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General Information. FeCl; (98%), Yb(OTf); (99.99%), Cu(OTf), (98%), Sc(OTf); (99%),
Zn(OTY), (98%), CoCl, (97%), TTOH (>99%), TsOH-H,0 (>98%), trans,trans-2,4-hexadienal
(95%) and trans,trans-2,4-nonadienal (>85.0%) purchased from SRL Chemicals, Aldrich and
TCI chemicals used as received. D-A cyclopropanes and 2,4-dienals were prepared according
to literature.!* Merck silica gel G/GF 254 plates were used for the analytical TLC and Rankem
silica gel (100-200 mesh) was used for the column chromatography. NMR ('H and '3C) spectra
were recorded in Bruker Avance III 400, 500 and 600 spectrometers using CDCI; as solvent
and TMS as an internal standard. Chemical shifts (&) and spin-spin coupling constants (J) are
reported in ppm and in Hz, respectively, and other data are reported as follows: s = singlet, d =
doublet, dd = doublet of doublet, t = triplet, bt = broad triplet and m = multiplet. Melting points
were determined using a Biichi B-540 apparatus and are uncorrected. IR spectra were collected
on a Perkin Elmer Fourier Transform Infrared (FT-IR) spectrometer. Quadrupole time-of-flight
electrospray ionization (ESI) mass spectrometer (model HAB 273) was used for mass spectra.
Optical rotation was determined using a Rudolph Autopol I Automatic Polarimeter. HPLC
analysis was carried out using Waters-2489 with YMC Chiral ART Cellulose-SC column using
iso-propanol and hexane as eluent. Single-crystal X-ray data was collected using Brucker
SMART APEX-II CCD area detector using Mo-Ka irradiation and the structure was solved by
using SHELXL-18 (Gottingen, Germany).

Crystal Data and Structure Refinement

Figure S1. ORTEP diagram of 3k (CCDC 2298985) with 50% ellipsoid. H-atoms are omitted
for clarity.
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Solvent and Method for Crystal Growth. Dimethyl 2-ethyl-3-phenyl-5-(thiophen-2-yl)-
4a,5,6,7a-tetrahydrocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3k (5 mg) was dissolved in hot

isopropanol (2 mL) and left at room temperature for slow evaporation. After 2 days, needle

shaped colorless crystal growth was observed.

Identification code 3k

CCDC No. 2298985
Empirical formula Cr4H,605S
Formula weight 426.15

Crystal habit, colour Needle/colourless
Temperature, T/K 297K
Wavelength, WA 0.71073

Crystal System monoclinic

Space group P 21/n'

Unit cell dimensions

a=10.416(4)A
b = 19.090(8)A
c=11.659(5)A
o= 90, B=113.372(13), y = 90

Volume, V/A 2128.1(15)
Z 4
Calculated density, gcm™3 1.331
Absorption coefficient, w/mm! 0.185
F(000) 904.0

@ range for data collection

2.22t0 27.10 °C

Limiting indices

—13<h<13,-24<k<24,-14<1< 14

Reflection collected/unique

4194/4663

Completeness to &

99% (6= 27.10)

Absorption correction

nonec

Refinement method

'SHELXL-2018/3 (Sheldrick, 2015)’

Data / restraints / parameters

4663/0/274

Goodness-of-fit on F?

1.043

Final R indices[[>2sigma(])]

R1=0.0633, wR2 =0.1866

R indices (all data)

R1 =0.0689, wR2 =0.1949

Table S1. Optimization of the Reaction Conditions.”

0 catalyst CO,Me MeO,C
* ph - * N
Ph CO,Me | solvent. rt, 4h Ph ™ Et” X o Ph
Ph Ph
1a Et” 2a 3a 4a

entry Lewis acid (10 mol %) | solvent yield 3ab | yield 4a®

1 CU(OTf)z (CH2C1)2 n.d. 58
2 Yb(OTH), (CH,CI), nd. 65
3 Sc(OTh), (CH,CI), nd. 62
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4 Zn(OTf), (CH,Cl), n.d. trace
5 CoCl, (CH,CI), n.d. trace
6 FeCly (CH,Cl), 31 27
7 FeCls CH;CN 28 25
8 FeCl; THF trace 12
9 FeCly HFIP n.d. 21
10 FeCl,y toluene 35 27
11¢ FeCl,y toluene 47 38
124 FeCls toluene 51 40
13¢ FeCl; toluene 45 52
14 FeCl; toluene 78 trace
158 FeCls toluene 72 trace
16 toluene n.d. n.d.

“Reaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), Lewis acid (10 mol %), solvent (1.5
mL), 4 h, room temperature. “Isolated yield. ‘FeCl; (20 mol %). “FeCls (30 mol %). ¢FeCl; (0.5
equiv). /FeCl; (20 mol %), 60 °C, 2 h.£FeCl; (20 mol %), 80 °C, 2 h. n.d. = not detected. HFIP
=1,1,1,3,3,3-Hexaflouro-2-propanol.

General Procedure for the Preparation of D-A Cyclopropanes.” To a stirred solution of
aldehyde (5 mmol) in benzene (10 mL), dimethyl malonate (5 mmol, 660 mg), piperidine (0.5
mmol, 50 uL) and acetic acid (0.5 mmol, 28 pL) were added and the solution was heated to
reflux in an oil bath. After completion, evaporation of the solvent gave a residue that was
purified by silica gel column chromatography using ethyl acetate and hexane as an eluent.
Sodium hydride (4 mmol, 60% dispersion in mineral oil, 96 mg) was suspended in DMF (10
mL) under nitrogen. Trimethylsulfoxonium iodide (3.85 mmol, 847 mg) was added, and the
solution was stirred for 1 h at room temperature. A solution of the appropriate benzylidene
malonate (3.5 mmol) in DMF (1 mL) was added, and the reaction mixture was stirred overnight
at room temperature. After completion (monitored by TLC), the solution was poured into a
mixture of ice and 2N HCI (5 mL) and extracted with ethyl acetate (2 x 25 mL). Drying
(Na,S0O,) and evaporation of the solvent gave a residue that was purified on a silica gel column

chromatograph using ethyl acetate and hexane as an eluent to give cyclopropanes.

Procedure for the Synthesis of 1n-q.3 Step 1: To a stirred solution of DCC (3.0 mmol, 618
mg) in CH,Cl, (10 mL) was added 4-formylbenzoic acid (2.0 mmol, 300 mg) at room
temperature. Then, a solution of the alcohol (2.0 mmol) and DMAP (0.3 mmol, 36 mg) in
CH,Cl, (5 mL) was added dropwise. The resultant mixture was allowed to stir for 12 h at room

temperature and passed through a short pad of celite. The filtrate was washed with 1N HCI (20
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mL), aqueous NaHCOj; (20 mL) and brine (20 mL). Drying (Na,SO,) and evaporation of the

solvent gave a residue that was directly used for the next step without purification.

Step 2: To a stirred solution of the esters (1.5 mmol) in benzene (10 mL), dimethyl malonate
(1.5 mmol, 200 mg), piperidine (0.15 mmol, 15 pL) and acetic acid (0.3 mmol, 17 puL) were
added and the solution was heated to reflux in an oil bath. After completion, evaporation of the
solvent gave a residue that was purified by silica gel column chromatography using ethyl
acetate and hexane. Sodium hydride (1.7 mmol, 60% dispersion in mineral oil, 41 mg) was
suspended in DMF (5 mL) under nitrogen. Trimethylsulfoxonium iodide (1.65 mmol, 363 mg)
was added, and the solution was stirred for 1 h at room temperature. A solution of the
benzylidene malonate (1.5 mmol) in DMF (2 mL) was added and the reaction mixture was
stirred overnight at room temperature. After completion, the solution was poured onto a
mixture of ice and 2N HCI (5 mL) and extracted with diethyl ether (2 x 25 mL). Drying
(Na,SO,) and evaporation of the solvent gave a residue that was purified on a silica gel column

chromatograph using ethyl acetate and hexane as an eluent to give cyclopropanes 1n-q.

Preparation of Chiral Cyclopropane 1a’.# To a stirred solution of (R)-1-phenylethane-1,2-
diol or (S)-1-phenylethane-1,2-diol (2.2 mmol, 304 mg) in CH,Cl, (5 mL) at 0 °C was added
NEt; (6.5 mmol, 1 mL). After 10 min, a solution of MsCl (5.4 mmol, 618 mg) in CH,Cl, (1
mL) was added for 1 h dropwise. The resultant mixture was warmed to room temperature and
the stirring was continued for an additional 4 h. The reaction mixture was then poured into 1N
HCI (5 mL) and extracted using CH,Cl, (2 x 30 mL). The combined organic layer was washed
successively with 1IN HCI (5 mL), saturated NaHCO; (5 mL) and water (5 mL). Drying
(Na,SO,4) and evaporation of the solvent gave a residue, which was used in the next step. To a
suspension of sodium hydride (0.9 mmol, 60% dispersion in mineral oil, 22 mg) in THF (5
mL) was added a solution of dimethyl malonate (0.6 mmol, 79 mg) in THF (0.5 mL) for 20
min at 0 °C. The resultant mixture was treated with a solution of the above-prepared
bismesylate (0.3 mmol, 88 mg) in THF (0.5 mL) dropwise (0 °C). The reaction mixture was
then stirred under reflux for 24 h in an oil bath, poured into water (2 mL) and extracted with
ethyl acetate (15 mL). Drying (Na,SO,) and evaporation of the solvent gave a residue that was
purified on a silica gel column chromatograph using ethyl acetate and hexane as an eluent to

afford (R)-1a’ or (S)-1a’.

Procedure for 2,4-Dienal Preparation.' To a freshly prepared solution of Ph;PCHCO,Et (3
mmol, 1 g) in THF (20 mL) at 0 °C, sodium hydride (4.5 mmol, 60% dispersion in mineral oil,
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110 mg) was added slowly followed by the enal (2.5 mmol). After completion (monitored by
TLC), the reaction mixture was quenched with HO (15 mL). THF was evaporated under
reduced pressure and the aqueous layer was extracted with CH,Cl, (50 mL). The combined
organic layer was washed with brine (10 mL), dried (Na,SO,), concentrated and used for next

step without further purification.

The residue was diluted with 20 mL toluene at -78 °C under an argon atmosphere, and DIBAL-
H (5.0 mL) was added dropwise. After completion (monitored by TLC), the reaction mixture
was quenched with aqueous NH4Cl. The solid was removed by filtration through celite using
CH,Cl, (50 mL). The combined organic layer was concentrated and used for next step without

further purification.

