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ORGANOMETALLIC COMPLEXES

X\V*. TROPONEIRON CARBONYLS AND OTHER COMPLEXES FROM PHE-
XYLACETYLENES AND IRON CARBOXNYLS

EMILE H. BRAYE axp WALTER HUBEL
Union Carbide European Research Associates, s.a., Brusszls 18 (Belgium)
(Received June gth, 1964)

The reaction of alkyvnes with iron carbonyls!—t gives a variety of organoiron carbo-
nyls having cyelic organic ligands. Thus tricarbonyliron complexes of cvclopentadieno-
nes® and cycloheptatrienone’ have been obtained and characterized. The present paper
deals with iron carbonyl complexes of substituted tropones and with other new com-
plexes resulting trom the reaction of phenyl-and (p-bromophenyl}acetvlenewithiron
carbonvls in inert solvents.

TRICARBONYL(2,4,6-TRIPHEXYLTROPONE)IRON COMPLEXES

The main products of the reaction of PhC=CH with Fe,(CO},, at So-85° are two
isomeric complexes of formula (PhC.H),COFe(CQO); (I} and (II}; 209, having
very similar properties® {Table 1). Both compounds are also formed by decomposition
of (PhC,.H);COFe,{CO};27 under mild conditions, such as by refluxing it in benzene
{50°,) or by chromatographv on AlLO; {060 °,}), suggesting it to be their precursor.
Indeed, (PhC.H),COFe,(CO); is practicallyv the only complex formed in the reaction
between PhC=CH and Fe,{CO},. when carried out below 60°.

Complexes (I) and {II} liberate the same triphenvltropone in high vields, when
reacted with PPh; in a closed system, whereas by thermal decomposition only 1,3,5-
triphenyvlbenzene is obtained?®-* in about 50 2; yvield. The formation of the svymmetrical
triphenylbenzene shows the phenvl groups to be in the 2-, 4- and 6-positions on the
tropone ring. On the other hand, by reacting 2,4,6-triphenvltropone with Fe,(CO)qa,
the mixture of (I) and (II) is again obtained. Compounds {I) and (II) are therefore
two isomeric tricarbonyl(2,4,6-triphenyltroponejiron complexesS. The isomerism can
only be understood by assuming localized bondings of the tricarbonvliron group to
two double bonds of the tropone ring (Fig. 1), in contrast to the assumption made by
Brown® from molecular-orbital considerations. In the case of symmetrically substituted
tropones this tvpe of bonding gives rise to optical iscmers, as has been discussed
previously® in the case of tricarbonyvicyvcloheptatrienoneiron, whereas with unsym-
metrically substituted tropones positional isomers are obtained; each of these should
exist in two optically active forms. Of the three double bonds of the tropone system
only the conjugated pair is involved as indicated in Fig. 1. A structure using both

* Part XIV: \W. HCBEL axD R. MERENYL, J. Organometal. Chem., 2 (1964} 213.
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Fiz. 1. Tricarbonyl(2.4,6-tripkenyltropone)iron isomers.

a-double bonds can be ruled ou:t since complexes involving unconjugated double
bonds would certainly be less stable and the complexes (I) and (II} would have a
greater difference in their energy content than is actually observed (~ 0.5 kcal; see
below).

TABLE I

coxPLEXES FROM PhC=CH aAND Fe,{CO},.=

Formula Colour Mop. Wavenwmber (e~ of IR
absorptior dunds (i KBr)

CO isgands  ketonic CO

(I}  {z,3.6-Tripheavitropone)- orange red 150-1557 (dec) 2062, 2000 1623
Fe(CO},2

{II} (z2,5.6-Triphenvitropone}- red 133-1507 {dec.) 2062, 1996 1629
Fe(CO},42 or

162-1557 (dec}

{III)} (3.4-Diphenvicyelopentadicnone)- brown yellow 1g42-1357 (dec.} 2033. 2023, 1637, 16372
FelCO), 2005

(IV} {r.1,x-Tricarbonyl-3,2-diphenyl- orange 125-127° 2062, 2024 —
ferrzcyvclopentadiene)-Fe{COj, 1972, 1931

(VY {PRC.H},Fe.COY, red violeto 16o-150° (dec.) 2073, 2020 —

1988, 1934

¢ Other complexes from this reaction have been described previously® & In CCi;: 2083, 2023,
2008, 1669.

