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was washed with the precooled (-30 "C) solvents n-hexane (4 X 
10 mL) and ether (4 X 5 mL). The residue was digested at -20 
"C with 12 mL of methanol. Most of the red liquid phase was 
inversely filtered off at -50 "C. The remaining slurry was re- 
dissolved in 15 mL of acetone, inversely filtered, and cooled on 
dry ice, giving at first 60 mg and after concentrating the mother 
liquor to half its volume, another 360 mg of bright yellow, mi- 
crocrystalline 4a. Isolated yield 420 mg (31%) of 4a. For 
spectroscopic properties cf. Table I. 

To NMR monitor the formation of 4a and 5a, the reaction was 
carried out in a 1 0 "  NMR tube as follows. To a THF/THF-$ 
(2.5 mL) solution of 0.48 g (1.1 mmol) of la at -78 "C was added 
neat DMAD (0.17 mL, 1.38 mmol) with stirring and then at -50 
OC was added 0.13 mL (1.1 "01) of P(OMe)3. The mixture was 
left standing for 4 days at -30 "C. 13C(1H) and 31P(1H) NMR 
spectra indicated a virtually complete transformation into 4a. The 
solution was further kept at 0 "C for 6 days, giving, after evap- 
oration of the solvent and drying in high vacuum, 0.76 g (102%) 
of crude 5a. The residue was redissolved in 8 mL of THF and 
cooled to -30 "C, giving a pale yellow precipitate and a dark brown 
mother liquor. At 0 "C the precipitate was washed with 1 mL 
of THF and dryed in vacuo. Spectroscopically, the sample was 
found pure enough to be combined with 5a that had been prepared 
analogously from spectroscopically pure microcrystalline 4a that 
had been prepared as described above. Anal. Calcd for 
C28H33FeN2011P: C, 50.93; H, 5.04; N, 4.24. Found: C, 50.44; 
H, 5.18; N, 4.06. For spectroscopic properties of 5a cf. Table 11. 

Crystal Structure of 5a. Single crystals suitable for X-ray 
diffraction were obtained by slowly cooling an acetone solution 
of 5a. A pale yellow crystal of ca. 0.3 X 0.2 X 0.5 mm3 was chosen, 
and 10022 intensities (0 I 30°, h -16 to 16, k -19 to 19,lO to 16) 
were measured on a Nonius CAD4 diffractometer employing 
graphite-monochromated Mo Ka radiation. A total 4160 inten- 
sities were below the 2.5uQ level and were treated as unobserved. 
Pertinent experimental and crystallographic details are collected 

in Tables IV and V. Fe, P, and one ring were found by means 
of direct methods (SIMPEL14); subsequent Fourier syntheses 
yielded the rest of the structure including one molecule of acetone. 
Refinement proceeded by means of block-diagonal least-squares 
calculations. An empirical absorption correction (DIFABS'6) was 
applied. The positions of the H atoms were indicated in a AF 
synthesis and included in the refinement with isotropic tem- 
perature parameters. Continued refinement converged to an R 
value of 0.048 (R, = 0.075) for the 5862 observed reflections. A 
weighting scheme w = 1/(5.8 + F, + 0.019F:) was applied, and 
the anomalous scattering of Fe was taken into account. The 
further programs used were from XRAY 76.l6 
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Chlorine is displaced in l-chloro-l-methyl-2,5-diphenylsilole by dicarbonyl(q5-cyclopentadienyl)ferrate(I) 
to give a silole with a Si-Fe u bond. Attempts to displace the carbonyl ligands to  give the corresponding 
silaferrocene were unsuccessful. This new d o l e  behaves as an efficient q4-ligand with transition metals, 
giving a new series of complexes which present an interesting reactivity. Thus the Si-Fe bond can be cleaved 
without decoordination of the q4-ligand, and the COCO bond in (CO)6(q4-silole)Co2 can be cleaved without 
cleavage of the Fe-Si bond. These q4-complexes are fluxional as observed for other series. The inter- 
conversion, in solution, of the two enantiomers cis-&, and cis-A,, has an activation energy of -35 kJ mol-' 
and a coalescence temperature of -200 K. However, contrary to other cases, the presence of diastereoisomers 
cannot be detected. 

Introduction 
In the rapidly developing field of group 14 metal lole~,2~~ 

numerous papers have dealt with the search for the q5- 

(1) Part 4 CarrC, F.; Colomer, E.; Corriu, R. J. P.; Lheureux, M.; CavC, 

(2.) Dubac, J.; Laporterie, A.; Manuel, G. Chem. Reo., submitted for 

(3 )  Colomer, E.; Corriu, R. J. P.; Lheureux, M. Chem. Reo., submitted 

A. J. Organomet. Chem. 1987,331, 29. 

publication. 

for publication. 
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metallacyclopentadienyl species. The similarities between 
cyclopentadienes and siloles make attractive the stabili- 
zation of the latter by coordination to  a transition metal. 
Its observation in mass spectrometry has been reported4p6 
without further evidence. 

Functionalization at silicon could be approach to q5- 

(4) Sakurai, H.; Hayashi, J. J. Organomet. Chem. 1973, 63, C10. 
(5) Fink, W. Helo. Chim. Acta 1974,57, 167. 
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species, by participation of the  group 14 metal in the  co- 
ordination sphere of the transition metal (eq 1). 

