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Abstract

The versatile reagent [(n° -CgH )Fe(CO)z(THF)]BF4 has been isolated
from the reaction of (nS-CSHS)Fe(CO)ZI and AgBF, in THF and shown to
react in CH,Cl, with olefins to yield [(n -CH )Fe(CO)Z(n -olef‘ln)]BF
com]-eies. For mostrolefins the yields are high. The yield in»these
‘reactions can be increased by treating the CHZCI2 solution of
[ -csu }Fe(C0),, (THF]IBF, and olefin with gaseous ar3 in order to complex
the THF as the BF3-THF adduct. Most strlking is. the 1ncrease in yield
for the cyclohexene complex from 17% to 92%. )

,IAni‘rbdu'c'tim's

Dne of: the mst wide'ly studied classes of transitfon meta'l organo-

vrnetall'lc ..omplexes is t.hat of the derivatives of (n° -C_,‘H_,))Fe((:‘:l)2 [1]

:(hereafter‘ esignated by t-he synbol Fp) There are two major reasons
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Because of gur interests id conierffng organdmefallic mefél;halfdé
complexes into metal alkyls and cationic metal-L(L=neutral 2-electron do-
nating']igand) complexes, we have investigated substitution reactions of Fpl
using AgBF, as ‘a:Lewis acid to remove the iodide to generate the reactive
Fp* intermediate. Reported here is the isolation of the complex
[Fp—(THF)]+ (1) produced from this reaction when carried out in THF. It is
shown to be a convenient reagent for the preparation of [Fp-L]+ complexes.
This complex was mentioned briefly in 1971 [2] and the analogous acetone.

adduct in 1973 [3].

Experimental Section

General Data. All oﬁérations on complexes in solution were carried out under
an atmosphere of prepurified nitrogen using solvents that were purified

and degassed before use. Carbon-13 NMR spectra were recorded on a

Varian CFT-20 spectrometer using CHZCI2 as the solvent and internal standard.
Chemical shifts are reported vs. TMS assigning the CHZCIZ resonance to be

at 54.00 ppm and all spectra were run with 1H‘decoupling. The (nS-CSHS)Fe(CO)ZI
[4] was recrystallized from a hot mixture of heptané-toluene (4:1,

v/v,20 m1/g). The AgBF, was purchased from Ozark-Mahoning. The nz-dlefin
complexes prepared below are known [1b], were shoud to be pure by ]H

and 136 NMR, and were further characterized by iR. The aniline [5],7PPh3
[6], and nitrate [7] compTexes are also known and were o »
characterized as above. Melting and decomposxtlon polnts were determ1ned

in sealed evacuated capxllarxes and are uncorrected.r

(Dicarboqy])(n -cx;lopen;ad! y])(tetrq;ydrofuran)lron(II)Tetraf1uoroborate.

A mixture of (n -C_ Hs)Fe(uO)ZI (15.0° g, 49.3 muol) ‘and AgBF (9. 75 g, ‘

50.0 mmol) was st1rred in THF (250 ml) for 3 h. . The solvert was- evapo?dted>:
the residue extracted wlth CHZC]2 (four 75. ml portlons). and these solutlons :
,f:ltered using large quantat1es*of’f11ter a1d -The. filtrate uas concentrated;:f”
.to 125.ml and hexane (150:m1)’

added to precwprtate red f1occulent c'ystals.

After coollng the so]utlon'at = 0°>for

’yasned,uj_gn;nexane two 25 @]
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dec 103° (Found: C, 39.09; H, 3.90; F, 22.68. C, H, ,BF,Fe0, calcd:
C. 39.28; H, 3.87; F, 22.62).]H NMR spectrum (& (ppm) in,acetone-ds):
5.71 (5, singlet, n°™-CgHg), 3.63 (4, multiplet, OCH,), 1.82 (4, multiplet,

CH IR spectrum (cm™} in CH c12) v (€0) 2019, 2065. '3¢ MMR spectrum

).
2
(in ppm): 208.94 (C0), 85.77 . (n -CSHS). 81.89 (0CH,}, 23.67 (CH,).

