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Summary: THF-mediated arene exchange in [Mo(ben-
zene)(CO)3] (1) at ambient temperature affords Mo(CO)3
complexes of substituted arenes in good yields (13
examples).

The synthetic opportunities offered by the complex-
ation of an arene to the Cr(CO); fragment has attracted
much attention both in catalysis and in organic synthe-
sis.! While other electrophilic and nucleophilic metal
complex fragments have also seen development in or-
ganic synthesis,142 it is surprising that no analogous
development has taken place for Mo(;%-arene)(CO)s
complexes.3

Thermochemical studies show that the arene—Mo
bond (68 kcal-mol~t in [Mo(#5-CsHe)(CO)3] (1)) is stron-
ger than the arene—Cr bond (53 kcal-mol~! in [Cr(5-
CsHg)(CO)3]).* M—H bonds are also stronger with the
second-row transition metal as shown by the values of
62 and 54 kcal/mol in [MoCp(CO)3(H)] and [CrCp(CO)s-
(H)], respectively.® Kinetically, however, the situation
is reversed. The metal—arene bond in [Mo(%-C¢Hs)-
(CO)3] (1) is far more labile than that in [Cr(;5-CgHe)-
(CO)3]. This lability and the resulting difficulty in
handling the Mo compounds have retarded their use in
synthesis. In a preliminary communication we showed
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that there are different selectivities in the reactions of
the Cr and Mo complexes and that the higher bond
strength in the Mo—C and Mo—H bonds renders the
isolation of intermediates possible that have eluded
characterization in the Cr-mediated reaction sequence.?

In continuation of our research in arene transforma-
tions via temporary complexation to the Mo(CO)3 frag-
ment we examined the synthetic approaches to func-
tionalized Mo(8-arene)(CO); complexes, and this article
reports our results on their synthesis.

A survey of the literature confirmed that the most
direct synthesis of these complexes, thermolysis of the
hexacarbonyl complex in the presence of an excess of
the arene in a high-boiling solvent, is much more limited
than for the analogous chromium complexes.® The long
reaction times at elevated temperature (e.g., 10 days
for the benzene complex 1) and the high sensitivity to
oxygen often result in low yields for substituted arenes.”
While [Mo(778-CsHg)(CO)3] (1) has been reportedly ob-
tained in near quantitative yield, the yield was based
on liberated CO rather than on the amount of isolated
complex.8 In our hands, an isolated yield of 50—60% of
1 is more realistic for this procedure. The reaction time
can be shortened by reacting Mo(CO)s in benzene in the
presence of pyridine in an autoclave.” Toma and co-
workers have described a different procedure that uses
a double condenser system and decalin plus ethylformi-
ate as solvent. With a bath temperature of 240 °C this
cuts the preparation time of the N,N-dimethylaniline
complex to 1 h (55% vyield).”® Alternatively, Mo(CO)s-

(6) (a) Kaganovich, V. S.; Rybinskaya, M. I. J. Organomet. Chem.
1991, 407, 215. (b) Hudecek, M.; Toma, S. J. Organomet. Chem. 1991,
406, 147. (c) Hrnciar, P.; Hudecek, M.; Magomedov, G. K. I.; Toma, S.
Collect. Czech. Chem. Commun. 1991, 56, 1477. (d) Mahaffy, C. A. L,;
Pauson, P. L. Inorg. Synth. 1990, 28, 136. (e) Schollkopf, K.; Stezowski,
J. J.; Effenberger, F. Organometallics 1985, 4, 922. (f) Nagelberg, S.
B.; Reinhold, C. E.; Willeford, B. R.; Bigwood, M. P.; Molloy, K. C,;
Zuckerman, J. J. Organometallics 1982, 1, 851. (g) Sergheraert, C.;
Brunet, J. C.; Tartar, A. J. Chem. Soc., Chem. Commun. 1982, 1417.
(h) Pruett, R. L. Prep. Inorg. React. 1965, 2, 187. (i) Strohmeier, W.
Chem. Ber. 1961, 94, 2490.

