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The reactions of Cp(CO)Fe{SiMe2(OR1)}{PN(Me)CH2CH2NMe(OR2)} (R1 ) Me, Et, R2 )
Me, Et) (1) with a Lewis acid (BF3‚OEt2 or Me3SiOSO2CF3 (TMSOTf)) have been examined.
In the reaction with an excess of BF3‚OEt2, not only is an OR group on Si replaced by fluoride
but also an OR group attached to the phosphorus is abstracted, to give the cationic

phosphenium complex Cp(CO)Fe(SiMe2F){PN(Me)CH2CH2NMe}+BF4
- (3). The reaction with

an equimolar amount of BF3‚OEt2 leads only to fluorination of the silyl group and isolation

of Cp(CO)Fe{SiMe2F}{PN(Me)CH2CH2NMe(OR)} (R ) R1 or R2) (2), indicating that BF3‚
OEt2 reacts preferably with the OR group on Si rather than with that on P. In the reaction
with equimolar or excess TMSOTf, an OR1 group on Si is abstracted selectively to give the

corresponding silylene complex Cp(CO){PN(Me)CH2CH2NMe(OR2)}FedSiMe2‚OTf (5). Com-
plex 5 was characterized by spectroscopic data and by its further reaction with a Lewis
base such as pyridine or PMe3, leading to the corresponding base-stabilized silylene complex.

The structure of the PMe3-stabilized silylene complex [Cp(CO){PN(Me)CH2CH2NMe(OEt)}-
FedSiMe2‚PMe3]OTf (7b) has been determined by single-crystal X-ray diffraction.

Introduction

The chemistry of transition-metal compounds having
a multiple bond with a main-group element is a subject
of current interest. For example, carbene complexes,
which have a double bond between a transition metal
and a carbon atom, have been widely investigated
regarding their preparations, structures, and reactivi-
ties.1 Since cationic phosphenium salts and silylenes
assume sp2 hybridization and are thus regarded as
isolobal with singlet carbenes (Chart 1),2 they are also
expected to coordinate to a transition metal via both
σ-donor and π-acceptor orbitals to give the correspond-
ing carbene-like complexes. For these reasons the
coordination chemistry of phosphenium cations and
silylenes, and their own chemistry as well, has received
considerable attention, and many cationic phosphen-
ium3-10 and silylene complexes11,12 have been prepared.

We have recently developed a new method for the
preparation of cationic-phosphenium transition-metal

(1) (a) Doyle, M. P. In Comprehensive Organometallic Chemistry II;
Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon Press:
Oxford, U.K., 1995; Vol. 12. (b) Wulff, W. D. In Comprehensive
Organometallic Chemistry II; Abel, E. W., Stone, F. G. A., Wilkinson,
G., Eds.; Pergamon Press: Oxford, U.K., 1995; Vol. 12. (c) Hegedus,
L. S. In Comprehensive Organometallic Chemistry II; Abel, E. W.,
Stone, F. G. A., Wilkinson, G., Eds.; Pergamon Press: Oxford, U.K.,
1995; Vol. 12.

(2) (a) Cowley, A. H.; Kemp, R. A. Chem. Rev. 1985, 85, 367. (b)
Sanchez, M.; Mazieres, M. R.; Lamande, L.; Wolf, R. In Multiple Bonds
and Low Coordination in Phosphorus Chemistry; Regitz, M., Scherer,
O. J., Eds.; Thieme: New York, 1990; Chapter D1.

(3) (a) Montemayor, R. G.; Sauer, D. T.; Fleming, S.; Bennett, D.
W.; Thomas, M. G.; Parry, R. W. J. Am. Chem. Soc. 1978, 100, 2231.
(b) Bennett, D. W.; Parry, R. W. J. Am. Chem. Soc. 1979, 101, 755. (c)
Snow, S. S.; Jiang, D.-X.; Parry, R. W. Inorg. Chem. 1987, 26, 1629.

(4) (a) Muetterties, E. L.; Kirner, J. F.; Evans, W. J.; Watson, P. L.;
Abdel-Meguid, S. S.; Tavanaiepour, I.; Day, V. W. Proc. Natl. Acad.
Sci. U.S.A. 1978, 75, 1056. (b) Day, V. W.; Tavanaiepour, I.; Abdel-
Meguid, S. S.; Kirner, J. F.; Goh, L.-Y.; Muetterties, E. L. Inorg. Chem.
1982, 21, 657. (c) Choi, H. W.; Gravin, R. M.; Muetterties, E. L. J.
Chem. Soc., Chem. Commun. 1979, 1085.

(5) (a) Cowley, A. H.; Kemp, R. A.; Wilburn, J. C. Inorg. Chem. 1981,
20, 4289. (b) Cowley, A. H.; Kemp, R. A.; Ebsworth, E. A. V.; Rankin,
D. W.; Walkinshaw, M. D. J. Organomet. Chem. 1984, 265, C19.

(6) (a) Nakazawa, H.; Yamaguchi, Y.; Miyoshi, K. J. Organomet.
Chem. 1994, 465, 193. (b) Nakazawa, H.; Yamaguchi, Y.; Mizuta, T.;
Miyoshi, K. Organometallics 1995, 14, 4173. (c) Yamaguchi, Y.;
Nakazawa, H.; Itoh, T.; Miyoshi, K. Bull. Chem. Soc. Jpn. 1996, 69,
983.

(7) (a) Nakazawa, H.; Ohta, M.; Miyoshi, K.; Yoneda, H. Organo-
metallics 1989, 8, 638. (b) Nakazawa, H.; Yamaguchi, Y.; Miyoshi, K.;
Nagasawa. A. Organometallics 1996, 15, 2517. (c) Yamaguchi, Y.;
Nakazawa, H.; Kishishita, M.; Miyoshi, K. Organometallics 1996, 15,
4383.
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complexes of Cr,6 Mo,6-8 W,6,8 Fe,9 and Ru.10 In the

reaction of Cp(CO)Fe(SiMe3){PN(Me)CH2CH2NMe(OMe)}
with BF3‚OEt2, for example, an OMe group on the
phosphorus is abstracted as an anion to afford the

cationic phosphenium complex Cp(CO)Fe(SiMe3){PN-

(Me)CH2CH2NMe}+BF4
-, which has some double bond

character between P and Fe (eq 1).9a,b A similar reaction

of iron complexes having an alkyl, germyl, or stannyl
group in place of a silyl group gave the corresponding
cationic phosphenium complexes at least in the initial
step.9a-c

Interestingly, we also found that the reaction with
BF3‚OEt2 of a methoxymethyl-iron complex, Cp(CO)-

Fe(CH2OMe){PN(Me)CH2CH2N(Me)(OMe)}, which has
an OMe group on both C and P, gave the cationic
carbene complex (eq 2).9a In this reaction, the OMe

group on C was selectively abstracted, but no phosphe-

nium complexes (which would be formed by abstraction
of an OMe group from P) were observed.

