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Summary

The electron scattering pattern of di(u-1-propynyl)-
bis{(dimethylaluminium) (I) has been recorded from s = 2.50 to
36.50 AT with a nozzle temperature of 88z6 °C.

Models of EZh symmetry (with the C=C bonds perpen-
dicular to the Al---Al1 vector) were not compatible with the
electron diffraction data. A model of £2h 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)2A1CECCH3 units which are joined

by donation of =-electrons from the C=C bond of each unit into

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

Introduction

The structure of the trimethylaluminium dimer has

been determined by X-ray crystallography [1,2,3] and by gas



iphase e]ectron-d1ffract1on-[4l'i'Nhen therhydrogen atﬁmspof

?jhe two br1dg1ng methy]lgroupsoare excluded the mo] cu]ar

isymmetry 1s DZh'or very nearly so, and the (approx1mate)
1threefo]d symmetry axes of the br1dg1ng methy1 groups b1sect
?thefAI Alrvector [3] The structure 1nd1cates that each _
br1dg1ng methy] group 1nteracts equal]y w1th both A] atoms,
“and the structure 1s.rat1qha]1zed as involving two thFEEfV
4Center twe—etéctroh bonds [1].

-' The molecular structure of dimeric dimethy](pheny1)-
a]umthﬁum, ai(u-pheny1)biéfdfmethy]a]uminium); is also c1pse
to 22h with the planes of the bridging phenyl groups_perpen-v
dicular to the Al-Al vector [5]. 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
rhy delocalization of the = electrons of the phenyl rings into
empty non-bonding orbitals of appropriate symmetry centered
oh the Al atoms [6]. o

"Dimethyl(phenylethynyl)aluminium is dimeric in
benzene with the phenylethynyl Qroups in the bridging position

{7,81. The slowness of the exchange of methyl groups with
trimethylaluminium indicates that the phenylethynyl bridges
haue particularly high thermodynamic stability [8,9]. By
analogy with the known structures of dimeric trimethylaluminium
and dimeric dimethyl(phenyl)aluminium it has been assumed that
tne molecular structure of di(u-phenyl ethynyl)bis(dimethyl-
aluminium) would have EZh symmetry as indicated for‘Model A:

It was therefore somewhat surprising when an X-ray
diffraction investigation of di(u-phenylethynyl)bis(diphenyl-
aTuminium) by Stucky, Eisch and coworkers [10] showed that -
in the crysta]]ine phase at least - the molecular structure

deviates cons1derab1y from 3] symmetry.. Rather the structure

—2h
found (model B above) may be descr1bed as cons1st1ng of two
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distinct monomer units joined by long bonds between the Al
atom of one monomer unit and the Cu 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(1-propynyl)aluminium dimer [11] by means of gas

phase electron diffraction.

Experimental and data processing

The sample of dimethyl(1-propynyl)aluminium was a
gift from Mr. W. Haaf, Mr. W. Storm and Dr. H. Lehmkuhl.
It had been synthesized from NaCECCH3 and (CH3)2A]C] in
n-hexane and purified by sublimation at 25-30 Oc and 5x]0-4 torr.
The melting point was 50-52 °C (1it. 53-54 °C [111). IR and
Hl-NMR spectra were identical to those reported by Schneider [117].
The electron scattering pattern was recorded on the
Oslo electron diffraction unit [12] with a nozzle temperature
of 8826 °C. The reported vapor pressure of (CH3)2A1(CECCH3) is
15 torr at 93 °c r111. Exposures were made with nozzle to

photographic plate distances of 48 and 25 cm. The optical
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FHig. 1;'>p 2 experiménta];quifiedimo]ecu]ar intensity points

1 (upper

for I(QH3)2A1(prECCH3)]2 from s = 2.50 to 18.00 A~
‘cﬁfve)-éhdvfrqm s = 6.00 to 36.50‘}\7-1 {tower curve). In the
iUpbér bufve oq]y_évery second experimental point is shown.
“Full Tines : theoretical intensity curves calculated for

“best model.

:Strﬁcturerrefinement )

Alradip] distribution curve calculated for a model
bf-dﬁ(y-l—éﬁppynyi)bis(dimethy]aTuminium) of EZh symmetry.
7(ﬁodei"ﬂjgis'Comparédsto»a radial distribution curve calculated
byinuriérQinveréion'of the experimental modified molecular
intensity.data.ih Fig. 2. A. The agreement is very poor,,;‘
Attemptsito improve*fhé agreement by refinement of the model
'féiled, énd—it was concluded that this model could be ruled out:
(éeforé goingfqn, we wish to -point out thét since'the diSagree>
Ameﬁtjb;tween-the:twd}cunvésein.Figf,IvA is dUéﬁtd,djfferehCes

in the bositiQhS&pf:fhe/ﬁeaks"atrr>3.5 A;;and;hotrto>differencés'
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Fig. 2. o : experimental radial distribution curve for
[(CH3)2A1(u'CECCH3)]2. A, full Tine : theoretical radial
distribution curve calculated for model of 22h symmetry (A).
B, full 1ine: theoretical curve calculated for best model
of symmetry EZh' C, full line : difference between the

experimental curve and the theoretical curve calculated for

best model.

in area, the djsaéreement cannot be due to partial dissociation
into monomers).

