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1. (R)-2,3-Dihydroxy-N-methoxy-2,/N-dimethylpropio-
namide. (R)-2.

AD-mix ¢, MeSO,NH,,

o {BUOH/H,0 (1:1), 0°C, 12 h 0
%N/OMe Ho/\%k N/OMe

Me 81%, €e=93% HO 'Me e

1 (R)»-2

A round-bottomed flask was charged with fert-butyl alcohol
80 mL), H,O (80 mL), AD-mix-a (21.7 g) and
methanesulfonamide (1.50 g). The mixture was stirred at 25°C
until both phases are clear, and then cooled to 0°C, whereupon the
inorganic salts partially precipitated. Olefin 1 (2.00 g, 15.5 mmol)
was added and the heterogeneous slurry was vigorously stirred at
0°C for 12 h. The reaction was quenched at 0°C by addition of
sodium sulphite (23.20 g) and then stirred for 1 h. The reaction
mixture was extracted with ethyl acetate (3x30 mL) and then
dried (Na,SO,4) and concentrated. The residue was purified by
column chromatography (hexane/ethyl acetate, 3:7) to give
compound (R)-2 as a colourless oil (2.05 g, 12.5 mmol); yield:
81%. [0]*p=+4.7 (¢ 1.80, MeOH); 'H NMR (CDCly): & 1.38 (s,
3H, CHs;), 3.31 (s, 3H, NCH3), 3.63 (d, 1H, J=11.4 Hz, CH,OH),
3.76 (s, 3H, NOCHj), 3.93 (d, 1H, J=11.4 Hz, CH,OH); >*C NMR
(CDCl;): ¢ 21.8 (CHj), 34.0 (NCH;), 61.4 (NOCH;), 68.0
(CH,OH), 76.2 (COH(CH3)), 174.8 (CON); ESI" (m/z) = 164.
Anal. calcd. for CgH;3NO4: C, 44.16; H, 8.03; N, 8.58. Found: C,
44.01; H, 8.00; N, 8.56.

2. Methyl (R)-2,3-dihydroxy-2-methylpropanoate. (R)-3.

1. LIOH-H,0, H,0/MeOH (1:3),

o 25°C, 2 h
one 2 ACCl MeOH, reflux, 12 n o
A e
HO” X N HO™ XX~ “OMe
HO Me e 85% HO Me
(R)-2 (R)-3

To a solution of compound (R)-2 (8.60 g, 52.7 mmol) in
H,O/MeOH (1:3, 120 mL), LiOH-H,O (11.1 g, 264 mmol) was
added and the mixture was stirred at room temperature for 2 h.
The N,O-dimethylhydroxylamine formed in the reaction and
MeOH were removed and the mixture was acidified with conc.
HCI to pH 1-2. After removing the solvent, the white solid was
dissolved in HCI/MeOH, previously prepared by dropwise
addition of AcCl (30 mL) to a pre-cooled MeOH (120 mL) at 0°C,
and the mixture was heated under reflux for 12 h. The mixture
was concentrated and the residue partitioned between H,O (50
mL) and CHCly/isopropanol (3:1, 100 mL). The aqueous layer
was successively washed with CHCly/isopropanol (4x100 mL),
dried (Na,SO,), concentrated and the crude product was purified
by column chromatography (hexane/ethyl acetate, 3:7) to give
(R)-3 as a Colourless oil (5.98 g, 44.6 mmol); yield: 85%.
[a]lp>=1.0 (¢ 2.66, MeOH). 'H NMR (CDCly): & 1.35 (s, 3H,
CH;), 3.57 (d, 1H, J=11.2 Hz, CH,), 3.80 (d, 1H, J=11.2 Hz,
CH,), 3.81 (s, 3H, CO,CH;). *C NMR (CDCLy): & 21.9 (CHs),
53.1 (CO,CHj,), 68.3 (CH,), 75.6 (COH(CH,)), 176.1 (CO,CH5;) ;
ESI" (m/z) =135. Anal. caled for CsH,(O4: C, 44.77; H, 7.51.
Found: C, 44.61; H, 7.45.

