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Conformation of Heterocycles Controlled by the Existence of Unusual €EH---X Hydrogen
Bonds: Syntheses and Structure Determination of Aluminum Aryloxides
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The reactions of AlMgin diethyl ether with 1 molar equiv of 2;2nethylenebis(4-methyl-ért-butylphenol)
(MMBP-Hy), 2,2-methylenebis(4,6-diert-butylphenol) (MDBP-H), and 2,2-ethylidenebis(4,6-diert-butylphenol)
(EDBP-H,) afford series of four-coordinate monomeric aluminum aryloxides, MeAIOXOE®L), 1—3 (1, (O~0)

= MMBP; 2, (O~0) = MDBP; 3, (O~0) = EDBP). In THF, 1 molar equiv of EDBP-Hfeacts with AlMg to

provide the THF-coordinated complex MeAl(EDBP)(THE)However, in the absence of a coordinating solvent,

the reaction of EDBP-Kwith AlMe3 yields the dimeric complex [MeAl(-EDBP)L (5). Complex5 further reacts

with E4NCI, E4NBr, and PRPO to afford the corresponding monomeric ionic complexNEHMeAl(EDBP)-

(X)] (6, X = CI; 7, X = Br) and the neutral complex [MeAl(EDBP)&EPPh)] (8), respectively. Complexek

2, 4 and6—8 are subjected to X-ray structure analyses, and the solid state structures reveal that the conformations
of the eight-membered heterocycles are governed by the formation of the unusHai-K hydrogen bonds.

Introduction

Since the discovery of the-€H---O hydrogen bond by Sutor

in 19631 C—H---X hydrogen bonds have been postulated to
stabilize the geometries of many organic and inorganic com-
pounds in the solid stafg-or example, the importance of-E-

--O hydrogen bond interactions in aligning molecules of 1,3,5-
trinitrobenzene has been examined by Desiraju €€Caimpounds
2,2-methylenebis(4,6-diert-butylphenol) (MDBP-H), 2,2-
methylenebis(4-methyl-&rt-butylphenol (MMBP-H), and 2,2
ethylidenebis(4,6-diert-butylphenol) (EDBP-H) have the po-

erocycles have been extensively reviewed by Moore and’Anet
in which the boat-chair (BC) conformation has been found in
the phosphocin ring systefn.

In order to further explore the geometries and reactivities of
aluminum aryloxides, we report herein our results on the
syntheses of a series of four-coordinate monomeric or dimeric
aluminum aryloxides from the reactions of diaryl alcohol, such
as MMBP-H,, MDBP-H,, or EDBP-H, with aluminum alkyls.

In this study, it is interesting to note that the conformations of
eight-membered heterocycles as well as the geometries of the
aluminum center are controlled by the existence of the unusual

tential to form eight-membered heterocycles in which the c_p...x hydrogen bond.

phosphorus derivatives of MDBP and EDBP have been reported

extensively in the literature as stabilizers for polymeric sub-
stanced. Our recent interest has been directed toward the

preparation and use of aluminum derivatives as Lewis acids

for various reactions such as Diel8lder reactions, ring-
opening polymerization, efcThe existence of the €H---O
hydrogen bond in [AI(MMBP)X(S)] and [AI(MDBP)X(S)]
systems has been obsenfestudy about the factors governing
the geometry of aluminum in the heterocycles still remains

Results and Discussion

Synthesis and Spectroscopic StudiesThe reactions of
AlMe; with 1 equivalent of 2,2methylenebis(4-methyl-€ert-
butylphenol) (MMBP-H) or 2,2-methylenebis(4,6-diert-bu-
tylphenol) (MDBP-H) in diethyl ether afford monomeric four-
coordinated compoundk and2 in moderate to high yield as
shown in Scheme 1. For compoutidthe 'H NMR spectrum

interesting, though the conformations of eight-membered het- Shows one set of resonances for the methyl &mttbutyl

(1) Sutor, D. JJ. Chem. Soc1963 1105.

(2) (a) Taylor, R.; Kennard, Ql. Am. Chem. S0d.982 104, 5063. (b)
Desiraju, G. R.Acc. Chem. Resl991 24, 290. (c) Jeffrey, G. A,;
Maluszynska, HInt. J. Biol. Macromol.1982 4, 173. (d) Suzuki, T.;
Fujii, H.; Miyashi, T.J. Org. Chem1992 57, 6744. (e) Davidson,
M. G.; Lambert, C.; Lopez-Solera, |.; Raithby, P. R.; SnaithlrRrg.
Chem.1995 34, 3765.

(3) Biradha, K.; Sharma, C. V. K.; Panneerselvam, K.; Shimoni, L.;
Carrell, H. L.; Zacharias, D. E.; Desiraju G. R.Chem. Soc., Chem.
Commun.1993 1473.

(4) (a) Prakasha, T. K.; Day, R. O.; Holmes, R.IRorg. Chem.1992
31, 725. (b) Pastor, S. D.; Spivack, J. D.Heterocyclic Chenl983
20, 1311.