An X-ray investigation of (II) (isomer of m.p. 162-165°, dec.) has been carried
out by Smith and Dahl® leading to the structure as depicted in Fig. 2 which fullv
agrees with the chemical «vidence presented above. The organic ligand in (II} is bent
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Fig. =. Detziled structures of (I1).
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as in tricarbonyvlitroponeiron?®, in tricarbonylcyclooctatetraeneiron and in mz-cyclo-
pentadienylhexakis(trifluoromethyljbenzenerhodium?®2. It is clear from the X-ray
structural analvsis of (II) that indeed only a planar syn-butadiene group of the tro-
pone ligand is bonded to the Fe{CO); fragment as a four-electron donor. The detailed
electronic structure can generally be explained in two ways: (@) a structure involving
two zz-bonds and in which the conjugated svstem remains essentially unaltered as
was first formulated by Hallam and Pauson!? {Fig. 2; (IIb)] or (b) a Diels-Alder type
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Fig. 3. Ultraviolet spectra of:: 2,4.6-triphenviropone; — — ~ (2,4,6-triphenvyltropone)-Fe(CO),,
{I}); ---- (2.4.6-triphenyitropone)-Fei{CO),. (11).

addition to the diene svstem as proposed by Wilkinson and co-workers!t {Fig. =2;
(IIa)i. The X-rayv results strongly favour a three-point attachment® of the Fe{CO),
group, {IIa). However, the ultraviolet spectra of (I} and (II) (Fig. 3) are similar and
resemble that of 2,4,6-triphenyitropone suggesting less change of the electronic
configuration than one would expect for the Diels-Alder type structure (ITa). An
intermediate status between (IIa) and (IIb) could explain both the X-rayv resuits and
the ultraviolet spectra.

TABLE 2

ISOMERIZATION OF (I) axD (II)

Complex Temp. °C Time in I 1) °% (II) 9%
(I} 25 138 So s
(1L} 25 138 [S3 o1
I So 4 29 63
(1 So 4 I 62

J. Organometal. Chem., 3 (1965) 25-37
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The compounds (I) and (1I) isomerize to each other in solution even at room
temperature (Table 2) although isomerization is then slow. Equilibrium is attained
after four hours boiling in benzene, giving for (I):(II} a ratio of 1:2; this indicates
that (II) is energetically favoured by only about 0.5 kcal/mole at So°.

As in the case of tropone and its iron tricarbonyl complex®, the stretching fre-
quency of the ketonic group in 2,4,6-triphenyltropone {1587 cm-l) is also shifted to
higher values in the complexes (I) and (II) (Table 1) indicating a decrease of its
pelarity, due to the loss of the “tropylium oxide” mesomeric structure!®-18, In contrast
to tricarbonyvltroponeiron, complex (11} fails to give characteristic reactions of ketonic
groups® such as the formation of a 2,4-dinifrophenylhvdrazone or an oxime.

Hydrogenation of (I) or {II) on Pd at 50° gives only an extremely air- and light-
sensitive compound, which according to its infrared spectrum, is most probably- tri-
carbonyl{z,4.6-triphenvl-3,5-cycloheptadien-1-one)iron. \When (II) iIs heated with
PPh, in an open syvstem, substitution of one CO ligand 15 achieved with formation of
{2.4,5-triphenvliropone)-Fe{CO;,PPh,.

Since neither (I) nor {II} has an element of svmmetry both complexes should
exist in two optical antipodes. If the space group of (II} is Pz,2,2,, the crystal used
in the N-rayv analvsis consisted only of one enantiomorph. However, no suitable singie
ervstals of (I} could be obtainad for sorting the optical isomers by hand.

NEW “PHENYLACETYLENEIRON CARBONYLS'

A reinvestigation of the reaction of Fe (CO) ., with phenyviacetylene in light petro-
leum at various temperatures led to the isolation of new isomers of complexes described
in an earlier paper® “(IIIj, (IV) and {\7}, Table 1.

The infrared spectrum identifies (111} as of the tricarbonyvlcyclopentadienoneiron
type. According to its NMR spectrum, (III) has two equivalent hydrogens on the
cvclopentadienone ring {v > 4.2) and two equivalent phenyvl groups {v =~ 2.9). Since
the corresponding complex of 2,5-diphenylcvclopentadienone has been charac-
terized®-'*, {II]j is tricarbonvi(3,4-diphenvicvclopentadienone)iron.