3. Methyl (R)-5-(methoxymethylcarbamoyl)-5-methyl-2,2-
dioxo-2)»6-[1,2,3]oxathiazolidine-3-carb0xylate. (R)-4.

0, OMe
0 Burgess Eeagent, 0 NI
oM THF, 25°C, 24 h >\\ \
HO Y N -y med N SmeMe
HO Me e ° 0=570
(R)-2 (R)-4

Diol (R)-2 (3.00 g, 18.4 mmol) was dissolved in THF (50 mL)
and Burgess reagent (11.0 g, 46.0 mmol) was added. The resultant
solution was stirred at 25°C for 24 h, concentrated and then
purified by column chromatography (CHCly/ethyl acetate,
9.5:0.5) to give (R)-4 as a white solid (5.00 g, 17.7 mmol); yield:
96%. Mp: 97 °C. [a]®p = —67.3 (¢ 0.92, MeOH); 'H NMR
(CDCl;): 6 1.84 (s, 3H, CHj;), 3.25 (s, 3H, NCH3), 3.78 (s, 3H,
NOCH;), 3.83 (d, 1H, J=10.4 Hz, CH,N), 3.90 (s, 3H, OCHj3),
4.81 (d, 1H, J=10.4 Hz, CH,N); '*C NMR (CDCl;): §21.9 (CH3),
33.3 (NCHj), 53.5 (CH,N), 54.7 (NOCH3;), 61.5 (OCHj3;), 85.3
(CO(CHjy)), 150.0 (NCO,), 166.2 (CON); ESI* (m/z) = 283. Anal.
calcd. for CgH4N,O5S: C, 34.04; H, 5.00; N, 9.92. Found: C,
34.30; H, 4.98; N, 9.96.

4. Dimethyl (R)-S-methyl-z,2-di0xo-27f’-[1,2,3]0xathiazo-
lidine-3,5-dicarboxylate. (R)-5.

Oy PMe  1roH, MeOH,

60°C,3h

O:§\_ 6 970/0 O O
o Method A \ I8 /\E'OMe
(R4 N

\ < Me
MeO 0=5-0
N\
o Burgess reagent, 0
0
Hoykowb THF, 25°C, 24h / (R)-5
HO Me 94%
(R)y-3 Method B

Method A: To a solution of (R)-4 (2.50 g, 8.9 mmol) in
MeOH, TfOH (6.65 g, 44.3 mmol) was added. After stirring for 3
h at 60°C, the mixture was cooled to 25°C, neutralized with
saturated NaHCO; and then concentrated. Finally, the crude
product was purified by column chromatography (hexane/ethyl
acetate, 6:4) to give (R)-5 as a white solid (2.19 g, 8.6 mmol);
yield: 97%.

Method B: Diol (R)-3 (0.71 g, 5.3 mmol) was dissolved in
THF (60 mL) and Burgess reagent (2.59 g, 13.2 mmol) was
added. The resultant solution was stirred at 25°C for 24 h,
concentrated and then purified by column chromatography
(hexane/ethyl acetate, 6:4) to give (R)-5 as a white solid (1.27 g,
5.0 mmol); yield: 94%. [a]*p=—45.0 (¢ 1.00, MeOH); '"H NMR
(CDCl;): 6 1.82 (s, 3H, CHj3), 3.88 (s, 3H, OCH3), 3.91 (d, 1H,
J=10.3 Hz, CH,N), 3.92 (s, 3H, OCHj,), 4.58 (d, 1H, J=10.3 Hz,
CH,N); C NMR (CDCly): § 22.8 (CHs), 53.1 (CH,N), 53.9
(OCHs3), 54.8 (OCHj), 83.4 (CO(CHj)), 149.9 (NCO,), 168.3
(CO,CH3); ESI' (m/z) = 254. Anal. caled. for C;H;;NO,S: C,
33.20; H, 4.38; N, 5.53. Found: C, 33.60; H, 4.39; N, 5.51.
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5. General procedure for the ring opening of sulfamidates
(R)-4 and (R)-5.