(5) (a) Ko, B. T.; Wang, F. C.; Sun, Y. L.; Lin, C. H,; Lin, C. C.; Kuo C.
Y. Polyhedron1998 17, 4237. (b) Lin, C. H.; Ko, B. T.; Sun, Y. L.;
Lin, C. C.; Kuo, C. YJ. Organomet. Cheni999 575, 67. (c) Ko, B.
T.; Lin, C. C. Macromoleculesl999 32, 8296.

(6) Lin, C. H.; Yan, L. F.; Wang, F. C.; Sun, Y.-L.; Lin, C. CL
Organomet. Cheml999 587, 153-161.

substituents on the phenyl rings at2.25 and 1.37 ppm,
respectively. Similarly, one set of two resonances for the two
hydrogens on both aryl moieties was observed & 06 and
6.91 ppm. These observations suggest that these two aryl
moieties are equivalent. However, the two hydrogens in the
bridging methylene (C-7) are observed to be magneticaly
nonequivalent with théH chemical shifts at 4.05 and 3.37
ppm, and théJyy value of 13.6 Hz is similar to the one reported
for the trivalent phosphorus compounds of MDBP. To account
for this observation, among the five different conformations as
shown in Figure 1, only the BC conformation results with the
nonequivalence of the two methylene hydrogens. Nonequivalent

(7) Moore, J. A.; Anet, F. A. L. IComprehenske Heterocyclic Chemistry
Lwowshi, W., Ed.; Pergamon Press: Oxford, 1984; Vol. 7, pp-653
707.

(8) Pastor, S. D.; Spivack, J. D. Heterocyclic Chem1991, 28, 1561.
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Figure 1. Five possible conformations of eight-membered rings. . SCH3 tp
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2 2 THF Al—CH,
But ?3‘10 tBu Hf:?l\o/\o By
THF \CHJ Q O
4 Bu” “Bu
2 NEt, X 5
2 NEt,Cl|CH,Cl, 42 0=PPh, | CH,C1,
methylene hydrogens are observed also for compduwith Lt SCHy eps ©) . JCH3
the 'H NMR chemical shifts at) 4.08 and 3.43 ppm. In order " O O BuN_= Bu
to distinguish the two methylene hydrogens and the two aryl (NEE,]* \/
hydrogens (H(3) and H(5)) spectroscopically, a nuclear Over- Bu O\,O tBu ‘ 2 g Q -
hauser effect difference spectroscopy experiment was performed A " }l’
on compounc by irradiating the 3.43 ppm resonance. The NOE X CH; } u J \0~pph
spectrum does show positive hydrogen signals & 28 and 6: X = Cl; 7: X = Br } 8 e
4.08 ppm indicating that the hydrogens with the chemical shift
ato 7.28 ppm are located in closer proximity to the hydrogen Chart 1
atom with the chemical shift @ 3.43 ppm. On the basis of the R
“Bu *Bu

metal center but is close to H(5) and H(9) with the resonance

ato 7.28 ppm. Accordingly, the peak at4.08 ppm is assigned

to Ha and the peak ab 7.13 ppm to H(3) and H(11).
2,2-Ethylidenebis(4,6-dtert-butylphenol) (EDBP-H) reacts

with AlMe3 in coordinating solvent such as Bt or THF to

afford a solvent-coordinated monomeric compound [AI(EDBP)-

(Me)(ERO)] (3) or [AI(EDBP)(Me)(THF)] (4) (Scheme 2).

labeled structure (Scheme 1), the peak &43 is assigned to R
the methylene hydrogengHivhich is distanced away from the \q

However, the reactions of EDBP;Hvith AIMe3 in noncoor- syn- anti-
dinating solvents like hexane give the dimeric complex fAl(
EDBP)(Me)p (5). It is found that compounds is slowly that each asymmetric unit contains two independent molecules.

dissolved in E£O to give compound, whereas reacts rapidly  The geometry around Al for compourids distorted tetrahedral
with 2 molar equiv of THF to yield the monomeric compound \yith the averaged bond distances of4)(1) (phenoxy) at

4. On treatment of_compouriﬁlwith 2 molar eq.uiv of EINCI, . 1.708(5) A, AFO(2) (phenoxy) at 1.701(5) A, AIO(3)
ELNBr, or PhPO in CHCly, the corresponding monomeric  (ethereal) at 1.882(5) A, and AIC(31) at 1.926(7) A, which
ionic compound [EN][AI(EDBP)(Me)X] (6, X = CI; 7, X = are all compatible with the bond lengths observed for four-
Br) or the neutral compound [AI(EDBP)(Me)(OPFh(8) is coordinate aluminum steric bulky phenoxide derivati¥@he
obtained. Compound3-8 are moisture sensitive, and théf ether molecule coordinated on Al is disordered with two
NMR data are listed in Table 1. Th¢l NMR data of3-5 positions for each carbon atom. The site occupancy is refined
reveal only one set of peaks. However, two sets of resonancesyg 3 fraction of 0.5 for each position.

are observed for compoun@s7, and8 with a relative ratio of It is worth noting that one of the methylene hydrogens H(7A),

2:1 for 6 and 3:1 for7 and8, indicating the presence of two  hich is located from the successive Fourier calculations, is
geometric isomers for compoun@s?7, and8 (shown in Chart

