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ABSTRACT

The reaction of perfluoroallyl iodide with iron ennea-

carbonyl was shown to yield cis and trans-isomers of perfluoro-

propenyliron tetracarbonyl iodide. The trans to cis isomerization

was studied. Perfluoroallyl iodide with bis(tetracarbonyl cobalt)
zinc gave, as one of the major products, 7T;perfluoroallylcqbalt
tricarbonyl and the reaction of this complex with triphenylphosphine
was investigated.

A series of complexes containing the novel ligandTl-2-tri-
methylsilylallyl was prepared and the spectral characteristics of
the complexes compared to those of the unsubstituted Tr-allyl
analogues.

The synthesis of bi-TT-allyldicobalt hexacarbonyl and its
reaction withlbromine to yield a novel carbonyl insertion product
were studied.

The preparation of Tl-allyl compounds of iron, cobalt and nickel
from bridging carbonyl complexes and tetraallyltin was investigated.

The complex, TI-allyliron tricarbonyl triphenyltin was syn-

thesized and its phosphine substitution product studied.
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GENERAL INTRODUCTION



General Introduction

Since the synthesis of the first 7T -allyl transition metal
complex in the early 1950's, and the subsequent proof of the TI-allyl
structure by Heck and Breslow in 1960 by lH NMR<1), the interest in
Tr-allyl organometallic chemistry has been expanding. The synthesis,
structural elucidaﬁion, and uses of Tl-allyl complexes have formed
a significant proportion of organometallic research. Several reviews
that indicate the importance of the work reported on this subject
have appeared.(2’3'4)

This thesis presents some new work done in this area with spec-
ific attention to complexes of iron, cobalt and nickel.

The configuration of the TI-allyl metal system has been determined

(5) and lH NMR(l) to show the three

by x-ray crystal structure analysis
carbon atoms in an isosceles triangle with the protons in the same

plane as the carbon atoms. In most 7T-allyl complexes, the three

carbon atoms are nearly equidistant from the metal atom.




The allyl ligand can also bond to the metal by a U-linkage.

H
H\C/

\
Ve x\c/\HH

|

M

The F-allyl group can rearrange to form the J -propenyl group.

1
y /C\C/H
J4

This rearrangement can be accomplished with catalytic amounts
of HC1l and has been studied with some iridium complexes.(6) In O -
perfluoroallyl complexes, (all protons on the ligand replaced by
fluorine atoms), this rearrangement is usually very rapid. The pro-
posed mechanism for this rearrangement of the O -perfluoroallyl ligand
will be discussed later,

The allyl ligand in some complexes has been shown to bond un-

symmetrically to the metal through a.Cr—linkage'and a 7T-1inkage.(7)



CH,
Me“C//\ /Cl
B /Pd\

2 PPh,

This is referred to as a U -Tl-allyl group.

The theoretical treatment of the TT~allyl group, and the bond
formed between the delocalized T-electron system and the valence
orbitals of the metal atom, has been attempted by several groups of
workers and the conclusions reached are not always in agreement.(B)

¥ .
Stated simply, theTT ,TT and 7T orbitals of the allyl

non-bonding’
group (see diagram on page 4a) participate in bonding the organic
moiety to the metal. The filled bonding T-orbital acts as an
electron donor to the empty d or hybridized d orbital of the metal
in aU-type bond. The empty antibonding TT-orbital acts as an
electron-acceptor in aTl-type bond. The non-bonding orbital may
act as a net electron donor or acceptor depending on the other
ligands attached to the metal.(8)
This bond is usually referred to as the Tr-allyl linkage. Re-

9)

cent nomenclature changes proposed by Cotton( would refer to it
. 3 . * , . .
as a trihapto (h”) linkage. This terminology indicates the number of

carbon atoms involved in the multicenter bond., T -Cyclopentadienyl

complexes would be designated pentahapto (hs) and J -complexes mono-

* - Official IUPAC notation: (1-3-h-propenyl)



INncr. energy

4a

. PT  (acceptor)

4
V4
v
4
4
v

2p .-:-__——-__/_’_'_____-_Lprrnb (donor or
o acceptor)

i opr (donor)

A

Diagram - The three 2p atomic orbitals of the allyl group combine

to give three p Tl molecular orbitals. The allyl radical (C3H5-)

has three electrons in the delocalized TT system.



hapto (hl). An unsymmetrically bound O -TI-allyl would be designated
(l—hl, 2,3—h2—allyl). This nomenclature will be used here only when

the TT-allyl group is contained in a larger cyclic ligand and con—

fusion could arise by using the older terminology.

The 18-electron rule

In organometallic chemistry, the course of a reaction can often
be elucidated or the structure of a molecule suggested by observing
the empirical rule, "a valence shell (of a transition metal) contain~

(10)

ing 18 electrons gives stable complexes", To use this rule, it is
necessary to count the number of electrons which are formally in the
valence shell of the metal atom. To do this, the number of electrons
in the valence shell of the metal, (atom, cation or anion), is added
to the number of electrons formally donated by the ligands to the
metal, The ligands encountered in this work are well known and have
been classified as to the number of electrons they formally con-

tribute: TF-CSH —5, T-allyl—3, C0O—2, triphenylphosphine (PR3)—-2,

5
U -alkyl or O -perfluoroalkyl—1l. Most complexes considered have the
metal in the formal zero oxidation state so that the number of val-
ence electrons for the metal is. Fe—8, Co—9, and Ni—10.
(7T—C5H5)Fe(CO)(7TLC3H5) can be used as an example of this counting
procedure. Counting from left to right as the formula is written, the

electrons add 5 + 8 + 2 + 3 = 18.

There are many exceptions to this rule. An example of one type of




exception is the series of complexes (PR3)2NiR', where nickel fre-
gquently forms compounds in which it has a l6-electron environment
and the molecule has a square-planar configuration.

While the 18-electron rule is used extensively, it must be
emphasized that it is unsophisticated and provides no detailed in-

sight into the chemistry of organometallic complexes.

Identification of 7M-allyl complexes

The identification of TT-allyl complexes and organometallic com-
pounds in general, is accomplished by IR, NMR, and mass spectra,

X-ray crystallography has been used to elucidate the structure of many
organometallic complexes, but is usually the last stage of characteri-
zation and will not be discussed here.,

Infrared spectroscopy is used extensively in the identification
of organometallic compounds, especially for transition metal carbonyl
complexes where the number of terminal carbonyl stretching modes and
the relative intensities of these absorptions can be used to determine

the geometry of the molecule. Group theory(ll)

is used to predict
the carbonyl absorption pattern when the configuration of the molecule

can be determined or postulated. If the molecule can exist in two or

more configurations, the pattern for each possible geometrical isomer can

be predicted and compared to the observed pattern, to determine in

which configuration the molecule exists. The work done in this area

has been collected in books(lz) (13)

and reviews, so that the synthetic
<chemist can refer to general or specific work to help interpret the

terminal carbonyl vibration region of the spectrum (1850 - 2150 cm _l),



without having to develop or appreciate fully all the implications

of group theory. The IR spectra also enable the observer to identify
7 -1
bridging carbonyl groups (M-C-M, 1700 -~ 1850 cm ) and acyl groups

(Rrg—M, 1650 - 1750 cm _l). The configufation of the organic moiety
can often be determined from the IR spectra, such as in O -allyl and
U-propenyl complexes where the C C stretching vibrations occur at
different frequencies. The stretching vibrations of the J-allyl
group E?(C:;:C:;: Z] have not been well characterized and are not
an obvious characteristic of the IR spectra. The frequencies fall
in the 1000 - 1500 cm © region bﬁt have been identified for only a

(14)

few specific complexes. The C-H vibration region is not = useful

at the present time and is most often not reported. Only a few
. (14)
T-allyl complexes have been thoroughly studied by IR.
Mass spectrosocopy is extremely useful in identifying organoc-
metallic complexes. In most cases, the parent ion can be recorded,
although its relative intensity may be small, especially in some car-

bonyl complexes. For Tl-allyl complexes, the fragmentation pat-

tern is usually straight forward and the loss of the CO groups

)

and C_H_ groups can be seen. Peaks at m/e 41 (C3H

375 y and m/e 39 <C3H

5 3

are often found in the mass spectra of TI-allyl complexes. 1In
cases where the complex may be difficult to isolate in a form
pure enough for an elemental analysis, a high resolution mass

spectrum can be used to determine the elemental composition.

The most useful method for identifying a TI-allyl group is NMR.
A typical spectrum of aTl-allyl group is two doublets and a multiplet
{integration 2:2:1) downfield from the internal standard tetramethyl-

silane (TMS).




HB Hay
I
"e\c/ C\T/H 8 He
HA HA IAAAML
Figure 1 Typical 1H NMR spectrum of the 7T -allyl ligand

Preferential shielding of the A protons by the metal atom
may explain 8A< 8B' The HC resonance absorption appears as a
multiplet at higher ES values, Typical coupling constants in the

NMR spectra of Tl-allyl complexes are JBCf\u 7 Hz, J._"- 11 Hz,

AC

and JAB’\J 0 Hz, (except when HC is replaced by an electronegative

group; then JAB'“v 2 Hz). Four-bond coupling has not been observed.

1
The "H NMR spectra are more complex for compounds such as

(TT-c_H_)

5Hg 2Fe(CO)2 and Ni(TT-C_H_),, where rapid interconversion of

3'5°2

isomers is possible and spectra of the sample at low temperature are
required to determine the chemical shifts and coupling constants for
. . . (15, 16)
the protons of the Tl -allyl groups in the different isomers.
An even more intriguing study of Tl-allyl complexes by NMR that is
receiving considerable attention is that of (O -7l conversion resulting
in syn-anti proton exchange (where HA is the anti-proton and HB is

. . : (17)
the syn-proton). This subject was reviewed recently by Fedorov.
None of the complexes in this work show this phenomenon.

The use of 19F NMR has been very valuable in determining the

structure of transition metal complexes containing a polyfluorinated



organic moiety. This was particularly useful in the differentiation
between the U -perfluoroallyl and J -perfluoropropenyl ligands in a

(18)

study by Pitcher and Stone. This work will be discussed later in

Section A,

Experimental

Diethyl ether and tetrahydrofuran (THF) were dried by sodium
in the presence of benzophenone and then distilled under vacuum. Pen-
tane, hexane, and methylene chloride were sufficiently dry to be
used without further purification. Benzene was distilled and only the
middle fraction collected. Nitrogen gas (N2) was passed through a
CaSO4 column to ensure dryness.

IR spectra were recorded on a Perkin-Elmer 337 instrument
using double-beam technigues. The 1601.4 cm -1 peak of polystyrene
was used for calibration, For more accurate work, the spectra were
expanded on an external recorder and calibrated with indene. The IR
cells were stainless steel with KBr windows and a 0.1 mm path length.
For air-sensitive samples, the filling poxts were capped with 5 mm.
silicone rubber septa and the cell was flushed with N2 using two
syringe needles. The sample was prepared under N2 and introduced
into the cell by syringe.

Mass spectra were obtained on a Finnigan 1015 guadrupole mass

spectrometer using the gaseous or solid inlet systems.

1 19 .
The "H and F NMR spectra were recorded with a Varian A-56/60A

spectrometer with a variable  temperature probe., The lH spectra were
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run with tetramethylsilane (TMS) as the internal standard (és = 0 ppm ).
o , . , . 19
Positive E; values refer to a downfield shift from TMS. The F
spectra were run with CFCl3 as the internal standard ( E; = 0 ppm ).
s 8 . . 19 .
Positive values refer to an upfield shift from CFC13. F chemical

shifts were determined by generating side bands of the CFCl_ absorption

3
with a Hewlett-Packard Wide Range Oscillator.

Conventional vacuum techniques were used when complexes were is-
olated or purified in vacuo. The vacuum rack was equipped with a
mercury diffusion pump which allowed pressures of less than O.dl mmHg
to be obtained. The vacuum rack consisted of four directly connected
U traps in which static, (closed to the manifold) or dynamic, (open
to the manifold and pump) distillations could be carried out.

The samples for the NMR spectra were contained in 5 mm o.d.

Pyrex sample tubes. Volatile compounds were distilled into the cooled
(-80°C ) sample tube in vacuo. Next the solvent and standard were dis-
tilled into the tube which was then sealed. Non-volatile samples were
prepared under Né and transferred to the sample tube by syringe and
capped immediately. The sample tube was flushed with N2 before the
introduction of the sample. Where a non~volatile coﬁpound was partic—
ularly sensitive to air, the solid was introduced into the sample tube
under N2 and transferred to the vacuum rack. The sample was pumped
down, the solvent and standard distilled into the tube and the tube
sealed. In some cases, where partial decomposition of the sample oc-

curred during the sample preparation, or in the recording of the

spectrum, the insoluble paramagnetic material was centrifuged to the
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bottom of the tube. This was useful for some samples but not all.

Melting points were taken on a Fisher-Johns Melting Point Ap-
paratus and are uncorrected.

Elemental analyses were performed by the Alfred Bernhardt Lab-
oratories in Germany. Analysis by high resolution mass spectrometry
was obtained from the Department of Chemistry of the University of
Alberta at Edmonton under the direction of Dr. A. M, Hogg.

The work presented here is divided into five sections to show
the different areas of interest concerning the synthesis and re-
actions of TT-allyl complexes. Included in Section A are two
O -perfluoropropenyl complexes which clarify some previous problems

in the separation and identification of isomers of R Fe(CO)4I com~

£

plexes, (where Rf = perfluoroalkyl).




