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X-ray structures are described for the bis-catecholate, bis-dithiocatecholate, and tetraalkoxy diborane(4) compounds

B2(1,2-0:CsHa)2 (1), B2(1,2-0-4-BUiCeHs)2 (2), B2(1,2-0-3,5-BuzCeH2)2 (3), B2(1,2-SCsHa)2 (4), B2(1,2-S-
4-MeGsH3), (5), and B(OCH,CMe,CH,0), (6). All the compounds adopt structures in the solid-state in which
the B,O4 or ByS, units are planar or very nearly so. In compoudand3, the dihedral angles between the two
BO,C; planes are 17.3 and 32.8spectively whereas ih, 4 and5 these angles are exactly.0In 6, a 3-fold
disorder precluded our obtaining accurate positions for the two boron atoms, yet a dihedral afgéerefOired
by the 3site symmetry. The structure of the bis(Lewis base) adduct,@iB[B.Cl4(NHMe,);] (7), is also
described and structures of the salt [Nk;][B(1,2-0.CgHa4)-] (8) and the NMe-bridged dimer{BCly(u-NMey)} 2]

(9) are available in the Supporting Information. Compounctystallized in the monoclinic space gro&i/c
with a= 4.746(1) Ab = 16.427(3) Ac = 7.053(2) A5 = 98.59(2}, andZ = 2. Crystals o2 were monoclinic,
space groufP2,/c with a = 6.847(1) A,b = 18.871(5) A,c = 15.270(2) A 8 = 93.16(2}, andZ = 4. Crystals
of 3 were triclinic, space group1 with a = 9.478(4) A,b = 10.355(4) A,c = 15.082(7) A,o. = 105.71(3}, 8

= 100.31(4}, y = 94.58(3}, andZ = 2. Crystals o# were monoclinic, space grolg2;/c with a = 15.364(3)
A, b= 4.0502(4) A,c = 21.532(3) A5 = 99.320(7), andZ = 4. Crystals ofs were monoclinic, space group
P2./c with a = 6.0458(9) A,b = 7.5319(11) A,c = 16.552(2) A, = 96.291(3} andZ = 2. Compounds
crystallized in the rhombohedral space grd®gm with a = 8.876(2) A,c = 13.821(3) A and&Zz = 3. Crystals
of 7 were monoclinic, space groul®2,/c with a = 11.831(3) Ab = 19.458(5) A,c = 14.823(5) A5 = 96.63-
(4)°, andzZ = 12.

In the preceding papérwe described the synthesis and
spectroscopic characterization of a range of dicatecholate and
bis-dithiocatecholate diborane(4) compounds together with one G
example of an alkoxy derivative. Herein we describe and
discuss the X-ray crystal structures of(B,2-O,CgHa)2 (1), By-
(1,2-0-4-BuCeHz)2 (2), B2(1,2-0»-3,5-BuCeHy)2 (3), Ba(1,2-
S,CeHa)2 (4), Bx(1,2-S-4-MeGsHs) (5), and B(OCH,CMe,-
CHxO), (6) together with that of the compoundBl4(NHMe,);]

(7) which has been isolated as a side product from some
reactions. The structures df-3 have been reported in @ Figure 1. View of the molecular structure of showing the atom

preliminary communicatioA. numbering scheme. Ellipsoids are drawn at the 50% level. Selected
. . bond lengths (A) and angles (deg) include B{BY1a) 1.678(3), B(1>
Results and Discussion O(1) 1.382(2), B(1}O(2) 1.394(2), B(1layB(1)-O(1) 124.6(1),

A view of the molecular structure of &L,2-0:CeHa)2 (1) is B(1a)-B(1)~O(2) 124.2(1), O(1yB(1)—~O(2) 111.2(1). Symmetry
shown in Figure 1, and a packing diagram is shown in Figure transformation used to generate equivalent atoms:-xa,—y, 1 — z

t Present address: The University of Bristol, School of Chemistry, Bristol 2. Molecules ofl (Figure 1) are essentially planar, with no
BSf 1TS, UK. ) o deviations of more than 0.009 A from the mean plane of all the
Durﬁ;ﬁseoﬁlagféesﬁ' KDepa”mem of Chemistry, University of Durham, 415ms and comprise a crystallographically centrosymmetric

