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Summary 

The electron scattering pattern of di(n-7-propyny7)- 

bis(dimethylaluminium) (I) has been recorded from s = 2.50 to 

36.50 A-' with a nozzle temperature of 8856 ‘C. 

Models of D2h symmetry (with the C=C bonds perpen- 

dicular to the Al---Al vector) were not compatible with the - 

electron diffraction data. A model of C2h symmetry could be 

brought into satisfactory agreement with the data. The structure 

parameters obtained by least squares calculations on the inten- 

sity data suggest that (I) may be regarded as consisting of 

two somewhat distorted (CH3)2AlCaCCH3 units which are joined 

by donation of T:-electronsfromthe C=C bond of each unit into 

an empty atomic orbital on the Al atom of the other unit. 

Introduction 

The stru.cture of the trimethylaluminium dimer has 

been determined by X-ray crystallography [1,2,3] and by gas 
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symmetry. i.s.-DZh 1.. 

threefold -symmet-ry -axes of-‘the bridging methyl groups bisect 

theAl-Al. vector [31.~.,.The structure indicat.es that each 

bridgi.ng methyls group .interacts equally wi,t.h both Al .atoms, 

and-the structure.is.rationalized as involving two three- 

center two-e1 ection bonds Cl I. 

The molecular structure of dimeric dimethyl(phenyl)- 

aluminium, di(u-phenyl)bis(dimethylaluminium), is also close 

to C&h with the planes of the bridging phenyl groups perpen- 

dicular to the Al-Al vector C51. This structure too can be 

.rationalized on the basis of three-center two-electron bonds, 

though it is commonly assumed that the structure is stabilized 

by d&localization of the x electrons of the phenyl rings into 

empty non-bonding orbitals of appropriate symmetry centered 

on fhe Al atoms 161. 

Dimethyl(phenylethynyl)aluminium is dimeric in 

benzene with the phenylethynyl groups in the bridging position 

17,81. The slowness of the exchange of methyl groups with 

trimethylaluminium indicatesthat the phenylethynyl bridges 

have particularly high thermodynamic stability 18,91. By 

analogy-with .the known structures of dimeric trimethylaluminium 

and dimeric dimethyl(phenyl)aluminium it has been assumed that 

the molecular structure o-f di(u-phenyl ethynyl)bis(dimethyl- 

aluminium) would have gZh symmetry as indicated for Model A: 

It was therefore som.ewhat surprising when an X-ray 

diffraction investigation of di(u-phenylethynjl)bis(diphenyl- 

aluminium) by Stucky, iisch and coworkers [lOI ihowed that -. 

in the crystalline phase at least - the molecular structure 

deviates considerably from L&h symmetry. Rather the- structure 

found (model g above) may be described as consisting of two 
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distinct monomer units joined by long bonds between the Al 

atom of one monomer unit and the Ca atom of the phenylethynyl 

group in the other unit. 

Since it was not clear whether the greater stability 

of structure B was due to crystal packing forces, or to the - 

presence of phenyl rings in conjugation with the C=C bonds, 

or to a combination of both causes, we decided to investigate 

the dimethyl(l-propynyl)aluminium dimer Cl11 by means of gas 

phase electron diffraction. 

Experimental and data processing 

The sample of dimethyl(l-propynyl)aluminium was a 

gift from Mr. W.. Haaf, Mr. W. Storm and Dr. H. Lehmkuhl. 

It had been synthesized from NaC=CCH3 and (CH3)2AlCl in 

n-hexane and purified by sublimation at 25-30 ‘C and 5~10~~ torr _ 

The melting point was 50-52 ‘C (lit. 53-54 ‘C Clll). IR and 

H’-NMR spectra were identical to those reported by Schneider !lll. 

