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SYNTHESIS AND X-RAY CRYSTAL STRUCTURE OF
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Abstract—Alkylation of Mn(acac); (acac = 2,4-pentanedionato) with five equiv. of methyl-
lithium in diethyl ether, followed by addition of N,N,N’,N'-tetramethylethylenediamine
(tmed), gives the deep red manganese(II1) oxo-atkyl [MnOMe?2~], which has been isolated
as a lithium double salt with the 4-methyl-2-penten-2,4-diolate (Meacac) dianion. Overall,
the molecular formula is {Li,[MnOMe,] - 2Li,(Meacac) : tmed},. Six lithium atoms and six
oxygen atoms form a hexagonal prismatic core which is capped on each hexagonal face by

i ftha 11 0O + Af ¢+
Liz(Meacac), - tmed groups. Two of the oxygen atoms of the LisO, core are part of two

square-planar [MnOMe}~] centres that are slightly distorted tetrahedrally; this is a rare
coordination geometry since manganese(Ill) is known to adopt a square-planar con-
figuration in only one other case. The oxo group of the [MnOMe3 ] unit is bonded to four
lithium atoms, and there are Li--- H—C interactions with two of the methyl groups on
manganese. Important bond distances and angles involving the [MnOMe3~] unit are:
Mn—C = 2.040(8) A (trans to O), Mn—C = 2.133(8) A (trans to C), Mn—O = 1.913(4)
A, 0—Li=191Q2) A, C—Mn—C = 88.2(3)° (cis)), C—Mn—C = 149.1(3)° (trans),
C—Mn—O = 98.6(2)° (cis), C—Mn—O = 152.5(3)° (trans). Crystal data for C,,H¢,N,O,,
Li;;Mn, at —100°C: monoclinic, space group P2,/n, a= 10.616(3), b = 18.189(4),
c=14973(4) A, B=95.0602)°, V=2880(2) A3, Z=2, Rp=0.037, R,r=0.042 for
2084 data and 317 variables. The present compound is the first oxo-alkyl of manganese
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and only the third g-organomanganese(IIT) complex of any kind.

Alkyl complexes of the transition elements were for
many years thought to be inherently unstable due to
the supposed weakness of the metal-carbon bond.
This view was overturned by the discovery of whole
classes of thermally robust transition metal per-
alkyls in the 1970s.'-* Perhaps most notable among
these was the isolation by Shortland and Wilkinson
of hexamethyltungsten,® which convincingly dem-
onstrated that alkyl groups are in fact capable of
stabilizing transition metal compounds even with-
out the assistance of strong n-bonding ligands such
as the cyclopentadienyl anion, carbon monoxide,
or tertiary phosphines.

Oxo-alkyls constitute a particularly interesting
class of organometallic molecules, in part because
some are known to be catalytic precursors for the
metathesis of alkenes.®® Most of the known rep-
resentatives involve third-row transition elements,
and of these, rhenium forms the largest number
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of oxo-alkyls, as shown in a series of remarkable
investigations over the past decade.’'* It is inter-
esting to note that even though the first oxo-alkyl
to be described was VO(CH,SiMe;),,'* today there
are very few other monomeric first-row
examples.'®'” We now report the synthesis and
characterization of the first oxo-alkyl of manga-
nese : [MnOMe?~]. This compound is also notable
for the presence of a hexagonal prismatic Li O
core, and a lithium atom coordinated by two diolate
ligands in a square-planar array.

RESULTS AND DISCUSSION

We have recently described the synthesis of
the remarkable permethyl manganese(III) anion,
{Li(tmed)],[MnMe;] (1), which is prepared by
alkylation of Mn(acac); (acac = 2,4-pentane-
dionate) with eight equiv. of methyllithium.'®
This species is only the second known g-organo-
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manganese(I1I) species; the interesting trigonal
bipyramidal complex Mn(2,4,6-C¢H,Me;)Br,
(PMe,), (2) has been described previously.'® The
large excess of methyllithium is necessary for the
isolation of pure [Li(tmed)],[MnMe:;], since acac is
retained in the product if fewer equivalents are used.
We felt it was of interest to characterize the nature
of the organometallic intermediates present during
the synthesis of 1.

