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Synclinal and Anticlinal Isomers of the Iron Methoxycarbene Complex 
[(q5-C5Me5)Fe(C0),(=CHOMe)]+; Access to Functional Compounds 
Veronique Guerchais and Claude Lapinte 
Laboratoire de Chimie des Organometalliques, UA CNRS no. 415, Universite de Rennes I, Campus de Beaulieu, 
35042 Rennes Cedex, France 

The methoxymethyl complex (q5-C5Me5)Fe(C0)2(CH20Me) (2) undergoes hydride abstraction with Ph&+PF6- at 
-80 "C and affords the secondary methoxycarbene complex [(q5-C5Me5)Fe(C0)2(=CHOMe)lfPF6- (1) as a mixture of 
two geometric isomers of which the syn form isomerizes upon warming; complex (1) adds PPh3 yielding 
quantitatively [ ( T ~ - C ~ M ~ ~ ) F ~ ( C O ) ~ ( C H O M ~ P P ~ ~ ) I + P F ~ -  (31, and converts Me2PhSiH into Me2PhSiCH20Me (4), giving 
in the presence of the appropriate alkenes, the alkene complexes [(q5-C5Me5)Fe(CO),(CH~CHR)]+PF6- (5). 

Secondary carbene-metal complexes, postulated as important analysis for such asymmetric systems which rationalizes this 
intermediates in catalytic processes, are of considerable feature. We now report the spectroscopic characterization of 
interest in organic synthesis. In extensive studies, Gladyszl both the synclinal and anticlinal isomers of a new secondary 
demonstrated that chiral rhenium alkyl complexes undergo methoxycarbene complex of the first-row transition metal in 
stereospecific a-hydride abstraction affording the synclinal the CSMeS series. We also describe its reactivity which 
orland anticlinal alkylidene cations, depending on the sub- illustrates the synthetic potential of this stabilized carbene 
stituent. Seeman and Davies2 have reported conformational complex, and access to alkene complexes. 
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Isomerization 

oc Qco H - ocQco OMe 

Syn- ( 1  ) anti - (1  1 

0- = Me 

Scheme 1 

The thermally stable methoxycarbene complex [(~f- 
C5Me5)Fe(C0)2(=CHOMe)]+PF6- (l),? as for the C5Hs 
analogue,3 is synthesized from the methoxymethyl complex4 
( T ~ - C ~ M ~ ~ ) F ~ ( C ~ ) ~ ( C H ~ O M ~ )  (2) by hydride abstraction 
with 1 equiv. of Ph3C+PF6- at -80 "C in methylene chloride 
(100% yield of Ph3CH by g.c.). Complex (1) (vco 2060-2010 
cm-1) is isolated as a yellow powder in quantitative crude 
yield after precipitation with pentane [reaction (l)]. 

