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A. General Information

Chemicals and solvents were purchased from commercial suppliers and used as received.
'H and “C NMR spectra were recorded on a Bruker ACF300 or an AMX500 (500 MHz)
spectrometer. Chemical shifts were reported in parts per million (ppm), and the residual solvent
peak was used as an internal reference: proton (chloroform & 7.26), carbon (chloroform & 77.0).
Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), dd (doublet of doublet), br s (broad singlet). Coupling constants were reported in
Hertz (Hz). Low resolution mass spectra were obtained on a Finnigan/MAT LCQ spectrometer
in ESI mode, and a Finnigan/MAT 95XL-T mass spectrometer in FAB mode. All high resolution
mass spectra were obtained on a Finnigan/MAT 95XL-T spectrometer. For thin-layer
chromatography (TLC), Merck pre-coated TLC plates (Merck 60 Fjs4) were used, and
compounds were visualized under a UV light at 254 nm. Further visualization was achieved by
staining with iodine, or ceric ammonium molybdate followed by heating on a hot plate. Flash
chromatographic separations were performed on Merck 60 (0.040 - 0.063 mm) mesh silica gel.
The enantiomeric excesses of products were determined by HPLC analysis on a chiral stationary
phase.

1-(Benzyloxy)propan-2-one was purchased from Sigma-Aldrich.  Other protected
hydroxyacetone ' and p.y-unsaturated o-keto esters > were prepared following literature

procedures.

'Luo, S.; Qiao, Y,; Zhang, L.; Li, J.; Li, X.; Cheng, J. J. Org. Chem. 2009, 74, 9521.
*Wu, Y.-C.; Liu, L.; Li, H.-J.; Wang, D.; Chen, Y.-J. J. Org. Chem. 2006, 71, 6592.

S2



B. Representative Procedure for the Aldol Reaction

|
AA seomiry (L eooo on
COOEt O

TFA (40 mol %)
THF, rt, 48 h o 3d

1-(Naphthalen-2-ylmethoxy)propan-2-one 1b (21.4 mg, 0.1 mmol) was added to a mixture
of 9-amino(9-deoxy)epi-cinchonine 8 (5.8 mg, 0.02 mmol), TFA (3.0 puL, 0.04 mmol) and ethyl
2-0x0-4-phenylbut-3-enoate 2b (22.4 mg, 0.12 mmol) in THF (0.2 mL) in a sample vial at room
temperature. The vial was then sealed and the reaction mixture was stirred at room temperature
for 48 hours. The mixture was then concentrated in vacuo and the residue was purified by flash
column chromatography (ethyl acetate/hexanes = 1:10 to 1:3) to afford the desired product as a
yellow oil (33.9 mg, 81%). The enantiometric excess of product was determined by chiral HPLC

analysis.

C. Synthetic Manipulations of the Aldol Product 3n

EtOQC OH E'(OZC OH

Pd/C, H, EtOZC OH mCPBA
Bf CH3OH, rt CHaCly
4 o (63%) (45%
L|AIH4/THFl(71%) BH3/THF (57%) mCIPhCOz l (76%)
HoO/CH,Cl,

4 H E'(O\zg o HO HQ COzE
OH

Br 5
Following the representative procedure, the aldol product 3n was obtained, which was then
subjected to the subsequent reactions as illustrated above.
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(2R,3R)-Ethyl 2-(3-bromophenethyl)-2,3-dihydroxy-4-oxopentanoate 4

A flask containing  (2R,3R)-ethyl  2-(3-bromostyryl)-2-hydroxy-3-(naphthalen-2-
ylmethoxy)-4-oxopentanoate 3n (74.5 mg, 0.15 mmol) and 10% Pd/C (32.5 mg, 0.03 mmol) in
methanol (2 mL) was evacuated and back-filled with hydrogen (1 atm). The reaction mixture
was stirred under hydrogen. When TLC showed the completion of the reaction, the mixture was
concentrated, and the residue was purified by flash column chromatography (ethyl

acetate/hexanes = 1:3) to afford 4 as a colorless oil (34.0 mg, 63%).

(2S,39)-2-(3-Bromophenethyl)pentane-1,2,3.4-tetraol 5

To lithium aluminum hydride (7.6 mg, 0.2 mmol) in THF (1.0 mL) was added a solution of
the (2R,3R)-ethyl 2-(3-bromophenethyl)-2,3-dihydroxy-4-oxopentanoate 4 (27.0 mg, 0.075
mmol) in THF (1.0 mL) at 0 °C under nitrogen. The mixture was then allowed to warm up
slowly and stirred at room temperature. Upon the completion of the reaction, as indicated by
TLC analysis, the reaction mixture was cooled to 0 °C and carefully quenched with successive
additions of water, 15% aqueous sodium hydroxide and water. After being stirred for 30 minutes,
the reaction mixture was extracted with ethyl acetate (3 x 3 mL). The combined organic extracts
were washed with brine and dried over MgSQOy. After concentration, the residue was purified by

flash column chromatography (ethyl acetate) to afford 5 as colorless oil (17.0 mg, 71%).

(2R.3S.4R)-Ethyl-2-((E)-3-bromostyryl)-2.4-dihydroxy-3-(naphthalen-2-ylmethoxy)pentanoate 6

To a solution of 3n (34.7 mg, 0.07 mmol) in THF (1.0 mL) at 0 °C was added borane-

dimethyl sulfide complex (BH3;-SMe, in THF, 2 M) (0.35 mL, 0.7 mmol) under N,, and the
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resulting solution was warmed up slowly from 0 °C to room temperature and stirred for 4 hours.
The reaction was then re-cooled to 0 °C and quenched by addition of cold water. The resulting
mixture was extracted with CH,Cl, (3 x 10 mL), and the combined organic extracts were then
washed with saturated NaHCOs, brine and dried over MgSO,4. After concentration, the residue
was purified by flash column chromatography (dichloromethane) to afford 6 as colorless oil
(19.9 mg, 57%).

A colorless oil; "H NMR (500 MHz, CDCls) § 1.24-1.27 (t, J = 7.3 Hz, 3H), 1.30-1.31 (d, J = 6.3
Hz, 3H), 3.83 (d, J = 1.9 Hz, 1H), 4.10-4.27 (m, 4H), 4.80-4.83 (d, J = 11.4 Hz, 1H), 4.95-4.97
(d,J=11.4 Hz, 1H), 6.31-6.35 (d, J = 16.4 Hz, 1H), 6.93-6.96 (d, J = 15.8 Hz, 1H), 7.17-7.20 (t,
J=17.6 Hz, 1H), 7.27(s, 1H), 7.38-7.40 (d, J = 8.2 Hz, 1H), 7.43-7.45 (d, J = 8.8 Hz, 1H), 7.48-
7.49 (t,J = 4.1 Hz, 2H), 7.56 (s, 1H), 7.78 (s, 1H), 7.83-7.84 ((d, J = 7.6 Hz, 3H); °C NMR (125
MHz, CDCls,) 6 14.1, 21.3, 29.7, 62.8, 66.7, 76.0, 81.3, 84.8, 122.9, 125.5, 125.8, 126.1, 126.3,
127.7, 127.9, 128.3, 129.4, 130.2, 130.4, 131.0, 133.1, 133.3, 135.1, 138.2, 172.8; HRMS (ESI)
m/z calcd for C26H27Na0579Br [M—IrNa]+ 521.0934, found 521.0914, calcd for C26H27Na0581Br

[M+Na]" 523.0914, found 523.0917.

(2R.3R)-Ethyl-2-((25.3R)-3-(3-bromophenyl)oxiran-2-y1)-2-hydroxy-3-(naphthalen-2-

ylmethoxy)-4-oxopentanoate 7

The aldol product 3n (34.7 mg, 0.07 mmol) was dissolved in CH,Cl, (0.7 mL), mCPBA
(14.5 mg, 0.084 mmol) was added to the solution under N, and the resulting solution was stirred
at room temperature for 48 hours. The mixture was concentrated in vacuo and the residue was
purified by flash column chromatography (ethyl acetate/hexanes = 1:5 to 1:3) to afford 7 as a

white solid (16.1 mg, 45%).
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A white solid; 'H NMR (500 MHz, CDCl3) & 1.24-1.27 (t, J = 7.3 Hz, 3H), 1.52 (s, 3H), 3.98 (s,
1H), 4.04-4.11 (m, 1H), 4.22-4.24 (d, J = 10.7 Hz, 1H), 4.25-4.31 (m, 1H), 4.39 (s, 1H), 4.72-
4.75(d,J =113 Hz, 1H), 4.88-4.90 (d, J = 11.3 Hz, 1H), 4.96-4.99 (d, J = 10.7 Hz, 1H), 5.72 (s,
1H), 7.21-7.24 (t, J = 7.9 Hz, 1H), 7.31-7.34 (d, J = 7.6 Hz, 1H), 7.41-7.52 (m, 4H), 7.59 (s, 1H),
7.75 (s, 1H), 7.83-7.86 (m, 3H); °C NMR (125 MHz, CDCls,) § 14.1, 26.2, 54.3, 63.7, 71.2,
75.4,79.6,79.8,99.1, 122.4, 125.8, 126.3, 126.4, 127.0, 127.2, 127.7, 128.0, 128.5, 129.7, 130.7,
131.9, 133.1. 133.2, 134.1, 139.9, 170.5; MS (EI) m/z calcd for CagHasOs*Br 512.5, found

512.4.

