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N-Lithio-2,2,6,6-tetramethylpiperidine [Li(tmp)] reacts with
AlX; {X = C], Br) in diethyl ether/ n-hexane solution to gen-
erate the products of substitution and ether cleavage,
[tmpAl(X)(n-OEt)], (1a, X = Cl; 1b, X = Br), However, when
the reaction is allowed to proceed in n-hexane alone, an al-
most quantitative yield of compounds tmp,AIX (2a, X = Cl;
2b, X = Br; 2¢, X = ) is obtained. According to 2?Al-NMR

spectroscopy, mass spectroscopy, cryoscopy, and X-ray cry-
stal structure determinations, these compounds are monome-
ric in the solid state, in solution, and in the gas phase. 2b
reacts with AgBF, vyielding the fluoride-bridged dimer
(tmp,AlF),, 2d, as shown by X-ray crystal structure determi-
nation.

In the 1960s, the first monomeric tris(amino)aluminum
compounds stabilized by bulky amino substituents, e.g. Al-
(NiPr,);1"" and AI[N(SiMes),]5'%, were characterized. Less
bulky amino groups led to oligomeric, nitrogen-bridged
species!®l. Additionally, some dimeric mono- and bis(ami-
nojaluminum halides have also been synthesized™. All
such compounds are characterized by a planar AlN,
ring!*:31,

The 2,2,6,6-tetramethylpiperidino group as a substituent
of aminoboranes and borinium cations exerts a remarkable
stabilizing effect!®). This effect is not solely of a steric na-
ture; B—N n bonding, as demonstrated by hindered ro-
tation about the B—N bond, adds to the stability of these
compounds. The latter is not true of Al—N bonds, since in
this case there is {ree rotation about the bond™. However,
we have demonstrated that the steric requirement of the
tmp group prevents oligomerization of tmp,AlH via Al-N
bonds!”! and it should be noted that Linti et al.!® have re-
cently shown that monomeric bis(amino)gallium halides
can be prepared by using tmp as a substituent.

However, there are significant differences between the
chemistry of aluminum and gallium. For instance, AlMe;
exists as a dimer, whereas GaMe; is a monomer®®.. In con-
trast to the hydride-bridged dimer tmp,AIH, the gallium
hydride tmp,GaH!['"! is monomeric.

Another notable difference concerns the aluminum and
the gallium compounds 1 and 2, which were synthesized by
Cowley et al.l'!l, X-ray crystal structures revealed a mono-
meric nature of the gallium hydride 1, while the aluminum
compound 2 was shown to be a hydride-bridged dimer.

It was, therefore, of interest to study compounds
tmp,AlX 2a—d (X = F, Cl, Br, I) in order 1o find out
whether these exist as monomers or as dimers. We report
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herein on the preparation and characterization of these
compounds.

Synthesis and NMR-Spectroscopic Characterization

Attempts to prepare tmp-,AlX compounds by the reac-
tion of two equivalents of Li(tmp) with one equivalent of
AlX; (X = Cl, Br) in a diethyl ether/n-hexane mixture led
to the exclusive formation of the ether-cleavage products
tmpAI(X)(OEt) (1a, X = Cl; 1b, X = Br), which proved to
be dimeric, oxygen-bridged species. Ether cleavage, de-
pending on the reaction conditions, has also been observed

“1n the synthesis of the homologous gallium and boron com-

pounds: tmpGa(CIHOENMY is dimeric with bridging
ethoxy groups, whereas tmpB(Cl)(OEt)®l shows no tend-
ency to dimerize.

The formation of 1a and 1b can be deduced from 27Al-
NMR spectroscopy. Signals at & = 87 (1a) and 8 = 85 (1b),
with half-height widths of 2.300 Hz, are indicative of an
asymmetrically tetracoordinated aluminum center('!l, while
two discrete sets of signals for the ethoxy- and tmp groups
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in the "C-NMR spectra suggests the presence of a 1: 1 ratio
of cis and trans isomers in solution.

Semiempirical geometry optimization (AM1 basis set!!2)
revealed a very small difference of 0.98 kcal/mol (1a), (1.06
kcal/mol for 1h) in the heats of formation of these cis and
trans isomers. Thus, the presence of isomers in solution is
readily understood.

