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Multiple Bonds Between Main Group Elements and Transition Metals. 151L
Trioxorhenium(VIl) Alkoxide Complexes
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The reaction of MgSIOReQ with trimethylsilyl ethers MgSiOR (R= Me, CMe&CMe,OMe, CMeCMe,OH,
CMeCMe,0SiMey) yields the trioxorhenium(VIl) alkoxide complexes [RgOMe)(MeOH)} (1), ReQ(OCMer-
CMe,OMe) (2), ReGy(OCMe,CMe,0OH) (3), and the glycolate complex (M8iO)ReQ(OCMeCMe0) (4),
respectively. The alkoxidek—4 have fluxional structures at room temperature in solution o fBeNMR time
scale. The trigonal bipyramidal structure &fin the crystal, is static in solution only at90 °C. The protic
hydrogen of 3 can be abstracted by lithium 2,2,6,6-tetramethylpiperidinate to give the ionic comple
Li[ReO3(OCMeCMe0)] (5). [ReOs(OMe)(MeOH)L (1) crystallizes from dichloromethane in the space group
P1 with unit cell dimensions = 6.276(3) A,b = 6.720(3) A,c = 8.005(4) Ao = 109.39(3}, 8 = 99.48(3},

y =110.31(2}, V = 238.3 B, andZ = 1; the structure was refined B= 0.050 ancR,, = 0.056. ReQOCMe-
CMe,OMe) (2) crystallizes from toluene in the space grdRipcawith unit cell dimensions = 8.263(2) A,b =
10.884(3) Ac = 22.963(5) AV = 2065 A, andZ = 8; the structure was refined ®= 0.044 andR,, = 0.028.
ReQ(OCMeCMe,0OH) (3) crystallizes from dichloromethane in the space gr@2¢c with unit cell dimensions
a=12.327(5) Ab = 10.973(3) Ac = 14.491(6) A8 = 90.22(2, V = 1960 A3, andZ = 8; the structure was
refined toR = 0.047 andR, = 0.030. (MegSiO)ReQ(OCMe,CMe0) (4) crystallizes fromn-pentane in the
space grouP2;/c with unit cell dimensions = 12.042(8) Ab = 10.782(2) A,c = 12.485(9) A8 = 117.44-
3)°, V = 1439 &, andZ = 4; the structure was refined @ = 0.044 andR, = 0.044. The edge-sharing
bioctahedral compleg has bridging methoxy and terminal methanol ligatidss to rhenium-oxygen double
bonds. The rhenium centers in compouritdand 3 are pentacoordinated and located in a distorted trigonal
bipyramidal geometry. The alkoxy function of the alkoxy ligan@CMe,CMe,OR (R= H, Me) is located in
the equatorial plane, and the Lewis bas®Me, —OH) is bondedransto an oxygen atom in an axial coordination
site. (MgSiO)ReQ(OCMeCMe;0) (4) has a similar geometry t®and3 with a trimethylsiloxy ligandransto

an alkoxy function in an axial position.

Introduction While hardly anything is known about the amides of type
: : C,*8the alkoxides of typ® have sporadically appeared in the
Although the organometallic chemistry of the Re@oup - 78 . . i
has experienced considerable growth over the last decade, WitHlterature. They have been proposed as intermediates in

. specific organic functional group transformationsto date,
the most notable examples being §R¢Q; and Cp*ReQ of o
types A and B,23 compparatively gIittle is knownp about the only a few compounds of general composition ROReDd
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d 0=4 "o d d 4 Organomet. Cheni989 371, C13. (e) McGilligan, B. S.; Amold, J.;
Wilkinson, G.; Hussain-Bates, B.; Hursthouse, M.JBChem. Soc.,

A B c D E Dalton Trans.199Q 2465. (f) Herrmann, W. A.; Rofea C. C.;
X = OR, NR, Fischer, R. W.; Kiprof, P.; de M& de Bellefon, CAngew. Chem

1991 103 183; Angew. Chem., Int. Ed. Engl99], 30, 185. (g) de
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i i H ; P Thiel, W. R.; Fischer, R. W.; Rofiza C. C.Inorg. em.l 1,
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ROReQ-L; (R = Me, t-Bu, or SiMe) are knowrf28 The work
of Wilkinson et al. on these compounds has shown that the

tetracoordinate species are unstable at room temperature,

whereas the higher coordinated compounds RQReCare
thermally stablé¢® To better understand the properties of
alkoxides containing the Re@roup, we prepared pentacoor-
dinate alkoxide compounds that would exhibit greater thermal
stability but also retain the attributes of coordinative unsaturation
and metal acidity that are typical of efficient Re@pe
catalyst®. Previous reports have described organorhenium
oxides R-ReG; containing chelating ligands of the types
—(CHy)3NR2*9%¢ and —(CH,),CH(R)OR (typeE).°¢ We now
report on trioxorhenium compounds with related alkoxide
ligands.

Results and Discussion

(Methoxy)trioxorhenium(VIl) —A Dinuclear Solvate Com-
plex. (Methoxy)trioxorhenium(VII) @) was prepared by a
method similar to that described by Wilkinson and Edwards
for [ReO3(OMe)], and ReQ(O-t-Bu),*2 namely, by reaction of
MesSIOReQ with the trimethylsilyl ether, MgSiOMe, and a
stoichiometric amount of methanol (eq 1).

_siMeg Ho - CHs
i :
o_ll
. CH3OH X ~0- =0
_Re. + MegSiOCH; —=—» {2 _ReZN=Re~= 1
0=°s0 T T Twesio °/R‘e 0= v
o CH30
Hc” H

The resulting compound [Re@Me)(MeOH)} (1) is mois-
ture sensitive, but unlike [Re@Me)],, it is thermally stable

Herrmann et al.

