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Abstract 
RU3(CO) 12 suhsiltuted with PPh2C!-hCH2CH2PPh2 (dppp) i50m rizes l -hexene mainly to lhe kinetic 

producl cis-2-hexen e and smaller amounls of trans-2-hexene. but complete reducUon to n-hexane is fa 
vored under trong r hydrogenalíon conditions (PH2> 200 psi , T > 85°C. catruyst con centra tion > 100 
ppm). Cyclohexen e is hydrogenated to cyclohexane and cyclohexanone to cyclohexanol under stronger re
acUon condiUons. Th ese results differ from reaction s with unsubstituled RU3(CO)r2 which favors the 
trans -2-hexene ¡somer at lower H2 pressure and mononuclear Ru dppp com plexes which show only lhe 
hydrogenaUon product under simUar reacUon conditions. 

Key words: Ru complexes, homogenous hydrogenaUon and isomerization catalysis. and bldentale 
phosphines. 

Estudios de catálisis de RU3(CO) 12 sustituido 
con PPh2CH2CH2 CH2PPh2 

Resumen 

RU3(CO)r2 sustituido con PPh2CH2CH2CH2PPh2 (dppp) isom eriZa l-hexeno principalm ente al pro
ducto cinéUco cis-2-hexeno y menores cantidades de tran s -2 - h exen o. pero reducción com pleta a n -hexa
no se favorece bajo condicion es mas fuertes de h idrogenación (PH2> 200 psi. T > 85°C. con cen tración de 
cataliZador> 100 ppm). Cicloh exeno se hidrogena a ciclohexano y ciclohexanon a a cicloh exan ol b ajo con
diciones mas severas de reacción . Estos resultados difieren de la reacción con RU3(CO)r2 no sustituido 
que favorece el Isómero trans-2-hexeno a presiones de H2 más b ajas y de complejos de Ru dppp m onon u
cleares que muestran solo el produclo de hldrogenación bajo con diciones de reacción s imilares. 

Palabras clave: Com plejos de Ru, catálisis de h ldrogenación e lsomerización homogénea . fosflnas 
bidentadas. 

Introduction H4Ru4(CO)¡2 and H4Ru4(COll1L clusters give 
similarresults. [3]. Isomerization rates are solvenl 

Terminal olefin isomerization to an in ternal dependen t. decreasing in t.he following order: 
olefins mixture occurs with rutheruum and os chlorobenzene > benzen e> toluene > cyclohexane 
m iu m cluslers. M3(C0lr2 (M = Ru . Os). and the > mesityl ne 14]. The RU3(COh 2 and RU3(COlg 
cluslers su bsUluted with monodentale phos (PPh3b clu sters give different isomer ratlos under 
phines have been used previously as catalysts in photolyUc conditions [5] . Tbe terminal olefln . 1
severa! reacUons [1]. lsomerization of 1- pentene hexen . produces a 76% trans and 24% cis ralio 
in refluxing hexane lo give mainly trans-2 using H2FeRu 3(C0lr3 as catalyst [6 ]. Sanchez
pentene Is of particular inleresL for our work [2 ]. Delgado et aL have reported l -hexene hydrogena-
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lion lo n-h xane with RU3(CO)¡ 2 [7]. Cyclohexene. 
a cycllc olcfin model in hydrogenation studies. 
gives cyclohexane uSing several osmium carbonyl 
clus ters [8J . Cyclohexane Is obtained from cyclo
hexene wlth the folloWing substituled Ru c1us ters: 
RU3(CO)g(PPh3h RU3(COh (PPh3h (C6H4) [9J, 
H3Ru4(CO) !o(d ppmh (dppm = PhPCH2PPh2). 
H4Ru4(CO) lO(dppm) [1 Oa]. H2R1I3(Ej(CO)5(dppmh 
(E= O. S) [10bJ. Cycloh exanone is hydrogenated 
to cyclohexanol with H4Ru4(CO)1O(PPh3h [1 1] 
and RU3(CO)s(PPh2)-[PPh(CsH4NlJ [12). Both un
satu ra ted grollps in cyclohex- 1-en-2-one are by
drogenaled with RU3(CO)g(PPh3b and 
RU 3(COh(PPh3h(C6H4) [9 J. The presence of 
ligands capable of stabllizing metal c1us ters dur
ing catalytic reactions is considered important 
(13J. Polydenta te phosphine ligands could be 
u sefuI forclu ster stabilization. but little work has 
been r eported on the effect of these ligands on 
cluster catalysis. In our laboratory we have been 
stu dytng tbe catalyUc behavior of Ru complexes 
wlili polydeotate phosphlnes [14J. lo other stu d
les we have reporled the catalytic reactions with 
Ru carbonyl cluster in tbe presence of one and 
two dppm Iigands and the tripodal 
P(CH2CH2PPh2b ligand [15 J. lo thls paper we re
port catalytic reactions with RU3(CO)¡ 2 in the 
presence of bls-l ,3(díphenylphosphino)propane 
(PPh2CH2CH2CH2PPh2 = dppp) under hydro
gena tion con ditions. 

