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Iron-methylene complexes of the type [Fe- Brookhart and recently reviewed.* A rich C, and C, ligand
(Cp)(L)(Ly)(CH,)]*, first generated by Pettit, were sta- chemistry evolving from the iron-methylene species has
bilized with use of the dppe ligand and characterized by
Brookhart et al.>* Being cationic with a late transition
metal, they are the most electrophilic methylene com-
plexes. Theoretical studies were in agreement with their
low rotation barrier® and preferred synclinal and anticlinal
conformations,’ which also explained their high reactivity.*
For instance, neither [Fe(Cp)(CO)y(=CH,)]™ nor [Fe-
(Cp)(CO)(PPh,)(=CH,)]* could be characterized even at
~80 °C, in contrast with [Fe(Cp)(dppe)(=CH,)]*, because
of the high, positive charge on the sterically unprotected
methylene carbon:®
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The unstable methylene complexes [Fe(Cp*)(CO)(L)(=CH,)]*X" (Cp* = n5-CsMes; L = CO (3), PPh;
(13)) are generated at —80 °C by the reaction of H*BF,-~Et,0 or Me;SiOS0,CF; or CF;CO.H in CH,Cl,
with the precursor complexes [Fe(Cp*)(CO)(L)}CH,0CH,)] (L = CO (2), PPh, (12)). The ancillary PPh,
ligand stabilizes the iron-methylene complex so that 13a is stable up to -10 °C. The methylene unit is
aligned with the CO-Fe bond (Scheme II1) and is characterized by two distinct broad singlets at & 16.67
and 15.10 ppm in the 'H NMR spectrum at -80 °C. These coalesce at ~45 °C and give a sharp singlet
(6 15.95 ppm) at =20 °C (AG* = 10.9 % 0.1 kcal mol™!). Methylene transfer has been obtained by reaction
of 3 with styrene to give phenylcyclopropane and with Ph,SiH to give Ph;SiMe. Both reactions occur at
-80 °C with 100% chromatographic yield. Thermal decomposition of 3 gives [Fe(Cp*)(CO)3]*BF,” (9)
and [Fe(Cp*)(CO),(CH;~CH,)]*BF, (10). The unstable methylene complex 2 can be trapped with CF;CO,H
give mainly [Fe(Cp*)(CO)o(CH,O0COCF;)] (7) and with PPhg and H*BF,—Et,0, which gives [Fe(Cp*)-
(CO)s(CHyPPhy)]*BF, (4). The X-ray crystal structure of 4 was obtained and shows a /FeCP angle of
118°, larger than the regular sp® angle because of the steric repulsion between the Cp* and PPh; ligands.
Crystals of 4, FeC3, H3,0,PBF,, are orthorhombic, space group P2,2,2,, and have cell constants a = 13.078
(2) A, b=14511(5) A, ¢ = 17.160 (4) A, V = 3257 A3 and Z = 4. A total of 3216 reflections (radiation
Mo Ka, u = 7.2 em™!) were used in the refinement, resulting in a final R value of 0.093 (R, = 0.102).

been reported by Cutler and recently reviewed.’

[(Cp)(L(Ly)Fet=CHy] < [(Cp)(Ly)(Ly)Fe—CHy]* (1) (CO)(=CHy)* (3).

Disproportionation to iron—ethylene complexes was ra- Experimental Section

tionalized by fragmentation of the dimetallacyclobutane
[Fe—CH,—Fe—CH,]?*, a mechanism established by

Schrock and Sharp for nucleophilic methylenetantalum

complexes.®
Elegant alkylidene transfer studies”® were performed by

We have focused our attention on the stabilization of
these iron-methylene complexes by the C;Me; ligand
(Cp*). Such Cp*-substituted complexes were easily pre-
pared following the disclosure of the synthesis of [Fe-
(Cp*)(CO),]"Na* (Na*17). In a preliminary communica-
tion, we reported the syntheses and protonations of [Fe-
(Cp*)(CO)(L)(CH,OCH3,)] (L = CO (2), PPh, (12),!° gen-
erating the methylene complexes [Fe(Cp*)(CO)(L)(=
CH,)J* (L. = CO (3), PPh; (13)). We now report details
of this chemistry as well as the X-ray crystal structure of
the PPhy adduct of the methylene complex [Fe(Cp*)-

General Data. All reactions were performed under an argon
atmosphere with use of Schlenk techniques. Reagent grade
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[Fe(n°-CsMes)(CO)(L)Y(=CH,)]* Complexes

tetrahydrofuran (THF), diethyl ether, toluene, and pentane were
distilled from sodium benzophenone ketyl; acetonitrile and
methylene chloride were distilled from P;05. [Fe(Cp*)(CO),l,
(1) was prepared according to the literature procedure.12  All
other chemicals were used as received. Infrared solution spectra
were recorded on a Pye Unicam SP 1100 spectrophotometer using
0.1-mm cells with KBr windows and were calibrated with poly-
styrene film. Proton NMR spectra were obtained with a Varian
EM 360 (60 MHz) instrument. FT 'H (80 MHz), *C (20.115
MHz), and *'P (32.38 MHz) NMR spectra were recorded on a
Bruker WP 80 FT spectrometer by Dr. S. Sinbandhit. All
chemical shifts are reported in parts per million (ppm) relative
to Me,Si for 'H and 3C NMR data and 85% H,PO, for 3P
resonances. Mass spectra were recorded on a Varian MAT 311
(70 eV) instrument by Dr. P. Guénot (Centre de Mesures Phy-
siques de I'Ouest, Rennes, France). Gas chromatographic (GC)
analyses were obtained with a Delsi GC 121 chromatograph
equipped with a Hewlett-Packard 3390 integrator, by using a glass
column (length 1.4 m, i.d. 3 mm) packed with Apiezon L (15%)
on Chromosorb WAW. Elemental analyses were performed by
the Service Central de Microanalyse du CNRS at Lyon, France.

