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The reaction of (~5-C5H5)Fe(C0)21 with AgBF, in CH2C12 generates the reac- 
tive intermediate [ (~5-C5Hs)Fe(C0)2] * in solution which, when mixed with 2 or 
3 equivalents of an olefinic or acetylene ligand produces q*-olefin and $-acety- 
lene complexes in ca. 70% yield. The analogous reaction of ($-C5Hs)Fe(CO)- 
(PPh,)I with AgBF, in CH2C12 produces 1 (q5-C5H5)Fe(C0 j(PPh3)]’ in solution 
which also reacts readily with olefins and acetylenes to yield new ~-complexes. 
The dicarbonyl complexes are generally more stable than the phosphine-substi- 
tuted complexes. The v2-acetylene complexes in both systems can be reduced 
with hydride reagents to yield the corresponding neutral o-vinyl compounds. 
Although unstable in the dicarbonyl system, these vinyl compounds in the 
phosphine system are quite stable and show no tendency to isome; ize or ther- 
mally decompose to a metal hydride as previously established for the analogous 
alkyl derivatives. Attempts to prepare cyano-substituted olefin complexes lead 
instead to new complexes in which the iron bonds to these ligands through the 
nitrogen lone-pair_ 

Introduction 

The synthesis and reaction of [(~5-C5H5)Fe(CO)2(~2-olefin)]’ complexes have 
been an area of intense investigation over the past few years. Most notably, 
Rosenblum and coworkers have shown that these complexes can be useful 
intermediates for stoichiometric organic synthesis [ 11. We have recently pub- 
lished a route for the synthesis of these complexes using the isolated solid 

*No reprints available. 
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and decomposition points were determined in sealed evacuated capillaries and 
are uncorrected. 

(Dicarbonyl)(l,2-r)2-cycloheptatriene)(~s-cyclopentadienyl)iron(I~) tetra- 
fluoroborate. A mixture of (~5-C5H,)Fe(CO),I (1.5 g, 4.9 mmol) and AgBF4 
(1.05 g, 5.4 mmol) was stirred in CH,C12 (75 ml) for 30 minutes. This mixture 
was filtered using filter-aid and cycloheptatriene (0.45 g, 14.7 mmol) was 
added to the filtrate. This solution was stirred for 15 minutes until the color had 
turned from dark purple to yellow-orange. Stirring was stopped and diethyl 
ether (50 ml) was added dropwise to the solution. This precipitated yellow 
platelets which were collected and dried. Recrystallization from CH#&./diethyl 
ether (2/l, v/v, 30 ml) yielded yellow crystals which were collected, washed 
with diethyl ether (10 ml), and dried in vacua (O-77 g, 44%), dec. 82°C 
(Found: C, 46.94; H, 3.77. C14H13BF4Fe02 calcd.: C, 47.26; H, 3.65%). IR 
spectrum (cm-’ in CH,Cl,): v(C0) 2036, 2076. 13C NMR spectrum (-10°C in 
CH2C12): 133.93, 130.64, 129.17, 128.78 (free CH=), 88.84 ($-CsHs), 73.67, 
70.73 (complexed CH= ), 31.90 (CH,). 

(~‘-2-Brttyne)(dicarbonyl)(~5-cyclopentadie~zyl)iron(II) tetrafluoroborate. A 
mixture of ($-C5H5)Fe(CO),I (1.5 g, 4.9 mmol) and AgBF, (1.05 g, 5.4 mmol) 
was stirred in CH2C12 (75 ml) for 30 minutes. This mixture was filtered using 
filter-aid and 2-butyne was passed through the filtrate for ca. 4 minutes until 
the solution had turned yellow-orange_ The solution was concentrated to 25 ml 
and diethyl ether (60 ml) added to precipiate a yellow-orange solid which was 
collected and dried. The solid was dissolved in a boiling mixture of CH,Cl,/ 
diethyl ether (6/l, v/v, 70 ml) and filtered. Diethyl ether (10 ml) was then 
added and this solution cooled at -20” C overnight. The yellow crystals which 
formed were collected, washed with diethyl ether (10 ml), and dried in vacua 
(1.1 g, 71X), dec 122-124°C (Found: C, 41.53; H, 3.53. C,,H,,BF,FeO, 
c&d.: C, 41.57; H, 3.46%). ‘El NMR spectrum (acetone-d,): 5.88 (5, singlet, 
$-CsHs), 2.49 (6, singlet, CH,). IR spectrum‘(cm-’ in CHzC12): v(C0) 2040, 
2083. 13C NMR spectrum (CH,Cl,): 208.05 (CO), 89.15 (77”~C5H5), 43.76 
(CS), 10.33 (CHs). 

(DicarbonyI)(rl5-cyclopentadieny1)(77’-3-hesyne)iron(II) tetrafluoroborate. A 
mixture of ($-C5HS)Fe(C0)21 (1.5 g, 4.9 mmol) and AgBFL, (1.05 g, 5.4 mmol) 
was stirred in CH,Cl, (75 ml) for 30 minutes. This mixture was filtered using 
filter-aid and 3-hexyne (0.40 g, 15 mmol) added to the filtrate_ This solution 
was stirred for 15 minutes and then concentrated to 25 ml. Diethyl ether (50 
ml) was added to this solution to precipitate yellow platelets which were col- 
lected, washed with diethyl ether (10 ml), and dried. This product was recrys- 
tallized from CH2C1,/diethyl ether (l/2, v/v, 45 ml) to yield bright yellow 
platelets (1.19 g, 70%), dec. 126-128°C (Found: C, 44.86; H, 4.47. C1sH,s- 
BF,FeO, calcd.: C, 45.15; H, 4.62%). ‘H NMR spectrum (acetone-d,): 5.87 (5, 
singlet, $-CsHS), 2.81 (4, quartet, J 7.5 Hz, CH2), 1.40 (6, triplet, J 7.5 Hz, 
CHs). IR spectrum (cm-’ in CH&l,): v(C0) 1953, 1993. 13C NMR spectrum 
(CH,Cl,): 208.05 (CO), 89.22 ($-CsHs), 50.31 (C=C), 20.18 (CH,), 15.08 
(CH,). 

