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Summary 

The synthesis of the first complex containing the unsubstituted q*-butatriene 
ligand [Fp2(CHZ=C=C=CH2)12* (PF-,), * (IV) is accomplished in 50% yield by 
oxidation of FpCH2C%CCH2Fp with trityl hexafluorophosphate. IV reacts with 
aqueous sodium hydroxide to afford CH,=CFp-CO-CH, (IX) and with aque- 
ous sodium bicarbonate to yield a mixture of IX and CH2=CFpCO-CH2 Fp 
(VIII). The binuclear allene complexes Fp+(CH2=C=CXCH2Fp) X = Ok, OPh, 
OPh-p-NO2 are formed by the addition of the respective anions to IV. Ethyla- 

tion of VIII with triethyloxonium hexafluorophosphate gives CH2=CFp-C’- 
(OEt)-CHzFp. 

The major product resulting from the reaction between IV and methanol is 
~3-(CH,0CH2CFp=C(COtMe)-=CH2)-$-C,H,(CO)Fe, (XIVa). Methoxide yields 
~3-(CH2=~(C02Me)==CH2)-(CO)-$-C~H~Fe as the major product in addition 
to smaller yields of XIVa and the isolable cis and trans isomers (XVI and XVII) 
of [q5-&H,(CO)-$-1,2-(CHZ=CHOMe)Fe] [Fe(CO),-$-(C,H,)]. These isomers 
equilibrate above 100°C. Ethoxide and isopropoxide give similar results. In con- 
trast, the only characterizable product obtained from the reaction between t-but- 
oxide and IV was Fp2. 

Introduction 

The organic and organometallic chemistry of butatriene is little explored_ 
Although butatriene is readily prepared by the debromination of 1,4-dibromo-2- 
butyne [l] it is an unstable substance which is reported to polymerize exposively 
at 0°C. 

The complexation of butatriene to a transition metal was first reported in 

* FP = +-CsHs<CO)2Fe 
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1964 [2]. In this domplex as well as most of those buk&riene compleses reported 
subsequently the GR, moiety functions as a three electron &and for -each metal 
(I) [3]. Similar binuclear corkplexes were isolated when-the we&behkd tetra-~ 
alkyl butatrienes were treated with metal carbonyls [2,3]. In at least one instance 
an intermediate mononuclear complex II was obtained in which the metal group 
was z-bonded to the center multiple bond [4]_ Studies of the transition metal 
complexes of cumulenes have been extended recently to derivatives of hexapen- 
taene [5]. 
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Several yea-s ago me discovered that complexes of the type Fe(alkene)*, which 
contain highly reactive unsaturated hydrocarbons (i.e., cyclobutacliene and ben- 
zocyclobutadiene) as q’-ligands, can be prepared by the oxidation of appropri- 
ate neutral binuclear complexes [6,7] (Scheme 1). Our exploration of the gener- 
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ality of this reaction led us to examine the oxidation of the known binuclear 
complex FpCH2eCCH2Fp (III) [8] with the syntheses of Fp,(CH2=C=C=CH2)*+ 
(IV) and Fp(CH2=C=C=CH2)” (V) as our goal. Herein we report the successful 
synthesis of IV and its reactions with oxygen nucieophiles. 

Results and discussion 

The binuclear butatriene complex Fp2(CH2=C=C=CH2)*’ (PF& (IV) is pre- 
par& by oxidizing FeCH2GCCH2Fp (Ill) with tityl hexafluorophosphate *. 
1V is generally obtained in 50% yield as a bright yellow powder which is soluble 
in nitromethane but insoluble in methylene chloride_ It is sparingly soluble in 
acetone and decomposes slowly in this solvent to uncharacterized products. De- 
composition is rapid and exothermic in dimethylsulfoxide, pyridine and acetoni- 
trile. IV is stable indefinitely in the atmosphere at 24”C, hence no special precau- 
tions are required for its storage and manipulation. 

50% 
FpCH,-CCC-CH,Fp + Ph,C+ - Xii+=7 

(III) (IV) Fpc 
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Predicated on the spectroscopic properties of IV, it is thought that IV is best 
depicted as having the static structure IVa in which the Fp’ groups are n-bonded 
to the two terminal double bonds of the butatriene ligand rather than the flux- 
ional system involving structures 1Va-c. The carbonyl absorptions of IV, which 
are observed at 2090 and 2065 cm-‘, are narrow and symmetrical suggesting 
that each iron group gives rise to the same symmetric and asymmetric carbonyl 
stretching frequencies. Complexes such as IVb or IVc would be expected to 
exhibit four carbonyl absorptions in the IR spectrum since the Fp’ groups are 
attached to orthogonal n-orbitals which have different orbital energies [lo]. Be- 
cause the energy of 5~~ of the conjugated z-system of butatriene is 9.30 eV, it is 
a better electron donor than the internal double bond for which the orbital 
energy is 9.98 eV. Thus, the carbonyl absorptions of the terminal Fp’ group of 
IVb and IVc will occur at longer wavelengths than the analogous absorptions of 
the Fp’ group bonded to the center double bond. 

