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Suirzmary The reaction of [Pt,H,(p-H) (p-dppm)J [PI.',] crystal X-ray crystallography to contain both bridging 
[dppm = bis(diphenylphospliino)methane] with dppm and terminal dppm ligands and a Pt-Pt bond [2.770(2) 
proceeds by reductive elimination of H, to give [Pt,H- A] and which undergoes reversible oxidative addition of 
(dppm)(p-dppm),] [PF,], which has been shown by single- RSH (R = Me or PhCH,) a t  the platinum(1) centres. 
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ALTHOUGH a number of novel binuclear platinuni(I1) 
hydridesl have recently been reported, there are no exani- 
ples of binuclear platinum(1) hydrides in the literature. 
Other types of binuclear platinum(1) compleses are, how- 
ever, known, for esaniple [Pt,CI,(p-dppm),] ( l )?J  [dppm = 

bis(diphenylphosphino)niethane], [ Pt,CI (CO) (p-dppm),] + 

(2),495 [Pt,L,(p-dppm),]2+6*7 [L = PR,, CO, or pyridine], 
and [Pt,C1,(C0),]2-,8 which contain direct platinum- 
platinum bonds. l i e  now report that  the binuclear 
platinum(1r) hydride [Pt,H,(p-H) (p-dppm),l [PF,] (3)’” 
reacts rapidly (in dichloromethane a t  20 “C) with dppm 
( 1  : 1 mole ratio), affording dihydrogen (1.0 mol) and a 
quantitative yield of a new hydricle formulated, on the 
basis of elemental analysis and the stoicheiometry of the 
reaction, as [Pt,H(dppni),] [PF,] (4). Crystals of (4) 
suitable for an X-ray diffraction study were obtained from 
1,2-dichloroethane-propan-l-ol (ca. 1 : 1 by volume). 

Crystal data: (4), nionoclinic, space group P2,/,z, n = 

13-702(2), b = 14.255(2), c = 39.556(6) A, p = 94.75(1)”, 
2 = 4. The intensities of X-ray reflections Lvere mea- 
sured on a CAD-41; diffractonieter with Mo-K, radiation. 
The structure was solved by the heavy-atom method and 
has been currently refined to R = 0.072, using 6049 re- 
flections for which I > 3 a ( l ) . t  The positions of hydrogen 
atoms have not been determined. 

FIGURE. A view of the [Pt2H(dppm)(p-dppnt)2]+ ion. For 
clarity, all atoms are represented by thermal elllpsoids of arbi- 
trary size. 

The structure of the cation, shown in the Figure, is 
closely similar to those of (1)3 and (2).5 Its  most interesting 
feature is that  i t  displays two different modes o f  co-ordi- 
nation of the dppm ligands. Two of these are bidentate, 
and they bridge the Pt-Pt bond to form a Pt,(p-dppm), 
unit. The third ligand, however, is bonded to one metal 

centre only, thus completing a considerably distorted 
square-planar environment around the Pt (2) atom. The 
geometry around P t (  1) is T-sliapetl, indicating a square- 
planar co-ordination with the ‘vacant’ site occupied by the 
tlie hydrido ligand. 1:urtlier support for this intcrpre- 
tation conies froni the l’t-l’t distance of ? . ; i O ( z )  A, i\.Iiicli 
is considerablj- longer than tliose of ? G 5 1 ( 1 )  and 2-.Ci?O( 1 )  
A found in (1) ancl j2), respectively. ~ ~ i e  wealcening of tile 
I’t-l’t bond in (4) is compatible ivitli tlie high tvtlizs-in- 
fluencing ability o f  the hyclritlo ligaiicl. ’l‘hus tlie obser- 
vation of a v(Pt-H) characteristic of R terminal h!-(lrido 
ligand (zlide iufYn) can n o \ v  be reaclil!. unclerstootl. Tlie 
I’t-T’ ( f m n s  t o  1’) distances 1?.2~8(! , ) -~L’ .280(8) :iJ ;irc 
coniparable lvitli tliose observetl in (1) ant1 (2) j?.26O(i) 
2.308(5) A]. l‘he I’t-1) ( f v n ~ s  to I’t) distance L2.3i i ( t3)  .k! 
is substantially longer, and may reflect the fvnm-influence 
of the Pt-I’t bond, ant1 perhaps also the steric cro\i-ding 
around the I’t(2) atom. 

Complex (4) is n pale yello\v, air-stable solid. \\-lien 
recrystallised from propanone or 1 , P-clicli loroetl iane-~~ro€~~~i~- 
1-01, it shows v(1’t-H) a t  ca. 2010 cm-l in its i.r. spectrum; 
when recrystallisetl from tliclilorometliane or 1,2-(licl~loro- 
ethane, this band occurs a t  ca.  2040 cni-’. Siinilar solvent- 
dependent beliaviour for v( 1% H )  lias been observed for 
(3).’a ‘H and 311’ n.ti1.r. studies o f  complex (4) in  solution 
indicate that it is fluxional upon tlie n.ni.r. time scale and a 
detailed study o f  this tlynamic beliaviour is currentl!- 
being undertaken. Complex (4) has also been preparetl b!, 
the reduction of I-’t(clppm),S, (S = CI, Br, J ,  or PF6) b!- 
NaBH, in methanol (Scheme) and some of the reactions 

P- P 1’ 
H- 

t 

r l +  

SCHEME. I-’h,PCH,PI’h, (tlppin) groups are denoted 1)). I’-I’; 
I< = M e  or PhCH,; X = Cl, Hr, I ,  or i ,  t l p p i i i ;  i i ,  KSH; 
iii, NaBH,-SIcC)H and 1’1:6- ; iv ,  l’t(cocl)CI, (cot1 = cyclo-octa- 
1,5-diene). 

t The atomic co-ordinates for this work are available on request from the Director of t h e  Cambridge Crystallographic I h t a  Centre, 
Any request should be accompanicd by t h e  full  literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW. 

citation for this communication. 
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of (4) are also summarised. Complex ( 5 ;  R = Me) has 
previously been c h a r a c t e r i ~ e d . ~ ~ ~  

Binuclear complexes are of interest as models for cataly- 
sis and their oxidative addition and reductive elimination 
reactions are of significance in this respect. The formation 
of (4) by the dppm-induced elimination of H, from (3) and 
by a similar, but reversible, elimination of RSH from ( 5 )  
are tbvo novel examples of such reactions. Reductive 
elimination of H, or IiSH normally proceeds (in mono- 
nuclear complexes) via an oxidation state change of two 
units but these reactions show that these molecules may be 
eliminated from platinum atoms undergoing an oxidation 
state change of only one unit when the complex is binuclear. 

Our continuing studies indicate that (3) undergoes similar 
reactions with other two-electron donors (e.g. CO, PMe,Ph, 
and PPh,) and the possible relationship between (4) and 
[Pt,(dppni),],lo is also being investigated in view of the 
reported catalytic activity of the latter. 
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