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Abstract 

This communication describes the synthesis and crystal structure of the 

first n2-acetylene complex of an f-transition metal, (MeSCS)2Yb(n2-MeC=CMe). 

The geometry of the acetylene is not greatly perturbed by coordination to the 

ytterbium(II) center and the complex can be viewed as a van der Waals 

molecule. 
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Most d-block transition metals form well-defined complexes with 

acetylenes. 1 Even Cu(I) and its congeners yield isolable complexes. 2 No n2_ 

acetylene complexes of the f-block transition metals have been described 

though lanthanide metal atoms react with acetylenes3a ,b and a black substance 

of unknown structure whose composition is [(Me5C5)2Sm]2[PhC:CPh] has been 

isolated. 3c Monosubstituted acetylenes such as PhC:CH react with 

(Me5CS)2Yb(OEt2) to give the mixed-valence phenylacetylide, (Me5C5)4Yb3(~

C:CPh)4 presumably by way of prior acetylene coordination. 3d The bonding in 

metal-acetylene complexes is similar to that in olefin complexes, viz the 

filled orbitals of a-symmetry act as donors and the empty n-symmetry orbitals 

on the acetylene act as acceptor orbitals. 4a- c The (n6-Me6C6)Sm(AlC14)3 has 

been isolated recently.4d Because lanthanide metallocenes can act as Lewis 

acids though not as n-donors since the filled energy levels are too low in 

energy,5 a reasonable strategy for synthesis of acetylene complexes is to use 

donor rather than acceptor substituents on the acetylene. The first vertical 

ionization energy of MeC:CMe and tetrahydrofuran are 9.S9 ev6a and 9.S7 ev,6b 

respectively, so it is, perhaps, not unexpected that MeC:CMe will yield an 

isolable complex since the thf complex is known. 7 

Addition of 2-butyne to base-free (Me5C5)2Yb5 in pentane results in a 

color change from orange to red from which dark purple-red needles, mp 170-173 

°C, may be isolated on cooling. The infrared spectrum of the complex as a 

NuJol mull shows no absorptions which may be attributed to vC:C. 8 The 1H NMR 

spectrum in C6D6 at 30°C shows that the complex is diamagnetic and that the 
. 

Me5CS resonance in the complex is slightly deshielded relative to the base-

free compound, 0 1.92 vs. 1.99, under identical conditions. The 13(1Hl NMR 

chemical shifts of the Me5C5 rings in the complex are also slightly perturbed 

relative to the base-free complex; the ring carbons are unchanged at 0 113.4 

J 
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and the methyl carbons are deshielded in the complex, 0 10.6 vs. 10.9. The 

greatest effect is on the resonances of the 2-butyne ligand. The free ligand 

at 30°C in C6D6 shows a resonance in the lH NMR spectrum at 0 1.52 which 

shifts to 0 1.27 on coordination. In the 13C(lH} NMR spectrum the methyne and 

methyl carbons are deshielded on coordination, 0 74.6 to 76.9 and 0 3.08 to 

3.16, respectively. The complexed 2-butyne is undergoing chemical exchange at 

30°C and -75°C (200 MHz) since at 30°C the 1H NMR resonance of the acetylene 

in methylcyclohexane-d 14 with a ten-fold molar excess of acetylene occurs as a 

sharp singlet at 0 1.63 (relative to the most intense resonance due to 

residual protons of the solvent at 0 0.82). Cooling to -75°C changes the 

averaged chemical shift to 0 1.73 with no discernable change in line shape. 

Both the vibrational spectrum of the solid and solution NMR spectra show that 

MeC:CMe is only weakly perturbed on coordination to the lanthanide center. 

This contention is supported by the crystal structure at -80°C. 