Figure 1. PLATON viewt® of the solid state structure of the Re(VII)
methoxide [Re@OMe)(MeOH)} (1). Atoms are represented by their
thermal ellipsoids at the 50% probability level. Atoms labeled “a” are
produced by an inversion centerX, —y, —2).

lographic section}® After 1 was dried under oil-pump vacuum
for a few minutes, the peaks in the IR (Nujol) aHd NMR
spectrum compare closely to those reported for [Re®e)]..
Furthermore, the(OH) stretching band is no longer visible.
The solution behavior of compourids more complex, with
a number of exchange mechanisms possible. TFheNMR
spectrum at room temperature (CRCExhibits peaks ap =
3.94 and 1.87 ppm. The downfield peak is broad, apparently
representing an exchange-averaged position for the methan
and methoxy ligands. The upfield peak is also broadened an
is assigned to the proton of the coordinated methanol. Lowering

at room temperature. The solvating methanol ligands are easily;},o temperature does not lead to a significant change of the

removed under reduced pressure to give [@Me)],. We
were only able to observe the IR band of the OH group (3160
cm™Y) of 1 in CDCl; solution. This band is about 200 cfn
lower in energy than that of methanol, probably due to both

metal coordination and hydrogen bonding (see also crystal-

(5) (@) Herrmann, W. A.; Wagner, W.; Flessner, U. N.; Volkhardt, U.;
Komber, H.Angew. Chem1991 103 1704;Angew. Chem., Int. Ed.
Engl. 1991, 30, 1636. (b) Herrmann, W. A.; Fischer, R. W.; Marz, D.
W. Angew. Chem1991, 103 1706; Angew. Chem., Int. Ed. Engl.
1991 30, 1638. (c) Herrmann, W. A.; Wang, Mingew. Cheml991
103 1709;Angew. Chem., Int. Ed. Endl991, 30, 1641. (d) Herrmann,
W. A.; Fischer, R. W.; Scherer, W.; Rauch, M. Bngew. Chem.
1993 105 1209;Angew. Chem., Int. Ed. Engl993 32, 1157. (e)
Yamazaki, S.; Espenson, J. H.; Houston]arg. Chem 1993 32,
4683. (f) Houston, P.; Espenson, J. H.; Bakaclrnrg. Chem1993
32,4517. (g) Herrmann, W. A,; Fischer, R. W.; Rauch, M. U.; Scherer,
W. J. Mol. Catal. 1994 86, 243. (h) Herrmann, W. A.; Fischer, R.
W.; Correia, J. D. GJ. Mol. Catal.1994 94, 213. (i) Herrmann, W.
A.; Roesky, P. W.; Wang, M.; Scherer, \rganometallics1994
13, 4531. (j) Adam, W.; Herrmann, W. A.; Lin, J.; Saha-Nég, C.
R.; Fischer, R. W.; Correia, J. D. @ngew. Cheml994 106, 2545;
Angew. Chem., Int. Ed. Endl994 33, 2475.

(6) Comprehensgie Coordination ChemistpyWilkinson, G., Gillard, R.
D., McCleverty, J. A., Eds.; Pergamon Press: Oxford, 1987.

(7) (a) Suhan, T.; Kennedy, R. Metrahedron Lett1992 33, 5303. (b)
Ibid. 1992 33, 7823.

(8) (a) Schmidt, M.; Schmidbaur, HChem. Ber.1959 92, 2667. (b)
Schmidt, M.; Ruidisch, IAngew. Chem1961, 73, 408. (c) Schmidt,
M.; Schmidbaur, Hinorg. Synth1968 9, 149. (d) Sheldrick, G. M.;
Sheldrick, W. SJ. Chem. Soc., 4969 2160. (e) Ringel, V. C.; Boden,
G. Z.Z. Anorg. Allg. Chem1972 393 65. (f) Herdtweck, E.; Kiprof,
P.; Herrmann, W. A.; Kuchler, J. G.; DegnanZl.Naturforsch199Q
45B, 937. (g) Heidrich, J.; Loderer, D.; Beck, .. Organomet. Chem.
1986 312, 329.

(9) () Herrmann, W. A.; Kiprof, P.; Rypdal, K.; Tremmel, J.; Blom, R;
Alberto, R.; Behm, J.; Albach, R. W.; Bock, H.; Solouki, B.; Mink,
J.; Lichtenberger, D.; Gruhn, N. B. Am. Chem. So&991, 113 6527.
(b) Herrmann, W. A.; Kan, F. E.; Roesky, P. W.. Organomet. Chem.
1995 485 243. (c) Herrmann, W. A.; Kan, F. E.; Rauch, M. U,;
Correia, J. D. G.; Artus, GInorg. Chem 1995 34, 2914.

chemical shifts. Unfortunately, the decreasing solubility of
complex1 does not allow measurements belev25 °C. At
higher temperatures, both peaks broaden further, and the higt
field peak disappears at ca. 4C. This might result from a
higher exchange velocity at this temperature. THe NMR
spectrum shows only one peak for the terminal oxygen atoms
(6(*"0) = 750 ppm), and this peak does not split over the
temperature range from20 to —20 °C.

The solid state structure df consists of two Re@units

bridged by two methoxy groups. The distorted octahedral
coordination sphere at both rhenium centers is completed by
an additional methanol ligand per rhenium atom located in an
axial positiontransto an oxo ligand. The central RO—Re—
O' ring and the remaining oxo ligands define the equatorial plane
of the molecule. Both octahedrons share one edge on
crystallographic inversion center. The solid state structure of
1is shown in Figure 1. Selected bond lengths and angles ar
given in Table 1.

Replacement of the bridging methoxy groups by bridging
hydroxy groups and the methanol ligands by 1,4-dioxane
molecules leads to the structurally similar compoundRe
(OH)*3(1,4-dioxane}! The interior angles of the central four-
membered ring are almost equal. The distances from rheniun
to the bridging oxygen atoms are shorter in the case of hydroxy
groups (2.070(4)s 2.091(7), 2.114(7) A i). This might be
a consequence of the strong hydrogen bonding between th
hydroxy groups and the neighboring dioxane molecules in
Re06(OH),-3(1,4-dioxane). The rhenium to methanol oxygen
atom distance irl is 2.278(8) A, whereas the long rhenigm

