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Introduction

The first monoarene complexes were reported in 1958 by several

1,2,3,4 The reaction was a carbonyl displacement by an

laboratories.,
aromatic ring:
M(CO)6 + arene 2 (nﬁ-arene)M(CO)3 + 3 C0
M=Cr, Mo, W
The reaction was reversible and yields were improved by carbon
monoxide removal. A wide variety of ring systems were suitable for
direct preparation by this method.

Properties of the n-complexed aromatic rings changed drastically.

Nucleophilic substitution was a facile reaction:

Cl OMe
M(CO)3+ MeQ~™ —* M(CO)3+ Cl-

Because of possible synthetic utility as the above reaction describes

it was natural to search for a method of cleaving the metal-arene bond.
Pyridine and phosphines worked weH,4 but the products Qere not easily
converted back to arenes. Natta g;_gl,,zthen Nicholls and Nhiting4
reported greater than 60% yield of (nG-N,N-dimethyIani1ine) Cr‘(CO)3

from the reaction of (ns—to1uene)Cr(CO)3 and N,N-dimethylaniline:

N(Me), N(Me),
cr(co); + sy Cr(Co), +

Thus in the time span of one year, two new and mechanistically obscure
reactions were discovered. Several important observations were noted

during the course of events. . .



1. electron rich rings produced higher yields and more thermally
stable complexes than rings containing electron withdrawing substituents.
2. tert-butylbenzene reacted at a rate much slower than toluene.
3. m-xylene formed a more stable complex than did either g- or
D-xylene.
I. Arene Displacement with ¢- Donor Ligands

Very little work has been published on the mechanism of displace-
ment of arene by sigma donor ligands. What is known deals exclusively
with Group VI metals.

Basolo gg_gl.s studied the rate of phosphine displacement of arene

from (n6~arene)Mo(CO)3 complexes.

(nP-arene)Mo(C0), + PRy 22°Cs fac-Mo(C0)4(PR,),

The facial isomer was formed exclusively. The rate of product

formation decreased with the following arene ligands:

5.5 B

The rate was also dependent on the displacing ligand:
I:'(D-Bu)3 >> P¢C12 > PCl,

The results show the rate is directly proportional to the nucleo-
philicity of incoming 1igand and inversely proportional to donor strength
of arene. All reactions were carried out pseudo first order with a ten
fold excess of phosphine ligand. Second order constants were estimated
and found to be linear. The derived rate expression was first order in
arene complex and first order in phosphine.

As CO and arene are kinetically inert at the temperature used and

only the facial isomer is formed, it is reasonable tc assume coordinated



arene is not lost in one step. A mechanism was proposed:5
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The proposed mechanism is considered viable today.

Carter, McPhail and S1'm6 found the conformation of a substituted
arene complex was dependent on the nature of the substituent. The
concept of "octahedral valencies” was used. If one views the M(CO)3
fragment along the C3 axis, it is clear the remaining orbitals from

the metal are staggered relative to the M-CO bonding orbitals.

&
QL
oC/Q\CQ

Alkyl substituents enhance the n-electron density at adjacent positions

in the ring, e.g.

SASRsR S

@® = positions of greatest nm-electron density
Greatest overlap will occur when the positions of high electron
density in the arene coincide with the metal fragments "octahedral

valence" orbitals. Thus, in (ns-mesitylene)M(CO)a, one would predict



an eclipsed conformation of methyl groups and carbonyl ligands. This
- was confirmed by structural analysis. The concept is readily extended
to substituents other than alkyl. Alkoxy, for instance, is an gr;ﬂg;,
para director. The anisole derivative is predicted and found to be
eclipsed. A simple ester function is a meta director and should exist
staggered. Again, the prediction is correct by ana1ysis.5

Carbonyl stretching frequencies were found to vary inversely with

electron donating substituents in the arene complex.5’7’8
| A(C0) em”]
(nG-dimethyiani1ine)M0(CO)3 1970
(n®-anisole)Mo(C0), 1970
(ns—mesity1ene)Mo(C0)3 1975
(nﬁ—g-xy1ene)Mo(CO)3 1979
(ns-tomene)Mo(CO)3 1984

This data suggests electron donating substituents increase the strength
of metal-arene bonding.

9,10

Pidcock, Smith and Taylor used the above data and the

"octahedral valency" argument to rationalize their kinetic data. The

following reaction was studied:
(ns-arene)Mo(CO)3 + P(OMe); -+ fac-Mo(CO),[P(OMe),],5 + arene
The rate of dispiacement of substituted arenes by phosphite was

o-xylene > p-xylene > m-xylene >> mesitylene > HMB

HMB = hexamethylbenzene

The results were in agreement with that of Basolo and co-workers.5



The ordering of the xylenes is straightforward. Meta-xylene has three
activated positions in C3 symmetry, para-xylene has two and ortho-xylene
has one. Therefore, one would predict an ordering of bond strength to
be the same as the rate of displacement. Hexamethylbenzene is thought
to be both thermodynamically and sterically controlled. In either
conformation, staggered or eclipsed, an incoming Tigand will be hindered

by the methyl groups:

----~-= = gctahedral valance

——— = approaching ligand

Two anomalies arose from this investigation.

f€ 2000 co,H
Q H
;-.6-. 1990
O 19801 = O meo e
~ 1970 O me,N M
o e R
log k

Coordinated anisole and dimethylaniline were displaced at a rate greater
than even that of benzene. The graph above is a measure of arene donor

strength. A resonance model was tentatively advanced:

OMe ®OMe



The zwitterionic contribution to the resonance hybrid could stabilize
a diene type activated complex. This would reduce the systems energy
if the first intermediate in arene displacement is [(n4-arene)Mo(CO)3L]
as BasoTo5 proposed.

Stability of Group VI arene complexes is great. Molybdenum was
used in the above kinetic investigations because its complexes are the
most reactive. (ns—arene)Mo(C0)3 is displaced at a rate two orders
of magnitude greater than tungsten. Tungsten arenes are, in turn,
two orders of magnitude faster than the chromium analogs. Using a
10 fold excess of phosphorus donor and 50°C still requires several
hours for certain molybdenum arenes.

Adducts with oxygen and nitrogen donor ligands are also available

by arene displacement]]:

6_ solvent L
(n benzene)Mo(CO)3 _FE?TEE__*'(L)3M°(QO)3

The arene complex is simply refluxed in a donor solvent. The reaction is

reversible. Regeneration of the arene complex is accomplished by the
same procedure.

(L) Mo(c0), 220ZEMe . (©_gH)Mo(CO) 5

[(nG-areneJM(CO)3]+, where M = Mn, Re, also possess displaceable

arenes.12 Tris-acetonitrile complexes can be prepared from both metal

compiexes.

[(nB-arene)M(C0) 51" + CHyON CHICN . (e 0N M(c0) 317

Rhenium reacts ca. 23,000 times faster than manganese. Product form-
ation taking minutes with Rhenium will take days for manganese. Form-

ation of a tris-acetone adduct illustrates the reactivity difference:



0
CH3ECH3 -+ [(acetone)3M(CO)3]+ + arene

+

[(ns-arene)M(CO)3]+z
M

1]

Re several hours

M =Mn no reaction in months

(ns-arene)Ni(¢f)2 contains the most labile arene-metal bond known
to date.13’]4’15 Treatment of the toluene complex with excess triethyl-
phosphine in toluene solvent produces trans-Bis{triethylphosphine)bis-
(pentafluorophenyl) Ni(II) in high yield. More significant is that the

reaction is complete in seconds.
(n8-toluene)Ni (0,), + PEty s trans-(PEL,),Ni(0,),

Addition of neat tetrahydrofuran to crystals of (ne-to1uene)Ni(¢f)2
produces the bis-ether adduct. Reaction is complete in seconds at room
‘tzemper‘atur'e..15

Unlike (THF)3M0(C0)3 which can be converted back to an arene complex
(simple equilibrium concepts), (THF)2N1($f)2 is slightly soluble in arene
solvents. In fact, arene solvents are an ideal medium for recrystall-
1zation.15
II. Arene Displacement by Arenes

Arene displacement by aromatic rings is commonly referred to as

arene exchange. The exchange reaction was first reported by Natta et a].z

in 1958. The reaction was used exclusively for the preparation of Group

VI metal-arene carbonyl complexes not available from direct reaction.

Cr(CO)g  +PCOH -}é—-
CO,H
@Cr(CO)3+ ¢COZH. —_— @Cr(CO)S + @



17,18,19 conducted the first mechanistic

14

Strohmeier and co-workers

study of this unknown process. Using ~'C labelled benzene and

(ns-benzene)Cr(CO)3, the production of labelled complex was monitored.

* * .
@ + @Cr(cms@—g» @Cr(00)3+ @

The rate expression obtained was second order in complex and one-third
order in benzene. Two mechanisms were proposed to be operating

simultaneously.

. 2 o
2@-@((:0) — @—Cr ""@-“'Cr—co —_— "
. ée Co
(0 M 0]
*
. O

2 o .
z@rcr(co)3 + @ - [@.cc{:o@g, -

o)

* ;
Crocr, + Gercoy + )

If a chiral aromatic ring were to be used, the ring should undergo the
equivalent of a Walden inversion. No further work by Strohmeier is

available.



20 tested the two mechanisms

Several years later, Jackson et al.,
proposed by Strohmeier using a chiral aromatic arene system.
Arene chromium tricarbonyl derivatives were prepared directly from

the hexacarbonyl and 1-methylindane:

Cr(CO). + —= _Cr + Cr.
6 @ oC ¢ CO ot ¢ CO

0
cis trans

The cis and trans isomers were formed in equal amounts and were
readily separated by GLC. Each pure isomer was dissolved in inert
solvent and heated. No isomerization took place. Therefore, Mechanism
1 (vide supra) does:not.appear to be correct as exchange must take place
in the absence of added arene. Next, a pure isomer was dissolved and a
small amount of 1-methylindane was added. Isomerization occurred
yielding the 50:50 mixture thus Mechanism 2 was supported.