(Dicarbonyi)(~i-cyclopentadieny1)(~2-diphenylacetylene)iron(II) tetraflnoro- 
borate. A mixture of (v5-C,H,)Fe(CO)?I (1.0 g, 3.3 mmol) and AgBF, (0.‘70 g, 3.6 
mmol) was stirred in CHzClz (75 mlj for 30 minutes. This mixture was filtered 



76 

using filter-aid and diphenyiacetyiene (0.70 g, 3.9 mmoi) was added to the fii- 
trate. This solution was stirred for 15 minutes and then concentrated to 50 ml. 
Diethyi ether (60 ml) was added until the solution became cloudy and was 
then cooled at -20” C for 12 h. The yellow-orange crystals which formed were 
collected, washed with diethyl ether (10 ml), and dried in vacua (0.98 g, 68%), 
dec. 107-11G”C (Found: C, 56.89; H, 3.36. C2,H,5BF,Fe02 calcd.: C, 57.07; 
H, 3.39%). ‘H NMR spectrum (CD,N02): 7.85-8.05 (4, multiple& ortho- 
phenyi protons), 7.55-7.75 (6, muitipiet, meta- and para-phenyi protons), 
5.94 (5, singlet, $-CsHS). IR spectrum (cm -I in CH,Ci,): v(C0) 2085, 2050. 
*%I! NMR spectrum (CH&&.): 206.73 (CO), 132.61, 131.21, 129.89 (phenyi- 
carbons), 90.39 ($X5Hs), 57.99 (CX). 

Hydride reduction of [($-CJ15)Fe(CO)2(q2-acetylene)lBF, complexes. A 
mixture of 3.0 g of the [($-CsHS)Fe(C0),(~2-acetyiene)lBF, complex and 
1.25 equivalents of NaBH,CN was stirred in THF (50 ml) at 0°C for 1 h. The 
solvent was then evaporated at O”C, the residue extracted with benzene (three 
10 ml portions), and these mixtures filtered. The filtrate was concentrated to 
5 ml and placed on a chromatography column (alumina, 5 X 30 cm). Eiution 
with benzene developed two bands. The first band to eiute was a yellow band 
which upon evaporation of the solvent yielded a yellow oil (ca. 0.25 g) which 
was identified as the respective vinyl compies by IR and 13C NMR spectros- 
copy_ The second ban&was shown by IR to be [($-C,H,)Fe(CO),]2 (ca. 
0.75 g)_ 

(.17’-CJislFe(CO),(?‘-~C~~~~~C~C~~~. IR spectrum (cm-’ in hexane): Y(CO) 
2002,1952. 13C NMR spectrum (coupled spectrum in CH,Cl,): 216;53 (singlet 
CO), 138.46 (singlet, FeE(CH,)CHCH,), 130.02 (doublet, J 145.3 Hz, FeC- 
(CH,)CHCH,, 85.66 (doublet, J 176:7, $-CsHS), 40.03 (quartet, J 124.5 Hz, 
FeC(CH3)CHCH3), 20.63 (quartet, J 123.1 Hz, FeC(CH3)CHCH3). 

(~i-C5HS)Fe(CO)2(q’-C(CH2CH3)CHCH2CH3). ‘H NMR spectrum (CS,): 5.82 
(1, triplet, J 6.1 Hz, FeC(CH2CH3)CaCH,CH,), 4.76 (5, singlet, $-CSHs), 2.18 
(4, multipiet, FeC(CH,CH,)CHc&CH,), 0.98 (6, multiplet, FeC(CH&XI,)- 
CHCH,CH,). IR spectrum (cm -’ in CH&i2): v(C0) 1950, 2004. 13C NMR spec- 
trum (CH#&.): 216.94 (CO), 142.90 (FeC(CH2CH3),ZHCH,CH,), 137.31 (FeC- 
(CH2CH3)CHCH2CH3), 86.76 ($-CsHs), 45.32 (FeC(CH,CH,)CHCH,CH,), 
28.65 (FeC( CH2CH3)CHCH2CH3 ), 15.78, 14.88 (FeC(CH,CB,)CHCH,C_H,). 

(r15-C~H~)Fe(CO)2(~1-C(CbH5)CHC6H5)_ IR spectrur.? (cm-’ in hexane): 
v(C0) 2025, 1982. 13C NMR spectrum (CH,Cl,): 215.54 (CO), 149.60 (FeC_ 
(C&L)CHC!,HS), 141.90 (FeC(CJ&)CHC6H5), 136.71-124.29 (C,H,), 86.19 
(rl’GH,)- 

