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Although iron tricarbonyl complexes of cvcloheptadiene, cyclohexadiene, and
cvclobutadiene are well characterized and found to be thermally stable materials, the
corresponding complex of cyclopentadiene (I} has hitherto eluded characterization™.
The most common method used for the preparation of dieneiron tricarbonyl complexes
involves the direct reaction between the diene and iron pentacarbonyvl. However, in
the case of cyclopentadiene this reaction leads to the formation of the binuclear
complex (II) in which the organic ligands are cyclopentadienyl rather than cyclo-
pentadiene groups®.
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It has been suggested that one possible mode of formation of the binuclear
complex in this reaction involves fArst the formation of cyclopentadiene iron tri-
cartonyl (I) which then rearranges, with loss of carbon monoxide, to cyclopenta-
dienyliron dicarbonyl hyvdride (III); the latter system is then supposed to transfer a
hvdrogen atom to an acceptor and then dimerize to produce (IT}3.

The strong tendency for cyclopentadiene derivatives to react with Fe{CO); to
procuce complexes possessing cyclopentadienyl ligands is graphically illustrated in
the reaction of the spiro diene (IV). Upon reaction with Fe(CO); this material produces
the binuclear complex (V) in which a carbon skeleton rearrangement must have
occurred®.
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" A brief mention? of the preparation of cyclopentadieneiron tricarbonyl through reaction of
bmcvulopen;adxenﬂmckel with Fe(CO}y has been made. However, from the scant properties re-
ported, it is not clear w hether this .material is the same substance as is reported in the present

paper.
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Another reaction which might have reasonably been expected te produce
cvclopentadieneiron tricarbonyl is that of the cyclopentadienviiron tricarbonyl
cation (VI) with sodium borohvdride. However, even when conducted at low tem-
perature this reaction gave cyclopentadienyliron dicarbonyl hvdride (III} as the first
identifiable products.

It was considered to be of interest then to further pursue the isolation of cyclo-
pentadieneiron tricarbonyl to determine whether it is indeed thermodynamically
unstable with respect to the carbonyl hydride (ITI) and, if possible, to determine
whether it is an intermediate in the formation of the binuclear complex (II) from
cyclopentadiene and Fe(CO);.

The suggestion for the present syvnthesis of cyclopentadieneiron tricarbonyl
originated with the report that butadiene reacts with diiron nonacarbonyl to produce
butadieneiron tetracarbonyl which, also under mild conditions, loses carbon monoxide
to give, together with other products, butadieneiron tricarbonylé. \We now find that
cyvclopentadiene when treated with Fe.(CO), at 40° gives fair yields (30 9;) of cyclo-
pentadieneiron tricarbonyl; no evidence can be seen for the formation of cvclopenta-
dieneiron tetracarbonyl but it is presumably involved as an intermediate.

The structure of the complex is indicated by the elemental analvsis and by its
spectral properties. In the infrared spectrum there is a strong absorption at 2805 cm™!
which is assigned to the C-H stretching mode. Similar absorption bands appear in the
region 2750-2765 cm~! in the compounds 7-CgHy—M-=2-C;Hg (M = Co, Rh) and
T-C HFe({CQ).PPh,. This unusually intense and low frequency C-H stretching mode
has been attributed to a methylene H_ interaction with the metal atom?3.7. A medium
intensity band at 3076 cm~! is indicative of olefinic hydrogens while the lack of
absorption in the range 3100-3150 cm™! points against a g-cvclopentadienyl ring
svstem. Finally, the three absorption bands at 1974, 1981 and 2048 cm~! are typical
of carbonvl abzorptions in dieneiron tricarbonvl complexes®.

The NXMR spectrum of the compound is also consistent with the formulation (I).
The two protons H; and H, appear as a triplet at 4.38 « while the protons H, and H;
appear as a multiplet at 7.15 7. Proton H; is coupled strongly with H_ (J = 11.7 cps)
and appears as a doublet centered at 7.31 7; proton H_ is likewise a doublet centered at
7.71 T though the lower field peak of the H H, quartet coincides with the absorptions
of H, and H;. These chemical shift values are entirelyv in accord with those of other
dieneiron tricarbonyvl complexes®. No absorptions bevond 10 T could be detected
indicating the absence of protons directly attached to a metal atom.

The isolation of cyclopentadieneiron tricarbonvl demonstrates that this material
is thermodvnamicallyv stable with respect to the carbonyl hydride (III}), however, its
thermal decomposition is of interest in connection with the proposed scheme for the
formation of the binuclear complex (II). In agreement with the suggestion made by
the ecarlier workers? it is found that cvclopentadienyl decomposes to the binuclear
complex (II) when heated at 140° for four hours in methylcvclohexane, with dicyclo-
pentadiene added as a hvdrogen acceptor. Under these conditions the yield of the
complex {11} is go 9, lesser vields are obtained when shorter reaction times and lower
temperatures are used.

