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Abstract

The fifstllanthanide—tertiary phosphine complex, Yb[N(SiMe3)2]o-

[Me pPCHCH7PMe 3] has been prepared and.structurally-characterized

by X-ray methods. = Of mbre importance, howeyer,_is the observation
thét a'methyi group on each of the (Me3Si) N ligands is very close
to the ytterbium afom (the Yb-C(5) contact is ca. 3 A). ‘This
_interaction is interpreted as_being important in”the hydrocarbon
activationvof the silylamide group in other metal (U, Th, Ti, HE
- or Zr) compiexes, leading to eliminétion bfva y-hydrogen atom

to form the metallacycle shown below (R=alkyl, hydride).

R | ’/CHz :
LnM’/ | > LnM \‘SlMez ~+ . RH
\N(SiMe'3)2 \ /

SlMe3



The 4f-block metals have a rich coordination chemistry with
nitrogen‘and oxygen ligands.la In contrast only one example of
a tertiary phosphine complex of a lanthanide metal Cp3YbPPh3, has
been claimed.lP=® Lanthanide ions are generally thought to be
the examples of class Alf or hard 19 Lewis acids. Thus, the most
thermodynamically stable complexes are formed between nitrogen
and oxygen donors and lanthanide acceptors rather than between
phosphorus and sulfdr donors. The isolation of phosphine complexes
of the actinide metals (thorium or uranium) of the type MX4(dmpe) o,
where dmpe is bis~l,2—dimethylphosphinoethane and X is halide, |

alkyl, or phenoxide?22

and U(Me5C5)2H(dmpe)2b suggésts that phosphine
complexes of the lanthanide metals should be isolable. A synthetic
route to such coﬁpounds-would seem to reqﬁire lanthanide complexes

_ with empty coordination sites or ligands that are readily displaced
by tertiary phosphines.

We have described a preparation of the divalent Eu[N(SiMe3)2]2L2,
where L=tetrahydrofuran or 1l,2-dimethoxyethane, which utiliées
éodium naphthalene as a reducing agent.3 This synthetic method
is only applicéble in relatively strong donor solvents, and was
unsuccessfﬁl in the»preparation of ytterbium(II) derivatives.

A much improved synthetic scheme, which allows preparation of"

europium(II) and ytterbium(II) silylamides in the weaker donor

solvent diethyl ether, is shown below.

Yb[N(SiMe3)212(0Ety) o

OEt) (I)
MI, + 2NaN(SiMe3),

NaEu[N(SiMe3)213

(II)
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The type of product isolated‘is metal-dependent. With
ytterbium, crystallization from diethyl ether yields the bis-
(diethyl ether) complex (1)4, whereas for europium, similar
crystallization conditions give the anionic complex (II).°  The
different types of complexes can be explained by noting that in
a given coordination number, the ionic radius of'Eu(II) is ca.
0.1 A greater than that of Yb(II).6 Since two diethyl molecules
are less sterically demanding than a silylamide group, the latter
is more readily accomodated about the coordination sphere of the
larger Eu(II) ion‘. The preparation of pentane-soluble complexes
of M[N(SiMe3)3]7, where M=Eu or Yb, with the relatively weak
donor ligands [N(SiMe3)2]" or OEtz are suitable reagents fer
preparation of phosphine complexes of M[N(SiMe352]2 by way of
displacement reactions. | -

The coordinated diethyl ether in (I) is displaced by 1,2~
dimethylphosphinoethane (dmpe) giving purple, diamagnetic
Yb[N_(SiMe3)2]2(dmpe).'7 An ORTEP drawing is shown in Figure 1.9
As this is the first lanthanide phosphine cdmplex to be
structurally characterized, no bond length data are available
for comparison.  However, a value for the Yb-P bond length can
be estimated from the value of 3.104 * 0.006 A found in the

4 The ionic radius of four

eight coordinate U(OPh)4(dmpe)2.2
coordinate Yb(II) is estimated to be ca. 0.1 A less than that
of‘eight coordinate U(IV).6 Thus, the.estimated ¥Yb-P bond
length of 3.0 A is close to the actual value of 3.012(4) A.
Inspection of the bond distances and angles (Figure 2)

in the N(SiMe3)3 ligands, which are related by two-fold mole-

cular symmetry, reveals distortions that result from an inter-
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action between the C(5) methyl group ahd the ytterbium atom as
shown in Figure II. The Yb-N-Si(l) bond angle of 108.5(6)° is
less than the ¥Yb-N-Si(2) angle of 121.0(7)°. The latter angle

is normal since_it lies in the range found for other metal
silylamides (121.5 * 4.5°).10 1n addition the N-Si(1)-C(5) angle
of 106.3(7)° is smaller than the_other N-Si(l)—C(4,6) and
N—Si(2)—C(7;8,9) angles which average to 115.4 + 0.8° and