(Dicarbonyl)(ns‘cyclqggntadienyl)(triphenylphosphine)iron(II)Tetraf1doro-

borate. To-a solution of [(n -CgHg)Fe(CO),(THF)IBF, (1:0 g, 2.97 mmol) in
CH,C1, (25 ml) was added PPhg (0.85 g; 3.24 mmol). This solution was stirred

for 0.5 h. Hexane {20 ml) was added, and the yellow powder which formed -

,(Anilihe)(dicarbonyl)(ns—cyclopentadienyl)iron(II)Tetrafluoroborate-

Aniline (0.55g,5.94 mmol) was added to a solution of [(nS-CSHS)Fe(CO)Z(THF)]?F4
(1.0 g, 2.97 mmol) in CHZCI2 (50 ml). After 6 h of stirring, this solution

was concentrated to 15 ml and hexane (15 ml) added slowly. Orange crystals
formed which were collected, washed with hexane (two 5 ml portions) and

dried in vacuo {1.04 g, 98%), mp 174-175°,

(Dicarbonyl)(nz-l,5-cyclooctadiene)(ns-gyclopentadienyl)iron(}!)Tetrafluoro—

borate. A mixture of [(n>-CgHg)Fe(CO),(THF)IBF, (1.50 g, 4.46 mmol) and
1,5-cyclooctadiene (1.45 g, 13.4 mmol) was stirred in CH2C12 {100 m1) for
8 h. '~ This solution was filtered, the filtrate concentrated to 15 ml, and
hexane (15 m1) was added siowly. The ye]low‘crystals which formed were
collected; washed with hexane {10 ml) and dried in vacuo {1.29 g, 78%); dec
130-132°. -The filtration-steb before crysfaliization is éssential in order
to remnve,small amounts of the metal-olefin 2:1 complex which s very
1nso]uble. e T ' :

(Dtcarbogyl)(n -l 4-c1¥]ohexad1ene)(n -cx;lopentadlenyl)tron(II)Tetra-

'fluoroborate..( A mtxture of [(n -CSHS)Fe(CO)Z(THF)]BF4 (l 5. g. 4 46 nnml)
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washed with hexane (10 ml), and dried m vacuo (1.23 g, 80%), mp 92-93°,
{Dicarbonyl )(n5—cyclopentédienyl )r(nz-rrwrborﬁadiene)iron( 11)Tetrafluoro-

borate. A mixture of [(n -CsH 5 )Fe(C0),(THF)]BF, (1.50g, 4.46 mnol) and

‘norbornadiene {1.23 9, 13.40 mmol) was heated in refluxing CMZC'I2 {100 m1) for

2.5 h. This solution was filtered and the resulting filtrate concentrated
to 15 ml.. Hexane (15 hﬂ) was- fhen added and the yellow powder which formed
was Colle'cted; washed ‘with hexane (two 5 ml portions), and dried in vacuo
(1.419,891);-dec 170-175°. _
(nG-Cyclooctatetraene)(ns-;:yclopentadierlyl Yiron{II)Tetrafluoroborate.

A mixture of [(ns-csﬂs)Fe(co)z(THF)]BF4 (1.5 g, 4.46 rmol) and cyclooctatetraene
(1.39 g, 13.40 mrol) was heated in refluxing CH,C1, (100 m1) for 13 h.

The solutioha was then filtered and diethyl ether (120 ml) added slowly.

The solution was cooled at -20° for 3 h, the orange crystals which formed

were collected, washed with diethyl ether (10 ml), and dried in vacuo

(0.24 g, 17%), dec 188° (Found:C, 50.23; H, 4.25. €3l 3BF4Fe caled: C,

50.06; H, 4.17). !

