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The controlled decomposition of the sandwich-type polyoxometalates Kio[(M(OH,))3(A-a-PWgO34);] (Where M =
Mn(ll) or Co(Il)) in 0.5 M NaCl yields a new family of transition metal substituted POMs of the general formula
[((MOH2)MaPW3034)2(PWO26)]*"~ (where M = Mn(Il) (IMn) or Co(ll) (1Co)). The structure of 1Mn, determined by
single-crystal X-ray diffraction (a = 17.4682(10) A, b = 22.3071(12) A, ¢ = 35.1195(18) A, B = 95.898(1)°,
monoclinic, P2;/c, Z = 4, Ry = 6.19%, based on 50264 independent reflections), consists of two B-o-(Mn'"OH,)-
Mn'",PWg03,%~ units joined by a B-type hexavacant PWgO4!'!~ fragment to form a C-shaped polyoxometalate. A
low resolution X-ray structure of the Co(ll) analogue, 1Co, was also obtained. The UV-visible spectrum of 1Co
shows the characteristic charge-transfer bands of polyoxometalates as well as a new Co-centered peak (560 nm,
€ = 416 M~ cm~1) which appears at a higher wavelength relative to that exhibited by the parent A-type sandwich,
K12[(Co(OHy))3(A-a-PWgO34),]. The methyltricaprylammonium salt of 1Mn is an effective catalyst for the H,O.-
based epoxidation of cis-cyclooctene, cyclohexene, and 1-hexene.

Introduction This paper addresses the decomposition of A-type Keggin
sandwich complexes originally reported by Knoth and co-
workers!®16 These~Dg, structures are composed of two
A-0-PWsOs4" units linked by three corner-sharing transition

The versatility and accessibility of polyoxometalates
(POMs) have led to many recent applications of these com-
pounds in catalysis and molecular magnetishirhe frame- .
work of many POMs including heteropolytungstates consists Metal cations (formula [(M(ObJ2)s(a-PWeOs4)]""). The
of d° W(VI) atoms bound to oxo (&) ligands which render A-ty_pe sandwich complexes of th_e divalent metals_ (and in
them oxidatively resistant and hence particularly attractive Particular Co(il)) are not stable in agueous solution and

as homogeneous and heterogeneous catalysts. The substit@Mickly CO”"T to the B-type isomers (formula [(MQkt
tion of one or more of the skeletal W(VI) atoms with d-elec- M2(PWeOs)2] ™) based on UV visible spectroscopic daté.

tron-containing transition metal cations affords oxidatively Contant hé_‘s also studied the A-type dec.omp(_).sition process
resistant catalysts, and these complexes and their catalysi@Y UV~ Visible spectroscopy, and he has identified a number

have been extensively reviewéd! (6) Hill, C. L. Polyoxo Anions: Reactivity. IlComprehensie Coordina-
tion Chemistry Il: Transition Metal Groups 3-8Vedd, A. G., Ed.;
* Author to whom correspondence should be addressed. E-mail: chill@ Elsevier Science: New York; Vol. 4, Chapter 3.11, in press.
emory.edu. (7) Hill, C. L.; Brown, R. B., Jr.J. Am. Chem. Sod 986 108 536—
(1) Pope, M. T Heteropoly and Isopoly Oxometalafepringer-Verlag: 538.
Berlin, 1983. (8) Hill, C. L.; Prosser-McCartha, C. MCoord. Chem. Re 1995 143
(2) Topical issue on polyoxometalates: Hill, C. L., Guest Edem. Re. 407—455.
1998 98, 1—-389. (9) Okuhara, T.; Mizuno, N.; Misono, MAdv. Catal.1996 41, 113—-252.

(3) Polyoxometalate Chemistry: From Topologia Self-Assembly to (10) Mizuno, N.; Misono, M.Chem. Re. 1998 98, 199-218.
Applications Pope, M. T., Mlier, A., Eds.; Kluwer Academic (11) Kozhevnikov, I. V.Chem. Re. 1998 98, 171-198.

Publishers: Dordrecht, Netherlands, 2001. (12) Neumann, RProg. Inorg. Chem1998 47, 317—370.