(10) Drago, R. S.Physical Methods in ChemistryWt. B. Saunders:
Philadelphia, PA, 1977; pp 174.77.
(11) Fischer, D.; Krebs, BZ. Anorg. Allg. Chem1982 491, 73.
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Table 1. Selected Bond Lengths (A) and Angles (deg) for Table 2. Temperature-DependefO NMR Data of the Alkoxy
[ReOs(OMe)(MeOH)}, 12 Rhenium Complexeg and3 (Terminal O Ligands) in CDGI
Rel-01 2.091(7) 0O3Rel-02 81.1(3) tem ReQ(OCMeCMe,0OMe) 2) ReG(OCMe,CMe,0OH) (3)
Rel-Ola 2.114(7) 0O4Rel-01 89.9(3) °Mp
Re1-02 2278(8) O4Rel-Ola  154.4(4) (C) o (ppm) viz (H2) o(ppm)  ve(H2)
Rel-03 1.729(7) O4Rel-02 83.9(3) +35 745 25 748 30
Rel-04 1.712(7) O4Rel-03 106.2(4) +20 744 30 747 40
Rel-05 1.725(8) O5Rel-01 95.8(3) —20 743 90 745 80
0O1-C1 1.43(1) O5-Rel-Ola 92.3(3) —50 741 400 744 210
02-C2 1.44(2) O5-Rel-02 169.9(4) —70 760 300 743 450
01-Rel-Ola 68.0(3) O5Rel-03 103.4(3) 730 600
02—-Rel-01 76.8(3) O5-Rel-04 103.1(4) —90 764 230 738 850
02—-Rel-Ola 78.7(3) RetO1-Rela 112.0(3) 730 220
03-Rel-01 151.1(3) C+01-Rel 124.4(7)
03-Rel-Ola 89.6(3) C+0O1-Rela 121.7(7) Scheme 1
a Atoms marked “a” are produced by an inversion centex, (—y, /’\\ /\/Y
-2). X
) Vo' ]
. . . . . e =
dioxane interactions in R®s(OH),-3(1,4-dioxane) of 2.486- 07/ ¢ 04//3*0
(5) and 2.469(5) A must be considered as very weak. The o 0
methanol proton il could not be found by difference Fourier X'=CHa, O; Y = NRp, OR

techniques, but the short intermolecular distance-O8 of
2.77 A strongly suggests the presence of an intermolecular 2PP€ars that the protons of the methyl carbon atoms resona

hydrogen bond. While irL two hydrogen bridges link two coincidentally in THF, _and the singlet probap!y does not arise
molecules, in RgOs(OH),+3(1,4-dioxane), only one hydrogen froml exchange averaging due tq proton mobility. The fact that
bridge connects two of the oxo complexes. Nevertheless, boththe® "H NMR spectrum of2 exhibits the same effect, when
compounds form similar indefinite chains in the crystal. recorded in THFEg, supports this explanation. Fd&, the

Alkoxyrhenium(VIl) Oxides with Intramolecular O Donor backbone methyl protons show up at 1.34 ppm and th€8;
Stabilization. Treatment of MgSiOReQ with the bifunctional singlet is broadened but not shifted significantly¢ 3.54 ppm)
ligands MeSiOCMeCMe,OMe and MeSIOCMeCMe,OH  from its position in CDCGL.

yields the alkoxy complexezand3, respectively (eq 2). Both 1’0 NMR data of compoundg and3 are given in Table 2
compounds are water sensitive but thermally stable at room for comparison. This table shows that in the cas2, dfie rigid
temperature. solid state trigonal bipyramidal geometry occurs in solution only
at very low temperature. Cooling a solution »fto —90 °C
Sitte, results in splitting up of the peak at= .744 ppm, first visible
o Ag\o at .—7Q °C, into two pegks (cq. ;:2 ratio) at '764 and 730 ppm.
| + Me,SiO(CMe,),0R | o This gives rise to chemlca_lly dlstl_nct equatorial and axial oxygen
04'/7%0 T Me,S0SMe, /0 ~>R|r§o @ atoms with different chemical shifts. The weak donor capability
R 0 of the —OMe and —OH functional groups results in the
2:R=CH, equilibration of these three terminal oxygen atoms, according
3:R=H to Scheme 1, at higher temperature, when the opening an

closing of the alkoxy ligand is quick on théO NMR time

The IR spectrum of shows characteristic(ReO) bands at  scale. In compoun@®, even at—90 °C the geometry is not
1007 and 934 cmt indicating pentacoordination of the Re rigid but the signal broadens significantly. This broadening
center2"6 Compound3 has similar bands plus a band at 3182 phenomenon is not due to the higher viscosity of the solvent a
cm! that is assigned to the €H stretching mode. In lower temperatures, as can be shown by comparisoHQo
comparison with the IR spectrum of the free ligand sMe  NMR data of related compounds.The broadening of the signal
SIOCMeCMe,0OH, the band for the coordinated OH group in for the terminal oxygen atoms B suggests a similar process
3 is shifted to lower energy by 300 crh (probably a is occurring as that ir2. However, the poor solubility o8
consequence of both metal coordination and hydrogen bond-precludes lower temperature measurements to observe th
ing).10 splitting of the Re=O signal. The recently reported compound

TheH NMR spectra oR and3 in CDCl; contain two upfield O3Re(CH),0—CHjs exhibits very similar fluxional behavior
singlets between = 1.2 and 1.5 ppm (glycolate CHsz groups). above —80 °C°¢ It has been shown for this and related
In addition,2 has a singlet at = 3.61 ppm for the ether CHs compounds that the temperature dependent appearance of tl
group, and3 has a peak for the alcohol proton at= 5.38 NMR spectra is due to intramolecular fluxionality and not to
ppm. The low-field shifts of the OCprotons and the ©H pseudorotation (Scheme %).
proton in2 and3, as compared to the positions of these peaks Compounds2 and 3 are illustrated in Figures 2 and 3,
in the starting materials, indicate the strong electron withdrawing respectively. Selected bond lengths and angles are given i
effect of the Re(VIl) center. Th&C{H} NMR spectra of2 Tables 3 and 4. Both molecules show similar structural
and3in CDCl; contain two peaks downfield at= 82.9, 93.4 properties, with the core geometry being strongly distorted
ppm and 78.5, 95.0 ppm, respectively, and two peaks upfield trigonal bipyramidal. This coordination geometry is also found
atd = 18.6, 24.1 ppm and 23.3, 24.0 ppm, respectively. The for compounds of the type £eCHCH,CH,NR,.59-%¢ The
downfield peaks can be assigned to the quarternary carbon atomslonating oxygen function and one oxo ligand occupy the axial
and the upfield peaks can be assigned to the methyl carbonpositions, while an alkoxy function and the two remaining oxo
atoms of the glycolate ligand. CompouBalso has a peak at  ligands are located in the equatorial plane. The Reagment
0 = 52.0 ppm for the carbon atom of the methyl ether group. has pseudotetrahedral geometry. The anglefR€&=0 vary
The'H NMR spectrum of3 in THF-dg shows only one broad  from 103.4(43 to 110.3(4J. As a consequence, the “bite
peak at 1.31 ppm, whereas th&€{'H} NMR spectrum still angles” O4-Rel-05 = 71.6(2f in 2 and O+Rel-02 =
contains two types of methyl and quarternary carbon atoms. It 71.9(2f in 3 are rather acute. This distortion can also be viewed
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Scheme 2
c2 .
Me,Si—2 ~SiMe,
+
SiMe, MesSi SiMe
/ 3 3
.(l, o/\k? o
Me;SiO(CMe,),OR Y _or
_Re —H———r— Re= — O —Re=
0= o 2 o S Do
o* R o* R o*
R=CHg, H
or
If R = SiMe;:
Figure 2. PLATON viewt® of the solid state structure of the Re(VII) o o
alkoxy ether complex ReffOCMe,CMe,OMe) (2). Atoms are repre- [
sented by their thermal ellipsoids at the 50% probability level. Hydrogen o) —’Re\ﬁo' - . o—RefO’
atoms are omitted for clarity. Me Si/J tll)\o* (I).\o*
3
Megsi/
4a 4b

