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1. General information

Unless otherwise noted, all reagents and solvents were purchased from commercial
suppliers and used without further purification. 'H-NMR and "C-NMR spectra were
recorded at 25 °C on Bruker Advance 400M NMR spectrometers (CDCls as solvent).
Chemical shifts for 'H NMR spectra are reported as & in units of parts per million
(ppm) downfield from SiMes (6 0.0) and relative to the signal of SiMes (& 0.00
singlet). Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quartet); dd
(doublet of doublets); dt (doublet of triplets); m (multiplets) and etc. Coupling
constants are reported as a J value in Hz. *C NMR spectra are reported as o in units of
parts per million (ppm) downfield from SiMes (6 0.0) and relative to the signal of
chloroform-d (& 77.00 triplet). High resolution mass spectral analysis (HRMS) was
performed on Waters-XEVOG2 Q-TOF (Waters Corporation). Flash chromatography
was performed using 200-300 mesh silica gel with ethyl acetate and petroleum ether.

2. Typical procedure for the synthesis of starting materials.
2.1 The synthesis of 1a, 1g and 1m.

H OBn
CO,Et ©
THF
OHC THF = DIBALH = NaH =
= PhsP” “CO,Et _—
Ri R 60°C Ry DCM RN BnBr,0°C RN
tort
R> 2 Ro
1a, 19, 1m

Tiglic aldehyde (10 g, 0.12 mmol) was added to a solution of carb(ethoxymethylene) triphenyl
phosphorane (60g, 0.18 mol) in THF (250 mL) at 60 °C. The solution was stirred overnight at 60
°C. The the reaction mixture was filtered and the filtrate was concentrated in vacuo. The
unsaturated esters could be obtained after purification via column chromatography (EA/PE = 2:98).
(Ry=-CHj3;, R, = -CHj, yellow oil, 15.9 g, yield: 86%; R;= -Ph, R, = -CH3, colorless oil, 40.1 g,
yield: 60%; Ry=-CHj3, R, = -CH,CHjs, colorless oil, 17.9 g, isolated yield: 89%).

The unsaturated esters (10 mmol) was dissolved in dry DCM (13 mL) and cooled to -78 °C. To
this solution, DIBALH (1.0 M in hexanes, 25 mL, 25 mmol) was added dropwise and the reaction
mixture was stirred at this temperature for 30 min. Then the reaction was quenched with MeOH
(about 4.5 mL), saturated aqueous solution of sodium potassium tartrate (120 mL) and Et,O (120
mL). The mixture was stirred vigorously at room temperature until there was sufficient separation
of the two phases. The organic phase was separated and anqueous phase was washed twice with
DCM (15 mLx2). The combined organic extracts were washed with water and brine, dried over
anhydrous Na,SOs and finally concentrated in vacuo. The alcohol could be obtained after
purification via column chromatography (EA/PE = 20:80). (R;= -CHj3, R, = -CH3, colorless oil,
1.01 g, yield: 90%; R;= -Ph, R, = -CHj, colorless oil, 1.69 g, yield: 97%; R;= -CH3, R, =
-CH,CHj, colorless oil, 1.16 g, isolated yield: 92%).

The alcohol (10 mmol) was added to a solution of sodium hydride (15 mmol) in THF (28 mL) at 0
°C. The reaction mixture was stirred at 0 °C for 30 minutes after which benzyl bromide (10.8
mmol) was added. The reaction was warmed slowly to room temperature and stirred for 3 hours.
Saturated NH4Cl solution was added dropwise at 0 °C to quench the reaction. The reaction
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mixture was filtered, and washed with ethyl acetate. The combined organic layer was washed with
water, brine, dried over anhydrous Na,SO,. The solvent was removed in vacuo. The product (1a,
39, 3m) could be obtained after purification via flash column chromatography (EA/PE = 2:98).
(1a, yellow oil, 1.82 g, yield: 90%; 1g, colorless oil, 1.83 g, yield: 85%; 1m, colorless oil, 1.93 g,
yield: 73%).

2.2 The synthesis of 1d, 1e, 1f, 1h and 1n.
OH OTBDPS OTIPS

= TBDPSCI (or TIPSCI) 7z -
S imidazole “ or
NS
Ri 0°C,6h Ri Ri
RZ R2

To a solution of alcohol (6 mmol) in DCM (14 mL) was added imidazole (12 mmol) at 0 °C. After
imidazole was dissolved, TBDPSCI (or TIPSCIl) (6.6 mmol) was added to the reaction mixture.
The mixture was stirred at 0 °C to room temperature for 6 hours. The reaction was poured into ice

water and extracted with ethyl acetate. The combined organic layer was washed with brine and
dried over anhydrous Na,SO,4. The solvent was removed in vacuo. The crude product was purified
by flash column chromatography (EA/PE = 2:98) to get the products (1d, 1le, 1f, 1h, 1n). (1d,
colorless oil, 1.01 g, yield: 68%; 1e, colorless oil, 1.97 g, yield: 94%; 1f, colorless oil, 1.32 g,
yield: 65%; 1h, colorless oil, 1.50 g, yield: 69%; 1n, colorless oil, 1.74 g, yield: 71%).

