
 15 

lks  
 

 

 

 

 

DMR277

7.0 6.5 6.0 5.5 5.0
Chemical Shift (ppm)

1.02.11.1

 
DMR277

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.91.02.23.01.32.43.21.01.01.01.11.02.11.1

 

(6R,8R,9S,10R,13S,14S)-6-bromo-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-dione 

H

O

O

Br

H H

 

Scheme1-Int 1 
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DMR454CARBON

75 70 65 60 55 50 45 40 35 30 25 20 15 10
Chemical Shift (ppm)  

DMR454CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)  

(6R,8R,9S,10R,13S,14S)-6-bromo-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-dione 

H

O

O

Br

H H

 

Scheme1-Int 1 
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HDDG002 PROTON

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.26.63.74.42.31.11.11.0

 
HDDG002 PROTON

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.26.63.74.42.31.11.11.01.01.01.0

 

(8R,9S,10R,13S,14S)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(4H)-dione 

H

O

O

H H
 

Scheme1-Int 2 
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HDDG002 CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)  

HDDG002 CARBON

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 

(8R,9S,10R,13S,14S)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(4H)-dione 

H

O

O

H H
 

Scheme1-Int 2 
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DMR454LONG

6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6
Chemical Shift (ppm)

1.10.21.0

 
 
DMR454LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.21.27.02.06.13.93.81.21.10.21.0

 
 

(6S,8R,9S,10R,13S,14S)-6-bromo-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-3,17(2H,6H)-
dione 

H

O

O

Br

H H

 

Scheme1-Int 3 
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DMR454CARBON

75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 
 
DMR454CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)  

 

(6S,8R,9S,10R,13S,14S)-6-bromo-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-3,17(2H,6H)-
dione 

H

O

O

Br

H H

 
 

Scheme1-Int 3 
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DMR416A

3.5 3.0 2.5 2.0 1.5 1.0 0.5
Chemical Shift (ppm)

3.21.13.32.14.83.25.51.12.21.11.0

 
DMR416A

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.21.13.32.14.83.25.51.12.21.11.01.0

 

(8R,9S,10R,13S,14S)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[a]phenanthrene-3,17(2H,4H)-dione 

H

O

O

H H
 

 

Scheme1-Int 4 
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HDDG018CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Chemical Shift (ppm)

 
HDDG018CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 

(8R,9S,10R,13S,14S)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[a]phenanthrene-3,17(2H,4H)-dione 

H

O

O

H H
 

 

Scheme1-Int 4 
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DMR659_PROTON

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0
Chemical Shift (ppm)

1.01.01.0

 
 

DMR659_PROTON

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.79.27.02.31.01.01.0

 
 

(8R,9S,10R,13S,14S)-4-diazo-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[a]phenanthrene-3,17(4H)-dione 

H

O

O

H H

N2  
 

2 
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DMR659_CARBON

75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 
 DMR659_CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-4-diazo-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[a]phenanthrene-3,17(4H)-dione 

H

O

O

H H

N2  
 

2 
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HDDG007_PROTON

7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical Shift (ppm)

0.70.80.70.81.0

 
 
HDDG007_PROTON

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.79.33.14.94.42.91.20.70.80.70.81.0

 
 

(8R,9S,10R,13S,14S)-4-ethoxy-3-hydroxy-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-7H-cyclopenta[α]phenanthren-17(8H)-one 

H

HO

O

H H

O  
 

5a 
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HDDG007_CARBON_II

75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Chemical Shift (ppm)

 
 
HDDG007_CARBON_II

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 

(8R,9S,10R,13S,14S)-4-ethoxy-3-hydroxy-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-7H-cyclopenta[α]phenanthren-17(8H)-one 

H

HO

O

H H

O  
 

5a 
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DMR399LONG

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0
Chemical Shift (ppm)

0.81.01.0

 
 
DMR399LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.71.45.53.55.34.33.31.42.80.81.01.0

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-4-methoxy-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-7H-cyclopenta[α]phenanthren-17(8H)-one 