Colomer et al. 

phenylsilole, 3 g (10.7 mmol) in 30 mL of THF at -78 O C .  After 
the addition was complete, the solution was allowed to warm to 
room temperature and was stirred for 12 h. The solvent was 
evaporated in vacuo, and the residue was dissolved in the min- 
imum amount of toluene. Column chromatography on acidic 
alumina (toluene/hexane, 1/1) gave a yellow band that was 
collected, concentrated to -20 mL, and cooled at -78 OC to 
precipitate the product. Recrystallization from CHzClz/hexane 
at -20 "C afforded 3.75 g of yellow needles of 1 (yield 83%): mp 
121-122 "C; 'H NMR (CCl,) 6 7.50-6.80 (m, 12 H, aromatic and 
olefinic), 4.31 (s, 5 H, C5H5), 0.90 (s, 3 H, CH,); IR (cyclohexane) 
uc0 2015 (s), 1955 (s) cm-'; mass spectrum, m/e (assignment) 424 
(molecular peak for =Fe), 368 (M+ - 2CO). Anal. Calcd for 
Cz4HmOzFeSi: C, 67.95; H, 4.72. Found: C, 67.86; H, 4.76. 

Carbonyl ( q5-cyclopentadienyl) ( 1 -met hyl-2,5-dip henyl- 
silacyclopentadien-1-yl)(triphenylphosphine)iron (2). A 
solution of 1 (700 mg, 1.65 mmol) and triphenylphosphine (432 
mg, 1.65 mmol) in 300 mL of hexane was irradiated for 2.5 h 
(100-W lamp). The reaction was monitored by IR (disappearance 
of the vm bands due to 1). The solvent was evaporated in vacuo, 
the residue was chromatographed on a silica gel column (tolu- 
ene/hexane, 9/1), and the orange band was collected. The solvent 
was evaporated in vacuo, and the residue was crystallized from 
toluene/hexane (1/3) at -20 OC to give 350 mg of orange crystals 
of 2 (yield 32%): mp 193-195 "C; 'H NMR (CDCl,) 6 7.27 (m, 
27 H, aromatic and olefinic), 3.87 (d, JHp = 1.8 Hz, 5 H, C5H5), 
0.60 (s,3 H, CH,); IR (toluene) vm 1909 (s) cm"; mass spectrum, 
m/e (assignment) 658 (molecular peak for =Fe), 630 (M' - CO), 
368 (M+ - CO - PPh,). Anal. Calcd for C41H&eOPSi: C, 74.77; 
H, 5.32. Found: C, 74.83; H, 5.32. 

UV Irradiation of 1 in Methanol. A solution of 1 (200 mg, 
0.472 mmol) in 60 mL of methanol was irradiated for 8 h (100-W 
lamp) to given an orange solution. The reaction was monitored 
by IR. The vco bands due to 1 disappeared, and a new band at 
1939 cm-' (in addition to those of [Fe(C0)z(q5-C5H5)]2) was ob- 
served. Fractional crystallization from hexane at -20 "C afforded 
the iron dimer (25 mg, yield 31%) and 1-methoxy-1-methyl-2,5- 
diphenylsilole (20 mg, yield 15%) which was identified by com- 
parison to an authentic samp1e.l' The new carbonyl-containing 
complex decomposed upon attempted isolation. 

W Irradiation of 1 in Hexane. The experimental conditions 
were the Same as above except using hexane, and the solution was 
irradiated for 16 h. After this time, the vco bands due to 1 had 
disappeared; the solvent was evaporated in vacuo. Column 
chromatography of the residue on acidic alumina gave 1,4-di- 
phenylbuta-1,3-diene (hexane) (30 mg, yield 31%, identified by 
comparison with an authentic samplea) and [Fe(CO)2(q5-CsH5)]z 
(toluene) (30 mg, yield 37%). An orange compound, eluted with 
toluene/hexane (9/ l), decomposed upon attempted purification 
(uc0 1938 cm-'). 

cis -Dicarbonylbis[q4-exo -l-{dicarbonyl(q5-cyclo- 
pentadienyl) ferriol-endo -1-methyl-2,5-diphenylsilole]mo- 
lybdenum (3). A solution of 1.05 g of 1 (2.5 mmol) and 400 mg 
of Mo(CO),(COD) (1.26 mmol) in 15 mL of octane was refluxed 
for 1.5 h. The solvent was evaporated in vacuo, and the residue 
was extracted with four 20-mL portions of hexane. Hexane was 
evaporated in vacuo, and the residue was chromatographed on 
a silica gel column (toluene hexane, 9/1) to afford unreacted 1, 
a red band, and [Fe(C0),(&C5H5]. The red solution was left at 
-20 "C to afford 295 mg of 3 (yield 20%), orange crystals. Complex 
3 crystallizes with two molecules of toluene ('H NMR and ele- 
mental analysis): mp 223-226 "C; 'H NMR (CDCI,) 6 7.27-7.17 
(m, 30 H, aromatic), 5.10 (s, 4 H, olefinic), 4.24 (a, 10 H, C5H5), 
2.35 (s, 6 H, toluene), 1.29 (8,  6 H, endo-CH,); IR (toluene) vco 
1988 (s), 1973 (m), 1933 ( 8 )  cm-'. Anal. Calcd for 
CMH&ezMoOsSiz: C, 64.85; H, 4.73. Found C, 64.63; H, 4.68. 

