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Treatment of tripodal tris(3-tert-butyl-2-hydroxy-5-methylbenzyl)amine (L) with 1 equiv of trimethylaluminum in toluene
gave the stable proalumatrane (AIL) (1) [wherein L = tris(3-tert-butyl-5-methyl-2-oxidobenzyl)amine] featuring a
distorted trigonal monopyramidal four-coordinate aluminum geometry. An analogous reaction uses the less sterically
congested isomer of L, namely, tris(5-tert-butyl-2-hydroxy-3-methylbenzyl)amine provided dimeric (AIL"), (2) [wherein
L" = tris(5-tert-butyl-3-methyl-2-oxidobenzyl)amine], which contains two bridging alumatrane moieties possessing
five-coordinate TBP aluminum geometries. Reaction of AlL with water provided the adduct H,O-AlL (3), a species
that is representative of a coordinatively stabilized intermediate in the hydrolysis of an aluminum alkoxide. Theoretical
calculations revealed that considerable stabilization energy is obtained by the coordination of a water molecule to
the tetracoordinate aluminum in AlL and that this result is consistent with the postulate that the Lewis acidity of AlL
exceeds that of boron trifluoride, despite the presence of the transannular N—Al bond in AlL.

Introduction trigonal bipyramidal imido and chalcogenido metallatranes
of C3 symmetry® Meyer and co-workers have established
that a Co(l) prometallatrane bearing a nitrogen-anchored
tripodal carbene ligand was able to form a corresponding
cobaltatrane by binding to a dioxygen ligand in a side-on
mannet’ or an imido ligand via a CeN multiple bonds2
Borovik and co-workers have described a TMP Fe(ll)
proferratrane supported by the tripodal tNs(ert-buty-

Prometallatranes and proazametallatranes Grsym-
metric four-coordinate tricyclic metal complexes that possess
a framework of the type M[OJsN or M[NC,]sN, respec-
tively, in which a bridgeheadbridgehead N-M bond is
present and whereixis 2 or 3! Such species in which M
is a transition metal possess an exocyclic fifth coordination

site for activating substrate molecudeand for forming . d X )

. ? i . . " lureaylato)N-ethylaminato ligand, which functioned as a

ligand—metal multiple bonds involving 3d metal orbit&fs® . . .
precursor to a monomeric Fe(lll) ferratrane in which an oxo

Schrock and co-workers have synthesized several promet roup in the fifth coordination site was stabilized inside a
allatranes of this type and have demonstrated that a trigonalg P

monopyramidal (TMP) provanadatrane can readily bind to hydrogzeP -bonding cavity formed b_y_ the three arms of the
: . ' . ligand?®f In contrast to TMP transition-metal prometalla-
a variety of ligands to form, for example, five-coordinate

tranes, the only previous examples of main-group analogues
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ORTEP of compoundl at the 30% probability level with

Figure 1.
hydrogen atoms omitted for clarity. A set of disordered oxygen and carbon
atoms were also omitted for clarity.

that have been reported are8 transannulated proboratrane
B(OCH,CH,)3N;® three examples of group 13 proazatranes
reported from our laboratoriés)amely, [B(RNCHCH,)3N]

(R = Me, SiMe&;) and [Al(MesSINCH,CH,)3N]; and many
examples of proazaphosphatranes of the type P(RNCH
CH,)3N.2 Five-coordinate main-group atranes, including some
examples of phosphatrantsalumatrane$;® azaphospha-
tranes’ silatranes;'* 13 and azasilatrané$,have received
intensive synthetic and structural scrutiny. Notably absent
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Figure 2. ORTEP of compoun® at the 50% probability level with
hydrogen atoms omitted for clarity.

