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The stilbene complex of ytterbium (PhCH=CHPh)Yb(THF)2 (!) was prepared by the 
reaction of YbI2(THF) 2 with a twofold excess of (PhCH=CHPh)-" Li*. Based on the data of 
IR and ESR spectroscopy and on the results of magnetic measurements, compound 1 was 
characterized as a complex of divalent ytterbium with the stilbene dianion. The reactivity of 
complex I toward different types of reagents was studied. The strt,eture of the product of the 
reaction of I with 2,4,6-tri(tert-butyl)phenol (2,4,6-But3CsH20)~_Yb(THF)3 was established 
by X-ray diffraction analysis. 
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In spite of tile general intense progress in the chem- 
istry of organolanthanides, a number of classes of these 
compounds remain virtually unknown. Derivatives of 
lanthanides containing ~-coordinated olefin, diene, and 
polyene ligands are among the least known compounds I 
although the data on the synthetic pathways, the stabil- 
ity, and the reactivity of this type of compounds are of 
obvious interest in the search for efficient catalysts of 
polymerization of olefins and dienes. 

The synthesis of the olefin heterobimetallic complex 
of lanthanide, (MesCs)2Yb(~t-C2H4)Pt(PPh3) 2, contain- 
ing the bridging la-q~-rt2-bonded ethylene ligand be- 
tween the d- and f-block transition metal atoms was 
reported for tile first time in Ref. 2. Complexation of 
(MesCs)2Eu with ethylene was detected by IH NMR 
spectroscopy. 3 However, the product was neither iso- 
lated nor characterized. The existence of the olefin-- 
lanthanide :t-interaction was suggested 4 based on the 
spectral characteristics (the IR spectrum and the 
UV-visible region) of products of cocondensation of 
ethylene and europium. The compound containing the 
bridging p.-q2:q2-ethylene fragment,  [{(rl 5- 
CsMe4)SiMe2(q I-NCMe3)}(PMe3)ScI2(la-rl2:q2-C2H4), 
was isolated in the reaction of hydride 
[{(rlS-CsMe4)SiMe2( q 1-NCMe3)}(PMe3)Sc(g2-H)t:~ with 
ethylene. 5 The synthesis and the properties of complexes 
of decamethylsamarocene with mono- and diaryl-sub- 
stituted alkenes were reported in Re['. 6. It was de- 
monstrated ~ that (CsMes)2Sm reversibly reacted 
with st i lbene and styrene to form the b inuclear  

derivatives [(CsMes)2SmI2(g-rl2:rl4-PhCtt=CHPh) and 
[(CsMes)ISm]2(I-t-rl'~:q4-CH2=CH Ph), respectively. 

Data on homoleptic olefin complexes of lanthanides 
are unavailable ill the literature. The aim of this work is 
to synthesize and study the reactivity of ytterbium de- 
rivatives containing the stilbene ligand. 

Results and Discussion 

We found that when a solution of stilbene in THF 
was added to a solution of metallic ytterbium in liquid 
ammonia at - 6 0  ~ the color of the reaction mixture 
changed from blue to brown. In this case, the single line 
of the solvated electron in the ESR spectrum of tile 
solution disappeared. At - 1 0 0  ~ a broadened multi- 
component signal is observed with the value gi that 
corresponds to tile published data for the stilbene radical 
anion. 7 Tetrahydrofuran solutions of the ammine stil- 
bene complex of ytterbium (PhCH=CHPh)Yb(NH3)n 
were prepared by evaporation of ammonia  at - 4 0  ~ 
in vacuo. However, attempts to isolate this complex led 
to ammonolysis of the product to form Yb(NH2) 2 and 
dibenzyl. 

We succeeded in preparing the stilbene complex of 
ytterbium by the reaction of YbI2(THF)2 with two equiva- 
lents of stilbene-lithium in a T H F  solution. The reaction 
was accompanied by the disappearance of the signal of 
the stilbene radical anion in the ESR spectrum of the 
reaction mixture. 

Translated from lzvestiya Akademii Nauk. SeHya Khimicheskaya, No. I I, pp. 2345--2350, November, 1998. 

1066-5285/98/4711-2274520.00 �9 Kluwer Academic/Plenum Publishers 



Stilbene complex of ytterbium Russ. Chem.Bull., Vol. 4Z No. II, November, 199o ~ 2275 

YbI2(THF) 2 + 2 ( P h C H C H P h - ' ) L i  + THF,,. 

,," ( P h C H C H P h ) Y b ( T H F )  2 + 2Lil + P h C H = C H P h  

1 

Complex 1 was isolated in 84% yield as a black finely 
crystalline product insoluble in organic solvents. 

