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Summary 

The syntheses of the complexes [RhCl(cod)L], [RhX(cod)],, [Rh(OCOPh)- 
(cod)(PPh,)], [Rh(S&NEt,)(cod)] and [Rh(cod)L2]PF6 (L = a variety of 
amines or phosphines, X = OCOPh or SPh) are described, together with some 
exchange reactions of the type 

[Rh(cod)(PR&]* + [Rh(cod)(pyridine),]’ + [Rh(cod)(PR3)(pyridine)]* 

in which the isolable mixed ligand complexes are the only detectable species at 
equilibrium. Some of these complexes are active homogeneous hydrogenation 
catalysts for alkenes, alkynes and ketones in noncoordinating solvents such as 
benzene (in the presence of NEt3) and dichloromethane (with or without NEt& 
[Rh(OCOPh)(cod)(PPh,)] selectively reduces 1-alkynes to l-alkenes. 

Introduction 

The chemistry of cyclooctadiene complexes of rhodium has continously 
developed since the discovery by Chatt and Venanzi [l] of the complex [RhCl- 
(cod)12- A variety of related complexes of type [RhCl(cod)L] [1,2] and 
[Rh(cod)L2pF6 [2,3] (L = amines and tertiary phosphines) have been isolated. 
Schrock and Osbom [ 31 have shown that [ Rh(cod)L,]PF, are catalyst precursors 
for the hydrogenation of alkenes, alkynes, alkadienes and ketones in coordinat- 
ing solvents such as acetone and ethanol. We have prepared further complexes 
of these types and have found that some of them, in noncoordinating solvents, 
are active hydrogenation catalysts. 

l Present Addsc¶sr steru ChemSs~ Labordory. Yde University. 225 Prospect Street. New Haven. 
ct. 06520 <u.s.AA 
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Results and discussion 

The complexes [RhX(cod)]z (I) 
Our modified synthesis of [RhCl(cod)]2 (Ia) from rhodium chloride, (cod) 

and sodium carbonate by reflux for 18 h in EtOH/H?O has been described [43. 
The benzoato-analogue [Rh(OCOPh)(cod)], (Ib) is best prepared by the action 
of potassium benzoate on Ia in refluxing acetone. The positions of the v(CO,) 
bands in the IR spectrum of Ib (1545 cm-’ (sym) and 1410 cm-’ (asym)) are 
similar to those found for the analogous acetato complex [1] (1530 and 1419 
cm-‘) suggesting a similar dimeric structure containing bridging carboxylato 
groups in both cases. 

The dithiocarbamato complex [Rh(S,CNEtz)(cod)] (Ic) is obtained in only 
moderate yield from the complex [Rh(cod)(py)ljPF, [2] by the action of 
[EttNH2] ]Et2NCS2] in ethanol at room temperature. The position of the 
“thioureide” band in the IR spectrum of Ic (v(NC&) = 1500 cm-‘) suggests [5] 
that the dithiocarbamate grouping is chelating: the positions of the PMR reson- 
ances due to the NEtz groups (6 1.2 and 3.7 ppm) tends to confirm [5b] this 
structure_ 

The thiolato complex [Rh(SPh)(cod)], (Id) was readily obtained by the ac- 
tion of TlSPh on Ia. These S-containing complexes (Ic and Id) were inactive as 
hydrogenation catalysts, and did not react with molecular hydrogen. 

We were unable to obtain analogous carbonate, oxalato or thiobenzoato com- 
plexes by similar methods. 

The complexes [RhCl(cod)L j (III) 

In non-coordinating solvents, such as benzene or dichloromethane, Ia readily 
reacts with ligands such as PPhs; the latter gives [RhCl(cod)(PPh,)] (IIa) [I]_ 
We were able to synthesise a number of analogues in this way (L = P-n-Bu3, b; 
P-i-Prs, c; PCyX, d; 2-picoline, e; imidazole, f). Attempted preparations of simi- 
lar complexes with the more n-accepting ligands L (P(OMe),, P(OPh),, 
PPh(@\Me)z) failed due to loss of (cod), although we have been able to prepare 
the analogous iridium complexes 161. This is a further example of the greater 
lability of olefins bound to rhodium compared with iridium [7], and the greater 
trons-effect associated with the more zr-accepting ligands L [6,7]. 

