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yellow crystals of I ,  30.5 mg (44%). 
Reaction of 2 with Hydrogen. Hydrogen gas was bubbled 

into a toluene solution of 2 (80.5 mg, 0.1048 m o l )  for 7 h at room 
temperature. After removal of toluene under vacuum, the residual 
solid, which was recrystallized from ether, was found to be 
ReH6(PMe2PhIs by 'H NMR. Yield 0.0464 mmol, 44%. When 
the reaction was quenched after 4 h, a mixture of ReH3- 
(PMe$h)12 and ReH6(PMe2Ph)311 waa obtained in a ca. 1:l ratio. 
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The kinetics and mechanism of the substitution of M(CO),(THF) (M = Cr, Mo, W) by piperidine, triethyl 
phosphite, and triphenylphosphine in tetrahydrofuran (THF) were studied with use of conventional and 
high-pressure techniques. The reactions follow the reactivity order Mo > Cr > W and are characterized 
by AH* values between 38 and 78 kJ mol-', A S  values between 0 and -120 J K-* mol-', and AV' values 
between -2 and -15 om3 mol-'. The latter values exhibit a specific trend toward more negative values along 
the series Cr, Mo, and W, which is interpreted as evidence for a gradual changeover in mechanism from 
a more dissociative to a more associative activation process along the series of complexes. 

Introduction 
Our general interest in the mechanistic behavior of 

solventometal carbonyl complexes and their possible role 
in homogeneous catalysis has led us to a series of studies 
dealing with such ~pecies.l-~ In general, complexes of the 
type M(CO)&S, where S = solvent and M = Cr, Mo, and 
W, can be prepared either as transient species by flash 
photolysis techniques or as stable intermediates by con- 
ventional photochemical techniques depending on the 
nature of S. For weak-coordinating solvents like n-alkanes, 
benzene, toluene, and their fluorinated analogues, the 
M(CO)&S species are short-lived and undergo rapid sub- 
stitution with the offered nucleophile. In the case of a 
strong-coordinating solvent like THF, it is possible to 
prepare pure and stable complexes of the type M- 
(CO)&THF in solution. 

The subsequent substitution reactions of M(CO)5S ex- 
hibit interesting mechanistic aspects, which caught the 
attention of several investigators in recent years.4" Such 
studies usually include systematic investigations of the 
effect of solvent, entering ligand concentration, and tem- 
perature on the substitution process. Our earlier experi- 
ence has demonstrated the difficulties involved in the 
assignment of the intimate nature of the substitution 
process based on the observed rate law and thermal ac- 
tivation parameters (AH* and A S ) .  The value of AS* 
especially does not seem to be a strong indicator for the 
underlying mechanism in such sy~tems.~4 On the basis of 
our earlier experience with the application of high-pressure 
kinetic techniques in the study of substitution reactions 
of metal carbonyl c o m p l e ~ e s ~ ~ * ~ ~ ,  we undertook a series 
of flash photolysis studies2i3 in an effort to improve our 

Work performed at the Institute for Physical and Theoretical 
Chemistry, University of Frankfurt, FRG. 

understanding of the mechanistic behavior of complexes 
of the type M(CO)5S. In this paper we report resulb for 
M = Cr, Mo, and W, S = tetrahydrofuran (THF), and L 
= piperidine, PPh,, and P(OEt),.16 The reported data 
allow a systematic analysis of the influence of M and L on 
the underlying substitution mechanism and demonstrate 
a gradual changeover from a dissociative to a more asso- 
ciative process along the series Cr, Mo, and W. 

Experimental Section 
Materiale. Cr(CO)B (Ventron), MO(CO)~, and W(CO)B (Rie- 

del-de-Haen) were vacuum-sublimed before use. All solvents used 
were distilled and dried over Na or P206 under N2 or Ar. Pi- 
peridine (Aldrich) was distilled over KOH under N2. Solutions 

(1) Awad, H. H.; Dobson, G .  R.; van Eldik, R. J. Chem. Soc., Chem. 

