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ABSTRACT

Reductive substitution, the process whereby a hydrocarbon
ligand, usually a cyclopentadienyl group, 1in a transition metal
complex is replaced by another unsaturated hydrocarbon with con-
comitant metal reduction has been utilized to prepare novel
complexes of Cr©, CrI, MnI, col and Ni°. Similarly, ligand
substitution, defined more generally as replacement of ligand(s)
of a metal complex by an unsaturated hydrocarbon but with no
change in the oxidation state of the metal, has resulted 1in the
synthesis of a series of tetraphenylborate and substituted

357

Copyright © 1981 by Marcel Dekker, Inc.



07:54 25 January 2011

Downl oaded At:

358 SLOCUM ET AL,

tetraphenylborate complexes of FeII, MoI, CrI, wI, and Col, These
procedures and the complexes derived therefrom are considered
models for polymers incorporating a variety of novel features.

INTRODUCTION

Reductive substitution and ligand substitution of metallo-
cenes and related compounds has been successful in the synthesis
of a wide variety of new and unusual Tm-complexes. Reductive
substitution 1is defined as the process whereby a hydrocarbon
ligand, usually a cyclopentadienyl group, in a transition metal
complex is replaced by a new hydrocarbon ligand containing an
appropriately different number of T-electrons so as to bring the
new complex 1into conformity with the EAN rule; an additional
feature 1is that formal reduction of the metal atom in the new
complex 1is effected, Ligand substitution is a related process:
one hydrocarbon ligand replaces another hydrocarbon ligand or even
non hydrocarbon ligand such as CO, halide, etc., but with no
accompanying reduction of the metal. As the reducing or displac-
ing ligand a neutral unsaturated species, 1its corresponding

radical anion or other suitably structured anion may be used.

The procedures for the syntheses of these complexes can serve
as prototypes for the T-complexation of diene and arene polymers
by transition metals., It is anticipated that these polymers will
avold certain drawbacks of the more conventional method of
attachment of transition metal catalysts to polymers, 1i.e.,
phosphine ligation. Phosphine liganding polymers are notorious
for their tendency to "leak" their complexed metals. These new
polymers will be multiply-bonded to the metal atom, usually by an

4 or n® ligation; said multiple-bonding should significantly

n
decrease the tendency for the metal atoms to "leak". It is also
anticipated, based on the model compounds studied, that reductive
substitution and ligand substitution will afford several new types

of organometallic polymers.
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As models for these polymers, a number of high molecular
weight dienes and arenes have been used. These include terphenyl
and related polyaromatic systems, the tetraphenylborate anion and
substituted tetraphenylborate anions, fluorene, carbazole and

tetracyclones (tetraphenylcyclopentadienones).

REDUCTIVE SUBSTITUTION

Reductive substitution of cobaltocene with the tetracyclone
ligand and substituted tetracyclone ligands has afforded a series
of CSHSCOI(na-diene) complexes (equation 1). This reaction 1is

envisioned
Ph

Ph
0
Co Ph Ph Ph Ph (M
+ —_— Co
A
©y ¢ S

1 rearrangement prior to complete disso-

as proceeding via an n5+n
ciation and reductive displacement of the cyclopentadienyl ligand

(equation 2). Our thinking is

Co + Iﬂl

(Generalized, Diene)

that all the reductive substitutions described in this section
proceed via this or a related mechanism. Substituted complexes of
this class that have been prepared are bis-substituted at the

p-positions of the 3- and 4- position phenyl groups (Table I).
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TABLE 1
(ns-Cyclopentadienyl)(na—tetracyclone)cobalt Compounds
Prepared by the Reductive Substitution of Cobaltocene?:P

Para 3- and 4-

position substituent % Yield m.p. (°C)
-H 37 325-327
-0CH4 22.9 238-239
-CHq 11.5 241-242
-Cl 30.5 299-300

4Reactions run in refluxing diethylbenzene or reactants simply
melted together with no solvent present.

ba11 compounds are red crystals from CHZCIZ/petroleum ether.

