Volume 39

Number 25 Inorganic ChemiStr y

December 11, 2000
© Copyright 2000 by the American Chemical Society

Articles

Syntheses and Structures of Mg(6HsBMe),, Mg(3,5-Me,CsH3BNMey),, the 2,2-Bipyridine
Adduct Mg(CsHsBMe)(bipy), and the N-Bonded Aminoboratabenzene Species
Mg(3,5-Me;CsH3BNMe;)o(THF) 2t

Xiaolai Zheng, Ulli Englert, Gerhard E. Herberich,* and Jo0'rg Rosenplater

Institut fur Anorganische Chemie, Technische Hochschule Aachen, 52056 Aachen, Germany

Receied May 31, 2000

The donor-free magnesocene analogues bis(1-methylboratabenzene)magrigsimd (is[3,5-dimethyl-1-
(dimethylamino)boratabenzene]magnesi@ndre synthesized in good yields by the reactions of dimethylmag-
nesium with (trimethylstannyl)dihydroborinine precurs8rand4. In the crystalline state, bothand2 possess
sandwich structures withy8-coordinated boratabenzene ligands and display crystallographic centrosymmetry.
Compoundl reacts with the nitrogen donor 2;Bipyridine to give the Lewis base addud)(bipy) (=5). In the
crystal structure o6, one boratabenzene ligandsj&bonded to the central metal while the other ligand adopts
anzn!-bonding mode. Crystallization of compouBdrom THF produces the solvatg)(THF), (=6), which exhibits

a distorted tetrahedral /0, coordination environment around the magnesium atom. The average\NMbgnd
distance is 2.141(3) A, and theNMg—N angle is 148.0(F) The observation of an aminoboratabenzene that is
solely o-bonded to a metal is without precedent.

Introduction solid state, the donor-free magnesocenes [e.g., MH)E"

- i . i and Mg(GH4Bu);*] generally possess typical ferrocene-like
Bis(;>-cyclopentadienyl)magnesium, or magnesocda@ne structures with staggered parallel cyclopentadienyl rings.

of the earliest known metallocenes. The parent magnesoceneone exception is bis[1,2,4-tris(trimethylsilyl)cyclopentadienyl]-
and its substituted derivatives have been widely used as  magnesiunf, in which a slightly bent sandwich structure is

cyclopentadienyl sources in organometallic synthédesthe adopted, due to the repulsive interactions of bulky trimethylsilyl
groups. A polymeric structure was found in the case of bis-

(1) Borabenzene Derivatives. 32. Part 31: Herberich, G. E.; Englert, U.; (indenyl)magnesium.In this compound the structure exhibits
Ganter, B.; Pons, MEur. J. Inorg. Chem200Q 979.

(2) (a) Fischer, E. O.: Hafner, W. Naturforsch. 1954 9B, 503. (b) two different l:_>ond|ng er_mronmt_ants around the_ central _metal,
Cotton, F. A.; Wilkinson, GChem. Ind(Londor) 1954 11, 307. (c) each magnesium atom is coordinated to three indenyl ligands,
Weiss, E.; Fischer, E. &Z. Anorg. Allg. Chem1955 278, 219. (d) one facially bonded in an®-fashion and the other two bonded
Cotton, F. A.; W|Ik_|nson, G, Blrmlngham, J. M. Inorg. Nucl. Chem with much lower hapticities close ml_ or nz-coordination.

1956 2, 95. (e) Fischer, E. O.; Schreiner, Shem. Ber.1959 92, . .

938. (f) Barber, W. A.norg. Synth.196Q 6, 11. (g) Haaland, A.; Boratabenzene ions can act as facially bondededectron
Lusztyk, J.; Brunvoll, J.; Starowieyscki, K. 2. Organomet. Chem.  ligands, which are closely analogous to cyclopentadienides.
1975 85, 279. (h) Bunder, W.; Weiss, EJ. Organomet. Chenl975

92, 1.

(3) (a) Jutzi, P.; Burford, NChem. Re. 1999 99, 969. (b) Hanusa, T. P. Gardiner, M. G.; Raston, C. L.; Kennard, C. H. @Qrganometallics
Chem. Re. 1993 93, 1023. (c) Jutzi, PAdv. Organomet. Cheni986 1991, 10, 3680. Mg[GH4(SiMes)]2 and Mg[1,3-GH3(SiMes)2]2: (f)

26, 217. Duff, A. W.; Hitchcock, P. B.; Lappert, M. F.; Taylor, R. Gl

(4) Mg(CsMes)2: (a) Robbins, J. L.; Edelstein, N.; Spencer, B.; Smart, J. Organomet. Chenml985 293 271.

C.J. Am. Chem. S0d.982 104, 1882. (b) Andersen, R. A.; Blom, (5) (a) Abis, L.; Calderazzo, F.; Maichle-Msmer, C.; Pampaloni, G.;
R.; Boncella, J. M.; Burns, J. C.; Volden, H. ¥cta Chem. Scand. Stréhle, J.; Tripepi, GJ. Chem. Soc., Dalton Tran$998 841. (b)
1987 A4l 24. Mg(GH4Me),: (c) Strohmeier, W.; Landsfeld, H.; Fisher, J. D.; Budzelaar, P. H. M.; Shapiro, P. J.; Staples, R. J.; Yap,
Gernert, F.; Langhaser; W.Z. Anorg. Allg. Chem1961, 307, 120. G. P. A.; Rheingold, A. L.Organometallics1997 16, 871. (c)

(d) Evans, S.; Green, M. L. H.; Jewitt, B.; Orchard, A. F.; Pygall, C. Armstrong, D. R.; Duer, M. J.; Davidson, M. G.; Moncrieff, D.;
F.J. Chem. Sog¢Faraday Trans1972 68, 1847. Mg(GH4BuWY),: (e) Russell, C. A.; Stourton, C.; Steiner, A.; Stalke, D.; Wright, D. S.
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Whereas the previous work in this field has predominantly been tion of lithium 3,5-dimethyl-1-(dimethylamino)boratabenz¥rié
devoted to transition metal complexes, the chemistry of the main with MesSnCl in THF afforded 3,5-dimethyl-1-(dimethylamino)-
group metal derivatives has remained relatively undevel8ped. 2-(trimethylstannyl)-1,2-dihydroborining)in 91% yield as an

