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1. General experimental procedures

All the catalytic reactions were performed under an argon atmosphere using the oven-dried Schlenk flask.
The chemicals were purchased from Alfa Aesar, and TCI Chemicals. All solvents and materials were pre-
dried, redistilled or recrystallized before use. "H NMR (400 MHz, 500 MHz) and *C NMR (100 MHz,
125 MHz) spectra were recorded on a Bruker Avance 400 or 500 spectrometer with CDCl; as the solvent.
Chemical shifts are reported in ppm by assigning TMS resonance in the 'H NMR spectra as 0.00 ppm and
CDCl; resonance in the '3C spectra as 77.2 ppm. All coupling constants (J values) were reported in Hertz
(Hz). Column chromatography was performed on silica gel 300400 mesh. Melting points were
determined using a Gallenkamp melting point apparatus and are uncorrected. The FT-IR spectra were
recorded from KBr pellets or thin film from CHCI; on the NaCl window in the 4000-400 cm™! ranges on a
Nicolet 5DX spectrometer.High-resolution mass spectra were recorded on an Agilent model G6220 mass
spectrometer(APCI). X-ray Crystallography diffraction data of 4a, 4k and 5j were collected at room
temperature with a Bruker SMART Apex CCD diffractometer with Mo-Ka radiation (A = 0.71073 A )
with a graphite monochromator using the @-scan mode. Data reductions and absorption corrections were
performed with SAINT and SADABS software, respectively. The structure was solved by direct methods
and refined on F? by full-matrix least squares using SHELXTL. All non-hydrogen atoms were treated

anisotropically. The positions of hydrogen atoms were generated geometrically.

(1) General procedure for preparation of tetraynes 1:!

Preparation of catalyst Pd(PPh;),Cl,

1.CH30OH

2.PPhg (THF)
PdCl, + LiCl

Pd(PPh3),Cl,
50-60°C, 3 h

3.54 g PdCl, and 4 g LiCl were mixed in a 500 mL three-necked flask with 150-200 mL methanol as
solvent, magnetically stirred and heated in oil bath at 50-60 °C. After the solid was dissolved, 25 mL of
THF (removed water with sodium wire) containing 13.1 g PPh; were added in the above three-necked
flask, and the color of the solution changed from brown to yellow, reflux reaction for 3 hours. After
reaction solution cooled, filtered and washed with anhydrous ethanol, yellow solid Pd(PPh;),Cl, catalyst
was obtained finally.

Preparation of diyne substrates

ROOC> . B NaH,CH,oN  RO%C —
ROOC ~0°C,810h ROOC ::
R = Me, Et, 'Pr

10 g NaH (60%) and 200-300 mL acetonitrile were added in 500 mL three-necked flask with magnetic
stirring. 100 mmol malonate and 30 g 3-bromopropyne (98%) were added in the above 500 mL three-
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necked flask dropwise in turn by separatory funnel, magnetically stirred for 8-10 h under ice-water bath.
The organic phase was extracted with ethyl acetate and dried with anhydrous MgSQO,. The solvent was
evaporated in vacuo and diyne substrates as white solid were obtained finally.

Preparation of brominated alkynes

o]

- AgNOg, acetone
R—— + N—Br R————8Br
rt,3h

o

10.68 g I1-bromopyrrolidine-2,5-dione (NBS), 0.43 g AgNO;, and 50 mmol phenylacetylene or
substituted phenylacetylene or alkyl alkyne were added in 250 mL three-necked flask in turn, 100 mL
acetone as a solvent, magnetically stirred at room temperature for 3 h. The organic phase was extracted
with n-hexane and dried with anhydrous MgSO,. The solvent was evaporated in vacuo and brominated
alkynes compound as brown solid were obtained finally.

Preparation of tetrayne substrates

) o Pd(PPhs),Cly, Cul 1 1 ge
R'O0C — J— p— Eth, CH3CN R'O0C
pe— /,
R100C — \_r? 0°C, 10-12 h R'00C ,
—R
R' = Me, Et, 'Pr

R? = H, p-Me, m-Me, p-Et, p-Cl, p-F

0.3 g Pd(PPh;),Cl,, 0.25 g Cul and 20 mmol diyne substrate were added in 500 mL three-necked flask,
protected with anhydrous anaerobic conditions under argon. After 0.5 h, 200-300 mL acetonitrile, 8.08 g
Et;N and 50 mmol brominated aryl alkyne were added in turn, magnetically stirred for 10-12 h under ice-
water bath. The organic phase was extracted with ethyl acetate and dried with anhydrous MgSO,. It was
separated by column chromatography on silica gel to obtain tetrayne substrate as yellow solid finally.

Preparation of tetrayne substrate

o o _
1l / —
—<: :}—S—CI + ///\NH2 4>Et3N’ CHzCl —<: :}—g—NH
o 0°C,4h 8

50 mmol p-toluenesulfonyl, 50 mmol propargylamine chloride and 200 mL CH,Cl, were added in 500
mL three-necked flask. After 0.5 h, 50 mmol Et;N was added, magnetically stirred under ice-water bath
for 4 h. The solvent was evaporated in vacuo to obtain the product as yellow solid finally.

Preparation of 4-methyl-N, N-di (prop-2-yn-1-yl) benzenesulfonamide

(0] — (0]
Il

OS_N/—H . ///\OH PPhs, DEAD, THF Og_N
g 0°C, 12 h I

50 mmol 4-methyl-N-(prop-2-yn-1-yl) benzenesulfonamide, 55 mmol PPh;, 200 mL tetrahydrofuran

(THF) as solvent were added in 500 mL three-necked flask, protected with anhydrous anaerobic
conditions under argon. After 0.5 h, 55 mmol propargyl alcohol and 50 mmol diethyl azodicarboxylate

(DEAD) were added dropwise by constant pressure funnel in turn, magnetically stirred under ice-water
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bath, reaction for 12 hours. The organic phase was extracted with ethyl acetate and dried with anhydrous
MgSO,. It was separated by column chromatography on silica gel to obtain the product as yellow solid

finally.

o

Preparation of 4-methyl-N, N-di (nona-2,4-diyn-1-yl) benzenesulfonamide
CuCl, 30% n-BuNH,,
<:> N /\/\ NH,OH * HCl <:> N
0°C, 10-12h \%\_\

0.35 g CuCl, 0.14 g NH,OH+HCI and 10 mmol 4-methyl-V, N-di (prop-2-yn-1-yl) benzenesulfonamide

(/):o
w

(@]
(o]

were added in 500 mL three-necked flask, protected with anhydrous anaerobic conditions under argon.
After 0.5 h, 45 mL 30% n-BuNH, aqueous solution (13.5 g n-BuNH, + 32 mL water) and 30 mmol 1-
bromide hexyne (freshly prepared) was added dropwise by the constant pressure funnel in turn, 100-150
mL CH,Cl, as solvent, magnetically stirred under ice-water bath, reaction for 10-12 h. The organic phase
was extracted with ethyl acetate and dried with anhydrous MgSO,. It was separated by column

chromatography on silica gel to obtain the product as yellow oil finally.

(2) General procedure for preparation of allenes 3:2

cl COOEt EtN
+ PhPp=/ _— > COOEt
O CH2C|2, rt, 16h
R R

R = H, F, OMe, naphthyl
Et;N (63 mmol, 1.1 equiv) was added to a stirred solution of (carbethoxymethylene)triphenylphosphorane
(57.5 mmol, 1 equiv) in CH,Cl, (200 mL). After stirring for 10 min, the required acyl chloride (57.5
mmol, 1 equiv) was added dropwise over 30 min at room temperature. After stirring overnight, the
resulting mixture was poured unto a Biichner funnel packed with silica gel and was washed with CH,Cl,
several times. The combined filtrate was carefully concentrated and the resulting crude oil was purified
by flash column chromatography (EtOAc: petroleum ether = 1: 20) to provide the 4-substituted 2,3-

butadienoates.

(3) General procedure for preparation of dihydrophenanthrenes 4:

Tetraynes (1.0 mmol), substituted allenes (1.1 equiv), are mixed in an oven-dried Schlenk tube (50 mL)
equipped with a magnetic stir bar and heated in a 100—105 °C oil bath in 2 ml toluene for 8 hours under
air. Then the reaction mixture was cooled to room temperature, quenched with saturated NaCl, and
extracted with ethyl acetate (3 x 10 mL). The combined organic extracts were dried over anhydrous
MgSO,, filtered, and concentrated under reduced pressure. The crude product was purified by column

chromatography on silica gel (ethyl acetate/petroleum ether = 1/60) to afford products 4.
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(4) General procedure for preparation of phenanthrenes 5S:

Classical method-derived benzyne precursors (1.0 mmol), substituted allenes (1.1 equiv), CsF (3.0 equiv),
are mixed in an oven-dried Schlenk tube (50 mL) equipped with a magnetic stir bar and heated in a 60—65
°C oil bath in 2 ml acetonitrile for 12 hours under air. Then the reaction mixture was cooled to room
temperature, quenched with saturated NaCl, and extracted with ethyl acetate (3 x 10 mL). The combined
organic extracts, were dried over anhydrous MgSQ,, filtered, and concentrated under reduced pressure.
The crude product was purified by column chromatography on silica gel (ethyl acetate/petroleum ether =

1/40) to afford products 5.
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2. Characterization Data for the New Compounds

COOEt

L0
EtO,C,
Et0,C .O O
f

Q)

(E)-diethyl 7-(2-ethoxy-2-oxoethylidene)-11-phenyl-12-(phenylethynyl)-15,17-dihydro-6H-
cyclopentaa]phenanthrene-16,16(7 H)-dicarboxylate (4a)

White solid; (499 mg, 80 % yield); m. p. 190-191 ‘C; TLC (petroleum ether/EtOAc = 10:1): R¢=0.35. 'H
NMR (500 MHz, CDCly): 6 7.40-7.37 (m, 3H), 7.36-7.31 (m, 3H), 7.28-7.27 (m, 2H), 7.25-7.19 (m, 3H),
7.02 (dt, J=17.5, 1.5 Hz, 1H), 6.77-6.71 (m, 2H), 5.96 (s, 1H), 4.30-4.22 (m, 8H), 3.87 (s, 2H), 3.84 (s,
2H), 1.35-1.29 (m, 9H); 13C NMR (125 MHz, CDCl3): 6 171.6, 166.5, 154.1, 143.4, 141.3, 140.9, 135.8,
134.3, 133.6, 133.4, 131.6, 131.0, 129.9, 128.4, 128.3, 128.2, 127.7, 127.4, 127.2, 125.8, 123.4, 122.2,
117.8,98.2, 87.5, 62.2, 60.4, 60.0, 41.8, 41.2, 34.3, 14.5, 14.2. FT-IR (KBr): v=2946, 1729, 1629, 1489,
1300, 1152, 881, 787, 756, 695 cm!. HRMS (APCI-TOF): m/z calcd for C4;H306 [M+H]*" 625.2585,
found 625.2588.
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COOEt

L0
EtO,C
EtO,C .O O
f

(E)-diethyl 7-(2-ethoxy-2-oxoethylidene)-11-(p-tolyl)-12-(p-tolylethynyl)-15,17-dihydro-6 H-
cyclopentala]phenanthrene-16,16(7 H)-dicarboxylate (4b)

White solid; (541 mg, 83 % yield); m. p. 169-170 ‘C; TLC (petroleum ether/EtOAc = 10:1): R¢=0.35. 'H
NMR (500 MHz, CDCl;): 6 7.25 (d, J= 7.5 Hz, 1H), 7.21-7.16 (m, 4H), 7.12-7.07 (m, 4H), 7.03-7.00 (m,
1H), 6.78-6.75 (m, 2H), 5.94 (s, 1H), 4.29-4.21 (m, 8H), 3.85 (s, 2H), 3.83 (s, 2H), 2.41 (s, 3H), 2.33 (s,
3H), 1.34-1.28 (m, 9H); 13C NMR (125 MHz, CDCl;): 0 171.7,166.6, 154.2, 143.2, 141.2, 138.6, 137.8,
136.9, 135.8, 135.6, 134.0, 133.8, 133.4, 131.5, 130.8, 130.0, 129.1, 128.9, 127.6, 127.0, 125.8, 122.5,
120.4, 117.6, 98.4, 87.1, 62.1, 60.3, 60.0, 41.8, 41.2, 34.3, 21.7, 21.5, 14.5, 14.2. FT-IR (KBr): v = 2915,
1731, 1629, 1446, 1305, 1149, 873, 815, 749 cm’'. HRMS (APCI-TOF): m/z calcd for C43H40O6 [M+H]*
653.2898, found 653.2894.

COOEt

500
EtO,C, .O

Et0,C O
f

(E)-diethyl 7-(2-ethoxy-2-oxoethylidene)-11-(4-ethylphenyl)-12-((4-ethylphenyl)ethynyl)-15,17-
dihydro-6H-cyclopenta[a]phenanthrene-16,16(7H)-dicarboxylate (4c)

White solid; (592 mg, 87 % yield); m. p. 139-140 ‘C; TLC (petroleum ether/EtOAc = 10:1): R¢= 0.37. 'H
NMR (500 MHz, CDCl;): 0 7.25 (d, J= 7.5 Hz, 1H), 7.23-7.18 (m, 4H), 7.12-7.07 (m, 4H), 7.03-7.00 (m,
1H), 6.77-6.74 (m, 2H), 5.95 (s, 1H), 4.29-4.21 (m, 8H), 3.85 (s, 2H), 3.83 (s, 2H), 2.71 (q, J = 7.5 Hz,
2H), 2.62 (q, J = 7.5 Hz, 2H), 1.34-1.28 (m, 12H), 1.21 (t,J= 7.5 Hz, 3H); 3C NMR (125 MHz, CDCls):
0 171.7, 166.6, 154.3, 144.9, 143.4, 143.1, 141.4, 138.1, 135.8, 135.6, 134.0, 133.8, 133.4, 131.6, 130.9,
130.0, 127.9, 127.7, 127.6, 127.0, 125.8, 122.6, 120.7, 117.6, 98.5, 87.2, 62.1, 60.3, 60.0, 41.8, 41.2, 34.3,
29.0, 28.9, 16.1, 15.5, 14.5, 14.2. FT-IR (KBr): v = 2936, 1731, 1632, 1507, 1305, 1165, 883, 848, 790,
749.cm'. HRMS (APCI-TOF): m/z calcd for C45sHy406 [M+H]* 681.3211, found 681.3207.

COOEt

D
Et0,C,
E10,C .O O
f
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(E)-diethyl 7-(2-ethoxy-2-oxoethylidene)-11-(m-tolyl)-12-(m-tolylethynyl)-15,17-dihydro-6 H-
cyclopentala]phenanthrene-16,16(7 H)-dicarboxylate (4d)

White solid; (535 mg, 82 % yield); m. p. 153-154 ‘C; TLC (petroleum ether/EtOAc = 10:1): R;=0.33. 'H
NMR (500 MHz, CDCly): 6 7.24-7.23 (m, 2H), 7.18-7.14 (m, 3H), 7.10-7.06 (m, 2H), 7.04-7.00 (m, 3H),
6.77-6.76 (m, 2H), 5.95 (s, 1H), 4.30-4.21 (m, 8H), 3.86-3.85 (m, 2H), 3.84-3.83 (m, 2H), 2.35 (s, 3H),
2.31 (s, 3H), 1.35-1.29 (m, 9H); 13C NMR (125 MHz, CDCl3): 6 171.6, 166.6, 154.2, 143.2, 141.4, 140.7,
138.0, 137.6, 135.7, 135.6, 134.1, 133.7, 133.3, 132.2, 131.6, 130.0, 129.3, 128.6, 128.2, 128.1, 128.0,
127.6, 127.1, 125.8, 123.2, 122.2, 117.6, 98.4, 87.3, 62.2, 60.4, 60.0, 41.8, 41.2, 34.3, 21.7, 21.4, 14.5,
14.2. FT-IR (KBr): v = 2946, 1733, 1629, 1486, 1303, 1160, 881, 784, 746, 687 cm''. HRMS (APCI-
TOF): m/z calcd for C43H4906 [M+H]" 653.2898, found 653.2901.