(~‘-_4llene)(carbonyI)(~‘-cyclopentadienyI)(triphenyIphosphine)iron(II) 
tetrafluoroborate. CH,Ci, (60 ml) was added to a mixture of ($-C5H5)Fe(CO)- 
(PPh,)I (1.5 g, 2.8 mmol) and AgBF, (0.58 g, 3.0 mmoi). Immediately after 
addition of the solvent, aliene was passed through the mixture for 4 minutes 
until the solution had turned from a green to a yellow color. This mixture was 
filtered using filter-aid aud then concentrat.?d to 40 ml. Addition of diethyi 
ether (80 ml) precipitated yellow crystals which were collected, dried, and 
recrystallized from CH,Cl,/diethyi ether (l/2, v/v, 60 ml) (1.15 g, 77%), m.p. 
159--161°C (Found: C, 59.95; H, 4.49. Cz7Hz4BF4FeOP calcd.: C, 60.28; H, 
4.46%). ‘H NMR spectrum (CD,NO1): 7.62, 7.36 (15, muitiplet, PPh& 7.44, 
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6.10 (1, 1, multiplets, free CH,=), 5.24 (5, d oublet, J 1.8 Hz, $-C5H5 j, 3.27, 
2.14 (1, 1, broad, complexed CH,=). IR spectrum (cm-’ in CH,C&): Y(CO) 
2007. 13C NMR spectrum (coupled spectrum in CH&I,): 216.24 (doublet, J 
32.9 Hz, CO), 160.79 (singlet, =C=), 136.54-125.31 (multiplet, phenyl car- 
bons), 107.30 (triplet, J 167.4 Hz, free CH,=), 89.95 (doublet, J 183.7 Hz, vi- 
C5H5), 17.02 (triplet, J 171.1 Hz, complexed CH?=). . 

(~2-l-Butene)(carbonyl)(~5-cyclopentadienyl)(triphenylphos~hine)iron(II) 
tetrafluoroborate. CH2C12 (60 ml) was cooled to 0°C and then added to a mix- 
ture of (@-C,H,)F’e(CO)(PPh,)I (1.0 g, 1.9 mmol) and AgBFJ (0.40 g, 2.1 
mmol). Into this mixture, 1-butene was passed until the color of the mixture 
turned orange. This mixture was filtered using filter-aid and the filtrate concen- 
trated to 25 ml. Hexane (30 ml) was added slowly and this solution cooled at 
-20°C overnight. The orange crystals which formed were collected, washed 
with hesane (10 ml), and dried in vacua. These crystals contained 1 equivalent 
of CH&l, of crystallization (0.86 g, 72%), m-p. 116-118°C (Found: C, 54.79; 
,Y, 5.11; Ci, 11.43. C28H28BF4FeOP - CH2Clz calcd.: C, 54.52; H, 4.70; Cl, 
11.09%). IR spectrum (cm-’ in CH2Cl,): v(C0) 2002. 13C NMR spectrum 
(-1O’C in CHC13, both diastereomers are observed, labelled A and B, the i-nte- 
gration of A/B is 3/l): 220.48(A), 217.50(B) (pair of doublets., J 31.1 Hz, 32.7 
Hz, CO), 132.50 (doublet, J 12.0 Hz, ortho-phenyl carbons), 131.55 (singlet, 
par-a-phenyl carbons), 129.15 (doublet, J 10.1 Hz, nzeta-phenyl carbons), 
87.69(B), 86.98(A) (singlets, Q’-C~H~), 83.77(A), 78.87(B) (singlets, CH=), 
53.53(B) (singlet, CH2= and CH,Cl,), 50.91(A) (singlet, CHz=) 29.87(A), 
28.00(B) (singlets, CH,), 17.64(B), 17.09(A) (singlets, CH3). 

(Curbonyi)(77’-cyclooctene)(rl”-cyclopentadienyl)(triphenyIphosphine)- 
iron tetrafluoroborate. To a mixture of ($-CsHS)Fe(CO)(PPh,)I (1.0 g, 1.85 
mmol) and AgBF, (0.40 g, 2.1 mmol) was added CH2ClZ (40 ml) and cyclo- 
octene (0.61 g: 5.6 mmol). This mixture was stirred for 10 minutes during 
which time the color turned orange. The mixture was then filtered using filter- 
aid and the filtrate concentrated to 30 ml. Benzene (60 ml) was added and this 
solution cooled overnight at 0°C. The orange crystals which formed mere col- 
lected, washed with hesane (10 ml), and dried in vacua. These crystals con- 
tained 1 equivalent of CHZC12 of crystallization (0.75 g, 59%), m-p. 107-109°C 
(Found: C, 56.90; H, 5.26; Cl, 10.75. C32H34BFJFeOP - CH2C12 calcd.: C, 
57.20; H, 5.19; Cl, 10.23%). ‘H NMR spectrum (CD3N02): 7.54, 7.40 (15, 
multiplets, PPh3), 5.55, 5.03 (1, 1, multiplets, CH=), 5.43 (2, singlet, CH,Cl,), 
4.96 (5, singlet, $-C5H,), 2.14, 1.49 (12, multiplets, CH2). IR spectrum (cm-’ 
in CH,Cl,): v(C0) 2005. 13C NMR spectrum (CHZC12): 132.69 (doublet, J 9.4 
Hz, ortho-phenyl carbons), 132.14 (singlet, para-phenyl carbons), 129.67 
(doublet, J 10.0 Hz, meta-phenyl carbons), 87.11 (singlet, $-C5H5), 79.34, 
76.37 (singlets, CH=), 32.10, 31.12, 30.14, 25.85, 25.63 (singlets, CH,). 

