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The novel endo and exo com plexes [Mo( 3-C3H5)( 2-L2)(CO)( 2-dppm)] are ac ces si ble by the re ac tions
of the com plexes [Mo( 3-C3H5)(CO)2( 2-L2)(X)] (L2, X = S2COEt, CH3CN; S2CNC4H8; S2CNEt2) with
dppm. X-ray crys tal struc tures of exo-2 and endo-5 have been em ployed to elu ci date the two ori en ta tions.

Fluxionality in the com plexes [Mo( 3- allyl)(CO)2(L1)- 
(L2)X]1 (L1,L2: pyrazolylborate, -diketonate, dithio, X: neu -
tral monodentate ligand; L1,L2: diphos, pyridylphosphane, X: 
ha lide) is at trib uted to an intramolecular trigonal twist, in
which the ro ta tion of the tri an gu lar face formed by the L1L2X
groups is rel a tive to the face formed by the allyl and the two
car bonyl groups. A novel piv oted dou ble switch2 and a pyridyl -
exchange mech a nism have been re ported when the L1L2 lig -
ands were re placed by pyridylphosphane or their ox ide lig -
ands. X-ray crys tal lo graphic stud ies of the above-mentioned
com plexes have so far re vealed three dif fer ent solid-state
struc tures as de picted in Fig. 1 (A-C).

The rigid and nonrigid cyclopentadienyl com plexes
endo-, exo-cis-syn-[CpMo(NO)(CO){ 3-CH(Ph)CHCH2}]
[BF4]3 and endo, exo-[( 5-C5H4-COPhe-OMe)Mo( 3- allyl) 
(CO)2]4 have be come known re cently. On the other hand,
con for ma tions and flux ion al be hav ior of com plexes in clud -
ing Mo( 3-C3H5)( 2-SS)(CO) moi ety have not been very

well stud ied.
Treat ment of [Mo(CH3CN)( 3-C3H5)(CO)2( 2- S2COEt)]

(1a) with dppm in acetonitrile at room tem per a ture yields
mix tures of the air-stable and or ange-yellow com plexes
[Mo( 3-C3H5)( 2-S2COEt)(CO)( 2-dppm)] (endo, exo-2)
with ca. 88% yield (Scheme I). In the endo and exo ori en ta -
tions, the open faces of the allyl group point to ward the car -
bonyl group and away from it, re spec tively. The spec tro -
scopic5 and an a lyt i cal data of endo, exo-2 are ob tained. In the
FAB mass spec tra, base peaks with the typ i cal Mo iso tope
dis tri bu tion are in good agree ment with the [M]+ mo lec u lar
masses of endo, exo-2. The IR spec tra of endo, exo-2 shows
one ter mi nal car bonyl-stretching band at 1801 cm-1. In the 1H
NMR spec trum of exo-2 the meth y lene pro tons of the dppm
ligand and allyl pro tons ex hibit res o nances at  2.41, 3.86 and 
at  2.24, 2.55 (Hanti), 3.78, 4.21 (Hsyn), 4.92 (Hcen ter), re -
spec tively. The cor re spond ing 13C{1H} NMR sig nals are at 
41.5, and 54.5, 58.4, and 68.9. The 31P{1H} spec tra of
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Fig. 1. Three pos si ble struc tures A, B and C for
[Mo( 3-C3H5)(CO)2(L1)(L2)X].
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Scheme  I  Re agents and con di tions: i, dppm, CH3CN,

r.t., 5 min, 88%



endo-, exo-2 show res o nances at  6.9, 32.8 (2JP-P = 52.7) and
 3.4, 27.4 (2JP-P = 63.1) with a 1:5 ra tio.

Sim i lar endo-3,4 and exo-3,4 com plexes are pre pared
by us ing the 16 elec tron com plexes 1b,c with dppm in
refluxing acetonitrile (Scheme II). Ra tios of 1:4 and 1:9 of
com plexes endo, exo-3 and endo, exo-4 are ob tained by in te -
grat ing from 31P{1H} NMR spec tra. To in ves ti gate the re la -
tion be tween ori en ta tions and diphos ligand, we car ried out
the re ac tions of 1b-c with dppe yield ing com plexes [Mo( 3-
 C3H5)( 2-L2)(CO)( 2-dppe)]5 (L2 = S2CNC4H8, endo, exo-5;
L2 = S2CNEt2, endo, exo-6) with ra tios of 6:1 and 5:1, re spec -
tively (Scheme II). On the ba sis of the above-mentioned ex -
per i ments, we can con clude: (1) the dppm ligand im proves
the for ma tion of exo-prod ucts, whereas the dppe ligand im -
proves endo-prod ucts, and (2) exo-com plexes show larger
JP-P cou pling con stants than the endo-com plexes.

