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Summary: Bis(toluene)chromium is regioselesly deproto- Scheme 1

nated at the para position on one ring only by a mixed soeium

magnesium alkyl bis(amide) TMEDA agited synergic base

in a reaction influenced by the Narz-arene contacts present ®_CH3

4 Bu;Mg, 8 TMP(H) | 4 BuNa, 4 TMP(H)

in the crystalline trimetallic product.

Metalation is one of the most important synthetic tools used 4 TMEDA @-ms 4 TMEDA
for the functionalization of metallocenésTherefore, the ef-
ficiency and selectivity of metalation procedures have played a
crucial role in the development of metallocene chemistry. As
an example, dimetalation of ferrocene is easily achieved by 4 BuNa, 4 Bu,Mg, 8 TMP(H)
reaction with butyllithium in the presence of the diamine 4 TMEDA
TMEDA (N,N,N',N'-tetramethylethylenediaminé)and subse-
quent treatment with the desired electrophile constitutes a
standard approach to preparing the large family of disubstituted Nit, /.\
ferrocenyl compounds. When more than one hydrogen needs ( ;Na\ M—@

N N

to be removed from the metallocene (or when a ring-substituted
metallocene is employed), regioselectivity is an important
requirement. Thus, we have recently demonstrated that ferrocene| g - ﬂ
can be readily tetradeprotonated in the ,B,B-positions by the iy 1
mixed-metal tris(diisopropylamide) base NaM{@N)s.2 The
special selectivities attainable with these mixed-metal reagents
have also been revealed in the synergic metalation of organic
molecules, such as toluene, which can be regioselectively ] ] ) ]
deprotonated in the meta position by the base [[TMEDA)Na- Schweig reported in 2005 the selective metalation ofi¢)-
(u-Bu)(u-TMP)Mg(TMP)] (1; TMP = 2,2,6,6-tetramethylpip- Cr(GH7)]in _both rings of _the molecule |n_y|elds of up to 80%. _
eridide), leaving the methy! site (the most acidic position in The metalation of other bis(arene)chromium complexes remains
pKa terms) intact: The same reagent accomplishes the synergic Iarg.ely unexplored. This comm.unlcatlon.reports the regiose-
monometalation of the classical organometallic molecule [Cr- lective para monodeprotonation of bis(toluene)chromium
(CeHe)2158 o give [[TMEDA)Nag-TMP) (u-CeHs)Cr(CsHe)} - manifested in the mixed-metal sodittmagnesium amido
Mg(TMP)], opening up a new route to synthesize heteroleptic complex [((TMEDA)Naf-TMPY u-(p-CsHaMe)Cr(GHsMe)} Mg-
bis(arene)chromium complexes. To date, the standard way to(TMP)] (2).° We describe the synthesis and characterization of
metalate this sandwich complex, developed by Elschenbroich, 2 and present the results of a theoretical study which shed light

HyC

1%

HyoC

has been lithiation by BuLi in the presence of TMEDA, which
affords mainly the dilithio species [CrgBsLi)o] and the
monolithio species [Cr(gHsLi)(CsHg)], formed only as a minor
product (5-20%)/ Using a similar approach, but employing
the more reactive branched alkyllithium reagiuLi, Braun-
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on the reasons for the para selectivity of the synergic metalation.
The synergic basé (which was previously introduced by
our research group in a recent communicafivodin be readily
prepared in situ by reaction of the individual alkyl reagents
butylsodium and dibutylmagnesium with 2 molar equiv of the
cyclic amine TMP(H) and 1 molar equiv of the chelating
diamine ligand TMEDA. The addition of freshly prepared [Cr-
(CeHs-Me),]! to a solution ofl in hexane initially afforded a
brown solution. However, after only a few minutes of heating
under reflux, a distinct color change to deep red occurred, similar
to the change that accompanies the metalation of [§Et{)3].
In view of the results previously found for the latter metallocene,
1 was used n a 4 molar equiv excess with respect to
bis(toluene)chromium (see Scheme 1). This afforded [(TMED-
A)Na(u-TMPX u-(p-CeHaMe)Cr(CHsMe)} Mg(TMP)] (2) as a
red crystalline solid in isolated yields exceeding 60%. As
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Scheme 2
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discussed below, the selective monomagnesiation of [E{C
Me),] in the para position of one of the rings has occurred,
leaving the second ring untouched (even whet molar equiv
excess ofl is employed) and, more surprisingly, the methyl
position of the metalated ring remains intact. This is in contrast
with previous experiments treating the metallocene WABihLi/
TMEDA followed by treatment of the metalated product with
Mel and subsequent oxidation with pGxr,O7, which show that
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Figure 1. Molecular structure o2, with hydrogens atoms omitted
for clarity and 50% probability displacement ellipsoids. Selected