FP+ FP+ 

(Wb) (IVa) (WC) 

Either the static or fluxional structure would appear to be consistent with the 
PMR structure of IV which exhibits sharp singlets at r 4.04 and 6.10 and a 10 : 4 
ratio. 

Testing for the existence of fluxionality via low-temperature PMR spectros- 
copy is not possible since IV is insoluble or decomposes in the appropriate sol- 
vents. However, a comparison of the chemical shifts of the methylene protons 
of IV to those of analogous protons in model compounds lends support to the 
static structure IVa. The methylene resonances of complexed terminal alkenes in 
Fp(alkene)’ typically occur in the region 7 6-7. The resonance of the methylene 
protons of V, which contains the $-2,3-butatriene ligand, occurs as an AA’BB’ 
multiplet centered at r 3.30 [9]_ (The protons of chlorobutatriene [ll] also 
resonate between T 3 and T 4. Butatriene [12] exhibits a singlet resonance at 
r 4.8.) The methylene protons of the fluxional system would exhibit a chemical 
shift that would be the average of the chemical shifts of the methylene protons 
of coordinated and uncoordinated double bonds. Since an average chemical shift 
of ca_ r 5 seems reasonable for the fluxional structure, the observed value of r 
6.10 is more in accord with the static structure IV. 

Reactions between IV and acetate and phenoxides 

Acetate, phenoxide and p-nitrophenoxide add rapidly to an internal carbon 
of the butatriene ligand of IV affording the allene complexes VI in moderate 
yields as lustrous yellow crystalline solids. The IR spectra of VI, which exhibit 
terminal carbonyl absorptions at 2060, 2020 and 1970 cm-‘, support the pre- 
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sence of Fp-and Fp” groups in each structure. A band of weak to moderate 
intens$y is observed near 1800 cm-l and is assigned to the allene stretch of the 
butadienyl ligand. Absorptions observed near 1800 cm-’ in the IR spectra of 
Fp(CH2=C=CHMe)’ and Fp(CH,=C=CHPh)’ have been assigned similarly 1131. 

a. X = OAc; 
5. X = OPh; 

c. X = OPh-p-NOa; 

d. X = SPh: 

e. x = P(OEt)f 

wr’a-cl WI”a-c 1 

In solution the adducts Via, VIb and VIc appear to be mixtures of the rapidly 
interconverting positional isomers VI’ and VI”, of which VI’ is thought to be the 
predominant member of the equilibrium. Thus, the PMR spectra of VI cannot 
be interpreted in terms of structure VI’ alone because both sets of methylene 
protons give rise to narrow symmetrical triplets (J = 1.5 Hz) * indicating the 
ec+valence on the h%IR time scale of the protons in each set. In VI’, the endo 
and e;Yo protons (H’ and Hz) and the diastereomeric protons H3 and HS would 
be spectroscopically distinguishable: hence, a more complex pattern would be 
expected. These spectroscopic data would appear to be consistent with structure 
VI” which possesses a plane of symmetry in one accessible conformation. How- 
ever, the chemical shift of the vinyl methylene protons of VI argues against VI” 
as being the more stable structure. The methylene resonance of methoxypropa- 
diene is observed at 7 4.60 [16]. Significantly, this is similar to the vinyl methyl- 
ene resonance (5 4-92-5.03) of VI. if VI” were the stable form of VI then by 
analogy to the spectra of the allene complexes reported by Rosenblum Cl.41 the 
vinyl protons of the allene hgands in VI would be observed in the region between 
T 6-S to 7.0. These disparate spectroscopic properties are reconciled by a dynamic 
system in which VI’, the predominant component, is in rapid equilibrium with 
a small amount of VI”. 