Analyvsis and infrared spectrum show {IV) to be a (1,1,1-tricarbonvidiphenyl-
ferracvclopentadiene)-zr-tricarbonyliron. Its reaction with sulphur gives 3,4-diphenyl-
thiophene whereas its isomer® vields z,5-diphenylithiophene. These reactions indicate
that the phenyl groups on the ferracyclopentadiene ring are in the 3,4- (IV) and 2,5~
position respectively.

The existence of complexes {I1I) and {IV) in addition to their isomers® show the
complex formation not to be as stereospecific as had been thought. This has also been
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ORGANOMETALLIC COMPLEXES. XV 29

found in the case of “r-phenylpropyne iron carbonyls” where all three possible
isomers of the type (MeC.Ph),COFe,(CO), have been isolated’s,

The infrared spectrum of (V) in the 2000 cm~? region strongly resembles that of
the dark red acetylene complex (HC,H),Fes(CO)¢ (m.p. 140°, dec.)!?® for which a
hexacarbonyl{methylenecyclopentadienvl}diiron structure has been deduced from its
chemistry™; the proposed structure has been confirmed by X-ray analysis®. (V) also
gives a tetracarbonvldicvclopentadienyldiiton derivative when heated with CO
under pressure!®, viz. the benzyldiphenylcvclopentadienyl complex (Va). For these
reasons (V) is suggested to be hexacarbonyvl(benzylidenediphenyvlcyclopentadienyl)-
diiron. Complexes of this type are readily obtained from fulvenes and iron carbonyls®!.

(*“p-BROMOPHENYL)ACETYLENEIRON CARBONYLS”

The reaction of p-BrCH ,C=CH with Fe,(CO),. gave almost the same types of
complexes as did phenylacetylene; theyv are listed in Table 3. The assignment of the
structures is based on their infrared spectra and the similarity of other physical
properties. No attemptswere made to locate the positions of the p-bromophenyl groups.

Complexes (VI) and (VII) are both of the tricarbonylcyclopentadienoneiron type
having the substituents in different positions. (VI) is also formed in the reaction of
p-bromophenylacetylene with a mixture of Fe(CO); and N1(CO), according to Jones
et al®. Since in the case of phenvlacetylene this reaction gives only (2,5-diphenyl-
cvclopentadienone)-Fe{CO},, (VI) is assumed to be the 2,5-isomer; this assignment is
further supported by the physical properties of these compounds (m.p., ketonic
carbonyl absorption band and adsorption strength on alumina).

The complexes {VIII) and (IX) are tricarbonyvltroponeiron derivatives; their
isomerism is believed to be of the same nature as that of the phenvlacetylene analogues
(I} and (IT}. Complex (XI) is a “tricarbonyvibis{p-bromophenyljferracvclopentadienei-
zz-tricarbonyliron complex. The structure adopted for (XII) is that of the complex
(HC.H)sFe, {CO); of m.p. 62° (ref. 1g9) on the basis of the similarity of the infrared
CO absorption pattern. The structure of the acetvlene complex has recently been
established by X-ray analysis®.

H\C/CSHABr
c
~
N C— —(cgH,en),
G Y
C c.__C co
4 7~ ~
)Fe/ £
ot \c
0 0
{XII)
EXPERIMENTAL®

The melting and decomposition temperatures have been determined by means of
a hot stage microscope and are not corrected.

* The analyses were carried out in this laboratory by F. GoEs, D. GRAF and R. HouQUET.
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ORGANOMETALLIC COMPLEXES. XV 3T

Preparation of the iricarbenyil(2,4,6-triphenvliropone)iron complexes, (I) and (II)

@) From PRC=CH and Fe,(CO),,. See ref. 2.

b) From (PhC.H)COFe,(CO}g (refs. 2 and 7). (PhC.H),COFe (CO); (1 g) was
Tefluxed in 25 ml of benzene for 15-30 min. Chromatography of the filtered solution
onsilica gel* vielded o0.21 g of (I1) and 0.16 g of (I) {total yield 46 %). Longer reaction
times decreased the vield; at 55° no decomposition was observed.

Decomposition on Al.O,: A solution of 1 g of (PhC,H);COFe,(CO); was passed
through an alumina column (25 X 2 cm). Benzene-ether and ethyl acetate eluted a
mixture of (I) and (II) which were separated on a silica gel column. Yields: 0.25 g of
(I1) and 0.x3¢ g of (I); total vields: 57 9%.

