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~ resonance behav1or in some cases.

" ABSTRACT

The preparation of an extensive serles of organo-
silyl(n-tyclopentadlenyl)dlcarbonyllron compounds by
various reaction pathways is described. . Of particular

A

interest, were compounds of formula CpFe (CO) €1X2R (X. # R),
whose solution. 1nfrared\spectra in the carbonyl region
showed the presence of two rotamers and enabled thelr
relatlvo proportions to be d 2rmined. Groups X and RA
were varled in a systematlc manne% to determine how
rotamer populatlons were affec ed Also, related iron-
) carbon, iron-tin, ruthenium-siiicon, and ruthen1um~t1n
compounds were prepared and 1nvest1gated. The nuclear
magnetic resonance results for these compounds were
con51stent with a low barrier to rotation about the metal—
Group IV element bond It is suggested that the deC1d1ng
factor controlling which rotamer is favored is an at-’
tractlve interaction between the =- cyclopentadlenyl
moiety and substituents X or R. Structural evidence
supports thls hypothe51s.

Reactlon of- selected organOSllyl(n—cyclopentadlenyl)—
dlcarbonyllron compounds Wlth PMezPh ylelded mono- and
bisphosphine substltuted complexes The blsphosphlne

compounds were of 1nterest s1nce the phosphorus—methyl

resonance showed temperature dependent proton magnetic
V. .

4\/r_.w - . ’
’ o iv _ : .



4 .
The preparation of_hydridobisorganOSilyl(n—cyclo—

pentadienyl)monocarbodyliron complexes by the oxidative
eliminatién reaction involving CpFé(CO)ZSiR3 and HSiR3 was
investigated with various silanes, and the compounds

were studied spect:oécopically. In addition, the kinetics
of the reductiYe elimination reaction involving

CpFe (CO)H(SiMe,Ph), with PMe,Ph was studied, and ac&ivation

- parameters were derived,

S
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CHAPTER I

INTRODUCTION

The chemistry of Group I;b to transition metal com-~
Plexes has become,well established over the past ten
years. General reviews on this: subject have discussed
synthesis ang Characteristjes of these compounds l 2.3
Two more recent reviews are’ concerned solely w1th 5111COn
tran51tlon metal compounds4'5 and these- coupled with
the Ph.D. work of Jetz6 have served as an 1nvaluable
reference source to synthetic aspects of organ051lyl—
(ﬂ—cyclopentadlenyl)dlcarbonyllron complexes.

In this introduction an attempt to review comprehen—
sively the field of Group IVb to tran51tlon metal com-

- Plexes would be of little use in view of the above;
however, an attempt to convey some of the interests in
this area of organometallic chemistry w1ll be made.

Slnce in the present work Group Ivb = 3111con, a more
detailed dlscus510n on 5111con trdnsition metal complexes

-

will be presented



v

A. Transition Metal - QrOup IVb Complexes
. \\ .
\

N

Transition metal compbexos of formula R3M'—ML a
(M'" = 8Si, Ge, Sn, Pb; M = ¢ ansition metal) are known
for all the Group IVb elements The environment about

M' is the expected tetrahedral configuration. Struyc-

7I 8’

tural' and infraredlo'll’12 evid :s been

\ .
: . v : ,
interpreted as indicating (d~qd) n3hondlna between M!'

A
A

.and M. | o
4 _ _ﬁ\

1) Preparative Methods

There are six pr1nc1pal methods of syntht5121ng
R3 —ML compounds No 51ngle method is completely
general but each suits a partlcular need ' These w1ll

now be presented ‘along with an example to 1llustrate

the method. ' !

/

a. Metathetical Reactions with Transition Metal Anions

Example: CpFe(CO) Na + Ph3SnCl > CpFe(CO) SnPh + Nacl

Thls is Perhaps the most w1dely applled method of
formlng a tran51tlon metal to Group IVb element bond.

Thls meéthod also allows one to place more than one tran-

Throughout this thesis R3M' will be used to denote a
‘general set of substituents atta;\ed to the Group IVb
element. Also, Ln represents a general set of n llgands
on the tran51tlon metal Cyclopentadlenyl anlon w1ll be

abbreviated Cp



sition motal group upon the ‘Group IVb atom, however,
such complexbs have not been obtained for silicon.
Normally one employs THF as sdlvent in thlS reaction;
however, halosilanes react in an anomalous manner13
unlike the other Group 1Vb compounds. 14 De51red silyl
complexes may be synth0812td by oarry;ng the reactlon
out in the abscnce of solvent or by u51ng ether "as
solvent. Further discussion concernlng the'anomalous

reaction of halosilanestith transition metal anions

in THF will be presented in. Chapter II.

b.- Cleavage of Metal -Metal Bonds by’ Group IVb Hydrldes
N Fhample. 2R SiH + Coz(CO) —»I..’f)R381Co(CO)-4 + H2 -
) »
The above methodxrepresents a clean and efficient
synthetlc route to R3M —ML compounds Unfortunately
_4He commer01al unavallablllty of Group IVb hydrides
severely llmlts the generality of the method. However,

hydrides of 51llcon are readily avallable, therefore

thlS is a, partlcularly useful synthetic route ‘to 5111con

transition metal complexes
Chalk and Harrodls found ‘that CoZ(CO) and R3SiH
reacted rapldly at room -temperature. Thls contrasts w1th

the elevated temperatures requ1red for the reactlon of
51lanes with M (CO)lo (M = Mn, Re) and [CpFe(CO)2]2.64

16

Sllanes_also react photolytlcally with Cf)'Rh(CQ)2 and

Re (CO) 17



C. Reaction of Transition Metal Halides with” Alkali

Derivatives of Group IVb Elements
A

Example: (EtBP)zptClz + 2LiGcPh3 > (Et_P) pt(GePh3)2 + 2LicC1

3772

Method (c) is limited by the avallablllty ﬂf the
" Group IVb derlvatlves3 and also by the react1v1ty of the

solvents in whlch they sometimes must be prepar

A fUrther complication arises due to a competi side

18/

reaction in&olvlng halogen - metal ekchange.
.MerCUry derivatives of formula Hg (M'R;) ., have also
been reacted with halo- transition metal complexes to'
afford metal metal bonded compounds 18, 19. The compound‘
Hg(SlMe3)2 was utilized for the preparation of the
elusive complex, (Me3Si)2Fe(CO)4. 20 Again;‘tbealimited
avallability of Hg(m'R3)é compounds is a problem. .
d. Insertion of Divalenthrouprb:Halrdes into Metal-

Metal Bonds
Example: "lcpNi(co)], + sncl, » clzsn[Ni(co)Cp]_2

: Thls reactlon is llmlted by the avallablllty of the
N
&

dlvalent Group IVb halldes under standard laboratory
conditions. Thls ellmlnates s1llcon and leaves GeIZ, GeBr2

and the dlvalent halldes of tin and lead , Dloxane

4

‘complexed GeCl2 has also been used to 1nsert 1nto the

iron- methyl bond of CpFe(CO) Me 21 Insertlon of

t1n(II) halldes 1nto tran51tlon metal alkyl bonds also



- . 22
has”been applied. .

Nl

e.. Oxidative Addition to a Transition Metdl_Complcx

3

Example: (Ph3P)21r(CO)Cl + Cl,.S5iHH -~

’

(Ph3P)2Ir(CO)(C])(SiCl3)H

This method is quite restricted in its scope since

~the transition metdl is rcqulred to increase its oxi-

dation and coordlnatlon number by two. Square planar
d8 complexes: are the most common oompounds‘which undergo
this reversible reaction. A useful account of oxidative

-

addition reactions has appeared_in the literature.23
f,: Oxidative Elimination Reactions\

Example: - Fe(CO)5_+.‘SnCl4 > Pe(CO) (Cl)SnCl3 + CO

Method (f) differs from (e) in -that a neutral llgand

such as CO is expelled from' the coordlnatlon sphere"

of the tran51tlon metal 24 Thls sometlmes results in

complexes for Wthh the tranS1tlon metal possesses. an

unusual coordlnatlon number.25 It also allows one to

. [ .
introduce two univalent ligands onto a transition
metal complex outside of the limited scope of the

26
OXJZJtlve addltlon reactlon.

']
Of the six methods just discussed for the formation

or R3M -ML compounds, the first tw0 were applled in

the present work to prepare CFFe(CO) SlR3 compounds.
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Also, the lattervmethod was employed in the synthesis
of CpFe(CO)}l(SiRB)2 complexes. These reactions will
be fully discussed in Chapter TII. ”

ii) Bonding Consideratidns of RM" =ML Compounds -

Organotransition metal complexes.usua;&y conform
to an empirical principle first deyised fof classical
transition metal carbonyl complexes known as the effet-
tive atomic number‘(EAN) rule. This rule implies that
low oxidationistate organotransition metél compounds
usually will possess a valence shell of 18 électrons.
Presumably‘this représents a configurationally stable
sifuati?n'in analogy with tﬁe closed octet of first
fow elements. That t?is is ﬁhe case for’most ofgano—

metallic transitibn metal compounds isolable under normal

circumstances is very useful in elucidating the structures

-

of many of these complexes. | ’ Z
The procedure which'is followed in utilizing the
EAN rule involves deﬁermination of the formal oxidatigp
. state of the metéllwhich allows cne to determine théir
number of eléctfonS-within the valence shell. To this.
.number is added the electrons donated Ey the‘ligénds
to thé metal, the total-amounting to 18; This procedufe
together wi£h_ékamplés‘énd exceptions has been discuSsed‘.27
In the casé ofR3M'-MLn.cbmplexes,‘§3M' is normally

a one éieq;ron’donating.ligand. However, a growing -

N
\\



series of compounds are being investigated where the
Group IVb element may be considered a two ,electron
donor.28 29, 30 ‘Recent structural work3l aud Mossbauer
studiee32 indicate that the above compcunds are best.
described as poOssessing an ylide t}pe structure in which
the Group IVb eiement contributes the usual one electron
to the metal—metal band. Aan authc i1tic stannylene com-
pound apparently has been prepared,33 wherein the metal-
metal bond necessarily.invqlvés donation of tweo electrons
from tin. No doubt interests in this area will
cOntipue in view of the close similarity with the well
established’ carbene compounds.34

SinCe all of the Group 1IVb elements possess low
lying vacant d-orbitals, the poSsibility of back
dcnation of d" electron density exists. Such back
donation has been'invoked.to account for the greater
thermal stability of R M'—MLn compieXes as compared to

3

a logous R,C-ML compounds. However, the above
3 n ,
[

interpretation is misleading since it neglects low
energy degradation”pathways open to transition metal
alkyls but not to transition metal Group IVb compounds.35

X-ray structures on Group IVb transition metal
compounds7 +8. 9'36'37 have been interpreted as-indicating
either little or no m-bonding or sigufficant m-bonding
between the metals.. Differing 1nterpretatlons arise

due to the problems of ass1gn1ng accurate cavalent rad11



. 38
to the metals involved. Also, obscerved mot
bond shortening: has been suggested to arise f
bonding interaction between equatorial groups

CO with the Group IVb eloment.39

A

Another approach to the quostion‘of mcetal-

n=bonding makes use of carbonyl stretching fo
and trends obscrved within a series-of ‘compou

o .
varying interpretations have been made by a n

| workers.lo’ll’12’4o’41 In order to undorstan

arguments bascd on forgs constants are made;
necessary to consider tne bonding,between C?
transition metal.

The transition metal—CO Lcnd consists of
orbital overlaps, as fo;loyg& the lone peﬁr
donates’eleot:on density into an empty metalu
thus forﬁing a o-bond. A filled metal n-orbi
donafés electnon density:into the CO antibond
providingAsomerdegree of double bond characte
" the metal-carbon bona ‘Such a bond is descrl
‘synerglc since the electron density drlfts
from CO to metal via,theﬁo—bbnd and from meta
via the n-bond. Since the rn-bond involves an
'orbitals on CO, increasing'occupation of this
molecular orbltal will weaken the carbon -0OXyg

On the other hand, since the lone pair on car

somewhat antibonding, a stronger metal—carbon

8

al-metal
rom a weak
such as
metal
rce constants
nds. Again,
umber of
d how °
it is
and a
\ e
two dative
on carbon
orbital,
tal then
ing orbital , /
r within

bed as

1 to CO
tioonding
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bon is

. )
o-bond



results in a stronger carbon-oxygen bond.42 ‘Since
the carbon-oxygen bond strength is related to

its stretching force constant, variations in force
constants should reflect changes in the metal-carbon
bond. This in turn will be reléted to the demand for
metal electron.density from other ligands such as
R,M' within thc’complex. However, often the effect

3

that RgM' exerts upon the transition metal-carbon

o-bond is overlooked when trends within a series are

«

considered.43 Neglect of the above effect results in
an overestimation of the n-bonding effect within
these¢ compounds. A further source of confusion arisé%

out of differing approximations applied by various

10,11,12,40,41,43

workers to the soiution of the force .

t

constant problem for related systems.
:
ii1) The‘fransition Métal—silicon Bond
Studies upon the thermal and chemical: properties

" of silicon-transition metal bonds show it to be highly

v [~

dependent upon the transition metal,44 Generally, the

silicon-transition metal bond is thermally-stablé45'46’47’48

in comparison to the alkyl-transition metal bona. 4

Anhydrous hydrogen halides readily cleave the irong -
/ o . ‘ ’ [N v it
silicon47’49 bond but not the cobalt48_or manganese46—v

-

" silicon bonds. In contrast ;to the above, the iron-silicon

- bond resists hydrolysis, methanolysis, and attack by
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base such as EtBN.47 In each case the cobalt- 44,48
“and manganeseso—silicon bonds are readily cleaved.
' &

Recent work on the difficult to prepare silicon-M
(M = Mo, W) compounds suggests that these complexes

are the least chemically stable of the transition

~metal-silicon compounds. 51’52 The above resultﬂ suggest

the following rough order of thermal and chemlcah

stability for M-Si; Fe - Si > Mn - Si ¥ co -"si »
‘ A I ‘ ‘
W - Si =~ Mo - Si.

The silicon-transition metal bond shows no tendency

to undergo insertion of CO or so, 44,50 even though

A

alkyl bonds. Howe

\

these molecule dily insert 1nto tran31tlon metal-

er, an 1nterest1ng thermal

rearranqement of the(CO) SlMe2 Cln(CHZCl) to e

CpFe(CO) CstlMe2 Cln+l (n =0, 1, 2) has been obseryed,53'

1nd1cat1ng that the iron-silicon and iron-carbon bond

Co
/s
/

7 ) .
. , . |

" stxéngths in these compounds are comparable.

e
B. Organ031lyl(n cyclopentadlenyl)dlcarbonyllron and
Related Compounds o
.This class of compounds have been studied in the

present work and an indication of the interest in these
I

compounds will ‘now be presented
b 0 (
i) CpFe(co) 2S1iR; Compounds g

- Interest in these compounds arises from the obser-

Avatlon of conformers in the carbonyl 1nfrared spectra of



11

CpFe(CO)ZSisz compounds. This phenomcnon was first

observed for the Compou CpFeKCO)zsiC12Me54 whose

infrared spectrum showed our strong carbonyl bands.

The observation of doubke the ‘number of carbonyl bands
expected was ratlgnallzed on the basis that two conformers
were present.“ These conformers arlse becauSe rotatlon

'about the silicon- 1ronibond glves rlse to two non-
“r
equlvalent staggered rodbamers as shown in Flgure I-1.
o«
Other types of rotational isomerism have been observed

and are exempllfled by CpMo(CO)2 allyl55 and

56 _
Cy 4ch(c:O) ,PY5.7" \ \

In order to study'trends affectingffotamer populationsﬂ
observed bj.the CO infrared spectra of these compounds,.', tyg
it is necessary to assign the bands to the conformers .
shown in Flgure I—I:“ Almethod of a531gnment has appeared
in the literature57 and‘Was adopted'in this work. After
assignment is'made, rotamer populatiorns may be deter-
mined,vaSSuming tbat each'conformer possessés the same

molar extinétion coefficient. It.is felt that this islf

a reasoﬁablefaSSumption_in'viewtof the nearly identical
structure of the molecules. The results of this study

will be presented in Chapter IV. - " : '7/

ii) CpFe(CO)H(SiR3)'2 Compounds -

Up to the present work, the only knownlcompound of

the above formula was the 5iCl, derivative. This compound

< -
. -
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J,f

y
- . 58
possesses strong acidic properties, an unusual result

since organotransition cémplexes containing a transition
metal—hyarogen bond are rekerred to as hydrido com-
plexes.59 (Reference 59 is a useful review on trénsition
metal hydrido compounds.) Other trichlorosilyl tfansition

metal hydrido compounds have been'prepared and charac-
58,60 '

[ ]
has been reported61 and the experimental details regarding

its preparation are available.62

terized. Also, the compound CpMn(CO)zH(SiPh3)

oo -

Further interest in organotransition metal hydrido
'silyl compounds érises from X-ray result562’63’64
.where tir® stereochemical roie of the hydrogen atom  is |
-important. Thg éboﬁe results indicate some,dégree of
transitiénvhetal—hydrogen—silicon'bridging in these
:complexes, éspeciqlly where steric crowding is observed.6A
- Two of the CéFe(CO)H(SiR3)2'ébmp&unds prepared in the
present work were investigated by X-ray érystallography
?énd thése results wiil be discussed in Chaéter VI.

Further interest‘in CpFeKCO)?(éiR3)2 compounds ‘arose
from mass spectra, iﬁfrared spectra, and NMR'reéults.
‘These will be discussed in Chapters III,.IV,_énd_V

respectively. o | ‘

o .
iii)' CpFe(CO)an(?MezPhjncsiR3) (n = 142).C§m?ounds
Compoynds of the above éeneral formula have been

4

prepared yielding monocarbonyl derivatives of SiMe3 and

(o)



A 4

A

. - 66
SnMg3 with PPh3 and P(OPh)3.

compounds of SiMe3 and SnMe3 with the bidentate phosphine

ligands thPCHZCHZPPh2 and cls—thPCH‘—-CHPPh2 were

prepared.66 The above results suggested that bisphosphine

‘Also, the carbonyl free

derivatives of formula CpFeL,SiR, (L = PMe,Ph) should be

2 3 p——

accessible. Thesc sompounds would be of interest since
an intramolecular rearrangement of a tetrahedral complex
through a planar‘intermediate has been proposed.67' NMR

results presented in Chapter V on CpFe(PMePh)ZSiR3

cpmplexes support the above suggestion.

14



" CHAPTER II °

- SYNTHETIC ASPECTS

The.preparation of compounds of formula CpFe(CO)zsiR3
will now be discussed alono with reactions of these com-
piexes: The'synthetic‘methods which have been applied
will be recognized to fall into some of the categories
presented. in Chapter I describing the formation of
R3M"—MLn compounds.

A. Formation of CpFe(Co)éSiRB Compounds

Complexes of the above general formula are acceSSible
'v1a three reaction pathways in which formation of the
iron-silicon bond is accomplished. The first two
methods are‘of general application and have beendused
in the present work. The third method has been'utilized’

in the preparation of CpFe (CO) SiH3 68 and is severely

limited in 1ts scope as Will become eVident later.

i) Thermal Reaction: Cleavage of the Iron-Iron

Bond by Si-H '

'Reaction (1) illustrates this preparatiue method
1which is analogous to the procedure used by Chalk and
Harrod15 for: the synthesis of Co(CO) SlR3 compounds.
In the case of the feaction of. Co (CO)8 With HSlR3,

the reaction proceeds at room temperature Reaction (L)

A

15



1
\

W\ t

- on the other hand, requires temperatures of 130°-175°.

3 2

[CpFe(CO)2]2 + 2H51R3

A, 2CpFe (CO) ,5iR, + H (1)

Due ‘to the volatility of most of the silanes employed,

reaction (1) is carried out in a Carius tube in the

“absence of solvent. The time and reaction tempereture"

rquired are dependent upon .the substituents attached

to silicon. -Generally,:it is found that electron with-

_}diawing substituents promote reaction. Thus, Cl;SiH

. reacts in 30-minutes at 130° while MeBSiH requires a

reaction time of two days at a temperature of 165°.
Jet26 has employed reaction (i) in the preparation

compodnds where SiR3 = SlCl3, SiClee,-

SlMeZCl, SlMe3, $1Ph3, SlthH, SlePh, SlCl2

and SiPh(Me)Cl. In the present work a wide variety of

of CpFe (CO) ,SiR,

Ph, 'Si (OEt) ,Me

compounds have been prepared accordlng to reaction (1),

and it appears the only 11m1tat10n on the compounds

‘

accessible would be the avallablllty of a partlcular

16

51lane and the thermal stablllty of the 5111con—subst1tuent

bond. For.example, the silicon-sulfur or 3111cpn—n1trogen
bonds will not survive the necessary reaction tempera-
tures. Therefore, compounds with these linkages are not

' . CL . b
accessible in this manner.



ii)‘:MetatheticalMReaction; Reaction of.CpFe(CO)zNa

with Si-Cl

of ali the metal carbonyl anions,d[CpFe(CO)é];
is’the strongest nucleophile,70'end it is the only -one
“‘which reacts normally in'THF‘withbathalosiléne according
to reaction (2).

THE, cpre (C0) ,SiR, + NaCl (@)

CpFe(CQ)ZNa + C1SiR
I

3

-

Reactlon (2) has been applled to - the synthe51s of

compounds where SlR3 = 81C13_xPhx-(x_—

CpFe(CO)281R3
0, 1, 2"} Me,si(siMe,)  (n=1, 2, 3,77 siMe,n,’?
. o 73 .. B 73
SiPhy_-Me (x = 0, 1, 2),'~ SiPh,(CH=CH,), "
73 4

2 The basic

S utility of reaction (2) is in obtaining compounds in

. : S P 7
SiPh (Me) (1-Np), and SiCH CHZCHZ(Me),

; whlch a silicon- hydrogen bond is preserved as in

CpFe (CO) SlMezH.72 Where the thermal method (Al) 1s

feasible, it should be applled because of hlgher ylelds .

>

obtained for comparable silanes.

In view of the unlque behav1or of the CpFe(CO)2

anion, it is- of 1nterest to 1nqu1re why other trans1tlon .

metal carbonyl anions do not react according to reactlon'
: 14 S : o
. (2)' } o N ) v . x.“. .

- The f6110wing'facte are known:

(a) Metal carbonyl anlons such as Mn(CO)S, Co(CO)4,

|

'CpFe(CO)z, etc. all react in THF w1th XM Ry (X = halogen,_

i

17



M! % Ge, Sn, Pb; R = alkyl or aryl) to produce normalv
metalemetal bonded compounds. 14

(b) Metal carbonyl anlons other than CpFe(CO)2
do not react w1th ha1051lanes in THF to form the expected‘
metal=- s111con Bonded compounds 13 75,76

(c) Metal carbonyl anions w1ll react w1th ha10511anes
in the absence of. THF to produce the expected compound 50,76

(d) Ev1dence for a reversible dissociation of the
tvpe<glven 1nureaction (3) is ac’:cumulating._747’i78

RyM'~ML_ + B 2 [R3M'QB]+ + ML | | 4l (3)

A} . e

Curtis75 has suggested that the anomolous reactlon
of halosrianes with tran51tlon metal carbonyl anlons
.llkely 1nvolves nucleophlllc attack of a carbonyl oxygen
upon the ha1051lane This would explain the observed
formatlon of dlSlloxanes and hlghly unstable carbonyl -
1compounds later shown to be’ polynuclear metal carbonyl
'anlons.lg However, Curtls' suggestlbn does not account-
for the fact that normal reactlons occur in the absence
of THF. -

A poss1b111ty not’ con51dered by Curtls, but whlch
.seems reasonable in view of p01nt (c) above, is that
- a 51llcon tran51t10n metal bond is forzed whlch then
dlssoc1ates accordlng to reactlon (3). The [R Sl+THF]

catlon formed may then attack a nucleophlllc centre

"such as carbonyl oxygen or THF oxygen ?hlsrwould drive'

18
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, Q
ereactlon (3) completely to'the right ang ultlmately
‘result in the productlon of the observed anomalous
;products.

