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Cyclosilazanes [MeSiNH]3; and [Me2SiNH]4

Ulrike Fooken, Masood A. Khan, and Rudolf. J. Wehmschulte*

Department of Chemistry and Biochemistry, University of Oklahoma, 620 Parrington Oval, Room 208,
Norman, Oklahoma 73019

Receied June 14, 2000

The amine hydrogen atoms of the cyclic trimeric silazane jJ8ildH]; are readily replaced by theAl-
NMes; group in a simple aminolyis reaction of [M®NH];3 with H3Al‘NMes to afford the aluminum
amides (MgSiNAIH2*NMes)n(Me,SiNH)3—, (1, n = 3; 2, n = 1; 4, n = 2). The monosubstituted amidz
could not be isolated, because it undergoes condensation to the tricyclic compou2? AHAINMe3),

(I\IISiMezNSiMezN(H)ISiMez)z (3). Contrary to these results the analogous reactions of the more flexible cyclic
tetrameric silazane [M&INH], with HzAl-NMes did not give simple aluminum amides, but complicated mixtures
were obtained from which the interesting polycyclic speciegCAH73N10Sis*CeHe (5) and AkCaH76N10Sig:1/4

CsHi4 (6) could be isolated in low yields. A key step in the formation ®fand 6 is a low-temperature
dehydrosilylation reaction which leads to cleavage of the silazane ring. Compbu)dsd4 were characterized
spectroscopically'fd, 13C, 27Al NMR and FTIR) and by single crystal X-ray diffraction, whereaand6 were
characterized by X-ray diffraction only. Thermolysis experiments involirend 3 indicate that the onset of
Al—N bond formation via dehydrosilylation is accompanied by loss of trimethylamine and formation of larger
aggregates, which are stable to further silane elimination to at least@20

Introduction (MesNAl) 4S5 was obtained via dehydrosilylation oAl -NMes

and (MeSi),S!! Attempts to extend this method toward the
synthesis of AIN using bistrimethylsilylamide and -amine
complexes of aluminum hydride, (M®i),NAIH,-NMe; or
H3Al-N(H)(SiMes),, were unsuccessful so f&13 Given that
neither HAI-NMes nor [Mes*AlH,], react with (MeSi),O even

at high temperatures andBu,AlH only at elevated temperatures
(130°C) in the absence of solvents, but readily with the cyclic
siloxanes [MgSiOJs (n = 3, 4, 5)14716 we were interested to
learn if such a difference in reactivity is also observed for the
related silazanes. Herein we describe the initial results of our
investigations of cyclic silazanes as substrates for the synthesis
of novel silyl substituted aluminum hydrides and the thermolysis
of two of the products.

The multitude and complexity of aluminurmitrogen com-
pounds has fascinated chemists for more than 30 yeais
addition, recent developments in materials science, which
demand easy access to aluminum nitride in a variety of forms
such as single crystals, powders of various particle sizes and
shapes, or thin films, sparked interest in the synthesis of new
organometallic precursors, the most promising of which were
believed to be aluminum amides or imideldowever, most of
the investigated precursor molecules gave AIN which was
significantly contaminated with carbon due to incomplete
decomposition of the precursor or competing additional decom-
positon pathways.In the late 1980s Wells pioneered the
dehalosilylation reaction (i.e., elimination of N&iX) for the
synthesis of the compound semiconductors GaAs and $ns.
This method was recently extended to include dehydrosilylation
reactions (i.e., MgSiH elimination) for low-temperature routes General Procedures. Due to the high oxygen and moisture
to AIP, AlAs, GaP, and GaAs nanoparticﬁ%’.AcceSS to the sensitivity of the aluminum containing compounds discussed here, all
trimethylamine solvated, toluene soluble inorganic salt reactions were performed in a dry, oxygen-free nitrogen atmosphere

Experimental Section

* Corresponding author. Faxt-1 405 325 6111. E-mail: rjwehmschulte@ (9) Janik, J. F.; Wells, R. L.; Young, V. G., Jr.; Rheingold, A. L.; Guzei,

ou.edu I. A. J. Am. Chem. S0d.998 120, 532-537.

(1) Lappert, M. F.; Power, P. P.; Sanger, A. R.; Srivastava, RM&al (10) Janik, J. F.; Wells, R. L.; White, P. Biorg. Chem1998 37, 3561~
and Metalloid Amideslst ed.; Ellis Horwood Ltd.: Chichester, 1980. 3566.

