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The heterodimetallic compound [(IW®&).NMg{u-N(SiMes),} ,CaN(SiMe),], 3, can be prepared as
single-component crystals through manipulation of the equilibrium established on mixing the homometallic
derivatives Mg[N(SiMe)]2, 1, and Ca[N(SiMe)2]2, 2, in toluene/hexane solution. Specifically, doping
solutions with a 30% molar excess bis required in order to avoid cocrystallization wizh Complex
3 has been characterized by single-crystal X-ray diffraction and multinuclear NMR spectroscopy and is
found to adopt a heterodimetallic Mig£N).Ca ring structure in the solid state and in arene solutions.
DFT computational studies confirm the experimentally observed variations in the metrical parameters
between the homo- and heterodimetallic complexes. The calculations also indicate that the reaction to
form 3 is close to being thermoneutral. Addition of pyridine3aesults in asymmetric cleavage of the
mixed-metal ring structure, in turn forming a kinetically stable, charge-separated “ate” species of the

type [(M&Si),NCa (pyr)n] " [Mg{ N(SiMes),} 3] 7, 4. The three basek 2, and4 react with propiophenone

in pyridine media at ambient temperature to give

Introduction

Alkali and alkaline earth metal amides are two of the most
widely used classes of polar organometallic reagehfBheir

higktereoselectivities of 98%.

structural investigation® LIHMDS, NaHMDS, and KHMDS

are all commercially available, and approaching one hundred
crystal structures containing these bases have app®ared.
Similarly, the alkaline earth metal bishexamethyldisilazides have

applications include serving as versatile reagents in organic played a central role in developing the synthetic and structural

synthesi$ > as metathesis reagents in the preparation of
inorganic compound&and also as catalysts in polymerization
reactions. This has led to a great deal of attention being directed
toward elucidating their structures both in solufi@md in the
solid state’~ 11 Hexamethyldisilazide (HMDS) is one of the most
studied amide ligands for synthetic applications as well as for
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organometallic chemistry of the group 2 elemedit¥ These
compounds form an isostructural series of three-coordinate ring
dimers in the solid stateé:1” In addition, several examples
of heterodimetallic HMDS complexes composed of two dif-
ferent alkali metals (L4Na, Li—K, and Na-K)8 and also

an alkali metal in combination with an alkaline earth metal
(Li—Mg,*® Li—Ca?° K—Mg,?! Rb—Mg,?! and K—C&? have
been reported. Such complexes can be considered as “ates’
with the more electronegative metals dominating the struc-
tural arrangement adopted. A somewhat surprising omission
from this list is any example of a heterodimetallic complex
containing a pair of alkaline earth metals. From a broader
perspective, only a small number of compounds that con-
tain two different group 2 metals have been crystallograph-
ically characterized, and these are mainly confined to car-
boxylic acid derivative® or species where the metals are
employed simply as solvated countercatiéhin fact, the Sr/

Ba phenoxide [HSsBay(us-O)2(OPh)4(HMPA)g], prepared by
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Figure 1. *H NMR spectrum of an equilibrium mixture containing
1, 2, and3 in tolueneds at 25°C (R = TMS).

Caulton and Chisholm, is the single reported example of a
structurally characterized molecular cage complex containing
two different types of alkaline earth metaksWe initiated a
study to complete the series of s-block complexes supported
by HMDS ligands by preparing heterodimetallic complexes of
the alkaline earth metaf$. This apparently straightforward
objective resulted in the discovery of several unanticipated
features concerning the nature of these complexes. We now
report the synthesis, structural characterization, and dynamic
solution behavior of a MgCa heterodimetallic hexamethyld-
isilazide compound.

Results and Discussion

Synthesis and NMR Spectroscopic DatalVe opted to begin
our investigations by targeting the synthesis of a mixed-Mg
Ca complex since both Mg(HMDg)1, and Ca(HMDS), 2,
are readily preparet,and furthermore we have also recently
shown that these homometallic compounds are useful reagents
in the stereoselective enolization of ketonic substr#té%The
IH NMR spectra obtained on mixing and 2 in tolueneés
proved to be a convenient method for studying the reaction.
Previously, Westerhausen established thagtains its dimeric
ring structure in arene solution, whereh$orms a monomer/
dimer mixture!® Figure 1 shows the spectrum that results from
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Table 1. NMR Data for Dimeric 1—3 in Toluene-dg at 295
K, Where t = Terminal and b = Bridging

1H 13c{ lH} ZQSi{ lH}

1 Mg—N(SiMes); 0.34 7.11 -35.95
Mg—N(SiMes), 0.44 8.10 —26.64

2 Ca—N(SiMes); 0.27 6.46 —43.44
Ca—N(SiMe3)p 0.31 6.90 —36.69

3 Mg—N(SiMes); 0.33 7.41 —32.00
Ca—N(SiMes); 0.27 6.28 —43.25
Mg—Ca—N(SiMes)p 0.37 7.41 —32.00

mixing equimolar quantities df and?2, and it is apparent that
several solution species are present.

