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Summary 

The preparation and spectroscopie properties are described of some platinum(I1) 
complexes having a hydride ligand cis or tram to an sp3 carbon, viz. trans-PtH- 
(YCN)(PPh& and cis-PtH(YCN)(L-L) with YCN = C2H4CN, n-&H&N, 
o-CH,C,H,CN and L-L = bis(diphenylphosphino)-ethene or -ethane. The com- 
plexes frans-PtH(YCN)(PPh,), cari add a‘fifth ligand in solution; the resulting 
five-coordinate complex was observed by 31P NMR in the case of PtH(C,H&N)- 
(PPh,),. Insertion of olefin (ethene, l-cyanoethene, norbornadiene, allene) into 
the Pt-H bond of the trans-hydrido complexes occurs to give cis-dialkyl com- 
plexes, but the cis-hydrido complexes are unreactive. The mechanism of inser- 
tion is discussed in terms of tbe kinetics and the geometries of reactants and 
products. 

Introduction 

Several studies on hydrido and alkyl complexes of platinum(I1) have shed 
light on the mechanism of olefin irisertion into the P+H bond [l-5], on 7r-com- 
plex formation [6], and on ligand elimination reactions [7-111. Complexes of 
the type PtH(R)L2 contain a hydride and an alkyl ligand, and are thought to be 
intermediates in the catalytic activation of C-H bonds [ 123. These complexes 
are generally unstable, and only a few have been sofar isolated 113-171. We 
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SCHEME 1 

rrons-CPt(YCN)(PPh~)B]m(BFq)m - AsBF, 
ocetone 

Ph3P YCN 

‘pt’ 

Ph+” \a,kyl 

(xa.Xc: 

xla .xrc: 
xIIo;xrIIa) 

Ph+’ YCN 

‘Pt’ 
L-L 

/\ benrene 
X PPh, 

(Ia.Ib.Ic.Id) 

! 

NoaH., / EtOH 

( L\pt/yCN 
L/ ‘x 

(IIo.Llb.Ik.lId : 

mO.mb.mC,md; 

IFa) 

/ 

NaBH4/EtOH 

Ph3P YCN 

‘pt’ 

H’ ‘P.Ph 3 

~ _ ._..._._.-.__ _ 

Ia 
Ill 
IC 

Cl 
Br 
Br 

._ 
Compound X L-L YCN Reference 

~--~-_---. ~ _- -. 
CH2CN 18 
C2H4CN 18 

n-C3H6CN 18 
Id Cl. Br 0-CH2C6H4CN 19 
Ira Cl cis_Ph2PCH=CHPPh2 CH2CN 16 

IIb Cl cÏs-PhZPCH=CHPPhz C2H4CN this work 

HC Cl, Br cis-Ph2PCH=CHPPh2 n-C3H&N this work 

IId Cl cis-Ph2PCH=CHPPh2 o-CH2C6H4CN 19 

111a Cl Ph2PC2H4PPh2 CH2CN 16. 20 

III0 Cl. Br Ph2PC2IQPPh2 C2H4CN this work 

HIC Cl. Br Ph2PC2H4PPh2 Il-C3H6CN this w-ork 

IIId Cl Ph2PC2H4PPh2 o-CH2C6H4CN this work 

1Va Cl Ph2PC3H6PPh2 CH2CN 16 

Va n-C3H&N this work 

VC Il-C3H6CN this work 

Via CH2CN 16 
VIb C2H4CN this work 

VIC IPC?jH&N this work 
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-~ 

C2H5 CH2CH2CN 
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-- 
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CH2CN 
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n-C3H6CN 
o-CH2CeH4CN 

CH2CN 
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ANALYTICALANDIRSPECTRALDATA 
~~-~- --- 

Complex M.P. (dec.) AnaIysis (found (cakd.) (5)) v(CN)d Others 

ec, (cm-I) (cm-I) 
C H N P 

_~.. 

