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Abstract

Reaction of (Me C5)2Yb with the platinum olefin complex,'(Ph3P)2Pt(C2Hu)
gives the first olefin complex of a lanthanide metal,
.(Me5C5)2Yb(u-Q2Hu)Pt(PPh3)2, as shown by X-ray crystallography.



Insertion of an olefin into a metal-carbon bond is a fundamental and a
reasonably well-known process in d- and f-transition metal organometallic
chemistry.1 It is generally assumed that coordination of the olefin to the
metal center is a prerequisite to insertion though no olefin complexes of an A
f-transition metal have been isolated, in contrast to the enormous number of W
olefin complexes of the d-transition metals as well as the monovalent coinage

6--ar'ene and n2

metals.2 Recently the n -acetylene complexes,
(Me6C6)Sm(AlClu)33a and (Me5C5)2Yb(MeC5CMe),3b have been characterized showing
that n-complexes of the lanthanides can be isolated.

We have observed that the bent, base-free compound, (Me,SC,j)sz,l‘a
initiates the polymerization of ethylene, though not that of propylene nor
styrene,ub the mechanism of which is unknown though it presumably involves an
n2-ethylene coordination complex. These studies encouraged us to try to
isolate an olefin complex of an f-transition metal. In order to isolate such
a complex, we postulated that an olefin with sterically small electron-donor
groups rather than electron-withdrawing groups would maximize the Lewis
basicity of the olefin donor orbitals. One way of creating such an olefin is
to use a Pt(0) complex with ethylene, (n2-C2Hu)Pt(PPh3)2;5 the olefin is
electron-rich since Pt(0) is a good n-donor,

Addition of white (n2-C2H4)Pt(PPh3)2 to a toluene solution of (Me5C5)2Yb:
gives a red solution from which deep red needles of the adduct (I) may be
isolated, mp 178-180 °C. The infrared spectrum (Nujol mull) is not greatly
different from the superposition of the spectra of the individual molecules
and the solution NMR spectra are consistent with a chemically exchanging v
system. The TH NMR spectrum of (Ph3P)2Pt(CzH4) in CgDg (30 °C, 500 MHz) shows
the ethylene protons at § 2.63 and J Pt-H = 60 Hz. The ethylene protons of

(I) are observed (CgDg,y 30 °C, 90 MHz) at & 2.18, J Pt-P = 56 Hz but the line



W

is broadened and no other coupling information is available. At 500 MHz, 30
°C, C6D6’ the ethylene protons are not observable but at 50 °C a broadened
triplet begins to appear at § 2.23 which does not appreciably sharpen to 90
°C. At -70 °C in C7D8 (500 MHz) the MeSCS resonance is broadened and overlaps
with the ethylene resonance. This behavior is characteristic of a chemical
exchange process that is rapid at high temperature, intermediate at 30 °C and
apparently not stopped at -70 °C.6

