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Abstract
The synthesis of carbaalanes of composition [(AlF)6(AlNMe3)2(CR)6] containing terminal fluorine atoms is described. The clusters have

in common that the central core consists of eight aluminum and six carbon atoms. Six of the eight aluminum atoms are bearing six terminal

fluorine atoms. The fluorination of (t-BuNCH2AlH)4 results in the formation of the aggregate (t-BuNCH2AlF)4. In group 14, the fluorine

containing unsaturated compounds LGeF, LGe=S(F), LGe=Se(F), and LGe=NSiMe3(F) were prepared (L=HC(CMeNAr)2), Ar = 2,6-

iPr2C6H3 and Ar = 2,6-Me2(C6H3)).
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We see in nature not words, but rather only the first letters of

words, and if we then wish to read, we discover that the new

so-called words are again merely first letters of words.

Georg Christoph Lichtenberg
1. Introduction

Recently we have published an overview on organoalu-

minum fluorides covering various aspects of this field [1].

Herein, we report on the latest results of group 13 and 14

fluorides discovered in Göttingen. We are interested in the

diagonal relationship of aluminum and germanium.

In group 13, fluorine plays an important role and this dates

back to the year 1886 when Heroult and Hall discovered the

electrolytic process for aluminum production. In recent years,

scientists were mainly involved in the environmental problems

of this process [2]. The presence of Al–F species for various

applications is listed below (Table 1).
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For the preparation of the new Al–F compounds we used

the fluorinating agents:

Me3SnF

Ph3SnF

n-Bu4NHF2

BF3OEt2

2. Synthesis of carbaalanes containing terminal fluorine

atoms

Diorganoaluminum fluorides of composition [R2AlF]4

were synthesized by Ziegler from the corresponding

chlorides [3,4]. In the solid state, they are forming a

tetramer with bridging Al–F–Al bonds. The structure of

(Me3Si)3CAlF2 containing the bulky (Me3Si)3C group

consists of a puckered alternating Al–F six-membered ring.

Additionally each aluminum atom bears a terminal fluorine

atom [5]. For the fluorine–methyl exchange Me3SnF was

used as a mild fluorination reagent [6] (Scheme 1).

These two examples are representative for aluminum

fluorine compounds. Fluorine has a preference of forming

first an Al–F–Al bond and then a terminal one, when the
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Table 1

Selected applications of Al–F compounds

1 Catalysts and cocatalysts in polymerization reactions

2 AlF3 and Na3AlF6 in aluminum production

3 AlF3 for surface modification (m.p. of AlF31290 8C for comparison

AlCl3 m.p. 192.6 8C)

4 Al–F containing compounds are ingredients of tea

5 The gemstone topaz has the composition Al2(SiO4)(F/OH)2

6 b-AlF3 is used for chlorine-fluorine exchange with HF in

chlorocarbon systems

7 AlF is one of the interstellar molecules

8 AlF4
� interferes with the nucleotide binding proteins

9 AlF4
� has a similar size to that of PO4

3� and mimics the binding

site of g-phosphate to nucleoside diphosphates

10 Al–F compounds are used as precursors for new materials
coordination number around the aluminum is four. Higher

coordination numbers at the aluminum atom favour terminal

Al–F bonds.

The starting material for the preparation of carbaalanes is

AlH3�NMe3 (1). This compound is prepared from LiAlH4

and Me3N�HCl [7] (Scheme 2).

The synthesis of the carbaalanes [(AlH)6(AlN-

Me3)2(CCH2R)6] (2) (R=Ph) proceeds from six PhCBCH

and eight equivalents of AlH3�NMe3 in boiling toluene [8]

(Scheme 3).

The first step of the reaction is the formation of

PhCBCAlH2
.NMe3 under elimination of hydrogen. An

excess of PhCBCH in this reaction resulted in the

trisubstituted product (PhCBC)3Al�NMe3. The con-

version of the carbaalanes 2 with BF3�OEt2 leads to the

corresponding fluorine derivative 3 (Scheme 4) in a 54%

yield [9].

In the X-ray single crystal structure the terminal Al–F

bond length was found in the range 1.667(3)–1.669(3) Å.

The molecular structure of 3 is shown in Scheme 5.

Due to the poor solubility of 3 no satisfying NMR spectra

could be recorded. Therefore [(AlH)6(AlNMe3)2(CCH2

CH2SiMe3)6] (4) was prepared from Me3SiCH2CBCH and

1. The metathesis of 4 to the fluorine derivative

[(AlF)6(AlNMe3)2(CCH2CH2SiMe3)6] (5) is shown in

Scheme 6.

The yield of 5 is more than 90% independently whether

BF3�OEt2 or Me3SnF is used as a fluorinating reagent. The
19F NMR resonance of 5 for the terminal fluorine bonds is

shifted to the high field region (d �181.5 ppm). Only the

resonance of the tetracoordinated [Me4N][AlF4] compound
Scheme 1
(d �194.9 ppm) is observed more upfield than that of

5 [1].
3. Fluorination of an Al4C4N4 cluster

The cluster (t-BuNCH2AlH)4 (6) was obtained by

hydroalumination of t-BuNC with AlH3
.NMe3 [10].

Compound 6 reacts smoothly with Me3SnF at room

temperature in dichloromethane to form (t-BuNCH2AlF)4

(7) in 67 % yield (Scheme 7).

