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Photolysis of 2 molar amounts of CpFe(CO),SiMes (=FpSiMes, 1) with s-alkylsilanes Ro,CHSiH3 (2a: R =Et; 2b:
R =Ph) produces the silylene (or silanediyl)-bridged diiron complexes Cp2(CO),;Fex(¢-CO)[x-Si(H)CHR;] (3a: R=Et;
3b: R =Ph) which exist mainly in cis-form. The treatment of cis-3 with an excess amount of CH,I, stereoselectively
affords the iodosilylene-bridged diiron complexes Cp2(CO),Fe,(u-CO)[u-SiI)CHR:] (4a: R=Et; 4b: R=Ph) in cis-
form. The reaction of complexes 4 with 4-(dimethylamino)pyridine (= DMAP) gives the base-stabilized silylyne (or
silanetriyl)-bridged diiron complexes Cp,(CO),Fer(1-CO)[1-Si(DMAP)CHR,]"I™ (5a: R=Et; 5b: R=Ph) in 35 and
43% vyields, respectively. The cis—trans isomerization of complexes 3 was studied under thermal and photochemical
reaction conditions. The molar ratios of the cis and trans isomers of complexes 3 in the thermal equilibrium at 50 °C were
95:5 (3a) and 78:22 (3b), respectively, and in the photostationary state at 10 °C were 80 : 20 and 30: 70, respectively.
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The structures of complexes 3b and 4b have been characterized by X-ray diffraction.

Compounds with transition metal-silicon bonds have at-
tracted a considerable number of researchers continuously
since the first example, CpFe(CO),SiMe; (= FpSiMes), was
reported in 1956.” There has been remarkable progress over
the last few years in the preparation of transition metal com-
plexes containing unsaturated silicon ligands. These com-
plexes represent very rich chemistry and have important ap-
plications in a number of catalytic processes.”

The oxidative addition of Si—H bonds of mono-, di-, or
tri-substituted silanes to low-valent metal centers is one of
the most important reactions in the formation of transition
metal-silicon bonds.® Many silyl (transition metal) com-
plexes and several complexes with M---H---Si 3-center 2-
electron bonds have been prepared.® It is now clear that co-
ordination compounds of subvalent silicon ligands play a
key role in many reactions and have important applications
in industrial processes.” Bimetallic complexes with silyl-
ene (or silanediyl) as bridging ligand have been known for
some time;® however, the investigations of silylyne (or si-
lanetriyl)-bridged one have been few. We have previously
reported the preparation of the silylene-bridged diiron com-
plexes Cp5(CO),Fe, (1-CO)(u-SiHR) (Cp’ =CsHs, R=1-Bu,
(CMe;),H; Cp’ =CsMes, R =p-Tol) via the photolytic re-
action of Cp’Fe(CO),SiMe; and RSiH;.” Furthermore, we
have succeeded in the synthesis of the first base-stabilized
silylyne-bridged diiron complexes Cp,(CO),Fe,(u-CO)[u-
Si(Base)r-Bu]*I~ by the reaction of Cp,(CO),Fe,(u-CO)-

[u-Si(D)-Bu] with Lewis bases, such as DMAP and N-
methylimidazole (= NMI).® Herein, we would like to re-
port some results of the photolysis of FpSiMes in the pres-
ence of the secondary alkylsilanes R,CHSiH; to give si-
lylene-bridged diiron complexes Cp,(CO) Fe,(u-CO)u-
Si(X)CHR,] (X=H, I; R=Et, Ph). The syntheses of si-
lylyne-bridged diiron complexes Cp,(CO),Fe,(u-CO)[u-
Si(DMAP)CHR,]*I~ (R =Et, Ph) from the corresponding
iodo-substituted silylene-bridged diiron complexes are also
reported.

Experimental

All manipulations were performed under an atmosphere of pre-
purified nitrogen with standard Schlenk techniques, and all solvents
were distilled from an appropriate drying agent.” Infrared spectra
were recorded on a Horiba FT-200 spectrometer. The 'HNMR
spectra were obtained on a Bruker ARX 300 spectrometer, in which
chemical shifts were reported in & values relative to the residual
solvent resonance of C¢Ds (7.15 ppm) or CD;CN (1.95 ppm). The
SiNMR spectra were obtained on the Bruker ARX 300 spec-
trometer by using a DEPT pulse sequence. Mass spectra were
recorded on a JEOL JMS HX-110 spectrometer. FpSiMes (1) and
1-ethylpropyl chloride!® were prepared according to the literature
procedures. Other reagents were obtained from commercial sources
and used without further purification.