(Carbonyl)(~5-cyclopentadieny1)(~’-3-hexyne)(triphenyipl~osphine)iron(II) 
tetrafluoroborate. A mixture of ($-&H,)Fe(CO)(PPh,)I (1.0 g, 1.9 mmol), 
AgBF, (0.40 g, 2.1 mmol) and 3-hesyne (0.45 g, 5.6 mmol) was stirred in 
CH2C12 (40 ml) for 15 minutes. The resulting purple mixture was filtered using 
filter-aid and concentrated to 30 ml. Addition of benzene (80 ml) precipitated 
purple needles which were collected, dried, and recrystallized from a mixture 
of chloroform/benzene (l/3, v/v, 60 ml) to yield purple, cube-shaped crystals 



(0.65 g, GO%), dec. 120-122°C (Found: C, 61.98; H, 5.23. C~~H~QBF,F~OP 
calcd.: C, 62.13; H, 5.17%). ‘H NMR spectrum (CDClg): 7.56 (15, multiplet, 
PPh3), 5.14 (5, singlet, $-CsHS), 2.67 (4, multiplet, CH2), 1.13 (6, triplet, J 7.2 
Hz, CH,). IR spectrum (cm-’ in CHzCIz): v(C0) 2000. 13C NMR spectrum 
(-10°C in CHCI,): 132.55 (doublet, J 8.5 Hz, ortho-phenyl carbons), 131.62 
(singlet, para-phenyl carbons), 129.23 (doublet, J 9.8 Hz, meta-phenyl car- 
bons), 87.08 (singlet, Q~-GH~), 56-74, 53-18 (doublet, J 5-l Hz, singlet, C&C) 
21.46, 20.97 (singlets, CH2), 16.50, 15.31 (singlets, CH,). 

(~2-2-Butyne)(carbonyl)(_rl5-cyclopentadienyl)(triphenylphosphine)iron(II) 
tetrafluoroborate. A mixture of ($-CsH5)Fe(CO)(PPh3)I (l:O g, 1.9 mmol), 
AgBF, (0.40 g, 2.1 mmol) and 2-butyne (0.30 g, 5.6 mmol) which had been 
condensed at -20°C was stirred in CH&lZ (40 ml) for 15 minutes. This mix- 
ture was then filtered and the filtrate concentrated to 35 ml. Addition of ben- 
zene (100 ml) and scratching precipitated small purple needles which were col- 
lected, dried, and recrystallized from CH,Cl,/benzene (l/3, v/v, 60 ml) (0.64 g, 
63%), m-p. 138-139°C (Found: C, 60.30; H, 4.69. CZ8HZ6BF,FeOP calcd.: C, 
60.90; H, 4.75%). ‘H NMR spectrum (CDCl,): 7.42 (15, multiplet, PPh3), 5.15 
(5, doublet, J 1-l Hz, ??‘-C5Hs), 2.08 (6, broad, CH,). IR spectrum (cm-’ in 
CH,CI,): Y(CO) 1998. 13C NMR spectrum (-35°C in CHC13): 218.19 (doublet, 
J 32.0 Hz, CO), 132.87 (doublet, J 9.7 Hz, ortho-pbenyl carbons), 131.88 
(singlet, para-phenyl carbons), 129.51 (doublet, J 10.2 Hz, meta-phenyl car- 
bons), 87-18 (singlet, q5-C5Hs), 48.84, 46.93 (doublet, J 6.0 Hz, singlet, C=C), 
11.78, 10.80 (singlets, CH,). 

(CarbortyL)(~i-cyclope~~tadieny1~(2-~i-propenyl)(triphenylphosplzine)- 
iron( A suspension of [(q5-C5H5)Fe(CO)(q’-allene)(PPh3)]BF4 (1.2 g, 2.2 
mmol) in THF (35 ml) was cooled to 0°C and L$electride (2.2 ml of a 1.0 iti 
solution in THF) added dropwise. The color of the solution immediately 
changed from the yellow color of the salt to an orange color. The solution was 
&rmed to room temperature and stirred for an additional 20 minutes. The sol- 
vent was evaporated and the orange residue extracted with benzene (5 ml). This 
solution was placed on a chromatograph column (alumina, 2 X 15 cm). Elution 
with benzene/hesane (l/l, v/v) gave a single orange band. The solvent was 
evaporated from this band, the residue extracted with diethyl ether (10 ml), 
and this solution filtered. Slow evaporation of the solvent yielded small orange 
crystals (0.5 g, 50%), m-p. 129-130°C (Found: C, 72.08; H, 5.39. C2,HZ5FeOP 
calcd.: C, 71.72; H, 5.52%). ‘H NMR spectrum (CDCI,): 7.34 (15, multiplet, 
PPh3), 5.54, 4.65 (1, 1, singlets, CH,=), 4.43 (5, singlet, $-CsHs), 2.22 (3, 
singlet, CH3). IR spectrum (cm-’ in hexane): v(C0) 1918. 13C NMR spectrum 
(CH&l,): 162.81 (doublet, J 25.5 Hz, Fe-C), 136.86 (doublet, J 39.9 Hz, 
P-bound pehnyl carbons), 133.42 (doublet, J 9.6 Hz, ortho-phenyl carbons), 
129.64 (singlet, para-phenyl carbons), 129.08 (doublet, J 9.7 Hz, meta-phenyl 
carbons), 124.10 (doublet, J 3.1 Hz, CH,=), 84.65 (singlet, $-C5H5), 40.01 
(singlet, CHIJ). 

Attempted isomerization of (q5-Cfi,)Fe(CO)(qI-C(CH3)CH2)(PPh3). A solu- 
tion of ($GH,)Fe(CO)($-C(CH,)CH,)(PPh,) (O-4 g) in heptane (35 ml) was 
heated at 90°C for 16 h. During this time there was no obvious color change in 
the solution. The solvent was evaporated to yield an orange powder. The ‘H 
NMR spectrum of this powder confirmed that no isomerization had taken 
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place. The compound remaining in the flask was transferred to a Schlenk tube 
which was evacuated and immersed in a 140°C oil bath for 20 minutes. The 
substance which formed was mainly a brown insoluble tar along with a small 
amount of ferrocene. Prolonged heating at 140” C gave fen-ocene as the pre- 
dominant product_ ? 

