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A new chiral bis(â-amino alcohol) ligand, LH2, has been prepared in 40% yield by the
Cu-catalyzed coupling of 4,6-diiododibenzofuran with diphenylpyrrolidin-2-yl-methanol, the
latter of which is prepared from L-proline. The protonolysis reaction of LH2 with 2 equiv of
AliBu3 forms LAl2

iBu4 (1), which was isolated in 40% yield. In the solid state, compound 1
adopts a conformation that gives the molecule approximate C2 symmetry. Each half of the
molecule features a distorted tetrahedral Al center that interacts with a chelating â-amino
alcoholate and two iBu anions. The reaction of LH2 with 2 equiv of AlMe3 failed to yield
isolable product, but the use of excess AlMe3 formed LAl4Me10 (2) in 79% isolated yield.
Compound 2 has a structure that is similar to that of 1 except that the alcoholate oxygen of
each deprotonated ligand is also coordinated to an AlMe3 group. 1H NMR spectroscopic data
of 1 in C6D6 solution are consistent with overall C2 symmetry. Thus the two iBu groups on
each Al center are inequivalent, and four resonances are observed for the diastereotopic
R-CH2 protons of these iBu ligands. The addition of 4 equiv of pyrimidine to the solution
results in rapid exchange of the two inequivalent iBu groups. A different process occurs in
the presence of a large excess of D6-methyl sulfoxide (D6-DMSO). Under these conditions,
the iBu groups no longer possess diastereotopic R-methylenes. This indicates that the iBu
groups are being removed from the chiral environment, at least temporarily.

Introduction

Bimetallic complexes play important roles in numer-
ous areas of chemistry including metalloprotein model-
ing, supramolecular chemistry, and catalysis.1 To con-
trol the physical properties and chemical reactivities of
this class of compounds, it is necessary that a broad
range of well-defined binucleating ligands be developed.2
Generally these ligands feature multiple donor groups
that are linked together with some sort of unreactive
spacer. When properly designed, these ligands can
prevent unwanted processes such as fragmentation and
oligomerization. Their design is also useful for tailoring
reactivity. In this context, we and others3 have been
developing new preorganized binucleating ligands that
are suitable for the preparation of main-group metal
bimetallics. Earlier reports have included dialuminum
and dizinc organometallics supported by bis(amidinate)
and bis(amidoamine) supporting ligands.4 Here we
present the preparation and characterization of a new
chiral ligand prepared in several steps from L-proline
and 4,6-diiododibenzofuran. Also reported are two struc-

turally characterized Al-containing derivatives that
display fluxional structural behavior in the presence of
Lewis bases.

Results and Discussion

Multigram quantities of the enantiopure ligand LH2
were conveniently prepared by the Cu-catalyzed cou-
pling of 4,6-diiododibenzofuran with 1 equiv of diphen-
ylpyrrolidin-2-yl-methanol using the general method
developed by Buchwald5 (Scheme 1). The bis(â-amino

(1) Representative reviews on bimetallics in metalloenzyme mod-
els: (a) Du Bois, J.; Mizoguchi, T. J.; Lippard, S. J. Coord. Chem. Rev.
2000, 200-202, 443. (b) Bosnich, B. Inorg. Chem. 1999, 38, 2554.
Supramolecular chemistry: (c) Leininger, S.; Olenyuk, B.; Stang, P.
J. Chem. Rev. XXXXX, 100, 853. Catalysis: (d) Catalysis by di- and
polynuclear metal cluster complexes; Adams, R. D., Cotton, F. A., Eds.;
Wiley-VCH: New York, 1998. (e) Rowlands, G. J. Tetrahedron 2001,
57, 1865.

(2) Selected reviews: (a) Vigato, P. S.; Tamburini, S.; Fenton, D. E.
Coord. Chem. Rev. 1990, 106, 25. (b) Kaden, T. A. Coord. Chem. Rev.
1999, 190-192, 371. (c) Suzuki, M.; Furutachi, H.; Okawa, H. Coord.
Chem. Rev. 2000, 200-202, 105.