Experimental 

Synthesis 

Preparation ofRus(COh2/dppp: RU3(COh2 
(0 .156 m mol. 100 mg. Strem Chem.)was refluxed 
in petroleum etber (59-60. 200 mi, Aldrich) un
der N2 \vith dppp (0.313 rumo!. 12S.9 mg, Strem 
Cbem) for several hou rs; RU3(CO)! 2 consumption 
was followed by carbonyl bands disappearance 
using ITIR. (PE 1725-X). An orange yellow solu 
lion formed thal gave three main bands (yellow 
(corresponding to compou nd 1). llght violet (com
pound 2 ), and orange (compound 3 )) in thinlayer 
chromatography (3: 1 hexanel CH2Cl2 as eluant). 
A varialion of the synthetlc meth od , ulilizes ilie 
aboye mixtu re with slow addit lon of (CH3b NO 
(1 1.7 m g, in CH3 OH I CH3CN) in CH2CI2 / CH3CN 
(3: 1, 200 mI) to give a wine red solution. Com
pounds l. 2 and 3 are obtained by preparatlve 

thin layer chromatography . A red oran ge com
poun d (2) cryslallizes in CH2Cl2 and corresponds 
lo the compound u s d in the cataJytic studies. 
This compound shows IR bands ch aracteristic of 
the dppp ligand and Veo bands at: 2100 (sm), 
2070 (m. sharp). 20 10 cm'! (m. sharp); 1940 (st, 
broad). The spectrum is similar to clu ster com
poun ds with on e bidentate ligand bridging two 
Ru a toms [15J. The compound does not cryslal
l1ze well enough [or x-ray diffraction. 

Hydrogenation reactlons 

In a typica1 reaction, RU3(CO)¡2/dppp 
(comp. 2) (1 mg) , the s u bstrate (l mi) and tbe ap
propriate solvenl (7 mI) (ca talysl concentration 
Img/ 8 ml. ca. 140 ppm) were p laced in the gla s 
container ofa h igh pressure reactor (12 mi. stain
less steel. Parr Inst. Co.). The reactor was previ
ously purged three ti mes witb H2, and fUled to the 
deslr d H2 initia1 pressure (estimated at lile 
working lemperature) heated in a silicon oil baLh 
to the desired working temperatu re and stirred 
wiili a m agnetic stirrer. Afler the required reac
tion lime. the reactor is inlroduced in an ice
water mixture; lile reaction solu tion (clear yel
low. no turb idity) is passed U1TOugh a small silica 
gel column (60-8 0 mesh. 5 cm. 1/4" o.d.) lo sepa
rate tbe metal catalyst. The solution is separated 
and the different products iden tified by gas chro
matography (P.E . Autosystem. thennaJ conduc
tivity and FlD detector). For 1- hexene, cis 2 
hexene, trans 2 -hexen e and cyclohexene sub
strates. the reaction products were separated us
ing a stainless steel column (tricresyl phosphate 
15% on Chromosorb P. 80- 100 mesh . 3m long, 
liS" d); for the cyclohexanooe s ubs trate. Ule re
action products were separaled using a stainless 
steel colurno (Carbowax 1540 10% on Chromo
50rb WHP, 3 m lon g, 1/ 8" o.d). 

