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Summary 

The molecular conformations of a (pentaphenyl)aluminacyclopentadiene 
ligand (I) and its complex with 1,5-cyclooztadienenickel (II) have been deter- 
mined from single crystal X-ray data collected at room temperature with counter 
methods. The free &and crystallizes in the monoclinic space group Cc with 4 
molecules in a unit cell of dimensions a 10.5598(5), b 22.7089(12), c 13.3417(4) 
A, fi 98.064( 3)” ; its (COD)Ni complex crystallizes in the monoclinic space group 
P2,/n with 4 molecules in a unit cell of the dimensions a 11.9948(8), b 16.9758 
(13), c lF.7721(14) a, p 97.958(3)“. Both structures have been refined aniso- 
tropically to R values of 0.0577 and 0.0493, respectively. Upon complexation 
of I to the nickel atom the planarity of the ring system is distorted, with the 
aluminum being bent away from the nickel. A direct metal- metal interaction in 
II (r\l’i-Al: 2.748(l) X) cannot be ruled out. 

Stereochemical information about nickel compounds containing main group 
metals is of interest because of the importance of the so-called nickel-effect [l] 
in the catalytic chemistry of the main group metal series. The discovery of the 
latter led to the development of the numerous Ziegler-type catalysts. It is also 
well known that for nickel catalysts carrying various stereochemi~ally controlling 
and/or accelerating ligands there is a marked dependence in the product distribu- 
tion on the nature of the ligand. Thus, the cyclotrimerisation of 1,8butadiene by 
a nickel catalyst may be shifted towards cyclodimerisation by adding a &and, 
usually a phosphine or phosphite, at the reactive center_ Alterations of reaction 
pathways are numerous, and are understood to some extent [ 21. 

RecentIy a new meta.Ilacyclopentadienyl-system became available [ 31. It was 

l X-rAY structurai tnzlysis. 
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of immediate interest to prepare transition metal complexes of this ligand aml to 
test the catalytic activities of these new compounds. In this paper we describe the 
preparation and the molecular structure of a compound obtained from the reac- 
tion of (pentaphenyl)aluminacyclopentadiene (I) with dicyclooctadienylnickel. 
This is part of our series of investigations on the structure of “mixed-metal com- 
pounds”. In order to gain more information about the nature of the complex 
formation, we include a structural study of the starting material I. The molar 
composition of the nickel complex II was proven by analyses as well as by spec- 
troscopic methods. Crystal data and details of the structure determinations of I 
and II are given in Table 1 [ 41. Lists of structure factors, atomic positonal and 
thermal parameters are available from the authors (C-K.) on request. 

Ph 

Ph /Oet2 

P E ” Ph 
Ni 

I 

AI 

‘Ph 

I 

structure of (pentaphenyl)aIuminacyclopentadiene (I) is showed in Fig. 1. 
five-membered ring is completely planar as seen in Table 2, with the alumi- 

TABLE 1 

CRYSTAL DATA AND DETAILS OF STRUCTURE DETERMINATIONS OF COMPOUNDS f AND 11 

I 

C~~H35Al0. MoJ_wt_ 534-7 
@10.5598(5) d 
b 22_7089(12) -4 
c 13.3417C4) A 
5 98.06._<3>” 
V 3167-7 _A3 

- ___- 

II 
--_I- - 

C<,+&,JNiD. Mol_wt. 701.58 
D 11.9948(8~ _A 
b 16_9758(13) A 
c 18_7721<14: A 
p 97.958f31° 
V 3785.61 A3 

%=4 2=4 
d, 112 g cm_3 
PWCU-K,) 7.28 cm-’ 

d, 1.23 ~z CHI-~ 
p(Cu-K,) 11.84 cm-’ 

Systematic absences: Systematic absences: 
kktforh+k=2n+l hOlforh+I=2n+l - 
hOJforl=2n+l OkOfork=2n+l 
S9ace group: C2lc or cc SOace group: P211n 

Nonius diffractometer CAD-4 Nonius diffractometer CAD-4 
AWu-K$l.54178 A X<Cu-K,-) 1.54178 A 
Ni faltered Ni filtered 
4359 refJections hkI.iikl me asured ; averaged 8286 reflections hkl.~kI measured: awerazed to 
to give 3247 unfpue reflections of which 1430 gire 7758 unique reflections of wbieb 2984 were 
were considered unobserved(l/5<1) < 2.0) .saosidered unobserved <I/ii <I) < 2.0) 

Both structures were solved by direct methods znd aubseauent Fourier and difference Fourier technipucs. 