substrate to generate a pentacoordinate Lewis—diade
adduct that functions as an intermediate in an aluminum-
catalyzed ketenealdehyde cycloaddition reaction, whereas
the parent tetrahedral aluminum complex is completely
inactive in this process. We envisioned that by analogy, a
TMP proalumatrane could function as a Lewis acid catalyst
for facilitating the transformation of a substrate bound at its
exocyclic fifth coordination site. Recently, we reported the
syntheses of a series of five-coordinate alumatranes derived

from the main-group proatrane/atrane class, however, is a%om a TBP alumatrane dimer supported by a tris(3,5-

example of a proalumatrane.
By employing theoretical calculations on a model TMP

dimethyl-2-oxidobenzyl)amine ligarid® Herein, we report
for the first time the synthesis and molecular structure of

prosilatrane, Kawashima and co-workers predicted that themonomeric proa|umatran]3’ which features a TMP coor-

silicon atom in this coordination environment would have
strong Lewis acidity and would readily accept a fifth ligand
to form a stable trigonal bipyramidal (TBP) silatrane
structure*® Recently, Nelson and co-workétdiave shown
that a TMP aluminum complex readily accepts a Lewis-basic
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3925.

(8) (a) Verkade, J. GTop. Curr. Chem2002 223 1. (b) Verkade, J. G.;
Kisanga, B. P.Tetrahedron2003 59, 7819. (c) Verkade, J. G;
Kisanga, B. PAldrichimica Acta2004 37, 3.

(9) (a) Timosheva, N. V.; Chandrasekaran, R.; Day, O.; Holmes, B. R.
Am. Chem. SoQ002 124, 7035. (b) Chandrasekaran, R.; Day, O.;
Holmes, R. RInorg. Chem 200Q 39, 5683. (c) Timosheva, N. V.;
Chandrasekaran, R.; Holmes, R.IRorg. Chem 2004 43, 7403.

(10) (a) Kim, Y.; Verkade, J. Gnorg. Chem2003 42, 4804. (b) Su, W.;
Kim, Y.; Ellern, A.; Guzei, |. A.; Verkade, J. GI. Am. Chem. Soc
2006 128 13727..

(11) (a) Timosheva, N. V.; Chandrasekaran, R.; Day, O.; Holmes, R. R.
Organometallics200Q 19, 5614. (b) Chandrasekaran, R.; Day, O.;
Holmes, R. RJ. Am. Chem. So€00Q 122 1066. (c) Timosheva, N.
V.; Chandrasekaran, R.; Day, O.; Holmes, RCRganometallic001,

20, 2331.

(12) Garant, R. J.; Daniels, L. M.; Das, S. K.; Janakiraman, M. N.; Jacobson,
R. A.; Verkade, J. GJ. Am. Chem. S0d 991, 113 5728.

(13) Kobayashi, J.; Kawaguchi, K.; Kawashima JTAm. Chem. So2004
126, 16318.

(14) (a) Gudat, D.; Daniels, L. M.; Verkade, J. & Am. Chem. S04989
111, 8520. (b) Gudat, D.; Daniels, L. M.; Verkade, J. @Grganome-
tallics 199Q 9, 1464. (c) Woning, J.; Daniels, L. M.; Verkade, J. G.
J. Am. Chem. S0d.99Q 112, 4601.

7954 Inorganic Chemistry, Vol. 46, No. 19, 2007

dination geometry (Figure 1), related dimeric alumatrane
(Figure 2), and isolable stable Lewis addagt,O (3).

t-Bu

t-BuUX Bu-t
t-Bu t-Bu B N
O\)\Bu-t \@E/o\\l t-Bu OHy gy
O\AI:O s W/\O_AFO T’O\)\Bu-t
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Results and Discussion

In previous work, we found that the reaction of tris(2-
hydroxy-3,5-dimethylbenzyl)amine with 1 equiv of trim-
ethylamine gave a TBP alumatrane dimer consisting of two
proalumatrane units bridged by two-AD bonds, which was
readily converted into TBP monomeric alumatranes via
coordination to other ligand€® These observations suggested
to us that an appropriately bulky tripodal ligand could be
expected to stabilize a coordinatively unsaturated aluminum
center in the corresponding proalumatrane. This was ac-
complished by replacing the methyl groups at the 3-positions
of tris(2-hydroxy-3,5-dimethylbenzyl)amiffawith tert-butyl
groups. Accordingly, tris(3ert-butyl-2-hydroxy-5-methyl-

