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Summary

The. preparation and spectral characterization of stereo-
specifically, axislly lsbelled Mo(CO)s( °Co)(diamine) complexes
{(diamine = N,N,N',N'-tetramethylethylenediamine and N,N,N',N'~
tetramethyl-1,3-diaminopropane) and the rigidity (or lack of
fluxionellity) of the carbonyl ligands during subsequent thermal

reactions of these derivatives are reported.

In substitution processes involving the displacement of =
bidentate ligand from a metal center in octehedral metal carbonyl
complexes a rate detefmining step implicating chelate ring open-

* The incoming ligend tius conmpetes

ing is widely accepted.
with ring-closure for the five-coordinate intermediate. Indeed
in one such process the intermediate containing one end of the
bidentate ligand bound to the metal simultaneously with the

incoming ligend occupylng the sixth coordination site has been
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isolated and characterized.s Replacement of diamine ligands
with phosphines are included in procesges proposed to occur
via this mechanism (eq. l).e’7

We have previously shown that the five-coordinate inter-
mediate similar to (la) which results from ring opening of the
diene ligend in W({CO).(bicyclo[2.2.1]hepta-2,5-diene) is
fluxional, i.e., the axial and equatorial CO sites intramolec-
ularly exchange.® Likewise, [Mo(cO)s], generated from the
thermal dissecietion of amine in Mo(CO)s(amine), has been shown
to be a fluxional species.e' Therefore, if the reversible
ring-opening mechenism described in eq. (1) is operative, an
intramolecular rearrangement of CO groups might be anticipated
in the subsfrate Mo(CO)4(diamine) under conditions common to
the substitutioh process. This communication reports on the
preperation and spectral characterization (¥(co) end ‘3¢ nmr)
cf stereospecifically pure fac-Mo(C0)s{*®co)(diamine), diamine =
X,N,N',N'-tetramethylethylenediamine and N,N,N',N'-tetramethyl-
l;3-diaminopr6pane; and the nature 6f the intermediate
[:ﬁ—kMd(co)*] in its subsequent thermal substitution réactions.

Axially *®C0 labelied Mo (CO);(diamine) comple:ées'were pre-

pared from the very facile room temperature reaction of the
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corresponding *2CO labelled Mo(CO), (triene) species (triene =
bicyclo[5.1.0]nona-2,%,5~triene) and the diamine ligends in
hexane or chloroform (Scheme). °

The site of coorcdinaticn of the *3co ligand in Mo(CO). -
"(Giamine) was determined simultaneously by v(CO) spectra (assign-
ing all bands, both with respect ‘o position énd relative inten-
sity pattern, with the aid of computations using a restricted
CO force field) and by 3¢ nmr measurements in the case of
diamine = TMED. Table I contains the calculated and cbserved
v(CO) bands for the Mo(CO).(TMED) species along with the cal-

. - < - - - 13
culated CO force constants. The natural abuncance C amr
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spectrum of Mo (CO). (TMED) in chloroform.gave two signels at
221.1 and 205.8 ppm as well as two signels due to the diamine
ligend at 57.5 ppm (CHz) and 55.8 ppn (CHa); whereas, the “c-
enriched sample at room semperature afforded only one strong
signal at 205.8 ppm. The lsC nmr resulis_are therefore con-
sistent with the exial  °CO assignment based on ¥(CO) spectral
analysis. That is, all previous experience with two-eleciron
lizands df poorer T=-acidity than CO indicate that carbonyl
ligands trans to other cartonyl lizands yield a carbon resonance
at lower frequency than carbonyl ligands trans to the substi-
tuted ligand.a’11
Ls indicated in the Scheme the stereospecifically labelled

Mo (co)a (2

co)(diamine) species Go not undergo intramolecular
rearrangement thermally. For example, the samples were heated
at 80° in hexane for up to an hour with no isomerization being
observed.® This result is to be contrasted with the behavior
of tetracarbonyl complexes of molybdenum with glyoxel bis(aryl-
imines) where intramolecular cis/trans exchange of CO groups

