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SUMMARY

Ebullioscopic data is presented for a variety of trialkylalanes, dialkylalkoxy-
alanes, and dialkoxyalkylalanes in a noncomplexing solvent under standardized
conditions. Intermolecular association of these materials occurs to an extent consistent
with the steric limitations of the alkyl and alkoxy groups bound to aluminum.
Generalities concerning steric limitations and their relationship to intermolecular
association of organoaluminum compounds are presented.

INTRODUCTICN

Organoaluminum compounds are known to exist in solution as intermolec-
ularly associated compounds. That the degree of association (i) of organoaluminum
compounds in noncomplexing media is to a large extent determined by the structure,
size, and/or inductive effects of the alkyl and alkoxy groups bonded to aluminum is
apparent by examination of the chemical literature. Several approaches to the problem
of intermolecular association have provided data which must be clarified before a
thorough understanding of such phenomena is possible.

This work has been limited to study of the structural factors responsible for
intermolecular association for the following types of compounds: R;Al (trialkyl-
alanes); R,AI(OR’) (alkoxydialkylalanes); and RAI(OR'), (dialkoxyalkylalanes)*
No attempt was made to study compounds of the type AI{OR); since ample and
reliable information is available in the chemical literature to characterize these
systems adequately!~3. The method chosen for obtaining molecular weight data has
been previously described by Ashby*®.

The information obtained in this study was derived by analysis of molecular
weight data. Molecular weight data was obtained ebullioscopically in n-pentane.

* In the subsequent discussion, the designation of organometallic derivatives of aluminum will be as
follows: (R); Al will be referred to as trialkylalanes; similarly, systems such as {R),Al(OR’)and (R)Al{OR'),
will be referred to as alkoxydialkylalanes and dialkoxyalkylalanes, respectively. The suffix alane rather than
aluminum is preferred for the sake of brevity and because of a growing trend to use of this terminology.
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RESULTS AND DISCUSSION

A Trz-n-alkylalanes

. Experimental data obtained during the study of the trialkylalanes is presented
in Table 1 and represented graphically in Fig. 1. Although molecular weight data for
the ‘trialkylalanes examined in this study is already present in the chemical litera-
ture® 1% some of these systems were re-examined under standardized conditions over
a wide concentration range such that comparative evaluation of the experimental
molecular weight data would be possible.

From Fig. 1 it is apparent that in dilute solutions these systems fall into two
general categories, i=2and i1 (i.e, dimers and monomers). The tri-n-alkylalanes
which are the least sterically hindered represent the most highly associated class of
trialkylalanes (i2~2). Figure 1 demonstrates that, for a given concentration, as the

TABLE 1
- EBULLIOSCOPIC DATA FOR TRIALKYLALANES IN n-PENTANE
System studied Stoichiometric i value iat Number of
molality range range infinite determinations
examined obtained dilution
(C,-H):Al 0.200-1.86 2.00-2.01 2.00 6
(n-C.H,);Al 0.045-1.83 1.92-1.72 197 10
(n-CsH,3)aAl 0.231-1.99 1.78-1.54 1.89 11
(o-CgH,4):Al 0.027-1.77 1.77-1.45 1.77 9
(neo-CsH, ,);Al 0.070-0.471 1.01-0.97 1.02 8
[CH,(CH,);CH(C,H)CH, Al 0.162-1.00 0.93-0.91 0.93 6
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Fig. 1. Assomauon of tnalkylalaus in n-pentane.
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length of the alkyl group is increased the observed i values at m=0 decrease pro-
gressively from the value of 2.

Model equilibria (1)—(4) have been proposed to explain concentration de-
pendent changes of intermolecular association®12:13, Assumption of such equilibria

2 R;Al = R;Al----R,AIH + olefin D)
2R,A1 = (R,Al), @)
nA, =A, » (3)
2A, =A3A; —A 1 gA, =A, | @)

either individually or collectively cannot generate concentration dependent molecular
weight data in agreement with experiment. Such equilibria do not adequately describe
the shape of the plotted i value data. Hence, the best interpretation of the experimental
data indicates that the tri-n-alkylalanes are essentially dimeric and do not participate
in equilibria such as Equations (1)-{4) under these experimental conditions and within
the concentration ranges studied*. The progressive trend to diminished i values (i < 2)
as a function of concentration and solute formula weight is adequately explained in
terms of deviations from ideal behavior as described by Ashby!2.

