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Some Insertion Reactions of Platinum Hydrido-complexes with Olefins : 
Hydrolysis of Platinum-Carbon -Bonds 
By Antony J.  Deeming, Department of Chemistry, University College London, 20 Gordon Street, London 

Brian F. G .  Johnson and Jack Lewis,* University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW 

The insertion of olefins into the Pt-H bond of trans-PtH(NO,)(PEt,), occurs via preliminary substitution of nitrate 
by olefin, and the intermediate trans-[PtH(C,H,) (PEt3)2]BPh4 has been isolated. Butadiene and allene give 
x-atlylic complexes and cyclo-octa-I ,5-diene and norbornadiene give enyi-systems. Whereas PhN:CH*CH:- 
CHPh gives [PtH(PhN:CH*CH:CH Ph) (PEt,),]BPh, with no insertion, CH,:CHCOMe gives [Pt(CH,*CH,*- 
COMe)(PEt,),]BPh,, the Pt-C o-bond of which is readily hydrolysed to give [Pt,(OH)2(PEt,)4]2+ and ethyl 
met h y I ke t o'n e . 

WClH OAJ 

WE have reported preliminary results showing that the group X by the olefin to  give cationic hydrido-olefin 
facility with which PtHX(PEt,), inserts olefins depends intermediates (certainly under conditions favouring 
markedly on the nature of X ;  the reactions being salt formation) and we were able to isolate one such 

suggested that the initial step is the substitution of 1970, 59s. 
favoured for good leaving groups such as nitrate* we 1 A. J. Deeming, B. F. G. Johnson and J.  Lewis, Cheun. Comm., 
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species, [PtH(C,H,) (PEt,),jBPh,. Clark and Kuro- 
s a w  recently reported related results confirming our 
original proposal. These conclusions contrast with the 
original suggestion,3 for reactions in non-polar solvents 
such as cyclohexane, that a neutral five-co-ordinate 
adduct is an intermediate in the reaction of ethylene with 
PtHCl(PEt,), giving an ethyl complex directly. Al- 
though adducts such as PtH(C2H4)X(PEt3), could 
be involved in the substitution reaction to give 
[PtH(C,H,) (PEt3)2]+, under present experimental con- 
ditions they do not appear to lead directly to insertion. 

1849 

have sliowii, the chloride can be removed from the 
complexes PtHClL, (L = PPh,, PPh,Me, or PPhMe,) by 
precipitation as AgCl to give the cationic complexes 
[PtH(acetone)L,] + which readily give ethyl complexes 
on reaction with ethylene at room temperature and at 
atmospheric pressure. We isolated an intermediate 
from one such reaction by bubbling ethylene into a 
solution of PtH(N0,) (PEt3)2 and sodium tetraphenyl- 
borate in methanol which gave an immediate precipitate 
of [PtH(C,H4) (PEt,),]BPh,. Ethylene insertion occurs 
at rather more forcing conditions for the PEt, complex 

Analytical, i.r. (measured in cm-l), and 1i.ni.r. data (in CDC1, soln) 7 

Complex * c t  H P (or As) N (or F) 
[ Pt ti [CzH,)PJPBh, 58-?5(58.53) 6.85(7.1) 8.2(7*95) 

[ P t H(CO)P,I BPh, 0 57.1(3i.0) 6.6(6*6) 

[ Pt( n-CaHs) P21 BPh, 58.03(.i9*1.i) 6-3(7-0) 7.i(7-85) 

IPt(n-C4H,)P,jBPl~, 
[Pt (x-C*H,)P,]PF, 

Some significant i.r. 
absorptions 

CHCI3 Nujol ment 
Assign- 

2196 3206 v(Pt-H) 

2166 2170 v(Pt-H) 
206; 20S4 v ( C 0 )  