Although the solution spectroscopy is ambiguous relative to structure,
the solid state structure determined by X-ray diffraction at -80 °C is shown
in the Figure.7 The (Ph3P)2Pt and (Me5C5)2Yb portions of (1) are only
slighfly perturbed rela;ive to uncomplexed (Ph3P)2Pt(n2-CzH4)5b and
(Me5C5)2Yb(thf‘).8 The averaged Pt-P and Pt-C distances are 2.268 * 0.002 & ,
2.111 £ 0.003 & and 2.275 * 0.005 A and 2.084 + 0.001 & in (Ph3P)2(n2-C2Hu)
and (I), respectively. The P-Pt-P and C-Pt-C angles in (Ph3P)2Pt(n2-C2H4) and
(I) are 111.6(1)°, 39.7(4)° and 106.31(3)°, 40.3(1)°, respectively. The
averaged Yb-C(MeSCS) and Yb-MegCg ring centroid distances and the MegCg ring
centroid-Yb-MegCg ring centroid angle in (MegCg),Yb(thf) and (I) are 2.66 =
0.01 &, 2.37 &, 143.5° and é;é% t_OibéVA, 2.39 &, 142.3°, respectively. The
Yb-C(1,2) distances in (1) are 2.770(3) & and 2.793(3) & which average to
2.781 * 0.006 & and the C(1)-Yb-C(2) angle is 29.9(1)°. In (MegCs),Y¥b(n®-
MeCeCMe) the equivalent parameters are 2.850 + 0.010 & aﬁa‘23.4(1)°.3b The
Yb-C (olefin) distance in (I) is similar to the divalent Yb to semi-bridging
methyl distance in Yb[N(SiMe3)2]2(dmpe)ga of 2.77 & and 2.86 &, in
Na[N(SiMe3)2]39b of 2.86 & and 2.91 &, and in Yb[N(SiMe3)2]2(Me3Al)29° which
range from 2.756(2) & to 3.202(3) &. In addition, the Yb to olefin distance is
intermediate between the long and short bridging Lu-C distance of 2.756(9) &
and 2.440(9) &, respectively, in (MeSCS)uLuz(Me)(u-Me),1i since Lu(III) is ca.

0.1 & smaller than Yb(II) in a given coordination number . 94



The bridging olefin portion of (I) is the structural feature of principal
interest. The hydrogen atoms on the olefin of (I) were located and refined
isotropically whereas they were not located in (Ph3P)2Pt(n2-CZH4).8a The
averaged C-H distance is 0.96 * 0.06 &, the averaged H-C-H, H-C-C, and H-C-Pt -
angles are 117.1 2 O.3°, 117.8 £ 2.7°, and 112.2 £ 3.5°, respectively. The C- | '
C distance in (I) of 1.436(5) & is the same as that in (Ph3P)2Pt(n2—C2H4) of
1.43(1) &. In addition a, the angle between the normals to the planes defined
by the hydrogen atoms, is 52.7°.20 The intersection of the planes defined by
H(1)C(1)H(2) and C(1)C(2)Pt, H(3)C(2)H(4) and C(1)C(2)Pt are 89.0 and 85.7°,
respectively. Intersection of the PtC(1)C(2) and YbC(1)C(2) planes is
15.1°. This bending results in moving two of the four hydrogen atoms, H(1l,3),
towards the electropositive ytterbium atom, the averaged YbC(1)H(1l) and
YbC(2)H(3) angles being 69.5 * 0.6° and the averaged YbC(1)H(2) and YbC(2)H(4)
angles being 100.0 * 1.4°, The bending results in two types of Yb...H contact
distances, YbH(1) = 2.58(5) &, YbH(3) = 2.64(3) &, YbH(2) = 3.09(4) & and
YbH(4) = 3.15(3) &. The shorter pair of distances is similar to those found
in the semi-bridging methyl to divalent Yb distances in which two of the three
hydrogens on each methyl group approach the ytterbium atom at distances of
2.53, 2.63, 2.72 and 3.13 & in Yb[N(SiMe3)2]2(Me3Al)29C and the Yb...H contact
distances of 2.77 and 2.86 & in Yb[N(SiMe3)2]2(dmpe).9a The Yb...H distances
are substantially longer than those found in the bridging hydrides,

CpyLus(thf),(u-H), of 1.98(6) & and 2.13(6) & and [Na(thf)é][Cp6Lu2(u-H)] of

-

2.09 .10
The Pt(CZHu)Yb interaction in (I) is obviously a weak interaction not &
unlike the d-transition metal olefin-alkali metal interactions found by Jonas

and Klein. !
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An ORTEP diagram of (I), the ellipsoids, represent 50% probability surfaces,
except those of the hydrogen atoms on the ethylene unit which are arbitrary.
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Table of Positional Parameters and Their Estimated Standard Deviations
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Table of Positional Parameters and Their Estimated Standard Deviations (cont.)

