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Summary: A cationic intramolecular base-stabilized si- 
lyleneiron complex, [(q-CsH5)Fe(C0)2=SiMe(2-(Mez- 
NCHdC&l4]IPF6, was synthesized by hydride abstrac- 
tion from the (hydrosily1)iron complex (q-C&dFe- 
(CO)2SiHMe (2-(MeflCHd C&l4 ] with Ph3CPF6. Reac - 
tion of the silylene complex with MeOH afforded the 
methoxysilyl complex [(q-CsHs)Fe(CO)2SiMeOMe{2- 
(Mefl(H)CHdC&]]PF6 in  good yield. The molecular 
structures of  the silylene and methoxysilyl complexes 
were determined by X-ray crystal structure analysis. 

One of the useful synthetic routes for carbene com- 
plexes is abstraction of a leaving group from the carbon 
atom of an alkylmetal complex with an e1ectrophile.l A 
similar strategy, i.e., abstraction of a leaving group from 
the silicon atom of a silylmetal complex, seems ap- 
plicable for the synthesis of silylene complexes. How- 
ever, such attempts to prepare silylene complexes have 
failed, principally due to the occurrence of secondary 
reactions.2 For example, reaction of FpSiCl3 (Fp = 
CpFe(C0)z; Cp = q-CgH5) with 3 equiv of AgBF4 caused 
fluorination of the silyl group and FpSiFs was isolated 
(eq 1).2a In 1987, Tilley and his colleagues succeeded 

o c F - S i C 1 3  + AgW4 - oc$+SiF3 (1) 

oc oc 

in obtaining the cationic silylene complex [Cp*(Me3P)2- 
Ru=SiPhyNCMelBPh4 (Cp* = q-CsMeg) by the abstrac- 
tion m e t h ~ d . ~  They selected Cp*Ru(PMe3)2SiPhzOTf as 
a precursor complex, which contains the good leaving 
group OTf and the electron-rich ruthenium fragment 
Cp*Ru(PMe& to stabilize the generated silylene ligand. 

In  addition, they used a mild electrophile which does 
not contain a fluorine source, NaBPh4, to prevent 
undesirable secondary reactions. Their result clearly 
shows that selection of the leaving group and the 
electrophile, especially the counteranion in the electro- 
phile, is important for the preparation of the silylene 
complex by the abstraction method. 

Many hydrosilyl complexes have been prepared so 
far.4 Thus, it would be worthwhile to find a new 
synthetic route to  silylene complexes using hydrosilyl 
complexes as precursors. This prompted us to investi- 
gate hydride abstraction from the hydrosilyl complex 
by electrophiles. Our efforts, at first, were focused on 
finding substituents for the silicon atom which suf- 
ficiently stabilize the cationic silylene complex gener- 
ated by hydride abstraction. We employed an LW group 
(ArN = 2-(MezNCH&H4) for the substituent on the 
silyl ligand, since the generated silylene ligand may be 
effectively stabilized by the intramolecular b a ~ e . ~ , ~  We 
then attempted to abstract the hydride from FpSiMe- 
HA@ ( l I 7  with several electrophiles and finally found 
that the reaction of the (hydrosily1)iron complex 1 with 
Ph3CPF6 resulted in the formation of the cationic 
silylene complex [Fp=SiMe@]PFs (2). This is a sur- 
prising result, since the cationic silylene complex is 
stable enough even in the presence of PF6- ions. Here 
we report the details of the synthesis of the cationic 
silyleneiron complex by hydride abstraction and the 
reactivity of the silylene complex. 
An initial attempt to cany out the hydride abstraction 

from the silyl group of FpSiHMeArN (1) with Ph3CBF4 
was unsuccessful. For example, reaction of FpSiH- 
MeArN (1) with 1 equiv of Ph3CBF4 in dichloromethane 
at  room temperature afforded a complex reaction mix- 
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ture. NMR investigation revealed that the mixture 
contained PhsCH, BF3, and compounds with Si-F 
bonding. This result suggests that hydride abstraction 
occurred during the reaction but was followed by 
secondary reactions. Our attention then turned to Ph3- 
CPF6, since fluoride ion affinity toward PF5 is consider- 
ably greater than that toward BF3.8 

