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1. General remarks

Unless otherwise noted, all commercially available compounds were used without further
purification. CH.Cl, was distilled from CaH,. Enantiomeric excesses (ee) were determined by HPLC
analysis using the corresponding commercial chiral column as stated in the experimental procedures at
23 °C with UV detector at 254 or 210 nm. *H NMR and C{*H} NMR were recorded on a Bruker
AMX-400 spectrometer in CDCls;. Data for *H NMR are reported as follows: chemical shift in
reference to residual CHCIz at 7.26 ppm (8 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, dd = doublet of doublets, td = triplet of doublets, m = multiplet), coupling constants (J) are in
Hertz (Hz), and integration. Data for *C{*H} NMR are reported in terms of chemical shift in reference
to the CDCl; solvent signal (77.16 ppm). *F{*H} NMR spectra were collected on commercial
instruments (376 MHz) with complete proton decoupling. HRMS was recorded on a commercial
apparatus (ESI Source). The chiral HPLC methods were calibrated with the corresponding racemic
mixtures. Optical rotations were measured at 589 nm on a Rudolph Autopol V automatic polarimeter
and are reported as follows: [o]"p (¢ g/100 mL, in solvent).

2. General procedure for chiral N,N'-dioxide and substrates preparation

The N,N'-dioxide chiral ligands were synthesized according to the same procedure published on the

literatures.13

o) 1) tBUOK, THF Br O
S S A
ArCHO + - d<bnrt
OMe = o) MgBryELo A7 OMe
cl Et,0, 0 °C to rt o

1

The substrate 1 were synthesized according to the general procedure reported in the literature.* A
100 mL oven-dried flask was charged with benzaldehyde (2.04 mL, 20 mmol, 1 equiv), methyl
dichloroacetate (2.69 mL, 26 mmol, 1.3 equiv) and THF (40 mL). To the resulting suspension was
added tBuOK (2.92g, 26 mmol, 1.3 equiv) stepwise at 0 <C, and the resulting wine mixture was
warmed to room temperature and stirred for another 18 h. After the addition of Et,O (30 mL) and H,O
(20 mL), the resulting mixture was extracted with Et,O (3x30 mL). The combined organic layer was
washed with H,0, brine, dried over Na;SO4, and concentrated under reduced pressure to give the crude
epoxide product. The crude epoxide product was used in the next step without further purification.

The crude epoxide product was dissolved in Et,O (60 mL) and cooled to 0 <T followed by the
addition of MgBr, £t,0 (5.16 g, 20 mmol, 1 equiv) in one portion. Then the mixture was warmed to
room temperature and stirred for an additional 2 h. After addition of Et;O (20 mL) and H,O (20 mL),
the resulting mixture was extracted with Et,O (3x20 mL). The combined organic layer was washed
with H,0, brine, dried over Na,;SQOa, and concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1).

3. General procedure for the carbonyl-ene reaction
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Br O L-RaEt,/Ni(CIO,),-6H,0 N Ho COR } O .
'\/J’\N\ (1:1, 10 mol%) /4\ AL O N N* o
Ar or * M ; A g Lo el
Ar” >0 CH,Cl,, 30 °C : 0 o
N Br & NH HNS
v Ar Ar
(£)1 2 3

L-RaEt,: Ar = 2,6-Et,CgHs

An oven-dried test tube was charged with L-RaEtz (0.01 mmol, 10 mol%), Ni(ClO4), 6H,0 (0.01
mmol, 10 mol%), S-halo-a-keto ester 1 (0.1 mmol, 1.0 equiv) and CH,Cl, (1.0 mL). The solution was
stirred at 30 <C for 30 min followed by the addition of 5-methyleneoxazolines 2 (0.2 mmol, 2.0 equiv).
Then, the reaction mixture was stirred at the same temperature for another 48 h. Finally, the residue
was purified by flash chromatography on silica gel (eluent: petroleum ether/EtOAc = 4/1) to afford the
desired product 3.

The racemic products were prepared with the same procedure of the catalytic asymmetric reaction,
using racemic ligand (8-L-PiPrz instead of chiral ligand L-RaEt..

4. Typical procedure for scale-up reaction and transformations of the product

o] - i . N
L-RaEt,/Ni(Cl0,),-6H,0 HO Z by
Ph (1:1, 10 mol%) o)
CO,Me + 2a PhyScome PN
Br CH,Cly, 30 °C, 48 h 2

Br H
(x)-1a 3aa
1.26 g, 75% yield
93:7 dr, >99% ee

4.0 mmol 8.0 mmol

An oven-dried 100 mL round bottom flask was charged with L-RaEtz (0.4 mmol, 256 mg, 10 mol%),
Ni(ClOs), 6H20 (0.4 mmol, 144 mg, 10 mol%), 1a (4.0 mmol, 1.028 g) and CH,Cl, (40.0 mL). This
solution was stirred at 30 <C for 30 min followed by the addition of 5-methyleneoxazolines 2a (8.0
mmol, 1.272 g). Then the reaction mixture was stirred at the same temperature for another 48 h before
it was directly purified by flash chromatography on silica gel (eluent: petroleum ether/EtOAc = 4/1) to
afford the desired product 3aa in 75% yield with >99 % ee.

= /)
Ph o/kph NaBH,4, MeOH (0] O)\Ph
X *~CO,Me 0°Ctort + ¥ CO,Me
Br H 3aa Ph 4
>99% ee 90% vyield
>95:5 dr >95:5 dr, >99% ee

In a dried tube, the compounds 3aa (0.1 mmol) was dissolved in 1.0 mL MeOH at 0 <C.
Subsequently, NaBH4 (0.4 mmol, 4 equiv) was added at 0 <C and the reaction stirred at rt for 24 h. The
mixture was quenched with H,O and extracted with EtOAc. The organic layer was dried (Na;SQO.) and
concentrated under reduced pressure. Purification by flash chromatography (eluent: petroleum
ether/EtOAc = 4/1) furnished the corresponding product 4 in 30.1 mg (90% yield, >95:5 dr and >99%

ee).
N
/N 4
HO, S NaNs, DMF HO, BN
Pho, 07 pp s Na o N, O Ph
*“CO,Me 60 °C COMe
Br H Ph H
3aa 5
>99% ee 74% yield
>95:5 dr >95:5 dr, >99% ee

In a dried tube, the compounds 3aa (0.1 mmol) was dissolved in 1.0 mL DMF. Subsequently, NaN3
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(0.5 mmol, 5 equiv) was added and the reaction stirred at 60 <T for 48 h. The mixture was allowed to
cool down to rt, quenched with H,O and extracted with EtOAc. The organic layer was dried (Na;SO.)
and concentrated under reduced pressure. Purification by flash chromatography (eluent: petroleum
ether/EtOAc = 4/1) furnished the corresponding product 5 in 28.0 mg (74% yield, >95:5 dr and >99%
ee).

5. Determination of absolute configuration and the X-ray structure of 3ah

The absolute configuration of the optically active product 3ah was determined to be (2S, 3S) by
X-ray crystal analysis.

The single crystal of 3ah was obtained from mixed solvents of CH,Cl, and petroleum ether. CCDC
1561469 contains the supplementary crystallographic data which can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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7. Characterization of the products

N CoO,
BN
Ph 0)

Br

Me
Ph

Methyl 3-bromo-2-hydroxy-3-phenyl-2-((2-phenyloxazol-5-yl)methyl)propanoate (3aa):

White solid in 89% yield, dr =93:7, m.p. = 138 — 141 °C, [a]®p = +127.9 (c = 0.61, in CH,CL).

HPLC: Chiralcel 1A, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm, t; = 14.56 min
(major enantiomer of major diasteroisomer), t, = 15.85 min (major enantiomer of minor

diasteroisomer), t;3 = 17.07 min (major enantiomer of minor diasteroisomer), t.s = 27.96 min (minor

enantiomer of minor diasteroisomer), ee (major diasteroisomer) = 99%.
IH NMR (400 MHz, CDCl3) § 7.94 — 7.92 (m, 2H), 7.64 — 7.62 (m, 2H), 7.42 — 7.37 (m, 6H), 6.86 (s,
1H), 5.33 (s, 1H), 4.02 (s, 1H), 3.89 (s, 3H), 3.12 (d, J = 15.2 Hz, 1H), 2.68 (d, J = 15.2 Hz, 1H).

BC{*H} NMR (101 MHz, CDCl3) § 173.1, 161.4, 146.5, 136.4, 130.3, 129.8, 129.3, 128.8, 128.6,
127.4,126.8,126.1, 79.8, 57.7, 53.8, 33.7.
HRMS (ESI-TOF) Calculated for CooH1s%%BrNO4 ([M]+H*) = 416.0492, Found 416.0496.
HRMS (ESI-TOF) Calculated for CooH1s%°*¢*BrNO4 ([M]+H*) = 418.0472, Found 418.0479.

IR (film): 3504, 3055, 2916, 1745, 1259, 1124, 721, 694 cm™.

Retention Time Area % Area
1 14.472 1933083 47.25
2 15.737 119570 2.92
3 16.975 1919504 46.92
4 27.575 119044 2.91

Retention time Area % Area
1 14.560 4419045 95.21
2 15.847 214885 4.63
3 17.073 5534 0.12
4 27.956 2043 0.04
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Methyl 3-bromo-2-((2-(4-bromophenyl)oxazol-5-yl)methyl)-2-hydroxy-3-phenylpropanoate (3ab)
White solid in 82% yield, dr = 94:6, m.p. = 139 — 143 °C, [a]*’p = +104.5 (c = 0.57, in CH,CL).
HPLC: Chiralcel 1A, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t; (major) = 12.47
min, t; (minor) = 16.29 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCl3) & 7.81 — 7.76 (m, 2H), 7.65 — 7.60 (m, 2H), 7.58 — 7.53 (m, 2H), 7.38 (m,
3H), 6.86 (s, 1H), 5.32 (s, 1H), 3.97 (d, J = 1.2 Hz, 1H), 3.89 (s, 3H), 3.11 (d, J = 15.2 Hz, 1H), 2.68
(dd, J=15.2, 0.8 Hz, 1H).