(4) Polyoxometalate Chemistry for Nano-Composite DesY@mase, T., (13) Katsoulis, D. EChem. Re. 1998 98, 359-388.
Pope, M. T., Eds.; Nanostructure Science and Technology; Kluwer (14) Kozhevnikov, I. V. Catalysis by Polyoxometalate#/iley: Chichester,
Academic/Plenum Publishing: New York, 2002. England, 2002; Vol. 2.

(5) Pope, M. T. Polyoxo Anions: Synthesis and StructureCémpre- (15) Knoth, W. H.; Domaille, P. J.; Harlow, R. lnorg. Chem1986 25,
hensbe Coordination Chemistry Il: Transition Metal Groups 3-6 1577-1584.
Wedd, A. G., Ed.; Elsevier Science: New York; Vol. 4, Chapter 3.10, (16) Knoth, W. H.; Domaille, P. J.; Farlee, R. Drganometallics1985
in press. 4, 62—68.
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Decomposition of A-Type Sandwiches

Incorporated (ISI) TGA 1000 and DSC 550, respectivély.NMR
measurements were made on a Varian INOVA 400 MHz spec-
trometer using 85% #PO, as an external reference. Organic
oxidation products were quantified using a Hewlett-Packard 6890
gas chromatograph fitted with a 5% phenyl methyl silicone capillary
column, a flame ionization detector, and a Hewlett-Packard 6890
series integrator (with Nas the carrier gas).

Synthesis  of  [((MOH,)M2PWgO34)2(PWeO24)] 1= Q).
Klg[(M(OH2)2)3(A-(X-PW9034)2] (Where M = Mn(II) or Co (”))
was prepared and purified by the literature method, and purity was
confirmed by FT-IR and elemental analy$té® For the Mn
complex,1Mn, the purified KJ(Mn(OHy),)3(A-o-PWgO34),] (0.200
g) was dissolved in a minimal amount of 0.5 M NaCl. Gold, rod-
shaped crystals formed upon slow evaporation. The isolated yield
based on Mn= 30%. IR (2% KBr pellet 1156675 cntl): 1060
(w, sh), 1043 (s), 1022 (s), 953 (m, sh), 931 (s), 893 (w, sh), 880
(s), 823 (w, sh), 791 (m), 729 (s). Magnetic susceptibilitpi =
11.68 ug/mol at 298 K. Anal. Calcd for KzdNaywz dVINgPs-
W240108H26: K 2.63, Na 3.99, Mn 4.67, P 1.32, W 62.51. Found:
K 2.69, Na 3.93, Mn 4.65, P 1.32, W 62.51. [M#/ 7062 g/mol.]

The Co analogue was prepared similarly using the appropriate
A-type sandwich as a precursor. Magenta, needle-shaped crystals
formed upon slow evaporation. The isolated yield based or~Co
56%. IR (2% KBr pellet 1156675 cn1l): 1087 (m, sh), 1033
(s), 955 (m, sh), 935 (s), 887 (s), 786 (w), 727 (s). Magnetic

Figure 1. (A) Polyhedral representation of [((MOH;)Mn''2PWeOsa).- susceptibility: uer = 12.69 ug/mol at 298 K. Anal. Calcd for

(PWsO20)]*"~ (1Mn). (B) Thermal ellipsoid plot (50% probability surfaces)

of IMn. The single K cation is shown in the bend d&Mn while the Na KsNay2C0sPsW240100H280 K 2.76, Na 3.89, Co 4.99, P 1.31, W
cations are omitted for clarity. 62.26. Found: K 2.79, Na 3.85, Co 4.93, P 1.40, W 63.15. [MW
= 7086 g/mol.]

of intermediates that appear as a function of the counterca- X-ray Crystallography. A suitable crystal ofltMn was coated
tions (i.e. N& or K*) and the rotational isomerism of the with Paratone N oil, suspended on a small fiber loop, and placed
POM precursor used (i.e. A-PWeOs2~ versus AB- in a stream of cooled nitrogen (173 K) on a Bruke'r D8 SMART
PWsO38-).17 More recently, Hereand co-workers have APEX CCD sealed tube diffractometer with graphite monochro-