Assign- 
7 ment § 

6.06 C,H, 
17.20 Pt-H 
14.66 Pt-H 

5.02 HI 
6.07 H2,H5 
7-38 H,, H, 

L.33 HI 
6 4  H,, H, 
7.8 H, 

5-50 H, 

Other comments 
J(Pt-H) = 35.8 
J(Pt-H) = 908; J(P-H) = 13.0 
J(Pt-H) = 383; J(P-13) = 13.0 

Assignments assisted by previous 
assignments on related com- 
pounds. Me signal obscured 
by PEt, signals 

J(H,-H,) = 7.5; J(H,-H,) = 1s 

J(H-P) = 70 

. .  -- 
4-4-4.7 Oiefiriic hydiogeiis 

2195 2200 v(Pt-H) 25-90 Pt-H J(Pt-H) -1110; J(P-H) = 
14.8; J(H-H) = 3.5 

1611 1610 v(C:C) 24-34  Coniplrx multiplets due to the phenyl and 
olefi n h y drogens 

1538 1562 v ( C X )  
161.5 161:; v(C0)  7.3.; H 0 Nultiplet 

8-14 H c Sinelet 
H b'iignal probably lies under 

the CHS signal of the I'E tJ 
ligand 

X N  v(0H) 6.45 OH Recorded in SOz solution. Half- 
height width of absorption 
variable (8-24 Hz) depending 
or1 the particular solution. 

a v(Pt-H), 216;; v(CO), Z O G i  reported for [PtH(CO)P,;CIO,. 

* P = PEt,, As = AsEt,. 

8 An absorption a t  1576 cm-' is probably duc to tetraphenylborate. c Treatment of a chloroform solution 

$ Found 9 ;  with required values in parentheses. 
with PEt3 gave a non-co-ordinated ketonic species.with v ( C 0 )  at 1704 cm-l. d v(0D) for the corresponding OD-complex in chloroform, 2316 ern-'. 

p Resonances due to PEt,, AsEt,, or BPh, are as expected and not included in the Table. 

5 H, 

C 
I 

H~--C/\C--R (R  = hfe or H,) 

a, a, 
Here we report our results on reactions of PtHX(PEt3), 
with ethylene, conjugated or non-conjugated dienes or 
the heterodienes, methyl vinyl ketone, and the cinnam- 
aldehyde anil PhN :CH*CH:CHPli. 

Reactions of Platinim Hydvides with Ethylene.-The 
reaction of PtHCl(PEt,), with ethylene in cyclohexane 
(80 atm, 95 "C) leads to a 25% conversion into 
PtEtCl(PEt,), and this reaction is reversed by heating 
the ethyl complex in vaczto at  180 "C4 Higher pressures 
(198 atm, 80 "C) and the use of tetrahydrofuran as 
solvent gave complete reaction., Insertion can occur 
under milder conditions since, as Clark and Kurosawa 

* H. C. Clark and H. Kurosawa, Iicoug. Chem., 1972, 11, 1276. 
3 J. Chatt, R. S. Coffey, A. Gough, and D. T. Thompson, 

J .  Chcm.  SOC. ( A ) ,  1968, 190. 

than for those described above,2 and therefore the 
cationic hydrido-ethylene complex could be isolated 
at  room temperature. The complex is only moderately 
stable in solution, slowly giving PtPh,(PEt,), by 
reaction with the BPh,- anion. The complex PtH(N0,)- 
(PEt,), similarly gives this phenyl complex on slow 
reaction with NaBPh, in methanol. 

The n.m.r. spectrum of the complex tram- 
[PtH(C,H,) (PEt,),]BPh, (see Table) illustrates the 
tram-configuration since the hydrido-ligand is coupled 
to two equivalent 31P nuclei (12-0 Hz). Thus not only 
is the ethylene trans to the strongly trans-labilising 

