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Abstract

A very effective method for the preparation of tHg-enantiomers of 2,3-dihydro-3-methyl- and 7,8-difluoro-
2,3-dihydro-3-methyl-#i-1,4-benzoxazineslé and 2a) was developed usingS(-(+)-naproxen acyl chloride as
the chiral agent for kinetic resolution of racemates. This method enables one to obtaSy-é#marftiomers of
benzoxazineda and?2a of high enantiomeric purity (99%e in nearly 50% vyield, taking into account that the
(R)-enantiomers are recycled after their racemisation. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

2,3-Dihydro-3-methyl-#-1,4-benzoxazine derivatives and 2 have attracted considerable interest
due to the presence of their skeleton in a number of compounds possessing biological labtivity.
particular, 7,8-difluoro-2,3-dihydro-3-methyH41,4-benzoxazind is one of the key intermediates for
the synthesis of ofloxaci8, a very potent antibacterial agent. Stereoconfiguration of the asymmetric C-3
carbon in the oxazine ring of ofloxacin is known to be of crucial importance for its pharmacological
properties. Indeed, theSf-(-)-isomer of ofloxacin (levofloxacina was found be more active against
Gram-positive and Gram-negative bacteria and less toxic than the corresponding re&&mate
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A variety of the reported synthetic procedures leading9e(<€)-7,8-difluoro-2,3-dihydro-3-methyl-
4H-1,4-benzoxazinela, a key intermediate for the synthesis &' can be classified into several
groups: (i) resolution of diastereoisomeric amides or salts of raceinatth chiral acids followed by
hydrolysis2= (ii) asymmetric hydrolysis with enzymés, (i) asymmetric reduction of 7,8-difluoro-3-
methyl-2H-1,4-benzoxazin&;(iv) other synthetic routes including use of chiral auxiliaries such as diols,
amino alcohol$, and other$.

In this paper we wish to describe a new efficient approach to enantiomerically pure benzoxazine
derivativeslaand2awhich is based on using the chir&@){(+)-naproxen, i.e.9-2-(6-methoxynaphthyl-
2)-propionic acidd. (S)-(+)-Naproxen belongs to the family of non-steroidal anti-inflammatory drugs and
is commercially available as a pur§){(+)-enantiomer. Due to the presence of the 6-methoxynaphthyl
fragment compound exhibits a rather characteristic absorption in UV spectra with molar extinction
=100000 atA=230 nm. This makesY-(+)-naproxen a very suitable chiral agent for pre-column
derivatization of optically active compounds preceding HPLC analsisshould be noted thatS-
(+)-naproxen has not, so far, been used for preparative resolution of racemates.

2. Results and discussion

The reaction of the acyl chloride (NAP-CI), prepared fromS)-(+)-naproxen and oxalyl chloride,
with racemic benzoxazinesor 2 taken in quantities close to stoichiometric has been found to proceed
very smoothly under mild conditions and is not accompanied by the formation of any by-products. In-
deed, the synthesis can be performed at 20°C in a chloroform (dichloromethane) solution in the presence
of amines such as pyridine or triethylamine (Scheme 1). Overall chemical yields of diastereoisomeric
amidesSaand6b (7aand7b) obtained under these conditions proved to be around 55% Rij&:(S,9
diastereoisomeric ratio 1:1 (HPLC).