An ORTEP diagram is shown in the Figure. The geometry of the Me5C5_ 

portion of the complex is not greatly perturbed from that of 

(Me5C5)2Yb(thf).7 The averaged Yb-C and Yb-Me5C5 ring centroid distances and 

the Me5C5 ring centroid-Yb-Me5C5 ring centroid angle in the acetylene complex 

are 2.659 ± 0.009 A, 2.38 A, and 143.3°, respectively. The equivalent 

distances and angle in the tetrahydrofuran complex are 2.663 ± 0.011 A, 2.37 

A, and 143.5°, respectively. The C(l)C(2) and averaged C-C(Me) distances in 

the complex are 1.154(6) A and 1.468 ± 0.005 A, respectively. The equivalent 

distances in free 2-butyne (-SOOe) are 1.21(2) A and 1.46(1) A, respec

tively.l0 The averaged C-C-C(Me) angle in the complex is 117.4 ± 0.7 0 and the 

equivalent angle in the free ligand is linear. Comparison of the C-C distance 

and the C-C-C(Me) angle in (Me5CS)2Yb(n2-MeC:CMe) with the equivalent bond 

parameters in trans-[MePt(PMe2Ph)2(n2-MeC:CMe)]PF611a and (Ph3P)2Pt(n2-

. . 
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MeC:CPh)11b in which the C-C distance is 1.22(3) A and 1.28(3) A and the C-C-

C(Me) angle is 168 ± 2° and 141.8(1.8)°, respectively, shows that little or no 

n-backbonding is involved in the ytterbium-acetylene bond. The averaged Yb-

C(1,2) distance is 2.850 ± 0.010 A and the C(l)-Yb-C(2) angle is 23.4(1)°. 

The dihedral angle formed by intersection of the plane defined by C(l,2,3,4) 

and Yb with the plane defined by the Me5C5 ring centroid-Yb-Me5C5 ring 

centroid is 91.5°. The Yb to acetylene carbon distance may be compared with 

the longer, asymmetric Lu-Me distance of 2.756(9) A in the trivalent lutetium 

complex, (Me5C5)4Lu2(~-Me)(Me), an interaction that is worth ca. 10 kcal 

mol-'.12a The Yb to acetylene carbon distance also may be compared to the 

Yb(II) to semi-bridging methyl distance of 3.04 A in Yb[N( SiMe3)2]2(dmpe), 12b 

in NaYb[N(SiMe3)2]3 which range from 2.86 A to 3.32 A,12c and in 

Yb[N(SiMe3)2]2[AIMe3]2 which range from 2.767(4) A to 2.95(17) A. 12d 

Clearly the 2-butyne to (Me5C5)2Yb interaction is weak as Judged by 

spectroscopic and crystallographic data. The complex is best viewed as a 

Lewis acid-base adduct with little or no n-backbonding. 

Acknowledgment. We thank the Fannie and John Hertz roundation for a 

fellowship (C.J.B.) and Dr. r. J. Hollander for his help with the X-ray 

crystallography. This work was supported by the Director, Office of Research, 

Office of Basic Energy Sciences, Chemical Sciences Division of the U. S. 

Department of Energy under contract DE-AC03-76SF00098. 

Supplementary Material. Atomic positional parameters and thermal parameters 

(5 pages). 

J 



\,. 

5 

References 

1. (a) Chatt, J.; Guy, R.G.; Duncanson, L.A. J. Chern. Soc. 1961, 827-834. 

(b) Green, M.L.H., "Organometallic Compounds," Vol. 2, Chapman and Hall, 

London, 1968, pp. 7 and 288. (c) Ittel, S.D. ~ Ibers, J.A. Adv. 

Organornet. Chern. 1976, ~, 33-61. (d) Otsuka, S.; Nakamura, A. Ibid. 

1976, ~, 245-283. 

2. (a) Cornyns, A.E.; Lucas, H.J. J. Am. Chern. Soc. 1957 79, 4341-4344. 

(b) Huttel, R.; Forkl, H. Chern. Ber. 1972, 105, 1664-1673. 

(c) Pasquali, M.; Leoni, P.; Floriani, C.;. Gaetani-Manfredotti, A. 