(Carbonylf(~s-cyclopentadienyl)(3-~’-3-hexenyl)(triphe~z~l~hosphir~e)iron(II). 
To a suspension of [(~S-C,H,)Fe(CO)(qz-3-hexyne)(PPh,)]BF, (2.0 g, 3.4 
mmol) in THF (30 ml) at -78” C was added L-Selecttide (3.6 ml of a 1.0 fi1 
solution in THF). This suspension was warmed to room temperature and the 
solvent was evaporated from the resulting red solution. The residue was 
extracted with benzene (6 ml) and placed on a chromatography column (alu- 
mina, 5 X 30 cm). Elution with hesane/benzene (2/l, v/v) gave an intense 
orange band which eluted ahead of a weaker green band. The orange band was 
collected and the solvent evaporated. The resulting red oil was extracted with 
boiling hexane (20 ml) and this solution filtered hot. Cooling overnight at 
-20” C yielded red crystals which were collected and dried in vacua (0.89 g, 
52%), m-p_ 128-129°C (Fdund: C, 72.49; H, 6.39. &H,,FeOP calcd.: C, ‘72.88; 
H, 6.31%). ‘H NMR spectrum (CS,): 7.23 (15, multiplet, PPh,), 4.74 (1, triplet, 
J 6.2 Hz, FeC(CH2CH,)QICH2CH,), 4.32 (5, singlet, $-C5H5), multiplet centered 
at 1.43 (4, FeC(CH,CH,)CHCH,CH,), multiplet centered at OS1 (6, FeC(CHZ- -- 
CH,)CHCH,CH,). IR spectrum(cm-’ in hexane): Y(CO) 1915_ 13C NMR spec- 
trum (benzene): 147.63 (doublet, J 28.0 Hz, Fes-(CH,CH,)CHCHZCH,), 141.38 
(doublet, J 7.3 Hz, FeC(CH,CH3)BCH2CH,), 13’7.51 (doublet, J 40.8 Hz, 
P-bound phenyl carbons), 133.88 (doublet, 59.7 Hz, ortho-phenyl carbcns), 129.71 
singlet, parer-phenyl carbons, 84.80 (singlet, qs-CSHs), 46.40 (singlet, FeC(C_H2- 
CH3)CHCH2CH3), 37.30 (singlet, FeC(CH,CH,)CHCZHZCH,), 23.41 (singlet. 
FeC(CH,CH,)CHCH,CH,), 15.32 (singlet, FeC(CH,CH,)CHCH,CH,); the meta- -- 
phenyl carbons were obscured by the benzene resonance. 

(N-Acrylonitrile)(carbonyl)(~s-cyclopentadienyl)(triphenyIphosp~zine)- 
iron tetrafluoroborate. A mixture of ($-CsHS)Fe(CO)(PPh,)I (1.0 g, 1.9 
mmol), AgBF, (0.39 g, 2.0 mmol), and freshly distilled acrylonitrile (0.10 g, 
1.9 mmol) was stirred in CH,Cl, (30 ml) for 15 minutes. The mixture was fil- 
tered using filter-aid and the filtrate was concentrated to 10 ml. Slow addition 
of hesane (10 ml) yielded red crystals when stored at 0” C overnight (0.88 g, 
84%), m-p. 168-170°C (Found: C, 58.76; H, 4.26. CZ7H,,BF,FeNOP calcd.: C, 
58.82; H, 4.17%). ‘H NMR spectrum (acetone-d,): 7.59 (15, broad with a high 
field shoulder, PPh,), 6.03 (1, broad, CH), 5.90 (2, broad, CH?), 5.10 (5, dou- 
blet, J 1.5 Hz, q5-CsHs)_ IR spectrum (cm-’ in CH&l,): v(C0) 1980. “C N&ZR 
(CH,Cl,): 216.08 (doublet, J 28 Hz, CO), 140.79 (singlet, CHZ), 132.42 (dou- 
blet, 48.4 Hz, P-bound phenyl carbons), 133.14 (doublet, J 9.8 Hz, ortho- 
phenyl carbons), 131.62 (singlet, para-phenyl carbons), 130.62 (singlet, CN), 
129.33 (doublet, J 10.3 Hz, me&phenyl carbons), 106.69 (singlet, CH), 84.96 
(singlet, $-CgH5). 

(N-I-Cyano-3-~nethyl-2-brttene)(carbolzyl)(q5-cyclopentadie~zyl)(triplze~zyl- 
phosphine)iron(II) tetraflnoroborate. A mixture of ($-C5H,)Fe(CO)(PPh3)I 
(1.0 g, 1.9 mmol), AgBF, (0.39 g, 2.0 mmol) and distilled 3-methyl-1-cyano-2- 
butene (0.18 g, 1.9 mmol) was stirred in CH,Cl, (30 ml) for 30 minutes. The 
mixture was then filtered using filter-aid and the filtrate was concentrated to 
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10 ml. Slow addition of hexane (8 ml) yielded red crystals when stored over- 
night at -20°C (0.98 g, 8X%), m-p. 156--157.5”C (Found: C, 60.91; H, 4.86. 
C,,H,,BF,FeNOP calcd.: C, 60.73; H, 4.88%). ‘H NMR spectrum (acetone-de): 
7.60 (15, broad with high field shoulder, PPh,), 5.03 (5, doublet, J 1.8 Hz, q5- 
CSH5), 3.25 (2, doublet, J 8.1 Hz, CH,), 2.70 (1, triplet, J 7.2 Hz, CH), 1.58 (3, 
singlet, CH,), 1.42 (3, singlet, CH,). IR spectrum (cm-’ in CH&l,): v(C0) 
1988. r3C NMR spectrum (CH,Cl,): 210.00 (doublet, J 28-O Hz, CO), 13859 
(doublet, J 48.4 Hz, P-bound phenyl carbons.), 134.26 (doublet, J 9.6 Hz, 
ortho-phenyl carbons), 131.08 (doublet, J 9.4 Hz, par-a-bound phenyl carbons), 
129-10 (doublet, J 9-8 Hz, meta-phenyl carbons), 121.70 (singlet, CN), 110.58 
(singlet, CH), 109.53 (singlet, C(CH,),), 84.54 (singlet, $-C&H,), 25.53, 18.66 
(singlets, CH3), 17.58 (doublet, J 0.2 Hz, C(CH,);). 