The preference of the Fp’ group for the internal double bond of VI rather than 
the terminal double bond as in the case for alkyl substituted allenes, is not un- 
expected because of the greater electron density associated with the internal 
n-bond which is conjugated with the -OR and -CH,Fp groups. Apparently this 
electronic effect dominates the steric factors that generally favor complexation 
of the less substituted double bond of substituted allenes [14]. Substitution of 
poorer electron donor groups for the OR groups in Via-VIc would be expected 
then to shift the equilibrium toward VI”. This shift in equilibrium would be 
reflected in an upfield shift of the resonance of the vinylic methylene protons in 
the PLMR spectra. This is exactly what is observed for VId and e. The PMR spec- 
trum of VId is in all respects similar to +hose of Via-VIc except that vinylic methyl- 
ene proton resonance is shifted upfield to 7 5.75 [17]. The change is even more 
dramatic in the triethoxyphosphonium derivative Vie 1171. In this substance 

* This SKIMU coupling iz typical of Fp<a.Uene) complexes [l&15]. 
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the phosphonium group strongly destabilizes VI’ because of the positive charge 
and size of the phosphorous moiety. Hence the concentration of VI’ is reduced 
and the vinylic methylene proton resonance is observed sti further upfield at 
T 6.20 *. 

The phenoxide adducts VIb and VIc exhibit the remarkable stability that 
appears to be associated with Fp(allene)’ complexes in general [14,15]. In con- 
trast, the acetate complex Via is unusually labile and is demetalated in acetone 
within minutes at 24°C. 

Reactions of IV with water 

The reaction between IV and aqueous sodium bicarbonate gives a mixture of 
the bi- and mononuclear ketones VIII and IX respectively_ Aqueous sodium hy- 
droxide affords only the mononuclear ketone IX. It is quite likely that both of 
these reactions yield initially the binuclear dienol complex VII and subsequently 
VIII. The binuclear ketone VIII is unstable toward base and is readily demeta- 
lated by sodium hydroxide to IX. 

=F = :p+ H~0 [= xFpj -H+ +rp OH-_ + 

FPf 

(IV) (Vu) (‘JIII) (Ix) 

The ketones, VIII and IX, are very similar spectroscopically. Thus, in the 
PMR spectra of these suLstances the vinylic methylene protons give rise to two 
one-proton singlets at T 3.85, 4.43 and 7 3.85, 4.25, respectively. The respec- 
tive C(1) methylene protons resonances of VIII and IX are observed at 8.04 and 
7.80. Although VIII contains two different Fp groups only one g-cyclopenta- 
dienyl resonance (r 5.19) is observed in carbon disulfide. In benzene-d, the 
degeneracy of the cyclopentadienyl groups is removed and they are observed as 
a pair of singlets at r 5.60 and 5.62. 

The similarity of the chemical shifts of the cyclopentadienyl groups of VIII 
suggest that the iron atoms possess similar electron density. Indeed, this conten- 
tion is supported by the observation of only one set of terminal carbonyl absorp- 
tions (2016,1967 cm-‘) for VIII. The ketonic carbonyl absorption of IX is ob- 
served at 1945 cm-’ - a value 20 cm-’ lower than carbonyl absorptions con- 
sidered typical of vinyl ketones [lS]. Since the attachment of an Fp group to 
the c carbon of a ketone lowers the frequency of the carbonyl absorption by 
60 cm-’ 1201, the iron group of IX is probably only interacting weakly with the 
ketonic carbonyl. The second Fp group in VIII interacts significantly with the 
ketonic carbonyl group as evidenced by the shift of this absorption to 1590 cm-‘. 

Since the allene complex VIf (X = OEt) could not be prepared by addition of 
ethanol or ethoxide to the butatriene complex IV (vide infra), an attempt was 
made to synthesize VIf via ethylation of the binuclear ketone VIII by triethyl- 
oxonium hexafluorophosphate. Although VIII is rapidly ethylated at the ketonic 
oxygen the spectroscopic properties of the resulting product X clearly demon- 
strate that this substance differs structurally from the allene complexes VI. 

* AXI &depth study of the stereochemistry of VI and related compounds is in proaess. 
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Firstly, in the PMR spectrum of X the vinyl methylene protons give rise to two 
oneprtiton singlets at T 3.98 and 4.38. The nonequivalence of these protons is 
in contrast to the analogous C(4) protons of VI which are’equivalent on the NMR 
time scaie and weakIy coupIed to the C(1) methylene group of the butadienyl 
ligand. Secondly, X does not exhibit an absorption near 1800 cm-’ in the IR 
spectrum_ This absorption appears to be characteristic of Fp(allene)’ complexes 
[13]. Thirdly, the similar and relatively high field chemical shifts (4.73 and 4.90) 
of the two Fp groups of X indicate that each bears similar and small portions-of 
the total positive charge. Fourthly, the saturated methylene protons are observed 
as a two-proton singlet resonance at T 7.52. The equivalence of these protons 
eliminates the 1,3-butadiene complex XI as a possible structure since in XI there 
would be restricted rotation about the C(l)-C(2) bond and the C(1) methylene 
protons would be nonequivalent. In the butadiene complex XII the C(1) methyl- 
ene protons are observed as a pair of doublets at T 6.01 and 6.80. This is typical 
of terminal alkene complexes of Fp’ 1191. In Fp’ complexes (XIII) containing 
en01 ethers as $-hgands, there is restricted rotation about the coordinated r-bond 
[ZO], even though canonical form XIIIb is apparently an important contributor 
to the structure of XIII. 