o)

0 1 1.Nuc (1.3 eq.), DMF,

% /\ZLR 25-50°C, 1-12.h i Q
N SMe MeO NVLW

MeO P S 0, . &
o:%‘o 2. ?528084 1(goh/u)/Cqu2 (:1), MR -
(R)-4 or (R)-5 (5)-6 to (S)-9,
(R)-10

(R)-4: R' = N(OMe)Me
(R)-5: R' = OMe
The sulfamidate (1.0 eq.) and nucleophile (1.3 eq.) were heated

in DMF at 25-50°C for 1-12 h, when consumption of sulfamidate
was observed by TLC. The solution was then cooled, the solvent
removed and the residue solved into a mixture of 20%
H,S0,/CH,Cl, (1:1) and stirred for 12 h to hydrolize the sulfamic
acid intermediate. The desired Sy2 products were isolated after
extraction with EtOAc and purification by column
chromatography.

5.1. Methyl (S)-2-azido-2-(methoxymethylcarbamoyl)pro-
pylcarbamate. (:5)-6.

Colourless oil; yield: 86%. [a]*p = -78.5 (¢ 1.01, MeOH); 'H
NMR (CDCly): 6 1.55 (s, 3H, CH3), 3.21 (s, 3H, NCH3), 3.51-
3.57 (m, 2H, CH,N), 3.66 (s, 3H, OCHj3), 3.78 (s, 3H, OCH3),
531 (br s, 1H, NH); *C NMR (CDCl;): § 18.2 (CHj), 33.3
(NCH3), 47.9 (CH,N), 52.1 (OCHj;), 60.7 (OCHj;), 66.5
(CN5(CH3)), 157.2 (NCO,), 170.9 (CON); ESI" (m/z) = 246.
Anal. calced. for CgH sNsO4: C, 39.18; H, 6.17; N, 28.56. Found:
C, 38.90; H, 6.15; N, 28.51.

5.2. Methyl (S)-2-(methoxymethylcarbamoyl)-2-(methylsul-
fanyl)propylcarbamate. (:S)-7.

0 (0]

JU /\&KN/OMG

MeO™ "N~ ‘
HMe SMe pe

(S-7

Colourless oil; yield: 93%. [a]*p = -3.5 (¢ 1.0, MeOH); 'H
NMR (CDCl;): 6 1.56 (s, 3H, CH3), 2.04 (s, 3H, SCH3), 3.25 (s,
3H, NCH3), 3.51-3.66 (m, 2H, CH,N), 3.65 (s, 3H, OCHj3), 3.76
(s, 3H, OCHj,), 5.25-5.35 (m, 1H NH); '*C NMR (CDCL): §12.2
(SCH3), 20.0 (CHj3), 34.0 (NCHj3), 48.3 (CH,N), 52.0 (OCHs),
60.7 (OCH;), 68.1 (C(SCH3)CHj3), 157.4 (NCO,), 172.4 (CON);
ESI" (m/z) = 251. Anal. calcd. for CoH gN,0,S: C, 43.18; H, 7.25;
N, 11.19. Found: C, 42.90; H, 7.23; N, 11.16.