Structural data on lithiurf,sodiumi® potassiuni} indium 2

tin,13 and lead* compounds have appeared only recently. As

air- and moisture-sensitive pale yellow liquid.
The tin compound! was characterized by multinuclear NMR

part of our continuing interest in this area, we report here the spectroscopy. At ambient temperature displays fluxional
syntheses and structural characterizations of two magnesocendehavior due to fast sigmatropic migratiéof the trimethyl-

analogues, bis(1-methylboratabenzene)magnesi)#and bis-

<_B— %C)iB—NMez
Mg Mg
—BC > MezN—BOE
1 2

[3,5-dimethyl-1-(dimethylamino)boratabenzene]magnesi2)n (

stannyl group. This results in effective lateral symmetry in both
theH and3C NMR spectra. A(*1%Sn) chemical shift of 35.8
ppm was observed fat in THF-dg. This value is close to the
values observed fa (36.9 ppm, in CDG)'3 and 5-(MeSn)-
CsHs (32.3 ppm, in THFdg),!® thus confirming the expected
nt-bonding situation ird.

Variable-temperaturH and3C NMR measurements reveal
that well-resolved spectra can be recorded-80 °C which
correspond to the two enantiomeric ground statdgpon an
increase in temperature, line broadening and coalescence were

as well as of two Lewis base adducts of these. Our results observed for all the unsymmetrical protons (2-/6-H, 3-/5-Me, 2
constitute the first detailed account of boratabenzene derivativesNMe) and carbon nuclei (C-3,5, C-2,6, 3-/5-Me, 2 NMe). Rate

of an alkaline earth metal.

Results and Discussion

Dihydroborinines 3 and 4. In previous work we had
described the synthesis of 2-(Mn)GHsBMe (3) from lithium

L

B SnMe; ? SnMe;
| NMe,
3 4

1-methylboratabenzene and A& Cl13 Analogously, the reac-

Organometallics1997 16, 3340. (d) Fisher, J. D.; Golden, J. T.;
Shapiro, P. J.; Yap, G. P. A.; Rheingold, A.Main Group Met. Chem.
1996 19, 521. (e) Fisher, J. D.; Wei, M.-Y.; Willett, R.; Shapiro, P.
J.Organometallicsl994 13, 3324. (f) Armstrong, D. R.; Herbst-Irmer,
R.; Kuhn, A.; Moncrieff, D.; Paver, M. A.; Russell, C. A.; Stalke, D.;
Steiner, A.; Wright, D. SAngew. Chem1993 105 1807; Angew.
Chem., Int. Ed. Engl1993 32, 1774. (g) Dohmeier, C.; Loos, D.;
Robl, C.; Schiiokel, H. J. Organomet. Chem1993 448 5. (h)
Dohmeier, C.; Robl, C.; Tacke, M.; Schei@l, H. Angew. Chenil991
103 594; Angew. Chem., Int. Ed. Endl991 30, 564.

(6) Morley, C. P.; Jutzi, P.; Kmger, C.; Wallis, J. M.Organometallics
1987, 6, 1084.

(7) Atwood, J. L.; Smith, K. DJ. Am. Chem. S0d.974 96, 994.

(8) For reviews on boratabenzene chemistry, see: (a) Ashe, A. J., llI;

Al-Ahmad, S.; Fang, XJ. Organomet. Cheml999 581, 92. (b)
Herberich, G. E. Boratabezene chemistry revisitedAtlvances in
Boron ChemistrySiebert, W., Ed.; The Royal Society of Chemistry:

Cambridge, U.K., 1997; Special Publication No. 201, p 211. (c)

Herberich, G. E.; Ohst, HAdv. Organomet. Cheml986 25, 119.

(9) (a) Herberich, G. E.; Schmidt, B.; Englert, U.; Wagner,Ofgano-
metallics1993 12, 2891. (b) Hoic, D. A.; Davis, W. M.; Fu, G. Q.
Am. Chem. Socl995 117, 8480. (c) Herberich, G. E.; Englert, U.;
Schmidt, M. U.; Standt, ROrganometallics1996 15, 2707. (d)
Herberich, G. E.; Ganter, B.; Pons, Nbrganometallics1998 17,
1254. (e) Lee, R. A.; Lachicotte, J.; Bazan, G.JCAm. Chem. Soc.
1998 120, 6037. (f) Herberich, G. E.; Englert, U.; Ganter, B.; Pons,
M.; Wang, W.Organometallics1999 18, 3406.

(10) Lee, B.Y.; Wang, S.; Putzer, M.; Bartholomew, G. P.; Bu, X.; Bazan,

G. C.J. Am. Chem. So200Q 122, 3969.

(11) Hoic, D. A.; DiMare, M.; Fu, G. CJ. Am. Chem. Sod.997 119,
7155.

(12) Englert, U.; Herberich, G. E.; Rosefplar, J.Z. Anorg. Allg. Chem.
1997 623 1098.

(13) Herberich, G. E.; Rosenipiter, J.; Schmidt, B.; Englert, Wrgano-
metallics1997, 16, 926.

(14) Herberich, G. E.; Zheng, X.; Roseiptar, J.; Englert, UOrgano-
metallics1999 18, 4747.

(15) A preliminary account of the structure bhas been presented in ref
8b.

constants were determined by simulation of the line sHageés
for the ring carbon atoms C-3 and C-5, and an Eyring plot of
these data gave as activation paramefe@sos = 41.6(5) kJ
mol~1, AH* = 41.2(2) kJ mot?, andAS' = —1.4(10) J K*!
mol~1.

The sizable barrier to sigmatropic automerizatiorda$ in
sharp contrast to the behavior of tBemethyl compound3,
which shows no tendency toward line broadening, even at a
lower temperature of-95 °C.13 This striking difference can be
explained by the different electronic effects of the exocyclic
substituents attached to the boron atom. In the case of compound
3 the very low barrier has been attributed to hyperconjugative
weakening of the bond between the tin and the boratabenzene
ring.!3 In the case of compound the s-interaction between
the amino lone pair and the boron atom will reduce this
hyperconjugation. Hence, the bond between the tin and carbon
C-2 will be stronger, and the barrier to sigmatropic rearrange-
ment is expected to be higher.