As an extension of our study, we examine here
reactions of alkoxysilyl-iron complexes having both Si-
OR and P-OR groups with a Lewis acid such as
BF3‚OEt2 or Me3SiOSO2CF3 (TMSOTf). It is expected
that a silylene complex would be obtained if an OR
group on Si is abstracted, while a phosphenium complex
would be obtained if an OR group on P is abstracted.
In any case, the formation of the iron complexes with a
multiple bond to a main-group element would be
obtained in these reactions.

Experimental Section

General Remarks. All reactions were carried out under
an atmosphere of dry nitrogen by using standard Schlenk tube
techniques. All solvents were purified by distillation: ether,
THF, and benzene were distilled from sodium/benzophenone,
heptane, hexane, and pentane were distilled from sodium
metal, and CH2Cl2 was distilled from P2O5. All solvents were
stored under a nitrogen atmosphere. BF3‚OEt2 and TMSOTf

were distilled prior to use. PN(Me)CH2CH2NMe(OMe) (ab-
breviated to PNN(OMe) in this paper),13 PNN(OEt),13 ClSiMe2-
(OMe),14 and ClSiMe2(OEt)14 were prepared according to the
respective literature methods. Cp(CO)2FeSiMe2(OMe)15 and
Cp(CO)2FeSiMe2(OEt) were prepared from [Cp(CO)2Fe]K and
ClSiMe2(OMe) or ClSiMe2(OEt), respectively. Other reagents
employed in this study were used as received. Column chro-
matography was carried out quickly in air on Merck aluminum
oxide 90 (No. 1.01097).

IR spectra were recorded on a Shimadzu FTIR-8100A
spectrometer. A JEOL LA-300 multinuclear spectrometer was
used to obtain 1H, 13C, 19F, 29Si, and 31P NMR spectra. The
reference was as follows: for 1H and 13C NMR data, Si(CH3)4

as an internal standard; for 19F NMR data, CFCl3 as an
external standard; for 29Si NMR data, Si(CH3)4 as an external
standard; for 31P NMR data, 85% H3PO4 as an external
standard. Elemental analyses were performed on a Perkin-
Elmer 2400CHN elemental analyzer.

Preparation of Cp(CO){SiMe2(OMe)}Fe{PNN(OMe)},
1a. Cp(CO)2FeSiMe2(OMe) (1550 mg, 5.82 mmol), benzene (90
mL), and PNN(OMe) (1.00 mL, 6.82 mmol) were put in a Pyrex
Schlenk tube, and the solution was irradiated with a 400 W
medium-pressure mercury arc lamp at 0 °C for 15 h. After
removal of the solvent, the resulting residue was loaded on
an alumina column and eluted with CH2Cl2. The yellow band
which developed was collected and was reloaded on an alumina
column. The yellow band eluted with CH2Cl2/hexane (1/4) was
collected, and the solvents were removed in vacuo to give a
yellow powder of 1a (1877 mg, 4.84 mmol, 83%). Anal. Calcd
for C14H27FeN2O3PSi: C, 43.53; H, 7.05; N, 7.25. Found: C,
43.51; H, 7.30; N, 7.00.

Preparation of Cp(CO){SiMe2(OMe)}Fe{PNN(OEt)},
1b. Complex 1b was prepared from Cp(CO)2FeSiMe2(OMe) and
PNN(OEt) in the same manner as was 1a. Yield: 71%. Anal.
Calcd for C15H29FeN2O3PSi: C, 45.01; H, 7.30; N, 7.00.
Found: C, 44.78; H, 7.54; N, 6.98.

Preparation of Cp(CO){SiMe2(OEt)}Fe{PNN(OMe)},
1c. Complex 1c was prepared from Cp(CO)2FeSiMe2(OEt) and
PNN(OMe) in the same manner as was 1a. Yield: 85%. Anal.
Calcd for C15H29FeN2O3PSi: C, 45.01; H, 7.30; N, 7.00.
Found: C, 45.18; H, 7.10; N, 6.89.

(8) Nakazawa, H.; Kishishita, M.; Yoshinaga, S.; Yamaguchi, Y.;
Mizuta, T.; Miyoshi, K. J. Organomet. Chem. 1997, 529, 423.

(9) (a) Nakazawa, H.; Yamaguchi, Y.; Mizuta, T.; Ichimura, S.;
Miyoshi, K. Organometallics 1995, 15, 4635. (b) Nakazawa, H.;
Yamaguchi, Y.; Kawamura, K.; Miyoshi, K. Organometallics 1997, 16,
4626. (c) Nakazawa, H.; Yamaguchi, Y.; Miyoshi, K. Organometallics
1996, 15, 1337. (d) Mizuta, T.; Yamasaki, T.; Nakazawa, H.; Miyoshi,
K. Organometallics 1996, 15, 1093.

(10) Kawamura, K.; Nakazawa, H.; Miyoshi, K. Unpublished results.
(11) (a) Lickiss, P. D. Chem. Soc. Rev. 1992, 21, 271, and references

therein. (b) Handwerker, H.; Leis, C.; Probst, R.; Bissinger, P.;
Grohmann, A.; Kiprof, P.; Herdwech, E.; Blümel, J.; Auner, N.; Zybill,
C. Organometallics 1993, 12, 2162. (c) Probst, R.; Leis, C.; Gamper,
S.; Herdwech, E.; Zybill, C. Angew. Chem., Int. Ed. Engl. 1991, 30,
1132. (d) Corriu, R. J. P.; Chauhan, B. P. S.; Lanneau, G. F.
Organometallics 1995, 14, 1646. (e) Corriu, R. J. P.; Chauhan, B. P.
S.; Lanneau, G. F. Organometallics 1995, 14, 4014. (f) Grumbine, S.
D.; Tilley. T. D. J. Am. Chem. Soc. 1993, 115, 7884. (g) Tobita, H.;
Kurita, H.; Ogino, H. Organometallics 1998, 17, 2844. (h) Tobita, H.;
Kurita, H.; Ogino, H. Organometallics 1998, 17, 2850. (i) Ueno, K.;
Nakano, K.; Ogino, H. Chem. Lett. 1996, 459. (j) Ueno, K.; Masuko,
A.; Ogino, H. Organometallics 1997, 16, 5023.

(12) (a) Ueno, K.; Tobita, H.; Shimoi, M.; Ogino, H. J. Am. Chem.
Soc. 1988, 110, 4092. (b) Ueno, K.; Tobita, H.; Shimoi, M.; Ogino, H.
J. Am. Chem. Soc. 1990, 112, 3415. (c) Ueno, K.; Ito, S.; Endo, K.;
Tobita, H.; Inomata, S.; Ogino, H. Organometallics 1994, 13, 3309. (d)
Kobayashi, H.; Ueno, K.; Ogino, H. Organometallics 1995, 14, 5490.
(e) Chauhan, B. P. S.; Corriu, R. J. P.; Lanneau, G. F.; Priou, C.
Organometallics 1995, 14, 1657. (f) Leis, C.; Wilkinson, D. L.; Hand-
werker, H.; Zybill, C. Organometallics 1992, 11, 514. (g) Zybill, C.;
Wilkinson, D. L.; Leis, C.; Müller, G. Angew. Chem., Int. Ed. Engl.
1989, 28, 203. (h) Leis, C.; Zybill, C.; Lachmann, J.; Müller, G.
Polyhedron 1991, 10, 1163. (i) Zybill, C.; Müller, G. Organometallics
1988, 7, 1368. (j) Zybill, C.; Müller, G. Angew. Chem., Int. Ed. Engl.
1987, 26, 669.