Upon concentration and cooling of the respective solu-
tions to —20°C, 1a and 1b are obtained as colourless crys-
tals, soluble in many aprotic organic solvents. They are
present in the solid state as frans-isomers, as ascertained by
X-ray crystal structure determination.

Ether cleavage can be avoided, and a straightforward
preparation of tmp,AlX can be achieved, if a freshly pre-
pared suspension of Li(tmp) is allowed to react with the
appropriate powdered aluminum trihalide (X = Cl, Br, I)
in hexane. This leads to the quantitative formation of
2a—2c¢, as shown in equation (2).

Hexane
—_—

X=ClBri_
imp2AIX 2a2b2c @

-2 LiX 2

2 Litmp + 1 AlXs

The monomeric nature of these compounds in solution
can be deduced not only from the chemical shifts of the
27TAI-NMR signals, but also from the extremely broad ap-
pearance of the signals (2a: 8 = 134, 13.700 Hz; 2b: & =
130, 9.100 Hz; 2¢: 130, = 10.000 Hz). The signal width at
hy» is a valuable indicator for the symmetry around the
aluminum core!', since low local symmetry leads to broad
signalst'®>13, Similar 4, dala have been found for the
monomeric bis(aryloxy)aluminum alkyl compounds ibu-
Al(—0-2,6-Bu,CgH,). (11.500 Hz)!'Y, BuAl(—0-2,6-
tBuy-4-Me-CHy), (13.000 Hz)!'¥ and MeAl(—O-2,6-
Bu,-4-Me-CHy), 3. Nevertheless, Ay, values of tricoordi-
nated Al compounds are rarcly found in the literature.
These derivatives exhibit the same local symmetry as the
tmp,AIX compounds (tricoordinated aluminum, A,AIX
system).

Due (o the broad signals, no accurate values for the Z7Al-
NMR chemical shifts of compounds 2 can be given. Differ-
ent phasing parameters led to a variation of the chemical
shifts by up to 20 ppm, whereas the width at half height
remained almost constant. 'H- and '*C-NMR data show
only one set of signals for the tmp groups of these com-
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pounds, a behavior fitting for the monomeric state in solu-
tion with free rotation of the tmp group. The monomeric
nature of the bis(amino)aluminum halides 2 in solution was
also ascertained by cryoscopic molecular mass determi-
nation in cyclohexanc. Low energy mass spectroscopy (20
eV, 50 to 70°C) was used to investigate the gas phase be-
havior of 2a—2¢. Peaks for the molecular ions (M *) of
these compounds were observed in 9 to 19% relative inten-
sity. This proves that 2a—~2c¢ are monomeric in the gas
phase, since no indication of the presence of a dimer was
observed. The most intense peaks were those of the frag-
ments with mass M — 15 (M — CH;)". Although com-
pounds 2a—2c¢ are obviously monomeric in the gas phase
and in solution, the question remained as to whether this
was also true in the solid state. Therefore, X-ray crystal
structure determinations were performed (vide infra).

Special efforts were made Lo synthesize and characterize
the fluoro derivative, tmp,AlF 2d. Due to the strong Al—F
bond and the smaller radius of fluorine, the structure of 2d
may be different from that of the other halides.

It seemed very unlikely that tmp,AlF 2d could be pre-
pared from AlF; and Li(tmp), since AlF; is a high-melting
ionic solid (m.p. 1290°C)"®! with a coordination number of
6 at aluminum. Moreover, AlF; is completely insoluble in
hydrocarbon solvents and, indeed, no reaction occurred.

However, the MNuoride 2d was obtained as the product of
the reaction of 2b with AgBF, in n-hexane. The tetralluoro-
borate, though detectable in solution (3''B = 17.7 ppm), is
unstable and loses BF; according to equation (3).

hexane
2 tmpABr + 2 AgBFy —» 2 tmppAIBFy (tmpzAIF),  (3)

2b 2d

-2BF;
_—

Since 2d is insoluble in aprotic organic solvents, no solu-
tion-NMR. specira could be recorded for its characteri-
zation, nor could its degrce of association be determined by
cryoscopy. Possibly the monomeric nature of 2b leads to
monomeric 2d which, according to its X-ray crystal struc-
ture determination, crystallizes from the solution as a di-
mer.