The IR spectrum of compound 1 has bands at 700 
and 760 cm -I,  which correspond to the deformation 
C--H vibrations of the aromatic rings, along with bands 
of coordinated THF  molecules (at 1050 and 860 cm-l) .  
The st,bstantial increase in the intensity of the band at 
1600 cm -t ,  which corresponds to C--C vibrations of 
the benzene ring, compared to that of the initial ligand 
indicates that the latter is substantially activated as a 
result of bonding with the ytterbium atom. The ESR 
spectra of solid samples of I have no signals either at 
room temperature or at 160 K. Complex 1 is diamag- 
netic at 20 ~ which corresponds to the zerovalent or 
divalent state of ytterbium.I By analogy with the naph- 
thalene derivatives of lanthanides, which have bee,] 
prepared previously s-12 and which exhibit similar physi- 
cochemical properties, it can be suggested that com- 
pound 1 is a complex of divalent ytterbium with the 
stilbene dianion. The fact that complex 1 is insoluble in 
organic solvents indicates that it is apparently a coordi- 
nation polymer, which is analogous to the polymer 
whose formation has been observed previously for the 
related d ipheny lbu tad iene  complex of lu te t ium 
[K(THF)2(PhCH=CHCH=CHPh)2Lu(THF)2]n.  13 

With the aim of studying the chemical properties and 
the character of the metaI--ligand bond in the resulting 
compound, we performed the reactions of complex l 
with reagents of different nature. Thus, mild oxidation 
of 1 with atmospheric oxygen in a toluene medium 
afforded Yb203, trans-stilbene, and THF  in quantitative 
yields. It should be noted that a contact of solid samples 
of 1 with pure oxygen resulted in an explosion. Hydroly- 
sis of I in toluene afforded Yb(OH)3, H2, THF,  and 
dibenzyt. 

The synthesis of derivatives of divalent ytterbium and 
ease of isolation of the target product of the reaction of 
complex 1 with various C-- |-I-  and E--H-acids (E is an 
element) are of interest and show promise from the 
viewpoint of preparative possibilities. It was found that 
compound 1 in a T H F  medium readily reacted with 
cyclopentadiene, 1,2,3,4,5-pentamet hylcyclopentadiene, 
diphenylamine, and 2,4,6-tri(tert-butyl)phenol at room 
temperature to form the corresponding derivatives of 
divalent ytterbium in high yields. In these reactions, 
stilbene or dibenzyl was eliminated and hydrogen was 
evolved. The data on the reactivity of compound 1 are 
given in Table I. 

When complex 1 was used as the initial compound, 
the new ytterbium complex (Ph2N)2Yb(THF) 2 (2) was 
first isolated and characterized. Complex 2 is a red- 
orange crystalline diamagnetic compound. 

The reaction of complex I with two equivalents of 
2,4,6-But3C6H2OH gave the (But3C6H/O)2Yb(THF)3 

Table 1. Reactions of complex I with various reagents 

Reagent Solvent Du- Products 
ra- (yield (%)) 
lion 
/h 

H20 Toluene 0.5 Yb(OH) 3 (96.6), PhCH2CH2Ph 
(95.2), THF (97.7), H 2 

02 Tc,aene 1 ',%203 (95.9), PI'tCH=CHPh 
(93.4), TH F (90.2) 

CpH TH F 18 CP2Yb(TH F)2 (95.4), 
PhCH2CH2Ph (100), H 2 

Cp*H THF 18 CP*2Yb(TH F)2 (32), 
PhCH2CH2Ph (83), H 2 

Ph2NH THF 18 (Ph2N)2Yb(THF) 2 (80), 
PhCH2CH2Ph (10), 
PhCH=CHPh (84), H 2 

2,4,6- THF 6 (2,4.6- Bu~3C6 H20)2Yb(TH F)3 
Bnt3C6H2OI{ (66), PhCH2Ctt2Ph (5), 

PhCH=CHPh (93), H 2 
DAD THF 4 Yb(DAD)3 (77), 

PhCH=CHPh (81) 
Mel THF I YbI2(THF) / (89), [Me] ~', 

PhCH=CHPh (92) 
Me3SiCI THF 6 YbCI2(THF) 2 (50), Mc3SiSiMe 3 

(86), PhCH=CHPh (96) 
Cp3Yb THF 24 CP2Yb(TH F)2 (73), 

PhCH2CH2Ph (88) 
Styrene b -- 8 Polystyrene (100) 
Piperylene ~ -- 24 Polypiperylene (100) 

a In this run, gaseot,s products were not studied. 
b Polymerization was carried out in the absence of a solvent: 
the concentration of the catalyst was 5 tool.%. 

complex (3) as yellow diamagnetic crystals. Crystals of 3 
were studied by X-ray diffraction analysis (see below). 
Owing to shielding of the ytterbium atom by the bulky 
left-butyl groups at the orTho positions of the phenyl 
ring, complex 3 is stable to oxidation and carboxylation, 
which is untypical of compounds of divalent ytterbium. 
Solutions of 3 in toluene and T I I F  are stable in air and 
under a CO 2 atmosphere for up to 30 rain and 2 h, 
respectively. It was demonstrated that oxidation of 3 was 
accompanied by the formation of phenoxy radicals, 
whose presence in the reaction mixture was detected by 
ESR spectroscopy. When a solution of 3 in toluene was 
concentrated in vacuo at 80--100 ~ its color changed 
from yellow to red. Cooling of this solution to -20 ~ 
gave dark-red diamagnetic crystals of the product, 
namely, the TH F-free complex [(2,4,6- But3C6 H20)2Yb]2 
(4), in 67% yield. 