The crude product was diluted in DMSO (5 mL), and IBX (4.5 mol, 1.2 g) was added. After
completion (monitored by TLC), the solid was removed by filtration through celite using
CH,CI, (30 mL). The combined organic layer was concentrated and the residue was purified

by column chromatography using ethyl acetate and hexane to give 2a-h.

General Procedure for the Preparation of Hexahydrocyclopentapyrans 3. D-A
cyclopropane 1a-q (0.1 mmol), 2,4-dienal 2a-h (0.11 mmol) and FeCl; (20 mol %, 3 mg) were
stirred in toluene (1.5 mL) at 60 °C for 2 h in an oil bath. After completion (monitored by
TLC), the reaction mixture was cooled to room temperature, diluted with ethyl acetate (10 mL)
and washed with water (2 mL). Drying (Na,SO,) and evaporation of the solvent gave a residue
that was purified on a silica gel column chromatography using ethyl acetate and hexane as the

eluent to give the cycloadduct 3a-y.

Enantiospecific Synthesis of 3'. (R)-1a' or (S)-1a' (0.1 mmol, 23 mg), 2,4-dienal 2 (0.11
mmol) and FeCl; (0.02 mmol, 3.0 mg) were stirred at 60 °C for 2 h in an oil bath. The
purification was carried out as above-described procedure. The ee was determined using chiral
HPLC analysis. Compound 3a’and 3z’ have prepared using (R)-1a’and compound 3v’ has been
obstained using (S)-1a’

Gram-Scale Synthesis of 3a. Cyclopropane 1a (3 mmol, 700 mg), 2,4-dienal 2a (3.3 mmol,
613 mg) and FeCl; (20 mol %, 97 mg) were stirred in toluene (10 mL) at 60 °C for 2 h. The

purification was carried out as described in general procedure to give 3a in 62% yield (781

mg).
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Synthesis of 6.° Compound 3a (0.07 mmol, 30 mg), DMSO (2 mL), water (0.5 mL) and LiCl
(0.21 mmol, 8.0 mg) were placed in a 10 mL round bottomed flask equipped with a magnetic
stirrer and fitted with a condenser. The mixture was stirred at 130 °C in an oil bath for 8 h.
After completion (monitored by TLC), the reaction mixture was cooled to room temperature,
poured into ice cold water and washed with brine (5 mL) and extracted using ethyl acetate (2
x 10 mL). Drying (Na,SO,) and evaporation of the solvent gave a residue that was purified on
silica gel column chromatography using ethyl acetate and hexane as an eluent to give 6 in 68%

yields (17 mg).

HPLC Chromatogram

Auto-Scaled Chromatogram
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Auto-Scaled Chromatogram
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Characterization Data of the D-A Cyclopropanes

COzMe
Ph” 14 "CO,Me

Dimethyl 2-phenylcyclopropane-1,1-dicarboxylate 1a.!2 Colorless liquid,;
"HNMR (400 MHz, CDCls) 6 7.28-7.22 (m, 3H), 7.19-7.17 (m, 2H), 3.78 (s, 3H), 3.35 (s, 3H),
3.22 (t,J=8.4 Hz, 1H), 2.20 (dd, J=5.2 Hz, 8.0 Hz, 1H), 1.74 (dd, /= 4.8 Hz, 9.2 Hz, 1H).

COzMe
Me 1b . .
Dimethyl 2-(o-tolyl)-cyclopropane-1,1-dicarboxylate 1b.'? Colorless

liquid; "H NMR (400 MHz, CDCl3) § 7.17-7.12 (m, 2H), 7.11-7.08 (m, 1H), 7.03-7.02 (m, 1H),
3.81 (s, 3H), 3.28 (s, 3H), 3.18 (t, J = 8.8 Hz, 1H), 2.35 (s, 3H), 2.31 (dd, J = 5.2 Hz, 8.0 Hz,
1H), 1.72 (dd, J = 5.2 Hz, 9.2 Hz, 1H).
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COzMe
COzMe

CFy 1c

Dimethyl 2-(3-(tri-fluoromethyl)-phenyl)-cyclopropane-1,1-di-car-
boxylate 1¢.'2 Colorless liquid; '"H NMR (400 MHz, CDCls) 6 7.50-7.49 (m, 1H), 7.46 (s, 1H),
7.40-7.39 (m, 2H), 3.80 (s, 3H), 3.38 (s, 3H), 3.26 (t, /= 8.4 Hz, 1H), 2.21 (dd, /= 5.2 Hz, 7.6
Hz, 1H), 1.79 (dd, J= 5.2 Hz, 9.2 Hz, 1H).

CO,Me
/©/A<C02Me
Me 1d . . :
Dimethyl  2-(p-tolyl)cyclopropane-1,1-dicarboxylate 1d."»

Colorless liquid; "H NMR (400 MHz, CDCLy) & 7.06 (s, 4H), 3.77 (s, 3H), 3.38 (s, 3H), 3.19 (t,
J= 8.4 Hz, 1H),2.29 (s, 3H), 2.17 (dd, J = 5.2 Hz, 8.0 Hz, 1H), 1.72 (dd, J = 4.8 Hz, 9.2 Hz,
1H).

CO,Me
/©/A<002Me
1
Br - Dimethyl 2-(4-bromophenyl)cyclopropane-1,1-dicarboxylate

le."® Colorless liquid; "H NMR (400 MHz, CDCls) § 7.40 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4
Hz, 2H), 3.79 (s, 3H), 3.41 (s, 3H), 3.16 (t, J= 8.4 Hz, 1H), 2.15 (dd, J= 5.2 Hz, 8.0 Hz, 1H),
1.74 (dd, J= 5.2 Hz, 9.2 Hz, 1H).

COQMG
CO,Me
F 1f

Dimethyl 2-(4-fluorophenyl) cyclopropane-1,1-dicarboxylate 1f.'2
Colorless liquid; 'H NMR (400 MHz, CDCl;) 6 7.18-7.15 (m, 2H), 6.96 (t, J = 8.4 Hz, 2H),
3.79 (s, 3H), 3.39 (s, 3H), 3.19 (t, /= 8.8 Hz, 1H), 2.15 (dd, /= 5.2 Hz, 7.6 Hz, 1H), 1.74 (dd,
J=5.2Hz, 9.2 Hz, 1H).

CO,Me
CO,Me
By 1

9

Dimethyl 2-(4-(fert-butyl)phenyl)cyclopropane-1,1-dicarboxy-
late 1g.'® Colorless liquid; '"H NMR (400 MHz, CDCl3) 6 7.29 (d, J= 8.4 Hz, 2H), 7.12 (d, J =
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8.4 Hz, 2H), 3.78 (s, 3H), 3.34 (s, 3H), 3.19 (t, J = 8.8 Hz, 1H), 2.18 (dd, J= 5.2 Hz, 8.0 Hz,
1H), 1.73 (dd, J = 4.8 Hz, 9.2 Hz, 1H), 1.28 (s, 9H).

COzMe
O,N 1h
Dimethyl  2-(4-nitrophenyl)cyclopropane-1,1-dicarboxylate

1h." Colorless solid; "H NMR (400 MHz, CDCL3) § 8.15 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 8.4
Hz, 2H), 3.81 (s, 3H), 3.42 (s, 3H), 3.28 (t, /= 8.8 Hz, 1H), 2.23 (dd, J= 5.6 Hz, 8.0 Hz, 1H),
1.84 (dd, J= 5.2 Hz, 9.2 Hz, 1H).

COZMe
/©/A<002Me
Dimethyl  2-(4-cyanophenyl)cyclopropane-1,1-dicarboxylate

1i.' Colorless solid; '"H NMR (600 MHz, CDCl;) 6 7.59 (d, J = 8.4 Hz, 2H), 7.32 (d, /= 8.4
Hz, 2H), 3.82 (s, 3H), 3.42 (s, 3H), 3.25 (1, J = 8.4 Hz, 1H), 2.21 (dd, J = 5.4 Hz, 8.4 Hz, 1H),
1.82 (dd, J = 5.4 Hz, 9.6 Hz, 1H).

O‘ A COQMG

O CO,Me
L| Dimethyl 2-(pyren-1-yl)cyclopropane-1,1-dicarboxylate
1j.'® Colorless solid; "H NMR (400 MHz, CDCls) 4 8.43 (d,J=9.2 Hz, 1H), 8.21-8.14 (m, 3H)
8.11 (d, J=8.0 Hz, 1H), 8.04 (d, /= 3.6 Hz, 2H), 8.01-7.99 (m ,1H), 7.84 (d, /= 7.6 Hz, 1H),
3.98 (t,J=8.8 Hz, 1H), 3.93 (s, 3H), 2.95 (s, 3H), 2.63 (dd, /=4.8 Hz, 8.0 Hz, 1H), 1.99 (dd,
J=5.4Hz 9.2 Hz, 1H).

COzMe
Q\VLCOZMe

1k

Dimethyl 2-(thiophen-2-yl)cyclopropane-1,1-dicarboxylate 1k.!?
Dark brown liquid; "H NMR (400 MHz, CDCl;) 6 7.16 (dd, J= 1.2 Hz, 5.2 Hz, 1H), 6.90-6.88
(m, 1H), 6.839-6.830 (m, 1H), 3.78 (s, 3H), 3.48 (s, 3H), 3.28 (t, /= 4.8 Hz, 1H), 2.14 (dd, J
=5.2Hz, 7.6 Hz, 1H), 1.83 (dd, /= 5.2 Hz, 9.6 Hz, 1H).
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CO,Et

/A<C02Et |

Diethyl 2-phenylcyclopropane-1,1-dicarboxylate 11.'* Colorless liquid,
'H NMR (400 MHz, CDCl3) § 7.27-7.19 (m, 5H), 4.29-4.19 (m, 2H), 3.84 (q, J = 7.2 Hz, 2H),
3.21 (t,J=8.4 Hz, 1H), 2.17 (dd, J= 5.2 Hz, 8.0 Hz, 1H), 1.70 (dd, /= 5.2 Hz, 9.6 Hz, 1H),
1.29 (t,J= 6.8 Hz, 3H), 0.85 (t,J= 7.2 Hz, 3H).

/A<COZ’Pr |

CO 'Pr

Di-iso-propyl 2-phenylcyclopropane-1,1-dicarboxylate 1m.!2 Colorless
liquid; 'TH NMR (400 MHz, CDCls) 8 7.27-7.23 (m, 2H), 7.20-7.19 (m, 3H), 5.13-5.04 (m, 1H),
4.76-4.67 (m, 1H), 3.17 (t,/=8.8 Hz, 1H), 2.12 (dd, /= 5.2 Hz, 8.0 Hz, 1H), 1.64 (dd, J=5.2
Hz, 9.2 Hz, 1H), 1.28-1.25 (m, 7H), 1.05 (d, J = 6.4 Hz, 3H), 0.69 (d, /= 6.4 Hz, 3H).