(7) (@) Hudecek, M.; Toma, S. J. Organomet. Chem. 1990, 393, 115.
(b) Magomedov, G. K. J. Organomet. Chem. 1990, 385, 113. (c)
Willeford, B. R.; Poeth, T. P.; Harrison, P. G.; Long, T. V., Il;
Zuckerman, J. J. Inorg. Chem. 1971, 10, 522. (d) Fischer, E. O.; Ofele,
K.; Essler, H.; Frohlich, W.; Mortensen, J. P.; Semmlinger, W. Z.
Naturforsch. B 1958, 13b, 458.

(8) Strohmeier, W. Chem. Ber. 1961, 94, 3337.

© 2004 American Chemical Society

Publication on Web 06/17/2004



Downloaded by NAT LIB UKRAINE on July 6, 2009
Published on June 17, 2004 on http://pubs.acs.org | doi: 10.1021/0m049792m

3742 Organometallics, Vol. 23, No. 15, 2004

Scheme 1. Synthesis of [Mo(#%-CsHg)(CO)s] (1)

© , ethyl formate
decalin, 240 °C, 40 h
Mo(CO),

Mo(CO),
187%

(L)s3 complexes (L = Py, DMF, (L); = diglyme) can be
used as more labile precursors, and with the pyridine
and the DMF complexes ligand substitution for an arene
or heteroarene can be performed at room temperature
when BF3;—Et,0 is added.® Despite the diversity of
methods reported for the synthesis of Mo(7%-arene)(CO)3
complexes, reports on complexes involving arenes with
functional groups other than alkyl are quite scarce and
yields are often poor. It is apparent that there is a need
for efficient alternative methods of access to these
compounds.

The benzene ligand in [Mo(r%-CsHg)(CO)s] (1) is
susceptible to a rapid and complete displacement by
THF at 25 °C to afford [Mo(CO)3(THF)3].1° Muetterties
et al. studied arene exchange reactions of 1 and found
that the addition of a catalytic amount of a Lewis basic
solvent such as acetone or THF allows arene exchange
to proceed under mild conditions.! In contrast, elevated
temperatures (>140 °C in THF) are required for arene
exchange in the Cr(arene)(CO)s; complexes.’2 For this
reason, arene exchange is a useful synthetic method
only for labile complexes such as [Cr(;5-naphthalene)-
(CO)3],:2 [Cr(n®-CsHe)(72-methyl acrylate)(CO),],* and
[Cr(5°-N-methylpyrrole)(CO)3].*°

Taking a cue from Muetterties pioneering work,! we
chose [Mo(7%-CsHg)(CO)s] (1) as Mo(CO); transfer re-
agent. The starting complex 1 was in turn synthesized
by applying the method used by Toma et al. for [Mo-
(CO)3(r8-N,N-dimethylaniline)]® mentioned above. After
optimization, this afforded [Mo(#7°-CsHs)(CO)s] (1) in
high yield (Scheme 1).

Stirring the benzene complex 1 in a mixture of
trimethylphenylsilane and THF (3 molar equiv each) for
2 h at 25 °C resulted in quantitative arene exchange
and the isolation of [Mo(778-CsHsSiMe3)(CO)3] (2) in 95%
yield. With all other arenes, exchange was not complete
under these conditions and workup afforded mixtures
of starting complex (minor) and arene exchange product
(major). The equilibrium could be shifted by removal of
volatiles (benzene, THF, and low molecular weight
arenes) and renewed addition of THF or an arene/THF
mixture in the case of volatile arenes. With most arenes
listed in Scheme 2, this led to complete exchange except
with styrene and veratrole, where an additional evapo-
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Scheme 2. Synthesis of Substituted
Tricarbonyl(y%-arene)molybdenum Complexes (in
parenthesis: previously reported yields using
different methods of synthesis)
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ration/arene addition proved advantageous. This simple
procedure, carried out under strict exclusion of air,
afforded the Mo(#5-arene)(CO); complexes in satisfac-
tory to excellent yields. The yields of the pale yellow
functionalized arene complexes obtained by this proce-
dure compare in all cases favorably with those reported
using other precursors.6

We have scaled up this arene exchange to 10 mmol
scale for complexes 3 and 13 without loss of yield
compared to the standard 1 mmol scale. Limitations of
the method are with arenes bearing electron-withdraw-
ing groups. Handling becomes very difficult due to the
high lability of the metal—arene bond in these cases.
Thus attempts to isolate pure samples of complexes such
as [Mo(75-CsHs-R)(CO)s] (R = CHO, oxazoline, imine,
esters) did not meet with success.

