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The heteroleptic lithium amide, [(Mes;Sn)(MesGe)NLi+(Et,0)], (2), reacts with MCl, (M = Sn, Ge, Pb) to yield the
corresponding cubane complexes [M(us-NGeMes)ls [M = Sn (3), Ge (4), Pb (5)]. In an analogous reaction with
SnCly, the lithium stannylamide, [(MesSn),NLi+(Et,0)], (1), produces the mixed-valent Sn congener [Sn(us-NSnMes)]s
(6). All imidocubanes contain both di- and tetravalent group 14 metals that are bridged by N. These structures are
comprised of MyN, (M = Sn, Pb, Ge) cores that possess varying distortion from perfect cube geometry. The Pb
derivative (5) exhibits enhanced volatility and vapor-phase integrity.

Introduction silyl—stannyl derivative, [(M&Sn)(MeSi)NLi-(Et,0)],, a

The initial report on the preparation of the tinitrogen ~ new route to imidocubanes was recently repofteithis
heterocubane, [SNNC(GH]4,* provided access to a class pathway proceeds via the reaction of lithium (trimethyl-
of compounds possessing a unique bonding environmentsilyl)(trimethylstannyl)amide and the appropriate divalent
around the divalent Sn atom. A number of homologous com- metal chloride, and a series of heterocubane compounds
plexes containing various alkyl substituents have since been{ [M(u3-NSiMes)], (M = Ge, Sn, PB) has been prepared in
synthesized,and a number of investigations have subse- this fashion (Scheme 2P The elimination of trimethyltin
guently aimed to facilitate oxidation of the Sn certér.  chloride is thought to constitute the driving force for the
Though significant progress has been made in understandingormation of these heterocubanes and is believed to involve
the nature of this class of tin compounds, little has been donein situ generation of an imidotin(ll) intermediate and eventual
to extend the identity of exocube moieties beyond carbon tetramerization of the MN core (a discussion of the poten-
and only a handful of germanium and lead congeners havetial mechanism of tin(ll) imidocubane formation has been
been reported.” previously published)® This route to group 14 heterocubanes

During our ongoing effort to explore the chemistry of lith-  differs from previously reported syntheses, which include
ium stannylamide, [(MgSn)NLi+(THF)]. (1), and its mixed the reaction of magnesium imides with metal halfdesd

— : the reaction of primary amines with metallocene compléxes,

* To whom correspondence should be addressed. E-mail: jack.eichler@ . . . L.

emory.edu. metal amide3? and cyclic diazastannylenésin addition,

T Oxford College of Emory University. a recent report by Kemp et al. describes the synthesis of a
* Georgia Institute of Technology.
§ Oberlin College.
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Imidocubanes with Exocube G¢ and SrV Substituents
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tin—nitrogen cubane via the reaction of tin(ll) chloride and be exercised using synthetically modified versions of various
a lithiated secondary amine possessing an extremely bulkylithium amide species, the (trimethylgermyl)(trimethylstan-

functional group-? nyl) lithium amide complexZ) was reacted with a suitable
In view of the potential employment of group 14 het- metal dichloride MGl (M = Sn, Ge, Pb; Scheme 2). In
erocubanes as precursors for4VI semiconductor materi-  addition, to further demonstrate the general utility of this

als® and the general suitability of metal amide compounds synthetic pathway, a mixed-valent tin imidocubane, possess-
in metal-organic chemical vapor deposition (MOCVD) ing exocube trimethylstannyl substituents, was synthesized
processe$34it was of interest to expand synthetic access utilizing the homoleptic lithium stannylamide(Scheme 3).

to this class of compounds. To confirm the assumption that All complexes were characterized using X-ray diffraction,
control over the exocube substituents in cubane species carstandard spectroscopic and mass spectrometry techniques,
and elemental analysis.

(12) Tang, Y.; Zakharov, L. V.; Rheingold, A. L.; Kemp, R. Morg.

Chim. Acta200§ 359, 775-781. Experimental Details

(13) Just, O.; Rees, W. S., Jdv. Mater. Opt. Electron200Q 10, 213. . . . .