electronically less saturated thanln The bond length Re1

05 = 2.323(5) A in2 is slightly longer than its counterpart
Rel-02 = 2.302(5) A in3. This can be interpreted as a
consequence of hydrogen bonding3in The proton at O2 ir3
could not be found by difference Fourier techniques. However,
the short intermolecular distance ©@4 of 2.70 A strongly
suggests the presence of a hydrogen bond at this position. |
the crystal, two molecules & would then be connected by
two intermolecular hydrogen bonds to form dimers.

A Siloxyrhenium(VIl) Oxide. The disilyl ether Me-
SIOCMeCMe,0SiMe; has the ability to form a glycolate
complex with MgSIOReQ by transfer of two trimethylsilyl
groups and elimination of M&iOSiMe;. The siloxyrhenium-
(VIl) oxide 4 resulting from the reaction shown in eq 3
represents a base-free glycolate compound of Re(VIl). Gly-
colate compounds are of general interest since they frequentl

Figure 3. PLATON viewt® of the solid state structure of the Re(VII)
alkoxy alcohol complex RefPOCMe.CMe,OH) (3). Atoms are rep-
resented by their thermal ellipsoids at the 50% probability level. Methyl

hydrogen atoms are omitted for clarity. alkylate much cleaner than other precursors (e.g., lithium anc
zinc alkyls, Grignard compound®. Compound4 is stable at
Table 3. Selected Bond Lengths (A) and Angles (deg) for the room temperature, thermally labile just above room temperature
Intramolecularly Stabilized Alkoxy Rhenium Compl@x and air and moisture sensitive.
Rel-0O1 1.694(5) O4Rel-01 117.6(2)
Re1l-02 1.703(5) 04Rel-02 120.1(2) SiMe,
Rel-03 1.708(6) O4Rel-03 96.7(2) o o
Rel-04 1.859(5) 05Rel-01 82.7(2) , .
Re1-05 2.323(5) O5Rel-02 81.02) 4R‘e§ + Me,SI0{Chez);OSiMes o—Rlefo (3)
02—-Rel-01 110.0(3) O5Re1-03 168.2(2) o= ~o - MegSiOSiMe | So
03-Re1-01 104.9(3) 05-Rel-04 71.6(2) o N
03—-Rel-02 104.2(3) SiMe,
4
Table 4. Selected Bond Lengths (A) and Angles (deg) for the
Intramolecularly Stabilized Alkoxy Rhenium Compléx The IH NMR spectrum of4 exhibits singlets ad = 0.22
Rel-01 1.854(6) O4Rel-01 118.2(3) (glycolate CH) and 1.37 ppm (SiMg with the appropriate 4:3
Rel-02 2.302(5) O4Rel-02 83.6(3) integration. The'3C NMR spectrum shows three peaks, one
Rel-03 1.709(6) O4Rel-03 104.4(3) for the Si-CHjz group @(*3C) = 0.3 ppm), one for the carbon
FR{elfod' 1.709(7) O5Rel~O1 120.0(3) atoms of ligand backbone(*3C) = 96.0 ppm), and one for
e1-05 1.693(7) 05Rel-02 81.0(3) . et .
02—Rel-01 719(2) 05-Re1-03 1034(4) the |Igand CH groups 6( 3C) =247 ppm) The NMR Slgnals
03-Rel-01 96.9(3) 05-Rel-04 110.3(4) are very broad. These results suggest some fluxionality of the
03-Rel-02 168.5(3) complex in solution. Thé’O NMR spectrum exhibits two low-

. " . . field (6(*70) = 755 and 731 ppm) and three high-field peaks
as a shift of the central positively polarized rhenium atom from (5(170) = 199, 186, and 59 ppm). One possible explanation

the center of an undistorted trigonal bipyramid toward the ¢, e appearance of tHel, 13C, and’0 NMR spectra might
polyhedral face comprised of the three negatively polarized 0x0 o 5, ongoing exchange ,of tk{e AB&— group in solution, as

ligands. su : . . 17 .
. . . ggested in Scheme 2 (if R SiMe3). 17O labeling of the
The bond d|st_ances from the rhenium atoms to the d_onatlng precursor compound shows that the peaks at 199-(Re
oxygen atoms (i.e., ReOMe and Re-OH, respectively) ir2 C(CHy),C(CHs),) and at 59 ppm (MgSi—O—C(CHs).C-

and3 are longer than the bond distances between the rhenium iy~ Re) can be assigned to the oxvaen atoms of the ligand
atoms and the methanol ligands in indicating a weaker (CHo): ) g ¥ 9

interaction. One might have expected the reverse relationship(12) Herrmann, W. A.; Watzlowik, P.; Kiprof, FChem. Ber1991 124,
since the metal centers id and 3 should be sterically and 1101.
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Figure 4. PLATON view!® of the solid state structure of (M®iO)-
ReQ(OCMeCMe0) (4). Atoms are represented by their thermal
ellipsoids at the 50% probability level. Hydrogen atoms are omitted
for clarity.

Table 5. Selected Bond Lengths (A) and Angles (deg) for the
Pinakolato Rhenium Complek

Re1-0O1 1.904(5) 04Rel-01 98.5(2)
Re1-02 1.923(6) 04Rel-02 117.2(3)
Re1-03 1.836(5) 04Rel-03 99.6(3)
Re1-04 1.699(5) 05Rel-01 90.9(2)
Re1-05 1.681(6) O5Rel-02 134.2(3)
Si1-03 1.674(6) 05Rel-03 98.0(3)
02-Re1-0O1 76.8(2) O5-Rel-04 108.1(4)
03-Re1-01 156.2(2) Si+03-Rel 145.5(3)
03-Re1-02 81.3(2)

The latter signal is significantly smaller than the signal at 199
ppm. The signals at 755 (see Scheme 2) and 731 ppm are in
region associated with Ré&=O groups and may represent the

terminal oxygen atoms of two interconverting species, namely

4a and 4b. The relatively large signal at 186 ppm may be
assigned to the ReO*—SiMe; oxygen atom o#b. Unfortu-

nately, the solubility of this complex decreases rapidly below
—20°C, and it decomposes quite quickly in solution at higher

temperatures, so that a completely satisfying temperature

dependence study could not be performed.
The solid state structure of is illustrated in Figure 4.

