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Since 1980 intense interest in alkylalumoxanes has been
generated primarily from the work of Sinn and Kaminsky,!!
who found methylalumoxane (MAOQO) to be a good cocatalyst
for the transition metal catalyzed polymerization of al-
kenes.'”] Although the role of MAO seems to be under-
stood,”! the structure of the catalytically active species of
methylalumoxane remains unknown. Especially the coordi-
nation number of the aluminum center is still a question of
debate. Recently, several alumoxanes (tBuAlO), (n=6-9)
and aluminum hydroxides (aluminum oxide hydroxides)
displaying a lower degree of aggregation were prepared by
the reaction of R;Al (R =Bu, Me, 2,4,6-Me;C,H, (Mes), Ph)
with water or anhydrous lithium hydroxide.[>® On the other
hand, it has been shown that aluminum hydride compounds
can be used as precursors for the synthesis of organoalumi-
num chalcogenides with the formula (RAIE), (R =organic
group; E=0, S, Se, Te) upon reaction with species such as
(Me,Si0),,1 S(SiMe;),,® Se(Te),’ 1 or (RE), (E=Se,
Te).® The recent results in the chemistry of 3,5-tert-butyl-
pyrazolatoaluminum dihydride  ([5'-3,5-Bu,pz(u-Al)H,],
(1)) prompted us to synthesize compounds of the formula
[(7'-35-1Bu,pz(u-ADH),E], (E=O (2) (1=2); S (3). Se (4),
Te (5) (n=1)). Herein we present the molecular structures of
2-5. To the best of our knowledge, 2 represents the first
example of a structurally characterized alumoxane hydride in
which two of the Al atoms are five-coordinate. Product 3 is the
first compound prepared by the reaction involving aluminum
hydride and elemental sulfur.

A solution of compound 1 in dry dioxane was stirred at
room temperature for five days to yield 2 (Scheme 1). The
X-ray crystal structure of 2 confirms the tetrameric arrange-
ment (Figure 1),l? as also indicated for the gas phase by the
MS(EI) spectrum (m/z 860). The Al,O, core of the molecule
consists of a quite regular parallelogram, and interestingly all
the Al and O atoms are coplanar (the sum of angles at O is
359.98(22)°). Each oxygen atom is connected to three AIH
groups to form a u;-O bridge. The Al atoms located outside
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Scheme 1. Syntheses of compounds 2—5.

Figure 1. Molecular structure of 2. Selected bond lengths [A] and an-
gles [7]:  Al(1)-O(1) 1.922(2), Al(1)-O(1A) 1.786(2) Al(2)—O(1)
1.7260(14); AI(1A)-O(1)-Al(2) 155.08(8), Al(1)-O(1)-Al(2) 105.07(7),
Al(1)-O(1)-Al(1A) 99.83(7), O(1)-Al(1)-O(1A), 80.17(7).

the parallelogram use two u-n'-5' pyrazolato ligands to form
two six-membered ALN, rings in a boat conformation. As
already mentioned, the interesting feature of 2 is the
coordination number five at the Al atoms in the Al,O, core;
this differs from other characterized alumoxanes in which the
Al atoms usually show coordination numbers of three and
four.P® 671 Only one structurally characterized alumoxane
hydroxide containing five-coordinate Al atoms has been
published.F? Reports of compounds™® with coordination
numbers five,['32% six [3 and even seven!d at Al have
appeared in the literature, but these systems involve multi-
chelating ligands such as a tetradentate Schiff base,
N(CH,CH,0OH);, and crown ether. In compound 2 signifi-
cantly longer bond lengths and smaller angles are observed at
the five-coordinate Al(1) compared to the four-coordinate
Al(2) (Figure1). The bond lengths of Al(1)—O(1A)
(1.786(2) A) and Al(2)—O(1) (1.7260(14) A) are shorter than
the sum of the covalent radii.l'¥ The Al(1A)-O(1)-Al(2) angle
of 155.08(8)° is significantly larger than the Al-O-Al angle in
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[AlgBuy(u3-O),4(us-OH),] (103.7(9)°) and in
(Mes*AlO),-2C¢Hy  (151.32(13)°; Mes* =
2,4,6-(Bu;CH,).["

The 'H NMR spectrum of 2 shows only one
set of signals (6 =1.32, 5.80), implying the
existence of dynamic processes in solution.
The GC-MS(EI) investigations on the reac-
tion solution of 2 indicate the formation of
THF. Accordingly, we assume that the for-
mation of 2 proceeds by nucleophilic attack at
the aluminum center of 1 by one of the oxygen
atoms of dioxane and then insertion into an
Al-H bond, leading to the degradation of
dioxane and formation of an Al-O bond in 2.
However, the use of other oxygen-transfer
reagents such as nBu,SnO leads to small
amounts of 2 including several by-products.