Compound 4 displays heteronuclear couplings with all
hydrogen nuclei and many carbon nuclei. For compagjritie
117115 satellites could readily be quenched either by using
pyridine-ds as the solvent or by adding a catalytic amount of
DMSO to its THFdg solution. This observation supports a
mechanism of intermolecular exchange of SpMgoups!3
However, in the case of compouddsuch satellite quenching
is not observed. Neither tHé711%5n satellites nor the chemical
shifts are changed in the above-mentioned donor solvent
systems. This is in line with the stronger-S@ interaction in
molecule4 as compared t8. On the basis of the structural and
NMR characterizations, two limiting bonding descriptions for
compound3 were discussed in our previous work: that of a
contact ion pair (MgSnt, CsHsBMe™) with the cation attached
to the most electron-rich ring atom C-2 and that of a classical,
localized covalent SAC bond!® We conclude that the localized
covalent bonding is more pronounced in compodnithan in
the methyl compoun@.

Magnesocene Analogues 1 and Zhe tin compound8 and
4 were used as precursors to generate the donor-free bis-
(boratabenzene)magnesium compouhdad?2 (Scheme 1). In

(16) Herberich, G. E.; Englert, U.; Fischer, A.; Ni, J.; Schmitz, A.
Organometallics1999 18, 5496.

(17) Jutzi, PChem. Re. 1986 86, 983.

(18) Wrackmeyer, BAnnu. Rep. NMR Spectrost985 16, 73.

(19) Sandstim, J.Dynamic NMR Spectroscopicademic Press: London,
1984.

(20) Haegele, G.; Lenzen, T.; Fuhler, R.Comput. Chenil995 19, 277.
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hydrocarbon solvents, the reactions3oéind4 with MgMe,,2!
prepared in situ from HgMeg produced the magnesocene
analogued and2 in 63% and 83% vyields, respectively. Both
compounds are low-melting colorless crystalline solids (mp:
45—46 °C for 1; 68—70 °C for 2). They are highly soluble in .
hexane and are extremely sensitive to traces of air or humidity. @MQ

Scheme 1
MgMe, + 2 2-(Me;Sn)GH;BMe —
3

Mg(CsHsBMe), + 2SnMe,
1
Figure 1. Platon plot® of moleculel. Displacement ellipsoids are
MgMe, + 2 2-(Me;Sn)(3,5-MgC:;H;BNMe,) — scaled to 30% probability.
4
Mg(3,5-Me,C;H;BNMe,), + 2SnMg,
2 021 c2 1y Q
0317 ce
1B NMR spectroscopy was used to monitor the reactions. R{v . 5 N 4
At the end of the transformations the signals of the 1,2- ¢ ¥ s (?U

dihydroborinines §(*1B): 48 ppm for3;13 38 ppm for4] had © C‘”\)
disappeared completely and new signals with chemical shifts @

]

Mg a

that are characteristic for ionic boratabenzed¢s'B): 37 ppm :

for 1; 30 ppm for2] were seen. Soon after the addition of the ) -

tin compound3 to MgMe;,, a strong signald(*'B) —10 ppm] & \@.—@%
was detected that gradually weakened and disappeared after 2 % Rz % O
h at ambient temperature. This observation reveals that a

reversible nucleophilic quaternization at the boron cente$ of &
was taking placé The role of this borate species has remained Figyre 2. Platon plot of molecule2. Displacement ellipsoids are
unclear. On one hand, it could be the key intermediate which, scaled to 30% probability.

by way of an intramolecular elimination of SniyJevould form _
the productL.23240n the other hand, a direct nucleophilic attack Table 1. Selected Bond Distances (A) farand2

of a methylmagnesium species at the tin cente3 o&annot be 1 2 1 2
ruled out. Quite remarkably, no such borate signal could be \g—c1  2359(2) 2.350(1) G2C3 1.390(3) 1.406(2)
traced during the preparation of the analogous comp@umtis Mg—C2 2.422(2) 2.409(1) C3C4 1.385(3) 1.404(2)

is probably due to the particularly effective electronic stabiliza- Mg—C3  2.453(2) 2.429(2) C4C5 1.398(2) 1.405(2)
tion of 4 by the exocyclic dimethylamino group at the boron Mg—C4  2.420(2) 2.411(2) CiB  1.520(2) 1.537(2)
center2.3_ As a result, the quaternization of the boron atom is mg:gs 222’%((22)) 2243286((11)) )ng i:ggggg iigfg;
energetically much less favorable. . . C1-C2 1394(2) 1.404(2)

Another interesting feature of these two reactions is the
dramatic difference in the required reaction conditions. The
reaction of the methyl compoun8 in pentane solution was
completed m 6 h atambient temperature. For the reaction of
the dimethylamino compourgl a much higher temperature and
a longer reaction time were necessary; heating the reaction
mixture to 110°C for 10 days in toluene was required to
complete the transformation. Again, the different reactivities
of 3 and4 can be related to the different bonding situations in
these compounds.

Crystal Structures of 1 and 2. Crystals of compound&
and 2 suitable for X-ray structure determinations were grown
from pentane and hexane, respectively;-20 °C. In the solid
state, bothl and 2 exhibit typical sandwich structures which
possess crystallographic centrosymmetry. The boratabenzen

aX = C6 forland X= N for 2.

ligands are facially bonded to the magnesium atom. The
inversion symmetry implies coplanarity of the ring ligands and
antiperiplanar arrangement with respect to the exocyclic sub-
stituents (Figures 1 and 2; Table 1).
The good quality of the diffraction data fdrand?2 allows
us to discuss the molecular geometries in some detail. The
boratabenzene ligands of both molecules are planar in tieir C
moieties [maximum deviations from the best planes: 0.002(2)
A for C3in 1; 0.003(1) A for C3 in2]. In the case of molecule
1, the boron atom is bent away from the magnesium atom with
a folding angle of 5.7(9)and a vertical displacement of 0.083-
%2) A. For compouna, the deviation of the boron from the
est ligand plane is slightly more pronounced; the folding angle
is 8.0(5¥, and the vertical displacement of the boron atom is

(21) Ashby, E. C.; Arnott, B. CJ. Organomet. Chen1968 14, 1.