(2) Zhang, S.; Dobson, G. R.; Bajaj, H. C.; Zang, V.; van Eldik, R. 

(3) Zhang, S.; Zang, V.; Bajaj, H. C.; Dobson, G .  R.; van Eldik, R. J. 

(4) Wang, L.; Zhu, X.; Spears, K. G .  J. Phys. Chem. 1989,93, 2.  
(5) Oishi, S. Organometallics 1988, 7, 1237. 
(6) Kalyanasundaram, K. J. Phys. Chem. 1988, 92, 2219. 
(7) Schadt, M. L.; Lees, A. J. Inorg. Chem. 1986, 25,672, and refer- 

ences cited therein. 
(8) Marx, D. E.; Lees, A. J. Inorg. Chem. 1987,%, 2264, and references 

cited therein. 
(9) Macholdt, H.-T.; van Eldik, R. Transition Met .  Chem. 1985, 10, 

323. 
(10) Macholdt, H.-T.; van Eldik, R.; Dobson, G. R. Inorg. Chem. 1986, 

25, 1914. 
(11) Taube, D. J.; van Eldik, R.; Ford, P. C. Organometallics 1987,6, 

125. 
(12) Schmidt, G.;  Paulus, H.; van Eldik, R.; Elias, H. Inorg. Chem. 

1988,27, 3211. 
(13) Awad, H. H.; Dobson, C. B.; Dobson, G .  R.; Leipoldt, J. G.; 

Schneider, K.; van Eldik, R.; Wood, H. E. Inorg. Chem. 1989,26,1654. 
(14) Schneider, K. J.; van Eldik, R. Organometallics 1990, 9, 1235. 
(15) van Eldik, R.; Asano, T.; le Noble, W. J. Chem. Reu. 1989,89,&49. 
(16) Wieland, S. Doctoral Thesis, University of Frankfurt, 1988. 

Commun. 1987, 1839. 

Inorg. Chem. 1990,29, 3477. 
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Figure 1. (a) (Top) W-visible spectral changes observed during 
the reaction Cr(CO)6THF + piperidine - Cr(CO)6[piperidine] + THF. The reaction was conducted under an argon atmosphere, 
T = 288 K, [piperidine] = 4.10-3 mol/L, At = 30 s (time interval 
between successive spectra). (- - -) initial spectrum of (Cr(C- 
0)bTHF) before mixin of Cr(CO)&THF and piperidine solutions. 
(b) (Bottom) UV-visifSle spectral changes observed during the 
reaction W(CO)6THF + P(OC2H,J3 - W(C0)6[P(OCzHS)3] + 
THF. The reaction was conducted under an argon atmosphere, 
T = 288 K, [P(OCzH6)3] = 0.029 mol/L, At = 40 s (time interval 
between successive spectra). 

containing M(CO)sTHF were prepared via UV irradiation of the 
M(CO)B complexes in THF under a constant stream of Nz to 
remove the released CO and to prevent the back-reaction. All 
test solutions were handled with use of Schlenk techniques and 
gas-tight syringes. 

Stopped-Flow Studies. The substitution reactions of THF 
could be followed by conventional stopped-flow techniques. The 
ambient-pressure work was performed on a modified Aminco 
stopped-flow system, whereas the reactions at elevated pressure 
were studied on a homemade high-pressure stopped-flow unit," 
using a modified mixing chamber and glass syringes.16 Both 
instruments were thermostated (t0.l "C) and hooked up to an 
advanced data acquisition and handling system.1s The pseu- 
do-first-order observed rate constants were calculated by least- 
squares fits, after calculation of the infinity absorbance values 

(17) van Eldik, R.: Palmer. D. A,: Schmidt. R.: Kelm. H. Inora. Chim. . .  - 
Acta 1981,60, 131. 

