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The development of Ru-catalyzed asymmetric transfer
hydrogenation of a-amino p-keto ester hydrochlorides is
described. The reaction proceeds through dynamic kinetic
resolution to afford anti B-hydroxy a-amino esters with good
diastereomeric ratios and high enantioselectivities.

Because optically active B-hydroxy o-amino acids and their
corresponding vicinal amino alcohols are important building blocks
in natural products and pharmaceuticals,1 the search for efficient
and atom-economical processes for the stereoselective synthesis of
these compounds remains a challenge. An elegant approach to
these subunits relies on ruthenium-mediated asymmetric
hydrogenation via dynamic kinetic resolution (DKR),2 which sets two
contiguous stereogenic centers in a single operation. In this field,
Noyori et al? and one of our groups4 have reported the syn-
selective preparation of B-hydroxy o-amino esters whereas the
production of the anti isomers was later described by the groups of
Hamada,5 Zhang6 and one of us.” Although the DKR of a-amino f3-
keto ester hydrochlorides through transition metal-catalyzed
asymmetric hydrogenation is now well established,s’7’8 the related
asymmetric transfer hydrogenation (ATH) of these compounds, to
the best of our knowledge, has not been studied to date, and only
ATH of N-protected o-amino B-keto esters has been described.’
Asymmetric transfer hydrogenation10 appears as one of the most
powerful tools for the stereoselective reduction of prochiral
ketones. Not only does it wusually deliver high level of
stereoselectivity, but the reaction also proceeds with operational
simplicity, involving nonsensitive catalysts. Moreover a variety of
hydrogen sources can be used. Accordingly, and as an extension of
our previous work on the dynamic kinetic resolution of o-
substituted PB-keto esters,11 we report herein the first example of
Ru-catalyzed ATH of a-amino f3-keto ester hydrochlorides.

We first investigated the ATH reaction of (£)-1a in the presence of
the Ru, Ir or Rh complexes A—G (2 mol%) in acetonitrile at 40 °C

“Institut de Recherche de Chimie Paris. Chimie ParisTech, CNRS, PSL Research
University, 11 rue Pierre et Marie Curie 75005 Paris, France. E-mail:
phannarath.phansavath@chimie-paristech.fr, virginie.vidal@chimie-paristech.fr

b | aboratoire de Chimie Organique, Institute of Chemistry, Biology and Innovation
(CBI)-UMR 8231, ESPCI ParisTech, CNRS, 10 rue Vauquelin 75231 Paris Cedex 05,
France.

+ Electronic Supplementary

DOI: 10.1039/x0xx00000x

Information (ESI) available. See

This journal is © The Royal Society of Chemistry 20xx

utilizing ammonium formate as the hydrogen source (Table 1). The
use of the ruthenium(ll)/r;s-arene complexes A-D containing the N-
tosyl-1,2-diphenylethylenediamine (TsDPEN) ligand failed to afford
the expected product, and only unidentified degradation
compounds were obtained (Table 1, entries 1-4).

Table 1 Survey of the ATH of 1a with various precatalysts®

O O 1. Precatalyst (2 mol%) OH O
HCOONH, (2.2 equiv.)
OMe Y OMe
NH2 Hel 2. PhCOCI, EtzN, CHyCly, 1t, 2.5 h NHCOPn

g@@\g}

Ru < RU ~NT: Ru -
NTs cl” s cl” NTs a- Ru ~NTs
HZN\)‘Ph HZN\)‘Ph HZN\)‘Ph HZN\_)‘Ph
Ph Ph =
p Ph
><i>< ><i>< '
/R\u “NT:
Ir\ Rh — s
cl” NMs cl” NTs
HZN\)Nph HZN\)Nph N\)‘
Ph Ph Ph
E F G
Entry Precatalyst  Conv. (%)’  Yield (%)° dr’ er’

