reactions were previ- 
ously described for some hydroxo complexes of platinum(I1) and palladium(I1) 
[lo-121. It is noteworthy that condensation reactions on the cyanomethyl 
derivative ITa are faster than hydrolysis or nucleophilic addition to the CN group, 
as previously reported [12,28,29]. 

All the complexes were characterized by elemental analysis, IR and ‘H NMR 
spectra. 

Experimental 

Infrared spectra (in nujol mulls and in CH&lZ solution) were determined 
with a Perkin-Elmer 457 spectrophotometer. ‘H NMR spectra were recorded 
with Varian EM-390 and Bruker WP-60 instruments [(CH3)$i or CH,CIZ as 
internal reference], “F NMR spectra with a Hitachi Perkin-Elmer R-20A 
instrument (CFC13 as an internal reference, negative value of chemical shifts 
indicate a shift upfield referred to CFC13) and 31P(‘H}FT NMR spectra with a 
Bruker WP-60 instrument (85% H3P04 as external reference)_ Melting points 
were taken on a hot plate apparatus, and are uncorrected. The Institute of 
Organic Chemistry (University of Padua) carried out the microanalyses. 

All reactions and physical measurements were carried out under dry 
dinitrogen or argon using conventional Schlenk-tube and glove-bag techniques, 
although most of the platinum complexes were air stable once isolated as solids. 
Solvents were distilled under dinitrogen from appropriate drying agents. Oven- 
dried glassware was used for preparations and reactions of methoxo complexes_ 
The following complexes were prepared according to known methods: Pt(PPl13)4 
[31], cis-PtC12(PPh& [32] and PtCl(CH&N)(P-P) (P-P = 1,2-bis(diphenylphos- 
phino)-ethene [33], -ethane [33] or -propane [13]). 
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Preparation of comp!eses 
cis-PtI(CHICF,)irz~~~~ To z suspension of 9.6 g (7.7 mmol) of Pt(PPh3)4 in 

100 ml of benzene werfi s L ,1-:-lecl 2.2 ml (22.5 rnmol) of ICH&F,. The mixture 
was heated for 10 min at 50°C and then stirred at room temperature for 1 1~. 
Addition of 200 ml of diethyl ether gave a white solid which was recrystallized 
from dichloromethane/ether (yield 5.S g, Sl%). The assignment of the cis con- 
figuration is based on the strong IR band at 549 cm-‘, attributed to the first 
overtone of the asymmetric PC3 deformation mode in bis(triphenylphosphine)- 
platinum(II) complexes, as proposed by Mastin [30] _ The complex was insuf- 
ficiently soluble in dichloromethane or chloroform for NMR measurements. 

cis-PtCl(CH,CF,)(PPh3)2. AgBF, (0.52 g, 2.67 mmol) was added to a suspen- 
sion of cis-PtI(CH1CF3)(PPh3)2 (2.5 g, 2.7 mmol) in dichloromethane (100 ml). 
AgI was filtered off, the filtrate reduced to small volume and then treated with 
100 ml of methanol and an excess of lithium chloride (ca. 0.S g). The white 
product which precipitated immediately was filtered, washed with water and 
recrystallized from dicl~loromethane/methanol (yield 1.9 g, S4’%). IR (Nujol): 
302m, v(Pt-Cl); 54Ss cm-‘, this band is indicative of a cis geometry according 
to Mastin’s rule [30]. The comples was insufficiently soluble for NMR mea- 
surements_ 

trans-PtBr(CF,)(PPh3)2_ Bromotrifluoromethane was passed through a solution 
of Pt(PPh,), (13.5 g, 10-S mmol) in benzene (200 ml), and the mixture was 
st.irred under atmosphere of BrCF, at room temperature. After S days the 
yellow suspension was concentrated to 120 ml under reduced pressure_ The pale 
yellow crude product which separated was filtered off and suspended in dichloro- 
methane (120 ml), the suspension was stirred for 15 11. The white microcrystals 
obtained .were washed with dichloromethane, then with ether (yield 7.S g, S3%). 
Its trans-geometry was deduced from the absence of an IR band around 550 
cm-’ [30]. 