Examination of the limited data presented for branched trialkylalanesindicates
rather dramatically that the steric requirements of the alkyl groups bound to alumi-
num is the predominate factor determining the experimentally observed i values for
these systems. The data indicates clearly that trineopentylalane and tris(2-ethylhexyl)
alane are monomeric within experimental error. Such findings are consistent with
cryoscopic data previously reported for triisobutylalane and tris(2,4.4-trimethyl-
pentyl)alane>® which indicates that generally all trialkylalanes exhibiting alkyl
branching f to aluminum are monomeric. Presumably, alkyl branching o to aluminum
will in all cases produce monomeric trialkylalanes as reported for triisopropylalane®
and tri-t-butylalane'® in noncomplexing solvents.

Steric conditions involving the alkyl groups bonded to aluminum appear to
be the dominant factor determining the degree of association of trialkylalanes. Exa-
mination of molecular models for the dimeric tri-n-alkylalanes demonstrates nicely
that the n-alkyl groups can easily be arranged such that steric interactions involving
the alkyl groups are largely nonexistent. Similar models for the more highly branched
trialkylalanes show the steric interference of the alkyl groups to be progressively more
difficult to minimize as the steric demands of the alkyl groups increase. Hence, di-
minished association as a consequence of steric factors nicely explains the experiment-

ally observed data.

* Equilibrium (1) or other equilibria involving disproportionation of trialkylalanes is essential for
understanding the chemistry of these systems at elevated temperatures. Under the conditions of this study
no olefins were observed. Hence, Equilibrinm (1) or similar equilibria are not significant in determining the
degree of association for the trialkylalanes.

Reactions of trialkylalanes are believed to proceed through the monomer which implies an equi-
librium according to Equilibrium (2). The results of this study do not contrast this idea but simply imply
something concerning the equilibrium position for Equilibrium (2). At the lowest concentrations examined
in this study, the trialkylalanes were essentially dimeric (i.e., the degree of association is at a maximum).
Calculation of equilibrium constants (K,) at these concentrations show minimum values of ~102-10%.
Such values are close to the values reported for triethylalane by Hoffman?®.
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" B. Dmlkylalkoxyalanes . ‘ ‘ ’ _

; Experimental data obtaxned from the study of dlalkylalkoxyalanes is presented
in Table 2 and represented graphically in Fig. 2. Table 2 shows that data were obtained
from systems having variously substituted alkyl and alkoxy groups bonded to alu-
minum. From this data and reliable literature data®-**~ 1%, generalizations concerning

- the factors which determine the degree of assocxatlon for these systems are easily

obtamed
Fxgure 2 demonstrates that generally the dxalkylalkoxyalanes are dimeric in

nature, In these systems there appears 1o be no systematlc manner in which the ex-

TABLE 2
. EBULLIOSCOPIC DATA FOR DIALKYLALKOXYALANES IN n-PENTANE

System studied - - Stoichiometric i value iat Number of
: : molality range range infinite deter-
examined obtained dilution minations
(C2H.),Al{O-C,Hy) : 0.038-197 . 201-214 203 9
(C,Hs)A{O-0-CH, 5} 0.044-1.14 1.99-207 202 8
(C,Hs),Al{O-n-CgH ;) 0.077-1.01 207-2.19 214 9
{C2H,), AH{O-i-C,H,) 0.061-1.13 239217 246 9
(CoH ), A0-i-C,H,) 0.091-1.11 224221 226 7
{C,.H,),AI[O-CH,CH{C,H,){CH.),CH,] 0.076-1.16 214205 214 10
(C2H):Al{O-neo-CsHy,) 0.092-0.407 . 216-192 208 a
(i-C.H,),Al(0-i-CH,) 0.078-0.832 202-190 207 6
(n-CgH,;),A{0-n-C.H,; 5) 0.067-0.316 1.88-1.80 1.84 6
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Fig 2 Association of chalkylalkoxyalan&s in n~pent.ane.
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perimentally determined i values change as a consequence of variations in the sub-
stitution patterns of the alkyl and alkoxy groups bonded to aluminum. This general-
ization is consistent with literature reports for related systems®, for systems such as
(C.Hs),AIl OC(CH,)s], [(CH3),CHCH,,AI[OC(CH;);], and (n-C,H,),Al[OC-
(CH3)3]:'* and for (CH;),Alf OC(CH3)(C¢Hs),11%, all of which are reported to be
dimeric.