In conclusion, the advantages of the synthesis of Mo-
(n®-arene)(CO); complexes via arene exchange reactions
are higher yields, shorter reaction times, and easy
workup. This efficient method provides a reliable access
to Mo(CO)3; complexes of substituted arenes and sets the
stage for exploration into arene functionalization reac-
tions using this class of compounds.

Experimental Section
All manipulations involving Mo complexes were carried out
under an atmosphere of purified nitrogen (99.995%) using
standard inert gas/vacuum double manifold and Schlenk
techniques. All solutions were degassed via three freeze/pump/
thaw cycles before addition of Mo(arene)(CO); complexes. [Mo-
(CO)6] was obtained from Fluka and used as received. Tet-
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rahydrofuran was distilled from Na/benzophenone ketyl,
benzene over Na, hexane, and methylene chloride over calcium
hydride immediately before use. Arenes were dried over Na
and distilled under reduced pressure. 1,2-Dihydrocyclobuta-
benzene was prepared according to a published procedure.’

Celite 545 (Fluka) was used as a filtering material for Mo
compounds, and Polygram Sil G/UVs,4 precoated plastic sheets
(Macherey-Nagel) were used for TLC. IR spectra were recorded
on a Perkin-Elmer Spectrum One FT-IR spectrometer using
NaCl cells. NMR spectra were recorded on a Varian XL-200
or a Bruker AMX-400 spectrometer. The *H NMR spectra were
referenced to the chemical shift of residual solvent resonances
(Ds-benzene 6 7.16). 13C{*H} NMR spectra were referenced to
Des-benzene (6 128.00). Electron ionization mass spectra (EIMS)
were recorded on a Varian CH4 or SM1 spectrometer; relative
intensities are given in parentheses. High-resolution mass
spectra (HRMS) were recorded on a VG 7070E instrument.
Melting points were measured on a Buchi 510 apparatus in
sealed capillaries.

Preparation of Tricarbonyl(n%-benzene)molybdenum
(1).70d89ab A 500 mL round-bottomed flask charged with [Mo-
(CO)e] (10.00 g, 37.88 mmol) and equipped with a two-stage
condenser’@ was dried under vacuum during 30 min. The flask
was then charged with degassed decalin (300 mL), benzene
(13.40 mL, 151.51 mmol), and ethyl formate (16.80 mL, 208.38
mmol), and the mixture was stirred in the dark under N; at
240 °C for 40 h. [In the two-stage condenser, the lower stage
was cooled by acetone (reflux).] [Mo(CO)s] sublimes to this
level. The upper stage was cooled by water (solvents condensed
here and then washed down the sublimed solids). The mixture
was then cooled to room temperature (under Ny), resulting in
the precipitation of a dark yellow residue, which was isolated
by decantation, washed twice with 5 mL of hexane, and dried
under vacuum. The crude product was dissolved in hot benzene
and filtered over Celite under a N, atmosphere. Evaporation
of all volatiles and sublimation of excess [Mo(CO)s] under
vacuum gave 1 as a yellow solid (8.50 g, 87%). IR (hexane):
»(CO) 1987 (s), 1916 (M) cm2. 1H NMR (200 MHz, C¢D¢): 4.49
(s, 6H, CsHg). 3C NMR (50 MHz, CgDg): 93.9 (CH), 221.2 (CO).

General Procedure for the Preparation of Substituted
Tricarbonyl(n8-arene)molybdenum Complexes. [Mo(n®-
CsHe)(CO)s] (1) was added to a degassed solution of a 3-fold
excess of free arene and THF. After stirring at room temper-
ature, all volatiles were removed under vacuum. Where neces-
sary the same quantities of THF and arene (for volatile arenes
only) were added and the above procedure was repeated.