Studies of the electronic influence of these remote substituents

13¢ nmr(l) and mass spectroscopy are 1n

on the metal atom using
progress, but preliminary indications are that these remote
substituents do not have much of an effect.

Direductive bis-substitution of nickelocene (equation 3) with
tetracyclone has afforded bis-tetracyclone nickel, an extremely
intractable material. A second model derivative that has been
prepared by this teéhnique is bis-duroquinone nickel, but at
present the yield is extremely low. Attempts to prepare a mixed

complex of these two ligands have failed.

N:i + Il 1} —— N4 2¢5¢5 3

Diéne = Tetracyclone or Duroquinone
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Manganocene and chromocene upon reductive substitution have

afforded a series of polyphenyl derivatives of MnI, CrI, and

cr®. This process is illustrated with terphenyl radical anion

functioning as the reducing ligand (equation 4).

" THF (o} ®
1f1r M + K‘U35i15)

M= Mn,Cr @)

Terphenylcyclopentadienylmanganese is an ailr-stable, high melting
solid whereas the analogous chromium derivative, being only a
17-electron system, 1is not air stable. Ir and omr evidence
indicate that complexation has taken place at the central ring of
the terphenyl moiety. Other arenecyclopentadienylmanganese

complexes that have been prepared are listed in Table II, although

TABLE II

(n5—05H5)Mn(n6—ArH) Derivatives

Prepared by Reductive Substitution of Manganocene

Arene m.p.(°C dec) %z Yield Color
CgHg—CgHg 116 30 orange
C6H4-1,2—(C6H5)2 oil 30 red
CgH,-1,3-(CgHs), 106 35 red
CeH,—1,4-(Cglg)y 113 61 orange
C6H1—1,2,3,6,5-(C6H5)5 158-162 25 red
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the evidence is not as strong that the indicated arene ring is the
one T-bonded to the metal atom.

An 18-electron bis-terphenylchromium derivative has resulted
from direductive bis-substitution of chromocene where the ratio of
radical anion to metallocene was 2:1. This result coupled with
the results of direductive bis-substitution in the nickel series
(equation 3) suggests that this process may prove useful in cross-

linking of certain types of polymers.

LIGAND SUBSTITUTION

Ligand substitution 1s a process whereby a hydrocarbon
ligand or o-type ligands such as CO or halogen are displaced by
a new hydrocarbon ligand but without accompanying reduction of the
metal atom of the complex. Several notable sequences incorpor-

ating this process have been carried out.

Cyclopentadienylirondicarbonyl 1odide upon treatment with the

bulky, negatively charged tetraphenylborate anion produced a novel

zwitterionic organometallic complex (equationm 5). In like manner
Glyme ®
Fe + NDBrn® X2 5 Fe (5)
/ |\ Retfiux
CO CO 1) 72 Hr. ©
BPhg

a series of phenyl-substituted tetraphenylborates have been used
to synthesize a series of correspondingly substituted zwitterionic
complexes (Table TII).

Modification of this route has allowed preparation of not only the
parent complex but also the methylcyclopentadienyl derivative

(equation 6).
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CHj

e I, ®
(CH3 C5H4)Fe(CO), 2+N€;>BPh4 ———» Fe ©)

1,2-DME o
A BPhj

Ir, mass spectral, 1H and 13C mmr data support the assignment of

the unusual zwitterionic structure in these complexes.

Reductive substitution of the parent iron zwitterionic com-
plex with manganocene gave a bimetallic compound, illustrating the
fact that two contiguous rings can be complexed (equation 7).

This result also suggests

48Hr. @ 6 e
+ K/Na(metal) ——»|CgHsFe (q-CGHs)BPh3 (7)
N

®
Fe
G
BPhs
(Cs H5)2 Mn

®

Fe
C)
BPho

that more than one transition metal may be incorporated into a

Q@
O

suitable polymer with this technique.

