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The reaction of dimethyl aluminum fluoride (M&IF, DMAF) with 2,6-diisopropylphenol and triethylcitrate,
respectively, leads to the products (R8IyF.Me4 (R = 2,64-Pr,CeHs) (1) and (ROAIFMe) (R = C(CH,COOEt)-
(COOEY)) @), containing AYO, ring systems. Both aluminuma-oxo fluorides have been structurally characterized.
Fluorine exchange in the reaction of 2,6-diisopropylphenol with DMAF has been monitored ‘88itéMR
spectroscopy. The proposed processes in solution are confirmed by the solid-state strutti@ernpoundl
contains four aluminum centers forming three four-membered ring systems. The two outer cycles consist of bridging
—OR groups, whereas the aluminum atoms in the central cycle are connected via fluorine atoms. Two of the
aluminum atoms are 4-fold coordinated, and two are 5-fold coordinated. Compaondains a rare four-membered

AlF; ring system. Compoun® exhibits a dimeric structure, with oxygen rather than fluorine atoms bridging the
aluminum atoms. A further carboxy oxygen atom binds coordinatively to one aluminum arte aluminum

atoms are 5-fold coordinated. In search of an alternative approach to synthesixiaging systems, it has been

found that neither DMAF nor trimethyl aluminum (N, TMA) reacts with (MgSi),0, whereas the reaction of
diisobutyl aluminum hydridei{Bu,AlH, DIBAH) with (Me 3Si),0 leads to icBu,AlOSiMe3), (3). In compound

3 the aluminum centers in the four-membered@y ring system are only 4-fold coordinated. This is the first
example of a structurally characterized aluminum product obtained frorgSi} 4@ under cleavage of the SO

bond.

Introduction }F /\ /7<\
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The chemistry of organoaluminum derivatives of group 16 NI O x_ 1,9
: : : Al Al Al Al ~Af
elements has been investigated for many years, and the earlier AN N A AR AN
; ; ; ) R O R R Oy R R0
work is reviewed extensivelyThe alkoxide compounds form | \j(
four- or six-membered ring systerfisiepending on the sterical
demand of the organic residues. Nevertheless, th®Aling
system is widely found as the central structural unit in numerous
aluminumoxo compounds. In the alkoxides with monodentate
ligands (typel), the aluminum center is usually 4-fold coordi-
nated, although there are some exceptions such as-Ri(g)
\éVhICh Ca}n bedattlnbléted to steric reaIIS@rEl_((ijentgte or poly- ith (2) A selection of references: (a) Drew, D. A.; Haaland, A.; Weidlein, J.
entate ligands lead to more complex bridged systems, wit Z. Anorg Allg. Chem 1973 398 241. (b) Jefferey, E. A.; Mole, T.
two or three coordinative bonds to the aluminum center, Aust J. Chem 1968 21, 2683. (c) Haaland, A.; Stokkeland, Q.
increasing its coordination number to five or six (typesand ,af%a\r}ogescgm 1935&;" 345. (d)t i!eg%g’\z/'-l'i-?z'égm(a;’;-? de
A . . el, V. S. J.; wer; J. rganometallic y . (e enn,
III).# The commo_n syn_thgtlc_procedur_e fo_r these compounds IS R.; Janssen, E.; Lemkuhl, H.; Rufinska, A.; Angermund, K.; Betz, P.;
based on the facile elimination reaction illustrated in Scheme Goddard, R.; Kiger, C.J. OrganometChem 1991, 411, 37. (f) Neth,
15 H.; Schlegel, A.; Knizek, J.; Schwenk, Angew Chem 1997 109,

2754;Angew Chem, Int. Ed. Engl. 1997, 36, 2640. (g) Boleslawski,
M.; Pasynkiewicz, S.; Minorska, A.; Hryhig W. J. Organomet

The AlLO, ring system is also an important building block
in numerous aluminumoxo compounds obtained from the