Due to features in stereo-orientation of the naphthyl substituent in $§- (and R,9-
diastereoisomeric amidega (7a) and 6b (7b), they have different chromatographic behavior,
which facilitates their resolution. Preparative resolution of the amiéeg7a) and 6b (7b) was
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Figure 1. A perspective molecular view of ti#,§-amide6a

performed by using flash-chromatography on a dry silica gel column (eluent: benzene:ethyl acetate,
95:5), thus giving §,3-amides6a (7a) in 76% yield with a diastereoisomeric excess of 98% (HPLC).
Assignment of the absolute configuration & $-amides6a and7a became possible on the basis of
X-ray crystallographic analysis, as shown in Figs. 1 and 2, respectively. The absolute configuration of
amides6a and7awere established from the known absolute configuration of the staBjrgaproxen.
The!H and°F NMR spectral data for benzoxazing® and diastereoisomeric amidéab and7ab
are presented in Table 1. Although some NMR spectral characteristics of benzokazineh as'H
and!®F chemical shifts, have been reported eaPfeadditional’H{ *H} and 1°F{1H} double resonance
experiments had to be performed for measuring long-range coupling constants (Table 1). The feature
of the 'H NMR spectra of amide$ab and 7a,b measured at ambient temperature is broadening of
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Figure 2. A perspective molecular view of th®,§-amide7a

the resonance signals of the oxazine ring protons (see the Experimental section); it was only possible to
obtain high-resolution spectra 6&b and7ab on heating in DMSQdg up to 130 and 160°C, respectively
(Table 1).

Table 1 shows that diastereoisomeric ami@ab and7ab can easily be distinguished on the basis of
their 'lH NMR spectral data, and in this respect the resonance signal of the methyl group of the oxazine
moiety is the most indicative one with differences in chemical shifts of 0.42 and 0.32 ppm (Table 1). Also,
vicinal coupling constantdJgx between I and H¢ protons of the oxazine ring change dramatically
(from 7.9-8.0 to 2.9-3.2 Hz), when benzoxazidemnd?2 are converted into amidé&a,b and7ab, thus
reflecting serious changes in the geometry of the benzoxazine fragments (Table 1).

To enhance efficiency of this resolution method we studied the possibility of kinetic resolution.
We have established that in principle th®,§-amides6a and 7a are formed much faster than the
correspondingR,9-diastereoisomers when acyl chlorifleeacts with racematekor 2, thus enabling
one to obtain a mixture of diastereoisomeric amides enriched wittsti3ediastereocisomer.

In order to find appropriate conditions for a kinetic resolution procedure we carried out the reaction
of benzoxazine4 and2 with acyl chloride5 varying: (a) solvent; (b) base; and (c) reaction temperature.
Starting concentrations of benzoxazih€2), acyl chloride5, and amine were 0.1, 0.05 and 0.05 M,
respectively. Diastereoisomeric exceds ¢o) was controlled by HPLC technique at 3, 5 and 24 h from
the beginning of the reaction, thus enabling one to determine the conversion extent of the reagents. In all
cases analytical data for thg&,§-amidedein the reaction mixtures taken after 3, 5 and 24 h proved to
be the same, thus indicating that the reaction was complete in less than 3 h.

Table 2 shows that the diastereoselectivity for the formation of amil€sGa and S,3-7awith acyl
chloride 5 depends on the solvent used. In all solvents examiSetignzoxazined a and 2a reacted
with (S)-naproxen acyl chlorid® much faster than the correspondirig)-{somerslb and2b. The best
results were obtained in a benzene solution (Table 2, entries 1 and 6). Although it is difficult to correlate
the stereoselectivity of the amide formation with a particular solvent parameter, benzene appears to be
an appropriate solvent for this process.



