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The preparation of the cations of [Fe(q5-C5H5) (dppe)(CO)] PF, (1 ) (dppe = Ph2PCH2CH2PPh2) and 
[Fe(q5-C,H,) (PPh3)2(C0)] PF, (5) and their reduction with LiAIH4 to form the complexes 
[Fe(qS-C,H,) (dppe) (CO)H] (2) and [Fe(q5-C,H,) (PPh,)(CO)H] (6), respectively, is described. 
Evidence is presented for the intermediacy of [Fe(q5-C,H5) (dppe) (CHO)] (4) in the low-temperature 
reduction of (1 ). High-temperature reduction of (1 ) occurs with loss of regioselectivity yielding both 
[Fe(q5-C,H,)(dppe)(CH,)] (9) and [Fe(q4-C,H,)(dppe)(C0)] (8). The latter product is formed 
exclusively by exo attack on the cyclopentadienyl ligand as evidenced by carrying out the reduction 
with LiAID,. The disproportionation of (2) in toluene to give [(Fe(q5-C5H5) (CO)H},(p-dppe)] (1 2) 
and its subsequent thermal and photochemical elimination of dihydrogen has been studied. In contrast, 
in tetrahydrofuran solutions, (2) disproportionates to (9) via (4). The thermal migration of hydrogen 
from (2) to produce (8) has been studied. The use of [Fe(q5-C,H,)(dppe)(CO)D] (3) has shown this 
migration to be endo first-order and intramolecular with a kinetic isotope effect close to unity. 

The reductive polymerisat ion of carbon monoxide (Fischer- 
Tropsch and related reactions) to  hydrocarbons and their 
oxygenated analogues is becoming increasingly more interest- 
ing to industry.' Relatively little detail is known, however, 
about the mechanisms of formation of many of the products.' 
One mechanism for carbon monoxide reduction is believed to 
proceed sequentially uiu metal-formyl, -hydroxymethyl, and 
-carbene complexes to produce metal methyl species. 

Many examples of kinetically stable metal formyl complexes 
have been reported recently. Metal formyl complexes have 
been prepared by hydride reduction of a metal-carbonyl 3 - 7  

or -methoxycarbonyl ligand,8 by insertion of a metal species 
into or by formylation of a metal species.'* 
An essential feature of the mechanism of the Fischer-Tropsch 
and related reactions is the conversion of metal carbonyl 
hydrides to metal methyl ria prior equilibration of metal 
carbonyl hydride with metal formyl. The direct insertion of 
carbon monoxide into a metal hydride to produce a metal 
formyl has been observed for hydrido(2,3,7,8,12,13,17,18- 
octaethy1porphyrinato)rhodium '' and in thorium hydride 
complexes. '' Metal formyl complexes are thermodynamically 
unstable species, in general rearranging to carbonyl hydrides 
or  disproportionating to hydroxymethyl complexes. Hydride 
reduction of metal carbonyl and metal formyl to metal 
hydroxymethyl has also been o b s e r ~ e d . ~  In general, however, 
external electrophilic catalysis is necessary to produce metal 
methyl from metal formyl in these systerns.'T6 

Nucleophilic addition to complexed unsaturated hydro- 
carbons occurs stereospecifically ex0 onto the unco-ordinated 
face of the ligand.13 Cyclopentadienyl is the least susceptible 
hydrocarbon ligand towards nucleophilic Factors 
which affect the regioselectivity of nucleophilic additions to 
cationic complexes containing both cyclopentadienyl and 
carbon monoxide ligands are not well understood. Hydride 
addition to [Fe(qS-CsH5)(C0)3]+ occurs ex0 onto the cyclo- 
pentadienyl ligand," whereas hydride additions to [Re(q5- 
C,H,)(NO)(L)(CO)]+ (L  = CO Ihor PPh33)cations occuronto 
the carbon monoxide ligand to generate the corresponding 
form) 1 species. 

t Non-S.I .  uwr etnplo?ed: cal = 4.184 J .  

We describe herein the preparation of the carbonyl hydride 
[Fe(q5-C5H5)(dppe)(CO)H] (dppe = Ph2PCH2CH2PPh2), its 
disproportionation reactions to [(Fe(q5-C,Hs)(CO)H),(dppe)] 
and, ziia the formyl [Fe(q'-C,H,)(dppe)(CHO)], to [Fe(qs- 
C,H,)(dppe)(CH3)], and its rearrangement to [Fe(q4-CSH6)- 
(dppej(CO)]. Some of this work has been the subject of 
preliminary  communication^.^^ 

Results 
The cation of [Fe(q'-C,H,)(dppe)(CO)IPF, ( 1 )  is most 
conveniently prepared from [Fe(q5-C,H,j(CO),X] (X = Br or 
CI) in toluene at reflux followed by treatment with trimethyl- 
amine N-oxide and anion exchange.'' Reduction of cation (1) 
with lithium aluminium hydride in dichloromethane-tetra- 
hydrofuran (thf) ( 1  : 1 )  or  in neat thf at -78 'C produced 
the iron carbonyl hydride complex [Fe(q'-C,H,)(dppe)(CO)H] 
(2) as the exclusive product with an isolated yield of over 7004. 
The i.r. spectrum of (2) indicated that the carbonyl ligand was 
still present (vco = 1910 cm-I). The 'H n.m.r. spectrum 
showed that only one of the phosphorus atoms of dppe was 
co-ordinated to iron since both the cyclopentadienyl (6 4,15) 
and the iron hydride (6 -13.23) resonances appeared as 
doublets due to coupling to a single phosphorus. This 
structural assignment was confirmed by 31P n.m.r. which was 
consistent with one bound (6 84.8) and one free (6 -13.5) 
phosphorus atom. N o  P-P coupling constant could be 
resolved for ( 2 ) .  The mass spectrum of ( 2 )  did not  show a 
molecular ion; however M - 1 at nziz 547 was present. 

Reduction of cation ( 1 )  with lithium aluminium deuteride in 
thf resulted in the formation of the carbonyl deuteride (3) 
analogous to  the carbonyl hydride (2). No iron hydride could 
be detected in the 'H n.m.r. spectrum of (3)  and the 2H n.m.r. 
spectrum showed that all the deuterium present in (3) was 
bound to iron. 