cis -Dicarbonylbis[q4-exo -l-{dicarbonyl(q5-cyclo- 
pentadieny1)ferrio)-endo - l-methyl-2,5-diphenylsilole]tung- 
sten (4). Complex 1 (1.05 g, 2.5 mmol) and W(CO),(COD) (485 
mg, 1.2 "01) in 15 mL of octane were refluxed for 8 h. A similar 
work up as above afforded 732 mg of orange crystals of 4 (yield 
48%). Complex 4 crystallizes also with two molecules of toluene: 
mp 260-262 O C ;  'H NMR (CDCld 6 7.27-7.17 (m, 30 H, aromatic), 

Complexes with functional silicon atoms have been ob- 
tained both by cleavage of the exo substituent and by 
complexation of functional met all ole^.^'^ Unfortunately, 
neither of these procedures led to the expected q5-metal- 
lacyclopentadienyl complex. Also, a p-germylene complex 
was formed from the reaction of a germole with diiron 
nonacarbonyl instead of the expected dicarbonyl(q5-ger- 
moly1)iron dimer.16 These facts contrast with the de- 
velopment of the chemistry of the  q5-phospholyl com- 
p1exes.l' 

In this report we describe the use of a silole with a 
silicon-iron Q bond as a ~~-1igand and the properties of the 
new complexes. 

Experimental Section 
All reactions were carried out under nitrogen using a vacuum 

line and Schlenk tubes. Solvents were dried and distilled before 
use. The following starting materials were prepared by literature 
methods: l-chloro-l-methyl-2,5-diphenylsilole," Cr(CO)4(COD)15 
(COD = 1,5-cyclooctadiene), Mo(CO)~(COD),"' W(CO)4(COD),'9 
Fe2(C0)9,20 and Ni(COD)221 The following starting materials 
were commercially available: CO~(CO)~, [Fe(CO)2(q5-C5H5)]2, 
R U ~ ( C O ) ~ ~ ,  and Ph3SnC1. 

Photochemical reactions were performed with a 100- or a 450-W 
medium-pressure Hanovia mercury lamp in a quartz vessel. 
Melting points were taken in an oil-circulating apparatus in vacuo. 
IR spectra were recorded with a Perkin-Elmer 298 spectropho- 
tometer, NMR spectra with a Varian EM 360 or a Bruker WM 
360 WB spectrometer (chemical shifts, 6, are relative to Me4Si), 
and mass spectra on a JEOL JMS-DX 300 spectrometer. 

Dicarbonyl( q5-cyclopentadienyl)( 1 -methyl-2,5-diphenyl- 
silacyclopentadien-1-y1)iron (1) .  A solution of Na[Fe(CO)z- 
(q5-C5H5)],22 prepared from 2 g of [Fe(C0)z(q5-C&&]2 (5.65 "01) 
and 10 mL of 1% sodium amalgam in THF (30 mL), was added 
dropwise to a stirred solution of l-chloro-l-methyl-2,5-di- 

(6) Sakurai, H.; Hayashi, J.; Kobayashi, T. J. Organomet. Chem. 1976, 

(7) Jutzi, P.; Karl, A. J. Organomet. Chem. 1977, 128, 57. 
(8) Jutzi, P.; Karl, A.; Hofmann, P. Angew. Chem. 1980,92,496. 
(9) Jutzi, P.; Karl, A. J. Organomet. Chem. 1981,214, 289. 
(10) Jutzi, P.; Karl, A.; Burschka, C. J. Organomet. Chem. 1981,215, 

27. 
(11) Carr6, F.; Colomer, E.; Corey, J. Y.; Corriu, R. J. P.; Gugrin, C.; 

Henner, B. J. L.; Kolani, B.; Wong Chi Man, W. W. C. Organometallics 
1986, 5, 910. 
(12) Corriu, R. J. P.; Gudrin, C.; Henner, B. J. L.; Wong Chi Man, W. 

W. C. J. Organomet. Chem. 1987,320, C1. 
(13) Corriu, R. J. P.; GuBrin, C.; Henner, B. J. L.; Wong Chi Man, W. 

W. C. J. Organomet. Chem. 1987, 320, C7. 
(14) Carr6, F.; Corriu, R. J. P.; Cugrin, C.; Henner, B. J. L.; Kolani, 

B.; Wong Chi Man, W. W. C. J. Organomet. Chem. 1987,328, 15. 
(15) Burns, G. T.; Colomer, E.; Corriu, R. J. P.; Lheureux, M.; Dubac, 

J.; Laporterie, A.; Iloughmane, H. Organometallics 1987, 6, 1398. 
(16) Curtis, M. D.; Butler, W. M.; Scibelli, J. J. Organomet. Chem. 

1980,192, 209. 
(17) Mathey, F.; Fischer, J.; Nelson, J. H. Struct. Bonding (Berlin) 

1983, 55, 153. 
(18) Bennet, M. A.; Pratt, L.; Wilkinson, G. J. Chem. SOC. 1961,2037. 
(19) King, R. B.; Fonzaglia, A. Inorg. Chem. 1966, 5,  1837. 
(20) King, R. B. Organomet. Synth. 1965, 1 ,  93. 
(21) Bogdanovic, B.; Kroner, M.; Wilke, G. Liebigs Ann. Chem. 1966, 

(22) Piper, T. S.; Wilkinson, G. J. Inorg. Nucl. Chem. 1956, 3, 104. 