H NMR spectrum (& (ppm) in acetone—ds): 7.26 (2,
multiplet, free CH=CHj, 6.55 {4, multiplet, complexed CH=CH), 5.42 (5,
singlet, nS-CSHS). 4.85 (2, singlet, complexed CH:CH); ]3(2 NMR spectrum:
133.17 (free CH=CH), 103.10, 96.70, 91.12 (complexed CH=CH), 82.59
(n>-CgH).
{Dicarbonyl )(nz-cyclohep&ne)(ns-cyclopentédienyl Yiron(11)Tetrafl uoroborate .

A mixture of [(n -C H )Fe(CO)z(THF)]BF4 {1.50 g, 4.46 mno]) and cycloheptene
{1.29 g, 13.40 ml) was heated in refluxing CHZ(:I2 (100 ml) for 5 h. This
solution was fx'ltered the f1’ltrate concentrated to 15 ml, and hexane :
(15 m1) was added.. The yellow crystals umch formed were co‘nected _
washed with hexane {10 mt), and dned in vacuo (l 19 g. 75:). dec 151 153" g
(Dtcarbon_yl )(n -cyclchexene)(n -cyc!opentadtenyl )1 ron(l 1 )Tetraﬂ uoro-
borate- A mxture of: [(n -C5H5)Fe(C0)2(THF)]BF4 (l 00 g, 2 98 lmn‘l) and

for 8- h-f ‘nns solutton was concentr;' ted_ to 26
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for 24 h. The yellow crystals were collected, washed with hexane (ld'ml);

and dried in vacuo (0.18 g, 17%), dec 108-111°,
(Dicarbonyl)(ns-cyclopentadlenyl)(nz—ethene)iron(llgletrafluoroborate.

Ethene was bubbled intg a solution of [(nS-CSH )Fe(CO)Z(THF)]BF4 (1.0 g,

2.98 mmol) in CHZClz {75 ml) for 0.5 h. After 0.5 h the ethene addition -
was stopped and the solution stirred for 8'h. This solution was .
concentrated to 15 ml and hexane (15 ml) added slowly. The orange powder
which formed was collected, washed with hexane (10 ml1), and dried.in vacuo
(0.78 g, 92%), dec 108-112°. .
(Dicarbonyl){ns-cyclopentadienyl)(nitrato)iron(ll). A mixture of
(ns-CsHs)Fe(CO)ZI (2.5 g, 8.22 mmol) and AgNO, (1.50 g, 8.82 mmol} was

stirred in CH?_Cl2 (75 m1) for 6 h. The solution mas filtered using large
quantities of filter aid. The filtrate was concentrated to 15 ml and
hexane (15 ml) added slowly. The red-orange needles which formed were
collected, washed with 10 ml of hexane, and dried jg,!gggg.(l.QG g, 64%),
mp 97-98°. (Found:C, 35.38; H, 2.11; N, 5.86. C;HgFeNOg caled: '€, 35.14;
H, 2.09; N, 5.85). ' '

Preparation of Olefin Complexes Using Boron Trifluoride. Boron

trifluoride was bubbled into a methylene chloride solution (70 ml) of
[(n°-Cghg )Fe(CO), (THE)BF, (1.5 g, 4.46 mmol) and a three-fold excess of

the olefin. The addition of boron trifluoride was stopped after the color
of the solution changed from the red color of the starting naterial to the v
yellow color of the olefxn complexes (ca. 4-5 min). The solvent was then
evaporated the re51due extracted w1th CH2612 (80 ml), and thls solution
f1ltered-k The f1ltrate was concentrated to 20 ml and hexane (30 ml)

'added The yellow crystals thCh formed were collected washed w1th hexane'
'(lO ml) and dried 1n vacuo. Yields are glven 1n the Table. Characterlzatxon

:of these complexes was the same as outl1ned above for the thermal reactions.;

fTh1sireaction is- not successful for norbornadiene because the BF3 causes
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3.7 mmol) and-AgBF, (0.80 g, 4.70 mmol) was stirred in THF (25 m) for
10 min. The solvent was evaporated, the residue extracted ﬁfﬁh chlorofohm
{50 ml), and this solution filgered:ueing fi\tervaid. The filtrate was
concentrated to 25 ml and hexane (40'ml) added to precipitate green crystals.
The crystals then were collected, washed with hexane (15-ml), and dried

in vacuo (1.70 g, 80%), dec starts 105° followed by melting at 108°.