Group VI hexacarbonyls have been found to be susceptible to
displacement by the bulky, negatively charged tetraphenylborate
ion. Equation 8 illustrates the synthesis of a series of arene

metal tricarbonyls.
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TABLE III

(ﬂs-CyclopentadienyI)(nﬁ-tetraarylborate)iron Complexes
Prepared by Ligand Substitution of

Cyclopentadienylirondicarbonyl iodide

Aryl substituent % Yield m.p.(°C dec)
p-CH3CgH, - 60 241-242
M(CO)g + Na@BPh — @-BPhs Na®
M = Cr,Mo, W COCOCO

®

(S omy]”
BPh
®

N(CH» CH3 )4
COCOCO

These molecules were 1isolated and characterized as their
tetraethylammonium salts. In addition to the usual ir and nmr
characterization of these compounds, an x-ray structure of the

molybdenum member of the series has been completed(Z).

It was desirable to demonstrate that at least one of these
model compounds could function as a homogeneous catalyst. To this
end the most soluble of the zwitterionic complexes was examined.

This was prepared by a method analogous to the synthesis of the
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iron compound (equation 5), i.e., cycloheptatrienyl molybdenumdi-
carbonyl 1odide was treated with sodium tetraphenylborate

(equation 9). In addition

[::::] ® o) THF

/Mlo\ + Na BPh4 _’ MO® (9)
CoOCO i Reflux )
72 hr.
BPhj
to 1ir, 1y and 13¢ nmr data for this complex, and x-ray structural
analysis has been obtained (2). Its visible spectrum was consis-

tent with a significant amount of low-lying electron density on
the metal atom while the x-ray diffraction study revealed that the
molybdenum atom might well possess additional coordination
sites. The anticipated result of these observations, namely, that
this complex would promote reduction of olefins under mild

3)

conditions, has now been realized

Because of the interesting and potentially significant
properties of this molybdenum complex, a series of analogues have
been synthesized utilizing substituted tetraphenylborates. The
fully characterized members of this series are recorded in
Table 1IV.

A tetraphenylborate derivative of cobalt had recently been
prepared. Bis-(norbornadienecobalt dicarbonyl) was prepared by
heating dicobaltoctacarbonyl with two equivalents of norborna-
diene. This intermediate was treated with sodium tetraphenyl-

borate (equation 10)

A3 Ceen, sy
M + 2Na BPh, —P >
@
L

coCco 2 (10)
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thereby producing a #45% yield of the zwitterionic cobalt com-
plex. This compound is the least soluble of the tetraphenylborate
complexes; as such UV-visible and nmr spectra could not be

obtained.

Lastly, an intriguing series of complexes containing poly-
nuclear aromatic rings has been discoveted(a). These are the
group VI complexes of carbazole and fluorene. Preparation of the
tricarbonyl and tetraphenylborate members of these two series are

illustrated in equations 11 and 12, respectively.

(1O °
~] + Mco—> [ 1®
COCOCO

= N,CH ; = Cr,Mo,W Isolated as N(CH20H3)4SaIts

I\
cé;oco COCOCO

' ' Ll + H@——b[ (12)

‘ﬂ‘

BPh3

Na

®
Isolated as N(CHCH3) 4  Salts
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TABLE IV

(n7-Cycloheptatrieny1)(n6—tetrapheny1borate)MVI Complexes

Metal (M) Aryl Substituent Yield (%) m.p.(°C dec)
Mo H 83 318-320
Mo p-CH, 11 267
Mo m~CHy 51 283-284
Cr H - 221-224
%) H - 180

Thus complexes containing Ni%, CoI, FeII, MnI, cr, CrI, Mo®

and W° have been prepared. Most of these materials possess high
thermal and air stability. One of these complexes has been demon-
strated to function as a homogeneous catalyst for the reduction of
olefins. All of these results are encouraging in our efforts to
incorporate these same ideas into the manufacture of transition

metal complexed polymers.
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