Lithium aluminium hydride or LiBEt,H was added to 
solutions of cation ( 1 )  in [2H,]thf at -78 =C.  These solutions 
were monitored by 'H n.m.r. spectroscopy as the temperature 
was slowly raised. Between -70 and -50 "C both solutions 
developed a resonance at 6 11.53 characteristic of a metal 
formyl p r ~ t o n . ~  Table 1 shows the chemical shifts of known 
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Table 1. ‘H N.m.r. chemical shift of iron formyl species 

8Jp.p .m.  Ref. 
IFe(CO),(CHO)I - 14.95 a 
[Fe(CO13t P(OPhj,I(CHO)]- 14.82 CI 
[Fe(q’-C5H5)(C0)(COC6H4OMe-p)(CHO)]- 13.10 h 
[Fe(q5-C5H )(CO)(COC,H &CHO 11 - 12.91 b 
[ Fe( q ’-C5H )(CON CO M e )(C H 0) 1 - 12.83 h 
[Fe(rl5-C5H5)(dppe)(CHO)1 11.53 This 

H ork 
a C. P. Casey and S .  M. Neumann, .I. Am. Chetn. Soc., 1976. 98. 
5395. ’ J .  C. Seloker, M. Marsi, D. W .  Parker. and J .  A. Gladjsz. 
J .  Orgutlomet. Chem.. 1981, 206, 317. 

iron form11 species for comparison. Above -50 C the formyl 
rapidly disappeared. Work-up led to the isolation of (2) as the 
sole product strongly supporting the hypothesis of the formyl 
species [Fe(qs-C5H5)(dppe)(CHO)] (4) being an intermediate 
in these reductions. 

Similarly, LiAlH, reduction of [Fe(q5-C,H,)(PPh,),(CO)J- 
PF, (5) at -78 ‘C in thf-dichloromethane yielded the carbonyl 
hydride [Fe(q5-C,H,)(PPh3)(CO)H] (6) as the sole product. 
Reduction of (5) with LiAlD4 gave the corresponding iron 
deuteride complex (6a). 

A 31P n.m.r. saturation transfer experiment in which one of 
the phosphorus atoms of the carbonyl hydride (2) was satur- 
ated and completely inverted by means of a DANTE 
sequence l9 clearly demonstrated that the co-ordinated and 
unco-ordinated phosphorus atoms were rapidly exchanging 
with an upper limit for AGZ of 18 kcal mol-’. No exchange of 
phosphorus atoms could be detected in [Fe(q5-C5H,){ PPh- 

Reduction of cation ( 1 )  with LiAlH, in thf at reflux resulted 
in the formation of two products: the cyclopentadiene 
complex (8) and the methyl complex (9) in the ratio 2 : 3. An 
authentic sample of (9) was prepared by the action of methyl- 
magnesium bromide on [Fe(q’-C,H,)(dppe)Br], whose ‘H 

(CHZCH2PPhJ2)HI ( 7 ) . * O  

n.m.r. spectrum showed a distinctive methyl triplet at 6 
- 1.3 (JPH = 7 Hz).” The novel cyclopentadiene complex (8) 
was characterised by elemental analysis and high resolution 
mass spectroscopy. In contrast to the isomeric carbonyl 
hydride (2), the complex (8) did show the molecular ion 
( .W+ 548.111 9) in the mass spectrum. In the 300-MHz 
‘H n.m.r. spectrum ([’H8]toluene) of (8). He,, ( 6  2.75) and 
Hendo (6  3.03) could be readily assigned 22 since only He,, 
exhibited coupling to phosphorus (JPH = 9.3 Hz). The 
characteristic C-He,, absorption 23 was present at 2 740 
cm-’ in the i.r. spectrum. 

Reduction of cation ( 1 )  with LiAlD, in thf at reflux resulted 
in formation of the deuteriated compounds (10) and (1 1). The 
deuterium in complex (10) was shown to be in the exo position 
by the complete absence of He,, in the ‘H n.m.r. spectrum 
while D,,, but no Dendo was observed by 2H n.m.r. spectro- 
scopy. I n  confirmation of this, the C-He,, i.r. absorption was 
absent for (10) and had been replaced by a De,, absorption 
at 2045 cm ’- 

In toluene solution ( 2 )  disproportionated via phosphine 
exchange to the known di-iron complex (12) 24 together with 
free dppe which precipitated from solution on cooling. Treat- 
ment of the carbonyl hydride ( 2 )  with [Fe(q5-C5H5)(C0),H] 
also generated (1 2). This disproportionation of (2) was 
reversible since ( 1  2) in the presence of excess dppe regenerated 
(2) and the formation of (12) from (2) could be suppressed by 
presaturating the toluene with dppe. On warming a toluene 
solution of (12) to 75 -C in the complete absence of light the 
formation of the green di-iron complex (13) and an equimolar 
quantity of hydrogen was observed together with a smali 
amount of [Fe(q’-C,H,)(dppe)H] (1  5). Hydrogen was identi- 
fied by rotational Raman spectroscopy 25 and an authentic 
sample of [ Fe(q’-C,H,)(dppe)H J (1  5) was prepared by 
LiAIH, reduction of [Fe(q’-C,H,)(dppe)Br]. Photolysis of (12) 
also produced (13). Under similar conditions (13) is also 
produced thermally from (2) .  In the presence of excess dppe, 
however, to prevent the formation of (12), (2) does not 
undergo dehydrogenation. Similarly compound (6)  is com- 
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pletely inert to thermolysis. The green di-iron compound ( 1  3)  
could be prepared by thermolysis of [Fe{(rl5-C5Hs)(C0),~,] in 
the presence of dppe. Protonation of (13) gave (14) which on 
subsequent LiAIH, reduction produced (12). 

Pure carbonyl hydride (2) left at 20 “C for three days 
produced an oil which contained the characteristic methyl 
triplet of [Fe(q5-CsHs)(dppe)(CH3)] (9) in its ‘H n.m.r. 
spectrum. In thf solution (2) disproportionated completely, 
again with formation of the methyl complex (9) (ca. 300i 
yield) and the cation [Fe(q5-C5H5)(dppe)(CO)]+ ( I )  (ca. 60% 
yield after work-up). Monitoring the reaction mixture by 
31P n.m.r. demonstrated that (9) and (1) were the only products 
produced. The complexes (9) and (1 )  were readily isolable 
from this reaction, the latter after anion exchange as its hexa- 
fluorophosphate salt. 

Under the same conditions but in the presence of LiAIH.,, 
thf solutions of (2) gave after work-up the iron methyl 
complex (9) and the carbonyl hydride (2) in the ratio 1 : 2. All 

of the hydrogen atoms in the methyl group of ( 9 )  originated 
from (2) and not from LiAIH,; thus (2) in the presence of 
LiAlD, gave after work-up compound (9) and the carbonyl 
deuteride (3). Similarly (3) in the presence of LiAIH., gave the 
CD3 complex ( I  1 )  and the carbonyl hydride (2). 