* Author to whom all correspondence should be addressed. Chem 1974 65, 165. (h) Yasuda, H.; Fujita, K.; Yamamoto, S.; Tani,
T Dedicated to Professor Reinhard Schmutzler on the occasion of his H. J. Polym Sci 1973 11, 1421. (i) Power, M. B.; Nash, J. R.; Healy,
65th birthday. M. D.; Barron, A. R.Organometallicsl992 11, 1830. (j) Hendershot,
* Universitd Gattingen. D. G.; Barber, M.; Kumar, R.; Oliver, J. FOrganometallics1991,
8 Rice University. 10, 3302. (k) Hendershot, D. G.; Kumar, R.; Barber, M.; Oliver, J. P.
(1) (a) Mole, T.; Jefferey, E. AOrganoaluminum CompoungdElsevier: Organometallicsl 991 10, 1917. (I) Kumar, R.; Sierra, M. L.; de Mel,
Amsterdam, 1972. (b) Eisch, J. J.Aluminum Wilkinson, G., Stone, V. S. J,; Oliver, J. POrganometallics199Q 9, 484. (m) Hoffmann,
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683. (c) Bradley, D. CAdv. Inorg. Chem Radiochem1972 15, 259. S.; Starowieyski, K. B.; Skowronska-Ptasinska, 81.0Organomet
(d) Bradley, D. C.; Mehrotra, R. C.; Gear, D. Rletal Alkoxides Chem 1973 52, 269.
Academic Press: New York, 1978. (e) Oliver, JA®lv. Organomet (3) (a) Turova, N. Y.; Kozunov, V. A.; Yanovskii, A. I.; Bokii, N. G.;
Chem 197Q 8, 167. (f) Oliver, J. PAdv. Organomet Chem 1977, Struchkov, Y. T.; Tarnopolskii, B. LJ. Inorg. Nucl. Chem 1979 41,
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hydrolysis of triorganoaluminum compounds. Several working

groups achieved important progress in this field and presented

interesting model compounds for methylaluminoxane (MAO).

Rennekamp et al.

Figure 1. Molecular crystal structure df. Hydrogen atoms are omitted
for clarity. Selected bond lengths (&) and angles (deg) are given in

These compounds consist, depending on the bulkiness of theraple 1; for further details of refinement, see Table 4.

substituents and the reaction conditions, respectively, of ring
or cage framework$.

Since the early work of Schmidbaur et al. in the 1960s, there
is also a high interest in organoaluminum siloxideBhese
compounds can be synthesized by salt elimination reactions,
but our interest was focused on an alternative approach to
aluminum siloxides: the cleavage of silicones presented by
Barron et al. in 1990 and the cleavage of @8®©); with
aluminum dihydrides, yielding the new organoalumoxanes
reported by Power et al. in 1997, respectivély.

As a new contribution to both fields, we report herein the
synthesis of various AD; ring systems based on the alcoholysis
reaction of DMAF and the cleavage of hexamethyl siloxane
with diisobutyl aluminum hydride.

It should be stressed that DMAF was synthesized by Ziegler
et al? in 1955, and that except for some structural investiga-
tions O little is known about its chemistry. To the best of our
knowledge, no structurally characterized aluminum fluoralkoxide
is yet reported. For the alcoholysis of DMAF, we chose a mono-

(4) A selection of references: (a) Hill, M. S.; Atwood, D. Main Group
Chem 1998 2, 285. (b) Healy, M. D.; Barron, A. Rl. Am Chem
Soc 1989 111, 398. (c) Sierra, M. L.; de Mel, V. S. J.; Oliver, J. P.
Organometallics1989 8, 2486. (d) van Vliet, M. R. P.; van Koten,
G.; de Keijser, M. S.; Vrieze, KOrganometallics1987, 6, 1652. (e)
Feng, T. L.; Gurian; P. L.; Healy, M. D.; Barron, A. Riorg. Chem
199Q 29, 408. (f) Benn, R.; Janssen, E.; Lehmkuhl, H.; Rufinska, A.
J. Organomet Chem 1987, 333 169. (g) Jefferey, E. A.; Meisters,
A.; Mole, T. J. OrganometChem 1974 74, 373.

Oliver, J. P.; Kumar, R.; Taghiof, M. I€oordination Chemistry of

Aluminum Robinson, G. H., Ed.; VCH Publishers: New York, 1993,

Chapter 5.

A selection of references: (a) Mason, M. R.; Smith, J. M.; Bott, S.

G.; Barron, A. RJ. Am Chem Soc 1993 115 4971. (b) Harlan, C.

J.; Mason, M. R.; Barron, A. ROrganometallicsl994 13, 2957. (c)

Landry, C. C.; Harlan, C. J.; Bott, S. G.; Barron, A./Agew Chem

1995 107, 1315;Angew Chem, Int. Ed. Engl. 1995 34, 1201. (d)

Storre, J.; Klemp, A.; Roesky, H. W.; Schmidt, H.-G.; Noltemeyer,

M.; Fleischer, R.; Stalke, D1. Am Chem Soc 1996 118 1380. (e)

Storre, J.; Schnitter, C.; Roesky, H. W.; Schmidt, H.-G.; Noltemeyer,

M.; Fleischer, R.; Stalke, DI. Am Chem Soc 1997, 119 7505. (f)

Harlan; C. J.; Bott, S. G.; Wu, B.; Lenz, R. W.; Barron, A.RChem

Soc, Chem Commun1997, 2183. (g) Boleslawski, M.; Serwatowski,

J. J. Organomet Chem 1983 255 269. (h) Boleslawski, M.;

Pasynkiewicz, S.; Kunicki, A.; Serwatowski,J.OrganometChem

1976 116, 285.

