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Summary : The in situ formed chiral oxazaborolidine catalysts from optically active 8-amino
alcohols 1-3 from L-methionine ethyl carboxylate 4 have been used successfully in the
enantioselective catalytic homogenous borane reductions of various aromatic ketones. The
corresponding optically active alcohols are obtained in high optical purity (up to 100% ee).

The developement of efficient asymmetric transformation reactions is still a stimulating
subject in organic chemistry. Especially noteworthy is the stereoselective synthesis of optically
active alcohols which play an important role as synthetic intermediates, e.g. in drug design.
Besides the application of microbial processes! or heterogenous metal catalysts? the
enantiocontrolied homogenous catalytic reduction using chirally modified hydride reagents? has
been intensively investigated in recent years.
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{tsuno et al. introduced the 1,3,2-oxazaborolidines as a new generation of reducing reagents?
and later other groups improved this method?.
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In the course of our study on the preparation of new chiral auxiliaries prepared from
proteinogenic and non proteinogenic amino acidsé we wish to report herein the synthesis and
application of new reduction catalyst precursors based on the sulfur-containing amino acid L-
methionine.

L-Methionine as chiral source is a cheap commercially available starting material. The
application of derivatives of the sulfur-containing o-amino acid L-methionine as enantioselective
substoichiometric catalysts in stereoselective reactions is described in this paper for the first
time.

The optically active ligand (S)-2-amino-1,1-diphenyl-4-(methylmercapto)- 1-butanol’ 1 was
prepared from L-methionine according to the literature?f procedure. The synthesis of the new
chiral ligands (S)-2-amino-1,1-di(4-methylphenyl)-4-(methylmercapto)-1-butanol8 2 and (5)-2-
amino-1,1—di(4-methoxyphenyl)-4-(methylmercapto)-1-butanol9 3 was accomplished in the
same manner starting from L-methionine ethyl carboxylate 4. Thus, 4 was added in smail
portions to the respective Grignard reagent (in dry ether, 22 °C, than 12h reflux). The crystalline
B-amino alcohols 1, 2 and 3 were obtained after usual extractive workup in 50-60% overall
yield.

The homogenous catalytic reduction of aromatic ketones with the in situ formed oxazaborolidine
catalysts from 1-3 has been investigated. The effect of the reaction temperature was examined.
The best enantioselectivities were realized when the reaction was carried out at 30°C.

Q 1. BH-THF + 5 mol% catalyst i‘
‘J]\ 2. 2N aq. HC1 %
R R? ~ R R?

aromatic ketone chiral secondary alcohol

In a typical procedure a mixture of the respective ketone in dry THF was slowly added within
45 min to a solution of the catalyst 1-3 (5 mol%) and borane-THF complex in dry THF at 30°C.
After stirring for 3 hours at 30°C the reaction mixture was hydrolyzed with 2N HCl and
extracted with diethyl ether. The combined organic layers were sucessively washed with 2N
NaOH and water, dried (MgSO4) and concentrated under reduced pressure. The obtained crude
product was distilled under vacuo (Kugelrohr) to afford the corresponding chiral secondary
alcohol. The optical yields were determined by optical rotation analysis. The chiral auxiliaries 1-
3 could be recycled from the aqueous layer or the destillation residue and can be used in further
enantioselective reductions as catalysts.



Catalytic borane reductions of achiral ketones

As can be seen from Table 1, the enantioselective reduction of ketones catalyzed by in situ
prepared oxazaborolidines from 1-3 provides high enantiomeric excess (up to 100%) in the
production of optically active alcohols of predictable absolute stereochemistry.
Table 1. Enantioselective reduction of aromatic ketones with (§)-1-3 (5 mol%) and

excess borane in THF.

chiral secondary alcohold)
entry ketone catalyst eed) [%] configuration

1 acetophenone 1 79 R
2  w-chloroacetophenone 1 95 S
3 ®-bromoacetophenone 1 100 S
4  methyl-2-naphthylketone 1 77 R
5  acetophenone 2 78 R
6  w-chloroacetophenone 2 100 S
7  -bromoacetophenone 2 100 S
8  methyl-2-naphthylketone 2 84 R
9  acetophenone 3 68 R
10  w-chloroacetophenone 3 98 S
11 -bromoacetophenone 3 100 Ay
12 methyl-2-naphthylketone 3 85 R

a The isolated yields of the chiral alcohols were 80~95%.— b The ee-values of chiral secondary
alcohols obtained were calculated from optical rotations based on the following maximum
rotations of each alcohol: [ = + 43.1 (¢ = 7.19, cyclopentane) for (R)-1-phenylethanol10,
[a]2 =—48.1 (¢ = 1.73, cyclohexane) for (R)-2-chloro-1-phenylethanolll, [a]® = — 39.0 (c =
8, CHCl3) for (R)-2-bromo-1-phenylethanoll2, [a]2 = + 55.8 (¢ = 4.8, CHCl3) for (R)-1-
(naphth-2-yl)ethanol!3.

Further investigation of other optically active oxazaborolidines prepared from sulfur-containing
B-amino alcohols is in progress.
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(5)-2-Amino-1,1-diphenyl-4-(methylmercapto)-1-butanol (S)-1: mp.: 95-97°C; [a]® =
~108.1 (¢=0.90, CHCl3) [ref.4f: mp.: 96-98°C; [0]® = —108.57 (¢=0.986, CHCl3)].
(5)-2-Amino-1,1-di(4-methylphenyl)-4-(methylmercapto)-1-butanol (S)-2: mp.: 69-
71°C; [a]? = —-83.5 (¢=0.65, CHCl3); lH-NMR (CDCl3): § in ppm = 1.41-1.53 (m,
1H, H4), 1.63-1.74 (m, 1H, H4), 1.95 (s, 3H, SCH3), 2.25, 2.26 (2s, 6H,
2xPhCH3), 2.39-2.59 (m, 2H, 2xH3), 3.98-4.02 (m, 1H, H2), 7.04-7.46 (m, 8H, Ar-
H); 13C-NMR (CDCl3): & in ppm = 15.15 (C3), 20.82 (2xPhCHj3), 29.49 (C4), 31.92
(CH38), 55.58 (C2), 79.12 (C1), 125.31-143.71 (Ar-C); MS (CI, i-Butane): 316
(MH*, 100%), 298 (MH*-H30, 34%).
($)-2-Amino-1,1-di(4-methoxyphenyl)-4-(methylmercapto)-1-butanol (S)-3: mp.: 82-
85°C; [a]® = -95.5 (c=0.48, CHCIl3); 1H-NMR (CDCl3): 8 in ppm = 1.40-1.52 (m,
2H, OH, H4), 1.64-1.75 (m, 1H, H4), 1.96 (s, 3H, SCH3), 2.41-2.60 (m, 2H,
2xH3), 3.73, 3.74 (2s, 6H, 2xPhOCH3), 3.93-3.97 (m, 1H, H2), 6.78-6.86 (m, 4H,
Ar-H), 7.35-7.49 (m, 4H, Ar-H); 13C-NMR (CDCl3): § in ppm = 15.02 (C3), 29.46
(C4), 31.77 (CH3S), 54.94 (2xPhOCH3), 55.55 (C2), 78.61 (C1), 113.19-138.68
(Ar-C); MS (C], i-Butane): 348 (MH*, 100%), 330 (MH*-H»0, 88%).
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