¢) From 2, 4,6-triphenyliropone and Fey(CO),,. 2,4,6-Triphenyvitropone (0.148,0.42
mmole) and Fe,(CO),, (0.51 g, 1T mmole) were refluxed for 5 h in zo ml of benzene.
The filtered solution was chromatographed on silica gel and vielded in the order of
elution 0.065 g (33 %) of (11), 0.035 g (17.5 %) of (I} and 0.035 g {25 %) of unreacted
triphenyltropone. The complexes (I) and (1I) were identified by their m.p. and IR
spectra.

2,4,6-Triphenyitropone from (I} and (II)

a) A solution of 0.72 g (1.52 mmoles) of (I) and 0.82 g (3.13 mmoles) of triphenyl-
phosphine in 10 ml of benzene was heated in a sealed tube for 6 h at 100°. By chro-
matrography on silica gel 0.3 g (g8 9;) of Fe(CO),(PPh,), was isolated, eluted with
benzene and 0.41 g (82 9;) of 2,4,6-triphenyltropone, eluted with methvlene chloride.
The tropone was crvstallized from ethanol and yielded yellow crvstals of m.p. 127~
12g°. IR spectrum (in KBr): very strong band at 1587 cm~! ascribed to C=0. (Found:
C. 89.89; H, 5.33; O, 5.01. C.sH O caled.: C, 89.76; H, 5.42; 0, 1.79 %.)

The 2,4-dinitrophenvihydrazone of 2,4,6-triphenvitropone was prepared in S0 %,
vield by using the phosphoric acid-2,4-dinitrophenvihvdrazine reagent® and was
obtained as vielet cryvstals of m.p. 2372387 from dioxane-ethanol. (Found: C, 72.20;
H, 1.37: XN, 10.33. C5;H,.N 0, caled.: C, 72.35; H, 14.31; N, 10.899%,.)

b) A solution of 0.95 g (2 mmoles) of (IT} and 1.1 g (4.2 mmoles) of PPh;in 15 ml
of benzene was heated in a sealed tube for g h at x00°. After cooling, 1.32 g (quant.
vield) of Fe(CO);(PPh;). was filtered off. A 729, vield of 2,3,6-triphenyltropone,
partly isolated as its 2,y-dinitrophenvihvdrazone, was obtained from the mother
liquor. IR spectrum and m.p. were identical with those of the triphenvitropone
obtained from (I).

Isomerization of tricarbonyvi(2,4,6-triphenyltropone)iron componnds, (I) and (I1)

In each experiment (see Table 2) 1 g of pure (I) or (I1) was dissolved in 40 mi of
benzene and the solution kept in a thermostat. At the indicated time, the solution
was chromatographed on silica gel. At room temperature the rate of isomerization is
slow enough to enable the separation of (I} and (II) without appreciable error.

Attempted reactions on the ketonic group of (1)

The 2,4-dinitrophenylhydrazone of (I1I) could not be prepared in EtOH-HCl or by
using the phosphoric acid-z,j-dinitrophenylhvdrazine reagent?, even at elevated
temperature {5 h at So®): (II) was partly recovered.

* Purchased from Gebr. HErMaN, Cologne, Germany and used without any previous treat-
ment; when dried, the separation was less efficient.

J. Organometal. Chem., 3 (1965) 2537



32 E. H. BRAYE, W. HCBEL

Attempts to obtain an oxime of (II} by treating it with NH,OH-HCIl in the
presence of NaOH at So° also failed; the complex was decomposed completely into
oily- products.

Hydrogenation of (I) and (II)

(I) {1 g, dissolved in 15 ml of benzene, and 0.3 g of a Pd catalyvst {10% on
charcoal) were heated under a 150 atm pressure of H, in a 50 ml rotating autoclave
at 50° for 12 h. The filtrate vielded by chromatography on silica gel. besides oily
products, ca. 0.11 g of a complex (yellow needles of m.p. 131-1.44° dec.) which was
eluted with benzene. It was extremely sensitive to air and light and could not be
obtained analytically pure. According to its IR spectrum, which showed the ketonic
group io absorb at 1706 cm™! corresponding to a non-conjugated C=O group, the
hyvdrogenation product of (I) is probably tricarbonyl{z,4,6-triphenyl-3,5-cyvclohepta-
dien-1-one)iron; the terminal carbonyl groups absorb at 2036 and 1668 cm-L. In an
tdentical reaction with pure (II}) the same hvdrogenation product was observed.

Attempied hydrogenation of 2 mixture of (I) and (II) with zinc in acetic acid-
ethylacetate containing small ameounts of HCI led only to decomposition products.
The same occurred in an attempted reduction of {II) with LiAlH, or NaBHj,.