(2R.3R)-Ethyl-2-((15,25)-2-(3-bromophenyl)-1.2-dihydroxyethyl)-2-hydroxy-3-(naphthalen-2-

ylmethoxy)-4-oxopentanoate 8

The aldol product 3n (34.7 mg, 0.07 mmol) was dissolved in CH,Cl, (0.7 mL), mCPBA(
14.5 mg, 0.084 mmol) was added to the solution under N», and the resulting solution was stirred
at room temperature for 48 hours. Distilled water (20 mg, 20 pL) was then added, and the
resulting mixture was heated at 40 °C for 12 h. After cooling down to room temperature, the
reaction mixture was concentrated in vacuo and the residue was purified by flash column
chromatography (ethyl acetate/hexanes = 1:3 to 1:1) to afford 8 as a colorless oil (12.7 mg,
45%).

A colorless oil; '"H NMR (500 MHz, CDCl3) § 1.21-1.24 (t, J = 7.3 Hz, 3H), 1.55 (s, 3H), 3.81-
3.83 (d, J=9.5 Hz, 1H), 3.87 (s, 1H), 4.03-4.10 (m, 1H), 4.21-4.27 (m, 1H), 4.32 (s, 1H), 4.67-
4.69 (d,J=10.1 Hz, 1H), 4.72-4.74 (d, J = 11.4 Hz, 1H), 4.89-4.91 (d, J = 11.4 Hz, 1H), 5.72 (s,

1H), 7.21-7.24 (t, I = 7.9 Hz, 1H), 7.34-7.36 (d, J = 7.6 Hz, 1H), 7.42-7.46 (m, 2H), 7.48-7.52
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(m, 2H), 7.63 (s, 1H), 7.75 (s, 1H), 7.83-7.86 (m, 3H); °C NMR (125 MHz, CDCls,) § 14.0,
26.2, 63.3, 70.8, 73.3, 75.2, 79.2, 80.0, 98.3, 122.6, 125.8, 126.3, 126.4, 126.6, 127.0, 127.7,
128.0, 128.4, 129.8, 130.5, 131.4, 133.1. 133.2, 134.3, 140.5, 171.8; HRMS (ESI) m/z calcd for

C6H,7"BrNaO; [M+Na]" 553.0832, found 553.0836.

D. Analytical Data and HPLC Chromatogram of Starting Materials and Aldol Products

1-(Naphthalen-2-ylmethoxy)propan-2-one 1b

J o LI

1b

Compound 1b was prepared following the literature procedure.'

A colorless oil; "H NMR (300 MHz, CDCls) 6 2.19 (s, 3H), 4.12 (s, 2H), 4.78 (s, 2H), 7.51-7.55
(m, 3H), 7.83-7.90 (m, 4H); >C NMR (75 MHz, CDCls,) § 26.4, 73.3, 75.1, 125.7, 126.1, 126.2,
126.8, 127.7, 127.9, 128.4, 133.1, 133.2, 134.6, 206.5; HRMS (ESI) m/z calcd for C;4sH 40,

[M+Na]" 237.0891, found 237.0896.

(2R.3R)-Methyl 3-(benzyloxy)-2-hydroxy-4-oxo0-2-styrylpentanoate 3a

0]
BnO
WOH
Ph N COOMe
3a

A yellow oil; two diastereomers were obtained in a ratio of 2 to 1, with ee values at 87% and
64%, respectively; the syn isomer: tg (major) = 33.04 min, tg (minor) = 42.12 min; the anti
isomer: tg (minor) = 45.43 min, tg (major) = 68.56 min (Chiralcel AD-H, A = 254 nm, 5%

iPrOH/hexanes, flow rate = 0.8 mL/min); "H NMR (500 MHz, CDCls, mixture of diastereomers)
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§2.25 (s, 3H), 2.29 (s, 3H), 3.70, (s, 6H), 3.86 (s, 2H), 4.10 (s, 1H), 4.11 (s, 1H), 4.23-4.78 (m,

4H, CH, for both diastereomers), 6.20 (d, J = 15.7 Hz, 1H), 6.25 (d, J = 15.7 Hz, 1H), 6.87 (d, J

= 15.7 Hz, 1H), 6.96 (d, J = 15.7 Hz, 1H), 7.28-7.41 (m, 20H); >C NMR (125 MHz, CDCl;,

mixture of diastereomers) & 28.1, 53.4, 79.7, 87.4, 123.9, 126.1, 126.7, 126.9, 127.9, 128.1,

128.3, 128.5, 131.7, 131.9, 135.9, 136.3, 172.6, 207.7; HRMS (ESI) m/z calcd for C;;H»,0s5

[M+Na]" 377.1359, found 377.1359.

Chromatogram
gg-824[AD]-1 C: LabSolutions zShimadzu gg-824[AD]-1 1cd

a 1‘_: Q0000
10000004
3000004 _ I :
o = ry -
ot o '_" o
I.".I 4 =
ik WO ek ~
AN I NN g8
L S — =S ) e — —_— — = - — |
T T T T
40 | &0 | g

1 DetAChl/ 2540m

Detector A Chl 254nm

PeakTable

Peal= Name Ret. Time Height
1|RT33.312 33.312 375782
2|RT42.235 427335
3|RT45.615 45615
4|RT68.134 68.134

Tota

(racemic 3a)
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Chromatogram
22-825-b[AD]-1 C:' LabSolutions zShimadzu' gg-825-b[AD]-1 1ed

Y 00000
| £
2000001 I
| |||
|
] | |
100000 [
4 | b
| | % I
\ = b =
|\ N :
| \\ o = s \
P D A NUA o S
a
"1Det A Chul
| — ——————— | | | .
20 30 40 0 60 70

min
1 DetAChl/254nm

PeakTable
Detector A Chl 254nm
Peak= Name Ret. Time Area Height Area % Unity
1[RT33.041 33.041 18535305 212810 72391 |mgL
2|RT42.120 42120 1320825 17070 5.159]mgL
3|RT45.437 45437 1040041 12606 4.082[mgL
4|RT68.561 68.561 4708313 30963 18.380|mg L
Tota 25804486 273450 100.000

(enatiometrically enriched 3a)

(2R.3R)-Ethyl 3-(benzyloxy)-2-hydroxy-4-oxo-2-styrylpentanoate 3b

(0]
BnO
WOH
Ph N COOEt
3b

The syn diastereomer was isolated as a yellow oil; the ee value was 91%; tg (major) = 34.50 min,
tr (minor) = 41.02 min (Chiralcel AD-H, A = 254 nm, 3% iPrOH/hexanes, flow rate = 0.8
mL/min); '"H NMR (500 MHz, CDCl3) & 1.21 (t, J = 7.2 Hz, 3H), 2.25 (s, 3H), 3.88 (s, 1H),
4.10-4.27 (m, 3H), 4.43 (d,J=11.3 Hz, 1H), 4.69 (d, J=11.3 Hz, 1H), 6.26 (d, J = 15.7 Hz, 1H),
6.88 (d, J = 15.8 Hz, 1H), 7.28-7.41 (m, 10H); >*C NMR (125 MHz, CDCl;)  14.0, 26.4, 62.8,
73.3, 79.2, 87.7, 124.1, 126.9, 127.9, 128.0, 128.2, 128.5, 128.6, 131.6, 136.0, 137.1, 172.1,

206.7; HRMS (ESI) m/z calcd for CyHy405 [M+Na]" 391.1516, found 391.1526.
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Chromatogran:
gg-828-r[AD]-3 ' LabSolutions' zShimadzn'gg-828-1[AD]-3.1cd

Lt
0000
-+
500000~
250000+ i =
E N o
] A ,\*\
b I !
J— - il T
i “Det. A Chl
— T —— T T T T T
25 30 35 40 45 50
min
1 Det.AChl/234nm
PeakTable
Detector A Chl 234nm
Peal= MName Bef Time Ares Heighi Area s Uit
1[RT35.306 35.306 11306270 172835 43.640(ma T,
2[RT42.028 42.028 11938397 142336 51300 mgL.
Tota 23244667 315170 100.000
(racemic 3b)
Chromatogram.
£2-828-c[AD]-1 C:'LabSolutions'zShimadzu'gg-828-c[AD]-1 Ied
uVv
2000000 g
: 3
] =
1500000} k’
| l
1000000 “
j |
500000 * {f
i o
] i g
] i i =
o PN =
3 *1Det A Chl
——— T T T T T T T
10 20 30 40 30 &
min
1 Det.AChl/254nm
TeakTable
Detector A Chl 254nm
Peak= Name Ret. Time Area Height Area % Units
1[RT34 508 34.508 55 1738321 95 466 mg'T.
2|RT41.026 41.026 22622 4534 | mgL
Tota 176004 100.000

(enatiometrically enriched 3b)
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(2R, 3R)-tert-Butyl-3-(benzyloxy)-2-hydroxy-4-o0xo0-2-styrylpentanoate 3¢

0]
BnO
“OH
Ph X COOtBu
3c

The syn diastereomer was isolated as a yellow oil; the ee value was 55%; tg (major) = 37.71 min,
tr (minor) = 41.74 min (Chiralcel AD-H, A = 254 nm, 3% iPrOH/hexanes, flow rate = 0.8
mL/min); 'H NMR (500 MHz, CDCl3) 6 1.46 (s, 9H), 2.22, 2.26 (2s, 3H, CH; for two
diastereomers), 3.88 (s, 1H), 4.20 (s, 1H), 4.23-4.62 (m, 2H), 6.25 (d, J = 15.8 Hz, 1H), 6.86 (d,
J=15.7 Hz, 1H), 7.26-7.46 (m, 10H); °C NMR (125 MHz, CDCl;) & 26.4, 27.9, 73.3, 79.1, 83.9,
88.2, 124.7, 126.9, 127.9, 128.2, 128.3, 128.5, 129.0, 131.4, 136.2, 137.1, 171.1, 208.4; HRMS

(ESI) m/z caled for Co4HagOs [M+Na]™ 419.1829, found 419.1829.

