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Summary 

Tris(substituted butadiene) complexes of molybdenum and tungsten have been 
prepared by the reduction of the metal halides with anthracene-activated magnesium 
in the presence of the appropriate diene. An X-ray diffraction study has shown 
tris(2,3-dimethylbutadien~)molybdenum and its tungsten analogue to be isomor- 
phous. with each diene unit displaying a long-short-long bond alternation, and 
having short metal to terminal carbon atom distances, in marked contrast to the 
unsubstituted complexes. 

Tris( n4-butadiene)molybdenum and tungsten were first prepared by Skell et al. by 
the co-condensation of the metal vapours with butadiene [l]. Wilke and Gausing [2] 
subsequently devised syntheses based on magnesium reduction of the metal halides 
in the presence of butadiene. Although the crystal structure of tris(butadiene)- 
molybdenum has been reported [If, the exact nature of the bonding in this molecule 
is still unclear, and theoretical calculations have suggested [3] that the geometry of 
the metal-bound diene should display distortions not observed in the solid state 
structure. 

We describe here syntheses of tris(substituted diene)-molybdenum and -tungsten 
complexes using anthracene activated magnesium [4]. and X-ray structural de- 
terminations on tris(2,3-dimethylbutadiene)-molybdenum and -tungsten. 

Results 

Treatment of molybdenum pentachloride with anthracene-activated magnesium 
in the presence of a conjugated diene (L) gives, on work-up, the corresponding 
homoleptic diene complexes tris(butadiene)moIybdenum (I, L = butadiene), trisfiso- 
prene)molybdenum (II, L = isoprene) or tris(2,3-dimethylbutadiene)molybdenum 
(III. L = 2.3-dimethylbutadiene). Similar treatment of tungsten hexachloride gives 
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I I ‘3 9 ‘7 0 ,o II) i 

II 1 4.Y ‘4.8 0.05 s/ I 24 

I ,! 3 ,‘h.X ~‘0.04 Ah 

III I i - 7 Ii ,o.ri’ c< 

VI 1 h.(l x i ‘0.(1.5 5 

I 4.7 x.7 0.05 74 

the analogous complexes tris(hutadiene)tungsten. (IV). tris(i.soprenc)tungstctl CL’) 01 

tris(2.3-dimethylbutadiene)tungsten (VI). The conditions and yield\ of the reSwtion~ 

are summarised in Table 1. 

‘The butadiene complexes I and IV acre obtained 21s vellow-hrcwn ~r\xrals fr-on1 

tetrahydrofuran, and were characterised by comparison of their spect~~oswp,rc prop- 

erties with those reported 151. These complese~, libc their ~iimetl~~~lhutadic~~e ;~n.l- 

logues III and VI. are stable in air for a vcek or more. 

The compounds ILVI sho\j characteristic coordinatt~d double bond ~rrwn,~nce~ 111 

the region 1525 1500 cm ! III the infrared spectra. tC)gether v.ith b/j1 (’ ii \trctc‘h- 

ing vibrations at 3030 -302Ci cm ‘, 

In all cases the reductlnn reaction is accompanied hi, pol\mcriaation of the 

tetrahydrofuran solvent. >vhic:h limits the yields of the reactlcjn\. Thib ir; pt-csumahl> 

caused by the presence of the catalytic aystcm MU ,,,f Xnlg, sini.e polvmcrisation I\ 

observed in the absence of dicne at - 10°C‘. Attempt> to improve t/Iv \icld h\ using 

other solvents (toluene. diettivl ether) were I.I~suL~~P~~I.~~. 
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TABLE 2 

CRYSTAL DATA FOR THE X-RAY STRUCTURAL ANALYSES 

Formula 

M (a.m.u.) 

a (A) 

b (A) 

c (A) 
a (“) 

P (“) 

Y (“) 
v (A’) 

T (“C) 
Z 

Crystal class 

Space group 

0, (g cm-‘) 

p(Mo-K,) (cm-‘) 

R 

R, 
Total no. of reflns. 