1987,31, 560. 
(18) Kraft, J.; Wieland, S.; Kraft, U.; van Eldik, R. CIT Fachr. Lab. 
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Figure 2. Plot of kh versus concentration of the entering ligand 
for the reaction M(CO),THF + L - M(CO)& + THF. Solvent 
= THF, T = 298 K: M = Mo, L = P(OC2HS)3 (m); M = Cr, L = 
piperidine (0); M = Cr, L = P(OCzH6)3 (m). 

by the Kezdy-Swinbourne method. The  correspond^ fmt-order 
plots were linear for at least 2-3 half-lives of the reaction. 

Results and Discussion 
Observations at Ambient Pressure. The general 

substitution reaction given in (1) is accompanied by 
characteristic spectral changes as illustrated for two typical 

M(CO),THF + L M(CO),L + THF (1) 

examples in Figure 1. It  can be seen that reaction 1 is 
accompanied by characteristic, clean isosbestic points and 
very significant spectral changes. These reactions can 
therefore be studied conveniently by selecting a wavelength 
in the visible or near-ultraviolet region that corresponds 
to a large spectral change during the reaction. In the 
presence of an at  least a 10-fold excess of L, reaction 1 
exhibits excellent pseudo-fiist-order behavior. For all the 
systems studied, kob depends linearly on the concentration 
of L (see Figure 2 and Table I), such that the observed rate 
law can be expressed as indicated in eq 2. No deviation 

kobe k[L1 (2) 
from linearity was observed in such plots at higher [L] , and 
no significant intercept was observed either. A summary 
of the observed rate constants as a function of M, L, and 
temperature is given in Table 11. 

The linear ligand concentration dependencies observed 
for these reactions (see Figure 2) can be interpreted in 
terms of the general dissociative mechanism given in (3), 

M(CO)STHF M(CO)5 + THF (3) 
ki 

k-i 

+L J kz  

M(C0)SL 

kob. = k l M L Y ~ k - l r w  + k Z M  (4) 

for which the rate expression is given in (4). The inclusion 
of an associative reaction path (kB) leads to the mechanism 
shown in (5), and the rate law is now given in (6). The 

M(C0)sTHF M(C0)s + THF (5) 
hi 

-THF 

M(C0)sL 

(6) 

expressions in both (4) and (6) predict a nonlinear de- 
pendence of hobs on [L], especially a t  higher [L], which 

+L L +L1 k2 

kobr = W-1 + kik[LYIk-clTHFl + k2ILlJ 
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Table I. Rate Constants kok as a Function of Ligand Concentration [L] for the Reaction' 
M(CO)sTHF + L 5 M(CO)sL + THF 

kob. x 102: s-1 

ligand [L] X lo2, M Cr(C0)6THF Mo(CO),THF W(C0)STHF 
piperidine 0.705 1.38 f 0.11 

1-01 1.70 f 0.11 13.4 i 0.5 
2.53 4.00 f 0.08 33.1 f 0.5 1.21 f 0.07 
5.05 8.75 f 0.09 68 f 3 2.60 f 0.10 
10.1 15.6 f 0.8 138 f 10 5.69 f 0.04 
15.2 24.4 f 0.4 231 f 5 
20.2 30.9 f 0.1 15.6 f 0.5 
30.3 46.7 f 0.8 21.2 f 0.4 
1.94 0.753 f 0.005 4.12 f 0.08 0.696 f 0.006 
3.86 7.50 f 0.10 1.42 f 0.02 
4.82 1.85 f 0.02 
5.77 2.27 f 0.02 2.07 f 0.03 
1.67 14.3 f 0.1 
9.56 3.69 f 0.13 17.2 f 0.2 3.45 f 0.08 
13.3 4.85 f 0.07 4.45 f 0.10 
17.0 5.92 f 0.10 
18.8 7.42 f 0.17 5.94 f 0.08 
0.229 0.51 f 0.05 
0.462 1.03 f 0.01 
0.480 1.24 f 0.01 
0.833 1.94 f 0.02 
0.987 2.44 f 0.05 
1.2 0.454 f 0.009 0.0997 f 0.0003 
4.86 0.383 f 0.001 
5.2 2.03 f 0.02 
7.84 0.627 f 0.003 
11.5 3.69 f 0.07 
11.8 0.944 f 0.004 
15.8 1.18 f 0.01 
16.4 6.22 f 0.17 
20.1 1.42 f 0.01 