The ‘H NMR spectra of the complexes IIa-IIe show two distinct (codhrinylic 
resonances. The protons, H,, trans to L resonate considerably downfield of the 
proton5 Ha, trans to Cl (see Table 2). We found the same effects [S] for the 
much wider series of analogous iridium complexes where the position of the HA 

RhlC’ \ 
C3Ph3 

[RhCI (cod)] + QPh3 

(0 = As. Sb) 
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resonance correlated well with Tolman’s classification of the electronic effects 
of the hgands L [S]. 

In the imidazole complex, IIf, the H, and Ha protons resonated as a single 
broad peak at room temperature and down to -80°C in CD2C12. The same be- 
haviour has been observed for the QPh3 (Q = As, Sb) complexes of type II and 
has been ascribed to a facile dissociation of QPh, [9]_ 

The complex [Rh(OCOPh)(cod)(PPh,)] (III) 
[RhX(cod)(PPh,)] (X = OCOPh, S&NEtz, SPh) could not be obtained by the 

action of an equivalent of PPhs on a dichloromethane solution of Ib-Id; these 
complexes tended to lose (cod) and gave a complicated mixture. 

The required benzodo complex [Rh(OCOPh)(cod)(PPh,)] (III), which was a 
selective catalyst for the reduction of 1-alkynes to I-alkenes (see below), was 
obtained pure by the action of TlOCOPh on [RhCl(cod)(PPh,)] for 24 h in THF. 

The IR spectrum of III shows L)(CO~) bands at 1630 cm-’ (asym) and 1340 
cm-’ (sym), characteristic [ 10 ] of a monodentate carboxylato group. In solu- 
tion, this complex apparently undergoes an exchange (see below), because the 
(cod)vinyl protons resonate as a single very broad peak in the PMR spectrum at 
room temperature; measurements at low temperatures were precluded by solu- 
bility limitations. 

The complexes [Rh(cod)L2]PF6 (IV) and [Rh(cod)LL’]PF, (V) 
A number of complexes of the type [Rh(cod)LZ]PF6 (IV, L = amines and 

phosphines) have been reported [2, 3a]. The best procedure seems to be treat- 
ment of Ia in acetone with NHJPFe and an excess 0f.L. We have prepared two 
new complexes by this method [ Rh(cod)LZ]PF6 (IV, L = P-n-Bu,, a; imidazole, 
b). The bulky ligands L, having cone angles [8] greater than about 150”, only 
give the complexes [RhCl(cod)L] (II, L = P-i-Pr,, c; PCy,, d) by this procedure_ 

We find that equimolar mixtures of the bis-phosphine and bis-amine complexes 
(IV) in CH2C12 rapidly rearrange in solution to give the new mixed ligand com- 
plexes [Rh(cod)LL’]PF, (V, r= = PPhs, L’ = py, a; L’ = imidazole, b; L’ = py, 
L = P-i-Prx, c; L = PCy,, d), which were isolated with ether. We have similarly 
prepared analogous iridium complexes [6]. These complexes show two distinct 
(cod)-vinylic resonances in the PMR spectrum, but no trace of the’(cod)-vinylic 
resonances of the parent bis-phosphine or bis-amine comp!exes (see Table 1). 

These complexes are also formed by the action of an excess of amine (L’) on 
the complex [RhCl(cod)L] (II, L = PPhs, P-i-Pr3, PCy,) in acetone. They can be 
crystallised by the addition of ethanolic NHJPFB. 

Homogeneous catalysis by the complexes [Rh(cod)LJPF, (IV) and 
[Rh(cod)LL’]PF6 (V) 

Osbom has described the complexes [ RhHZL2S,]C104 (VI, L = tertiary 
phosphine, S = acetone, ethanol) which are formed from [ Rh(cod)L,]CIOa in a 
coordinating solvent under hydrogen. These complexes are catalysts for the hy- 
drogenation of alkenes, ketones and the selective reduction of alkynes and alka- 
dienes to alkenes. Evidence was also found for a deprotonation/protonation 
equilibrium [ 31. 