J. Chatt and B. L. Shaw, J .  Ckeni. SOC., 1962, 5075. 
J .  Chatt and B. L. Shaw, J .  Chem. SOC., 1959, 4020. 

http://dx.doi.org/10.1039/DT9730001848


1850 J.C.S. Dalton 

hydride but also the cationic nature of the complex should 
reduce the x-basicity of the platinum to the olefin. 
Both factors are expected to make the complex unstable 
and yet it is sufficiently stable to  be stored indefinitely 
under nitrogen at  0 "C. The stability may be due to  
the trans-arrangement since the subsequent ethylene 
insertion reaction requires either a trans-cis isomeris- 
ation or co-ordination of another ethylene molecule. 
In these ways the hydride and the olefin can take up 
cis-positions in the co-ordination sphere. The ethylene is 
very readily displaced by CO to give [PtH(CO)(PEt,)& 
BPh,, previously prepared with other counter anionsJ6 
or by chloride to  give PtHCl(PEt,),. 

Reactions of Platinum Hydrides with Dienes.- 
PtH(NO,)(PEt,), reacts rapidly with various dienes in 

t co 
+ 

I CH 2:C H .COM e 
P~(~-~II)P,I+ Lbutadiene PtH(N031P2 

or allene 
(all =ally1 or crotytl (P=PEt 3 )  

arrangement of the methyl groups, which is presumably 
thermodynamically most stable. We have no direct 
evidence for the structures of the cyclo-octenyl or 
norbornenyl complexes but assume that these are as in 
the Scheme. 

Reactiom of Platinum Hydrides with Heterodienes.- 
Because of the ease and generality with which the 
insertion into the Yt-H bond by dienes was shown to 
occur we examined the related reactions with the hetero- 
dienes PhN:CH*CH:CHPh and CHgCHCOMe. If in- 
sertion occurred we wished to  establish to which atom 
the hydride had added and whether or not x-allylic 
groups containing heteroatoms had been formed. 

The cinnamaldehyde anil PhN:CH*CH:CHPh reacts 
readily with PtH(NO,)(PEt,), to give a cationic complex, 

r 1 4  

+ CH,CH,COCH, 
Norbor nadienc 

1+ Ph r I 

methanol to  give complexes of type [Pt(enyl)(PEt,),]+ 
where enyl = x-ally1 (from allene) , x-crotyl (from 
butadiene) , cyclo-octa-4-enyl (from cyclo-octa-l,5-diene), 
or norbornenyl (from norbornadiene). Similar but much 
slower reactions occur for PtHCl(PEt,),. No cationic 
hydrido-olefin complexes were detected in these re- 
actions presumably because the insertions occurred 
much more rapidly than for ethylene. Nevertheless we 
believe that such intermediates are formed because of 
the effect of the anionic ligand on the rate of the reaction. 

The nature of the x-allylic complex [Pt (n-C3H5) (PEt,),] + 

and the x-crotyl [Pt (x-C,H,) (.PEt3)J + were confirmed by 
the close similarity of their 1.r. and n.m.r. spectra with 
those of the analogous palladium complexes prepared 
by the reaction of PEt, with [(x-C,H5)PdCl'J2 or [ (x- 
C4H,)PdC1], using a known procedure.' The n.m.r. data 
are recorded in the Table. These show that the platinum 
and palladium r-crotyl complexes both have the anti- 

which was precipitated as the tetraphenylborate salt and 
shown to be trans-[PtH(PhN:CH*CH:CHPh)(PEt,)& 
BPh,. The lack of insertion was confirmed by the i.r. 
spectrum, v(Yt-H) = 2195 cm-l, and the hydride n.m.r. 
signal. As well as the expected nuclear spin-spin 
coupling of the hydride with the 3lP and the 195Pt nuclei 
there was a further coupling of 3.5 Hz presumably to a 
vinylic hydrogen of the N-containing ligand. Co- 
ordination through the nitrogen and the lack of co- 
ordination through the carbon-carbon double bond are 
apparent in the small changes in the n.m.r. and i.r. 
spectra of the ligand on co-ordination. Insertion also 
fails to occur under more vigorous treatment. Reaction 
of PtHCl(PEt,), and PhN:CH*CH:CHPh in refluxing 
solvent (2 h in methanol or 74 h in 2-methoxyethanol) 