COOEt

O
EtO.C
Et0,C . O

Il cl

Cl

(E)-diethyl  11-(4-chlorophenyl)-12-((4-chlorophenyl)ethynyl)-7-(2-ethoxy-2-oxoethylidene)-15,17-
dihydro-6H-cyclopenta[a]phenanthrene-16,16(7H)-dicarboxylate (4¢)

White solid; (491 mg, 71 % yield); m. p. 190-191 C; TLC (petroleum ether/EtOAc = 10:1): R¢= 0.30. 'H
NMR (500 MHz, CDCly): ¢ 7.35 (d, J = 8.0 Hz, 2H), 7.28-7.25 (m, 5H), 7.13 (d, J = 8.5 Hz, 2H), 7.05 (t,
J=7.5Hz, 1H), 6.81 (t,J=7.5 Hz, 1H), 6.69 (d, J= 8.0 Hz, 1H), 5.95 (s, 1H), 4.29-4.21 (m, 8H), 3.83 (s,
4H), 1.34-1.29 (m, 9H); 3C NMR (100 MHz, CDCl;): 6 171.5, 166.4, 153.6, 143.5, 139.8, 139.3, 136.3,
135.9, 134.7, 134.6, 133.5, 133.4, 133.2, 132.7, 132.4, 129.9, 128.9, 128.5, 127.9, 127.4, 126.0, 121.7,
121.6, 118.0, 97.3, 88.1, 62.2, 60.5, 60.0, 41.7, 41.2, 34.2, 14.2. FT-IR (KBr): v = 2954, 1733, 1638,
1491, 1244, 1160, 1092, 1015, 830, 748 cm™!. HRMS (APCI-TOF): m/z calcd for C4H34C1,04 [M+H]*
693.1805, found 693.1799.

COOEt

L0
MeO,C, . O
MeO,C O
f

(E)-dimethyl 7-(2-ethoxy-2-oxoethylidene)-11-phenyl-12-(phenylethynyl)-15,17-dihydro-6H-
cyclopentaa]phenanthrene-16,16(7 H)-dicarboxylate (4f)

White solid; (465 mg, 78 % yield); m. p. 206-207 C; TLC (petroleum ether/EtOAc = 10:1): R¢= 0.20. 'H
NMR (500 MHz, CDCl,): 6 7.38-7.36 (m, 3H), 7.33-7.27 (m, 3H), 7.25-7.15 (m, 4H), 7.02 (t, /= 7.0 Hz,
1H), 6.77-6.68 (m, 3H), 5.95 (s, 1H), 4.30 (s, 2H), 4.23 (q, J = 7.0 Hz, 2H), 3.89 (s, 2H), 3.86 (s, 2H),
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3.82 (s, 6H), 1.34 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz, CDCls): 6 172.1, 166.5, 154.0, 143.1, 141.3,
140.8, 135.8, 135.7, 134.2, 133.6, 133.5, 131.6, 131.0 129.9, 128.5, 128.4, 128.3, 128.2, 127.7, 127.4,
127.2, 125.8, 123.3, 122.2, 117.8, 98.3, 87.4, 60.4, 59.9, 53.4, 41.9, 41.3, 34.3, 14.5. FT-IR (KBr): v =
2955, 1736, 1636, 1436, 1270, 1160, 756, 689 cm'. HRMS (APCI-TOF): m/z caled for CsoHsOg
[M+H]* 597.2272, found 597.2270.

COOEt

HTX O
MeO,C, .O
MeO,C O
f

(E)-dimethyl 7-(2-ethoxy-2-oxoethylidene)-11-(p-tolyl)-12-(p-tolylethynyl)-15,17-dihydro-6 H-
cyclopentaa]phenanthrene-16,16(7 H)-dicarboxylate (4g)

White solid; (499 mg, 82 % yield); m. p. 182-183 C; TLC (petroleum ether/EtOAc = 10:1): R¢= 0.23. TH
NMR (500 MHz, CDCls): 6 7.24 (s, 1H),7.21-7.16 (m, 4H), 7.13-7.07 (m, 4H), 7.04-7.00 (m, 1H), 6.79-
6.74 (m, 2H), 5.93 (s, 1H), 4.29 (s, 2H), 4.23 (q, J = 7.0 Hz, 2H), 3.87 (s, 2H), 3.84 (s, 2H), 3.81 (s, 6H),
2.41 (s, 3H), 2.34 (s, 3H), 1.33 (t, /= 7.5 Hz, 3H); 3C NMR (125 MHz, CDCl3):  172.1, 166.5, 154.2,
143.0, 141.2, 138.7, 137.7, 136.9, 135.7, 135.4, 134.0, 133.8, 133.5, 131.5, 130.8, 130.0, 129.1, 128.9,
127.6, 127.1, 125.8, 122.5, 120.4, 117.6, 98.5, 87.0, 60.4, 59.8, 53.4, 41.9, 41.3, 34.3, 21.7, 21.5, 14.5.
FT-IR (KBr): v = 2951, 1737, 1629, 1512, 1308, 1162, 1040, 874, 817, 749 cm"!. HRMS (APCI-TOF):
m/z caled for C41H3606 [M+H]* 625.2585, found 625.2581.

COOEt

L0
MeO,C
MeO,C . O
Il F

(E)-dimethyl 7-(2-ethoxy-2-oxoethylidene)-11-(4-fluorophenyl)-12-((4-fluorophenyl)ethynyl)-15,17-
dihydro-6H-cyclopenta[a]phenanthrene-16,16(7H)-dicarboxylate (4h)

White solid; (430 mg, 68 % yield); m. p. 166-167 ‘C; TLC (petroleum ether/EtOAc = 10:1): R;=0.16. 'H
NMR (500 MHz, CDCls): 6 7.30-7.27 (m, 3H), 7.22-7.19 (m, 2H), 7.09-7.03 (m, 3H), 6.99 (t, /= 9.0 Hz,
2H), 6.81-6.78 (m, 1H), 6.68-6.67 (m, 1H), 5.94 (s, 1H), 4.29 (s, 2H), 4.23 (q, J = 7.0 Hz, 2H), 3.86 (s,
2H), 3.85 (s, 2H), 3.82 (s, 6H), 1.33 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCly): § 172.0, 166.4,
163.6 (d, Jo.r = 50 Hz), 161.6 (d, Jc.r = 46.3 Hz), 153.7, 143.2, 140.0, 136.7, 135.9, 135.8, 134.4, 133.7,
133.5,133.4,133.3, 132.7 (d, Jo.r = 7.5 Hz), 129.8, 127.8, 127.4, 125.9, 122.0, 119.2, 117.9, 115.8 (d, J
F=22.5Hz), 115.3 (d, Jor = 21.3 Hz), 97.4, 89.4, 86.9, 60.5, 59.8, 53.4, 41.9, 41.3, 34.2, 14.5. FT-IR
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(KBr): v = 2956, 1736, 1600, 1508, 1230, 1157, 837, 753 cm’'. HRMS (APCI-TOF): m/z calcd for
C39H30F,06 [M+H]" 633.2083, found 633.2078.

COOEt

ee
Pro.C, .
Pro,C O
I

g

(E)-diisopropyl 7-(2-ethoxy-2-oxoethylidene)-11-phenyl-12-(phenylethynyl)-15,17-dihydro-6 H-
cyclopentala]phenanthrene-16,16(7 H)-dicarboxylate (4i)

White solid; (522 mg, 80 % yield); m. p. 120-121 C; TLC (petroleum ether/EtOAc = 10:1), R¢= 0.44. 'H
NMR (500 MHz, CDCly): 6 7.39-7.35 (m, 3H), 7.33-7.31 (m, 2H), 7.27-7.26 (m, 2H), 7.25-7.23 (m, 2H),
7.20-7.18 (m, 2H), 7.01 (dt, J= 7.0, 1.5 Hz, 1H), 6.76-6.71 (m, 2H), 5.97 (s, 1H), 5.12-5.07 (m, 2H), 4.29
(s, 2H), 4.23 (q, /= 7.0 Hz, 2H), 3.83 (s, 2H), 3.80 (s, 2H), 1.33 (t, /= 7.0 Hz, 3H), 1.29 (d, J = 2.0 Hz,
6H), 1.28 (d, J = 2.5 Hz, 6H); 3C NMR (125 MHz, CDCls): 6 171.2, 166.5, 154.1, 143.5, 141.3, 140.9,
135.9, 135.8, 134.3, 133.7, 133.4, 131.6, 131.0, 130.0, 128.4, 128.3, 128.2, 127.7, 127.4, 127.1, 125.8,
123.5, 122.2, 117.7, 98.1, 87.5, 69.7, 60.3, 60.1, 41.7, 41.2, 34.3, 21.7, 14.5. FT-IR (KBr): v = 2926,
1729, 1637, 1440, 1374, 1198, 1068, 912, 754, 690 cm!. HRMS (APCI-TOF): m/z calcd for C43H49Os
[M+H]" 653.2898, found 653.2892.

COOEt

0
iPro,C,
Pro,C .O O
Il

(E)-diisopropyl 7-(2-ethoxy-2-oxoethylidene)-11-(p-tolyl)-12-(p-tolylethynyl)-15,17-dihydro-6 H-
cyclopentala]phenanthrene-16,16(7 H)-dicarboxylate (4j)

White solid; (564 mg, 83 % yield); m. p. 163-164 ‘C; TLC (petroleum ether/EtOAc = 10:1): R¢= 0.44. 'H
NMR (500 MHz, CDCly): 6 7.24 (d, J = 7.5 Hz, 1H), 7.21-7.15 (m, 4H), 7.12-7.06 (m, 4H), 7.03-6.7.00
(m, 1H), 6.78-6.75 (m, 2H), 5.95 (s, 1H), 5.12-5.07 (m, 2H), 4.28 (s, 2H), 4.22 (q, J = 7.0 Hz, 2H), 3.81 (s,
2H), 3.79 (s, 2H), 2.40 (s, 3H), 2.33 (s, 3H), 1.32 (t, J=7.0 Hz, 3H), 1.28 (d, /= 2.5 Hz, 6H), 1.27 (d, J =
2.5 Hz, 6H); BC NMR (125 MHz, CDCls): 6 171.2, 166.6, 154.3, 143.4, 141.1, 138.6, 137.8, 136.9,
135.8, 135.7, 134.1, 133.8, 133.3, 131.5, 130.8, 130.0, 129.1, 128.9, 127.6, 127.0, 125.8, 122.5, 120.5,
117.6, 98.3, 87.1, 69.6, 60.3, 60.1, 41.7, 41.2, 34.3, 21.7, 21.6, 21.5, 14.5. FT-IR (KBr): v = 2926, 1731,
1632, 1509, 1384, 1160, 1040, 817, 751 cm’l. HRMS (APCI-TOF): m/z calcd for Cy4sHysOs [M+H]
681.3211, found 681.3208.
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COOEt

50®
IPro,C,
iPro,C . O
Il

(E)-diisopropyl 7-(2-ethoxy-2-oxoethylidene)-11-(4-ethylphenyl)-12-((4-ethylphenyl)ethynyl)-15,17-
dihydro-6H-cyclopenta[a]phenanthrene-16,16(7H)-dicarboxylate (4k)

White solid; (602 mg, 85 % yield); m. p. 141-142 “C; TLC (petroleum ether/EtOAc = 10:1), R;=0.47. 'H
NMR (500 MHz, CDCly): 6 7.25-7.18 (m, 5H), 7.11-7.06 (m, 4H), 7.03-7.00 (m, 1H), 6.77-6.74 (m, 2H),
5.95 (s, 1H), 5.12-5.07 (m, 2H), 4.29 (s, 2H), 4.22 (q, J = 7.0 Hz, 2H), 3.82 (s, 2H), 3.79 (s, 2H), 2.71 (q,
J=17.5Hz, 2H), 2.62 (q, J=7.5 Hz, 2H), 1.34-1.29 (m, 6H), 1.28 (d, /= 2.5 Hz, 6H), 1.27 (d, /= 3.0 Hz,
6H), 1.21 (t, J = 7.5 Hz, 3H); 3C NMR (125 MHz, CDCls): 6 171.2, 166.6, 154.3, 144.9, 143.4, 143.2,
141.3, 138.2, 135.8, 135.7, 134.0, 133.8, 133.3, 131.6, 130.9, 130.0, 127.9, 127.7, 127.6, 127.0, 125.7,
122.5,120.7, 117.6, 98.4, 87.2, 69.6, 60.3, 60.1, 41.7, 41.2, 34.3, 29.0, 28.9, 21.7, 16.1, 15.5, 14.5. FT-IR
(KBr): v= 12931, 1726, 1637, 1456, 1371, 1193, 983, 907, 830, 749 cm"!. HRMS (APCI-TOF): m/z calcd
for C47H4506 [M+H]" 709.3524, found 709.3521.

COOEt

HX O
EtO,C, .O F
Et0,C O
Il

(E)-diethyl 7-(2-ethoxy-2-oxoethylidene)-2-fluoro-11-phenyl-12-(phenylethynyl)-15,17-dihydro-6H-
cyclopentala]phenanthrene-16,16(7 H)-dicarboxylate (41)

White solid; (539 mg, 84 % yield); m. p. 138-139 “C; TLC (petroleum ether/EtOAc = 10:1): R;= 0.23. TH
NMR (500 MHz, CDCl;): 6 7.42-7.40 (m, 3H), 7.32-7.27 (m, 5H), 7.25-7.18 (m, 3H), 6.73 (td, J = 8.0,
2.5 Hz, 1H), 6.39 (dd, J = 11.5, 3.0 Hz, 1H), 5.96 (s, 1H), 4.29-4.22 (m, 8H), 3.87 (s, 2H), 3.84 (s, 2H),
1.34 (t, J= 7.0 Hz, 3H), 1.30 (t, /= 7.0 Hz, 6H); 3C NMR (125 MHz, CDCl;):  171.6, 166.4, 161.0 (d,
Jor =240 Hz), 153.6, 143.9, 141.5, 140.2, 136.0, 135.4 (d, Jcr = 2.5 Hz), 134.1, 132.5, 131.6, 131.4,
130.8, 128.7 (d, Jc.r = 7.5 Hz), 128.6, 128.4 (d, Jo.r = 6.3 Hz), 127.8, 123.2,122.3, 117.9, 116.7 (d, Jc.r =
25 Hz), 113.9 (d, Jcr =22.5 Hz), 98.5, 87.2, 62.2, 60.5, 60.0, 41.8, 41.2, 33.4, 14.5, 14.2. FT-IR (KBr):
v =2925, 1733, 1637, 1490, 1245, 1158, 757, 690 cm!. HRMS (APCI-TOF): m/z calcd for C4H35sFOg
[M+H]* 643.2490, found 643.2489.
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COOEt

0
EtO,C .O F
EtO,C O
Il

(E)-diethyl 7-(2-ethoxy-2-oxoethylidene)-2-fluoro-11-(p-tolyl)-12-(p-tolylethynyl)-15,17-dihydro-6H-
cyclopentala]phenanthrene-16,16(7 H)-dicarboxylate (4m)

White solid; (577 mg, 86 % yield); m. p. 174-175 C; TLC (petroleum ether/EtOAc = 10:1): R;=0.23. TH
NMR (500 MHz, CDCls): ¢ 7.19-7.18 (m, 5H), 7.12-7.07 (m, 4H), 6.74-6.70 (m, 1H), 6.45-6.42 (m, 1H),
5.95 (s, 1H), 4.29-4.21 (m, 8H), 3.85 (s, 2H), 3.83 (s, 2H), 2.42 (s, 3H), 2.33 (s, 3H), 1.35-1.28 (m, 9H);
13C NMR (125 MHz, CDCl;): § 171.6, 166.5, 160.9 (d, Jc.r = 240 Hz), 153.8, 143.7, 141.4, 138.7, 137.3
(d, Je.r=26.3 Hz), 135.7, 135.6, 135.5 (d, Jc.r = 8.8 Hz), 133.9, 132.5, 131.5, 131.3, 130.6, 129.1, 128.6
(d, Jer = 7.5 Hz), 122.6, 120.3, 117.8, 116.8 (d, Jc.r = 23.8 Hz), 113.8 (d, Jc.r = 21.3 Hz), 98.6, 86.8,
62.2,60.4, 60.0,41.8,41.2, 33.5,21.7, 21.5, 14.5, 14.2. FT-IR (KBr): v = 2924, 1733, 1635, 1510, 1244,
1161, 1096, 1046, 881, 816 cm'!. HRMS (APCI-TOF): m/z calcd for C4;3H30FOg [M+H]" 671.2803,
found 671.2807.

