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A series of metal-containing vinylic monomers of
the type LnM(COC6H4CH=CH2) and LnM
(COCH=CHC6H5) [L nM = (h5-C5H5)Fe(CO)2,
(h5-C5Me5)Fe(CO)2 and (h5-C5H5)W(CO)3]
were prepared by the reaction of the appropriate
metal anion with either 4-vinylbenzoyl chloride
or cinnamoyl chloride. (h5-C5H5)(CO)2Fe-
COCH=CH2 was prepared by the reaction of
Na[(h5-C5H5)Fe(CO)2] and acryloyl chloride,
whereas the compound (h5-C5H5)(CO)2-
Fe(C6H4CH=CH2) was prepared via a transme-
tallation reaction using a palladium catalyst. All
compounds were fully characterized using
FTIR, 1H and 13C NMR spectroscopy and mass
spectrometry.# 1998 John Wiley & Sons, Ltd.
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1 INTRODUCTION

Metal-containing vinylic monomers are organome-
tallic compounds in which a metal centre is bonded
to an organic moiety containing a vinylic functional
group. Such compounds have previously been used
in the preparation of organometallic polymers.1–3

A number of these vinyl species have been
synthesized previously,4,5 but in most cases the
metal centre is bound to the organic moiety via an
M–C p-bond, as in vinylferrocene.6

Although there are some examples7–10 in which
the vinyl-containing organic moiety is bonded to

the metal centre via a M–Cs-bond, many of these
compounds have not been well characterized. Thus
King and Bisnette, for example, prepared the
compound Cp(CO)2Fe(COCH=CHC6H5),

8 and
Nesmeyanov prepared Cp(CO)3W(COCH=
CHC6H5);

9 however, in both cases, the complexes
were only partially characterized.

In this paper, we now report the synthesis of a
number of new vinylic metal-containing com-
pounds,1–3and7.

The new compounds have been fully character-
ized by FTIR, 1H and 13C NMR spectroscopy,
microanalysis and mass spectrometry. In addition
to the new compounds we also report improved
yields and more complete characterization data for
the known compounds4–6.

2 EXPERIMENTAL

2.1 Apparatus and materials

All reactions were carried out under nitrogen using
standard Schlenk tube techniques. Tetrahydrofuran
(THF) and toluene were dried over sodium/
benzophenone and distilled under nitrogen before
use. [CpFe(CO)2]2, 4-bromo-1-butene, acryloyl
chloride,trans-cinnamoyl chloride, 4-vinylbenzoic
acid, 4-bromostyrene and tetrakis(triphenylphos-
phine)palladium(0) were purchased from Aldrich,
and were used without further purification. 4-
Vinylbenzoic acid was converted to the acid
chloride using neat SOCl2 in the standard manner.11

[Cp*Fe(CO)2]2 was obtained from Strem Chemi-
cals, and [CpW(CO)3]2 was prepared according to a
literature procedure.12 All column chromatography
was done on either deactivated alumina 90 (70–230
mesh) or silica gel (70–230 mesh), obtained from
Merck. Infrared spectra were recorded on a Perkin-
Elmer Paragon 1000 PC FTIR spectrophotometer,
using solution cells with NaCl windows unless
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statedotherwise.1H and 13C NMR spectrawere
recordedon a Varian XR200 spectrometer,using
tetramethylsilaneas an internal standard.Mass
spectrawereobtainedwith aV. G. Micromass16F
spectrometer,operatingat 70eV ionizing voltage.
Microanalyseswereperformedby theUniversityof
Cape Town Microanalytical Laboratory.Melting
pointsweredeterminedonaFisher–Johnshot-stage
melting-pointapparatus,andareuncorrected.