ThlS would exp@aln the observed decompOSLtlon products

formed when Me381Co(CO) is exposed to THF 79 ,A‘recent‘

v"products obtalned when Co (CO)8 or NaCo(CO)4 react w1th

ﬁe4 SlCl (x=4,3) 1q ethereal solvent 80

The above ev1dence and the four p01nts presented
seem more con51stent Wlth the folIOW1ng 1nterpretatlon

for the anomalous reactlons of halosilanes with transition

K

metal carbonyl anlons ‘The - weak nucleophile THF ‘could

dlsplace SlR Erém R381ML 1n~the manner described under

o
"p01nt (d) : Normally this would be a rever51ble disg-

placement which explalns p01nt (a). - However, the inter- -
mediate [R Sl+THEﬂ could be hlghly reactlve, and would
then attack th® carbonyl - oxygen or the THF oxygen resultlng
;1n the productlon of elther dlslloxanes, c1s— and trans-

I

R351OCHaCHEt or metal carbonyl compounds such as anions-

I
or neutral spe01es contalnlng the "R351OC" m01ety 79,80

:{ N In connectlon w1th the above, it was found that
'CpFe(CO) SlMe2Ph survived reflux1ng 1n.THF for one: day
.1n overall 75% yleld Thus, the normal reaction of
CpFe(CO)2 w1th ha1051lanes is normal" in the sense

that the 1ron 5111con bond in these complexes is hlghly :

7

19



resistapt to THF attack. The latter would result . from
the fact that equilibrium (3) lies far to the left when

MLn is CpFe(CO)z.
iii) Reaction of CpFe(CO)2 Halides with R3SiLi

It was pointed out earlier that this method is of

limi%ed‘utiiity, and it is only included for completeness.

Reaction (4) illustrates the method which to date has

~only beenvapplied to the formation of CpEe(CO)ZSiH3.68

3
(X = halogen, M = Li,'K)

CpFe (CO) X + R Si-M + CpFe(CO),SiRy + MX (4)

v

Thé method is analogous to reactions carried out in

81,82

platinum chemistry and is, severely limited by the

availability of R Si—M.3 This obvious limitation and the

3
" wide scope of preparations foéred_by Methods (Ai} and

(Aii),rendex this route of 1ittle'intéreét for the for- .

compounds.

mation of CpFe(CO)éSiR3

B. Reactions of CpFe (CO) ,SiR, at Silicon:

A\ q -

In Chapter I an indication of the chemical stability

'of the transition metal-silicon bond was presented. The

( .
results - suggested that the iron-silicon linkage was

chemically the most inert. This allows one to perform

feaétibns at silicon, exploiting the reactivity of the

20



silicon-chlorine bond. Thus, the following two synthetic
methods have been applied to the synthesis'of
compounds.

CpFe (CO) ,SiR,

i) Formation of CpFe(CO)zsin(R3_x) (x =3, 2,1)

The reaction - ‘hlorosilanes with AgBF4 has been

described by Marks n~ ﬂyam.83 Reaction (5) illustrates

'CpFe(Co)ZsrCIX(R3_x) + FAGLT > ! _
CpFe(L»)ZCiEx(R3_X) + AgCl + xBF3 (5)
e )
this preparative-method The reaction proceeds rapidly
ln polar solvents such as acetonltrlle or acetone, however,
in the present work it was;found that significantly higher
yields could be obtaiﬁeﬁ\byremploylng benzene as solvent
In this case, a reaction time of two hours is requ1red
with vigorous stirring.

" The limited avallablllty of fluor051lanes makes thlS
method an attractlve route to fluorosilyl-iron’ carbonyl )
compounds. Also, the one fluorOSllane whlch is avallable,
H81F3, does not react cleanly 'with [CpFe(CO)2]2 by‘the
'thermal method. Large amounts of ferrocene®? are formed
‘making work up dlfflcult since CpFe (CO) SlF3 is verv |
volatlle, like ferrocene. To. avoid thls problem, a clean

synthe51s of CpFe(CO) SlFé can be accomplished. by reactlon

of AgBF, with CpFe (CO) ,sicl,. . &3

21
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11) Formation of CpFe(CO)281(YR)X(R )3—x (Y =

O, S; x -'1, 2)

TN

The synthesis of silicon alkoxy andﬁsiiioon thiol

‘compounds is wellvestablished in main group silicon
ohemistry.85 However, analogous transition metal-silicon
compounds have not been thoroughly investigated. A
rocent article Pas dppeared86 dealing wiﬁh the reaction
of CpFe(CO) SlCl3 with alcoholates.

. P
The method given by reaction (6) was applied in the

-

present work and it is considered that this is a superior

synthetic route to these compounds. This method has

the advantage of the milder chemical condltlons, since

excess Et3N will not»attack ‘the iron-silicon bond

’
whereas excess alcoholate readlly cleaves this llnkage 86

.CpFe(CO) Cl R

+ + '
2CLRa_ xEtBN xHYR —

CpIe(CO), (YR') Ry . + xEt3NHCl (6)

(where Y = 0, S; R; R' = alkyl, aryl)

'Thus,uan‘excess.of EtéN»can be used and the reaction
can be carried out in the alcohol or thiol, aoting és
SOIVent and;reactaht' Where the alcohol or thlol are not
Volatile, the reactlon can be conveniently carried- out 1n 
ether WLth st01chlometrlc amounts of RYH (Y = 0, g).

" | Reactlon(G) proceeds rapldly for primary and secon-

dary alkyl groups and requlres heat for tertlary alkyl



and for aryl groups. Tpiols réact more slowly than
alcohols, t-butyl mercaptan reacting incompletely even
after ten days. The thermal instabiffﬁy of the silicon-
sulfur bond dictates'thét reaction temperatures involying

thiols must be kept‘gelow 100°.

C. Carbonyl Substitution in CpFe(CO)ZSiR3

Two examples of feactions in which silicon-chlorine®
‘bondS‘have_been utilizgg in the' synthesis of further
CpFe(CO)ZSiﬁ3 compoundé have just Been disqussed; It is
also possible to prepare further organosilané iron com-

| poﬁnds by replacement of one or both carbonyl groups.
Such a"subsﬁitution is best accomplished through\u}tra—
violet irradiatibn which p;éduCes a coordinatively un-
saturated intermediate by expulsion of a carbonyl group.
The intermediate may then add a twp—electronrdonating
ligand such as a phosphine or two onefglectron‘donafing::
ffaéments of a neutral molecule sﬁch as H-SiR3.‘ This,is

indicated@ by reactions (7).

| . | -
[ ' Y "
. | RR3 CpFe(CO)PR3(51R3) PR3
. - CpFe (PR;3) ,Si 3 ..(7a)
CpFe (CO) ,SiR, hezzne CPFe (CO)SiRy + CO .
HS1Ry LCpFe (CO)H(SiR,), (7b)

i) Substitution of Carbonyl by Phosphine

: This is a well established reaction of transition

23
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metal carbonyl chemistry;vand has-already'been applied
to some CpFe(Co)ZSiR3 compounds.66'74'87 Reaction (7a) .
'illustrates the stoichiometry, which can 1nvolve the
expu181on of both carbonyls dépendlng upon " the amount

of phosphlne involved and also upon the phosphlne. .

Only monosubstltutlon 1s accompllshed 1f PRé"— PPh3,,

even if a large excess,of phosphlne is emploYed. For

t

other phosphlnes, some degree of dlsubstltutlon is”
observed, but often a mlxture of mono- and . dlsubstltutlon
. results, 1ndependent of the st01ch1 etry of . reactlon ’e', :
(7a). ,
N =
Separatlon of such a product mixture is best

accompllshed by column chromatography. ThlS method cannot

\

be applied when 5111con -halogen bonds-are present

The react1v1ty of these bonds results in decomposition of 2

the desired compounds upon the column. Purlflcatlon must

o

; be accompllshed by solvent extraction and recrystal-'
lization, a sometlmes difficult task with excess phosphlne

present.

ii) Substitution of Carbony? by H-SiRj'
The replacement of a carbonyl by H—SiR3 ‘represents
_a'well known reaction of organotranSJtlon metal
chemlstry, namely oxidative ellmlnatlon.25 Such a
replacement has only been observed for theksilanes

26

Hsic1. 60 and. HSlPh3 Tt was found in this work that

3



various silanes would react in the manner glVOn By

equatlon (7b) | 1?

The compound CpFe(CO)H(SiCléfzﬂwas found. to possess

strong acidic properties. 8 "Also, this hydrldo complex

" is formed during the thermal reactlon of H81Cl with
]..58 )

2°2°.

is apparently unique, since none of the CpFe(CO)H(SlR3)2

'[CpFe(CO) The trlchlor051lyl derlvative, howeverp

compounds synthesized in the present work showed acidic

' . a
properties, nor were . these compounds formed in thermal
. T

reactions between [CpFe(CO)Z]Z'and H81R3.

i

A more convenlent preparatlon of these hydrldo

compouhds 1S lAlustrated by reactlon (8) Thls‘reaction
. , A

[cpre (co) ,1, +.4HSiR3 fﬁﬁef 2CpFe(60)H(SiR3)2_+'2co +H,

| e . . | . (8)
is carried out in auseaied ouattz Carius tube in the
absence ofnsolvent; Reaction is hsually complete in:five

days; howeVer,'HSiPh3 falled to produce the de51red
. -
product;' ThlS method seems to be more general than that

glven by reactlon (7b) although S1lanes ‘with electron

I

releasing. substltuents are. slow to react

It is p0551ble Ea substltute fluorlne for chlorlne

in the chlorOSllyl compoun@s obtaine: bove, by the action
‘L-“ i ’.: R - R

2For ekample, ‘CpFe(CO)H(SiMe’3 XPhx)'z (x 1, 2) compounds

Qo

would not react. w1th an excess of Ft3N in.n-= hexane

H Ty T T T e 5 ) R .
(7] IR . . . L

jBS



of AgBF In ‘this case benzene is preﬂgrred as solvent,

4"
_since pther more polar solvents ‘result in ‘complete

- g.

decomp051tlon ThlS 1s\n0t surprlslng since one would

expect the dron- hydrogen bond to be' susceptible to attack

by AgBF _ Fortunately, the lowgsolublllty of AgBF ln benzene
probably suppresses thlS degradatlon pathway allowing
fluorination to occur at silicon. The method is other—

%mw1se 1dent1cal w1th that given under Section (Bi) and the

st01chlometry is ggven by reaction‘(9).

' Cch(CO)H(81Cl Ry_Jo + 2xAgBF4 —_—

CpFe (CO)H (SiF_R

% 3-x)2 + 2XBF3W+ 2xAgCl (9)

D.  Reductive Elimination ,gf CpFe(CO)H(SiR Y, with PPh,

’ : . s @{ el . r"?)i

A L %» , K
It was found 1n’the present work that CpFe(CO)H(SlR3)2§r

compounds would react w1th phosphines to prodtce phosphine
'compoundsnef the type already descrlbed The reaction
thus: resultS'ln the'llberation of HSiR3 and therefore
falls 1nto a reactlon class known as reductlve elimination. 1
:The compound CpMn(Co) H(SlPh ) was also observed to
react 1n thlS manner and thls reactlon was, studled kine-
tlcally 61- By followsng the kinetics of the reaction of
CpFe(CO)H(SiMeZPh) ,w1th excess PPh _in the carbonyl

infrared region,88 a 51mllar study was undertaken The

complete details. oi this study are presented under the

o?
a—

-
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éxperimental section of this chapter.

In order to study the kinetics of reaction (10),
it was necessary to verify that phosphine concentration
would not affect the pseudo—first order rate constant
(PPh3 being in excess in the reactioh) It was found

that as - 25 fold excess of PPh did not affect k obs

3

- ' , . . HSiMe,Ph = (10)

CpFe(CO)H(SiMezPh)2 + PPh, 7 CpFe(CO)PPhB(SiMeZPh) +

€

~ o

at 69.9° % 0.2° for the dhove reaction. The results
obtained are presented in Table TII-1.

Table II-2 presents the observed rate constants as
l function of reactlon temperature A typical plot for
an‘experimental run is given in Figure IIQII. Good first
order correlation is obtained for the disappearance of

reactant well past one half life. However, the product

- is observed to appear in a nonlinear fashion. A possible
explanation of this may be either decomposition of product

or further reactlon of product occurrlng as it is produced

No products other than CpFe(CO)PPh (SlMe Ph) and HSlMe Ph
could be identified after the klnetlc run was completed
Product data were not utilized 1n this klnetlc study
because of this complication.

From the seven rate -constants ‘'obtained as a functlon

of temperatureﬂthe activation parameters were obtained, the
I

i
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TABLE II-1
kobs as a Function of Pﬁh3 Concentration at 69.9 * O.2°C

for the Reaction of CpFé(CO)H(SiMe2Ph)2 with.PPh3

" a 4

[P h31 B ‘Egcgss of'PPh3 lOA x kObs .
» (n=fold)  sec’t
15 5 1.39
20 ‘ 6.7 | 1.34
30 10 S P
40 " 13.3 : - 1.42
50° h 16.7 1.40
750 25" 0 1.33

Ahe concentration of CpFe'(CO)H(SiMeZPh)2 was initially
. ’ B . :
™ r : /

3.0 mM for éach kinetic run.
bA_weak absorption at 1955 cm_1 begins to appear in the
infrared épecfrum when [PPh3] i‘SQ_mM. This is due to .
overtones of the'phenyl gfogps in bPhB. To avoid this

complication, [PPh3] was chosen at -30 mM for the kinetic

\

work.
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TABLE II-2
© Measured Rate Constantsa for the Reaction of
CPFe (CO)H (SiMe,Ph) , with PPh3‘

as -a Function of Temperature

ReéétionfTemp. - 104 kaobs
°c + 0.2 ‘ ‘sec_l
54.9 ; 0.124 * 0.005
59.8 70.310 +-0.005
65.1 . o 0.633 4 0.006
69.9 B «  1.38 "% 0.04
74.0 . I _1.55 + 6.04
79.7 ‘ o 5.91 t 0.07
2+ 0.08

84.6° ' 8.12

9The results reported are the average of two

matched runs.’
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. [N
‘values being: AH* = 32.4 £ 1.4 kca;/mole and ast= 18 + 4
-eu. These results may be compared with those obtained
for CpMn (CO) H(SlPh ),6l AH* = 29 2 # O 3 kcal/mole and
Asf = 16 3 +1.0 eu._ The observatlon of a moderately ‘

-large positive AS* 1n each case is strong evidence: for

a dlssoc1at1be mechanism.

- The close simiiarity in anf 1nd1cates that the energy

gap between ground and transition states must in each
case be 51m11ar. ThlS suggests that comparable tran-

sition states are 1nvolved in these reductlve ellmlnatlon

reactlons .

E. Preparation of‘Coﬁﬁounds Related to4CpFe(CO)2§iR3

. \ The compounds CpFe(CO) SlXZR are of interest from
the p01nt of view of thgsf carbonyl 1nfrared spectra.‘
They show four strong carbonyl bands whlch 1nd1cates
the presence of. rotamers in 'solution. These compounds
and this Phenomenon will be dlscussed.ln Chapter 1IV.

L,

Wlth respect to, the study of factors 1nf1uenc1ng rotamer
_populatlons, related compounds such as CpM(CO) M X2R |

. (M = Fe, Ru' M' = C, Si, Sn) were prepared | Many of -
these compounds have been prepared prev1ously but have
‘not been studled in detail from the p01nt of v1ew of |

thelr 1nfrared and NMR spectra. These w1ll be ela-

bogated upon in Chapters IV and V. An outline of the

x
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Preparation. of these compoundS'is‘presentedfhere}‘
/ ) » ‘ S

o

r) Conpounds.of Type CpFe(CO)ZR (R %‘CZFSf C3F7,
CHZCGFS)
The synthetlc route to these compounds is well

establlsheds9 and given by equatlonsb(ll);

K

CpFe(CO)"ZNa + RfCOCl_ -'I—'@—; CPFe (CO),COR, + NaCl (11a)
hv ' ' Lo A —
, CpFe (CO) Cng m CpFe (CO)2 £ + CQ L . (ll.b).

Wiaatet »«nr\r\"‘

Reactlon (lla) 1s best accompllshed by addltlon of
~CpFe(CO) Na solutlon to an excess of ﬂhe acyl chlorlde.
The decarbonylatlon step must be done photolytlcally,
since it does not take place thermally.

The. compound CpFe(CO) CH2C6F5 is reported in the
llterature.90 It was obtained along w1th the sxde»
hproduct, CpFe(CO) CH (p CeF 4Fe(co) Cp) by'addition ot

6 5CHzBr to CpEe(CO) Na In the present work 1t was
found that formatloﬁ(of 51de product could be suppressed
| by addltlon of a solutlon of the anlon to the penta-
i'fluorobenzyl hallde.' In thlS way, CGFSCH Br is always'
in excess. Thus, the anlon will preferentlally react E

_with the carbon bromlne bond rather than attack the

‘,para fluoro p051t10n.

- 3 v,
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~11) Compounds of'Type'CpFe(CO)zsnsz

These compounds were available_from Dr. J. K. Hoyano

who‘prepared them as-part_oﬁ his_Ph;D. work. The

33

However, [CpRu(CO)2]2 must flrst be prepared A reasonably'

'wgconvenlent Preparation from Rucl is described in the

llterature 21 Also, the compound CpRu(CO) SlCl3 92

haa
been preparedA A
It was found that [CpRu(CO) ] reacted less cleanly
w1th 51lanes than dOes [CpFe (CO) ] . Fo; example,‘
HSlEl Me Yeacts to form a mlxture of compounds of
formula CpRu(CO) 81C1 Me3 —x (x-i 3,.2, 1). Such a mlxture
proved to- be almost 1nseparable and detalls are presented
'under the experlmental sectlon As a result of this-
handlcap, coupled w1th the limited -amount of "’ [CpRu(CO)2]2
available, the studies on the ruthenlum syStem were
dmuch more restrlcted than those on 1ron

These compounds are less volatile than thelr iron

'counterparts and are whlte when pure. Thls makes

Y



purlflcatlon by subllmatron or chromatography very
dlfflcult.. They appear to be more air sensitive than
their iron analogs, although the oily nature of the crude
reaction products may mean that some.reactive impurity
isvreséonsihle for this. -

4 | The reaotion{of<ﬂsicl§_with [CpRu(CO)zj2 was(reported‘
to yield ohly CpRu(CO)ZEiCl3 and no other rutheniuﬁ‘f
complex,gg When a similar reaction was undertaken in
this work}'small amounts of CpRu(CO)H(SiCl ) were detec- -
ted in the infrared. ° ThlS hydrldo compound was also
’prepared in good yield by the-photolytlc method descrabed
in reaction (8). This compound will be discussed more

fulfﬁ*in Chapter V since NMR studies show it to be strong;y

‘acidic in acetonitrile solution.
iv). Compounds Qf Type CpRu(CO)ZSnXZR

There are two poSsible'reactiok pathways to these

compounds. -Each has been utilized ‘in the preparation of

the iron analogs.62 -Reactions (12)'indiceteuyhese pathways.

[CPRU(CO), 1, + ClSnX,R rgféux CPRu (CQ) ,C1 +
; ‘ : 6712 ' A : »
R S ' CpRu(G‘O)ZSnsz (12a)
CPRu (CO) ,Na + C1SnX, R —— CpRu (CO) ,SnX,R + NaCl (12b)

Method (a) was found to result in the production of

large amounts of CpRu(CO) Cl but llttle of the de51red

34



~product. 'The small quantity of CpRu (CO) ,8nX,R produced .

was not separable from CpRu(CO),Cl. ) /

o Method (b) was applied in the preparation of the

incompletely characterized’compounds\CpRu(CO)ZSnMe ' Clx

| 3-x
(x = 0, 1).92 This method was used in the present work

but'because of limitations in the amount of [CpRu(CO)2]2
availab}é;:only the compouhd CpRu(CO)zsnizMe was pre;
pared in sufficien£ quantity to be charaéterizgdvby
analysis. Other ruthenium—tin.ﬁompéunds weré,prepared,
and their infrared carbonyi spectra were recorded and
found to be cdnsistér “h the electronic iﬂfluence
of the substituents v, cin.

Reaction (13) was applied to the preparation of
iodotin compounds. from the chloro compounds obtained as

déscribed above. .
s

CpRu(COj?SnClXR + xNaI 2€etehe, . pu(co) ,SnI_R

3-x 3~x

+ NaCl (13)
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Experimental

All reactions and manipulations were carried out
under a nitrogen atmosphere. The compounds prepared in
.this work were generally air sen31t1ve but could be
handled for brief periods in the air. The hydrido cem—
pounds tended to be 1ight'sensitivef particularly those
pPessessing silicon—fluorine bonds. Yields of new com-
;’pounds prepared were generally beﬁter than 50% unless
otherw1se 1nd1cated.

Solvents were used immediately after.being distdlled
from the following drying agents: n-pentane, n-hexane,
n-heptane, and benzene from CaHZ; THF from CaH%xand then
from potass1um-benzophenone, CH3CN from Drierite and then
‘from CaH2, decalln from sodlum wire onto sodium wire. by
vacuum dlstlllatlon at 0. 4 - 0.2 mm Hg; anhydrous ether
was used as obtained from Mallinckrodt Chemlcal Works;
C‘H?Cl2 was used as obtained from Terochem Laboratorles Ltd

The chemlcals used in this work are pPresented 1n
Table II-3 along with their source. . ‘The followxng_yexo
further purlfled in the indicated manner: [CpFe(CO)ZJ
soxhlet extractlon with CHZCIZ" The solutlon was then
flltered whlle hot and a small amount of n—heptane added.
Slow removal of CH2C12 on a rotary evaporator results in
formati01 ef microcrystals of pure [CpFe(CO)ZJZ. “"Chloro-

silanes were degassed beforée use to remove HCl.: All

other chemicals'were used as obtained. ' .

f
!

p
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' TABLE II-3

1

Chemicals Used in this Work and their Sources .

Compound
[CpFe(CO)2]2
Silanes and Stannanes

Pentaflurophenyls °

Thiols

Fluoro-alcohols and acyls

and_BrCHZCGF5

AgBF4
¥
'Iso-propanol and Tert-

butanol
Magnesium.turnings“
RuCl3-Hydrate
_Triethylaming‘
Phosphines

p-Bromo—N,N'—dimethyl—
aniline

/pFBromo—methoxybenzene.

p~Dibromdbenzene and
p-Bromo and 0-Bromotoluene

p-Fluoro-bromobenzene

Brom&ethane

British Drug Houses Ltd.

Source ‘ '
. - .
Strem Cﬂémlcals Inc. [
Pierce Chemical Company

Imperial Smelting Corporation
(N.Ss.c.) Ltd. =

Aldrich Cﬁéhical‘Company

Pierce Chemical Company
Oza?k—Mahoning.Company
Matheson, Coleman, and Beil

Fisher Scientific Company

Q

4
Engelhard 'Industries

J. T. Baker Chemical Company

Pierce Chemical Qompany'

- Eastman Organic Chemicals

K & K-Laboratories, oA,

Aldrich Chemical Company’

.Pierge Chemical Company

J. T, ngér Chemical Company
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Preparatlon of Some Silanes not Commercially Avallable

b .
It was found desirable to prepare some silanes.

'accordlng to the method given by reaction (14) IZ
a

Typlcally, the Grlgnard reactlon was carrled out o
'?

.