Ib 

IIb 

IIC 

VI0 

VIC 

VIIb 

VIIC 

VIId 

VIIIb 

VIIIC 

VIIId 

Xa 

XC 

XIa 

XIC 

XIIa 

X111a 

211-213 

235-236 

117-17s 

168-170 

153-161 

149-150 

134-135 

165-170 

138-142 

130-131 

180-183 

146-147 

139-141 

181-182 

158-159 

173-175 

144-147 

57.81= 4.30 

(57.89) 
48.17 b 

(4.23) 
3.65 

(48.08) (3.62) 
4S.01C 3.94 
(48.73) (3.82) 
60.56 4.62 
(60.46) (4.55) 
60.79 4.75 

(60.91) (4.73) 
53.90 4.25 
(53.87) (4.21) 
54.45 4.42 
(54.54) (4.42) 

57.50 4.11 
(57.63) (4.12) 
53.57 4.56 
(53.70) (4.51) 
54.31 4.75 
(54.38) (4.72) 

57.06 4.33 
(57.46) (4.04) 
60.88 4.99 
(60.90) (4.73) 
60.68 5.00 
(61.74) (5.06) 

58.98 4.45 

(60.51) (4.46) 
60.48 4.99 
(61.35) (4.79) 
63.21 4.7.7 

(63.37) (4.85) 
61.15 4.77 
(61.49) (4.65) 

1.67 

(1.73) 
1.99 
(1.92) 

1.79 
(1.89) 
1.79 

(1.81) 
1.89 

(1.78) 
2.08 
(2.17) 
2.14 
(2.12) 

2.00 
(1.98) 
2.24 
(2.16) 
2.03 

(2.11) 

2.01 
(1.97) 
1.77 
(1.77) 
1.54 
(1.71) 

3.20 

(3.44) 
3.24 
(3.33) 
1.66 
(1.64) 
1.58 

(1.75) 

7.66 

(6.66) 
8.29 
(8.55) 

8.05 

(8.00) 
7.48 

(7.85) 
9.38 
(9.58) 
8.99 
(9.38) 

8.63 
(8.74) 
9.42 
(9.55) 
9.18 

(9.35) 

8.52 
(8.72) 
7.20 
(7.85) 
7.62 
(7.58) 

7.43 

(7.61) 
6.80 
(7.36) 
7.04 
(7.26) 

2248s 278m 

2238s 189s 

2235s 188s 

2238s 

2245s 

2233s 

2019s 
800m 

1950s 

827m 
1990s 

2245s 1942s 

2218s 1988s 

2226s 1967s 

2240s 

2216s 

2202s 

2248s 

2208s 

2218s 
2247s 
2199s 
2208s 

2200s 

1995s 

2000s 

547s f 

547a 

544m 

544m 

1555W 

1608m 

u(PtC1) 

v(PtBr)e 

v(PtBr)e 

v(PtH) 
6(PtH) 
v(PtH) 

6(PtH) 
u(PtH> 

v(PtH) 

v(PtH) 

v(PtH) 

v(PtH> 

u(PtH) 

v(c=c) 

v(C=c) 

= C1.4.48 (4.38)%eb Br.11.29 <11.03)%.= Br.10.98 (10.81).0. m d IRin NujolmuIIs. = Raman ofpowdered 
sample. fMastin's~le C251:the presence ofaband around 550 cm- 1 ïsindicative ofacis-geometru for 

bis(triphenylphosphine)platinum(II>complexes. 

to the sequence of increasing trcrns-influence Cl < P < CH,CN < C,H,CN < 
n-C3H6CN and to that of decreasing &-influence CH&N > C2H&N > n-C3H6CN. 
The cis-influence is ca_ 10% of that of the truns-influence, as judged by the 
magnitudes of the corresponding AJ’s. (These sequences have now been verïfied 
over more than 40 cyanoalkyl complexes.) The inversion of cis- and frans-in- 
fluence sequences has been noted for other ligands [21-231. 

The kinetics of the insertion reaction 1 were studied by preparing on a vacuum 

trans-PtH(C,H,CN)(PPh,), + CH2=CHCN + cis-Pt(C3H,CN)(CH2CH,CN)(PPh,), 

<VIC) (XIC) (1) 

line a series of sealed NMR tubes containing VIC and acrylonitrile in varying 
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a) PhjP CH2CH2CH2CN 

‘p.’ 

H’ .‘PPh 3 

Fig. 1. Reaction 1 in benzene-dg at 30°C. [VIC] 0.095 M. (The white and black dots refer to the integra- 

tion of the 31P signais of VIC and XIe. respectivelp). 