Another interesting reaction of cyclopentadieneiron tricarbonyl is that with the
triphenyvimethyvl cation; as indicated this reaction affords the cyclopentadienyliron
tricarbonyl cation identical with that reported by Wilkinson ¢t al.3.
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In agreement with Wilkinson and coworkers® we find that attack of the cyclo-
pentadienyl-Fe(CO), cation (VI) with hydride ion donors (NaBH,) does not give rise
to cyclopentadiene-Fe(CO), but instead affords the binuclear complex (IT), presumably
via the carbonyl hydride (ITI}. Since cyclopentadiene-Fe(CO), is stable under the
conditions of the reaction then the formation of (II}) must involve the direct attack
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of hyvdride at the iron atom rather than initial attack on the C;H; ligand and sub-
sequent transfer to the iron atom. It is interesting to note in the case of the cyclo-
pentadienyl-Fe{CO),P(CsH;) ; cation that hydride attack occurs on the ring to give
the cyclopentadiene-Fe{CO).P{CgH,); complex?.

Direct nucleophilic attack on the iron atom in (VI} is also indicated in reaction
of the cation with halide ions. These reactions lead to the formation cof the cor-
responding cvclopentadienyliron dicarbonyl halide complexes (VII} (X = Br, Cl, 1};in
each case the properties agree with those reported for the same compounds produced
by an alternative route®.
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The use of Fe,iCO;i, for the preparation of dieneiron tricarbonyl complexes
which are inaccessible through the direct reaction of the diene with either Fe{COj; or
Fe,iCO),. is further illustrated in the following reactions.
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The reaction of cis-piperylene with iron pentacarbonyi leads to the formation of
trans-pipervleneiron tricarbonyl {(VIII) and hitherto the only path to cfs-piperviene-

J- Orgarometal. Crem., 6 {1690) 272~278



CYCLOPENTADIENEIRON TRICARBONYL 275

iron tricarbonyl (IX) was by an indirect route involving reduction of the pentadienyl-
Fe{CO}; cation with LiAIH 1. We have now found that cis-piperviene reacts with
Fe,{COj, to produce csis-pipervieneiron tricarbonyl with no detectable amount of the
trans isomer (VIII) being formed.

Similarly the reaction of 4-methyl-1,3-pentadiene with Fe(CO), gives rise to
z-methylpentadieneiron tricarbonyl {X); however, when Fe,(CO), is employed, then
4-methylpentadieneiron tricarbonyl (XI) is produced.

EXPERIMENTAL

Cyclopentadiene-Fe(CO) 4

Cyclopentadiene (50.0 g, 0.76 mole) (freshly prepared by thermal cracking of
dicyclopentadiene} was mixed with 100.0 g (0.27 moles) of iron nonacarbonyi and
500 ml anhydrous ether in a 1-1 round-bottom flask fitted with an ice-water cooled
condenser. The flask was heated in an oil bath at 40—45° for one and a half hours by
which time the nonacarbonyl had all dissolved to give a dark brown solution. The
solution was filtered, allowed to cool in the ice box, and filtered again to remove a dark
brown crystalline substance (identified as dicvciopentadienyvldiiron tetracarbonvl).
Removal of the solvent under partial pressure (30 mm) followed by distillation i1 vacro
afforded 16.0 g 727 9 vield on Fe.(CO),: of light vellow oil which slowly became dark
brown upon standing in air. The oil was purified by repeated crystallizations from
peatane at —zo to —307, b.p. 30-35° (0.2 mm), #{ 1.5920. (Found: C, 47.29; H, 3.38.
CyH.FeO; caled.: C, 46.60; H, 3.109.)

An infrared spectrum of the compound in hexane solution showed carbonyl
absorptions at 1974, 1981 and 2048 ecm~1. A liquid film spectrum had the following
absorptions; 3070 (m), 280 (m), 2912 (m}, 2805 (s), 2350—2700 (W}, 1850-20350 {broad
absorptions), 1471 (m), 1393 (m), 1345 (m) 1248 (m), 1080 (m), 1008 (m), 935 (m),
928 {m)}, 8g2 (m), 840 (m), 733 (m). The nuclear magnetic resonance spectrum of the
compound 1s discussed in the text.

Thermal decommposttions

Cyclopentadieneiron tricarbonyl (1.25 g) was heated with 2.75 g of dicvclo-
pentadiene and 5 m! of methvlcvclohexane at 130° for 4 h in a flask fitted with a
condenser and a bunsen valve. Upon cooling to o° there separated 1.0 g of violet
crvstals of the binuclear complex {go 9%, vield); m.p. 196-198° with no depression upon
admixture with an authentic sample. The NMR and infrared spectra were also
1dentical to those of the authentic material.