6 H, C. Clark, P. W. R. Corfield, I<. R. Dixon, and J. A. 
Ibers, J .  Amer. Chem. SOC., 1967, 89, 3360. 

7 J. Powell and R. L. Shaw, J .  Chem. SOC. ( A ) ,  1968, 774. 
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followed by addition of NaBYh, gave a good yield of 
[PtH(PhN:CH*CHXHPh)(PEt,),]BPh, in each case. It 
is possible that the configuration of the ligand is as shown 
in the Scheme and it is this tram-arrangement about the 
N:C bond which prevents co-ordination of the C:C to the 
platinum and hence insertion. 

This behaviour contrasts markedly with that of the 
a?-unsaturated ketone, CH,:CHCOMe, which reacts 
readily with PtH(N0,)(PEt,)2 and NaBPh, in methanol 
to give a precipitate immediately of the 2-acetylethyl 
complex [Pt (CH,CH,COMe)(PEt,),]BPh,. We believe 
that in this case the initial interaction with the metal 
takes place through the olefinic group rather than the 
hetero-atom and insertion can readily occur. Of the 
four possible types of bonding (1)-(IV) shown we 

Me 
I 

r" 
CH CH -CH 

trn) (1Y) 
believe that the linkage between the C,H,O group and 
the platinum is as shown in (I). The value of v(C0) 
at 1615 cm-l is only 109 cm-l below that of the methyl 
vinyl ketone while structures (11)-(IV) would require 
a much greater reduction than this. A frequency of 
1600 cm-l has been reported for a ketone co-ordinated 
to platinum(1r) in a chelate ~ y s t e r n . * ~ ~  The n.m.r. 
spectrum of our complex is also completely consistent 
with bonding type (I) (see Table). This bonding also 
occurs in intermediates formed in the hydrogenation of 
ap-unsaturated ketones catalysed by IrHC1,(Me2S0)3.10 
Further the reaction of MeMn(CO), with (o-vinylpheny1)- 
diphenylphosphine has been shown to give two isomeric 
compounds, Mn(CO),(Ph,PC,H4C,H60), which have been 
studied by X-ray structural analysis.ll One isomer 
with v(C0) at 1644 cm-l contains metal-ligand bonding 
entirely analogous to (I), while the other isomer has 
bonding as in (11) with no i.r. band assignable to v ( C 0 ) .  
These results support our structural assignment. 

Hydrolysis of [Pt(CH,CH,COi?Ie) (PEt,),]BPh,.-Our 
attempts to  prepare this complex with other counter 
anions were unsuccessful owing to the ready hydro- 
lysis of the Pt-C a-bond. For example, the complex 
[PtH(solvent) (PEt3),]BF4, formed in methanol by treat- 

s G. W. Parshall and G. Wilkinson, Inorg. Chem., 1962,1, 896. 
R. D. Gillard, B. T. Hcaton, and M. I?. Pilbrow, J .  Chewz. 

lo M. McPartlin and R. Mason, J .  Chem. SOG. ( A ) ,  1970, 2206. 
11 M. A. Bennett, G. B. Robertson, R. Watt, and I?. 0. Whimp, 

12 U. Belluco, U. Croatto, 1'. TJguagliati, and R. Pietropaola, 

SOL ( A ) ,  1970, 363. 

Chem. Comm., 1971, 752. 