Conclusive evidence against Mechanism 2 was obtained by Mahaffy

21 The exchange reaction of mesitylene and trans-(1-methyl-

1

and Pauson.

indane)chromium tricarbonyl was monitored by 'H NMR.

@:D ,,.

-+ —-+ 4
O (: c

() E; 0

During early stages of the reaction, only the trans complex was present.
The cis isomer only appeared late in the reaction after the concentration
of free 1-methylindane became appreciable. Collapse of the intermediate

in Mechanism 2, going to product, must produce an inversion. This
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was not observed.

B 00
@ &¢ S0 <&
1 \/
Cr —Cr: —+ (Cr +/Cr +
/\ | c/{\c C l\c
o C (o] C
- &% & 6° " o°

In the absence of catalyst,Mahaffy and Pauson favor a disproportionation

reaction:

N <;;=>@

2 ,(‘:r\ p—— - + Cr.
C C C E: C C
050 o° g o o) 0

A and/or B could be the reactive species. The intermediate is more
plausible than a very high energy fragment such as [Cr(CO)3]. The
mechanism is consistent with the second order dependence observed by
Strohmeier.

]5 reported a kinetic study involving (nG-arene)Ni

Klabunde et al.
(¢f)2. Coordinated vs free mesitylene could be detected by TH NMR. “The
addition of to‘luene-d8 caused displacement of coordinated mesitylene.

The reverse reactions werealso studied. 50% exchange was attained in

the range of minutes at 55°C to hours at 25°C. The process appeared

to be first order in complex and first order in added arene. Thé complex
was reported to dissociate ca.10% in CDC'!3 solution. This is not

considered correct following further experimentation (see Experimental

and Results and Discussion sections) so this data is of questionable



mechanistic value.

Substituents on the coordinated arene, as mentioned before, exhibit
profound effects on reactivity of the metal-arene bond. Ofule and co-
worker522 obtained information on several substituted  napthalene
derivatives. The complexes were made by direct reaction. Numbers inside

the rings indicate percent coordination by Cr(CO)

COMNGCO

NMe,

3

&
8.3

The preference of coordination is remarkable. Clearly, methoxy
is a destabilizing substituent. This effect was seen by Pidcock® (vide
supra) on displacement rates of arenes by phosphite. Why 2,3-dimethyl-
napthalene is favored over the 1,4-isomer is not understood. The effect
is real and maximized in the case of 1,4,6,7-tetramethylnapthalene.

A very complete study of arene exchange equilibria has been reported
by Mahaffy and PausonZ] for arene tricarbonyl chromium complexes. The
reactants were mixed in a one to one ratio. A catalyst was employed to

speed equilibration. Dibutyl ether and benzonitrile (catalyst) in an

80:20 mixture was the medium.

Tox
@ ntarene
/C':. + arene’ g ———— ér + 2.
o€ ¢cG (N
o 9 o 5 (o}

Even though a catalyst was employed, conditions were strenuous.



Temperatures of 140°C and equilibration times of 20 hours were needed.
The first series of exchange reactions were designed to yield
information concerning alkyl substituents. Complexed mesitylene

was displaced by a variety of monosubstituted rings:

Cr + == Cr -+
C"‘ ¢ c” i
oY C 70 O ¢ Y0

0 0
R % _exchange
Me 13.5
Et 6.5
n-Pr 1
j-Pr 1

Clearly the equilibrium constant is depressed as substituents
become larger. Methyl substitution appears to be the most effective
group. The data is supported by early reports that t-butylbenzene-

reacted at a slower rate than toluene in arene formation reactions4

(vide supra).
The second set of exchange reactions varied number and position of
alkyl substituents.

1
(arene-A)Cr(C0)3 + arene B z (arene B)Cr(CO)3 + arene A
2

Arene A Arene B % exchange (1)
p-xyl benzene 27
p-xyl 0Me 29
p-xyl mesitylene 66

OMe mesitylene 78



Benzene and toluene displacement of p-xylene are within

13

experimental error. This s in agreement with metal-arene bond energies

obtained in microcalorimetric studies by Connors et al. 23

Next, heteroatoms were introduced as substituents.
1
(arene A)Cr(CO)3 + arene B Z (arene B)Cr(CO)3 + arene A
2

Arene A Arene B % exchange (1)
OH 9C0,Me 14
OH 0OMe 23
0
1l
OH (CMe 24
OH OF 0
ONMe,, OH 21
¢NMe2 p-xy]1 46

The destabilizing effect of methoxy is clear. The same effect was Seen

9,10 and 6fe1e.22 Interestingly, benzene displaces p-xylene

by Pidcock
and dimethylaniline to the same extent. The dimethylaniline:p-xylene
reaction provides support for the data,being a 50:50 mixture. This is

2,10 No rationale

in conflict with displacement rates Pidcock obtained.
has been given for the difference.

Klabunde and co—workers15 have reported equilibrium exchange data

for (ns-mesity1ene)Ni(¢f)2. Displacing arene was in thirty fold excess.

The reactions were carried out in chloroform at room temperature and

were not catalyzed. The following data was reported:

L=V R =4

_Ni_ + == _ Ni ~
¢f ¢f ‘bf l\q’f
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QR % exchange

blank 10
toluene 38
anisole 38
benzene 27
(DCF3 16
OF 16
¢fF : 12

Values obtained for fluorine are Tow as would be expected.
Anamolies for toluene, anisole and benzene are seen in 1ight of Mahaffy
and Pauson's data. In this case there is no apparent destabilizing
effect for anisole. In fact, a net stabilization is seen when compar-
isons are made to toluene and benzene.

Muet-tertiesz4 reported qualitative observations of exchange reactions
on (ns-arene)Mo(CO)3. Trends were the same as Mahaffy and Pauson found.
(OH)Ru(COD) was found to be inert to exchange in an uncatalyzed reaction.

Addition of 3 equivalents of acetonitrile catalyzed a self exchange

reaction, The process was 22% complete in 204 hours at 50°C.

<=
3MeCN
TN hange
:/R‘!,j + 50 C,204hra 22 % exchang

24

The isoelectronic iridium complex was also quite unreactive. Products

were detectable only after 700 hours.

\.___.
|r CH Cl trace
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The reaction is anion dependent. Possible intermediates with
tetrafluoroborate could be:

F

(COD)Ir’// \\\BFZ or (COD)Ir-FBF
N oa”

F

3

Reaction rate is accelerated one order of magnitude by acetone catalysis.

III. Displacement of Arenes by Dienes

To the knowledge of this investigator the only arene compliex known
to undergo arene displacement by dienes is (ns-arene)Ni($f)2.]5
Treatment of the complex with excess COD in toluene solvent produces

73% isolated yield of (COD)N1(®f)2.

0~ &
O 0

NBD will react with (nﬁaarene)N1(¢¥)2 to produce 10% yield of (NBD)-

Ni(¢f)2 and a high polymer of NBD. The reaction is exothermic.

< &

—_— Ni

AT N
% & ¢ O
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Experimental

Preparation of,Bis(pentafluorophenyl)(nﬁ-arene)M; M = Co, Ni
Synthesis of toluene complexes of both cobalt and nickel was
accomplished using the metal vapor technique which has previously been

described.25’26

Complexes containing anisale, to]uene-da, benzene and
benzene—d6 were prepared by simply dissolving crystals of toluene complex
with the appropriate dry, déoxygenated arene. Vacuum evaporation of
excess arene produced the desired derivative in quantitative yield.

The preparation and handling of all compounds was under an inert
atmosphere of nitrogen. A Vacuum Atmospheres Company dry box was used
extensively in this work. Manipulations outside the dry box were
accomplished using standard schlenkware and a dual manifold inert 1ine
with nitrogen and vacuum connections.
Instruments

1. Beckman IR-12 infrared spectrophotometer

2. IBM I/R 98 FT IR

3. Varian T-60 '"H NMR

19

Varian XL-100 NMR ('H, "°F)

4

5. Cahn/Ventron Faraday balance

6. Finnegan CI/EI mass spectrometer

7. Perkin Elmer Coleman 124 UV-VIS spectrophotometer

8. Varian Aerograph Series 1400 gas-liquid chromatograph

using a 5 ft. 30% SE-30/Chromosorb P column

Elemental and Molecular Weight Analysis

A1l analyses were carried out under nitrogen and were performed by
Schwarzkopf Microanalytical Laboratory, 56-19 37th Ave., Woodside, New
York 11377-2495.
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Reagents and Solvents
ATl fluorinated compounds were purchased from PCR Chemical Co. and
degassed prior to use. Anhydrous 2,2'-bipyridine was used as received.

The following is a 1ist of solvents and'reagents and the method of

purification.
toluene benzophenone ketyl/reflux under nitrogen
benzene benzophenone ketyl/reflux under nitrogen
pentane benzophenone ketyl/reflux under nitrogen
tetrahydrofuran benzophenone ketyl/reflux under nitrogen

tetrahydrothiophene  Tithium aluminum hydride

pyridine barium oxide/reflux under nitrogen
methylene chloride phosphorus pentoxide/reflux under nitrogen
chloroform molecular sieves

Nujol sodium wire

I. Arene Displacement Reactions by Sigma Donor Ligands
Bis(pentafluorophenyl)bis(tetrahydrofuran)cobalt(II)

Bis(pentafTuoropheny1J(n6-to1uene)coba1t(11), (0.10g, 0.2mmol), was

)
dissolved with dry, deoxygenated toluene (1 mL) and filtered into a
schlenk tube. This was performed in a dry box. Several drops of dry,
deoxygenated tetrahydrofuran was added. The red-brown colored solution
instantly turned to a deep blue color. Dry, deoxygenated pentane (ca.

