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Application of Chiral 2-1soxazoline for the Synthesis of syn-
1,3-Diol Analogues

Juanjuan Feng, Tianyu Li, Jiaxin Zhang*, Peng Jiao*

Abstract: Asymmetric cycloaddition of TIPS nitronate catalyzed by “Cu(II)-bisoxazoline” gave the
2-isoxazoline product in 85% yield, which was converted into t-butyl (3S,5R)-6-hydroxy-3,5-O-

isopropylidene-3,5-dihydroxyhexanoate in 11 steps via a -hydroxy ketone.
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General Information

All glassware for reactions using anhydrous solvents were dried under high vacuum (< 0.1 torr)
using a heat gun. General Schlenk techniques were applied for addition and transfer operations.
Commercial reagents and solvents were used as received unless otherwise noted. THF was distilled
over sodium benzophenone ketyl under N,. CH>Cl, was distilled over CaH, under N,. Thin-layer
chromatography was performed on precoated silica gel (0.2—0.25 mm thick) plates with fluorescent
indicator 254 nm. The plate was visualized with 254 nm UV lamp, PMA or KMnOjy stain. Column
chromatography was performed on 200-300 mesh silica gel.

'"H NMR and *C NMR spectra were recorded at 400 (or 600) MHz and 100 (or 150) MHz
respectively. Chemical shifts of "H NMR and '*C NMR were referred to TMS (6 = 0) and chloroform
(0 = 77.16) respectively. Chemical shifts of ''"B NMR (128 MHz) were referred to BF;'Et,0O (6 =
0).The following abbreviations were used to denote the multiplicity of each peak: s (singlet), d
(doublet), t (triplet), q (quartet), dd (doublet of doublets), m (multiplet). HPLC was performed at
room temperature. Specific rotation was measured using the 589 nm D-line of sodium lamp and a
quartz cell with 10 cm path length. X-ray diffraction experiment was conducted using Cu Ka

radiation.

Preparation of Compounds 1-21

N-{(3S,5R)-[3-(2-(2-Tetrahydropyranyloxy)ethyl)-2-triisopropylsilyloxy-5-

isoxazolidinyl]carbonyl}-1,3-oxazolidin-2-one (1)

OTIPS
o O TIPSO_+_0O 20 mol% Cu(OTf), 0O—N’ O\”><WO
L N 26 mol% Ligand /[ \ % ! N\)
N O+ )l\/\ ° N\H/\/'\/\OTHP %
| / H OTHP CH,Cl,, -50 °C, 8 h \[O]/ 3 Z

To a dry Schlenk tube were added Cu(OTf), (144 mg, 0.4 mmol), chiral bisoxazoline (139 mg, 0.52

mmol) and anhydrous CH>Cl, (4 mL) under N,. After stirring at room temperature for 2 h, a clear
solution was formed, which was cooled to —50 °C and N-acryloyl-1,3-oxazolidin-2-one (282 mg, 2
mmol) was added. After stirring for 30 min, a solution of the silyl nitronate (3.0 mmol) in anhydrous

CH,Cl, (6 mL) was added. The mixture was stirred for 8 h at =50 °C and monitored by TLC. After
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the reaction was completed, the product was purified by silica gel chromatography.

TIPS
o—N’

\[( MOTHP

1: Yellow oil (923 mg, 95 % yield), Rr= 0.40 (1:1 hexanes/AcOEt). 'H NMR (400 MHz, CDCls) &:
5.77-5.74 (m, 1H, CH,CHO), 4.53 (s, 1H, OCHO), 4.44 (t, J= 8.0 Hz, 2H, CH»0), 4.03-3.99 (m,
2H, CH;0), 3.79-3.74 (m, 2H, OCH>CH>), 3.47-3.37 (m, 3H, NCH and NCH>), 2.75-2.66 (m, 1H,
CHCH,CH), 2.31-2.27 (m, 1H, CHCH,CH), 2.17-2.12 (m, 1H, CH>CH»), 1.84-1.79 (m, 2H,
CH>CH; and CH,CH,CHb>), 1.68-1.49 (m, 6H, CH.CH>CH>), 1.24-1.15 (m, 3H, SiCH), 1.07-1.01
(m, 18H, SiCH(CH3)2); BC{'H} NMR (100 MHz, CDCl5) &: 170.8, 153.1, 98.9, 98.9, 77.4, 77.2,
69.9, 69.8,65.2,62.8,62.5,62.3,42.6,35.6,35.5,30.7,30.6,29.9, 29.8, 25.5, 19.6, 19.5, 18.1, 18.0,
12.2; IR (cm™): 3544, 2942, 2867, 2725, 2249, 1780, 1704, 1464, 1386, 1275, 1133, 1035, 883,
806, 677; MS (ESI): calculated for C23H42N>07Si [M+Na]" 509.2659, found 509.2659.

{(5R)-[3-(2-(2-Tetrahydropyranyloxy)ethyl)]-2-isoxazolin-5-yl} carboxylic acid methyl ester (3)

OTIPS
O—N OTHp!) excess Et;N O—N OTHP

o—N’ 10 mol% PTSA / \N | i) CH;OH /—\)\)
T \ﬂ/\)\/\OTHPCHCIs 1, 0.5 h T 71/\)\) HyCO,C
(0]

To a solution of 1 (0.86 g, 1.78 mmol) in CHCIl3 (15 mL) was added PTSA (31 mg, 0.178 mmol) at
0 °C. The mixture was allowed to warm to room temperature and stirred until complete consumption
of the starting material (0.5 h). Vacuum was applied to remove the solvent before Et;N (5 mL) was
added. After stirring for 5 min, methanol (30 mL) was added and the mixture stirred overnight at
room temperature. The crude product was purified by column chromatography.
O—N OTHP
H3;CO,C -

3: Yellow oil (0.41 g, 89% yield), Re= 0.42 (1:1 hexanes/ AcOEt). 'H NMR (400 MHz, CDCls) :
4.89 (dd, J=10.2, 7.9 Hz, 1H, OCHCO), 4.51-4.50 (m, 1H, OCHO), 3.88-3.82 (m, 1H, CH0),
3.75-3.71 (m, 1H, CH,0), 3.68 (s, 3H, CH3), 3.56-3.50 (m, 1H, CH,0), 3.42-3.39 (m, 1H, CH,0),
3.24-3.21 (m, 2H, CHCH,CH), 2.62-2.54 (m, 2H, CH,CH>CH), 1.74-1.44 (m, 6H, CH,CH,CH>);
BC{'H} NMR (100 MHz, CDCl3) &: 171.0, 156.9, 99.0, 98.9, 64.4, 64.3,62.5, 62.4, 52.6, 41.6, 30.6,

27.9, 25.4, 19.6, 19.5; IR (cm™'): 3481, 2950, 2873, 2852, 2657, 1756, 1738, 1734, 1628, 1456,
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1436, 1367, 1354, 1201, 1134, 1034, 869, 814, 752, 740; MS (ESI): calculated for C12H{oNOs
[M+H]* 258.1341, found 258.1340.
[(SR)-3-(2-Hydroxyethyl)-2-isoxazolin-5-yl]carboxylic acid methyl ester (4)

?—N OTHP 20 mol% PTSA _IN OH

H3COzc CH3OH, rt,2 h H3COzc

To a solution of 3 (276 mg, 1.07 mmol) in MeOH (8 mL) was added p-TsOH-H,O (37 mg, 0.21

|IO

mmol). After stirring for 2 h at room temperature, the mixture was concentrated and purified by

column chromatography.

10

%

_lN OH
H3;CO,C -
4: Yellow oil (176 mg, 95% yield), ee = 80%, R¢=0.42 (1:1 hexanes/ AcOEt). [a]p?’ =—55.6 (c=1.28,
CHCI3). 'H NMR (400 MHz, CDCl3) &: 5.01-4.96 (m, 1H, OCHCO), 3.90-3.89 (m, 1H,
HOCH:CH>»), 3.78 (s, 1H, OCH3), 3.30-3.27 (m, 2H, NCCH,CH), 2.60-2.57 (m, 2H, OHCH,CH>);
BC{'H} NMR (100 MHz, CDCls) &: 170.9, 157.2, 59.2, 52.8, 41.7, 30.6; IR (cm!): 3373, 2958,
2924, 2850, 1739, 1653, 1558, 1506, 1437, 1261, 1220, 1051, 1028, 873, 800, 501; MS (ESI):
calculated for C7H;1NO4 [M+H]" 174.0766, found 174.0760; HPLC (Daicel AD-H column, n-
hexane: i-PrOH = 80: 20, Flow rate = 1 mL/min, A = 225 nm.): tmajor = 7.8 min, fminor = 9.1 min.
(5R)-5-Hydroxymethyl-3-[2-(2-tetrahydropyranyloxy)ethyl]-2-isoxazoline (5)

C_)—lN OTHP 4.0 equiv NaBH, O—N  OTHP
>~ HO_ -~

H3CO.C CH3OH, rt, 4 h
To a solution of 4 (244 mg, 0.95 mmol) in MeOH (10 mL) was added NaBH4 (148 mg, 3.79 mmol).

After stirring at room temperature for 4 h, the mixture was purified by column chromatography.

O—N OTHP
Ho |

5: Colorless oil (206 mg, 95% yield), R¢= 0.45 (AcOEt). '"H NMR (400 MHz, CDCls) &: 4.64-4.63
(m, 1H, OCHCH>), 4.58 (m, 1H, OCHO), 3.95-3.47 (m, 6H, CH>0 and CH>0 and CH,0), 3.05—
2.98 (m, 1H, CCH,CH), 2.91-2.85 (m, 1H, CCH>CH), 2.63-2.62 (m, 2H, CH,CHb), 2.48 (m, 1H,
CH>OH), 1.78-1.49 (m, 6H, CH.CH,CH>); 3C{'H} NMR (150 MHz, CDCl3) &: 157.3, 98.6, 79.9,
64.1,63.2,62.1,38.7,30.3,27.9,25.0, 19.2; IR (cm™'): 3419, 2942, 2817, 2739, 2247, 1627, 1418,

1367, 1200, 1135, 1120, 905, 869, 814, 732; MS (ESI): calculated for C11HoNO4 [M+H]" 230.1392,
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found 230.1383.
(5R)-5-Benzoyloxymethyl-3-[2-(2-tetrahydropyranyloxy)ethyl]-2-isoxazoline (6)

2.0 equiv BzCl
S 3.0 euiv Et3N
? |N OTHP 10 equiv DMAP Q—lN OTHP

HO BzO

CH2C|2, rt, 0.5h
To a solution of 5 (414 mg, 1.81 mmol) in CH>Cl, (20 mL) were added Et;N (760 pL, 5.43 mmol),
DMAP (221 mg, 1.81 mmol) and benzoyl chloride (416 uL, 3.62 mmol). After stirring for 0.5 h at

room temperature, the mixture was purified by column chromatography directly.