Preparation of Silanes R,CHSiH; (2a: R=Et; 2b: R=Ph).
(a) 1-Ethylpropylsilane, Et,CHSiH3 (2a): A 250 cm’ flask was
equipped with a condenser and a dropping funnel. 1-Ethylpropyl
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chloride (10 g, 94 mmol) in 10 cm® of pentane placed in the funnel
was added dropwise to the suspension of Li powder (2.5 g, 0.36
mmol) with 5% Na dispersion in 100 cm® of pentane at 36 °C over
1 h; then the solution was refluxed for an additional 2 h. After the
solution was cooled to room temperature, it was filtered under ni-
trogen. The resultant orange filtrate (1-ethylpropyllithium), whose
concentration was determined by the titration with 1.0 M s-BuOH to
be 0.71 M (1 M=1 mol dm™3), was transferred to another dropping
funnel via a cannula and added dropwise to the stirred solution of
SiCl (24 g, 0.14 mmol) in 100 cm® of THF placed in a 500 cm®
flask over 2 h. After the addition was completed, the solution was
refluxed for 2 h and then cooled to room temperature. Most of the
solvent was distilled under atmospheric pressure and the yellowish
residue was distilled under reduced pressure to afford trichloro(1-
ethylpropyl)silane (7.2 g, 35 mmol, 37%) as a colorless liquid, bp
101—104 °C/85 mmHg (1 mmHg = 133.322 Pa).

To the suspension of LiAlH, (3.23 g, 85 mmol) in 150 cm? of
THEF, a solution of trichloro(1-ethylpropyl)silane (7.0 g, 34 mmol)
in 20 cm® of THF was added dropwise through a dropping funnel
over 30 min. After the addition was completed, the solution was
heated to 80 °C for 2 h and then cooled by an ice-bath. Then, 4 cm’
of water, 4 cm® of 15% aqueohs NaOH, and 13 cm® of water were
added successively while stirring vigorously. The white precipitate
was then filtered by frit and washed with THF (20 cm®x3). The
filtrate and washings were combined, placed in a separatory funnel,
and washed with a dilute NaCl solution and then with water to
wash off THF until the volume of the organic layer did not change
(12 times). The organic layer was then washed with a saturated
NaCl solution and dried over MgSO4. The resulting crude product
was distilled to give 1-ethylpropylsilane (2a) (1.68 g, 16.5 mmol,
49%) as a colorless liquid, bp 46—48 °C. IR (hexane, cm™!) 2150
(vsi—u); "HNMR (CsDs) 6 =0.67 (n, 1H,~CH), 0.86 (t, 6H, ~CH3),
1.35 (m, 4H, ~CH>), 3.62 (d, Jun = 3.2 Hz, 3H, -Si-H); *SiNMR
(C¢Dg) 6 =—55.1 (s). Found: C, 58.21; H, 13.6%. Calcd for
CsHusSi: C, 58.73; H, 13.8%.

(b) (Diphenylmethyl)silane, Ph, CHSiH3 (2b): Ph,CH, (8.4
cm®, 50 mmol) was dissolved in 100 cm® of THF and the solution
was maintained at —78 °C. n-BuLi (1.6 M in hexane, 35 cm?, 55
mmol) in 50 cm’ of hexane was added dropwise to the solution.
After the addition was completed, the orange solution was stirred
for 2 h at 0 °C before being warmed up to room temperature.
The resultant orange solution (Ph, CHLi) was transferred to another
dropping funnel via a cannula and then added dropwise to the
solution of SiCls (25.5 g, 0.15 mol) in 100 cm® of THF over 3
h. After the addition was completed, the solution was refluxed
for 2 h. The solution was distilled under reduced pressure after
being cooled to room temperature to give Ph,CHSIiCl; (3.02 g, 10
mmol, 20%) as a colorless liquid, bp 89-90 °C/0.15 mmHg (1
mmHg=133.322 Pa), and 8.5 g of (Ph,CH),SiCl, as a white solid.

To the suspension of LiAlH, (0.95 g, 25 mmol) in 100 cm® of
Et,0, Ph,CHSICl; (3.0 g, 10 mmol) in 20 cm® of Et,O was added
dropwise over 30 min. After the addition was completed, the solu-
tion was refluxed for 2 h and then cooled in an ice-bath. 6.5 cm®
of water was added dropwise carefully while stirring vigorously to
quench any excess of LiAlH4 and then the solution was filtered by
frit and washed with Et;O (10 cm®x3). The filtrate and washings
were combined, dried over MgSOs, and distilled under reduced
pressure to give Pho,CHSiH3 (2b) (1.68 g, 8.5 mmol, 85%) as a col-
orless liquid, bp 65-—68 °C/0.15 mmHg. IR (hexane, cm™}) 2164
(vsi—n); "HNMR (CsDsg) 6 =3.61 (q, Jun=1.7 Hz, 1H, -CH), 3.91
(d, Jun = 1.7 Hz, 3H, -Si~H), 7.01-7.46 (m, 20H, Ph); *SiNMR
(CsDg) 6 =—51.0 (s). Found: C, 79.31; H, 7.26%. Calcd for
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C13H14Si2 C, 78.73; H, 7.11%.

