TETRAHEDRON

LETTERS
Tetrahedron Letters 40 (1999) 5369-5372

Highly Efficient Alkylation of Epoxides with R3AI/H20 Systems
Based on the Double Activation of Epoxy Oxygens

Noriko Abe, Hideo Hanawa, and Keiji Maruoka®
Laboratory of Organometallic Chemistry, Division of Chemistry,
Graduate School of Science, Hokkaido University

Minoru Sasaki and Masaaki Miyashita®
Laboratory of Organic Chemistry (II), Division of Chemistry,
Graduate School of Science, Hokkaido University
Sapporo 060-0810, Japan

Received 29 March 1999; revised 17 May 1999; accepted 21 May 1999

Abstract: Alkylation of epoxides can be effected with trialkylaluminum/water
system, which is much superior to the parent trialkylaluminum. Bidentate
bis(dialkyl)aluminoxanes and their hypothetical analogues seem to be active species
for the double activation of epoxy substrates. Such double-activation ability is
emphasized using several synthetic examples in comparison with the corresponding
monodentate derivatives. The double coordination complex formation of bidentate
(Me2Al),0 is characterized with THF by !H and !3C NMR spectroscopy.

© 1999 Elsevier Science Ltd. All rights reserved.

Recently we elucidated a pivotal role of methylalumoxane (MAO) as cocatalyst to generate highly
active homogeneous metallocene catalysts (i.e., Kaminsky catalysts)! for cationic olefin polymerizations,
where the bidentate Al-O-Al unit of MAO is crucially important for activating a metallocene ligand
effectively.2 This new finding prompted us to examine the following two points: (i) the alkylation ability
of bis(dialkyl)aluminoxanes toward epoxy substrates as a new type of efficient alkylation agents; (ii)
comparison of this reactivity with that of the previously reported Me3Al/H,O system on the selective
methylation of y,8-epoxy acrylates (Scheme I). 3

Scheme I
Q9 o]
A RALO-AR, | ReAF. SAIRp R
c—C¢ — —— Cc—C
CH.Cly c—C
H
(CHa)gAIH,0 J\/\/
BnO._ <3 ~\_COE! BnO._ X COE!
CICH,CH,CI :
30 °C Me  95.989%
[ref 3] anti isomer

The requisite (MeAl);0 can be readily prepared by mixing Me3Al (2 equiv) with H,0 (1 equiv) in
CH)Cl; at 0 °C for 30 min.4 Treatment of 3-phenylpropene oxide with the in situ generated (Me;Al)70 in
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Table I. Alkylation of Epoxides with Modified Al Reagents ¢

entry epoxide Al reagent (equiv)  condition alkylation product % yield b
(°C,h) (ratio)
R
P + P TR+ P OH
Ph/\(cl) ) OH
1 MesAl (1~2) -45,3 (R = Me) trace
2 MeyAlOAIMe; (1) -45,3 65 (76:15:9)
3 MeAlOPE (1~2)  -45,3 trace
4 MesAl + HoO (2:1) 45,3 71 (88:5:7)
5 EtzAl (1) -30, 8 (R=EY) 2
6 Ety AIOAIEL; (1) -30, 8 59(18:9:73) ¢
7 Et3Al+ H,O (2:1) -30,8 71 (22:19:59) ¢
H e
Ph(CHg)g/\; Ph(CHg)a/\g
Ph(CHa)y™ <] e * o
8 MesAl (1) -20,4 trace
9 MeAlOAIMe; (1) -20, 4 68 (64:36)
10 MeAIOPE (1) -20, 4 trace
i1 MesAl + HyO (2:1) -20,4 73 (73:27)
e of
12 MesAl (1~5) -30,6 ‘OH 0~13
13 MeyAlOAIMe; () -30, 6 14
14 Me,AIOPT (5) -30, 6 trace
15 Mes3Al + HyO (4:2) -20,3 63
16 MesAl + H,0 (10:5) -30, 6 79
17 MeyAlOAIMe; (2)  -20,3 48
+ MeAl (2)
H
o BnO\/t/\/COQEt
8nO_ L COsEt H
18 MesAl (3~6) -20,3 (R = Me) 23~34
19 MeyAlOAIMe; (3)  -20,3 92
20 Me,AIOPr (3) -20, 3 trace
21 MesAl + HyO (6:3) -20,3 92
22 EtyAIOAIEt, (3) -20,3 (R=Et trace
23 Et3Al + HyO (6:3)  -20,3 26
H
Bno\/tl/\/cozst
Bno/\A/\/ COLEt R
24 MesAl (3) -20, 3 (R = Me) 15
25 MeyAlOAIMe; (3)  -20,3 87
26 Me,AIOPT (3) -20, 3 trace
27 MesAl + H;O (6:3) -20,3 94
28 Et;AIOALEt; (3) -20,3 (R =Ep) trace
29 Et3Al + HyO (6:3)  -20,3 42

@ Alkylation of epoxides was carried out by treatment of epoxides in CH»Cly with alkylaluminum reagents

under the given reaction conditions. ? Isolated yield. ¢ The simple reduction product, 3-phenylpropanol
was also obtained in 11% yield.