Preparation of Tricarbonyl(trimethyl-p®-phenylsilane)-
molybdenum (2).8 A general procedure with [Mo(#%-CsHe)-
(CO);] (1) (0.50 g, 1.94 mmol), trimethylphenylsilane (1.00 mL,
5.81 mmol), and THF (0.47 mL, 5.81 mmol) with 2 h stirring
was followed. The residue was dissolved in warm methylcy-
clohexane, filtered through Celite. Solvent removal under
vacuum afforded yellow 2 (0.61 g, 95%). Mp: 86—88 °C (dec).
IR (hexane): »(CO) 1981 (s), 1947 (w), 1911 (s) cm 1. *H NMR
(300 MHz, CgDs): 0.02 (s, 9H, Si(CHj3)s), 4.51 (t, J = 6.4 Hz,
2H, CeHs), 4.79 (t, J = 6.4 Hz, 1H, C¢Hs), 4.89 (d, J = 6.4 Hz,
2H, C¢Hs). 13C NMR (100 MHz, CgDg): —1.2 (CHg), 92.3 (CH),
95.8 (CH), 99.9 (CH), 102.6 (Cquaternary), 221.5 (CO). MS m/z:
332 (10, M*, %Mo), 304 (2), 276 (11), 246 (47), 242 (35), 214
(7), 163 (3), 135 (100), 119 (3), 105 (9), 67 (3), 53 (9). HRMS:
calcd for C12H148M005Si 331.9766; found 331.9736.

Preparation of Tricarbonyl(n°%-1,2-dihydrocyclobuta-
benzene)molybdenum (3). A general procedure with [Mo-
(78-CsHe)(CO)3] (1) (0.50 g, 1.94 mmol), 1,2-dihydrocyclobuta-
benzene (0.60 g, 5.81 mmol), and THF (0.47 mL, 5.81 mmol)
was followed. After stirring for 1 h and removal of volatiles,
this procedure was repeated (new addition of arene and THF).

