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ABSTRACT- The reaction between a chiral template denived from glyoxal with organometallic reagents
leads ulumately to the optically active utle compounds The stereochemical outcome of the key-step which
mvolves substitution of a thiophenol group depends on the organometallic predommantly inversion with alkyl
copper or complete retention with alkyl zinc halides The stereodirecting effect of an allylic hydroxy group in an
imimum 1ntermediate 18 evidenced 1n the case of the organozinc reagent

Of all the areas of asymmetric synthesis, the rapid expansion of that of a-aminoacids 1s self-evident The
ever growing number of synthetically useful reactions 1nvolving these compounds as chiral inductors or building
blocks! 15 a strong incitement for developing novel methods of synthesizing o-amino acids 2.3 In that respect we
present here a synthesis of N-methyl-a-amino esters and N-methyl-B-amino alcohols 4 which exhibuts two
unusual features (1) glyoxal 1s enantioselectively functionalized, (1) the stereochemustry of the overall process
depends on the nature of an organometalhc reagent

This synthesis belongs to a clearly defined class of reactions asymmetric dentvatization of glycine-cation
equivalents 5 The chiral substrate used here 1s the morpholine denivative 1 resulting from a one-pot condensation
between glyoxal, N-methyl-(R)-phenylglycinol and thiophenol 1n aqueous solution 6 Substitution of the thioether
moiety of 1 by organometallic reagents occurs either with complete retention (organozinc reagents) or with
predominant inversion (alkyl copper reagents) as shown in Scheme I
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A sequence of well-documented reactions then transforms the above alkylated product 1nto the N-methyl o-
aminoesters (Scheme II) 7
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Scheme II
RESULTS

The key-step of the present asymmetric synthesis 1s the diastereoselective C-C bond formation resulting
from reaction of compound 1 with organometallic reagents Actually substitution of acychic amno thioethers by
alkyl copper 8 and Gngnard® reagents yielding ammes has been reported but, to our knowledge, the
stereochemical outcome of these reactions was not investigated Morpholine denivative 1 reacted with butylcopper
and alkylzinc halides to give the corresponding hemiacetals 2 and 3 as shown m Table I Owing to ring-chain
tautomenism, all hemmacetals were obtained as mixtures of epimers at C-2

Table I. Reactions of organometallic compounds with chiral compound 1

entry | organometallic reagent R ratio of 23 | yield %
1 n-C4Ho-Cu n-Bu 90 10 50
2 n-C4Ho-Znl n-Bu <2 >98 56
3 n-C3H7-Znl n-Pr <2 >98 80
4 1-C4Hg-Znl i-Bu <2>98 55
5 CH»=CH-ZnBr CHy=CH <2 >98 78
6 CHy=CH-CH-ZnBr CH»=CH-CH, 46 54 69

@4 equiv b Determned on 1solated products
Stereochemistry at the new stereocenter in  hemmacetals 3 was determined via conversion to the
o—aminoesters 6 (see below) Hemacetal 7 was obtained in  a diastereoisomerically pure form by flash
chromatography The resulting compound 7 (R =n-Bu) was transformed into the B-amno alcohol 9 (cf
Scheme III) whose enantiomeric excess (>95%) and the absolute configuration (S) were established by chemical
correlation with the aminoalcohol obtamned by reduction of N-formyl -L-norleucine with L1AIHy
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Reactions of the methyl acetal derivative 10 of compound 1 with butylzinc 1odide and butyicopper are

summarized 1n Scheme IV
(0] OMe (0} OMe O OMe
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P N7 VSPh P N7 ™Bu " SN VBu
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BuZnl 44% 56%
BuCu 90% 10%

Scheme IV

As shown on Scheme II, the mixture of epimernic hemiacetals 3 are transformed 1nto tetrahydro
oxazinones 4 which are diastereoisomenically pure 1n all cases except one (R=allyl, see entry 6 1n Table I)
Treatment of compounds 4 by potassium ¢-butoxide causes an almost complete epimenization at C-3 and yields
the more stable diequatonal cis epimer 13 (Scheme V)
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The final N-methyl ammoesters 6 were obtained from oxazinones 4 by treatment with vinyl chloroformate
followed by an acid-catalyzed methanolysis of the intermediate carbamate 5 In the same way, the epimenic
oxazinone 13 (R = allyl) led to ent-6 Determination of the enantiomeric excess and abolute configurations were
performed as follows (1) R = n-Pr, 1-Bu chemcal correlation with the corresponding N-methyl-o-amino esters
made from commercially available amino acids and NMR spectroscopy on Mosher amide (1) R = vinyl, allyl
chemical correlations of the hydrogenated denvatives (Hp, Pd/C) with the corresponding N-methyl o-
amino esters and NMR measurements on the Mosher derivatives N-Methyl-a-amino esters 6 ( R = n-Pr, 1-Bu)
are enantiomerically pure and ent-6 (R = allyl) shows a 86% ee, these enantiomeric excesses correspond to the
diastereoisomeric excesses of the starting oxazinones 4 and 13 Steps 11 and i1 1n Scheme II actually do not alter
the stereochemustry of the substrate However this 1s not the case with the vinyl denvative 6 (R = vinyl) which
was partly racemized durning acidic methanolysis of carbamate 5 compound 6 (R = vinyl) was therefore
obtained with a poor enanuoselectvity (70% ee)
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DISCUSSION

