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ABSTRACT

Reduction of Me,Si[(C;H,) (Fe(CO),1, (21) to the
Si{(C5H4)Ee(CO)2]2)-2 and reaction with allylic

2

dianion (Me

chlorides gave the di(nl-allyl) species, Me,Si[(C H,)Fe~-

(CO)Z(nl—allyl)]z. Treatment of the latter with fluoroboric
acid afforded the dication diolefin complexes, (Mezsi—

[(CgH,)Fe(CO) , (n°~olefin)],) (BF Complex 21 was

4)2°

converted with iodine in refluxing chloroform'to-MeZSi—

[(C$H4)FeKCO)ZI]2 (gg), Treatment of 28 with.silver
tetrafluoroborate and Several‘different olefins gave oﬁly
'(Meési[(C5H4)Fe(CO)2]I)BF4 (29) as p&:oduct° ihe photolysis
-of g;‘with bis-(diphenylphoSphino)ethane (dppe) gave two
products, a bis-bridged binuclear complex Mezsi[(C5H4)—

,Fe(CO)]zdppe (36), and a tetranuclear species (Me,Si-

2
[(C5H4(Feco]2dppe.(31)o  When_g£-was photolyzed with bis-
(diphenylphosphino)methahe (dppm) a single, bis-bridged,

crystalline product was obtained and identified as Me.Si-

2
E(C5H4)Fe(CO)]2dppm (41). The photolyses of di(nl-alkyl)
and di(nl-allyl) derivatives of 21 with dppm were studied

and are reported.

ix



CHAPTER 1
INTRODUCTION

There are many examples of reactive complexes
having the general formula [Fp-un]+ (Fp = (n*-C*H”Fe(C02)
where "un" represents an unsaturated ligand. Various
functionalities such as a carbene (1) [1], olefin (2)
[2-8], alkyne (3) [9-11]], and vinylidene (4) [9] are
possible. These cationic-iron complexes have been shown
to be useful intermediates in the formation of new carbon-

carbon bonds.

The reaction chemistry of [(tt{?HA)Fe(CO)z(nz—
olefin) ]+ complexes has been extensively studied by
Rosenblum, and he has developed the compounds into versatile
synthons [2-8]. Several heteroatom and carbon-nucleophiles
have been reacted with the above iron-olefin complexes to
yield a-alkyl iron compounds (Eg. I) [3].

1



KgCO3

The olefin complexes have been shown to demonstrate
some regioselectivity and yielded products that are the
result of trans addition of the nucleophile with respect to
the iron [3]. Rosenblum has also reported that certain
olefin complexes are attractive intermediates in lactam

ring formation (Eq. II) [6].

+
NH,

1. (n-Bu)3N

2. KO-t-Bu
Eq. II

Fp = (C5H; )Fe(CO0)2'



The alkyne complexes of type 3 have been shown by
Reger and his co-workers to be precursors to substituted
alkenes [11] . The alkyne complexes that have terminal
acetylenic protons have been observed to rearrange, afford-

ing the vinylidene compounds (Eg. Ill) [12].

Ph

Eg. I11 Fe -\\\
Ph

Rosenblum has also reported that RXN of methyl propiolate
with Fp(isobutylene)BF#* in refluxing dichloromethane

generated the alkyne complex 10 [12]:

Fp - — — 00226 - > Fp—1

Compound 10 exhibits strong electrophilic character which
has been demonstrated by the formation of the lactones LI
and 12 (Eg. IV) . Even when the isobutylene was removed
from the solution by purging with nitrogen the lactone

products were formed [12].



CO2Me

C02Me
Fp-1 *Y Fp
12
Eq. IV wH
C02Me

Fp

1.1 Synthesis of Cationic Olefin and Alkyne Complexes
Cationic olefin and alkyne iron complexes have been
synthesized by several routes as illustrated in Equations

V through VII:

.o /

Na(Hg) * 2[C5H5Fe(C0)2]" = ----» Fp+-
£ THF 2. HBFu
13 14
Eq. VI [C5HSFe (C0)2]' + Fp+ A " p—



. - _  Ph3CBR:
Eq. VII [CsHsFe(€0)2]™ + N/ x —»FP/\/, —_— FP+—I'

The [CpFe(CO)2]2 (13) compléx-can be readily reduced using
'sodium amalgam (Eq. V) to yield fhe [CpFeCCO)Z]er(lé)_

anion [13]. The latter has been-shdwn_to be a veryrstrong
nucleophile [14]. - Epoxide ring opening by 14 was followed by
protonation and loss of water to yield the cationic 6lefin
complex (Eg. V) [15]. These complexes were also synthesizedl
by reacting the anion with allylic halides followed by
protonation with fluoroboric acid (Eg. VI) [2]. When a
primary or secondary alkyl halide was reacted with lévthé
nl-alkyl iron complexes were isolated and when thgse were
treated with trityltetrafluoroborate, a B-hydrogen was
removed, yielding the cationic olefin complex (Eq,‘VII)

[16]. Another route was ;ecehtly discovered fhrough
reaction of (ﬂ—CSHS)Fe(CO)zl (15) with siiver tetrafluoro-
borate which produced the Fp€D cation, -a sixteen eledtrOn
species, that quickly combined with olefin or alkyne in

" solution [9]. It has also been #eported that (nS-CSHS)Fe—
(CO)[P(OPh)3]I (16) reacts analogously with silver tetra-
fluoroborate and olefins or alkynes to afford the
corresponding_complexeé 17 and 18 [10]. Finally, it was

observed that the [ ( CSHS)Fe(CO)Z(nz—isobutylene)]BF (19)

4
complex exchanged olefins [17] or alkynes [12] with.qus



\ AgBF /

Fe Fp -

AgBF
Fe- I

o p(opn)3 P (0Ph) P OPh

v NW
je ! \
o€ 3loen)3
17
of isobutylene when heated (Eq. VIII):
< 0 >
Fe'
ch2ci?2 oc*i N:o

Thus using these simple routes to the necessary
precursor complexes 7 the above iron olefin and alkyne
compounds have been made readily available for use in

organic syntheses.



