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1. General Information

All reactions were carried out under standard conditions using N, as shielding gas with
magnetic stirring. Analytical thin layer chromatography (TLC) was performed with TLC
plates. All reactions and column chromatography were monitored by thin layer
chromatography with UV light at 254 nm and colorized with ethanol solution of
phosphomolybdic acid, followed by heating using a heat gun. All products could be purified
by column chromatography using ethyl acetate and hexane as eluent. Organic solutions were
concentrated by rotary evaporation. All solvents were freshly distilled before use. 'H and C
NMR chemical shifts are reported in CDCI; solution of the compound by Bruker AV-300
MHz or Bruker AV-400 MHz instruments and marked in ppm relative to tetramethylsilane
(TMS) (0) and CDCIl; (77.0 ppm) as standard. The following abbreviations are used to
describe peak patterns where appropriate: s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet. Coupling constants (J) are reported in Hertz (Hz). High resolution mass spectral
analysis (HRMS) was performed on Waters Q-TOF Premier mass spectrometer. The
determination of ee was performed via chiral phase HPLC analysis using Shimadzu
LC-20AD HPLC workstation. Optical rotations were measured using a 1 mL cell with a 1 cm
path length on a Jasco P1030 digital polarimeter and are reported as follows: [0]. The dr
values of the products were determined by the corresponding '"H NMR spectra. The absolute
configuration of products could be confirmed according to the optical rotations of known

compounds.

2. General procedure for preparation of substrates 1 and 2
All substrates were prepared according to literature' (1j) or following general procedure
(la-1i and 2a-2p) from different starting materials (the specific starting material, please see

the related data part of substrate).
0o
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Under nitrogen atmosphere, to a suspension of sodium hydride (60% suspension in oil, 1.5
equiv) in THF (0.3mmol/mL) was added triethyl phosphonoacetate (1.8 equiv) dropwise at
0 °C, then the resulting mixture was stirred for 30 min at 0 °C. Ketone s1 (1 equiv, 1 M in
THF solution) was added dropwise to the resulting mixture and the reaction was allowed to
reflux overnight. After cooling to room temperature, the reaction was quenched with saturated
NH4CI, the organic phase was separated and the aqueous solution was extracted with Et,0.
The combined organic layers were washed with brine, dried over Na,SO, and concentrated
under reduced pressure. The residue was purified by column chromatography to afford the
corresponding (E)-isomer s2.

To a stirred suspension of LiAlH4 (1.2 equiv) in Et,0O (3 ml per mmol) was added
(E)-isomer S2 (1 equiv, 1 M in Et,0 solution) dropwise at 0 °C, then the resulting mixture was
stirred for 30 min at 0 °C. The reaction was then cautiously quenched with ethyl acetate at
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0 °C, then 15% NaOH solution (1 ml per gram of LiAlH4) was added follow by the addition
of another portion of water (1 ml per gram of LiAlHy). The resulting mixture was allowed to
stir for 1 h to form a white suspension. Anhydrous MgSO, was added and the suspension was
stirred for another 30 min. The solid was removed by filtration using celite and the filtrate
was concentrated to give the corresponding alcohol s3 that was used without further
purification.

To a stirred solution of alcohol s3 (1 equiv) in Et,O (1.0 mmol/mL) was added PBr; (0.5
equiv) dropwise at 0 °C, then the reaction was allowed to warm to room temperature and
stirred. After the reaction was completed, it was cautiously treated with 20% NaOH (2 M) at
0 °C. The organic layer containing the corresponding bromide compound s4 was separated,
washed with brine, dried over anhydrous Na,SO, and kept over solid sodium hydrate for the
next step.

To a dried flask with a magnetic stir bar was added dimethyl chloromalonate (1 equiv) and
dried THF (0.3 M). The solution was cooled to 0 °C follow by the addition of sodium hydride
(60% suspension in oil, 1 equiv). The resulting mixture was allowed to stir at rt for 30 min.
Then bromide s4 (1.1 equiv) was added and the reaction mixture was allowed to stir overnight
at rt. The reaction mixture was quenched by saturated NH4Cl solution, the organic phase was
separated and the aqueous phase was extracted with Et,O three times. The combined organic
layers were washed with brine, dried over anhydrous Na,SO, and concentrated under reduced
pressure. The residue was purified by column chromatography to afford diester s5.

To a stirred solution of diester s5 (1 equiv) in MeOH (0.25 M) was added NaBH, (4 equiv),
the resulting mixture of which was stirred at 0 °C for 15 min and then allowed to warm to
room temperature and stirred for 6 h. After the reaction was completed, the mixture was
quenched with saturated NH4Cl, the solvent was evaporated and the aqueous solution was
extracted with Et,0. The combined organic layers were washed with brine, dried over
anhydrous Na,SO, and concentrated under reduced pressure. The residue was purified by
column chromatography to afford the corresponding diol.
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3. Screening of conditions and general procedure for syntheses of products 3

cl OH [°]
N
/{ H A R
Ph OH

R = 1-nathphyl
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1.0 eauiv oxidant

5mol% NHC
10 mol% base
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A: Ar=Mes, R =H, X=BF,

BATRE A

D: Ar =Ph, R = NOy, X= BF, 0

E: Ar = 2.4,6-4richloro-phenyl, R = H, X= CI oxidant

F: Ar = pentafluoro-phenyl, "= H, X= CI
entry® Sol. T (°C) base Lewis acid 3a yield (%) 3aer (%)°
1 THF 0 Cs,CO; - 95 81:19
2 CHCl; 0 Cs,CO;4 - 94 65:35
3 DCM 0 Cs,CO;4 - 92 68:32
4 Tol. 0 Cs,COs5 - 86 84:16
5 Dioxane 0 Cs,CO;5 - 70 67:33
6 1,2-DCM 0 Cs,CO;4 - 88 69:31
7 Et,O 0 Cs,CO;4 - 92 77:23
8 THF 0 K,CO3 - <20% -
9 THF 0 DBU - <20% -
10 THF 0 Et;N - 86 50:50
11 THF r.t. Cs,CO;, >90 75:25
12 THF -20 Cs,CO4 >90 90:10
13 THF -25 Cs,CO; >90 92:8
14 THF -30 Cs,CO;, >90 92.5:7.5
15 THF -35 Cs,CO; >90 92.5:7.5
15 THF -45 Cs,CO; >90 95:5
16 THF -55 Cs,CO;5 >90° 93.5:6.5
18 THF -65 Cs,CO; >9(P° 87.5:12.5
19 THF -70 Cs,CO; >90° 90:10
20 THF -45 Cs,COs LiCl 75 79:21
21 THF -45 Cs,CO; Sc(OTf); 90 82:28
22 THF -45 Cs,CO;, Yb(OTf), 92 88:26
23 THF -45 Cs,CO;4 Cu(OTf), 85 72:28
24  THF -45 Cs,CO;s Mg(OTH), 87 87:13
25 THF -45 Cs,CO; Zn(0Tf), 93 87:13

4All reactions of 1a (0.10 mmol, 20.1 mg) with aldehyde 2 (0.2 mmol, 31.2 mg) were carried out in presence of catalyst of 5 mol%
Eand Cs,CO; of 10 mol% in THF (1.0 mL) for 16 h. °Catalyst E of 2 mol% and Cs,COj;of 5 were used (48 h). “Isolated yield.

YEr of 3a was determined by chiral HPLC analysis.
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General procedure for synthesis of product 3: Under N, atmosphere, oxidant (0.1 mmol),
triazolium salt A-F (0.01 mmol) and Cs,CO,(0.015 mmol, 4.9 mg) were dissolved in freshly
distilled THF stirred at room temperature for 5 minutes. Then, the yellow solution was slowly
added into a solution of the 1,3-diol 1 (0.10 mmol, 0.10 M) and 1-naphthaldehyde (0.15 mmol)
in THF at the specified temperature (-45 °C) as shown in Chart 1 and Chart 2 in the text. The
resulting mixture was stirred under constant temperature for 12 h. The solvent was removed
under reduced pressure and the crude residue was purified via column chromatography on
silica gel to afford the desired mono-esterification product 3.

4. General procedure for the synthetic applicability

c OH Cl, COM
% Jones oxidation VG
acetone, rt
Ph R Ph R

3 90% 6
R = 1-naphthoate

The procedure for synthesis of 6: The solution of 3a (2.0 mmol, 1.0 equive) in acetone was
cooled to 0 °C. Jones reagent (1.6 mL, 1.67 M in water) was added dropwise and the reaction
mixture was stirred at 0 °C for 2h. Then the water was added and the mixture was extracted with
ether. The combined organic layers were dried with Na,SO,. The resulting solution was
concentrated by vacuum pump. The acid 6 could be obtained in 90% yield through isolation
by silica gel column chromatography.

Cl, COH AlClz, DCM cl
t, 70% $

Ph OCOR OCOR
6

7
R = 1-naphthyl

The procedure for synthesis of 7: Under a nitrogen atmosphere, a solution of 6 (0.3 mmol,
110 mg, 1.0 equiv) in DCM (4.0 mL, 0.05 M) was added to AICIl; (0.6 mmol, 79 mg, 2.0
equiv) at 0 °C. After the full conversion of 6, the reaction was quenched with H,O. Then the
organic phase was separated, and the aqueous phase was extracted with Et,O three times. The
combined organic layers were washed with brine, dried over Na,SO,4 and concentrated under
reduced pressure. The residue was purified by column chromatography to afford product 7 in
70% yield.

PDAI

51%

TBSO  R=1-naphthoyl HO 0

The procedure for synthesis of 11: To the solution of crude product 3e (0.4 mmol, 194 mg, 1.0
equiv) in THF was added TBAF (105 mg, 1.0 equiv) and the reaction was treated with H,O after
full conversion of reaction by TLC monitoring. The organic phase was separated, and the aqueous
phase was extracted with DCM three times. The combined organic layers were washed with brine,
dried over Na,SO,4 and concentrated under reduced pressure. The residue was purified by column
chromatography to afford phenol product 10.

To a solution of phenol 10 in DCM (0.1 M) was added PDAI (130 mg, 1 equiv) at 0 °C. After
the reaction was stirred at 0 °C for 1h, the saturated Na,S,03 was added to quench reaction. The
final system was quenched with ethyl acetate three times. The combined organic layers were
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concentrated under vacuum and the product 11 could be obtained in 40% total yield for two steps
by column chromatography.

5. Determination of the absolute configuration of the products 3 and 4
The absolute configuration of the products 3 and 4 was determined by correlation with a
known compound as follows.'

TBDPSCI
;COH Sorn ;COTBDPS S {OTBDPS o fCOTBDPS - /lC
—_— 2 — = 2
0y
PW R DMt py R 8% oy oH DCM, 0°C THFrt .

3j 95% 12 13 90%
R = 1-naphthoate

/.F:COH F, OH
< D
Ph OAc Ph/ OAc

15 known compound

[a]*’p = +6 (¢ = 14.0 mg/mL, CHCl;) [a]p = -8.8 (¢ = 0.98 mg/mL, CHCls, 95% ee)

According to the optical rotations of our synthetic compounds and the known compound, the
absolute configuration of our synthetic compounds could be confirmed.