The reaction of FpSiHMeArN (1) with Ph3CPF6 in 
dichloromethane afforded complex 2 and P ~ S C H . ~  Com- 
plex 2 crystallized out as an air-sensitive yellow solid 
when the reaction mixture was cooled to -30 "C. The 
29Si NMR spectrum of 2 in acetonitrile-& showed a 
singlet peak at  6 118.3 ppm, which appears at  much 
lower field than that of the precursor complex 1 (6 13.4 
ppm) and a t  comparable field to  those of the known 
silylene complexes stabilized by the AP group (6 110- 
145 ppmh5s6 The fact that the 29Si NMR gave a singlet 
peak and the SiMe signal in the 'H NMR spectrum was 
observed as a singlet peak a t  6 0.92 ppm shows that 
fluorination of the silicon did not take place during the 
reaction. From the spectroscopic and mass spectral data 
as well as the elemental analysis, complex 2 was 
identified as a cationic silylene complex with PF6-, 
[Fp=SiMeArP'T]PF,j (2; eq 2). The existence of PF6- ions 
was also confirmed by 19F NMR and IR spectroscopy. 
The structure of the complex 2 was unequivocally 
confirmed by X-ray crystal structure analysis. 
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Figure 1 shows an ORTEP drawing of the cationic 
silyleneiron moiety [Fp=SiMeAPl+ in complex 2.1° The 
short Fe-Si bond distance (2.2659(11) A) of 2 suggests 
the unsaturated character of the Fe-Si bond, which is 
shorter than those of the usual silyliron complexes 
(2.32-2.37 and comparable to  those of the known 
base-stabilized silyleneiron complexes (2.21-2.29 &.@13J4 
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NMe), 3.00 (s, 3H, NMe), 4.39 (d, 'JHH = 15.1 Hz, lH,  CHd, 4.64 (d, 
2JHH = 15.1 Hz, lH,  CH2), 5.28 (s,5H, Cp), 7.37-7.67 (m, 4H, Ar). 29Si 

6 7.8 (SiMe), 48.0, 49.9 (NMez), 68.7 (CHd, 68.4 (Cp), 125.7, 129.8, 
132.1, 133.1, 139.8, 139.8 (Ar), 212.9,213.3 (CO). 19F NMR (282 MHz, 
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Figure 1. ORTEP drawing for the cationic silyleneiron 
moiety [Fp=SiMe@I+ in 2. Atoms are represented by 
thermal ellipsoids at the 50% probability level. Selected 
bond lengths (A) and angles (deg): Fe-Si, 2.2659(11); Fe- 
C(1), 1.748(5); Fe-C(2), 1.748(5); Fe-C(Cp), 2.097 (av); Si- 
C(3), 1.867(4); Si-C(4), 1.871(4); Si-N, 1.949(3); O(l)-C(l), 
1.148(5); 0(2)-C(2), 1.1496); C(l)-Fe-Si, 89.85(14); C(2)- 
Fe-Si, 87.92( 14); C(l)-Fe-C(2), 93.4(2); N-Si-Fe, 118.53- 
(10); C(3)-Si-Fe, 116.6(2); C(U-Si-Fe, 120.02(12); C(3)- 
Si-C(4), 107.0(2). 

The Si-N bond distance (1.949(3) A) is lon er than the 

shorter than the sum of the van der Waals radii (3.2 
A),6J5 Interestingly, the Si-N distance is shorter than 
that of the dative bonding in H2Si-NH3 (2.06 A) 
obtained by ab initio calculations16 and those of other 
silylene complexes stabilized by the AP group (1.962- 
2.046 A).5v6a The sum of bond angles of the three 
covalently bonded substituents a t  silicon (343.6") is also 
slightly smaller than those of other silylene complexes 
stabilized by the AP group (346.7-351.3").516a These 
results suggest that the Si-N dative interaction in 2 
is relatively strong, which is expected due to the high 
electrophilicity of the silylene ligand imparted by the 
presence of a monopositive charge on complex 2. The 
strong coordination of NMez to the silylene ligand is also 
revealed by a VT 'H NMR experiment. The silyleneiron 
complex 2 shows a rigid coordination of the dimethyl- 
amino group to silicon even at  80 "C in CD3CN solution 
(300 MHz); i.e., no broadening of the diastereotopic 
MezN signals and the AB pattern signals of the CH2 
group was observed. This is in contrast to  Zybill's 
silylene complex (OCk,Cr=SiP-, which shows si- 

(12) Sheldrick, G. M. SHELXL-93, Program for Crystal Structure 
Determination; University of Gottingen, GBttingen, Germany, 1993. 