Five of the signals are readily assigned oand 2 by
comparison with spectra of the authentic homometallic com-
pounds (bridging and terminal for each dimer, as well as
monomericl). The size and chemical shift positions of the three
remaining signals are consistent with the formation of a
heterodimetallic dimer of the type [(MBi),NMg{u-N(SiMes),} o-
CaN(SiMe),], 3. Specifically, the signals ai 0.27 and 0.33
arise from the CaN(SiMe3); and the Mg-N(SiMe3); units, and
the signal ato 0.37 represents the two equivalent Mg
N(SiMe;3),—Ca units (where N(SiMg: and N(SiMg), are
terminal and bridging HMDS groups)3C and 2°Si NMR

spectroscopic data also support the presence of a new heterodi-

metallic complex (Table 1). The chemical shift positions
associated with the terminal group3rare very similar to those
in the homometallic counterparts. However, the chemical shifts
of the bridging groups 08 lie between those of and2 for
each nuclei. All of the solution data are therefore consistent
with the formation of a mixed-metal heterodimeric complex,
albeit as part of an equilibrium mixture with the homometallic
analogues.

Variable-temperaturéH NMR spectroscopic studies were
carried out between 21 and60 °C. The homometallic
complexesl and2 display two separate signals for the bridging

Organometallics, Vol. 25, No. 21, 2d065

Figure 2. Molecular structure o8 with hydrogen atoms removed
(ellipsoids at 50% probabilities). Top: plane view of the central
Mg(u2-N),Ca ring. Bottom: side view highlighting theisoid
orientation of the terminal HMDS groups.

concentration of the sample did affect the equilibrium position
(as noted by NMR studies) due to the presence of the monomeric
magnesium complex, but this strategy was not practical for
crystallizations. We were intrigued by the observation that the
crystals were consistently contaminated band neverl. A
possible explanation for this became apparent on close examina-

and terminal HMDS throughout this temperature range. For the tion of the crystal structures df—3.1620 Although all three

equilibrium mixture ofl, 2, and3 the pattern is more complex
due to overlapping of the signals within the small chemical shift
range available<{o 0.20). Nevertheless, at60 °C the signals
separate to show the presencel @¢® 0.42 and 0.40)2 (6 0.36

compounds adopt three-coordinate dimeric ring structures, the
geometries o2 and3 differ quite substantially from that df.

In particular, inl the two magnesium and four nitrogen centers
of the dimer all lie in a single plane, whereas4rand 3 the

and 0.26), an@ (0.43, 0.34, and 0.33). These data are consistent central MN, rings are puckered, with the terminal HMDS

with retention of the dimeric structures at this temperature.
Next, crystallization of the heterodimetallic complex was

attempted. Well-formed crystals were deposited from a 5:1

toluene/hexane solution containing equimolar quantitied of

groups orientated in aisoid manner. We speculated that the
similar size and overall gross shape adopte@ byd3 allowed
their cocrystallization, whereas the planar structurg excludes

it from packing in an efficient manner with A series of doping

and? after cooling to—20 °C. Subsequent NMR spectroscopic experiments were carried out to determine if the equilibria
and single-crystal X-ray analyses corroborated the synthesis ofbetweeri, 2, and3 could be manipulated to reduce the quantity
a new mixed-metal compound, but unfortunately it was ac- of calcium bisamide present in solution. NMR samples contain-
companied by substantial contamination w&hMore specif- ing equimolar amounts df and2 were prepared as before, then
ically, crystallography established that the ring heterodiBier  spiked with various amounts @f The resulting spectra indicated
was the major component present{&®9%), with the remaining  a shift in the equilibrium concentrations as desired, with
content being the homometallic dim2r This whole-molecule depletion of2 and an associated increase3nSubsequently,
disorder manifests itself most notably as partial site disorder of the crystallization conditions were optimized such that crystals
the magnesium position by calcium. The presence of ex2ess of pure3 were prepared using 1.5:3.5 hexane/toluene mixtures
within the individual crystals could also be observed by containing a 30% molar excess bfover 2.
integration of their'H NMR spectra, where the signals ét Crystallographic Studies. X-ray analysis of the resulting
0.27 and 0.31, corresponding to the-@¥(SiMe3); and the Ca crystals indicated no discernible cocrystallization vattAfter
N(SiMe;3), groups of2, were 16-15% larger than expected for  modeling the disorder of one of the trimethylsilyl groups around
a 1:1 Mg/Ca mixture. Si(6) the largest peak in the final difference map is only 0.36
Cocrystallization was particularly problematic in this instance e /A3. This peak is located 0.973 A from Si(7) and 0.906 A
as it negated meaningful comparisons between the metricalfrom C(20). So, there are no significant peaks in the map,