1.2 Syntheses and Chemistry of Bridged Binuclear
Iron Complexes

1.2.1 Cyclopentadienyl Bridged Compounds

The syntheses of a number of binuclear, non-
ferrocene, bis-cyclopentadienyl bridged iron complexes have
been reported in the literature (Fig. 1) [18-21]. Weaver
and Woodward [19] and also Wegner et al. [18] have obtained
an X-ray structure of 20 R = SiMe2e+ Wegner et al. [18]
also reported reduction of (CH*) 2Si [ Fe (CO) 212 (21)
to the dianion (CH”)2Si [(tt-C*"H")Fe (CO) 2]22 (22) by a two
step (E° = -1.54; -2.20 V) process, while the unbridged

system reduces by a single two-electron mechanism at

-2.22 vV [22].

20 21

Fig. 1. Bis-cyclopentadienyl bridged iron complexes.



Me2Si[C5HuFe(C0)2]2

-1.54v
+ e
-2.20V
Me
Si
Fe Fe
22
Dianion 2" was also prepared by the chemical
reduction of 21 using sodium amalgam. The dianion was then

reacted with alkyl halides to prepare derivatives of the
type (CH3)2Si[( C5H4)Fe(CO)2R]2, where R = CH* (23) and

CH2CH3 [23]:

0C - Fe Fe- CHg

7\
THE 0c co

23

Thermal decomposition of these complexes has been studied
[24] . Reaction of the above dianion with a, w-alkyl
dihalides gives tetranuclear products [ (CH”)2Si [

Fe (CO) 2]2 (CH2)n]2 for N = 3, 4, and 5 (18)



Me Me
Si
Me,
Si
Fe Fe
[\
Fe X X
(CH,) | (CH,)
ocx 1 CO 0CX /xco
Fe Fe

X = Br, Cl

1.2.2 Bis-phosphine Bridged Complexes

The two iron centers have also been bridged by means
of a bis-phosphine or bis-arsine 1ligand to afford
derivatives of the type [ )Fe (CO) ]2L [25] . These can
be prepared by treatment of [ (tt-C*"H*")Fe (CO) 2]2 with L in
benzene under thermal or photolytic conditions (Scheme I)
[25]

Ferguson and Meyer [26] described a study on the
electrochemical oxidation of [ (tt-C*H")Fe (CO) ]2Ph2PCH2CH2Ph2
(24) and reported the latter complex to undergo a two-
electron oxidation. Removal of the first electron was
both a chemically and an electrochemically reversible
process in all compounds that were studied. From spectral

data obtained the mono-cation (25) was apparently
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Scheme 1I:

UV light

or 80

L = Ph2P(CH2)nPPh2 , n=1,2,3

Ph2PNPPh2 , Ph2PC2H2PPh2

Et
Ph2As (CH2 )nAsPh2, n=1,2

isostructural with 24 and contained a "one-electron" metal-

metal bond [26]:

re re

25

Complex 25 decomposed through a disproportionation mechanism
to give 24 and the dication [/ )Fe (CO) (CH”CN) ]27~2PCHO-
CH2P02] (2 6) in acetonitrile [26]. When a potential of
1.2 V was applied to 25 in solution one additional electron
was removed irreversibly. The electrochemical reaction was

believed to proceed through an initial dication intermediate,



containing no metal-metal bond but isostructural to 24.
Complex 21 reacted further by either asymmetric (K* path)
or symmetric (K2 path) cleavage of the diphosphine and

carbonyl bridges (Scheme II) [26] .

Scheme II:
K
Fe— CO
z
oc PPhaCaHuPPha
OC — Fe Fe— CO
27 CHCN | | e

Ph2P-C2Hu-PPh2

26
The path taken by 27 was dependent upon temperature
and solvent used. In the better coordinating solvent
acetonitrile, the symmetric cleavage (K*) was important and
at high temperatures the path dominated. Reaction at 75°
in acetonitrile gave quantitatively the symmetrical
cleavage product 26 which could be isolated as its dihexa-

fluorophosphate salt [26].



Comparison of the chemical and electrochemical
behavior of bridged binuclear iron complexes to that of the
unlinked derivatives has demonstrated distinct differences.
It was the purpose of this work to study the synthesis of
new mechanically linked binuclear-iron complexes with
development of the chemistry associated with them. We are
interested specifically in synthesizing single and doubly

linked olefin and alkyne complexes:

ocC CO OC Cco Ph?P - R -- PPh2

The bridged olefin complexes would then be reacted with
various difunctional nucleophiles in a presumably regio-
selective manner, to yield the bridged bis-(nl-alkyl)

derivatives:



The bis(nl—alkyl) compléxes could then be reacted with
Ce(NH4)2(_NO3)6 to yield the diesters [3]. Analogous
‘chemistry.as.ébove,could be performed on-theAbis—bridged

systems.

13



CHAPTER 2

RESULTS AND DISCUSSION

2.1 Monobridged Binuclear-Iron Complexes

2.1.1 Monobridged Diiodo Complexes

Reaction of two equivalents cyclopentadienyl anion
with one equivalent of dichlorodimethylsilane followed by

reaction with iron pentacarbonyl in refluxing tetrahydro-

furan-xylene (1:5) afforded complex 21 in 15% isolated

yield [18]:

Me

21

Compound 21 was then reacted with iodine in refluxing

chloroform (degassed) to yield the diiodo complex

[(7H:5H4)Fe (CO) 2I] 2SiMe2 (28)



Compound 28 has been fully characterized by spectroscopic,
analytical, and single crystal X-ray methods [27]. The
numbering scheme used in this X-ray diffraction study is
given in Fig. 2, and a stereoscopic view of the molecule
is shown in Fig. 3. Selected bond lengths and bond angles
are collected in Tables 1 and 2.