(2) Cesari, M.; Cucinella, S. lithe Chemistry of Inorganic Homo- and (11) Wehmschulte, R. J.; Power, P.J?Am. Chem. S02997, 119, 9566~
Heterocycles 1st ed.; Haiduc, I., Sowerby, D. B., Eds.; Academic 9567.
Press: London, 1987; Vol. 1, pp 167190. (12) Janik, J. F.; Duesler, E. N.; Paine, R.JT Organomet. Chen1997,

(3) Robinson, G. H. IrCoordination Chemistry of AluminuyrRobinson, 539 19-25.
G. H., Ed.; VCH: New York, 1993; pp 5784. (13) Gardiner, M. G.; Koutsantonis, G. A.; Lawrence, S. M.; Lee, F.-C;

(4) Neumayer, D. A.; Ekerdt, J. @hem. Mater1996 8, 9—25. Raston, C. LChem. Ber1996 129, 545-549.

(5) Sauls, F. C.; Interrante, L. \Coord. Chem. Re 1993 128 193— (14) Wehmschulte, R. J.; Power, P.J?Am. Chem. S02997 119, 8387~
207. 8388.

(6) Wells, R. L.; Pitt, C. G.; McPhail, A. T.; Purdy, A. P.; Shafieezad, (15) McMahon, C. N.; Bott, S. G.; Alemany, L. B.; Roesky, H. W.; Barron,
S.; Hallock, R. B.Mater. Res. Soc. Symp. Prat989 131, 45-50. A. R. Organometallics1999 18, 5395-5408.

(7) Wells, R. L.; Pitt, C. G.; McPhail, A. T.; Purdy, A. P.; Shafieezad, (16) Rennekamp, C.; Wessel, H.; Roesky, H. W:llgly P.; Schmidt, H.-
S.; Hallock, R. B.Chem. Mater1989 1, 4—6. G.; Noltemeyer, M.; Usp, |.; Barron, A. R.Inorg. Chem.1999 38,

(8) Wells, R. L.; Gladfelter, W. LJ. Cluster Sci1997, 8, 217-238. 5235-5240.

10.1021/ic000636r CCC: $20.00 © 2001 American Chemical Society
Published on Web 02/02/2001



Novel Aluminum Hydride Derivatives Inorganic Chemistry, Vol. 40, No. 6, 2001317

by using either modified Schlenk techniques or an Innovative Tech- (KBr, Nujol): vnu = 3391(w) cn?, van = 1803(m), 1788(m), 1767
nologies drybox. Solvents were freshly distilled from sodium/potassium (st) cnr.

alloy. HsAl-‘NMes!” was prepared according to literature procedures. Reactions of HAI-NMe; with [Me ;SiNH]4. Typically, a precooled
[Me;SiNH]; and [MeSiNH], were purchased from Aldrich and used (=50 °C) solution of [MeSiNH], (0.58 g, 2.0 mmol) in hexanes
after vacuum distillation or sublimation. Infrared spectra were recorded (30 mL) was added slowly to a suspension ofAHNMe; (0.71 g,

in the range 4006400 cn1? as a Nujol mull between KBr plates using 8.0 mmol) in hexanes (30 mL) at50 °C. The reaction mixture was
either a Bio-Rad FT-155 or a Nicolet Nexus 470 FTIR spectrometer. held at—50 °C for 2—3 h, slowly warmed to room temperature, and

Unless otherwise noted NMR spectra were recorded a230°C on stirred for an additional 810 h to give a clear colorless solution.

a Varian Unity Plus 400 MHz spectrometéd NMR chemical shift Concentration under reduced pressure to ca. 30 mL and subsequent
values were determined relative to the residual protonss 6r C;Dg cooling to —28 °C afforded small amounts (ca. 16050 mg) of

as internal reference)(= 7.15 or 2.09 ppm)*C NMR spectra were crystalline solids!H NMR spectra of these solids indicated the pres-
referenced to the solvent signats=€ 128.0 or 20.4 ppm}P’Al NMR ence of several compounds. Crystals of@bH73N10Sig*CsHs (5) were
spectra were referenced to an aqueous AP ®olution as external obtained from recrystallization of a 20 mg sample of the crystalline
standard§ = 0 ppm). TGA measurements of the compoufdsd3 first crop from GHe (2 mL) at room temperature by slow evapora-

were carried out with a DuPont Instruments 951 Thermogravimetric tion of the solvent inside the drybox. On one occasion the crystalline
analyzer with a heating rate of ®/min. The samples were loaded first crop contained a few crystals of sufficient quality for X-ray
under N atmosphere, the purge gas was helium. GC/MS data were diffraction, one of which was characterized ase@sbH76N10Sis
obtained with a Finnegan GCQ spectrometer. Melting point determina- 1/4 GHi4 (6).

tions were performed in sealed glass tubes and are uncorrected. Thermolysis Experiments. Schlenk tubes containing ca. 100 mg