. : 12— 18 mated Mo K (0.71073 A) radiation. A sphere of data was
Z{?T\i:é?g ;Lﬂis:a(l)?gt%?sOiéﬁgé%r?ds(z\é\gvovs?élt i.t t00 measured using combinations ¢fand w scans with 10 s frame

. 8 . - . exposures and ®3Frame widths. Data collection, indexing, and
decomposes in aqueous solution with two different interme- jjia| cell refinements were carried out using SMART softwfte.

diate species formed. Frame integration and final cell refinements were carried out using
We now report the first reactions of the A-type sandwich SAINT software2° Final cell parameters were determined from
complexes in 0.5 M NaCl. The results show that a new least-squares refinement. The crystal faces were indexed and
family of transition-metal substituted POMs form of the absorption corrections were made in XPRERdditionally, a
general formula [((MOBR)M:PWyOs4)2(PWsO26)] 17~ (Where multiple absorption correction for each data set was applied using
M = Mn(ll) (1Mn) or Co(ll) (1Co); Figure 1). These the program SADABS?The structure was determined using direct
compounds are characterized by X-ray crystallography, methods and _dlfference Fourier techniqé®$he largest residual
infrared and U\-visible spectroscopy, magnetism, thermo- electron density was _Iocated less th_an 1.0 A from th(_a W addenda
gravimetric analysis (TGA), differential scanning calorimetry atoms and was most likely due to an imperfect absorption correction

DSC d el | vsis. | dditi limi often encountered in heavy-metal atom structures. All K, Na, Mn,
( ), and elemental analysis. In addition, preliminary P, and W atoms were refined using anisotropic thermal parameters

catalytic studies show thdtMn is a selective catalyst for except for Na18, Na20, and Na22. Most of the O atoms of the

the HO,-based epoxidation of alkenes. waters of hydration were also refined anisotropically except for
) ) 08w, and 024w 056w. The O atoms of the POM were refined
Experimental Section using isotropic thermal parameters. Many of the Na and solvent

General Methods and Materials. Elemental analyses of Co water O atoms were disordered and were refined with partial
K, Mn, Na, P, and W were performed by Kanti Labs (Mississauga, occupancies based on their high thermal parameters (see Supporting

ON, Canada). Infrared spectra (2% sample in KBr) were recorded Information, Sl). No H atoms associated with the water molecules
on a Nicolet 510 FT-IR spectrometer. Electronic spectra were Were located in the difference Fourier map. The final R1 scattering

recorded on a Hewlett-Packard 8452A diode array spectrophotom-(l7) Confant. RCan. J. Chem1987 65, 565-573
. . . ontant, an. J. em f 3 .

eter using a 1.000-cm-opt|cal-path quartz cqv_e_t?e with 0.5 M NacCl (18) Laronze, N.. Marrot, J.; Hefye. Inorg. Chem.2003 42, 5857—

as the solvent. Average magnetic susceptibilities were measured 5862.

on a Johnson Mathey MSB-1 magnetic susceptibility balance as (19) SMART version 5.624; Bruker AXS, Inc.: Madison, WI, 2002.

neat powders at 25C; the balance was calibrated using Hg[Co- g% gﬁlé\le¥ir3§rgigh3gA1;21-3r|§:(ue|<re¢>,§§('S|nlcri:c M&i{éfsrgnw\'hlz%%%z

(SCN)] as a standard. Thermogravimetric analysis and differential (22 Sheldrick, G SADABS version 2.03; University of Gtingen: Ga-

scanning calorimetry were performed on an Instrument Specialists tingen, Germany, 2001.
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Table 1. Crystallographic Data and Structure RefinementIbin

H4KMneNageO136P3Woa
7502.56
P2;/c (No. 14)

empirical formula
formula weight
space group

unit cell a=17.4682(10) A
b=22.3071(12) A
c=35.1195(18) A
S =95.898(1)

volume 13626.4(13) A

z 4

density (calcd) 3.657 g cm

temperature —100(2)°C

yl 0.71073 A

u 2.0934 cmt

GOF 1.009

final Ry [I >20(1)] 0.0619

final WR [1 > 20(1)] 0.1008

3Ry = ZIFol = IFcll/|Fol. PWRz = { 3 [W(Fo* — FA)F/Z[W(Fo?)7} 0>

factors and anomalous dispersion corrections were taken from
International Tables for X-ray Crystallograp&y Structure solution,
refinement, and generation of publication materials were performed
using SHELXTL v6.12 software. Additional details are given in
Table 1, and a thermal ellipsoid plot (at the 50% probability level)
is given in Figure 1B.