FP 

(XTI) (XIII a) 

FP 

OR 

(XIII b 1 

These spectroscopic data are consistent with structure X. Why this substance 
assumes this structure rather than the ahene (VIf) or butadiene (XI) structures 
is an open question_ 

The mononuclear ketone IX failed to react under conditions used successfully 
to ethylate VIII. 

Xeaefions of IV with alcohols 

The batatiene complex IV reacts sluggishly with a mixture of sodium bicar- 
bonate and methanol and hardly at all with similar mixtures of ethanol, iso- 
propanol or t-butanol. The only isolated product (49%) obtained from the 
methanol reaction is the binuclear comples XIVa The structure of XIVa was 



341 

established by an analysis of its PMR and IR spectra. Three terminal carbonyf 

absor@ons.were observed in the iR spectrum of XIVa. The high frequency pair 
(2000,1951 cm-“) are typical of Fp alkyl compounds and the low frequency 
absor$ion (1933 cm-‘) is comparable to those observed for other ~3-ahyl CYCIO- 

pentadienykarbonyliron compounds [19]. An ester carbonyl absorption is ob- 
served also at 1685 em-‘. 

The presence of a dicarbonyhron and a monocarbonyliron group is supported 
also by the presence of cyclopentadienyl resonances at I 5.36 and 5.55 - them; 
icaf shifts that are characteristic of these iron groups 1193 - in the PMR spectrum 
of XIV. The MeOC& resonance is an A13 multiplet and thereby supports the 
chirahty of the monocarbonyl iron group. The _chemicaI shift I 6.01 of this 
methylene resonance is consonant with a methoxymethylene rather than the 
Fp-methylene Linkage. In carbon disulfide the two metboxy resonances are degen- 
erate. However, in benzene-& this degeneracy is removed. 

The addition of alkoxides to IV is rapid and leads to novel products, the dis- 
tribution and nature of which are dependent on the alkoxide employed. hlethox- 
ide gives the mononuclear ~3-aUyl complex XVa in 85% yield in addition to a 
small amount of XIVa and two other products. The IR spectrum of XVa exhibits 
the expected single terminal carbonyl absorption at 1975 cm-’ and an ester ear- 
bony1 absorption at 1700 cm- I. In additiorr, a relatively weak absorption at 1760 
cm-’ is assigned to a stretching vibration of the cumulated portion of the buta- 
dienyl ligand *_ 

On the basis of their spectroscopic and thermal properties, the last two major 
products, A and I3, from this reaction are assigned the isomer&z structures XVI 

O+.QR 

t-Buti- 
FP* - 

(IVa) (XVa.b,c) 

a.R = Me; 
b,R =Et; 

c, R = i-Pi- 

OR OR 

(XVIa,b) (XVITa,bl 

and XVII although a definite assignment is not possitife with the data in hand. 
The IR spectra of A and B are similar in that each exhibits single terminal, bridg- 
ing, and ester carbonyl absorptions in the region between 2000 cm-l and 1690 

* At least two other complexes COP tainbg the butadienyl or related ligamis hace heen reported in the 
past sewm%l yeam. E 5.21f _ 
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cm:‘; The PMR Spectti of A and B are also similar and differ only a smaIl 
changes of the chemical shifts of the anaIogouS protons. Of particuiar signifi- 
cance are the high field resonances (7.64,11;07 and 7.6&,11.57) of the methyl- 
ene protons of the complexes portion of the butadiene ligand. These chemical 
shifts agree well with those reported for other neutral iron-butadiene complexes 
1223. In contrast the chemical shifts (4-054-90 J= 18 Hz; 4.11, 5.01 J= 16 
Hz) and large coupliug constants of the remaining olefinicprotons indicate the 
presknce of an .uncoordina+kd double bond containing vi&al trans protons. Un- 
fortunately the data in hand are not sufficient to exclude structures containing 
the isomeric butadiene ligand XVIII in which the positions of the carbomethoxy 
and methoxy groups are interchanged. 

