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Molecular hydrides of samarium and europium LnHz(THF) z 
(Ln = Sm or Eu): synthesis and properties 
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The molecular hydrides LnlIH2(THF)2 (Ln = Sm or Eu) were prepared by hydrogenolysis of 
the naphthalene complexes of divalent samarium and europium C~0HsLn(THF) 2 (Ln = Sm or 
Eu, respectively) as well as of the stilbene derivative of samarium(u) (PhCHCHPh)Sm(DME)2 
in THF at room temperature under atmospheric pressure. The resulting complexes were 
characterized by the data of microanalysis, IR spectroscopy, and magnetic susceptibility. 
Chemical properties of the complexes were studied. 
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Hydride complexes of  lanthanides have attracted the 
attention of researchers for more than 10 years. This 
interest stems largely from their high reactivity and 
catalytic activity in a number of reactions with the 
participation of  unsaturated substrates, viZ., in hydroge- 
nation, polymerization,  hydrosilytation, hydroamination. 
cyclization, and hydroboration.  I -3  

As of  now, bi- and mononuclear  hydride complexes 
of virtually all lanthanides,  including organobimetallic 
complexes, with different structures and composit ions 
have been synthesized. However, the range of these 
compounds is l imited to derivatives containing substi- 
tuted or unsubstituted stabilizing cyclopentadienyl ligands 
along with the catalytically active Ln- -H group)  The 
only excep t ion  is d iva lent  y t te rb ium hydr ide  
[YbH2(THF)xln (x = 1 or 2) prepared by us previ- 
ously. 4,~ This hydride exhibits high activity in catalytic 
hydrogenation of  alkenes and acetylenes as well as in 
s toichiometr ic  reduction of  tr ialkylbromosilanes and 
germanes yielding the corresponding derivatives R3EH 
(E = Si or  Ge).  6 

The aim of  this work is to synthesize molecular 
hydrides of  divalent samarium and europium, which do 
not contain n-bonded carbocyclic ligands and, conse- 
quently, which have the maximum unsaturated coordi -  
nation sphere of  the metal atom, as well as to study 
their activity in polymerizat ion of c~-olefins. 

Results and Discussion 

Previously, it has been found 4,s that the reaction of  
the ytterbium naphthalene complex Ct0HsYb(THF)~ 
with hydrogen proceeds readily at room temperature 
under  a t m o s p h e r i c  pressure to form t h e  hydr ide  
[YbH2(THF)xl n in good yield. We also synthesized hy- 

dr ides  of  d iva lent  s a m a r i u m  and e u r o p i u m  by 
hydrogenolysis of  the corresponding naphthalene (1 and 
2) and stilbene (3) complexes o f  Ln 2+. 

It was found that complexes 1 and 2, like the 
ytterbium analog, react with H2 in a T H F  medium at 
room temperature under a tmospheric  pressure to form 
samarium hydride tetrahydrofuranate (4) in 60% yield 
and europium hydride tetrahydrofuranate (5) in 20% 
yield, respectively. 

C10HaLn(THF)2 + H 2 

1,2 
Ln = Sm (1, 4), Eu (2, 5) 

THF 
LnH2(THF)2 + C10H 8 

4, 5 

Complex 4 can also be prepared in 69% yield by the 
reaction of  samarium stilbene complex 3 7 with H 2 
under analogous conditions.  However, in the case under 
consideration,  stilbene was hydrogenated to dibenzyl 

(PhCHCHPh)Sm(DME)2 + H2 THF 
3 

SmH2(THF)2 + PhCH2CH2Ph 

4 

unlike the reactions of the naphthalene derivatives, 
which gave naphthalene upon hydrogenolysis of the 
initial compounds. 

Both reactions were accompanied by gradual disso- 
lution of initial compounds lm3,  which are insoluble in 
o ~ a n i c  media,  to yield intensely colored solutions from 
which the corresponding dihydrides were isolated as 
amorphous dark-red (Sin) or orange (Eu) powders upon 
slow diffusion of  hexane. In the case of  europium, a 
TH F-insoluble hydride complex (apparently, of  the poly- 
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mer ic  nature  [EuH2(THF) ] , , )  also formed in a yield of  
up to 60%. C o m p l e x e s  4 and  5 are very. sensi t ive to 
a tmosphe r i c  oxygen and  mois ture .  Upon  storage in vacuo 
at r oom t empe ra tu r e ,  these  complexes  slowly d e c o m -  
pose with e l i m i n a t i o n  o f  H 2, thus  losing solubility. 