12 .-
This process was proposed,

has been found to occur readily.
however, to proceed via a trigonel-prismatic transition state
which involves no metal-nitrogen bond. rupture. Further indica-
+tions of the lack of axial znd equatorial carbonyl ligand equili-
bration is obtained from the stereochemistry of the labelled

carbon moncxide ligand in the product resulting from replacement

of the diamine ligand with triphenylantimony. Table I contains

ct

he caleculeted and observed v{(CO) bands for the cis-(PhaSb)ako(CO).
species along with the calculated CO force constants. The natural
abundance *3C nmr spectrum of c1s-M0(CO)4[qu 1a ]2 in chloroform

gave two signals in the carbonyl carbon region et 21%.9 and

*There is scme decomposition in cnloroform under these
conditions which leads to a redistribution of carbon monoxide
-ligands intermolecularly.
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Table I
Calculated and Observed CO Stretching Frequenciles

a
in (TMED)Mo(CO)s and cis-(PhsSb)2Mo(CO), Species (cm™%)

Molecule Symmetry Obsdb Calcd
All *2C0 species Ay 2012.2 (2022.7) 2012.6 (2023.2)
' Ax 1888.0 (1936.0) 1888.4 (19%5.8)
B, 1882.2 (1920.4) 1883.9 (1920.1)
Bo 1856.2 (1909.3) 1856.0 (1909.1)
Mono-*3co, Al 2003.0 (2010.8) 2002.8 (2011.2)
axially substituted A’ 1887.0 (1933.3) 1887.2 (1933.2)
A 185%.3 (1891.5) 1852.3 (1891.1)
A 1856.2 (1909.3) 1856.0 (1909.1)
H¥ono-*2c0, Al - (a) 2004.6 (2018.%)
equatorially Al -- (a) 1881.7 (1928.%4)
substituted A? 1828.3% (a) 1828.5 (1878.3)
A" 1882.2 (1920.%)° 1883.9 (1920.1)

aFrequencies were mgasured in hexane solution. The results
for the triphenylantimony derivative are noted in parentheses.
The v (12C0) values for (TMED)Mo(CO), have previously been reported
by R. Poilblanc and M. Bigorgne, J. Organomet. Chem., 5 (1965) 93.

bThe seven frequencies (underlined) were used as input and
were calculated with an average error of 0.7 cn~ (0.3 cm™%) or
0.039%(Q.0168%). Force constants celculated were: k. = 14.59o
{15.125), k2 = 14.905(15.505), ke = 0.48g(0.315), ko' = 0.5883 (0.41,),
and kg = 0.576(0.614?, where k; and X» are equetorial and axial CO
stretching force constants respectively, whereas, kc(coax-coea),
kc’(COeq-COeq), and ki (COax-COnx) are the CO interaction forcé
constants.

i3

CThis freguency was observed in the natural abundance Co

spectrum at high concentration.
dThese frequencies were absent in the *3C0 labelled species.
€rnis frequency was not observed in the *3CO enriched species.

¢ is assigned based on ;?e fact that it should be the same as the
» vibration in the 211 ““C0 species.
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2310.2 ppm; whereas, the >3C-enriched sample gave only one stréng
signal at 210.2 ppm. Therefofe,‘retention of the axial 13(30_1&‘6e1
occurs during the substistution érocess. Since thiS'reacfion is -
thought to proceed via the procegs described in eq. 1,.it-theré-
fore follows that nOt'ohly is the intermédiate'[:ﬁ_ﬁﬁb(60)4]V
non-fluxional but also must the intermediate [PhaSbMo (C0) 4] be
non-fluxional (both these intermediates contain the substituted
ligend in the equatorial plene).

These experimental results clearly substantiate the pref-
erence of L to occupy an equatorial position in [Mo(CO).L]
species.® More importantly, these observations suggest the
presence of & sizable barrier to thermel rearrangement of carbo-

1 ligands in the {Mo(C0).L] intermediates when L is quite
different from carbon monoxide (eq. 2). On the other hand
there are indications that this tarrier is devendent on the

< 8
nature of L end is less for tungsten derivatives. b
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