2.3 The synthesis of 1b and 1c.

O:> O
- + OHC
Br __/_< ﬁ Ph
PhsP ) BUOK ):\
or = or =
THF, rt THF, 60 °C AN ™
+ .
B Php——  Pn 30 min
le 1b
To a solution of Wittig reagent (10 mmol) in THF was added ‘BuOK (15 mmol) at 0 °C to room
temperature for 30 minutes, after which the aldehyde (10 mmol) was added and the mixture was

heated to 60 °C overnight. The reaction was poured into ice water and extracted with ethyl acetate.
The combined organic layer was washed with brine and dried over anhydrous Na,SO,4. Then the
solvent was removed in vacuo. Purification via flash column chromatography (EA/PE = 3:97) was
carried out to get the product (1b, 1c). (1b, colorless oil, 0.59 g, yield: 32%; 1c, colorless oil, 0.42
g, yield: 23%).

2.4 The synthesis of 1i to 1Kk.



OH

CO,Et
CO,Et THF 2 DIBALH DMP
+ R-CHO N
PPh, 60 °C
Oy OTBDPS
CHO PAN imidazole
)\ PhaP” "COEt DIBALH _~ TBDPSClI _~
X
& THF,60°C N
R

To a solution of Wittig reagent (15 mmol) in THF (25 mL) was added the corresponding aldehyde
(15 mmol) at 60 °C. The reaction mixture was stirred overnight. Then the mixture was filtered,
and the filtrate was concentrated in vacuo. Purification via column chromatography (EA/PE =
2:98) to afford the unsaturated esters.

The unsaturated esters (10 mmol) was dissolved in dry DCM (13 mL) and cooled to -78 °C. To
this solution, DIBALH (1.0 M in hexanes, 25 mL, 25 mmol) was added dropwise and the reaction
mixture was stirred at this temperature for 30 minutes. Then the reaction was quenched with
MeOH (about 4.5 mL), saturated aqueous solution of sodium potassium tartrate (120 mL) and
Et,0O (120 mL). The mixture was stirred vigorously at room temperature until there was sufficient
separation of the two phases. The organic phase was separated and anqueous phase was washed
twice. The combined organic extracts were washed with water and brine, dried over anhydrous
Na,SOy4 and finally concentrated in vacuo.

The crude product was dissolved in 10 mL DCM and added directly into a solution of DMP (15
mmol) in 30 mL DCM. The mixture was stirred vigorously at room temperature for 30 minutes.
The reaction was quenched with 10% aqueous sodium thiosulfate and saturated aqueous sodium
bicarbonate and was continued to stir for 10 min. The organic phase was separated and the
aqueous phase was washed twice with DCM (5 mLX2). The combined organic extracts were
washed with water and brine, dried over anhydrous Na,SO,4 and concentrated in vacuo.

The crude aldehydes could be used to react with the Wittig reagent directly according to the
procedures above. Following the reduction and protection steps also could be carried out
according to the procedures above, and the products 1i to 1k could be obtained. (1i, 1j, 1k,
colorless oil. The total yields of the products are between 30-50%).

2.5 The synthesis of 2¢ and 2d.

TBDPSCI OTBDPS
HO—\_/—OH NaH HO—\:/—OTBDPS PCC /:f
THF, rt OHC

idine, DCM OCO,Et
HOUOH pyridine, HO—\_/—OCOZEt PCC /:f
— ethyl chloroformate — OHC 24

To a suspension of NaH (20 mmol) in THF 40 mL was added cis-2-butene-1,4-diol (20 mmol) at
room temperature. After being stirred for 1 hour, TBDPSCI (20 mmol) was added to the mixture
and the whole was stirred for 6 h. The reaction mixture was diluted with ether and washed with
10% aq K,CO; and brine. The water layer was extracted with ether and the combined organic
layer was dried over anhydrous MgSO,. After filtration, the filtrate was concentrated under
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reduced pressure. The residue purified via column chromatography (EA/PE = 20:80) to afford the
productm. (colorless oil, 3.78 g, yield: 58%).

To a solution of cis-2-butene-1,4-diol (20 mmol) in DCM (150 mL) was added dropwise ethyl
chloroformate (20 mmol) and pyridine (40 mmol) under ice-cooling, and the resulting mixture was
stirred at room temperature overnight and then evaporated in vacuo. To the residue obtained was
added ethyl acetate. The organic layer washed with saturated aqueous sodium chloride solution
and dried with anhydrous MgSO,. After filtration, the filtrate was concentrated under reduced
pressure. The residue purified via column chromatography (EA/PE = 20:80) to afford the product .
(colorless oil, 0.9 g, yield: 65%).

The cis-2-butene-1,4-diol protected by —-OTBDPS or —OCO,Et (20 mmol) dissolved in DCM (35
mL) was added to pyridinium chlorochromate (40 mmol), and silica gel (9 g) in DCM (150 mL) at
0 °C. The reaction mixture was warmed slowly to room temperature and stirred for 4 hours. Then
the mixture was filtered through a sintered glass funnel packed with silica gel and washed with
DCM. The filtrate was dried over anhydrous MgSQ,. Purified via column chromatography
(EA/PE = 10:90) to afford the product (2c, 2d)®?. (2c, white solid, 4.53 g, yield: 70%; 2d,
colorless oil, 1.48 g, yield: 47%).