/A<COZBn

COan

1n

Dibenzyl 2-phenylcyclopropane-1,1-dicarboxylate 1n.'? Colorless solid,;
"H NMR (400 MHz, CDCl3) 8 7.32-7.31 (m, 4H), 7.25-7.22 (m, 5H), 7.20-7.17(m, 3H), 6.93-
6.91(m, 2H), 5.27 (d, J=12.4 Hz, 1H), 5.16 (d, /= 12.4 Hz, 1H), 4.74 (s, 2H), 3.27 (t,J= 8.8
Hz, 1H), 2.23 (dd, J = 5.2 Hz, 8.0 Hz, 1H), 1.77 (dd, J = 5.2 Hz, 9.2 Hz, 1H), 1.28-1.25 (m,
7H), 1.05 (d, J= 6.4 Hz, 3H), 0.69 (d, J = 6.4 Hz, 3H).

COzMe
COzMe
1o
Dimethyl 2-cyclohexylcyclopropane-1,1-dicarboxylate lo.d

Colorless liquid; '"H NMR (400 MHz, CDCls) 6 3.75 (s, 3H), 3.71 (s, 3H), 1.78-1.71 (m. 4H),
1.67-1.62 (m, 2H), 1.42-1.39 (m, 1H), 1.36-1.32 (m, 1H), 1.19-1.08 (m, 5H), 0.82-0.77 (m,
1H).

COsMe
AN 2
| COzMe
NIZ 1

¢)

Dimethyl 2-(pyridin-4-yl) cyclopropane-1,1-dicarboxylate 1p.
Black liquid; "H NMR (400 MHz, CDCl;) 6 8.51 (d, J = 6.4 Hz, 2H), 7.11 (d, J= 6.0 Hz, 2H),
3.80 (s, 3H), 3.42 (s, 3H), 3.15 (t, /= 8.4 Hz, 1H), 2.19 ( dd, J = 5.6 Hz, 8.0 Hz, 1H), 1.79 (
dd, J=5.6 Hz, 9.2 Hz, 1H), '3C NMR (100 MHz, CDCl;) 6 169.6, 166.5, 149.6, 144.3, 123 4,
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53.1, 52.6, 37.8, 31.0, 18.9; FT-IR (neat) 2955, 1727, 1601, 1437, 1334, 1280, 1212, 1132,
1020 cm™'; HRMS (ESI) m/z [M+H]" calcd for C1,H;4NO4™: 236.0918, found: 236.0918.

COZMG

Me CO,Me
o
Me Me Me
Me o Me" 1q
Me

Dimethyl 2-(4-
(((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl)oxy)
carbonyl)phenyl)cyclopropane-1,1-dicarboxylate 1q. Yellow liquid; '"H NMR (600 MHz,
CDCl;) 6 8.18 (d, J=7.8 Hz, 2H), 7.37 (d, J =8.4 Hz, 2H), 3.84 (s, 3H), 3.47 (s, 3H), 3.31 (4,
J=28.4Hz, 1H), 2.63 (t, J= 6.6 Hz, 1H), 2.28 (dd, /= 5.4 Hz, 8.4 Hz, 1H), 2.14 (s, 3H), 2.06
(s, 3H), 2.02 (s, 3H), 1.85-1.83 (m, 2H), 1.81-1.77 (m, 1H), 1.61-1.60 (m, 1H), 1.57-1.52 (m,
2H), 1.41 (s, 3H), 1.29-1.27 (m, 12H), 1.18-1.142 (m, 3H), 1.11-1.08 (m, 3H), 0.89-0.86 (m,
12H); 3C NMR (150 MHz, CDCl;) 6 170.0, 166.9, 165.0, 149.6, 140.7, 140.6, 130.1, 128.85,
128.80, 126.9, 125.2, 123.2, 117.6, 75.2, 53.1, 52.6, 39.5, 37.69, 37.67, 37.59, 37.58, 37.55,
37.52,37.4,32.9,32.2,28.1,24.9,24.5,22.8,22.7,21.1,20.7, 19.89, 19.82, 19.77, 19.74, 19 4,
13.1, 12.3, 11.9; FT-IR (neat) 2925, 1731, 1612, 1436, 1377, 1270, 1235, 1130, 1090 cm™';
HRMS (ESI) m/z [M+H]" calcd for C43Hg;07,7:691.4568, found: 691.4571.

COZMe
CO,Me

Dimethyl 2-(4-((((3S5,85,95,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-
yD-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopentaJa]phenanthren-3-

yl)-oxy)carbonyl)-phenyl) cyclopropane-1,1-dicarboxylate 1r. Colorless liquid; 'H NMR
(600 MHz, CDCl3) 6 7.97 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 5.43 (d, /= 4.2 Hz,
1H), 4.88-4.83 (m, 1H), 3.81 (s, 3H), 3.40 (s, 3H), 3.26 (t, /= 8.4 Hz, 1H), 2.47 (d, /= 7.8 Hz,
1H), 2.24 (dd, J = 5.4 Hz, 8.4 Hz, 1H), 2.05-1.99 (m, 3H), 1.94-1.91 (m, 1H), 1.87-1.83 (m,
1H), 1.80 (dd, J=5.4 Hz, 9.6 Hz, 1H), 1.75 (d, /= 12.0 Hz, 1H), 1.62-1.58 (m, 3H), 1.56-1.52
(m, 3H), 1.50-1.45 (m, 2H), 1.36-1.35 (m, 2H), 1.27 (s, 2H), 1.22-1.19 (m, 2H), 1.18-1.14 (m,
2H), 1.13 (d, /= 9.6 Hz, 2H), 1.08 (s, 3H), 1.03-1.00 (m, 2H), 0.94 (d, J = 6.6 Hz, 3H), 0.89
(dd, J=2.4 Hz, 6.6 Hz, 6H), 0.70 ( s, 3H); *C NMR (150 MHz, CDCl3) 4 170.0, 166.9, 165.8,
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139.9, 139.7, 130.0, 129.5, 128.4, 122.9, 74.8, 56.8, 56.2, 53.0, 52.5, 50.1, 42.4, 39.8, 39.6,
38.3,37.6,37.1,36.7,36.3,35.9,32.2,32.0, 28.3, 28.1, 28.0, 24.4,23.9,22.9,22.7,21.1, 19.5,
19.3, 18.8, 12.0; FT-IR (neat) 2933, 1715, 1466, 1437, 1367, 1272, 1218, 1113, 1020 cm™';
HRMS (ESI) m/z [M+Na]*calcd for C4HsgNaOg": 669.4126, found: 669.4125.

CO,Me

Me 5 CO,Me
Me

Me ) 1s

Dimethyl 2-(4-((((15)-1,7,7-trimethyl bicyclo-[2.2.1]-
heptan-2-yl)oxy)carbonyl)phenyl)cyclopropane-1,1-dicarboxylate 1s. Colorless liquid; 'H
NMR (600 MHz, CDCl;) 6 7.98 (d, J = 7.8 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 5.11-5.09 (m,
1H), 3.81 (s, 3H), 3.41 (s, 3H), 3.26 (t, / = 8.4 Hz, 1H), 2.50-2.44 (m, 1H), 2.23 (dd, /J=5.4
Hz, 8.4 Hz, 1H), 2.14-2.10 (m, 1H), 1.83-1.81 (m, 1H), 1.80-1.79 (m, 1H), 1.74 (t, /=4.2 Hz,
1H), 1.44-1.39 (m, 1H), 1.33-1.29 (m, 1H), 1.13-1.10 (m, 1H), 0.09 (s, 9H), 0.92 (d, J = 5.4
Hz, 6H); *C NMR (150 MHz, CDCls) 6 170.0, 166.9, 166.6, 139.9, 130.0, 129.5, 128.5, 80.7,
53.0, 52.5, 49.19, 49.1, 47.9, 45.0, 37.6, 36.9, 32.2, 28.1, 27.4, 19.8, 19.3, 19.0, 13.7; FT-IR
(neat) 2953, 1713, 1612, 1436, 1270, 1114, 1059 cm-1; HRMS (ESI) m/z [M+Na]*calcd for
Cy4H30NaOg™: 437.1935, found: 437.1936.

Me Me COoMe
COzMe
RO
@]
Me

1t

Dimethyl  2-(4-((((1R,2S,5R)-2-isopropyl-5-methyl-
cyclohexyl)oxy)carbonyl)phenyl) cyclopropane-1,1-dicarboxylate 1t. Colorless liquid; 'H
NMR (600 MHz, CDCl;) 6 7.98 (d, J = 8.4 Hz, 2H), 7.28 (d, /= 7.8 Hz, 2H), 5.10(d,J=9.0
Hz, 1H), 3.81 (s, 3H), 3.42 (s, 3H), 3.27 (t, J = 8.4 Hz, 1H), 2.49-2.45 (m, 1H), 2.24-2.26 (m,
1H), 2.14-2.10 (m, 1H), 1.80 ( dd, /=4.8 Hz, 9.0 Hz, 2H), 1.74 (t, J= 4.8 Hz, 1H), 1.41 (bt, J
=12.0 Hz, 1H), 1.34-1.30 (m, 1H), 1.28-1.26 (m, 1H), 1.13-1.10 (m, 1H), 0.097 (s, 3H), 0.92
(d, J = 6.0 Hz, 6H), 0.88-0.86 (m, 1H); '*C NMR (150 MHz, CDCls) & 170.0, 166.9, 166.6,
139.9, 130.1, 129.5, 128.5, 80.7, 53.0, 52.5, 49.2, 49.1, 48.0, 45.1, 37.6, 37.0, 32.2, 28.2, 27.5,
19.8, 19.3, 19.0, 13.7; FT-IR (neat) 2953, 1713, 1612, 1436, 1369, 1330, 1268, 1217, 1178,
1111, 1038 cm™'; HRMS (ESI) m/z [M+Na]" caled for C,H3,NaOg™: 439.2091, found:
439.2090.
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Characterization Data of the 2,4-Dienals

Ph

Et\/\/\%o

22 (2E47)-4-Phenylhepta-2,4-dienal 2a.* Yellow liquid; 'H NMR (400
MHz, CDCl;) 6 9.59 (d, J = 8.0 Hz, 1H), 7.40-7.37 (m, 2H), 7.35-7.33 (m, 1H), 7.31 (d, J =
15.2 Hz, 1H), 7.10-7.08 (m, 2H), 6.25 (t, J = 7.6 Hz, 1H), 5.72 (dd, J = 8.0 Hz, 15.6 Hz, 1H),
2.11-2.03 (m, 2H), 1.00 (d, J = 7.6 Hz, 3H).