The reaction of Mn(acac), with only five equiv. of
methyllithium in diethyl ether yields a dark orange
solution and variable amounts of an off-white
precipitate. Filtration of the solution followed
by addition of N,N,N’,N’-tetramethylethylenedi-
amine, tmed, results in the formation of dark red
octahedra of a new species, 3. Microanalytical
data for 3 are consistent with the unusual stoi-
chiometry LigMnOMes(acac),*tmed, and the IR
spectrum contains a strong band at 1609 cm™! that
indicates the presence of acac (or acac-like)
groups.?’ The complex is EPR silent. Magnetic
susceptibility data in solution are consistent with a
high-spin d* configuration for the manganese(III)
centres.

The X-ray crystal structure analysis revealed that
3 is a lithium double salt whose molecular formula
is best written {Li,{MnOMe,}-2Li,(OCMe—=
CHCMe,0)-tmed}, (Figs 1-3). Crystal data are
given in Table 1, while selected bond distances
and angles are presented with estimated stan-
dard deviations in Table 2. Single crystals of
3 are composed of large clusters that contain 12
lithium and two manganese atoms; each cluster
resides on a crystallographic inversion centre. The
structure may be broken down into three parts;
the [MnOMe?~] units, the “LisO¢" hexagonal
prismatic core and the Li;(OCMe—CHCMe,0),
(tmed) caps. These will be discussed in turn.

The [MnOMe?2~] units

The manganese(IIT) centres in 3 are four-coor-
dinate and are surrounded by three methyl groups
and an oxo ligand (Fig. 1). The geometry about the
manganese atom may be described as a tetra-
hedrally-distorted square-plane or as a severely
flattened tetrahedron: the “trans” C—Mn—C
and C—Mn—O angles are 149.0(2) and 152.5(2)°,
respectively. The “cis” C—Mn—O angles of
98.6(1)° are slightly larger than the “cis”
C—Mn—C angles of 88.2(2)°, but all are near the
90° value for an ideal square plane.

The Mn—C distances fall into two sets: the
Mn—C distances to the two methyl groups trans to
each other are 2.114(4) A, while the Mn—C dis-
tance to the methyl group #rans to the oxo ligand is
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Fig. 1. Structure of the [MnOMe?~] unit and associated
lithium atoms.

2.041(5) A. This 0.07 A difference is most reason-
ably ascribed to the strong frans influence of the
methyl groups. These distances may be compared
with the 2.089(8) A Mn—C distance in the man-
ganese(IIl) aryl Mn(2,4,6-C;H,Me;)Br,(PMe,),
(2).19

The Mn—O distance of 1.912(3) A is rather long
and indicates that there is little if any #-bonding
present. For comparison, other manganese(III) oxo
complexes in which the oxo ligand bridges between
two or three metal centres typically exhibit Mn—O
distances of 1.80-1.85 A.2"">* The oxygen atom is
surrounded by four lithium atoms at distances of
1.87-1.92 A, and these Li—O interactions are
undoubtedly responsible for the lack of n-bonding
between the oxo ligand and the manganese centre.
If one includes the lithium atoms, the coordination
environment about the oxo group is approximately
trigonal bipyramidal, with atoms Li(2) and Li(3)

Table 1. Crystal data for 3 at —100°C

v = 2880(2) A3

Z=2

Mol. wt = 1004.37

ey = 1.158 gem ™3

Heale = 4.67 cm ™!