(14) Eichler, J. F.; Just, O.; Rees, W. S., JrMater. Chem2004 14, General Procedures All manipulations were carried out in a
3139-3143. dry glovebox atmosphere or by using standard Schlenk techniques.
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All solvents were dried over Naor P,Os (CH,Cl,) and freshly CH,Cl, at —80 °C over a 2-day period. Yield: 0.07 g (21%). Mp
distilled under an inert atmosphere prior to use. $nEHC}, and (dec): 250°C.1H NMR: ¢ 0.45 (s, GeCh). 13C NMR: 6 0.21 (s,
MesGeCl were purchased from Alfa Aesar and used without further GeCH). 11950 NMR: ¢ 954 (s). MS (El, 270C): m/z1002 [M*].
purification. Compound.® and GeC}-(dioxane}® were prepared IR (Nujol): 1075 (m), 818 (m), 725 (m), 599(s), 563 (m), 515 (m)
according to literature procedures. All NMR experiments were cm™'. Elem anal. Calcd for GH3eN4SnGey: C, 14.39; H, 3.62;
performed on a Bruker 400-MHz spectrometer at 300 K usigigsC N, 5.59. Found: C, 14.41; H, 3.22; N, 5.71.

as the solvent, which was distilled over Ga&hd stored under [Pb(us-NGeMes)]4 (5). The synthesis was performed in a fashion
argon.H (400-MHz) and*C (100.6-MHz) NMR spectra were  analogous to that of compouridy reacting? (0.50 g, 0.66 mmol)
referenced to tetramethylsilane (TM$)Sn (149.3-MHz) andLi and PbCJ (0.37 g, 1.33 mmol). Yellow crystals were grown from

(155.5-MHz) NMR spectra were externally referenced to,$e a CH.CI; solution at—80 °C over a 2-day period. Yield: 0.25 g
and LiBr, respectively. Elemental analyses were recorded on a(55%). Mp (dec): 260°C. H NMR: & 0.19 (s, GeCH). 13C
Perkin-Elmer series Il CHNS/O analyzer 2400, FT-IR measure- NMR: ¢ —1.02 (s, GeCh). MS (El, 42°C): m/z 1356 [M']. IR
ments were carried out on a Bruker Equinox 55 spectrometer, mass(Nujol): 1228 (m), 812 (m), 719 (m), 589 (m), 531 (w) cElem
spectrometry analyses were completed on a VG Instruments 70SEanal. Calcd for GHsgN,PhuGe; C, 10.63; H, 2.68; N, 4.13.
(electron impact, 70 eV), and UV/vis measurements were performed Found: C, 10.57; H, 2.61; N, 4.22.

on a Perkin-Elmer UV/vis/near-IR Lambda 19 spectrometer. All [Sn(us-NSnMes)]4 (6). The synthesis was performed in a fashion
thermogravimetric analysis (TGA) experiments were registered on analogous to that of compouy reactingl (0.50 g, 0.59 mmol)

a Perkin-Elmer 7/DX thermal analyzer housed in a dry glovebox gnq SnCJ (0.22 g, 1.19 mmol). Orange crystals were grown from
atmosphere and interfaced to a Perkin-Elmer thermal analysis cH,Cl, at —80 °C over a 2-day period. Yield: 0.18 g (51%). Mp
controller. Argon was used as the purge gas, and all percent Weight(dec); 210°C. 'H NMR (400 MHz, GDs, 25 °C, TMS): 6 0.29

vs temperature profiles were obtained at aCOmin temperature (s, SNCH). 13C NMR (100.6 MHz, GDg, 25°C, TMS): ¢ 1.36 (s,
ramp under ambient pressure. All X-ray diffraction experiments gnchy,). 11950 NMR (149.3 MHz, @Dg, 25°C, Me;Sn): 6 —40.4
were performed on a Siemens SMART CCD diffractometer using (s, SnMg), 797 (s, Sngs-N)). MS (EI, 273°C): m/z 1188 [M*].

a Mo Ka. radiation ¢ = 0.710 73 A) source. All X-ray structures  |R (Nujol): 1181 (w), 1033 (m), 721 (m), 663 (M), 529 (w) cin

were solved by direct methodSKELXS-9)¢ and refined by full- Elem anal. Calcd for GHsgN,Srs: C, 12.15; H, 3.06; N, 4.72.
matrix least-squares procedur&HELXL-97;17 Lorentz polariza- Found: C, 11.96; H, 2.78; N, 3.96.

tion and absorptionSADABS$ corrections were applied.