Refinements were then carried out on a modeil similar
to the one found for di{u-phenylethynyl)bis(diphenylaluminium)
by X-ray crysta]1ography {101 (model B). This model is shown
in more detail in Fig. 3 A. It was assumed that: (i) The mole-
cule has £2h symmetry. (ii) A11 methyl groups are identical
and have £3v symmetry with the threefold axes coinciding wifh
the C-Al or C-C bonds. (iii) The angle of rotation of the
tgrminél hethyl groups about the C-Al bonds 1is such that one

C,-H bond is anti the A11-C bond. (iv) The angle of rotation

1 2
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5v1brat1onal amp11tudes of [(CH ) A]CsCCH jk

standard dev1at1ons 11 parentheses‘ ifh'f,‘

kEs»1mated

Vz/A

;':%A!A:A“
C—H (mean) 1.110(3) ' 0.082(4)
c=¢ 1.229(4) 0.039(5)
c—C 1.454(4) - 0.048(4)
AT,—C 1.956(5) 0.060(3)
AT,—C, 2.050(15) 0.088(15)
A1 —Cg ,’2.153;27) 0.167(31)
Al---A1 3.03(3) 0.15(3) P
A1y ---C 2.82(2) 0.15(3) P
Al,---C, 3;22(1) 0.09(1) ©
Al,---Cq 3.79(3) 6.26¢2) ¢
Aly-=-C, 4.30(2) 0.20(2) ¢
Al,---C, 4.68(1) 0.11(1) €
Aly---H, 2.54(2) 0.149 (assumed)
C3---C5 2.67(1) 0.0624 (assumed)
€4---Cq 2.92(3) 0.140 (assumed)
€,---Cg 3.23(2) 0.15(3) P
C]---C3 3.40(2) 0.140 (assumed)
€y---C4 3.49(4) 0.20(2) ¢
c1-<-c10‘ 4.04(6) 0.20(2)'_'d
c,---C 4.40(2) 0.23(4) e
c]-4-c 5.75(2) 0.33(2) ©

‘(cont)
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LA{ecenf' . 108.5(1.7)° ¥
JC—C-H 108.5(1.7)° T
'Léi;Ali;Cz» -~ 120.8(1.6)°
1€,—R1,—C, 116.2{0.9)°
IA1,—C5-C, 158.3(1.9)°
1C5-Co—C, 167.8(1.6)°
1Cg~R1,=Cy : 103.6(0.9)°
1Cg—R1—C,4 88.0(1.0)°
/A1 ,—C,—Cy 109.7(1.3)°

a) For numbering of the atoms consult Fig.3 A. The distances
are given as ry- The angles have not been corrected_for
shrinkage. b) These amplitudes were assumed equal. c) These
amplitudes were assumed to differ by 0.020 A. ¢) These
amplitudes were assumed equal. e) These amplitudes were

assumed to differ by 0.100 A. ) 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, A11-C1,
AII-C3 and AL,—C8 bond distances and the valence angles
/A1-C-H = /C-C-H, LC]-AI]-CZ, 1p1-A1]—C3, LAI]—C3—C4,
LQ3-F4-CS, and ch‘A]1‘C3- These twelve structure parameters

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

the amplitudes of all bond distances) were refined by least-
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squares calculations on the intensity data under the constraints

i of.a—geometrica11y consistent ra structure using programs

written by H.M. Seip [13]. The asymmetry parameter of the
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H bond dxstance was fxxed at”

,other asymnetry

;parameters were>1gnored [14] The f1na1 ref1nements were carr1ed

ut:w1th a d1agona1 we1ght matr1x and a separate]y‘ref1ned o
:sca1e factor for each nozz]e to p1ate dwstance. The molecu]ar
parameters 0bta1ned and the1r estlmated standard dev1at1ons are.
I1sted in Tab]e ]. The standard dev1at1ons have been doub]ed
'to take 1nto account the: add1t1ona1 uncerta1nty due to corre1a—
At1on 1n the exper1menta1 data [15] ~and Introduced by the
assumptIOns (1) to (1v) above and the assumptions made regard1ng
the v1brat]0na1 amplitudes that colild not be refined as inde-
,pendent parameters (see Table i).'

-quftied:mOIecular intensity curves calculated for
the best model ane shawn in Fig. 1. A radial distribution curve
ca]cu]ated for the best model is companed to an:expenimenta]
‘curve 1n»Fxg. 2 B and C.' The agreement is seen to be satis-

factory.

