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Summary 

lkis(triphenylphosphine)cobalt trihydride (I) is a direct precursor of a 
catalyst complex for a hydrogen transfer between cyclohexanone and isopro- 
pyl alcohol. During the reaction polymeric cobalt a&oxides are formed. The 
mechanism of the catalytic reaction is discussed_ I is also found to be a useful 
reducing agent of carbonyl groups in organic compounds. 

Introduction . . . 
._ 

In contrast to the hydrogenation of olefin;, homogeneous hydrogenation 
of the carbonyl group has received little attention, until recently, when there 
has been a growing interest in the, homogeneous hydrogen transfer reaction: 

RR’CO + i-PrOHgt RR’CHOH + Me&O (1) 

The reaction is catalyzed by complexes such as (a) those formed from IrcL, and 
R”R”SG or H3P03 (or phosphites), and (b) some phosphine complexes of Ir, 
Ru and Re [I]. In this paper we report our observation that tris(triphenylphos- 
phine)cobalt trihydride (PPh&CoH3 (I) is a direct precursor of a catalyst for.. 
the- above reaction (1). : 

-. ._ 
*To whom cowqiondence~sbould be addressed. 
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The stoichiometry of the reduction of ketones with I 

Tris(triphenylphosphie)cobaIt f;rihydride Can reduce the carbony groups 
uf ketones stoich~ometricahy, as is shown in Table I. A hydrolysing agent is ne- 
cessary’fm isolate the free alcohol; this indicates that alkotides are probably form- 
ed during the reaction. 

Tke reduction of ketones by isopr&ylhlcohol catulyzed by the complex formed 
frim J 

‘When a ketone/jsopropanol mixture in the appropriate ratio is added to a 
benzene solution of I the coiour changes from yellow to dark brown and subse- 
qnently to reddish-brown. After about I h the colloidaf substance III starts to 
precipitate from the solution, precipitation being complete after about 10 h. Af- 
ter decanting, the benzene pkse contains practically no cobalt and alf the cobalt 
used is present in the colloid. The interaction of f with isopropyl alcohol itseLf 
does not produce any such compound. The reaction mixture contains alcohol 
derived from the p&rent ketone, and acetone from isopropyl alcohol. Figure 1 
shows the effect of changing the order in which reagents are added on the rate 
of formation of cyelohexanol. The reactivity of the system with respect to 
various ketones is i&.&rated in Table 2. 

The catalytic reaction was studied using the ~y~lo~~~o~e/~oprop~ol 
couple, The catalytic reaction can be divided into three phases: 

(I]_ Reaction of I to give the actual catalyst II. Under the temperature and 
concentration conditions given in Table 2, this phase lasts for a few minutes. 

(2). Catalytic hydrogen transfer from isopropyl alcohol to the ketone ef- 
fected by II, whose probable structure will be discussed later. 

(3,). A period of decreasing catzilytic activity up to the point of complete 
cessation, UndoubtedIy caused by the precipitation of the cobalt compound 
from benzene sofution. The structure of III and the reaction which produces 
it will be discussed later. 

It is quite obvious that there is no sharp division between these three phases 
of the reaction_ 

CataIysis by II starts immediately its first moIecuIes are formed and takes 

STOICEXIOMETRIC REDUCTION OF KETONES WITH <fE’h3)3CoH3 

fSolvent: benzene: reaction tie 5 h: t. = 25*X0 : 1x1 = 0,025 Ml 

Ketone 

CYclohex&~ne 
Cy&hexanone 
Acetone 
Cyclopentanone 
Aeetoabe&me 
Berrzogbenone 
Il.-A~etylcycIonexeae 
5e6hole.stan-3-one 

Product 

Cyclobexanol 
Cyclohexancd 
propan-2-01 
Cyclogentanol 
a-Pbenyletbmol 
Benzhydro;l 
I-Acetylcmiohexane 
SPCbolestaa-B&-o1 

Yield 

@3) 

100 
20 
20 
90 

100 
80 

5 
90 
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Fig. 1. The influence of the order of addition on the rate of formation of cyclohexanol. (1) The alcohol 
added at point A. Prior to this only ketone was present in the reaction mixture <2) At B cvclohesanone 
was added to a mixture of isopropanol + I. Cyclohexanol was detected without any additional hydro- 
lysing agent being needed. (3). Cyclohexanone and isopropanol were added together at the start. 