(7) Schmidbaur, HJ. Organomet Chem 1963 1, 28.

(8) (a) Apblett, A. W.; Barron, A. ROrganometallicsL99Q 9, 2137. (b)
Mulhaupt, R.; Calabrese, J.; Ittel, S. Drganometallics1991 10,
3403. (c) Wehmschulte, R. J.; Power, P.JPAm Chem Soc 1997,
119 8387.

(9) Ziegler, K.; Holzkamp, E.; Kster, R.; Lehmkuhl, HAngew Chem
1955 67, 213.

(10) (a) Weidlein, J.; Krieg, VJ. Organomet Chem 1968 11, 9. (b)
Gundersen, G.; Haugen, T.; Haaland, A. Chem Soc, Chem
Commun 1972 708. (c) Gundersen, G.; Haugen, T.; HaalandJA.
OrganometChem 1973 54, 77.
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and a polydentate ligand and were interested in the coordination
behavior of the aluminum in these fluorine-containing mol-
ecules. First, reaction of ROH, a compound containing a
sterically demanding substituent (R 2,64-Pr,CgH3), yields a
product with an aluminum atom bonded to one oxygen-
containing group forming a MeAl(OR)F fragment. Second, we
attempted to synthesize a similar aluminum core that was
surrounded by chelating electron-donating ligands such as
triethylcitrate (HO[C(CHCOOELt)(COOEL)]). Citrate proved to

be an interesting chelating agent for aluminum systems because
of its six potentially coordinating site*:1*

To the best of our knowledge, hexamethyldisiloxane has not
yet been used as a substrate in the preparation of aluminum
siloxides. We tried different ways to obtain the desired product
of type |, but were successful only with DIBAH.

Results and Discussion

Reaction of DMAF with 2,6-i-Pr,CgH3sOH. The reaction
of DMAF with 2,6-i-PrCsH3OH (Scheme 2) was carried out
in a 1:1 molar ratio in toluene at room temperature. Rapid
evolution of methane and precipitation of a white insoluble solid
were observed after the solution was stirred for 8 h. The solution
was filtered; however, the residue could not be characterized
because of its insolubility in all common solvents. The filtrate
was kept for 2 weeks at20 °C, and colorless crystals were
obtained in a 10% yield suitable for X-ray investigations. The
molecular structure of is shown in Figure 1.

The molecule ofl is centrosymmetric and consists of two
MezAl(OR)F fragments, where the fluorine atoms connect the
two parts of the molecule. The outer arranged aluminum atoms

(11) Matzapetakis, M.; Raptopoulou, C. P.; Terzis, A.; Lakatos; A.; Kiss,
T.; Salifoglou, A.Inorg. Chem 1999 38, 618.
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Table 1. Selected Bond Lengths (A) and Angles (deg) for

Distances

Al(1)—O(1) 1.7111(18) Al(1y0(2) 1.8375(2)

Al(1)—0(3) 1.841(2) Al(1)-C(2) 1.941(3)

Al(2)—F(1A) 1.812(2) Al(2-0(2) 1.871(2)

Al(2)—F(1) 1.879(2) Al(2-0(3) 1.912(2)

Al(2)—C(2) 1.917(3) F(1)Al(2A) 1.812(2)

Angles

O(1)-Al(1)—0(2) 112.36(9) O(L)yAl(1)—0O(3) 113.52(9)
0O(2)—Al(1)—0(3) 79.17(8) O(LyAl(1)—C(1) 115.6(1)
0O(2)-Al(1)—C(2) 114.75(1) O(3)Al(1)—C(@1) 116.3(1)
F(1A)—AI(2)—0(2) 132.09(8) F(1AYAI(2)—F(1) 75.56(7)
O(2)-Al(2)—F(1) 89.20(7) F(1A)Al(2)—0(3) 90.31(7)
0O(2)—Al(2)—0(3) 76.59(7) F(1)yAl(2)—0(3) 144.89(8)
F(1A)—AI(2)—C(2) 107.68(1) O(2rAI(2)—C(2) 119.6(1)
F(1)—-Al(2)—C(2) 99.37(1) O(3)Al(2)—C(2) 115.6(1)
C(11)-O(1)-Al(1) 133.58(2) C(21yO0(2-Al(1) 126.7(1)
C(21)-0O(2)—Al(2) 130.85(1) Al(1)y-0O(2)-Al(2) 102.05(8)
C(31)-O(3)-Al(1) 128.37(1) C(31}O(3)-Al(2) 131.3(1)
Al(1)—0O(3)—Al(2) 100.38(8) Al(2Ay-F(1)—-Al(2) 104.44(7)