The molecular structure of 7 is shown in Fig. 1.

The Al4C4N4 core with four F atoms in place of the four H

atoms is retained in the tetrafluoro derivative [11]. The four

Al atoms form a distorted tetrahedral geometry with D2d

symmetry. The terminal Al–F bond lengths (1.659–1.666 Å)

are in agreement with those reported in literature. The

chemical shift for the 19F NMR terminal fluorine atoms of 7
is �155.7 ppm. A comparison of the chemical shifts for

compounds containing terminal Al–F bonds is given in

Table 2.
4. Preparation of aluminum compounds containing a

formal Al–O double bond stabilized by B(C6F5)3

For the stabilization of the aluminum center the ligand

HC[CMeNCH2CH2NEt2]2H (8) (LH) was synthesized. The

reaction of 8 with AlMe3 yields the LAlMe2 compound 9
(Scheme 8).

Compound 9 reacts with (F5C6)3B�H2O at 0 8C in toluene

under elimination of methane to HC[CMeNCH2CH2NE-

t2]2Al=O�B(C6F5)3 (10) (Scheme 9) [12].

In contrast, when the same reagents were allowed to react

in THF at 55 8C for two hours, compound LAl(C6F5)O–

B(C6F5)2 11 was isolated (Scheme 9). The main difference

between compounds 10 and 11 is the Al–O bond length. In

10, this bond is 1.659(3) Å, the shortest Al–O bond reported

so far for a tetracoordinate aluminum atom. The B–O bond

length in 10 is 1.444(3) Å.

As expected in compound 11 an isomer of 10, which was

formed by migration of one C6F5 group from boron to

aluminum, the Al–O (1.780(2) Å) and the B–O bonds

(1.311(2) Å) are in the range of those of previously reported

compounds [12].
.
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Scheme 2.
5. Preparation of unsaturated germanium and tin

fluorine compounds

The starting material for the preparation of the

unsaturated compounds of germanium is the LGeCl (12)

(L=HC(CMeNAr)2, Ar = 2,6-i-Pr2C6H3 and Ar = 2,6-
Scheme 3

Scheme 5.

Scheme 4
Me2C6H3). Compound 12 was obtained from LLi(OEt2)

(13) and GeCl2
.(dioxane) [14]. The b-diketiminato Sn(II)

chloride (14) was easily prepared in high yield by the

reaction of 13 with one equivalent of SnCl2 in diethyl ether

[14]. Compound 14 is converted by AgOSO2CF3 to

LSn(OSO2CF3) 15 (Scheme 10).

In compound 15, the backbone of the chelating ligand L

is essentially planar and the tin atom is out of the plane

(0.65 Å). In 15, the triflate group is monodentate with a Sn–

O bond length of 2.254(2) Å. The 19F NMR of 15 resonates

at d 85.28 ppm [14].

The reactions of LGeCl (12) are summarized in

Scheme 11 [15–17].
.

.

Scheme 6.
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Scheme 11.

Scheme 10.

Scheme 7.

Scheme 9.

Scheme 8.

Fig. 1. Molecular structure of (t-BuNCH2AlF)4.

Table 2
19F NMR chemical shifts of selected compounds with terminal Al–F bonds

Compound d (ppm)

(Me3Si)3CAlF2�THF [5] �159.2

(n-Bu4N)(Me2AlF2) [13] �154.8

(n-Bu4N)((Me3Si)3CMeAlF2) [13] �145.93

(t-BuNCH2AlF)4 [11] �155.7

[(AlF)6(AlNMe3)2(CCH2CH2SiMe3)6] [9] �181.5
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The metathesis reactions of LGeCl (12) and LGe=S(Cl),

respectively, with Me3SnF give the corresponding fluorides

LGeF (13) and LGe=S(F) (16) in good yield. The latter

compound was also accessible by the reaction of LGeF (13)

with elemental sulfur. The 19F NMR of 13 exhibits a

singlet at d 50.58 ppm. Compound 13 was characterized by

single crystal X-ray structural analysis. The Ge(II)–F bond

length is 1.805(17) Å and falls in the same range like that

of 16.

The reactions of germylene with trimethylsilyl azide have

been well studied and established as a route to compounds

containing the Ge=N double bond [18]. Compound 13 reacts

with Me3SiN3 under elimination of nitrogen and formation

of LGe=NSiMe3(F) (14). The 19F NMR chemical shift of 14
is found at low field (71.04 ppm) compared with that of the

starting material (50.58 ppm).

Compound LGe=Se(F) (17) was prepared either from

LGeF by oxidative addition of selenium in toluene or by

reacting LGe=Se(Cl) with Me3SnF in dichloromethane [19].

The X-ray single crystal structural analysis of 17 exhibits a

Ge–F bond length of 1.758(3) Å comparable with that of

LGeF.

In summary, we noticed that compounds with terminal

Al–F and Ge–F bonds are easily formed by metathesis

reactions. In the case of germanium, the unsaturated

compounds LGeF, LGe=S(F), LGe=Se(F) and LGe=NSi-

Me3(F) are obtained, whereas these systems in aluminum

chemistry so far are unknown. The tendency of aluminum

is the formation of aggregates rather than forming

unsaturated compounds. However, AlF exists in the

interstellar space and we have to look for the answer if

there will exist compounds of composition FAl=NR, FAl=S

and FAl=Se.
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