In our initial experiments, reported here, we have studied the complexes 
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TABLE 3 

CATALYSTS. CONDITIONS. PRODUCTS AND RATES 1% THE HYDROGENATION OF SOME 
UNSATUPATED SUBSTRATES WITH VARIOUS CATALYSTS 

Su3srra:e catctyst Conditions 
c PrOcluctsb Fktec 

- 

PhCH =CHZ 

0 i 
MeZC=CHMe 

Ph 
- Co2Me 

P.‘IC-_CMe 

cl+ 0 

Ph COMe 

PhyzO 

- 

- 

- 

v 
PtlC,CH 

HC~CCH~OH 

= 

K 

PhC=CH III 

PhCH2CH3 

0 
Me2CHCH,Me 

Ph-Co2Me 6* 

PhCH2CH2Me 2 

12 

PhCH(OH)Me 

Ph2CHOH 

C6H6jPhC0$+[NEt3 PhCH=CHZ 

C6H6/PhCO;HINEtB CHZ=CHCHZOH 

C6HS/PhC02H/NEt, 
. m 

OH 

C6H6[PhCOZH/NEtx PhCH=C+ 

1500d 

600e 

10 

4f 

129 

7 

4000 

1500 
d 

250 

0 

3.5 h 

5.5h 

*f*” 

3Th 

= Substrate. 0.5 M: catalyst. 2 n%%f: HZ. 1 atrn <ipiti&y): temperature. 20°C <'loI: volume of solution. 16 
ml: NEtj <where present). 0.1 M)I; PhCO2H <svhere present). 10 m&f. b Identity eonficd by PMR and. in 
most cases. ako by GLPC. C F&&mum rate (mol (mol Rh)-I h-* ) of hydrogen uptake measured mano- 
metrieall~ and confirmed by PNR and. in most cases. by GLPC of products (tlO%). For compuison. the 
rate of reduction of I-hexme by [RhCl(PPh&] was 160 under the same conditions in benzene. d Initial 
rate Of formation of 2-llcxana = 300. = som e yellow vrecipitate formed. f These sIowU reactions raue not 
followed to completioa bf The product alcohol appears to deactivate the utaltyst since the rate falls to 
zero alter 250 catalytic cydcs h After the absorption of 1 mol of Hz the product is ea. 95% l-alkne: sub- 
sequent reduction to alkane is about sever4 times slower_ 
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[Rh(cod)(PPh&]PFe (WC) and [Rh(cod)(PPh,)py]PF, (Va) as hydrogenation 
catalysts in noncoordinating solvents. The use of solvents such as benzene, and 
especially CH2C12, of low coordinating power limits the competition between 
the solvent and the olefin for active sites at the metal and we observe particular- 
ly high catalytic activity in these systems. 

The yellow complexes IVc or Va dissolve in benzene at 25°C under one at- 
mosphere of hydrogen only in the presence of NEts, to give catalytically active 
solutions and fine precipitates of NEt3HPF6. The same complexes dissolve readi- 
ly in dichloromethane and give catalytically active solutions under hydrogen in 
the presence or absence of NEt+ This is largely a solubility effect: only the neu- 
tral deprotonated rhodium species are soluble in benzene, while both the cation- 
ic and neutral rhodium species are soluble in CH2C12. Both are excellent hydro- 
genation catalysts, but the neutral species are- also excellent isomerisation cata- 
lysts; similar effects were observed by Osbom [3] for the analogous systems in 
coordinating solvents. The solutions containing NEta had identical activities, 
within experimental error, for CH2C12 or benzene as solvents. 

The exact nature of the species in solution under our conditions is unknown; 
certainly, we have found no evidence for the presence of solvates of type VI, 
such as are found in coordinating solvents. -All attempts to crystallize intermedi- 
ates or observe their PMR spectra at low temperature failed, even though we 
have been able to observe intermediates of the type [ IrH2(cod)L2]PFb in the 
analogous iridium system [S,ll]. Va tends to deposit metallic rhodium after 
some hours while IVc is apparently indefinitely stable under hydrogen in 
CHZCIZ or &,H+ 

Table 1 shows the reaction conditions, substrates, products and rates of reduc- 
tion of a number of unsaturated compounds by the complexes III, IVc and Va. 
The rates for IVc are faster than those observed by Osbom [ 31 but isomerisa- 
tion of the alkene substrate is a more serious side reaction under our conditions. 