trans-PtCl(CF,)(PPh,)2. AgBF, (0.39 g, 2.0 mmol) in acetone (5 ml) was 
added to a suspension of trans-PtBr(CF,)(PPh& (1.74 g, 2.0 mmol) in dichloro- 
methane (SO ml). AgBr was filtered off, the filkate reduced to small volume and 
then treated with 100 ml acetone and an excess of lithium chloride (0.2 g)_ The 
white product which precipitated was filtered off and recrystallized from chloro- 
form/ethanol (yield 1.57 g, 95%). IR (Nujol): 307 w-m, v(Pt-Cl). 

tram-PtBr(CF,)(PPh,Me),. To a suspension of trans-PtBr(CF,)(PPh,)2 (3.50 g, 
4.03 mmol) in n-hexane (100 ml) was added an excess of methyldiphenylphos- 
phine (2.0 ml), and the mixture was stirred at room temperature for 20 h. The 
white- product was separated and treated with an additional amount of PPh,Me 
(0.3 ml) in n-hexane (100 ml) suspension. After stirring for 12 h, the white 
crystalline complex was filtered off and recrystallized from dichloromethane/ 
methanol (yield 1.9 g, 63%). 19F NMR in CH2C12: 6(CF3) -10.4 (t) ppm, ‘J(PtCF) 
739 Hz, 3J(PPtCF) 20 Hz. ‘H NMR in CD,C12: G(PCH3) 2.26 (t) ppm, 3J(PtPCH) 
31 Hz, ‘J(PCH) + 4J(PPtPCH) 7.8 Hz. 

PtCZ(CF,}(Ph2PCH=CHPPh,). A suspension of trans-PtC1(CF,)(PPll,)2 (1.61 g, 
1.95 mmol) and cis-1,2-bis(diphenylphosphine)ethene (0.95 g, 2.4 mmol) in 
benzene (130 ml) was stirred at room temperature for 10 11. After addition of 
diethyl ether (150 ml), the white product was filtered, washed with ether, and 
recrystallized from dichloromethane/methanol (yieid 1.25 g, 92%). IR (Nujol): 



312m cm-‘, Y(Pt-Cl). The complex was insufficiently soluble for ‘“F NMR 
measurements_ 

cis-PtCI(CHzN0,)(PP123)2_ A suspension of cis-PtC12(PPh3)2 (4-2 g, 5.31 mmol) 
and Ag10 (0.67 g, 5.8 meq) in nitromethane (150 ml) was stirred at room tem- 
perature under argon for 6 days. The grey mixture of solids ( AgCl, Ag,O and the 
complex) was removed by gravity filtratioll using a fine-grade filter paper, 
washed with nitromethane and then with methanol_ The residue was extracted 
with dichloromethane (150 ml); the solution obtained was passed down a short 
Fluorisil column and then evaporated to small volume_ Addition of ethyl ether 
gave a white solid which was recrystallized from dichloromethane/methanol 
(yield 3.6 g, 83%). IR (Nujol): 1499s cm-’ and 1355s cm-‘, v(NO?); 308m cm-‘, 
V(Pt-Cl); 548~s cm-‘, this band is indicative of a ck-geometry [30]. ‘H NMR in 
CD#&: G(CH,NO,) 4.46 (dd) ppm, ‘J(PtCH) 69.3 Hz, 3J(PPtCH) 5.1 Hz (cis) 
and 7.9 Hz (tmns). 

Preparation of methoxo complexes 
Pf(OCH3)(CH,CN)(Ph,PCH=CHE’Ph2) (Ia). A solution of NaOCH3 (0.27 g, 

5.0 mmol) in methanol (4 ml) was added to a suspension of PtCl(CH,CN)- 
(Ph2PCH=CHPPhl) (0.78 g, 1.17 mmol) in benzene (50 ml). The mixture was 
vigorously stirred at room temperature for 3 h. NaCl and excess of NaOCH, 
were filtered off and the filtrate was evaporated to dryness in vacua_ Dichloro- 
methane (30 ml) was added and the solution filtered_ Addition of n-heptane 
(20 ml) and concentration under reduced pressure gave a white solid (yield 0.64 

g, 83%). 
Pt(OCH3)(CF,)(P122PCH=CHPP12,) (Id)_ A solution of NaOCH, (0.35 g, 6.5 

mmol) in methanol (5 ml) was added to a suspension of PtC1(CF3)(Ph2PCH= 
CHPPh2) (0.85 g, 1.22 mmol) in benzene (80 ml), and the mixture vigorously 
stirred at 50°C for 30 min, and then at room temperature_ After 4 h, the white 
complex Id was isolated with similar procedure as Ia (yield 0.61 g, 72%). 