2.2 Preparation of
Cp(CO)2Fe(COC6H4CH=CH2) (1)

A solutionof [CpFe(CO)2]2 (1.00g, 2.84mmol) in
THF (20ml) was stirred over a sodiumamalgam
(0.30g Na; 4.0ml Hg) for 2 h at roomtemperature.
The resulting solution was addeddropwise with
stirring to a cooled solution of 4-vinylbenzoyl
chloride (0.95g, 5.67mmol) in THF (5.0ml) at
ÿ78°C. After the addition was complete, the
solution was gradually allowed to warm to room
temperature.The dark red–brown solution was
stirred at room temperaturefor three days. The
solventwas removedunder reducedpressureand
theresidueextractedwith CH2Cl2 (3� 30ml). The
extractswere filtered and the solventremovedby
rotary evaporation.The residuewasdissolvedin a
minimum amount of benzene, and chromato-
graphedon a silica gel column (6 cm� 2.5cm),
usingbenzeneaseluent.Thisresultedin four bands.
The first bandgavea yellow oil on removalof the
solventandappearsto besomeunidentifiedorganic
by-product(containingno terminalcarbonyls).The

secondbandgavea red solid which wasidentified
as the dimer, [CpFe(CO)2]2. The third band was
found to contain the product, Cp(CO)2Fe-
(COC6H4CH=CH2) (1). This gave bright yellow
crystals(0.92g, 53%),afterrecrystallizationfrom a
CH2Cl2 solution to which hexanewasadded.The
fourth fraction wasisolatedasan orangesolid and
confirmedto betheby-product,[CpFe(CO)2Cl], by
TLC comparisonwith an authentic sample,and
comparingits IR spectrumwith thatreportedin the
literature.13,14

2.3 Preparation of
Cp*(CO)2Fe(COC6H4CH=CH2) (2)

A solution of Na[Cp*Fe(CO)2] (2.02mmol) was
prepared by stirring [Cp*Fe(CO)2]2 (0.50g,
1.01mmol) in THF (20ml) overasodiumamalgam
(0.30g Na; 4.0ml Hg) for 18h at room tempera-
ture. This mixture was addedto a solution of 4-
vinylbenzoylchloride(0.34g, 2.02mmol) in THF
(5 ml) atÿ78°C. After the additionwascomplete,
the solution was allowed to warm to room
temperature.The orange–brownmixture was stir-
red for 20h at this temperature.The solventwas
removedby rotary evaporation,and the residue
extractedwith CH2Cl2 (3� 30ml). Filtrationof the
extracts and removal of the solvent yielded an
orangeoil. Theoil waschromatographedonasilica
gel column(6 cm� 2.5cm). Elution with benzene
resultedin threefractions,namelya dark-redband
moving closestto the solventfront, a yellow band
following behindthisband,andanorange–redband
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which moved very slowly. The first band was
confirmed to be the starting material, [Cp*Fe-
(CO)2]2. The secondband was found to be the
product,Cp*(CO)2Fe(COC6H4CH=CH2) (2). This
wasisolatedasa yellow oil andwasrecrystallized
from hexaneatÿ78°C to producethepureproduct
(0.29g, 38%). The third bandwas the compound
[Cp*Fe(CO)2Cl].15,16

2.4 Preparation of
(Cp(CO)3W(COC6H4CH=CH2)) (3)

Cyclopentadienyltungsten tricarbonyl dimer,
[CpW(CO)3]2 (0.702g,1.05mmol) was dissolved
in THF (20ml) and the solution stirred over a
sodiumamalgam(0.30g Na; 4.0ml Hg) at room
temperaturefor 2 h. Using a syringe,the resulting
green–greysolution was added dropwise to a
solution of 4-vinylbenzoyl chloride (0.35g,
2.10mmol) in THF (5 ml) atÿ78°C. The reaction
mixturewasallowedto warmto roomtemperature,
and the orange solution was stirred overnight.
Removalof thesolventleft anoily orangeresidue.
This was extracted with CH2Cl2 (3� 30ml),
filtered and the solvent removedfrom the filtrate
usinga rotaryevaporatorto giveanorangeoil. The
oil was chromatographedon a silica gel column
(6 cm� 2.5cm) using benzeneas eluent. Two
componentswere observed,but extensivedecom-
positionoccurredonthecolumn.Thefirst bandwas
elutedasadark-orangefractionwhichdecomposed
rapidly in solutionandin thesolidstate.Thesecond
fraction gave a lighter-orangeband, which was
found to be the product, Cp(CO)3W-
(COC6H4CH=CH2) (3). Removal of the solvent,
and recrystallizationof the remainingorangeoil
from hexaneat ÿ78°C, gave the product as an
orangesolid (0.27g, 30%).