The IH NMR spectrum of compound 4 has two 
singlets with chemical shifts (8) 1.44 and 1.63 and two 
signals at 8 1.32 and 1.34 (the ratio of intensities of the 
signals of the first and second groups is 2 : 1). These 
signals correspond to the protons of the terr-butyl groups 
at the ortho and para positions of the benzene rings. The 
aromatic protons are manifested in the IH NMR spec- 
trum as two signals at 8 7.33 and 7.36. The iH NMR 
spectn, m is indicative of the nonequivalence of the phe- 
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noxy ligands, which is attributable to the dimeric structure 
of the complex containing two bridging and two terminal 
phenoxide groups (the coordination number of the ytter- 
bium atom is equal to 3). An analogous structure has been 
established previously for the complex [(2,6-But2-4-Me - 
C6H 20)(p.-2,6- But-4 - M e-C6HzO)Yb 12 (5). 14 

X-ray diffraction study of single crystals of  3 demon- 
strated that the complex is monomeric. The coordination 
number of the ytterbium atom is 5. The ytterbium atom 
is surrounded by two phenoxide ligands and three coordi- 
nated T H F  molecules.  Unlike the complex 
(2,4,6-But3C6H20)2Yb(THF)3(THF) (6) described in 
Ref. 15, the crystals of  3 do not contain THF molecules 
of  crystallization. The stnicture of  molecule 3 is shown in 
Fig. I. The atomic coordinates are given in Table 2. The 
principal bond lengths and bond angles are listed in 
Tables 2 and 3, respectively. The coordination environ- 
ment about the ytterbium atom can be represented as a 
distorted square pyramid. The base of the pyramid is 
formed by four oxygen atoms, which belong to two 
transoid phenoxide fragments (O(I) and 0(2)) and two 
THF molecules (0(3) and 0(5)). The O(4) atom of the 
third THF molecule occupies the apical position. All 
angles between the adjacent oxygen atoms in the base are 
close to 90 ~ . it should be noted that the bond lengths and 
boqd angles in complex 3 are close to the corresponding 
parameters of complex 6. However, the unit-cell volumes 
are substantially different. Thus, it is reasonable to sug- 
gest a larger unit-cell volume in the case of  complex 6 
containing one additional THF molecule. However, the 
experimental value for 3 (5788 ,&3) is actually larger than 
that for 6 (5374 A). 3 The lengths of the bonds between 
the ytterbium atom and the oxygen atoms of  the phenox- 
ide ligands and of  the THF  molecules agree well with the 
corresponding distances observed previously in the re- 
lated compounds .  14,15 The O ( l ) - - Y b - - O ( 2 )  angle 

(149.2(4) ~ is close to the corresponding angle in 6 
(149.0(6)~ The presence of  short intramolecular con- 
tacts between the Yb atoms and the carbon atoms of the 
Bu t groups in molecule 3 (Yb--C(108) (3.970 A) and 
Yb--C(209) (3.949 A), whose values are close to the sum 
of the van der Waals radii, and Yb--C(208) (3.905 A), 
which is even shorter that this sum) are worthy of note. 
Apparently, this peculiarity of  the molecular structure is 
indicative of weak nonbonded interactions between the 
above-mentioned atoms. 

Interestingly, the reactions o f  complex 1 with water, 
CpH, and Cp*H were accompanied by hydrogenation of 
stilbene to dibenzyl, while the reactions with Ph2NH 
and 2,4,6-But3C6H2OH gave stilbene as the major prod- 
uct (93%). The reaction of 1 with iodomethane and 
Me3SiCI taken in a molar ratio o f  I : 2 in THF  at room 
temperature afforded the corresponding halides of diva- 
lent ytterbium. In tiffs case, alkylation of stilbene was 
not observed. The reaction of  1 with a threefold molar 
excess of  B u t - - N = C H C H = N - - B u  t (DAD) gave the 
kliown complex Yb(DAD)3 iP, high yield, t6 Interest- 
ingly, in no ease was the conversion of  trans-stilbene to 
its cis ibrm observed. Complex I catalyzes polymeriza- 
tion of styrene and piperylene at room temperature. 
Attempts to synthesize a mixed cyelopentadienylstilbene 
complex of ytterbium failed. Thus, the reaction of  dis- 
proportionation of  (PhCH=CHPh)Yb(THF)2  and Cp3Yb 
resulted in reduction of the latter to Cp2Yb mid elimina- 
tion of stilbene. 

2 CP3Yb + PhCH=CHPh)Yb(THF)  2 ,, 

,,. 3 CP2Yb(THF)2 + PhCH=CHPh.  