[(Me3Sn)(MesGe)NLi-(Et,0)]. (2). MesGeCl (1.65 g, 10.80 Results and Discussion
mmol) was added dropwise to a solutionlof4.55 g, 5.40 mmol)
in diethyl ether (40 mL) at OC. After stirring overnight at ambient The heteroleptic lithium amid2 was isolated via the in
conditions, LiCl was filtered off to give a clear and colorless Situ reaction of the amine intermediate, 8a)N(GeMe),
solution. MeLi (10.80 mmol, 6.75 mL of 1.6 M hexane) was with methyllithium, followed by subsequent recrystallization
subsequently added under vigorous stirring-80 °C. After stirring from the reaction solvent. Treatmentivith the appropriate
overnight at room temperature, the volume of the reaction mixture divalent metal chloride MGI(M = Ge, Sn, Pb) in a 2:1
was reduced in vacuo to ca. 30 mL and colorless crystals were ratio produced germanium(lI3), tin(ll) (4), and lead(ll)
grown at—40 °C over a 2-day period. Yield: 2.22 g (559 (5) imidocubanes possessing trimethylgermyl substituents.
NMR: 0 0.23 (s, 18H, CHSn), 0.42 (s, 18H, ChGe), 1.03 (t, The tetranuclear molecular compositions of compleses
12H, CH), 3.39 (g, 8H, CH). 13C NMR: 6 —1.52 (s, CHSn), . .
6.96 (s, CHGe), 14.85 (s, C), 64.64 (s, CH). 11%5n NMR: o were revealed_ by X-ray studu_as to be isostructural, bas_ed on
46.7 (s, M@Sn). ’Li NMR: 6 1.66 (s). Elem anal. Calcd for the MiNq a}rCh'tethe_(see FlgurQS—B). Each N atom is
CocHseN,OsLi,GeSny: C, 31.89; H, 7.49: N, 3.72. Found: C, four-coordinate, bridging three divalent metal centers (Ge,
32.16: H, 7.11: N, 4.73. Sn, or Pb) and one tetravalent Ge center. TheNVicage

[Ge(us-NGeMey)]s (3). A total of 0.60 g of2 (0.80 mmol), exhibits the typical distortion from perfect cube geometry,
dissolved in 40 mL of diethyl ether, was added to a diethyl ether evidenced by the endocubicMN—M and N—-M—N angles
slurry of GeC}+(dioxane) (0.23 g, 1.6 mmol) in a dropwise fashion (Tables 1-5). The average G&-N interatomic distances
at 0°C. After stirring overnight at ambient conditions, LiCl was  of 1.870(9), 1.860(12), and 1.850(2) A (observed 3e5,
filtered off and the solvent was removed in vacuo. The pale-yellow respectively) are slightly longer than the previously reported
residue was redissolved in 15 mL of @El,, and pale-yellow value found in (LIIN(GeMg),])s [Ge—Na,, = 1.837(2) A1
crystals were grown at80 °C over a 2-day period. Yield: 0.059  The weaker G¥—N interactions in3—5 presumably arise
(15%). Mp (dec): 265°C.*H NMR: 6 0.50 (s, GeCh). *C because of the presence of threb-\N linkages, compared
NMR: 0 ~1.14 (s, GeCh). MS (EI, 274°C): mz820 [M']. IR w0y two Li—N interactions in (LIN(GeMe)s])s. The
(Nujol): 1261 (m), 1231 (m), 1015 (s), 824 (m), 735 (m), 603 (M), i ; N
558 (m) cnTl. Elem anal. Calcd for GHsNGes: C, 17.62; H, gpparent trepd of decrgasmg GeN mteratomlc distances
4.44: N, 6.86. Found: C, 17.74: H, 4.34: N, 7.34. is observed in correlation with weakening endocube W

[Sn(u-NGeMey)]. (4). The synthesis was performed in a fashion interact'ions. The M—N interatomic distances are in agree-
analogous to that of compoufhy reacting? (0.50 g, 0.66 mmol) ~ Ment with previously reported group 14-\N heterocubanes,
and SnCJ (0.25 g, 1.33 mmol). Yellow crystals were grown from ~ With bulky exocube substituents often resulting in longer
M—N distances:3 [Ge—N = 2.002(4) A]{[GeN(CsH¢)]4
(15) Fjeldberg, T.; Haaland, A.; Schilling, B. E. R.; Lappert, M. F.; Thorne, [G€—Nayg = 2.023(2) A} 24 [Sn—N = 2.207(3) A]{[Sn-