Catalysis.Complex1Mn (0.01 mmol) was dissolved in a solu-
tion of 1.0 mmol methyltricaprylammonium chloride in 50 mL of
1,2-dichloroethane, and the precipitated NaCl was filtered off. In a
typical reaction, the alkene substrate (1.0 mmol), 1 mL of the POM
stock solution (containing 0.2mol of 1Mn), and 3uL of decane
were stirred at 25C under Ar in a sealed vial. The reaction was
initiated by the addition of 6&L of 30% aqueous kD, (0.002
mol). The organic products were identified and quantified by GC
using decane as the internal standard. The fin@l;doncentration
was determined by standard iodometric analyées.

Results and Discussion

Synthesis and Physical PropertiesComplexestMn and
1Coare isolated as decomposition products from a solution
of the pure K salts of [(MNn(OH)2)3(A-a-PWoOz4)2]*?~ and
[(Co(OH,)2)3(A-a-PWyOs4)] '~ in 0.5 M NaCl at 25°C.
Both products crystallize by slow evaporation over a period
of 3to 5 days and are obtained in modest yield. Nadjo and
Kortz have recently reported the structurally analogous
Ni-containing complexes [NAs3W24094(H20)2]Y~ and
[NisMn2P3W24094(H20),]*"~.2° However, these complexes
were not isolated through the decomposition of the A-type
sandwich complex [(Ni(Ob)2)s(A-a-XWg034)2]*2 (where
X = P(V) or As(V)), but instead as a byproduct of the
synthesis of the B-type [MNa(HO)x(AsWy034))]*Y sand-
wich. The N complex takes several months to crystallize
in 8% vyield.

The FT-IR spectra of polyaniorisvMn and1Co are shown
in Figure 2. The spectra dMn and1Co are comparable to
those of their parent complexes [(M(@b)s(A-a-PWgOs4)7] 2
(where M= Mn(ll) or Co(ll)) in that they exhibit similar
terminal W=O stretching and WO—W bridging frequen-

(23) International Tables for X-ray CrystallographKynoch Academic
Publishers: Dordrecht, Netherlands, 1992; Vol. C.

(24) Day, R. A.; Underwood, A. LQuantitatve Analysis5th ed.; Prentice
Hall: Englewood Cliffs, NJ, 1986.

(25) Mbomekalle, I. M.; Keita, B.; Nierlich, M.; Kortz, U.; Berthet, P.;
Nadjo, L.Inorg. Chem2003 42, 5143-5152.
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Figure 2. Infrared spectra of (A) [((MBOHz)MN";PWgOs34)2(PWeO26)] 17,
1Mn, and (B) [((C(yOHz)CdI2PW9034)2(PW6025)]17_, 1Co.
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Figure 3. Differential scanning calorimetry (DSC) curve féaMn from
20 °C to 550°C at a rate of 20C/min.

cies?s Each complex displays subtle differences in the
intensities of these bands. Differences in the splitting of the
v3 vibrational mode of the PQunits are seen fodMn
relative to1Co. Most likely a combination of two factors is
responsible. FirsttMn and1Co contain two different types

of phosphate groups by symmetry. Second, Jafeller
effects present for high spin Co(ll), but not for high spin
Mn(ll), may also be responsible for changes in the splitting
of thev; mode of the P@bands. Similar observations have
been made for the analogous B-type Keggin sandwich family
where the JahnTeller distorted [(CuOk),Cux(PWgO34)2] 1%
shows complete splitting of the vibrational mode into two
well resolved bands, while the nondistorted [(ZnHAn,-
(PWg034)2]*%~ exhibits only one band for the same R@it.>’