1). (9) (a) Shreve, A. P.; Mulhaupt, R.; Fultz, W.; Calabrese, J.; Robbins,
Molecular Structures of 1 and 2.The molecular structures W.; lttel, S. D. Organometallics1988 7, 409. (b) Healy, W. D.;
of 1 and2 are shown in Figure 2. The selected bond distances ~ Wierda, D. A; Barron, A. ROrganometallics.988 7, 2543, (c) Healy,

. . M. D.; Ziller, J. W.; Barron, A. R.J. Am. Chem. Sod99Q 112
and bond angles ofl and 2 are summarized in Table 2. 2949. (d) Schulz, S.; Roesky, H. W.; Noltemeyer, M.; Schmidt, H.-

CompoundL crystallizes in the space grofoca and it is found G. J. Chem. Soc., Dalton Tran$995 177.
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Table 1. *H NMR Data (ppm) for3—8

3 4 5 6 7 8
PHH 7.09 (d) 7.10 (d) 7.127.42 (m) 6.99 (d) 7.00 (d) 7.05 (d)
7.02 (d) 7.03 (d) 7.00 (d)
7.37 (d) 7.37 (d) 7.23(d) 7.25 (d) 7.28 (d)
7.28 (d) 7.29 (d) 7.35 (d)
H (bridging) 4.61(q) 4.56 (q) 4.79 (q) 4.63 (q) 4.62 (q) 4.92 (q)
5.10 (q) 5.24 (q) 4.54 (q)
CHs (bridging) 1.64 (d) 1.64 (d) 1.73 (d) 1.54 (d) 1.56 (d) 1.43(d)
1.57 (d) 1.58 (d) 1.67 (d)
CHs (Bu) 1.29 (s) 1.30 (s) 1.23(s) 1.26 (s) 1.27 (s) 1.20 (s)
1.26 (s) 1.27 (s) 1.28(s) 1.28(s)
1.37 (s) 1.38(s) 1.34(s) 1.36 (s) 1.37 (s) 1.37 (s)
1.43(s) 1.42 (s) 1.44 (s)
CHs (AIMe) —0.59 (s) —0.61 (s) —0.27 (s) —0.66 (s) —0.54 (s) —0.87 (s)
—0.63 (s) —0.51 (s) —0.82 (s)
Table 2. Selected Bond Distances (A) and Bond Angles (deg)ifor
and2
1 2
Al(1)—0(1) 1.708(5) 1.701(5)
Al(1)—0(2) 1.701(5) 1.714(5)
Al(1)—0(3) 1.882(5) 1.888(6)
Al(1)—C(31) 1.926(7) 1.933(8)
Al(2)—0(4) 1.705(4) 1.712(6)
con Al(2)—0(5) 1.706(5) 1.706(5)
=y Al(2)—0(6) 1.892(5) 1.880(7)
can v Al(2)—C(71) 1.930(7) 1.924(8)
O(1)-Al(1)—0(2) 117.0(2) 116.4(3)
<) b O(1)-Al(1)—0(3) 101.4(2) 102.3(3)
C<33’ ey = 0(2)-Al(1)—0(3) 102.9(2) 101.5(3)
: ce2 O(1)-Al(1)—C(31) 114.3(3) 113.8(3)
S ) coa 0(2)-Al(1)—C(31) 112.4(3) 114.8(3)
O(3)-Al(1)—C(31) 106.9(3) 105.6(3)
L8R can Al(1)—O(1)-C(1) 144.3(4) 146.4(5)
Al(1)—0(2)-C(13) 144.0(4) 140.4(4)
() Al(1)—O(3)-C(34) 121.7(4) 124.3(7)
Al(1)—O(3)-C(35) 121.7(5) 123.0(9)
O(4)-Al(2)—0(5) 114.7(2) 116.8(3)
O(4)-Al(2)—0(6) 103.5(2) 104.0(3)
O(5)—Al(2)—0(6) 104.1(2) 100.6(3)
O(4)-Al(2)—C(71) 112.9(3) 112.8(3)
O(5)—Al(2)—C(71) 114.5(3) 114.6(3)
0(6)—Al(2)—C(71) 105.6(3) 105.9(4)
Al(2)—O(4)-C(41) 144.9(4) 141.6(4)
Al(2)—0(5)-C(53) 139.7(4) 144.8(5)

the nearly linear C(AH(7A)---O(3) angle at 1678and the
C(47)-H(47A)---O(6) angle at 165°1led to the proposal for
the existence of a €H---O hydrogen bond. In addition, the
Al(1), O(3), C(31), C(7), H(7A), and H(7B) atoms are nearly
coplanar with a deviation from the plane at 0.031 A. This
coplanarity is indicative of the equivalence of two aryl moieties,
which is consistent with the observation based ontth&iMR

studies.
For compoun@, which differs from compound by replacing
(b) the methyl substituents at the 4-positions on both aryl rings with
the tert-butyl substituents, each asymmetric unit contains two
Figure 2. Molecular structures of (a) [AIMe(MMBP)(ED)] 1 and independent molecules and also a solvated diethyl ether

(b) [AIMe(MDBP)(E%0)] 2. Hydrogen atoms are omitted for clarity. 01 1e The geometry around Al is nearly identical to that

for 1 with the averaged Al(BO(1) distance of 1.701(5) A,

bending toward the ethereal oxygen atom with a relatively the averaged Al(BYO(2) distance of 1.714(5) A. the averaged
short H(7A)--O(3) distance of 2.419 A, and H(47A)O(6) at AI(l)—O(g) dista(1r11_)ce (of) 1.888(6) A, and tr(1e) av,eraged Al(gl)