A. J.J. Chem. Soc., Dalton Tran$986 8, 1551-1560. - i 8,18 - -
(16) Sheldrick, G. MSHELXS 97Program for Crystal Structure Deter- (us-NSiMez)ls, 2.196(4) A [Sn(us-N{4-MeOGHe} )],
minationr University of Gdtingen: Gdtingen, Germany, 1997.
(17) Sheldrick, G. MSHELXL 97 Program for Crystal Structure Deter- (18) Veith, M.; Opsolder, M.; Zimmer, M.; Huch, \Eur. J. Inorg. Chem
minationy University of Gdtingen: Gdtingen, Germany, 1997. 200Q 1143-1146.

6708 Inorganic Chemistry, Vol. 45, No. 17, 2006



Imidocubanes with Exocube G¢ and SrV Substituents

C(IK)

Figure 1. ORTEP plot representation (30% probability) with a numbering
scheme for compound. H atoms have been omitted for clarity.

Figure 2. ORTEP plot representation (30% probability) with a numbering
scheme for compound. H atoms have been omitted for clarity.

2.205(3) A2 [Sn(us-N{2,64-Pr,CsHz} )14, 2.227(8) A},7 5
[Pb—N = 2.293(2) A], [PbN(GH12)]4 [Pb—N = 2.303(3)
Al,6 and [PbN(2,6-Pr,C¢Hs)ls [Pb—N = 2.337(3) A)?
Examination of the M-N angles within the central core
reveals increasing levels of distortion from perfect cube

Figure 3. ORTEP plot representation (30% probability) with a numbering
scheme for compoun8. H atoms have been omitted for clarity.

heteroleptic germylstannyllithium amid&was confirmed
by 1°Sn NMR {change in the chemical shift froi 63.3
for [(MesSnyNLi-(THF)],® to  46.7 in2} and elemental
analysis.

To further illustrate the synthetic utility of this route to
group 14 imidocubanes, the homoleptic lithium stannylamide
1 was reacted with Sngin a fashion similar to that described
for 3—5. The mixed-valent cubané (Figure 5) displays
average SaN endocube distances of 2.196(3) A, practically
identical with those registered in [SrR{NSiIMes)]4 [2.196-

(4) AJ318and in complex, bearing trimethylgermyl exocube
substituents [2.207(3) A]. The geometry about th& &toms

is distorted tetrahedral, and the average-Sninteratomic
distance of 2.043(7) A is in agreement with previously
reported SW—N distances found in SnBr[N(SiMg]s
[2.056(7) A]2* Sn(CH;)(NRAT)3 [R = C(CDs),CHs, Ar =
3,5-GHsMey; 2.044(4) A]2 and Sn(NCP¥), [2.068(37)
A].23 Compound6 also shows the typical cubic distortion
observed in this class of compounds.

Compounds represents a rare example of a mixed-valent
tin coordination complex possessing N-bridged 8nd S#
centers; thus, the oxidation states of the respective Sn atoms
were verified by solution-staté’®Sn NMR. It has been
previously documented that both the oxidation state and
coordination environment of the Sn atom influené&sn
NMR chemical shifts, with Shcenters typically exhibiting
much larger downfield resonanc&€®> Compound6 pos-

geometry for the heavier group 14 elements. This can be sesse$'°Sn NMR resonances at—40.4 and 797, assigned

attributed to the decrease in propensity to participate in sp
hybridization displayed by the heavier congerters.

In the crystal structure & (Figure 4), the Sn and Ge atoms
were found to be crystallographically indistinguishable. The

observed interatomic distances were identical [1.915(2) A]

for all Sn—N and Ge-N interactions. These values lie

(19) Neumann, C.; Seifert, T.; Storch, W.; Vosteen, N.; Wrackmeyer, B.
Angew. Chem., Int. EQ001, 40, 3405-3407.

(20) Rannenberg, M.; Hausen, H. D.; WeidleinJJOrganomet. Chem.
1989 376, C27-C30.

(21) Lappert, M. F.; Misra, M. C.; Onyszchuk, M.; Rowe, R. S.; Power,
P. P.; Slade, M. 1J. Organomet. Cheni.987 330, 31—-46.