2.6 The synthesis of 2g.

The compound 2g could be prepared according to the following synthetic route. ) Note: The
product G could be obtained as a mixture of E and Z isomers. The mixture should be separated at
this step for use in next step. And the Lewis acid BF;.OEt, was used for the deprotection reaction
from compound H to 1.1

OH TBDMSCI  OTBDMS
COzMe H\H/H DABCO Cone imdazole COzMe 1. DIBALH
!f t 9 0°C 0°C 2. TBDPSCI
A B c D
OTBDMS OTBDMS I~ OTBDPS
Ozonolysis PhsP™ COzEt OTBDMS
OTBDPS OTBDPS - |
o) THF, 60 °C E10,C
E F G ratio: 72:28
OTBDPS OTBDPS OTBDPS
1. DIBALH 1 oTEDMS BF3- OEt, on DMP | CHO
2. EtCO,CI
OCO,Et OCO,Et OCO,Et
H I E-2g
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4. Typical procedure for the synthesis of diels-alder products
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The dienophile (0.2 mmol) in CH,Cl, (0.2 mL) was added dropwise to a stirred solution of 4A
molecular sieve (20 mg, excess) and B(C¢Fs); (0.02 mmol, 10 mg) in DCM (0.1 ml) at -78 C.
And the mixture was stirred for another 15 minutes. Subsequently, the diene (0.4 mmol)
pre-diluted in CH,Cl, (0.2 mL) was added dropwise. The reaction was maintained at -78 ‘C with
constant stirring for 48 hours. The reaction was quenched with saturated NaHCOs, extracted with
DCM twice. The combined organic extracts were washed with brine, and dried over anhydrous
Na,S0O,. The filtrate was concentrated in vacuum. Purification by flash column chromatography

with ethyl acetate and petroleum was carried out to afford the pure compound.

5. Characterization data for the products

3aa”

(E)-ethyl 3-(6-(benzyloxymethyl)-3,4-dimethyl-3,6-dihydro-2H-pyran-2-yl)acrylate;

3aa” was synthesized via general procedure by using Lewis acid BF;5Et,0; sticky colorless oil,
isolated 49 mg (EA/PE = 10:90), yield, 75%. 'H NMR (400 MHz, CDCL3): 8 7.37-7.27 (5H, m),
6.90 (1H, dd, J=15.6, 4.0 Hz), 6.13 (1H, dd, J = 15.6, 2.0 Hz), 5.34-5.31 (1H, m), 4.64 (1H, d, J
=12.2 Hz), 4.59 (1H, d, J = 12.2 Hz), 4.41-4.35 (1H, m), 4.34-4.29 (1H, m), 421 2H, q,J=7.2
Hz), 3.55 (1H, dd, J = 10.2, 6.4 Hz), 3.48 (1H, dd, J = 10.2, 4.8 Hz), 2.03-1.94 (1H, m), 1.75 (3H,
t,J=1.6 Hz), 1.30 (3H, t,J=7.2 Hz), 0.94 (3H, d, J = 6.8 Hz) ppm;

C NMR(100 MHz, CDCLy): 6 166.6, 146.6, 139.3, 138.4, 128.4, 127.7, 127.6, 121.0, 120.1,
75.5,75.1,73.5,73.2,60.3,37.6,21.6, 14.3, 13.5 ppm;

HRMS (ESI) m/z calculated for CyH,604H [M+H]+: 331.1909, found 331.1906.

_0OBn
CHO

nn mn
A
Z
3

CO,Et

3aa
ethyl-5-(benzyloxymethyl)-6-formyl-2,3-dimethylcyclohex-3-enecarboxylate;

3aa’ was synthesized via general procedure by using Lewis acid BF;Et,0; sticky colorless oil,
isolated 16 mg (EA/PE = 10:90), yield, 24%. '"H NMR (400 MHz, CDCL): §9.72 (1H, s),
7.35-7.25 (5H, m), 5.44-5.33 (1H, m), 4.41 (1H, d, J = 11.6 Hz), 4.30 (1H, d, J = 12.0 Hz), 4.21
(2H, q, J = 7.2 Hz), 3.44-3.36 (1H, m), 3.15-3.00 (3H, m), 2.55-2.45 (1H, m), 2.30-2.19 (1H, m),
1.67 (3H, d,J=0.8 Hz), 1.31 (3H, t,J="7.0 Hz), 1.10 (3H, d, J = 6.8 Hz) ppm;

C NMR(100 MHz, CDCls): 8 201.0, 175.5, 139.5, 137.7, 128.4, 127.8, 127.7, 120.1, 73.0, 70.4,
60.6,52.1,44.2,37.7,36.8,21.3, 17.6, 14.2 ppm;

HRMS (ESI) m/z calculated for CyH,604H [M+H]+: 331.1909, found 331.1907.