(1) Previous paper in this issue: Lawlor, F. J.; Norman, N. C.; Pickett, central diboron unit with each boron bonded to a 1,2-catecholate

N.L.; Robins, E. G.; Nguyen, P; Lesley, G.; Marder, T. B.; Ashmore, ~ group; the crystallographic center requires that the dihedral angle

@ ‘,]\igﬁ-)?/eenregrl"lis(fel;og; ggs{gr-l?\lgaﬁmgfds; T B pickert. N L. DEtween the @B planes along the BB bond is strictly zero.
Clegg, W.; Elsegood, M. R. J.: Norman, N. Dorg. Chem 1994 In_the crystal, molecu_les of are arranged in pa_rallel_stacks
33, 4623. (Figure 2 shows a view looking down the axis) with a
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The other examples all have dihedral angles which lie between
about 50 and 90, i.e., geometries which are better described
as staggered. The matter of eclipsed vs staggered conformations
for diborane(4) compounds is addressed in ref 1. Briefly,
calculations indicate that the barrier to rotation around th&B
bond is small, but that fat, the eclipsed geometry is marginally
more stable. For most of the compounds listed in Table 2,
however, the staggered conformation is preferred on steric
grounds. The B-O bond lengths irl average 1.388 A which

is essentially the same within experimental error as theOC
bonds [av 1.387 A]. Of the €C bonds, C(1)-C(2) and C(5)

C(6) are the shortest [av 1.374 A] with CAE(6) being the
next shortest [1.384(2) A] and C@X(3), C(3)-C(4), and

Figure 2. Packing diagram showing the stacking of molecule iof C(4)—C(5) being very similar to each other with an average
the crystal. value of 1.393 A.
) Views of the molecular structures ob@,2-0,-4-BUCeH3)2
Table 1. Selected Structural Data for Diborane(4) Compounds (2) and By(1,2-0»-3,5-BU,CsH,)» (3) are shown in Figures 3
dihedral and 4. There is no crystallographically imposed symmetry on
compound B-B(A) angle (deg) ref either2 or 3. Both compounds are similar tb with similar
BoFs 1.67(5) 0 3 B—B bond distances2] 1.687(3);3, 1.684(3) A]. There is,
32%4'\/' . 13%5(23) 919 . 45 however, a slight twist around the-8 bond of 17.8 and the
2 e a . ) . . . . .
BA(NMes).2 1762(1) 90.0(1) 5 ![ohack_mg of molecules o:t_m th(_a CI_rystaI_lsf_qylte d|ff(|3rent_ from
BAN(Me)CHCHxMe)N},*  1.690(9),  61.65, 6 a}t in 1 (centrosymmetric pairs i@ vs infinite stacks [Flgure
1.696(9)  56.78 2] in 1), both probably the result of the Bgroups present i@.
B{N(CY)CH.CHy(Cy)N} *  1.721(12) 80.7 7 For3, the distortion around the Rinit is now more pronounced
B,(mes)(OMe),? 1.724(9) 74.9 8 due to the presence of two Bgroups. In fact, the molecules
Ba(mes)(OMe) 1.703(16)  79.0 8 distort such that there is both a twist about theBbond and
gzgmgziFgHZSiM@) i;ff((zlé) g59,241 g z slight pyramidalization at each boron center, this distortion
B:Br(NMe): 1.682(16) 837 9 eing best quantified as an angle between the planes defined
B.Br(NMe,)(mes) 1.703(14) 747 9 by B(1), O(1), C(6), C(1), O(2) and B(2), O(3), C(20), C(15),
B2(NMey)(mes) 1.717(15) 58.9 9 O(4) which is 31.8.
Bz(NMez)zPhe 1.714(4) 887 9 The structures of the dithiocatecholate compoungld B-
gigi"g?gfc')ﬁg @ ig%g 8 tlh‘?s work | S2CeHa)2 (4) and Bx(1,2-S-4-MeGiHa): (5) are also similar and
Bz(1:2-02-4-BU'C6H3)2 @ 1.687(3) 173 this work are shown |n_F|gur_es 57. In crystals of4,_there are two
Ba(1,2-0--3,5-BU:CeHa)» (3)  1.684(3) 31.8 this work crystallographically independent molecules in the unit cell but,
B2(1,2-SCeHa), (4)° 1.675(55), O this work as both molecules reside on crystallographic centers of sym-
1.670(5) _ metry, each asymmetric unit contains two independent half
By(1,2-§-4-MeGeHa)2 (5) 1.680(4) 0 this work molecules; the molecular structure of one moleculisfshown
Bo(OCH,CMeCH,0), (6)  2.029(10) 0 thiswork i Figure 5. The B-B distances [B(1)B(1a) 1.675(5), B(2)
a Gas-phase electron diffraction structut@wo crystallographically B(2b) 1.670(5) A] are both similar to the-B8 bond in1 but
independent molecule$Cy = cyclohexyl.?mes= 2,4,6-MeCsH>. there is a greater difference between the®Band G-S bond