parameters of homometallidsand 2 with heterodimetallic3.
Efforts to overcome this issue by altering the solvent media or
the crystallization temperature had little effect. Changing the

indicating no detectable contamination By
As shown in Figure 2, complek contains a four-membered
ring core with a pair of amide ligands bridging the metal centers
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Table 2. Selected Bond Lengths (A) and Angles (deg) for-3

1

2

3

Mg—Nt1.975(7)
Mg—NP 2.145(5)
Mg—Nb 2.156(4)
Nb—Mg—NP 95.5(2)
Nb—Mg—Nb 96.1(2)
NP—Mg—N!131.9
Nb—Mg—N!132.2F
Mg—NP—Mg84.2(2)
Si—Nb—Si 110.8(2)

Si—N!—Si 117.3(4)
Si—Nt—Si 120.7(4)

a2 esd not available.

Ca-Nt2.282(6)
Ca-N!2.267(7)
Ca-NP 2.482(6)
Ca—NP 2.520(6)
Ca-Nb 2.430(6)
Ca—NP 2.466(6)
N—Ca—Nb 88.0(2)
N—Ca—Nb 90.4(2)
NP—Ca—Nt132.9(2)
NP—Ca—Nt138.7(2)
N—Ca—N134.4(2)
NP—Ca—Nt133.4(2)
Ca-NP—Ca 91.6(2)
Ca—NP—Ca 89.8(2)
SHNP—Si 119.9(4)
Si—NP—Sj 114.7(3)
SHNI-Si 121.3(4)
SNI-Si 123.2(4)

and with each metal binding additionally to a terminal amide
group. This heterodimetallic structure with three-coordinate

metal centers is consistent with our solution studies of this
complex. The key bond lengths and angles witBiare listed

Mg(1}-N(4) 1.993(3)
Ca(1yN(3)'2.272(3)
Mg(1)-N(L) 2.147(3)
Mg(1}-N(2)° 2.136(3)
Ca(1¥N(L)° 2.562(2)
Ca(1yN(2)° 2.467(3)
N(19—Mg(1)—N(2)P 101.24(10)
N(Lp—Mg(1)—N(4) 130.11(11)
N(2)—Mg(1)-N(4)t 127.21(11)
N(19—Ca(1)-N(2)> 82.33(8)
N(19—Ca(1)-N(3): 143.04(9)
N(2)—Ca(1)-N(3)!132.97(9)
Mg(1)>-N(1)>—Ca(1) 86.35(8)
Mg(1}N(2)°—Ca(1) 89.05(9)
Si(1FN(L)P—Si(2) 113.77(14)
Si(3)N(2)P—Si(4) 114.46(14)
Si(5)-N(3)\—Si(6) 122.81(15)
Si(8)N(4)—Si(7) 119.87(15)

Table 3. Selected Bond Lengths (A) and Angles (deg) for
| =1l at the B3LYP/6-311++G** Level of Theory

in Table 2 along with those of the homometallic compleges
and2. The Mg—NP (where N’ = bridging amide) distances of
2.147(3) and 2.136(3) A i@ are very similar to those of 2.156-
(7) and 2.145(5) A irl, with a mean contraction of only 0.009
A. Similarly, the Ca-Nt (where N = terminal amide) bond

distance of 2.272(3) A iB lies between the two values of 2.282-
(6) and 2.267(7) A in2. More significant changes are found
for the Mg—N! and the CaNP bonds. The terminal MgN!
bond lengthens by 0.018 A on moving frot(1.975(5) A) to

3 (1.993(3) A). Also, the mean Ca\P bonds (2.467(3) and
2.562(2) A) in 3 lengthen by 0.040 A compared with the
homometallic derivative (2.430(6), 2.466(6), 2.482(6), and

2.520(6) A).