2.359 A for another molecule. These distances are substantially . o
shorter than the van der Waals distance of 2.77 A for the O C(31) distance of 1.933(8) A similar to the values for compound

and H distancé® The unusually short H-O distance along with '
Molecular Structures of 4, 6, 7, and 8.The molecular

r r f compoun 7, an re shown in Figur
(10) (a) Pauling, LThe Nature of the Chemical Bon@rd ed.; Cornell structures of co pOI.'I d% 6, 7, and8 are sho . gu e 3,
University Press: Ithaca, NY, 1960. (b) Emsley, The Elements and selected bond distances and bond angles are listed in Table
Oxford University Press: Oxford, 1989. 3. All of these compounds are four-coordinate monomeric
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Figure 3. ORTEP representations of (a) [AIMe(EDBP)(THR)] (b)
[AIMe(EDBP)CI]~ 6, (c) [AIMe(EDBP)Br] 7, and (d) [AIMe(EDBP)-
(OPPh)] 8.

species that differ only with the attached Lewis bases I=(L
THF (4), CI~ (6), Br~ (7), or OPPH (8)). As illustrated in Chart
1, there are two possible geometric isomers for these com-

Ko et al.

Table 3. Selected Bond Distances (A) and Bond Angles (deg)for
and6—8

4 6 7 8
Al—0(1) 1.715(6)  1.723(4) 1.721(5)  1.737(4)
Al-0(2) 1.713(5)  1.734(5) 1.729(5)  1.721(4)
Al—Xxa 1.864(6) 2.158(3) 2.350(2)  1.818(4)
Al—C(31) 1.924(8) 1.978(7) 1.893(32)  1.938(7)
P-0(3) 1.513(4)
O(1)-Al-0(2) 116.5(3) 111.3(2) 112.2(3)  113.2(2)
O(1)-Al—Xxa 99.6(3) 109.2(2) 109.02)  103.1(2)
O(2)-Al-X2  103.8(3) 106.7(2) 106.7(2)  101.4(2)
O(1)-Al-C(31) 117.2(3) 111.0(2) 112.1(9)  113.7(2)
O(2-Al-C(31) 111.1(3) 110.2(3) 111.09)  114.5(2)
X—Al-C(31) = 106.4(3) 108.3(2) 105.5(9)  109.4(2)
Al-O(1)-C(1) 136.5(5) 143.7(4) 143.0(5)  134.3(3)
Al-O(2)-C(13) 148.3(5) 145.5(4) 145.0(5)  146.8(4)
Al-O(3)-P 146.9(3)

aX = 0O(3) for 4, Cl for 6, Br for 7, and O(3) for8.

Figure 4. Coplanarity of AIO(1)O(2)C(13)C(1) i® results from the
C—H---Cl interaction. The mean deviation for plane AIO(1)O(2)C-
(13)C(1) is only 0.0364 A.

pounds. Both the steric and electronic effects of the substituents
on Al may affect the existence of geometric isomers. The
observation of the syn form only fat both in solution and in

the solid state suggests that the syn form is more stable due to
the steric hindrance dért-butyl groups of phenyl rings or the
existence of a €H---O hydrogen bond in which the H(7A)QO
distance of 2.344 A and C(#H(7A)—0(3) angle of 176.%5

are observed. Though both syn and anti isomers are detected in
the NMR spectroscopic studies fér 7, and 8, only the syn
form for 6 and 711 but the anti form for8 are observed in the
solid state. The observation of the anti form 8in the solid
state illustrates that the steric effect does not play the major
role. Therefore, the observation of the syn form @éaand7 in

the solid state can only be explained by the existence ofElC

-X hydrogen bond. I, an H(7a)-Cl distance of 2.735 A and

a C(7)-H(7a)-Cl angle of 177.8 are observed. A H(7a)Br
distance of 2.925 A and a CEH(7a)-Br angle of 171.8
suggest the existence of a—€l:-*Br hydrogen bond in7.12
Among the five different conformations of eight-membered
heterocycles reported, the BC conformation is considered to be
the most stable form in cyclooctane. The observation of a
distorted BC conformation (shown in Figure 4) in which Al is
coplanar with C(1)C(13)O(1)O(2) b, 6, and7 may also result
from the existence of a-€H---X hydrogen bond. In compound

7, it has been found that the methyl position attached on Al is

(11) The crystal structure of shows that it is a mixture of 90% [F¥]-
[AI(EDBP)(Me)Br] and 10% [E4N][AI(EDBP)Br3].

(12) The summation of van der Waals radiis for H and Cl and for H and
Bris 3.01 and 3.15 A respectively.
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disordered with respect to methyl/bromide occupancy and the
site occupancy is refined as a fraction of 0.9 for Me and 0.1 for
Br. However, this does not affect the-El---Br distance.

Conclusion

Series of sterically hindered aluminum bis-aryloxides are
synthesized in which the bis-aryloxides form eight-membered
heterocycles of distorted BC conformation with an aluminum

metal center. The solid state structures show that one of the &

bridging methylene hydrogens in the MMBP ligand or the
bridging ethylidene hydrogen in the EDBP ligand directs
geometrically toward the coordinated ligand X with the forma-
tion of C—H---X hydrogen bonding.