The selectivity of IVc or Va for the reduction of alkynes to alkenes is poor, 
alkane being the sole product, although Schrock and Osborn [3] had success 
with other complexes of type IV in coordinating solvents. In the presence of 
benzoate ion, however, Va becomes highly selective for the reduction of l-al- 
kynes to 1-alkenes. For example, phenylacetylene, which is rapidly polymerised 
by IVc or Va alone, is slowly reduced with one equivalent of D, to cis-PhCD= 
CHD by Va in the presence of an excess of (NEtsH)(PhC02). The reduction 
therefore occurs via a x-bonded intermediate. Benzoato complexes are probably 
involved since [Rh(OCOPh)(cod)(PPhX)] (III) is also a catalyst for the reaction; 
an excess of (NEt,H)(PhCO*) is still necessary, probably to prevent dissociation 
of the carboxylato ligand. This type of dissociation may also account for the 
coalescence of the HA and HB resonances in the PMR spectrum of III (see above). 
A monohapto-_dihapto equilibrium of the benzoato-ligand is a possible alterna- 
tive explanation; such a process might also account for the selectivity observed 
in the catalytic reduction of I-alkynes, described above. On this hypothesis, the 
I-alkyae would be better able to open up the chelating benzoato ligand than the 
1-alkene, and hence gain access to the metal centre- 

Ketones are reduced by IVc in benzene in the presence of NE& but in the case of 
acetone and acetophenone, the cataIyst is soon deactivated, probably by f&e 
product alcohol. Cyclohexanone and benzophenone are smoothly reduced, and 
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the reduction of 4-t-butylcyclohexanone gives a mixture of the cis and bans al- 
cohols in the molar ratio 37163. 

Some of these results have already been briefly reported [ 121. 

Experimental 

The complexes were prepared by standard Schlenk-tube techniques as de- 
scribed in ref_ 3. NMR spectra were measured on a Perkin-Elmer R12B instru- 
ment_ 

RhC13 was a generous loan of the Compagnie des Mgtaux Prkieux. (E&NH=)- 
(Et,NCS,) was prepared by Grodski’s method [ 13]_ Other reagents were obtained 
from Fluka AG and used as received, except PCyI, which was prepared from 
CyMgBr and PC13 114 ] by M- Claude Frajerman. The analyses, PMR data, and 
yields of the new complexes are shown in Table 2_ 

Di-p-benzoatodi-1,5cycZooctadienehodium(Z)_ [RhCl(cod)lz (0.25 g) was 
treated with PhCOzK (O-5 g) in refluxing acetone (30 mi) for 8 h. Water (20 ml) 
was added to the cooled solution and the yellow precipitate filtered off, washed 
with water (2 X 5 ml) then ethanol (2 X 5 ml), and dried in vacua. The product 
was recrystahised from CHzCl,/pentane as yellow prisms. Yield 0.25 g. 

Dithiocarbamato-1.5-cycZoocfadienerhodiumU1. [Rh(cod)(py)#Fa [21(440 
mg) in suspension in ethanol (20 ml) was treated with (EtzNH2)(Et2NCSZ) (200 
mg) at 20°C for 20 min. The yellow precipitate was filtered off and recrystallised 
twice from CH2C12/Et10/EtOH (l/l/l) to give a yellow solid. Yield 100 mg. 

PhenyZthioZatothaZZiurn(I)_ TlC03 (4 g) was dissolved in water (100 ml) and 
PhSH (2 ml) added. The mixture was stirred overnight and the yellow micro- 
crystalline precipitate filtered off, and triturated with water (5 X 5 ml), then 
ethanol (5 ml), then ether (5 ml) and dried in air. Yield 16.5 g (89%) (Found: 
C, 23-O; H, 1_7_ C6HbSTl calcd.: C, 23.0; H, 1.5%). We thank Dr. K. Turner 
(Norwich) for this synthesis. 