Warning! CICH,0CHj is quite volatile and is a potent car-
cinogen. Reactions must thus be carried out in a well-ventilated
hood.

1. Preparation of [Fe(Cp*)(CO),(CH,OCHj3)] (2). A
Schlenk tube was charged with 5 g (10 mmol) of [Fe(Cp*)(CO),),
(1), 115 g of Na/Hg (50 mmol of Na), and 100 mL of THF. The
reaction mixture was stirred overnight and filtered; CICH,0CHj,
(1.5 mL, 20 mmol) was added by syringe. After the mixture was
stirred for 1 h, the solvent was evaporated in vacuo. The residue
was extracted with pentane (3 X 50 mL). Compound 2 was
chromatographed on preparative thick-layer plates (silica gel,
pentane/ether, 95/5). A 4.4-g amount (75% yield) of 2 was
isolated as an amber o0il.> 'H NMR (C¢Dy, 6): 4.44 (s, 2 H, CH,),
3.30 (s, 3 H, OCHjy), 1.47 (s, 15 H, Cp*). *C{'H} NMR (CDCl,,
8): 218.7 (CO), 95.5 (CsMe;), 73.3 (CHy), 61.3 (OCHy), 9.2 (CsMes).
IR (v, cm™!, pentane): 2000 (s, vgg), 1935 (s, vco), 1060 (s, veg).
Anal. Caled for C jHyoFeOy: C, 57.55; H, 6.90; Fe, 19.11. Found:
C, 57.21; H, 6.84; Fe, 19.23.

2. Preparation of [Fe(Cp*)(CO),(CH,PPhy)]*BF, (4). In
a Schlenk tube, 292 mg (1 mmol) of [Fe(Cp*)(CO),(CH,O0CHj)]
(2) and 262 mg (1 mmol) of PPh; were dissolved in 20 mL of
CH,Cl; at -80 °C; 70 L (1 mmol) of H*BF,—Et,0 was then added
by syringe. After being stirred for 1 h at —80 °C, the reaction
mixture was slowly warmed to room temperature. Addition of
100 mL of ether led to precipitation of a yellow powder of 4 (400
mg 66% yield). 'H NMR (CD,COCD;, 8): 7.80 (m, 15 H, PPh,),
1.87 (s, 15 H, Cp*), 1.60 (d, 2 H, %Jp_i = 14 Hz, CH,). 3C{'H}
NMR (CD4CN, 8): 217.4 (d, CO, %Jp_¢ = 2.9 Hz), 134.7 (d, para
Ph, *Jp_c = 2.9 Hz), 134.1 (d, ortho Ph, 2Jp_¢ = 10.3 Hz), 130.6
(d, meta Ph, 3Jp_¢ = 11.7 Hz), 125.5 (d, ipso Ph, *Jp_ = 83.8 Hz),
98.6 (CsMe;), 9.4 (CsMe;), -13.3 (d, CH,, 'Jp_c = 36.8 Hz). P
NMR (CD4CN, 6): 37.2 (t, PPhy), IR (v, em™, CH,Cl,): 2010, 1960
(S, VCO)v 1070 (S, VBF)‘

3. Preparation of [Fe(Cp*)(CO),(OSO,CF3)] (5). To a
CH,Cl, solution of 876 mg (3 mmol) of [Fe(Cp*)(CO),(CH,0CHj3)]
(2) and 690 uL (6 mmol) of styrene was added, at —80 °C, 580 uL
(3 mmol) of Me3SiOSO,CF3. The yellow reaction mixture im-
mediately turned deep red. After the mixture was warmed up
to room temperature, the solvent was evaporated to dryness. The
residue was washed with pentane (2 X 20 mL) and then extracted
with 10 mL of toluene. Adding pentane and cooling to -20 °C
gave 1.08 g (91% yield) of 5 as red needles. 'H NMR (CD,Cl,,
8): 1.73 (s, Cp*). 3C{IH| NMR (CD,Cl,, 6): 212.6 (CO), 119.3
(g, CFy), 98.2 (CsMes), 9.6 (CsMe;). IR (v, em™, CH,CL): 2060,
2000 (s, vco). Mass spectrum (m/e): 340.0021 (M* - 2CO), caled
for C;;H,sF3FeQ;S 340.0043. Anal. Caled for CigH,sF3FeQ;S:
C, 39.41; H, 3.81; S, 8.09. Found: C, 39.20; H, 4.02; S, 8.24.