Full matrix lecst squares refinement including 
isW.roPic IefJnement of H atom converged at 
R = 010577. R, = 0.0797 

l3k -zdhgonsl lelut ~QUIVC~ refinement includhg 
isotropic reR&aent of Ii atoms converged at 
R = 0_0493. R, = 0.0614 

R = ZA/ZiFOl and RW = [Zm - A*/&. - IF,,l*~ I’=. A t IIF - lFcll 
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num atom showing the greatest out-of-plane deviation of only 0.039( 15) X. The 
dihedral angle between the plane C( l)-C( 2)-C( 3)-C( 4) and the plane C( 1)-Al- 
C(4) is 1.1”. The aluminum bonds to the butadiene moiety in a symmetrical man- 
ner, the average Al-C distance being l-966(6) A (see Tables 3 and 4 for bond dis- 
tances and angles) Furthermore, it is linked with a phenyl group (X979(6) A), 
and, to complete its coordination sphere, with one molecule of diethyl ether. The 
aluminium-oxygen distance of l-907(5) A is shorter than th It, via 2.02 A, found 
in the dioxane adduct of trimethylaluminum [ 51. However, in the trimethylalumi- 
num case, the AI-C bond is expected to be elongated, since oxygen is more eke- 
tronegative than the methyl carbons, thus shortening the aluminum-carbon bonds 

TABLE 2 

OUT-OF-PLANE DEVIATIONS IN THE C4Al RING OF COMPOUNDS I AND 11 

I 
best phne 

- _- 
II 
best Plane 

Al 0.039(15) AI --0.49(Z) 
C(1) 0.006(15) c(l) 0.005(18) 

C(2) -0_012(15) C(2) -O.OOS(18~ 

U3) 0_012(16) C(3) O.OCtS(18) 

U4) -0.006<15) ci41 -aoO5(18~ 
7 
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C.,r,,p.surrd I __..__. .--_-. 

zil-_(X 1 J l.YG(tiJ C(l)-PhCll) 1.4?9(9) 

Al--C(J) 1.96X(6k C(2)-Ph(21J 1.501(9) 

Al-PhGlJ 1.9i91a C(3)_Phl31 J ?.-t~l(It) 

AI--o 13111~5) C(4)-Phl-ll) 1.471(9) 

C~IPc~B~ I .363(6) C(2)-C(3) 1.31619) 

C(B)_-c(J) 1.358(9) 

C-r,rrtp.mrzd 11 

.X1--Si 2.i-ill(i) X-C(3) 2.09413) 

Al--cc 1) l.YtilJ(3) X-C(l) 2.204(3) 

Al-Cl I ) I.954(3) Xi--Cl.%) 2.L?20(3) 

A!-Phlh(5 1 J 1.975<3) X1-C(2) 2.100(3) 

AI-0 X.977(3? Si-C(llJ 2.1 lO(4) 

C(I J-C(z) 1.‘05(4) Si-C(I@> 2.083(3) 

C(-‘J-c(3J l.-W8(4J Si-C(14J 2.100(3J 

C(3)--c<4) 1.409(4 1 Xi-C(lS) 2.091(3) 

C(I)-Phlll) 1_488(4J - C(IOeclI 1) 1.37415) 

C(Z)-Ph(LL; 1.502<4) c(11)-clI2~ 1.5”2(5) 

C(3)-Ph(31 J 1 .-ILti<-I) C(l2)-c(l3) 1.537(6) 

Cta,--Ph(J 1 b 1191(-t; cl13)-c(I~; 1 .%x3(5) 

c(14)--c<15; 1_385(5J c(16Fcl15~ 1.53115) 

C(Iz#J-C(16) L.j”5(5J c~17J-c~IoJ 1.5”“(5) 