SECTION A

Reactions of Perfluoroallyl Iodide (CF,: CFCF,T)
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Introduction

The synthesis of polyfluorinated organo-transition metal com-
plexes has been an active field of study for the past twelve years,
and several reviews have appeared on this topic.(lg' 20, 21)

The majority of these complexes contain the organic moiety
U-bonded to the transition metal. The carbon atom bound to the
metal is also bonded to at least one fluorine atom, i.e., CFBCFz——M°
In addition, there are many complexes where the fluorine atom is one

carbon away from the carbon-metal bond. This type will not be dis-

C=CCF_, pentafluoro-

cussed here but includes such ligands as CF3 3

phenyl (C6F5), and perfluorchexamethylbenzene [?6(CF3)é] ]

The synthesis of (J-bonded fluoroorganometallic complexes is
interesting because of the high electronegativity of the fluorine
atom on the carbon o to the metal and the effect this has on the
(O -character of the C—M bond and the possibility of some 7Tl -character
in this bond as well. 1Investigation of these effects is difficult
but it has been attempted. The results are discussed by Nyholm(lg)
and considered at best inconclusive. From an x-ray crystal structure,
it is seen that the C-—~M bond distance is significantiy shorter
(~5%) in fluorinated alkyl complexes compared to the hydrocarbon
analogues. This stronger bond was considered to be due to the
Tr-component in the linkage. The C—F stretching frequency for a
series of CF_X compounds was observed to shift éo lower wavelengths

3

when the halide atom X was replaced by a transition metal. This
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was thought to be due to backbonding from the metal to the fluoro-
alkyl group and the consequent shift of electron density to the

*
1T orbital of the C—F bond. Also, the carbonyl force constants

for complexes of the type RMn(CO)5 and Ran(CO)5 were compared(22)

and the change related to backbonding to the R_ group. It was

£

considered that the amount of backbonding to the Rf group was sig-
nificant but small,

Generally, the fluorinated derivatives are more stable than
the hydrocarbon analogues but the reasons for this are .very specul-

ative. The mode of decomposition for alkyl-metal complexes is

thought to be olefin elimination:(23)

H H

1 T ¥
H—?——CHz——M—-—) H"'C""CH2—M ——>CH2:CH2 + M—H

The mechanism for the decomposition of the fluorinated complexes
has not been studied in any detail.

The synthesis of a number of O -complexes has been reviewed

(24)

by Stone and Treichel,. Some of the typical reactions and prod-

ucts are given here. For most reactions, the yieldsare small,
The equations are often not balanced but just indicate the reactants
and main product isolated. In many cases, this simplifies the

situation, but most often, the side products are not known.
heat

COMI‘I(CO)5 — Ran(CO)5 + CO

£

R_.COCl + Na [Mn(CO)‘g»——> Rf

RfCOCl + Na2 [Fe(CO)g ——— (Rf)2Fe(CO)4

{(where R_ = C,F n—C3F

£ 2757 7)
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A reaction that will be discussed later is:

RfI + Fe(CO)S-————;>~RfFe(CO)4I + [nge(CO)3i] 5

o

(where Rf = C2F5’ n—C3F7)

Phosphine~substituted nickel carbonyls also react with perfluoroalkyl

iodides.
Ph
Hoc—p?2 g
h_PCH_CH.PPh_)Ni ( R.I —> \Ni/f
(P 2PC 2c 9 P 2) 1 co)2 + Rg ! N
2C——pP I
th

Tetrafluoroethylene reacts to give cyclic products:

10 atm CF_CF
Fe(CO)g + CyFy ————> (CO)4Fe/ 2| 2
120°C \CFZCFZ

7T—C5H5CO(CO)2 + C,F, —_— /C°\(j<'\,
OC L \tﬁﬂ
Q'\\(J/ ‘
&V
with dicobalt octacarbonyl, tetrafluorocethylene yields

(CO)4C0—CF2CF2—CO(CO)4. With metal carbonyl hydrides, a typical

reaction is:(l7)

HCO(CO)4 + CF2:CF2-~—%>> HCFZCF2CO(CO)4



le

Fluoroolefins have been reacted with hydrocarbon TT-complexes

to produce some novel insertion products. Reactions of CF2:CF2 are

typical;(26’ 27)

c
(diene)Fe(CO) , + CF,:CF, —— > Hz/ Fe(CO)3

(where diene = buta-1, 3~-diene 2 \\\
or isoprene)

F

O(. T 2
"Co FCF:CR) —— N \Co__u_-2
(CO); /

oCC
0

The synthesis of fluorocarbon TT-complexes has not been so
\

successful because manyrreactions which were expected to give a
r-complex yielded instead novel U -complexes. However, a number
of TI-complexes have been isolated and characterized.

The reactions of perfluorobutadiene with Fe(CO)5 and
(28)

C02(CO)8 vield a U -complex and a reported TI-complex.

FoF
0
/C—__-C
F o (CO)3 (CO)y
F 0
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Some Tl-tetrafluorocethylene derivatives have been synthesized
. ; 1 19
and used to investigate the TT-type bond formed. A "H and F NMR

study of (TT- CSHS)Rh(’IT-cH2 : CH,) (’7T-CF2: CF2) :

H, C:?\/Fz

showed the bond to the fluoroolefin to be stronger than the 7] -bond
(29) ’

to the olefin. This was determined by the barrier to rotation
for the two ethylene groups. An x-ray crystal structure of the

complex (acetylacetonate)Rh(7T-CH_:CH_) (TI-CF :CF2) showed the

27772 2
F2CP-M carbon-metal bond distance to be 10% shorter than the Hzc——M
bond length, again indicating a stronger metal-fluoroolefin bond.

The donor properties of the tetrafluoroethylene are reasoned
to be very much reduced compared to those of the ethylene due to
the high electronegativity of the fluorine atoms. For the same
reason, the acceptor properties of the fluoroolefin would be expected
to be considerably enhanced. Since tetrafluoroethylene forms a
stronger bond to Rh than does ethylene, it would seem that the
Tr-contribution is very important to this linkage ana the strength

of the bond is due mainly to the back-donation of electrons from

#*
the metal to the empty 7] orbital of the ligand.

The reaction of octafluorocyclohexa-1,3 or 1,4-diene with
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Fe3(CO)12 was reported to yield the first fluorocarbon-metal
31
tetrahapto linkage:( )
F
F2 =
Fé F
F

Fe(CO)3

but a crystal structure showed that the ligand was coordinated to the

metal by two J-bonds and a single dihapto bond.(32)

1COo)s

octafluorocyclohexadieneiron tricarbonyl

The reactions of perfluorocyclopentadiene with Coz(co)8 and

Fe(CO)5 were reported to give several complexes where the C F5 group

5
was coordinated by monochapto and dihapto bonds. No pentahapto link-
age was reported.(33)

Attempts to prepare a T/-perfluoroallyl linkage have been par-
tially successful in that a 7T-allyl group is contained in a cyclic

system, The two compounds shown below have been reported to contain

the T-perfluoroallyl system bonded to a metal,
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,(octafluorocyclohexadiene)Fe(CO)3 + CsF——)»CS ’ *FQ(CO&

D ——

The lgF NMR spectrum, while not complete, indicated a T/-allyl
group.(34)

One of several products of perfluorocyclopentadiene with
Co2(CO)8 was shown by x-ray crystallography to contain a trihapto

linkage.(BS)

(CO)hCo

Co
(C0)3

Only the crystal structure of this complex was reported,

Attempts to synthesize a "pure" perfluoro-T/-allyl complex have
not been successful. It was presumed that if the U -perfluorocallyl
complex was prepared, the complex would décarbonylate to the
‘TT-perfluoroallyl complex. This did not occur. For the Fe and Mn

complexes, the (J-allyl group rapidly rearranged to the (J-propenyl
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(36) For the Ni

group precluding the T7-allyl complex formation,
complex, this rearrangement was also observed as well as the stable

Tr- CSHSN:'L (co) (T - CF,
(37) .

CF:CF2) complex, This complex, however, did

not decarbonylate.

F2C:CFCF Cl + Na [?T—CSH Fe(CO)£]~—~——%> mT-c HSFe(CO)Z(CF=CFCF3)

2 5 5

2 2

JT-C_H_Ni (CO) (CF:CFCF_)
s 575 3
F2C:CFCF2C1 + K ;7—C5H5N1(CO)

7T—C5H5Ni(CO)(CF2CF:CF2)

F_C:CPFCF_.Cl + Na [Mn(CO)S:]—————> (CF3CF:CF)Mn(CO)5

The allyl to propenyl rearrangement has been studied by Gold-
(38)

white, Rowsell and valdez for the complex F C:C(Cl)CFzMn(CO)5

2
and a bimolecular process was postulated. This will be discussed
later,

The reason for the 7T~C5H5Ni(CO)(CT—CF CF:CF,) not decarbony-

2
lating to form a Tl -allyl complex can only be speculated. The nucleo~
philic attack bylthe double bond of the allyl group must not be
strong enough to displace the carbonyl group. This will also be dis-
cussed in more detail later.

The work in this section presents the reactions of perfluorocallyl
fodide with Fe2(C0)9 and Zn[:bo(co)%] 5 to prepare a stable

T -perfluoroallyl derivative, This was successful for the reaction

of C3FSI with Zn.[}o(co)éj 5¢ The reaction of C3F5

I with Fez(CO)9
gave only U -perfluoropropenyl complexes., The products of this

reaction were thoroughly studied because of the previous interest(43’ 46)




shown in the cis~ and trans-isomers of RfFe(CO)4I complexes,

h = .
(where Rf CF3, C2F5, and C3F7)



22

Experimental

Preparation of Perfluoroallyl Chloride (C3F5Cl) and Perfluorocallyl

Iodide (CBFSI)

perfluoroallyl chloride was prepared following a procedure

(39)

given in a U.S. patent. Trifluorochloroethylene and
chlorodifluoromethane were pyrolized in a quartz tube flow system

at 700°C in a 2:1 mole ratio respectively. The products were trapped
at -111°C and fractionally distilled under vacuum with a dry ice
condenser. The C3F5Cl fraction was identified by IR and MMR

spectra. The C3F5Cl was obtained in 95% purity with a yield of 35%.

Following the method of Miller and Fainberg,(4o)

100 g (0.6 mol)
C3F5Cl was added to 160 g (1.06 mol) sodium iodide in 600 ml ace-
tone, The reaction was allowed to proceed for ten days with occas-
ional stirring. The precipitated NaCl was filtered off and the
acetone solution added to 2000 ml H2O. The C3F5Cl layer was sep-
arated from the aqueous layer, dried with MgSO4 and distilled.

The 53 - 55°C fraction was collected and kept at 0°C to reduce de-

composition. The yield was 75 g (49%).

Reaction of C_F_.I with Fe2(CO)

35 9

Fez(co)9 was prepared from Fe(CO)5 in bright sunlight in a
Pyrex flask., The Fe(Co)5 was decanted off leaving the Fez(CO)g,
which was washed with petroleum ether and dried in vacuo.

C3FSI (3 g, 5 mmol) and Fez(co)9 (1 g, 2.7 mmol) were reacted
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in refluxing pentane under N2 for one hour. The solvent was
removed in vacuo at room temperature. The reaction flask was

then warmed with hot water (50°C). A mixture of red crystals and

a rust powder sublimed (0.0l mm) onto the upper, cool region of the
flask. The crystals were removed by scraping and placed in a sub-
liming tubke (15 cm long with 1 cm inside diameter). The crystals
were resublimed (0,01 mm) by warming the lower 2 cm with hot water.
The red isomer crystallized higher on the tube, the rust isomer
lower, If the sublimation was done at 75°C, a greater percentage
of the product sublimed as the red isomer. At 30°C, approximately
equal amounts of each isomer were obtained. Both products were mod-
erately air stable. The red crystals melted at 61°C, the rust
powder at 56°C. The yield was 15%. Both isomers gave the same
parent ion, (m/e 426), in the mass spectrometexr. Elemental analysis
of a mixture of the two isomers calculated for C_F Fe(CO)4I;

35
C 19.74%, F 22,30%, I 29.80% found: C 20.04%, F 22.93% and I 30.23%.

Reaction of C3FSI with Zn[:Co(CO)é] 5

Hg Co(CO)é] 9 was prepared following the method by Brauer.(4l)

Hg[:?o(co)é] 5 was stirred with excess granulated zinc in toluene
(42)

under N_ for two hours. The Zn and Hg were removed by filtrat—

2
ion and the toluene removed in vacuo from the product Zn{:bo(CO)QJ 5

C3F5I (0.6 g, 2.4 mmol) and Zn[:?o(co)éj 5 (5 g} 1.2 mmol) were re-

acted in pentane at room temperature under N2 until CO evolution had

ceased. The pentane was removed in vacuo at -30°C. The products
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were then distilled into the trapping system at room temperature
(0.01 mm), The initial products were analyzed by IR and NMR, and

the two major components separated and purified by successive trap

to trap dynamic distillations. Two compounds (liguids at room
temperature) were isolated, The lower melting compound (mp =-15°C)
was fairly unstable above 0°C and an elemental analysis could not

be performed. The higher melting compound (mp 5°C) was stable up
to 35°C under vacuum, The yields were approximately 20% and 25%
respectively. The thermally stable liquid was purified before ele-
mental analysis by crystallization from pentane at -80°C., Elemental

analysis ealculated for C FSCO(CO)B: C 26.31%, F 34,66% found:

3
C 26.43%, F 34.75%.

Reaction of'TT—C3F

5CO(CO)3 with PPh3

’7T—c3F5cO(co)3 (1 g, 3.6 mmol) and PPh_ (0.95 g, 3.6 mmol) were

3
reacted in pentane at room temperature for one hour under vacuum in
a sealed reaction flask, The solution turned from light vellow to

dark orange. No CO was evolved. The solvent was removed il;l vacuo

and the products dissolved in a minimum amount of methylcyclohexane
at 70°C under N2. The solution was centrifuged to settle the in-

soluble materials and decanted under N On slow cooling to 0°C,

5
a yellow crystalline product was obtained. Decanting the solution
and cooling it to -80°C gave a different crystalline product.
Separate recrystallizations from methylcyclochexane gave the two

products. The less soluble product had a mp 110°C (with decompos-

ition and evolution of a gas). Elemental analysis calculated for
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C.F Co(CO)BPPh C 53.80%, H 2.82%, F 17,71%, P 5.83% found:

35 3¢
C 54.39%, H 2,89%, F 18.34%, P 5.82%. The more soluble product

had a mp 123°C. Elemental analysis calculated for C_F :

3 5Co(CO)BPPh

3

C 53.80%, H 2.82%, F 17.71%, P 5.82% found: C 53.87%, H 2.83%,

F 17.85%, P 5.64%.
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Results and Discussion

Reaction of C3FSI with Fez(CO)9

The two isomeric proéucts isolated from this reaction both
have a parent ion in the mass spectrum at m/e 426 with the succes-
sive loss of four carbonyl groups. The elemental analysis in-
dicates the formula C3F5Fe(CO)4I.