A systematic stu dy using diJIerent reacUon 
conditions was carried out. 

a) Solvent effect: The following solvents 
were tried : benzene. ac tone. THF. eilianol, diox
ane. The reaction conditions are given in Table l . 
The results are Sh OWI1 in Table 2. THF was the 
solvent selected for the other catalytic sludies. 

b) PH2 effect: The results due to H2 pres
sure changes are sbown in Figure l. Reaction 
condltions are glven in Table l . A 500 psi H2 pres-
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Table l 

Reaction conditions for the catalytic reactions. 


____--=R...:.e::..:a==l:.::;lo::..:n"---______________----=..R.:.;:eacUon Conditions 

a)Solvent Effeet 7 m I solven t. lml (0.67 g) 1-hexen e. 1 m g catalyst . PH2 = 500 psi 
(34 .5 alm), T= 9 5°C. time = 60 m in. 

b ) H2 Pressure Effecl lml 1-hexene, 7 m! TI-IF, 1 mg calalyst; T= 95°C . time = 60 m in. 
Experiment 1) Previous treatment: 7 mI ruF, 1 m g of ca taIyst. 100 psi H2. T= 95°C . 

time = 60 min. Aft rwards: add 1 mI 1-hexene. PH2= 100 p s i. T= 9 5°C. 
time = 6 0 mino 

Experim ent 2) Previous treatment as Exp.l). Aftcrwards: add lml l-hexene. PN2= 100 

psi. T= 9 5°C, lime = 60 mino 

Experiment 3 ) No previous H2 treatment. 7 ml THF. 1 mg catalys l. Add 1 m i 1-hexene. 
PN2= 100 psi. T= 95°C. time = 60 mino 

el Temperature effect 1ml l -h exene. 7 m I THF. 1 m g cataIysl. PH2 = 500 p si. time = 60 mino 

d) ReacUon time effect lmI l -hexene. 7 mI THF. 1 mg catalysl. PH2 = 500 ps i. T= 95°C. 

e) Amount of cataIyst effect lml l -hexene. 7 m I THF. PII2 = 500 psi. T= 95°C. time = 60 mino 

f) Hydrogen ation of 1 m i cis / trans 2 -hexene mixture. 7 mI THF. 1 m g cataIyst. PH2 = 500 
2- hexenes psi. T= 95°C, time = 60 min. 

g) HydrogenaUon of 1 ml cyc1ohexene. 7 mI TI-IF. PIlF 500 psi. T= 95°C. lime= 60 min. 
cyclohexene 

h ) HydrogenaUon of 1 mI cyclohexanone. 7 mI THF. I mg cataIysl. T= 9 5°C. lime -= 60 m ino 
c1ohexanone 

sure was selected for other catalytic studies . 
Isomerizallon / hydrogen aUon ratio changes \vith 
H2 pressu re are shown in Figure la. H2 p ressure 
effects were also analyzed by r unnlng thr e ex
periments: Exp . l . Exp. 2 and Exp. 3 and the re
acUoo condiUons are shown in Table l. The re 
sults for these three experiments are shown in 
Figure 2. 

el Temperature effect: The results for 
ehanges in the reacUon temperature are shown 
in Figure 3. Reaction condiUon s are given in Ta 
ble l. A 95°C temperature was sel cted for other 
ca taIytic studies. 

d) Reaetion time effect: The results for 
changes in reaction lime are shown in Figure 4. 
Reaetion conditions are given in Table l. A 60 
minutes reaction lime was selected for the other 
calalytic sludies. 

el Amount of eatalyst effeet: Th e resu lts 
for changes ln the amount of cataIysl are shown in 

Figure 5 . Reactlon conditions are given in Table l. 
A catalyst concentration of ca. 140 p pm (1 mg/7 
m I) was seleeted for other cataIytic studies. 

f) Bydrogenation of 2 hexenes (11% 
cis/89% trans isomer mixture): A trial reaction 
was run with lhe ¡somer mixt.ure. Rea ction condi
lions are given in TabIe 1. Produ et distribu tion 
after 1 hour: trans-2 -hexene (48%), cis-2 -hexene 
(4 2%). n-hexane (10%). The resuIts a s a funcUon 
of reactlon tim e are s hown in Figu re 6 

g) Hydrogenation of cyelohexene: Reac 
tion eondlUons are given In Table l . Product dis 
tribution after 1 hour: cycloh exene: 73.5%; cyclo
hexane: 26.5%. 

h) Hydrogenation of cyclohexanone: The 
hydrogenation resulls as a functlon of PH2 are 
shown in Figure 7 . React ion conditions are given 
in Table l. 