OBn
“CO,Et
3aa

ethyl-5-((benzyloxy)methyl)-6-formyl-2,3-dimethylcyclohex-3-enecarboxylate;

3aa was synthesized via general procedure by using Lewis acid BF5Et,0O; sticky colorless oil,
isolated 53 mg (EA/PE = 10:90), yield, 80%. 'H NMR (400 MHz, CDCl3): 8 10.05 (1H, d, J =
2.4 Hz), 7.37-7.28 (5H, m), 5.19-5.14 (1H, m), 4.52 (1H, d, J = 12.0 Hz), 4.44 (1H, d, J = 12.0
Hz), 4.20-4.11 (2H, m), 3.49 (1H, dd, J=9.4, 5.0 Hz), 3.32 (1H, dd, J = 9.4, 8.4 Hz), 3.04 (1H, dd,
J=124,5.2 Hz), 2.91-2.83 (1H, m), 2.70-2.60 (1H, m), 2.54-2.44 (1H, m), 1.73 (3H, s), 1.26 (3H,
t,J=7.2 Hz), 0.93 (3H, d, J= 6.8 Hz) ppm;

*C NMR(100 MHz, CDCl;): 8 205.0, 173.5, 139.1, 138.0, 128.4, 127.6, 127.6, 120.0, 73.9, 73.1,
60.8, 46.8, 45.6,39.9,35.4,21.9, 15.4, 14.2 ppm;

HRMS (ESI) m/z calculated for C,0HpcO4H [M+H]+: 331.1909, found 331.1912.

|||||\

3ba

ethyl 6-formyl-2,3-dimethyl-5-phenethylcyclohex-3-enecarboxylate;

3ba was synthesized via general procedure by using Lewis acid BF;Et,0; sticky colorless oil,
isolated 31 mg (EA/PE = 5:95), yield, 50%. 'H NMR (400 MHz, CDCl;): §9.89 (1H, d, J=2.8
Hz), 7.29-7.26 (2H, m), 7.20-7.16 (3H, m), 5.39-5.32 (1H, m), 4.21-4.12 (2H, m), 2.98 (1H, dd, J
=12.0, 5.2 Hz), 2.81-2.72 (2H, m), 2.58-2.46 (2H, m), 2.38-2.29 (1H, m), 1.92-1.83 (1H, m), 1.77
(3H, t,J=2.0 Hz), 1.70-1.63 (1H, m), 1.26 (3H, t, J = 7.0 Hz), 0.95 (3H, d, J = 6.8 Hz) ppm;

C NMR(100 MHz, CDCls): 8 204.2, 173.4, 141.9, 137.8, 128.4, 128.3, 125.9, 122.8, 60.8, 46.6,
46.3,36.6,35.7,35.2,32.5,22.0, 15.4, 14.2 ppm;

HRMS (ESI) m/z calculated for C,0Hp60O3Na [M+Na]+: 337.1780, found 337.1776.

3ca

ethyl-5-((1,3-dioxan-2-yl)methyl)-6-formyl-2,3-dimethylcyclohex-3-enecarboxylate;

3ca was synthesized via general procedure by using Lewis acid BF;Et,O; sticky yellow oil,
isolated 23 mg (EA/PE = 5:95), yield, 37%. 'H NMR (400 MHz, CDCl3): §9.92 (1H, d, J =2.0
Hz), 5.27-5.23 (1H, m), 4.57-4.52 (1H, m), 4.20-4.04 (4H, m), 3.76-3.67 (2H, m), 2.93-2.86 (2H,
m), 2.54-2.41 (2H, m), 2.12-2.00 (1H, m), 1.79-1.66 (4H, m), 1.55-1.42 (1H, m), 1.35-1.23 (4H,
m), 0.92 (3H, d, J = 6.8 Hz) ppm;

C NMR(100 MHz, CDCLy): 6204.7, 173.3, 137.3, 123.5, 100.6, 66.8, 66.7, 60.7, 46.8, 46.7,
40.0, 35.2, 33.0, 25.6, 21.9, 15.3, 14.2 ppm;

HRMS (ESI) m/z calculated for C;;H,cOsH [M+H]+: 311.1858, found 311.1858.
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TIPSO
CHO

K

CO,Et

3da
ethyl-6-formyl-2,3-dimethyl-5-(((triisopropylsilyl)oxy)methyl)cyclohex-3-enecarboxylate;

3da was synthesized via general procedure by using Lewis acid BF3Et,0; sticky light yellow oil,
isolated 66 mg (EA/PE = 5:95), yield, 84%. 'H NMR (400 MHz, CDCl;): §10.09 (1H, d, J=2.0
Hz), 5.20-5.15 (1H, m), 4.19-4.11 (2H, m), 3.74 (1H, dd, J = 9.6, 5.0 Hz), 3.53 (1H, dd, J = 9.6,
8.0 Hz), 3.04 (1H, dd, J = 12.2, 5.0 Hz), 2.94-2.88 (1H, m), 2.58-2.45 (2H, m), 1.73 (3H, t, J = 1.6
Hz), 1.26 (3H, t, J =7.2 Hz), 1.08-1.03 (21H, m), 0.94 (3H, d, J = 6.8 Hz) ppm;

C NMR(100 MHz, CDCly): 8 205.0, 173.7, 139.0, 120.3, 67.4, 60.7, 46.8, 45.3, 42.7, 35.4, 21.9,
18.0, 15.4, 14.2, 11.9 ppm;

HRMS (ESI) m/z calculated for C;,H40O4SiH [M+H]+: 397.2774, found 397.2774.