.2
Atom x y z B(A )
c211 B8.1363(4) #.2614(3) g.9387(2) 1.96(8)
c212 B.8569(4) B.2547(3) -6.08279(2) 2.55(9)
C2i13 g.1197(5) 0.2434(3) -9.8935(2) 3.2(1)
C214 9.2612(5) 8.2397(3) -06.0938(2) 3.4(1)
c215 f.3412(8) 0.2454(3) -0.08295(2) . 3.5(1)
c216 8.2811¢4) 0.2572(3) B.0375(2) 2.88(9)
c221 -0.08527(4) g.1678(3) 8.1380(2) 1.98(8)
cz222 -@.0841(4) 8.09097(3) 0.9844(2) 2.39(9)
€223 -9.1660(5) B.9069(3) 9.0986(2) 3.8(1)
c224 -9.2166(5) -0.0028(3) 9.1665(3) 3.3(1)
€225 ~@.1885(5) 0.8732(3) 0.2210(2) 3.3(1)
C226 -8.1056(4) £§.1582(3) 0.2874(2) 2.768(9)
€231 -@.0656(4) 0.3494(3) B.1450(2) 2.34(8)
c232 -g.9111(5) 0.4421(3) 8.0952(3) 3.4(1)
c233 -8.0977(6) 0.4983(3) B.4759(3) 4.8(1)
C234 -@.2413(5) 0.4659(4) P.8670(3) 4.7(1)
C235 ~-@.3609(5) 0.3753(4) 0.8766(3) 5.3(1)
c236 -0.21408(5) #.3165(4) 9.9955(3) 3.8(1)
H1 B.487(5) 5.489(4) 8.292(3) 6(1)*
H2 #.294(5) 0,450(3) 8.351(2) 5(1)*
H3 9.230(4) 8.521(2) 0.218(2) 2.1(8)*
H4 4.112(4) B5.479(3) 8.273(2) 2.8{(9)*
* -~ Atoms refined with isotropic thermal parameters.

Anisotropically refined atoms are given in the form of the
isotropic equivalent thermal parameter defined as:
2 2 2

(4/3) * [a *B(1,1) + b *B(2,2) + ¢ *B(3,3) + abl(cos gamma)*B(1,2)
+ ac{cos beta)*B(1,3) + bcl(cos alpha)*B(2,3)]



Table of Positional Parameters and Their Estimated Standard Deviations (cont.}

Atom x y z B(A )
H112 8.5116 B8.1704 B5.3657 5.5%*
H113 8.7538 0.2268 0.4088 5.5%»
H114 0.8947 0.3527 B8.3640 §.5%=*
H115 9.8006 9.4235 g.2711 §.5**
H116 g.5578 8.3707 9.2309 5.5%%
H122 A.5409 8.1708 8.1705 S, x>
H123 2.5407 4.9476 0.0746 S.0**
H124 9.3348 -g.8727 f.8444 5. 0%w
H125 9.1257 ~0.0682 f.1825 5.0*%
H126 fg.1202 #.08592 9.1952 5.0**
H132 B.1441 9.2919 #.3584 §5.0%%
H133 g.9137 #.2368 #.4569 5.0%%
H134 0.68257 .0903 8.4883 7.0%%
H135 g.1628 ~9.08208 0.4208 7.6%%
H136 2.2879 0.0549 9.3224 7.0%%
Hi161 2.5024 g.5712 9.0917 §,5%»
H162 B.4796 0.5094 #.1543 5,6*%
H163 a,3507 B.5405 9.1192 §.5%%
H171 B.7849 9.6349 9.2256 §.6%*
H172 B.7501 0.6392 9.3472 §.5%%
H173 #.6698 #.5556 0.2506 5,6%*
H181 2.7880 B8.8602 Q.3047 - 5,5%%
H182 B8.6769 0.8698 9.3624 §.5%*
H183 8.7557 0.7877 4.3594 §. 5%
H191 0.4972 09.9300 8.2272 5.5%*
H192 0.3472 0.8864 B.2528 5.5**
H193 9.4788 0.9173 8.3089 §.6%%
H201 9.3936 0.7454 a.08985 §.65%*
H282 8.2172 0.6594 0.1304 5.5%*
H203 g.2191 B8.7596 8.1673 §5.5%*
H212 -9.0431 B.2567 ~0.0275 5.0%*
H213 - B.0645 8.2383 -9.1396 5.09%*
H214 8.3677 f.2344 -9.1386 5.5%*
H215 9.43989 0.2383 -9.93089 B.gx*
H216 B.3367 U.2641 0.0828 5.0%%
H222 -B.0498 &.0965 #.0368 S.G**
H223 -9.1878 -0.9473 2.0609 S.g**
H224 ~-9.2693 ~0.9630 2.1763 5.0%%
H225 -9.2302 U.0671 9.2677 S.**
H226 -9.6837 g.2126 0.2452 S.0%*
H232 A.6903 ¥.4678 9.1933 S.0%*
H233 -9.6540 3.5632 2.06699 7.5%%
H23 -9.3043 #.5053 9.9533 7.0%*