(22) Laplaza, C. E.; Davis, W. M.; Cummins, Organometallics1995
14, 577-580.

between the corresponding interatomic distances recorded»3) aicock, N. W.; Pierce-Butler, MJ. Chem. Soc., Dalton Tran975

in the structurally analogous compounds: [@@B)LNLi-(t-
BuMeO)b, Sn—Nayg = 2.093(4) Al and [LiIN(GeMe)y]s,
Ge—Nayg = 1.837(3) A® The presence of Ge in the

2469-2476.

(24) Kennedy, J. D.; McFarlane, W. Multinuclear NMR Mason, J., Ed.;
Plenum: New York, 1987; Chapter 4.

(25) Wrackmeyer, BAnnu. Rep. NMR Spectrost999 38, 203.
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Table 1. Crystal Data and Structure Refinement for Compou2d$§

Eichler et al.

2 3 4 5 6
formula GooHseN20sLi :GeSrp C1oHzeN4sGes C1oHzeNsSGey CioH3sN4PuGey Ci1oHzeN4SIB
fw 753.11 817.17 1033.57 2674.85 1185.97
cryst dimens (mm) 0.3% 0.27x 0.19 0.17x 0.14x 0.10 0.19x 0.09x 0.07 0.37x 0.14x 0.12 0.14x 0.10x 0.10
cryst syst tetragonal _cubic monoclinic _cubic _ cubic
space group P4n2 143m Qlc P43n 143m
a(h) 9.7798(6) 11.2872(10) 12.520(4) 18.2282(14) 11.6106(14)
b (A) 9.7798(6) 11.2872(10) 17.891(5) 18.2282(14) 11.6106(14)
c(A) 17.664(2) 11.2872(10) 15.642(5) 18.2282(14) 11.6106(14)
a (deg) 90 90 90 90 90
S (deg) 90 90 107.536 90 90
y (deg) 90 90 90 90 90
V (A3) 1689.4(3) 1438.0(2) 3341.1(17) 6056.6(8) 1565.2(3)
Z 2 2 4 4
Dcarca (g/ce) 1.480 1.887 2.055 2.933 2.516
T (K) 193(2) 193(2) 193(2) 193(2) 193(2)
w (mm1) 3.238 8.245 6.497 26.067 6.276
6 range (deg) 2.3128.73 2.55-28.79 2.05-28.75 1.58-28.68 2.48-28.69
no. of refins measd 9503 4569 10311 36 464 4478
no. of indep refins 2087 369 3989 2561 405
no. of reflns obsd 1828 329 1908 1359 394
no. of param used 80 18 130 73 18
index ranges —12<h=<12 —14<h<15 —-8<h=<16 —21<h=<23 —15<h=<15-8<1<15
—13<k=11 —12<k=15 —18< k=23 —23=<k=24 —15<k=15
—23<1=<11 -15<1<14 —21<1=<19 -14<1<23 —-8=<1<15
R1[l > 20(1)] 0.0385 0.0339 0.0865 0.0579 0.0214
WR2 [I > 20(1)] 0.0977 0.0757 0.2208 0.1416 0.0474
GOF 1.075 1.047 0.975 0.974 1.226
Apmax (€lA3) 0.616 0.785 4.388 2.855 0.915

min/max transm

0.5827/0.4211

0.4868/0.3346

0.6664/0.3763

0.5466/0.2102

0.5669/0.4823

Table 2. Selected Interatomic Distances (A) and Angles (deg) for Table 4. Selected Interatomic Distances (A) and Angles (deg) for