2695

9:Q = Wi g1 =XV
ze=Xdr g =XVr ge=Xdr go=Wip
89=[ 9= 601 =8 G01=8Y L9=XWr [9=XWf
weg /89  becy siee  PIST — — bpp £1°€ PP SOV ppbgLy  PPSI'T 091 qL
y0=Wir 0T=Xvr
Te=Xdr  o7=XVr  pe=Xdr po=Wir
89=/ 9=/ 601=9 60I=9 g9=XWp gg=XAp
wos'L-0L9 besty s68¢  PISI — — bpp p6°'¢ PP LOY bpbzg'y PP 980 091 L)
yT=58r ys=S  go=War 91 =XV
08="9%r TOI =%  eT=X4 9I=XVp  g7=Xd ¢o=Wir
L9=r L9=r TOT=%  TOT=%  601=8 601=8Y g9=XWp gQg=XAp
wey/-089 bogty sieg  PISI PPP 2TT pPp 880  bpp69€ PP 8I'Y bpb oy  ppoOT1 0€1 q9
yT=5%r vs=54q 9o=Wer 91 =XV
08=9% TOI=%  oe=Xd QU =XVp (gg=Xd go=MWip
L9=r L9=r ToT=%  TOoT=% oI =%r Q11=9 g9=XAr gg=XAp
w/r/ 89 bisy sgge  PIST PPP 26'1 pppsL0z  bpp10Y PP ITY bpb¢gy PP 8LO o€l €9
8T =Xvr

08=Xdr  gT=XVy  g9=XNr
€01=9 €0I=87 (08=X4 g9=XNr

u [$°9-89°9 - — — — — PP 09°¢ PPOI'Y pbp L¢€ P 801 ge (4
vl =HNEp

(1806 ‘v'01 0CT=%%r TS=51tr S1=HNV  LT=Xr

‘;H) PPP 99°9 1'8=9%r vo1r= 6L=Xdr Le=Xvr ['9=XWp

(0TS 06 0ce="%4r oce=%r zot=%r To1=%r e6L=X4 19=XAr

‘;H) PPP 1€°9 - - - PPPP LE'O PPP 9€'6 PP L9 PPP €T'¥ pbp Ot'¢ P 60’1 93 1

HO fHOO *HO ¢l A aH vH xH wHO
A1y yuswSery uaxoideN juswiSe1] aurzexozuag " Do‘L  punodwo)

(zy) r ‘syuesuod Surgdnoo pue (wdd) ¢ ‘syIys [eorway)

V. N. Charushin et al./ Tetrahedro#symmetry10 (1999) 2691-2702

H=X:qL e, H_ Hy H=X:2
4=X 19 e9 SHO 8 4=XL 5, a" My

HO, o W 0

X
N X N X
H
®HO o)
o X

elep NN dgrpue Hpe1oads T ajgel



2696 V. N. Charushin et al./ Tetrahedromsymmetry10 (1999) 2691—-2702

Table 2
Solvent effect on diastereoselectivity of the acylation of benzoxadireesl2 with (S)-naproxen acyl
chloride5 leading to amide$ and 72

Entry Amide Solvent S, S-amide
de®(%)
1 6 benzene 87
2 6 CH,Cl, 79
3 6 THF 79
4 6 1,4-Dioxane—water (8:2) 76
5 6 DMF 39
6 7 Benzene 81
7 7 CH:Cl, 72
8 7 THF 76
9 7 DMF 42

All reactions were carried out with 0.2 mmol of benzoxazine
derivative 1(2), and 0.1 mmol of NAP-CI 5 in 2.0 ml of a solvent at
20 °C for 24 h.

®Determined by HPLC analysis with a Silasorb-600 column, eluent:
hexane-isopropanol 40:1 for amide 6, and 80:1 for amide 7.

It is a common point of view to consider that the amine-catalyzed reactions of acyl chlorides proceed
via the formation of acylammonium saf$ Also, it is a well-recognized fact that these reactions are
extremely rapid and, thus, are difficult to study. Nevertheless, it was of interest to elucidate whether the
addition of a tertiary amine affects the diastereoselectivity. We have found that the resultant diastereome-
ric excess of §,3-amides6a and7ais not affected practically by the addition of triethylamine (TEA) or
1,4-dimethylpiperazine; however, it becomes somewhat lower on addition of pyridine (Table 3, entries
3 and 7). This is likely to be related to the greater steric hindrance in acylammonium salts derived from
acyl chloride5 and more bulky tertiary amines, such as TEA, 1,4-dimethylpiperazine, or benzox&zines
andz2, in comparison to that derived from acylation of pyridine.

