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The preparation and spectroscopic properties are described of some novel 
platinum(II) complexes having a hydride ligand cis or trans to an sp3 carbon, 
vis. PtH(CH,CN)(PPh& and PtH(CH&N)(L-L) with L-L = bis(diphenyl- 
phosphino)-ethene, -ethane, -propane end bis(diphenylarsino)etbane. 

We previously reported the preparation, spectroscopic properties and reac- 
tions of various complexes of platinum(I1) of the type PtX(YCNjL* (L = terti- 
ary phosphine; Y = (CH2)n, n = 1,2,3, o-CH,C,%; X = Cl, Br) and their cation- 
ic derivatives [Pt(YCN)L&,(BF& [2 J in which the CN group is o-coordinated 
We have now shown that while heating the cationic complexes in methanol 
leads to nucleophilic attack at the CN group, yielding iminoether complexes, 
methanolic NaOH gives good yields of the novel hydrido complex trans-PtH- 
(CH2CH2CHICN)(PPh3)2_ The enhanced strength of the Pt-C bond of cyano- 
alkyl complexes compared to that of the parent alkyl complexes allows the co- 
existence of Pt-H and o-Pt--C bonds in the same compound. 

However, this preparation is not a general one. Indeed, the first product 
formed in metbanolic NaOH is the hydroxo complex PtOH(YCN)L,; its hy- 
droxo group may then react intramolecularly with the CN group giving [Pt- 
(YCONH)L& in cases in which the cyanoalkyl ligand has a favourahle 
geometry to give dimeric imido complexes_ This prevents any further reaction, 
as the imido complexes are particularly stable in basic media. When Y = CHZ 
or o-CH&.H& this reaction gives negligible yields of hydrido complexes and 
the classical route to hydrides starting with the chloro complexes PtCl(YCN)L2 
Fd NaBI% is prefer@_ Treatment of tranS-PtCl(CH,CN)(PPhs)z (Ia) [2] with 
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NaIlHe in methanol yields trans-PtH(CH&N)(PPh& (Ha), the first example of 
a platinum(II) complex with a hydride ligand tram to an sp3 carbon. cfs-Hydrido 
complexes are obtained from reactions l?tCI(CH&N)(L-L) (L-L 
= PhzPCH=CHPPhz [S] Ib, PhzP(CH&PPht [3] Ic, Ph2P(CH&PPh2 Id, Ph*As- 
(CH&AsPh, Ie) with NaRH, in ethanol yielding PtH(CH,CN)(L-L) (1Ib-e). 
IIb-d are also obtained by displacing PPh3 from IIa by L-L in benzene, This 
last reaction is a good example of a truns--cis isomerization around platinum(II) 
occurring without the formation of a cationic 4-coordinated intermediate_ 

No hydrido complexes could be isolated from PtCI(CH&N)(PPh,)(PPhMe,) 
(lh) or from complexes with nitrogen donor atoms PtCl(CH&N)(o-phen) (If) 
and PtCl(CH&N)(bipy) (Ig). 

The complexes were characterized by ‘H and 31P NMR (Table 1), IR and 
Raman spectra and elemental analysis (Table 2)_ The ‘lP{ ’ H) FT NMR spectra 
of Ib+show two doublets with additional splitting due to “‘Pt; the higher 
coupling constant ‘J(Pt-P) is attributed to the phosphorus atom truns to Cl 
since chloride has a smaller tram influence than carbon. In the mixed phosphine 
complex Ih, PPh3 is trans to chloride since the lower 31P signal is associated 
with the greater coupling constant ‘J(Pt-P) (the 31P resonance of PPhMe2 ap- 
pears generally at higher field than that of PPhs [43). The hydrido complexes 
IIa-e are white crystalline solids stable in air, soluble in chloroalkanes and in: 
soluble in alcohols_ The frans geometry of Ha is deduced from its NMR spec- 
tra: a triplet of triplets for the hydride resonance due to coupling with two equi- 
valent phosphorus nuclei and two methylene protons, and a single 3’P reson- 
ance. All the other hydrido complexes have a cis geometry: the “P { ‘H) FT 

TABLE 2 

ANALYTICAL. IR AND RAMAN SPECTRAL DATA 

CO=- K&P. <dec) Analysis found <erlcd.)t%> u<CN) = Othert 
Pk% ec> (cm-l ) (cmsl) 

C !-I N X 

Id 232-233 50.92 4.13 
(51 .OO) (4.13) 

h 238-241 44.55 3.50 
(44.43) (3.46) 

If 265-290 36.44 2.17 
<37.30) (2-24) 

k 273-275 33.07 2.30 
C33.77) (2.36) 

m 205-206 50.14 0 4.25 
eO-12) c4.21) 

IP 164-165 60.19 4.51 
eO.01) (4.371 

IIb 193-195 - 52.62 3.90 
e3.17) 

nc 20&202 52.99 
<3_99) 
rL28 

cB.OO> (4.29) 
nci 167-168~ 53-11 4.56 

-.(53.70) :-- <4.51t 
II=..-.. .l?O-172 =_ 46.92 3.90 

2.09 P S-79 
(2.05) (9.07) 
1.55 C14.88 
(1.85) <4.68) 
8.56 
(9.32) 
9.20 
CL851 
2-11 P 9.40 
(2.09) t9.231 
2_03 P 8.01 
(1.84) ((S-14) 
2.21 P 9.66 

(2.21) (9.79) 
2.26 P 9.45 

e.21) (g-76) 
2.25 P 9.28 

(2.16) < <9.55) 
2.02 

301 m u(PtC1) 
298 m 
305 m u<PtCU 

340 s Y(PCCl) 

337 s u(P1Cl) 

309 5 v(Ptcn 

2027 s 5 vet-H); 808 6(Pt-H) 
2033 D 
zo2osf’v@t--H) . 
2020 s 
2013 sb v<pt-H); 796 6(Pt-H) 
2011s. 2013s WPt--a) 
2025 s5 v(pt-H) 
2018s 
2063 s 5 v(pt-H) 

IR2209s 
R2192s 
IR2203r 

m2204s 

IR2201s 

IR2203. 