This compound suspended in benzene and heated under reflux for 3 h was 
recovered unchanged. The same reaction with water gave IId in good yield (see 
below). 

trans-Pt(OCH,)(CF,)(PPh,), (Ie). A similar procedure as for Id, using NaOCH, 
(0.123 g, 2.28 mmol) in methanol (2 ml) and trans-PtCl(CF,)(PPh,), (0.46 g, 
0.56 mmol) gave a white product (yield 0.34 g, 74%). 

Preparation of hydroxo complexes 
The following general procedure (with a few variations in particular cases) 

was followed in the preparation of complexes of type Pt(OH)(R,)L,. 
Pt(OH)(CH2CN)(Ph2PCH2CH~PPh2) (IIb). AgBF4 (0.113 g, 0.58 mmol) was 

added to a solution of PtC1(CH2CN)(Ph2PCH&HZPPhZ) 1333 (0.38 g, 0.57 mmol) 
in dichloromethane (50 ml). The mixture was stirred for 40 min, AgCl filtered 
off and the filtrate evaporated in vacua. The residual solid.obtained was sus- 
pended in methanol (25 ml) and treated with a solution of KOH (0.064 g, 1.14 
mmol) in water (2 ml). After filtration to remove traces of silver compounds, 
the solution was evaporated to dryness under reduced pressure (30-40” C-IO- 1 
mmHg). The residue was extracted with dichloromethane (20 ml), and the 
solution evaporated give a white product, which was washed with water and 



251 

dried. This was dissolved in dichloromethane (10 ml) and treated with a mix-. 
ture of n-heptane/benzene (Z/l, 30 ml). Concentration under reduced pressure 
gave a white solid which was filtered off, washed with n-hept.ane and dried in 
vacua (yield 0.32 g, SG%)_ 

Pt(OH)(CHzCN)(Ph,PCH= CHPPh?) (IIa). This comples was prepared simi- 
larly in good yield. After recrystallization from dichloromethane/etl~yl ether, 
it shows m.p_, IR and ‘H NMR spectra identical with those of the same complex 
as described earlier [ 12 1. 

Pt(OH)(CH,CN)[PlzzP(CHz),PP122/ (UC). This was prepared similarly, starting 
from PtCl(C!H2CN)[Ph2P(CH2)BPPl~2J [13] (0.35 g, 0.51 mmol). Recrystalliza- 
tion from dichloromethane/benzene gave a white solid (0.29 g, 85%). 

Pt(OH)(CF,)(Plz,PCH= CHPP12,) (IId). The complex was prepared from 
PtCl(CF3)(Ph2PCH=CHPPh2) (0.32 g, 0.46 mmol). After recrystallization from 
dichloromethane/benzene a white solid was obtained (yield 0.28 g, 90%). 31P- 
(‘1~) FT NMR in CH&ll/CD,CIZ: G(P)trorls_OH 38.07 (qd) ppm, ‘J(PtP) 3263 
Hz, ‘J(FCPtP) 9.9 Hz, ‘J(PPtP) -10 Hz; G(P)t,.,,,,_CF3 43.92 (qd) ppm, ‘J(.PtP) 
2073 Hz, ‘J(FCPtP) 57 Hz, ‘J(PPtP) - 10 Hz. 

trans-Pt(OH)(CF3)(PPh3)z (Ile). A suspension of trans-PtCl(CF,)(PPh& (1.50 
g, 1.82 mmol) in dichlorometbane (100 ml) was treated with AgBF4 (0.36 g, 
1.85 mmol). After filtration of AgCl, the solution was evaporated to dryness. 
The residue was suspended in acetone (40 ml) and a solution of KOH (0.105 g, 
l_S7 mmol) in water (5 ml) was added dropwise. The mixture was stirred at 
room temperature for 1 11 and then evaporated to 20 ml under reduced pressure_ 
The white complex IIe was precipitated by adding water, and recrystallized 
from dichloromethane/ethyl ether (yield 1.1 g, 75%). 31P{‘H]FT NMR in 
CH2C12/CD&12: b(P) 25.8 (q) ppm, ‘J(PtP) 3202 Hz, 3J(FCPtP) 17 Hz. 

