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Summary 

Stable, cationic, binuclear iron complexes with a new cyciobutenylidene 
bridge ligand { [Cp(CO),Fe],(Ph,C,H))’ X- (X = CIOJ, BFJ have been obtained 
by protonating the o-phenylacetylide iron complex Cp(CO),FeC-CPh with the 
strong protonic acids HCIO, or HBF, in acetic anhydride. In the presence of 
PPh, this reaction results in the formation of metal--vinyl complexes containing 
the phosphonium cation {Cp(CO),Fe[C(PPh,)=CHPh]}’ X- (X = ClO,, BF,). 
When Cp(CO),FeC-CPh reacts with HClO, or HBF, in benzene, acetone or alco- 
hol, [CpFe(CO),] + X- * ionic complexes (X = ClO,, BF,) are formed. The struc- 
ture of the above compounds has been confirmed by IR, ‘H and I%! NMR spec- 
tra and X-ray analysis_ 

Introduction 

From the reactions of Pt [ 11 and Ni [ 23 acetylide complexes with alcohols in 
the presence of strong protonic acids (HPF, or HBFJ, cationic organoelemental 

compounds with the alkoxycarbene ligand, 
S 

/OR + 
M-C, 1 X-, have been ob- 

OR 
tained. It was shown [3] that the alkoxycarbene ligand is formed via the inter- 
mediate vinylidene carbenium ion Pt--C!‘=CHR, which is stabilized by the transi- 
tion metal ion. Reactions of Cp(CO),FeC-CMe with HClO, or HBF, in benzene 
or ether result in the formation of ionic complexes [CpFe(CO),]’ X- [4]. We 
have previously reported [ 53 * on the synthesis and structure of a stable, cationic, 

- 
* After a preliminary report of our results was submitted for publication in Russian [51. and the pre- 

setit communication was prepared for this journal. Davidson and Solar published 1121 their synthesis 
of the similar dimetallo-stabilized cyclobutenium ion but without the X-ray structural study. 
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TABLE 1 

=C NMR SPECTRAL DATA OF COMPOUNDS V AND VII. 

Complex CsHs CO C(l) C(3) C(2) C(4) Ph 

{CCP<CO)*Fel?(Ph2C4H))BF4 88-27 209.74 261.03 Multiplet in the 

region of 

139.77-128.71 

CCp(CO)~FeC(l)-C(2)PhHIBF~ 86.54 168.64 213.41 - 119.30 - Multiplet in the 
168.24 region of 

134.13-122.94 

assumed when studying the reaction of Cp(CO),FeC=CMe in an ethanol solution 
of hydrochloric acid [4]. 

Scheme 1 has been confirmed by the formation of phosphoniuin complexes 
VI and VII, resulting from the interaction of the a-phenylacetylide complex of 
iron with the studied acids in acetic anhydride in the presence of PPh, (eq. 2). 

Cp(C0)2FeC=CPh + HX + PPh, e 

YPh, 

[Cp(CO)IFe-C=C-HPh]’ X- (2) 

(X = ClO, (VI), BF, (VII)) 

Complexes VI and VII are yellow crystalline substances with melting points at 
183-187°C (dec.) and 199-200°C (dec.), respectively. They are practically 
insoluble in water, aliphatic hydrocarbons, benzene and chloroform and moder- 
ately soluble in alcohols. The IR spectra of complexes VI and VII (in CH1C12) 
exhibits v(C=O) bands at 1980 and 2028 cm -I. The Raman spectrum of VI has 
an intensive band at 1538 cm-’ that can be assigned to the valence vibrations 
of the C=C bond. ‘H NMR spectra of the complexes (in acetonitrile) contain a 
sharp singlet, 6(CSH5) 4.31 and a multiplet with a centre, 6(&H,) 7.70 ppm. 
The chemical shifts of the 13C NMR spectrum of complex VII are given in 
Table 1. The structure of VII has been determined by a comprehensive X-ray 
study. The crystals of VII are monoclinic, a = 12.050(3), b = 15.379(4), c = 
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16.165(5)A,fl=95.03(2)',D (det.)=1.39, D(~a.k.)= 1.40 g cme3, Z= 4, space 
group P2Jn. The structure has been deciphered with t.he help of the heavy atom 
method and refined by the least-squares method in anisotropic-isotropic (for 
BF,- atoms) full-matrix approximation to R = 0.076 for 2813 reflections with 
f FI Z 20 (the experiment was performed on a “Syntex P21” diffractiometer, 
X(Mo-K,), graphite monochromator, v/2v scanning, 2v < 50"). The coordinates 
of atoms and the temperature factors are given in Table 2. 

