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We have indicated that a range of observations relating to catalytic 

hydrogenation and hydrogenolysia are usefully ocnsidered in terms of 

organometallic intermediates (1, 2). In particular we have presented 

evidence characterieing a ohemieorbed olefin a8 generally very similar to 

a transition metal-olefin x-complex such ae the historic Zeiee’s salt (1). 

We were, therefore, interested to examine l mamplee~ of transition metal 

hydride complexes, a number of which ere known (3) and which have been 

ehown to effect hydrogenation of a few organio azbetanoea (4). We were 

concerned to see how far a soluble hydride vi11 reproduce the phenomena 

and’espeoially the stereochemistry of the heterogeneous reeotion. 

The ohloroplatinio acid/etannoua chloride mixture of Cramer (4(o)) we 

found rather prone to deposit metallic platinum. The more stable 

triphenylphosphine complexes (5): [Ph3P14Pt, [Ph3P13Pt, tie-[Ph3P]2PtClpt 

LPh3P 12w2 and trana-[Ph P] PtHCl 
3 2 

failed to catalyse hydrogenation of an 

olefin aa reactive ae norbornadiene when shaken with hydrogen in alcohol 

solution. However, since the hydridoohloride is known to reaot with 

ethylene under pressure (5(o)) the problem is clearly one of ligand 

diaplaoement. Cramer (4(o)) noted catalysis of the formation of Zeiee’e 

salt from chloroplatinic acid in the presence of etamous chloride. 
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Following thia observation we found that the hydridochloride, [PhJP]2PtEC1, 

in presence of atannoua chloride (2 mols) in alcohol is en effective 

oatalyst for the homogeneous hydrogenation of norbornediene to norbo-e 

and of 2,5-dimethyl hex-3-yn-2,5-diol to 2,5-dimethyl hexane-2,5-diol at an 

appreciable rate. 

The triphenylphoephine oomplexee bh3P12Pt [SnC1312 and CPh3P]2PtC1SnC13 

are known (4(c)) and it eeeme most likely that the reagent in our case is 

the hydridostannochloride~ [Ph3P],PtESnC13. The bromo and iodo-complexes 

(5(c)), @h3P];Qtm (X - Br or I) were ineffective with or without added 

stannoue chloride. 

With a view to realising a more rapid reaction ve t&ned to ruthenium 

from the other end of Group VIII. With triphenylphosphine in methanol 

BuC13 was found to catalyze the hydrogenation of norbornadiene with a rate 

maximum at s ratio of Ph3P/Eu111 of 681. Using RuC13.3Ji20 (10m2m.) with 

triphenylphoaphine (6 x 10e2m.) in methanol we were able to hydrogenate the 

following eubstanoea (10'2m,)~ 

The 

The 

cyolopentene --i) cyolopentane (a) (5.9 x 10-2). 

oyolohexene 4 oyolohewe (a) (15 x.10-2). 

oyolo-octene --i) oyclo-octane (a) (6 x 10-2), 

3,5-dimethyl hex-1-yn-3-01 + 3,5-dimethyl hexan-l-01 (b) and 

diphenylaoetylene -_) tie-stilbene (0). 

figures in parenthesis indicate the rate of hydrogen uptake (c.o./min.). 

produots were identified: (a) by g.l.o,, (b) by t.1.c.. and (c) by 

U.V. absorption. 

Triphenylphosphine is known (4(e)) to reduce the Ru"' halide and to 

form a series of complexes with the Ru 
II 

ion viz. [Ph3P],FbX12, where 

n - 2, 3 or 4. Reaction with hydrogen (4(e)) gives a hydridochloride, 



NO.40 4873 

~h3P]3ZuHCl which is regarded a8 the reagent in our work. 

The characterisation of the reduction product of diphenyl acetylene 

as cis-stilbens is of interest. Ye considered it important, however, to 

establish that the added hydrogen originates in molecular hydrogen and not 

from the alcohol solvent. Whilst a reaction sequencer 

2 II-crc-R 
9 

[Ph3P13RUhl - P c [Ph+’ J3Ry$ 
(I) (11) d 

R\ 
,%fR + U%j'13~u\ \,, + III + 

R\ /R 
c-l, 

(III) cL 
H’ ‘Ii 

is reasonable the vinyl ruthenium intermediate (III) might react with a 

solvated alcohol molecule, and with retention of configuration. 

This possibility wae excluded by demonstrating hydrogenation of the 

following eubstances by shaking with a solution of [Ph3P]3MX2 (4 x 10m3m.) 

in bensenel 

norbornadiene -+ norbomane (a) (5.3 x lo-*), 

diphenyl acetylene 4 cis-stilbene (b) (7.6 x lo-*), 

#tearolic acid 4 oleic acid (c) (2.2 x 10-q, 

and 2,5-dimethyl hex-3-yn-2,5-diol 4 cis-2,5-dimethyl hex-+en-2,5-diol (d) 

(3 .x 10-q. 

The figures in parenthesis indicating the rate of reaction, the concentration 

of the unsaturated molecule being in this case 3.6 x 10m2m. i.e. en effectively 

catalytic reaction. The products were characterised aa indicated: (a) by 

g.l.c., (b) by n.m.r. and U.V. absorption, (c) by n.m.r. and i.r.. and 
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(d) by t.1.c. 

These examples also add two further inetencee of tie-hydrogen addition 

98 in heterogeneous catalysis. 

We also examined several iridium complexes, vie: khjP]31rHC12 

~h3P131rHpC1, CPh3P+IrH2SnClJ (6) which, however, are rsther too insoluble, 

end none vae found to cstalyse hydrogenation of norbornadiene. The 

difficulty in thie oaee appeara, however, to be due to formation of a 

too stable organo metallic. Norbornadiene with [Ph3PIJIrH2SnC13 wae 

found to give en extremely &able product with displacement of the 

norbornadiene reaonmoee from? 3.3, 6.4 end 8.0 to'I: 4.6, 6.2 and S:S 

-1 
with broadening, and with loss of the 2220 cm bend of the.two oharaoterietic 

Ir--H bands in the infra red at 2220 and 2180 cm-'. 

By using a etannoohloride in plaoe of triphenylphosphine ae ligand 

we were, however, able to l etablieh a slow hydrogenation of norbornadiene. 

We found a rate mesimum at a ratio of SnC12/No21rC16 of 3.5 correeponding to 

III 
formation of en Ir derivative, Irl&C13]3, vhioh however we have not 

isolated. 

The oorreepondance vith the phentiena of heterogeneous hydrogenation 

ehoun in these experiments is very close. 
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