The l9F NMR spectra of the two isomers (Table I) indicated
that the perfluoropropenyl ligand was present, rather than the
perfluorocallyl group. This rearrangement to the perfluoropropenyl
group was not unusual in light of the reported reactions of per-
fluoroallyl chloride with transition metal complexes.(36' 37
The lgF NMR spectra of the two groups, (allyl and propenyl) are

36, 37
(36, ) The coupling constants and

easily distinguishable,
chemical shift values are quite different. The spectrum of the

: CFCF X,

perfluorocallyl ligand is very similar to that of CF2 5

(where X = €1, Br and I). The integrations for the resonance
absorptions are 2:1:1:1, The perfluoropropenyl ligand gives
integrations 3:1:1. Both spectra are first order.

The configuration of the CF3 and Fe(CO)4I groups about the
C:C olefinic bond must be established, These groups can be

either cis or trans to each other about this bond.
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F_.C F F F
3 (A) B) (B)
\\\\ //// \{\\ ///
////C == Q\\\\ C === C\\\
F(B) Fe(CO)4I F3C Fe(CO)4I
trans L£is
(36) . . \
Tt has been shown that J (trans) for fluoroolefins is in

A,B
the range 115 to 124 Hz and J (cis)y= 19 to 58 Hz. The J value
A,B — A,B
taken from the spectra obtained here (Table I) is 130 Hz, indicating
the arrangement to be exclusively trans.

The use of the terms cis and trans in the rest of the discussion
will be used to designate the configuration of the Rf group and the
iodine atom about the transition metal and the arrangement about the
C:C bond must be understood to be trans.

There are two possible configurations of the ligands about the

metal atom. The two isomers are:

£3 | §§3
F C
F Q§ﬁ:// F/// §\t///F
0C+——— 0GC Cco
Fe / Fe /

Cis trans
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The IR absorption band pattern in the terminal carbonyl vibration
region of the spectrum, (1900 - 2150 cm_l), is used to determine in
which configuration the molecule exists in solution. The pattern ex-
pected for each isomer was predicted by Pitcher and Stone(43) from the
geometrical arrangement of the ligands and group theory.

The_gig—configuration corresponds to the point group Cs (local
symmetry of the carbonyl groups), and should show four C-O IR active
absorptions, (2A, + B, + B2). The more symmetrical trans-configuration

1 1

with C4v symmetry is expected to give rise to two IR active bands,

(Al + E). The intensity of the A, band depends on the non-planarity

1
of the four equatorial carbonyl groups and the iron atom, and there-
fore is expected to be weak,

Also expected to be observed in the IR spectra are bands due to
13 . . -1

-0 vibrations. These are very weak and usually ~»40 cm lower

than the intense absorption with which they are associated.

From the recorded spectra in Fig.2, it is seen that the red
isomer has the trans-configuration. The bands at 2147.2 and

2088.2 cm-1 are the Al and E modes respectively. The 2052.4 cm_l

. . . 13 \ .
absorption is assigned to a C-0 vibration.
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—_ ____.._i_ e e e

e Pt

SRV W o Vs
2147.2 2052.4

. g gl
— g - o
! RG] e 2071.4
o - f— : D"r" g ] h g- T
i T # B
I 8 ,: e ..9‘._,%__ U 8 I
- : “.' R JRN [
L S g 8 PR N
x i
i e . i
e — 2088.2 el ”2093.1
trans-isomer - (re@ crystal) cis-isomer - (rust crystal)
Figure 2 IR carbonyl absorption bands of cis- and
trans—CF3CF:CFFe(CO)4I

The rust isomer has three l2(}-0 bands and a band at 2055.0 cm_l

C , 1 . . .
which is assigned to a 3C—O stretching vibration. It was noted that

. 12 . . s s
four IR active -0 absorptions were predicted for the cis-isomer.

. 44, 45
However, it has been shown for the complexes c1s—Fe(CO)4I2( ! )
and (CF2)4Fe(CO)4(43) (which must exist in the cis-form because of

the nature of the bidentate ligand), that two of the frequencies are
accidentally degenerate and are observed as the most intense absorp-
tion (2093.1 cm_l for this complex). The rust crystals are therefore
the cis-isomer.
The_gi§— and'EEEEE—isomers for a similar complex, Fe(CO)412,
(44, 45)

have been isolated and studied, The cis-form (preferred

configuration at room temperature), was converted to the trans-form
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with UV irradiation and the two isomers separated by fractional re-
crystallization from hexane at -80°C. The two isomers were identified
by the carbonyl absorption patterns,

The cis- and trans-isomers of CFBCF:CFFe(CO)4I could be separated
by sublimation. The isomerization of the trans-form to the cis-form
in THF solution was followed by the change in the IR and NMR spectra
with time. The pure trans-isomer was dissolved in anhydrous THF at
-20°C in the NMR sample tube, and the tube sealed at -80°C under
vacuum. At -5°C, only the NMR spectra due to the trans-form wds re-
corded. Above 0°C, the appearance of the_£i§—form was observed., The
sample was left at room temperature for three days and the NMR spectrum
recorded again. Only the spectrum of the cis-form could be seen at
25°c. Above this temperature, the sample began to decompose and the
resonance peaks collapsed due to paramagnetic species in the solution,

A methylcyclohexane solution of pure trans-isomer for the IR
spectrum was prepared at -10°C and introduced into the cell by syringe
at room temperature. The absorption bands due to the trans-form de-
creased in intensity and the bands assigned to the cis-form appeared
and increased in intensity. After 30 minutes, the solution cohtained
a 1.1 mixture of the two isomers. From the NMR and IR spectra of a
solution that had been standing for three days at room temperature,
(25°C), it was estimated that the ratio Of.EiﬁtEEEEE isomexrs was
19:1.

From this ratio, the energy difference between the cis- and trans-

isomers can be determined by using the Boltzmann equation:
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¢ c eAE/RT

where: N is the population of each isocmer at T = 298.2 X, g is the

structural degeneracy for the isomer, and is determined from a con-

sideration of the number of equivalent ways of forming a particular
-1 -1

structure, and R =1.99 cal X mole ~. From the IR and NMR spectra

NC / Nt = 19/1, and from the geometry of the two isomers, 9. / I = a/1,
From this calculation, AE = 920 cal/mole.

It was also estimated from the IR and NMR spectra that the rate
of isomerization, QEEEEE"*’.EEE) is 20x as rapid at 25°C compared

to the rate at 0°C. Using the Arrhenius relationship:

k
TlT2 273.2 K
T T R 1ln L= =~ activation
1—"2 298.2 K

it is determined that the barrier to trans——cls isomerization is

Ea = 19,400 cal/mole.

It must be emphasized that the estimates used for the determin-
ation of AE and‘Ea were not obtained under rigidly controlled con-
ditions and error in the calculated energy values could be as high
as 20%.

The isolation of the cis- and trans-forms in this work clarifies

(43, 46)

previous studies done on complexes of this type. Stone et al

prepared a series of R Fe(CO)4I complexes where R_ = CF_, C2F5, C3F7.

£ £ 3

The products were sublimed and the IR spectra in the carbonyl region

used to designate the complexes as cis or trans, The initial assign-

(46)

ment was the cis-form, An unequivocal conclusion was not reached
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and the reasons for this can be shown by examining the IR spectrum

of C2F5Fe(CO)4I:

2150 2100 2050 2000
T T i ‘

|

80} : S— }‘_‘._‘__4__A_.__

from Ref, (43)

60
40
20 [ i

CoFg Fe(CON1
. | | f

Ot

Figure 2a IR carbonyl absorption bands of C2F5Fe(CO)4I

The carbonyl frequencies were listed as:
2146 (w) (cm 1) Abbreviations:
2140 (w) (vw) very weak
2112 (vw) (w) weak
2087 (vs) (vs)} very strong
2073 (sh) 13 (sh) shoulder
2056 (w) c-0 ?

It was concluded later that this complex existed mainly in
the trans-form but the presence of so many bands did not rule out
the possibility of the cis-form. The band at 2056 cm"l was thought

. 13 . . . (43)
to be either a C-0 vibration or a band due to the cis-isomer.

From the present work, this spectrum can now be interpreted
with some certainty. The absorptions at 2146 and 2087 cm_l are due
to the predominant trans-form. Bands at 2140, 2073 cm—l, and a third
band under the broadened 2087 cm—l absorption would be due to the

. -1, 13 . . .
cis-form, and 2056 cm is a C~0 vibration from the trans-isomer.

The pair of bands at 2146 and 2140 cnrl show that both the cis- and

. . ~1 . .
trans-forms are present, This same separation of 6 cm is shown in
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-1
cis- and trans—CFBCE:CFFe(CO)4I, (5.7 cm ),

For some reason, the two isomers could not be separated by sub-

...l. .
limation. The carbonyl absorption band at 2112 (w) cm is inter-

esting. This band was not observed for the cis- and trans-isSomers

of CF3CF:CFFe(CO)4I and must be present only for the perfluoroalkyl

complexes, It may result from a lowering of the local carbonyl sym-

metry so that the IR inactive B, mode for the trans-configuration

1
becomes slightly IR active. This would result in a weak absorption

(44)

as was seen in trans—Fe(CO)4I by Pankowski and Bigorgne.

2

This weak absorption could also be due to a small amount of
dimeric compound which cosublimed with the moncmer. On the basis of
the IR data the configquration of the dimer was considered to be one of

(43)

configurations shown below:

0C T CO Rf\ af Co
Fe / Fe / / Fe / Fe
ocC T Co 0C \I Re
R C ¢ ¢
e 0 0
I : 1T
The dimer is iodine-bridged because of the absence of any
bridging C-0 absorptions in the IR spectrum. Where Rf = C2F5, this

dimer is reported to give the (-0 absorption bands (cm-l): 2110 (m),

(43)

2075 (vs), and 2053 (s). Tt can be seen that if a small amount

of this dimer were present in the solution of the monomer, only the
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-1 ’
2110 cm band would not be hidden by absorptions due to the monomer,
The dimeric product was sublimed at a temperature not very much higher
than that required for the monomer, and co-sublimation with the monomer
(46)

was possible,

The dimeric {EFBCF:CFFe(CO);ﬂ was prepared by heating a mixture

2
of the moncmers at 70°C for three hours in a sealed tube. The dimer
was sublimed at 120°C and the yield was very poor. It could not be
characterized fully because of the small amount of the product obtained
and its low solubility in all solvents. The IR spectrum (in CH2C12)

. . -1
showed the (-0 stretching frequencies (cm ). 2116.2 (5), 2079.6 (10)
and 2057.7 (6.8). The configuration of the molecule (diag. I or II)
cannot be determined from the IR because both are predicted to give sim-
ilar spectra.

. 19 .

The attempt to obtain the F NMR spectrum was only partially suc-
cessful because of the solubility problem and only a quartet at ES= 67.5 ppm
with a measured splitting of 13 and 23 Hz was recorded. This is assigned
to the CF3 fluorines as shown for the U -perfluoropropenyl group as seen
in Table I.

. (47) . . .
King et al have synthesized two complexes which are of interest

to the question of this isomerization. (CF3)2CFFe(CO) I was reported

4

to give the —~0 absorption bands (cm_l);

2146 (w)
2118 (w)
2086 (s)
2052 (w)

which indicated only the trans-form. From the bulkiness of the (CF3)2CF
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group, one would predict that the cis-isomer would not be the preferred

configuration, n—C7F15Fe(CO)4I gave the -0 absorption bands (cm—l):
2140 (m) Abbreviations:
2114 (w) (m) medium
2020 (s) (w) weak
2076 (s) (s) strong
2051 (w)

which indicates the cis-form to be the isomer isolated. 1In both these
cases, no mention as to the configuration of molecules was made in the

original report.
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Reaction of C3FSI with Zn{:Co(CO)é] 2

This reaction proceeded rapidly at room temperature so that
within 10 minutes the evolution of carbon monoxide had ceased.
After the solvent had been removed in vacuo at -30°C, the products
were distilled into the trapping system, (described earlier in the

General Introduction - Experimental), and an NMR sample was pre-

pared. The l9F NMR spectrum indicated that all the C3F51 had re-

acted, The spectrum also indicated the presence of three new
complexes, one of which had only a transient existence.

The resonance absorption at ES= 41.6 ppm (upfield from the
internal standard CFCls) was an octet very similar to the pattern

for the perfluoromethylene group in CF :CFCF2I, (see Table II).

2

After standing at room temperature for one hour, or upon
further trap to trap distillations, this octet absorption was not
. 19 .
present in the F NMR spectrum of the product mixture.

Tt is seen in the complex 'TT—CSHSNi(CO)CF2CF:CF2 that the

coupling constants do not change when the perfluoroallyl group is

(37)

O -bonded to a metal atom. It has also been observed that the

chemical shift of a —CFj-group<3'-bonded to cobalt shifts downfield

(48)

in comparison to the ES values for the -CF_-I system, (see

2

Table IT). From these data, it was concluded that the complex which

had a transient existence contained a U -perfluorocallyl ligand. The
19 o

complete F NMR spectrum of this group could not be recorded be-

cause the concentration of this short-lived complex in the reaction

mixture was very low, (~10%), and the single fluorine resonance
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absorptions did not rise above the level of the noise,

This complex was reasoned to be CFZ:CFCF2C0(CO)4 and the re~

arrangement or decarbonylation of this compound yields the two

-

major products.