COOEt

HT X
Joos
Rastee

)

(E)-ethyl 2-(10-butyl-11-(hex-1-yn-1-yl)-2-tosyl-2,3-dihydro-1H-naphtho[2,1-¢]isoindol-4(SH)-
ylidene)acetate (4n)

White solid; (417 mg, 70 % yield); m. p. 196-197 ‘C; TLC (petroleum ether/EtOAc = 10:1): R¢= 0.20. 'H
NMR (400 MHz, CDCly): ¢ 7.81 (d, J = 8.4 Hz, 2H), 7.38-7.24 (m, 6H), 6.47 (s, 1H), 4.94 (s, 1H), 4.70
(s, 2H), 4.67-4.55 (m, 2H), 4.12-4.04 (m, 2H), 2.70-2.61 (m, 2H), 2.48 (t, /= 7.2 Hz, 2H), 2.42 (s, 3H),
1.63-1.58 (m, 3H), 1.52-1.45 (m, 4H), 1.34 (q, J=7.2 Hz, 2H), 1.09 (t, /= 7.2 Hz, 3H), 0.97 (t,J = 7.2 Hz,
3H), 0.92 (t, J = 7.2 Hz, 3H); 13C NMR (125 MHz, CDCls): 6 170.5, 143.9, 141.3, 139.4, 138.5, 135.6,
134.3, 134.1, 130.1, 128.8, 128.2, 127.9, 127.7, 124.7, 121.9, 119.1, 100.0, 61.3, 54.7, 54.2, 52.8, 31.8,
31.0,29.5,22.9,22.1,21.7, 19.6, 14.2, 14.0, 13.7. FT-IR (KBr): v = 2925, 1734, 1636, 1457, 1385, 1162,
1098, 809, 754, 670 cm’'. HRMS (APCI-TOF): m/z calcd for C3;HyNO4S [M+H]" 596.2829, found
596.2838.

;COOEt

Ethyl 2-(phenanthren-9-yl)acetate (5a)
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White solid; (182 mg, 69 % yield); m. p. 84-85 C; TLC (petroleum ether/EtOAc = 15:1): R¢ = 0.39. TH
NMR (500 MHz, CDCl;): 6 8.73-8.72 (m, 1H), 8.65 (d, J = 8.5 Hz, 1H), 8.04-8.03 (m, 1H), 7.85-7.84 (m,
1H), 7.68 (s, 1H), 7.66-7.61 (m, 3H), 7.59-7.56 (m, 1H), 4.16 (q, J = 7.0 Hz, 2H), 4.10 (s, 2H), 1.22 (t, J
= 7.0 Hz, 3H); ¥C NMR (125 MHz, CDCl;) ¢ 171.8, 131.7, 131.3, 130.9, 130.3, 129.3, 128.9, 128.5,
127.0, 126.9, 126.8, 126.6, 124.6, 123.3, 122.6, 61.2, 40.0, 14.3. FT-IR (KBr): v = 2925, 1732, 1366,
1329, 1183, 1026, 895, 794, 753, 729 cm’!. HRMS (APCI-TOF): m/z caled for CigH;c0, [M+H]"
265.1223, found 265.1231.

COOEt

MeO

Ethyl 2-(3-methoxyphenanthren-9-yl)acetate (Sb)

White solid; (171 mg, 58 % yield); m. p. 61-62 ‘C; TLC (petroleum ether/EtOAc = 15:1): Ry = 0.29. 'H
NMR (500 MHz, CDCl;): 6 8.65-8.63 (m, 1H), 8.02-8.00 (m, 2H), 7.76 (d, J = 9.0 Hz, 1H), 7.64-7.61 (m,
3H), 7.24-7.21 (m, 1H), 4.16 (q, J = 7.0 Hz, 2H), 4.06 (s, 2H), 4.00 (s, 3H), 1.22 (t, J = 7.0 Hz, 3H); 13C
NMR (125 MHz, CDCl;) ¢ 171.9, 158.6, 131.6, 131.5, 130.3, 129.9, 128.6, 127.0, 126.8, 126.4, 126.2,
124.7,123.3, 117.0, 104.0, 61.1, 55.6, 39.8, 14.3. FT-IR (KBr): v =2961, 1728, 1368, 1327, 1177, 1030,
812, 765 cm™'. HRMS (APCI-TOF): m/z calcd for C1oH ;303 [M+H]* 295.1329, found 295.1332.

COOEt

Ethyl 2-(3-fluorophenanthren-9-yl)acetate (5¢)

White solid; (217 mg, 77 % yield); m. p. 97-98 ‘C; TLC (petroleum ether/EtOAc = 15:1): Ry = 0.35. 'H
NMR (500 MHz, CDCls): ¢ 8.57-8.55 (m, 1H), 8.24 (dd, /= 11.0, 2.5 Hz, 1H), 8.03-8.01 (m, 1H), 7.80
(dd, J=9.0, 6.0 Hz, 1H), 7.67-7.64 (m, 3H), 7.32 (td, J = 8.5, 2.5 Hz, 1H), 4.17 (q, J = 7.0 Hz, 2H), 4.07
(s, 2H), 1.22 (t, J= 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls): 6 171.7, 161.8 (d, Jc.r = 243.8 Hz), 131.8
(d, Je.r = 7.5 Hz), 131.5, 130.5 (d, Jo.r = 8.7 Hz), 130.2 (d, Jc.r = 5.0 Hz), 128.6, 128.4, 128.3, 127.6,
126.7, 124.7, 123.5, 115.9 (d, Jc.r = 23.8 Hz), 107.8 (d, Jc.r = 22.5 Hz), 61.2, 39.8, 14.3. FT-IR (KBr): v
= 2981, 1729, 1323, 1277, 1178, 1028, 869, 774 cm’!. HRMS (APCI-TOF): m/z calcd for Ci3H;sFO,
[M+H]" 283.1129, found 283.1124.

;COOE(

Ethyl 2-(tetraphen-5-yl)acetate (5d)

Light yellow liquid; (198 mg, 63 % yield); TLC (petroleum ether/EtOAc = 15:1): Ry = 0.39. "TH NMR
(500 MHz, CDCls): 6 9.10-9.08 (m, 1H), 9.02 (d, J = 8.5 Hz, 1H), 8.14-8.12 (m, 1H), 7.95 (d, /= 7.5 Hz,
1H), 7.83-7.82 (m, 1H), 7.73-7.70 (m, 2H), 7.65-7.60 (m, 3H), 7.57-7.55 (m, 1H), 4.16 (q, J = 7.5 Hz,
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2H), 4.13 (s, 2H), 1.20 (t, J = 7.0 Hz, 3H); ¥C NMR (125 MHz, CDCl3) § 171.6, 133.6, 132.3, 130.8,
130.5, 130.1, 129.6, 128.9, 128.7, 128.6, 128.1, 127.7, 127.4, 126.6, 126.3, 125.9, 125.8, 124.3, 61.2, 39.6,
14.3. FT-IR (KBr): v = 2960, 1739, 1367, 1258, 1156, 1030, 888, 815, 754 cm''. HRMS (APCI-TOF):
m/z caled for CooHy 50, [M+H]* 315.1380, found 315.1387.

O‘ COOEt O‘ COOEt
0 "7

Se and 5e’
Ethyl 2-(5-methylphenanthren-9-yl)acetate and Ethyl 2-(8-methylphenanthren-9-yl)acetate (Se and
5e")

White solid; (183 mg, 66% yield); m. p. 52-53 C; TLC (petroleum ether/EtOAc = 15:1): Ry = 0.37. 'H
NMR (500 MHz, CDClj): ¢ 8.81-8.80 (m, 1H), 8.64-8.60 (m, 2H), 7.92-7.90 (m, 1H), 7.85-7.83 (m, 1H),
7.77-7.75 (m, 1H), 7.63 (s, 1H), 7.59-7.54 (m, 4H), 7.53-7.46 (m, 3H), 7.38-7.21 (m, 2H), 4.29-4.06 (m,
4H), 4.19-4.14 (m, 4H), 3.11-2.85 (m, 6H), 1.22 (t, J = 7.0 Hz, 3H), 1.20 (t, J = 7.0 Hz, 3H);
Representative peak of minor isomer, "TH NMR (500 MHz, CDCl3) of minor isomer ¢ 4.29 (s, 2.4H), 4.06
(s, 1.6H); 3C NMR (125 MHz, CDCl;) 6 172.5, 171.8, 136.1, 134.8, 133.0, 132.8, 132.4, 131.9, 131.5,
131.4, 131.3, 131.1, 130.9, 130.8, 129.6, 129.5, 128.6, 127.9, 127.6, 126.8, 126.7, 126.1, 126.0, 125.6,
123.1, 122.9, 122.1, 61.1, 61.0, 43.7, 40.6, 27.7, 25.5, 14.3. FT-IR (KBr): v = 2979, 1736, 1464, 1367,
1157, 1034, 890, 749 cm!. HRMS (APCI-TOF): m/z calcd for C;oH;30, [M+H]" 279.138, found
279.1388.

O‘ COOEt O‘ COOEt
O and O

5f and 5¢'
Ethyl 2-(7-methylphenanthren-9-yl)acetate and Ethyl 2-(6-methylphenanthren-9-yl)acetate (5f and
517)

Light yellow liquid; (189 mg, 68 % yield); TLC (petroleum ether/EtOAc = 15:1): R = 0.25. TH NMR
(500 MHz, CDCls): ¢ 8.62-8.60 (m, 1H), 8.57-8.55 (m, 2H), 8.47 (s, 1H), 7.91-7.89 (m, 1H), 7.79-7.78
(m, 3H), 7.61 (s, 1H), 7.59-7.55 (m, 3H), 7.54-7.49 (m, 2H), 7.44 (dq, J = 4.5, 1.5 Hz, 2H), 4.17-4.12 (m,
4H), 4.04 (s, 4H), 2.58 (s, 3H), 2.55 (s, 3H), 1.22-1.18 (m, 6H); Representative peak of minor isomer, 'H
NMR (500 MHz, CDCls) of minor isomer ¢ 2.58 (s, 3H), 2.55 (s, 3H); 13C NMR (125 MHz, CDCl;) 6
171.8, 171.7, 136.6, 136.2, 131.9, 131.4, 131.3, 130.9, 130.3, 130.0, 129.2, 129.1, 129.0, 128.9, 128.6,
128.5, 128.4, 128.3, 127.9, 126.7, 126.6, 126.5, 126.4, 124.4, 124.2, 123.2, 123.1, 122.6, 122.4, 61.1, 61.0,
39.9,22.0,21.9, 14.3. FT-IR (KBr): v= 2979, 1733, 1367, 1256, 1154, 1030, 890, 821, 749 cm!. HRMS
(APCI-TOF): calcd for Ci9H;30, [M+H]* 279.1380, found 279.1381.
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O‘ COOEt O COOEt
A, ™Y
OMe

OMe
5g and 5g’

Ethyl 2-(7-methoxyphenanthren-9-yl)acetate and Ethyl 2-(6-methoxyphenanthren-9-yl)acetate (Sg
and 5g’)

White solid; (197 mg, 67 % yield); m. p. 67-68 C; TLC (petroleum ether/EtOAc = 15:1): Ry = 0.27. 'H
NMR (500 MHz, CDCls): 6 8.59-8.58 (m, 1H), 8.55-8.51 (m, 2H), 8.07-8.06 (m, 1H), 7.96-7.94 (m, 1H),
7.81-7.79 (m, 2H), 7.65 (s, 1H), 7.58-7.54 (m, 3H), 7.53-7.48 (m, 2H), 7.41-7.40 (m, 1H), 7.28-7.22 (m,
2H), 4.15 (q, J= 7.0 Hz, 2H), 4.14 (q, J = 7.0 Hz, 2H), 4.04-4.03 (m, 4H), 3.98-3.94 (m, 6H), 1.20 (t, J =
7.0 Hz, 6H); Representative peak of minor isomer, 'H NMR (500 MHz, CDCl;) of minor isomer 6 3.98
(s, 3.4H), 3.94 (s, 2.53H); 3C NMR (125 MHz, CDCl;) 6 171.7, 171.6, 158.6, 158.4, 132.7, 132.4, 132.2,
130.6, 130.4, 129.8, 129.5, 129.2, 128.7, 128.5, 128.4, 126.9, 126.8, 126.6, 126.3, 126.1, 125.9, 125.8,
125.1, 124.9, 122.6, 122.1, 116.6, 116.5, 105.6, 104.8, 61.2, 61.1, 55.5, 55.4, 40.3, 40.0, 14.3, 14.2. FT-
IR (KBr): v = 2935, 1731, 1367, 1229, 1149, 1029, 824, 748 cm''. HRMS (APCI-TOF): m/z calcd for
Ci9H305 [M+H]* 295.1329, found 295.1335.

O‘ COOEt ‘ COOEt
F
F O and O
OMe

OMe
5h and 5h’

Ethyl 2-(3-fluoro-7-methoxyphenanthren-9-yl)acetate and Ethyl 2-(3-fluoro-6-
methoxyphenanthren-9-yl)acetate (Sh and Sh’)

White solid; (234 mg, 75 % yield); m. p. 139-140 ‘C; TLC (petroleum ether/EtOAc = 15:1): R;=0.31. 'H
NMR (500 MHz, CDCls): ¢ 8.38-7.90 (m, 4H), 7.83-7.57 (m, 4H), 7.44-7.35 (m, 2H), 7.28-7.20 (m, 4H),
4.15 (q, J = 7.0 Hz, 4H), 3.99-3.97 (m, 4H), 3.95-3.92 (m, 6H), 1.21 (t, J = 7.5 Hz, 6H); Representative
peak of minor isomer, "TH NMR (500 MHz, CDCl3) of minor isomer ¢ 3.99 (s, 3.1H), 3.97 (s, 0.9H); 13C
NMR (125 MHz, CDCly) 6 171.6, 171.5, 162.8 (d, Je.p = 243.8 Hz), 161.4 (d, Jo.r = 243.8 Hz), 159.0,
158.3, 132.9, 131.8 (d, Jer = 8.7 Hz), 131.7 (d, Jepr = 5.0 Hz), 131.1 (d, Jo.p = 8.7 Hz), 130.4 (d, Jep =
8.7 Hz), 128.8, 128.4 (d, Jc.r=2.5 Hz), 127.9 (d, Jc.r = 2.5 Hz), 127.3, 126.2, 126.0, 125.9, 125.0, 124.4,
117.4, 116.6, 115.8 (d, Jop = 23.7 Hz), 114.8 (d, Jep = 23.7 Hz), 107.7 (d, Jep = 21.2 Hz), 107.1 (d, Jep
= 22.5 Hz), 105.6, 104.7, 61.1, 55.5, 55.4, 40.1, 39.8, 14.3, 14.2. FT-IR (KBr): v = 2955, 1735, 1323,
1223, 1029, 873, 840, 808 cm'!. HRMS (APCI-TOF): m/z calcd for C;oH7FO3; [M+H]* 313.1234, found
313.1225.