5 mL) was added to precipitate the product. The colorless supernate was
- removed and the blue microcrystalline solid washed twice with 5 mL
aliquots of pentane. The supernate and washes were discarded. The

schlenk tube was removed from the dry box, connected to a vacuum line

and evacuated. The blue solid was dried for'gg, 5 minutes. Extended
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vacuum drying (ca. 20 minutes) or drying with a nitrogen purge decompose
the product. The product is soluble in aromatics, methylene chloride

and tetrahydrofuran. The product is insoluble in alkanes and decomposes
in chloroform. It is stable indefinitely as a solid in a sealed vial
under nitrogen and stable for several hours in solution. Decomposition

is instant upon exposure to air. Bis(pentafluorophenyl)bis(tetrahydro-
furan)cobalt(II), (0.107g, 100%), (mp 123.5°C, sealed capillary).
Elemental analysis: found C 44.23%, H 3.08%; calculated C 44.72%, H 3.00%.

Spectral data is reported in the Results and Discussion section.

Bis(pentafluorophenyl)bis(tetrahydrothiophene)cobalt(II)
Bis(pentaf]uorophenyl)(nﬁ-to1uene)coba1t(II), (0.10g, 0.2mmol) ,was
dissolved with dry, deoxygenated methylene chloride (1 ml) and filtered
into a schlenk tube. This was performed in a dry box filled with
nitrogen. Several drops of dry, deoxygenated tetrahydrothiophene were
added to the filtrate. The color of the solution changed from red-brown
to dark blue. The schlenk tube was removed from the dry box and connected
to a vacuum Tline. Solvent and excess substrate were removed by reduced
pressure evaporation. The blue microcrystalline residue was washed
twice with 5 mL aliquots of dry, deoxygenated pentane then dried via
vacuo for 5 minutes. Exposure to reduced pressure or nitrogen purge
for extended periods of time (ca. 20 minutes) decomposes the sample. The
product is extremely air sensitive. It is soluble in aromatics,
methylene chloride, tetrahydrothiophene and insoluble in alkanes. The
product decomposes in chloroform. The product is stable indefinitely
in the solid state when sealed in a vial filled with nitrogen and stable
for several hours in deoxygenated solvents. Bis{pentafluorcphenyl)bis-

(tetrahydrothiophene)cobalt(II), (0.113g, 99%), (mp 86°C, sealed

§



19

capillary). Elemental analysis: found C 41.93%, H 3.10%, S 11.08%;
calculated C 42.2%, H 2.83%, S 11.26%. Spectral data is reported in
the Results and Discussion sections.

Bis(pentafluorophenyl) bis(pyridine)cobalt(II)

The procedure for preparation of Bis(pentafluoropheny1)Bis(pyridine)
cobalt(II) is identical to the preparation of the tetrahydrofuran
derivative except dry, deoxygenated pyridine is used instead of tetra-
hydrofuran. Stability and solubilities are similar. 0.1g (0.2 mmol),
Bis(pentafluoropheny1)(ns-to1uene)coba1t(11) produced Bis(pentafluoro-
phenyl)bis(pyridine)cobalt(II), (0.104g, 95%), (m.p. 152°C, sealed
capillary). Elemental analysis: found C 45.34%, H 1.79%, N 5.01%;
calculated C 47.9%, H 1.83%, N 5.08%. Spectral data is reported in the
Results and Discussion section.
(2,2'-bipyridine)bis(pentafluorophenyl)cobalt(II)

Bis(pentafluoropheny1)(ne-to1uene)coba1t(II), (0.10g, 0.2mmol),was
dissolved with dry, deoxygenated toluene (2 mL) and filtered into a
schlenk tube. This cperation was performed in a nitrogen filled dry box.
Anhydrous 2,2'-bipyridine, (0.032g9,0.2mmol),was dissolved in dry,
deoxygenated toluene (ca. 1 ml) and slowly added to the filtrate. The
red-brown solution turned opague green. A turquoise solid precipitated.
The brown supernate was removed using a syringe. The supernate was
evaporated to dryness via vacuo yielding a trace amount of red material.
The residue was not analyzed. The turquoise precipitate was washed twice
with dry, deoxygenated toluene (5 ml) then twice with dry, deoxygenated
pentane (5 ml). The schlenk tube was removed from the dry box, connected
to a vacuum line and evacuated. The turquoise colored product is air

sensitive. The product is soluble in methylene chloride producing a
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red-violet colored solution. It is insoluble in aromatics and decom-
poses in chloroform. Solutions are stable under nitrogen for days and
the solid is stable indefinitely when sealed in a vial filled with
nitrogen. (2,2'-bipyridine}bis(pentafiuorophenyl)caobalt{Il), (0.101g,
92%), (m.p. 156-175 dec, sealed capillary). Elemental analysis: found
C 48.22%, H 1.69%, N 5.26%; calculated C 48.11%, H 1.47%, N 5.10%.
Spectral data is reported in the Results and Discussion section.
Reaction with Carbon Monoxide

Bis(pentaf]uoropheny1)(nﬁ-toluene)coba1t(II), (0.15g, 0.3mmol),was
dissolved with dry, deoxygenated methylene chloride (4 ml) and filtered
into a schienk tube. The filtration was carried out in a nitrogen filled
dry box. The schlenk tube was removed from the box, connected to a
vacuum line and freeze-thaw degassed. After the solution warmed to room
temperature, 630 mm Hg of research grade carbon monoxide was allowed to
stand over the solution. Within minutes the solution turned from red-
brown to dark brown. The volatiles were removed via vacuo Jeaving a
thick brown oil. Infra red analysis of the neat oil indicated
decafiuorobiphenyl, terminal and bridging coordinated carbon monoxide and
no pentafluorophenyl-cobalt bands. Spectral data is reported in the
Results and Discussion section.
Bis(pentaf]uoropheny1)(L)znickel(II)

L = tetrahydrothiophene, pyridine

L,= 2,2"'-bipyridine

Bis(pentaf]uoropheny1)(n6-to1uene)nicke1(II), (0.1g, 0.2mmol),was
dissolved with dry, deoxygenated toluene (ca. 1 ml) and filtered into
a schlenk tube. This procedure was carried out in a nitrogen filled

dry box. Several drops of dry, deoxygenated tetrahydrothiophene or
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'pyridine were added. In the case of bipyridine, a stoichiometric
quantity was dissolved in a minimum amount of toluene and the resulting
solution was added. Within one minute a yellow precipitate formed.

The supernate was removed and saved for a second crop. The product was
washed with dry deoxygenated pentane. The schlenk tube was then connected
to a vacuum line and the proddct dried by vacuum evaporation. A1l yields
were quantitative. The complexes are very stable yellow solids. They
can be handled in air for several minutes. They are slightly soluble

in aromatics, soluble in chloroform and methylene chloride and insoluble
in alkanes. The complexes were prepared for an infra red study. The
pyridine and bipyridine derivatives have previously been reported by

27 28 respectively. Bis(pentafluorophenyl)bis(tetrahydro-

Rieke™ and Stone
thiophene)nickel(II) (m.p.125°dec.). Elemental analysis: found C 41.95%,
H 2.95%, S 11.02%; calculated C 42.4%, H 2.83%, S 11.26%. .Spectra1 data

is reported in the Results and Discussion section.

II. Arene Exchange Reactions

The following procedure, up to the time of NMR analysis, was
carried out in a nitrogen filled dry box using dry, deoxygenated
solvents and reagents.

Bis(pentaf1uoropheny1)(ns-arene)cobalt(ll), where arene = toluene,
or anisole, was weighed into a 2 mL volumetric flask. Cyclohexane was
added as an internal standard. The flask was filled with CDC13. The
final concentration of arene complex was 0.1M. The concentration of
cyciohexane was 0.25M. After mixing, 0.5 mL aliquots were transferred
into nmr tubes by syringe. The nmr tubes were then capped by rubber
septums. The tubes were placed into a nmr spectrometer and scanned.

The tubes were removed and injected with known amount of a displacing
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arene. A GC syringe was used to accomplish this. The tubes were inverted
several times then placed into the spectrometer. Thermal equilibration
was assumed to occur instantly. The spectrum was recorded and the
signals integrated.

Solutions of Bis(pentafiuorophenyl)(ns-aniso1e)nicke1(II) were made
analogously. An internal standard was not necessary. Toluene was
injected in various amounts. Peaks corresponding to complexed and

uncomplexed toluene were integrated to determine percent displacement.

ITII. Reactions with Dienes

Reaction with Norbornadiene

0.1259(.25mmo1L(nﬁ-to1uene)bis(pentaf1uoropheny1)cobaTt(II) was
dissolved in toluene (ca.6 ml) and then filtered under an inert
atmosphere. The solution was cooled to 0°C and0.1 mLl (1.0mmol)
distilled, deoxygenated narbornadiene was added dropwise. No color
change took place. After one hour of stirring at 0°C the solution
formed a gel. Vacuum was applied and the volatiles analyzed by GLC
with appropriate internal standard and correction factors. Penta-
fluorobenzene (16%,0.04mmo1) was present. No decafluorobiphenyl was
detected. The black residue was extracted with toluene giving a red
brown solution. The solution was decomposed by exposure to air then
analyzed by GLC. Norbornadiene was not detected. The black polymeric
solid was not analyzed.
Reaction with 1,5-cyclooctadiene

0.05g(.1mmo])ﬂns-toluene)bis(pentaf]uoropheny])coba]t(II) was

dissolyed in toluene (3 ml) and filtered under an inert atmosphere.
Cyclooctadiene (1 ml) was added to the solution. No visible change

was observed. The solution was stirred for 5 hours at room temperature.
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During this time considerable decomposition occurred, precipitating
metallic cobalt. The volatiles were not analyzed.

