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Aluminosilicates serve as important catalysts in many indus-
trial processes,!' ~* and Al-Si oxonitrides have been known as
ceramic materials since the 1970s.14) In this context it seemed a
reasonable goal to construct model compounds for a nitrogen-
analogous aluminosilicate chemistry from stable triamino-
silanes. Compounds of this kind are hitherto unknown and
should offer a new range of properties.

Conversions of stable silanetrioles of the type RSi(OH), to
inorganic cage molecules have already been frequently reported.
Thus, for instance, a titanium silasesquioxane could be ob-
tained from RSi(OH), (R = iPr,C,H;NSiMe;) and Ti(OiPr), .
This can be considered as a model compound for titanium-
doped zeolites.’! Another example is the product of the reac-
tion of RSi(OH), with diisobutylaluminum hydride giving a
soluble zeolite precursor.®! The reaction of RSi{OH), (R =
iPr,C,H,NSiMe,) with Me;Al leads to a corresponding
cubane.!”!
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In 1993 Power et al. reported on the synthesis of the first
monomeric triaminosilane, 2,4,6-Ph,C.,H,Si(NH,),, by am-
monolysis of the corresponding trichlorosilane.’® In analogy,
stable triaminosilanes can be synthesized from the precursors of
the above-mentioned silanetrioles, the trichlorosilanes of the
type RSiCl; (R = iPr,C,H,NSiMe, (1a), 2,4,6-rBu,C,H,0).""!
Our primary goal was the synthesis of Si-Al-NH cage com-
pounds by reaction of triaminosilanes RSi(NH,), with simple
organoaluminum compounds.

MesSin__SiX3 PMe;Si__SiXs
N N
1a:X=Cl 2a:X=Cl
1b: X =NH, 2b:X=NH,

Me, Al reacts with RSi(NH,); (R = iPr,C,H,;NSiMe,) (1b)
to give a product that is almost insoluble in all common organic
solvents and thus difficult to characterize. Replacement of a
methyl group in the trimethylsilyl group by an isopropyl group
should lead to an increase in the solubility of this product. Thus,
the trichlorosilane 2a was prepared and converted to the tri-
amine 2b by ammonolysis. Single crystals of 2b were obtained
from pentane/hexane. In the asymmetric unit there are two mol-
ecules of 2b,!"3 and one pentane molecule disordered about the
twofold axis (Figure 1). The bond lengths and angles of the two

Figure 1. Crystal structure of 2b.

independent molecules show negligible differences. These two
molecules are linked to each other and to two additional symme-
try-related molecules through hydrogen bonds (N3B-N3A
336.4, N3A—~N2A 329.2 pm); thus, unlike in 1b, which is dimer-
ic, 2b exists as a tetramer.

The reaction of 2b with Me,Al leads to 3 [Eq. (a)]. Single
crystals suitable for X-ray structure analysis were obtained from
THF/hexane. The molecular structure of 3 in the crystal shows
point symmetry (Figure 2).2*% The central cage framework
consists of two six-membered Al,IN,Si rings present in the boat
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Figure 2. Crystal structure of 3. Selected bond lengths [pm) and angles [°]: N1-Sii
172.8(1), Si1—-N3 178.4(1), N4-Al2 195.0(1), Sil~N2 169.4(1), Si1 —N4 179.4(1),
N3-Al1 197.2(1), N4-Al1 195.0(1); N2-Si1-N1 114.2(1), N1-Si1-N3 115.4(1), N1-
St1-N4 112.8(1), N2-Sit-All 122.0(1), Si1-N2-Al1 A 123.3(1), Si1-N4-Al2 118.9(1),
Si1-N3-All 92.2(1), N2A-Al1-Si1 114.7(1), N2-Sit-N3 108.8(1), N3-Si1-N4
92.5(1), N1-Si1-All 123.7(1), N4-AH-N3 82.5(1).

conformation, which are linked to each other through two
Al-N and two Si-N bonds. The aluminum atoms are four
coordinate; in each case two interactions involve dipolar bonds
to the nitrogen atoms. The 'HNMR spectrum of 3 shows the

2 2b + 4 MesAl

s N
-6 MeH PN
) &NH /Si——R @

R = 2,6-Pr,CgH3NSiMe2iPr
3

expected signals. Thus, the singlets (6 = —1.38, —0.85) are as-
signed to the protons of the methyl groups at the aluminum
atom. The corresponding signals for the ligands of 3 can be
assigned correctly through integration.!' ! The most intense sig-
nals in the mass spectrum (EI) appear at m/z 881 (100%) and
433 (38 %), and were assigned to the molecular ion and half the
molecular ion minus a methyl group in each case, respectively.