The dramatic difference of stereoselectivity which was observed dunng the diastereoselective C-C bond
formation (Scheme I) according to the nature of the organometallic reagent clearly deserves a mechanmstic
mterpretation The overall inversion during substitution by butylcopper can be accomodated by a SN2-like
process 1n which the thiophenyl moiety not only acts as a leaving group but also as a hgand for the metal atom
The strong ability of sulfur compounds to coordinate on copper 1s well recogmzed, 10 1t enhances the reactivaty of
the copper reagent towards a soft electrophilic center 1 The stereochemical outcome of such displacements 1s
classically accomodated by a rate-determuning nucleophilic attack on the carbon by copper (inversion), followed
by reductive elimination (retention) 12

It 1s worth mentioning that the use of lithium dibutyl cuprate 1nstead of butylcopper failed contrary to a
general feature 1 organocopper cherstry 13,14 In the present case this can be ascribed to reaction of the cuprate
reagent with the hydroxy group of morpholinol 1 since alkylcopper compounds are known to be less basic than
the corresponding cuprates 13.15 The fact that the hydroxy group 1n 1 1s not mstrumental to the thiophenyl
displacement can also be deduced from Scheme IV (compare with entry 1 in Table I) Butylcopper shows the
same stereoselectuivity towards both the hemiacetal 1 and the derived methyl acetal 10

On the other hand, a stereodirecting effect of the hydroxy group contributes to the retention observed in the
case of alkylzinc halides (compare Scheme IV and entry 2 in Table I) Now an imimum 1on intermediate 14 can
account for the diastereoselectivity Formally resulting from the departure of phenylthiolate anion, this iminium
10n 18 easily produced from the amino thioether precursor 1 owing to (1) an internal assistance by the mtrogen
lone pair which 1s 1n a 1,2 trans-diaxial arrangement (Figure 1) with the SPh leaving group (kinetic anomeric
effect 17), (1) an external assistance by a Lewis acid A (ZnXa, RZnX, etc )
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Stereochemustry of compounds 3 could therefore be ascribed to axial attack by nucleophilic organozinc
hahde following an antiperiplanar approach 1n relation to the nitrogen lone pair Hypotheses of these kind have
frequently been advocated 18 for simlar reactions but thus featurg was recently questioned 19 In the case at hand
however, the axial attack (see Scheme VI) 1s strongly assisted by the hydroxy group (or more precisely by its
metaloxy form, see below)20 which 1s located 1n the suitable position Actually examples of such stereodirecting
effects due to allylic hydroxy groups are so widely known 21.22 that collectively they constitute a new standard 1n
organic synthests 23
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No reaction of compound 1 with butylzinc 1odide was observed when reactants are 1n 1 1 molar ratio an
excess of organozinc reagent 1s mandatory for the reaction to occur The first equivalent of BuZnl reacts with
hermacetal 1 to generate a zinc alkoxide and a second organozinc molecule 1s needed to effect the alkylation
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Scheme VI
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Thas assumption 18 remurascent of recent works by Noyorn et al 24 reporting that alkylation of aldehydes by
organozinc reagents, in the presence of a chiral ligand, proceeds via dinuclear zinc species Scheme VII
tentatively ranonalizes the above observations: 1 ¢., the syn attack of the double bond with respect to the HO
group leading to an overall retention and the necessity of an excess of organozinc halide
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Scheme VIII resumes the differences of stereoselectivities 1 relation to the nature of the organometallic
reagent and to the presence of a henuacetal or an acetal morety adjacent to the reactive amino thioether center
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In contrast to the other alkylzinc halides, allylzinc bromide (entry 6 in Table I) reacted without
stereoselectivity; this can be ascribed to the known reversibility 25 displayed by addition of such reagents on
electrophilic double bonds (thermodynamic control) Nevertheless the base-catalyzed epimenzation shown on
Scheme V eventually led to ent-6 (R = allyl) wath a fair degree of enantioselectivity (86% ee)

Therefore, although starting from the same chiral substrate, either enantiomer of the a-amino ester can be
synthesized via two different strategies (1) the choice of the organometallic reagent dictates the stereochemustry of
the condensation (Scheme I) under kinetic control, (1) epimernization of the intermediate oxazinone (Scheme V)
allows a thermodynamic control of the overall process

EXPERIMENTAL SECTION

General comments

IH , 13C and 19F NMR spectra (CDCI3 solution unless otherwise stated) were respectively carned out on a
Brucker AC 200 spectrometer at 200, 50 and 188 MHz , chemucal shifts are reported 1in ppm downfield from
TMS, unless otherwise stated Optical rotations were determined with a Perkin-Elmer 141 polarimeter Melting
points were obtained with a Reichert apparatus (hot stage provided with a microscope) Mass spectra were
performed on a Kratos MS 30 apparatus Microanalyses were obtained by the Laboratory of Microanalysis of the
Universit€é P et M Curie

All reactions were carned under mitrogen except those performed 1n aqueous solution Column chromatography
was performed on silica gel, 230-400 mesh Mention of "usual workup” means (1) decantation of the organic
layer, (u) extraction of the aqueous layer with ether, (1) drying of the combined orgamc phases over MgSQa,
(1v) solvent evaporation under reduced pressure Compositions of stereoisomeric mixtures were achieved by
NMR analysis on crude products before any purfication

(2R,3S,5R) and (25,3S,5R)-3-Butyl-4-methyl-5-phenyl-2-morpholinol (7)