Chromatogram
gg-822-R[AD]-1 C:'LabSolutions'zShimadzu'gg-822-R[AD]-1 lcd
"Y00000

200000+

1 = S
100000+ o 5

o —— —
\1Det A 1

min
1 Det.AChl/254nm

PeakTable
Detector A Chl 254nm
Peaks# Name Ret. Time Area Heighi Area % Units
1|RT38.203 38.203 4200433 53508 45.390 mgT
2|RT42.096 42.006 5062573 50789 54.601|mgL
Tota 0272006 113387 100.000

(racemic 3C)
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Chromatogram

gg-822-c[AD]-1 C: LabSolutions'zShimadzu'gg-822c[AD]-1.1cd

00000
20000004
1000000+ \

i . __—r

N - —
1 T I T I T I T T I T T I T T I T I T T
36 37 38 30 40 41 42 43 44
min
1 DetAChl/254nm
PeakTable
Detector A Chl 254nm
Peaks Name Ret. Time Area Heighi Area % Units
1|RT37.713 37.713 84205418 807107 77.570{mgL
J[RT41.743 41.743 24348376 263148 22430{mgL
Tota 108533794 1160255 100.000

(enatiometrically enriched 3c)

*1Det. A Chl

(2R.3R)-Ethyl 2-hydroxy-3-(naphthalen-2-ylmethoxy)-4-oxo0-2-styrylpentanoate 3d

SOV
0]
WOH
Ph N COOEt
3d

The syn diastereomer was isolated as a yellow oil; the ee value was 91%; tg (major) = 23.75 min,

tr (minor) = 25.75 min (Chiralcel AD-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 0.8

mL/min); 'H NMR (500 MHz, CDCls) & 1.09 (t, J = 7.2 Hz, 3H), 2.28 (s, 3H), 3.91 (s, 1H),

4.01-4.07 (m, 1H), 4.17-4.23 (m, 1H), 4.30 (s, 1H), 4.57 (d, J = 11.3 Hz, 1H), 4.87 (d, J = 11.3

Hz, 1H), 6.26 (d, J = 15.7 Hz, 1H), 6.88 (d, J = 15.7 Hz, 1H), 7.26-7.88 (m, 12H); °C NMR

(125 MHz, CDCls, syn isomer) 813.9, 26.4, 62.8, 73.4, 79.2, 87.5, 124.1,125.7, 126.1, 126.2,

126.4, 126.8, 126.9, 127.3, 127.7, 127.9, 128.4, 128.5, 131.6, 133.1, 134.6, 136.0, 172.1, 206.6;
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39.9 (¢ = 1.00 in CHCl;); HRMS (ESI) m/z caled for CosHpsOs [M+Na]™ 441.1672,

25 _
[a]"p = —
found 441.1686.
Chromatogram
gz-846-r-1[AD]-2 C:'LabSolutions' zShimadzu'\gg-846-r-1[AD]-2 1ed
"Ws0000+
200000 s
]
150000 o £
] [ 2
7 b [
100000+ III .\\ / \
E |II \ .‘II II\
50000 / \ \
] / Jfl \\
OE_ _ —___.-——-; —_— e —
. “Det A Chl
s ©
200 225 250 275 300
min
1 DetAChl/254nm
PeakTable
Detector A Chl 254nm
Peaks Name Ret. Time Area Height Area % Units
1|RT23.510 23.510 6608412 146358 48.124|mgL
2|RT25.7809 25.789 7123756 131973 51.876|mgL
Tota 13732168 278331 100.000
(racemic 3d)
Chromatogram
g2-846-c-1[AD]-1 C:' LabSolutions zShimadzu' gg-846-c-1[AD]-1 1ed
uV
3000000 &
] =
il
4 il
I
- | |
2000000 [
| [
i | ||
] [
1000000+ || |
1 [ £
] | | v
] \ f]
] AN
o - A
1 T L T L L L T T 7T T T T T 7T T T T T 7T T rr T 1T T T T T T lDET‘& Gll
125 1.0 175 200 225 250 275 300 325
min
1 DetAChl/254nm
PeakTable
Detector A Chl 254nm
Peaks Name Ret. Time Area Height Area % Units
1|RT23.750 23.750 123413192 2523577 95.536|mgL
2[RT25.751 25751 5766087 141576 4464 [mg T
Tota 120180179 2665133 100.000

(enatiometrically enriched 3d)
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(2R,3R)-FEthyl 3-(2.,2-diphenylethoxy)-2-hydroxy-4-oxo-2-styrylpentanoate 3e

Ph
Ph)\ 0
o)
\OH
Ph " COoOEt
3e

A 2:1 (syn:anti) diastereomeric mixture was isolated as a yellow oil; the ee values were 44% and
87%; the syn isomer: tg (major) = 11.05 min, tg (minor) = 14.07 min, the anti isomer: tg (minor)
= 27.01 min, tg (major) = 33.94 min (Chiralcel AD-H, A = 254 nm, 10% iPrOH/hexanes, flow
rate = 1.0 mL/min); '"H NMR (500 MHz, CDCl5) 6 0.92 (t, J = 6.9 Hz, 3H), 1.11 (t, J = 7.4 Hz,
3H), 2.25 (s, 6H), 4.02 (s, 1H), 4.10 (s, 1H), 4.16-4.32 (m, 8H), 6.15 (d, J = 16.4 Hz, 1H), 6.23
(d, J=15.7 Hz, 1H), 6.90 (d, J = 15.7 Hz, 1H), 6.94 (d, J = 15.7 Hz, 1H), 7.28-7.48 (m, 30H);
C NMR (125 MHz, CDCl;) & 14.1, 26.8, 62.5, 80.0, 85.4, 126.5, 126.8, 127.1, 127.4, 127.5,
127.7, 127.8, 128.4, 128.5, 129.0, 131.6, 134.0, 141.1, 142.1, 148.5, 172.2, 207.0; HRMS (ESI)

m/z calcd for CogH305 [M+Na]™ 467.1829, found 467.1843.
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Chromatogram
2g-845-1-1JAD]-1 C:'LabSolutions zShimadzu' gg-845-r-1[AD]-1 led

"oo00o
150000}
100000
] q 2
= =
30000—_ N E
: L AN
o -— . — _
] \
. 1Det A Chl
-50000H————— ©
o 10 1 12 13 14 15 16 17
min
1 DetAChl/2534nm
PeakTable
Detector A Chl 254mm
Peaks Name Ret. Time Area Height Area % Units
1|RT11.251 11.251 1234302 42038 52.001 | ppm
2[RT14372 14379 1135274 31692 47.909] ppm.
Tota 2360665 73730 100.000
Chromatogram
22-845-1-2[AD]-1 C: LabSolutions zShimadzu' gg-845-r-2[AD]-1 led
U 50000
100000+
7 g =
30000+ = <
J » 7
i ) o
| ,f\ —/\
H / —— — m)
I '1Det A Chl
S-—— 7 T T 7 T T T 7 T T T T T T T T T T T T
250 275 300 izs 350 LY
min
1 DetAChl/254nm
PeakTable
Detector A Chl 254nm
Peak= Name Ret. Time Area Height Area % Units
1|RT27.440 2740 2106400 33085 50.201 | ppm
J[RT34400 34400 2031841 26269 40.000 | ppm
Tota 4138241 60254 100.000

(racemic 3e)
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Chromatogram
gg-845-c-12[AD]-1 C:'LabSolutions zShimadzu'\gg-845-c-12[AD]-1 1cd

00000 _
] |'r||_
20000004 Il ||
A -
| s
| | 2
1000000 | | o= _
] | II 'I II| -':':;
: | | II | z ; =
Vo E / \
-— 'l Nl N = ;‘I s o
1 T I I I T I I T T T I T T T -lDeT-_\- Ull
10 15 20 25 30 35 40

min
1 DetAChl/254nm

PeakTable
Detector A Chl 254nm
Peak® Name Ret. Time Area Height Area % Units
1[RT11.059 11.059 112628156 2406304 36.529| ppm
2|RT14.078 14.078 43887350 083560 22027 ppm
3|RT27.014 27.014 2737182 41045 1.374|ppm
4|RT33.941 33941 30087132 #5163 20.070{ ppm
Tota 190230820 3876281 100.000