(Found:C, 58.73; H, 4.87.° C BF4Fe02P calcd: C, 58.94; H, 4.91).

28128
T4 NMR spectrum (& (ppm) in acetone-ds): 7.60 (15, multiplet, P(C6H5)3),
5.06 (5, sing]et, flCSHS), 3.64 (4, multiplet, OCHZ), 1.80 (4, multiplet,

CHy). IR spectrum (cm! in CHEl4): v (CO) 1987.

Results 7 7 .

“The complex [Fp-(THF)JBF, (1) is prepared from Fp-T and AgBF, in
THF and can be crystallized in over 90% yield from CHyCl,-hexane

This red sol1d can be handled for short period in air, but must be stored
with the exclusion of water as it is hygroscoplc.

Good Lewis bases such as triphenylphosphine and aniline react nearly
quantitatively with 1 in either THF or CH2C12 to yield [Fp—L]BF4 derivatives.
Because these Lewts bases react Nlth 1 in THF, 1solat|on of 1 is not
necessary for the preparat1on of these comblexes- The ligand can be added

directly to the THF solution of 1 preDared in situ from Fp 1 and AgBF4 and

the products 1solated in ca 801 yields- L
In controst, the key to lsolatlon of ) -olefln adducts is tc carry out
reactions in CHZCIZ. Thus, reactlons of 1 u1th two or three equlvalents of
fairly strongly coordinating olefins in CHZC‘I2 yields [Fp-(n -olefm)JBF4 '
complexes 1n h1gh y1e1d (see the Table). For 1 5—cyclooctad1ene and )
ethene, the reactlon proceeds in a fEH hours at room temperature.: For;- -

the preparatlon of l 4—cyclohexadiene. cycloheptene and norbornadlene ‘

complexes, the CHZC]2 solution is ref1uxed for«a feu h ur
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' fab]e. Yie]ds:and']3c NMR‘Spectra of [Fp(nz;oiefin)]ﬁF .
]3C NMR resonances of olef1n

Yields Yields

from Thermal from BF3 2 free
Otefin _ reaction{%)  reaction{Z) n"-alkene - -alkene other
cycloheptene 75 99 80.0 C-- 32.4,30.5,26.4
ethene 92 -- 56.9° -- Toae
cyclohexene 17 92 82.7 -- - 26.1,20.3
1,4-cyclohexadiene 80 . 98 80.2 123.9 - 26.6
1,5-cyclooctadiene 78 86 82.3 129.6 - 31.1,30.5.°
norbornadiene 89 - 86.9 148.2 57.2,48.6

aproton decoupled in CHZCI2 reported in ppm from TMS

bpublished value in nitromethane a3 [8].

1

15% of starting material. None of these olefin ligands will displace the
THF from 1 in THF solution. The olefin complexes can be prepared without
isalation of 1 by mixing Fp-I and AgBF4 in THF for a few minutes followed
by evaporation of the THF to yield a residue containing 1. Thfs residue
can then be redissolved in CH,C1, and treated with the olefin to produce
yields analogou; to the two step procedure of firstrisolating l_fellewed
by reaction with olefin. The known complex [Fp-(N03)J [7] was prepared
-and was shown to react with triphenylphosphine but would not react with
olefins. § - '

The’yie‘ds of these reactions can be improved if the initial mixture
of 1 and the olefln in CH2C1 is treated with gaseous BF3. In this case, )
the react1ons are 1uned1ate at room temperature. The products can be

worked up as ln the thermal reactlons after evaporatwon of the solvent.ik

fhPart1cularly strlklng 15 the lmprovement

Ylelds are shoun 1n the Table.
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As with the n 'CBHS complex, this new cyclooctatetrzene complex is not\’
fluxional at 35°C. Decomposition in solutions much above 50°C prevented
a hlgh temperature NMR experiment.

