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bear some similarity to both IT and III. Knoll, Reiss,
Schafer, and Kliifers™* observed a bridged chromium dimer
upon heating the monoacetonitrile complex as shown in
eq 25. Behrens and co-workers have prepared the doubly
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bridged species shown in eq 26 (M = Cr, Mo, W).8 As
written, the latter molecule is a 16-electron metal system.

(14) Knoll, L.; Reiss, K.; Schafer, J.; Kliifers, P. J. Organomet. Chem.
1980, 193, C40.

(26)

Metal-metal bonding would saturate both metals. This
suggests a mean of achieving the n* intermediates in the
dimers which would result in the increased reactivity to-
ward arene exchange.

Conclusion. We have discovered an internal scrambling
of CO between (arene)tricarbonyl complexes. This process
occurs at about 10 times the rate of the (arene)tri-
carbonylchromium-catalyzed arene-exchange reaction.
These facts lead us to conclude that both scrambling and
this catalyzed arene exchange proceed through bis(car-
bonyl)-bridged intermediates, as shown in eq 16-21.
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The [P(C4H;)J[HFes(CO)qy] cluster (1) reacts at room temperature with acetylene leading to [P-
(CeH;)41[Fes(CO)g(u-CO) (u-CHCH,)] (2) and [P(CgHj),][Fes(CO)1o(us-CCHy)1 (8) (yield 30 and 40%, re-
spectively). In solution, 3 exists as two forms in equilibrium, [P(CgH;) ) [Fes(CO)g(u-CO)(us-CCH3)] (3a)
and [P(CgH;)][Fes(CO)g(us-CO)(us-CCH3)] (3b), but in the solid state only 3b is present. In refluxing
acetone, 3 generates [P(CgH;) ] [HFez(CO)g(ug-n?-CCH,)] (4), which immediately reverts to 3 upon addition
of carbon monoxide. The reactivity of 3 toward H*, C;H;*, and C(C¢H;);* has been studied. 3 reacts with
H* to give HFe3(CO)o(u-CCHy) (5), via the Fe;(CO)o(CCH;)(COH) intermediate detected at low temperature.
With C,H;*, Feg(CO)g(us3-CCH3){(u3-COC,H;) (6) has been formed and isolated while C(CgH;);* leads to
the formation of Fe;(CO)g(u-CO)(uz-1>-CCH,) (7), which has also been produced from 5 in boiling me-
thylcyclohexane. The reactivity of 3, 4, 5, and 6 toward hydrogen under pressure has also been tested.
Formation of ethane (3) and ethylene (4) has been observed, and the most interesting result is obtained
with 6 for which the main product obtained is C;H;0CH,CH,CHj, i.e., the product resulting from the coupling
and the hydrogenation of the two alkylidyne ligands.

Introduction

The reactivity of unsatured organic molecules with
transition-metal clusters is now a well-developed area of
investigation! and has been mainly studied with clusters
of metals of the second and third period. Actually, most
of the reactions observed with clusters of the first period
are complicated by cluster fragmentation. Nevertheless,
a weak metal-metal bond is potentially a propitious factor

(1) (a) Deeming, A. J. Transition Metal Clusters; Johnson, B. F. G.,
Ed.; Wiley: London, 1980; pp 391-469. (b) Humphries, A. P.; Kaesz, H.
D. Prog. Inorg. Chem. 1979, 25, 145-222. (c) Sappa, E.; Tiripicchio, A.;
Braunstein, P. Chem. Rev. 1983, 83, 203-239.
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of reactivity as metal-metal bond breaking is a way to
create a vacant site.? It seemed interesting to find a
transition-metal cluster of the first period stable enough
to avoid or to limit fragmentation reaction but in which
the metal-metal bond would be weak, in order to present
a good reactivity. We have thought that the cluster [P-
(CgHj;) J[HFe3(CO);;] (1), could achieve this challenge as
we could expect that the occurrence of a nonlocalized
negative charge could stabilize the metal core. Further-
more, the presence of a hydrido ligand was another po-
tential of reactivity.

(2) Vahrenkamp, H. Adv. Organomet. Chem. 1983, 22, 169-208.
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Table I. Spectroscopic Data of the Isolated Complexes

compd IR »(CO), cm™!