These two major products were separated by slow trap to trap
distillations, (0.01 mm). The NMR and IR spectra of these two

complexes are listed in Table III.

The lower melting, less stable compound was identified as

O -perfluoropropenylcobalt tetracarbonyl.

=
C3
l

F,/’C§§%y//F
oc_ |

Co—co

o

C
0

CFBCF:CFCO(CO)4

Although an elemental analysis was not possible because the
compound was thermally unstable above 0°C, the NMR and IR spectra
were sufficient to identify the complex. The 9F NMR spectrum shows
the presence of a perfluoropropenyl group which has been observed
in the previous section and the references therein. The coupl-
ing constant (JA,B = 147 Hz) between the single fluorine atoms
on the olefinic carbon atoms of the ligand indicates that the
CF_ group and the Co(Co)4 group are trans to each other about

3
the C;C bond.
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The terminal (-0 stretching region in the IR spectrum had four

bands.

Figure 3 IR carbonyl absorption bands of CF3CF:CFC0(CO)4

The configuration for molecules of the type RfCo(CO)4, (where R.f

is a perfluoroalkyl group), has been studied by Hagen and MacDiarmid(So’ 51)

and the Rf group 1s assigned the axial position of a trigonal bi-
pyramid due to bonding considerations. This configuration corresponds

to the point group C and three C-0 active IR bands (2A1 + E) are

3v
predicted by group theory. Four bands are observed for CF3CF:CFC0(CO)4,
(Fig. 3). This fact was also reported by Wilford, Forster and Stone (25)
for the complex HCFZCFZCO(CO)4 and is ascribed to the lowering of the
carbonyl group symmetry by the presence of a non-axially symmetric

fluorocarbon-metal group. The E mode is split with the resulting extra

band.
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The main product was identified as:

Tr- perfluoroallylcobalt tricarbonyl

The compound at room temperature was a yellow liquid, stable
in vacuum but sensitive to air., The compound melted at %5°C and
had a volatility such that distillation in vacuo (0.01 mm) at
room temperature was rapid.

The IR spectrum in the carbonyl region had two bands, (Fig.4).
This is predicted for a molecule with three equivalent carbonyl

groups and C summetry (Al + E).

3v
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B oo | (Rt eE

2064.0 - e

Figure 4 IR carbonyl absorption bands of 7T¥C3F5CO(CO)3

This is also the pattern seen for'7T—C3H5Co(CO)3, (2056 (m),
-1 . . (52)

2001 (s) cm ~), except for the shift to higher frequency.
The lgF NMR spectrum for 7T--C3F5Co(co)3 was analyzed as

being first order, although it was borderline to being second order,

The spectrum is shown in Fig.5 and tabulated in Table III.

el ol Lo

ES values g1.5

. 19
Figure 5 F NMR spectrum of 7T'C3F5CO(C0)3
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The chemical shifts, (ppm from CFC13), and coupling constants

are shown in Table III and are represented graphically below:

3 =185 F,

T+ was noted in the introduction to this section that carbonyl
force constants were used in an attempt to determine whether (J-bonded
fluorinated alkyl groups possessed any Tl-acceptor capacity. Many
other studies have also been carried out to examine the O -donor and
Tr-acceptor properties of various ligands. A review by Haines and
Stiddard(l3) covers most of this work, particularly the attempts to
separate the O and I’ effects from the force constant (k) data.

A method proposed to separate the two effects follows the

(k )y value where changing the ligand (R) in complexes

equatorial - kaxial
of the types RMn(CO)5 and RCo(CO)4 will affect the carbonyl groups cis
and trans to it in a different manner.(So) This may be valid in
octahedral molecules, but not in trigonal bipyramidal systems because of

the different bonding schemes in these two cases. Even for octahedral

configurations, only large changes in force constants can be inter-
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preted, and small changes must be neglected because of the approximate
approach used.(lB)

Therefore, force constant data can only give a qualitative est-
imate of the overall (O-TT) donation of charge from observing the
net movement of charge toward or away from the carbonyl groups.

A comparison for similar olefinic TT-complexes and fluoroolefinic
Tr-complexes has not been examined previously. This is due to the
lack of examples where the olefin and fluoroolefin bond to the metal
in the same manner and the ﬁolecular structure is not changed sig-

nificantly. This problem is overcome by a comparison of

7T—C3H5CO(CO)3 with ’JT—C3F5cO(c0)3. The force constants in

(53

Table TV have been calculated by the method of Cotton and Kraihanzel.

Some other calculations have been listed in Table IV for comparison,
Tt is seen in Table IV that the force constant of the three

equivalent carbonyl groups has increased considerably when all

the protons of the Tr-allyl group are replaced by fluorine atoms. A

net movement of electrons away from the carbonyl groups is evident,.

This is expected considering the predicted poor J -donor and good

Tr-acceptor properties of the TT—C3F group compared to the

5
’I'T—C3H5 ligand. The U and T effects cannot be separated, partic-
ularly in this case, where the three carbonyl groups are equivalent.
L . (54)
It is interesting to note the work of Noack et al on a
series. of RMn(Co)S complexes, (where R = CH3, CHZF, CHF2, and CF3),

where a replacement of one proton by a fluorine atom resulted in

the increase of each C-0 stretching freguency by ~10 cm_l. It is

)
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seen for the Tr-allyl complexes here that the substitution by
. . . -1
five fluorine atoms leads to an increase of 59 cm for the A

mode absorption and 63 cm_l for the E mode absorption.

1

47
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Reaction of TI=C FSCO(CO)3 with PPh

3 3

The reaction of ’TT—C3F5C0(CO)3 with triphenylphosphine was
carried out with the intention of synthesizing a Tl -perfluoroallyl
complex which would be more stable than the tricarbonyl derivative.
It was thought that this would follow the reaction of the hydro-

carbon analogue TT-C3H5C0(CO)3:(52)

TI‘—C3H5cO(c0)3 + Pph3—+7T—c3HSCo(c0)2pPh3 + CO

This however, did not occur. The reaction proceeded without thé
loss of carbon monoxide and two different products were isolated.
The products were separated by fractional crystallization from
methylcyclohexane., The spectral data for each compound are listed
in Table V.

The more soluble compound, (initial crystallization at -80°C

from methylcyclohexane), was identified as trans-CF CF:CFCO(CO)3PPh

3 3

from the IR and NMR spectra. (Table V)
F3
C
:

£~ \C/F

Oc l
>Co-——-co
oC l
P
Phs

ans— B h
trans CF3C CFCo(CO)3PP 3
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1 Lo
The 9F NMR spectrum indicated a U -perfluoropropenyl group

with the CF3 and Co(CO)3PPh3 groups trans to each other about the

C: C bond, (JA B = 146 Hz). The configuration of the ligands about
14

the Co atom was determined from the C~0 stretching fegion of the

(25)

IR spectrum. Group theory predicts, for complexes of the type

*
trans—RfCo(Co)3PPh3, (symmetry c3v)’ one intense absorption, (E mode},

and one weaker absorption, (Al mode). The E mode absorption may
be brecad or split into two absorptions if the Rf—Co group is axially
. . (25)
non-symmetric, Complexes of this type where Rf = HCF2CF2 or
(55) . . .
C2F5 have previously been characterized. The compound isolated
shows this pattern, (Fig.6)
Tigure 6 IR carbonyl absorption bands of trans-

. h
CE3CF_CFCO(CO)3PP 3

* - The relative intensities of the predicted bands are calculated
by the method of local oscillating dipoles and are only approx-
imate. ('page 89 of ref.13)
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The coupling constant between the 31P of the PPh3 group and
the F~C-Co fluorine nucleus was measured to be 30 Hz., This is
comparable to the coupling constants for similar perfluoroalkyl

trans-complexes which have been reported, (J = 30.5 Hz).(25)

F-P

The less soluble product of the reaction was difficult to
identify because of solubility and thermal stability problems and
unusual IR and NMR spectra. It is, however, the more interesting
product,

The IR spectrum showed a weak absorption at 1750 cm_l. The
C:C stretching frequency for CF2:CFCF21 and CF2:CFCF2C1'OccurS
at 1750 cmfl, while V/(C:C) for a perfluoropropenyl group falls
at 1640 cm_l. From this observation, the fluorocarbon moiety
was reasoned to be the U -perfluorocallyl ligand.

The -0 stretching region of the spectrum showed the absorption

pattern in Fig.7.

Figure 7 IR carbonyl absorption bands of

sl . h
Ccls CFZ.CFCF CO(CO)3PP 3

2
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There arée two molecular structures possible for trigonal bipyramidal

complexes of the type R Co(CO)3PR

£ 3¢ The trans-configuration, (C3v),

has been discussed, and the spectrum for trans-CF CF:CFCo(CO)3PPh3 is

3

shown in Fig.6. The cis-configuration, (with the R_ group in the

£

axial position, PR3 in an equatorial position), corresponds to the

point group Cs’ and group theory predicts three C-O absorption bands

(25)

of equal intensity, (2Al + B). This is the pattern observed and

shown in Fig. 7. The shoulder at 1979.6 cm—l does not conform exactly
to this assignment, and an explanation of this will be proposed later.
19
The F NMR spectrum was expected to verify the structure of
the fluorocarbon ligand and the configuration of the molecule. As
was discussed previously, perfluoroallyl and perfluoropropenyl groups
. . . 19 31 .
give rise to different F NMR spectra. Also, the P coupling

constants to a fluorine nucleus on the carbon X to the cobalt will

vary depending on the geometry of the molecule., Udovich and Clark(56)

studied the complex CF Co(CO)3PF3 where the cis-form and trans—~form

3

are in equilibrium, The P-F coupling constants across the cobalt

were reported to be: J (trans) = 80 Hz and J (cis) = 38 Hz.
FC,P——-— FC,P——
For complexes of the type trans—RfCo(CO)3PPh3 it has already been

noted that JF P(trans) = 30 Hz. It would be expected, therefore,
r

that cis-RfCo(Co)3PPh3 complexes would have J

19
The F NMR spectrum had to be recorded at 10°C due to the

ig )~
- ,P(Cls) 15 Hz.
thermal instability of the complex. At 10°C, however, the solubility
of the compound in THF, (or any suitable solvent), was so low that
only one resonance absorption could be observed. The (¢-1024 varian

Time Averaging Computer was necessary to record this absorption at
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ES= 43,1 ppm in Fig.8., The measured splitting of this resonance
shows coupling constants 18, 5.5 and 3.1 Hz. The fluorine nuclei
corresponding to this absorption are coupled to three different

single nuclei of spin %,

F—18_Hz———>|

Figure 8 Partial-lgF MMR spectrum of cis—CFZ:CFCFZCo(CO)3PPh3

(O= 43.1 ppm)

In spite of the incomplete spectrum, several things can be
derived from the recorded resonance absorption. The chemical  -shift
( ES==43.1 ppm) is close to that seen for the —CF2-Co group in
CFZ:CFCF2CO(CO)4,(see Table IT). The measured coupling constant
J = 18 Hz can be attributed to the 31P nucleus and was expected if
the molecule was in the ¢is-configuration.

In summarizing the spectral evidence: (a) V(c:C) = 1750 cm--l
as in CFZ:CFCle, (b) -0 absorption bands in a pattern predicted
for a Cs symmetry, (c) 8 = 43.1 ppm for the only resonance recorded
in the 19F NMR spectrum, and (d) a splitting of 18 Hz for this

resonance, it is reasoned that the compound is cis-(-perfluoroallyl—

cobalt tricarbonyl triphenylphosphine,
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cis-0=perfluorcallylcobalt tricarbonyl triphenylphosphine

Only the V/(C:C) assignment can be considered unequivocal
evidence for this structure. The shoulder at 1979.6 cﬁ-l in the IR
spectrum and the splitting of the —CF2— resonance in the NMR spectrum
both must be explained. These features may be better understood by

: CFCF Co(CO)3PPh3 molecule.

2

examining a molecular model of the cis-CF 5

A pictorial representation of the model is shown below:

A Op Cg.‘JX ) Oc X )
Co— F. Co—
o | 8¢ |
C C
0 0

(a) (b)
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From the model, it can be seen that with the C%:CFCF -group and

2
the PPhB—group_£i§ to each other, there is considerable steric hind-

rance encountered in the free rotation of the CF2:CFCF2—C0 system,

Rotation about the C-Co bond, (designated X), is prohibited because

of the bulky PPh3 group. Looking at the C-C bond, (designated Y),

it can be seen that the free rotation about this bond is also hindered
because of the steric interaction between the carbonyl groups in the
equatorial plane and the fluorine atoms of the allyl group, (FA and FB).
Several conformers are possible. The steric interaction is consider-

able when FA is toward the equatorial plane (diag.a). With FB towards the
carbonyl groups (diag.b), the interaction is maximized. A third conforﬁer is
also possible. One of the fluorine atoms of the —CFz—group could be

eclipsed by FA' It is difficult to say which of these conformers is

most stable. In addition, any steric interaction between the -CF_-

2

fluorine atoms and the phenyl rings of the PPh_ group would lead to

3

a greater steric interaction between FA or FB and the equatorial

carbonyl groups.