Fig. 2. (a) 31P {IH) FT NMR spectrum of VIC in CD2Clt/CHClF2 at -130°C (PEt3 as extemal reference). 
(b) Spectrum of a solution of VIC and PPh3 (molar ratio I/l) in CDZC~~/CHCIFZ at -130°C. ([VIC]~ 

0.0634 M; [PPh310 0.0629 171). 

moiar ratio in benzene-d,, and follovving the reaction at 30.0 +- 0.5”C by periodi- 
cally integrating the respective 3’P signals of the starting hydrido complex and 
the final product XIe. The reaction is of first order for the hydrïdo complex 
and for the olefin (Fig. 1): 

-d[VIc]/dt = +d[XIc]/dt = h[VIc][CH,=CHCN] with k = 2.1 X 10e3 M-’ s-’ 

In the case of platinum(II), an associative type of mechanism is thought to 
involve a five coordinate intermediate (or transition skate) [26]. We tried to get 
spectral evidence of five-coordinated species in solutions of VIC with an added 
ir-accepter ligand (PPh3 or CH,=CHCN): 

1. With PPh3: CHC1F2 was distilled into an NMR tube containing VIC and 
PPh3 (molar ratio l/l) in CD&&. A clear solution was obtained by warming 
to -40°C. Its 31P{‘H} hmR spectrum indicated that a fast exchange of phos- 
phine was taking place at that temperature. However, a comparison of its spec- 
trum at -130°C with that of VIC revealed the presence of a new complex 
(Fig. 2). Knowing the total concentration of platinum (ch1 = 0.0634 M) and 
of PPh3 (cL = 0.190 M) and the areas of the 3*P signals, the concentration of 
uncoordinated phosphine is given by [Llrree = cL cs3/(s1 + s2 + s3) = 0.03 M 
where sl, s2 and s3 are the relative areas of the signals of VIC, the new species 
and PPh3, respectively (the experimental ratios s1/s2/s3 are 47/95/27). Thus, 
the mean number of PPh3 groups coordinated to the metal is E = (cL - [Llf,&/ 

cm = 2.51.&5 sl + s2 
n 2ts, + s2) Ly(s1 + s2) 

= 0.4, the number x of coordinated PPh, 
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groups in the new species was found to be 2.9 2 0.2. The ‘H NMR spectrum of 
the same solution at -80°C presents in the hydride regjon a single Sharp reso- 
nance with two satellites due to ‘J(PtH). The loss of the 31P-1H coupling 
indicates a rapid exchange of phosphine. On lowering the temperature to 
-llO”C, the Sharp resonance at -4.5 ppm corresponding to the hydride of 
VIC (cf. Table 1) broadens and undergoes an upfield shift to -6.3 ppm. (It was 
not possible to block the exchange of PPh3 by further lowering of the tempera- 
ture as VIe is insoluble in pure CHCIFz.) If VIC were the sole species eschanging 
with free PPh3, the resonance of the hydride would maintain a constantchemical 
shift on lowering of the temperature. As this is not the case, we conciude that 
the new species observed in the 31P NMR spectrum contains a Pt-H bond in 
addition to three magnetically equivalent PPh3 groups, and exchanges with 
free PPh, in equdibrium 2. 

H H 

1 I 
Ph3P - Pt+” 

: PPh3 

Ph,P - Pt-PPh, + PPh, __ (2) 

I I 
\ PPh3 

C,H,CN C3H6CN 

K = 70 t 10 M-’ (at -130°C) 

The choice of an axial position of the trigonal bipyramid for the hydride is 
also in accord with observations made by Jesson et al. [27] for the system HML,‘/L 
(M = Ni, Pd, Pt; L = PEt3), and by Tolman et al. [28] for HNiL$ZN (L = PR3, 

P(OR)3)- 

2. With CH*=CHCN: addition of acrylonitrile to a solution of VIC in CD&l- 
at -70°C (molar ratio 5/1) causes a broadening of the 31P signals of VIC, sug- 
gesting an exchange process of phosphine. (At this temperature, reaction 1 itself 
is too slow for XIe to be formed in any significant amount in the time of mea- 
surement.) However, the 3*P NMR spectrum of a solution of VIC and acrylo- 
nitrile (molar ratio 1/1) in CD,C1,/CHCIFz at -120°C did not show my sig~~.Is 
attributable to the substitution product PtH(C,H,CN)(CH,=CHCN)(PPh,). If 
the substitution of PPh, by acrylonitrile takes place in a fast preequilibrium 
prier to the rate-determining step of the insertion, an excess of PPh, should 
decrease the rate of the reaction. By monitoring reaction 1 by 3’P NMR in two 
solutions containing VIC + CH,=CHCN (l/lO) and VIC + CHz=CHCN + PPh3 
(1/10/2), we found that the rate constant was, indeed, smaller in the presence 
of added PPh3. Scheme 2 takes into account the preceding observations. 

i rapid y ,JL 
,-$,_, + II = L-Pt 

i ‘II 
R 

i 
L-Pt-R’ 
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The cis hydrido complexes VIIe or VIIIe, which contain a bidentate diphos- 
phine, did not react with olefins under the conditions used for VIC or under more 
drastic conditions_ In Scheme 2, the formation of the five-coordinated intermediate 
(or transition state) would indeed be disfavoured, as the metal-carbon bond tends 
to be in an axial position [28] and that of the four-coordinated substitution 
product would be entropically disfavoured as one tooth of the bidentate ligand 
has to become loose. 