have a 4-fold coordination sphere. The AKI)(1) bond length
(1.7111(18) A) is significantly shorter than those of AK1)
0(2) (1.8375(2) A) and Al(1-O(3) (1.841(2) A), respectively,
as expected fom-versusus-bridging oxygen atoms. The plane
formed by Al(1), O(3), Al(2), and O(2) has angles of Of2)
Al(1 or 2)—0(3) around 79and Al(2)-0(2 or 3)-Al(3) around
101°. Therefore, the coordination sphere at Al(1) can be
described as distorted tetrahedral. In contrast, Al(2) has a
distorted trigonal bipyramidal environment. The AKZ}(2)
equatorial bond length (1.917(3) A) differs from the distance
of Al(1)—C(1) (1.941(3) A) and is slightly shorter (0.024 A).
The equatorial Al(2}O(2) bond length (1.871(2) A) is remark-
ably shorter than the corresponding axial AKZ)(3) bond
length (1.912(2) A). In agreement with this assignment is the
short axial Al(2y-F(1A) (1.812(2) A) in comparison to the
equatorial Al(2-F(1) (1.879(2) A) bond length. The bond
length of Al(2)—F(1A) is comparable to that found by electron
diffraction for DMAF (1.808 A)1° The different A-F bond
lengths reflect the nonsymmetric coordination between Al(2)
and Al(2A) (Table 1).

In the mass spectrum (El) peaks (684; 58%) are assigned
to M™/2 and to MeAl(OR) (396 m/e; 100%), respectively. The
elemental analysis as well as the NMR data are consistent with
1. The reaction was repeated on an NMR tube scale with a
solvent mixture of toluene andgDs (4:1). 1°F NMR spectra
were recorded (1 min, 45 min, 165 min, and 1 day) after addition
of the alcohol to the DMAF solution. The spectra (Figure 2)
show the formation of a first product which could be assigned
to the expected fluorine-bridged [MeAl(OR)HKX = 2, 3, 4)
(—159.7 ppm), which is not stable in solution and forths
(—174.4 ppm)2

In contrast to previous investigations on aluminates, e.g.,
MesAIF~, in which a dissociation in the gas phase of the-Bl
bond was excludetf, our 1% NMR spectra in a toluenefDe
mixture indicate a fluorine-alkoxy exchange reaction leading
to a stable product.

Reaction of DMAF with HO[C(CH ,COOEt),(COOEY)].
The reaction of HO[C(CKHCOOEt(COOEL)] with DMAF in

(12) For%F NMR shifts of aluminum fluorides, see: Waezsada, S. D.;
Liu, F.-Q.; Murphy, E. F.; Roesky, H. W.; Teichert, M.; Usol.;
Schmidt, H.-G.; Albers, T.; Parisini, E.; Noltemeyer, RIrganome-
tallics 1997 16, 1260. 9 NMR shifts for 5-fold coordinated
alkylalkoxyaluminum fluorides are, to the best of our knowledge, still
unknown.

(13) Damrauer, R.; Kremp, M.; Damrauer, N. H.; Schmidt, M. W.; Gordon,
M. S.J. Am Chem Soc 1993 115, 5218.

Inorganic Chemistry, Vol. 38, No. 23, 199%237

B )
i Y

. . J' L tmin

SO W W il 45 min_
U DS S O N UL 165 min B

' | 1d
—. R W

¥ ] T 1 T 1
-140 -150 -160 -170 -180 -180

PPM

Figure 2. °F NMR spectroscopical investigations on the reaction of
DMAF with 2,64-Pr,C¢H3OH recorded as a function of time (1 min,

45 min, 165 min, 1 day).

Scheme 3
CH,COOEt
EtOOC—C—OH + DMAF —
CH,COOEt
Me
OEt/O \ F .
C/ Al 1}
C_ /" No—¢—r
I \ / |
R /Al _C
O N
Me 1F OEt
2
(63 %)
R' = CH,COOEt

toluene at room temperature (Scheme 3) leads to methane
evolution, and a solution is obtained that remains clear after 24
h of stirring. Colorless crystals &were formed after 4 weeks

at —20 °C, suitable for X-ray measurements. After 70% of the
solvent was removed, the residue was kept20 °C to yield

a second crop o2.