O—N OTHP
BzOo A~

6: Colorless oil (585 mg, 97% yield), Rr= 0.57 (1:1 hexanes/AcOEt). "H NMR (400 MHz, CDCls)
o: 8.02-8.00 (m, 2H, ArH), 7.56-7.52 (m, 1H, ArH), 7.44-7.39 (m, 2H, ArH), 4.90-4.87 (m, 1H,
OCHCHy), 4.57-4.50 (m, 1H, OCHO), 4.37-4.35 (m, 2H, BzZOCH>), 3.94-3.44 (m, 4H, THPOCH;
and CH,OCH), 3.20-3.12 (m, 1H, NCCH,CHO), 2.94-2.87 (m, 1H, NCCH>CHO), 2.72-2.58 (m,
2H, THPOCH>CH3,), 1.76-1.48 (m, 6H, CH,CH>CH,); 3C{'H} NMR (150 MHz, CDCls) : 166.2,
157.1,157.0, 133.3,129.9, 129.7, 129.5, 128.8, 128.6, 128.4,98.9, 77.4,77.1,65.5, 64.4, 64.3, 62.5,
62.4,39.9,30.6,29.7, 28.2, 28.1, 25.3, 19.6, 19.5; IR (cm™'): 3429, 3064, 3944, 1788, 1722, 1601,
1451, 1315, 1273, 1120, 1033, 974, 869, 814, 712; MS (ESI): calculated for CisH23NOs [M+H]*
334.1654, found 334.1643.

(5R)-5-Benzoyloxymethyl-3-(2-hydroxyethyl)-2-isoxazoline (6')

O—N OTHP 20 mol% PTSA O—N

C T
BZO\/\)\) BZO\/\)\/\OH

CH3OH, rt, 2 h

To a solution of 6 (294 mg, 0.88 mmol) in MeOH (4 mL) was added p-TsOH-H,O (30 mg, 0.2
equiv). After stirring for 2 h at room temperature, the mixture was concentrated and purified by
column chromatography.
o}
BZO\WOH

6’ Colorless oil (208 mg, 95% yield), R¢= 0.24 (1:1 hexanes/AcOEt). 'H NMR (600 MHz, CDCls)
8: 7.94-7.92 (m, 2H, ArH), 7.48-7.44 (m, 1H, ArH), 7.35-7.32 (m, 2H, ArH), 4.81-4.80 (m, 1H,
OCHCH>), 4.29-4.26 (m, 2H, BzOCH>), 3.78-3.74 (m, 2H, HOCH2), 3.41 (s, 1H, OH), 3.12-3.05

(m, 1H, NCCH,CHO), 2.84-2.78 (m, 1H, NCCH,CHO), 2.51-2.48 (m, 2H, HOCH,CH3); *C {'H}
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NMR (100 MHz, CDCl3) 6: 166.0, 157.1, 132.9, 129.3, 129.2, 128.1, 65.2, 58.7, 39.5, 30.5; IR
(cm™): 3418, 3065, 2955, 2887, 1716, 1600, 1583, 1452, 1315, 1275, 1122, 1070, 871, 713; MS
(ESI): calculated for C13H1sNO4 [M+H]* 250.1079, found 250.1076.
(2R)-1-Benzoyloxy-2-hydroxy-6-(2-tetrahydropyranyloxy)-4-hexanone (7)
10 equiv B(OH)3
o—N otHp  RaneyNi OH O OTHP

B | 1 atm H,
BZO\/\)\) > BzO

H20/CH3OH, rt, 2h

To a solution of 6 (208 mg, 0.62 mmol) in MeOH (30 mL) and H,O (6 mL) were added B(OH)3
(385 mg, 6.22 mmol) and Raney nickel (250 mg). The reaction mixture was placed under 1 atm of
H; and well stirred at room temperature for 2 h. The catalyst was filtered off and the filtrate
concentrated. The residue was partitioned between sat. aq. NaHCO3 solution (30 mL) and CH>Cl»
(50 mL). The organic layer was separated. The aqueous layer was extracted with CH>Cl, (3 x 20
mL). The combined organic layers were dried over Na,SO4 and concentrated. The crude product

was purified by column chromatography.

OH O OTHP
BzO -

7: Colorless oil (177 mg, 85% yield), R¢r= 0.37 (1:1 hexanes/AcOEt). "H NMR (400 MHz, CDCls)
d: 8.06-8.04 (m, 2H, ArH), 7.59-7.55 (m 1H, ArH), 7.46-7.42 (m, 2H, ArH), 4.58-4.57 (m, 1H,
OCHO), 4.48-4.41 (m, 1H, CHOH), 4.39-4.35 (m, 2H, BzOCH>), 4.04-3.48 (m, 4H, THPOCH:
and CH,OCH), 3.34 (m, 1H, CHOH), 2.80-2.73 (m, 4H, THPOCH>CH>COCH2>), 1.77-1.50 (m,
6H, CH,CH,CH,); 3C{'H} NMR (150 MHz, CDCl;) &: 209.1, 166.6, 133.2, 129.9, 129.7, 128.5,
99.1, 67.8, 66.1, 62.6, 62.5, 62.4, , 46.5, 43.7, 30.6, 29.7, 25.4, 19.6; IR (cm™'): 3459, 2944, 2875,
1717, 1451, 1315, 1275, 1027, 977, 869, 813, 713; MS (ESI): calculated for CisH240s [M+H]"
337.1651, found 337.1649.
(4R,6R)-6-Benzoyloxymethyl-2-ethyl-4-[2-(2-tetrahydropyranyloxy)ethyl]-1,3,2-

dioxaborolane (8)

2.0 equiv NaBH,4 BK
OH O OTHP 1.5 equiv EtBOMe 00  OTHP
820 A~ M THF/CHs0H ~ BZO '
t, 0.5 h
-78°C, 1h

To a solution of 7 (1.73 g, 5.14 mmol) in THF (20 mL) and MeOH (4 mL) was added EttBOMe
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(7.71 mL, 7.71 mmol, 1 mol/L in THF), and the solution was stirred for 30 min at room temperature
before being cooled to —78 °C. NaBH4 (339 mg, 10.28 mmol) was added portionwise over 10 min
(moderate gas evolution observed). After the solution was stirred for 1 h at =78 °C, 20 mL of sat.
aq. NH4Cl was added to the cold solution. The mixture was allowed to warm to room temperature
and then extracted with EtOAc (50 mL x 3). The combined layers were washed successively with
saturated NaCl (20 mL) before being dried over Na,SO4 and concentrated in vacuo to give a viscous
pale yellow oil. Flash chromatography with hexanes/AcOEt (5:1) as eluent provided the desired
product.

d

O/B\c_) OTHP

BzO

8: Colorless oil (1.86 g, 96% yield), Ry = 0.72 (1:1 hexanes/AcOEt). '"B{'H} NMR (128 MHz,
CDCls) 5: 31.46; 'H NMR (600 MHz, CDCl3) 8: 8.06-8.03 (m, 2H, ArH), 7.58-7.54 (m 1H, ArH),
7.46-7.42 (m, 2H, ArH), 4.60-4.57 (m, 1H, OCHO), 4.37-4.31 (m, 3H, CHOB and BzOCH>),
421-4.15 (m, 1H, CHOB), 3.99-3.46 (m, 4H, THPOCH; and CH,OCH), 2.06-1.76 (m, 4H,
THPOCH,CH,COCH,), 1.73-1.44 (m, 6H, CH,CH,CH,), 0.89-0.85 (m, 3H, BCH,CHs), 0.71—
0.66 (m, 2H, BCH,CH3); *C{'H} NMR (150 MHz, CDCl;) &: 166.3, 133.0, 129.9, 129.6, 128.3,
99.3,98.6, 69.3, 68.1, 68.0, 67.6, 63.4, 63.1,62.5,62.1,37.4,37.3,35.5,35.4,30.7,25.4,19.7, 19.5,
7.6; IR (cm™1):2951, 2878, 1724, 1452, 1431, 1400, 1335, 1271, 1213, 1118, 1070, 1026, 981, 711;
MS (ESI): calculated for C20H20BOs [M+Na]* 399.1955, found 399.1957.

(2R,4R)-1-Benzoyloxy-6-(2-tetrahydropyranyloxy)hexane-2,4-diol (9)

d

(_)/B\Q OTHP CH;0H OH OH OTHP
BZO._ A~ BzO A~
40°C,0.5h

A solution of 8 (222 mg, 0.59 mmol) in MeOH (20 mL) was rotary evaporated at 40 °C for 4 times.

The mixture was purified by column chromatography.

OH OH OTHP
BzO._ -~ R

9: Colorless oil (198 mg, 99% yield), R¢= 0.24 (AcOEY). "H NMR (600 MHz, CDCls) 3: 8.06-8.05
(m, 2H, ArH), 7.58-7.54 (m 1H, ArH), 7.45-7.41 (m, 2H, ArH), 4.59-4.55 (m, 1H, OCHO), 4.36—

4.24 (m, 3H, CHOH and BzOCH, ), 4.20-4.14 (m, 1H, CHOH), 4.01-3.49 (m, 5H, THPOCH, and
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CH,OCH and CHOH), 1.87-1.72 (m, 4H, THPOCH,CH,COCH,), 1.61-1.52 (m, 6H,
CH>CH,CH>); *C{'H} NMR (150 MHz, CDCls) &: 166.6, 133.0, 129.9, 129.7, 128.3, 99.7, 99.2,
72.1,71.1,70.4,70.3, 68.7, 66.1, 65.5, 63.3, 62.6, 39.6, 39.5, 36.9, 36.8, 30.7, 30.5, 25.2, 19.9, 19.6;
IR (cm™): 3435, 2872, 1720, 1452, 1383, 1352, 1315, 1275, 1118, 1072, 1026, 976, 713; MS (ESI):
calculated for CisH2606 [M+Na]* 361.1627, found 361.1624.
(2R,4R)-1-Benzoyloxyhexane-2,4,6-triol (10)

OH OH OTHP 20 mol% PTSA OH OH OH
< < BZO . <

BzO
CH3OH, t, 2 h

To a solution of 9 (199 mg, 0.59 mmol) in MeOH (8 mL) was added p-TsOH-H>O (21 mg, 0.12
mmol). After stirring for 2 h at room temperature, the mixture was concentrated and purified by

column chromatography.