TAiYLE 4 

V’ALESCY AXtiLES (DEG.) K:TH STAKDAHD DEVIATIO1;S IX PAHENTHEYES 
__-. - - - ---_~ 
Cimrpuund I __ _-_.. -- _- ..-- 

C(4)--Ac-o 

C(1 l-Akcl4) 
C(I)_-A!-0 
c(l)--al-Ph(51) 

c(4)-Al-Ph(51) 

o-AI-Ph(JI) 

_A+c11)--c(2; 
A.+C<l)_Ph(ll) 
Al-C14)--c~3; 
AI--C(Q)_Ph(41) 

Compound If 

C(‘%)_Al-o 

C(i )-Akc(4) 

C( 1 )--x1-0 

C(l)-AI-Ph(51) 
C(4)-Al-Phl51) 
o-AI-Ph(51) 
Al-c<1)--Cl2; 
m-C(Z~Ph~ll~ 
Al-cl4k-cl3~ 
_AI-C(4)_Ph(41; 

Ni-c(l)-Al 

Si-C(4)-_AI 

Ni-c~lJ-c~2J 

Ni-C<2I-C<3) 

Ni-C(2FC~I) 
Ni-C<3I-+XZ) 
Ni-C<3)--c<4) 
Ni-C<4)--ct3) 

103.512) 

91.6(3) 

106.8(“> 

122.4(3) 

126_4(3; 

103.212) 

105.8(4) 

127.4(S) 

105.3(4) 

I31.1<5) 

108_0(1) 
86.1(l) 
106.0(l) 
125.3(l). 
129=1(l) 

98_10J 

107_4(2) 
?2.7<1) 
108.1(2) 
130-l(2) 
82.4(l) 
s2.1<1; 
67-O(2) 
68_9<2) 
?5.0(2) 
69.3[2) 
75.9(2) 
669<2) 

C(2)--ClI)-Ph(l1; 
C11bC12)-Ph(21) 
Cl3b-C12)-Ph(21) 
C(2;-C(3>-Ph(31) 
C<4F-C13)_Ph(31) 
C~3)--C<-1)_-Phl41; 

Cl2)--Cl1)_-Phll1~ 
C<lFC<W--Ph(21) 
c@~c2)_-Ph(21) 
Cl2)--C<3)_Ph(31) 
C<4Z--C(3)_PW31) 
c(3)--C<4)_F'h(41) 
0-Al-Ni 
Ph<Bl)-Al-Ni 
C(l)_Ni-C~4~ 
C(l)-_Ni-C12) 
C(l)_Ni-C(3) 
Cl2)-_Ni-C(3) 
C(2)-_Ni-C<4) 
C(3)-_Ni-C<4; 
C(14)-Ni-C~l5) 
c~lO)-Ni-C~ll; 
h?--c<1O)--c~11) 
h?--c<11)--c<10) 
Ni~(14l-cx15; 
Ni-C<15)--C~14) 

126.7(6; 
124-416) 
117.515) 
118.615) 
122.116; 
122_9(5) 

120.9(3) 

122_7(3) 
120.7(3) 
120-l(3) 
124213) 
121.513) 
146.9(l) 
114.8(l) 
759(l) 
38.0(l) 
69.9(l) 
419(l) 
69.3(l) 
38.0(l) 
38.6(I) 
383(l) 
719<2; 
69.8(2) 
70.3(3) 
71-l(2) 
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and elongating the more polar At-0 bond. The opposite effect is evidenL in I_ Dmue 
to the electron-withdrawing phenyi groups at tile buradiene moiety and at the alu- 
minum, the aluminum-osygen bond is shortened. The coordination around the 
aluminum is distorted tetrahedral; the disrortion results from participation of the 
aluminum in a five-membered ring. -As seen in Table 4 the Yh( 51)~Al-C( 1) and 
Ph( 51)-M- C(4) an&s are opened up, probably because of steric interactions of 
the phenyl ring on aluminum with the phenyi groups on C(I) and C(4)_ The 
phenyl substituents on the carbon atoms axe arranged in a propeller-like fashion 
about the five-membered r&g, the angles betbveen their pianes ranging from 50” 
to 61”. 