(13) Ramirez, F.; Patwardham, A. V.; Kugler, H. J.; Smith, C. P. J.
Am. Chem. Soc. 1967, 89, 6276.

(14) Hopper, S. P.; Tremelling, M. T.; Goldman, E. W. J. Organomet.
Chem. 1978, 156, 331.

(15) Ueno, K.; Seki, S.; Ogino, H. Chem. Lett. 1993, 2159.
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Preparation of Cp(CO){SiMe2(OEt)}Fe{PNN(OEt)},
1d. Complex 1d was prepared from Cp(CO)2FeSiMe2(OEt) and
PNN(OEt) in the same manner as was 1a. Yield: 90%. Anal.
Calcd for C16H31FeN2O3PSi: C, 46.38; H, 7.54; N, 6.76.
Found: C, 46.55; H, 7.16; N, 6.71.

Preparation of Cp(CO)(SiMe2F)Fe{PNN(OMe)}, 2a. A
solution of 1a (95 mg, 0.25 mmol) in CH2Cl2 (3 mL) was cooled
to -78 °C, and then BF3‚OEt2 (0.035 mL, 0.25 mmol) was
added. After being warmed to room temperature, the reaction
mixture was charged on an alumina column. The yellow band
eluted with CH2Cl2 was collected, and the solvent was removed
under reduced pressure to give 2a as a lemon-yellow powder
(42 mg, 0.11 mmol, 46%). Anal. Calcd for C13H24FFeN2O2PSi:
C, 41.72; H, 6.46; N, 7.49. Found: C, 41.86; H, 6.35; N, 7.31.

Preparation of Cp(CO)(SiMe2F)Fe{PNN(OEt)}, 2b. Com-
plex 2b was prepared from 1d and BF3‚OEt2 in the same
manner as was 2a. Yield: 56%. Anal. Calcd for C14H26FFeN2O2-
PSi: C, 43.31; H, 6.75; N, 7.21. Found: C, 43.40; H, 6.62; N,
7.05.

Preparation of Cp(CO)(SiMe2F)Fe(PNN)+BF4
-, 3. A

solution of 1a (147 mg, 0.38 mmol) in CH2Cl2 (1.5 mL) was
cooled to -78 °C, and then BF3‚OEt2 (0.28 mL, 2.30 mmol)
was added. After the solution was warmed to room tempera-
ture, it was directly subjected to spectroscopic measurements,
which confirmed the formation of 3.

Preparation of Cp(CO)(SiMe2F)Fe{PNN(CH2Ph)}, 4. A
solution of 1a (267 mg, 0.69 mmol) in CH2Cl2 (5 mL) was cooled
to -78 °C, and then BF3‚OEt2 (0.18 mL, 1.43 mmol) was added.
After the reaction mixture had been stirred at -78 °C for 1 h,
it was treated with PhCH2MgCl (0.35 mL of 2.0 M THF
solution, 0.70 mmol), warmed to room temperature, and then
stirred for 2 h to complete the reaction. The solvent was
removed under reduced pressure, and the residue was loaded
on an alumina column. The yellow band eluted with CH2Cl2

was reloaded on a silica gel column. The yellow band eluted
with CH2Cl2/hexane (1/1) was collected, and the solvents were
removed in vacuo to give a lemon-yellow powder of 4 (95 mg,
0.22 mmol, 32%). Anal. Calcd for C19H28FFeN2OPSi: C, 52.54;
H, 6.50; N, 6.45. Found: C, 52.29; H, 6.30; N, 6.54.

Preparation of Cp(CO)(SiMe2)Fe{PNN(OMe)}+OTf-,
5a. A solution of 1a (130 mg, 0.34 mmol) in CD2Cl2 (1 mL)
was cooled to -78 °C, and then TMSOTf (0.061 mL, 0.34 mmol)
was added. After the solution was stirred for 15 min, it was
subjected to spectroscopic measurements, which confirmed the
formation of 5a.

Preparation of Cp(CO)(SiMe2)Fe{PNN(OEt)}+OTf-, 5b.
A solution of 1d (130 mg, 0.34 mmol) in CD2Cl2 (1 mL) was
cooled to -78 °C, and then TMSOTf (0.061 mL, 0.34 mmol)
was added. After the solution was stirred for 15 min, it was
subjected to spectroscopic measurements, which suggested the
formation of 5b.

Preparation of Cp(CO){SiMe2(NC6H5)}Fe{PNN(OMe)}+-
OTf-, 6a. TMSOTf (0.082 mL, 0.45 mmol) was added to a
solution of 1a (175 mg, 0.45 mmol) in CH2Cl2 cooled to -78
°C. After the reaction mixture had been stirred at -78 °C for
1 h, it was treated with pyridine (0.037 mL, 0.45 mmol), stirred
for 30 min, and then concentrated to ca. 2 mL under reduced
pressure. After addition of ether (5 mL) at -78 °C, the solution
was kept for crystallization at -78 °C for 2 days to give yellow
microcrystals, which were collected by filtration, washed with
ether and pentane, and dried in vacuo, yielding 6a (210 mg,
0.39 mmol, 86%). The complex was so hygroscopic that correct
elemental analysis data could not be obtained, though satisfac-
tory spectroscopic data were obtained.

Preparation of Cp(CO){SiMe2(NC6H5)}Fe{PNN(OEt)}+-
OTf-, 6b. Complex 6b was prepared from 1d, TMSOTf, and
pyridine in the same manner as that for 6a. Yield: 84%. The
complex was so hygroscopic that correct elemental analysis
data could not be obtained, though satisfactory spectroscopic
data were obtained.

Preparation of Cp(CO){SiMe2(PMe3)}Fe{PNN(OMe)}+-
OTf-, 7a. Complex 7a was prepared from 1a, TMSOTf, and
PMe3 in the same manner as that for 6a. The isolated yellow
powder consisted mainly of 7a, but it contained some unre-
movable impurities, which prevented us from obtaining 1H and
13C NMR data and elemental analysis data for 7a, though its
IR data and 29Si and 31P NMR data were obtained. IR (νCO, in
CH2Cl2, cm-1): 1928. 29Si NMR (δ, in CH2Cl2): 60.83 (dd, JPSi

) 31.6, 54.8 Hz). 31P NMR (δ, in CH2Cl2): -16.72 (s, PMe3),
170.25 (s, PNN(OMe)).