Tile reaction of ( P h C H = C H P h ) Y b ( T H F )  2 with 
Cp2Yb in THF or toluene, as well as the reaction of 

C ( 4 ~ _ ~  C(42) 

C(33) C(108) C(2t6) ~:~ ~ J ' ( ~ ~ C ( 3 1 )  ~ )  ( _ 

C(218) ~ ~ ~ i ( ~ c C ( 3 4 )  C(44) C(II 0 )a,. ; ~ ' - ~ ' ~  C(109) 

C(206),~, ,a;, _d~e,_ C( l t6 )~  C(lOl) P2~5+...._ ,..riO3) 
c(2i 2) c ( 2~ 5 ) , , r~ , . , . - " ' ~c  (2 o t ) _..,t~7- t ~  ~ - - ~  ~--t------4.L_" , 6 7 Y , ,  ..,-2"~ c(113) 

~ 0 ( 2 )  Yb \ ~ ; , 1 r  "-","-'~,' | / ' ~  & . J C ( i l 2 )  

Ca ~ ~ l c ( t t8 )  ~i - -  
",..~ " ~  c(20s) (~..,.~..~ ,,. c(si)  

c(2~3) c(2to) c(53~ e+'+ ~ :c(52) 

Fig. I. Molecular stntcture of the complex (2,4,6-But3C6H20)2Yb(THF)3 . 



Stilbene complex of ytterbium Russ. Chem. Bull., VoL 47, No. II,  November, 199S 2277 

Table 2. Atomic coordinates (• 10 -4) and equivalent isotropic 
thermal parameter* (x 10--3/,~ 2) in molecule 3 

Atom x y Z Ueq 2 

Yb 790(t) 6680(1) 9441(1) 29(1) 
O(I) 2031(9) 6 6 8 4 ( 3 )  10639(5) 49(3) 
0(2) -523(9) 6374(3) 8518(5) 37(2) 
0(3) -t l95(9) 6806(3) 10214(6) 42(2) 
O(4) 665(9) 7 3 1 6 ( 2 )  8972(5) 37(2) 
0(5) 2773(9) 6 5 1 9 ( 3 )  8690(6) 54(3) 
C(101) 2794(12)  6 6 9 5 ( 4 )  11348(7) 39(4) 
C(102) 3499 (12 )  7 0 0 3 ( 4 )  11604(8) 30(3) 
O(103) 4 3 1 4 ( 1 2 )  7 0 0 1 ( 4 )  12354(8) 29(3) 
C(I04) 4481(13) 6700(4) 12838(8) 39(3) 
C(I05) 3 7 4 5 ( 1 5 )  6 4 0 0 ( 4 )  12593(9) 43(4) 
C(106) 2 9 0 8 ( 1 5 )  6 3 7 9 ( 4 )  11880(9) 43(4) 
C(107) 3426 (14 )  7 3 6 8 ( 4 )  11083(8) 39(3) 
C(108) 1982(14)  7 5 0 1 ( 4 )  10948(9) 42(4) 
C(I09) 4 2 4 9 ( 1 6 )  7689(4 )  I1497(I0) 54(4) 
C(II0) 4004(t5) 7 2 9 4 ( 5 )  10235(9) 55(4) 
C( l l l )  5 3 4 1 ( 1 4 )  6 6 8 7 ( 4 )  13654(8) 42(3) 
C(112) 6091(15) 7 0 5 9 ( 4 )  13827(9) 45(4) 
C(113) 4474(16) 6615(5) 14405(8) 55(4) 
C(114) 6 3 9 3 ( 1 6 )  6374(5 )  13619(10) 57(4) 
C(115) 2116 (20 )  6017(4 )  11671(10) 65(5) 
C(I16) 5 5 3 ( 1 9 )  6091(5) 11660(12) 78(6) 
C(117) 2390 (26 )  5718(5 )  12350(12) 1[3(10) 
C(118) 2557(24)  .5861(5) 10845(11) 91(8) 
C(201) -1209(13) 6157(4) 7969(8) 30(3) 
C(202) -1334(15) 5774(4) 8095(8) 38(3) 
C(203) -2118(14) 5563(4) 7534(8) 41(4) 
C(204) -2782(14) 5713(4) 6822(8) 41(4) 
C(205) -2638(12) 6080(4) 6704(8) 32(3) 
C(206) -1907(12) 6 3 2 2 ( 4 )  7245(8) 32(3) 
C(207) -624(18) 5 5 7 9 ( 4 )  8854(9) 54(4) 
C(208) 8 6 5 ( 1 8 )  5 6 3 6 ( 4 )  8816(12) 73(6) 
C(209) -1158(21) 5 7 3 7 ( 5 )  9658(9) 77(6) 
C(210) -921(21) 5 1 6 1 ( 4 )  8856(11) 76(6) 
C(211) -3588(16) 5 4 5 4 ( 4 )  6210(9) 50(4) 
C(212) -4429(27) 5 6 5 9 ( 5 )  5571(15) 133(12) 
C(2t3) -2701(24) 5 1 5 6 ( 6 )  5887(16) 126(11) 
C(214) -4638(23) 5 2 3 5 ( 7 )  6672(14)  [08(8) 
C(215) -4638(23) 6737(4) 7063(8) 37(3) 
C(216) -2523(15) 6952(4) 7734(9) 48(4) 
C(217) -361(14) 6869(5) 7002(9) 52(4) 
C(218) -2525(16) 6 8 4 0 ( 4 )  6203(9) 49(4) 
C(31) -1188(17) 6962(6) 11034(10) 68(5) 
C(32) -2343(22) 6791(9) 11438(12) 118(10) 
C(33) -3046(17) 6549(6 )  10823(11) 66(5) 
C(34) -2557(15) 6695(5) 10010(9) 53(4) 
C(41) -374(14) 7 5 8 0 ( 4 )  9167(9) 45(4) 
C(42) -100(25) 7900(7) 8656(21) 144(13) 
C(43) I038(21) 7861(5) 8236(14) 93(8) 
C(44) 1 6 0 3 ( 1 4 )  7 5 0 2 ( 4 )  8429(9) 43(4) 
C(51) 4 1 1 7 ( 1 7 )  6 4 6 7 ( 6 )  9022(12) 81(7) 
C(52) 4612(23) 6163(7) 8541(16) 111(9) 
C(53) 3 9 5 7 ( 2 1 )  6202(8) 7691(I7) 132(12) 
C(54) 2767(16)  6434(5) 7827(11) 62(5) 