4. Reaction of 3 with C;H;CH=CH,. Me; SiOSO,CF; (96
wL, 0.50 mmol) was added to a stirred solution of 146 mg (0.50
mmol) of [Fe(Cp*)(CO),(CH,OCH;)] (2) and 115 uL (1 mmol)
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of styrene in 10 mL of CH,Cl, at -80 °C, which was then allowed
to warm up to room temperature over 2 h. GC analysis of the
solution (CH,Cl, as internal standard) indicated a 100% yield
of phenylcyclopropane, which was identified by comparison with
an authentic sample. The workup as in subsection 3 gave 135
mg (68% yield) of compound 5.

5. Reaction of 3 with Ph;SiH. A CH,Cl, solution of 73 mg
(0.25 mmol) of 2 and 120 mg (0.50 mmol) of Ph,SiH was cooled
to —80 °C and treated with 48 uL (0.25 mmol) of Me,;SiOSO,CF;.
The reaction mixture was slowly warmed to room temperature.
Analysis of the solution by GC showed a 100% yield of PhsSiMe.
After workup as in subsection 3, 70 mg (70% yield) of 5 was
isolated.

6. Preparation of [Fe(Cp*)(CO),(CH;CN)]*CF;S0; (6).
In a Schlenk tube, 115 mg (0.30 mmol) of [Fe(Cp*)(CO),-
(OSO,CF;)] (5) was dissolved in 10 mL of CH;CN. The red
solution gradually turned yellow. The solvent was then evaporated
in vacuo and the residue extracted with CH,Cl,. The solution
was concentrated, and addition of an excess of diethyl ether
provided 80 mg (63% yield) of 6 as yellow microcrystals. The
structure of 6 was assigned on the basis of the similarity of its
spectroscopic data with those of the PF,~ analogue.’? 'H NMR
(CD4CN, 8): 2.30 (s, 3 H, CH,CN), 1.84 (s, 156 H, Cp*). IR (v,
eml, CH,Cly): 2060, 2020 (s, vcg). Anal. Caled for
CisHgF3FeNOgS: C, 41.20; H, 4.15; N, 3.20; S, 7.33. Found: C,
40.97; H, 4.23; N, 3.06; S, 7.34.

7. Decomposition of [Fe(Cp*)(CO),(=CH,)]*BF,” (3):
NMR Evidence of [Fe(Cp*)(CO),(CH,~CH,)1*BF, (10). To
a vigorously stirred CH,Cl, solution at —80 °C containing 140 uL
(1 mmol) of H*BF,—Et,0 was added dropwise a solution of 292
mg (1 mmol) of [Fe(Cp*)(CO),(CH,0CHj)] (2) in 5 mL of CH,Cl,.
The reaction mixture was then warmed up to room temperature,
and the solvent was removed in vacuo. The red residue was
dissolved in CD,Cl,. 'H NMR analysis of the solution showed
the presence of [Fe(Cp*)(CO);]*BF,~ (9; 6(Cp*) 2.04)*2 and [Fe-
(Cp*)(CO)y(CH~CH,)]*BF, (10; 6(Cp*) 1.90, 6(C,H,) 3.17). A
Cp* signal at 1.74 ppm appeared simultaneously. This uniden-
tified compound was assumed to be a solvent or counterion co-
ordinated with [Fe(Cp*)(CO),]*. Integration of the respective
Cp* signals indicated a ratio of 14/29/57. The ethylene complex
has been identified by comparison with the NMR data of the PFg
analogue prepared independently.!®

8. Preparation of [Fe(Cp*)(CO),(CH,O0COCF,)] (7) and
[Fe(Cp*)(CO),(OCOCF;)] (8). A CH,Cl, solution of 1.17 g (4
mmol) of [Fe(Cp*)(CO),(CH,0CHjy)] (2) was cooled to -80 °C and
treated with 0.31 mL (4 mmol) of CF3CO,H. The reaction mixture
was warmed to room temperature, and the solvent was removed
in vacuo. After extraction of the residue with ether, compounds
7 and 8 were separated on preparative thick-layer chromatography
plates (silica gel, 50/50 pentane-ether). This procedure gave 756
mg (51% yield) of 7 as a yellow oil and 250 mg (17% yield) of
8 as red microcrystals. [Fe(Cp*)(CO)o(CH,0COCF3)] (7): 'H
NMR (CgDq, 8) 5.07 (s, 2 H, CHy), 1.37 (s, 15 H, Cp*); *C{'H} NMR
(CeDg, 8) 219.7 (CO), 156.9 (q, 2Jc_p = 40.3 Hz, OCOCF,), 114.6
(q, 'Jep = 287 Hz, CFy), 94.8 (C;Me;), 68.8 (CH,), 7.4 (CsMes);
IR (v, cm™, pentane) 2020, 1960 (s, vgg), 1780 (s, ve—p); mass
spectrum (m/e) 318.0505 (M* - 2CO0), calcd for Ci3H,;F3FeO,
318.0529. Fe(Cp*)(CO)5(OCOCF;) (8): 'H NMR (C¢Dy, 5) 1.24
(s, Cp*); BC{*H} NMR (C¢Ds, 8) 214.0 (CO), 163.4 (q, 2J o5 = 34
Hz, OCOCFy), 114.9 (q, 'Jcp = 290 Hz, CF,), 97.6 (C;Me;g), 9.5
(CsMe;); IR (v, em™, CH,Cly) 2040, 1990 (s, vco), 1690 (8, vomo);
mass spectrum (m/e) 332.0317 (M* - CO), caled for C13H;;F3FeOy
332.0322. Anal. Calcd for C, Hy;FsFeO,: C, 46.69; H, 4.20. Found:
C, 46.57; H, 4.26.

