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constant. No !%’Pt-acetylenic proton coupling is observed for 12.
This would imply that no triple-bond coordination to the metal
takes place (structure IIIb of Scheme II), unless there is rapid
interconversion on the NMR time scale between the coordinated
(I1I’b) and uncoordinated (IIIb) triple-bond forms (Scheme II).
Also, there is no evidence for acetylene displacement of the
phosphine from the 3P NMR spectrum, which shows a sharp
singlet flanked by !%°Pt satellites for the two trans phosphines.
Thus, there is no unequivocal evidence for allyl or propargyl group
coordination to the Pt(II), but it also cannot be ruled out.
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Irradiation of CpV(CO), in the presence of tht (tht = tetrahydrothiophene) affords the complex CpV(CO),tht (1), in which one
carbonyl group has been replaced by the thioether ligand. 1 reacts readily with several ligands including 2,2’-bipyridine (bpy)

. and pyrrolidine (pyrr), providing a mild-condition pathway to the new derivatives cis-CpV(CO),bpy (2) and CpV(CO);pyrr (3).
The structures of 1 and 2 have been determined by X-ray analysis. Both complexes are orthorhombic: 1 has a Pbca space group
witha = 14.171 (4) A, b = 14.184 (5) A, ¢ = 13.035 (4) A, ¥ = 2620 (1) A3, Z = 8, and D,y = 1.461 g cm™, and the final
R factor for 1937 reflections was 0.054; 2 has a Pnma space group with a = 7.687 (4) A, b = 15.073 (6) A, ¢ = 12.593 (5) &,
V =1459 (1) A3, Z = 4, and D,y = 1.494 g cm™, and the final R value for 1423 reflections was 0.035. The structure of 3 has
been assigned on the basis of its °C and 'H NMR, IR, and analytical data.

Introduction

The monocyclopentadienyl carbonyl complexes of transition
metals have received much attention as versatile compounds in
coordination chemistry, oxidative-addition reactions, and met-
al-promoted organic synthesis.!  Attractive results have been
obtained also in the field of dinitrogen fixation by using the
manganese derivative CpMn(CO),.?

The chemistry of the vanadium analogue, CpV(CO),, is cur-
rently limited to the photosubstitution of one or two carbonyls
by ligands such as phosphines, arsines, stibines, bismuthines,’
aromatic alkynes,* and nitric oxide,® which are able to resist the
harsh photochemical conditions.

The elusive CpV(CO),thf (thf = tetrahydrofuran), analogous
to the well-known CpMn(CO),thf, has been recently obtained by
low-temperature irradiation of dilute solutions of CpV(CO),, any
attempt to isolate this species affording Cp,V,(CO); in quite low
yield.® The acetonitrile derivative, CpV(CO);CH;CN, has been
detected in solution as a complex too reactive to be isolated.” The
utilization of tetrahydrothiophene (tht) instead of the isostructural
tetrahydrofuran allowed the preparation of crystalline CpMn-
(CO),tht, in which the labile thioether ligand permits easy ma-
nipulation of the complex, while keeping intact the reactivity of
the CpMn(CO), moiety.®

We wish to report here the large-scale preparation of CpV-
(CO)itht (1) together with a brief investigation of its utilization
for the synthesis of new CpV(CO),L derivatives.

t Rijksuniversiteit Groningen.
tUniversita di Parma.

Experimental Section

All operations were performed under dry nitrogen with use of standard
Schlenk techniques or in a nitrogen-filled drybox (Braun MB 200).
CpV(CO), was prepared according to published procedures.’ Solvents
were dried and distilled by following standard procedures. Cyclohexyl
isocyanide (Aldrich) was distilled before use, pyrrolidine (Aldrich) was
dried over potassium pyrrolidide and distilled with the use of 15-in.
Vigreux column, tetrahydrothiophene (Aldrich) was dried over potassium
and distilled twice with the use of a 15-in. Vigreux column, and 2,2’
bipyridine (Pro Labo) was used without further purification. NMR
solvents (benzene-d,, thf-dy) were vacuum-transferred from Na-K alloy.
'H and '*C NMR spectra were recorded on a Varian VXR 300 spec-
trometer. Chemical shifts are reported in units of 4, referenced to tet-

(1) Deeming, A. J. In Comprehensive Organometallic Chemistry; Wilkin-
son, G., Stone, F. A., Abel, E. W., Eds.; Pergamon: Oxford, UK., 1982;
Vol. 4, pp 475-498. Treichel, P. M. Ibid., Vol. 4, pp 123-131. Jolly,
P. W. Ibid., Vol. 8, pp 773-798.