Experimental Section

General. All experiments were carried out under a dry nitrogen
atmosphere. Solvents were dried by refluxing for at least 24 h over

sodium/benzophenone (toluene, hexane, diethyl ether, tetrahydrofuran) obsd rfins

or phosphorus pentoxide (GEll,) and freshly distilled prior to use.
Deuterated solvents (Aldrich) were dried over molecular sieves. Ph
PO, AlMe; (2.0 M in toluene), EINCI, E4NBr, 2,4-ditert-butylphenol,
2,2-ethylidenebis(4,6-diert-butylphenol), and 2,2methylenebis(4-
methyl-64ert-butylphenol) were purchased from Aldrich and used
without further purification. 2,2Methylenebis(4,6-dtert-butylphenol)
was prepared according to literature procedéidelting points were
determined with a Buchi 535 digital melting point apparatisand

13C NMR spectra were recorded on a Varian VXR-300 (300 MHz) or
a Gemini-200 (200 MHz) spectrometer with chemical shifts given in
parts per million with TMS as the internal standard. Microanalyses
were performed using a Heraeus CHN-O-RAPID instrument. Infrared
spectra were obtained from a Bruker Equinox 55 spectrometer.

(Diethyl ether)methyl{ 2,2-methylenebis(4-methyl-6tert-butylphen-
ato)} aluminum(lll) (1). To an ice cold solution (CC) of 2,2-
methylenebis(4-methyl-6rt-butylphenol) (0.340 g, 1.0 mmol) in
diethyl ether (10 mL) was added slowly an AIM®.60 mL, 2.0 M in
toluene, 1.2 mmol) solution. After all of the solution was added, the
mixture was stirred for 2.5 h and then dried in vacuo. The residue was
extracted with 15 mL of BED. The extract was then concentrated to
ca. 5 mL and cooled te-20 °C to furnish colorless crystals. Yield:
0.35 g (78%). Anal. Calcd for £8H43AI035: C, 73.97; H, 9.53. Found:

C, 74.02; H, 9.47*H NMR (CDCls, ppm): 6 7.06 (d, 2H, PhJy—n =

2.2 Hz), 6.91 (d, 2H, Phly_y = 2.2 Hz), 4.32 (br, 4H, O8,CH),

4.05 (d, 1H, CH, Jy-n = 13.6 Hz), 3.37 (d, 2H, CH Jy-n = 13.6

Hz), 2.25 (s, 6H, Ch), 1.40 (t, 6H, OCHCHa), 1.37 (s, 18H, C(Chjs),
—0.56 (s, 3H, AICH). IR (KBr, cm™1): 2951.1 (s), 2915.9 (s), 2868.3
(m), 1478.0 (s), 1440.9 (s), 1388.6 (m), 1309.1 (s), 1291.6 (m), 1280.6
(s), 1252.4 (m), 1197.5 (m), 1020.3 (m), 928.0 (m).

(Diethyl ether)methyH{ 2,2-methylenebis(4,6-ditert-butylphenato)} -
aluminum(lll) (2). To an ice cold solution (8C) of 2,2-methylenebis-
(4,6-ditert-butylphenol) (0.424 g, 1.0 mmol) in diethyl ether (10 mL)
was added slowly an AIMg(0.60 mL, 2.0 M in toluene, 1.2 mmol)
solutions. The mixture was stirred for 2.5 h and then dried in vacuo.
The residue was extracted with 15 mL op@tand filtered. The filtrate
was then concentrated to ca. 5 mL and cooled-29 °C to furnish
colorless crystals. Yield: 0.51 g (88%). Anal. Calcd fogtssAlO 5
5(C4H100): C, 75.09; H, 10.50. Found: C, 74.43; H, 10.34 NMR
(CDCls, ppm): 6 7.28 (d, 2H, PhJy—n = 2.6 Hz), 7.13 (d, 2H, Ph,
Ju-n = 2.6 Hz), 4.30 (br, 4H, O8,CHj3), 4.08 (d, 1H, CH, Jy-n =
13.6 Hz), 3.43 (d, 1H, Ch Ju_n = 13.6 Hz), 1.40 (br, 6H,0CHCHs3),

1.38 (s, 18H, C(CHh)3), 1.30 (s, 18H, C(Ch)3), —0.58 (s, 3H, AICH).

13C NMR (CDCh, ppm): 6 152.44, 139.81, 137.45, 130.04, 124.94,
121.84 (Ph), 67.21(CH,CHgs), 33.52 CHy), 35.07, 34.06, 31.73, 29.98
(t-Bu), 14.0 (OCHCHg3), —12,48 (AICH3). IR (KBr, cm™): 2945.9

(s), 2870.5 (s), 1476.2 (s), 1414.4 (s), 1389.7 (m), 1361.4 (s), 1308.2
(s), 1239.1 (s), 1203.2 (m), 1176.5 (m), 1151.6 (m), 1136.9 (m), 1093.8
(m), 1021.3 (m), 928.0 (m).