Ph

MGMO

2b

(2E,4Z)-4-Phenylhexa-2,4-dienal 2b.* Yellow liquid; '"H NMR (600
MHz, CDCLy)  9.60 (d, J = 7.8 Hz, 1H), 7.41 (t,J= 7.2 Hz, 2H), 7.36-7.33 (m, 1H), 7.331 (d,
J=15.6 Hz, 1H), 7.11 (d,J= 1.2 Hz, 1H), 6.39 (q, J= 7.2 Hz, 1H), 5.74 (dd, J= 7.8 Hz, 15.6
Hz, 1H), 1.76 (d, /= 7.2 Hz, 3H).

Ph

’PFMO

2c

(2E,4Z)-6-Methyl-4-phenylhepta-2,4-dienal 2¢. Yellow liquid; 'H NMR
(400 MHz, CDCl3) & 9.58 (d, J= 8.0 Hz, 1H), 7.40-7.36 (m, 2H), 7.34-7.32 (m, 1H), 7.29 (d,
J=15.6 Hz, 1H ), 7.10-7.08 (m, 2H), 6.06 (d, J = 10.0 Hz, 1H), 5.68 (dd, /= 8.0 Hz, 15.2 Hz,
1H), 2.40-2.31 (m, 1H), 0.98 (d, J= 6.4 Hz, 6H); 3C NMR (150 MHz, CDCl;) 4 193.9, 156.9,
151.8, 138.3, 136.3, 129.9, 129.1, 128.6, 127.7, 29.0, 22.5; FT-IR (neat) 2962, 1676, 1618,
1599, 1443, 1362, 1120, 1074 cm!'; HRMS (ESI) m/z [M+H]" calcd for C,4H,,0™: 201.1274,
found: 201.1275.

Ph

‘Bu MO

2d

(2E4Z)-7-Methyl-4-phenylocta-2,4-dienal 2d. Colorless liquid; 'H
NMR (400 MHz, CDCls) 6 9.59 (d, J = 7.6 Hz, 1H), 7.40-7.36 (m, 2H), 7.34-7.32 (m, 1H),
7.29-7.26 (m, 1H ), 7.08-7.06 (m, 2H), 6.28 (t, J= 7.6 Hz, 1H), 5.69 (dd, /= 7.6 Hz, 15.2 Hz,
1H), 1.96 (t,J= 7.2 Hz, 2H), 1.75-1.69 (m, 1H), 0.87 (d, /= 6.8 Hz, 6H); *C NMR (150 MHz,
CDCl;) 193.9, 156.7, 144.4, 141.2, 136.2, 129.6, 129.3, 128.6, 127.7, 38.9, 28.7, 22.5; FT-IR
(neat) 2955, 1676, 1599, 1615, 1442, 1276, 1122, 1073 cm’!; HRMS (ESI) m/z [M+H]" calcd
for CsH;90": 215.1430, found: 215.1431.
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I
N~ 0
2
g (2E,AE)-4-Methyl-5-(naphthalen-2-yl)penta-2,4-dienal ~ 2g.

Orange sticky liquid; '"H NMR (400 MHz, CDCl3) 6 9.68 (d, J = 8.0 Hz, 1H), 7.86-7.82 (m,
4H), 7.52-7.48 (m, 3H), 7.36 (d, J = 15.6 Hz, 1H), 7.09 (s, 1H), 6.32 (dd, J= 7.6 Hz, 15.6 Hz,
1H), 2.18 (s, 3H); 3C NMR (150 MHz, CDCl;) 6 194.0, 158.0, 140.9, 134.8, 133.8, 133.2,
132.9, 129.3, 128.4, 128.1, 127.8, 127.1, 126.9, 126.6, 14.2; FT-IR (neat) 2961, 2253, 1669,
1600, 1440, 1367, 1273, 1129, cm™'; HRMS (ESI) m/z [M+H]" caled for C;H;50": 223.1117,
found: 223.1115.

7 \ Me
S A~ 0O
2h

(2E,4E)-4-Methyl-5-(thiophen-2-yl)penta-2,4-dienal 2h. Black sticky
liquid; "H NMR (400 MHz, CDCl;) 6 9.64 (d, J= 7.6 Hz, 1H), 7.48 (d, J= 5.2 Hz, 1H), 7.27-
7.23 (m, 2H), 7.12-7.10 (m, 1H), 7.08 (s, 1H), 6.28 (dd, /= 7.6 Hz, 15.2 Hz, 1H), 2.18 (s, 3H);
BC NMR (150 MHz, CDCl;) 8 193.8, 157.6, 139.8, 133.4, 131.8, 131.4, 129.1, 127.9, 127.6,
14.2; FT-IR (neat) 2923, 1666, 1586, 1419, 1257, 1127, 1051 cm’'; HRMS (ESI) m/z [M+H]*
calcd for C1oH;;OS*: 179.0525, found: 179.0526.

Ph
Me
N - _0

2i

(2E4AE)-5-(|1,1'-Biphenyl]-4-yl)-4-methylpenta-2,4-dienal 2i.
Yellow liquid; "H NMR (600 MHz, CDCl3) 6 9.70 (d, /= 7.8 Hz, 1H), 7.67 (d, J = 8.4 Hz, 2H),
7.65-7.64 (m, 2H), 7.51-7.47 (m, 4H), 7.39 (t, J = 7.2Hz, 1H), 7.36 (d, /= 15.6 Hz, 1H), 7.00
(s, 1H), 6.33 (dd, J=7.2 Hz, 15.0 Hz, 1H), 2.182-2.181 (m, 3H); 3C NMR (150 MHz, CDCls)
0 194.0, 158.0, 141.1, 140.5, 140.4, 135.3, 134.6, 130.3, 129.0, 128.3, 127.8, 127.2, 127.1,
14.2; FT-IR (neat) 2956, 1674, 1597, 1485, 1391, 1129, 1077 cm’!; HRMS (ESI) m/z [M+H]*
calcd for CisH{7,0": 249.1274, found: 249.1276.

Characterization Data of the Products

COzMe
Et O CO,Me
NN
Ph v
3a’ Ph

Dimethyl 2-ethyl-3,5-diphenyl-4a,5,6,7a-tetra-hydro-cyclopenta-
[b]pyran-7,7(2H)-dicarboxylate 3a’. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane;
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R/ = 0.45; yellow sticky liquid; yield 78% (34 mg); 'H NMR (600 MHz, CDCls) & 7.39-7.36
(m, 2H), 7.35-7.34 (m, 4H), 7.32-7.30 (m, 1H), 7.29-7.27 (m, 1H), 7.12 (d, J = 7.8 Hz, 1H),
6.67 (d, J=15.6 Hz, 1H), 5.79 (t, J = 7.2 Hz, 1H), 5.37-5.35 (m, 2H), 5.12 (dd, J = 6.6 Hz,
15.6 Hz, 1H), 3.68 (s, 3H), 3.61 (s, 3H), 3.14 (dd, J=7.2 Hz, 13.2 Hz, 1H), 2.26 (dd, /= 8.4
Hz, 13.2 Hz, 1H), 1.97-1.92 (m, 2H), 0.95 (t, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCI;) &
170.1,169.2, 142.3,139.7, 138.1, 137.2, 136.8, 129.5, 128.5, 128.2, 127.6, 126.9, 125.5, 125.2,
83.3,79.9,65.1,52.8,52.6,42.7,22.6, 14.2; FT-IR (neat) 2955, 1732, 1608, 1515, 1435, 1259,
1167, 1074 cml; [a]p® = +20 (¢ = 0.02, CHCIl3); HPLC analysis: 99% ee [YMC Chiral ART
Cellulose-SC column, hexane/'PrOH = 97:3, flow rate: 1 mL/min, A = 254 nm, fzx = 7.82 min
(major), 10.97 min (minor)]; HRMS (ESI) m/z [M+H]" calcd for CycH,905": 421.2010, found:
421.2002.

MeOZC CO-Me
Et._O 2

AN
Ph Me

3b

Dimethyl 2-ethyl-3-phenyl-5-(o-tolyl)-4a,5,6,7a-tetra-hydro-
cyclopenta|b]pyran-7,7(2H)-dicarboxylate 3b. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; Ry = 0.50; yellow sticky liquid; yield 72% (33 mg); 'H NMR (600 MHz,
CDCl) 6 7.48 (d, J= 7.8 Hz, 1H), 7.37 (t, J= 7.2 Hz, 2H), 7.31-7.29 (m, 1H), 7.21 (t, J= 7.8
Hz, 1H), 7.16 (t, J=7.8 Hz, 1H), 7.13-7.11 (m, 3H), 6.69 (d, /= 15.6 Hz, 1H), 5.78 (t, J=7.2
Hz, 1H), 5.52 (t, J= 7.8 Hz, 1H), 5.40 (d, /= 6.6 Hz, 1H), 5.13 (dd, /= 7.2 Hz, 15.6 Hz, 1H),
3.68 (s, 3H), 3.61 (s, 3H), 3.18 (dd, J = 7.2 Hz, 13.2 Hz, 1H), 2.31 (s, 3H), 2.08 (dd, /= 8.4
Hz, 13.2 Hz, 1H), 1.97-1.92 (m, 2H), 0.94 (t, J = 7.8 Hz, 3H); 3C NMR (150 MHz, CDCl;)
0170.0, 169.3, 140.6, 139.8, 138.1, 137.1, 136.8, 134.2, ,130.4, 129.5, 128.2, 127.2, 126.9,
126.2, 125.3, 124.2, 83.2, 77.5, 65.0, 52.8, 52.6, 41.5, 22.6, 19.3, 14.2; FT-IR (neat) 2955,
1733, 1601, 1492, 1435, 1373, 1246, 1169, 1072 cm™'; HRMS (ESI) m/z [M+Na]" calcd for
Cy7H30NaOs": 457.1985, found: 457.1980.