A.£i§4configuration can also be drawn with the allyl and PPh3
groups in equatorial positions. This means the angle between the
two ligands would be 120° instead of 90° for the axial-equatorial
confiquration. However, a molecular model of this structure shows
that this rearrangement does little to alleviate the steric inter-
actions,

only a crystal structure determination could show the config-

uration of the molecule and the conformation of the allyl ligand.
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The presence of conformers of the U=-perfluorocallyl ligand
would be expected to alter the (-0 absorption band pattern and
would account for the shoulder at 1979.6 cm-l. Examples of sim-
ilar systems have been reported. The IR spectrum of
T-c_H Fe(CO)zsiclee shows four C-0 bands where only two were

5°5
(57)

predicted. The presence of conformers I and II was used to

explain the two extra bands.

from

CH a ref, (57)

I I

The IR spectrum of (7TLC5H5)M0(CO)(7TLC3H5) has been explained by
the occurrence of conformers of the Ti-allyl group.(58) Some per-
fluoroalkyl complexes of the type (R_f)zFe(CO)4 have given extra bands
in the C-0 stretching region of the IR spectrum. The extra bands
can be explained by the presence of rotamers of the perfluoroalkyl
ligands.(43)
The 19F NMR spectrum can be explained by the occurrence of
hindered rétation about the C-C single bond. The splitting of the
CF2 group resonance absorption in freely rotating (-perfluoroallyl
systems is listed in Table II. The spectrum of the hindered system
is listed in Table V and shown in Fig. 8. The F-F coupling constants
have changed dramatically. It has been shown that vicinal F-F coup-
ling constants change considerably depending on the conformation of
(59)

The splitting of the CF, resonance shows this

the molecule. 5
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change and is therefore consistent with some degree of hindered

rotation in the perfluoroallyl ligand in cis—CF2:CFCF Co(COo) 3pph .

2 3

It is noteworthy that cis-CF : CFCF Co (CO) PPh3 did not decar-

2 3
(60)

2

bonylate to form a Tl-perfluoroallyl complex. Cardaci et al
have studied the phosphine substitution reaction for the TT-allyl
complex TI-2-chloroallyliron nitrosyl dicarbonyl and have pro-

posed a two step mechanism:

(1) (T=-2-ClC_H

3 4)Fe(CO)2NO + PPh3———>-O'-CH

2:C(Cl\CHZFe(CO)z(NO)PPh3

(2) O’—CHZ:C(Cl)CHZFe(CO)2(NO)pph3—-—/-\-(G‘—7T—2—C1C3H4)Fe(co) (NO)PPh3 + CO

The Tr-allyl group is forced to reduce its coordination to a J-bond
by the addition of PPh3 to the iron atom. Then, the (J-TI-linkage is
formed by the‘nucleophilic attack by the allyl group with the con-
certed loss of the CO group.

The reaction of PPh3 with TT-C_F CO(CO)3 yielded

3°5

cis-CF ;CFCF2C0(CO)3PPh as the first step but the second step was

2 3

not accomplished under moderate conditions. It was observed, however,
that on melting the compound at 110°C,a gas, presumably carbon monoxide,
was‘evolved. The resultant product, which probably contained the
7TFperf1uoroallyl ligand, could not be isolated. It can be reasoned
that the fluorinated TT-allyl group does not possess the electron

donating ability to displace a carbonyl group by nucleophilic attack
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in a system that has been stablilized by a PPh3 group, except under
extreme conditions.

This poor coordinating ability of fluoroolefins has been shown

by Cramer(6l) in the exchange of CF2:CF2 and hydrocarbon olefins,

(e.g., propene) with the TI-bonded ethylene ligand of acetylacetonate-

Rh(?TFCH2:CH2)2. The hydrocarbon olefins exchange with the ethylene

at moderate temperatures, but CFZ:CF2 only begins exchanging at 100°C,

It was reasoned that the U -donating ability of the incoming group is
more important to the development of the transition state for the nucleo-
philic olefin exchange than is the JT-bond formation. This would also

be true in comparing the ability of a U-allyl and (J-perfluoroallyl

group to displace a CO group.

It was noted in the introduction that, with the exception of

qr-c_H N:L(CO)CF CF:CF

sHe o O-perfluorcallyl transition metal complexes

(37)

have been found to rearrange to U-perfluoropropenyl derivatives.

(38)

The work of Goldwhite, Rowsell and valdez suggested a bimolecular

nucleophilic reaction may be responsible for this rearrangement,

(=}

|

i 4¢<_, Mncog
(j <; F : from
F - .
: ref, (38)
\\5”3// |

Ci

{COIyMn

rearrangement transition state
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If this is the case, then it could account for the (J-perfluoc-

ropropenyl group in trans-CF CF:CFCO(CO)3}?1?1'13 and the (O -perfluoro~

3

allyl group in cis—CFZ:CFCF2Co(CO)3PPh3. If the phosphine addition

reaction to 7T¥C3F5Co(co)3 initially yields a (J-perfluoroallyl group

in both the cis and trans complexes, this transition state would only

be possible if the (J-allyl group were open to attack. This would be

possible in the trans-form. But in the cis-configuration, the bulky

PPh3 group would prevent the transition state from being attained.
Why the phosphine addition reaction yields both the cis- and
trans-configurations is very interesting, but no answer to this

guestion can be given from the experiments carried out here.




SECTION B

Synthesis of TI-2-trimethylsilylallyl Complexes
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Introduction

Group IVB metals, (Si, Ge, Sn and Pb), have been incorpor-

ated into many organometdllic transition metal complexes with the

(62)

main emphasis being on the synthesis of metal-metal bonds and
characterization of the subsequent effects that this bond has on
the molecule. An example of this type of complex is:

7T-C5H Fe(CO)ZER , where E = Si, Ge, Sn or Pb, and R = alkyl,

5

aryl or halogen. At the same time, organic ligands with Group IVB

3

substituents have also received some attention. It was noted by

(63)

Wozniak et al that the complex Me_SiCH Mn(CO)5 was more ther-

3 2

mally stable than the corresponding alkyl complex, due to the

inhibition of alkene elimination reactions. Likewise, a series of

’)'T—CSH5 M(j%fiMe3 derivatives were synthesized and found to be

(64)

more stable than the alkyl analogues.
Several groups have prepared substituted Tl -cyclopentadienyl

complexes replécing one of the ring protons with an ER3 group.

Mono and disubstituted ferrocenes were the first to be synthesized.(65)

O i @ SJ.Me3

Fe  + MegSICl ——»  pe  +1miCl

Q@
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A similar reaction was used to produce the corresponding trialkyl-

(66)

germane compounds.
Recently, more direct methods for preparing some of these sub-
stituted cyclopentadienyl complexes have been reported. Kraihanzel

and Conville used 5—(trimethylsilyl)cyclopentadiene.(67)

+ Fe(CO)5 S E?T—Me3SiC5H4)Fe(CO)é] 5

H SiMe . . .
3 + Mo (CO) , ———>= EﬂT Me3SlC5H4)Mo(CO)g 5

This reaction was later extended to prepare complexes of W, Mn,

Re and Co.(68)

(69)

Abel and Moorhouse reacted (trimethylsilyl) (trimethyl-

stannyl)cyclopentadiene with transition metal carbonyl halides to

H -Sn bond, i.e.,

give 7T—Me3sic H, complexes by cleavage of the C. 4

574

(Me3sl)(Me3Sn)C5H

4+ Mn(CO)SBr ————a»(7T—Me381C5H4)Mn(CO)3 + Me3SnBr

(Me381)(Me3Sn)CSH4+ E@u(co)zcij 2————%»(7T;Me351C5H4)Rh(CO)2 + Me3SnCl

A Tl-arene complex has also been prepared with a Group IVB sub-

stituent.(70)

SnMe3 ' SnMe_

+ Mo(CO)6

\/

Mo
(CO) 3
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The reactions of vinylmetallics such as Me3SiCH:CH2 and

Me2Sn(CH:CH2)2 have been reported to react with CuCl to yield
(71)

Tr-complexes.

(72) :

Similarly, Mezsl(CH:CHz)2 reacts with Fe3(CO)l2

to give:

::::::::::\\\ .///IAAQ

: Si
T
| Fe

Metallated acetylenes also give some substituted 7T—complexes.(73)

. ) Co
’IT—:CSHSCO(CO)Z + PhC=CSlMe3- —_— ph sSiMe
3

AN /

s~

1)

N

Me_sSi Ph

The occurrence of transition metals as substituents in 7T -complexes

7
has been reported for the compounds:( 4, 75, 760)
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The metallated TI-allyl complex above and the general interest
in Group IVB metals prompted the research here of trimethylsilyl
substituted 7TT7-allyl complexes. The synthesis of organo- or halo-
substituted TT-allyl complexes has been an active field for some time,

C.H_. and C _H_ have been incor-

Substitutents such as Cl, Br, CH3, ol 65

porated into the Tl-allyl ligand. More recently, allyl complexes
containing the substituents hydroxyl, benzoyl, methoxy and acetate
have been prepared. The occurrence of syn- and anti-isomers .for
complexes substituted at the terminal carbon atoms have been stud-
ied by NMR. The bulkiness of the substituent often prohibits form-
ation of the anti-isomer, although a complex with the bulky tertiary-
butyl group in the anti-position was recently isolated.(77)
King and Kapoor have isolated some sulphur-substituted T7-allyl

(78)

complexes from the reactions:

1 .
U\\s PH2C o+ Na[:Mo(CO)3(7T-C5H5) e o

Mo _
(CO)2 (’7T-C5H5)

CB,Cl

+ Na [MO(CO) 3 (- CSHS] e

: Mo
o (CO), (TT-C.H,)
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The work presented here details the preparation of several
Tr-allyl complexes where the proton on the central carbon atom has

been substituted by a trimethylsilyl group.
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Experimental

Propargyl chloride (CH_=_CCH2C1), Fe(CO)5 and Ni(CO)4 were
obtained from commercial sources and were used without further
purification, Hg[:Co(CO)4:]2 was prepared by the method described

by Brauer.(4l)

2-Trimethylsilyl~3-chloropropene, (CH2:C(SiMe3)CH2Cl)

(79)

Following the procedure reported by Miranov, 15 g, (0.21 mol)

propargyl chloride, and 17 g, (0.23 mol) trimethylsilane, (MeBSiH),
were mixed at -80°C under N2 in a 100 ml flask equipped with a mag-

netic stirrer and a dry ice condenser, The catalyst, H_PtCl

oPECL - 68,0,

(0.2 g in 1 ml isopropanocl), was added and the mixture was allowed
to warm slowly at a rate that produced gentle refluxing. After 20
minutes the contents reached room temperature, at which time the dry
ice condenser was replaced by a water cooled condenser, The flask
was warmed until the contents reached a temperature of 130°C and
then allowed to cool. The mixture was fractionally distilled, and
the 142°C fraction collected. The yield was 95%. The mass spectrum
showed the molecular ion at m/e 148 (CH2:C(SiMe3)CH235Cl) and

m/e 150 (CHZ:C(SiMe3)CH237C1).

2-Trimethylsilyl-3-iodopropene, CH2:C(SiMe3)CH2I

CH2:C(SiMe3)CH2Cl, (20 g, 0.13 mol), was added to an excess of
Nal (40 g, 0.26 mol), in dry acetone (200 ml), and stirred occasion-
ally for a period of one week. The precipitated NaCl was filtered

off and the solution was added to 1500 ml H20. The product
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separated from the H2o-acetone mixture and was fractionally distilled at
reduced pressure (1 mm). The yield was 50%. The mass spectrum showed the

parent ion at m/e 240.

(7T—2—Me3slc3H4)Fe (CO) 31

CH2:C(SiMe3)CH2I, (5 g, 21 mmol), and Fe(co)5 (7g, 36 mmol)

were heated in 40 ml hexane for 48 hours at 40°C under N2. The

hexane and unreacted Fe(co)5 were removed_ig vacuo and the non-
volatile solid crystallized from boiling hexane. Gold-brown crystals
with mp 103°C (decomposition) were isolated in 60% yield.

(TT-2-Me SiC3H4)Co(CO)3

3

CH2:C(SiMe3)CH2C1, (0.9 g, 6 mmol), was added to NaCo(CO)4 (6 mmol)
(prepared by stirring 1.5 g Hg[:Co(Co)é] 5 in 100 ml THF with excess

Na/Hg) under N After stirring for one hour the THF was removed in

5°
vacuo at-30°C, -and the product was distilled into the vacuum trapping
system, After several trap to trap fractional distillations, the
yield was 55%, The melting point of the product was 5°C. Pure

samples for spectral analysis were prepared by crystallization from

pentane at -80°C.

EﬁTLZ—Me351C3H4)N1C{] 5

Ni(CO)4, (4 g, 25 mmol), and CH2:C(SiMe3)CH2C1 (3.2 g,

21 mmol), were refluxed under N2 in 40 ml hexane until CO evolution
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had ceased, Cooling the solution to -80°C yieldéd dark orange
crystals from the deep red solution. After three recrystallizations
from pentane at -80°C, pure product was obtained. The product

was extremely air sensitive in solution; moderately so in the

crystalline form.

(7T¥2—Me381C3H4)2N1

To 1 g E’TT—Z—MeBSiC3H4)NiCl] o was added an excess of C3H5MgC1

in ether at -20°C under N2, After stirring for one hour, the sol-
ution was warmed to room temperature and the ether removed in vacuo.
Extraction with pentane yielded a yellow solution. Thé pentane

was removed in vacuo at -80°C. The products were distilled into
the trapping network at 50°C. Repeated distillation at 0.1 mm
separated a very volatile component, (which was identified as
(7T;C3H5)2Ni by NMR and mass spectra), from the less volatile pro-
duct. The latter compound was a yellow solid which melted at 45°C
and was moderately air-stable, Conventional analysis was not pos-
sible due to partial decomposition to a white powder after one or
two days under vacuum. A high resolution mass spectrum of the molecular
ion m/e 284 showed elemental composition C, _H__Si Ni, (measured

127262
m/e 284 ,0912 calculated m/e 284.0919). vield 15%
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Results and Discussion

The compounds synthesized here constitute the first TT-allyl
complexes where one of the protons has been replaced with a Group

IVB metal substituent,

T -2-trimethylsilylallyl ligand (7T—2—Me3SiC3H4)

The preparation of the starting compound, CHZ:C(SiMe3)CH2Cl,
(79)

was carried out following the method of Miranov. Miranov re-

ported that the addition of Cl3SiH or MeCl,_SiH to propargyl chloride

2

resulted in two isomers being produced in approximately equal yields:

H PtCl6
SiH —————————$>ClBSiCH:CHCH2Cl + CH

CHEECCHZCl + Cl :C(SiCl3)CH Cl

3 2 2

—~~35% ~35%
In the reaction performed here, MeBSiH was added to propargyl

chloride to give only the 2-substituted product identified by the

1 .
H NMR spectrum (TMS standard): ES = 0.28 (singlet), ES = 4,09
CH3 CH2Cl
(doublet with J = 1 Hz), ESCH = 5,43 (doublet with J = 2 Hz), and
5*
5.90 (multiplet), integration 9:2:1:1, The compound was identical
(79)

to that prepared by Miranov:



70

CH2:C(SiC13)CH2C1 + 3MeMgCl ——-———->CH2:C(siMe3)CH2c1 + 3MgCl,

All the reactions described in the Experimental section are sim-
ilar to the methods reported for the syntheses of the unsubstituted
Tr-allyl derivatives. Elemental analyses were not performed on the
new compounds because of the low stability but the identification by

IR, NMR and mass spectra was definitive, (Table VI).