Mg +- BrC6H4X IEE+ Mg(C X)Br'g§i§929l+

| HSlMe2C6H4X + MgBrcCl (14)

o

0.1 mole scale and silane was added to the prepared B

/ -
Grignard over a perlod of 30 mlnutes with stlrrlng. :
The solution was stirred for a further hour and then
filtered ‘and THF was distilled off until a ViScous liquid

" remained. ’The silane was then ~collected by vacuum
dlstlllatlon and its- ndenngty conflrmed by NMR 'ZIh
';Table II—4 the detalls of the vacuum dlstlllation con-
"dltlons for each silane prepared are presented and in -
Table II-5 pertinent NMR results are glven. *

The silanes HSlMe2C6F5, HSi(CGFS)ZMe’,andf
HSi(CGFé)ZPh were prepared in an analogous ‘manner using
ﬁthe'Grignard NQ(C )Br, and the approprlate chlor051lane.v
The compound HSl(Et) Ph was also prepared by the Grignard
route from- HSlClZPh and; Mg(Et)Br with elher in place of
_THF. as solvent. The condltlons of, vacuum dlstlllatlon
fipr these silanes are also reported -in Table II-4. ?"

| The' silanes HSl(OPh) ,Fh, HSl(Ot—Bu) ,Me, and P

HSl(SPh) Me were prepared from the approprlate chloro-

38
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- | TABLE II-4. « Q
Vacuum Distillation thditiohs for Silanes’

Prepared in this Work

o P
Silane o o breSsure . f Temperature
| mriHg : __ec
HSiMe, (p-C H4OMO) - 1.5 _ 63 - 68 '
HSiMe, (p~C.H,NMe,) 2.0, | - _‘éz ~ 94
HSiMe, (p-Cal,F) . ous L 32 - 35
HSiMe, (p-CgH,Me) : o 1.5" lfq_ 42 - 45
,HSiMe2(p’C6H;SiMe2H)a. S 0.55' _ vl_ "3i - 34
HSiMé2(0~c6u4Me)“; ﬁ’ 1.0 . . '?2 28 - 31
hSiMe2¢6F5» p .' 0.5 - 'uZZQl'T 55
Hsi(c6F5)2he ) Q. - o.s B ég - 87
HSi(CgF5)2Ph, " ow02 140"51145
§SiE£2?hf L 0.5 S - 5 —°§p

ThlS compound was prepared from HSlMe (p C6 4Br) by -

reaction Wlth magne51um and then treatment of .the Grlgnard

with HSlMeZCl _i _ o ,



. a
NMR Results for

Silan:

TABLE TIT-5

5 Prepared in the Presdnt Work

.

HSiEtZPh

/
! L]

“a11 Spectra we}e meafuréd.neat”with'TMS'internal refer—

s 0
Silane S]—ht ) Si-Me (¢) '3J (Hzi
B T H-Me
. ‘ v ,
HSiMcZ(p—C6H4NMc2) 5.36 = 9 69 4.0
u;iMe2(p—c6n40Mg)’ ' 5.29 ‘ 9.63 3.7
MSiMe'(p—CGH-F) 5.35 9.55 & 3.6
/) , N e
HSiMe ﬁp—c HaBr) o . 5.35 9.57 " 3.5
-HsiMe. (]>-—C6H~4M§;§:;§} 5.43 9.73 . Css
. . m 2 - "'. ) 3 -
p~-(HQLMC2)2C6H1 ‘ 5.30 0 9.66 3.8\,\
HSiMe, (o= C6H4Me) 5.36 - 9.71 ~4. 0
. ; , ' : . »
HSiMe,C o Ty Lk 5729 . 9.46 i~2 .
HS1 (C F ) yMe _é » 4.62 9.01 . 4.2 5
Uj‘.
HSl(C6E5)2Ph L»“ 4760 ; ———— SO i
HS1(0t=Ru) Me W 4.99 8.94 1.4
_HSi (OPh) ,Ph 4.84 7 ———— -
©5.5L —ne= 5 4.1°

enéé Phbnyl resonances and- resonances of substltuents

attached to the phenyl gloup were

observed in the expected

/

’posi%lons ain exh;biﬁedﬁthe expected'couplings.

AR

bThis represents the measured coupling of Si-=H fp the

methylene resonance.

X

40



;sllane and.alcohol or thiophenol. The reactions were
carried out on a 0. l mole scale at 0° with ether solvent.
The alcohol ‘and 51lane were stirred in ether and an 7".
etheréal solution of excess Et3N was slowly added re-
sulting, in aAvigorous }eaction with precipitation of
Et3NHCls The addition was allowed to take place over
'one hourland ‘then the solution was allowed to warm to \
‘room temperature with continued stlrrlng. The solution

was flltered, ether removed, and the residual silane .

e

was then used without further purification.

1

‘ ‘ -3
A. Preparation of CpFe(CO)ZSin Compounds

vi)‘ Thermal.Reaction Method

Preparatzon of CpFe(CO) SzPh Me A sample of
[CpFe(CO)2]2 (1.77 g) was placed in a 75 ml Carius tube
equipped with a-side arm and TF6/13 Rotoflo seal. To
'-fhlS was added 2 0 ml. of HSiPh Me and the tube was evacuated .
and sealed. .The mlxture was heatedrln a 51llcon Oll.
bath at-170° for 3 days Yﬁ%’f* cooling, accumulated
.CO was vented and the tube was attached to a vacuum
system overnight to remove small amounts of ferrocene ‘.
formed durlng the reaction. Crude-produot was extracted
‘ with‘n—pentane and filtered. The solution was cooled
’atvca.v-20° oVe:hightto remove unreactedv[CpFe(CO)z]z-
by crystalllzat{on; Thegdesired compound ‘may be re-

, , ;i L



crystallized at -78° from n-pentane affording orange
crystals. ‘ |

»Alternafively, unreacted\prFe(CO)zlé may be removed
from the crede product mixture byjchromatogrephy. This
is accgmﬁlished on a qurisil column with 1:1 behzehe’
pentane elutant. AHYellpw band (prodﬁct) separates

\

'well ahead ofl[CpFe(CO)zl2 (purple band) and this was

v.collected Removal of solvent and extraction with
[V

n—- pentane followed by coollnégto -78° ylelds yellow
crystals as above. - - . ’

The above procedure was applied to the preparatlon
of the compounds listed in Table II 6 with the noted

modlflcatlons.-‘AnaZytzcaZ data and melttng po%nts for

the compounds prepared are listed in Table II-7.
'ii) Anion Reaction Method

: \
Preparatton of CpFe(CO) Szﬁh(Me)H A sample of

[CpFe(CO) 1, (1.77 g) was dissolved in 100 ml of THF

2
and added to a pr . -ed Na/Hg amalgam (O.Seg4qf‘Na in 
10 ml!of Hg). The solution wesmvigorously eﬁirrea'

for a 25 minute period during which time ‘the initial

. purple coiqred solution changed te orange and %inaliy.‘
 to a dirty green, E#cess amalgam<wes_then;drained off
‘through a 4 mm bore tap' in the bottom ef the flask.

A 2.0 ml sample of HSiMe(Ph)Cl>wes then‘diesolved,in 25

ml of THF and added over a 10 minute period with stirring

.42



TABLE II-6

Compounds.Prepared by the Thermal

with Noted Modifications

Feaiction Method

- Modification ,
Compound R;actlon Time Reactlgg Temp.
CpFe (CO) ;SiMe,Ph - 1 day 160°
. e w Cene
CpFe(CO)251Me2(p C6H4NMO2) % day 150 |
Cpr(CO)281@e2(p—C6H4OMe) 3 2 days l60°
CPFe (CO) ,SiMe, (p-C,H Me) .2 days 165°
. i *
p- di (CpFe (CO) ,SiMe )C6H4 . 2 days 1
CpFe(CO)ZslMez(p C6 4.) 2 days 1i
CpFé(CO) ,SiMe, (0 ~CH, Me) -1 day - _160°
Cch(CO) SlMe2C6F o - 1.5 days 165°
' o A
CpFe (CO) Sl(C F )2Me ' 1 day 170=°
CpFe (CO) ,8i (C (Fe),Ph 3 days 160° §
CpFe(CO)ZsiEtzpp L3 qays - 160°
CpFe(CO)ZSiCléMeb’C - 4 hours . 150° -
CpFe (CO) ,SiMe 1P © | 1 day 150° |
: | .
CpFe(CO)zsiCl2Ph. ’ 8 hours 160°

- s . | N " ) : . A.’,}!’-,A". . ‘
“No evidence for formation of CpFe(CO)zsiMez(p-CGH4SiMe2H).

bTheée compounds prepared initially by W.jJétz, reference 6.

“a three—fold_excess of silane was employed.
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fThe reactlon mlxture was stlrred for a further hour and

»golden colored liquid.

”to‘the above prbcedure with’ the noted modifications.

" water cdoled probe at 0. Ol mm Hg.

46

‘to the anion solution. This addltlon resulted in heat

evolution and the solutlon turned a yellow green color.

\

/

: then flltered. Solvent was removed and the crude product

extracted w1th n-pentane Coollng offthe filtered

'solutlogrto“-78° failed_to'Yield any crystals; therefore,

solvent was removed and the compouhd was purified by

'vacuum‘distillation at 0.5 mm Hg, the fraction boiling

between 120° - 135° was collected. The product is a .

The fOllowing compounds . were prepared‘according

PreparationAofiche(CO) SiCZ-H: ~ A THF solution

of CpFe(CO) Na was prepared as above and added to an

excess of HSlCl3 cooled to 0° : After addltlon of all

'the anlon, the solution was stlrred for a further hour

Work up was then 1dent1cal w1th”that described above,

the pure product ‘may . be collected bysnbllmatlon onto a

Preparatzon of. CpFe(CO) SiPh CZ In the manner

descrlbed above, CpFe(CO) Na ‘was: added to an excess of

Ph251Cl2 After removal of solvent the crude product'
’ i

was washed Wlth three- lO ml portlons of n- pentane to

remove unreacted C1281Ph2 and [CpFe(CO)2]2 " The product
T

was then extracted with hot n- heptane and cooled in the

(o}
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»
refrigerator yielding yellow‘microcrystals of product.
The compound CpFe(CO) SlCl (CH=CH2) was prepared in a

\

51m11ar manner

Analytzcal Results, melting: pOLnts and coZors for
thé above compounds are presented:uuTable IT-8."

-

B, Reaction of the Si-Cl Bond
i) With AgBF .

Preparationkof'CpFe(Co) SinMe" A Solutlonbof
.45 g of CpFe(CO) SlCl Me in 50 ml of benzene was placed
in a 100 ml round- bottomed flask equlpped w1th side arm
f01 nltrogen -~let. A 3.0g sample of AgBF4 was added
and the solution was stlrred for }wo hours Durlng this
perlod”evolutlon.oﬁ BF3vgas was evident, it being blown
'off by the streamvoivnitrogen. After completion of the
reactlon, the solutlon was flltered and solvent removed
The crude Product was: extracted with n-pentane, the
solutlon flltered and the filtrate was cooled to -78°
aftordlng pale yellow crystals of product ' These
crystals slowly melt at room temperature. |

The procedure outllned above was followed in the T
preparatlon of CpFe(CO) SlF Rh CpFe(CO) SlPh F
CpFe(CO) S1F (CH CH ). CpFe(CO) SlPh(Me)F
CpFe(CO) SlMezF, and CpFe(CO) SlF3 8? These compounds

were prepared from the approprlate chlor051lyl compound
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and an excess of AgBF4.
The preparation of CpFe(CO)zéinH requires a reaction

temperature of 0°; therefore, toluene was employed as
'solvent. The lower reaction temperature‘is necessary
because of the reactivity of the 81 —-H bond. Even at

0° a small amount of CpFe(CO) SlF3 is produced which may
be removed by’ fractlonal crystalllzatlon.‘ The desired
product may be subllmed onto a water: gooled probe at 0.05 mm
Hg affordlng pure, belge colored crystals. of producty.

The analytical, melting point, and color data for

these compounds are presented in Table II—9;\f
ii) With Alcohols

-Préeparation of CpFe(CO)rSi(OMe) Me° A 1.45 o‘sample
of CpFe(CO) SlCl Me was dlssolved in 25 ml of methanol

and placed in a lOO ml round bottomed. flask equlpped

+

with 51de arm for nltrogen 1nlet Dropw1se addltlon of
=Et3N (3 5 ml) with stlrrlng ‘resulted in a v1gorous |
reaction. . The reaction mlxture was stlrred for a further
30 mlnutes and then filtered. Methanol %Pd excess Et3N

,_were removed and the crude product extracted with n-

'1“

kN
pentane. Filtratisn- and coollng of the solutlon to —78°

%o

'afforded cream colored crystals of product Due to thelr

) ‘1ow meltlng p01nt the crystals exist in a stlcky form

n

at room temperature.

- The ﬁollowlng compounds were also prepared by the

49
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- 4

rWas worked up as for CpFe(CO) Si (OMe) Me and the product

above procedure: épFe(CO)ZSiR3, where SiR3 = SiMeZ(OMe),
Si(OMe)zPh, SiMeé(OEt),.Si(OEt)zﬁe,6,Si(OEt)2Ph, SiPh, (OMe) ,
siPh, (OEt), Si&Oi—Pr)zMé} SiMe, (0Z-Pr), Si(0i~Pr),Ph,
andVSiMez(Ot—Bu) trom therappropriate_chlorosilyl com-

pound and_alcohol.

The ﬁolloWing compounds were also obtained with the

noted modifications.
. I
. !

Preparation of-CpFe(CO)gsiMeg(OH) The reaction

-was'carried out in ether solvent with v ¢ of

)Fe(CO)zslMeZCl and 1 ml of HZO The addition of 3 ml ¢

of Et3N resulted 1n rapld reaction. 'The compound

-~

is obtalned as yellow crystals Wthh are very air

sensitive. Analogous reactlons on CpFe(CO) 81C12Me
:
and CpFe(CO) SlClZPh falled to yleld any ether soluble

carbonyl contalnlng product
1 B K : '
6" 6

low volatlllty of C6F50H stoichiometric amounts of

CGFSQH and CpFe(CO) SlMeZCl were reacted in 20 ml of

Preparation of CpFe(C0),8iMe,(0C F.): Due to the .

' ether. The reactlon was initiated by dropw15e addltlon

of Et,N. The compounds CpFe (CO) Sl(OC ) Me and.

CpFe(CO)281(OC6 Ph 'were prepared in a 31m11ar manner.

52
Attempts to prepare,CpFe(CO)281(Ot-Bu)2Me by any L

of the above methods failed. Also;'phenoxy'compouude

‘areevery difficult to prepare by these routes. These

o/

51



‘compounds are readily accessible by the thermal method,

the silanes being prepared easily from the appropriate

chiorosilane and alcohol with'Et3N as reaction initiator

o,

as described earljer.

‘Thus, the thermal reaction of [CpFe(CO);l, with

‘HSi(Ot—Bu)ZMe at 170° for 7 days yields small amounts of -

product which can be purified by. chromatography on a

.4 .

Florlsll column w1th 1:1 benzene- pentane elutant A
}

/.

yellow band elutes flrst and this 1s}product. Attempts,

i
?

- at recrystalllzatlon falled, and only a. yellow oil could

be isolated.

Preparation of CpFe(CO) 5i(0OPh) Ph} This compound
- was- obtalned v1a the thermal route as descrlbed for the
| preparatlon.of,CpFe(CO)zslthMe. Reactlon time was 4

' days at’ 170°.

The two compounds CpFe(CO),Si(OPh) Me; . (x = 1, 2)

were kindly prov1ded by Dr. C. E. Jones of this éroup

’

The method of preparatlon was 51m11ar to. the above, with

reaction times-pf 2 and 3 days respectlyely.. ,

Formatzon of [CpFe(CO) StMeZ]ZO This .unusual

J/
compound was obtained from a reactlon between CpFe(CO) SlM82Cl

: and Me SlOng in ether. It was 1ntended that”

3
CpFe(CO) SiMe (OSlMe3) WOuld ‘be- thé product but none

of thlS compournd was observed-. The procedure was as

follows; 1.5 g “of . CpFe(CO) SlMe2C1 was dlssolved in

52
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& completion.. ' K

: éarbonyl containing spec1es (from the lnfrared). The

53

25 ml of ether and 2.0'ml of Me3510H ‘was - added ' Drop~
wise addition of 4 ml o% Et3N produced a V1gorous reaction
and the solution was stlrred foﬂ 30 mlnutes/ Work, up

was similar to.that described Yor Cpie(Coyasl(OMe)zMe;

Preparation of cpFe (CO) gST(0CH,CE ) Moy, . (z = 1,2):

The two fluoroalkoxy compounds CpFe(CO) Sl(OCH CFB)xMe3 —x

(x_: '2) were prepdred accordlng to the procedure for

»

CpFe(CO) Si (OMe) ,Me. However, 1txwas found necessary
2° - 2

© to reflux the reaction mixture consisting of 6 ml'of
° - <. ,

3

Et.N, 4 ml offHQCH2CF3qand 1.0 g of chiorosilyl compound'
for 3 hours. S&is was necessgéy to drive the reaction

I

RS ' o

'Similar reactions with HOCH(CF )y HOC (Me) CFB,“
and HOC(CFB)ZMe gave only 111 deflned reaction mlxtures

con51st1ng of unreacted startlng materlal and varlous

r~ompound CpFe(CO) SlMe(Cl)[OC(Me) CF ] was isolated
from a reflux1ng mlxture of l 0 9 of CpFe(CO) SlCl Me,

4.0 ml of HOC(Me) CF3, and 6. 0 ml of Et3N after one day

.~

of reactlon No evrdence for replacement of the second r

chloro group was found It is not understood why -

‘CpFe(CO) SlMeZCl and HOC(Me) CF3 would not react to

produce CpFe(CO) SlMe [OCéMe) CF ] under 51m11ar condltlons.

<




vy

Analytical data, mclttnq potnts and color° of

>~

~these compounds are presented in Table II-10.

iil) With Thiols : '

A direct;extension of the alkoxy and.phenoxy com-
pourids just de5cribed are the thiol compounds. Slnce

‘the Si. Lcon sulfur bond is 1nsuff1c1ently thermally

J

"stable, these compounds are wot éccesslble via the thermal

route. This was verlfled by the reactlon of HSi (SPh): Me
W,

and [CpPe(CO)2]2 at 130°, Afte one Hﬁy of reaction,

sulfur was v1s1ble at the top of the Carlus tube
Extr  otlon of the reactlon mlxture w1th n- heptane and a su'

sequent 1nfrared spectrum of the carbonyl reglon showed onJ

5
»”

[CpFe(CO) ] present. No- parent lon for the 81lane,
- was observed in the mass spectrum, lndlcatlng complete

degradation of HSl(SPh) Me at the reactlon temperatures &

eﬁbloyed . Co , .:t vi“t:' i‘f
. . . - . L - . N r,r,

_4%

Preparatzon of apFe(CO) SzMe (SEt) A l, 3 g.gqmg}gﬂQ
53 N

of CpFe(CO) SlMe Cl ‘was. placed in Py lOO ml Carlusft,

along with 4 ml of ethanethlol Rapldly 2.5 ml’Qf‘_gfa‘

sealed. The;muxture was heated at 45° for 14 hours
during which tlme EtBNHCl was{obser§ed to prec1p1tate.
V'v“‘ %‘%r .'l.

The tube was vented and thg“igpd ggroduct extracted T ;H
2 f‘k .‘

with n- pentane. The- solptlon Was flltered and a{forded

LN
g
1
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(Ox}

an oil after cdoling to -20¢°. ‘ oy
. )’

It is highly recommended that the Cdr¢U% the mothod

a ]

described #povoe besused for the propulatyon nﬁwtho¢$/

.o " e T o -“ y‘f"' s < 'y
compounds.  This is because it 1!5 desi rql;}}g#&e—‘he’;ﬁ off
YAt

: . it .
the volatile thiols, which Possess revollin

. - o
difficult to contain even in the fume hood Agfﬁe fo]]uw1ng ~
: e N
CpFe (LO)251R3, where S1R3 = 1(€}L) Mo,wﬁawbhr)?ih L f‘&-

,SiMez(SPh), Si(SPh)éMp, .nd Sl(SPh) Ph compounds Were e

also prepared from tfie approprrate.thno] and ch]or081lyl : -

'mpqund accordvng to the above pLOCLquC L . oo
l”ry ) ‘~
The compounds CpFe(CO) SJ(SC F 9 Me w‘(xii-l,'z)
A, 5 2T 3-x

,ﬁd CpFe(FO) élJSC F ) Ph Wemd prepared from stoichio-

v

metric amounts of CGFSSH and hlor051lyl compound The
reactlons were carlled”@mtflﬁ ether so]vcnt and were :
“ / )
taken to completlon by'QXLeO% Et3N ST . v -

The compounds CpFe(CO) %1(Sb~PrJ Me —x {x ='l,:2)~u .

and CpFe (CO). 81(87 Pr) Ph wgre prepared Dy ref]u>vng
[

the thlol and excess Et_N wﬁth the chlor051lyl compound

3
P @ _
for one weeb Slmllal reaqtlons with’ £- BuSH were un-
. vf‘ .
." l o f
successful éven aftor 10 dlys’of reaction time.
,. [ - " -y
T W a» 7wf’0a2"mpZLGq poznt and colop dita are : @
‘ presented in Fable II 11. P l v : -
: y(,. ~ 7 ) ; . .
. i Ny
- ; “; _ ﬂ:
u - ‘o - e
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' ‘stituted phosphine product.

L

c. Replacement of Carbonyl in CpFe(CO)ZSiR3

i) Substitution by Phosphines

e

I A A .
Preparation of CpFe(CO)PPhg(SiMeéPh): A 1.05

g sample of‘CpFe(CO),SiMe Ph was dissolved in 200 ml of

‘n~hexane and placedJJla 250 ml quartz reactlon vessel

- equipped w1th a water cooled cold finger. ,A‘sample of

PPh3'(2.5 g) was added to the stlrred solutiont and this

was irradiated for 20 hr with & 140 watt Hanovia ultra-

-

violet source. This irradiatign resulted in precipitation

of a large amount of material since the’aprOdUCt is only -

'sparingly soluble in n;hexane- Solution and precipitated

'product were collected and the solvent removed »-The

crude product was dlssolved in a mlnlmum quantlty of

1:1 bénzene—pentaneﬁnulchromatographed on Florisil:

A pale yellowﬂband'was”eluted first whigh waS'ﬁound_

to contain PPh3 and CpFe (CO) SiMezPh An orange band

was eluted next and was determlned to be the de51red

-..product. Removal of solvenht and extractlon with hot

n-heptane followed ijCOoIing afforded orange'crystals.

The_product appears to be indefinitely air stable. Even

though a greater than two-fold excess of PPh3 was employed

"there was no ev1dence for the formation of any disubj

Y

9] O
A 1.05 g sample of CpFe(CO)zsiMeZPh'was reacted in the .

Preparation of CpFe(CO) _(PMe ,Ph) SiMe ,Ph (x = 1, 2):

59



ah Y‘

- manner descrlbed above w1th 2.2 nl of PMeZPh This
resulted in the formation of a mixture of both.mono— and
disubstituted phosphine compounds. These two~products

: can be Feparated by column chromatography‘using the

nrprocedure oufiined above. b The'birst band elubed was"
dark obange, identified as CpFe(CO)(PMeZPh)SiMeéPh
by its-single carbonyl sbretching peak in the infrared.
TraJllng that band was a narrow red one whlch showed
no carbonyl Lnfrared absorptlon. Removal'ofvsolvent
and extraction of each residue with n-penfene,followed/
by:cooling; pboduced'crystals of;each’cdnbound. The
monosubStibuced product was found to.be contéminaﬁed

e

i to éome'extent with the disubstituted phosphine com- -

5

60

g

NG e a o )
,,%;poundc Slnce CpFe(PMezPh)281Me Ph 1s.less soluble in &

n—pentane, slow coollng 6f the mixture in n- pentane
caused prec1p1tatlon of large orangewcrystals of. the -
disub%tituted product. Further cooiing oﬁ the remeining
) yelloW“soIUtion'yields Yellou microcfyStels of |
. CpFe(GO)(PMeZPh)SlMeQPh R o Hdbﬂ’
ThlS reactlon method waﬁgbpplled to the follOW1ng

-organ051lyl compounds' CpFe(CO) SlMe3, CpFe(CO)zslthMe,

3 CpFe(CO) SlCl3, -and CpFe (CO) SleMe : )

In. some cases only the blsphosphlne compound was obtalned

- CpFe(CO), SlPh

'_Eor the silanes posse551ng halogen groups, chromatography
could not be applled due to the react1v1ty -of the "silicon=-

Whalogen bond with the column material. In each case,

N

*
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/ - . . /

L
- the blsphosphlne compound was 1solated in crystalline

form, from" CH Cl o heptane at -20°,
5§ :
AnaZythaZ meZthg poznt andlcolor data are

pragented in Table I1- 12

ii) Okidative Elimination with H-SiR, : S

Prap ration of CpFe(CO)H(SzPh Me) U51ng the,'

C Fe(CO)(PPh3)SlMe Ph, 2.0 g of CpFe(CO) SlPh Me and

5 ml of - H81Ph2Me were dlssolved in 200 ml of n- hexane

'nd 1rrad1ated for- 18 hrg' The solution was then

dlﬁered and solvent removed.< Crude product was .