BC{H} NMR (101 MHz, CDCls) & 173.1, 146.9, 136.4, 132.0, 129.8, 129.3, 128.6, 127.6, 126.9,
126.3,124.7,79.8, 57.7, 53.8, 33.7.

HRMS (ESI-TOF) Calculated for CaoH17789183Br,NO, ([M]+H*) = 493.9597, Found 493.9698.

HRMS (ESI-TOF) Calculated for CyoH1778918Br098BrNO, ([M]+H*) = 495.9577, Found 495.9579.
HRMS (ESI-TOF) Calculated for CaoH1729163Br,NO, ([M]+H"*) = 497.9556, Found 497.9557.

IR (film): 3510, 2920, 1749, 1483, 1257, 1124, 732, 698 cm™.
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Methyl 3-bromo-2-hydroxy-3-phenyl-2-((2-(p-tolyl)oxazol-5-yl)methyl)propanoate (3ac):
White solid in 77% yield, dr = 94:6, m.p. = 141 — 144 °C, [a]?"p = +133.5 (¢ = 0.50, in CH2Cl,).
HPLC: Chiralcel IA, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t, (major) = 10.53
min, t; (minor) = 13.09 min, ee (major diasteroisomer) = 99%.
IH NMR (400 MHz, CDCls) § 7.82 (d, J = 8.0 Hz, 2H), 7.63 (m, 2H), 7.42 — 7.35 (m, 3H), 7.22 (d, J =
8.0 Hz, 2H), 6.84 (s, 1H), 5.33 (s, 1H), 3.94 (s, 1H), 3.89 (d, J = 1.2 Hz, 3H), 3.11 (d, J = 15.2 Hz, 1H),
2.67 (d, J = 14.8 Hz, 1H), 2.38 (s, 3H).
BC{H} NMR (101 MHz, CDCls) & 173.1, 161.6, 146.1, 140.5, 136.5, 129.8, 129.5, 129.3, 128.6,
126.7,126.1, 124.7, 79.8, 57.8, 53.7, 33.7, 21.5.
HRMS (ESI-TOF) Calculated for C21H20"®%%BrNO4 ([M]+H*) = 430.0648, Found 430.0652.
HRMS (ESI-TOF) Calculated for C21H20®%*BrNO4 ([M]+H*) = 432.0628, Found 432.0638.
IR (film): 3487, 2955, 2929, 1749, 1433, 1263, 1124, 837, 702 cm™™.

0
5 .
ral; 0 :
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Methyl  2-((2-([1,1'-biphenyl]-4-yl)oxazol-5-yl)methyl)-3-bromo-2-hydroxy-3-phenylpropanoate
(3ad):

White solid in 64% yield, dr = 94:6, m.p. = 176 — 180 °C, [a]?p = +116.6 (¢ = 0.61, in CH2Cl,).
HPLC: Chiralcel IC, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t;1 = 9.58 min (major
enantiomer of minor diasteroisomer), t» = 16.41 min (minor enantiomer of minor diasteroisomer), t;z =
18.41 min (major enantiomer of major diasteroisomer), t4 = 27.04 min (minor enantiomer of major
diasteroisomer), ee (major diasteroisomer) = 99%.

!H NMR (400 MHz, CDCls) & 8.02 — 7.97 (m, 2H), 7.68 — 7.60 (m, 6H), 7.48 — 7.34 (m, 6H), 6.89 (s,
1H), 5.34 (s, 1H), 3.97 (d, J = 0.8 Hz, 1H), 3.91 (s, 3H), 3.14 (d, J = 14.8 Hz, 1H), 2.70 (dd, J = 15.2,
0.8 Hz, 1H).

BC{*H} NMR (101 MHz, CDCl3) § 173.1, 161.3, 146.6, 142.9, 140.1, 136.5, 129.8, 129.3, 128.9,
128.6, 127.9, 127.4,127.1, 126.9, 126.6, 126.2, 79.8, 57.8, 53.8, 33.8.

HRMS (ESI-TOF) Calculated for CasH2,"88BrNO, ([M]+H*) = 492.0805, Found 492.0805.

HRMS (ESI-TOF) Calculated for CasH2,8%3BrNO, ([M]+H*) = 494.0785, Found 494.0786.

IR (film): 3504, 2958, 2927, 1735, 1450, 1257, 1124, 736 cm™.
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4 27.037 276 0.01
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Methyl 3-bromo-2-((2-(3-chlorophenyl)oxazol-5-yl)methyl)-2-hydroxy-3-phenylpropanoate (3ae):
Colorless oil in 98% yield, dr = 92:8, [a]?’b = +120.9 (c = 0.62, in CH,CLy).

HPLC: Chiralcel 1A, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t; (major) = 8.14 min,
tr (minor) = 9.90 min, ee (major diasteroisomer) = 99%.

!H NMR (400 MHz, CDCls) § 7.93 — 7.89 (m, 1H), 7.81 (dt, J = 7.2, 1.6 Hz, 1H), 7.65 — 7.60 (m, 2H),
7.40 — 7.36 (m, 5H), 6.87 (s, 1H), 5.32 (s, 1H), 3.98 (d, J = 1.2 Hz, 1H), 3.91 (s, 3H), 3.12 (d, J = 14.8
Hz, 1H), 2.69 (dd, J = 15.2, 0.2 Hz, 1H).

BC{’H} NMR (101 MHz, CDCls) & 173.1, 160.0, 147.1, 136.4, 134.9, 130.2, 130.1, 129.8, 129.3,
129.0, 128.6, 127.0, 126.2, 124.1, 79.8, 57.7, 53.8, 33.6.

HRMS (ESI-TOF) Calculated for CyoH177898BrCINO, ([M]+H") = 450.0102, Found 450.0109.
HRMS (ESI-TOF) Calculated for CyoH17291¢3BrCINO, ([M]+H") = 452.0082, Found 452.0084.

IR (film): 3506, 2927, 1745, 1433, 1259, 1219, 1120, 729 cm™.
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N HO COyMe
MeO 1\ Ph
@]

Methyl
(3af):

White solid in 81% yield, dr = 94:6, m.p. = 104 — 106 °C, [a]?’p = +128.2 (¢ = 0.52, in CH.Cl,).

3-bromo-2-hydroxy-2-((2-(3-methoxyphenyl)oxazol-5-yl)methyl)-3-phenylpropanoate

HPLC: Chiralcel 1A, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t; (major) = 9.33 min,

tr (minor) = 10.93 min, ee (major diasteroisomer)

= 99%.

IH NMR (400 MHz, CDCls) & 7.66 — 7.60 (m, 2H), 7.53 — 7.49 (m, 1H), 7.47 (m, 1H), 7.42 — 7.35 (m,
3H), 7.33 (t, J = 8.0 Hz, 1H), 6.97 (m, 1H), 6.86 (s, 1H), 5.33 (s, 1H), 3.95 (s, 1H), 3.90 (s, 3H), 3.85 (5,
3H), 3.12 (d, J = 14.8 Hz, 1H), 2.69 (d, J = 15.2 Hz, 1H).
13C{IH} NMR (101 MHz, CDCl3) 8 173.1, 161.3, 159.8, 146.6, 136.4, 129.9, 129.8, 129.8, 129.3,
128.6, 128.5, 126.8, 118.5, 116.8, 110.8, 79.8, 57.7, 55.4, 53.8, 33.7.

HRMS (ESI-TOF) Calculated for Cp1H20"88BrNOs ([M]+H*) = 446.0598, Found 446.0600.
HRMS (ESI-TOF) Calculated for Cp1H20%%%BrNOs ([M]+H*) = 448.0577, Found 448.0579.

IR (film): 3506, 2951, 1749, 1467, 1263, 1124, 842, 736, 690 cm™.
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Methyl
(3ag9):
Colorless oil in 94% yield, dr = 93:7, [a]?'o = +105.3 (¢ = 0.36, in CH2Cl,).

HPLC: Chiralcel 1A, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t, (major) = 6.39 min,
tr (minor) = 7.41 min, ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCls3) & 7.63 (m, 2H), 7.58 — 7.53 (m, 2H), 7.42 — 7.35 (m, 3H), 7.07 — 7.02 (m,
1H), 6.84 (s, 1H), 5.33 (s, 1H), 3.97 (d, J = 1.2 Hz, 1H), 3.89 (s, 3H), 3.11 (d, J = 15.2 Hz, 1H), 2.68
(dd, J=15.2, 0.8 Hz, 1H), 2.34 (s, 6H).

BC{*H} NMR (101 MHz, CDCl3) & 173.1, 161.7, 146.3, 138.4, 136.5, 132.0, 129.8, 129.3, 128.6,
127.1, 126.6, 123.9, 79.9, 57.8, 53.7, 33.8, 21.3.

HRMS (ESI-TOF) Calculated for Co2H2,8%*%BrNO, ([M]+H") = 444.0805, Found 444.0811.

HRMS (ESI-TOF) Calculated for Co,H2%%¢*BrNO, ([M]+H*) = 446.0785, Found 446.0793.

IR (film): 3510, 2951, 2924, 1749, 1552, 1450, 1257, 1120, 736, 694 cm.