(enatiometrically enriched 3e)

(2R.3R)-Ethyl 2-hydroxy-3-(naphthalen-2-ylmethoxy)-2-(4-nitrostyryl)-4-oxopentanoate 3j

The diastereomeric mixture was isolated as a yellow oil in an 86% combined yield, and both
diastereomers were easily separated; The ee value of the Syn isomer was 99%; tr (major) = 38.19
min, tg (minor) = 49.60 min (Chiralcel AD-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.8
mL/min); '"H NMR (500 MHz, CDCl3) & 1.09 (t, J = 6.9 Hz, 3H), 2.29 (s, 3H), 3.96 (s, 1H),
4.04-4.25 (m, 2H), 4.27 (s, 1H), 4.58 (d, J = 12.0 Hz, 1H), 4.88 (d, J = 12.0 Hz, 1H), 6.43 (d, J =
15.8 Hz, 1H), 6.92 (d, J = 15.8 Hz, 1H), 7.37-8.18 (m, 11H); °C NMR (125 MHz, CDCl;) &

13.9, 28.0, 63.2, 73.7, 79.4, 87.4, 123.9, 125.9, 126.4, 126.5, 127.3, 127.4, 127.5, 127.7, 127.9,
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128.5, 129.0, 129.5, 129.8, 133.1, 133.2, 133.4, 142.4, 147.2, 171.5, 208.3; [a]*p = -37.4 (c =

2.00 in CHCl3); HRMS (ESI) m/z calcd for CosH,sNO7 [M+Na]™ 486.1523, found 486.1521.

Chromatogram
B £2-872--d12-r[AD]}-1 C'LabSolutions zShimadew 22-372--d12-[AD}-1.lcd
0000
i
1500000}
1000000 -
1 3
x 1 & =
00000 /\ &
d L N
] !‘me 4 Chi
s 1.
B e Sy S o 04 e 05 M o A A e 8 R
320 JES 425 $H.0 415 0.0 3235
min
1 Det.A& Chl/2540m
PeakTable
Detector A €hl 254mm
Peal# Name Ret Time Area Heiglit Area % Units
1|RT36.161 36.161 39732018 470766 50 268[mg L
2IRT43042 48042 30308784 366531 49 B mgL
Tonal Te040802 837297 100.000
(racemic 3j)
Chromatogram
2g-872—d1-c[AD]-1 C:'LabSolutions zShimadzu gg-872--d1-c[AD]-1 led
Y5000
2000004
1500004 B
100000 f
1] ."I
] /
50000+ / =
] =
: A - E
0_ —
I 1Det A Chl
L e s s sy L s ) e B N N s L S
20 25 30 35 40 45 50 35
min
1 DetA Chl/254nm
PeakTable
Detector A Chl 254nm
Peak® Name Ret. Time Area Height Area % Units
1|RT38.198 38.193 37213436 130705 00.904|mo T
2| RT49.600 49.600 35783 0 0.096| mgL
Tota 37240210 130705 100.000

(enatiometrically enriched 3j)
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(2R.3R)-Ethyl 2-(4-chlorostyryl)-2-hydroxy-3-(naphthalen-2-ylmethoxy)-4-oxopentanoate 3k

The diastereomeric mixture was isolated as a yellow oil in an 82% combined yield, and both
diastereomers were easily separated; The ee value of the syn isomer was 99%; tg (minor) = 38.67
min, tg (major) = 41.08 min (Chiralcel AD-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.8
mL/min); '"H NMR (500 MHz, CDCl3) & 1.09 (t, J = 7.2 Hz, 3H), 2.28 (s, 3H), 3.92 (s, 1H),
4.01-4.08 (m, 1H), 4.17-4.24 (m, 1H), 4.27 (s, 1H), 4.57 (d, J = 11.9 Hz, 1H), 4.87 (d, J = 12.0
Hz, 1H), 6.23 (d, J = 15.7 Hz, 1H), 6.82 (d, J = 15.8 Hz, 1H), 7.27-7.89 (m, 11H); >C NMR
(125 MHz, CDCls) 6 13.9, 28.1, 62.9, 73.4, 79.2, 87.5, 124.8, 125.7, 125.9, 126.1, 126.3, 126.4,

126.8, 127.3, 127.7, 127.9, 128.1, 128.4, 128.7, 130.3, 133.1, 133.7, 134.6, 171.9, 206.6; [a.]*’p

= -34.6 (c = 2.00 in CHCl3); HRMS (ESI) m/z calcd for Cy6HpsC10s [M+Na]"™ 475.1283, found

Chromatogram
22-873--d1-r[AD]-2 C: LabSolutions zShimadzu' gg-873--d1+[AD]-2.1ed
uv
1000000
7500004
5000004 -
1 :
250000 & =
1 s T ,,4 B
La
-2500004 "1Det A Chl
e e e L B LA o e o e e o AL A e s e e s
36 37 38 39 40 41 42 43 H
min
1 DetAChl/254nm
PeakTable
Detector A Chl 254nm
Peaks# Name Ret. Time Area Heighi Area % Units
1|RT38.197 38.197 10131036 106639 46.081 | mgL
2[RT41.598 41.598 11854298 163199 33.919]mg’L
Tota 21985334 269838 100.000

(racemic 3K)
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Chromatogram
22-873—d1-c[AD]-1 C: LabSelutions zShimadzu' gg-873--d1-c[AD]-1 1ed

uVv
1000000

] g
750000 g

] N

] M\
5IJIJIJ00—_ | I'.

] I|I l'ul
250000] e |\

] I '\.\

0_: R S e o i
22500001 “IDet.A cn1
—T—T—T 7 T T T — T
20 25 30 35 40 43 50 55
min
1 DetAChl/254nm
PeakTable
Detector A Chl 234nm
Peak= Name Ret. Time Area Height Area % Units
1|RT38.676 38.676 154878 2511 0.228 mgT
2|RT41.089 41.080 67830422 682816 00.772|mgL
Total 67085200 685323 100.000

(enatiometrically enriched 3k)

(2R.3R)-Ethyl 2-hydroxy-2-(4-methoxystyryl)-3-(naphthalen-2-ylmethoxy)-4-oxopentanoate 3l

The diastereomeric mixture was isolated as a yellow oil in 93% combined yield, and both
diastereomers were easily separated; The ee value of the syn isomer was 77%; tg (minor) = 99.65
min, tg (major) = 107.20 min (Chiralcel AD-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.8
mL/min); "H NMR (500 MHz, CDCl3) & 1.08 (t, J = 7.2 Hz, 3H), 2.27 (s, 3H), 3.82 (s, 3H), 3.87
(s, 1H), 4.02-4.21 (m, 2H), 4.28 (s, 1H), 4.56 (d, J = 11.3 Hz, 1H), 4.88 (d, J = 11.3 Hz, 1H),
6.11 (d, J = 15.7 Hz, 1H), 6.80-7.88 (m, 12H); C NMR (125 MHz, CDCl3) §13.9, 28.2, 55.3,
62.8,73.4,79.2,87.6,113.9, 121.8, 125.9, 126.3, 126.4, 127.3, 127.7, 127.9, 128.1, 128.4, 128.7,

131.0, 133.1, 133.8, 159.6, 172.3, 207.9; [0’ = —7.4 (c = 1.00 in CHCl3); HRMS (ESI) m/z
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caled for C,7Hag06 [M+Na]" 471.1778, found 471.1790.

Chromatogram
£g-879--d1-r'[AD]-1 C:' LabSolutions zShimadzu' gg-870--d1-r[AD]-1 1ed
Wo0000
150000
1000001

wn
=1
(=]
=

.

|

| RTI01.6%0

|

|

/

] \
-500004————— 11—+ DAl
90 95 100 105 110 115
min
1 Det.AChl/254nm
PeakTable
Detector A Chl 254nm
Peak= Name Ret. Time Area Heighi Area% Units
1/RT101.690 101.690 8745753 48079 49.644| mg/L
2|RT110.087 110.087 8871290 44613 30.356|mg’L
Tota 17617045 93692 100.000
(racemic 3I)
Chromatogram
2g-879-—-d1-c[AD]-2 C:'LabSolutions'zShimadzu' gg-879--d1-c[AD]-2 Icd
uV
7350000+
5000004
250000+ R
] 2
] o
01— — T ——— = \
] T T I T T T T I T T T T I T T T T I T T T T \.l DET‘% L—hl
80 90 100 110
min
1 DetAChl /254nm
PeakTable
Detector A Chl 254nm
Peals Name Ret. Time Area Height Area % Units
1[RT90.650 00.650 10334001 77133 11.403|mgL
2|RT107.200 107.200 80200262 200208 88507 mgL
Tota 00624263 376431 100.000

(enatiometrically enriched 3I)
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(2R,3R)-Ethyl 2-hydroxy-2-(3-methoxystyryl)-3-(naphthalen-2-ylmethoxy)-4-oxopentanoate 3m