The structure of the Cp(OC),Fe-C(PTPh,)=CHPh cation in VII is shown in 
Fig. 1, the bond lengths and valence angles Are given in Table 3. The coordina- 
tion of the iron atom is octahedral, i.e., the usual one for the monocyclopenta- 
dienyliron complexes of the CpFe(CO),R type. The CFeC angles -Are in the range 
of 89.9(3)-96.3(3)“, mean distances for Fe-CO 1.76(l) and C-O 1.15(l) A, 
are usual, average FeCO angle is 175(l)“. The average distances Fe-C(Cp) 
2.09(l), and C-C(Cp) l-36(2) A (the latter are somewhat underestimated due 
to the considerable librational oscillations of the Cp ligand) are comparable to 
those found in other monocyclopentadienyl iron complexes (e.g., in I Fe-C(Cp) 
and C-C(Cp) are equal to 2.11(Z) and 1.42(3) A respectively, in ci.s-[(Cp)Fe- 
(CO)J2 [S] to 2.11 and 1.41 A, respectively). 

The length of the o-bond in Fe-C(3), 2.025(6) A, is only slightly less than 
the normal length of the o-bond in Fe-C(sp*), 2.04 A, in similar complexes [9]. 
The length of the uncoordinated double bond C(3)=C(4), 1.35(l) A, is close to 
the standard value of 1.337 A [lo]. In accordance with the sp’ hybridization of 
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TABLE3 

BONDLENGTHS=ANDVALENCEANGLES OFCp(OC)zF~(PPh3)=CHPh 

__ ~___ -_ _.. ~~~- __~...... ._ .._ .~._..._. - -.---------- 

BOlld d(A) Bond d(A) Angle w<"> 

--_... .._ . 

Fe--C(l) 1.741(9) C(l)-o(l) 1.16(l) C(l)FeC<2) 90.8(4) 

-=-C(2) 

Fe--G(3) 
Fe-C(29) 

Fe--t(3) 
Fe--C(31) 

Fe-C<32) 

Fe-C<33) 

P-c(3) 
P-all) 

P-c<17) 

P-C(23) 

1.776(S) 

2.025(6) 

2.10(l) 

2.10(l) 

2.07(2) 

2.08(l) 

2.10(l) 

1.799<6) 

1.804<6) 

1.800(7) 

l-799(7) 

C<2H<2) 

C(29Fc(30) 

C(29)-c(33) 

C(3O)-c(31) 

C(3lI--C(32) 

C(32)-C(33) 

C<3)-c<4) 

C(4)-c(5) 
C-C(Ph) 

1.14(l) 

1.34(2) 

1.37(2) 

1.36(2) 

1.34(3) 

l-38(3) 

1.35(l) 

1.48(l) 

1.38(l) 

C<l)FeC<3) 

C(2)FeC(3) 

FeC(3)P 

FeC(3)C(4) 

PC(3)C(4) 

C(3)C(4)C(5) 

C(3)PC(ll) 

C<3)PC(17) 

C(3)PC(23) 

C<ll)PC(17) 

C(ll)PC(23) 

C(17)PC(23) 

96.3(3) 

89.9(3) 
119.1(3) 

128.4<5) . 