A solution of 1 8 M butylmagnesium bromide 1n ether (1 47 ml, 2 65 mmol) was added dropwise to stirred
suspension of copperbromude (381 mg, 2 65 mmol) 1n ether (3 ml), at -50°C After stirring at -40°C for 1 h,
morpholine 1 (200 mg, 0 66 mmol) 1n ether (8 ml) was added The resulting mixture was allowed to reach rt
within 1 h The black slurry was then quenched with 1 N buffer (pH 9) of NH4CI/NH40H (6 ml) and stirring
was maimtamned during 1 h After filtration and usual workup, the residue was flash chromatographied (45%
ether/petroleum ether), to give 7 as a clear o1l (63/37 epimeric muxture at C-2, 82 mg, 50%) 1H NMR 0 90-0 95
(m, 3H, CH3CHj3), 125-180 (m, 6H), 201 and 2 02 (s, 3H, NCH3), 475 (d, J=8 Hz, OCHO), 502 (d,
J=1 Hz, OCHO), 7 2-7 4 (m, 5H, Ph)

Aminodiol (8

To a stured s(us)pcnsmn of LaAlH4 (120 mg, 3 2 mmol) 1n ether (3 ml) was added dropwise a solution of 7
(239 mg, 0 96 mmol) 1n ether (10 ml) at rt After sturing for 5h, the reaction was quenched by addition of
water (5ml) Workup gave 8 as an o1l (223 mg, 93%) which was used without punificanon 1H NMR 0 80 (t,
J=6 2 Hz, 3H, CH3CHj3), 1 1-13 (m, 6H), 2 11 (s, 3H, NCH3), 295 (m, 1H, NCHBu), 3 3-40 (m, 7H),
7 20-7 35 (m, 5H, Ph), 13C NMR 139,229,270,291,293,618,628,635,699, 1276, 128 3, 128 4,
1389

(S)-2-Methylaminohexanol (9)

A suspension of 8 (220 mg, 0 876 mmol) and 5% Pd/C (20 mg) in ethanol (10 ml) was vigourously stirred
under a hydrogen atmosphere during 48 h After filtration on celite and evaporation, the residue was flash
chromatographied (50% MeOH/Ether) to give amino alcohol 9 (65 mg, 57%), [a]20 +28 8° (¢ 3 2, CHCl3)
IH NMR 090 (t, J=6 5Hz, 3H, CH3CH?>), 1 30-1 50 (m, 6H), 2 46 (s, 3H, NCH3), 2 61 (m, 1H, CHN),
342 (dd, J=6 7 and 11 3Hz, 1H, CHHO), 3 70 (dd, J=3 6 and 11 3 Hz, 1H, CHHO), 4 30 (b s, 2H, OH and
NH), 13C NMR 138,227,280,295,325,607,619 m/z 131 (M%), 128, 114, 100

(S)-2-Methylaminohexanol (9) obtained from (S)-norleucine

To a solution of (S)-norleucine (1 g, 7 6 mmol) in formic acid (3 ml), was added at 0°C formyl acetic anhydnde26
(2 g, 22 8 mmol) After surring for 3 h at r t, the solution was evaporated under reduced pressure and the sohd
residue was added portionwise to a suspension of L1AIH4 (1 14 g, 30 mmol) in THF (50 ml) at 60°C Surring
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was maintamned 3 h at this temperature and 48 h atrt Water (1 5 ml), 2 5 N NaOH (1 5 ml) and water (1 5 ml)
were then successively added. The suspension was filtered and the resulting solution was dned (MgSO4) and
concentrated, Punfication by flash chromatography (50% MeOH/ether) gave 9 as an o1l (240 mg, 37%),

[0]p20 +30 3° (c 4 7, CHCl3) H and 13C NMR data are 1dentical with those reported above for 9 obtained
from 8

(2R,3R,5R) and (2S,3R,5R)-3-n-Butyl-4-methyl-5-phenyl-2-morpholinol (3, R = n-C4Hy)

To a solution of 1 (1 5 g, 4 98 mmol) in THF (30 ml) was added n-BuZnI2? 2 6 M1n THF, 7 7ml) atrt The
resulting mixture was sturred for 18 h and was quenched with a saturated solution of ammomum sulfate (25 ml)
The usual workup yielded a residue which was subjected to flash chromatography (70% ether/petroleum ether) 3
(R=n-Bu) was obtaimned as a white solid (90/10 epimenic mixture at C-2, 700 mg, 56%) IH NMR (major
epimer) 092 (t, 3H, J=6 5 Hz, CH3CH3), 1 1-2 (m, 6H), 2 08 (s, 3H, NCH3), 2.70 (dd, J=3 1 and 95 Hz,
1H, NCHBu), 3 50 (dd, J=3 8 and 11 Hz, 1H, NCHPh), 3 6-4 (m, 2H, CH20), 505 (d, J=09 Hz, 1H,
OCHO), 7 3-7.6 (m, 5H, Ph), 13C NMR (major epimer) 14.0, 208, 230,294, 395,615,645,646,914,
128 0, 128 2, 128 6, 1369