(3) For related Al derivatives supported by di- and polynucleating
ligands, see: (a) Saied, O.; Simard, M.; Wuest, J. D. Organometallics
1998, 17, 1128-1133. (b) Sharma, V.; Simard, M.; Wuest, J. D. J. Am.
Chem. Soc. 1992, 114, 7931-7933. (c) Saied, O.; Simard, M.; Wuest,
J. D. Inorg. Chem. 1998, 37, 2620-2625. (d) Saied, O.; Simard, M.;
Wuest, J. D. Organometallics 1996, 15, 2345-2349. (e) Cottone, A.;
Scott, M. J. Organometallics 2000, 19, 5254-5256. (f) Cottone, A.;
Scott, M. J. Organometallics 2002, 21, 3610-3627. (g) Verkerk, U.;
Fujita, M.; Dzwiniel, T. L.; McDonald, R.; Stryker, J. M. J. Am. Chem.
Soc. 2002, 124, 9988-9989. (h) Cottone, A.; Morales, D.; Lecuivre, J.
L.; Scott, M. J. Organometallics 2002, 21, 418-428. (i) Ooi, T.;
Takahashi, M.; Yamada, M.; Tayama, E.; Omoto, K.; Maruoka, K. J.
Am. Chem. Soc. 2004, 126, 1150-1160. (j) Campbell, E. J.; Znou, H.;
Nguyen, S. T. Org. Lett. 2001, 3, 2391-2393. (k) Grundy, J.; Coles, M.
P.; Hitchcock, P. B. J. Organomet. Chem. 2002, 662, 178-187. (l)
Schulz, S.; Nieger, M.; Hupfer, H.; Roesky, P. W. Eur. J. Inorg. Chem.
2000, 1623-1626. (m) Liu, S.; Munoz-Hernandez, M. A.; Atwood, D.
A. J. Organomet. Chem. 2000, 596, 109-114. (n) Eisch, J. J.; Otieno,
P. O.; Mackenzie, K.; Kotowicz, B. W. ACS Symp. Ser. 2002, 822, 88-
103. (o) Tschinkl, M.; Cocker, T. M.; Bachman, R. E.; Taylor, R. E.;
Gabbaı̈, F. P. J. Organomet. Chem. 2000, 604, 132-136.

(4) (a) Clare, B. C.; Sarker, N.; Shoemaker, R.; Hagadorn, J. R. Inorg.
Chem. 2004, 43, 1159. (b) Hlavinka, M. L.; Hagadorn, J. R. Chem.
Commun. 2003, 2686. (c) Hlavinka, M. L.; Hagadorn, J. R. Organo-
metallics 2005, 24, in press.

(5) Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, S. L. J. Am.
Chem. Soc. 2001, 123, 7727.
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alcohol)6 was isolated in 40% yield as colorless crystals
from Et2O at -40 °C. 1H NMR spectroscopic data of
C6D6 solutions of LH2 are consistent with overall C2
symmetry with the axis of symmetry passing through
the dibenzofuran oxygen atom. In contrast, the confor-
mation of the ligand in the solid state (Figure 1) features
the two â-amino alcohol groups oriented in a parallel
fashion.

Reaction of LH2 with 2 equiv of AliBu3 in benzene
formed dialuminum 1 with the elimination of 2 equiv
of isobutane. 1 was isolated as colorless crystals in 40%