9. Preparation of [Fe(Cp*)(CO)(PPh,)(CH,O0CH,)] (12).
A solution of 560 mg (1.90 mmol) of [Fe(Cp*)(CO),(CH,O0CHj)]
(2) and 524 mg (2 mmol) of PPh; in toluene (200 mL) was pho-
tolyzed with a 450-W medium-pressure mercury lamp for 2 h. The
solvent was evaporated in vacuo, and the crude product was

(13) (&) Guerchais, V.; Lapinte, C. J. Chem. Soc., Chem. Commun.
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Brookhart, M.; Husk, G. R. Inorg. Chem. 1983, 22, 3355.
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extracted with pentane. The solution was concentrated and cooled
to ~20 °C; 460 mg (46 % yield) of 12 was isolated as red micro-
crystals. *H NMR (CgDg, 8): 7.75-7.05 (m, 15 H, PPhy), 4.06-3.74
{AB q, 2 H, CH,), 3.05 (s, 3 H, OCHy), 1.52 (s, 15 H, Cp*). 3C{'H}
NMR (CgDs, 6): 223.9 (d, CO, 2Jp¢ = 28.1 Hz), 137.1 (d, ipso Ph,
lp_c = 36.6 Hz), 134.7 (d, ortho Ph, 2Jp_¢ = 9.8 Hz), 129.1 (d,
para Ph, “Jp = 7.3 Hz), 127.9 (d, meta Ph, 3Jp_; = 9.8 Hz), 92.8
(CsMe;), 73.9 (d, CH,, YJp_c = 20.7 Hz), 63.5 (OCH,), 9.6 (C;Me;).
IR (v, cm™, pentane): 1900 (s, vco), 1060 (s, veg). Anal. Caled
for C5HgsFeO,P: C, 70.73; H, 6.70. Found: C, 70.43; H, 6.44.

10. Generation and NMR Characterization of [Fe-
(Cp*)(CO)(PPh,)(=CH,)]*X" (13a, X = CF;80;7 13b, X =
CF,CO,). A solution of 10 mg (19 wmol) of [Fe(Cp*)(CO)-
(PPh;)(CH,0CHj3)] (12) in 0.50 mL of CD,Cl, in a 5-mm NMR
tube was degassed with argon and cooled to -80 °C. The addition
of a slight excess of MezSi0SO,CF; or CF,CO,H led to the im-
mediate formation of a deep red solution. Low-temperature
80-MHz 'H NMR spectrum (CD,Cl;, CHDC), internal reference
6 5.30, 6, -80 °C): 16.67 (brs, 1 H,=CH,), 15.10 (br s, 1 H, =CH,),
7.47 (m, 15 H, PPh;,), 1.47 (s, 15 H, Cp*). The methylene reso-
nances coalesce at —=45 °C (k = 269 s™!) and sharpen at -20 °C,
giving rise to a signal at § 15.95 (2 H). Decomposition of 13 was
not observed up to ~10 °C. AG* = 10.9 + 0.1 kcal mol™,

The 20.115-MHz *C NMR spectrum of 13b was recorded at
-80 °C for a sample prepared from 300 mg (0.57 mmol) of [Fe-
(Cp*)(CO)(PPh;)(CH,OCH,)] (12) and 120 pL (0.62 mmol) of
Me,Si0SO,CF; in 4 mL of CD,Cl; at —80 °C in a standard 10-mm
NMR tube. BC{*H} NMR (CD,Cl,, CD,Cl, internal standard &
53.8, 6, -80 °C): 351.2 (CH,, d, %Jp_¢ = 23.6 Hz), 215.3 (CO, 4,
2Jp.c = 31.5 Hz), 134.5-128.8 (Ph), 106.5 (CsMes), 9.5 (CsMes).

11. X-ray Analysis of 4. A suitable single crystal of 4 was
selected and placed on an Enraf-Nonius CAD-4 diffractometer.
The cell parameters and orientation matrix were refined with use
of 25 reflections within the 20 range 26-28°. The data were
collected in one unique octant with use of the w26 scan mode
and a variable scan rate of 2-10° min™ in w. The scan width was
0.8 + 0.35 tar §. Two standard reflections were measured every
3600 s of X-ray exposure. However, no significant decay was
observed. The space group P2,2,2, was defined uniquely on the
basis of systematic absences, and the structure was solved by
Patterson methods. Full-matrix least-squares refinement resulted
in the location of all the non-hydrogen atoms in the structure.
One molecule of CH,Cl, per asymmetric unit was found to be
cocrystallized with complex 4. The tetrafluoroborate anion was
partially disordered. The four best fluorine positions were chosen
and refined isotropically. A weighting scheme was incorporated
into the refinement such that w = 4F,2/ (6ounting + (0.08F,2%. The
somewhat high residual density of 0.9 (1) e A™ near the fluorine
positions is due to the BF,~ disorder problem. All computations
were carried out on a Microwax II computer using the Enraf-
Nonius spp/vaX program package.