(2) Sellman, D. Angew. Chem. 1972, 84, 549.

(3) Borowsky, R.; Rehder, D.; von Deuten, K. J. Organomet. Chem. 1981,
45, 220.

(4) Tsumura, R.; Nagihara, N. Bull. Chem. Soc. Jpn. 1965, 38, 1901.

(5) Fisher, E. O,; Schneider, R. J. J.; Muller, J. J. Organomet. Chem. 1968,
14, P4,

(6) (a) Fisher, E. Q.; Schneider, R. J. J. Chem. Ber. 1970, 103, 3684. (b)
Hoch, M.; Rehder, D. J. Organomet. Chem. 19858, 288, C25. (c)
Huffman, J. C.; Lewis, L. N.; Caulton, K. G. Inorg. Chem. 1980, 19,
2755. (d) Cotton, F. A,; Kruczynsky, L.; Frenz, B. A. J. Organomet.
Chem. 1978, 93, 160.

(7) Kinney, R. J.; Jones, W. D.; Bergman, R. G. J. Am. Chem. Soc. 1978,
100, 7902.

(8) Butler, I. S.; Sawai, T. Inorg. Chem. 1975, 14, 2703.

(9) King, R. B. Organomet. Synth. 1968, 1, 105.
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Table I. Experimental Data for X-ray Diffraction Studies on Complexes
1and 2

complex 1 complex 2
formula Cy,H,;0,8V C,sH;3N,O,V
M; 288.2 328.2
cryst syst orthorhombic orthorhombic
reflen conditions Okl k=2n h0, Okl k+1=2n

I = 2n; hkO, hkO, h = 2n

h=2n
space group Phca Pnma
t, °C 22 22
a, A’ 14.171 (4) 7.687 (4)

b, A 14.184 (5) 15.073 (6)

¢ A 13.035 (4) 12.593 (5)

v, A 2620 (1) 1459 (1)

Z 8 4

D gem™ 1.461 1.494

cryst size, mm 0.25 X 0.32 X 0.24 X 0.29 X

0.50 0.40
i, cm™! 8.78 6.64
diffractometer Philips PW 1100
radiation graphite-monochromatized Mo K& (A = 0.7107 A)
26 range, deg 5-47 6-50
no. of reflens measd hkl hkl
no. of unique reflcns 1937 1423
criterion for obsn 1> 36(I) I ¢ 30(I)
no. of unique obsd data 794 816
no. of variables 154 130
overdetermination ratio 5.2 6.3
max shift/error on last cycle  0.01 0.3
R=S\F~ FI/SIFS  0.054 0.035

9Unit cell parameters were obtained by least-squares analysis of the set-
ting angles of 26 carefully centered reflections chosen from diverse regions
of reciprocal space.

ramethylsilane, and calculated from the position of the solvent absorption.
Infrared (IR) spectra were obtained on a Perkin-Elmer PE 283 instru-
ment: Nujol mulls were prepared in the drybox with dried Nujol oil.
Elemental analyses were performed at the Chemistry Department of the
University of Groningen. Irradiation of CpV(CO), was conveniently
performed in a standard glass flask by using a 125-W medium-pressure
Hg lamp. No significant yield improvement (apart from an increase in
the reaction rate) was observed with the utilization of a Pyrex toroidal
reactor with a quartz cold finger and a slow stream of nitrogen passed
through the reaction mixture.

Preparation of CpV(CO)tht (1). A magnetically stirred solution of
CpV(CO), (11.5 g, 50.4 mmol) in 200 mL of toluene was irradiated in
a water cooling bath in the presence of a 10-fold excess of tht. The
irre'iation was continued until the CpV(CO), bands had disappeared
from the IR spectrum of the reaction mixture. The reaction vessel was
kept under reduced pressure, and occasionally the CO evolved from the
reaction vessel was pumped out. The resulting cherry red solution was
concentrated to a very small volume (10 mL). By addition of 200 mL
of hexane, deep red crystals of 1 separated from the solution (9.6 g, 33.3
mmol; 66.6%). The crystalline product is indefinitely stable at room
temperature. Anal. Caled (found) for C;H,;0,SV: C, 50.00 (50.25);
H, 4.51 (4.69); S, 11.11 (11.09); V, 17.71 (17.80). IR (KBr, Nujol
mull), cm™: »(CO) 1953, 1855, 1820. 'H NMR (300 MHz, benzene-
dg): §4.62 (s, 5 H, Cp); 6 2.15, 1.21 (multiplets, 4 H, tht). BC{'H)
NMR (75.4 MHz, benzene-dg): & 92.17 (Cp); 6 41.73, 30.31 (tht).