(2.4.6-Triphenyitropone)-FeiCO) PP,

A solution of 0.8 g (1.7 mmoles) (I1) and 1.55 g (6 mmoles) PPh, in 75 ml benzene
was refluxed for 21/ h. The reaction mixture was chromatographed on silica gel and
vielded (in the order of elution}: 1,4 g unreacted PPh;, 0.36 g unreacted (II) {with
benzene), 0.21 g (I} {with benzene) formed by isomerization of (II} and 0.21 g (2,1.6-
triphenyliropone)-Fe{CO),PPh, (with benzene containing some ether). The latter
formed dark violet crvstals of m.p. 172-177°, dec. and showed infrared absorption
bands at 1gg6 and 1g3S cm~! due to the CO ligands; the strong band at 1602 em~? is
ascribed to the Ketonic group. From the IR spectrum it was impossible to decide
whcthu' this complex derived from (I} or (II;; no further attempts have been made in

i3 respect. {(Found: C, 76.33; H, 1.71. C;;H4 . FeO,P caled.: C, 76.27; H, 4.70%,.)

New “ phrenviacetvlene iron carbony! coinplexes” from PhC==CH and Fe,{CO},,

Repetition of the reaction between phenvlacetvlene and dodecacarbonyvltriiron
under semewhat different conditions and in greater amounts allowed the separation
of three new complexes in addition to those described previously2

Tricarbonvi(3,g-di phenyicveiopentadienone)iron, (IIT) was obtained under the
following conditions: 43 g {0.03 mole} of Fe,/CO},, and 56.5 g (0.535 mole) of
PhC==CH were heated in 1 I of light petroleum of b.p. 8§5°. \When after 10 min the
green colour of Fe,{CM,, had disappeared, the warm reaction mixture was filtered
and the precipitate ex.racted with hot benzene. The light petroleum solution was
passed over a neutral alumina column (5 % r1o cm) and followed immediately by
the benzene extracts. The last fraction, eluted with methanol containing 20 °; water,
gave a vellow brownish fraction which was rechromatographed on silica gel yielding
o.15 g of benzaidehvde®, isolated as its 2,4-dinitrophenyihydrazone, and 1.15 g {3%

® Benzaldehyde may have been formed from phenyicyclobutencdione, which according to
Skattebol and Roberts® readily hydrolyzes to benzaldehyvde. Phenyvicvclobutenedione has been
obtained in this laboratory from \;v.!—i[‘::((.:())_I and PhC=CH?®,

J. Organometal. Chem., 3 (1963) 25-37



ORGANOMETALLIC COMPLEXES. XV 33

calcd. on Fes{(CO)a; of (III). The latter was obtained as brownish vellow crystals of
m.p. 142-146° dec., from benzene-ether, which are very soluble in benzene and only
slightly in light petroleum, ether or methanol. (Found: C, 64.31; H, 3.17; Fe, 15.41;
0, 17.28. CyH  FeO, caled.: C, 64.55; H, 3.25; Fe, 15.00; O, 17.20%,.)

(r.1.7-Tricarbonyi-3,4-diphenylferracyclc pentadiene)x-tricarbonvliren, (I¥). Com-
plex (IV) was isolated in small vields {0.49; calculated on Fe (CO},;,: from the com-
bined products of several runs carried out mainiy between 50° and 65° in light
petroleum-benzene mixtures (ratio 3:1 to 7:1) using about six moles of PhC=CH
for one Fe, {CO),.. The reaction products were chromatographed on silica gel. From
the first fraction, eluted with light petroleum-benzene, the solvent and the excess of
PhC==CH were distilled off n vacrio and the residue was crystallized from benzene—
light petroleum vielding (PhC,H)3Fe.(CO)¢ (V). By means of repeated chromatog-
raphyv on alumina and fractional crystallization of the mother liquor 1,2, 4-triphenvl-
benzene?, 1,3,5-triphenylbenzene and the isomer (PhC,H),Fes(CO)s of m.p. 180°
{dec.)* are eliminated. From the combined remaining mother liquors, a red oil was
distilled off ¢5z vacuzo (b.p. 180-190°) which after addition of light petroleum, vielded
(IV) as orange needles of m.p. 125-127°. Complex (IV) is readily soluble in common
organic solvents. (Found: C, 54.43; H, 2.33; O, 2zo.04. C,.H,.Fe.O calcd.: C, 54.59;
H, 2.50; 0, 19.83°,.)