From the ORTEP diagram (Fig. 3) one can see the two
metal centers are twisted away from one another, thus
possibly decreasing the steric effect about the metal
centers. When 28 was treated with two and one-half
equivalents of silver tetrafluoroborate in dichloromethane
with or without olefin present, the only product isolated

was the bridging iodo species, complex 29:

oC co

29

The bridging iodonium complex has been fully characterized
by spectroscopic and analytical data. The NMR (Fig. 4)
clearly shows the two irons are chemically equivalent and

by the downfield shift in the cyclopentadienyl protons, it

appears the metals have become more electropositive.



Fig.

16

15 16

14 C——-C 13

Ii— “ei Fg2— 12
/ \
0% Ci ~ C202 o03-c3 cC4-04

Numbering scheme used for Me2Si[ (C*"H4)Fe (CO)9I]2.



Fig. 3. ORTEP stereoscopic view of Me2Si [ (C5tl4 )Fe (CO) 2I]2
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Table 1. Selected bond lengths (i) for MeZSi[(C H,)Fe-
. > L 54
(CO) 511 ,. ) | _
Fe (1)-TI(1) 2.605 Fe (1)-C(9) 2.119
Fe (1)~-C(1) 1.770 si-c(5) 1.865
Fe (1)-C(2) 1.792. Si-C(15) 1.871
Fe(1)-C(5) 2.121 C(1)-0(1) 1.141
‘Fe(1)-C(6) 2.080 C(2)=0(2) 1.131
Fe(1)-C(7) 2.085 - C(5)-C(6) 1.450
Fe (1)-C(8) 2.097 C(5)-C(9) 1.440
.Table”Z. Selected bond angles (deg) for MeZSi{(CSH4)Fe—
(CO),I1,- - ~ :
C(1)-Fe(l)-I(1)  -90.85 C(6)-C(5)=C(9) 105.27
C(2)-Fe(1)-I(1) 91.32 C(5)-C(9)-C(8) 109.48
C(l)-Fe(1l)-C(2)  93.60 C(11)-C(10)-C(14)  105.40
C(5)-8i-C(15) 110.88 C(10)-C(11)-C(12)  109.

65




80

4

70

60 SO

hi NMR spectrum of

PPM

40 30 2

(Me~Si [ (CAIijFe (CO) 0]0I)BF.

(29) .
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Complex gg:appears inrpure form as brick red
crystals which are.obtained by recrystallization from
dichloromethane-ether sqlutions.' The bridéing'iodo complex
was very stable in oxygen freersolutions, and in solid form
was air stable. .

Avbridging iodonium intermediate has been observed
by Rosenblum when using high concentrations of (T-CcHg) Fe-
(CO)2I and silver tetrafluoroborate in preparations of
~cationic glefin complexes. Therefore-one-could conclude
that the bridged complex 29 was‘behaving4like a highly
concentrated solution of the mononuclear speéies;

It has been well established in the literature that
bridgingriodonium and bromonium cations can readily undergo

ring opening by nucleophilic attack [28]:

+
Br : . Br

Brr

In comparison, a heterogeneousAmixture ofrtetrahydrofuran
(THF) and 29 was reacted with oné equivalent of methyl—‘
magnesium iodide resulting in isolation of the diiodo
complex 28 (Scheme IITI). |
The formation -of 28 from reaction Qf one equivalent
[

of methylmagnesium iodide suggests the iron center was more

susceptible to attack by the "soft" iodide versus the "hard"™



21

Me Me
Ms( Me
z GB*|e'® ocA ' ~cH,
excess (e]6) w' co
MeMgl
30
oc co
oc co Me Me
1 equiv.
29 . MeMgl
co
28
methyl carbon. The formation of 30. must arise from reaction

of two equivalents methylmagnesium iodide with complex 28.
It has been shown previously that reaction of alkyl
carbanions with CpFe (CO)2* yielded n*-alkyl iron complexes
[29]

Reaction of 29 with sodium borohydride in THF did
not yield the mixed hydride iodo complex but rather the
iron-iron bonded species 21% It is proposed that the
dihydride compound 31 is an intermediate which undergoes
rapid elimination of hydrogen gas leading to formation of

the iron-iron bond (Eq. IX).

2.1.2 Monobridged Olefin Complexes
Through the known facile reduction of the iron-iron

bond in complex 21 by sodium-amalgam [18] we have prepared



Me Me Me Me
X z
oC CcO
Eq. IX o . "t o
29 30
Me e
Me Me
/ i)A
Si
-iHzZ.
\
Z H A'C O A "
oc co co 0="0
31
21

nl-allyl species which are precursors to cationic olefin
compounds [2] . The nl-allyl complexes, X and 33./ were
purified by chromatography on alumina (neutral, activity
IIT) by elution with hexane. They were isolated usually as
light brown oils; however, occasionally crystalline product
was obtained. In the solid state the complexes were air
stable but in solution decomposed if not oxygen free. The
Ir NMR spectra of both n”-allyl complexes are shown in

Figs. 5 and 6. They are in good agreement with the
previously reported spectra for ( ) Fe (CO) 2 (n-*--iso-
butylene) and (tt-C*H*)Fe (CO) 2 (n*-allyl) compounds [2]

When compounds 32 and 33 were reacted with 48% aqueous

fluoroboric acid or a fluoroboric acid-ether complex, in THF



80

Fi<j.

5.

70

1T NMR

60 10 PPM 40 30 20

(CDC13) of Me2Si [ (C5«4)Fe (CO) 2 (nl-allyl)]2

(32) .

SR
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Fig. 6. 1T NMR (C*D”) of Me2Si [ (C5H4)Fe (CO) 2 (n“-isobutylene) ]2 (32)



Me\ }/Ie
Si
Na (Hg) Fe Fe
ocC Cco
I
o)
Cl
Me
\ _/
Si
R=H, 32
Cco
R=CH3, 33 R R

or dichloromethane, the corresponding cationic-olefin

complexes were isolated:

M M
e\ Si/ e Me\ /Me
I\ [\ R CA.CL "y- A 2\ -~r
oc co ocC co oc co oc co
R=H, 3.
R=CH3, 3.