Preparation of Cp(CO){SiMe2(PMe3)}Fe{PNN(OEt)}+-
OTf-, 7b. Complex 7b was prepared from 1d, TMSOTf, and
PMe3 in the same manner as that for 6a. The isolated yellow
powder consisted mainly of 7b, but it contained some unre-
movable impurities such as 7a, and only its IR data and 29Si
and 31P NMR data were obtained. In this case, a small amount
of pure single crystals of 7b was obtained, which was subjected
to the X-ray analysis. IR (νCO, in CH2Cl2, cm-1): 1928. 29Si
NMR (δ, in CH2Cl2): 58.20 (dd, JPSi ) 35.2, 56.6 Hz). 31P NMR
(δ, in CH2Cl2): -16.86 (s, PMe3), 166.86 (s, PNN(OEt)).

X-ray Structure Determination for 7b. Crystallographic
and experimental details of X-ray crystal structure analysis
for 7b are given in Table 2. A single crystal of 7b was mounted
on a glass fiber. All measurements were made on a MacScience
DIP2030 imaging plate area detector with graphite-monochro-
mated Mo KR radiation (λ ) 0.710 69 Å). Indexing was
performed from one still which was exposed for 6.0 min. The
crystal-to-detector distance was 100 mm with the detector at
the zero swing position. Readout was performed in the 0.050
mm pixel mode. Cell constants and an orientation matrix for
data collection corresponded to a primitive monoclinic cell with
dimensions of a ) 27.530(1) Å, b ) 14.6560(3) Å, c ) 15.5390-
(5) Å, â ) 93.796(1)°, Z ) 8, and V ) 5450.7(3) Å3. C2/c was
selected as the space group, which led to successful refine-
ments. The data were collected at a temperature of 200 ( 1 K
to a maximum 2θ value of 50.0°.

The structure was solved by heavy-atom Patterson meth-
ods16 and expanded using Fourier techniques.17 The non-
hydrogen atoms were refined anisotropically. Hydrogen atoms
were included, but their positions were not refined; isotropic
B values were refined. The final cycle of full-matrix least-
squares refinement was calculated on the basis of 4044
observed reflections (I > 3σ(I)) and 334 variable parameters
and converged (the largest parameter shift was less than 0.01
times its esd) with unweighted and weighted agreement factors
R ) 0.044 and Rw ) 0.050. All calculations were performed
on an SGI Indy O2 computer using the program system
teXsan18 with neutral atom scattering factors from Cromer and
Waber.19

Results and Discussion

Iron complexes having an alkoxysilyl group, SiMe2-
(OR1) (R1 ) Me, Et), and diamino-substituted phosphite,

PNN(OR2) (R2 ) Me, Et) standing for PN(Me)CH2CH2-

NMe(OR2), were prepared from Cp(CO)2FeSiMe2(OR1)
and PNN(OR2) by photoreaction (Experimental Section).
The complexes were characterized by IR, 1H, 13C, 29Si,
and 31P NMR spectra as well as elemental analysis.

(16) PATTY: Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bos-
man, W. P.; Garcia-Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla,
C. The DIRDIF program system, Technical Report of the Crystal-
lography Laboratory; University of Nijmegen: The Netherlands, 1992.

(17) DIRDIF94: Beurskens, P. T.; Admiraal, G.; Beurskens, G.;
Bosman, W. P.; de Gelder, R.; Israel, R.; Smits, J. M. M. The DIRDIF-
94 program system, Technical Report of the Crystallography Labora-
tory; University of Nijmegen: The Netherlands, 1994.

(18) teXsan: Crystal Structure Analysis Package; Molecular Struc-
ture Corp.: The Woodlands, TX, 1985 and 1992.

(19) Cromer, D. T.; Waber, J. T. In International Tables for X-ray
Crystallography; The Kynoch Press: Birmingham, England, 1974; Vol
IV, Table 2.2 A.
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Table 1. Spectroscopic Data

complex 1H NMR δ (ppm)a 13C NMR δ (ppm)a

31P NMR
δ (ppm)a

29Si and 19F
NMR δ (ppm)a

IR (νCO)
(cm-1)b

1a 0.32 (s, 3H, SiCH3) 7.49 (s, SiCH3) 176.71 (s) 75.08 (d, 1905
0.41 (s, 3H, SiCH3) 8.44 (s, SiCH3) JPSi ) 48.0 Hz)
2.72 (d, JPH ) 10.6 Hz, 3H, NCH3) 33.07 (d, JPC ) 11.2 Hz, NCH3)
2.74 (d, JPH ) 10.6 Hz, 3H, NCH3) 33.32 (d, JPC ) 11.8 Hz, NCH3)
3.09 (m, 2H, NCH2) 50.34 (s, SiOCH3)
3.15 (d, JPH ) 11.4 Hz, 3H, POCH3) 50.92 (d, JPC ) 13.1 Hz, POCH3)
3.29 (m, 2H, NCH2) 51.17 (d, JPC ) 1.9 Hz, NCH2)
3.39 (s, 3H, SiOCH3) 51.62 (d, JPC ) 3.7 Hz, NCH2)
4.41 (s, 5H, C5H5) 81.06 (d, JPC ) 1.2 Hz, C5H5)

218.97 (d, JPC ) 41.0 Hz, CO)
1b 0.35 (s, 3H, SiCH3) 7.48 (s, SiCH3) 173.16 (s) 74.93 (d, 1905

0.46 (s, 3H, SiCH3) 8.64 (s, SiCH3) JPSi ) 48.0 Hz)
1.10 (t, JHH ) 7.0 Hz, 3H, CH2CH3) 16.01 (d, JPC ) 5.6 Hz, CH2CH3)
2.74 (d, JPH ) 10.6 Hz, 6H, NCH3) 33.07 (d, JPC ) 11.2 Hz, NCH3)
3.08 (m, 2H, NCH2) 33.43 (d, JPC ) 11.2 Hz, NCH3)
3.26 (m, 2H, NCH2) 50.35 (s, OCH3)
3.40 (s, 3H, OCH3) 51.12 (d, JPC ) 1.2 Hz, NCH2)
3.50 (m, 2H, CH2CH3) 51.54 (d, JPC ) 3.7 Hz, NCH2)
4.42 (s, 5H, C5H5) 59.72 (d, JPC ) 13.1 Hz, CH2CH3)

81.10 (s, C5H5)
218.52 (d, JPC ) 41.5 Hz, CO)

1c 0.33 (s, 3H, SiCH3) 8.14 (s, SiCH3) 175.85 (s) 71.63 (d, 1904
0.40 (s, 3H, SiCH3) 8.60 (s, SiCH3) JPSi ) 47.2 Hz)
1.15 (t, JHH ) 6.4 Hz, 3H, CH2CH3) 18.77 (s, CH2CH3)
2.73 (d, JPH ) 11.7 Hz, 3H, NCH3) 33.15 (d, JPC ) 11.2 Hz, NCH3)
2.77 (d, JPH ) 11.4 Hz, 3H, NCH3) 33.39 (d, JPC ) 11.8 Hz, NCH3)
3.09 (m, 2H, NCH2) 50.91 (d, JPC ) 13.1 Hz, OCH3)
3.16 (d, JPH ) 11.2 Hz, 3H, OCH3) 51.21 (d, JPC ) 2.5 Hz, NCH2)
3.31 (m, 2H, NCH2) 51.66 (d, JPC ) 3.1 Hz, NCH2)
3.64 (q, JHH ) 6.6 Hz, 2H, CH2CH3) 57.78 (s, CH2CH3)
4.41 (s, 5H, C5H5) 81.17 (d, JPC ) 1.2 Hz, C5H5)