5.3. Methyl (S)-2-(methoxycarbonylaminomethyl)-2-(4'-
nitrobenzoyloxy)propanoate. (S)-8.

X[
MeO N%OMe
Hme™ o
; o
NO,

(S)-8

Colourless oil; yield: 99%. [a]*p = +11.6 (¢ 0.99, MeOH); 'H
NMR (CDCl;): 6 1.78 (s, 3H, CHj), 3.18 (s, 3H, CH;0), 3.51-
3.68 (m, 5H, CH,N, CH;0), 5.38 (br s, 1H, NH), 8.20-8.32 (m,
4H, Arom.); *C NMR (CDCl5): §20.3 (CH3), 46.6 (CH,N), 52.5
(OCH;), 52.9 (OCH;), 81.3 (CO(CHy)), 123.6, 131.0, 135.0,
150.8 (Arom.), 157.2 (NCO,), 163.6, 170.7 (2CO,); ESI" (m/z) =
341. Anal. caled. for C4;H(N,Og: C, 49.41; H, 4.74; N, 8.23.
Found: C, 49.57; H, 4.77; N, 8.38.

5.4. Methyl (S)-2-fluoro-2-(methoxycarbonylaminomethyl)-
2-methylpropanoate. (S)-9.

(e}
MeOAN OMe
H

Me\\; E
(Sr9

Colourless oil; yield: 97%. [a]*p = +13.9 (¢ 0.99, MeOH); 'H
NMR (CDCly): §1.55 (d, 3H, Jiyp = 21.6 Hz, CH;), 3.42-3.75 (m,
2H, CH,N), 3.65 (s, 3H, OCHjy), 3.78 (s, 3H, OCHj3), 5.08 (br s,
1H, NH); *C NMR (CDCls): 620.8 (d, Jor=23.2 Hz, CHj), 47.1
(d, Jop = 22.3 Hz, CH,N), 52.5 (OCH3), 52.9 (OCHj3), 94.4 (d,
Jer = 183.9 Hz, CF(CHs)), 157.0 (NCO,), 170.8 (d, Joy = 25.5
Hz, CO,CH;); ESI” (m/z) = 194. Anal. calcd. for C;H,FNO,: C,
43.52; H, 6.26; N, 7.25. Found: C, 43.60; H, 6.35; N, 7.17.

5.5. Methyl (R)-2-cyano-2-(methoxycarbonylaminomethyl)-
2-methylpropanoate. (R)-10.

0} O

MeOXH%OMe

Me CN
(R)-10

Colourless oil; yield: 96%. [a]*p = -8.2 (¢ 1.57, MeOH); 'H
NMR (CDCL): & 1.57 (s, 3H, CH;), 3.55-3.77 (m, 5H, CH, +
NCO,CHj), 3.81 (s, 3H, CO,CHj), 5.37 (br s, 1H, NH); *C NMR
(CDClL3): 6§ 204 (CH;3), 45.0 (CCH;), 46.7 (CH,), 52.5
(NCO,CH3;), 53.7 (CO,CH3), 118.5 (CN), 156.9 (NCO), 168.4
(CO); ESI” (m/z) = 200. Anal. calcd. for CsH,N,0,: C, 48.00; H,
6.04; N, 13.99. Found: C, 48.60; H, 6.10; N, 13.87.

6. (5)-2,3-Diamino-2-methylpropionic acid. (S)-11.

1. H,, Pd-C, MeOH,

25°C,12h
o o 2.HCI 6N, 100 °C, 12 h
)k 3. propylene oxide, 0o
.OM
MeO H/\ekw e EtOH, reflux, 2 h . o
Me N3 Mme 70% Zue” NH,
(S)-6 (S)-11

To a solution of (5)-6 (2.00 g, 8.16 mmol) in MeOH (40 mL),
palladium on carbon (1:5 catalyst/substrate by weight) was added
and the resulting suspension was stirred at 25°C for 12 h. The
catalyst was removed by filtration and the solvent was evaporated
to give the corresponding amine. To this compound, an aqueous
solution of 6N HCl (20 mL) was added and the mixture was
heated under reflux for 12 h. The solvent was removed to give
(S)-11 as hydrochloride derivative (white solid). This compound
was dissolved in EtOH/propylene oxide (3:1, 4 mL) and the
mixture was heated under reflux for 2 h. After this time, (S)-11