lengths [for both molecules, av.B5 1.794, av. €S 1.757 A]
in 4 compared to the BO and C-O bond lengths irl. The
C—C bond distances id are also a little different from those
in 1. Thus for molecule 1 (molecule 2 is very similar), the
shortest C-C bonds are C(2)C(3) and C(4)}-C(5) [av. 1.378
A] followed by C(3)-C(4) [1.393(3) A] with C(1)}-C(2), C(5)-
C(6) and C(1)-C(6) being similar and slightly longer with an
average value of 1.399 A.

As crystals of4 are not isomorphous with crystals af
molecules of4 pack somewhat differently fromi but the

separation between adjacent planes of 3.30 A. Of particular
note is the trigonal planar geometry around the boron atom and
the B—B bond distance of 1.678(3) A which is comparable to,
although somewhat shorter than, values for other diborane(4)
compounds, some of which are collected in Table 1. Itis also
clear from Table 1 that the dihedral angle &fi@ 1 is unusual
since only BF,, B,Cl;, and B(OCMe,CMe,0), (10) have
previously been found to have angles 6fif the solid-state,
i.e., have what may be described as eclipsed geométrigs.

(3) (a) Massey, A. GAdv. Inorg. Chem. Radiochent983 26, 1. (b) e_ssent|al feature of pargllel stacks_ is again evident as _shown in
Coyle, T. D.; Ritter, J. JAdv. Organomet. Cheml972 10, 237. Figure 6. Interstack distances # are shorter than irl,

4) Q;S?SGM& Wheatley, P. J.; Lipscomb, W. N. Phys. Chem1957 however, with G-H---S and S-S contacts of 2.905 and 3.634

®) Brain. P. T.. Downs, A. J.. MacCallum, P.. Rankin, D. W. H.: A_re_spectlvely which are indicated as d_ashed lines in Figure 6.
Robertson, H. E.; Forsyth, G. A. Chem. Soc., Dalton Tran&991, S|m|Ia|_r parallel stacks are observed in cry_stal structure_s of
1195. tetrathiafulvalenes and related compounds which also have inter-

(6) Fusstetter, H.; Huffman, J. C.; g H.; Schaeffer, RZ. Naturforsch., stack C-H-+-S and S-S contacts of similar magnitudé.