(2R,3R,5R) and (2S5,3R,5R)-4-Methyl-5-phenyl-3-zn-propyl-2-morphohnol (3, R = n-C3H7)
The same procedure as above was followed starting with 1 (4 g, 13 3 mmol) and n-PrZnl (1 62 M THF,
32 6 ml) Flash chromatography (70% ether/petroleum ether) afforded 3 (R = n-C3H7) as a white solid (84/16
epimeric muxture at C-2, 24 g, 80%) IH NMR (major epimer) 099 (t, J=6 5 Hz, 3H, CH3CHj), 1 15-20 (m,
4H), 2 13(s, 3H, NCH3), 2 7-2 8 (m, 1H, NCHPr), 3 541 (m, 3H), 508 (b s, 1H, OCHO), 53 (b s, 1H,
OH), 7 3-7 5 (m, 5H, Ph), 13C NMR (major epimer) 143, 203,236,394, 613,642,913,1282, 1287,
1377

(2R,3R,5R) and (25,3R,5R)-3-i-Butyl-4-methyl-5-phenyl-2-morpholinol (3, R = 1-C4Hy)

The above procedure was followed starting with 1 (3 g, 9 96 mmol) and :-BuZnl (1 48 M 1n THF, 27 ml)
Flash chromatography gave 3 (R=1-Bu) as a white solid (70/30 epimernic muxture at C-2, 1 35 g, 55%) 'H NMR
(major epimer) 0 9-10 (m, 6H, (CH3)2), 12-1 8 (m, 3H), 2 06 (s, 3H, NCH3), 2 75-2 80 (m, 1H, NCHiBu),
3 40-3 70 (m, 2H), 3 80-390 (m, 1H), 440 (b s, 1H, OH), 501 (b s, 1H, OCHO), 7 20-7 45 (m, 5H, Ph),
13C NMR 91 9 and 96 1 (OCHO for each epimer)

(2R,3R,5R) and (2S,3R,5R)-3-Ethenyl-4-methyl-5-phenyl-2-morpholinol (3, R = CH=CHb3)
A solution of CHy=CH-MgBr (1 M 1n THF, 45 ml) was added dropwise to a stirred solution of dry zinc chlonde
(307 g, 22 5 ml) 1n THF (40 ml) The resulting soluuon was transferred via a synnge 1nto a solution of 1(3g,
9 96 mmol) in THF (50 ml), at -40°C After surnng 2 h at 0°C, the reaction was quenched with a saturated
solution of NH4Cl (50 ml) Usual workup and flash chromatography (50% ether/petroleum ether) yielded 3 (R =
CH=CH,) as an o1l (50/50 epimeric mxture at C-2, 1 65 g, 78%) !H NMR 2 01 and 2 02 (s, 3H, NCH3), 3 1-
42 (m, 4H), 4 9-50 (m, 1H), 52-5 6 (m, 2H, CH=CH}>), 6 05-6 30 ( m, 1H, CH=CH3y), 7 25-7 35 (m, 5H,
Ph), 13C NMR 93 0 and 94 7 (OCHO), 121 0 and 123 6 (CH=CH3), 128 4 and 129 3 (CH=CH}) respectively
for each epimer

Mixture of 4-methyl-5-phenyl-3-propenyl-2-morpholinols (2 and 3, R = CH,CH=CH,;)

A solution of 1 (200 mg, 0 66 mmol) 1n THF (6 ml) was treated by a THF solution of CHy=CHCH2-ZnBr
(15M, 177 ml) at -20°C for 10 mn and was quenched by a saturated solution of ammonium sulfate (4 ml) at
-10°C The usual workup gave a residue which was flash chromatograpmed (50% ether/petroleum ether) to yield
2 and 3 as an o1l (107 mg, 69%) 'H NMR 204, 209 and 2 12 (s, 3H, NCH3), other protons resonnances
appear as complex multiplets at 25-26, 32-40, 47-48, 500-525, 570-6 10, 72-7 4 (m, 5H, Ph),
13C NMR 90 8, 91 8, 95 6 (OCHO)

(3R,5R)-2,3,4,6-Tetrahydro-3-propyl-5-phenyl-N-methyl-4H-1,4-0xazin-2-one(4,R=n-C3H7)
Dimethyl sulfoxide (539 mg, 6 39 mmol) was added dropwise to a solution of oxalyl chlonde (406 mg, 3 19
mmol) 1n CHsClj ( 5 ml) at -50°C After sturing 5 mn at -50°C, hemiacetal 3 (R = n-C3Hy, 500 mg, 2 13 mmol)
m CHzCl; (5 ml) was introduced via a syringe After 1 h at -50°C, tnethylamine (1 03 g, 10 65 mmol) was
added, and the mixture was allowed to warm to rt during 1h 30 Addition of water (20 ml) followed by usual
workup yielded a residue which was punfied by flash chromatography (30% ether/petroleum ether) 3

(R =n-C3Hy) was obtained as white crystals (379 mg, 76%) mp 45°C, [a];20 +37 7° (¢ 1 2, CHCl3), IH NMR
099 (1, J = 7 6Hz, 3H, CH3CH3), 135-190 (m, 4H), 228 (s, 3H, NCH3), 355 (1, J = 64Hz, 1H,
NCHCO), 4 00 (dd, J = 3 8 and 10 Hz, 1H, NCHPh), 4 37 (dd, J = 10 and 11 6 Hz, 1H, CH20), 4 55 (dd, J
=116 and 5 3 Hz, 1H, CH;0), 7 3-7 4 ( m, 5H, Ph), I3C NMR 141,195,301, 387,536, 608, 707,
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127.6, 128 1, 128 8, 137 7, 171 7 Anal Calcd for C14Hj9oNO2 C, 7207, H, 8 21, N, 6 00 Found C, 72 44,
H, 826, N, 596