COOEt

F MeO

Ethyl 2-(3-fluoro-5-methoxyphenanthren-9-yl)acetate (5i)
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White solid; (250 mg, 80 % yield); m. p. 120-121 “C; TLC (petroleum ether/EtOAc = 15:1): R;= 0.32. TH
NMR (500 MHz, CDCls): 6 9.35 (dd, J = 14.0, 2.5 Hz, 1H), 7.81 (dd, J = 8.5, 6.5 Hz, 1H), 7.67-7.64 (m,
2H), 7.60 (t, J = 8.0 Hz, 1H), 7.33 (td, /= 7.5, 2.5 Hz, 1H), 7.18 (d, /= 7.5 Hz, 1H), 4.17 (q, J = 7.0 Hz,
2H), 4.14 (s, 3H), 4.06 (s, 2H), 1.22 (t, J = 7.5 Hz, 3H); 3C NMR (125 MHz, CDCl;) ¢ 171.8, 162.2,
160.3, 159.4, 134.0, 131.4 (d, Jcr = 10.0 Hz), 129.8, 129.7, 129.0, 128.3, 127.6, 121.0, 117.2, 117.2,
115.0 (d, Jc.r=25.0 Hz), 114.1 (d, Jc.r = 25.0 Hz), 108.4, 61.2, 55.9, 40.6, 14.3. FT-IR (KBr): v = 2972,
1731, 1339, 1177, 805, 759 cm’l. HRMS (APCI-TOF): m/z calcd for CioH;FO3; [M+H]" 313.1234,
found 313.1231.

COOEt

MeO

Ethyl 2-(5-methoxyphenanthren-9-yl)acetate (5j)

White solid; (209 mg, 71 % yield); m. p. 90-91 “C; TLC (petroleum ether/EtOAc = 15:1): Ry = 0.23. TH
NMR (500 MHz, CDCls): 0 9.64 (d, J = 8.5 Hz, 1H), 8.84 (dd, J = 8.0, 1.5 Hz, 1H), 7.69 (s, 1H), 7.67-
7.65 (m, 1H), 7.63-7.60 (m, 1H), 7.59-7.55 (m, 1H), 7.19 (d, J = 8.0 Hz, 1H), 4.16 (q, J = 7.5 Hz, 2H),
4.13 (s, 3H), 4.08 (s, 2H), 1.21 (t, J = 7.5 Hz, 3H); 3C NMR (125 MHz, CDCl;) ¢ 171.9, 159.4, 133.8,
132.3, 130.4, 130.3, 129.0, 128.7, 128.3, 126.9, 126.6, 126.2, 121.5, 117.2, 108.7, 61.1, 55.9, 40.7, 14.3.
FT-IR (KBr): v = 2965, 1734, 1332, 1241, 1182, 1019, 739, 715 cm’'. HRMS (APCI-TOF): m/z calcd
for CoH;30; [M+H]* 295.1329, found 295.1330.

3. X-Ray Structure for 4a, 4k and 5j
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4. 'H NMR & 13C NMR Spectra for New Compounds

,_‘ 5
L - W
= %N\ =}
e M
L2 -
[ n Tl 2l
re 9 ¥l > H

(=}
L o
8909 s W
00— — <
0671 P [ W
; T

el © e

i €T
. -

MMM.” - RN

or8'¢ J E60°6—|

GML W B

veTy L

wmw.L L2 009

1STY T LE09

Y9TY [ - L1779 F

8LTY sl 2

r6TY | L

66Tt 1 L2 e

c - = (=]
LS6'S | rT'86 | L 2
01,91 N

0 L2 1t /r

veLo i 61°CT1 =| o

99| 61 [ o8 b€l [®F

8EL°9 1 I L2 65Tl £
ovﬁo‘w kdﬂﬂmm i crei ==

ol E i S°
vSL9 \ | w 17'LT1 -

S00°L | - 89°LT1

800 | Mo €7'8T1 1 2

020°L | Fa SE'8T 1 -

£20'L 1 | [ea48 |

se0 | | @ 96'6C1 8

L0 ° 66°0€1

i | s 8STIE1 4 -

681L1 T T00T g preelat 2

961°L 1 ce1

) | z9€el

€0T'L Y L2 Thel %

Lozt é 0T [ 8 sel 7 2

~mNAh %040 [ 98°0¥%1 x

19T°LA L%Nm F e wm.::\ °

69TL = rTTT seert =z

ﬁmxu“ = ”J Mww.m |« 90 ST —

8LTL re [ ™ O O °

Emi ‘ 2

. (=]
w00 E -
iy ‘ | 15991 — . 8 p == o

. o Fa) ©~
see'L | i _ L@ T9ILL— gg °© \1
eee'L | g o_F o =< T

. B |

vl g3 = () s 2 &3 z

sse'L 25 L2 — &

RM.L = 4 I st B &

. o

L9€ h; L= o g %

€L o -

18€°L i




0000 —
€8C'1
L6T'L W
et
LTE'T \
Iye'l

€EET~
LOY'T

A

2€0°€
so¢

-1.5

-1.0

T
-0.5

0.5

1.0

1.5

T
2.0

(a4t
Eladt
0s°'1¢C
99°1¢C

10

30

98¢
068°¢
S0TY
(a4
YeTY
Wiy
Ridad
9ST¥
0 ‘2

161

161

T T
40 35 3.0
3(ppm)

4.5

cere —
vy
wﬁ:uV

86765\
€09~
:Amo\

50

M/

96

65°L111
b0z |
6°TT1
8L'ST1

€OLZY

=

=2 S s

S8CT

3R
€9L'9
89L°9
000°L
SIg°

—

5.0

5.5

79'LTl
68'8C1 |
11°61
86'6C1 1
¥8'0ET |
6V IE1

100 | 90
3(ppm)

110

creet f
z8°cel

T
12

£0HET
9s's€1

020°L
920°L

(430w

690°L
S80°L
LOT"L
€T1°L
Ss1L]
AVE
161°L 1
Loz
6cTL |
ENL
65T'L

b, HNMR

500 MHz, CDCly

COOEt

8.0

9.5

2.0

LL'SEL )w
16°9¢€1 ~
Ow.hm_\
oo.wm_\
w_.:u_\
(U4l

14245

140 l%d

T
150

96991 —

COOEt

99°ILT —

b, 30 NWR
125 MHz, COCl;

Et0,C

Et0,C

170

S18



S19

E AN
" H
o
0TI W 2
L 2 Lyp1
' TSSI \ -
- 5091 <
0000~ — r o Mw
z61°1 - £6'8T~
BN.; L2 00°6C
£2T'1 reve "
08CT ) 1Ty~ =
€871 ] e | T 8L 1Y~
%MWN nw %9071 | E 1P
T - E wvy
LTE1 ) M
[4Z | o 10°09 =
965°C o pe00 - 23
119°C - v1z0/ =
979°'C _ Ao serre W o
9T —= = ¢ . ="
. 91°L8 7
889°C S 3
€0L'T e ——
81L'T . 3STIT M‘
€L [ £9°0¢+ 3
LT8°€\ - 95'CTl 3
S 961 \m SL'STI = o )
T8 RS cotzr ] & =
90Tt s6°l [ Yo ; =
0T ————TT1 508 © T9°LTI \w 9%
i 0 TLLTI i
e T e 3
Py - 96°6C1 = 2
ot Fa L8'OET 1 -
LTy . CaS | I
98T¥ Lo CIRSIE | — 3=
oL ccT
o - OO~ 0. 66-€€1 W =
SE6'S ] S gesel | —  —F'
mﬁ.L sLselqt —
659 e PI8ET~ —= .
EE% 861 | © LETPT~ sr2
B Y B
mS.h/ 10°1T . [T %"a w
- - SO F o & €1
90T = pzg B e \\ =
1 L5 €6'¢ opprd
PLOLY r A L SOSD
o604 I LTHS1
101°L s =
] O :
sor'L °
o F o
LIT'L - 05901 — = W
v81°L] o . — 2 Il
10T°L ] & B¢ T L@ 99°1L1 — s 3 —3
. = =
MMMM_ W N = . W N W s
LT - e B &= M -
6eC L] Cy= i . g8 HIE
YST'L Lo 2
6571 =
< o
L e — (=]




0000 —

S8T'1
(4t
66C'1
90¢°L

-1.5

-1.0

-0.5

1T~
wp1
SEITA
69177

0.5

1.0

eTet
91¢’1
0ze'l
0ge’l
Sve'l
90€° T~
e
0€8°¢
LER'E
6S8°¢
£98°¢
60Tt
€Ty
LETY
(3494
sy
LSTY
6STY
99Tt
€LTY
18CY
S 4

156's —
65L°9
L9L9
£00°L
2107
810°L
820°L
seoL
650°L
sLoL]
9L0°L A
S60°L ]
1L
oviL
9s1°L ]
e
L1
8TT'L A
Py L
6sTL”

LI g

COOEt

44, TH NMIR
500 MHz, CDCly

TFL0°6

6’1
0'C

| Fese

o611
e
W\MN.N
TiTE
81

8TYE—
0T’y
mn;wV

L5

866
9€°09
L1'T9
YR &

2.0

vr'86

YOLIT A

2.5

€ €Ct

cTecl

3.0

T9°LTT
20°8T1
L0'821 |
11821 | e
vT'8TI |

19°821
ze6el
66621 1
95°1€1 1
0T'TEl

F el olel i

60°LCTI k

40 35

8(ppm)

4.5

5.0

L9EEl

ITvel g
ww.mﬂﬁ

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

10

20

40

60

90

3(ppm)
S20

110 100

120

150 140

Ll

COOEE
170

180

44, "3C NMR

126 WMHz, CDCl;

.
190

00



S21

"
o
L2 -
w) . J—
L3 tad!
(=]
(o]
(=)
000°0- — F3
(=1
5 o
[ < 81°v€—
SI'ly o
]
1 L2 1Ly~ ¥
o6
~ 2
T
0£8°€ 1
o
. N~
65Tt oy g
274 m
€sTy =03 g%
197t
SLTY °
68Tt =
TLTE
L 1T EeT Q
n 81 €€l -
mm.mm:W
€565 — ———— =00 [ 2 8SHET a
899 / ILYET~E
10£94 i v L8°s€1 7
96L°9 | 0T [ azas1 7 g
cIgo L [ - R.om@
LT89 L e0L L= 18°6€1
f —7. = o
9€0°L [ — vsepl 7 -
Omoiw — ﬁm.m |« 19°€51 — 5
$90°L _ 0C '~ —_— =
: a%a m
e Fa )
axa o g m
. o _ -
fe = s L= :
= 0 0=0- TRRDS:
mvm.f A g 4 - 2 -
19¢°L &S e . F o L= Mz M -
=] )
Z= ) - g8 i -
i (=] (=] = —
&8 & & e
=
Lo




0
o
L2 Ly —
(=)
0000 — =
wy
re ITve—
6T 1t
L < 1617~
0Te'l |
mmm._w 66T |
6¥€'l i 6 cs —
$8°65
(=}
Mo :lsV
0
Mo €V'L8
0T36
(=} I
m en
L1TTT A
SI8'€ " og€Tl K
LSy’ o | 7 08'ST1 ]
$88'¢ - e 6Lt
€ITY o C L 2a PrLTI
0z [ Y&
LTTY 2002 = 69,1 1
Wy H/:i " ¥T'8T1
95T M 0€'8T1 A
86T 9€'8T1 1
L3 6v'8T1 1
ve'6T1 |
w 96°0€1
Mo SSTETAF
1S°ecT g
P . (=] . o
mwmm  F00°T L 3 1220\
6540 17ve1 L
. S9°sEl
¥SL'9
000°7. LL'SET
_Nosk E.OEN
. o€ TH1
991°L~\ .
961°L ] a4
mom.ﬁw ]”Jﬁﬁ. NG covsl
LOT'L
.
0ST'L o
65TL] e 65991 — i
89C'L | ] =]
. _ (=]
€LTL] 3 L SOTLY 2 3
] = i — 8
E:_ g “ zc
8TE'L ) o =N
£e€L ] 2y Mo £z
] = - 8
8S€'L 2 R E =
ﬁ; - 0 o
08€'L
=
Lo

10

20

po 80| |70 60
S22

100
3(ppm

110

lZ&

0

1

160 150 140

170

180

190

00



S23

0
e
wy .
e L'l —
0s'1T
o 99'1C
0000~ — Fo
| v
e ereE—
€€ 1Y
oret F2 No.SV
0€€E’1 W ——F6T |
Sre'l — = .
9€°€S —
R
SEET —t50¢ "
60v'C 2Zz0¢ |2
SR
[m en
) 65'L11
608°€ | » LE0TT
Ts'e ec | 7 05Tl
L98°€ w\wi e 6L°ST1 1 2
LOTY o1 F<& 90°LT1 g
NNNH —= Moz bt €O LTIt 23]
9¢¢C w% 2601 %) 06 8CT
0STV N T 6CT
88TV - 6671
Fa T80ET 1
6V 1€1
| n 1S°€€1 ;
o 8L7€ET
) ) - 66'c€1
g5 —3 T 13 ovsei
ZLL9 PLISETAL
€00°L | = P6'9€T ~
moo.L el | PLLED \%
800°L T o ST
810°L ¢ Ty e 12141
zzo'L = z6°€ 66°Th1
1€0°L N 60 | ” oTHe1—
aya o0
1L0°L
330°L ] & €5°991 — i .
o LS _— L=
9T1°L . 0 O = O L2 60TLT — s o
Ls1L ] 5 O z8 T .
eLL] go | o 4 o g
61°L =T SV S S & = o o
] T'= ™ oo ] ]
80¢ f = 2 2 FH = = =
Nvm.: - m = = L %
09T'L
=
L3




) :
L = = L o
° 1
" o HT —
r<
(=]
0000~ — — FS
wy
s £THE—
LTIV~
(=)
0ze'T F= 881+~
pee'l W gt | mmum/
8YE'l ] St°09 E
o 76'98 s
[ o €68 1 =
9€°L6 1 3
L3 LUSTI T Lo
PESTT :
| 2 £LG111 =
3 16611 FE
- " €6LIT
oiw.m/ b €T611 2
Py [L6's Y07l S~
8y 07 | oF T6'sTl g
PITH ol [SE ) ; : g
8TTy oo b1 seieh T [ 8%
Wy aw.ﬂ - p8'LTI | = |8
9sTH F < e86Ll
$8T'H £9°cel W =
L =] 69°C¢1 = [~
o geecl
- et § L&
o et —
89°€€T o

. } - e
055°5 B | 2 0°

) 3\
£€89'9 . F
610 ol Lo 16°S€T~ -

) Mo 69°9€1 E | 2
%a.o/ 7 119¢1 4 -
9869 1T | o 66°6€1 Jj
v00°L 7F —=1%oz¢ [ T : 2
o ={=00¢ 0T Epl )

oy 0 1L°€ST—

090 i o |2 101 W E 2
LLO'L AR = |8
+60°L o 8L 191

3812 4 o LE€91

661°L 1 i ‘ E.me_\ i . =
90T'L .8 b O = O " L2 w991 7 . = ; O = O w 3
91z g o L6'ILT g o -
09z°L ] o z . o g3 * . =

] e F o =
CLTL z (S o T aQ =

; e @ oI s @
8T L . o o = (o]

o = A T2 " =8 LI 3 4
88T°L | S5 = = Fo i = = r=
66T'L

- 3
Fo

S24



-1.5

-1.0

-0.5

7,

10

S25

WW(

Stvl— J M
(=]
(o]

o €L1T— =
o0p;

0871 1 2
8871 1 e 3

T6T'1 Feve W
e LAY e

LR 3 ol TI TV
TJCTT (7=
orel 09 =
208°€ | A3 Fa
628°€ |
80c'r 11°09
ey ﬁﬁ:ov
omm.aj 19°69 ]
15T ccgn o
6Ty | TI'861 W
1L0°S ] =
780 917zl
960°S | s ;
601°S | 55211 :
ﬁNﬁmgﬁ <61 €ttt £
$96°S 1 ) chum SEeT
aon.og r — o.m 89°LC1 R
L9y 7ot 7T8T1 1
szL9 ] SE8TI A
i

| ] 96621 1 =
8669 For'e .