Experimental 

The spectroscopie techniques were described earlier [ 181; W. ILIanser (Mikro- 
labor ETH, Zürich) and the Institute of Organic Chemistry (University of Padua) 
carried out the microanalyses. References for the preparation of complexes 
reported earlier are given in Scheme 1. 

Prepat-ation of complexes 
trans-PtCl(CzH4CN)(PPh,), (IIb). AgCl (2.7 g) was added to a solution of 

t7-ans-PtBr(&H&N)(PPh3)2 (3.0 g) [lS] in dichloromethane/acetone (4/1, 80 
ml) and the suspension stirred at room temperature for 24 h. Thé excess of 
AgCI and the AgBr were filtered off and the solution concentrated to 20 ml. 

The white complex was precipitated by adding ethanol, and recrystallized from 
dichloromethane/ether. Yield 92%. 

PtBr(C,H,CN)(Ph,PCH=CHPPh,) (Ilb) and PtBr(C,H&N)(Ph,PC,H$Ph,) 
(IIIb). cis-Bis(diphenylphosphino)ethene (1.4 g) or l,Z-bis(diphenylphosphino)- 
ethane (0.9 g) was added in small portions to warm solution of tram-PtBr- 
(C.H&N)(PPh3)2 (2.0 and 1.7 g, respectively) in benzene (30 ml), and the solu- 
tion stirred at 50°C for 30 min. After cooling, diethyl ether (100 ml) was added 
and the suspension stirred overnight- The solid product was filtered off and 
redissolved in dichloromethane; a small quant@ of PtBr?(L-L) formed remained 
insoluble and was fi!tered off. The volume of the filtrate was reduced to 5070 
and methanol added. The rest of dichloromethane was slowly distilled off and 
the methanolic suspension filtered to leave a white powder. Yields 88 and 85%, 
respectively. 

PtBr(n-C&&N)(Ph,PCH=CHPPhJ (UC), PtBr(n-C3H6CN)(Ph2PC2HJ’PhJ 
(IIIe) and PtCZ(o-CH,CJ-14CN)(Ph2PC2HJ?Ph2) (IIId). The same method was 
used but with the following starting materials; IIe and HIC: frans-PtBr(n-C,H&N)- 
(PPh3)2 [lS] (2 and 1.7 g, respectively) arrd cis-Ph,PCH=CHPPh, (1.4 g) or 
PhlPC.H4PPh2 (0.94 g) in benzene (20 mi, 5O”C, 30 min and 50 ml, 25”C, 18 h, 
respectively). Yields 86 and 88%. IIId: trms-PtCl(o-CH,C,H,CN)(PPh3j2 [19] 
(0.9 g) and Ph,PC,H,PPh, (0.5 g) in benzene (20 ml, 5O”C, 40 min). Yield 82%. 
For PtCl(o-CH,C,H,CN)(Ph,PCH=CHPPh:?) (IId), see [19]. 

trans-PtH(C,H,CN)(PPh,)z (Vlb). -4 solution of NaBH, (0.3 g) in ethanol 
(60 ml) was added over a period of 12 h to a stirred solution of tram-RC% 
(C2H4CN)(PPh3), [ 191 in dichloromethane (30 ml) at -10°C. The mixture was 
kept ovemight at -25“C and dichloromethane was then distilled off under 
vacuum (15 Torr). The white product was precipitated from the ethanolic 
solution by adding water, and recrystallized from dichloromethane/ether. Yield 
35%. 
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trans-PtH(n-C&l,&N)(PPh3)2 (WC). A solution of NaOH (0.4 g) in methanol 
(5 ml) was added to a suspension of trans-[Pt(n-C,H,CN)(PPh,),1,(BF,), (1 g) 
[lS] in methanol (50 ml) and the mixture stirred at 50°C for 90 min. The 
white product slowly precipitated. The crude complex was filtered off after 
reduction of the volume of methanol by 5070, and was washed thorougQly with 
water then with methanol, and recrystallized from dichloromethane/methanol. 
Yield 70%. Upon monitoring the reaction by IR, we noticed that an hydroxo 
complex was formed before the hydride [16]. 