The diastereomeric mixture was isolated as a yellow oil in an 81% combined yield, and both
diastereomers were easily separated; The ee value of the syn isomer was 99%; tg (minor) = 18.48
min, tg (major) = 21.31 min (Chiralcel AD-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0
mL/min); '"H NMR (300 MHz, CDCl3) § 1.11 (t, J = 7.2 Hz, 3H), 2.30 (s, 3H), 3.82 (s, 3H), 3.93
(s, 1H), 4.03-4.25 (m, 2H), 4.31 (s, 1H), 4.58 (d, J = 11.8 Hz, 1H), 4.89 (d, J = 11.8 Hz, 1H),
6.28 (d, J = 15.7 Hz, 1H), 6.82-7.89 (m, 12H); °C NMR (75 MHz, CDCls,) & 13.9, 28.1, 29.7,
62.9,73.5 (d, J=5.5 Hz), 75.3, 79.4, 87.7, 115.8 (d, J = 13.1 Hz), 124.1 (d, J = 2.2 Hz), 124.5
(d, J=1.6 Hz), 125.8 (d, J = 15.8 Hz), 126.4 (d, J =4.4 Hz), 126.9 (d, J = 3.3 Hz), 127.3, 127.7,
128.0, 128.2 (d, J =2.2 Hz), 128.4, 129.4 (d, J = 5.5 Hz), 133.2 (d, J = 3.8 Hz), 133.8, 160.5 (d,
J = 149.8 Hz), 172.0, 207.9; [a]*’p = —70.8 (c = 4.00 in CHCl;); HRMS (ESI) m/z calcd for

C7H2506 [M+Na]" 471.1778, found 471.1782.
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Chromatogram

g2-806--r-d1[AD]-2 C: LabSolutions' zShimadzu gg-896--r-d1[AD]-2 led

uV
10000-]
75004 " -::
] g
] E /_\ \
5000} ~ /N
] /
] /
2500 /
e e gt
1 = [ e g
o
1 T T T T T T T T T T T T T T T T T T T T T T T T T \1 DEL_A‘ Chl
18 19 20 21 22 23
min
1 DetAChl/2540m
PeakTable
Detector A Chl 254nm
Peal= Name Ret. Time Area Heipht Area % Units
1|RT20.422 20.422 251210 4080 40.067 | mgL
2|RT22.002 22.002 251540 748 30.033|mgL
Tota 302750 0§20 100.000
(racemic 3m)
Chromatogram
gg-396--c-d1[AD]-2 C: LabSelutions'zShimadzu'gg-§96--c-d1[AD]-2 led
Woo0a0 _
E:
. =
2. A
1 _I'I t
2000000 I
1] I
L
i ¥ f
}
| f f
1000000 } |
L
] [
| ) !
] S \\
o B S S E ——
E ‘1Det A Chl
TF T l_[ T ¥ Lt '[_l ) T f_r T ¥ J_| L B b 3 l T r Ll
5 0] 15 20 25 30
min
Det A Chl /254am
PeakTable
Detectar A Chl 234nm
Peak= Name Ret. Time Area Heighi Area % Units
1|RT18 483 19,025 77596 4885 0.035|mg/T.
2|RT21314 21314 218541087 1430263 00065 [ mgL
Tota 218613683 1435148 100.000

(enatiometrically enriched 3m)

(2R,3R)-Ethyl 2-(3-bromostyryl)-2-hydroxy-3-(naphthalen-2-ylmethoxy)-4-oxopentanoate 3n
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The diastereomeric mixture was isolated as a white solid in an 87% combined yield, and both
diastereomers were easily separated; The ee value of the syn isomer was 95%; tg (minor) = 35.71
min, tg (major) = 38.34 min (Chiralcel AD-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.8
mL/min); "H NMR (300 MHz, CDCl3) & 1.10 (t, J = 7.3 Hz, 3H), 2.30 (s, 3H), 3.82 (s, 3H), 3.99
(s, 1H), 4.04-4.25 (m, 2H), 4.30 (s, 1H), 4.58 (d, J = 11.8 Hz, 1H), 4.88 (d, J = 11.8 Hz, 1H),
6.30 (d, J = 15.6 Hz, 1H), 6.83 (d, J = 15.7 Hz, 1H), 7.15-7.90 (m, 10H); *C NMR (75 MHz,
CDCl) 6 13.8, 28.0, 62.9, 73.3, 79.1, 87.4, 122.6, 125.6, 125.8, 126.0, 126.2, 126.3, 126.7, 127.2,
127.6, 127.8, 128.3, 129.5, 130.8, 133.0, 133.6, 134.5, 138.0, 171.8, 207.9; [a.]”’p = —25.3 (c =

1.00 in CHCl3); HRMS (ESI) m/z calcd for CsH,sBrOs [M+Na]" 519.0778, found 519.0793.

Chromatogram
g2-882-d1-1[AD]-3 C: LabSelutions zShimadzw gg-882—d1r[AD]-3 1ed

¥a0000
400000
300000+

200000

AA

RT38 888

RT36.64 1

100000

O_i—f___ e

|
‘1Det A Chl

0000 ———————T T
s 5 33 75 25

min
I DetAChl/ 254nm

PeakTable
Detector 4 Chl 254nm
Peal Name Ref. Time Area Height Area % Units
1NRT36.641 36.641 3758474 64180 51399 mgL
J[RT33.388 38.888 3553840 33014 48.601jma L
Tota 7312313 120093 100000

(racemic 3n)
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Chromatogram
2g-882—dl-c[AD]-1 €' LabSolutions'zShimadzu' gg-882--d1-c[AD]-1 led

500000
3
] g
.{‘r
20000004 f i
1 f
[
. I
1000006 | fl
) o III i
) |
e N
1= Jaamne e S iy S
1Det. A Chl
— T T T T T T T T T T [ T T T T T
20 25 30 35 40 45 50
min
1 DetAChl/2¥am
PegkTable
Detector & €hl 254nm
Peaks Name Ret. Time Area Height Area % Uhnits
1|RT35713 35713 5163361 118335 2.723[mg/T
2|RT38.348 38.348 184462261 2007551 07377 mgL
Total 180625622 2145000 100.000

(enatiometrically enriched 3n)

(2R,3R)-Ethyl 2-hydroxy-2-(3-methylstyryl)-3-(naphthalen-2-ylmethoxy)-4-oxopentanoate 30

The diastereomeric mixture was isolated as a white solid in an 81% combined yield, and both
diastereomers were easily separated; The ee value of the syn isomer was 91%; tg (minor) = 31.29
min, tg (major) = 34.09 min (Chiralcel AD-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.8
mL/min); "H NMR (300 MHz, CDCl3) & 1.11 (t, J = 7.0 Hz, 3H), 2.30 (s, 3H), 2.36 (s, 3H), 3.92
(s, 1H), 4.03-4.27 (m, 2H), 4.31 (s, 1H), 4.58 (d, J = 11.8 Hz, 1H), 4.89 (d, J = 11.8 Hz, 1H),

6.27 (d, J = 15.7 Hz, 1H), 6.87 (d, J = 15.7 Hz, 1H), 7.09-7.91 (m, 10H); *C NMR (75 MHz,

S24



CDCL, syn isomer) & 13.8, 21.2, 28.0, 62.7, 73.3, 79.1, 87.5, 123.8, 124.1, 125.8, 126.2, 126.3,
127.2, 127.4, 127.6, 127.9, 128.3, 128.8, 131.6, 133.0, 133.1, 133.7, 135.8, 138.0, 172.0, 207.7;
[a]”’p = =50.6 (c = 4.00 in CHCls); HRMS (ESI) m/z caled for Co7HasOs [M+Na]' 455.1829,

found 455.1824.

Chromatogram
228905 -d1[AD]I O LabSolutions'zShimadzu' gg-805-—r-d1[AD}- 1 1ed
uV
4
1500064 =
i o =
i i £
100000 [y il
1 o g4
1 P} [
E o b
] i 5 P
| \
50000 Py
; f L'\j."‘ \
| ;
o] G :"“"-—»—-._,_._ﬁf___ -
1Det. A ChL
R Bt o B e b e e B e e e e LA e e e A B
225 250 15 300 325 350 375 400 25 450
min
1 DetA Chl/254nm
PeakTable
Detector 4 Chi 254nm
Peal= Name Ret. Time Area Height Area % Units
1[RT31.131 31.131 5881116 106832 S5L378|mgL
2|RT33.753 33753 35715035 88430 48.622|ma’ L
Tofa 11466171 105363 100.00G
(racemic 30)
Chromatogram
2g-805—¢—d1[AD]-1 C: LabSolutions z8lnmadaw gg-§95--c-d1[AD]-1 led
uv
] e
1000000 e
] ]
; [l
3 Fi
7500004 £
] i
] P
500000 I} Q
1 [
3 = 1k
- a | [
250 \JOO—_ < t '\
] =l \
i |
i 4.0 S
] t—1Det A Chil
T T T T T T T T T T
15 20 25 30 33 40 43 30
min

1 DetAChl/25%mm

PeakTable
Detector A Chl 254nm
Peals Name Ret. Time Atea Herghi Area % Uts
I} RT31.296 31.296 4547677 2 4581 [mpg/T.
J[RT34.000 39,05 94720385 95419]mg L
Tota 29268042 100.000

(enatiometrically enriched 30)
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(2R,3R)-Ethyl 2-(2-fluorostyryl)-2-hydroxy-3-(naphthalen-2-ylmethoxy)-4-oxopentanoate 3p

The diastereomeric mixture was isolated as a white solid in an 83% combined yield, and both
diastereomers were easily separated; The ee value of the syn isomer was 90%; tg (minor) = 51.45
min, tg (major) = 55.43 min (Chiralcel AD-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.5
mL/min); '"H NMR (500 MHz, CDCls) § 1.09 (t, J = 7.2 Hz, 3H), 2.29 (s, 3H), 3.93 (s, 1H),
4.03-4.23 (m, 2H), 4.30 (s, 1H), 4.58 (d, J =11.3 Hz, 1H), 4.87 (d,J=11.3 Hz, 1H), 6.38 (d, J =
15.7 Hz, 1H), 7.00-7.86 (m, 12H); >*C NMR (125 MHz, CDCl;) & 13.8, 28.1, 62.9, 73.5, 79.3,
87.6, 115.6, 115.8, 124.0, 124.4, 125.9, 126.3, 126.4, 126.9, 127.3, 127.7, 127.9, 128.2, 128.4,
129.4, 133.2, 133.7, 159.4, 161.4, 171.9, 207.9; [a]”p = —102.8 (c = 4.00 in CHCls); HRMS

(ESI) m/z caled for CosHasFOs [M+Na]" 459.1578, found 459.1584.