So.L oo'rer | £
€10 ] LSTIET A W‘u
. CAmaam = M‘
w%s - soeeit ————=1 2

= =001 zevelA i
m%,ﬁ 98°GET \k
%_.L 0T 6 sl .
om_fﬁ 0’1 06071 > L2

. 9T 1¥1 —3
00T'L L e ey
81 0S" €1 = o
StTL~L ) E
€5TL \W o'l L0bST — m

2 1'C
LSTL »o
z9z'L e g

] M
L9T'L ;

] IS99T——— o —
MMML (i 9Ll — m ]M =
s1eL ] » B 5 = m

. I (8]
9TE'L ] = =0
ossL ] z© z 3

I zy o2 E
. o= 3
0s€'L =2 =9 E I
d@m.j S = 3 3
bLEL] =0 3
S8E°L 3

00



S26

0
o
= o
g] SY VI~ |
r< 6v'1C -
- mfNW Fa
000°0- — Fo clc
= (=3
n ZE o
=} .
8THE—
0LT'1 611+
SLT1 F S S9' 1y~ |
8Tl 3 56 - =
L8T'1 ~ T\ “ )
80€°T Y ez k2 >
el I
oce] LS L0°09 :
1€€°C L00°€ 0£09
~
- Sl £9°69 B
Yor'e 86T | o %.tj/ S
ST'86
= g C- /11
o
LY0TT | L&
wwh.m/ | » 97Tl ; ;
Z18°€ - = 9L7sT1 1
. /,h 16°1 _ . LS~
€0Tv e . - g 66°9CI1 g g
tm.v/ 4 10T L 28 19°L21 L &
ey — 00T & L8871 | - = g%
. —_— . L
SYT R 01621 1 -
€871 - 36°6C1
§90°s - #8°0€1 1 3| S
LLO'S o rw LYIET 7 -
. I
060°s coe eeest
1S | = peecr 4 S
CHE o toet
- LRTAR =
5808 — 00T -8 6LSEIE
79L9 L89E1E
wvy - =
99L°9 L €8°L€1~E -
zio°L Jeoe SS8€T M 5
- ] . )
mmo.nk o1 [ o ULy
Ly = 0ty < 9€°erl 2
620°L - 2
€90°L \w —— ﬂo.v )
L90°L 01 | 9T ST —
¥80°L g
sl o0 :
o0 . a
6ITL] ‘ $5991 — 1 — o
SIL ] ———— S
p— — ] —
891°L 1 . 2 ) O — O L GUTLT g 8 g
161°L ] o o o 5
(] ) (=)
voz'L ] = = . o = z
L0T°L 2z oo 9 £z
Rmi Ta g ¢ - T
NmN.h; - 0 o o Lo
8ST'L
< =
=] (=)




0

.I_. (=)

o

R =
00070 “ SPPIN L
2611 s ps st -
80T’ 1 woAf va JM.V e
€201 1 2 eLle F-3
LT 3T, |
LLTT . o ;
$8T+ > LTYe " k3
68T'1 4 LUTPA =
v6Tly 9 o L2 SOy~
60€° 1 Ak on-g

— E
£2€°1 M, ANG “ | o
LEE']L 0°9 — 3
979°C o ncno~ T3
15972 “ €969 1=
989°C = 60T [ L1'L8Y ES
10LC M\H/g; SE'86 ¥
5 T 2
€T g i
06L°¢ “ zsTe ;
m_x.m/ 3 bL'STI —3 | o
€Ty _— %mm; ) 00°LT1 { ) Sz
LTy 4 261 LS8 E.R_; &
ey ] gioe ° Al —£ | 2%
ovm.w\ oz [ 85 .1 ] Ik
L8T Y <+ 6 6CT
o = o
. wy

260°S 90T s |
vOT'S " TR | —_Era
SIS 0 el — |

- L9SETE ——
28957 —— 00l | g 08'se1F — R

. LT'8ETAF ——
LSL'9 C ——

: " €C 1Pl = |
9L°9 N Ten _ &t
L669 B P a4
e T ir
CIOLF =0t = S

- JE {Mﬁ Z
22t ] SR 6TYST— -
ceo'L ] ” 1
e axa 2
160°L ] o ]
860°L B ‘ d 95991 — i ‘ —E|e
P s O “ 0TILT — = m 7 O — FrE

: o O > = 3
ol 5 B 3 gf LS i
00T'L 2 gl -

. O = = b
1L S s e s 2

- =1 S o = 3 &

LTTL = I - pu

. = g o 8 - -
8ET'L = EE - LS
ﬂ]% \; - o = = ] =)
65T'L £

F LS

S27



10

20

40

50

70

s ll Ly

™

Tl e

8

90
3(ppm)
S28

100

110

120

30

1i

n
S
ha 1T~
<
7 Naand
(=}
0000~ — FS
| ©
< TV C
68C'1 L
. 5 L2 1T1H~
£0€°1 | = oL p "
At K
1ze'l %6 |
SeeT -
6vE'l - cac
[ 909~
“ o/
s
3€8°¢ o
698°€ [
S1TY
67Tt b
4434 yTL8 —
ST 161 | oF 8Y'86
LSTY 61 [ ¥ § 08'€1T
9T+ = [oc'g 2] 86°¢Cl1 1
KN;& L@ Y9911
€67’ 78911 A
096°S = €6°LIIT
ZLE9 Fw 9zeziy|
8.€°9 " vmwmm_ )r
$6€°9 Lo e8LTl 1
10+°9 8€'8¢1
. 05°8T1
ne Lo [ Y
L9 . oozl f
8TL'9 —yFeor L2 CLSCT
mm o
. (=} ;
e = 09°T€1
T81°L M — y8¢t e ze]
8:% ——= |- orvery
00Z'L w e o LT
] Lot
65T'L eer I
ecsei
I =
a¥s ER .
ELTL ] . ‘ om.ow;
7 B § 8 By ER
PLEL] & S 4 88°ch1 1
Y pote % . - z9¢c1 4
el =in ro 20°09T
covL | T= m,. M v6°191
Lov'L] =8 [T Lo 5991 -
MH.T SSTILT
LS

140

Wl o

Iive

150

140

CO0Et
180 170

41, 3¢ NMR
125 MHz, CDCl

190

00



10

20

30

40

50

60

70

80

90
3(ppm)
S29

100

10

120

180

(AL HL -

150

Ll

COOEt
17

80

4m, V3¢ NMR
125 MHz, CDCly

90

"
| <
[ 0T vl
re Syl >
b 0sITy
0000 — - L2 99'17
I n
Fe Stree—
€871 g L2 (v
SN._W B 9L 1Y
[4T3 Feee [
1e¢l \ M Lo
9pel L
o $6'65\
- e .
1709~
TEET~ _J psze T L1°T9
e e T2
<
I~ e
978°¢ | v
€58°¢ / Fe 95—
1Tt} . P~
STy RN Y
vy \U we g
X Fers 79'86 —
LST N | Q€11
ey I p8Ell )y
o8cy - 89911
[ L8911
b YA EN"
L= 6T°0T1 —
85°7Tl
I
wmw.w% F €16zl w
£vb'9 ot Mm”wm I
o9 — poo1 | 1
cohﬁﬁ v | o 0S" 1€l |
SO -] Bege ~ 6v'TEl ]
] — F yraest
WM.N; o 3 Lo sssel
z9'seT]
ey = ocsel f
Lo O = |
0L0°L | ElEq
- 9¢7LEl
980°L 3 ‘ _ " ]
2 = + eger 4
vO1'L £ o_f © 1
] g © | Tartal
611'L g5 e . _ ey
mvN . = F o
€61°L 1 x% 8L i U8EST
L5z g g g I 10091 1
= i S Fa €6 T9T
I L°991
| = gs1L1

00



vuvu v~
6680
L16°0
$€6'0
€56°0 1
1£6°0 1
6860 1
0L0'T |
880°T 1
9011 1
SIET
£6€°T

———

-0.5 -1.0 -1.5

0.0

1€
0LET A
99%°1 4
v8F1
€051
TSl
81 -F
009°T \
619'1
61¥'C
%v.m/
Ew.mw
S6v'C
0£9°T
L€9°T
8L9°C
989°C
10L'C
$90'y =
780
860
SITY
85y
0£9°t
§99'y
169

Mo.m
€

/€0°€
[ 220'C
61

Feoz

Wmﬁ.m
0T
5260

45 40 35 3.0 25 20 15 10 05
3(ppm)

5.0

5.5

40

50

20001 —

L0611
co.a;

100 90 80 70 60
3(ppm)

110

e

89%°9
oveTL
19C°L
11eL
1€€°L
vSeEL
LSELA

SLEL~E

96LL~,
gL’

An, HMNMR

400 MHz, CDCly

COOEt

€60

6.0

6.5

7.0

Nh.vm_ /
NZN_ /
16°LT1
81°8T1

LL8TT ~¢
80017
90 ¥El

rel \m

75

9.0 85 8.0

9.5

0.0

£9°s¢el
SY'8¢€l
(AT
1484!
88'evl

I1S°0LT —

an, BC MMR
125 MHz CDCls

COOEE

120

180

190

S30



0000 —

S60°% 7
Wi
95 1Y 1
RS
8171
6£TL 1
095°L
295°L
9L5°L
065°L 1
265°L
019°L 1
€19°L 1
L1921
079°L 1
LT9'LA
0£9°L |
b€9°L
1+9°L 4
Sv9°L 1
6v9°L 1
1992
£99°L 1
stoLf
9€8'L
7SS LAE
$T0°8\"
omoww
v0°8

998

€99°8 A
SI1L8

0€L°8

VEL'S

5a, "H NMR

200 MHZ, CDCly

COOEL

66T

01
%M.N
\WN_._

0’1
(U

0°1
1071

00 -05 -1.0 -15

0.5

2.0 L.5 1.0

55 50 45 40 35 3.0 25
3(ppm)

90 85 80 75 70 65 6.0

9.5

0.0

revl—

i |

Y

L

10

20

AT A

30

86°6€ —

40|

50

60

919

7o

£9°CCl 1
ceeClg
19°vCl

i

!
AN

100 90 80

110

3(ppm)

09°9Z1
9L°9T1 4

20

$8°9CI A

‘gz
5

6-9¢t

Fs-8ct
6°8C1
0g'6cCl

Y€ 0€l ]
$8°0¢l
9T'1€el
OL'IEl

14

150

52, '3C NMR

125 MHz, CDC

160

70

LAt g

180

"

L s o

"

o

190

00

S31



000°0- —

€0T'1 /

n~N.~W

1€T°1

000
Nwo&//

06

30 25 20 15 1.0 05 00 -05 -1.0 -15

3.5

levl —

10

20

¥8'6¢ —

30

40

09°6s —
01’19 —

60

70

o:jw
mm:\k

H\—o.m

296°1

891v 7
(4384 /
TiTLy
LiTLy
62TL
YETL
€YTL T
1191
819°L
0Z9°L 1
€29°L
629°L 1
SE€9°L
LEY'L T
0v9°L 7
L¥L LA
S9L'LA
¥00°8
600°8
9108
120°8
679°8
€€9°8
6£9°8
€v9°'8
8198

—

L

5b, "H MR

500 MHzZ, CDCly

COOEt

Med

0°C

4.5

55 5.0

6.0

6.5

7.0

7.5

9.0 85 8.0

9.5

3(ppm|

80

90
3(ppm)

100

110

130

v6°6C1 -
1051

140

8S'1€l

vo1erd

¥9'8S1 —

VO ILT —

5b, *C NMR

125 MHz, CDClg

COOEt

Mel

170 160 150

80

190

00

S32



0000 —

COOEt

5¢,'H NMR
500 MHz, CDCl;

=66'1

00T

5201
— 5660

-1.0 -1.5

-0.5

30 25 20 15 1.0 05 0.0

3.5

4.5

75 70 65 60 55 50

8.0

3(ppm)

00T

J00°1

9.0 85

9.5

0.0

10

20

30

186 —

40

50

0T'19 —

60

70

80|

PO

1L°L01

)

3(ppm
S33

100

687L0T

8L'SILI V

L6°STL

[S°€TT~\

m

11

120

69Vl —

99'971 “F

9¢ LTt

97821

Q7Y
8Tt

9¢°8C1
cCoel

]

9T°0¢€l
6v°0¢€1
9s°0¢1
SyiIel
187 1€l
L8'1€EL
8L°091

SOTILL

]
|
]
;

[

5¢, *C MR

125 MHz, COCl

COOEt

160 15

170

80

1

00



10

20

30

40

50

60

70

80

90

(ppm)
S34

100

110

12

NN
0
<
- 6T Y1 —
re
(=)
000°0- — A =
0
=l
19'6€ —
8811\ FZ=
ozt =] F00'¢
91Tl | v
(=)
F & 91’19 —
STIY
SEI't L
671'F o
€91°% 1 -
SLI'Y 1 F e
SYS'L
85S°L Lo
€LS°L —
YLS'L o £
109°L 1 r<+e
. 81 ¥
vo9°L 0'C LTYTI
S19°L L2 6851
819°L £€6'STI
0T9'L | 2 ST9TI A
veoL n 65921 A
nmc.h “ LELTT
mmo,hg o TL LTt [
EV9°L 60°8T1 E
9Y9'L] o 9971 =¢
§S9'L [ soger
0L - 6°8T1
60L L 1 Fo 85°621
9TL'L 010s1
L18°L | 9¥'0€T 1
YE8'L ] =~ $8°0€1 1
EV6'L ] 201 | w 8T TEN
ot £ L w\é.m - ——
8IS Y g - -z
€218 o TT—5 Lo
REN o ——— R0 | 7
PEL'8 ] O . —
101 | [0 VA e
. W)
LET'S 0 F oo
L00'6 = z
Eo.m/ L= C . o
| ypio1 | 2
180°6 ZR =f0 [°
T60°6 -
$60'6 Fo
101°6
(=)