No marked effect when varying the reaction temperature (-20—+20°C) on diastereoselectivity of the
acylation of racemat2 with acyl chloride5 in CH,CI, without addition of any tertiary amine was found.

The different rates for interaction oR}- and §)-enantiomers of benzoxazindsand 2 with acyl
chloride 5 is evidently associated with steric hindrances arising when the NH-group of benzoxazine
is attacked by the CO-group of acyl chlori®e or the difference in energies of the transition states
is influenced by steric interactions of these parts of the molecules. However, because of considerable
conformational mobility of both interacting molecules, it is difficult to judge which fragments of the
reacting molecules contribute substantially to such interactions.

It should be noted that fluoro substituents in the 7,8-positions of benzoxazaoe not have a
substantial effect on the stereoselectivity of the reaction with acyl chldi¢e. entries 1 and 6, 2
and 7, 3 and 8 in Table 2).

Summarizing the data presented above we can state that the optimal conditions for kinetic resolution
of racemic benzoxazinglsand?2 by acyl chlorideb are the following: (i) molar ratio of reagents 1.0: 0.5,
respectively; and (ii) realization of the process in benzene solution at room temperature for 3-5 h without
any tertiary amine. After a standard work-up procedure (washing the reaction mixture consecutively with
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Table 3
Effect of tertiary amine on the diastereoselectivity of the acylation of benzoxakiaed?2 with (S)-
naproxen acyl chloridg leading to amide$ and7 in a benzene solution at 20*C

Entry Amide Additive S, S-amide
de’(%)
1 6 - 87
2 6 Triethylamine 89
3 6 Pyridine 78
4 6 1,4-Dimethylpiperazine 90
5 7 - 81
6 7 Triethylamine 81
7 7 Pyridine 76

2All reactions were carried out with 0.2 mmol of benzoxazine
derivative 1(2), 0.1 mmol of NAP-CI § and 0.1 mmol of appropriate
tertiary amine in 2.0 ml of benzene at 20 °C for 24 h.

®Determined by HPLC analysis with a Silasorb-600 column, eluent:
hexane-isopropanol 40:1 for amide 6, and 80:1 for amide 7.

1N HCI and water, consequently, drying with Mgg@nd evaporating to dryness) followed by washing
the residue with hexane, the reaction product can be isolated as th&pjHaigstereoisomeric amidia

(or 7a) with overall chemical yield of 30—35% and diastereomeric excess of 9%-Amides6aand
7awere hydrolyzed on heating under reflux in a mixture of concentrated hydrochloric (or sulfuric) and
acetic acids (Scheme 25)((-)-7,8-Difluoro-2,3-dihydro-3-methylH-1,4-benzoxazindaand §)-(+)-
2,3-dihydro-3-methyl-#l-1,4-benzoxazin®a were isolated by column chromatography in 60% yield
and high enantiomeric purity (99%).

X OMe X
(0] H+
—_—
A
X N X NH
Me
6a: X

:X=F
7a: X =H
Scheme 2.

Yields of the target$)-enantiomerdaand2acan be enhanced by racemisation of the corresponding
(R)-enantiomers and then recycling as racemates. The best results were obtaine®kgfisomer
1b was heated at 120°C with 0.5 mol of280, for 8-10 h in an atmosphere of inert gas (e.g.
argon) under racemisation conditions similar to those reportedRjefH)-5,6-difluoro-2-methyl-1,2,3,4-
tetrahydroquinoliné® Combined racemisation of both unreacté&)-(+)-isomer and the one isolated
after hydrolysis of R,9-amide6b makes it possible to recycle the racemic benzoxazif®cheme 3),
thus enabling one to reach the overall yield of the tar§e{<)-benzoxazinela of up to 48-50%.

