Synthesis and structural characterization of a volatile, intramolecularly
coor dinated monomeric homoleptic magnesium alkylamide
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The design, synthesis and X-ray crystal structure of the first
intramolecularly coordinated homoleptic, monomeric and
highly volatile magnesium alkylamide example,

Mg{N[Si(CH3);](CH,);N(CHj3),},, are described.

The majority of structurally characterized magnesium—amide
complexes, monomerict or dimeric,2 contain three- or four-
coordinate metal centers, with a few compounds reported
containing two-3 or six-coordinate* magnesium. Numerous
examples exist with intermolecular Lewis-base complexation,
however, an intramolecular coordination motif for the central
atom is uncommon for magnesium amides. Monomeric magne-
sium compl exes possessing bidentate monoanionic ligands a so
are rather rare. In an ongoing effort to design and synthesize
precursors for electronic materials, we have focused on
developing highly volatile, thermally robust, ambient atmos-
phere stable, coordinatively saturated, oxygen-free magnesium
alkylamide compounds as potential dopant sourcesfor the CVD
of GaN:Mg.> The synthesis and structural examination of the
first intramolecularly coordinated monomeric magnesium alky-
lamide, which concomitantly possesses both substantial vola-
tility and vapor phase integrity, are described herein.6
Magnesium bis[ (y-dimethylaminopropyl)trimethylsilyl-
amide] 1,T was prepared by reaction of the new secondary
amine, y-dimethylaminopropyl(trimethylsilyl)amine 2+ with
dibutyl magnesium in hexane. Thiswhite solid has a high vapor
pressure (intact sublimation at 80 °C and 10-2 Torr),” sub-
stantial vapor phase stability, and has been demonstrated, by
TGA to have exceptionally clean transport characteristics (Fig.
1). The rather unusual combination of heightened vapor phase
robustness and mild vaporization conditions are, to our
knowledge, unique among magnesium compounds.
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Fig. 1 Thermogravimetric analysis of Mg{ N[Si(CHz)3](CH)3sN(CHs).} 2,
heating rate 10 °C min—1, 1 atmosphere Ar.

A single crystal of suitable quality, obtained from a hexane
solution at —80 °C, was mounted on a diffractometer under a
cooled argon stream. The solid state structure of 1, determined
by X-ray diffraction,§ contains two crystallographically inde-
pendent molecules in the asymmetric unit. Compound 1 is
monomeric, has a four-coordinate distorted tetrahedral magne-
sium center, composed of four nitrogen atoms, two of which
form covalent metal—amide interactions (ORTEP plot: Fig. 2).
Nitrogen atoms bearing three fully saturated aiphatic groups
and available lone pairs intramolecularly coordinate with the
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Fig. 2 ORTEP Representation of Mg{ N[Si(CHz)3](CH2)sN(CHz)2}» with
30% probability thermal ellipsoids, and all hydrogen atoms omitted for
clarity in viewing. Selected interatomic distances (A) and angles (°) for
compound 1: Mgl-N1 1.988(2), Mgl-N2 2.190(2), Mgl-N3 1.982(2),
Mgl1-N4 2.185(2); N1-Mgl-N2 97.20(8), N1-Mgl-N3 137.57(9), N2—
Mgl-N4 109.71(10), N3-Mgl-N4 98.19(9), Mgl-N1-Cl 116.64(15),
Mgl-N2-C3 114.31(17), Mgl-N3-C9 117.52(16), Mgl-N4-C11
113.23(18).

magnesium center, occupying the remaining two coordination
sites.8 The N1-Mg1-N3 (N5-Mg2-N7) interatomic angles of
137.57° (136.01°) are considerably wider than anal ogous angles
present in di-solvated, four-coordinate, monomeric magnesium
bis(amide) species Mg{N[SiI(CH3)3]2}2(THF) 2 (127.9°),
Mg{ N[Si(CHz)3]2} 2((2,3,5-collidine)1¢ (120.9) and
Mo{ N[Si(CH3)3]2} 2(4-picaline),tc (125.5). A similar trend is
observed for the N2-Mg1-N4 and N6—-M g2—-N8 angles (109.71
and 109.07°), which are substantialy larger than the corre-
sponding angles for the O(N)-Mg—O(N) donor interactions
present in the compounds mentioned above: 89.9,1a 87.91¢ and
86.8°.2c This may be explained by the diminished steric
constraints imposed on the overall geometry of the complex by
the newly designed, flexible, intramolecularly coordinated -
dimethylaminopropyl (trimethylsilyl)amine ligand. A compara-
bly disordered tetrahedral environment around the central metal
atom (covalent N-Mg—N angles of 135.1 and 138.7°; dative
N—Mg<«N anglesof 116.8 and 117.8°) also is encountered for
the intramolecularly coordinated complex Mg[N(8-quinolyl)-
(SiMe3)],2d which contains the rigid aromatic quinolyl li-
gand.