The  I R spec t ra  o f  c o m p o u n d s  4 and  5 have a b road  
b a n d  at 1250 cm -I  a long  with absorp t ion  bands  of  
c o o r d i n a t e d  T H F  molecu les  (at 860 and  1050 c m - I ) .  
For  the  y t t e rb ium der ivat ive  [YbH2(THF)xI , ,  this  b road  
b a n d  was ass igned 4 to v ib ra t ions  o f  the L n - - H  bond  
based  on the shif t  in the  spec t ra  of  its deu te r ium analog.  
Magne t i c  m e a s u r e m e n t s  d e m o n s t r a t e d  tha t  the mag-  
ne t ic  m o m e n t s  o f  complexes  4 and  5 at room t empera -  
ture  are 3.5 a n d  7.6 /a 8, respect ively,  which  corre la te  
well with the  values genera l ly  observed for d iva lent  
s a m a r i u m  and  e u r o p i u m  derivat ives.  8 

To conf i rm the  p resence  of  active hydride hydrogen  
in c o m p o u n d s  4 and  5, we s tudied the reduct ion  of  
t r i e t h y l b r o m o g e r m a n e  by these  complexes .  

TH~- 
LnH2(THF)2 + 2 Et3GeBr 

4 , 5  

Et3GeH + EtaGeGeEt 3 + LnBr2(THF)2 

Ln = Sm (4), Eu (5) 

It appeared  tha t  d ihydr ides  4 and  5 readily react with 
E t ; G e B r  in a T H F  m e d i u m  at room t empera tu re  and  
the  lat ter  is r educed  to E t3GeH in 79 and  77% yields, 
respectively.  Smal l  a m o u n t s  o f  hexae thy ld igermane  ( 10% 
for Sm and 2% for Eu) were also de tec ted  a m o n g  the 
r eac t ion  produc ts .  In bo th  reac t ions ,  the co r r e spond ing  
d i b r o m i d e s  L n B r 2 ( T H F )  2 were ob ta ined  in vir tually 
quan t i t a t ive  yields.  

Studies of  the  ca ta ly t ic  act ivi ty  of  complexes  4 and  5 
as well as o f  the  [YbH2(THF)x] , ,  complex  in po lymer-  
iza t ion  of  e t -olef ins  d e m o n s t r a t e d  tha t  all three c o m -  
p o u n d s  are inac t ive  toward  p ropy lene  at room t e m p e r a -  
tu re  bo th  u n d e r  a t m o s p h e r i c  pressure and  unde r  h igh 
pressure  ( the  p ropy lene  pressure  of  20 atm).  However ,  
these  c o m p o u n d s  exhib i t  h igh activity in s tyrene poly- 
mer iza t ion .  T h e  m o l e c u l a r  weight  (M,d  of  the resul t ing 
p o l y m e r  no t i ceab ly  increases  in the series Sm (150 000),  
Yb ( 3 5 0 0 0 0 ) ,  and  Eu (I 000 000). 

Experimental 

The syntheses were performed under conditions precluding 
exposure to atmospheric oxygen and moisture using the stan- 
dard Schlenk technique. The reagents and solvents were com- 
mercial products (Ekros). Hexane. THF, and toluene were 
dried over sodium benzophenone ketyl (which was prepared 
from metallic sodium and benzophenone), thoroughly degassed, 
and condensed in vacuo into a reaction tube immediately before 
run. Styrene was dried over 5A molecular sieves. Propytene was 
dried by passing through a column with copper on kiselguhr 
and two column with 3A molecular sieves. Then the propyIene 

was passed through a trap filled with tris(isobutyl)aluminum, 
condensed into a trap with liquid nitrogen, and refrozen in 
vacuo. Polymerization of propylene was carried out under high 
pressure in a steel autoclave equipped with a manometer. The 
molecular weight of polystyrene was measured according to a 
known procedure. 9 