The most notable changes in the angle§ ebmpared with

Mg—N!2.010
Mg—N!2.010
Mg—NP2.184
Mg—NP2.180
Mg—NP2.180
Mg—NP2.178

Nb—Mg—Nb95.19
NP—Mg—Nb95.40
NP—Mg—Nt132.70
NP—Mg—Nt132.11
NP—Mg—Nt132.22
NP—Mg—Nt132.37
Mg—NP—Mg84.63
Mg—NP—Mg84.77
Si—NP—Sj 111.24
Si—NP—Sj 111.09
Si—N'-Si 117.04
Si—N'-Si 118.48

Ca-Nt'2.291 Mg-Nt2.023
CaN'2.299 Ca-N'2.289
Ca-NP2.568 Mg-NP2.172
Ca-NP2.515 Mg-NP2.161
Ca-NP2.487 Ca-NP2.593
Ca-NP2.473 Ca-NP2.482
N—Ca-NP91.04 N—Mg—NP101.53
N—Ca-NP91.97 N—Mg—N!130.51

N—Ca—N!128.25
N—Ca—-N!140.70
N—Ca—N!'131.61
N—Ca—N!131.07
Ca-NP—Ca 89.74
Ca-Nb—Ca 87.03
Si-NP—-Sj 117.06
Si-NP—-Sj 115.27
SiN'—Si 122.90
Si-N'-Si 123.60

N—Mg—Nt127.34
N—Ca—Nb82.76
N—Ca—N!144.06
N—Ca—N!132.57
Mg-NP—Ca 88.98
Mg-Nb—Ca 85.93
SHNP—Si 114.64
SiN—Si 113.68
SHNI-Si 118.21
SHNI-Si 122.06

the homometallic precursors are associated with the two metal
centers. Specifically, the N(£Mg(1)—N(2) angle widens by
5.4 and the N(1)-Ca(1)}-N(2) angle narrows by 629 Fur-
thermore, the geometry around the magnesiuigino longer
planar, with the sum of the NMg—N angles being 358°6and
the metal sitting 0.142 A out of the NEN(2)—N(4) plane. In
comparison, the sum of the-NCa—N angles in2 and 3 are
similar at 358.8 and 358.9, and the metal lies 0.164 A out of
the N(1)-N(2)—N(3) plane in3, which lies between the two
values of 0.086 and 0.178 A ia. Finally, the Mgf>-N).Ca
ring is puckered with an angle of 12.Between the N(1yMg-
(1)—N(2) and the N(1)}Ca(1)-N(2) planes, whereas this angle
in1is 0.0 and in2is 5.2.

Overall, the variations in bond lengths and angles3in

compared to the homometallic precursors can be explained by

considering the relative Lewis acidities of the metals. Magne-
sium is considerably smaller than calcium (ionic radii 0.86 A,
cf 1.26 A)2° resulting in a higher Lewis acidity. In turn, this
leads to weakening of the G&P bonds, a widening of the
internal ring angles at magnesium, and a concomitant narrowing
of these angles at calcium. The €' bonds are not strongly
influenced by this change, but the increase in electron density
at magnesium results in a slight lengthening of the-Nij
distance.

The possible role of stabilizing intramolecular agostic interac-
tions between the methyl groups of HMDS and adjacent alkali
and alkaline earth metal centers has been discussed in some
detail6:2% |n 3 only two relatively short Ca-CHjz distances
are present: GaC(1) at 2.890(5) A involving a bridging
HMDS unit and Ca-C(15) at 2.828(5) A from the terminally
bound HMDS group. This situation is similar to that in the
unsymmetrical homometallic compl&x which has one of the
calcium centers lying close to two methyl groups, 2.855
(bridging) and 2.833 A (terminal), with the second calcium lying
close to a single bridging methyl unit at 2.827 A. All of the
remaining C&-CHz and Mg--CHjs distances irB are>3.3 and
>2.9 A, respectively, and are unlikely to be of significance.

Computational Studies.A density functional theory (DFT)
computational study was undertaken to further probe the
structural analyses and also to investigate the energetics
concerning the formation d3. The crystal structures df—3
were used as starting positions for geometry optimization at
the B3LYP/6-31G* level of theory® The geometries obtained
were then reoptimized with the larger 6-3#+G** basis set.

A summary of the bond lengths and angles obtained fdtl
is given in Table 3. Comparison of the calculated and

(29) Huheey, J. E.; Keiter, E. A.; Keiter, R. lnorganic Chemistry:
Principles of Structure and Reaetiy, 4th ed.; HarperCollins: New York,
1993.