Results and Discussion

The starting point of this chemistry is the easy reduction
of the dimer [Fe(Cp*)(CQ),], (1) by Na/Hg in THF at 20
°C to give [Fe(Cp*)(CO),]"Nat (Na*t17).1% Subsequently,
Cp* derivatives containing Fe—carbon bonds can be made
by reaction of 1~ with alky! halides. For instance, the
reaction with CICH,0OCH; cleanly gives the air-stable
complex [Fe(Cp*)(CO),(CH,0CH;)] (2) isolated in 75%
yield after chromatography. The anion K*1~ was also
made before this study by reduction of the dimer with a
K mirror.?? Several other groups have also reported Fp*
complexes!*?15 (Fp* = Fe(Cp*)(CO),).

(15) (a) Hutchins, L. D.; Duesler, E. N.; Paine, R. T. Organometallics
1982, I, 1254 (ref 13 of this communication). (b) Randolph, C. L.;
Wrighton, M. S. J. Am. Chem. Soc. 1986, 108, 3366. (c) Malisch, W_;
Angerer, W.; Cowley, A. H.; Norman, N. C. J. Chem. Soc., Chem. Com-
mun. 1985, 1811. (d) Angerer, W.; Lucksza, M.; Malisch, W. J. Organo-
met. Chem. 1983, 253, C36. (e) Angerer, W.; Friederling, K.; Grotsch, G.;
Malisch, W. Chem. Ber. 1983, 116, 3947. (f) Grétsch, G.; Malisch, W. J.
Organomet. Chem. 1983, 246, C42. (g) Stasunik, A.; Malisch, W. J.
Organomet. Chem. 1983, 247, C47.
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Scheme I. Generation of the Methylene Complex
[Fe(Cp*)(CO)y(=CH,)]*BF, (3)

f
20 *C
l CH30CH,CL
THF L
PR |'!
H'BF),
-~ Fe
- 80 °C l
CH,HOCH:
204h3
o ¢

2

Table I. Crystallographic Data Collection Parameters for

Complex 4
mol formula C3 Hy,FeO,PBF,
fw 683.2

cryst color
cryst dimens, mm
cryst habit
cryst syst
space group
cell params
a, A

o

c,

v, A?

V4
d(caled), g em™®
radiation

range of data collected

20 range, deg

total no. of rflns

no. of unique data used

criteria for inclusion

T, K

uw(Mo Kea), cm™!

abs cor

R

R,

highest peak of resid
electron dens, e A=

no. of params varied

pale orange

0.35 X 0.30 X 0.40
prism
orthorhombic
P2,2,2, (No. 19)

13.078 (2)

14.511 (5)

17.160 (4)

3257

4

1.39

graphite-monochromated Mo
radiation, A = 0.71069 A

(000) — (15,17,20)

3<20<50

3216

2167

F, > oF,

297 (1)

7.2

not applied

0.093

0.102

0.9 (due to poorly refined F positions)

288

Table II. Selected Bond Distances (&) for 4¢

Fe-C1 1.75 (1) Fe-C7 2.12 (1)
Fe-C2 1.73 (1) Fe-C8 2.14 (1)
Fe-C3 211 (1) P-C3 1.78 (1)
Fe-C4 2.13 (1) P-C11 1.79 (1)
Fe-C5 2.12 (1) P-C21 179 (1)
Fe~-C8 2,10 (1) P-C31 179 (1)

% Numbers in parentheses are estimated standard deviations in
the least significant digits.

As its Cp analogue, complex 2 is a precursor to methy-
leneiron complexes. The methylene complex [Fe(Cp*)-
(CO),(=CH,)]*BF (8) can be generated at —80 °C by
protonation of 2 with use of H*BF,—Et,0 or by methoxide
abstraction with use of MegSiOSO,CF; (Scheme I).  If the
protonation reaction is performed in the presence of PPhy
at —80 °C, the yellow phosphonium salt [Fe(Cp*)(CO),-
(CH,PPh,)|*BF, (4) is obtained (66 % yield) as a result
of attack of PPh, on the electrophilic methylene ligand.!®
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Scheme II. Methylene Transfer and Trapping Reactions from the Methylene Complex [Fe(Cp*)(CO),(=CH,)]* (3%)
Generated from 2 with Use of the Electrophiles H*'BF,” (PPh;), CF;CO,H (CF,CO,"), Me;SiOSO,CF; (Styrene and Ph,SiH)*
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¢1n the last case, [Fp(OSO,CF3)] (5) was formed. All the reactions were carried out at —-80 °C followed by warming to 20 °C. For details,

see the text.

Figure 1. ORTEP view of the X-ray structure of complex 4.