Tl

-extracted with- n~pentane, filtered, ang cooled to ~20°,

”Thls afforded belge colored crystals of the de51red

product Wthh are qu1te alr stable. - !)?.,
| The above method was applied to the preparatlon of

CpFe(CO)H(SlR3)2 compounds where SlR3 = SicCl Ph SlMezPh

SlCl Me, and SlM82C6F5 An attempt to prepare

CpFe(CO)H(SlMe Cl) by thlS method was unsuccessfui

but the compoundlwas obtalned by the follow1ng method

Preparatzon of CpFe(CO)H(SzMe CZ) A 2.0 g sample
of [CpFe(CO)2]2 was placed in a 50 ml quartgz Carlus' A /
tube equlpped w1th a ball joint connector to a 51de(arm
The tubd could be sealed by means of a Flscher and
*PoT er valve and the ball joint connectlon was made

secure by sea’ ‘ng 1t with Aplezon wax. The HSiMeZCl
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(4.0 ml) was dlStllled into the pg&e which was then

A .
sealed off by means of the valve. ‘The tube and contents
were irradiated for 5 days and then the tube was vented.

Crude product was extracted with nfpentahe[ filtered,”

and cooled -fo f78° affording red—prown crystals of

b

product.

.~ From the appr r1ate chlor051lyl compounds prepared

?dccordlng to the above methods, the fluorosilyl compounds . &

were obtalned by the AgBF4 method of reaction (9)%

4‘“ T
M . L]

The reactlon is performed in benzene solution over a 2
"bhr period and i was desirdble'to'use an excess of AgBFq.
“When the~reaction_was_aftempted“with CpFe(CO)H(SiC12Ph)2

Only traces of the desired product~were obtained together
A\

with a mixture of CpFe (CU 281F3 and CpFe(CO)ZSiFZPh;

This reaction is not uﬁderstood since ‘the compound
~

) pFe(CO)H(81Cl Ph)2 is quite stable and does nogﬁdlffer

Ty
from the other hydrldo compounds in 1ts propertles
e
AnaZyttcaZ .meltzng pOLnt and color data for the

above class of compounds are. presented ﬁn Table IT~13.

" ) . . . u- . ’ . » » h
D. Kinetic Study on the Reductive Elimination Reaction
of'CpFe(CO)H(SiMezph)2 with PPh,

' The experimental~procedure reported here closely

parallels that of Hart—Davis and Graham.Gl’88 Disappear4..

anice of starting mate}iél with reaction time was monitored’
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by carbonyl infrared (vco'for CpFe(CO)H(SiMeZPh)2>at
1646 c:m—.'l in decalin). Also, the appearanoe of product

v ~ . . ]
band at 1914 cm—l was followed; however, it was observed . vy

to graw in a- nonllneargmanner (see Flgure I1- II) and
‘was not utlllzed in this analy51s Both reactant and
.product were demonstrated to obey Beer s Law up to the

6 mM concentratlon range. Thus, a plot of_concentgntlon
.versus log T /T (where T = ..aseline transmlttance,

T = peak helght transmittance) produced a satlsfactory

e .
.~ to 6 mM range. On this basis,

s¢ra,ght ‘line ov;h.
. the initial co‘n(*e wftion of. CpFe(CO)H(SlMe Ph) as
chosen as 3 mM for all kinetlc runs. '

iPseudo flrst order reaction condltwo%s were verified

at 69 9 * 0n2° by determlnlng % obs, for varylng PPh o
These results have be:n presented in Table II 1 'The
i'/ method used to. measure k obs at a partlcular temperature

Wlll now be descrlbed and dlffered only for the above _:
rJVerlflcatlon in that varylng weights, of PPha\were 1ntro-

duced into the’ reactlon flask accordlng to the concen—

tratlons listed in Table II ll ‘ i o g | *'tgﬁ

_Kf
-

Theglnltlal reactlon flask was made up in, the
FOR .
follow1ng manner: a 12.7 mg (3 0 mM) sample of

-]

CpFe(CO)H(SiMe‘Ph) was welghed into a 10 .ml Volumetrlc
‘flask and 75 mg (28 6 mM) PPh3 was then 1ntroduced and

decalin was added .up to the mark. The solutlon was’ - _ .

*“mhoroughly mlxed and then sealed under a nitrogen atmos-

—‘\\



phere with a serum cap. The flask was wrapped w1th
,alumlnum f01l to exclude 1ight and placed in a constant
temperature bath preset to the desired reactiom tem-
perature{ Typlcally, two’ matched flasks were run at 7
the same tlme w1th t = 0 taken as the time when the-
flasks were 1ntroduced into the bath A Sample“(O 3 ml)
was syrlnged ont obf each flask and placed in a solutlon —
1nfrar(l cell. The reglon between l980’~'1880 cm ~1
Jwasim-“'tored nd 12 - 20 readlngs were normally taken
for each kinetic run. The roadlngs were spread out overu::;.__
two half llves»and a final t. readlng was taken, cor- .% 7”
responding to the tlme of the order of ten half llves. *
A typical run taken at 74.0°C. is’ shown in Figure II -IT. }
. Note that the calculated half llfe of the reactlon T °
';corresponds closely to the p01nt where reactant and-
'product 1ntersect desplte the . nonllnear behav1or of
‘the appearance of CpFe(COkPPh (SlMé Ph) o ,

Values ot.k obs at seven temperatures (see Table v
II-2) were used to evaluate ‘the actlvatlon parameters

~

for the reactlon ~The Wynn- Jones and Eyrlng equatlon

(15) was used to evaluate AH* and h the aid of %

L4

Kops = (KT/h) exp (—Agivsm> R (15,'f

’

. @ computer program ACTIVE This program plots ln(k obs /T)

aaglnst l/T and fits the data to the best - stralﬁht llne‘

by\a least squares procedure From s\ir a plot,.AHjE may -

>



. )
be evaluated from the slope and st frem the intercept.
' - » : " . T v
ACTIVE also evaluates AG+ for each kdbc' Thesc values
- / v

should b ¢ uivalent to AG* values evalgnted from
AG* = AQ? TAS*; This tlien provides a%moans of
test iy each experimental poinl{ All ééveﬁ'kobs used
inbthis work Qefe within O;GF of‘the cglculatod Q?*
yalues:‘therefore none was rc¢jected. o

e L
1

©

E. Other Related Compounds

il t ¢

i) 'CpFe(CO)ZR (R = CZFS,vC3F7, and CH2C6F5)

chparaﬁfon of‘CpFé(Cd) ClF :"The méthod of
Kind aﬁd Bisnett‘e?9 was followed in the preparation olf
thls compodnd. In our hands, the follow1ng modlflca—‘o
tion resulted in a cleaner leactlon. | |

A5 mmole sample of CpI‘e(CO)2 : prepdred‘in

- 150 ml of THF and thlS solutlon was;quded under StllCt

anaeroblc condltlons to a 10 mmole solutlon of C3F7COC1

in SO'ml-of THF Cooled to -78°. The solutlon was

stirred throughout the addition and’thgn’allowed to

slowly warm to room temperature:with continued Qti{ring.

 The solution was filtered, solvent removed, and the crude
. o . ’ ]

‘product estracted with benzene and, filtered. The solution.

was_concentréted to 10 ml and an_equal'portion of

n- pentane wasggdded Chromatography~on a'Florisil

column allowed separatlon of a yellow band fpom
: -



«

.“_ has

“t

[CpFé(CO)é]é. SOJvent was removod ang”

Lhe acyl pProduct

wis photolyzed in n~hexano to glVL CpFe(CO)zc 7;{~;

This' compound was purlfled by sublamatlor nto a Dry

Ice acetong probeﬁgt::gp] mm Hg Thls

I

proacdmr8 was |

also foJloa d in. thﬁ‘@nepa)atlon of Cva(CO)2C Fg{“"

\f
\'«

?f . -' R LA L
Prapara on oj Cpfa((@) CH ot
\‘j . PR Y * {

d‘_

L

-6 5 2

2

Fhlb dompouwﬂ

'been«reportedgb Lrom kthe reactich oi éFPO(CO) Na

and C CH Br Howevcr, Signlilcant z%apts of -

‘w R ‘B'w

' CpFe (CO) CHZ[ ~CcF, Fe(tO) 5Cp formed in' that Drcparatiod.

a

LL/de found that formatxon of the lattg?Jcompouud

could be surpresscd by addlng a solution of the anéfn

to CGFSCHZBr coo]ed to —78 ?

’-)

B LN

© i) Thermal Reacdtion of [chu'(CO)zlz'._‘w'ith HSIR
o ' e e T T 252 :

N "‘:‘.\

Pzeparatzun OJ CpRu(tQ) S;CZOuetf

of [CpRu(CO)2]2 and 3. D ml of HSlClee

ap

A 0.75 g sample

=

were comblned

. 5"

in a CaIlLS tube and heated to L45° for one day.  The

tube was cooled and vented 'and crude product was

textra«ted w1th z—pentane and flltered.

.tepmined to arise frbmia'mifture'ofxCpRu(CO)ZSiCl%Mej

"

An 1nfrared‘

:(x,% 3, -2, and 1) While . chu(CO) S;Cl Me 1s the maJor

reactton component the other compounds are v1rtually

) .
1nseparable Ffrom 1t ‘ L

'R\reasonably'pure sampie, that is,

~

<\

_.x

one'which‘sﬁowedf

68
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[t

only ances of the abov: impuritieé in the infra@sd v

A o . '.| :‘h‘
was obfalned from n-— pentane at ;78° < The comp0und is : C
* ) ) s 5}. g o N oL .
‘dbtained as a pale yellow @11 after several extractlons-ny.'_w

L

Wlth n= pentant This- pﬂ@cedure‘results in losq of ﬂpﬁ‘-"
4 * . ;‘ » v,

“much comppund but represents the on]y sathfabhpry ' Ty

u\»'
way of vin contamlnants
g

The above procedure was also applled to the synthesne'»- K
» of CpRu(CO)291Me2Cl and . CpRu(CO) SlClZPh~us;ng the ap-.
prOprlate 51lane. - o E R _ Q

32

AL 0.5 g sample ' . 4

7flon 0f‘CpRu(CO¢2Sp
“ : b

y

e

were‘reacted at“i P

aa:ﬁl. ) 2
. "J

e [cr 121y and 1.0 .g of 'y |
" 1800 f’éf 2" ddYS EXtrac‘tlon o' '%CL with }Q R
\ n- penﬁ&ne fol ed by - flltratl&n and ‘Coo “\g'to —200 ;;‘; o %f

 ﬁ;ffOr@ed a thté%pgwder ?ﬁe\compounds Cpéu(co) SlPtheé j:”t
i kg‘:fl; é) we@e prepared‘51mllarly W1th reactaon tlmgg {" éﬁ@;-w

<2

N of 3 hr and 1 day, respectlvely. _ LR - .
. . . . J. . .!4. .~ o
i g Prcgaraf%on»df CpRu(CO) SiCZ Y : fThis compound
was prepared-by the anion rogte fr nprRu(CO)QNa'and

.

s

cee% in’ THF, reflecting

aH81Cl The reaction would not p

3"
the weaker nu;deophillc1ty of CpRu(COY Na, but'codld Qe"' .

accompflshed 1n the absence of solvent %

\ o'.
TQ@ anlon CpRu(CO) was prepared as the sodium
. - 47
salt in THP by stlrring 0.6 g of [CpRu(CO)2]2 in 50 mi
‘ot THﬂ with 0.5 g of Na in 5 ‘ml of ngFbr 24hr. Solvent®

was re oved and excess*H81Cl was digtilled into the ' 7
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s’
.-
=

Y : : o .
reactlon flask cooled to -78° The solution was oo i

_allowed ‘to warm to 0° and 1t was stirred for one hour. °

r Q.
" . 1.
The excess HSlCl3 was then removed and ‘the. compound : ?“

/ extracted with n* pcntane, flitered,(and cooled to -78°%.

ThlS af@mrded pale vellow: crystals of CpRu(CO)281C12H.

o :Q' Prcparatton of FpRu(CO) SiF (Mad x (x'= 3, 2,.15:'
s \D e

qagﬁese compounds were prepared from the’ approprlate chloro—rr~; \

\’skgyl‘@ermvatlvee.aﬁd AgBF ﬁeactlon and work up were PR 5% 'Q
= LW . " .
ident;cal w1th those descrlbed for the ?rom analogs , -/{"

- ' N

Howederﬂ*CpRu(CO) sicl, Ph reacted to give only CpRu(CO/‘:‘)lF!n :
. . Y R
a)uzz n%wro lt remlnlscent of ‘the results._ obselved ‘,%

o 4

;ivkge? CpFe&&@)H(S%ClzPh)z was reacted wlth AgBI’4 Nﬂ o L
. ) g «C‘-wdﬁ;\,q' 3
.. reparafzom of CpRu(CO)ﬂ(SLCZ3)2 A 0.5 g sample of C

I 9

[CpRu(CO)'2]2 and 2 S ml of HSlCl3 were ¢ placed in a &

»

m ~quartz Carlus tube whlch was sealed and 1rrad1@ted w1th L
a 140 wé@i Hanovra ultrav1olét source for 4 days. gh“; - qu
.tube was vented and crude product was extracted w1th ? . o
n—pent&%e, Fr}tratlon of solutlon and coollng to'—78°'/

* afforded whlte crystals of. CpRu(CO)H(81Cl Y : .
e | . . . _f 4"\, »
N ;?’ : R ' E.. ~‘ - ' - .

:yii)_ CpRu(CQ)ZSnX2R~Compounds‘

. "fo. ' T LT . p . RS . - -y
;;%ﬁb'Due‘+o the limited quantitylof [CpRu(CO)Q]zAana 3

- et

. -

the low yrtlds of reactlons produc1ng these-ruthenlum— ’ v e
'tin compounds, only CpRu(CO) SnIZMe was made in suff1c1ent

'} quantitf’for‘elemental analysis., The other compounds

- S \ e C s

_— - - L e ° [ o SN

~ - 1



,‘

-+

 solut1on was 'added to 1: 0 g of ClBSnMe in 30 ml ofKTHF )

L PR Y \

! . . o
Lo PR T
. . N S “_l\rv %) 4

preparcd were conflrmed by ihelr 1nframed spcctxa ﬁ?n
A

the carbbnyl region. whlch were consistent with the

7

-

groups attached to tin.

A THF solu%ﬁon og CpRu(CO) Na .was prepared as "

:deécrlbed for the preparation of CpRu(CO) sici H. This -

, ©

w&th btllrln? After ono houry of reactlon, the golutlon

@

&Q‘\ . » '
wigwa flIterdd and Solvent nemoved. An infrared spectrum
.

]u". > T

. O.

s

n

‘WW

. ‘ . FS . L .
prépared in this section. - L
] . . . R .. -

%

of an' n- heptant extragt conflrmed the formation of N
AR . >

CpRu 8@) Sn612Me "Phis crude compound @as dissolved
“ RN | v

-in a@etone and reacte& w1th an excess .0of NaTI- by stlrrlng v
' ".r;" ¢ Y .

the solutlon ﬁ%rwzo mlnétes FlltratLOnﬁand“re”

- Al . o
solyent left behrnd a pale yellow pasty SOlld whltm was

extracted-w1th n~peﬁ§§§e andxfrltered.“'CoolIng afforded
¢ > - j- ..&*_ ) ;'). u. ) ' o N ’
¢ - .

yellow crystals

. ” -

2 2
(X:ErCl I) were prepared from;CpRu(CO) Na and Me Bncl
R
or leSn(n—Bu) and also by reactlon of the chld}stln
‘, '. ~ R . G..
tompounds with Naf in acetont._ . ' :

-
~

ﬂnaZytzcaZ résults,‘meltzng points, apd colors are;

presented in Table Ii~l4rfor all the new coﬁpodnds N
' ) s . .o A

e

# e L R _ S o '» -

The compounds CpRu(CO) SnMe X and‘CpRu(CO) SnX (n—Bu)‘
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'CHAPTER III

,

‘ e .
MASS SPECTROSCUPY RESULTS

When one prepares an\organometallic compound, a

e

1

‘tentative confirmation of eXpected productgpimmediately

/

are neutral and_volatile,jmass spectroscopy suits this
. . o

4

. after reaction,prers invaluable; assuming the product (

purpose. Thus, by running the mass spectrum of a crude

X

/’JCpFé(CO)H(SiR )z“show the highest m/e fragment a581gnable

reaction product sample, the\presence or absence of

)

&'}

s)’

expected product(s) on contamlnatlon by undesxrable 51de
-

prodnct(s),may be inferred. In most metal_carbonyl
. ) . o ’

‘derivatives, the'pare

&herefore specles ma’. 1dent1ﬁ1ed w1th partlcular

-

! i
the 1onlzatlon chamber.

. 1]
[ - [

. SR
_pon is observed and

L

O

easeyﬁ An exceptlon to the“ai:ve arlses whenever complete
. . ¥ N .

’frgémbntation of the:parent‘ 1ecular‘1on occurs w1th1n-'

1

In fact, in the present work the compounds of formula

-

/ /
to loss of an R group from the parent molecular 1on

Thereforé the p0581b111ty that the hlghest m/e 1on

observed -may correspond to somgghlng less than tﬁe

N

Y
_molecular ‘weight of the‘compound cannot be oyerlooke

-

‘The important principle that one never observes

* m/e ions corresponding to fragments whoseé magses are

?

greater than that of the molecular weight of .the compound

94,95

.. has_been challenged in: the literature.” '”" 1In each

.

X e

- FA o . 73 ) s

¥ case, the authors have claimed to have observed g%p+.L)



e e 74

-2

" iohs. These results94’95 have been carefully studled in .

o . . .

& » . :
this laboratory,96 and in each case thg&prlnc;ple of ‘the Low

-

highest observed ﬂéﬁ correspdﬂdﬂhd to the pd&ent ion

and not to (P + L) ions was reafflrmed

Ionswof maysses greateﬂ’fhan the molecular weight

[ g "

axe p0551b1é upon rare occa51d%s due to ion- molecul%
,.J..: g / é‘a

“‘reactlons. ‘Howeve ’ under t normal hl h'vacuumvcon— -
x g

&

& o

. datlons w1th1n the mass spéctrometer, these events are
- L_-»" & ,,.
. ; X

_confined to formatlon,of (P + H) 1ons,,andfqyen the

e

o );"u 97 . .
1ons are rare for 1norgan1c compounds.; Y

o A further vaer of mass spectroscopy afls § b
- 2 o St
rﬁ’ln favorable cases, 1t allows one. to infer somethlng
v L

'about the gross purlty of the crude reaction product s

\

This may be 1llustrat§d by an example. i. "» .

The reaction of [CpFe(CO),], with,HSiF produces
33~¥»:~xw

3 along w1th 51gn1f1cant %mounts of ferrocene

B R . o
'Both compounds are. hlghly volatlle -and’’ "2 mass spectrum '

of crude product ‘shows a typlcal spectrum for CpFe(CO) SiRj

/

CpFe(CO) SiF

compounds as well as an intense peak at m/e 186 51g—~

.,0

,nlfylng the presence of ferrocene. Such a peak would be

'absent for a- pure sample of CpFe(CO SlR3 Obvlously, . .
pother technlques uould show contamlnatlon, however,;mass. f~'1~
,_spectroscopy allows one to rapldly conflrm.the presence
Agfgf a. de51red product as well as glve a qualléatlve - oo
JindicatioﬁJof_its purrty when 1mpur1t1eS'present are

3

volatilé, o ' -

T \\// ., g



In the present work, mass

prepared were run. From these

, . . ‘ . L
inferred fragmentation pattern that the vari compounds
S } - / . L :

exhibited, is presented. _ Only on rare Lnstances were

thesewfragmentatlon patterns conflrmed by observation of
i -

metastable idns!: It must be p01nted Qut that fragmen-,
M Ng

C R

tation pattergs are a sengitive function of condltloqp
L “
n Withln thé mass spectrometer, such as probe temperature’

4.

ang. electron 0oﬂrage appll d Resuits presented here
‘ "were obtaJned on - a locally modlfled AEI Ms 2 apparatus

fi operatlng at 70 ev w1th aysource temperature suff1c1ent

: LO produce B parent 1on. ThlS temper&ture varled w1th

4

the volatlllty of the compounds, and raqged from 20° to

>

200°. Slnce compougﬁs of formula CpFe(CO)H(SlR3)2 did o

nOt‘PXhlblt a paren%.lon over thlS entlre temperature

6“* s

‘ rawge, chemlcal 1Gplzatlon was used. ThlS experlment
* ‘ » E

- was performed‘on’a-AEI MS 12 instrument, the sample

‘

-‘ J

belng lntroduced with methane gas. Ionlzatlon was

t

aceomplzshed at between 350 e 450 ev., ” v

-A. Results fof Compounds of Type CpFe(CO)zsiR3

v

" The general 1nferred fragmentatlon pattern for

w

these compounds is presented in flow chart format in
Flgure I1I- IITI.  In every case, a varent ion was observed
although when one or two'thibxy groups were attached to

¥

o ..



siflcon, the parent ion was vegy weak.

The dominant feature in the spectra of -these compound
15 stepw1se loss. of carbonyl llgands from [CpFe (CO) SiR }
(n‘= 2:1), both ions are usually 1ntense peaks w1th1n thei

spectra. That this loss was 1ndeed stepwise was confirmed
, 5
by the observatlon of metastagle peaks corresponding to ~

+ Y ——
lS R3] (n' = l,2).r These

metastable peaks were obServed when . one or more of the

et

[CpFe(CO) SlR ] +'{CpFe(CO)n;

A

follow1ng R groups where  R- Ph CGFS' OPh . SPh, ocC FS'

A
SC6 5,was attached o s111COn Their: 1nten§1ty 1ncreased

w1th increasing subs&mtué&on of the above R group%gatd
. @:
51llcon a PR T R iy ’Q‘~j

‘ : RN , . . . )

2 PR . w
EEEIN

FragmentatLon 1ons correspondlng to loss of R.%%om

51llcon were generally observed but these were much weaker »;ﬂ Xﬁ
than fragments arising from LO loss.' When R was Ph, B

-

C6F5, OPh, SPh OCGFS' SC6F5, thes

‘never observed to. be lo t from silickn.

substituents were ,

@ When R = OR' or.S

%rved Also, eliminytion of ‘an olefln\ roup. from OR'

- ‘ml

g or SR', -leaving a rearrangement fragment co talnlng an OH

or 8H 'group was observed Lo . . .

- v

An indication of‘the:stablllty of the Cp- -Fe llnkage

‘may be apprec1ated from the fragmentatlon of CpFe(CO) SlR
: ] : ¥
compoﬂnds. \One never,observes loss of Cp orzloSs of any

Cp fragment from any of the molecular 1ons produced

3

Generally, the most 1ntense 1on observed for these\\bmpounds "

o

;o _ .
4 . :
/"
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. + . o+
corresponded to CpFe ., and ions such as CpFeSi

and CpFeSiR

The mass spcctra of CpM(CO)
. .98
have also been studied

observed for CpFe (COo) €

»Figgre ILI—III:

Fragmentatlon Pattern of CpFQ&CO 281R% Qompounds”

+
arc common.

<

Flow Chaft Representatlon of bhe Infcrrod

are §

compounwF

ICpFe ,SiR3]+

t
N
' [CpFe

f.[QQFe

‘I

e

LB = Mo, W) compounds

to the spectra

. . +
(Co)251R2]

a0

(CO)sinz]‘

¢ S TCO LT

[CpFeOlR ] <

_RA

\
g

[

\

iy

[CpF081R]

CpFOR )&
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d& Results for Compounds of Typec CpF'(CO) I(PMQ€§h>ﬂSih3
P '

' . ' A =3 .
(n B 1,2) ,‘""'. *? S
. | ' “l“ ’ '.
The general infeﬁred fragmentution-pattern for.the
o ‘
n = 1 compounds is presented in Figure ITI-T1V.