The thermal behavior ciMn and1Cois consistent with
their molecular formulas, analytical data, and crystal struc-
tures?®2® Their differential scanning calorimetry (DSC)
curves show two endothermic and one exothermic processes
in the region from 20C to 550°C (Figure 3). The peaks in
the first endothermic process (from 88 to 217°C) are

(26) (a) Rocchiccioli-Deltcheff, C.; Thouvenot, B. Chem. Res., Synop.
1977, 2, 46—47. (b) Rocchiccioli-Deltcheff, C.; Fournier, M.; Franck,
R.; Thouvenot, RInorg. Chem.1983 22, 207-216. (c) Thouvenot,
R.; Fournier, M.; Franck, R.; Rocchiccioli-Deltcheff, @org. Chem.
1984 23, 598-605.

(27) Randall, W. J.; Droege, M. W.; Mizuno, N.; Nomiya, K.; Weakley,
T. J. R.; Finke, R. G. Innorganic Syntheseowley, A. H., Ed.;
John Wiley and Sons: New York, 1997; Vol. 31, pp 685.

(28) Wendlandt, W. WThermal AnalysisWiley-Interscience: New York,
1986.

(29) Representative papers on thermal analysis of POMs: (a) Aboul-Gheit,
A. K.; Summan, A.-H. M.Thermochim. Actd989 140, 21-29. (b)
Varga, M.; Taok, B.; Molnar, A. J. Therm. Anal1998 53, 207—
215. (c) Cindri¢ M.; Strukan, N.; Vrdoljak, V.; DeVi€, M.; Kamenar,
B. J. Coord. Chem2002 55, 705-710. (d) Dillon, C. J.; Holles, J.
H.; Davis, R. J.; Labinger, J. A.; Davis, M. H. Catal. 2003 218
54—66.
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Table 2. Selected Bond Lengths (A) and Angles (deg) f®dn

W(1)-0(1) 1.692(9)
W(3)-0(27) 1.905(9)
P(1)-0(46) 1.533(9)
Mn(3)—O(75) 2.099(9)
W(1)-0(27)-W(3) 153.1(5)
P(1)-0(46)-Mn(3) 123.9(5)
Mn(3)—O(75)-W(19) 134.3(5)

attributed to the desorption of waters of crystallization from
the lattice structure. The second process (from 22%0
442°C) is most likely the loss of the two coordinated@
molecules oriMn (Figure 1B). However, thermogravimetric
analysis (TGA) does not exhibit the high sensitivity necessary
for the quantification of this stepwise dehydration. Finally,
there is an exothermic peak (from 42@2 to 475°C) that is
attributable to the decomposition of the complex. This is
corroborated by FT-IR data which show significant changes
in the W—0 stretching and WO—W bending modes after
heating to 550°C .26
The UV-—visible spectrum oflMn is not structurally
informative because the Mn-centeree dl transitions are
obscured by the intense charge-transfer bands (tungsten-to-
oxygen) exhibited by POMs. CompletCo, however,
exhibits a Co-centered-ell transition at 560 nme(= 416
M~tcm) as well as the characteristic charge-transfer bands. Figure 4. (A) Polyhedral representation of one (MBH;)Mn',PWeOsi-
This band is shifted to a higher wavelength from that of the unit showing the Ba-junction at the site of metal incorporation. The arrows

parent complex, [(Co(Ohk)s(A-a-PWeOs4)2]*2~ (536 nm, show the cornercorner alignment characteristic of theisomer. (B) The

_ 1 1\ 16 . - sandwich-type POM Ig[(CoOH,),Coy(PWyOsa),] exhibits a Bf-junction
€e=64M"cm ) The substantial magnetic moments of at the site of metal incorporation. The arrows show the ceredge

1Mn and1Co (uerf = 11.68 and 12.62s/mol, respectively) alignment characteristic of thg isomer. (C) Polyhedral notation of the
preclude the acquisition 6P NMR. unique B-type hexavacant unit R@'*~ that bridges the two (MHOHp)-

Solid State Characterization.The X-ray crystal structure MnzPWeOse’ - units of LMn. (D) The hexavacant WelisDawson anion