Tetrahydrofuran solutions of [Fe(q5-C5H5)(PPh3)(CO)H] 
( 6 )  in the presence of excess LiAIH4 showed no reaction, (6) 
being recovered intact. 

In contrast to the observed disproportionation reaction of 
(2) in thf at 20 “C to (9), toluene solutions of (21 containing 
excess dppe to prevent disproportionation to (12) are in- 
definitely stable at 20 “C. Thermolysis of (2) in toluene at 90 “C 
for 20 h in the presence of excess dppe, however. resulted in 
complete isomerisation to the cyclopentadiene complex (8) 
together with a small amount ( < 57;) of [Fe($-C,H,)(dppe)H J 
(15). The proportion of (15), formed by loss of carbon mon- 
oxide, increased with temperature. Thermolysis of the cor- 
responding carbonyl deuteride (3) under similar conditions 
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resulted in the formation of the Dendo cyclopentadiene com- 
plex (16) and a small amount of (17). The deuterium in (16) 
was shown to be in the endu position by the complete absence 
of Hendo in the 'H n.m.r. spectrum while Dendo but no D,,, 
was observed by 'H n.m.r. spectroscopy. In confirmation of 
this a C-He,, i.r. absorption was present for (16) at 2 740 cm-I 
together with a C-Dendo absorption at 2 170 cm-'. 

Monitoring the rearrangement of (2) to (8) showed it to be 
first order, k,,, = 1.60 x s-', AG348$ = 26.5 kcal mol-I. 
Similarly the rearrangement of (3) to ( 1  6) proceeded with a rate 
constant k,,, = 1.65 Y 10 s-', showing the isotope effect 
k H , k D  to be unity within experimental error. 

Discussion 
The formation of the carbonyl hydride (2) by nucleophilic 
hydride addition to the cation of (1) at -78 'C proceeds either 
by direct attack on the metal after prior dissociation of a 
two-electron ligand 2o or cia initial attack on the carbonyl 
ligand followed by hydrogen migration from the formyl thus 
produced to the metal. The third alternative, ex0 attack on the 
cyclopentadienyl ring with subsequent transfer of the endo 
hydrogen to the metal is incompatible with the observed 
formation of the metal deuteride (3) corresponding to (2) when 
( 1 )  is reduced with LiAlD,. The observation of the formyl (4) 
in the 'H n.m.r. spectrum of the reaction mixture is consistent 
with direct attack onto co-ordinated carbon monoxide. 

Although hydride reduction of cation (1)  occurs regio- 
specifically at the carbonyl at low temperatures, at elevated 

( 1 5 )  X = H  ( 8 )  X = H  
(16) X = D ( 1 7 )  X = 0 

temperatures regiospecificity is lost and cxo attack onto the 
cyclopentadienyl ligand competes with attack at the carbonyl. 
Stereospecific attack e m  onto the cyclopentadienyl ligand was 
confirmed by deuterium labelling studies. 

The formation of ( 2 )  via the formyl ( 4 )  suggested the possi- 
bility that these two compounds might be in equilibrium at 
room temperature. Such an equilibrium is considered to be an 
essential feature of the Fischer-Tropsch and related reactions. 
3'P N.m.r. saturation transfer experiments clearly demon- 
strated that the co-ordinated and unco-ordinated phosphorus 
atoms in (2) but not in (7) were rapidly equilibrating. Exchange 
with external dppe was not observed under these conditions. 
Exchange cia the formyl ( 4 )  is the only possible mechanism 
available to (2) that is unavailable to (7) (Scheme 1). The value 
of AG298' (18 kcal mol-I) for this exchange would therefore 
represent the maximum value in this case for the energy 
difference between a metal carbonyl hydride and metal 
phosphine formyl. 

The precise evaluation of this energy difference has been the 
subject of much effort. The lower limit has been put at 3 kcal 
mol-I, this value corresponding to the 'H n.m.r. detection 
limit of 1% of a formyl species in equilibrium with its metal 
hydride. Unfortunately this equilibrium has never been directly 
observed despite considerable effort.' Consideration of 
thermodynamic cycles camparing the well known insertion of 
CO into metal-carbon bonds and the unknown insertion of 
CO into metal-hydrogen bonds leads to the conclusion that 
the relative thermochemistry of metal acyl and metal formyl 
formation is determined largely by the difference in metal- 
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Scheme 1. Phosphorus exchange mechanism 

hydrogen (- 60 kcal mol-') and metal-carbon (- 30 kcal 
mol-') bond energies.' Metal-acyl formation is generally 
favoured by ca. 10 kcal mol-', thus we can see that metal- 
formyl formation is disfavoured by ca 20 kcal mol-'. The 
demonstrated equilibrium (2) $ (4) has in its favour the 
entropic factor associated with chelation of the free phosphine 
in (2) to form (4), thus this particular case would be expected 
to be disfavoured by an energy substantially lower than 20 
kcal mol-', but in the absence of the value of this entropic 
factor, this barrier cannot be evaluated. 

The P-P coupling constants observed in the hydride (7) 
are J p l p 2  = 28 and Jpzp3 = 35 Hz. These are consistent 
with the expected thermodynamically most stable anti 
conformation being adopted by Pz and P3 (dihedral angle 180") 
while the dihedral angle between P' and P2 will be 25-50" 
(see Table 2) with an expected P-P coupling constant of 30- 
40 H z . ~ ~  Similarly for the cation [Fe(qs-CsHs)(CO)2(dppe)] + 

Jpp = 38 Hz." In contrast for hydride (2) the P-P coupling 
constant is close to zero implying that in [Fe($-C,H,)(dppe)- 
(CO)H] (2) the dihedral angle is approximately 90". The 
inherent thermodynamic disadvantage in such a conformation 
is presumably compensated for by a metal-phosphorus 
interaction suggesting that (18) might be a better represent- 
ation of the structure [Fe(q'-C,H,)(dppe)(CO)H] than (2). 