Selected bond lengths and angles are given in Table 5.

Replacement of the axial oxo ligand &by a trimethylsiloxy

ligand and deprotonating the alcohol function does not drasti-

cally alter the distorted trigonal bipyramidal geometry. How-
ever, the bite angle G1Rel-02 = 76.8(2y of the pinacolato
ligand of4 is widened as compared with that®tnd3 (71.6-
(2)° and 71.9(2), respectively). The angle is similar to the
corresponding angle of 77.5€1jound in (pinacolatd,0')-
methyldioxorhenium(VII}i2 Also, the bond distances of the
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The IR spectrum ob is similar to that of3, with the only
major difference being the absence of the-1® stretching
vibration.

The 'H NMR spectrum has one peak @ét= 1.15 ppm for
the glycolate ligand; two signals are observed in'f@NMR
spectrum: 6 = 25.5 (CH), and 85.4 ppm (quarternary C). In
5, the chelating oxygen atoms near the Re center should be goa
donors and carry a significant negative charge. This could be
the reason for the stronger high-field shift (ca. 130 ppm) of the
terminal oxygen atoms in th&’O NMR spectrum of5 as
compared to those & and3. A comparatively strong high-
field shift also occurs if the phenyl group of PhRe®
substituted by a mesityl groupA6(*’O) ca. 110 ppm¥9-°b
However, the shift difference between CpRefdd Cp*ReQ
is not as largeA5(170) ca. 45 ppm¥<% The same is true for
the 7O shift difference between cationic [(ON3)RgO and
neutral (9N3-H)Re® (AS(*"0O) ca. 30 ppm; 9N3= 1,4,7-
triazacyclononanep13

Mechanisms of Formation. The formation of compounds
1—4is thought to follow Scheme 2. According to this proposal,
in the first step the silyl ether forms a donor complex with the
Lewis-acidic rhenium center of M8iOReQ. This reagent
appears to behave as a “perrhenyl” complex in the reactions tt
form 1—4 (containing the [Reg}* synthon) rather than as a
“perrhenate” complek415

Several complexes of formula X€ReGs-L, are known (X
= ReQ;, C(0)CR;,2"4C(O)CCh,* etc.; L= THF, acetonitrile,
pyridine, dimethoxyethane, eté3. In all of these complexes,
XO-— acts as a leaving group. This property is also evident in
the reactions of Mg&SiOReQ to form 1—4. For example, when

470-labeled MeSiO*Re(O*); is mixed with MgSiOR, labeled

hexamethyldisiloxane, M&iO*SiMe; (6(*’0) = 42 ppm), and
0Os*ReOR with an unlabeled alkoxide oxygen atom are ob-
served. The ReOSiMe; bond breaks during the reaction,
showing that MgSiOReQ behaves as a [RelJ synthon. An
alternative mechanism yieldinb-4 could involve the transfer

of a SiMe; group to a Re=O* of Me3SiO*Re(O*); to give an
intermediate with a composition of (M8iO*),Re(*O)(OR)
from which MgSiO*SiMe; is then extruded. However, no such
reaction has ever been documented and must be qualified ¢
unlikely.

Conclusions

(Methoxy)trioxorhenium(VIl), CHOReQ, exists in the solid
state as a dimer with-alkoxy bridges. This is in contrast to
the monomeric nature of the alkyl congeners with the formula
RReQ (e.g., CHReQ). Intramolecularly stabilized monomeric

rhenium to pinacolato oxygen compare closely to those of the (13) Mink, J.; Keresztury, G.; Stirling, A.; Herrmann, W. Spectrochim.

other complexes. The distance Re&23 = 1.836(5) A is not

unexpected, whereas the literature value for the corresponding(14)

distance in trimethylsilylperrhenatof 1.67(8) A does not seem

to be particularly reliable in view of the large standard deviation.
An Anionic Trioxorhenate(VIl). Deprotonation of3 with

lithium 2,2,6,6-tetramethylpiperidinate in THF affords the

moisture sensitive anionic trioxorhenate(VB)in 79% vyield

(eq 4). A sterically hindered nitrogen base was employed in

order to remove the proton without causing reduction at the

Re(VIl) center.
]
Ag\o
+ LiINCgH1g] |

0—Re=0
- HNCgHyg ™o
(o}

4)

Acta 1994 50A 2039.
(a) Beyer, H.; Glemser, O.; Krebs, Bngew. Chem1968 80, 286;
Angew. Chem., Int. Ed. Endl968 7, 295. (b) Beyer, H.; Glemser,
O.; Krebs, B.; Wagner, &Z. Anorg. Allg. Chem197Q 376, 87. (c)
Johnson, J. W.; Brody, J. F.; Ansell, G. B.; ZentzA8ta Crystallogr.
1984 C40, 2024. (d) Roesky, H. W.; Hesse, D.; Noltemeyer,Bvr.
J. Solid State Inorg. Chemi99Q 28, 809. (e) Kiprof, P.; Herrmann,
W. A.; Kiihn, F. E.; Scherer, W.; Kleine, M.; Elison, M.; Rypdal, K;
Volden, H. V.; Gundersen, S.; Haaland, Bull. Soc. Chim. Fr1992
129 655. (f) Herrmann, W. A.; Roesky, P. W.;"Kn, F. E.; Elison,
M.; Artus, G.; Scherer, W.; Rofea C. C.; Lopes, A. D.; Basset, J.
M. Inorg. Chem 1995 34, 4701.
(15) (a) Herrmann, W. A.; Roesky, P. W.;'Kn, F. E.; Scherer, W.; Kleine,
M. Angew. Chen1993 105 1768;Angew. Chem., Int. Ed. Endl993
32, 1714. (b) Bradley, D. C.; Mehrotra, R. C.; Gaur, P. etal
Alkoxides Academic Press: London, New York, San Francisco, 1978.
(c) Mehrotra, R. C. Transition Metal Alkoxides. IAdvances in
Inorganic and RadiochemistrfEmeleus, H. G., Sharpe, A. G., Eds.;
Academic Press: London, New York, San Francisco, 1983; Vol.
XXVI, pp 269—335. (d) Chisholm, M. Hinorganic Chemistry towards
the 21st CenturyAmerican Chemical Society; Washington, DC, 1983;
Chapter 16, pp 243273.
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trioxorhenium alkoxides of th®,0'-chelate type are more stable
and easier to handle than intermolecular adducts such as [CH
OReQCH30H]; (1). YO NMR spectroscopy indicates that