Complex 4 shows a doublet at 8 1.60 ppm for the methy-
lene protons (3Jp_y = 14 Hz) in the *H NMR spectrum,
a doublet at 6 -13.3 ppm (1Jp. = 36.8 Hz) in the *C NMR
spectrum, and a triplet at 6 37.2 ppm in the P NMR
spectrum. Crystals of 4 were grown by slow evaporation
of an acetonitrile solution at 20 °C, and the X-ray structure
was obtained. An ORTEP diagram of 4 is shown in Figure
1, and salient data are given in Tables I-III. An unusual
feature is the FeC3P angle reaching 118°, larger than the
expected value for a sp® carbon. This increased angle is
attributed to the steric bulk of the PPh; ligand. The ylide
complex [(CO),FeCH,PPh;] has been reported by Des
Abbayes et al.18 Its crystal structure shows a tetragonal

(18) (a) The phosphonium salts [FeCp(CO)(PPh,;)CH,PR;]* were re-
cently reported. They were prepared by reaction of phosphines with
FeCp(CO)(PPh,;)CH,Cl: Davies, S. G.; Dordor-Hedgecock, 1. M.; Sutton,
K. H.; Whittaker, M. J. Am. Chem. Soc. 1987, 109, 5711. (b) Studabaker,
W. B,; Brookhart, M. J. Organomet. Chem. 1986, 310, C39.

(17) (a) Tam, W.; Lin, G. Y.; Wong, W. K.; Kiel, W. A,; Wong, V. K.;
Gladysz, J. A. J. Am. Chem. Soc. 1982, 104, 141. (b) Merrifield, J. H.;
Strousse, C. E.; Gladysz, J. A. Organometallics 1982, 1, 1204.

Table III. Selected Bond Angles (deg) for 4°

C1-Fe-C2 97.4 (7) C4-Fe-C5 38.3 (6)
C1-Fe-C3 92.9 (6) C4-Fe-C6 65.9 (4)
Cl1-Fe-C1 91.5 (5) C4-Fe-C7 65.0 (4)
C1-Fe-C5h 124.5 (6) C4~Fe-C8 40.4 (6)
C1-Fe-C6 155.4 (5) C5-Fe—-C6 40.1 (6)
C1-Fe-C7 123.2 (5) C5-Fe-C7 65.7 (8)
Cl—Fe-C8 91.4 (5) C5-Fe-C8 65.8 (6)
C2-Fe-C3 99.3 (5) C6-Fe-C7 39.5 (5)
C2-Fe-C4 112.8 (5) C6-Fe-C8 65.3 (5)
C2-Fe-C5 87.7 (6) C7-Fe-C8 37.2 (5)
C2-Fe-C6 100.3 (7) C3-P-Cl11 111.7 (6)
C2-Fe-C7 138.9 (7) C3-P-C21 110.0 (8)
C2-Fe-C8 152.3 (6) C3-P-C31 109.6 (6)
C3-Fe~C4 146.7 (5) C11-P-C21 1125 (6)
C3-Fe-C5 140.8 (5) C11-P-C31 105.4 (6)
C3-Fe-C6 100.9 (5) C21-P-C31 107.4 (6)
C3-Fe-C7 85.3 (5) Fe-C3-P 118.1 (7)
C3-Fe-C8 1086.5 (5)

¢ Numbers in parentheses are estimated standard deviations in
the least significant digits.

carbon with some steric interaction of the carbonyl ligands
and phenyl groups ((FeCP = 118.6°). The Cp*-Fe dis-
tance is as in other known complexes. An early example
is that of [FeCp*(C0),080,F] reported by Brookhart.!4®

Other methylene transfer reactions were observed
(Scheme II). In the presence of styrene, complex 2 reacts
with MesSi0S0,CF; in CH,Cl, at -80 °C to give a 100%
yield of phenylcyclopropane (by gas chromatography), a
classical reaction already reported? with the parent com-
plex [Fe(Cp)(CO)y(=CH,)]*. In this reaction the iron
complex [Fp*(OSO,CF;)] (5)*® was isolated in 91% yield.
In the presence of PhgSiH, complex 2 reacts with
Me;Si0S0O,CF; in CH,Cl, at —80 °C to give PhySiMe in
100% vield (by gas chromatography). Complex 5 was also
isolated in 70% yield in this reaction. When a solution
of 5 in CH;CN was stirred, smooth replacement of the
0S0,CF;~ ligand by CH3;CN occurred, giving [Fp*-
(CH4,CN)]*OSO,CF;~ (6). This exchange shows the
weakness of the Fe-O bond in 5.
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Trapping of the electrophilic methylene ligand of 3
without detachment from iron (Scheme II) is not specific
for phosphines. For example, the parent system can be
trapped by sulfides.®® Reaction of 2 with CF,CO,H gives
a 51% yield of [Fp*(CH,OCOCF,)] (7). Also obtained in
this reaction is a smaller amount of [Fp*{(OCOCF;)] (8;
17% yield), which results from the loss of the methylene
ligand.

Although the methylene complex 3 could be charac-
terized spectroscopically,’ it is not stable above -40 °C.
Thus, protonation of 1 with use of H*BF,” in Et,0, in the
absence of a trapping reagent, followed by warming to 20
°C gives a mixture of [Fp*(CO)]*BF,” (9),'2 [Fp*(CH,—
CH,)]*BF,” (10), and a third product, which could be
[Fp*(OEt,)]*BF,” (11).1% The formation of these three
products arises from the decomposition of 3. The di-
metallacycle mechanism® indeed leads to the formation of
ethylene (or its cationic Fp* complex 10, eq 2 and 3)? and
the free 16-electron fragment [Fp*]*, which can trap a
Et,0 solvent molecule as ligand (eq 4)'° or CO, which
results from the decomposition of some [Fp*]* (eq 5 and
6).