ESI-4

partially precipitated as a white solid (330 mg). The filtrate was
concentrated and the residue was dissolved in H,O and eluted
through a Cg reverse-phase Sep-pak cartridge to give, after
removal of the H,O, 344 mg of (5)-11 as a white solid; total
amount (674 mg, 5.70 mmol); yield: 70%. [a]*p=+3.2 (c 0.93,
H,0); 'H NMR (D,0): § 1.54 (s, 3H, CH3), 3.26 (d, 1H, J=13.2
Hz, CH,N), 3.36 (d, 1H, J=13.2 Hz, CH,N); *C NMR (D,0): &
22.6 (CHj), 45.7 (CH,N), 59.5 (CNH,(CH,)), 176.3 (CO,H); ESI”
(m/z) = 119. Anal. calcd. for C4H (N,O,: C, 40.67; H, 8.53; N,
23.71. Found: C, 40.21; H, 8.52; N, 23.66.

7. General procedure for the synthesis of B-amino acids

(S)-12 to (S)-14.

i O 1. HCI 6N, 100 °C, 12 h %
MeO N/\-ekw 2 i H N/\-ekOH
. propylene oxide, EtOH, 2
Hme' R reflux, 2 h Me" R?
(S)Tto (S)-9 (S)-12to (S)-14

(S)-7: R' = N(OMe)Me
(S)-8, (S)-9: R' = OMe

Compound (S5)-7, (S5)-8 or (5)-9 (1.0 eq.) was suspended in an
aqueous solution of 6N HCI (15 mL) and the mixture was heated
under reflux for 12 h. The solvent was removed to give the
corresponding hydrochloride as a white solid. The treatment of
this mixture with ethanol/propylene oxide gave the desired -
amino acid as a white solid.

7.1. (S)-3-Amino-2-methyl-2-methylsulfanylpropionic acid.
(S)-12.

O

 COH
Me ‘SMe

(512

HoN

Yield: 81%. [a]*p = 2.6 (¢ 0.97, H,0); 'H NMR (D,0): &
1.48 (s, 3H, CHy), 2.06 (s, 3H, SCH3), 3.22-3.35 (m, 2H, CH,N);
3C NMR (D,0): 6 11.7 (SCH;), 22.0 (CHy), 44.9 (CH,N), 51.6
(CSCH5(CHs3)), 178.1 (CO,H); ESI" (m/z) = 150. Anal. calcd. for
CsH; NO,S: C, 40.25; H, 7.43; N, 9.39. Found: C, 40.12; H, 7.42;
N, 9.37.

7.2. (5)-3-Amino-2-hydroxy-2-methylpropionic acid. (S)-13.

Yield: 85%. [a]®p = +2.8 (¢ 1.01, H,0); 'H NMR (D,0): &§
1.51 (s, 3H, CH3), 3.21 (d, 1H, J=13.2 Hz, CH,N), 3.38 (d, 1H, J
= 13.2 Hz, CH,N); *C NMR (D,0): §23.6 (CH3), 46.7 (CH,N),
72.9 (COH(CHs3)), 179.4 (CO,H); ESI' (m/z) = 120. Anal. calcd.
for C,HoNO;: C, 40.33; H, 7.62; N, 11.76. Found: C, 40.24; H,
7.64; N, 11.69.

7.3. (5)-3-Amino-2-fluoro-2-methylpropionic acid. (5)-14.

Yield: 83%. [a]®p = -1.4 (c 1.00, H,0); '"H NMR (D,0): &
1.54 (d, 3H, Jyp = 21.9 Hz, CHj), 3.22-3.52 (m, 2H, CH,N); "*C
NMR (D,0): §23.5 (d, Jop=23.7 Hz, CH; ), 47.5 (d, Jop=23.8
Hz, CH,N), 96.1 (d, Jog = 181.3 Hz, CF(CH,)), 178.2 (d, Jor =
20.9 Hz, CO,H); ESI (m/z) = 122. Anal. calcd. for C;HgFNO,: C,
39.67; H, 6.66; N, 11.57. Found: C, 39.48; H, 6.64; N, 11.55.