Herrmann et al.

liquor (0.231 g, 78%). Compound is only sparingly soluble in
chlorinated hydrocarbons and insoluble in aromatic and aliphatic
hydrocarbons. Chloroform solutions @fat room temperature and

the rhenium centers of the neutral Re(VIl) alkoxides have a under nitrogen slowly decompose to unidentified green and black

greater Lewis acidity than that of (ionic) perrhena@®g870) ~
560 ppm). The nonrigid behavior of complexes likgRe—
OCMeCMe,OMe (2) in solution might allow for open coor-

dination sites during catalytic cycles, which can be used to add
substrates without destabilizing the molecules. These last two

observations are promising indicators for catalytic activity. It
must be considered, however, that the rheniumvalkoxy
bonds may be quite susceptible to hydrolytic cleavage.

Experimental Section

precipitates within 24 h. Compourids extremely moisture sensitive,
turning to a black oily material upon exposure to the atmosphere.
However, crystals may be kept in a freezer-&0 °C for many weeks
without significant decomposition.

H NMR (400 MHz, CDC}, 20 °C), 6: 3.94 (br s,v1» = 36 Hz,
OCHy), 1.87 ppm (br sy12 = 21 Hz, OH). H NMR (400 MHz,
CDCl;, 20 °C, 1 dried under vacuum for 10 min}): 3.78 ppm (s,
[ReO(OCHs)]). YO NMR (54.21 MHz, CDCJ), 6: 750 (Re=O*,
v12 = 800 Hz, 20°C), 756 ppm (Re=O*, vy, = 530 Hz,—20°C). IR
(Nujol, dried in vacuo): 1011 (m), 978 (s), 964 (s), 950 (s), 924 (m),
899 (m), 832 (m), 721 (m). IRW(in CDCl): 3160 (m br), 2944 (m),

All manipulations were carried out under a dry nitrogen atmosphere 2833 (w), 1442 (m), 1412 (m), 126‘} (w), 1013 (s), 967 (s), 867 (m),
by using standard vacuum line and Schlenk techniques. Toluene,831 (M), 574 (s). Compountiloses its methanol ligands very easily

n-pentane, and tetrahydrofuran were distilled from Na/K alloy under
N.. Dichloromethane was distilled from calcium hydride, and methanol
was stirred with sodium methoxide and then distilled under N
Deuterated chloroform (Merck) was stirred witf2 and then distilled
under N. Deuterated tetrahydrofuran (Merck) was dried and stored
over 4-A molecular sieves. MBIOReQ and’0O-1abelled MgSiO*Re-
(O*)s were prepared by literature methddg>¢ MesSiOMe (b =
0.756 g cm?), HOCM&CMe,OH, GH;SO,0CH; (methyl p-toluene
sulfonate), 1.6 Mh-BuLi in hexane, and MgSiCl (dzo = 0.856 g cnd)

when under vacuum for short periods of time (ca.1® min) to give
[ReOs(OMe)], (characterized by IR antH NMR).*2 For this reason,
we were unable to obtain an accurate analysis on a dried sample of
A sample dried in vacuo for a few minutes was analyzed as
[ReO3(OMe)Y/sMeOH].. Anal. Calcd for [(MeO)Re®YsMeOH],
(538.5): C, 5.02; H, 1.31; Re, 69.16. Found: C, 5.01; H, 1.29; Re,
68.38.

Preparation of [(2,3-Dimethyl-3-methoxy)propane-2-olato]trioxo-
rhenium(VIIl) (2). To a vigorously stirred solution of M8IOReQ

were purchased from Aldrich and used as received. IR samples were(0.324 g, 1.0 mmol) in 10 mL ofi-pentane was added M&OCMe-
prepared in an inert atmosphere box as Nujol mulls or as solutions CMe,OMe (0.21 mL, 1.02 mmol). After 3 min of stirring, an off-

between KBr plates as noted. Chemical shifts for'théiMR spectra
are relative to the residual protons in the deuterated soMéBtNMR
experiments were conducted with labeled JBi©*Re(O*); starting
material in sealed NMR tubes. The chemical shifts in i@ NMR
spectra are reported relative to the oxygen atom i®.DElemental
analysis were conducted at the Microanalytical Laboratory of our
institute (M. Barth).

Lithium 2,2,6,6-tetramethylpiperidinate was synthesizieddepro-
tonation of 2,2,6,6-tetramethylpiperidine with 1.6 MBuLi in n-
pentane with subsequent washing with 2 20 mL portions of cold
n-pentane before being dried in vacuo. J8®CMeCMe,OH (bp:
178°C, 1 atm) and MgSiOCMeCMe,0SiMe; (bp: 205°C, 1 atm)
were prepared by lithiating HOCMEMe,OH (5.91 g, 50 mmol and
3.54 g, 29.8 mmol, respectively) in THF a60 °C with 1.6 Mn-BulLi
(34.4 mL, 55.0 mmol and 20.6 mL, 33.0 mmol, respectively) and the
addition of MegSiCl (6.93 mL, 54.6 mmol and 13.9 mL, 109 mmol,
respectively). Yields: 5.2 (55%) and 4.8 mL (61%), respectively:-Me
SiOCMeCMe,OMe (bp: 171°C, 1 atm) was prepared by lithiation
of Me;SIOCMeCMeOH (4.0 mL, 21 mmol) with 1.6 Mh-BuLi (13.1
mL, 21.0 mmol) in tetrahydrofuran at50 °C and the addition of &+
SO,0CH; (3.3 mL, 22.0 mmol). Yield: 1.0 mL (24%). Distillation
of these moisture sensitive products was conducted undeftNNMR
(400 MHz, CDC}, 20 °C): MesSiOCMeCMeOH, 6 = 1.20 (s,
—C(CHy)2—), 1.09 (5,—C(CHg)2—), 0.09 (s,—Si(CHs)3); MesSIOCMe-
CMe0SiMe;, 6 = 1.09 (s,—C(CHgs)2—), 0.07 (s,—Si(CHs)s); Mes-
SiOCMeCMe,OMe, d = 3.20 (s,—OCHg), 1.18 (s,—C(CHs).—), 1.08
(s, =C(CHg)2—), 0.07 (s,~Si(CHs)s) ppm.