Teil B 1976 31, 1441. . .
(7) Ferguson, G.; Parvez, M.; Brint, R. P.; Power, D. C. M.; Spalding, T.  Molecules of5 reside on crystallographic centers of symmetry

M.; Lloyd, R. M. J. Chem. Soc., Dalton Tran&986 2283. and there is some disorder of the methyl group positions. One

(8) () Moezzi, A} Olmstead, M. M.; Power, P. B.Am. Chem. Soc  grrangement of approximately 50% occupancy is shown in
1992 114, 2715. (b) Moezzi, A.; Olmstead, M. M.; Bartlett, R. A,;

Power, P. POrganometallics1992 11, 2383, Figure 7; in the other arrangement, the methyl groups would
(9) Moezzi, A.; Olmstead, M. M.; Power, P. B. Chem. Soc., Dalton
Trans 1992 2429. (11) Novoa, J. J.; Rovira, M. C.; Rovira, C.; Veciana, J.; Tarreédd.

(10) Nath, H. Z. Naturforsch., Teil BL984 39, 1463. Mater. 1995 7, 233.
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Figure 9. View of the molecular structure of one of the crystallo-
graphically independent molecules dEhowing the atom numbering
scheme. Ellipsoids are drawn at the 50% level. Selected bond lengths
(A) include B(1)-B(2), 1.737(5); B(3)-B(4), 1.731(5); B(5)-B(6),
1.740(6).

Figure 6. Packing diagram showing the stacking of moleculed wf
the crystal.

Figure 7. View of the molecular structure dd showing the atom
numbering scheme. Ellipsoids are drawn at the 50% level. Selected
bond lengths (&) and angles (deg) include B{BY1a), 1.680(4); B(Ly

S(1), 1.790(2); B(1yS(2), 1.788(2); B(layB(1)—S(1), 124.0(2);
B(1la)-B(1)—S(2), 123.4(2); S(1)yB(1)—S(2), 112.6(1). Symmetry
transformation used to generate equivalent atoms:xa;-y + 1, —z

Figure 10. View down theb axis of the unit cell of7 showing the
arrangement of molecules and the-N---Cl interactions.

not genuine. A dihedral angle of @s, however, required by
Figure 8. View of the molecular structure d showing the atom the 3site symmetry. One component of the disorder constituting
numbering scheme. Ellipsoids are drawn at the 50% level. Only one a sensible molecular structure féris shown in Figure 8.
component o_f the disorder is shown. Selected bond lengths (A) and  The bis(dimethylamine) adduct of,8ls, [BoCla(NHMe,),)]
angles (deg) include 8B(b), 2.029(10); B-O, 1.315(3); G-B-0(a), (7) crystallizes with three molecules in the asymmetric unit,
119.8(4); G-B—B(b), 117.3(2). Symmetry transformations used to L P . . ’ :
generate equivalent atoms: -ay, X — y, Z b, =X, —y, —z + 1. one of which is shown |n_ Flgu_re_ 9:a pack'lng _dlagram viewed
down the crystallographib axis is shown in Figure 10. All
methyl carbons and the oxygen and boron atoms are fully three crystallographically independent moleculeg afe similar
disordered over three sites. Bond distance and angle dataand comprise a £l; unit with each boron center having a
associated with the boron and oxygen atoms must therefore becoordinated NHMgligand; the conformation around the-8
treated with considerable caution such that the lor@Bond bond is anti with respect to the amine ligands [torsion angles
[B—B 2.029(10) A], short B-O bonds [B-O 1.315(3) A] and N(1)—B(1)—B(2)—N(2), —154.2; N(3)—B(3)—B(4)—N(4),
slight pyramidalization at boron are undoubtedly artifacts and —152.4; N(5)—B(5)—B(6)—N(6), 153.0 for the three mol-
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ecules]. The B-B bond distances are all similar [av-8 1.738
A] and somewhat longer than those found in most diborane(4)
compounds (although slightly shorter than inQB, itself*)
consistent with the greater coordination number around the
boron centers; the geometry is close to regular tetrahedral. A
related compound [£14(NMes),] has previously been structur-
ally characterizet and has a very similar molecular structure
to 7, but a rather different crystal structure as there is an
extensive network of NH---Cl hydrogen bonds ii@ as shown
in Figure 10. While the H-Cl distances are not especially short
(they range from 2.693 to 3.000 A), they are undoubtedly
influencial in the packing of molecules @f

The structures of the salt, [NMle;][B(1,2-O.CsH4)7] (8) and
the NMe-bridged dimer { BCly(u-NMey)} ;] (9) mentioned in
ref 1 are available in the Supporting Information.