3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-phenylpropanoate
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Methyl 3-bromo-2-hydroxy-2-((2-(naphthalen-2-yl)oxazol-5-yl)methyl)-3-phenylpropanoate
(3ah):

White solid in 82% yield, dr = 93:7, m.p. = 171 - 173 °C, [a]?p = +120.9 (c = 0.64, in CH.Cl,).
HPLC: Chiralcel 1A, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t1 = 13.29 min
(major enantiomer of major diasteroisomer), t., = 17.22 min (major enantiomer of minor
diasteroisomer), t3 = 18.23 min (minor enantiomer of major diasteroisomer), ts = 20.17 min (minor
enantiomer of minor diasteroisomer), ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCl3) & 8.42 (s, 1H), 8.02 (m, 1H), 7.92 — 7.80 (m, 3H), 7.68 — 7.60 (m, 2H),
7.55 — 7.47 (m, 2H), 7.40 (m, 3H), 6.92 (s, 1H), 5.35 (d, J = 0.8 Hz, 1H), 3.99 (s, 1H), 3.92 (d, J = 1.2
Hz, 3H), 3.17 (d, J = 15.2 Hz, 1H), 2.73 (d, J = 14.8 Hz, 1H).

BC{*H} NMR (101 MHz, CDCl3) § 173.1, 161.6, 146.8, 136.5, 134.1, 133.0, 129.8, 129.3, 128.6,
128.6, 127.9, 127.2, 127.0, 126.8, 126.0, 124.6, 123.1, 79.9, 57.8, 53.8, 33.8.

HRMS (ESI-TOF) Calculated for Co4H20"8%%BrNO4 ([M]+H*) = 466.0648, Found 466.0654.

HRMS (ESI-TOF) Calculated for Co4H20®%¢*BrNO4 ([M]+H*) = 468.0628, Found 468.0620.

IR (film): 3487, 3062, 2947, 1745, 1448, 1263, 1120, 756 cm™.
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Ethyl 3-bromo-2-hydroxy-3-phenyl-2-((2-phenyloxazol-5-yl)methyl)propanoate (3ba):

White solid in 69% yield, dr = 92:8, m.p. = 43 — 46 °C, [a]]**p = +113.0 (c = 0.46, in CH2Cl,).

HPLC: Chiralcel IC, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t; = 10.95 min
(minor enantiomer of minor diasteroisomer), t, = 13.96 min (major enantiomer of major
diasteroisomer), t;3 = 16.50 min (minor enantiomer of major diasteroisomer), t = 42.50 min (major
enantiomer of minor diasteroisomer), ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) & 7.99 — 7.89 (m, 2H), 7.69 — 7.60 (m, 2H), 7.45 — 7.34 (m, 6H), 6.87 (s,
1H), 5.33 (s, 1H), 4.35 (m, 2H), 3.97 (d, J = 1.2 Hz, 1H), 3.12 (d, J = 15.2 Hz, 1H), 2.69 (dd, J = 15.2,
0.8 Hz, 1H), 1.34 (t, J = 7.2 Hz, 3H).

BC{*H} NMR (101 MHz, CDCl3) & 172.6, 161.3, 146.6, 136.6, 130.2, 129.8, 129.3, 128.8, 128.6,
127.4,126.8,126.1, 79.5, 63.3, 57.8, 33.7, 14.2.

HRMS (ESI-TOF) Calculated for C21H20"®%BrNO4 ([M]+H*) = 430.0648, Found 430.0648.

HRMS (ESI-TOF) Calculated for C21H2o8%*BrNO4 ([M]+H*) = 432.0628, Found 432.0629.

IR (film): 3506, 3059, 2933, 1739, 1249, 1128, 713, 698 cm™.
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Isopropyl 3-bromo-2-hydroxy-3-phenyl-2-((2-phenyloxazol-5-yl)methyl)propanoate (3ca):

White solid in 83% yield, dr = 92:8, m.p. = 130 — 132 °C, [a]?°p = +115.2 (¢ = 0.64, in CHCl,).
HPLC: Chiralcel IC, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm, tx = 16.04 min
(major enantiomer of minor diasteroisomer), t. = 24.28 min (major enantiomer of major
diasteroisomer), ts = 27.26 min (minor enantiomer of major diasteroisomer), ts = 66.92 min (minor
enantiomer of minor diasteroisomer), ee (major diasteroisomer) = 99%.

!H NMR (400 MHz, CDCls) 8 7.95 — 7.92 (m, 2H), 7.67 — 7.64 (m, 2H), 7.43 — 7.37 (m, 6H), 6.88 (s,
1H), 5.31 (s, 1H), 5.120 — 5.10 (m, 1H). 4.00 (d, J = 1.2 Hz, 1H), 3.20 — 3.01 (d, J = 15.2 Hz, 1H), 2.69
(dd, J=15.2,0.8 Hz, 1H), 1.33 (d, J = 3.6 Hz, 3H), 1.31 (d, J = 3.2 Hz, 3H).

BC{*H} NMR (101 MHz, CDCl3) & 172.0, 161.3, 146.7, 136.6, 130.2, 129.8, 129.2, 128.7, 128.6,
127.4,126.8,126.1, 79.3, 71.5, 57.8, 33.6, 21.8, 21.6.

HRMS (ESI-TOF) Calculated for CooH2,"8%%BrNO4 ([M]+H*) = 444.0805, Found 444.0806.

HRMS (ESI-TOF) Calculated for Co,H2%%*¢*BrNO4 ([M]+H*) = 446.0785, Found 446.0785.

IR (film): 3500, 2985, 2933, 1739, 1257, 1103, 702 cm™™.
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Butyl 3-bromo-2-hydroxy-3-phenyl-2-((2-phenyloxazol-5-yl)methyl)propanoate (3da):

Colorless oil in 78% yield, dr = 93:7, [a]*°> = +103.2 (c = 0.50, in CH,CL).

HPLC: Chiralcel IC, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t;; = 9.37 min (minor
enantiomer of minor diasteroisomer), t» = 12.20 min (major enantiomer of major diasteroisomer), t;z =
15.03 min (minor enantiomer of major diasteroisomer), t.+ = 32.84 min (major enantiomer of minor
diasteroisomer), ee (major diasteroisomer) = 99%.

!H NMR (400 MHz, CDCls3)  7.99 — 7.89 (m, 2H), 7.69 — 7.61 (m, 2H), 7.45 — 7.34 (m, 6H), 6.87 (s,
1H), 5.32 (s, 1H), 4.36 — 4.16 (m, 2H), 3.97 (d, J = 1.2 Hz, 1H), 3.12 (d, J = 15.2 Hz, 1H), 2.70 (dd, J =
15.2,0.8 Hz, 1H), 1.75 - 1.61 (m, 2H), 1.47 — 1.31 (m, 2H), 0.91 (t, J = 7.2 Hz, 3H).

BC{H} NMR (101 MHz, CDCls) & 172.7, 161.3, 146.6, 136.6, 130.2, 129.8, 129.3, 128.7, 128.6,
127.4,126.8,126.1, 79.6, 67.1, 57.8, 33.7, 30.5, 19.1, 13.6.

HRMS (ESI-TOF) Calculated for Cp3H24"88BrNO, ([M]+H*) = 458.0961, Found 458.0965.

HRMS (ESI-TOF) Calculated for Cp3H248%BrNO, ([M]+H*) = 460.0941, Found 460.0950.

IR (film): 3564, 3059, 2927, 1743, 1489, 1259, 1120, 704 cm™.
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Methyl 3-chloro-2-hydroxy-3-phenyl-2-((2-phenyloxazol-5-yl)methyl)propanoate (3ea):

Colorless oil in 78% yield, dr = 75:25, [a]®p = +89.0 (¢ = 0.24, in CHCl.).

HPLC: Chiralcel IC, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm, t, (major) = 28.84
min, t, (minor) = 37.15 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) & 7.95 — 7.92 (m, 2H), 7.60 — 7.57 (m, 2H), 7.43 — 7.40 (m, 6H), 6.87 (s,
1H), 5.24 (s, 1H), 3.91 (s, 3H), 3.84 (s, 1H), 3.14 (d, J = 15.2 Hz, 1H), 2.65 (d, J = 15.2 Hz, 1H).
BC{*H} NMR (101 MHz, CDCl3) & 173.0, 161.4, 146.5, 135.7, 130.3, 129.4, 129.3, 128.8, 128.5,
127.4,126.8, 126.1, 79.8, 66.1, 53.7, 33.8.

HRMS (ESI-TOF) Calculated for CoH15%+%%°CINO, ([M]+H*) = 372.0997, Found 372.1000

HRMS (ESI-TOF) Calculated for C2oH15%%*°CINO, ([M]+H*) = 374.0968, Found 374.0972

IR (film): 3514, 3066, 2929, 1749, 1552, 1458, 1259, 1120, 711 cm™.
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(o-tolyl)propanoate
(3fg):

Colorless oil in 84% yield, dr = 90:10, [a]?o = +63.1 (c = 0.68, in CH,Cl,).

HPLC: Chiralcel IC, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, A = 254 nm, t; (major) = 11.59
min, t, (minor) = 14.28 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) § 8.08 (d, J = 8.0 Hz, 1H), 7.56 (S, 2H), 7.30 — 7.26 (m, 1H), 7.25 - 7.22
(m, 1H), 7.18 — 7.16 (m, 1H), 7.05 (s, 1H), 6.84 (s, 1H), 5.70 (s, 1H), 4.03 (s, 1H), 3.92 (d, J = 1.2 Hz,
3H), 3.10 (d, J = 15.2 Hz, 1H), 2.82 (d, J = 14.8 Hz, 1H), 2.47 (s, 3H), 2.34 (s, 6H).

BC{!H} NMR (101 MHz, CDCl3) & 173.3, 161.7, 146.2, 138.4, 135.6, 135.2, 132.0, 130.7, 130.4,
129.0, 127.1, 127.0, 126.7, 123.9, 80.4, 53.8, 52.6, 33.1, 21.3, 19.9.