Preparation of Cp;(CO)Fe;(u-CO)[u-Si(H)CHEt,] (3a).
The mixture of Et,CHSiH; (2a) (0.23 g, 2.20 mmol) and FpSiMes
(1.00 g, 4.00 mmol) was dissolved in 100 cm® of pentane and the so-
lution was irradiated with a 450 W medium-pressure Hg lamp at 10
°C. The yellow solution changed to red with liberation of CO and
red crystals precipitated during irradiation. After the solution had
been irradiated for 5 h, two-thirds of the solvent was removed under
vacuum, and then cooled to —46 °C. After 2 h, the mother liquor
was transferred via a cannula and the precipitate was washed with
pentane (5 cm®x2) and then dried under vacuum to give 600 mg
(1.41 mmol) of red cis-Cp,(CO).Fe,(u-CO)[u-Si(H)CHEt, ] (3a)
as the exclusive product in 70% yield. IR (toluene, cm ™) 1996 (w,
Vsi—H), 1969 (vs, ‘Vcoz), 1932 (m, Vcoz), 1776 (S, Vcob); 1HNMR
(CsDg) 6 =1.24 (t, 6H, -CH3), 1.69 (m, 1H, —CH), 1.97 (m, 4H,
—CH,), 4.11 (s, 10H, —-CsHs), 7.18 (d, Juu = 6.6 Hz, 1H, -Si—-H);
BCNMR (CsDs) 6 =14.1 (s,~CH3), 26.6 (s, —CHy), 39.4 (s, —CH),
84.0 (s, —CsHs), 212.8 (s, COy), 275,4 (s, COp); 2?SiNMR (CsDg)
8 =237.2 (s). Mass (FAB, Xe, m-nitrobenzyl alcohol matrix) 426
(M*; 55), 398 (M*—CO:; 44), 370 (M*—2CO; 71), 342 M*—3CO;
6). Found: C, 50.80; H, 5.27%. Calcd for CigHFe,05Si: C,
50.73; H, 5.20%.

Preparation of Cp:(CO),Fe;(u-CO)[u-Si(I)CHEt,] (4a).
Complex 3a (0.250 g, 0.587 mmol) was dissolved in 2 cm® of
CH2Cl, and then 1 cm® of CH,l, was added via a syringe. The
flask was wrapped in aluminum foil to prevent the decomposition
of the desired product to CpFe(CO),I by light. The solution was
stirred at room temperature and the reaction was monitored by silica
gel TLC (toluene/hexane=2:1 as eluent). After 60 h, the crude
product was purified by silica gel flash chromatography with tolu-
ene/hexane=2:1 as eluent to give 187 mg (0.34 mmol) of red cis-
Cp2(CO) Fe,(u-CO)[u-SiI)CHEL,] (4a) in 58% yield and Fpl in
trace amount. IR (toluene, cm ™) 1983 (vs, vco,), 1950 (m, tco,),
1794 (s, vcop); '"HNMR (C¢Ds) 6 =1.21 (t, 6H, —CH3), 1.32 (t,
1H, -CH), 1.92, 2.13 (qdd, 2Hx2, -CHH), 4.19 (s, 10H, —CsH5);
PCNMR (CsDg) 6 =14.0 (s, ~CHz), 27.8 (s, ~CHy), 48.2 (s, —CH),
87.8 (s, —CsHs), 212.1 (s, COy), 271.1 (s, COp); *SiNMR (CsDg)
d =266.1 (s). Mass (FAB, Xe, m-nitrobenzyl alcohol matrix) 552
(M*; 54), 524 (M*—CO; 100), 496 (M*—2CO0; 21), 468 M*—3CO;
38), 425 (M*—1; 10), 398 M*—I-CO; 13), 369 (M*—1—-2CO; 5).
Found: C, 39.07; H, 3.86%. Calcd for C1gH1Fe,103Si: C, 39.16;
H, 3.83%. »

Preparation of Cp2(CO),Fe;(u-CO)[u-Si(DMAP)CHEt,]*-
I (5a). InanNMR tube, 1 cm’® of CD5;CN was transferred to the
mixture of complex 4a (26 mg, 47.1 pmol) and DMAP (6.0 mg, 50
umol) under vacuum and then sealed by flame. The reaction was
monitored by 'H NMR spectroscopy. After the solution was heated
at 40 °C for 8 h, the starting material was consumed completely.
It was then cooled to —50 °C for 3 d to crystallize the product.
After opening the sealed tube in the glove box, the supernatant
fluid was removed by a syringe and the red crystals were washed
with Et,O (1 cm®x2) and dried under vacuum to give 11.2 mg
(16.5 pmol) of red Cpz(CO)Fe,(u-CO)[1-Si(DMAP)CHEL, ] 1~
(5a) in 35% yield. IR (KBr, cm™') 1967 (s, veo,), 1934 (m, veo,),
1759 (s, vco,); '"HNMR (CD;CN) 8 =1.14 (m, 1H, -CH), 1.19
(t, 6H, -CHHCH3), 1.47, 2.35 (m, 2Hx2, -CHHCH3), 3.15 (s,
6H, ~N(CH3)), 5.04 (s, 10H, —CsH5), 6.79, 8.42 (d, 2Hx2, pyr-
idine ring); "CNMR (CD;CN) & =15.2 (s, ~-CH,CHs), 26.4 (s,
—CH,CH3), 39.4 (s, -N(CHa)), 47.5 (s, -CH), 86.4 (s, -CsHs),
106.7, 146.1, 156.5 (pyridine ring), 212.9 (s, CO;), 269.6 (s, COp);
SiNMR (CD;CN) 8 =264.0 (s). Found: C, 44.54; H, 4.63; N,
4.15%. Calcd for C25H31F621N203Si: C, 4468, H, 4.60; N, 4.32%.



L.-S. Luh et al.