The electron scattering pattern was recorded on the 

Oslo efectron diffraction unit Cl21 with a nozzle temperature 

of 88k6 Oc_ The reported vapor pressure of (CH3)2Al(CrCCH3) fs 

15 torr at 93 OC Clll. Exposures were made with nozzle to 

photograPh_ic plate distances of 48 and 25 cm. The optical 



Structure refinement 
: 

A radial distribution curve calculated for a mod.el 

of-di(p-l-propynyl)bis(dimethylal~uminium) of D2h symmetry_ 

-(model ‘&j is compared to a radial distribution- curve calculated 

by-Fouri-er. inv.ersion of the experimental modified molecular 

intensity data in Fig. 2. A. The agreement is very poor.., 

Attempts:to improve the agreement by refinement of the model 

fail.ed,‘and it was concluded that this model. could be-ruled out; 

(Before. going. on, we wish to point out .that since the disagree.- 

mcnt between the. two zurves :in -Fig; .l- A is duet t.o dif.ferences 

in- the pos.i.tionsL-of th.e peaks at l-23.5 A, and not to di-fferences . . 
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Fig. 2. o : experimental radial distribution curve for 

C(CH,),A~(IJ-C=CCH,)l,. A, full line : theoretical radial 

distribution curve calculated for model of lJ2h symmetry (A). - 

6, full line: theoretical curve calculated for best model 

of symmetry C2h. C, full line : difference between the 

experimental curve and the theoretical curve calculated for 

best model. 

; 
in area, the disagreement cannot be due to partial dissociation 

into monomers). 

Refinements were then carried out on a model similar 

to the one found for di(u-phenylethynyl)bis(diphenylaluminium) 

by X-ray crystallography I101 (model B). This model is shown 

in more detail in Fig. 3 A. It was assumed that: (i) The mole- 

cule has C2h symmetry. (ii) Al.1 methyl groups are identical 

and have C3,, symmetry with the threefold axes coinciding wit-h 

the C-Al or C-C bonds. (iii) The angle of rotation of the 

terminal methyl groups about the C-Al bonds is such that one 

C 
l 

-H bond is anti the All-C2 bond. (iv) The angle of rotation 
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a) For numbe ring of the atoms consult Fig.3 A. The distances 

are given as ra. The angles have not been corrected for 

shrinkage. b) These amplitudes were assumed equal. ‘) These 

amplitudes were assumed to differ by 0.020 A. d, These 

amp1 i tudes were assumed equal. e) These amp1 i tudes were 

assumed to differ by 0.100 A. f) Assumed equal. 

of the methyl groups in the bridges is such that one C5-H bond 

is anti the C3-C4 bond. 

The molecular structure is then determined by twelve 

independent parameters, e.g. the C-H, C=C, C-C, All-Cl, -- 

All-C3 and Al, 8 -C bond distances and the valence angles 

/Al-C-H = /C-C-H, I_Cl-All-C*, /Cl-All-C3, LAll-C3-C4, - 

LC,-C,-C,, and IC8-All-C3. These twelve structure parameters 

and ten root-mean-square vibrational amplitudes (a) (including 

the amplitudes of all bond distances) were refined by least- 

squares calculations on the intensity data under the constraints 

of a geometrically consistent r 
-a 

structure using programs 

written by H.M. Seip Cl31. The asymmetry parameter of the 
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scale factor for each nbtzle to-plate distance; lhe molecular 
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parameters obtained and-their estimated standard deviations.are 

listed -in Table 7. The -standard deviations have been .doubled- 

to .take into account the additional-uncertainty due to correla- 

.tion in the experimental data [15]-and introduced by the 

assumptions (i) to (iv) above.and the assumptions made regarding 

the vibrational amplitudes that could not be refined as inde- 

pendent parameters (see Table 1) _ 

Modified~molecular intensity curves calculated for 

the best model are shown in Fig. 1. A radial distribution curve 

-calculated for the best mod-e1 is compared to an experimental 

curv.e in Fig. 2 B and C. The agreement is seen to be satis- 

factory. 

Discussion 

The molecular structure of di(p-1-propynyljbis 

(dimethylaluminium) (r) (Fig. 3 8 and Table 1) deviates 

considerably from D _-2h symmetry. This is most clearly seen 

by comparing the angles lAll-C3-C4 = 158.3(1.9)’ and 

LA’*-C3-C4 = 109.7(1.3p. The Al---Al distance, 3.03(3) A, 

which is significantly longer than the Al---Al distances in 

dimeric trimethylaluminium, Z-619(5) A 141 or di(p-phenyl) 

bis(dimethylaluminium), 2.687(3) A 153, also indicates that 

the bridge.bonding in (L) is different-from the bridge bonding 

in the other twos species. 