[
[Fp*(CH,)]* — [Fp*(CH,)Fp*(CH,)]** (2)

P—
[Fp*(CHp)Fp*(CHp)}** — [Fp*(CH;=CHy)|* + [Fp*]*

10*
(3)
[Fp*]* + Et,O — [Fp*(OEty)]* 4)
11+
[Fp*]* — CO + [Fe(Cp*)(CO)]* (5)
[Fp*]* + CO — [Fp*CO]* (6)
9+

The iron-methylene complex could be considerably
stabilized by replacement of a carbonyl ligand with tri-
phenylphosphine. Photolysis of the precursor 2 with use
of UV light in toluene results in the desired ligand ex-
change (46% yield) and gives [Fe(Cp*)(CO)(PPhy)-
(CH,O0CH3)] (12) as a red, microcrystalline complex.

(18) (a) Markham, J.; Tolman, W.; Menard, K.; Cutler, A. J. Organo-
met, Chem. 1985, 294, 45. (b) Bodnar, T. C.; Cutler, A. R. Organo-
metallics 1985, 4, 1558.

(19) [Fp(OEty)]* has been reported: Cutler, A. R.; Todaro, A. B.
Organometallics 1988, 7, 1782,

Guerchais et al.

Efforts to replace both carbonyls by PPh; or dppe were
unsuccessful.?? Reaction of Me;Si0SO,CF; or CF,COH
with 12 in CH,Cl, at ~80 °C generated the deep red
methylene complex [Fe(Cp*)(CO)(PPhy)(=CH,)]*X" (13a,
X = CF;S047; 13b, X = CF;COy7) (Scheme III). At 80
°C, the methylene carbon appears at 4 351 ppm in the 3C
NMR spectrum and the two methylene protons appear as
two broad singlets in the 80-MHz 'H NMR spectrum at
6 16.67 and 15.10 ppm. Coalescence of these bands is
observed at —45 °C, and at higher temperature (-20 °C),
the methylene resonance becomes sharp (6 15.95 ppm).
This behavior is typical for iron-methylene complexes.
The -80 °C 'H NMR spectrum is consistent with the
preferred methylene orientation'” in which the CH, plane
is aligned with the CO-Fe bond as shown in Scheme III.
The calculated AG* value for the rotation of the methylene
is 10.9 £ 0.1 kcal mol™ (45.16 kJ mol™). This value is very
close to the one reported by Brookhart® for [Fe(Cp)-
(dppe)(=CH,)]* (10.4 + 0.1 kcal mol™?), whereas Hoff-
mann?® calculated a lower value (6.2 kcal mol™?) for Pettit’s
parent compound [Fe(Cp)(CO),(=CH,)]*. The back-
bonding is greater in the latter compound, lowering the
order of the Fe-CH, bond, so that all these AG* values are
consistent with one another. The deep red complex 13
decomposes above —10 °C and could not be isolated in the
solid state.

It is noteworthy that the trifluoroacetate salt of the
methylene complex 13b is ionic whereas the dicarbony!
analogue 7 is covalent. This is easily checked by !H NMR
spectroscopy. The methylene protons are found at § 5.07
ppm in 7 and at 6 15.95 ppm in 13. The ionization of the
C-0 bond is favored by the decrease of the positive charge
on the methylene carbon in 13. The influence of the re-
placement of carbonyls by phosphine ligands on such
ionization of the C—O bond was already shown by Pettit?!
in the acids FeCp(C0),COOH, FeCp(CO)(PPh;)COOH,
and [FeCp(CO)(dppe)]*OH".

Concluding Remarks

(1) The methylene complex 3 is a useful reagent for
methylene transfer reactions under mild conditions and
for the synthesis of organometallic fragments Fe-CH,-X
(X =0, P, etc.). Complex 2 is easier to handle than the
parent complex [FpCH,OCH;,].

(2) Stabilization by permethylation of the Cp ligand is
roughly equivalent to replacing a CO ligand by PPh; re-
garding (i) the stability of iron-methylene complexes and
(ii) the rotational barrier about the iron—carbon bond.

(3) The methylene complexes 3 and 13 compare with
other known electrophilic methylene complexes of Fe,%?
Ru,'® Re,!7 Mo,™18 and W.7

(4) The methylene complex 3 was trapped by PPh; to
give a phosphonium salt, the X-ray crystal structure of
which shows a ZFeCP angle of 118°.
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[Co(PMe%)dPFG reacts with formaldehyde to form [Co(CO)(PMe;),]PFg, which is shown by X-ray

diffraction

P2,/n, @ = 11.280, b 14.948, c = 14.088 A, 8 = 90.69°, Z = 4, R = 0.029) to contain trigo-

nal-bipyramidal cations with CQ in the equatorial position. From [Co(PMe;)]BPh,, [Co(CO)(PMe;),]BPh,
is formed in low yield. The major product is crystallographically characterized (P2,, a = 15.985, b = 12.512,
c=204104, 3 =111.76 (3)°, Z = 4, R = 0.048) and found to contain the cis-octahedral Co(III} dihydrido
species [CoHy(PMes),]* and the Co(I) cation [Co(CO)(PMes),]* with CO in the axial position. These two
ions are disordered over the cationic sites in the crystal. The presence of these species in the nonstoi-
chiometric material is also indicated by infrared and NMR data on the compound and its H- and 3C-labeled

derivatives.