Inorg. Chern. 1982, ~,4324-4328. (d) Thompson, J.S.; Whitney, J.F. 

Ibid. 1984, 23, 2813-2819. 

3. (a) Evans, W.J.; Engerer, S.C.; Coleson, K.M. J. Am. Chern. Soc. 1981, 

103, 6672-6677. (b) Evans, W.J.; Engerer, S.C.; Pioiero, P.A.; Wayda, 

A.L. oJ. Chern. Soc. Chern. Comm. 1979, 1007-1008. (c) Evans, W.J.; Bloom, 

I.; Hunter, W.E.; Atwood, J.L. J. Am. Chern. Soc. 1983, 105, 1401-1403. 

(d) Boncella, J.M.; Tilley, T.D.; Andersen, R.A. J. Chern. Soc. Chern. 

Comm. 1984, 710-712. 

4. (a) Chatt, J. J. Chern. Soc. 1949, 3340-3348. (b) Chatt, J.; Duncanson, 

L.A. Ibid. 1953, 2939-2947. (c) Dewar, M.J.S.; Ford, G.P. J. Am. Chern. 

Soc. 1979, 101, 783-791. (d) Cotton, F.A.; Schwotzer, W. Ibid. 1986, 

108, 4657-4658. 



6 

5. Andersen, R.A.; Boncella, J.M.; Burns, C.J.; Green, J.C.; Hohl, D.; 

R~sch, N. J. Chern. Soc. Chern. Commun. 1986, 405-407. 

6. (a) Bieri, Go; Burger, Fo; Heilbronner, Eo; Maier, J.P. Hebr. Chim. Acta 

1977, 60, 2213-2233. (b) Aue, D.H.; Bowers, M.T. in Gas Phase Ion 

Chemistry, Bowers, M.T., ed. Vol. 2, Academic Press, New York, 1979. 

7. Tilley, T.D.; Andersen, R.A.; Spencer, B.; Ruben, H.; Zalkin, A.; 

Templeton, D.H. Inorg. Chern. 1980, 12, 2999-3003. 

8. We have isolated the unsymmetrical acetylene complexes, (Me5C5)2Yb(L),L = 

PhC:CMe or Me3CC:CMe, though the vC:C is not observable in the 

infrared. We have not been able to observe the Raman spectrum of the 

MeC:CMe complex in the solid state nor in a methylcyclohexane solution. 

We thank Professor H.L. Struass and R.J. Sension for their help with 

these nonproductive experiments. 

90 The compound crystallizes in the monoclinic crystal system in space group 

P2 1/n with cell dimensions a=15.738(2)A, b=15.299(2)A, and c=9.724(1)A, 

6=103.90(1)°, V=2272.6(8)A3 with Z=4, and d(calc)=1.45g cm-3. The data 

were collected on a Nonius CAD4 automated diffractometer with MoKa X-rays 

(X=0.71073A) at -80°C. The structure was solved from Patterson and 

electron density maps and refined by full-matrix least squares to a 

conventional R- factor of 0.022 (Rw=0.029 and GOF=1.505) by using 2449 

absorption corrected data, where F~>3o(F~) against 251 variables. The R

value for all 2971 unique data was 0.044. All non-hydrogen atoms were 

refined with anisotropic thermal parameters. The hydrogen atoms on the 

J 

I 



l 
w 

1 

2-butyne ligand were located in a difference map and they were refined 

with isotropic thermal parameters. All other hydrogen atoms were located 

in a difference Fourier rnap, then placed in calculated positions included 

in the structure factor calculations, but were not refined. 

10. Pignataro, E.; Post, B. Acta Cryst. 1955, §, 612-614. 

11. (a) Davies, B.W.; Payne, N.C. Canad. J. Chern. 1973, 151, 3411-3485. (b) 

Davies, B.W.; Payne, N.C. J. Organornet. Chern. 1975, 99, 315-328. 