OH OH OH
BzO A~

10: Colorless oil (134 mg, 89% yield), Rt = 0.24 (AcOEt). '"H NMR (600 MHz, CDCls) §: 8.06—
8.04 (m, 2H, ArH), 7.59-7.55 (m 1H, ArH), 7.46-7.42 (m, 2H, ArH), 4.37-4.18 (m, 4H, CH,OH
and BzOCH3), 4.07 (s, 1H, CH,OH), 3.93-3.79 (m, 3H, CHOH and CHOH and OH), 2.75 (s, 1H,
OH), 1.80-1.66 (m, 4H, CH,CHOHCH,CHOH); 3C{'H} NMR (150 MHz, CDCls) 6: 166.8, 133.2,
129.7, 129.6, 128.4, 72.2, 70.8, 68.9, 61.3, 39.4, 38.7, 29.7; IR (cm'): 3375, 2918, 1716, 1452,
1279, 1116, 1099, 1070, 711; MS (ESI): calculated for Ci3HisOs [M+Na]* 277.1052, found
277.1048.

(2R, 4R)-1-Benzoyloxy-6-(tert-butyldimethylsilyloxy)hexane-2,4-diol (11)

1.2 equiv TBSCI

OH OH OH 5 o1% DMAP 6o, L

CH20|2, rt, 4 h

BzO

To a stirred solution of 10 (117 mg, 0.46 mmol), EtN (129 pL, 0.92 mmol) and DMAP (3 mg, 0.023
mmol) in CH2Cl (4 mL) was added TBS-Cl (83 mg, 0.552 mmol). After stirring for 4 h at room
temperature, the mixture was poured into sat. aq. NH4ClI (25 mL). The organic layer was separated, and
the aqueous portion extracted with CH>Cl; (3 x 10 mL). The combined organic extracts were washed with
sat. aq. NaCl (20 mL) and dried. Removal of the solvent in vacuo followed by column chromatography

of the residue afforded pure 11.
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OH OH OTBS
BzO B B

11: Colorless oil (147 mg, 87% yield), Rr= 0.47 (1:1 hexanes/AcOEt). 'H NMR (400 MHz, CDCl3)
o: 8.07-8.05 (m, 2H, ArH), 7.58-7.54 (m 1H, ArH), 7.45-7.41 (m, 2H, ArH), 4.32-4.17 (m, 5H,
CH,OTBS and OH and BzOCHa), 4.05 (s, 1H, CHOH), 3.94-3.81 (m, 2H, CHOH and CHOH),
1.77-1.66 (m, 4H, CH,CHOHCH,CHOH), 0.89 (s, 9H, C(CH3)3), 0.08 (s, 6H, Si(CH3),); *C{'H}
NMR (100 MHz, CDCl3) é: 166.6, 133.0, 130.0, 129.7, 128.3, 72.9, 70.3, 68.7, 62.6, 25.8, 18.1,
—5.6,-5.6; IR (cm™'): 3416, 2953, 2829, 2856, 1722, 1452, 1275, 1257, 1097, 1072, 837, 777, 711;
MS (ESI): calculated for Ci9H3,05Si [M+Na]* 391.1917, found 391.1913.
(4R,6R)-6-Benzoyloxymethyl-4-[2-(fer-butyldimethylsilyloxy)ethyl]-2,2-dimethyl-1,3-

dioxane (12)

OH OH OTBS 2.0 equiv DMP ><

10 mol% PTSA - =
BZOW BzO - -
acetone, rt, 0.5 h

To a solution of 11 (111 mg, 0.30 mmol) in acetone (4 mL) were added 2,2-dimethoxpropane (63
mg, 0.60 mmol) and PTSA (5 mg, 0.03mmol). The resulting mixture was stirred at room temperature
until TLC analysis indicated consumption of the starting material (0.5 h). EtsN (3 mL) was added,

and the mixture concentrated and purified by column chromatography.

0”0 OTBS

BzO

12: Colorless oil (121 mg, 99% yield), R¢= 0.66 (3:1 hexanes/AcOEt). '"H NMR (400 MHz, CDCls)
o: 8.06-8.03 (m, 2H, ArH), 7.55-7.53 (m 1H, ArH), 7.45-7.41 (m, 2H, ArH), 4.30-4.09 (m, 4H,
CH,OTBS and BzOCH3), 3.75-3.65 (m, 2H, CHOC(CH3), and CHOC(CH3),), 1.69-1.58 (m, 3H,
CH,CHOCH:;CHO), 1.58 (s, 3H, C(CH3)2), 1.47 (s, 3H, C(CHas)2), 1.42-1.33 (m, 1H, one of
CH>CHOCCH,CHOC ), 0.89 (s, 9H, C(CH3)3), 0.04 (s, 6H, Si(CH3),); *C{'H} NMR (100 MHz,
CDCl3) 6: 166.3,132.9,130.0, 129.6, 128.3, 98.7, 67.5, 67.4, 65.2, 58.6, 39.4, 33.6, 30.0, 25.9, 19.7,
18.2, =5.4; IR (cm™!): 2953, 2928, 1724, 1471, 1379, 1273, 1170, 1105, 1099, 835, 775, 711; MS
(ESI): calculated for C»H3605Si [M+Na]*" 431.2230, found 431.2222.

(4R,6R)-6-Benzoyloxymethyl-2,2-dimethyl-4-(2-hydroxyethyl)-1,3-dioxane (13)
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0" O OTBS 4.0equiv TBAF 0~ "0 OH

BZO\/:\/T\) BZO\/?\/?\)

THF, rt, 2 h

To a stirred solution 0of 12 (119 mg, 0.29 mmol) in THF (4 mL) was added 1 M tetrabutylammonium
fluoride in THF (1.16 mL, 1.16 mmol). The mixture was stirred for 2 h at room temperature. The
reaction was quenched with aqueous NH4Cl. The layers were separated, and the aqueous layer
extracted with AcOEt. The combined organic layers were washed with brine and dried over Na>SOs.
After evaporation of the solvent under reduced pressure, the residue was purified by column

chromatography.

Q><Q OH
BZO\/:\/?\)
13: Colorless oil (84 mg, 99% yield), R¢= 0.41 (1:1 hexanes/AcOEt). 'H NMR (400 MHz, CDCls)
o: 8.05-8.03 (m, 2H, ArH), 7.57-7.54 (m 1H, ArH), 7.45-7.41 (m, 2H, ArH), 4.29-4.15 (m, 4H,
CH,OH and BzOCHa), 3.78-3.75 (m, 2H, CHOC(CH3), and CHOC(CH3)»), 2.56 (s, 1H, OH),
1.78-1.72 (m, 2H, CHCHOCH,CHO), 1.58-1.55 (m, 1H, one of CH,CHOCH>CHO), 1.48 (s, 3H,
C(CHa)2), 1.47-1.43 (m, 1H, one of CH,CHOCH>CHO), 1.42 (s, 3H, C(CHa),); *C{'H} NMR
(100 MHz, CDCls) o: 166.4, 133.0, 129.9, 129.6, 128.3, 98.87, 68.5, 67.3, 62.3, 60.4, 38.2, 33.0,
29.9,29.6,19.7; IR (cm™): 3487, 2920, 1720, 1452, 1381, 1276, 1201, 1168, 1114, 912, 732, 713,

648; MS (ESI): calculated for C16H220s5 [M+Na]* 317.1365, found 317.1358.

[(4S,6R)-6-Benzoyloxymethyl-2,2-dimethyl-1,3-dioxan-4-yl]acetic acid (14)

>< 10 mol% RuCl; ><

Q Q OH 3.0 equiv NalOy4 (:) Q Q
BZO A A > Bzo A~ A~
CCl,/CH3CN/H,0 OH
rt, 0.5 h

To a stirred solution of 13 (152 mg, 0.52 mmol) and NalO4 (334 mg, 1.56 mmol) in CCls (2 mL),
CH;CN (2 mL), and H>O (1.2 mL) was added ruthenium trichloride hydrate (12 mg, 0.052 mmol),
and the mixture stirred for 30 min at room temperature. After this period, CH>Cl, (25 mL) was
added, and the layers were separated. The aqueous layer was extracted with CH,Cl,. The combined
organic layers were dried over Na;SO4. The mixture was concentrated and purified by column

chromatography.
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14: Colorless oil (138 mg, 86% yield), Ry=0.40 (1:1 hexanes/AcOEt). 'H NMR (400 MHz, CDCls)
o: 8.05-8.03 (m, 2H, ArH), 7.57-7.53 (m 1H, ArH), 7.45-7.41 (m, 2H, ArH), 4.39-4.25 (m, 4H,
CHOC(CH3), and CHOC(CH3), and BzZOCH3y), 2.63-2.45 (m, 2H, CH,COOH), 1.71-1.68 (m, 1H,
OCHCH:CHO), 1.48 (s, 3H, C(CH3)2), 1.43-1.38 (m, 1H, OCHCH>CHO), 1.41 (s, 3H, C(CH3)>);
BC{'H} NMR (100 MHz, CDCls) &: 176.2, 166.4, 133.0, 129.8, 129.6, 128.3,99.2, 67.2, 67.1, 65.3,
41.0,32.6,29.7, 19.5; IR (cm™!): 3200, 2993, 2945, 1716, 1383, 1276, 1201, 1168, 1118, 995, 958,
947, 713; MS (ESI): calculated for C;6H2006 [M+Na]™ 331.1158, found 331.1158.