Inoug. Chein., 1967, 6, 718. 

ment of PtHCl(PEt,), with AgBF4, was treated with 
methyl vinyl ketone to  give a cationic complex which 
proved to be [Pt,(OH),(PEt,),](BI;,),. It was possible 
that an intermediate complex containing a Pt-C bond 
had been formed and so to confirm this we treated 
[Pt (CH,CH,COMe) (PEt3),]BPh, with AgBF,in methanol. 
A precipitate of AgBPh, was obtained and the solvent 
distilled from the mixture was shown to contain ethyl 
methyl ketone. This was isolated as its 2,4-dinitro- 
phenylhydrazone derivative (52% based on the platinum 
complex) and the involatile material remaining after 
distillation yielded [ Pt2( OH) , (PEt,)J (BF4) 2 (57 % yield). 
Thus the platinum-carbon bond is readily hydrolysed 
and the overall reaction may be represented as follows: 

PtH + CH,:CHCOMe PtCH,CH,COMe __t 

PtOH -1- CH,CH,COMe 

Hydrolysis of platinum-carbon a-bonds is known to 
occur in acidic s o l u t i ~ n , ~ ~ ~ ~ ~  but in this case the hydro- 
lysis must take place at  low hydrogeii ion concentrations 
since the hydroxo-product is itself very reactive towards 
protonic acids1* 

We have evidence that the hydroxo-complex exists as 
the hydroxo-bridged dimer in the solid state and as a 
solvated monomer in methanol solution l4 and we will 
report our results on this and on related hydroxo- 
complexes elsewhere. Hydroxo-complexes of this type 
have been reported recently.l5>lG 

+ HZO 

EXPERIMENTAL 

The complex trans-PtH(N0,) (PEt,), was prepared as 
previously described ., 

Hydyiclo(ethylene)bis(triet~~ylp~~ospkine)plntinuln(11) Tetra- 
phenyZborate.-Ethylene was bubbled for 1 min through a 
solution of PtH(N0,)(PEt,)2 (0.33 g) and sodium tetra- 
phenylborate (0-23 g) in metlianol (5 ml). The product was 
precipitated as white crystals (0.34 g), m.p. 78-80' 
(decornp. with evolution of gas). Ethylene (1.03 mol per 
mol of platinuni complex) was absorbed during the reaction. 

Displacement of Ethylene f rom [PtH(C,H,) (PEtJJBPh, 
by Carbon Monoxide.--A suspension of the hydrido-ethylene 
complex (0.031 g) and NaBPh, (0.036 g) in methanol (20 ml) 
was treatecl with carbon monoxide a t  atmospheric pressure 
for 20 min. Evaporation of the solution gave [PtH(CO)- 
(PEt,),]BPh, as white crystals (0.016 g) ; this was shown to  
be identical to a sample prepared by treating a solution of 
PtHCl(I'Et,), and NaRPh, in methanol with carbon 
monoxide. 

Actio+z of AIZene o n  PtH(N0,) (PEt,),.-Allene was 
bubbled for 5 min through a solution of PtH(N0,)(PEt,)2 
(0-27 g) and NaBPh, (0.35 g) in methanol (10 ml). The 
precipitate (0.28 g) was recrystallised from dichloromethane- 
methanol to give (n-aZZyZ)bis(triet~zyZ~hos~hine)pEatinuvpz( 11) 
tetraphenyZbovate as white crystals, m.p. 150-1 60" (decornp.) 
Related reactions with butadiene gave the following 

13 U. Belluco, M. Giustiniani, and IT. Graziani, J .  Amer.  Chew. 
SOC., 1967, 89, 6494. 

14 A. J .  Deeming and P. Howes, unpublished results. 
1 5  S. Cenini, 13. Ugo, and G. La Monica, J .  Chem. SOC. ( A ) ,  

16 G. W. Bushnell, K. R. Dixon, R. G. Hunter, and J .  J. 
1971, 3441. 

McFarland, Canad. J. Chenz., 1972,50, 3694. 
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compounds : (x-cuotyl) bis(triet~zyZ;Phosphi?ze) platinum (11) 

tetrnpkenylborute as white crystals (78% yield), m.p. 148- 
150' ; (x-crotyl)bis(triethyZ~hos;bhine)~Zuti~u~(II) hexafjuoro- 
phosphate as white prisms (50% yield), n1.p. 219-222" 
(deconip .) ; (x-croty 1) bis (triet~y1ursine)PZatinztnz (11) tetra- 
$lzenylborate as very pale yellow crystals (68% yield), m.p. 