(3R,5R)-2,3,5,6-Tetrahydro-3-i-butyl-5-phenyl-N-methyl-4H -1,4-0xazin-2-one(4, R=i-C4Hjg)
The same procedure as above was followed starting with 3 (R =1-C4Hg) (11 g, 44 mmol) Flash
chromatography (35% ether/petroleum ether) yielded 4 (R =1-C4Hg) as a white sohd (860 mg, 80%) mp 30°C,

[0]p20 +48 4° (¢ 09, CHCl3), IH NMR 099 (d,J = 6 6 Hz, 3H, CH3), 101 (d, J = 6 6 Hz, 3H, CH3), 1 7-
20 (m, 3H), 227 (s, 3H, NCH3), 364(t, ] = 69 Hz, 1H, NCHCO), 400 (dd, J = 55 and 9 4 Hz, 1H,
NCHPh), 4.40 (dd, J = 94 and 11 6 Hz, 1H, CHHO), 457 (dd, J = 55 and 11 6 Hz, 1H, CHHO), 73-7 4
(m, 5H, Ph), 13C NMR 224, 226, 247, 36.5, 384, 590, 60.4, 70 1, 127 3, 128 0, 1287, 1378, 1719
Anal Calcd for Cy3sH21NO2 C,7289; H, 855, N, 566 Found C, 7240, H, 8 58, N, 5 66

(3R,5R)-2,3,5,6-Tetrahydro-3-ethenyl-5-phenyl-N-methyl-4H-1,4-0xazin-2-one (4, R =
CH=CH3)

Same procedure was followed as above starting with 3 (R = CH=CH3) (3 3 g, 15 mmol) Flash chromatography
(50% ether/petroleum ether) yielded 4 (R = CH=CHp) asan o1l (23 g, 71%) [a],20-1257° (c 1 1, CHCl3),
1H NMR 2.15 (s, 3H, NCH3), 40 (dd, J = 48 and 7 8 Hz, 1H, NCHPh), 419 (b d, J = 75 Hz, 1H,
NCHCO), 4.35-4 50 (m, 2H, CH0), 5 45-555 (m, 2H, CH=CH3), 6 0-6 2 (m, 1H, CH=CH3), 7 25-7 45
(m, 5H, Ph), 13C NMR 382,587,665,725,1215,1281,1283, 1287, 1302, 1367, 168 7 Anal Calcd
for C13H15sNO2 C,7185,H,696, N, 644 Found C, 7129, H,700, N, 642

(3R,5R)-2,3,5,6-Tetrahydro-5-phenyl-3-propenyl-N-methyl-4H-1,4-0xazin-2-one(4, R =
CH;CH=CH3) and (35,5R)-2,3,5,6-Tetrahydro-5-phenyl-3-propenyl-N-methyl-4H-1,4-
oxazin-2-one (13, R = CH,CH=CH3)

The same procedure was followed as above, staring with the maxture of 2 and 3 (R = CHoCH=CH3) (12 g,
515 mmol) Flash chromatography (30% ether/petroleum ether) gave a muxture of 4 and 13 (R =
CH>CH=CH3) 1n a 54/46 respecuve ratio (745 mg, 63%) as an oil. 'H NMR (major epimer) 2 30 (s, 3H,
NCH3), 26-27 (m, 2H), 36-3 7 (m, 1H, NCHCO), 40 ( dd, J = 47 and 7 8 Hz, 1H, NCHPh), 4 38 (dd,
J=78and 11 4 Hz, 1H, CHHO), 4 57 (dd, J = 5 and 11 4 Hz, 1H, CHHO), 5 15-5 25 (m, 2H, CH=CH>),
585-595 (m, 1H, CH=CHy), 7 15-7 50 (m, 5H, Ph), 13C NMR 327, 386, 609, 614, 711, 778, 12717,
1282, 128 8, 1342, 1373, 1708 1H NMR (munor epimer) 2 16 (s, 3H, NCH3), 2 70-2 75 (m, 2H), 3 41
(t, ] =47 Hz, 1H, NCHCO), 3 61 (dd, J = 3.4 and 10 3 Hz, 1H, NCHPh), 4 05-4 25 (m, 2H, CH20), 5 15-
525 (m, 2H, CH=CH,), 5 90-6.15 (m, 1H, CH=CH3), 7 25-7 40 (m, 5H, Ph), 13C NMR 367, 41 1, 639,
660,719, 1184, 1278, 1284, 128 8, 1336, 1374, 1701

Epimerization of 4 (R = CH,CH=CH,) to 13 (R = CH;CH=CH3)

To a solution of 4 and 13 (R = CHyCH=CH)) (54/46 epimernic mixture) obtained as described above (330 mg,
1 4 mmol) mn +-BuOH (5mtl) at 40°C, was added potassium #-butoxide (16 mg, 0 14 mmol) The mixture was
stirred for 15 mn at 40°C and then neutrahized with an NH4Cl aqueous saturated solution Usual workup gave a
maxture of 4 and 13 (R = CH,CH=CHj) 1n a 7/93 respective ratio (315 mg, 95%)

Epimerization of 4 (R = #-C3H7) to 13 (R = n-C3H7)