[(4S,6R)-6-Benzoyloxymethyl-2,2-dimethyl-1,3-dioxan-4-yl]acetic acid z-butyl ester (15)

>< 2.0 equiv Boc,O ><

O o ©O

= = 10 mol% DMAP
BZO\/-\/-\)J\O > BZO\/\/\)J\

(CH3)3COH, rt, 0.5 h

To a stirred solution of 14 (115 mg, 0.37 mmol) in tert-butyl alcohol (4 mL) were added BOC
anhydride (162 mg, 0.74 mmol), DMAP (5 mg, 0.037 mmol), and the reaction mixture was stirred
for 0.5 h at room temperature. The reaction was quenched with aqueous NH4Cl. The layers were
separated, and the aqueous layer was extracted with AcOEt. The combined organic layers were
washed with brine and dried over Na,SOa. After evaporation of the solvent under reduced pressure,

the residue was purified by column chromatography.

O><O )

15: Colorless oil (116 mg, 86% yield), ee = 74%, R = 0.37 (5:1 hexanes/AcOEt). [a]p?® = —4.5
(c=0.88, CHCl3). 'H NMR (400 MHz, CDCls) 3: 8.04-8.02 (m, 2H, ArH), 7.56-7.52 (m 1H, ArH),
7.44-7.40 (m, 2H, ArH), 4.32-4.23 (m, 4H, CHOC(CH3); and CHOC(CHs), and BZOCHy), 2.47—
2.30 (m, 2H, CH.COOC(CHs)s), 1.67-1.63 (m, 1H, one of OCHCH,CHO), 1.47 (s, 3H, C(CHs)y),
1.42 (s, 9H, C(CHs)3), 1.39 (s, 3H, C(CHs),), 1.37-1.31 (m, 1H, one of OCHCH,CHO); 3C{'H}
NMR (100 MHz, CDCIl3) 6: 169.9, 166.3, 132.9, 129.3, 129.6, 128.3, 98.9, 80.6, 67.3, 67.2, 65.8,
42.6,32.8,29.9,27.9,19.6; IR (cm™): 2980, 2941, 1724, 1602, 1452, 1381, 1315, 1275, 1153, 1114,

1070, 995, 844, 713; MS (ESI): calculated for C20H230¢ [M+Na]* 387.1784, found 387.1782; HPLC
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(Daicel OD-H column, n-hexane: i-PrOH = 90: 10, Flow rate = 0.5 mL/min, A = 254 nm.): fmajor =
13.7 min, tminor = 10.9 min.

[(4S,6R)-2,2-Dimethyl-6-hydroxymethyl-1,3-dioxan-4-yl]acetic acid #butyl ester (16)

O><O (o) O><O (e
o Nk oA~ AN K

A mixture of 15 (98 mg, 0.25 mmol), solid K»CO;3 (13 mg, 0.125 mmol) and MeOH (8 mL) was

cat. K2003

CH3OH, rt, 4h

stirred at room temperature for 4 h. It was concentrated and purified by column chromatography.

O><O (0]

16: Colorless oil (57 mg, 87% yield), R¢= 0.42 (1:1 hexanes/AcOEt). 'H NMR (400 MHz, CDCls)
0: 4.29-4.00 (m, 1H, one of CH,OH), 3.99-3.96 (m, 1H, one of CH,OH), 3.59-3.45 (m, 2H,
CHOC(CHj3), and CHOC(CH3)2), 2.44-2.26 (m, 3H, CH,COOC(CH3); and CH,OH), 1.48-1.28
(m, 2H, OCHCH2CHO), 1.44 (s, 3H, C(CHa)2), 1.42 (s, 9H, C(CHz3)3), 1.36 (s, 3H, C(CHa)2);
BC{'H} NMR (100 MHz, CDCI3) é: 170.1, 98.8, 80.6, 69.5, 65.8, 65.7,42.6, 31.8, 29.9, 28.0, 19.7,
IR (cm™): 3449, 2980, 2937, 1730, 1369, 1315, 1259, 1201, 1153, 1078, 1024, 950, 842; MS (ESI):
calculated for Ci3H240s [M+Na]* 283.1521, found 283.1516.
[(4S,6R)-6-Acetoxymethyl-2,2-dimethyl-1,3-dioxan-4-yl]acetic acid #-butyl ester (17)
AV v
= = 0.5 equiv DMAP
oA A K 2 o A K

CH2C|2, rt, 0.5h

To a solution of 16 (47 mg, 0.18 mmol) in CH»Cl, (5 mL) were added Et;N (63 pL, 0.45 mmol),
DMAP (11 mg, 0.09 mmol) and AcoO (23 mg, 0.22 mmol). After stirring for 0.5 h at room

temperature, the mixture was purified by column chromatography directly.

%o o
CO\/-\/-\)J\OJ<
17: Colorless oil (54 mg, 99% yield), Ry = 0.78 (1:1 hexanes/AcOE). [a]p?® = —11.67 (c=0.54,
CHCI3). 'H NMR (400 MHz, CDCls) 8: 4.30-3.97 (m, 4H, AcOCH; and CHOC(CH3), and
CHOC(CHs)y), 2.46-2.83 (m, 2H, CH.COOC(CHs)3), 2.07 (s, 3H, OCOCH3), 1.58-1.54 (m, 1H,

one of OCHCH,CHO), 1.45 (s, 3H, C(CHa),), 1.4 (s, 9H, C(CHs)3), 1.38 (s, 3H, C(CHs),), 1.29—
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1.21 (m, 1H, one of OCHCH,CHO); *C{'H} NMR (100 MHz, CDCl;3) 8: 170.9, 170.1, 98.9, 80.7,
67.2, 67.0,65.8,42.6,32.5,29.9, 28.1, 20.9, 19.6; IR (cm™'): 2980, 1739, 1367, 1238, 1155, 1035,
864; MS (ESI): calculated for CisH2606 [M+Na]* 325.1627, found 325.1619.
(4R,6R)-6-Benzoyloxymethyl-2,2-dimethyl-4-[2-(2-tetrahydropyranyloxy)ethyl]-1,3-dioxane

(18)

10 mol% PTSA N
OH OH OTHP 2.0 equiv DMP 0”0 OTHP

BZOW BzO
acetone, rt, 0.5 h

To a solution of 9 (113 mg, 0.33 mmol) in acetone (4 mL) were added 2,2-dimethoxpropane (69 mg,
0.66 mmol) and PTSA (6 mg, 0.033 mmol). The resulting mixture was stirred at room temperature
until TLC analysis indicated consumption of the starting material (0.5 h). EtsN (3 mL) was added,

and the mixture concentrated and purified by column chromatography.

0”0 OTHP

BzO

18: Colorless oil (123 mg, 99% yield), R¢=0.77 (1:1 hexanes/AcOEt). "H NMR (600 MHz, CDCls)
o: 8.05-8.04 (m, 2H, ArH), 7.56-7.54 (m 1H, ArH), 7.44-7.42 (m, 2H, ArH), 4.59-4.55 (m, 1H,
OCHO), 4.31-4.25 (m, 3H, CHOC(CH3), and BZOCH3), 4.09—4.07 (m, 1H, CHOC(CH3)>), 3.86—
3.43 (m, 4H, THPOCH; and CH,OCH), 1.82-1.46 (m, 10H, THPOCH,CH,COCH, and
CH,CH,CHb); BC{'H} NMR (150 MHz, CDCls) 8: 166.4, 132.9, 130.1, 129.6, 128.3, 99.3, 98.8,
98.5,99.3,98.8,98.5, 67.5,67.4,66.7,65.5,63.2,61.9, 36.5,36.4, 33.6, 33.4,30.7, 30.6, 30.0, 29.6,
25.4,19.7, 19.4; IR (cm™): 2941, 2370, 1722, 1381, 1274, 1201, 1118, 1026, 867, 711, 412; MS
(ESD): calculated for C21H3006 [M+Na]" 401.1940, found 401.1937.

(2R.,4R)-1-Benzoyloxyhexane-2,4,6-triol (10)

>

0" O OTHP 20 mol% PTSA OH OH OH
8 - BzO - -

BzO CHsOH, t, 2 h

To a solution of 18 (223 mg, 0.59 mmol) in MeOH (4 mL) was added p-TsOH-H,O (21 mg, 0.12
mmol). After stirring for 2 h at room temperature, the mixture was concentrated and purified by

column chromatography.

OH OH OH
BzO A~
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10: Colorless oil (134 mg, 89% yield), Rf= 0.24 (AcOEY).

(2R)-1-Benzoyloxy-3-[(4R)-2,2-dimethyl-1,3-dioxan-4-yl)]-2-propanol (19)

10 mol% PTSA e e
OH OH OH !
R R 2.0 equiv DMP = = = =
BZOW > BZO\/-\/-\) + BZOM

acetone, rt, 0.5 h

19, 54% yield 13, 30% yield
To a solution of 10 (168 mg, 0.66 mmol) in acetone (4 mL) were added 2,2-dimethoxpropane (138
mg, 1.32 mmol) and PTSA (11 mg, 0.066 mmol). The resulting mixture was stirred at room
temperature until TLC analysis indicated consumption of the starting material (0.5 h). EtsN (3 mL)

was added, and the mixture concentrated and purified by column chromatography.

OH Q><O

BZO\/:\/:\)
19: Colorless oil (106 mg, 54% yield), R¢= 0.44 (1:1 hexanes/AcOEt). '"H NMR (600 MHz, CDCls)
o: 8.03-8.02 (m, 2H, ArH), 7.55-7.54 (m 1H, ArH), 7.43-7.41 (m, 2H, ArH), 4.29-4.23 (m, 3H,
CHOH and BzOCH3), 4.16-4.12 (m, 1H, CHOC(CH3)2), 3.81-3.70 (m, 2H, CH2OC(CHz3)»), 2.57
(s, 1H, OH), 1.78-1.41 (m, 4H, OCH>CH,CHOCHa), 1.47 (s, 3H, C(CH3)>), 1.41 (s, 3H, C(CH3),);
MS (ESI): calculated for Ci¢H2205 [M+Na]" 317.1365, found 317.1358.
(2R,4R)-1-Benzoyloxy-2,4-diacetoxy-6-(2-tetrahydropyranyloxy)hexane (20)

2.5 equiv Ac,0

OH OH OTHp °-0equivEN OAc OAc OTHP
R f 1.0 equiv DMAP BzO R R

CH,Cly, 1t, 0.5 h

BzO

To a solution of 9 (100 mg, 0.30 mmol) in CH>Cl, (5 mL) were added EtzN (210 pL, 1.5 mmol),
DMAP (37 mg, 0.3 mmol) and Ac;O (77 mg, 0.75 mmol). After stirring for 0.5 h at room

temperature, the mixture was purified by column chromatography directly.

