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General remarks

All reactions were performed undep Nnless otherwise stated. Melting points were nmreglsan Reichert
hot stage melting point apparatus. Optical Rotatiarere obtained at 20 °C using a 1 dm cell at a
wavelength of 589 nm (sodium D line), quoted alv,[concentratior (g/100 mL), solvent. ThéH NMR
spectra were recorded at 300 MHz, 400 MHz or at BBz spectrometer and were reported in ppm
relative to internal tetramethylsilane (TM&0.0) or with the solvent reference relative to Tkt8ployed

as the internal standard (CRCS 7.26 ppm; @De, & 7.16 ppm).**C NMR spectra were recorded at 75
MHz, 100 MHz or 150 MHz. Chemical shifts for carbouclear magnetic resonancéQ NMR) spectra
are reported in parts per million downfield relatito the centre line of the triplet of CRGt 77.0 ppm
and/or GDg 128.6 ppm °F NMR spectra were determined at 377 MHz with tdobfluoromethane as
internal references(0.00 ppm). Accurate mass determinations were roade Agilent G6220A LC-TOF
system. All solvents were distilled from approgeialrying agents prior to use. Unless otherwisedote

commercially available chemicals were used as vedei

o]

©/\H oH (R)-N-Benzyl-2-hydr oxy-2-phenylacetamide (3a).

To a solution of R)-mandelic acid (5.00 mmol, 0.76 g), benzylaminés44mmol, 0.5 mL) andN-
hydroxysuccinimide (5.00 mmol, 0.58 g) in anhydrdi$~ (150 mL), was added DCC (5.00 mmol, 1.00
g). Subsequently, stirring at room temperaturermigét, the reaction mixture was diluted with,@t(200
ml) and washed with 2.5 % aqueousGi@; (2 x 300 mL), 1 M aqueous HCI (2 x 300 mL) andeval he
organic layer was dried over MgaFiltration and solvent removal irmcuo gave the crude product which
was purifiedvia flash chromatography on silica gel (35 % EtOAcAm®s) to give3a (0.98 g, 90 %) as a
white solid; m.p. 133-135°C. The spectral data were in agreement with iteeature valu¢s'H NMR
(300 MHz, CDC}) & 7.42-7.17 (m, 10 H), 6.44 (br s, 1 H), 5.08 ar@B4(2s, 1 H), 4.46-4.38 (m, 2 H),

3.66 (s, 1 HESI-MS. Calcd. for [GsH1sNO,Na'] m/z = 264.09; found 264.1.
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©AN O (R)-N-Benzyl-2-hydr oxy-2-(4-(trifluor omethyl)phenyl)acetamide (3b).
Following the procedure described f8a, using R)-2-hydroxy-2-(4-(trifluoromethyl)phenyl) acetic idc
(7.5 mmol, 1.65 g), benzylamine (6.8 mmol, 0.74 mbhydroxysuccinimide (7.5 mmol, 0.86 g) and
DCC (7.5 mmol, 1.5 g) in anhydrous THF (200 mL)riffeation via flash chromatography on silica gel
(35 % EtOAc/hexanes) gadb (1.69 g, 73 %) as a white crystalline solid; mi.§4-185 °dlit* 185- 186]
.The spectroscopy data were in agreement wittatitee valuesH NMR (400 MHz, CDC}) 6 7.63 (d J=
8.0 Hz, 2 H), 7.56 (d] = 8.0 Hz, 2 H), 7.32-7.29 (m, 3 H), 7.19 {d; 8.0 Hz, 2 H), 6.59 (br s, 1 H), 5.17
(s, 1 H), 4.49-4.40 (m, 2 H).

ing

; OH (R)-2-Hydr oxy-N-methyl-2-phenylacetamide (3c).
3c was prepared in two steps. Firf){mandelic acid was (15 mmol, 2.28 g) converted itite
correspondingi-hydroxy methyl estevia refluxing in MeOH (150 mmol, 6 mL) in the presenufe
catalytic amount of E80,. Then the resulting-hydroxy methyl ester (12.78 mmol, 2.123 g) was
used without further purification for next stepréact with methyl amine (63.94 mmol, 5.5 mL) under
reflux. After 24 hour, it was allowed to cool toora temperature. The volatiles were reduced under
pressure and the crude was purified flash chromatography (50 % EtOAc/hexanes) to dee
(2.029 g, 82 %): m.p. 101 °C flit96-99 °C]. The spectral data were in agreemetit thie literature
values.*H NMR (300 MHz, CDC}) § 7.41-7.31 (m, 5 H)$ 6.06 (br s, 1 H), 5.02 (s, 1 H), 3.61 (s, 1

H), 2.83 (d,J= 3.0 Hz, 3 H)ESI-MS: Calcd. for [GH1;NNaG,'] m/z =188.06; found 188.1.

oY

%" (S)-N-Benzyl-2-hydroxypropanamide (3d).
Ethyl (S lactate (10 mmol, 1.14 mL) was placed in a flasktaining benzylamine (10 mmol, 1.41 mL)
and heated for 24 hours under reflux. Then, satuti@s allowed to cool to room temperature. The
volatiles were removed under reduced pressuretenittamide was purifieda column chromatography

on silica gel (50 % EtOAc/hexanes) to gi8e as a colourless liquid (1.43 g, 80%Jhe spectroscopy
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data was in agreement with the literature vafu#s NMR (400 MHz, CDC}) & 7.34-7.23 (m, 5 H), 6.97
(br s, 1 H), 4.42 (d) = 8.0 Hz, 2 H), 4.24 (g1 = 6.8 Hz, 1 H), 1.42 (d] = 6.8 Hz, 3 H).

o

%" N-Benzyl-2-hydr oxyacetamide (3e).

To a stirring solution of glycolic acid (30 mmol,28 g) were added benzylamine (30 mmol, 3.2 mL),
EDCI.HCI (33 mmol, 6.3 g) and DMAP (9.0 mmol, 1.088in CHCI, at 0 °C.Subsequently stirring
overnight at room temperature, the reaction mixives washed with 1 M aqueous HCI and water and
dried over MgSQ@ The crude product was purified by eluting througtshort plug of silica (50 %
EtOAc/hexanes) to givee (4.2 g, 85 %) as a white solid; m.p. 98-99 °C°[li01-102 °C]. The spectral
data were in agreement with the literature valtléSNMR (400 MHz, CDC}) 6 7.27-7.19 (m, 5 H), 6.65
(br's, 1 H), 4.43 (dJ = 6.0 Hz, 2 H), 4.09 (s, 2 HESI-MS Calcd. for [GH1;;NNaOZ] m/z =188.06;
found 188.0
General Procedurefor Preparation of N-Boc-N-methyl a-amino acids
To a vigorously stirred solution ™-Boc-amino acid (15.8 mmol) and iodomethane (158m&2 g) in
dry THF (60 mL) at 0 °C, NaH (60 % dispersion innemal oil, 158 mmol, 6.34 g) was added slowly.
Subsequently, reaction was removed from ice-bathveas allowed to stir at room temperature for 24
hours. Then, reaction was quenched with water (2} BEtOAc (16 mL) and evaporated uacuo. The
concentrate was diluted with water (330 mL) andheadswith EtOAc (170 mL). The aqueous layer was
acidified to pH ~ 3.5 with a solution of 5 % citdeid and extracted with EtOAc (500 mL). Then itswa
washed with brine and dried with Mgg@nd evaporated iwacuo to giveN-Boc-N-methyl amino acid as

clear thick oil which was used without further figation’.

(S)-2-((tert-Butoxycar bonyl)(methyl)amino) propanoic acid (4b).
Following the general procedurdh was obtained as an off white solid; m.p. 85-86[IfC 89-91].'H
NMR (400 MHz, CDC}) 6 4.80-4.46 (br d, 1 H), 2.84 (br s, 3 H), 1.45-1(#42 12 H).HRM S Calcd. for

[CoH16NO4] m/z =202.1079; found 202.1082.
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(9)-2-((tert-Butoxycar bonyl)(methyl)amino)-3-methylbutanoic acid (4c).

Following the general procedur was obtained as thick oil which was used witheuther purification.
'H NMR (300 MHz, CDC}) & 4.31-3.98 (m, 1 H), 2.87 (s, 3 H), 2.27 (m, 1 H%6 and 1.44 (2xs, 9 H),
1.02 (d,J= 6.6 Hz, 3 H), 0.91 (dJ = 6.7 Hz, 3 H).ESI-MS. Calcd. for [GiH»NNaO,"] m/z =254.13

found 254.2.

(9)-2-((tert-Butoxycar bonyl)(methyl)amino)-3-phenylpr opanoic (4d).

Following the general procedurdd was obtained as thick oil which was used withoutthier
purificatiorf. (Mixture of two rotamersjH NMR (300 MHz, CDC}) 5 10.99 (br s, 1 H),7.32-7.21 (m, 5
H), 4.91 (m, 1 H), 4.91and 4.63 (2xm, 1 H), 3.3368and 3.14-3.01 (2xm, 1 H), 2.11 and 2.11 (2%4),3

1.40 and 1.35 (2xs, 9 H).

o]
t+Bu_ _CH
oAl o

(0]

H, O
~((R)
o

HN

5a

(R)-2-(Benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)

(methyl)amino) acetate (5a).