Reaction with propyne
0.05g(.lmmol)ﬁns-to1uene)bis(pentaf1uoropheny1)coba]t(II) was
dissolved with methylene chloride (1.5 ml) then filtered into a schlenk
tube in an inert atmosphere. The schlenk tube was attached to a vacuum
line and the solution freeze-thaw degassed. 625 mm Hg of degassed propyne

was introduced over the solution. The color changed from red-brown to
dark red. After stirring for 90 minutes, volatiles were removed and
analyzed by GLC with methylcyclohexane as an internal standard. Toluene
(90%) and pentafluorobenzene (22%) were present. Based on the amount of
starting arene complex: mesitylene (4.5%) and 1,2,4-trimethylbenzene

(12.8%) were present. The polymeric residue was not analyzed.
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Pyrolysis of,Bis(pentaf]uorophenyl)(ns-to1uene)coba1t(ll)
Bis(pentaf]uorOphenyl)(na-to1uene)c0ba1t(II), (0.099g, 0.2mmol),was

transferred into a schlenk tube under an inert atmosphere. The schlenk

tube was evacuated, then placed into an oil bath preheated to 150°C. The

red-brown solid melted and turned black. Clear liguid began refluxing

on the walls of the tube. After 15 minutes of heating, the schlenk

tube was removed from the bath and let cool to room temperature. The

vessel was then pressurized with dry nitrogen and opened. The residue

was extracted with methylene chloride several times and the washes

combined. Methylcyclohexane was added as an internal standard then

the mixture was analyzed by GLC. Toluene (100%) and decafluorobiphenyl

(93%) were present.

Solution Decomposition of Bis(pentaf1uoropheny1)(ns-to1uene)coba]t(11)
Bis(pentaf]uoropheny])(n5-toluene)coba1t(II}, (0.108g, 0.22mmol1),was

dissolved with toluene then filtered under an inert atmosphere. The

filtrate was syringed into a one neck, 50 ml roundbottom flask equipped

with a reflux condenser. The condenser was topped with a stopcock

for connection to a nitrogen line. The apparatus was then connected

to a nitrogen supply. Constant pressure was maintained with a

mineral oil bubbler and continuous nitrogen purge. The solution was

refluxed for 72 hours until colorless. Methylcyclohexane was added

as an internal standard and the solution analyzed by GLC. Penta-

fluorobenzene ({135%,.3mmo1)and decafluorobiphenyl (29.6%,.06mmol) were

present.
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Reaction with Cyclopentadiene: Preparation of Cp3Coz(0f)2
A11 manipulations were carried out with dry, deoxygenated solvents
and reagents. |
Bis(pentaf1uoropheny])(nﬁ—to1uene)coba1t(II), (.205g, .42mmol) ,was
dissolved in methylene chloride (5 wl) and filtered. The filtrate was
cooled to 0°C using an ice bath. Freshly cracked cyclopentadiene
(5Tul, .6mmo1) was slowly syringed into the cold solution. A color
change, from red-brown to green-red, occurred during the addition. The
solution was stirred for several minutes then all volatiles were
pumped into a trap cooled withliquid nitrogen. Methylcyclohexane was
added to the volatiles as an internal standard. GLC analysis showed the
presence of toluene (85%) and pentafluorobenzene (50%,.4mmol). The
black residue was washed several times with toluene (5 mL aliguots).
The black residue made up the major amount of product. The residue
was dissolved with a minimum amount of methylene chloride and filtered.
The solution was dark brown. Solvent was slowly evaporated leaving air
stable black microcrystals of Cp3C02($f)2. (129, 60%), (m.p. 212,dec)
sealed capillary). Elemental analysis; found: C 49.52%, H 2.19%, F
30.19%; calculated: C 50.00%, H 2.48%, F 29.30%.
Magnetic Susceptibilities

The Evans NMR Method??

was used to determineigeff for several
compounds. Density-volume corrections pointed out by Cohen30 were
employed for accurate concentration determinations at the probe
temperature of the NMR.

A Faraday balance was used for variable temperature susceptibility

measurements on CpBCoz(mf)2.31
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OBJECTIVE

Bis(pentafluoropheny])(n6~arene)M, where M = Co, Ni, represents a
unique class of arene complexes. There are no other examples of neutral
isostructural arene complexes with different metals from the same periodic
row.

Previous work by Klabunde g;_gl.15 has shown the nickel species to
possess an extremely reactive metal-arene bond (see Introduction). Dis-
placement and exchange processes occur at room temperature, are usually
complete in minutes, and are uncatalysed. This unique complex also
provided the first example of arene displacement by dienes.

The study reported herein was initiated for several reasons: first
and foremost, to attempt preparation of new complexes; second, to
directly compare all aspects of reactivity between the two isostructural
complexes. Information gained may provide evidence on the nature of
bonding interactions, especially regarding the arene-metal bond in the

cobalt and nickel complexes.
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I. Arene Displacements by o-~Donor Molecules

A. Preparation of Bis(pentafluorophenyl)bis(tetrahydrofuran)cobalt(II)

Bis(pentafluorophenyl)bis(tetrahydrothiophene)cobalt(II)

Bis(pentafluorophenyl)bis(pyridine)cabalt(1I)
(2,2"-bipyridine)bis(pentafluorophenyl)cobalt(II)

Addition of neat THF, py or a toluene solution of bipy to Bis{penta-

f]uoropheny])(n6-to1uene)coba1t(II) dissolved in toluene produces 1, 3,
and 4 respectively. Color change is instantaneous. 1 and 3 can be
precipitated with the addition of pentane. 4 is insoluble in toluene
and precipitates during addition of bipy. Preparation of 2 must be
carried out in methylene chloride since it will not precipitate from a
toluene-pentane solution, and vacuum evaporation of a toluene solution
produces an impure oil. 1, 2, and 3 are bTue colored microcrystailine
solids. Melting points taken in a sealed capillary tube are sharp and
occur without decomposition. Thus the compounds have good thermal
stability.

1, 2, and 3 are very air sensitive. Decomposition will also occur
in a stream of dry argon gas or if the solids are subjected to Tow
pressure (‘IO'3 torr) for several hours. This feature made accurate
elemental analysis difficult. 1, 2, and 3 can be stored in sealed
nitrogen filled ampoules for several months without significant decomp-
osition. Possibly a partial pressure of donor ligand is needed for a
stable atmosphere.

These compounds will decompose in a dry box if left in an open

container. The solids turn grey on the surface in 24 hours. The grey

residue is insoluble in all common organic solvents and was not analyzed.

1, 2, and 3 are soluble in aromatic solvents and methylene chloride,

insoluble in alkanes and decompose in chloroform.

= W o -
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4 is a turquoise solid and also air sensitive, but to a Tesser
extent (qualitative judgement). Decomposition occurs before melting
producing a light brown solid. The complex is soluble in methylene
chloride producing a red-violet colored solution. If this solvent is
removed via vacuo, a red-yijolet solid begins to form on the cold walls
of the schlenk tube. As the walls warm, the color returns to turquoise.
This indicates solvation by methylene chloride. 4 is insoluble in
aromatic soTvents and decomposes in chloroform.

Repeated attempts to obtain crystals suitable for single crystal

| x-ray diffraction studies failed for all four compounds.

The table below summarizes properties not covered above.

cmpd m. pt. (°C) color solvent for prep. solubility

1 124 blue tol tol, THF, CHZC12
2 86 blue CH2C12 to1: THT, CH2C12
3 152.5 blue tol tol, py, CH2012
4 156( dec) turquoise tol CHZC'!2

Yields for all four compounds were > 90%.
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Visible Spectra

High spin d7 systems have no crystal field stabilization energy
advantage between octahedral and tetrahedral geometries. Octahedral
complexes usually have extinction coefficients two orders of magnitude
less than tetrahedral complexes. Octahedral complexes generally are red
or pink whereas tetrahedral complexes are intense blue. The visible
spectra of tetrahedral cobalt(II) compounds is dominated by the 4AZ(F)

> 4T](P) transition. High energy doublet states of the correct symmetry

mix with the 4T](P) state which produces a complex envelope for the

transition. Extinction coefficients of ca. 300 to 900 are expected.32

The spectra were obtained in methylene chloride. All four
complexes obey Beer's Law. The spectra are reproduced in Figure I(A-D)
and values tabulated in Table 1. As can be seen, the experimental results
correlate well with theoretical prediction.

A qualitative experiment was possible because of the large
spectral differences between compounds 1, 2 and 3. Several drops of
pyridine were added to solutions of 1 and 2 (carried out in a dry box).
The visible spectrum was scanned and showed quantitative formation of 3,

the bis(pyridine) adduct. Thus the adducts themselves possessvery labile

1igands.
(0£),Co(THF), + py (excess) > ({g),Co(py), — 100%
(0£),Co(THT), + py (excess) - (§c),Colpy), 100%
Addition of THF to solutions of (¢f)2Co(THT)2 and THT to sol-
utions of ($f)2C0(THF)2 did not yield information on oxygen vs sulfur

binding preference. In both cases the resulting spectrum was not a

superposition of the spectra of either starting compiex.
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Ligand redistribution may occur but the difficulty (impossibility)

of preparing authentic samples makes this very tentative.
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Table 1 Visible Spectra® (nm) ¢ = M'icm']

Bis(pentafluorophenyl)bis(tetrahydrofuran)cobalt(II)

645 nm (e = 485)
620 nm (= = 411)
525 nm (e = 153)

Bis(pentafluorophenyl)bis{pyridine)cobalt(II)

635 nm (e = 706)
605 nm (e = 703)
537 nm (e = 425)

Bis(pentaf1uoropheny1)bis(tetrahydrdthioghene)coba1t(II)

704 nm (e = 676)
625 nm (e = 519)
556 nm (e = 400)

(2,2'-bipyridine)bis(pentafluorophenyl)cobalt(II)
665 nm (e = 642)
538 nm (e = 1105)

a
CH2C12 solvent
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Infrared Spectra

Coordinated pentafluorophenyl moieties exhibit several diagnostic
vibrational modes in the mid infrared region. Bands at ca. 1500, 1050

1 has been used to

and 950 cm”| indicate coordination. A band at 800 cm
confirm cis, trans isomers of several mono- and bis-pentafluorophenyl
palladium and platinum complexes which are square planar. The band
splits into two for cis complexes; a single band is observed for mono-
pentafluorophenyl and no band is present for Erggg_comp]exes.33
Compounds 1, 2, 3, and 4 all possess intense bands at ca. 1500, 1050,
and 950 cm_1(Fig.2A-D). No absorption occurs at 800 cmfl. In Tight of
elemental analysis, the visible spectra and basic bonding theory32 (vide
supra), we must conclude the diagnostic value of the 800 cm'] band is
not applicable to gig_pentafluoropheny1 ligands in a tetrahedral geometry.
The C-S ring stretch of tetrahydrothiophene occurs at 683 cm"1 for

1 34

the free molecule and shifts to 660 - 670 cm ' upon coordination.