yield following the addition of hexanes and cooling to 6
°C. The related reaction using AlMe3 in place of AliBu3
failed to yield any isolable product. The use of excess
AlMe3, however, formed the tetraaluminum 2, which
was isolated in 79% yield. The structures of both 1 and
2 have been determined by single-crystal X-ray diffrac-
tion (Tables 1 and 2). As shown in Figure 2, complex 1
adopts a conformation that gives the overall molecule
approximate (noncrystallographic) C2 symmetry. Each
half of the molecule features a four-coordinate Al center
that interacts with a chelating â-amino alcoholate and
two iBu anions. Geometry at Al can be described as
distorted trigonal pyramidal, with the apical position
being occupied by the weak 3° amine donor. Bond
lengths are typical7 and reflect the oxophilicity of the
Al centers. The Al-O distances are 1.745(3) and
1.754(3) Å at Al1 and Al2, respectively. The bonds to
the amine donors are much longer (Al1-N1, 2.104(4)
Å; Al2-N2, 2.093(4) Å). The four Al-iBu bonds are all
identical within statistical error and have an average
value of 1.98 Å. Compound 2 rests on a crystallographic
C2 axis of symmetry (Figure 3). Overall it has a
structure that is similar to that of 1 except that the
oxygen atom of each deprotonated â-amino alcoholate
is also coordinated to an AlMe3 group. This additional
donor interaction is reflected in the Al1-O1 bond length
of 1.848(3) Å, which is ca. 0.1 Å longer than the Al-O
bonds in 1. The interaction between the AlMe3 and the
alcoholate oxygen is weaker, with an Al2-O1 distance
of 1.925(3) Å.

1H NMR spectroscopic data of 1 in C6D6 solution are
consistent with overall C2 symmetry, with the rotation

(6) A closely related bis(â-amino alcohol) ligand has been developed
and used as a catalyst for aldol reactions mediated by organozinc
intermediates: Ito, H.; Trost, B. M. J. Am. Chem. Soc. 2000, 122,
12003.

(7) For a selection of structurally characterized Al complexes with
similar ligand environments, see: (a) Francis, J. A.; Bott, S. G.; Barron,
A. R. J. Chem. Soc., Dalton Trans. 1998, 3305. (b) Gelbrich, T.; Hecht,
E.; Thiele, K.-H.; Sieler, J. J. Organomet. Chem. 2000, 595, 21. (c)
Robson, D. A.; Blyikin, S. Y.; Cantuel, M.; Male, N. A. H.; Rees, L. H.;
Mountford, P.; Schröder, M. J. Chem. Soc., Dalton Trans. 2001, 157.
(d) Atwood, D. A.; Gabbai, F. P.; Lu, J.; Remington, M. P.; Rutherford,
D.; Sibi, M. P. Organometallics 1996, 15, 2308. (e) Lewinski, J.;
Justniak, I.; Zachara, J.; Tratkiewcz, E. Organometallics 2003, 22,
4151.

Table 1. Crystallographic Data and Collection Parameters
LH2‚Et2O LAl2

iBu4 (1) LAl4Me10 (2)

formula C50H52N2O4 C62H76Al2N2O3 C56H70Al4N2O3
fw 744.94 915.21 927.06
space group P212121 (#19) P21 (#4) C2221 (#20)
temp (°C) -134 -136 -133
a (Å) 7.9529(6) 10.2369(9) 13.1193(6)
b (Å) 16.6653(11) 12.5527(11) 17.4889(7)
c (Å) 30.830(2) 21.4906(19) 22.9015(10)
R (deg) 90 90 90
â (deg) 90 100.301(2) 90
γ (deg) 90 90 90
Z 4 2 4
V (Å3) 4086.1(5) 2717.0(4) 5254.6(4)
dcalc (g/cm3) 1.211 1.163 1.172
θ range (deg) 1.80-27.48 1.89-27.48 1.78-27.48
µ (mm-1) 0.076 0.100 0.132
cryst size (mm) 0.5 × 0.1 × 0.1 0.4 × 0.35 × 0.3 0.25 × 0.15 × 0.10
no. of reflns collected 32 593 21 274 20 987
no. of data/restraints/params 9363/0/507 12 378/1/630 6020/0/299
R1 (for Fo > 4σFo) 0.0704 0.0857 0.0711
R1, wR2 (all data) 0.1307, 0.1645 0.1622, 0.2241 0.1505, 0.1604
GOF 0.955 0.974 0.967
largest peak, hole (e/Å3) 0.22, -0.27 0.73, -0.38 0.30, -0.25