Synthesis of 1,3,5-(HAl-NMes)s(NSiMe,)s (1). A precooled 50 samples of compoundsor 3 were placed in a preheated 10D oilbath.
°C) solution of [MeSiNH]; (0.82 g, 3.7 mmol) in toluene (30 mL) The temperature was slowly (ca. 30 min) raised to-1300°C. After
was added slowly to a solution ofs8l-NMe; (1.0 g, 11.2 mmol) in melting and subsequent gas evolution, the products solidified. Both
toluene (30 mL) at-50 °C. The reaction mixture was slowly warmed  thermolyzed products were practically insoluble igDe An FTIR
to room temperature and stirred for 12 h. After concentrating the spectrum of the solid derived frothshowed medium to strong bands
solution in vacuo (20 mL), large colorless crystals were grown3a in the Si-H (2127 cm?) and A-H (1867 cm?) region, whereas the

°C for one week. Concentration of the mother liquor and subsequent Solid derived from3 displayed no absorption in either region but two
cooling for another week afforded a second batch of crystafline ~ Weak N-H stretches at 3367 and 3406 tinCondensable volatile

Yield: 1.27 g (72%). Mp: 148150°C (decomp)!H NMR (400 MHz, materials formed during the thermolysis ®fwere trapped in a-78
CsDs): 0.81 (s, Si(CH), 18 H), 2.01 (s, N(Ch)s, 27 H), 4.2 (s, broad, °C Schlenk flask, dissolved in ¢Ds, and analyzed byH NMR
AlH3, 6 H). 3C{'H} NMR (CeDe): 9.95 (Si(CH)2, 48.26 (N(CH)s). spectroscopy and GC/MS. Thid NMR spectrum showed signals due
27A1{1H} NMR (104.22 MHz, GDg): 140 (s, broad)wy, ~ 8340 Hz. to toluene, MeN (2.05 ppm), and an unidentified singlet at 0.42 ppm.
IR (KBr, Nujol): van= 1810 (m), 1790 (s), 1751 (m) crth ;I"\r/}e Elreéeﬁti?)of Ml was confirmed by GC/MSnyz = 58.1, 100%,
— EIN=LH7)).

Synthesis of 1,12,2-(HAINMe 3);(NSiMe;NSiMe:N(H)SiMe,)2 (3). For the solution studies, samples of ca. 15 md. of 3 in 0.5 mL
A precooled {50 °C) solution of [MeSiNH]; (0.94 g, 4.3 mmol) in of C;Dg in sealed NMR tubes were heated to 10 °C for 18 h.
toluene (30 mL) was added slowly to a solution of AINMe; (0.77 Compound3 remained essentially unchanged, whereas the formation

g, 8.6 mmol) in toluene (30 mL) at50 °C. The reaction mixture was  of a gray, spongy precipitate was observedifohn *H NMR spectrum

slowly warmed to room temperature and stirred for 12 h. After removal of the supernatant clear, colorless solution showed tha&s mostly

of the volatile materials under reduced pressure, the colorless solid wasconsumed and the spectrum displayed a variety of broad signals in the

crystallized from benzene solution (15 mL) at room temperature for Me—Si region (0.7-0.0 ppm), a broad singlet for MM (2.05 ppm)

one week. Compoun8 was isolated as colorless needles. Yield: 550 and broad signals in the SH and A—H region (3.5-5.5 ppm). A

mg (21%). Mp: 150°C (decomp)*H NMR (C;Dg): —0.02 (s, br, 1 small amount of MgSiH, (—0.01 ppm (t, CH), 3Jus= 4.1 Hz, 3.90

H), 0.20 (s, br, 6 H), 0.22 (s, br 6 H), 0.34 (s, br, 6 H), 0.58 (s, br, 6 ppm (sept, SiH}¥°was also detected.

H), 0.70 (s, br,6 H), 1.05 (s, br, 3 H), 1.30 (s, br, 1 H), 2.03 (s, NJ&H X-ray Structure Determinations. Crystals were removed from the

18 H), 3.70 (s, br, AlH, 4 H)'H NMR (C;Ds, 70 °C): 0.059 (s, br, Schlenk tube under a stream of tias and immediately covered with

NH, 2 H), 0.21 (s, 12 H), 0.47 (s, br, 12 H), 0.68 (s, 6 H), 1.07 (s, br, a layer of hydrocarbon oil. A suitable crystal was selected, attached to

6 H), 2.13 (s, N(CH)3, 18 H), 3.7 (s, br, AlH, 2 H)*C{*H} NMR a glass fiber, and immediately placed in the low-temperature nitrogen

(C7Ds, 70°C): 7.69 (Si(CH)3), 9.73 (Si(CH)s), 10.85 (Si(CH)s), 11.05 strean? The data were collected in the range of 158 and 183 K (see