The procedure for synthesis of 12: To a stirred solution of 3j (0.7 mmol, 236 mg, 1 equiv) in
DCM (0.5 mmol/ml) was added imidazole (, 2.2 equiv, 104.7 mg) at 0 °C. Then, TBDPSCI was
added to the reaction system and the reaction was stirred for 2 h. The reaction was subsequently
quenched with H,0, the organic layer was separated and the aqueous phase was extracted with
DCM. The combined organic layers were washed with brine, dried over anh. Na,SO, and
concentrated under reduced pressure. The residue was purified by column chromatography to give
product 12 in 95% yield.

Under a nitrogen atmosphere, to a stirred solution of 12 (0.4 mmol, 230 mg, 1 equiv) in THF
(0.25 mmol/ml) was added LiBH4 (2 N in THF solution, 2.2 equiv) dropwise at 0 °C, and the
reaction mixture was allowed to stir at that temperature for 12 h. Subsequently, the reaction was
quenched by sat. NH4Cl, the organic phase was separated, and the aqueous phase was extracted
with Et,O three times. The combined organic layers were washed with brine, dried over Na,SO;,
and concentrated under reduced pressure. The residue was purified by column chromatography to
afford product 13 in 89% yield.

Under a nitrogen atmosphere, to a stirred solution of 13 (0.2 mmol, 84 mg, 1 equiv) in DCM
(0. 5 mmol/ml) was added AcCl (2.0 equiv) dropwise at 0 °C. Subsequently, Et;N was added to
stir at that temperature for 1 h. After that, the reaction was quenched with H,O, the organic phase
was separated, and the aqueous phase extracted with DCM three times. The combined organic
layers were washed with brine, dried over Na,SO,4 and concentrated under reduced pressure to
afford the residue 14.

To the solution of crude product 14 (1.0 equiv) in THF was added TBAF (1.0 equiv, ) and the
reaction was treated with H,O after full conversion of reaction by TLC monitoring. The organic
phase was separated, and the aqueous phase was extracted with DCM three times. The combined
organic layers were washed with brine, dried over Na,SO4 and concentrated under reduced
pressure. The residue was purified by column chromatography to afford product 15 in 81% total
yield for two steps.
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6. Characterization of key compounds 1, 2 and 3
2-benzyl-2-chloropropane-1,3-diol (1a)

¢, ,—0 According to general procedure, the title compound (1.61 g) could be obtained
d{m in 80% yield for two steps from diethyl chloromalonate (10 mmol, 1.94 g).

ta White solid. '"H NMR (400 MHz, CDCls): & 7.31-7.27 (m, SH), 3.73 (s, 2H),

3.14 (s, 2H), 2.87 (s, 2H); '*C NMR (100 MHz, CDCLy): & 135.0, 130.8, 128.2, 127.1, 76.6,
65.9, 41.1; HRMS (ESI) calcd. For C;oH4C10, [M+H]": 201.0677, Found: 201.0679. IR v
(cm ') 3269, 2947, 1455, 1119, 1074, 701.

2-chloro-2-(4-methylbenzyl)propane-1,3-diol (1b)
o —~on According to general procedure, the title compound (1.76 g) could be obtained
o in 82% yield for two steps from diethyl chloromalonate (10 mmol, 1.94 g).
§j§j< White solid. "H NMR (400 MHz, CDCl;): & 7.12 (d, J = 7.6 Hz, 2H), 7.20 (d, J
= 7.6 Hz, 2H), 3.74 (s, 4H), 3.14 (s, 2H), 2.34 (s, 3H), 2.29 (s, 2H); "C NMR
(100 MHz, CDCl;): 6 136.8, 132.0, 130.6, 128.9, 66.2, 40.8, 21.1; HRMS (ESI) calcd. For

CH,,ClO, [M+H]": 215.0833, Found: 215.0840. IR v (cm ') 3222, 1452, 1118, 1066, 767,
699.

2-chloro-2-(4-(trifluoromethyl)benzyl)propane-1,3-diol (1c)
o, —oi According to general procedure, the title compound (1.88 g) could be obtained
on in 70% yield for two steps from diethyl chloromalonate (10 mmol, 1.94 g).
QAE: White solid. "H NMR (400 MHz, CDCLy): & 7.57 (d, J = 8.4 Hz, 2H), 7.54 (d,
FiC J = 8.0 Hz, 2H), 3.77-3.68 (m, 4H), 3.20 (s, 2H), 3.13 (s, 2H), 2.87 (s, 2H);
C NMR (100 MHz, CDCLy): & 139.1, 131.3, 129.5, 129.2, 125.5, 125.1, 125.0, 125.0, 125.0,

122.8, 75.7, 65.7, 40.5; HRMS (ESI) calcd. For C;;H;3CIF;0, [M+H]": 269.0551, Found:
269.0556. IR v (cm ') 2923, 1746, 1437, 1325.

2-chloro-2-(4-methoxybenzyl)propane-1,3-diol (1d)
o, —~oi According to general procedure, the title compound (1.71 g) could be
o obtained in 74% yield for two steps from diethyl chloromalonate (10
“ mmol, 1.94 g). White solid. "H NMR (400 MHz, CDCls): § 7.22 (d, J = 8.4
MeO Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.77 (s, 3H), 3.71 (d, J = 3.6 Hz, 2H), 3.13
(s, 2H), 3.07 (s, 2H); >C NMR (100 MHz, CDCl;): § 158.5, 131.8, 127.0, 113.5, 65.7, 55.1,

40.1; HRMS (ESI) caled. For C;1H;,C10; [M+H]": 231.0782, Found: 231.0789. IR v (cm ")
3303, 2931, 1614, 1250, 1085, 849.

2-(4-((tert-butyldimethylsilyl)oxy)benzyl)-2-chloropropane-1,3-diol (1e)
a. —~ou Following the literature procedure’, the corresponding
oy (bromomethyl)benzene could be obtained. According to the general
. procedure, the title compound could be obtained as a white solid in 73%
TBSO overall yield from (bromomethyl)benzene compound. 'H NMR (400 MHz,

CDCLy): § 7.16 (d, J = 8.5 Hz, 2H), 6.78 (d, J = 8.5 Hz, 2H), 3.72 (d, J = 6.0 Hz, 2H), 3.71 (d,
J=6.7 Hz, 2H), 3.10 (s, 2H), 2.41 (t, J = 6.5 Hz, 2H), 0.98 (s, 9H), 0.19 (s, 6H); °C NMR
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(100 MHz, CDCLy): § 154.9, 131.9, 127.8, 119.9, 77.6, 66.2, 40.6, 25.8, 18.3, —4.3. HRMS
(ESI) caled. For C1gHsCl05Si [M+H]": 331.1491, Found: 331.1497. IR v (cm™') 2954, 1472,
1254, 1059, 778.

2-(4-(1,3-dioxolan-2-yl)benzyl)-2-chloropropane-1,3-diol (1f)

/" Following the literature procedure’, the corresponding

" (bromomethyl)benzene could be obtained. According to the general
o procedure, the title compound could be obtained as a white solid in 78%
Lo overall yield from the bromomethylbenzene compound. 'H NMR (400
MHz, CDCl3): 6 7.43 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 5.80 (s, 1H),
4.18-4.10 (m, 2H), 4.08-4.00 (m, 2H), 3.73 (d, J = 6.0 Hz, 2H), 3.71 (d, J = 6.6 Hz,
2H), 3.19 (s, 2H), 2.17 (t, J = 6.4 Hz, 2H); °C NMR (100 MHz, CDCl;): § 136.8,
136.4, 131.0, 126.5, 103.7, 77.0, 66.2, 65.5, 41.0. HRMS (ESI) caled. For C;3H;5Cl0y4
[M+H]": 273.0888, Found: 273.0886. IR v (cm_l) 3308, 2931, 1696, 1389, 1090, 854.

2-(3-(1,3-dioxolan-2-yl)benzyl)-2-chloropropane-1,3-diol (19)
According to the procedure of 1f, the title compound could be
0 obtained as a white solid in 15% overall yield from the
QO C| bromomethylbenzene compound. 'H NMR (400 MHz, CDCl»): o
o of o 743-738 (m, 2H), 7.36-7.32 (m, 2H), 5.80 (s, 1H), 4.18-4.09 (m, 2H),
4.08-3.99 (m, 2H), 3.72 (d, J = 6.0 Hz, 2H), 3.71 (d, J = 6.8 Hz, 2H), 3.18 (s, 2H),
248 (t,J = 6.5 Hz, 2H); °*C NMR (100 MHz, CDCl3): §137.9, 135.5, 131.9, 129.0,

128.4,125.4,103.8, 66.3, 65.5, 41.1. HRMS (ESI) calcd. For C,3H;3ClO, [M+H]":
273.0888, Found: 273.0884. IR v (Cm_l) 2926, 1694, 1386, 1087, 708, 583.

2-chloro-2-(naphthalen-1-ylmethyl)propane-1,3-diol (1h)
o /% According to the general procedure, the title compound could be
OH obtained as a white solid in 85% overall yield. '"H NMR (400 MHz,
O ih CDCly): & 7.84-7.77 (m, 4H), 7.48-7.46 (m, 3H), 3.79-3.77 (m, 4H), 3.53 (s,
2H), 2.19 (t, J = 2.4 Hz, 2H); °C NMR (100 MHz, CDCly): & 133.9, 133.3, 132.7, 132.5,

129.6, 128.9, 127.7, 127.6, 126.1, 125.8, 77.4, 66.3, 41.2; HRMS (ESI) calcd. For C14H;6Cl10,
[M+H]": 251.0833, Found: 251.0842. IR v (cm ') 3291, 2917, 1266, 1066, 1017, 754.

2-chloro-2-(thiophen-2-ylmethyl)propane-1,3-diol (1i)

o, —oi The diol was obtained in 86% yield over two steps as a white solid
C({OH from the bromide compound. 'H NMR (400 MHz, CDCl3): & 7.22 (t, J
N = 3.3 Hz, 1H), 6.97 (d, J = 3.4 Hz, 2H), 3.83-3.73 (m, 4H), 3.40 (s, 2H),

2.44 (t,J = 6.5 Hz, 2H). °C NMR (100 MHz, CDCls): & 136.5, 128.3, 126.9, 125.3,
76.1, 66.3, 35.6. HRMS (ESI) calcd. For CsH,,C10,S [M+H]": 207.0241, Found: 207.0247.
IRv (cm‘l) 3323, 1438, 1118, 1062, 710, 695.