[H2P2W1204g] can be thought of as the association of two A-type
of 1Mn is shown in Figure 1 in polyhedral and ball-and- PWsOz*~ units.
stick notation. PolyaniodMn consists of two (MAOH,)-
Mn",PWy0342~ Keggin units connected by a R~
fragment to form a C-shaped structure. Bond valence sum
calculations orLlMn yield an average oxidation state of 2.2
+ 0.1 for Mn3° Selected bond lengths and angles Tdtn
are given in Table 2. Infrared and elemental analysis data
are consistent with the structure determined by X-ray
crystallography (Figure 2).

A combination of two key structural features makeédn
unique. First, the (MHOH,)Mn'",PWy034~ Keggin unit is
interesting in that it exhibits the uncommon structural
property of a Bet-junction at the site of metal incorporation
(Figure 4A). This type of junction was first reported by
Weakley and has only been seen in a few additional
POMs?'~34In contrast, a B3-junction has been seen at the (3s) Finke, R. G.; Droege, MI. Am. Chem. Sod.981, 103 1587-1589.

site of metal incorporation in several sandwich-type POMs (36) gérélé_a;«éég.: Droege, M. W.; Domaille, P.1dorg. Chem1987, 26,
i 33,35-38 i .
(Flgure 4B)' This prevalence (and the presumed (37) Ganez-Gara, C. J.; Coronado, E.; Gwez-Romero, P.; CasdPastor,

stability) of a-junction over ana-junction in sandwich- N. Inorg. Chem.1993 32, 3378-3381.

e i ; ; (38) Alizadeh, M. H.; Razavi, H.; Zonoz, F. M.; Mohammadi, M. R.
type POMs is in direct contrast to the known relative Polyhedron2003 22, 933939,

(39) (a) Weinstock, I. A.; Cowan, J. J.; Barbuzzi, E. M. G.; Zeng, H.; Hill,

thermodynamic stabilities exhibited by theands isomers
(i.e. Baker-Figgis isomers) of the parent Keggin structéfte.
The most likely explanation for the prevalence of$B-
junctions in sandwich-type POMs is that the repulsion present
between the coordinated water ligands of the external metal
sites and the bridging oxygen atoms of the neighboring belt
tungstens in each of the [X¥®34]"~ units dominates over
the small energetic differences between the Bakaéggis
isomers*®4°The second unique structural featureltn is

that the PWO6!'™ fragment is a B-type hexavacant Keggin
(Figure 4C). The hexavacant Well®awson analogues
[H2PW12046] 12 and [HhAS,W1:04¢] 2~ and their derivatives
have been known for some time (Figure 4D) These

(30) Brown, I. D.; Altermatt, DActa Crystallogr., Sect. B985 244—247. C. L. J. Am. Chem. Socl999 121, 4608-4617. (b) Lpez, X.;

(31) Weakley, T. J. RJ. Chem. Soc., Chem. Comm884 1406-1407. Maestre, J. M.; Bo, C.; Poblet, J.-M. Am. Chem. So@001, 123

(32) Ganez-Gar@a, C. J.; Coronado, E.; Ouahab, Angew. Chem., Int. 9571-9576. (c) Neiwert, W. A.; Cowan, J. J.; Hardcastle, K. I.; Hill,
Ed. Engl.1992 31, 649-651. C. L.; Weinstock, I. A.Inorg. Chem.2002 41, 6950-6952.

(33) Clemente-Juan, J. M.; Coronado, E.; GaMascafs, J. R.; Gmez- (40) See Figure 5B in: Anderson, T. M.; Zhang, X.; Hardcastle, K. |;
Garca, C. J.Inorg. Chem.1999 38, 55-63. Hill, C. L. Inorg. Chem.2002 41, 2477-2488.