(7) (18) 

In toluene solution the carbonyl hydride (2) is in equilibrium 
with the di-iron dihydride (12) and free dppe. Removal of 
dppe by cooling leads to complete conversion to (12) whereas 
saturation of the toluene solution with dppe prevents form- 
ation of ( 1  2). Dihydride (1  2) produces the green di-iron species 
( 1  3) and hydrogen on thermolysis or photolysis. Complex ( 1  3)  
could be reconverted to (12) via sequential protonation and 
hydride reduction. Loss of dihydrogen from (12) is apparently 
intramolecular in nature since neither (2) nor ( 6 )  loses di- 
hydrogen under similar conditions. Compound (12) is both 
co-ordinatively and electronically saturated and thus is unable 
to form a bridging hydride intermediate which could lead to 
elimination from one metal centre in a dinuclear species. This 
suggests that dihydrogen is eliminated from (12) in a syn- 
chronous manner involving both metal centres. It is recognised 
that (12) contains two chiral iron centres and therefore two 

r/ 
PPhZ 

Table 2. Torsion angles about the C-C bond o f  co-ordinated dppe 

T(C-0 Ref. 
[Fe(q '-Cs H d( M eCN Mdppe) I + 48.4 U 

[ Fe(q '-CS H ,)(CO)(dppe 11 + 42.8 h 
[Fe(rl'-CsH,)(COC,Hs)(dp~e)1 36. I e 
[Fe(qS-CSH~)tMgBr(thf),)(dppe)l 25.4 d 
[ N ~ ( ~ ~ ' - C S H S ) C ~ ~ ( ~ P P ~ ) I  62.3 e 
[ReHdPPh~)(d~pe)l 55.0 f 
[ PdCl z(d P P ~ )  1 50.1 g 

,, P. E. Riley, C. E. Capshew. R. Pettit, and R. E. Dabis. Inorg. 
Chem., 1978, 17, 408. P. E. Riley and R. E. Dakis, Orguno- 
rnetullics, 1983, 2,  286. H. Felkin, B. Meunier, C .  Pascard, and 
T .  Prange, J .  Organornet. Chem., 1977, 135, 361. H. Felkin, P. J .  
Knowles, B. Meunier, A. Mitschler, L. Ricard, and R. Weiss, J .  
Chem. Soc., Chem. Conimirn., 1974, 44. J. C .  Daran. K. Prout, A. 
DeCian, M .  L. H. Green, and N. Siganporia, Acra Cr?srallogr., 
Sect. B,  1979, 35, 2882. V. Albano, P. Bellon. and \ .  Scatturin, 
Rend, Isr. Lornb. Acad. Sci. Lett. A.. 1966, 100, 989. W. L. Steffer 
and G ,  J. Polensk, Inorg. Chem., 1976, 15, 2432. 

diastereoisomers should exist. The three methods used to 
generate (12) all gave the same single compounds by 'H,  31P, 
and 13C n.m.r. I t  is unlikely that all three preparations would be 
stereoselective and therefore the two diastereoisomers are 
probably equilibrating rapidly on the n.m.r. time-scale. 
Attempts to ' freeze out ' the two diastereoisomers at -80 "C 
have been unsuccessful. The analogous diruthenium dihydride 
complex does exhibit distinguishable diastereoisomers.z8 

In contrast to the behaviour of (2) in the non-polar solvent 
toluene, in thf it disproportionates to the methyl complex (9) 
and cation (1)  ( 1  : 2). In the presence of LiAIH, ( 1 ) is recon- 
verted to hydride (2). Complete conversion of all the iron 
species present to the methyl complex (9) is not observed, 
consistent with the initial reduction of cation ( 1  1 exclusively 
giving the carbonyl hydride (2) with no further reduction to 
methyl being observed even after prolonged reaction times in 
the presence of excess LiAlH,. Presumably in both cases co- 
ordination of the unbound phosphine to AIH3 prevents 
equilibration with formyl (4) and hence further reduction. 
Metal formyls have been reported to disproportionate to the 
corresponding hydroxymethyl and carbonyl cation, however 
complete reduction to methyl generally requires a Lewis acid 
and an external hydride source.'*6 A mechanism for the dis- 
proportionation of (2) to (9) by analogy with aldehyde tri- 
merisations and the Cannizzaro and related hydride transfer 
reactions is given in Scheme 2. 

Thermolysis of the carbonyl hydride (2) in  toluene in the 
presence of excess dppe to prevent formation of (12) results 
in the rearrangement of (2) to the cyclopentadiene complex (8). 
Deuterium labelling and kinetic data confirm this to be a first- 
order reaction with hydrogen migrating from the metal to the 
endo position on cyclopentadiene. The isotope effect for this 
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Scheme 2. Disproportionation mechanism, where [Fej = Feiq'-C5H,)(dppe) 

migration was found to be close to unity. Whi!e alicyl migration 
from metal to ring forming a 5-endu alkylcqcloy?entadiene 
compound is known,29 this is the first example to our know- 
ledge of the corresponding hydride migration. The observed 
kinetic isotope effect suggests that metal-hydride bond 
cleavage is not the rate-determining step, since this would be 
expected to lead to a value k H i k D  = 3.3 : 0.3. This value is in 
fact obser1,red i n  other migrations where rnetaLh>dride bond 
cleavage is rate determining, for example equation ( i 1 . 3 0  I t  is 

L 

P t - i  ( 1 )  
\ 

CH, + 

1 

P t  

L / \H L /' 

L = P P h 3  

therefore likely that metal-phosphine bond formation may be 
the rate-determining step in the conversion of ( 2 )  to (8) 
presumably ria an q3-cyc!opentadienyl intermediate. 

Experimental 
All reactions and purifications were performed under a 
nitrogen atmosphere using standard vacuum-line and Schlenk- 
tube techniques." Tetrahydrofuran and toluene were dried 
over sodium benzophenone ketyl and distilled. Diethj 1 ether and 
light petroleum (b.p. 40-60 'C) were dried over sodium wire 
and distilled. Dichloromethane was dried ok'er calcium h\ dride 
and distilled. Dimethyl sulphoxide was dried ober lithium 
aluminium hydride and distilled. Infrared spectra were 
recorded on a Perkin-Elmer 297 instrument. Nuclear magnetic 
resonance spectra were recorded on Perkin-Elmer R 12B 
(60 MHz. 'H), Varian EM360L (60 MHz,  'H) ,  Bruker M'H90 
(90 hlHz, ' H ;  36.43 MHz, "P), and Bruker W H 3 0  ( 3 0 0 ,  ' H ;  
121.49, "P; 75.47, I3C; 46.07 MHz, 'H) spectrometers. Mag- 
netisation transfer experiments were carried out on the WH300 
instrument using the DANTE pulse sequence 19 to generate 
selective 180' pulses. Mass spectra were recorded on a V G  
Micromass ZAB 1F instrument using the field-desorption 
technique. The accurate mass measurement was obtained by 
the in-beam electron impact technique. Elemental analyses 
were performed by the Central hlicroanalytical Service of the 

C.N.R.S., France, and Dr.  F. B. Strauss. Oxford. Chromato- 
graphy was performed on alumina (Grade IV V) under nitro- 
gen. 