140

150

COOEL
16

170

1256 MHz, CDCly
180

5d, BC NMR

190

.00



€811 7
86111
T0T'1 1
21T
LITT
1€T°1 1
€58°C 1
T11°€
190 |
(AR
1STY 1
PSIH
S91'¥ 1
6L11 1
€617 1
LSTY
80T'L 1
89¢°L 1
€8€°L 1
SSt'L
(VA |
osyL
L6Y'L

TIS'L
LTS'L
TsL
YhS°L
67S°L 1
€5S°L 1
LSS'L A
L9S"L
€LS°L T
LLS LA
L8S'L
065°L 7
T€9°L
vSL L
95L°L
69L°L 1
€€8°L 1
8€8L 1
918°L 1
6r8°

190y —

ov1y
ISTp-
b1y
3;%
6LIP
€61

L8TY —

Sl

430 425 420 415 410 4.05 4.00

4.35

8(ppm)

A

Fo6'S

o't
FLET

81
00
Azpz

ﬁwg

40 35 30 25 20 15 1.0 05 00 -05 -1.0 -15
3(ppm)

4.5

6.0 55 5.0

6.5

7.0

TS8LA
L68°LA
206°L A
T16'L
916°L
565°8

198
_Nc.ww
8€9'8
96L'8

1188
718'8

T TaT

5e/5¢, 'H NMR
500 MHz, CDCl;

COOEt

Y

M=

8TE
JWBN.*
=980
80

€T
80

90 85 80 75

9.5

0.0

6Tl —

i

dhdlibiay s

10

20

40

6801

eLEY —

50

9019
60°19

70

"TT

O
c

do |

T

T
&t
T

€
-

LO-EEt
85°ST1 1
00921 1
L0°9T1 1
z19zl
0L'9T1 1
yL'9TI |

Lo Vi

"

8

90
3(ppm)

100

N
E97LTT

Vo LCT
95°8Z1 1
05°621
95°621 7
09°621

110

120

98 0¢tT A
88°0€T
PITET
0€° 1€ 7
9¢ 1€T
Ras
ZS e
88°1€1
cHzey

T

e

140

150

LLTET
96'7€1 1
8°bel
ooogrd
HIARN

St ———

Se/5e: 3 YR
125 MHz, CDCl,

160

180

190

.00

S35



SLTTY
881°1 1
061°1 1
2021 1
Y0z’ |
9171 1
LySTH
LLSTH
9€0°t
911t
0€1°t
SPI'P ]
6817

—

-0.5 -1.0 -1.5

0.0

0.5

1.0

LTVl —

mmgmv.

10°cc

10

20

30

6’68 —

bLIb
L
STHL
05t'L
€evL ﬁ
8€t"L A
IttL
Lt LA
0stL
€6t°L
96t°L
605°L 1
1152 W
€2S°L
STS'LA
8¢5
1tS°L
6tSL
zssL
pssL
LssL
£95°L 1
895°L 1
bLS'LA
6LSL1
785°L1
$8S°L 1
L8S°L Y
809°L 1
s |
18L°L§
wm:%
€68°L
0lf'
8bs'8
LSS'8
855°8
$95°8
€L5°8
1098
209°8

LYS'T—

LLS'T—

5f/5F, "H NMR
500 MHz, CDCl

COOR

_— 6T

Me

Colv

2.64 2.62 2.60 2.58 2.56 2.54 2.52 2.50 2.48 2.46

3(ppm)

6'C

0'¢

200’

2.0 1.5

2.5

3.0

3.5

4.0

907

161
Mﬂo;
0°¢
200'1
)mm.m
60
m\mm.o
61
0’1

8(ppm)

4.5

55 5.0

6.0

6.5

7.0

7.5

9.0 85 8.0

9.5

<

o
S 3
@;D

LETTI
96°CTI 1
LO€ETI 7

80

G ect
cTHZ1

kv ik v |

$€9Z1

uE;

95 9CT

99Tt
$9°9C1 9
C6°LT1 A
ST'8TI A

110

TV 8T
85°8T1 4
+£9°Q71

120

68°8T1
96'8T1 7

130

YT 6Ct
et
$0°0€1
ce0et ]

140

L80OET
0€IET

per

150

Gz
98°I€El
€C9¢l
09°9¢1
9L'ILT
SL'ILL

5f/5f, B NMR

125 MHz, CDCly

COOEt

Me

=

160

170

180

190

S36



6€6'¢ —

_

6L6'E — ————— |

R S

S

L

4.00 3.99 3.98 3.97 3.96 3.95 3.94 3.93 3.92 3.91
O(Tm)

L

2.0 L5 1.0 05 00 -05 -1.0 -15

40 35 3.0 25

70 65 60 55 50 45
3(ppm)

7.5

5¢/5¢, 'H NMR

500 MHz, CDCly

COOEt

Ome

=

9.0 85 8.0

9.5

0.0

€evl

10

20

30

40

50

70

80

9

3(ppm)

100

110

6v'8T1 7 [ i
€L°8TI o E

120

(mgam §
yS'6C1
18°6C1 —

6€°0€1 7 N

|

13

£0°0€] J

Ot

1z7ze1 ]

14

9¢°Cel 3
99°Cel i

150

SE8SI E
86°8S1 3

OmMe
L

=

COOEL

160

170

f

mh.;_w

180

5g/5g, 3¢ NMR
125 MHZ, CDCly

190

00

S37



10

20

30

40

50

70

80

90

100
3(ppm)
S38

0

120

130

140

15

16

170

0
| 2 LTI
[ :i/
- 08°6€ 7
o 11°0%
Tr'ss
- i | o 0S'SS 1
00810 © [NCE
60T'1 - PLYOT |
€2T1 Fo LS'SOT
€26'¢ T0°LOT
LY6'E L2 0T°L0T
056'€ ) 09°L01
TL6's = 509 “ LL'LOT
166°€ F= 69411 1
1€1°7 1 M:ZV:‘ﬁ
SY1v L < YL SIT
65171 “ 6 STT
RS sy “ 65911
10T'L - Mo LELITA
90T'L Lo atas
neL| wee— Heo| ™ L2 $0°SZI |
1L $8°STI
veTL w " $6'STI
8TT'L _ \M [ ™ STICT
LETL T = sTLTl
WL 2£ o]
. A 9) 4@ —O.PF—
8YT'L | R E b €6°LT1
ssze] 166€— -5 " 9¢€'8T1
09T'L — . = 8€8CI ¥
HTe i
YoT'L / 0882+
(=1
LLTL \M \ﬂ aaciam |
18T°L ] TS
PSEL | » 01 I€1 7
6SE°L T . = 0 AREE |
v r< - vo1el Ak
895°L 1 L& 8911~k
L69°L 1 6L 1ET %
90L'L | v uw.:_\
60LL © 88°T€1
LILLY -
ECL'L Y e 678511
SELLE —= My L6'8S1
6EL'LA —— hooz | 2 :\ofy&
ST8'L A i o — T; 737091 b i
088~ s 00, 0 : | 9€T91 T v i
ooon\ﬁ xg © _ _] . o LLToT =0 9
816°L 20 [24 . z5
ey = - - 6S°ILI V o2
ceos &y o PoT1L1 T
sL0'8 | =z ==
080°8 1 22 o 294
860°8 1 CR 3 P C
€018 |
eS| Lo
08€'8
(=]
o

190

00



000°0-—

L0T'1
121 W
9€T'1

Noo.w/
mi.v
am_.vV

m:;n\

L8V

LLTLY
6L
LSTL Y
01€'L |
91€'L |
LTEL Y
€E€°L Y
EPEL Y
8PE'L Y
v8S°L Y
ooc.EW
919'L
0v9'L
mmosw
699°L
€6L'L
908°L
018°L
€28'L
zE€6
LEE'6
09€°6
$9€°6

5i 'H MR

200 MHZ, CDCly

COOEt

-1.5

Med

<

\n

(=)

:

<

3 IS

n

(=)

<

< =00°¢

n

<] —

<

(o]

'

(]

<

o

n

o
1 1<%
Lol
sewe | T 2

10°C "

"

<

wv

\n

wy

<

o

N

“ &

w o

. ~

001

I R

H/mo;

95 9.0 85 80 7.5

0.0

eVl —

650V —

20

30

40

50

LT'19 —

60

70

80

9

7801
66°¢l1 /

61411

100
S(ppm)

16vil /
[0
mﬁ.h:/

SAN_/

9S'LTI y

|

!

LM | ‘ Wlwm" ' i WWMMWM | " ' “ i

110

120

6C°8C1
96°8C1 ~

-kﬁ

130

r.ﬂ:\ T

18621

|53 ;_g
@m.~m~g
96°¢¢1

14

130

07'6S T~

ce o9t

e A

6L = 0000

5i, *C NMR

125 MHz, CDCly

COOCEt

Meo

170

180

00

S39



000°0- —

6L0°F
8TI't
6€T't
€TV
191
£ IR
08T°L
961°L
1ST'L
0s$°L
zssL
LSS'L
995°L 1
vLS'L
6L5°L
185°L 1
065°L 1
865°L 1
209°L 1
T19'LA
ST9°L A
819°L
629°L
T€9°L
6v9°L -]
oso LI
$99°L
889°L
zesL]
vegL ]
Lr8L |
0S8°L

T€9°6
6v9°6

5], "H NMR

500 MHz, CDCly

COOEt

—E86'C

MeD

1101

74

00 -05 -1.0 -1.5

0.5

20 15 1.0

2.5

3.0

3.5

4.5

6.0 55 50

75 7.0 6.5

8.0

95 9.0 85

10.0

8(ppm)

(4% 4 e

ool

HHNIAY

P

20

(ke ML)

10

30

€L0V —

40

50

T6°SS —

60

19

70

8O

90

99'801 —
0CT’LIIT

0s'1T1
E.om_/

6971

110 100

120

3(gpip)

16°9Z1 /f

<t
Qzr<f

€8¢t

c

130]

sz f
868219

0€°0€T |
v osT %
[Sravrd Al

14

glccy

150

et

or'est —

5j, B¢ NMR

1258 MHZ, CDCly

COOE

Med

160

17

190 180

00

540



5. Computational Details

Geometry optimizations and frequency calculations were performed at B3LYP-D3(BJ)/6-31G**
level,! D3 denoting Grimme’s dispersion interaction correction method. Single-point energies were
calculated at B3LYP-D3(BJ)/6-311+G(2d,p) level using the SMD model with 1,4-dioxane as solvent.?
All calculations were performed using the Gaussian 09 package.?
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Calculated Energy Values

Table S1. Energies (in kcal/mol) calculated at B3LYP+D3(BJ)/6-311+G(2d,p)

Species E.ec / a.u. G/ a.u. G / (kcal/mol)
IN1 -1420.869734 0.386256 -891367.587023
3a -615.156093232 0.166379 -385912.195578
TS1 -2036.039048 0.576898 -1277272.853452
IN2 -2036.163991 0.590639 -1277342.633844
TS2 -2036.115008 0.581015 -1277317.936035
4a -2036.217179 0.589587 -1277376.670319
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IN3 -231.003792 0.047657 -144927.284375
TS3 -846.168865 0.234513 -530832.265156
IN4 -846.317880 0.246410 -530918.308046
TS4 -846.263709 0.241612 -530887.326111
TS5 -846.230249 0.242218 -530865.949512
F -100.028418 -0.014159 -62777.717609
IN5 -946.3894731 0.243754 -593715.900200
TS6 -946.392925 0.241462 -593712.304708
IN6 -846.365432 0.248332 -530946.941523
5a -846.386809 0.247540 -530960.852570
Cartesian Coordinates for All Species
C 2.01739900 -2.16932700 3.82867900
C 1.27182300 -1.96552600 -0.80393500 H -1.08178300 3.92760700 -0.00209700
C 0.47968700 -0.81007000 -0.65093500 H —2.31742100 6.03548300 0.42522200
0.93595500 —0.83725700 —0.56682500 H -4.77328600 5.98587100 0.80169800
1 .66878500 -2.08298000 -0.64851800 H -5.99154300 3.82003000 0.75030400
0.76393200 -3.12812200 —0.77524700 H -4.75739500 1.70934000 0.32535300
0.48204900 -3.10000300 —0.86921100 H -2.94958800 -4.16220500 0.40174800
1.60539100 0.39414200 —0.33508100 H -5.39124100 -4.52913300 0.58834100
5 14128000 1.46400400 —0.11467400 H -6.97728200 -2.81484500 -0.27292300
5 .83825600 2.67962500 0.13204700 H -6.09361000 -0.75425300 -1.35071500
5 .15403900 3.91078200 0.16313100 H -3.66525400 -0.39721200 -1.54505800
5 .85223700 5.09098800 0.40293000 H 3.35223400 -2.30986900 -0.26750500
_4.23346500 5.06282200 0.61423600 H 3.09268800 -1.72488300 -1.91114900
4.91876500 3.84489300 0.58535400 H 1.07419400 1.11447000 0.18257100
_4.23163200 2.65832500 0.34691600 H 1.32648800 0.96397500 -1.54970800
23.13041900 -2.24184600 -0.55676100 H 6.91738800 -0.07203300 -1.80705300
3.64257800 —3.41611800 0.02354900 H 5.88719500 1.15472000 -2.58386500
5.01566800 —3.62008800 0.12845300 H 3.81559000 -0.99420900 3.48727400
590611200 -2.65757200 -0.35447000 H 2.33158700 -0.02966900 3.59634100
540960100 —1.49773000 —0.95258500 H 7.62678000 2.22463400 -1.10455900
_4.03478900 -1.28935300 —1.05636400 H 5.98985500 2.56107000 -0.50850200
2 73580800 —1.64821600 —0.87776800 H 6.98935100 1.32393900 0.28657600
5 79832200 -0.16391900 —0.39278800 H 2.10567400 -2.15438400 4.91926200
136007900 0.41184000 ~0.60491400 H 0.95538000 -2.14014600 3.56739500
3.85651000 0.63955100 -1.14189100 H 2.44339200 -3.10764500 3.46097900
3.12445000 -0.04372500 1.09737700
5.04764300 0.03250900 -1.04544500 3a
2.59735200 -1.04655800 1.80423600 C 4.68222200 -0.30126300 -0.02660900
3.65142500 1.67003800 -1.74925900 C 3.52947900 -1.06128600 -0.22379300
3.73427000 0.89143300 1.57985000 C 2.26653800 -0.44969800 -0.24255200
6.18925000 0.72093200 -1.62845500 C 2.18117500 0.94129100 -0.05883200
2.74825700 -0.97924600 3.24999500 C 3.33314500 1.69665600 0.13748300
6.72674600 1.77152200 -0.67640900 C 4.58861500 1.07939400 0.15435000
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H 5.65239900 -0.78878900 -0.01433100
H 3.60145900 -2.13596600 -0.36472200
H 1.20862600 1.42448900 -0.06914200

H 3.25371400 2.77041600 0.27879600

H 5.48523700 1.67193200 0.30826200

C 1.07218600 -1.28691900 -0.45195700
H 1.24440300 -2.35724500 -0.57054300
C -0.16529800 -0.86203600 -0.50453000
C -1.40668700 -0.43673100 -0.56051800
H -1.83367000 -0.15141300 -1.51731900
C -2.22406000 -0.34625000 0.68299400
O -1.79485600 -0.61838600 1.78914100
C -4.11171300 0.38635200 -0.70291300
H -3.57120300 1.22108500 -1.16008000
H -4.05096400 -0.48243600 -1.36585100
O -3.50517000 0.06212700 0.57491400

C -5.55245100 0.75948700 -0.42691600
H -6.04973600 1.01180100 -1.36848200
H -6.08902000 -0.07411400 0.03572100
H -5.60994600 1.62634000 0.23800600
TS1

C -0.26711500 -4.40359900 0.58786000
C -1.29716300 -3.50984900 0.24600100
C -1.59122000 -3.25362700 -1.11803000
C -0.78311000 -3.85091500 -2.10849600
C 0.25430700 -4.70070700 -1.75584400
C 0.51178100 -4.98420400 -0.40292600
H -0.07993600 -4.62451000 1.63378700
H -1.97776600 -3.15956100 1.01200900
H -0.98860500 -3.63952500 -3.15355000
H 0.86650500 -5.15421400 -2.52913900
H 1.31696800 -5.66187500 -0.13670400
C -2.64628500 -2.34674300 -1.50305400
H -2.79265100 -2.17462100 -2.56963900
C -3.34219500 -1.58911800 -0.66118700
C -4.33872000 -1.09755700 0.04514500
H -4.28618100 -0.13320600 0.53449500
C -5.60712200 -1.85994400 0.18571300
O -5.84584400 -2.95530600 -0.28931400
C -7.77790100 -1.76944400 1.14402400
H -8.24255200 -1.95842800 0.17168900
H -7.63010100 -2.73256700 1.64151400

C 0.95506600 -1.06148000 0.65123100
C -0.40190800 -1.25622600 0.52024800
C -1.29619200 -0.37170900 0.32292100

C -1.04591300 0.99194800 0.19910100
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C 0.35481200 1.31144700 0.30097100
C 1.31072600 0.29394900 0.51714100

C

-— - Q - Q- Q Q@ @& @D &= Q=T - QDm @ - Q- = Q@ O O o o a0 a0 @ @m Qm@m T Q O moxT o om

H

-8
-9
-8
-8
-6

.59688400
.58557300
.11721800
.72911600
.48231700

-0.81681200 1.98662800
-1.24947200 2.16816200
-0.63637100 2.95342600
0.14251400 1.47715200
-1.15421900 0.92812200

2.15237200 -1.93477700 0.89641700
2.20039600 -2.23966100 1.94776000
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-4.