(22) (a) Nah, H.; Wrackmeyer, B. INMR Principles and Progres®iehl, 0.118(1) A. The Mg-C distances inl [2.403 A (average),
P., Fluck, E., Kosfeld, R., Eds.; Springer-Verlag: Berlin, 1978; Vol. ranging from 2.359(2) to 2.453(2) A; MeCs plane distance
14. (b) Wrackmeyer, BAnnu. Rep. NMR Spectrostogg 20, 61. 1.920(1) A] and2 [2.391 A (average), ranging from 2.350(1)

(23) For the generation of boratabenzene species through borate intermedi- . . .
ates, see: Herberich, G. E.; Schmidt, B.; EnglertQtganometallics to 2.429(2) A; Mg-Cs plane distance 1.896(1) A] are slightly

1995 14, 471. longer than those in the magnesocenes (2285 A)2-4 This

(24) Recent work on nucleophilic substitution reactions of the neutral difference may be understood as the consequence of the lower
borabenzene Lewis base adducts also reveals gquaternization of the - - .
boron center. See: (a) Qiao, S.; Hoic, D. A.; Fu, GJCAM. Chem. charge density of the six-membered boratabenzene ring com-
So0c.1996 118 6329. (b) Putzer, M. A.; Rogers, J. S.; Bazan, G. C.
J. Am. Chem. Sod.999 121, 8112. (25) Spek, A. L.Acta Crystallogr.199Q A46, C34.
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Table 2. Structural Comparison of NitrogerBoron s-Interactions in Aminoboratabenzene Complexes

compound N-B, A B—C(average), A E&C(average), A ref
[Li(C sHsBNMe,)|(TMPTA) 1.442(2) 1.515(2) 1.384(3) 9%a
Mg(3,5-Me:CsHiBNMe); (2) 1.431(2) 1.534(2) 1.405(2) this work
[ScCI(3,5-MeCsHaBNMe,),] 2 1.417(3) 1.537(3) 1.402(3) 16
ZICly(CeHsBNPY), 1.396(6) 1.552(7) 1.391(7) 27¢

2 0Only the geometry of thg®-coordinated boratabenzene ligand was considered; the other ligand, coordingtéashion, was ignored because
of the bonding between the Sc atom and the exocyclic N atom.

pared to the five-membered cyclopentadienide ring. The-Blg
distances of 2.436(2) A fat and 2.458(1) A fo2 confirm that
the boratabenzene ligands afecoordinated to the metal.

Both structures show a marked slip distortion (the distance
between the projection of the Mg atom onto thgplane and
the geometric mean of the projections of theBCing onto the
Cs plane, amounting to 0.12 A fdk and 0.11 A for2) which
shifts the magnesium atom toward (!) the boron atom. A similar
situation was previously noted for Phg@zBMe),'* but is in
sharp contrast to the behavior of d metal complexes which
generally display slip distortions away from the boféThe
slip distortion in combination with the ligand folding results in
particularly pronounced bonding interactions between the Mg ‘
atom and then-carbon atoms. A simple electrostatic bonding C25
model provides a qualitative explanation for the underlying Figure 3. Platon plofs of molecule5. The disordered boratabenzene
bonding situation. Ther-electrons of the boratabenzene rings ring with minor occupancy (ring C) has been omitted for clarity.
concentrate negative charge on the carbon atoms-iand Displacement ellipsoids are scaled to 30% probability. Selected
y-positions of the ring. Within the-skeleton, the B-C bond distances (A) and bond angles (deg) are as follows. For the bipy
polarity places more negative charge on thearbon atoms. ~ ligand: Mg-N12.139(2), Mg-N2 2.117(2), N*Mg—N2 77.22(8).

. . For ring A: Mg—C12 2.504(3), Mg-C13 2.657(3), Mg-C14 2.743-
For the case of an Mg ion and two boratabenzene ions, the (3), Mg—C15 2.651(3), Mg-C16 2.504(3), Mg-B 2.549(3). For ring

cation will interact most strongly with the-carbons. This will B: Mg—C22 2.313(7), Mg-C23 2.770(7), Mg+B2 2.913(8). For ring
result in particularly short distances to thhecarbon atoms and ~ c: Mg—C42 2.403(10), Meg-C43 2.704(10), Me-B3 2.976(11).

will induce the ligand folding observed experimentally. A

detailed all-electron density functional study on the bonding in been describe®. We found that compounds and 2 display

1 and2 will be presented in a forthcoming papér. the same type of reactivity, and we give a detailed description

The sr-interaction between the exocyclic nitrogen atom and of two examples. Adding a stoichiometric amount of '2,2
the boron of aminoboratabenzene compounds has attracted muchipyridine to a solution ofl in toluene readily afforded Mg-
research intered:?’ The structural characterization of the bis- (CsHsBMe)x(bipy) (5) as an orange-brown powder in almost
(aminoboratabenzene)magnesium complegmpletes a series  quantitative yield. Crystallization & from THF produced large
of structures of group 1 to group 4 compounds (Table 2). The colorless crystals of Mg(THE(3,5-MeCsHz:BNMe;) (6). Both
structural data show a clear trend. On going from Li(l) to Zr- 5 and6 are very sensitive to air and moisture. While the THF
(IV), the exocyclic N-B distances shrink, thus showing the solvate 6 is quite soluble in hydrocarbon solvents such as
increasing importance of the-BN z-interactions. Simulta- hexane, the 2;2bipyridine adduct is only sparingly soluble
neously, the average intra-ring—® distances increase, in  in THF, and moderately soluble in hot toluene.
agreement with the notion that the—Bl z-interactions are Crystal Structure of 5. We knew from preliminary work
antibonding with respect to the-BC z-interactions. We may  that the addition of a Lewis base tanduces profound changes
also say that the aminoboratabenzenes become increasinglyn the bonding situatiof? Therefore we proceeded to investigate
similar to the open pentadienyl ligands. the crystal structures & and®6.