12. (a) Watson, P.L.; Parshall, G.W. Acc. Chern. Res. 1985, l§, 52-56. (b) 

Tilley, T.D.; Andersen, R.A.; Zalkin, A. J. Am. Chern. Soc. 1982, 104, 

3125-3121. (c) Tilley, T.D .. ; Andersen, R.A.; Zalkin, A. Inorg. Chern. 

1984, 23, 2211-2216. (d) Boncella, J.M.; Andersen, R.A. Organometallics 

1985, ~, 205-206. 



8 

Figure Caption: ORTEP Diagram of (Me5C5)2Yb(n2-MeC:CMe). Thermal Ellipsoids 

represent 50% probability surfaces except those of the hydrogen atoms which 

are arbitrary. 
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Table of Positional Parameters and Their Estimated Standard Deviations 
----------------------------------------------------------------------

Atom x y z B(A2) 

Vb .0'.37121(1) B.23167( 1) .0'.1679.0'(2) 2.49S(4) 

CI .0'.3473(3) .0'.1184(3) B.38S4(S) 4.111 ) 

C2 .0'.2794(3) B.1118(4) B.3B78CS) 4.1(1) 

C3 B.433S(4) B.128S(4) B.48S8C71 S.7(2) 

C4 .0".1916 C 4) .0'.1.0'.0'2 C 4) B.218B(7) 6 .BC 2) 

C 11 B.3B91(3) B.3492(3) B.322SCS) 4.2Cl) 

C12 B.3977(4) B.3697(3) B.3412CS) 4.1Cl) 

C13 B. 41.0'8C 3) B.4BI2(3) B.211SCS) 3.S( 1) 

C14 B.3292(3) B.398S(3) B.1119CS) 3.3Cl) 

CIS B.2663(3) B.3662(4) B.I777CS) 4. BC I ) 

CI6 B.2636CS) B.32B6(4) B.43S9(6) 8.B(2) ..... 
0 

C17 B.4667(6) B.3686CS) B.4799C71 7.8(2) 

C18 .0'.4941(4) B.44B9(4) .0'.19.0'8 C 7) S.3(2) 

CI9 B.3B94(4) B.43S7(4) -B.B38S(6) S.4(2) 

C2B B.1696(4) B.3S77CS) .0'.11.0'6 C 8) 6.S(2) 

C21 B.4S88(4) B.B9S7(4) B.IBI4CS) 4.8 C I ) 

C22 .0'.5.0'57(3) .0'.1687(4) B.B8IBCS) 4.11 1 ) 

C23 B.4S64(3) B.2IS4(3) -B.B3S3CS) 3.6CI) 

C24 B.3774(3) B.1696(4) -B.B84BCS) 4 .BC 1 ) 

C2S B.3782(3) B.B966(4) B.BBB2(6) 4.8 C 1 ) 

C26 B.4892CS) B.B2B4CS) B.2B2B(7) 1.0'.1 C 2) 



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

Atom x y z S(A2) 

C27 .0'.5965(4) .0'.1941(7) .0'.1631(7) 8.3(2) 

C28 .0'.489.0'(5) .0'.29.0'1(5) -.0'. l.0'91( 7) 7.6(2) 

C29 .0'.3.0'63(5) .0'.1948(7) -.0'.2153(7) 8.7(2) 

C3.0' .0'.3114(5) .0' • .0'246(5) -.0' • .0'244(8) 12.2(2) 

H31 .0'.437(4) .0'.174(5) .0'.564(7) 7< 2)· 

H32 .0'.482(4) .0'.151(5) .0'.453(7) 8(2)· 

H33 .0'.439(5) .0' • .0'81(6) .0'.526(8) 1.0'(3)· 

H41 8.167(3) 8 • .0'41(3) .0'.2.0'7(5) 3 ( 1 ). 

H42 .0'.151(4) .0'.132(5) .0'.248(6) 6(2)· 

H43 .0' • 18.0' ( 3 ) .0'.133(4) .0'.121(6) 4 ( 1 ). 