Preparation of Cp2(CO):Fe;(u-CO)[u-Si(HYCHPh:] (3b).
The procedures are similar to those of the preparation of 3a.
Ph,CHSiH3 (2b) (0.79 g, 4.00 mmol) and FpSiMes (2.00 g, 8.00
mmol) were dissolved in 270 cm® of pentane. A red precipitate
formed and stuck to the inner wall of the immersion well during ir-
radiation. After the solution had been irradiated for 6 h, the mother
liquor was transferred via a cannula and the precipitate was washed
with pentane (5 cm® x2) and then dried under vacuum to give 1.30
g (2.5 mmol) of red cis-Cp2(CO).Fe, (u-CO)[u-Si(H)YCHPh;] (cis-
3b) as the exclusive product in 41% yield. The mother liquor was
dried under vacuum to afford the oily residue, which was purified
by silica gel flash chromatography with toluene/hexane=2:1 as
eluent to give, according to the order of appearance, three products:
2 mg (3.83 umol) of purple trans-3b in 0.96% yield, trace amount
of Fpz, and 439 mg (0.84 mmol) of cis-3b in 21% yield.

Spectroscopic data for cis-3b: IR (toluene, cm™') 1996 (w,
VSi—H), 1969 (VS, VCO,), 1932 (m, 'VCO,), 1780 (S, Vcob)‘, 1HNMR
(C¢Ds) 6 =3.98 (s, 10H, —CsHs), 4.58 (d, Jun =6.7 Hz, 1H, -CH),
7.10 (t, 2H, Hpara), 7.25 (t, 4H, Hypera), 7.49 (d, Jun =6.7 Hz, 1H,
Si—H), 7.72 (d, 4H, Horno); *CNMR (CsDs) 6 =51.3 (s, —CH), 84.0
(s, —CsHs), 125.8, 128.7, 129.3, 144.4 (phenyl region), 212.6 (s,
COy), 272.7 (s, COp); ?SiNMR (CgDs) & =227.4 (s). Mass (FAB,
Xe, m-nitrobenzyl alcohol matrix) 522 (M*; 9), 466 (M*—2CO;
14), 438 (M*—3CO; 3). Found: C, 60.00; H, 4.53%. Calcd for
Ca6H22Fe;058i: C, 59.80; H, 4.25%.

trans-3b: IR (toluene, cm_l) 2004 (w, Vsi—u), 1971 (m, veo, )
1930 (vs, vo,), 1778 (s, vco0,); "HNMR (CsDs) 6 =4.08, 4.23
(s, SHx2, -CsHs), 4.45 (d, Juu =6.7 Hz, 1H, —-CH), 7.02—7.25
(m, 2Hx2, Hyara and Hyer), 7.36 (d, Juu =6.7 Hz, 1H, ~Si-H),
7.62—7.68 (d, 4Hx 2, Hortno); *C NMR (CsDs) 6 =54.2 (s, ~CH),
85.2, 853 (s, —CsHs), 125.8, 126.4, 128.8, 129.3, 129.3 130.2,
144.2, 145.6 (phenyl region), 212.7, 213.1 (s, COy), 271.6 (s, COp);
»SiNMR (CeDs) 6 =226.1 (s).

Preparation of Cp:(CO):Fe;(u-CO)[u-Si()CHPh;] (4b).
The procedures are similar to those of the preparation of 4a. The
cis-3b (0.29 g, 0.56 mmol) was used. After stirring at room temper-
ature for 48 h, the red crude product was purified by silica gel flash
chromatography with toluene/hexane=3: 1 as eluent to give 35 mg
(0.115 mmol, 20%) of black FpI and 65 mg (0.10 mmol, 18%) of red
cis-Cp2(CO),Fe, (u-CO)[u-Si(I)CHPh,] (4b). IR (toluene, cm™h)
1979 (vs, vco,), 1942 (m, v%eo,), 1786 (s, vco,); '"HNMR (CgDs)
8 =4.15 (s, 10H, —CsHs), 4.93 (s, 1H, —CH), 7.14 (t, 2H, Hpaxa),
7.24 (t, 4H, Huews), 7.79 (d, 4H, Horno); "CNMR (C6Ds) 8 =57.5
(s, —CH), 87.9 (s, —CsHs), 126.3, 128.5, 129.8, 143.5 (phenyl re-
gion), 212.0 (s, COy), 270.5 (s, COp); ®SiNMR (CeDg) & =246.1
(s). Mass (FAB, Xe, m-nitrobenzyl alcohol matrix) 648 (M*; 20),
620 (M*—CO; 13), 592 (M*—2CO; 100), 564 (M*—3CO; 8), 521
(M*—1, 3). Found: C,48.15; H, 3.45%. Calcd for CosHy Fe,1038Si:
C,48.18; H, 3.27%.