OAc OAc OTHP
BzO A~

20: Colorless oil (125 mg, 99% yield), Rr=0.81 (1:1 hexanes/AcOEt). '"H NMR (600 MHz, CDCl3)
o: 8.01-7.99 (m, 2H, ArH), 7.56-7.53 (m 1H, ArH), 7.44-7.40 (m, 2H, ArH), 5.32-5.12 (m, 2H,
two CHOCOCH3), 4.54—4.46 (m, 2H, OCHO and one of BzOCH>), 4.33—4.28 (m, 1H, one of
BzOCHb), 3.83-3.73 (m, 2H, THPOCH3), 3.47-3.33 (m, 2H, CH,OCH), 2.07-2.03 (m, 8H, two of

THPOCH>CH>COCH; and two COCH3), 1.92-1.86 (m, 2H, two of THPOCH,CH>COCH>), 1.79—
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1.45 (m, 6H, CH,CH,CHy); 3C{'H} NMR (150 MHz, CDCls) &: 170.4, 170.2, 166.0, 133.1, 129.7,
128.4, 99.1, 98.5, 68.7, 68.6, 68.5, 65.2, 63.4, 63.3, 62.3, 61.9, 35.1, 33.9, 33.8, 30.5, 29.6, 25.3,
21.1, 209, 19.5, 19.2; IR (cm™'): 2943, 2872, 2850, 1739, 1452, 1373, 1276, 1236, 1120, 1070,
1026, 906, 732, 713; MS (ESI): calculated for C2oH30Os [M+Na]* 445.1838, found 445.1835.

(2R, 4R)-6-Acetoxy-1-benzoyloxyhexane-2,4-diol (21)

OAc OAc OTHP 20 mol% PTSA QAc OH  OH OH OAc OH OH OH OAc
BzO - LB A + BzO A~ _~_J +BzO A
CH30H, rt, 2 h
40% yield of mixture 46% isolated yield

To a solution of 20 (196 mg, 0.46 mmol) in MeOH (4 mL) was added p-TsOH-H>O (16 mg, 0.09
mmol). After stirring for 2 h at room temperature, the mixture was concentrated and purified by

column chromatography.

OH OH OAc
BzO - -

21: Colorless oil (62 mg, 46% yield), Ry=0.37 (1:1 hexanes/AcOEt). 'H NMR (600 MHz, CDCl5)
o: 8.05-8.02(m, 2H, ArH), 7.57-7.55 (m 1H, ArH), 7.45-7.42 (m, 2H, ArH), 4.37-4.23 (m, 4H,
CH;0Ac and BzOCH3), 4.14-4.10 (m, 1H, CHOH), 4.00-3.96 (m, 1H, CHOH), 3.77 (s, 1H, OH),
3.68 (s, 1H, OH), 2.05 (s, 3H, CH3CO), 1.85-1.69 (m, 4H, CH,CHOHCH,CHOH); MS (ESI):
calculated for CisH20Os [M+Na]* 319.1158, found 319.1153.
(2R,45)-1-Benzoyloxyhexane-2,4,6-triol

2 mol% RuCls
4 mol% PPh;
OH O OTHP 10 atm H, OH OH OH

Bzo_~ N _J - Bz0
CH4OH, 50 °C, 24 h

7 (117.6 mg, 0.35 mmol) in degassed methanol (5 mL) was cannulated to a Schlenk tube containing
a degassed mixture of RuCls (1.5 mg, 0.007 mmol) and PPhs (3.6 mg, 0. 014 mmol). The Schlenk
tube was placed in a glove box and the reaction mixture transferred to a stainless steel autoclave,
which was purged with hydrogen and pressurized to 10 bar. The autoclave was heated to 50 °C.
After stirring for 24 h, the autoclave was cooled to room temperature, hydrogen was vented, and the

mixture was concentrated and purified by column chromatography.

OH OH OH
BzO B

Colorless oil (72 mg, 81% yield), R¢= 0.24 (AcOEt). *H NMR (400 MHz, CDCls) §: 8.04-8.03 (m,

S14



2H, ArH), 7.59-7.55 (m 1H, ArH), 7.46-7.42 (m, 2H, ArH), 4.36-4.19 (m, 4H, CH,OH and
BzOCH>), 4.08 (s, 1H, CH,0H), 3.91-3.81 (m, 2H, CHOH and CHOH), 2.78 (s, 1H, OH), 1.78-
1.66 (m, 4H, CH,CHOHCH,CHOH); MS (ESI): calculated for C3H;30s [M+Na]*277.1052, found

277.1048.

Preparation of the Racemic Samples of Compounds 4 and 15

Preparation of the Racemic Sample of Compound 4

- OTIPS
i )ol\ TIPSO-§-© O—N’ 10 mol% PTSA
| Oxa\ﬂ)\/K/\ mo~
N — —
| H OTHP CH,Cly, 1t, 8 h OTHP  cHcl,, it 0.5 h
0
94% yield

i) excess Et3N
o O—N  OTP i) chyon )O\/v N OTHP20 moi% PTSA )O\/K) N OH
Xa —_— —_—
\H/K)\) ] H;CO,C CH3OH, rt, 2 h H3CO,C @
O X
86% yield 95% yield

N-{(35*,5R*)-[3-(2-(2-Tetrahydropyranyloxy)ethyl)-2-triisopropylsilyloxy-5-

isoxazolidinyl]carbonyl}-1,3-oxazolidin-2-one

OTIPS
o O TIPSO.+.0 0O—N

HJ\ )J\ )N|\/\ O. N
N" o+ CH,Cl, rt, 8 h \[N\/\OTHP
|\ H oTHp “M2th \cf)r 5

To a dry Schlenk tube were added N-acryloyl-1,3-oxazolidin-2-one (282 mg, 2 mmol) and the silyl

nitronate (3.0 mmol) in anhydrous CH>Cl, (3 mL). The mixture was stirred at room temperature
overnight and monitored by TLC. After the reaction was completed, the product was purified by

silica gel chromatography.

JOTIPS
M
O__N
\[r OTHP
O O

Yellow oil (914 mg, 94 % yield), Rr= 0.40 (1:1 hexanes/AcOEt). 'H NMR (600 MHz, CDCI;) &:
5.81-5.74 (m, 1H, CH>CHO), 4.56-4.55 (m, 1H, OCHO), 4.50-4.42 (m, 2H, CH0), 4.14-3.99 (m,
2H, CH;0), 3.85-3.77 (m, 2H, OCH>CH>), 3.54-3.40 (m, 3H, NCH and NCH), 2.77-2.69 (m, 1H,
CHCH:CH), 2.35-2.29 (m, 1H, CHCH,CH), 2.18-2.14 (m, 1H, CH>CH,), 1.89-1.49 (m, 7H,

CH>CHzand CH2CH>CHb»), 1.27-1.16 (m, 3H, SiCH), 1.10-1.05 (m, 18H, SiCH(CH3)2); MS (ESI):
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calculated for C23H4N207Si [M+Na]* 509.2659, found 509.2659.
{(5R*)-[3-(2-(2-Tetrahydropyranyloxy)ethyl)|-2-isoxazolin-5-yl}carboxylic acid methyl ester

LOTIPS i) excess Et;N
- 3 -
O/ \ O—N 10 mol% PTSA i) CHOH e—N QTHP
N A M
\[r \[H\)\/\OTHP CHC|3, t, 0.5 h H3COZC
o O

To a solution of the starting isoxazolidine (0.86 g, 1.78 mmol) in CHCI3 (15 mL) was added PTSA

(31 mg, 0.178 mmol) at 0 °C. The mixture was allowed to warm to room temperature and stirred
until complete consumption of the starting material (0.5 h). Vacuum was applied to remove the
solvent before EtsN (5 mL) was added. After stirring for 5 min, methanol (30 mL) was added and
the mixture stirred overnight at room temperature. The crude product was purified by column
chromatography.

O_IN OTHP

H3;CO,C
Yellow oil (0.41 g, 89% yield), Rr=0.42 (1:1 hexanes/ AcOEt).
(#)-[3-(2-Hydroxyethyl)-2-isoxazolin-5-yl]carboxylic acid methyl ester
O—N  OTHP 20 mol% PTSA O—N OH

I
_—

H3CO,C CHsOH, rt,2h  H3CO2C
(%)

To a solution of the starting 2-isoxazoline (276 mg, 1.07 mmol) in MeOH (8 mL) was added p-
TsOH-H20 (37 mg, 0.21 mmol). After stirring for 2 h at room temperature, the mixture was
concentrated and purified by column chromatography.
O_IN OH
H3CO2CW
Yellow oil (176 mg, 95% yield), Rr=0.42 (1:1 hexanes/ AcOEt).

