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Two .products, Mn,(CO),(PMe,Ph)[u-n?-r?-MeO,C(H)CCC-
(H)CO,Me] (1) in 9% yield and Mn,(CO)e(PMe,Ph)[p-n3-n?-
MeO,CC{H)CCH)CO,Me] (2) in 34 % yield, were obtained
from the reaction of Mn,(CO)g(PMe,Ph)(MeCN) with
MeO,C(H)C=C=C(H)CO;Me. Compound 1 contains a bridg-
ing n2-n?-Me0,C(H)CCC(H)CO,Me allene ligand and com-
pound 2 contains a bridging n3-n*-MeO,C(H}CCC(H)-
CO;Me allene ligand in which the oxygen atom of one of
the carbonyl groups is also coordinated. Compound 1 slowly

converts to 2, which establishes that it is a precursor to 2.
Compound 2 reacts with NEtH, to give the mononuclear
manganese complex fac-Mn{CO);(PMe,Ph)[MeO,CCH,-
C=C(H)CO,Me] (3) in 96% vyield. Compound 3 contains a
chelating 1,3-di(methoxycarbonyl)propenyl grouping formed
by addition of a hydrogen atom to the allene and the loss of
a manganese grouping. Compounds 1—3 were characterized
by single crystal x-ray diffraction methods,

Introduction

Studies of the coordination chemistry of allenes have
shown that they may bridge pairs of metal atoms in four
different ways. There are two p-n2-n? forms: a C, form Al
and symmetric C,, form BY, one p-m'-n® form CP! that
has C, symmetry, and a p-n'-n! form D with C; symmetry
that was found for a mixed-metal complex. Substituted
bridging allenes generally assume one of these basic forms
although distortions will be introduced by the effects of

the substitutentsl.
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Allene has been shown to coordinate to My{CO)g group-
ings, M = Mn and Re, in the p-n-n? form Al*~ How-
ever, we have recently shown that the substituted allene
MeQ,C(H)C=C=C(H)CO,Me adopts the p-n*-n' form C
when it is coordinated to the Re,(CO)4(PMe,Ph) grouping
and the carbonyl group of one of carboxylate substitutents
is also coordinated to one of the metal atoms!®.

1,3-Disubstituted allenes are of synthetic interest because
of their intrinsic chirality and potential to form stereogenic
centers in reaction products!’). In further studies of our in-
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vestigations of the coordination of of chiral allenes to dinu-
clear metal centers, we have investigated the reactions of
MeO,C(H)C=C=C(H)CO,Me with Mn,(CO)s(PMe,Ph)-
(NCMe). Details of this study are reported here,

Results

Our efforts to obtain dimanganese complexes from reac-
tions of MeOQ,C(H)C=C=C(H)CO,Me with Mn,(CO),-
{(NCMe) were unsuccessful. On the other hand, two prod-
ucts, red Mn,(CO);(PMe,Ph)[u-112-n2-MeO,C(H)CCC(H)-
CO,Me] (1) in 9% yield and orange Mn,(CO)g(PMe,Ph)-
[u-n3-n!1-MeQ,CC(H)CC(H)CO,Me] (2) in 34% yield, were
obtained from the reaction of the phosphine derivative
Mn,(CO)(PMe,Ph)Y(NCMe) (prepared in situ) with Me-
0,C(H)C=C=C(H)CO,Me at 25°C in hexane solvent over
30 h. Both products were characterized by a combination of
IR, 'H-NMR, elemental and single-crystal x-ray diffraction
analyses. ORTEP drawings of the molecular structures of 1
and 2 are shown in Figures 1 and 2, respectively.