TBDPSO._

/@,crlo
“C0O,Et

3ea
ethyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-2,3-dimethylcyclohex-3-enecarboxyla
te;

3ea was synthesized via general procedure by using Lewis acid BF5Et,O; sticky colorless oil,
isolated 95 mg (EA/PE = 5:95), yield, 99%. 'H NMR (400 MHz, CDCl;): 6§ 10.13 (1H, d, J=1.6
Hz), 7.69-7.64 (4H, m), 7.44-7.38 (6H, m), 5.12-5.05 (1H, m), 4.23-4.11 (2H, m), 3.66 (1H, dd, J
=10.0, 4.8 Hz), 3.49 (1H, dd, J = 10.0, 7.6 Hz), 3.07-2.96 (2H, m), 2.61-2.53 (1H, m), 2.52-2.46
(1H, m), 1.71 (3H, t, J = 1.6 Hz), 1.27 (3H, t, J =7.2 Hz), 1.05 (9H, s), 0.94 (3H, d, J = 6.8 Hz)
ppm;

C NMR(100 MHz, CDCls): 8 205.08, 173.61, 139.0, 135.6, 135.6, 133.3, 133.1, 129.8, 127.8,
120.4, 67.5, 60.8, 46.8, 45.1, 42.1, 35.4, 26.8, 21.8, 19.2, 15.4, 14.2 ppm;

HRMS (ESI) m/z calculated for C,0H3304SiH [M+H]+: 479.2618, found 479.2617.

3fa

ethyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-3-methylcyclohex-3-enecarboxylate;
3fa was synthesized via general procedure by using Lewis acid BF3Et,0; sticky colorless oil,
isolated 83 mg (EA/PE = 5:95), yield, 90%. 'H NMR (400 MHz, CDCl;): 69.98 (1H,d,J=2.4
Hz), 7.66-7.62 (4H, m), 7.46-7.37 (6H, m), 5.17-5.10 (1H, m), 4.13 (2H, q, J=7.1 Hz), 3.64 (1H,
dd, J = 10.0, 5.2 Hz), 3.50 (1H, dd, J = 10.0, 8.0 Hz), 2.96-2.89 (1H, m), 2.80-2.75 (1H, m),
2.69-2.60 (1H, m), 2.29-2.23 (1H, m), 2.18-2.11 (1H, m), 1.67 (3H, s), 1.25 (3H, t, J = 7.2 Hz),
1.03 (9H, s) ppm;

C NMR(100 MHz, CDCLy): 6204.1, 174.4, 135.6, 135.6, 133.8, 133.2, 133.1, 129.8, 127.7,
120.4, 67.3, 60.9, 50.9, 41.5, 41.1, 32.4, 26.8, 23.1, 19.1, 14.2 ppm;
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HRMS (ESI) m/z calculated for Co5H3404SiNa [M+Na]": 487.2281, found 487.2297.

:/OTBDPS

: __CHO
/O:,,/ocozEt
= 3ed

(5-(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-2,3-dimethylcyclohex-3-en-1-yl)methyl
ethyl carbonate;

3ed was synthesized via general procedure by using Lewis acid BF;Et,O; sticky colorless oil,
isolated 47 mg (EA/PE = 10:90), yield, 46%. '"H NMR (400 MHz, CDCls): 6 9.68 (1H, d, J=4.0
Hz), 7.64-7.62 (4H, m), 7.43-7.36 (6H, m), 5.18-5.12 (1H, m), 4.22-4.06 (4H, m), 3.55 (1H, dd, J
=10.0, 4.8 Hz), 3.41 (1H, dd, J = 10.0, 7.2 Hz), 2.76-2.67 (1H, m), 2.41-2.36 (2H, m), 2.28-2.20
(1H, m), 1.70 (3H, t, J = 2.0 Hz), 1.31 (3H, t, J = 7.2 Hz), 1.02 (9H, s), 0.94 (3H, d, J = 7.2 Hz)
ppm;

C NMR(100 MHz, CDCLy): 6203.8, 154.8, 139.9, 135.7, 135.6, 134.8, 133.2, 133.2, 129.7,
127.7,127.7, 120.2, 68.0, 66.9, 64.2, 48.3, 39.9, 37.8, 34.6, 26.7, 21.9, 19.2, 14.3, 13.6 ppm;
HRMS (ESI) m/z calculated for C30H4005SiNa [M+Na]": 531.2543, found 531.2546.

BnO

|||||/

CHO
/O““\OTBDPS
“»—0CO,Et

(5-((benzyloxy)methyl)-6-(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-2,3-dimethylcycloh

ex-3-en-1-yl)methyl ethyl carbonate.

3ag was synthesized via general procedure by using Lewis acid BF5Et,O; white solid, isolated 56
mg (EA/PE = 10:90), yield, 45%. 'H NMR (400 MHz, CDCl;): 6 9.70 (1H, s), 7.66-7.59 (4H, m),
7.44-7.30 (8H, m), 7.26-7.23 (1H, m), 7.11-7.08 (2H, m), 5.08-5.03 (1H, m), 4.65 (1H, dd, J =
11.2, 10.0 Hz), 4.26-4.16 (5H, m), 4.05 (1H, d, J=10.8 Hz), 3.83 (1H, d, J = 10.8 Hz), 3.15 (1H,
dd, J=9.6, 6.8 Hz), 3.03 (1H, t, J = 9.2 Hz), 2.87-2.81 (1H, m), 2.61-2.53 (1H, m), 2.46-2.37 (1H,
m), 1.67 (3H, s), 1.30 (3H, t, J="7.2 Hz), 1.08 (9H, s), 1.05 (3H, d, J = 7.6 Hz) ppm;

C NMR(100 MHz, CDCLy): 6 206.01, 154.89, 137.80, 137.55, 136.05, 135.92, 132.76, 132.58,
129.91, 129.84, 128.28, 127.70, 127.68, 127.45, 127.40, 119.18, 72.91, 70.28, 67.22, 63.89, 62.11,
53.46,42.63,42.11, 33.66, 26.98, 21.81, 19.07, 14.32, 13.87 ppm;

HRMS (ESI) m/z calculated for C53H430¢S1H [M+H]+: 629.3298, found 629.3296.