Preparations and Reacrrons.--[ Fe(q'-CSH5)t dppe)(CO))PFa 
( 1 ) .  A mixture of [Fe(qS-C5H5)(CO)zBr] (2.0 g, 7.8 mmol) 
and dppe (3.2 g, 8.0 mmol) was heated under reflux in toluene 
(75 cm') for 2 h. Cooling and filtration gave a yellow solid 
which was washed with toluene (2 % 30 cm') and suspended in 
wet acetone (60 cm') containing NH4PF6 (2.2 g, 13.5 mmol). 
Me3N0.2H20 (1.0 g, 9.0 mmol) was added and the mixture 
stirred for 1 h. Removal of the solvent under reduced pressure 
and extraction with CH2C12 (2 50 cm3) ga\e a yellow-green 
solution which was washed with distilled water (40 cm3) 
decanted, and dried over calcium chloride. Filtration, con- 
centration (15 cm3), and slow addition of diethyl ether gave on 
cooling (-30 "C) yellow crystals of ( I ) ,  4.9 g (909/,); v,, 
(Nujol) 1 980s (CO) cm ' :  'H n.m.r. [(CD,),CO] 6 8.0-7.2 
(20 H,  m, aryl-H), 5.08 (5 H. t, J p H  = 1 Hz, CsH5), and 
3.0-2.7 (4 H, m, CH2); 31P-;1Hl n.m.r. (acetone) 6 92.0; 
I3C-{'H\ n.m.r. [(CD,),CO] 6 213.8 ( t ,  Jpc = 26.5 Hz. CO), 
135.7-129.0 (m, ar>I-C). 84.8 (s. CSH,). and 28.4 (m, CH2); 

[ Fe(qS-C5H,)(dppe)(CO)H] ( 2 ) .  A solution of [Fe(qS-C5H5)- 
(dppe)(CO)]PF, (1 )  (3.1 g, 4.5 mmol) in thf-dichloromethane 
( 1  : 1. 80 cm') was cooled (-78 -C) with stirring. LiAIH, 
(0.5 g. 13 mmol) was added and the mixture stirred for 2 h at  
-78 C. Storage at -30 -C with occasional agitation (10 h) 
ga\e an orange solution which m a s  treated wi th  water (1  cm3) 
and allowed to  warm to 20 C. Removal of the solvent under 
reduced pressure andextraction with diethjl ether (2  60cm3) 
gave a yellow solution which on concentration and cooling 
I - 7 8  C) gave (2) as a yellow microcrystalline solid, 1.84 g 
(75"") (Found: C,  70.1 ; H, 5.7; P, 11.6. C32H,oFeOP2 requires 
C ,  70.1; H, 5.5; P, ll.3°01; v, \, ( N U J O ~ )  1 910s (CO) and 
1 880w (Fe-H) cm '; 'H n.m.r. (C,D,) 6 7.7-6.6 (20 H, m, 
ar)l-H), 4.15 (5 H ,  d, JPH = 1 Hz, C,H,). 2.7-2.1 (4 H ,  m, 
CH2), and -13.23 (1  H. d. J p H  - 74 Hz, FeH); "P-{'Hj 
n.m.r. (C,H,) 6 84.8 (s, Fe-P) and - 13.5 (s, FePCH2CHzP); 

[Fe(qS-CSH5)(dppe)(CO)D] ( 3  ). This was prepared by a 
similar method to that above for (2)  using LiAID, followed by 
DZO (yield 7OD0). The product contained less than 1'4 of the 
protio-compound (2)  as shown by 'H n.m.r. and no detectable 
deuterium incorporation into the q5-C5HS or dppe ligands as 
shown by 'H n.m.r. [,H n.m.r. (toluene) 6 -13.2 (d, J p D  -- 

11.4 Hz)]. 

1?? L 547 [ M I + .  

I T 1  2 547 [ M  - I ] - .  
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[Fe(qs-C5H5)(PPh3)2(CO)]PF6 ( 5 ) .  A mixture of [Fe(qs- 
C5H5)(PPh3)(CO)z]PF6 (2.0 g, 3.43 mmol), triphenylphosphine 
(1.0 g, 3.82 mmol), and Me3NO*2H20 (0.84 g, 7.50 mmol) in 
acetone was stirred for 1 h at 20 "C. The solvent was removed 
under reduced pressure and the orange residue extracted with 
dichloromethane (3 x 20 cm3) and concentrated (5  cm3). 
Chromatography [dichloromethane-toluene (1 : l)] gave an 
orange band which on evaporation gave orange crystals of (9, 
2.0 g (700,): vmax. (Nujol) 1980s (CO) cm-'; 'H n.m.r. 
[(CD,),CO] F 7.4-6.9 (30 H, m, aryl-H) and 4.80 ( 5  H, t, 
J p H  = 1 Hz, C,H,); 'lP-{'H} n.m.r. (CH2C12) 6 56.6. 

[Fe(q'-C,H,)(PPh,)(CO)H] (6). A solution of [Fe($- 
c5H5)(PPh3)2(co)]PF6 (5) (0.2 g, 0.25 mmol) in thf-dichloro- 
methane (1 : 1 ; 30 cm3) was cooled (-78 "C) with stirring. 
LiAIH, (0.1 g, 2.6 mmol) was added and the mixture warmed 
to 20 "C; the orange-yellow mixture became yellow on stirring 
for 10 min at 20 "C. After dropwise addition of H 2 0  (1 cm3) at 
-78 "C, the reactants were warmed to 20 "C and the solvents 
removed under reduced pressure. Extraction into diethyl ether 
(3 x 10 cm3). concentration (5  cm3), and filtration through 
alumina ( 5  cm) gave a bright yellow solution which on 
evaporation gave (6) as a yellow powder, 0.075 g (74%); v,,,, 
(hexane) 1 930s (CO) cm-'; 'H n.m.r. (C6D6) 6 7.7-6.9 (15 H, 
m,aryl-H),4.20(5 H , d , J p H  = 1 Hz,CSHs),and -12.72(1 H,  
d. J p H  = 74 Hz, Fe-H). 