(1T;2—Me381C3H4)Fe(CO)3I

The IR and NMR spectra are easily interpreted and do not show

the existence of rotamers due to the T—allyl group as was proposed

1
by Nesmeyanovlgg_gl( 5) for 7T-C3H Fe(Co)3I.

5

(a) (b)
The silylated derivative probably exists in the (a)-form, (less
steric hindrance), as was proposed for the 2-methyl and 2-bromo
derivatives,
In an attempt to synthesize the mixed 7T -allyl complex
(7TL2-Me3SiC3H4)(7T—C3H5)Fe(co)2, the two reactions below were pexr-
formed. The only product isolated was the well characterized

(‘7T—C3H5)2Fe(c0)2.



TABLE VI

(a)
IR and NMR Spectra

for TT-2-trimethylsilylallyl Complexes

Mﬁ&

|
HB\\\C///&\\WY//HB
|

Ha iy
- =1 (b)
Complex V(Cco) am SiMe3 SA 83
(7T—2—Me3sic3H4)Fe(co)31 2074 (s)(c) -0.08 3.57 3.92
2028 (s)
1993 (m)
(7T—2—Me3SiC3H4)Co(CO)3 2067 (m) 0.21 2.19 3.01
2002 (s)
2000 (s)
e i i 0.45 . .
E?T 2 Me381C3H4)N1C£] 5 2.10 2.98
(7T—2—Me381C3H4)2N1 0.02 1.74 3.84

(a) ©Pentane solutions for IR; CDCl

(b) ES values in ppm downfield from

(c) Abbreviations: (s) strong, (m)

3 solutions for NMR (5% TMS)

TI“S; all resonance absorptions were singlets

medium

L
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Na.[}n:CéHSFe(CO{g + CH2:C(SlMe3)CH2Cl————------B--(’1T—C3H5)2Fe(CO)2

) T i . B —— -
Na[:(Tr 2-Me SlC3H4)Fe(CO)é] + CH2.CHCH2C1 (7T~ C3H5)2Fe(CO)2

3

-

The sodium salt of (7TL2—Me3SiC3H4)Fe(CO); was prepared in THF by
stirring with excess sodium amalgam. The reaction went smoothly to
a green-coloured solution, but no attempt was made to characterize
the anion.

The reaction below was performed in an attempt to synthesize

(Tr-2-Me_Sic_H,)

3 3Hy 2Fe(CO)2. The product, however, would not decarbony-

late to the desired compound.

- i . i ——
Na [}7T 2-Me SlC3H4)Fe(CO{§ + CH2.C(SlMe3)CH2C1

3

(CF—CH2=c(siMe3)CH2)(7T—2—Me3sic3H4)Fe(co)3

The product was isolated by sublimation, (0.01 mm), iﬁ 5%
yvield. The mass spectrum showed the parent ion at m/eé 253 with the
successive loss of three CO groups. The IR spectrum showed three
C-0 absorption bands, (cm_l): 1959 (s), 1975 (vs) and 2040 (s),
(in pentane). An elemental analysis or NMR were not possible because

of the small amount of product obtained. Without these, the

identification could not be considered conclusive.

(TT—Z—Me3SJ.C3H4)Co(CO)3

The volatility and thermal stability of this complex are sim-

ilar to those of TI-C_H_Co(CO) The IR spectrum, (Table VI),

3’5 3°

however, shows 3 C-0 absorption bands while 7T-C3H5C0(CO)3 shows
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- - 52
only'two at 2056 cm l, (Al mode), and 2001l cm l, (E mode).( )

The MeBSi—group with the methyl groups pointing towards the carbonyl
groups causes the E mode to be split, (see Fig.9), due to the

reduced local symmetry of the carbonyl groups.

-

1= 1-2000

Figure 9 IR carbonyl absorption bands of (T7T-2-Me SiC3H4)Co(CO)3

3
(insert showing E mode splitting)

In the reported spectra of other 2-substituted TT-allyl cobalt tri-

carbonyl complexes, it is seen that not even the bulky phenyl group

(81) (70)

causes this splitting. Also, the compounds (7T-R3SnC6H5)Mo(CO)3

and (TI-SiR_C_H )Mn(CO)3(69)

3C5H, do not show any splitting of the E mode.

E7T—2—Me381C3H4)N1Cl] 5 and (TF—2—Me3slc3H4)2N1

These complexes can exist as cis- and trans-isomers as has been

seen in their Tr~-allyl analogues.(z' 16) The NMR spectra, however,

show that only one isomer is present. No changes in the spectra were
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observed from -65°C to +50°C and isomerization would seem to be
prohibited by the bulky substituent. The configuration of the

chlorine-bridged dimer can either be cis or trans because in

both cases the steric interactions between the two T-allyl groups
would be small, and at -65°C the interconversion could still be
occurring. However, in the crystal, the trans-configuration would
be preferred as in trans TT—C3H5PdC1 5

Me35i

SiMe
3
For (7T-2—Me3SiC3H4)2Ni, the arrangement is most surely trans, (as
in (7T;2—MeC3H4)2Ni(83)), because of the extreme steric interaction

expected for the cis-configuration.
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The stability of (7T—C3H5)2Ni is such that the compound de-
composes completely in vacuum at room temperature in a few hours.

It ignites in air. (7T—%fMe3SiC3H4)2Ni, however, is stable for sev-
eral days in vacuo but eventually decomposes to a white powder.
It is stable in air for several hours.

The attempt to synthesize the mixed complex
(7T—2—Me3SiC3H4)Ni(TT—C3H5) was not successful, and only the two
isoleptic complexes were isolated, (7T-C3H5)2Ni and (7T—2—Me3 3405
Some evidence that the mixed complex was present in the product mix-
ture was observed when the products were distilled in vacuo.
(TT-C3H5)2Ni was very volatile at room temperature, while
(7T—2—Me3SiC3H4)2Ni was sublimed at +50°C. But in the distillation
of the mixture at room temperature, a considerable amount of the
heavier product co~distilled with the lighter compound. This suggests

that the heavy compound was carried along by the more volatile com~

ponent, or that an equilibrium reaction was occurring in the mixture:

), Ni

_ . . - ——————— - - . . .
2(TT-2-Me_SicC H4)N1(TT C3H5)_¢_____(7T 2 Me3SlC3H4)2Nl + (1T C3H 9

3 3 5

This follows from the experimental observations:

E?T—Z—Me381C3H4)N1C{] 5 + C3H5Mgcl —— (TF-2—Me381C3H4)2N1

+ (Tr-C Hg) N
It seems likely that the mixed complex would be sufficiently volatile
to move easily in the trapping system at 0.0l mm., The mixed complex

was not observed in the NMR or mass spectra of the product mixture

and must exist in small concentration.

Sic H, ) Ni.
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Mass Spectra

In Tables VII to X are listed the mass spectra of the
TI=-2-trimethylsilylallyl complexes prepared. The spectra were
recorded initially to observe the parent ion. The mass spectra

8
of Tr-allyl complexes has been studied by Nesmeyanovlgzlél( 4)

(85)

and reviewed briefly by Bruce. The important feature of the
mass spectra of these complexes is the migration of the Me3Si—
group from the allyl moiety to the metal with the loss of the

C3H4, (allene), fragment. The migration of a Me_Si~ group has

3
(85)

been discussed by Bruce for organic compounds. For transition

metal complexes, it was reported that (TT—MeBSnC6H8)Cr(CO\3 shows
a SnCr+ fragment.(7o)

Of the four complexes studied here, only the cobalt derivative
does not show the MeBSi migration. Also, the parent ion is not
observed and [%hcgﬂ+'was the highest mass ion recorded.

The m/e values of fragments containing nickel, chlorine and
silicon are spfead over several mass numbers because of the nat-
urally occurring isotopes of these elements, This is an advantage,
because the fragments containing one or more of these elements have
a very characteristic pattern., The m/e values guoted are based on
58

Ni, (67.9% natural isotopic abundance), 3Scl, (75.4% natural iso-

. topic abundance), and 285i, (92.2% natural isotopic abundance.)




TABLE VII

Mass Spectrum of (7T—2—MeBSiC3H4)Fe(CO)3I

m/e Intensity Ion Fragment
380 0.3 Me381C3H4Fe(CO)3I
252 0.1 Me3SlC3H4Fe(CO) 21
324 3.7 MeBSlC3H4Fe(CO)I
309 0.3 Me281C3H4Fe(CO)I
296 7.0 Me381C3H4F§I
281 0.5 Me281C3H4FeI
256 5.5 Me3SiFeI
241 0.7 MezsiFeI
225 3.7 CH2SiFeI
211 2.3 SiFel

97 5.5 i
1 Me381C3H4Fe(CO)
193 9.3 Fe-T
169 17.1 Me381C3H4Fe

73 100.0 Me_Si



TABLE VIII

Mass Spectrum of (7T—2~Me3SiC3H4)Co(CO)3

78

m/e Intensity Ion Fragment

228 2.69 Me3SiC3H4Co(CO)2
200 4.2 Me3SiC3H4CO(CO)
185 0.9 MeZSiC3H4Co(CO)
172 9.1 Me3siC3H4Co
113 21.0 Me3SiC3H4

73 100.0 Me3si

59 28.0 Co

TABLE IX

Mass Spectrum of [ETT—Z—Me381C3H4)N1C{] 5

.m/e

Intensity Ion Fragment
412 0.36 E&e3SiC3H4NiCl:] ,
372 0.04 Me3SiC3H4NiC12NiSiMe
304 1.0 Me3SiC3H4NiClNiC3H
264 5.3 MeBSiC3H4NiClNi
113 20.5 Me3SiC3H4
73 100.0 Me_Si

3
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TABLE X
Mass Spectrum of (1T>2—Me381CBH4)2N1
m/e Intensity Ion Fragment
284 10.3 (Me si C3H4)
244 7.9 Me381C3H4N181Me3
il 1 1 *
228 3.8 CH2Me81C3H4leJ_Me3
186 16.4 Me351C3H4N1 Me
-— *
N 170 17.8 CH2Me81C3H4N1 Me
156 12.3 Me81C3H4N1Me *
130 100.0 CHZMeSiNi—Me *
116 24,6 MeSiNiMe *
73 43.8 Me3si

* - These formulae are not necessarily meant to be ion structures

but only represent the elemental composition.



SECTION C

Synthesis and Reactions of (bi-Tl-allyl)dicobalt Hexacarbonyl.
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Introduction

In the attempt to study the reactivity of the chlorine atom

in Tr-2-chloro~allylcobalt tricarbonyl, the new compound (bi-TT-allyl)-

dicobalt hexacarbonyl was prepared.

(CO)
Co3

only a few compounds with the bi-Tl-allyl ligand have been

reported. The first compound to incorporate this ligand was

(C_.H, ).Fe

38405 2(CO)6 in which valence tautomers were postulated to ex-

plain the NMR spectrum.(86)

H H, 1 H S
g e
H-Y 4 \C_ I /\C\’ H
B HACOITG
Fg rmeoenee Fe p— ITH /B from
T b T AR
C g \
§oo %0 e dbe, Ref. (86)
0 20 %

This compound was prepared later in greater yield by Pettit and

Ben-Shoshan in the reaction of allene with Fez(CO)g.(75) The



82

reaction between l-phenylallene and Fe2(co)9 was reported to give
(87)

a substituted bi-TI-allyl complex.

H Fo---Fo
' (coy (coy

In a reaction, analogous to the bki-TT-allyl iron'complex
syntheses, gaseous allene was reacted with C02(CO)8, (in benzene),

to give a complex reported as;(88)

Q) —~
e N

(CO), Co--- ————Co(CO)J)

3
¢
== Qo

This complex was reported to react with triphenylphosphine to yield
a stable compound, but the spectral details of the product were
not given.

The reaction of the TI-allyl palladium complex, (diagram a),

with bis (], 5-cyclooctadiene)nickel followed by reaction with NaC5H5
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(89)

vielded a complex which was identified by an x-ray crystal

(90)

structure analysis to be: (bi—7T—allyl)(Ni—TT—CSHS)z,

(diagram b).

Ni

Hughes and Powell prepared a series of bi-Tl-allyl palladium

complexes.(gl)

where X = acetylacetonate, Cl or 7T—C5H

5
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Experimental

L}
Synthesis of (2,2 -bi-TI-allyl)dicobalt Hexacarbonyl

Equimolar amounts (19 mmol) of NaCo(Co)4 and 2, 3-dichloro~
propene, (CH2:CC1CH2C1) were reacted in refluxing THF under N2 for
three hours., THF and the major product (TT—2—C1C3H4)CO(CO)3,

92
(synthesized previously by McClellan_gEigl( )

), were removed in
vacuo, (0.0l mm). The remaining solid was extracted with pentane
and chromatographed on Florisil. Some unidentified products and
Co4(CO)12, (identified by IR and mass spectra), were eluted with
pentane. A yellow band which did not move with pentané was eluted
with methylene chloride. This fraction was collected under N2. The

CH2Cl2 was removed in vacuo and the product was recrystallized several
times from pentane at -80°C. The pentane was removed from the crystals
at -80°C in vacuo and the product sealed in a tube under vacuum,

(yield 10%). 1In this state, the product was stable indefinitely.