Bonds C(l)-C(2) and C(3)%(4) (av. l-360(8) A) may be compared with the 
double bond lengths found in 1 ,2,3,4-tetraphetlpIczs.cls-l,utadielle (1.36 A) [Sl. 
However, the central carbon- carbon bond lel&l of l-516(9) .9 is slightly longer 
than the 1.49 A found in the butadiene compound. This lengthening may be 
attributed to steric interactions between the phenyis on carbons C(2) and C(3), 
as these groups are constrained to a cisoid geometry by the participation of the 
butadiene moiety in the fiv, illetnbered ring. 

The compiesation of I to the (COD)Ni moiety rakes place through the buta- 
diene sub-unit of the five-membred ring. The interaction of butadienes with 
transition metak can be described by three basic bonding schemes [‘i]: 

In structure’ A the electrons are Iocalized as in butadiene, and so the metal- 
butadiene interaction can be considered as composed of two localized metai- 
olefin bonds. In B the metal is u-bonded to the terminal carbons and n-bonded 
to C( 2)-C( 3), and in structure C the butadiene s-electrons are completely de- 
localized. These idealized bonding schemes can be extended to five-membered 
ring ligands bonding to the metal atom through a butadiene moiety. For example, 
bonding mode C was found in cyclopentadienyltetamethyicyclopentadienone- 

cobalt(O) (D) 181. The carbon--carbon bond lengths of the butadiene moiety are 
equal (l-43 A), indicating delocalization of the electrons as in structure type C. 
Upon replacing the methyl groups by electron-withdrawing trifluoromethyl 
groups (E) the structure is indicative of two CF bonds and one 1z bond [9] as in 
structure type B. 
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Fig. 2. Mulecclsr sttucture of the complex of (pen~aphenyI)aluminacvclopentadiene with 
dienenickel. 

i.5-csclownta- 

Complex II can be considered ideally to have bonding of type A. The central 
carbon-carbon bond (C(2)-C(3) l-498(4) ZL) is longer than the other two car- 
bon+arbon bonds (C(l)-C(2), C(3)-C(4) av. l-407(4) A), indicative of two 
IocaIized nickeI-oIefii bonds (see Fig. 2). 

Surprisingly the central carbon-carbon bond distance (C( 2)-C( 3) l-498( 4) - 
A) is slightly shorter than that in the free ligand (l-516( 9) A). The olefmic 
bonds (C(l)-C(2), C(3)<(4) av. 1.40’7(4) A) have lengthened from those 
found in the free ligand (av_ l-360(4) A) as is usually observed for other metal 
olefinic complexes [lo] _ The aluminum atom is bent out of the ring and away 
from the nickel (Ni - - - Al 2.748(l) A)_ A best plane calculation (see Table 2) 
shows the ahrmmum to be O-49(2) a out of the C(l)-C(2)-C(3)--C(4) plane 
with a dihedral angIe of 20.44” between the plane containing C(l)-C(2)-C(3)- 
C(4) and the plane containing C(l)-AI-C(B). This distortion from planarity 
suggests a partial rehybridization of C(1) and C(4) from sp* to sp3, as is also indi- 
cated by the increase in the bond lengths C(l)-C(2) and C(3)<(4). The greater 
sp3 character of the C(1) and C(4) orbitaIs should lead to longer C-AI bonds, for 
two reasons: fii, the covalent radius of an sp3 carbon is larger than that of an 
sp2 carbon [ 111, and, second, the electronegativity of an sp3 carbon is Iess than 
that of an sp* carbon [12]. However, the exact opposite is found here. The aIu- 
minum-carbon $&a.nces decrease slightly upon complexation (av. X95’?(3) A 
vs. av. l-966(6) II in the free Zigand) and are now shorter than the aluminum 
oxygen distance (1.977(3) A) which has increased from that in the free Iigand 
(l-907( 5) A). 