110, 303. 

699, 1. (23) Corson, B. B. In Organic Syntheses; Gilman, H., Blatt, H., Eds.; 
Wiley: New York, 1943; Coll. Vol. 11, p 229. 
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Coordination Chemistry of Group 14 Metalloles 

4.90 (s,4 H, Olefinic), 4.21 (8, 10 H, C&), 2.35 (s,6 H, toluene), 
1.30 (s,6 H, endo-CH,); IR (toluene) vco 1988 (s), 1976 (m), 1932 
(s) cm-'. Anal. Calcd for CMHMFe2O6Si2W: c, 60.38; H, 4.44. 
Found: C, 59.86; H, 4.18. 

Dicarbonyl( q6-cyclopentadienyl) [ 1 -met hyl-2- (tri- 
carbonylphenylchromium)-5-phenylsilacyclopentadien-1- 
ylliron (5). A solution of 500 mg of 1 (1.18 mmol) and 320 mg 
of Cr(CO),(COD) (1.18 mmol) in 20 mL of octane was refluxed 
for 1.5 h. The solvent was evaporated in vacuo, and the residue 
was chromatographed on a silica gel column (hexane/toluene, 7/3) 
to give a yellow band of unreacted 1 and an orange one. The last 
fraction was left at -20 "C to give 130 mg of orange crystals of 
5 (yield 20%): mp 170-172 "C; 'H NMR (CDCl,) 6 7.34 (m, 5 
H, aromatic), 7.17 (8, 2 H, olefinic), 5.48 (s, 5 H, qe-C6H5), 4.47 
(s,5 H, Cas) ,  0.82 (s,3 H, CH,); IR (toluene) vco 1995 (m), 1970 
(s), 1952 (m), 1900 (m), 1895 (m) cm-'; mass spectrum, m/e 
(assignment) 560 (molecular peak for 52Cr and SBFe), 504 (M+ - 
2CO), 476 (M+ - 3CO), 420 (M' - 5CO). Anal. Calcd for 
CnHzoCrFe06Si: C, 57.86; H, 3.57. Found C, 58.70; H, 3.84 (a 
more satisfactory result could not be obtained). 

Tricarbonyl[ ?'-ex0 -1-{dicarbonyl(q6-cyclopentadieny1)- 
ferrio)-endo-l-methyl-2,5-diphenylsilole]iron (6). A mixture 
of 310 mg of Fe2(C0)8 (0.852 "01) and 227 mg of 1 (0.535 "01) 
in 30 mL of benzene was heated at 65 "C for 16 h. The solvent 
was evaporated in vacuo; the residue was extracted with hexane 
and filtered through a fritted funnel (G4). The red solution was 
left at -78 OC to afford orange-red crystals of 6 (118 mg, yield 

matic), 5.76 (e, 2 H, olefinic), 3.93 (8, 5 H, C&), 1.53 (s, 3 H, 
endo-CH,); IR (hexane) vco 2040 (s), 2000 (s), 1988 (s), 1975 (e), 
1945 ( 8 )  cm-'; mass spectrum, m/e (assignment) 564 (molecular 
peak for MFe), 536 (M+ - CO), 508 (M+ - 2CO), 480 (M' - 3CO). 
Anal. Calcd for CnHpFe20&3i: C, 57.48, H, 3.57. Found C, 57.45, 
H, 3.56. 

Tricarbonyl[ q4-exo -1-{dicarbonyl(q5-cyclopentadienyl)- 
ferrio)-endo-l-methyl-2,5-diphenylsilole]ruthenium (7). A 
mixture of 213 mg of R u ~ ( C O ) ~ ~  (0.333 mmol) and 424 mg of 1 
(1 "01) in 30 mL of toluene was refluxed for 3 h. Similar workup 
as above followed by crystallization at  -78 "C afforded 180 mg 
of golden crystals of 7 (yield 29%): mp 103-105 "C; 'H NMR 
(C6D6) 6 7.17 (m, 10 H, aromatic), 5.77 (s, 2 H, olefinic), 3.93 (s, 
5 H, C&&, 1.47 (s,3 H, endo-CHJ; IR (toluene) vco 2058 (s), 1989 
(s, br), 1933 (s) cm-'. Anal. Calcd for CnH&e06RuSi: C, 53.20; 
H, 3.28. Found: C, 53.26; H, 3.61. 