the methyl groups are meta-directing in the metalation processdistances (A) and angles (deg): Mg{ig(4) = 2.185(6), Mg(1}-

and that lithiation of the methyl substituents also occurred,
affording a mixture of products (Scheme?2).

In our case the presence of TMEDA in the reaction is required
to successfully accomplish the deprotonation of bis(toluene)-

N(2) = 2.085(4), Mg(1)-N(1) = 2.004(5), Na(1)-C(4) = 2.662(6),
Na(1)-C(5) = 2.847(6), Na(1)}N(2) = 2.503(4), Na(1}N(3) =

2.562(5), Na(1)N(4) = 2.494(5); N(2)-Mg(1)—C(4) = 104.37(19),
N(2)—Na(1)-C(4) = 81.50(16), Mg(1)-C(4)-Na(1)= 83.90(19),
Mg(1)—N(2)—Na(1) = 90.05(16).

chromium. When the same reaction is attempted in the absence

of TMEDA, that is, using a BuNa/BMg/2 TMP(H) mixture,

no color change indicating metalation is observed. Thus, the
diamine plays a pivotal role in this reaction. It not only aids in
the crystallization of but also activates the mixed-metal reagent
in its metalating ability. However, strictly, what is required to

in origin and constitutes a new example of the emerging concept
of alkali-metal-mediated magnesiatiéh.

The molecular structure &f has been determined by X-ray
crystallography (Figure 3¢ A four-membered NaNMgC ring

effect metalation is the presence of a donor ligand (as even anconstitutes the central feature of the structure, with two bridging

excess of TMP(H) in the absence of TMEDA will suffice).

As proof of this concept, homometallic control reactions
which combine TMP(H) and TMEDA with one of the corre-
sponding alkyl monometallic reagents (BuNa andBg) were
carried out, but these failed to achieve the deprotonation of the
metallocene. This confirms that the selective metalation of [Cr-
(CeHs-Me);] by the mixed-metal reageitis genuinely synergic

(9) Preparation of: n/sBu,Mg (5 mL of a 1 Msolution in heptane, 5
mmol) was added to a suspensionn@uNa (0.40 g, 5 mmol) in hexane
(10 mL). TMP(H) (1.7 mL, 10 mmol) was then introduced, and the mixture
was stirred for 15 min, affording a slightly cloudy pale yellow solution. At
this stage TMEDA (0.75 mL, 5 mmol) and Cr(Tel(0.30 g, 1.25 mmol)
were introduced and the resulting brown solution was heated at reflux for
30 min; a dramatic color change from brown to deep red was observed.
Half of the solvent was removed under vacuum, and the resulting bright
red solution was placed in the freezer (a20 °C), producing a crop of
red crystals (0.58 g, 66%)H NMR (400 MHz, 25°C, GsDg): 6 4.91 (m,
1H, Hpara CsHsMe), 4.85 (M, 2H, ke CsHsMe), 4.48 (m, 2H, Hino
CsHsMe), 4.16 (d, 2H, kheta CsHaMe), 4.09 (d, 2H, Hrino, CsHaMe), 2.20,