Crystal Structures

X-ray crystal structure determinations were performed to
characterize the new compounds, to ascertain their nature
in the solid state, and to obtain bonding parameters for the
discussion of their structures.

1a and 1b are isomorphous and crystallize in the mono-
clinic space group P2,/n. A four membered, planar, and
crystallographically centrosymmetric Al,O, ring
[d(A1-0) = 1.827(6) A, O—Al-0 81.3(2)°] with terminal
tmp ligands in a trans orientation [d(Al—N) = 1L.811(7) A
(1a); 1.810(3) A (1b)] is the most important structural fea-
ture. The Al—-0O bonding parameters compare well with re-
cently published data for (H,Al-0:Bu),"*! [d(Al-0) =
1.810(3), 1.815(3) A and O—Al-0 81.0(2)°]. The Al-N
bond length is rather short, but within the range found for
terminal amino groups at tetracoordinated aluminum cen-
ters. The geomelry around the nitrogen atom is almost
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planar, indicated by the sum of the bond angles being close
to 360° (357.0 and 357.5°, respectively). Due to steric hin-
drance, the angle N—Al-X is widened beyond the tetra-
hedral angle. We find 117.0(2)° for the chloride 1a and
117.7(1)° for the bromide 1b. Therefore, the geometry
around the aluminum center is distorted tetrahedral.

Figurc 1. Molecular structure of 1b in the solid state; thermal ellipsoigls
are shown at a 25% probability level; selected atom distances (in A)
and bond angles (in deg.)!

Bl AI1-N1 1.810¢3), All-01 1.835(3), All-O1A 1.840(3),
AlT—Br1 2.316(1); Al1—-01-Al1A 99.3(1), O1-Al1—-01A 80.7(1),
N1-Al1-Brl 117.7(1), N1-Al1-01 117.6(1), N1-Al1-0OlA
124.4(1). 1a exhibits the same configuration as 1b and is thercfore not
depicted as ORTEP. Its molecular parameters are: Al1—-N1 1.815(7),
Al1-N2 1.808(7), Al1-01 1.827(6), All-02 1.827(6), All—ClIl
2.143(3); All-01-Al2 98.9(3), 01-Al1-02 81.3(2),
NI-All-CI1 117.02), N2—-AI2-CI12 118.1(2), N1-All-01
116.7(3), N1—Al1 02 125.1(3).

The high solubility of 2a—2e¢ in all the tested aprotic sol-
vents, including pentane and hexane, caused problems in
growing single crystals. Nevertheless, a few crystals suitable
for X-ray structure analysis were isolated in each case. 2a
and 2b are isomorphous and crystallize in the tetragonal
space group P4,/n, whereas 2¢ was found to be triclinic,
space group P1. Bonding parameters are listed in Table 1.
Figure 2. Molecular structure of 2a in the solid state; thermal ellipsoids

are shown at a 25% probability ievel; 2b—c exhibit the same configu-
ration as 2a and are therefore not depiclted as ORTEP

The aluminum atoms in 2a—2c reside in a planar en-
vironment made up by two nilrogen atoms and one halogen
atom (sum of bond angles at Al: 360°). The nitrogen atoms
of the tmp ligands, which exhibit the half-chair confor-
mation, show an almost planar geometry. The sum of the
bond angles ranges [rom 356.7 to 357.9°. We observe two
significantly different Al—N bond lengths in each molecule.
In fact, the shorter ones represent some of the shortest dis-
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Table 1. Bonding parameters of tmp,AlX compounds