'H NMR,* ppm

13C NMR,® ppm (CD,Cl, solution)

2 2028 m, 1975 s, 1928 5 (br), 1735 2.15 (d, J = 8 Hz, 1 H), 2.67 (d), J = 12 Hz, 1 H), 8.25
(dd,J = 8 Hz, J = 12 Hz, 1 H)

m

3 2045 w, 1995 s, 1962 m, 1940 sh, 4.18° (3 H)
1730 vw, 16656 w

4 2044 m, 2000 s, 1975 s, 1953 s,
1935 sh

5 2095 w, 2050 s, 2040 s, 2015 m,
1995 m, 1980 m, 1920 w (br)

6 2084 vw, 2035 vs, 2012 s, 1998 m, 4.45 (q,J = 7.5 Hz, 2 H), 435 3 H), 1.36 (t,J = 7.5

1985 m Hz? 3 H)
7 2095 w, 2055 s, 2037 s, 2030 s, 5.3¢

2013 m, 2005 m, 1985 m, 1874

m
8 2094 vw, 2060 s, 2018 5, 2002 m, 4.2 (3 H), -23.7¢ (3 H)
1980 w, 1965 w

4.60 (d, J = 3 Hz, 2 H), -17.20 (t, J = 3 Hz,* 1 H)

4.10 (3 H), -19.90° (1 H)

228.5, 149.8 (d), J = 153 Hz), 63.8
(dd, J; = 150 Hz, J, = 152 Hz)

289, 221.8, 44.3

253.4, 214.6, 72.9 (t, J = 157.4 Hz)

311.3, 209.7, 46.8

333, 292.8, 209.4, 83.6, 46.9, 15.1

292.3, 210.9, 74.5 (t, J = 169.8 Hz)

2 Except phenyl resonances of P(C¢Hj),. °In (CD;),CO solution. ©In CDCl, solution. ¢In CgDyg solution.
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Figure 1. (a) Proposed structure for the complex 2. (b) The two
structures in equilibrium for the complex 3 in solution.

In a preliminary communication, we have given results
which show that this cluster was very reactive toward
alkynes,? and in this paper, we present detailed results
about the action of 1 with acetylene and about the re-
activity of the products resulting from this reaction.

Resulis and Discussion

Reactivity of 1 toward Acetylene. 1 reacts readily
at room temperature and atmospheric pressure with
acetylene leading to two complexes separated by fractional
crystallization. The first complex 2, isolated in 30% yield,
shows in the infrared spectrum in the »(CO) stretching
region, in addition to terminal carbonyl bands, a broad
band centered at 1735 cm™ characteristic of a bridging
carbon monoxide. Moreover, the proton and *C NMR
spectra give evidence of the presence of a vinylic group
(Table I). From the chemical shifts of the vinylic hy-
drogen atoms, it can be deduced that this group is o-
bonded to one iron atom and w-bonded to another iron
atom.* The chemical analysis is consistent with the [P-
(CeH5),1[Feo(CO);(CHCH,)] formulation. From all these
data, the structure shown in Figure 1 may be proposed for
2. The two iron atoms are shown to be bridged by a vinyl
group and carbon monoxide.

For the second complex 3, isolated in 40% yield, the
proton NMR study shows only a singlet at 4.18 ppm with
an intensity ratio of 3 compared to the phenyl resonances

(3) Lourdichi, M.; Mathieu, R. Nouv. J. Chim. 1982, 6, 231-233.
(4) Gerlach, R. F.; Duffy, D. N.; Curtis, M. D. Organometallics 1983,
2, 1172-1178.
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Figure 2. The two possible structures for 4.

of the cation. In the proton-coupled C NMR spectrum
of 3, the presence of a methyl group is confirmed by a
quartet centered at 44.3 ppm. Furthermore, two other
peaks are observed: one centered at 221.8 ppm attributed
to carbonyl groups and one at 289 ppm characteristic of
a carbon of an alkylidyne group bonded to several metal
centers.’