The IR spectra were recorded on a Specord M80 instru- 
ment: the samples were prepared as Nujol mulls and placed 
between KBr plates. The JH NMR spectra were obtained on a 
Gemini-300 instrument; the chemical shifts were measured 
relative to the known signals of the residual protons of deuter- 
ated solvents. The organic products were analyzed on a 
Milikhrom-IA microcolumn liquid chromatograph (UV detec- 
tor with the variable wavelength (7, = 250 nm), steel 64•  
column, Separon S6X (15 }am) as the adsorbent, a hexane-- 
THF mixture as the eluent, 200 : 1 (by volume), the rate of the 
eluent 200 p.m rain-J). The volatile organic products were 
analyzed on a Tsvet-530 instrument (katharometer as the de- 
tector; steel 2 m • 3 ram-column packed with 5% SE-30 on 
Chromaton N-AW: helium as the carrier gas). The magnetic 
measurements were carried out according to a procedure re- 
ported previously t0 

The complexes Ct0HsLn(THF) z (Ln = Sm (1) or Eu (2) jr) 
and (PhCHCHPh)Sm(DME)_, (3) 7 were prepared according to 
procedures reported previously. 

Dihydrosamariumhis(tetrahydrofuran) (4). A. A suspension 
of comptex 1 (0.7 g, 1.65 mmot) in THF (10 mL) was stirred 
under H, (~20 ~ I atm) for 5 days. The precipitate was 
gradually dissolved, and the reaction mixture turned red-brown. 
The solution was filtered and then hexane (5 mL) was added. 
The precipitate of compound 4 that formed was separated from 
the mother liquor and dried in vacuo. Complex 4 was obtained 
as a red-brown powder in a yield of 0.32 g (60%). Found (%): 
C, 31.98; H, 5.66; Sin, 50.22. CsH~sO2Sm. Calculated (%): 
C, 32.40; H, 6.07; Sin, 50.72. Cr0H s (0.18 g, 84%) was 
detected in the solution by HPLC. 

B. A suspension of complex 3 (0.9 g, 1.76 retool) in THF 
(15 mL~ was stirred under H 2 for 5 days. The red-brown 
solution that formed was filtered. After the addition of hexane 
(5 mL) to the reaction mixture, complex 4 was obtained in a 
yield of 0.36 g (69%). Dibenzyl (0.25 g, 79%) was determined 
in the mother liquor by HPLC. 

Dihydroeuropiumbis(tetrahydrofuran) (5). A suspension of 
complex 2 (I.82 g, 429  retool) in THF (15 mL) was stirred 
under H 2 for 3 days. The orange solution that formed was 
filtered. After the addition of hexane (5 mL) to the reaction 
mixture, complex 5 was obtained in a yield of 0.26 g (20%). 
Found [%): C, 31.78; H, 5.61; Eu, 50.85. CgHigO2Eu. Calcu- 
lated (%): C, 32.23; H, 6.03- Eu, 50.98. CIoH 8 (0.4 g, 73%) 
was determined in the mother liquor by HPLC. 

Reaction of componnfl 4 with Et3GeBr. A solution of 
Et3GeB r 12 (0.37 g, 1.54 retool) in THF (2 mL) was added to a 
solution of complex 4 (0.23 g, 0.77 retool) in THF  (3 mL) at 
~20 ~ The reaction mixture turned colorless and a precipitate 
of SmBr2(THF) 2 (0.27 g, 78%) was formed. Et3GeH (0.20 g, 
79%) and E%GeGeEt_~ (0.02 g, 10%) were determined in the 
solution by HPLC. 

Reaction of compound 5 with Et3GeBr. A solution of 
Et3GeBr [0.64 g, 2.68 retool) in THF (2 mL) was added to a 
solution of complex 5 (0.4 g, 1.34 retool) in THF (3 roLL The 
color of the reaction mixture changed from orange to pale- 
yellow and a precipitate of EuBr2(THF)2 (0.60 g, 98%) formed. 
Et~GeH (0.33 g, 77%) and Et3GeGeEt 3 (0.0l g, 2%) were 
determined in the solution by HPLC. 
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Styrene polymerization. Styrene (2.7 g, 3 mL), a weighed 
sample of a catalyst (3--5 wt.%), and toluene (10 mE) were 
placed into an evacuated tube. The reaction mixture was stirred 
at -20 ~ for 1 day. The solvent was removed under reduced 
pressure. The polymer was precipitated from THF with metha- 
nol and dried in vacuo. 