To a solution of3a (1.24 mmol, 0.3 g) in anhydrous gEl, at 0 °C were added commercially availalie
Boc-sarcosine (1.24 mmol, 0.234 ¢a), EDCI.HCI (1.98 mmol, 0.378 g) and DMAP (0.015 nin0.124
g). To the resulting suspension, anhydroudlEL.61 mmol, 0.224 mL) was added dropwise whileisg
vigorously. Then the mixture was warmed to roomgderature and stirred for 7-8 hours. The mixture was
diluted with CHCI,, washed with 1 M aqueous HCI and water and drieet &1gSQ. Filtration and
solvent removal invacuo gave a yellow oil which was purifiedia flash chromatography (20 %
EtOAc/hexanes) to givBa (0.449 g, 88 %) as a white foam. (Mixture of tvatamers)'H NMR (400
MHz, CDCL) & 7.47-7.20 (m, 10 H), 6.15 (s, 1 H), 4.54-4.322rh)), 4.15-3.82 (m, 2 H), 2.91 and 2.89
(2xs, 3 H), 1.37 and 1.30 (2xs, 9 H). (Mixture wbtrotamers)*C NMR (100 MHz, CDC}) & 168.5,
168.3, 168, 156.8, 138.0, 135.2, 129.2, 128.9,812828.7, 128.5, 127.7, 127.6, 127.5, 127.3, 1803,

and 80.4, 76.0, 51.3 and 51.0, 43.2, 36.3 and 28.2, and 28.1lRvmax 3301, 2975, 2929, 1754, 1663,
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1536, 1453, 1389, 1366, 1239, 1144, 732, 698.¢RM S Calcd. for [GaH,gN,OsNa]" m/z = 435.1890;

found 435.1891Specific rotation [¢]p -51.8 € 1.0, CHCIy)

o]
+Bu _CH.
o o

(8)].wH
o CHs

H, o]
={(R)
o

(9)-(R)-2-(Benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)

(methyl)amino)propanoate (5b).

Following the procedure described f&, 3a (1.66 mmol, 0.4 g) was treated wikhBoc-N-methyl-alanine
4b (1.66 mmol, 0.337 g). Purification of the crudedghuct was accomplishadi flash chromatography (20
% EtOAc/hexanes) to giveb (0.636 g, 90 %) as a colourless liquid. NMR (400 MHz, CDC}) § 7.74
(brs, 1 H), 7.47-7.23 (m, 10 H), 6.07 (s, 1 HR644.36 (m, 2 H), 4.24 (br §,= 14.4 Hz, 1 H), 2.92 (s, 3
H), 1.47 (d,J = 6.8 Hz, 3 H), 1.37 (s, 9 HI*C NMR (100 MHz, CDC}) § 171.1, 168.6, 156.2, 138.2,
135.5, 128.8, 128.6, 128.5, 127.7, 127.3, 127.2,,8®.5, 56.3, 43.2, 33.4, 28.3, 14Bvnax 3299, 2975,
2930, 1745, 1663, 1541, 1479, 1391, 1366, 11501,15479, 1391, 1366, 1150, 1089, 729, 695'cm
HRM S Calcd. for [G4H3N,OsNa]" m/z = 449.2047; found 449.2053pecific rotation [a]p -62.9 € 1.0,

CH,Cl)).

o]
B CH.
U\O)LN/ 3

(S) . H
o CH,

H, O CHs
~ (R)
o

HN

S (9)-(R)-2-(Benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)

(methyl)amino)-3-methylbutanoate (5¢).

Following the procedure described fea, 3a (1.71 mmol, 0.414 g) was treated withBoc-N-methyl-
valine 4c (1.71 mmol, 0.397 g). Purification of the crudeoguct was accomplishedia flash
chromatography (20 % EtOAc/hexanes) to ghee(0.69 g, 89 %) as a colourless liqultt NMR (400
MHz, CDCE) 6 7.49-7.23 (m, 10 H), 6.15 (s, 1 H), 4.57-4.34 Pnij), 4.20 (d,) = 10.4 Hz, 1 H), 2.87 and

2.81 (2xs, 3 H), 2.21 (m, 1 H), 1.37 (s, 9 H), 0(89 6 H).°C NMR (100 MHz, CDC}) § 170.3, 168.5,
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156.9, 138.1, 135.6, 128.8, 128.5, 127.8, 127.7,612127.5, 127.4, 127.3, 127.3, 80.6, 75.5, 644 a
59.8, 43.3 and 43.2, 31.1, 28.3 and 28.2, 27.8 48d 19.1HRMS Calcd. for [GeH3N,OsNa'] m/z =
477.2360; found 477.2368R vmax 3308, 2966, 2929, 1724, 1664, 1690, 1533, 14589,18366, 1304,

1255, 1142, 733, 695 ¢mSpecific rotation [o]p -54.7 € 1.0, CHCL,).

5d

(9)-(R)-2-(benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)

(methyl) amino)-3-phenylpropanoate (5d).

Following the procedure described foa, 3a (3.58 mmol, 0.862 g) was treated withBocN-methyl-
phenylalanine4dd (3.58 mmol, 1.00 g). Purification of the crude gwot was accomplisheda flash
chromatography (20 % EtOAc/hexanes) to dide(1.56 g, 87 %) as a colourless liquid. (Mixturehob
rotamers)'H NMR (400 MHz, CDCJ) & 7.87 (br s, 1 H), 7.38-7.13 (m, 15 H), 6.11 ar@#g2xs, 1 H),
4.50-4.36 (m, 2 H), 4.18 (m, 1 H), 3.36-3.21 (nH)2 2.73 and 2.56 (2xs, 3 H), 1.33 and 1.28 (2x4).9
(Mixture of two rotamers}*C NMR (100 MHz, CDC}) & 169.9, 168.6, 156.2, 138.2, 137.5, 135.4, 129.1,
128.7, 128.6, 128.4, 128.8, 127.2, 127.1, 126.8,806.8, 63.5 and 61.2, 43.1, 35.9, 35.2, 2dRMS
Calcd. for [GoHsNOsNa]" m/z = 525.2360; found 525.2358R viax 3304, 2975, 2930, 1745, 1664,

1543, 1496, 1454, 1393, 1366, 1351, 1143, 737 c697 Specific rotation [a]p -112.5 ¢ 1.0, CHCl,)

o]
t-Bu _CH
o

o]

H, [e]
FsC =((R)
o

HN

Se (R)-2-(Benzylamino)-2-oxo-1-(4-(trifluor omethyl)phenyl)ethyl-2-((tert-

butoxycar bonyl)(methyl)amino)acetate (5€).
Following the procedure described &, 3b (1.294 mmol, 0.4 g) was treated wita (1.294 mmol, 0.244

g). Purification of the crude product was acconfygdvia flash chromatography (35 % EtOAc/hexanes) to
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give 5e (0.465 g, 75 %) as a colourless foRM(35 % EtOAc/hexanes) 0.37, (Mixture of two rotas)eH
NMR (400 MHz, CDC}) & 7.63 (d,J = 8.0 Hz, 2 H), 7.57 (d] = 8.0 Hz, 2 H), 7.27 (m, 5 H), 6.45 and
6.22 (2xs, 1 H), 4.56-4.34 (m, 2 H), 4.16-3.88 21hj), 2.95 and 2.91 (2xs, 3 H), 1.37 and 1.3 (2x4).
(Mixture of two rotamersj*C NMR (100 MHz, CDC}) 5 168.2, 167.5, 156.8, 139.1, 137.8, 131.Q{g;

= 61.8 Hz), 128.6, 127.8, 127.4, 127.0, 127.7, 8192, 51.5 and 49.5, 43.4, 36.5 and 35.6, %g.0.
NMR (377 MHz, CDCY) § -62.8.HRM S Calcd. for [G4Co7F3N.NaGs] " m/z = 503.1764; found 503.1770.

| Rvmax 3301, 3032, 2978, 1760, 1667, 1540, 1419, 1394,1R241, 1148, 1126, 1067 ¢m

5f

(9)-1-(Benzylamino)-1-oxopr opan-2-yl 2-((tert-butoxycarbonyl) (methyl)amino)

acetate (5f).

