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The novel endo and exo complexes [Mo(n?-CsHs) (L 2)(CO)(n?-dppm)] are accessible by the reactions
of the complexes [Mo(13-CsHs)(CO)2n-L2)(X)] (L2, X = S:COEt, CHsCN; S;CNC4Hg; S:CNEL,) with
dppm. X-ray crystal structures of exo-2 and endo-5 have been employed to elucidate the two orientations.

Fluxionality in the complexes [Mo(n*-allyl)(CO)(LY)-
(L?)X]* (LY, L% pyrazolylborate, B-diketonate, dithio, X: neu-
tral monodentateligand; L*,L? diphos, pyridylphosphane, X:
halide) is attributed to an intramolecular trigonal twist, in
which the rotation of the triangular face formed by the L*L2X
groups isrelative to the face formed by the allyl and the two
carbony! groups. A novel pivoted double switch? and a pyridyl-
exchange mechanism have been reported when the L*L? lig-
ands were replaced by pyridylphosphane or their oxide lig-
ands. X-ray crystallographic studies of the above-mentioned
complexes have so far revealed three different solid-state
structures as depicted in Fig. 1 (A-C).

The rigid and nonrigid cyclopentadienyl complexes
endo-, exo-cis-syn-[CPMo(NO)(CO){ n*-CH(Ph)CHCH,}]
[BF4]® and endo, exo-[(n°-CsHs-COPhe-OMe)Mo(n?>-allyl)
(C0),]* have become known recently. On the other hand,
conformations and fluxional behavior of complexes includ-
ing Mo(n?-CsHs)(n?-SS)(CO) moiety have not been very
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Fig. 1. Three possible structures A, B and C for
[Mo(n®-C3Hs)(CO)2(LY)(L?)X].

well studied.

Treatment of [Mo(CH3CN)(n*-C3Hs)(CO)2(n*-S,COE)]
(1a) with dppm in acetonitrile at room temperature yields
mixtures of the air-stable and orange-yellow complexes
[Mo(n?3-CsHs)(n?-S,COEt)(CO)(n*-dppm)] (endo, exo-2)
with ca. 88% yield (Scheme ). In the endo and exo orienta-
tions, the open faces of the allyl group point toward the car-
bonyl group and away from it, respectively. The spectro-
scopic® and analytical dataof endo, exo-2 are obtained. Inthe
FAB mass spectra, base peaks with the typical Mo isotope
distribution are in good agreement with the [M]* molecular
masses of endo, exo-2. The IR spectra of endo, exo-2 shows
oneterminal carbonyl-stretching band at 1801 cm™. Inthe*H
NMR spectrum of exo-2 the methylene protons of the dppm
ligand and allyl protons exhibit resonancesat ¢ 2.41, 3.86 and
at 8 2.24, 2.55 (Hanti), 3.78, 4.21 (Hsyn), 4.92 (Hcenter), re-
spectively. The corresponding **C{*H} NMR signals are at §
41.5, and § 54.5, 58.4, and 68.9. The *'P{*H} spectra of

Scheme I Reagents and conditions: i, dppm, CH3CN,
r.t., 5min, 88%
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endo-, exo-2 show resonances at § 6.9, 32.8 (4Jp.p = 52.7) and
53.4,27.4 (%Jop=63.1) witha 1:5 ratio.

Similar endo-3,4 and exo-3,4 complexes are prepared
by using the 16 electron complexes 1b,c with dppm in
refluxing acetonitrile (Scheme 11). Ratios of 1:4 and 1:9 of
complexes endo, exo-3 and endo, exo-4 are obtained by inte-
grating from *'P{*H} NMR spectra. To investigate the rela-
tion between orientations and diphos ligand, we carried out
the reactions of 1b-c¢ with dppe yielding complexes [Mo(n*-
CsHs)(1%-L2)(CO)(n*-dppe)]® (L2 = S,CNC4Hs, endo, exo-5;
L, =S;CNEt,, endo, exo-6) with ratios of 6:1 and 5:1, respec-
tively (Scheme I1). On the basis of the above-mentioned ex-
periments, we can conclude: (1) the dppm ligand improves
the formation of exo-products, whereas the dppe ligand im-
proves endo-products, and (2) exo-complexes show larger
Jp.p coupling constants than the endo-complexes.

Scheme II Reagentsand conditions: i, dppm, CH3CN,
reflux, 1 h; ii, dppe, CH3CN, reflux, 1 h
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The af orementioned conformations of exo-2 and endo-
5 have been performed by X-ray diffraction studiesat 150K .°
ORTEP plots of exo-2 and endo-5 are shown in Figs. 2 and 3,
respectively. Clearly, the open face of the allyl group is to-
ward the carbonyl group in endo-5 and away in exo-2. The
two structures confirm unequivalent allyl groups. One of the
sulfur atoms of dithioligand is trans to the diphos: S(1)-Mo-
P(2), 141.77(4)° in exo-2 and S(1)-Mo-P(1), 156.16(2)° in
endo-5, while the other is trans to carbonyl: S(2)-Mo-C(1),
167.89(10)° in exo-2 and S(2)-Mo-C(1), 170.65(6)° in
endo-5. The Mo-S and Mo-allyl bond distances in exo-2 and
endo-5 are consistent with the val ues reported for Mo'-Sand
numerous Mo-allyl systems. The difference between the
bond distances and intercarbon angle of alyl group in exo-2
(1.371(7), 1.365(7) A and 121.5(5)°) and endo-5 (1.399(3),
1.423(3) A and 116.8(2) °) is not very significant and isin the
region of related Mo'-allylic compounds (1.31-1.42 A, 115-
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To test the generality of these reactions, we have stud-
ied other Mo-allyl systems. Interestingly, the reactions of
[Mo(n3-C3Hs)(n?-L2)(CO)2(X)] (L2, X = H.BPz,'; pentane-