1H and*°F chemical shifts of benzoxazirfehave been reportét®. We have made the full analysis of
'H and°F NMR spectra of compounil and determined all coupling constants. Long-range coupling
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Scheme 3.

constants to NH—proton were observedlid and 1°F NMR spectra of purel in dry DMSO-dg
solution: 4Ny-H,=1.4 Hz,%Jyy_rs =1.5 Hz. The splitting of the W and P resonance disappeared
under irradiation of the NH-proton in homdH{H} and heteronucleat°F{1H} double resonance
experiments. The same was observed when aceticdacitks added to the studied solution.

3. Conclusion

Effective methods for the preparation &{enantiomers of benzoxazingsnd2 using commercially
available §-(+)-naproxen as a chiral resolving agent have been developed. The reaction conditions
providing the highest diastereomeric excess of tBgj{amides in the kinetic resolution of racemic
benzoxazined and2 by acyl chloride of §)-(+)-naproxen5 were found. The procedure allows one to
obtain §)-enantiomers of benzoxazin@sind2 of high enantiomeric purity (99%e in overall chemical
yield of about 50% after recyclindsj-enantiomers through their racemisation.

4. Experimental
4.1. General procedures

Solvents were purified according to standard procedures. Routine monitoring of reactions was carried
out using Silufol UV 254 (Kavalier) TLC aluminium plated silica gel. Melting points were determined
on a Boetius melting point apparatus and are uncorreéi¢®MR spectra were measured in a solution
of DMSO-ds on a Bruker WM-250 (250 MHz) ant’PF NMR spectra were measured on a Tesla BS-587
A (75.3 MHz) spectrometers. All signals are expressed in ppnwith tetramethylsilane as an internal
standard fotH and hexafluorobenzene f&tF. Optical rotations were measured on a Perkin—Elmer 241
polarimeter. Column chromatography was performed on silica gel Silpearl (KavalierjléNsues of
amidest and7 were measured by HPLC on a Milichrom chromatograph [Silasorb-600 column; mobile
phase hexanePrOH=40:1 (A) and 80:1 (B); flow rate 0.1 ml/min; UV detection 230 nm; retention time
for amide6: trs 3.4 min,tss5.0 min (A); amide7: trs 4.0 min,tss 5.2 min (B)]. Microanalyses were
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carried out on a CHNS-O model EA-1102 elemental analyzer and were in good agreement with the
calculated values.

4.2. N-[(29)-2-(6-Methoxynaphthyl-2)propionyl]-8S)-7,8-difluoro-2,3-dihydro-3-methylH+1,4-
benzoxazin&a—6b

A solution of (§)-naproxen acyl chlorid® (0.96 g, 3.86 mmol) in ChCl» (1.5 ml) was added dropwise
to a stirred solution of racemate(0.65 g, 3.51 mmol) in CkCl, (1.5 ml) at 0°C (ice-cooling). The
mixture was stirred at room temperature for 20 h, then washed consequently with 1N HCI, water, 5%
NaHCG;, water and dried (MgS§). The solution was evaporated in vacuo to dryness to give a yellow
oily residue which was treated with hexane yielding antde6b as a yellow oil (0.77 g, 55%). The
diastereoisomeric mixture oR(g- and §,3-amides was subjected to flash chromatography on a dry
column with silica gel for TLC (Silpearl), eluent: benzene:ethyl acetate 50:1-5:1 t&lyi@®&18 g, 97%
de) as colorless crystals, mp 128-129°@]§2° +67.7 € 1.36, CHC}). Anal. calcd for GaHo1FoNOs:
C, 69.54; H, 5.33; N, 3.52; F, 9.56. Found: C, 69.64; H, 5.34; N, 3.40; F, %¥NMR: 6 1.16 (3H, d,
CHs-benzoxazine)=6.0 Hz), 1.46 (3H, d, Cktnaproxen,J=6.8 Hz), 3.45 (1H, d, &g, J=10.3 Hz),
3.86 (3H, s, O-CH), 4.15 (1H, d, GHa, J=10.3 Hz), 4.36 (1H, q, CH-naproxed+6.8 Hz), 4.63 (1H,
m, C*H-benzoxazine), 6.80—7.85 (8H, arorJF NMR: § 2.0 (P, dd, Jr_r=21 Hz, }_ps=7.4 Hz), 20.4
(F’, m); and6a (0.30 g, 99.0%le) as colorless crystals, mp 113-114°C. Anal. calcd fegH31FoNOs:
C, 69.51; H, 5.33; N, 3.52; F, 9.56. Found: C, 69.54; H, 5.25; N, 3.51; F, 9.54.