(E)-2-chloro-2-(2-methyl-3-phenylallyl)propane-1,3-diol (2b)
o Following the literature  procedure’, the  corresponding

Cl
F<{OH
PH 2
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(E)-(3-bromo-2-methylprop-1-en-1-yl)benzene could be obtained. Then according to
the general procedure, the diol was obtained in 81% overall yield as a white solid
from bromide compound. 'H NMR (400 MHz, CDCl3): & 7.36-7.31 (m, 2H),
7.28-7.21 (m, 3H), 6.44 (s, 1H), 3.86 (d, J = 3.8 Hz, 4H); 2.76 (s, 2H), s.45 (brs, 2H),
2.04 (s, 3H); >C NMR (100 MHz, CDCl3): & 137.7, 133.3, 131.2, 129.1, 128.3, 126.7,
77.0, 66.9, 46.1, 20.6. HRMS (ESI) calcd. For C;3H3C10, [M+H]": 241.0990, Found:
241.0990. IR v (cm ') 3319, 1494, 1124, 961,679, 671.

2-chloro-2-(2-phenylallyl)propane-1,3-diol (2c)

o. ~oi The preparation of allyl bromide followed the literature procedure’. The
o residue was purified by column chromatography to afford diol as a white

solid in 76% overall yield from the allyl bromide compound. '"H NMR
(400 MHz, CDCl3): 6 7.43-7.38 (m, 2H), 3.37-3.27 (m, 3H), 5.42 (d, J = 1.4 Hz, 1H),
5.31 (s, 1H), 3.64 (d, J = 6.4 Hz, 1H), 3.63 (d, J = 7.0 Hz, 1H), 3.12 (s, 2H), 2.07 (t, J
= 6.8 Hz, 1H); >C NMR (100 MHz, CDCl;): § 143, 142.1, 128.8, 128.0, 126.5, 119.7,
40.8, 77.1, 66.8. HRMS (ESI) calcd. For C;;H,5Cl1O, [M+H]": 226.0750, Found: 226.0755.
IR v (cm™") 2933, 1624, 1431, 1071, 904, 697.

Ph 2

(2)-2-chloro-2-(2-phenylbut-2-en-1-yl)propane-1,3-diol (2d)
o. —on Following the literature procedure,’ the allyl alcohol could be obtained.
/=<A<:OH According to general procedure, the diol was obtained in 78% overall
Ph 2d yield as a white solid form the allyl bromide. 'H NMR (400 MHz,
CDCl): & 7.38-7.36 (m, 2H), 7.29-7.26 (m, 1H), 7.25-7.21 (m, 2H), 5.80 (q, J = 7.0
Hz, 1H), 3.57 (s, 4H), 2.98 (s, 2H), 2.08 (brs, 2H), 1.66 (d, J = 7.0 Hz, 3H); °C NMR
(100 MHz, CDCls): & 140.5, 135.2, 128.8, 128.6, 128.5, 127.2, 77.6, 66.9, 44.4, 15.1.
HRMS (ESI) caled. For Ci3H,5Cl0, [M+H]': 241.0990, Found: 241.0998. IR v (cm ") 3293,
2931, 1439, 1267, 1062, 703.

(E)-2-chloro-2-(3-phenylbut-2-en-1-yl)propane-1,3-diol (2¢)

o. —os Following the literature procedure’, the allyl bromide could be
_ o obtained. Then according to general procedure the diol was obtained
i x in 74% overall yield as a white solid from the allyl bromide. '"H NMR
(400 MHz, CDCls): & 7.43-7.37 (m, 2H), 7.36-7.30 (m, 2H), 7.29-7.24 (m, 1H), 5.88
(t, J=17.1 Hz, 1H), 3.84 (d, J=4.6 Hz, 4H), 2.77 (d, J = 7.4 Hz, 2H), 2.47 (t, J = 6.1
Hz, 2H), 2.09 (s, 3H); °C NMR (100 MHz, CDCl3): & 143.6, 139.1, 128.4, 127.2,
125.9, 121.2, 77.5, 66.9, 34.7, 16.5. HRMS (ESI) caled. For C;3H;sClO, [M+H]":

241.0990, Found: 241.0998. IR v (cm"l) 3345, 2929, 1419, 1069, 734, 695.

(E)-2-chloro-2-(3-phenylpent-2-en-1-yl)propane-1,3-diol (2f)
o, ~on Following the literature procedure,” the allyl alcohol could be
— on obtained. Then the allyl bromide could be prepared following general
me procedure A. Following the general procedure B, the diol could be
obtained in 72% yield overall yield as a white solid from allyl bromide. "H NMR (400
MHz, CDCl;): 6 7.40-7.22 (m, SH), 5.76-5.68 (m, 1H), 3.85 (s, 4H), 2.77 (d, J = 6.6
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Hz, 2H), 2.60-2.50 (m, 2H), 2.24 (brs, 2H), 1.02-0.92 (m, 3H). '*C NMR (100 MHz,
CDCls): & 145.8, 142.6, 128.4, 127.2, 126.6, 120.7, 77.2, 66.9, 34.3, 23.3, 13.4. HRMS
(ESI) calcd. For C1sHClO, [M+H]": 255.1146, Found: 255.1144. IR v (cm™") 3303, 2931,
1614, 1250, 1085, 849.

2-chloro-2-(3,3-diphenylallyl)propane-1,3-diol (29)
o. —on Following the literature procedure,® the allyl bromide could be
— o obtained. According to the general procedure B the diol could be
e obtained in 76% overall yield as a white solid from allyl bromide. 'H
NMR (400 MHz, CDCls): § 7.42-7.32 (m, 5H), 7.30-7.22 (s, 3H), 7.21-7.17 (m, 2H),
6.26 (t, J=7.4 Hz, 1H), 3.74 (d, J = 6.6 Hz, 4H), 2.67 (d, J = 7.3 Hz, 2H), 2.10 (t, J =
6.8 Hz, 2H); >C NMR (100 MHz, CDCl3): & 145.3, 142.2, 139.7, 129.8, 128.7, 128.4,
127.6,127.4, 122.6, 76.8, 67.2, 35.0. HRMS (ESI) calcd. For C,3H,,ClO, [M+H]":
303.1146, Found: 303.1148. IR v (cm_l) 3100, 1480, 1289, 1072, 923, 626.

Ph

(E)-2-chloro-2-(3,4,4-trimethylpent-2-en-1-yl)propane-1,3-diol (2h)
¢/° Following the general procedure, the diol could be obtained in 11%
‘ >—/{OH overall yield as a white solid from the corresponding ketone. '"H NMR
(400 MHz, CDCl3): 6 5.33 (t, J = 7.2 Hz, 1H), 3.77 (d, J = 6.5 Hz,
4H), 2.56 (d, J = 7.3 Hz, 2H), 2.25 (t, J = 6.5 Hz, 2H), 1.05 (s, 9H); °C NMR (100
MHz, CDCls): 6 147.8, 114.2, 78.1, 67.1, 36.7, 34.3, 29.2, 13.3. HRMS (ES]I) calcd. For
C11HClO, [M+H]": 221.1303, Found: 221.1308. IR v (cm™") 3389, 1423, 1112, 1049, 827,

652.

Bu 2h

(E)-2-chloro-2-(2-(2,3-dihydro-1H-inden-1-ylidene)ethyl)propane-1,3-diol (2i)

a —on Following the general procedure, the diol could be obtained in 15%
overall yield as a white solid from the corresponding ketone. o
7.50-7.48 (m, 1H), 7.27-7.18 (m, 3H), 6.04-5.99 (m, 1H), 3.86-3.84
(m, 4H), 3.03-2.99 (m, 2H), 2.80-2.75 (m, 4H), 2.17-2.14 (m, 2H).
C NMR (100 MHz, CDCly): § 146.5, 141.1, 128.2, 126.6, 125.5, 120.3, 111.9, 77.8,
67.1, 35.7, 30.1, 28.3. HRMS (ESI) caled. For C4;H;3C10, [M+H]": 253.0990, Found:
253.0998. IR v (cm_l) 3295, 2954, 1480, 1283, 1032, 692.

— OH

2i

(E)-2-chloro-2-(2-(3,4-dihydronaphthalen-1(2H)-ylidene)ethyl)propane-1,3-diol (2j)
o. —~on Following the general procedure, the diol was obtained in 18%
. overall yield as a white solid from the corresponding ketone. 'H
NMR (400 MHz, CDCls): 6 7.61-7.56 (m, 1H), 7.19-7.14 (m, 2H),
g 7.12-7.08 (m, 2H), 6.10 (t, J = 7.4 Hz, 1H), 3.84 (d, J = 5.6 Hz, 4H),
2.82-2.75 (m, 4H), 2.54 (t, J = 5.6 Hz, 2H), 2.22-2.12 (m, 2H), 1.88-1.80 (m, 2H). "°C
NMR (100 MHz, CDCls): 6 138.3, 137.7, 136.0, 129.0, 127.2, 126.2, 124.1, 117.0,
77.5, 66.9, 34.1, 30.5, 27.0, 23.3. HRMS (ESI) calcd. For C;sHC10, [M+H]": 267.1146,
Found: 267.1147. IR v (cm™") 3290, 2935, 1483, 1263, 1032, 672.

(E)-2-chloro-2-(2-(chroman-4-ylidene)ethyl)propane-1,3-diol (2k)
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o ~on Following the general procedure, the diol was obtained in 12%
overall yield as a white solid from the corresponding ketone. 'H
NMR (400 MHz, CDCl3): 6 7.55 (d, J = 7.7 Hz, 1H), 7.15 (t, J =
7.5 Hz, 1H), 6.90 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.9 Hz, 1H), 6.14
(t, J=7.4 Hz, 1H), 4.21 (d, J = 5.4 Hz, 2H), 3.84 (d, J = 11.8 Hz, 2H), 3.80 (d, J =
11.8 Hz, 2H), 2.76 (d, J = 7.7 Hz, 2H), 2.71 (t, J = 4.7 Hz, 2H), 2.05 (brs, 2H); "*C
NMR (100 MHz, CDCls): 6 154.5, 132.5, 129.1, 124.1, 122.5, 120.9, 117.6, 115.1,
77.3, 66.7, 66.4, 33.5, 26.2. HRMS (ESI) calcd. For C,4H,3CI10; [M+H]": 269.0939, Found:
269.0935. IR v (cm ') 3398, 1578, 1208, 1106, 905, 744.

(@]
I

OH

2k

2-chloro-2-(2-cyclohexylideneethyl)propane-1,3-diol (2I)

o overall yield as a white solid from the corresponding ketone. 'H

NMR (400 MHz, CDCls): 6 5.18 (t, J = 7.5 Hz, 1H), 3.77 (d, J =

5.8 Hz, 4H), 2.56 (d, J = 7.6 Hz, 2H), 2.21-2.18 (m, 6H), 1.57-1.49 (m, 6H); “C

NMR (100 MHz, CDCls): 8 144.5, 114.1, 77.8, 67.0, 37.6, 33.4, 29.2, 28.7, 27.8, 26.9.