(13) Odorisio, P. A.; Pastor, S. D.; Spivack, J. D.; Bini, D.; Rodebaugh,
R. K. Phosphorus Sulfur Relat. Elerh984 19, 285.
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Table 4. Crystallographic Data fot and2

1 2-0.5E:0
formula Cst43A|O3 C35H60A|O3,5
cryst syst orthorhombic monoclinic
space group Pbca P2,/n
a(A) 24.657(2) 15.948(1)

b (A) 14.180(1) 19.184(2)
c(A) 32.540(3) 25.268(2)

(deg) 20 20
S (deg) 90 100.69(2)

(deg) 90 90
V (A3 11377(2) 7596.5(11)
z 16 8
Decalca Mg‘m73 1.062 1.007
2 (Mo Ko (A) 0.71073 0.71073
abs coeff (mm?) 0.095 0.084
26 range (deg) 448 3.5-48°
scan type 0—20 0—20
rfins collected 8804 12215

3581K > 4.00(F)) 4398 F > 5.00(F))

no. of refined params 573 730
Re for signif rflns 0.0683 0.0747
R, for signif rfins 0.0594 0.0753
GOP 1.80 2.09

AR = |3 (IFo = Fel)/3IFoll. ° Ry = SvVW(IFo = Fel)/SvVWIFol; w

= 1/[o*F) + c(F?)]; ¢ = 0.002 for1; ¢ = 0.0005 for2. ¢ GOF =
[ZW(|F0| - |Fc‘)2/(Nrﬂns - Nparam;]llz-

(Diethyl ether)methyk 2,2-ethylidenebis(4,6-ditert-butylphenato)} -
aluminum(lll) (3). To an ice cold solution (9C) of 2,2-ethylidenebis-
(4,6-ditert-butylphenol) (0.876 g, 2.0 mmol) in diethyl ether (30 mL)
was added slowly an AlMg(1.2 mL, 2.0 M in toluene, 2.4 mmol)
solution. The mixture was stirred for 2.5 h and then dried in vacuo.
The residue was extracted with 25 mL of diethyl ether and filtered.
The filtrate was then concentrated to ca. 10 mL and cooled20°C
to furnish colorless crystals. Yield: 1.03 g (84%). Anal. Calcd for
CaoHe7AIO3+Y5(C4H100): C, 75.99, H, 9.82. Found: C, 74.52; H, 10.54.
IH NMR (CDCls, ppm): 8 7.37 (d, 2H, PhJ = 2.4 Hz), 7.09 (d, 2H,
Ph,J = 2.4 Hz); 4.61 (q, 1H, G(CHs), J = 7.4 Hz); 4.28 (m, 4H,
OCH,CHs); 1.64 (d, 3H, CH(®ls), J = 7.4 Hz); 1.20 (m, 6H,
OCH,CHy); 1.37 (s, 18H, C(CH3); 1.29 (s, 18H, C(Ch)s); —0.59 (s,
3H, AICH;). **C NMR (CDCh, ppm): 6 152.15, 139.72, 137.08,
134.30, 121.23, 121.04 (Ph); 66.96¢A,CHs); 35.07, 34.23, 31.69,
29.93 (-Bu); 29.79 CH(CHs)); 21.97 (CHCHS3)); 13.92 (OCHCHs);
—12.79 (AICH). IR (KBr, cm™1): 2963.4 (s), 2904.7 (m), 2870.2 (m),
1477.7 (s), 1443.2 (s), 1389.4 (m), 1361.0 (m), 1347.7 (m), 1303.8
(s), 1269.0 (m), 1238.5 (m), 1202.4 (m), 1019.2 (m), 909.4 (m), 879.0
(s).

(Tetrahydrofuran)methyl {2,2'-ethylidenebis(4,6-ditert-
butylphenato)} aluminum (lll) (4). To an ice cold solution (0C) of
2,2-ethylidenebis(4,6-diert-butylphenol) (0.876 g, 2.0 mmol) in THF
(30 mL) was slowly added an AIMg1.2 mL, 2.0 M in toluene, 2.4
mmol) solution. The mixture was stirred for 2.5 h and then dried in
vacuo. The residue was extracted with 20 mL of toluene and filtered.
The filtrate was then concentrated to ca. 10 mL and coole€20°C
to furnish colorless crystals. Yield: 0.89 g (81%). Anal. Calcd for
CssHssAlOs: C, 76.32; H, 10.06. Found: C, 75.89; H, 9.38.NMR
(CDCl3, ppm): ¢ 7.30 (d, 2H, Ph,J = 2.6 Hz), 7.10 (d, 2H, Ph] =
2.6 Hz); 4.56 (q, 1H, B(CHs), J = 7.2 Hz); 4.36 (m, 4H, O8,CH,);
2.13 (m, 4H, OCHCHy); 1.64 (d, 3H, CH(®3), J = 7.2 Hz); 1.38 (s,
18H, C(CH)s); 1.30 (s, 18H, C(CH)3); —0.61 (s, 3H, AICH). °C
NMR (CDCls, ppm): 6 152.17, 139.45, 136.79, 134.03, 121.12, 120.87
(aromatics), 71.63 (OH,CH,), 30.20 (CH), 35.28, 34.40, 31.87, 30.11
(t-Bu), 30.20 CH(CHg)), 25.43 (OCHCH,), 22.38 (CHCH3)), —13.69
(AICH3). IR (KBr, cm™Y): 2963.7 (br, s), 2871.8 (m), 1474.3 (s), 1443.5
(s), 1361.2 (m), 1348.1 (m), 1303.8 (s), 1271.0 (m), 1239.4 (m), 1199.0
(m), 927.3 (m), 909.1 (m).