Following the procedure described f&&, 3d (2.79 mmol, 0.5 g) was treated with (2.79 mmol, 0.52 g).
Purification of the crude product was accompliskiedflash chromatography (20 % EtOAc/hexanes) to
give 5f (0.976 g, 87 %) as a colourless liqui. NMR (400 MHz, CDC}) & 7.38-7.22 (m, 5 H), 6.81 (br

s, 1 H), 5.31-5.26 (m, 1 H), 4.50-4.44 (m, 2 HP443.77 (m, 2 H), 2.93 and 2.88 (2xs, 3 H), 1.4

6.9 Hz, 3 H), 1.36 (s, 9 H}’C NMR (100 MHz, CDC}) 5 170.4 and 170.0, 168.9 and 168.7, 156.7 and
155.3, 138.2, 138.0, 128.7, 128.5, 127.8, 127.8,6,227.2, 80.6 and 80.3, 71.1 and 71.0, 51.354r@
43.1 and 43.0, 36.3 and 35.5, 28.2, 18.0 and 1R\8,,« 3312, 2977, 2934, 1755, 1663, 1537, 1452, 1389,
1366, 1240, 1178, 1146, 730, 697 tnHRMS Calcd. for [GgH.eN,OsNa]" m/z = 373.1734; found

373.1735Specific rotation [a]p -14.2 € 1.0, CHCI,)
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59 2-(Benzylamino)-2-oxoethyl 2-((tert-butoxycar bonyl)(methyl)amino) acetate (5g).
Following the procedure described f&, 3e (2.74 mmol, 0.452 g) was treated wikh (2.74 mmol, 0.517
g). Purification of the crude product was accon@avia flash chromatography (35 % EtOAc/hexanes) to
give 5g (0.644 g, 70 %) as a colourless liquitl. NMR (400 MHz, CDC)) § 7.31-7.25 (m, 5 H), 4.70
(ABq, J=19.3 Hz, 2 H), 4.48 (dl = 6.0 Hz, 2 H), 3.96 (ABqg] = 16.3 Hz, 2 H), 2.96 and 2.92 (2xs, 3 H),
1.36 (s, 9 H)*C NMR (100 MHz, CDC}) $169.0, 167.1, 156.7, 137.9, 128.76, 128.6, 1227,31 80.8
and 80.5, 63.2 and 63.0, 51.2 and 50.8, 43.1 artd 38.4 and 35.5, 28.PRvmax 3314, 2977, 2933, 1757,
1666, 1540, 1453, 1390, 1366, 1239, 1175, 1144, 632 cm'. HRM S Calcd. for [G/H»N,0sNa'] m/z

= 359.1577; found 359.1580.

o]
t—Bu\OJJ\N/CH3
o~
H O

2Ry
(0]

HN\
CHj

sh (R)-2-(M ethylamino)-2-oxo-1-phenylethyl  2-((tert-butoxycar bonyl)(methyl)

amino)acetate (5h).

Following the procedure described &, 3c (10.5 mmol, 1.74 g) was treated with (10.5 mmol, 1.98 g).
Purification of the crude product was accompliskiedflash chromatography (35 % EtOAc/hexanes) to
give 5h (2.85 g, 81 %) as a colourless liqui. NM R (400 MHz, CDCJ) § 7.44-7.35 (m, 5 H), 7.09 (br s,
1 H), 6.14 (s, 1 H), 4.31-3.66 (m, 2 H), 2.96 ($4)32.82 (dJ = 4.7 Hz, 3 H), 1.50 and 1.36 (2xs, 9 H).
3C NMR (100 MHz, CDC}) 5 168.8, 168.3, 157.0, 135.4, 129.2, 128.9, 12&7,5|, 127.4, 81.0 and
80.6, 75.9, 51.5 and 51.2, 36.5, 28.4 and 28.2,. 2Rvn.x 3316, 2976, 2932, 1758, 1672, 1482, 1455,
1391, 1368, 1245, 1180, 1149 ¢#HRMS Calcd. for [GH24N,0sNa]" m/z = 359.1577; found 359.1581.

Specificrotation [a]p -4.88 € 0.25, CHCIy)
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o
t-BuMeZSi\o/\N/CHg
Sy
o CH3

H o

(R
(o]

HN

6a

(9)-(R)-2-(benzylamino)-2-oxo-1-phenylethyl 2-((((tert-
butyldimethylsilyl)oxy)car bonyl)(methyl)amino)propanoate (6a).

To a stirring solution ofR)- 5b (0.387 mmol, 0.165 g) in dry GB8l,, E&N (0.387 mmol, 0.053 mL) was
added dropwise at 0 °@a microsyringe through a septum, followed by TBSQI.887 mmol, 0.102 mL)

5 min later. After stirring for 15 min, reaction xtire was warmed to room temperature and stirred
overnight. Solvent removal wacuo gave the crude product which was purified flash chromatography
on silica gel (20 % EtOAc/hexanes) to aff@a (0.118 g, 63 %) as a colourless viscous lidRid20 %
EtOAc/hexanes) 0.39H NMR (300 MHz, CDC}) & 7.29-7.13 (m, 10 H), 6.03 and 6.0 (2xs, 1 H), 4.64
(q,J = 6.9 Hz, 1 H), 4.34 (m, 2 H), 2.7 (s, 3 H), 1.85J= 6.9 Hz, 3 H), 0.82 (s, 9 H), 0.11 (s, 3 H), 0.4
(s, 3 H).*C NMR (150 MHz, CDC}) 5 170.2, 168.6, 156.9, 138.2, 135.3, 128.9, 12727,3, 127.1,
76.0, 54.8, 43.3, 31.6, 25.5, 17.6, 14.3, #4BM S Calcd. for [GgH3gNo-NaQ;Si'] m/z = 507.2286; found
507.2294.1 Rvpyax 3310, 2930, 2857, 1747, 1658, 1542, 1466, 13939,18253, 1207, 1161, 1091, 838,

796, 697 crit. Specific rotation [a]p -75.2 € 1.3, CHCL).

Q
t-BuMeZSi\OJJ\N/CHJ
I

(9)-(R)-2-(benzylamino)-2-oxo-1-phenylethy 2-((((tert-

butyldimethylsilyloxy)car bonyl)(methyl)amino)-3-methylbutanoate (6b).

Following the procedure described fia, R-5c (0.44 mmol, 0.2 g) was treated with TBSOTT (0.4dhoh
0.116 mL) and EN (0.44 mmol, 0.061 mLY%b was isolatedia flash chromatography (0.148 g, 66 %) on
silica gel (20 % EtOAc/hexanes) as a colourlessouis liquid. (Mixture of two rotamerdd NMR (400
MHz, CsDg) 6 7.54-7.01 (m, 10 H), 6.31 and 6.12 (2xs, 1 H)6#4%51 and 4.39-4.31 (2xm, 2 H), 4.2 {d,

= 10.4 Hz, 1 H), 2.66 and 2.61 (2xs, 3 H), 2.111rH), 0.9 and 0.92 (2xs, 9 H), 0.67-0.78 (M, 60432

S10



and 0.21(2xs, 6 H)>C NMR (100 MHz, GDg) & 170.3, 167.7, 156.6, 139.1, 136.2, 128.5, 1288,3,
128.0, 127.9, 127.7, 127.4, 1267, 76.3, 65.3, 4829, 25.4, 19.6, 19.5, 17.5, -4.9, -HIBM S Calcd. for
[CagH4oN2NaGsSi] m/iz = 535.2599; found 535.260KR vinax 3300, 2960, 1743, 1681, 1542, 1454, 1389,

1305, 1253, 1200, 1150, 1004, 827, 795, 696.cm

o
t-BuMe,Si \OJLN/CHs

(s) -

b (9)-(R)-2-(benzylamino)-2-oxo-1-phenylethyl-2-((((tert-
butyldimethylsilyl)oxy)car bonyl)(methyl) amino)-3-phenylpropanoate (6c).

Following the procedure described &, (R)-5d (0.398 mmol, 0.2 g) was treated with TBSOTf (0.398
mmol, 0.105 mL) and BN (0.398 mmol, 0.055 mL)5c was isolatediia flash chromatography (0.144 g,
65 %) on silica gel (20 % EtOAc/hexanes) as a atdss viscous liquidy (20 % EtOAc/hexanes) 0.55
(Mixture of two rotamersH NMR (300 MHz, GDg) 5 7.76 (br tJ= 5.7 Hz, 1 H), 7.35 (dl = 7.5 Hz, 2
H), 7.04-6.79 (m, 13 H), 6.10 and 6.05 (2xs, 1425 (d,J = 5.7 Hz, 1 H), 4.07 (br dl = 5.7 Hz,1 H),
3.79 (m, 1 H), 3.12 (m, 2 H), 2.65 and 2.17 (2x#{)30.66 and 0.63 (2xs, 9 H), -0.02 (s, 3 H), 3,13
H). (Mixture of two rotamersyC NMR (75 MHz, GDg) § 170.0, 168.8 and 168.1, 156.1 and 155.3, 139.3
and 139.0, 138.1 and 137.9, 136.3 and 136.2, 129%0, 128.9, 128.8, 128.8, 128.7, 128.1, 1288,0]
127.8, 127.7, 127.3, 127.03, 77.5 and 76.9, 63d764n8, 43.4, 36.3, 35.6 and 35.2, 26.0 and 25.8 1
and 17.9, -4.4, -4.3dRMS Calcd. for [G;H41N,0sSi'] m/z = 561.2779; found 561.278R vinax 3315,
2930, 2919, 1745, 1654, 1542, 1454, 1394, 13492,12809, 1146, 1029, 837, 794, 732, 695'cm

Specific rotation [a]p -94.2(c 4.0, CHCI,).
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(5R,7R)-9-Benzyl-3-methyl-7-phenyl-1,6-dioxa-3,9-diazaspir o[ 4,4]nonane-2,8-
dione (7a).