Results and Discussion 

Hydrogenation results 

a) Solvent effect: The percen t eonversion 
(TabIe 2) follows the coordinating capacity of the 
soIvents (THF> 1,4 Dioxane > ethanol > acetone > 
benzene). lhus showing tha t nonpolar and poorIy 
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coordinatlng solvents such as benzene give low 
percent conversion; more polar and coordinaling 
solvents like THF, dioxane and ethanal give a 
grealer conversion, favOring complete hydro
genatlon to n-hexane with increasing s olvent po
lartty and favoring ísomeriZation lo cis-2 -hexene 
over trans-2-hexene. Reactlon in acelone gives 
in tennediate conversion . The isomerization per
centage reaches a maximum with the more polar 
ethanol (Table 2). favOIing the trans-2-bexene 
isomer and is lowest with THF. The effect ofpolar 
coordinating solvenls could Indicat.e solvent sta
bilizalion of coordinaUvely unsalurated interme
diates in the cataIytic cycle. 

b) PH2 effect: At low hydrogen pressure (at 
100 psi, Figure 1). total conversion ls intermedi
ate (49%); fue isomeIizaUon compounds are the 
main products, wilh cis-2-hexene (16%) pre 

dorninaling. a smaller quantity of trans-2-hexene 
(10%) and low (22%) complete hydrogen ation lo 
n -hexane. As lbe PH2 increases fram 100 to 700 
psi, there is a gradual fncrease in complete by 
drogenation com ing maínly from l-hexene and 
after 400 psi the isomerizaUon products gel hy 
drogenaled bul a t a slower rate. Above 400 psi, 
the conversion is complete and the hydrogena
tion lo n -hexane levels off, being sWI incomplete 
(85% n-hexane) a t the highestpressure bied (700 
psi). The i omerizatlon / hydrogenation (isoml 
hydr.) relation decreases as the P H2 increases 
(Figure la). ReacUon s canied out below 50 psi 
sbow the following results: 

- P1I2= 20 psi, time = 6 hr, gives 30% conver
sion, lsom. 1 hydr. ratio = 2 .08 (Olher condi
tions: 1 mi l -hexene, 7 mI THF, 1 mg ca
talyst. T= 95°C). 

TabIe 2 

Solvent effect. Produ ct distributiOD (%)a 


Solvent l -hexene cis-2- hexene trans-2 - bexene n -hexane %isom/%hydrog 

THF O 17 3 80 20 I 80 

1.4 Dioxane 24 7 68 31.3 I 68.7 

Ethanol 3 25 29 43 55.7 1 44.3 

Acetone 32 16 9 43 36.8 I 63.2 

Benzene 65 7 3 25 28.6 I 71.4 
a l 7 ml solvent, 1ml (0.67 g) l -hexene, 1 mg catalyst. PH2 = 500 psi (34. 5 atm). T= 95 oC, t= 60 mJn. 
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Figure 1. Hydrogenation of l-hexene. H2 pressure effecl (psi) 

(l mg catalyst. 1 mI l -h exene, 7 mI THF, T= 95°C. time = 60 mln). 
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Figure la. Hydrogenation of l -hexene. H2pressure effeet. IsomeIization! Hydrogenation raUo 

O m g eatalyst. 1 mI l -hexene. 7 mI THF, T= 95°C. time = 60 min). 

- PH2= 20 psi. time = 24 hr, gives 60% conver
sion and isom./ hydr. ratio = 2 .77. 

- PH2= 5 psi. time = 24 hr. gives 20<l/o conver
sion and 150m.! hydr. ralio = 3.41. 

These result indicate that the isomeriza
tion produ ds are favored a t lower pressur es, al
ways gMng a greater proportlon of lhe cis-2
hexene isomer. 