* Ueq was determined as I/3 of the trace of the orthogonalized 
I~j  t e u s o r .  

Cp~,Yb with PhCH=CHPh ,  did not occur even at high 
temperature. The reaction of Cp2YbCI with stilbene- 

Table 3. Selected bond lengths (d) in complex 3 

Bond d/~. Bond d/A 

Yb--O(I) 2,232(8) O(I)--C(t01) 1.34(2) 
Yb--O(2) 2.219(8) O(2)--C(201) 1.34(2) 
Yb--O(3) 2.440(9) C(102)--C(107) 1.56(2) 
Yb--O(4) 2.418(9) C(104)--C(III) 1.53(2) 
Yb--O(5) 2.445(9) C(106)--C(I15) 1.56(2) 

C(I07)--C(108) 1.52(2) 

Table 4. Selected bond angles (e~) in 
complex 3 

Angle to/deg 

O(l ) - -Yb--O(2)  149.2(4) 
O(l)--Y'b--O(3) 89.2(3) 
O(1)--Yb--O(4) 106.3(3) 
O(l)--Yb--O(5) 90.2(3) 
O(2)--Yb--O(3) 88.2(3) 
O(2)--Yb--O(4) 104.2(3) 
O(2)--Yb--O(5) 90.9(3) 
O(3)--Yb--O(4) 87.3(3) 
O(3)--Yb--O(5) 176.9(4) 
O(4)--Yb--O(5) 95.8(3) 
C(101)-O(t)--Yb 178.2(9) 
C(20t)--O(2)--Yb 173.2(8) 
O(1)--C(101)--C(102) 122.7(3) 
C(101)--C(102)--C(I07) 121.1(11) 

sodium afforded Cp2Yb(THF)2 , while the reaction of 
CpYbCh with (PhCH=CHPh)Na  2 gave a mixture of 
Cp2Yb(THF) 2 and (PhCH=CHPh)Yb(THF)2.  

THF 
2 CpYbCI 2 + 2 (PhCH:CHPh)Na 2 _NaCI j 

,,, CP2Yb(THF)2 + (PhCH=CHPh)Yb(THF)2 + PhCH=CHPh 

Experimental 

The compounds were synthesized in vacuo under condi- 
tions precluding exposure to oxygen and moisture using the 
standard Schlenk technique. THF, ether, hexane, and toluene 
were dried over sodium benzophenone ketyl. Styrene and 
piperTlene were dried over molecular sieves (4A grade) and 
distilled into a reaction tube immediately before use. The [R 
spectra were recorded on a Specord M80 instrument; the 
samples were prepared as Nujol mulls. The ESR spectra were 
obtained on a Brucker-ER 200D-ISRC instrument. Tile 
~1-1 NMR spectra were analyzed on a Gemini-300 instrument. 
The GLC analysis was performed on a Tsvet-530 chromato- 
graph (katharometer as the detector; steel 2 m x 3 ram- 
column packed with 5% SE-30 on Chromaton N-AW; helium 
as the carrier gas). Stilbene and dibenzyl were analyzed on a 
Milikhrom- IA microcolumn liquid chromatograph (UV detec- 
tor with the variable wavelength (k = 250 nm), steel 64• 
column, Separon S6X 15 mm as the adsorbent, a hexane- 
THF mixture as theeluent, 200 : I (V/ l ) ,  rate of the eluent 
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200 mm rain-a). The ytterbium content in the products was 
determined chelatometrically. The magnetic measurements were 
carried out according to a known procedure. 17 