Compound 1 contains two mutually bonded manganese
atoms with a bridging 12-1>-MeQ,C(H)CCC(H)CO,Me
allene ligand. The Mn—Mn distance is slightly longer
than that found for Mny(CO)s(p-n*n>*H,CCCH,) (4)
[Mn—Mn = 2.848(2) A for 1 vs. 2.799(1) Al'9) for 4], but
slightly shorter than that of Mns(CO);q (5) [2.9038(6) Al®]
and Mn,(CO)o(PMe,Ph) (6) [2.9041], which do not have
bridging ligands. The increase of the Mn—Mn bond length
relative to 4 may be due to removal of electron density from
the region of the metal—metal bond by the CO,Me groups.
The effect of the phosphine on the metal—metal bond dis-
tance is expected to be small since the Mn—Mn distances
in 5 and 6 are virtually the same. The Mn—C distances to
the terminal carbon atoms of the allene in 1 are slightly
longer than those in 4: Mn(1)—-C(3) = 2.212(7) A and
0009~
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Figure 1. An ORTEP diagram of Mn,(CO);(PMe,Ph)[u-n2-mn3-
MeQO,C(H)CCC(H)YCO,Me] (1) showing 40% probability thermal
ellipsoids. Selected interatomic distances (A) and angles (°) are:
Mn(1)~Mn(2) = 2.848(2), Mn(1)-C(1) = 2.021(7), Mn(l)—
C(3) = 2.212(7), Mn(2)-C(1) = 1.980(7), Mn(2)—C(2) = 2.214(7),
Mn(2)—P = 2.290(2), C(1)-C(2) = 1.397(9), C(1)-C(3) =
1.387(9), C(2)—C@4) = 1.49(1), C(4)—0O(1) = 1.209(8), C(5)—
136.4(7), C(1)-Mn(2)-P =
166.80(7).

0(3) ="1.193(7); C(2)—C(1)—C(3) =
130.5(2). Mn(1)~Mn(2)—P =

Figure 2. An ORTEP diagram of Mny(CO)s(PMe,Ph)[p-n3-n}-
MeO,C(H)CCC(H)CO,Me] (2) showing 405 probability thermal
ellipsoids. Selected interatomic distances (A) and angles (°) are:
Mn(1)-Mn(2) = 2.834(1), Mn(2)—-0O(1) = 2.060(3), Mn(l)—
C(1) = 1.972(5), Mn(1)-C(2) = 2. 172(5) Mn(1)-C(3) = 2. 215(6)
Mn(2)-C(1) = 2.019(5), Mn(2)—P = 2.334(2), C(1)-C(2) =

1.429(6), C(1)—C(3) = 1.403(6), C(2)—C(4) = 1.440(7), C(4)—
O(1) = 1.248(6), C(5)—0(3) = 1.194(6), Mn(1)—C(21) = 2.599(6);
C2)—-C(1)—C(3) = 120.3(5), C(1)~Mn(2)—P = 81.4(1), Mn(1)—

Mn(2)—P = 125.41(7), Mn(2)-C1)=0Q21) = 163 3(5).
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Mn(2)—C(2) = 2.214(7) A vs. 2.184(3) and 2.193(3) A. This
too is probably due to the electron-withdrawing effects of
the CO,Me groups. The Mn—C distances to the central car-
bon of the allene ligand are similar to those in 4.
Mn(1)—C(1) = 2.021(7) A and Mn(2)—C(1) = 1.980(7) A
vs. 2.027(3) A and 2. 025(3) A Mn(1) contains four linear
terminal carbonyl ligands whereas Mn(2) has three terminal
carbonyl ligands and the PMe,Ph ligand. The PMe,Ph li-
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gand lies approximately trans to the metal—metal bond:
Mn(1)—Mn(2)—-P = 166.80(7)°.

As expected the 'H-NMR spectrum shows two reso-
nances for the allene protons, & = 4.58 and 4.49 (1 H), and
two for the CO,Me groups, 6 = 3.67 and 3.57 (3 H). The
complex has no symmetry, thus the methyl groups on the
phosphine ligand are inequivalent and two resonances are
observed: 1.99 (d, 3H, */p.y = 9.0 Hz), 1.78 (d, 3 H,
3JP-H =93 HZ)