[0 '/’ . . ) .
The spectra are qualitatively similar to those just

*

-~ T N
discussed. Loss of a CO group is observed to be facile,

whereas loss of PMe,Plr is not. Thus' the ion-' .

.

+ .0 o S '
[CpFePMizPh] is observed, but [CpFe (CO) ] is ncver obsorwved.

Alse, there is no competltlon between 1ose of CO and

w

PMe Ph from the paanL molecular ion, CO belng lost

areferontlally - . A B i} N

o A “The" general fraémehtatiod patttrn for the n = 2
;"cogéounds lS presénﬂed'ln Flgure ITI-V. ) .E
. Evldence forvtﬂe.less.fac;le_loss of a-phesghine' 5
groﬁp compareg to d CO group again is Qbservedg#,Thes, .
: ' ) ’ ' ' T ¢
: he_appeatance’of gfagmegts:$CpFe(PMeéPh)n]+ (e“= 5,1) . .
/i

. RS L4 7.
is a featupe~of‘the_breakdownfpattern of'these‘pompesggg) Y
ﬁﬂpté‘ghﬁt no-analogpus carponyl containing fragments were
; - N . ~ R : ) -

‘observed for CpFe(CO)ZSiR3'COmPOUHdsr- . . B
- lg . & . \‘:'# ‘. ) N ” - . | ‘.;‘ Q‘ Eq}’;’ g . .
C: "Results for Compounds of Type CpFe (CO)H(SiRy), = 7

- ? .
- v e . a

. . R . o - - . 3
fThis claSS'of-gompounds exhibLtsathe mo§% lntéﬁestlng

mas s sptctra of all the compounds mtudled -ﬂhe general
’ R 3 d

lnferred fragmentatlon pattern is presented in' Flgure IfI VI.

. ‘

'
.

’

. <
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No' parent molecular ion was ébserved for these
complexes even under the chemical ionjzation conditions

described earlier. The compound CéRu(CO)H(SiCl3)2'did

~exhibit axyefy weak parent ion, unlike thé iron compoundsf

:?

- . R
. , . B o ' kY
SR . . K N FR )
v o . [CpFe (CO) PMe ,Ph (SiR}) ] -
. 3 \J ) 'y ) ’
~CO- . : .
. ~'§_ : ' . )
wo - s . . I3
R -~ ) -

S S
[CpFe (co')%,gquph (SiR,) ]7+.

K]

-»

2 -SiR. : -
- e Y
el 3, L . TLCO v
. + =Sir. S IS
. Ph) ] @Ry [CPFe(PMe,Ph) SiRgE’ .
*_‘i_‘(‘ “‘, it . i . ] . , o Y ) . PSR

! [cpre)’- -

) . ” N P; ’ ) ' . . ’ - o "
. DRI - AR R - ‘
FigureaIiI4€V{

Flow Chart’Kepresentation of the Inferred

» - . . - ~ R .\'."

i

Fragmentation’ngterﬁ of CQFe(CQ)PNeZPh(SiR3)'Compounds. o
'(' - i EE ] K
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[Cppe(PMezPh)zs;R3]

; \
-PMe . Ph ‘ :

[CpFe (PMe. Ph)SiR.]"
' 2 3 v

o " ICpre (PMe,Ph) i e SR
- i . . . N “ TN S ' g :
S -PMe,Ph w5 . , —RMeQPh TR

] v - [CpFePMé ph]”"
{CpFe(PMe Ph) is ] . -
' ' ' - etc. | -

'. . etC.; ’ ) £ . h . N . A
o : ' , etc. v P . j ‘*‘m LAl
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Flgure III Vﬁ Flow Chart Representatlon of the Inferre‘ “%gih.
. b ", B A ‘\’ .... :

Fraggéntatlon Pattern of OpFe(PMezPh)ZS:LR3 Compounds. ; $l¥ﬁ;
e . : S ? , N
o ek § Kk ok kK K k¥

Uﬁ?Fe(pmeéPh’2]+“

[CpFeSiR3]+'h

N

'CV-

D o i . _:.v\- :, L . ) o .
ek oy : L T S L RIS &
& ! .. ‘ - .‘ ‘v‘ .

BCES;"e(CO){-I (.SiRjg”z‘] (not observed) L o .‘, ‘

' ! .‘.":"’ T . . t - \ 5 Y ..,:i'.
R / v \ .—H51R3.‘ SRR
' T *HSLR? N " D +" y )

{cPFe(cofﬁ(isz)(siR3)J+ - ‘k’[che(co)(SiR3)1’

,f --HSlR3
g

ICpFe(CO)SlR ]
© o

. [CpFesiRy] " . . : S 5 4

A AN

Figure III-VI: “Flow Chart R'epre;s'entat“ion of the Inferred

L
Fragmentation Pattern of CpFe(CO)H(SlR3)2 o
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‘ observed always corresponded to an 1on which mlght be

W

'S

'LWo electrons t& the 1ron in [CpFe(CO)H(SlR )jé

‘ That such an 1on is favorably formed under thefcondltlon‘a‘“

‘The hlghest m/e ion observed corresponded to loss.
of an R substltuent from s111con. This fackﬁ loss w1th1n

the spectrqmeter followed the 1nd1cated ordeg of ease. .

Cl = F > Me »> Ph '/C When two dlfferent substituents -

6 5'

were present upon 5111con, the loss of ‘each p0551ble R
»,fl

qroup was observed exceptlng when R = Ph or Cs The

latter groups were never lost from any df the observed N
- - ) _ Coe 9

frdgments. : T s ' SR > §, L

iThe hlghest m/e ion spec1flcally f gments. v1g loss "55

& : ¢
of His. (n+ —‘3 Z), and only thereafter - CO- loss observed

ThlS is qufge unusual 1n~v¢ew of - resu}fs observed for the'
prevlously dlscussed*compoundSpwhowever, thlS &s con51stent
w1bh results observed for CpMn(CO) H(SlPh ). _;/

v

Tt is 1nterest1ng to peculata as to the 4bsen$e of

1 .
S

a parent 1oa for these compounds.{ Th%,h%ghestfm/e 1ow~v‘;

. oy o
con31dered to possess a,"51lylene" group;athat 1s, an,

2N -

) I TUNTIE
R281 molety analogou%ito a carbene, and;whlch wdzld donat#/ -1
i

3)]

w1th1n the mass\spectrometer'ls 1nterest1ng, but as ye

no chemacal routes to these compounds have been found



CHAPTER 1V
INFRARED SPECTROSCOPY RE-SULTS

Organotransition motai complexes posecssing one or
more terminally bonded COvligaHds characteristically
exhibit intense C O stretching modes in the reqgion
2200 - 1800 cm-l. Furthermore, these modes are usually
sharp, well resolved bands and provide insight into
the szructurcs of many carbonyl contalnlng transition
metal complexes. 99,100,101 (Reference 99 is a useful
review on vibrational spectra of metal carbonyl ccmpiexes.)

- -

In the present work, the carbonyl infrared region
was used as a probe to study the rotamer phenomenon, 4'5T
and effects thet various'substituents bound tg.siliccn
produce on the electr>n density distribution'within these
molecules. In order for such studies to be.meaningful) it
is necessary Fo obtaln spectra.of optlmum 1esolutlon

Thus, "all spectra were run on a Perkin- Elmer 337 Gratlng

1nstrument equ1pped w1th a SlOW scan motor {39 cm /mln

.\\
-

This 1nstrument posscgses the 1mportant feature of not
having a gratlng change at 2000 cm l. Spectra were
recorded on alHewLett4Packard Model 7127A external

recorder and were calibrated with the 2147 zn ! band of

carbon monoxide.

82
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A. Compounds .of Type CpFO(CO)ZSiR3

1

i) Assignment of Rotamers in CpFe(CO)éSinRvCompounds

An outline of the fotaﬁcr pﬁenomonon obsecrved fér
CpFo(CO)zst2R compounds was presented in.Chaptcr I.
It will now boAiQ§tructiVQ to discuss the assignment of the
two conférmers (ise‘Figuré I-1) to the observed c;rbonyl’
bands. Representative spectra are displayed in Figure 1V-
VII.

The proceduré adopted has been described in the.
literature énd applied to CpFe(CO)ZSiClZMe:57 The basis

, ‘

for this method is as follows: One of the rotamers
‘possessés a mirror plane; thereforex both CO ligands are

.equivalent. Monosubstitution of l3CO into this rotamer

produces a satellite band to lower wavenumber of the
12 ‘

LU

CO stretch g mode. The other-rbtamer possesses no
symmetry| (see Figure I-I); therefore, 13co monost ~s-itution

produces two satellite bands below each,lZCO mode. Thus,

the 13CO’sateliite region, a differéntiation
of the two cgnformers is possible. Since 13Cv“is 1.1%

naturally abundanpt, nature provides convenient mono-

13

substitution, filee of CO disdﬁ$titu;ion.

In order to ssign unambiguously these satellite

Eands to ‘the appropriate lZCO stretching modes, "the

followiry consideratlons are necessary. Satellites arising

3CO molecules are often observed,102’103

from monosubstituted
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They appear to lower wavenumber of the corresponding
2., ' . -
CO bands since frequencies depend upon the squarce root

{
of the inverse reducced mass of the atoms involved.

X ! . 13- .
Thus, the inverse rcducod mass of CO is less than that

of 12CO.» I we consider a sinqid lzCO mode at 2000 cmhl,

then the correspounding 13CO frequency will bo.shiftod

‘down by 45 cm_l. x L

For the case of mono—13CO substitution into L M(CO)X,

)]

the downficld‘shift 6f satellltes will be leldOd botwuen

/ e

all co vibrational~bnﬂds the total shift amountlng to %
~ 45vcm~lf' For ompounds OL type CpM{(CoO) M R3, the
stretchlng modes correspond to symmetric and antisymmetric
bands.s It 1s a feature of these compounds that one
observes satellites - Lﬂ and - 31 cm -1 below these‘res-j
pective modes (cf., CpFe(CO)zsiF3, 12co at 2036, 1988;
13co at 2022, 1957

Utilizing theseiprinciples, satellites may be: palred
YWichLhe'appfopriate 12CO bands since we expect, for the
CS rosamer,<one satellite ~ 14 cn -1 below thg symmetric
“- . mode and_a,second, - 31 em T beloy Ehe‘antisymmetric o

12CO mode."similarly, for the Cl rotamér, two pairs of

. Satellites whose centroids occur <14 em ! and -~ 31 cm~?1

bélow each.lzco mode, should be observéd. This is demon-
étrated in Figure IV-VITI. For CpFe(co) Si(oc«FS)éMe,
the mOre 1ntehse 12CO band 1313851gned to the C isomer

.on the ba51s of. the position of the satelllte labeled A.

’

I
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-
For CpFe(CO)ZSiMeZ(OC FS)' the more intense 12 CO band is

6
assigned to the Cl isomer on the basis of the position -
of the satellites labeled B.
In practice, not all the satellites are observed
due to the proximity of the symmetric stretching 12CO
mode to the lBCC modes. Nevertheless, the large separation
that is observedgbetWeen the antd5ymmetric stretch and
. the corresponding satellites, allows assignment to be made.
~ The satellite‘region is gcanned by running the
spectrum of a concebtrated solution of the appropriate
conpound in a nonpolar solvent, the solvent chosen being
n-heptane. A nonpolar'solvent such as n-heptane is
'1mportant since the molecules will be free from solvation
effects and sharp bands will be observed A
The basis for assignment of the two possible rotamers
of CpFe(CO)2SiX2R compounds was just described. bEssentially.
the same method was applied to CpMn(CO)ZSR2 coinpounds,104
where the lone pair on sulfgr produces the possibility
of rotaners. In:that study, variation of the.R substituent~

i

(R = alkyl) produced no apparent changes in the rotamer N

populations 104 In the present work, wholesale changes
LIRS
were observed when substltuents were varied. The results

of thlS study w1ll be presented 1n part (Aiii) of thlS

Chapter.
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) »
ii1) Force Constant Results for CS and Cl-Conformers

of_CpFe(COizsiR3
o«

When infrared spectra trends for a scries of rclated

compounds are studied, CiO'stretching force constants are

12,42 .

particulariy u§qul. In the present work, anh energy

factored force field analysis, was carried out’ on
(M = Fe, Ru; M' = C, Si, Sn) compounds,

3 v
-utilizing the computer program MOLVIBS.105 This program

CRM (CO) ,M'R

requires (n + 1) frequencies to iterate for n force
constants and predict all relevant carbonyl bands. Since
thére are two force constants for the CS rotamer and

three for the Ci rotamer, the problem is solvable.

Furthermore, it provides a check upon the assignments
made according to.the procedure described in part (Ai)

L /
of this Chapter. - Thuys, observed and predicted CO band

. positions were.génerallyvfound to agree'withih'i 1 cm_l.

e s S -
~In Table }V—leﬁa l}§t of force constants and
observed CO'/bands’is presented for the c_ rotamer of
. 5 A r ; :

'CpM(CO)éMfRB'comﬁbundé., Similarly, in Table IV-16, the

data for the Cl rotamer i% préséﬁxed.
The expected trend+of decreasing carbonyl stretching
o R ) o‘ -~ R .

Co

force constants with increasing-’electron releasing

40,106

properties of the R substituents is observed. Thus,

strong eled¢tron withdrawing groups such as F, Cl, or
6°5

con. This e%ther;reduces m electron density within the

b

C_F. cause a d;fft of electron density from iron to sili-

R . a4,
o M i
.
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SioL'on compare con vers au "t Fambeaw vivant", pourtant, on 1emoy-
L . -

o | \

auera que, hicw que la fipnre de Madame Sabatier joue am role de protec-

. . N . - » . ) .
trice et de guide dans cos douQ nocres, dans "lLe Plnmh@hu vivant ', la lu-~

1 i
v .
micie qui ravonne des yeux de TaFrgsidente vst plus intease que e fou

soladire, tandis que dans "L 'Aube spivituelle, la clarté du souvenir et

\

® ¢gale 3 1a splendeur du Bolejl levant.) ' AN

o .
Charmants Yeux, vous brillez de la clarté mystique
Qu'ont les cierges brilant en plein jour; le soleil
Rougit, mais n'dteint pas leur flanme fantastique!

s I ‘ )

. . . . [t . . . ‘e . . . .

Astres dont nul soleil ne peut £18trit la flamW®! (33)

"Le Flambeau vivant" ressemble en ce sens a "Harmonie du séir”, car tous

les deux empruntent 1'image d'une source lnmjneﬁseiplﬁs forte que le¢ so-
¢ leil ]ui—méme. Cotte source, c¢'est le souanfr qai ;csté aprés le fait‘

dﬁnéh”gprmonie du soir"; daﬁS'”Le flambeau vivant", c'est une flamme spi~

rituclle: dans les deux poémes, 1'@nergie psychique 1'emporte. done sur

1'Gnergie cosmique, selon le principe «e la suprématie de 1'Idéal sur 1le
. I N

~Ré€el auquel, comme nous avons vu, Baudeclaire adhérait en dépit des lois

» &

o

de la raison, il est vray, mais fidéle A son esthétique.’ Seul, le soleil

» - .

de "L'Aube spirituelle" peut égaler 1'intensité du-souvenir parce que,

lui aussi, a une valeur spirituelle, celte de 1la rédemption et du salut,

. o :
tandis que dans legs deux autres pidces le soleil représente ce qui avait

été (1'amour dans "Harmonie du soir,') et qui n'est plus, ou un embIldme
' purement plastique sans aucune -résonnance spirituelle ("Le FLambeau wi-

vant''),

Si 1'image sblaire est utilise comme symbole de ce qu'on pourrair = §
“appeler la femme solaire d'ol irradie une chaleur spirituelle qui purifie
et guérit, il Y cut un . moment ddns la vie de Baudelaire oﬁ}ce dernier’
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1ron-CO bond, or causecs enhanced o bond donation to Jron

{from carbonyl ‘carbon. The net ofchL of cither, or more

likely both of the above, is to/raise the CO stretching

»fofc¢ constants.42

When analogous silicon/tin Cch(CO)ZM’RB_(M' = Si, Sn)

v

compounds ‘are compared, the force constants are obsecrved

to be virtually constant (ef., CpFe(CO)ZSiClee,‘CS

« IOtder, k = 16.12 and C, rotamer, ky = 16.19 and'k2 =

16.28; cprb (CO) ,ShCl ,Me, Cghrotamer,'k = 16.13 and ¢,

rotamer, kl = 16.17 and k = 16.42). This suggests that
thc iron-M' bond is very similar in these compounds
Comparlson of analogous Lron/ruthenlum CpM(CO)2 R3
(M = Fe, Ru) compounds, shows an increase of ~ 0.2 milli-

dynes/A when 4dron 15 replaced w1th ruthenium (cf

SlCl Me, CS rotamer, k = 16.12 and Cl rotamer,

CpFe(CO)2
kl = 16.19 and k, = 16;28;'CpRu(c0)251c12Me, c_ rotamer, -
k = 16.30 and Cl rotamer, kl = 16.34 and k2.= 16;59);‘ This

indicates that either the ruthenium~CO n bond is weaker than

the irothD nzbond, or ruthenium-CO o bond is stronger than
i3 ;" ) .

the iron-co O‘Qondb

" There are two principalkforce constants for the Cl

X or R (see Figure I-I). 1If X is the disubstituent on

silicon, then in the Cs rotamer each CO group is tfansoid
to X. Daltoﬁ57 has suggested that the Cl force constant
- which more closely corresponds to the CS force'constant,

may be assigned as the one arising”from the CO group

¢

98

-

/

/

/o

rotamer, -arising since each CO group is transoid to either /



transoid to X. -This procedure was not adopted here

/

. . . \ - ‘
since it is not clqar how substituents so far removed from

\ ‘
the CO ligands will ‘effect CO force constants. (7¢.,

v

inductive or mCSomeriﬁ\effects, or a combination of both).

. \ . .
Force constants listed in Table IV-16 are presented

1

arbitrarilxpso that the lower force constant appears first..

Comparison of the same coﬂgounds '~ mables IV-15 and IV-16

&

reveals thgt generally the Qi fc ‘onstants are greater
O "

than Cs' The significance \this is not known.
iii) Rotamer Populations and Trends Observed for

CpM(CO)zMYR3 Compognds

It was pointed out under part'(Ai) of this Chapter
that a'large variation in rotamer populations for

CpM(CO)ZM'R3 compounds 1s observed whén R substituents are

varied. On a statistical basis, the C, rotamer is\faered

T

I

two to one over the Cs'~ However, temperature dependent

infrared studies on CpFe(CO)ZSiClZMe show AH = 1 kcal/mole 

in favor of the.CS ro_t]:ar'ner.lo7 A similar study on a series

‘of CpFe(Co)zGexéR compounds indicated enthalpy differencés.'

of 0.7 - 2.3 kcal/mole, in favor .of the Cg confor.mer.108

In the present work, several series of CpM(CO)zM‘XzR
compounds Were’studied with a view towards determining what
factors influence rotamer'pquiationslforqthese compoUnas.v

Measurement of band intensities, and hence populations, was

99
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accompllShed with the a1d of a Model 310 Dupont CurveA

" Resolver. This.instrument permits resolution of up to seven
overlapplng Gaussian or Lorentzian curves ‘and allows one

to determine the individual peak heights. Typically,

a spectrum was measured and the two sets of rotamer bands

were resolved, establishing the peak‘heights of each

stituents X and R. 108 .such a conclu81on seems unflkely,
since structural ev1dence (this will be discussed more-
fully in Chapter vVI) suggests that for CpFe(CO) M R3 .
compounds, R groups are closer to the Cp ring than to CoO -
groups. 36:109,110 ”

An NMR 1nvest1gatlon of rotamers about the nlckel-
< carbon bond in ClePPh (CH R) (R = alkyl aryl) compounds
1nd1cated a sterlc interaction w1th the Cp rlng such
that R groups apparently prefer to be as far away as -

pPossible from the Cp m01ety 111 Conformatlonal isomeri--

zation examlned by 1nfrared spectroscopy in



\t( g

(m=— C3 4X)C0(CO)2PY3 compounds also spgéeéted thatprsteric
interaction between the n-moietv.and Y grg <

The above evidence suggested that rotamer popufations
in CpM(CO)zM’R3 compounds might be control}\d by ensﬁeric
Or‘Van der Waals interaction of R grodps witﬁ éhe Cp' ring.
With this in ﬁind, several series of CpFe(Cd):Sisz
compounds ‘were prepared and some reldted CpM(kO) M X2R
compounds were studled -

The follow1ng_pqlnts were considered for guments
.based on observed rotamer populations:

(a) Compounds of fetmula CpM(CO)zM' 2R have the R
groupe cisoid to the‘Cp ring in the C, rotamer
and X groupe cisoid to the Cp ring in the CS
_rotamer (see Figﬁre I-I).

“

(b) :cpmpounds studied were considered to be free

"from solvation effects, since epedtra were

measured in n-heptane. Intermolecular inter-

ecfions'were~§seumed to beyunimporfant, since

solutions were very dilute (.lO—'3 M).

(e) All spectra were measured at amblent tempera-
ture which 1s taken as 300°K.

(d) The entropy difference between rotemefs is

‘assumed to be constant for ;iihco%pounds

stﬁdied and to favor-the Cl rotamer b& the

statlstlcal factor of Rln2, 107

P01nts (c) and (d) and Dalton s enthalpy determlnatlon

ups was operative.

101
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on. CpFe(CO) SiCl Me of 0.8 (-0. l, +O.7) kcal/mole, 107

allow evaluation of the difference in free energy between
the rotamers of CpFe (CO) SiClee The enthalpy value favors
the C isomer and the entropy value favors the Cl thus

the free energy difference at 300°K favors the C rotamer

by 0 4 kcal/mole. On the basis of a Boltzmann distri-

bution of rotamers, the C isomer is Predicted to be
66% populated at 300°K. This compares reasonably with
the measured value of 74% in the present work.

A series of‘compounds of formula CpFe (CO) ,SiMe,R
(R = aryl) was first studied and the measured rotamer
populations are presented in Table IV- 17. These compounds
were studied with a View\towards investigating the
pOSSibility of an electronic influence controlling rotamer

populations in the absence of any steric complication

However, only for the compound CpFe (CO) SiMe (C FS) may

one argue that a Significant change in electronic influence

is felt by the carbonyls, in comparison to the other com-

pounds in Table IV-17. fThus, the force constants for the

first seven compounds in Table IV l7 are all‘WIthln 0.1

millidyne/A of one another, whereas for CpPe(CO) SiMe (C FS)\

the force constant is 0.15 millidyne/A higher (see Table

IvV-15 and IvV-16). Therefore, the nearly constant observed

populations of these compounds does not rule out an . .

electronic efFect- in fact, the largelchange observed for.

CpFe(CO) SiMe (C6F5) Suggests an electronic pféference

Sl

L]



Table 1V-17

Rotamer Populations of CpFe(CO)ZSiMe2 (aryl) Compounds

N . a a
Compound, —SlR3 %Cs %Cl
SlMez(p—C6H4NMe2)’. 87 13
SiMe, (p~CgH OMe) - 91 9
SlMez(p-C6H4Me) 91 9
SiMe2Ph ‘ ' 91 9
SlMesz—C6H481Me2) 91 9
SlMez(p C6 F) , 89 11
SlMez(o—C6H4Me) , 88 12
SlMeZ(CGFS) A 7 ‘93

N
N A

Populatlons were determined from observed carbonyl infrared
bands as descrlbed in the text : Results of determinations
upon the symmetrlc and antisymmetric modes generally

agreed within two per cent of one another.

103
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for a*strong el t‘(tt’l‘C){l withdrawing group. next to the Cp

" ring; however, an atthnctiVu van der,Wahls interaction may
also be important in'this caso. '

Tho results above prompted an invostigation of the

SCllCo Cppo(CO) %LRZX (R = Me,.Ph; X = electton withdrawing
substituent) in order to gain further insiqht into the
apparent preference for an elcctron w1thdrdw1nq qroup
cisoid to the Cp rihg. The measured populatlons of these
.compounds arc presented in Table Iv-18.