trans-Pt(OH)(CF,)(PP12+1k)z (IIf). This was prepared similarly to IIe starting 
from tmns-PtBr(CF,)(PPh&Ie), (0.64 g, OS6 mmol). Recrystallization from 
clichloromethane/diethyl ether/n-pentane gave IIf as white microcrystals (yield 
0.37 g; 63%). 

cis-Pt(OH)(CH,CF3)(PPh,)2 (IIg). The complex was prepared as described.for 
the synthesis of IIb, starting from c&Pt(Cl)(CH&F,)(PPh3)2 (0.65 g, 0.77 mmol). 
Recrystallization from dichloromethane/benzene gave a white microcrystalline 

solid (yield 0.57 g, 90%). 

Reactioizs of alkoxo complexes witi carbon monoxide 
The following two general procedures were followed in the preparation of 

the alkoxycarbonyl complexes_ 
Pt(COOCH,)(CH,CN)(Ph,PCH= CHPP122,) (IIIa). Method (A). A solution of 

Ia (0.20 g, 0.30 mmol) in benzene (20 ml) was stirred for 3 h under CO (1 atm). 
Precipitation with n-heptane and recrystallization from dichloromethane/n- 
pentane yielded white microcrystals of IIIa (0.15 g, 72%). 

Method (B). A solution of IIa (0.22 g, 0.34 mmol) in methanol (15 ml) was 
treated with triethylamine (0.1 ml) and kept under CO (1 atm) for 15 11. The 
white solid obtained was filtered, washed with n-pentane and dried in vacua 
(yield 0.18 g, 76%). 

Pt[COOCH(CH,), J(CH,CN)(Ph,PCH= CHPP12J (IIIb). This was prepared 
from IIa (0.16 g, 0.25 mmol) in isopropanol (15 ml) by method B as white 
microcrystals (yield 0.16 g, S9%). 
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Pt[COOC(CH,),/(CH&N)(Ph,PCH=CHPPh,) (IIIC). The coinples wis p-e- 

pared from IIa (0.20 g, 0.31 mmol) in t-butanol (20 ml) by method B as white 
microcrystals (yield 0.18 g, 79W)_ 

Pt(COOCH,)(CF,)(Plz,PCH= CHPPh ?) (Ibid). The comples was prepared from 
Id (O-20 g, 0.29 mmol) by method A as a white solid (yield 0.16 gZ 75X), and 
also from IId (0.23 g, 0.34 mmol) by method B (yield 0.19 g, 78%)_ 

trans-Pt(COOCH,)(CF,)(PPlr,), (Ille). The complex was prepared from IIe 
(0.24 g, 0.3c). mmol) by method B as a white product. (yield 0.21 g, 83%). 

Reactions of hydroxo comple.z-es with carbon monoxide 

Pt(COOH)(CH~CN)(Plz,PCH=CHPPhz) (IVa). ,4 suspension of IIa (0.26 g, 
O-40 mmol) in benzene (30 ml) was stirred at room temperature under CO 
(1 atm) for 2 days. Concentration of the solution and addition of n-pentane 
gave a white product, which was filtered off, washed Jvith n-gelitane and dried 
in vacua (yield 0.15 g, 55%). 

Pt(COOH)(CF,)(P12,PCH= CHPP12,) (IVd). A suspension of IId (0.32 g, 0.47 
mmol) in benzene (30 ml) was stirred at room temperature under CO (1 atm) 
for 3 h_ The white product was filtered off, washed with n-pentane and dried in 
vacua (yield 0.30 g, 90%)_ The complex was insoluble in aromatic hydrocar- 
bons, and insufficiently soluble in chlorinated solvents for NMR measurements_ 

The complex IVa and IVd are fairly stable in the solid state and do not 
react with air or water_ 

The complexes IVa and IVd (ca. 0.25 g) when suspended in methanol (10 ml) 
and treated with excess of triethylamine (0.1 ml) are readily esterified to the 
corresponding alkoxycarbonyl complexes IIIa and IIId respectively, in almost 
quantitative yields. 

Reactions of methoxo complexes with carbonyl sulfide 
Pt(SCOOCH,)(CF,)(Ph,PCH= CHPPh,) (Vd). Method A. COS was bubbled 

into a solution of Id (0.30 g, 0.43 mmol) in benzene (30 ml) at 20°C. After 3 
min the bubbling was stopped, and the mixture was stirred for 50 min. Pre- 
cipitation was completed by adding ether (60 ml), and Vd was obtained as 
white microcrystals by recrystallization from dichloromethane/methanol (yield 
0.24 g, 74%). 