H161 .0'.2461 .0'.37.0'9 .0'.4797 9* I-' 
I-' 

H162 .0'.2137 .0'.2866 8.3942 9* 

H163 8.3.0'29 .0'.2868 8.5.0'51 9* 

H171 .0'.4663 .0'.423.0' .0'.5266 9* 

H172 .0'.454.0' .0'.3229 .0'.5381 9* 

H173 8.5225 .0'.359.0' .0'.4616 9* 

H181 .0'.4949 .0'.5.0'15 .0'.212.0' 6* 

H182 .0'.5427 .0'.4131 .0'.2521 6* 

H183 .0'.4972 .0'.433.0' .0' • .0'953 6* 

H191 .0'.2958 8.496.0' -.0' • .0'36.0' 6-

H192 .0'.359.0' .0'.4284 -.0' • .0'767 6* 

.... ..::.,. (~ ., 
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Table of Positional Parameters and Their Estimated Standard Deviations (cont.) 
------------------------------------------------------------------------------

Atom )( y z B(A2) 

H193 .0'.26.0'8 .0'.4.0'55 -.0' • .0'96.0' 6* 

H2.0'1 .0'.14.0'8 .0'.41.0'6 .0'.1226 7* 

H2.0'2 .0'.1612 .0'.3455 .0' • .0'124 7* 

H2.0'3 .0'.146.0' .0'.3112 .0'.1547 7* 

H261 .0'.5192 -.0' • .0'211 .0'.1584 12* 

H262 .0'.5279 .0' • .0'417 .0'.2861 12* 

H263 .0'.44.0'3 -.0' • .0'.0'65 .0'.2254 12* 

H271 .0'.6384 .0'. 1671 .0' .1211 9* 

H272 .0'.6.0'26 .0'.2555 .0'.1612 9* 

H273 .0'.6.0'5.0' .0'.1747 .0'.2583 9* 

H281 .0'.5173 .0'.2675 -.0'.1776 9* 

H282 .0'.441.0' .0'.3255 -.0'.1547 9* 

H283 .0'.5293 .0'.3239 -.0' • .0'416 9* 

H291 .0'.3179 .0'.1671 -.0'.2964 1.0'* 

H292 .0'.25.0'9 .0'.176.0' -.0'.2.0'35 1.0'* 

H293 .0'.3.0'59 .0'.2562 -.0'.2273 1.0'* 

H3.0'1 .0'.3255 -.0' • .0'17.0' -.0' • .0'878 14* 

H3.0'2 .0' • 3l.0'9 -.0' • .0'.0'25 .0' • .0'627 14* 

H3.0'3 .0'.2551 .0' • .0'486 -.0' • .0'651 14* 

Starred atoms were refined Isotroplcally. 
Anlsotroplcally refined atoms are given In the form of the 
Isotropic equivalent displacement parameter defined as: 
(4/3) * [a2*B(I,I) + b2*B(2,2) + c2*B(3,3) + ab(cos gamma)*B(l,2) 
+ ac(cos beta)*B(I,3) + bc(cos alpha)*B(2,3)] 

I-' 
N 



Table of General Dfsplacement Parameter Expressfons - B's 
---------------------------------------------------------

Name 8<1,1) B(2,2) B(3,3) B ( 1 ,2 ) B(I,3) B(2,3) Beqll 
------ ------ ------ ------ ------ ------

Vb 3 • .0'94(8) 2.117(9) 2.594(7) .0'.26.0'( 7) 1.312(6) .0'.253(7) 2.495(4) 

Cl 5.2(2) 2.3(Z) 5.8 (2) .0'.5(2) 3.2(2) .0'.3(2) 4.1(1) 

C2 5.4 (2) 3 • .0'( 2) 4.4(2) .0'.8(2) 2.2(2) .0'.6(2) 4.1 (1) 

C3 6.3(3) 4.7 (3) 5.9(3) 1.1(3) .0'.7(3) .0'.Z(3) 5.7(2) 