112.1 £+ 1.5°, respectively. This is accompénied by an opening

of the Si(l)-N—Si(Z) angle to 130.5(8)° which is larger than is.
observed in metal-silylamides which average to 119.5 * 3.6°.10
The Yb-C(5) intefaction éppears to lengthen the bond distances
within the incipient metallacylic ring [YbNSi(l)C(S)] relative

- to the normal YbNSiC(Me) group, though these bond distances aré
not statistically significant. Thus, the N-Si(l) distance of
1.691(13)A is equal to that of the N-Si(2) distance of 1.667(13)A.
Further, the Si(l)-C(S) distahce’of 1.896(20)A is not signi-
ficantly different from the other two Si(1l)-C(Me) distances of
1.861(20) and 1.872(16)A.

The Yb?C(S) Separation is less than the sum of the van der
Waals radius .of a methyl group-kZ;O R) and the divalent metallic
radius of ytterbium (1.7 2),11 but longer than the Yb(III)-
C(methyl) distances of 2.57 A in [szYb(u—Me)]zalza Thus, the
C(5) carbon atom, and two of the three hydrogen atoms bonded to
it, are closer than expected to the metal atom. These three hydfogens
were located and refined isotropically to reasonable teﬁrahedral
postions about C(5) and no distortion due to presence of the ytterbium
was observed. The Yb-H distances refined to 2.76(8); 2.85(6) and

3.18(1) A, and the H-C(5)-H bond angles are 110, 105 and 113° as

‘o’



shown in Figure II.

Geometrically, the ytterbium—C(S).methyl interaction resembles
‘the situation observed for compounds in which a methyl
group bridges two metals, i.e. [Cp,Y(u-Me)],, 123 [Cp,¥b(n-Me)],, 122
[CP,Yb (u-Me) ,AlMe,], 12P and [alMes],.12¢ 1n [Cp,¥(n-Me)],
and [AlMe3], the hydrogen atoms on the methyl groups were located
and théy point away from the metal atoms, ruling out a direct metal-
hydrogen interaction. The M-(uC)-M angles in fhese alkyls
are 87° in [Cpy¥b(u-Me)]p, 88° in [CppY(u-Me)]z, 83 and
78° in (CpyYb(u-Me)AlMep], and 76° in [AlMe3]lp. The
'Yb...C(5)S8i(1) angle is 79.9(7)° in Yb[N(SiMe3)32]2 (dmpe). It
is therefore appealing to the yiew Yb—methyi group as semi-bridging
the electropositive ytterbium atom. The postulate that the
interaction is primarily due to a metal-carbon rather than a
metal-hydrogen interaction is consistent with the expected
charge distribution (on the basis of reiative electronegativity-

values) shown below.

This is in contrast to the situation found in transition metals
in - which M...HC interactions are observed.l3

This model for the metal-carbon interaction in'Yb[N(SiMe3)2]2—
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(dmpe) 1is impoftant in defining the role of the metal atom in
[ (Me3Si) oN] 3MMe (M=Th, U) compounds in activating the y-Hydrogen

atoms on the silylamide 1igands.14

The M...CH5 interaction
should increase the acidity of the hydrogen atom on the methyl
grodp, promoting alkane elimination through a_four-center transition
state, as previously described. Therefore, a M....CH3Si inter-
action may be important in metallacycle formation, and an
oxidative addition process, which is doubtless endothermiC~for
these tetravalen£ metals, is not required.

The anionic europium complex; II, also undergoés reaction
with dmpe, giving an orange, parahagnetic complek of empirical
formula Eu[N(SiMe3)2]2(dmpe)l.5.15 The eufopium complex, II,
and the ytterbium complex, I, yieid 2:1 complexes with tri-n-
butylphosphine of composition M[N(SiMe3)2]2(PBu3n)2, where M is

Eul6 or vb.17
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Orange prisms from pentane (-10°C). Anal. Calcd for

C21HgoN2EuP3Sig: C, 36.1; H, 8.67; N, 4.01; P, 13.3.