Reaction of complex (IV) with sulphur. Complex (IV) (0.38 g) and sulphur (0.8 g)
were heated together in a test tube for 15 min at 200°. The excess of sulphur was
removed by heating the reaction mixture with a concentrated aqueous solution of
Na,S. Chromatography of the benzene extracts on alumina vielded 0.03 g of 3,4-di-
phenvithiophene, characterized by comparison of its m.p. and IR specirum with that
of an authentic sample®®.

Reaction of (r.r,xr-tricarbonyl-2,5-diphenviferracvclopentadiene)-rt-tricarbonyliron
(PRC H) o Fe,iCOV of m.p. 18077 with srelphur. An intimate mixture of 1 g of complex
(PhC.H).Fe,(CO}s of m.p. 1807 (dec.) and 2 g of sulphur was heated for 5 min at 200°.
It was then taken up in dioxane, refluxed for one hour with Na,S-9H,0, diluted with
water and extracted with benzene. Purification by chromatography yvielded 0.35 g
(65 9) of 2,5-diphenylthiophene {m.p. 153~153.5°) identified by comparison of the IR
spectrum with that of a sample prepared according to Melles ef /.3 (m.p.* : 153-154°).

{PhC H)3Fe,(CO}g, (). The highest vield of (V) (6.4°5) was obtained by heating
25 g of Fe,(CO),; with 25 ml of PhC=CH in a mixture of 650 ml of light petroleum
and 200 ml of beuzene at 55° for 17 h. Complex (V) was eluted with benzene from
silica gel or with benzene-ether from neutral alumina and crystallized from benzene
in red violet needles which are only slightly soluble in the common organic solvents.
(Found: C, 61.13; H, 3.19; Fe, 19.27; O, 16.358. C;,H sFe.O¢ calcd.: C, 61.47; H, 3.09;
Fe, 19.06; O, 16.38°2;.)

Reaction of (PhC ,H);Fes(CO)g (V) with CO under pressure: (IVa). Complex (V) (1 g,
1.7 mmole) and 5 ml! of light petroleum were placed in a 3¢ ml rotating autoclave
and heated under a pressure of 100 atm of CO for a period of 24 h at 150°. The re-
action mixture was dissolved in benzene and chromatographed on silica gel. A deep
red complex, (Va), (0.12 g) was eluted with benzene; (Va) crystallized as black
cruvstals (dec. 105~210° without melting) from benzene-light petroleum. IR spectrum:
two strong bands at 1988 and 1949 cm™! for terminal carbonyl, one strong band at
1767 cm™! ascribed to a bridging carbonyl. (Found: C, 74.35; H, 4.58; O, 7.61; C:H

J- Organometal. Chem., 3 (1965) 25-3
7



34 E. H. BRAYE, W. HUBEL
ratio®, Cy5: Hy; g5- CpHeFeaO, caled.:C,53.73;: H, 4.70;0,7.85 %, ; C:Hratio, C55:Hag.)

Reaction of p-bromophenylacetylene with Fe {CO),.

a} Inm light pstroleum. (p-Bromophenyl)acetylene™ (36 g, 0.2 mole) and Fey(CO),,
(z0 g, 0.04 mole) were refluxed for 3 h in 2.5 1 of light petroleum b.p. 65°. The in-
soluble products (ro_g g} were filtered off and dissolved in a minimum amount of CS..
The filtrate of the reaction mixture was passed over an alumina column and was
immediately followed by the filtered CS, solution. Complex (XI) (2 %, vield) formed a
vellow band which was eluted with light petroleumn. This and the next fractions also
contained some 1,2,4-tris(p-bromophenyvi}benzene®. Elution with CS, vielded about
3 °. of {BrCH,C.H),Fe.(CO),, (X1}, usually contaminated with 1,2,4-tris(p-bromo-
phenyl)benzene; their separation, though difficult, was effected by fractional cryvstalli-
zation from benzene-methanol. Continued elution with CS, or CS.-C,H¢ vielded
some I,3,3-tris{p-bromophenyljbenzene, m.p. 2627, identified by comparison with an
authentic sample®l. A small amount of (BrC H,C.H),Fe(CO},, {X), was eluted next
with benzene containing some ether. The main band (red brown) was eluted with
benzene-ether; evaporation of the solvents vielded an oil which upon addition of
ether gave deep red crystals of tricarbonyi tris{p-bromophenylitropone’iron, (VIII),
in about 20°, vield. The presence of the isomeric complex {IX) has not been estab-
lished with certainty. Small amounts (0.1 g) of a tris{p-bromophenyljtropone were
eluted next with benzene—ether. Tricarbonyl 2,5-bis{p-bromophenylicveclopentadien-
one’iron, (VI), (1-2 °; vield) was eluted with acetone or acetone-methanol.