2.5 Preparation of
Cp(CO)2Fe(COCH=CH2) (6)

A solution of Na[CpFe(CO)2] (5.65mmol) was
prepared by stirring [CpFe(CO)2]2 (1.00g,
2.82mmol) over a sodium amalgam(0.30g Na;
4.0ml Hg) in THF (20ml) for 2 h. This solution
was added dropwise to a solution of acryloyl
chloride (0.46ml, 5.65mmol) in THF (5.0ml)
which had beencooled to ÿ78°C. The resulting
dark-greenreactionmixture wasstirredfor 30min
atÿ78°C; on warminggraduallyto roomtempera-
ture, it turned yellow–orangeand stirring was
continuedfor a further 18h at room temperature.
Thesolventwasremovedusingarotaryevaporator,

andthedark-orangeresidueextractedwith CH2Cl2
(3� 30ml) andfilteredby gravity.Thefiltrate was
evaporatedonarotaryevaporator.Theresultingoil
wastakenup in asmallvolumeof benzene,andthe
solution chromatographedon a silica gel column
(6 cm� 2.5cm), using benzene as eluent. An
orange–yellowbandwascollectedandremovalof
the solventyielded an orangeoil. The orangeoil
was purified by low-temperature(ÿ78°C) recrys-
tallization from hexane:thuswhena concentrated
hexanesolutionof the oil wascooledto ÿ78°C a
yellow solid was precipitated.The mother liquor
wassyringedoff andtheyellow solid washedwith
ice-cold hexane(2� 5 ml). On warming the solid
to room temperature,an orangeoil was obtained
which was identified as Cp(CO)2Fe(COCH=CH2)
(6) (0.80g, 61%.)

2.6 Preparation of
Cp(CO)2Fe(C6H4CH=CH2) (7)

A solutionof [CpFe(CO)2]2 (0.50g, 1.41mmol) in
THF (12ml) was stirred over a sodiumamalgam
(0.30g Na; 4.0ml Hg) for 1.5h at room tempera-
ture. This solutionwasaddedto a solutionof dry
ZnCl2 (0.20g 1.41mmol) in THF (5.0ml), yielding
a green mixture. 4-Bromostyrene (0.40ml,
2.82mmol) wassyringedinto thereactionmixture;
thereafter the catalyst Pd(PPh3)2I(Ph) (0.072g,
0.0864mmol) was added. A darkening of the
reactionmixture was observed.The reactionwas
allowedto proceedfor two daysat room tempera-
ture. The solventwasremovedby rotary evapora-
tion, and the residueextractedwith hexaneand
filtered. The solvent was removed by rotary
evaporation,leaving an orange–yellowoil which
was chromatographedon an alumina column
(5 cm� 2.5cm), using hexane as eluent. Two
yellow fractionswere collectedafter elution. The
first bandwas isolatedasa yellow oil, which was
found to be the compoundCp(CO)2FeC6H4CH-
(Br)CH3. The compound Cp(CO)2Fe-
(C6H4CH=CH2) (7) wasfoundin thesecondband,
andisolatedasanorange–yellowoil. Purificationof
theproductby low-temperature(ÿ78°C) recrystal-
lization in hexane,gaveanoil (0.10g, 12%).

3 RESULTS AND DISCUSSION

3.1 Synthesis of the monomers

Themetal-containingvinylic compounds1–6were
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preparedby the reaction of the metal carbonyl
anion with the appropriate acid chloride, as
depictedin Eqn [1].