219.05 (d, JPC ) 41.0 Hz, CO)
1d 0.34 (s, 3H, SiCH3) 8.13 (s, SiCH3) 173.36 (s) 72.31 (d, 1905

0.43 (s, 3H, SiCH3) 8.78 (s, SiCH3) JPSi ) 47.7 Hz)
1.08 (t, JHH ) 7.2 Hz, 3H, POCH2CH3) 16.02 (d, JPC ) 5.6 Hz, POCH2CH3)
1.15 (t, JHH ) 6.4 Hz, 3H, SiOCH2CH3) 18.76 (s, SiOCH2CH3)
2.72 (d, JPH ) 10.6 Hz, 3H, NCH3) 33.10 (d, JPC ) 11.2 Hz, NCH3)
2.75 (d, JPH ) 10.6 Hz, 3H, NCH3) 33.45 (d, JPC ) 11.8 Hz, NCH3)
3.06 (m, 2H, NCH2) 51.13 (d, JPC ) 1.9 Hz, NCH2)
3.25 (m, 2H, NCH2) 51.54 (d, JPC ) 3.7 Hz, NCH2)
3.50 (m, 2H, POCH2CH3) 57.74 (s, SiOCH2CH3)
3.64 (q, JHH ) 7.2 Hz, 2H, SiOCH2CH3) 59.65 (d, JPC ) 13.1 Hz, POCH2CH3)
4.40 (s, 5H, C5H5) 81.16 (s, C5H5)

219.02 (d, JPC ) 41.0 Hz, CO)
2a 0.45 (d, JFH ) 3.9 Hz, 3H, SiCH3) 10.01 (d, JFC ) 13.7 Hz, SiCH3) 175.54 (s) 96.77 (dd, 1913

0.47 (d, JFH ) 3.7 Hz, 3H, SiCH3) 10.66 (d, JFC ) 14.3 Hz, SiCH3) JFSi ) 335.7 Hz,
2.76 (d, JPH ) 10.6 Hz, 6H, NCH3) 33.17 (d, JPC ) 11.2 Hz, NCH3) JPSi ) 51.6 Hz)
3.11 (m, 2H, NCH2) 33.28 (d, JPC ) 11.2 Hz, NCH3)
3.21 (d, JPH ) 11.4 Hz, 3H, OCH3) 51.03 (d, JPC ) 5.6 Hz, OCH3) 19F NMR
3.35 (m, 2H, NCH2) 51.23 (d, JPC ) 1.9 Hz, NCH2) -126.45 (s,
4.47 (d, JPH ) 1.3 Hz, 5H, C5H5) 51.68 (d, JPC ) 2.1 Hz, NCH2) with Si satellites,

81.20 (s, C5H5) JSiF ) 336.4 Hz)
217.91 (d, JPC ) 39.8 Hz, CO)

2b 0.46 (d, JFH ) 6.1 Hz, 3H, SiCH3) 10.21 (d, JFC ) 13.7 Hz, SiCH3) 172.94 (s) 96.34 (dd, 1913
0.49 (d, JFH ) 6.2 Hz, 3H, SiCH3) 10.60 (d, JFC ) 14.3 Hz, SiCH3) JFSi ) 335.0 Hz,
1.11 (t, JPH ) 7.0 Hz, 3H, 16.06 (d, JPC ) 5.6 Hz, POCH2CH3) JPSi ) 50.9 Hz)
POCH2CH3) 33.03 (d, JPC ) 13.1 Hz, NCH3)
2.73 (d, JPH ) 10.8 Hz, 3H, NCH3) 33.30 (d, JPC ) 11.8 Hz, NCH3) 19F NMR
2.75 (d, JPH ) 10.6 Hz, 3H, NCH3) 51.10 (d, JPC ) 1.9 Hz, NCH2) -126.15 (s,
3.09 (m, 2H, NCH2) 51.50 (d, JPC ) 3.1 Hz, NCH2) with Si satellites,
3.30 (m, 2H, NCH2) 59.90 (d, JPC ) 13.1 Hz, POCH2CH3) JSiF ) 334.2 Hz)
3.53 (m, 2H, POCH2CH3) 81.13 (s, C5H5)
4.45 (s, 5H, C5H5) 217.91 (d, JPC ) 40.4 Hz, CO)

3 0.56 (d, JFH ) 7.3 Hz, 3H, SiCH3)b,c,d 10.72 (d, JFC ) 12.4 Hz, SiCH3)b,c 311.07 (s)b,c 86.02 (dd, 1955b

0.58 (d, JFH ) 7.2 Hz, 3H, SiCH3) 10.75 (d, JFC ) 11.8 Hz, SiCH3) JFSi ) 329.9 Hz,
2.97 (d, JPH ) 12.5 Hz, 6H, NCH3) 34.16 (d, JPC ) 11.8 Hz, NCH3) JPSi ) 45.1 Hz)b,c

5.11 (s, 5H, C5H5) 52.35 (s, NCH2)
84.76 (s, C5H5) 19F NMR
212.43 (d, JPC ) 42.3 Hz, CO) -121.26 (s,

with Si satellites,
JSiF ) 327.2 Hz)b,c
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They were treated with a Lewis acid such as BF3‚OEt2
or TMSOTf (Me3SiOSO2CF3). The spectroscopic data of
the starting complexes and the reaction products are
summarized in Table 1.

Reaction of 1 with an Excess of BF3‚OEt2. The
reaction of four iron complexes (1a-1d) having an
alkoxysilyl group and a diamino-substituted phosphite
with 4 equiv of BF3‚OEt2 in CH2Cl2 at -78 °C is shown

in eq 3. In every case, the complex 3, which has no OR
groups on Si or P but instead has an F substituent on
the Si atom, was obtained as a main product.

Formation of 3 is evidenced by the spectroscopic data.
In the reaction of 1a, having both Si-OMe and P-OMe
groups, for example, the 31P NMR spectrum showed a
singlet resonance at 311.1 ppm, which is 134.4 ppm
downfield than that of the starting complex. This large