(15) Nelson, S. G.; Kim, B.-K.; Peelen, T. J. Am. Chem. So200Q
122 9318.
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benzyl)amine 4, initially reported by Holmes and co- transannular bond [2.028(8) A] i compared to that
workersti¢ was synthesized for this purpose. in 6 [2.083(3) A]. This effect could be attributed to the

Treatment of4 with 1 equiv of trimethylaluminum in proximity of the electron-donatingBu groups in2 to the
toluene at room temperature for 3 h, followed by the removal nitrogen (the donor properties of which exceed those of the
of the solvent, afforded as an off-white solid whoséH methyl groups in6) thus enhancing the ability of the latter
NMR and®*C NMR spectra showed three equivalent benzene to transannulate to the aluminum &f The longer bridging
rings, reflecting the 3-fold symmetry df The very broad  Al—O bonds permit the NAI—Oayq angle [161.8(3)] in 2
peak assigned to methylene protons observed HitdMR to be considerably larger than that6n141.41(13}] thus
spectrum is attributed to the slow conformational inversion allowing the coordination geometry around each Al center
of the six-membered rings on the NMR time scale. Single in 2 to approach ideal TBP geometry more closely than
crystals of 1 suitable for X-ray study were obtained by in 6.

cooling a concentrated solution of this compound in toluene | gn attempt to grow crystals afby evaporating pentane
(2 mmol of 1 in 4 mL of toluene) for several days. The (godium dried) from a pentane solution biusing a slow
molecular structure ol depicted in Figure 1 reveals an oy of argon, sufficient adventitious water was apparently
aluminum atom coordinated by the three oxygen atoms andg;jj| present to facilitate the deposition of colorless crystals

one nitrogen atom of ligandiin a TMP configuration. Asa ot 4qduct3. This adduct was also obtained from the reaction
result of the flexibility of the six-membered rings in the of 1 with 1 equiv of water in CHCl,. The structure o8

three oxygen atoms and the carbon atoms of the threeygapished by X-ray crystallographic analysis, showed that
methylene groups are disordered. Although this disorder . y 4 drap ySIS,

. . ) n addition to the apically coordinated water molecule, four
precludes a detailed discussion of the bond angles aroun4 picaty

the alumi tom i the data d it firmati ¢ ree water molecules were incorporated into the unit cell.
€ aluminum atom 1L, the data do permit confirmation ot a4 rgination geometry around the aluminum3ins
the atom connectivities in the molecular structure. The

L nearly ideally TBP. The transannular bond distance3in
average A0 bond length [1.712(5) A] irL is similar to :
that in the TBP alumatranB.’%® As expected, the NAl [2.081(2) A] is somewhat longer than that 2i[2.028(8)

transannular bond id is significantly shorter than that in A]. The average value of the@-Al—N angle of 92.39-

alumatrane5 [1.921(5) A vs 2.083(3) A] owing to the (10y in 3 indicates a slight d|splacgment of the aluminum
. NS . atom from the plane of the equatorial oxygen atoms toward
absence of a liganttans to the axial nitrogen atom id.

a . the nitrogen. The Qica—Al—N angle [176.47(10] is nearly
The Al-O bonds inl are shorter by about 0.2 A than the linear, the QuuatorarAl —Ocquatorbond angles are 118.77-

Al=N bond. (10), 119.95(11), and 120.77(21)espectively, and the sum
e . of the latter is 359.49 *H NMR and**C NMR spectra o8
f e o Oty are consistent with a 3-fold symmetry of this adduct,
O—Al‘o\)\ RS t S . .
ok h TA?"?' o /@T:g\)\ indicating that the coordinated water molecule rapidly rotates
; : /@C?"\%v\\)/‘\ N— A, around its A-Oqpica bond on the NMR time scale. NMR
:‘/L“ 7 monitoring of a solution o8 under argon in CDGIshowed

stability for at least 1 week.