In the infrared spectrum in solution, two weak bonds
are observed at 1730 and 1665 cm™, but in the solid state
only one is observed, at 1655 cm™. This suggests that, in
the solid state, 3 has a triply bridging carbon monoxide
ligand and that, in solution, there is an equilibrium be-
tween two forms containing a doubly or a triply bridging
carbon monoxide. A similar phenomenon has been ob-
served for the SFeg(CO)y, cluster.! The chemical analysis
is consistent with the [P(CgH;),][Fes(CO),o(CCH,)] for-
mulation, and the structures shown in Figure 1 are pro-
posed for 3 in solution. In these structures the ethylidyne
ligand triply bridges the triiron triangle, and each iron is
bonded to three terminal carbon monoxides. The tenth
carbon monoxide is either triply bridging (form A) or
doubly bridging (form B). It should be pointed that, for
the methylidyne anion [Fes(CO),o(u5-CH)1", only form B
has been detected either in solution or in the solid state.”
Considering this equilibrium in solution between forms A
and B for 3, we have studied the variable-temperature 3C
NMR spectrum of 3, but even at —80 °C only a broadening
of the carbon monoxide resonance is ocbserved. So the
exchange between the two forms is rapid at the NMR time
scale.

The chemistry of 3 has been investigated in two ways.
The first relates to the concept that organic fragments
bonded to metallic molecular clusters can serve as models
for the reactivity of the same fragments on metallic sur-
faces,® and for this reason we have checked the thermal

(5) Evans, J.; McNulty, G. S. J. Chem. Soc., Dalton Trans. 1984,
79-85.

(6) Marko, L.; Madach, T.; Vahrenkamp, H. J. Organonet. Chem.
1980, 190, C67-C70.

(7) Kolis, J. W.; Holt, E. M,; Shriver, D. F. J. Am. Chem. Soc. 1983,
105, 7307-13.



Reactivity of [HFe(CO),,]~ toward Alkynes

stability of 3. The other way takes into account the anionic
nature of this cluster, and we have studied its reactivity
toward electrophilic reagents, the proton, and the carbo-
cations C,H;* and C(C¢Hs)s*.

Thermal Reactivity of 3. In refluxing acetone, 3 is
slowly transformed into a new complex, 4, which analyses
for [P(CgH;),][Fes(CO)CoH;] and which has been fully
characterized by IR and NMR spectroscopy. The infrared
spectrum in the »(CO) stretching region exhibits only
terminal carbonyl bands (Table I). In the proton NMR
spectrum, one doublet (J = 3 Hz) is observed at 4.6 ppm
with an intensity ratio of 2 compared to the pheny!l reso-
nances and one triplet (J = 3 Hz) at —17.2 ppm with an
intensity ratio of 1. These observations are in agreement
with the two structures shown in Figure 2a,b, but the
proton-coupled *C NMR spectrum of 4 allows us to at-
tribute Figure 2b to 4 since a triplet is observed at 72.9
ppm (Jey = 157.4 Hz) and another singlet is observed at
254.3 ppm characteristic of a carbon bonded to two met-
allic centers.”® Considering the equivalence of the two
hydrogen atoms on the vinylidene ligand, the hydride has
been located between the Fe(2) and Fe(3) atoms, but we
cannot preclude that this equivalence may be due to the
fluxionality of the molecule as evidenced by the observa-
tion of only one resonance for carbon monoxide ligands.
Here again even at -80 °C it was not possible to observe
the slow-exchange limit spectrum by *C NMR spectros-
copy. Complex 4 has also been prepared by deprotonation
of (u-H);Fes(CO)g(us-CCH). 10

To summarize, in refluxing acetone 3 looses one molecule
of carbon monoxide. This departure is compensated by
carbon-hydrogen activation transforming the ethylidyne
ligand into a pg-bonded vinylidene ligand, while the hy-
drido ligand liberated is bonded to two iron atoms. To
check if this reaction was reversible, we submitted 4 to the
action of carbon monoxide. 4 quickly reacts with carbon
monoxide at room temperature and atmospheric pressure
to regenerate 3. This easy reaction illustrates the great
lability of the CH and FeH bonds in 3.

Study of the Reactivity of 3 toward Electrophiles.
Considering the presence of a bridging carbonyl group in
3, two sites are a priori potentially accessible to electro-
philes such as a proton or a carbocation: the metallic frame
and the oxygen atom of the bridging carbonyl ligand. This
is specifically the case for the proton where both situations
have been observed, but the product resulting from the
attack on the carbonyl ligand is stable only at low tem-
perature.!l12

Reactivity of 3 toward the Proton. This study has
been performed at two temperatures: room temperature
and -80 °C. At room temperature, 3 reacts with a slight
excess of trifluoroacetic acid to give a black-red neutral
complex, 5, in nearly quantitative yield. Mass spectrom-
etry is consistent with the HFe3(CO),CCHj; formulation.
The proton NMR sgpectrum of § exhibits of two singlets
centered at 4.1 and -19.9 ppm in the 3/1 ratio which shows
that protonation results in the fixation of a hydride across
a Fe-Fe bond. Except for sharp absorptions of terminal
carbonyl groups, the infrared spectrum in the »(CO)
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Figure 3. Proposed structure for complex 5.

stretching region shows (Table I) a broad and weak band
centered at 1920 em™ which could be consistent either with
a semibridging carbon monoxide!® or with a terminal M-H
stretching frequency. Use of deuterated trifluoroacetic acid
produces no change in the infrared spectrum which is
consistent with the first hypothesis.