Table 1 (Continued)

complex 1H NMR δ (ppm)a 13C NMR δ (ppm)a

31P NMR
δ (ppm)a

29Si and 19F
NMR δ (ppm)a

IR (νCO)
(cm-1)b

4 0.60 (d, JFH ) 8.3 Hz, 3H, SiCH3) 11.19 (d, JFC ) 14.9 Hz, SiCH3) 179.09 (s) 91.26 (dd, 1906
0.71 (d, JFH ) 8.1 Hz, 3H, SiCH3) 11.38 (d, JFC ) 13.7 Hz, SiCH3) JFSi ) 332.1 Hz,
2.34 (m, 2H, NCH2) 33.76 (d, JPC ) 10.6 Hz, NCH3) JPSi ) 43.6 Hz)
2.77 (m, 2H, NCH2) 33.85 (d, JPC ) 10.6 Hz, NCH3)
2.80 (d, JPH ) 10.5 Hz, 3H, NCH3) 48.88 (dd, JPC ) 9.3 Hz, 19F NMR
2.82 (d, JPH ) 9.9 Hz, 3H, NCH3) JFC ) 4.3 Hz, PCH2) -128.76 (s,
3.03 (d, JPH ) 14.7 Hz, 1H, PCH2) 50.92 (d, JPC ) 1.2 Hz, NCH2) with Si satellites,
3.38 (d, JPH ) 14.7 Hz, 1H, PCH2) 51.38 (d, JPC ) 1.9 Hz, NCH2) JSiF ) 330.9 Hz)
4.42 (s, 5H, C5H5) 81.72 (s, C5H5)
7.00∼7.21 (m, 5H, C6H5) 125.53 (d, JPC ) 2.5 Hz, p-C6H5)

127.68 (d, JPC ) 1.9 Hz, m-C6H5)
130.00 (d, JPC ) 3.1 Hz, o-C6H5)
137.00 (d, JPC ) 9.9 Hz, ε-C6H5)
218.57 (d, JPC ) 32.3 Hz, CO)

5a 0.58 (s, 3H, SiCH3)c,e 10.01 (s, SiCH3)c,e 171.95 (s)c,e 128.13 (d, 1938
0.76 (s, 3H, SiCH3) 11.63 (s, SiCH3) JPSi ) 55.9 Hz)c,e

2.61 (d, JPH ) 10.0 Hz, 3H, NCH3) 32.67 (d, JPC ) 11.2 Hz, NCH3)
2.68 (d, JPH ) 11.2 Hz, 3H, NCH3) 33.31 (d, JPC ) 11.2 Hz, NCH3)
3.05 (m, 2H, NCH2) 51.23 (s, NCH2)
3.16 (d, JPH ) 11.7 Hz, 3H, OCH3) 51.49 (d, JPC ) 3.1 Hz, NCH2)
3.30 (m, 2H, NCH2) 51.50 (d, JPC ) 11.2 Hz, OCH3)
4.49 (s, 5H, C5H5) 82.00 (s, C5H5)

118.58 (q, JFC ) 317.6 Hz, CF3)
217.01 (d, JPC ) 39.8 Hz, CO)

5b 0.58 (s, 3H, SiCH3)c,e 10.01 (s, SiCH3)c,e 170.05 (s)c,e 127.99 (d, 1933
0.78 (s, 3H, SiCH3) 11.62 (s, SiCH3) JPSi ) 55.9 Hz)c,e

1.08 (t, JHH ) 7.1 Hz, 3H, 15.75 (d, JPC ) 5.6 Hz, CH2CH3)
OCH2CH3) 32.59 (d, JPC ) 10.6 Hz, NCH3)

2.58 (d, JPH ) 11.0 Hz, 3H, NCH3) 33.24 (d, JPC ) 11.2 Hz, NCH3)
2.66 (d, JPH ) 11.2 Hz, 3H, NCH3) 51.07 (s, NCH2)
3.06 (m, 2H, NCH2) 51.33 (s, NCH2)
3.24 (m, 2H, NCH2) 60.50 (d, JPC ) 12.4 Hz, CH2CH3)
3.46 (m, 2H, OCH2CH3) 81.92 (s, C5H5)
4.48 (s, 5H, C5H5) 117.01 (q, JFC ) 317.6 Hz, CF3)

216.93 (d, JPC ) 39.2 Hz, CO)
6a 0.80 (s, 3H, SiCH3) 9.19 (s, SiCH3)f 169.77 (s) 107.30 (d, 1925

0.98 (s, 3H, SiCH3) 10.49 (s, SiCH3) JPSi ) 54.8 Hz)
2.66 (d, JPH ) 11.0 Hz, 3H, NCH3) 32.96 (d, JPC ) 9.3 Hz, NCH3)
2.70 (d, JPH ) 11.4 Hz, 3H, NCH3) 33.09 (d, JPC ) 9.9 Hz, NCH3)
3.06 (d, JPH ) 11.7 Hz, 3H, OCH3) 51.29 (s, NCH2)
3.13 (m, 2H, NCH2) 51.51 (s, NCH2)
3.34 (m, 2H, NCH2) 51.73 (d, JPC ) 12.4 Hz, OCH3)
4.39 (s, 5H, C5H5) 82.14 (s, C5H5)
7.96 (t, JHH ) 5.8 Hz, 2H, NC5H5) 127.04 (s, NC5H5)
8.29 (t, JHH ) 6.6 Hz, 1H, NC5H5) 143.47 (s, NC5H5)
8.80 (d,JHH ) 4.4 Hz, 2H, NC5H5) 145.49 (s, NC5H5)

217.91 (d, JPC ) 40.4 Hz, CO)
6b 0.66 (s, 3H, SiCH3) 8.76 (s, SiCH3)f 165.98 (s) 108.00 (d, 1926

0.97 (s, 3H, SiCH3) 10.16 (s, SiCH3) JPSi ) 55.0 Hz)
0.98 (t, JHH ) 7.2 Hz, 3H, OCH2CH3) 15.76 (d, JPC ) 5.6 Hz, OCH2CH3)
2.57 (d, JPH ) 11.0 Hz, 3H, NCH3) 32.67 (d, JPC ) 10.6 Hz, NCH3)
2.65 (d, JPH ) 10.8 Hz, 3H, NCH3) 32.97 (d, JPC ) 11.2 Hz, NCH3)
3.06 (m, 2H, NCH2) 50.94 (s, NCH2)
3.25 (m, 2H, NCH2) 51.18 (d, JPC ) 1.9 Hz, NCH2)
3.46 (m, 2H, OCH2CH3) 60.72 (d, JPC ) 12.4 Hz, OCH2CH3)
4.26 (s, 5H, C5H5) 82.06 (s, C5H5)
7.93 (t, JHH ) 6.6 Hz, 1H, NC5H5) 127.07 (s, NC5H5)
8.25 (t,JHH ) 7.1 Hz, 2H, NC5H5) 143.33 (s, NC5H5)
8.77 (d,JHH ) 5.0 Hz, 2H, NC5H5) 145.19 (s, NC5H5)

217.76 (d, JPC ) 40.4 Hz, CO)
a In CDCl3. b In CH2Cl2. c At -30 °C. d The NCH2 proton could not be identified due to being superimposed on the CH2 proton resonances

of ether. e In CD2Cl2. f The CF3 carbon could not be identified.
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downfield shift is very similar in magnitude to the shift
obtained in the previous results shown in eq 19a and

strongly suggests the formation of a cationic phos-
phenium complex with the OMe group on P eliminated.
The 13C NMR spectrum (in CH2Cl2) showed six reso-
nances: 10.72 (d, JFC ) 12.4 Hz, SiCH3), 10.75 (d, JFC
) 11.8 Hz, SiCH3), 34.16 (d, JPC ) 11.8 Hz, NCH3), 52.35
(s, NCH2), 84.76 (s, C5H5), 212.43 (d, JPC ) 42.3 Hz, CO).
The resonances due to POCH3 and SiOCH3 carbons are
not detected; they were observed for the starting com-
plex 1a at 50.92 ppm with 2JPC ) 13.1 Hz and 50.34
ppm, respectively. It should be noted that two NCH3
carbons and two NCH2 carbons in 3 are not diaste-
reotopic, while those in 1a were diastereotopic. This is
consistent with a planar geometry of the phosphorus
atom in 3. Also noted is that the resonances due to the
SiCH3 carbons for 3 are observed as a doublet, though
those for 1a were observed as a singlet, suggesting a
fluorination on the silyl group (substitution of the OMe
group with F). In fact, the formation of the Si-F bond
is firmly supported by the following spectroscopic data.
The 29Si NMR spectrum shows a doublet of doublets at
86.0 ppm (JFSi ) 329.9 Hz, JPSi ) 45.1 Hz), and the 19F
NMR spectrum shows the appearance of a new singlet
resonance at -121.3 ppm.