Na[CpM(CO)n� � RCOCl!
Cp(CO)nM(COR)� NaCl �1�

1: M � Fe; n� 2; Cp� �5ÿ C5H5;

R� ÿC6H4CH� CH2

2: M � Fe; n� 2; Cp� �5ÿ C5Me5�� Cp��;
R� ÿC6H4CH� CH2

3: M �W; n� 3; Cp� �5 ÿ C5H5;

R� ÿC6H4CH� CH2

4: M � Fe; n� 2; Cp� �5ÿ C5H5;

R� ÿCH� CHC6H5

5: M �W; n� 3; Cp� �5 ÿ C5H5;

R� ÿCH� CHC6H5

6: M � Fe; n� 2; Cp� �5ÿ C5H5;

R� ÿCH� CH2

All of thesecompounds,except6, wereisolatedas
yellow or orange–yellowsolidswhich werestable
in air at room temperaturein the solid state.
Compound6 was isolatedas a yellow–brownoil
which appearedto be thermally unstableat room
temperaturebutcouldbestoredfor severalweeksat
ÿ20°C without appreciabledecomposition.Solu-

tionsof all thecompoundsdecomposequiterapidly
over a coupleof hoursin the absenceof an inert
atmosphere.In some cases the yields of the
compoundsare not very high, but generallythey
rangebetween30 and 70% with the lowest yield
being obtained for compound 3. These yields,
together with elemental analysis and melting
points,are given in Table 1. Compounds1–3 are
new, whereas compounds 4–6 were prepared
essentiallyby the literature methods,with slight
modifications.8,9 Compounds4–6 had previously
not been fully characterizedand we now report
completecharacterizationdata for thesespecies.
Wehavealsomanagedto prepare6 in animproved
yield of 61%, comparedwith the 5% reportedby
King andBisnette.8

Attemptsto decarbonylatetheacylspecies1–6to
form thecorrespondingmetal–arylcomplexeswere
not successful.In this regard both thermal and
chemicaldecarbonylationusingWilkinson’s com-
plex, RhCl(PPh3)3, wereattempted.

Thearyl compound7 thushadto bepreparedby
a different syntheticroute.The onethat provedto
besuccessfulinvolvedthetransmetallationreaction
of 4-bromostyrenewith [(Z5-C5H5)Fe(CO)2]2Zn as
outlinedin Eqn [2].

This syntheticroute is basedon the procedure
developedby Artamkina et al., who reportedthe
synthesis of a series of transition metal–aryls
startingfrom aryl halides.17,18

The low yield obtained for compound7 can
possiblybe ascribedto the useof an aryl bromide
insteadof themorereactivearyl iodide,which was
not available to us. Fauvarqueand co-workers
reportedthat theuseof aryl bromidescanbeup to
104 times less reactive than the corresponding
iodides.19 Compound7 wasisolatedasayellow oil,
which is only stable at temperaturesof around
ÿ20°C. Decompositionof the compoundis ob-
servedin thepresenceof air andif thecompoundis
keptat roomtemperaturefor long periods.

Characterizationdatafor 7, togetherwith those
for all the othercompoundsprepared,aregiven in
Tables1 and2 andarediscussedbelow.

3.2 IR spectra

The IR spectraof the previously preparedcom-

Table 1 Yields, melting points and analytical data for
compounds1–7

Yield M.p.
Analysisb

Compound (%)a (°C) C H
1 53 46–47 62.33(62.36) 3.94(3.93)
2 38 66–68 66.80(66.67) 5.91(5.87)
3 30 75(dec.) 44.26(43.99) 2.74(2.61)
4 70 91–92 62.22(62.36) 3.83(3.93)
5 47 101–104 44.37(43.99) 2.58(2.61)
6 61 Oil —c —c

7 12 Oil —c —c

a Basedon theanionused.
b Calculatedvaluesin parentheses.
c Due to the instability of the compounds,satisfactorymicro-
analyseswerenot obtained.
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pounds,viz. 4–6, arein goodagreementwith those
reportedin the literature.8,9