HRMS (ESI) caled. For CiHC10, [M+H]": 219.1146, Found: 219.1140. IR v (cm ') 3304,
2958, 1458, 1274, 1065, 654.

o :OH Following the general procedure, the diol was obtained in 12%
— 2l

2-chloro-2-(cyclohex-1-en-1-ylmethyl)propane-1,3-diol (2m)

o/~ Following the general procedure, with commercially available methyl
Cg{OH I-cyclohexene-1-carboxylate as the starting material, the diol was

am obtained in 19% overall yield as a white solid. 'H NMR (400 MHz,
CDCl3): 6 5.61-5.57 (m, 1H), 3.77 (d, J = 6.5 Hz, 4H), 2.51 (s, 2H), 2.29 (t, J = 6.7
Hz, 2H), 2.13-2.08 (m, 2H), 2.06-2.00 (m, 2H), 1.65-1.51 (m, 4H); >C NMR (100
MHz, CDCl3): & 133.0, 128.0, 77.4, 67.2, 44.1, 30.8, 25.6, 23.2, 22.2. HRMS (ESI)
calcd. For C1oHsClO, [M+H]": 205.0990, Found: 205.0996. IR v (cm™") 3283, 2924, 1424,
1268, 1075, 720.

(Z2)-2-(4-((tert-butyldimethylsilyl)oxy)but-2-en-1-yl)-2-chloropropane-1,3-diol
(2n)

<>T_BS/$<:OH Following the general procedure, the diol product was obtained in 21%

=/ m\—o4 yield over four steps as a white solid from the corresponding known

allyl bromide. '"H NMR (400 MHz, CDCl3): & 5.93-5.78 (m, 2H), 4.19 (d, J = 6.9 Hz,
2H), 3.77 (d, J = 7.3 Hz, 2H), 3.76 (d, J = 7.0 Hz, 2H), 3.26 (t, J = 7.1 Hz, 2H), 2.74
(d, J = 7.2 Hz, 2H), 0.90 (s, 9H), 0.11 (s, 6H); °C NMR (100 MHz, CDCl;): & 131.1,
128.8, 75.3, 67.2, 58.5, 32.1, 26.0, 18.5, —=5.1. HRMS (ESI) calcd. For C;3HC10;Si,
[M+H]": 295.1491, Found: 295.1497. IR v (cm_l) 3337, 2954, 1510, 1250, 921, 643.

2-allyl-2-chloropropane-1,3-diol (20)

JCACOH Following the general procedure, the diol could be obtained from the
—/ »\—on corresponding allyl bromide in 30% total yield as a colorless oil. 'H NMR (400
MHz, CDCl;): & 5.95-5.85 (m, 1H), 5.23 (d, J = 14.4 Hz, 1H), 5.18 (d, J = 4.4 Hz, 1H), 3.53
(s, 2H), 3.79-3.72 (dd, J = 12.0 Hz, 16.0 Hz, 4H), 3.42 (s, 2H), 2.57 (d, J = 11.2 Hz, 1H); °C
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NMR (100 MHz, CDCls): 6131.8, 119.5, 75.2, 66.1, 39.7; HRMS (ESI) calcd. For C¢H;,CIO,
[M+H]": 151.0520, Found: 151.0527. IR v (cm ') 2936, 1642, 1433, 1058, 924, 655.

2-chloro-2-(3-phenylprop-2-yn-1-yl)propane-1,3-diol (2p)

N/ Following the general procedure, using 3-phenyl-2-propyl-1-ol as the
/{OH starting material, the diol was obtained in 26% overall yield as a white

% solid. "H NMR (400 MHz, CDCls): & 7.45-7.39 (m, 2H), 7.33-7.27 (m,
2H), 3.77 (d, J = 4.8 Hz, 4H), 3.03 (s, 2H), 2.38 (brs, 2H); °C NMR (100 MHz,
CDCl5): 6 131.8, 128.4, 128.4, 123.0, 84.0, 83.9, 74.8, 66.8, 27.5. HRMS (ESI) calcd.
For C,H4Cl0, [M+H]": 225.0677, Found: 225.0679. IR v (cm_l) 3306, 2930, 1489, 1270,
1058, 692.

2-chloro-2-ethylpropane-1,3-diol (2q)
Following the general procedure, using 3-phenyl-2-propyl-1-ol as the
o starting material, the diol was obtained in 18% overall yield as a white
2 solid. '"H NMR (400 MHz, CDCly): & 3.82-3.74 (m, 4H), 2.78 (s, 2H),
1.88-1.82 (dd, J = 7.2 Hz, 14.8 Hz, 2H), 1.06-1.02 (t, J = 7.2 Hz, 3H); °C NMR (100
MHz, CDCly): & 177.5, 77.3, 77.0, 76.7, 66.3, 28.1, 8.0. HRMS (ESI) calcd. For
CsH,,Cl0, [M+H]": 139.0520, Found: 139.0526. IR v (cm‘l) 3304, 2958, 1274, 1065, 754.

Cl

HiC

2-chloro-2-phenethylpropane-1,3-diol (2r)

o. —on Following the general procedure, using 3-phenyl-2-propyl-1-ol as the
CGHsJ{OH starting material, the diol was obtained in 20% overall yield as a white

2' solid. "H NMR (400 MHz, CDCls): § 7.32-7.28 (m, 2H), 7.23-7.19 (m,
3H), 3.89-3.80 (m, 4H), 2.84-2.80 (m, 2H), 2.17-2.08 (m, 4H); °C NMR (100 MHz,
CDCl;): o 141.3, 128.6, 1284, 77.2, 67.0, 37.3, 30.2. HRMS (ESI) calcd. For
C11H6ClO, [M+H]": 215.0833, Found: 215.0838. IR v (cm™") 3316, 2928, 1488, 1260, 1058,
690.

2-chloro-2-isobutylpropane-1,3-diol (25)

o o Following the general procedure, using 3-phenyl-2-propyl-1-ol as the
~<{0H starting material, the diol was obtained in 18% overall yield as a white

% solid. "H NMR (400 MHz, CDCl;): & 3.82-3.74 (dd, J = 7.6 Hz, 14.8 Hz,
2H), 2.83 (s, 2H), 1.97-1.88 (m, 1H), 1.74 (d, J = 7.6 Hz, 2H), 1.01 (d, J = 6.4 Hz,
2H); *C NMR (100 MHz, CDCl;): & 77.2, 66.8, 43.7, 24.7, 24.1. HRMS (ESI) calcd.
For C;H,,ClO, [M+H]": 167.0833, Found: 167.0838. IR v (cm_l) 3308, 2988, 1276, 1065,
756.

6. Characterization of products 3 and 4

2-benzyl-2-chloro-3-hydroxypropyl 1-naphthoate (3a)

o —on Yellow oil. "H NMR (400 MHz, CDCl;): § 8.95 (d, J = 8.8 Hz, 1H),

@”"CO 8.26 (d, J = 7.2 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.0 Hz,
) O 1H), 6.67-6.30 (m, 1H), 7.59-7.52 (m, 2H), 7.36-7.26 (m, 5H), 4.65 (d,

%8, 05%, 865 0 J=12.0 Hz, 1H), 4.59 (t, J = 11.6 Hz, 1H), 3.77 (d, J = 7.2 Hz, 2H),
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3.28 (s, 2H), 2.63 (t, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCL): & 167.2, 134.6, 134.1,
133.9, 131.5, 130.9, 130.7, 128.7, 128.3, 128.1, 127.3, 126.4, 126.1, 125.7, 124.5, 73.5, 66.2,
65.7, 41.7; HRMS (ESI) calcd. For C5;H,,ClOs [M+H]": 355.1095, Found: 355.1090. [a]*’p =
14.0 (¢ = 13.0 mg/mL, CHCL). IR v (cm™") 34755, 2932, 1743, 1554, 1256, 1042. The er
value was determined by HPLC (Chiralcel 1A, hexane/isopropanol = 95:5, flow rate = 0.75
mL/min), retention time: t1=11.1 min, t2= 13.5 min.

2-chloro-3-hydroxy-2-(4-methylbenzyl)propyl 1-naphthoate (3b)
ol, —OH Yellow oil. '"H NMR (400 MHz, CDCl;): & 8.94 (d, J = 8.4 Hz, 1H),
' 8.25(d, J=1.2 Hz, 1H), 8.23 (d, J= 1.2 Hz, 1H), 8.06 (d, J = 8.4 Hz,
g O 1H), 7.93-7.62 (m, 1H), 7.57-7.50 (m, 2H), 7.24-7.21 (m, 2H),
3b,92%, 95:5 er 7.13-7.11 (d, J = 7.6 Hz, 2H), 4.63 (d, J=11.6 Hz, 1H), 449 (d, J =
12.0 Hz, 1H), 3.77 (d, J = 6.0 Hz, 2H), 3.23 (s, 2H), 2.56 (t, J = 7.2
Hz, 1H), 2.33 (s, 3H); °C NMR (100 MHz, CDCl;): §167.20, 136.9, 134.0, 133.9, 131.4,
130.7, 130.6, 129.0, 128.6, 128.1, 126.4, 126.1, 125.7, 124.5, 73.7, 66.2, 65.7, 41.3; HRMS
(ESI) caled. For Cy,H,,Cl0; [M+H]™: 369.1252, Found: 369.1257. [a]*p = 60.0 (¢ = 18.0
mg/mL, CHCl;). IR v (cm‘l) 3447, 2920, 1718, 1511, 1278, 1017. The er value was

determined by HPLC (Chiralcel 1A, hexane/isopropanol = 90:10, flow rate = 0.75 mL/min),
retention time: t; = 11.6 min, t, = 13.8 min.

o

2-chloro-3-hydroxy-2-(4-(trifluoromethyl)benzyl)propyl 1-naphthoate (3c)
OH Yellow oil. "H NMR (400 MHz, CDCl;): & 8.93 (d, J = 8.4 Hz, 1H),
O 8.23 (d,J=2.4 Hz, 1H), 8.08 (d, J = 1.2 Hz, 1H), 7.91 (d, J = 8.4
g O Hz, 1H), 7.67-7.25 (m, 7H), 4.66 (d, J = 11.6 Hz, 2H), 4.49 (d, J =
FC 391% M6er 12.0 Hz, 2H), 3.79-3.70 (m, 2H), 3.30 (s, 2H), 2.74 (s, 1H); “C
NMR (100 MHz, CDCl;): 6 167.2, 138.6, 134.3, 133.9, 131.4, 131.3,
130.7, 128.7, 128.2, 126.5, 125.8, 125.6, 125.2, 125.2, 124.5, 72.7, 66.2, 65.4, 41.2; HRMS
(ESI) caled. For Cy,H,oCIF;05 [M+H]": 423.0969, Found: 423.0960. [a]*p = 40.0 (¢ = 11.0
mg/mL, CHCl;). IR v (cm‘l) 3592, 1721, 1334, 1110, 1017, 784. The er value was determined
by HPLC (Chiralcel IA, hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention
time: t1=12.3 min, t2= 15.3 min.