Although it is conceivable that steric congestion in ligand ~ The bond lengths and bond angles involving the aluminum
4 could result in the formation of ring-opened species or the center in7 are within three times the estimated standard
coexistence of such species in equilibrium witm solution ~ deviation of the corresponding parameters 3n X-ray
at room temperature (as was reported for an ana|ogousanalysis revealed thatis a dimer linked by a hydrogen bond
phosphatrarfd), the 1H and 3C NMR spectra ofl were between a water ligand of one alumatrane unit and an
consistent withC; symmetry, and no ring-opened species aryloxide oxygen atom in a neighboring alumatrane tit.
were detected. This intermolecular hydrogen bond could provide a proton-

As we reported previoushf® alumatrane dime precipi- transfer route from a water ligand to an aryloxy oxygen in
tated from the reaction medium and was poorly soluble in a @ neighboring molecule &f, thus facilitating decomposition/
range of organic solvents. By reacting the sterically less hydrolysis. By contrast, the solid-state structure3afoes
demanding isomer &f [namely tris(5tert-butyl-2-hydroxy- not possess such an intermolecular hydrogen bond, owing
3-methylbenzyl)amine in which the bulkiert-butyl and  to the presence of bulkiert-butyl groups. Blockage of this
methyl groups on each phenyl ring are interchanged] with 1 type of proton transfer i8 may account for its stable nature
equiv of trimethylaluminum in toluene at room temperature, atroom temperature, despite the enhancement of the acidity
the tert-butyl groups at the 5-position of each phenyl ring of the water ligand coordinated to the Lewis-acidic alumi-
provided good organic solvent solubility f@r The dimeric num. An alternative proton-transfer process could involve
structure of 2 was confirmed by X-ray analysis. It is additional water molecules that bridge, via intermolecular
interesting that although the core structurea$ similar to hydrogen bonding, a proton donor on a ligating water
that of 6, there are significant differences in some of the molecule (i.e., on the Al atom iB) to a proton acceptor
corresponding bond lengths and bond angles. The apical(here, an aryloxide oxygen atom) for proton delivéty.
Al—0 bond of2 [1.930(6) A] is significantly longer than ~ Whereas’ underwent hydrolysis in the presence of water at
that in 6 [1.888(3) A], giving rise to a shorter -NAI room temperature to yield an aluminum cluster containing

Inorganic Chemistry, Vol. 46, No. 19, 2007 7955



Figure 3. ORTEP of compound at the 50% probability level with
hydrogen atoms omitted for clarity.

aluminum hydroxide moietie$® treatment of3 with a
saturated solution of water in GBI, at room-temperature

did not lead to detectable hydrolysis. Noteworthy here is the

fact that even thougB cocrystallizes with water molecules
in the unit cell, none of them are hydrogen bondedto
presumably owing to the steric shielding of ttert-butyl
groups.

Water-coordinated alumatrang@gnd?7 model intermedi-

Su et al.
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Figure 4. Selected bond lengths (angstroms) and angles (degrees) of model
compounds3 and9.

In an attempt to gain an idea of the Lewis acidity of
tetracoordinatel, DFT calculations were performed at the
B3LYP level® using the Gaussian03 packajd.o reduce
computation time, model compoun@sand 9 containing
olefinic bridges instead of benzene rings were employed.

\O‘ H
o—Alg““gw 0—Al \““gw
| |
Q/T J Q/T\jl
N—— N——
8 9

Structural optimizations were performed with the 6-31G(d)

ates in the hydrolysis pathways of aluminum salts, an basis set withCz symmetry for tetracoordinat8 and C,

important route to the synthesis of porous and nanosizedSymmetry for water-coordinate?l Optimized bond lengths
materialsi® For a metal alkoxide or halide, this reaction and bond angles are summarized in Figure 4. The @
sequence is proposed to be initiated by the nucleophilic attackbond lengths (1.755 A) and the AN bond length (1.991
of water at the metal center, followed by proton migration A) qalpulated for8 match those for structurally determined
from coordinating water molecules to leaving groups (for 1 Within 0.07 A. The N-Al—0 bond angles calculated for
the formation of HOR or HX, respectively) plus metal 8 Were 103.15 the O-Al—O bond angles were 114.99

hydroxide!” The latter product then undergoes polyconden- ?_?]d the Slfm of the OAl _b(I) blond anﬂles was 34;1&2‘7
sation to yield the corresponding metal oxide. The initial th esle; angies ?rg_ readsona y close to those expectadrior
attack of water at the metal center is expected to involve € absence of disorder.