Preparation of Cp2(CO):Fe;(u-CO)[u-Si(DMAP)CHPh,]*-
I" (5b). InanNMR tube, 1 cm® of CD3CN was transferred to the
mixture of complex 4b (20.3 mg, 31.4 pmol) and DMAP (4.0 mg,
33 pmol) under vacuum and then sealed by flame. The reaction was
monitored by 'THNMR. The starting material dissolved gradually
and was consumed completely after the solution was heated at 40
°C for 80 h, then it was cooled to —60 °C for 2 d. After opening the
sealed tube in the glove box, the supernatant fluid was removed by a
syringe and the red precipitate was washed with Et,O (1 cm® x2) and
dried under vacuum to give 10.3 mg (13.5 pmol) of Cp2(CO).Fe, (u-
CO)[u-Si(DMAP)CHPh, "I~ (5b) in 43 % yield. IR (KBr, cm™")
1969 (s, vco,), 1933 (m, veo,), 1760 (s, vco,); '"HNMR (CD;CN)
6 =3.17 (s, 6H, -N(CHs)), 4.94 (s, 10H, —CsHs), 5.12 (s, 1H,

Bull. Chem. Soc. Jpn., 70, No. 9 (1997) 2195

~CH), 6.65 8.16 (d, 2H %2, pyridine ring), 7.29 (t, 2H, Hpa), 7.38
(t, 4H, Hmetw), 7.52 (d, 4H, Homno); PCNMR (CD3CN) 6 =40.2
(s, -N(CH3)), 61.4 (s, —CH), 86.8 (s, -CsHs), 106.6, 146.9, 156,7.
(pyridine ring), 127.2, 129.8, 129.9, 143.8 (phenyl ring), 212.7 (s,
CO»),269.9 (s, COp); **Si NMR (CD3CN) 6 =245.3 (s). Found: C,
51.57; H, 4.38; N, 3.80%. Calcd for C33Hs1Fe2IN20O3Si: C, 51.46;
H, 4.06; N, 3.64%.

X-Ray Structure Analysis. The single crystals of com-
plexes 3b and 4b were grown by a slow evaporation method in a
mixture of benzene and hexane. The single-crystal X-ray diffrac-
tion measurements were performed on a Nonius CAD-4 automated
diffractometer using graphite-monochromated Mo K« radiation; 25
high-angle reflections were used in a least-squares fit to obtain ac-
curate cell constants. Diffraction intensities were collected up to
26 < 50° using the 6/26 scan technique, with background counts
made for half the total scan time on each side of the peak. Three
standard reflections, measured every hour, showed no significant
decrease in intensity during data collection. The reflections with
Iy >2.00(lp) were judged as observations and were used for solution
and structure refinement. Data were corrected for Lorentz-polariza-
tion factors. An empirical absorption correction based on a series
of ¥ scans was applied to the data. The structure was solved by di-
rect methods'? and refined by a full-matrix least-squares routine'?
with anisotropic thermal parameters for all non-hydrogen atoms
(weight=1/ [0(Fo)*+0.0001 (Fo)*1, 0(F,) from counting statistics).
All of hydrogen atoms were placed isotropically at their calculated
positions (C-H=1.00 A) and fixed in the calculations. Atomic scat-
tering factor curves fo, Af’, and Af” of Fe, Si, O, and C and f; of H
were taken from International Tables.® Crystal data and structure
refinement details are summarized in Table 2. Selected bond lengths
and angles for 3b and 4b are given in Tables 3 and 4, respectively.
The tables of the bond distances and angles, the anisotropic temper-
ature factors for non-hydrogen atoms, the atomic coordinates and
the structural factors are deposited as Document No. 70033 at the
Office of the Editor of Bull. Chem. Soc. Jpn.

Results and Discussion

Preparation of Silylene-Bridged Diiron Complexes and
Their Properties. Photolysis of 2 molar amounts of
FpSiMe; with R,CHSiH; produces the silylene-bridged di-
iron complexes Cpy(CO),Fe,(u-CO)u-Si(H)YCHR;] (3a:
R=Et; 3b: R=Ph) in 70 and 62% yields, respectively (Eq. 1).

==

| R hv, 10°C
2 Fa_ *+ CHSH ————
OC\\‘/ SiMeS R pentane
ocC - CO, - 2Me,SiH
1
2a: R = Et
2b: R =Ph

3a:R=Et
3b: R=Ph %))

These complexes have been characterized by spectro-
scopic methods and mainly exist in cis-form because only
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Table 1. Activation Parameters for cis=trans Isomerization of Complexes 3? in CsDs

3a 3b
cis — trans trans — cis cis — trans trans — cis
AH* /KT mol ™! 80.2+4.8 82.7+2.0 58.1+4.6 63.5+5.1
ASHIK ™' mol ™! —74.64+155 —424+164  —140.5+148  —115.1+16.5
AGoe/kT mol ™! 102.4+9.4 95.3+3.9 99.9+9.0 97.8+10.0
E./kITmol™! 82.8+4.8 - 85.34:2.0 60.7+4.5 66.0+5.1

a) The average molar ratio of the cis and trans isomers in the thermal equilibrium is 95 : 5 for 3a and

75 :25 for 3b.