H

HO

O

H H

O  
 

5b 
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DMR399CARBON

216 208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-4-methoxy-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-7H-cyclopenta[α]phenanthren-17(8H)-one 

H

HO

O

H H

O  
 

5b 
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DMR584_LONG

7.5 7.0 6.5 6.0 5.5 5.0
Chemical Shift (ppm)

1.00.90.91.01.17.2

 
 
DMR584_LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

0.98.73.34.74.72.21.11.00.90.91.01.17.2

 
 

(8R,9S,10R,13S,14S)-4-(benzyloxy)-3-hydroxy-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-7H-cyclopenta[α]phenanthren-17(8H)-
one 

H

HO

O

H H

O Ph  
 

5c 
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DMR584CARBON

75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 
 
DMR584CARBON

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 

(8R,9S,10R,13S,14S)-4-(benzyloxy)-3-hydroxy-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-7H-cyclopenta[α]phenanthren-17(8H)-
one 

H

HO

O

H H

O Ph  
 

5c 
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DMR450_II

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0
Chemical Shift (ppm)

0.970.910.951.000.52

 
 
DMR450_II

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.627.339.703.701.190.970.910.951.00

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-17-oxo-8,9,10,11,12,13,14,15,16,17-decahydro-7H-cyclopenta[α]phenanthren-4-yl 
acetate 

H

HO

O

H H

O

O  
 

5d 
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DMR450CARBON

75 70 65 60 55 50 45 40 35 30 25 20 15 10
Chemical Shift (ppm)

 
 
DMR450CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-17-oxo-8,9,10,11,12,13,14,15,16,17-decahydro-7H-cyclopenta[α]phenanthren-4-yl 
acetate 

H

HO

O

H H

O

O  
 

5d 
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DMR292_LONG

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5
Chemical Shift (ppm)

0.90.90.91.0

 
 
DMR292_LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.410.310.31.20.83.20.90.90.91.0

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-17-oxo-8,9,10,11,12,13,14,15,16,17-decahydro-7H-cyclopenta[α]phenanthren-4-yl 
propionate 

H

HO

O

H H

O

O  
 

5e 
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DMR292_CARBON

75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 
 
DMR292_CARBON

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-17-oxo-8,9,10,11,12,13,14,15,16,17-decahydro-7H-cyclopenta[α]phenanthren-4-yl 
propionate 

H

HO

O

H H

O

O  
 

5e 
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HDDG019LONG

7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3
Chemical Shift (ppm)

1.01.01.01.05.6

 
HDDG019LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.36.87.62.11.02.11.01.01.01.05.6

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-17-oxo-8,9,10,11,12,13,14,15,16,17-decahydro-7H-cyclopenta[α]phenanthren-4-yl 2-
phenylacetate 

H

HO

O

H H

O

O  
 

5f 
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HDDG019CARBON

195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75
Chemical Shift (ppm)  

 
HDDG019CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-17-oxo-8,9,10,11,12,13,14,15,16,17-decahydro-7H-cyclopenta[α]phenanthren-4-yl 2-
phenylacetate 

H

HO

O

H H

O

O  
 

5f 
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TRIENE

7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8
Chemical Shift (ppm)

1.92.01.0

 
 
TRIENE

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.03.11.42.23.52.02.12.11.92.01.0

 
 

(8R,9S,10R,13S,14S)-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-3H-cyclopenta[α]phenanthrene-3,17(8H)-dione 
 

H

O

O

H H
 

 

6 
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TRIENE_C13

190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80
Chemical Shift (ppm)

 
 TRIENE_C13

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-10,13-dimethyl-9,10,11,12,13,14,15,16-octahydro-3H-cyclopenta[α]phenanthrene-3,17(8H)-dione 
 

H

O

O

H H
 

 

6 
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DMR590_LONG

5.5 5.0 4.5 4.0 3.5
Chemical Shift (ppm)

0.20.21.01.01.0

 
 
DMR590_LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.97.23.31.37.31.32.33.53.80.20.21.01.01.00.1