CHZC12 
( V ~ - C S M ~ ~ ) F ~ ( C O ) ~ ( C H ~ O M ~ )  + Ph3C+PF6- - 

(4 -80 "C 

[(V~-CSM~~)F~(CO)~(=CHOM~)]+PF~- + Ph3CH (1) 
(1) 

~~~~ ~~ ~ ~ 

t 1H and 13C n.m.r. data are for CD2CI, solutions unless noted 
otherwise. [ (rf-C5MeS)Fe(CO),(=CHOMe)] +PF6- (1): IH n .m.r. 6 
(-80 "C) 12.68 and 12.23 (br.s, =CH,,, and br.s, =CH,,[,, total lH), 
4.70 (br.s, 3H, OMe), and 1.97 (s, 15H, CsMe5); 6 (26 "C) 12.27 (s, 
lH, =CH), 4.67 (s, 3H, OMe), and 1.94 (s, 15H, C5Me5); 13C n.m.r. 6 
325.3 (=CH, d, lJC_H 149.9 Hz), 209.6 (CO), 103.4 (C,Me,), 78.5 
(OMe, q,  lJC_H 151.7 Hz), and 9.6 (CsMe5, q, IJC_H 129.3 Hz); i.r., 
vco(CH2Cl2) 2060s and 2010s cm-1. 
[(T~-C,M~~)F~(CO),(CHOM~PP~~)]+PF,- (3) at -20 "C: lH 

n.m.r. 67.74-7.65 (2 x m, 15H, +PPh3), 5.13 (d, lH,  2 J p - H ~ ~ .  1.5 
Hz, CH), 3.22 (s, 3H, OMe), and 1.58 (s, 15H, CSMe,); 13C{IH} 
n.m.r. 6 218.2 (CO, d, -?lpPc 7 Hz), 215.4 (CO, s), 134.5 (Cpnrrt Ph), 

lJp-c 80 Hz), 98.1 ( C5Me5), 74.8 (CH, d ,  lJp_c 28 Hz), 62.5 (OMe, d. 
3Jp-c 8 Hz), and 9.7 (C,Me,); 31P{ 1H) n.m.r. (CD2Cl2, H3P04) 6 27.1 
(+PPh3) and -144.8 (PF6-, septet, IJPpF 713 Hz); i.r., vco (CH,Cl,) 
2000s and 1960s cm - I .  

Me,PhSiCH,OMe (4): IH n.m.r. (C6Dhr Me,Si ext.) 6 7.55 (m, 2H, 
Ph),7.21(m.3H,Ph),3.17(s,3H,OMe),3.15(s,2H,CH,),and0.31 
(s, 6H, Me): 13C{IH} n.m.r. (ChDhr Me4Si ext.) 137.9 (C,pso Ph), 

(OMe), and -4.3 (Me); [ M -  Me]+ (CoH130Si), m/z 165.0749 (calc. 
165.0735). 
[(~5-C5Me5)Fe(CO),(C2H4)]+PF6- (5a): lH n.m.r. 6 3.14 (s, 4H, 

C,H4) and 1.94 (s, 15H, CSMeS); 13C{IH} n.m.r. 6 211.8 (CO), 102.6 
(C5MeS), 59.5 (C,H4), and 9.5 (CSMe5); i.r. ,  vco (CH,Cl,) 2050s and 
2020s cm- 1 .  [ (qX,Me,)Fe(CO),(CH,=CHPh)]+PF,- (5b): IH 
n.m.r. 6 7.35-7.26 (2 x m, 5H, Ph), 4.89 (dd, IH, 3JH_H trans 14.6 

3.03(dd, lH, HE), and 1.94(s, 15H, C5Me5); W(1H) n.m.r. 6212.3 

Ph), 126.9 (C,,,, Ph), 102.4 (C5Me5), 86.4 (CHPh), 52.4 (CH,), and 
9.6 (C,Me,) ; i . r.,  vc0 ( CH2C12) 2060s and 2020s cm - l .  

Satisfactory elemental analyses of these yellow cations could not be 
obtained because of contamination by [ ( T ~ S - C ~ M ~ ~ ) F ~ ( C ~ ) ~ ] + P F ~ - ,  
the decomposition product of complex (1) .  Fractional crystallisation 
did not allow their separation in analytically pure form. 

134.4 (Corrho Ph), 130.3 (C,,,, Ph, d, 3Jp-c I1 Hz), 121.6 (C,,,, Ph, d ,  

134.2 (Corrho Ph), 129.5 (Cp,r, Ph), 128.1 (C,,,, Ph), 66.6 (CH,), 63.2 

Hz, ' JH-13  cis 8.8 Hz, CHPh), 3.97 (dd, IH, ,JH_H gem 1.8 Hz, HZ), 

(CO), 211.0 (CO), 136.0 (C,,,<, Ph). 131.0 (C,,,,,, Ph), 130.2 (C,,,,,fo 

- -  - CSMeS 
Scheme 2. hc0 218.2 (d, 3Jc-p 7 Hz) and 215.4 (s) 

Monitoring the reaction by 1H n.m.r. spectroscopy$ shows 
that the secondary methoxycarbene complex (1) is formed at 
-80 "C as a mixture of two geometric isomers. The 1H n.m.r. 
spectrum (CD2CI2) exhibits two low-field singlets in the ratio 
90 : 10 at 6 12.68 and 12.23 assigned to the carbene proton of 
the synclinal and anticlinal forms. At -60 "C, the signal at 6 
12.68 irreversibly decreases while the other increases and the 
isomerization is complete at -50 "C. On the basis of steric 
considerations, only the thermodynamically stable anticlinal 
isomer is then observed (aH: 12.27, aOMe: 4.67) (Scheme 1). 
This feature was not reported for the related complex in the 
C5H5 series.3 The proton-coupled 13C n.m.r. spectrum 
(CD2C1,) of anti-(l)  recorded at room temperature confirms 
the proposed structure:6 the resonance due to the carbene 
