1

Two-Coordinate Magnesium(l) Dimers Stabilized by Sper Bulky Amido

Ligands**

Aaron J. Boutland, Deepak Dange, Christos E. kdifalAndreas Stasch, Laurent Maron* and

Cameron Jones*

[*] A.J. Boutland, Dr. D. Dange, Dr. A. StasdProf. C. Jones, School of Chemistry, Monash
University, PO Box 23, Melbourne, VIC, 3800, Augtsxa Email: cameron.jones@monash.edu.
Tel: +61-(0)3-9902-0391. Fax: +61-(0)3-9905-4597.

Web: http://www.monash.edu/science/research-grohpsatistry/jonesgroup

Dr. C. E. Kefalidis, Prof. L. Maron, Université deulouse et CNRS, INSA, UPS, UMR 5215,
LPCNO, 135 Avenue de Rangueill, F-31077  Toulouse, an¢e. Email:

laurent.maron@irsamc.ups-tlse.fr

[**] We thank the Australian Research Council (§.Jlhe U.S. Air Force Asian Office of
Aerospace Research and Development (grant FA23864013 to CJ),and the Humboldt
foundation for a grant of experienced research&ft)(lPart of this research was undertaken on

the MX1 beamline at the Australian Synchrotron,tvii@, Australia.

Supporting information  for this article is availabl on the WWW under

http://dx.doi.org/10.1002/anie. XXXXXXXXX



Summary for contents page:

Two-Coordinate Magnesium(l) Dimers Stabilized by Sper Bulky Amido Ligands

Aaron J. Boutland, Deepak Dange, Christos E. kdifalAndreas Stasch, Laurent Maron* and

Cameron Jones*

N
W TSiRs
R = Me, Pr’ or Ph
R'=Pr or Me

Two's company. Reduction of extremely bulky amido magnesium iedmbmplexes with K&
yields the first examples of two-coordinate magmexl) dimers. LMg-MgL (L= -N(Ar)(SiR);
Ar = CgH{C(H)Phy},R-2,6,4; R = Me, Pror Ph; R' = Pror Me), which crystallographic and
DFT computational studies show to possess unsugpdvig-Mg covalent bonds of high s-

character. THF adducts of two of these complexesso reported.
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Abstract: A variety of extremely bulky amido magnesium iodidmplexes, LMgl(solvepg):
and [LMg(u-l)(solvent)or] 2 (L= -N(Ar)(SiRy); Ar = CgH{C(H)Ph;}2R'-2,6,4; R = Me, Pr Ph

or OBU; R' = Pr or Me) have been prepared via three synthetic esutStructurally
characterized examples of these include the finsblvated amido magnesium halide complexes,
e.g. [LMge-)]2 (R = Me, R' = Ph. Reductions of several such complexes with KCthe
absence of coordinating solvents have affordedfitise two-coordinate magnesium(l) dimers,
LMg-MgL (R = Me, Ptor Ph; R' = Pt or Me), in low to good yields. Reductions of tvidhe
precursor complexes in the presence of THF havengihe related THF adduct complexes,
L(THF)Mg-Mg(THF)L (R = Me; R' = P) and LMg-Mg(THF)L (R = Pr R' = Me) in trace
yields. The X-ray crystal structures of all magoesil) complexes have been obtained. DFT
calculations on the unsolvated examples reveal tigiMg bonds to be covalent and of high s-

character, while Ph---Mg bonding interactions ia tompounds were found to be weak at best.

Interest in the chemistry of molecular compoundaring homonuclear p- or d-block
metal-metal bonds has rapidly escalated over thst p@ years! Despite this, isolable
compounds containing s-block metal-metal bonds g been known since 2067,and all
but one are three- or four-coordinate magnesiudigiers. In every case, these compounds are
kinetically stabilized by sterically bulkiy{,N-chelating, oN,N',O-tripodal, anionic ligands, so far
confined to a range @@-diketiminates, a guanidinate, a diiminophosphinateene-diamide, and
several diimine-enolates, e.g. Inand2.5" In addition to these, a remarkable mixed valence
magnesium cluster anion, [M&p*sBrsK] (Cp* = GMes), was recently reported, and shown by

computational studies to contain no less than 27/\Mdgbonds'®!
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Figure 1. Examples of three- and four-coordinate magnesiundimers (Dip = 2,6-

diisopropylphenyl, Dep = 2,6-diethylphenyl, Mes =sityl).

