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The heavier group 2metal bis(trimethylsilyl)amides [M(btsa)2;
M =Mg, Ca, Sr, and Ba] are efficient catalysts for hydroamina-
tion reactions, but their extreme sensitivity to air and moisture
makes them experimentally inconvenient. Therefore, the sub-
stitution of one btsa ligand of M(btsa)2 for a sterically bulky
amidinate or a β-diketiminate ligand was accepted as a worthy
strategy for increasing the stability of the complexwhile retain-
ing its reactivity.1–6 The bulky amidinate and diketiminate
ligands that are used to substitute one btsa group of M(btsa)2
effectively stabilize smallermetal cations (MgandCa),whereas
thebiggermetal centers (Sr andBa) have apropensity to assume
a six-coordinated (rather than a three- or four-coordinated) state.
This makes partially substituted heavier alkaline-earth metal
amides far from stable for easy use, which reiterates the neces-
sity of having a reasonably stable, partially substituted stron-
tium bis(trimethylsilyl)amide for smooth handling while
retaining its reactivity. Here we describe the synthesis of a
dimeric strontium complex with six-coordinated metal centers,
which contains two bis(trimethylsilyl)amides groups and two
tetradentate alkoxide ligands.
The synthesis of the complex [Sr(mmmdo)(btsa)]2 (1) con-

sists of the careful substitution of one btsa ligand of [Sr(btsa)2
� 2DME] (DME= dimethoxyethane) for 2-(methoxymethyl)-
2-methyl-4,7-dioxa-1-octanolate (mmmdo) (Scheme 1). The
product was obtained in a yield of 92%, and crystals suitable
for X-ray diffraction were grown from a toluene solution at
−30 �C. All previously reported partially substituted strontium
bis(trimethylsilyl)amides display four- and five-coordinated
metal centers due to the steric bulk of the ligands used to stabi-
lize those complexes. In complex 1, the tetradentate alkoxy
ligand mmmdo proves to be highly coordinating, as it uses

all four donor atoms. It is also compact enough to fit in the
sterically demanding ligand environment that surrounds the
metal center. The octahedral coordination of the metal centers
shows that 1 is in the most stable form among these types of
complexes, and the complete removal of DME indicates that
the metal center is saturated.
Single-crystal X-ray analysis shows that complex 1 crystal-

lizes in the monoclinic space group P21/n and that it exists in
the dimeric form (Figure 1). The twobtsa groups occupyoppo-
site ends of the molecule to minimize steric interactions,
whereas the two mmmdo ligands cover the metal centers like
umbrellas from the other sides, thus forming a stable structure.
The complete utilization of all four donor atomsof themmmdo
ligands ensures that the metal centers are well protected. The
alkoxy oxygens of the two mmmdo ligands bridge two stron-
tium atoms to form the dimer. The strontium atoms in 1 are in a
distorted octahedral environment, as the bond angles around
Sr display large deviations from ideal octahedral geometry;
this is primarily due to the bulky btsa groups. The distance
between strontium and the btsa nitrogen atom (Sr1–N1)
is 2.554(4) Å (Table 1), which is slightly longer than that
found for similar complexes containing one btsa group
([{(iPr)2ATI}Sr{N(SiMe3)2}(THF)2)],

5 ((iPr)2ATI =N-iso-
propyl-2-(isopropylamino)troponiminate) 2.482(3) Å;
LSrN(SiMe3)2(THF) (L = CH(CMe-2,6-iPr2C6H3N)2),

7

2.446(2) Å; and [Sr(demamp)(btsa)]2,
8 2.5012(15) Å). The

metal–metal distance observed in 1 (3.7995(11) Å) is shorter
than those in previously reported oxygen-bridged dinuclear
strontium complexes [Sr2(tmhd)4(HOCH2CH2OMe)2]

9

(4.039(2) Å) and [Sr2(tmhd)4(dmaeH)2(μ2-dmaeH)2] (dmae
=N,N-dimethylaminoethanol)10 (4.435(2) Å), whereas it is
longer than the Sr���Sr distance of 3.7119(6) Å in [Sr
(demamp)(tmhd)]2.

8 A similarly substituted dimeric complex
of strontium ([Sr(demamp)(btsa)]2)

8 with five-coordinated
metal centers shows a Sr���Sr distance of 3.8193(3) Å, which
is similar to that found for 1. The fact that the Sr N bond
length in 1 is comparable to those in similar complexes that
are used as catalysts in hydroamination chemistry, as well
as the rare six-coordination of the metal center, makes 1 an
interesting compound in this field of chemistry.Scheme 1. Synthesis of complex 1.
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The 1HNMRspectra of complex 1 show singlet peak for the
two btsa groups at 0.44 ppm, which is a significant downfield
shift from that of Sr(btsa)2.2DMEwhere the btsa groups show
peak at 0.32 ppm. The mmmdo CCH3 protons in 1 appear at
0.32 ppm, which displays large upfield shift from the free
ligandwhere these protons resonate at 0.93 ppm.Themethoxy
protons of the mmmdo ligand in 1 resonate at 3.27 and 3.59
ppm, which are downfield shifts comparing to the free
mmmdoH. The CCH2O protons next to the assymetric cen-
ter inmmmdo ligand in 1 display doublets of doublets for each
of its protons similarly to those in mmmdoH but with large
downfield shifts at 3.95 and 4.30 ppm, whereas the remaining
CH2 protons from the mmmdo in 1 appear as multiplets in

