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Chiral amino alcohol is a key function group in biologically  Table 1. ASymmetric Hydrogenation of N-Phenacyl-phthalimide
active molecule$.Consequently, the construction of this structural Catalyst o HO
motif attracts extensive efforts by organic chemfsBeveloping f@ Solv.
highly enantioselective methods to prepare amino alcohols with @E‘é Temp E:E‘ﬁ
efficiency remains one of the major challenges. Without any doubt,
asymmetric hydrogenation is the most powerful method to make Entry Slov. Temp.(°C) Hz (psi) Catalyst ee(%) Conv. (%)
chiral molecules. For example, asymmetric hydrogenation of

; . 1 CHCl 1t 30 1 17.0 100
ketones is regarded as the most successfgl method to form chllral 2 CHCl, nt 30 2 27.0 %
alcoholst However, there are few successes in ketone hydrogenation 3 CHClL rt 30 3d NA o
with an o-NH, group. Very recently, Noyori applied Rugl 4 MeOH 80 1500 1 100 100
(bisphosphine)(1,2-diamine) complexes, efficient catalysts for 5 MeOH 80 1500 2 290 100
reduci_ng unfunction_alized ketones, to the asymmetric hyc_irogenation 6 MeOH 80 1500 3d 90.1 29
of am_lno ketor_1es in the 'presen(?e of a strong Baderein, W.e 7 CHClL, 80 1500 3d NA
describe our highly enantioselective asymmetric hydrogenation of

o S 8 EtOH 80 30 3d NA
o-phthalimide ketones to form-phthalimide alcohols, the masked
o-primary amino alcohols. ° THF 80 1500 3d ° %

Our initial attempts started with the hydrogenatioMephenacyl- 10 Toluene 80 1500 3d 50.2 n
phthalimide using different catalysts, and the results are shown in 11 CICH2CHzCI 80 1500 3d 0 12
Table 1. First, high activity and mild conditions were achieved when 12 EtOAc 80 1500 3d 17.3 9
the [Rh(NBD)(TangPhos)]SRFA was chosen as catalyst precur&or. 13 EtOH 80 1500 3d 95.1 100
Unfortunately, all efforts to try to improve the ee value failed by 14 IPA 80 1500 3d 337 70
using catalysf.. Catalyst2 also gave low reactivity and unsatisfac- 15  EtOH 80 1500 3a 91.3 70
tory enantioselectivity. Cataly8d was inactive at room temperature 16 EtOH 80 1500 3b 90.3 72
and under 30 psi hydrogen presstm&n unexpected result was (17  EOH 80 1500 3c 985 100 )
observed when we trle_d to improve the ee by using methanol at 80 8 EOH 80 1500 30 953 100
°C and under 1500 psi of hydrogen pressure. In this system, the ee
value jumped to 90.1% whe3d was used as the catalyst (Table 1, 19 EtOH 8 1500 o %07 100
entry 6). During the process of condition optimization, we observed 20 EtOH 80 1500 4 94.3 100
an interesting solvent-dependent phenomenon. Using EtOH as the 21 EoH 8 1500 5 %1 100
solvent, the hydrogenation takes place smoothly in 95.1% ee and H % p~“‘%“ C PPN O
100% conversion (Table 1, entry 11). When other solvents such as Wj o On 2MeO PPh,
toluene, CHCI,, EtOAc, CICHCH,CI, and THF (Table 1, entries R HP H b Pl:,theo PPhy
7—10) were employed, the reaction was very slow. Using similar Bu'Bu % P<mu O O
alcohol solvents such as methanol, 2-propanoh-propanol, we
observed low reactivity (Table 1, entries 6 and 12). TangPhos BINAPINE (S)-TunePhos  (S)-MeO-BIPHEP