The above procedure was followed, starting with 4 (R = n-C3H7) (50 mg, 0 214 mmol). A mixture of 4 and 13
(R = n-C3H7) was obtained 1n a 7/93 ratio (30 mg, 60%) H NMR 092 (t, J = 7 3 Hz, 3H, CHz), 1 35-195
(m, 4H), 206 (s, 3H, NCH3), 324 (t, J = 45 Hz, 1H, NCHCO), 352 (dd, J = 38 and 101 Hz, 1H,
NCHPh), 4 0-4 2 (m, 2H, CH20), 7 1-7 4 (m, 5H, Ph), 13C NMR 14 1,185,351,416,644,659,721,
1280, 128 6, 1290, 1377, 1702

(2R,3R,5R)-2-Methoxy-4-methyl-5-phenyl-3-phenylthiomorpholine (10)

To a solution of 1 (1 5 g, 5 mmol) 1n THF (10 ml), cooled at -70°C, was added +-BuOK (560 mg, 5 mmol),
followed by methyl 10dide (7 1 g, 50 mmol) The reaction mixture was then allowed to warm tort duning 30
min Water (3 ml) and ether (10 ml) were successively added Usual workup gave crude 10 Flash
chromatography (20% ether/petroleum ether) yielded 10 as a whte solid (950 mg, 60%) mp 152°C, [x],20
+156 2° (¢ 11, CHCl3), IH NMR 211 (s, 3H, NCH3), 3 4-3 9 (m, 3H), 3 64 (s, 3H, OCH3), 448 (d, ] =
15 Hz, 1H, NCHS), 4 80 (d, J = 1 5 Hz, 1H, OCHO), 7 15-7.65 (m, 10H, Ph), !13C NMR 399, 56 6, 61 8,
714, 823, 102.6, 126 6, 1280, 128 4, 128 6, 128 8, 1332, 137 7, 138 0 Anal Calcd for CigH1NO2S C,
68 53, H, 671, N, 4 44 Found C, 68 40; H, 6 76, N, 4 31
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(25,38,5R) and (25,3R,5R)-2,3,5,6-Tetrahydro-2-methoxy-4-methyl-3-butyl-S-phenyl-4H-
1,4-oxazines (11) and (12)

a Reaction with butylcopper

The procedure described above for the synthesis of 7 was used, starung with 10 (200 mg, 0 63 mmol) Flash
chromatography (10% ether/petroleum ether) yielded a 90/10 epimeric mixture of 11 and 12 respecuvely (100
mg, 60%) 1H NMR (major stereoisomer 11) 093 (t, J = 6 7 Hz, 3H, CH3), 1 15-1 80 (m, 6H), 2 00 (s, 3H,
NCH3), 2 05-2 10 (m, 1H, NCHCO), 3 23 (dd, J =3 5 and 10 5 Hz, NCHPh), 344 (b t, J = 11,5 Hz,CH;0),
352 (s, 3H, OCH3), 375 (dd, J = 3 5 and 11 5 Hz, 1H, CH20), 4 34 (d, J = 8 Hz, 1H, OCHO), 7 2-7 4 (m,
5H, Ph), 13C NMR 141,234,265,278,397, 566, 658, 680, 704, 1032, 1276, 128 1, 128 5, 1402
Anal Calcd for CygHasNO2 C, 7296, H, 9 56, N, 531 Found C,7221,H,971, N, 500

b Reaction with butylzinc 10dide

The procedure described above for the synthesis of 3 (R = n-C4Hy) was used, starung with 10 (400 mg, 1 27
mmol) Flash chromatography (10% ether/petroleum ether) yielded a 44/56 epimeric mixture of 11 and 12
respectively (190 mg, 57%) 1H NMR (major stereoisomer 12) 091 (t, ] = 6 6 Hz, 3H, CH3), 1 1-1 8 (m,
6H) , 2 11 (s, 3H, NCHj3), 2 70-2 85 (m, 1H, NCHCO), 3 50 (s, 3H, OCH3), 3 40-3 65 (m, 2H), 3 90-4 05
(m, 1H, CH20), 4 64 (d, ] = 2 2 Hz, 1H, OCHO), 7 25-7 35 (m, 5H, Ph), 13C NMR 140, 217,231, 315,
394,562,616,692,764, 1030, 1277, 1280, 128 6, 137 8

Urethane derivative (5, R = n-C3H7)

A solution of 4 (379 mg, 1 63 mmol) and vinyl chloroformate (692 mg, 8 15 mmol) 1n CH2Cl3 (10 ml) was
refluxed for 24 h. Evaporation and flash chromatography of the residue (10% ether/petroleum ether) yielded
carbamate 5 (R = n-C3H7) as an o1l (393 mg, 71%) 1H NMR 28 0 90-0 95 (m, 3H, CH3), 1 2-2 0 (m, 4H),
2 82 (s, 3H, NCH3), 4 40-4 85 (m, 5H), 507(t, J = 6 8 Hz, 1H, NCHCO), 7 1-7 3 (m, 1H, CH=CHj), 7 3-
7 4 (m, SH, Ph), 13C NMR 134, 192,303, 305,309, 582,591, 681, 682,957, 1274, 1288, 1290,
137 3, 1423, 142 5, 153 5, 154 3, 170 8 Anal Caled for C17H29NO4Cl C, 60 08, H,6 53, N, 4 12 Found
C,6019, H,673, N, 402

Urethane derivative (5, R = i-C4Hy)