Tetraplienyl- 
borate.-Triethylphosphine (0.3 g) in inethanol (3  ml) was 
added to a suspension of [(x-a1lyl)PdC1J2 (0.23 g) in water 
(10 ml) and the suspension was shaken for 45 min. After 
removal of a small quantity of dark deposit a solution of 
XaBPh, (0.5 g) in methanol (30 ml) was added to precipitate 
the product as colourless crystals (82% yield), m p .  108- 
110". The x-crotylpalladiuni complex prepared similarly 
gave colourless crystals (64% yield), m.p. ca. 120" (decomp.). 
The i.r. spectra of these complexes in the region 4000- 
625 cm-l were almost identical with those of the correspond- 
ing platinum complexes. 

Tetra- 
~henylborate.-Cyclo-octa-l,5-diene (0.3 nil) was addecl to a 
solution of PtH(NO,)(PEt,), (0.57 g)  and NaBPh, (0.30 g) in 
methanol (15 ml). The white precipitate, which formed 
within a few minutes, was recrystallised from dichloro- 
methane-methanol to give the product as white crystals 
(0.80 g), n1.p. 165-166" (decomp.). A similar experiment 
with PtHCl(PEt,), gave the same compound but only over 
several hours. 

Tetra- 
$henyZborate.-This complex was prepared similarly from 
PtH(S0,) (PEt,),, the product separating as an oil 

132-1 33". 
(x-A ZlyZ) bis( trietl~yl~lzospltine)pa2ladil.tm( 11) 

(Cyclo-oct-4-enyl) bis (tviethylph ospl~ine)platinuin (11) 

(Norbornepyl) bis (tviet Iiy1pJ~ospl~liize)pZat~nuni (11) 

which slowly crystallised as buff crystals (39%), decomp. 
above 80". Lack of stability prevented further purification. 

Reaction of PtH(N0,) (PEt,), with PhN:CH*CH:CHPh.- 
A solution of PhN:CHCH:CHPh (0.10 g) in methanol (10 
ml) was added to a solution of PtH(XO,)(PEt,), (0.17 g) 
and NaBPh, (0.19 g) in methanol (5 ml). The yellow 
precipitate (0.24 g) was recrystallised from dichloromethane- 
methanol to give [PtH(PhN:CH*CH:CHPh) (PEt,),]BPh, as 
pale yellow needles (0.20 g), m.p. 119-121". 

Reaction of PtH(N0,) (PEtJ, with IWethyZ Vinyl  Ketone.- 
Methyl vinyl ketone (1 ml) was added to a solution of 
PtH(N03)(PEt,), (0.37 g )  and NaBPh, (0.35 g) in methanol 
(6 ml). The white crystalline precipitate was washed with 
methanol and shown to be (2-~cetyZetltyl)bis(trietJ~~l~lzos- 
phine)platintm(II)  tetvaplzeuylborate (0.40 g), m.p. 140-142". 

Hydrolysis of [Pt (CH,*CH,*CORle) ( PEt,),]BPh4.-A sus- 
pension of the 2-acetylethyl complex (0.484 g) and silver 
tetrafluoroborate (0.129 g) in methanol (10 ml) was shaken 
for 2 h. The solvent was distilled and collected at  - i 8 " .  
Addition of 2,4-dinitrophenylhydrazine reagent gave the 
2,4-DNP derivative of ethyl methyl ketone (orange crystals, 
0.076 g) which was characterised by comparison of the i.r. 
and n.m.r. spectra and m.p. with those of an authentic 
sample. A methanolic extract of the involatile material 
from the reaction yielded di-p-lzydroxo-tetrakis(triet~zy2- 
phosplzine)diplati?zuulz(Ir) tetrafluovobovate as white crystals 
(0.176 g), n1.p. 233-238" (deconip.). The corresponding 
di-p-deuteroxo-complex was precipitated from an acetone 
solution upon addition of D20. 
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