The infrared spectrum of bis(pentafluorophenyl)bis(tetrahydrothiophene)

cobalt(I1) (Fig. 2-C) has a weak band at 670 cm!

which is assigned to
the perturbed ring stretch. Infrared spectra are included for the
nickel analogs (Fig. 3A-D).

The mid infrared region for the cobalt and nickel derivatives are
virtually identical. Frequently , very small frequency shifts are observed
for a molecule upon complexation to a metal center.35 The spectra usually
are mere superpositions of the individual ligands. One major difference
should be pointed out. Nickel complexes are square planar and exhibit

absorption at ca. 800 ean”V

A single band appears near 800 em! for
bis-THF, THT and py adducts. This is not expected as all three compounds

appear to be trans. An incomplete structural analysis on the THF complex



35

indicates a trans configuration.36 A split band is present at 800 cm'1

in the spectrum of the bipy derivative. Since bipy can only be bound
cis, this result is consistent.

The spectral results are tabulated in Table 2.
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nickel(II), (Nujol)
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Table 2 Infrared Spectra of Cobalt and Nickel Derivatives (in cm'T)

Bis(pentafluorophenyl)bis(tetrahydrofuran)cobalt(II), (KBr)

1632 m, 1535 m, 1502 vs, 1450 vs, 1375 m, 1330 m, 1285 w, 1255 m,
1180 m, 1066 s, 1055 vs, 1020 s, 955 vs, 870 s, 770 m, 730 m, 715 w.
- Bis(pentafluorophenyl)bis(tetrahydrothiophene)cobalt(II), (Nujol)

1638 m, 1603 w, 1582 vw, 1517 ww, 1500 vs, 1450 vs, 1375 m, 1365 m,
1320 m, 1308 vw, 1272 w, 1258 m, 1250 m, 1200 vw, 1187 vw, 1122 wvw, 1062 s,
1080 vs, 995 vw, 950 vs, 880 w, 850 vw, 815 w, 765 m, 710 w, 670 w.

Bis(pentafluorophenyl)bis(pyridine)cobalt(II), {(Nujol/Fluorolube)

1630 m, 1605 s, 1580 w, 1530 w, 1492 vs, 1450 vs, 1420 s, 1377 m, 1365m,
1325 m, 1280 w, 1248 m, 1218 m, 1155 w, 1090 vw, 1070 s, 1050 vs,
1013 m, 950 vs, 945 vs, 835 vw, 822 vw, 800 w, 755 s, 720 vw, 697 vs.
(2,2'-bipyridine)bis(pentafluorophenyl)cobalt(II), (Nujol)

1630 m, 1610 w, 1605 m, 1575 vw, 1566 vw, 1535 ww, 1497 vs, 1475 m,
1450 vs, 1375 m, 1335 w, 1324 m, 1255 m, 1{57 m, 1160 m, 1068 s, 1050 vs,
1020 m, 950 vs, 900 vw, 768 vs, 745 m.

Bis(pentaf1uoropheny1)bis(tetrahydrofuran)nicke](II)]S, (Nujol/Fluorolube) -

1658 w, 1520 sh, 1504 vs, 1460 vs, 1375 s, 1365 sh, 1352 w, 1325 ww,
1275 m, 1255 m, 1228 w, 1115 vw, 1100 w, 1058 vs, 1035 vs, 1012 w, 952 vs,
917 w, 895 vs, 880 vs, 822 vw, 785 vs, 738 w, 724 w, 610 w, 578 vw, 485 w.

Bis(pentafluorophenyl)bis(tetrahydrothiphene)nickel(11), (Nujol/Fluorolube)

2967 w, 2937 sh, 2860 vw, 1635 m, 1613 sh, 1578 vw, 1545 vw, 1500 vs,
1453 vs, 1435 sh, 1375 vs, 1343 m, 1336 w, 1324 w, 1311 w, 1273 m, 1265 sh,
1238 vw, 1207 vw, 1125 vw, 1061 s, 1047 s, 954 vs, 886 w, 811 w, 780 s,
743 vw, 726 w, 661 w.
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Bis(pentaquoropheny])bis(pyridine)nicke](II),27 (Nujo1)

1635 w, 1606 m, 1585 ww, 1503 vs, 1455 vs, 1450 vs, 1380 sh, 1375 m,
1370 sh,-1355 m, 1350 sh, 1345 m, 1275 m, 1230 w, 1215 w, 1210 w,
1150 w, 1095 w, 1050 vs, 1038 m, 1015 w, 945 vs, 825 vw, 815 vw, 787 m,
777 s, 760 sh, 756 s, 735 w, 720 vw, 700 m, 692 s, 645 w, 550 w, 465 vw.
(2,2‘-bipyridine)bis(pentafluoropheny1)nicke1(II),28 (Nujol)

1630 m, 1605 n, 1567 w, 1546 w, 1530 vw, 1498 vs, 1375 m, 1365 sh,
1352 m, 1342 sh, 1330 ww, 1317 m, 1220 w, 1258 m, 1220 w, 1170 w, 1162 m,
1125 vw, 1120 vw, 1110 vw, 1100 vw, 1062 vs, 1045 sh, 1030 w, 1018 w,
975 sh, 950 vs, 900 s, 875 w, 782 vs, 772 vs, 730 s, 700 w,
675 vw, 665 w, 642 w, 580 vw, 465 w.
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Far Infrared Spectra

Stability differences between the cobalt and nickel compounds being
discussed are great. The cobalt compounds are very air sensitive whereas
the nickel analogs are very air stable. In fact, the ether and thioether
nickel adducts may be handled in air for several hours. The nitrogen
donor adducts of nickel are indefinitely air and moisture stable.

We obtained far infrared data in hopes of identifying metal ligand
vibrations to quantify differences in bond strength. The spectra are
reproduced in Fig. 4A-H and tabulated in Table 3.

For AZBZM complexes, group theory predicts the following number

of infrared active metal ligand stretches.37
cmpd Geometry (M-A) (M=-B)
trans—AszM sq. pl. 1 1
A,B,M tetrahedral 2 2

22

The similarity of all cobalt derivatives was unexpected. Variations
of intensity are seen but all bands occur at nearly the #ame frequency.
The same result was obtained for the nickel derivatives. This strongly
suggests the bands are 1igand vibrations. Activation of infrared inactive

38 One can immediately see from the

bands can occur upon complexation.
complexity of the spectra that no pure metal-ligand vibration is obvious.
Metal-aryl vibrations are very weak and rarely seen.35 Bromopentafluoro-

1.- Thus the penta-

benzene has infrared absorptions as low as 218 cm
fluorophenyl 1ligand could be the cause of the complex spectra.

Comparison between cobalt and nickel compounds yields no information
helpful to band assignment. The spectra of nickel adducts is in general

less complex than cobalt. Assembling molecular models is instructive.
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The square planar geometry possessed.by the nickel derivatives allows
the planes passing through the ligands to be perpendicular to the
metal Tigand bond vectors. Steric interactions are minimized. However,
the cobalt analogs are very crowded. The model is so complex that this
author refrains from attempting to draw them. The crowding of the ligands
in a tetrahedral arrangement may activate modes of Tigand vibration which
square planar arrangements do not.

Bipyridine derivatives of nickel and cobalt exhibit bands below
200 crn'1 (Fig. 4I,d). Nickel and cobalt tris-bipy complexes have metal-

nitrogen vibrations ca 250 cm'1.38

Possibly a very low energy mode has
been shifted into the infrared region; the rotational mode as the rings
try to become perpendicular as an example. Interestingly the nickel
derivative has significantly higher energy absorptions which indicates
the mode(s) is affected by complex stability.

Useful information was obtained in the case of nitrogen adducts.

A band at 404 cn”!

cm"I upon coordination through nitrogen.35 The shift was observed and

for free pyridine and bipyridine shifts to ca. 425

confirms metal-nitrogen bonding (opposed to a heteroatom arene metal

bond).
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Table 3 Far Infrared Spectra of Cobalt and Nickel Derivatives

Bis(pentafluorophenyl)bis(tetrahydrofuran)cobalt(II), (Nujol)

600 w, 482 m, 354 s, 345 m, 270 m, 244 s, 220 n.

Bis(pentafluoropheny1)bis(tetrahydrothiophene)cobalt(I1), (Nujol)

600 w, 590 w, 517 w, 483 w, 390 vw, 356 s, 346 m, 280 w, 250 s,
238 s, 220 m,
Bis(pentafluorophenyl)bis(pyridine)cobalt(II), (Nujol)

639 w, 600 w, 483 vw, 425 s, 390 vw, 356 s, 346 w, 280 w, 251 s,
238 m, 220 w.
(2,2'-bipyridine)bis(pentafluorophenyl)cobalt(II), (Nujol)

482 m, 420 s, 390 vw, 361 s, 350 m, 280 s, 272 m, 235 s, 210 m,
130 m, 108 m.
Bis(pentafluorophenyl)bis(tetrahydrofuran)nickel(II), (Nujol)

395 m, 375 m, 356 w, 310 s, 293 s, 273 w, 248 w, 230 s.

Bis(pentafluorophenyl)bis(tetrahydrothiophene)nickel(II), (Nujol)

514 m, 445 vw, 390 m, 330 vw, 300 m, 275 vw, 240 m.

),%7 (Nujol)

465 s, 450 w, 390 w, 318 m, 300 m, 230 sh, 224 s.
28 (

Bis(pentafluorophenyl)bis(pyridine)nickel(II

(2,2'=-bipyridine)bis(pentafluorophenyl)nickel(I1), Nujol)

465 s, 418 s, 326 m, 312 w, 275 vw, 247 m, 233 sh, 225 m, 164 m,
158 m.