(Si(CHy)a), 47.74 (N(CH)3). Z’Al{*H} NMR (C;Dg, 104.22 MHz): 147 Table 1) with a Siemens P4 diffractometer using Ma (4 = 0.71073

(s, broad)wi, = 7160 Hz.2’Al{*H} NMR (C;Ds, 104.22 MHz, 70 A) radiation. The data were corrected for Lorentz and polarization

°C): 122 (s, broad)wi, = 3960 Hz. IR (KBr, Nujol): vny= 3368 effects. Absorption corrections were not applied because it was judged

(w) cmL, vap= 1798 (m) cnrl. to be insignificant. The structures were solved by direct methods and
. U refined by full-matrix least-squares procedures 8rusing all reflec-

Synthesis Of10'3'("4'“'NMe3)2(NS'MGZNS'MGZN(H)S'MeZ) (4).A tions. The crystallographic programs employed were those of the

precooled £-50 °C) solution of [MeSiNH]s (0.62 g, 2.8 mmol) in SHELXTL program suité In the final refinement cycles all the non-

toluene (30 mL) was added slowly to a solution ojAtNMe; (0.5 g, hydrogen atoms were refined anisotropically, and all the hydrogen atoms

5.6 mmol) in toluene (30 mL) at-50 °C. The reaction mixture was

. were included in the refinement with idealized parameters except of
slowly warmed to room temperature and stirred for 12 h. The clear

. . those bound to aluminum or nitrogen, which were located in the
colorless reaction mixture was concentrated to ca. 30 mL and cooled difference map and refined isotropically. Some details of the data

to —28 °C for 2 days to give a small amount of crystals &  (,jiections and refinements are given in Table 1, and selected bond
Concentration of the mother liquor to ca. 20 mL and subsequent cooling yigtances and angles are listed in Tables 2 and 3. Further details are
for 3 days afforded small colorless crystals4ofCrystals suitable for given in the Supporting Information.

X-ray diffraction were obtained by recrystallization from toluene at
—28°C. Yield: 250 mg (23%). Mp: 97110°C (decomp)!H NMR

(18) Schmidbaur, H. IlNuclear Magnetic Resonance in Chemisthgt

(400 MHz, GDs): 0.56 (s, Si(CH),, 12H), 0.73 (s, Si(Ch), 6H), ed.; Pesce, B., Ed.; Academic Press: New York, 1965; pp-183.
1.93 (s, N(CH)s, 18H), 4.1 (s, broad, Al 4H). *C{'H} NMR (19) Ebsworth, E. A. V.; Frankiss, S. Grans. Faraday Socl967, 63,
(CsDe): 7.20 (Si(CH)2, 8.51 (Si(CH)2, 47.72 (N(CH)3). Z7Al{*H} 1574-1583.

NMR (104.22 MHz, GDg): 134 (s, broad)wy, ~ 2330 Hz. IR (20) Hope, H. InExperimental Organometallic Chemistiyvayda, A. L.,

Darensbourg, M. Y., Eds.; ACS Symposium Series 357; American

Chemical Society: Washington, DC, 1987; Chapter 10.

(17) Ruff, J. K.; Hawthorne, M. FJ. Am. Chem. Sod.96Q 82, 2141- (21) SHELXTL Version 5.03.; Siemens Analytical X-ray Instruments
2144. Inc.: Madison, Wisconsin, 1994.
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Table 1. Crystallographic Data fot and3—6