QMe 
(xvrrr 1 

To our knowledge XVI and XVII are the first examples of isolable cis and 
iralrs isomers of this type of compound. The isomers equilibrate at elevated tem- 
peratures. In o-dichlorobenzene the equilibrium actually favors B (&,(B/A, 
144°C) = 4) which is the lesser product from the reaction between IV and meth- 
oxide. Attempts to equilibrate A and B in a mixture of methoxide in methanol 
led to decomposition. A full structural and kinetic study of these substances is 
uIldlZlYAJay_ 

Ethoxide in ethanol gave results similar to the methoxide experiment. Iso- 
propoxide, however, afforded only the mononuclear 1,2-butadienyl complex 
XIVc.‘Only Fp, was isolated from the reaction between IV and t-butoxide. 

Several reaction mechanism can be envisaged which account for the formation 
of the mono- and binuclear a&oxide adducts *. Predicated on the facile forma- 
tion of the binuclear allene complexes (Via-C) by the addition of acetate or 
phenoxide to IV, it appeared possible that alcohols or alkoxides added initially 
at an internal carbon of the butatriene ligand of IV. Further reaction with the 
alcohol or a&oxide then afforded the observed products. In apparent support 
of this hypothesis is the fact that treatment of the acetate or phenoxide adducts 
(Vla.,b respectively) with sodium methoxide does afford the binuclear complex 
XVa in moderate to good yield. However none of the mononuclear XVa or binu- 
clear complexes (XVI and XVII) were observed. Significantly only demetalation 
of the ethoxy complex X to CH2=CFpC(OEt)=CH2 was observed. Hence, the 
ethoxy adduct (X) and presumably its methoxy analog cannot be intermediates 
in the formation of XIV-XVII- (This holds true unless the rearrangement of au 
intermediate alkoxy allene complex (VIf to X) is slow compared to further inter- 
molecular reaction.) 

The change in the nature and distribution of the products when alkoxide is 

substituted for alcohol in the reactions of Fp(cumulene)’ complexes finds prece- 
dent in Wojcicki’s [14) and Rosenblum’s [I51 experiments with Fp(allene)’ com- 

* AU the products XIV-XVKI are stable under the reaction conditions; hence nope of these four 
compoumk is the progenitor of the others. 
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plexes. Wojcicki found that the addition of alkoxide to Fp(allene)’ afforded the 
2-carboalkoxy-7;i3-aIllyl complex XIX, whereas Rosenblum observed that the 
methoxy vinyl complex XX results when Fp(allene)’ was treated with a mixture 
of sodium bicarbonate and methanol. Similar modes of addition of methoxide 
and methanol account for the different products obtained when IV is treated 
with these reagents. 

Thus, methanol adds to a terminal carbon of the butatriene ligand of IV yield- 
ing the binuclear allene complex XXI *_ Addition of a second methanol to a ligat- 
ing carbonyl of the cationic Fp group gives the observed product XIVa. In con- 
trast methoxide is believed to add directly to a ligating carbon monoxide of IV. 
The Fp‘ group of the resuIting adduct XXII is apparently labile. This is supported 
by the fact that attempts to prepare XXII by treatment of XIV with acid or by 
the metalation of XV with Fp(isobutyIene)‘PF; have been futile. Hence, XXII 
readily sheds .Fp+ to form the major product XV. Addition of methoxide to C(4) 
of the butadienyl ligand of XXII accounts for the formation of the small 
amounts of XIV. Apparently XXII can also rearrange via a hydride shift to 
XXIII **_ The resulting carbonium ion XXIII is stabilized by both the Fp group 

0, OEt 

x 

Et/Y Cp;;)-; 

Fp(CH2=C=CHR)+ (XIX) 

* Nucleopbilic addition to tbe terminal carbon has been observed for other nucleopbiks such as dietbyl- 

amine and hydride (173. 
** Hydride shifts in these iron complexes finds precedent in formation of <FpCH=CH--CMe=CHz)Fp+ 

by the methylation of FpCE2C=--CCH$p with MeOSOZF C231. 
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XVI + XVII 

and t.he adjacent q3-ally1 system. Addition of methoxide to C(4) of XXIII 
followed by reorganization of the iron groups leads to the isomers XVI and XVII. 

Ekperimental 

General procedures 

In general, all reactions were carried out under a nitrogen atmosphere. Iron 
analyses were performed according to standard procedures. 