' All of the Fp adducts. are known and the1r complete characterizat1on
kas recently been reported [lb] We have observed. in addltion. that
cyclohexene is displaced by an acetone molecule from the [Fp-{n -cyclohexene)]BF4
cozplex in acetone in 1.5 hours at 35°C..  The THF is also dlsplaced rapidly
from 1 by acetone.

The complex [(n -C HS)Fe(CO)(PPh3)(THF)]BF4 was prepared from the
reaction of (n -C5H5)Fe(C0)(PPh3)I and AgBF, in THF. This cqmplex will
react with ethene in CHZCIZ to produce the known complex [(n -CgHg )Fe-
(co)(PPh3)(n -C )]BFq, but does not yield stable olefin complexes with.

the other olefins used here.

Discussion
7 The thermal reactidn1of'[Fp-(THF)]BF4(1) with olefins in CHéC'Iz is.
a very good preparative raute to [Fp-(ﬁszlefin)]BF4-compiexes and is thus
complementary to thevother—hnqin.rohtes of‘areparjng the;e complexes [1b,f,5].
Yields'are hi§h for all but one of the olefins listed in the Table, the _
reactions are straightforward’tb'run,’and theireactiohrcohditions are mild.
The one exception is the c}claheiene'co&pléxmich does"hotrfom'in' high’
yield even if excess cyc]ohexene fs. used in the reaction. I '

A possible- explanation for the Iow yield uith cyclohexene is that the '
THF which is displaced from 1 by the olefin can react with the [Fp-e .
{n -cyc!ohexene)] comp!ex uh1ch ‘brms to convert it back 1nto starting

material. . NHR experfments demonstrate that both- THF and cyclohexene are o

’d1splaced by acetone rap1d1y uhen dnssolved in acetone.- To alleviate this
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using these reaction conditions (see the Table). This modification of
the reaction conditions is not useful for norbornadiene because BFé
polymerizes the olefin. All of the reactions in the presence of BF3;
are wuch more rapid than the thermal reactions,so it is;probable that
the BF3 influences the reaction to a greater extent thanAsTnply to complex
the THF produced in the reaction of 1 with olefin. The success of

this set of reaction conditions makes 1 a very attractive reagent for
the preparation of [Fp-(r.z-Tigand)]+ complexes where the nz-ligand is
‘not a particularly good ligand for this system and will not react itself
with 8F3. Efforts are underway at present to make new complexes with
ligands of this type. :

The [Fp-(nz-olefin)]BF4 complexes reported here have'been characterizeo
by previous workers [1b, 5]. The reaction of 1 with cyc]ooccatetraene in
refluxingVCHZCT2 did not yield the known, unstable [lb]_nz—compIex.-but
instead yielded [(ns-csﬂs)Fe(ns-caﬂaj]BFQ. This molecule was shown not
to be fluxional at 35° and decomposed at higher temperatures. Although
not-previously reported, proton'decoupled;]3t NMR spectroscopy hesrproven
to be very usefuT-in the characterization of these compTexes'(see'Table)
The T NMR spectra are generally not well defined espectally 1n the olefin
regxon. on the other hand. identification of these complexes from ]3
spectra is straightforward. "A good example is the new [{n -CSHS)Fe(n -C 8)]Br
complex T C NMR spectrum of thTS comp]ex has three resonances ) '
around 100 ppm deshlelded from TMS for the 51x metal-coordinated olefun
carbons and a resonance at 133 2-for the uncoordmated o‘lefm carbons.
A clear interpretation of this type was not possxble from the ]H HMR

The complex [(n ~C5H5)Fe(C0)(FPh3)(THF)]BF4 was prepared anaTogousTy

Ac’ T “but: was not a usefuT reagent for the preparatlon of nz-olefin i;;'

comp!exes;other' han for ethene ?The explanatron forrthts Is:apparently
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