Treatment of 1 in toluene with the con-
geners of oxygen affords three chalcogenide
compounds of type [{n'-3,5-tBu,pz(u-
ADH}LE] (E=S (3), Se (4), Te (5); Scheme 1). It is important,
especially for the preparation of 3, to use strictly equivalent
amounts of the reactants and the mixed solvent system (THF/
toluene 1/9), otherwise an insoluble polymeric material is
formed. This might explain why the reaction of aluminum
hydride with sulfur has not yet been reported. All compounds,
especially 4 and 5, are very susceptible to oxygen. Small
amounts of air immediately lead to the decomposition of 4
and 5. An attempt to substitute all the H atoms at the Al
atoms of 1 with two equivalents of Se results in the homoleptic
compound [Al(%%-3,5-1Bu,pz),] .17

X-ray crystallography reveals the compounds 3-5 to be
isostructural. They are represented by the illustration of 3 in
Figure 2.1 Compound 3 consists of a boat-shaped, six-
membered ALN, ring. A sulfur atom forms a bridge between
the two Al atoms and one Al-H bond remains at each Al
center. Two pyrazolato ligands are located on the same side of
the molecule due to the constraint of the sulfur atom. The

Figure 2. Molecular structure of 3. The structures of 4 and 5 are analogous
with Se(1) (4) and Te(1) (5) in place of S(1). Selected bond lengths [A] and
angles [?]. 3: S(1)—Al(1) 2.2080(6), S(1)—Al(2) 2.2117(7), Al(1)-N(1)
1.9469(12); Al(1)-S(1)-Al(2) 79.58(2). 4: Se(1)—Al(1) 2.3449(10), Se(1)-
—Al(2) 2.3574(11), AL(1)-N(1) 1.932(2); Al(1)-Se(1)-Al(2) 75.78(3). 5:
Te(1)—Al(1) 2.5763(11), Te(1)—AL(2) 2.5621(12), AlL(1)-N(1) 1.944(3);
Al(1)-Te(1)-Al(2) 69.41(3).
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average Al-E bond length (3: AlI=S 2.1099(7); 4: Al-Se
2.3511(10); 5: Al-Te 2.5692(11) A) is not only slightly shorter
than those in (Mes*AlS), (2.2095(11) A),8! [Me;NAI(SeEt);]
(2.357(8) A),l and [Me;NAI(TePh);] (2.585(2) A),”! but
also shorter than the sum of the covalent radii. The Al-E-Al
angles in 3 (79.58(2)° and 4 (75.78(3)°) are close to those in
(Mes*AlS), (78.09(3)°)# and [{N(SiMe;)C(Ph)C(SiMe;),-
Al(u-Se)},] (77.58(3)°),11%] whereas the Al-Te-Al angle in 5
(69.41(3)°) is significantly smaller than that in [{N(SiMes)-
C(Ph)C(SiMe;),Al(u-Te)},] (76.88(4)°).1% The Al-E-Al unit
(E=0 (AI(1)-0(1)-Al(2)), S, Se, Te) shows a more acute
angle upon going from the lighter to the heavier congeners.

The reaction leading to the formation of 3-5 probably
proceeds via an Al-E-H intermediate. This species then reacts
with one of the H atoms at another Al center, and
subsequently forms the Al-E-Al bridge and H, (Scheme 1).
This assumption is supported by the recent results on fully
characterized Al-SeH compounds.!'*!

The higher aggregation of 2 compared to 3—5 is probably
due to the increased nucleophilicity of oxygen versus the
heavier congeners. Therefore compound 2 might function as a
molecular alternative to MAO. This work is presently in
progress.

Experimental Section

2: A solution of 1 (0.83 g, 2.0 mmol) in dry dioxane (50 mL) was stirred for
five days at room temperature and then filtered through celite. The filtrate
was reduced to about 10 mL, and compound 2 was isolated as colorless
crystals at room temperature (3-4 weeks, 15-25%). Single crystals
suitable for X-ray diffraction analysis were obtained from dioxane at room
temperature. M.p. 240-243°C (decomp); 'H NMR (200 MHz, CDCl;):
0=132 (s, 72H; Bu), 4.8 (very br, 4H; AlH, w,, =80 Hz), 5.80 (s, 4H;
CH); “C NMR (125 MHz, CDCl,): 6 =31.19 (s; Me), 32.29 (s; CMe;),
101.09 (s; CH), 163.31 (s; CrBu); MS (EI): m/z (%): 860 ([M*], 100).