Physical measurement 

Infrared spectra were recorded on a Perkin-Elmer Model 180 spectrophoto- 
meter. PMR ‘spectra were obtained on a JEOL C-60 High Resolution spectro- 
meter using tetramethylsilane as an internal standard. Melting points are uncor- 
R.X&?d. 

Materials 

1,4Dichloro-Z-butyne (Aldrich), sodium hydroxide, sodium bicarbonate, 
sodium acetate (Baker), and lithium phenoxide (Alfa) were used ti purchased_ 
Tetrahydrofuran was distilled from lithium aluminum hydride before use. Alu- 
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chloride-and chromatographed on neutral activity III &mrina (4 X 40 cm). Elu- 
tion with 1: 1 .methylene chloride and petroleum ether afforded, after evapora- 
tion of the solvents, $-cyclopentadienyldicarbonyliron dimer and the binuclear 
complex XIV (OS4 g, 49%). IR (neat) 2000,195l,lS33 cm-’ (m), 1685 cm-’ 
(C=O); PMR (C&)-T 5.36 (s, 5, Cpj, 5.55 (s, 5, Cp), 6.01 (d of d, 2, CH2, AB, 
J= 10 Hz), 6-58 (s, 6, CH,), 7.75 (d, 1, H, J= 3.0 Hz), 8.27 (d, 1, H, J= 3.0 Hz). 
Complex XIV could not be crystallized; hence an analytically pure sample of 
this substance was not obtained. 

The reaction of IV with methanolic sodium methoxide 

To a solution of sodium methoxide in methanol (generated by the careful 
addition of 0.1 g of sodium to 40 ml of methanol) was added IV (10.5 g, 15.1 
mmol). The mixture was stirred 10 min and the solvent was removed by rotary 
evaporation. The residue was extracted with methylene chloride and filtered 
throb& Celite. The filtrate was concentrated by rotary evaporation and chrom- 
atographed on neutral activity III alumina (2 X 100 cm)_ Elution with 1 : 1 
methylene chloride and petroleum ether afforded four bands. The first band con- 
sisted of q’-cyclopentadienyldicarbonyli.ron dimer. The second band was 1,2,3,- 
$-( 2~bomethoxy-1,3-butadien-3-yl)-~Scyclopentadieny1~bonyliron (XVa) 
as a brown-solid (3.26 g, 84%), m-p.: 57-58”C, IR (K33r) 1975 cm-’ (m), 
1700 cm-’ (C=O), 1760 cm-’ (C=C); PMR (CS,) r 4.01 (d, 1, H, J = 3 Hz), 4.70 
(d, 1, H, J= 3 HZ), 5.43 (s, 5, Cp), 6.28 (s, 3, CH,), 6.60 (br, s, 1, H), 8.94 (br, 
s, 1, Hj. (Found: Fe, 21.28. C,lH,,FeO, &cd_: Fe, 21.54%) 

The third band crystallized as dark greenish-yellow plates A (0.95 g, 9%). IR 
(hesachlorobutadiene) 1929,1973,1732,1705 cm-‘; PMR (CS,) T 4.05) (d, 1, 
H, J= 18 Hz), 4.90 (d, 1, H), 5.66 (s, 5, Cp), 5.68 (s, 5, Cp), 6.23 (s, 3, CHS), 
6.39 (s, 3, CH3), 7.46 (d, 1, H, J= 3.0 Hz), 11.07 (d, 1, H). (Found: Fe, 23.73. 
C10H10Fe306 c&d.: Fe, 23.86%) 

The fourth band contained approximately equal amounts of XIVa and B 
(0.39 g, 6% tot.& yield). An analytical sample of B could be obtained by rechrom- 
atographing carefully on activity III alumina. M-p.: 158-159°C IR (hexachloro- 
butadiene) 1931,1777,1718,1696 cm-‘; PMR (CS,) r 4.11 (d, 1, H, J= 16 Hz), 
5.01 (d, 1, H), 5.28 (s, 5, Cp), 5.62 (s, 5, Cp), 6.32 (s, 3, CH,), 6.38 (s, 3, CH,), 
7.68 (d, l,H,J= 3.0 Hzj,11.57 (d,l,H). (Found: Fe,23.81.C&HtoFezOs 
calcd.: Fe, 23.86%) 