More than being just chemical curiosities, dimariagnesium(l) complexes, especially
those incorporatingg-diketiminate ligands, have been widely appliedsakible, selective and
safe reducing agents in a diverse range of inocgamil organic synthetic transformatiéfisthe
growing popularity of these reagents lies with faet that their use can lead to synthetic
outcomes that are not achievable with traditioedlicing agents, such as alkali metalsg li@Gd
sodium naphthalide. In order for the synthetic mgahlility of magnesium(l) dimers to further
flourish, new examples of this compound class mekd to be developed. In this respect, perhaps
the most attractive targets are two-coordinate dimeavhich should be markedly more
electrophilic, and thus more reactive, than thaie¢- and four-coordinate counterparts.

The problem here is that all prior attempts tepare magnesium(l) dimers devoid of
chelating ligands, e.g. Cp*MgMgCp*, have met witildre!**” Indeed, based on the results of
experimental and computational studies, Schnockel @o-workers have suggested that the
synthesis of stable non-chelated magnesium(l) dimeill be "difficult, and perhaps
impossible'™® It should be noted here that the same group havelaped specialized synthetic
routes to metastable (decompca. -40°C) solutions of XMgMgX (X = CI or Br), thougthe
metal centers of these dimers are quite possibitiadally coordinated by donors (e.g. NEt
present in those solutioffs:”

Our group has developed an extremely bulky monademmide class of ligands (L), e.g.

-N(AN(SiRs) (R = Me, Pt Ph, OBl Ar = CsH{C(H)Phy}.R-2,6,4, R' = Me or Prl*Y These
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have been utilized for the stabilization of a ser&# novel unsupported metal-metal bonded
systems, containing at least one two-coordinate, deidation state p- or d-block metal center,
e.g. LM-ML (M = Ge or Sn), LM-Mg(Nacnac) (M = Mn an; Nacnac $-diketiminate), LZn-
Zn-ZnLB*? Given our success in this arena, we proposedstit amide ligands could possess
sufficient steric bulk to kinetically stabilize twamordinate magnesium(l) dimers, which should
be considerably more reactive than compounds ssithaad2. Here, we report on our efforts to
confirm this proposal.

Based on our prior work with higher coordinate megjum(l) dimers, it seemed to us that
the most useful route to their two-coordinate ceypdrts, LMgMgL, would beia the reduction
of Hauser base magnesium(ll) iodide precursor cergd of the type, LMgl(dongyjn = 0 or 1).
However, structurally characterized examples ofhssgstems bearing monodentate amide
ligands are relatively rare, due to their propgnsit participate in Schlenk equilibria and other
degradation pathway¥! In the current study, it was believed that sucthways would be
largely circumvented by the considerable sterik lmfl the amide ligands available to us. This
proved to be the case, and a series of amido magmgg iodode complexes3-11, were
accessedvia three preparative routes (Scheme 1). These ingdobither (i) salt elimination
reactions between an alkali metal amide and MfL),; (i) methane elimination reactions
between a secondary amine (LH) and MeMgl; or {@gdination of amido magnesium(ll) butyl
complexes, which were, themselves, preparadeaction of LH with one equivalent of MgBu
All of these complexes were prepared in good tcelsuwt isolated yields, and all are thermally
very stable in both solution and the solid states lof note that manipulations involving route
(iif) can be carried out in the absence of coortiigasolvents, which allows for the formation of
unsolvated complexes, e%.7 and11l The advantage of this is that coordination oeetho the
magnesium centers of subsequent magnesium(l) tedymtoducts is avoided. With that said, for

some of the solvated amido magnesium(ll) iodide mlewes (e.g3), the coordinated ether can
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be largely removed by dissolving the complex inmwabluene, then removing all volatilés

vacua
R R scv
P Me CEt; 3
Vgl (CEt, 2
MR LVgl(scv) Ph Pr CEL, 4
(M =L crK) CBu! Ve - 5
CBul P - 6
LH NVelNgl _ or
-NVeH N
R R scv NS
= B se SR
. N Ne Pr - 7 i ?‘ ) 3L
, 2 uky emdes
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N Ne Pr THF 8
Pr’ Ve - 10
Ph Ve - 1M1

Scheme 1Synthesis of the amido magnesium iodide compl8xEk(reaction solvents: diethyl

ether, THF or toluene)

A selection of the amido magnesium(ll) iodide cammpds were crystallographically
characterized, which revealed them to be eitheramans or iodide bridged dimers in the solid
state (see Supporting Information (SI) for full @lkst). The structure of one of these complexes
(7) is depicted in Figure 2, as this represents fh& £xample of a crystallographically
characterized unsolvated monodentate amido magndsilide complex. Not surprisingly, it is
an iodide bridged dimer, that because of its uraelty nature, exhibits several Mg-pyC
interactions of < 2.7 AXC/Mg covalent radii = 2.14 &Y. These probably indicate a weak
bonding interaction between timecloud of a phenyl and each metal, though the saityplof the
NMR spectra of the complex suggests that coordinadind de-coordination of the phenyl group

to the magnesium centre is rapid in solution oNNMR timescale at 20 °C.