Moreover the 3C NMR spectrum gives evidence that
5 is a fluxional molecule since at room temperature only
one resonance centered at 209.7 ppm is observed for the
carbonyl groups. Upon lowering the temperature to —90
°C this resonance splits into three resonances at 207.8,
206.3, and 205.3 ppm in the 4/3/3 ratio, which seems to
indicate that the slow-exchange limit spectrum has not
been reached. A similar 1*C NMR spectrum has been
observed for HFe;(CO)o(u-CH) at -50 °C,7 but there is no
mention for this compound of the presence of semi
bridging carbonyl groups in the infrared spectrum.

From all these results it is difficult to establish firmly
the structure of 5, but since the CO resonances —-80 °C are
in the 4/3/3 ratio, a triply bridging ethylidyne ligand is
not favored. For these reasons we propose for 3 the
structure shown in Figure 3 in which the ethylidyne ligand
would be bonded to two iron atoms and in interaction with
the third one. One of the CO groups of the iron atom
bonded to four carbonyl ligands would be in interaction
with one of the other two iron atoms. A similar structure
has been observed for HFe3(CO),,(u-COCHj).1*

It can be mentioned that 3 has also been obtained in low
yield by two independent complex ways: protonation of
[Fe5(CO)g(us-COCH;3)]1~® and reduction of Fe(CO); with
BH;/THF.'® The spectroscopic data are in reasonable
agreement.

We also studied the protonation reaction of 3 at low
temperature to test if the first attack occurred at the ox-
ygen of the bridging carbonyl. Actually, if the protonation
was carried out at —80 °C by adding 1 equiv of trifluoro-
methanesulfonic acid, the proton NMR spectrum exhibited
new resonances at 4.51 ppm for the CHj; group and a broad
sighal centered at 12.1 ppm. The latter value is consistent
with the formation of a CO-H bond by comparison with
the values found for HFes(CO)g(COH) (15 ppm)!! and
HFe,(C0),,(COH) (13.2 ppm).}” Upon warming to room
temperature, resonance signals of 5 slowly appear. We
tried to confirm by *C NMR spectroscopy the Fes(C-
0)4(CCH,)(COH) formulation for the product formed at
low temperature. At -80 °C, broad signals are observed
at 43.3 ppm for the CH; group and 214.3 ppm for the
carbonyl ligands, and a very broad resonance is centered
at 287.6 ppm. Even though the methyl and CO resonances
observed are different from those of 3 and 5, this spectrum
is not very conclusive about the mode of bonding of the

(8) (a) Muetterties, E. L.; Rhodin, T. N.; Band, E.; Brucker, C. F;
Pretzer, W. R. Chem. Rev. 1979, 79, 91-137. (b) Rofer-De Poorter, C. K.
Chem. Rev. 1981, 81, 447-474.

(9) Dawkins, G. M.; Green, M.; Jeffery, J. C.; Stone, F. G. A. J. Chem.
Soc., Chem. Commun. 1980, 1120-1122.

(10) (a) Vites, J. C.; Jacobsen, G.; Dutta, T. K.; Fehlner, T. P. J. Am.
Chem. Soc. 1985, 107, 5563-5565. (b) Dutta, T. K.; Vites, J. C.; Fehlner,
T. P. Organometallics 1986, 5, 385-386.

(11) Hodali, H. A.; Shriver, D. F.; Ammlung, C. A. J. Am. Chem. Soc.
1978, 100, 5239-5240.

(12) Keister, J. B. J. Organomet. Chem. 1980, 190, C36~C38.

(13) Al-Obardi, Y. N.; Backer, P. K.; Green, M.; White, N. D.; Taylor,
G. E. J. Chem. Soc., Dalton Trans. 1981, 2321-2327 and references
therein.

(14) Shriver, D. F.; Lehman, D.; Strope, D. J. Am. Chem. Soc. 1975,
97, 1594-1596.