Scheme 1

Figure 1. Structure of LH2 drawn with 50% thermal
ellipsoids. Cocrystallized Et2O molecule and hydrogens are
omitted except for the hydroxy groups.
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axis bisecting the dibenzofuran backbone. Thus at each
Al center the two iBu groups are inequivalent and the
R-CH2 protons are diastereotopic. Four distinct reso-
nances are expected for these R-CH2 protons. These are
observed upfield at δ 0.55, 0.42, -0.57, and -0.70 as
broad and featureless resonances. At 0 °C these reso-
nances become doublets of doublets with coupling
constants of 14 and 7 Hz for the two-bond (geminal) and

three-bond couplings, respectively. In addition to being
dependent on temperature, the observed 1H NMR data
are also affected by the presence of Lewis bases. For
example, the 1H NMR spectrum of 1 (C6D6) in the
presence of 4 equiv of pyrimidine leads to dramatic
changes in the resonances associated with the support-
ing ligand and the iBu groups. Most notably, the 1H
NMR spectrum features only two upfield doublets of
doublets (J ) 14, 7 Hz) at δ -0.01 and -0.10 for the
diastereotopic methylenes of the Al-iBu groups. These
data are consistent with the formation of adduct 1A,
which under the reaction conditions undergoes fast
exchange of free and coordinated pyrimidine (Scheme
2). This process allows for inversion at Al and thus
exchange of the inequivalent iBu groups.

The addition of a large excess of methyl sulfoxide
(DMSO) to 1 revealed a different process. The 1H NMR
spectrum of 1 dissolved in 30% D6-DMSO (in C6D6)
shows only one upfield doublet at δ -0.13 (3J ) 6.5 Hz)
for all of the R-CH2 protons. All the other resonances
are significantly shifted from the dmso-free spectrum,
and they do not correspond to LH2 in the same solvent
mixture. Since the R-CH2 protons are not diastereotopic,
it must be concluded that they are removed from the
chiral environment, at least temporarily. Our data do
not indicate the mechanism for this process, but one
possibility (among many) is a base-induced dispropor-
tionation of 1 to form AliBu3(D6-DMSO)n and L3Al2(D6-
DMSO)x.

In conclusion, a new chiral bis(â-amino alcoholate)
ligand has been prepared and used for the preparation
of two structurally characterized Al derivatives. These
complexes and related ones are of potential use in a
range of organic transformations mediated by Lewis
acids.

Table 2. Selected Bond Distances (Å) and Angles (deg)
LH2‚Et2O

O1-C21 1.433(4) O3-C22 1.422(4) N1-C1 1.420(4)
N1-C13 1.495(5) N1-C16 1.464(4) N2-C12 1.434(4)
N2-C17 1.484(5) N2-C20 1.491(5)

LAl2
iBu4 (1)

Al1-O1 1.745(3) Al1-N1 2.104(4) Al1-C47 1.997(5)
Al1-C51 1.970(5) Al2-O3 1.754(4) Al2-N2 2.093(4)
Al2-C55 1.980(6) Al2-C59 1.988(5) O1-Al1-N1 85.4(2)
O1-Al1-C47 118.5(2) O1-Al1-C51 112.8(2) N1-Al1-C47 107.8(2)
N1-Al1-C51 115.4(2) C47-Al1-C51 113.7(2) O3-Al2-N2 85.9(2)
O3-Al2-C55 114.7(2) O3-Al2-C59 117.9(2) N2-Al2-C55 113.9(2)
N2-Al2-C59 106.7(2) C55-Al2-C59 114.2(3)

LAl4Me10 (2)
Al1-O1 1.848(3) Al1-N1 2.076(3) Al1-C24 1.956(5)
Al1-C25 1.942(5) Al2-O1 1.925(3) Al2-C26 1.960(5)
Al2-C27 1.961(5) Al2-C28 1.970(5) O1-Al1-N1 87.0(1)
O1-Al1-C24 112.8(2) O1-Al1-C25 117.3(2) N1-Al1-C24 106.5(2)
N1-Al1-C25 107.5(2) C24-Al1-C25 119.6(2) Al1-O1-Al2 115.9(2)

Figure 2. Structure of 1 drawn with 50% thermal el-
lipsoids. Hydrogens are omitted.