Obs. refl. (I a 20(I)). NO 

Number of variables, NV 
Error of fit, 

[%v(FO - IF, I)'/NO - NV)]" 
Absorption correction: 

A,,,. A,,, 
8 In,“. %,,x (“) 
Shift/error in the 

final cycle 

Final diff. Fourier (e A ‘) 

C,,H,oMo 
342 

7.080( 1) 

9.579(2) 

12.354(l) 

99.02(l) 

97.64(l) 

90.38(l) 

819.84 
18 

2 

triclinic 

Pi 
1.39 

7.68 

0.023 

0.028 

3888(&h. +k. +I) 
3600 

292 

1.66 

_ 5.88. 1.81 

1.68. 29.88 1.68. 29.9 

0.004 0.007 

0.8 3.2 

Cl8f1?OW 
430 

7.070( 1) 

9.6O~i(2) 

12.3(>2(1) 

99.29( 1) 

97.5:‘(l) 

90.2t,(l) 

820.&6 

18 

2 

triclinic 

Pi 
1.74 

71.7 

0.035 

0.049 

4733(&h. &k. +I) 

4033 

172 

2.34 

In the reaction with 1,3-pentadiene, red-brown sublimable materials are formed, 
which are indicated by infrared and mass spectroscopies to contain the correspond- 
ing tris(l,3-pentadiene)-molybdenum and -tungsten species. These compounds have 
yet to be isolated pure. 

X-Ray crystallographic analysis of III and VZ 
Complexes III and VI crystallise in the triclinic space group Pi as isomorphous 

yellow needles. Crystal data are given in Table 2. The results of the structure 
determinations are summarised in Tables 3 and 4, which give <he atomic fractional 
coordinates for III and VI, respectively. Within experimental error the molecular 
structures of III and VI are equivalent, with each molecule containing a non-crystal- 
lographic three-fold axis, leading to a trigonal prismatic geometry about the metal 
centre (Fig. 1). Important bond lengths and angles for III and VI are shown in 
Table 5 *. 

* Lists of structure factors, anisotropic thermal parameters, H-atom parameters and further information 

on the data collection have been deposited with the Fachinformatiowzentrum Energie Physik 

Mathematik, D-7514 Eggenstein-Leopoldshafen (F.R.G.), and may be obtained on request by submis- 

sion of the deposition number CSD 51491, the names of the authors, and the full literature citation for 
this paper. 
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TABLE 4 

ATOMIC FRACTIONAL COORDINATES AND EQUIVALENT ISOTROPIC THERMAL PARA- 

METERS FOR VI (L/,, = (~Y,r/zr/,)‘,‘~: where (i are the eigenvalues of the u,, matrix) 

W 

C(1) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(l1) 

C(12) 

C(13) 

C(14) 

C(15) _ 

C(16) 

C(21) 

C(22) 

C(23) 

C(24) 

C(25) 

C(26) 

0.2429(l) 

0.151(l) 

0.252(l) 

0.435(l) 

0.514(l) 

0.150(l) 

0.552(l) 

0.022(l) 

0.046( 1) 

0.232(l) 

0.383(l) 

0.123(l) 

0.281(l) 

0.010(l) 

0.150(l) 

0.334(l) 

0.376(l) 

0.091(l) 

0.494( 1) 

0.3318(l) 0.2298(l) 0.027 

0.3831(g) 0.3984(5) 0.040 

0.2481(X) 0.4044(5) 0.038 

0.2416(9) 0.3773(5) 0.040 

0.3705(9) 0.3472(6) 0.041 

0.1205(9) 0.4348(7) 0.048 

0.106(l) 0.3773(7) 0.048 

0.1579(g) 0.1930(6) 0.038 

0.1822(7) 0.0799(5) 0.037 

0.1749(g) 0.0549(5) 0.039 

0.1456(S) 0.1427(6) 0.039 

0.2144(9) 0.0014(6) 0.043 

0.2022(9) 0.0586(6) 0.047 

0.4736(7) 0.1747(6) 0.037 

0.5753(7) 0.2418(6) 0.039 

0.5701(g) 0.2173(6) 0.041 

0.4633(g) 0.1254(6) 0.040 

0.6798(9) 0.3397(7) 0.050 

0.6692(9) 0.2858(7) 0.052 

Experimental details. Nonius CAD-4 diffractometer with graphite monochroma- 
tor, using MO-K, X-radiation (X 0.71069 A). 8-28 scan technique (96 steps). Scan 
speed variable: 1.3-5.0” min-’ depending on the standard deviation to intensity 
ratio of a preliminary 5.0” mini’ scan. The intensity of a reflection and its standard 
deviation were calculated from INT-2(BGL + BGR)/Lp and [INT + 4(BGL + 
BGR)]0.5/Lp, where INT, BGL and BGR are the peak intensity, the left and the 
right backgrounds, respectively, Lp the Lorentz and polarisation correction, and the 

time spent measuring the background was half that taken to measure the peak. 
a( F,) = [Use,,,,,, + (Zk)‘]‘,‘/2F, k = 0.02. Horizontal detector aperture: 4.0 + 
1.0 tan 8 mm. Vertical aperture: 4.0 mm. (w)scan range: 0.7 + 0.14 tan 8”. Cell 
parameters were obtained by a least-squares fit to the 0 values of 75 automatically 
centred reflections. The structures were solved by Patterson (W and MO) and 
Fourier methods (C and H for III, C for VI). Hydrogen atom positions were 
calculated for VI and included in the refinement with U, 0.05 A?. Refinement was 
by least-squares, whereby the function minimised was zw(F, - k 1 < 1)’ with u’ = 
1.0/a2(F;,). Scattering factors were taken from International Tables for X-ray 
Crystallography and corrections for the effects of anomalous scattering for W and 
MO were included in the structure factor calculations. 