the temporary formation of a water-coordinated intermediate The calculated transannular AN bond length in9 was
porary ' 2.093 A, and the equatorial A0 bond lengths were 1.768,

Because subsequent steps are apparently too fast to S8 793 and 1.794 A on the basis of B structure (avg=

hydrolysis at the water-coordinated intermediate stage, no, 785,,&) The bond lengths around the aluminum ator® in
such complex has, to our knowledge, been reported for a6 yithin 0.04 A of the experimental values obtainedor
stable water-coordinated neutral aluminum alkoxide. In this .+ the exception of the apical AlO bond length (2.064

regard, however, Kawashima and co-workers did recently &) \hich was 0.1 A longer than that B Calculated values
report a water-coordinated carbasilatrane which models an

intermediate in the hydrolysis of alkoxysilangs.
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1.153 eV calculations are consistent with the suggestion thét a
stronger Lewis acid than BFExperiments are underway to
2068ev evaluate the activity of compounds suchl&da Lewis-acid-
Ns—‘p{\ catalyzed organic reactions.
\\\O’,'AI—O 7 4812eV Experimental Section
€ “\ “»—ﬂ— General. All of the reactions were carried out under argon with,
\\_7_867 ev// Np the strict exclusion of moisture using Schlenk techniques, unless

\

\ Y OH otherwise stated. Toluene and pentane were distilled from sodium/
+’ HO .. J]/ OH benzophenone under nitrogen, and,CHwas dried by distillation
0- A0 \\\\/ N'\"J from Cah. All of the deuterated solvents and ethylenediamine were
+‘0} distilled from CaH and stored over activade8 A molecular sieves
Q/ NJ‘ under argon. Tris(3ert-butyl-2-hydroxy-5-methylbenzyl)amine was
) ) ) prepared according to a published proceddtéther chemicals
Figure 5. Energy diagram of tetracoordinate proalumatréne were obtained from Aldrich and used as receivétINMR spectra

and 3C NMR spectra were recorded on a Varian Gemini-300

. . . spectrometer at 300 MHz and 75.5 MHz, respectively. Elemental
for the Quica—Al—N bond angle (174.09, the Ququatoriar analyses were carried out by Desert Analytics or by Instrument

Al ~Ocquawriaond angles (117.52, ];19'89’ and 1;[9?9&nd Services of this department. Single-crystal X-ray diffraction data
the sum of the latter angles (357°35n 9 are within 2.5 ere collected under Nlow at —100°C on a Bruker 1000 CCD
degrees of the corresponding angles3ifiL76.47, 118.77-  ({iffractometer.
(10), 119.95(11), 120.77(11), and 359 Afespectively]. Synthesis of AlL (L = Tris(3-tert-butyl-5-methyl-2-oxidoben-
Because olefinic model compoun@isand 9 appeared to  zyl)amine) 1. To a solution of 1.090 g of tris(2-hydroxy-@rt-
mimic quite well the structures df and3, respectively, the  butyl-5-methylbenzyl)amiriée (2.000 mmol) in 20 mL of toluene
stabilization energy achieved upon the addition of a water was slowly added 1 mLfaa 2 M toluene solution of trimethyla-
molecule tol to form 3 was of interest to calculate on the luminum (2 mmol) via a syringe. The room-temperature reaction
basis of the aquation & to give 9. Upon the app"cation of mixture was stirred fo3 h togenerate a |Ight-ye||0W solution. The
a frequency analysis with zero-point energy correctios to solvent was evaporate_d from this solution unde_r redu_ced pressure
and9, proalumatrand is stabilized by 17.29 kcal/mol upon 0 afford 1.140 g ofl (yield: 100%) as an off-white solid. Single
aquation to gives. By contrast, BFacquires a stabilization crystals suitable for X-ray diffraction were obtained by storing a