[Fe(qS-C5Hs)(PPh3)(CO)D] (6a). The method was analogous 
to that used above for (6) using LiAlD, followed by D 2 0  
(yield 84O,). The product contained less than 1'; of the protio- 
compound (6) as shown by 'H n.m.r. and no detectable 
deuterium incorporation into the q5-C5H5 moiety as shown by 
'H n.m.r.; Y,![ , \  (benzene) 1 915s (CO) cm-'; 'H n.m.r. (C6D6) 
6 7.7-6.9 (15 H, m, aryl-H) and 4.25 ( 5  H, d,  J p H  = 1 Hz, 
C,H,); ,H n.m.r. (benzene) 6 -12.8 (d, JPD = 11.4 Hz); 
"P-{'H} n.m.r. (benzene) 6 56.6 ( t ,  JpD -= 11.0 Hz); m'r 413 

Lowretnperafure generation of [ Fe(qs-CsH,)(dppe)(CHO)] 
(4). A saturated solution of [Fe(q5-C5H5)(dppe)(co)]PF6 (1)  
in ['H,]thf (0.6 cm3) at -80 "C was filtered into an n.m.r. tube 
containing LiAlH, (3 mg). The reactants were kept at -78 'C 
for 1 h and then transferred to the pre-cooled probe of the 
Bruker WH90 spectrometer. Monitoring the 'H n.m.r. 
spectrum as the temperature was slowly raised showed the 
presence of a resonance at 6 11.53 at temperatures between 
-70 and -50 'C. 

A similar experiment using LiBEt3H in place of LiAlH4 gave 
the same results. 
[{Fe(q5-C,H,)(p-CO)},(p-dppe)] (1 3).32 A mixture of 

[tFe(q5-C,H,)(CO)z12] (7.98 g, 22.5 mmol) and dppe (13.69 g, 
34.4 mmol) in toluene (60 cm3) was heated under reflux (6 h). 
The resulting dark green solution was cooled and evaporated 
under reduced pressure. The green mass was triturated with 
diethyl ether ( 3  . 30 cm3) and the remaining solid recrystal- 
lised from dichloromethane-light petroleum (b.p. 40-60 "C) 
to give (13) as dark green microcrystals, 1 1 . 1  g (717;); v,!,,\ 
(Nujol) 1 690s (CO) and 1 670m (CO) cm ' :  'H n.m.r. (C6D6) 
6 8.0-6.8 (20 H. m. aryl-H), 4.23 (10 H, s, C5HS), and 1.4- 
1 . 1  (4 H. m. CH,) ;  3'P-{'H1 n.m.r. (benzene) 6 68.7; mi: 
696 [MI ' .  

[.I Fe( qs-CG H )( C O )  ; 2(p-dppe)(p- H )]BF, ( 1 4).33 A solution 
of [IFe(q~-C5H5)(~-CO)12(p-dppe)] (13) (1.0 g, 0.15 mmol) in 
dichloromethane (20 cm3) was stirred vigorously at 0 'C. 
HBF,.0Me2 (0.2 mi3. 1.6 mmol) was added, followed by the 
slow addition of diethyl ether (80 cm3) to give green micro- 
crystalline (14) which was filtered off, washed with diethyl ether 
( 2  20 cm'). and dried in raci~o, 1.0 g (92'/,); v,,, ,~, (Nujol) 
1940s (CO, cm '; 'H n.m.r. (CDzCIz) 6 7.6-6.7 (20 H,  m, 
aryl-H), 4.1 (10 H, s, C5H5), 2.4-2.1 (4 H, m, CH2), and 

[MI+. 

-36.9 (1 H, t, J p H  = 26 Hz, Fe-H-Fe); 31P-{1H} n.m.r. 
(CH,CIZ) 6 66.1 ; mlz 697 [MI+. 
[{Fe(qs-CsHs)(CO)H}2(p-dppe)] (1 2). Method A .  A solution 

of [{Fe(~S-C5H5)(CO)~,(p-dppe)(cl-H)lBF4 (14) (1.2 g, 1.53 
mmol) in thf (50 cm3) was cooled (- 78 "C) prior to the addition 
of LiAlH, (0.2 g, 5.2 mmol). The suspension was stirred a t  
-78 "C for 1 h, warmed to 20 "C and stirred for a further 8 h. 
Dropwise addition of water (1 cm3) and removal of solvent 
under reduced pressure left a yellow-green residue which was ex- 
tracted with toluene (2 x 50 cm3). The extracts were combined, 
concentrated (10 cm3), and chromatographed (toluene). The 
yellow fraction first eluted was evaporated. Recrystallisation 
from diethyl ether-light petroleum (1 : 4; -30 'C) gave (12), 
0.73 g (68%); v,,,,. (Nujol) 1 915s (CO) and 1 870w (Fe-H) 
cm-'; 'H n.m.r. (C,D6) 6 7.4-6.6 (20 H, m, aryl-HI, 3.9 (10 H, 
s, C5H5), 2.4-2.2 (4 H, m, CH2), and -13.35 (2 H,  d, JPH = 
74 Hz, Fe-H); 31P-{1H} n.m.r. (C,H,) 6 84.4; 13C-{'H1 n.m.r. 
[(CD3)2CO] 6 221.6 (d, Jpc = 27.5 Hz, CO), 140.0-128.5 (m, 
aryl), 80.7 (s, C5H5), and 28.4 (m, CH,); m,lz 696 [ M  - 2]+. 

The green fraction eluted second was identified as (13) by 
comparison with an authentic sample. 

Method B.  A solution of [Fe($-C,H,)(dppe)(CO)H] (2) 
(1.59 g, 2.9 mmol) in acetone 01 toluene (3 cm3) was frozen 
in liquid nitrogen and rapidly thawed three times. A white 
precipitate was observed and the solution rapidly filtered cold 
(ca. -50 "C). Removal of the solvent under reduced pressure 
gave (12) as a bright yellow solid (0.71 g, 70:/;). 

Method C.34 A solution of [Fe(qS-C5HS)(C0)2CI] (0.59 g, 
0.28 mmol) in diethyl ether (20 cm3) was cooled (-78 "C) 
prior to the addition of LiAIH, (0.02 g, 0.52 mmol). Warming 
to 0 "C and stirring (2 h) gave a pale brown solution of 
[Fe(q5-C,H,)(CO),H] and [(Fe(r7'-C5H5)(C0),!,~]. The com- 
plex [Fe(q'-C,H,)(dppe)(CO)H] (2) (0.22 g, 0.39 mmol) 
was added to this solution which was then stirred at 0 "C for 
4 h.  Addition of water (1 cm3) and evaporation under reduced 
pressure gave a red residue which was extracted with toluene 
(2 x 20 cm3), concentrated, and chromatographed (toluene). 
Evaporation of the yellow fraction and recrystallisation as 
above gave (12) (0.10 g, 52s.:). 