Discussion 

The normal bond alternation observed in free conjugated dienes is reversed in 
these compounds, with long external C-C bonds (average 1.440(3) A, III; 1.48(l) A. 
VI), and shortened internal C-C bonds (average 1.400(3) A, III; 1.38(l) A, VI). The 
dimethylbutadiene ligands are planar (+ 0.05 A). and the planes of the ligands show 



dihedral angle:, of 120.0(7)“. as expected from the molecular c‘~~, axix. The four metal 

bound carbon atoms of each diene unit are not svmmetricall~ diaplsced from the 

metal centre; the external carbon atom.\ (C( 1). C(4)) arc significantly closer to the 

metal centre (average 2.252(_11 A. III: 2.24(l) A. VI) than the lntcrn;tl carbon atom< 

(C(2). C(3)) of the fragment (ctvcrage 2.402(2) A. 111; 2.43 11 ,A. L’l’j. 
Upon coordination to a metal centre. diene fragment> &on 3 rcmarkablc range of 

geometries. At one extreme. in tri\(hut:ldi~nc)molvbdenuil-1 111. the carhnn~ carbon 

bond lengths show the same alternation as in free butadienc. Mhilst in C‘p:Zr(2.3-di- 

methLlbtltadienz) [61 for t:xamplc, the alternation i3 reversed. in the intermrdirlte 

case of trisi o-s~lide~~~)tungstcn 171 the diene unit contnin~ thrcr ctpproxim:rtelv equal 

carbon c;rrhnn bond di4tanos. 

It has been noted [Xl that. the magnitude of the two-bond gcminal 1-I I-i coupling 

constant in the terminal carbon atoms of coordinated dienex c‘;l~ he related to the 

degree of rehyhridisation towar& S/I’. In complexes M rth .i greater degree (>f >,I’ 

character in the terminal C H bonds. ‘J(t1.H) is expected to ~ncrea~. The ap- 

propriate viltue> for IITL VI ha\r hwn meaaurcd. and are compar~:d tc those of the 

unsubstituted diene comptexeh in Table 6. 

The C--C bond lengths in ihutatfieneiirontricarbonyl were found to be the same 

Mithin experimental error [Y]. 21s was found for I. CorrespondingI>. the geminal H H 

coupling constant was found tc) bc 2.4 2 HL [IO]. in good agreement v+ith that for I. 
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TABLE S 

BOND DISTANCES (ri) AND ANGLES (“) FOR III AND VI 

MO-C(I) 2.254(2) 
MO-C(~) 2.402(2) 
MO-C(~) 2.399(2) 
MO-C(~) 2.255(2) 

C(l)-C(2) 1.439(3) 

C(2)-C(3) 1.396(3) 

C(3)-C(4) 1.440(3) 

C(2)-C(S) 1.508(4) 

C(3)-C(6) lSOS(4) 

C(l)-C(2)-C(3) 117.5(2) 
C(l)-C(2)-C(S) 120.4(2) 
C(3)-C(2)-C(S) 122.1(2) 
C(4)-C(3)-C(6) 120.1(2) 
C(2)-C(3)-C(4) 117X(2) 
C(2)-C(3)-C(6) 122.1(2) 
C(l)-MO-C(~) 74.6(l) 
C(l)-MO-C(~) 35.8(l) 
C(4)-MO-C(~) 35.9(l) 
C(2)-MO-C(~) 33.8(l) 
C(l)-MO-C(l1) 87.4(l) 
C(l)-MO-C(14) 133.1(l) 
C(4)-MO-C(ll) 133.4(l) 
C(4)-MO-C(14) 87.0(l) 

Distances and angles for VI 

W-C(l) 2.243(7) 
W-C(2) 2.416(7) 
W-C(3) 2.407( 8) 
W-C(4) 2.237(7) 

C(l)-C(2) 1.49(l) 

C(2)-C(3) 1.38(l) 

C(3)-C(4) 1.48(l) 

C(2)-C(S) 1.54(l) 

