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A practical and efficient procedure for the synthesis of a potent calcimimetic (+)-NPS R-568 was devel-
oped. This procedure includes as the key step the asymmetric reductive acylation of a ketoxime interme-
diate catalyzed by a Pd nanocatalyst and a lipase in combination. The target compound was prepared
from commercially available 3’-methoxyacetophenone via five steps in overall 63% yield.

© 2010 Elsevier Ltd. All rights reserved.

NPS R-568 (1, Fig. 1) has a great potential as a novel type of
calcimimetics for the treatment of primary and secondary hyper-
parathyroidism.! The clinical studies have shown that the R enan-
tiomer of 1 is 10-100 times more potent than the (S)-1. Several
procedures for the enantioselective synthesis of optically active 1
have been developed.? In these procedures, the chiral center of 1
was constructed via diastereoselective addition of Grignard or
organolithium reagents to imines bearing a chiral auxiliary?*~ or
asymmetric hydrosilylation of imine.? In this Letter, we wish to
report an alternative route to 1, including the asymmetric reduc-
tive acylation of a ketoxime intermediate as the key step for intro-
ducing the required chiral center.

The synthesis of 1 started from ketone 2, which was first con-
verted quantitatively by the reaction with hydroxyl amine to ket-
oxime 3* (Scheme 1). The ketoxime 3 was then subjected to the
asymmetric reductive acylation catalyzed by a lipase-Pd couple*
to introduce the R-chirality. The process comprises three sequen-
tial reactions taking place in one-pot: Pd-catalyzed reduction of
ketoximes to amines, Pd-catalyzed racemization of amines, and li-
pase-catalyzed enantioselective acylation of amines to amides
(Scheme 2). The last two reactions constitute the dynamic kinetic
resolution of primary amimes.> Pd/AIO(OH)° (palladium nanoparti-
cles entrapped in aluminum oxyhydroxide matrix) and Candida
antarctica lipase B (CALB; trade name, Novozym 435; immobilized
on acrylic resin) were employed as the corresponding catalysts for
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Figure 1. Structure of (+)-NPS R-568 (1).
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the process. In a small-scale procedure, the asymmetric reductive
acylation of 3 (0.3 mmol) was performed with CALB (30 mg/mmol
of substrate) and Pd/AIO(OH) (5 mol % of Pd) in the presence of
ethyl methoxyacetate’ (1.7 equiv) as an acyl donor and 4 A molec-
ular sieves (500 mg/mmol of substrate) in toluene at 70 °C under
0.1 bar of hydrogen pressure for 48 h to give 4 in 91% isolated yield
and 98% ee. The reaction was repeated four times with recovered
catalysts, and the yield and ee value of 4 remained practically un-
changed up to the 4th recycle® (Table 1). These results indicate that
the catalysts are thermally stable and can be recycled several times
with no significant loss in catalytic efficiency.® The reaction was
also readily scalable. The reaction performed on a larger scale
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Scheme 1. Synthesis of (+)-NPS R-568 hydrochloride (1). Reaction conditions: (i)
NH,O0H-HCl, py, quantitative yield; (ii) CALB, Pd/AIO(OH), CH30CH,CO,Et, H,
(0.1 bar), 4 A molecular sieves, toluene, 70 °C, 3 days, 85%, 98% ee; (iii) 3 N HCl in
H,0, 80 °C, 16 h, 94%, 96% ee; (iv) 3-(2-chlorophenyl)-propionic acid (1 equiv), EDCI
(1.1 equiv), dry CHxCly, rt, 12 h, 93%; (v) LiAlH,4 (1 equiv), dry Et,0, rt, 30 h, and then
1 N HCl in H,0, 85%.
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Scheme 2. Asymmetric reductive acylation of ketoximes catalyzed by a lipase-
palladium couple.

Table 1
Asymmetric reductive acylation of 3 with recycling of catalysts
# of recycling Yield? (%) ee® (%)
0 91 98
1 88 98
2 89 98
3 89 98
4 90 98

2 Isolated yield.
> Measured by HPLC with a chiral column.

(6 mmol) proceeded smoothly and provided similarly good results
(85% isolated yield and 98% ee).!°

Chiral amide 4 was then hydrolyzed under acidic condition (3 N
HCI) at 80 °C for 16 h to give chiral amine 5 with a little loss in
enantiomeric excess (94% isolated yield, 96% ee).!! The conversion
of 5 to 1 was achieved by modifying the known procedure.?>< The
coupling of 5 with 3-(2-chlorophenyl)propionic acid'? in the pres-
ence of N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide (EDCI)
afforded amide 6 in 93% yield.'>'* Finally, amide 6 was reduced
with LiAlH,4 to give the target molecule!® which was isolated as
its hydrochloride salt (85% yield) after the treatment with HCI.