Chromatogram
z2 800 r dl[AD] 1C: LabSolutions z8himadzu gz 801 £ d1[AD] 1led
Wogooe
1000000
2 ¢
| ~ =
300000 ™\ £\
¢ % £ 5,
! £
] I.»'I \\_A\
] B _4“5;_/-— TRe
T — T
4 .
1Det.A Chl
T i T T i

R e
40.0 23 430 473 360 323 50 315
rin

1 DetAChl 234nm

DeskTable
Detector A Chl 234nm

Peak=s Name Ret. Time Area Heioht Area e Unets
1|RT48.526 48.506 & '3 470474 40,688 ma L
2|RT32.582 33.502 32631631 358366 30.312[mz L

Tota [LEESEN 538880 100,000
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(racemic 3p)

Chromatogram
£7-804-—-c-d1[AD]-2 C: LabSolutions' zShimadzuw' gg-894--c-d1[AD]-2 led
uv
750000+
500000 E:
ﬂ.x
I
i
] A
2500004 || |
1 =il |
= |\
B \
] e |
/
o - 2.0 P,
1 ‘1Det. A Chl
— T T T T — T T
20 30 40 30 60 70 8

min

1 DetAChl/254nm

PeakTable
Detector A Chl 254nm
Peal Name Ret. Time Area Height Area % Units
1|RT51.453 51453 3052340 33069 3284 mgT
2|RT55435 554335 54711930 383845 04.716[mgL
Tota STT6HT9 417814 100.000

(enatiometrically enriched 3p)

(2R,3R)-FEthyl 2-hydroxy-2-(2-methylstyryl)-3-(naphthalen-2-ylmethoxy)-4-oxopentanoate 39

The diastereomeric mixture was isolated as a white solid in a 97% combined yield, and both
diastereomers were easily separated; the ee value of the syn isomer was 99%; tg (minor) = 29.90
min, tg (major) = 32.21 min (Chiralcel AD-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.8
mL/min); '"H NMR (500 MHz, CDCl3) § 1.09 (t, J = 7.0 Hz, 3H), 2.30 (s, 3H), 2.34 (s, 3H), 3.93
(s, 1H), 4.02-4.23 (m, 2H), 4.30 (s, 1H), 4.57 (d, J = 11.3 Hz, 1H), 4.87 (d, J = 11.9 Hz, 1H),

6.15 (d, J = 15.1 Hz, 1H), 7.09-7.86 (m, 12H); *C NMR (125 MHz, CDCl;) & 13.9, 19.7, 26.4,
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62.8,73.4,79.3,87.7,125.7,126.1, 126.2, 126.8, 127.7, 127.9, 128.4, 129.6, 130.2, 133.1, 133.2,

134.6, 135.9, 143.0, 172.2, 206.5; [a]*’p = =73.0 (¢ = 5.00 in CHCls); HRMS (ESI) m/z calcd

for Co7H,505 [M+Na]" 455.1829, found 455.1835.

Chromatogram
gg-893--r-d1[AD]-3 C:\LabSolutions'zShimadzu'\gg-893--r-d1[AD]-3 1cd

00000
1500000
1000000
] 3
500000+ [ =
4 i
T .l'lr ’\/
4 / A
4 -"__,.----" —
e s A s ——
E *"1Det.A Chl
200 25 ‘:{IJ J'I‘w ?IJIO 325
min
1 Det.AChl/254nm
PeakTable
Detector A Chl 2534nm
Peak= Name Ret. Time Area Height Area % Units
1|RT25.540 25.540 14642990 346275 50.940| mgT
2[RT26.964 26.964 14102341 208773 40.060|mgL
Total 28743330 G43048 100.000
(racemic 3Q)
Chromatogram
22-893-—c-d1[AD]-1 C:'LabSolutions'zShimadzi gg-893--c-d1[AD]-1.1ed
“%00000
400000
300000
200000
100000 5
i =
]
oF———— = -
T T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T lDET‘%- C.rll
15 20 25 30 35 40 45 50
min

1 DetAChl/254nm

PeakTable
Detector A Chl 254nm
Peaks Name Ret. Time Area Height Area % Units
1[RT29.000 20000 14283 481 0.046| mg L
2|RT32.210 32.210 30747042 357843 00.054mgL
Tota 30761325 358326 100.000
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(enatiometrically enriched 3q)

(2R,3R)-Ethyl 2-hydroxy-3-(naphthalen-2-ylmethoxy)-4-0x0-2-((E)-2-(thiophen-3-

yl)vinyl)pentanoate 3r

The diastereomeric mixture was isolated as a white solid in a 90% combined yield, and both
diastereomers were easily separated; the ee value of the syn isomer was 91%; tg (minor) = 28.77
min, tg (major) = 34.60 min (Chiralcel AD-H, A = 254 nm, 20% iPrOH/hexanes, flow rate = 1.0
mL/min); '"H NMR (500 MHz, CDCls) & 1.34 (t, J = 7.2 Hz, 3H), 2.32 (s, 3H), 3.74 (s, 1H), 4.13
(s, 1H), 4.26-4.36 (m, 2H), 4.79 (d, J = 12.0 Hz, 1H), 4.95 (d, J = 12.0 Hz, 1H), 6.08 (d, J = 15.7
Hz, 1H), 6.97-7.86 (m, 11H); >C NMR (125 MHz, CDCl3) & 14.0, 28.3, 63.0, 73.5, 79.5, 87.4,
124.1, 125.0, 125.3, 125.6, 126.1, 126.2, 126.8, 127.4, 127.7, 128.0, 128.4, 133.1, 134.0, 141.1,

171.9, 206.4; [a]*p = —15.4 (¢ = 1.50 in CHCL); HRMS (ESI) m/z calcd for CpsH2405S

[M+Na]" 447.1237, found 447.1236.

Chromatogram
2z-880-1'[AD]-2 C: LabSolutions'zShimadzu'gg-880--r[AD]-2 Icd

"noooo
1
R |
400000 2
1 =
K o =
3000004 A =
1 P g2
4 P o
200000 A I
] f1 % Py
1 11
] P by
100000+ I‘ 4 f
: : /
Ay SRS R R (R G = R A— g momaon
1
J Il.
B e L B o ettt e e o W R et
225 250 25 30.0 325 350 375 40.0
min
1 DetAChl/254nm
PeakTable
Detector A Chl 254nm
Peal= Name Ret. Time Area Heaght Area % Units
1{RT28.543 28.543 20014851 300854 50.289mg/L
2| RT34.595 34.595 19754432 242003 49711 mg'L
Tota 30700284 542857 100.000
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(racemic 3r)

Chromatogram
22-880—c[AD]-2 C: LabSolutions' zShimzdzw'\ gg-880—c[AD]-2 led
uVv

]
5000004
)
|
250000 5
=
I
1 = ¢ o,
H— — —_——— J —
‘IDet.A ¢l
L i A Al Sk it At S et e A St i R Sl St 1 Dk et S |
0 25 30 35 40 45
min
1 DetAChl/254nm
PeakTable
Detector A Chl 254am
Peaks Name Ret. Time Area Heighi Area % Units
14RT28.776 28.776 399549 18218 4787w/l
J|RT34.605 34.606 17803084 193735 05.213[mgL
Tota 18792632 211952 100°000

(enatiometrically enriched 3r)

(2R,3R)-Ethyl 2-hydroxy-3-(naphthalen-2-ylmethoxy)-4-0x0-2-((E)-2-(thiophen-2-

yl)vinyl)pentanoate 3S

The diastereomeric mixture was isolated as a white solid in a 92% combined yield, and both
diastereomers were easily separated; the ee value of the syn isomer was 88%; tr (major) = 22.53
min, tg (minor) = 24.69 min (Chiralcel AD-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0
mL/min); '"H NMR (500 MHz, CDCls) § 1.09 (t, J = 6.9 Hz, 3H), 2.28 (s, 3H), 3.90 (s, 1H),
4.01-4.24 (m, 2H), 4.27 (s, 1H), 4.56 (d, J = 12.0 Hz, 1H), 4.86 (d, J = 12.0 Hz, 1H), 6.11 (d, J =

15.7 Hz, 1H), 6.95-7.89 (m, 11H); *C NMR (125 MHz, CDCl3) § 13.9, 28.2, 62.9, 73.4, 79.0,
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87.4, 123.4, 124.9, 125.1, 125.9, 126.3, 126.4, 126.9, 127.3, 127.4, 127.7, 127.9, 128.4, 133.1,

134.6, 140.9, 171.9, 207.6; [a]’p = —82.6 (c = 4.50 in CHCly); HRMS (ESI) m/z calcd for

C4H2405S [M+Na]" 447.1237, found 447.1249.

