355

Journal of Organometallic Chemistry, 139 (1977) 355—359
© Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

HYDRIDOCYANOMETHYL COMPLEXES OF PLATINUM(II) *

RENZO ROS, R.A. MICHELIN #***,
Facolta di Chimica Industriale, University of Venice (Italy)

RAYMOND BATAILLARD ** and RAYMOND ROULET *

Institute of Inorganic and Analytical Chemistry, University of Lausanne, Place du Chdteau 3,
1005 (Switzerland)

(Received May 25th, 1977)

Summary

The preparation and spectroscopic properties are described of some novel
platinum(II) complexes having a hydride ligand cis or trans to an sp> carbon,
vis. PtH(CH,CN)(PPh;), and PtH(CH,CN}{(L—L) with L—L = bis(diphenyl-
phosphino)-ethene, -ethane, -propane and bis(diphenylarsinojethane.

We previously reported the preparation, spectroscopic properties and reac-
tions of various complexes of platinum(1I) of the type PtX(YCN}L.; (L = terti-
ary phosphine; Y = (CH;),, n =1, 2, 8, 0-CH,CcH,;; X = Cl, Br) and their cation-
ic derivatives [Pt{(YCN)L:],.(BF1),, [2] 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-
(CH.CH.CH.CN)(PPh,).. 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 ¢-Pt—C bonds in the same compound.

However, this preparation is not a general one. Indeed, the first product
formed in methanolic 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 favourable
geometry to give dimeric imido complexes. This prevents any further reaction,
as the imido complexes are particularly stable in basic media. When Y = CH;
or 0-CH,C¢H.,, this reaction gives negligible yields of hydrido complexes and
the classical route to hydrides starting with the chloro complexes PtCI(YCN)L,
and NaBH4 is prefe::red Treatment of trans-PtCl(CH2CN)(PPh3)2 (Ia) {2] with
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NaBH, in methanol yields trans-PtH(CH,CN)(PPh,), (11a), the first example of
a platinum(II) complex with a hydride ligand trans to an sp* carbon. cis-Hydrido
complexes are obtained from reactions PtCl{CH,CN)}(L—L) (L—L

= Ph,PCH=CHPPh, {3] Ib, Ph,P(CH;),PPh; [3] Ic, Ph,P(CH,);PPh, Id, Ph,As-
(CH,):AsPh; Ie) with NaBH, in ethanol yielding PtH(CH,CN)(L—L) (IIb—e).
IIb—d are also obtained by displacing PPh; from Ila by L—L in benzene. This
last reaction is a good example of a trans—cis isomerization around platinum(II)
occurring without the formation of a cationic 4-coordinated intermediate.

No hydrido complexes could be isolated from PtCI(CH,CN)(PPh,)(PPhMe,)
(Ih) or from complexes with nitrogen donor atoms PtCl(CH,CN){o-phen) (If)
and PtCI{CH,CN)(bipy) (Ig)-

The complexes were characterized by 'H and 3'P NMR (Table 1), IR and
Raman spectra and elemental analysis (Table 2). The 3'P{'H} FT NMR spectra
of Ib—d show two doublets with additional splitting due to '?5Pt; the higher
coupling constant 'J(Pt—P) is attributed to the phosphorus atom trans to Cl
since chloride has a smaller trans influence than carbon. In the mixed phosphine
complex Th, PPh; is trans to chloride since the lower 3'P signal is associated
with the greater coupling constant 'J(Pt—P) (the 3!P resonance of PPhMe, ap-
pears generally at higher field than that of PPh; [4]). The hydrido complexes
IIa—e are white crystalline solids stable in air, soluble in chloroatkanes and in-
soluble in alcohols. The trans geometry of Ila 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 *'P reson-
ance. All the other hydrido complexes have a cis geometry: the *'P{'H}FT