Compound 2 contains two mutually bonded manganese
atoms with a bridging n*-n!-MeQ,CC(H)CC(H)CQ,Me al-
lene ligand. The Mn—Mn distance is slightly shorter than
that found for 1: Mn—Mn = 2.834(1) A. The metal —metal
bond in 2 is formally a heteropolar (donor—acceptor)
bond, see below. The allene ligand is 1°- or n-bonded to
Mn(1) and n'- or o-bonded to Mn(2). Compound 2 has
one less CO ligand than 1. To compensate for the loss of
the CO ligand, the oxygen atom of the carbonyl of one car-
boxylate groups is coordinated to Mn(2): Mn(2)—0(1) =
2.060(3) A. The C—0O bond length of this carbonyl group
is significantly longer than that of the uncoordinated one:
C(4)—0(1) = 1.248(6) A vs. C(5)—0(3) = 1.194(6) A. This
implies that the C—O bond is weakened, and in accord with
this a low-energy absorption was observed in the IR spec-
trum at 1570 cm™!. An absorption at 1710 ¢cm—1 is as-
signed to the C--Q stretching frequency of the uncoordi-
nated CO group. Compound 2 is isostructural and iso-
morphous to the compound fac-Re,(CO)s(PMe,Ph)[pu-17-
n-MeO,C(H)CCC(H)CO,Me] (7) that we recently ob-
tained from the reaction of Re,(CQ)z(PMe,Ph)(NCMe)
with MeQ,C(H)C=C=C(H)CO,Melfl. A second product,
mer-Re,(CO)s(PMe,Ph)[p-13-n!-MeO,C(H)YCCC(H)CO,-
Me] (8), was also obtained from that reaction. Compounds
7 and 8 differ in stereochemistry at the phosphine-substi-
tuted metal atom, and 7 is slowly transformed into 8 at
room temperature. The manganese homolog of 7 was not
observed in this reaction.
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Mn(1l) contains three linear terminal carbonyl ligands
while Mn(2) has three terminal carbonyl ligands, the
PMe,Ph ligand and the oxygen atom of the coordinated
CO,Me group. The PMe,Ph ligand is no longer frans to the
metal—metal bond: Mn(1)—Mn(2)-P = 12541(7)°. As-
suming that the allene ligand donates one electron to Mn(2)
and three electrons to Mn(1), then Mn(2) has 18 electrons
and Mn(1) has 16 electrons in the absence of a metal—metal
bond. Accordingly, Mn(2) donates two electrons to Mn(1)
to form a donor—acceptor Mn(2)—»Mn(1) metal—metal
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bond. Several years ago Cotton suggested that the forma-
tion of such heteropolar metal—metal bonds often results
in the formation of semibridging carbonyl ligands!'%. In-
deed, a weak semi-bridging carbonyl ligand is found on
Mn(2) in 2. This is C(21)-0(21): Mn(2)-C(21)-0(21) =
163.3(5)° and Mn(1)---C(21) = 2.599(6) A. As expected
the "H-NMR spectrum of 2 shows two resonances for the
allene protons [§ = 4.95 (1 H) and § = 4.40 (1 H)] and two
for the CO,Me groups [8 = 3.66 (s, 3 H, OCHj;) and & =
3.23 (3 H). This complex also has no symmetry: two reso-
nances were observed for the methyl groups on the phos-
phine ligand [2.06 (d, 3 H, 3/p.y = 9.4 Hz) and 1.98 (d, 3 H,
3Jp.y = 9.4 Hz)]. Compound 1 is slowly decarbonylated at
50°C to 2. The yield is essentially 100% after 20 h.

In our previous studies we found that compound 8 reacts
with water to yield a mononuclear rhenium compound, fac-
Re(CO)3(PMe,Ph)[MeO,CCH,CC(H)CO,Me] (9), in 46%
yield®l. An isomer of 9, mer-Re(CO)s;(PMe,Ph)[MeO,-
CCH,CC(H)CO,Me} (10), was obtained from the reaction
of Rex(CO)(PMe,Ph)(NCMe) with MeO,C(H)C=C=
C(H)CO;Me and was characterized structurally. For com-
parison, we investigated a similar reaction in this study, 2
plus NEtH,, and observed a similar result. The reaction of
2 with NEtH, in a 1:10 ratio at 25°C for 8 h produced the
new compound, fac-Mn(CO);(PMe,Ph)[MeO,CCH,C=C-
(H)CO,;Me] (3), in 96% yield. Compound 3 was charac-
terized crystallographically and an ORTEP diagram of its
molecular structure is shown in Figure 3. Compound 3 is a
six-coordinate complex. Three of the ligands are CO groups
and these are arranged in a fac-form. There is a bidentate
1,3-di(methoxycarbonyl)propenyl group MeO,CCH,C=C-
(H)CO,Me that is coordinated through the alkenyl carbon
C(1) and the carbonyl oxygen atom O(1), Mn—0O(1) =
2.088(3), Mn—C(1) = 2.033(4). The alkenyl bond is double:
C(1)—C(2) = 1.345(6) A. The coordinated carbonyl group
exhibits some bond elongation [C(4)—0O(1) = 1.253(5) A]
relative to the uncoordinated carbonyl group [C(5)—O0(3) =
1.184(7) A], and the presence of a weakened C=0 grouping
is tevealed by a low-frequency absorption in the IR spec-
trum: 1592 em™~! for the coordinated carbonyl group and
1742 cm™! for the uncoordinated CO group.
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Discussion