Found: C, 35.4; H, 8.34; N, 3.80; P, 13.0. The lH NMR

- spectrum of a benzene extract of a solution of the the

(16)

(17)

complex which had been hydrolyzed with D30 showed resonances
due to DN(SiMej3), and dmpe in area ratio 2:1.5.

Orange crystals from pentane (-70°C), mp 48-49°C. Anal. Calcd

for C3gHooNEuP,Sig: C, 49.3; H, 10.3; N, 3.19; P, 7.06.

Found: C, 49.0; H, 10.2; N, 2.79; P, 6.82. The paramagnetic
complex, ug = 7.4 B.M. (Evans' method, 30°C, PhH), was
hydrolyzed with water and the lH NMR of an aliquot in benzene

gave resonances due to (Me3Si)2NH and PBu3n in a 1:1 molar

~ratio.

Brown-red prisms from pentane (-70°C), mp 46-48°C. Anal. Calcd

for C3gHgoNyP2Sis¥b: C, 48.1; H, 10.1; N, 3.12, P, 6.89.

Found: 48.8; H, 10.0; N, 2.87; P, 7.47. I1H NMR (26°C, PhH-d¢):

§ 0.48,s, 36H, N(SiMe3)p; 1.00, an apparent triplet with the
separation between the outermost lines being 12 Hz, 18H, v
P(CHpCH2CHCH3) 3; 1.49 an apparent singlet, 36H, P(CHCHCH7CH3) 3.
13c{lH} NMR (26°C, PHH-dg): & 6.27,s,N(SiMe3),; 14.0,

an apparent singlet due to the y-C of PBug; three apparent

doublets at 24.9 (separtion of 10 Hz), 26.9 (separation of 10 Hz)
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and 28.3 (separation of 11 Hz) due to t@E_SEEEEgEEEQQﬁQQLbOH

-

———————a&toms. S P{'H} NMR (26°C, PhH-dg), & -29.6. The

coordination chemical shift is zero.
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Figure Captions

Figure I.

Figure II.

An ORTEP diagram of Yb[N(SiMe3)2], (dmpe). Some bond

lengths and bond angles are: Yb-N'= 2;331(13)A;
Yb-P = 3.012(4)A; N-Yb-N = 123.6(6)°; P-Yb-P =

68.4(2)°; N-Yb-P = 101.2(3)°.

A line drawing showing the Yb-C(5) interaction. The
bond angles are in degrees and the bond lengths are

in angstroms.

W
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Table A: Positional Parameters for [(Me3Si))N]Yb(MePCHCHyPMej)*

ATOM A ) 4 Y 4
Y8 0 0 - 8
o 221941(4) e0053(2) «35440(14)
N e097(1) «1031(7) 0022€E(4)
SI(1) =e1801(4&) 208271(2) «06602(12)
sI(2) =o03807(4%) ¢1802(2) -,00380¢12)
c(1) «343(2) =o016 (1) 00217 1(8)
ct(2) «251(2) -e(48(1) «1010(7)
ct3) 0252(3) «092(1) «0745(8)
€(4) -e341(2) +075(1) 05428 (8)
c(s) =0125(2) -o007 (1) «3863(8)
.C(8) -e172(2) e14358(8) 1127 (€)
cw?) -o059(3) ¢2596(9) «0317(8)
c{s) e 053(2) «175(1) «o0334(5)
c(9) -qo2(08(2) 0200 (1) - 0409(E)
H(12) o J47(7) -o00€(3) «090(2)
H(13) -e143(8) =-e033(5). +067(3)
H(14) ®e153(9) =o019(5) «e117(¢3)
H(1) «3518 <4067 0018
H(2) o5 169 0 «0363
H(3) 03229 -e0324 01134
H(WL) 02555 =e0953 . «0933
H(S) «1889 o062 «1216€
H(6) 02622 0124 o0512
H{?) 03228 « 03899 o091
H(8) ¢1894 01077 ~«0923
H(9) . -e3527 « 03480 +0339
H(10) =¢3€9 «1187 005637
H(11) -e3809 «0629 «0804
H(15) =e194€ 01322 «1036
H(16) -qe0911 o143 01224
H(17) =-qe2198 «1297 «1351
H(18) «010% 02528 000684
H(19) =e124€ « 2649 « 0499
H(20) =o 0499 « 201 00142
H(z24) o438 e1368 -.03584
H(22) «1199 01665 -e0210
H{23) e 062 02186 «e053%
H{24) -eo2787 02028 -e0245
H(25) - wgq214¢ « 1626 -+0615
H(26) -e1947 02640 «e 0551