In a dynamic vacuum, at 25°C, decomposition was complete in two to
three hours, The product in solid form or in solution was unstable

to air. Sublimation at 75°C (0.0l mm), was accompanied by extensive

decomposition. A high resolution mass spectrum indicated the formula

to be C, H_O_Co

12Hg06C0 measured m/e 365.8996, calculated m/e 365.8984.

Conventional elemental analysis was not possible due to impurities

incurred during the isolation.
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Synthesis of

1
(2,2 -bi=Tr-allyl)dicobalt Tetracarbonyl Bis (triphenylphosphine)

PPh3(CO)2Co(bi—’fT—allyl)Co(CO)2PPh3

Approximately 2 mmol (bi-’TT—allyl)Co2(CO)6 and 4 mmol PPh3

were stirred in CH2C12 under N_ at room temperature until CO

2
evolution had ceased. On removal of the solvent, an orange, air
stable solid was recovered and crystallized from benzene-hexane,
(mp (decomposition) 140-143°C). Yield 98%. Elemental analysis

: % .55% .42%
calculated for C6H8Co2(co)4(PPh3)2. C 66,22%, H 4.55%, P 7.42
found: C 66.24%, H 4.54%, P 7,27%.

Reaction of (bi-Tr-allyl)Cobalt Compounds with Bromine

The bi-TT-allyl complex was added to a large excess of bro-

mine in carbon tetrachloride, Carbon monoxide was evolved and the
solution turned green, The CCl4 and unreacted Br2 were removed
under vacuum, (0.1 mm), Pentane was added to the solid and the in-

soluble material filtered off. The pentane was removed in vacuo,

leaving a yellowish solid which was recrystallized twice from boiling

hexane. A white, air stable, crystalline solid was isolated with

mp 132-134°C. Elemental analysis calculated for C7H8Br60: C 14.31%,
H 1.37%, Br 81.59%, found: C 14.45%, H 1.40%, Br 81.65%. Both
bi-TT-allyl CoZ(CO)6 and the phosphine derivative gave the same

product upon bromination in this manner.
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Results and Discussion

The minor product of the reaction of CH :CClCH2C1 with

2

Na[:Co(CO);] was determined by IR, NMR and mass spectra,

(Table XI), to be the bi-TI-allyl complex:

An elemental analysis was not possible for this compound
because of the unstable nature of the molecule in vacuum at a
temperature high enough to ensure complete removal of the solvent
used for recrystallization. The high resolution mass spectrum

showed the molecular ion at m/e 365.8996, (calculated for C_H

6 8C02(CO)

6
m/e 365.8984), which corresponds to the structure proposed.

The IR spectrum (Fig. 10) shows three strong C-0 absorp-
tion bands., This pattern corresponds to a lowering of the carbonyl
symmetry (C3V) so that the E mode is split. This was shown for

(TI=2-Me SiC3H4)Co(Co)3 but to a smaller degree.

3



TABLE XI

(a) .
IR and NMR Spectra of bi-Tl-allyl Complexes

o

H
HB\C/C\C/ B
HA HA
Complex V (co) cm 1 SZib) 83
» (c)
T C6H8C02(CO)6 2012 (vs) 2.35 3..65
2023 (vs)
2072 (vs)
8Ph Ia,p Ig, p
'Tr—C6H8C02(CO)4(PPh3)2 1949 (vs) 1.52 (d) 3.09 (&) 7.37 (m) 5 Hz 3.5 Hz
2001 (s)

(a) Pentane solution for IR; CDCl3 solution for NMR, (5% TMS})

(b) 8 values in ppm downfield from TMS

(¢) Abbreviations: (vs) very strong, (s) strong, (d) doublet, (m) multiplet

L8
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Figure 10 IR carbonyl absorption bands of (bi—’lTi-allyl)Coz(CO)6

1
The "H NMR spectrum, (Table XI), shows only two resonance

absorptions with no syn-anti coupling (J ) being observed. The

A,B
NMR spectrum was not temperature-dependent in the range -50°C to

+60°C. From the NMR, therefore, it is not possible to say whether

or not there is free rotation about the Cy=Cy bond. The crystal

(90) ana (biphenyl)Crz(CO)6(93)

structures of (bi--'TT—allyl)Ni2("IT-CSHS)2
show that the ££E£§—configuration is preferred for these molecules

in the crystalline state, where metal-metal or ligand-metal bonding
does not constrain the molecule to the cis-configuration. At pres-

ent, however, it is not possible to estimate the degree of rotation

about the C_-C bond for the molecule in solution.

2 2
The mass spectrum, (Table XII), shows an interesting feature
. . . (94)
that has been observed previously by Lupin and Cais for some

Tr~allyl complexes of rhodium and palladium. After the loss of
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the fifth and sixth carbonyl groups, the presence of relatively
intense peaks at m/e 224 and 196 indicates the cyclopropenyl group
attached to the cobalt. The loss of two hydrogens from one of the
Tr-allyl groups gives the 2,2'—allyl—cyclopropenyl ligand, or the
loss of one hydrogen from each TT-allyl group would give the bi-
cyclopropene ligand. It cannot be determined which of these two
fragmentations occurs.

TABLE XII

Mass spectrum of (bi—7T—allyl)C02(CO)6

n/e intensity Ion Fragment
366 8 C6H8C02(CO)6
338 12 | C6H8C02(CO)5
310 18 C6H8C02(CO)4
282 9 C6H8C02(CO)3
254 27 C6H8Co2(CO)2
226 100 C6H8C02(CO)
224 15 C6H6C02(CO) *
198 12 C6H8Co2
196 25 C6H6Co2 *
137 35 C6H6Co
118 100 C02
87 34 Co(CO)

59 60 Co

* - ion formula of the fragment containing the allyl-cyclopropenyl

or bi-cyclopropene ligand
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Phosphine Substitution

The reaction of triphenylphosphine with (bi=Tl-allyl)dicobalt
hexacarbonyl leaves the bi-Tl-allyl ligand intact and two carbonyl
groups, (one from each cobalt), are replaced by two PPh3 groups
to give the complex (PPhB)(CO)ZCo(bi-TT—allyl)Co(CO)2(PPh3).
Carbon monoxide is evolved and no acyl or bridging -0 absorptions
are observed in the IR spectrum. The -0 stretching region of the
spectrum, (¥Fig. 1l1), shows two main absorption bands with two
weak bands. The weak bands may indicate the presence of isoﬁers

or rotamers but this was not investigated further. Recrystalliz-

ation of the compound did not change the IR spectrum,

I
St

A A }’k“d—f;—_a

f )

2001
1949
——————
Figure 11 IR carbonyl absorption bands of

(bi-TT-allyl)Co, (CO), (PPh,),

Bromination
The reaction of excess bromine (in CCl4) with (bi-TI-allyl)-
dicobalt hexacarbonyl or the phosphine~substituted complex gave a

highly brominated ketone.

(’TT—C6H8)C02(CO)6 _ BrCH2 o CH2Br
in CCl4 I //
oxr + Br,, —m— Br(C-C-CBr

i \

(7T—C6H8)CO2(CO)4(pPh3)2 BrCH CHzBr
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The bromination was initially performed in order to show the

structure of the bi-TI-allyl ligand as was done with (bi-TI-allyl)-

(86)

6" The ketonic product, however, was unexpected. The

Fe2(CO)
product was a white crystalline solid which shows a very intense
. . -1 .
ketonic carbonyl absorption at 1710 cm in the IR spectrum. The NMR
spectrum (CCl4 solution) shows an AB system (quartet 1:3:3:1) centered
at Es= 4.25 ppm. The methylene protons are magnetically non-equivalent
. C . . (113)
because of the intrinsically asymmetric environment of the two protons .
An analysis of the AB system gives J = 11.4 Hz. and [&ES= 0.35 ppm. for
the two different protons, The mass spectrum had a parent ion at m/e 582,
(based on 79Br, 50.57% natural isotopic abundance), with the correct iso-
topic abundance pattern for six bromine atoms. The main fragmentation

ions are (CH Br)2CBr+ and (CH Br)2C(Br)CO+ in almost equal intensity.

2 2

The mechanism by which the carbonyl group is inserted into the
2,2'-carbon-carbon bond of the bi-Tl-allyl group is only speculative

at this point. It must involve an acyl intermediate with a

0
C(Z)—CPCO system as bromine adds to the terminal allylic carbon
atoms or the cobalt.

To better understand this Tr-allyl-acyl-cobalt system, an

attempt was made to prepare the complex:
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(88)

which was reported by Nakamura. It was thought that the re-
action of this compound with triphenylphosphine may yield a bi-
T-allyl complex by loss of carbon monoxide and rearrangement of
the acyl linkage. .

In the method by Nakamura,(88)

allene gas was passed over a
benzene solution of C02(CO)8. The compound was isolated by sub-
limation of the product mixture., In a preparation similar to this,

a dilute solution of allene in benzene was added very slowly to a
benzene solution of CO2(CO)8 at 0°C. However, no acyl-carbonyl
absorption (reported to be at 1620 (s} cm—l) was observed in the

IR spectrum of the reaction mixture, or of the producté separated

by column chromatography on Florisil, (pentane and pentane-benzene
mixture). Instead, the major product was identified as (bi~Tl-allyl)-
C02(CO)6. In addition, two minor complexes were separated, but
neither showed an acyl absorption band in the IR spectrum and were
not investigated further. The reaction was tried several times at
0°C and 25°C but Nakamura's results could not be reproduced. Per-
haps the addition of gaseous allene is very important to the reaction
mechanism, but it is éurprising that it would be so. In the light

of these results, the PPh3 substitution reaction could not be carried

out.




SECTION D

Synthesis of 7T-allyl Compounds of Fe, Co, and Ni, from Bridging

Carbonyl Complexes and Tetraallyltin
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Introduction

In the search for new and easier ways to synthesize TT-allyl
complexes from easily accessible starting materials, the use of
tetraallyltin was considered to be an obvious source of the allyl
ligand. Upon investigation, it was found that other research groups
had considered allyl and cyclopentadiene-Group IVB compounds in

(69, 95)

this same light. Abel and Moorhouse found that

(O -cyclopentadienyl)trimethyltin with a metal halide yields the

corresponding TT-cyclopentadienyl complex, i.e.,

[ENEEEEEE... Y - .
Me3SnC5H5 + Mn(CO)SBr (1T C5H5)Mn(CO)3 + MeBSnBr + 2CO

They also found that (U -allyl)trimethyltin with carbonyl

metal halides gave TT-allyl complexes, and used this to synthesize

a large number of complexes of Mn, Re and Ru:(95)

CH, : CHCH_SnMe

2 2 3

+ Mn(CO)SBr ‘——-——->-’IT—C3H5Mn(c0)4 + MeBSnBr + CO

CH2:CHCH28nMe3 + [%u(CO)3Clé] 2—————%’—(7T;C3H5)2RH(CO)2

(96)

Maxfield used tetraallyltin with Fe, Ry, NI and Pd halide

complexes to synthesize l-allyl complexes, i.e.,

NiBr, + PPh3 + Sn(c3H5)4————>~ (7T-C3H5)N1(PPh3)Br + (c3H5)3SnBr

The common feature in all these reactions was the use of a
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metal halide. In these reactions, the M-X bond was cleaved and
the halide eliminated as a trialkyl tin halide. Alternatives not
employing a metal halide seemed feasible in the light of work

performed by Abel EE.EE(Qj)

with (CT'—CSHS)SnMe3 and bridging
carbonyl complexes of Mn, Re, Fe, Co and Ni. A typical reaction

in this series was:

CT;CSHSSnMe + C02(C0)8—————;— ’TT—CSHSCO(CO)2 + Me3SnCo(Co)4

3

The success of these reactions indicated that a halogen.
atom was not necessary for the transfer of the cyclopentadienyl
group from the tin to the transition metal. This prompted the
study presented here on the reactions of tetraallyltin with
bridging carbonyl complexes of Fe, Co and Ni to yield Tr-allyl

compounds .
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Experimental

Tetraallyltin was prepared from SnCl4 and excess allyl-

o8
(98) It was fractionally distilled at

magnesium chloride.
reduced pressure and the NMR, IR and mass spectra agreed with
published results. Storage at 0°C was necessary to prevent
decomposition,

[ET—CSHSNi(CO{] o was prepared from (TT—CSH Yy _Ni and

5’2
(99)

Ni(co)4 as described by Xing. C02<CO)8 was from Alfa

Inorganics and used directly. Fe2(Co) was prepared from

9

Fe(CO)5 in bright sunlight in a pyrex flask. The solid

F%Jco)g was washed with petroleum ether and dried in vacuo.

E?F-CSHSFe(CO)é] 5 was prepared following the method of

. (100)

King.
Reaction conditions and products are shown in Table XIIT.

The products were identified by NMR, IR and mass spectra by

comparison to authentic samples or literature reports. The

products were isolated by removing the solvent in vacuo

(0.01 mm) at -30°C and distilling or subliming the product

into the trapping system at +50°C.



TABLE XIII

Reactions of Tetraallyltin with Bridging Carbonyl Complexes

(a)

Metal Carbonyl Reaction Conditions Products vield %
[] " %
Fe2(Co)9 rReflux (2 @r) in petroleum (T~ c3H5)2Fe(CO)2 25
— -
ether E’]T C3H5)Fe(co)3] , 5%
[}T—CSHSFe(CO)2:]2 In hexane at 150 C in stain- | TT—CSHSFe(CO)(TF—C3H5) . (D)
less steel bomb (4 hr)
— o
C02(CO)8 Reflux pentane (1 hr) ar C3H5C0(CO)3 35%
(c3H5)35ncO(co)4 (c)
— 3 - 1 — 2
EIT c5H5Nl(coﬂ2 Reflux hexane (2.5 hr) (ar CSHS)Nl (1T C3H5) 42

(2) Reactions were performed under N2.