TABLE 2
ANALYTICAL, IR AND RAMAN SPECTRAL DATA

Com- M.p. (dec.) Analysis found (caled.)(%) »(CN) € Others
plex Co) (cm™1) (cm™)
- C H N X
Id 232—233 50.92 4.13 2.09 P 879 IR 2208s 301 mv(PtCl)
(51.00) (4.13) (2.05) (9.07) R 2192s 298m
Ie 238241 44.55 3.50 1.55 C14.88 IR 2203s 305 m p(PtCl)
(44.43) (3.46) - (1.85) (4.68)
i 285290 36.24 217 8.56 IR 2204 340 s v(PtC1)
(37.30) (2.24) (9.32)
Ig 273—275 33.07 2.30 9.20 IR 2201s 337 s {PtCl)
(33.77) (2.36) (9.85)
Ih 205—206 50.148 - 4.25 2.11 P 940 IR 2203s. 309 su(PtCl)
(50.12) 4.21) (2.09) 9.23)
IIa 164—-165 60.19 4.51 2.03 P801 IR2183s 2027 sdp@Et—H): 808 §(Pt—H)
(60.01) (4.37) (1.84) ((8.14) R 2178s 2033s )
b 193—-195 . 52.82 390 = 221 P9.66 IR 2196s 2020sbuy@t—H)
P . (53.17) - (3.99) (2.21) (9.79) R 2196s 2020s
Oe 200202 5299 4.28 2.26 P9.45 IR 2198s 2013 sb v(@Pt—H): 795 5(Pt—H)
. - - (53.00) (4.29) - (2.21) (9.76) R 2190s . 2011s 2013s (Pt—H)
Id = 167—168 53.71  4.56 . 2.25 P9.28 [R2199s = 2025sbu@t—H)
GO TR - (53.70) (4.513 0 (2.16) ((9.55) R 2192s - 2018s
46.92 3.90- . 202 : IR 21963 2063sPu@t—H) .-

- @855) . @I .94

"G 5.44(5.19) !orld.\5.37(5.28) for lh. b broad. © IR in nujol mulls; R: powdered samples. g
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NMR spectra show two doublets; the smaller coupling constant 'J(Pt—P) is attri-
buted to the phosphorus atom trans to the hydride ligand, since H".is known to
have a very high trans influence. Indeed, the coupled 'P NMR spectra show a
large additional 2J{P—Pt—H) of ca. 200 Hz associated with the resonance bear-

ing the smaller 'J(Pt—P) for Iib—e. No correlatlon between v(Pt—H) and 'J(Pt—H)
was found for these complexes. -

"~ We are currently examining the reactnnty 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.

Preparation of complexes

PtCI{CH.CN){Ph,P(CH.);PPh.} (Id). A mixture of cis and trans-FtCl(CH,CN)-
(PPhs): (6 g) (obtained by treating Pt(PPh,), with chloroacetonitrile in benzene
{2,3]) was stitred 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%.

PiCI(CH.CN){Ph,As(CH,).AsPh,} (Ie), PtCI(CH,CN)(o-phen) (If) and
PtCI(CH,CN)(bipy) (Ig). trans-PtCI{CH,CN)(AsPh;), [2] (1 g) was stirred in
dichloromethane (20 ml) with bis(diphenylarsino)ethane (1.4 g); o-phenan-
throline (1.1 g) or 2,2"-bipyridyl (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 stirred with
ether (50 mi) for 15 h, filtered off and washed with ether, yield 79%. If and Ig
are practically insoluble in chloroalkan&s acetone, alcohols and only slightly
soluble in dimethylsulfoxide.

PtCI(CH,CN)(PPh,)(PPhMe,) (Ih) trans-PtCl(CH,CN)(PPh;); (1.7 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)jethanol (15 ml) at —10°C. The white crystals were
washed with ethanol (2 ml), then ether (2 ml). Yield 25%. .

trans-PtH{CH,CN)(PPh;), (IIa). NaBH, (0.15 g in 50 'm] ethanol) was added
dropwise for 1 h to a suspension of cis- or trans-PtCI(CH,CN)(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 recrystalhzed from benzenel '
methanol. Yield 78%. - . -

PtH(CH,CN) {Ph,PCH—CHPrh,} (IIb), PtH( CH,CN ) {thP( CH,),Pth} (IIc) L
and PtH(CH,CN) {thP(CH1 )3PPh; } (I1d). Method'A: Toa vxgorously stirred - -
suspension of Ib [3], Ic {3]orId (14 g), & solutmn of NaBH; (0.3 gin 100 ml -
ethanol) was zdded dropwxse dunng 2hat room temperature to gwe a cl&r
yellow solutlon. Water (10.ml 'was added d t.h e lxtufe'stn:red '
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white precipitate was filtered off, washed with cold ethanol (10 ml), then
n-hexane (20 ml), and recrystallized by slow evaporation from dichloromethane/
methanol. Yieild 75%. :

Method B: the appropriate ligand (0.17 g) was added to trans-PtH(CH,CN)
(PPh3); (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 recrystallized from
dichloromethane/methanol. Yield 86%.

PtH(CH,CN){Ph,As(CH,),AsPh,} (Ile). NaBH, (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 microcrystals. Yield 62%.
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