Discussion

The molecular structure of di(u-1-propynyl}bis
(dimethylaluminium) (I) (Fig. 3 B and Table 1) deviates
cons*derab]y from DZh symmetry. This is most clearly seen

by comparing the angles /A1,-C;-C, = 158.3(1.9)°

C;-C, = 109.7(1.3)°. The Al---Al distance, 3.03(3) A,
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which is significantly longer than the Al.--A1l distances in

/A1

dimeric trimethylaluminium, 2.619(5) A [4] or di(u-phenyl)
bis(djmethy]a]uminium), 2.687(3) A [51, also indicates that
the Bridge‘bonding in {(I) is different from the bridge bonding
in the other two species.

Below .we comparersome bond distances - and valence
angles in. I .to the.corresponding- parameters in d1(u phenyl-”

ethynjl)b1s(d1pheny1alum1n.um) (II) as determined by ‘X-ray
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88, 0(10)°
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1036\09) Q 2,05005)7
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/1454(4)A B
Fig. 3. Moiecular models of [(CH3)2A1(u—CECCH3)]2,
crystallography [10]. (The structure of 11 has only been

described in a preliminary report and only a few structure

parameters are. given - without standard deviations) :
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ATp=C T 1.956(5) A

Aly=Cg 7 - 2.05(3) A0 - 2.184 A

Cq=C, - 1.229(4) A 1,207 R

Gt TSR 143K |
IR, CaoAT, 52.0(1.0)°. R LA

IR -CyoC, - 158.3(1.9)° o -171.6°

]—C3 bond

Though‘there,are some differences; notably inrthe-AT
distances and thé'iﬁif;c3‘cq vaienceranQIes, the sirugtufes cf
the - two mp]ecu]ésiare,clearly'quite similar. 7

Like Stdcky, Eisch and cbworkefs [IOJVWé believe that
the structures aré bgstdescribed,by assuming that the’A]i-C] bond
is a single covalent bond, and that the two monomer units are
‘I%nked ihfoqgh dative bonding by donation,o? two v-electrons
of the C=C bond of one unit into an empty atomic orbita1 on the
Al gtom of the other unit. The bond -distances and valence angles
are in good agreement with this view: The Ai-0 bond distance in
(CH3)3A10(CH3)2 is 2.01(2) A [16], the Al-N bond distance in
(CH3)3A]N(CH3)3 is 2.10(1) A [17]. Extrapd]ation to C yields
an estimated A1-C dative bond distance of about 2.19 A. The
A‘l..l--‘C1 bond distance in I is indistinguishable from the Al-C
bond distance in monomeric (CH3)3A1] 1.957(3) A‘[4]i‘ Formation
of ﬁhe complexes (CH3)3A1N(CH3)3 and (CH3)3A10(CH3)2 feéds to
an increase in the Al1-C bond distances, A1-C ='1.987(5) A and
'1;973(11) A, respectively, in the two complexes. 1In I the
elongation is confined to the A]T-Cé bond, but the average of
the three bbndjdistances_All-C], A]TACZfandVAjJeC3,is_equal,tdf
1.987 A.. In the complexes wifh;N(CH3)3,aédTO(CHé)z,(CHé)3A1
forms flat pyramids, /C-A1-C = 115.6(0.2)° and 117.8(0.8)%,.
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?Eéépécijelyfffin‘llthe average ‘'of the three ahg]eé LF]-A1{-CZ,
»L‘Ci ?-A7T1-'C:‘,"I'iar'nrd' lcz’-m]-cs;. is 117.7°.

3 “‘Donation of ﬁ—e]ectrons’into an empty atomic orbital
Adthlz,wbu]d'be expected to weaken the C,=C, bond: In fact it
fié found to'bevsignificantIy'1onger than the C=C bond in
7CH3—CEC£CH3 determined by gas phase electron diffraction,
'1.206(1) A [18]. The C-C bond distances in the two molecules
are indistinQuishab]e.

If one accepts the view of the bonding between the
monomer units outlined above, the question arises as to why
thé 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 Ca atom carries a
larger negative charge than the CB atom or that such a structure
would regquire 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 vinyi-like (C) rather than symmetric

(D) [191:
Al
Al A
\ //\
—_c" )
H/c_. H/c=c\H
C D

The molecular fragment A]]-C3—C4-C5 is nonlinear

and in the trans configuration. The angies LA]l-C3-C4 and
LC3—C4—CS have not been corrected for shrinkage, but since
these aqg]es are determined to a large extent by the distances

Al,+++A7., Al ++-C Al_+-<C, and Al_---C we do not believe

2 1’ 2 73 2 4 2 5°
that shrinkage corrections would amount to more than 2 or 3%,
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