Fooken and Khan

1 3 4 5 6
formula A|3C15H51N65i3 Al 2C13H53Ngsi5 C12H41A| 2N5Si3 Al 5C22H73N 105i3'C6H6 Al 5C22H75N 1oSig‘1/4C5H14
fw 480.83 609.22 393.73 915.63 889.07
A 0.71073 0.71073 0.71073 0.71073 0.71073
temp, K 163(2) 158(2) 173(2) 178(2) 183(2)
cryst syst monoclinic monoclinic triclinic orthorhombic triclinic
space group P2(1)lc P2(1)h P-1 P2(1)2(1)2 P-1
a, 18.229(2) 12.595(2) 8.4452(9) 21.991(2) 13.094 (2)
b, A 12.341(2) 8.742(2) 12.068(2) 13.937(2) 13.111 (3)
c, A 13.340(2) 16.023(3) 12.949(2) 17.5586(10) 16.595 (3)
o, deg 90 90 70.669(13) 90 75.199 (14)
p, deg 96.906(7) 96.59(2) 79.541(10) 90 82.330 (130)
y, deg 90 90 73.873(11) 90 86.94 (2)
Vv, A3 2979.4(6) 1752.5(5) 1190.5(3) 5381.7(8) 2729.3 (8)
z 4 2 2 4 2
Ocalcd, g CNT3 1.072 1.154 1.098 1.130 1.082
w, mmt 0.260 0.310 0.277 0.312 0.320
R12 % 341 4.26 5.13 4.18 6.14
WR2, % 8.70 10.42 13.30 9.71 15.81
AR = 3 [IFol = IFcll/%IFol. * Ru = (SWI[Fo| — [Fel |73 W|Fo|?)"2
Table 2. Selected Bond Lengths (A) for Compountls3—6
1 3 4 5 6
Al(1)-N(1)  1.8221(14)  Al(1}N(@3) 1.846(2) AI(1)}N(1) 1.824(3) Al(1)}N(1) 2.004(33) AI(1FN(1)  1.841(3)
Al(1)—N(4)  2.035(2) Al(1}N(2A) 1.847(2) AI(1y-N(4) 2.031(3) AI(1yN(5) 2.148(3) Al(1y-N(9) 1.894(3)
Al(1)—H(1)  1.50(2) Al(1)-N(4) 2.051(3) AI(1}H(1) 1.53(4)  Al(1}H(1) 1.40(4)  Al(1}H3B)  1.57(4)
Al(1)—H(2) 1.54(2) Al(1}-H(1) 1.55(3) Al(1y-H(2) 1.45(4) Al(2-N(1) 1.951(3) AlI(1)-N(10) 2.049(3)
Al(2)—N(2)  1.8436(13) Al(2¥XN(2) 1.836(2) AI(2>-N(2) 1.839(4) Al(2y-N(2) 1.840(3)
Al(2)—N(5)  2.054(2) Al(2y-N(5) 2.055(3) AI(2>-N(5) 1.866(3) Al(2)-N(9) 1.932(3)
Al(2)—H(3)  1.58(2) Al(2-H(3) 1.52(3) Al(2-H(2)  1.49(6) Al(2y-H(4) 1.41(4)
Al(2)—H(4) 1.49(2) Al(2-H(4) 1.47(3) Al(3y-N(3) 1.840(4) Al(2y-H(5) 1.73(4)
Al(3)—N(3)  1.8238(13) Al(3¥-N(5) 1.893(3) AIBYXN(3) 1.936(3)
Al(3)—N(6)  2.026(2) Al(3y-N(4) 2.014(4) AI(3»N(9) 1.908(3)
Al(3)—H(5) 1.51(2) Al(3y-H(3)  1.53(4) Al(3)-H(6) 1.49(4)
Al(3)—H(6)  1.54(2) Al(3)—H(7) 1.58(5)
Al(4)—N(3) 1.970(3)
Al(4)—N(4) 2.093(3)
Al(4)—H(5) 1.78(4)
Al(4)—H@E)  1.67(4)
Al(5)—N(7) 1.870(3)
Al(5)—N(8) 1.994(3)
Al(5)—H(9) 1.58(4)
Al(6)—N(6)  1.852(4)
Al(6)—N(4) 1.888(3)
Al(6)—N(5) 2.035(3)
Al(6)—H(10) 1.52(4)

Results and Discussion

[Me,SiNH]3, in the gas phas®. The HAI-NMe;z groups are

rotated away from each other in such a way that two hMe
groups point up and the third one down when viewed with
respect to the giplane. The metric parameters are within the
expected ranges for amine stabilized aluminum amides with
average ArN(amide), A-N(amine), A-H and SN dis-
tances of 1.830(10), 2.038(12), 1.53(3), and 1.735(5) A, re-
spectively!323.24The amide nitrogen atoms N(1), N(2), and N(3)
are basically planar(Si—N—Si,Al) = 357.6, 355.4, and
358.6) as is typical for a nitrogen atom bound to three

Syntheses and StructuresThe reaction of HAlI-NMes with
hexamethylcyclotrisilazane [M8iNH]3 in a 3:1 molar ratio at
low temperature in toluene solution proceeds cleanly and
essentially quantitatively to afford the tris-aluminum amide
1,3,5-(HAI-NMej3)3(NSiMey)s (1) via hydrogen elimination (eq
1). Due to its high solubility the isolated crystalline yield is
only about 72%.

MegN_ H
Mo ;AAI/\N-Si// electropositive atom?&: _
3HANMe; + 8i N-H  ———= 8 NACNMe; + 3H, ) Interestingly, attempts to substitute only one or two of the
AR AR three amine hydrogens of the silazane jBié&\H]; were less
Mo H straightforward and afforded clean products only in low to

moderate yields. Treatment of [IY®INH]; with 1 equiv of

Compoundl is highly sensitive toward moisture but is stable
under oxygen- and moisture-free conditions in the solid state
as well as in solution. The structure df(Figure 1) features a
six-membered 3Ns ring, in V.Vhlc.h each nitrogen IS. bound (24) Gardiner, M. G.; Koutsantonis, G. A.; Lawrence, S. M.; Raston, C.
to a HAI-NMes group. The ring is puckered and displays a L. Inorg. Chem.1996 35, 5696-5702.

chair conformation similar to that of the parent silazane, (25) Brothers, P. J.; Power, P.Rdv. Organomet. Cheni996 39, 1-69.