Preparation of cis-CpV(CO),bpy (2). A 1.0-g portion of bpy (6.4
mmol) was added to a toluene solution (50 mL) of 1 (1.54 g, 5.3 mmol).
On standing at room temperature overnight, the resulting deep purple
solution formed deep blue crystals of 2 (0.85 g, 2.59 mmol; 48.9%). Anal.
Calcd (found) for C;H3N,0,V: C, 62.20 (63.04); H,'3.96 (4.17); N,
8.53 (8.62); V, 15.54 (15.47). IR (KBr, Nujol mull), cm™: »(CO) 1843,
1780. 'H NMR (300 MHz, thf-dg): 6 9.22 (pseudodoublet, 2 H), 8.25
(pseudodoublet, 2 H), 7.44 (pseudotriplet, 2 H), 6.81 (pseudotriplet, 2H)
(bpy); 4 4.80 (s, S H, Cp). "C{'H} NMR (75.431 MHz, thf-dg): &
167.91, 155.61, 131.03, 123.16, 117.33 (bpy); 4 96.55 (Cp).

Preparation of CpV(CO);pyrr (3). A 3-mL portion of neat pyrr (42.2
mmol) was added to a toluene solution (25 mL) of 1 (1.30 g, 4.5 mmol).
No significant color change was observed except for a slight darkening
of the solution. The solution was concentrated to a small volume (15
mL), and after 50 mL of n-hexane was added and the mixture was
allowed to stand overnight at =30 °C, deep red crystals separated from
the solution (0.70 g, 2.6 mmol; 57.8%). The complex is thermally
unstable, and the crystalline solid cannot be stored at room temperature
for more than 1 d. Anal. Caled (found) for C;;H,,OsNV: C, 53.14
(53.01); H, 5.17 (5.14); N, 5.16 (5.17); V 18.82 (18.79). IR (KBr, Nujol
mull), cm™: »(CO) 1950, 1850, 1825; »(N-H) 3279. 'H NMR (300
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Table II. Fractional Atomic Coordinates (X10%) for Complex 1

atom x/a y/b z/c

v 56 (1) 2259 (1) 1027 (2)
S 851 (2) 737 (2) 673 (3)
ClA -599 (8) 1892 (9) -249 (11)
OlA -995 (6) 1729 (7) -984 (8)
CIB -1266 (8) 2391 (10) 1311 (10)
OlB -2064 (5) 2449 (8) 1487 (8)
ciC -203 (8) 1526 (9) 2248 (11)
01C -364 (8) 1108 (7) 2980 (8)
Cl 181 (8) 3792 (10) 672 (14)
C2 906 (11) 3342 (11) 124 (11)
C3 1508 (9) 2977 (9) 873 (14)
C4 1155 (11) 3159 (10) 1865 (12)
Cs 321 (11) 3676 (10) 1719 (12)
Cé 1474 (8) 717 (10) -567 (10)
C7 2397 (10) 191 (12) =366 (12)
C8 2751 (9) 545 (11) 645 (13)
C9 1937 (9) 529 (9) 1432 (11)

Table III, Fractional Atomic Coordinates (X10%) for Complex 2

atom x/a y/b z/c

v 2509 (1) 2500 (0) 215 (1)
Cl 3347 (10) 2500 (0) 1915 (5)
C2 4088 (7) 1745 (4) 1433 (4)
C3 5285 (6) 2031 (4) 667 (4)
C4 608 (6) 1727 (3) 501 (3)
o(1) -578 (4) 1266 (2 696 (3)
N1l 2813 (4) 1650 (2) -1131 (3)
Cl2 2824 (6) 748 (3) ~1075 (4)
Cl3 3133 (7) 214 (3) -1929 (5)
Cl4 3419 (7) 589 (3) -2921 (4)
Cl5 3401 (7) 1497 (4) ~2994 (4)
Clé 3095 (5) 2019 (3) -2101 (3)
Hi 2542 (92) 2500 (0) 2437 (57)
H2 3896 (71) 1162 (38) 1634 (44)
H3 5943 (58) 1688 (32) 172 (36)
Hi2 2661 (64) 465 (29) -362 (36)
H13 3078 (70) -380 (36) ~1846 (42)
Hi4 3668 (52) 237 (29) -3507 (34)
H15 3526 (55) 1738 (29) -3621 (35)

MHz, benzene-dg): & 4.63 (s, 5 H, Cp); 4 2.12 (multiplet, 2 H, CH,),
1.58 (multiplet, 2 H, CH,), 1.12 (quintuplet, | H, NH), 0.94 (multiplet,
2 H, CHy,), 0.64 (multiplet 2H,CH,) (pyrr). *C{'H} NMR (75.43 MHz,
benzene-dg): §251.16 (1 C, CO), 222.89 (2 C, CO), 92.04 (5 C, Cp);
8 56.77 (2 C), 25.70 (2 C) (pyrr).