a T = 298 K, performed at different M(CO),THF concentratons selected in the range from 0.28 to 0.61 mmol/L. *Mean value of at least 
five kinetic experiments. 

could in principle be used to distinguish between the sig- 
nificance of the various reaction steps. However, under 
our conditions with THF as solvent, no such deviation 
from linearity was observed for all investigated reactions, 
from which we conclude that kl[THF] >> k2[L]. Equation 
6 can then be simplified to (7), from which it follows that 
the observed second-order substitution rate constant could 
be a composite of the parallel associative (k3)  and disso- 
ciative (k,) reaction paths. 

(7) 
The rate and activation parameters (AH* and AS*) in 

Table I11 exhibit the following tendencies. The second- 
order rate constant follows the sequence Mo > Cr > W as 
observed for many such substitution proces~es. '~  
Throughout the series of THF complexes the substitution 
by piperidine is significantly faster than that by P(CsH5)3 
and P(OC2H5)3, although this effect is not so significant 
in the case of the W complex. This trend is not in 
agreement with that expected on the basis of the usual 
nucleophilicity for associative substitution reactions. 
Similar results were reported for the substitution reactions 
of C ~ ~ - W ( C O ) ~ ( C B ) P ( C ~ H ~ ) ~  (CB = chlorobenzene)." This 
trend can partly be interpreted in terms of steric hindrance 
due to the size of the entering ligand, since for instance 
the Tolmann cone angle is 145O for P(CSH5)3 but only 109' 
for P(OC2H5)3. On the other hand, electronic effects 
cannot be ignored in determining the reactivity pattern 
since phosphines are in general better a-donors, whereas 
phosphites are better *-acceptors. Furthermore, the 

kobi = b[LI + klk2[Ll/k-l[THFl 

(19) Darensbourg, D. J. Adu. Organomet. Chem. 1982,21, 113. 
(20) Dobson, G. R.; Asali, K. J.; Basson, S. S.; Dobson, C. B. Polyhe- 

dron 1987,6, 331. 

composite nature of k as indicated in eq 7 may result in 
various contributions from k2 and k3 depending on the 
nature of L and thus complicate the discussion of k. The 
values of AS* show a general trend to more negative values 
for the W complexes than for the Cr and Mo complexes. 
The majority of data for the THF substitution reactions 
are significantly negative, which would favor an associative 
(k,) reaction path. More precise mechanistic information 
can be obtained from the pressure dependence data. 

The results for the pressure dependence of all the in- 
vestigated reactions are included in Table 111. Plots of In 
kob versus pressure were linear within the experimental 
error limits (see Figure 3), and the volumes of activation 
AV* were calculated from the slope (=-AV*/RT) of such 
plots in the usual way. For the dissociative reaction path 
outlined in (3), AV* = AV*(kl) - AV*(k-J + AV*(k2) = 
AV(Kl) + AV*(k2). AV(Kl) is expected to be positive since 
we are dealing with the release of a solvent molecule. 
However, ita value may depend on the coordination ability 
(nucleophilicity) of the solvent (S), since that will deter- 
mine the effectiveness of M-S bond formation, Le., the 
value of AV*(k-,). In a similar way, AV*(k2) is expected 
to be negative, and its absolute value should correlate with 
the size of the entering ligand, Le., the magnitude of the 
overlap of the van der Waals radii during bond formation. 
A very similar trend is expected for the associative reaction 
path, AV*(k3). In the case of eq 5 the observed AV* value 
for the overall second-order rate constant is a complicated 
composite since it represents the s u m  of different reaction 
steps and not simply a product of rate constants. 