C(3)-C(6) 1.54(l) 

C(l)-C(2)-C(3) 117.0(7) 
C(l)-C(2)-C(5) 120.7(7) 
C(3)-C(2)-C(5) 122.3(7) 
C(4)-C(3)-C(6) 121.3(7) 
C(2)-C(3)-C(4) 116.7(7) 
C(2)-C(3)-C(6) 122.0(7) 
C(l)-W-C(4) 74.7(3) 
C(l)-W-C(Z) 37.0(3) 
C(4)-W-C(3) 36.8(3) 
C(2)-W-C(3) 33.2(3) 
C(l)-w-C(11) 87.4(3) 
C(l)-w-C(14) 133.4(3) 
C(4)-w-C(11) 133.3(3) 
C(4)-w-C(14) 87.1(3) 

MO-C(l1) 
MO-C(12) 
MO-C(13) 
MO-C(14) 
C(ll)-C(12) 
C(12)-C(13) 
C(13)-C(14) 
C(12)-C(15) 
C(13)-C(16) 

C(ll)-C(12)-C(13) 
C(ll)-C(12)-C(15) 
C(13)-C(12)-C(15) 
C(14)-C(13)-C(16) 
C(12)-C(13)-C(14) 
C(12)-C(13)-C(16) 
C(ll)-MO-C(14) 
C(ll)-MO-C(12) 
C(14)-MO-C(13) 
C(12)-MO-C(13) 
C(ll)-MO-C(21) 
C(ll)-MO-C(24) 
C(14)-MO-C(21) 
C(14)-MO-C(24) 

w-C(l1) 
w-C(12) 
w-C(13) 
w-C(14) 
C(ll)-C(l2) 
C(12)-C(13) 
C(13)-C(14) 
C(12)-C(15) 
C(13)-C(16) 

C(ll)-C(12)-C(13) 
C(ll)-C(12)-C(15) 
C(13)-C(12)-C(15) 
C(14)-C(13)-C(16) 
C(12)-C(13)-C(14) 
C(12)-C(13)-C(16) 
C(ll)-w-C(14) 
C(ll)-w-C(l2) 
C(14)-w-C(13) 
C(12)-W-C(13) 
C(ll)-w-C(21) 
C(ll)-W-C(24) 
C(14)-W-C(21) 
C(l4)-W-C(24) 

2.246(2) 
2.402(2) 
2.403(2) 
2.251(2) 
1.440(3) 
1.401(3) 
1.442(3) 
1.512(3) 
1.512(3) 

117.3(2) 
120.5(2) 
122.2(2) 
120.7(2) 
117.4(2) 
122.0( 2) 

74.5(l) 
35.9(l) 
35.9(l) 
33.9(l) 
86.4(l) 

133.2(l) 
133.0(l) 

87.7(l) 

2.233(8) 
2.423(7) 
2.420(7) 
2.241(8) 
1.49(l) 
1.39(l) 
1.48(l) 
1.52(l) 
1.55(l) 

115.6(6) 
121.4(6) 
123.0(7) 
121.3(7) 
117.3(7) 
121.4(7) 

74.5(3) 
36.9(3) 
36X(3) 
33.3(2) 
86.8( 3) 

133.6(3) 
133.4(3) 

87.6(3) 

MO-C(21) 
MO-C(22) 
MO-C(23) 
Mo-C(24) 
C(21)-c‘(22) 
C(22)-C(23) 
C(23)-c’(24) 
C(22)-C(25) 
C(23)-C(26) 

C(21)-(‘(22)-C(23) 
C(21)-(‘(22)-C(25) 
C(23)-C(22)-C(2S) 
C(24)-C(23)-C(26) 
C(22)-C(23)-C(24) 
C(22)-C(23)-C(26) 
C(21)-MO-C(24) 
C(Zl)-MO-C(22) 
C(24)-MO-C(23) 
C(22)-MO-C(23) 
C(21)-MO-C(I) 
C(21)-MO-C(~) 
C(24)-MO-C(~) 
C(24)-MO-C(~) 

w-C(21) 
w-C(22) 
W-C(23) 
W-C(24) 
C(21)-C(22) 
C(22)-C(23) 
C(23)-C(24) 
C(22)-C(25) 
C(23)-C(26) 

C(21)-C(22)-C(23) 
C(21)-C(22)-C(2S) 
C(23)-C(22)-C(25) 
C(24)-C(23)-C(26) 
C(22)-C(23)-C(24) 
C(22)-C(23)-C(26) 
C(21)-W-C(24) 
C(21)-w-C(22) 
C(24)-W-C(23) 
C(22)-W-C(23) 
C(Zl)-W-C(l) 
C(21)-W-C(4) 
C(24)-W-C(l) 
C(24)-W-C(4) 