The same procedure as above starting with 4 (R = i-C4Hg) (600 mg, 2 43 mmol) gave, after refluxing for 72 h
and flash chromatography (30% ether/petroleum ether), § (R = 1-C4Ho) as an o1l (710 mg, 82%) !H NMR 09-
10 (m, 6H), 1 35-1 80 (m, 3H), 2 81 (s, 3H, NCH3), 4 40-4 55 (m, 3H), 47-49 (m, 2H), 507 (1, J =68
Hz, 1H, NCHCO), 7 15-7 25 (m, 1H, CH=CH3), 7 25-7 50 (m, 5H, Ph) 13C NMR 211, 214, 232,248,
303, 308, 373, 378, 568, 59.2, 682, 959, 1275, 1289, 1291, 1374, 1424, 1426, 1543, 1722
Anal Calcd for C1gH24NO4Cl1 C, 6108, H, 6 83, N, 395 Found C, 6136, H, 698, N, 4 19

Urethane derivative (5, R = CH=CH3)

The same procedure as above staring with 4 (R = CH=CH3) (2 2 g, 10 1mmol) gave, after refluxing for 21 h
and flash chromatography (30% ether/petroleum ether), § (R = CH=CHj) as an o1l (29 g, 88%) !H NMR 2 86
(s, 3H, NCH3), 4 45-4 55 (m, 3H), 42-49 (m, 1H), 508 (t,J = 6 8 Hz, 1H, NCHCO), 5 1-54 (m, 3H),
58-6 0 (m, 1H), 7 05-7 30 (m, 1H, OCH=CH3), 7 3-7 4 (m, 5H, Ph), 13C NMR 316, 323, 589, 610,
682,958, 1198, 127 3, 128 6, 1289, 129 8, 1300, 137 1, 1420, 142 3, 1528, 153 8, 168 8 Anal Calcd
for C16H18NO4Cl C, 5935, H,560, N, 432 Found C,5931,H,570, N, 4 14

Urethane derivative (5, R = CHCH=CH3)

The same procedure as above starting with a 7/93 epimenc mixture of 4 and 13 respectively (315 mg, 1 36
mmol) gave, after refluxing for 5 days and flash chromatography (20% ether/petroleum ether), 5 (R =
CH2CH=CH3) as an o1l (400 mg, 91%) 1H NMR 2 30-2 95 (m, 5H), 4 45-4 50 (m, 3H), 4 65-4 95 (m, 2H),
505-5 15 (m, 3H), 5 60-5 85 (m, 1H), 7 10-7 55 (m, 6H), 13C NMR 306, 313, 329, 334, 583, 585,
592,682,957, 1182, 1184, 1274, 1288, 1290, 1329, 1331, 1373, 1422, 1424, 1535, 1545,
169 9 Anal Calcd for C17H9NO4C1 C, 6044, H, 597, N, 4 15 Found C, 6076, H, 609, N, 446

Methyl (2R)-2-methylaminopentanoate hydrochloride (6, R = n-C3H7)

Urethane § (R = n-C3H7) (393 mg, 1 16 mmol) was refluxed for 3 days i.n MeOH HC1 (10 ml, 6 N) Solvent
was then evaporated 5o as to remove excess of HCl The residue was dissolved 1n water (10 ml) and the aqueous
solution was extracted with ether (2 x 10 ml) Removal of water under reduced pressure and drying yielded 6 (R
= n-C3H7) as a sohd residue (199 mg, 95%), [a]p2? -23 6° (c 0 51, MeOH), 1H NMR (D20) 109 (1,
J =73 Hz, 3H, CH3CH3), 1 4-2 1 (m, 4H), 292 (s, 3H, NCH3), 4 01 (s, 3H, OCH3), 425 (t, } = 57 Hz,
1H, NCH), 13C NMR (D;0, dioxane) 156, 163,313,324, 54 4, 61 6, 170 9, m/z 145 (M+-HCl)
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Methyl (2R)-2-methylamino-4-methylpentanoate hydrochloride (6, R = i-Bu)
Urethane 5 (R =:-Bu) (215 mg, 0 61mmol) was treated as described above and gave 6 (R = 1-Bu) as a white

solid (114 mg, 97%), [0]p20 -31 7° (¢ 1 3, EtOH) (it 29 +31 4° for the S enantiomer)

Methyl (2R)-2-methylaminobuten-3-oate hydrochloride (6, R = CH=CHj)

Urethane § (R = CH=CHj3) (516 mg, 1 6 mmol) was treated as described above and afforded 6 (R= CH=CHj)
as a solid residue (250 mg, 95%), [a]p20 -113 7° (¢ 1 7, MeOH), 1H NMR (D20) 2 88 (s, 3H, NCH3), 4 01 (s,
3H, OCH3), 478 (d, J = 10 Hz, 1H, NCH), 57-6 1 (m, 3H, CH=CH3), 13C NMR (D;0, dioxane) 3135,
548, 636, 674, 1262, 128 3, 169 4, m/z 129 (M*-HC])

Methyl (2S)-2-methylaminopenten-4-oate hydrochloride (6, R = CH2CH=CH3)

Urethane 5 (R = CHpCH=CH3) (365 mg, 1 13 mmol) was treated as described above and gave ent-6 (R =
CH,CH=CHy) as a sohd residue (184 mg, 90%), [a]520 +0°7 (¢ 0 8, MeOH), 'H NMR (D20) 29-3 0 (m, 5H,
NCH3 and CHoCH=CH3), 4 04 (s, 3H, OCH3), 439 (t, ] = 5§ 6 Hz, 1H, NCH), 5 4-5 5 (m, 2H, CH=CH3),
58-6 0 (m, 1H, CH=CHj), 13C NMR (D;0, dioxane) 323, 336, 54 5, 610, 1225, 130 3, 170 2, m/z 143
(M+-HQCD), 102, 84

