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Catalytic properties of rhenium(v) complexes with thiourea derivatives 
in cyciohexene hydrogenation 
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The catalytic properties of Re~'OLeCI.; complexes, where L are lhiourea derivatives, were 
sltldied. The rhenimn(v) complex w'iO~ di-o-[olyhhJt~ure-~ is most aclive in cyclohexene 
h.,, d rage nat ion. 
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Cata ly t ic  systems based on rhenium and its c o m -  
p o u n d s  are less act ive,  as a rule, in cyc lohe•  
h y d r o g e n a t i o n  than  ca t ab ' s t s  c o n t a i n i n g  P la t inum 
G r o u p  metals.  I However,  catalysts based on ReO3, z 
( @ - C s H s ) 2 R e H .  3 and Re2(CO)Io 4 possess a high activ- 
ity in this reaction.  

tn this work. we studied the catalytic properties o f  
the rhen iu rn lv )  complexes  with th iourea  derivatives 
RcVOL2CI3 in cy.clohexene hydrogenat ion.  We assumed 
that the s t rong Re=O bond in the Re v complexes  pro- 
'.,ides a lability of  the ligands and fiwors the catalytic 
activity. 

Experimental 

Compounds with the general formula RevOL2CI3 were syn- 
thesized by the following reaction: 

H2(ReOCIs) + 2 L > ReVOL2CI3 + 2 HCI. 

We prepared four s~:tnples of complexes (1--4). [)tphen~t- 
( ! ' ) ,  di-o-tolyl-  (2 I  ,.V-phenvl-,V'-2-pyridyt- (3"). and 
di-2-naphthylthiourea (4"1 were used as ligands 

Synthesis of complexes. A sohttion of the ligand m acetone 
or ethanol with the molar ratio Re : L = I " 2 was added to a 
0.1 ,14 solution (10 m L) of H2iReOCI 5) prepared b.v a known 
procedure s in concentrated HCI. The precip;tated crystals were 
filtered off, washed with HCI and n-propanol, and dried above 
CaCI 2. Complexes !--,.I were analyzed for the coment of rhe- 
nium, 6 sulflm 7 and chloride ions. 8 -I-he elements were deter- 
mined after the decomposition of samples v, ith He0 ? in a 
poorly alkaline medium and removal of its excess by heating. 
The content of C. N, and H ,a.as determined by organic 
microanalysis. 

Complex i. Found t%): C. 39.8; H. 2.8; CI, 14.7; N. 7.1 I; 
Re, 24.60; S, t0.0. C',r ? I'moiecular weight (M) 
765.18). Calculated (%1: C. 40.8{t: H. 3.16; CI, 13.9: N 7.36; 
Re, 24.30; S, 838. 

Complex 2. Found (%): C. 44.53; H, 4.22: CI. 11.51 
N, 5.95; Re . . . .  90, S, 8.10. C?0H3?CI3N4OReS2 (M 821.291 
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Calculated 1%): C. 43.87: H. 3.92: CI. 12.45; N, 6.82: 
Re. 22.68: S, 7.80. 

Complex 3, Found (%): C. 36.90: H, 2.41; CI, 12.50; 
N. 10.87: Re, 23.40; S, 8.1)0. C24H?2CI3N~OReS 2 (.41 767.16). 
Calculated (%t: C, 37.57: H, 2.89: C1, 13..86: N, 10.95: 
Re, 23.67: S, 8.35. 

Complex 4. Fotmd (%): C, 50.50; H, 1.98; CI. t0.85; 
N. 5.00: Re, 19.90; S, 5.82. C42H32CI3N4OReS 2 tim 965.42). 
Calculated (%): C, 5 2 2 5  H, 2.50: CI, II.02; N, 5.80: 
Re, 19.30: S, 664. 

The IR spectra of I--4 were recorded on IKS-22 g. 
IKS-22 V. and IKS-14 A spectrometers in the 200--2000 cm -i 
region as suspensions in Nujol and hexachioroburadiene. 