The results show a strong favoring of‘the Cl rotamer,
indicating a preferencc¢ for an clectron withdrawing group
cisoid to the Cp ring.  The wide variation in steric
”propertles of X in these compounds suggests that this
preference may be the result. of electronic factors. Two
possibilities were considered, a preference for an

electron withdrawing group.transoid to CO, or an attractive

van der Waals 1nteractlon between X and the Cp rlng

T

Either of these p0551b111t1es would be con51stent with small
enthalpy dlfferences between rotamers.

" Next, the ser;es CpFe(CO)281X2R was investigated,
since here the C isomer should be favored if there is
indeed a pteference for an electron withdrawing group.(X)
cisoid to the Cp ring. The results are presented in Table
IV 19 and are conSLStent with thls hypothe51s. |
It is informative to note that when analogoue X = CI,F
compounds are compared, incevery case the fluoro compound

. shows a lesser tendency to populate the CS rotamer. This



Table IV-18 .

4

Rotamer Populations of CpFe(CO)zsiMezx and
CpFe(CO)zsiPhZX Compounds

Compound, -SiR %Csa ‘ %Cla
SiMeZCl 11 89
SiMe F 20 80 .
‘SlMez(CGFS) 7 93
SlMe2(OC6F5) 9 91‘
SlMez(SCGFS) ?3 77
SiPh2C1 19 81
SiPh F 28 72

aPopulations were deternined from observed infrared

carbonyl bands as described in text.
terminations upon the symmetric and antisymmetric ‘modes

generally agreed within two per cent of one another. *

-

Results of de-
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Table IV-19

Rotamer Populations of CpFe(Cd)zsisz Compounds

*

. a a
Compound, —SlR3 %Cs : %Cl
SiClee 74 26
SinMe. 59 41
Sl(CGFS)ZMe 80 20 -
Si(OCGFS)ZMe _ 70 30
Sl(SC6F5)2Me 89 11
SiClzPh 34 66
SiF2Ph 20 80
Sl(CGFS)zPh 70 - 30
Sl(OCGFS)ZPh 85 L 15 R
Sl(SCGFS)ZPh 59 41
SiCl,H 52 48
SiFZH 37 63
Slc;z(CH=CH2 60 40
51 49

SiClz(f_Bu)b

;&iPopulations were determined from observed carbonyl

7/

infrared bands as described in the text. -Results of

determinations upon the symmetric and antisymmetric:

stretch generally agreed within two per cent of one

anotheér.

bThis cbmpound'was incompletéiy characterized.
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result seems inconsistent with a preference for an X
substituent transoid to the CO group. However, this
observation may be accommodated by the attractive-uan der
Waals forces hypothesis, since such an attractlon would
depend upon 1ntramOICCular nonbonded dlstances Thus,

the shorter slllcon -fluorine bond (with respect to the
silicon- chlorlno llnkage) may result in a rechtlon in the -
attractive 1nteract}on;between‘Cp ring protonj and X.

- When X = C_F OC_F and SC_F. a strong preference for

65’ 65’ 6°5 <
the Cg rotamer is obsefved. These groups should be well
suited towards a favorable van der Waals 1nteractlon of

the type described above

Further examlnatlon of Table IV-19 shows that sterlc

N \

con51deratlons are unlmportant for these compounds (cf s
CpFe(CO) SlC12H SZE’C ’ CpFe(CO) SlClee, 74% Cs}7
CpFe(CO)281C12§~Bué 51% C_). vThus, when only one bulky -
substituent is present on silicon, there is apparently
, o steric strain. _ ’ |
A series of CpEe(CO)éé&Mez(YR') (¥ = 0, S; R"s
" alkyl, Ph, C6 5) compounds were next studied in order to.
investigaté/the varying eftects'of Y and R' on rotamer
populations. Results are presented in Table IV-20.

Note that the thiol compounds exhibit a strong prefer—~-
| ence for the Cl rotamer, espec1ally when'comp?red to the
v‘analogous alkoxy compounds. Thls agaln,may b explalned

¢
by bond length considerations. and ' a favorable 1ntramolecular

A e
/
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\Tbble Iv-20

Rotamer Populations of CpFe(CO) SlMe (YR )

(Y = O S) Compounds

a

Compound, —SlR3 /”—\\\' %Cs 3C
SiMeZKOH) . 91 9
SlMez(QMe) | o 92 | p
SiMe, (OEt) 88 12 -
51Me2(OCHch3) 64 ’E 36
SiMez(Oi-Pr) 84 ‘ 16
SiMe, (0i-Bu) : 76 24
SiMe (OPh) \ 91 9
SiMe (OCGFS) :9 91
SlMez(SEt) ] 59 41
siMeéwéi~Pr). 30 70
SiMe , (SPh) 8 92
SiMe, (SC(Fg) v 23 77

, 108

Populatlons were determlned from- observed 1nfrared bands

"as described in text.

symmetrlc ‘and antlsymmetrlc stretch generally agreed

" within two per cent of one another.

A

Results of determlnatlons upon

k)
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v v
interaction between the sulfur lone pairs and the Cp ring
protons. The shorter s;lioop—oxygcn bond length appardntly
precludes an optimum interaction be£ween the oxygen lone
pairs~and Cp ring protons. It is also interestind to
noté that for both CpFe (CO),SiMe, (OR') (R' = ClH,CF,
C F5) compounds, a strong prefe;once for the"Cl rotamer

6
is observed. Since in these two compounds fluorine atoms

are attached to R', .ne possibiiity of an attfactiveﬂvan
der Waals interaction exists. o

The steric bulk of R' apparently is of secondanyh
impomtance in thesge compounds. No obvious trends ane
observed; in keeping with results observed for

CpFe(CO)ZSiClzR (R = H, Me, t-Bu) compounds.

To investigate further changes in Y and R' and how

they affect rotamer populations, the series . [(CO)ZSi(YR')ZR
(Y = O; S; R' alkyl Ph C6F5' R = Me, Y was considered
next and the results are presented in Tablo L =21

| . Trends {n this series of compounds were most dlfflcult
“to rationalize. This is the case since steric as well as
electronlc factors are apparently 1mportant for thase
°compleges” Thus, consideration of the flrst five compounds
in Table IV-?l“shows that’increasing steric bulk of R'
counteracts a preﬁefenCe°forlOR' cisoid to the Cp ring.

. This effect is most dramafic foi:CpFe(CO)ZSi(éﬁ')zPh

'when R' = Et, Cg = 81%; R' = i-Pr, c, = 213. Sterik

considerations.are eXpected‘to be important for these

-~
‘)I
3



Table 1V-21

Rotamer Populations of CpFe(CO)zsi(¥
(a"

Compound, —SiR3

R')2R Compounds

Si (OMe) ,Me
Si(OEt) Mg
si(Oiépr)ZMe
Si(Ot—Buz2Me

- Si(0Ph) Me
Si(OCH,CF,) ,Me
Si(0CF ) Me

. Si(SEt) ,Me
Si(S1-Pr) Me
Si(SPh) Me
Si(SCGFSQQMe
Si(OMe) ,Ph
Si(OEt) ,Ph -
$i(0Z-Pr) ,Ph
Si(OPh)zPh
Si (SEt) ,Ph
:Si(SiJPr)éPh*
vSi(sPh)zPh‘
$i(0CFg) ,Ph

1 [ 4
§1(SC6F5)2Ph

tc_° gcla
55 45
48 52
39 .61
28 72
46 54
46 54
70 30
48 52
38 62
80 20
89 11
88 12
89 11
82 ';_ 18
22 78
81 .19
21 79
16 84
85 15
59.. 41

110
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Table 21 (continued)

aPopulations were determined from observed infrared bands
as described in text. Results of determinations upon
symmetric and antisymmetric stretch generally agreed within

“~

two per cent »f one another.



compounds since R' Qill be in u position to interact with
the Cp ring.and therebare.two such intcractions.

Further considcration of results.in Table IV-21 shows
that thiol compounds in the CS isomer are soﬁetihes highly
favored when compared to analogous alkoxy compounds

((ef., CPFe(CO),Si (SPh) ,Me, 80% C : CpFe(CO)2 i (OPh) JMe -

S
46% CS). However, thlS is not the general trend it was
for CpFe(CO)281Me2(YR ) (Y = 0, 8) compounds, due to

the 1mportance of steric con51deratlons as dlscussed above
Rotamer populatlohs of related CpM(CO)2M R3 com-

pounds were determlned in order to. study the effects of

112

varying M and M' (M = Fe, Ru; M' = C, Si, Sn)., The results .

are presented in‘Table Iv-22, SurprlSLngly, v1rtually
no change in rotamer populatlons was observed on varying
M and M'. These results contradict Dalton's’suggestion
. that increasing the size of the Gtoup IV iigand atom should
result in a decrease in’enthelpy diffefence between
rotafners.107 The neglect of ¢ bonding‘considerations for.
these compounds by Dalton,107 probabiy accounts for the
anoﬁaly; | |

‘Thete are sOme CpFefCO) SiR3 compounds which show
i only'tuo‘lzco bands in the carbonyl reglon.. These are
compounds such as CpFe(CO) SlPh Me, CpFe (CO) SlPh H3 -n
(n =1, 2) CpFe(CO) SlMezH CpFe(CO) SlMe {(t-Bu), and

CpFe(CO)zslMe2

'OslMezFe(CO)ZCp. The‘satellite regioh of



Table IV-22"

Rotamer Populations of CpM(CO) M R

2

(M = Fe, Ru; M' = C, Sl, Sn) Compounds
Compouﬁd, M - M'R3 %Csa $C
Fé—SiClee 74 26
Fe-SnCl,Me ¢ 77 ?3‘
RE:§£912§2ﬁ‘- '70 30,
Ru-SnC1,Me® 71 29
Fe-C,Fy & -c3F7 71 28
Fe-SleMe" , | 59 41
Fe- SnI2Me o 75 25
Ru- SlFZMeb 50 59

| RﬁesnIZMe' 75, 25

f‘Fe~§iC12éh 34 66
Fe-5nCl,Ph o i 63 37
Ru-SiCl;Ph ., 38 62
Fe-SiF,Ph 'éo' 80
Fe4SnIZRh 66 34
Fe—SiMeZCl 11 89
’Fe—SnMe2Cll 8 >92~.
Ru-SiMe,c1® 15 85
_RuéSnMeéClb ! 9 91
'Fe—SiMeéF 20 80
fe-SnMeZI - 6 94
Ru-’Si’Mez_F"~ | 237 77 J”
Ru'--SnMeIb 6 94

113
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Table 22 (continued)

aPopulations‘weré determined from observed infrared bands
as described in text. Results of determintaiéns on the

stmetrié and antisymmeﬁric modes generally agreed to

within 2 per cent of one another. RS

These compounds were incompletely characterized.

114
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these compounds showed one 1QCO band below each }2CO

band; however, this cannot be taken as evidence for 100%
population of the C 1somer in these compounds, since

the saLelllte bands ' could ‘be degenerate. Only for the

n
’

latter compound would it be reasonable to make thlS
5 \ ,
a551gnment 31nce there is a 51gn1f1cant dlfference in,

the electronegat1v1t1es of substltuents on 5111conr. For
the other compounds, it is felt that the similar electro-

‘negat1v1t1es of groups on slllcon result in degeneracy

of the 1nd1v1dual rotamer bands
The compound CpFe(CO),QCH2 6F5 was of 1nterest since

it also showed_only tw0'12CO bands; however, the satellite

region showed two- 13CO bands below each lzco,mode. -This

1nd1cates the presence of solely the C1 rotamer for this

compound. Agaln, a strong van der Waals interaction w1th‘
 the Cp r1ng protons could be respon51ble for. this obser—

vatlon.

B.' Compounds of Type_CpEé(cO)H(SiR3)2 .

The 1nfrared carbonyl bands observed for these
compounds ‘are listed in- Table IV423. ‘When SiR3 = SlX R,

‘rotamers are agaln observed and” examples are shown in Flgure IV IX.

There are four p0551ble conformers for these compounds, %

. ﬁ

assumlng that the' CO, H, and SlX2R groups all lle in a .

plane and X and R groups stagger the CO llgand 'These
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Table IV-23
Observed Carbonyl Infrared Bands for

CpFe(CO)H(SiR3)2 Compounds,

Compound,.—SiR3 , _ Bands Observed?®, cm™ !

Ru-sicl; |  2039; 1994 |

sic1,P -~ 2025; 1982 |

SiF, | | : 2015;'1972 |

$iC1,Ph »‘2015, 2005, 1993; 1953

~§iF,ph® 2012, 2004, 2000

SiCl,Me . 2006, 1992; 1945

SiF,Me o »,1993, 1981; 1935 |

;SiMeZCl ~ . 1980, 1967, 1954; 1941, 1927

SiMe F 1969, 1960, 1950; 1923, 1914:.
\.:SiMeQ(CéFS)_ - 1975,;i§é§75, 1957.5; 1923, 1913

SiPh,Me . 11947; 1901 “

SiMe,Ph S 11944; 1899

aSpectra were measured in n—heptane. Bands listed after

semlcolon correspond to 13CO satellltes.,
bThlS compound prepared lnltlally by W. Jetz, reference 6.

ThlS compound was 1ncompletely characterlzed

N\
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eonformers are shown in Figure IV-X. (Crystal struetures
on three of these compounds indicate that they may‘be
., considered to possess a distorted tetragonal pyramidal
structure with the Cp ring at the apex and SiR3 groups
trans to each other and in a plane w1th the H and CO
ligands. 65,11 ' v
The-compOL i DOFe(CO)H(SiX,R), (SinR = SiMe,C1,
éiMez(CsFS){:SiC1ZPh, 3iF,Ph) showed three of the four
Lpossible bandsf We 1.y expect conformers 3 and 4 in
Figure IV-X to possess ~<u.ly 'equivalent CO bends. The
compounds CpFe(CO)H(SiXZR)2 (SiXZR = SiClee; SinMe)
'showed two of the four poss1ble bands Here, there may be
further degenelacy of some of the bands, or one of the |
conformers may be only sllghtly populated The compounds
CpFe(CO)H(SlMeP-h3 n) (n =1, 2) showed only one 12CO band.
This is undoubtedly due to degeneracy of the varlous
"expected conformer bands. As before; the similar
electropegativities'Of;Me and’Phiaccoddts for this de-
generacy.
The position of the_CO bands of these comoounds
appears to fall,vwith;#woeexceptions, between the symmetric
and ant;symmetric baﬁds.of the anelogous CpFe(CO)QSiR3 |
compounds. This comparison is presented iﬁ Table IV-24.
Formally, iron is con51dered to be ox1dlzed from +2

to +4 on g01ng from- CpFe (CO) SlR3 to CpFe(CO)H(SlR )

. However, the results of Table Iv- 24 suggest little actual

¢
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OC = [ i

R, N
L YA

Figure‘IV—X: A\view‘dQWh7the CpfFe axis. (Cp group C

omitted), showing four possible conformers about the CO

group.
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Comparison of C=0 Stretching Frequencies®

Table IV-24

CPFe (CO) ,SiR, and CpFe (CO)H (SiR;)

Compound, -SiR

Band for ‘
CpFT(CO)H(SiR

119

of Analogous

Compounds

Bands for

Cpr(CO)zs;RB,,

a, : L
Where rotamers are observed,

. reported.

PO

“

cm”™ - cm”
sicl, 2025 2038, 1995
‘SiF3 .?016 2086, 1988
$iC1,Ph 2004 2024, 1975
SiF ,Ph 2005 2023, 1972
Siélee 1999 12026, 1976
SiF Me 1987 12020, 1974
siMe2c1’ 1967 2013, 1963
. SiMe,F ’ 1960 2010, 1958
SiMe, (C.F) igss | 2008, 1??8
SiPh,Me 1947 2002, 1952 .
SiMe,Ph 1944 1997,“1946

an’'average band value is .
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' N , Ce
change on proceedinp from the formal +2 to +4 oxidation.

! . . .
- states. The implication of this data is that there is a
similar charge density upon iron in both types of

compounds.
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Chapter Vv

Nuclear Magnetic Spectroscopy Results

The‘NMR.spectra'Qf'all compounds prepared:in the
present work were., routlnely studied and furthel servcd
to conflrm the 1dentity of these compounds. All'spectra
were recorded on Varian HA 36/60 19F/ H or Varian HA 160

instruments and referenced_to.TMS or CFClB.

3 i . )
Al Compounds of Type CpM(CO)zM'R3, (M = Fe, Ru; M' = -
© ¢, si) ' ‘

»

The observationvof rotamers in the infrared ‘carbonyl

/.
reglon of *these compounds prompted temperature dependent

NMR studles on some of these complexes. Unfortunately,_.

the llmltlng low temperature spectrum ant1c1pated for

these compounds was not observed, llkely due tO’a low
barrler to rotatlon and to the small dlfference in’ free
energy between the two conformers 113 The results obtained

for CpFe(CO) SlF2Me are typlcal thus, a sample in CFC13'

/

was cooled down to ~-80° and showed a sharp quartet in the

19F[NMR throughout ' The coupllng constant. 3JP Me shoWedi

1-

a sllght decrease on~coollng, 8.2 " ‘at +40° to°6. 5 Hz at

-80°. This change may Qe attrlbuttd to changes«rn the
3 .
rotamer populatlons w1th femperature, the spectrum at any »

B

- one temperature belng a welghted average of coupllngs

qu@a@@ chemical thfts of*each rotamer,}l4’ll$ Eurther

C oy -

T121 =

. Y '
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cooling of the sample produced broagcning of all signals,
1nclud1nq the CI‘Cl3 reference, indicating’ that the sample

1
waScpr001p1tat1nq out of solution.

Thc compound CpFe (CO) CU2C615 was of interest. sincc

its lH spectrum in acetone-r(l6 showed an ABX2 patbern

for methylene protons as shown in Flgure V-XTI. The spectrum

was.a331gned.assumingvequal coupling of ortho fluorines

to theiAB protons. On the‘baSlshof this assumption,

23A5_= 1.5 Hi and GA = l.4.hz; however, in CD2C12.the

methylene protons were equavalent down to -40°, at lower

temperatures the compound precipitated out of solutlon
The results in acetone- d6 appear to be consistent

w1th the 1nfrarcd study, whlch sho - the presence of only -

the Cl rotamer in n-heptane solutlon. However, if rotatlon

about the iron-o cam@on bond-is slow onath . NMR. time
scale, then 1t 1s necessary to postulate a, substantlak
barrler to rotatlon for thlS compound in acetone solvent
ThlS 1s 1ncons1stent W1th the NMR results’ in CD2Cl2
where rapld rotatlon about the iron-o carbon bond must
be occurrlng Such a large change in the barrler to rotatyion
for the same compoundow1th solvent Suggests an unusually
1mportant role for the solvent thus, acetone could con-

. celvably hydrogen bond,tO'me methylene protons. Ideally
.these NMR,1nvestlgatlonsnshould'have been carried .out in

.

n~heptane solutiong'then the role'of solvent would have -
’ ' ) ' ’ [ ’ .o
been unimportant and direct comparison with?infrared”results
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\

'

Figureﬁv—XI. Methylene proton NMR spectrum in acetone—d6,

\

. of CpFe(CO)ZCHZ(CGFS)’ showing the AR resonance of an |

ABX2 spin system.

123
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§é
would have been pos51blo _ Unfortunately, these compounds
are 1nsuff1c1ently solublc  in n—heptanethrlNMR'spectra.
The. ¢ompound CpFe(CO) r, exhibited nonequivalent
o= fluorlnes in acetone—"d6 up to 70°, the temperature limit
of so Vent. This may bc contrasted with the results for

l9F NMR in acetone- d6 showed a simple

CpFe (C 2C2F5 whosel
A2X3 pattern. Both compounds showed the Presence of
rotamers in n-heptane.in the'infrared, in almost
identical proportions (see Table 1IV-~22). dn cooling a
sample of CpFe (CO) C2F5 in acetone- d6 from +40° to -40°
3Ja 8 1ncreased from 1.17 to 1.76 Hz. . These results
suggest that for the —C3F7 compound, both rotamers are
1nterconvert1ng rapidly on the NMR time scale but on
cooling, one" rotamer 1s becoming more and more favored.
Again, these results were obtalned in acetohe- d6 so that
'solvation may play a significant role. ll lelted solublllty
in other solvents including CD Cl2 hampered further
’investigation, and the unusual behav1or of these closely
related compounds is not understood

A list of chemlcal shlfts observed for CpM(CO) 3
M = Fe, Ru; M' = C Si) is’ presented in Table V=25, lThe
spectra were recorded in the 1nd1cated solvent and it is
1nterest1ng to note the large chemlcal shlft varlatlon
‘observed for the Cp protons Thus, the Cp resonance of
CpFe(CO) CH CF occurs at 7. 6.09 in benzene and at 1 5.14

276" 5.

- in CD,Cl Other resonances were not affected 51gn1f1cantly

2772
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LIT . )

by change of solvent.

! B

The Cp resonance was observed to shift to-higher» 7 ~
. . s:-\\ A .
T value as groups upon M' become more ‘electron releasing.

This effect has been observed for similar compounds40'106
and is attributed to the increased egectron density
placed upon the metal, resulting in a grearer shielding
‘of the Cp protons:

Compounds poOssessing pentafluorophenyl groups are
of interest since it is poss1ble to correlate the para

fluorine chemlcal shlft to the electronlc character of

the group attached to the C6F5 r1ng.85’l%6'117 A list

f ¢ values for selected C_F_X compounds'is'presented,
para 65

in Table V-26." A more positive Ypara vValue indicates

that X is a = donatlng group (cf., when X = OH, ?para

171.0; X = SlF ) = 143.0).