To a stirring solution ofR)-5a (0.463 mmol, 0.191 g) in dry GBI, at 0 °C was added & (1.15 mmol,
0.161 mL)via a microsyringe through a septum, followed by TB${T15 mmol, 0.301 mL) 5 min later
under. The reaction was held at 0 °C for about @%rih while stirring vigorously. Then, it was rensav
from ice bath and allowed to stir at room temperatior a further 13-14 hour. Subsequently, solvent
removal invacuo, gave the crude which was purifieth flash chromatography, eluting with a solvent
gradient of 20 % EtOAc/hexanes through 40 % EtOéx#mes to givda as an off white solian.p. 110-
112 °Calong with liquid diastereoméda (minor) in 56 % combined yield (0.087 g) and 1: 1.2 diorat
Major (7a) *H NMR (400 MHz, CDC}) § 7.44-7.25 (m, 10 H), 5.52 (s, 1 H), 5.10Jd 15.6 Hz, 1 H),
4.09 (d,J = 15.7 Hz, 1 H), 3.58 (d] = 11.1 Hz), 3.33 (dJ = 11.1 Hz, 1 H), 2.80 (s, 3 ¥C NMR (100
MHz, CDCk) & 170.4, 154.6, 135.4, 133.9, 129.3, 129.1, 129.98,4, 127.9, 126.5, 111.8, 78.4, 54.2,
43.8, 30.2HRM S Calcd. for [GoH19N,04"] m/z = 339.1339; found 339.1348R vpax 3033, 2928, 1769,
1731, 1413, 1396, 1365, 974 ¢nSpecific rotation [o]p-86 (¢ 0.73, CHOH). Minor (8a) ‘H NMR (400
MHz, CDCk) $ 7.55-7.26 (m, 10 H), 5.48 (s, 1 H), 5.04 Jd; 15.5 Hz, 1 H), 4.09 (d} = 15.5 Hz, 1 H),
3.56 (d,J = 11.0 Hz, 1 H), 3.23 (d, = 11.0 Hz, 1 H), 2.78 (s, 3 HYC NMR (100 MHz, CDC}) 5 169.9,
154.7, 135.4, 134.4, 129.2, 129.2, 129.0, 128.8,41226.6, 112.4, 79.7, 54.9, 43.9, 3HRM S Calcd.

for [CroH1oN204"] m/z = 339.1339; found 339.134BR via 3032, 2929, 1768, 1728, 1413, 1398, 1364,

976 cni". Specific rotation [o]p +10.16€ 0.41, CHCL,).
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(4S,5R, 7R)-9-Benzyl-3,4-dimethyl-7-phenyl-1,6-dioxa-3,9-diazaspir 0[4,4]
nonane-2,8-dione (7b).

Following the procedure described fta, (R)-5b (0.438 mmol, 0.187 g) was treated with TBSOTf (1.1
mmol, 0.290 mL) and BN (1.1 mmol, 0.152 mL). The crude product was pedifvia flash
chromatography, eluting with a solvent gradien0f% EtOAc/hexanes through 40 % EtOAc/hexanes to
give 7b as an off white solid; along with liquid diasteremm8b (minor) in 1: 1.1 dr ratio and in 55 %
combined yield (0.087 gMajor (7b) *H NMR (400 MHz, CDC}) & 7.45-7.23 (m, 10 H), 5.53 (s, 1 H),
5.10 (d,J = 16.0 Hz, 1 H), 4.13 (dl = 16.0 Hz, 1 H), 3.56 (¢} = 6.6 Hz, 1 H), 2.76 (s, 3 H), 1.17 @5

6.6 Hz, 3 H)*C NMR (100 MHz, CDC}) 5 170.9, 154.3, 135.8, 133.9, 129.3, 129.1, 1288,2], 127.4,
126.8, 113.4, 77.9, 57.5, 43.8, 28.3, 1HRMS Calcd. for [GoH,oN,O4Na’] m/z = 375.1315; found
375.13211R vnax3318 (br s, w), 2853 (W), 1774 (m), 1714 (s), 143), 1399 (m), 1322 (w), 1269 (m),
1112 (w), 1031 (w), 939 (w), 919 (w), 671 (w) ¢nSpecific rotation [a]p -25.9 € 1.0, CHCI,). Minor

(8b) *H NMR (400 MHz, CDC}) & 7.56 —7.27 (m, 10 H), 5.45 (s, 1 H), 5.01J¢; 15.8 Hz, 1 H), 4.16 (d,
J=15.8 Hz, 1 H), 3.45 (4l = 6.5 Hz, 1 H), 2.74 (s, 3 H), 1.18 (= 6.6 Hz, 3 H}*C NMR (100 MHz,
CDCl;) 6 170.1, 154.3, 135.6, 134.4, 129.1, 129.1, 12&88,4, 127.7, 126.5, 113.7, 79.7, 58.3, 43.8, 28.3,
12.2. HRMS Calcd. for [GH2oN,04Na’] m/z = 375.1315; found 375.131BR vpax 3064, 3033, 2915,

1772, 1733, 1400, 1367, 1295, 1220, 1181, 976. Smecific rotation [a]p-8.1 € 0.3, CHCI,)

HC. 0

n A
MO, 5.0
HC' NTRMo

(4S,5R, 7R)-9-Benzyl-4-isopr opyl-3-methyl-7-phenyl-1,6-dioxa-3,9-diazaspir o
[4,4]nonane-2,8-dione (7c).

Following the procedure described faa, (R)-5¢ (0.389 mmol, 0.177 g) was treated with TBSOTf 70.9
mmol, 0.256 mL) and BN (0.97 mmol, 0.135 mL). The crude product was fadivia flash column
chromatography (20 % EtOAc/hexanes) to gieeas an off white solidm.p. 153-155 °Ctogether with

liquid diastereome8c (minor). Two diastereomers were isolated in 52 % totdHy(6.076 g) with 1: 1.4
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dr ratio.Major (7c) '"H NMR (400 MHz, CDC}) 5 7.48-7.22 (m, 10 H), 5.54 (s, 1 H), 5.12 Jd; 15.9
Hz, 1 H), 4.05 (dJ = 15.9 Hz, 1 H), 3.32 (d} = 2.3 Hz, 1 H), 2.80 (s, 3 H), 2.09 (m, 1 H), O(811J = 6.9
Hz, 3 H), 0.83 (dJ = 7.4 Hz, 3 H).*C NMR (100 MHz, CDC}) 5 170.7, 154.5, 135.9, 133.6, 129.3,
128.9, 128.3, 127.6, 127.1, 113.8, 78.2, 66.3,,40&, 27.5, 19.8, 16 9RMS Calcd. for [GoH2sN;0,"]
m/z = 381.1809; found 381.181KRv,x 2966, 1766, 1723, 1413, 1400, 1322, 1261, 11983,11146,
981, 937, 884, 843, 810, 771, 755 trBpecific rotation [a]p-122.8 € 1.0, CHCL,). (Mixture of 7c and
8c) '"H NMR (400 MHz, CDC})) § 7.55-7.25 (m, 20 H) (mixture), 5.54 (s, 1 H) (mindb.43 (s, 1 H)
(major), 5.12 (dJ = 15.9 Hz, 1 H) (major), 5.02 (d,= 15.7 Hz, 1 H) (minor), 4.08 (d,= 12.1 Hz, 1 H)
(major), 4.04 (dJ = 12.2 Hz, 1 H) (minor), 3.32 (d,= 2.3 Hz, 1 H) (minor), 3.22 (d,= 3.1 Hz, 1 H)
(major), 2.80 (s, 3 H) (major), 2.76 (s, 3 H) (min@.10 — 2.04 (m, 2 H) (mixture), 0.97 @z 7.0 Hz, 3
H) (minor), 0.93 (dJ = 7.3 Hz, 3 H) (major), 0.91 (d,= 7.0 Hz, 3 H) (minor), 0.83 (d,= 7.4 Hz, 3 H)
(major). *C NMR (100 MHz, CDC}) § 170.7 and 169.6, 155.0 and 154.7, 135.9, 135.4,41333.6,
129.3, 129.0, 129.0, 128.9, 128.8, 128.4, 128.8,0,2127.6, 127.1, 126.4, 114.4, 113.8, 79.5, &6,

66.3, 43.8, 43.8, 30.7, 30.1, 27.7, 27.5, 19.84,187.0, 16.6.

(5R,7R)-9-Benzyl-3-methyl-7-(4-(trifluor omethyl)phenyl)-1,6-dioxa-

3,9diazaspir o[4,4]nonane-2,8-dione (7€).