The new vinylbenzoyl derivatives 1–3 have
spectralcharacteristicswhich are similar to those
of analogoussystems.Thusthe iron–vinylbenzoyl
compound1 showstwo strongn(CO)bandsat2022
and 1962cmÿ1 for the terminal carbonyls.These
bandsare at positionssimilar to thosefound for
simplesystemsof the type Cp(CO)2Fe(COR).The
analogouspentamethylcyclopentadienyl(Cp*) de-
rivative 2 showsn(CO) bandsat lower frequencies
thantheunsubstitutedcyclopentadienylderivative.
Compound2 thus hasstrongbandsat 2000cmÿ1

and 1940cmÿ1. The significant lowering of the
(CO) frequencyin going from 1 to 2 is dueto the
strong electron-donatingeffect of the methyl
groupson the cyclopentadienylring. This in turn
leadsto an increasein the electrondensityon the
metal, which results in the lowering of the CO
stretching frequencies for compound 2. The
tungsten derivative 3 shows a sharp band of
medium intensity at 2019cmÿ1 together with a
strongbroadbandat 1923cmÿ1. Thesefrequencies
aresimilar to thoseobtainedfor compoundsof the
type Cp(CO)3WCOR. The iron–aryl compound7
exhibits strong n(CO) bands at 2013 and
1955cmÿ1, similarly to otheriron–aryl complexes
reportedin the literature.18

3.3 NMR spectra

The1H NMR spectrafor theknowncompounds4–
6 compare favourably with the data previously
reportedin the literature.8,9 The novel compounds
1–3 and 7 exhibit similar resonanceswhich are
characteristicof vinylbenzoyl derivatives.Hence
the 1H spectrum shows a well-resolved AMX
splitting pattern for the vinylic protonswhich is
similar to that observed in the spectra for
compoundssuch as vinylferrocene.20 The chemi-
cal-shiftassignmentsfor 1–3arebasedonstructure
A andarelisted in Table3.

For all the compounds,protonsHA, HB andHC
are magneticallynon-equivalent,resultingin cou-
pling betweenHA on theonehandandprotonsHB
andHC on theother.Geminalcoupling(HB–HC) is
not observedin any of the complexes.The trans
(JAB) andcis (JAC) couplingconstantsarearound
17.5and11Hz respectively.Typically a doubletis
observedfor proton HC, a doublet for HB, and a
doubletof doubletsfor HA in the spectraof these
vinyl derivatives.Changingthe metal centrefrom
iron to tungstenhas no significant effect on the
chemicalshiftsof thevinylic protons.

The restof the 1H NMR spectraareasexpected
with the Cp ligand in compounds1 and3 giving a
sharp singlet at d = 4.93ppm and d = 5.70ppm
respectively. The pentamethylcyclopentadienyl
compound 2 shows a sharp singlet at
= 1.80ppm for the methyl substituentson the Cp
ring. A typical splitting pattern for a para-
substituted aromatic ring is observed in the
expectedregion of the spectrafor all the com-
poundsexcept2, whichshowsasharpsingletin this
region.

The 13C NMR spectraldatafor compounds4–7
arealsogiven in Table3. Assignmentsweremade
by using a DEPT (distortionlessenhancementof
polarizationtransfer)pulseexperiment.