Preparation of CpV(CO),L (L = PPh,, dppe, dppm, Cyclohexyl Iso-
cyanide). The syntheses of all these derivatives, using photochemical or
thermal reaction conditions, have been previously reported in the litera-
ture. > The reactions with complex 1 were carried out in toluene at
room temperature. After suitable workup and isolation of all the prod-
ucts in crystalline form, analytical and spectroscopic data in accordance
with the literature were obtained.>!?

Results and Discussion

The room-temperature photoreaction of CpV(CO), in a Pyrex
glass apparatus, in the presence of a large excess of tht, led to
the formation of crystalline 1 in good yield. The reaction mixture
was maintained at room temperature and the reaction progress
monitored by IR spectroscopy to avoid the unnecessary irradiation
and heating responsible for fast decomposition reactions.

The structure, solved by a single-crystal X-ray diffraction
analysis, consists of discrete 7°-C;H,;V(CO),(SC,Hg) molecules.
The coordination geometry is similar to that found in other de-
rivatives of CpV(CO),’ and can be described as a square pyramid.
The molecular structure and numbering scheme are presented in
Figure 1; bond distances and angles for complex 1 appear in Table
IV. The basal plane is defined by the carbon atoms from the
three carbonyls (C1A, C1B, CI1C) and the sulfur atom of the tht.
The vanadium atom lies 1.001 (1) A above this plane. The V—C¢q
distances [mean value 1.95 (1) A] and the angles subtended at

(10) (a) Coville, N. J.; Harris, G. W.; Rehder, D. J. Organomet. Chem. 1985,
293, 365. (b) Rehder, D.; Dahlensburg, L.; Muller, I. J. Organomet.
Chem. 1976, 122, 53.



CpV(CO),tht

Figure 1. ORTEP drawing of complex 1 (50% probability ellipsoids).

Table IV. Selected Bond Distances: (A) and Angles (deg) for
Complex 2

V=S 2.478 (3) O1A-C1A 1.13 (2)
V-Cl1A 1.97 (1) O1B-C1B 1.16 (1)
V-C1B 1.92 (1) 01C-CIC 1.15 (2)
V-C1C 1.94 (1) S-Cé6 1.84 (1)
V-Cp 1.93 (1) S-C9 1.85 (1)
S-V-C1A 80.0 (4) S-V-CIB 124.4 (4)
S-vV-C1C 768 (4)  ClA-V-CIC  117.5 (5)
ClA-V-C1B 743 (5) V-Cl1A-OlA 176 (1)
CIB-V-CIC 731(5) V-CIB-OIB 178 (1)
Cp-V-S 1183 (4) V-CIC-01C 179 (1)
Cp-V-Cl1A 119.6 (6)  V-S-C6 113.2 (4)
Cp-V-C1B 117.3(6)  V-S-C9 114.6 (4)
Cp-V-CIC 122.6 (6)  C6-S-C9 93.9 (6)

the vanadium [mean value 76.1 (4)°] compare well with those
found in related complexes.® Carbonyls are bonded linearly to
vanadium, the V-C-O angles falling in the range 176 (1)-179
(1)°. The V-S distance [2.479 (3) A] is in the range of values
typically observed for transition-metal-sulfur bonds.!! The cy-
clopentadienyl ring is n°>-bonded to the metal, and the direction
of the V=Ct line (ct = centroid of the ring) is nearly perpendicular
to the basal plane, with the dihedral angle between them equal
to 83.5 (5)°. All other bond distances and angles are as expected.

The spectroscopic data are consistent with the structure as
demonstrated by the structural analysis. Three intense absorptions
are present in the IR spectrum, attributable to the CO stretchings
(Veym 1953 cm™; vgym, 1855, 1820 cm™). The Cp ring resonances
can be observed in both the 'H and *C NMR spectra at 4.62 and
92.17 ppm, respectively. The coordinated tht shows two multiplets
at 2.15 and 1.21 ppm in the 'H spectrum (consistent with an
AA’BP’ splitting pattern) and two resonances at 41.74 and 30.31
ppm in the 13C NMR spectrum. No CO resonances can be
observed in the 100-300 ppm range of the *C NMR spectrum,
a common feature of CpV(CO), derivatives.!?