Preparation of the Racemic Sample of Compound 15
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2.0 equiv Et3N

1.0 equiv BH3 THF 1.2 iv TBSCI
OH O o Nar OH © equw OH O
5 mol% NaBH, 7 mol% DMAP
EtO no A 2T L 1eso
OEt THF, rt, 2 h OEt CH2C|2, rt, 4 h OEt
o @) () ()
69% yield 83% yield
4.0 equiv Buli K
4.0 equiv Diisopropylamine OH O O 1.5 equiv Et;BOMe
4.0 equiv tert-butyl acetate 2.0 equiv NaBH,
meso AN TBSO\/\/\)J\
THF, -78 °C, 2 h THF/CH3;0H
) rt, 30 min; -78 °C, 1 h *)
64% yield 96% vyield, cis:trans > 99:1

2.0 equiv DMP

w )< 10 mol% PTSA o ° O J<
———~ TtBso_~_~_N
TBSO o o

acetone, rt, 0.5 h

(#) (#)

CH30H, 40 °C,0.5h

95% yield 94% yield
2.0 equiv BzClI

O><O o 3.0 equiv Et3N O><O 0
4.0 equiv TBAF H H 1.0 equiv DMAP = H
- HO\/\/\)J\O —_ BZO\/-\/'\)J\O

THF, rt, 2 h CH,Cl,, rt, 0.5 h
(£) e ()
86% vyield 92% yield

(£)-3,4-Dihydroxybutanoic acid ethyl ester
1.0 equiv BH3 THF
5.0 mol% NaBH, OH O
EtO ~ Ho L _J
OEt THF, rt, 2 h OEt
o &) (£)
To a solution of diethyl DL-malate (2 g, 10.5 mmol) in THF (10 mL) was added dropwise BH3 in

THF (10.6 mL, 10.6 mmol) over 30 min at 0 °C under N,. NaBH4 powder (20 mg, 0.525 mmol)
was added in one portion (exothermic) under vigorous stirring at that temperature until evolution of
hydrogen ceased (30 min). Then, the mixture was allowed to warm to room temperature and stirred
until TLC analysis indicated consumption of the starting material (2 h). To the reaction mixture were
added MeOH (10 mL) and PTSA (0.525 mg, 5 mol%) and the resulting slightly cloudy solution was
stirred for 30 min at room temperature, followed by concentration to give a colorless gum. This was
dissolved in MeOH (10 mL) and the resulting solution was concentrated via rotary evaporation
again. This operation was repeated. To the residue was added benzene (10 mL) and the solution
concentrated via rotary evaporation. This was repeated to eliminate MeOH and B(OMe); as

thoroughly as possible to give a clear, colorless gum.
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Colorless oil (1.07 g, 69% yield), R¢= 0.42 (AcOEt). 'H NMR (400 MHz, CDCl5) &: 4.20-4.19 (m,
1H, CH,0OH), 4.06-3.94 (m, 4H, CHOH and CH3;CH>O and OH), 3.53-3.35 (m, 2H, CH,OH),
2.38-2.36 (m, 2H, CHOHCHCO), 1.14 (t,J = 7.1 Hz, 3H, OCH,CH3).
(£)-4-(-Butyldimethylsilyloxy)-3-hydroxybutanoic acid ethyl ester

2.0 equiv EtzN

OH O 1.2 equiv TBSCI OH O
7 mol% DMAP
H > 1B
o\/i\VJKOEt so\/i\V)kOEt
CH,Cly, rt, 4 h

() ()
To a stirred solution of the starting dihydroxy ester (2.79 g, 18 mmol), Et:N (5 mL, 0.36 mmol) and DMAP
(146.4 mg, 1.21 mmol) in CH>Cl> (20 mL) was added TBS-CI (3.2 g, 21.6 mmol). After stirring for 4 h
at room temperature, the mixture was poured into sat. aq. NH4CI (25 mL), the organic layer was separated,
and the aqueous portion was extracted with CH>Cl, (3 x 10 mL). The combined organic extracts were
washed with saturated NaCl (20 mL) and dried. Removal of the solvent in vacuo followed by column
chromatography of the residue afforded pure product.

OH O
eso. A,

&)
Colorless thick liquid (3.9 g, 83% yield), R¢=0.43 (5:1 hexanes/ AcOEt). 'H NMR (600 MHz, CDCl3)
8:4.09—4.05 (m, 2H, OCH>CH3), 3.99-3.98 (m, 1H, CHOH), 3.52-3.51 (m, 2H, CH,OTBS), 3.02—
3.01 (m, 1H, CHOH), 2.46-2.39 (m, 2H, CHOHCH,CO), 1.19-1.17 (m, 3H, OCH,CH3), 0.81 (s,
9H, C(CH3)3), 0.01 (s, 6H, Si(CH3)2).
(£)-6-(z-Butyldimethylsilyloxy)-5-hydroxy-3-oxohexanoic acid z-butyl ester

4.0 equiv BuLi
OH O 4.0 equiv Diisopropylamine

4.0 equiv tert-butyl acetate oH 0 Q
reso L _M__ & raso._h_I_I_k

THF, -78 °C, 2 h

4.5 mL (30.5 mmol, 4.0 equiv) of i-Pro,NH dissolved in 20 mL of anhydrous THF was cooled to
=78 °C and 19.06 mL (30.5 mmol, 4.0 equiv) of a 1.6 M n-BuLi solution in hexane was added via
dropping funnel over 45 min. After stirring at =78 °C for 30 min, 3.54 g (30.5 mmol, 4.0 equiv) of
tert-butyl acetate was added via dropping funnel over 45 min. The reaction mixture was stirred for

an additional 30 min and then 2 g (7.63 mmol, 1 equiv) of the starting hydroxy ester dissolved in 10
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mL THF was added via a dropping funnel over 45 min. The temperature was allowed to rise until
—55 °C during the addition. The cooling bath was removed and the reaction mixture was allowed to
warm to —10 °C over 4 h. Then 50 mL of 10% HCI was added over 30 min from a dropping funnel.
The temperature was allowed to reach 10 °C during the addition and the pH reached 2. The reaction
mixture was transferred into a separation funnel and the phases were separated. The combined
aqueous phases were extracted with EtOAc (30 mL x 3). The combined organic layers were washed
successively with saturated NaHCO3 (30 mL) and NaCl (30 mL) before being dried over Na>SO4
and concentrated in vacuo to give a viscous pale yellow oil. Flash chromatography with 10:1

hexanes/ AcOEt provided the desired product as a colorless oil.

OH 0 O
tBso._A M J<
0

()
Colorless oil (1.65 g, 64% yield), Ry= 0.29 (5:1 hexanes/ AcOEt). 'H NMR (600 MHz, CDCl;) &:
4.02-4.01 (m, 1H, CHOH), 3.49-3.47 (m, 2H, CH,OTBS), 3.31 (s, 2H, COCH,CO), 2.94 (s, 1H,
OH), 2.62-2.60 (m, 2H, CHOHCH,CO), 1.38-1.29 (s, 9H, OC(CHz)3), 0.78 (s, 9H, C(CHs)3),
—0.03 (s, 6H, Si(CH3),).

(3S5*,5R*)-6-(+-Butyldimethylsilyloxy)-3,5-dihydroxyhexanoic acid z-butyl ester

1.5 equiv Et,BOMe

OH O O 2.0 equiv NaBH, o o0 O
TBSO\)\/U\)J\ J< TBSO\/T\/T\)J\ J<
o) THF/CH5OH o
() rt, 30min, -78 °C, 1 h ()

OH OH O
-~ teso_ Mk
CH30H, 40 °C, 0.5 0)

()
To a solution of the starting f—keto-d-hydroxy ester (615 mg, 1.85 mmol) in THF (10 mL) and
MeOH (2 mL) was added EtotBOMe (2.78 mL, 2.78 mmol, 1 mol/L in THF), and the solution was
stirred for 30 min at room temperature before being cooled to —78 °C. NaBH4 (140 mg, 3.7 mmol)
was added portionwise over 10 min (moderate gas evolution observed). After the solution was
stirred for 1 h at =78 °C, 20 mL of sat. aq. NH4ClI was added to the cold solution. The mixture was

allowed to warm to room temperature and then extracted with EtOAc (50 mL x 3). The combined
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organic layers were washed successively with saturated NaCl (20 mL) before being dried over
Na,S0O4 and concentrated in vacuo to give a viscous pale yellow oil. MeOH (10 mL) was added, the
solution was concentrated via rotary evaporation at ca. 40 °C. This was repeated for 4 times. The

mixture was concentrated and purified by column chromatography.

OH OH O
8BS0 A A~ )<
0

(*)
Colorless oil (587 mg, 95% yield), R¢= 0.29 (5:1 hexanes/ AcOEt). 'H NMR (600 MHz, CDCI3) 6:

4.19-4.18 (s, 1H, CHOH), 3.85 (s, 2H, CH,OTBS), 3.52-3.45 (m, 2H, two CHOH), 3.26-3.25 (m,
1H, OH), 2.43-2.33 (m, 2H, CH,COOC(CH3s)3), 1.63—1.47 (m, 2H, OHCHCH>CHOH), 1.41 (s,
9H, OC(CHs)3), 0.85 (s, 9H, SiC(CH3)3), 0.022 (s, 6H, Si(CH3)2).

[(4S*,6 R*)-6-(tert-Butyldimethylsilyloxymethyl-2,2-dimethyl-1,3-dioxan-4-yl]acetic acid ¢

butyl ester

2.0 equiv DMP ><
OH OH O
= = 10 mol% PTSA
TBSO\/\/\)J\O —_— TBSO\/\/\)J\

acetone, rt, 0.5 h
(*)

To a solution of the dihydroxy ester (861 mg, 2.57 mmol) in acetone (6 mL) were added 2,2-
dimethoxpropane (536 mg, 5.1 mmol) and p-toluenesulfonic acid monohydrate (44 mg, 0.26 mmol,
0.1 equiv). The resulting mixture was stirred at room temperature until TLC analysis indicated
consumption of the starting material (0.5 h). EtzN (3 mL) was added, and the mixture was

concentrated and purified by column chromatography.

Q><Q 5
(£)

Colorless oil (904 mg, 94% yield), R¢= 0.67 (5:1 hexanes/ AcOEt). '"H NMR (600 MHz, CDCls) §:
4.21-4.20 (m, 1H, one of CH,OTBS), 3.89-3.87 (m, 1H, one of CH,OTBS), 3.63-3.39 (m, 2H,
OCHCH>CHO), 2.41-2.23 (m, 2H, CH,COOC(CH3)3), 1.61-1.59 (m, 1H, one of OCHCH>CHO),
1.40-1.39 (m, 9H, OC(CHz)3), 1.31 (s, 6H, C(CH3)3), 1.15-1.09 (m, 1H, one of OCHCH,CHO),
0.83 (s, 9H, C(CH3)3), —0.01 (s, 6H, Si(CH3)y).

[(45%,6R*)-2,2-Dimethyl-6-hydroxymethyl-1,3-dioxan-4-yl]acetic acid #-butyl ester

520



4.0 equiv TBAF c o O
tBs0._A A~ Ho A A
0
()

) THF, rt, 2 h

To a stirred solution of the TBS ether (581 mg, 1.55 mmol) in THF (4 mL) was added 1 M
tetrabutylammonium fluoride in THF (6.2 mL, 6.2 mmol, 4 equiv), and the reaction mixture was
stirred at room temperature for 2 h. The reaction was quenched with aqueous NH4Cl. The layers
were separated, and the aqueous layer was extracted with AcOEt. The combined organic layers were
washed with brine and dried over Na,SOs. After evaporation of the solvent under reduced pressure,

the residue was purified by column chromatography.