CO,Me
Et (0] COzMe

Ph\

3¢ CFsy
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Dimethyl 2-ethyl-3-phenyl-5-(3-(trifluoromethyl)phenyl)-4a,5,6,7a-tetrahydrocyclopen-
ta[b]pyran-7,7(2H)-dicarboxylate 3c. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; R, = 0.42; yellow sticky liquid; yield 76% (25 mg); 'H NMR (600 MHz,
CDCl) & 7.61 (s, 1H), 7.53 (t, J = 6.6 Hz, 2H), 7.48-7.45 (m, 1H), 7.38 (t, J = 7.8 Hz, 2H),
7.31(t,J=72Hz, 1H), 7.12 (d, J= 7.2 Hz, 2H), 6.67 (d, J=15.0 Hz, 1H), 5.80 (t, /= 7.8 Hz,
1H), 5.41 (t,J=7.2 Hz, 1H), 5.38 (d, /= 7.2 Hz, 1H), 5.10 (dd, J= 6.6 Hz, 15.0 Hz, 1H), 3.68
(s, 3H), 3.62 (s, 3H), 3.17 (dd, J = 7.2 Hz, 13.2 Hz, 1H), 2.23 (dd, J = 7.8 Hz, 13.2 Hz, 1H),
1.97-1.92 (m, 2H), 0.95 (t, J= 7.2 Hz, 3H); 3C NMR (150 MHz, CDCl;) 6 169.9, 169.0, 143.4,
139.7, 138.0, 137.4,, 137.1, 131.2, 129.5, 129.0, 128.9, 128.2, 127.0, 126.9, 124.9, 124.4,
122.3,83.5,79.2,65.0,52.9,52.7,42.5,22.6, 14.2; FT-IR (neat) 2956, 1732, 1601, 1493, 1328,
1258, 1164, 1072 cm’'; HRMS (ESI) m/z [M+H]* calcd for Cp,H,N,O*: 329.1648, found:
329.1649.

co,Me |
Et (0] CO,Me
NS
Ph
3d Me

Dimethyl 2-ethyl-3-phenyl-5-(p-tolyl)-4a,5,6,7a-tetra-hydro-cyclo-
penta|b]pyran-7,7(2H)-dicarboxylate 3d. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; Ry = 0.52; yellow sticky liquid; yield 78% (34 mg); 'H NMR (400 MHz,
CDCl) 6 7.34 (t, J= 7.2 Hz, 2H), 7.28-7.20 (m, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.13-7.11 (m,
2H), 7.09 (d, J = 6.8 Hz, 2H), 6.63 (d, J = 15.2 Hz, 1H), 5.74 (t, J = 7.6 Hz, 1H), 5.32-5.37
(m, 2H), 5.08 (dd, J = 6.8 Hz, 15.2 Hz, 1H), 3.66 (s, 3H), 3.57 (s, 3H), 3.08 (dd, J = 6.8 Hz
13.2 Hz, 1H) 2.31 (s, 3H), 2.21 (dd, J = 8.4 Hz, 13.2 Hz, 1H) 1.95-1.87 (m, 2H), 0.91 (t, J =
7.2 Hz, 3H); *C NMR (150 MHz, CDCl;) 6 170.2, 169.3, 139.8, 139.2, 138.1, 137.2, 137.1,
136.7, 129.5, 129.2, 128.2, 126.9, 125.5, 125.3, 83.2, 79.8, 65.1, 52.8, 52.5, 42.7, 22.6, 21.2,
14.2; FT-IR (neat) 2960, 1732, 1683, 1518, 1488, 1249, 1203, 1071cm!; HRMS (ESI) m/z
[M+H]* calcd for C,7H3,05": 435.2166, found: 435.2164.
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CO,Me
Et O COzMe

Ph

3e

Dimethyl 2-ethyl-5-(4-fluorophenyl)-3-phenyl-4a,5,6,7a-tetra-
hydrocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3e. Analytical TLC on silica gel, 2:98
ethyl acetate/hexane; Ry= 0.40; yellow sticky liquid; yield 75% (34 mg); '"H NMR (400 MHz,
CDCly) 6 7.37-7.33 (m, 2H), 7.30-7.27 (m, 3H), 7.094-7.070 (m, 2H), 7.03-6.98 (m, 2H), 6.63
(d,J=15.6 Hz, 1H), 5.76 (t, J= 7.6 Hz, 1H), 5.33-5.28 (m, 2H), 5.06 (dd, J= 6.8 Hz, 15.6 Hz,
1H), 3.66 (s, 3H), 3.58 (s, 3H), 3.08 (dd, J= 7.2 Hz, 13.2 Hz, 1H), 2.18 (dd, J = 8.0 Hz, 13.2
Hz, 1H) 1.95-1.87 (m, 2H), 0.91 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) 6 170.1,
169.2, 163.5, 161.0, 139.7, 138.0, 137.96, 137.93, 137.3, 137.0, 129.5, 128.2, 127.3, 127.2,
127.0, 125.0, 115.5, 115.3, 83.4, 79.4, 65.1, 52.9, 52.6, 42.7, 22.6, 14.2; FT-IR (neat) 2958,
1736, 1603, 1511, 1436, 1226, 1158, 1078 cm’!; HRMS (ESI) m/z [M+Na]* calcd for
CysHp7FNaOs™: 461.1735, found: 461.1735.

COzMe
Et @) COzMe
NN
Ph
3f Br

Dimethyl  5-(4-bromophenyl)-2-ethyl-3-phenyl-4a,5,6,7a-tetra-
hydrocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3f. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; R, = 0.40; yellow sticky liquid; yield 74% (36 mg); 'H NMR (600 MHz,
CDCl,) 6 7.47 (d, J = 8.4Hz, 2H), 7.37 (t, J = 7.8 Hz, 2H), 7.31 (d, /= 7.8 Hz, 2H), 7.21 (d, J
= 7.8 Hz, 2H), 7.11 (d, J = 7.8 Hz, 2H), 6.65 (d, J = 15.6 Hz, 1H), 5.78 (t, /= 7.2 Hz, 1H),
5.33(d,J=7.2Hz, 1H), 5.30 (t, /= 7.2 Hz, 1H), 5.08 (dd, J = 6.6 Hz, 15.0 Hz, 1H), 3.68 (s,
3H), 3.60 (s, 3H), 3.11 (dd, J= 7.2 Hz, 13.2 Hz, 1H), 2.18 (dd, /= 7.2 Hz, 13.2 Hz, 1H), 1.96-
1.91 (m, 2H), 0.94 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl;) 6 169.9, 169.1, 141.4,
139.7, 138.0, 137.4, 137.0, 131.6, 129.5, 128.2, 127.2, 127.0, 125.0, 121.3, 83.4, 79.2, 65.0,
52.9, 52.6, 42.5, 22.6, 14.2; FT-IR (neat) 2925, 1732, 1489, 1434, 1265, 1220, 1174, 1070
cm'; HRMS (ESI) m/z [M+H]* calcd for C,H,3BrOs™: 499.1115, found: 499.1113.
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39 tBU

Dimethyl 5-(4-(tert-butyl)phenyl)-2-ethyl-3-phenyl-4a,5,6,7a-tetra-
hydrocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3g. Analytical TLC on silica gel, 2:98
ethyl acetate/hexane; R,= 0.52; yellow sticky liquid; yield 76% (36 mg); 'H NMR (600 MHz,
CDCl,) 6 7.37-7.35 (m, 4H), 7.30-7.26 (m, 4H), 7.11 (d, J= 7.8 Hz, 2H), 6.65 (d, /= 15.6 Hz,
1H), 5.76 (t, J = 7.2 Hz, 1H), 5.34-5.31 (m, 2H), 5.10 (dd, J = 6.6 Hz, 15.6 Hz, 1H), 3.68 (s,
3H), 3.60 (s, 3H), 3.10 (dd, J= 6.6 Hz, 13.2 Hz, 1H), 2.26 (dd, J = 8.4 Hz, 13.2 Hz, 1H), 1.96-
1.91 (m, 2H), 1.32 (s, 9H), 0.93 (t, J = 7.8 Hz, 3H); 3*C NMR (150 MHz, CDCls) 3 170.2,
169.4, 150.6, 139.8, 139.1, 138.1, 137.1, 136.7, 129.5, 128.2, 126.9, 125.47, 125.43, 125.3,
83.2,79.8,65.1,52.8,52.6,42.6, 34.6, 31.4, 22.6, 14.3; FT-IR (neat) 2957, 1734, 1681, 1513,
1490, 1434, 1254, 1198, 1068 cm™'; HRMS (ESI) m/z [M+H]" caled for C30H3,05™: 477.2636,
found: 477.2654.

CO,Me
Et O COzMe
A
Ph
3h NO,

Dimethyl 2-ethyl-5-(4-nitrophenyl)-3-phenyl-4a,5,6,7a-tetrahyd-
rocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3h. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; Ry = 0.35; red sticky liquid; yield 68% (31 mg); 'H NMR (400 MHz, CDCl;)
0 8.19 (d, J = 8.8 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.38-7.34 (m, 3H), 7.10-7.07 (m, 2H),
6.65 (d, J=15.6 Hz, 1H), 5.78 (t, J=7.6 Hz, 1H), 5.41 (t, J=7.6 Hz, 1H), 5.34 (d, /= 6.8 Hz,
1H), 5.06 (dd, J = 6.8 Hz, 15.6 Hz, 1H), 3.65 (s, 3H), 3.59 (s, 3H), 3.17 (dd, /= 7.2 Hz, 13.2
Hz, 1H), 2.16 (dd, J = 8.0 Hz, 13.2 Hz, 1H), 1.96-1.89 (m, 2H), 0.92 (t, J = 7.2 Hz, 3H); 13C
NMR (150 MHz, CDCl5) 6 169.7,168.9, 149.9, 147.4,139.6, 137.9, 137.7,137.4, 129.5, 128.3,
127.0, 126.2, 124.6, 123.9, 83.8, 78.9, 64.9, 53.0, 52.8, 42.4, 22.7, 14.2; FT-IR (neat) 2956,
1734, 1684, 1601, 1520, 1435, 1380, 1258, 1178, 1075 cm'; HRMS (ESI) m/z [M+H]" calcd
for C,cHsNO5™: 466.1860, found: 466.1872.
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Dimethyl 5-(4-cyanophenyl)-2-ethyl-3-phenyl-4a,5,6,7a-tetra-
hydrocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3i. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; Ry = 0.45; red sticky liquid; yield 64% (28 mg); 'H NMR (400 MHz, CDCl;)
07.62(d,J=8.4Hz, 2H), 7.43 (d,J= 8.0 Hz, 2H), 7.35 (t, J= 7.2 Hz, 2H), 7.30-7.29 (m, 1H),
7.09-7.07 (m, 2H), 6.64 (d, J=15.6 Hz, 1H), 5.76 (t, J= 7.6 Hz, 1H), 5.36 (t, /= 7.6 Hz, 1H),
5.32 (d, J=6.8 Hz, 1H), 5.06 (dd, J = 6.8 Hz, 15.6 Hz, 1H), 3.64 (s, 3H), 3.59 (s, 3H), 3.15
(dd, J=7.2 Hz, 13.2 Hz, 1H), 2.15 (dd, J = 8.0 Hz, 13.2 Hz, 1H), 1.96-1.88 (m, 2H), 0.92 (t, J
=7.2 Hz, 3H); 13C NMR (150 MHz, CDCl3) 8 169.7, 168.9, 147.9, 139.6, 137.9, 137.6, 137.3,
132.4,129.5, 128.2, 127.0, 126.1, 124.6, 118.9, 111.4, 83.7, 79.0, 64.9, 53.0, 52.7, 42.4, 22.6,
14.2; FT-IR (neat) 2954, 2282, 1732, 1607, 1504, 1436, 1334, 1277, 1224, 1154 cm™'; HRMS
(ESI) m/z [M+H]" calcd for C,;HsNOs™: 446.1962, found: 446.1957.