Formation of the Lewis Base Adducts.It is well-known Crystals of5, suitable for an X-ray diffraction study, were
that magnesocenes form Lewis base adducts with N or O grown by slowly cooling a saturated toluene solutiorbéfom
donors?® Recently the structures of THF adducts of several 100°C to ambient temperature. The moleculé&antains two
ansamagnesocenéd,and the structure of an adduct of deca- boratabenzene rings (Figure 3). The first one (ring A) is well
methylmagnesocene, Mg{lles),, with a stable carbene have defined, while the second one suffers from a rotational disorder
which can be described by two split positions. The split positions
(26) Gleiter, R.; Herberich, G. E.; Hyla-Krispin, I.; Zheng, X. Unpublished  (rings B and C) are essentially coplanar [interplanar angl€p(2)
@7 g“l&he’ A 3. 1l Kampf, J. W.: Mier, C.. Schneider, v,  and are rotated with respect to each other by an angle of 154

Organometallics1996 15, 387. (b) Ashe, A. J., IIl; Kampf, J. W.; approximately around the axis defined by the magnesium and
Waas, J. R.Organometallics1997 16, 163. (c) Bazen, G. C,; the mid point between C22 and C42. In the structural model,

ggg”lgg‘ge;ﬁé ';Szgel' A.J., Il Al-Ahmad, S.; Mer, C.J. Am. Chem.  thase two sites were refined with a 60%:40% occupancy ratio.
(28) (a) Burns, C. J.; Andersen, R. 4. Organomet. Chen1987, 325 The overall structure ob is that of a pseudo-piano-stool

31. (b) Lehmkuhl, H.; Mehler, K.; Benn, R.; Rufinska, A.; Kger, C. molecule. The addition of 2;ipyridine to the donor-free

gggé“ég‘géff‘fnglea 12?]‘;”(10) I‘?\f”é‘fgﬂ%%g‘g% /’é\gfe("c‘j’j gfe‘ﬁ?\“- compoundl causes a dramatic structural change. The com-

, 851, W. ., Int. Ed. , 861. , :

R.; Lehmkuhl, H.; Mehler, K.; Rufinska, AAngew. Cheml984 96, paratively strong MgN bonds [2.139(2) and 2.117(2) A]

521; Angew. Chem., Int. Ed. Endl984 23, 534.
(29) Damrau, H.-R. H.; Geyer, A.; Prosenc, M.-H.; Weeber, A.; Schaper, (30) Arduengo, A. J., lll; Davidson, F.; Krafczyk, R.; Marshall, W. J.;

F.; Brintzinger, H.-H.J. Organomet. Chen1998 553 331. Tamm, M. Organometallics199§ 17, 3375.

Cc10
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Figure 4. Platon plot> of molecule6. Displacement ellipsoids are
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situation greatly diminishes theinteraction between the amino
group and boron atom, which is so characteristic for aminobo-
ratabenzene complexes. As a result, a less perturbed or, in other
words, a more delocalized aromatic boratabenzene system is
seen in the structure with much longer exocyclie-l® bond
distances [1.538(5) A (average)] and more even intra-ring
distances. A similar coordination of a pyramidalized exocyclic
dialkylamino group was previously described for the aminoborol
dianion in [Liz(C4H4BNEt2)(TMEDA)]2.31

Overall, the molecular geometry 6fcan be described as a
tetrahedron that is strongly distorted owing to the electrostatic
repulsion between the two negatively charged boratabenzene
rings. Two limiting descriptions may shed additional light on
the bonding situation. One description would be that of a THF-

scaled to 30% probability. Selected distances (A) and bond angles (deg)solvated contact ion triple; there is a similarity to solvent-

are as follows. For the Mg center: M@1 2.035(2), Mg-O2 2.052-
(2), Mg—N1 2.140(3), Mg-N2 2.142(3), Mg--B1 2.700(4), Mg--B2
2.657(4), O+Mg—02 98.2(1), Nt-Mg—N2 148.0(1), O+Mg—N1
98.5(1), O+Mg—N2 103.7(1), O2Mg—N1 103.3(1), O2Mg—N2
96.2(1). For the first ring: N:+B1 1.539(4), C1+C12 1.402(4), C12

C131.399(5), C13C14 1.400(6), C14C15 1.386(5), C1+B1 1.517-
(5), C15-B1 1.497(5). For the second ring: NB2 1.537(5), C2%+

C22 1.374(5), C22C23 1.400(6), C23C24 1.394(5), C24C25
1.403(5), C21B2 1.506(5), C25B2 1.489(6).

partially quench the positive charge residing on the magnesium
atom. In addition to the expected elongation of the metal
boratabenzene ligand bonds, a steric constraint in the coordina
tion environment is seen. One ring remains facially bonded to
the magnesium atom while the hapticity of the second ring is
reduced and only one of the-carbon atoms remains within
bonding distance of the central metal.

The G fragment of ring A is planar, and the boron atom is
bent away from the metal with a vertical distance of 0.115(3)
A and a folding angle of 8(2) The Mg—C distances i [2.618
A (average), ranging from 2.504(3) to 2.743(3) A; distance of
the metal to best £plane 2.137(1) A] are much longer than
those inl, and again, the metal-to-ring bonding pattern is
characterized by a large slip distortion of 0.31 A toward the
boron [cf. the distances MgB1 of 2.549(3) and Mg C14 of
2.743(3) A]. The disordered ring (rings B and C) is also planar
in its Gs part but is much less tightly bonded. The only

appreciable bonding interaction is between the magnesium atom

and the coordinated-carbon [distances MgC22 of 2.313(7)
(ring B) and Mg-C42 of 2.403(10) A (ring C)]. We note in
passing that monohapto coordination is still quite rare in

separated ion pairs, and the N-coordinated amino groups would
play the role of a tertiary amine. The other description, which
is perhaps more extreme, would consi@eas a borabenzene
adduct? (rather than a boratabenzene derivative) of a magnesium
amide, Mg(NMe)(THF),.