(b) Small amount isolated and only IR and mass spectra used in identification

(c) Only IR spectrum used in identification

L6
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Results and Discussion

The reactions of tetraallyltin with bridging carbonyl complexes
(listed in Table XIII) gave Tl-allyl complexes in good yield. In
some reactions, the low volatility of unreacted Sn(C3H5)4 made the
guantitative separation of the product difficult by vacuum distil~
lation. 1In these cases column chromatography could not accomplish
the separation,

H,)

The major product of the Fe2(CO)9 reaction was (’rT—C3 5) 9

Fe(CO)z.
In the isolation of this product by trap to trap disfillations (0.01 mm),
a red liquid co-distilled in about 5% yield. This was‘decomposed to

a yellow non-volatile compound on the addition of small amounts of

air to the vacuum trapping system, This did not affect the major

product yield appreciably. Only when this red liquid was absent could

1
the "H NMR spectrum of (TI-C_H_)

4Hg 2Fe(CO)2 be recorded. The red liquid

was presumed to be [ET—C3H5Fe(CO)3:]2 from a previously reported des-

(101)

cription of the compound. If this is correct, then the reaction

to prepare (’7T—C3H5)2Fe(co)2 can be written:

Fez(CO)9 + Sn(C3H5)4—-——-=-TT—c3H5Fe(co)3- +ET—C3H5Fe(CO)3:|2

+ Sn compounds

E&LC3H5Fe(CO)3:]2 + Sn(C3H5)4-—————%—(7TFC3H5)2F8(CO)2
+-’TT--C3H5Fe(CO)3Sn(C3H5)3

The oxidative cleavage products containing a Sn-Fe bond were not

identified or isolated.
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The reaction with [iF—CSHSFe(CO)z:]2 did not proceed in re-

fluxing benzene but IR evidence for the product 7T;C5H5Fe(co)(TT—C3H5)

was obtained when the reaction was carried out in refluxing diglyme,
(bp 162°C). The product could not be isolated because of the low vol-
atility of the solvent. Conducting the reaction at 160°C, (hexane
solution), in a stainless steel bomb was more successful, and

while the IR spectrum of the reaction solution indicated a large

amount of product, only a small amount of 7T—C5H5Fe(co)(1TLC3H5)

was isolated by sublimation., The IR and mass spectra were used to
identify the compound, (molecular ion at m/e 190).
acti i - a .
The C02(CO)8 reaction yielded T C3H5Co(co)3 nd (C3H5)BSnCo(CO)4

The latter could not be isolated from the unreacted Sn(C3H5)4 but

was identified by the (-0 absorption bands in the IR spectrum

-1
(2079 (s), 2017 (m), 1990 (vs) cm ) by comparison to the IR spectra

reported for Me3SnCo(CO)4 and PhBSnCo(CO)4.(102)

From this reaction and the proposed pathway for analogous

(97) the mechanism for the Sn(C_H_) 6 reactions

Tr-c _H_SnMe_ reactions, 3H5)

575 3

can be described in terms of an oxidative cleavage of the bridging
carbonyl complex. Although evidence for this was found in only one of
the reactions carried out, it is likely to be the case for the other

three reactions.

RM~MR + Sn(c3H5)4————>-R'M—’TT—c3H + R! 'M—Sn(C3H )

5 573

Where R, R' and R'' represent the CO or TT—CSHSligands.



SECTION E

arati -
Preparation of TT- C3H5Fe(CO)3SnPh3
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Introduction

In the reaction of tetraallyltin with Fe2(CO)9, the pos-

sibility of one of the products being TT—C3H5Fe(CO)3Sn(C3H5)3
was considered. On looking through the literature for a report con-

cerning complexes of this type, it was found that none had been

prepared. 1In fact, only three reports concerning Tl-allyl-metal-SnR

3
systems were found and these did not pertain to the complex in ques-
tion.

(96)
+ Sn(C_H — J -
Ee(NO)zc:l:lz ( 3 5)4 Fe (NO),, (TT C3H5)] ,SnCl,
//PPh3 (103) +
T-Cc H.Pt + Sncl, ——>TI-C Hg EIT C,H PtPPh sncl
3757 N 2 3 3
Ccl
10% 50%
(104) PPh,
E?TLZ—Me-C H )PdC{] + 2PPh_ + 2S8nCl  ———3>>2(T-2-Me-C_H )Pd\
34 2 3 2 374
SnCl3

The lack of TT-allyl complexes of this type was unusual because
of the known existence of T - C3H5Fe(CO) I for several years, and
the extensive research conducted by several groups into the chemistry
and spectral characteristics of a variety of Tl -cyclopentadienyl com—
plexes of the general type TT-C_H_M (CO) ER3, (where M = Mo, Cr or W,

575
(62) These

and E = 8i, Ge or Sn, and R = alkyl, aryl or halogen).
complexes have also been studied by phosphine substitution reactions

where one carbonyl group has been replaced by a trialkyl or triaryl
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phosphine group. The general method of preparation for these

complexes is shown by this example.(los)

’IT—CSHSMo(CO)3I + Na/Hg ——3 Na['Tr-CSHSMo(CO)?]
- —_—— —
Na [’IT CSHSMO(CO)Q + MeBSnCl T CSHSMO(CO)3SnMe3 + Nacl

The phosphine substitution can be carried out directly.

heat

- _— T -
IT- CSHSMO(CO)BSnMe3 + PPh3 C5H5M0(C0)2(PPh3)SnMe3

or by an indirect method which in this case was the more successful.

TT—CSHSMO(CO) 31 + _PPh3_—————>- TT—CBHSMO(CO)Z(PPh3)I
7T—c5H5Mo(co)2 (PPh3)I + Na/Hg ——>= Na [W—CSHSMo(CO)zpphg

HSMo(CO)z(PPh3)SnMe + Nacl

3

Na[’IT—CSHSMo(CO)z(PPhBZ] + MeBSnCl —-—>—-’IT-05

06)

1
Cullen_gzﬂgl( prepared a series of ligand-substituted iron

complexes of the type: TT—CSHSFe(CO)(L)SnR (where R = Me, Ph or

3’
Cl and I = CO, triphenylarsine, stibine or phosphine). The complexes

were prepared from TI-C_H Fe(co)zsnR by reaction with the ligand in

575 3

the presence of ultra violet light. NMR, IR and Mossbauer spectra of
the derivatives were reported.
The work presented here is the first step in extending the prev-

ious studies in Tl -cyclopentadienyl complexes to Tr-allyl complexes.
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Experimental

(7T—C3H5)Fe(co)35nph3

-

The sodium salt of 7T—C3H5Fe(CO)3— was prepared by stirring

TT—C3H Fe(CO)3I (5 g) with excess sodium amalgam in THF for 45

5
minutes under N2. An excess of Ph3SnC1 (6 g) was added to the sol-
ution at room temperature after the removal of the amalgam. The
solution was stirred for one hour. The THF was removed in vacuo

and benzene distilled into the flask (0.1 mm). The insoluble
material was filtered off under N2 and the crude product isolated

by removing the benzene in vacuo. The resulting solid was dissolved
in a minimum amount of boiling hexane and the solution cooled slowly
to 0°C. large yellow crystals were separated mechanically from the
unreacted, white Ph3SnCl. Recrystallization gave an air-stable
yellow solid, (mp 70°C), in 70% yield. Elemental analysis cal-
culated for 7TfC3H5Fe(CO)3SnPh3: C 54.29%, H 3.77%, and Sn 22,39%,
found: C 54.94%, H 3.98% and Sn 21.90%.

(’IT—CBHS)Fe(CO)z(PPh3)SnPh3

T-Cc. = Fe(CO)3SnPh (1.2 g, 2.2 mmol), and triphenyl-

375 3’

phosphine, (0.9 g, 3.3 mmol), were reacted in 50 ml benzene at
reflux under N2 for two hours. Then 50 ml hexane was added. The
solution was refluxed briefly, filtered and allowed to cool at

room temperature. Fine, light yellow, air-stable crystals in 90%

yield were obtained, Recrystallization from 1:1 benzene-hexane
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gave the pure product, (mp 185°C - 189°C (decomposition)) .

Elemental analysis calculated for C3H5Fe(CO)2(PPh3)SnPh3:

C 64.34%, H 4.62%, Fe 7.30%, Sn 15.51%, found: C 64.35%,

-

H 4.60%, Fe 7.03%, Sn 15.37%.
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Results and Discussion

The reaction of Na[i?T—c3H5Fe(co);] with Ph33n01 went
smoothly to yield the complex 7T;C3H5Fe(co)3SnPh3. The mass
spectrum showed the paremnt ion at m/e 532, (based on 120Sn,
32.85% natural isotopic abundance), with the successive loss
of three carbonyl groups. The IR and NMR spectra (Table XIV)
are easily interpreted and do not show the presence of rotameric

isomers for the compound in solution as does TT—CBHSFe(CO)3I.(15)

Figure 12 IR carbonyl ab-

sorption bands of

’IT—.CBH5Fe (CO) 3SnPh3

—

T
© T

The IR spectrum of TT—C3H Fe(co)SI shows four (-0 absorption bands

5

and the NMR spectrum shows a complicated number of resonance ab-
sorptions at 40°C which can only be interpreted at -65°C. To ex-
(15)

plain the spectral data, Nesmayanov et al proposed the exist-

ence of two conformers of the Tl-allyl group, due to the hindered
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rotation of the IT-allyl group about the TT-allyl-iron bond. One
conformation has the C2 carbon of the Tl-allyl ligand directed to-
wards the iodine atom, the other with the c2 carbon directed away

from the iodine atom, (see Section B, p.70). For TT—C3H5Fe(CO)BSnPh

37
the spectral data can be interpreted as indicating either free rot-
ation or completely restricted rotation about the 7T -allyl-iron bond.
Because of the size of the SnPh3 group, it is more likely this ro-

tation is completely restricted and the Tr-allyl group stays in

the conformation in which the C2 carbon is directed away from the

‘<~.I~:/Snph3

Fe
C{///
o Cf)
i C
0

SnPh3 group.

Whether or not the molecule is essentially octahedral as was

(107)

shown for TT-C3H5Fe(CO)3I can only be determined by an x-ray

crystal structure analysis.

The reaction of TI-C._H Fe(CO)3SnPh

585 with PPh3 proceeded in re-

3

fluxing benzene to give '7T'—C3H5Fe(CO)2(PPh3)SnPh3 in good yield.

This reaction is interesting because of the possibility of cis- and
. . . 08 9
trans-isomers being produced. There has been considerable study(l . 109)

done on the cis- and trans-isomers of 7T—C5H5M0(CO)2LR, where

L = PPh,, P(n-but)_, P(OMe), and P(OPh) ;; R = H, phCH,., Cl, Br,

3 2
(105, 108)

I. Manning observed the cis- and trans-isomers of

7T—C5H5M0(CO)2PRBI complexes but could only identify the trans-form
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of 7T—C5H5M0(CO)2(PR3)SnPh complexes,

3
The EEE' and_EEEEE-isomers ofTT—CSHSMo(CO)z(PR3)I complexes
were identified by IR and NMR. In the IR spectrum, two C-O bands
were observed for both isomers. The band at higher frequency was
the more intense of the two for the cis-isomer but weaker for
the trans-isomer. The NMR spectrum showed the resonance absorption
due to the cyclopentadienyl protons of the cis-isomer to be a
singlet, but a 1:1 doublet for the trans-derivative, (split by

the 31P of the phosphine group).

|
A

2 |

}—-—»—‘

Figure 13 IR carbonyl absorption bands of ’IT'—C3H5Fe(CO)2(PPh3)SnPh3

From the C-0 absorption band intensities, (higher frequency
band less intense), in the IR spectrum, (Fig. 11), and the splitting
of the allylic protons by the phosphorus nucleus, (2 Hz for the syn-
protons and 11 Hz for the anti-protons), in the NMR spectrum,
(Table XIV), it is concluded that the compound TT—C3H5Fe(Co)2(PPh3)SnPh3
was isolated in the trans-form.

As it was concluded that the trans-form was prepared, it has
not been determined whether the cis-form would give rise to different

IR and NMR spectra. It must be remembered that crystal structure
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analyses of TI‘—CSHSMO(CO)3X, (where X = Cl, Snph3), (110, 111)

show these molecules to have a tetragonal pyramidal structure,

while TI-C_H Fe(CO)BI has been shown to have a distorted octa-

35
(107}

hedral structure which does not approach a tetragonal

pyramidal arrangement of the ligands. The complex TT—C3H5Fe(CO)2(PPh3)I

(112) (80}

was synthesized by Heck and Boss and Nesmeyanov et al , but

the configuration of the ligands was not discussed.



TABLE XIV

(a)

IR and NMR Spectra of ’TT—C3H Fe(CO)3SnPh3 and ’IT—C3H5Fe(CO) (PPh3)SnPh

2 3

5

He

I
HB\\\C///C\\\b///HB
| |

}% P%
(b)
-1
Complex V(Cco) am 8A SB SC Sph JA,C B, C
'7T-C3H5Fe(CO)3SnPh3 1979 (s) 1.59 (d{c) 2.27 (dy 4.67 (m) 7.1 (m) 13 6
1988 (s)
2041 (s)
TT—CBHSFe(CO)2(PPh3)SnPh3 1212 (vs) 1.36 (t) 2.44 (g) * 7.5 (m) 11 7
= 11 = 2
19692 (s) JA,P JB,P

(a) Pentane solutions for IR; CDCl3 solutions for NMR, (5% TMS)
(b) ES values in ppm downfield from TMS, J values in Hz

(c) BAbbreviations: (s) strong, (vs) very strong, (d) doublet, (m) multiplet, (t) triplet,

(gq) gquartet

* Solution too dilute to observe resonance absorption of Hc.

60T
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