Clhromatogram
gg-887-r-d1[AD]-2 C: LabSolutions'z3 umadzw gg-89 7~r-d 1 [AD]-2 1cd

ooo0n

200000+

RT21.900

0 T T T
4 ‘1Def. A Chl
_ﬁjﬁﬁ LS L S e e [ T I T o s e T
130 125 208 25 25 375 0.0
nis
1 DetA Chl/254nm
PeakTable
Detector A Chl 234om
Pealcr Name Ret. Time Area Height Area %o Units
1IRT21.000 21.000 8633201 127713 43.178]mg/L
JPRT4H 2474 9280171 101633 51.822[mgT,
Total 17919372 370347 100.000
(racemic 33)
Chromatogram
gg 807 c d1[AD] 2 C:'LabSolutions'zShimadzu'gg 807 c dI[AD] 21cd
uVv
i
1500000+ rf
E £
1 =
i A
-1 1
10000004 i
- i
foi
3
; [t
500000 Py 5
: F o E
R a—— T T T 0
*1Det A Chl
AL R At e e A A S B I Sy AL At UL
1.0 12:5 3 T 20.0 25 230 275 300
min
1 Det.AcChl/254nm
Peaklable
Detector A Chl 254nm
Dealc MName Ret. Time Arca Height Arca % Units
1|RT22.532 22.532 75000676 1250141 04 45| mzgL
J[RT?4 601 74 607 4665701 0C195 3 853 [moT.
Tota 70674878 1340336 100.000

(enatiometrically enriched 3S)
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(2R,3R)-Ethyl 2-hydroxy-3-(naphthalen-2-ylmethoxy)-4-0x0-2-((E)-2-(pyridin-3-

yl)vinyl)pentanoate 3t

The diastereomeric mixture was isolated as a white solid in a 95% combined yield, and both
diastereomers were easily separated; the ee value of the syn isomer was 85%; tr (major) = 52.98
min, tg (minor) = 70.28 min (Chiralcel AD-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0
mL/min); '"H NMR (500 MHz, CDCls) & 1.08 (t, J = 6.9 Hz, 3H), 1.27 (t, J = 6.9 Hz, 3H), 2.29 (s,
3H), 2.33 (s, 3H), 4.04-4.33 (m, 8H), 4.57 (d, J = 12.0 Hz, 1H), 4.73 (d, J = 12.0 Hz, 1H), 4.86
(d, J=11.3 Hz, 1H), 497 (d, J = 11.3 Hz, 1H), 6.23 (d, J = 15.7 Hz, 1H), 6.35 (d, J = 15.7 Hz,
1H), 6.87 (d, J = 16.4 Hz, 1H), 6.95 (d, J = 15.7 Hz, 1H), 7.21-8.61 (m, 22H); °*C NMR (125
MHz, CDCl3) 8 13.9, 28.1, 63.0, 73.6, 79.3, 87.6, 123.4, 125.9, 126.4, 126.6, 127.3, 127.7, 127.9,
128.1, 128.4, 128.8, 131.7, 133.1, 133.4, 133.6, 148.6, 149.0, 171.7, 208.1; [a.]”p = -81.0 (c =

5.00 in CHCly); HRMS (ESI) m/z caled for CosHasNOs [M+H]™ 420.1805, found 420.1809.
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Chromatogram

22-808--1-d12[AD]-2 C:'LabSolutions zShimadzn gg-898--r-d12[AD]-2 led

(enatiometrically enriched 3t)

(2R,3R)-FEthyl 2-(3-bromophenethyl)-2.3-dihydroxy-4-oxopentanoate 4

S33

uV
1000000-]
750000
500000 g
] 2
250000+ /\ =
] | K s \
4 .’.’ ,1"
1 == i o iy
o] = —— —_—
T *1Det A Chl
— T —T—T—T—
30 40 30 a0 70 80
min
1 Det.AChl/254nm
PeakTable
Detector A4 Chl 234nm
Peak= Name Ret. Time Area Heighi Area % Units
1|RT52.080 52.080 30415861 237389 50.901 mgT
2|RT70.288 70.288 20338737 172589 49.099 ma L
Tota. 50754508 400077 100.000
(racemic 3t)
Chromatogram
. 2g-808-—c-d1[AD]-2 C: LabSelutions zSknmadan’ gz-898-¢-d1 [AD]-2 Ied
“on0a0 =
1 f
] 1
fi
1000000 f |
1
1 f i
I
] Fod
B I3 '
b
500000 I} ’r
L
| fod "
] ;o3 2
o '-7_'__*—-*—"--_.__ g~ \“‘-\-_.___
1Det A Chl
i T B N S B o L S e G
35 40 45 4 et 60 a3 7 3 80
e
I DetAChE! 2534mm
PeakTable
Detector A Chl 254nm
Peak# Name Ret, Time Area Height Area %o Units
1FRT52.988 52.988 173186593 1247874 92.351jmgL
2|RI70283 7263 14344679 95550 7648 mgT
Tota 187531271 1342424 100.000



A colorless oil; "H NMR (300 MHz, CDCl3) § 1.35 (t, J = 7.1 Hz, 3H), 2.10-2.19 (m, 2H), 2.27
(s, 3H), 2.29-2.55 (m, 1H), 2.91-2.91 (m, 1H), 3.71 (d, J = 8.7 Hz, 1H), 3.79 (s, 1H), 4.24-4.31
(m, 3H), 7.20-7.35 (m, 4H); '*C NMR (75 MHz, CDCL;) & 14.0, 28.4, 29.5, 37.3, 62.6, 78.8, 80.2,
126.0, 128.3, 140.9, 174.0, 208.3; [a]*’p = =30.2 (¢ = 1.00 in CHCl); HRMS (ESI) m/z calcd

for C15H19BrOs [M+H]" 359.0489, found 359.0494.

(25.35)-2-(3-Bromophenethyl)pentane-1,2.3.4-tetraol 5

OH

Br OHOH

OH
5

A a colorless oil; '"H NMR (500 MHz, CDCl3) & 1.27-1.39 (m, 5H), 1.74-2.08 (m, 3H), 262-2.87
(m, 3H), 3.27-3.89 (m, 3H), 4.03-4.06 (2s, 1H), 7.21-7.74 (m, 4H); *C NMR (125 MHz, CDCl;)
8 20.7,29.0, 36.2, 66.7, 69.1, 75.2, 77.8, 125.8, 128.1, 128.2, 128.4, 128.5, 142.3; HRMS (ESI)

m/z caled for C13H9BrO, [M+H]" 319.0539, found 319.0545.
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E. X-ray crystallographic data for compound 3n
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Table 1. Crystal data and structure refinement for B301.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

b301

C26 H25 Br O5

497.37

2232) K

0.71073 A

Monoclinic

P2(1)

a=13.1314(9) A o= 90°.
b=15.8958(4) A B=109.439(2)°.
c=15.9344(11) A v =90°.
1163.32(14) A3

2

1.420 Mg/m?

1.801 mm'!

512

1.00 x 0.30 x 0.16 mm?

1.64 to 27.50°.

-14<=h<=17, -7<=k<=7, -20<=1<=19
8235

4635 [R(int) = 0.0330]

99.7 %

Semi-empirical from equivalents
0.7615 and 0.2660

Full-matrix least-squares on F2
4635/1/292

1.061

R1=10.0521, wR2 =0.1045
R1=10.0591, wR2 =0.1082

0.009(10)

0.798 and -0.266 ¢.A-3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for B301. U(eq) is defined as one third of the trace of the orthogonalized U¥ tensor.