Figure 2. Molecular structure o7 (25% thermal ellipsoids; hydrogen atoms omitt&blected
bond lengths (A) and angles (°): I(1)-Mg(1) 2.74B2) 1(1)-Mg(1)' 2.7753(11), Mg(1)-N(1)
1.9675(19), Mg(1)-C(15) 2.573(2), Mg(1)-C(14) 2.628 Mg(1)-1(1)-Mg(1)' 82.72(3), I(1)-

Mg(1)-1(1)"' 97.28(3). Symmetry operation: ' -x+2+2, -z+1.

Reductions of toluene solutions of the amido nesgm(Il) iodide precursors3-11,
were attempted using excesses of either Na, K g Ke reactions involving the alkali metals
all led to mixtures of products, the predominannponent of which was the alkali metal salt of
the amide ligand involved (see Sl for crystallodmapdetails). Similar outcomes typically
resulted from reduction of the precursor complexath KCg, though in the case of the
reductions involving the unsolvated precursarand 10, good yields of the new pale yellow,
crystalline magnesium(l) dimer42 and 13, were obtained (Scheme 2). It is noteworthy that
several crystals (yield < 5%) of the dinietwere isolated from one reduction bf, though this
synthesis was not reproducible in our hands. Sityjlaeduction of9 and10 in the presence of
THF gave very low yields of the bis- and mono-THéMplexes1l5 and 16 respectively, no
spectroscopic data for which could be acquirecerédtingly, attempts to prepare these adduct
complexes in higher yields by treating solutiond®find13 with THF, led to decomposition to

intractable product mixtures.
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Scheme 2Synthesis of the amido magnesium(l) dinkE2<1 6 (see Scheme 1 for ligand

definition).

Compoundd 2 and13 are remarkably thermally stable in the solid s{ate.12 240 °C;
13 163 °C), and are indefinitely stable in solutidnaanbient temperature. They are, however,
both air sensitive in solution and the solid stdiee molecular structures of the compounds are
depicted in Figure 3. The compounds are dimergjrgpansupported Mg-Mg bonds, the lengths
of which lie within the previously reported range such connectionts! Moreover, there is no
crystallographic or spectroscopic evidence forpghesence of hydride ligands bridging the metal
centers of the dimers. Not surprisingly the Mg-a@ations in the two-coordinate compounds
are significantly shorter than those bonds in hatee-coordinateN,N-chelated magnesium(l)
dimers (2.06 A medh). The N-Mg-Mg angles inl2 and 13 are similar and presumably
distorted from linear so as to minimize intramolacunteractions between their two extremely
bulky amino aryl substituents. b2, these interactions are further relieved by itskyparyl
substituents taking up transoid positions relatweone another. In contrast, the significantly
more bulky silyl substituents df3 seemingly require a cisoid arrangement of its grgups, in
order to curtail steric buttressing in the compaubéspite these geometric differences, the
imposing steric profile of the amide ligands intb&2 and13 leads to their Mg-Mg bonds being

enshrouded by flanking benzhydryl phenyl groupseréhare, however, nopg- - Mg separations



9
in 12 that are < 3.0 A, which implies that any interact between the phenyl groups and the
magnesium centers in that compound are weak at Dieist situation can be compared to that for
the presumably more electrophilic Mgenters of the precursor complék, which do exhibit
significant Ph- - - Mg interactions. Furthermore, bltg center of the bulkier dimet3, appears to

be weaklyn®coordinated by one phenyl group, whereas the dsheot.