(Carbony1)(~5-cyclopentadienyl)(N-3-cyano-2-methylpropene)(triphenyl- 

phosphine)iron(ll) tetrafluoroborate. A mixture of ($-CsHS)Fe(CO)(PPhs)I 
(1.0 g, 1.9 mmol), AgBF, (0.39 g, 2.0 mmol) and distilled 3-cyano-2-methyl- 
propene (l-6 g, 2-O mmol) was stirred in CH,Cl, (30 ml) for 30 minutes. The 
mixture was filtered using filter-aid and the filtrate was concentrated to 10 ml. 

Slow addition of hesane (10 ml) yielded red crystals when stored at -20” C 
overnight (1.05 g, 95’%), m-p. 176-177°C (Found: C, 60.11; H, 5.00. C29H2,- 
BF,FeNOP calcd.: C, 60.12; H, 4.66%). ‘H NMR spectrum (acetone-d6): 7.56 
(15, broad with high field shoulder, PPh3), 5.02 (5, doublet, J 1.8 Hz, q5-CsHs), 
4.F2, 4.68 (2, singlet, CH,=), 3.39 (2, singlet, CH?CN), 1.54 (3, singlet, CH,). 
IR spectrum (cm-’ in CH,Cl,): Y(CO) 1988. 13C NMR spectrum (CH,CI,): 210.00 
210.00 (doublet, J 28.0 Hz, CO), 134.78 (doublet, J 48.0 Hz, P-bound phenyl 
carbons), 132.26 (doublet, J 10.1 Hz, ortho-phenyl carbons), 131.62 (singlet, 
para-phenyl carbons), 131.28 (singlet, CN), 129.35 (doublet, J 10.3 Hz, meta- 
phenyl carbons), 115.75 (singlet, CH,=), 100.21 (singlet, QCH,)), 85.44 sin- 
glet, qS-C5H,), 28.04 (singlet, CH,), 21.04 (singlet, B,CN). 

(CarbonyI)($-cyclopen tadieizyI)(N-3-cyalzopropene)(triphenylphosphine)- 

iron tetrafluoroborute. A mixture of (q’-CSH,)Fe(CO)(PPh3)I (0.75 g, 1.4 
mmol), distilled 3-cyanopropene (0.10 g, 1.5 mmol) and AgBF, (0.40 g, 2.1 
mmol) was stirred in CH&lz (30 ml) for 30 minutes. The misture was filtered 
using filter-aid and the filtrate concentrated (10 ml)_ Slow addition of hesane 
(8 ml) yielded red crystals when stored at -20” C overnight which were col- 
lected and dried (0.76 g, 96%), m.p. 180-182°C (Found: C, 59.19; H, 4.49. 
Cz8H2,BF,FeNOP &cd.-. C, 59.48; H, 4.42%). ‘H NMR spectrum (acetone-d,): 
7.59 (15, broad with a high field shoulder, PPh,), 5.60 (2, broad, CH,=), 5.35 
(1, multiplet, CH), 5.09 (5, doublet, J 1.5 Hz, $-C,H,), 3.38 (2, multiplet, 
CH,). IR spectrum (cm-’ in CH,Cl,): v(C0) 1988. 13C NMR spectrum (CH2Cl,): 
218.19 (doublet, J 28.0 Hz, CO), 136.46 (doublet, J 49.0 Hz, P-bound phenyl 
carbons), 133-10 (doublet, J 10.0 Hz, ortho-phenyl carbons), 131~50 (singlet, 
para-phenyl carbons), 130.85 (singlet, CN), 128.26 (doublet, J 10.3, meta- 

phenyl carbons), 124.61 (singlet, CH), 121.71 (singlet CH,=), 85.48 (singlet, 
@-CsHs), 23.71 (singlet, CH,CN). 
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Results 

Synthesis and characterization of new coinplexes. A red-brown CH,CI, solu- 
tion of (q5-C5H5)Fe(CO),I slowly turns purple over 30 minutes when treated 
with one equivalent of AgBF4. This generates in solution presumably the 
16-electron species [ ($-C5H5)Fe( CO),] + (II), probably solvated with CH&I, 
[ 51. This intermediate, which has carbonyl stretching bands at 2022 and 2065 
cm-‘, only slowly decomposes in solution to [ ($-C,H,)Fe(CO),] +. Attempts to 
isolate II produced a purple solid which would not redissolve in CH,Cl,. Addi- 
tion of three equivalents of standard olefins such as cyclopentene to the CH,- 
Cl:! solution of II rapidly leads to the formation of known q*-olefin complexes 
which can be isolated in ca. 70% yield. Even cyclohexene, a ligand known to be 
rather poor in this system, will form a complex in 72% yield. The addition of 
cycloheptatriene produces [(~S-C5H,)Fe(CO),(l,2-~2-C,H,)1BF4, isolated in 
44% yield. This new complex apparerttly also forms to some extent when the 
THF adduct I is mixed with cycloheptatriene in CH2C12 but it could not be iso- 
lated in pure form from this reaction. Although in acetone or nitromethane 
solution the solvent will displace- the cycloheptatriene ligand, a high quality 13C 
NMR spectrum was obtained in CH2C12 at -10°C. This spectrum has four reso- 
nances in the normal olefin region and two more around 72 ppm; the region 
typical for coordinated alkene carbon atoms [ 21. Thus, the cycloheptatriene 
must be coordianted to the metal via the 1,Zcarbon atoms. 