Cyclohexenc was hydrogenated :at T = 230 ~ PIt , ' ; .  = 

100-120 Torr, and Re content 0.35% of the cyclohex'eae 
weight in a static installation (reaction time 3 I1). Complex 1--4 
and eyclohexene (reagent grade) (4 g) were placed in a 0.15-L 
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Table I. Hydrogenation of cyclohexene over rhenium catalysts 

Gem- Catalyst Re (%) Reaction conditions Yield of c>clo- 

pound T,'~ p/Torr z/h hexane 
,'wL f;:) 

i C-=sH 24Ct3N4OReS2 0.35 230 100 3.0 16.3 
2 C30FI.;?.CI~,N40 ReS 2 035 230 118 30 65.7 
3 C24H 2-Ct3N6OReS 2 0.35 230 I 15 3.0 3.0 
4 C4?H 32Ct3N4OReS2 0.35 230 100 3.0 4.0 
5 ReO 2 ( tn .s'i,'~) 3 I. 3 240 205 4.0 100.0 
6 (q;.Cstl.jRe H 4 0.(3 IO0 100 1.0 10.4 

0.4 180 100 0.5 100.0 
7 ReflCOI ~r 1.0 180 I00 1.0 16.4 

1.0 200 100 10 32.9 
0.5 230 100 [ 0 100.0 

autoclave with a glass insert. Compounds I--4 at ~20 ~C and on 
headng arc undissolved in cyclohexene. Nitrogen and hy-lrogen 
were successively passed through the autoclave, the H 2 pressure 
was fixed, and the autoclave was heated to the experimental 
temperature. The reaction products were analyzed by GLC on 
an I_,KhM-gMD chromatograph (h.cd., He as the carrier gas, 
15% polyethylene glycol adipinate on Chromosorb P as the 
liquid phase) and by refractometry.' (Table I) 

Results and Discussion 

Cyclohexene hydrogenation with complexes I--4 
was studied under condit ions close to those found 
previously 3,4 for the act ive  catalysts rhenieccne 
hydride and rhenium pentacarbonyl (T = 230 ~ p = 
100--I 18 T o m  r = 3 h). 

The data in T:zble I show that complex Z possesses a 
high catalytic activity in cyclohexenc hydrogenation 
The yield of cyclohexanc with complex 2 is 65.7%, that 
with 1 is 16.3%, and samples 3 and 4 are virtually 
inactive: the yield of cyctohexane is 3--4%. For sample 
2 bearing the ligand with two Me groups, the hydroge- 
nating activity increases as compared to that of sample 
i. and the yield o fcyc lohexane  increases from 16.3 to 
65.7%. The replacement in ligand I" of one benzene ring 
by pyridine (Y) o r  two naphthene cycles (4") gives 
inactive samples 3 and 4. 

The I R spectra of complexes 1--4 are very, compli- 
cated because of many vibrations of tile aryl derivati;es 
of thiourea. Therefore, the I R spectra were not inter- 
preted in the region containing the absorption bands 
corresponding to the Re--CI  and Re--S bonds. How- 
ever, the intense bands in the region oi" 930--970 cm '1 
in the spectra of the complexes can be attributed to 
stretching vibrations of the Re=O bond (by analogy to 
the data obtained previously for the rhenium(v) con> 
plexes with thiourea 9,t0 and its several dcrivativestl'lZ). 

The results of elemental analysis of the synthesized 
complexes !--4.  the I R spectral data, and ion-exchange 
chromatography confirmed the formation of complexes 
with the composition ReVOL2CI3. The interaction of 
[ReOCl5l 2- with L can be presented as the successive 
substitution of the CI atoms in the equatorial plane of 

tile ]ReOC15] 2- ion by the L molecules. This process is 
accompanied by the distortion of  the octahedral shape of 
tile rhenium(v) oxochloride complex,  13 in whicb the O 
atom is arranged along the axis perpendicular to the 
equatorial plane of  the octahedron. The labilizing effect 
e l  the Re=O group is manifested by the ReOCIs2- ions 
lbrming very unstable compounds with other ligands and 
then readily eliminating these ligands. |4 

The distinction in tile catalytic activities of four 
synthesized rhenium complexes with thiourea derivatives 
can be attributed to the properties of  tile substituents in 
tile thiourea molecule  and the charac te r  of  the 
l .--Re bond. 