4.3. N-[(29)-2-(6-Methoxynaphthyl-2)propionyl]-&-7,8-difluoro-2,3-dihydro-3-methylHt 1,4-benz-
oxazine6a

To a stirred solution of racemaig(3.95 g, 21.3 mmol) in benzene (30 ml) a solution §fiGaproxen
acyl chloride5 (2.66 g, 10.7 mmol) in benzene (30 ml) was added dropwise at 5-10°C (ice-cooling).
The mixture was stirred at room temperature for 3-5 h. Then 30 ml of 1N HCl was added to the reaction
mixture. The organic layer was separated, washed and dried ()g3Be solution was treated with
activated carbon followed by the evaporation of the solvent. The yellow oily residue was stirred with 50
ml of hexane under ice-cooling. The treatment with hexane was repeated twice to Shframiide6a
(2.55 g, 60.3%) as colorless crystals (99.8¢, mp 113-114°C.¢]p2° +66.5 € 1.4, CHC}h). Anal.
calcd for GsH21F2NOs: C, 69.54; H, 5.33; N, 3.52; F, 9.56. Found: C, 69.70; H, 5.33; N, 3.53; F, 9.54.
1H NMR: 6 0.51 (3H, d, CH-benzoxazine)=6.3 Hz), 1.43 (3H, d, Cktnaproxen,)=6.8 Hz), 3.85 (3H,
s, O-CHp), 4.08 (1H, m, CHg), 4.25 (1H, d, CHa, J=10.3 Hz), 4.55 (1H, g, CH-naproxed+6.8 Hz),
4.80 (1H, m, CH-benzoxazine), 6.84—7.77 (8H, aroff.NMR: 6 1.8 (P, dd, Jr_r=21 Hz, }_s=7.4
Hz), 20.6 (F, m).

4.4. Isolation of R)-(+)-7,8-difluoro-2,3-dihydro-3-methylH-1,4-benzoxazingb and its racemisation

The aqueous acid layer after washing the previous reaction mixture was alkalized by 10N NaOH up to
pH 8 under ice-cooling, extracted by GEl,, washed with brine and dried over Mg vaporation of
the solvent in vacuo gave 1.35 g of a yellow oil. Combined hexane filtrates after ag@ié4 isolation
were evaporated to dryness in vacuo. The residue was subjected to acid hydrolysis in a mixture of 20
ml acetic acid and 20 ml hydrochloric acid under reflux for 9 h. The reaction mixture was evaporated
to dryness in vacuo followed by addition of water and ice-cooling. The precipitate was filtered off and
washed with water. The combined filtrates were alkalized by 10N NaOH up to pH 8 under ice-cooling,
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extracted by CHCI,, washed with brine and dried (MgQD Evaporation of the solvent gavd (1.02

g) as a yellow oil (72%eby HPLC after derivatization with acyl chloridg). The overall yield was 2.37

g (60%). Anal. calcd for gHgF>NO: C, 58.38; H, 4.90; N, 7.57; F, 20.52. Found: C, 58.67; H, 4.80; N,
7.35; F, 20.38.