Method B_ COS was bubbled into a solution of IId (0.25 g, 0.37 mmol) and 
triethylamine (0.1 ml) in methanol (15 ml) at 20°C. After 2 min the bubbling 
was stopped, and the solution was stirred until cloudy. Precipitation was corn- 
pleted by adding diethyl ether (40 ml). The white complex obtained was filterer 
off and recrystallized from dichloromethane/methanol (yield 0.22 g, 79%). 

Pt(SCOOCHJ(CHzCN)(Ph2PCH= CHPPhJ (Va). This complex was prepared 
from IIa (0.20 g, 0.31 mmol) by method B described for Vd as white micro- 
crystals (yield O-17 g, 76%)_ 

Reactions of methoxo complexes with carbon disulfide 

Pt(SCSOCH,)(CW,CN)(Ph,PCH= CHPPh,) (Via). Method A. A solution of Ia 
(0.26 g, 0.39 mmol) in benzene (15 ml) was treated with CS, (0.2 ml) and 
stirred at room temperature. The pale yellow product which precipitated im- 
mediately was filtered off, and recrystallized from dichloromethane/diethyl 
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ether (white microcrystals, yield 0.21 g, 72%). 
Method B. A solution of IIa (0.20 g, 0.31 mmol) in methanol (20 ml) was 

treated with triethylamine (O-1 ml) and CSZ (0.5 ml). The mixture was heated 
at 40°C until cloudy. Precipitation was completed by addition of diethyl ether 
(40 ml)_ The white complex was filtered off and recrystallized from dichloro- 
methane/methanol (yield 0.17 g, 74%). 

Pt(SCSCHJ(CF,)(Ph,PCH=CHPPhJ (Vld). The complex was prepared from 
Id (0.20 g, 0.29 mmol) by method A described for Via (yield 0.18 g, 81%), and 
also from IId (O-23 g, 0.34 mmol) by method B as white microcrystals (0.23 g, 
SS%)_ 

Reaction of Pt(OCi13)(CF3)(Ph2PCH= CHPPh,) with sulfur dioxide 
Pt(S0,CH,)(CF3)(Ph2PCH=CHPPh2) (ViId). SO= was bubbled into a solution 

of Id (O-25 g, O-36 mmol) in benzene (30 ml) at room temperature. After 5 min 
the bubbling was stopped, and the solution was stirred for 8 11. The white prod- 
uct obtained was filtered off, washed with n-pentane and dried (yield 0.23 g, 
S4%). 

Reactions of hydroxo complexes with COS, CS2 and SO, 
The insertion reactions of COS, CSZ or SO;? into Pt-OH bonds of complexes 

IIa, IId take place readily in non polar solvents under similar experimental condi- 
tions as used for the same insertion reactions into Pt-OCH, bonds. However elec- 
mental analyses, and IR and ‘H NMR spectra of the products do not support 
definite formulations; presumably these reactions involve incipient formation of 
the unstable acidic groups (i.e. SO&i) and/or acid cleavage reactions on the 
adjacent Pt-R, bond. 

Condensation reactions of hydroxo complexes 
Pt(SH)(CH,CN)(Pfz,PCH= CHPPhJ (VIII)_ Hydrogen sulfide was passed into 

a suspension of IIa (0.25 g, 0.39 mmol) in benzene (15 ml) and diethyl ether 
(15 ml) at room temperature for a few minutes, and then stirred for 30 min. The 
white product was filtered off and recrystallized from dichloromethane/n-heptane 
(yield 0.22 g, 86%). IR (Nujol): 2208s cm-‘, v(C-N). ‘H NMR in CD,Cl,: 6(SH) 
-0.14 (dd) ppm, ‘J(PtSH) 56.6 Hz, 3J(PPtSH) 6.0 (cis) and 12.7 Hz (bans); 
G(CH,CN) 1.70 (dd) ppm, *J(PtCH) 84.9, 3J(PPtCH) 6.3 (cis) and 9-3 Hz (trans). 