Only the methoxydialkylalanes for which molecular weight data are avail-
able®'!® appear to be associated beyond the dimeric state. The most thermodynamical-
ly stable form for these systems appears to be the trimer although 'H NMR suggests
that immediately after formation (methanolysis) the methoxides are also dimeric,
being formed in a rate-controlled process!s. Attempts to study the dialkylaluminum
methoxides in the course of this study were curtailed by the insolubility of these sys-
tems in n-pentane.

Examination of the i value plots in Fig. 2 shows that within experimental
error the individual i values are somewhat more internally consistent for the dialkyl-
alkoxyalanes than for the trialkylalanes which indicates that the dialkylalkoxyalanes
behave more ideally in solution than the trialkylalanes. In this respect these systems
are classic. :

The i value plots for the dialkylalkoxyalanes indicate that generally these
systems are dimeric over a wide concentration range ; and equilibria involving dimeric
and other more or less associated species are not operative. Equilibria tetween the
dialkylalkoxyalanes and disproportionation products produced according to
Equation (5) appear to be nonexistent in noncomplexing solvents. Such findings are
consistent with the literature report which stipulates that equilibria such as Equation

2 R,AI(OR’) == R,Al +RAI(OR), (5)

(5) are important only under specialized conditions involving donar solvents!’.

C. Dialkoxyalkylalanes

To date no references have appeared which specify or imply anything concern-
ing the molecular complexity of the dialkoxyalkylalanes. Very few references are made
to these systems as a discrete or well-characterized class of compounds, although they
are referred to as intermediates formed during direct oxidation processes!8.

The present study does not present the dialkoxyalkylalanes as a well-charac-
terized class of compounds. However, on the basis of the molecular weight data pre-
sented, it can be said that the dialkoxyalkylalanes exist as a class of compounds and
that the factors influencing the degree of association of these systems as observed
experimentally in pentane solution were expected in view of similar trends apparent
for the trialkoxyalanes!™ 3.

Experimentai molecular weight data obtained during the study of the di-
alkoxyalkylalanes is presented in Table 3 and represented graphically in Fig. 3. The
structures of the alkyl and alkoxy groups bound to aluminum were varied systematic-
ally to determine the manner in which the degree of association varies as a consequence
of these changes. Figure 3 shows that, as with the trialkylalanes, the most reliable
molecular weight data is obtained under dilute conditions or preferably from extra-
polation to infinite dilutiorn. Examination of Fig. 3 shows that at infinite dilution the
dialkoxyalkylalanes fall into three general categories: i~2, i=3, and i=~4. :
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TABLE 3 ,
EBULLIOSCOPIC DATA FOR DIALKOXYALKYLALANES IN n-PENTANE

System studied o " Stoichiometric i value iat Number of
molality range range infinite deter-
examined obtained dilution minations