C4 4.9(3) 4.6(3) 8.6 (4) -.0'.5(2) 2.2(3) -.0'01(3) 6 • .0'( 2) 

C 11 7.7 (3) Z.Z(Z) 3.9(Z) 1.6(Z) 3.5(2) .0'.5(Z) 4.Z(I) 

C1Z 6.9 (3) Z.5(2) 2.5(2) .0'.5(2) .0'.6(2) -.0'.2(Z) 4.1(1) 

C13 5. I( 2) Z. 4 (2) 3.2(2) .0'.1 (2) 1.4(2) .0'.2(2) 3.5 ( 1 ) 

C14 4.4(2) 3.1(2) 2.9(2) .0'.7(2) 1.7(Z) .0'.7(2) 3.3(1) 

C15 4.2(2) 2.8 (2) 5.4 (2) 1.5(2) 1.9(2) .0'.6(2) 4 • .0'( 1 ) 

C16 14.6(3) 3.6(3) 9 • .0'( 3) 1.8(3) 9.3(2) 1 • .0' ( 2 ) 8 • .0'( 2) 
t-' 

C17 13.3(5) 4.2(3) 4.1 ( 3) -.0'.3(4) 
\..oJ 

-1.4(3) -.0'.6(3) 7.8(Z) 

C18 5.2(3) 4.1(3) 6.5(3) -1.2(2) 1.4(Z) -.0'.2(3) 5.3(2) 

C19 7.2(3) 4.9(3) 4 • .0'( 2) 1.5(3) 1.4(Z) 1.7(2) 5.4(2) 

C2.0' 5.1(3) 4.9(3) 1.0' • .0'( 4) 1.3(3) 3 . .0'( 2 ) 1. 3 (3) 6.5(2) 

C21 8 • .0'( 3) 3.6(2) 4.Z(2) 2.8(2) 3.8 (2) .0'.8(2) 4.8<1 ) 

C22 3.5(2) 5.5(3) 3.4 (2) 1..0'( 2) 1.4(2) -.0'.4(2) 4.1(1) 

C23 5.3(2) 2.4(2) 3.9 (2) .0'.3(2) 2.6(2) .0'.2(2) 3.6(1) 

C24 3.7 (Z) 5.7(3) 2.5(2) .0'.2(2) .!L8( 2) -.0'.7(2) 4 . .0'( 1 ) 

C25 6.9 (2) 3. l( 2) 6. 1( 2) -1.6(2) 4.8(Z) -1.9(2) 4.8 ( 1 ) 

C26 19.2(5) 6.2 (3) 8.1(3) 7.7(3) 9.2 (2) 3.8(3) 1.0'.1(2 ) 

~ ~ c~ 
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Table of General Displacement Parameter Expressions - B's (Continued) 
----------------------------------------------------------------------

Name B(I,I) B(2,2) B (3,3) B ( 1 ,2 ) BIl ,3) B(2,3) 
------ ------ ------ ------ ------ ------

C27 3.7 (2) 15.5(6) 5.8(3) 1.7(4) 1.2(2) -2.2(4) 

C28 11.9(3) 5.2(4) 8.5(3) -.0'.9(3) 8 . .0'(2) .0'.4(3) 

C29 7.4(4) 14.8(6) '3.6(3) 2.9(4) .0'.6(3) -1.4(4) 

C3.0' 16 • .0'(4) 9.2(4) 15.7(4) -8.5(3) 12.1(3) -8.9(3) 

The form of the anisotropic displacement parameter lSI 
expC-.0'.25{h2a2B(I,I) + k2b2B(2,2) + 12c2B(3,3) + 2hkabB(I,2) + 2hlacB(I,3) 
~ 2klbcB(2,3)}] where a,b, and c are reciprocal lattice constants. 

, 

Beqv 

8.3(2) 

7.6(2) 

8.7 (2) 

12.2(2) 

...... 
+' 
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