2
The above n -olefin compounds 34 and 35. were obtained as

25

yellow-orange solids by recrystallization from acetone-ether



26
or dichloromethane-ether mixtures. The structures of 34
and 3$ are based on comparison of proton chemical shifts

and integration values to those of the mono-nuclear analogs

[2] . The 1-H NMR spectra for 34 and 35 are shown in Figs.
7 and 8 respectively. Upon conversion from the n”*-allyl to
the cationic n”-olefin species, the cyclopentadienyl NMR

signals were shifted downfield while the chemical shifts
for the olefins were moved upfield.

As discussed earlier, the | )Fe(C0)2(n2—
isobutylene) ]+ complex undergoes exchange with olefins such
as cis-2-butene and cyclopentene to yield the new correspond-
ing n2—olefin species. When 35 was reacted with cyclo-
pentene in 1 ,2-dichloroethane at 600 for times ranging from
fifteen minutes to three hours, no exchange of cyclopentene
for isobutylene was observed. The starting isobutylene
species (35) was isolated after each attempted exchange
reaction. Other olefins such as propene, 1,5-hexadine, and
cis-2-butene also failed to exchange. Finally, complex
35 was heated with 3-hexyne for twenty-four hours in
dichloromethane, again only yielding starting complex 35

as product (Eg. X) .

Si
re

re

0oc Co 0C CO O0C CO
Eg. X



Fig. 7. 1 NMR (CD~NO2) spectrum of (Me9Si [(C5—H&)Fe (CO) 0 (n2-propene) ]0)+2 (34)



Ficj.

8

AR

4  F--F--L--1 _1- -~ i.1.I-4-1--I

+2
1T NMR (CD3N0O2) spectrum of (Me2Si [ (C*I” )Fe (CO) 2 (n2-isobutylene)]2)
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2.2 Bisbridged Binuclear Iron Complexes

2 2.1 Syntheses and React1v1ty of Iron-Iron
Bonded Bisbridged Complexes

Photoly51s of a red solution of [(m- C )Fe(CO)2]2-
SiMez_(Zl) and bis-diphenylphosphinocethane (dppe) in benzene
for fourteen hours with a four hundred and fiftvaatt |
mercﬁry lamp resulted in generation of a dark green solu-
tion. Removal of the solvent and several washes with
acetone left a light:green powder. Chromatographylon
alumina (III) using”benzene gave an initial green band
followed by a blue-green band. The green complex was shown
- to be'theiﬁs—bridged species gg.by spectroscopic and
analyticeljdata, ’The blue-green band was identified as
the tetranuclear complex 37 [3ﬁ] (Scheme IV). The iH NMR
spectrumrof.gé_is.shifted upfield relative to complex 21 -
due to the electron donation' from the phosphine ligand
(Fig. 9). In complex 37 there are two types of bridged
cyClopentadiehyl rings,rone in which the iron has a
phosphine attaehed and a second ring which has an iron with
a terminal carbonyl group. The IH NMR spectrum of 37
clearly shows the two different cyclopentadienyl rings and
also an integration ratio of four rings to one bis—phosphine
unit (Fig. 10).

Complex ;Z‘must_arise as the result of the inter-

molecular reaction of the substituted intermediate 38 [25]
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Fig. 9. 1 NMR (CDC1 *) spectrum of Me9Si [( C #~ )Fe (CO) ]0dppe (36).
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Fig. 10. In NMR (CDC1l”) spectrum of (Me2Si [ (C5II4)Fe (CO) ]2CO) 2dppe (37)
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Scheme 1IV: 7

hv  Ph-P-fl-PPh«

ocaA APPh.-R-PPh,

21. Me Me MA  JMe

Me —Ipe B
o V¢ “micamy Y& \o

< Ak D 37
Ph,I/ VR \ PPh.

R=C2Hit» 36

with another molecule of 21. Complex 36 would come from the
same intermediate by intramolecular substitution by the free
end of the complexed bis-phosphine unit. Thus as expected,
when the concentration of the reacting photolysis solution
was increased, complex _37 became the major isolated product.
When 3pH. was reacted with 48% aqueous fluoroboric

acid in dichloromethane the bridging hydride species (39)
was isolated. The bridging hydride can be observed in the
1-H NMR spectrum as a triplet approximately 36 ppm upfield
from tetramethyl silane (TMS) (Fig. 11). In the infrared

spectrum only terminal carbonyl absorptions were observed.



Fig.

11.

1T NMR

(d6~acetone)

spectrum of

(Me2Si [ (C5H4)Fe (CO) ]2 (H)dppe)BF*

(39) .

8y
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Me Me Me* JJe
Si

HBF,
Fe

CH2C1
0 PPh.

W36

The spectroscopic data for an analogous mono-bridged complex

(40) is nearly identical to the bis-bridged hydride 39 [31]

1 +

Fe Fe
H

PhpP .
d cHzcHz TPV

40

The photolysis of complex 271 with bis-diphenyl-
phosphinomethane (dppm) gave more rapidly and in higher
yield (compared to 36) r a single, dark green, highly

crystalline compound identified as the bis-bridged species

41.

A single crystal X-ray diffraction study [27] of 41
has been completed, the numbering scheme used in this study
is given in Fig. 12, and a stereoscopic view of 41 is shown
in Fig. 13. Selected bond lengths and bond angles are

collected in Tables 3 and 4. From the ORTEP of 41 (Fig. 13)
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14 15

¢/C\ X ¢/ C"p
| £ \ I

f"
6 C-rC5 02 CiT C 12
" Co_ I
FeVv
c2- ;e2

Pho bk ov PR B,

Ph2 cl Ph3

Fig. 12. Numbering scheme used for Me2Si [ (CgH4)Fe (CO) ]2dppm
(41)

? Ly k)

I

Fig. 13. ORTEP stereoscopic view of Me2Si|[ (C5H4)Fe (CO) ]2dppm
(41)
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Table 3. Selected bond distances (2) for Me,Si[(C.H,)Fe-

(o),

dppm.