The afore men tioned con for ma tions of exo-2 and endo-
 5 have been per formed by X-ray dif frac tion stud ies at 150 K.6

ORTEP plots of exo-2 and endo-5 are shown in Figs. 2 and 3,
re spec tively. Clearly, the open face of the allyl group is to -
ward the car bonyl group in endo-5 and away in exo-2. The
two struc tures con firm unequivalent allyl groups. One of the
sul fur at oms 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 car bonyl: 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 dis tances in exo-2 and
endo-5 are con sis tent with the val ues re ported for MoII-S and
nu mer ous Mo-allyl sys tems. The dif fer ence be tween the
bond dis tances and intercarbon an gle of allyl group in exo-2
(1.371(7), 1.365(7) Å and 121.5(5) ) and endo-5 (1.399(3),
1.423(3) Å and 116.8(2) ) is not very sig nif i cant and is in the
re gion of re lated MoII-al lyl ic com pounds (1.31-1.42 Å, 115-

 125 ).7

To test the gen er al ity of these re ac tions, we have stud -
ied other Mo-allyl sys tems. In ter est ingly, the re ac tions of
[Mo( 3-C3H5)( 2-L2)(CO)2(X)] (L2, X = H2BPz2’; pentane-
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Fig. 2. ORTEP draw ing for [Mo( 3- C3H5)( 2-

 S2COC2H5)(CO)( 2-dppm)] (exo-2). Se lected
bond dis tances (Å) and an gles ( ) 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)-Mo- S(2) 68.53(3).

Fig. 3. ORTEP draw ing for [Mo( 3- C3H5)( 2-
 S2CNC4H8)(CO)( 2-dppe)] (endo-5). Se lected
bond dis tances (Å) and an gles ( ) 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).



 2,4-dionate, CH3CN) with dppm gave Mo(CO)2(dppm)2 by
the re place ment of an ionic bidentate lig ands. This may be
due to elec tronic fac tors since H2BPz2 and pentane- 2,4-
 dionate ligand are weaker do nors than dithiocarbamato and
dithiocarbonato lig ands. 

In or der to in ves ti gate the fluxionality be tween endo,
exo-3 and endo, exo-5 com plexes, the vari able-temperature
1H and 31P{1H} NMR spec tra were re corded in the range of
210 K-333 K. In the range of 210 K-273 K, none of 1H and
31P{1H} NMR spec tra changed and the ra tio was re tained. As
de picted in Fig. 4, the vari able-temperature 31P{1H} NMR
spec tra show interconversion of endo-5 to exo-5 at 318 K and
four dou blets of dif fer ent in ten sity at 278 K. The line shapes
cal cu lated from vari able-temperature 1H NMR spec tra8 of
endo, exo-3 at 318 K yield val ues of 15.6 ± 0.2 kcal mol-1 for

G‡ and 14.8  0.2 kcal mol-1 for endo, exo-5 at 298 K. The
large ac ti va tion en ergy of endo, exo-3 com pared with endo,
exo-5 is due to the bite an gles and that dppm in creases the
bar rier most ef fec tively. Ad di tion of free dppe and C4H8NCS2

-

ligand had no ef fect on these vari able- tem per ature spec tra of
endo, exo-3,5 and there fore a re ar range ment in volv ing a

- -  pro cess or dis so ci a tion of the dppe or dithiocarbamato 
ligand seems un likely. No tice ably, the orig i nal ra tios of endo
and exo were re tained when the vari able-temperature ex per i -
ments were fin ished. Compared with other intramolecular
trigonal twist re ar range ment com plexes, the ac ti va tion en -

ergy of endo, exo-3,5 is larger than those of com plexes
[M( 3- C3H5)(CO)2(diphos)I]10 (M = Mo, W; diphos = dppm,
dppe) (10.0-11.9 kcal mol-1), [Mo(CO)( 3- allyl){ 2-
 S2P(OEt)2}(X)]11 (X = CH3CN, 11.6; C5H10NH, 12.6 kcal
mol-1) but sim i lar to the allyl ro ta tion com plex [Mo( 5-
 C5H4- COPhe-OMe)( 3-allyl)(CO)2] (15.0 kcal mol-1).4 Ro ta -
tion of the allyl group has been re ported in com plexes
[CpMo( 3-allyl)(CO)2]12 and [Pd( 3-allyl)( 2-LL)]9 but no
ex am ple in a Mo( 3-allyl)(CO)( 2-SS) sys tem. The spec tral
ob ser va tions on the dy namic spe cies and the data of ac ti va -
tion en ergy13 of com plexes endo, exo-3,5 re veal that the iso -
mers un dergo mu tual ex change by the ro ta tion of the metal-
 allyl bond. The de ter mi na tion of other con for ma tions of com -
plexes with [Mo( 3-allyl)(CO)(L1L1)(L2L2)]+ type (LL: neu -
tral bidentate lig ands) and con trol ling the regiochemistry of
nucleophilic at tack on the endo, exo-com plexes are cur rently
un der in ves ti ga tion.
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