In a similar experiment conducted at 115° for only two hours the vield of
binuclear complex was 23 %. In another case 73 % of cyclopentadieneiron tricarbonyl
was recovered after a sample was heated for 4 h in refluxing pentane with pentene
added as a hyvdrogen acceptor, only trace amounts of the binuclear complex were
obtained in this instance.

Preparation of the fuoroborate salt of cvclopentadieneiron tricarbonyl

A solution of 3.5 g of cvclopentadieneiron tricarbonyl in 2.5 ml methvlene chlori-
de was slowly added to a solution of 6.0 g triphenyvlmethyl fluoroborate in 40 mi of
the same solvent contained in a 250-ml erlenmever flask. There was an immediate
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yvellow precipitation which was completed by stirring with 50 ml of ether for a period
of 15 minutes. On filtration and drying, 4.6 g (70 % vield) of a light vellow cryvstalline
powder was obtained. (Fuznd: T, 33.12; H, 1.74. CGH;BF FeO, calcd.: C, 32.87;
H, 1.719%.)

The NMR spectrum of the salt taken in sulfur dioxide solution showed only one
absorption at 4.16 v. The infrared spectrum in hexachlorobutadiene muil showed
absorptions at 3130 (vs), 1432 (vs), 1370 (m), 1286 (s), and 1232 (W} cm-1, while a
Nujol mull of the compound shewed absorptions at 2127 (vs), 2070 (s), 1432 (s) and
1375 {m) cm~1L

Attempied reductioi of the cyclopentadienyiiron tricarbonyl tefraffuoroborate

A suspension of the salt (z.4 g} in 50 ml tetrahydrofuran at —107° was treated
with 0.4 g (50 25 excess) of sodium borohydride and stirred for 15 minutes. The mixture
was allowed to warm to room temperature and then shaken with 150 ml of cold water
and 50 ml pentane. The organic laver was separated and washed with water three
times, and dried over anhyvdrous magnesium sulfate. The solvent was removed under
reduced pressure {30 mm}; the residue was dissolved in 25 ml chloroform and the
solution cooled whereupon 0.36 g of violet crvstals separated. Another 0.16 g of the
compound was obtained by passing the filtrate through alumina column and evaporat-
ing ofi the ether eluate to give a total of 0.52 g (37 %) of the binuclear complex,
m.p. 105-196°.

Treatmieni of the evelopentadicnyi-irosn ictraffuoroborate witih potassivm jodide

The salt {0.30q g} in 20 ml acetone was stirred with 0.7 g of potassium iodide
for 3 h at 20-257. After filtering from the insoluble products, the solvent was removed
under reduced pressure (30 mm). The residue was taken up in 1o ml chloroform;
filtration followed by concentration to a volume of 5 ml and subsequent cooling
afforded 0.16 g (50°%; vield; of cyvclopentadienviiron dicarbenyl iodide, m.p. and
mixed m.p. 115-119° (dec.j. (Found: C, 27;.63; H, 1.78; I, 41.88. C.H,FelO, calcd.:
C,27;63; H, 1641, 31.77°,.}

The NMR spectrum of the compound in carbon tetrachloride solution showed
a single proton absorption at 4.95 7.

In a similar manner the reaction with KCl and KBr produced the C;H ;Fe{CO).Cl
and C;H Fe(CO),Br complexes respectively each in vields of So 2. These materials
were Identical to those prepared through reaction of the binuclear complex with air
and the appropriate hydrogen halide®.

f-Methyl-x 3-peniadienciron tricarbeony!

A mixture of 5.5 g of f-methyi-1,3-pentadiene, 33.0 g of iron nonacarbonyl and
300 ml of ether was heated, with stirring, at 4o° for two and a half hours. At the end
of the reaction the green solution was filtered through celite and the solvent was
removed under reduced pressure. The liquid was chromatographed on a 6" < 5/87
alumina column using Skelly “B” as the solvent. The vellow eluent on distiilation in
vacro gave 5.0 g of an orange-red liquid, b.p. 43-40° {0.15 mm), 2} 1.5700.(Found:
C, 18.85: H, 4.66. C;H,,;FeO, calcd.: C, 48.64; H, 41.50°;.)

A nuclear magnetic resonance spectrum of the compound showed absorptions
at 4.73-5.02 T {(multiplet); 8.17 8.7 v {complex multiplet with a sharp peak at 5.56 7)
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and a single sharp peak at 8.97 T with areas approximately in the ratio 2:5:3. An
infrared spectrum in carbon tetrachloride showed carbonyl absorptions at 1967,
1975 and 204x cm—1.