(22) Rozsondai, B.; Hargittai, I.; Golubinskii, A. V.; Vilkov, L. V,;
Mastryukov, V. S.J. Mol. Struct.1975 28, 339-348.

(23) Haaland, A. InCoordination Chemistry of AluminynRobinson, G.
H., Ed.; VCH: New York, 1993; pp 456.
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Table 3. Selected Bond Angles (deg) for Compouridand 3—6
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Figure 1. Thermal ellipsoid plot (50% probability ellipsoids) showing
the molecular structure df. Methyl hydrogen atoms are omitted for
clarity.

H3Al-NMes did not lead to the expected monosubstituted
product [(MeSiNH),Me,SiNAIH,-NMejg] (2) but to the tricyclic
aluminum-bridged compound instead, most likely by con-
densation of two molecules & (eq 2).

MegN H

A

L) NN
nsi ) SN, ON-S—

2 Si. N-AI=NMe; H-N  §i=.si, N-H + 2H; @)

N-Si._H —/Sl—N\lA’I/N—Sl\

MegN H

2 3

Large, well-shaped crystals &f were obtained by crystal-
lization from benzene solution. Higher yields 8fcan be
obtained if the alane/silazane ratio is increased to 3:2. The
structure of 3 was determined by X-ray crystallography.
Compound 3 crystallizes in the form of centrosymmetric
molecules in which two silazane rings are bridged by two
u-HAI-NMe;z groups (Figure 2). Contrary to compoutgdin 3
the silazane rings adopt a boat conformation whereas the central
eight-membered ABisN, ring exists in a chairlike conformation
with the aluminum bound trimethylamine ligands trans to each
other. The A-N(amide), A-N(amine), AF-H, and Si-N
distances in3 with average values of 1.846(2), 2.051(3),
1.55(3), and 1.732(10) A are similar to those observed.in
The coordination around the amide nitrogen atoms is distorted
trigonal planar E(Si—N—Si,AlLH) = 360.5, 357.4, and
360.0°). The widest internal angle SN—Si is observed for
the hydrogen substituted N(1) with 133.5{2H NMR spectra
of C¢Dg or C;Dg solutions of3 display broad signals for the
SiMe protons indicating dynamic behavior. Heating to°Td
causes some of these peaks to sharpen.

If an alane/silazane ratio of 2:1 is employed for the intended
synthesis of the disubstituted silazane [(Bi&lH)(Me;SiINAIH -
NMes);] (4), a mixture of two as yet unidentified compounds
is formed initially. Repeated crystallizations afford small
quantities of3, and compound can be identified in the mother
liquor. On one occasion crystals have been isolated whose
spectroscopic datdH, 13C{'H} , 27Al NMR and FTIR) are in
agreement with those expected for the disubstituted spédcies
A possible explanation for the observed difficulties in isolating
4 may be found in ligand exchange processes such as eq 3,
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c9

Figure 2. Thermal ellipsoid plot (50% probability ellipsoids) showing
the molecular structure &. Methyl hydrogen atoms are omitted for

clarity Figure 3. Thermal ellipsoid plot (50% probability ellipsoids) showing

the molecular structure af. Methyl hydrogen atoms are omitted for

which are typical for aluminum compounéhe low solubility ~ S2Y-

of 3in aromatic solvents would then shift the equilibrium toward - with the high flexibility of the eight-membered silazane ring

the formation of3 and HAI-NMes. and possible exchange processes similar to those in egs 2 and
3 may account for the observed difficulty in obtaining pure
Meaty 7 ) Moty i products. Nevertheless, we have been able to isolate small
st A Si-N7, N-se amounts of crystalline material from various fractions of our
g e ”‘_/“,‘éi_,f'\ Fhg TR () recrystallization attempts. In general, these crystalline fractions
WA Moo H A were mixtures of compounds. In a few cases, however, this
4 3 crystalline material contained single crystals which were