Fe(l);Fe(Z)
Pe (1)~ (1)
Fe (1)~C(4)
Fe (1)-C (5)
Fe (1)-C(6)
Fe (1)-C(7)
Fe (1)-C(8)
Fe(1)-C(3)
Fe (1)-C(2)

P(l)—Phgl)r

2.497
2.185
2.127

2.110

2.114
2.117

2.124

1.916

1.916

1.831

1.839

P(1)-C(1)

Si-C(14)
Si-C(15)
Si-C(4)
C(3)-0(2)
C(4)-C(5)
C(4)-C(8)

c(8)=-C(7)

. C(7)-C(6)

C(6)=-C(5)

l._..l

.847
.866
.836

.875

- P(1)-Ph(2)

Table 4. Selected bond angles for Mezsi[(C5H4)Fe(CO)]2dppm.

C(3)=Fe(l)=-C(2)

C(3)-Fe(1)-P(1)

Fe(l)-P(1)~-C(1)

C(1)-p(1)-Ph(l)
C(1)-P(1)-Ph(2)

Fe(1l)-P(1)-Ph (1)

98.

88.

103.

102.

119.

117.

110.

68
78
07
13
33
21

13

C(4)-si-C(9)
C(14)-si-C(4)
C(15)-si-C(4)
P(1)-C(1)-P(2)
Fe(l)-C(2)-Fe(2)

C(5)=-C(4)~-C(8)

109

108.
109.
111.

81l.

105.

.39
54
46
50
32

37

Fe(l1)~-P(1)-Ph(2)
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Me Me Me Mo
\ / X 2z
irradiation
oc co dppm
I
0
41

one can see that the irons will be held in close proximity
even when the iron-iron bond is broken.

Reaction of 41 with fluoroboric acid in CH2CI2
affords the bridging hydride complex (42) . The bridging
hydride appeared as a triplet in the *H NMR spectrum at
approximately -35 ppm (5) from TMS.

Complex 41 was reacted with iodine in refluxing
chloroform for thirty minutes to yield after work-up a
single, dark brown, air stable solid. By analytical
analysis the formula of IVASi [ (tt-C,-H4 )Fe (CO) I] 2Ph2PCH2PPh2
was verified, and the structure assigned as 43:

Me Me

N/ s

CHC1
- PPh.
PhoP CH2 -
43
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Spectroscopic data indicated that only terminal cafbonyls:
were present, in»support of sfruéture,£3° TheilH NMR
spectrum of 43 (Fig. 16, p. 51) has some featurés which we
have not yet been able_torexplain; In the spectrum there
are two singlets at 0.52 and 0.82 ¢ ppm, each:iﬁtegratiﬁg
to six protons relative to the cyclopentadienyl protons at
4.7 ppm which was set at 8 protons. Only one of the two
singlets-can be accounted for in structure 43. The 13C
spectrum of 43 showed five naneguivalent cyclopentadienyi
ring carbons which could be explained by the chirality_¢f
the iron center and the. assumption that the ring was not
free to rotate. | |
Complex 43 has béén recrystallized by slow evapora- ’

tion of-solvent from a chloroform or acetone‘solutioh. |
“ Crystals of 43 from acetone have been shown to diffract
Xérays-and a single'crystal X-ray étudy is 'in progress.

| Reaction thggrwith,siléerAtetrafluoroborate in‘
dichloromethane for one hour at room temperatuie gave only
complex 43 back after work-up. The lack of reactivity of
the iodides in 43 must arise froﬁ steric interactions
around the iron nucleus. Also reaction of 43 with
allylmagnesium chloride in THF for several hours did not

result in substitution of the iodides.



2.2.2 Attempted Syntheses of di-(n“*-alkyl
and nl-allyl) Bis-Bridged Complexes

Preparation of olefin complexes can be carried out
by 3-hydride abstraction from nl-alkyl iron complexes
(Egq. VII). Therefore if we could synthesize bis-bridged
di (n*-alkyl) derivatives, the conversion to the cationic
n2—olefin compounds could be accomplished by the above

method (Eq. X).

M M Me Me
Eq. X ~Me \ /
. 31
Si
Fe Fe Fe
PPh oc O PPh
x CH

When the di(nl-ethyl) derivative (44) [18] of
complex 2l was photolyzed with dppm (Scheme IV) only
compound 4" was isolated as a product. By withdrawal of
aliquots at one hour intervals, complex 21 was observed by

NMR as an intermediate in the formation of Q}. When 4}

was photolyzed in a sealed NMR tube, without dppm, the
reaction was completed in ten minutes. The three products
in the spectrum were 21, ethane, and ethylene. The

production of ethylene and ethane can be explained by a
mechanism involving 3-hydrogen abstraction with loss of
ethylene followed by reductive elimination across the two

irons to yield 21 and ethane (Scheme V) .

39
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To eliminate the possibility of 3-hydrogen abstrac-

tion we synthesized the di(n”“-benzyl) derivative of 21.
Photolysis of the nl-benzyl compound in d”-benzene for eight
hours yielded the coupled product bibenzyl in 90% and 21 in

85% conversion:

Me *le
Si
\ / hv
CAHZICHr -Fe /e —CH3C6H3 _— - cbhsch 2ch2c6hs +
ocC CcCoO ocC co 6 oc
45

The per cent conversion was based on integration values in
the IR NMR spectra using hexamethylbenzene as an internal
standard. It was possible to monitor both reactant dis-
appearance and product formation as shown in Fig. 14. The
photolysis of nl-benzyl iron complexes was much slower than
the n”-alkyl complexes, suggesting different mechanisms.
The nl-benzyl iron compounds are proposed to go through a
radical type mechanism. Both nl-methyl and nA-phenyl iron
complexes failed to give any coupled products after extended
periods of photolysis. This was reasonable since neither
complex has 3-hydrogens or resonance stabilized radicals.
The di(nl-methyl) complex was photolyzed with dppm
in benzene for 12 hours resulting in a complicated array of
products. The product mixture was chromatographed on
alumina (ITI) with benzene and gave two bands, the first

being red followed by a second red-green band. By NMR



Fig.