Pt(p-CH3C6H4S)(CH2CN)(PhIPCH= CHPPh,) (IX). A stirred suspension of IIa 
(0.25 g, 0.39 mmol) in methanol (20 ml) was treated with p-methylthiophenol 
(1 ml). After a few minutes the white complex was filtered off, washed with 
methanol and recrystallized from dichloromethane/ethyl ether (yield 0.24 g, 
83%). IR (Nujol): 2208s, v(C-N). ‘H NMR in CDCL,: S(CH,CN) 1.38 (dd) ppm, 
‘J(PtCH) S7.9 Hz, 3J(PPtCH) 5.7 Hz (cis) and 9.6 Hz (tram?); 6(CH3) 2.16 (s) ppm. 

Pt(C,H,C=C)(CH,CN)(PhZPCH= CHPPh2) (Xa). Phenylacetylene (0.4 ml) was 
added to IIa (0.20 g, 0.31 mmol) in benzene (15 ml), and the mixture stirred at 
50°C for 20 min. After evaporation to dryness in vacua, dichloromethane (30 
ml) and methanol (20 ml) were added. Concentration under reduced pressure 
gave a white product (yield 0.17 g, 75%). IR (Nujol): 2202s v(C=N), 2110m 
cm-’ v(C=C). ‘H NMR inCDC1,: G(CH,CN) 1.98 (dd) pp@ ‘J(PtCH) 91.0 Hz, 
3J(PPtCH) 6.6 Hz (cis) and 9-9 Hz (trans). 



Pt(p-CH,C,H,~C)(CH,Chr)iPlz,PCH=CH_PPh2) (Xb). A sirnihr reaction USilX 

p-tolylacetylene (0.5 ml) and IIa (0.25 g, 0.3s mmol) in methanol (20 ml) gave, 
after heating at 60°C for 5 min, a white precipitate (yield 0.23 g1 SO%). IR 
(Nujol): 2209s v(CZN), and 2115m cm-’ v(C-C). The comples was insufficiently 
soluble in chlorinated solvents for ‘H NMR measurements_ 

Pt(C,H&~C)(CF,)(PhPCH=CHPPh,) (LXcl)_ This was similarly prepared 
from phenylacetylene and IId in methanol_ The white product obtained in 
almost quantitative yield was insoluble in most common organic solvents. IR 
(Nujol): 2125m, v(CZC). 

Pt(CH,CONH)(CH,CN)(Plz,PCH=CHPPIz2) (XI).Acetamide (0.10 g, 1.7 mmol) 
was added to a suspension of IIa (0.20 g, 0.3i mmol) in benzene (15 nil)? and 
the mixture stirred at room temperature for 15 h. After removal of solvent and 
excess of acetamide at 60” C (lo-’ mmHg), the white residual solid was crystal- 
lized from dichloromethane/petroleum ether (yield 0.15 g, 70%)_ IR (Nujol): 
2203s v(C-N), 3375~ and 3330~ v(NH), 159’7vs cm-’ v(CONH). ‘H NMR in 
CD&L: S(COCH,) 1.8’7 (s) ppm, 4J(PtNCCH) 6.0 Hz; 6(NH) 5.75 (br) ppm; 
6(CH&N) 1.59 (dd) ppm, ‘J(PtCH) ?7.6 Hz, “J(PPtCH) 5.1 Hz (cis) and 10.2 
Hz (transj. 

Pt(PhMeN)(CHzCN)(Ph2PCH= CHPPh,) (XII). N-Methylaniline (0.5 ml) was 
added to a suspension of IIa (0.30 g, 0.46 mmol) in benzene (30 ml)_ A deep 
red solution was obtained on heating at 60” C for 2 11. Concentration of the 
solution and addition of diethyl ether gave an orange-yellow solid which Gas 
filtered off and dried in vacua (yield 0.23 g). Spectroscopic characterization of 
this solid shows in addition to the features characteristic for the starting complex 
IIa, the following signals: IR (Nujol), 2198s cm-‘, v(C-N); ‘H NMR in CDCL 
G(NCH3) 2.70 (d) ppm, 3J(PtNCH) 30-6 Hz, 4J(PPtNCH) 3.9 Hz (strong coupl- 
ing only with the tkns-phosphorus atom), 6(CHzCN) 1.64 (dd) ppm, ‘J(PtCH) 
86.1 Hz, 3J(PPtCH) 4.9 (cis) and 9.9 Hz (tram). Analytical and ‘H NMR data 
indicate that the product contains ca. 70% of XII. 
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