Bis[methyK 2,2-ethylidenebis(4,6-ditert-butylphenato)} aluminum-
(IH] (5). To an ice cold solution (OC) of 2,2-ethylidenebis(4,6-di-
tert-butylphenol) (0.876 g, 2.0 mmol) in hexane (30 mL) was slowly
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Table 5. Crystallographic Data fo4 and6—8

4-0.5GHs 6 7 8
formula Q.sj"sgAlOg C39H67A|C|N02 C38Ad‘|se,7A|Br1,1N02 C55H70A|O3P
crystal system monoclinic monoclinic monoclinic monoclinic
space group P2,/c P2:/n P2:/n P2i/n
a(A) 9.912(2) 10.163(2) 10.153(2) 14.275(2)
b (A) 24.680(3) 22.164(2) 22.052(3) 16.756(2)
c(A) 16.168(2) 18.283(2) 18.543(2) 21.909(3)
o (deg) 90 90 90 90
B (deg) 103.80 (2) 97.00(2) 96.72(1) 97.79(2)
y (deg) 90 90 90 0
V (A3) 3841.0(10) 4087.4(10) 4123.1(10) 5192.1(12)
z 4 4
Dealcs Mg-m—3 1.032 1.047 1.120 1.086
2 (Mo Ka) (A) 0.71073 0.71073 0.71073 0.71073
abs coeff (mm?) 0.084 0.145 1.145 0.110
260 range (deg) 4048 3.5-48.00 2.0-50.00 3.5-45.00
scan type 0—20 0—20 0—20 0—20
rflns collected 6339 6696 7583 7010
obsd rfins 2055K > 4.00(F)) 2779 F > 4.00(F)) 2575 F > 5.00(F)) 3589 F > 4.00(F))
no. of refined params 380 397 406 550
Re for signif rflns 0.0744 0.0709 0.0583 0.0617
R.? for signif rfins 0.0620 0.0700 0.0582 0.0653
GOP 1.73 1.77 1.63 1.23

AR = |S(IFo — F)/TIFoll. P Ry = SVW(IFo — F)/SVWIFol|; W = 1/[03(F) + c(F?)]; ¢ = 0.002 for4; ¢ = 0.0006 for6; ¢ = 0.0005 for7; c

= 0.002 for8. ¢ GOF = [SW(|Fo| — |Fe|)2/(Nifins — Nparam] Y2

added an AlMg (1.2 mL, 2.0 M in toluene, 2.4 mmol) solution. The

ppm): 6 7.29, 7.25, 7.03, 7.00 (d, 4H, Ph); 5.24, 4.62 (q, 1H(CHs),

mixture was stirred for 2.5 h and then dried in vacuo. The residue was J = 7.2 Hz); 3.16 (g, 8H, NB,CHs, J = 7.2 Hz); 1.58, 1.56 (d, 3H,

dissolved in hot toluene (20 mL, 8%). The hot toluene solution was

CH(CH3), J= 7.2 Hz); 1.44, 1.37, 1.28, 1.27 (s, 36H, C(g4# 1.23

allowed to cool to ambient temperature, affording a colorless crystal (t, 12H, NCHCH3;, J = 7.2 Hz); —0.51, —0.54 (s, 3H, AICH). IR

product. Yield: 0.80 g (84%). Anal. Calcd fors{El,7AlO,: C,77.78;
H, 9.90. Found: C, 77.44; H, 10.084 NMR (CDCl; ppm): 6 7.12—
7.42 (m, 4H, Ph); 4.79 (q, 1H,KXCH3), J = 6.8 Hz), 1.73 (d, 3H,
CH(CH3), J=6.8 Hz), 1.43, 1.34, 1.26, 1.23 (s, 36H, C(g4 —0.27
(s, 3H, AICH). 3C NMR (CDCk, ppm): ¢ 150.88, 146.97, 143.44,

(KBr, cm1): 2962 (s), 2862 (m), 1474 (s), 1438 (s), 1295 (s), 880
(m), 643 (m).

(Triphenylphosphine oxide)methy{ 2,2-ethylidenebis(4,6-ditert-
butylphenato)} aluminum(lll) (8). A solution of triphenylphosphine
oxide (0.56 g, 2.0 mmol) in C¥Cl, (20 mL) was added to a rapidly

140.36, 139.95, 138.07, 136.59, 133.94, 124.43, 124.10, 121.61, 119.9%tjrred solution ob (0.96 g, 1.0 mmol) in CkCl, (20 mL). The mixture

(Ph), 35.98, 34.86, 34.43, 34.37, 32.75, 31.77, 31.18, 30R0)( 32.37
(CH(CHs)), 22.09 (CHCHS3)), —9.77 (AICHs). IR (KBr, cm™%): 2960.7

(br, s), 2905.9 (m), 2870.8 (M), 1476.2 (s), 1443.5 (s), 1361.9 (m),
1321.6 (m), 1309.7 (s), 1280.7 (m), 1239.4 (m), 1203.9 (m), 1098.9

(m), 904.5 (m).