The interatomic angles present within the rings formed as a
conseguence of N:—Mg intramolecular coordination for 1
(114.3-115.4°), well within standard data,® are evidence of lack
of significant molecular strain, imposed as a consequence of
ring formation. The N3-Mg-N4 plane forms an angle of
80.08(8)° with the Ni-Mg—N2 plane (80.71° for N5-Mg2-N6
and N7-Mg2-N8), thereby lending 1 a pseudo spiro geome-
try.

The magnesium-nitrogen interatomic distances found for 1
can be placed into two categories. Dative bond distances,
resulting from interactions between tertiary nitrogen atoms and
Lewis-acid siteson Mg2+, Mgl-N2 and Mg1l-N4 (Mg2-N6 and
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Mg2-N8) 2.190(2) and 2.185(2) A [2.188(2) and 2.198(2) A]
agree well with }freviously reported values ranging between
2.096 and 2.259 A.1.2 The metal—amide distances Mg1-N1 and
Mg1-N3 (Mg2-N5 and Mg2-N7) of 1.988(2) and 1.982(2) A
[1.977(2) and 1.983(2) A] represent relatively short inter-
actions, compared with corresponding data for other magne-
sium—amide compositions, which fal into the range of
1.959-2.188 A.12 In the present structure, no significant
perturbation is evidenced in either type of Mg—N interaction for
1, as compared with earlier work involving non-intramolecu-
larly coordinating ligands, be they anionic or neutra in
character. It is suggested that, to a great degree, the observed
combination of high vapor pressure and high vapor phase
molecular integrity for 1 hasitsoriginin these structural details.
The design of an appropriate (i.e. flexible arm on a saturated
akyl tether) pendant amine to intramolecularly coordinate the
metal center fulfills its requirements as manifested by the
‘normalcy’ of the metrical and geometrical data measured for 2.
Asclearly demonstrated in the TGA (Fig. 1), 2 isquite volatile,
even at 1 atm. Unlike simple organic compounds, where vapor
pressure, to afirst order, inversely follows molecular weight,
organometallic compounds show not only simple van der Waals
interactions in the condensed state. The dominant inter-
molecular forces for organometallic compounds in the con-
densed state are dipole-dipole interactions. Thus, the unusually
high vapor pressure exhibited by 2 would seem to indicate that
it might have arelatively small dipole moment. In related work,
we have shown recently that such trends serve some predictive
role for zinc bis(amide) compounds.

One interesting feature of 1 emerges upon examination of the
1H and 13C solution state NMR data. The methyl groups
represented by C4, C5, C12 and C13 are magneticaly
inequivalent in this environment. This is understood best by
examination of the plane represented by N3-Mg-N4 (or N1-
Mg—N2), and noting that C12 resides on the side of the plane
containing N2, while C13 resides on the N1-containing side.
This is evidenced by a *H NMR chemical shift difference of
0.44 ppm for the methyl groups, and a 2.0 ppm 13C NMR
chemical shift difference. Asexpected, the ambient temperature
solution dynamic structure portrays asingle environment for the
TMS methyl groups, however, H inequivalence also is
exhibited at C3 and C11 (difference of 0.38 ppm) and C1 and C9
(difference of 0.29 ppm), while C2 and C10 experience
equivalence under these conditions. Apparently, ring flip
motion equilibrates the later, while the methylene positions « to
each nitrogen, both amide and amine, bear the influence of
asymmetry. This may be compared with an extremely recent
example of a Mg bis(1-azaalkyl) compound, which has arigid
chair skeletal conformation in the solid state, yet has solution
NMR datareported which indicate dynamic behavior at ambient
spectrometer conditions on the observational time scale.10