Introduction

The synthesis and decomposition mechanisms of d8
metal complexes containing formyl groups, hydroxymethyl
groups, carbon monoxide, or formyl-derived methyl groups
still attract considerable attention in connection with the
role of such species as intermediates in carbon monoxide
hydrogenation promoted by homogeneous or heterogene-
ous catalysts.)3 Studies conducted by Thorn et al. on the
reaction of CH,0 with cationic [M(PMe,),]X compounds
have led to the preparation of the first cationic formyl
compound [MH(CHO)(PMe;),]X with M = Ir, but only
the carbonyl species has been obtained for M = Rh.2 With
ruthenium and osmium, Roper et al. have isolated mo-
lecular formaldehyde and formyl complexes.*® Nickel-
(0)-phosphine Ni(PR3); complexes have been found to
promote the decomposition of formaldehyde into CO and
H, with formation of Ni(CO)(PR4)3.6 No reactions have
been performed so far on the cobalt analogues, but for
hydroformylation, modifying the Coy(CO)g catalyst by
addition of phosphines of small cone angle increased the

(1) Galdysz, J. A. Adv. Organomet. Chem. 1982, 20, 1.

(2) Thorn, D. L. Organometallics 1982, 1, 197. Thorn, D. L.; Roe, D.
C. Organometallics 1987, 6, 617.

(3) Only a few cationic formyl complexes have been reported: Smith,
G.; Cole-Hamilton, D. J. J. Chem. Soc., Chem. Commun. 1982, 490.
Smith, G.; Cole-Hamilton, D. J.; Thornton-Pett, M.; Hursthouse, M. B.
J. Chem. Soc., Dalton Trans. 1988, 2501. Smith, G.; Cole-Hamilton, D.
J.; Thornton-Pett, M.; Hursthouse, M. B. Polyhedron 1983, 2, 1241.
Barratt, D. S.; Cole-Hamilton, D. J. J. Chem. Soc., Chem. Commun. 1985,
458. Lilga, M. A,; Ibers, J. A. Organometallics 1985, 4, 590.

(4) Clark, G. R.; Headford, C. E. L.; Marsden, K.; Roper, W. R. ¢J.
Organomet. Chem. 1982, 231, 335.

(5) Roper, W. R.; Wright, L. J. J. Organomet. Chem. 1982, 234, C5.

(6) Gambarotta, S.; Floriani, C.; Chiesi-Villa, A.; Guastini, C. Or-
ganometallics 1986, 5, 2425.

0276-7333/90/2309-1041802.50/0

proportion of formate obtained.” We felt that the basic
coordination chemistry of the cobalt system toward CH,O
had to be examined in greater detail. We wish to report
our results on the reaction of CH,0 with [Co(PMe;),JX
for X = PF; and BPh,. Interestingly, the chemistry of this
system was found to be dependent on the counterion used,
and it allowed us to observe both the axial-CO and equa-
torial-CO forms of the trigonal-bipyramidal [Co(CO)-
{(PMes),)" ion.

Experimental Section

Materials and Methods. Solvent distillation and all other
operations were carried out under argon by using standard Schlenk
techniques. Tetrahydrofuran was distilled over Na/benzophenone
just before use. Methanol and acetonitrile were distilled over
molecular sieves. All solvents were degassed by three freeze-thaw
cycles. Trimethylphosphine® and CoBr(PMe,),® were prepared
by literature methods. Paraformaldehyde and aqueous form-
aldehyde (stabilized with 10% methanol) were used without
further purification. [?H]- and [*C]paraformaldehyde (CEA) were
used as received.

Elemental analyses were done by M. Magna (CNRS, Toulouse)
for C and H and by the Service Central de Microanalyse du CNRS
(Lyon) for the remaining elements.

Infrared spectra were recorded on a Perkin-Elmer 983 spec-
trometer as Nujol mulls prepared in the glovebox. The *H and
3P NMR spectra were recorded at low temperature on a Bruker
WH-90 spectrometer with THF-dg or CD,Cl, as solvents.
Chemical shifts were referenced to residual solvent signals for 'H
NMR (CD,Cl,, 6y 5.33; THF-dg, 6y 1.90, 3.80) and to external

(7) Fahey, D. R. J. Am. Chem. Soc. 1981, 103, 136. Wood, C. D,;
Garrou, P. E. Organometallics 1984, 3, 170.

(8) Wolfsberger, W.; Schmidbaur, H. Synth. React. Inorg. Met. Org.
Chem. 1974, 4, 149.

(9) Klein, H. F.; Karsch, H. H. Inorg. Chem. 1975, 14, 473.
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