50
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Magnetic Measurements

7

Two geometries are possible for four coordinate d° metal centers:
tetrahedral and square p1anar32 eg.
T 1
1 1 1 1
1. 1 4
1 1L . | .
Td D4h(LS) D4h(HS)

Tetrahedral compounds are redundant for high spin-low spin
assignments. There are always three unpaired electrons. Square planar
compounds on the other hand havé the possibiTlity to exist in high spin
or Tow spin configurations. High spin square planar compounds are not
known. Use of the Angular Overlap Mcde]sg shows no geometric stabilization
of square planar high spin over tetrahedral for a d7 case. The Valence
Shell Electron Pair Repulsion model predicts the ligands will move as
far apart as possible (ie. T, is favored). This is always found true.
Therefore, the magnetic susceptibility is very strong evidence for Td
Vs D4h geometry. One unpaired electron gives values ca. 2 BM while
three unpaired electrons give values greater than 3 BM and usually close
to 4 BM, |

Magnetic susceptibilities were obtained for cobalt donor adducts by

the Evans NMR Method.29 The results are tabulated in Table 4.
Table 4
.compound veff(BM) solvent/external standard
((Df)ECO(THF)2 3.23 CGD6fTMS
(Ebf)zCo(THT)2 3.96 CBDG/TMS
(Q)f)zCo(py)2 3.48 CgDg/ TMS

(0)2Co(bipy) 3.84 CHoCl12/CHaCls
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3
Diamagnetic correct ions were applied. A1l compounds were assumed to obey
the Curie Law. The results are consistent for cobalt(II) compounds with

Td geometry. Cotton and Ho1m40

obtained similar values for bis(halogen)-
bis(isocyanide)cobalt(II) compounds.

Figure 5 shows a typical experimental result. The contact shift
induced by solute paramagnetism is measured, in hertz, from the external
standard. Accurate concentrations must be known, therefore the soluticn

volume is corrected for the temperature difference between ambient and

probe temperature.30 The measured value, in hertz, is used to calculate

29
Hoff:

Faraday measurements failed because of the sensitivity of the
compounds to air and moisture.

B. Reaction with Carbon Monoxide

Reaction of Bis(pentafluorophenyT)(ne-toluene)cobaTt(II), in solution
or solid state, with carbon monoxide cause complete reductive elimination
of the pentafluorcphenyl ligands producing decafluorobiphenyl and cobalt

carbonyl clusters. The reaction is similar to the nickel species:15

(n®-toluene)Ni(Qz)y + CO » Ni(CO), + Q-0 + toluene

(ne-to1uene)C0($f)2 + CO - Cox{CO)y + Q-0 + toluene

Infrared analysis of the reaction product (thick brown o0il1) showed

v(CO) bands at 2065 vs, 2045 vs, 2030 broad vs corresponding to terminally

1

bound €O and a strong broad band at 1860 cm™' corresponding to bridging

C0. The spectrum also confirmed the absence of coordinated pentafluoro-

1 T or 800 cm']). Because

phenyl ligands (ie.no bands at 1050 cm ', 950 cm”
of the variety of cluster compounds formed by cobalt and the problem of
separating them from each other and trapped decafluorobiphenyl, the oil

was not characterized.
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Fig. 5 A typical spectrum using the Evans NMR Method. The smaller
resonance is external TMS and the more intense, broad peak is
TMS shifted by the paramagnetic solute.



C. Decomposition of Bis(pentaf1uor0pheny1)(ns-toluene)coba1t(II)

1. Pyrolysis

When crystals of the cobalt arene complex are heated to ca. 150°C
decomposition takes place. Reductive elimination of the pentafluoro-
phenyl groups producing decafluorobiphenyl (93% by GLC), release of
toluene (100% by GLC) and formation of cobalt particles:

(ns_to-[uene)cocqu)z 5011dAState & q]f_qu + @ + (Co)n

2. In refluxing toluene

A solution of cobalt arene complex was refluxed in toluene under a
nitrogen atmosphere for three days. Thermal stability of the complex
is excellent. GLC analysis of the reaction medium showed pentafluoro-

benzene (135%) and decafluorobiphenyl (29.6%).

OCH3 reflux
N, atmosphere ¢fH ¥ ¢f'¢f * (Co)x

(ns-to'luene)Co((pf)2

135% 29.6%

Comparison to the nickel analog shows similar reactivity for the
pyrolysis experiment (99% decafluorobiphenyl for nickel) but great
differences in the solution decomposition study. Only 7% pentafluoro-

benzene was detected for the nickel comp1ex:15

6 ; toluene reflux. .
(n -to]uene)N1(¢f)2 N, atmosphere qJfH * ¢f'¢f ¥ (N1)x

7% >90%

Apparently the cobalt species undergoes a radical decomposition
whereas the nickel complex does not. The cobalt-aryl bond is Tlonger
and therefore probably weaker than the nickel-aryl bond41 and more

susceptible to homolytic cleavage.
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Co-Co  1.931 A
Ni-Co  1.897 A

D. Reaction with Norbornadiene, 1,5-Cyclooctadiene and Propyne

Reactions of Bis(pentaf1uoropheny1)(ns-toluene)nicke1(II) with NBD

15 However, no analogous cobalt(II)

and COD produced novel diene complexes.
diene, or for that matter, any cobalt(II) diene complex is known to date.
Reasons for this are not available in the literature.

Reaction of Bis(pentaf1uoropheny1)(nﬁ-to1uene)coba1t(ll) with NBD
produced a black polymeric solid. Extraction of the solid with toluene,
decomposition of the toluene wash (faint red brown color) followed by
GLC analysis showed no norbornadiene. Pentafluorobenzene (16%) was
present. The polymer contained carbon-fluorine bonds (Infrared).

Reaction with 1,5-COD produced decomposition in the form of metallic
cobalt and was not analyzed further.

Reaction with propyne resulted in polymer formation, pentafluoro-
benzene (22%), and small amounts of propyne trimers (1,2,4-trimethy]

benzene, 12.8 %; 1,3,5-trimethylbenzene, 4.5%; based on complex). Infra-

red analysis of the polymer showed the presence of carbon-fluorine bonds.

_NBD , polymer / incorp. 0¢-,Co
(ns-to'luene)Co((Pf)2 _CcD | ' Co, + organics

HezCCHy S §Ms
———  {C=CH-C=CH}, / incorp. D¢- Co
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A radical process appears to be operative in the above reactions.
The initiation step is unknown. This mode is prevalent for the cobalt
complex in solution as observed in solution decomposition studies (vide
supra).

Initial displacement of arene by diene followed by disproportionation
producing a highly oxidizing cobalt(III) species is not likely because a

small amount of unreacted arene complex was extracted from the NBD polymer:

2(n°-toluene)Co(0,), + 2NBD - 2(n"-NBD)Co(9,), —

(n*-4BD) (9),Co(1) + (n*-NBD) (0),Co(I11) "

If a cobalt(III) species was produced, decomposition would probably be

instant.
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IT. Arene Exchange Reactions

A. Cobalt arenes

Bis(pentafluoropheny])(ﬁﬁ-arene)coba1t(II) is a paramagnetic complex.
A manifestation of this property is the absence of a detectable ]H NMR
signal in the range of -20 to +30 ppm {(8) where TMS = 0 ppm. This was
advantageous for studying arene exchange equilibria. The appearance of
free arene signals could be monitored after addition of a displacing or
reactant arene. The major limitation was the complexed ring had to have
a significantly different chemical shift than the displacing arene.

The following equation shows coordinated toluene displacement by
benzene-da. Cyclohexane or methylene chloride was used as an internal
standard to monitor concentrations.

(ns-aniSOTe)Co($f)2 + benzene-d6 z -(benzene—ds)CO(q}f)2 + anisole
no signal no signal no signal 3.8 ppm (3H,S)

The following 1H NMR spectrum (Fig. 6) was recorded after the addition

of one equivalent then ten equi?a]ents of benzene-ds.
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The following data (Table 5) was collected.

Table 5

% displacement

+ 1 CGDﬁ -+ 26.1
+ 10 CGDG - 48.1

(n-toluene)cobalt(9s),  + 10 Cgfg 0
+ 10 CHF = 0
P10 CgFgH 0

Data for alkyl substituted reactant arenes was obtained using the

anisole complex. Table 6 summarizes the findings:

Table 6

Reactioq # % exchange

+ 1 CBDG 6 68
+ 10 CSDG 7 84
+ 1 toluene 8 85
+ 10 toluene 9 100
(ns-aniso1e)Co($ ) + 1 mesitylene 10 100
/2
+ 10 CSFG N 0
+ 10 CGHF5 12 0
+ 10 1,3,5-trifluoro- 13 0
benzene
+ 10 benzotrifluoride 14 0
+ 10 p-ditrifluoromethyl- 15 0

benzene

60
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Time between injection of the reactant and recording the spectrum was
ca. 15-30 seconds. Equilibrium was attained in this time period and
constant thereafter. The results correlate well with data reported by

21 The destabilizing effect of methoxy compared to

Mahaffy and Pauson.
benzene is clear from reaction 6.

No dissociation of arene complex in CDC13 was observed for cobalt
as was reported for nickel. The above data is in much better agreement

el than data reported for the nickel comp1ex.35 At

with other workers
this point it seemed worthwhile to repeat several exchange reactions
with the nickel analog to obtain direct comparisons.

1

The 'H NMR spectrum of Bis(pentaf1uoropheny1)(nﬁ-to1uene)nicke1(II)

was obtained in CDC13. No free toluene was detected.
(nﬁ-tcﬂuer1e)N1‘(Q)1,-)2 + CDC1yq %é (CDC13)XN1(¢f)2 + toluene

The previous report is in error. The earlier study always used
recrystallized arene complex which probably had excess toluene trapped

42 1

within the crystal lattice. In fact a 'H NMR spectrum was obtained in

neat CGFG with no exchange:
(ns-toluene)N1($f)2 + C6F6(solvent) + No exchange

Data obtained for the nickel complex is listed in Table 7.
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Table 7
Reactant Reaction # % Exchange
+ 1 Cghg 16 299,
+ 10 CGDG 17 50%
+ 200@6 18 67%
n’-toluene)Ni(0.), + 30 CcFg 19 0
+ 10 1,3,5-trifluorobenzene 20 0
+ 10 CGFSH 21 0
+ 20 CEFH5 22 0
nG-an'ist]e)Ni(QJf)2 + 1 toluene 23 48%
+ 2 toluene 24 85%

It should be noted that free vs. complexed anisole is not observable
in the NMR spectrum (60 - 100 MHz). Free vs. complexed toluene was used
for the integration and compared to the total methoxy area. Error was
ca. 1%.