[Fe(q'-C,H,)(dppe)H] ( 1  5 ) .  LiAIH, (0.2 g, 5.2 mmol) was 
added to a stirred solution of [Fe(q5-C5H5)(dppe)Br] (0.65 g, 
1.09 mmol) in thf (50 cm3) at -78 "C. After stirring for 4 h 
at -78 'C the reactants were allowed to warm to 0 T and 
water (0.5 cm3) was added. Evaporation, extraction with light 
petroleum (2 x 40 cm3), concentration, and cooling (-30 "C) 
gave (IS) as orange-red crystals, 0.32 g (57%): \~, , , , ,x,  (Nujol) 
1860m (Fe-H) and 1820m (Fe-H) cm-'; 'H n.m.r. (C6D6) 
6 8 . h 6 . 8  (20 H, m, aryl-H), 4.15 ( 5  H, s, C5H5), 2.3-1.7 
(4 H, m, CHI), and -16.1 (1 H, t, JPH == 75 Hz. Fe-H); 
31P-{'H I .  n.m.r. (C,H,) 6 110.3. 

Thernrolysis of [',Fe(TI'-C5H5)(CO)H;z(Ct-dpp~~] (12). A 
solution of (12) (0.65 g, 0.93 mmol) in toluene ( 10 cm3) was 
filtered into an ampoule with aside-arm suitable for monitoring 
gas rotational Raman spectra. The vessel was cooled (-196 
'C), evacuated, and sealed. After heating in the absence of 
light (90 "C) for 20 h a deep green solution was obtained. 
Direct analysis of the gas above the solution by Raman 
spectroscopy showed the two strong lines characteristic of 
hydrogen at 358 and 591 cm-' (lit." 345 and 586 cm-') in the 
ratio 1 : 3. The volume of hydrogen was measured by standard 
techniques 'l as 15.2 cm3 (s.t.p.). The solution was monitored 
by ,'P n.m.r. which demonstrated the presence of [Fe(qs- 
CsH5)(dppe)H1 (1 5 )  and ~ ~ F ~ ( T I ' - C , H ~ ) ( C I - C ~ ) ~ ~ ~ ( ~ - ~ P P ~ ) I  (1 3) 
at 6 110.3 and 68.8 respectively in the ratio 1 : 3. The yield of 
hydrogen from the conversion of (12) to (13) was thus 9604 
(~$1). Pure (13) was isolated from the reaction mixture by 
chromatography (toluene) and crystallisation from diethyl 
ether-light petroleum (1 : 4) as green needles. 0.37 g (57%). 
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Thermolysis at 75 "C resulted in (1 5 )  being observed in less than 
5% yield. Increasing the reaction temperature increased the 
proportion of (15). 

Thermolysis of [Fe(qs-CsHs)(dppe)(CO)H] (2). A solution 
of (2) (0.1 g, 0.18 mmol) in toluene (20 cm3) was heated (90 "C) 
in the absence of light (16 h) during which time the initially 
orange solution became dark green. Chromatography 
(toluene) gave a green fraction. Evaporation and crystallis- 
ation as above gave green crystals of (13) identified by com- 
parison with an authentic sample. 

Photolysis of [(Fe(qs-CSHs)(CO)H}2(p-dppe)J (12). A 
solution of (12) (0.1 g, 0.14 mmol) in [2H6Jbenzene (0.7 cm3) 
was photolysed at 20°C for 35 h with a 50-W tungsten 
filament bulb. Analysis of the reaction mixture by 'H and 
"P n.m.r. spectroscopy showed the presence of both (15) and 
(13) in the ratio 1 : 3. Evaporation and crystallisation as above 
gave (13), 0.05 g (49%). 

[ Fe(q4-CsH6)(dppe)(CO) J (8). A solution of [ Fe(q5-CsHS)- 
(dppe)(CO)H] (2) (0.68 g, 1.24 mmol) in toluene (40 cm3) was 
saturated with dppe (ca. 5 g) at 20°C. The reactants were 
heated (80 "C) in the absence of light (8 h). Removal of the 
solvent under reduced pressure and extraction with light 
petroleum (3 x 40 cm3) gave an orange solution. Concentr- 
ation (1 5 cm3) and chromatography (toluene-light petroleum; 
2 :  3) gave after evaporation an orange powder which was 
dissolved in acetone (30 cm3), filtered, and concentrated (15 
cm3). Cooling (- 30 "C) gave large colourless blocks of dppe. 
The supernatant was concentrated (10 cm3) and recooled 
(-30 "C) to yield a further small amount of dppe. The orange 
filtrate was evaporated to dryness and recrystallised from 
diethyl ether (-30 "C) to give bright orange microcrystalline 
(8), 0.33 g (49%) (Found: C, 70.10; H, 5.60; P, 10.75. 
CJ2HJoFeOP2 requires C, 70.05; H, 5.45; P, 11.30%); vmax. 
(Nujol) 2740m (CHe,,) and 1880s (CO); 'H n.m.r. (C6Db) 
6 7.8-6.9 (20 H, m, aryl-H), 4.89 (2 H, s, H2l3), 3.03 (1 H, d, 

9.3 Hz, H,,,), 2.43 (2 H, s, H'B~),  and 2.1-1.8 (4 H, m, CHI); 
31P-{1H} n.m.r. (acetone) 6 91.8; m/z  (Found: 548.1 119. 
C32H30FeOP2 requires 548.1 121). 
[Fe(5-endo-q4-C5H5D)(dppe)(CO)] (1 6). This compound 

was prepared from [Fe(qs-C5H5)(dppe)(CO)D] (3) as described 
above for the protio-compound (8) in 40% yield; v,,,,,. (Nujol) 
2 740w (CHeXo), 2 17Ow (CDendo), and 1 880s (CO); 2H n.m.r. 