112.0(5) 

129.2(6) 

112.2<3) 

109.1<3: 

113-l(3) 

106.8(3) 

106.9(3) 

108.5(3) 

a Theaveragelength ofthebond B-Finunordered BFJis equal to 1.39(2)X. 

the C(3) atom, the sum of its valence angles is equal to 359.6”, and, due to the 
voluminosity of the Cp(OC)lFe fragment, the FeC(3)C(4) and FeC( 3)P angles 
are somewhat enlarged (128.4( 5) and 119.1( 3)“, respectively) when compared 
with the C(4)C(3)P angle of 112-O(5)“. The coordination of the P atom is dis- 
torted tetrahedral (CPC valence angles 106.8-113.1”) with the average length . 
of the P-C bond equal to l-801(6) A, which is close to the normal P-C(sp’) 
values in phosphonium salts (e.g., in [Ph,PCH,Ph] + Cl- [II] the average length 
of the P-C(Ph) bond is equal to 1.790 A). 

Experimental 

Perchloric and tetrafluoroboric acids of concentrations 57 and 40%, respec- 
tively, were used in the study. IR spectra were taken on a UR-20 “Zeiss” spec- 
trophotometer, PMR spectra on a Hitachi-60 spectrometer with a solvent 
used as a reference standard. 13C NMR spectra were obtained in CH?Cl, on a 
“Bruker HX-90” spectrometer (22.635 Hz). The Raman spectrum was obtained 
on a PHO (Coderg) spectrometer with laser excitation_ The.melting points of 
compounds were obtained in sealed capillaries. 

Synthesis of {[Cp(CO)2Fe]2(Ph,C,H)) CIO, (IV) 
1.6 g (9 mmol) of HCIO, in 1 ml of acetic anhydride was slowly added, with 

stirring, to a solution of 2.4 g (8.6 mmol) of CpFe(CO),C-‘CPh in 50 ml of ace- 
tic anhydride (-70°C). The solution was heated to room temperature and the. 
solvent removed under vacuum. By recrystallizing the solid residue from 
ethanol, 1.53 g (54%) of orange crystals, decomposing without melting above 
12O”C, were isolated. (Found: C, 54.43; H, 3.62; Fe, 16.43; Cl, 5.38. 
C&HIIFe,O,C1 (656.47) c&d.: C, 54.75; H, 3.35; Fe, 17.00; Cl, 5.40%) 
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Synthesis of ~[Cp(Co),Fe],(Ph,C,H)~BF, (V) 
Obtained similarly to IV from 0.5 g (1.8 mmol) of I and 0.4 g (1.8 mmoI) of 

HBF,. 0.35 g (61%) of’orange crystals, m-p. 160-161°C (dec.) were isolated. 

Synthesis of [Cp(CO),FeC(PPh,)=CPhH]BF, (VII) 
I g (3.6 mmol) of I dissolved in 25 ml of acetic anhydride was added with 

stirring, to a solution of 1.4 g (5.35 mmol) of PPh, and 0.9 g (4.1 mmol) of 
HBF, in 20 ml of acetic anhydride (-30°C). The solution was heated to room 
temperature and the solvent removed under vacuum. Excessive PPh3 was washed 
away with hot hexane (2 X 20 ml) and the residue recrystallized-from ethanol. 
1.2 g (53%) of yellow crystals, m-p. 199-200°C (dec.) were isolated. (Found: C, 
62.80; H, 4.12; Fe, 8.65; F, 12.14; P, 4.94. CS3Hz6Fe02PBF4 (628) calcd.: C, 
63.00; H, 4.13; Fe, 8.91; F, 12.10; P, 4.93%) 

Synthesis of {Cp(CO),Fe[C(PPh,)= CHPh]JClO, (VI) 
Obtained in the same way as VII from 0.75 g (2.85 mmol) of PPh,, 0.5 g (1.8 

mmol) of I and 0.32 g (1.80 mmol) of HClO,. 0.66 g (57%) of yellow crystals, 

dec. temp. 183-187°C were isolated. 
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