2.02 (s, 3H each, CH CeHsMe and GHsMe), 1.95 (m, 4H, H, TMP),
1.63 (m, broad, 40H, 12 H, G&bf TMEDA, 4H, CH, of TMEDA, 24H,
CHs of TMP), 1.36 (m, 8H, i, TMP). 13C{*H} NMR (100.63 MHz, 25
°C, GsDe): 0 88.24, 86.95 (so. CsHaMe and Gyso, CsHsMe), 82.94 (Greta
CsHaMe), 81.43 (Grho, CsHaMe), 78.36 (Grno CsHsMe), 75.46 (Gieta
CsHsMe), 74.86 (Gieta CsHsMe), 52.73 (CH, TMEDA), 49.68 (G, TMP),
42.65 (CH, TMEDA), 40.76 (G, TMP), 32.23 (CH, TMP), 21.75, 21.09
(CHs, CsHsMe, CHs, CsHsMe) 20.64 (C, TMP).
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ligands connecting the two metals, a TMP anion, and a molecule
of bis(toluene)chromium selectively monodeprotonated in the
para position (this molecule can be considered as a ligand that
coordinates through a single C atom). The remainder of the
metal coordination is completed by a terminal TMP ligand
attached to Mg and the chelating diamine TMEDA bonded in
a bidentate mode to the Na atom. The central NaNMgC ring is
essentially planar (sum of the endocyclic angles 359.8is
four-membered-ring motif is also present in other related mixed-
metal Na/Mg compounds such as the bdsetself or in
[((TMEDA)Na(u-TMP)(u-CeHs)Mg(TMP)]*° and [(TMEDA)-
Na(-TMP) (u-CeHs)Cr(CsHg)} Mg(TMP)],° the products re-
sulting from the synergic metalation of benzene and bis(benzene)-
chromium respectively by.

The two tolyl rings of the metallocene Badopt an almost
eclipsed disposition (torsion angle C1€8—-C1-C7 = 9.1-
(6)°). On the other hand, the metalation of a single ring of the
sandwich compound does not seem to affect the values of the
C—C and C-Cr distances in the metalated ring (averageCC
bond length, 1.420 A; average €€ bond length, 2.151 A)
compared with those in the nonmetalated ring (averag€ C
bond length, 1.404 A; average €€ bond length, 2.135 A).

(13) Graham, D. V.; Hevia, E.; Kennedy, A. R.; Mulvey, R. E.; O'Hara,
C. T.; Talmard, CChem. Commur006 417.

(14) Crystal data foR: CsgHe7CrMgNsNa, M, = 679.26, triclinic, space
groupP1, a = 8.4126(5) A,b = 11.0513(7) Ac = 11.2962(8) Ao =
74.006(3), B = 73.075(3}, y = 85.554(3), V=965.83(11) R z=1,1
=0.710 73 Au = 0.354 mm%, T= 123 K, 12 496 reflections, 6233 unique
reflections,Rine = 0.072; final refinement to convergence BhgaveR =
0.0640 F, 4785 observed data only) aiR}, = 0.1487 F?, all data), GOF
= 1.088.
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The magnesium center & occupies the position vacated by
the para H atom in the metallocene, forming a short (2.185(2)
A), strong covalent bond with the carbon center, lying close to
coplanarity with the tolyl ring (deviation of Mg from the plane ﬂ 2D 4.61 kcal mol™!
0.076(8) A). This Mg-C distance is nearly identical with that I

found in the compound [(TMEDA)Na(TMP) (u-CeHs)Cr- e

(CeHe)} Mg(TMP)] (2.197(2) A), where the magnesium center p
also lies in the same plane as the phenyl ring of the metalated HsC
bis(benzene)chromium. In contrast, the sodium atom adopts a
nearly perpendicular disposition to the metalated tolyl ring (lying NI /.\

2.603(5) A out of the plane). The closest-Na contact is with " Na, Mg—@

the para C (NaC4 = 2.662(6) A), which carries most of the d

negative charge, but there is also another short contact with the -t CHs 2A  3.93 keal mol™!
meta C5 (2.847(6) A). The remainder of the Na(tolyl) Cr

distances are too long (ranging from 3.279(6) to 4.081(6) A) to @>\CH3

be indicative of a significant interaction. These facts are
consistent with the harder magnesium centdronded to the
metalated tolyl ring of the metallocene, whereas the softer

sodium center engages more with theystem of the metal- N, /\
locene. Thiss/z distinction in the way magnesium and sodium  AE ("Na\ Mg—@
respectively bind to the deprotonated substrate has become a a
signature feature of inverse crown compounds and related X
mixed-metal structure’s.