(15) Wong, W. K.; Chin, K. W.; Wilkinson, G.; Gales, A. M. R
Thornton-Pett, M.; Hursthouse, M. B. J. Chem. Soc., Dalton Trans. 1983,
1557-1563.

(16) Vites, J.; Fehlner, T. P. Organometallics 1984, 3, 491-493.

(17) Whitmire, K. H.; Shriver, D. F. J. Am. Chem. Soc. 1981, 103,
6754-6755,
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CCHj; and COH groups, but the high-field resonance for
the 3C NMR signal of the COH group suggests a u,-mode
of bonding.!®

Reactivity of 3 toward Triethyloxonium Tetra-
fluoroborate. 3 reacts readily at room temperature with
triethyloxonium tetrafluoroborate to give a red neutral
complex, 6, whose infrared spectrum shows only terminal
CO stretching frequencies (Table I). The proton NMR
study indicates the presence of methyl and ethyl groups
while the 3C NMR spectrum shows, except the resonances
of the methyl and ethyl groups and carbonyl ligands, two
peaks at 292.8 and 333 ppm characteristic of the carbon
atoms of alkylidyne ligands bonded to three metal centers.
The chemical analysis is consistent with the Fe;(CO),(C-
CH;)(COC,H;) formulation, and the structure shown in
Figure 4 is proposed for 6. This structure is similar to that
of Fes(CO) (us-CCH,)(u5-COCH,) which has been obtained
in low yield by the action of methyl fluorosulfate on
[NEt,]}[Fe3(CO)g(us-C(O)CH;)].1?

Reactivity of 3 toward Triphenylcarbonium Hexa-
fluorophosphate. The reactivity of the triphenyl-
carbonium ion toward 3 has been tested to see if it was
possible to abstract one hydrogen atom from the ethyli-
dyne ligand. This is the case, and at room temperatire
the reaction leads to a green neutral complex, 7. In its
infrared spectrum, a »(CO) stretching band at 1874 cm™!
is indicative of the presence of a bridging carbonyl group,
and the proton NMR spectrum gives evidence of only one
signal at 5.3 ppm. Mass spectrometry and chemical
analysis are consistent with the Fe3(CO),,C,H, formula-
tion. The exact nature of the C;H, group has been inferred
from the proton-coupled *C NMR spectrum which shows
a triplet centered at 74.5 ppm, a singlet at 210.9 ppm for
the carbonyl ligands, and a singlet at 292.3 ppm, These
values are in agreement with a u;-9*-bonded vinylidene
ligand, and the structure shown in Figure 5 is proposed
for 7. The observation in the 3C NMR spectrum of only
one resonance for the carbonyl ligands indicates that this
molecule is fluxional. Refluxing 5 in methylcyclohexane
affords 7 in 30% yield.

Furthermore 7 was obtained in low yield by the reaction
of alcohols with Fe,(CO)4(u-Br)(u-CHCHBr), but it was
incorrectly formulated as containing a coordinated acety-
lene ligand?® (same mass spectrum and very similar in-
frared spectrum to that of 7: 2095, 2054, 2036, 2028, 2009,
1984, and 1878 cm™! in hexane solution).

Having in hand some examples of trinuclear complexes
containing either alkylidyne or vinylidene us-bonded lig-

(18) Green, M.; Jeffery, J. C.; Porter, S. J.; Razayet, H.,; Stone, F. G.
A. J. Chem. Soc., Dalton Trans. 1982, 2475-2483.

(19) Grevels, F. W.; Schulz, D.; Koerner von Gustorf, E. J. Organomet.
Chem. 1975, 91, 341-356.
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ands, it was interesting, with the scope of considering
cluster-bonded organic fragments as models for organic
fragments bonded to a metallic surface,® to check their
reactivity toward hydrogen.

Study of the Reactivity of 3, 4, 5, and 6 toward Hy-
drogen under Pressure. All the experiments have been
conducted under 20 atm of hydrogen, at room temperature
and at 70 °C if no reaction was observed at room tem-
perature.

In the case of 3, it was necessary to heat to 70 °C. Gas
chromatography analysis only gave evidence of the for-
mation of ethane, and the solution showed extensive de-
composition but a small amount of [P(C¢H;),] [HFe,(C-
0)1:] was detected by infrared spectrometry. These ob-
servations suggest that the reaction could be catalytic, but
no catalytic hydrogenation was observed with excess
acetylene. The infrared spectroscopy study of the solution
in this case showed no trace of [P(C¢H;),JHFes(CO) 4], but
the spectrum was very complex and no products were
isolated or identified.