The results shown in Figure 2. indicale that 
a hydrogen pressure is required for t.he isomeri 
zation reactJon to take place, sinee very lit lle o no 
reaction is observed in the pre ence of a N2 pres
sure, probably indlcative of a Ru hydride inter
mediale . The small % conversion observed with a 
previou s H2 pressure treatment (Exp. 2 ) could In 
dlcate that the hydride intermediale could be 
fonned in situ, bui is unstable wtthoul H2 pr s 
sure during reaclion. 

e) Temperature effeet: At temperatures 
below 65°C there is a very small conversion (Fig 
ure 3). The isomerization and hydrogena Uon 
products mcrease gr dually up to 95°C: here to
t.al conversion ls already close to 100%, hydro 
gen ation to n-hexane is near 80% a nd a smaller 
quantity of isomeIization products (cis-2-hexene 
0 8%) and tran s -2 -h exene (2%)) . Al temperatures 
aboye 95°C, the bydrogenation reaction domi 
nates at the expense of the isomerization prod 
u cts. being close to 89% at 105°C, the highest 
lemperature s tudied. 

o 120 

% s 100 g 1-hexene 

p 1ZI n-hexane 
r 

80 

O cis -2-he xene 
o 60b [] trans -2-hexened 
u 

u 
40 

t 
c 

20 
o 

n O 


Exp Exp Exp 
1 2 3 

P

Figure 2. Hydrogenation of l-hexene. H2 


pressure effect (1 mg catalys l, 1 ml l -hexene, 

7m} THF, T= 95°C). Exp. 1 and 2, previou s 


treatment PH2= 100 psi. time = 60 mino 

Exp . l: P"2= 100 psi, time = 60 min; 


Exp.2 : P N 2 = 100 psi, time = 60 min .; 

Exp.3: No previous treatment. 


N 2 = 100 psi, time = 60 mino 


d) ReaetioD time effeet: l -h exene is con 
sum ed rapidly produeing maínly the hydrogena
tion produ ct. and mall r amounts of isomeriza
tion products (Figure 4). After 15 minutes lhe 
product distributlon is approxirnately Ihe same 
percentage [or the iliree products. then n -hexane 
increases up to 75% after 1 hour. The cis-2
hexene isomer reach es a maximum (20%) after 

Rev. Tée. Ing. Univ. Zulia. Vol. 22, No. 2, 1999 



84 Fontal y col. 

o 100 

% 
s 80 

P 
t 

r 
r 

60 

o 
d 

b 
u 40 

u 
t 

e 20 
t 

o 
n O 

--+-1-hexene 
___ n-hexane 

--.-- cis-2-hexene 

----*""" trans-2-hexene 

60 65 70 75 80 85 90 95 100 105 110 

Temperature (C) 

Figure 3 . Hydrogen aUon of 1-hexene. Temperature effect 

(1 m g catalyst. 1 mI l -h exenc. 7 mi THF. PIIO = 500 psi, time = 6 0 ruin). 
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Figure 4. I-Iydrogena lion of l-h exene. Reaction time effect 

(1 mg catalyst. 1 m i l-hexen e . 7 m1 THF, PH2= 500 psI. T= 9 5°C). 


3 5 minutes. and then decreases. In the linear e) Amount of catalyst effect: The percenl 
portion ofthe decreas ing curve (consumption) for conversion is low (only 10%, rnainly hydrogena
1-hexene (between l a and 2 5 mio) lhere is a con tion product) for concenlrations below 25 ppm 
sumption of 0 .292 m oles o[ l-h exene for rng of (Figure 5); there is an increase in total reaction 
catalyst per minu te. A catalyUc frequency of 321 rate as the calalyst con centratlon increases. giv
mín-1 Is calculated (assu ming a molecular weight ing m ainly hydrogenation product o with a large 
of 1010 g/ mol [or compound 2 , possibly in crease afler 100 ppm and leveling off afler 150 
RU3(CO) 1O (dppp)). For the hydrogenation curve, ppm. The isomerization products increase more 
in the lin ear range (15- 3 5 m in) . 0 .180 mmoles o[ slowly, favoring cis-2-hexene. Al the h ighest con 
n-hexane are produced per mg oC catalysl per centration tried (200 ppm). an a pparen t equ ilib 
minute , giving an approximalc catalyUc fre  rium mixture (85% n -hexane. 13% cls-2 -hexen e 
quency of 200 min ·1 

. and 2% trans-2 -hexene) 1s observed. This behav-
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Figure 5. HydrogenaUon of l-hexene. Amount of calalysl effect 
(1 mI l-hexene. 7 mi THF. Pcl2= 500 pSi. T= 95°C. time = 60 min). 
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FIgur 6. Hydrogenatlon of 2-hexene (cis / irans mixture). 