Table 2. Crystal Data and Refinement Details for Complexes Cp2(CO),Fe, (¢-CO)[p-Si(H)-
CHPh;] (3b) and Cp,(CO),Fe;(u-CO)[p-Si(T)CHPh,] (4b)

Complex 3b 4b

Formula CaHaFey03Si Cy6Ha1Fe 10381

FW 522.24 648.13

Diffratometer used Nonius Nonius

Space group Triclinic, P 1 Monoclinic, P 2; /¢

alA 6.689(3) 7.933(2)

bIA 9.206(2) 15.968(2)

c/A 19.743(5) 19.842(3)

aldeg 97.38(2)

Bldeg 96.25(3) 96.17(2)

yldeg 106.10(2)

v/& 1145.0(6) 2498.8(9)

z 2 4

D(calcd)/gcm™3 1.515 1.732

AIA 0.7093 0.7093

F(000) 536 1280

20 rangel/deg 15.54 —21.60 15.32 —34.43

Scan type 6/26 6/26

Scan width/deg 2(0.55+0.51tan 8) 2(0.70+0.35tan 6)

Scan speed/deg min ! 1.65—16.48 1.48 —8.42

26(max) 50.0 50.0

hkl ranges —T7<h<7 —-9<h<9
0<k<10 0<k<18
—23<1<23 0<1<23

wlem™! 13.43 24.56

Crystal size/mm 0.66 x0.09 x 0.31 0.25%0.31x0.47

Transmission 0.969 — 1.000 0.831 — 1.000

Temperature/K 298 298

No. of measured reflections 4284 4719

No. of observed reflections (I > 2.00(0)) 2880 3518

No. of unique reflections 4010 4380

Re; Ry 0.034; 0.036 0.027; 0.035

GOF 1.37 1.72

Refinement program NRCVAX NRCVAX

No. of atoms 54 54

No. of refined parameters 290 298

The weight modifier K in KF?2 0.0001 0.0001

(6/0)max 0.002 0.001

(D-map) max; min/ e A=3 —0.24; 0.42 —0.72; 0.64

one Cp resonance was observed in the 'H and 1*C NMR spec-
tra, respectively, and the terminal CO stretching bands of the
IR spectrum assigned to the symmetric vibration is stronger
than the antisymmetric one.' However, monitoring the pho-
tolytic reaction in C4Dg by 'H NMR spectra also revealed the
formation of the trans-3, which exhibited two resonances of
the Cp rings. Both of the trans-3 are very soluble in nonpolar

solvents, such as pentane and hexane, and easily isomerize to
cis-form thermally. In the case of trans-3a, it is too sensitive
to be isolated. As for trans-3b, it is less air sensitive than
trans-3a and can be isolated by flash chromatography from
the mother liquor but decomposes gradually into an uniden-
tified yellow complex, even when it is kept under nitrogen
at low temperature. The 'H and 3C NMR spectra show that
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Table 4.  Selected Bond Lengths (A) and Angles (deg) for
Cp2(CO)2Fer (u-CO)[u-Si(DSHPh, ] (4b)

L.-S. Luh et al.
Table 3.  Selected Bond Lengths (A) and Angles (deg) for
Cp2(COYFex(u-CO)[-Si(H)CHPh,] (3b)

Bond lengths
Fe(1)-Fe(2) 2.621(1) Fe(1)-Si 2.257(1)
Fe(2)-Si 2.267(1) Fe(1)-C(11) 1.918(4)
Fe(2)-C(11) 1.912(4) Fe(1)-C(12) 1.739(4)
Fe(2)-C(13) 1.737(4) Si—C(14) 1.910(4)
C(11)-0(11) 1.186(4) C(12)-0(12) 1.149(5)
C(13)-0(13) 1.152(5)

Bond angles
Fe(1)-Fe(2)-Si 54.42(33) Fe(2)-Fe(1)-Si 54.78(3)

Fe(1)-Si-Fe(2) 70.80(4) Fe(1)-Fe(2)-C(11) 46.9(1)
Fe(2)-Fe(1)-C(11) 46.7(1)  Fe(1)-C(11)-Fe(2) 86.4(2)
Fe(1)-Si—C(14) 124.3(1)  Fe(2)-Si—C(14) 122.0(1)

two Cp rings and two phenyl groups are nonequivalent, as
it was expected. The trace amount of Fp, was also isolated
in both cases. The formation of 3 from the photolysis of
FpSiMe; with R,CHSiH; would be explained by the mecha-
nism proposed previously.” The photolysis of FpMe instead
of FpSiMe; with R,CHSiH; formed Fp; in a large amount
and the reaction was not straightforward.

The cis and trans isomers of complexes 3a and 3b were
found to undergo interconversion both thermally and photo-
chemically (Eq. 2).

Q
ﬂ\ﬁ;\_c_p% — Fe;‘s—i;Fn\
oc R\QIS/IR co y e ﬂ

H H
cis R=Et, Ph
€3
Starting from the pure cis-3, the ratios of the cis and trans
isomers changed with time during irradiation, and the final
cis : trans ratio in the photostationary state was 80:20 for
3a and 30:70 for 3b. Table 1 shows the activation param-
eters of thermal cis—trans and trans—cis isomerization of
complexes 3, which were obtained from the measurement of
'HNMR spectral change of the resonances of Cp rings and
methine proton in C¢Dg at 50, 45, 40, 35, 30, and 25 °C.
These results indicate that the cis isomers are thermo-
dynamically more stable than the frans isomers because of
the smaller steric repulsion between two Cp rings and the
R,CH group on the silicon atom. On the other hand, the
large negative activation entropies imply that the isomeriza-

ﬁ “‘C,’ % &i R
K

oc” R,/ co o’ .

cis(X)
X=Horl

«C,
l’e\

cis(R')