 
 

(8R,9S,10R,13S,14S)-4-ethoxy-3-hydroxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthren-17(2H)-
one 

H

HO

O

H H

O  
 

7a 
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DMR590CARBON

210 205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80
Chemical Shift (ppm)

 
 DMR590CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-4-ethoxy-3-hydroxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthren-17(2H)-
one 

H

HO

O

H H

O  
 

7a 
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DMR314B

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

5.48.37.47.61.34.23.71.00.8

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-4-methoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthren-17(2H)-
one 

H

HO

O

H H

O  
 

7b 
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DMR599CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 
 
DMR599CARBON

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-3-hydroxy-4-methoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthren-17(2H)-
one 

H

HO

O

H H

O  
 

7b 



 43 

 

DMR486A

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical Shift (ppm)

1.01.01.01.05.30.6

 
 
DMR486A

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

8.811.16.29.32.91.11.01.01.01.05.30.6

 
 

(8R,9S,10R,13S,14S)-4-(benzyloxy)-3-hydroxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-
17(2H)-one 

H

HO

O

H H

O Ph  
 

7c 
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DMR575CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Chemical Shift (ppm)

 
 
DMR575CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(8R,9S,10R,13S,14S)-4-(benzyloxy)-3-hydroxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthren-
17(2H)-one 

H

HO

O

H H

O Ph  
 

7c 
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DMR392_600

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
Chemical Shift (ppm)

1.91.01.81.0

 
 DMR392_600

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.99.65.23.01.01.91.01.81.0

 
 

(6R,8R,9S,10R,13S,14S)-6-ethoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-dione 

H

O

O

H H

O  
 

8a 
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DMR392CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)  

 DMR392CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-6-ethoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-dione 

H

O

O

H H

O  
 

8a 
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DMR268CLEAN

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
Chemical Shift (ppm)

2.80.91.81.0

 
 
DMR268CLEAN

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.21.06.25.42.91.22.80.91.81.0

 
 

(6R,8R,9S,10R,13S,14S)-6-methoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-
dione 

H

O

O

H H

O  
 

8b 
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DMR268CARBON

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Chemical Shift (ppm)

 
 
DMR268CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-6-methoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-
dione 

H

O

O

H H

O  
 

8b 
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DMR299_600

7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical Shift (ppm)

1.00.91.01.91.05.5

 
 DMR299_600

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.11.03.33.13.13.21.21.91.11.00.91.01.91.05.5

 
 

(6R,8R,9S,10R,13S,14S)-6-(benzyloxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-
dione 

H

O

O

H H

OPh  
 

8c 
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DMR299CARBON

195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75
Chemical Shift (ppm)

 
 
DMR299CARBON

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-6-(benzyloxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-
dione 

H

O

O

H H

OPh  
 

8c 



 51 

 

DMR251PROTON

7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical Shift (ppm)

0.970.900.851.000.300.060.00

 
 
DMR251PROTON

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.7711.972.881.361.004.152.311.060.970.900.851.000.36

 
 

(6R,8R,9S,10R,13S,14S)-6-(tert-butoxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-
dione 

H

O

O

H H

O
 

 

8d 
 



 52 

 

DMR251CARBON

190 185 180 175 170 165 160 155 150 145 140 135 130 125 120
Chemical Shift (ppm)

 
 

DMR251CARBON

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-6-(tert-butoxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-3H-cyclopenta[α]phenanthrene-3,17(6H)-
dione 

H

O

O

H H

O
 

 

8d 
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HDDG033PROTON

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4
Chemical Shift (ppm)

0.91.01.01.0

 
 
HDDG033PROTON

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.97.42.13.15.91.10.91.01.01.0

 
 

(6R,8R,9S,10R,13S,14S)-10,13-dimethyl-3,17-dioxo-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[α]phenanthren-6-yl 
acetate 

H

O

O

H H

O

O  
 

8e 
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HDDG033C13

195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120
Chemical Shift (ppm)  