X y z U(eq)
Br(1) 12391(1) 4303(1) 9913(1) 52(1)
O(1) 6389(2) 6291(5) 8053(2) 39(1)
0(2) 4408(2) 4697(5) 6902(1) 36(1)
0(3) 6392(3) 3225(9) 5983(2) 84(1)
0O(4) 5641(2) 4239(8) 9205(2) 61(1)
0O(5) 5154(2) 1159(5) 8348(2) 45(1)
C(1) 10138(3) 3505(6) 9173(2) 30(1)
C(2) 11145(3) 2583(7) 9314(2) 33(D)
C(3) 11260(3) 451(7) 9000(3) 40(1)
C4) 10339(3) -739(10) 8522(2) 43(1)
C(5) 9328(3) 169(7) 8360(3) 40(1)
C(6) 9209(3) 2322(6) 8689(2) 29(1)
C(7) 8161(3) 3457(7) 8494(2) 31(1)
C(8) 7196(3) 2597(7) 8075(2) 30(1)
C©9) 6171(3) 3946(6) 7904(2) 30(1)
C(10) 5382(3) 3605(7) 6949(2) 34(1)
C(11) 5867(3) 4484(13) 6272(2) 55(1)
C(12) 5672(5) 6931(12) 6005(4) 90(2)
C(13) 3485(3) 3689(8) 6263(3) 50(1)
C(14) 2495(3) 5040(7) 6212(2) 38(1)
C(15) 2324(3) 7162(8) 5785(2) 41(1)
C(16) 1427(3) 8398(7) 5701(2) 38(1)
C(17) 621(3) 7575(7) 6036(2) 31()
C(18) -359(3) 8724(6) 5914(2) 39(1)
C(19) -1129(3) 7810(9) 6207(3) 48(1)
C(20) -965(4) 5714(9) 6636(3) 50(1)
C(21) -24(3) 4565(8) 6780(2) 39(1)
C(22) 786(3) 5431(6) 6474(2) 31(1)
C(23) 1751(2) 4229(8) 6560(2) 36(1)
C(24) 5609(3) 3129(7) 8564(2) 37(1)
C(25) 4571(4) 204(8) 8908(3) 55(1)
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C(26) 3755(4) -1388(9) 8361(3) 63(1)
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Table 3. Bond lengths [A] and angles [°] for B301.

Br(1)-C(2)
O(1)-C(9)
0(2)-C(10)
0(2)-C(13)
0(3)-C(11)
0(4)-C(24)
0(5)-C(24)
0(5)-C(25)
C(1)-C(2)
C(1)-C(6)
C(2)-C3)
C(3)-C4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(3)
C(8)-C(9)
C(9)-C(10)
C(9)-C(24)
C(10)-C(11)
C(11)-C(12)
C(13)-C(14)
C(14)-C(23)
C(14)-C(15)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(17)-C(22)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(25)-C(26)

1.891(4)
1.416(5)
1.411(4)
1.428(4)
1.204(7)
1.202(5)
1.299(5)
1.468(5)
1.377(5)
1.394(5)
1.381(5)
1.387(6)
1.374(5)
1.401(5)
1.468(5)
1.321(5)
1.507(5)
1.542(4)
1.548(5)
1.516(5)
1.502(9)
1.505(5)
1.360(5)
1.406(6)
1.353(6)
1.421(5)
1.410(5)
1.425(5)
1.358(6)
1.394(7)
1.361(6)
1.406(5)
1.418(5)
1.472(7)
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C(10)-0(2)-C(13)
C(24)-0(5)-C(25)
C(2)-C(1)-C(6)
C(1)-C(2)-C(3)
C(1)-C(2)-Br(1)
C(3)-C(2)-Br(1)
C(2)-C(3)-C(4)
C(5)-C4H)-C(3)
C(4)-C(5)-C(6)
C(1)-C(6)-C(5)
C(1)-C(6)-C(7)
C(5)-C(6)-C(7)
C(8)-C(7)-C(6)
C(7)-C(8)-C(9)
0(1)-C(9)-C(8)
0(1)-C(9)-C(10)
C(8)-C(9)-C(10)
0(1)-C(9)-C(24)
C(8)-C(9)-C(24)
C(10)-C(9)-C(24)
0(2)-C(10)-C(11)
0(2)-C(10)-C(9)
C(11)-C(10)-C(9)
0(3)-C(11)-C(12)
0(3)-C(11)-C(10)
C(12)-C(11)-C(10)
0(2)-C(13)-C(14)
C(23)-C(14)-C(15)
C(23)-C(14)-C(13)
C(15)-C(14)-C(13)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(18)-C(17)-C(22)
C(16)-C(17)-C(22)

112.8(3)
118.0(3)
120.6(3)
121.0(4)
119.6(3)
119.4(3)
118.6(4)
121.2(5)
120.2(4)
118.4(3)
118.3(3)
123.2(3)
127.3(4)
122.5(3)
111.5(3)
108.9(3)
112.13)
107.8(3)
108.2(3)
108.3(3)
113.2(3)
107.13)
110.7(3)
123.3(5)
119.5(6)
117.2(5)
109.3(3)
119.3(4)
121.2(4)
119.5(4)
121.3(4)
120.8(4)
123.0(4)
118.5(3)
118.4(3)
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C(19)-C(18)-C(17) 120.8(4)

C(18)-C(19)-C(20) 120.6(4)
C(21)-C(20)-C(19) 120.5(4)
C(20)-C(21)-C(22) 120.7(4)
C(21)-C(22)-C(23) 122.7(4)
C(21)-C(22)-C(17) 118.8(4)
C(23)-C(22)-C(17) 118.5(3)
C(14)-C(23)-C(22) 121.6(4)
0(4)-C(24)-0(5) 126.5(4)
O(4)-C(24)-C(9) 121.2(4)
0(5)-C(24)-C(9) 112.3(3)
0(5)-C(25)-C(26) 108.0(3)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 10%) for B301. The anisotropic

displacement factor exponent takes the form: -2r?[ h? a*2U!! + ... +2 hka* b* U!2]

Ull U22 U33 U23 U13 UlZ
Br(1) 30(1) 54(1) 62(1) -7(1) 1(1) -4(1)
o(1) 37(2) 38(2) 37(2) -4(1) 7(1) 4(1)
0(2) 26(1) 46(2) 32(1) -5(1) 7(1) 1(1)
0(3) 49(2) 168(5) 46(2) -13(2) 29(2) 12)
0(4) 71(2) 77(2) 44(1) 22(2) 31(1) -14(2)
0(5) 55(2) 50(2) 41(2) 3(1) 29(1) -7(1)
c(1) 32(2) 28(2) 28(2) 2(1) 7(1) 1(1)
CQ) 29(2) 36(2) 30(2) 12) 7(2) 0(2)
C@3) 39(2) 39(2) 44(2) 12) 152) 9(2)
C(4) 46(2) 33(2) 52(2) -12) 19(2) 12(3)
C(5) 39(2) 37(2) 41(2) -6(2) 11(2) -5(2)
C(6) 29(2) 36(2) 23(2) 4(2) 9(1) -1Q2)
C(7) 32(2) 33(2) 28(2) -1(1) 10(2) 3(2)
C(@®) 31(2) 35(2) 26(2) -12) 10(2) 1(2)
C(9) 27(2) 36(3) 26(2) 1(2) 9(1) -1Q2)
C(10) 24(2) 49(2) 28(2) 2(2) 8(1) 1(2)
c11) 30(2) 102(4) 27(2) 0(3) 3(2) -12(3)
c(12) 77(4) 123(6) 66(3) 55(4) 19(3) -17(4)
c(13) 28(2) 67(3) 49(2) 21(2) 4(2) 0(2)
c(14) 26(2) 45(2) 35(2) -11(2) 12) 2(2)
c(15) 31(2) 56(3) 35(2) -8(2) 102) -17(2)
C(16) 39(2) 38(2) 31(2) 2(2) 6(2) -12(2)
c(17) 30(2) 34(2) 23(2) -4(2) 3(1) -5(2)
c(18) 40(2) 38(2) 31(2) 0(2) 2(2) 7(2)
C(19) 32(2) 71(3) 39(2) -7(2) 8(2) 12(2)
C(20) 48(3) 69(3) 38(2) -7(2) 21(2) -13(2)
c@21) 45(2) 42(2) 30(2) -12) 13(1) -4(2)
C(22) 32(2) 34(2) 24(2) -1(1) 6(1) -5(2)
C(23) 35(2) 36(2) 29(2) 2(2) 1(1) 4(2)
C(24) 30(2) 52(2) 27(2) 3(2) 8(2) 6(2)
C(25) 56(3) 73(3) 49(2) 10(2) 33(2) 3(2)
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C(26) 60(3) 61(3) 83(3) 6(3) 43(3) 3(2)
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Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)

for B301.
X y z U(eq)

H(1) 6402 6627 8562 58
H(1A) 10076 4945 9405 36
HQ3) 11949 -182 9107 48
H4) 10407 -2192 8304 52
H(5) 8714 -657 8029 47
H(7) 8179 4965 8690 38
H(8) 7146 1087 7876 37
H(10) 5238 1962 6847 40
H(12A) 6184 7411 5720 134
H(12B) 5763 7852 6530 134
H(12C) 4942 7109 5593 134
H(13A) 3403 2123 6436 60
H(13B) 3580 3662 5678 60
H(15) 2844 7734 5553 50
H(16) 1336 9817 5416 45
H(18) -482 10140 5627 47
H(19) -1779 8598 6120 57
H(20) -1509 5089 6828 60
H(21) 86 3176 7087 47
H(23) 1880 2836 6864 43
H(25A) 4221 1418 9132 66
H(25B) 5075 -591 9419 66
H(26A) 3164 -542 7950 95
H(26B) 3482 -2310 8744 95
H(26C) 4080 -2360 8029 95
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Table 6. Hydrogen bonds for B301 [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
O(1)-H(1)...0(4) 0.83 2.17 2.646(4) 116.4
O(1)-H(1)...Br(1)#1 0.83 2.89 3.573(3) 141.2

Symmetry transformations used to generate equivalent atoms:

#1 -x+2,y+1/2,-z+2
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F. NMR Spectra of the Products
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