-4.

15047100

.80147000
.23160000
.06880000
.35448700
.84634600
.54762900
.01133500
.11688600
.87791200
.83168500
.02386500
.89799400
.83421500
.19693700
.05594800
.30989600
.37639000
.15654700
.75813500
.75908600
.84633500
.25669400
.04504600
.25637900

.08385300
.02445500
.15230300
.01286700
.20916900
13998400
.19225300
.07260700
.95779500
.95791300
84083300

-2.84227900 0.29425300
0.45998600 0.65754800
1.12512000 -0.09672400
0.87595000 1.63452200
-0.99844900 0.54867500

-1.20358800 -0.88476600
-1.23449200 1.46774200
-1.11373300 -1.22233600
-0.37926100 2.11437000
-2.53219500 1.47646000
-1.42467700 -1.72509100
-2.90486000 2.28838300
-2.35793000 1.92351900
-2.59842600 3.32081600
-4.40165400 2.16231800
-4.71984100 2.76095100
-4.93032900 2.52421400
-4.68917000 1.12199000
-1.51789800 -3.13957500
-2.41784500 -3.29652200
-0.64858500 -3.41532000
-1.56829300 -3.89196000
-0.66543200 -3.70651100
-1.63831700 -4.96576700
-2.43752300 -3.58985200
2.034483900 0.02079600
2.95319700 -1.03785800
2.11564200 0.92711200
3.92648200 -1.18718400
2.89592800 -1.75092700
3.08895400 0.77804700
1.42005800 1.76010600
3.99832600 -0.27987900
4.62476200 -2.01705500
3.13976700 1.49052600
4.75659800 -0.39742000

C 0.79530100 2.66047400 0.21225600

C 1.17071900 3.81602700 0.14811100
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-0.
-1.
-1.

-2.
-3.
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-0.
-0.
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-3.
-5.
-5.
-5.
-3.

.54173800
.89195700
.54893400
.23599000
.65687700
.90496000
-0.49079100 5.86719900 -0.20521700

24667500
27897800
13392900
51995800

80633900

83062900
86223900
.54922000
19036400
08850800
27773600
.57884400
90518000
20623700
19806400
88127200
56779500
22742600
81622300
07743000
76670500
18655000
92494100
26693000

.86385500
.66497000
.01664800
.44210900
.48923700

61788100

.43568400
.53140800
.66192700
.05057700
.92612900
.98911400
-2.65445900 -2.79680000 -0.54825100

.18661200
.57905800
.17025700
.92453400
.82299100
.51231300

0.05209300
0.14030200
-0.13589000
0.04236000
0.28418400
-0.23226900
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7.89405800 -0.14334500
7.21807300 0.11146600

8.26298300 -0.37666300
8.94203700 -0.21852000
-1.19114700 -0.69938600

0.47626900 0.15896100 -0.76568000
-0.

0.59577300 -0.51016300
-0.36847100 -0.35543300
-1.74078000 -0.44382000
-2.15082100 -0.44867600
1.98862000 -0.39773900
3.18536400 -0.28903100
4.56994800 -0.16274800
4.97911500 0.08628400
6.33247100 0.20690300
7.29282300 0.08277800
6.89413200 -0.16309900
5.54337100 -0.28550000
0.11415800 -0.00143400
-0.29968800 1.20161400
0.16681700 1.57372100
1.05674800 0.74832200
1.47914300 -0.45083500
1.01527800 -0.82081100
-1.36567300 -1.07101900
0.05543200 -0.87371200
1.01240100 -1.11186500
0.33618700 -1.83049100
0.15176200 0.54337700
1.57538000 -1.62349300
0.76061600 1.39829000

-0.43184600 -2.67132400
-0.29996200 0.83858800
1.97162500 -2.38755000
0.83114100 2.78342300
1.45585200 -1.72796000
1.59867200 3.53901400

S44

-2.14565000 -4.19983100 -0.83303600
-0.85951900 -4.54198200 -0.59701600
0.11243300 -3.56667400 -0.14361400

-3.77976500
-4.56854100
-4.29279900
-3.11907100
1.16023900
2.20280400
3.35747800
.91261000
.61819100
.58726100
-3.68280800
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-4.22986900
-2.43756400
-0.09657100

-2.43314700
-3.38315500
-4.79554000
-5.18220000
-4.01389900
-3.28877300
-3.68700100
-2.17446900
-1.87447900
-1.85617400
4.22808500
6.63966100
8.34743600
7.63820400

-1.50535500
-2.03613400
-1.82552000
-1.27273500
0.60353000
1.35154400
1.36084000
2.06398800
4.07455700
2.55932400
0.18091300
0.39805600
0.17769300
-0.25946400

0.45300800 5.22843900 -0.47568700

-3.27477100
-5.51756300
-6.74882700

-0.98007700
-0.16086200
1.41930900

1.85187000
2.51072000
1.03615200

-5
-3

2.
1

.71767600
.48157700

2.83158700 -2.

33862300

.73279700
.61911000
.62415800
.55661600
.16972700
.02231700
.80020900
.94794400
.99623400

2.16819600 -1.10060900
1.33864000 -1.75649800
11689600 -0.52673600
-1.62914200 -2.13246300

1.92758300 -0.52409400
1.30217800 -2.16948000
3.06224600 -2.39220900
1.60300400 -3.40985200

-0.19044600 3.14985900
1.33114200 2.81860100
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.26830000
.88686600
.01843900
-3.13712000
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-0.55466700
-3.98021200
-5.40957400
-4.99877400
-2.84148100

1.81821800 -2.27865500
0.36290100 -1.72676700
1.80991900 -0.69520700
1.66491300 4.59503000
2.61452700 3.14518000
1.09956600 3.46951100
-2.87802800 0.44328000
-5.58392500 -0.65125800
-1.39012600 -1.70148900
-3.10414100 -2.66457800
-5.53386000 -2.19361500
-6.23142800 -1.22032800

1.29225600 -5.09052700 0.66947600
-0.36297100 -1.57898500 4.46133700

H 0.84665700 -2.87877300 4.44521400

H 1.36543800 -1.17906300 4.46604600



H 0.34312100 -0.86617800 2.17076800
H -0.13951800 -2.57281100 2.17952600

TS2

.14106700
.93349600
.28110700
.65160300
.80768900
.55548200
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.39576800
.99220700
.00774300
.74985200
.40915100
.99296600
.55940300
.86335800
.88895900
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8.15181100
9.24496700
7.82458800
7.84898600
6.13203500
2.05169700
2.58487000
2.31451000
3.38002800
2.37798100
3.11653500
1.90277200
3.65156000
3.78687400
3.32310700
4.27420300

T - - Q =m Q =2 Q O o Q O @m =m =T Q Q o o o o @ = &= Qo o =-m @ QQ @&D Q@& = @& o@D & QO QQ

-4.57566800
-3.42683100
-3.66327500

-5.04428100

.07909400

-5.84662500

-0.79013600 -4.44385600 0.
4.26664500 -2.87594100 -0.
3.63381900 -5.20560800 -1.
2.10305300 -7.09409000 -0.
-0.07787900 -6.68883400 0.
3.25165400 -2.62800500 -0.
-3.48629700 -1.
-1.38072100 -0.

0.23682200

-0.06809600
-0.65158600
-0.96688400
-0.70916500
-0.06557300
76460000
91216700
39838700
95429600
19088200
63454300
47968000
04163000

-0.53345000 0.41717400

0.37520100 0.93435600
-0.77209400 0.27666300

-1.70666200 -0.28740700

0.12659300 0.79497300
0.06520600 -0.25608300
-0.79828500 1.28267500

1
1
2
1
0
1
1
2
2.
0
3
2
3
2
4
4

.34732500
.30402200
.26573700
.39856600
.23778800
.49861900
.60326000
.51550000
69308500
.82192900
.60240400
.44402200
.69491300
.76051900
.37587700
.54173100

-0.80529100 -1.66263600 0.31339900
0.54821100 -2.03533200 0.14414300
1.55296200 -1.00295700 0.08711400
1.14934900 0.35792400 0.11312600

-0.20819100 0.69294100 0.33301700
-1.16031900 -0.33000700

0.45609900
1.47049000
1.42944300
0.97258700
2.52127200
0.88014100
-0.22538600
-1.51684100
0.70215100
-1.86846400
-2.24150300
0.35334100
1.70358000
-0.93364900
-2.87309600
1.08705600
-1.20607200
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-0.65101100
-1.07407100
-1.49733600
-0.54599800
-2.86073700
-0.95609400

.04352800
.18402600
.54183700
.57206900
.87329600
.90175300

o oW N

0
0
0
0
0
0

.34046500
.33274700
.31795400
.16981900
.44696300
.15385400

0.50321000 5.31450700 0.06834700

-3.25874300
-3.59232100
-2.31041900
-0.21827400
-4.31100300
-2.62573400
-2.06137200
-2.06477200
-2.21614300
-2.64428800
-2.89707900
-3.04580100
-3.19834100
-4.50658500
-3.42537100
-5.34007800
-2.92005100
-4.59712100
-4.25173900
-5.77390400
-6.66235800
-5.79874900
-5.65918400
-6.52990500
-4.75857400
-5.62637400
-4.56243900
-3.62524700
-5.04934100
-5.46008100
-5.71549800
-6.38774600
-4.95748400

0.05692000 -
-0.53538800

6.20697500
4.07974200
7.22329100
7.68997300
6.45490000
8.26199000
-2.51378300
-3.27466500
-3.00596300
-0.15916200
-0.07991300
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.42871800
.55900400
.28277100
.03975700
.52813000
.26886500
0.30062800
-0.47922100
1.26754100
0.63242800
1.69431900

0.72052700 0.12924300

-1.48368800
-1.98273000
-1.33068700
-2.60314400
-2.02484100
-1.71661100
-0.30905100
-2.23037700
-1.80884600
-3.31633500
-1.82432800
-2.19534300
-2.24685800
-0.73539900
-0.04829300

0.04701200
0.64918500
-1.46557700
0.01655100
-2.32344500
1.95538000
-1.71506100
2.64191900
2.16420200
2.51738300
4.09333200
4.64253900
4.54877900
4.19453500
-3.11076700

0.11473700 -3.64988100

-0.93452500 -3.52756500

1.16764500 -3.15039800
1.39692100 -4.18944800

0.98846400 -2.59865900

2.03859600 -2.71877900

1.44503100 0.02115700
-0.20441900 0.26344200
0.21329200 0.97582100 0.21531500

1.60494200 0.90930700 -0.07931100
2.21099400 -0.34295800 -0.29455000
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1.42224100 -1.53256800 -0.25737600

-0.43951500 2.22658300 0.39253300
-1.01362100 3.28894600 0.53797300
-1.61105800 4.56903900 0.70789600
-0.81196000 5.72875100 0.63618000
-1.38850500 6.98416400 0.80413400
-2.76058700 7.10342300 1.04341200
-3.55850500 5.95821300 1.11489400
-2.99318100 4.69691300 0.94898100
2.33269000 2.19921500 -0.24581900
2.84649400 2.56101800 -1.49873300
3.49502000 3.78323400 -1.67169200
3.63834000 4.66068900 -0.59446200
3.12745300 4.30895400 0.65725300
2.47434400 3.08808700 0.82884600

-0.99722500 -2.52849900 0.04782200
-2.31621100 -1.73769400 -0.13368300
-2.01769300 -0.34131900 0.48567200
-3.50955200 -2.48523700 0.44746000
-2.61073300 -1.55520200 -1.63170300
-4.30212700 -1.70294600 1.18709200
-3.81630600 -0.99649900 -1.80181100
-3.70916500 -3.66446400 0.22419100
-1.86110800 -1.85803200 -2.53562200
-5.54537300 -2.29141700 1.66428500
-4.23879800 -0.74904600 -3.17163500
-6.61215500 -2.22290800 0.58860200
.66721500 -0.51097800 -0.55912700
.07878100 -1.60584200 -1.35104300
.03135300 -2.60220200 -1.80398600
.08969200 -2.79426300 -0.64098900
.65259900 0.32769600 -0.01444000
.00188800 0.12853700 -0.30080400
.39450200 -0.92159600 -1.13153500
.43065000 -1.79323900 -1.64000000
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.97962000 -3.98767500 -0.03005300
-5.64295800 -0.19207500 -3.11137400

1.18292900 -4.34429100 1.16927100
0.49190100 -5.34841800 1.18549400
1.20747800 -3.56995700 2.27551800
2.73644200 -2.82107700 3.96692500
2.24632400 -2.59298600 2.55187600
0.25250800 5.62848900 0.45015500
-0.76666600 7.87237700 0.74831100
-3.20621800 8.08480300 1.17345000
-4.62436200 6.04863400 1.30050100
-3.60828800 3.80466700 1.00308600
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2.73617400 1.87861300 -2.33557100
3.88586500 4.05166300 -2.64864100
4.14502300 5.61152300 -0.72918400
3.23717600 4

2.07944900 2.81523800 1.80209600
-0.86044200 -3.28969300 -0.71974300
-1.01616400 -3.02717100 1.02109300

.98403700 1.50069300

-2.60440600 0.45957000 0.03236800
-2.25343000 -0.35168500 1.55537800
-5.80946800 -1.68961700 2.53528800
-5.35037500 -3.31825200 1.97925200
-3.53553500 -0.04663200 -3.62769200
-4.19201600 -1.69128900 -3.72409500
-7.55752000 -2.60373200 0.98843400
-6.33505200 -2.83129400 -0.27626700
-6.76655600 -1.19075100 0.26085800
2.47760000 -2.20844100 -2.66794600
3.49840500 -3.54370700 -2.09953700
4.36708600 1.13550200 0.64596200
6.74468400 0.79145700 0.13238300
7.44426300 -1.07838500 -1.36054000
5.72782900 -2.63922100 -2.25331600
2.47270400 -4.84535400 -0.47973400
-5.99651300 0.01192200 -4.12665700
-6.32708300 -0.90703600 -2.64476600
-5.66994400 0.74223500 -2.54258300
.48860900 -2.06544900 4.21630200
.91515200 -2.73903200 4.68516100