This constitutes another example of hydrogenation of
ug-bonded carbyne ligands.?°

With 4, hydrogenation under the same conditions as for
3 gave traces of ethane and ethylene. The infrared spec-
trum of the solution indicates the formation of [P-
(CeHs) 4] [Fes(CO)g(us-C(O)CoH;) ]! as the sole complex.
Metallic iron is also present in the solution.

The formation of the latter complex can either result
from the interaction between the formed [P(C¢H;),]{H-
Fey(CO)y,] and the liberated ethylene or directly from 4
by reaction with the hydrogen atom and the carbon
monoxide liberated by partial decomposition of 4, but it
is difficult to have evidences concerning the latter hy-
pothesis.

In the case of 5, hydrogenation at 70 °C gives only traces
of ethane, and the infrared spectrum of the solution in-
dicates the formation of a new complex, 8, which is isolated
by crystallization. The infrared spectrum shows only
terminal CO stretching frequencies (Table I}. The proton
NMR spectrum exhibits two signals of the same intensity
at 4.2 and -23.8 ppm. The chemical analysis of 8 is con-
sistent with the HgFe (CO)y(u;-CCH;) formulation, a
complex soon prepared and fully characterized during the
reduction of Fe(CO); by sodium dihydrobis(2-methoxy-
ethoxy)aluminate.?? It was also obtained by hydrogenation
of 5 at lower pressure of hydrogen and lower temperature.'®

The most interesting result of this study is provided by
the hydrogenation of complex 7. At 70 °C, 7 is completely
destroyed and gas chromatography coupled with mass
spectrometry analysis of the solution showed that the
major component of the organic products is ethyl propyl
ether, i.e., the product resulting from the hydrogenation
and the coupling of the two alkylidyne fragments. Only
trace quantities of methyl ethyl ether and ethane was
detected. This constitutes a further example of reaction
in which these two alkylidyne ligands are coupled to each
other.?

In conclusion the results presented here and summarized
in Scheme I show that our initial goal was nearly suc-
cessfully attained: the iron cluster [P(C¢H;)J[HFe(CO) 4]

(20) Keister, J. B.; Payne, M. W.; Muscatella, M. J. Organometallics
1983, 2, 219-225 and references therein.

(21) Lourdichi, M.; Pince, R.; Dahan, F.; Mathieu, R. Organometallics
1983, 2, 1417-1422.

(22) (a) Wong, K. S.; Fehlner, T. P. J. Am. Chem. Soc. 1981, 103,
966-967. (b) Wong, K. S.; Haller, K. J.; Dutta, T. K.; Chipman, D. M,;
Fehlner, T. D. Inorg. Chem. 1982, 21, 3197-3202.

(23) (a) Nuel, D.; Dahan, F.; Mathieu, R. J. Am. Chem. Soc. 1985, 107,
1658-1664. (b) Nuel, D.; Dahan, F.; Mathieu, R. Organometallics 1885,
4, 1436-1439.
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Scheme I
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(1) is a very active compound reacting at room temperature
with acetylene, and fragmentation of the cluster is only
partially observed in this reaction.

Furthermore, its behavior toward acetylene is very
different from that of Hy,0s3(CO),, which leads only to
HOs5(CO)4(u-CHCH,) at room temperature, the latter
complex being converted to H;0s5(CO)g(u3-CCH;) under
forcing conditions and in the presence of hydrogen.? This
is certainly the consequence of more stable bridging hy-
drogen bonds in the case of osmium.

Experimental Section

All reactions were performed under nitrogen atmosphere by
using standard Schlenk tube technique. Infrared spectra were
recorded with a Perkin-Elmer 225 spectrometer in dichloro-
methane solution for ionic complexes and hexadecane solution
for neutral complexes. 'H NMR spectra were obtained with a
Perkin-Elmer R12 or a Bruker WH90 spectrometer and *C NMR
spectra with a Bruker WM250 instrument. [P(CgH;),][HFes(C-
0O)11] (1) was prepared by exchange of the cation of [N(C,Hj)s-
H] [HF33(C0)11]25 with [P(CGH5)4]BT