ReacUon time effect (l mg catalyst. 1 m I 2-hexene. 7 mi THF. P"2= 100 psi. T= 95°C). 


lor wi th cbange in concentration rnight eViden ce at PH2 = 100 psi. th e reaction mixtu re 15 mainIy 
cluster catalysls [16J. cis-2 h exene (55%). less trans -2 -hexene (15%) 

and sorne hyd rogenation produ cto n-hexanef) Hydrogenation of the 2-hexene isomer 
(30%).mixture (11% cis / 89% trans) clearly shows (Fig

ure 6) a tendency favoring U1 trans to cls ¡somer The resu lts observed with the 2-hexene 
conversion and a much slower hydrogena Uon of mixture. clearly indicate that the trans 2-hexene 
these two internal oleflns , compared with the t er isomer gets equiHbrated lo a n ew isomer mixture 
minal 1-hexene_ The tran5 lo cis isomerization in which cis-2 hexene predominates. This sug
occurs more rapidly. leveling off after 5 hours, gests Olat lhe internal oIefins enter the catalytic 
and complete hydrogen ation increases slowly. cycle and isomerizes through revers ible eIemen
The two isomer appear to decrease al about the tary steps until it r ach es an e quUibrium mixture 
sarue rateoindicatin<r that the hydrogenation rate ch aracterisUc of the cluster calalys t and Ole re
for both isom rs is nearly similar. After 25 hours action condltlons used. 
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Figure 7 . Hydrogena tion of cyclohexanone. H, pressure effect 
(1 mg catalyst, 1 m i cyclohexanone , 7 mI THF, T= 95°C. tim e = 60 min). 

-+--- cyclohexanone 

~ cyclohexanol 

1500 


gJ Hydrogenation of cyclohexene is slow, 
stnce onIy 26.5% cyclohexane Is ob s erved after 1 
hour a t PH2 = 500 psi and T= 95°C. compared 
with 80% n -h exane from 1-hexene under the 
same hydrogen ation conditions. Cyclic oleftns 
us ually hydrogenate more s lowly than terminal 
oleflns. 

h) The trial reactlon with cyclohexanone, 
shows tha l compound (2) is capable of hydrogen 
a ting the carbonyl grou p lo the alcohol. bu t re 
qulres m uch higber P H2 for com plete redu ction 
(e .g. 1400 psi. after 1 hour at 95°C. see Figure 7). 
Compound (2 ) shows a higher activity than the 
analogous compound (p-Hh Ru3(CO)6 (p
PPh2CH2PPh 2h under similar reaction condi 
tions [17] 

The re ults obtained wilh the hydrogena
Uon reactions studied indlcate thal compound 
(2 ), probably RU3(CO) 10 (dppp). used as a cataJys t 
precu rsor favors the isomerization of 1-h exene at 
Iower 1--12 pressures preferentially to the cis -2
h exene isomer. and hydrogen auon io n-hexane 
com es mainIy fTom H2 add ition to l -h exene and 
less from hydrogena Uon of the isomerizaUon 
producls. Hydrogenation activity requires a 
minimum H2 pressure: tbis hydrogen ation reac 
líon Increases With more p olar coordlna ting sol
vents, wilh high er hydrogen pressu res. with 
higher tem peratures. with longer reaction times 
and With greater amounts of catalyst precu rsor . 
Under the reaction condition s m edo there is aJ
ways a proportion of isomeriZation products p res