A11 exchange reactions with the nickel complexes were complete in
the same time period as for cobalt. The data is much more in line with

21

others. An exception is found with anisole arenes:

(ns-aniso1e)Co(¢)f)2 + toluene - 85% exchange

(ns-aniso'le)N'i(lbf)2 + toluene - 48% exchange

Coordinated anisole in the case of cobalt behaves as expected.
Nickel on the other hand appears to be more stable than expected.
Invoking a zwitterionic contribution to the resonance hybrid of anisole

as was done by Pidcockg’10 to explain rate data (vide supra) in this case:



63
QMe, OMe

@
R M

/
& o ¢ 9

That no cobalt(II) diene complex could be prepared (or is even known)
has been shown (see part D). A destabilizing effect of tke resonance model
is seen. The nickel complex, on the other hand, forms very stable diene

complexes and the arene complex reacts irreversibly to form thﬁm:-|5

(ns-toTuene)N1{¢f)2 + diene e—><e— (n4-diene)Ni(¢f)2 + toluene

- Clearly the diene character of anisole must stabilize the nickel complex
to exchange. This type of arene stabilization has not been noted before

and may be unique to the nickel complex.
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Reaction with Cyclopentadiene:Preparation of Cp3C02(¢f)2

When Bis(pentafTuorophenyl)(ns-to1uene)coba1t(II), dissolved in
methylene chloride, is treated with a 1:1.5 equivalent excess of cyclo-
pentadiene, a color change from red-brown to yellow or green red occurs.
No gas is evolved. GLC analysis of the volatiles shows the presence of

one equivalent of both toluene and pentafluorobenzene.
2(n6-t01uene)00(¢f)2 + 3 CpH +~ 2 toluene + 2 ¢fH + 1

Ca. 30 percent of the residue is initially soluble in toluene. The solute
loses stability in 24 hours and precipitates yielding 1.

1 is a red-brown microcrystalline solid. The compound js air stable
as a solid and can even be handled as a solution in air for several hours.
Thermal stability is excellent with a melting point of 212°C (decomp.).

The infrared spectrum (Fig. 7 ) shows bands at ca. 1500, 1050, 950,
and 800 cm'. The bands are tabulated in rumerical form in Table 8.

Elemental analysis gave an empirical formula of Cp3002(¢f)2. Because

the compound could exist as a tetramer or higher oligomer,a molecular

weight determination was obtained in 1,2-dichloroethane:

Mol. Wt
found 669
calc 648 for Cp3C02(q}f)2

The results are consistent for a dinuclear species. The formula as
written is tentative because of inherent error involved with Targe mole-
cules like this, i.e., one Cp- moiety may be CpH.

1

Because the results indicate a dimeric complex, a 'H NMR spectrum

was obtained. Possibilities exist to form a metal-metal bond which could
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produce a diamagnetic complex. The spectrum is shown in Fig. 8.

The spectrum shows only a single broad resonance at 4.63 ppm (s). A
dynamic process could cause signal broadening so a Tow temperature
experiment was carried out (Fig. 9). At ca. -90°C, the peak almost
collapses into the base line. Lower temperatures require the use of
freon or Tow molecular weight alkanes as solvents. Unfortunately, the
complex is only soluble in methylene chioride, acetonitrile and 1,2-
dichoroethane.

Signal broadening could also arise from paramagnetism. A Faraday
balance was used to obtain the magnetic susceptibility (“eff) at various

temperatures. The data is listed below in Table 9.

Table 9

T(°C) neff(BM)

-100 1.36

- 34 1.8
25 2.26
60 1.38
89 1.54

Obviously the susceptibility does not follow the Curie Law. The
complex appears to possess one unpaired electron at ambjent temperatures.
This result suggests the two cobalt centers are not in the same oxidation
state. Unfortunately without a crystal structure this is not easily
(possible to?) proved.

The proposed structure is shown below:
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The structure contains cobalt(III) and cobalt(II) centers. The
cobalt(III) center is a 17 electron systém while the cobalt(II) center
is an 18 electron system. Both centers are coordinatively saturated

(i.e., 6 sites filled ).

1,3-sigmatropic shifts are well known for cyclopentadiene molecules.

The shift, anatara facial, is thermally forbidden.

HA . Q
50X r

Mixing in of metal orbitals could alter the orbital symmetry of the
system to allow the thermal reaction. This is a well known phenomena
in homogeneous catalysis. If this is correct, a dynamic process

involving the three Cp rings could be operative:

@CO)?/\C O @/Q O
rd

o) e o — Co

o 57 6 a2y,

The scheme involves a change of oxidation state (electron transfer?)

between the metal centers.
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Fig. 7 Infrared Spectrum of Cp3602(¢f)2, (Nujol, Fluorolube)

Table 8 Infrared Spectrum of Cp3C02(®f)2, (Nujol, Fluorolube)

3120 w, 1650 w, 1624 w, 1597 w, 1518 w, 1488 vs, 1450 vs, 1437 vs, 1415 s,

1375 m, 1350 w, 1326 w, 1277 m, 1106 w, 1083 vw, 1050 s, 1034 vs, 1008 s, 890 w,
943 vs, 892 w, 860 s, 795 s, 754 s, 728 w, 697 w, 585 vw, 524 vw, 497 w, 458 s.
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Bis(pentafluorophenyl)bis(tetrahydrothiophene)nickel(II)

Preparation and characterization of the bis-THF has been described.15

27 and bipyrid'inez8 derivatives are known but poorly

The bis-pyridine
characterized. The infrared and far infrared spectra are included
earlier in this section.

The title compound has not previously been described. The compound
is a yellow crystalline solid which can be handled in air for ca. 20
minutes without observable decomposition.

1

The 'H NMR spectrum (Fig. 10) is interesting as it clearly shows

the unsymmetric orientation of the THT Tigands bound to nickel.

Fig. 10

The proposed structure is drawn below with resonance assignments.

Proton # resonance(ppm,s)
:‘(}?_ 1 2.75 (2H)
¥ 2 2.37 (2H)

Ni
« 3 1.90 (4H)
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The 2 sets of a-protons on each THT molecule lose their equivalency
upon complexation. Free THT has resonances at 2.77 (4H,a) and 1.90 (4H,8).
A molecular model clearly shows the #2 protons come very close to the
ortho-fluorines of the perfluorophenyl rings during ring-metal bond
rotation. The #1 protons do not. The high electron density acts in a

sheilding way to produce the observed shift.
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Far Infrared Spectra of Selected Cobalt and Nickel Arene Complexes
An attempt was made to identify metal-arene vibrational modes in
hopes of better understanding bonding interactions. The following arenes

were made by exhaustive exchange:
(ns-benzene)M(b ) ( 6-to]uene)M((D )
2 i f'2
(ns-benzene—edﬁ)M(ﬁf)2 (nﬁ-towene-de)M(qu)2
M = Co, Ni
The spectra are reproduced in Fig. 11A-H. Note the extreme

complexity. No assignments can be made at this time. The spectra are

reported for documentation purposes only.



FLS=TCMSAM3 FLR=TCMREF?2
100.0 . (o) (de), ) ; P2
=
.\0
Lasd
W
=}
&
~ 865.0 .
*—
b
)
Z
T
«
-
30.0 i
%00 300 200 100
WRVENUMBERS CM-1
PEfK. TRBLE FILE : KLIMAR3
s WAYE=NO . REL. INTENSITY
1 A2, BET 77
2 53,463 7o
3 39,328 an
+ 105,115 73
s 126.331 a4 (S0 (&)
5 171,655 3%
7 203.301 31
3 230, 481 &3
3 26%, 155 77
1 297,388 73
11 311,467 a3
12 352, 354 7a
13 336,707 31
14 447, 461 100

Fig. 11A Far Infrared Spectrum of (na-benzene)Co(Qf)z, (Nujo1)

73



FLS=TOMSAMY  (dy-bume)Ca (9,

100 s 0 ] 3 Y } }
i
o
&
€es.0 |
-
b
's)
<z
o
1
=
30.0 ; i _— .
400 300 200 100
WAVENUMBERS CM-1

FERK TRELE FILE : KLIMFR4
NO. WRYE=-NO.
Fa.113
135,113
128,473
153, 7ee
202, 51T
223,517
283, 055
273.69%
I11.487
304,393
383.742
447, 461

O e S0 =) T il B WO o

.

REL.