Synthesis of (PhCH=CHPh)Yb(THF)z (1). Y'oI2(THF) 2 
([.92 g, 3.36 retool) was added with intense stirring and cool- 
ing to a solution of stilbene-lithium, which was prepared from 
trans-stilbene (1.21 g, 6.72 mmot) and Li (0.047 g, 
6.72 mmol), in THF (60 mL). The reaction mixture was 
warmed to -20 ~ stirred for 16 h, and centrifuged. The 
black precipitate that formed was twice washed with THF 
(50 mL) and dried at -20 ~ in vacuo for 0.5 h. The yield of 
(PhCH=CHPh)Yb(THF)2 was 1.40 g (84%). Found (%): 
C, 53.47; H, 6.10; Yb, 34.56. C22H~sO2Yb. Calculated (%): 
C, 53.14; H, 5.63; Yb, 34.79. IR (Nujol mulls), v/cm-I: 
1600 s, [290 w, 1160 m, 1050 m, 1030 m, 970 s, 860 m, 
760 s, 700 s. 

Oxidation of 1. Dry oxygen was added carefidly porfionwise 
(2 mL) to a suspension of complex I (0.88 g, 1.77 retool) in 
toluene (25 mL) at 20 ~ until the precipitate turned white. 
The solution was separated from the precipitate (Y10203, 0.335 g, 
95.9%). The precipitate was twice extracted with toluene 
(5 mL). Stilbene and THF were found in the toluene extract 
in yields of 0.29 g (93.4%) and 0.23 g (90.2%), respectively. 

Hydrolysis of 1. Water (5 mL) was added to a suspension 
of complex 1 (0.46 g) in toluene (20 mL). A gas evolved, and 
the precipitate was decolorized. The solution was separated 
and the residue was twice extracted with toluene ([0 nal). The 
precipitate of Yb(OH) 3 was obtained in a yield of 0.2 g 
(96.6%). Dibenzyl and THF were found in the toluene extract 
in yields of 0.16 g (95.2%) and 0.13 g (97.7%), respectively. 

Reaction of 1 with eyciopentadiene. Cyelopentadiene 
(0.5 mL, 6.09 mmol) was added to a suspension ofcomplex 1 
(0.97 g, 1.95 retool) in THF (25 mL). The reaction mixture 
was stirred for 18 h, The precipitate was dissolved, and a gas 
evolved. The reaction mixture tarned violet_ THF was removed 
in vacuo. The solid residue was extracted with toluene (10 mL) 
three times. Dibenzyl was detected in the toluene extract in a 
yield of 0.35 g (100%). Recrystallization of the solid residue 
from a THF--hexane mixture gave Cp2Yb(THF)2 in a yield of 
0.83 g (95.4%). 

Reaction of 1 with 1,2,3,4,5-pentamethylcyclopentadiene. 
CsMesH (0.2 mL, 1.21 retool) was added to a solution of 
complex 1 (0.71 g, 1.42 mmol) in THF (20 mL). The reac- 
tion mixture was stirred for 18 h. The precipitate was dis- 
solved. The reaction mixture turned dark-cherry, and a gas 
evolved. After removal of THF, the residue was heated at 60-- 
80 ~ in vacuo. Dibenzyl that sublimated (0.22 g, 83%) was 
separated, and the stil[age residue was recrystallized from 
pentane. The complex (CsMes)2Yb(THF)2 was isolated in a 
yield of 0.26 g (32%). 

Reaction of 1 with diphenylamine. N,N'-Diphenylamine 
(I.05 g, 6.23 retool) was added to a suspension of compound 
! (1.55 g, 3.12 retool) in THF (20 mL). The reaction mixture 
was stirred for 18 h. After removal of THF in vacuo, stilbene 
and dibenzyl were sublimated /n vacuo at 80 *C. The residue 
was recr)'stallized from a THF--hexane mixture to obtain the 
product [Ph2N]2Yb(THF)/ in a yield of 1.62 g (80%). Found 
(%): C, 58.78; H, 5.12; Yb, 26.89. C32H36N202Yb. Calcu- 
lated (%): C, 58.79: H, 5.55; Yb, 26.47. IR (Nujol mulls), 
v/era-I: 1610 m, 1320 m, 1175 m, 1160 m, 1080 w, 975 w, 
750 s, 730 v.s, 695 w. 

Reaction of I with 2,4,6-tri(tert-butyt)phenol. 2,4,6-Tri(tert- 
butyl)phenol (1.08 g, 4.1 retool) was added to a suspension of 
compound 1 (I.02 g, 2.05 retool) in THF (25 mL). The 
reaction mixture was stirred at ~20 *C for 6 h. The residue 
was dissolved and the reaction mixture turned bright-yellow. 