Several attempts to isolate complex 3 as a solid were
unsuccessful due to its instability. However, 3 could be
converted, by the reaction with PhCH2MgCl, into an
isolable complex, [Cp(CO)(SiMe2F)Fe{PNN(CH2Ph)}]
(4), which was fully characterized and was shown to

have the PhCH2 group bound to the phosphorus atom
(eq 3). This gives further evidence that 3 is a cationic
phosphenium complex. These results show that both of
the OR groups on Si and P were abstracted in the
present reactions with an excess of BF3‚OEt2.

Reaction of 1 with an Equimolar Amount of BF3‚
OEt2. In the above reaction, an excess of BF3‚OEt2 was
added to effect the abstraction of the OR group on both
the Si and P atoms. It is interesting therefore to
examine which OR group is abstracted when 1 equiv of
BF3‚OEt2 is added (eq 4). In the reaction of 1a under

such conditions, the 31P NMR spectrum showed the
appearance of a large singlet signal at 175.1 ppm
accompanied with some weak signals, including a very
small singlet at 311.1 ppm due to a cationic phos-
phenium complex 3. The major product with the above
chemical shift of 175.1 ppm was isolated by alumina
column chromatography as a lemon-yellow powder. The
spectroscopic data (including 29Si and 19F NMR) and its
elemental analysis established the formation of a neu-
tral complex formulated as [Cp(CO)(SiMe2F)Fe{PNN-
(OMe)}] (2a). The same result was obtained in the
reaction of 1d to give complex 2b.

On the basis of these results and the formation of the
carbene complex in the reaction of the corresponding
methoxymethyl-iron complex (eq 2),9a two plausible
reaction pathways are proposed as follows (Scheme 1).
An OR group on Si, but not on P, is first abstracted by

Table 2. Summary of Crystal Data for 7b
formula C18H35F3FeN2O5P2SSi
fw 594.42
cryst syst monoclinic
space group C2/c
cell constants

a, Å 27.530(1)
b, Å 14.6560(3)
c, Å 15.5390(5)
â, deg 93.796(1)

V, Å3 5450.7(3)
Z 8
Dcalcd, g cm-3 1.45
µ, cm-1 8.4
cryst size, mm 0.50 × 0.37 × 0.20
radiation Mo KR (λ ) 0.710 93 Å)
2θmax, deg 50.0
no. of unique data 6663
no. of unique data with Fo > 3σ(Fo) 4044
R 0.044
Rw 0.050

Scheme 1
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BF3‚OEt2 to give a silylene complex, which is, however,
too reactive to be isolated or to be detected spectroscopi-
cally and thus reacts further with F- present in the
reaction mixture to yield 2 (path A). An alternative
reaction pathway (path B) is also probable, as judged
from the general reactivity of main-group elements. In
this pathway the reaction proceeds via a five-coordina-
tion silicon intermediate. There is, at present, no
evidence to show which pathway is more plausible.

The reaction pathways in Scheme 1 imply that an OR
group on Si is selectively abstracted. However, the
following pathway is also conceivable: An OR group on
P is first abstracted to give a cationic phosphenium
complex, and then an OR group migrates from Si to the
phosphenium phosphorus to yield a silylene complex.
This is followed by fluorination, resulting in the forma-
tion of 2. To check this possibility, the reaction of 1b
having different OR groups on Si and P with an
equimolar amount of BF3‚OEt2 was examined. The
reaction unexpectedly gave a mixture of 2a and 2b in
1/1 ratio. The reaction of 1c gave the same products.
These OR scramblings indicate the existence of some
equilibria in these reactions. Presumably, they would
involve the formation of a small amount of a cationic
phosphenium complex 3, which also acts as a Lewis acid.
The plausible reaction process is shown in Scheme 2.
In the reaction of 1 with BF3‚OEt2, OR1/F substitution
on Si occurs first to give 2, accompanied with the
formation of BF2OR1 as a coproduct. If the BF2OR1 thus
formed could react as a Lewis acid with 2, the cationic
phosphenium complex 3 would be produced in the
reaction mixture. Then 3 would be converted into 2
again, when 3 itself acts as a Lewis acid to abstract an
OR group from complex 2 or from the boron compounds
present such as [BF3OR]-, [BF2OR1OR2]-, etc. Since the
OR group scrambling readily occurs, as evidenced in the
reaction of 1b and 1c with equimolar amounts of BF3‚
OEt2, selective OR abstraction cannot be affirmed.

Reaction of 1 with Trimethylsilyl Triflate (TM-
SOTf). It has been reported that a silylene complex of
a transition metal is very susceptible to F-/F attack with
an Si-F bond readily created.20 In fact, the reaction of
1 with BF3‚OEt2 led eventually to the formation of an
Si-F bond, though the silylene complex might have
been formed transiently. Therefore, TMSOTf was em-
ployed in place of BF3‚OEt2, because it has no replacable
fluorine atom but serves similarly as a Lewis acid. The
results are shown in eq 5.

In a typical reaction, 1a, having both SiOMe and
POMe groups, was treated with an equimolar amount

of TMSOTf in CH2Cl2 at -78 °C, and the reaction
mixture was stirred for 15 min. From the following
reasons, we concluded that the product is best formu-
lated as Cp(CO){PNN(OMe)}FedSiMe2‚OTf, 5a: (i) The
IR spectrum showed a CO stretching absorption at 1938
cm-1, which is higher by 33 cm-1 than that of 1a,
suggesting that the product carries a positive charge.
(ii) The 31P NMR spectrum did not exhibit any signifi-
cant change in the chemical shift, indicating that the
phosphite ligand coordinated to Fe remained intact in
the reaction, which was also confirmed by the 13C NMR
spectrum. (iii) The 29Si NMR spectrum showed a doublet
at 128.13 ppm, which is 53 ppm lower than that of 1a.
The downfield shift (53 ppm) is not large compared with
those observed when base-free silylene complexes of Pt
or Ru are formed.11f,21 For example, Tilley et al. have
reported that the base-free silylene complex of Ru, Cp*-
(PMe3)2RudSi(Sptol)2BPh4, exhibits a resonance in the
29Si NMR spectrum at 250.6 ppm, which is 177.5 ppm
lower than that of the starting OTf--adduct, Cp*-
(PMe3)2RuSi{(Sptol)2(OTf)}.21 In addition, two SiCH3
carbons appeared as diastereotopic in the 13C NMR
spectrum, indicating that the geometry around Si in the
product does not have a trigonal planar geometry
expected for a base-free silylene complex. Therefore, 5a
can be considered as a weakly OTf--stabilized silylene
complex; it might be in equilibrium with the corre-
sponding base-free silylene complex in solution.