INTEMSITY
7a
32
ar
20
a2
73
T
35
e
31
10

(8 baryeua) Co (&),

Fig. 118 Far Infrared Spectrum of (ns—benzene-_ds)C‘o(Q)f)z, (Nujol)

74



75

80.0 4 + 4 +
~y
.\.
s
|
U
g
£4%0.0 N
'-
-y
p 2t
n
P 4
(04
&
'—
Ooa 1 ! i +
%00 300 200 100
WAVENUMBERS CM-1
ND. WAYE=NO. REL. INTENSITY
1 79.113 2
2 3M.514 )
3 108,115 2%
+ 120, S4a 39
s 154, 297 a3
& 169, 727 a4
7 208,301 33
3 227.599 a3
3 269, 055 32
10 211,487 a1
11 349, 087 as
12 331,899 23
12 242,533 79
14 447,461 L0

Fig. 11C Far Infrared Spectrum Qf.(nG-benzene)Ni(Qf)z, (Nujo1)



100.0

75.0

TRANSM I TTANCE (%]

S0.0

76

+

0 300 200 100
WAVENUMBERS Cm-1
PEAK TRBLE FILE =  KUMARE
NO. WRYE=-ND, REL. INTENSITY
1 53, 79N 7
2 - 71,362 a1
3 75.194 31 .
4 106, 0TS 30 ( 3% burgaI N3 (&),
5 165,869 a4
5 217, 544 32
7 263, 155 73
3 311.487 30
a 333,913 77
0 347, 461 100

-

Fig. 11D Far Infrared Spectrumof (ns-benzene-ds)Ni(@f)z, (Nujo1)



77

LS=TOMSAMIZ  (en)Co FLR=TOMREF2
- F ~J 3 (f\C (a¢), | ! i
<
=
=z
£ 5.0
=
v
)
[l
.
-
3.0 . . = . ;
4+ 00 300 Z00 100.
ARVEINUMBERS ZM-1
* -

FERE TRBLE FILE : KLIMARLS

NO. WRVE-HD. REL. INTEMSITY
1 73.291 79

2 30. D42 a1

3 a5, 328 a2

4 123, 437 31 (

s 145, 552 20 c,

5 165,569 22 €a) G (),
7 216. 016 20

Y 229,517 31

3 249,804 ag
10 279,653 33

11 251,239 _ a8z

12 311,487 a2

13 353,318 a1

13 399,635 36
15 ant.17e 30

16 447, 481 100

Fig. 1NE Far Infrared Spectrum of ‘(n6-to1uene)(:o(¢f)2, (Nujol)



(g

a0

TLS=TOMSAM7  (44-edca(dn,

78

L7

(7]
Ui
()

TRANMI T T AN

]

20.

— Sy AR Wesnsae s

%00 300

Z00

100

WAVENUMBERS CM-1

PEF#K TRBLE FILE = KUMRRT

MO. WRYE=-NO.
1 Fl.362
2 P2.979
3 110,901
LS 152, 363
L 175.513
) 193,935
7 217 . %344
3 231. 345
o 283, 1%

10 BV 7. T3%

11 2389, 342

12 311,437

132 346,204

14 356,312

15 393,913

18 347,461

REL.

INTENSITY
31
22
20
£
at
%
am
38
T
7a
340
25
30
a2
210
1o

{ a%-ea)Caldy),

Fig. 11F Far Infrared Spectrum of (ns-to1uene-d8)Co(¢f)2, (Nujol)



FI_S=TOMS=M13 (ﬁdHHG&L

10C. 0 |
~ ;
= !
!
= |
= |
< 75.0 1
= |
z
&
e
| —
55.0 ; . ; ‘ .
500 300 200 100
WAVENUMBERS CM-1
PEAK TRBLE FILE :  KUMPAR13
Ng. WAYE=-ND. REL. INTENSITY
1 5. 512 a0
2 73.2%1 =
3 78.113 23
+ ar. 76 22
s 114,759 a2
5 126.331 34 ,
7 132,117 34 Ceal) i (),
a 153.333 a1
3 163. 762 )
10 197,553 33
11 205, 265 23
12 213,309 37
13 229.552 37
t4 248,304 a1
15 255, 413 32
16 276,770 33
17 212,451 35
13 351, 025 31
12 394, 243 30
20 447, 451 a3

Fig. 116 Far Infrared Spectr‘umof,(ns-toluene)N‘i(lDf)2



80

FL3=TOMSAMI (1 wiyni(oe, FLA=TCMREF2

|-

10G.0

e

()

TRANTMIT TANCE

e ———

500 300 200 100
WAVENUMBERS CM-1

PEAK TRBLE FILE @ KIUMART 1

MO. WHAYE=-NO. PEL. INTENSITY
1 75,220 37
2 33.721 =1
3 104, 150 30 A
4 118.61% 343 &
5 163, 241 a4 (d=er) B ldr)_
[} 133, 045 34
T 213.303 23
3 22%.552 21
> 273.H59a 31

10 2128.45¢ 33

11 391.083 31

12 I, 564 30

13 412,744 37

14 447, 461 jqil}

Fig. 1TH Far Infrared Spectrum of ‘('ns-toluene-da)Ni((}Jf)z, (Nujol)



References
1. E. 0. Fischer, K. Ofele, Z. Naturforsch., 13b, 458 (1958).
2. G. Natta, F. Calderazzo, and E. Santambrogio, Chim e Ind., 40,
1003 (1958).
3. B. Nichols and M. C. Whiting, Proc. Chem. Soc., 152 (1958).
4. B. Nichols and M. C. Whiting, J. Chem. Soc., 551 (1959).
5. F. Zingales, A. Chiesa, and F. Basolo, J. Chem. Soc., 88, 2707 (1966).
6. 0. L. Carter, A. T. McPhail, and G. A. Sims, J. Chem. Soc., (A), 225
(1967).
R. D. Fischer, Chem. Ber., 93, 165 (1960).
8. F. Calderazzo, Inorg.Chem., 4, 223 (1965).
9. A. Pidcock, J. D. Smith, and B. W. Taylor, J. Chem. Soc. (A), 872
. (1967).
10. A. Pidcock, J. D. Smith, and B. W. Taylor, J. Chem. Soc. (A), 1604
(1969).
11. R. P. M. Werner and T. H. Coffield, Chem and Ind., 936 (1960).
12. L. A. P. Kane-Maguire and D. A. Sweigart, Inorg. Chem., 18, 700
(1979).
13. B. B. Anderson, C. Behrens, L. J. Radonovich, and K. J. Klabunde,
J. Am. Chem. Soc., 98, 5390 (1976).
14. K. J. Klabunde, B. B. Anderson, M. Bader, and L. J. Radonovich, J.
Am. Chem. Soc., 100, 1313 (1978).
15. R. G. Gastinger, B. B. Anderson, and K. J. Klabunde, J. Am. Chem.
Soc., 102, 4959 (1980).
16. R. G. Gastinger, private communication.
17. W. Strohmeier and H. Mittnacht, Z. Phys. Chem. (Frankfurt), 29,

81

339 (1961).



18.
19
20.

2l.
22

23

24,

25.
26.

27+
28.

29.

30.

31.

32.

33.

34.
35.

82

W. Strohmeier and E. H. Stanicco, ibid., 38, 315 (1963).

W. Strohmeier and R. Miiller, ibid., 40, 85 (1964).

D. E. F. Gracey, W. R. Jackson, C. H. McMullen, and N. Thompson,
J. Chem. Soc. (B), 1197 (1969).

C. A. L. Mahaffy and P. L. Pauson, J. Chem. Res. (M), 1773 (1979).
B. Deubzer, H. P. Fritz, C. B. Kreiter, and K. Ofele, J. Organomet.
Chem., 7, 289 (1967).

F. A. Adedoji, D. L. S. Brown, J. A. Connor, M. L. Leung, I. M. Paz-

Andrade, and H. A. Skinner, J. Organomet. Chem., 97, 221 (1975).

E. L. Muetterties, J. R. Bleeke, and A. C. Sievert, J. Organomet.
Chem., 178, 197 (1979).
K. J. Klabunde, Accts. Chem. Res., 8, 393 (1975).

K. J. Klabunde, B. B. Anderson, and M. Bader, Inorg. Synth., 19

3
=

72 (1979).

A. V. Kavaliunas and R. D. Rieke, J. Am. Chem. Soc., 102, 5944 (1980).

J. R. Phillips, D. T. Rosevear, and F. G. A. Stone, J. Organomet.
Chem., 2, 455 (1969).

D. F. Evans, J. Chem. Soc., 2003 (1959).

D. Ostfeld and I. A. Cohen, J. Chem. Ed., 49, 829 (1972).

R. J. Angelici, "Synthesis and Technique in Inorganic Chemistry",
Saunders Co., New York, 1977, 46-55.

F. A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry",
4th ed., Interscience, New York, 1980.

R. USon, J. Fornies, J. Gimena, P. Espinet, and R. Navane, J.

Organomet. Chem., 81, 115 (1974).

J. B. Hamilton and R. E. McCarley, Inorg. Chem., 9, 1333 (1970).
D. M. Adams, "Metal-Ligand and Related Vibrations', Edward Arnold
Ltd. (London).



36.
37.

38.

35.

40.
41.

42.

83

M. W. Eyring, private communication.

F. A. Cotton, "Chemical Applications of Group Theory", 2nd ed.,
Interscience, New York, 1971.

K. Nakamoto, "Infrared and Raman Spectra of Inorganic and Coordination
Compounds", 3rd ed., Wiley, New York, 1978.

K. F. Purcell and J. C. Kotz, "Inorganic Chemistry", Saunders,
Philadelphia, 1977.

F. A. Cotton and R. H. Holm, J. Am. Chem. Soc., 82, 2983 (1960).

L. J. Radonovich, F. J. Koch, and T. A. Albright, Inorg. Chem., 19,
3373 (1980).

K. J. Klabunde, private communication.



THE CHEMISTRY OF BIS(PENTAFLUOROPHENYL)(n6~TOLUENE)COBALT(II):
ARENE DISPLACEMENTS AND EXCHANGE REACTIONS

by

Michael M. Brezinski

AN ABSTRACT OF A MASTERS THESIS
submitted in partial fulfillment of the
requirements of the degree
MASTER OF SCIENCE
Department of Chemistry

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1982




Abstract

The chemistry of Bis(pentaf1uoropheny])(ns-to1uene)coba1t(II) has
been explored. The complex possesses a highly reactive metal-arene bond.
Treatment with oxygen, sulfur and nitrogen donor molecules results in
immediate arene displacement with quantitative formation of bis ligand
adducts for monodentate donors and mono ligand adducts for bidentate
donors. The new compounds were fully characterized. Treatment of the
arene complex with olefins and dienes imitates a free radical decomposition
pathway. Reaction with cyclopentadiene causes partial reductive elimination
of the pentafluorophenyl groups and produces a novel dimeric compound.

Arene exchange reactions were carried out with several alkyl, alkoxy
and fluorine substituted aromatic ring compounds. A1l exchange reactions
equilibrated in seconds. Comparisons to the isostructural nickel (II)

analog are made.