The reaction of IV with ethanolic sodium ethoxide 

‘Fo a solution of sodium ethoxide (made by the addition of 0.1 g of sodium to 
20 ml of ethanol) was added IV (2.2 g, 3.1 mmol). The mixture was stirred 3 h. 
Methylene chloride was added and the mixture was filtered through Celite. The 
filtrate was concentrated by rotary evaporation and chromatographed on neutral 
activity III alumina. Elution with 1 : 1 methylene chloride and petroleum ether 
afforded 1,2,3-~3-(2carboethoxy-l.3-buta~enyl)-~5-cyclopentadienylc~bonyl- 
iron, XVb (0.47 g, 56%): IR (KBr) 1960 cm-’ (m), 1700 cm-’ (C=Oj; PMR 
(C&) T 4.16 (d, 1, H, J= 3 Hz), 4.82 (d, 1, H), 5.52 (q, 2, OCH2, J= 7.5 Hz), 
6.68 (br, s, 1, H), 8.76 (t, 3, CH,,J= 7.5 Hz), 8.97 (br, s, 1, H). (Found: Fe, 
20.14. C,;H,,FeO, calcd.: Fe, 20.44%) 



The PMR sp+rum of the reaction mixture also exhibited absorption for the 
ethyl homologs of the A and B isomers. Yields for these compounds are estim- 
ated to be 10% and 3% respectively. 

The reaction of IV with sodium isopropoxide in isopropanol 

To a solution of sodium isopropoxide in isopropanol (made by the addition 
of 0.1 g of sodium to 20 ml of isopropanol) was added IV (2 g, 2.9 mmol). The 
mixture was stirred 0.5 h, filtered through Celite, and the solvent removed. The 
residue was extracted with methylene chloride and chromatographed on neutral 
activity III alumina (4 X 30 cm). Elution with 1 : 1 methylene chloride and petro- 
leum ether afforded after rotary evaporation of the solvent, 1,2,3-q3-(2-carbo- 
isopropoxy-l,3-butadienyl)-~55-cyclopentadienylcarbonyliron XVc (0.345 g, 
42%). This substance was characterized by its spectroscopic properties only. IR 
(KBr) 1960 cm-’ (GO) 1700 cm-’ (C=O); PMR (CS,) 7 4.18 (d, 1, H, J= 3.0 
Hz), 4.85 (d, 1, H), 5.05-5.30 (m, 1, H, J= 6Hz), 5.54 (s, 5, Cp), 6.70 (br, s, 1, 
H), 8.78 (d, 6, CH,), 9.00 (br, s, 1, H). 

The reaction between IV and sodium t-butoxide in t-butanol 

IV (2.0 g, 9 mmol) was added to a solution of sodium t-butoxide in t-butanol. 

The mixture was stirred 30 min and the solvent was removed by rotary evapora- 

tion. The residue was extracted with methylene chloride, filtered through Celite 
and concentrated to about 4 ml. This was chromatographed on activity III 
alumina (4 X 30 cm) eluting with a 1 : 1 mixture of methylene chloride and 

petroleum ether. The first red band was identified by its PMR spectrum as q’-cy- 
clopentadienyldicarbonyliron dimer (0.64 g, 50%). A second band was collected 
(0.06 g), but could not be characterized. 

The attempted reaction of XIVa with methoxide 

To a solution of sodium methoxide in methanol (10 ml) was added IX (0.3 g) 
dissolved in 10 ml of methylene chloride. The mixture was stirred 2 h, then was 
filtered through neutral activity III alumina (2 X 4 cm). The solvent was removed 
by rotary evaporation to yield 0.27 g of XIVa (90% recovery). 

The attempted reaction of isomer A with sodium methoxide in methanol 

To a solution of s6aium methoxide in methanol was added 0.0746 g of A. 
This mixture was stirre%i 1 h, heated briefly to reflux and filtered through 1 cm 
of activity III alumina; The solvent was removed by rotary evaporation and the 
residue extracted with methylene chloride. The extract was filtered through 1 

cm of alumina and the solvent removed to afford 0.0562 g (87%) of A unchanged. 

The attempted reaction of isomer B with sodium methoxide in methanol 

A solution of B (4.6 mg) in 5 ml of methanolic sodium methoxide was stirred 

20 min and heated briefly to reflux. The mixture was then filtered through activ- 



ity ‘lli alumina and the solvent removed. The residue was extractedwith methyl- 
ene &oride and filtered. through- 1 cm of alumina again. Removal of the solvent 
afforded 3.5 ?g (80%) of Bi PMR spectroscopy showedno other characterizable 
products in the material recovered. 