2.251(2) 
2.403(2) 
2.404( 2) 
2.254(2) 
1.440(3) 
I .402(3) 
1.436(3) 
1.508(4) 
1.508(4) 

117.7(2) 
120.2(2) 
122.0(2) 
120.6(2) 
117.6(2) 
121.7(2) 

74.8(l) 
35.8(l) 
35.7(l) 
33.9(l) 
87.0(l) 

133.6(l) 
132.6(l) 

87.0(l) 

2.247(8) 
2.419(8) 
2.410(S) 
2.230(8) 
1.46(l) 
1.38(l) 
1.46(l) 
1.55(l) 
1.54(l) 

117.6(7) 
120.1(7) 
122.2(7) 
120.9(7) 
117.4(7) 
121.7(7) 

75.1(3) 
36.2(3) 
36.5(3) 
33.2(3) 
86.5(3) 

133.1(3) 
132.2(3) 
86.5(3) 



El\-perirnental 

A&q_sis: Found (c&d.) (‘G): C. htl.19 (5Y.W): H. X.14 (8.05j: LIo. 31.79 (31.95). 
‘H NMR: 4.36 (ltf. m. H(3)). 1.74 (3H, s, C’H{). 1.51 (IH. m, ~~\-o-Hi4)). 1.136 

( 1 H. III, exe-H( I )). 0.13 (1 Ii. tn. cwdo-H( 1 )). - 0.01 (1 H. m. cv~t/o-Il(4)~. 
“C.; ‘Hi NMR: 115.91 (it:. tn. C(2)). 102.11 clc’. tn. c’(i)~ 36.41) (I(.. 111, (‘(1 I). 

40.52 (lc’. m. C(4)). 33.39 (I(.. III. C‘H: ). 
Mass spectrum: 302 ( .\I. i. 

7it.r(_‘,_~-dimeth~~~lb~rrudi~r~e)tt~~~~~h~t~t~ut~~ (III) 

Analysis: Found (calcd.) (‘; i: C. 63.28 (63.14): H. X.73 (X.S?): MO. 37.84 (18.01). 
‘H KMR: 1.64 (6H, 4. 2C‘H:). 1.32 (?H. d. .I 3.7 III. <a.\-o-H). -- O.JI (3I-1. cl. ./ 3.7 

Hz. cwih- tI ). 



“c{‘H} NMR: 112.1 (2C s, C(2). C(3)), 49.5 (2C, s, C(l), C(4)), 20.3 (2~. s, 
2CH,). 

Mass spectrum: 344 (M’ ). 

Tr~s(hutadieize)tungsten (IV) 
Analysis: Found (calcd.) (%): C. 41.81 (41.64); I-I, 5.10 (5.25); W, 53.02 (53.12). 
‘H NMR: 4.61 (2H. m, H(2), H(3)), 1.35 (2H, m, exe-H(l), H(4)), 0.26 (2H. m, 

endo-H(l), H(4)). 
?(‘H} NMR: 103.4 (2C, s. C(2), C(3)), 33.7 (2C. s, C(l), C(4)). 

Tris(isoprene)tungsten (V) 

Analysis: Found (calcd.) (%): C, 46.05 (46.40); H, 6.80 (6.24); W, 46.95 (47.35). 
‘H NMR: 4.44 (lH, m, H(3)), 1.87 (3H, m. CH,), 1.34 (III, m, exo-H(4)), 1.09 

(IH, m, exe-H(l)), 0.09 (2H. m, etzdo-H(l), H(4)). 
“C{‘H} NMR: 116.66 (lC, m, C(2)), 102.42 (lC, m, C(3)). 41.06 (lC, m, C(l)), 

34.45 (lC, m, C(4)), 22.91 (lC, m, CH,). 
Mass spectrum: 388 (M+). 

Tris(2,3_dimethylbutadiene)tungsten (VI) 
Analysis: Found (cald.) (%): C, 50.36 (50.24); H, 6.94 (7.03): W, 42.64 (42.73). 
‘H NMR: 1.74 (6H, s, 2CH,), 1.13 (2H, d, J 5.2 Hz, exo-H(l), H(4)), -0.33 (2H. 

s, endo-H(l), H(4)). 

‘%(‘H} NMR: 111.6 (2C, s, C(2), C(3)), 44.2 (2C, s, C(l), C(4)), 20.0 (ZC, s, 

2CH,). 
Mass spectrum: 430 (M+ ). 
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