Determination of the absolute configuration of 6 (R= n-C3H7) and ent-6 (R = CHCH=CH}3),
chemical correlation.

a Methyl (2S)-2-methylanunopentanoate hydrochloride from ent-6 (R = CH2CH=CH>3)
A suspension of enr-6 (R = CH,CH=CH3), (110 mg, 0 613 mmol) and 5% Pd/C (20 mg) in MeOH (10 ml) was
vigourously surred under a hydrogen atmosphere for 3 h Filtration on celite and evaporation gave title compound

as a white solid (102 mg, 93%), [a]p20 +20 3° (c 09, MeOH)

b Methyl (25)-2-methylaminopentanoate hydrochloride from S-norvahne

(1) (25)-2-Methylaminopentanoic acid

This compound was prepared from (S)-norvaline following the general method of Qutt et al 30 for synthesis of
N-methyl a-aminoacids, [a]p20 +28 3° (¢ 0 75, HCI 6 N), IH NMR (D;0) 074 (t,J = 7 3 Hz, 3H, CH3CHy),
10-13 (m, 2H), 1.5-1 8 (m, 2H), 2 50 (s, 3H, NCH3), 338 (t, J = 57 Hz, 1H, NCHCO), Anal Calcd for
CgH13NO2 C, 5492, H,998, N, 1068 Found C, 54 88, H, 9 87, N, 1045

(u) Methyl (25)-2-methylaminopentanoate hydrochlonde

Title compound was prepared by refluxing a solution of the above (25)-2-Methylaminopentanoic acid (100 mg,
0763 mmol) n MeOH HCI (5 ml, 2 4 N) for 14 h Evaporation and drying gave the methyl ester hydrochlonde
as a white sohd (137 mg, 99%), [«]520 +24 4° (¢ 09, MeOH) Spectral data (13C and 'H NMR) were 1denucal
to those showed by 6 (R = n-C3H7) and by the hydrogenated denvauve of enr-6 (R = CH2CH=CH3), both
obtamed by asymmetric synthesis

Determination of the absolute configuration of 6 (R = CH=CH3), chemical correlation.

a. Methyl (2R)-2-methylaminobutanoate hydrochloride from 6 (R = CH=CH3)

Same procedure was used as for methyl (25)-2-methylaminopentanoate hydrochlonide starting with 6 (R =
CH=CHy) (223 mg, 1 35 mmol) Title compound was obtained as a solid (184 mg, 82%), [x]p20-151°(c 1 1,
MeOH), 1H NMR (D20) 113 (t,J = 7 4 Hz, 3H, CH3CH3), 2 0-2 3 (m, 2H), 2 92 (s, 3H, NCHz), 403 (s,
3H, OCHz), 4 24 (t, ] = 6 Hz, 1H, NCHCO), 13C NMR (D70, dioxane) 89, 228, 324, 544,627, 1708,
m/z 131 (M+-HCl), 102, 72

b Methyl (2S)-2-methylaminobutanoate hydrochlonde from (25)-2-aminobutanoic acid

() (25)-2-Methylamnobutanoic acid

This compound was prepared from (2S)-2-aminobutanoic acid following the general method of Quitt et al 30
[«]p20 +24 8° (¢ 0 85, HC1 6 N), 1H NMR (D20) 109 (t, J = 7 6 Hz, 3H, CH3CHp), 20-2 1 (m, 2H), 2 85
(s, 3H, NCH3), 370 (1, ] = 7 3 Hz, 1H, NCHCO), Anal Calcd for CsH1NO2 C, 5126, H, 947, N, 11 96
Found C, 5041, H, 935, N, 1192

(1) Methyl (25)-2-methylaminobutanoate hydrochlonide

Following the previously descnibed procedure for methyl (25)-2-methylaminopentanoate hydrochlonde and
starting with (25)-2-methylammobutanoic acid (50 mg, 0 43 mmol), utle compound was obtained as a sohd,
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[a]p20 +17 6° (¢ 12, MeOH) Spectral data (13C and 'H NMR) were identical to those showed by the
hydrogenated denvative of 6 (R = CH=CHy), obtained by asymmetric synthesis

Determination of optical purity of compounds (6)

A suspension of the amnoester hydrochloride (0 2 mmol) and triethylamine (0 28 ml, 0 2 mmol) 1n ether (1 ml)
was stirred overmight. Tniethylamine (0 28 ml, 0 2 mmol) and (+)- MTPACI (Mosher reagent) (0 175 M in THF,
115 ml) were successively added Stiring was continued for 7 h Addition of water (1 ml) and ether (3 ml)

gave, after usual workup, a residue which was directly analysed by 19F NMR (CDCls, tnfluorotoluene) The
following resonances appeared for 6 and ent-6 Mosher amide denivatives R = n-C3Hy -8 14 and -7.75
(ee>95%); R = 1-C4Ho: -8 25 and -7 70 (ee>95%), R = n-C3Hs (from R = CH=CHj) -8 22 and -7 75 (ee =
70%) For ent-6 (R = C3H7 from R = CHaCH=CHj3) -7 75 (ce = 86%)
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