(30) (a) Becke, A. DJ. Chem. Phys1993 98, 5648. (b) Miehlich, B.;
Savin, A.; Stoll, H.; Preuss, HChem. Phys. Letl989 157, 200. (c) Lee,
C.; Yang, W.; Parr, R. GPhys. Re. B. 1988 37, 785.
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Scheme 1. Geometry-Optimized Structures of +lII| (a)
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: Figure 3. H NMR spectrum on the dissolution &fin pyridine-
experimentally derived metrical parameters shows excellentds at 25°C: (a) [Mg{N(SiMes)z}s]~, (b) [CaN(SiMe)z (pyr)i*,
agreement, with the individual bond lengths and angles in Tablesand (c) solvated monomers [Mg(HMDSpyr),] and [Ca(HMDS)-
2 and 3 varying by less than 0.05 A and for the three (pyn)nl.
compounds. The calculations therefore act as an independent
verification that crystallographic data derived @mare valid.
The absolute energies bf-lll were used to estimate the relative
stabilities of the homometallic and the heterodimetallic com-

plexes. As shown in Scheme 1 the formation of two molecules X
of Il from I andll is estimated to be favored by oniy0.25 ertheless, comple# was slowly depleted over several days in

kcal/mol at the higher level of theory. This indicates that the pyridineds to afford ;ole_ly the solvat_ed monomers. Therefore,
reaction to form3 from the homometallic complexes is close 4 IS prepared as a kl_netlc product with the spl_vate_d monomers
to being thermoneutral. Indeed, the calculations are consistentbe'ng thermodynamically preferred. Also, mixing individually

with the NMR solution studies, which indicate the coexistence Prepared pyridingk solutions of1 and 2 resulted in only a

of all three components in arene solution. single signal at_S Q.34, |nd|c§t|ng the presence qf Fhe_ solvated
Reactions in Polar SolventsDissolution ofl or 2 in polar monomers..Thls IS a revealing experiment, as it mdmates that

solvents results in dissociation of the dimers to solvated € heterodimetallic Mgg-N).Caring in3 is required in order

monomers5 The 'H NMR spectra ofL and 2 in pyridineds to provide a pathway for charge separation to occur. Moreover,

each display a single resonance centereta84. We therefore dissolution of crystalling in toluenees followed by the addition
expected that théH NMR spectrum of3 in pyridine-ds would of =4 molar equiv of pyridineds resulted in the appearance of

similarly result in the appearance of a single peak in this region. 4 In_addition to the monomers. Under these conditidns
As shown in Figue 3 a signal centered at0.34 did indeed equilibrated to the homometallic monomers within a few hours.

appear; however, two additional signalssa0.62 andd 0.17 In combination these data are consistent with the heterodime-

(3:1 ratio) were also present as the major components of the!@llic molecule undergoing both symmetric and asymmetric
mixture. The large downfield chemical shift of the peaksat ~ C/€@vage in the presence of pyridine (Scheme 2). Asymmetric
0.62 suggests trisamide anion formation, i.e{ (MSiMes)} 3] . cleavage pathways to produce charge-separated complexes have
We have previously prepared the [G&SiMes);}s]~ anion in significant precedence, most notably for boron hydrides but also
pyridineds, and its'TH NMR chemical shift position ob 0.55 for homoleptlc.magnesmr.n aryloxidés?® .
discounts its presence in this instadéeThe independent The enolization of propiophenone was used as a preliminary
formation of the magnesium trisamide anion was therefore benchmark reaction to test the relative reactivity and stereose-
attempted by mixing equimolar quantities of KHMDS, Mg- lectivity displayed by4 in comparison to the homometallic
(HMDS),, and 18-crown-6 in pyridines to produce a charge- ~ c0MPounds (Scheme 8). Separate 0.1 M) pyridineds
separated complex of the type {8-C-6)(pyr)]*[Mg- solutions of1, 2, and4 (generated in situ at+80%, with the
{N(SiMey)z} 5]~ The resultingH NMR spectrum displays a remainder being monomers) were prepared and reacted with

single peak ab 0.62, supporting the formation of the magne- (32) (a) Pajerski, A. D.. Kushlan, D. M. Parvez, M. Richey, H. G
sium trisamide anion. Furthermore, Mulvey has recently reported organometallic006 25, 1206. (b) Pajerski, A. D.; Sqiller, E. P.; Parvez,
the characterization of [Md\N(SiMes);}s]~ ions in the solid M.; Whittle, R. R.; Richey, H. GOrganometallic2005 24, 809. (c) Chubb,
statel9c31The remaining upfield signal @ 0.17 can therefore J. E.; Richey, H. GOrganometallic002 21, 3661. (d) Hanawalt, E. M.;

. . . . + Richey, H. G.J. Am. Chem. Sod99Q 112 4983. (e) Pajerski, A. D.;
be assigned as a solvated calcium cation, [CaN(9MMpynn]*. Parvez M.: Richey, H. GJ. Am. Chem. Sod988 110, 2660. (f) Richey.