14.

1U NMR

(CD)

photolysis.

60

Blbenzyl

spectrum of MepSi [(C H )Fe (CO) 9 (n1-CIL.C.Hg)] after 30 min
D z b s zZ

S
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spectroscopy the initial red band was identified as complex
21 and the red-green band as a mixture of 21 and 41.

Finally, it was recently reported [32] that substitu-
tion of triphenylphosphine for a molecule of carbon monoxide
on iron-n”-allyl systems was catalyzed by [ )Fe-

(CO)212 (13):

0C = Fe t oCc-
oC PPh3 PPh3
When Me2Si [ Fe (CO) 2 (nl-isobutylene)]”* was photolyzed

with dppm and 0.1 equivalents of 13 only complex 46 was
isolated (by 'H NMR spectrum). The di(n”-isobutylene)
species (£6) was reacted with dppm for several hours under

irradiation, showing no decomposition or substitution of the

carbonyls by dppm.



CHAPTER 3
CONCLUSION

Mono-bridged binuclear diolefin complexes have been
synthesized through reaction of the dianion with allylic

halides and subsequent treatment with fluoroboric acid:

Me Me Cl Me Me

HBF

Me Me
/

ocC co

These complexes could now be used in a study involving
addition of various nucleophiles, and applying high dilution
techniques, several new and interesting complexes could be

realized:

45



Treatment of the diiodide complex (28%) with silver-
tetrafluoroborate and olefins gave only the bridging
iodonium compound 2 9. Attempts to open the ring and isolate
a mono-iodo, mono-(alkyl or hydride) have been unsuccessful.

Three bis-bridged binuclear analogs have been
synthesized in our work; the reactivity of these bis-
bridged systems appears to be limited by steric effects
about the iron center. The chemistry of these systems is

part of a detailed study in progress.



CHAPTER 4
EXPERIMENTAL

The 1H nuclear magnetic resonance (NMR) spectra were

recorded on either a Varian T-60 or EM—36OL-spe¢trometer.
13 '

The ~7C NMR spectra were recorded on,a Bruker 250 MHz FT 6r
WH-90 FT’spectrbmeter. Chemical shifts are,reported in
parts per million (ppm) downfield from tetramethylsilane
(TMS) .. Infrared épectra were recorded Qn»a Perkins-Elmer
398 spectrometer. Elemental analyses were perfofmed by
‘Atlantic Microlab Inc., Atlanta, Georgiao; Solvents-were
dried,“degassedi and stored under nitrogen . in schlenk
glassware.- All:other reagents wereApurified by standard
methods. All manipulations of chemiéals were. done under

a purified nitrogen atmosphere using schlenkware and

cannulation techniques.,

1ol (21)

4.1 Preparation of Mezsi[(ﬂ—C5H4)Fe(CO)

To a dry, degassed 500 ml round-bottom flask.
equipéed with stopcock side arm, serum cap, and magnetic
stir bar, 12.0 g (0.5 mole) sodium hydride and 125 ml THF
were added under positive nitrogen flow. An addition
funnei was iﬁsérted onto the flask and chérged with 40 ml
(0.56 mole) freshly distilled cyclopentadiene (dried over

47
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molééular sieves) and 40 ml THF by cannulation; - The side
arm waé attached-td;a bubbler and the cyclopehtadiene'solu%
tion was added dropwise while stirring. Evolution of
hydrogen occurred after a few minutes; the rate of addition
was suéh that a layer of bubbles existed. If necessary,
‘additional cyclopentadiene was added until ail,sodium
hydride was used. Five minﬁtes after addition was complete,
the purple sodium-cyclopentadienyl anion solution was added
onto 30 ml (.25 moié)ﬁdichlorodimethyléilane aﬁd 30 ml THF
at 0°C contained ih a dry 500 ml round bottom flask. A
precipitate of sodium chloride formed immediately. and
required manual agiﬁation for complete mixing. To the
reSulEing yelléW'mixtﬁre was added 250 ml xXylene (degassed),
and thé mixture was filtered (10 cm diameter, medium frit)
xdnto 300 ml xylene in a 1000 ml round bottom schlenk flaskf
To-the yellow filtrate was added 67 ml (0.50 mole) iron
pentacarbonyl via syringe and the resultiﬁg'mixture was
.heated at reflux for 14 h. The mixture waé cooled, and
filtered; and then the solvent was evaporated under reduced
pressure. To the residue was added 300 ml petroleum ether
and the product was collected by filtration, washed with

pet ether until the filtrate was clear, and then air dried

to yield 14 g (14%) of 21 as dark purple crystals: IR(CH,CL,)
1995, 1953,.1775 cm-l; 'H NMR (CDCl3) 5‘5.47, 5.03 (2t, 8,
C.H,), 0.38 (s, 6, CHy); ~°C NMR (CDCl,) 262.29 (CO), 98.84,
87.18, 86.37 (C5H4), -3.94 (CH3).
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4.2 Preparatlon of Mezsl[(ﬂ C )Fe(CO) I]2 (28) and -
Me Sl[(ﬂ C )Fe(CO)I] Ph PCH PPh2 (43)

2 5 2

Mezsl[(ﬂ-C5H4)Fe(CO)2I]2rwas prepared by dissolving

1.00 g (2.4 mmole) 21 and 1.25 g (5.0 mmole) I,

degassed chloroform and the resultlng mixture was refluxed

in 50 ml of

for 30 m;n.' The mixture was cooled washed once w1th 10¢%
sodium thiosulfate, and dried over anhydrous calcium
chloride, the solvent was then removed in vacuo. The

residue was fecrys£allized'ffom CHC13/pet ether (30-60) to-

1

give 1.2 g (75%) of productﬁ_IR(C H CH3)vl992, 2015 cm —;