Although the NH group is isoelectronic to the O atom, a
cubane compound analogous to that obtained in the reaction of
the silanetriole with Me,Al is not formed ;!”) however, the struc-
ture of 3 is similar to that of the product from the reaction of
Me,Ga with iPr,C,H,NSiMe,Si(OH), 1'%

Compound 3 is unusually thermally stable and decomposes
only at 280 °C. Interestingly, even when the stoichiometry of the
reactants was altered, 3 was always obtained as the product.
Thus, reactions of the starting materials in a molar ratio 1:1 also
gave 3. Even, the reaction of 2b with the dimethylaminoalane
Me,Al(iPr,C,H,NSiMe,) in a molar ratio 1:1 afforded 3, fur-
ther emphasizing the preferred formation of this product.

Since 3 is a bifunctional compound, many subsequent reac-
tions can be envisaged. We are currently interested in the
metalation of the imino groups and in the substitution of the
methyl groups at the aluminum atoms. Furthermore 3 could
serve as a precursor for ternary ceramics and open up the possi-
bility of many applications in the context of chemistry
analogous to that established for the aluminosilicates. Thus, the
planned construction of supramolecular structures with charac-
teristic properties is conceivable with 3 and also with the above-
mentioned siloxanes.
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Experimental Section

2a was prepared from Pr,CH;NHSiMe,Pr and SiCl, analogous to the synthesis
of 1a[4]; yield 3.2 g (72%); m.p. 35°C; '"HNMR (200 MHz. C,D¢): 6 = 0.13 (s,
6H, Si(CH,),iPr), 0.92 (d, 3JHH)=71Hz, 6H, CH(CH,),)., 1.19 (d,
3J(H,H) = 6.8 Hz, 6H, CH(CH,),), 1.23 (d, *J(H,H) = 6.8 Hz. 6H, CH(CH,),).
1.31 (sept., >J(H,H) =7.1 Hz, 1H, CH(CH,),), 3.60 (sept., >J(H.H) = 6.8 Hz, 2H,
CH(CH,),), 7.03 (m, 3H, ArH); 2°Si NMR (S0 MHz. C,D¢): 8 =163
(SI(CH,,),Pr), —27.0 (SiCl,); IR (KBr, Nujol): ¥ =1362, 829, 752 cm ™ *; MS (El):
mjz (%): 411 (8) [M *], 368 (100) [M * — iPr]; correct elemental analysis {12].
2b: 2a (1.09 g, 2.7 mmol) was dissolved at — 78 °C in liquid ammonia (ca. 15 g),
which had previously been dried over sodium metal. The ammonia was allowed to
evaporate from the reaction mixture under stirring over 14 h. During this period the
mixture was allowed to warm slowly from — 55 to —30°C. The remaining white
residue was taken up in CH,Cl, (15 mL}, the ammonium chloride that formed was
filtered off, and the solvent was removed in vacuo. Crystals suitable for X-ray
structure analysis were obtained by recrystallization from hexane/pentane (5 mL}.
After removal of all of the volatile components, the colorless product was purified
by sublimation (55°C, 10~ 2 bar). Colorless crystals of 2b were obtained in 70%
yield (0.67¢g); m.p. 62°C; 'HNMR (200 MHz, C,D¢): =099 (s, 6H,
Si(CH,),iPr), 045 (br. s, 6H, Si{NH,),), 1.03 (d, *J(H.H)=7.1Hz, 6H,
CH(CH,),). 1.23 (d, *J(H,H) = 6.8 Hz, 6H, CH(CH,),). 1.27 (d, *J(HH) =
6.8 Hz, 6H, CH(CH,),), 1.31 (sept., >J(H,H) = 7.1 Hz, 1 H, CH(CH,),), 3.65 (sept.,
3J(HH) = 6.8 Hz, 2H, CH(CH,),), 7.06 (s, 3H, ArH); 2°St NMR (50 MHz,
C¢Dy): 6 =7.9 (Si(CH,),iPr), —41.8 (Si(NH,),); IR (KBr, Nujol): ¥ = 3489, 3407,
1362, 829, 752cm™*; MS (El): mjz (%): 352 (4) [M 7], 309 (100} (M * — iPr];
correct elemental analysis [12].