Kinetics of the migration of (2) to (8) and ( 3 )  to (16). Solu- 
tions of [Fe(q5-C5H5)(dppe)(CO)H] (2) and [Fe(q5-CsHs)- 
(dppe)(CO)D] (3) in toluene were prepared at identical con- 
centrations (0.13 g in 3 cm3, 0.08 mol dm-3) and were saturated 
with dppe prior to filtration into 8-mm n.m.r. tubes. The 
samples were in turn equilibrated in the probe of the Bruker 
WH90 instrument (30 min) and ,'P n.m.r. spectra were then 
acquired every 10 min for at least two half lives. The probe 
temperature for these consecutive experiments was 75 
+ l  "C, determined by use of the 31P chemical shift thermo- 
meter.3s The extent of the decarbonylation reaction leading to 
[Fe(qs-C5Hs)(dppe)H] (15) was less than 5% at this tem- 
perature. The conversions were found to obey first-order 
kinetics with the rate constants kH I- 1.60 (ik0.05) x s-' 
and kD = 1.65 ( t0 .05)  x 

[Fe(q5-CsHs)(dppe)(CH3)] (9). A solution of [Fe(qS-CSH5)- 
(dppe)Br] (0.47 g, 0.78 mmol) in thf (20 cm3) was cooled to 
0 "C. Methylmagnesium bromide (2 cm3, 0.8 mol dm-3, 1.6 
mmol) was added dropwise and the reactants stirred at 0 "C 
for 5 h. Addition of water ( 1  cm3) and removal of the solvent 
under reduced pressure gave a red oil which was extracted with 
toluene (2 x 20 cm3). Evaporation and crystallisation from 
dichloromethane-light petroleum gave red rod-like crystals of 
(9), 0.18 g (43%); 'H n.m.r. (CS2), 6 7.7-7.0 (20 H, m, aryl-H), 

J H H  = 10.0 Hz, Hendo), 2.75 (1 H, dt, J H H  = 10 Hz, J p H  = 

( G H J  6 3-01 (br, Dendo). 

s-'. 

3.8 (5 H, s, CSHs), 2.2-1.8 (4 H, m, CHI),  and -1.3 (3 H, t, 
.IPH = 7 Hz, Fe-CH3); 31P-{1H} n.m.r. (CSZ) 6 110.6; m/z 
534 [MI+. 

Disproportionation of [Fe(qs-CsHs)(dppe)(CO)H] (2). 
Method A. Complex (2) was left at 20 "C for 3 d. The yellow- 
orange powder slowly transformed to a deep red oil and a 
'H n.m.r. spectrum of the crude material (CS2) showed 
substantial amounts of the compound [Fe(qs-CsHs)(dppe)- 
(CH,)] (9) to be present as identified by the characteristic high- 
field signal at 6 -1.3 (t, J p H  = 7 Hz, Fe-CHJ). 

Method B. A solution of (2) (0.6 g, 1.09 mmol) in thf 
(30 cm3) was allowed to stand at 20°C for 3 d. A 31P-(1H) 
n.m.r. spectrum of the crude thf solution showed the presence 
of (9) and (1) only. The solvent was removed from the resulting 
deep orange-red solution under reduced pressure. Extraction 
with diethyl ether (2 x 30 cm3) and evaporation gave deep red 
crystals of [Fe(qs-CSHs)(dppe)(CH3)] (9), 0.17 g (30%). The 
yellow-orange residue remaining was stirred with NH4PF6 
(1 .O g, 6.1 mmol) in wet acetone (30 cm3) for 30 min. Evapor- 
ation and crystallisation from dichloromethane-diethyl ether 
gave yellow crystals of [Fe(q5-csHs)(dppe)(cO)]PF6 (I) ,  
0.47 g (62%). The yield and products were unaffected by 
carrying out the reaction in the absence of light. 

Disproportionation of [ Fe(qs-CSHS)(dppe)(CO)H] (2) in the 
presence of LiAlD4. A solution of (2) (0.26 g, 0.47 mmol) in 
thf (30 cm3) was cooled to 0 "C prior to the addition of LiAlD4 
(0.2 g, 5.2 mmol). The mixture was stirred at 20 "C for 3 d. The 
deep orange solution was cooled (O'C), treated with water 
(1 cm3) and evaporated. The residue was extracted with diethyl 
ether (2 x 30 cm3) and removal of the solvent from the extracts 
gave a deep red oily solid. A combination of 'H, IH, and 31P 
n.m.r. spectroscopy showed the presence of [Fe(q5-CSHs)- 
(dppe)(CHdI (9) and [Fe(q5-C~H~)(dppe)(CO)D1 (3) as the 
sole products in the ratio 1 : 2. The isotopic purity by n.m.r. 
spectroscopy of each product was >98% and mass spectro- 
metry confirmed this. 

In an identical experiment [Fe(qs-CSH5)(dppe)(CO)D] (3) 
was stirred with LiAIH4. The sole products were [Fe(q5- 

in the ratio 1 : 2 with isotopic purities of >98%. 
Treatment of [Fe(qs-CsHs)(PPh3)(CO)H] (6) with LiAIH4. A 

solution of (6) (0.2 g, 0.49 mmol) and LiAIH4 (0.1 g, 2.6 mmol) 
in thf (40 cm3) was stirred at 20 "C for 3 d. Hydrolysis and 
work-up led to the recovery of (6) only. 

High temperature reduction of [Fe(qs-CsHs)(dppe)(CO)]PF6 
(1). A suspension of (1) (I .O g, 1.45 mmol) in thf (50 cm3) was 
heated under reflux. Addition of LiAlH4 (0.22 g, 5.79 mmol) 
caused immediate formation of an orange solution which was 
stirred under reflux for 15 min. The solution was rapidly 
cooled (0 "C) and hydrolysed (1 cm3). Removal of solvent 
under reduced pressure and extraction with diethyl ether 
(2 x 30 cm3) gave a deep red solution from which deep red 
blocks were obtained on removal of the solvent. 'H and 31P 
n.m.r. spectroscopy showed these to be a mixture of [Fe(q4- 
C5H6)(dppe)(CO)I (8) and EFe(qs--C5H5)(d~pe)(CH3)1 (9) in the 
ratio 2 :  3. The i.r. spectrum exhibited a band at v,,:,,. 2 740 
cm-' characteristic of (8). 

An identical experiment using LiAlD4 in place of LiAlH4 led 
to [Fe(q5-CsH5)(dppe)(CD3)] (1  I )  and [Fe(5-exo-q4-C5HsD)- 
(dppe)(CO)] (10) in the ratio 3 : 2 determined by 'H, IH, and 
31P n.m.r. spectroscopy. 

Compound (10) was characterised by comparison of its i.r. 
and 'H, 2H, and 31P n.m.r. spectra with those of (8) and (16); 
vn!ax. 2 045 cm-I (C-Dexo); 2H n.m.r. (C6H6) 6 2.75 (Dexo). 

CsHs)(dppe)(CD3)1 (1 1) and [Fe(rlS-CsHs)(dPPe)(CO)H1 (2) 
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