Due to the advantage of the tunable nature of TunePhos Ijand,  |rn(NBD)(TangPhos)]SbFs 1 [NMegHa]({RUCIMeO-BIPHEP))(u-Clig] 4
we were able to further screen the catalysts of our chiral ligand

toolboX® for hydrogenation. The best result was found by using (RANBD)(BINAPINE)ISOFs 2 [NmezHZ][(,i t:Cl;l:fr\::Z)):l(r-Cl)al °
Cs-TunePhos as ligand, in which 98.5% ee and 100% conversion [NMezHoJ[{RuCI(S-TunePhos)},(1-Cl)s]  n=3 3c: n=4 3d:

were obtained (catalysic). Using MeO-BIPHEP or BINAP as n=5 3e; n=6 3f;

the ligands, we calculated the ee's to be 94.3% and 96.1%,

respectively. of this functional group is useful for synthetic applications. Alkyl

The substrate scope is shown in Table 2. Both electron-deficient ketones and even a simple methyl ketone work well and give high
and electron-rich aryl ketones can be reduced with high enantio- enantioselectivity (Table 2, entries 10 and 11).
selectivity. The position of substituents is also widely compatible ~ Scheme 1 shows an overall picture of a potential synthetic
with highly enantioselective reduction. Whether, m-, or p- application. The starting materials can be obtained economically,
methoxy aryl ketones were hydrogenated, the ee values were higheand the reaction can be run on a large scale from inexpensive
than 98.5%. In addition, the compatibility of functional groups was chloroacetone and phthalimide, providing an almost quantitative
examined. Aryl fluorides, chlorides, and even the versatile aryl yield. Up to 10 000 turnovers have been achieved in over 99% ee
bromides can be attached in the substrates. Obviously, tolerancan the hydrogenation reaction. The hydrolysis of the phthalimide
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Table 2. Asymmetric Hydrogenation of a-Phthalimide Ketone?@

0 0o 0 }
R 3c OH
@EEN} EtOH @N
H; (100 bar)
0o 72h o
entry R T(°C) conv (%) ee (%)°
1 p-MeOGsHs 80 100 95.3
2 p-MeOGsHs 60 60 98.5
3 p-MeCsHs 80 100 >99.0
4 p-FCsHs 60 100 >99.0
5 p-ClCsHs 80 100 92.3
6 p-ClCeHs 60 30 94.0
7 p-BrCsHs 80 100 >99.0
8 m-MeOGsHs 80 100 >99.0
9 0-MeOGsHs 60 100 >99.0
10 Me 60 100 >99.0
11 Et 80 100 >99.0

aThe reaction was carried out with 2 mol % Ru catalysthe ee values
were detected via HPLC.

Scheme 1. Highly Enantioselective and Practical Synthesis of
1-Amino-2-propanol
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provides the §-(+)-1-amino-2-propanol (1 g/$25.50, Acros) in the
reflux ethanol in the presence of NINH; in 98% vyield.

The most exciting application for this catalyst system is a
dynamically kinetic resolution for the synthesis of threonine
(Scheme 2). Using cataly3t, we obtainedllo-threonine derivative
in more than 99% ee and97:3 dr. Compared with Noyori's
systemiC the syn/anti selectivity was totally reversed. We obtained
a ratio of more than 97:3 anti/syn selectivity. Thus, using our
catalysts R-Cs-TunePhos an& Cs-TunePhos), both R 3R)-(—)-
allo- and (%5,39)-(+)-allo-threonine derivatives can be obtained
in high optical purity, in which theallo-threonines are more
expensive isomers (25 mg/$39 forform and 100 mg/$71.80 for
L-form, Aldrich) compared with threonine (5 g/$15.80 fmform
and 100 g/$76.50 for-form, Aldrich). Thus, four isomers of
threonine can be selectively obtained by catalyst system choice.
To our knowledge, this is the first report of using hydrogenation
to achieve high anti configuration of chiral amino alcohols.

In summary, a new type ofi-phthalimide ketone was asym-
metrically hydrogenated in excellent enantioselectivity. This pro-
vides an efficient method to synthesize enantiomerically pure amino
alcohols, which is important in synthetic chemistry, medicinal

Scheme 2. High anti-Selectivity and Efficient Dynamically Kinetic
Resolution Lead the Formation of Optically Pure allo-Threonine via
Ru-Catalyzed Asymmetric Hydrogenation
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chemistry, and bioorganic chemistry. The mechanistic study and
further synthetic utilities of this new type of substrate are currently
being explored in this lab and will be reported in due course.
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