Figure 3. (A) Structure of 2 drawn with 50% thermal
ellipsoids. Hydrogens are omitted. (B) Structure of the
asymmetric unit of 2 with the H atoms and non-ipso C
atoms of the Ph groups omitted. Drawn with 50% thermal
ellipsoids.

Scheme 2
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Experimental Section

General Considerations. Standard Schlenk-line and glove-
box techniques were used unless stated otherwise. Hexanes,
Et2O, and toluene were passed through columns of activated
alumina and sparged with N2 prior to use. C6D6 and D8-toluene
were vacuum transferred from Na-benzophenone ketyl. 2-Pro-
panol and methanol were distilled from CaH2 under N2. 4,6-
Diiododibenzofuran8 was prepared following a published pro-
cedure. Diphenylpyrrolidin-2-yl-methanol6 was prepared from
L-proline using a modified literature procedure. All other
chemical reactants were obtained from commercial sources and
used as received. Chemical shifts (δ) for 1H NMR spectra are
given relative to residual protium in the deuterated solvents
at 7.16 and 2.10 ppm for C6D6 and D8-toluene, respectively.
Infrared spectroscopic data were acquired on mineral oil mulls
between KBr plates, unless stated otherwise. Elemental
analyses were determined by Desert Analytics and at the
University of Michigan. All NMR spectroscopic data were
acquired on Varian 400 and 500 MHz spectrophotometers. The
1H NMR spectroscopic data were assigned on the basis of
coupling data.

LH2. 4,6-Diiododibenzofuran (4.98 g 11.9 mmol), K3PO4 (10.1
g, 47.6 mmol), CuI (0.228 g, 1.20 mmol), and diphenylpyrro-
lidin-2-yl-methanol (6.02 g, 23.7 mmol) were combined in a
200 mL round-bottomed flask. 2-Propanol (50 mL) and ethyl-
ene glycol (2.7 mL) were added to the solids to form a white
suspension. The reaction mixture was heated to reflux for 4
days, after which the 4,6-diiododibenzofuran had been com-
pletely consumed (1H NMR). The reaction mixture was cooled
to ambient temperature, and the volatile components were
removed under reduced pressure. The resulting solid was
extracted with CHCl3 (3 × 100 mL) and filtered. The CHCl3