Bond lengths
Si-1 2.526(1) Fe(1)-Fe(2) 2.629(1)
Fe(1)-Si 2.262(1) Fe(2)-Si 2.263(1)
Fe(1)-C(1) 1.754(4) Fe(2)-C(2) 1.734(4)
Fe(1)-C(3) 1.925(4) Fe(2)-C(3) 1.926(4)
Si—-C(4) 1.926(3) C(1)-0O(1) 1.145(5)
C(2)-0(2) 1.148(4) C(3)-0(3) 1.181(5)

Bond angles
Fe(1)-Fe(2)-Si 54.47(33) Fe(2)-Fe(1)-Si 54.49(3)
Fe(1)-Si-Fe(2) 71.04(3) Fe(1)-Fe(2)-C(3) 46.9(1)
Fe(2)-Fe(1)-C(3) 47.0(1)  Fe(1)-C(3)-Fe(2) 86.1(2)
Fe(1)-Si-C(4) 121.1(1)  Fe(2)-Si—C(4) 124.1(1)
Fe(1)-Si-1 119.62(4) Fe(2)-Si-I 116.39(4)
I-Si-C(4) 103.4(1)

tion proceeds via cleavage of Fe—(¢-CO) and Fe—Fe bonds,
followed by coordination of solvent to the coordinatively
unsaturated Fe center, as was proposed for the isomerization
mechanism of Cp3'(CO),Fe, (1-CO)[1-Si(H)p-Tol] (6)" and
Cp2(CO),Fey (u-CO)(u-CH,).'> The behavior of 3a is dif-
ferent from that of 3b, in which the cis isomer is always
dominating thermally and photochemically and the absolute
values of negative activation entropies are smaller, appar-
ently due to the larger steric repulsion between 3-pentyl group
and Cp rings.

The signal of SiNMR of cis-3 appears at remarkably
low fields, 6 =237.2 for 3a and 226.1 for 3b. This behavior
is similar to those of reported silylene-bridged diiron com-
plexes with Fe—Fe bond, such as Cp,(CO),Fe,(u-SiMe;),,'®
8=229.5 (trans isomer), 243.8 (cis isomer); three isomers
of Cpa(CO),Fey(u-CO)[u-SiMe(SiMe3)] (7),'® 6=232.1,
2427, 245.5; 6, 6=235.5 (trans isomer), 250.4 (cis iso-
mer);’® Cpy(CO),Fey(u-CO)(u-SiHR) R=7Bu (8a), =
254.4; R=(CMe,),H (8b), §=255.1; Cp,(CO),Fe,(1-CO)-
[p-Si(X)z-Bu], X=Cl1 (9a), 6=276.3; X=Br (9b), 6=284.8;
X=I (9¢), 6=289.1; X=Me, 6=267.4."9

Three possible geometrical isomers of silyene-bridged di-
iron complexes are shown in the Scheme 1.!” Complexes 3a
and 3b adopted the least sterically hindered cis(X)-geometry;
the structure of 3b has been determined by X-ray diffraction.
A molecular plot of complex 3b with atomic numbering
sequence is shown in Fig. 1. This complex contains two
bridges, one CO and one silylene ligand, and a direct Fe-Fe
bond. The two Cp rings are mutually cis with the dihedral

RN R Lo
co / S' y

trans

Scheme 1. Three possible geometrical isomers of silylene-bridged diiron complexes.
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Fig. 1.

Molecular plot of Cpy(CO),Fe,(u-CO)[u-Si(H)-
CHPhy] (3b) with the atomic numbering sequence. The
thermal ellipsoids are drawn at the 50% level. The H atoms
are omitted for clarity.

angle of 92.4° and the bond of C(14)-Si points away from
the Cp rings to the opposite side of the plane of Fe(1), Si, and
Fe(2). The angle between the C(14)-Si bond and the plane
of Fe(1), Si, and Fe(2) is 132.2°. The distortion from ideal
tetrahedron (125.3°) is apparently due to the steric repulsion
between the Ph,CH group and CO ligands. The angle of
Fe(1)-Si—Fe(2) is 70.80(4)° and the dihedral angle between
the Fe,Si plane and the Fe,C(11) plane is 18.6(2)°. The
Fe-Sibonds [2.257(1) and 2.267(1) A] are shorter than those
of closely related complexes, such as 2.270(1) and 2.272(1)
A in 8a and 2.294(1) and 2.301(1) A in 7. The distance
of Fe~Fe is 2.621(1) A, which is similar to 2.622(1) A in
7 and slightly longer than 2.614(1) A n 8a but significantly
longer than those in carbon-bridged analogues 2.531(1) A in
Cp2(CO),Fey(u-C0O),'® and 2.520(2) A in sz(CO)zFez(,u—
CO)(u-CHMe).”?