Since this complex is too reactive to be isolated as a
solid, it was converted into the fully base-stabilized
silylene complex with a strong Lewis base such as
pyridine or PMe3 (eq 5). In the reaction of 5 with 1 equiv
of pyridine at -78 °C, a pyridine-stabilized silylene
complex 6 was quantitatively formed and was isolated
as a yellow powder by crystallization from the CH2Cl2/
hexane layer in good yield (6a 86%, 6b 84%). Complex
7 was similarly formed via the reaction with PMe3, and
the structure of 7b was established by X-ray analysis
(vide infra).

In the reaction with TMSOTf, the OR scrambling
reaction observed on treatment with 1 equiv of BF3‚OEt2
was not observed at all; that is, 1a and 1c gave a
common product 5a, and 1b and 1d gave 5b. Therefore,(20) (a) Marks, T. J.; Seyam, A. M. Inorg. Chem. 1974, 13, 1624. (b)

Schmid, G.; Balk, H.-J. J. Organomet. Chem. 1974, 80, 257. (c) Thum,
G.; Malisch, W. J. Organomet. Chem. 1984, 264, C5. (d) Malisch, W.
Chem. Ber. 1974, 107, 3835.

(21) Straus, D. A.; Grumbine, S. D.; Tilley. T. D. J. Am. Chem. Soc.
1990, 112, 7801.

Scheme 2
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these reactions clearly show that an OR group on Si is
selectively abstracted by TMSOTf. Though it is not easy
to say where the selectivity comes from, it should be
noted that the selectivity observed here is opposite to
the trend simply expected from a comparison between
Si-O bond energy (452 kJ mol-1) and P-O bond energy
(335 kJ mol-1).22 As far as the thermodynamic aspects
are concerned, a difference in the O atom basicity
between the Si-OR and P-OR groups and/or a ther-
modynamic stability difference between the resulting
silylene and phosphenium complexes are probably
responsible for the interesting selectivity found here.

The reactions of 5, 6, or 7 with an excess of TMSOTf
were attempted, but a further reaction, such as the
abstraction of the second OR group on P, was not
observed at all. This is presumably due to the ap-
preciable drop in the basicity of the OR oxygen on the
phosphorus brought about by the positive charge present
on these complexes.

Crystal Structure of 7b. X-ray structure analysis
of 7b was undertaken. The ORTEP drawing of 7b is
displayed in Figure 1. The crystal data and the selected
bond distances and angles are summarized in Tables 2
and 3.

The X-ray structure of 7b shows that the iron takes
a normal piano stool configuration with a cyclopenta-
dienyl ligand in an η5 fashion, a terminal CO ligand, a
diamino-substituted phosphite ligand, and a silylene
group stabilized by a phosphine, SiMe2PMe3. The most
interesting structural feature is that the Fe1-Si1 (2.272
Å) bond is significantly shorter than those of normal
silyl iron complexes (2.32-2.37 Å),23 suggesting the
unsaturated character of the Fe1-Si1 bond, and it falls
in the range of those of the usual base-stabilized silylene
iron complexes (2.21-2.29 Å).12 As judged from the P-Si

dative bond distance in H2SirPH3 (2.3272 Å) estimated
by ab initio calculations,24 the P2-Si1 bond (2.364(1)
Å) can be considered to be a dative bond. The sum of
the bond angles around Si1 (346.1°) in the Fe1Si1C8C9
unit and the P2-Si1 bond distance suggest that the
geometry around silicon is rather close to sp3 geometry,
and PMe3 coordinates to the silylene silicon relatively
strongly.

Conclusion

The reaction of 1 (a complex containing an OR group
on both a silyl ligand and a phosphorus ligand) with
excess BF3‚OEt2 affords the cationic phosphenium
complex 3, where both OR groups, as a result, are
abstracted. The reaction with an equimolar amount of
BF3‚OEt2 leads to the fluorination of the silyl group and
isolation of 2, with the concomitant OR scrambling at
the P atom. In the reaction with TMSOTf, an OR group
on Si is selectively abstracted to give the corresponding
silylene complex 5. It was characterized by spectroscopic
data and by the further reaction with a Lewis base such
as pyridine or PMe3, leading to the corresponding base-
stabilized silylene complex 6 or 7, respectively. The
selectivity may be derived from a difference in basicity
of the oxygen atom between Si-OR and P-OR in the
complex and/or from a relative thermodynamic stability
between the silylene and phosphenium complexes.
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Figure 1. ORTEP drawing of 7b showing the atom-
numbering scheme (the OTf- counterion is omitted for
clarity). The thermal ellipsoids are drawn at the 50%
probability level.

Table 3. Selected Bond Distances (Å) and Angles
(deg) for 2b
Bond Distances

Fe1-P1 2.1548(9) Si1-C8 1.888(4)
Fe1-Si1 2.2722(9) Si1-C9 1.886(4)
Fe1-C1 1.714(4) O1-C1 1.164(4)
P1-O2 1.615(2) O2-C2 1.461(4)
P1-N1 1.654(2) N1-C4 1.452(5)
P1-N2 1.672(2) N1-C5 1.452(5)
P2-Si1 2.364(1) N2-C6 1.436(5)
P2-C10 1.807(4) N2-C7 1.434(5)
P2-C11 1.797(4) C2-C3 1.444(6)
P2-C12 1.813(4) C5-C6 1.498(7)

Bond Angles
P1-Fe1-Si1 97.07(3) Fe1-Si1-C9 122.8(1)
P1-Fe1-C1 90.1(1) P2-Si1-C8 100.9(1)
Si1-Fe1-C1 87.3(1) P2-Si1-C9 96.3(1)
Fe1-P1-O2 110.46(9) C8-Si1-C9 104.9(2)
Fe1-P1-N1 122.5(1) P1-O2-C2 121.7(2)
Fe1-P1-N2 125.3(1) P1-N1-C4 124.5(2)
O2-P1-N1 107.9(1) P1-N1-C5 115.7(3)
O2-P1-N2 106.6(1) C4-N1-C5 119.0(3)
N1-P1-N2 92.0(2) P1-N2-C6 115.2(3)
Si1-P2-C10 116.5(1) P1-N2-C7 123.2(3)
Si1-P2-C11 113.6(2) C6-N2-C7 118.5(3)
Si1-P2-C12 109.8(1) Fe1-C1-O1 177.5(3)
Fe1-Si1-P2 109.20(4) N1-C5-C6 107.4(3)
Fe1-Si1-C8 118.4(1) N2-C6-C5 107.7(3)
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