(16) A number of substituted Mo(CO)s(cyclobutabenzene) complexes
were made using a similar procedure. See ref 1h.
(17) Radlick, P.; Brown, L. R. J. Org. Chem. 1973, 38, 3412.
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Following evaporation to dryness, the residue was dissolved
in warm methylcyclohexane and filtered through Celite.
Solvent removal under vacuum afforded yellow 3 (0.37 g, 69%).
Mp: 95—100 °C (dec). IR (cyclohexane): »(CO) 1978 (s), 1908
(s) cm~.1H NMR (300 MHz, CgDg): 2.26—2.37 (M, 2H, CHexo),
2.54—2.65 (M, 2H, CHenao), 4.44—4.47 (M, 2H, C¢H,), 4.86—
4.88 (M, 2H, CgHa). 3C NMR (75 MHz, CsDs): 29.9 (CH>), 90.8
(CH), 92.3 (CH), 119.1 (Cquaternary), 222.1 (CO). MS m/z: 286 (9,
M, %Mo), 258 (3), 200 (33), 141 (9), 104 (100), 78 (68), 51 (38).
HRMS: calcd for C11Hg®Mo0O; 283.9520; found 283.9557.
Preparation of Tricarbonyl(y¢indane)molybdenum
(4). A general procedure with [Mo(7%-CsHe)(CO)3] (1) (1.80 g,
6.97 mmol), indane (2.59 mL, 20.92 mmol), and THF (1.70 mL,
20.92 mmol) was followed. After stirring for 1 h and removal
of volatiles, this procedure was repeated (addition of THF
only). Following evaporation to dryness, the residue was dis-
solved in warm methylcyclohexane and filtered through Celite.
Solvent removal under vacuum afforded yellow 4 (1.95 g, 94%).
Mp: 89—92 °C (dec). IR (cyclohexane): 1976 (s), 1905 (s) cm™2.
1H NMR (300 MHz, C¢De): 1.45—1.54 (m, 1H, CHy), 1.70—
1.87 (m, 1H, CH,, 2.06—2.24 (m, 4H, CH,), 4.70—4.73 (m, 2H,
CeHy), 4.97—-5.00 (M, 2H, CgHy). 13C NMR (75 MHz, CsDg): 24.3
(CHy), 31.9 (CHy), 91.6 (CH), 93.3 (CH), 117.9 (Cquaternary), 222.4
(CO). MS m/z: 182 (1), 117 (100), 91 (16), 58 (8), 51 (7). HRMS:
caled for C12H10%Mo003 299.9684; found 299.9703.
Preparation of Tricarbonyl(n®-tetralin)molybdenum
(5).%° A general procedure with [Mo(#7%-CsHe)(CO)3] (1) (0.25
g, 0.97 mmol), tetralin (0.40 mL, 2.91 mmol), and THF (0.24
mL, 2.91 mmol) was followed. After stirring for 1 h and
removal of volatiles, this procedure was repeated (addition of
THF only). Following evaporation to dryness, the residue was
dissolved in warm methylcyclohexane and filtered through
Celite. Concentration to 1 mL caused precipitation of 5 as a
yellow solid (0.28 g, 92%). Mp: 114-118 °C (dec). IR (meth-
ylcyclohexane): »(CO) 1975 (s), 1902 (s) cm™t. *H NMR (300
MHz, C¢Dg): 1.12—1.24 (m, 2H, CH,), 1.38—1.49 (m, 2H, CH,),
1.94-2.04 (m, 2H, CH,), 2.24—2.34 (m, 2H, CH,), 4.74—4.84
(m, 4H, CgHs). 3C NMR (75 MHz, C¢De): 21.9 (CHy), 27.9
(CHy), 93.4 (CH), 95.1 (CH), 112.8 (Cguaternary), 222.4 (CO). MS
m/z: 314 (10, M*, %Mo), 286 (3), 254 (23), 226 (33), 198 (2),
170 (3), 141 (2), 132 (56), 104 (100), 77 (12), 51 (13). HRMS:
calcd. for C13H12%Mo00O3 311.9833; found 311.9822.
Preparation of Tricarbonyl(y%-o-xylene)molybdenum
(6). A general procedure with [Mo(#%-CsHs)(CO)s] (1) (0.25 g,
0.97 mmol), o-xylene (0.35 mL, 2.91 mmol), and THF (0.24 mL,
2.91 mmol) was followed. After stirring for 1 h and removal of
volatiles, this procedure was repeated (addition of arene and
THF). Following evaporation to dryness, the residue was dis-
solved in warm methylcyclohexane and filtered through Celite.
Solvent removal under vacuum afforded yellow 6 (0.26 g, 94%).
Mp: 115—120 °C (dec). IR (methylcyclohexane): v(CO) 1976 (s),
1905 (s) cm™. *H NMR (300 MHz, C¢Ds): 1.64 (s, 6H, CHg),
4.73-4.77 (m, 2H, C¢H,), 4.83—4.86 (m, 2H, CeH.). 3C NMR
(75 MHz, CgDg): 18.5 (CHj3), 93.3 (CH), 96.6 (CH), 110.7
(Cquaternary), 222.4 (CO). MS m/z: 288 (30, M, ®Mo), 260 (9), 232
(18), 202 (100), 170 (18), 141 (11), 136 (6), 106 (46), 91 (84), 51
(14). HRMS: calcd for C11H10%®MoO3 287.9684; found 287.9658.
Preparation of Tricarbonyl(n®-styrene)molybdenum
(7).%> A general procedure with [Mo(7%-CeHs)(CO)s] (1) (0.25
g, 0.97 mmol), styrene (0.34 mL, 2.91 mmol), and THF (0.24
mL, 2.91 mmol) was followed. After stirring for 1 h and
removal of volatiles, this procedure was repeated twice (ad-
dition of THF and arene). Following evaporation to dryness,
the residue was dissolved in warm methylcyclohexane and
filtered through Celite. Solvent removal under vacuum af-
forded yellow 7 (0.23 g, 82%). Mp: 74—78 °C (dec). IR
(hexane): »(CO) 1986 (s), 1918 (s) cm~t. *H NMR (300 MHz,
CsDe): 4.59 (t, J = 6.6 Hz, 1H, CeHs), 4.75 (t, J = 6.4 Hz, 2H,
CgHs), 4.85—4.90 (m, 3H, C¢Hs, CHCHoatrans), 5.07 (d, 3 = 17.5
Hz, 1H, CHCHs), 5.64 (dd, J = 17.5, 10.9 Hz, 1H, CHCHy).
13C NMR (75 MHz, C¢Dg): 91.2 (CH), 91.9 (CH), 93.8 (CH),
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108.1 (Cquaternary), 115.6 (CH>), 132.9 (CH), 221.0 (CO). MS m/z:
286 (7, M*, %Mo), 258 (2), 230 (4), 202 (24), 174 (6), 148 (3),
123 (2), 104 (100), 78 (44), 51 (33). HRMS: calcd for CjiHs-
9%8Mo00; 285.9527; found 285.9505.