.05709200 -2.69534700
.80203100 -1.60193000

.82987000

3 4
1 4
3.19277400 -3.81057600 4.06766800
3 1
1 2.43937100

IN3

C -1.46474600 -0.13309900 0.00007100
C -0.62560700 -1.23678000 -0.00013100
C 0.62551700 -1.23677700 0.00007700
C 1.46485600 -0.13311800 -0.00000500
C 0.70347700 1.05722800 -0.00004200
C -0.70352000 1.05728600 -0.00000400
H -2.54884500 -0.13264600 0.00009300
H 2.54892900 -0.13259700 0.00011700
H 1.22975800 2.00834500 -0.00000800
H -1.22970000 2.00845900 -0.00000300

TS3

C

2.59743500 -1.65055100 1.59621800



C 1.48744100 -1.25500900 0.83641600
C 1.41375300 -1.57983800 -0.53867200
C 2.49328900 -2.26601500 -1.13092800
C 3.60010100 -2.62867700 -0.37574100
C 3.65571900 -2.32017900 0.99252000
H 2.62693800 -1.42093100 2.65671000
H 0.62827900 -0.81298300 1.32663900
H 2.44959600 -2.50387100 -2.18981600
H 4.42543000 -3.15409500 -0.84637600
H 4.52067000 -2.61428500 1.57909600
C 0.29713600 -1.15697900 -1.36219800
H 0.30877100 -1.46189200 -2.40889800
C -0.65082400 -0.31196200 -0.98511900
C -1.77694700 0.26458100 -0.62247400
H -1.89451100 1.34285300 -0.59734300
C -2.94872200 -0.55757600 -0.22168900
0 -2.99001300 -1.77379600 -0.17875900
C -5.20542700 -0.42594700 0.50341400
H -5.52636100 -1.09247600 -0.30257400
H -4.99143700 -1.03856600 1.38423100
C 2.97672400 1.85736300 0.86567800

C 1.88578700 1.20357700 0.32782300

C 0.97604500 1.67123100 -0.41854900
C 0.92391000 2.99574100 -0.83954100
C 2.00385900 3.76341400 -0.35493500
C 2.99993700 3.21256900 0.47143800

H 3.73553500 1.42127400 1.50762300

H 0.15564500 3.43124900 -1.47176000
H 2.06860500 4.81338800 -0.62944900
H 3.81251400 3.84667900 0.81695600

C -6.23330800 0.64475400 0.79512900
H -7.17018500 0.17364500 1.10816500
H -5.89490100 1.30535500 1.59917100
H -6.43282300 1.24980400 -0.09449300
O -3.98464000 0.24277800 0.09493000
IN4

C 3.87607400 -0.73947700 -0.13235000
C 2.44811800 -0.40742600 -0.50362100
C 1.45960700 -1.45960300 -0.04911100
C 1.94463700 -2.81231400 0.11819500
C 3.27152100 -3.07542400 0.20381200
C 4.24848000 -2.00102400 0.14617500
H 4.61986400 0.04680500 -0.17900100
H -0.55969100 -1.95901400 0.32653200
H 1.20953200 -3.60143300 0.25025900

H 3.61797200 -4.09039200 0.37374000

S47

H 5.29062000 -2.
C 0.14646600 -1.
-0.

-1.

-2

-2.
-2.

37131000
71347700
.05240400
79726000
72282500
.16740200
.11470800
.17580200

.89593800
.98783200
.62710700
.24446700
.16200100

.49539300
.93458800

w N PO O N

-6.37562600

=7
-6
-6

.28871000
.41482500
.35496700

2
1
1
2.
3
3
1

0.
0.

1

23318000 0.34462100
16203400 0.13231200
18385400 0.06376900
45757400 0.01642000
.48232300 -0.05739500
0.52122000 0.02513400
1.74385500 0.09280400
0.71991000 -0.05652300
1.40671400 -0.90741500
1.32200000 0.85763300
.07776700 -0.26386300
.01284100 -0.20794600
.28459200 0.06061400
61136800 0.33657900
.65273900 0.30466700
.38638200 -0.01218400
.89127800 -0.50989100

-0.78391500 2.83244100 0.59541900
0.83936700 4.66553200 0.52474800
3.22296900 4.19116100 -0.05294800
-3.99264100

0.12071900 -0.05607300

0.18799200 -0.14197900

0.
0.

0.41545300 -0.14372900
86911700 0.71370200
78319400 -1.06014500

2.43843300 -0.48864300 -1.61058000

TS4
C 3.89606700

C 2.52285500

C
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1.

1
3.
4
4

50677200

.98198100

30802500

.27666600
.65132600 0.03580400 -0.17546500

.73588400 -0.10000100
.35639200 -0.00061200
.43006000 0.10229900
.81176900 0.03244100
.09886600 -0.06267200
.05190800 -0.13427700

-0.58794800 -1.94147100 0.10243300

1.23300700 -3.59583100 0.06665200

.63713800
.32874400
.11529500
.95001500

.37950300
.75552200
.09105700
.80122500
.72688400
.17404100

4.
2.
1.

1

0.
0.
1.

13214600 -0.10046200
30327900 -0.21343700
12109300 0.06886300
.06244400 1.17601500
18935900 0.01325400
48352300 -0.03643200
50655400 -0.12126500

0.48411600 0.00463200
1.71854700 0.08821700
0.74562700 -0.01254200



H -5.14722900 -1.34006000 0.90802700
H -5.13448600 -1.44882700 -0.85262700
C 2.94431600 2.09021700 0.00965300

C 2.02953700 1.01424400 0.01200300

C 0.62638300 1.28233400 0.00856100

C 0.22437100 2.63419800 0.01974000

C 1.13831700 3.67521800 0.00968100

C 2.51245900 3.40344000 -0.00021300

H 4.00861800 1.89135400 0.02083500

H -0.82901600 2.87848500 0.04492500

H 0.78434000 4.70143100 0.01499600

H 3.23477300 4.21333100 -0.00359100

C -6.42025900 0.11528300 -0.07430900
H -7.31332900 -0.51724100 -0.04160600
H -6.45884800 0.80839300 0.77224100

H -6.44710700 0.69985400 -0.99957500
O -4.03985300 0.13023300 -0.05803100
TS5

C -1.34840000 1.90841600 -1.42913700
C -1.16286500 0.93299500 -0.38727800
C -0.75538000 1.41482900 0.94832100

C -0.52490800 2.81686700 1.12563700

C -0.66786000 3.68764000 0.07901300

C -1.07825800 3.23066300 -1.21272300
H -1.70645400 1.56895400 -2.39646000
H 0.47762300 0.74168300 2.56888300

H -0.19951200 3.16731300 2.10103000

H -0.46721900 4.74483100 0.22588200

H -1.19267800 3.95021200 -2.01758200
C -0.25572200 0.45146500 1.82711500

C -0.22571000 -0.83618000 1.21259900
C 0.86121600 -1.09634600 0.34555700

H 0.81423600 -1.96619100 -0.30555800
C 2.24121000 -0.57642300 0.56550800

0 2.62009400 0.10345900 1.50309100

C 4.41027600 -0.48357700 -0.39752100
H 4.40430900 0.61005300 -0.36577500

H 4.86961400 -0.84688800 0.52650200

C -3.12134800 -0.58277100 -1.08605500
C -1.97765200 -0.30458900 -0.33078400
C -1.49724700 -1.26719300 0.58081100
C -2.11573700 -2.51001100 0.69873800
C -3.25795700 -2.77840700 -0.05937800
C -3.75781200 -1.81671700 -0.94371800
H -3.52106800 0.16489300 -1.76407800
H -1.71667300 -3.25306300 1.38227300
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-3.75997600 -3.73570000 0.04184200
-4.65282800 -2.02766000 -1.52138700

3
5
6.
5
4
0
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-4.

-2

-2.
-3.
-4.

-4

-4.
-0.
-2.
-5.
-6.
-0.

.03867500
.11715900

15830100

.10951000
.64190600

14454000
.76284800
22064300
08136700
42762300
.96412200
58339900
44487700
65551400
07203800
02180000
82254700

-0.
-1.
-0.
-2.
-0.

-0.
-0.
-1.
-2.
-2.

-1
0.

-2.
-3.
-3.
-1.
-1.

0.06966800 -0.

1
1
2
2.
4
4
4

.49890400
.70393500
.49636300

43262900

.78753400
.98978500
.53947900

-0.
-1.
-0.
0.4
-0.
0.4
-0.

-2.34042200 2.
-1.86672500 1.

-0.47947700 0.

95430800 -0.45048500
01040800 -1.62657200
67345800 -1.61980300
10446700 -1.64477200
64169100 -2.54060000

.17273100 0.02644900 -0.55203500

05405300 -0.43152900
13834800 -0.14288500
40974600 0.20988600
53600900 0.26765400
42187000 -0.01665700
.16821100 -0.37201100
89857300 -0.70596400
54464600 0.65926600
49913500 0.53715300
29506600 0.03107900
07387400 -0.59912300
54563400 0.45294400
49637000 0.38646800
73697800 0.62411100
71982700 1.04916800
34835200 -0.33759900
9629100 -1.23464700
64537100 -0.93911700
2485700 -0.81361700
80513200 -1.99490900
31600700 -0.43067800
00840200 -0.16141600
83479400 0.13975500

0.33910600 1.98583800 0.24508600
-0.15799800 3.25095200 -0.00094200

-1.50634300 3.41564900 -0.36582000

-3.38420900 2.46870500 -0.67950000
1.36367500 1.86138800 0.56162200
0.49031200 4.11727800 0.09483200

-1.90005800 4.

5.
6.
6.
5.
3.
2.
2.

98175500
85379000
23216500
77745700
68180700

-1.
-1.
-1.
-2.
-1

40647600 -0.57361000
48203600 -0.52320000
22013000 -1.13138800
30989400 0.52864300
54928000 -0.65755200

.03087300 -0.11352100

08886200 0.28560800 1.74328400

52387600 0.98431000 2.34574100
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-4.09137000 -0.16140600 -0.48145000
-2.71905000 -0.18082900 -0.13887300
-2.14558000 -1.41693700 0.27929100
-2.96114500 -2.57375800 0.34622000
-4.29935100 -2.52342600 0.00914700

-4.86800600 -1.30477600 -0.41080500
-4.55551800 0.76270800 -0.80667700
-0.34369600 -2.46103700 0.84532000
-2.50838200 -3.50858100 0.66631700
-4.91167000 -3.41875200 0.06473400
-5.91921700 -1.26023500 -0.67941900
-0.75170700 -1.48696100 0.58528100
.08931300 -0.40392700 0.52392200
.53808500 -0.56643200 0.82168300
.74218800 -1.52445000 1.30579600
.47013800 -0.35316800 -0.28460800
.32396400 0.35515900 -1.27638400
.69833100 -0.77173100 -1.01826000
.92546400 0.29958500 -1.05392600

S NN O

.35454300 -1.06618100 -2.01587200
-2.37310700 2.27301300 -0.52760600
-1.86731600 0.99888500 -0.17180600
-0.48898100 0.89097100 0.19288100
0.29366600 2.07062900 0.25934000

-0.23599500 3.30128400 -0.07704000
-1.57573200 3.40104800 -0.49472800
-3.41085200 2.37642800 -0.82273600
1.30494600 1.99568700 0.63735700

0.38005500 4.19368100 -0.01095800
-1.99206800 4.36556400 -0.77095600
5.90661000 -1.57916100 -0.58885100
6.72762800 -1.42648100 -1.29686600
6.24860200 -1.27353300 0.40513300
5.67272400 -2.64824900 -0.55969100
3.65464000 -1.01011100 -0.05854800
2.03062500 0.41332600 1.66235200

2.52366500 1.30446900 2.24079200

IN6

C -3.57921400 -0.94791000 -0.69855600
C -2.38435900 -0.49146900 -0.11695300
C -1.46659400 -1.43760000 0.38023100
C -1.76546400 -2.79980200 0.30883000
C -2.96247200 -3.24051300 -0.25514700
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-3.86917600 -2.30832100 -0.76429700
-4.28247400 -0.23857200 -1.12087200
0.58544700 -1.75266900 0.95863900

-1.04780600 -3.51836400 0.69522000
-3.17947300 -4.30305800 -0.30904400
-4.79667800 -2.63983000 -1.22112800
-0.17338300 -0.97497600 1.00962700
-0.35495600 -0.78032500 2.07946300

.32845100 0.30901400 0.40459700

.61597700 0.54573500 0.06232300

.87764300 1.49108600 -0.39959400
.74582100 -0.37973900 0.23055100
.74748900 -1.47695000 0.77306100
.06578600 -0.63589100 -0.22404700
.27636900 -0.83774000 0.83070700

S o DN O

.89537000 -1.59544800 -0.72183200
-3.03007600 1.94187700 -0.16860600

-2.05155900 0.94647000 -0.01792700
-0.70903800 1.34379700 0.21280300
-0.39606100 2.71125300 0.27591800
-1.37834600 3.68201600 0.11266400
-2.70188300 3.29283800 -0.10870500
-4.06555300 1.65868900 -0.31983300

0.62460600 3.01241000 0.48615000

-1.11793400 4.73376600 0.17702700

-3.48040800 4.04109100 -0.22166100
.17938600 0.14993700 -0.88130200
.33750000 1.10634200 -0.37349300

.95235400 0.34674700 -1.93353900

6
6
7.10991400 -0.42398600 -0.83173100
5
3.85992300 0.15939600 -0.31637400

3.16441800 -1.72634200 0.20490500
2.04839500 -0.87582600 0.02799900
0.79080500 -1.47305100 -0.26601100
0.68855600 -2.87944300 -0.37306400
1.79577400 -3.68571100 -0.19486000
3.04262300 -3.10048200 0.09633600
4.13797500 -1.30679400 0.42890500
-1.29793900 -1.15562600 -0.67730500
-0.28152100 -3.31391200 -0.59814100
1.70713100 -4.76452700 -0.27876400
3.91615000 -3.72977400 0.23699400
-0.36527400 -0.64804000 -0.45093900
-0.31764800 0.71056300 -0.35378800
-1.55264600 1.57092300 -0.55654900
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-1
-2.
-3.
-4.
-5.
-4.

.42938900

81899800
32883200
49514500
30113800
27922200

2.20272800 -1.44136200
0.76576200 -0.74364000
0.50730400 -1.81687800

-0.48582800 0.38244100

0.07956900 -0.09427200
-1.35917500 -0.23985000
3.33673400 1.24293600

2.12369400 0.57472600
0.94505900 1.36024700
1.04014800 2.76962800

2.24219900 3.39283700

0.41480000
0.12953400
-0.06403600
0.02965600
0.30715700
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-4
-5
-4
-5
-3

.40008700
.24344000
.15504200
.28978500
.34663700

.83837600
.73107800
.01924300
.04436800
.30949900

.62132300 0.50333100
.67019000 0.56896600
.37625800 -0.12089000
.47542300 0.37334200
.10548100 0.72328200
-0.87455800 1.80326800
-1.50760400 1.80260300
-1.43459000 2.26453600
0.01013300 2.41336300
0.35047100 0.43612200