The reaction between IV and aqueous sodium bicarbonate 

Saturated aqueous sodium bicarbonate (3 ml) was added to a suspension of 
IV (1.0 g, 1.4 nlmol) in 2OmI of methylene chloride. The mixture was stirred 
3 days, then dried with anhydrous magnesium sulfate and filtered. The filtrate 
was concentrated by rotary evaporation and chromatographed on activity Ill alu- 
mina (2 X 30 cm). Elution with 1 : 1 methylene chloride and petroIeum ether af- 
afforded, after evaporation of the solvent, $-cyclopentadienyldicarbonyliron 
dimer IX, (55 mg, 15%) and 1,3-bis(~5-cyclopentadienyldicarbonyliron)-but-3- 
en-2-one (VIII) (177 mg, 30%): IR (KBr) 2016,1967 cm-’ (GO), 1590 cm-’ 
(C=O); PMR (CS,) r 3.85 (br, s, 1, H), 4.43 (br, s, 1, H), 5.19 (s, 10, Cp), 8.04 
(br, s, 2, CH,Fp). (C,D,) T 3.54 (s;l, H), 4.18 (s, 1, H), 5.60 (s, 5, Cp), 5.62 (s, 
5, Cp), 7.68 (s, 2, ClLFp). (Found: Fe, 25.99. C,,H,,Fe,O, calcd.: Fe, 26.47%) 

The reaction between IV and aqueous sodium hydroxide 

To a suspension of III (2-02 g, 2.8 mmol) in 20 ml of methylene chloride was 
added 10 ml of saturated aqueous sodium hydroxide. The mixture was stirred 
14 h, dried with anhydrous magnesium sulfate and filtered. The filtrate was con- 
centrated by rotary evaporation and chromatographed on neutral activity III 
alumina (2 X 30 cm)_ Elution with 1 : 1 methylene chloride and petroleum ether 
afforded, after evaporation of the solvent, ~5-cyclopentadienyldicarbonyliron 
dimer (0.248 g, 24% based on IV) and an oil, 3-($cyclopentadienyldicarbonyl- 
iron)-but-3-en-2-one (IX) (0.160 g, 21%): IR (neat) 2008,196O cm-’ (GO), 
1654 cm (C=O); PMR (CS) T 3.83 (s, 1, H), 4.25 (s, 1, H), 5.10 (s, 5, Cp), 7.80 
(s, 3, CH,)- (Found: Fe, 22.67_ C,,H,,FeO, calcd-: Fe, 22.70%) 

The reaction of VIII with aqueous sodium hydroxide 

To a solution of VIII (0.0523 g, 0.124 mmol) in 20 ml of methylene chloride 
was added 3 ml of saturated aqueous sodium hydroxide. The mixture was stirred 
25 h, then dried with anhydrous magnesium sulfate. Removal of the solvent 
afforded 0.0395 g of material which was shown by PMR spectroscopy to be a 
1: 1 mixture of VlII and IX. 

The reaction of VIII with triethyloxonium hexafluorophosphate 

VIII (0.24 g, 0.6 mmol) was dissolved in 10 ml of methylene chloride and tri- 
ethgloxonium hexafluorophosphate (0.134 g, 0.55 mmol) was added. This mix- 
ture was stirred for 20 min and diethyl ether was added to precipitate X as a 
golden salt (0.26 g, 80%): IR (KBr) 2040,196O cm-’ (CZO), 1320 cm-’ (C-O); 
PMR (CD3NOz) 7 3.98 (s, 1, CH), 4.38 (s, 1, CH), 4.73 (s, 5, Cp), 4.90 (s, 5, Cp), 
5.89 (q, 2, CHICHs, J= 7 Ha), 7.52 (s, 2, CH,Fp), 8.56 (t, 3, CH,). (Found: Fe, 
18.64. C2,,HI,F,Fe10jP &cd.: Fe, 18.79%) 



349 

The reaction between Via and sodium methoxide in methanol 

To a solution of sodium methoxide in methanol was added Via (0.4185 g 
0.69 mmol). The solution was stirred 1 min. Methylene chloride (30 ml) was 
added and the mixture was filtered through Celite. The solvent was removed 
by rotary evaporation. A methylene chloride extract of the residue was filtered 
through 1 cm of activity III alumina and the solvent removed to yield XIVa 
(0.2334 g, 73% yield)_ 

The reaction between VIb and sodium methoxide in methanol 

To a solution of sodium methoxide in methanol (20 ml) was added VIb 
(0.0592 g, 0.092 mmol). The solution was stirred 1 min and then filtered through 
Celite. The filtrate was evaporated. The residue was extracted with methylene 
chloride and filtered through 1 cm of alumina. Evaporation of the solvent 
afforded IX (0.0406 g, 96%). The same reaction between VIb and methanolic 
sodium bicarbonate afforded XIVa in 64% yield. 
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