This observed effect can be explained in simplified terms by considering the 
interaction of the (COD)Ni moiety with the n orbitals of the diene unit. ~-Back- 
bonding from the electron-rich nickel(O) to the lowest K* orbital of butadiene 

1131, which is of the appropriate symmetry, can increase the interaction of the 
outer carbons with the d(s’ - _v’) and dx_v orbitals on the nickel. This increases 
the electron density of the r;’ orbital, which, in turn, can interact with the sp’ 
orbitals on the aluminum- The result is a shortening of the Al-C bonds- This 
contraction of the aluminum-carbon bonds suggests a nickeI--aIuminum inter- 
action. T’-.e nickel-aluminum distance of 2.748( 1) X is slightly less than the sum 
of the covalent radii of nickel (1.32 A) and aluminum (1.43 A) [14]. Such an in- 
teraction would esplain the slight decrease of the central carbon-carbon bond 
length upon complexation. The increase of electron density in this orbital im- 
parts double bond character to the central carbon-carbon bond. Two of the 
nickel-carbon distances (Ni-C(1) 2.204(3) X, Ni-C(4) 2.220(3) A) are con- 
siderably longer than the Ni-C(2) (2.100(3) A) and Ni--C(3) (2.094(3) A) 
distances. Such a phenomenon has been observed in similar systems, such as 
butadieneiron tricarbonyl [ 151. 

The COD ring is linked to the nickel through two s-bonds with an average 
Ni-C distance of 2.096(3) A, similar to the bonding found in (COD),Ni [ 161. 
The average carbon-carbon double bond length is l-379(5) A and the airerage 
carbon-carbon single bond length is l-524( 5) A _ There is no apparent differ- 
ence between the two double bonds and their bonding modes with nickel. 
However, both the ‘H NMR and “C NMR spectra show inequivalencies In 
the ‘H NMR spectrum the olefinic COD protons appear as two signals (7 4 -78, 
5.50 ppm). The olefinic carbons in the “C NMR spectrum exhibit two signals 
at 91-3 and 86.2 ppm, which can be compared to the single signal at 89.74 ppm 
found for (COD)zNi. These inequivalencies in the NMR spectra can be explained 
as being due to the different environments of the olefmic bonds with respect to 
the (pentaphenyl)aluminacyclopentadiene Iigand. 

Experimental 

Prepamtion of (pentaphenyl)aluminacyc~~pentadiene-l,5cyclooctadienylnickel 
(I) AS the tetmhydrofumn adduct. 2.6 g (9.46 mmol) of (COD)2Ni [i7] are 

added to a stirred solution of 10.1 g (18.89 mmol)~(pentaphenyl)aluminacyclo- 
pentadiene (I) [ 31 in 120 ml absolute THF at 40°C. After 5 days the red mix- 
ture is fiI&red- From the filtrate a red precipitate is obtained by cooling, and 
recrystaIIixed from THF (2.4 g, 36.8% yield with respect to (COD*)Ni, decom- 
position above 9O”C, diamagnetic). Analysis: Found: AI, 3.88; Ni, 8.33. 
C&H.&INiO caIcd.: AI, 3.87; Ni, 8.40%. Mass spectrum: with increasing evapo- 



TABLE 5 

* ZC NMR ANALYSIS (Ct,D,. 100 MHr. room crmprrature> 

Compound 010.11.14.15 ~lJ10.11.14.15 o12.13.16.17 ~012.13.16.17 

COD 126.7 26.5 

(COD)-h’i w-7 -39.0 3v.9 +2.-t 

I1 91.3 86.2 -37.3 - -1z.5 31.2 30.2 +2_7 +1.7 

ration the following decomposition products are observed: THF, benzene, COD, 
tetraphenylbutadiene, tetraphenylbutene, and (pentaphenyl)aluminacyclopenta- 
diene-1,5-cyclooctadienyinickei. 

(2) ils the diethyl ether adduct. A suspension of 5.4 g (10.2 mmol) I and 
l-4 g (5.1 mmol) (COD),Ni in 120 ml diethyl ether is stirred at room tempera- 
ture for 15 days. The suspension is then warmed to 35°C and filtered warm. 
On cooling, red crystals of II crystallize (1.2 g, 33.3% yield with respect to 
(COD)?Ni, decomposition above 90-C, diamagnetic)_ 60 MHz ‘H NMR analysis: 
(II in CbD6. TMS as external standard) 3.00,7_56,7_21,6_98 ppm (m, 25 
phenyl protons); 5.20 ppm (br s, 2 C=CH protons); 4.52 ppm (br s, 2 C=CH) 
protons); 3.5 ppm (q, 4 CH, protons (ether)); 2.13 ppm (m, 8 CH-. protons 
(COD)); 0.84 ppm (t, 6 CH, protons (ether))_ 

The principal ‘% NMR data are given in Table 5. 
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