CHEMISTRY LETTERS, pp. 73-76, 1987. © 1987 The Chemical Society of Japan

Organoborane-Catalyzed anti-Markownikoff Hydration of olefins?
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A new, catalytic procedure for the anti-Markownikoff
hydration of olefins in the presence of organoborane catalyst and

dichloroaluminum hydride under dry air has been described.

The hydration of olefins is an essential operation in organic synthesis and a
variety of methodologies have been elaborated for this purpose.1) The
industrially important, acid-catalyzed hydration and oxymercuration-reduction
procedures gave rise to alcohols in a Markownikoff orientation. 1In contrast,
hydroboration-oxidation sequence of olefins provides an anti-Markownikoff
alcohols.?) 1In addition to these existing procedures, we wish to report herein a
highly efficient anti-Markownikoff hydration of olefins which involves the
combining use of catalytic organoborane and dichloroaluminum hydride (Cl,AlH) in

THF under dry air.3) Selected data are presented in Table 1.

cat. R-BZ
o . o
Se=c? > H-C—C—OH
Cl,AlH, O, P
THF

Treatment of 1-dodecene with 5 mol% PhB(OH), and Cl,AlH (4 equiv.; prepared
from LiAlH, and AlC13)4) in anhydrous THF under dry air at room temperature for 7

h furnished 1-dodecanol in 75% yield (entry 1). Similarly, terminal methylene

# Dedicated to Professor Teruaki Mukaiyama on the occasion of his 60th birthday.
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Table 1. Organoborane-Catalyzed Hydration of Olefins?)

Entry Olefin Catalyst (equiv.) vield/sP)
1 1-Dodecene PhB(OH), (0.05) 75
2 2-Methyl-1-undecene PhB(OH), (0.05) 78
3 PhB(OH), (0.1) 92
4 4-t-Butyl-1-methyl- PhB(OH), (0.05) 80
5 enecyclohexane PhB(OH), (0.1) 98
6 Cyclooctene PhB(OH)2 (0.05) 48
7 PhB(OH), (0.2) 69
8 Et3B (0.7) 81
9 Et3;B (0.2) 94
10 trans-3-Hexane Et3B (0.2) 78
11 Norbornene EtyB (0.2) 78¢)
12 Cyclododecene Et3B (0.2) 76
13 PhB(OH), (0.2) 47
14 BuB(OH), (0.2) 48
15 BF3-OEt, (0.2) 48
16 B(OH)3 (0.2) 42
17 B(OMe)3 (0.2) 39
18 Citronellol Et3B (0.2) 45
19 Et3B (0.3) 65
20 1-Methylcyclohexene Et3B (0.2) 30
21 Et3B (0.3) 489)
22 (-)-a-Pinene Et3B (0.3) 448) /%)
23 (-)-B-Pinene Et3B (0.2) 92f), g79)

a) Hydration of olefin was performed using organoborane catalyst and Cl,AlH (4
equiv) in THF at room temperature for 7 h to furnish the anti-Markownikoff
alcohol. b) Isolated yield. <c) Ratio of endo/exo = 1:3. d) Cis/trans = 1:2.
e) Use of large excess ClelH (10 equiv.). f) The products were identified with
authentic samples which can be prepared by the hydroboration-oxidation sequence

of the starting olefins. g) Yield in large-scale preparation (50 mmol scale).
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compounds gave rise to the corresponding primary alcohols regioselectively in 78-
80% yields (entries 2 and 4). However, this catalytic system was not effective
for the hydration of internal olefins (entry 6). Accordingly, we have first
examined various boron catalysts for effecting the hydration of cyclododecene with
Cl,Al1H. As revealed in Table 1, triethylborane was found to be superior to
RB(OH), (R = Bu and Ph) (entries 12—14).5) Inorganic boron catalysts such as
B(OH)3, B(OMe)3, and BF3-OEt, were less satisfactory (entries 15-17). The effect
of hydride source was also studied in the hydration of cyclododecene with
catalytic PhB(OH), (0.2 equiv.) in THF under dry air. The yield of cyclododecanol
follows: Cl,AlH (44%); i-Bu,AlH (23%); Et,AlH (21%); AlH3 (15%); LiAlH, (2%). Use
of the pure oxygen gas lowered the yield of the reaction. A ready accessibility
of less expensive, relatively air-stable Cl,AlH coupled with organoborane catalyst
enables a large-scale preparation in an open system under dry air, thereby
providing a highly useful tool in the practical hydration of olefinic compounds,
especially optically active terpenes such as (-)-a- and (-)-B-pinene (entries 22
and 23).

The following experimental procedure is representative. To a stirred
solution of anhydrous aluminum chloride (AlCl3) (400 mg, 3 mmol) in THF (2 mL)
under argon was added at 0 ©C lithium aluminum hydride (LiAlHy) (38 mg, 1 mmol).
The resulting solution was stirred at 0 ©C for 30 min and treated successively
with a 1 M hexane solution of triethylborane (Et3B) (0.1 mL, 0.1 mmol) and
cyclooctene (110 mg, 1 mmol) at 0 ©C. The reaction flask was then fitted with a
silica gel (blue) drying tube in order to replace argon by dry air. The mixture
was allowed to warm to room temperature, stirred under dry air for 7 h, and
quenched by addition of diluted HCl. Extractive workup with ether followed by
column chromatography on silica gel (ether-hexane = 1:1 as eluant) afforded

cyclooctanol as an o0il (104 mg, 81% yield).
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