Preparation of Tricarbonyl(y%-1,2-dihydronaphtha-
lene)molybdenum (8). A general procedure with [Mo(#5-
CsHe)(CO)s] (1) (0.25 g, 0.97 mmol), 1,2-dihydronaphthalene
(0.38 mL, 2.91 mmol), and THF (0.24 mL, 2.91 mmol) was
followed. After stirring for 1 h and removal of volatiles, this
procedure was repeated (addition of THF only). Following
evaporation to dryness, the residue was dissolved in warm
methylcyclohexane and filtered through Celite. Concentration
and addition of hexane caused precipitation of 8 as a yellow
solid (0.22 g, 75%). Mp: 118—123 °C (dec). IR (methylcyclo-
hexane): »(CO) 1976 (s), 1907 (s) cm™*. 'H NMR (300 MHz,
CsDg): 1.71-1.98 (m, 2H, CH,), 2.09—2.22 (m, 2H, CHy), 4.60—
4.81 (m, 4H, CgH,), 5.55—5.65 (m, 2H, CCHCHCHy,). *C NMR
(75 MHz, C¢Dg): 23.6 (CHy,), 26.5 (CHy>), 93.0 (CH), 93.1 (CH),
94.3 (CH), 105.8 (Cquaternary), 111.6 (Cquaternary), 123.7 (CH), 132.2
(CH), 222.4 (CO). MS m/z: 312 (2, M*, ®8Mo), 254 (2), 226 (5),
130 (100), 129 (79), 127 (22), 115 (44), 64 (15), 51 (18). HRMS:
calcd for C13H10%®Mo003 311.96840; found 311.97146.

Preparation of Tricarbonyl[2-(#%-phenyl)-[1,3]diox-
olane]lmolybdenum (9). A general procedure with [Mo(®-
CsHe)(CO)s] (1) (0.50 g, 1.94 mmol), 2-phenyl-[1,3]dioxolane
(0.87 g, 5.81 mmol), and THF (0.47 mL, 5.81 mmol) was
followed. After removal of volatiles under vacuum, the residue
was dissolved in 2 mL of a 1:1 degassed hexane—CH,ClI,
mixture and filtered through a silica gel pad (0.50 cm). The
pad was rinsed with 4 x 2 mL of a 1:1 hexane—CH,ClI;
mixture. Concentration to 6 mL (a small quantity of residual
CH_CI; is necessary for crystallization to occur) and cooling
to —30 °C overnight afforded 9 as a yellow crystalline solid,
which was washed with a single portion of cold (=30 °C)
hexane. Yield of 9: 0.38 g, 60%. Mp: 65—70 °C (dec). IR
(hexane): »(CO) 1986 (s), 1915 (s) cm™L. IR (CH.Cl,): »(CO)
1973 (s), 1892 (s),1099 (w) cm™t. *H NMR (200 MHz, CgDg):
3.25—3.29 (m, 2H, OCH,CH0), 3.46—3.51 (m, 2H, OCH,CH,0),
4.50—4.53 (m, 3H, CsHs), 5.10 (s, 1H, CCH(OCH,),), 5.17—5.21
(m, 2H, C¢Hs). 13C NMR (50 MHz, CsDg): 65.6 (CH>), 92.6 (CH),
92.8 (CH), 93.8 (CH), 101.1 (CH), 111.2 (Cguaternary), 221.0 (CO).
MS m/z: 332 (2, M*, %Mo), 260 (7), 220 (4), 214 (7), 176 (16),
149 (100), 130 (8), 105 (40), 78 (52), 52 (24). HRMS: calcd for
Clelo%MOOs 3299575, found 329.9572.