3: Toluene and THF (50 mL, 9/1) were added to equivalent amounts of 1
(0.83 g, 2.0 mmol) and sulfur (0.064 g, 2.0 mmol; dried before use), and the
suspension was stirred at 50 °C for 15 h and then filtered through celite. The
filtrate was concentrated to about 10 mL, and THF (2 mL) was added to
precipitate 3 as colorless crystals at room temperature (0.52 g, 58%).
M.p. >230°C (decomp); '"H NMR (200 MHz, CsDy): 6 =1.33 (s, 36 H; rBu),
5.97 (s,2H; CH), 5.6 (very br, 2H; AlH); *C NMR (125 MHz, C(Dy): 6 =
31.17 (s; Me), 32.40 (s; CMe;), 102.25 (s; CH), 165.30 (s; CtBu); MS (EI):
miz (%): 446 ([M*],98), 445 ([M* —H], 100); elemental analysis (C, H, N)
correct for C,,H,,ALN,S.

4: Toluene (50 mL) was added to equivalent amounts of 1 (0.83 g,
2.0 mmol) and Se (0.16 g, 2.0 mmol; used as black powder as received),
and the suspension was refluxed for 2-3h until the black selenium
disappeared. The resulting solution was filtered through celite and
concentrated to about 10 mL to afford colorless crystals at 4°C (0.61 g,
62%). M.p. 272°C; 'TH NMR (200 MHz, CsDy): 6 =1.33 (s, 36 H; tBu), 5.98
(s,2H; CH), 5.7 (very br, 2H; AlH); *C NMR (125 MHz, C;D): 6 =31.08
(s; Me), 32.45 (s; CMe;), 102.57 (s; CH), 165.25 (s; CrBu); MS (EI): m/z
(%): 494 ([M], 80), 491 ([M* —3H], 100); elemental analysis (C, H, N)
correct for C,,H,,Al,N,Se.

5: Toluene (50 mL) was added to equivalent amounts of 1 (0.83 g,
2.0 mmol) and Te (0.26 g, 2.0 mmol; used as black powder as received),
and the suspension was refluxed for four days until most of the Te
disappeared. The solution was filtered through celite and concentrated to
about 10 mL to give colorless crystals at 4°C (0.58 g, 54%). M.p. 250—
251°C;'HNMR (200 MHz, C¢Dy): 6 =1.35 (s, 36 H; Bu), 5.98 (s, 2H; CH),
5.7 (very br,2H; AIH); BC NMR (125 MHz, C,D): 6 =30.94 (s; Me), 32.58
(s; CMe;), 103.24 (s; CH), 165.05 (s; CtBu). MS (EI): m/z (%): 542 ([M*],
100); elemental analysis (C, H, N) correct for C,,H, AL, N,Te - 0.85 toluene.
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Stereochemical Assignment of the C21-C38
Portion of the Desertomycin/Oasomycin Class
of Natural Products by Using Universal NMR
Databases: Prediction™**

Yoshihisa Kobayashi, Choon-Hong Tan, and
Yoshito Kishi*

We recently reported our first step toward the creation of a
universal NMR database through analysis of a typical
structural motif often found in polypropionate natural
products.'! We then demonstrated the reliability and useful-
ness of such an NMR database by using the C5-C10 portion
of the desertomycin/oasomycin class of natural products.”l In
this and the following paper,’! we report a further develop-
ment of this approach by predicting, and proving, the stereo-
chemistry of the C21-C38 portion of the desertomycin/
oasomycin class of natural products.*!

The C29-C33 portion of desertomycins/oasomycins is
viewed as a contiguous dipropionate unit so that our
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propionate databasel!l could be applied to predict its stereo-
chemistry. There are apparently two modes of correlation of
the NMR database with this portion of desertomycins/
oasomycins (see the lower half of Scheme 1). By following

45

Desertomycin A: Oasomycin A:

X = g-p-mannosyl X=H R= o
OH , Oasomycin B: o
R= 5 NH, X = a-p-mannosyl '\sllse
Me

Second Mode of Correlation

Scheme 1. Structures of desertomycin A and oasomycins A and B, as well
as two modes of structural correlation with the contiguous dipropionate
NMR database 1a—h.

the same procedure described previously,?! we have com-
pared the BC NMR characteristics of the C29-C32 (first
mode of correlation) and C30-C33 (second mode of corre-
lation) portions of the natural products with those of each of
the eight diastereomers.’! As seen from the graphs (Figures 1
and 2), none of the eight diastereomers match the corre-
sponding structural portion of the natural products at a
satisfactory level.l’) However, this outcome is not totally
surprising when one takes into account the fact that the
natural products have additional hydroxyl groups at C27 and
C35. As these hydroxyl groups are attached on the contiguous
dipropionate unit and linked through a bridge consisting of
one methylene group,l’l a significant steric and/or stereo-
electronic effect would be expected from them on the basis of
NMR characteristics of the structural portion in question.
Hence, we chose to focus only on the 3C NMR characteristics
of the C30 and C53 (see the smaller box in the first mode of
correlation in Scheme 1) and of the C32 and C54 (see the
smaller box in the second mode of correlation) portions of the
natural products. From these comparisons (Figure 3) one
(Ih=appa) and three (la=ppaa, 1f=aaaf, and 1h=
Paap) candidates emerge from the first and second modes
of correlation, respectively.
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