The nuclearity and solvation of this cation are, as yet, unknown. H. G.; Kushlan, D. M.J. Am. Chem. Sod987, 109, 2510. (g) Squiller, E.
Overall, in combination with the 3:1 ratio of the two signals, P.; Whittle, R. R.; Richey, H. GJ. Am. Chem. Sod.985 107, 432. (h)

; ; ; _ ichey, H. G.; King, B. AJ. Am. Chem. S0d.982 104, 4672.
these data are consistent with formation of a charge separated? (33) For other examples of magnesiate characterization see: (a) Viebrock,

complex of the type [CaN(SiMg+ (pyr)n] F[Mg{N(SiMes)2} 3] ~, H.; Behrens, U.; Weiss, EAngew. Chem., Int. Ed. Engl994 33, 1257.
4. Previously, Richey identified the formation of organomag- (b; \éie%rOCkéHEAFe;n' g.; Weiéi, E. I\EIatur;%rggg.gelignggm 49, 89.
i i it i c) Harder, S.; Feil, F.; Repo, Them. Eur. ) .

nesiate ions by the addlthn of Seques'[e'.’mg agents such ad (34)Boron Hydride Chemistry Muetterties, E. L., Ed.; Academic
crowns and cryptands to diorganomagnesium compotiids.  press: New York, 1975.
(35) (a) Calabrese, J.; Cushing, M. A_; Ittel, S. IDorg. Chem.1988

(31) Honeyman, G. W.; Kennedy, A. R.; Mulvey, R. E.; Sherrington, 27, 867. (b) Henderson, K. W.; Honeyman, G. W.; Kennedy, A. R.; Mulvey,
D. C. Organometallic2004 23, 1197. R. E.; Parkinson, J. A.; Sherrington, D. Dalton Trans.2003 1365.

(b)

IH NMR spectroscopic studies proved useful in determining
the mechanism by whicl is formed. An EXSY experiment
run at ambient temperature showed no exchange on the NMR
time scale betweed and the monometallic complexes. Nev-
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Scheme 2. Solvation Pathways for 3
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Finally, the observation of the differing reactivity of
compared with the homometallic compl&éxndicates that they
react through distinct mechanisms. For the enolization reactions
studied here this had no discernible effect on the resulting
stereoselectivity of the bases. This is not surprising since the
reactions were conducted in pyridine, which favérselective
enolizationss However, we expect that the involvement of
charge-separated species will result in significant differences
in the selectivities of these bases when appropriate conditions
are applied.

. {
Experimental Section
pyr pyr
Symmetric l JAsymmetric All operations were carried out using Schlenk techniques or
Cleavage Cleavage inside an argon-filled glovebo¥®. All glassware was flame-dried
- under vacuum before use. Toluene and hexane were dried by
h‘le ’[‘Rz RN, - | passage through copper-based catalyst and molecular sieve columns
pyroMg_* ey Ca o Ma~NR;| [CaNRy (pyr)] (Innovative Technology). Propiophenone was purchased from Acros
pyr 2 pyr/ 2 RN and distilled over Cafunder N prior to use®” TMSCI was distilled
4 under a N atmosphere before use. Mg(HMD2nd Ca(HMDS)
R = SiMe, were prepared as described previodsffDeuterated solvents were
purchased from Cambridge Isotope Laboratories and were dried
Scheme 3 by storage ove4 A molecular sievesH, 13C, and?®Si NMR spectra
o (i) 1, 2 or 4 (ij) TMSCI OTMS OTMS were recorded on Varian-300/500 or Bruker Avance-4OQ spectrom-
)k/Me T e )\/Me eters at 25C. 1H and!3C NMR spectra were referenceq internally
Ph toluene /rt Ph to the residual signals of the deuterated solvents, anti$hepectra
(E)Me @ were referenced to an external sample of TMSCI set at 0 ppm. IR