3’ 'para C : A :
The results inhTable V-26 indicate that the CpFe(CO)2

moiety exerts little influence on ¢'ara dalues. 'Thus(

both CpFe(CO)2C6F5 and CpFe(CO) H, 6F5 have similar

¢para values, and since the CH2 group is not expscted to
transmit a = effect, apparently the CpFe(CO)2 moiety

exerts little significant m influence. This is consistent .
with conclu51ons obtalned for C6F5Mn(CO) L5 -n (n = 3,4,5),
where lack of influence of the Mn(CO)’ 5-n Jroups upon

lgF ~hemical shifts was attributed to poor overlap of the-

, R - . ; @
m  system of Mn with the aromatic = system._118

When CpM(CO)2C6F5 (M = Fe, Ru) compounds are compared,



A

CPRu (CO) ,C F

162.5

ST 133
Table V-26
Para-Fluorine Chemical Shifts of a Selected
Series of C6F5X Compounds -
§ - 5
Compound ¢ para Source
(CFC13, $=0)
C6F6 163.0. - ref..116
CeFgSiFy 143.0 ref. 85
CGFSS;MeZBr ) 149.7 | ref. 116
CpFe (CO) ,5i (C F ) ,Ph 149.8 this work
CpFe(CO)ZSiMeZ(CGFS) 150.0 this work
. | ) b : .
FC6F5)281Me2 . 150.1 ref. 116
CpFe(CO‘)H[Sil\";ez(CGFS)]-2 150.8 this work
CéFe(CO)zsiMé2(SC6FSO' 151.3 this work
cpFe (CO) ,Si (SC,F,)  Me 151.6 this %work
\ 2 6°5"2 .
CpFé(CO)ZSi(SCgFS)ZPh 152.5 this work
CGFS-SiMe3 152.9 ref. 116
CEFSCHZQr 155.5 ref. 90 -
CGFSCH20H 155.6 v -f. 116 .
C6F5Mn(CO)5 158.7 | rev. ll?
‘CpFe(CO)ZCHZCGFS ) 159.4 this york
CpFe(CO)2C6F5 \ 15%?3' N fef..9l
(C6F5)2CH21 160.8 - ref. 90
CpFe(CO)zsCGFSu' - 161.0 .?éﬁﬂ 85
épFe(CO)zsiMeZ(OCGFS) 161.5 this work:
ref. 91
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» o - ‘ . : '
N . N / -

Table 26 (continuedf

Compound v : ’ b¢_para 1
' (QFCl‘, $=0) Source
qs:e(co)ZSi(OCGFS)ZMé . -x;>~ 163.3 this work
Cpfe(cb)2§i(0c6F5);ph” | 164.0 ° ° this work
‘CF50SiMe, | 167.6 . ref." 85
,CGFSQH' ,171{0 ref. 85
. oy



.does not eXhlblt a hlghly shielded value (It 1 a

‘chen1cal shlfts 119~ HoweVer, fluorlne nuclel attached

u

a larger ¢ para value jis observed for the ruthenlum compound

.ThlS suggests that the CpRu(CO)2 moiety is p0551bly a

c
weéak donor, cortalnly a better 7 donor than the CpFe(CO)2

moiety. ‘ . - : A P

An 1nterest1ng serles 1s prov1dcd by compoundsl
possess1ng fluorlne atoms. - a colleection of lgF chemical
shifts is presented in Table V-27. Large‘positive‘¢
values correspond to more shlelded 19F hucled,.shifts
belng referenced to CI‘Cl3 |

The compound;CpFe(CO)zF was recently prepared4

and 1t is 1nterest1ng to note that the fluorlna nucleus

.'P

a

. ﬁ.

feature of/ transt51on metal hydrldo compounds that the

hydrldo resonance occurs in a highly- shlelded reglon

'malnly because of the diamagnetic shleldlng effect of

metal. orbltals 5?)

those in Table V= 27 are dlfflcult to establlsh because

of . lack Of understandlng of factors 1nfluenc1ng-19'- ¢

to s111con appear to be more shlelded than those attached

‘

’to analogous carbon compounds. ‘Also, 1ncreas1ng sub—

4

‘). "v° . B -

"‘u/_

135
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Table v-28

138

‘Measured CouplingﬂConst&nts of C-pFe(CO)zM'R3

(M

} L
= C, Si) Compounds

Observed Coupling Constant

\'J(é—F—Me)

' Compoﬁnd S@lvenﬁ
3 (Hz)
Fe-SiPh (Me)H neat 3 3.5
(Me-H)
Fe—SiMez(CGFS) C5D§u- 3J(m—F—p—F) 19.6;
by 4J(0_F_p_F) 2.4;
4J(0~F:Me) L4
(FetSL(CFg)Me . ocop 3Jt;;F~p_F) 20. 3;
| 4J(O_F_p_F) 3.2;
4J(o~F:Me) 1.4
Fe—Si(CGFS)éPh CeDe 3J(m—F-p—fJA=v201§;
| 4J(O_F_p_F),=,3.7
FejSiEtéPh CeD 3J(Cﬁé_Me) = 3.1
Fe-SiF,H. ' CDC13.\ 2J(H_F)A= 62.5
Fe-SiF Me CeDg 3J(F_Me) = 8.2 =
Fe-SiMe F | ' cpel, 3J(F_Me) = 8.0
Fe-SiPh (F)Me ~cpcl, BJFfMef = 8.0
Fe-SiMe, (OC F,) CeDy ‘3J(m_F_p_F) = 22.4;
T (o-F-p-p) = 1-2;
. ﬁ{(é<F—Me) = 1.1
‘Fe—si(OC6F532Me_ CeDg 3J(m;F_p_fj= 22.3;
4J(5—Fep-F) =2.4;
= 1.0



Table 28 jcontinued)

/

Fe SlMe (SC P )
Fe—Sl(SCGFS)ZMe

Fe-s5i (SCGFS ) 2Ph

F,e-CHZCGFS

Fe- SlMe (OCH_CF )

2
Fe-5i (OCHZCF ) Me_
Fe- SlMeZJOEt)
Fe-si (0Et) ,ph
Fe—SiPhZ(OEt)

Fe—SiMe2(Oi—Pr)

- d

4

J(o—F—p—F):~
C6¢Dg . J(m~F-p—F)
: 4 .
. q(o~F—p—F)
: 5
T (0-F-Me)
€60 Y (m=F-p-p)
. . ‘
o : J(o—F-p—F)
S 5
(o—F—Me)
C6D¢ Y (m=F-p-F)
4
JKO~F-p-F)
agetone— J(m~F-p—F)
J(o-F—p-F)
J(céz—o-F)
‘ 2 -
& Jap = 1.5
acetone ‘3J = 1.17
af
acetone 3J = 1.3;
aB
4J = 12.2
. ‘ ay
C.D 3J
676 - CH ~CF,)
cD. ykA
676 ; (CH -CF )
CeDs (CHZ-Me)
C6Ds J(CHZ—Me) =
€ePs J(CH2~Me)
3
C6Pg T (CH-Mé)

Compound ' VSolvent OBserved Coupling Cponstant
' ‘ (Hz) ' ‘
3 e .
Fe-8i (oc,F )2Ph CeDg J(m_F_p_F) = 22.3; A
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. Table 28 (continued)

’ Cohpound; Sélvent Obsérved Cbupling Conétant
' ‘ (Hz) ' . s

ﬁe-Si(oﬁ—Pr)ZMe ; CeDg. \BJ(CH_MG) = 6.2
Fe-5i(0i-Pr) ,Ph - CeDe - 3J(CH—Me) = 5.6

Fe-SiMe, (SEt) - CeD 3J(Cﬁ2_Me) = 7.2

Fe-Si (SEt) yMe - CD. 3J(é;2_Me) = 7.6

Fe-Si (SEt) ,Ph - CeDe 3J(Ché_Mé) = 7.2
. Fe-SiMe, (Si~Pr) CDc 3J(CH_Me’ = 6.8 ‘

3 .

Fe;Sl(SL—Pr)zMe ‘ C6D6 ‘ J(CH—Mé) = 6.4
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couplings observed are quite normal for these compounds.
1Even the five bond couplings observed for CpFe(CO) Sl(YC F )xMeB—x~
(Y =0, Si; x = 1, 2) are not unusual, 51nce,related
compounds  show simllar values.85~

The small «, 8- fluorlne coupling observed for

CpFe(CO) f (Rf = 2 5, Q3 7) 1s con31stent wlth results
observed on related transition metal—Cst and —C3F7.

: 120,121 '
compounds. ™ !

B

B. Compounds of Type CpFe(CO)H(SiR3)2

A list of measured chemical shifts for these complexes )

is presented in Table v-29. Agaln, T values of the Cp
resonance of these Compounds were found to be markedly
affected'by solvent. For example,’the'Cp resonance of
'CpFe(CO)H(éiFj)z-occurs’at T d.BS in benzene,,at,m-4.75
in CD2C12, and at 1.4.57'in CH3CN. The Cp resonance
also shifts to lower T value as electron w1thdraw;ng
groups are placed upon &silicon. This effect was'disCussed
‘for CpFe (CO) SlR3 compounds. _ o

| It is 1nformat1ve to note. that 1 Sl—Me shlfts to a
less shlelded value as ohe 1ncreases chlorlne substltutlon
at s111con. Thls effect’was alsofobsefved for‘CpFe(Co) SiR3 o
compounds,6 and results presented in Table V-~ 25 1nd1cate T
a 51m11ar trend when CpFe (CO) SlMe R3 # (R = CGFS’ OCGES,T
ScsFéf R # F; x =1, 2) compounds are compared. When
fluor051lyl compounds are considered,. however, such a

kY . : -y J
' B ] Lo o el
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“

: o ’ . / I
shift to lowerlT value is not observed (e f., CpFe(CO)ZSiMeZF

il

T Me = 9.40; QpFe(CO)zsinMe,'r Me = 9.41; CpFe(CO)H(%dMeéF)z,
i Me = 9.38, 9.43; CpFe (CO)H (SiF oMe) 5, T Me = 9.45),
This might reflect reduced charge separatlon within
the 5111con fluorine bond arlslng from pr- dn back donatlon
In support of thls hypothesis, comparison of force_
i.constant results on analogous CpPe(CO) SlX R3 # (X =
Cl, F; R = Me, Ph; x = 3, ?,'l) compounds, shows that
the fluoro compounds 1nwar1ably possess a lower force
. constant than do the chloro compounds (see Tables Iv- 15
.and EV-16). . This 1s con51stent with 1ncreased charge
dens1ty upon si}icon, arlslng from pn—dn back donation"'
from fluorirzs, and would not be expected from a con-’
.51deratlon of electronegat1v1ty alone

The palrs of Me groups on each 5111con in compounds
of formula CpFe(CO)H(SlMe R) are dlastereoplc, SO ‘two
Me resonances are expected and observed This effect
is very notlceable for CpFe(CO)H(SlF Me) where here
the fluorlnes are nonequ1valent as shown in Flgure V -XII
and show an AB spin pattern. |

The high field protongresonance due to Fe-H or Ru-H -
falls in the region t 18—55} consistent with.obSerVations
on similar compounds.60 | o

A list of coupllnq constants observed for

f~CpFe(CO)H(SlR3)2 compounds 1s presented 1n Table V- 30

o The observatlon of 2981 satellltes_about the high fleld
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proton of some of these compounds is of 1nterest Since
981 is only 4 7% abundant highly concentrated solutlons‘
are hecessary for observation of these satellltes

Thus, it was found that CHBCN was the only solvent in

/ .
which these compounds were suff1c1ently soluble toA»
produce sharp, high quality spectra. The spectrum of -
CpFe(CO)H(SiF3)é serves to illustrate these points and .

islpresented in Figure V-XIII.— The high field proton
Ir!resonance isZCOupled to the six-equivalent lgF nuclei
and‘?gsi satellites are'clearly observable about thev
wfive more'ihtense peaks. 'That these satellites were\
1ndeed authentlc and not splnnlng 51de bands was verlfled
>by varylng the spin rate- of the NMR tube This did not -
‘affect the position of the satellites. | v
The’ proton spectrum of CpFe(CO)H(SlFZMe) in tolhene
showed nonequlvalent coupllng Qg\the AB fluorlnes to the
hlgh fleld proton, however, thlS coupling was equivalent
. in CH3CN. ‘This solvent effect was temperature invariant
in. the above solvents, however, a 1: 9 (vol/vol) mlxture
of CH3CN in toluene, when used as solvent produced
_temperature dependent coupllng effects as shown in
Figure V- ~XIV whereby the two nonequlvalent coupllngs of.
6.8 and 12.4 Hz at +80° became equlvalent at -80°,
"and of value l2.5 Hz.  That this was- a solvent eﬁ%ect

and not the consequence  of fluorinehgrouﬁs bécoming

equivalent was verified byvrunning the!lgF spectra.
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I

L L
An ABMX3 spln system was observed throughout the tem—

perature range in the mixed solvent lts appearance
5

«varying due to the anFEmentlbned goupllng change Alsp
the 19F spectrum rn CHBCN was con51stent w1th an ABMX3 .
" spin system, where AB corresponds to the fluorine nucle1

of CpFe(CO)H(SlF Me)

2
The ac1d1ty of CpFe(CO)H(Slcl3)2 in CH3CN has

been establlshed by observatlon oﬁ)two Cp’ resonances ln

:. the NMR spectrum (thelr ratlos yiélded a pK value. of |

' 2.6).5? A 51m11ar study was S?nducted in the present
work upon all the’ hydrldo compounds prepared. Only the
cgmpound CpRu(CO)H(81Cl3)2 showed two Cp resonances in ﬁ

CH3CN arlslng from. the equlllbrlum glven in equation (l),

-
(S

-+ and thelr ratios ylelded a- pK value of 2. 4 (a O 215 M
solutlon showed two Cp resonances at t74.18 due to ' . ‘t,w
CpRu(C_O)H(51Cl3)2 and T 4 85 due to [CpRu(CO) (SlCl3’2];

o

~in an 1ntegrated ratlo of 75 5 to 15.0). ? The comparable Y
pK values»for’CpM(CO)H(81C1 )2 M = Fe, Ru) compounds,
" and the lack of d153001atlon of any of ﬁhe other hydrido,b

B compounds, suggests"that the SlCl3 group 1s unlque in,

AThe- compounds CpFe(CO)H(SlMeZPh3 x)2 (x =1, 2) do not _
: react w1th Et3N in n—hexane. The compound CpFe(CO)H(SlCl Me)

reacts w1th Et3N in CH2C12 to form an equlllbrlum which
RS - -.; v_~ \,

favors the neutral compound. This suggests that tﬁls

compound is a weak acid whlle the former two compounds

122 : i aw
show no acidic tenden01es. , : o
oe, _
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these complexes. . Tt may cause the metal—hydrogen bond
< .

to diSSOCiatC‘dUB¢tO strong romoval of charqe dcn51ty
_away from the Lran51tlon metal. Although this effect
may be largely'q bonding in nature,-it codid also reflect

significant n acidic property of the SiCl3 group.

i . / Ay b ) » ~ '.1 - —
' v ; +
CpM(CO)H(SlCl3)2 + nCHBCN < [CpM(CO)(Sl(l3)2] |

| (CH3CN)nH+ o (1)

C. Compounds of Type Cé%e(@O)zlh(PMezPh)nSiR3 (n = 1,92)

-

A- list of chemical shif's observed for these compounds '

is presented in Table V-31. The p051tlon of the Cp

,¢

r:sonance is relatlvely 1nscn51t1ve to chdnges in grour:

attached to silicon, unllke analogous CpFe(CO) SlR3

r L

\Q,

0of the phosphbrusJMe resdnance observed for t@g‘.éc

compounds A palr of deceptlvely 81mple X3AA’X.‘

compounds. _ o 'a‘ _
All reSOnanccs .are in the ewpected locatlons and
asymmetry about the Cp-Fe ax1s87 produces nonequlvalent

Si-Me resonances for CpFe(CO)L(SlMe Ph) (L = PPh

BMc Ph) compounds Of more 1nterest ‘is. the nonequ1ﬁaQEnce

v£

resonanoes is qenerally observed as shown in quure ﬁ-xv J R S

3

.The pQSSlblllty of a rapld 1ntramolecular rea;gange—a‘i}‘ ¢

‘A . : P
u ,

ment througb a pﬂanar lntermcdlate has been ralsed for -,ﬁyxi
the tctrahedral cOmpound (PhMe,Ef CO(CO)NO but Was not ;_g:
observed.67 Compounds éngﬂnm% a>CpFe(PWe Ph)“€1R3

mlght also undergo nhe process proposgd by Wnicht and o ;
_.‘J [ . v . ’

. - & . .
'a"b T4t w EES "_, 3 =]
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CpFe(PMe Ph) SlMe Ph, the temperature dependent NMR

Mawby 67 If ghch a procoss dld occur, thcn onc should

o
P 124 '

observe | an X AA X ﬂj spoctrum, wherc X and X

corrcspond to" tﬂd@jﬁosphorus -Me protons. Such a spin

system was .omad at the high tcmpcrature llmlt for

. ’ ” :
spectrum in Csi solvent- formﬂh: c&mpound is shown in

¢

Figure V—XVI. The compoungg Me Ph§281ph Me showcd

RV /

‘a stmllar temperature depcndcnégﬁbectrum, the process

belng revers1ble for both compounds The other-bis—
” 3

'phosphlne compounds prepared|showcd nonequlvalent phos-

phorus-Me resonances up to 80°
The results. sug?estythat rapld 1ntramolecular re-
arrangement can occur for sdme of these compounds, depending

upon the substrtuents on silicon. ThlS rearrangement has

67 ¢

been postulated to proceed through a planar 1ntermed1ate,

and mlght be fac111tated in the compounds studled in the
H" - .

,Qiisent wofk by the bulky substltucnts whlch may be

expected to s1gn1f1cantly dlstort the geometry towards a

.planar- one._. Slnce‘3lP to Cp—lH coupllng was observed

“throeughout’, a dlssoclatlve process was ruled out.

A list of coupllng constants observed for
CpFelCO). (PMegph) SiR3(n =1,2) is presented in Table
V—32. Coupllng of phosphorus to Cp rlng protons has
been observed for related compounds 66

The Alyalues presented in Table V-32 refer to the
separation of the outer sharp'lines oiEthe deceptively
Simple XnAA'XA (n.= 3,6) spin system. -4 This value is

N

)
i x>
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[

Figure V-XVI: Temperature dependent PMR spectra in Cs. /oF

A 2 .
~the phosﬁhorus«ﬂo resonance of Cpre(tMe Dh) SlMe Ph The N
lower temperature spectra are the rooult of two ovgriapplnq ’

deceptlvely sxmple X3AA X3 soectgg, the hlgh temoera;urﬂ

C.spectrum correcxb s to a deccptfvely snmple XGAA Xé_spectra.‘

-
L . .
v

“a - e
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‘actually |JAX + JAXf and remains quite constant

despite variation of substituents on silicon.



Chapter VI

fiRay Structural Results

L4

The 1nfrared results dlscussed in Chapter IV con-

“.cernlng the rotamer phenomenon of CpFe(CO) SlR3 and

«’f‘
related compounds, and also for CpFe(CO)H(SlR3)2 com-
pounds, necessarlly involved a study of these complexes

! i
r
in sgautlon. The solvent n—heptane was used in those i

studies, 51nce in that solvent molecules may be con51dered

»*

- free from solvatlon effects. Also, because solutlon

concen@ratlons were very dllute (~ 10 -3 M), molecules

L2

: of these compounds were con51dered free of 1ntermolecular ’

1nteractlons. Wlth the above p01nts in mind, the infrared

studles conducted in- Chaoter IV may be con51dered to be
an 1nvestlgat10n of these compounds in an, lsolated state,
31m11ar to a dilute gaseous state.

To support further suggestlons put forth 'in Chapter

Iv regardlng factors controllrng the dlstrlbutlon of

rotamers in CpFe (CO) SlR3 and related compounds, structural

ev1dence”§111 now be presented. The™ struotural results
)

-

'are avallable through a number of x—ray crystallographlc

analyses on CpFe(CO) M R3 and CpFe(CO)H(SlR3)2 compounds.

A comparison of the structures of closely packed molecules

in the solid state with the essentlally 1solated molecules

v

of solution studles 1nvolves many uncertalntles. Desplte

this drawback 1t is felt useful 1nformatlon can be obtalned

from a comparlson of SOlld state and solutlon results.



157

A. Compounds of Type CpFe(CO)zM'R3

Crystal structures on CpFe (CO) SnPh3 109a‘
“ CpFe (CO) ,SnPh,c1, 12 CpPe(CO) ,SnC1Ph, 37b CpFe (o) ,snc1, T8
' . 109¢ X

3 have establlshEd two importantb

features of these compounds Flrstlyh lntramolecular

and CbFe(CO)ZSnBr

nonbonded dlstances are 3uch that gronups attached to

tin aré:bloser to the Cp rlng than they are to the CO-

llgands. Secondly, one observes varlous orientations of
’

the SnR, moiety with respect‘to.the #pFe(CO)zgmoiety

[ . .
in these crystal structures. These}two points will now’
I | o
be considered.' |
. _ ]

: /
i) Intramolecuiar Nonbonded ﬁistances.in - o
| _Sﬁfefco)2ﬁ1R3 Compounds /f» ) 'dai ‘h.
S ; . -
‘ UsinQ*the cell constants andﬁfradtidnal coordinates“
reported by Bryan and coworkers for the:abovevcom—

pounds,37b’109’125’126 nonbonded 1ntraméiagular contacts

less than 3. 5 A were evaluated: to determlne possible
interactions’ between Cp hydrogens and groups bonded to
M', and between CQ ligands and.groups bonded to M'. \ygince
the Cp hydrogens were only located in CpEe(CO) SnCl3

the- Cp hydrogen ath fraqtlonal coordlnates for all these
compounds weré determlned as follows. Using- the computer &
program:X,RA-Y-MMMR,lZ7 fractlonal coordlnates for the |

Cp rlng centr01d and Cp carbong@gmm were. determlned in’

the framework of a rlgld hlndered rotor treatment 128
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The Cp hydrogens_were then'assﬁﬁﬁﬁﬁto be in the same

-9

plane as the Cp carbon atoms and at a distance of 1.0 g
away ﬁromithem.v n this basis, fractional coordinates
for Cp hydrogeﬁ/:foms were generated, " and nonbonded
'dlstanceswwereuevaluated u51ng the computer program DRILL
The results of these calculations are presented in

Table VI-33. The determlned nonbonded intramolecular ' o
' contact of Cl1 to Cp-H of 2.87 A in CpFe(CO)éSnCl3 126 - |
‘agrees with the value of 2788,g.obtained by»the.afore—
mentioned tre:z nent, which is grati.inngagreement°

The 1mportant result of Table vVI- 33 is the lack of
nany nonbonded contacts below 3 5 A between the CO ligands
and groups attached to“tin. However,. some qulte close /

nonbonded contacts are observed between Cp hydrogens

and groups Bbnded to tin. ThlS supports the argument

1
!

presented in ChapteQ@Iv that observed rotamer populatlons
‘are largely controlled by an. 1nteractlon oﬁ@groups E
attached to M' and the Cp, rlng hydrogens, rather than-an
* interaction of groupg bound to M' and CO ligands, as; was
suggested.log Further, it was postulated in Chapter IV |
~that rotamer popula tlons may be 1nfluenced by a van der )

Waals attractlve 1 teractlon between an electron withdrawing

substituent on M' and Cp hydrogens. From Table VI-33

aDr. J. Takats, p#lvate communlcatlon. The program was

modlfled at the nlver51ty of Alberta for the IBM 360/67

3
-
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Table VI-33
Nonbonded intramolecular Contacts Shorter than
o .
3.5 A for CpFe(CO)zsnR3 Compounds
Cdmpoqnd o "~ cCalculated Nonboﬁded Intra-
o molecular, Contacts.@a
’ . =
CpFe(CQ)ZSn 12Ph ‘ Cl to Cp-~H: 3.05 A
) o M . . o ) v i
Cl' to Cp-H': 3.48 A - ?\
CpFe(CO)ZSnPhéCl @one ,

(CpFe (CO) ,8nCl, Cl to Cp-H: 2.88 A . -
| ‘ 1" 5 cp-H: 3.19 A
i i Cl' Eo Cp-g': 3.16 3 
_.CpFe(CO)ZSnBr3 Br to Cp-H: 3.10 .

aCalcu‘lated in the manher described in the text. Primes
‘denote differént atoms. . For example, in CbFQ(CO)ZSnCléj
two different‘Cl atoms have nonbonded intramolecular

. o
contacts less than 3.5 A with the same Cp-H atom. B

]

5 >
B
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}* it can be seen that ,such 1nteract10ns are fea31ble, due

to close contact between halogen atoms and Cp hydrogens. ‘;

vof

The compound CpFe(CO) SnPhZCl shows no contacts less}

- than 3.5 A of the type’ belng cons1dered This is the .
'rcase because this compound possesses nearly 1deal C |
“tsymmetry in the X-ray structure ;25 Thls necessarlly /

means that the Cl atom ‘s transoid to the Cp rlng, there~'{
}ore,.no Cl Cp hydrogen 1nteractlon is pos51ble° Even S
SO, no 1nt¢ractlon between the Cl atom and Cowllgands

e
~ was observe, :

Accurate molecular models of this ¢ompound. and .others

contalnlng phenyl groups’lndicate no_abnormally"short

-

phenyléhydrogen intramolecular contagts,A Thus, phenyl
hydrogens werc not 1ncluded in the above treatment
/? ' - Prellmlnary X~ ray results on CpFe(COl SlClzPh show
thls compound to possess near 1deal C symmetry 129 Using
;data at a reflned R- factor stage of 23% ‘the follow1ng
nonbonded 1ntramolecular contacts were_ Tound.-Cl to Cp H

3.18 A: C1 to Cp-', 3.27 A, c1' to Cp-H, 310A

A e e
T There were no other contadts of ‘the type belng con51deredz 4

and although these: resultsnafe expected«to have large

standard deviations, they prov1de useful comparatlve

e

values. Thus, the above results are s1m11ar to those"

obtalned for CpFe(CO) SnC12Ph-_and surprlslngly suggest

.r.:‘

Al that alterlng the Fe-M' “bpnd length produces llttle

s

L3

change: 1n_nonbonded contacts between Cp hydrogens.and'—

. . - * B
. PR

}
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- 1t can be seen that such 1nteractlons are fea51ble,4due
to close contact between halogen ‘atoms and Cp- hydrogens.
The compound CpFe (CO) SnPh Ccl shows no contacts less:

than 3.5 A of the type being con51de ed This is the

case because. this compound possesses nearly ideal Cs

symmetry in the X—ray“structure"'.‘125 This necessérily

1

»means that the 71 atom is transoid to the Cp. ring; there- -
forn; no C1-Cp hydrogen interaction is possible.h Even .

so, uo interaction between the C1 atomvand CO'ligands‘

was observed / % o 4
. v . )
. Accurate molecular models of thlS compound and ers
/ ' o .