65
1y nMR (cpclj) (Fig. 15) & 5.15 (m, 8, 2C.H,), 0.73 (s, 6,

574
CHj); L3¢ NMR (CDCl,) 212.92 (CO) 94.60, 84.57, 83.36

14

(C5H4), -1.22 (CH‘)

Anal Calcd for C16H14Fe2048112: C, 28.95; H, 2.13;

I, 38.23. PFound: C, 28.86; H, 2.17; I, 37.80.
Similar treatment~of-§£ with I, gave 43 in 80%

yield: IR(CHC1

4) 1960 em Yy lm wMr (cpCly) (Fig. 16) 6

7.5-6.9 (CGHS), 4,70 (bs, 8, C5H4),
13,

0.80 (s, 6), 0.53 (s, 6); ~~C NMR (CDCL,) 221 (CO), 134.86-

2.03 (m, 4, CH,),

127.78 (C HS), 106.00, 93,07, 86;31, 81.13, 79.52 (C5H4),
32.15 (CH2), 0.95, =3.22 (not assigned).

| Anal. Calcd for C39H36Fe202P21281. C, 47.21;_H,
3.66; I, 25.58.. Found. c, 47.11; H, 3.70; I, 25.48.
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Fig. 15. 01 NMR (CDCl1l”) spectrum of MeOSi [ (Ct-H .) Fe (CO) 0I]



1h NMR

(CDC1%)

spectrum of Me. Si[ (C*"H”)Fe (CO)I]. dppm.
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4.3 Reaction of Me,Si[(m-C.H,)Fe(CO),1], (28) with

Silver Tetrafluoroborate; Preparation of 29

A sQlution of complex 28 (0.50 g, 0.8 mmole) in
25 ml methylene chloride was treated with silver tetra-
fluoroborate (0.35 g, 1.9 mmole) at'VBO?C° After 5 min of
reaction the color had.changed from brown to deep red with
contamination of the solution by silver iodide precipita-
tion. The mixture was filtered, the'solvent_was evaporated
under vacuo, and the residue recrystallized from CH2C12/
‘ether to give pure product (29): lg NMR (d6—acetone) (FPig.

4) 6 6.10, 5.47 (2t, 8, C5H4), 2.10 (m, 4
13

6—acetone), 0.80

(s, 6, CH3)° C NMR (d6-acetone) 211.94 (CO), 208.59

(CHCOCH;), 97.08, 91.33, 84.24 (CgH,), -2.20 (-CHj).
Anal. Calcd fgr CigH14Fe,0,SiIBF,: C, 30.81; H,
2.26; I, 20.34. Found: C, 30.85; H, 2.27; I, 20.18.

4.4 Reaction of 28 and Cyclopentene with
Silver Tetrafluorxocborate

To a solution of 28 (0.5 g, 0.8 mmole) and 1 ml
(11 mmole) of cyclopegtene in 25 ml. dichloromethane was
~added silver tetrafluoroborate (0;35 g, 1.9 mmole) at 3O°C°
After 5 min of reaction the solution became red in color.
The reaction mixtufe.was allowed to stir at 30° for 30 min.
The mixture was then filtered, the solvent was evaporated

under reduced pressure, and the residue was recrystalliéed-
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from CHZClz/EtZO to give 29 as the only product (as shown by
comparison of ‘spectra). | ’

4.5 Reaction of [Me Sl[(ﬂ C5
' with Methylmagne51um Iodide

)Fe(CO)Z] I]BF (29)

A suspension of 29 (0,50 g, 0.8 mmole) in 50 ml THF
was treated With a solution of methylmagnesium iodide
(0.16 g, 1 mmole) in 1 ml ether at 0°C. An immediate color
change from red to brown occurred° After continﬁed reaction
at 0° for 30 min, the solventrwas then removed in vacuo, and
the residue chromatogréphed on alumina (III). Elution wifh
benzene gave a single brown band identified'by-lH NMR
spectroscopy as Mezsl[(w C )Fe(CO) I]2 (28) lg MR
(CDC13) § 5.15 (m, 8, C ), 0.74 (s, 6, CH3),

Anal. Calcd for C16H14Fe2041251. C, 28.95; H, 2.13.
Found: C, 31.3; H, 3.2.

Similar treatment of 29 with excess methylmagnesium
iodide gave 30 as prodwc€:~lH~NMR 4CDC13) 5-4.81 (s, 8, -

H4), 0.50 (s, 6, CH3), 0.11 (s, 6, Si(CH3)}.

4.6 Preparatlon of MGZSl[(W Cg )Fe(CO)Z(n -allyl)l, (32)

and Mezsl[(ﬂ c

2
)Fe(CO)2(nl—1sobutylene)]2 (33)

5 4

To a mixture of sodium-amalgam prepared from 0.30 g
(12 mmole) sodium and 2 ml (30 g) mercury were added 50 ml
THF and 0.50 g (1.2 mmole) 21. The reaction was continued

for 30 min, THF solution was cannulated away from the

sodium~amalgam, and the resulting deep red solution was
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reacted with excess 3=chloropropene for 15 min. The solvent
was then removed in vacuo and the residue was chromato-
graphed on alumina (III, neutral). Elution with hexane gave
the producﬁ'as a vellow-brown oil: 1y nmr (CDCl3) (Fig. 5)

§ 6.32-4.2 (m, 6, CH=CH 4.72 (s, 8, C5H4), 2.07

S
(d(3 = 9 Hz), 4, -CH,), 0.52 (s, 6, CH).