Compoundlb (0.60 g, 3.24 mmol, 72%e and concentrated sulfuric acid (0.09 ml, 1.62 mmol) were
placed into a tube, and the reaction mixture was heated under an argon atmosphere at 120°C for 9 h.
Then 20 ml of water was added and the reaction mixture was alkalized by 10N NaOH up to pH 8 under
ice-cooling, extracted by Ci€l,, washed with brine and dried (MgQJ Evaporation of the solvent in
vacuo gave 0.50 g of a yellow oil. The latter was purified by flash chromatography on a dry silica gel
column with hexane:chloroform (75:25-5:95) as an eluent. TLC (benzene) monitoring. Evaporation of
the solvents in vacuo gave 0.38 g (63.3%) of racerias a yellow oil which was crystallized out while
storing to give white or slightly colored crystals, mp 41-43°@d?°=0. Anal. calcd for GHgFoNO: C,

58.38; H, 4.90; N, 7.57; F, 20.52. Found: C, 58.93; H, 4.83; N, 7.29; F, 2B:5IMR: § 1.09 (3H, d,
CHjs, J=6.1 Hz), 3.40 (1H, m, éH), 3.67 (1H, dd, €Hg, J=10.2, 7.9 Hz), 4.23 (1H, ddd,%Els, J=10.2,
2.7, 1.5 Hz), 5.9 (1H, br s, NH), 6.31 (1H, ddd®i;, J=9.0, 5.2, 2.0 Hz), 6.66 (1H, ddd.’8, J=10.4,
9.0, 8.1 Hz)1°F NMR: 6 0.37 (P, dddd,J=22.0, 8.1, 2.0, 1.4 Hz), 9.36 (Fddd,J=22.0, 10.4, 5.2 Hz).

4.5. 8)-(-)-7,8-Difluoro-2,3-dihydro-3-methyl#4-1,4-benzoxazin&a

(S,9-Amide 6a (1.3 g, 3.27 mmol) was refluxed in the mixture of 20 ml of acetic acid and 20 ml
of hydrochloric acid for 9 h. The reaction mixture was evaporated to dryness in vacuo. Water was then
added and the reaction mixture was cooled in an ice bath. The precipitate was filtered off and washed
with water. The combined filtrates were alkalized by 10N NaOH up to pH 8 under ice-cooling, extracted
by CH,Cl,, washed with brine and dried (MgQOEvaporation of the solvent in vacuo gave benzoxazine
1a(0.60 g, 99%, 99.2%eby HPLC after derivatization with acyl chloridg) as a yellow oil. The overall
yield was 48.5%, taking into account the recycling racemafex]p?® 8.9 (€ 3.5, CHC}) [Lit.% -9.6
(c2.17, CHC4)]. Anal. calcd for GHgF2NO: C, 58.38; H, 4.90; N, 7.57; F, 20.52. Found: C, 58.45; H,
4.90; N, 7.57; F, 20.52H NMR and*°F NMR seerac-1.

4.6. N-[(29)-2-(6-Methoxynaphthyl-2)propionyl]-&-2,3-dihydro-3-methyl-4-1,4-benzoxazine
Ta-7b

In a way similar to that described for amide starting from racematé (0.50 g, 3.35 mmol) and
(9-naproxen acyl chloridés (0.92 g, 3.69 mmol) in CkCl,, amide 7a—7b was obtained in 71%
yield as a yellow oil. The diastereoisomeric mixture BfH- and S,9-amides was subjected to flash
chromatography on a dry column with silica gel for TLC (Silpearl), eluent: benzene:ethyl acetate to give
7b (95%de) as a yellow oil. Anal. calcd for &H2>3NO3: C, 76.43; H, 6.41; N, 3.88. Found: C, 76.50; H,
6.34; N, 3.571H NMR: § 1.13 (3H, d, CH-benzoxazineJ=6.7 Hz), 1.51 (3H, d, CktnaproxenJ=6.8
Hz), 3.77 (1H, ddq, éHg, J=10.9, 3.2, 0.6 Hz), 3.86 (3H, s, O-GH 4.05 (1H, dd, EHp, J=10.9, 1.8
Hz), 4.36 (1H, g, CH-naproxed=6.8 Hz), 4.63 (1H, m, éH-benzoxazine), 6.84—7.83 (8H, arom); and
7a(98.0%de) as colorless crystals, mp 78-80°C. Anal. calcd fesH33NOs: C, 76.43; H, 6.41; N, 3.88.
Found: C, 76.48; H, 6.47; N, 3.65.
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4.7. N-[(29)-2-(6-Methoxynaphthyl-2)propionyl]-&-2,3-dihydro-3-methylH4-1,4-benzoxazing&a