All the reported AV* values for the reactions in THF 
are slightly or significantly negative. The reactions in THF 
are orders of magnitude slower than in the other investi- 
gated  solvent^,^^^ indicating that THF is significantly 
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Table 11. Temperature Dependence of the Second-Order 
Rate Constant k (M-I E-') for the Reaction" M(CO)6THF + 

L k M(CO)&L + THF 
Cr(CO)sTHF + L 

temp, O C  (0.202 M) (0.0956 M) (0.0254 M )  
piperidine P(OCzHs)3 ~(C&S).I 

15 0.85 f 0.04 0.166 f 0.008 0.116 f 0.006 
20 1.17 f 0.02 0.247 f 0.007 0.194 f 0.005 
25 1.53 f 0.02 0.37 f 0.02 0.36 f 0.03 
30 2.19 f 0.08 0.53 f 0.02 0.60 f 0.01 
35 3.35 i 0.03 0.75 f 0.03 
40 3.84 f 0.10 

Mo(C0)ATHF + L 
piperidine P(OCzH& P(C&).I 

temo. O C  (0.06 M )  (0.0386 M )  (0.0048 M) 
15 5.8 i 0.1 0.80 f 0.05 0.93 f 0.01 
20 10.9 f 0.1 1.13 f 0.03 1.87 f 0.08 
25 15.2 f 0.6 1.73 f 0.03 2.5 f 0.1 
30 23 f 1 2.40 f 0.06 3.94 f 0.07 
35 34 f 3 3.89 f 0.11 7.27 f 0.05 
40 50 f 3 8.9 f 0.1 

WICOLTHF + L " , - - I o - - - -  - 
piperidine P(OCZHJS P(C6Hs), 

temp, OC (0.202 M )  (0.0956 M) (0.152 M)b 
15 0.36 f 0.01 0.17 f 0.01 0.301 f 0.002 
20 0.59 f 0.01 0.25 f 0.01 0.384 f 0.003 
25 0.75 f 0.05 0.31 f 0.01 0.71 f 0.01 
30 0.92 f 0.01 0.50 f 0.01 0.92 f 0.01 
35 1.11 f 0.02 0.69 f 0.02 1.25 f 0.02 
40 1.64 i 0.04 

" Experimental conditions: ligand concentrations as indicated, 
carbonyl complex concentrations in the range 0.284.61 mmol/L. 
bVahes ~10. 

stronger coordinated than the other solvent molecules. 
Since THF is the strongest ligand among the investigated 
solvents and has the smallest partial molar volume of all 
the investigated solvents, we expect AQ(Kl) to be signif- 
icantly smaller than for the other s o l ~ e n t s . ~ ~ ~  In the case 
of the Cr(C0)6THF substitution reactions, IAV*(k,)( > 
IAfr(K,)( such that the overall AV' is slightly negative. 
There is no correlation with the size of the entering groups 
in this reaction, which further underlines the operation of 
the dissociative mechanism outlined in (3). In the case of 
the Mo and W analogues, the observed values are signif- 
icantly more negative and become even more negative for 
the larger entering ligands. I t  follows that the associative 
components seem to contribute more strongly and to ov- 
errule the overall volume effects in these cases. A com- 
parison of the AS* and A V  data reveals that significantly 
different A S  values for a particular complex and different 
L are accompanied by very similar AV' values, and vice 
versa. This lack of correlation between these activation 
parameters has been observed in many s t u d i e ~ ' ~ J ~  and 
indicates that A S  and A V  can reveal different aspects 
of the activation process. It is important to note that 
although it is the natural expectation of kineticists that 
these parameters should exhibit some correlation, there 
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Figure 3. Pressure dependence of the rate constants for the 
substitution reaction M(C0)5THF + L - M(CO)sL + THF. M 
= Cr (m, A, e), Mo (0, A, 01, W (8 ,  A, e); L = piperidine (m, 