Following the precedure described f@a, (R)-5e (0.373 mmol, 0.179 g) was reacted withNE{0.858
mmol, 0.119 mL) and TBSOTf (0.858 mmol, 0.226 mBurification of the crude product was
accomplishedia flash chromatography eluting with a solvent gratigf 20 % EtOAc/hexanes through 50
% EtOAc/hexanes to give asa white solid compound together with diastereor®e(minor) in 1:1.2 dr
ratio and a combined yield of 35 % (0.053 g), imeocases spirocyclic compouiid was isolated as a
single isomer along with mono cyclic orthoamieR; (20 % EtOAc/hexanes) 0.78 in combined yield of
(0.055 g, 30 %)Major (7€) '"H NMR (600 MHz, CDC}) & 7.62 (q,J = 8.7 Hz, 4 H), 7.29-7.36 (m, 5 H),
5.46 (s, 1 H), 4.95 and 4.00 (AB#= 15.6 Hz, 2 H), 3.51 and 3.18 (AB#= 10.8 Hz, 2 H), 2.75 and 2.73

(2xs, 3 H)."*C NMR (150 MHz, CDC}) & 169.0, 154.2, 138.0, 135.0, 129.1, 128.6, 1288,4] 125.8,
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125.8, 112.3, 78.5, 54.6, 43.9, 3GHRMS Calcd. for [GoHi7FsN,NaO)]* miz = 429.1033; found
429.10361 Rvmay 2925, 2855, 1772, 1731, 1397, 1323, 1164, 111@6,1973, 801, 703 ¢t Minor (8e)
'H NMR (400 MHz, CDC}) 5 7.49 (q,J = 8.4 Hz, 4 H), 7.27-7.15 (m, 5 H), 5.5 (s, 1 H®Gand 4.00

(ABg, J = 15.6 Hz, 2 H), 3.53 and 3.27 (ABH= 10.4 Hz, 2 H), 2.74 (s, 3H).

s 3-Benzyl-2-((tert-butyldimethylsilyl)oxy)-2-((methylamino)methyl)-5-(4-
(trifluoromethyl)phenyl)oxazolidin-4-one (9¢).

'H NMR (600 MHz, CDC}) § 7.71 (ABq,J = 8.4 Hz, 2 H), 7.59 (ABq] = 8.4 Hz, 2 H), 7.29-7.20 (m, 5
H), 5.39 (s, 1 H), 4.83 and 4.23 (ABhz 15.0 Hz, 2 H), 2.78 and 2.72 (AB#j= 13.2 Hz, 2 H), 2.07 (s, 3
H), 0.90 and 0.89 (2xs, 9 H), 0.21 (s, 3 H), 0.463(H)."*C NMR (150 MHz, CDC}) & 170.2 , 139.5,
136.9, 130.7 (qJc.r = 62.5 Hz), 128.7, 128.3, 127.7, 127.3, 125.5,832625.5, 125.4, 111.6, 77.5, 57.9,

43.9, 36.0, 25.6, -3.4 and -3HRM S Calcd. for [GsHa4FaN,05Si]" m/z = 495.2285; found 495.2288.

(5S, 79)-9-Benzyl-3,7-dimethyl-1,6-dioxa-3,9-diazaspir o[4,4]nonane-2,8-dione
(71).

Following the procedure described faa, (§-5f (0.762 mmol, 0.267 g) was treated with TBSOTf (1.9
mmol 0.503 mL) and BN (1.90 mmol, 0.264 mL). The crude product was firdivia flash column
chromatography eluting with a solvent gradient @92 EtOAc/hexanes through 50 % EtOAc/hexanes to
give 7f as an off white solid together with liquid diagtemer8f (minor). Two diastereomers were
isolated in 40 % total yield (0.084 g) with 1:1.8rdtio. Less polar isoméif was isolated as an off white
solid; m.p. 127-130 °CR (50 % EtOAc/hexanes) 0.51 whereas more polar is@mneas isolated as a
mixture of both two diastereomeid.ajor (7f) '"H NMR (400 MHz, CDC}) § 7.40-7.24 (m, 5 H), 5.00 (d,
J=15.7 Hz, 1 H), 4.63 (d, = 6.8 Hz, 1 H), 4.03 (d] = 15.7 Hz, 1 H), 3.41 (d} = 11.1 Hz, 1 H), 3.23 (d,

J=11.1 Hz, 1 H), 2.77 and 2.76 (2xs, 3 H), 1.51)(¢ 6.8 Hz, 3 H)*C NMR (100 MHz, CDC}) 5
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172.7, 154.7, 135.5, 129.0, 128.3, 127.8, 111.65,784.1, 43.5, 30.2, 17.HRMS Calcd. for
[C1H16N0Na ] m/z = 299.1002; found 299.100R viay 3515, 2983, 2935, 1770, 1733, 1415, 1400,
1365, 1292, 969Specific rotation [a]p +60(c 0.77, CHCL,). (Mixture of 7f & 8f) *H NMR (600 MHz,
CDCl;) 8 7.47-7.30 (m, 10 H) (mixture), 5.03 @= 11.5 Hz, 1 H) (minor), 5.00 (d,= 11.7 Hz, 1 H)
(major), 4.63 (gJ = 6.9 Hz, 1 H) (minor), 4.56 (¢} = 7.2 Hz, 1 H) (major), 4.04 (d,= 5.7 Hz, 1 H)
(major), 4.02 (dJ = 5.6 Hz, 1 H) (minor), 3.45 (dl = 4.8 Hz, 1 H) (major), 3.43 (d,= 4.8 Hz, 1 H)
(minor), 3.23 (dJ = 11.0 Hz, 1 H) (minor), 3.17 (d,= 11.0 Hz, 1 H) (major), 2.77 (s, 3 H) (minor)72.
(s, 3 H) (major), 1.58 (d] = 7.0 Hz, 3 H) (minor), 1.54 (d,= 6.8 Hz, 3 H) (major)**C NMR (150 MHz,
CDCly) 4 172.7, 172.6, 154.79, 154.7, 135.5, 135.6, 1229,0, 128.4, 128.4, 128.0, 127.9, 111.4, 112.2,
74.4, 73.4, 54.3, 54.1, 43.5, 30.2, 30.2, 18.42.1HRMS Calcd. for [G4H1eN,O4Na’] m/z=299.1002;

found 299.1018.

[0} CHs

-

(@)

N o
d 9 9-Benzyl-3-methyl-1,6-dioxa-3,9-diazaspir o[4,4]nonane-2,8-dione (79).

Following the procedure described &, 59 (0.52 mmol, 0.178 g) was treated with TBSOTf (1n&@ol,

0.41 mL), EfN (1.56 mmol, 0.21 mL). The crude product was pediia flash column chromatography,
eluting with a solvent gradient of 20 % EtOAc/hegathrough 50 % EtOAc/hexanes to give trace amount
of 7g as an off white solid®H NMR (400 MHz, CDC}) § 7.38-7.28 (m, 5 H), 5.05 (d,= 15.6 Hz, 1 H),
4.50 (ABq,J = 14.4 Hz, 1 H), 4.40 (ABq] = 14.4 Hz, 1 H), 4.03 (d] = 15.6 Hz, 1 H), 3.43 (ABq] =

10.8 Hz, 1 H), 3.21 (ABgJ = 11.2 Hz, 1 H), 2.77 (s, 3 HHRMS Calcd. for [GsH1sN,04 ' m/z =

263.1026; found 263.1147. The quantityrgfwas insufficient for full characterization.

(o} CHs
HsC

~

0~ N
11CH; O

2-((M ethoxycar bonyl)(methyl)amino)pr opanoic acid (11).

A round bottomed flask containing 6 mL NaOH (1 Mjder an atmosphere of was charged with
commercially availableS)-2-(Methylamino)propanoic aciti0 (2.91 mmol, 0.3 g) at r.t. This was stirred
for 20-30 min and then the temperature was coaded@ tC. Then, Methyl chloroformate (5.76 mmol,

0.442 mL) was added dropwise. The mixture wasestifior 6 h at 3 °C. After that, the reaction was
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warmed to 20 °C and then 1 M aqueous HCI (5-6 Jrajgs added dropwise until pH ~ 1 was obtained.
Then, EtOAc was added (20-30 mL). The organic layes washed with water and dried over Mg&6d
evaporated ivacuo to yield 11 (0.254 g, 85 %) as an oil which was used withouhfer purification’ *H
NMR (300 MHz, CDC}) 8 10.87 (s, 1 H), 4.85-4.64 (m, 1 H), 3.67 (s, 3HJ9 (brs, 3H), 1.38 (d,=

7.4 Hz, 3 H).

[¢]
HsC _CH
0 AL -Cs

S Ln
© CHs
H O

Ph=={(R)
0

12 HN\

Bn (9-(R)-2-(Benzylamino)-2-oxo-1-phenylethyl 2-((methoxycar bonyl)

(methyl)amino)propanoate (12)

Following the procedure described for the prepanatif5a, 3a (2.0 mmol, 0.483 g) was treated with (2
mmol, 0.323 g) in the presence of EDCI.HCI (3.2 611 g), DMAP (0.2 mmol, 0.024 g) ands/&t
(2.6 mmol, 0.361 g). Purification of the crude protdwas accomplisheda flash chromatography (50 %
EtOAc/hexanes) to affordi2 (0.691 g, 90 %) as a colourless liquith. NMR (400 MHz, CDC}) & 7.42-
7.23 (m, 10 H), 6.12 (s, 1 H), 4.55 (dbs 14.9, 6.2 Hz, 1 H), 4.42-4.35 (m, 2 H), 3.57 &b (2xs, 3
H), 2.92 (s, 3 H), 1.46 (dl = 7.2 Hz, 3 H).*C NMR (100 MHz, CDC}) § 170.8, 168.2, 157.5, 138.2,
135.5, 128.9, 128.7, 128.5, 127.7, 127.4, 127.3,A6.5, 52.9, 43.2, 32.5, 14IR vmax 3308 (br s, w),
1747 (m), 1683 (vs), 1557 (m), 1541 (m), 1455 B95 (w), 1206 (w), 1157 (w), 1091 (w), 698 (w)cm
! HRM S Calcd. for [GiH2N,NaQ]" m/z = 407.1577; found 407.158%0ecific rotation [a]p -87 € 0.4,
CH,Cl,)

Crystallographic data for compounds 7b, 7c and 7f

X-ray Crystal analyses were performed on CrysAtisPhgilent Technologies, Version 1.171.35.15.
Empirical absorption correction using sphericalnimamics, implemented in SCALE3 ABSPACK scaling
algorithm. CCDC 1477536, 1477537, 1477538 have been assigned to compouftag 7e, 7b respectively.