In a way similar to that described for amid®,§-6, starting from racemat2 (1.18 g, 7.91 mmol) and
(9-naproxen acyl chlorid®& (0.98 g, 3.95 mmol) in benzenes,§-amide7awas obtained in 56% vyield
as colorless crystals (99.086), mp 79-81°C. ]p?° +26.6 € 1.1, CHC}). Anal. calcd for GsH»3NOg:
C,76.43; H, 6.41; N, 3.88. Found: C, 76.43; H, 6.51; N, 3166NMR: 6 0.54 (3H, d, CH-benzoxazine,
J=6.4 Hz), 1.44 (3H, d, CktnaproxenJ=6.7 Hz), 3.84 (3H, s, O-C¥), 3.94 (1H, m, CHg), 4.08 (1H,

d, C?*Ha, J=10.7 Hz), 4.57 (1H, q, CH-naproxeds6.7 Hz), 4.75 (1H, m, CH-benzoxazine), 6.70-7.80
(10H, arom).

4.8. ()-(+)-2,3-Dihydro-3-methyl-#-1,4-benzoxazin2a

In a way similar to that described for benzoxazine derivatiggstarting from amide&,9-7 (1.3 g,
3.27 mmol), benzoxazinawas obtained in 100% yield (99.28after derivatization with acid chloride
5) as a yellow oil. [x]p%° +19.8 € 1.0, CHC}). Anal. calcd for GH11NO: C, 72.45; H, 7.43; N, 9.39.
Found: C, 72.48; H, 7.42; N, 9.24H NMR: § 1.08 (3H, d, CH, J=6.3 Hz), 3.37 (1H, dqd, &, J=8.0,
6.3, 2.8 Hz), 3.60 (1H, dd, %g, J=10.3, 8.0 Hz), 4.10 (1H, dd,%Ela, J=10.3, 2.8 Hz), 5.7 (1H, br s,
NH), 6.41-6.68 (4H, arom).

4.9. R)-(-)-2,3-Dihydro-3-methyl-#-1,4-benzoxazin2b

In a way similar to that described for isolation of compoudmhdrom the reaction mixture, benzoxazine
2b was obtained in 42.4% vyield (in account for racemteas a yellow oil (91%ee by HPLC after
derivatization with acyl chlorid®). [«]p2° -18.0 € 1.84, CHC4). Anal. calcd for GH11NO: C, 72.45;
H, 7.43; N, 9.39. Found: C, 72.08; H, 7.39; N, 9.5A.NMR, see2b.

4.10. Kinetic resolution. General procedure

To a solution of compounds(37.0 mg, 0.2 mmol) o2 (29.4 mg, 0.2 mmol), and an appropriate amine
(0.1 mmol) (or without any amine) in an appropriate solvent (1 ml), was added a solution of confpound
(24.9 mg, 0.1 mmol) in the same solvent (1 ml). The reaction mixture was then stirred for the appropriate
time and temperature, and filtered through silica gel. A measure of 0.2 ml of the filtrate was diluted with
0.5 ml CHCI,. Then 0.02 ml of the obtained solution was diluted with 0.5 ml of an appropriate mobile
phase and analyzed by HPLC.
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