8. (R)-2-(Aminomethyl)-2-cyanopropanoic acid. (R)-15.

o o 1. LIOHH,0, o
g H,O/MeOH (2:3),
MeO™ 'N° > OMe reflux, 48 h HoN™ > OH
Hme oN E— Me CN
(R)-10 2. Dowex H* (Ry-15

To a solution of compound (R)-10 (0.16 g, 0.80 mmol) in
H,0/MeOH (2:3, 10 mL), LiOH-H,O (0.34 g, 8.00 mmol) was
added and the mixture was stirred at reflux for 48 h. This mixture
was cooled, H,O was added (20 mL) and the resulting solution
was treated with Dowex® H' until pH=7. After filtering, the
solution was evaporated to give a white solid (0.10 g, 98%),
corresponding to B-amino acid (R)-15. Another exhaustive
purification was developed involving the treatment of a solution
of the amino acid (10 mL of H,O) with an aqueous solution of 0.5
N HCI (until pH 1-2). This aqueous solution was washed with
ethyl acetate (2x15 mL), the solvent was eliminated and the
residue was solved in a mixture of ethanol/propylene oxide (3:1, 2
mL). After refluxing this mixture for 2 h and filtering the solid,
the desired B-amino acid (R)-15 was obtianed as a white solid
(0.03 g, 29%). The filtrate was concentrated and the residue was
dissolved in H,O and eluted through a C;g reverse-phase Sep-pak
cartridge to give, after removal of the H,0O, 0.04 g (36%) of (R)-
15 as a white solid. Overall yield of this exhaustive purification:
65%. [0]®p = —5.5 (¢ 1.06, H,0); 'H NMR (D,0): &
1.52-1.70 (m, 3H, CH;), 3.35-3.43 (m, 2H, CH,); *C NMR
(D,0): 623.8 (CH3), 46.5 (CH,), 47.6 (CCH3), 123.0 (CN), 179.9
(CO,H); ESI* (m/z) = 128. Anal. calcd. for CsHgN,O,: C, 46.87;
H, 6.29; N, 21.86. Found: C, 46.56; H, 6.21; N, 21.99.

9. Methyl (S)-2-Fluoro-2-(methoxymethylcarbamoyl)pro-
pylcarbamate. (:S)-16.

o o

Meo)ku/\%kN/OMe

Me F e
(S)-16

Following the general procedure for the ring opening of
sulfamidates, the treatment of (R)-4 with the nucleophile NBuyF
gave a mixture of compounds (S)-16 (32%) and 17 (68%). Data
for ()-16: [a]”p = —12.2 (¢ 1.01, MeOH); 'H NMR (CDCl;): &
1.59 (d, 3H, Jyr= 21.9 Hz, CHj3), 3.21 (s, 3H, NCH3), 3.52-3.72
(m, 8H, CH,N, 20CHj,), 5.23 (br s, 1H, NH); *C NMR (CDCls):
620.3 (d, Jop=23.0 Hz, CH; ), 47.2 (d, Jcr = 24.9 Hz, CH,N),
52.2 (OCHa), 61.5 (OCH3), 96.1 (d, Jcr= 187.4 Hz, CF(CHjy)),
157.2 (NCO,), 170.1 (CON); ESI" (m/z) = 223. Anal. calcd. for
CgHsFN,O4: C, 43.24; H, 6.80; N, 12.61. Found: C, 43.03; H,
6.78; N, 12.58.
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10. General procedure for the synthesis of 17 and 18.