characterized as the novel aluminum amide spessd6 by

The structure oft was confirmed by X-ray crystallography.  X-ray crystallography. Unfortunately, despite our efforts, we
Itis similar to that of3 without the second silazane ring (Figure have not been able to isolate either compound in sufficient
3). The silazane core adopts a twist-boat conformation with the quantities for analysis other than XRD. However, repeated
AlH 2-NMes groups rotated around the AN(amide) bond in attempts have shown that it appears to be essential to mix the
such a way that the MBI groups are oriented in a mutual trans reagents at low temperature (ca50 °C) and maintain this
fashion. The geometry around the amide nitrogens is distortedtemperature for several hours before warming to room temper-
trigonal planar E(Si—N—Si,AlLH) = 359.8, 359.4, and ature for workup. Variation of the alane/silazane ratio from 4:1
360.0). The widest internal angle within the silazane ring is to 2:1 does not seem to significantly affect the outcome.
found at N(3) with Si(1)}N(3)—Si(3) = 128.8(2}. Bonding to However, it should be pointed out that dehydrosilylation of
aluminum decreases the internal ring angles at the amidesilylamines with aluminum hydrides is rare at low temperafidres
nitrogens N(1) and N(2) to 115.41(®4nd 114.24(13)while and compoundS and6 are only the second and third examples
at the same time widening the externat-8i—Al angles to of products obtained by this type of reaction that were
118.83(13)-125.54(14). The average AtN(amide), Ak characterized by X-ray crystallography.
N(amine), and A+H distances with 1.830(5), 2.043(5), and The structures dd and6 (Figures 4 and 5) are closely related
1.49(6) A are within the expected range. to each other. Both compounds are best described as consisting

Given our success in forming the new compoufds, and of a unique 16-membered AisNg macrocyle in which the
4 starting from the trimeric silazane [M®iNH]s, we decided silazane nitrogen atoms, with the exception of N(3) and N(3a)
to extend this method to include the larger more flexible in 5and N(1) and N(6) ir6, are bound to bridging aluminum
tetrameric octamethylcyclotetrasilazane P88NH]4. Unfortu- hydride to generate six four- and six-membered AISIN rings.
nately, we have not been able to isolate simple aluminum The asymmetric unit of a crystal &fcontains two independent
hydride derivatives of this silazane. In addition to the expected half-molecules of5 and two independent half-molecules of
formation of AI=N bonds by H elimination, there is also a  benzene. The two halves of each molecul& afre related by
facile cleavage of StN bonds by the A-H moiety to give a 2-fold rotational axis through the central -AH group
Al—N and Si-H bonds at or even below room temperature. (Al(1)—H(1), Al(4)—H(4)). Both molecules are essentially
The Si—H group can be easily detected in the NMR and IR identical, and for simplicity the discussion will focus on the
spectra of the crude products as sharp multiplets in the rangemolecule containing Al(1). Al(1) is five-coordinate in a slightly
of 5.4—4.6 ppm as well as a medium intensity band around distorted square pyramidal fashion to one hydrogen and four
2100 cnrl. This additional pathway of AtN formation together amide nitrogen atoms. The Al(ZH(1) distance (1.40(4)) is
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Figure 4. Thermal ellipsoid plot (50% probability ellipsoids) showing
the molecular structure &. Methyl hydrogen atoms are omitted for
clarity.

Figure 5. Thermal ellipsoid plot (50% probability ellipsoids) showing
the molecular structure @. Methyl hydrogen atoms are omitted for
clarity.

quite short, whereas the AN distances appear elongated with
2.004(3) A (Al(1)-N(1)) and 2.148(3) A (AI(I}XN(5)). A
similar arrangement with, however, less variation of the-MI
distances was reported for the core of HAI[(EtN(§NEL)-
AlH]».2% Al(2) and Al(2a) are four-coordinate in a distorted
tetrahedral arrangement. The AK2BI(2) distance is 1.49(6) A
and the AI(2)-N distances range from 1.839(4) (N(2)) A over
1.866(3) (N(5)) A to 1.951(3) (N(1)) A. The amide nitro-
gens N(2), N(2a), N(3), and N(3a) at the periphery of the

molecule are three-coordinate with essentially planar geometry

(2(AILSi—N—Si,Al) = 359.5 and 359.8) and feature shorter
Al—N distances with Al(3)}-N(3) = 1.840(4) A and Al(2¥
N(2) = 1.839(4) A. Interestingly, the environment at N(2) is
quite irregular, almost T-shaped with a significant widening of
the Si(2)-N(2)—Si(3) angle to 150.0(2) presumably due to
the contraints related to the inclusion of N(2) into the four-
membered ring formed by N(2), Al(2), N(1), and Si(2).

The structure 06 can be formally derived from that &by
simply adding one molecule of Ald The framework of6
remains essentially the same asibut theus-Al(2) —H(2) unit
has been replaced by twe-AlH , groups (Al(2), Al(3)). A very
unusual feature is the location of the hydride H(5) as an al-
most perfectly symmetrical bridge between the five-coordinate
(trigonal bipyramidal) Al(4) and the four-coordinate (tetrahedral)
Al(2). The Al—H distances of 1.73(4) A for AI(2YH(5) and
1.78(4) A for Al(4)—H(5), however, are typical fqi,-bridging
aluminum hydrided’ The other metrical data are similar to those
observed fol5 and some are listed in Tables 2 and 3.