After removal of TH F in vacuo, stilbene was sublimated upon 
heating at 80 ~ (0.34 g, 93%). The residue was recrystallized 
from toluene and compound 3 was obtained in a yield of 
1.24 g (66%). Found (%): C, 62.54; H, 8.98; Yb, 18.80. 
C48Hs2OsYb. Calculated (%): C, 63.20; H, 9.05; Yb. 18.97. 
IR(Nujol mulls), v/cm-I: 1610w, 1305 m, 1265 m, 1250 m, 
1170 m, 1140 w, 1090 m, 1040 m, 970 m, 930 m, 905 m, 
890 m, 840 w, 730 v.s. IH NMR (hexametwdisiloxane) 6: 
1.35 is, 18 H, p-But); 1.46 (s, 36 H, o-But); 1.64 (s, 12 H, 
THF); 3.79 (s, 12 H, THF); 7.09 (s, 4 H, aromatic). 

Synthesis ofc0mplex 4. A solution of 3 (0.26 g, 0.28 retool) 
in toluene (I0 mL) was heated at 80--100 ~ for 0.5 In. Then 
toluene was removed in vacuo. The red solid residue was 
dissolved in toluene (15 mL) and kept at this temperature for 
6 h. Then the solution was concentrated to I/2 of the initial 
volume and cooled to ~20 ~ The red crystals that formed 
were washed with toluene and dried at ~20 ~ in vacuo for 
40 rain. Compound 4 was obtained in a yield of 0.17 g 
(0.24 retool, 85.8%). Found (%): C, 62.54; H, 8.03; Yb, 24.38. 
C36HssO2Yb. Calculated (%):C, 62.17; H, 8.34; Yb, 24_87. 
IH NMR (hexamethyldisiloxane), ~5:1.32 (s, 18 H, p-Bur 
t.34 (s, 18 H, p-But); 1.44 (s, 36 H, o-Bur 1.63 (s, 36 H, 
o-But); 7.33 (s, 4 H, aromatic), 7.36 (s, 4 H, aromatic). 

Reaction of 1 with DAD. DAD (0.74 g, 4.4 retool) was 
added to a suspension of compound 1 (0.75 g, 1.5 retool) in 
THF (20 mL). The reaction mixture was stirred at -20 ~ for 
4 h, After removal o fTHF,  stilbene was separated by sublima- 
tion in vacuo upon heating to 80 ~ in a yield of 0.22 g 
(81%). The residue was recrystallized from hexane and 
Yb(DAD) 3 was obtained in a yield of  0.78 g (77%). 

Reaction of 1 with Cp3Yb. A solution of CP3Yb (0.37 g, 
1 retool) in THF was added to a suspension of compound 1 
(0.25 g, 0.5 mmol) in THF (t5 rnL). The reaction mixture 
was stirred for 24 h. The precipitate was dissolved and the 
color of the solution changed from green to dark-violet. After 
removal of THF and heating of the residue at 80 ~ in vaeuo, 
stilbene was isolated by sublimation in a yield of 0.88 g (88%). 
Recrystallization of the residue from a THF--hexane mixture 
gave Cp2Yb(THF)2 in a yield of  0.53 g (73%). 

Reaction of Cp2YbCI(THF ) with (PhCII=CHPh-")Na +. A 
solution of (PhCH=CHPh - ' ) N a  +, which was prepared from 
stilbene (0.42 g, 2.7 retool) and Na (0.052 g, 2.25 retool), 
w,xs added to a solution of Cp2YbCI(THF ) (0.92 g, 2.25 retool) 
in THF (20 mL). The reaction mixture was stirred for 4 h. 
The color of the mixture changed from orange to violet. THF 
was removed and the residue was extracted with toluene. 
Sti{bene was found in the extract in a yield of 0.38 g (93%). 
Recrystallization of the residue from a THF--bexane mixture 
gave Cp2Yb(THF)2 in a yield of  0.76 g (76%). 

Reaction of CpYbCI2(THF)2 with (PhCH=CHPh)Na2. A 
solution of (PhCH=CHPh)Na2, which was prepared from 
stilbene (0.48 g, 2.66 retool) and Na (0.12 g, 5.22 mmol), 
was added to a solution of CpYbCI2(THF)2 (I .19 g, 2.63 retool) 
in THF (25 mL). The solution was separated from the precipi- 
tate of NaCI by decantation and concentrated in vacuo to 1/2 
of the initial volume. The insoluble black precipitate of 
(PhCH=CHPh)Yb(THF) 2 was obtained in a yield of 0.58 g 
(89%). When a small amount of hexane was added to the 
mother liquor, dark-violet crystals o f  Cp2Yb(THF)2 were ob- 
tained in a yield of 0.41 g (70_6%). The mother liquor con- 
tained stilbene (0.18 g, 78%). 