Recent work by Fu et al. described a similar bonding duality
for B-(diphenylphosphido)boratabenzene (DPB). This anion is
isoelectronic with triphenylphosphine and is intrinsically pyra-
midal at the phosphorus. Its potassium salt [K(DPB)(18-crown-
6)](toluene),, displays the expected ion-pair coordination of
[K(18-crown-6)]" to its boratabenzene ridgOn the other hand,

if bonded to transition metals, it tends to lecoordinated
through its phosphorus ato##.

Concluding Remarks.Work presented in this paper provides
a convenient preparative route to donor-free bis(boratabenzene)-
magnesium complexes, which could serve as hydrocarbon-
soluble boratabenzene sources in organometallic syntheses. The
addition of Lewis bases such as'2pyridine and THF to these
magnesocene analogues induces dramatic structural changes.
The nature of the bonding between the magnesium atom and
the cyclopentadienyl rings has drawn much theoretical argu-
ment-34.35ever since the discovery of the parent magnesocene,
Mg(CsHs).. The structures presented here and especially our
observation of considerable charge separation in the THF adduct
6 are in line with a highly ionic bonding interaction between
the magnesium atom and the boratabenzene ligands.

Experimental Section

General Procedures.Reactions were carried out under an atmo-

boratabenzene chemistry and has only been structurally charsphere of dinitrogen by means of conventional Schlenk techniques.

acterized in the more covalent compounds InMg{§BMe),*?
and 2-(MeSn)GHsBMe®® of p-block metals in their high
valence state.

Crystal Structure of 6. A totally unexpected coordination
mode was found in the crystal structure of the THF adduct

(Figure 4). The closest interatomic distances of the central metal

to the boratabenzene ring atoms are 2.700(4) A for-Mgi
and 2.657(4) A for Mer+B2. These distances rule out any direct

Pentane and hexane were distilled from an Na/K alloy, toluene was
distilled from sodium, and ED and THF were distilled from sodium
benzophenone ketyl. Melting points were determined in sealed capil-
laries on a Bohi 510 melting point apparatus and are uncorrected.
Elemental analyses were performed at Analytische Laboratorien, 51779
Lindlar, Germany.

NMR spectra were recorded on a Varian Unity 588,(500 MHz;
13C, 125.7 MHz;'B, 160.4 MHz;'°Sn, 186.5 MHz) spectrometer.
Chemical shifts are given in ppm and are referenced to TMSHor

bonding between the magnesium atom and the boratabenzengnq ac to BR-OEt for 1B, and to SnMeg for 12%n NMR. Mass

rings. Instead, the Mg atom is tetrahedrally coordinated by two
nitrogen atoms of the exocyclic dimethylamino groups and two
THF molecules. The MgN bond distances [2.140(3) and 2.142-
(3) A] are quite close to those of the bipyridine addGaind
slightly longer than the Mg O distances [2.035(2) and 2.052-
(2) A]. The N-Mg—N bond angle is remarkably large [148.0-
(2)°], while the other angles around the magnesium center are
less than the ideal tetrahedral value (ranging from 96.2 to
103.7). The coordination of the nitrogen atoms is accompanied
by pyramidalization of the dimethylamino group. This bonding

(31) Herberich, G. E.; Hostalek, R.; Laven, R.; BoeseARgew. Chem.
1990 120, 330.

(32) (a) Boese, R.; Finke, N.; Henkelmann, J.; Maier, G.; Paetzold, P.;
Reisenauer, H. Chem. Ber1985 118 1644. (b) Tweddell, J.; Hoic,
D. A.; Davis, W. M.; Fu, G. CJ. Org. Chem1997, 62, 8286.

(33) Hoic, D. A.; Davis, W. M.; Fu, G. CJ. Am. Chem. S0d.996 118
8176.

(34) (a) Bridgeman, A. JJ. Chem. Soc., Dalton Tran4997 2887. (b)
Bytheway, I.; Popelier, P. L. A.; Gillespie, R.Gan. J. Chem1996
74, 1059. (c) Pinkus, A. GJ. Chem. Educl1978 55, 704.

(35) Jutzi, PJ. Organomet. Cheni99Q 400, 1.
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Table 3. Crystal Data, Data Collection Parameters, and Convergence ResulisZds, and6

1 2 5 6
empirical formula GzHleBzMg ClgH3oBzN2Mg C22H24BQN2M9 C26H4GBZN202MQ
fw 206.20 320.39 362.38 464.60
space group P2,/c (No. 14) P2;/n (No. 14) P2;/n (No. 14) P2,/c (No. 14)
a A 6.7311(7) 8.056(2) 10.4664(9) 10.097(6)
b, 8.363(2) 10.884(3) 13.776(2) 15.740(2)
¢ A 11.622(2) 11.606(3) 14.236(2) 18.151(5)
B, deg 103.80(1) 101.81(2) 98.962(9) 105.74(3)
V, A3 635.3(2) 997.2(9) 2027.5(5) 2777(3)

VA 2 2 4 4

T, K 203 193 228 233
A 0.7107 1.5418 1.5418 0.7107
Pealcs g CNT3 1.079 1.067 1.187 1.111
u, cmt 0.98 7.21 7.75 0.83
Re 0.051 0.059 0.063 0.093
R.° 0.051 0.058 0.068 0.069

*R = J|IFo| = [Fell/Z[Fol- * Ry = [IW(IFel — IFe)7XWIFolT"% w = 1/o?(Fo).