Di-~-phenyZthioZatodi-I,5-cycZooctadienedirhodium(I). [RhCl(cod)], (320 
mg) was treated with TlSPh (420 mg) in CHzCll (10 ml) for 18 h. The product 
was isolated with ether and recrystallised from CHzC12/Et20 to give yellow 
crystals- Yield 340 mg. 

I,5-CycZooctadiene(t-phosphine)chZororZ~odium(I). Finely divided [ RhCl- 
(cod)], (500 mg) in octane (10 ml) was treated with PCy, or P-i-Pr, (1.2 mo!. 
es-) or P-n-Bu, (1-O mol-eq-) and stirred_ After 20 min at 40°C (L = PCy, and 
P+Pr,) the solid was filtered off and recrystallised from CH&l,/octane as light 
yellow prisms. Where L = P-n-Bux, the resulting solution deposited large orange 
crystals of pure complex over 1 month. These were separated by decant&ion 
and washed with the minimum volume of octane. L = PCy, yield 900 mg; 
L = P-i-hr, yield 580 mg; L = P-n-BuB yield 350 mg_ 

l,SCycZooctadiene(amine)chZororfiodium(I)_ The following complexes 
were prepared similarly in CH2CII (lO.ml) with a 10 mol excess of L. They were 
isolated with ether and recrystahised as above, L = 2-picoline: yield 620 mg; 
L = imidazole, yield 570 mg. 

BenzoatothaZZium(I):--A saturated aqueous solution of PhCO,Na (3 g) wss 
added to TWOS (4.5 g) in Hz0 (15 ml). The white precipitate w& filtered off, 
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TABLE 2 

YIELDS. ANALYSES A?c’D PJlR DATA FOR THE SEW COMPLEXES 
~---___.___--._ . ..__.___ ._._. -__I_---__ ----_--___-__ 

[ Rh(SPh)cod)l2 

I RhCl(cod)(P-n-Bull11 

CRhCl(codMP-i-Prs)I 

IRhCI<cnd)(PCv3)l 

tRhCl(cod)(pc)l 

[ RhCl(cod)timid)I IIf SO 

1 Rh(OCOPhXcod)(PPh3)1 

IRh(cod)(P-n-Bu~)zlPFs 

[Rh(cod)(imid),lPFb 

[Rh(cod)(PPh3)(ps)lPF~ 

Ib 80 

IC 

Id 

Ilb 

Ilc 

15 

82 

40 

65 

Ild 

IIe 

80 

90 

III 56 

1”a 

IVb 

Va 

Vi, 

60 

i5 

85 

80 

\rc 

Vd 

80 

90 

Yield .Analssis (found (calcd.)(Fc) PBIR data b (6 (ppm)) 
(-1 ---- 

C Ii (cod)_ L resonances 
vinyl = 

54.4 

(54.2) 
43.3 

f-l3.5) 
52.3 

<5”.5r 
53.8 

(53-5) 
50.5 

(50.2) 
59.7 

(59.3) 
49.3 

(-19.5) 

5.0 
(5.2) 
5-9 

(6.1) 
5.4 

(5.4-j 
8.6 

(8.7) 
8.3 

(8.2) 
8.6 

(8.6) 
5.6 

(5.6) 

4.28 7.2. C. and i.8. c. 
Ph. 

4.3 
(3.9) 

4.45 

4.25 

1.2. t (i). Met 3.7 
9 (7). CHz. 
i-l-i-6. C, Ph. 

1.95. C. Me: 2.5 c. 
CIiz. 
1.3. dd (6 and 12). 
Me: 2.0. c. CH. 
0.8-2.1. c. Cy. 

4.1 
(4-l) 

5.30 
3.50 
5.29 
3.72 
5.32 
3.60 
4.75 
3.50 

41-i 

f-12.0) 
66.5 

(66.7) 
50.9 

(50.5) 
34.2 

(34.2) 
53.5 

(53.5) 
50.7 

(50.8) 
44.5 

(44.3) 

5.5 
(5.1) 
5.2 

(5.4) 
8.7 

(8-i) 
4.0 

(4.1) 
4.i 

(4.6) 
4.4 

(4.6) 
6.4 

(6.4) 

8.9 
(8.9) 

4_18d 

--L-1= 

3.25 s Me-7.2- ,.. . 
i-8. c. and 8.8-9.0. 
c. hr. 
6.9. c. and 7.8. c. 
imid. 
7.0-8.0. c. Ph. 