Tetraethylammonium chloromethyl{ 2,2 -ethylidenebis(4,6-ditert-
butylphenato)} aluminum(lll) (6). To a rapidly stirred solution ob
(0.96 g, 1.0 mmol) in CkCl, (20 mL) was added a solution of
tetraethylammonium chloride (0.33 g, 2.0 mmol) in £LHp (20 mL).
The reaction mixture was stirred at 2T for 12 h, and the volatile

was stirred at 27C for 2 h, and the volatile materials were removed
under vacuum. The residue was extracted with hot toluene (40 mL, 85
°C), and the filtrate was allowed to cool to 2€, affording colorless
crystals. Yield: 1.36 g (84%). Anal. Calcd forgls,AlO3P-%/,C7Hs.

C, 78.52; H, 8.28. Found: C, 78.42; H, 8.2BL NMR (CDCl, ppm):

8 7.73-7.49 (m, 15H, Ph), 7.35, 7.28, 7.05, 7.00 (d, 4H, Ph), 4.92,
4.54 (q, 1H, GI(CHs), J = 7.2 Hz), 1.67, 1.43 (d, 3H, CH(€:), J =

7.2 Hz), 1.37, 1.28, 1.20 (s, 36H, C(Qk), —0.82, —0.87 (s, 3H,
AICH3). IR (KBr, cmY): 2953 (s), 2899.1 (m), 2864.5 (m), 1589.7
(m), 1474.2 (s), 1457.9 (m), 1439.0 (s), 1352.0 (m), 1312.3 (m), 1153.7

materials were removed under vacuum to produce a white powder. The(s), 1124.0 (m), 1093.9 (s), 879.1 (s), 864.3 (s).

residue was extracted with THF (20 mL), and hexane (20 mL) was

X-ray Crystallographic Studies. Suitable crystals of, 2, 4, and

added slowly. Colorless crystals were obtained after 24 h. Yield: 1.17 g_g \were sealed in thin-walled glass capillaries under a nitrogen

g (91%). Mp: 209-212°C dec. Anal. Calcd for gHs7AICINO,: N,
2.17;C, 72.69; H, 10.48. Found: N, 2.09; C, 72.13; H, 10'B2NMR
(CDCls, ppm): ¢ 7.28, 7.23, 7.02, 6.99 (d, 4H, Ph); 5.10, 4.63 (g, 1H,
CH(CHz3), J = 7.2 Hz); 2.86 (g, 8H, NB,CH;, J = 7.2 Hz); 1.57,
1.54 (d, 3H, CH(®3), J = 7.2 Hz); 1.42, 1.36, 1.27, 1.26 (s, 36H,
C(CHg)3); 1.06 (t, 12H, NCHCH3, J = 7.2 Hz); —0.63,—0.66 (s, 3H,
AICH3). IR (KBr, cm™Y): 2958.6 (s), 2905.5 (m), 2867.3 (m), 1480.3

atmosphere and mounted on a Siemens P4 diffractometer. The

crystallographic data were collected using-a26 scan mode with Mo

Ko radiation. Cell constants were obtained by least-squares analysis

on positions of at least 25 randomly selected reflections in the@ge

of 4—28°. The space group determination was based on a check of the

Laue symmetry and systematic absences and was confirmed using the
structure solution. The structure was solved by direct methods using a

(), 1441.9 (s), 1415.8 (m), 1391.1 (m), 1357.5 (m), 1308.4 (s), 1279.3 gjemens SHELXTL PLUS packag&All non-H atoms and hydrogen

(m), 1237.1 (m), 1173.8 (m), 999.4 (m), 926.8 (m).

Tetraethylammonium bromomethyl{ 2,2 -ethylidenebis(4,6-di-
tert-butylphenato)} aluminum(lil) (7). To a rapidly stirred solution
of 3 (1.66 g, 3.0 mmol) in CkCl, (20 mL) was added a solution of
tetraethylammonium bromide (0.63 g, 3.0 mmol) in 4 (20 mL).
The reaction mixture was stirred at 2T for 24 h, and the volatile

atoms attaching to the carbon atom bridging two phenyl rings were

materials were removed under vacuum to produce a white powder. The

residue was extracted with GBI, (20 mL), and hexane (40 mL) was
added slowly. Colorless crystals were obtained after 24 h. Yield: 1.8
g (86%). Mp: 178°C dec. Anal. Calcd for gHs/AIBrNO2: N, 2.03;

C, 68.00; H, 9.80. Found: N, 2.02; C, 68.83; H, 9.864 NMR (CDCls,

located from successive Fourier maps. Other H atoms were refined
using a riding mode¥® Anisotropic thermal parameters were used for
all non-H atoms, and fixed isotropic parameters were used for H atoms.
The crystallographic data df and2 and of4 and 6—8 are listed in
Table 4 and Table 5, respectively.

0 (14) Sheldrick, G. MSHELXTL PLUS User’s Manualevision 4.1; Nicolet
XRD Corporation: Madison, WI, 1991.
(15) Hydrogen atoms were allowed to ride on carbons or oxygens in their
idealized positions and held fixed with the-€l distances of 0.96 A.
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