Preparation of Bis[trioxo(methanol-O)(u-methoxy)rhenium(VIl)]

(1). Method A. MesSiOReQ (0.324 g, 1.0 mmol) was dissolved in
7 mL of n-pentane, and M&iOMe (0.28 mL, 2.0 mmol) was added
dropwise. A white precipitate began to form after 15 min of vigorous
stirring. The reaction was allowed to proceed for a total of 2 h. The

white precipitate formed. The reaction was stirred for an additional 2
h, the volatile materials were removed in vacuo-&0 °C, and the
white residue was dissolved in 2 mL of toluene. This solution affords
colorless crystalline plates & after 3 days in a freezer at20 °C.
Compound? is moderately moisture sensitive, has good solubility in
toluene, dichloromethane and chloroform, but is only sparingly soluble
in n-pentane. Yield: 0.293 g (80%).

IH NMR (270 MHz, CDC}, 20°C), 6: 1.19 (s, 6 H—C(CHs),—),
1.40 (s, 6 H—C(CHs)2—), 3.61 ppm (s, 3 H;-OCHg). 3C{H} NMR
(100.5 MHz, CDC4, 20 °C), 6: 18.6, 24.1 C(CHs).—), 52.0
(—OCHg), 82.9, 93.4 ppm~+C(CHs),—). O NMR (54.21 MHz, CH-
Cly/tol-dg, —90 and 20°C), o: 764 (Re=0*, vy, = 230 Hz,—90 °C),
730 (Re=0O*, vy, = 220 Hz,—90°C), 744 (1> = 30 Hz, 20°C), 225
(Re—OCMe—, v12 = 339 Hz, 20°C), 58 ppm (Re-OMe, v1, = 305
Hz, 20 °C). IR (Nujol): 1408 (m), 1214 (m), 1183 (m), 1146 (s),
1126 (s), 1045 (s), 1007 (m), 934 (s), 894 (s), 792 (m), 716 (m), 621
(m). Anal. Calcd for GH150sRe (365.4): C, 23.01; H, 4.14; Re, 50.96.
Found: C, 22.80; H, 4.01; Re, 50.18.

Preparation of [(2,3-Dimethyl-3-hydroxy)propane-2-olato]trioxo-
rhenium(VII) (3). MesSiOReQ (0.324 g, 1.0 mmol) was dissolved
in 10 mL of n-pentane, and M&IOCMeCMe,OH (0.20 mL, 1.0 mmol)
was added dropwise. A white precipitate starts to form approximately
1 min after addition of MgSIOCMeCMe,OH. After the reaction
mixture was stirred for 30 min, the solvent was removed under reducec
pressure and the white precipitate was dissolved in 5 mL ofGTH
The resulting pale yellow solution was cooled-t@0 °C. Colorless
parallelepiped-shaped crystals appeared after 3 days (0.289 g, 82%
Compound3 is moisture sensitive, has moderate solubility in chlorinated
hydrocarbons and tetrahydrofuran, is badly soluble in toluene, and i
insoluble inn-pentane.

1H NMR (400 MHz, CDC}, 20°C), 8: 1.26 (s, 6 H—C(CHs)2—),

volatile materials were then removed in vacuo, and the white precipitate 1.44 (s, 6 H,—C(CHs)2—), 5.38 ppm (s, 1 H~OH). H NMR (400

was suspended in 25 mL of cold @El,. CH;OH (0.05 mL, 1.2 mmol)

MHz, THF-dg, 20°C), 6: 1.31 ppm (s, 2-C(CHg),—). BC{H} NMR

was added slowly to the suspension, and the white precipitate slowly (100.5 MHz, CDC4, 20 °C), d: 23.3, 24.0 { C(CH),—), 78.5, 95.0
dissolved upon warming to room temperature to give a colorless ppm (—C(CHs).—). 3C{*H} NMR (100.5 MHz, THFdg, 20 °C), o:
solution. The solution was concentrated to 20 mL and upon cooling 23.6, 24.2 { C(CHs)2—), 78.0, 92.8 ppm+C(CH;)2).1’O NMR (54.21

(—20 °C) afforded colorless crystals Gf(0.211 g, 71%).

Method B. Five milliliters of CH,Cl, was added to 0.324 g of Me
SiORe@ (1.0 mmol) in a 20 mL Schlenk tube. The resulting colorless
solution was layered with 12 mL af-pentane. A mixture of Mg
SiOMe (0.28 mL, 2.0 mmol) and G&@H (0.05 mL, 1.2 mmol) was
then carefully placed on top of threpentane layer. After the Schlenk
tube was stored in a freezer a20 °C for 2 weeks, X-ray quality
rectangular crystals of were isolated by decantation of the mother

MHz, CDCk, 20°C), 6: 747 (Re=O*, v1, = 40 Hz), 74 ppm (Re
OH, v1 = 118 Hz). 70O NMR (54.21 MHz, THF/CDGJ, 20 °C), 6:

751 (Re=O*, vy, = 40 Hz), 73 (Re-OH, v1, = 200 Hz), 216 ppm
(Re—OCMe—, v12 = 600 Hz). IR (Nujol): 3182 (s br), 1233 (w),
1192 (w), 1160 (m), 1133 (m), 1127 (m), 984 (m), 953 (s), 925 (s),
892 (s), 863 (s), 842 (s), 715 (m), 668 (w), 615 (m). Anal. Calcd for
CeH130sRe (351.4): C, 20.48; H, 3.73; Re, 52.99. Found: C, 20.41;
H, 3.72; Re, 53.23.
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Preparation of Dioxo(?-O,0'-pinacolato)(trimethylsilanolato)- Table 6. Crystallographic Data of Complexds-4?2

rhenium(VIl) (4). MesSiOReQ (0.324 g, 1.0 mmol) was dissolved 1 2 3 4

in 5 mL of n-pentane, and M&IOCMeCMe,0OSiMe; (0.26 mL, 1.0

mmol) was added dropwise. The resulting yellow solution was stirred fw 594.56 365.40 351.37 423.55

for 24 h, concentrated to 2 mL, and placed in a freezer20 °C. space group  P1 Pbca C2lc P2i/c

(No.2)  (No.61)  (No.15)  (No.14)