4.95 

4.05 

4.92 
3.85 
4.90 
3.i3 
4.45 f 

1.95. c. Me: 2.5. 
c. CIf2. 
6.9. c. and 1.2. c: 
imid_ 
6.9--1.8. c and 
8.4-8.6. c. Ar_ 
6.9-71.8. c. Ar 

52.0 
(52.2) 

7.0 
(7.1) 

11.2 
(11.4) 

2.2 
(2.0) 
4.0 

(4.1) 
2.4 

(2.4 ) 

1.9 
(2.0) 

4.45 
4.25 

1.3. dd. (6 and 
12). Me: 2. c. CH: 
7.5-8.0 and 8.8- 
9.0. c. Ar_ 
0.9-2.0. c. c?;: 
i-5-7.9 and 
8.8-9.0. c. As. 

oeod = IS-cycIooetadiene. Cs = csclohexul. PC = 2-methvlpyridine. imid = imidazole. AI1 the complexes 
were yeIIow crystaIIIne or microcrvstaIIine solids. b in CDCIs at 35OC_ Resonances reported as ToRows: 
Position Cb. PP~. multfplicit~. ccu~lin% constant tHz1). assignment. s = sinaIet d = doublet. E = complex 
resonance. Ar = aromatic group. ‘in aII cases satisfactory integrals were obtained. AU complexes had a 
broad unresolved resonance at 6 1.8-2.6 ppm assigned to (cod)CH:: protons and those complexes contain- 
ing PPha groups had a eompIcx wsonance from 6 7.0-7.9 ppm assigned to the aromatic protons. c Broad 
unresolved resonances: ~(1121 _ 10 Hz. In some cases the inequivalent (cod) vinyl protons were distin- 
guished (see text). d DnIy one (cod)vinyI peak is observed probably due to an exchange process (see text). 
f The (cod)vinyI resonance is very broad at rcmm temperature probably due to an exchange process. f A 
broad resonance ~(112) - 20 Hz: the inequivalence of the (codhinyl protons i3 insufficient for the reson- 
ances to be distInguished_ 

washed with water (5 X 5 ml) and dried in air. Yield 3.7 g (68%) (Found: C, 
26-O; H, 1.4. C,H,O,Tl calcd.: C, 25.8; H, 1.6). 

3enzoat~l,5_cyclooctadi’ene~iphenylphosphinerhodium(I). [ RhCl(cod)- 
(PPh;)] [l] (350 mg) in THF (5 ml) was trqated with TlOCOPh (350 mg) for 
24 h and the tiixture centrifuged $ecantedand filtered. The solvent was evapor- 
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ated and the residue was twice recrystallised from CI&C&/octane to give a yel- t 
low powder_ Yield 260 mg- 

l.S-Cyclooctadienebis(tri-n-butylphosphine)rhodium(I) hexafluorophosphate- 
[RhCl(cod)]z (500 mg) was treated with P-n-Bu, (O-45 ml) and NHjPFb (70 mg) 
in aqueous acetone (l/10, 10 ml)_ The solvent was removed and the residue 
treated with CHZClJH20 (l/l, 10 ml)_ The organic layer was separated, dried 
over MgSO,, and the product crystallised by addition of octane (5 ml) with par- 
tial removal of the solvents in vacua. Yield 940 mg. 

I,5Cyciooctadienediimidazolerhodium(I) hexafluorophosphate. [RhCl(cod)]z 
f500 mg) in acetone (20 ml) was treated with imidazole (500 mg) and NH,PF, 
(400 mg). Kater (20 ml) was added and the solid formed was filtered off, washed 
with water (2 ml), dried in vacua and recrystallised from CHzClzjEttO to give 
Iight yellow prisms- Yield ‘740 mg, 

I,SCyclooctadiene(amine)triphenylphosplzinerilodium(I) hexafluorophos- 
phate. Vethod A. [Rh(cod)(PPh3)z]PFa - CHrC1z [3] (190 mg) and [Rh(cod)- 
(~Y)~]PF= [2] (100 mg) were dissolved in CH,Cl, (5 ml) and ether (10 ml) added. 
The crystals of [ Rh(cod)(PPh,)(py)]PFh formed were filtered off, washed with 
ether (2 ml) and dried in air. Yield 250 mg. 