Compound3 Compound5
Ge(1-N(L)#L  2.002(4)  N(L)#EGe(L)-N(1)#2 84.0(3) Pb(1)-N(1) 2.303(14)  Ge(»C(3) 1.95(3)
Ge(1)-N(1)#2  2.002(4)  N(1)#:Ge(1)-N(1)#3 84.0(3) Pb(1-N(1)#1  2.303(14) Ge(®)C(4A) 2.04(5)
Ge(1-N(1)#3  2.002(4)  N(1)#2Ge(1)-N(1)#3 84.0(3) Pb(1-N(1)#2  2.303(14) Ge(2)C(2) 2.42(10)
Ge(2)-N(1) 1.870(9)  Ge(2YN(1)-Ge(1)#6 121.1(2) Pb(1-Pb(1)#1  3.467(2) N(BPb(1)#1 2.303(14)
Ge(2)-C(1) 1.937(7)  Ge(2)N(1)-Ge(1)#7 121.1(2) Pb(1}-Pb(L)#2  3.467(2) N(BHPb(1)#2 2.303(14)
Ge(2-C(L#4  1.937(7)  Ge(L)#6N(1)-Ge()#7  95.7(3) Pb(1-Pb(1)#3 3.467(2)  N(2Pb(2)#4 2.291(15)
Ge(2-C(L)#5  1.937(7)  Ge(N(1)—Ge(1)#8 121.1(2) Pb(2)-N(2) 2.247(15)  N(2)}-Pb(2)#6 2.293(16)
N(1)-Ge(L)#6  2.002(4)  Ge(l)#&N(1)—Ge(1)#8 95.7(3) Pb2-N@#4  2.291(15)  N(B}Pb(1)-N(1)#1 81.8(9)
N(L)-Ge(L)#7  2.002(4) Ge(L#N(1)-Ge(L)#8  95.7(3) Pb(2-N(2)#5  2.293(16)  N(L}Pb(1)-N(1)#2 81.8(9)
N(1)-Ge(1)#8  2.002(4) Pb(2-C(3A#5 2.73(15)  N(1)#EPb(1-N(1)#2  81.8(9)
Pb(2-Pb(2)#4  3.4525(15) N(DPb(2)-N(2)#4 80.1(7)
Table 3. Selected Interatomic Distances (A) and Angles (deg) for Pb(2-Pb(2)#6  3.4718(13) N(2)Pb(2)-N(2)#5 80.5(7)
Compoundé Pb(2-Pb(2)#5  3.4718(13) N(2#4Pb(2-N(2)#5  79.6(7)
Ge(1)-N(1) 1.82(3) Pb(1¥N(1)—-Pb(L)#1  97.7(8)
Sn(1)-N(1) 2.169(11) Ge(2C(6) 1.91(2) Ge(1)-C(L)#7  1.96(3) Ph(BYN(1)—Pb(1)#2 97.7(8)
Sn(1)-N(2)#1 2.187(12) Ge(2)C(4) 2.032(18)  Ge(1)-C(1)#8  1.96(3) Pb(L1)#N(1)—Pb(1)#2  97.7(8)
Sn(1)-N(2) 2.201(12) N(1ySn(2)#1 2.235(11) Ge(1)-C(1) 1.96(3) Pb(2yN(2)—Pb(2)#4 99.1(6)
Sn(2-N(1) 2.210(11) N(2ySn(1)#1 2.187(12) Ge(2)-N(2) 1.882(19) Pb(2YN(2)—Pb(2)#6 99.8(7)
Sn(2)-N(2)#1 2.219(11) N(2ySn(2)#1 2219(11)  Ge(2)-C(2A)  1.94(3) Pb(2)#4N(2)—Pb(2)#6  98.5(6)
Sn(2)-N(1)#1 2.235(11) N(BYSn(1)-N@2)#1  82.8(4) Ge(2)-C(4) 1.95(5)
Ge(1)-N(2) 1.855(12) N(13-Sn(1)-N(2) 83.5(4)
Ge(1)-C(2) 1.964(15) N@)#ESn(1)-N(2)  81.5(5) D
Ge(1)-C(3) 1977(17) N(1}SnR)-N@)#1 81.2(4) 'Cl':ztr)#‘e)gungeelected Interatomic Distances (A) and Angles (deg) for
Ge(1)-C(1) 2.030(18) N(1¥Sn(2)-N(1)#1  83.0(4)
Ge(2)-N(1) 1.865(12) N(2#ESn(2-N(1)#1 81.6(4) Sn(L)-N(L#L  2.196(3)  N(L)#ESn(1)-N(1)#2 83.1(2)
Ge(2)-C(5) 1.885(19) Sn(HN(1)—Sn(2) 98.0(5) Sn(1L-N(L)#2  2.196(3)  N(L)#ESn(1)-N(1) 83.1(2)
Sn(1-N(1)-Sn(2#1 97.1(4)  Sn(L)#N(2)—Sn(2)#1 97.2(5) Sn(1)-N(1) 2.196(3)  N(L)#2Sn(1)-N(1) 83.1(2)
Sn(2-N(1)-Sn(2)#1 96.3(4)  Sn(BN(2)-Sn(2#1  96.6(4) Sn(2)-N(1) 2.043(7)  Sn(2YN(1)-Sn(1) 120.54(15)
Ge(1)-N(2)-Sn(1)#1 119.8(5) Sn(2y-C(L)#4  2.139(5)  Sn(AN(1)-Sn(L)#1 120.54(15)
Sn(L)#1-N(2)-Sn(1)  98.2(5) Sn(2-C(1) 2.139(5)  Sn(EN(1)-Sn(1)#1 96.5(2)
Sn(2-C(L)#5  2.139(5)  Sn(BN(1)-Sn(1)#2 120.54(15)
. , : N(1)-Sn(L)#1  2.196(3)  Sn(BHN(1)—Sn(1)#2 96.5(2)
to the S and SH atoms, respectively, which are in N()-Sn(1)#2  2.196(3)  Sn(1)}#N(1)-Sn(1)#2 96.5(2)