the spectra and display an upfield shift compared to the free
mmmdoH. The notable absence of OH peak in the spectra
of 1, which appears as triplet in free mmmdoH at 2.74 ppm,
and considerable peak shifts in mmmdo ligand protons in
1 with respect to mmmdoH confirm that the reaction is com-
plete and formation of 1 is successful. The absence of O–H
peaks in the FT-IR spectra of 1 and presence of strong C–H
peaks further supported the successful formation of complex
1, whereas the microanalysis conducted on crude samples
confirm the purity of 1.
In conclusion, we have discovered a structurally interesting

strontium complex, which has been obtained by the partial
substitution of one of the amide groups of strontium bis(tri-
methylsilyl)amide for tetradentate alcohol (mmmdoH). The
six-coordinatedmetal centers in 1 are expected to bemore sta-
ble than the strained four- and five-coordinated metal centers
in known partially substituted strontium bis(trimethylsilyl)
amide complexes.

Acknowledgments. Wewould like to acknowledge the finan-
cial support from the R&D Convergence Program of MSIP
(Ministry of Science, ICT and Future Planning) and NST
(National Research Council of Science & Technology) of
Republic of Korea (Convergence Practical Research Project-
13-18-KRICT).

Supporting Information. The structurefile has been added to
the Cambridge Structural Database as a CIF file under number
CCDC996428. These data can be obtained free of charge from

The Cambridge Crystallographic Data Centre via www.ccdc.
cam.ac.uk/data_request/cif.
Electronic Supporting Information (ESI) for this paper

includes detailed experimental, spectral, and structural details.

References

1. A. G. M. Barrett, C. Brinkmann, M. R. Crimmin, M. S. Hill,
P. Hunt, P. A. Procopiou, J. Am. Chem. Soc. 2009, 131, 12906.

2. F.Buch, S.Harder,Z.Naturforsch.B: J.Chem. Sci.2008,63, 169.
3. (a)M.R.Crimmin,M.Arrowsmith,A.G.M.Barrett, I. J.Casely,

M. S. Hill, P. A. Procopiou, J. Am. Chem. Soc. 2009, 131, 9670;
(b) M. R. Crimmin, I. J. Casely, M. S. Hill, J. Am. Chem. Soc.
2005, 127, 2042.

4. S. Datta, M. T. Gamer, P. W. Roesky, Organometallics 2008,
27, 1207.

5. S. Datta,M. T. Gamer, P.W. Roesky,Dalton Trans. 2008, 2839.
6. S. Datta, P. W. Roesky, S. Blechert, Organometallics 2007,

26, 4392.
7. S. Sarish, S. Nembenna, S. Nagendran, H.W. Roesky, A. Pal, R.

Herbst-Irmer, A. Ringe, J.Magull, Inorg. Chem. 2008, 47, 5971.
8. S.M.George, B.K. Park,C.G.Kim,T.-M.Chung,Eur. J. Inorg.

Chem. 2014, 2014, 2002.
9. H. Guillon, L. G. Hubert-Pfalzgraf, J. Vaisserman,Main Group

Met. Chem. 1997, 20, 633.
10. H. O. Davies, J. J. Brooks, A. C. Jones, T. J. Leedham,

J. F. Bickley, A. Steiner, P. O’Brien, A. J. P. White,
D. J. Williams, Polyhedron 2001, 20, 2397.

Figure 1. ORTEP diagram of complex 1.

Table 1. Selected bond lengths and Bond angles for 1.

Bond lengths (Å)

Sr(1)–O(4) 2.411(3)
Sr(1)–O(4)i 2.429(3)
Sr(1)–N(1) 2.554(4)
Sr(1)–O(2) 2.570(3)
Sr(1)–O(3) 2.603(3)
Sr(1)–O(1) 2.656(3)
Sr(1)∙∙∙Sr(1)i 3.800(1)

Bond angles (�)

O(4)–Sr(1)–O(4)i 76.6(1)
O(4)–Sr(1)–N(1) 140.7(1)
O(4)i–Sr(1)–N(1) 108.5(1)
O(4)–Sr(1)–O(2) 72.8(1)
O(4)i–Sr(1)–O(2) 114.2(1)
N(1)–Sr(1)–O(2) 131.7(1)
O(4)–Sr(1)–O(3) 74.2(1)
O(4)i–Sr(1)–O(3) 147.9(1)
N(1)–Sr(1)–O(3) 86.5(1)
O(2)–Sr(1)–O(3) 69.2(1)
O(4)–Sr(1)–O(1) 118.6(1)
O(4)i–Sr(1)–O(1) 85.6(1)
N(1)–Sr(1)–O(1) 100.6(1)
O(2)–Sr(1)–O(1) 62.4(1)
O(3)–Sr(1)–O(1) 120.3(1)
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