f onlv 9.41 keal/mol in thi t th | | of concentrated solution df in toluene (2 mmol ofl in 4 mL of
ofonly 9.41 kcalimol in this process at the same 1evel ol ) ene) 1H NMR (300 MHz, GDg): 0 7.20 (s, 3HAT), 6.39 (s,

theory. _ _ _ 3H, Ar), 3.16 (b, 6H, ArGi;N), 2.22 (s, 9H, ArCls), 1.58 (s, 27H,
The aluminum 3porbital and the nitrogen 2&f# lone- C(CHa)3). 3C NMR (75 MHz, GDq): 0 155.12 (Ar); 139.37 (Ar);
pair orbital correspond to the LUMEB (1.153 eV) and the  128.70 (Ar); 128.60 (Ar); 126.98 (Ar); 122.03 (Ar); 57.74
HOMO—-3 (—7.867 eV) molecular orbitals, respectively (ArCH,N); 34.99 (AIC(CHsa)s); 29.75 (ArCCHs)3); 20.87 (AICHs).
(Figure 5). The energy of the aluminum  3pbital in 8 is Anal. Calcd forl, CseHisAINO3: C, 75.89; H, 8.49; N, 2.46.
elevated above that calculated for trivinyloxyalanre? (068 Found: C, 75.49; H, 8.02; N, 2.37.
eV); whereas, the nitrogen lone-pair energgis decreased Synthesis of Tris(5tert-butyl-2-hydroxy-3-methylbenzyl)-
from —4.812 eV in trishydroxypropenylamine t67.867 eV. amine. This compound was made analogously to the procedure
The relatively high aluminum 3porbital energy indicates ~ reported for the synthesis of tris(8t-butyl-2-hydroxy-5-
that the Lewis acidity of the aluminum center Biis methylbenzyl)amin€« except that chromatography was used for
weakened throughNAl transannulation. Even so, the large product |solat|on._ _The material generated from this reaction was
e . L . loaded onto a silicon gel column and-%0% ethyl acetate in
stabilization energy achieved by aquatiorSirs consistent

. . . hexanes was used as the eluent. Fractions containing the desired
with the postulate that proalumatraes a stronger Lewis product were collected and then concentrated to about 20 mL.

acid than boron trifluoride. The concentrated solution was stored-&0 °C to afford an off-
white crystalline solid, which was washed with ethanol and air-
dried (yield: 7.5 g, 33.3%)H NMR (300 MHz, CDC}): ¢ 7.07

In summary, we have demonstrated that steric hindrance(s, 3H, Ar), 6.97 (s, 3H,Ar), 6.36 (b, 3H, OH), 3.69 (s, 6H,
near the vacant fifth coordination site of aluminumin  ArCHaN), 2.23 (s, 9H, ArCH), 1.28 (s, C(CH);, 27H).**C NMR
permits its isolation as a monomeric TMP proalumatrane, (75 MHz, CDCk): 6 151.38 (Ar); 142.69 (Ar); 127.86 (Ar);
whereas the use of a less-hindered isomeric tetradentate%pz\r‘r’é‘(sgé'?r))f ;f‘ééz?A(r’éréHl)Z;i% EtAsr)(;/s\5|C6H6)4 )(fn;'f'\g;ijfl;
ligand gives the five-coordinate dimer bfnamely2, which C36H51NO33? ,C, 70.22: H, 9.4323; N oes FounZI: C. 79.26: H. 9.38;
contains two alumatrane units. Proalumatrahen the N 259
presence of water gives the isolable TBP add,dhe first '

| bl di d | alumi Synthesis of (AlL), (L = Tris(5-tert-butyl-3-methyl-2-oxido-
example of a stable water-coordinated neutral aluminum benzyl)amine) 2.To a solution of 1.090 g of tris(fert-butyl-2-

alkoxide. The stability o8 with respect to hydrolysis relative  pyqroxy-3-methylbenzyl)amine (2.000 mmol) in 20 mL of toluene