X-ray diffraction analysis of compound 3 was carried out 
on a four-circle Enraf-Nonius CAD 4 diffractometcr. The trait 
cell parameters and intensities of  8OI4 independent reflections 
were measured at 193(2) K (k(Mo-Ka)  = 0.71069 A, the 
scanning range was 2 ~ _< 20 < 45~ The crystals of the complex 
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are monoclinic, a = 0 .076(3)~ ,  b = 36.121(6) ~,, c = 
16.086(3) A. V =  5788(2) A 3, Ocalc = 1.047 g c m  -3, Z =  4; 
space group P21/c. The structure was solved by direct methods. 
which were alternated with calculations of difference electron 
density syntheses tthe SHELXS 8618 and SHELXL 93 pro- 
gram packagest9), and refined By the full-matrix least-squares 
method with anisotropic thermal parameters for nonhydrogea 
atoms. The hydrogen atoms were placed in calct, lated positions 
(C--H,  0.96 A; /Jim = 0.08 ]~2). The maximum peaks of the 
residual positive and negative electron density were 1.546 and 
-1.228 e- A -3, respectively. The refinement with the use of 
5143 independent reflections with I > 2c~(/) converged to R = 
0.0620. Rw = 0.1855, GOF = 1.060 

We thank A, V. P ro tchenko  for the  magne tochemica l  
measurements ,  V. K. Cherkasova for the ESR analyses,  
and L. G. Abakumova  for the measuremen t s  of  the IR 
spectra  and for helpful  discussion.  

This work was f inancial ly suppor ted  by the Russian 
Foundat ion  for Basic Research (Project  No. 97-03- 

33112a). 

References 

[. M. N. Bochkarev, L. N. Zakharov, and G. S. Kalinina. in 
Organoderivatives of Rare Earth Elements. Kluwer Aca- 
demic Publishers, 1995, 530 pp. 

2. C. J. Bums and R. A. Andersen. J. Am. Chem. Soc., 1987, 
109, 915. 

3. S. P. Nolan and T. J. Marks, J. Am. Chem. Soe., 1989, 111, 
8538, 

4. M. P. Andrews and A, L. Wayda, Organometaltics~ 1988, 7, 
743. 

5. P_ J. Shapiro, W. D, Cotter, W. P. Schaefer, J. A. Labinger, 
and J. E. Bercaw, J. Am. Chem. Soe., 1994, 116, 4623. 

6. W. J. Evans, T. A. Ulibarri, and J. W. Ziller. J. Am. Chem. 
Soc.. 1990, 112, 219. 

7. N. M. Atherton, F. Gerson, and J. N. Ockwell. J. Chem. 
Soc. (,4), 1966. 109. 

8. M. N. Bochkarev, A. A. Trifonov, E. A. Fedorova. N. S 
Emelyanova, T. A. Basalgina. G. S. Katinina. and G. A. 
Razuvaev. J. Organomet. Chem.. 1989, 372. 217. 

9. A. V. Protchenko. L. N. Zakharov, and M. N. Bochkarev 
J. Organomer. Chem., 1993, 447. 209. 

10. A. V. Protchenko. O. G. Almazova, L. N. Zakharov 
G. K. Fukin_ Y. T. Strnchkov. and M. N. Bochkarev 
J. Organomez. Chem., 1997, 536-537, 457. 

I1. [. L. Fedushkin, V. I. Nevodchikov, V. K. Cherkasov 
M. N. Bochkarev, H. Schumann, F. Girgsdies, F. H. 
Gorlitz, G. Kociok-Kohn, and J. Pickardt. J. Organomet. 
Chem., 1996, 51t. 157. 

12.1. L. Fedushkin, M. N Bochkarev, H. Schumann. 
L. Esser, and G. Kociok-Kohn. J. Organomet. Chem.. 
1995, 489, 145. 

13. N. S. Emel'yanova, A. A. Trifonov, L. N. Zakharov, 
M. N. Bochkarev, A. F. Shestakov, and Yu. T. Struchkov_ 
Metalloorg. Khim., 1993, 6, 363 [Russ. Organomet. Chem.. 
1993, 6 (Engt. Transl.)l. 

14, J. R. Van den Heude, P. B Hitchkock. and M. F. LapperL 
J. Chem. Soe., Chem. Comm*m., 1994, 1413. 

15. G. B. Deacon, T. Feng, P. MacKinnon, R. H. Newnham. 
S. Nickel, B. W_ Skelton, and A. H. White. Aust. J. Chem., 
1993, 46, 387. 

t6. A. V. Protchenko and M. N Bochkarev, Pribory i telchnika 
eksperimenta [Apparatus and Laboratory Technique], 1990, 
1, 194 (in Russian). 

17. M. N. Bochkarev, A. A. Trifonov, G. N. Cloke, C. 1~ 
Dalby, P. T. Matsunaga, R. A. Andersen, H. Schumann, 
J. Loebet, and H. Hemling, J. Organomet. Chem., 1995. 
486, 177. 

18. G. M. Scheldrick, SHELXS 86, Program for Crystal &rue- 
ture Determination_ Universitat Gottingen, 1986. 

19. G. M. Scheldrick, SHELXL 93, Program for Crystal Struc- 
ture Determination, Universit~t Gottingen, 1993. 

Received April 8, 1998 


