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Stereoselective synthesis of 2-(S)-(3,5-
bis(trifluoromethyl)benzyloxy)-3-(S)-phenyl-1,4-oxazine

Michael S. Ashwood,* Ian F. Cottrell and Antony J. Davies
Merck Sharp and Dohme Research Laboratories, Hertford Road, Hoddesdon, Hertfordshire EN11 9BU, England

Abstract: A convenient process for the preparation of the secondary amine 6, 2-(S)-
(3,3-bis(trifluoromethyl)benzyloxy)-3-(S)-phenyl-1,4-oxazine, is described starting from
the readily available (S)-phenylglycine 1. The process features efficient construction
of the homochiral oxazinone intermediate 3 and stereoselective introduction of the 2-
(3,5-bis(trifluoromethyl)-benzyloxy) group by L-Selectride reduction followed by in situ
alkylation with the highly reactive 3,5-bis(trifluoromethyl)-benzyl triflate 4. © 1997
Elsevier Science Ltd. All rights reserved.

Introduction

The secondary amine, 2-(§)-(3,5-bis(trifluoromethyl)benzyloxy)-3-(S)-phenyl-1,4-oxazine, 6 is a
key intermediate for the synthesis of a number of compounds that have been shown to be active at
the NK| receptor and are currently undergoing pharmacological evaluation.! A number of synthetic
routes to homochiral 3-alkyl-1,4-oxazin-2-ones have been reported,'™® one of which was the reaction
of homochiral N-benzyl-amino acids with dibromoethane in the presence of a base in DMF to
give substituted homochiral N-benzyl-1,4-oxazin-2-ones in 39-74% yield.2 As this approach was a
potential route to 3 starting from inexpensive and readily available starting materials, this was chosen
to pursue our goal. This note describes the development of a convenient process for the preparation
of 6 featuring efficient construction of the homochiral oxazinone intermediate 3 and stereoselective
introduction of the 2-(3,5-bis(trifluoromethyl)-benzyloxy) group by L-Selectride reduction followed
by in situ alkylation with the highly reactive triflate 4.!

Results and discussion

Reductive amination of benzaldehyde with (S)-phenylglycine 1 in aqueous methanol/sodium
hydroxide/sodium borohydride following the method of Gerlach’ gave N-benzyl-(S)-phenylglycine 2.

Reaction of 2 in DMF (17.5 mL/g) with 1,2-dibromoethane/N,N-diisopropylethylamine (DIPEA)
at 90°C gave the chiral oxazinone 3, 91% e.e.®
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Crystallisation from tert-butyl methyl ether afforded product 3 of >99% e.e. in 57% yield. Performing
the cyclisation at increased concentration led to a reduction in yield due to increased formation of the
diester 7° from the intermediate bromoester 8.9

oY ©
Central to the reaction sequence was the stereoselective reduction of the chiral oxazinone 3 followed

by alkylation with 3,5-bis(trifluoromethyl)benzyl triflate 4.! Preparation of the triflate 4 from 3,5-
bis(trifluoromethyl)benzyl alcohol 9 was initially carried out using triflic anhydride and 2,6-di-tert-
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butyl-4-methylpyridine'® in carbon tetrachloride.! It was found that 2,4,6-collidine was effective as
a replacement for 2,6-di-tert-butyl-4-methylpyridine when used in hexane. When used in more polar
solvents, such as methylene chloride, the collidine triflate formed reacted with 4. However collidine
triflate salt precipitated quantitatively from the reaction mixture in hexane, leaving the benzyl triflate
4 in solution. Filtration of the collidine triflate followed by evaporation of the filtrate under reduced
pressure gave the benzyl triflate 4 as a mobile oil which was used without purification. 'H NMR
showed that the oil was a mixture of triflate 4:ether 10:alcohol 9 in the ratio of 100:3:1.!!
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Reduction of the oxazinone 3 with L-Selectride at —75°C in THF followed by in situ alkylation at
~40°C with 3,5-bis(trifluoromethyl)benzyl triflate 4 gave predominately the required 25,35-acetal §
[ratio 25,35:2R,35=11:1],11214 the steric bulk of the reducing agent causing delivery of the hydride
from the less hindered face of the oxazinone 3.!3 The corresponding benzyl bromide or iodide (11;
X=Br or I) reacted only at or above room temperature to give predominately the trans acetal 12 with
only a low level of the cis product 5 present. After an extractive work up the 25,3S-isomer 5 could be
obtained with >98% d.e.!* in 54% yield by crystallisation of the triflate salt.® Alternatively the 25,3S-
and 2R,3S-isomers § and 12 could be separated after debenzylation (see below).