Conclusion

to 7 stems from_ steric prOteCt_ior'{ z?‘lfforded b}’ bu!t@’"t' was slowly added 1 mLfoa 2 M toluene solution of trimethyla-
butyl groups, which apparently inhibit proton migration from  juminum (2 mmol) via a syringe at room temperature. The reaction
a water molecule to the ArylO—Al oxygen in 3. DFT mixture was stirred fo5 h togenerate a light-yellow solution. The
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Table 1. Crystal Data forl, 2, 2, and3

Su et al.

compound
cryst data 1 2 2 3
formula G;aH48A|N03 C36H112A|2N206 C86H112A|2N206 C36H52A|N05
fw 569.73 1323.74 1323.74 605.77
cryst habit colorless cubes colorless block colorless needle colorless cubes

cryst size (mrf)

0.20x 0.10x 0.10

0.30x 0.26x 0.23

0.30x 0.10x 0.07

0.30x 0.30x 0.15

unit cell orthorhombic monoclinic orthorhombic monoclinic
space group Cm2; C2lc Pbcn Ru/c

a 17.616(3) 25.550(10) 26.105(5) 13.702(4)
b 22.889(3) 12.363(4) 12.446(3) 11.208(3)
c 9.5032(13) 26.166(8) 24.267(5) 23.007(7)
B (deg) 90 106.023(10) 90 90.944(5)
V (A3) 3831.9(9) 7944(5) 7884(3) 3532.7(17)
T(°C) 193 193 173 173

z 4 4 4 4

Pealed (g M 3) 0.988 1.107 1.115 1.139

u (Mo Ko) (mm™1) 0.082 0.088 0.089 0.097
F(000) 1232 2864 2864 1312

total reflns 12 477 25239 25 239 19 262
independent 2865 9377 3111 4305

reflns

params 232 450 405 412

Rlobs 0.0730 0.0797 0.0924 0.0456
WR2gps 0.1937 0.1811 0.2529 0.1136
Ry 0.0847 0.1926 0.1247 0.0718
WR2y 0.2015 0.2439 0.2753 0.1263
GOF 1.236 0.975 1.041 1.063

diff. density max/min (e A3) 0.281+0.218 0.567+.535 1.219+0.725 0.209+-0.283

aUp to h(-=19/19), k(-25/25), I(-10/10) measured in a range of 1346 @ < 23.25. P Up to h(-33/32), k(-16/15), I(-34/34) measured in a range of
1.56° < © < 18.85.¢ Up to h(-23/23), k(-9/11), I(—20/22) measured in a range of 1°56 © < 18.85. 9 Up to h(—~14/14), k(-11/11), I(-24/24) measured

in a range of 2.02< © < 21.9%4.

solvent was evaporated from this solution under reduced pressure5.03 cm. The initial cell constants were obtained from three series

to afford 1.138 g o (yield: 100%) as an off-white solid. Single
crystals suitable for X-ray diffraction were obtained by storing a
concentrated solution d in toluene (2 mmol of2 in 6 mL of
toluene). Because of very broad overlapped proton peaks from 2.2
to 6.1 ppm (assigned to the methylene groups), cleANMR
spectra could not be obtained even at®&80*C NMR (75 MHz,
CsDe): 0 152.60 (Ar); 152.55 (Ar); 141.33 (Ar); 137.70 (Ar);
129.14 (Ar); 128.38 (Ar); 127.99 (Ar); 127.75 (Ar); 127.70 (Ar);
125.51(Ar); 124.45 (Ar); 123.43 (Ar); 123.41(Ar); 123.39 (Ar);
123.37 (Ar); 121.36 (Ar); 59.70 (ABH2N); 33.88 (AIC(CHa)s);
31.74 (ArCCHg)s); 21.29 (AICH3). Anal. Calcd for2, CrHoe
AloN,Os: C, 75.89; H, 8.49; N, 2.46. Found: C, 75.94; H, 8.26;
N, 2.58.