PtH(C,H,CN)(Ph,PCH=CHPPh,) (VIIb), PtH(C,H,CN)(Ph,PC,H,PPh,) (VIIIb), 
PtH(n-C,H&N)(Ph2PCH=CHPPh2) (VIIe), PtH(n-C3H&N)(Ph2PC2H4PPh,) (VIIIe), 
PtH(o-CH&&CN)(Ph,PCH=CHPPh,) (VIId) and PtH(o-CH,C,H,CN)(Ph,PC,H,- 
PPh,) (VIIId). A typical procedure is given for VIIIb: a solution of NaBH4 (0.08 
g) in ethanol(50 ml) was added during 40 min to a solution of PtBr(C,H,CN)- 
(Ph,PC,H,PPh,) (0.36 g) in ethanol (100 ml), which turned pale yellow. Water 
(3 ml) was added and ethanol distilled off until the hydride began to precipitate; 
the temperature being kept below 30°C. The suspension was stirred for 30 
min in an ice bath then filtered, and the white hydrido complex recrystallized 
from dichloromethane/methanol. In the case of VIIId, the ethanolic solution 
was heated at 50°C for 10 min before adding water. Yields between 30% (VIIIb) 
and 70% (VIIId). 

cis-Pt(CH,CN)(C,H,)(PPh,), (Xa) and cis-Pt(n-C3H,CN)(C2H5)(PPh& (Xc). 
A Pyrex test tube containing a solution of trans-PtH(CH2CN)(PPh,)7 (1.2 g 
Via [16]) or trans-PtH(n-C,H,CN)(PPh& (1.7 g VIC) in THF (15 and 30 ml, 
respectively) was introduced into a stainless steel autoclave and the solution 
stirred under ethylene (25 atm) at room temperature for 20 h. Xa: the suspen- 
sion of product formed was concentrated to 8 ml and methanol added to com- 
plete precipitation. The white dialkyl complex was filtered and recrystallized 
from dichloromethanejmethanol. Yield 66%. Xc: the solution turned pale 
yellow and was concentrated to 6 ml. Diethyl ether (40 ml) was added and the 
suspension of product kept ovemight at -25°C. Filtration yielded 0.89 g of 
dialkyl complex. A second trop of product (0.39 g) was obtained by adding 
pentane to the filtrate. Yield 80%. VIb was found to react in the same way 
with ethylene. No elimination products (alkanes or cyanoalkanes) were found 
on analysing the reaction mixture by GLC. 

cis-Pt(CH2CN)(C,H4CN)(PPh3)2 (Xla) and ~is-Pt(n-C3H6CN)(C2H4CN)(PPh~)2 
(X~C). A solution of trans-PtH(CH,CN)(PPh,), (0.15 g) or trans-PtH(n-C,H,CN)- 
(PPh3)* (0.5 g) and acrylonitrile (0.4 g) in benzene (6 and 15 ml, respectively) 
was stirred at 50°C for 15 h under nitrogen. The volume of the solution was 
reduced to 50% and methanol added. The bis(cyanoalky1) complex started to 
crystallize on scratching the wall of the Pyrex flask with a glass rod, and was 
recrystallized from benzene/methanol. Yields 75 and 66%, respectively. 

cis-Pf(CH2CN)(C,H,)(PPh,)2 (XIIa). A suspension of trans-PtH(CH,CN)- 
(PPh3)2 (0.3 g) in norbomadiene (10 ml) was stirred at 70°C for 3 h under _ 
nitrogen. The suspension was filtered and the beige product redissolved in di- 
chloromethane and treated with active carbon. The filtrate was evaporated to 
dryness and the residue was recrystallized from dichloromethane/methanol as 
colorless needles. Yield 90%. 

~~s-P~(CH~CN)(CH~CH=~H~)(PP~~)~ (XIIIa). A solution of trans-PtH(CH&N)- 
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(PPh& (0.2 g) in 1,Zdichloroethane (5 ml) was stïrred under an atmosphere of 
allene at 60°C for 4 h. The white product was precipitated by adding n-hexane, 
filtered off and washed with n-hexane. Yield 62%. 

The cis-hydrido complexes VIIa, VIIe and VIIIa, VIIIe did not react 
wïth ethylene or other olefins under similar or more drastic conditions. 
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