BDPSO._
i CHo
“~OTBDPS|

3ag

y” "““—0CO,Et

3eg
(5,6-bis(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-2,3-dimethylcyclohex-3-en-1-yl)meth
yl ethyl carbonate;

3eg was synthesized via general procedure by using Lewis acid BF; Et,O; white solid, isolated 26
mg (EA/PE = 10:90), yield, 17%. "H NMR (400 MHz, CDCly): 6 9.83 (1H, s), 7.66-7.61 (4H, m),
7.55-7.45 (4H, m), 7.42-7.26 (12H, m), 4.94-4.89 (1H, m), 4.65 (1H, t, J = 10.6 Hz), 4.29-4.16
(4H, m), 3.81 (1H, d, J = 10.8 Hz), 3.29 (1H, dd, J=10.4, 6.4 Hz), 3.23 (1H, dd, J=10.4, 9.6 Hz),
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2.81-2.73 (1H, m), 2.62-2.56 (1H, m), 2.45-2.36 (1H, m), 1.61 (3H, s), 1.30 (3H, t, J = 7.2 Hz),
1.07 (9H, s), 0.98 (3H, d, J= 7.6 Hz), 0.90 (9H, s) ppm;

C NMR(100 MHz, CDCls): 6206.1, 154.9, 137.7, 136.0, 136.0, 135.5, 133.1, 132.8, 132.7,
132.6, 129.9, 129.8, 129.7, 129.6, 127.7, 127.7, 127.6, 119.0, 67.3, 64.1, 63.9, 62.3, 53.4, 45.6,
42.2,33.7,27.0,26.7,21.8,19.1, 19.0, 14.3, 13.8 ppm;

HRMS (ESI) m/z calculated for C4;HgpOSi,Na [M+Na]+: 799.3826, found 799.3848.

3ga

ethyl-5-((benzyloxy)methyl)-2-ethyl-6-formyl-3-methylcyclohex-3-enecarboxylate;

3ga was synthesized via general procedure by using Lewis acid BF3;Et,0O; sticky colorless oil,
isolated 53 mg (EA/PE = 10:90), yield: 77%. 'H NMR (400 MHz, CDCl;): 610.02 (1H, d,J =
2.0 Hz), 7.37-7.27 (5H, m), 5.24-5.19 (1H, m), 4.53 (1H, d, J = 12.0 Hz), 449 (1H, d, J = 124
Hz), 4.14 (2H, qd, J = 7.2, 1.2 Hz), 3.50 (1H, dd, J = 9.2, 5.2 Hz), 3.32 (1H, t, J = 8.8 Hz), 3.02
(1H, dd, J=12.2, 5.0 Hz), 2.95-2.89 (1H, m), 2.67-2.58 (1H, m), 2.39-2.35 (1H, m), 1.76 (3H, t, J
= 1.8 Hz), 1.52-1.42 (1H, m), 1.40-1.30 (1H, m), 1.26 (3H, t, J = 7.2 Hz), 0.89 (3H, t, J = 7.6 Hz)
ppm;

C NMR(100 MHz, CDCl3): 8 205.0, 173.8, 138.4, 138.1, 128.4, 127.6, 127.6, 120.5, 74.1, 73.1,
60.8,46.8,46.5,42.0, 39.5,24.2,22.9, 14.1, 13.2 ppm;

HRMS (ESI) m/z calculated for C,1Hp3O4H [M+H]+: 345.2066, found 345.2068.

TBDPSO.
/OCHO
" ""CO,Et
~

3ha

ethyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-2-ethyl-6-formyl-3-methylcyclohex-3-enecarbo
xylate;

3ha was synthesized via general procedure by using Lewis acid BF;Et,0; sticky colorless oil,
isolated 83 mg (EA/PE = 5:95), yield: 85%. 'H NMR (400 MHz, CDCl;): 810.09 (1H, s),
7.68-7.63 (4H, m), 7.46-7.37 (6H, m), 5.17-5.08 (1H, m), 4.21-5.09 (2H, m), 3.65 (1H, dd, J =
10.0, 5.2 Hz), 3.47 (1H, dd, J = 9.6, 8.0 Hz), 3.04-2.98 (2H, m), 2.58-2.50 (1H, m), 2.38-2.32 (1H,
m), 1.73 (3H, t, J = 1.4 Hz), 1.49-1.42 (1H, m), 1.36-1.29 (1H, m), 1.27 (3H, t, J = 7.2 Hz), 1.05
(9H, s), 0.88 (3H, t, J = 7.6 Hz) ppm;

C NMR(100 MHz, CDCLy): 6205.0, 173.8, 138.4, 135.6, 133.3, 133.1, 129.8, 127.7, 120.9,
67.6, 60.7, 46.6, 46.3, 42.0,41.8, 26.8, 24.3,22.9, 19.2, 14.2, 13.3 ppm;

HRMS (ESI) m/z calculated for C30H4004SiNa [M+Na]": 515.2593, found 515.2610.