Preparation of Tricarbonyl(dimethoxymethyl-5%-ben-
zene)molybdenum (10). A general procedure with [Mo(#®-
CesHe)(CO)s] (1) (2.00 g, 3.87 mmol), benzaldehyde dimethyl
acetal (1.74 mL, 11.62 mmol), and THF (0.94 mL, 11.62 mmol)
was followed. After removal of volatiles under vacuum, the
residue was dissolved in warm methylcyclohexane and filtered
through Celite. The yellow solution was concentrated to 5 mL
and cooled to —30 °C for one night. The yellow crystalline
precipitate was separated and washed once with methylcy-
clohexane at —30 °C to give 10 (0.91 g, 71%). Mp: 45—48 °C
(dec). IR (hexane): »(CO) 1986 (s), 1916 (s) cm~. *H NMR (400
MHz, CsDs): 2.98 (s, 6H, CHs), 4.45 (t, J = 6.0 Hz, 1H, CsHs),
4.59 (t, J = 9.0 Hz, 2H, CeHs), 4.72 (s, 1H, CCH(OCHs)y), 5.17
(d, 3 =6 Hz, 2H, CgHs). 13C NMR (75 MHz, C¢Dg): 52.9 (CHs),
92.2 (CH), 92.8 (CH), 93.2 (CH), 101.2 (CH), 110.2 (Cquaternary),
220.8 (CO).

Preparation of Tricarbonyl(n%-veratrole)molybdenum
(11). A general procedure with [Mo(78-CsHe)(CO)3] (1) (0.25 g,
0.97 mmol), veratrole (0.37 mL, 2.91 mmol), and THF (0.24
mL, 2.91 mmol) was followed. After stirring for 1 h and
removal of volatiles, this procedure was repeated twice (ad-
dition of THF only). Following evaporation to dryness, the
residue was dissolved in hexane—CH.Cl, (2 mL of a 1:1
mixture) and filtered through a pad of silica gel (0.50 cm). The
pad was rinsed with hexane—CH.Cl, (1:1; 4 x 2 mL). Con-

(18) Alyea, E. C.; Jain, V. K. Polyhedron 1996, 15, 433.
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centration to 6 mL (a small quantity of residual CH,CI; is
necessary for crystallization to occur) and cooling to —30 °C
for one night precipitated a yellow solid, which was washed
with a hexane at —30 °C. Yield of 10: 0.21 g, 67%. Mp: 85—
90 °C (dec). IR (hexane): »(CO) 1974 (s), 1897 (s) cm™t. H
NMR (300 MHz, C¢Dg): 3.02 (s, 6H, CHg), 4.49—4.52 (m, 2H,
CsHa), 4.67—4.70 (m, 2H, CsHa). 3C NMR (75 MHz, C¢Dg): 57.5
(CHs), 81.5 (CH), 89.3 (CH), 136.4 (Cquaternary), 222.6 (CO). MS
m/z: 320 (1, M*, %Mo), 264 (2), 236 (3), 206 (1), 176 (1), 138
(100), 123 (44), 95 (41), 77 (35), 52 (14). HRMS: calcd for
C11H10%MoOs 317.9575; found 317.9596.