agreement with the generally accepted ranges of tetra- and
divalent**Sn NMR chemical shift&: The endocube Srshift cubanes, has been previously discussed in the liter&ture.

is similar to that previously reported for [S(NSiMe;)]4 The exocube Sh shift in compound6, observed in the

(6 782)} though 161 ppm upfield from the resonance  downfield region of the tetravalent Sn chemical shift range,
observed for compound (6 954). The lack of correlation

between solution-staté’®sSn NMR chemical shifts and
molecular structure, seen in the aforementioned series of tin

(26) Eichler, B. E.; Phillips, B. L.; Power, P. P.; Augustine, M.Iforg.
Chem 200Q 39, 5450-5453.
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C2B)

Figure 4. ORTEP plot representation (30% probability) with a numbering
scheme for compoun@. H atoms have been omitted for clarity.

Figure 5. ORTEP plot representation (30% probability) with a numbering  Figure 6. TGA plot of percent weight vs temperature for [RB(NSiMes)]4
scheme for compoun6l. H atoms have been omitted for clarity. (A), compound4 (B), and compound (C).

is not unprecedented for a Sn center in this type of chemical ~Chivers and co-workers have also discussed the potential
environment [MeSnN(SiMe),, 6 55.3]27 To our knowledge, application of group 14 MN heterocubanes as precursors
the sulfito-bridged dicubane complex recently reported by for IV —VI semiconductor materiafsOn the basis of the
Chivers et af. represents the only other compound possessing Previous successful employment of metal amides in MOCVD
N-bridged St and SH centers (though other examples of Processe}**an evaluation of the precursor suitability for
mixed-valent Sn species lacking N bridges have been the tetrameric cubane complex@and6 and the previously
reporte@). Chivers’ mixed-valent complex displays reso- Synthesized [PhG-NSiMe;)]s was warranted. Earlier work
nances at 490 and—258, attributed to the $nand S by Barron and co-workers suggested that the heterocubane
atoms, respectively. The pronounced upfield shift of the geometrical motif could lend unexpected thermal stability
sulfito-bridged SK atom can be explained by the hexaco- and vapor-phase integrity to oligomeric specfeBhis notion

ordination environment around this Sn center. is corroborated by the results presented here. TGA studies
indicate that the PbN heterocubanes [Pl{-NSiMe;)], and
(27) Rannenberg, M.; Weidlein, Z. Naturforsch 1991, 46h, 459-467. [Pbus-NGeMe)]4 (5) are more thermally stable than com-

(28) (a) Boegeat, D.; Jousseaume, B.; Toupance, T.; Campet, G.; Foumespound6, evidenced by the single-step mass loss for the Pb
L. Inorg. Chem200Q 39, 3924-3927. (b) Eichler, B. E.; Power, P.

P.Inorg. Chem 200Q 39, 5444-5449. (c) Cardin, C. J.; Cardin, D.
J.; Constantine, S. P.; Todd, A. Krganometallicsl998 17, 2144~ (29) Maclnnes, A. N.; Power, M. B.; Barron, A. Rhem. Mater1992 4,
2146. 11-14.
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congeners (Figure 6). This is not entirely unexpected becauseare examples of compounds containing N-bridget/Gev

Pb is more stable in the-2 oxidation state than Sn. In and SH/SnV centers, respectively. Finally, on the basis of
addition, the Pb complex possessing exocube trimethylsilyl the initial TGA studies, this structural motif provides access
substituents displays higher volatility and thermal stability to volatile compounds potentially applicable as MOCVD
than the corresponding complex with trimethylgermyl sub- precursors.

stituents, presumably because of its lower molecular weight
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