The structure of can be regarded as a dimer of MeAl(OR)F
having an idealize®, symmetry. Although a fluorine bridged
dimer was expecte@ has terminal fluorine atoms in a pseudo-
cis conformation and is bridged by oxygen (Figure 3). The
aluminum atoms have a 5-fold coordination sphere. A further
coordination of an oxygen atom from the citrate ligand is not
observed. The central four-membered,@d ring is nearly
perfectly planar. The values of the bond lengths of AKE}1)
(1.670(4) A) and Al(2)-F(2) (1.679(4) A) are slightly longer
than in the reported aluminum difluoride ((22r,CeH3z)N-
(SiMe3)AIF,, Al—F (terminal), about 1.64 A¥ The bond
lengths of Al(1}-C(1) and Al(2)-C(2) are equal within the
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Figure 3. Molecular crystal structure &. Selected bond lengths (A)
and angles (deg) are given in Table 2; for further details of refinement,
see Table 4.

Table 2. Selected Bond Lengths (A) and Angles (deg) for

Distances

Al(1)—F(1) 1.670(4) Al(13-0(3) 1.863(4)

Al(1)—C(1) 1.902(8) Al(1)-0(4) 1.916(4)

Al(1)—0(2) 2.045(5) Al(2)-F(2) 1.679(4)

Al(2)—0(4) 1.859(4) Al(2)-C(2) 1.909(9)

Al(2)—0(3) 1.935(4) Al(2-0(2) 1.987(4)

Angles

F(1)—Al(1)—0(3) 127.7(2) F(LyAI(1)—C(2) 114.0(3)
O(3)-Al(1)—C(1) 118.2(3) F(LyAl(1)—0O(4) 96.8(2)
O(3)—Al(1)—0O(4) 75.2(2) C(1¥Al(1)—0O(4)  102.8(3)
F(1)-Al(1)—0(1) 90.7(2) O(3yAI(1)—0() 80.2(2)
C(1)-Al(1)—0(1) 96.9(3) O(4YAl(1)—0O(1)  153.7(2)
C(31)-0O(1)-Al(1) 112.7(4) F(2>-Al(2)—0(4) 122.7(2)
F(2)-Al(2)—C(2) 114.5(4) O@AI(2Q-C(2)  122.8(4)
F(2)—Al(2)—0O(3) 95.9(2) O(4)yAl(2)—0(3) 74.9(2)
C(2-Al(2)—0(3)  102.3(3) F(XrAI2)—0(2) 91.6(2)
O(4)-Al(2)—0(2) 81.4(2) C(2YAl(2)—0(2) 95.6(3)
O(3)—Al(2)—0(2) 155.5(2) C(61)0(2)-Al(2) 113.7(4)
C(3)-0(3)—Al(1) 121.2(3) C(3)>0O(3)-Al(2) 134.0(3)
Al(1)—0(3)-Al(2) 104.4(2) C(4r-0O(4)-Al(2) 120.5(3)
C(4)—-0(4)—Al(1) 134.03) Al(2-0(4)-Al(1) 105.4(2)

Rennekamp et al.

Figure 4. Molecular crystal structure &. Selected bond lengths (A)
and angles (deg) are given in Table 3; for further details of refinement,
see Table 4.

In theH NMR spectrum we find the expected signals in the
range of the protons of the methyl group on the alumintfa.
NMR measurements give a more complicated picture. Although
the doublets found-<173.0 and—181.3 ppm) are in good
correlation to the structure oR, we find several further
signals'?14 We suggest assigning these signals to different
conformers in solution as illustrated schematically in Scheme
4.

The mass spectrum (El) shows fragments of the monomer
assigned to M/2 — Me (321 nve).

Reaction of TMA, DMAF, and DIBAH with (Me 3Si);0.

In 1997 we reported on the cleavage of THF with aluminum
difluorides RAIR;® consequently, we investigated the cleavage
of the silyl ether (MgSi),O with TMA and DMAF, respectively,
but we were not successful in the cleavage of the stror@Si
bond. Both reactions were done with mixtures of g (x =

Me, F) without any solvent under reflux (in the case of DMAF/
(MesSi),0, for 36 h; in the case of TMA/(M£&I)0, for 14
days), but no reaction was observed in eitheri% NMR or

the IH NMR spectra.

experimental error (about 1.90 A) and in the same range of the  Heating a mixture of (MgSi),0 and DIBAH without solvent

4-fold coordinated aluminum atom Al(Z)C(1) in 1. The
Al(1)—0O(3) (1.863(4) A), Al(2)-0O(4) (1.859(4) A), Al(2y-
0O(3) (1.935(4) A), and Al(130(4) (1.916(4) A) bond lengths

in a 1:1 molar ratio to 130C leads to a rapid formation of
MesSiH (Scheme 5). The mixture was kept at this temperature
for 1 h. Storing the product mixture at2 °C for 8 h leads to

show the nonsymmetrical arrangement of the ligand between the formation of the colorless produgtin 98% yield.