 
HDDG033C13

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-10,13-dimethyl-3,17-dioxo-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[α]phenanthren-6-yl 
acetate 

H

O

O

H H

O

O  
 

8e 
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DMR293TOP

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0
Chemical Shift (ppm)

0.91.00.91.0

 
 
DMR293TOP

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

12.74.116.25.03.43.12.90.91.00.91.0

 
 

(6R,8R,9S,10R,13S,14S)-10,13-dimethyl-3,17-dioxo-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[α]phenanthren-6-yl 
propionate 

H

O

O

H H

O

O  
 

8f 
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DMR293CARBON

190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110
Chemical Shift (ppm)  

 
DMR293CARBON

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-10,13-dimethyl-3,17-dioxo-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[α]phenanthren-6-yl 
propionate 

H

O

O

H H

O

O  
 

8f 
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DMR296_LONG

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
Chemical Shift (ppm)

1.60.81.70.84.5

 
 
DMR296_LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.23.71.12.13.81.91.01.60.81.70.84.5

 
 

(6R,8R,9S,10R,13S,14S)-10,13-dimethyl-3,17-dioxo-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[α]phenanthren-6-yl 2-
phenylacetate 

H

O

O

H H

O

O
Ph

 
 

8g 
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DMR296CARBON

210 205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125
Chemical Shift (ppm)  

 

DMR296CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-10,13-dimethyl-3,17-dioxo-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[α]phenanthren-6-yl 2-
phenylacetate 

H

O

O

H H

O

O
Ph

 
 

8g 
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DMR574_LONG

5.5 5.0 4.5 4.0 3.5 3.0
Chemical Shift (ppm)

1.01.11.31.0

 
 
DMR574_LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.410.21.24.01.25.83.61.01.11.31.00.2

 
 

(6R,8R,9S,10R,13S,14S)-6-ethoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-3,17(2H,6H)-
dione 

H

O

O

H H

O  
 

9a 
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DMR574CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 
 
DMR574CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 
 

(6R,8R,9S,10R,13S,14S)-6-ethoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-3,17(2H,6H)-
dione 

H

O

O

H H

O  
 

9a 
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DMR315_LONG

3.5 3.0 2.5 2.0 1.5 1.0
Chemical Shift (ppm)

4.16.34.86.83.23.01.0

 
 
DMR315_LONG

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.16.34.86.83.23.01.01.0

 
 

(6R,8R,9S,10R,13S,14S)-6-methoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-3,17(2H,6H)-
dione 

H

O

O

H H

O  
 

9b 
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DMR315CARBON

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 DMR315CARBON

216 208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

 

(6R,8R,9S,10R,13S,14S)-6-methoxy-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-3,17(2H,6H)-
dione 

H

O

O

H H

O  
 

9b 
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HDDG041

7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical Shift (ppm)

1.01.11.01.19.5

 
 
HDDG041

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.99.64.62.55.54.21.01.11.01.19.5

 
 

(6R,8R,9S,10R,13S,14S)-6-(benzyloxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-
3,17(2H,6H)-dione 

H

O

O

H H

OPh  
 

9c 
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HDDG041CARBON

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

 
 
HDDG041CARBON

208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)  

 

(6R,8R,9S,10R,13S,14S)-6-(benzyloxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-
3,17(2H,6H)-dione 

H

O

O

H H

OPh  
 

9c 
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DMR376A

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

4.114.910.55.80.91.91.01.0

 
 

(6R,8R,9S,10R,13S,14S)-6-(tert-butoxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-
3,17(2H,6H)-dione 

H

O

O

H H

O
 

 

9d 
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DMR376_Carbon

75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Chemical Shift (ppm)

 
 
DMR376_Carbon

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)  

 

(6R,8R,9S,10R,13S,14S)-6-(tert-butoxy)-10,13-dimethyl-7,8,9,10,11,12,13,14,15,16-decahydro-1H-cyclopenta[α]phenanthrene-
3,17(2H,6H)-dione 

H

O

O

H H

O
 

 

9d 