spectra were recorded on a Nicolet Avatar 360 FTIR spectropho-
) ) ) . tometer through KBr plates as Nujol mulls. Melting points were
0.75 equiv of propiophenone at ambient temperature. Monitoring recorded on a Meltemp apparatus. Mass spectrometry was run on
by *H NMR spectroscopy indicated that b@and4 completely  a JEOL GCMate. GC experiments were performed on a Shimadzu
consumed the ketone within a few minutes, whereas the GC-17A gas chromatograph fitted with a Rix-5 fused Crossbond
magnesium analogue required approximafsh for completion. 5% diphenyt95% dimethyl polysiloxane column (30 m, 0.25 mm
These results are consistent with rate studies carried out byi.d., 0.25 umdf), using Mas carrier gas. Detection was by flame
Richey, which found that organomagnesiates have similar or ionization, and the chromatograms were interpreted using GCso-
superior reactivity compared with the neutral reagérach lution software. Elemental analyses were performed by Canadian
reaction was then quenched using TMSCI, and the silyl enol Microanalysis Ltd.

ethers were analyzed by GC to determine the stereoselectivity Synthesis of [CaMdN(SiMe3)}4], 3. In a drybox, 0.889 g

of the bases. In all three instances the bases produced predomiof solid Mg(HMDS), (2.6 mmol) and 0.720 g of solid Ca(HMDS)
nantly theZ-enolate with selectivities 98%. The preference (2.0 mmol) were added to a 50 mL Schlenk tube. The tube was
for theZ-enolates is in accord with expectations for metal base- "€moved from the drybox and charged with 7 mL of toluene. The
mediated enolization reactions conducted in polar solvents. solids were allowed to slowly solublize overnight while stirring.

Conclusi c lex3 is the first le of a heterodi The solution was concentrated in vacuot®.5 mL, and 3.5 mL
onclusions.Lomplexs 1S the first eéxample ot a NEerodi- ¢ oy ane was added. The cloudy solution was filtered through a
metallic complex containing two alkaline earth metal amides

4 - > glass sinter filled with Celite, and the filtrate was cooled-+20
to be structurally characterized. This is perhaps unsurprising o~ Clear, colorless crystals were deposited on standing over-
considering the general similarities of the two metals under night (0.25 g, 35%); mp 123C. H, 3C, and 2°Si NMR
investigation, which leads to little, if any, preference for the spectroscopic assignments in tolueheare given in Table 1. The
formation of the mixed-metal complex. Indeed, this is reflected 14 and13C assignments were verified by a HETCOR experiment.
in the equilibrium mixture established on mixing the homome- Repeated elemental analyses were attempted but consistently gave
tallic reagentsl and2 and also by the difficulty in preparing a  poor data. This is likely a result of the sensitivity of the samples to
pure sample 08. However, it is likely that the preparation of  air and also due to incomplete combustion. Anal. Found: C, 36.4;
other combinations of alkaline earth metal heterodimetallics H, 9.4; N, 6.1. GH7:N4SigMgCa requires: C, 40.8; H, 10.3; N
should be possible, especially for pairs of metals that are not 7.9. IR: 1012 vs fadSiN'c.Si)], 966 vs padSiNiygSi)], 934 vs
direct periodic neighbors. [Vad SiN°camgSi)], 451 M Pad MGN)], 416 m prad Cay)]. MS (400
Although the discovery of the solvent-induced charge separa-'<; 70 €V, amu): the spectrum was identical to that of the

tion of 3was unexpected, its solid-state structure provides somehorm””}‘f“"'iC compounds, 3460(9-5;/"I+W ’V"élf("”\"DS)2 or M*
insight into why this reaction may occur. Comparison of _ M€ of Ca(HMDS)), 331 (1.3%; M — Me of Mg(HMDS), or

+ . i .
heterodimetallic3 with the homometallic calcium analoge M 2 Me of Ca(HMDS)), 161 (3.9%; HNSMe), 146 (100%;

. . . I HNSizMe5).

amide units due 10 the aronger interactions it the more Low __ S/TESS o CaN(SIVlz (yn)] M {N(SMe:) - 4.Dis-

- - 9 S solution of single crystals & in neat pyridineds produced solutions
acidic magnesium center. In turn, the bonding in compa8ind
may be considered as already moving toward charge separation (36) Shriver, D. F.; Drezdzon, M. AManipulation of Air-Sensitie
to form an “ate” species. Therefore, donor solvent attack takes CO(mp)oundsJohn Wiley and Sons: Newr:fork, 1f986. Lot