Similar treatment of 21 with sodium-amalgam and
2-(chloromethyl) pfopéne*gave 33 as product: g NMR (CDClB)
§ 4.73 (s, 8, CSHS)’ 4.51 (s, 4,‘CH2¥), 2.13 (s,74, —CH2—),
1.78 (s, 6, CH3), 0.53 (s, 6H, -CHj); 1g NMR (d,-benzene)
(Fig° 6) 6 4.85, 4.77 (2m, 4, CH2=), 4.33, 4.23 (2t, 8,
C5H4), 2.20 (s,.4, —CHZ-), 1.90 (s, 6, ~CH3), 0.37 (s, 6,
Si-CH,). |

4.7 Reaction of 32 and 33 with Fluoroboric
Acid; Preparation of 34 and 35

A solution of the adauct 33 (0.45 g, 0.9 mmole) in
10 ml THF was treated with an excess of 48% aqueous fluoro-
boric acid at 0°C. Reaction was continued for 5 min, then
dryAether was added, and the precipitate which separated
was removed and recrystallized from acetone-ether to give
0.46 g of 35 (74%): lH NMR (CD,NO,) (Fig. 7) § 5.78 (s, 8,

C5H4), 3.90 (s, 4, CH2=), 1.97 (s, 12, -CH
13 1

3),_0.93 (s, 6,

cH C NMR (CD,NO 206.06 (CO), 57.33 (CD4NO

3); 3 2)
(CH2=), 23.92 (—CH3), -7.91 (si-CH

2)L 48.86

3)-

1. Some peaks in spectrum could not be assigned to
their respective carbons.
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Similar treatment of ég with fluoroboric acid gave
|34 in 50% yield: 'H NMR (CD,NO,) (Fig. 8) & 5.85, 5.68 (2bs,
3, C5H4), 4.1-3.4 (m, 6, CH=CH2), 1.78 (d(J = 6 Hz), 6, CH3),
0.85 (s, 6, Si-CH;); 'H NMR (d -acetone) (Fig. 17) § 6.28,
6.10 (2m, 8, C5H4), 4.16 (s, 4, CH2=), 2.05 (s, 12, —CH3),
1.07 (s, 6, Si(CHB)).

4.8 General Procedure for Attempted Olefin
Exchange with 35

To a solution of,olefin ih l;2—dichloroethane at
30°C washadded‘O.ZO g of 35. The 1,2-dichloroethane
~ suspension of 35 and olefin was heated to 60°C over various
time lengths, ranging from 20 min to 24 h. The reaction
mixture was allowed to cool, then dry ether was added. The
precipitate was separated, dried under vacuo, and analyzed
by lg NMR. Reactions with ptopene, cyclopentene, 1,4-
hexadiene, 3—hexyhe, cis-2-butene, and 1,4-hexadiene were
unsuccessful: all exchange attempts gave back 35.

4.9 Preparation of'Bisbridged Complexes
36, 37, and 41

A solution of 21 (0.50 g, 1.2 mmole) and 0.50 (1.3
mmole) bis{diphenylphosphino)ethane (dppe) in 250 ml of drvy,
_degassed benzene was photolyzed in a Hanovia photochemical
reactor by a 450 watt mercury lamp. The reaction was
continued er 14 h, the solvent was removed in vacuo, and

the residue was washed with acetone. The resulting green



Fig.

17.

JH NMR

(d*-acetone) spectrum of 34.
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powder was chromatographed on activity III neutral alumina,
' A

elution with benzene gave an initial green band followed by
a blue-green band. The green band was shown to be complex

36: IR(CH,Cl,) 1740 w, 1720 w, 1680 s em™Y; 1m NMR (CDC1 )

(Fig. 9) ¢ 7.25-7.90 (m, 20, C6H5), 4.83, 4.27 (2t, 8,
H4), 1.37 (d(3 = 12 HzZ), 4, C H ), 0.40 (s, 6, ~CH3);

13

C 'NMR (CDC13) 296.38 (t, CO), 137.75-127.96 (c 95.33,

5)
88.07, 82.80 (CgH,), 23.17 (d(J = 29.31), CyH,), -2.91
(-CH3) .

Anal. Calcd for C40H38Fe2P 0281. Cc, 63,89; H, 5.009.

Found: C, 63.94; H, 5.17.

The blue-green compound was identified as complex

37: IR(CH,Cl,) 1937s, 173ls, 1680w cm™t; lH NMR (CpCl,)
(Fig. 10) 7.4 (bs, 20, CeHg), 5.13(t), 4.87(t), 4.63(t),
4f28(m) (16, CcHy), C,H,),
13

C NMR (CDCl3) 282.59(t), 216.08 (CO), 133.62-128.01

0.96 (bs, 4, 0.30 (s, 6, CH

3);

(CGH 96.22, 94.88, 89. 99 88.11, 86.23, 82.87 (Cr H

5)! 5 4)l

23.07 (C H -3.22 (-CH

4)’ 3).

Anal. Calcd for C56H52Fe4P206812

Found: C, 57.75; H, 4.51.

c, 57.86; H, 4.51.

Similar treatment of 21 with bis(diphenylphosphino) -
methane (dppm) gave a green residue after removal of solvent.
The residue was washed with acetonitrile and air dried to

give 41 (70%) as dark green crystals: IR(CH2C1 1960w,

2)
1728w, 1682s cm T; lu MR (CDCl,) (Fig. 18) & 7.30 (bs, 20,



Fig. 18. 1 NMR (CDCl1l”) spectrum of Me”Si I (C.H. )Fe (CO) ]. dppm.



59

CGHS), 4.88, 4.58 (2t, 8, C5H4), 1.78 (t(J = 10 Hz), 2

(CH,), 0.42 (s, 6, —CH,); 130 nMr (CDC1,) 298.29t(CO)

136.90-127.80 (C.H.), 98.22, 86.65, 78.13 (CSH'), 28.33
(CH,), -3.22 (-CH;) .

Anal. Calcd for C39336Fe2P20281: C, 63.43; H, 4.91.

Found: C, 63.29; H, 4.97.

4.10 Preparation of Me,Si[(m-C g4)Fe(co)2:
CH,C.H 1,7 (45)

Complex 45 was prepared analogously to compounds
32 and 33 using benzyl chloride. lH NMR (C.D,) § 7.20
(bs, 10, CGHS)’ 4.23 (m, 8, C5H4), 2,67 (s, 4, CH2), 0.28

(s, 6, CH3)°



10.
11,

12.

13.

14,
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