a,

2-chloro-3-hydroxy-2-(4-methoxybenzyl)propyl 1-naphthoate (3d)
Yellow oil. "H NMR (400 MHz, CDCl;): & 8.95 (d, J = 8.4 Hz, 1H),
8.26 (d, 0.8 Hz, 1H), 8.24 (d, J = 0.8 Hz, 1H), 8.07 (d, J = 8.0 Hz,
1H), 7.66-7.62 (m, 1H), 7.58-7.26 (m, 2H), 7.25 (d, J = 4.8 Hz, 2H),
MeO  30,89% 955er 6.85 (d, J=8.8 Hz, 2H), 4.63 (d, J = 12.0 Hz, 1H), 4.49 (d, J = 12.0
Hz, 1H), 3.79 (s, 3H), 3.76 (d, J = 8.4 Hz, 2H), 3.21 (s, 2H), 2.66 (t, ] = 5.6 Hz, 1H); °C
NMR (100 MHz, CDCL): 6 167.2, 158.9, 134.1, 133.9, 131.9, 131.4, 130.6, 128.7, 128.1,
126.5, 126.4, 126.1, 125.7, 124.5, 113.7, 73.9, 66.2, 65.6, 55.2, 40.8; HRMS (ESI) calcd. For
C2Hx»ClO, [M+H]": 385.1201, Found: 385.1208. [a]*’p = 30.0 (¢ = 15.0 mg/mL, CHCI;).
The er value was determined by HPLC (Chiralcel 1A, hexane/isopropanol = 90:10, flow rate =

0.75 mL/min), retention time: t1= 15.6 min, t2= 18.3 min.
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2-(4-((tert-butyldimethylsilyl)oxy)benzyl)-2-chloro-3-hydroxypropyl 1-naphthoate (3e)
cl, /—OoH 0 Yellow oil. '"H NMR (400 MHz, CDCLy): & 8.95 (d, J = 8.8 Hz,
0 1H), 8.25 (d, J=1.2 Hz, 1H), 8.23 (d, J = 1.2 Hz, 1H), 8.02 (d, J
o = 8.0 Hz, 1H), 7.88-7.59 (m, 1H), 7.54-7.47 (m, 2H), 7.18 (d, J =
HO 3¢, 80%, 900 er 8.8 Hz, 6H), 6.79 (d, J = 8.4 Hz, 2H), 4.60 (d, J = 12.0 Hz, 1H),
4.47 (d,J = 12.0 Hz, 1H), 3.74 (s, 2H), 3.18 (s, 2H), 0.98 (s, 9H), 0.19 (s, 6H); *C NMR (100
MHz, CDCl;): 6167.1, 154.8, 134.0, 133.8, 131.8, 131.4, 130.6, 128.6, 128.0, 127.1, 126.3,
126.0, 125.6, 124.5, 119.8, 73.7, 66.2, 65.6, 40.8, 25.6, 18.1; HRMS (ESI) calcd. For
C,sH34ClO,4Si [M+H]": 485.1909, Found: 485.1908. [a]*’p = 20.0 (¢ = 4.0 mg/mL, CHCI,).
IR v (cm‘l) 1721, 1511, 1242, 1195, 1016, 782. The er value was determined by HPLC
(Chiralcel IA, hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention time: ti= 28.1

min, t2= 28.6 min.

2-(4-(1,3-dioxolan-2-yl)benzyl)-2-chloro-3-hydroxypropyl 1-naphthoate (3f)

Yellow oil. 'H NMR (400 MHz, CDCl;): & 8.94 (d, J = 8.4 Hz,
1H), 8.25 (d, J = 0.8 Hz, 1H), 8.24 (d, J = 0.8 Hz, 1H), 8.07 (d, J
= 8.0 Hz, 1H), 7.92-7.63 (m, 1H), 7.58-7.52 (m, 2H), 7.45 (d, J =
8.0 Hz, 1H), 7.36 (d, J =8.0 Hz, 1H), 5.80 (s, 1H), 4.64 (d, J =
12.0 Hz, 1H), 4.49 (d, J = 12.0 Hz, 1H), 4.15-4.05 (m, 2H), 3.75
(s, 2H), 3.28 (s, 2H); *C NMR (100 MHz, CDClL): & 167.2,
137.0, 135.6, 134.1, 133.9, 131.4, 131.0, 130.7, 128.7, 128.1, 126.5, 126.4, 126.0, 125.6,
124.5, 103.5, 73.3, 66.2, 65.5, 65.3, 41.4; HRMS (ESI) calcd. For C,H»ClOs [M+H]":
427.1307, Found: 427.1307. [a]*’p = 36.0 (¢ = 8.0 mg/mL, CHCl;). IR v (cm ') 2919, 1714,
1511, 1240, 1077, 781. The er value was determined by HPLC (Chiralcel IA,
hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention time: ti = 24.9 min, t2= 38.4

min.

2-(3-(1,3-dioxolan-2-yl)benzyl)-2-chloro-3-hydroxypropyl 1-naphthoate (3g)
oH Yellow oil. '"H NMR (400 MHz, CDCls): & 8.95 (d, J = 8.4 Hz,
O 1H), 8.26 (d, J=7.2 Hz, 1H), 8.10 (d, J = 4.0 Hz, 1H), 7.89 (d, J
J O =11.6 Hz, 1H), 7.67-7.63 (m, 1H), 7.60-7.51 (m, 2H), 7.47-7.26
o\)o N (m, 1H), 5.79 (s, 1H), 4.69-4.61 (m, 1H), 4.54-4.49 (m, 1H),
4.09-4.00 (m, 4H), 3.99-3.74 (m, 2H), 3.79 (s, 2H); *C NMR
(100 MHz, CDCl3): & 167.2, 138.1, 134.7, 134.1, 133.9, 131.8, 131.5, 130.7, 128.9, 128.7,
128.4, 128.1, 126.4, 126.0, 125.7, 125.5, 124.5, 103.5, 73.4, 66.2, 65.7, 65.3, 41.6; HRMS
(ESI) caled. For CpH,4ClOs [M+H]™: 427.1307, Found: 427.1305. [a]*p = 36.0 (¢ = 9.0
mg/mL, CHCI;). IR v (cm‘l) 2919, 1719, 1241, 1133, 1016, 782. The er value was determined
by HPLC (Chiralcel ID, hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention
time: t1=43.7 min, t2= 52.2 min.

c,

2-chloro-3-hydroxy-2-(naphthalen-1-ylmethyl)propyl 1-naphthoate (3h)

Yellow oil. '"H NMR (400 MHz, CDCLy): & 8.95 (d, J = 8.8 Hz, 1H),
8.24 (d, J = 0.8 Hz, 1H), 8.22 (d, J = 0.8 Hz, 1H), 8.05 (d, J = 8.4 Hz,
1H), 7.91-7.78 (m, 4H), 7.66-7.44 (m, 6H), 4.69 (d, J = 11.6 Hz, 1H),

3h, 90%, 93:7 er
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4.52 (t, J=12.0 Hz, 1H), 3.80 (d, J = 7.2 Hz, 2H), 3.43 (s, 2H), 2.72-2.68 (m, 1H); °C NMR
(100 MHz, CDCl5): 8167.3, 134.1, 133.9, 133.2, 132.6, 132.2, 131.4, 130.7, 129.8, 128.9,
128.7, 128.1, 127.8, 127.8, 127.6, 126.4, 126.1, 126.0, 125.9, 125.7, 124.5, 77.3, 77.0, 76.7,
73.7, 66.4, 65.7, 41.8; HRMS (ESI) caled. For CyHpClOs [M+H]": 427.1307, Found:
427.1304. [0.]*% = 35.0 (¢ = 6.0 mg/mL, CHCL;). IR v (cm ') 2923, 1510, 1241, 1195, 1133,
781. The er value was determined by HPLC (Chiralcel 1A, hexane/isopropanol = 90:10, flow
rate = 0.75 mL/min), retention time: t1= 15.7 min, t2= 18.4 min.

2-chloro-3-hydroxy-2-(thiophen-2-ylmethyl)propyl 1-naphthoate (3i)

o —on Yellow oil. '"H NMR (400 MHz, CDCls): & 8.94 (d, J = 8.8 Hz, 1H),
C(—"‘CO 8.27 (d, J = 0.8 Hz, 1H), 8.25 (d, J = 0.8 Hz, 1H), 8.06 (d, J = 8.4 Hz,
S O 1H), 7.91-7.62 (m, 3H), 7.57-7.51 (m, 2H), 7.25-7.01 (m, 1H),

3i,go%,94:%er 7.00-6.97 (m, 2H), 4.65 (d, J = 11.6. Hz, 1H), 4.54 (d, J = 11.6 Hz, 1H),
3.81 (d, J=7.6 Hz, 2H), 3.54-3.46 (m, 1H), 2.64 (t, J = 7.2 Hz, 1H); “C

NMR (100 MHz, CDCl;): 6 167.1, 135.8, 134.1, 133.9, 131.4, 130.7, 128.6, 128.4, 128.1,

126.9, 126.4, 126.0, 125.6, 125.3, 124.5, 72.8, 66.1, 65.8, 36.1; HRMS (ESI) calcd. For

C1oH;5C105S [M+H]": 361.0660, Found: 361.0660. [a]*’» = 30.0 (¢ = 18.0 mg/mL, CHCI;).

IR v (cm‘l) 1719, 1510, 1195, 1132, 1014, 781. The er value was determined by HPLC
(Chiralcel IA, hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention time: ti= 13.3

min, t2= 16.4 min.

2-benzyl-2-fluoro-3-hydroxypropyl 1-naphthoate (3j)
£ —on Yellow oil. '"H NMR (400 MHz, CDCl3): & 8.91 (d, J = 8.8 Hz, 1H),
C{CO 8.22 (d, J = 7.2 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz,
; O 1H), 7.65-7.49 (m, 3H), 7.49-7.25 (m, 5H), 4.63-4.55 (dd, J = 12.0 Hz,
3 96, 655 er 19.2 1H), 4.49-4.42 (dd, J=12.4 Hz, 19.2 1H), 3.75 (d, J =19.2 Hz,
2H), 3.20 (d, J = 19.2 Hz, 2H), 2.23 (s, 1H); *C NMR (100 MHz, CDCls): 8167.3, 134.6,
134.5, 134.0, 133.9, 131.4, 130.6, 130.4, 128.6, 128.5, 128.1, 127.1, 126.4, 126.2, 125.6,
124.4, 97.3, 95.5, 64.5, 64.2, 63.4, 63.1, 38.9, 38.6; HRMS (ESI) calcd. For CyH;FO;
[M+H]": 339.1391, Found: 339.1390. [a]*’p = 4.8 (¢ = 14.0 mg/mL, CHCL;), IR v (cm )

3067, 1751, 1690, 1275, 1160, 695. The er value was determined by HPLC (Chiralcel IA,
hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention time: ti = 24.7 min, t2= 29.2

min.