; ; ; ; 37) Amarego, W. L. F.; Perrin, D. Drhe Purification of Laboratory

place at the more sterically acces&b!e cglmum center, which Chemicals 4th ed.: Butterworth Heinemann: Bath, 2002.
leads to CaN bond cleavage and kinetic formation of the (38) Henderson, K. W.; Allan J. F.; Kennedy, A. & Chem. Soc., Chem.
charge-separated compléx Commun.1997, 1149.
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containing4. The amount o# initially produced varied between
experiments but was normally in the range-B®%. Attempts to
isolate4 from solution as a pure compound have thus far been
unsuccessfultH NMR (400.13 MHz, pyridineds, 25°C): ¢ 0.17

(s, 18H, [CEN(SICH3)2}™), 0.62 (s, 54H, [MGN(SiICH3)2} 3] ).

13C NMR (125.704 MHz, pyridinads, 25 °C): 6 6.30 (s, [Ca-
{N(SICHz)2}]), 7.52 (s, [Md N(SICH3)2}5] 7).

Quenching Studies A Schlenk tube under Nwas filled with 1
mmol of base 1, 2, or 3) and 2.5 mL of pyridine. Propiophenone
(0.75 mmol) was added directly into the solution at ambient
temperature followed immediately by the addition of TMSCI (0.25
mL, 2 mmol). Aliquots of the solution were then removed at

appropriate time periods as the reactions progressed and quenched

with saturated aqueous NaHGO'he quenched reaction mixtures
were extracted with 5 mL of ether, diluted by THF, and analyzed
by GC. The stereochemical assignments for the silyl enol ethers
were made by comparison with authentic samples.

Computational Details. The Gaussian 03 series of programs
was used for the geometry optimization calculationslfetll .40
No symmetry constraints were imposed, and the molecules were
allowed to freely optimize at the B3LYP/6-31@&vel using related
crystal structure data as starting geometife§he resulting
geometries were then used for further optimizations at the B3LYP/
6-311++G™ level of theory.

X-ray Crystallography. Single-crystals of3 were examined
under Infineum V8512 oil. The datum crystal was affixed to either
a thin glass fiber atop a tapered copper mounting pin or a Mitegen
mounting loop and transferred to thes3 °C nitrogen stream of a
Bruker APEX diffractometer equipped with an Oxford Cryosystems
700 series low-temperature apparatus. Cell parameters were dete
mined using reflections harvested from three sets of 12@<eans.
The orientation matrix derived from this was transferred to
COSMOM to determine the optimum data collection strategy
requiring a minimum of 4-fold redundancy. Cell parameters were
refined using reflections harvested from the data collection With
> 100(l). All data were corrected for Lorentz and polarization
effects, and runs were scaled using SADABS.

(39) Heathcock, C. H.; Buse, C. T.; Kleschick, W. A.; Pirrung, M. C.;
Sohn, J. E.; Lampe, J. Org. Chem198Q 45, 1066.

(40) Pople, J. A.; et alGaussian 03Gaussian, Inc.: Wallingford CT,
2004.

(41) APEX2and COSMQ Bruker-Nonius AXS: Madison, WI, 2005.
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Table 4. Crystallographic Data for 3

empirical formula G4H7,CaMgN;Sig
fw, g/mol 705.97
cryst syst triclinic
space group P1

a, 9.1640(3)

b, A 12.1080(4)
c, A 21.6540(8)
o, deg 87.541(2)
p, deg 85.780(3)
y, deg 69.550(2)
V, A3 2244.77(13)
z 2

T,°C —53(2)

Pealc, glcn? 1.044

u(Mo Ka)), mm2 0.386

cryst size 0.25¢ 0.31x 0.32
F(000) 776

0 range, deg 1.8926.35
no. of reflns collected 12520

no. of unique reflns 8562

Ri[I > 20(1)]2 0.0544

WR; (all data) 0.1102
GOF onF? 1.055

The structure was solved and refined using SHELXYL.
Structure solution was by direct methods. Non-hydrogen atoms not
present in the direct methods solution were located by successive
cycles of full matrix least squares refinement BA All non-
hydrogen atoms were refined with parameters for anisotropic
thermal motion. Hydrogen atoms were placed at idealized geom-
etries and allowed to ride on the position of the parent atom.
Hydrogen thermal parameters were set toxl.the equivalent
isotropicU of the parent atom. Table 4 lists the key crystallographic

Parameters.
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