Cl4)

ci3n
A

— >'
a0

cie)  Ccue)

Fig.2. ORTEP drawing for [Mo(n3-CsHs)(n?-
S,COC;Hs)(CO)(n2-dppm)] (exo-2). Selected
bond distances (A) and angles (<) are as fol-
lows: Mo-C(2) 2.357(4), Mo-C(3) 2.328(4),
Mo-C(4) 2.341(4), Mo-S(1) 2.5157(6), Mo-
S(2) 2.6102(9), C(2)-C(3) 1.371(7), C(3)-C(4)
1.365(4); S(2)-Mo-C(1) 167.89(10), S(1)-
Mo-P(2) 141.77(4), C(2)-C(3)-C(4) 121.5(5),
P(1)-Mo-P(2) 67.44(3), S(1)-Mo0-S(2) 68.53(3).

Fig.3. ORTEP drawing for [Mo(n®-CsHs)(n?-
S,CNC4Hg)(CO)(n>-dppe)] (endo-5). Selected
bond distances (A) and angles (<) are as fol-
lows: Mo-C(2) 2.349(2), Mo-C(3) 2.230(2),
Mo-C(4) 2.305(2), Mo-S(1) 2.5588(8), Mo-
S(2) 2.6248(5), C(2)-C(3) 1.399(3), C(3)-C(4)
1.423(3); S(2)-Mo-C(1) 170.65(6), S(1)-Mo-
P(2) 156.160(19), C(2)-C(3)-C(4) 116.8(2),
P(1)-Mo-P(2) 78.858(18), S(1)-Mo-S(2)
68.071(17).
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2,4-dionate, CH3CN) with dppm gave Mo(CO),(dppm). by
the replacement of anionic bidentate ligands. This may be
due to electronic factors since H.BPz, and pentane-2,4-
dionate ligand are weaker donors than dithiocarbamato and
dithiocarbonato ligands.

In order to investigate the fluxionality between endo,
exo0-3 and endo, exo-5 complexes, the variable-temperature
'H and **P{*H} NMR spectra were recorded in the range of
210 K-333 K. In the range of 210 K-273 K, none of H and
31p{1H} NMR spectrachanged and the ratio wasretained. As
depicted in Fig. 4, the variable-temperature *P{*H} NMR
spectrashow interconversion of endo-5 to exo-5 at 318 K and
four doublets of different intensity at 278 K. The line shapes
calculated from variable-temperature *H NMR spectra® of
endo, exo-3 at 318 K yield values of 15.6 + 0.2 kcal mol ™ for
AG* and 14.8 + 0.2 kcal mol™ for endo, exo-5 at 298 K. The
large activation energy of endo, exo-3 compared with endo,
exo-5 is due to the bite angles and that dppm increases the
barrier most effectively. Addition of free dppe and C4HsNCS;
ligand had no effect on these variable-temperature spectra of
endo, exo-3,5 and therefore a rearrangement involving a
n-6-7° process or dissociation of the dppe or dithiocarbamato
ligand seems unlikely. Noticeably, the original ratios of endo
and exo were retained when the variable-temperature experi-
ments were finished. Compared with other intramolecular
trigonal twist rearrangement complexes, the activation en-
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Fig. 4. Variable-temperature 3P {*H} NMR observa-
tions of the mixture endo, exo-5 in CDCla.
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ergy of endo, exo-3,5 is larger than those of complexes
[M(1?-CsHs)(CO),(diphos)1]* (M = Mo, W; diphos = dppm,
dppe) (10.0-11.9 kcal mol™), [Mo(CO)(n3-allyl){n?-
S,P(OEt)2} (X)]** (X = CH3CN, 11.6; CsH1oNH, 12.6 kcal
mol™) but similar to the allyl rotation complex [Mo(n’-
CsH4-COPhe-OMe)(n?*-allyl)(CO)2] (15.0 kcal mol™).* Rota-
tion of the allyl group has been reported in complexes
[CpMo(n3-allyl)(CO)2]** and [Pd(n?-allyl)(n*LL)]° but no
example in a Mo(n*allyl)(CO)(n?*-SS) system. The spectral
observations on the dynamic species and the data of activa-
tion energy™® of complexes endo, exo-3,5 reveal that the iso-
mers undergo mutual exchange by the rotation of the metal-
allyl bond. The determination of other conformations of com-
plexes with [Mo(n?3-allyl)(CO)(L1L1)(L2L2)]* type (LL: neu-
tral bidentate ligands) and controlling the regiochemistry of
nucleophilic attack on the endo, exo-complexes are currently
under investigation.
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