These data are available free of charge on the @dgeb Crystallographic Data Centre via

http://www.ccdc.cam.ac.uk.
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7b

Table S1. Crystal data and structure refinenment for 7b.

Enpirical formula Co0H20N Oy
Formul a wei ght 352. 38
Tenperat ure 123(2) K
Wavel engt h 1.54184 A

Crystal system space group

Monoclinic, P 21

Unit cell dinensions

a = 10.1661(6) A al pha= 90 deg.

b = 8.2577(4) A beta= 102. 382(6)
deg.

¢ = 10.5397(6) A gamma= 90deg.

Vol une 864.21(8) A3
Z, Calculated density 2,1.354 My/ M3
Absorption coefficient 0.781 mmt-1
F(000) 372

Crystal size

0.25 x 0.25 x 0.25 mm

@ range for data collection

4.29 to 66.62 deg.

Lim ting indices

-11<=h<=12, -9<=k<=8, -12<=|<=12

Refl ections collected / unique

9089 / 2969 [R(int) = 0.0377]

Compl eteness to theta = 66. 62

99.3 %

Absor ption correction

Sem -enpirical from equival ents

Max. and min. transm ssion

1. 00000 and 0.70733

Ref i nenent net hod

Full -matrix | east-squares on F"2

Data / restraints / paranmeters

2969 / 1/ 238

Goodness-of -fit on F*2

1. 083

Final Rindices [I>2signma(l)] R1 = 0.0569, wR2 = 0. 1498
R indices (all data) R1 = 0.0585, wR2 = 0.1525
Absol ute structure paraneter 0.4(2)
Extinction coefficient 0. 029(4)
Largest diff. peak and hol e 0.317 and -0.245 e. A*-3
CCDC 1477538
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Table S2. Crystal data and structure refinenment for 7c.

Enmpirical formula CooH s N,Oy
Formul a wei ght 380. 43
Tenper at ure 123(2) K
Wavel engt h 1.54184 A
Crystal system space group Othorhonbic, P 21 21 21
Unit cell dinensions a = 9.0291(1) A alpha = 90 deg.
b = 14.3287(3) A beta = 90 deg.
c = 14.8824(3) A gamm = 90 deg.
Vol ure 1925.41(6) A3
Z, Calculated density 4, 1.312 My/ m3
Absorption coefficient 0.739 mm*-1
F(000) 808
Crystal size 0.25 x 0.25 x 0.25 mm
@ range for data collection 4,28 to 66.50 deg.
Lim ting indices - 10<=h<=6, -16<=k<=17, -17<=|<=16
Refl ections collected / unique 10532 / 3387 [R(int) = 0.0125]
Compl et eness to theta = 66.50 99.9 %
Absor ption correction Sem -enpirical from equival ents
Max. and min. transm ssion 1. 00000 and 0.87487
Ref i nemrent net hod Full -matrix | east-squares on F"2
Data / restraints / paranmeters 3387 / 0/ 255
Goodness-of-fit on F*2 1. 052
Final Rindices [I>2signma(l)] R1 = 0.0226, wR2 = 0.0589
R indices (all data) R1 = 0.0231, wR2 = 0. 0595
Absol ute structure paraneter -0.05(12)
Extinction coefficient 0. 0052( 3)
Largest diff. peak and hol e 0.154 and -0.147 e. A*-3
CCDC 1477536
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7f

Table S3. Crystal data and structure refinement for 7f.

Enpirical formula CiaHisNbOy
Formul a wei ght 276. 29
Tenperat ure 123(2) K
Wavel engt h 1.54184 A
Crystal system space group Othorhonbic, P 21 21 21

a = 10.0012(12) A alpha = 90 deg.

Unit cell dinensions
b = 10.3680(10) A beta = 90 deg.
c = 12.5874(17) A gamma = 90 deg.
Vol une 1305.2(3) A3

Z, Calculated density

4, 1.406 My/ nf3

Absorption coefficient

0.868 m*-1

F(000)

584

Crystal size

0.20 x 0.20 x 0.20 mm

@ range for data collection

5.53 to 66.40 deg.

Limting indices

-11<=h<=11, -11<=k<=12, -14<=|<=14

Refl ections collected / unique

13825 / 2291 [R(int) = 0.0191]

Compl eteness to theta = 66.50

99.5 %

Absorption correction

Sem -enpirical fromequival ents

Max. and min. transm ssion

1. 00000 and 0.90240

Ref i nenent net hod

Full -matrix | east-squares on F"2

Data / restraints / paraneters

2291 / 0/ 183

Goodness-of -fit on F*2

1. 091

Final Rindices [I>2signma(l)] Rl = 0.0239, wR2 = 0.0619

R indices (all data) Rl = 0.0242, wR2 = 0.0621

Absol ute structure paraneter -0.16(15)

Largest diff. peak and hol e 0.138 and -0.188 e. A*-3
CCDC 1477537
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(R)-2-(Benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)(methyl)amino)acetate (5a)

Sample Name zn-02-60 (Nazarian) Position P1-Al

Inj Vol -1
Data Filename  zn130801.d

InjPosition

ACQ Method general.m

Instrument Name Instrument 1

SampleType
Comment

Sample

User Name

IRM Calibration Status
Acquired Time

x10 6
1.4+
1.35
1.3
1.25
1.24
1.15
1.1
1.05
14
0.95
0.9
0.85
0.8
0.75
0.7 1
0.65 -
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25 -
0.2
0.15
0.1
0.05+

313.1556

357.1453

!

+ESI Scan (0.565-0.645 min, 6 scans) Frag=200.0Vv zn130801.d Subtract

435.1891
|

Lo

All Tons Missed
B/13/2012 3:20:11 PM

0+ T T
380

400 420 440 460 480
Counts vs. Mass-to-Charge (m/z)

500 520

540

(9)-(R)-2-(Benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)(methyl)amino)

propanoate (5b)

Sample Name zn-02-36-R-est (Na Position P1-Al

1Inj Vol -1
Data Filename  zn070801.d

InjPosition

ACQ Method general.m

Instrument Name Instrument 1

SampleType
Comment

Sample

User Name

IRM Calibration Status
Acquired Time

Some Ions Missed
8/7/2012 2:56:32 PM

x10 5
5.4

5.2
5
4.8
4.6
4.4
4.2
4 4
3.8
3.6
3.4
3.2
34
2.8
2.6
2.4 -
2.24
2
1.8+
1.6
1.4 4
1.2
14
0.8
0.6 4
0.4
0.2
o |

327.1708

371.1606

+ESI| Scan (0.672-0.790 min, 11 scans) Frag=200.0V zn070801.d Subtract

449.2051

PRRRET DR T N Ly

R

salle

420 440 460 480 500
Counts vs. Mass-to-Charge (m/z)

520 540 560

580 600

S21




(9)-(R)-2-(Benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)(methyl)amino)-3-

methylbutanoate (5¢)

Sample Name  zn-02-£%B(Nazarian)  Position
Inj Vel -1
Data Filename  zn020801.d

InjPosition

ACQ Method

P1-A6

general.m

Instrument Name Instrument 1

SampleType
Comment

Sample

IRM Calibration Status
Acquired Time

User Name

Some Ions Missed
8/2/2012 10:15:27 AM

x10 S
7.5
7.25
7
6.75
6.5
6.25

355.2018

‘\ |}

1.254

0.75

0.25-

+ES| Scan (0.662-0.733 min, 7 scans) Frag=200.0V zn020801.d Subtract

477.2368

528.3433
|

399.1918 ‘

Il. ; l

! A

611.2734
|

o L

320 340 360 380

400

420 440 460 480
Counts vs. Mass-to-Charge (m/z)

500 520 540 560

580 600 620 640 660

(9)-(R)-2-(benzylamino)-2-oxo-1-phenylethyl-2-((tert-butoxycar bonyl)(methyl)amino)-3-

phenylpropanoate (5d)

Sample Name zn-01-136 (Nazarian Position
Inj Vol -1
Data Filename  zn170802.d

InjPosition
ACQ Method

P1-A3 Instrument Name Instrument 1
SampleType Sample
general.m Comment

User Name

Success
8/17/2012 12:27:01 PM

IRM Calibration Status
Acquired Time

x10 &

1.45

1.25

0.05

+ESI| Scan (0.410-0.554 min, 10 scans) Frag=200.0V zn170802.d Subtract

525.2359

403.2027
447.1926

| | H o

- e

260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700
Counts vs. Mass-to-Charge (m/z)
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(R)-2-(Benzylamino)-2-oxo-1-(4-(trifluor omethyl)phenyl)ethyl-2-((tert-butoxycar bonyl)
(methyl)amino)acetate (5€)