HRMS (ESI-TOF) Calculated for Cp3H24"88BrNO, ([M]+H*) = 458.0961, Found 458.0971.

HRMS (ESI-TOF) Calculated for Ca3H248%%BrNO, ([M]+H*) = 460.0941, Found 460.0941.

IR (film): 3500, 2958, 2920, 1757, 1458, 1259, 1128, 736 cm™.
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(2-methoxyph-
enyl)propanoate (3gg):

Colorless oil in 77% yield, dr = 94:6, [a]*’p = +32.3 (c = 0.82, in CHCl,).

HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm, t; (minor) = 9.23 min, t,(major) = 11.30 min, ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCl3) § 7.94 (dd, J = 8.0, 1.6 Hz, 1H), 7.56 (s, 2H), 7.35 — 7.28 (m, 1H), 7.08 —
7.00 (m, 2H), 6.89 (dd, J = 8.4, 0.8 Hz, 1H), 6.84 (s, 1H), 6.09 (s, 1H), 3.97 — 3.93 (m, 1H), 3.91 (s,
3H), 3.91 (s, 3H), 3.23 (dd, J = 15.2, 1.2 Hz, 1H), 2.69 (dd, J = 15.2, 0.8 Hz, 1H), 2.34 (s, 6H).

BC{*H} NMR (101 MHz, CDCls) § 173.4, 161.7, 156.0, 146.7, 138.4, 132.5, 131.9, 130.2, 126.5,
124.7,123.9,121.2, 110.4, 80.3, 55.8, 53.6, 49.7, 32.8, 21.2.

HRMS (ESI-TOF) Calculated for CosH24"39183BrNOs ([M]+H*) = 474.0911, Found 474.0915.

HRMS (ESI-TOF) Calculated for Cp3H248%%BrNOs ([M]+H*) = 476.0890, Found 476.0890.

IR (film): 3514, 2958, 2924, 1757, 1492, 1263, 1136, 754 cm™.
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Methyl 3-bromo-3-(2-chlorophenyl)-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxypr-
opanoate (3hg):

Yellow oil in 78% yield, dr = 90:10, [a]?’p = +58.3 (¢ = 0.78, in CH,Cl,).

HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm, t; (minor) = 7.46 min, t, (major) = 8.87 min, ee (major diasteroisomer) = 99%.

H NMR (400 MHz, CDCls) & 8.10 (dd, J = 7.6, 1.6 Hz, 1H), 7.56 (s, 2H), 7.40 — 7.26 (m, 3H), 7.05 (s,
1H), 6.85 (s, 1H), 6.05 (s, 1H), 4.05 (s, 1H), 3.93 (s, 3H), 3.30 (d, J = 15.2 Hz, 1H), 2.68 (d, J = 14.8
Hz, 1H), 2.34 (s, 6H).

BC{*H} NMR (101 MHz, CDCl3) & 173.0, 161.8, 146.1, 138.4, 134.4, 133.1, 132.0, 130.3, 129.2,
127.6,127.1, 126.7, 123.9, 80.1, 53.9, 51.5, 32.8, 21.2.

HRMS (ESI-TOF) Calculated for CoH2178918BrCINO, ([M]+H") = 478.0415, Found 478.0424.
HRMS (ESI-TOF) Calculated for CoH2,891¢3BrCINO, ([M]+H") = 480.0395, Found 480.0400.

IR (film): 3506, 2958, 2924, 1757, 1548, 1471, 1259, 1124, 742 cm..
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Methyl  3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(3-methoxyphenyl)
propanoate (3ig):

White solid in 89% yield, dr > 95:5, m.p. = 160 — 163 °C, [a]*’p = +106.8 (c = 0.80, in CH,Cl,).
HPLC: Chiralcel IC, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t; (major) = 22.27
min, t; (minor) = 33.97 min, ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCls) 6 7.56 (s, 2H), 7.27 — 7.31 (m, 1H), 7.24 — 7.16 (m, 2H), 7.05 (s, 1H),
6.91 (dd, J = 4.4, 2.4 Hz, 1H), 6.85 (s, 1H), 5.29 (s, 1H), 3.93 (s, 1H), 3.89 (s, 3H), 3.84 (s, 3H), 3.12
(d, J = 15.2 Hz, 1H), 2.73 (d, J = 14.8 Hz, 1H), 2.35 (s, 6H).

BC{'H} NMR (101 MHz, CDCl3) & 173.1, 161.7, 159.5, 146.3, 138.4, 137.8, 132.0, 129.5, 127.1,
126.6, 123.9, 122.0, 115.6, 114.8, 79.8, 57.6, 55.3, 53.7, 33.7, 21.3, 21.2.

HRMS (ESI-TOF) Calculated for CosH24"39183BrNOs ([M]+H*) = 474.0911, Found 474.0914.

HRMS (ESI-TOF) Calculated for Cp3H242%%BrNOs ([M]+H*) = 476.0890, Found 476.0894.

IR (film): 3496, 2958, 2916, 1753, 1444, 1253, 1128, 736 cm™.
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Methyl 3-(3-(benzyloxy)phenyl)-3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydr-
oxypropanoate (3jg)

Colorless oil in 93% yield, dr = 94:6, [a]*®b = +96.4 (c = 0.92, in CH.Cl,).

HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm, t; (minor) = 19.10 min, t. (major) = 23.06 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) § 7.56 (s, 2H), 7.45 (d, J = 7.2 Hz, 2H), 7.41 — 7.35 (m, 2H), 7.35 — 7.26
(m, 3H), 7.18 (d, J = 7.6 Hz, 1H), 7.05 (s, 1H), 6.98 (dd, J = 8.4, 2.4 Hz, 1H), 6.84 (s, 1H), 5.29 (s, 1H),
5.09 (s, 2H), 3.95 — 3.88 (m, 1H), 3.88 (s, 3H), 3.08 (d, J = 14.8 Hz, 1H), 2.69 (d, J = 14.8 Hz, 1H),
2.34 (s, 6H).

BC{*H} NMR (101 MHz, CDCl3) § 173.1, 161.7, 158.7, 146.3, 138.4, 137.8, 136.7, 132.0, 129.5,
128.6, 128.1, 127.7,127.1, 126.6, 123.9, 122.3, 116.4, 115.9, 79.8, 70.1, 57.6, 53.7, 33.7, 21.3.

HRMS (ESI-TOF) Calculated for CogH2s"®%#BrNOs ([M]+H*) = 550.1224, Found 550.1225.

HRMS (ESI-TOF) Calculated for CogH2s®%¢*BrNOs ([M]+H*) = 552.1203, Found 552.1207.

IR (film): 3506, 2958, 2924, 1753, 1485, 1253, 1128, 1037, 736 cm..
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Methyl 3-bromo-2-((2-(3, 5-dimethylphenyl)oxazol-5-yl)methyl)-3-(3-fluorophenyl)-2-hydroxypr
opanoate (3kg):

Colorless oil in 83% yield, dr = 94:6, [a]*'o = +88.2 (c = 0.79, in CH2Cl,).

HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm, t; (minor) = 9.36 min, t, (major) = 12.28 min, ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCl3) & 7.56 (s, 2H), 7.48 — 7.40 (m, 1H), 7.35 (m, 2H), 7.11 — 7.03 (m, 2H),
6.85 (s, 1H), 5.29 (s, 1H), 4.00 (s, 1H), 3.90 (d, J = 1.2 Hz, 3H), 3.11 (d, J = 14.8 Hz, 1H), 2.70 (d, J =
14.8 Hz, 1H), 2.35 (s, 6H).

BC{'H} NMR (101 MHz, CDCls) 6 172.9, 162.5 (d, J = 246.0 Hz), 161.8, 146.1, 138.8 (d, J = 8.0 Hz),
138.4, 132.1, 130.0 (d, J = 8.0 Hz), 127.1, 126.7, 125.4 (d, J = 3.0 Hz), 123.9, 117.1 (d, J = 23.0 Hz),
116.4 (d, J = 21.0 Hz), 79.7, 56.4, 53.8 (d, J = 2.0 Hz), 33.7, 21.2.

BE{IH} NMR (376 MHz, CDCls) & -111.7 (s, 1F).

HRMS (ESI-TOF) Calculated for Cz,H2188BrFNO, ([M]+H*) = 462.0711, Found 462.0719.

HRMS (ESI-TOF) Calculated for CoH2,8%1¢3BrFNO, ([M]+H") = 464.0690, Found 464.0700.

IR (film): 3500, 2964, 2920, 1749, 1489, 1236, 1124, 773 cm™.
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(p-tolyl)propanoate
(3lg):

White solid in 96% yield, dr = 94:6, m.p. = 135 — 138 °C, [a]*’po = +109.7 (c = 0.71, in CH,CL).
HPLC: Chiralcel ODH, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm, t;(major) = 10.93
min, t; (minor) = 19.62 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) § 7.58 — 7.48 (m, 4H), 7.18 (d, J = 7.6 Hz, 2H), 7.05 (s, 1H), 6.84 (d, J =
1.2 Hz, 1H), 5.32 (s, 1H), 3.94 (s, 1H), 3.89 (d, J = 0.8 Hz, 3H), 3.10 (d, J = 14.8 Hz, 1H), 2.70 (d, J =
15.2 Hz, 1H), 2.36 (s, 3H), 2.34 (s, 6H).

BC{*H} NMR (101 MHz, CDCls) & 173.2, 161.7, 146.4, 139.3, 138.4, 133.5, 132.0, 129.6, 129.3,
127.2,126.6, 123.9, 80.0, 58.0, 57.9, 53.7, 33.7, 21.3.

HRMS (ESI-TOF) Calculated for Ca3H24"88BrNO, ([M]+H*) = 458.0961, Found 458.0963.