3.4 Mass spectra

The massspectraof the vinylic derivativesshow
similar characteristics(Tables4 and5). Firstly, in
noneof thespectrais anyparention observed,and
secondly,mostof thecompoundsshowat leasttwo

Table 2 Infrareddatafor compounds1–7

Compound n(CO)(cmÿ1)a

1 2022(s) 1962(s) 1608(m) 1587(m)
2 2000(s) 1940(s) 1604(w) 1578(m)
3 2019(m) 1923(s, br), 1606(w) 1582(w)
4 2022(s) 1962(s) 1634(w) 1584(w)
5 2018(m) 1918(s, br) 1628(w) 1579(w) 1568(w)
6 2023(s) 1960(s) 1636(m) 1600(m) 1582(w)
7 2013(s) 1955(s)

a Recordedin CH2Cl2, usingsolutioncells with NaCl windows;s= strong,m = medium,br = broad,w = weak.
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fragmentationpathways.The first fragmentation
pathwayinvolvestheinitial lossof all thecarbonyl
groupsfrom themolecularion, followed by lossof
the organic fragments.It is assumedthat initially
we have decarbonylation of the acyl species
followedby sequentiallossof theterminalcarbonyl
groups.This is similar to the processin analogous
acyl speciesof the types CpFe(CO)2(COR) and
CpW(CO)3(COR).21–23

The secondfragmentationpathwayinvolvesthe
initial lossof the organicgroup.In the caseof the
iron compoundsthis leadsto the formation of the

ion [CpFe(CO)3
�], which is a characteristicfrag-

mentin the massspectraof acyl derivativesof the
type Cp(CO)2Fe(COR).The resulting ion under-
goesfurtherdecompositionby thesequentiallossof
the carbonylgroups,followed by the cyclopenta-
dienyl group,to yield thespeciesFe� (m/z= 56).

The pentamethylcyclopentadienyl iron deriva-
tive 2 showsonly the first fragmentationpathway,
i.e. the onecommencingwith the lossof carbonyl
groups.The tungstencompounds,however,show
fragmentationpathwaysimilar to thoseof the iron
analogues.

Table 3 1H and13C NMR spectraldata

1H NMR 13C NMR
Compound d (ppm)a Assignment d (ppm)a Assignment

1 4.93(s, 5H) C5H5 86.24 C5H5
5.32(d, 1H, Jcis = 10.9Hz) FeCOC6H4CH=CH2 115.51 FeCOC6H4CH=CH2
5.81(d, 1H, Jtrans= 17.6Hz) FeCOC6H4CH=CH2 125.82,126.47,139.34,149.40 FeCOC6H4CH=CH2
6.72(dd, 1H, J = 17.6,10.9Hz) FeCOC6H4CH=CH2 136.04 FeCOC6H4CH=CH2
7.40(d, 2H, J = 8.5Hz) FeCOC6H4CH=CH2 213.94 CO (terminal)
7.45(d, 2H, J = 8.5Hz) FeC6H4CH=CH2

2 1.80(s, 15H) C5(CH3)5 9.66 C5(CH3)5
5.30(d, 1H, Jcis = 10.8Hz) FeCOC6H4CH=CH2 97.23 C5(CH3)5
5.79(d, 1H, Jtrans= 17.6Hz) FeCOC6H4CH=CH2 115.03 FeCOC6H4CH=CH2
6.72(dd, 1H, J = 17.6,10.9Hz) FeCOC6H4CH=CH2 125.75,126.63,138.95,148.32 FeCOC6H4CH=CH2
7.42(s, 4H) FeCOC6H4CH=CH2 136.29 FeCOC6H4CH=CH2

216.14 CO (terminal)
3 5.34(d, 1H, Jcis = 10.9Hz) WCOC6H4CH=CH2 96.17 C5H5

5.70(s, 5H) C5H5 115.98 WCOC6H4CH=CH2
5.82(d, 1H, Jtrans= 17.6Hz) WCOC6H4CH=CH2 126.02,128.59,140.64,148.76 WCOC6H4CH=CH2
6.71(dd, 1H, J = 17.6,10.9Hz) WCOC6H4CH=CH2 136.15 WCOC6H4CH=CH2
7.39(d, 2H, J = 8.5Hz) WCOC6H4CH=CH2 219.95 CO (terminal)
7.49(d, 2H, J = 8.5Hz) WCOC6H4CH=CH2