IR 2183 s 
R 2178s 
IR2196s 
R2196s 
IR2198s 
R219Os 
IR2199s 
Et21921 
IR2196s 
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NMR spectra show two doublets; the smaller coupling constant ‘J(Pt-P) is attri- 
buted to the phosphorus atom tins to the hydride Ugand, since W:ti known to 
have a very high frans infiuence, Indeed, the coupled “P NMR spectra show a 
large additional *J(P-Pt-H) of ca. 200 Hz associated with the resonance bear- 
ing the smaller ‘J(Pt-P) for Rb-e. No correlation between v(Pt-H) and ‘J(Pt-H) 
was found for these complexes. 

We are currently examining the reactivity of the Pt-H bond towards various 
unsaturated molecules. 

Experimental 

The spectroscopic techniques were described earlier [2]. The Institute of 
Organic Chemistry (University of Padova) carried out the microanalyses. 

Pwparation of complexes 

PtCWZH&NJ IPh,P(cIII)&?Ph, 3 (Id)_ A mixture of cis and tmns-PtCl(CHzCN)- 
(PPh& (6 g) (obtained by treating Pt(PPh,), with chloroacetonitrile in benzene 
[2,3]) was stirred in benzene (100 ml) with bis(diphenylphosphino)propane (4 
g) for 15 h at room temperature. The solid was filtered off, washed with ether, 
and recrystallized from dichloromethane/methanol. Yield 93%. 

PtCI(CH,CN)CPh2As(CH,),AsPh, 1 (Ie), PtCl(CHzCN)(o-phen) (If) and 
PtCI(CH&N)(bipy) (1-J tins-PtCl(CH,CN)(AsPh& [23 (1 g) was stirred in 
dichloromethane (20 ml) with bis(diphenylarsino)ethane (1.4 g), o-pbenan- 
throline (1.1 g) or 2,2’-bipyrldyl(1 g), at room temperature for 6 h (Ie), 24 h 
(If) or 5 h (Ig). Ie: ether (50 ml) was added and the mixture was stirred for 
15 h; the white product was filtered off and washed with ether, yield 94%. If: 
the yellow product which separated from the reaction mixture was filtered off 
and washed with acetone, yield 78%. Ig: the yellow product was stiied with 
ether (50 ml) for 15 h, filtered off and washed with ether, yield 79%. If and Ig 
are practically insoluble in chloroalkanes, acetone, alcohols and only slightly 
soluble in dimethylsulfoxide. 

PtClfCH2CN)(PPhB)(PPhMe3 (Ii%) trans-PtCl(CH&N)(PPh& (l-7 g) was 
stirred at room temperature with phenyldimethylphosphine (0.2 g) in ether (20 
ml) for 15 h under nitrogen. The precipitate was filtered off and recrystallized 
from dichloromethane (1 ml)izthanol(l5 ml) at -10°C. The white crystals were 
washed with ethanol (2 ml), then ether (2 ml). Yield 25%. 

trans-PtH{CH&N)(pph)z (Ilo). I!JaBH, (O-15 g in 5O.ml ethanol) was added _ 
dropwise for 1 h to a suspension of cis- or tins-PtCl(CH2CN)(PPh& (0.8 g) in 
dry ethanol (200 ml) at 40°C. The mixture was stirred for 2 h at 40°C; a white 
solid slowly precipitated from the pale yellow solution which was kept over- 
night at -20°C. The complex was filtered off and remy&lked from benzene/. 
methanol_ Yield 78%. - . T 

PtHWHzCN) U’J@CH&iE’Ph, j (IIb); EitH(i?H;CN) {J%&CH&+&] kc). 
and PtH(CHKST) {P&,P(CH&PPh; )- (IId)., Method :k_ -T.o ‘a..vigorously stirred ._ I- 
wspension of Ib 131. Kc. [3]‘0$ Jd.(1_4 g)~.asolution of N&E& (00;3 g in100 ml-_,.: 1. ^ _.= 
ethariol) was rdded dropwise during 2 h-ii i&&,Gxi@e~ii&ii.to ~~~‘a~~cl~..‘~~~~:~.. 
yellow solution. Water (Id. x&was added and the-rnixtuie @irk& at O?qrThe::.:j-;.:.. 
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white precipitate was fihered off, washed with cold ethanol (10 ml), then 
n-hexane (20 ml), and recrystahized by slow evaporation from dichloromethane/ 
methanol. Yield 75%. 

Method B: the appropriate ligand (0.17 g) was added to tram+PtH(CH,CN) 
(PPh& (0.27 g) in benzene (20 ml) with stirring. After 10 min a white precipi- 
tate began to separate, and the mixture was stirred for 2 h. Ether (100 ml) was 
added, and the complex filtered off, washed with ether, and recrystaIIized from 
dichIoromethane/methanol. Yield 86%. 

RH[CH&NI {Hz~A~(CH~)~ASP~~ 1 (He)_ NaBHe (0.3 g in 70 ml ethanol) 
was added dropwise during 4 h to a stirred suspension of Ie (1 g) in ethanol 
(300 ml). Water (100 ml) was added to the resulting yellow solution and the 
mixture kept at 0°C for 2 h. The off-white product was filtered off and re- 
crystallized from benzene/ether. White microcrystais. Yield 62%. 
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