H e x a c a r  bony l  [ q4- e x o  - 1 - {d icar  bonyl  ( q6-cyc  lo-  
pentadienyl) ferrio)-endo - 1-met hyl-2,5-diphenylsilole]di- 
cobalt (8). A solution of 544 mg of 1 (1.28 mmol) and 285 mg 
of CO~(CO)~  (0.835 mmol) in 25 mL of hexane was stirred for 12 
h at room temperature. The solution was cooled at  -20 "C, and 
the brown precipitate was filtered and chromatographed on an 
acid alumina column (hexane/CH& 1/11. The orange band 
was collected, the solvent was evaporated in vacuo, and the orange 
residue was crystallized four times from toluene/hexane at -20 
"C to give 90 mg of orange crystals of 8 (yield 15%): mp 168 OC 
dec; 'H NMR (CD2C12) 6 7.30 (m, 10 H, aromatic), 5.87 (s, 2 H, 
olefinic), 4.35 (8, 5 H, C5H5), 1.30 (s, 3 H, endo-CH,); IR (CH2C12) 
vco 2070 (e), 1990 (s), 1935 (w), 1825 (m) cm-'. Anal. Calcd for 
C30H20C02Fe08Sk C, 50.78; H, 2.82. Found: C, 51.17; H, 2.98. 

cis -Dicarbon ylbis ( q4-exo - 1-methoxy-endo - 1-met hyl-2,5- 
diphenylsilo1e)tungsten (10). To a solution of 500 mg of 4 (0.393 
mmol) in 30 mL of toluene was added dropwise a solution of 200 
mg of iodine (0.786 mmol) in 10 mL of toluene at -78 "C. The 
reaction mixture was allowed to warm to -50 "C, 3 mL of methanol 
(excess) in 10 mL of toluene was added, and the mixture was 
stirred for 12 h at room temperature. The solvent was evaporated 
in vacuo, and the residue was chromatographed on a silica gel 
column to give a black band (toluene/hexane, 9/1) and a yellow 
one (CH2C12). 

The black solution was evaporated in vacuo to give 160 mg of 
Fe(CO)2(~6-CJ36)I (yield 78%) which was identified by comparison 
with an authentic sample (Strem). 

The second fraction was evaporated in vacuo, and the residue 
was crystallized from toluene/hexane (1/5) at -78 "C to give 150 
mg of orange-yellow crystals of 10 (yield 47%): mp 201-202 "C; 
'H NMR (CDClJ 6 7.23 (m, 20 H, aromatic), 4.80 (s, 4 H, olefinic), 
3.01 (s,6 H, exo-CH,O), 0.90 (s, 6 H, endo-CH,); IR (hexane) vc0 

39%); mp 149.5-151 "c; 'H NMR (C&) 6 7.28 (m, 10 H, UO- 
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1993 (8); 1948 (e) cm-'; mass spectrum, m/e (assignment) 796 
(molecular peak for law), 768 (M+ - CO), 740 (M+ - 2CO), 710 
(M+ - 2C0 - 2CH3). Anal. Calcd for C~H3604Si2W: C, 57.28; 
H, 4.52. Found C, 57.04; H, 4.36. 

cis -Dicarbonylbis(q4-ex0 - 1-benzyl-endo - l-methyl-tC-di- 
phenylsilo1e)tungsten (11). Similarly as above, to 140 mg of 
4 (0.110 mmol) in 15 mL of toluene was added 56 mg of iodine 
(0.220 mmol) in 10 mL of toluene. The reaction mixture was 
allowed to warm to -30 "C, and 0.286 mL of a 1.75 M solution 
of PhCH,MgBr in ether was added. After 12 h, the solvent was 
evaporated in vacuo and the residue was chromatographed on 
a silica gel column. A yellow band was obtained (hexane), and 
after evaporation of the solvent, the compound was identified as 
Fe(CH2Ph)(CO)2(q5-C6H6) by comparison of its IR spectrum to 
that of an authentic sample.24 Elution with toluene/hexane (1/1) 
gave an orange band, the solvent was evaporated in vacuo, and 
the residue was crystallized from hexane at -78 "C to give 50 mg 
of orange crystals of 11 (yield 50%): mp 135-137 "C; 'H NMR 
(CDCl,) 6 7.41 (m, 20 H, aromatic), 6.66 (m, 10 H, aromatic), 4.66 
(s,4 H, olefinic), 1.69 (s, 4 H, benzylic), 0.82 (s,6 H, endo-CH,); 
IR (hexane) vco 1985 (s), 1940 (8) cm-'; mass spectrum, m/e 
(assignment) 916 (molecular peak for law), 825 (M+ - CH2Ph), 
706 (M+ - 2CH2Ph - CO). Anal. Calcd for CmHaOzSi2W: C, 
65.50; H, 4.80. Found: C, 65.01; H, 5.20. 

Tricarbonyl( q4-ex0 - 1 .met hoxy-endo - 1-met hyl-2,5-di- 
phenylsilo1e)iron (12). A solution of 300 mg of 6 (0.532 mmol) 
in 50 mL of methanol was irradiated (500-W lamp, external) for 
14 h; a red color developed. The solvent was evaporated in vacuo, 
and the residue was crystallized from THF/hexane at -78 "C to 
give violet crystals of [Fe(CO)z(05-C5H5)]2 (60 mg, yield 63%). The 
mother liquors were evaporated in vacuo and extracted with 
hexane; the solution was filtered through a fritted funnel (G4) 
and was left at -78 "C to afford a yellow microcrystalline powder 
(45 mg) of 12 (yield 20%) which was identified by comparison 
with an authentic sample.25 