Al(1) and Al(2). Two five-membered rings (Al(£)O(3)—C(3)—
C(31)-0(1) and Al(2y-O(4)—C(4)—C(61)y-0(2)) arrange in
such a way that a ladder-shaped core is formed. The Al(1)
0O(1) (2.045(5) A) and Al(2}0(2) (1.987(4) A) bond lengths

reflect the weak coordinative character of these bonds (Table

2).
Comparing this result with that of, compound2 can be

Compound3 was dissolved im-hexane and kept for 2 weeks
at —20 °C. Single crystals suitable for X-ray crystallography
were obtained from this solution. CompouBds a centrosym-
metric molecule consisting of two oxygen-bridgegNROSiMe;
fragments (Figure 4). The bond lengths of the four-membered
ring (Al(1)—O(1) and Al(1}-O(1A), about 1.86 A) are equal
within the experimental error. The value for the S{O(1)

regarded as a model for an intermediate of the suggestedbond length is 1.674(3) A. The angles in the perfect planar ring

exchange mechanism far With the attack of a second Lewis
basic oxygen-containing fragment, the aluminum is electroni-

cally saturated and the terminal fluorine atom could then be

abstracted by another Lewis acidic center. Compo@nid
intramolecularly stabilized by the citrate ligand, and, conse-

quently, the abstracting step does not occur. The elemental

analysis of2 is consistent with the composition in the solid
state.

are (O(1}-Al(1)—O(1A), 83.85(1 and for Al(1-O(1)—

(14) Temperature-depend€fE NMR measurements at 4C and 60°C
show only broader signals compared to the spectra at room temper-
ature, but no change in the intensities. Nevertheless, the formation of
M*/2—Me in the ElI mass spectra underlines the suggested species
shown in Scheme 4.

(15) Waezsada, S. D.; Liu, F.-Q.; Barnes, C. E.; Roesky, H. W.; Montero,
M. L.; Uson, I. Angew Chem 1997 109, 2738;Angew Chem, Int.
Ed. Engl. 1997, 36, 2625.
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Scheme 5 Table 4. Crystallographic Data fot, 2, and3
?iMe; Data forl
. . C76H114A|4F206 fw 1269.59 g/mol
i-Bu. O i-Bu
_ refl, 1h NN a=10.050(2) A space group2,/c
2 DIBAH + 2 Me3$0:0 - o™ MM b=23.111(5) A T=133(2) K
| c=16.234(3) A A=0.71073A
SiMe; B =97.13(3) peaic= 1.127 Mg/n?
3 V =3741.6(13) A u=0.115 mm?
Z=2 o R1=0.0642
Table 3. Selected Bond Lengths (&) and Angles (deg) 3or gftlsfj}l monoclinic WR2=0.1327
Distances
Si(1)-0(2) 1.674(3) Al(1>O(1A) 1.859(3) Data for2
Al(1)—0(1) 1.861(3) Al(1)-C(1) 1.965(4) CaeHasAl2F2014 fw 672.57 g/mol
Al(1)—C(5) 1.967(4) a=12.173(2) A space group2,2;2;
b=13.319(3) A T=200(2) K
Angles c=20.512(4) A 2=0.71073 A
O(1)-Si(1)-C(13)  108.5(2) O(1}Si(1)-C(11)  109.7(2) V=3325.7(12) A pealc= 1.343 Mg/nd
O(1)-Si(1)-C(12) 107.9(2) O(1AYAI(1)—O(1)  83.85(1) Z=4 u=0.161 mm?!
O(1A)—-AI(1)—C(1) 111.4(2) O(1yAI(1)—C(2) 107.5(2) cryst syst orthorhombic R% 0.0657
O(1A)-AI(1)—C(5) 110.4(2) O(1FAl(1)—C(5) 115.6(2) S=1.076 WR2=0.1807
C(1)-Al(1)-C(5)  121.8(2) Si(1}O(1)-Al(1A) 132.8(2)
Si(1-O(1)-Al(1)  130.6(2) AI(1A-O(1)-Al(1)  96.15(1) _ Data for3
C(2)-C(1)-Al(l)  127.4(4) C(6)-C(5)—Al(1) 122.5(3) Ca2HsaAl20;Si fw 460.79 g/mol
a=17.090(2) é space groupbca
. . b= 10.260(2) T=200(2) K
AI(l_A), 96.15(1)’),_ in agreement with the expected values for c=17.521(4) A 1=071073 A
a highly symmetric A/O, ring system (Tables 3 and 4). V =3072.0(10) A Pealc = 0.992 Mg/n?
The NMR (H, ?°Si) data are consistent with the solid-state Z=:1 ¢ orthorhombi u ;;-olggzﬁ;ml
ructure, an ignal for the molecular ion min n I cryst syst orthornombic -
structure, and a signal for the molecular io us one buty S= 1065 WR2=0.1912

group in the mass spectrum (408€; 18%) indicates the
stability of the ring system in the gas phase. These results arecoordination behavior of the fluorine atoms in these systems is
underlined by a correct elemental analysis. dependent on the environment. 1nit is serving as bridging