HRMS (ESI-TOF) Calculated for Cp3H248%BrNO, ([M]+H*) = 460.0941, Found 460.0941.

IR (film): 3506, 2962, 2920, 1745, 1436, 1263, 1128, 738 cm™.
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(4-isopropylphenyl)
propanoate (3mg):

White solid in 95% yield, dr = 93:7, m.p. = 133 — 136 °C, [a]*’po = +101.8 (c = 0.87, in CH,Cl,).
HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm, t; (minor) = 6.35 min, t, (major) = 7.20 min, ee (major diasteroisomer) = 99%.

!H NMR (400 MHz, CDCl3) & 7.56 — 7.53 (m, 4H), 7.25 (s, 1H), 7.23 (s, 1H), 7.05 (s, 1H), 6.85 (s,
1H), 5.33 (s, 1H), 3.94 (s, 1H), 3.89 (d, J = 0.8 Hz, 3H), 3.10 (d, J = 15.2 Hz, 1H), 2.98 — 2.86 (m, 1H),
2.70 (d, J = 15.2 Hz, 1H), 2.34 (s, 6H), 1.26 (dd, J = 6.8, 1.2 Hz, 6H).

BC{*H} NMR (101 MHz, CDCl3) & 173.2, 161.7, 150.1, 146.4, 138.4, 133.7, 132.0, 129.7, 127.2,
126.7, 126.6, 123.9, 80.0, 58.0, 53.6, 33.9, 33.8, 23.9, 23.8, 21.3.

HRMS (ESI-TOF) Calculated for CosH26™89183BrNO, ([M]+H*) = 486.1274, Found 486.1280.

HRMS (ESI-TOF) Calculated for CasH3g8%3BrNO, ([M]+H*) = 488.1254, Found 488.1263.

IR (film): 3506, 2964, 2929, 1753, 1450, 1263, 1132, 742 cm™.,
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(4-(trifluoromethyl)
phenyl)propanoate (3ng):

White solid in 69% yield, dr = 82:18, m.p. = 170 — 174 °C, [a]?’p = +115.7 (c = 0.78, in CHCl,).
HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, A = 254
nm, t1 = 7.75 min (minor enantiomer of major diasteroisomer), t» = 8.49 min (major enantiomer of
major diasteroisomer), tz = 10.68 min (minor enantiomer of minor diasteroisomer), ts = 17.63 min
(major enantiomer of minor diasteroisomer), ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) § 7.77 (d, J = 8.0 Hz, 2H, major), 7.65 (d, J = 8.0 Hz, 2H, major), 7.61 —
7.51 (m, 2H), 7.06 (s, 1H), 6.99 (s, 1H, minor), 6.84 (s, 1H, major), 5.34 (s, 1H, major), 5.30 (s, 1H,
minor), 4.08 (s, 1H, major), 3.91 (d, J = 0.8 Hz, 3H, major), 3.74 (s, 1H, minor), 3.65 (d, J = 0.8 Hz,
1H, minor), 3.37 (d, J = 15.2 Hz, 1H, minor), 3.12 (d, J = 15.2 Hz, 1H), 2.65 (d, J = 15.2 Hz, 1H), 2.34
(s, 6H).

BC{*H} NMR (101 MHz, CDCl3) & 172.8, 161.9, 145.9, 138.4, 132.1, 130.3, 129.5, 127.0, 126.8,
126.6 (q, J = 103.7 Hz), 123.9, 79.6, 56.0, 53.9, 33.8, 21.2.

BF{'H} NMR (376 MHz, CDCl3) & -62.8 (s, 3F).

HRMS (ESI-TOF) Calculated for Co3Hz1"89183BrF3NO,4 ([M]+H*) = 512.0679, Found 512.0685.
HRMS (ESI-TOF) Calculated for C3H2:8%9163BrF3NO,4 ([M]+H*) = 514.0658, Found 514.0667.

IR (film): 3475, 2962, 2927, 1749, 1554, 1419, 1328, 1124, 860 cm..
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-3-(4-fluorophenyl)-2-hydroxypro
panoate (30Q):

White solid in 84% yield, dr = 89:11, m.p. = 108 — 112 °C, [a]?’p = +96.6 (c = 0.71, in CH,Cl,).
HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm, tnx = 8.75 min (major enantiomer of major diasteroisomer), t» = 9.50 min (minor enantiomer of
major diasteroisomer), tz = 11.16 min (minor enantiomer of minor diasteroisomer), ts = 17.33 min
(major enantiomer of minor diasteroisomer), ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCls3)  7.65 — 7.61 (m, 2H), 7.58 — 7.56 (m, 2H), 7.10 — 7.05 (m, 3H), 6.84 (s,
1H), 5.32 (s, 1H), 3.99 (s, 1H), 3.90 (s, 3H), 3.10 (d, J = 15.2, 1H), 2.67 (d, J = 14.8 Hz, 1H), 2.35 (s,
6H).

BC{*H} NMR (101 MHz, CDCls) & 173.0, 164.3, 161.8, 146.1, 138.4, 132.5 (d, J = 3.0 Hz), 132.0,
131.7,131.6, 127.1, 126.7, 123.9, 115.6 (d, J = 22.0 Hz), 79.9, 56.7, 53.8 (d, J = 2.0 Hz), 33.8, 21.3.
1E{IH} NMR (376 MHz, CDCly) & -111.7 (s, 1F).

HRMS (ESI-TOF) Calculated for Cz,H2188BrFNO, ([M]+H*) = 462.0711, Found 462.0713.

HRMS (ESI-TOF) Calculated for CooH2,891¢3BrFNQ, ([M]+H") = 464.0690, Found 464.0695.

IR (film): 3500, 2958, 2920, 1757, 1448, 1232, 1166, 736 cm™.
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Methyl 3-bromo-3-(4-chlorophenyl)-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxypr
opanoate (3pg):

White solid in 69% yield, dr = 89:11, m.p. = 130 — 134 °C, [a]*'p = +110.6 (c = 0.71, in CH,Cl,).
HPLC: Chiralcel IC, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, A = 254 nm, t;; = 5.95 min (minor
enantiomer of minor diasteroisomer), t» = 10.29 min (major enantiomer of major diasteroisomer), t;z =
16.16 min (minor enantiomer of major diasteroisomer), t.» = 28.23 min (major enantiomer of minor
diasteroisomer), ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCl3) & 7.59 — 7.55 (m, 4H), 7.38 — 7.35 (m, 2H), 7.06 (s, 1H), 6.84 (s, 1H),
5.29 (s, 1H), 3.92 (s, 1H), 3.90 (s, 3H), 3.10 (d, J = 15.2 Hz, 1H), 2.68 (d, J = 15.2 Hz, 1H), 2.35 (s,
6H).

BC{*H} NMR (101 MHz, CDCl3) § 172.9, 161.8, 146.0, 138.4, 135.2, 135.1, 132.0, 131.1, 128.8,
127.1,126.7, 123.9, 79.7, 56.5, 53.8, 33.7, 21.3.

HRMS (ESI-TOF) Calculated for CoH2178918BrCINO, ([M]+H") = 478.0415, Found 478.0416.
HRMS (ESI-TOF) Calculated for CoH2,891¢3BrCINO, ([M]+H™) = 480.0395, Found 480.0392.

IR (film): 3506, 2958, 2927, 1757, 1489, 1233, 1128, 738 cm™.
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Methyl 3-bromo-3-(4-bromophenyl)-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxypr-
opanoate (3q9Q):

White solid in 81% yield, dr = 88:12, m.p. = 126 — 128 °C, [a]?’o = +94.0 (c = 0.75, in CHCl,).
HPLC: Chiralcel IC, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, A = 254 nm, t1 = 10.24 min
(minor enantiomer of minor diasteroisomer), t, = 11.31 min (major enantiomer of major
diasteroisomer), t3 = 17.43 min (minor enantiomer of major diasteroisomer), t = 34.61 min (major
enantiomer of minor diasteroisomer), ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) & 7.55 (s, 2H), 7.52 (s, 4H), 7.06 (s, 1H), 6.84 (s, 1H), 5.27 (s, 1H), 3.99
(s, 1H), 3.90 (d, J = 0.8 Hz, 3H), 3.09 (d, J = 15.2 Hz, 1H), 2.67 (d, J = 15.2 Hz, 1H), 2.35 (s, 6H).
BC{H} NMR (101 MHz, CDCls) & 172.9, 161.8, 146.0, 138.4, 135.6, 132.0, 131.8, 131.4, 127.1,
126.7,123.9, 123.5, 79.7, 56.5, 53.8, 33.7, 21.3.

HRMS (ESI-TOF) Calculated for CooH21"8*Br,NO4 ([M]+H*) = 521.9910, Found 521.9912.

HRMS (ESI-TOF) Calculated for CaoH,,"818Br80963BrNO, ([M]+H*) = 523.9890, Found 523.9891.
HRMS (ESI-TOF) Calculated for CooH2:81Br,NO, ([M]+H*) = 525.9869, Found 525.9871.

IR (film): 3504, 2958, 2916, 1753, 1548, 1440, 1263, 1124, 746 cm™,
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Methyl 3-bromo-3-(3,4-dimethylphenyl)-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydro-
xypropanoate (3rg)

Colorless oil in 96% yield, dr > 95:5, [a]*'p = +107.1 (¢ = 0.94, in CH.Cl,).

HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm, t, (minor) = 12.67 min, t; (major) = 14.53 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) § 7.56 (s, 2H), 7.44 — 7.33 (m, 2H), 7.13 (d, J = 7.6 Hz, 1H), 7.05 (s, 1H),
6.85 (s, 1H), 5.30 (s, 1H), 3.92 (s, 1H), 3.88 (s, 3H), 3.10 (d, J = 15.2 Hz, 1H), 2.72 (d, J = 15.2 Hz,
1H), 2.34 (s, 6H), 2.28 (s, 3H), 2.26 (s, 3H).