Preparation of Tricarbonyl(trimethyl-p%-phenylstan-
nane)molybdenum (12).7%18 A general procedure with [Mo-
(78-CsHs)(CO)3] (1) (0.50 g, 1.94 mmol), trimethylphenyltin
(1.06 mL, 5.81 mmol), and THF (0.47 mL, 5.81 mmol) was
followed. After stirring for 1 h and removal of volatiles, this
procedure was repeated (addition of THF only). Following
evaporation to dryness, the residue was dissolved in warm
methylcyclohexane and filtered through Celite. The resulting
yellow solution was concentrated to 1 mL and cooled to —30
°C overnigh. Separation of the yellow crystalline product and
washing with methylcyclohexane at —30 °C afforded 12 (0.70
g, 86%). Mp: 95—95 °C (dec). IR (methylcyclohexane): 1979
(s), 1909 (s) cm~1. *H NMR (300 MHz, CgDs): 0.12 (s, 9H, Sn-
(CHa)3), 4.63 (t, J = 6.4 Hz, 2H, C¢Hs), 4.80—4.87 (m, 3H,
CsHs). 3C NMR (75 MHz, CsDg): —8.7 (CH3), 94.2 (CH), 95.6
(CH), 101.8 (CH), 128.3 (Cquaternary), 221.8 (CO)). MS m/z : 422
(54, M*, %Mo, 1183n), 394 (15), 366 (41), 336 (100), 306 (61),
243 (32), 227 (92), 197 (38), 145 (11), 120 (24), 78 (22), 51 (8).
HRMS: calcd for C1:H14%®M00,'*8Sn 393.90639; found 393.90731.

Preparation of Tricarbonyl(p®-anisole)molybdenum
(13).%> A general procedure with [Mo(;78-CsHe)(CO)3] (1) (2.60
g, 10.07 mmol), anisole (3.29 mL, 30.22 mmol), and THF (2.46
mL, 30.22 mmol) was followed. After stirring for 1 h and
removal of volatiles, this procedure was repeated twice (ad-
dition of THF and arene). Following evaporation to dryness,
the residue was dissolved in hexane—CHCl, (20 mL of a 1:1
mixture). Filtration through a pad of silica gel (0.50 cm),
rinsing with hexane—CH.Cl, (1:1 mixture, 6 x 10 mL),
concentration to 10 mL, and cooling overnight to —30 °C
afforded 13 (2.60 g, 90%). Mp: 65—70 °C (dec). IR (hexane):
»(CO) 1987 (M), 1913 (m) cm 1. *H NMR (300 MHz, CsDg): 2.83
(s, 3H, CHg), 4.14 (t, J = 6.0 Hz, 1H, Cg¢Hs), 4.48 (d, J = 6.2
Hz, 2H, CeHs), 4.81 (t, J = 6.6 Hz, 2H, CeHs). 3C NMR (100
MHz, C¢Ds): 55.4 (CH3), 80.0 (CH), 87.1 (CH), 96.7 (CH), 222.0
(CO). MS m/z: 260 (1), 206 (1), 182 (2), 176 (3), 154 (2), 126
(2), 108 (88), 78 (100), 65 (54). HRMS: calcd for C19Hg*®Mo00O4
289.9476; found 289.9469.

Preparation of Tricarbonyl(x%-N,N-dimethylaniline)-
molybdenum (14).7 A general procedure with [Mo(#%-CsHe)-
(CO)5] (1) (0.50 g, 1.94 mmol), N,N-dimethylaniline (0.74 mL,
5.81 mmol), and THF (0.47 mL, 5.81 mmol) was followed. After
stirring for 1 h and removal of volatiles, this procedure was
repeated (addition of THF only). Following evaporation to
dryness, a black oil was obtained, and addition of hexane
caused precipitation of a solid, which was transferred on Celite.
This solid was washed with hexane and then eluted into
another Schlenk tube with benzene. The resulting yellow
solution was evaporated under vacuum to give 14 (0.35 g, 60%).
Mp: 139—142 °C (dec). IR (hexane): »(CO) 1971 (s), 1897 (m),
1891 (m) cm~. 'H NMR (300 MHz, CgDs): 1.99 (s, 6H, CH3),
4.20 (d, J = 6.4 Hz, 2H, C¢Hs), 4.38 (t, J = 5.8 Hz, 1H, CgHbs),
5.08 (t, J = 5.8 Hz, 2H, CgHs). 13C NMR (125 MHz, CeDe): 39.3
(CHs), 76.8 (CH), 84.8 (CH), 98.5 (CH), 137.6 (Cquaternary), 223.6
(3C0O). MS m/z: 303 (1, M*, %Mo), 217 (4), 215 (3), 120 (100),
105 (14), 77 (32), 51 (23). HRMS: calcd for C11H11°¥M0oNO3
302.9793; found 302.9800.
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