spectra were recorded on a Finnigan MAT-95 at a nominal electron filtered off. The filtrate was concentrated to ca. 5 mL and cooled to
energy of 70 eV. —20 °C to give 1 as a colorless crystalline solid; concentrating and
3,5-Dimethyl-1-(dimethylamino)-2-(trimethylstannyl)-1,2-dihy- cooling the mother liquor afforded a second crop (total yield of 1.21
droborinine (4). Me3SnCl (4.42 g, 22.2 mmol) in THF (10 mL) was g, 83%). The crystals were extremely sensitive to air and moisture and
added dropwise to a suspension of lithium 3,5-dimethyl-1-(dimethyl- very soluble in pentane, toluene, and £i4; mp 45-46 °C.
amino)boratabenzeffé®(3.27 g, 21.1 mmol) in THF (10 mL) at78 Data for 1. *H NMR (500 MHz, CQCl,): 6 7.61 (dd,J = 10.4,
°C. The system was allowed to warm to ambient temperature, and 7.0 Hz, 3-/5-H), 6.69 (dd) = 10.4, 1.5 Hz, 2-/6-H), 6.42 (tf] = 7.0,
stirring was continued for 2 h. The volatiles were completely removed 1.5 Hz, 4-H), 0.57 (s, BMe)*C NMR (126 MHz, CDCly): o 137.7
under vacuum. Pentane (40 mL) was then added to the residue, and 4C-3,5), 127.7 (br, C-2,6), 111.4 (C-4), 2.8 (BMEB NMR (160 MHz,
white precipitate of LiCl was filtered off. After removal of the solvent  CsDg, BFs-E1,O external): ¢ 37.2. MS (EI, 70 eV):m/z (I,e) 206 (6,
under reduced pressure, the residue was heated 6@ a high M*), 115 (10, M — CsHsBMe), 91 (100, GHsBMe"). Anal. Calcd
vacuum (10° bar) and4 (6.02 g, 91%) was collected by condensation for CioHi16Bo2Mg: C, 69.90; H, 7.82. Found: C, 69.63; H, 7.73.

as an air- and moisture-sensitive pale yellow liquid. Bis[3,5-dimethyl-1-(dimethylamino)boratabenzene]magnesium (2).
Data for 4. 'H NMR (500 MHz, THF4dg, 20 °C): ¢ 5.62 [br s, MgMez?* was prepared in situ from HgM€1.85 g, 8.02 mmol) and
JMMBN-1H) = 24 Hz, 4-H], 4.34 [br sJ(*"1Sn—1H) = 45 Hz, magnesium turnings (0.39 g, 16.5 mmol). A solution of 3,5-dimethyl-

2-/6-H], 2.70 [s,J(*"1Sn—1H) = 7 Hz, NMgj], 1.93 [s,J(**"11Sn— 1-(dimethylamino)-2-(trimethylstannyl)-1,2-dihydroborinine (3.66 g,
1H) = 6 Hz, 3-/5-Me], 0.03 [sJ(**'Sn—1H) = 51 Hz, J(*Sn—1H) = 14.36 mmol) in toluene (15 mL) was then added, and the mixture was
53 Hz, SnMg]. *H NMR (500 MHz, THFdg, —90°C): 6 5.72 (br s, stirred at 110°C for 10 days. After removal of the volatiles under

6-H), 5.62 (br s, 4-H), 3.12 [br J(*"11Sn—-1H) = 88 Hz, 2-H], 2.77 vacuum, hexane (20 mL) was added and excess magnesium was filtered
(br s, 3H, NMe), 2.61 (br s, 3H, NMe), 1.97 (br s, 3H, Me), 1.90 (br off. The filtrate was then concentrated to ca. 5 mL. Cooling-&0 °C

s, 3H, Me), 0.03 [sJ(*"11Sn—1H) = 51 Hz, 9H, SnMg. *C NMR gave2 (1.62 g, 63%) as large colorless prisms, extremely sensitive to
(126 MHz, THF4gg, 20°C): 6 120.2 p(*"11%Sn—13C) = 36 Hz, C-3,5], air and moisture and very soluble in hexane, toluene, angCGHMp

119.9 P(11711Sn-13C) = 43 Hz, C-4], 82.3 (br, C-2,6), 38.5 (NMe 68—70 °C.

25.9 (3-/5-Me),~7.2 [s,J(*1'Sn—13C) = 302 Hz,J(19Sn-1C) = 317 Data for 2. *H NMR (500 MHz, GDg): ¢ 5.54 (d,J = 1.5 Hz,

Hz, SnMe]. 3C NMR (126 MHz, THFds, —90 °C): ¢ 153.0 (C-5), 2-/6-H), 5.32 (br s, 4-H), 2.73 (s, NME 2.10 (s, 3-/5-Me)*C NMR

147.6 P(LL71Bn-13C) = 56 Hz, C-3], 121.2 (C-6), 119.2)@17112 (126 MHz, GDe): 6 149.8 (C-3,5) 105.2 (br, C-2,6), 103.2 (br, C-4),

Sn—13C) = 41 Hz, C-4], 43.4 (C-2), 38.8 and 38.1 (NWe26.7 (5- 38.9 (NMe), 25.0 (3-/5-Me).1'B NMR (160 MHz, GDs, BFs*Et,O

Me), 25.6 (3-Me),~7.5 [J(**’Sn—13C) = 306 Hz,J(*'°Sn—13C) = 320 external): 6 30.2. MS (El, 70 eV):m/z (Ie) 320 (38, M), 171 (51,

Hz, SnMeg]. 1B NMR (160 MHz, THF¢s, BF:*Et,0 external, 20C): M* — Me,CsHsBNMey), 149 (100, MeCsH3sBNMe,+). Anal. Calcd

0 38.1.195n NMR (186 MHz, THFds, SnMe external, 20°C): o for CigH30BoMgN,: C, 67.48; H, 9.44; N, 8.74. Found: C, 67.03; H,

35.8. MS (70 eV):m/z (lre) 313 (39, M), 298 (24, M — Me), 165 9.10; N, 9.12.

(100, SnMg"), 148 (66, M" — SnMe), 135 (10, SnMg), 120 (3, Sr). 2,2-Bipyridine Adduct 5. 2,2-Bipyridine (0.13 g, 0.83 mmol) was

Anal. Calcd for GoH24BNSn: C, 46.22; H, 7.76; N, 4.49. Found: C, added to a solution of MgisBMe), (1) (0.17 g, 0.82 mmol) in

45.98; H, 7.71; N, 4.50. toluene (10 mL). An orange-brown precipitate formed immediately,
Variable-Temperature NMR Studies of 4.'H and*3C{*H} NMR which was collected by filtration and washed with toluene<«(3 mL).