Preparation of Iodosilylene- Bridged Diiron Com-
plexes. At room temperature, the iodination reac-
tion of complexes 3 with an excess amount of CH,I, in
CH,Cl, produces iodosilylene-bridged diiron complexes
Cp2(CO) Fer (u-CO)[ p-SiI)CHPh, ] (4a: R=Et; 4b: R=Ph)
in 58 and 18% yields, respectively (Eq. 3). These complexes
are obviously more stable than the corresponding precursor
cis-3, and can be isolated by flash chromatography. The
complexes 4 exist exclusively in cis-form because only one
Cp resonance was observed in the 'H and 13C NMR spectra,
respectively. The assignment is also supported by the pattern
of CO stretching bands in IR spectra which is similar to those
of the corresponding cis-3. The chemical shift of ?°Si NMR
of complexes 4a and 4b appears at lower field than that of
cis-3, at =266.1 and 246.1, respectively. It is attributable
to the decrease of the electron density at Si atom by displace-
ment of hydrogen with iodine. This deshielding effect was

Bridged Silylene and Silylyne Iron Complexes

also observed in the halogenation of 8a to 9.5

ﬂ \\‘C': %

CHaly, CH,Cl,
e ——————e R
‘\ RT.
oC R\C/R
H
3a: R=Et
3b: R=Ph
Q Q
& Lo/
57
oC R\CI,R CcO
H
4a: R=Et
4b: R =Ph @3)

The structure of complex 4b has been determined by X-ray
diffraction, which revealed that 4b adopts cis(X)-geometry.
A molecular plot of complex 4b with an atomic numbering
sequence is shown in Fig. 2. To our best knowledge, it
is the first example of iodosilylene-bridged diiron complex
characterized by X-ray diffraction. This complex has the
same core structure as 3b; one bridging CO, one bridging
silylene ligand and a direct Fe—Fe bond. The diheral angle
of two Cp rings is 84.33° and the angle between the C(4)-Si
bond and the plane of Fe(1), Si, and Fe(2) is 131.5°. The
angle of Fe(1)-Si—Fe(2) is 71.04(3)° and the dihedral angle
between the Fe,Si plane and the Fe,C(3) plane is 16.0°. The
steric repulsion between two Cp rings and the substituents
on the silylene ligand in 4b is apparently larger than that in
3b, but the Fe-Si bonds, the Fe—Fe bond, and the Fe—(1-CO)
bonds in 4b are very close to those in 3b. The most significant

c45
(1 (‘\ c44

g ca6
P B
( @ _ O c43
'l" c31 O—)
( ) " C4 41 2
C36 4
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A

‘
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Tes
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Fig. 2. Molecular plot of Cp2(CO),Fe,(u-CO)[u-Si(D)-
CHPh;] (4b) with the atomic numbering sequence. The

thermal ellipsoids are drawn at the 50% level. The H atoms
are omitted for clarity.
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influence of this repulsion appears in the elongation of the
Si~C bond from 1.910(4) A in 3b to 1.926(4) A in 4b along
with the elongation of the Si-I bond [2.526(1) A], which
is substantially longer than averaged bond length 2.46 A in
R;3Sil.»®

Preparation of Silylyne-Bridged Diiron Complexes.
We recently have succeeded in the synthesis of the first
base-stabilized silylyne and germylyne (or germanetri-
yl)-bridged diiron complexes Cp,(CO),Fe,(u-CO)[u-E-
(Base)t-Bul*X~ (E=Si, Base=NMI and DMAP, X=I; E=
Ge, Base=DMAP, X=0Tf).>?Y The structures of these
complexes have been determined unequivocally by X-ray
diffraction. As for the base-stabilized silylyne complexes
with a terminal =SiR unit,?® [Cp* (MesP),RuSi(N~N)(S-
p-Tol)](OTf), (N~N=bipyridine and phenanthroline; OTf=
CF;0S80,) have been synthesized by displacement of two
triflate ions with bidentate amines and the base-free silylyne
and germylyne-bridged dinuclear complexes, (OC)4OsSi-
(S-p-Tol)[RuCp*(PMe3),]*® and [CpWH(u-GeMe)(u-17°,
n'-CsHyGeMe,)WCp, 1*OTf 2 along with a base-free
molybdenum-germylyne complex, Cp(CO),Mo(GeCgHj3-2,
6-Mes,)™ have also been reported.

In a sealed tube, the treatment of complexes 4
with DMAP at 40 °C gave the base-stabilized silyl-
yne-bridged diiron complexes Cp,(CO),Fe,(u-CO)|[u-Si-
(DMAP)CHR,I*I~ (5a: R=Et; Sb: R=Ph) in 35 and 43%
yields, respectively (Eq. 4).

ﬂ\.e

/F s Fe\ CD;;CN / G‘\
OC’ R I/H co R / CcO
C C DMAP
H H
4a: R=Et 5a: R=Et
4b: R =Ph 5b: R=Ph

C))
These complexes have been characterized by spectro-
scopic methods. The chemical shifts of 'H NMR of the rings
and coordinated DMAP were observed at lower field than
those in the corresponding complexes 4 and free DMAP; such
results indicate that the positive charge is delocalized over
the SiFe,C four-membered ring and the coordinated DMAP.
Since the electron-donating tendency of substitutents at sili-
con atom decreases in the order: +Bu>Et,CH>Ph,CH, the
replacement of neighboring iodine in 9¢, 4a, and 4b by a
base to form the corresponding base-stabilized silylyne di-
iron complexes should reveal such an electronic influence.
Parallel to the electron-donating tendency, the reaction time
is in the following order: 4b(80h)>4a(8h)>9¢(0.5h).
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