mppAlX X=F X=Cl X =Br X=1
(Al
Al-X 1.829(1) 2.144(2) 2.309(2) 2.571(1)
1.835(1)
Al-N1 1.832(2) 1.785(4) 1.782(6) 1.788(3)
Al-N2 1.832(2) 1.810(4) 1.812(6)  1.803(3)
[
N1-AI-N2 128.6(1) 130.1(2) 130.4(3)  129.5(1)
X-Al-N1 108.5(1) 113.3(2) 112.1(2)  11t.0(1)
X-Al-N2 110.9(1) 116.6(2) 117.32)  119.3(1)
Al-N1-CI 127.7(2) 124.4(3) 124.6(5) 126.2(2)
Al-N1-C5 115.8(2) 115.2(3) 113.9(4) 113.6(2)
]
Z(Al) - 360.0 359.8 359.9
Z(N1) 359.5 357.6 357.5 357.9
X (N2) 3595 356.7 3569 357.1
]
X-Al-N1-C1 - 66.2 66.0 65.2
N2-Al-N1-C5 - 84.3 88.7 89.3
X-AL-N2-C10 — 308 311 35.6
NI1-Al-N2-Cl14 - 52.1 46.9 48.8

tances yet found for d(A1—N). Morevoer, the shorter bond
length [d(Al—N1)] correlates with the larger torsion angle
X—AI-N1-Cl. In comparison with other Al-X dis-
tances, the Al—X bond length is rather long. For steric rea-
sons the bond angle N1—Al—-N2 (2a 130.1°% 2b 130.4°; 2¢
129.5°) 1s larger than the expected ideal trigonal-planar
value of 120°.

2d crystallizes in the monoclinic space group C2/c and is
isomorphous with the hydride (tmp,AlH),"!. The crystallo-
graphic data for the unit cells are almost identical (see
Table 2).

Figure 3. Molecular structure of 2d in the solid state; thermal ellipsoids
are shown at a 25% probablity level

Table 2. Crystallographic data for 2d and (tmp,AlH),

compound a[A]  B[A]  c[A] B®]  d(ALN)[A] N-ALN[")
(tmp2AIH) 2t.414 7.945 24231 11376  1.832(2) 127.0
(tmpaAIF) 21496 7.922 24575 113.67  1.832(2) 128.6

The molecular structure of 2d is depicted in Figure 3. It
is a centrosymmetric dimer containing fluoride bridges in
the solid state. The compound exhibits Al-F bond lengths
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[1.829(1) and 1.835(1) A] in the normal range found for
Al-F—Al bridges!!*25 The geometry at the nitrogen
atoms is almost planar (sum of the bond angles 359.5°) and
the tmp ligands exhibit the half-chair conformation. In con-
trast to 2a—2c¢, there are no differences in the A1—N bond
lengths. The Al-N distance in 2d [1.832(2) A] is compar-
able to that in other aluminum amides with tetracoordinate
aluminum atoms and tricoordinate nitrogen atoms™. As ex-
pected, (tmp,AlH), shows the same Al-N bond length
[1.832(2) A]l. The bond angle N—AI-N is only slightly
smaller than in 2a—2¢ [2d: 128.6(1)°].

The shortest AI—N bond lengths reported in the litera-
ture are 1.770(2) A for cyclo- MezNCH7CH2N(Ft)Al-
CL!74, 1.78(2) A for AI[N(SiMe;),]5, and 1.782(4) A for
[MeA]N(Z 6-1Pr,CsH3)]5117. Some authors explain these
short distances in terms of partial pp(n) bonding, by anal-
ogy with the corresponding boron-nitrogen systemst!7al,
This requires that the plane C,NAl of the shorter bond is
coplanar or close Lo planarity with the XAIN, plane. How-
ever, the shorter bond length AI-N is associated with the
tmp ligand with the bigger torsion angle X—AI-N1-Cl
(65 to 66°). This precludes an efficient overlap of the nitro-
gen p, orbital with the aluminum p, orbital. Therefore, it
would seem very unlikely that pp(n) interaction is a factor
in the bond shortening. Steric hindrance combined with
ionic interaction, as proposed by Power et al.l'®] seems to
give a better explanation for the short bond length for the
amino group with the larger torsion angle X—Al-N-C,
since for a highly polar bonding situation the stability in-
creases as the Al1—N bond length becomes shorter. This is
the case for 2a—2¢, where the molecule adopts a confor-
mation with one tmp group almost orthogonal to the
N,AIX plane. This also reduces steric repulsion in the mol-
ecule. The observed torsion angles of 65 to 66° for the tmp
groups attached via the shorter A1-N bonds seem to be
the result of a compromise between the polar character of
the Al-N bond and the steric requirements of the tmp li-
gand.

pr(N)-o*(X) interaction, as proposed by Barron et al.[13],
should lead to a bond lengthening for Al-X and a bond
shortening for AI—N, a behavior consistent with our data.
Indeed, we observe Al—X bond lengths approximately 2 to
9 pm longer than for other terminal Al-X bonds in tetra-
coordinaled aminoaluminum halides®, and short AlI—N
distances.