Size = 0.3 0.3 x 0.4 mm

Space group: P2,/n
a=10.616(3) A
b=18.189(4) A
c=149734) A

B = 95.06(2)°
a=7=90°

Diffractometer : Enraf-Nonius CAD4
Radiation : Mo-K;, 1 = 0.71073 A
Monochromator : graphite crystal, 26 = 12°
Scan range, type: 2.0 < 20 < 41.0°, w/0
Scan speed, width : 2-8° min—’,
Aw = 1.50(1.00+0.35 tan 6)’
Reflections : 3294, 2881 unique, 2084 with 7 > 2.58a(I)

R =0.037 Variables = 317
R, = 0.042 p factor = 0.020
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Fig. 2. Structure of 3 showing the cluster geometry. The carbon backbones of the Meacac groups
that connect O(12) to O(14) and O(22) to O(24) have been omitted for clarity, as have the carbon
atoms of the tmed ligands.

Fig. 3. Stereoview of the complete structure of 3.
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Table 2. Selected distances (A) and angles (°) for 3 with ESDs in parentheses

(A) The [MnOMe2] unit

Distances
Mn—C(1) 2.122(4) O0—Li(3) 1.869(7)
Mn—C(2) 2.041(5) 0—Li(4) 1.918(7)
Mn—C(3) 2.106(4) O—Li(5) 1.914(7)
Mn—O 1.912(3) C(1)---Li(3) 2.245(8)
O0—Li(2) 1.918(7) C(3)---Li(2) 2.355(8)
Angles
C(1)—-Mn—C(2) 88.1(2) Mn—O—Li(4) 119.9(2)
C(2—Mn—C(3) 88.2(2) Mn—O—Li(5) 132.6(2)
C(1)Mn—C(3) 149.0(2) Li(2—0—Li(3) 177.1(3)
C(1)>>Mn—0O 98.4(1) Li(2)}—O--Li(4) 79.2(3)
C(3—Mn—O 98.9(1) Li(2y—O—Li(5) 77.73)
C(2—Mn—0O 152.5(2) Li(3—0—Li(4) 102.2(3)
Mn—O—Li(2) 92.3(2) Li(3—0—Li(5) 99.4(3)
Mn—O—Li(3) 89.2(2) Li(4—O—Li(5) 103.8(3)
(B) The “LigO,” hexagonal prism®
Distances
Li(2—0(14) 1.953(7) Li(4—0(24) 1.958(7)
Li(2—0(24) 1.895(7) Li(5)—0(14) 1.942(7)
Li(4—0(14) 1.995(7) Li(5)—0(24) 2.027(7)
Angles
Li(2)y—O(14)—Li(4) 76.5(3) Li(5—0(24)—Li(1) 131.8(3)
Li(2)—O(14)—Li(5) 126.5(3) O0—Li(2)-—0(14) 102.9(3)
Li(4)—O(14)—Li(5) 80.0(3) O0—Li(2)—0(24) 105.6(3)
Li(2—0(24)—Li(4) 126.0(3) 0O(14)—Li(2)—0(24) 94.9(3)
Li(2—0(24)>—Li(5) 75.5(3) O—Li(4)—0(14) 101.3(3)
Li(4—0O(24)—Li(5) 78.9(3) 0—Li(4)—0(24) 119.2(4)
Li(2—0(14)—Li(1) 79.6(3) 0O(14)—Li(4)—0(24) 100.6(3)
Li(4y—O(14)—Li(1) 131.9(3) O—Li(5)—0(14) 119.0(4)
Li(5)—0O(14)—Li(1) 81.7(3) 0—Li(5)—0(24) 100.8(3)
Li(2—0O(24)—Li(1) 81.9(3) O(14)—Li(5)—0(24) 100.0(3)
Li(4)—0O24)—Li(1) 81.1(3)
(O) The Li;(Meacac), * tmed caps®
Distances
Li(1)—0(14) 2.014(7) Li(6)—0(12) 1.912(7)
Li(1)—0(24) 1.978(7) Li(6)—0(22) 1.941(7)
Li(1)>-0(12) 2.016(7) Li(6)—N(1) 2.153(8)
Li(1)—0(22) 2.098(7) Li(6)}—N(2) 2.177(8)
Li(3)—0(12) 1.938(7) C(12)—0(12) 1.343(5)
Li(3Y—0(22) 1.939(7) C(24y—0(24) 1.422(4)
Angles
0O(12)—Li(1)}—0(14) 95.7(3) Li(3)—O(12)—Li(6) 84.4(3)
0(22)—Li(1)—024) 95.4(3) Li(1)—0(22)—Li(3) 72.2(3)
O(12)—Li(1)—0(22) 77.4(3) Li(1)—0O(22)—Li(6) 86.0(3)
O(14)—Li(1)>—0(24) 90.4(3) Li(3)—0O(22)—Li(6) 83.6(3)
O(12)—Li(1)—0(24) 171.2(4) 0(12)—Li(6)—0(22) 83.8(3)
0(22)—Li(1)~-0(14) 166.8(4) O(12)—Li(6)}—N(1) 128.3(4)
O—Li(3)—0(12) 113.1(4) O(12)—Li(6)—N(2) 114.0(3)
O—Li(3—0(22) 108.5(4) 0O(22)—Li(6)—N(1) 117.7(4)
0O(12)—Li(3)}—0(22) 83.1(3) O(22)—Li(6)}—N(2) 134.7(4)
Li(1)—0(12)—Li(3) 74.1(3) N()»—Li(6)y—N(2) 84.7(3)
Li(1)—0(12)—Li(6) 89.2(3)