Large rectangular-shaped yellow crystals appeared after 2 days (two aA 6.276(3) 8.263(2) 12.327(5) 12.042(8)

crops, 0.323 g, 76%). The crystals4fre very volatile. They melt

at room temperature to initially give a yellow liquid which then rapidly E((ﬁ‘)) ggég% %ggggg ﬂ%i% igzgégg
turns dark brown.n-Pentane solutions @funder nitrogen turn orange- a (deg) 1'09.39(3) ' ' '
brown ove a 3 day period, while toluene and chloroform solutions B (deg) 99.48(3) 90.22(2) 117.44(3)
change color over £2 h at room temperature. The identity of the ', (geq) 110.31(2)
orange-brown reduction products has not been determined. V (A3 238.3 2065.2 1960 1439
H NMR (400 MHz, CDC}, 20°C), 6: 0.22 (s, 9 H,—Si(CHa)s), Deaic(g cn3)  3.49 2.35 2.38 1.96
1.37 (s, 12 H, 2-C(CHs)>—) ppm. 13C{H} NMR (100.5 MHz, CDC}, z 1 8 8 4
20 °C), 8: 0.31 (=Si(CHy)2), 24.7 (br,viy2 = 53 Hz, —C(CHs)2—) u(cm™?) 214 117.6 123.8 85.3
ppm. Y0 NMR (54.21 MHz, CDCJ, —20 °C), 8: 755 (Re=O*, v temp (C) -80+4 —-80+4  22+3 —80x+4
= 40 Hz), 731 (Re=O*, v1;, = 55 Hz), 199 (Re-OC, vy, = 150 Hz), measured 2129 4221 3073 4797
186 (Re-O*Si, vy, = 120 Hz), 59 ppm (ReOSi (ether)). IR unique data 982 1719 1611 2436
(Nujol): 1251 (s), 1198 (w), 1170 (m), 1146 (s), 1004 (w), 989 (m), Id/atla used 0982 11550 0 1611 X 2069
962 (), 948 (s), 912 (s), 884 (s), 846 (s), 756 (M), 721 (S), 673 (W), pgr(a)meters 23 178 109 s
638 (m), 623 (m). Elemental analysis was not successful as a 0.050 0.044 0.047 0.044
consequence of the moisture and temperature sensitivity of the crystals. R, 0.056 0.028 0.030 0.044
Preparation of Lithium Trioxo(tetramethylethylene glycolato-
0,0)rhenate(VIl) (5). Compound3 (0.351 g, 1.0 mmol) was 21, [ReOy(OMe)(MeOH)}; 2, ReQ(OCMe:CMe,OMe); 3, ReGy-

dissolved in 8 mL of THF. The solution was cooled+60°C. In a (OCMeCMe0H); 4, (MesSiO)ReQ(OCMeCMe;0). °R = 3 (||Fol
separate flask, lithium 2,2,6,6-tetramethylpiperidinate (0.147 g, 1.0 ~IFell)/ZIFol. ¢ Ry = [IW(|Fol — [Fe)7ZwWFe7Y2

mmol) was dissolved in 5 mL of THF. This solution was slowly added

by cannula to the flask containing the solution3pfand the combined at O2 was determined by the short intermolecular oxygetygen
solutions were allowed to slowly warm to room temperature. The distance of 2.77 A, suggesting the presence of a hydrogen bridge. /
resulting light yellow solution was concentrated to ca. 5 mL, and 15 Chebyshev polynomial weighting scheme was used in all refinerffénts.
mL of a 3:1 CHCl/n-pentane mixture was added. A flocculent white The refinements were stopped at shift/e®.001. Final difference
precipitate immediately formed, and the precipitate was filtered off and Fourier maps showed residual electron densitg. 5.6 eA=20.97 A
washed with 20 mL ofi-pentane and 10 mL of Gi&l,. The precipitate near Re) and} (4.5 eA3 0.84 A near Re) indicating unsatisfactory
was dried under reduced pressure, and the crude product was collectegbsorption corrections. All calculations were performed on MicroVAX
(0.281 g, 79%). Crystallization from THF by layering witkpentane 3100 and DECStation 5000/25 computers using the programs ol

gave white feathery crystals (0.241 g, 68%). program systems STRUX-I¥° CRYSTALS!6 PLATON-93!6d SDpi6e

1H NMR (400 MHz, THF €5, 20°C), 6: 1.15 ppm (s, 2-C(CHe)2—). and SHELXS86S"
13C{*H} NMR (100.5 MHz, THFdg, 20°C), 6: 25.5 (2—C(CHa)2—), Further details of the crystal structure investigations are available
85.4 ppm (2—C(CHs)2—). 'O NMR (54.21 MHz, THFdg, 20 °C), on request from the Fachinformationszentrum Karlsruhe, D-76344

0: 621 ppm (Re=O, vy = 50 Hz). IR (Nujol): 1205 (w), 1154 (m),  Eggenstein-Leopoldshafen, Germany, on quoting the depository num
1141 (w), 1012 (w), 972 (m), 963 (s), 909 (w), 878 (s), 846 (S), 722 Dbers. CSD-4061271}, CSD-4061282), CSD-406129%), and CSD-

(s), 626 (s). Anal. Calcd for LigH1.0sRe (357.3): Li, 1.94; C, 20.17; 406130 4).

H, 3.38; Re, 52.11. Found: Li, 1.80; C, 19.49; H, 3.33; Re, 51.41.
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for Lorentz and polarization terms. A decay in intensity was corrected masthead page.

for in 2, 3, and4. Empirical absorption correctionp¢scans) was

applied to the data sets af 2, and3 (Tma!Tmin: 1, 1.0/0.37;2, 1.0/ 1C951508]

0.60; 3, 1.0/0.67). No extinction correction was necessary. Crystal

data and refinement parameters are summarized in Table 6. (16) (a) Carruthers, J. R.; Watkin, D.Acta Crystallogr.1979 A35 698.
The structures were solved by Patterson methods and subsequent — (b) Scherer, W.; Kiprof, P.; Herdtweck, E.; Schmidt, R. E.; Birkhahn,

difference Fourier techniques. Full-matrix least-squares refinements M.; Massa, W.STRUX-IV Technische UniversitaMinchen: Uni-

yere camed o by gL - IF e sons (S S0 SRS L 0., St

were calculated in their ideal positionc(w/do-: 0.96/0.92 AUy Laboratory: Oxford, England, 1986. (d) Spek, A. L. PLATON-93,

= 1.3Uci0) and included in the data set but not refined. linone Acta Crystallogr 1990 A46 C34. (e) Frenz, B. ASDP, Enraf-

hydrogen atom was found at C1 and was used to determine the Nonius: Delft, The Netherlands, 1988. (f) Sheldrick, G. SHELXS-
orientation of the methyl group. The position of the methanol proton 86, Universita Gattingen: BRD, 1986.