Me020 COZMe
")

=
Ph

5 )

cyclopenta[b]pyran-7,7(2H)-dicarboxylate 3j. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; Ry= 0.35; colorless solid; mp 160-161 °C; yield 73% (41 mg); 'H NMR (400
MHz, CDCl,) 6 8.54 (d, J = 9.0 Hz, 1H), 8.24-8.19 (m, 4H), 8.07-8.03 (m, 4H), 7.20-7.17 (m,
3H), 7.069-7.05 (m, 2H), 5.794 (dd, J = 1.2 Hz, 6.0 Hz, 1H), 4.97 (d, J = 3.0 Hz, 1H), 4.843-
4.83 (m, 1H), 4.65-4.60 (m, 1H), 3.90 (s, 3H), 3.83 (s, 3H), 3.58 (dd, /= 7.8 Hz, 13.8 Hz, 1H),
3.16-3.12 (m, 1H), 2.24-2.20 (m, 1H), 1.77-1.73 (m, 1H), 1.56-1.51 (m, 1H), 0.97 (t, J= 7.2
Hz, 3H); 3C NMR (150 MHz, CDCl5) 4 172.1, 169.4, 141.6, 140.3, 135.4,131.6, 131.1, 130.1,
129.8, 128.3, 127.6, 127.5, 127.2, 127.0, 126.3, 126.1, 125.4, 125.2, 125.1, 125.08, 125.00,
124.2,123.5,122.9, 80.3, 63.9, 52.9,52.7,47.4,46.0,42.1, 26.8, 9.1; FT-IR (neat) 2951, 1731,

Dimethyl 2-ethyl-3-phenyl-5-(pyren-2-yl)-4a,5,6,7a-tetrahydro-
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1602, 1492, 1244, 1171, 1068 cm'; HRMS (ESI) m/z [M+Na]" caled for C3sH;,NaOs':
567.2142, found: 567.2132.

CO,Me
Et 0] CO,Me
NS
Ph
7 S
3k —

Dimethyl 2-ethyl-3-phenyl-5-(thiophen-2-yl)-4a,5,6,7a-tetra-
hydrocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3k. Analytical TLC on silica gel, 2:98
ethyl acetate/hexane; Ry= 0.50; colorless solid; mp 138-139 °C ; yield 77% (32 mg); '"H NMR
(400 MHz, CDCl3) 6 7.21-7.15 (m, 4H), 6.98-6.96 (m, 1H), 6.88-6.87 (m, 1H), 6.84-6.82 (m,
2H), 5.27 (dd, J=2.0 Hz, 9.0 Hz, 1H), 4.58 (d, J = 4.0 Hz, 1H), 4.42-4.40 (m, 1H), 3.87-3.82
(m, 1H), 3.796-3.793 (m, 6H), 3.25-3.19 (m, 1H), 3.10-3.04 (m, 1H), 2.66 (dd, J = 7.6 Hz,
13.6 Hz, 1H), 1.56-1.51 (m, 2H), 0.82 (t, J = 6.0 Hz, 3H); 13C NMR (150 MHz, CDCI;) &
170.7, 168.8, 145.6, 141.5, 140.9, 128.1, 126.7, 126.5, 126.5, 125.5, 124.0, 123.7, 80.0, 75.1,
65.0,52.9,52.6,41.6,40.9, 39.9, 26.7, 9.8; FT-IR (neat) 2953, 1732, 1599, 1493, 1434, 1266,
1238, 1195, 1116, 1062 cm'; HRMS (ESI) m/z [M+H]" calcd for C,4H,705S*: 427.1586,
found: 427.1584.

CO,Et

Etmcoza
PR

Ph
3l

Diethyl 2-ethyl-3,5-diphenyl-4a,5,6,7a-tetrahydrocyclopenta|b]-
pyran-7,7(2H)-dicarboxylate 31. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane; R,
= 0.47; colorless liquid; yield 72% (30 mg); '"H NMR (400 MHz, CDCls) 6 7.36-7.31 (m, 5H),
7.29-7.21(m, 3H), 7.10-7.07 (m, 2H), 6.64 (d, J=15.2 Hz, 2H), 5.74 (t, J= 7.6 Hz, 1H), 5.34-
5.31 (m, 2H), 5.15 (dd, J = 6.8 Hz, 15.6 Hz, 1H), 4.17-4.04 (m, 3H), 3.99-3.91 (m, 1H), 3.10
(dd, J=7.2 Hz, 13.2 Hz, 1H), 2.22 (dd, J = 8.0 Hz, 10.2 Hz, 1H), 1.95-1.88 (m, 2H), 1.15 (t,
J =172 Hz, 3H), 1.10 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 7.6 Hz, 3H); >*C NMR (150 MHz,
CDCl) 6 169.7, 168.9, 142.4, 139.7, 138.0, 137.2, 136.8, 129.5, 128.5, 128.2, 127.5, 126.9,
125.6,125.2, 83.3,79.8, 65.1, 61.76, 61.72,42.7,22.6, 14.3, 14.06, 14.03; FT-IR (neat) 2967,
1731, 1600, 1494, 1448, 1368, 1251, 1065 cm’'; HRMS (ESI) m/z [M+Na]" calcd for
CysH3,NaOs: 471.2142, found: 471.2156.
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Dimethyl 2-
ethyl-3-phenyl-5-(4-(((2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)chroman-6-yl)-
oxy)carbonyl)phenyl)-4a,5,6,7a-tetrahydro  cyclopenta[b]pyran-7,7(2H)-dicarboxylate
3q. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane; Ry = 0.60; yellow sticky liquid;
yield 77% (67 mg); '"H NMR (600 MHz, CDCls) 6 8.20 (d, J= 8.4 Hz, 1H), 7.47 (d, J= 8.4
Hz, 1H), 7.36 (t, J=7.2 Hz, 2H), 7.28 (t,J= 7.2 Hz, 1H), 7.10 (d, J=7.2 Hz, 1H), 6.67 (d, J
=15.0 Hz, 1H), 5.78 (t,J="7.2 Hz, 1H), 5.42 (t,J=7.2 Hz, 1H), 5.35 (d, J= 7.2 Hz, 1H), 5.09
(dd, J= 6.6 Hz, 15.0 Hz, 1H), 3.67 (s, 3H), 3.60 (s, 3H), 3.18 (dd, J = 7.2 Hz, 13.2 Hz, 1H),
2.61 (t,J=6.0Hz, 1H), 2.22 (dd, /= 7.8 Hz, 13.2 Hz, 1H), 2.11 (s, 3H), 2.04 (s, 3H), 1.99 (s,
3H), 1.95-1.90 (m, 2H), 1.84-1.81 (m, 1H), 1.78-1.75 (m, 1H), 1.54-1.50 (m, 2H), 1.39-1.37
(m, 4H), 1.28-1.24 (m, 10H), 1.15-1.11 (m, 3H), 1.10-1.06 (m, 3H), 0.92 (t, J= 7.2 Hz, 3H),
0.87-0.84 (m, 14H) ; 3C NMR (150 MHz, CDCl;) 8 169.9, 169.1, 165.0, 149.6, 148.2, 140.7,
139.7,138.0, 137.5, 137.1, 130.5, 129.5, 128.8, 128.2, 127.0, 125.5, 125.2, 124.9, 123.2, 83.6,
79.4,75.2, 65.0, 52.9, 52.7, 42.5, 39.5, 37.6, 37.5, 37.4, 32.93, 32.92, 28.1, 24.9, 24.5, 22.8,
22.7, 22.6, 21.1, 20.7, 19.89, 19.83, 14.2, 13.1, 12.3, 11.9; FT-IR (neat) 2926, 1733, 1612,
1576, 1457, 1435, 1333, 1270, 1174, 1089 cm'; HRMS (ESI) m/z [M+H]" caled for
Cs¢H7704": 877.5613, found: 877.5625.

MeOQC
MeO,C O
O O
Y
Et
Ph 3

Dimethyl 5-(4-((((3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-
yD-2,3.4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-

yl)oxy)carbonyl)phenyl)-2-ethyl-3-phenyl-4a,5,6,7a-tetrahydrocyclopenta[b]pyran-

7,7(2H)-dicarboxylate 3r. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane; Ry= 0.58;
yellow sticky liquid; yield 76% (65 mg); 'H NMR (500 MHz, CDCls) 6 7.99 (d, J = 8.5 Hz,
2H) 7.37-7.33 (m, 4H), 7.29 (d, J=7.5 Hz, 1H), 7.09 (d, /= 7.0 Hz, 1H), 6.64 (d, J=15.5 Hz,
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1H), 5.77 (t, J = 7.5 Hz, 1H), 5.417-5.410 (m, 1H), 5.37 (t, J = 7.5 Hz, 1H), 5.34 (d, J = 6.5
Hz, 1H), 5.07 (dd, J=7.0 Hz, 15.5 Hz, 1H), 4.87-4.81 (m,1H), 3.76 (d, J = 8.5 Hz, 1H), 3.64
(s, 3H), 3.58 (s, 3H), 3.13 (dd, J = 7.0 Hz, 13.0 Hz, 1H), 2.46 (d, J = 8.0 Hz, 1H), 2.18 (dd, J
= 8.0 Hz, 13.5 Hz, 1H), 2.03-1.97 (m, 4H), 1.92 (t, J = 7.5 Hz, 2H), 1.85-1.81 (m, 1H) 1.74-
1.71 (m, 1H), 1.53-1.45 (m, 5H), 1.35-1.33 (m, 3H), 1.27-1.23 (m, 3H), 1.13-1.09 (m, 3H),
1.06 (s, 4H), 1.03-0.97 (m, 4H), 0.93-0.90 (m, 6H), 0.87 (dd, J= 2.0 Hz, 6.5 Hz, 6H), 0.68 (s,
3H); 3C NMR (125 MHz, CDCl;) § 169.9, 169.1, 165.9, 147.4, 139.8, 139.7, 138.0, 137.4,
137.1,130.1, 129.9, 129.5, 128.2, 127.0, 125.2, 125.0, 122.9, 83.6, 79.4, 74.7, 65.0, 56.8, 56.2,
52.9, 52.7,50.2, 42.4, 39.8, 39.6, 38.3, 37.1, 36.8, 36.3, 35.9, 32.08, 32.03, 28.3, 28.1, 28.0,
24.4,23.9,22.9,22.7,22.6,21.2, 19.5, 18.8, 14.2, 12.0; FT-IR (neat) 2949, 1735, 1717, 1613,
1436, 1374, 1272, 1177, 1111, 1017 em’'; HRMS (ESI) m/z [M+Na]* calcd for Cs;H7,NaO-":
855.5170, found: 855.5162.