Tile published data 10,13,14 {IR spectra, X-ray struc- 
tural analysis) show that thiourea and its derivatives are 
coordinated to tl~e metal through the S atom to form the 
donor-accepter bond by the 3p=-AO of the S atom. 

In addition, coordinat ion of  the ligands (phe- 
nylthiosemicarbazide and th iosemicarbazonc-methy l  
2-pyridyl ketone --  thiourea derivatives) with the metal 
at the S and N atoms to lorm chelate cycles has been 
reported. Iz The substituents involved in the conjugation 
chain also affect the properties of  thiourea. For example. 
the introduction of electron-donating substituents in- 
creases the coordination ability of  the ligands, v, hereas 
accepters exert the opposite effect. 14 The number and 
nature of sttbstituents in the thiourea substantially affect 
the strength of the Re=O bond in the complexes. I~ 

It can be assumed that the strength of  the Re=O bond 
plays an important role determining the catalytic activity 
of the complexes. The repulsion between the bulky ligands 
prevents the shortening of the O = R e - - S  angles in the 
octahedron. This results in a considerable repulsion be- 
tween unpaired pairs of electrons of  the S atom and 
,a-electrons of the Re=O bond and, as a consequence, in 
a weakening of this bond. An increase in the frequency 
VRc= 0 in the Re v complexes with two thiourea molecules 
(unlike the Re v complexes with tbt, r thiourea molecules) 
confirms this assumption, t5 Indeed, a decrease in the 
number of ligands decreases their interelectron repulsion 
m the equatorial plane of the molecule,  which creates the 
conditions for an increase in the O = R e - - S  angle textru- 
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sion o f  the Re a tom from the equator ia l  plane) and 
enhances  the Re=() bond.  is Therefore,  the low catalytic 
activity o f  the Re"' complex  with N-pheny l -N ' -pyr idy l -  
thiourea can be explained by the format ion  of stable 
chelate centers due to the bond of  the Re atom with the 
S and N atoms. The  low catalyt ic  activity of  the 
rhenium(v) complex with dmaph thy | th iourea  can be ex-  
plained, most likely, by the strong screening of the 
central rhenium(v~ atom with the bulky Iigand. 

Taking into account  the aforesaid, we may assume 
that the .,'vie groups in d i -o- to ly l th iourea  play an impor-  
tant role in the enhancemen t  of  tl~e catalyt ic  acre, try o f  
complex 2 as compared to that of  c o m p l e x  1, weakening 
the R e - - S  coordinat ion bond. Perhaps,  the catalytic 
activity o f  1 and 2 m cyclohexene  hydrogena t ion  appears 
due to the bonding o f  rhenium with oxygen.  

According to previously published data ,"  cyclohexene 
h.,,drogenatmn on ReO 3 catalyst (prepared in sire) occurs 
m 100% yield a[ a hydrogen pressure o/" 200 Tort ,  
rhcnmm amoum of  t .3% of the substrate weight, and 
reaction time of 4 h. In our  exper iments ,  the hydrogen 
pressure was 100 Tor t ,  the amount  o f  rhenium was 
0.35%, the reacuon t ime was 3 h, and the yield o f  
cyclohcxane was --66%. Compar i son  or" these results 
confirms indirectly the assumption that rhenium oxide 
can be the active site o f  the rhenium(v} complex with 
di-o-tolylthiourea (2) in c}clohexene hydrogenat ion,  

l h u s ,  the presence o f  diffl:rent aryl derivatives o f  
thiourea in the complex with pemavalen t  rhenit,m exerts 
a substantial effect on the catalytic act ivi ty  in the struc- 
ture-insensitive reaction o f  cyclohexene hydrogenat ion.  
Perhaps, the rhenium complexes  with th iourea  that are 
inactive in the hydrogermtion of  the C = C  bond in 
cyclohexene can manifest  catal,,tic act ivi ty  in the hydro- 
genation of  the C = C  bond in organic compounds  con-  
raining nitrogen and sulfur. 
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