TABLE 2 

ACTIVITY OF THE CATALYTIC SYSTEM IN THE REDUCTION OF KETONKS 

[t. = 25 +- lo; reaction time 6 h; soIvent = benzene1 

Ketone Molar ratio 

I/ketone I/alcohol 

Product Yield 
CW 

Cyclohexanones l/l0 
Cyclopentanone I./IO 
Acetdphenone l/l0 
1-Methylcyclohexen-3-one l/IO 
1-Acetylcyclohexene l/10 
Acetone 115 

Acetone 1110 

S&holestan-&one If10 

5@-Andrestan-3.17-dlone l/l0 

3P_Acetoxy-pegn-5-en- 

I/i-PrOH = l/20 
I/i-PrOH = l/20 
I/i-PrOH = If20 
I/i-PrOH = l/20 
I/i-PrOH = l/20 
I/or-phenyletbanol 
If10 
Ilcyclohexanol 
1120 
I/i-PrOH = 1!20 

I/i-PrOH = 1120 

Cyclohexanol 93 
Cyclopentanol 60 
rr-Phenylethanol 65 
None 
1-Acetylgclohexane 5 
Isopropanol 50 

Isopropanol 8 

Bdholestan-3-1 60 
Scl-ChoIestan-3&ol 40 
5!3-Andrestan-3&ol-17-one 50 
S&Andre&n-3&ol-17-one 40 

2O-one l/10 I/i-PrOH = l/20 None. 
3(3-Acetoxy-cholestan-7- 
one l/10 I/i-PrOH = l/20 Alcohol product traces 
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Fik 2. Influence of cyciohexaoone concentration on the rate of cvclohexanol form-&ion III ‘= 0.0083 
M; [IsoproFaaoYj = 0.166 M: Solvent = benzene; t = 25O; CC~~lohexano~e3 
0.166 M (fk 0.029 N P?%3 added (e’h 

= 0.0415 M (d); 0.063 M (e): 

EIlementaI analysis of the latter substances indicated a fom~a [C&f~@--- 
Cal, and the complete insolubility of 111 in any organic solvent indicated it~ 
poiymerk nature. On exposure to air a 0.5 g sample of 111 changed colour af- 
ter IO-20s. Aftttr 20 min of eontact with air and subsequent drying under high 
vacuum there was no carbon present in the residue. 

We inttoduced *he foIlowing modifications to the skandard preparative 
procedure: xeactiozz in baiting benzene; rez~tion in TM?, both at 25” and at, 

60 
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Fig. 3. Influence af copplex concentration on the rate of cycIohexancfi fornation. ~CscxOae&o~e~ - 
0.063 M; Womwsno~3 = 0.166 M: Solvent = benzene: t = 25O; [I] = 0.00415 M (g); 0.0083 M (h): 
0.0166 M (0; 0.0249 Bf (j). 
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Fi& 4. ~nffuonce of isopropanol concentration 0x1 the rate of cyclbhexanol formation. [II = O.OOg3 M; 
[Cyclohexanone] = 0.083 M; SoBrent = benzene; t = 25O : CIsopropanoll = 0.083 M (a): 0.166 M :b): 
0.332 M (c). 

reflux; reaction with the substrate pairs: cyclohexanone/cyclohexanol and 
benzophenone/benzhydrol, but the compounds obtained during- these pro- 
cedures.gave very _unsatisfactory elemental analyses. 