MeO,C
MGOQC Me
0 o@'\/‘e
Me
S O
Ph 3s

Dimethyl 2-ethyl-3-phenyl-5-(4-((((1S)-1,7,7-tri-
methylbicyclo[2.2.1]heptan-2-yl)oxy)carbonyl)phenyl)-4a,5,6,7a-tetrahydrocyclopenta-

[b]pyran-7,7(2H)-dicarboxylate 3s. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane;
R;= 0.40; yellow sticky liquid; yield 80% (48 mg); 1:0.45 mixture of diastercomers: 'H NMR
(400 MHz, CDCl;) 6 8.01-7.98 (m, 2.8H, major + minor), 7.40-7.33 (m, 5.7H, major + minor),
7.31-7.29 (m, 1.8H, major + minor), 7.24 (s, 0.7H, minor), 7.10-7.08 (m, 1.9H, major + minor),
6.65 (d, J = 15.6 Hz, 1H, major), 5.91 (t, J = 7.6 Hz, 0.4H, minor), 5.77 (t, J = 7.6 Hz, 1H,
major), 5.72 (s, 0.4H, minor), 5.37 (t, J = 7.6 Hz, 1.4H, major + minor), 5.33 (d, J = 6.8 Hz,
1H, major), 5.08 (dd, J = 6.8 Hz, 15.6 Hz, 1H, major), 4.94-4.88 (m, 1.6H, major + minor),
3.64 (s, 3H, major), 3.59 (s, 3H, major), 3.53 (s, 1.2H, minor), 3.345-3.340 (s, 1.2H, minor),
3.14 (dd, J=17.2 Hz, 13.2 Hz, 1.4H, major + minor), 2.34 (dd, /= 6.0 Hz, 12.8 Hz, 1H, major),
2.21-2.17 (m, 1.3H, major + minor), 2.158-2.155 (m, 1.7H, major + minor), 2.13-2.10 (m,
1.7H, major + minor), 2.01-1.94 (m, 1.7H, major + minor), 1.92-1.88(m, 2.6H, major + minor),
1.74 (d, J = 11.6 Hz, 3.3H, major + minor), 1.10 (d, J = 12.4 Hz, 2.6H, major + minor), 0.94
(s, 3H, major + minor), 0.93 (d, /= 4.8 Hz, 6H, major + minor), 0.90 (s, 3.3H, major + minor),
0.79 (d, J = 7.2 Hz, 4.2H, major + minor); '*C NMR (150 MHz, CDCl;) 8 169.98, 169.96,
169.12, 168.6, 166.07, 166.03, 147.9, 147.4, 139.7, 138.0, 137.4, 137.1, 136.6, 133.3, 129.93,
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129.90, 129.8, 129.5, 128.2, 127.8, 127.1, 127.0, 125.3, 125.29, 125.26, 124.99, 86.57, 83.62,
83.61, 79.44,79.15, 74.9, 65.03, 65.01, 52.99, 52.95, 52.69, 52.47, 47.42, 42.58, 42.55, 42.30,
41.15,41.12,34.48,34.43,32.0, 31.6, 29.84, 29.81, 26.7, 26.6, 23.86, 23.84, 22.8, 22.6, 22.18,
22.12,20.89,20.88, 16.74, 16.72, 16.6, 14.4, 14.27, 14.26; HRMS (ESI) m/z [M+H]" calcd for
C37H45057: 601.3160, found: 601.3153.

MeO,c._FO2Me
0 Me_Me
Et— N\ 0
Ph (o) \Q
3t Me

Dimethyl 2-ethyl-5-(4-((((1R,2S,5R)-2-isopropyl-
5-methylcyclohexyl)oxy)carbonyl)phenyl)-3-phenyl-4a,5,6,7a-tetrahydrocyclopenta|b]-
pyran-7,7(2H)-dicarboxylate 3t. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane; Ry
= 0.38; yellow sticky liquid; yield 81% (51 mg); 1:0.25 mixture of diastereomers; "H NMR
(400 MHz, CDCls) 6 8.02 (d, J = 8.4 Hz, 2H, major), 7.97 (d, J = 8.4 Hz, 0.5H, minor), 7.40-
7.33 (m, 4.33H, major + minor), 7.30-7.23 (m, 2.76H, major + minor), 7.10-7.08 (m, 2H,
major), 6.97 (d, J = 15.2 Hz, 0.18H, minor), 6.65 (d, /= 15.2 Hz, 1H, major), 5.77 (t, J= 7.6
Hz, 1H, major), 5.57-5.44 (m, 0.34H, minor), 5.38 (t, /= 7.6 Hz, 1H, major), 5.34 (d, J = 6.8
Hz, 1H, major), 5.11-5.08 (m, 2H, major), 5.05 (d, J = 6.8 Hz, 0.41H, minor), 3.80 (s, 1H,
minor), 3.65 (s, 3H, major), 3.59 (s, 3H, major), 3.40 (s, 1H, minor), 3.25(t, J = 8.8 Hz, 0.39H,
minor), 3.15(dd, J =7.6 Hz, 13.2 Hz, 1H, major), 2.50-2.42 (m, 1.40H, major + minor), 2.24-
2.16 (m, 1.35H, major + minor), 2.15-2.08 (m, 1.44H, major + minor), 1.96-1.88 (m, 2H,
major), 1.83-1.77 (m, 2H, major + minor), 1.74-1.72 (m, 1.48H, major + minor), 1.43-1.36 (m,
2H, major + minor), 1.33-1.25 (m, 2.71H, major + minor), 1.13-1.08 (m, 2H, major + minor),
0.96 (s, 4H, major + minor), 0.94-0.90 (m, 12H, major + minor); *C NMR (100 MHz, CDCls)
3 169.9, 169.8, 169.1, 169.0, 166.7, 166.6, 147.5, 139.7, 138.0, 137.5, 137.1, 130.2, 130.1,
129.8, 129.7, 129.5, 128.9, 128.5, 128.2, 127.6, 127.1, 127.0, 125.3, 124.9, 83.6, 80.9, 80.6,
79.4, 65.0, 64.4, 60.1, 53.04, 53.01, 52.9, 52.7, 49.3, 49.2, 48.05, 48.02, 45.1, 42.5, 38.7, 37.0,
35.8,32.2,29.86, 29.84, 28.2, 27.5, 26.8, 22.6, 21.6, 20.2, 19.8, 19.5, 19.0, 14.2, 13.7; FT-IR
(neat) 2954, 1735, 1712, 1612, 1494, 1435, 1271, 1212, 1176, 1109, 1076 cm™'; HRMS (ESI)
m/z [M+Na]* calcd for C57Hy4sNaO;™: 625.3136, found: 625.3154.

S26



COQMG
Me 0] COsMe

NS
Ph
3u Ph

Dimethyl  2-methyl-3,5-diphenyl-4a,5,6,7a-tetrahydrocyclopen-
ta[b]-pyran-7,7(2H)-dicarboxylate 3u. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; R, = 0.55; yellow sticky liquid; yield 61% (25 mg); 'H NMR (400 MHz,
CDCl;) & 7.40-7.37 (m, 2H), 7.35 (d, /= 8.0 Hz, 3H), 7.31-7.27 (m, 3H) 7.08 (d, J = 6.8 Hz,
2H), 6.66 (d, J = 14.8 Hz, 1H), 5.86 (q, J = 6.4 Hz, 1H), 5.12 (t, J= 7.2 Hz, 1H), 5.07 (t,J=
7.2 Hz, 1H), 4.81 (dd, J = 6.4 Hz, 10.4 Hz, 1H), 3.79 (s, 3H), 3.56 (s, 3H), 2.75-2.69 (m, 1H),
2.66-2.61 (m, 1H), 1.57-1.55 (m, 3H); 13C NMR (150 MHz, CDCl3) 8 170.1, 169.3, 142.3,
141.2, 137.9, 137.1, 129.6, 129.4, 128.5, 128.2, 127.6, 127.0, 125.5, 124.9, 83.4, 79.9, 65.1,
52.8,52.6,42.7, 15.1; FT-IR (neat) 2952, 1732, 1684, 1514, 1434, 1252, 1068 cm’'; HRMS
(ESI) m/z [M+Na]* caled for C,5sHy6NaOs*: 429.1672, found: 429.1671.

) COzMe
"Pre__0O COyMe
PR

3v'__ Ph

Dimethyl 2-isopropyl-3,5-diphenyl-4a,5,6,7a-tetrahydrocyclo-
penta[b]pyran-7,7(2H)-dicarboxylate 3v’. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; R, = 0.50; yellow sticky liquid; yield 74% (32 mg); 'H NMR (400 MHz,
CDCl,) 6 7.36-7.32 (m, 4H), 7.296-7.292 (m, 1H), 7.27-7.22 (m, 2H), 7.09 (d, /= 6.8 Hz, 2H),
6.62 (d, J=15.6 Hz, 1H), 5.57 (d, J = 10.0 Hz, 1H), 5.34-5.31 (m, 1H), 5.04 (dd, J = 6.8 Hz,
15.2 Hz, 1H), 3.65 (s, 3H), 3.57 (s, 3H), 3.10 (dd, /= 13.2 Hz, 6.8 Hz, 1H), 2.25-2.16 (m, 2H),
0.90 (t, J = 5.6 Hz, 3H); 3*C NMR (150 MHz, CDCl;) 6 170.1, 169.3, 142.4, 142.3, 138.3,
138.0,137.4,129.4, 128.5, 128.2, 127.6, 126.9, 125.5, 125.4, 83.3,79.9, 65.1, 52.8, 52.5, 42.7,
28.3,23.0; FT-IR (neat) 2956, 1733, 1601, 1494, 1435, 1361, 1255, 1167, 1068 cm™!; [a]p> =
-45 (¢ = 0.02, CHCI3); HPLC analysis: 98% ee [YMC Chiral ART Cellulose-SC column,
hexane/'PrOH = 97:3, flow rate: 1 mL/min, A = 254 nm, fg = 10.35 min (minor), 11.60 min
(major)]; HRMS (ESI) m/z [M+H]" caled for Cy7H3,05™: 435.2166, found: 435.2185.
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3w Ph

Ph

Dimethyl 2-isobutyl-3,5-diphenyl-4a,5,6,7a-tetrahydrocyclo-
penta[b]pyran-7,7(2H)-dicarboxylate 3w. Analytical TLC on silica gel, 2:98 ethyl
acetate/hexane; R, = 0.42; yellow sticky liquid; yield 76% (47 mg); 'H NMR (500 MHz,
CDCl;) 6 7.35-7.34 (m, 2H), 7.32-7.31 (m, 4H), 7.28 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 7.0 Hz,
2H), 6.66 (d, J=15.5 Hz, 1H), 5.78 (t, J = 7.5 Hz, 1H), 5.34-5.31 (m, 2H), 5.06 (dd, J="7.0
Hz, 15.5 Hz, 1H), 3.65 (s, 3H), 3.58 (s, 3H), 3.10 (dd, /= 7.0 Hz, 13.0 Hz, 1H), 2.22 (dd, J =
8.0 Hz, 13.5 Hz, 1H), 1.81 (t,J=7.0 Hz, 2H), 1.63-1.58 (m, 2H), 0.82 (dd, /= 1.0 Hz, 7.0 Hz,
6H); 3C NMR (150 MHz, CDCl;) & 170.1, 169.3, 142.3, 140.8, 137.3, 134.3, 129.6, 128.5,
128.1, 127.6, 126.9, 125.5, 125.1, 83.3,79.9, 77.3, 65.1, 64.4, 52.8, 52.6,42.7, 38.2, 28.8, 22.5,
14.2; FT-IR (neat) 2953, 1733, 1642, 1494, 1365, 1251, 1176, 1067 cm’!; HRMS (ESI) m/z
[M+Na]* calcd for C,gH3,NaOs*: 471.2142, found: 471.2155.