Dicarbonyl[ q4-exo -1-(dicarbonyl( q5-cyclopentadieny1)- 
ferrio)-endo - 1 -met hyl-2,5-diphenylsilole] (triphenyl- 
stanny1)cobalt (13). A solution of 500 mg of 8 (0.50 mmol) in 
50 mL of THF was stirred for 2 h with 10 mL of 1% sodium 
amalgam. After this time it was added dropwise to 385 mg of 
PhsSnCl (1 mmol) in 30 mL of THF at -78 "C. The reaction 
mixture was allowed to warm to room temperature and stirred 
for 12 h. The solvent was evaporated in vacuo, and the residue 
was chromatographed on an acid alumina column. The red-orange 
band (CH2C12/hexane, 1/1) was collected, the solvent was evap- 
orated in vacuo, and the residue was crystallized from hexane at 
-78 "C to give 85 mg of red crystals of 13 (yield 19%): mp 80-82 
"C; 'H NMR (C6D6) 6 7.7-6.9 (m, 25 H, aromatic), 6.00 (s, 2 H, 
olefinic), 3.80 (8, 5 H, C&15), 1.53 (8 ,  3 H, endo-CH,); IR (hexane) 
vc0 2010 (s), 2000 (s), 1980 (s), 1950 ( 8 )  cm-'. Anal. Calcd for 
CuHsCoFeO4SiSn: C, 59.41; H, 3.94. Found C, 59.92; H, 3.83. 

Results and Discussion 
A few group 14 metalloles bearing silicon-transition- 

metal 0 bonds have been preparedZ6lz7 by reaction of the 
corresponding 1-chloro-substituted metallole with the 
appropriate metal carbonyl anion (eq 2). 

121 
Ph Ph Ph Ph 
- 

d E \ C ,  P : / E \ \ l L I L O I ,  

E - \I K '  Ph K' - Ph \le I C 0  ,L\l C(11 l q r  ( rHr 'Fe 
E - i;r x' - K -Ph tco ,LV - ICO 5v" rm3rtl ro tu' riHI~Fr 

An analogous procedure allows the formation of di- 
carbonyl(~5-cyclopentadienyl) (l-methy1-2,5-diphenyl- 
silacyclopentadien-1-y1)iron (1; R' = H, R2 = Me; (CO),LM 
= (CO),(T~-C,H,)F~). 

(24) Bruce, M. I. J. Organomet. Chem. 1967, 10, 495. 
(25) CarrC, F.; Corriu, R. J. P.; GuCrin, C.; Henner, B. J. L.; Wong Chi 

(26) Curtis, M. D. J. Am. Chem. SOC. 1969, 91, 6011. 
(27) Marinetti-Mignani, A.; West, R. Organometallics 1987, 6, 141. 

Man, W. W. C. Organometallics 1989, 8, 313. 
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Scheme I 
PP 

Colomer et al. 

il 

\ I  [ r  5 

UV Irradiation of 1. UV irradiation of 1, in hexane, 
in the presence of PPh3 resulted in the substitution of one 
carbonyl ligand and formation of 2 (eq 3). 

L'h @ Ph 

Ph Ph 

1 2 

Substitution of only one carbonyl ligand by triphenyl- 
phosphine has already been observed.28 Much decom- 
position also took place with formation of [F~(CO) , (T~-  
C5H5)I2. In order to understand how the Fe-Si bond is 
cleaved, the irradiation was performed in methanol, 
without phosphine. The iron dimer was the major product 
together with some l-methoxy-l-methyl-2,5-diphenylsilole 
(eq 4) (the latter is not formed by nucleophilic cleavage 
of the Fe-Si u bond).28b 

_- ,'+. '\ w I _ _  - 

c 1 > I  

Irradiation in hexane did not lead to the expected sila- 
ferrocene; instead formation of the iron dimer and 1,4- 
diphenylbuta-l,3-diene was observed; silicon-containing 
products could not be isolated (eq 5). This result is to 

49 
Fe 

be compared to the observations of Curtis in the C-tetra- 
phenylated seriesz6 and Abel with phosphole analogues.29 

Use of Complex 1 as a q4-Ligand. Complex 1 dis- 
placed thermally 1,5-cyclooctadiene and two carbonyls in 
M(CO),(COD) (M = Mo, W) to give the corresponding 
bis(silo1e) complexes 3 and 4 (Scheme I). It is interesting 
to  note that the M(C0)4(.r14-silole) complexes are not ob- 

(28) (a) King, R. B.; Pannell, K. H. Inorg. Chem. 1968, 7,1510. (b) 
Cerveau, G.; Colomer, E.; Corriu, R.; Douglas, W. E. J. Organomet. Chem. 
1977,135,313. 

(29) Abel, E. W.; Clark, N.; Towers, C. J. Chem. SOC., Dalton Trans. 
1979, 1562. 