In summary, we have presentédind2 as examples of the  element between two aluminum alkoxides;2rit is terminal.
new class of flouroaluminum alkoxide ring systems. The route Nevertheless, in both molecules the fluorine-containing alumi-
to 1 and2 is a strong indication for the surprising instability of num atom is 5-fold coordinated. The increased Lewis acidity
Al—F bonds if alternative electron donors are introduced. The by the fluorine atom might be the reason for the stabilization
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of these systems. The synthetic approach cleavingsShO
is surprising. For all compounds we found that the formation
of Al;O, ring systems is a strong driving force for the

Rennekamp et al.

21.3-28.0 (m, CH(CH),), 120.9-149.9 (m, A~C) ppm. F{'H}
NMR (90 MHz, G:Dg): 6 —174.5 (s) ppm. IR ([cmi], KBr, Nujol):
v 1465, 1155, 833, 753. MS (Eljve (%): 634 [/,M*, 58], 396

unexpected cleavage of former so-called “stable bonds”. These[F(MeAd'_OiIZ); é??z]' '2‘“1""" Calcd for €Hu14AlF20s: Al, 8.50; F, 2.99.
observations are promising and further investigations in this field ' °und: Al £:0: 7, 2.2.

will follow.

Experimental Section

General Experimental ProceduresAll solvents were purified and

Preparation of 1 (NMR Tube). A solution of 2,6i-Pr.CsHsOH (0.10
g, 0.56 mmol) in GDe (0.3 mL) was added dropwise to DMAF (0.27
g, 0.56 mmol, 16% solution in toluene) through a septum under shaking.
Gas evolution occurred and the methane was removed using a 2-mL
syringe.F NMR spectra were recorded after 1 min, 45 min, 165 min,

dried by standard techniques, and Schlenk line and drybox techniques,1 day, and 2 days. After 1 day, no change in the spectrum was observed.

respectively, were used. The Mert gas was dried by passing through
a combination of three columns containingd, CaCl, and Oxisorb

19F{H} NMR (188 MHz, GDs, 1 min reaction time):0 —159.7 (s),
—174.4 (s),~176.6 (s),—177.9 (s),—178.7 (s) ppmiF{*H} NMR

(Messer Griesheim GmbH). The chemical shifts were referenced to (188 MHz, GDs, 45 min): 6 —159.7 (s),—174.5 (s),—176.6 (s),

the residual proton line from éDs (6 7.15 ppm for'H NMR). The

~177.9 (s),—178.7 (s) ppm9F{'H} NMR (188 MHz, GDs, 165

elemental analyses were performed in the Analytisches Laboratorium min): 6 —159.7 (s),—172.5 (s),—174.4 (s),—176.6 (s),—177.9 (s),

des Anorganischen Instituts, @ogen. Small variations are due to
metal carbide formation in these systems.

DMAF (16% solution in toluene) and DIBAH were used as received
from the Witco GmbH, Bergkamen. (M®i);O (Aldrich) was dried
over molecular sieves and always distilled prior to use. Diisopropyl-
phenol (Aldrich) and triethyl citrate (Aldrich) were distilled before use
and kept in Schlenk flasks at2 °C.

X-ray Procedures. A suitable crystal of compountiwas mounted
on a glass fiber in a rapidly cooled perfluoropolyetHeniffraction
data were collected on a Ste8iemens-Huber four-circle diffracto-
meter coupled to a Siemens CCD area detector at 133(2) K, with
graphite-monochromated Mockradiation § = 0.71073 A), performing
@ andw scans.

A suitable crystal of compoun2land3, respectively, was mounted
on a glass fiber and coated with paraffin oil. Diffraction data were
collected on a SiemensStoe AED?2 four-circle diffractometer.

All structures were solved by direct methods using SHELX-97 and
refined againsE? on all data by full-matrix least squares with SHELXL-
971718 All nonhydrogen atoms were refined anisotropically. All

—178.7 (s) ppm*°F{*H} NMR (188 MHz, GDg, 1 day): 6 —172.5
(s), —174.4 (s),—178.7 (s) ppm.