TBDPSO.
/OCHO
" ""CO,Et
/-\

3ia



ethyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-2-isopropyl-3-methylcyclohex-3-enec

arboxylate;

3ia was synthesized via general procedure by using Lewis acid BF3Et,O; sticky colorless oil,
isolated 95 mg (EA/PE = 5:95), yield: 94%. 'H NMR (400 MHz, CDCl3): 610.12 (1H, d, J=2.0
Hz), 7.68-7.63 (4H, m),7.46-7.36 (6H, m), 5.26-5.19 (1H, m), 4.21-4.09 (2H, m), 3.64 (1H, dd, J
=10.0, 5.2 Hz), 3.47 (1H, dd, J = 10.0, 8.8 Hz), 3.03 (1H, dd, J = 12.4, 4.8 Hz), 2.97-2.92 (1H, m),
2.64-2.54 (1H, m), 2.44-2.39 (1H, m), 1.72 (3H, s), 1.66-1.60 (1H, m), 1.27 (3H, t, J = 7.2 Hz),
1.05 (9H, s), 1.00 (3H, d, J= 6.8 Hz), 0.80 (3H, d, J = 6.8 Hz) ppm;

C NMR(100 MHz, CDCLy): 6205.1, 174.0, 136.7, 135.7, 135.6, 133.3, 133.0, 129.8, 127.7,
121.6, 67.6, 60.8, 48.1, 46.2,46.2,42.3,29.1, 26.8, 25.0, 24.9, 20.8, 19.1, 14.2 ppm;

HRMS (ESI) m/z calculated for C3;H4,04SiNa [M+Na]+: 529.2750, found 529.2758.

TBDPSO\_
A CHO
/gCOzEt
Y 3ja
ethyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-2-isobutyl-3-methylcyclohex-3-eneca
rboxylate;

3ja was synthesized via general procedure by using Lewis acid BF3Et,O; sticky colorless oil,
isolated 102 mg (EA/PE = 5:95), yield, 98%. 'H NMR (400 MHz, CDCls): 8 10.09 (1H, d, J =
2.0 Hz), 7.68-7.62 (4H, m),7.46-7.36 (6H, m), 5.09-5.03 (1H, m), 4.19-4.03 (2H, m), 3.65 (1H, dd,
J=10.2, 5.0 Hz), 3.47 (1H, dd, J = 10.0, 8.0 Hz), 3.06-2.94 (2H, m), 2.58-2.50 (1H, m), 2.43-2.39
(1H, m), 1.73 (3H, s), 1.51-1.41 (1H, m), 1.31-1.23 (1H, m), 1.27 (3H, t, J = 7.0 Hz), 1.12-1.07
(1H, m), 1.05 (9H, s), 0.86 (6H, t, J = 6.8 Hz) ppm;

C NMR(100 MHz, CDCls): 6 205.0, 173.8, 139.7, 135.6, 135.6, 133.3, 133.1, 129.8, 127.7,
120.2, 67.5, 60.7, 46.6,45.8, 41.7,41.5, 38.4,27.1, 26.8, 22.9, 22.8, 22.7, 19.2, 14.1 ppm;

HRMS (ESI) m/z calculated for C35,H4404SiNa [M+Na]+: 543.2906, found 543.2920.

3ka

ethyl-2-(but-3-en-1-yl)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-6-formyl-3-methylcyclohex-3

-enecarboxylate;

3ka was synthesized via general procedure by using Lewis acid BF;Et,0; sticky colorless oil,
isolated 82 mg (EA/PE = 5:95), yield: 79%. 'H NMR (400 MHz, CDCl5): 8 10.08 (1H, d, J=2.0
Hz), 7.68-7.62 (4H, m),7.46-7.36 (6H, m), 5.76-5.66 (1H, m), 5.14-5.10 (1H, m), 5.00-4.93 (2H,
m), 4.21-4.09 (2H, m), 3.66 (1H, dd, J =10.2, 5.0 Hz), 3.48 (1H, dd, J = 10.0, 7.6 Hz), 3.04-2.97
(2H, m), 2.57-2.50 (1H, m), 2.44-2.39 (1H, m), 2.08-1.93 (2H, m), 1.73 (3H, s), 1.55-1.46 (1H, m),
1.40-1.32 (1H, m), 1.27 (3H, t,J = 7.2 Hz), 1.05 (9H, s) ppm;

C NMR(100 MHz, CDCLy): §204.9, 173.7, 138.5, 138.2, 135.6, 133.3, 133.1, 129.8, 127.8,
121.0, 114.9, 67.5, 60.8, 46.5, 46.2, 41.8, 39.8, 32.9, 30.9, 26.8, 22.8, 19.2, 14.2 ppm;

HRMS (ESI) m/z calculated for C5,H4,04SiH [M+H]+: 519.2931, found 519.2935.