carbon atom appears characteristically downfield at 6 325.3 
(d, lJC-H 149.9 Hz) and the quartet attributed to the methoxy 
group is located at 6 78.5 (9, lJC-H 151.7 Hz). 

Complex (1) is also available from the reaction of the ether 
precursor (2) with 0.5 equiv. of Me3SiOS02CF3 or HBF4- 
OEt2. The transient methylene complex4 [ (+CSMe5)Fe- 
(CO)2(=CH2)]+ thus generated abstracts a hydride from the 
starting material (2), giving (1) and the methyl derivative 
(~f -C5Me~)Fe(C0)~Me,  a behaviour already observed for 
cationic methylene metal complexes.7 As in the former 
reaction, the two isomers of (1) are formed at -80 "C in the 
same ratio. 

The electrophilic cation (1) adds the weakly basic phosphine 
PPh3 yielding quantitatively the new a-methoxyphosphonium 
salt [(q5-CSMe5)Fe(C0)2(CHOMePPh3)]+PF6- (3),+ as indi- 
cated by the spectroscopic data. The asymmetric a-C atom 
and the methoxy group appear as doublets, at, respectively 
6 74.8 (2Jc-p 28 Hz) and 62.5 (3Jc-p 8 Hz) in the 13C{IH} 
n.m.r. spectrum (CD2C12) of (3) at -20 "C. Moreover, this 
spectrum exhibits a doublet at 6 218.2 (3Jc-p 7 Hz) and a 
singlet at 6 215.4, attributed to the non-equivalent carbonyl 
ligands. The particular pattern of CO signals can be explained 
by the structural features illustrated by the Newman projec- 
tion established from the Karplus equation (Scheme 2). The 
preferential conformation probably arises from the steric 
bulk of the methoxy group.§ Attempts to isolate (3) 
failed; however the stable methylene phosphonium salt4 

$The observation of these IH n.m.r. spectra rules out a hydride 
abstraction via an electron transfer pathway, in contrast to the results 
obtained for the isostructural hydroxymethyl complex' (q5- 
CSMeS)Fe(CO),(CH,OH). 
9 In the case of the previously reported methylene phosphonium 
adduct,4 the signal due to the equivalent carbonyl ligands appears as a 
doublet at 6 216.3 (3Jc_p 2.9 Hz) from which the coupling constant is 
weaker. 
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[(q5-C5Me5)Fe(C0)2(CH2PPh3)]+PF6- 
(6)  

Treatment of the cation (1) with 1 equiv. of Me2PhSiH leads 
to Me2PhSiCH20Me8 (4)T in 40% yield (g.c.) which was 
isolated as a colourless liquid by preparative t.1.c. and 
identified by 1H and *3C n.m.r. and mass spectroscopy. The 
formation of (4) results from the insertion of the methoxycar- 
bene fragment into the Si-H bond of the silane,9 and is 
expected to liberate a co-ordination site on the iron moiety. 
Indeed, when the reaction is performed in the presence of an 
alkene (ethylene or styrene), besides (4), the new stable 
alkene complexes [(T~-C~M~~)F~(CO)~(CHFCHR)]+PF~- 
(5a; R = H)t  or (5b; R = Ph)t are isolated, together with (7) 
as a by-product [spectroscopic ratio ( 5 )  : (7) 80 : 20; 80% crude 
yield] (Scheme 3). Characteristic upfield shifts10 are observed 
for the 1H and 13C resonances of the alkene ligands of ( 5 )  
compared with the free alkene. E.g., in the case of the 
ethylene complex (5a), the CHyCH2 singlet resonance is 
shifted upfield to 6 3.14. 

The stable heterocarbene complex (l), with its highly 
electrophilic properties, should be a useful reagent in organic 
and organometallic synthesis. 

We are grateful to Drs. J.-R. Hamon, S. Sinbandhit, and 
J.-Y. Thepot for helpful discussions; B.A.S.F. is acknow- 
ledged for a gift of pentacarbonyl iron. 
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