Experimental Section

X-ray Crystallography. A summary of the crystal data for
compoundd—7is given in Table 2. The following section deals with
the crystal structure analysis fordetails for2, are given in parentheses.
Data were collected on a Nicolet-Siemens R3m/V diffractometer
equipped with graphite-monochromated Ma. Kadiation and a Nicolet
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performed using Stoe DIF4 software. Other features different from
those described above were as follows. Unit cell parameters were
determined by refinement ofé2angles of 32 (36 for6) selected
reflections. No absorption correction was made. The variation of
standard reflections was also used, together with normal counting
statistics, to estimate standard deviations of intensities.7F@decay

in intensities of 12% was noted and corrected for.

Data for4 and5 were collected on a Siemens SMART CCD area-
detector diffractometer. Cell parameters were refined from several
hundred reflections selected from the complete data set. Semiempirical
absorption corrections were applied, based on sets of equivalent
measurements contained in the primary data set.

For structure8—7, programs were beta release versions of SHELX-
TL and SHELXL-93% The structures were solved with direct methods.
Least-squares refinement was basedFénvalues for all measured
reflections, with a weighting scheme = 0?(F.?), theo? values having
contributions from an analysis of variance as well as counting statistics.
The observation threshold> 20(l) was used only in calculatin®
indices for “observed” reflections, for comparison with conventional
refinements based dhvalues, and had no influence on the refinement
itself. All non-hydrogen atoms were refined with anisotropic displace-
ment parameters, and isotropic H atoms were included with a riding
model in the refinement. Fo6, the 3-fold disorder about the
crystallographidC; axes was successfully modeled, though individual

LT2 low temperature device. Unit-cell parameters were derived from CHs and CH groups could not be resolved and the positions of the
25 general reflections well distributed in reciprocal space. Background boron atoms in particular, with a low electron density, are not well
measurements were made at the beginning and end of each scan for getermined. Other refinement models, including different possible
total time equal to half the scan time. Crystal stability was monitored SPace groups, were unsuccessful.

by measuring two standard reflections every 100 data; only statistical
fluctuations £-2%) were observed. Data were corrected for Lorentz Acknowledgment. T.B.M. thanks the NSERC of Canada

and polarization effects and for absorption using a face-indexed for research funding, W.C. and N.C.N. thank thg EPSRC for
numerical method. The structures were solved by Patterson (direct SUPPOrt, A.J.S. thanks the EPSRC for a studentship, P.N. thanks

methods for2) and Fourier techniques, and refined by full-matrix least-
squares methods using Siemens SHELXTL PLUS softwatee
function minimized beind w(|F,| — |Fc|)? All non-hydrogen atoms

NSERC for a Postgraduate Fellowship, P.N. and N.P. thank the
British Council (Ottawa) for travel scholarships, and T.B.M.
and N.C.N. thank the University of Newcastle upon Tyne, and

were refined with anisotropic displacement parameters. Difference NSERC and The Royal Society (London) for supporting this

Fourier synthesis provided the location of all hydrogen atoms, which collaboration through the Bilateral Exchange Program.
were included in the refinement with isotropic displacement parameters

(for 2, a riding model was used with a refined isotropic displacement Supporting Information Available: Tables of bond distances and
parameter). During the final cycles of refinement, a weighting scheme angles, atomic positional and anisotropic displacement parameters for
of the formw~t = ¢*(F) was included. Scattering factors used were the structures of, 2, 8, and9, together with details of data collection,
taken from theinternational TablesVol. 414 structure solution, refinement, figures and discussior8fand9 (14

Data for3, 6, and7 were collected on a Stoe-Siemens diffractometer pages). X-ray crystallographic files, in CIF format, for structure
using on-line profile fitting® with all machine control calculations ~ determinations of compound 4, 5, 6, and7 are available on the
Internet only. Ordering and access information is given on any current
masthead page.
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