spectra of a solution ¢fin THF-dg were recorded on the Varian Unity ~ The solid so obtained was dried under high vacuum to affof@.29

500 spectrometer. The temperature was varied in 10 K intervals over g, 97%) as a powder, sensitive to air and moisture and moderately
the range from+20 to —90 °C; to achieve thermal equilibrium, the  soluble in hot toluene but almost insoluble at ambient temperature;
sample was kept at the chosen temperature for 20 min. The shapes ofmp 198-200 °C.

the signals for C-3 and C-5 of the borinine ring were simulated with Data for 5. *"H NMR (500 MHz, GDe¢): ¢ 7.48 (dd,J = 10.1, 7.0

the help of the program DNMRSIM?° to obtain the rate constants. In  Hz, 3-/5-H), 6.61 (ddJ = 10.1, 7.0 Hz, 2-/6-H), 6.43 (t1 = 7.0, 1.2

the subsequent calculation of activation parameters, the transmissionHz, 4-H), 0.79 (s, BMe); for bipy) 8.03 (ddd,J = 5.2, 1.8, 0.9 Hz,

coefficient of the Eyring equation was set td°IT, = 228 K, Av = 6-H), 6.83 (dddJ = 8.0, 7.5, 1.8 Hz, 4-H), 6.75 (ddd,= 8.0, 1.0,
680 s (for the *3C chemical shifts between C-3 and C-5-¢80 °C), 0.9 Hz, 3-H), 6.51 (dddJ = 7.5, 5.2, 1.0 Hz, 5-H)!*C NMR (126
and AGgg = 41.5(5) kJ mott, MHz, CsDg): 6 137.7 (C-3,5), 125 (br, C-2,6), 113.1 (C-4), 2 (br, BMe);

Bis(1-methylboratabenzene)magnesium (1)MgMe?* was pre- for bipy 6 149.3 (C-2), 149.0 (C-6), 139.0 (C-4), 124.6 (C-5), 120.1
pared in situ from HgMg(1.63 g, 7.06 mmol) and magnesium turnings  (C-3). *'B NMR (160 MHz, GDs, BFs-Et,O external): 6 37.5. MS
(0.35 g, 14.4 mmol). A solution of 1-methyl-2-(trimethylstannyl)-1,2-  (El, 70 eV): m/z (l,e)) 271 (1, M" — CsHsBMe), 206 (40, M — bipy),
dihydroborininé? (3.66 g, 14.36 mmol) in pentane (10 mL) was then 156 (100, bipy), 115 [75, Mg(&1sBMe)'], 91 (26, GHsBMe™). Anal.
added, and the reaction mixture was stirred at room temperature for 6 Calcd for G-H44B2N-Mg: C, 72.79; H, 6.68. Found: C, 72.26; H, 7.09.
h. After complete removal of the solvent and SnM&der vacuum, THF Solvate 6. A solution of Mg(MeCsHsBNMe;), (2) (0.28 g,
pentane (20 mL) was added to the residue and excess magnesium waf.87 mmol) in THF (2 mL) was stored overnight af@ to afford6
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(0.25 g, 62%) as large colorless crystals, sensitive to air and moistureand 2. For the crystal ob, one boratabenzene ligand suffers from a
and soluble in benzene and .. rotational disorder. Two essentially coplanar sites (rings B and C), which
N ] are related to each other by an angle of°l5¥ere refined with a 60%:
Data for 6. 'H NMR (500 MHz, GDg): 0 5.58 (s, 2-/6-H), 5.51 4094 gccupancy ratio in the disorder model. These atoms were assigned
(br s, 4-H), 2.69 (s, NMg, 2.18 (s, 3-/5-Me); for THF) 3.45 (m, with isotropic displacement parameters. The hydrogen atoms of the
OCH), 1.37 (m, CCHCH,C). *C NMR (126 MHz, GDg): 0 149.5 well-defined fragments were refined isotropically while the remaining

(C-3,5), 105 (br, C-2,4,6), 39.0 (NMg 25.3 (3-/5-Me); for THFO ones were treated as riding {& = 0.98 A, Uiso(H) = 1.3Ue(C)]. In

68.0 (OCH), 25.6 (CH). B NMR (160 MHz, GDs, BFs-Et,O the case 0B, the hydrogen atoms of the boratabenzene moieties were
external): 6 31.4. Anal. Calcd for @H4eB,N-O,Mg: C, 67.22; H, 9.98; refined on positional parameters with fixed displacement parameters
N, 6.03. Found: C, 66.70; H, 9.09; N, 6.58. [Uiso(H) = 1.3 Uiso(C)] and the H atoms of the THF ligands were

included as riding with fixed displacement parameters fC= 0.98

Crystal Structure Determinations of 1, 2, 5, and 6 Data collections A, Uio(H) = 1.3U((C)] in structure factor calculations.

were performed on ENRAF-Nonius CAD4 diffractometers, each
equipped with a graphite monochromator. Crystal data, data collection ~Acknowledgment. This work was generously supported by
parameters, and convergence results are listed in Table 3. Beforethe Deutsche Forschungsgemeinschaft and by the Fonds der
averaging was performed over symmetry-related reflections, absorptionChemischen Industrie.

correction&®37 were applied to the data sets collected with Ca K

radiation. All four structures were solved by direct methods with the  gypporting Information Available: X-ray crystallographic files,

help of the SHELXS-86 prograthand refined on structure factors with  in CIF format, for the structure determinationsbf2, 5, and6. This

the local version of the SDP program syst&m. material is available free of charge via the Internet at http:/pubs.acs.org.

All hydrogen atoms were isotropically refined in the structure$ of  |C000575X

(38) Sheldrick, G. E.SHELXS-86 Program for Structure Solutign
(36) Coppens, P.; Leiserowitz, L.; Rabinovich, Acta Crystallogr 1965 University of Gadtingen: Gitingen, Germany, 1986.

18, 1035. (39) Frenz, B. AENRAF-Nonius SDP Version 5 BNRAF-Nonius: Delft,
(37) North, A. C. T.; Philips, D. CActa Crystallogr.1968 A24, 351. The Netherlands, 1989; also local programs.