(E)-2-chloro-2-(hydroxymethyl)-5-phenylpent-4-en-1-yl 1-naphthoate (4a)
— Yellow oil. '"H NMR (400 MHz, CDCl5): § 8.93 (d, J = 8.4 Hz, 1H),
/_/—C 0 8.25 (d, J=7.6 Hz, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz,
o O 1H), 7.66-7.49 (m, 3H), 7.38-7.22 (m, 5H), 6.56 (d, J = 16.0 Hz, 1H),
42,86%, 9550r O 4.74 (d, J =12.0 Hz, 1H), 4.62 (d, J = 12.0 Hz, 1H), 3.84 (d, J=7.2
Hz, 2H), 2.87 (d, J = 7.6 Hz, 2H), 2.56 (t, J = 7.2 Hz, 1H); °*C NMR
(100 MHz, CDCl;): 5167.2, 136.8, 134.9, 134.0, 133.8, 131.4, 130.7, 128.6, 128.6,
128.1, 127.6, 126.4, 126.3, 126.0, 125.6, 124.5, 122.8, 73.3, 66.5, 66.2, 39.6; HRMS

(ESI) caled. For Cy3H,,C10; [M+H]: 381.1252, Found: 381.1252. [a]*’p = 26.0 (¢ = 5.0
mg/mL, CHCI;). IR v (cm‘l) 3453, 2949, 1718, 1195, 1015, 782. The er value was determined
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by HPLC (Chiralcel 1A, hexane/isopropanol = 95:5, flow rate = 0.75 mL/min), retention time:
t1=21.7 min, t2= 25.6 min.

(E)-2-chloro-2-(hydroxymethyl)-4-methyl-5-phenylpent-4-en-1-yl1-naphthoate (4b)
— Yellow oil. 'H NMR (400 MHz, CDCly): & 8.92 (d, J = 8.8 Hz, 1H),

/_<—< 0 8.26 (d, J = 0.8 Hz, 1H), 8.24 (d, J = 0.8 Hz, 1H), 8.05 (d, J = 8.0 Hz,
o ° O 1H), 7.91-7.49 (m, 3H), 7.34-7.21 (m, 5H), 6.47 (s, 1H), 4.76 (d, J =

4, 80% M5er O 12.0 Hz, 1H), 4.63 (d, J = 11.6 Hz, 1H), 3.87-3.85 (dd, J = 2.8 Hz,
8.0 Hz, 2H), 2.90-2.81 (m, 2H), 2.66 (t, J = 7.2 Hz, 1H), 2.08 (d, J = 1.2 Hz, 3H); *C NMR
(100 MHz, CDCl;): 6 167.3, 137.5, 134.0, 133.9, 132.6, 131.6, 131.4, 130.6, 128.9, 128.6,
128.1, 128.1, 126.6, 126.4, 126.1, 125.7, 124.5, 73.5, 66.6, 66.4, 46.4, 20.6; HRMS (ESI)
caled. For CpH,,ClO; [M+H]": 395.1408, Found: 395.1408. [a]*’p = 22.0 (¢ = 4.0 mg/mL,
CHCI;). IR v (cm‘l) 3453, 2921, 1510, 1241, 1016, 782. The er value was determined by
HPLC (Chiralcel IA, hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention time: ti
=10.6 min, t2= 11.8 min.

2-chloro-2-(hydroxymethyl)-4-phenylpent-4-en-1-yl 1-naphthoate (4c)
Yellow oil. '"H NMR (400 MHz, CDCl;): & 8.87 (d, J = 8.4 Hz, 1H), 8.16

CI,/” OH
:("CO (d, J = 0.8 Hz, 1H), 8.14 (d, J = 0.8 Hz, 1H), 8.03 (d, J = 8.4 Hz, 1H),
n O

7.61-7.47 (m, 3H), 7.40-7.37 (m, 2H), 7.28-7.22 (m, 3H), 5.44 (d,J=1.2.

4c, 89%, 987 er Hz, 1H), 5.33 (s, 1H), 4.50 (d, J = 11.6.0 Hz, 1H), 4.41 (d, J = 11.6 Hz,
1H), 3.70 (s, 1H), 3.27-3.18 (m, 1H); *C NMR (100 MHz, CDCl;): &

166.9, 142.9, 141.7, 133.9, 133.8, 131.6, 131.4, 130.6, 128.6, 128.5, 128.0, 127.8, 126.4,
126.3, 125.7, 124.4, 119.8, 73.5, 66.4, 66.3, 41.1;, HRMS (ESI) calcd. For Cy;Hx»ClO;
[M+H]": 381.1252, Found: 381.1255. [a]*’p = 165.0 (¢ = 24.0 mg/mL, CHCL;). IR v (cm ™)
3482, 2920, 1718, 1195, 1016, 782. The er value was determined by HPLC (Chiralcel 1A,
hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention time: ti= 11.1 min, t2= 12.6

min.

(2)-2-chloro-2-(hydroxymethyl)-4-phenylhex-4-en-1-yl 1-naphthoate (4d)
c, —OH Yellow oil. "H NMR (400 MHz, CDCl;): & 8.87 (d, J = 8.4 Hz, 1H),
/JCO 8.11 (d, J="7.2 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz,
P $ O 1H), 7.64-7.48 (m, 3H), 7.30-7.17 (m, 6H), 5.83-5.80 (dd, J = 7.2 Hz,
4d, 86%, 95.5:45 er 13.6 Hz, 1H), 4.45-4.37 (dd, J=11.6 Hz, 22.0 Hz, 2H), 3.64 (d, J = 8.8
Hz, 1H), 3.10 (d, J = 3.2 Hz, 2H), 2.22 (t, J = 7.6 Hz, 1H), 1.65 (d, J =
6.8 Hz, 3H); °C NMR (100 MHz, CDCls): 5166.8, 140.1, 134.9, 133.8, 131.4, 130.6, 128.8,
128.7, 128.6, 128.3, 127.9, 127.0, 126.3, 126.2, 125.8, 124.4,74.2, 66.5, 66.5, 44.7, 15.0;
HRMS (ESI) caled. For Co4H24ClO5 [M+H]": 395.1408, Found: 395.1404. [0.]*’p = 94.0 (c =
12.0 mg/mL, CHCI;). IR v (cm‘l) 1719, 1241, 1132, 780, 702. The er value was determined
by HPLC (Chiralcel OD, hexane/isopropanol = 95:5, flow rate = 0.75 mL/min), retention time:

t1=22.2 min, t2= 25.3 min.

(E)-2-chloro-2-(hydroxymethyl)-5-phenylhex-4-en-1-yl 1-naphthoate (4e)

>_/1CO Yellow oil. "H NMR (400 MHz, CDCls): & 8.93 (d, J = 8.8 Hz, 1H),
— o]
P ) O

4e, 88%, 96:4 er
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8.23 (d, J=17.2 Hz, 1H), 8.05 (d, J= 8.0 Hz, 1H), 7.89 (d, J= 8.0 Hz, 1H), 7.65-7.47 (m, 3H),
7.40-7.23 (m, 5H), 5.96 (t, J = 7.6 Hz, 1H), 4.47 (d, J = 12.0 Hz, 1H), 4.62 (d, J = 12.0 Hz,
1H), 3.85 (d, J = 6.0 Hz, 2H), 2.89-2.85 (m, 1H), 2.08 (s, 3H); *C NMR (100 MHz, CDCl;):
6 167.2, 143.4, 139.3, 134.0, 133.9, 131.4, 130.6, 128.6, 128.2, 128.1, 127.1, 126.4, 126.1,
125.8, 125.6, 124.5, 120.6, 74.0, 66.5, 66.4, 35.1, 16.5; HRMS (ESI) calcd. For C4Hp,ClO;
[M+H]": 395.1408, Found: 395.1409. [a]*’p = 74.0 (¢ = 15.0 mg/mL, CHCL). IR v (cm )
3485, 2944, 1733, 1165, 1017, 782. The er value was determined by HPLC (Chiralcel IA,
hexane/isopropanol = 95:5, flow rate = 0.75 mL/min), retention time: ti= 19.0 min, t2= 20.1
min.

(E)-2-chloro-2-(hydroxymethyl)-5-phenylhept-4-en-1-yl 1-naphthoate (4f)
cl, ot O Yellow oil. 'H NMR (400 MHz, CDCls): 6 8.93 (d, J = 8.8 Hz, 1H),
gz/—CO)_: 8.24 (d, J=7.2 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.0 Hz,
i J O 1H), 7.65-7.48 (m, 3H), 7.37-7.25 (m, 6H), 5.80 (t, J = 7.6 Hz, 1H),
H.80% %55 er 4.63 (d, J=11.6 Hz, 1H), 3.85 (d, J = 7.2 Hz, 1H), 2.90-2.87 (dd, J =
3.2 Hz, 7.6 Hz, 2H), 2.61-2.52 (m, 3H), 0.95 (s, 3H); *C NMR (100 MHz, CDCl5): & 167.3,
146.1, 142.4, 134.0, 133.9, 131.4, 130.7, 128.6, 128.3, 128.1, 127.1, 126.5, 126.4, 126.1,
125.6, 124.5, 120.1, 73.8, 66.6, 66.3, 34.7, 23.3, 13.3; HRMS (ESI) calcd. For C,sHxClO;
[M+H]": 409.1565, Found: 409.1560. [a]*’p = 58.0 (¢ = 13.0 mg/mL, CHCL). IR v (cm )

3451, 2965, 1719, 1277, 1132, 781. The er value was determined by HPLC (Chiralcel OD-H,
hexane/isopropanol = 95:5, flow rate = 0.75 mL/min), retention time: ti= 50.8 min, t2= 57.6

min.

2-chloro-2-(hydroxymethyl)-5,5-diphenylpent-4-en-1-yl 1-naphthoate (4g)

o —OH Yellow oil. '"H NMR (400 MHz, CDCl;): & 8.90 (d, J = 8.4 Hz, 1H),
P“>:/ACO 0 8.03 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 7.2 Hz, 1H), 7.89 (d, J = 11.6
Ph ¢ O Hz, 1H), 7.63-7.52 (m, 2H), 7.44-7.40 (m, 1H), 7.29-7.15 (m, 10H),
6.34 (t, J = 7.2 Hz, 1H), 4.59 (S, 1H), 3.78 (d, J = 6.8 Hz, 1H), 2.82
(d, J = 6.8 Hz, 2H), 2.82 (d, J = 7.6 Hz, 3H), 2.32 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCl;): 6 166.9, 145.7, 142.0, 139.5, 133.9, 133.8, 131.4, 130.6, 129.7, 128.6, 128.4, 128.2,
128.0, 127.5, 127.3, 126.3, 125.8, 125.7, 124.4, 121.8, 73.7, 66.5, 66.2, 35.6; HRMS (ESI)
caled. For CyoHClO; [M+H]": 457.1565, Found: 457.1565. [0]*p = 46.0 (¢ = 9.0 mg/mL,
CHCI;). IR v (cm‘l) 1720, 1242, 1195, 1139, 780. The er value was determined by HPLC
(Chiralcel 1A, hexane/isopropanol = 97:3, flow rate = 0.75 mL/min), retention time: ti = 29.8

4g,81%, 95:5 er

min, t2= 33.5 min.