(34) Kortz, U.; Mbomekalle, I. M.; Keita, B.; Nadjo, L.; Berthet, IRorg. (41) Contant, R.; Ciabrini, J. B. Chem. Res., Synop977, 222.
Chem.2002 41, 6412-6416. (42) Contant, R.; Thouvenot, Ran. J. Chem1991, 69, 1498-1506.
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Wells—Dawson anions have alternatively been described Table 3. Product Distributions for Ambient Temperature Oxidation of
as the association of two X3!t~ (where X= P(V) or  Alkenes by HO; Catalyzed bylMn*

As(V)) units.‘“‘ However, these hex.avacant fragments are g petrate Products

A-type, with three W@ octahedra having been removed from  (Catalyst) Selectivity (TON)"

three different WO triads in each half of the X\V1,04g'*"

OH o
polyanions.
To establish that the observed decomposition in 0.5 M
NaCl and the isolation of crystals of this new C-shaped POM

were not exclusive to Mn(ll), a low resolutioR{ = 12.75)
X-ray structure oftCo was obtained (see Sl). The crystals

0
of 1Co were of significantly poorer quality than those of H
1IMn and could not be face indexed, leading to a poor
absorption correction. Nonetheless, the structure of the

polyanion unit was established unequivocally, and it is
isostructural with1Mn.

A similar structural motif tolMn and 1Co was re-
ported by Coronado et al. for [GEH20)2(OH)oPoW25044] 16 °
where a Co _heteroatom is pregent in thel pentral unit and _~_~_~ /\/\<(|) P Py
the surrounding fragment contains an additional W atom.

In addition, the two nickel-containing compounds, (1Mn) 99% (20) o ¢
[NisASW24004(H20)7] 17~ a}nd [NI4Mn2P3W24'094(H20)2 7, a Conditions: 68L of 30% H,0, was injected into a vial containing 1
recently reported by Nadjo and Kortz are isostructural to the mL of POM stock solution (0.2mol 1Mn) and 1.0 mmol alkene substrate
title compoundé? Finally itis noteworthy that a singIeK under Ar to initiate the reaction. Organic products were identified and
. L j L . quantified by GC/MS and GC.Selectivity= (moles of indicated product/
ce_mon lies in the _bend afMn and is mt'_mately as'_som_ated moles of all organic products derived from the substratd)00% (TON=
with the POM (Figure 1). However, since a cation is not moles of indicated product after 24 himoles of cataly€jo products within
present in the bend of the Coronado polyanion, the Nadjo/ the detection limit £0.2%).
Kortz Ni-containing analogues, diCo, there is clearly no reactive transition metal (Mn(ll) or Co(ll)) is substituted into
energetic requirement for its presence in this site. the starting [WZnMa(ZnWg0s4);]*2~ #6254 The presence of

Catalysis. The HO.-based oxidation of three representa- two sets of three adjacent Mn(ll) centers in our POM and
tive alkenes catalyzed ByMn and the distribution of alkene-  their effect on the catalytic activity were therefore of interest.
derived products obtained is reported in Table 3. Manganese-In the case o€is-cyclooctenelMn gives 300 more turnovers
containing POMs of the sandwich-type structural motif are over the same period of time than the previously reported
excellent catalysts for the #.-based epoxidation of al-  aBBo-[(MNOHz):Mnz(As;W150se)2]**~ (1550 turnovers) with
kenes. Both high selectivity and high turnover numbers no adverse effect on selectivity.For cyclohexene, an
can be achievetf. Recently, a “substituent effect” was improvement in selectivity is seen withMn relative to
identified where the number of adjacent d-electron containing @850-[(MNOH2),Mn;(AsW150s6)2]*°". The HO; efficiency
metals that replace the skeletllagnters (usually W(VI) or s lowin gll three react!ons, |nd|cat|ng that the complex cat-
Mo(V1)) within the POM framework influenced catalytic ~ alyzes disproportionatiot?. The POM is stable under cata-
activity 47-53 Neumann and co-workers, however, show that lytic conditions with no decomposition products being ob-
there is decreased catalytic activity when a third or fourth served by FT-IR (after 24 h and 1852, 172, and 20 turnovers
for cis-cyclooctene, cyclohexene, and 1-hexene, respectively).
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Note Added after ASAP: Due to a production error, the
version of this paper posted ASAP on December 6, 2003,
contained incorrect footnotes 5 and 6. The version posted
on December 9, 2003, contains the correct footnotes. IC035115T
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