Synthesis of HO-AIL Adduct 3. A —20 °C solution of water
(18 mg, 1.0 mmol) in 70 mL of CKCl, was added to a flask
containing 570 mg (1.00 mmol) df. The reaction mixture was
slowly warmed to room temperature with stirring, and then it was
stirred at room temperature rf h to generate a light-yellow
solution. The solvent was evaporated from this solution under
reduced pressure to afford 584 mg ®f{99% vyield) as an off-
white solid. Single crystals suitable for X-ray diffraction were
obtained from a solution d in pentane maintained under a slow
argon flow for 3 days!H NMR (300 MHz, CDC}): 6 7.00 (s,
3H, Ar), 6.67 (s, 3HAT), 4.22 (b, 3H, ArGi;N), 3.56 (b, 2H, A~
OHy), 2.85 (b, 3H, ArG,N); 2.23 (s, 9H, ArG3); 1.40(s, 27H,
C(CHg)3). 13C NMR (75 MHz, CDC}): 6 155.06 (Ar); 137.82 (Ar);
127.93 (Ar); 127.48 (Ar); 124.29 (Ar); 125.87 (Ar); 122.11 (Ar);
58.64 (AICH,N); 34.81 (AIC(CHs)s); 29.72 (ArC(CHs)s); 21.01
(ArCHs). Anal. Calcd for3, CzeHspAINO4: C, 73.56; H, 8.57; N,
2.38. Found: C, 73.40; H, 8.88; N, 2.23.

Crystallographic Studies.Crystal evaluation and data collection
were performed on a Bruker CCD-1000 diffractometer with Mo
Ko (4 = 0.71073 A) radiation and a detector-to-crystal distance of
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of w scans at different starting angles. The final cell constants were
calculated from a set of 946 strong reflections from the actual data
collection. All of the structures were solved using direct methods.
Non-hydrogen atoms were refined in full-matrix anisotropic ap-
proximation. Hydrogen atoms were placed at the calculated
positions and were refined using a riding model. All attempts to
crystallize 1, 2, 2' (below), and3 led to small, unstable, and
extremely solvent-dependent crystals. The actual resolution of the
data obtained is limited to 0:91.1 A. However, the X-ray analyses
(even on the basis of high-angle reflections) prove unambiguously
the molecular and crystal structure of all of the samples. Atomic
coordinates, bond lengths and angles, and anisotropic parameters
have been deposited with the Cambridge Crystallographic Data
Center (CCDC 611313611316). Crystal data fdt, 2, 2', and3

are summarized in Table 1. The disorder of O and C atoms
within the asymmetric unit ol together with the mirror plane of

the space group led to a highly disordered model. It can be described
as a disorder of two shifted configurations around the 3-fold axis.
The electron densities in the voids definitely indicated the existence
of the solvent in the crystal structure; however, all of the attempts
to locate molecules of the only two possible solvents (toluene and
hexanes) resulted in unstable refinement. All of the attempts to
refine H atoms on theoretically calculated positions led to unstable
refinement. Therefore, the SQUEEZE routine from the PLATON
software package was used to treat the diffuse-solvent problem.
After the SQUEEZE routine was applied, final least-squares
refinement of 232 parameters against 2865 independent reflections
converged to R (on the basis Bf? for | = 2¢) and wR (on the
basis ofF 2 for | > 20) of 0.073 and 0.205, respectively.

Crystal structures of two polymorphs ®fnith toluene molecules
have been determined. Both substances were extremely unstable
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and solvent dependent. In both structures, one toluene molecule Supporting Information Available: Table of atomic coordina-
was found per half of a cluster. tion, anisotropic thermal parameters, and bond lengths and angles
for 1, 2, 2, and3 (CIF). This material is available free of charge
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