H23% -0.4042 #,3508 g.0690 7.g%*

_'["[ -



Table of Positional Parameters and Their Estimated Standard Deviations (cont.)

e e = et s e . . e T S e = e = e e e e s G v o G e . S e e s e e —

.2

Atom x y 2z B(A )
H236 ~9.2578 B8.2528 g.1931 - 0.G**
H261 B.8788 0.8212 B.4234 7.8%*%
H262 g.1727 B.8443 8.3628 7.0%%
H263 B.9479 8.7558 #.3494 S Lk
H271 G§.4181 0.9932 8.5408 T.0%*%
H272 9.5387 8.88609 9.4531 7.8%%
H273 B.4077 B.9091 G.4173 7.0%%
H281 8.5629 #.7162 9.5480 7.8%%
H282 0.5804 9.6413 #.4846 7.09%*
H283 B.6258 8.7467 08.4763 7. %%
H291 8.2674 9.5298 #.5331 7.0%%
H292 9.230% B.4776 0.4540 7.0%*
H293 " $.3896 B#.5157 #.4835 7.0%%
H3081 T -0.4291 0.5864 . 9.4522 7.0%*%
H302 -9.8257 B.6012 5.3703 7.0%%
H383 g.49288 0.5186 9.3968 7.8**
CP1 8.51158 8.7201 9.2292

cp2 f.2909 9.6949 9.4480

*s -- Atoms included but not refined.

—z'[-



1

Name

Table of General Temperature Factor Expressions - B's

1.801(6)
2.248(7)
2.0404)
1.72(4)
3.142)
2.8(2)
2.4(2)
2.3(2)
1.7(2)
2.7(2)
2.5(2)
3.8(2)
2.7(2)
3.3(2)
4.2(2)
2.9(2)
3.2(2)
4.8(2)
3.3(2)
4.3(2)
3.3(2)
5.6(2)

1.496(6)
1.875(7)
1.87(4)
1.86(4)
1.6(2)
1.9(2)
2.8(2)
2.8(2)
2.8(2)
2.5(2)
2.9(2)

4.4(2)

4.6(2)
4.5(2)
2.8(2)
4.9(2)
2.6(2)
2.1(2)
3.3(2)
2.8(2)
2.8(2)
5.0(2)

1.838(6)
1.916(6)
1.92(4)
1.96¢4)
3.8(2)
3.1(2)
2.3(2)
3.8(2)
2.9(2)
2.8(2)
2.1(1)
3.8(2)
§.3(2)
4.2(2)
4.0(2)
3.4(2)
2.7(2)
2.2(2)
2.8(2)
2.9(1)
2.5(2)
5.8(3)

B(1,2)

2.207(5)
8.205(6)
8.35(3)
#.33(3)