We can consider complex 1 as a source of the coordinatively
unsaturated 16-electron spécies “CpV(CO),”, permitting easy
ligand-substitution reactions with several ligands:

toluene

CpV(CO)stht + L ——> CpV(CO),L + tht (1)

(L = PPh,, dppe, dppm, cyclohexyl isocyanide, pyrr). The
complex CpV(CO);pyrr (3), which can be isolated as air-sensitive
crystals, is to our knowledge the first derivative of CpV(CO), with
an amine substituent. Surprisingly the utilization of several other
nitrogen-containing ligands, such as Et;N, CH,CN, PhCN,
pyridine, tmeda, or ammonia, catalyzes the thermal decomposition
of 1 to CpV(CO),. The well-known Cp,V,(CO); has never been

(11) (a) Cotton, F. A.; Najjar, R. C. Inorg. Chem. 1981, 20, 2716. (b)
Guggolz, E.; Layer, K.; Oberdofer, F.; Ziegler, M. Z. Naturforsch., B
Anorg. Chem., Org. Chem. 1988, 40B, 77.

(12) A large broadening of the signal due to the coupling with the 'V nucleus
is probably responsible for such behavior: Alt, H. G.; Engelhardt, H.
E. Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1988, 40B, 1134,
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Figure 2. ORTEP drawing of complex 2 (50% probability ellipsoids).
Prime indicates a transformation of x, !/, - y, z.

Table V. Selected Bond Distances (A) and Angles (deg) for
Complex 1¢

V-N11 2.138 (4) C4-01 1.172 (5)
V-C4 1.903 (5) N11-C12 1.361 (5)
V-Cp 1.941 (5) N11-Cl 1.360 (5)
Cl6-C16’ 1.450 (6)
C4-V-C4’ 75.5(2) C4-V-N1V 126.9 (2)
NII-V-N1l’ 736 (1) V-NI11-ClI2 123.9 (3)
C4-V-N11 824 (1) V-N11-Cl6 119.0 (3)
C4-V-Cp 1172 (2)  Cl6-N11-C12  117.0 (4)
N11-V-Cp 1158 ()  V-C4-Ol 178.3 (4)

Prime indicates a transformation of x, !/, - y, z.

observed, not even in traces, during all the reactions.
The structure of 3 has been assigned on the basis of its analytical
and spectroscopic data. Three intense absorptions can be observed

in the IR spectrum (1950, 1850, 1825 cm™), attributable to three
terminally bonded CO molecules. The coordinated pyrr is re-
sponsible for a narrow absorption in the IR spectrum at 3279 cm™!
due to the N-H stretching. The #°-Cp ring shows a resonance
in both the 'H and 13C NMR spectra at 4.63 and 92.04 ppm,
respectively. The o-bonded pyrr is responsible for five resonances
observed in the 'H NMR spectrum as finely structured multiplets
[2.12, 1.58, 0.94, 0.64 ppm (ring); 1.12 ppm (N-H)]. As a result
of the quaternization of the nitrogen atom, the AA’BB’C splitting
pattern of the free pyrr [two multiplets (2.68~1.43 ppm), one
singlet (1.11 ppm)] becomes AA’BB’CC’'DD’E with five chem-
ically and nine magnetically nonequivalent hydrogen atoms. Such
nonequivalence does not affect the carbon atoms, which are present
in the 1*C NMR spectrum with two signals at 56.77 and 25.70
ppm. The carbonyl resonances can be observed in the *C NMR
spectrum at 251.16 and 222.89 ppm.

Reaction of complex 1 with bpy occurs even at 0 °C but can
be more conveniently carried out at room temperature according
toeq 2. Highly air-sensitive deep blue crystals, whose analytical

toluene

2CpV(CO),tht + bpy
¢is-CpV(CO),bpy + CpV(CO), + tht (2)

and spectroscopic data are consistent with a cis-CpV(CO),bpy
structure, have been obtained in good yield. Reaction (2) is more
noteworthy when remembering that bpy has been reported to react
with CpV(CO), in refluxing xylene to form (bpy),V in very low
yield (eq 3)!* and that the direct irradiation of CpV(CO), in the
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xylene
CpV(CO), + bpy 2 V(bpy), + unidentified products
(3)

presence of bpy leads to the formation of unidentifiable products.