extract was washed with H2O (2 × 100 mL) and dried over
MgSO4. Filtration of the solution and evaporation yielded the
crude product as a pale green-brown solid. This solid was
crystallized from Et2O (50 mL) at -40 °C to yield colorless
crystals of the product (3.2 g, 40%). 1H NMR (C6D6, 500
MHz): δ 7.82 (d, 4H, J ) 8.5 Hz, Hh), 7.48 (d, 4H, J ) 8.5 Hz,
Hk), 7.25 (t, 4H, J ) 7.5 Hz, Hi), 7.24 (d, 2H, J ) 7.5 Hz, Hc),
7.07 (t, 2H, J ) 7.0 Hz, Hj), 6.86 (t, 2H, J ) 7.5 Hz, Hb), 6.73
(t, 4H, J ) 8.0 Hz, Hl), 6.68 (d, 2H, J ) 8.5, 1.0 Hz, Ha), 6.65
(m, 2H, Hm), 5.34 (dd, 2H, J ) 8.0, 5.0 Hz, Hg), 4.35 (s, 2H,
Hn), 3.67 (m, 2H, Hd), 3.21 (q, 2H, J ) 5.5 Hz, Hd), 2.09-2.18
(m, 4H, Hf), 1.74 (m, 2H, He), 1.65 (m, 2H, He) ppm. 13C{1H}
NMR (CDCl3): δ 149.6, 146.5, 145.9, 135.9, 128.2, 127.4, 126.7,
126.2, 126.2, 125.9, 125.4, 123.0, 121.7, 115.2, 79.4, 67.6, 57.7,
29.8, 25.5 ppm. IR: 3317 (m, νOH), 2926 (s), 2725 (m), 2369
(w), 1628 (w), 1599 (w), 1491 (m), 1463 (s), 1413 (m), 1377 (s),
1309 (m), 1272 (w), 1241 (w), 1195 (m), 1110 (w), 1050 (w),
1034 (w), 967 (w), 890 (w), 869 (w), 847 (w), 781 (w), 739 (m),
702 (m), 653 (w), 427 (s) cm-1. Anal. Calcd (Found) for LH2,
C46H42O3N2: C, 82.36 (81.74); H, 6.31 (6.30); N, 4.18 (3.91).

LAl2
iBu4 (1). C6H6 (10 mL) was added to LH2 (0.516 g, 0.770

mmol) to form a clear colorless solution. AliBu3 (0.309 g, 1.56
mmol) was added, and the mixture was stirred overnight. The
following day hexanes (10 mL) were added to the mixture, and
it was cooled to 6 °C. The product was isolated the following
day as colorless crystals (0.256 g, 40.3%). 1H NMR (C6D6, 400
MHz): δ 7.94 (d, 4H, J ) 7.0 Hz, Hk), 7.91 (d, 4H, J ) 7.5 Hz,
Hh), 7.25 (t, 4H, J ) 7.5 Hz, Hl), 7.18-7.12 (m, 6H, Hi, Hc),
7.07 (t, 2H, J ) 7.5 Hz, Hm), 7.05 (t, 2H, J ) 8.5 Hz, Hj), 6.87
(d, 2H, J ) 8.5 Hz, Ha), 5.88 (t, 2H, J ) 8.0 Hz, Hb), 4.90 (dd,
2H, J ) 7.0, 9.0 Hz, Hg), 4.83 (m, 2H, Hd), 3.68 (m, 2H, Hd),
2.31 (br, 2H, Ho), 2.09-1.97 (m, 4H, Hf), 1.82-1.62 (m, 6H,
He, Ho), 1.44 (br, 12H, Hp), 0.93 (br, 12H, Hp), 0.56 (br, 2H,
Hn), 0.45 (br, 2H, Hn), -0.56 (br, 2H, Hn), -0.68 (br, 2H, Hn)
ppm. 1H NMR (C6D6, 4 equiv pyrimidine, 500 MHz): δ 9.14
(br, 4H, pyrimidine), 8.09 (br, 8H, pyrimidine), 7.84 (d, 4H, J
) 8.0 Hz, Hh), 7.65 (d, 4H, J ) 8.0 Hz, Hk), 7.44 (d, 2H, J )
8.0 Hz, Hc), 7.33 (m, 8H, Hi, Hl), 7.23 (m, 4H, Hj, Hm), 7.11-
7.00 (m, 4H, Ha, Hb), 6.15 (br, 4H, pyrimidine), 5.51 (m, 2H,
Hg), 3.99 (m, 2H, Hd), 3.44 (m, 2H, Hd), 2.16-2.02 (m, 6H, Hf,
Ho), 1.71-1.50 (m, 6H, He, Ho), 0.98-0.92 (m, 24H, Hp), -0.01
(dd, 4H, J ) 7.0 Hz, 14.0 Hz, Hn), -0.10 (dd, 4H, J ) 6.5 Hz,
14 Hz, Hn) ppm. 1H NMR (C6D6, 30% D6-DMSO, 400 MHz): δ
7.76 (d, 4H, J ) 7.5 Hz, Hi), 7.59 (d, 4H, J ) 7.5 Hz, Hl), 7.08
(d, 2H, J ) 7.5 Hz, Hc), 6.95 (t, 4H, J ) 7.5 Hz, Hm), 6.94 (t,
4H, J ) 7.5 Hz, Hj), 6.88-6.81 (m, 8H, Ha, Hb, Hk, Hn), 4.90 (t,
2H, J ) 7.0 Hz, Hg), 4.08 (q, 2H, J ) 7.5 Hz, Hd), 3.33 (q, 2H,
J ) 7.5 Hz, Hd), 2.19 (m, 4H, Hf), 1.87 (nonet, 4H, J ) 6.5 Hz,
Ho), 1.54 (m, 2H, He), 1.42 (m, 2H, He), 0.96 (pseudo t, 24H, J
) 6.5 Hz, Hp), -0.13 (d, 8H, J ) 6.5 Hz, Hn) ppm. 13C{1H}
NMR (C6D6, 30% D6-DMSO) δ 150.4, 149.1, 146.8, 138.2, 129.4,
129.3, 127.4, 126.9, 126.3, 126.2, 125.8, 122.9, 115.2, 110.1,
82.9, 68.2, 55.0, 29.5, 29.3, 29.3, 27.1, 24.9, 24.9 ppm. IR: 2923
(s), 2853 (s), 1598 (w), 1463 (s), 1377 (m), 1315 (w), 1171 (m),
1133 (m), 1072 (m), 1004 (w), 964 (w), 913 (w), 776 (m), 745
(m), 711 (m), 422 (s) cm-1. Anal. Calcd (Found) for LAl2