(13) (a) Ueno, K.; Tobita, H.; Shimoi, M.; Ogino, H. J .  Am. Chem. 
Soc. 1988, 100, 4092. (b) Tobita, H.; Ueno, K.; 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. 

(14)(a) Leis, C.; Wilkinson, D. L.; Handwerker, H.; Zybill, C. 
Organometallics 1992, 11, 514. (b) Zybill, C.; Wilkinson, D. L.; Leis, 
C.; Muller, G. Angew. Chem., Int. Ed. Engl. 1989, 28, 203. (c )  Leis, 
C.; Zybill, C.; Lachmann, J.; Muller, G. Polyhedron 1991,10, 1163. (d) 
Zybill, C.; Muller, G. Organometallics 1988, 7, 1368. (e) Zybill, C.; 
Muller, G. Angew. Chem., Int. Ed. Engl. 1987,26, 669. 

(15) Sheldrick, W. S. In The Chemistry of  Organic Silicon Com- 
pounds; Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989; Vol. 2, 
Chapter 3, p 227. 

(16) (a) Conlin, R. T.; Laakso, D.; Marshall, P. Orgummtullics 1994, 
13, 838. (b) Raghavachari, IC; Chandrasekhar, J.; Gordon, M. S.; 
Dykema, K. J. J. Am. Chem. SOC. 1984,106, 5853. 

normal values of Si-N o-bonds (1.70-1.76 1 ) and much 
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multaneous coalescence of both Me2N and CH2 signals 
a t  95 "C.5 It is noteworthy that the cationic silyleneiron 
complex coexists with the fluorine-containing anion, 
PFs-. The surprising inertness of the cationic complex 
2 toward the PF6- ion even at elevated temperature 
could be attained by the strong intramolecular coordi- 
nation of the dimethylamino group in AP to the highly 
electrophilic silylene ligand. 

Some reactivity studies of complex 2 were carried out. 
Heating a CD3CN solution of complex 2 in a sealed tube 
a t  95 "C for 3 days afforded f lSiMeF2,  Fp-, and Fpz, 
which would be generated by a reaction including 
fluorination of the silylene ligand by PFs- and succes- 
sive cleavage of the silicon-iron linkage by PFg.2a Thus, 
the stabilization of the silylene ligand by the AP group 
is critical for the reactivity toward PFs-. 

The silylene complex shows particular susceptibility 
to nucleophiles. Reaction of 2 with 1 equiv of MeOH 
led to the formation of the cationic methoxysilyl complex 
[FpSiMeOMeMH1PFs (3, flH = 2-(MezN(H)CHz}- 
C6H.4; eq 31.l' The 29Si NMR signal of 3 appeared at 
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much higher field (6 7.40 ppm) than that of the silylene 
complex 2, indicating the loss of unsaturated character 
of the Fe-Si bond. The complex 3 showed a broad lH 
NMR signal a t  8.8 ppm, which is assignable to the 
proton in the dimethylammonium group. The signals 
of the diastereotopic Me2N and the CH2 groups appeared 
as two doublets and an ABX pattern, respectively, due 
to the spin-spin coupling with the proton on the 
nitrogen atom. 

Figure 2 shows an'ORTEP drawing of the cationic 
(methoxysily1)iron moiety [FpSi(OMe)Me@I+ of com- 
plex 3.18 The Fe-Si bond distance of 3 (2.305(2) A) is 
longer by 0.04 A than that of the silylene complex 2 but 
is still shorter than those of the known (alkylsily1)iron 
complexes (2.32-2.37 Ah4 The relatively short Fe-Si 
distance of 3 may be attributed to the presence of the 
electron-withdrawing methoxy substituent on the silicon 