T = 298 K. 
is no thermodynamic relationship that links these param- 
eters in a direct way.16 

We conclude that the data in Table I11 suggest a gradual 
changeover from more dissociative to more associative 
activation for the substitution reactions of M(CO),(THF) 
along the series Cr, Mo, and W. This trend is in good 
agreement with that reported for similar substitution re- 
actions in aliphatic and aromatic hydrocarbon s o l ~ e n t a . ~ ~ ~  
It was generally found that the A V  values tend to decrease 
(i.e., become more negative) in the series Cr, Mo, and W, 
which indicates that bond formation (k2 and k3)  must be 
more important for the larger metal centers. The coor- 
dination ability of the solvent and the entering nucleophile 
may further account for smaller deviations observed in the 
reported data. Further insight into the intimate mecha- 
nism of reaction 1 should be obtained from solvent-ex- 
change studies on M(CO),THF, especially via the appli- 

0, O),  P(CeH& (A, A, A), P(OC2Hs)a (e, 0, 0);  solvent THF, 

Table 111. Summary of the Rate Con~tants  and Activation Parameters for the Reaction M(CO),THF + L M(CO),L + THF 
M ligand k(298 K), M-l s-l ACX,,, kJ/mol AH#, kJ/mol AS#, J mol-' K-' AV, cms mol-' 
Cr piperidine 1.53 f 0.02 72 f 4 45 f 2 -90 f 8 -2.2 f 0.6 

P(OCgH&s 0.37 f 0.02 76 f 2 53 f 1 -74 f 2 -3.6 f 0.7 
Mo piperidine 15.2 f 0.6 66 f 4 60 f 2 -21 f 8 -3.6 f 1.2 

P(C&&s 2.5 f 0.1 71 i 8 65 i 4 -17 f 14 -8.3 f 1.0 
P(OCzHs)3 1.73 f 0.03 72 f 4 55 f 2 -55 f 8 -5.8 f 0.9 

W piperidine 0.75 f 0.05 74 f 6 38 i 5 -122 f 2 -4.4 f 0.5 
P(CeHs)3 0.071 f 0.003 80 f 7 50 f 3 -100 f 11 -12.2 f 0.4 
P(OCzHs)s 0.31 f 0.01 76 f 6 49 f 3 -89 i 10 -14.9 f 1.0 

WCeHsh 0.36 f 0.03 76 f 4 78 f 2 8 f 8  -1.9 f 1.0 
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cation of high-pressure NMR techniques.21p22 In addition, 
the significance of the various reaction routes in (5) could 
be resolved by performing a [THF] dependence study in 
which the solutions are diluted with a noncoordinating 
solvent.= In the investigated systems we are dealing with 
a fine balance of molecular size, steric hindrance, and 
nucleophilicity in determining the nature of the substitu- 

(21) Akitt, J. W.; Merbach, A. E. NMR Basic Principles and Progress; 

(22) Zahl, A,; Neubrand, A,; van Eldik, R. Work in progress. 
Springer-Verlag: Berlin, Heidelberg, 1990; Vol. 24, p 189. 

1991, 10, 3114-3119 

tion process. Such mechanistic details could not be re- 
solved on the basis of the thermal activation parameters 
only. 

Acknowledgment. We gratefully acknowledge finan- 
cial support from the Deutsche Forschungsgemeinschaft, 
Fonds der Chemischen Industrie, and the Volkswagen- 
S tiftung. 

Registry No. Cr(C0)6THF, 15038-41-2; Mo(COISTHF, 
53248-43-4; W(CO)STHF, 36477-75-5; P(OCZHS),, 122-52-1; P- 
(CBH5)3, 603-35-0; piperidine, 110-89-4. 