%o o L
HOA A
(£)

Colorless oil (346 mg, 86% yield), R¢= 0.42 (1:1 hexanes/ AcOEt). 'H NMR (400 MHz, CDCl;) &:
4.24-3.89 (m, 2H, OHCHb>), 3.52-3.39 (m, 2H, CHOC(CH3), and CHOC(CH3),), 2.62 (s, 1H, OH),
2.39-2.20 (m, 2H, CH,COOC(CHs)3), 1.44-1.41 (m, 1H, one of OCHCH,CHO), 1.39 (s, 3H,
C(CHas)2), 1.36 (s, 9H, C(CHs)3), 1.30 (s, 3H, C(CH3)2), 1.26-1.17 (m, 1H, one of OCHCH>CHO).

[(4S*,6R*)-6-Benzoyloxymethyl-2,2-dimethyl-1,3-dioxan-4-yl]acetic acid 7-butyl ester

>< 2.0 equiv BzCl ><

3.0 equiv Et3N

o" 0 O c o O
T 1.0 equiv DMAP g OM J<
HO\/\/\)J\OJ< ‘ (0]
() (#)

CH,Cl,, rt, 0.5 h
To a solution of the starting material (82 mg, 0.31 mmol) in CH>Cl, (4 mL) were added EtzN (130
uL, 0.95 mmol), DMAP (38 mg, 0.31 mmol) and benzoyl chloride (71 pL, 0.62 mmol). After stirring

for 0.5 h at room temperature, the mixture was purified by column chromatography directly.

5o o
ZO\/:\/:\)J\OJ<
(*)

Colorless oil (103 mg, 92% yield), R¢= 0.37 (5:1 hexanes/ AcOEt). 'H NMR (400 MHz, CDCl5) &:
8.04-8.02 (m, 2H, ArH), 7.56-7.52 (m 1H, ArH), 7.44-7.41 (m, 2H, ArH), 4.32-4.23 (m, 4H,
CHOC(CHj3), and CHOC(CH3), and BzZOCH3), 2.48-2.31 (m, 2H, CH,COOC(CH3)3), 1.68-1.64
(m, 1H, one of OCHCH,CHO ) 1.48 (s, 3H, C(CH3)2), 1.43 (s, 9H, C(CH3)3), 1.40 (s, 3H, C(CHs)2),

1.38-1.32 (m, 1H, one of OCHCH>CHO).
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NAME JMH161215
EXPNO 1
PROCNO 1
Date_ 20161217
Time 10.33
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 40.3
DwW 60.800
DE 6.50
TE 291.6
D1 1.00000000
TDO 1
—======= CHANNEL f1 ====
NUC1 H
P1 13.80
PL1 -1.00
PLIW 13.18669796
SFO1 400.1724712
S1 32768
SF 400.1700025
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

JMH161215-C13

1

1
20161217
10.39
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3

148

4
24038.461
0.366798
1.3631988
203

20.800
6.50

292.5
2.00000000
0.03000000

-2.00
57.32743073
100.6328888

waltzl16

1H

80.00

-1.00

14.26

14.46
13.18669796
0.39276794
0.37509048
400.1716007
32768
100.6228201
EM

0

1.00

0

1.40
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NAME FJJ170510-5
EXPNO 1
PROCNO 1
Date_ 20170515

Time 15.59
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 36

DwW 60.800 usec
DE 6.50 usec
TE 301.3 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 1H

Pl 13.80 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1700020 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME FJJ170510-5-C13
EXPNO 1
PROCNO 1
Date_ 20170515
Time 16.10
INSTRUM spect

I PROBHD 5 mm PABBO BB-
(:) |N OTHP PULPROG zgpg30
- TD 65536
HSCOZC SOLVENT CDCI3
NS 137
3 DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
Dw 20.800 usec
DE 6.50 usec
TE 302.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL ¥l ========
NUC1 13C
P1 8.50 usec
PL1 -2.00 dB
PL1W 57.32743073 W
SFO1 100.6328888 MHz
======== CHANNEL 2 ========
CPDPRG2 waltzl16
NUC2 1H
PCPD2 80.00 usec
PL2 -1.00 dB
PL12 14.26 dB
PL13 14.46 dB
PL2W 13.18669796 W
PL12W 0.39276794 W
PL13W 0.37509048 W
SF02 400.1716007 MHz
Sl 32768
SF 100.6228121 MHz
WDW EM
4 SSB 0

LB 1.00 Hz
GB 0
PC 1.40
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NAME FJJ170336-3
EXPNO 1
PROCNO 1
Date_ 20170308
Time 11.34
O—N OH INSTRUM spect
= PROBHD 5 mm PABBO BB-
- | PULPROG 2930
TD 6551:»6
SOLVENT CDCI3
H3COZC NS 16
DS 2
4 SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 144
DW 60.800 usec
DE 6.50 usec
TE 294.6 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 13.80 usec
PL1 -1.00 dB
PL1W 13.18669796 W
SFO1 400.1724712 MHz
Si 32768
SF 400.1700030 MHz
WwDw EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

JMH161218-2-C13

1

1
20161220
11.12
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3
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NAME FJJ170328
EXPNO 1
PROCNO 1
Date_ 20170329

Time 14.49
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 64

DwW 60.800 usec
DE 6.50 usec
TE 299.2 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 1H

Pl 13.80 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1700028 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

FJJ170724-C13

1

1
20170728
11.57
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3

400

4
24038.461
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6.50

299.0
2.00000000
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-2.00
57.32743073
100.6328888
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1H

80.00

-1.00

13.26

14.46
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0.49446553
0.37509048
400.1716007
32768
100.6228581
EM

0

1.00

0

1.40



8.0633
8.0448
7.5897
7.5713
7.5528
7.4629
7.4435
7.4246
4_.5772
4.5687
4.4760
4_3575
4._.3450
4.0362
4.0268
4.0172
4.0116
4.0027
3.8438
3.8231
3.7959
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3.7094
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NAME FJJ170413-XD
EXPNO 1
PROCNO 1
Date_ 20170413

Time 21.24
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 80.6

DwW 60.800 usec
DE 6.50 usec
TE 297.6 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 H

Pl 13.80 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1699966 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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62.464 7
46.499
43.673
30.573
29.730
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X : parts per Million : Carbon13
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NAME FJJ171207-2-B
EXPNO 1
PROCNO 1
Date_ 20171207
Time 13.25
INSTRUM spect
B PROBHD 5 mm PABBO BB-
PN PULPROG z
O "0 OTHP o 65530
- - SOLVENT CDCI3
BzO NS 2992
DS 0
SWH 19230.770 Hz
8 FIDRES 0.293438 Hz
AQ 1.7039860 sec
RG 203
DW 26.000 usec
DE 6.50 usec
TE 296.7 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 11B
P1 8.00 usec
PL1 -2.00 dB
SFO1 128.3904390 MHz
S1 32768
SF 128.3904126 MHz
WDw EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
R D D A L L I I I
70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 ppm
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8.0724
8.0540
7.5754
7.5570
7.5385
7.4532
7.4338
7.4149
7.2600
4_.3246
4.3125
4._.2846
4.2702
4.2601
4_.2010
4.1742
4_.0511
3.9429
3.9313
3.9180
3.9056
3.8941
3.8725
3.8634
3.8500
3.8412
3.8249
3.8158
1.7730
1.7624
1.7490
1.7383
1.7275
1.7153
1.6906
1.6554
0.8975
0.0848
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OH OH OTBS
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TN ——

1.01
2.02

3.08
2.07
0.99
2.12
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4_38

9.28

NAME FJJ171121-1
EXPNO 1
PROCNO 1
Date_ 20171122

Time 17.07
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 90.5

DwW 60.800 usec
DE 6.50 usec
TE 296.3 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 H

Pl 15.50 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1700028 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

FJJ171121-1-C13
1

1

20171122
17.24
spect

5 mm PABBO BB-
zgpg30
65536
CDCI3

205

4
24038.461
0.366798
1.3631988
203

20.800
6.50
296.5 K
2.00000000
0.03000000

-2.00
57.32743073 W
100.6328888

CHANNEL 2 ========
waltzl16

1H

80.00

-1.00

13.26

14.46
13.18669796 W
0.49446553 W
0.37509048 W
400.1716007
32768
100.6228282
EM

0

1.00

0

1.40



NAME FJJ171113
EXPNO 1
PROCNO 1
Date_ 20171113
Time 11.06
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
T:><:T SOLVENT CDCI3
NS 16
o O OTBS DS 2
z = SWH 8223.685 Hz
BZO - . FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 32
DwW 60.800 usec
12 DE 6.50 usec
TE 296.7 K
D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 1H
Pl 15.50 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768
SF 400.1700028 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

I I
9 8 7 6 5 4 3 2 1 0 ppm

AN OO |
Fﬂoqmm
N[N M [H|O

3.10
1.05
1.02
1.04
5.97
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

FJJ171113-C13

1

1
20171113
11.13
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3

57

4
24038.461
0.366798
1.3631988
203

20.800
6.50

297 .2
2.00000000
0.03000000

-2.00
57.32743073
100.6328888

waltzl16

1H

80.00

-1.00

13.26

14.46
13.18669796
0.49446553
0.37509048
400.1716007
32768
100.6228318
EM

0

1.00

0

1.40
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NAME FJJ171113-1
EXPNO 1
PROCNO 1
Date_ 20171114

Time 9.43
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 57

DwW 60.800 usec
DE 6.50 usec
TE 295.1 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 H

Pl 15.50 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1700028 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

FJJ171113-1-C13

1

1
20171114
9.53
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3

76

4
24038.461
0.366798
1.3631988
203

20.800
6.50

296.2
2.00000000
0.03000000

-2.00
57.32743073
100.6328888

waltzl16

1H

80.00

-1.00

13.26

14.46
13.18669796
0.49446553
0.37509048
400.1716007
32768
100.6228333
EM

0

1.00

0

1.40
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NAME fjjl71114
EXPNO 1
PROCNO 1
Date_ 20171114