Method E. [RhCl(cod)(PPh,)] [I] (500 mg) in aqueous acetone (l/10,10 ml) 
was treated with pyridine (2 g) and NHqPFe (200 mg)_ The solvent was removed 
in vacua, the residue washed with water, the methanol, and recrystallised from 
CH2Clr/EtzO/EtOH (5/4/l) to give yellow crystals. Yield 620 mg. 

The corresponding imidazole complex was obtained similarly by both meth- i 
ods in comparable yields (80-85%) The corresponding compleses [ Rh(cod)L- 
(py)]PF, (L = P-i-Pr, and PCy,) were obtained in a similar way, but the reaction 
mixture must be refluxed 5 min (L = P-i-Pr,) or 20 min (L = PCyJ) to effect sub- 
stitution. 

Method C. [Rh(cod)(py)t]PF, [2] (500 mg) in acetone was treated with 1.5 
mol- eq. of tertiary phosphine (L = P-i-PrS, and PCy,). The crude products were 
precipitated with water washed with methanol, dried, and recrystallised as yellow- 
orange prisms from CHzClz/Et20. L = P-i-PrS yield 480 mg; L = PCy, yield 650 
mg- 

Hydrogenation experiments_ The hydrogenations were performed in a closed 
three-necked flask (volume: 358 ml) equipped with a manometer, a magnetic 
stirrer and taps connected to the hydrogen supply and a vacuum line. The solu- 
tion to be studied was made up, escept for the catalyst, and degassed by two 
freeze-thaw cycles in vacua. The solid catalyst was added to the frozen solution 
under nitrogen the vacuum reestablished and the contents of the flask brought 
to 20°C with a water bath_ The hydrogen, previously equilibrated with the ap- 
propriate solvent, was admitted_ Hydrogen absorption began upon starting the 
stirrer and the pressure changes with time were recorded. The products were ob- 
served by PMR spectroscopy of the solutions and determined by GLC analysis. 
For good repeatability of the curves (a) the catalysts had to be freshly prepared, 
Va in particular having a tendency to give variable results with time, although 
the appearance of the catalyst was unaltered; (b) the olefin, or its benzene or 
dichloromethane solution, was passed through a short column of alumina (Merck 
Grade I) to deperoxidize it immediately prior to use_ The alkynes and ketones 
were distilled or recrystalhsed as appropriate; (c) the benzene should be thio- 
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phene free and the CH2C12 should be freshly distill&i from CaH, prior to use. The 
rate of reduction is quoted in mol Hz absorbed (mol Rh)-’ h-’ and refers to the 
fastest rate observed during a run; this was normally attained in the first minute 
or so_ The catalyst solutions were yellow, escept those involving 1-alkynes, 
which became deep red on addition of the substrate, but lightened somewhat 
when this had all been reduced to alkene. 

‘The cbsetvation of cis-deuteriation of phenylacetylene. The reduction of - 
phenylacetylene with an equivalent of D, by the method described above (see 
also Table 1) gave a solution which was passed through an alumina column to 
remove the substrate, catalysts and co-catalysts. The solvent was largely removed 
in vacua and the PNR spectrum of the resulting colourless liquid recorded_ This 
showed no peaks in the vinplic proton region other than a l/l/l triplet 3J(H-D) 
trans 2.7 Hz. at 6 5-9 ppm which can only be due to cis-PhCD-CHD. In 
PhCH=CH2, 3J(H-H) bans 17.5 Hz and ‘J(H-H),,, 0.3 Hz for the correspond- 
ing signal at 6 5.9 ppm. The ratio 3J(H-H)/3J(H-D) = 6.5 is, within experimental 
error and as expected [ 15 1, the ratio of the magneto,qric ratios ~&o = 6.52, 
confirming the correctness of the assignment. 
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