We thus accomplished the asymmetric synthesis of the potent
calcimimetic (+)-NPS R-568 via five steps from commercially avail-
able 3’-methoxyacetophenone in 63% overall yield. This procedure
is highlighted by asymmetric reductive acylation of ketoxime as
the key step which is cocatalyzed by a lipase and a Pd nanocatalyst
with good yield and excellent ee. An advantage of this process is
that the catalysts employed are thermally stable and recyclable.
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A suspension containing 3 (1 g, 6.05 mmol), Pd/AIO(OH) (1.5 g, 2.5 mol % of Pd),
CALB (Novozym 435, 151 mg, 25 mg/mmol), 4 A molecular sieves (3 g, 500 mg/
mmol), and ethyl methoxyacetate (1.1g, 1.5equiv) in dry and degassed
toluene (54 mL, 0.1 M) was stirred at 70 °C under 0.1 bar of hydrogen pressure
in a 250 mL round-bottomed flask with a condenser. After 72 h, the reaction
mixture was cooled to room temperature and filtered through a glass filter. The
filtrate was concentrated and then subjected to flash chromatography (silica
gel, n-hexane/ethyl acetate = 1/1) to provide oily liquid 4 (1.15 g, 5.14 mmol,
85%, 98% ee): ]2 +75.5 (c 1.15, CHCls): HPLC (chiral column = (R,R) Whelk-
01, n-hexane/2-propanol = 80/20, flow rate = 0.5 mL/min, UV 217 nm) (S)-
4 =22.70 min, (R)-4 = 66.50 min. HRMS (EI): C;,H;7NOj3 calcd 223.1208 (M™),
found 223.1206. 'H and '3C NMR data are in good agreement with those of (+/
—)-4 reported in the literature.'®

Compound 5: [02’ +26.7 (c 1.05, MeOH) (1it.>° [#)2’ +23.6 (c 0.8, MeOH)); 'H
NMR (300 MHz, CDCl3, ppm): 6 7.27-7.21 (m, 1H), 6.94-6.91 (m, 2H), 6.80-
6.76 (m, 1H), 4.12-4.06 (q, J = 6.62 Hz, 1H), 3.81 (s, 3H), 1.38 (d, J=6.62 Hz,
3H); 13C NMR (75 MHz, CDCls, ppm): 6 159.8, 149.6, 129.5, 118.1, 112.1, 111.4,
55.2,51.3, 25.6. HRMS (EI): CgH;3NO calcd 151.0997 (M*), found 151.1001. The
% ee was determined by HPLC after converting to the corresponding amide by
treatment with a few drops of methoxyacetyl chloride.
3-(2-Chlorophenyl)propionic acid was prepared by hydrogenation of 2-
chlorocinnamic acid in the presence of Ru/Al,03 in methanol under 1 bar of
molecular hydrogen.

Compound 6: Mp 90.7-91.6 °C (lit.>> mp 92-92.5 °C); [o]2° +47.2 (c 1.0, CHCl5)
(lit.2> [o2’ +45.6 (c 1.0, CHCl3)).

It is noted that the direct synthesis of 6 from 3 using 3-(2-chlorophenyl)-
propionic acid ethyl ester as the acyl donor in the asymmetric reductive
acylation was unsuccessful because CALB (Novozym 435) was unreactive
toward the ester.

Compound 1: [0]2° +37.9 (c 0.7, CHCls, 96 %ee) (lit.2? [«)2 +38.6 (c 1.1, CHCl3)).
The % ee was determined by HPLC (chiral column = Kormasil-5-cellcoat,
hexane/isopropanol/diethyl-amine = 90/10/0.1, flow rate = 1.5 ml/min,
220 nm): (R)-1=4.05min, (S)-1=4.43 min. 1-HCl: mp 183.3-184.4 °C; [CX]]ZDO
+39.1 (¢ 0.5, CHCl3); "H NMR (300 MHz, CDCl5, ppm): 6 10.28 (br s, 1H), 9.86 (br
s, 1H), 7.32-7.19 (m, 3H), 7.16-7.03 (m, 4H), 6.92-6.89 (m, 1H), 4.14 (br s, 1H),
3.87 (s, 3H), 2.75-2.58 (m, 4H), 2.28-2.18 (quintet, ] = 7.61 Hz, 2H), 1.86 (d,
J=6.81 Hz, 3H); '>C NMR (75 MHz, CDCls, ppm): § 160.4, 137.6, 137.4, 133.8,
130.4,130.3,129.5,127.8, 126.9, 120.0, 115.8, 112.2, 59.0, 55.6, 44.9, 30.4, 25.5,
20.5. HRMS (EI): C;gH23CI;NO caled 339.1157 (M), found 339.1161.
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