8.8(1)
g.3(1)
g.7(1)
g.8(1)
-8.1(1)
g.401)
g.401)
8.7(2)
1.4(2)
-8.2(2)
1.1(2)
9.8(2)
g.9(1)
g.1(2)
g.5(2)
1.8(2)
8.4(2)
3.2(2)

B(1,3)

B.084(5)
g.380(6)
£.19(3)
B8.24(3)

-8.3(2)
#.5(1)
g.8(1)
g.8(1)
g.3(1)
f.8¢(1)
B.7(1)
1.2(2)
9.7(2)

-g.3(2)
1.1(2)
g.8(2)
g.7(1)
Bg.7(1)
8.2(1)
1.2(1)
1.1(1)
1.1(2)

g.828(8)
9.141(6)
0.97(3)
B.09(3)
-9.1(1)
g.2(1)
g.7(1)
1.0(1)
1.2(1)
1.8(1)
1.8(1)
-g.1(2)
1.6(2)
8.7(2)
1.2(2)
1.2(2)
-g.1(1)
B AC))
g.1(1)
g.5(1)
g.1(1)
f.7¢2)

Beqv

1.756(3)
1.950(4)
1.
1.
2.
2.
2.
2.
2.
2.
2.
3.
4.
4.
3.
3.
2.
2.
2.9(1)
2.
2

5

97(2)
87(2)
70(9)
64(9)
45(9)
64(9)
51(9)
62(9)
46(9)
8(1)
g01)
2(1)
5(1)
7(1)
86(9)
9(1)

956(9)

.93(9)
2(1)



A

Name

ca27
c2s
€29
oxc] )
Cill
cii12
C113
Cil4g
Cils
Clié
cizl
c122
c123
C124
Ci25
C126
C131
€132
C133
C134
C135%
C136

Table of General Temperature Factor Expressions - B's

(Continued)

6.7(3)
4.6(2)
7.7(3)
3.5(2)
2.2(2)
3.6(2)
3.5(2)

| 2.3(2)
2.1(2)
2.4¢(2)
2.98(1)
2.8(2)
4.8(2)
4.6(2)
3.3(2)
3.1(2)
2.1(2)
2.9(2)
3.7(2)
7.8(3)

19.2(3)
6.3(2)

2.8(2)
6.3(3)
3.5(2)
4.8(3)
2.5(2)
4.3(2)
6.6(2)
4.2(2)
3.8(2)
2.4(2)
2.8(1)
2.7(2)
3.9(2)
3.1(2)
2.3(2)
2.2(2)
2.3(2)
2.6(2)
3.4(2)
3.7(2)
2.5(2)
2.7(2)

B(3,3)

4.1(2)
3.1(2)
3.8(2)
5.6(2)
1.9(1)
2.6(2)
2.4(2)
4.5(2)
6.3(3)
4.1(2)
2.8(1)
2.4(2)
2.4(2)
2.4(2)
3.2(2)

2.8(2)

2.4(2)
2.2(2)
3.3(2)
4.6(2)
6.8(2)
4.3(2)

B(1,2)

1.8(2)
1.6(2)
-8.2(2)
B.6(1)
1.4(2)
2.6(2)
1.1(2)
B.7¢(2)
g.9(1)
#.6(1)
g.4(1)
2.8(2)
1.8(2)
g.4(2)
-B.7¢(1)
g.2(1)
8.7(1)
1.802)
1.8(2)
1.8(2)
1.7(2)

B{1,3)

1.2(2)
-8.1(2)
1.402)
1.9(2)
-g.1(1)
98.4(2)
-9.4(2)
-9.5(2)
8.1(2)
-9.2(2)
-8.0(1)
0.4(1)
g.8(1)
8.0(2)
-8.1(2)
8.1(1)
0.3(1)
8.4(1)
1.9(2)
3.2(2)
5.2(2)
2.3(2)

B(2,3)