4 4.85(s, 5H) C5H5 86.42 C5H5
6.60(d, 1H, J = 15.7Hz) FeCOCH=CHC6H5 128.22,128.74,135.07 FeCOCH=CHC6H5
6.93(d, 1H, J = 15.7Hz) FeCOCH=CHC6H5 129.51 FeCOCH=CHC6H5
7.20–7.56(m, 5H) FeCOCH=CHC6H5 138.58 FeCOCH=CHC6H5

213.98 CO (terminal)
5 5.65(s, 5H) C5H5 95.83 C5H5

6.79(d, 1H, J = 15.7Hz) WCOCH=CHC6H5 128.47,128.74,134.11 WCOCH=CHC6H5
6.98(d, 1H, J = 15.7Hz) WCOCH=CHC6H5 129.68 WCOCH=CHC6H5
7.40–7.64(m, 5H) 142.74 WCOCH=CHC6H5

219.95 CO (terminal)
6 4.91(s, 5H) C5H5 86.42 C5H5

5.30(d, 1H) FeCOCH=CH2 115.70 FeCOCH=CH2
5.39(d, 1H) FeCOCH=CH2 148.56 FeCOCH=CH2
6.55(dd, 1H) FeCOCH=CH2 214.10 CO (terminal)

7 4.84(s, 5H) C5H5 — b

5.10(d, 1H, JCA,cis = 10.9Hz) FeC6H4CH=CH2
5.60(d, 1H, JBA,trans= 17.7Hz) FeC6H4CH=CH2
6.58(dd, 1H, J = 17.6,10.9Hz) FeC6H4CH=CH2
7.00–7.39(m, 4H) FeC6H4CH=CH2

a CDCl3 assolvent.
b Spectrumnot recordeddueto instability of compound.
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4 CONCLUSION

Somemetal-containingvinylic monomersof iron
and tungsten have been successfully prepared,
either by the reactionof the metal anion with the
appropriate acyl halide, or using a palladium-
catalysed cross-couplingreaction. All the new
compounds have been fully characterized by
conventionaltechniques.We are currently in the
process of evaluating these metal-containing
vinylic compoundsas potential monomersin the
preparationof organometallicpolymers and will
reporton our resultsin a later publication.
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Table 4 Mass spectral data for the compounds
LnM(COC6H4CH=CH2), where LnM = [(Z5-C5H5)Fe(CO)2],
[(Z5-C5Me5)Fe(CO)2] and[(Z5-C5H5)W(CO)3] (1–3)

Relativepeakintensity

Iona 1b 2c 3d

P — — —
P-CO — 28 62
P-2CO 100 12 34
P-3CO — 100 92
P-C6H4CH=CH2 0.8 — 37
P-CO-C6H4CH=CH2 3 — 3
P-2CO-C6H4CH=CH2 — — 5
P-3CO-C6H4CH=CH2 53 12 —
P-4CO-C6H4CH=CH2 — — 14
CH2=CHC6H4CO 51 2 100
CH2CHC6H4— 25 2 —
Me 64 9 —
C6H5— — — 23
CO/C2H4 — 40 —

a P= molecularion.All ionshaveasinglepositivecharge;these
aresuggestedassignments.
b Peakintensitiesrelativeto basepeakm/z252.
c Relativeto basepeakm/z294.
d Relativeto basepeakm/z131.
e M = ‘nakedmetal’.

Table 5 Mass spectral data for C5H5(CO)3W(COCH=
CHC6H5) (5)

Relativepeakintensity
Iona m/z 5b

P 464 —
P-CO 436 24
P-2CO 408 14
P-3CO 380 43
P-4CO 352 23
P-CO-C6H5—C2H2 338 04
P-4CO-CH 339 07
P-2CO-C6H5—C2H2 317 06
P-4CO-C6H5-C2H2 261 17
C6H5CH=CHCO 131 100
C6H5— 72 23
CO/C2H4 28 87

a P= molecularion.All ionshaveasinglepositivecharge;these
aresuggestedassignments.
b Relativeto basepeakm/z131.
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