CO2Me
Me.__O CO,Me
A
3X_Ph

Dimethyl 2-methyl-5-phenyl-4a,5,6,7a-tetrahydrocyclopenta[b]-
pyran-7,7(2H)-dicarboxylate 3x. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane; R,
= 0.40; yellow sticky liquid; yield 83% (30 mg); '"H NMR (400 MHz, CDCls) & 7.34-7.32 (m,
4H), 7.27-7.25 (m, 1H), 6.39 (dd, J=10.8 Hz, 15.2 Hz, 1H), 6.08-6.01 (m, 1H), 5.78-5.70 (m,
1H), 5.58 (dd, J = 6.8 Hz, 15.2 Hz, 1H), 5.43-5.38 (m, 1H), 5.30 (d, J = 6.8 Hz, 1H), 3.71 (s,
3H), 3.68 (s, 3H), 3.16 (dd, J = 13.2 Hz, 6.8 Hz, 1H) 2.31-2.26 (m, 1H), 1.77-1.74 (m, 3H);
13C NMR (150 MHz, CDCl;) 6170.2, 169.3, 142.3, 133.4, 131.1, 130.7, 128.6, 127.6, 125.5,
125.2, 83.0, ,79.8, 65.2, 52.9, 52.7, 42.6, 18.3; FT-IR (neat) 2953, 1732, 1660, 1495, 1254,
1210, 1174, 1066 cm™'; HRMS (ESI) m/z [M+Na]* calcd for Ci9H;,NaOs™: 353.1359, found:
353.1358.

COzMe
Bu o COQMB
NN
3y Ph

Dimethyl  2-butyl-5-phenyl-4a,5,6,7a-tetrahydrocyclopenta|b]-
pyran-7,7(2H)-dicarboxylate 3y. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane; R,
= 0.50; yellow sticky liquid; yield 86% (34 mg); 'H NMR (400 MHz, CDCl3) & 7.33-7.32 (m,

528



3H), 7.25 (s, 2H), 6.39 (dd, J=10.4 Hz, 15.2 Hz, 1H), 6.03 (dd, /= 10.4 Hz, 15.2 Hz, 1H),
5.76-5.69 (m, 1H), 5.59 (dd, J = 6.8 Hz, 13.2 Hz, 1H), 5.40 (t,J = 7.2 Hz, 1H), 5.29-5.28 (m,
1H), 3.70 (s, 3H), 3.68 (s, 3H), 3.17 (dd, J=7.2 Hz, 13.2 Hz, 1H), 2.31-2.26 (m, 1H), 2.09-2.04
(m, 2H), 1.36-1.28 (m, 4H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (150 MHz, CDCl;) § 170.2,
169.3, 142.4, 136.7, 133.6, 129.3, 128.6, 127.6, 125.5, 125.3, 83.0, 79.8, 65.3, 52.9, 52.7, 42.6,
32.4,31.4,223, 14.0; FT-IR (neat) 2954, 1733, 1658, 1495, 1434, 1253, 1176, 1065 cm™;
HRMS (ESI) m/z [M+Na]" calcd for C,,H,gNaOs™: 395.1829, found: 395.1840.

COZMG
0 CO,Me
g0

Me *
3z’ Ph

Dimethyl 3-methyl-2-(naphthalen-2-yl)-5-phenyl-
4a,5,6,7a-tetrahydrocyclopenta[b]pyran-7,7(2H)-dicarboxylate 3z'. Analytical TLC on
silica gel, 2:98 ethyl acetate/hexane; R,= 0.42; colorless liquid; yield 78% (37 mg); 'H NMR
(400 MHz, CDCls) 6 7.81-7.78 (m, 3H), 7.73 (s, 1H), 7.48-7.43 (m, 2H), 7.42 (dd, J= 1.6 Hz,
8.4 Hz, 1H), 7.38-7.33 (m, 4H), 7.29-7.25 (m 1H), 6.71-6.67 (m, 2H), 5.58 (dd, J = 6.8 Hz,
15.6 Hz, 1H), 5.48 (t,J=7.2 Hz, 1H), 5.45 (d, J=6.4 Hz, 1H), 3.73 (s, 3H), 3.71 (s, 3H), 3.22
(dd, J= 6.8 Hz, 13.2 Hz, 1H), 2.34 (dd, J= 8.4 Hz, 13.2 Hz, 1H), 2.07 (s, 3H); 13C NMR
(150 MHz, CDCls) 6 170.1 169.4, 142.3, 137.9, 135.27, 135.22, 133.3, 132.6, 132.3, 128.6,
128.1, 128.0, 127.7, 127.6, 126.2, 126.0, 125.5, 124.2, 83.3, 80.0, 65.4, 52.9, 52.7, 42.7, 14.1;
FT-IR (neat) 2954, 1733, 1658, 1495, 1434, 1253, 1176, 1065 cm™'; [a]p?® = +25 (¢ = 0.02,
CHCl;); HPLC analysis: 97% ee [YMC Chiral ART Cellulose-SC column, hexane//PrOH =
97:3, flow rate: 1 mL/min, A =254 nm, g = 7.43 min (minor), 8.62 min (major)];.HRMS (ESI)
m/z [M+Na]" calcd for C,oHsNaOs": 479.1829, found: 479.1830.

Ph
o)
220
b MeO,C CO2Md
4a

Dimethyl 5-phenyl-2-((1E,32)-3-phenyl hexa-1,3-dien-1-yl)
dihydrofuran-3,3(2H)-dicarboxylate 4a. Analytical TLC on silica gel, 5:95 ethyl
acetate/hexane; Ry = 0.45; yellow sticky liquid; yield 65% (27 mg); 'H NMR (400 MHz,
CDCls) 6 7.41-7.38 (m, 2H), 7.36-7.31 (m, 4H), 7.30-7.27 (m, 2H), 7.08-7.06 (m, 2H), 6.66 (d,
J=14.8 Hz, 1H), 5.75 (t, J= 7.6 Hz, 1H), 5.14-5.05 (m, 2H), 4.81 (dd, J = 6.4 Hz, 10.2 Hz,
1H), 3.79 (s, 3H), 3.56 (s, 3H), 2.76-2.70 (m, 1H), 2.65-2.61 (m, 1H), 1.94-1.87 (m, 2H), 0.91
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(t, J= 7.6 Hz, 3H); '*C NMR (100 MHz, CDCl;) 6 171.1, 169.4, 140.0, 139.7, 138.0, 137.9,
137.0, 129.5, 128.5, 128.2, 128.1, 127.0, 126.6, 125.0, 83.4, 80.0, 65.0, 53.1, 52.6, 42.2, 22.6,
14.2; FT-IR (neat) 2970, 1736, 1599, 1494, 1435, 1365, 1264, 1228, 1217, 1091 cm'; HRMS
(ESIT) m/z [M+Na]* caled for C,sHpgOsNa*: 443.1829, found: 443.1827.

CO,Me
Et.__O

Ph X
6 Ph

Methyl 2-ethyl-3,5-diphenyl-2,4a,5,6,7,7a-hexahydrocyclopenta[b]-
pyran-7-carboxylate 6. Analytical TLC on silica gel, 2:98 ethyl acetate/hexane; Ry = 0.45;
colorless liquid; yield 67% (25 mg); 1:0.25 mixture of diastereomers; 'H NMR (400 MHz,
CDCls) 6 7.38-7.34 (m, 6H, major + minor), 7.32-7.30 (m, 2.5H, major + minor), 7.29-7.26
(m, 1.5H, major + minor), 7.14-7.12 (m, 2H, major), 7.09-7.07 (m, 0.5H, minor), 6.56-6.50 (m,
1.5H, major + minor), 5.73 (t, J = 7.6 Hz, 1.25H, major + minor), 5.34 (t, /= 7.2 Hz, 0.27H,
minor), 5.23 (dd, J= 6.8 Hz, 15.2 Hz, 1H, major), 5.08 (t, /= 7.6 Hz, 0.28H, minor), 5.02 (dd,
J = 6.0 Hz, 10.0 Hz, 1H, major), 4.93-4.90 (m, 0.28H, minor), 4.85 (t, J/ = 7.2 Hz, 0.28H,
minor), 3.68 (s, 3H, major), 3.55 (s, 0.7H, minor), 3.28-3.23 (m, 0.26H, minor), 2.96-2.90 (m,
1H, major ), 2.62-2.55 (m, 1.2H, major + minor), 2.25-2.17 (m, 1.26H, major + minor), 1.96-
1.89 (m, 1.5H, major + minor), 0.92 (t, J= 7.2 Hz, 3.74H, major + minor); 3C NMR (150
MHz, CDCl3) 6 172.9, 142.0, 139.7, 138.1, 136.6, 136.4, 129.6, 128.7, 128.5, 128.2, 127.7,
126.9, 125.9, 125.5, 82.6, 80.6, 52.1, 51.4, 39.7, 31.7, 29.8, 22.6, 14.3; FT-IR (neat) 2926,
1736, 1601, 1494, 1436, 1369, 1261, 1168, 1048 cm'; HRMS (ESI) m/z [M+H]" calcd for
Cy4H»7057: 363.1955, found: 363.1952.
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