Bond shortening is at its most pronounced when the tor-
sion angle X—Al-N-X approaches 90°. In this situation,
the best overlap results for the pn(N)-o*(X) orbitals. In the
case of 2a—2c¢, the shorter A1—N bond length is found for
the tmp group where the torsion angle X—Al-N—C has
the smallest deviation from 90° (about 65 to 66°). Therefore,
pr(N)-6*(X) interactions may account for the AlI—N bond
shortening and Al—X bond lengthening.

The boron homologues of 2a—2c¢ can be rcadily trans-
formed into ionic compounds by replacing the halogen
atoms with bigger, non-nucleophilic ligands such as BF; or
AlCIy. Under these circumstances, biscoordinated borin-
ium salts [tmp,B]*X~ (X = BF,, AICl;, elc.) are gener-
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Table 3. Aluminium halogen bond lengths for tmp,AlX and other ami-
noaluminum halides

Compound Cl Br I Ref.
tmppAlX 2.144(2)A 23090 A 2.571(1) A this publication
(MegNAIX2),  2.106(4) A 2260(5)A 2478¢)A  x=PY
25058)A X =Br,
[Me3SiN(HDAICIZ]2  2.098(3) A - - 1201
/SiMss
No 2.086(2) A - - i16a)
N NMey
“SiMes
}Bu
N Ol 2122(2) A - - (174}
we2sil AL
N
By H
?iMeg
N C 211K A - - (bl
Pl Al
N AN
N
SiMeg

ated!®l. If this holds true for the compounds 2a—2c¢, the
NI1—Al-N2 bond angle must change from the ideal trig-
onal-planar value (120°) to 180°. The observed values for
the tmp,AIX compounds of about 130° may reflect an in-
creased polarity of the Al—X bond, in line with a tendency
to form the biscoordinated ionic species tmp,Al™. In this
way, the aluminum center would become more Lewis acidic,
and the coulombic attraction between the anion (R,N7)
and the cation (Al*) would be increased. This assumption
would also explain the long Al-X distances and short
Al—N bond lengths.

A fine example of the special behavior of compounds
containing aluminum and fluorine atoms has recently been
provided by Roesky et al.!4l for compound 4, the product
of the reaction of (Cp*Al), and Ph,SiF,. Both elements, Si
and F, exhibit high bond energies M—F (SiF: 543 kJ/
moll'™; AIF: 659—672 kJ/mol!!?)), In the mentioned reac-
tion, Si—F bond cleavage occurs leading to formation of
the Al-F—Al bridged aluminum-silicon-fluorine cluster
compound 4.

For [(Cp*AlF),SiPh,],'* an Al—F bond length of 1.846
A is reported, while for (Me,AlF), the value is 1.81 A2,
Both are close to the 1.829(1) and 1.835(1) A observed in
2d. The bond angle N1—Al—N2 [128.6(1)°] for 2d is quite
open for a tetracoordinated aluminum atom, and this is
most likely to be due to the steric demand of the tmp li-
gand. It should be noted that there is only a small difference
(ca. 2°) between this value and the N—AI—N bond angles
in the tricoordinated species 2a—c.

Chem. Ber.{Recueil 1997, 130, 1047—1052



Bis(tetramethylpiperidino)aluminum Halides

FULL PAPER

For (tmp,AlH), an Al—Al distance of 2.680(2) A has
been found. This compares well with other four-membered
AlLX; rings (X = C, H)P where Al—Al separations of 2.52
t0 2.70 A have been determined by X-ray crystallography.
Even the dialane(4) [(MesSi).CH];AlL, exhibits only a
slightly shorter Al—Al bond length [2.660(1) A]1, For 24,
this distance is 2.870(2) A. Therefore, any bonding interac-
tion between the aluminum nuclei can be excluded.