“Some pertinent distances and angles appear earlier in the table.
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occupying the axial positions. Although the chemi-
cal source of the oxo ligand has not been deter-
mined, it most likely arises from trace hydrolysis or
the presence of LiOH in the methyllithium stock
solution.

There are two short Li - - - C contacts that involve
the methyl groups on manganese. The C(1)—Li(3)
and C(3)—Li(2) distances of 2.25 and 2.36 A, respec-
tively, are well within the 2.60 A sum of the van der
Waals radius of a methyl group and the ionic radius
of a lithium atom.2* In fact, the Li—C distances
in methyllithium itself have been determined from
powder diffraction data to be 2.31 A within a tetra-
hedral unit and 2.36 A between tetrahedral units ;2°
more recent studies show that other alkyllithium
complexes have Li—C bond distances that are typ-
ically 2.23-2.27 A.?6-2% Furthermore, the calculated
H - -- Lidistances to the hydrogen atoms H(1b) and
H(1c) on carbon C(1) are rather short at 2.09 A.
Accordingly, the Li---HC interactions in 3 are
quite strong and undoubtedly influence the struc-
ture and stability of the [MnOMe?2~] unit.

The square-planar geometry about manganese
is very unusual, and only one other example has
been reported: the Mn™ dithiolato complex
[PPh,J[Mn(S,CcH;Me),].?° Although this species
and 3 are similar in that they both are high-spin
(S = 2), the dithiolato complex is not tetrahedrally
distorted and by contrast is essentially flat. Square-
planar geometries, while exceedingly rare for man-
ganese(I1I), are more commonly observed for iso-
electronic chromium(IT).3%3! The d* electronic con-
figuration half fills the four low-lying d-orbitals
characteristic of square-planar ligand arrays.

It is interesting to note that the four-coordinate
d* iron(IV) alkyl Fe(norbornyl), is not square-
planar but adopts a diamagnetic tetrahedral
geometry instead.3? In this case, the four d-electrons
exactly fill the E orbitals under tetrahedral
symmetry. The large ligand field splitting present in
Fe(norbornyl), is a consequence of the strong-field
nature of alkyl groups and the high oxidation state
of the iron centre. It is possible that the tetrahedral
distortion observed in the d* manganese oxo-alkyl
3 is also a consequence of a high ligand-field split-
ting ; presumably, if the ligand—field splitting were
only slightly larger, the [MnOMe2~] unit would be
tetrahedral and low-spin.