&) In benzene. (p-Bromophenyl)acetyviene (36 g, 0.2 mole) and Fe{CO};. {203,
o0.01 mole} were stirred for 4!/, h at 607 in 100 ml of benzene. The reaction mixture
was evaporated to driness (under reduced pressure) and the residue, dissohved in CS,,
chromatographed on acidic alumina (Woelm). Further working up was as described
above with the following differences. The main band (red}, eluted with benzene con-
taining a small amount of ether, consisted this time not of {VIII} but of its isomer,
{IX), contaminated with some (BrC;H C.H);Fe{CO} (X}; the separation of (X} from
{IX} was achieved by a separate chromatographyv. The rest of {IX) was found in the
next fraction elited with benzene-ether {1:1) or pure ether; the total vield of {IX]j
was about 207;. In addition to {VI} minor quantities of its isomer tricarbonyvl ’3,4-
bis{ p-bromophenyl;cyclopentadienone_iron, {VI1I}, were also isolated from the ben-
zenz—-methanol fraction.

c) Without solvent. FeyiCO), (10 g, 0.02 mole) was added to 60 g (0.33 mole) of
molten p-BrCgH,C=CH and the mixture stirred for {5 min at 65-70°. The un-
reacted Fey{CO),, crvstallized out overnight; the reaction mixture was taken up in a
minimum amount of CS, and chromatographed on acid alumina as described under a).
The unreacted p-BrC H ;C=CH present in the first fractions was distilled off in a high
vacuum together with the solvent and the residue worked up by usual procedures
{crystallization or chromatography). Under these conditions (BrCgH (C,H};Fe{COj,,
{X}. was formed in a 15 9; vield. Complexes (VII), (VIII) and (XII) were not found
In this reaction.

Reaction of p-BrCH C=CH with Fe{CO};~Ni(CO),
Tricarbonyl 2,5-bis(p-bromophenvi)cyclopentadienone iron, (VI). According to the

* This determination was made according the method publishedd by Unterzaucher®.
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procedure of Jones ¢f al *?, a mixture of 1 ml (1.4 g, 8.2 mmoles) of Ni{(CO), and 3.8
ml (5.5 g, 28 mmoles) of Fe(CO); in ethanol was added to a solution of 12.67 g (70
mmoles) of p-BrC;H,C=CH in 20 ml of ethanol, 1 ml of water and 4.2 ml of acetic
acid and the reaction mixture stirred for 2z h at 60-65°. After cooling 0.5.1 g {4 % calcd.
on Fe(CO).1 of (VI) were filtered off; crystallization from ether-methanol or from
acetone gave pale yellow needles of m.p. 247-253° dec. (Found: C, 45.48; H, 2.14;
0, 12.35. CooH(Br.FeO, calcd.: C, 45.32; H, 1.90; O, 12.089,.)

Other **(p-bromophenyl)acetviene tron carbonyl complexes™

Tricarbonyl:3,4-bis(p-bromophenyl)cvelopentadienoneiiron, (VII), crystallized from
CS, or ether in vellow needles of m.p. 1852007, dec. This complex was more strongly
absorbed on alumina than its isomer (VI). (Found: C, 45.16; H, 1.89; Fe, 10.79;
O, 12.24. C,,H,,Br,FeO, caled.: C, 45.32; H, 1.90; Fe, 10.54; O, 12.08°,.)

Tricarbonyt tris(:p-bromophenyl)iropone iron, (VIII). Complex (VIII) formed well-
shaped dark red crystals from CS,-light petroleum or from benzene—methanol. Thev
melted at 199-205° with decomposition; from the melt, needles crystallized out which
melted at 245° _probably tris(p-bromophenvl)tiopone; see thermal decomposition of
(VIID]. (Found: C, 47.80; H, 2.29; Br, 34.00, 33.33; Fe, 7.82; 0,9.10. C,sH,;Br,Fe0,
caled.: C, 47.30; H, 2.12; Br, 33.72; Fe, 7.86; O, 9.00°;.)