Sample Name zn-02-123 (Nazaria Position P1-A4 Instrument Name Instrument 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Some fons Missed
Data Filename  2n123.d ACQ Method general.m Comment Acquired Time 9/18/2013 2:18:54 PM

x10 5 ;ESI Scan (0.5-0.5 min, 4 scans) Frag=200.0V zn123.d Subtract

1.4 503.1770
135 |
1.3
1.25
1.2
1.15
1

0.5
0.45 4
0.4
0.354
0.3
0.25

0.2
0.154
0.1
0.05 !
o ; : : ! . (AL | b il & . L : :
320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640
Counts vs. Mass-to-Charge (m/z)

381.1419 4251319

(9)-1-(Benzylamino)-1-oxopr opan-2-yl 2-((tert-butoxycar bonyl)(methyl)amino) acetate (5f)

Sample Name 2n-01-102-2 (Nazari Position P1-B1 Name 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Some [ons Missed

x10 5 |+*ESI Scan (0.885-0.980 min, 9 scans) Frag=200.0V zn020805.d Subtract
6.6 §r6"
6.4 373.1735 °
6.2
6
5.8
5.6
5.4
5.2
5
4.8+
4.6
4.4+
4.2
4]
3.8
3.6
3.4

4 317.1106

0.8 + I *
0.6 389.1473 424.2807

o | | 2 I
310 320 330 340 350 360 370 380 390 400 410 4é0 430 440 450 460
Counts vs. Mass-to-Charge (m/z)

Data Filename  zn020805.d ACQ Method general.m Comment Acquired Time 8/2/2012 10:27:03 AM
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2-(Benzylamino)-2-oxoethyl 2-((tert-butoxycar bonyl)(methyl)amino) acetate (5g)

Sample Name

Inj Vol
Data Filename

n-ester-gly acid ( Position

-1 InjPosition
zn070804.d ACQ Method

P1-A4

general.m

Instrument Name

SampleType
Comment

Instrument 1

Sample

User Name

IRM Calibration Status
Acquired Time

Success
8/7/2012 3:05:23 PM

84
7.75
7.5
7.25
7.
6.75-
6.5
6.25
6
5.75
5.5
5.25
54
4.75
4.5
4.25
-9
3.75
3.5
3.25
3
2.75
25
2.25
24
1.75
1.5
1.25
14
0.75
0.5
0.25
o

237.1232

303.0951

l

RV

x10 5 |*+ESI Scan (0.609-0.680 min, 7 scans) Frag=200.0V zn070804.d

_’_)359.1580 /

L A

417.1634

200 220 240 260

280

300

320 34 380
Counts vs. Mass-to-Charge (m/z)

360

400

420

440

460

(R)-2-(M ethylamino)-2-oxo-1-phenylethyl

(Sh)

2-((tert-butoxycar bonyl)(methyl)

amino)acetate

Sample Name

Inj Vol
Data Filename

n-02-115 (Nazaria Position

-1 InjPosition

zni15.d ACQ Method

P1-A7

general.m

Instrument Name

SampleType
Comment

Instrument 1

Sample

User Name

IRM Calibration Status
Acquired Time

Some lons Missed
10/15/2013 2:22:42 PM

%10 5

NN
- N

"
NWwhD e N BN

N

0.9
0.8
0.7
0.6-
0.5
0.4
0.3
0.2
0.1

303.0949

359.1581

Il

+ESI Scan (0.5-0.6 min, 7 scans) Fragtzoﬁ,ov zn115.d Subtract

260 270 280 290 300 310 320 3306

340 350 360 370 380 390 400 410 420 430 440 450 460 470 480
ounts vs. Mass-to-Charge (m/z)
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(9)-(R)-2-(benzylamino)-2-oxo-1-phenylethyl 2-((((tert-butyldimethylsilyl)oxy)car bonyl)
(methyl)amino)propanoate (6a)

Sample Name m-02-133 (Nazaria Position P1-Al Name 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  zn133.d ACQ Method MMLm Comment Acquired Time 11/15/2013 10:45:30 AM

x10 5 |*ESI Scan (1.3-1.4 min, 7 scans) Frag=1 80.0v zn133.d Subtract

1.4 _- 485.2478

1.25

Ll
+ e~
¢

0.8 507.2294

0.25 |

0.15 |

0.1
0.05 L |
o | Li

420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570
Counts vs. Mass-to-Charge (m/z)

(9)-(R)-2-(benzylamino)-2-oxo-1-phenylethy 2-((((tert-butyldimethylsilyloxy)car bonyl)
(methyl)amino)-3- methylbutanoate (6b)

Sample Name zn-02-140 (Nazarian Pasition Pi-Al Instrument Name Instrument 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  zn140.d ACQ Method MMLm Comment Acquired Time 1/28/2014 2:26:31 PM

<10 5 |[+ESI Scan (1.2-1.2 min, 4 scans) Frag=180.0V zn140.d Subtract

1.2- 551.2786/Hr
1.15 |
1
1.05-
4
0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45 -
0.4
0.35
0.3
0.25 |
0.2 |

0.15 |
|

0.1
0.05 L I
| 4 4 s I

340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680
Counts vs. Mass-to-Charge (m/z)

403.2017 .
583.2601 +N®
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(9)-(R)-2-(benzylamino)-2-oxo-1-phenylethyl-2-((((tert-butyldimethyl silyl)oxy)car bonyl)
(methyl)amino)-3-phenylpropanoate (6¢)

Sample Name zn-02-142-11-13 (Na  Position P1-Al Instrument Name Instrument 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  zn142.d ACQ Method MMLm Comment Acquired Time 1/31/2014 1:11:40 PM

x10 4 7+ESI Scan (0.8-0.8 min, 3 scans) Frag=250.0V zn142.d Sut;lracl

35 35,2603ﬂ i
7.25-
2 |
6.75 |
6.5 |
6.25 |
6 ]
5.75 ‘
5.5
5.25 ‘
- |
4.75 [
a5 [
4.25 |
4 4
3.75 |
3.5 [
3.25 421.1738
5 |
2.75 |
25 3
2.25 1‘
2 [ i
Lk 513.2783 |
1.5 Al
1.25]
s |
0.75
S ‘I “ } “ |
G | | ‘ . I, I il

(¢} T T L " T T T -
320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660
Counts vs. Mass-to-Charge (m/z)

(5R,7R)-9-Benzyl-3-methyl-7-phenyl-1,6-dioxa-3,9-diazaspir o[4,4]nonane-2,8-dione (7a)

Sample Name 2n-02-66-1 (Nazaria Position P1-CS Instrument Name Instrument 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  zn2661.d ACQ Method general.m Comment Acquired Time 9/14/2012 2:38:49 PM

%10 4 | +*ESI Scan (0.659-0.740 min, 6 scans) Frag=200.0V zn2661.d Subtract (2)

339.1343
8.5

361.1160

! |
o . h i n |

300 310 320 330 340 350 360 370 380 380 400 410 420
Counts vs. Mass-to-Charge (m/z)
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(4S,5R, 7R)-9-Benzyl-3,4-dimethyl-7-phenyl-1,6-dioxa-3,9-diazaspir o[ 4,4] nonane-2,8-dione (7b)

Sample Name

Inj Vol
Data Filename

n-02-37r-s0l (Naza Pasition

10 InjPosition
m237.d ACQ Method

P1-A2 Instrument Name Instrument 1
SampleType
Comment

Sample
instrument run in 4GHz
mode (UHR)

User Name

IRM Calibration Status
Acquired Time

Success
8/2/2012 12:07:00 PM

x10 5
1.55-4
1.54
1.45
1.44
1.35
1.3

+ES| Scan (1.265-1

e

353.1509

341.2217

L)

312 min, & scans) Frag=200.0V zn237.d Subtract (2)

375.1316

383.1709
367.1736
397.1840

L.HLL"-L b, .jﬁt}.'[.!t e | | j»..lfw[

413.1818

LUt

4252119

J‘ul,l:.‘

330 335 340 345 350 355 360 365 370 3

Counts vs. Mass-to-Charge (m/z)

75 380 385 390 395 400 405 410 415 420 425 430

(4S,5R,7R)-9-Benzyl-4-isopr opyl-3-methyl-7-phenyl-1,6-dioxa-3,9-diazaspir o[ 4,4 nonane-2,8-

dione (7c)

Sample Name

Inj Vol
Data Filename

2n-01-090 (Nazarian Position

-1 InjPosition
2n130803.d ACQ Method

P1-A3 Instrument Name Instrument 1

SampleType Sample

general.m Comment

User Name

IRM Calibration Status
Acquired Time

Some Ions Missed
8/13/2012 3:26:01 PM

x10 4
7.5
7.25

il

+ESI Scan (0.445-0.509 min, 5 scans) Frag=200.0V zn130803.d Subtract (2)