Compound2 has also been characterized in solution using
NMR spectroscopy. IttH NMR spectrum in deuterated benzene
shows three multiplets (at 4.91, 4.85, and 4.48 ppm) of relative
intensity 1:2:2, which can be assigned to the para, meta, and
ortho hydrogen atoms, respectively, of the nonmetalated tolyl
ring of the metallocene, whereas the signals of the metalated
ring appear slightly upfield as two doublets at 4.16 and 4.09
ppm for the meta and ortho protons, respectively. The corre-
sponding signals of the two methyl groups of the tolyl rings
can also be observed at 2.20 and 2.02 ppm.J@& NMR
spectrum in the same deuterated solvent shows the presence of
seven resonances between 88.24 and 74.86 ppm correspondin
to the Gy atoms. However, no signal for MeCparacould be
observed, as a result of the low solubilitydin C¢De. Attempts
to record a spectrum employing longer accumulation times or .

a more polar deuterated solvent such as THF failed, due to the'™> only 0.45 kcal mat* less stable thaBC. The next most stable
ore p o ! model is the ortho isome2A (at 3.93 kcal mot?) and finally
partial decomposition o2.

: ; I
To shed lgh on he para seectiy of he bis(oluene). TELCCSL S0 ool s neeysonm Lol el |
chromium metalation a theoretical study has been carried out. P y

Ciporator ab i cacatons of e Haruseock (1F) (206150 o1 I o wes e ecrelcal o 1ol
level were performed using the 6-31G* basis set. The resultantleavin the methvl ositio¥1 unptouchédrhis reversal ofpthe ’
optimized geometries were subject to a frequency analysis and 9 yi p )

then refined further by density functional theory (DFT) calcula- normal_order of thermod_ynamlc stability .Whef? the bimetallic
tions utilizing the B3LYP functionals and the 6-311G** basis basel is employed can in part be explained in terms of the

set. The reaction of with bis(toluene)chromium was found to stabilizing Na-C(tolyl) 7-interactions presented in the molecule.

be exothermic by 7.03 kcal midl (eq 1). Four regioisomers of The same ra“of‘a'e can be appll_ed to the selective para mono-
metalation of bis(toluene)chromium in compoudA com-

[(TMEDANa(TMP)BUMg(TMP)] + [Cr(CeHs-Me),] parison of the geometric parameters betw2€rand2D shows

1 that the Mg-C distances are similar in both compounds (2.229
A for 2C and 2.250 A for2D); however, the NaC s-interac-
tions (also present but to a lesser extent in the ortho and meta
regioisomers) are almost nonexistent in the methyl iso2ier
(the shortest NaC(tolyl) distance is 3.035 A, but the remainder
of the Na—C(tolyl) contacts are in a range from 3.515 to 4.847
A). Therefore, as in the toluene case, we can conclude that these
Na—C & contacts, though individually weak, can collectively
contribute to the overall stability of compourad

2B 0.45 kcal mol™!

2C  0.00 kcal mol™!

lgigure 2. Theoretical structures &A—D, in order of decreasing
stability.

[(TMEDA)Na(TMP){(p-CgH,-Me)Cr(CgHs-Me)}Mg(TMP)]  + Bu-H
2

compound2 were modeled (Figure 2), where the metallocene
has been monometalated in the ortB8), meta £B), para 2C),

or methyl positions ZD). In agreement with the experimental I conclusion, we report the first example of a metallo
results the most stable theoretical structure is found to be thederivative of bis(toluene)chromium, which has been isolated (in
para isomeRC, closely followed by the meta isom2B, which high yield) and fully characterized. This constitutes a potential

new synthetic route to bis(toluene)chromium complexes regi-
(15) See review article: Mulvey, R. Bxrganometallic2006 25, 1060. oselectively monofunctionalized in the para position.
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