(o 0 Joy

! ()

N
- — :
15

14




960 M. S. ASHWOOD et al.

Transfer hydrogenation of the trifiate salt 5 over Pd/C with hydrazine hydrate as the transfer
agent in aqueous industrial methylated spirits (IMS) at 50°C gave the desired secondary amine 6 in
quantitative yield as a single enantiomer.!> Alternatively, hydrogenation of the crude alkylation product
mixture (5:12, 11:1) afforded an 11:1 mixture of the 25,35-6 and 2R, 3S-diastereomers 13. Selective
crystallisation of the methanesulphonate salts from tert-butyl methyl ether gave the cis-secondary
amine 6 of >99% d.e!'* in 65-69% yield.

After L-Selectride reduction of the chiral oxazinone 3 significant equilibration of the cis-intermediate
14 to the thermodynamically favoured trans-intermediate 16 occurred at temperatures >—40°C via a
ring opening and closing mechanism.

This afforded a method for the preparation of the 2R,3S-isomer 12. Carrying out the reduc-
tion at ~75°C, warming the solution to 0°C and cooling to —40°C before reacting with 3,5-
bis(trifluoromethyl)benzyl triflate 4 led to formation of the 2R,3S-acetal 12 as the major product
[ratio 25,35:2R,35=1:11].14 Debenzylation by transfer hydrogenation over Pd/C in isopropanol using
cyclohexene as the hydrogen source and purification by column chromatography on silica gel gave
the secondary amine 13 in 43% yield, 90% d.e.!* from the chiral oxazinone 3.
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In conclusion this paper describes a facile synthesis of the chiral oxazine 6 starting from the
inexpensive and readily available (S)-phenylglycine. The key step involves the stereoselective reductive
alkylation of the chiral oxazinone 3 affording the cis acetal § with excellent diastereoselectivity.

Experimental

I'H and '3C NMR spectra were obtained at 250 and 62.5 Mhz in the solvent indicated on a Brucker
DPX 250 spectrometer. Specific rotations [x] were determined on a Perkin~Elmer 241 polarimeter
at the sodium D line at 25°C in the solvent indicated. Melting points were obtained on a Buchi 510
melting point apparatus and are uncorrected.
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N-Benzyl-3-(S)-phenyl-1,4-oxazin-2-one 3

N-Benzyl-(S)-phenylglycine (2; 10 g; 41.5 mmoles) was slurried in a mixture of DMF (175 ml),
N,N-diisopropylethylamine (14.44 ml; 82.9 mmoles) and 1,2-dibromoethane (28.5 ml; 0.332 moles).
The mixture was heated to 90°C for 4 hours, cooled to room temperature and partitioned between
isopropyl acetate (150 ml) and water (150 ml). The organic layer was washed with water (100 ml),
evaporated to residue and dissolved in tert-butyl methyl ether (50 ml), seeding causing the product
to crystallise. The mixture was cooled in ice for two hours and filtered. The solid was washed with
tert-butyl methy! ether (210 ml), collected and dried in vacuo overnight. The colourless, crystalline
product (3; 6.4 g; 57%) was obtained as a single enantiomer,® mp 101-102.5°C; [&|p=+127.5 (c=1.0,
CHCI3); "H NMR (CD:Cly) & 2.56 (dt, J=3.28, 11.60 Hz, 1H), 2.88 (dm. J=11.6 Hz. 1H), 3.08 (d,
J=13.5 Hz, 1H), 3.66 (d, J=13.5 Hz, 1H), 4.15 (s, 1H), 4.26 (dm, J=10.9 Hz, 1H), 4.46 (dt, J=3.08,
10.9 Hz, 1H), 7.25 (m, 10H); '3C NMR & 168.9, 138.4, 137.6, 129.4, 129.2, 129.0, 128.7, 127.8,
126.3, 71.0, 69.2, 59.0, 47.2; Anal. Calcd for C;7H|7NO2: C, 76.38; H, 6.41; N, 5.78. Found: C,
76.12; H, 6.38; N, 5.77.

N-Benzyl-2-(S)-(3,5-bis(trifluoromethyl)benzyloxv)-3-(S)-phenyi- 1, 4-oxazine, trifluoromethane sulph-
onate salt §

3,5-Bis(trifluoromethyl)benzyl alcohol (9; 650 g; 2.66 moles) was dissolved in hexane (13.0 L) with
2,4,6-collidine (435 mL; 3.29 moles) and cooled to 10°C. Triftuoromethanesulphonic anhydride (481
ml; 2.86 moles) was added at <25°C. The mixture was stirred at 20°C for 1.5 hours and filtered. The
filtrate was evaporated under reduced pressure and the product 4 used without further purification.!!