(E)-2-chloro-2-(hydroxymethyl)-5,6,6-trimethylhept-4-en-1-yl 1-naphthoate (4h)
cl, ,—OH Yellow oil. '"H NMR (400 MHz, CDCl;): & 8.93 (d, J = 8.8 Hz, 1H),
>:/{o 8.24 (d, J=7.2 Hz, 1H), 8.06 (d, J= 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz,
B g O 1H), 7.65-7.50 (m, 2H), 5.42 (d, J = 7.2 Hz, 1H), 4.67 (d, J = 11.6
4n 85% 965 er Hz, 1H), 4.56 (d, J = 11.6 Hz, 1H), 3.81 (d, J = 7.2 Hz, 2H),
2.70-2.67 (m, 2H), 2.51 (t, J = 7.2 Hz, 3H), 1.65 (s, 3H), 1.06 (s, 9H); °*C NMR (100 MHz,

CDCl;): 6 167.2, 148.1, 134.0, 133.9, 131.4, 130.6, 128.6, 128.0, 126.4, 126.2, 125.7, 124.5,
113.7, 74.5, 66.5, 66.4, 36.6, 34.6, 29.0, 13.3; HRMS (ESI) calcd. For C5,HCIO; [M+H]":
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375.1721, Found: 375.1728. [a]*’p = 31.0 (¢ = 10.0 mg/mL, CHCI;). IR v (cm™') 2988, 1722,
1241, 781. The er value was determined by HPLC (Chiralcel ID, hexane/isopropanol = 97:3,
flow rate = 0.75 mL/min), retention time: t1= 14.0 min, t2= 15.7 min.

(E)-2-chloro-4-(2,3-dihydro-1H-inden-1-ylidene)-2-(hydroxymethyl)butyl 1-naphthoate (4i)
o, ot 0 Yellow oil. '"H NMR (400 MHz, CDCl;): § 8.97 (d, J = 8.8 Hz,
9 1H), 8.29 (d, J = 7.6 Hz, 1H), 8.19 (d, J = 8.0 Hz, 1H), 7.94 (d, J
= 8.4 Hz, 1H), 7.69-7.53 (m, 4H), 7.29-7.22 (m, 3H), 6.16-6.13
(m, 1H), 4.80 (d, J = 11.6 Hz, 1H), 4.68 (d, J = 11.6 Hz, 1H), 3.90
(d, J = 10.8 Hz, 2H), 3.03-2.96 (m, 2H), 2.91 (d, J = 7.2 Hz, 2H), 2.81 (d, J = 5.6 Hz, 2H),
2.65-2.62 (m, 1H); °C NMR (100 MHz, CDCl;): § 167.3, 146.6, 146.3, 140.9, 134.0, 133.9,
131.4, 130.6, 128.6, 128.1, 128.1, 126.5, 126.4, 126.1, 125.6, 125.3, 124.7, 124.5, 120.3,
111.3, 74.2, 66.7, 66.3, 36.1, 29.9, 28.2; HRMS (ESI) caled. For C,sH,,ClO; [M+H]:
407.1408, Found: 407.1400. [a]*’p = 81.0 (¢ = 9.0 mg/mL, CHCls). IR v (cm ') 1719, 1459,

1241, 1194, 1132, 781. The er value was determined by HPLC (Chiralcel OD-H,
hexane/isopropanol = 90:10, flow rate = 0.75 mL/min), retention time: ti1= 30.6 min, t2= 42.5

0
4i, 80%, 96:4 er

min.

(E)-2-chloro-4-(3,4-dihydronaphthalen-1(2H)-ylidene)-2-(hydroxymethyl)butyl
1-naphthoate (4j)

ci, o 0 Yellow oil. 'H NMR (400 MHz, CDCLy): & 8.97 (d, J = 8.8 Hz,
9 s 1H), 8.29 (d, J = 1.2 Hz, 1H), 8.27 (d,J = 1.2 Hz, 1H), 8.10 (d, J =
0]

8.0 Hz, 1H), 7.95-7.20 (m, 4H), 7.15-7.12 (m, 3H), 6.23 (t,J="7.6
Hz, 1H), 4.77 (d, J = 12.0 Hz, 1H), 4.67 (d, J = 11.6 Hz, 1H),
3.91-3.89 (m, 2H), 2.95-2.92 (m, 2H), 2.82-2.79 (m, 2H), 2.64-2.56 (m, 2H), 1.86-1.83 (m,
2H); *C NMR (100 MHz, CDCLy): 8 167.2, 138.6, 137.5, 135.8, 134.0, 133.9, 131.4, 130.6,
128.9, 128.6, 128.1, 127.2, 126.4, 126.1, 125.6, 124.5, 124.0, 116.3, 74.2, 66.6, 66.4, 34.5,
30.3, 26.9, 23.2; HRMS (ESI) calcd. For CysHyClOs [M+H]": 421.1565, Found: 421.1563.
[a]*p = 80.0 (¢ = 13.0 mg/mL, CHCIL3). IR v (cm™) 2987, 1720, 1510, 1240, 1133, 780. The
er value was determined by HPLC (Chiralcel ODH, hexane/isopropanol = 97:3, flow rate =

4, 85%, 95:5 er

0.75 mL/min), retention time: t1= 88.9 min, t2= 99.3 min.

(E)-2-chloro-4-(chroman-4-ylidene)-2-(hydroxymethyl)butyl 1-naphthoate (4k)

o, —on Yellow oil. "H NMR (400 MHz, CDCls):  8.92 (d, J = 8.4 Hz, 1H),

s ' O 8.25 (d, J = 0.8 Hz, 1H), 8.15 (d, J = 6.0 Hz, 1H), 7.99 (d, J = 5.6
; O Hz, 1H), 7.17-7.13 (m, 1H), 6.91-6.83 (m, 2H), 6.22 (t, J = 7.6 Hz,

479% 9551 1H), 4.74 (d, I = 12.0 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.16 (t, J

= 5.6 Hz, 2H), 2.69 (t, J = 5.6 Hz, 2H), 2.61 (t, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCl,):
0 167.3, 154.4, 134.2, 133.9, 132.8, 131.4, 130.7, 129.1, 128.7, 126.5, 126.0, 125.6, 124.5,
124.0, 120.8, 117.5, 114.4, 66.6, 66.2, 359, 26.1; HRMS (ESI) calcd. For C,sH,ClO,
[M+H]": 423.1358, Found: 423.1359. [a]*, = 40.0 (¢ = 5.0 mg/mL, CHCL). IR v (cm )
2962, 1719, 1450, 1096, 1019, 801. The er value was determined by HPLC (Chiralcel IA,
hexane/isopropanol = 97:3, flow rate = 0.75 mL/min), retention time: t1= 51.8 min, t2= 58.3
min.
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2-chloro-4-cyclohexylidene-2-(hydroxymethyl)butyl 1-naphthoate (41)
R Yellow oil. "H NMR (400 MHz, CDCl;): & 8.93 (d, J = 9.6 Hz, 1H),
OJCO 8.24 (d, J = 7.2 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0
O Hz, 1H), 7.65-7.45 (m, 3H), 5.27 (t, J = 7.6 Hz, 1H), 4.65 (d, J =
A oheTe O 11.6 Hz, 1H), 4.58 (d, J = 11.6 Hz, 1H), 3.81 (d, J = 6.8 Hz, 2H),
2.74-2.62 (m, 2H), 2.48 (t, J = 7.2 Hz, 3H), 2.17-2.14 (m, 4H), 1.57-1.48 (m, 7H); *C NMR
(100 MHz, CDCly): & 167.2, 144.8, 134.0, 133.9, 131.4, 130.6, 128.6, 128.0, 126.4, 126.2,
125.7, 124.5, 113.6, 74.3, 66.5, 66.4, 37.4, 33.6, 29.1, 28.6, 27.7, 26.7; HRMS (ESI) calcd.
For C5,H,6ClO5 [M+H]"™: 373.1565, Found: 373.1561. [a]*’p = 35.0 (¢ = 6.0 mg/mL, CHCl,).

IR v (cm‘l) 2918, 1718, 1446, 1195, 1015, 781. The er value was determined by HPLC
(Chiralcel 1D, hexane/isopropanol = 97:3, flow rate = 0.75 mL/min), retention time: ti= 19.6

min, t2=27.5 min.

2-chloro-3-(cyclohex-1-en-1-yl)-2-(hydroxymethyl)propyl 1-naphthoate (4m)
o, —oH Yellow oil. '"H NMR (400 MHz, CDCl;): & 8.94 (d, J = 8.4 Hz, 1H),
6(0 8.24 (d, J=17.6 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz,
g O 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.57-7.26 (m, 2H), 5.63 (s, 1H), 4.68 (d,
4m, B0%, 955 er J = 12.0 Hz, 1H), 4.56 (d, J = 11.6 Hz, 1H), 3.80-3.78 (m, 2H),
2.67-2.54 (m, 3H), 2.18-2.15 (m, 2H), 2.04 (m, 2H), 1.64-1.55 (m, 5H); *C NMR (100 MHz,
CDCly): 6 167.2, 134.0, 133.9, 132.1, 131.4, 130.6, 128.6, 128.4, 128.0, 126.4, 126.2, 125.7,
124.5, 73.6, 66.6, 66.5, 44.2, 30.8, 25.5, 23.0, 22.0; HRMS (ESI) calcd. For C,HyClO;
[M+H]": 359.1408, Found: 359.1405. [a]*’p = 88.0 (¢ = 18.0 mg/mL, CHCL). IR v (cm )

3474, 1719, 1511, 1241, 1133, 1017. The er value was determined by HPLC (Chiralcel IA,
hexane/isopropanol = 97:3, flow rate = 0.75 mL/min), retention time: ti= 21.6 min, t2= 25.9

min.

(2)-6-((tert-butyldimethylsilyl)oxy)-2-chloro-2-(hydroxymethyl)hex-4-en-1-yl
1-naphthoate (4n)

OTBS Cl, OH 0
) O
0

4n, 80%, 93:7 er

8.26 (d,J=7.2 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.89 (dd, J =12.0 Hz,
15.2 Hz, 1H), 4.32-4.27 (dd, J=11.6 Hz, 15.2 Hz, 1H), 4.15-4.10 (dd, J
= 124 Hz, 6.0 Hz, 1H), 3.78-3.73 (m, 2H), 3.68-3.64 (m, 1H),
2.95-2.90 (dd, J = 8.8 Hz, 14.4 Hz, 1H), 2.66-2.61 (dd, J = 6.4 Hz, 14.4
Hz, 3H), 0.89 (s, 9H), 0.08 (s, 6H); °C NMR (100 MHz, CDCL): 3 167.0, 133.8, 132.4,
131.5, 130.6, 128.6, 128.0, 126.4, 126.3, 126.2, 125.8, 124.5, 72.6, 67.5, 64.9, 58.7, 33.0, 25.8,
18.3; HRMS (ESI) caled. For Cy4H3,ClO,Si [M+H]": 449.1909, Found: 449.1900. [a]*p =
146.0 (c = 13.0 mg/mL, CHCL;). IR v (cm ') 3418, 2954, 1721, 1462, 1242, 837. The er value
was determined by HPLC (Chiralcel OD-H, hexane/isopropanol = 90:10, flow rate = 0.75
mL/min), retention time: t1= 17.4 min, t2= 22.7 min.