(b)
Figure 3. Molecular structures of (a)2 and (b)13 (25% thermal ellipsoids; hydrogen atoms
omitted). Selected bond lengths (A) and angle$of°12: Mg(1)-Mg(1)' 2.8223(11), Mg(1)-N(1)
1.9855(12), N(1)-Mg(1)-Mg(1)' 157.06(4). Symmetrpeoation: ' -x+1, -y+1, -z+1. Selected
bond lengths (A) and angles (°) fd8 Mg(1)-Mg(2) 2.8504(13), Mg(1)-N(1) 1.985(2), Mg¢2
N(2) 1.982(2), Mg(1)-C(14) 2.771(3), Mg(1)-C(9) 8X3), N(1)-Mg(1)-Mg(2) 151.66(8), N(2)-

Mg(2)-Mg(1) 149.05(8).
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Although the THF adducts 4R and13 (viz. 15 and16) were only formed in trace yields,
it is instructive to compare their structures (Fegd) with those of their unsolvated counterparts.
Two THF molecules coordinate the Mg centerslbf whereas only one metal center1d is
coordinated, presumably due to the greater stetic dif the amide ligands in the latter. The Mg-
Mg and Mg-N bonds of the THF adducts are signifigalonger than those df2 and13, as has
previously been found for THF adducts ptiiketiminato Md dimers, e.g1.”®! The ligands of
both adducts adopt cisoid dispositions, as oppdeethe transoid geometry df2, and the
NMgtHpMg angles are more than 17° (fbs) and 10° (forl6) narrower than in the THF free
molecules,12 and 13. Moreover, it is apparent that the greater stermwding of the metal
centers in the adducts leads to a lengtheningeaf @y - - Mg separations, relative to those ih

and13, as all are greater than 3.0 A.

Figure 4. Molecular structures of (a5 and (b)16 (25% thermal ellipsoids; hydrogen atoms

omitted). Selected bond lengths (A) and angledor)l5: Mg(1)-Mg(2) 2.930(2), N(1)-Mg(1)
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2.027(4), O(1)-Mg(1) 2.082(4), N(2)-Mg(2) 2.024(4)(2)-Mg(2) 2.081(4), N(1)-Mg(1)-Mg(2)
139.18(13), O(1)-Mg(1)-Mg(2) 113.09(11), N(2)-Mg@g(1) 136.79(12), O(2)-Mg(2)-Mg(1)
115.69(12). Selected bond lengths (A) and angle$o(°16: Mg(1)-Mg(2) 2.9049(17), Mg(1)-
N(1) 2.002(3), Mg(2)-N(2) 2.013(3), O(1)-Mg(2) 24@1), N(1)-Mg(1)-Mg(2) 155.43(10),

N(2)-Mg(2)-Mg(1) 138.77(9), O(1)-Mg(2)-Mg(L) 1103

In order to investigate the nature of the metalaindonding in the magnesium(l)
compoundsl2-14, dispersion corrected DFT calculations (B3PW91M3R-D3, see Sl for full
details) were carried out in the gas phase onulariolecules,12'-14'. The geometries of the
compounds optimized to be similar to those deteechifrom the crystal structures, but with
underestimated Mg-Mg distance$2( xxx A, 13 2.776 A, 14" 2.708 A). NBO and NPA
analyses of the compounds revealed that their mettdl bonds have high covalent character,
while the N-M interactions in all are largely ior(e.g. NBO? charges fd4": Mg 0.70, N -1.50).
The HOMOs of the computed molecules exhibit sigaifit metal-metab-bonding character,
which is largely derived from overlap of valencerbitals on the metals (> 90 % s-character in
each case, see Figure 5). Furthermore, the levebwdlency of these bonds is reflected in their
Wiberg Bond Orders (WBO4:2' xxx, 13' 0.88,14' 0.89). The LUMOSs for the dimers are ligand
based, while the LUMO+2 of each displays signiftdslig-Mg t=bonding character. This view of
the Mg-Mg bonding in the compounds reflects thatclwhhas previously been reported for
relatedN,N-chelated dimer§! With that said, no occupied orbital could be foufod 12'-14"
which displays a significant Ph---Mg bonding intécm, thereby validating our ascertion that

these systems possess essentially two-coordindte ceaters.



12

Figure 5. (a) HOMO and (b) LUMO+2 012'.

In conclusion, the first examples of stable tweortinate magnesium(l) dimers have been
synthesized and analysed by spectroscopic, crygtalphic and computational techniques. The
kinetic stability of the compounds is almost cetyia result of the considerable steric protection
afforded to the metal-metal bonds by the extrenbelky amide ligands of the dimers. There is

considerable potential to develop these coordietiunsaturated magnesium(l) compounds as a
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second generation of highly reactive, bespoke reduagents in inorganic and organic synthesis.

We will report on our efforts in this direction due course.

Experimental Section

Full synthetic, spectroscopic and crystallograplatails for new compounds; and full details and

references for the DFT calculations can be fountiénSupporting Information.
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