A summary of the reactions reported here is given in
Scheme 1. Two complexes 1 and 2 containing a n-bonded
MeO,C(H)CCC(H)CO,Me ligand were obtained from the
reaction of Mn,(CO)g(PMe,Ph)(MeCN) with MeO,C(H)-
C=C=C(H)CO,Me. Compound 1 contains a bridging n?-
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Figure 3. An ORTEP diagram of fac-Re(CO)s(PMe,Ph)[C(CH,-
CO;Me)=C(H)CO,Me] (3) showing 40% probability thermal ellip-
soids. Selected interatomic distances (A) and angles (°) are:
Mn-O(1) = 2.088(3), Mn—P = 2.325(1), Mn—C(1) = 2.033(4),
C(DH-C(2) = 1.345(6), C(2)—C(4) = 1.424(6), C(1)-C(3) =
1.520(6), C4)—O(1) = 1.253(5), C(5—-03) = 1.184(7);
P—Mn-—C(1) = 88.7(1), Mn(1)—C(1)—C(3) = 127.5(3).
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N%-MeO,C(H)CCC(H)CO,Me allene ligand and compound
2 contains a bridging n°-n'-MeO,C(H)CCC(H)CO,Me al-
lene ligand in which the oxygen atom of one of the carbonyl
groups is also coordinated. Compound 1 slowly loses CO
at 50°C and is converted into 2. This appears to be the first
example of the transformation of an n2-nZ-allene ligand
into an n°-n'-coordinated allene ligand. However, this does
not necessarily establish that the n-n!-form is intrinsically
more stable than the m2-rn?-form, because the carbonyl
group is also coordinated in compound 2 and that will con-
tribute to the stabilization of complex.
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The reaction of 2 with ethylamine yields the mononuclear
manganese complex 3 containing a chelating 1,3-di(meth-
oxycarbonyl)propenyl grouping by addition of a hydrogen
atom to the allene and the loss of a manganese grouping.
The presence of the PMe,Ph ligand in complex 3 strongly
suggests that it was the manganese atom that was m3-
bonded to the allene ligand that was eliminated; however,
the fates of the eliminated manganese group and the re-
mainder of the amine molecule have not been established.

This research was supported by the Office of Basic Energy Sci-
ences of the U. S. Dept. of Energy. We thank Professor Thomas
Bryson for providing us with a sample of MeO,C(H)C=C=C-
(H)CO;Me.

Experimental

General: Unless specified otherwise, all reactions were carried
out under an atmosphere of nitrogen. All solvents were appropri-
ately dried and degassed prior to use. Dimethylphenylphosphine
and NEtH, (70 wt.%) were purchased from Aldrich. — TLC sepa-
rations were performed in air by using silica gel (60 A, Fis4) on
plates (Whatman, 0.25 mm). — IR spectra were recorded on a Nic-
olet SDXBO FT-IR spectrophotometer. — 'H-NMR spectra were
taken at 400 MHz on a Bruker AM-400 spectrometer. ~ Elemental
analyses were performed by Desert Analytics, Tucson, AZ.
Mn,(CO)o(PMe,Ph)I and  MeQ,C(H)C=C=C(H)CO,Me['
were prepared by literature methods.