(26) Perego, G.; Del Piero, G.; Corbellini, M.; Bruzzone, MOrganomet.
Chem.1977, 136, 301—-308.
(27) Downs, A. JCoord. Chem. Re 1999 189, 59-100.
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Figure 6. TGA traces ofl and3.

Thermal Stability. The present study of the synthesis of
aluminum hydride derivatives of cyclic silazanes was undertaken
with the intent to find new low-temperature routes to AIN.
Therefore, the thermal stability of compounti&nd 3, which
can be synthesized in gram quantities, was investigated both in
solution and in the solid state. Solutions of compoubasd3
in toluene can be heated to reflux without detectable decomposi-
tion. However, prolonged heating (18 h) of alig solution of
1lin a sealed NMR tube to ca. 12C leads to the formation of
a gray, spongy precipitate, which we assume is aluminum metal
in analogy to the results obtained by Paine and co-worKers.
NMR spectra of the supernatant liquid display, besides the
signals of1, broadened signals in the SiMe region indicating
formation of larger aggregates. A possible explanation may
be ligand exchange processes with concomitant formation of
H3Al-NMes which decomposes at temperatures in excess of 100
°C?8 (eq 4). A similar process was suggested for the thermal
decomposition of the related (\®i),NAIH *NMe3.1?

MegN_ H MesN, H H NMeg
HAL WAL \ ALH
) - o AL
s p s SN
si N-AI-NMeg st NAEN SO+ HaANNMes  (4)
A N-Si NMeg Si-N

\ Hal N /1 AH
1

MesN' H H NMeg
Al + 1.5 Hp + NMeg

MesN H

In addition, a small amount of M8iH; is formed. In the solid
state, bothl and3 are stable until their melting points of 148
and 150°C, at which both decompose with gas evolution.
However, no aluminum metal formation is observed. TGA
experiments in the range of 2820°C show the loss of NMg
at about 15C¢C for both compounds (Figure 6). Thereaftér,
remains virtually unchanged until 628C, whereas for3,
additional mass loss of ca. 24% is recorded.

Bulk thermolysis of ca. 100 mg samplesbéand3 at 180
200 °C afforded colorless solids. Trimethylamine, traces of
toluene, and an as yet unidentified species were detected in the
trapped 78 °C) volatile fraction of the thermolysis &using
IH NMR spectroscopy and GC/MS. IR-spectra of the remaining
solids show intense SiH and A-H (2127 and 1867 cmi)
bands for the thermolysis productband no A-H(term.) band

(28) Stecher, O.; Wiberg, Ber. Dtsch. Chem. Ged.942 75, 2003~
2012.
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for the thermolysis product & Both solids are only sparingly
soluble in GDg and display broad signals in the SiMe region.

The crystal structure df indicates that MgSiH elimination
should be facile, given the relative closeness of®and A-H
(e.g., H(3)--Si(3)= 3.08 A) and the possibility that the putative
intermediate should be stabilized sufficiently by thesMeonor
(eq 5).

MesN, H MeSN,\L\IIH MesN_ H
H‘AI\N~Si/\/ N H\ \,N>Si/\/ H H\AI\N-Si{/ H
SSi NAISNMe /Si‘N Sy=A!—NMeg si, N=A|1NM ®)
H-AI’N_S\'\ . war A H»AI’N\Si‘H *
MesN H MeoN” H MesN H

1

Fooken and Khan

documented Mg¢SiH elimination at low temperature also
involves a flexible bidentate ligardd.

Conclusion

Reaction of HAI-NMes; with [Me,SiNH]; afforded new
aminolysis productd, 3, and4 in good to moderate yields.
Employment of the larger and more flexible cyclosilazane
[Me,SiNH]4 led to complex mixtures from which the crystalline
ring cleavage compounds and 6 could be isolated. While
thermolysis studies df and3 indicate onset of dehydrosilylation
at moderately high temperatures of 1% this is accompanied
by loss of trimethylamine and formation of larger aggregates.
Further significant mass loss was not observed.foelow 620
°C, and some loss is observed ®rDehydrosilylation already

Nevertheless, the temperatures required are still in excess ofet Or below room temperature is observed for the {SbH]./

150 °C and elimination of the remaining M®&i groups does
not take place below 620C (see Figure 6). A similar high
temperature requirement was noted for Mes*Al(H)N(SiM&°
which also featured a geometry conducive to faciles®e
elimination. On the other hand, the-Sil formation even below
room temperature in thedAl-NMes/[Me,SiNH]4 system shows

HsAl-NMejs system suggesting alternative low-energy pathways.
We are currently investigating this system in more detail and
plan to include additional silazanes such as [Me(H)SiNHjr
(MeSi)(NH)o* into our studies.
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