Scheme I1 
+r 

\ I ~ F r  " - 1  m - S  6 

\I N v  ? ; m :I 7 

Scheme I11 
7'  

K '  

Scheme IV 

,,<' \h 
8 

b 

tained, contrary to other siloles which, depending on the 
experimental conditions, give mono- or bis(si1ole) com- 
~1exes . l~  The formation of 3 and 4 is stereospecific since 
only the isomers bearing the bulky Fp  groups in the exo 
position were observed in the crude reaction mixture. This 
specificity is also noted for other bis(silo1e) complexes in 
which the silicon atom is unsymmetrically s u b ~ t i t u t e d . ~ ~  
The stereochemistry was confirmed by 'H NMR."9l5 

The situation is quite different for M = Cr, since only 
the (arene)tricarbonylchromium complex 5 was formed 
(Scheme I), in contrast to previous observations. Indeed, 
the (arene)chromium derivative was obtained with Cr(C- 
0)6,31 but the s4-silole complex was formed with Cr(C- 
O),(COD) for 1-phenyl- and 2,5-diphenyl-substituted sil- 

Reaction of 1 with Fe2(C0)9 or R u ~ ( C O ) ~ ~  led to the 
corresponding q4-silole complexes (Scheme 11) , with the 
Fp groups in the exo position. This is in agreement with 
previous observations since when the difference in steric 
crowding of the 1-substituents is large, only the isomer 
bearing the bulkier group in the exo position is ob- 
tained. 14,15,32 

ales. 13,2530 

(30) Colomer, E.; Corriu, R. J. P.; Lheureux, M., to be submitted for 
publication. 

Trans. 1976, 2484. 

Techniques du Languedoc, Montpellier, 1987. 

(31) Abel, E. W.; Blackmore, T.; Whitley, R. J. J. Chem. SOC., Dalton 

(32) Wong Chi Man, W. W. C. Thsse, UniversitC des Sciences et 
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Scheme V 

r f l  
Scheme VI 

I 
OMe 

10 

I 
CHjPh 

I I  

Coordination of siloles by carbonyl displacement in 
C O ~ ( C O ) ~  can lead to two different types of complex- 
es11J3-16*26*31 (Scheme 111). Two carbonyl ligands were 
substituted by reaction with silole 1 and complex 8 (type 
A) was obtained; the yield, however, was low (15%) in 
contrast with 60-90% in other cases. Complex 8 also bears 
the bulky Fp in the ex0 position, but it is difficult to assert 
that the reaction is stereospecific since no 'H NMR spectra 
of the crude material could be recorded, due to para- 
magnetic impurities. 

Contrary to other siloles"J5 no complexation occurred 
with Ni(COD)2. The starting material 1 was recovered 
almost quantitatively. Complex 5 did not react with 
Fe2(CO)9 to  give the expected q4-silole complex, nor did 
6 react with Cr(C0)6 (Scheme IV). 

Reactivity of the Complexes. These complexes, as 
already observed for other ~ i l o l e s , ~  are very stable once 
isolated. Nevertheless they possess two reactive sites: (i) 
the silicon atom and (ii) the transition metal. 

(i) Reactions at the Silicon Atom. Treatment of 4 
with iodine leads to the cleavage of the Fe-Si sigma bond 
(as normally expected28b) to give complex 9 and di- 
carbonyl(q5-cyclopentadienyl)iodoiron. This reaction was 
carried out a t  low temperature to avoid any eventual ox- 
idation of tungsten by the halogen.33 Complex 9 was not 
stable and was treated in situ with methanol or with 
benzylmagnesium bromide. These nucleophiles displace 
iodide and lead to complexes 10 and 11 respectively 
(Scheme V). 

These reactions occur with retention of configuration 
a t  silicon in agreement with the general trends for coor- 
dinated s i l ~ l e s , ' ~ J ~ J ~ @  although halosilanes always undergo 
nucleophilic substitution with inversion of configuration.34 

Surprisingly, reaction of MeLi on 9 did not give the 
expected dicarbonylbis(04-l,l-dimethyl-2,5-diphenyl- 
si10le)tungsten;~l instead, decomposition occurred. IR 
monitoring did not show the appearance of the vco ab- 
sorption bands due to a carbenic species arising from the 
attack of MeLi a t  a carbonyl ligand. Lack of reactivity of 
1-chlorosiloles coordinated to a transition metal has already 
been reported.'6 

(33) Collman, J. P.; Hegedus, L. S. Principles and Applications of 
Organotran-sition Metal Chemistry; University Science Books: Mill 
Valley, CA, 1980; p 651. 

(34) Corriu, R. J. P.; GuBrin, C.; Moreau, J. Top. Stereochem. 1982, 
5 ,  45 and references therein. 

8 

Yp 

PhrSnColCOI, + -=Ce CU 

PhJSn/ i:CCl 

13 

Table I. Variable-Temperature Spectra (Olefinic Protons) 
and Activation Energies of Complexes 3 and 4 in 

CD2C12/CS2 Solution 

A G * T ~ , ~  
complex T, K 6, ppm Av," Hz kJ mol-' 

237 34 3 300 5.10 
3 163 5.30. 4.64 

263 38 4 300 4.90 
4 163 5.13, 4.40 

360-MHz spectrometer. T, for 3 178 K. T, for 4: 205 K. 

The Fe-Si bond in 4 was not cleaved by MeOH or 
MeONa, in agreement with previous observations,28b but 
neither by water. LiAlH, attacked 4 but the expected 
cis-dicarbonylbis(q4-endo-methyl-2,5-diphenylsilole) tung- 
sten could not be isolated. The enhanced reactivity of the 
exo Si-H bond'3J5,25 could explain this observation. Di- 
isobutylaluminum hydride did not react with 4. Complex 
6 reacted with MeOH under UV light in a manner analo- 
gous to that of 1, without decoordination of the 04-ligand, 
giving 13 (eq 6). 