Preparation of 2 and 3. A solution of 1 (1 g) in 20 mL of
acetone was saturated with acetylene and stirred for 5 h at room
temperature. The solution was evaporated to dryness. Crys-
tallization in a 1/1 mixture of CH,Cl,/(C,H;),0 at —20 °C'gave

(24) Deeming, A. J.; Hasso, S.; Underhill, M. J. Chem. Soc., Dalton
Trans. 1975, 1614-1620.
(25) McFarlane, W.; Wilkinson, G. Inorg. Synth. 1966, 8, 178.
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2 (0.25 g, 30% yield) as red crystals (mp 119 °C). Anal. Caled
for C43Ho30,PFe,: C, 58.75; H, 3.41; Fe, 16.61. Found: C, 58.74;
H, 3.43; Fe, 16.11. The mother solution was evaporated to dryness.
The residue was dissolved in a small amount of diethy! ether and
the solution cooled to 20 °C. 3 was obtained as black crystals
(0.4 g, 40% yield) (mp 110 °C). Anal. Calcd for C3sHy30,,PFes:
C, 53.07; H, 2.82; Fe, 20.63. Found: C, 53.38; H, 2.79; Fe, 20.71.

Preparation of 4. 3 (1 g) was refluxed in boiling acetone for
16 h. The solution was then evaporated to dryness. Crystallization
in methanol gave 4 (0.7 g, 72% yield) as red crystals (mp 140 °C).
Anal. Caled for C35HoOgPFey: C, 34.54; H, 2.87; Fe, 32.24. Found:
C, 34.30; H, 2.87; Fe, 32.34.

Preparation of 5. To 3 (1 g) dissolved in dichloromethane
was added trifluoroacetic acid (0.2 mL). The solution was stirred
for 10 min and then evaporated to dryness. Extraction of the
residue by pentane and cooling the concentrated extract to —20
°C gave 5 (0.45 g, 80% yield) as black-red crystals (mp 85 °C dec).
Mass spectrum: m/z 476 with the successive loss of ten CO. Anal.
Caled for C1;H,0,0Fes: C, 30.29; H, 0.84; Fe, 35.2. Found: C,
30.06; H, 0.84; Fe, 36.5.

Preparation of 6. To 3 (1 g) dissolved in dichlorcmethane
was added (C,H;);0BF, (0.3 g). The solution was stirred for 3
h and then evaporated to dryness. Extraction of the residue with
pentane and crystallization of the concentrated extract at —20 °C
gave 6 (0.5 g, 80% yield) as red crystals. Anal. Caled for
C1HyOoFes C, 33.33; H, 1.58; Fe, 33.33. Found: C, 34.21; H,
1.45; Fe, 33.33.

Preparation of 7. (a) To 3 (0.5 g) dissolved in dichloromethane
was added [(CgH;)3sC][PF¢] (0.24 g), and the solution was stirred
for 2 h. Evaporation to dryness and extraction of the residue with
pentane gave after crystallization 7 (0.1 g, 50% yield) as green
crystals (mp 130 °C). Anal. Caled for C,,H,0,0Fes: C, 30.37;
H, 0.42; Fe, 35.44. Found: C, 30.38; H, 0.50; Fe, 35.54.

(b) 5 (0.5 g) was refluxed in methylcyclohexane for 5 h. The
solution was then evaporated to dryness. Purification by chro-
matography on a Florisil column followed by crystallization gave
7 (0.15 g, 30% yield).

Hydrogenation Experiments. All the experiments have been
performed in a 100-mL stainless-steel autoclave fitted with a glass
liner. The dichloromethane solutions of the complexes studied
were pressurized under 20 atm of hydrogen and heated to 70 °C.
Analyses of the gas phase of the solutions were performed on an
Instersmat IGC 120F apparatus using a 2-m silica gel column.
Gas chromatography coupled with mass spectrometry was per-
formed on a RIBER 10-10 apparatus.

Case of Complex 5;: Synthesis of 7. 5 (0.2 g) dissolved in
dichloromethane (20 mL) was introduced in the autoclave. The
solution was pressurized under 20 atm of hydrogen and heated
to 70 °C during 16 h. The solution was then cooled and de-
pressurized. Evaporation to dryness and crystallization in pentane
gave 7 (0.08 g, 40% yield) as brown crystals. Anal. Caled for
Ci1HgFes C, 29.38; H, 1.34; Fe, 37.33. Found: C, 29.37; H, 1.30;
Fe, 36.85.
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