Reaction of Mny(COjof PMe,Ph)(NCMe) with MeO,C(H)-
C=C=C{H)CO,Me: Mn,(CO)g(PMe,Ph)(MeCN) was prepared
in situ by the reaction of Mny(CO)y(PMe,Ph) with Me;NO in the
presence of NCMe!'3, Me;NO (36 mg, 0.48 mmol) was added to
a solution of Mn,(CO)e(PMe;Ph) (200 mg, 0.40 mmol) in 75 ml of
NCMe in a 200-ml three-neck flask. The solution was stirred at
room temperature for 1 h. The solvent was removed under vacuum,
and 100 ml of hexane was added to the flask. MeO,CC(H)CC(H)-
CO,Me (180.0 pl, 1.14 mmol) was then added via a syringe. This
mixture was then stirred at 25°C for 30 h. After the solvent was
removed in vacuo, the residue was separated on a silica-gel column.
This yielded, in order of elution: 24.7 mg of unreacted
Mn,(CO)y(PMe,Ph) (eluted with a 5:1 hexane/CH,Cl, solvent
mixture); 77.6 mg of orange Mny(CO)(PMe,Ph)[p-n-n'-Me-
0,C(HYCCC(H)CO;Me] (2) in 34% yield (eluted with 1:2 hexane/
CH,Cl, solvent mixture); and 22.3 mg of red Mny(CO);-
(PMe,Ph)[p-n>-n2-MeO,C(H)CCC(H)CO-Me] (1) in 9% yield
(¢luted with THF solvent). — Spectral data for 1: IR (hexane,
cm™ ') ¥, = 2076 (s), 2016 (m), 2005 (s), 1998 (s), 1976 (s), 1953
(m), 1949 (m), 1725 (w, br.), 1704 (w, br.). — 'H NMR (CDCl,):
§ = 7.47 (m, 5H, C¢H;), 4.58 (s, 1 H, CH), 4.49 (s, | H, CH), 3.67
(s, 3H, OCH3), 3.57 (s, 3H, OCH,), 1.99 (d, *Jp.y = 9.0 Hz, 3 H,
PCHj;), 1.78 (d, *Jp.y = 9.0 Hz, 3H, PCH;). — Anal. caled.
(found): C, 44.02 (44.58); H, 2.92 (3.19). — Spectral data for 2: IR
(hexane, cm™'): ¥, = 2040 (s), 2012 (m), 2004 (s), 1958 (s), 1953
(s), 1936 (m), 1914 (m), 1710 (w, br.), 1570 (w, br.). — '"H NMR
(CDCl;): 6 = 7.42 (m, SH, C4Hs), 4.95 (s, L H, CH), 4.40 (s, 1H,
CH), 3.66 (s, 3H, OCHa), 3.23 (s, 3H, OCHa), 2.06 (d, *Jp.y = 9.4
Hz, 3H, PCH;), 1.98 (d, *Jp.y = 9.4 Hz, 3H, PCH;). — Anal.
caled. (found): C, 44.08 (44.35); H, 3.37 (3.34).

Transformation of 1 to 2: Compound 1 (5.0 mg) and 0.6 ml of
CDCl; were placed in a 5-mm NMR tube, The tube was placed in
a 50°C oil bath. The transformation was monitored by "H-NMR
spectroscopy. Compound 1 was slowly transformed to 2. The trans-
formation was complete in 20h,
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Reaction 2 with NEtH,: Compound 2 (40.0 mg, 0.070 mmol) was
dissolved in 40 ml of hexane. To this solution was added 56.4 pl
(0.70 mmol) of NEtH,. The mixture was stirred at room tempera-
ture for 8 h. After the solvent was removed via rotary evaporation,
the residue was separated by TLC using a 2:1 hexane/CH,Cl, sol-
vent mixture. This yielded 29.0 mg of pale yellow fac-Mn(CO);-
(PMe,Ph)[MeO,CCH,CC(H)CO,Me] (3) in 96% yield. Spectral
data for 3: IR (hexane, cm™1); ¥, = 2017 (s), 1942 (s), 1897 (s),
1742 (w, br.), 1592 (w, br.). — "H NMR (CDCl,): § = 7.34~7.29
(m, 5H, C¢Hs), 6.16 (s, 1 H, CH), 3.83 (dd, 2Jys = 15.3 Hz, 2 H,
CH.), 3.70 (s, 3H, OCHa), 3.31 (s, 3H, OCH3), 1.66 (d, 3Jpu =
7.8 Hz, 3H, PCH3), 1.60 (d, 3Jp.y = 7.8 Hz, 3H, PCH3). — Anal.
caled. (found): C, 49.79 (49.84); H, 4.64 (4.49).