BC{*H} NMR (101 MHz, CDCls) § 173.3, 161.7, 146.5, 138.4, 138.0, 136.8, 133.9, 132.0, 130.8,
129.8, 127.2, 126.6, 123.9, 79.9, 58.2, 53.7, 33.7, 21.3, 19.9, 19.6.

HRMS (ESI-TOF) Calculated for CsH26%BrNO, ([M]+H*) = 472.1118, Found 472.1125.

HRMS (ESI-TOF) Calculated for C24H26%%*BrNO4 ([M]+H*) = 474.1098, Found 474.1090.

IR (film): 3506, 2916, 1757, 1440, 1236, 1120, 738 cm™.
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(naphthalen-2-yl)pr-
opanoate (3sg)

Yellow oil in 91% vyield, dr > 95:5, [a]?"p = +109.0 (c = 0.89, in CH,Cl,).

HPLC: Daicel chiralpakLux 5u Cellulose-2, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm, t; (major) = 10.65 min, t; (minor) = 13.09 min, ee (major diasteroisomer) = 99%.

IH NMR (400 MHz, CDCl3) & 7.98 (s, 1H), 7.89 — 7.81 (m, 4H), 7.57 — 7.48 (m, 4H), 7.04 (s, 1H),
6.82 (s, 1H), 5.52 (s, 1H), 4.05 (s, 1H), 3.92 (s, 3H), 3.17 (d, J = 15.2 Hz, 1H), 2.70 (d, J = 14.8 Hz,
1H), 2.33 (s, 6H).

BBC{'H} NMR (101 MHz, CDCly) & 173.2, 161.7, 146.3, 138.4, 133.9, 133.6, 132.7, 132.0, 128.9,
128.7,128.2,127.8, 127.1, 127.0, 126.6, 126.6, 123.9, 80.0, 58.2, 53.8, 33.9, 21.3.

HRMS (ESI-TOF) Calculated for CosH24"8%8BrNO4 ([M]+H*) = 494.0961, Found 494.0966.

HRMS (ESI-TOF) Calculated for CosH242%*BrNO4 ([M]+H*) = 496.0941, Found 496.0949.

IR (film): 3506, 3066, 2927, 1753, 1448, 1259, 1128, 746 cm™.
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-3-(naphthalen-1-yl)pr-
opanoate (3tg)

Yellow oil in 92% yield, dr = 86:14, [a]?’p = —22.0 (c = 0.67, in CH,CL).

HPLC: Chiralcel 1B, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm, t; = 10.15 min
(major enantiomer of minor diasteroisomer), t, = 10.83 min (major enantiomer of major
diasteroisomer), t3 = 18.43 min (minor enantiomer of minor diasteroisomer), t4 = 19.75 min (minor
enantiomer of major diasteroisomer), ee (major diasteroisomer) = 99%.

!H NMR (400 MHz, CDCls) 6 8.39 (d, J = 7.6 Hz, 1H), 8.16 (d, J = 8.8 Hz, 1H), 7.90 (dd, J = 14.0,
8.0 Hz, 2H), 7.66 — 7.61 (m, 1H), 7.59 — 7.52 (m, 2H), 7.52 (s, 2H), 7.03 (s, 1H), 6.80 (s, 1H), 6.40 (s,
1H), 4.14 (s, 1H), 3.96 (d, J = 1.2 Hz, 3H), 3.17 (d, J = 15.2 Hz, 1H), 2.75 (d, J = 15.2 Hz, 1H), 2.33 (s,
6H).

BC{'H} NMR (101 MHz, CDCls) & 173.4, 161.7, 146.2, 138.4, 133.6, 132.3, 132.0, 131.0, 129.8,
129.7,129.4,127.1, 127.1, 126.7, 125.9, 125.8, 123.9, 121.9, 80.7, 53.9, 51.2, 33.4, 21.2.

HRMS (ESI-TOF) Calculated for CasH24"88BrNO, ([M]+H*) = 494.0961, Found 494.0961.

HRMS (ESI-TOF) Calculated for CasH242%BrNO, ([M]+H*) = 496.0941, Found 496.0944.

IR (film): 3504, 3062, 2958, 1745, 1552, 1444, 1271, 1124, 794 cm..
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Methyl 3-bromo-2-((2-(3,5-dimethylphenyl)oxazol-5-yl)methyl)-2-hydroxy-4-phenylbutanoate
(3ug)

Colorless oil in 70% yield, dr = 67:33, [a]®b = +96.4 (¢ = 0.92, in CH,Cl,).

HPLC: Chiralcel IC, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t; = 13.21 min
(minor enantiomer of major diasteroisomer), t, = 17.96 min (minor enantiomer of minor
diasteroisomer), t;3 = 21.07 min (major enantiomer of minor diasteroisomer), tx = 25.14 min (major
enantiomer of major diasteroisomer), ee (major diasteroisomer) = 99%.

(Diastereoisomer mixture) *H NMR (400 MHz, CDCl3) §7.61 — 7.60 (m, 2H), 7.38 — 7.17 (m, 5H),
7.07 (s, 1H), 6.98 (s, 0.6H, major), 6.97 (s, 0.3H, minor), 4.56 — 4.51 (m, 1H), 3.82 (s, 1H, minor), 3.79
(s, 0.3H, major), 3.75 (s, 2H, minor), 3.69 (s, 0.6H, major), 3.60 — 3.51 (m, 1H), 3.35 — 3.33 (m, 1H),
3.29 -3.19 (m, 1H), 3.16 — 3.10 (m, 1H), 2.36 (s, 6H).

BC{H} NMR (101 MHz, CDCls) § 172.9, 172.6, 162.0, 146.4, 146.3, 138.5, 137.9, 137.7, 132.1,
132.1, 129.3, 129.2, 128.6, 128.5, 127.1, 127.1, 126.9, 126.8, 125.5, 124.2, 124.0, 123.9, 79.7, 79.0,
60.8, 60.4, 53.5, 53.4, 40.7, 38.3, 36.4, 33.3, 21.3.

HRMS (ESI-TOF) Calculated for CosH24"8183BrNO, ([M]+H*) = 458.0961, Found 458.0963.

HRMS (ESI-TOF) Calculated for Co3H24%163BrNO, ([M]+H*) = 460.0941, Found 460.0944.

IR (film): 3518, 2958, 2920, 1745, 1450, 1267, 1118, 738 cm™.

o A H IS

0.00
— T T T — T
0.00 200 400 600 800 1000 1200 1400 1600 1800 200 20 2400 2600
Minutes

17.961
21.099
25.17

UV UV UV
200 3000 3200 3400

Retention Time Area % Area
1 13.147 17575715 36.01
2 17.961 6761560 13.85
3 21.099 6819413 13.97
4 25.176 17650431 | 36.16
00] ;
A A ‘+‘14‘m‘ "t ‘M‘SQ‘M‘ Cam am am Aw mw A0 20 w0
Retention Time Area % Area
1 13.208 150044 0.48
2 17.963 10746 0.03
3 21.069 10519336 33.47
4 25.140 20751936 66.02
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Methyl 3-phenyl-2-((2-phenyloxazol-5-yl)methyl)oxirane-2-carboxylate (4)

Colorless oil in 90% yield, dr > 95:5, [a]®p = +36.8 (¢ = 0.59, in CH,Cl,).

HPLC: Chiralcel 1A, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm, t; (major) = 15.70
min, t. (minor) = 20.40 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) & 8.04 — 8.01 (m, 2H), 7.46 — 7.45 (m, 3H), 7.38 — 7.31 (m, 5H), 7.08 (s,
1H), 4.16 (s, 1H), 3.79 (d, J = 16.0 Hz, 1H), 3.49 (s, 3H), 3.23 (d, J = 16.0 Hz, 1H).

BC{H} NMR (101 MHz, CDCls) & 167.6, 161.7, 146.5, 132.7, 130.3, 128.8, 128.6, 128.2, 127.4,
126.5, 126.3, 126.2, 64.2, 62.5, 52.2, 30.1.

HRMS (ESI-TOF) Calculated for CxH17NO4 ([M]+H*) = 336.1230, Found 336.1227.

20.341)

‘‘‘‘‘‘‘‘

Retention time Area Area%

15.709 5211898 | 49.97

2 20.341 5218686 | 50.03
Retention time Area Area%
15.698 25989536 | 99.63

2 20.399 96931 0.37
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Ph

Ph/k

N3

Methyl 3-bromo-2-hydroxy-3-phenyl-2-((2-phenyloxazol-5-yl)methyl)propanoate (5)

Colorless oil in 74% yield, dr > 95:5, [a]®p = +126.6 (¢ = 0.48, in CH,Cl,).

HPLC: Chiralcel IC, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254 nm, t; = 14.54 min, t,=
16.31 min, t,3 = 24.00 min, ts = 34.71 min, ee (major diasteroisomer) = 99%.

'H NMR (400 MHz, CDCls) § 7.94 — 7.92 (m, 2H), 7.55 — 7.53 (m, 2H), 7.46 — 7.41 (m, 6H), 6.86 (s,
1H), 4.83 (s, 1H), 3.90 (s, 3H), 3.67 (s, 1H), 3.12 (d, J = 16.0 Hz, 1H), 3.71 (d, J = 16.0 Hz, 1H).
BC{H} NMR (101 MHz, CDCls) & 173.6, 161.4, 146.5, 133.5, 130.2, 129.5, 128.8, 128.8, 127.4,
126.8, 126.1, 79.0, 70.1, 53.6, 33.1.

HRMS (ESI-TOF) Calculated for CxH1sN4O4 ([M]+H*) = 379.1401, Found 379.1402.