Addition of the acetylenes 3-hexyne, Z-butyne, and 1,2_diphenylacetylene to 
a CHzClz solution of II leads to the isolation of the respective [($-&H,)Fe- 
(CO), (r)2-acetylene)]BF, complexes in good yield. The 3-hesyne and 2-butyne 
ligands are not displaced by acetone in solution but diphenylacetylene is dis- 
placed rapidly. Although these complexes will form in the exchange reaction of 
I with the acetylene, the in situ reaction of II is a much cleaner procedure, 
especially for the weaker ligand diphenylacetylene. 

The dark green CH,Cl, solution of (q5-C5H5)Fe(CO)(PPh,)I immediately 
turns bright green when treated with AgBF,. In order to isolate new complexes 
from this solution, the incoming ligand must be present when the AgBF, is 
introduced or added to the solution within a couple of minutes. If not, the 
[(q’-C,H5)Fe(CO)(PPh3)]+ (III) presumed intermediate rapidly decomposes to 
[(~5-C,H5)Fe(CO),(PPh3)]‘. The presence of an olefin such as 1-butene or 
cyclooctene in a CHzClz solution of III leads readily to the isolation of the new 
q!-olefin complex in good yield. Also, the allene, 3-hexyne and 2-butyne com- 
plexes can be prepared by this route. Complexes with propene, cis-Z-butene 
and diphenylacetylene form in solution but could not be isolated. Of the new 
isolated complexes, only the allene ligand is not displaced by the solvent in ace- 
tone solution. Only the allene and known ethene complexes [6] can be pre- 
pared from [($-C,H,)Fe(CO)(PPh~)(THF)]BF~ in CH,Cl,. 

The cyanide-substituted olefins acrylonitrile, 3-cyanopropene, 1-cyano-3- 
methyl-2-butene and 3-cyano-2-methylpropene all rapidly turn the CH&l2 solu- 
tion of III red. From these solutions, red, air stable crystals can be isolated in 
good yield. The 13C (‘H} NMR spectra of each of these compleses have resp-. 
nances in the olefin region that are readily assigned [7] to a non-coordinated 
carbon-carbon double bond and also a resonance at ca. 130 ppm that can be 
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assigned to a N-bound nitrile carbon. Also, no sharp intense band around 2220 
cm-’ is observed in the IR spectra of the complexes as would be expected for a 
non-coordinated cyanide group. Thus, all of these olefins bond in the metal 
through the nitrogen lone pair. Note that the 13C NMR spectrum of [(~s-C5H5)- 
Fe(CO)2(acrylonitrile)]BF, also shows resonances for the olefin ligand as 
described above for the analogous phosphine-substituted compound. This con- 
firms an earlier suggestion made on the basis of ‘H NMR and IR that this com- 
plex also contains a N-bound acrylonitrile ligand [S] _ 

Reactions of new complexes. The [(~5-CsHs)Fe(CO),(~2-acetylene)lBF, 
complexes react with NaBH,CN to yield new a-vinyl complexes in low yield. The 

‘main product of these reactions is [(~J~-C~H~)F~(CO),]~. These complexes were 
isolated after chromatography purification as yellow, air-sensitive oils that ther- 
mally decompose at room temperature in two days and were characterized by 
r3C and ‘H NMR and IR spectroscopy. More stable o-vinyl complexes were pre- 
pared by the reduction of [($-CsHS )Fe(CO)(PPh,)(n*-allene)]BF, and [ ($-Cs- 
Hs)Fe(CO)(PPh,)(q2-3-hexyne)]BF, with LiB(CH(CH3)C2Hs),H (L-Selectride) 
to produce in good yield ($-CsHs)Fe(CO)(PPh,)(C(CH3)CH2) and ($-CsHs)Fe- 
(CO)(PPh,)(C(CH,CH,)CHCH,), respectively. The hydride reagent NaBH,- 
CN is not successful in these reactions. These new complexes were completely 
characterized and were used to support the spectral characterization of the 
dicarbonyl-o-vinyl complexes_ Both of these complexes are thermally very 
stable and can be heated in solution at 90°C with no decomposition or isomeri- 
zation of the a-vinyl group. Although they do decompose at 14O”C, no ($-Cs- 
HS)Fe(CO)(PPh,)H was produced in the decomposition. Interestingly, in the 
reduction of the allene complex with NaBHa, some ($-CsHS)Fe(CO)(PPh3)- 
(CH(CH,)CH,) is produced in addition to the expected a-vinyl complex. 