&fILtence of concentiation on the rate of reaction 
Figures 9-4 show the effe& of changes in ketone, isopropanol and complex 

concentrations on the reaction rate. With increasing concentration of compIex 
there is a systematic increase in reaction rate but increased isopropanol and 
ketone concentrations caused an initial increase and then a decrease in the rate 
of reaction. 

Discussion and conclusions 

In proposing a reaction mechanism the following observations must be ta- 
ken into account: 

(I). (PPh3)&oH3 is only a catalyst precursor. 
(2). I in the reaction with ketones gives in the first instance L,Co-OR and 

in the reaction-with @cohols it gives L,CoH* l l ROH. 
(3). L,Co-OR is the most probable catalyst for hydrogen migration. 
(4). The reaction is reversible. 
(5). The reaction is inhibited by addition of phosphine (Fig. iel). 
(6,). Stoichiometric reaction of I with 5cY-cholestan-$-one gives a 3&equ& 

torial alcohol in 90% yieId and catalytic reaction leads to the mixture of epimer- 
ic alcohols in the ratio 3&/3@ = 3/Z. This observation indicates that the hydride 
L, CoH- l l ROH is not formed as a distinct compound and the hydride transfer 
does-not take place via this species.- 

-(7); Increase of ketone and alcoho! concentrations facilitates the formation 
of polymeriti~alkoxides. 



SCHEME 1 

L3Col-l~.. propan-2-01 * H2 
_ 

Coordinati& f 
l&o-0 H 

A-- 
polymerization 
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0 =H3 + OH 
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0 
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All these observations lead to the following reaction scheme (Scheme 1) 
where step 4 is the actual catalytic hydrogen transfer and the reactions respons- 
ible for the cessation of the catalysis are the coordination polymerizations. Un- 
doubtedly the cobalt orbit& participate in hydrogen transfer from the -Co- 
O-CH(CH& unit to the coordinated ketone. 

Experimental 

tilled 
All reactions were carried out under purified argon. The solvents were dis- 
from sodium and were deoxygenated prior to use. 



IR speCtra were r&or&d w&b & Unicam SP-200 using Nujol, KBr pellets 
or a 5% so1ution.m benzene, with compen&tion.. 

-. The GC of t316 rei&ion products enclsolutions were perforzned with a 
Chrornatoprep 503 apparatns, fitted with a FID detector,-argon being the car- 
rier gas. A 3 m. steel column, 4 mm in diameter, filled with 60/80 mesh chro- 
,mosorb W with 10% Carbowax 20M was used. Optical rotation was measured 
witha Hilger-wattS polarhneter (c 7 1 g/100 ml of CHC13). For separations by 
column chromatography silica gel (Merck) was used. The compla I was prepar- 
ed according to Rinze /2]. 

The stoichiometry of reactions.of I with ketones 
The appropriate ketone (0.5 mmoles) was added to a solution of 0.47 g of 

I in 20 ml of benzene, inducing a change in colour from orange to dark-brown, 
which then turned reddish-violet. After 4 h a 1 ml sampie of solution was with- 
drawn, distilled under reduced pressure and the products identified by GC. 

Isolation of the cobdt(II..) alcoholate 
The reaction of I w&h cyclohexanone gave a violet, colloidal suspension 

after 6 to 8 h, while the supernatant liquid remained colourless. 
The colloidal precipitate was filtered off with much difficulti, was washed 

with 10 ml benzene and dried under vacuum for 1 h at ambient temperature to 
give 0.08 g of a rose-violet solid which was very unstable when exposed to air, 
identified as complex III. (Found: C, 43.39; H, 8.69. (Ill) c&d.: C, 45.6; H, 
6.39%;) 

Hydrogen transfer from the (PPh& CoHs -popan-2-ol+ystem to ketones 
Kinetic data were obtained for the systems indicated in Figs. 1-4 as fol- 

lows: 1 ml samples of solution were transferred to small round-bottomed flasks, 
containing ca 0.01 ml glacial acetic acid. After neutralisation with sodium car- 
bonate the solution was distilled under vacuum and the yield of products was 
determined by GC. 
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