(C,H)Al(O-n-C;H,), : 0.059-0.865 413-3.72 4.20 7

(C,H)Al{O-n-C Hy), 0.079-0.678 403263 4.17 -7

(C.H)AKO-n-CcH, 5), - 0.022-0.904 3.90-334 394 7

(C,H)AHO-0-CgH,,), 0.090-0.767 . 415-356 424 7

(C2H;)AI(0-i-C,Hy), 0.251-1.275 394376 3.97 6

(C,H)AY(O-i-C;H,), 0.085-1.696 3.17-2590 322 7

(C;H;)AI[ O-CH,CH(C,H;)(CH,);CH;]. 0.046-1.716 3.76-337 3.80 5

(C,H,)A(O-neo-CsH, ,)» 0.254-0.892 214193 230 7

(n-C H,)A(O-n-CeH, 5), 0.073-0.469 407-3.51 4.16 7

(i-C,H,)Al(O-n-C,H,), 0.030-0.916 3.79-3.40 382 7

(i-C H,)A(O--C Hy), 0.128-0.626 3.22-3.13 322 6

(i-C4Hg)Al(O-sec-C 4 Hy), 0.030-0.794 203-197 203 7

(neo-CsH ,,)AI(O-n-C,Ho), 0.058-0.494 3.08-3.01 3.07 5

(n-CgH, 3)AI(O-C,Hs), 0.034-0.461 3.14-328 3.10 5

{n-CcH,3)Al{O-n-C.H,5), 0.053-0.285 3.03-265 322 6

(n-CgH 3)A{O-i-C Hy), 0.105-0.620 3.04-297 3.02 6

{n-C4H,3)AI(O-sec-C,Hy), 0.084-0.598 222-216 220 7

[CH,(CH,);CH{C,H,)CH,]JA}(O-i-C,H,), 0.097-0.489 281271 282 6

[CH,(CH,)sCH(C,H)CH,]JAl{O-sec-C,H,), 0.027-0.508 213206 213 7
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function of two variables, the substitution pattern of the alkoxy groups bound to
aluminum and the substitution pattern, as well as the length, of the residual alkyl group
bound to aluminum. What is unique concerning the ebullioscopic data presented
for these systems is the regularity of the manner in which the degree of association
changes as a consequence of changes in the structural features of the groups bound to
aluminum. Such an observation indicates that these systems associate according to 2
principle briefly stated asfollows: intermolecular association occurs in noncomplexing
solvents to the maxirnum extent consistent with the combined steric requirements of
the alkyl and alkoxy groups bound to aluminum.

An interesting feature of the molecular weight data for the dialkoxyalkylalanes
is the apparent manner in which the ideality of the solutions appears to depend on the
nature of the alkyl and alkoxy groups bound to aluminum. For dialkoxyalkylalanes
having n-alkyl and n-alkoxy groups bonded to aluminum, the trend toward progressive
nonideal behavior as a function of concentration is most pronounced. This behavior
is characteristic of the tri-n-alkylalanes mentioned previously. In general, as the bulk"
(branching) of the alkyl and alkoxy groups bonded to aluminum increases, a trend
toward more ideal behavior is apparent. A similar phenomenon has been observed
during the ebullioscopic investigation of alkyl magnesium halides!?.

As with the tri-n-alkylalanes, the peculiar nature of the i value plots obtained
experimentally for the dialkoxyalkylalanes is understandable only in terms of some
form of nonideal behavior, not as a consequence of dissociative equilibria.

Further evidence indicating the absence of dissociative equilibria within the
concentration ranges studied for these systems is provided by 'H NMR studies. The
1H NMR spectra of the dialkoxyalkylalanes examined in this study were in no case
superimposed spectra arising from the respective dialkylalkoxyalanes and trialkoxy-
alanes. Examination of model compounds* by *H NMR was useful for demonstrating
the absence of dissociative equilibria. Within experimental error, temperature
dependent *H NMR investigations produced no noticeable spectral changes over a
temperature range from O to 90° for the model compounds. Similarly, investigations
at 37° for model systems over a concentration range from 0.04 to 9.00 molal produced
no prominent spectral changes.

D. General conclusions concerning association of aliphatic organoaluminum compounds

During this study a survey of the structural factors which determine the degree
of association for organoaluminum compounds was made. The survey showed an
amazingly stringent relationship between structural factors of the alkyl and alkoxy
groups bound to aluminum and the degree of association in compounds where they
appear. Such relationships can be formulated into generalizations which may be used
as a guide to predict the degree of association of such compounds in noncomplexing
solvents without performing molecular weight determinations. Obviously, such ge-
neralizations should be used judiciously when predicting molecular weights and
degrees of association for organoaluminum compounds since there are always “ex-
ceptions to the rule”. However, it is felt that cautious application of the generalizations
provided will give meaningful insight for anticipating the degree of intermolecular
association of organoaluminum compounds having reasonably low formula weights.

* Model compounds chosen for these: studies were (n-C¢H,3)AlO-n-CgH,3), and (C,H)Al(O-n-
C,H,),- These systems display the most apparent concentration dependent i value behavior.
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Trialkylalanes .
- 1. The degree of association for trialkylalanes appears to depend on the sub-

stitution pattern rather than the number of carbon atoms comprising the alkyl
groups bound to aluminum.

2. Tnalkylalanes which exhibit no branching of the alkyl groups bound to
aluminum are in general dimeric (i=2).

3. Trialkylalanes which exhibit branching of the alkyl groups bound to
aluminum at the f positions by 1 or 2 additional alkyl groups are generally mono-
meric (i=1).

4. Trialkylalanes which have aluminum bound to the secondary or tertiary
alkyl groups (i.e., single and double substitution on carbon « to alnuminum) are generally
monomeric (i=1).

5. Trialkylalanes do not appear to participatein associative equilibria involving
monomer and other more highly associated species in concentration dependent fashion
under the conditions of this study.