iBu4,
C62H76Al2N2O3: C, 78.28 (78.22); H, 8.05 (8.08); N, 2.94 (2.75).

LAl4Me10 (2). C6H6 (10 mL) was added to LH2 (0.098 g, 0.15
mmol) to form a clear colorless solution. An excess of AlMe3

(ca. 0.75 mL) was added, and the evolution of gas was
observed. After 1.5 h, hexanes were slowly added by vapor
diffusion. After 3 days the product was isolated from the
reaction mixture as colorless crystals (0.030 g). The mother
liquor was evaporated to yield a white residue, which was
dissolved in C6H6. Vapor diffusion with hexanes yielded
additional product (0.077 g) as colorless crystals (total yield:
79%). NMR spectroscopic data are reported for 2 in dmso-
C6D6 mixtures. Data acquired in the absence of dmso were
broad and complex, possibly due to the presence of multiple
interconverting conformations in solution. 1H NMR (C6D6, 30%
D6-DMSO, 400 MHz): δ 7.59 (d, 4H, J ) 7.2 Hz, Hh), 7.58 (d,
4H, J ) 7.2 Hz, Hk), 7.04-6.99 (m, 6H, Hi, Hm), 6.95 (t, 2H, J
) 7.2 Hz, Hj), 6.84 (t, 2H, J ) 7.6 Hz, Hb), 6.77 (t, 4H, J ) 7.2
Hz, Hl), 6.70-6.67 (m, 4H, Ha, Hc), 5.47 (t, 2H, J ) 5.2 Hz,
Hg), 4.07 (q, 2H, J ) 8.4 Hz, Hd), 3.36 (q, 2H, J ) 8.4 Hz, Hd),
2.24 (q, 4H, J ) 7.6 Hz, Hf), 1.58 (m, 4H, He,), -0.79 (s, 18H,