-8.7(2)
2.1(2)
1.1(2)
-9.4(2)
-9.2(1)
9.6(2)
g.1(2)
-1.3(2)
-g.8(2)
0.3(2)
g.1(1)
#.1(1)
0.3(2)
-0.7(%)
-9.2(2)
-0.3(1)
g.3(1)
#.5(1)
2.4(2)
1.6(2)
1.6(2)
1.0(2)

Beqv

4.8(1)
4.6(1)
4.6(1)
4.9(1)
2.24(8)
3.4(1)
4.6(1)
3.8(1)
3.8(1)
2.96(9)
1.99(8)
2.68(9)
3.3(1)
3.3(1)
3.8(1)
2.72(9)
2.29(8)
2.54(9)
3.4(1)
5.2(1)
6.0(1)
4.2(1)

u—h‘[c-



Name

c211
c212
c213
c214
€215
€216
c221
c222
c223
c224
c225
€226
c231
- c232
€233
c234
€235
€236

Table of General Temperature Factor Expressions ~ B's

{Continued)

o e - - - - e - e = e = - = e e e e Y T S e = ae e e tm e ha v e

8(1,1)

2.3(2)
2.8(2)
5.8(2)
5.8(2)
2.8(2)
2.4(2)
1.3¢1)
2.4(2)
2.8(2)
2.8(2)
2.9(2)
2.5(2)
2.1(1)
3.5(2)

6.6(3)

5.4(2)
2.7(2)
2.4(2)

B(2,2)

1.8(1)
2.3(2)
2.5(2)
2.1(2)
4.1(2)
3.3(2)
2.3(2)
2.3(2)
2.5¢(2)
2.4(2)
3.5(2)
2.7¢(2)
3.3(2)
2.4(2)
3.6(2)
6.1(2)
9.72(3)
§.2(2)

B(3,3)

2.3(1)
2.5(2)
2.1(2)
2.9(2)
3.5(2)
2.9(2)
2.1(1)
2.2(2)
3.4(2)
4.4(2)
3.4(2)
2.9(2)
1.6(1)
4.3(2)
4.9(2)
3.9(2)
4.4(2)
3.9(2)

B(1,2)

~g.08¢1)
#2.6(1)
g.8(2)
8.3(2)
9.4(2)
g.2(2)
#.1(1)
-g.48(1)
#.1(2)
-ﬂ.ZfZ)
#.2(2)
8.5(1)
1.86(1)
1.0(2)
2.6(2)
4.0(2)
3.4(2)
1.8(2)

B(1,3)

g.4(1)
8.1(1)
8.5(2)
2.8(2)
1.3(2)
8.6(1)
8.1(1)
8.3(1)
-8.1(2)
g.7(2)
1.3¢1)
8.6(1)
8.0(1)
-8.3(2)
-9.5(2)
9.5(2)
8.3(2)
8.3(2)

"B(2,3)

-g.1(1)
g.2(1)
8.2(1)
g.1(1)
g.3(2)
8.6(2)
g.2(1)
g.2(1)
g.8(2)
1.8(2)
1.8(2)
2.3(1)
-8.3(1)
g.3(2)
g.4(2)
g9.7(2)
0.7(2)
9.6(2)

Beqv

1.96(8)
2.55(9)
3.2(1)
3.4(1)
3.5(1)
2.88(9)
1.98(8)
2.39(9)
3.8(1)
3.3(1)
3.3(1)
2.78(9)
2.34(8)
3.4(1)
4.8(1)
4.7(1)
5.3(1)
3.8(1)

The form of the anisotropic thermal parameter is:
2

2 2 2 2 2
expl-#.25Ch a* B(},1) + k b* B(2,2) + | ¢* B(3,3)"
+ 2kib*c*B(2,3))]

+ 2hka*b*B(1,2) + 2hla*c*B(1,3)

, where a*,b*, and c* are reciprocal lattice constants.
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