000 41,00 42,00 43,00 42,00 45,00

S34

Retention time Area Area%
1 14.619 122247 4.66
2 16.468 1181173 | 45.01
3 24.227 127141 4.85
4 35.118 1193475 | 45.48

3 3 3

Retention time Area Area%
1 14.538 7545 0.02
2 16.306 33034164 | 98.43
3 24.015 368407 1.10
4 34.710 150702 0.45



8. Copies of NMR spectra for products

99°Z -~
ore”
oLe~
e’

68°€ ~
20—

€€'G —

i)

8¢€°L

ov'L
Wi
VL

29°L
29°L
v9'L
26°L
€6°L
€6°L

s

-
Lz

L

79 78 77 76 75 7.4

8.0

1 (ppm)

e

'L

oL

ri'e

R

-1.0

-0.5

0.0

3.0 25 2.0 1.5 1.0 0.5

3.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

9.0

L'ee—

8¢S —
L'LS—

8'6L—

130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0 125.5
1 (ppm)

130.5

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S35



2eS —

33,

Le°L
Le°L
8¢€L
6€°L

vS'L
9S°L
19°L
19°L
€9°L
LL°L
08°L

~5

\ HO.
Br
3ab

4

Br

i

-

(X4

——

(A4

——

-

7.807.757.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35
1 (ppm)

R

=L

€
G

=L

-1.0

-0.5

40 35 30 25 20 15 10 05 0.0
1 (ppm)

4.5

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9'€€ —

8'€S —
L'LS—

8'6L—

S091L —

LeLL—

~5

3ab

T
133 132 131 130 129 128 127 126 125

1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S36



88z —
S92
69—

60°€
e’

68°¢
68°¢ V

v6'€ /

€€ —

Br

HO
3ac

A

7.2

76 75 7.4
1 (ppm)

7.7

7.8

Fee
=l

I )

koL

o
Rg
e
T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

9.0

S'lze—
L'ee—

L'€S —
8'LS —

8'6L—

h.vN—./
r.wNF
L9zt V
9'8¢L f
€6zt

s'6ct

w.oN—.\
m.wm—.\
m.ov—.\
Lovi

9191 —

LeLL—

~5

\ HO
3ac Br

ot

129 128 127 126 125 124

130

1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S37



©
N
~
i

0
©
~
2

-

1

79 78 77 76 75 7.4
1 (ppm)

8.0

|

oL

=)

g

60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)

6.5

8.0 7.5 7.0

8.5

9.0

8'€e —

8'€S —
8'LS —

8'6L—

~o

\ HO.
3ad

A

o

126.0

127.0

128.0

1 (ppm)

129.0

130.0

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S38



16°L

~o

cl // \ Ho,

3ae

L h

7.6 7.5 7.4 7.3
1 (ppm)

7.7

7.9

I )

R

»#C'€
ML

=L

0'G
s
s
=01

-1.0

2.0 1.5 1.0 0.5 00 -05

25

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

9'€€ —

8'€S —
L'LS—

8'6L—

0091 —

LVeLL—

~o0

\ HO
3ae

cl //

129.0 128.0 127.0 126.0

130.0

f1 (ppm)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S39



o
@
o -
£ @
=
o
/w
\
—
o
N
~ —_ =
L 0
«
~
ze| g
~
n
<~
~E
L -3
oL -
8=
oL NE
n
0 =
~
=)
©
N
XA
@
N

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0
1 (ppm)

9.0

L'ee—

8°6L—

~5

3af

o J \ HO,

130.0129.5129.0128.5128.0127.5127.0126.5
1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S40



€€°6 —

89
Y0°L
S0°L1
S0°LY
S0°L
S0°L
hm.hg
1€°2 4
8€°L
6€°L
6€°L
6€°L
9G6°L -]
95°L
95°L ]
952 4
29°L]
29°L]

=

v9° L1
v9'L]

~o5

HO
Br
3ag

\

1€

7.65 7.60 7.55 7.50 7.45 7.40 7.35
1 (ppm)

=€9
ol

oL

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)

9.0

e —

8'€€ —

L'€S —
8'LS —

6°6L—

6'€Cl
w.wN_‘/
[ WXA%
9'821L ¢
M.QN_‘H\
w.mN_‘\
ozel
S'9¢€lL

v.wm_‘\
L1478
L1191 —

LVeLL—

{

e}

HO,

3ag

7@*\

130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5

f1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S41



LLZ
SL'ZH
SL°E
61°€1
26°¢€
€6°€ |
66°€ |
Se's ﬁ

=

GE'S
269
Le°L
6€°L
orL ﬁ
VL
0S°L
LG°L
2S°L
2S°L
€5°L
V9L
v9'L ﬁ
v9'L
99°L
ww.hg
99°L 1
€8°L
8L
S8°L
18°L 1
88°L
68°L
06°L
10°8
108
20°8
€0°8
€0°'8 7
vc.w\
e —

p—

=T

~o

Br

CO )

3ah

<
o

75 7.4

7.6

79 78

8.0

1 (ppm)

koL

o

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

8.5

9.0

8'€€ —

8'€S —
8'LS —

~o

o,

Br

HO,

CO g

3ah

124 123

T T T T T
129 128 127 126 125

T
130

1 (ppm)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S42



©
]
~

©
]
~

Br

HO
3ba

J

-
-

-

4.28 4.24

79 78 77 76 15 7.4 444 440 436 4.32
1 (ppm) 1 (ppm)

I

u

8.0

RN

|

55

oL

Fol

I )

45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

5.0

85 8.0 75 7.0 65 6.0

9.0

vl —

L'ee—

8'LS —
€'€9—

§'6L—

3148
8'9¢zlt
v'.icL
9'8¢lt
8'8clt
€6cl 7
w.mwr\
cogl
9'9¢L
99V —

€191 —

9°CLL —

/\HO

3ba

M L

130.5 130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0 125.5
1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S43



ko€
€L'e V
00t
00’
€1°G

L€°G

Wiy
Wl

£vL
vy

p—

Br

HO
3ca

Jd

520 515 510 5.05
1 (ppm)

79 78 77 76 75 74 173
f1 (ppm)

8.0

I
]

L'e

- -
- -

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.0

9'le
: M4 v

9'€e —

8'LS —

SLL—

€6L—

[3:T4%
8'9Z1L
vzl
S'8Z1L
1821

z6zLf
m.mN_‘\
z0elL

9'9¢€1L \
LovL —
€191 —

0zLL—

" I

HO,

3ca

:(/\

129.0 128.0 127.0 126.0 125.0
1 (ppm)

130.0

T
131.0

21.8 21.6 21.4

22.0

f1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S44



e

3da

78 77 76 15 714 438 434 430 426 422 418
1 (ppm) 1 (ppm)

7.9

(x4

(X4

1 (ppm)

1.75 1.70 1.65 1.60 1.55 1.50 1.45 1.40 1.35
A

|

e

Re
i 4

B

B

FLL
ke

-1.0

0.0 -0.5

40 35 30 25 20 15 1.0 0.5

1 (ppm)

4.5

5.0

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9'€l —
1’61 —

S0~
L'ee—

8'LS —

V29—

9'6L —

3148
8'9¢lt
v'iZL
9'8clt
P:147
cectf
w.mwr\
cogl
S'9gl
99Vl —

€191 —

LelL—

HO,

3da

:(/\

128.0 127.0 126.0
f1 (ppm)

129.0

130.0

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S45



€9°C~
1977

e~
aLe”

8¢~
16€ "

ve's —

6821
ov'L
Wl
Wl
eyl
V'L
V'L
L8°L
8G°L
6S°L
€6°L
v6'L

7.7 76 715 7.4
1 (ppm)

7.8

7.9

N

FoL

oL

L
C

60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)

6.5

7.5 7.0

8.0

8.5

9.0

8'€e —

L'eS—

1’99 —

8'6L—

/
o

O,

/\HO

3ea

f1 (ppm)

130.5130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0

-10

110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

150 140 130 120

190 180 170 160

210 200

S46



0L'S
8'9
S0°L
9L°Ly
81°L
2T L
Ve L
ve L
ve'Ly
sz
92° LA
L2 LA
L2°L
et
0€’L

9G°L \
20°8~\
6087

—

T

Br

/\HO

3fg

81 80 79 78 7.7 76 75 74 73 72 71 7.0
1 (ppm)

\J

|

WN.@

1'e
B
m\—..—.