Yellow oil. 'H NMR (400 MHz, CDCl;): § 8.95 (d, J = 8.4 Hz, 1H),

2-chloro-2-(hydroxymethyl)pent-4-en-1-yl 1-naphthoate (40)
Yellow oil. 'H NMR (400 MHz, CDCls): & 8.23 (d, J = 6.4 Hz, 1H), 8.05

CI/”, OH
:/"<:O (d, J = 8.4 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 1.2 Hz, 1H),
v,

4o, 85%, 90:10 er
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7.64-7.61 (m, 1H), 7.57-7.50 (m, 2H), 6.03-5.92 (m, 1H), 3.79 (d, J = 6.8 Hz, 2H), 2.71 (d, J
= 7.2 Hz, 2H), 2.57 (t, J = 6.8 Hz, 1H); "C NMR (100 MHz, CDCl;): 5167.2, 134.0, 133.9,
131.4, 130.6, 128.6, 128.1, 126.4, 126.1, 125.6, 124.5, 120.2, 72.7, 66.3, 66.2, 40.3; HRMS
(ESI) calcd. For C,7H5C10; [M+H]": 305.0939, Found: 305.0934. [a]*’, = 170.0 (¢ = 15.0
mg/mL, CHCI;). IR v (cm‘l) 3500, 2948, 1542, 1462, 1015, 778. The er value was determined
by HPLC (Chiralcel 1A, hexane/isopropanol = 95:5, flow rate = 0.75 mL/min), retention time:
t1=14.4 min, t2= 16.2 min.

2-chloro-2-(hydroxymethyl)-5-phenylpent-4-yn-1-yl 1-naphthoate (4p)
o, /oA Yellow oil. '"H NMR (400 MHz, CDCls): & 8.94 (d, J = 8.4 Hz, 1H),
/CO 8.26 (d, J = 7.2 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.4 Hz,
i K O 1H), 7.65-7.48 (m, 3H), 7.43-7.41 (m, 2H), 7.32-7.25 (m, 3H), 4.85 (d,
Ap. 82% 955 er J=12.0 Hz, 1H), 4.76 (d, J = 12.0 Hz, 1H), 3.97 (d, J = 6.8 Hz, 2H),
3.02-3.11 (dd, J = 17.6 Hz, 20.0 Hz, 2H), 2.56 (t, J = 7.2 Hz, 1H); “C NMR (100 MHz,
CDCl3): 6 167.1, 134.0, 133.9, 131.7, 131.4, 130.7, 128.6, 128.3, 128.1, 126.4, 126.1, 125.7,
124.5, 122.8, 84.3, 83.2, 71.6, 66.6, 66.3, 28.2; HRMS (ESI) calcd. For Cp3H,,C10; [M+H]":
379.1095, Found: 379.1099. [a]*’p = 104.0 (¢ = 12.0 mg/mL, CHCl;). IR v (cm ') 1718, 1490,

1241, 1132, 1016, 781. The er value was determined by HPLC (Chiralcel IA,
hexane/isopropanol = 97:3, flow rate = 0.75 mL/min), retention time: ti= 32.8 min, t2= 36.0

min.

(R)-2-chloro-2-(hydroxymethyl)butyl 1-naphthoate (4q)
cl, —OH Yellow oil. '"H NMR (400 MHz, CDCl;): & 8.92 (d, J = 8.8 Hz, 1H),
chﬁco 0 8.23-8.21 (dd, J = 1.2 Hz, 7.2 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.89
40, 86% 8515 er O (d, J=8.0 Hz, 1H), 7.66-7.62 (m, 1H), 7.57-7.49 (m, 2H), 4.68 (d, J =
15.6 Hz, 1H), 4.59 (d, J = 15.6 Hz, 1H), 3.80 (t, J = 1.2 Hz, 2H),
2.58-2.55 (m, 1H), 2.04-1.92 (m, 2H), 1.14-1.11 (m, 3H); *C NMR (100 MHz, CDCl;):
8167.3, 134.0, 133.9, 131.4, 130.6, 128.6, 128.1, 126.4, 126.1, 125.6, 124.5, 74.2, 66.6, 66.4,
44.1, 24.7, 24.2; HRMS (ESI) calcd. For C;sH;3ClIO; [M+H]": 293.0939, Found: 293.0938.
[a]*p = 28.0 (¢ = 12.0 mg/mL, CHCI;). IR v (cm™") 3420, 2964, 1728, 1442, 1245, 837. The
er value was determined by HPLC (Chiralcel ID, hexane/isopropanol = 95:5, flow rate = 0.75

mL/min), retention time: t1=21.1 min, t2= 25.9.0 min.

(R)-2-chloro-2-(hydroxymethyl)-4-phenylbutyl 1-naphthoate (4r)
ol, /O Yellow oil. 'H NMR (400 MHz, CDCLy): & 8.92 (d, J = 8.8 Hz, 1H),
06H5f<:o 0 8.21 (d, J=6.6 Hz, 1H), 8.04 (d, J= 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz,
4, 83%, 81:19er O 1H), 7.64-7.60 (m, 1H), 7.56-7.48 (m, 2H), 7.30-7.17 (m, 5H), 4.73 (d,
J=15.6 Hz, 1H), 4.63 (d, J = 15.6 Hz, 1H), 3.83 (s, 2H), 2.92-2.88
(dd, J=7.6 Hz, 9.2 Hz, 2H), 2.25-2.19 (m, 2H); *C NMR (100 MHz, CDCl;): § 167.2, 141.0,
134.3, 134.1, 133.8, 131.4, 130.6, 128.6, 128.6, 128.4, 128.1, 128.0, 126.3, 126.2, 126.2,
126.0, 125.9, 125.6, 124.5, 73.5, 66.2, 66.1, 37.7, 30.0; HRMS (ESI) calcd. For C;,H»ClO;
[M+H]": 369.1252, Found: 369.1256. [a]*’p = 24.0 (¢ = 18.0 mg/mL, CHCL). IR v (cm )
1718, 1470, 1261, 1156, 1043, 781. The er value was determined by HPLC (Chiralcel IA,
hexane/isopropanol = 95:5, flow rate = 0.75 mL/min), retention time: ti= 21.2 min, t2= 23.0
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min.

(R)-2-chloro-2-(hydroxymethyl)-4-methylpentyl 1-naphthoate (4s)
o, o Yellow oil. '"H NMR (400 MHz, CDCl5): & 8.22 (d, J = 1.2 Hz, 1H),
Hacfco 8.21 (d, J = 1.2 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.4 Hz,
o on 535 O 1H), 7.65-7.61 (m, 1H), 7.57-7.50 (m, 2H), 4.68 (d, J = 12.0 Hz, 1H),
4.61 (d,J=12.0 Hz, 1H), 3.78 (d, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz,
1H), 2.01-1.99 (m, 1H), 1.86 (d, J = 5.6 Hz, 2H), 1.66-1.04 (dd, J = 3.6 Hz, 6.8 Hz, 6H); °C
NMR (100 MHz, CDCls): 8167.3, 134.0, 133.9, 131.4,130.6, 128.6, 128.1, 126.4, 126.1,
125.6, 124.5, 74.2, 66.6, 66.4, 44.1, 24.7, 24.2; HRMS (ESI) calcd. For C;5H,,ClO5 [M+H]™:
321.1252, Found: 321.1258. [a]*’p = 18.0 (¢ = 10.0 mg/mL, CHCI3). IR v (cm ') 3418, 2954,

1721, 1462, 1242, 837. The er value was determined by HPLC (Chiralcel ID,
hexane/isopropanol = 95:5, flow rate = 0.75 mL/min), retention time: ti= 13.7 min, t2= 15.4

min.

(S)-(2-chloro-1-oxo0-2,3-dihydro-1H-inden-2-yl)methyl 1-naphthoate (6)
5 Colorless oil. '"H NMR (400 MHz, CDCl;): & 8.80 (d, J = 8.0 Hz,
E:E/ﬁ; . 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.91 (d, J = 7.6 Hz, 1H), 7.87-7.83 (m,
o 2H), 7.56-7.46 (m, 4H), 7.36 (t, J = 7.6 Hz, 4H), 4.96-4.79 (dd, J =
. Q 11.2 Hz, 32.8 Hz, 1H), 3.82 (d, J = 11.8 Hz, 1H), 3.63 (d, J = 18.0
Hz, 1H); *C NMR (100 MHz, CDCl;): § 198.3, 166.2, 150.2, 136.4,

133.9, 133.7, 133.5, 131.3, 130.6, 128.5, 128.4, 128.0, 126.5, 126.3, 125.6, 125.5,124.4, 66.9,
66.0, 41.1; HRMS (ESI) caled. For CoH,6C105, [M+H]": 351.0782, Found: 351.0788.

(3-chloro-8-oxo0-1-oxaspiro[4.5]deca-6,9-dien-3-yl)methyl 1-naphthoate (8)
5 ‘ Colorless oil. "H NMR (400 MHz, CDCl;): § 8.93 (d, J = 8.4

o Hz, 1H), 8.24 (d, J = 7.2 Hz, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.92
[ O (d, J = 8.4 Hz, 1H), 7.67-7.53 (m, 3H), 7.34-7.26 (m, 1H),
6.80-6.77 (dd, J = 2.8 Hz, 10.0 Hz, 1H), 6.22-6.17 (m, 2H),
4.77 (d, J = 11.6 Hz, 1H), 4.70 (d, J = 12.0 Hz, 1H), 4.43-4.36 (dd, J = 7.6 Hz, 16.0 Hz, 2H),
2.70-2.61 (dd, J=14.8 Hz, 20.8 Hz, 2H); BC NMR (100 MHz, CDCl;): 6185.0, 166.5, 148.0,
147.6, 134.3, 1339, 131.4, 130.6, 128.7, 128.2, 128.1, 127.4, 126.5, 125.7, 125.5,
124.5, 78.2, 78.0, 72.6, 67.8, 48.8; HRMS (ESI) calcd. For C,;H5C104 [M+H]": 369.0888,
Found: 369.0889. [a]*’p = 20.0 (¢ = 4.0 mg/mL, CHCl5).

(R)-2-benzyl-2-fluoro-3-hydroxypropyl acetate (15)
—— Colorless oil. '"H NMR (400 MHz, CDCly): & 7.33-7.23 (m, 5H), 4.28-4.09 (m,
f{ 2H), 3.64-3.59 (dd, J = 3.6 Hz, 12.4 Hz, 1H), 3.05 (d, J = 21.2 Hz, 2H), 2.13
" s % ] (s, 3H); *C NMR (100 MHz, CDCly): & 1171.0, 134.5, 134.5, 130.3, 128.4,
127.0, 97.0, 95.3, 64.1, 63.8, 63.1, 62.8, 38.57, 38.4, 20.7; HRMS (ESI) calcd. For
C11H,4C10; [M+H]": 229.0626, Found: 229.0629. [a.]*’, = 6.0 (¢ = 14.0 mg/mL, CHCls).
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