The structure of 2 consists of discrete cis-(n*-CsHs)V(CO)ybpy
molecules possessing an imposed crystallographic Cm symmetry
(Figure 2). The vanadium lies on the mirror plane bisecting the
C3—C3’ and C16—-C16’ bonds. The coordination geometry around
the metal center is square pyramidal with the two nitrogen atoms
from bpy and two carbon atoms from the carbonyls on the basal
plane and the centroid of n°-bonded Cp ring on the apex. The
vanadium lies at 0.898 (1) A from the basal plane; which is
perfectly planar for symmetry requirements. Bond distances and
angles in the vanadium coordination sphere are in agreement with
the corresponding ones observed in complex 1, the V-N distance
being 2.138 (4) i All bond distances and angles within the Cp
ring and bpy are as expected.

Complex 2 does not display any special spectroscopic features.
Two intense absorptions are present in the IR spectrum (#(CO)qyr,
1843 cm™; »(CO)ygyrm 1780 cm™), as expected for a cis-dicarbonyl
transition-metal derivative. The Cp resonances are present as
singlets in the 'H NMR (4.80 ppm) and 3C NMR (96.55 ppm)
spectra, and the resonances of the coordinated bpy are as expected
for an ABCD spin system. No resonances attributable to carbonyl

(13) Herzog, S. Z. Anorg. Allg. Chem. 1958, 294, 155.

groups have been observed in the 3C NMR spectrum.

Attempts to utilize 1 for oxidative-addition reactions with a
diverse range of substrates such as CO,, CO,-like molecules,
azobenzene, diazoalkanes, and organic azides have led to the
formation of CpV(CO), as the main product. We believe that
the low affinity for CO of the mono(cyclopentadienylvanadium-
(I11)) derivatives formed during the oxidative-addition reactions
is responsible for such a failure. In other words, for each molecule
of 1 that undergoes oxidative addition, three molecules of CO are
released. Fast reaction of 1 with CO leads to the unreactive
CpV(CO), in 75% yield. Efforts to isolate other species from the
reaction mixtures have been unsuccessful so far.
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The interactions of Cr(CO)s, Mo(CO)¢, and W(CO)¢ with highly dehydroxylated «-Al,O; have been studied by the use of IR
spectra, which show both a reversible adsorption and progressive room-temperature loss of CO. Adsorption of the three metal
hexacarbonyls occurs via O-bonding between a CO ligand and different Lewis acid sites present at the y-Al,O; surface. These
sites are as follows (in order of decreasing Lewis acid strength): (i) defective sites representing less than 1% of the surface cations;
(ii) bulk tetrahedral Al** ions emerging on the surface; (iii) bulk octahedral Al** ions emerging on the surface. The sum of the
last two types corresponds roughly to the total number of surface cations. Comparison of the IR spectra of the adsorbed metal
carbonyls with the spectra of the homogeneous analogues formed by interaction in solution with Lewis acceptors of similar strength
allowed full assignment of the IR spectra of adsorbed species and showed the close similarity between heterogeneous and
homogeneous O-bonded carbonyl adducts. The major fraction of adsorbed hexacarbonyls is removed by pumping at room
temperature. However, a small fraction (in the order Mo(CO)¢ > Cr(CO)¢ > W(COQ)¢) undergoes reversible decarbonylation,
giving a subcarbonyl species still O-bonded to the Lewis acid centers of the metal oxide support.

Introduction

Deposition of metal carbonyls on high surface area metal oxides
can provide a convenient means to investigate ligand substitution
reactions? and catalytic behavior.> Reactions catalyzed by
supported group VI metal carbonyls, such as olefin metathesis
and hydrogenation and Fischer—Tropsch synthesis, have recently
been investigated.“® A related approach is to use the immobilized
carbonyls as precursor materials for the preparation of highly
dispersed transition metals and to use metallic clusters for het-
erogeneous catalysis.>'*> In all of these contexts, characterization
of the supported metal carbonyl is a prime requirement to un-
derstand the subsequent chemical processes.

Transition aluminas'® are among the most extensively used
catalyst supports. y-Alumina, which belongs to this group, shows
a spinel-type lattice where Al* ions occupy tetrahedral and oc-
tahedral interstices in a cubic close-packed array of oxide ions.
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The structure of the oxide surface is not entirely clear,'’"!° par-

ticularly because relaxation of the underlying oxide structure gives
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