Insummary, thefirst example of intramolecular coordination
for a monomeric magnesium akylamide has been designed,
prepared and structurally characterized.12 The two nearly
perpendicular rings, exhibiting negligible strain, as evidenced
by typical interatomic angles, are formed by the simultaneous
occurrence of both tertiary amine donation at the end of a
flexible alkyl tether and ionic amide attachment to the metal
center. Compound 1, highly stable in the vapor phase and
portraying substantial vapor pressure, differs from earlier
intermolecular adducts,2d which can irreversibly dissociate free
Lewis base, penultimately producing lower coordinate tran-
sients that subsequently oligomerize into low vapor pressure
species.12
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Notes and references

T Selected data for 1: sublimation conditions: 80 °C/10—2 Torr, mp = 106
°C; IH NMR [400 MHz, C¢Dg, 25 °C] §3.41 (M, 2 H, CHz(;)N(CHa),), 3.03
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(m, 2 H, CHyp)N(CHa3)z), 2.15 (s, 6 H, N(CHzg)2), 2.05 (m, 4 H,
NCH2CH2CH2), 171 (m, 6H, N(CHg(b))z), 157 (m, 2H, NCHz(a)), 1.28 (m,
2 H, NCHz(b)), 0.49 (S, 9 H, S|(CH3)3), BCNMR [7543 MHz, CGDG, 25 °C]
0 62.91 (s, CHoNMey), 49.11 (s, NCHy), 47.78 (s, N(CHg(a)2), 45.82 (s,
N(CHzpy)2), 32.70 (s, NCH,CH,), 2.37 (s, Si(CH3); 2°Si NMR [59.59 MHz,
CeDs, 25°C] 6 —5.87 (s, S(CH3)s). Anal calc. for 1: C, 51.79; H, 11.41; N,
15.10. Found: C, 51.74; H, 11.14; N, 15.89. MS [El, 70 eV, 188 °C] 370
[M+], 355 [M*+ — CH3], 197 [M* — Me&)N(CH,)3NSi(CHa3)3].

1 Selected data for 2: bp = 177 °C (determined by DSC); *H NMR [400
MHz, C¢De, 25 °C] & 2.72 (ditr, 2H, HNCH,CH,), 2.24 (tr, 2H,
CH,CH,N(CHs)y), 2.20 (s, 6H, N(CHa)2), 1.54 (m, 4H, HNCH,CH,CH>),
0.34 (br s, HN), 0.02 (s, 9H, Si(CHa3)3); 33CNMR[75.43MHz, CgDs, 25 °C]
6 57.45 (s, CH,N(CHg)y), 45.40 (s, N(CHa),), 40.00 (s, NCHy), 32.66 (s,
NCH,CHy), 0.20 (s, Si(CH3)3); 2°Si NMR [59.59 MHz, C¢Dg, 25 °C] §2.10
(s, S(CH3)3); 14N NMR [21.61 MHz, CgDg, 25 °C] 6 — 316 (s, N(CH3)2),
—353(s, NSi(CH3)3). Anal. calc. for 1: C, 55.10; H, 12.72. Found: C, 55.16;
H, 12.63. MS [El, 70 eV] 174 [M+], 159 [M* — CH3], 85, 73, 58.

§ Crystal datafor 1: Mg;N4CigHaz, M, = 371.03, crystal dimensions 0.850
X 0.238 x 0.102 mm, triclinic, space group P1, a = 10.327(2), b =
15.066(3), ¢ = 16.698(4) A, o = 110.738(4), B = 92.948(4), y =
92.182(4)°; V = 2422.1(9) A3, Z = 4, D, = 1.017 g cm—3, Siemens
SMART CCD diffractometer, 1.31 < 6 < 25.00°, MoK« radiation (A =
0.71073 A), o scans, F(000) = 824, u = 0.177 mm-1, T = 173(2) K; of
18267 measured reflections, 8489 were independent and 5688 observed
withl > 20(1), =12 < h < 12,—17 < k< 17,—-19 < | < 19;R = 0.0443,
WR = 0.1111, GOF = 1.021 for 467 parameters, Apma, = 0.492 e A3,
The structure was solved by direct methods (SHELXS-97) and refined by
full-matrix least-squares procedures (SHELXL-97). The hydrogen atoms
coordinates were calculated in SHEL XL using an appropriate riding model
with  varied therma  parameters. CCDC  182/1577. See
http://www.rsc.org/suppdata/cc/a9/a909746e/ for crystallographic files in
.cif format.
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