The “LigO¢” hexagonal prismatic core

Six lithium atoms, two oxo groups from the
[MnOMe3 "] units, and four oxygen atoms from the
OCMe=CHCMe,O diolate ligands (see below)
are connected together in the centre of the structure
to form a LisO4 hexagonal prismatic core (Fig.
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2). The hexagonal faces are not exactly planar but
instead adopt chair conformations.

The Li—O distances within the hexagonal prism
are reasonably regular ; they vary from 1.87 to 2.03
A and average 1.94 A. The four Li—O distances
involving the oxo ligand appear to be slightly
shorter at 1.90 A than the remaining six Li—O
distances, which average 1.96 A. This difference, if
real, probably reflects a partial negative charge on
the Mn—O oxygen atom that is higher than the
charge on the ene-diolate oxygens. Lithium—oxygen
distances in [LiL]] species, where L is a Lewis base
such as OPPh; or tetrahydrofuran, are typically
1.97 A, whereas in Li,O the distance is 2.00 A.?3

All of the lithium centres in the LisO4 core are
bonded to three oxygen atoms to give pyramidal
coordination geometries. The O—Li—O angles vary
from 94.9(3) to 119.2(4)° and average 104.9°. In
addition, Li(2) interacts with methyl group C(3) as
described above to give a roughly tetrahedral O;C
environment. The ene-diolate oxygen atoms that
form the Li4Og¢ core all possess square-pyramidal
geometries, with “cis” and “trans” Li—O—Li
angles across the square base that average 79.4 and
129.0°, respectively.

The Li(Meacac),* tmed caps

Capping each hexagonal face of the hexagonal
bipyramid is a tri-lithium unit in which the three
lithium atoms adopt very different coordination
geometries (Fig. 3). One of these lithium sites, Li(3),
is bonded to three oxygen atoms in a pyramidal
arrangement, and is also interacting with methyl
group C(1) on manganese. As for Li(2) discussed
above, this Li-- - C interaction completes a tetra-
hedral O;C coordination environment. A second
lithium site, Li(6), possesses a tetrahedral O,N,
coordination environment ; the Li—N distances to
the bound tmed ligand average 2.17 A.

The third lithium atom, Li(1), adopts an unusual
square-planar geometry. It is surrounded by two
chelating diolate ligands with relatively long
Li—O distances that average 2.03 A. The cis and
trans O—Li—O angles average 89.7 and 169.0°,
respectively. Square-planar lithium centres are rare
but have been observed in Li(acac), which adopts a
structure with square-planar [Li(acac); ] anions and
tetrahedral Li* cations.3*

The 4-methyl-2-penten-2,4-diolate (Meacac)
ligands that chelate the square-planar lithium
centres have localized C—C double bonds of 1.338
A [C(12)—C(13) and C(22)—C(23)] in the carbon
backbone ; the remaining C—C bond lengths are
all between 1.50 and 1.53 A. The C—O single bond
distances are, however, significantly different: the
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C(sp)—O bonds average 1.344 A while the
C(sp*)—O bonds average 1.438 A. It has been noted
that single bonds adjacent to multiple bonds tend
to be 0.03 A shorter than single bonds in saturated
compounds,’® but this effect is not sufficient to
account for the observed 0.09 A difference. Instead,
there must be some pastial double-bond character
to the C(sp?>)—O bond as indicated by the res-
onance structures in Scheme 1.

The Meacac ligands arise from the C-alkylation
of 2,4-pentanedionate anions at a carbonyl carbon.
This contrasts sharply with the well-known regio-
chemistry of the C-alkylation of pentanedionate
anions with alkyl halides (R*); these reactions
occur exclusively at the methine carbon atom.?*
Whereas addition of alkyllithium and related
reagents to carbonyl functionalities (ketones, esters,
etc.)is a fundamental carbon—carbon bond-forming
reaction, nucleophilic attack of R~ on pentane-
dionate anions is rare as expected from charge
considerations. The only example of such a trans-
formation in the literature is the reaction between
AlMe,(acac) and AlMe,, which yields a bridging 4-
methyl-2-penten-2,4-diolate ligand :*"-*®

Me,Al(acac)+ AlMe,
— Me,Al-OCMe—=CHCMe,0—AlMe,.