* Estimated standard deviations are in parenthesis, Hydrogen

~atoms H(1l) through H(26) were estimated but are not refined.

in the least-squares procedure.
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Table B. Thermal parameters in the [(Me3Si))N]yYb(MeyPCHyCHyPMej)
structures*

ATOM B11 822 B33 B12 B43 823 EEQ
Yg 2+2€(3) J,57() 5.29(3) 1} 0 =e24(%) Je71(2
P 4e2(2) €+31(2) €.2(2) -e5(1) «1,3(2) -e3(2) 5¢5(1)
N 4¢51(8) Se€(7) 5. 5(5) ~e7(5) =1.1(5) +5(5) 5¢3(3)
SI(1) J.3(1) 545(2) €es2(2) -e3(2) «2(1) ~e7(2) S.0{1)
SI(2) he6(2) 4e3(2) €«9(2) o71(1) . -el1(2) «1(2) . 5¢3(1)
c1) 4e21(8) 10.1(14) 10.9(13) «1(8) «2.,3(8) -e2(11) Bek(7)
c2) Te3010) 9,7(13) 104(12) -e2(11) «3,7{(110) 1.3(11) 9.1 (7)
c3) 1¢.8(22) 10.3(15) 12.0(15) cbel (16) «8.,0(1€) =e5(1) 12,7020
C(4) 4.91(3) 13.0017) 11.1(13) =-e5(11) u(9) -108(12) 9.,7(8)
c(s) €e5(10) 6.8(10) 8.4(11) =0,1(8) 2.1(9) ou(8) 6+9(6)
c(s) 8.5(11) 6.2(8) 7.81(8) ~e?7(9) ¢3(9) . =148(7) 7+5(5)
cm 10,4026) £e3() 10,0(13) =1.2(9) 1.4(11) -1s4(8) 8.6(8)
c(3) S5.4(8) T«€(10) 802(9) 1.5(7) o 3(7) «5(T) Te1(5)
c(9) €.5(11) 6.7(10) 11.,2(12) 2.3(8) =2¢1(9) 1.3(8) 8.1(6)

H(12) -¢6(8)
H{13) ob 896
H(1i4) " 148343
H(1) 12.000
H(2) 12,000
H(3) 12.000
H(4) 12.000
H(S) 12,000
H(E) 12.000
H(T) 12.000
H(8) 12.000
H(9) 12.000
H(10) 12.000
H(11) 12.000
H(15) 12.000
H(16) 12.000
H{17) 12.000
H(18) 12,000
H(19) 12.000
H(20) 12.000
H(21) 12,000
H(22) 12.000
H(23) 12.000
H(24) 12.000
H(25) 12.000
H(26) 12,000
* The anisotropic temperature factor " has the form

exp(-0,25(Bllh2a*2 + ZBlzhka+b+ + ...)). The isotropic

témperature factor has the form exp(-B(sin8)/x)2).



18.

OBSERVED STRUCTURE FACTORSs STANDARD OEVIATICNSy AND DIFFERENCES (ALL X 6.0)
Y8 (C((CH3I)I3ISII2NI2 ((CH3II2PCH2CH2F(CH3)2) F(0,040) = 3956

FO8 ANC FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTCRS.
SG = ESTIMATED STANDART DEVIATION OF FCBe DEL = /FQOE/ = /FCA/.
¥ INDICATES ZERO WEIGHTEL 0ATA,

L FOB SG DEL L FOB8 SG DEL L FO3 SG DEL L FCB SG DEL

NN
n
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HoKz=11, 1 h 280 10 =21 5 231 9 49 6 93 € =& 1t 203 8 22