Meanwhile N-benzyl-3-(S)-phenyl-1,4-oxazin-2-one (3; 435 g; 1.62 moles) was dissolved in THF
(4.35L)at —75°C. L-Selectride (1.0M in THF; 1.63 L; 1.63 moles) was added <—60°C and the mixture
was stirred at —70°C for 30 minutes. The triflate oil was added to the reaction mixture at <—60°C.
The solution was warmed to ~40°C and stirred at this temperature for 2.5 hours. The reaction mixture
was stirred with 1IN aqueous methane sulphonic acid at 25°C for 20 minutes and extracted into ethyl
acetate (6.35 L). The organic layer was washed with brine (2.0 L) and the ethyl acetate exchanged for
isopropyl acetate under reduced pressure, giving a final volume of 4 litres. The mixture was cooled
to 14°C for 1 hour before filtering. The solid was washed with cold isopropyl acetate (2x500 mL)
and dried in vacuo to give the product triflate salt (5; 567 g; 54%) as a highly crystalline, colourless
solid,® d.e. 98.8%!4; mp 175.5-8°C (dec); [®]p=+155.0 (¢=0.53, CH3;0H); 'H NMR (CD,Cl,) &
3.19 (m, 1H), 3.70 (d, J=12.12 Hz,1H), 3.87 (dd, J=13.31, 4.08 Hz, 1H), 4.14 (dd, J=10.24, 2.48 Hz,
1H), 4.26 (dd, J=13.52, 3.08 Hz, 1H), 4.40 (dd, J=13.52, 2.38 Hz, 1H), 4.55 (d, J=13.31 Hz, 1H),
4.62 (dt, J=13.02, 2.38 Hz, 1H), 4.83 (d, ]=2.38 Hz, 1H), 497 (d, J=13.31 Hz, 1H), 7.19 (d, J=8.25
Hz, 2H), 7.36-7.63 (m, 10H), 7.75 (s, 1H); 13C NMR (CD»Cly) & 132.7, 131.5. 131.2, 130.9, 130.1,
129.7, 129.4, 128.0, 125.9, 95.9, 67.8, 67.7, 58.0, 56.3, 51.3: Anal. Calcd for Cp7H4FgNO5S.H20:
C, 48.87; H, 395; F, 25.76; N, 2.11; S, 4.83. Found: C, 49.10; H, 3.97; F, 25.68; N, 2.17; S, 4.98.

2-(S)-(3,5-Bis(triflucromethyl)benzyloxy)-3-(S )-phenyl-1,4-oxazine 6

10% Palladium on charcoal (272 g) was slurried with water (730 mL) and IMS (13.0 L). 4-Benzyl-
2-(8)-(3,5-bis(trifluoromethyl)benzyloxy)-3-(S)-phenyl-1,4-oxazine triflic acid salt (5; 2.72 kg; 4.21
moles) was added and the mixture heated to 50°C. Hydrazine hydrate (55% w/w solution in water;
736 g; 12.627 moles) was added over 15 minutes. The mixture was heated at 50°C for 4 hours, filtered
hot, and the catalyst was washed with warm IMS (1.0 L). The filtrate was evaporated to residue
and partitioned between isopropyl acetate (10.9 L) and 10% aqueous sodium carbonate solution (5.4
L). The organic layer was washed with water (5.0 L), filtered and evaporated to residue, to give the
product (6; 1.62 kg; 100%) as a colourless oil,? e.e. >99.0%.!5; [alp=+125.3 (c=1.4, CHCl3); 'H
NMR (CD;Clz) 8 1.92 (br s, 1H), 3.41 (dt, J=4.0, 12.5 Hz, 1H), 3.58 (bd, ]=12.5 Hz, 1H), 3.892 (dd,
J=4.0, 13.0Hz, 1H), 4.41 (dt, J=3.0, 12.5 Hz,1H), 4.54 (d, J=2.0 Hz, 1H), 4.59 (d, J=13.5Hz, 1H), 4.97
(dd, J=5.0, 7.5 Hz, 2H), 7.38-7.57 (m, SH), 7.66 (s, 2H), 7.80 (s, 1H); 13C NMR (CD,Cl) & 141.5,
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140.0, 131.8, 128.5,127.83, 127.4, 121.6, 98.1, 67.7,. 62.8, 59.9, 46.7. Anal Calcd for Cj9H7FgNO3:
C, 56.30; H, 4.23; F, 28.12; N, 3.46. Found: C, 56.20: H, 4.29; F, 27.94; N, 3.34.
N-Benzyl-2-(R)-(3,5-bis(triflucromethyl)benzyloxy)-3-(S )-phenyl-1,4-oxazine 12

3,5-Bis(triffuoromethyl)benzyl alcohol (9; 4 g; 16.4 mmoles) was dissolved in hexane (80 ml) with
2,4,6-collidine (2.68 ml; 20.2 mmoles) at room temperaturc and cooled to 10°C. Trifluoromethanesul-
phonic anhydride (2.96 ml; 17.6 mmoles) was added at <25°C. The mixture was stirred at 20°C for
1.5 hours and filtered. The filtrate was evaporated under reduced pressure to residue and the product
4 used without further purification.