3 (from 2b and Me,Al): Me Al (2.3 mL, 2Mm solution in heptane, 4.6 mmol) was
added dropwise to a solution of 2b (0.82 g, 2.3 mmol) in toluene {20 mL) at — 70 °C.
As soon as the gas evolution had ceased, the mixture was allowed to warm to room
temperature and stirred for 12 h. The solvent was removed in vacuo, and the re-
maining vellow oil was taken up in hexane. A white solid precipitated that was
filtered off. Compound 3 was obtained in 75% yield (0.77 g). Starting from 2b and
Me,Al in the molar ratio 1:1 the yield of 3 was 0.39 g (75%).

3 (from 2b and Me,Al(iPr,C ;H;NSiMe;): A solution of Me,Al({Pr,CH;NSiMe;)
(0.70 g, 2.2 mmol) in hexane (20 mL) was added dropwise to a solution of 2b (0.80 g,
2.2 mmol) in hexane (30 mL} at 0°C. After the gas evolution had ceased, the reac-
tion mixture was stirred for 12 h at room temperature, followed by 1 hat 30°C. The
solvent was concentrated under vacuum to 15 mL, and the white solid residue was
filtered off; yield 0.40g (82%); decomp 280-285°C; 'HNMR (200 MHz.
[DLITHF): 6 = —1.37 (s, 6H, AICH;), —0.83 (5, 12H, A(CH3;),), 0.08 (s, 12H.
SI(CH,),iPr). 0.89 (br. s, 6H, S{NH),), 1.15 (d, 3JHH)=68Hz, 12H.
CH(CH,),), 1.20 (d, *J(H.H) = 6.8 Hz, 12H, CH(CH,),), 1.32 {d. *J(HH) =
6.8 Hz, 12H, CH(CH,),), 1.38 (sept., *J(H.H) =7.1 Hz, 2H, CH(CH,),). 3.52
(sept., >J(H,H) = 6.8 Hz, 4H, CH(CH,),), 7.23 (s, 6H, ArH); IR (KBr, Nujol):
¥ = 3407, 3345, 3328, 1383. 825, 753 cm™'; MS (El): mjz (%): 433 (38) [(M/
2)* — Mel, 881 (100) [M ¥ — Me]J; correct elemental analysis [12].
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Bowl-shaped polycyclic aromatic hydrocarbons (PAH) are
currently attracting considerable attention as the “‘missing
links” between normal planar PAH and the tremendously
strained, closed polyhedral fullerenes.*! In our continuing ef-
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forts to define the scope and limitations of the flash vacuum
pyrolysis (FVP) strategy for preparing such compounds,’”! we
have developed short syntheses for the three isomeric CyH,,
bowl-shaped hydrocarbons 1, 2, and 3.1*!

“Buckybowls” 1 and 2 both map directly onto the surface of
C.o and have recently been prepared by distinctly different
routes in quantities sufficient for NMR characterization by
Rabideau et al.'* %) The bowl-shaped PAH 3, on the other hand,
was unknown until now and does not map onto the ring system
of any known fullerenes smaller than C,,.!) Herein we describe
new syntheses for all three compounds.

When looking for potential precursors to 1 that already em-
body the C; symmetry of the final target compound, one is
naturally drawn to the C, H,; PAH benzo[clnaphthof2,1-p]-
chrysene (4, Scheme 1). This attractive compound is now conve-
niently available in multigram quantities by our new four-step
synthesis.[" Earlier, unsuccessful attempts to prepare 1 by FVP
(1100°C) of 48 underscore the generalization that synthetic
routes to strained bowl-shaped PAH based on uncatalyzed cy-
clodehydrogenation reactions of hydrocarbons rarely work
well® % and sometimes fail completely (as in this case). On the
other hand, we have previously found that aromatic hydrocar-
bons bearing a bromine atom at the site of each intended cy-
clization reaction significantly outperform the unsubstituted
parent hydrocarbons as precursors for the synthesis of bowl-
shaped PAH such as dibenzo]a,gjcorannulene and diinde-
no[1,2,3,4-defg;1',2',3 4 -mnoplchrysene.l?® The weakly bound
bromine atoms are easily lost at elevated temperatures, and this
prearranged homolysis can be used to generate reactive aryl
radicals specifically at the sites required for ring-closure reac-
tions.* ! To implement this aryl radical cyclization strategy in
the present case, we simply brominated hydrocarbon 4 and sub-
jected the resulting tribromide to flash vacuum pyrolysis.

As anticipated, bromination of 4 with Br, (9 equiv, refluxing
chiorobenzene, 1 h) results in the selective formation of 6,12,18-
tribromobenzofclnaphtho(2,1-plchrysene (5, 90 %)% We
found it necessary to use a high-boiling solvent in order to keep
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