1 A — — — —
2 B — — — —
3 4 — — — —
4 D — — — —
5 E 100 50 86:14 58:42
6 F 100 61 97:3 50:50
7 G 100 76 83:17 99:1

“ Reaction conditions: 1a (0.44 mmol), precatalyst (2 mol%), HCO,NH,; (2.2
equiv.), CH3CN (2 mL), 40 °C, 4 h. ® Determined by 'H NMR of the crude product
after the ATH reaction. ©Isolated yields for 2a. ? Determined by *H NMR of the
crude product 2a. © Determined for the anti isomer by SFC analysis. f Only by-
products were obtained.
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Nevertheless, the anti B-hydroxy o-amino ester 2a could be
prepared in 50% yield (after conversion of the ATH product into the
corresponding N-benzoyl amide for analytical purpose) using the
iridium complex E. In this case, a good diastereomeric ratio was
observed for the anti compound, which was formed with only poor
enantioselectivity (Table 1, entry 5). Interestingly, the use of the
related Rh complex F provided a very high level of
diastereoselectivity but unfortunately the anti compound was
obtained as a racemic mixture (Table 1, entry 6). Finally, the best
results were obtained with the 'tethered' Ru-complex G developed
by Wills and co-workers.”> The reaction proceeded with good
diastereoselectivity (dr 83:17) and excellent enantioselectivity (er
99:1) in 76% vyield (Table 1, entry 7). The relative and absolute
configuration of 2a was unambiguously assigned by single X-ray
analysis (Fig 1).13 The anti diastereoselectivity of the ATH reaction
of (£)-1a using the Ru-tethered complex G was the same as that
observed for the related Ru-catalyzed asymmetric hydrogenation,
while it was shown that the ATH of a-amido 3-keto esters resulted
in a reversal of diastereoselectivity9c from syn to anti as compared
with the related asymmetric hydrogenation of these compounds.
The enantiocontrol in the ATH reaction of (£)-1a probably arises
from the well-established edge-to-face arene/aryl interaction
between the ne—arene, and the phenyl group on the ketone through
a transition state in which this stabilizing CH/= interaction ensures a
high enantiomeric excess (Fig 1),14 On the other hand, the
preferential formation of the anti isomer might be explained by a
cyclic intermediate wherein a hydrogen bond exists between N-H
and the carbonyl moiety (Fig 1).%

Having established the Ru-tethered complex G as an efficient
catalyst for the ATH of (£)-1a, we next turned our attention to a
survey of the hydrogen donor source and to a screening of solvents
under the previous reaction conditions (Table 2). First, a formic
acid/triethylamine (5:2) azeotropic mixture was used as the
hydrogen source. The reaction produced the expected anti amino
alcohol 2a in moderate yield and with a lower enantiomeric excess
compared to the one obtained with ammonium formate, although a
higher level of diastereoselectivity was observed (Table 2, compare
entry 2 vs 1). Other formate salts were also examined. Sodium
formate afforded comparable results as those obtained for
ammonium formate in terms of yield and stereoselectivity (Table 2,
entry 3), whereas no conversion was observed with calcium
formate (Table 2, entry 4).

stabilizing CH/n-interaction

PhCOCI, EtzN l

OH O

Y OMe
NHCOPh

2a (dr=83:17, er = 97:3)

X-ray structure of 2a

Fig. 1 Proposed model for the absolute stereochemistry in ATH of compound 1a.
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Table 2 Optimization of the reaction conditions for the ATH of 1a with (5,5)-G"

o o 1. (S,5)-G (2 mol %), hydride source OH O
Solvent, 40 °C, 4 h
OMe Y OMe
M"‘C' 2. PhCOCI, EtsN, CH,Cly, 1t, 2.5 h ©/k_'\jtoph
(£)-1a 2a
Entry Hydride Solvent  Conv. Yield dr er’
source (%)° (%)
(equiv.)

1 HCO;NH,4 CHsCN 100 76 83:17 99:1
(2.2)

2 HCO,H/NEt; CH;CN 100 36 94:6 88:12
(5:2) (2.2)

3 HCO;Na CH;CN 100 77 86:14 96:4
(2.2)

4 (HCO,),Ca CHCN 0 — — —
(1.1)

5° iPrOH/KOH ~ iProH  —! — — —
(1.3)

6° NaH,PO,. H,0 100 40 92:8 57:43
H,0 (5)

7" HCO,NH,4 MeOH 100’ — — —
(2.2)

8" HCO,NH, iPrOH 100 63/ 84:16 99:1
(2.2)