(8) Tsang, K. Y.; Diaz, H.; Graciani, N.; Kelly, J. W. J. Am. Chem.
Soc. 1994, 116, 3988.
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Ho), -0.951 (s, 12H, Hn) ppm. 13C{1H} NMR (C6D6, 30% D6-
DMSO): δ 150.6, 149.3, 146.1, 137.6, 129.1, 128.9, 127.6, 126.7,
126.3, 126.0, 125.7, 122.9, 114.8, 109.5, 83.5, 67.4, 54.0, 29.5,
24.6, -5.9, -6.6 ppm. IR: 2953 (s), 2923 (s), 2853 (s), 2727
(m), 1957 (w), 1907 (w), 1821 (w), 1626 (w), 1596 (m), 1494
(s), 1460 (s), 1415 (m), 1377 (s), 1348 (m), 1317 (m), 1283 (w),
1239 (m), 1191 (s), 1129 (m), 1076 (w), 1033 (m), 975 (m), 945
(m), 920 (m), 828 (m), 770 (m), 693 (s), 667 (s), 436 cm-1. (s).
Anal. Calcd (Found) for LAl4Me10, C56H70Al4O3N2: C, 72.55
(72.73); H, 7.61 (7.51); N, 3.02 (3.08).

X-ray Crystallography. Table 1 lists a summary of crystal
data and collection parameters for all crystallographically
characterized compounds. Table 2 lists selected bond lengths
and angles.

General Procedure. A crystal of appropriate size was
mounted on a glass fiber using Paratone-N oil, transferred to
a Siemens SMART diffractometer/CCD area detector, centered
in the beam (Mo KR; λ ) 0.71073 Å; graphite monochromator),
and cooled to -134(2) °C by a nitrogen-flow low-temperature
apparatus. Preliminary orientation matrix and cell constants
were determined by collection of 60 10-s frames, followed by
spot integration and least-squares refinement. A minimum of
a hemisphere of data was collected using 0.3° ω scans. The
raw data were integrated and the unit cell parameters refined
using SAINT. Data analysis was performed using XPREP.
Absorption correction was applied using SADABS. The data
were corrected for Lorentz and polarization effects, but no
correction for crystal decay was applied. Structure solutions
and refinements were performed on F2 using the SHELXTL
software package.9

Structure of LH2‚Et2O. Crystals of LH2 that were suitable
for X-ray diffraction studies were grown from Et2O at 0 °C.
Preliminary data indicated a primitive orthorhombic cell.
Analysis of the systematic absences of the full data set

suggested the space group P212121 (#19). This choice was
confirmed by the successful solution and refinement of the
structure. Since LH2 was prepared starting from enantiopure
S-proline, the correct enantiomorph of the structure was
chosen by inspection. Since LH2 is a weak anomalous scatterer,
the Flack parameter (-2.6(1.7)) did not refine to an acceptable
value. All non-H atoms were refined anisotropically. Hydro-
gens were placed in idealized positions and were included in
structure factor calculations but were not refined.

Structure of 1. Crystals suitable for X-ray diffraction
studies were grown at 25 °C by vapor diffusion of hexanes into
a C6H6 solution. Preliminary data indicated a primitive
monoclinic cell. Analysis of the systematic absences of the full
data set suggested the space groups P21 (#4) and P21/m (#11).
The choice of the chiral group was expected for 1, and this
was confirmed by the successful solution and refinement of
the structure. The Flack parameter refined to 0.115(5), sug-
gesting that the correct absolute structure was chosen. The
inverted structure gave unacceptable results. All non-H atoms
were refined anisotropically. Hydrogens were placed in ideal-
ized positions and were included in structure factor calcula-
tions but were not refined.

Structure of 2. Crystals suitable for X-ray diffraction
studies were grown at 25 °C by vapor diffusion of hexanes into
a C6H6 solution of 1. Preliminary data indicated a C-centered
orthorhombic cell. Analysis of the systematic absences of the
full data set suggested the space group C2221 (#20). This choice
was confirmed by the successful solution and refinement of
the structure. The Flack parameter refined to 0.074(4),
indicating that the correct absolute structure was chosen. All
non-H atoms were refined anisotropically. Hydrogens were
placed in idealized positions and were included in structure
factor calculations but were not refined.
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