DBU (2.0 eq.), THF,

reflux, 12h o o

Q
N A
MeO < Me
0=8-0

O

(R)-4 or (R)-5 17 or 18

17: R' = N(OMe)Me
18: R' = OMe

(R)-4: R" = N(OMe)Me
(R)-5: R" = OMe

Sulfamidate (R)-4 or (R)-5 (1.0 eq.) was dissolved in THF and
DBU (2.0 eq.) was added. After heating under reflux for 12 h, the
mixture was washed with 0.5N HCI. Then, the aqueous phase was
extracted with ethyl acetate and concentrated. The crude product
was purified by column chromatography (hexane/ethyl acetate,
3:2) to give 17 or 18.

10.1. N-Methoxy-N-methyl 2-(methoxycarbonylaminome-
thyl)acrylamide. 17.

17

Colourless oil, yield: 88%. 'H NMR (CDCly): 6 3.22 (s, 3H,
NCH3;), 3.55-3.70 (m, 6H, 20CH3;), 3.99 (d, 2H, J = 6.0 Hz,
CH,N), 5.29 (br s, 1H, NH), 5.49 (br s, 1H, CH,=C), 5.53 (br s,
1H, CH,=C); “C NMR (CDCl;): & 33.4 (NCH,), 43.6 (CH,N),
52.1 (OCHj), 61.2 (OCHj), 118.8 (CH,=C), 140.4 (CH,=C),
156.9 (NCO,), 168.9 (CON); ESI" (m/z) = 203. Anal. calcd. for
CgHuN,O,4: C, 47.52; H, 6.98; N, 13.85. Found: C, 47.35; H,
6.96; N, 13.85.

10.2. Methyl 2-(methoxycarbonylaminomethyl)acrylate. 18.
O 0}

MeO)kHYkOMe

18

Colourless oil, yield: 80%. '"H NMR (CDCl3): § 3.66 (s, 3H,
OCH3), 3.77 (s, 3H, OCH3), 4.00 (d, 2H, J = 6.3 Hz, CH,N), 5.16
(br s, 1H, CH,N), 5.82 (s, 1H, CH,=C), 6.26 (s, 1H, CH,=C); *C
NMR (CDCl3): 642.2 (CH,N), 52.0 (OCHj;), 52.2 (OCH3;), 126.9
(CH,=C), 136.8 (CH,=C), 156.8 (NCO,), 166.6 (CO0); ESI*
(m/z) = 174. Anal. calcd. for C;H;{NOy4: C, 48.55; H, 6.40; N,
8.09. Found: C, 48.32; H, 6.41; N, 8.06.

11. General Procedures.

Unless otherwise stated, all starting materials were obtained
from commercial suppliers and used without further purification.
Melting points are uncorrected. All manipulations involving air-
sensitive reagents were carried out under a dry argon atmosphere
using standard Schlenk techniques. Solvents were purified
according to standard procedures. Analytical TLC was performed
using Polychrom SI F,s4 plates. Column chromatography was
performed using Kieselgel 60 (230400 mesh). Organic solutions
were dried over anhydrous Na,SO, and, when necessary,
concentrated under reduced pressure using a rotary evaporator.
NMR spectra were recorded at 300 MHz (‘H) and at 75 MHz
(*C) and are reported in ppm downfield from TMS.

MeokHYka

Microanalyses were carried out on a CE Instruments EA-1110
analyser and were in good agreement with the calculated values.
Mass spectra were obtained by electrospray ionization (ESI).

12. Determination of the absolute configuration and the
enantiomeric purity of f~-amino acids.

In the case of known amino acids (S)-11 and (S)-13, both the
absolute configuration and the enantiomeric purity were
determined by comparison of the optical rotations with literature
values.

Amino acid  [a] [a]lit.  Reference
(S)-11 +3.2 +4.1 J. Org. Chem. 1993, 58, 5918.
(5)-13 +2.8 +2.9 Tetrahedron: Asymmetry

2004, 15, 131.