9" HCO;NH,4 AcOEt 100 50/ 81:19 96:4
(2.2)

10" HCO,NH, Et,0 100 49 85:15 97:3
(2.2)

“ Reaction conditions: 1a (0.44 mmol), (5,5)-G (2 mol%), hydride source,
CH3CN (2 mL), 40°C, 4 h. ® Determined by 'H NMR of the crude product after
the ATH reaction. © Determined by 'H NMR of the crude product 2a. a
Determined for the anti isomer by SFC analysis. ¢ Reaction conducted at rt
for 3 h. / Incomplete conversions and unidentified by-products were
obtained. ¢ Reaction conducted at 50 °C for 96 h. " 1 mol% of complex was
used. Only the retroaldol product was observed. / The retroaldol product
was also obtained alongside unidentified by-products.

In the case of the isopropanol/potassium hydroxide combination as
the hydrogen donor source, only degradation products were
produced (Table 2, entry 5). Finally, the ATH reaction was carried
out with sodium hypophosphite monohydrate in water to give a
moderate 40% yield with a good diastereoselectivity (dr 92:8) but
with almost no enantioselectivity (er 57:43) (Table 2, entry 6). This
short screening of hydrogen donor source prompted us to pursue
the study with ammonium formate for which the er for 2a was the
highest (Table 2, entry 1). Other solvents were subsequently
examined under the otherwise unmodified reaction conditions.
Methanol proved to be an unsuitable solvent for this
transformation, leading only to by-products, mainly arising from a
competitive retroaldol reaction (Table 2, entry 7).15 Although high
er and good diastereoselectivities were obtained in isopropanol,
ethyl acetate and diethyl ether, in these solvents lower yields were
observed as the retroaldol compound was also formed alongside
unidentified by-products (Table 2, entries 8-10).
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Table 3. ATH of 1a-k with (S,5)~G/HCOONH,: scope and limitations.’

o o 1.(S,5)-G (2 mol%), HCOONH, (2.2 equiv) ~ OH O
CH4CN, 4 h, 40 °C
R M
R OMe 5 PhCOCI, EtGN, CHoCly, 1, 25 h T OMe
NHCOPh

NH,.HC
(£)-1a-k 2a-k
Entry ATH product, 2 Yield (%) dr er ani)’
1 OH O 76 83:17 99:1
Y OMe
NHCOPh
2a
2 OH O 90 79:21 94:6
Y OMe
NHCOPh
2b
3 OH O 77 80:20 99:1
Y OMe
NHCOPh
2c
4 OH O 0 _ _
Y OMe
NHCOPh
2d
5 OH O 69 79:21 97:3
e NHCOPh
2e
6 OH O 90 78:22 96:4
Y OMe
NHCOPh
2f
7 OH O 82 76:24 93:7
MOW
o NHCOPh
29
8 OH O 66 74:26 95:5
B NHCOPh
2h
9 OH O 82 76:24 93:7
MOME
NHCOPh
F
2i
10 OH O 66 41:59 >99:1°
\ NHCOPh
2j
11 79 32:68 >99:1°¢