Discussion 

A variety of methods are now available for the synthesis of [($-CsHs)Fe- 
(CO)2(~2-olefin)]c complexes_ The most common method is an exchange reac- 
tion with the isobutylene @a] or THF [2] complex in an inert solvent_ These 
methods are quite successful for cases in which the incoming olefin coordinates 
strongly to the iron. For weaker ligands such as cyclohexene, yields are low. 
The THF adduct can be made more reactive by introducing gaseous BF, into 
the reaction. In this case the isolated yield with cyclohexene is 92% [2]. 
Although very useful, this method suffers the disadvantage of having to care- 
fully handle the highly corrosive BF3 gas and also some olefins are polymerized 
by BF3. Another method that is useful for preparing complexes of weakly coor- 
dinating olefins is to react an epoxide with [(q’-CgH5)Fe(C0),]- followed by 
two equivalents of acid [9]. This method has been used to prepare complexes 
of weakly coordinating olefins in good yield, but it suffers the disadvantage of 
having to prepare the epoxide. Also, the iron anion is quite air-sensitive and 
must be handled carefully in an inert atmosphere. Another method of prepar- 
ing these complexes is to oxidize [(n’-CsHs)Fe(CO),] 2 with the trityl cation in 
CHzClz in the presence of the ligand [ 5b]. This reaction is useful for a number 
of simple olefins but cannot be readily used with ligands that are oxidized by 
the trityl cation. Also, the reactions are fairly slow. The reaction of (q5-CsHs)- 
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Fe(CO),I with AgBF, in CH,C’Q reported here is rapid and the solution can be 
filtered to remove any excess silver salt before the olefin is added. This leads to 
the isolation of known olefin complexes, in particular the cyclohexene com- 
plex, in ca. 70% yield. Also t’ne new complexes of cycloheptatriene and the 
internal acetylenes 3-hexyne, 2-butyne and diphenylacetylene have been pre- 
pared by this method. As this is a rapid one step reaction from a readily avail- 
able starting material ( (q5-C,Hs)Fe( CO)*1 can be prepared in better than 80% 
yield from the reaction of [($-C5H5)Fe(CO) ] 2 2 and Iz .on a large scale [ 3]), this 
is a very attractive method for preparing these complexes, especially if the 
ligand does not strongly coordinate to the iron. Because the reaction takes 
place rapidly after the ligand is added, gaseous olefins can simply be bubbled 
into the solution for a short time conserving the olefin. Also, although the reac- 
tions have been generally carried out in the presence of three equivalents of 
olefin, yields are not substantially lowered if only one equivalent of the olefin 
is used, thus also conserving the olefin. 

This new method can be readily extended to the preparation of [(q5-C5H5)- 
Fe(CO)(PPh,)(q*-un)]BF, (un = unsaturated hydrocarbon) complexes. In this 
system, the THF adduct can only be used to prepare the’ethene [2] and allene 
adducts and the other general routes outlined above for the dicarbonyl system 
are not applicable because neither the appropriate anion nor dimer needed in 
the various preparations are known. These new triphenylphosphine derivatives 
are not as stable as the respective dicarbonyl complexes_ Another difference in 
the two systems is that the 16-electron species generated in solution upon 
iodide e&-action from the starting material by Age is much less stable in the 
phosphine system and must be mixed with the incoming ligand immediately. 
Although yields are optimum in the dicarbonyl system if the olefin is intro- 
duced 30 minutes after the AgBF4 is added, they are not lowered substantially 
if-the olefin addition is delayed by 2 h. 

Attempts to prepare sr-olefin complexes of cyano-substituted olefins failed 
because the nitrogen lone pair bonds preferentially to the iron. Carbon-13 
NMR is very diagnostic for the mode of coordination because the olefin car- 
bon atom resonances moved less than three ppm upon complex formation 
whereas they generally move upfield by 60 ppm when coordinated to the iron 
[ 2]_ Also, the cyanide carbon moved downfield ca. 14 ppm. 

Attempts to prepare o-vinyl complexes by hydride addition to the q’-acety- 
lene complexes in the dicarbonyl system met with limited success. Low yields 
were encountered and the complexes are not very stable. Hydride addition to 
the allene and 3-hexyne complexes in the phosphine system produced stable 
complexes in ca. 50% yield. The main difference in these reactions is that [(q’- 
(C,H,)Fe(CO),,z 1 forms in preference to a desired product in the dicarbonyl sys- 
tem whereas in the phosphine system there does not seem to be the analogous 
byproduct to lower isolated yields. This was particularly important in these 
reactions because the reagent L-Selectride was much more successful in the 
phosphine system than either NaBH4 or NaBH3CN whereas in the dicarbonyl 
system L-Selectride led only to the production of the iron dimer. 

We have recently shown that ($-CsH5)Fe(CO)(PPh,)(alkyl) complexes 
undergo a clean &elimination reaction to form ($-&H,)Fe(CO)(PPh,)H and 
olefin at elevated temperatures [lo]. Also, certain alkyl groups readily iso- 
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merize on the metal (e.g., the see-butyl compound isomerizes to the n-butyl 
derivative [II])_ Neither of these processes were observed for the new phos- 
phine-substituted o-vinyl complexes. They are stable in solution at 9O”C, tem- 
peratures high enough to cause both the decomposition and isomerization reac- 
tions for alkyl complexes. They will pyrolyze at 14O”C, but no ($-C5H5)Fe- 
(CO)(PPh,)H could be isolated_ Previous results have shown that this hydride 
complex can survive these reaction conditions [lo]. 

There are two obvious explanations for these differences in reactivity of the 
alkyl and vinyl derivatives. It has been shown that for either the decomposition 
[lo] or isomerization [ll] reaction to take place the phosphine ligand must 
first dissociate to form the intermediate IV shown below. This dissociation 
could be a higher energy process for the vinyl complexes_ Because the spectral 
properties of the vinyl complexes match those of the alkyls, large differences 
in the bonding of the phosphine ligancl to the iron seem unlikely_ Alternatively, 
the &elimination process shown below could be of higher energy for a vinyl 
complex such as IV than the analogous alkyls_ 

/‘“’ 
Fe- 

/ 
co 2 

(IV) 

Q 
Fe-ii”* 

co i H 
CH2 

Schwartz has shown this to be the case in an iridium system [ 12]_ Although 
further investigations 011 this point are necessary, this is a reasonable explana- 
tion in this case. 
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