In this context, it is important to highlight that in a recent work
(Tetrahedron: Asymmetry 2004, 15, 131), the authors have
unequivocally established the absolute configuration of f-amino
acid (S)-11 and its enantiomer (R)-11 (both obtained by other
different synthetic procedures) as well as their enantiomeric
purity by transformation in some diastereomeric derivatives,
which were analyzed by X-ray diffraction and NMR experiments.

The absolute configuration for the rest of the amino acids
synthesized was assigned by applying the same model: creation of
the stereogenic centre in the AD reaction followed by total
inversion of the configuration in the S\2 reaction.

A GC/MS system of a gas chromatograph combined with a
mass spectrometer (Hewlett-Packard G1800B GCD Plus) was
used with a- or y-DEX™ — 120 fused silica capillary columns (30
m % 0.25 mm x 0.25 um) in order to determine the enantiomeric
purity of famino acid precursors (S)-7 and (S5)-9. Conditions as
follows: GC/MS injector and detector temperatures were 225 °C,
flow rate 1.00 mL min’!, split mode. Injection volume, 2.0 pL of a
solution of about 15 mg mL™ of the mixture in dichloromethane.
Helium was used as the carrier gas. The MS were determined at
70 eV. Scanning speed was 0.84 scan sec” from m/z 33 to 450.
Oven temperature for (S)-9 was isocratic 125 °C using a-DEX™
capillary column. In the case of (S)-7, the temperature program
for the column oven was 150 °C for 23.5 min, a linear ramp to
220 °C at 20 °C/min and an 8 min held, using y-DEX™ capillary
column. Unfortunately, the enantiomeric purity of the famino
acid precursor (R)-10 could not be measured by this method since
in all conditions tested we did not get the separation.
Alternatively, the enantiomeric purity of the sulfamidate (R)-5
was determined as follows: the temperature program for the
column oven was 90 °C for 97 min, a linear ramp to 140 °C at 20
°C/min and a 15 min held, using a-DEX™ capillary column.
Figure ESI-1 shows the chromatograms and the corresponding
area percent reports, indicating the enantiomeric excess for each
compound (approx. 93%).



Figure ESI-1. Chromatograms and area percent reports corresponding to compounds (5)-7, (S)-9 and (R)-5.
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Table ESI-1. Calculated energies, entropies, Gibbs free energies and lowest frequencies of the reactants and
transition structures (B3LYP/6-31+G(d) optimized geometries).

Eo(B3LYP/6-31+G(d)) | Lowest freq. S Gaog (B3LYP/6-31+G(d)) Ebasis (B3LYP/6-
(aw.)® (em™) (cal mol' K (a.u.) 311++G(2d,p))
(a.u.)
F -99.8596977 - 34.768 -99.8738567 -99.8886932
4 -1347.4476052 26.02 147.835 -1347.252726 -1347.7711283
5 -1252.8459231 27.75 135.836 -1252.692234 ~1253.1447859
TS4 s -1447.3535115 389.871 151.946 -1447.159968 -1447.7088730
TS4 e -1447.3464824 469.041 157.026 -1447.159567 -1447.7031930
TSS s -1352.7573902 392.171 140.372 -1352.605239 -1353.0876126
TS5 e -1352.7461679 606.131 144.025 -1352.600266 -1353.0783935

1 a.u. = 627.5 keal mol™!

Figure ESI-2. TS calculated with (R)-4 and (R)-5 and fluoride anion. Distances are given in A. In brackets the relative
energies calculated at theB3LYP/6-311++G(2d,p)//B3LYP/6-31+G(d) level.
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C -1.78164 0.19126 0.81027 o 2.89719 0.78073 1.83512
N 1.30394 -0.12268 0.46142 O 3.12438 0.84223 -0.43342
S 0.88552 -0.78349 -1.06743 C 4.39318 1.51594 -0.30540
N -2.64829 0.32132 -0.23734 H 0.33559 0.09872 2.30862
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