Reaction of cis-piperviene with iron nonacarbonyl

Treatment of commercial pipervlene with maleic anhvdride according to the
method of Frank, Emmick and Johnson!? gave a fraction which analysed by VPC
to be a mixture of {rans- and cis-pipervienes and cyclopentene in the ratio 5:55:40
respectively. A second treatment with maleic anhydride gave a fraction which was
completely free from trans-pipervlene. A VPC analvsis showed it to contain cis-
pipervlene and cvclopentene in the ratio 55:.45. To 27.0 g of iron nonacarbonyl was
added 15.5 g of a 55:45 mixture of c¢is-piperviene and cyclopentene and 300 ml of
dryv ether. The mixture was heated in an oil bath at 45° for 1.5 h at which point the
nonacarbonyl had disappeared. The solution was filtered and the solvent removed
under reduced pressure (30 mm). On distillation tn vacuo 9.2 g (60 %; vieid based on
iron nonacarbonyl) of a dark vellow oil, b.p. 40°. {0.4 mm), 2§’ 1.5732, was obtained.
(Found: C, 46.64; H, 3.94. CgH FeO; caled.: C, 46.15; H, 3.859%.)

A liquid fAilm infrared spectrum of the complex showed absorptions, besides the
carbonyl, at 3110 (W), 3035 (m), 3005 (m), 2922 (m), 2880 (m), 1436 {(m), 1.446 (mj,
1420 (m), 1332 (m). 1220 {m}, 1xS0 (M), 1060 (M}, 1038 {m), gg1 (W), 932 (W), 881 (m),
857 (m), and 717 (w) cm—1. The carbonyl group appeared at 173, 1680 and 2048 cm—1.
A nuclear magnetic resonance spectrum in carbon tetrachloride solution showed
proton absorptions at 4.72 7t (doublet), 7.33 7 (triplet}), §.23 7 (doublet), 8.53 7 (a set
of two doublets) and S.q7 t {doublet), approximately in the ratio 2:x1:1:1:3.
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SIMMARY

Cyclopentadieneiron tricarbonyv] has been prepared through the reaction of
cveclopentadiene and diiron nonacarbonyl. The complex undergoes slow decomposition
at 140° to afford the dimer of cvclopentadienvliron dicarbonvl. Abstraction of a
hvdride ion from cyvclopentadieneiron tricarbonyl vields the cvclopentadienyliron
tricarbonyl cation.

cis-Piperylene reacts with diiron nonacarbonyl to give cis-pipervleneiron tri-
carbonyl.
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SHORT COMMUNICATIONS

Complexes of organometallic compounds

X1V. The coordination of tin and lead atoms in triphenyitin (IV¥) and
triphenyllead {IV) oxinates

In an earlier paper! we investigated the absorption spectrum of triphenyltin
(IV) oxinate in 5% aqueous ethanol, and showed it to correspond with that of $-
quinolinol in the same solvent. Then we suggested that triphenyltin (IV) oxinate was
not a chelate complex in g5 °; ethanol, so that the tin atom in the undissociated
molecule should be tetra-coordinated, bound oniv to the oxygen atom of the S-
quinolinol.

Our conclusions have recently been commented on as follows:

(1) Lack of chelation in 65¢; ethanol does not preclude chelation at the solid
state. Solid triphenyitin (IV) oxinate has a vellow colour, which is inconsistent with
a lack of chelation3.

{2} From the absorption spectra of triphenvitia (IV) oxinate in cyciohexane it is
inferred that the compound is a chelate complex both in this solvent and {probably}
in the solid state”.

(3} The correspondence bztween triphenyvitin (IV) oxinate and S-quinolinol
spectra in ¢59, aqueous ethanol mayv be due to the hydrolysis of the organotin
compound?; the species {C;H.).SnOH and C,H.NOH maxy be formed?2.

\We did not infer anything about the solid state from solution data. On the
other hand, the vellow colour of a solid oxinate is not a definite evidence of chelation:
sodium oxinate is yvellow too, but can hardly be considered to be chelated.

As to the formation of a chelate tripheayitin (IV) oxinate in cyvclohexane®, we
had earlier reported that the absorption spectrum in benzene solution of triphenyllead
(IV) oxinate (a compound which shows properties very similar to those of the cor-
responding organotin derivative) corresponds to the presence of a chelate complex?.

The hyvpothesis that the spectrum in 9324 aq. ethanol corresponds to that of
S-quinolinol, owing to complete hvdrolysis of the organotin complex, implies that the
tetra-coordirated species does not exist under these conditions. We carried out the
investigations described below in order to elucidate the nature of the triorganometal
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