The Li(1) - Li(3) separation in the tri-lithium
caps of 2.38(1) A is the shortest such distance in
the entire structure, although the Li(2) - - - Li(5) and
Li(2) - - - Li(4) contacts within the hexagonal prism
of 2.40(1) and 2.44(1) A, respectively, are only
slightly longer. We do not consider that these dis-
tances are short enough to be chemically sig-
nificant; for comparison, the Li---Li separa-
tions in alkyllithium species are typically 2.45-
2.60 A.25-28 Recently, Li - - - Li separations as short
as 2.20(1) A have been reported,* although the
high unweighted R-factor (13.5%) combined with
the relatively poor X-ray scattering power of lithium
suggest that the reported uncertainty in this distance
is underestimated significantly. In any case, the
Li-- - Li separations in 3 are largely dictated by the
distances and angles to the oxygen atoms to which
they are attached.
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CONCLUSIONS

The reaction of Mn(acac); with five equiv. of
methyllithium has produced the first manganese
oxo-alkyl species [MnOMe3 ], which in addition is
only the third s-organomanganese(III) compound
of any kind. The coordination geometry around the
manganese centre is best described as a square-
planar array which exhibits a slight tetrahedral dis-
tortion. The [MnOMe?™] unit is part of an unusual
Li—O cluster whose framework consists of 12 lith-
ium and 10 oxygen atoms. Four 4-methyl-2-pen-
ten-2,4-diolate (Meacac) dianions are present that
are the result of methylation of 2,4-pentanedionate
anions at a carbonyl carbon. The main feature of
the Li—O cluster array is a Li,O4 hexagonal pris-
matic core which is capped on each hexagonal face
by Lis(Meacac), - tmed groups. The most interesting
of the lithium atom environments in these caps is
a square-planar coordination geometry formed by
two chelating Meacac dianions.

The isolation of the present compound adds to
the small but growing class of high-valent manga-
nese alkyl complexes.'®1%*® The existence of these
species suggests that while the high-valent manga-
nese species studied to date invariably react with
organic substrates via electron transfer, i.e. radical
pathways,*' ¢ there is a significant chemistry of
organic groups bound directly to a tri- or tetra-

valent manganese centre.

EXPERIMENTAL

All operations were carried out in vacuum or
under argon. Diethyl ether was distilled under nitro-
gen from sodium-benzophenone immediately
before use. Tris(2,4-pentanedionato)manganese(I1l),
Mn(acac),, was prepared by a literature route.*’
Methyllithium (Aldrich) was filtered before use, and
N,N,N’,N’-tetramethylethylenediamine (Aldrich)
was distilled from sodium.

Microanalyses were performed by Mr Josef
Nemeth and Mr Thomas McCarthy of the Uni-
versity of Illinois Microanalytical Laboratory. The
IR spectra were recorded on a Perkin—Elmer 599B
IR spectrometer as Nujol mulls. The 'H NMR data
were obtained on a General Electric QE-300 spec-
trometer at 300 MHz. The X-band EPR experi-
ments were performed on a Varian E-9 instrument
using frozen toluene solutions at —196°C. Mag-
netic moments were determined by a modification
of Evans’ method.*® Melting points were measured
on a Thomas—Hoover Unimelt apparatus in closed
capillaries under argon.
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{Liz[MnOMC3] -2Li z(OCMe:—CHCMCZO) * tmed} 2