1 214 8 -1i0 8 262 10 =17 7 119 8 «16 8 329 12 1& 17 17 € 138
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5 188 7 -11 16 211 9 -11 11 158 6 -6 12 326 12 € 21 138 7 <5
7 193 7 =5 HeKazel0y 8 13 200 8 <«1 16 279 14 =€ 23 1&4 € =2
9 192 7 <=4 2 260 10 -18 15 184 7 3 18 49 12 I 2% 123 & =9
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3 13¢ € =20 b 219 8 -21 3 252 9 -18 & 38 19 12 € 312 12 8
S 187 7 =2 6 32 30 18 5 160 6 =% 6 256 ¢ 23 7 41E 15 <=4
7 180 8 =9 8 187 7 <0 7 156 6 =12 10 256 10 <% e 472 17 1
9 162 € =4 HoKs =9, 9 153 6 <=5 14 296 11 ~14 11 249 ¢ =4
11 17¢ 7 & 1 349 13 39 11 134 6 7 18 204 8 -& 13 399 15 2%
13 122 € =12 3 307 12 41 12 158 7 =2 22 122 t =314 1% 19€ 7 13
HeKz==11y, 5 5 303 11 37 15 130 7 -6 HoXs -8, 8 17 13€¢ € 10

1 107 € =17 7 245 9 14 HeK= =9, 11 0 71 18 3¢ 41¢ 203 8 i
3 171 7 -12 9 182 8 15 1 188 7 =24 2 40 44 183% 21 139 ¢ 1
5§19 &8 <9 11 193 8 =4 3 154 6 =15 b 372 164 10 22 171 7 11
7 245 9 =13 13 137 7 =6 5 164 7 =31 8 284 11 =1 25 173 7 =2
9 230 9 =3 15 162 6 <=2 7 147 & -7 10 €4 10 € HeK2 =74 5
11 194 8 <=8 17 178 7 <=4 9 122 5 «15 12 29¢€ 11 <7 1 203 8 =2
HoK=el11, 7 19 165 € L 11 136 6 =13 16 266 10 ] 2 192 7 =44

1 108 9 -310 21 150 € -6 13 87 8 -18 18 38 ¢ 1¢ € 28¢ 11 6
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7 208 8 -3 3 357 13 43 3 1640 7 =6 2 257 10 -t 11 32€ 12 9
HyKz=10y, O 5 198 8 28 € 152 8 -11 b 34 L1 «10% 127 193 7 =2

2 398 15 =13 7T 222 9 15 HeK= =8, 0 6 274 10 =28 1% 1€4 € <=0
€ 308& 12 =7 9 188 8 3 0 271 10 1& 10 244 G =27 17 150 7 <3
10 264 10 <2 11 157 @& 17 4 379 14 L 12 €3 € 7 1¢ 73 8 =42
14 288 11 -19 13 188 7 =& e 470 17 5 14 1€9 7 =11 21 103 = 3
18 224 8 =29 15 195 7 ¢ 42 310 11 15 16 33 12 1 12¢ ¢ 8
HeKu=10, 2 17 173 7 7 16 156 8 S 18 14& ¢ 1 91 12 -4

0 324 12 =4 19 207 8 <3 20 215 8 -3 HeK=z =84 12 HeKs =7, 7
2 70 30 6 21 132 € =1 2& 179 7 e-in 0 134 7 =4 1 258 10 =15
4 298 12 =7 HeKs «9, § HeK= =8, 2 L 228 9 =21 1 221 &8 -7
8 273 10 14 i 323 12 19 2 539 20 4% 8 255 10 =29 € 281 10 13
10 61 € 10 3 25¢ 10 13 4 85 6 3 12 177 7 =17 7 312 12 9
12 240 ¢ <2 5 228 10 <=6 € 462 18 15 HeKs =8, 14 ¢ 2%¢ 10 27
16 220 8 =138 7 151 8 -19 8 61 6 -b 2 23¢ ¢ ¢ 11 331 312 21
HeyKs=10, & 9 140 € =16 10 417 L5 22 b 37 4€ =1( 412 177 8 15

2 277 10 «11 11 17€ 7 -8 12 77 14 L 6 232 € =13 4t 205 8 -3
L 82 10 9 413 170 7 =8 14 254 9 21 HeKme =74 1 17 153 € 3
7 =8 18 24€¢ 9 7 1 219 8 1€ 1¢ 102 & <7

6 250 Q9 -17 15 183



STRUCTURE FACTCRS COMNTINUED FCF

19.
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TRUCTURE FACTCRS CONTINUED FCF

20.

Y8 (((CH3)3SII2NI2 ((CH3)I2PCH2CHZ2F(CH3)2)
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STRUCTURE FACTCRS COMNTINUED FCF

21.

Y3 (((CH3)3ISII2N)2 ((CH3)2PCH2CH2F(CHII2)
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22.

5TRUCTURE FACTCRS COAMNTINUED FCFH
Y8 (((CH3)3SIIZ2NI2 ((CH3I)2PCH2CH2F(CH3)2)
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