Conclusion

Attempts to prepare tmp,AlX (X = CI, Br) in Et,O as
solvent lead to the exclusive formation of the ether cleavage
products 1a and 1b. However, reaction of Li(tmp) with
AlXj in n-hexane leads to the bis(tctramethylpiperidino)al-
uminium halides tmp,AlX (X = Cl, Br, 1), 2a—e¢, which are
monomeric in the solid state, in solution and in the gas
phase. In contrast, tmp,AlF, 2d, exists as a dimer. Dimeri-
zation occurs via Al—F— Al bridges and not via the usually
observed AI-N-—Al bridges. Since the bond length Al-N
for the tetracoordinated species 2d is elongated only
slightly, n-bonding in the tricoordinated species 2a—c can
be excluded, and a high polarity of this bond or an ano-
meric effect provides a better explanation for the short
Al—N bond length. Obviously, dimerization of the
bis(tetramethylpiperidino)aluminum halides is controlled
by the steric requirements of the halogen atom. The small
fluoride ligand allows dimerization, while chloride, bro-
mide, and iodide prevent it. Compounds 2a—b in particular
are suitable starting materials for a larger range of mononu-
clear tmp,AlX compounds, and this will be described and
discussed in forthcoming reports.

We thank Founds der Chemischen Industrie and Chemetall mbH
for support of our research. Wc also thank Mrs. G Kiiser and Mrs.
S. Ullmann for C/H/N analysis, Mr. P Mayer for recording many
NMR spectra, Mrs. D. Ewald for mass spectra and Mrs. £ Kiese-
wetter for IR spectra.

Experimental Section

All manipulations were performed using Schlenk techniques un-
der a dinitrogen atmosphere. All solvents were rigorously dried
prior to use and stored under N,. — NMR: Bruker ACP 200, Jeol
GSX400 and Jeol G§X270. — IR: Nicolet FT-IR spectrometer mo-
del 6000, Csl plates, nujol. -- MS: Varian Atlas CH7 spectrometer.

Synthesis of 2,2,6,6-Tetramethylpiperidino Lithium.: One equival-
ent of tmp-H (c.g. 7.06 g, 50 mmol) (Merck) was dissotved in 50
ml of n-hexane. Then, 1.05 equivalents of a 1.6 M solution of »-
Bul.i in n-hexane (e.g. 32.8 ml of a 1.6 M solution, 52.5 mmol) was
added with stirring at ambient temperature. Evolution of Bu-H was
observed. The resulting suspension was heated to reflux for one
hour. After cooling, the suspension was used directly, without iso-
lation of Li(tmp), assuming a 100% conversion.

Dimeric  2,2,6,6-Trimethylpiperidinoethoxyaluminum  Chloride
(1a): A solution of AICI; (2.66 g, 20 mmol) in 25 ml of E,0 was
added at —20°C to a freshly prepared suspension of Li{tmp) (5.88
g, 40 mmol) in 40 ml of #-hexanc and the mixture was stirred over-
night. After filtration of the insoluble material (LiCl), all volatile
components were removed from the filtrate in vacuo. The residue
was dissolved in 30 ml of toluene and stored at —20°C for several
days. The resulting crystals were collected (3.54 g, 35.7%). — 'H
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NMR (CDCls, 270 MHz): § = 1.30 (t. SH. tmp-B-CH,), 1.34 (s,
24H, tmp-CHj), 1.52—1.59 (m, 4H, tmp-y-CH,), 4.19 (g, 4H, O-
CH,), 1.50 (t, 6H, CH,-CH;). — '3C NMR (CDCl,, 100 MHz):
5 = 17.0, 17.6 (CH»-CHa), 17.9, 18.3 (O-CH,), 34.3, 34.6 (tmp-
CHs), 41.0, 41.7 (tmp-p-CH,), 52.0 (NC), 62.5, 63.5 (O-CH.). —
27A1 NMR (CDCL,, 70 MHz): & = 85 (A, = 2200 Hz). —
CHLisALCLN,05 (495.46): caled. Al 10.9, CI 14.3; found Al 10.0,
Cl15.0.