11



_OBn
CHO

0

“CO,Et

Ph

3ma

ethyl-5-((benzyloxy)methyl)-4-formyl-2-methyl-2,3,4,5-tetrahydro-[1,1'-biphenyl]-3-carboxyl
ate;

3ma was synthesized via general procedure by using Lewis acid BF;'Et,O; white solid, isolated 18
mg (EA/PE = 5:95), yield, 23%. '"H NMR (400 MHz, CDCly): 6 10.11 (1H, d, J = 2.0 Hz),
7.38-7.20 (10H, m), 5.72 (1H, d, J=2.8 Hz), 4.57 (1H, d, J = 12.0 Hz), 4.53 (1H, d, J = 12.0 Hz),
4.20 (2H, qd, J = 7.0, 0.8 Hz), 3.63 (1H, dd, J = 9.2, 5.2 Hz), 3.49-3.42 (1H, m), 3.30-3.26 (1H,
m), 3.23 (1H, dd, J =11.8, 5.0 Hz), 3.04-2.98 (1H, m), 2.92-2.84 (1H, m), 1.29 (3H, t,J = 7.0 Hz),
0.89 (3H, d, J= 6.8 Hz) ppm;

C NMR(100 MHz, CDCl): 6204.7, 173.4, 143.4, 140.2, 138.0, 128.5, 127.7, 127.6, 127.5,
126.3,123.1,73.5, 73.2, 61.0, 47.2, 45.4,40.3, 33.2, 16.2, 14.3 ppm;

HRMS (ESI) m/z calculated for CsHy30,H [M+H]": 393.2066, found 393.2083.

3na

ethyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-formyl-2-methyl-2,3,4,5-tetrahydro-[1,1'-bip
henyl]-3-carboxylate;

3na was synthesized via general procedure by using Lewis acid BF5Et,0; sticky colorless oil,
isolated 60 mg (EA/PE = 5:95), yield, 56%. 'H NMR (400 MHz, CDCl3): 610.15 (1H,d, J=2.0
Hz), 7.73-7.68 (4H, m), 7.47-7.39 (6H, m), 7.34-7.27 (5H, m), 5.69 (1H, d, J = 2.8 Hz), 4.22 (2H,
q,J=7.1 Hz), 3.79 (1H, dd, J=10.0, 4.8 Hz), 3.67 (1H, dd, J =10.0, 7.2 Hz), 3.35-3.27 (1H, m),
3.26-3.22 (1H, m), 3.18-3.11 (1H, m), 2.81-2.73 (1H, m), 1.31 (3H, t, J = 7.2 Hz), 1.08 (9H, s),
0.91 (3H, d, J= 6.8 Hz) ppm;

C NMR(100 MHz, CDCl;): 6204.8, 173.4, 143.3, 140.3, 135.6, 135.6, 133.2, 133.0, 129.9,
128.5,127.8,127.5, 126.3, 123.7, 66.9, 61.0, 47.1, 44.7, 42.4, 33.1, 26.8, 19.2, 16.1, 14.3 ppm;
HRMS (ESI) m/z calculated for C34H400O4SiNa [M+Na]+: 563.2593, found 563.2599.
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7. Crystal data for the products

CHO
“=~OTBDPS

“—0CO0,Et

3ag

Table 1 Crystal data and structure refinement for zjh130502

|dentification code Zjh130502
Empirical formula CagH4a065i
Formula weight 528.85
Temperature/K 291(2)
Crystal system triclinic

Space group P-1

alA 11.2348(5)
biA 11.3819(6)
c/A 14.1336(6)
al® 87 511(4)

pr 81.820(4)

yi° §2.982(4)
Volume/A3 1774.90(14)
i 2
Pealcma/mm? 1177
m/mm-" 0.110

F(000) 676.0

Crystal size/mm? 0.36x0.3x028
20 range for data collection §.381t0 52.74°
Index ranges 13=h=s14,12=k=14, 17 =1=17
Reflections collected 15023

Independent reflections T167[R(int) = 0.0246]
Datalrestraints/parameters  7167/3/423

Goodness-of-fit on F2 1.032
Final R indexes [I==2a ()] R4=00562, wRz=0.1307

Final R indexes [all data] R4 =0.0804, wRy =0.1460
Largest diff. peak/hole / e A-20.33/-0.32
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Table 1 Crystal data and structure refinement for ZJH128-2.

Identification code 7JH128-2
Empirical formula CogHag0y
Formula weight 39247
Temperature/K 291(2)

Crystal system monoclinic

Space group P24ic

alA\ 5.87280(10)

biA 17.7824(5)

c/A 21.2004(6)

al® a0

B 92 679(2)

i 90

Volume/A3 2211.59(10)

£ 4

Dealema/mm? 1.179

m/mm-? 0.630

F(000) 8400

Crystal size/mm? 0.36 x 0.32 x 0.27
Radiation CuKo (h=1.54184)
20 range for data collection 6.49to 139.604°
Index ranges J=h=7-18=k=21,-23=1=25
Reflections collected 11206

Independent reflections 4062 [Rint = 0.0186, Rgigma = 0.0199]
Datalrestraints/parameters  4062/26/272

Goodness-offit on F2 1.066

Final R indexes [I==2c (I)) R4 =0.0589, wR2 =0.1685

Final R indexes [all data] R1=00678, wR2=0.1791

Largest diff. peak/hole / e A-30.42/-0.37
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