Propylene polymerization. A weighed sample of a catalyst 
(3--5 wt.%) was placed into an evacuated tube. Then toluene 
(10 mL) was added and the calculated amount of dry propylene 
was condensed. The reaction mixture was stirred at 420 ~ for 
I day and methanol (0.5 niL) was added to neutralize the 
catalyst. Then the products of catalyst decomposition were 
separated on a glass filter. Methanol (30 mE) was added to the 
filtrate. No precipitate was formed, which was indicative of the 
absence of the polymer in the solution. 

Propylene polymerization under high pressure. A weighed 
sample of a catalyst (3--5 w~.%) in a thin-walled tube was placed 
into an evacuated steel autoclave. Then toluene (10 mL) 
was added and the calculated amount of d ~  propylene was 
condensed. The reaction mixture was kept at ~20 ~ for I day and 
methanol (0.5 mL) was added to neutralize the catalyst. Then the 
products of catalyst decomposition were separated on a glass filter. 
Methanol (30 mL) was added to the filtrate. No precipitate was 
formed, which was indicative of the absence of~he polymer in the 
solution. 

This work was f inancial ly supported by the  Russian 
Founda t ion  for Basic Research (Project  No. 99-03-32905a  
and  G r a n t  for young scientists).  The  spectral  studies 
were carr ied ou t  in the  Analytical  Cen te r  (G.  A. Razuvaev 
I n s t i t u t e  o f  O r g a n o m e t a l l i c  C h e m i s t r y ,  Russ ian  
Academy of  Sciences)  and were financially suppor ted  by 
the Russian Founda t ion  for Basic Research (Project  No. 
96 -03 -40042 ). 

Referenees 

1. M. Ephritikhine, Chem. Rev., 1997, 97, 2193. 
2. M. Bochman, J. Chem. Soc,, Dalton Trans., 1996, 255. 
3. G. J. P. Britovsek. V. C. Gibson, and D. F, Wass, Angew. 

Chem., 1999, 111, 448. 
4. M, N. Bochkarev, E. A. Fedorova, I. M. Penyagina, O. A. 

Vasina, S. Ya. Khorshev, and A. V. Protchenko, Metalloo~. 
Khim., 1989, 2, 703 {Organomet. Chem. USSR, 1989, 2 
(Engl. Transl )1. 

5. M. N. Bochkarev, 1. M. Penyagina, L. N. Zakharov, Yu, F. 
Rad'kov, E, A. Fedorova, and S. Ya. Khorshev, J. Organomet. 
Chem., 1989, 378, 363. 

6. M. N. Bochkarev, E. A. Fedorova, I. M. Penyagina, O. A. 
Vasina, A. V. Protchenko, and S. Ya. Khorshev. Metalloorg. 
Khim, 1989, 2, 1317 [O~anomet. Chem. USSR. 1989, 2 
(Engl. Transl.)l. 

7. A. A. Trifonov. E. A. Fedorova, E. N. Kirillov, M. N. 
Bochkarev, F. Girgsdis, and G. Shaman, lay. Akad. Nauk. 
Set Khim., 2000, No. 8 [Russ. Chem. BulL, 2000, 49, No. 8 
(Engl. Transt.)J. 

8. W. J. Evans and M. A. Hozbor, J. Organomet. Chem., 1987, 
326, 299. 

9. A, M. Toroptseva, K. V, Belogorodskaya. and V. M. 
Bondarenko, Laboratornyi praktikum po khimii i tekhnologii 
vvsokomotekulyarnykh soedinenii [Laborato~ Manual on 
Chemist~ and Technology of High-Molecular Compounds], 
Khimiya. Leningrad, 1972, 156 pp. (in Russian). 

10. A. V. Protchenko and M, N. Bochkarev, Pribo~" Tekh. 
Eksp. Ihtstrum. Exp. Tech.l, 1990, 1, 194 (in Russian). 

11. M. N, Bochkarev. A. A. Trifonov, E. A. Federova, N. S. 
Emelianova. T. A. Basalgina, G. S. Kalinina, and G. A. 
Razuvaev, J. Organomet. Chem., 1989. 372, 217. 

I2. J. M. Shackelfold. H. De Schmertzing, C. H. Heather, and 
H. Podall, J. Org Chem., 1963, 2,8, 1700. 

Received October 12, 1999, 
in revised form December 17. 1999 