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

9.0

661~
e~

Lee—

925\
8¢5

08 —

—o

TR |

Br

/\HO

3fg

132 130 128 126 124 122

134

f1 (ppm)

U

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S47



e

Br

/\HO

399

8.079787.776757.47.37.27.17.06.96.8
1 (ppm)

o

-1.0

-0.5

0.0

3.0 25 20 1.5 1.0 05

3.5

4.0
1 (ppm)

6.0 55 50 45

6.5

8.5 8.0 75 7.0

9.0

e —

8'2¢€ —

L6y~
9'€G ~
865~

€08 —

Br

—o

/\HO

3g9

Y Y 11 l

1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S48



veT—
99°C
(VArA V

82°€
zee”

€6°€ ~
SOV —

—o0

Br

/\HO

3hg

-

8.2 81 80 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2
1 (ppm)

o

I )

ko

o1

hory
pre
e

oL

60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

6.5

8.0 7.5 7.0

8.5

9.0

e —

8'¢¢€ —

SIS~
6°€S

1’08 —

6'€Cl
hwﬁ/
E.ﬁ/
9szL~
zezL|
€ocl
ozl
Legt
el
vscl
Lovl
819l —

€L —

Br

/\HO

3hg

136 135 134 133 132 131 130 129 128 127 126

1 (ppm)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S49



62°'S —

58'9
689
069
169
z6'9
502
t.h/
L
61
L
€TL
£zL
1ZL
6z'L
eL
952

A

| S N W

2
™
Y
]
oL @
o
Fe
L m
2
-
N
~N
0zZr~
. )
%ﬁ [ 38 ~

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
1 (ppm)

9.0

e —

L'ee—

8'6L—

—o0

Br

3ig

135 130 125 120 115

140

f1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S50



60°S —

o
N
0

I

¥8'94

LeL~

pmam i (et

Br

/\HO

3jg

00 -05 -1.0

|

0.5

1.5 1.0

2.0

Fou
T.F
T.m

lzz
Foz

3.0 25

3.5

55 5.0 45 4.0
1 (ppm)

7.0

7.2 71
6.5 6.0

f1 (ppm)

7.3
7.0

REERE

7.4
NNN©® -~~~
7.5

53

7.5
8.0

7.6
8.5

9.0

€e—

L'ee—

L'eS —
9°LG —

-10

/ \ HO, o
3jg
60 50 40 30 20 10

70

100 90 80
1 (ppm)
S51

110

120

130

115
140

120
150

160

125

170

f1 (ppm)

._MJMMLUL,LL_

135
190

I

210 200

140




seT—
897

zLe A
oL~
sre”’

68°'¢
om.mW
00y

Br

—o0

3kg

/ \ HO,

7.0

7.6

gL s B
~ - o o
. . . . . .
75 74 73 72 74
1 (ppm)

€9

=

B

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

9.0

e —

L'ee—

8'€G ~
V96 —

L'6L—

Br

/\HO
g

‘ ‘ ‘ ‘ ‘
130 129 128 127 126
1 (ppm)

138.3

138.5

f1 (ppm)

138.7

138.9

117.0 116.5 116.0

117.5

f1 (ppm)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S52



-111.704

T T T T T T T T T T T T
10 0 10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

1 (ppm)
OO NLT S N T oo N ™ O
RN ° ] we om0
MNMNNMNNMNNMNMNOO 0w ™M Mmom ™mMm NNNN
— N ~ NN N
o |
o
/ \HO o
o
—_—
] S
< o~
T T T T T T T T T T T 3ig
7.65 7.60 7.55 7.50 745 7.40 735 730 7.25 7.20 7.15
1 (ppm)
S S
o~ ©o

T T
2.40 2.38 2.36 2.34 2.32 2.30

1 (ppm)

o ‘
: 4%

-

. . . . . . . . . . . . . . . . . . . . .
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1
1 (ppm)

S53



€e—

L'ee—

L'€S —
6°LS —

008 —

—o

Br

/\HO

3ig

140 138 136 134 132 130 128 126 124

1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

€€ —

S8'9

€TL
Se'L V
€S°L
mm.hw
9S°L

—o

7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20
f1 (ppm)

2.96 2.92 2.88 2.84 2.80

3.00

1 (ppm)

=29

60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
1 (ppm)

6.5

7.5 7.0

8.0

8.5

9.0

S54



£z
g€z
oy
gee
poey
9'€s—

085 —

0°08 —

Br

/\HO

3mg

il

T
134133 132131130 129 128 127 126 125 124

1 (ppm)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

vez—
€92
292~
e

vrel
AN
6e€—
59

soc |
69°€

vie

16e
16e
80°%

62'S
ees”

Br

/\HO

3ng

Feerd

F21°0

Fee'g

78 77 767574 7372717069 6.8
1 (ppm)

£66°S
£88°0

798°0

(0]
H.\ﬁw.o
%o.o
=810
Mgz

g0

+Z8°0
~11'0

66"
9z

H/wh.r

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
1 (ppm)

9.0

S55



~ QRIYISONYI AN ONY R
o CFTHCONTETCECTOON GO WB O 0 @ @ ~ N
~ CIITONOOMOOONNNNNNNN o 0 @ ] =
- FrrFrFrFrTFCFEFTFRFESESES©E OO ~ © 16 © ~
[ | e N/
o
HO,
/\ Br
o
T T T T T T T T T
132 131 130 129 128 127 126 125 124 3ng
1 (ppm)
F

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

-62.823

3ng

. . . . . . . . . . . . . . . . . . . . .
10 o0 -0 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

S56



00°0- —

S€C—
S92\
69°C —

80°€
e’

06°€ ~
66'€

2€'S —

8'9
mo.h/
wo.h/
L0°L >
o_..h\
95 L\
8G°L ¢
19°L
€9°L
v9'L
S9°L

—o0

Fe0

b

bz
oz

77 76 75 74 73 72 71 7.0 6.9 6.8
1 (ppm)

N N

1’9

B

oL

%0
He

85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

9.0

e —

8'€€ —

L'€es
8'€s V

hom\

6'6L—

S'GLL
L'SLL /
6'ect
L9zt /
[ XA%
9'LEL
LieL
o0zel
szel
szel
v'8€lL \
(145
8191 ~
€L

0°€LL —

130.5 129.5 128.5 127.5 126.5
1 (ppm)

131.5

132.5

-10

110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

150 140 130 120

190 180 170 160

210 200

S57



LGO'LLL- —

—o

Br

/\HO

3og

20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

-10

10

€T —
99°¢C \
oLrz—
80°€ .
e’

06'€~
z6'c”

62'S —

—o0

/ \ HO,

Br

3pg

Cl

7.5 7.4 7.3 7.2
1 (ppm)

7.6

3.90 3.85 3.80
1 (ppm)

3.95

4.00

oo
0L

o1

R

-1.0

45 40 35 30 25 20 15 1.0 05 00 -0.5
1 (ppm)

6.0 55 50

6.5

80 75 7.0

8.5

9.0

S58



€ —

L'ee—

8°€S ~
G995

L'6L—

—o

Br

/\HO

3pg

cl

133 131 129 127 125 123

135

1 (ppm)

.

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

seT—
S92
697
80°€ .
e’

LS —

v8'9
vw.w/
90°L
90°L
9T’ L~
[4-W3
[4-W2 V

mm.h\
SS°L

—o

Br

/\HO

3qg

Br

7.60 7.58 7.56 7.54 7.52 7.50 7.48 7.46

f1 (ppm)

=9
ot

oL

g

=01
Al
v
L

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)

9.0

S59



€ —

L'ee—

8°€S ~
§9S

L'6L—

—o

.
140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123
1 (ppm)

Br

Br

/\HD
3q

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

9z \

vez/
0Lz~
vz’
80°€~
e

88'€ .
z6'c”

0€'s —

Br

—o

[\
3rg

(%4

740 735 730 725 720 715 7.10 7.05 7.00

7.45

1 (ppm)

foz
ol

Fot

ol

6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

6.5

8.0 7.5 7.0

8.5

9.0

1 (ppm)

S60



L'€S —
285 —

6'6L—

Br

rg

/\Ho

138 136 134 132 130 128 126 124
1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

€€'T—
89'C

zLe A
SL'E~
sLe”

26°€ ~
SOV —

28’ —

(A4

7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45
1 (ppm)

=09
=

Fol

¥Z'e
SN}

1.5 10 05 00 -05 -1.0

2.0

85 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm)

9.0

S61



€ —

6°€€ —

8°¢S —
2’85 —

008 —

128 127

129

133 132 131

134

1 (ppm)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

€€C—

€T~
e’
9L'e~
6Le”

96°¢
96°¢
vr.ﬁ/

o9
08’9
€0°L
[4-3
€9°L
€9°L
vSL
SS°L

hm.hg
65",
19721
19°L 1 ﬁ
29°L 1
€9°L 7 ﬁ
€9°L
V9L ﬁ
v9°L
S9°L A
S9°L A

99°L~

18°LF
68°L
06°L
[4: 2

SL's
LL'8
8¢'8
ov'e

80 79 78 77 76 7.5

84 83 82 841

1 (ppm)

R

R

e
B

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

9.0

S62



e —

v'ee —

LS ~
6'€S

108 —

132 131 130 129 128 127 126 125 124

133

1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

9c'z
or'e

e

zre

vi'e

si'e

aL'g

6L°¢ |
1z°¢ |
sze
ve'e |
lze ]
62°¢ |
££°¢ |
Se°E
15°€
zse
SS°€
L
09°¢

69°¢ /W

9S'v

0
0

Tos

Br

/\HO

3ug

7.0

71

7.2

75 7.4

7.6

1 (ppm)

“ <o

LY.

1 (ppm)

-

46454443424140393.83.73.63534333.23.1

b L

I
©

4 g@dg=T
TONOYT™Y Y™™ O

-

-1.0

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.0

S63



L

Br

/\HO

138 137 136 135 134 133 132 131 130 129 128 127 126 125 124

3ug

In

1 (ppm)

146.40 146.30 146.20

146.50

1 (ppm)

-10

110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

150 140 130 120

190 180 170 160

210 200

1ze 7
sze/
eve’
L1+
vee/
9y~

:(/\

4

81 80 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2
1 (ppm)

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
1 (ppm)

9.0

S64



1'0€ —

s —

§'29~
AL

z'9zL
£9zL
g9zl
vizL
[A T\
9'8zlL
8'8zlL \
€ocl
rzeL
sovL —

L1191 —
9°L91 —

:(/\
40

129.0 128.0 127.0 126.0 125.0
1 (ppm)

130.0

T
131.0

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

692~
ere’
oL~
e’

19—
06'€ —

€8’y —

koL

oL

=L

Foe

7.4

7.5

g.
]
7.6

77 7.
f1 (ppm)
|
Y

7.8
|

FT9
~oe

00 -0.5 -1.(

0.5

1.0

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
1 (ppm)

9.0

S65



173.6
—161.4

T T T T T T T T
131 130 129 128 127 126 125 124
1 (ppm)

—79.0

—70.1

53.6

33.1

HO

O~

Ny

Y

210 200 190 180 170 160 150 140 130 120 110

100

1 (ppm)

S66

80