Dialkylalkoxyalanes

1. The degree of association for the dialkylalkoxyalanes depends insignificantly
on the substitution pattern or the number of carbon atoms in the alkyl and alkoxy
groups bound to aluminum.

2. Dialkylalkoxyalanes formed by methanolysis of trimethylalanes and tri-
ethylalanes are trimeric (i=3).

3. Dialkylalkoxyalanes other than methoxy derivatives are in general dimeric
(i=2).

) 4. Dialkylalkoxyalanes do not participate in associative equilibria involving

dimeric and more or less highly associated species in concentration dependent fashion
within the concentration ranges studied.

Dialkoxyalkylalanes

For systems having a residual ethyl group bound to aluminum:

1. Ifthe alkoxy groups are composed of oxygen bound to an n-alkyl group, i=~4.

2. If the alkoxy groups are singly branc¢hed in positions B, - -+, w relative to
oxygen, i=4. '

3. If the alkoxy groups are singly branched « to oxygen, i=~3.

4. If the alkoxy groups are doubly branched B to oxygen, i~2.

For systems having a residual n-hexyl group bound to aluminum :

1. If the alkoxy groups are composed of oxygen bound to an n-alkyl group,

2. If the alkoxy groups are singly branched B to oxygen, i~3.

3. If the alkoxy groups are singly branched o to oxygen, i~2.

For systems having a residual isobutyl or 2-ethylhexyl ‘group bound to
aluminum:

1. Ifthe alkoxy groups are composed of oxygen bound to an n-alkyl group, i~ 4.

2. If the alkoxy groups are singly branched in the « posmon, iz2,
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EXPERIMENTAL

Solvent preparation .

Normal pentane (Phillips, 99 m/o) used as solvent in these experiments was
acid washed and distilled (909, “center-cut™) through a 1 inch by 2-foot glass helix-
packed column. The solvent was stored in tightly sealed, amber glass bottles over 3A
molecular sieves.

Source, analysis and handling of trialkylalanes

The trialkylalanes (Texas Alkyls or Ethyl Corporation) used in these ex-
periments were analyzed for hydride and alkyl content (total activity) by titration
with pyridine using phenazine as indicator. Aluminum analyses were performed by
hydrochloric acid hydrolysis followed by complexiometric titration with cyclo-
hexanediaminetetraacetic acid {Hexaver) using dithizone as indicator. When the total
activity and aluminum analysis of the aluminum were within 5% and 0.59/, respec-
tively, of the theoretical values, they were used without further questioning their
composition.

The trialkylalanes, tri-n-octylalane and tris(2-ethylhexyl)alane were syn-
thesized by conventional displacement reactions with triisobutylalane as substrate
and appropriate olefins. Trineopentylalane was prepared according to the method of
Pfohl?°.

Prior to chemical analysis, the neat trialkylalanes were in all cases transferred
to all glass containers and stored under a dry argon atmosphere.

Preparation and chemical analysis of dialkylalkoxyalanes and dialkoxyalkylalanes

The dialkylalkoxyalanes and dialkoxyalkylalanes were in all cases freshly
prepared by alcoholysis of the respective trialkylalanes prior to performing ebullio-
scopic experiments with them. The liberated hydrocarbons were removed by vacuum
distillation.

Aliquots of the product were submitted for NMR analysis to determine the
ratio of alkyl to alkoxy groups bound to aluminum. This method ofanalysis was favored
in cases where the alkyl and alkoxy groups bound to aluminum contained six carbon
atoms or less. Samples of organoaluminum compounds prepared in this way could
also be analyzed to determine the ratio of alkyl to alkoxy groups bound to aluminum
by acid hydrolysis of an aliquot of the sample solution and subjecting the liberated
alkanes and alcohols to GLC analysis. The latter method of analysis was favored for
cases in which the alkyl and alkoxy groups bound to aluminum contained six or more
carbon atoms.

If the product was a mobile liquid, it was used neat for ebullioscopic studies.
If the product was a viscous oil or a solid, weighed amounts of solvent and aluminum
compound were mixed to produce a mobile liquid mixture.

Ebullioscopic equipment

A basic description of the type of equipment and accessories used in this in-
vestigation has been described previously by Ashby®. The ebullioscope so described
was modified in the following manner. In order to facilitate smooth boiling while the
system was in use, the bottom of the boiling chamber was modified to include several
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platinum pins which extended from the solution under investigation, through.the
bottom of the ebullioscope, and into the oil bath heating system. With the exception

- of 3 inches of the bottom of the boiling chamber and the condenser, the entire ebullio-
scope was fitted with a silvered Dewar jacket to help provide a constant thermal gra-
dJent within the system while in use.