OH O
\ NHCOPh
2k

? Reaction conditions: (1) 2 (0.42 mmol), (S,5)-G (2 mol%), HCOONH, (0.92
mmol), CH3CN (2 mL), 40 °C, 4 h. (2) Crude hydroxyester hydrochloride (0.42
mmol), PhCOCI (0.46 mmol), EtsN (1.26 mmol), CH,Cl, (2 mL), rt, 2.5 h. b
Isolated yields for 2a-k. © Determined by *H NMR of the crude product after
the ATH reaction. ¢ Determined by SFC or HPLC analysis. The relative and
absolute configurations of compounds 2b-k were assigned by comparison
with reported analytical data or by analogy. € ee of the syn isomer.
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With the optimal reaction conditions in hand, we next examined
the scope of the Ru-catalyzed ATH of a-amino [-keto ester
hydrochlorides with a series of aromatic substrates 1a—k (Table 3).16
Accordingly, reactions were carried out in the presence of (S,5)-G (2
mol%) and ammonium formate (2.2 equiv.) in acetonitrile at 40 °C
for 4 h, affording mainly the expected amino alcohols 2 in good
yields with diastereomeric ratios up to 83:17 and enantiomeric
excesses as high as 98% for the anti isomer. Introduction of a
methyl group at the para— or meta—position on the phenyl ring had
no influence on either the diastereo- or enantioselectivity of the
reaction (Table 3, entries 1-3). However, compound 1d having an
ortho-substitution on the aryl ring proved to be too sterically
hindered and failed to afford any conversion (Table 3, entry 4). The
presence of a para-methoxy substituent on the aromatic ring had
no consequence on the stereochemical outcome of the reaction
(Table 3, entry 5) whereas the naphthyl derivative 1f afforded
likewise comparable results (Table 3, entry 6). With a halogen atom
(chlorine, bromine or fluorine) in the para—position of the phenyl
ring, the reaction proceeded with about 75:25 dr, whereas good er
up to 94:6 were attained (Table 3, entries 7-9). A surprising reversal
of diastereoselectivity whose cause is unclear at present was
observed in the ATH of the furan and thiophene derivatives 1j and
1k. Indeed, these compounds delivered the corresponding amino
alcohols 2j and 2k with moderate dr of 59:41 and 68:32,
respectively, in favor of the syn isomers. In both cases, the reaction
proceeded with a very high level of enantioselectivity for the syn
product (Table 3, entries 10 and 11, er > 99:1). This moderate syn
selectivity might be explained by a competitive six-membered cyclic
intermediate wherein a hydrogen bond exists between N-H and the
heteroatom of the furan or thiophene ring, instead of the five-
membered cyclic intermediate leading to the anti compounds.
Finally, a-amino B-keto ester hydrochlorides bearing R = cyclohexyl
or isopropyl substituents showed no conversion under the standard
reaction conditions.

Conclusions

In conclusion, the asymmetric transfer hydrogenation of a.-amino -
keto ester hydrochlorides has been reported for the first time. We
found that ruthenium 'tethered' complex G associated with
ammonium formate as the hydrogen source, was effective for the
ATH reduction of racemic a-amino 3-keto ester hydrochlorides. The
Ru/HCO,NH, combination delivered the corresponding reduced anti
products in good yields, diastereo- and enantioselectivities through
a dynamic kinetic resolution process. The operational simplicity of
this ATH was applied to various o-amino [3-keto ester
hydrochlorides bearing aromatic groups on the ketone function.
The reaction usually afforded the corresponding anti compounds in
good yields with good diastereomeric ratios and high enantiomeric
purities (er of up to 99:1). Interestingly, heteroaromatic compounds
gave predominantly the syn isomers with excellent
enantioinductions albeit moderate diastereoselectivities.

Experimental Section

General procedure for the Ru-catalyzed ATH of compounds 1a-k:
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Please do not adjust margins




RSC Advances

A round-bottomed tube fitted with a rubber septum equipped with
a balloon of argon was charged with o-amino [-keto ester
hydrochloride 1 (0.42 mmol), [RuCl(benzene)((S,S)-teth-TsDPEN)]
(0.0084 mmol, 2 mol%) and HCOONH, (0.92 mmol, 2.2 equiv.), and
the solids were subjected to three vacuum/argon cycles before
distilled acetonitrile (2 mL) was added, and another three
vacuum/argon cycles were performed. The reaction mixture was
stirred at 40 °C for 4 h and the solvent was removed under reduced
pressure. The conversion was determined by 'H NMR analysis of the
crude product. To a solution of the previous P-hydroxy ester
hydrochloride (0.42 mmol) in dry CH,Cl, (2 mL) were added benzoyl
chloride (0.46 mmol, 1.1 equiv.) and NEt; (1.26 mmol, 3 equiv.) at 0
°C. The reaction mixture was stirred at 0 °C for 1.5 h and 1 h at rt,
then diluted with CH,Cl,, quenched with saturated aqueous NH,CI,
extracted with CH,Cl,, and dried over MgSO,. The crude protected
product was purified by flash chromatography to afford 2. The
diastereomeric ratio was determined by 'H NMR analysis of the
crude product 2, and the enantiomeric excess was determined by
SFC or HPLC analysis of the purified product (using Chiralcel OD-H,
Chiralpak IA, IC or AD-H columns).
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