Meanwhile N-benzyl-3-(S)-phenyl-1,4-oxazin-2-one (3; 2.92 g; 10.9 mmoles) was dissolved in THF
(60 ml) and cooled to —75°C. L-Selectride (1.0 M in THF; 10.9 ml; 10.9 mmoles) was added at
<—60°C and the mixture was stirred at —70°C for 30 minutes, warmed to 0°C and immediately cooled
to —75°C. The triflate oil was added to the reaction mixture at <—60°C. The solution was warmed to
—40°C and stirred at this temperature for 2 hours. The reaction mixture was partitioned between ethyl
acetate (140 ml) and saturated aqueous sodium bicarbonate solution (140 ml). The organic layer was
washed with brine (50 ml) and dried over sodium sulphate before evaporating to an orange oil. This
was purified by column chromatography on silica gel to give the 2R.35 product (12; 3.15 g; 56%) as
a colourless oil, 82% d.e.'*; [ |p=—53.4 (c=1.4. CHCI3); 'H NMR (CD2Clp) & 2.34 (dt, J=3.60,
11.63 Hz, 1H), 2.75 (dt, J=2.88, 11.53 Hz, 1H), 2.97 (d, J=13.41 Hz, 1H), 3.27 (d, J=7.35 Hz, 1H),
3.85 (m, 2H), 3.98 (m, 1H), 4.50 (d, J=11.92 Hz, 1H). 4.52 (d, J=7.35 Hz, 1H), 4.88 (d, ]=13.32 Hz,
1H), 7.50 (m, 13H); '3C NMR (CDCl3) § 141.2, 139.2, 139.0, 129.2, 129.1, 128.8, 128.5, 128.3,
127.5, 127.3, 126.3, 121.6, 103.8, 71.7, 69.2, 64.9, 59.0, 51.1; Anal. Calcd for CH23FsNOs: C,
63.03; H, 4.68; F, 23.01; N, 2.83. Found: C, 63.13; H, 4.76; F, 23.20; N, 2.75.
2-(R)-(3,5-Bis(trifluoromethyl)benzyloxy)-3-(S)-phenvi-1,4-oxazine 13

10% Palladium on charcoal (0.87 g) was slurried with isopropanol (30 ml). 4-Benzyl-2-(R)-(3,5-
bis(trifluoromethyl)benzyloxy)-3-(S)-phenyl-1,4-oxazine (12; 2.50 g; 4.9 mmol) in isopropanol (26
ml) was added to the slurry with cyclohexene (2.60 ml; 25.7 mmol). The reaction was heated at reflux
temperature for 9 hours, the mixture was filtered hot and the catalyst washed with warm isopropanol
(20 ml). The filtrate was evaporated to residue under reduced pressure and the colourless oil purified
by column chromatography on silica gel. The product 13 was obtained as a colourless oil (1.51 g;
76%), 90% d.e.'"* An analytical sample of 13 was prepared after column chromatography on silica gel
(ethyl acetate/hexane 1:1)and crystallisation of the product from hexane: mp 80-82°C; [ |p=—58.7
(c=1.3, CHCl3); '"H NMR (C3DgQ) & 2.90 (m, 2H), 3.65 (d, J=7.5 Hz, 1H), 3.80 (dt, J=3.0, 10.0 Hz,
1H), 3.95 (d, J=10.0 Hz, 1H), 4.45 (d, J=7.5 Hz, 1H), 4.65 (d, J=13.5 Hz, 1H), 495 (d, J=13.5 Hz,
1H), 7.5 (m, 8H); 13C NMR (C3D60) 8 143.1, 141.5, 131.5, 129.1, 128.8, 128.3, 128.1, 128.0, 126.6,
1217, 121.6, 121.5, 104.6, 68.9, 66.9, 65.4, 46.3; Anal. Calcd for C19H|7F¢NOa: C, 56.30; H, 4.23;
F. 28.12; N, 3.46. Found: C, 56.30; H, 4.29; F, 27.92; N, 3.44.
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[)p=+94.9 (c=0.66, CH30H); 'H NMR (CD>Cl2) § 2.23 (br s, 1H), 3.46 (dt, J=5.96, 1.00 Hz,
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