Below we compare some bond distances and valence 

angles in I-to the .corresponding- parameters in di(u-phenyl- 

ethynyl)bis(diphenylaluminium) -(II) as determined by.X-ray - 



Fig. 3. Molecular models of [(CH3),Al(P-~~~~~3)]z_ 
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crystallography ClOl. (The structure of II has only been - 

described in a preliminary report and only a few structure. 

parameters are g.iven - without standard deviations) : 



_c+4 ; 1 ,229(4_) A- -. 1 -207 _A I’ 
._ 

C,-C, 
. 

-iAl, -C3-Al2 ‘~ 

LA’, -c3-c4 158.3(1 .9)’ : 1.17.1.6’ 
. : .- 

Though there are some differences, notably in the Al,-C3 bond 

distances and the /A11X3-C4 valence angles, the structures cf 

the-two molecules are clear.ly quite similar. 

tike Stucky, Eisch and coworkers [lo] we believe th.at 

the structures are bestdescribed by assuming that the All-C, bond 

is a single covalent bond, and that the two_monomer units are 

-linked through dative bonding by donation of two x-electrons 

of the C=C bond of one unit into an empty atomic orbital.on the 

Al atom of the other unit. The bond -distances and valence angles 

are in good agreement with this view: The Al-0 bond distance in 

(CH3)3AWCH3)2 is 2.01(Z) A C161, the Al-N bond distance- in 

(CH3)3AlN(CH3)3 is 2.10(l) A El71. Extrapolation to C yields 

an estimated Al-C dative bond distance of about.2.19 A. The 

Al _-Cl bond distance in I is indistinguishable from the Al-C 
I - 

bond distance in monomeric (CH3)3A1, 1.957(3) A [41: Formation 

of the complexes (CH3)3AlN(CH3)3 and (CH3)3A10(CH3)2 leads to 

an increase in the Al-C bond distances, Al-C = 1.987(5) A and 

-1.973(11) A, respectively, in the two complexes. In I the _ 

elongation is confined to the All-C, bond,-but the average of 

the three bond distances -Al,-C, , Al, -C2 land Al l-C3 is, eq.ual to 

1.987 A.. -1-n the complexes with N(CH3)i qnd 0(CH3.)2,(CH3)_3Al 

forms flat pyramids, LCrAl-C =.115.6iO.2)o and 117.8(0.8-)o,.. . . 

:. 
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.. respectively; -In-L the average of the three angles ~fZj-All‘-Cp, 

.Lc,-Al,-Ci- a.nd&~C2~-A1,-CJ is- 117.'7'. 

Donation of i-electrons into an empty atomic orbital 

on-Al2 would.be expected to. weaken the C,aC, bond: In fact it 

.is found to be significantly longer than the C=C bond in 

CH3-C=CKH3 determined by gas phase electron diffraction, 

1.206(l) A [18]. The C-C bond distances in the two molecules 

are indistinguishable. 

If one accepts the view of the bonding between the 

monomer units outlined above, the question arises as to why 

the structure is not such that the Al atom of one monomer unit 

is directly above the midpoint of the C=C bond of the other 

unit; this could be accomplished by displacing one monomer 

unit about 0.6 A relative to the other in the direction of 

the triple bond. The reason may be that C atom carries a 
a 

larger negative charge than the C, atom or that such a structure 

would require a prohibitively short C3-.-C8 distance. But in 

this connection it may also be pertinent to recall that the 

ESR spectrum of the matrixisolated adduct Al-atom-acetylene 

show the structure to be vinyl-like (5) rather than symmetric 

(lg c191: 
Al 

Ai h 

\ 
C SC /H 1’ ‘\ 

H' H/C=C\H 

c D - 

The molecular fragment All -C3-C4-C5 is non1 inear 

and in the trans configuration. The angies LAll-C3-C4 and 

LC,-C,-C, have not been corrected for shrinkage, but since 

these angles are determined to a large extent by the distances 

A12 ---Ai,, A12-*-C3, A12=--C4 and A12---C6, we do not believe 

that-shrinkage corrections would amount to more than 2 or 3’. 
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