CH,Cl; at -45 °C for 3 h afforded a mixture of 2-methyl-3-phenyl-1-propanol, 1-phenyl-2-butanol, and 4-
phenyl-2-butanol in 65% yield in a ratio of 76:15:9 (entry 2 in Table I). In contrast, alkylation of this
epoxide with simple Me3Al (1~2 equiv) under similar conditions produced only trace amounts of
methylation products (entry 1). Furthermore, use of Me,AIOPr (1~2 equiv) as a monodentate counterpart
of (Me2Al),0 resulted in almost total recovery of the starting epoxide (entry 3). Notably, Me3Al/H,0
system at low temperature’ was found to be some more reactive than (MeAl);0 (entry 4).3 A similar
tendency was observed with ethyl analogues (entries 5-7 in Table I). These results clearly demonstrate that
the bidentate Al catalyst, (RyAl),0 strongly enhances the reactivity of epoxy oxygen toward alkyl transfer
via the double electrophilic activation of epoxy moiety. Even more reactive species derived from the
Me3AI/H,O system at low temperature might be ascribed to the partial generation of hypothetical bidentate
reagents of type [A] or [B], where epoxides would be activated and then alkylated via pentacoordinated
aluminum species.5-7 Other selected examples are also included in Table 1.

MezAK \“‘\A|M93 MezAk o““‘AlMea
\
AlMe; H
[A] [B]

Our system is also applicable to the carbonyl alkylation experiments as illustrated by the methylation
of benzaldehyde and 3-phenylpropanal with a series of methylaluminum reagents.

Me—AK H
R-CHO oo R-C—Me
-45°C, 0.5-4 h OH
R=Ph | R=PhCH,CH,
(Me A0 | 65% 78%
MeAOPH | ~0% ~0%
MesAl 5% 6%

Although double coordination behavior of the bidentate bis-Al/epoxide complex is consistent with
the above experimental fihdings, more direct evidence was obtained by !3C and 'H NMR spectroscopy
using tetrahydrofuran (THF) as an ethereal substrate. Thus, the 75 MHz 13C NMR measurement of the
1:1 Me, AIOPr/THF complex [C] in CDCl3 at -50 °C showed that the original signal of THF o-carbons at
& 67.87 shifted slightly to 8 68.45. This result implies the feeble Lewis acidity of Me;AIOPr, The 1:1
Me3Al-THF complex [D] showed further downfield shift for the THF a-carbons (8 69.18). In contrast,
1:1 bidentate (Me2Al)2O/THF chelation complex under similar conditions undergoes a further downfield
shift for the THF a-carbons (8 70.39), indicating the strong electrophilic activation of the THF o-carbons
by intervention of the double coordination complex [E]. Complexation of THF with Me3Al/H,O system at
low temperature exhibited the THF o.-carbons at & 70.26, showing the similar electrophilic activation of the
THF a-carbons as the complex [E].8 A similar tendency is also observed in the low-temperature 'H NMR
spectroscopy: & 3.79 (free THF a-protons); & 3.87 (THF o-protons of the complex [C]); 8 3.94 (THF o
protons of the complex [D]); § 4.05 (THF o-protons of the complex [E]); 8 4.01 (THF a-protons of the
complex with Me3AI/H7O system).
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In conclusion, we successfully demonstrated that the Lewis acidity of Me,AIOR can be dramatically
enhanced by forming bidentate bis-Al reagent, R2Al-O-AIR; with two Al centers in an appropriate position
using water as a desired spacer, and real active species derived from Me3AVH,O system at low temperature
in selective ring opening of vinyl epoxides is different in nature from (MeAl),;0.
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(7) A hypothetical species [A] would be generated by treatment of (MepAl)20 with Mej3Al. Reaction of
this species [A] (2 equiv) with cyclohexene oxide at -20 °C for 3 h gave trans-2-methylcyclohexanol in
48% yield (cf. entry 15: 63% yield with Me3Al (4 equiv) and H,0 (2 equiv) under similar conditions).
Hence, reactive species derived from the Me3Al/H,0 system at low temperature seem to be a mixture
including Me3Al, [A], and/or [B].

(8) The 1:2 or 2:1 (Me2Al),0-THF mixture exhibited the following chemical shifts for THF: 13C NMR 5
69.79 («-C); 'H NMR 3 4.02 (o-CH) in the 1:2 mixture; 13C NMR & 70.39 (a-C); 'H NMR 6 4.12
(a-CH) in the 2:1 mixture. Hence, two THF oxygens coordinate separately to two aluminum centers
of (MeAl)>0 giving the complex [F] in the 1:2 mixture, while the double coordination complex {E]
still predominates in the 2:1 mixture.