Preparation of 2. A solution of HO[C(CHCOOEt)(COOEL)] (1.40
g, 5.04 mmol) in toluene (15 mL) was added dropwise to a solution of
DMAF (0.38 g, 5.04 mmol) in toluene (40 mL) under methane evolution
at room temperature and stirred for 24 h. The solution was kept at
—20°C, and colorless single crystals were obtained. After the solution
was decanted into a second flask, 70% of the solvent was removed in
vacuo and the solution kept at20 °C for further crystallization o2,
1.07 g (63%) was isolated from this solution, decomp 1@0'H NMR
(250 MHz, GDeg): 6 [—0.19 (s),—0.20 (s),—0.21 (s),—0.30 (s, 6 H,
AICHg)], 0.75-1.10 (m, 18 H, OCKCHj3), 2.60-3.55 (m, 8 H, G-
COOEY), 3.75 (m, 12 H, OB,CHs) ppm. 1*F{*H} NMR (235 MHz,
CsDg): 6 —160.5 (s),—165.0 (s),—167.0 (s),—173.0 (d,J(F F) = 24
Hz), —178.5 ppm (s);~181.3 (d,J(F F) = 24 Hz) ppm. IR ([cmY],
KBr, Nujol): v 1466, 1375, 1275, 1082, 1026, 917, 759. MS (&l
(%): 321 [1/2 M" — Me]. Anal. Calcd for GeHasAlF,014: Al, 8.02;
F, 5.65. Found: Al, 7.4; F, 5.6.

Preparation of 3. A mixture of (M&Si),O (10.0 g, 61.7 mmol) and

hydrogen atoms were included in the model at geometrically calculated DIBAH (9.93 g, 61.7 mol) was heated to 130, and MgSiH evolution

positions and refined using a riding model. The final fractional atomic
coordinates are given in the Supporting Information.

Preparation of 1. A solution of 2,6i-Pr,CsH;OH (3.67 g, 20.6
mmol) in toluene (10 mL) was added dropwise to a solution of DMAF
(1.56 g, 20.6 mmol) in toluene (30 mL) under methane evolution at
room temperature and stirred for 8 h. The reaction mixture was filtered
and the remaining white solid (2.94 g, 56%) was dried in vacuo. The
filtrate was stored at-20 °C and colorless single crystals were obtained.

was observed. The reaction mixture was stirred foh at this
temperature and then kept-a® °C for 8 h. A white crystalline solid
was formed. 3.00 g 08 was dissolved im-hexane (10 mL) and the
solution stored at-20 °C for 2 weeks. Single crystals suitable for X-ray
measurements were obtained, yield 13.9 g (98%), decompQ 6t
NMR (250 MHz, GDg): 6 0.22 (d,3J(H H) = 7.0 Hz, 8 H, AItH-
CHMe,), 0.23 (s, 18 H, Si(Bl3)3), 1.14 (d,%)(H H) = 6.5 Hz, 24 H,
CH,CH(CHs)y), 2.02 (dqt2)(H H) = 7.0 Hz,3J(H H) = 6.5 Hz, 4 H,

After the solution was decanted into a second flask, 80% of the solvent CH2CH(Me),). 2°Si NMR (79 MHz, GDe): 6 18.9 (Si(CH)3). IR

was removed in vacuo and the solution kept-&0 °C for further
crystallization. From this solution, 0.43 g (10%) was isolated, decomp
120°C.H NMR (200 MHz, GDg): 6 —0.90 (s, 6 H, AlGH3), —0.57
(s, 6 H AICH3), 1.05 (d,2J(H H) = 6.8 Hz, 48 H, CH(E13),), 1.18 (d,
3)(H H) = 6.8 Hz, 24 H, CH(Gl3),), 1.42 (sept?J(H H) = 7.1 Hz, 8
H, CH(Me),), 3.48 (sept®J(H H) = 6.8 Hz, 4 H, Gi(Me),), 7.09 (s,
18 H, Ar—H) ppm.*3C NMR (500 MHz, GDg): 6 —12.2 (s, AICH),

(16) Kottke, T.; Stalke, DJ. Appl. Crystallogr. 1993 26, 615.

(17) Sheldrick, G. MActa Crystallogr, Sect A 199Q 46, 467.

(18) Sheldrick, G. MSHELXS 97Universita Gottingen: 1997.

(19) FinalR indices: R1 = ZlIF,| — |FdI/Z|Fo|(for [I > 20(1)]), wR2=
[EwW(Fo? — FA)EwF,4Y2 (for all data); goodness of fB= [Sw(F2
— |:c2)2/2(n — p)]llz_

([cm™14, KBr, Nujol): v 1257, 1072, 850, 810, 765. MS (Efye (%):
403 [M* — Bu, 18], 235 [M" — 4 Bu + 3 H, 100]. Anal. Calcd for
CaeHasAl0:Sh: Al, 11.76; Si, 12.24%. Found: Al, 11.1; Si, 11.3.
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