Tris(p-bromophenvl)iropone. Complex VIII (1 g, 1.4 mmole) was heated with a
10°, excess of PPh; (0.825 g, 3.x mmoles) in 20 ml of benzene at 110° forghin a
sealed tube. Yellow ncedles (0.33 g, m.p. 263-270°) of tris{p-bromophenyl)tropone
cry=tallized out upon cooling. The filtrate was chromatographed on silica gel in order
toseparate Fe{CO),(PPhj}. (0.43 g, eluted with benzene) from the remaining tropone
{o.20 g, eluted with CH,Cl,); its total vield amounted to 0.53 g (63 °,). The tropone
was recrvstallized from THF-EtOH or better from toluene giving thin needles of
m.p. 268-274° {transition point at 607)}; it is only slightiy soluble in cold benzene or
acetone and was eluted with ether or acetone from alumina. Sublimation occurred at
220° [ vacuo. IR spectrum: strong band at 1582 cm~? and medium band at 1623
cm~1 ascribed to the C=0 and C=C groups respectivelyvt. (Found: C, 52.97; H, 2.94;
0, 3.08. C,;H ;Br,0 caled.: C, 52.57; H, 2.65; O, 2.809;.)

Thermal decosnposition of (VIIT). Complex (VIII) (0.2 g} was refluxed for 3 hin
xyvleae. The mixture was filtered with charcoal and the filtrate evaporated to dryness.
Crustallization of the residue from a small amount of THF and ethanol gave also
tris{p-bromophenvljtropone.

TricarboiyiTtris(p-bromophenviliroponeiiron, (I.X). When crystallized from ether,
(IX) was obtained in thin vellow needles of m.p. 166-175° dec. whereas, in the presence
of benzene, (IX) crystallized with half a mole of benzene in thick red brown crystals of
m.p. 154-165° dec. The IR spectra of both crystal forms are identical and resemble
closely that of the isomer {(VIII). (Found: C, 47.15; H, 2.11; O, 9.26. C,3H ;;Br;FeO,
caled.: C, 47.30; H,2.12; 0,9.00%,. Found: C, 490.61; H, 2.42; O, 8.59. C,,H,;Br;FeQ,
caled.: C, 49.6.4; H, 2.42; 0, 8.53 2.}

(BrC H ,C.H);Fe{CO),, (X). Compound (X) crystallized from benzene or ether in
thin brown needles of m.p. 240-260°, dec.; it was eluted from acid alumina by means of
benzene containing small amounts of ether. (Found: C, 49.76; H, 2.48; Fe, 5.18;
0, 6.25. C;,H,;Br;FeO, caled.: C, 39.24; H, 2.35; Fe, 5.20; O, 5.g6 %.)

1,1, 1-Tricarbonylbis(p-bromophenyl)ferracyclopentadiene’--tricarbonyliron, (XI).

J. Orgaromeral. Chem., 3 (1965) 25-37
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Complex (XI) was obtained from acetone-methanol in orange yellow hexagonal
plates of m.p. 208-215°, dec. which could be sublimed at 120-150° in vacuo. It is
readily’ soluble in benzene, methyvlene chloride, chloroform, less in ether, alcohols and
light petroleum. The infrared CO absorption pattern is similar to that of the other
ferracyclopentadiene-x-tricarbonyliron complexes’-2. (Found: C, 41.46; H, 1.54;
Br, 25.08; Fe, 17.358; O, 15.05. C,.H, Br.Fe.O, caled.: C, 41.17; H, 1.58; Br, 24.90;
Fe, 17.39; O, 11669}

(BrC H ;C.H);Fe.(CO)g, (XII). Crystallization of (XII) from benzene-methanol
gave red violet crystals which decomposed without melting at ca. 200°, the habit of
the cristals remaining unchanged up to 320°. Complex {XII) is readily soluble in
conventional sclvents, even in light petroleum. (Found: C, 44.21; H, 1.¢gS; Br, 29.14;
Fe, 13.56; O, 11.77. C5;H,;;Br;Fe. O, caled.: C, 43.78; H, 1.84; Br. 29.14; Fe, 13.57;
0, 11.67%.)
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SUMMARY

Preparation and structure of the two tricarbonyl(z,4,6-triphenyltropone)iron com-
plexes are described and their isomerism discussed together with some of their
reactions. Three new complexes deriving from the reaction of phenvlacetylene and
dodecacarbonyltriiron are reported as well as seven complexes obtained from p-
bromcphenvlacetylene and Fey(CO);.-
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