Molecular wezght determmatzons

Molecular weight studies were performed in n-pentane at 740 mmHg Tem-
perature measurements were made with a conventional differential Beckmann
thermometer. Temperatures measured in this manner were considered accurate to
0.001°. No stem corrections were made for the exposed portions of the thermometer.

Equations and calculations
Equation (6) was derived from the Clapeyron—Clausius relationship with the
assumption of an ideal but not necessarily a dilute solution®. .

X, =1—exp _(———_IAO’(I);E)AIII(I )
B

The terms are defined as follows: X ,=mole fraction of solute; AT;=boiling point
elevation ; M ; = molecular weight of solvent ; Kz =the molal boiling point; elevation
constant (2. 34 for the system used at 740.0 mmHg). The necessity of this extended
equation for the calculations has been described elsewhere!#-28,

(6)

Determination of Ky

Determination of the molal boiling point elevation constant, Kp. for use with a
particular solvent-ebullioscope system was accomplished by operating the system with
a preweighed amount of solvent and adding weighed quantities of a nonvolatile solute
(n-pentadecane). The data obtained in this manner over the concentration range from
0 to 02 molal provided a straight-line plot whose slope was K. A least squares pro-
gram to obtain the most reliable value for K was used. Values obtained for replicate
determinations of Ky in this manner were within 41.4% of the average value for n
determinations.

The results of the experiments are calculated in terms of intermolecular solute

association values called i values®.

WM, 1
= —1 7
"7 WM, [exp (ATBMI/IOOO KB) ] )
ACKNOWLEDGEMENT

The author gratefully acknowledges Dr. Eugene C. Ashby for his helpful
discussion, Dr. Allan J. Lundeen for his help in initiating this work, and Mr. Thomas
J. Murray for performing the ebullioscopic measurements reported.

REFERENCES

I R. C.'Mehrotra, J. Indian Chem. Soc., 30 (1953) 585.
2 R. C. Mehrotra, J. Indian Chem. Soc., 31 (1954) 85.



ALIPHATIC ORGANOALUMINUM COMPOUNDS 247

3 D. C. Bradley in F. A. Cotton (Ed.), Progress in Inorganic Chemistry, Vol 11, Interscience Publishers,
New York, 1960, p. 303. .

F. W. Walker and E. C. Ashby, J. Chem. Educ., 45 {1968) 654.

E. G. Hoffmarin, Justus Liebigs Ann. Chem., 629 (1960) 104.

K. S. Pitzer and H. S. Gutowsky, J. Amer. Chem. Soc., 68 (1946) 2204.
P H. Lewis and R. E. Rundle, J. Chem Phys., 21 (1953) 986.
K. Ziegler, in H. Zeiss (Ed.), Organometallic Chemistry, ACS Monograph No. 147 Reinhold, New York,
1960, pp. 194-269.
9 K. Ziegler, W. R. Larbig and O. W. Stendel, Justus Liebigs Ann. Chem., 629 (1960) 53.
10 H. Lekmkuhl, Justus Liebigs Ann. Chem., 719 (1968) 40.
11 D. A Sanders and J. P. Oliver, J. Amer. Chem. Soc., 90 (1969) 5910.
12 F. W. Walker and E. C. Ashby, J. Amer. Chem. Soc., 91 (1969) 3845.
13 Eugene E. Schrier, J. Chem. Educ., 45 (1968) 176.
14 E. G. Hoffmann and W. Tornau, 4Angew. Chem., 73 (1961) 578.
15 E. A. Jeffery and T. Mole, Aust. J. Chem., 21 (1968) 2683.
16 E. C. Ashby, J. Laemmle and G. E. Paris, J. Organometal. Chem., 19 (1969) 24.
17 T. Mole, Aust. J. Chem., 19 (1966) 373.
18 A. G. Davies and B. P. Roberts, J. Chem. Soc. B, (1968) 1074.
19 R. C. Mehrotra, Aust. J. Chem., 30 (1953) 585; 31 (1954) 85; V. J. Shiner, D. Whittaker, and V. P. Fernan-
dez, J. Amer. Chem. Soc., 85 (1963) 2318.
20 W. Pfohl, Justus Liebigs Ann. Chem., 629 (1960) 207.

-\IG\UIA

0