ent. indicative of a lesser tenden cy for the inter
na! isom ers to hydrogenate. The results ob
tained. especially lhe bigher proportloIl of cis-2 
bexene derived from the isom er17..ation reacUon . 
clearly indicate sorne selectivity for this isomer . 
indicaUve tha t th e catalyst used is s tertcally di
rectlng the reaction. The trans -2-hexene ¡som er 
is thermodynanucally m ore stable, and tb e ex
pected equilibrium mus t be close lo: 75 % trans
20% cls- 3% l-ene (similar to thal for 1-pentene 
at 70°C) [15]. The RU3(CO)12 cluster Isomerizes 
1-pentene to an isomer mixture clase to the equi 
librium vaJues (74% trans-2-pentene, 23% cls-2 
pen ten e an d 3% l-penlene)[2]. The substrate acts 
as a ligand , gtving olefm carbonyl complexes that 
isomerize l -pentene, usually a t a slower rateo Un
der hydrogenatlon conditions, the RU3(CO}¡2 
cluster hydrogenates 1-hexene cleanly lo n
h exane [71. II is known thal lhe Ru cluster 
changes to H4Ru4(CO» ) 2 under an H2 atmosphere 
[18]. It would be interesting to com pare fue cata
IyUc acUvity of this hydride cluster . Isomerization 
of l-penlene wilh H4Ru4(CO) 12 Is m ore rapid than 
with RU3(CO)¡2 and [avors the trans-2 -penlcne 
isomer , the isomeriZation rale being slower for the 
cls-2 and trans-2 isomers [3]. The rote decreases 
in lhe presence or CO. H2 pressw·e. weak acids 
and polar solvenls , b u t the hydrogenatton rate is 
s lower than fue Isomerizali on rale . The 
H4Ru4(CO)¡ 2 cluster in the presence of phos
phines produces severaJ subsUtution products. 
being the monosubstituted ones (H4Ru 4(CO) 11 L) 
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more a ctive in theisom eriza tion of l-pentene 
than lhe parent com pound. and favonng the 
Lrans-2 -penlen e isomer (except for L= P(OPhb). 
The order [or L was P(OEtb > P(OPbb > PPh3. [19J 
The complexes with higher ligand substi tutíon (b 

2, 4 ) sh owa decreased activity. The H4Ru4(CO)¡2 
cluster hydrogenates 2-pentyne at 1 tm. of H2, 
initially lo lhe l -penlene and Cis -2-penten e ¡so
mers. but longer reaction times favors lhe trans
2 -pentene isomer. [201 H4Ru4(CO)¡ ¡P(OEtb and 
H4Ru4(CO)9[P(OElbb hydrogenate 1-pentyne to 
l -pentene and smaller quanUties of the 2-ene 
isomers [21 1. The reactions with th e Ru cJusters 
mentioned aboye, seem to indicale that in mosl 
cases lhe Lrans-2 isomer is favored, in contrast 
with lhe complex under study that cJearly favors 
the cis-2 isomer. 

It is inleresting t o compare the cata1ytic be
havior of the RU3(CO) ¡ 2 1dppp compIex with the 
mononuclear com pound RuCl2(dppph u nder 
similar hydrogenation condilion s [14el. 1- h ex
ene is hydrogenated to n -hexane with no isomeri
zation products observed (reactlon conditions: 
solvent THF. T = 9 5°C. P(H2)= 17 alm ., g s ub
strate l g catalyst = 3.31 0 .05 , NH4PF6 =0.01 g. 
reaction lime 30 min, % conversion =40%). Com
plete conversion to n -hexane is observed at PH2= 
350 psi in ethanoI. T =95Co, time =30 minoUn 
der com parable conditions, the RU3(CO) ¡2 I dppp 
system shows 25% of isomer products and 70% 
bydrogenaUon products. 

Comparisons wiili the Ru cJusters conlain
ing the b iden tale ligand Ph2PCH2PPh 2 (dppm) 
(Ru3(COh o(dppm) and RU3(CO) (dppm)2) [1 5) 
shows an a nalogous behavior such as a marked 
seleCtivity toward lbe cis -2 -hexene isomer at 
lower h ydrogen pressure and important hydro 
genation aetivily u nder stronger reaction condi 
tions. 

Conclusions 

Thls observation permits the conclus ion 
lhat lhe isomerization reaction catalyzed by com
poun d (2) oceur s through a hydride in lermediate 
and the sleric r equiremenls imposed by lhe pres 
ence of lhe bidentate phosphine ligand directs 
the isomerizalion reaction to lhe cis 2 - hexene 
isomer. The trans to cis isomer transformation lo 
a n ew isomer ratio. favoring the cls isomer. allows 

the conclusion th a t lhe in lernal oIefin can be 
equllibrated by incorporation in tbe catalytic cy
ele and throu gh series of reversible elemenlary 
sleps . The hydrogenatíon catalytic cyc1e probably 
shares a cornmon in termediate with lbe isorneri 
zaUon cycl ,and a higher hydrogen pressure and 
higher reaction temperature probabIy favor lhe 
reductive eliminatíon of the reduced olefin. 
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