Synthesis and Properties of the Novel q4-Trimethylenemethane 
Compounds {q4-C(CH,),)Fe(CO),L (L = Tertiary Phosphines, 

terf-Butyl Isocyanide) 
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The new compounds (q4-C(CHz)3)Fe(CO)zL ((TMM)Fe(CO)zL; L = PPh3, PMePhz, PMezPh, PCyPhz, 
PCyzPh, PCy3, P(m-~ylyl)~,  PBz3, t-BuNC) have been synthesized by substitution of CO on (q4-C- 
(CH2)3)Fe(C0)3 and are found to be surprisingly stable with respect to thermolysis and air oxidation. All 
have been characterized by IR and 'H, 13c(1H), and 31P(1H] spectroscopy, and some electrochemically; fluxional 
behavior involving TMM rotation is observed for several of the compounds. The X-ray crystal structure 
of (TMM)Fe(CO)zPCy2Ph shows that the TMM ligand assumes a typical "umbrella-like" mode of coor- 
dination; the internal TMM ligand bond angles and distances differ little from those of other TMM-iron 
compounds, although the Fe-C distance of the methylene group "trans" to phosphorus is marginally longer 
than the other two iron-methylene distances. 

Introduction 
The short-lived, highly reactive biradical trimethylene- 

methane (TMM) was first stabilized by coordination to 
an Fe(C0)3 fragment in 1966, yielding the novel compound 
lq4-C(CH2)3)Fe(C0)3 (I, TMMFe(C0)3).' Since then, a 

I 

large number of derivatives in which one or more hydrogen 
atoms of the TMM are substituted have also been re- 
ported,2 and the chemistry of these compounds has been 
extensively reviewed? Much of the interest in coordinated 
TMM stems from its potential use in [3 + 21 cycloadditions 
resembling Diels-Alder processes, an analogy prompted 
by the close topological similarities in the frontier orbitals 
of TMM and a cis-conjugated diene' and accentuated in 
eqs 1 and 2. Thus, although all attempts to react 
(TMM)Fe(C0I3 with dienophiles have proven unsuccess- 

(1) Emereon, G. F.; Ehrlich, K.; Giering, W. P.; Lauterbur, P. C. J. Am. 
Chem. SOC. 1966,88, 3172. 

(2) Ehrlich, K.; Emerson, G. F. J. Am. Chem. SOC. 1972, 94, 2464. 
(3) (a) Slawisch, A. In Gmelin Handbook of Inorganic Chemistry, 8th 

ed.; Mirbach, M., Ed.; Springer-Verlag: New York, 1986; Part B10 (Fe 
Organoiron Compounds), 10, (Mononuclear Compounds). (b) Jones, M. 
D.; Kemmitt, R. D. W. Adu. Organometal. Chem., 1987, 27, 279. 

(4) Albright, T. A,; Hofmann, P.; Hoffmann, R. J. Am. Chem. SOC. 
1977,99, 7546. 

g + I l  - 0 
f ~ l , ~  a number of q3-TMM complexes of palladium have 
been found to participate in a variety of [3 + 21 cyclo- 
addition reactions! The low reactivity of (TMM)Fe(C0)3 
may be understood in terms of overlap arguments,' but 
may also, if the above-mentioned analogy with the Diels- 
Alder reaction is valid, be a result of the compound being 
too electron poor. Gas-phase valence-electron photoelec- 
tron data for this compound show that the first ionization 
potential is 8.32 eV,8 and the reported values of v(C0) are 
relatively high (2061, 1995 cm-' in hexane'). 

I t  follows that reactivity might be introduced into the 
system by substituting one or more of the carbonyl groups 
by tertiary phosphines, and we have investigated briefly 
the chemistry of the electron-rich compound (s'-TMM)- 
Fe(PMe3)3.9 Unfortunately, attempts to react this com- 
pound with a variety of reagents utilized previously6 re- 
sulted in the formation only of 1,4-dimethylenecyclo- 
hexane, formally a dimer of the TMM diradical.'O 
~~~~~~~~~~ ~ 
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