Dimeric 2,2,6,6-Tetramethylpiperidinoethoxyaluminum  Bromide
(1b): A solution of AlBr; (2.67 g, 10 mmol) in 25 ml of Et,0 was
added at —20°C to a freshly prepared suspension of Li(tmp) (3.23
g, 22 mmol) in 40 ml of »#-hexanc and the mixture was heated to
reflux for three hours. After cooling and filtration of the insoluble
material (LiBr), the filirate was stored overnight at —20°C. The
precipitated crystals were collected ((.62 g, 21%). m.p. 153—156°C.
— 'H NMR (C¢Dyg, 270 MHz): § = 1.33 (t, 8H, tmp-B-CH,), 1.50
(s, 24H, tmp-CHj;), 1.52—-1.62 (m, 4H, tmp-y-CH,), 4.05 (g, 4H,
0-CH,), 1.31 (t, 6H, CH,-CH3). — *C NMR (C4Ds, 100 MHz):
& = 17.0, 17.6 (CH,-CH3), 17.9, 18.3 (O-CH,), 34.3, 34.6 (tmp-
CHs), 41.0, 41.7 (tmp-B-CH,), 52.0 (N-C), 62.5, 63.5 (O-CH,). —
27Al NMR (C¢Dg, 70 MHz): § = 85 (A, = 2320 Hz). — IR:
v(Al—Br) range: 431, 364 cm™. — CpHysALBrN,O, (584.40):
caled. C 4522, H 7.93, N 4.79, Al 9.2, Br 27.3; found C 4491, H
8.13, N 4.68, Al 9.0, Br 28.0.

Bis(2,2,6,6-tetramethylpiperidine jaluminum Chloride (2a): AlCl,
powder (8.4 g, 63.1 mmol) was added to a freshly prepared suspen-
sion of Li(tmp) (18.6 g, 126.2 mmol) in 250 ml of n-hexane
(—78°C). The mixture was allowed to warm to room temperature
and was then heated to reflux for 20 hours. After cooling and fil-
tration of the insoluble material (LiCl), the filtrate was concen-
trated to a volume of 100 ml and stored at —78°C for some days.
Isolation of the precipitate afforded 8.9 g (41%) of crystalline 2a.
— Molar mass (in cyclohexane): 347 g/mol, calcd. for the monomer,
343, — 'H NMR (CDCls, 270 MHz): 5 = 1.34 (t, 8H, tmp-p-CH,),
1.39 (s, 24H, tmp-CHs), 1.55—1.65 (m, 4H, tmp-y-CH,). — *C
NMR (CDCl;, 100 MHz): 8 = 17.9 (tmp-y-CHs), 34.0 (tmp-CH3;),
39.6 (tmp-B-CH>), 51.9 (N-C). — ¥?Al NMR (CDCls;, 70 MHz):
8 = 134 (A, = 13700 Hz). — C3H3cAICIN, (342.9): caled. C
63.04, H 10.58, N 8.17, C1 10.3; found C 61.37, H 11.22, N 7.62,
C19.7.

Bis(2,2,6,6-tetramethylpiperidino )aluminum Bromide (2b): AlBr;
powder (42.8 g, 160.5 mmol) was added to a freshly prepared sus-
pension of Li(tmp) (47.1 g, 321 mmol) in 400 ml of n-hexane
(—78°C). The mixture was allowed to warm to room temperature
and was then heated to reflux for 15 hours. After cooling and fil-
tration of the insoluble material (LiBr), the filtrate was reduced to
a volume of 150 ml in vacuo and stored at —78°C for some days.
Isolation of the precipitate afforded 31.8 g (52%) of crystalline 2b,
m.p. 86—89°C. — Molar mass (in cyclohexane): 361 g/mol, caled.
for the monomer, 387. — '"H NMR (C¢Dy, 270 MHz): § = 1.30 (t,
8H, tmp-B-CH,), 1.44 (s, 24 H, tmp-CH,), 1.52—1.62 (m, 4H, tmp-
v-CH,). — 13C NMR (C¢Dg, 100 MHz): 8 = 18.2 (tmp-y-CH,),
34.3 (tmp-CHj3), 39.9 (tmp-B-CH,), 52.5 (N-C). — 27Al NMR
(CeDe¢. 70 MHz): 6 = 130 (A, = 9150 Hz). — IR: v(Al—Br) range:
401 ecm™!. — MS: m/z: 386/388 [tmp,Al"®'Br+*]. — C;3H;3,AIBrN,
(387.38): caled. C 55.81, H 9.37, N 7.26, Al 7.0, Br 20.6; found C
53.27, H 9.28, N 6.63, Al 6.1, Br 20.4.