381.1814

403.1628

441.2138

367.1741

353.1644

L

llufﬂll:)}']

[l

H 425.2137

|1

JHtuMl\JuJ \\LH

M\

I

J

455.2227
471.2210

L 1l ‘\‘ ’} L bbbl

330 340 350 36

370

380 390 400 10 430
Counts vs. Mass-to- Charge (m/z)

|
450 460 470
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(5R,7R)-9-Benzyl-3-methyl-7-(4-(trifluor omethyl)phenyl)-1,6-dioxa-3,9diazaspir o[ 4,4]nonane-
2,8-dione (7€)

x10 3 [+ESI Scan (rt: 0.418-0.499 min, 6 scans) Frag=200.0V zn124ls.d Subtract (2)

429.1037

0.9+
0.8
0.7+
0.6

0.5
415.3028

0.4 4301049

0.3
416.4279
0.2 4132733

431.2989

0.1+

A h Y " N L | Y L I s L

o

400 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 46 427 428 420 430 431 432 433 434 435 436 437 438 430 440 441 442 443 4l
Counts vs. Mass-to-Charge (m/z)

(5R,7R)-3-Benzyl-2-((tert-butyldimethylsilyl)oxy)-2-((methylamino)methyl)-5-(4-
(trifluoromethyl) phenyl) oxazolidin-4-one (9¢e)

Sample Name  n-02-124-7-15 (Naz  Position P1-B2 Instrument Name Instrument 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Some Ions Missed
Data Filename  zn124.d ACQ Method general.m Comment Acquired Time 9/16/2013 1:05:05 PM

x10 5 |*ESI| Scan (0.5-0.6 min, 4 scans) Frag=200.0V zn124.d Sub!r_acl

1.55 363.1323
1.5
1.45
1.4
1.35
1.3
1.25
1.2
1.15
1.1 1
1.05-

0.6 *
0.55 Mw +H

v
0.45- 405 3288

0.2 320.0893
0.15

o ; . L !
260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
Counts vs. Mass-to-Charge (m/z)
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(5S,79)-9-Benzyl-3,7-dimethyl-1,6-dioxa-3,9-diazaspir o[ 4,4]nonane-2,8-dione (7f)

Sample Name n-01-. fra 8l (Naza Position P1-B2 Instrument Name Instrument 1 User Name
Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Some lons Missed
Data Filename  zn020806.d ACQ Method general.m Comment Acquired Time 8/2/2012 10:29:56 AM
x10 4 +ESI Scan (0.582-0.688 min, 10 scans) Frag=200.0V zn020806.d Subtract
3.4-
3.3+ 190.0860
3.2
3.1 233.1280
3
29
2.8
2.7
2.6
2.5 1
2.4 299.1002 v
2.3
2.2
2.1
2
1.9
1.8
17
1.6
1.5
1.4
1.3
1.2-
1.1
1 273.1205
0.9
0.8
0.7-
0.6
0.5 | 349.1807
Qi 1 3 317.1114 |
0.3 || 2451288 ; 339.1408 |
ol 180.1021 211.9474 ‘ ‘ | ‘ ( ‘ \ [
3 |
0'2) (1. \llH ll Lol lxll\llll " [ Lo Lls I H ‘ “H Jl JiL |u mlHll Lk
170 180 190 200 210 220 230 240 250 260 27 80 290 300 310 320 330 340 350 360

Counts vs. Mass-to-Charge (m/z)

9-Benzyl-3-methyl-1,6-dioxa-3,9-diazaspir o[4,4]nonane-2,8-dione (7g)

Sample Name n-02-51r (Nazarian Position P1-A3 Instrument Name Instrument 1 User Name

Inj Vol <1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  zn070803.d ACQ Method general.m Comment Acquired Time B/7/2012 3:02:24 PM

x10 3 [+ES! Scan (0.287-0.516 min, 12 scans) Frag=200.0V zn070803.d Subtract (2)

6.81 241.1323
6.6

6.4
6.2

s
5.8
5.6
5.4-
5.2 252.9725

54
4.8
4.6
4.4
4.2

44
3.8-
3.6
3.4
3.2

3
2.8

2.6
2.4 285.0847

263.1147

273.1673 297.0311

p . | [
gng"\l.‘.ll.i l . j L.\f];‘J\FL,A 4 | . ) g4 , J J! o ik o J!ﬁ HJ‘

240 245 250 255 260 265 270 275 280 285 290 295 300 305
Counts vs. Mass-to-Charge (m/z)
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(R)-2-(Benzylamino)-2-oxo-1-phenylethyl 2-((methoxy carbonyl) (methyl)amino)propanoate
(12)

Sample Name zn-02-65 (Nazarian Position P1-DS Instrument Name Instrument 1 User Name Sally
Inj Vol 10 InjPosition SampleType Sample IRM Calibration Status All Tons Missed
Data Filename - zn265.d E ACQ Method Comment Acquired Time 12/9/2013 4:17:01 PM

%10 5 | +*ESI Scan (4.0-4.1 min, 7 scans) Frag=200.0V zn265.d Subtract

3 MiyNa 407.1583 v
-

2.6 P ~N /!/ ""’\J/ /11

<+
2.4 peH
231 196.1117
- &
2.1 385.1762

224 1065 .

[ G G (T G gy
&}
L

0.4+ 584.1915
284.0740

0.1
) Il JL b ol 1 L. I 4 ol ‘m PR - n W

160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620
Counts vs. Mass-to-Charge (m/z)
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3b 'H NMR/ CDCL/400 MHz
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3d 'H NMR/ CDChk/ 400 MHz
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4b 'H NMR/ CDCl/ 400 MHz
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4d 'H NMR/ CDCl/ 400 MHz
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5a(R) *H NMR/ CDCL/ 400 MHz
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5b (R) *H NMR/ CDCl/ 400 MHz
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5b (R) *C NMR/ CDCl/ 101 MHz
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5¢ (R) *H NMR/ CDCl/ 400 MHz
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5c (R)**C NMR/ CDC}/ 101 MHz
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5e (R) *H NMR/ CDCl/ 400 MHz

00°0-—

0E T~
LETE

T6°C~
PEE
88'E
e
(4584
9T’

9ty
8E'w
6E'F

05b-¢

(AN o
¢mé\
S5k

r9—
69—

(443
vl
9L
LCE

6T
1€°¢

95°¢
85
[4°X4
¥t

o

Foos

Fse

Teso

Fero

Feev
112
581

0.0 -0.5

6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 10 0.5
f1 (ppm)

70

9.5 9.0 8.5 8.0 75

10.0

(suppressed DCM peak)

5e (R) *°F NMR/ CDCl/ 377 MHz

6L°T9

-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-100
f1 (ppm)

S41



5e (R) **C NMR/ CDC}/ 101 MHz
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5f (S) 'H NMR/ CDCl/ 400 MHz
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5h (R) *H NMR/ CDCl/ 400 MHz

000~
070"

3
05°T—

T8¢~
€82
%67

€8°E
mw.m%
10~
t0

TF
gl

+1'9—
60Z
9TL
SEL
SEL
LEL
8EL
6EL
oL
WL
[4:44
€L
L

t-Bu _CH.
o

o]

—NH

HsC

b

5h

wmm 6

T-00°€
62

%ﬁm.m

90

90
Fere

0.0 -0.5

0.5

3.0 2.5 2.0 1.5 1.0

5

4.5
f1 (ppm)

5.5 5.0

6.0

70 6.5

7.5

9.0

9.5

10.0

(suppressed acetone peak)

5h (R) *C NMR/ CDCl/ 101 MHz

000~
0"

ot~
9T1'8T
mm.mNW.

9boE—

6115~
25'15~"

76'SL
oL
Yo

YTLL7

9E'LL
§5°08
S6'08

9€'LTT
0521

S9'get
88821
61°6CT
om.mmﬁ.\

05T —

ZE891
£4°89T V
94891

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

r
220

S45



6a 'H NMR/ CDChk/ 400 MHz
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6b *H NMR/ CsD¢/ 400 MHz
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6¢c H NMR/ CsDe/ 300 MHz
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major isomer 7a) *H NMR/ CDCk/ 400 MHz
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minor isomer 8a) *H NMR/ CDCl/ 400 MHz
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(7a) HSQC Correlation
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major isomer Tb) *H NMR/ CDChk/ 400 MHz
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minor isomer 8b) *H NMR/ CDCk/ 400 MHz
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major isomer Tb) *H NMR/ CDChk/ 400 MHz
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major isomer 7c) ‘HNMR/ CDCl/ 400 MHz
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mixture of (7c) and Bc) *"HNMR/ CDCly/ 400 MHz
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mixture of (7c) and(8c) **C NMR/ CDCl/ 101 MHz
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(7€) *H NMR/ CDCL/ 600 MHz
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(9e) *H NMR/ CDCL/ 600 MHz
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major isomer Tf) *H NMR/ CDCl/ 400 MHz
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mixture (7f) and 8f) *H NMR/ CDCL/ 600 MHz
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Trace {g) *H NMR/ CDCl/ 400 MHz
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'H NMR/ CDCL/ 400 MHz
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