OMe yp I wj'-Me Fe Ph + MeOH h.r 

"C/ \ 'io oc' \ 'co 
eo co 

6 12 

(ii) Reactions at the Transition Metal. Attempted 
substitution of a carbonyl ligand by PPh, in complex 6 did 
not lead to a defined complex since a lack of selectivity 
was observed between the Fe(C0I2 and Fe(C0)3 groups. 
When 2 mol of PPh,/mol of 6 were used, much decom- 
position occured and only t~ans -Fe (CO) , (PPh , )~~~  could 
be identified. 

The cobalt-cobalt bond in 8 was cleaved by sodium 
amalgam, as already observed for other silole complex- 
es;"J5 the corresponding cobaltate(1) anions that were 
obtained reacted with PhsSnCl to afford the complexes 
with Co-Sn u bonds (Scheme VI) (the formation of tet- 
racarbonyl(triphenylstanny1)cobalt is assumed by analogy 
to previous reportsll). 

Dynamic Stereochemistry. We have shown previ- 
ously' that complexes of the type ci~-M(CO)~(q~-metaIlole)~ 
(M = Mo, W) exhibit fluxionality. Indeed, the magnetic 
nonequivalence of protons (predicted on the basis of the 
molecular structure of the complex) was not observed a t  
room temperature. Variable-temperature NMR studies 

(35) Lewis, J.; Nyholm, R. S.; Sandhu, S. S.; Stiddard, M. H. B. J. 
Chem. SOC. 1964, 2825. Clifford, A. F.; Mukherjee, A. K. Znorg. Synth. 
1966, 8 ,  185. 
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\ oc 
U - A  uu CIJ u-.\ u u  

Figure 1. Ring rotation explains the equivalence of protons H, 
and Hb in complexes 3 and 4. 

showed an interconversion between two enantiomers with 
a AG*,, - 35-40 kJ mol-'. In addition, the presence of 
diastereoisomers was deduced from the multiplicity of the 
IR absorption bands in the uco region. 

Complexes 3 and 4 (the molecular structure of which is 
assumed to be also cis) showed comparable behavior in the 
variable-temperature lH NMR study. Indeed, the olefinic 
protons showed a single resonance at  room temperature, 
but a t  low temperature two signals of the same intensity 
were observed. From their Au, the activation energy can 
be calculated by means of the Eyring equation. Table I 
brings the most important values. These results can be 
explained by the interconversion of isomer cis-A,, and 
cis-A,, (Figure 1) via a ring rotation m e ~ h a n i s m . ~ ~  The 
presence of the exo-Fp groups does not make any dramatic 
change with respect to the previously studied complexes 
since both activation energies and coalescence tempera- 
tures are in the same range. 

Nevertheless, the coexistence of diastereoisomers cannot 
be proved since the uco absorptions are broad (as observed 

(36) Kreiter, C. G. Adu. Organomet. Chem. 1986,26, 297 and refer- 
ences therein. 

in cis-dicarbonylbis(q4-l,l-dimethyl-2,5-diphenylsilole)- 
molybdenum31) and the resolution becomes lower than 10 
cm-'.' Two possibilities can exist: (i) diastereoisomers 
coexist but cannot be observed or (ii) the presence of the 
phenyl groups in the 2,5-positions might change the situ- 
ation, with respect to  complexes with non C-phenyl sub- 
stituted metalloles, and avoids the interconversion of di- 
astereoisomers. 

Conclusion 
The substitution by a transition-metal moiety in the 

1-position of a silole does not change the coordination 
capability of the metallole. As observed for other C- 
phenylated siloles, only two carbonyl ligands are displaced 
in CO~(CO)~."  I t  is interesting to  note the stereospecific 
coordination of 1 since the Fp substituent occupies always 
the exo position. 

The reactivity of the q4-complexes does not show par- 
ticular features, except for the cleavage of the Si-Fe bond 
by iodine. Indeed, functionalization at  silicon, in order to 
form a Si-Fe bond, seems to be necessary for an approach 
to the q5-silacyclopentadienyl species. 

Contrary to other ~is-M(CO)~(q~-metallole)~ complexes, 
the presence of diastereoisomers in solution cannot be 
ascertained; nevertheless a rapid interconversion of cis-&, 
and cis-&, enantiomers has been observed. 

Registry No. 1, 121919-41-3; 2, 121919-42-4; 3, 121919-43-5; 

(type A), 121919-47-9; 10, 121919-48-0; 11, 121919-49-1; 12, 
112218-88-9 13, 121919-51-5; Fp,, 12154-95-9; Na[Fe(CO),($- 

W(CO)4(COD), 12129-70-3; Cr(CO)4(COD), 12301-347; Fe2(CO)9, 
10210-68-1; R U ~ ( C O ) ~ ~ ,  15243-33-1; CO&O)~, 10210-68-1; Fe- 
(C0)2($-CSH6)I, 12078-28-3; PhCHzMgBr, 1589-82-8; Ph3SnC1, 
639-58-7; l-chloro-l-methyl-2,5-diphenyIsilole, 100840-06-0; 1- 
methoxy-l-methyl-2,5-diphenylsilole, 100840-04-8. 

4, 121962-47-8; 5,121919-44-6; 6,121919-45-7; 7, 121919-46-8; 8 

CSHS)], 12152-20-4; PPha, 603-35-0; Mo(CO)~(COD), 12109-74-9; 
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