- Crystallographic Analyses: Crystals of 1 suitable for x-ray diffrac-
tion analysis were obtained by slow evaporation of a solution in a
hexane/EL,O 2:1 solvent mixture at —20°C. Crystals of 2 suitable
for x-ray diffraction analysis were obtained from slow evaporation
of solvent from a solution in a hexane/Et,O 1:1 solvent mixture at
—14°C. Crystals of 3 suitable for x-ray diffraction analysis were
obtained by slow evaporation of a solution in a hexane/Et,0 1:2
solvent mixture at —14°C. The crystals used in intensity measure-
ments were mounted in thin-walled glass capillaries. Diffraction
measurements were made on a Rigaku AFC6S fully automated
four-circle diffractometer using graphite-monochromated Mo-K,
radiation. The unit cells were determined and refined from 15 ran-
domly selected reflections obtained by using the AFC6S automatic
search, center, index, and least-squares routines. Crystal data, data
collection parameters, and results of these analyses are listed in
Table 1. All data processing was performed on a Silicon Graphics
Indigo2 computer by using the TEXSAN structure-solving pro-
gram library obtained from the Molecular Structure Corp., The
Woodlands, TX. Neutral-atom-scattering factors were calculated
by the standard procedures('#3, Anomalous dispersion corrections
were applied to all non-hydrogen atoms**l. Lorentz-polarization
(Lp) and absorption corrections were applied in each analysis.
Full matrix least-squares refinements minimized the function:
Zpaw (|Fo|—|F))?, where w = l/o(F)?, o(F) = o(F2)/2F, and
o(F2) = [6(law)® + (0.02 - L)?]V*/Lp. The scattering contribu-
tions of all calculated hydrogen atom positions were added to the
structure factor calculations, but their positions were not refined.

Compound 1 crystallized in the monoclinic crystal system. The
patterns of systematic absences observed during the collection of
intensity data identified the space group uniquely as P2y/n. The
structure was solved by a combination of direct methods
(MITHRIL) and difference Fourier syntheses. All non-hydrogen
atoms were refined with anisotropic thermal parameters. The hy-
drogen atoms H(2) and H(3) on the allene ligand were located and
refined with isotropic thermal parameters. The positions of all
other hydrogen atoms were calculated by assuming idealized geo-
metries with all C—H distances at 0.95 A.

Compound 2 crystallized in the orthorhombic crystal system.,
The patterns of systematic absences in the data were consistent
uniquely with the space group Pbca. The structure was solved by a
combination of direct methods (MITHRIL) and difference Fourier
syntheses. All non-hydrogen atoms were refined with anisotropic
thermal parameters. The hydrogen atoms H(2) and H(3) on the
allene ligand were located and refined with isotropic thermal para-
meters. The positions of all other hydrogen atoms were calculated
by assuming idealized geometries with all C—H distances at 0.95 A.

Compound 3 crystallized in the triclinic crystal system. The
space group P1 was assumed and confirmed by the successful solu-
tion and refinement of the structure. The structure was solved by a

Chem. Ber. 1996, 129, 14471451
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Table 1. Crystal data for compounds 1—3

Compound 1 2 3
Formula Mn2PO11C22H4g Mn2PO1pC21H1g MnPO7C15H20
Formula wt. 800.24 572.22 434.26
Crystal system monocfinic orthorhombic triclinic
Lattice parameters:

a(A) 8.262(1) 17.333(3) 9.244(2)
b (A) 34.423(8) 27.898(3) 15.363(3)
c(A) 9.492(1) 10.418(2) 8.036(2)
o (%) 90.00 90.00 102.10(2)
B (") 105.82(1) 90.00 110.97(2)
¥ (") 90.00 90.00 95.53(2)
v (A3) 2597.3(8) 5037.8(11) 1023.5(5)
Space group P24/n (#14) Pbca (#61) p1 (#2)
Z value 4 8 2
Pealc (g/cm3) 1.54 1.51 1.41
H(Mo-Kg) {cm-1) 10.89 11.16 7.57
Temperature (°C) 20 20 20
20max (%) 43 43 45
No. Obs. (/ > 30) 1747 1852 2349
No. Variables 333 316 296
Goodness of fit GOF 1.48 1.61 3.97
Max shift/error 0.01 0.01 0.02
Residuals: R Ry 0.039; 0.034 0.034; 0.032 0.046; 0.057
Abs. corr. difabs difabs empirical
Trans. coeff, max/min 1.00/0.71 1.00/0.65 1.00/0.77
Largest pk in final diff. 0.22 0.21 0.89

map (e-/A3)

R 2= thl(”Fulbsl‘lz_ IFcalcll)/zz:hk[(lFobsl); Rw = [leklw(
Fcalc) ZIEthWFobs ] » 111; = llo (Fobs); GOF = [Elxkl(w(
Feae N (i — vard)] 2,

ry obs
F obs

combination of direct methods (MITHRIL) and difference Fourier
syntheses. All non-hydrogen atoms were refined with anisotropic
thermal parameters. The hydrogen atom H(2) was located and re-
fined with an isotropic thermal parameter. The positions of all
other hydrogen atoms were calculated by assuming idealized geo-
metries with all C—H distances at 0.95 AL,
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