Time 19.37
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 36

DwW 60.800 usec
DE 6.50 usec
TE 295.6 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 1H

Pl 15.50 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1700030 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

fjj171114- C13

1
20171114
19.48
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3

42

4
24038.461
0.366798
1.3631988
203

20.800
6.50

296.1
2.00000000
0.03000000

57.32743073
100.6328888

waltzl16

1H

80.00

-1.00

13.26

14.46
13.18669796
0.49446553
0.37509048
400.1716007
32768
100.6228370
EM

0

1.00

0

1.40
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NAME FJJ171115
EXPNO 1
PROCNO 1
Date_ 20171115

Time 20.40
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 36

DwW 60.800 usec
DE 6.50 usec
TE 295.6 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 H

Pl 15.50 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1700025 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

FJJ171115-C13

1

1
20171115
20.48
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3

36

4
24038.461
0.366798
1.3631988
203

20.800
6.50

296.1
2.00000000
0.03000000

-2.00
57.32743073
100.6328888

waltzl16

1H

80.00

-1.00

13.26

14.46
13.18669796
0.49446553
0.37509048
400.1716007
32768
100.6228341
EM

0

1.00

0

1.40
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NAME FJJ171116-1
EXPNO 1
PROCNO 1
Date_ 20171118

Time 9.41
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 64

DwW 60.800 usec
DE 6.50 usec
TE 292.8 K

D1 1.00000000 sec
TDO 1
=—======= CHANNEL f1 ========
NUC1 1H

Pl 15.50 usec
PL1 -1.00 dB
PLIW 13.18669796 W
SFO1 400.1724712 MHz
S1 32768

SF 400.1700028 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

CHANNEL T2

FJJ171116-1-C13

1

1
20171118
9.47
spect

5 mm PABBO BB-

zgpg30
65536

CDCI3

56

4
24038.461
0.366798
1.3631988
203

20.800
6.50

293.7
2.00000000
0.03000000

-2.00
57.32743073
100.6328888

waltzl16

1H

80.00

-1.00

14.26

14.46
13.18669796
0.39276794
0.37509048
400.1716007
32768
100.6228318
EM

0

1.00

0

1.40

w



4.3025
4.2916
L 4.2867
- 4.2794
L 4.2748
42701
42637

F
-

4._.2582
4.2470
4.2411
4.1272

-0983

| 4_0921
4.0775
| 4_0682
4.0492
4.0397
4.0162
4.0009
3.9878
3.9725
2_4636
24460
24256
24080
2_3366
2.3214
2.2986
2.2834
2_0697
1.5793
1.5735
1.5676
1.5478
1.5418
1.5359
1.4531
1.4352
1.3802
1.2996
1.2706
1.2396
1.2103
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NAME FJJ171218
EXPNO 1
PROCNO 1
Date_ 20171218
Time 14.46
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 80.6
DwW 60.800
DE 6.50
TE 294.6
D1 1.00000000
TDO 1
—======= CHANNEL f1 ====
NUC1 H
P1 15.50
PL1 -1.00
PL1W 13.18669796
SFO1 400.1724712
S1 32768
SF 400.1700028
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
WDW
SSB
LB

GB

PC

FJJ171218-C13
1

1

20171218
14 .56
spect

5 mm PABBO BB-
zgpg30
65536
CDCI3

81

4
24038.461
0.366798
1.3631988
203

20.800
6.50

294 .8
2.00000000
0.03000000

-2.00
57.32743073
100.6328888

CHANNEL f2
waltzl16

1H

80.00

-1.00

13.26

14.46
13.18669796
0.49446553
0.37509048
400.1716007
32768
100.6228289
EM

0

1.00

0

1.40
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NAME FJJ170717-2
EXPNO 1
PROCNO 1
Date_ 20170722
Time 9.31
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 161
DwW 60.800
DE 6.50
TE 298.7
D1 1.00000000
TDO 1
======== CHANNEL f1 ====
NUC1 H
P1 15.50
PL1 -1.00
PLIW 13.18669796
SFO1 400.1724712
Sl 32768
SF 400.1700030
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT
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— || o N O

FJJ171128-YUAN
1

1

20171129
16.35
spect

5 mm PABBO BB-
zg30

65536
CDCI3

16

2

8223.685
0.125483
3.9846387
28.5
60.800
6.50

294.6
1.00000000
1

CHANNEL f1 ====

15.50

-1.00
13.18669796
400.1724712
32768
400.1700025
EM

0

0.30

0

1.00
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NAME £jj171203
EXPNO 1
PROCNO 1
Date_ 20171204

Time 15.18
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 20.2

DwW 60.800 usec
DE 6.50 usec
TE 297.4 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H

Pl 15.50 usec
PL1 -1.00 dB
PL1W 13.18669796 W
SFO1 400.1724712 MHz
Sl 32768

SF 400.1700020 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME FJJ171214
EXPNO 1
PROCNO 1
Date_ 20171215
Time 14.43
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 22.6
DwW 60.800
DE 6.50
TE 294.1
D1 1.00000000
TDO 1
======== CHANNEL f1 ====
NUC1 H
P1 15.50
PL1 -1.00
PLIW 13.18669796
SFO1 400.1724712
Sl 32768
SF 400.1700023
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00



8.0477
8.0298
8.0266
7.5718
7.5533
7.5380
7.5349
7.5196
7.4493
7.4297
7.4109
—4.2800
2.4838
2.4660
2.4460
2.4282
2.3634
2.3485
2.3256
2.3106
1.6809
1.6753
1.6696
1.6437
1.4810
1.4346
1.4011
1.3835
1.3676
1.3537
1.3234

SN

|

1.34
2.04
4.02
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT

CHANNEL f1

FJJ171215
1

1
20171215
19.29
spect

5 mm PABBO BB-

zg30
65536
CDCI3

16

2
8223.685
0.125483
3.9846387
50.8
60.800
6.50
292.8
1.00000000
1

15.50

-1.00
13.18669796
400.1724712
32768
400.1700028
EM

0

0.30

0

1.00



Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

2017/9/20 11:04:391/1

Shimadzu LCsolution Analysis Report ====

E:\data\901\FLF\Fjj170909-xiaoxuanl AD 21.lcd
»Admin
: Fjj170909-xiaoxuanl

S1uL
: Fjj170909-xiaoxuanl AD 21.lcd
: method1.lcm

Default.lcr
: 2017/9/20 10:48:27
:2017/9/20 11:02:32

<Chromatogram>
E:\data\901\FLF\Fjj170909-xiaoxuanl AD 21.lcd
mV
. N N Det.A Ch1]
i © o
- ~ (e}
400
] O—lN OH
300 Hacozc/L\/L\/J
] ()
200
100
0 & 0 :
\ \ \ T T
0.0 2.5 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/225nm
PeakTable
Detector A Chl 225nm
Peak# Ret. Time Area Height Area % Height %
1 7.862 10179161 470877 48.473 51.351
2 9.072 10820335 446096 51.527 48.649
Total 20999497 916973 100.000 100.000
S73

E:\data\901\FLF\Fjj170909-xiaoxuanl AD 21.lcd



2017/9/20 16:45:44 1 /1

==== Shimadzu LCsolution Analysis Report ====

E:\data\901\FLF\Fjj170909-yibingjiyes20% AD 26.lcd

Acquired by :Admin

Sample Name : Fjj170909-yibingjiyes20%

Sample ID :

Vail # :

Injection Volume :1ul

Data File Name : Fjj170909-yibingjiyes20% AD 26.lcd
Method File Name : methodl.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired
Data Processed

:2017/9/20 16:24:16
:2017/9/20 16:41:01

<Chromatogram>
E:\data\901\FLF\Fjj170909-yibingjiyes20% AD 26.lcd
mV
. N Det.A Chl
Q
7 ~
300
200; H;CO,C
100
- (2]
. 8
B ~
o) /\
T T ‘ T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T
0.0 25 5.0 7.5 10.0 125 15.0
min
1 Det.A Ch1/225nm
PeakTable
Detector A Chl 225nm
Peak# Ret. Time Area Height Area % Height %
1 7.074 7244825 366410 89.902 89.429
2 7.959 813724 43314 10.098 10.571
Total 8058549 409724 100.000 100.000
S74
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Shimadzu LCsolution Analysis Report

E:\data\901\Fjj HPLC\ $3#\FJJ171215-XX-(OD 10% 0.5mL)254nm3.Icd

Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: Admin
: FJJ171215-XX-(OD 10% 0.5mL)254nm

“1uL
: FJJ171215-XX-(OD 10% 0.5mL)254nm3.Icd
: method1.lcm

Default.lcr
:2017/12/16 18:42:01
1 2017/12/16 19:50:00

2018/3/314:12:.071/1

<Chromatogram>

E:\data\901\Fjj HPLC\E (##\FJJ171215-XX-(OD 10% 0.5mL)254nm3.lcd

mV
1 8 Det.A Chl]
. o
4 8 (LP-,
1 o
75— a
i Q><Q o
] s~ K
50+ )
25—
Oi T
T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T T ‘ T T ‘ T
0.0 25 5.0 7.5 10.0 12,5 15.0 17.5
min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 10.965 2232473 92355 50.854 56.314
2 13.935 2157511 71644 49.146 43.686
Total 4389983 163999 100.000 100.000

S75
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Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

2017/12/16 19:53:151/1

Shimadzu LCsolution Analysis Report ====

E:\data\901\FLF\FJJ171215-SX-n(OD 10% 0.5mL)254nm4.lcd
: Admin
: FJJ171215-SX-n(OD 10% 0.5mL)254nm

“1uL
: F3J171215-SX-n(OD 10% 0.5mL)254nm4.lcd
: method1.lcm

Default.lcr
:2017/12/16 19:03:28
12017/12/16 19:24:11

<Chromatogram>
E:\data\901\FLF\FJJ171215-SX-n(OD 10% 0.5mL)254nm4.lcd
mV
400 § Det.A Chl
: o
] >
o o O
3007 BZO\/_\/'\)J\OJ<
200
100
o]
T ‘ T T ‘ T
0.0 25 5.0
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 10.907 2097109 79502 13.089 16.779
2 13.655 13924276 394315 86.911 83.221
Total 16021384 473816 100.000 100.000
S76
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