RBis(2,2,6,6-tetramethylpiperidino )aluminum  Iodide (2¢). All,
powder (9.8 g, 23 mmol) was added to a freshly prepared suspen-
sion of Li(tmp) (6.7 g, 46 mmol) in 200 ml of »-hexane (—78°C).
The mixture was allowed to warm to room temperature and was
then heated to reflux for 20 hours. After cooling and filtration of
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the insoluble material (Lil), the filtrate was reduced to a volume of
50 ml in vacuo and stored at —78°C for some days. Isolation of
the precipitate afforded 52 g (27%) of crystalline 2¢, m.p.
150—152°C. — Molar mass (in cyclohexane): 421 g/mol, caled. for
the monomer, 434. — "H NMR (C¢Ds, 270 MHz): § = 1.29 (t, §H,
tmp-p-CH,), 1.47 (s, 24H, unp-CH;), 1.52--1.62 (m, 4H, tmp-y-
CH,). — BCNMR (Cy4Dy, 100 MHz): 8 = 18.1 (tmp-y—CH,), 34.4
(tmp-CHj), 40.0 (tmp-B-CH,), 52.8 (N-C). — 7Al NMR (CcDs, 70
MHz): 8 = 130 (A, = 10000 Hz). — IR: v(Al-1) range: 337 cm ™!,
— MS: m/z: 434 [tmp,Al'27T+*) = € H3,AlIN, (434.38): caled. C
49.77, H 8.05, N 6.45, Al 6.2, 1 29.2; found C 47.94, H 8.00, N
6.02, A15.9,128.1.

Dimeric Bis(2,2,6,6-tetramethylpiperidino )aluminum Flyoride 2d:
A solution of 2b (1.94 g, 5.0 mmol) in 30 ml of n-hexane was added
to a cooled (—30°C) suspension of AgBF, (Aldrich) (1.11 g, 5.7
mmol) in 20 ml of n-pentane. The mixture was allowed to warm to
room temperature and was then stirred overnight. After filtration
of the insoluble material (AgBr), the concentrated filtrate (20 ml)
was stored at —20°C for some days, affording 0.41 g 2d (23%),
m.p. >314°C (decomp.). Sincc 2d was found to be completely insol-
uble in all the tested solvents, no NMR spectra could be obtained.
— CysHpnALF,Ny (652.96): caled. C 66,22, H 11.11, N 8.58, Al
8.26; found C 62.72, H 10.99, N 8.18, A1 7.9.

X-ray Crystal Structure Determinations: Data collection for X-
ray structure determinations was performed on Syntex I’4 or Syn-
tex R3 four-circle diffractometers using graphite-monochromated
Mo-K, (0.71073 A) radiation. Single crystals were mounted in Lin-
demann capillarics and scaled undcr argon atmosphere. All calcu-
lations were performed on PC’s using the Siemens SHELXTL-Plus
or SHELX-93 software packages. The structures were solved by
direct methods and successive interpretation of the difterence Four-
ier maps, followed by least-squares refinement. All non-hydrogen
atoms were refined anisotropically. The hydrogen atoms were in-
cluded in the refinement in calculated positions by a riding model
using fixed isotropic parameters. Crystallographic data and relevant
details of the data collection and refinement are compiled in Table
3. Further details on the crystal structure determination are de-
posited at the Cambridge Crystallographic Data Centre and may
be requested by quoting the depository number 100429, thc names
of the authors, and the journal citation.
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* Dedicated to Prof. Dr. G, Huttner on the occasion of his 60th
birthday.
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