(17) 'H NMR (300 MHz, CDzClz): 6 0.89 (8,3H, SiMe), 2.78 (d, 3JHH 
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OMe), 4.17 (dd, VHH = 12.7 Hz, = 7.4 Hz, 1H, CHd, 4.55 (dd, 
*JHH = 12.7 Hz, 3 5 ~ ~  = 4.3 Hz, lH ,  CHz), 4.97 (8, 5H, cp), 7.38-7.68 
(m, 4H, Ar), 8.78 (br, lH,  NH). 29Si NMR (59.6 MHz, CD2Clz): 6 74.0 
( 6 ) .  13C NMR (75.5 MHz, CDzC12): 6 7.4 (SiMe), 41.9, 43.8 (NMeZ), 
52.0 (OMe), 63.9 (CHz), 85.1 (Cp), 130.2, 130.3, 133.3, 133.7, 135.0, 
146.1 (Ar), 214.9, 215.7 ((20). 19F NMR (282 MHz, CDzClz): 6 -72.0 
(d, l J p ~  = 701 Hz, We-) .  IR (CHZC12): V (cm-l) 2002 (s), 1946 (s) (YCO), 
849 (s) ( W e - ,  YPF), 557 (m) (PFB-, ~ F P F ) .  MS (FAB, Xe, NBA): mlz  
917 (10, 2M+ - PFs), 386 (100, MC - PFs), 208 (16). Anal. Calcd for 
C ~ ~ H ~ ~ F ~ F ~ N O ~ P S ~ . ~ . ~ C H Z C ~ Z :  C, 37.68; H, 4.31; N, 2.34. Found: C, 
37.67; H, 4.28; N, 2.55. 
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Figure 2. ORTEP drawing for the cationic (methoxysily1)- 
iron moiety [FpSi(OMe)MeArN]+ in 3. Atoms are repre- 
sented by thermal ellipsoids at  the 50% probability level. 
Selected bopd lengths (A) and angles (deg): Fe-Si, 2.305- 
(2); N..*03, 2.721(8); Fe-C(l), 1.723(10); Fe-C(2), 1.761- 
(11); O(1)-C(l), 1.156(10); 0(2)-C(2), 1.121(10); Si-0(3), 
1.670(5); Si-C(4), 1.878(8); Si-C(5), 1.889(8); Fe-C(Cp), 
2.071 (av); C(4)-Si-C(5), 108.3(4); 0(3)-Si-Fe, 114.3(2); 
C(4)-Si-Fe, 112.3(3); C(5)-Si-Fe, 114.8(2); C(l)-Fe- 
C(2), 94.5(5); C(1)-Fe-Si, 87.5(3); C(2)-Fe-Si, 88.3(3); 
O( 3) -Si- C( 4), 104.7( 3); C( 3) -O( 3)- Si, 123.3( 5); O( 1) - 
C(l)-Fe, 177.6(10); 0(2)-C(2)-Fe, 179.2(10). 

atom.4 The Si-0(3) bond distance lies within the range 
for a covalent bond (1.670(5) The sum of the 
C-Si-C and two C-Si-Fe bond angles in 3 (335.4") is 
smaller than that of 2 (343.6"), indicating the sp3 
character of the silicon atom in 3. The N-H(N) bond 
in the dimethylammonium unit is directed toward 
oxygen O(3) (N.-0(3) = 2.74(1) A) by hydrogen bonding 
(N-H(N).**0(3)). 

The cationic silyleneiron complex 2 reacts with some 
nucleophiles, such as HMPA, HCI, HzO, and PMe3. 
Further studies on the reactivity of the silylene complex 
2 and related complexes are in progress. 
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(18) Crystal data for 3: C ~ S H ~ & ~ ~ F ~ F ~ N O ~ P S ~ ,  M, = 616.22, mono- 
clinic, space group P21/n, a = 14.157(2) A, b = 16.027(3) A, c = 11.843- 

0.928 mm-', F(000) = 1256. Data in the range 1.92 5 0 5 27.51" were 
collected with graphite-monochromated Mo Ka radiation a t  293 K 
(6474 reflections). The structure was solved by heavy-atom methods 
(SHEW-86)"  and refined by full-matrix least-squares techniques on 
all collected F1 data (SHELXL-93);12 GOF = 0.990. R1 = 0.0729 and 
wR2 = 0.1622 for 1864 reflections with I > 2dI) .  
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