To a cold (0°C) suspension of Mn(acac); (0.57 g,

1.6 mmol) in diethyl ether (50 cm*) was added methyl-
lithium (5.1 cm?® of a 1.63 M solution in diethyl
ether, 8.3 mmol) dropwise over 10 min. The solu-
tion turned yellow initially and then orange upon
compietion of the addition. After being stirred for
20 min, the mixture was warmed to room tem-
perature and stirred for 2 h to give a dark
orange-red solution and a small amount of off-
white precipitate. To the twice-filtered orange-red
solution was added N,N,N’,N’-tetramethylethyl-
enediamine (0.96 g, 8.3 mmol), which caused the

Taa43 ta Lo Aawl A 1 ) ©
solution to become darker red. Cooling to —20

gave dark red prisms. Two additional crops were
obtained from the supernatant. (Note: the yield of
this procedure varies and is apparently dependent
on the amount of hydroxide impurity present dur-

ing the synthesis.) Yield: 0.28 g (35%). M.p.
165°C(dec.). Magnetic moment (toluene, 25°C): 4.9

1~ ner Mn
Us per Mn,

IR(cm™'): 2789m, 1609s, 1367s, 1349s, 1291w,
1229m, 1219m, 1160s, 1131w, 1038w, 1021w, 972m,
949s, 899w, 819w, 799w, 743m, 644m, 619m, 569s,
539s, 501s, 464s, 429s.

Crystallographic studies*®

Single crystals of the complex, grown from
diethyl ether, were sealed in thin-walled glass
capillaries under argon. Preliminary photographs
yielded rough cell dimensions, and a suitable crystal
was transferred to the diffractometer. Standard

peak search and automatic indexing procedures,
followed by least-squares refinement using 25

reflections ylelded the cell dimensions given in
Table 1.

Data were collected in one quadrant of reciprocal
space (4, +k, —1) using measurement parameters
listed in Table 1. The crystal was loose in the
capillary, and recentring was performed after
nearly every orientation test (400 reflections/test).
However, no other problems were encountered dur-
ing data collection and there was no change in the
appearance of the sample during the experiment.
Systematic absences for h0l, h+1+# 2n and 0kO0,

k # 2nwere consistent only with space group P2,/n.

The measured intensities were reduced to structure
factor amplitudes and their ESDs by correction for
background, scan speed, and Lorentz and pola-
rization effects. While corrections for crystal decay
were unmnecessary, absorption corrections were
applied, and the maximum and minimum trans-
mission factors were 0.881 and 0.818. Sys-
tematically absent reflections were deleted, and
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symmetry equivalent reflections were averaged to
yield the set of unique data. Only those data with
I> 2.580(I) were used in the least-squares refine-
ment.

The structure was solved using direct methods by

42l SRl Qo SLIVOE Lalllp LAUISS methods LY

Patterson (SHELX-86) and weighted difference
Fourier methods. The positions of the manganese
atoms were deduced from a vector map, and a
partial structure expansion gave positions for
the carbon and oxygen atoms adjacent to manga-
nese. Subsequent least-squares difference Fourier
calculations revealed positions for the remaining
non-hydrogen atoms. The quantity minimized by
the least-squares program was X w(|F,|—|F))?
where w = 1.33/(6(F,)*+(pF,)?). The analytical
approximations to the scattering factors were used,

and all ofrnnh"-n fantarg were r\nrrnnfnr‘ Fnr l'\r\fh
@aiivg ull Ll U AW LAWLVID VY

the real and imaginary components of anomalous
dispersion. In the final cycle of least-squares, all
non-hydrogen atoms were independently refined
with anisotropic thermal coefficients, and a group
isotropic thermal parameter was varied for the
hydrogen atoms, which were fixed in “idealized”
positions with C—H =0.95 A. Successful con-
vergence was indicated by the maximum shift/error
of 0.007 in the last cycle. Final refinement par-
ameters are given in Table 1. The final difference
Fourier map had no significant features. A final
analysis of variance between observed and cal-
culated structure factors showed a slight depen-
dence on sin 6.
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