Lcontalnlng phenyl groups irdicate no abnormally short

'_phenyl-hxdrogen J.ntramolecular-contacts° Thus, phenyl

’hydrogens were not 1ncluded in the above treatment._
Prellmlnary X ray results on CpFe(CO) SlCl Ph show
'thls compound to possess near 1deal C‘ symmetry.lzg' Using

data at a reflned R factor stage of 23%, the follow1ng
) - N
- nonbonded lntramolecular contacts were found. Cl to Cp H,v

3. 18 A Cl to Cp H‘ . 3. 27 A cl' to Cp-H, 3.l0.A. .
; There were no other contacts of "ype being considered
rand-although theseiresults ar: 2q to:have!large*
istandard deviations, they prov-‘ eful comparatlve | g

values.\ Thus,_the above results are srmllar to those
'obtalned for CpFe(CO) SnClZPh and surprlslngly’suggest
Lthat alterlng the Fe—M' bond length produces llttle I A
\change in nonbonded contacts between Cp hydrogens and o

ary
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v
Asubstituents on M'. Molecular modeIS‘df "hese cOmpound;
diSC;ose that 1lt1ng of the Cp ring as deflned by the
»‘angle 't the iron atom between M" and the Cp rlng
centr01d apparently allows.similar nonbonded contacts
‘between Cp'hydrogens\and R groups to be maintained% despite

Variation in the iron-M"bond'length Tilting of the Cp ,

t

)-1‘

"trng in complexes of formula Cp2MX2 is a well recognlzed .

/
phenomenon.l3o, Thws ring tlltlng effect in CpFe(CO) M R3

i compounds may be expressed conveniently by the angle -
Cp(centroid)—FefM',fand the resuits:aré given in Table

VI-34. | i
- In C%aptef~Iy; it‘wasifound that-rotamef;populatiOhs_ ~

' were invariant to changes in M-M'. ' This agrees with the

. above structural evidence'inSdfar tha intramolecular

nonbonded contacts are conperne T :otamer populations
‘are unaffected by changes in M-M' is con31stent w1th a | A ;:13
tlltlng of the’Cp rlng away from or towards groups attached |
- to M" such that a favorable van der Waals contact may. be

malntalned between Cp hydrogens and electron w1thdraw1ng :

" LI )

substltuents-attached tobM' (cf.,<§pFe(CO)25nC12P

zp(centroidlcfe~8nf='f19°;_CpEe(CO)28iC12Pb <.Cp(cent
e~-si = 136%) | B o .

Selected M—M' bond lenqths are presented in Table.
Vi—35; It is é%parent that a SLgnlflcant shortenlng of

- .the 1ron—M' bond is observed on go;ng from t1n to 5111con.

This tren ontﬂnues as M' becomes carbon, ¢ . one. might .
A g
a@v ' ‘ Lo S

"\ﬁa' . o : T -
C - ‘ - : ‘ -
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Table VI-34

“

Variation in the Tilting#of the .Cp Ring ﬂ,ih‘

. N , ' 't:",." . . ) -
inMCpF?(C~léM'R3 Compounds ‘as Def ined by
the Angle at Ironff'Afeen”gﬂ and the Cp Ring.C¥ntroid’
- e g and P Ring 4 i
. o . @ Yebar k : a R . ' .
" . Coppound ’ . <.Cp(ceﬁtroid);Fe—Mﬁ ‘Reference

CPRS(CO) ,SnPhy, (Molecule 1) - 2427 s 109a =
CpFe (CO) ,SnPhy '(Molecule 2) - 120° ¢ - . 109a
. < : N & ~ . g -
. . . o ) ST tr, ?" T P . L ; L vy a
CPFe (CO) SnPhyCL. v’ " o g 122 1257
CPPe(CO),SnCLPh 1 “’1;19‘)@..‘ s 37
Q R Le, ‘U . .
'CpFe (CO),SnCl, S i 12800 126.,

s

CpFe (CO) ,5nBr S 1z g lo9c

Cp'Fe(qo)z'Si;mzph " co. 1300 ¢ & 1299 5
- | "vfn"'jg[*_ B Y e L
This ‘angle was not aéqﬁkghle'ih”the.r@féfencef therefore
) » e - Car : . v R

it was determined with the*ai@ﬂof‘DRILL. -

) - L o &
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", length. ‘The twoebrldglng Ru Si bond len@ths,are 2. 391(7)

.9

g reilned R factor is ZL% at present

«
LN J

4‘3- .\ ‘:'5.

Y : T N ‘
N . ""ﬁsﬂiA / o les
. /.
. {
Table VI<35 . “ - .
. ' 2 . E L . R
1 . A _ ' ,‘ A “ s “, . a
e M-M' (M = Fe, Ru, F C, ﬁkq Sn) Bond Lengths : .
Lt ' ““ ) 3 v, R -
- Applicable‘to.CﬁM COYEM R, Compounds e e
o - | el
‘t_m\{:/ L i BRI % A:\ .,_' “'A N ’
L o . } a0 T T
. Compouggi ISR ) : T MM Léhgth@ﬁ -Reference-
CpFe(CO Snélfph ’ ~ 2.467(2) 37b . ¥ h&g
CpFe(CO)H(81Cl )y “ 2.252(3) 112
CpFe (CO), (o-Cp) ~ . - 2.11¢2) 131 -
. . S o k b - ) » il o
[Me381tgo)3RuS;Me2]2 2.507(§)x: "1 .13%5 .
[Me + °M)_,RuSnMe.]. .2.686(2)° 133 R
| M 3R 277 . <. 686 : 5 |
.V ‘- \ . . . «@ g K N K 1.
. . o : N A -
1 ) S SR L L A -
The 1ron s-llcon bond lengt 3 Fgo) SiCl.‘Phs*'?? not ¢ .
R > )
s1nce thevsﬂfUcture tlll not completely

; " &

bmhls valu% co,.*:reSpond‘~ to the-termlnal Ru SlMé hpnde . f"ﬂU‘
v~

N ) . ';', ' e ' e
A an. 2 481(81 A. oy K o &?ﬂr.
‘ . . L - v 7
ThlS value corresponds to the t rmlnal ;u SnMe3 bond' w0

length The two brldglng Ru- -s bond lengths are 2. 638(2)

‘( /.
b

A and 2 694(2) A

o 4

- B Yt
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Jhave expecte that a crltlcal point would be reached }

at [y

where the iron-M' bond becomes so short“that the Cp rﬂng

may no longer be able to tlrt suff1c1ently away from

LA

[4 | "‘4

the substltuents on M'. Results of ghapter IV gave no'

k2

‘ev1denée that thlS was occurrrhg for 1ron -0, carbon -

compounds 1nvestlgated 51nce bothurotamers were observed
. ° .‘\b ) *
“for CpFe{CO) C,F 5 ahd C3F7 compounds. -Aisq, for

ﬂgpFe(CQ}ZCH2C0F5, only ' the C \rotamer was observedi /,
._‘ \_ ,@ 3

'Iﬁﬁvt @ihfrared suggestlng an attractlvéﬂlnteractIOn//

* e

>
WL

. ) u k“ .
, betﬁ%ggré; hydrogens and the C6F5 group

& - r'"“

A&«épFe (c0) P -

. - . a ' \ |
. BrYaﬁ and cowonkers37b 109, 125 126

have estab%;shed .

that yarlous orlentatlons of the SnR3 group w1th respect
a L

to the %ﬁfe(co) m01ety are posslble. ORTEP draw1ngs
v1ewed down the tln irop bond are ‘shown in Flgures Vij%VII
through VI ~XXII. The orlentatlon of the. tmo 1ndependent ‘
molecufzsf;f'CpFe(CO) SnPh3 of, CpFe(CO)ZSnPh-Cl- and ofﬁ

B CpPe(CO) SnCl Ph shown 1n Flgures VIJXVII VI- XVIII,

2
VI~XI«1 and VI -XXI1, establlsh the close to 1deal C

S

symmeﬁ%y’of theoe compounds in the cryStalllne state

| HoWever, CpFe(CO) SnBr3 and CpFe(CO) SnClB, shoWn in

“Flguresf§3 X and VI XXI,‘both dev1ate markealy from C
symmetry, and are in fact mbv1n§ towards ecllpsed con—

formers.( These results prov1de evrdence for a low ~7

. : . A ' - &) . A . .
. K - - iy . B
A IR . N - . . N
) N L . . . : . s . » T .
. - X ’ . &~ . : ) .
TS . . . - .

3 ' . - a

Vo

o fi):ﬁbﬂi&ntatlon of M'Rj and CpFe CO 2 M01et1e501n. o

® ..

LS

164

3
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‘rotational barrler between the two halves ‘of . these

N 107,108 o
molecules. The close tdﬁgcllpsed forms ohsbrved
A} ” 5

n &
for CpFe(CO) SnBr3ﬁgﬁd SnCLg suggest that a favorable' .

N
1nteract10n between halogen atoms and Cp hydrogens”™

1

may be reQPQn51bde for thesgiconformathns, a p0551blllty
not suggested by Bryan 37D, lOQ‘%ZS 126 . ’ ,-%
‘ o ;:. e ; 0 g-,i )
Ln Flgure VI XXIII the @%TEP draw1ng foxg _ ﬁ

1,88 v

Yo CpFe(CO) SlCl Ph v1ewe§ down the_ 51lucon iron bond 1s

A ;_, presented ThlS compound is very 51mllar in g%omet

LN

W f
")"' . v’ .
appearance to the analogous tin compound shown 1n

IAXXII A
L= o §

. k - ;, $nterest1ngly, none of the above structures showed

»

-

‘J - staggered Cl rotamer of the type dlagrammed ln Figure

I-I. However, a recen# communlcatlon on structures of

CpFefCO)'P(CFB)z and CpFeJCO) P(O)(CF3)2 shows both’ of
1134

168
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‘ﬁgti

P

N Q’f-w ;ev{».'JW'

these molecules - in such ayqonformatlon A sample of ™ W

“’}’Cfa o ‘ﬁ“" iy
CpFe(CO) P(CF )2.was klndly prov1ded by Dr. R. C. Dobble,

and an 1nfrared of this compound showed two strong 12

h 13

135

Lands at 2049 and 2008 cm L. . A scan. of the 3o satellfte'

reglon dlsclosed bands at 2039 and 2033wcm -1 assignahle-

’ 13CO satellites of the Cl rotamer %2CO mode at é049

cm l, 13CO satellltes at 1978 and ‘1972 cm -1 were also

“

< 12 ’ : l2¢o

CO mode at 2008 cm l, On closer inspection of the

»

;mode at 2008 cm,l, a weak shoulder'at 2005 cm-}‘was ob—

N » '. B . : . . . = . ) '\
. served,. = This shoulder is reprpducible and- could reflecté

. " /' - n ,'h-3‘53»o

v

o GG o ‘
ﬁ;ﬁﬁl observed aSSLgnable to lBCO satellltes of the C, rotamer
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;Figuré VI-XXIII: A view down the silicon—ifon‘bond\of
L .CpFe(CO)-ZSiClzPh.,- - : :
- | . / . “‘
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‘a small percentage of the CS rotamer for this eompound.
Jte intensity is such (~ 52 of the 2008 cm"l band) that

,.i&? 13CO satelflte would not be detectable next to the

satelllte corxespondlng to Lhose arlslng from the Cl

rotamer.

~
- . -

The infra'red results gh CpFe (CO) oP(CF3), are in ° o
R

agroemnn1 with the structural results, in that an over-

,r\.,

whelmlnq popu@atlon of the Cl rotamer is observed in
: '-'31.’ .
solutlon and the X—ray structure shows the Cl conférmer
q .

Thls result is very gratlfylng,‘ln that solld state and

&
e : i ook . -
g%hs1ste The strong prefeae ge R

e

solution resultss

\/7. ;
for the Cl rotamer 1n CpPe(CO)ZP(CF3)2 is agaln cons;stent

‘with a favorable Van den Waals attractlon, this tlme';“'

between the lone palr on’ phpsphprus and the Cp hydrOgcns,Hpﬁ

i

It 1s 1nterest1ng to note that the 1ron phosphorue bond

o :
length of 2:.265(3) A in this co oundl34 is nearly 1dentlcal
. _ _ , Sl <
- with the iron-silic “bond "length xpected fgdj/ )
'/.¢pFe<c0)zsiR3 compBurids (cf., Table VI 35) . ' ol X
. 7 ' : \ . N ‘
4 ) - -
A ' ;; ' » ) Cah o~ .
-B. 7 Compounds of Type CpFe(CO)H(SiR3)2 o ..

/ ;
The strUbtufe of CpF (CO)H(91C13)2 has been reportec
-

_and may be dbn51dered a dlstorted tetragonal pyramldr

112

- w1th the Cp rlng centrOld as the apex and SlCl3 groups o ,,“

, trans to_eaqh other in the_basal plane. %e 1rJ§»atom . -

e



with respect to CO groups. E

{ iy
. features wefe observed for Cpri

and CpFe(cd)H(SiF Me) 137 A

Me groups on’one s;llcon qnd a Me and Ph group on the

2
other slllkon, st le the co llgand to produce conformer

/ e
,% showniZ Figure IV-X. In the latter compound, the groups

#«bound to silicon straddle the CO llgand symmetrlcallj,

50 that J Me-and F unlt produce conformer 3 shown in

Fighre IV—Xo These~results supportwthe>assignment of

rotaqers observed in solutlon for these; compoundsoto the

. dpnﬁgrmers shown 1ngF;gure IV-X. . e

'
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CONCLUSIONS | LN

/ o . . . "
B series of CpFe(CO)zsiR3 compounds have beén

prepared by“the'following synthetic‘methods: ‘ O

(a) Gleavage of the. 1ron iron bond, thermally,‘by

1nteractlon of, [CpFeQE'O)2 2 “and H51R3‘;2da sealed . -~ /-
tube. o < ~ . o
: e
-— . (b) éetathetlcal reaction of chlorosilanes w1th
a\way R

CpFe(CO)Z,'reactlon performed in THF solvent.

(c) Dlsplacement of_chloro groups,ln CpEe(CO)éSiClXR3_x L

Q =1, 02,03) applying‘ngB\F@ as a.fluorinating’ B

Q‘./ p‘%: dgent 83 "« 4 | , . T . / A ’

o c Sl St [ Lo -_ i }9 . .
'v(d)l,Dlsplacementqof chloro groups "in CpFe(Co)2§1c1 R —x v

(x = 1, 2, 3) by HYR' (Y = o, S; R' = aﬂkyl Ph,

6 5) to yleld alkoxy and thloxy compounds.

_ ' _ I , . o o A
—(//ﬂj - ‘These reactlons were ﬁu;Ey dlscussed 1n‘Chap2¥r/¥&, b

'*"Qjandcw%Ee applledwto the‘%ynthe51s of a wide range of
CpFe(CO) Slsz compounds.m The C-O 1nfrared spectra of'a
" these andSrelated compounds was . 1nvest1gaté% ﬁﬁ order to

,galn 1n51ght into factors 1nfluenc1ng the rotamer 3

54,57, 108,observed whenever two~§1fferéht

I’} .
: substltuents are bondedrto a Group IV element..'Also,

phghomenon

C—O 1nfrared results were used tﬁ obtaln qua;ltatlve ]

1nformatlon about the electron den51ty dlstrlbutlpn o -v‘hﬁ

,v' W1thln these complexes°

172
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Nuclear magnetic resonance investigations were con-

ducted on these compounds, hoﬁyver, the low rotatlonal -

barrler about the metal metal bond prevented observatlon

of 11m1t1ng spectra, time averaged spectra'
- /. ,‘
‘Mgenerally obse¥ved down to -80°. The compognds . -

=R /

CpFe(CO) CH, 6 5 and CpFe(CO)2 3F7 appear to .show

v llmltlng low temperaturg spectra; howevj on warming,

samples to +70°, né change was observed.é&lt seemed
PR Ay e
h iikégy that these results reflect solvaﬁwon effects,
’ “ta # T o
2%? they were obtalned in acetone d6 The spectrum of cL

: - w2
gpfggf. R measured 1n CD2C12 showed that rapld y

P - B ‘? B
eré"“ ﬁ@“fhe 1ron—c carbon bond WaS'OCCuﬁrlng down a4

to 440°, A more complete 1nvest1gatlon was frustrated

by llmlted solublllty in de51rable solvents : _ - \

: o
Resu ~presented 1n Chapter IV.'concernlng trends w

' <.
1n:ﬁeasured rotamer populatlons for several series of L |

CpFe(CO) SlXZR compounds, strongly suggest that an attrac— S
- Sy

S \‘0 :
tlve'van der Waals 1nteractlon between an elecxronegatlve S

X or R substltnent and the Cp,m01e£y determines the popu» VA

-

'latlon ratlo.' of mlnor 1mportance was a sterlc effect ’ .

‘,betgeen hulky - substltuents on 3111con and the Cp llgand

D.e T %

.. this- effect. bzsomlng more substantlal}when two bdfky

. 4: v

hypothe51s was presented 1n Chap

Y
s

. groups were present. Further suiport for the above

er'Vvlx, 1n tﬂe form of
structural evidence. . . :"\

. s ] \’\ - .
. carbonyl substitution reactions involving; some

[ - ‘ i .



-CpFe(CO)zsiR3 compounds with PMeZPh or HSlR3 were in-. n(\
-vestigated.. Replacement of carbonyl llgands by phosphlnes
is a well establlshed reactlonxpf‘organd%etalllc chemlstry:\ﬁ)

, B P \) J
The Synthe51s of CpFe(PMe Ph) éompounds was carrled ) »\ L

out in otrder’ to,anvestlgate possrble temperature ] '_‘ O
dependent WMR behav1or., The results were dlscussed in- .
- Chapter V and are con51stent with a fapld 1ntramolecular ;-1;

rearrangement through a planar 1ntermed1ate for some of".
f A £ N
T

t%jSE comﬁbunds. The proposed rearrangement depénds

‘,"the group R in. SlR and 1t ‘was suggested’that the sterlc

_4 b@%k ofkche(PMe Ph) SlR3 molecules may producezngnrflcant
— ’

dlstortlon toward a planar structure,_facllrtat ng,the
lepe ' R S T
rearrangement protess. 0,' Cob 35%, - - T '
\ \; L " - . " 3

Substltutlon of a, carbonyl group by two fragmentsf

L

_ of a nqytral moleCule .such as HSleylS an example of an

K4

K ox1dat1ve ellmlnatlon reactlo 24 25 This reJﬁ

2o

ylelds compOunds of formula CpEeiCO)H(Slk )2 a,*
compounds wére studled EpchroscopchEFy Thezr masq
spectr%;&ere of partlcular 1nterest 51hce no parent TS ’

-molecular ion was pb erved desplte large varlatlon 1n

Y

ﬂ:condlt%ons w1th1n the mass spectrometa; Further, the },

N . / )
1on of hlghest m/e observed always oorrespondéd to a-

s

-fragment of formula [CpF (CO)H(SlR )(SlR )]g.' Thlb .

'- u‘d .

'\suggests a favorable frag ntatlon pathway to a 51lylene




Y

\
K}
o

ST IE: 4 eu, a%e remarkably 51m11ar»to thOSe‘reported for

(.abundang zﬁSn . Pluor051lyl complex

RS

i CpMn(CO) H(SrPh ).

'pathways are 1nvolved in each case.

"on tpMn(CO) H(SlPh ).

> e g
Ty : g el
i o s

of CpFe(CO)H(Slx R)2 compounds, in some iwgfs three
carbonyl stretchlng modes were obserwgd (gFour 90§51b1e
conformers were proposed to account for the above,. and

o
structural ev1dence 1s:conslstent'w1th‘the_proposal.

2 ‘ - B

-Further - 1nterest 1n CpFe(CO)H(SlR )2 complexesbarose

from NMR results The hlgh f;eld resonance, arlslng from

Py

Lhe Fe- H p;oton,tshowed ‘in. favorable cases satell;tes'

AJ

-

175

£

cOrresPQndlng to three bond coup11n§rom -the 3 7% \ ,. .

of CpFe(CO)H(SlR3)2

showed tRree- bbnd lgF to hbgh fleld proton coupllng,,‘

"6', 4

. " and %or the &ompound CpFe(@S H(SiF ,Me) fthls coupllng was

rrl \

markedly solvent and temperature dependent ¥
Flnally, the klnetlcs of the reductlveLellﬁhnétlon

was 40—

'reactlon between CpFe Co)ﬁ(slMe ‘PR ., and: PP 3
vestlgated and compared w1th a S1m11ar stud& conducted
o
"oy v ‘
l ‘e

. R
'parameters of . Aﬁg 32 4 f l 4 kcal/mole an AS#J=;

v

2 L
. -

I ' ,
The reSultant actlvatlon ’“s/'
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v
Suggestions for Further Investigations
J ~

Of prime importance to the rotamer study on N

CpM(CO[zM'XzR‘compounds'would be further crystallographic
iﬁvestigation. “A likely candidete,would be

'CpFe(CO) CH L6 5’ whose structure sheuld possess the..
staggered'C]vconformer, cons1stent with infrared xesults
The ‘compound CpRu(CO) SlCl Ph would be of interest since
its structure pould be vompared with CpFe(COon'CtzPh

(M' % Si, Sn) structures. Also, the structure of

CpFe(Cb) SiMe (SC_F_.) would prov1de addltlonal lnfonmatlon

65"
concernlng the rlng tilting effect and the p0551ble role

of sulfur lone palrs on conformers adoptedl
_A'morefcoﬁéiete stgdy of the acidic properties of

C;ﬁFe(CO)H(SiR3)2 compounds is required. Coptinuing

investigatidn by the authorfhas estab%ished that

CpFe(CO)H(SlMe -Ph ) (x =1, 2) COmpleXes show no acidic

3-x
propert;es, whereds CpFe(CO)H(81C1 Me)? appears to be a,

’weak ac1d 51nce it forms an equlllbrlum accordlng to

equatlon (l) .

CH Cl

CpFe (CO)H(SiCl,Me), + Et3N =22 CpFe(CO)(SiClZMe);

o + Et3NH+ e ).

The equlllbrlum lies far to the left hand s1de and reactlon
of the above hydrlde with Et4NBr in CH2C12 was slow and
"incomplete, frus%{atlng attempts to 1solaté’the anlon."

‘ = £

Y
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The most surprising ;139})(~(:t; of this investigation

was the be—}\—hu\‘ ol Cple(C (‘)”( I ‘1:’3)2~w}n:-n treatod

‘_ a

according to oqnntjon (1). The reaction was vigorous,
’

even at loQ'temperaturos) and resulted in rapid/l
decomposition to [Cp}C(CO) ]2, CpFo(CO)ZHiFZMp, as well

as insoluble material.. This suggested a competition botween
+ N .a\h N :
H loss and roduct%vc ¢limination. . A smill scale reactilion

)

of thelhydride with PMezPh at room temperature resulted
in rapid elimination to'yield‘CpFe(CQ)PMe2Ph(SiF2Mo).

. This indicates unusual facile-loss of silanc ﬁ{em
: . :‘ i ¢ OFe) > ’ 3 H A
5 2 (aJ.: reaction:of Cth(LO)H(S*Mezin)2
, k = 1.38 .x 1077 sec”™ at 69.9°). - Further
3 obs
\,

1nvest1gdtlon of reductlve ellmlnatL§§>rcactlona involving

“CpFe (CO)H (SiF_ Me)

with PPh

CpFe(CO)H(SlR3)2 compounds with phosphines would be
de51rqble} and kinetic data of the type obtained for.
LpFe(CO) (SlMe Ph) would -be of interest. e

The NMR studies on CpFe(PMeZPh)zsiﬁj cor: »unds e

suggested that a‘pdlytopal rearrangement process wés

——— \

occurrlng on the NMR tlme scale for SlR3 = SiMezph,

SlPhZMe. Further studles on CpFe(PHe Ph) (R-;. halogen,

perfluoroalkyl ‘.GeR3, SnR3) will be undertaken to deter1

.mlne the extent of this proceq,. Experlments are also
under consLderatlon whlch ll be de51gned to further’

sxppw"t the initial interpregation of, NMR results prese{ted

in Chapter V.

'

2
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