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1. 'H and *C NMR data of intermediates U13a-U13i

1.1. (3R,7S,10S,13R)-17-((R)-5-(4-benzylpiperazin-1-yl)-5-oxopentan-2-yl)-10,13-d
imethyl-hexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyl diacetate (U13a).Ye
llow oil (31% yield).!H-NMR (600MHz, CDCls) 6w: 7.33 (3H, d, J= 3.6Hz), 7.28 (2
H, d, J= 3.6 Hz), 4.76 (1H, m), 4.66 (1H, m), 2.02 (3H, s), 1.9(3H, s), 0.97 (3H, s), O.
92 (3H, d), 0.67 (3H, s); 3C-NMR (150MHz, CDCl3)dc: 172.1 170.8, 170.7, 133.7,
129.4 (2xC), 128.6 (2xC), 127.5, 73.7, 73.7, 63.0, 60.5, 55.4, 55.2, 53.2, 52.9, 43.7,
42.2,40.1, 40.1, 39.5, 35.6, 34.6, 34.1,33.0 (2xC), 31.5, 28.6, 26.5, 25.8, 23.4, 22.0,

21.5,21.3,18.7, 12.2; HR-ESI-MS: m/z 635.4418 [M+H]".

1.2. (3R,7S,10S,13R)-17-((R)-5- (4-cinnamylpiperazin-1-yl)-5-oxopentan-2-yl)-10,13
-dimethylhexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyldiacetate(U13Db). Yel
low oil (33% yield). 'H-NMR (600MHz, CDCls) dn: 7.38 (2H, d, J= 7.8 Hz), 7.24 (2

H, d, J= 7.2 Hz), 4.76 (1H, m), 4.66 (1H, m), 1.98 (3H, s), 0.97 (3H, s), 0.94 (3H, d),

0.67 (3H, s); 3C-NMR (150MHz, CDCls) dc: 172.2, 170.8, 170.7, 136.7, 128.8 (4xC)
, 127.9,126.5 (2xC), 73.7, 73.7, 61.0, 55.4, 55.2, 52.9, 43.7, 42.2, 40.1, 40.1, 39.5, 35
.6, 34.6, 34.1, 33.0 (2xC), 31.5, 30.3, 28.6, 26.5, 25.8, 23.4, 22.0, 21.5, 18.8, 12.2; HR

-ESI-MS: m/z 661.4572 [M+H]*.

1.3. (3R,7S,10S,13R)-10,13-dimethyl-17-((R)-5-0x0-5-(piperazin-1-yl) pentan-2- yl)
hexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyldiacetate(U13c). White
power (21% yield). *H-NMR (600MHz, CDCls) 5n: 4.76 (1H, m), 4.66 (1H, m),
2.02 (3H, s), 0.97 (3H, s), 0.94 (3H, d), 0.68 (3H, s); *C-NMR (150MHz, CDCl5)
oc:172.2,170.8,170.7, 73.7, 73.7,55.4, 55.1, 44.2, 44.0, 43.8, 42.2, 40.1, 40.1,
39.5, 35.5, 34.6, 34.1, 33.0 (2xC), 31.3, 30.1, 28.7, 26.5, 25.8, 23.4, 22.0, 21.5, 21.3,

18.7,12.2; HR-ESI-MS: m/z 545.3950 [M+H]".



1.4 (3R,7S,10S,13R)-17-((R)-5-(cyclopropylamino)-5-oxopentan-2-yl)-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyldiacetate(U13d).
White power (37% yield). *H-NMR (600MHz, CDCls) Jn: 4.76 (1H, m), 4.66 (1H,
m), 2.02 (3H, s), 1.98 (3H, s), 0.97 (3H, s), 0.91 (3H, d), 0.67 (3H, s); 3C-NMR
(150MHz, CDCI3) dc: 175.0, 170.8, 170.7, 73.7, 73.7,55.4, 55.2, 43.7, 42.2, 40.1,
40.1, 39.5, 35.5, 34.6, 34.1, 33.6, 33.0 (2xC), 31.8, 28.6, 26.5, 25.7, 23.4, 22.0, 21.5,

21.3,18.6,12.2, 6.8, 6.8; HR-ESI-MS: m/z 538.3506 [M+Na]".

1.5. (3R,7S,10S,13R)-10,13- dimethyl-17-((R)-5-((4-methylpiperazin-1-yl)amino)-5-0
xopentan-2-yl)hexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyldiacetate (U13e
). White power (18% yield). *H-NMR (600MHz, CDCl3) 6+: 4.76 (1H, m), 4.66 (1H,
m), 2.02 (3H, s), 1.98 (3H, s), 0.97 (3H, s), 0.92 (3H, d), 0.68 (3H, s); *C-NMR (150
MHz, CDCls) éc: 171.4, 170.8, 170.7, 73.7, 73.7, 55.9 (2xC), 55.3, 55.2, 53.6 (2xC),
43.7,42.2,40.1, 40.1, 39.5, 35.6, 34.6, 34.6, 34.1, 33.0 (2xC), 32.1, 31.8, 28.6, 26.5,

25.7,23.4,22.0,21.5,21.3, 18.8, 12.2; HR-ESI-MS: m/z 574.4224 [M+H]".

1.6. (3R,7S,10S,13R)-10,13-dimethyl-17-((R)-5-0x0-5-(p-tolylamino) pentan-2-yl)
hexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyl diacetate (U13f). White
power (46% yield). *H-NMR(600MHz, CDCls) 8u: 7.39(2H, d, J= 7.8 Hz), 7.11 (2H,
d, J= 8.4 Hz), 4.76 (1H, m), 4.66 (1H, m), 2.30 (3H, s), 2.02 (3H, s), 1.98 (3H, s),
0.97 (3H, s), 0.95 (3H, d), 0.68 (3H, s); *C-NMR(150MHz, CDCls) éc: 171.7, 170.8,
170.7, 135.6, 133.9, 129.6(2xC), 120.0(2xC), 73.7, 73.7, 55.3, 55.2, 43.7, 42.2, 40.1,
40.1, 39.5, 35.4, 34.7, 34.6, 34.1, 33.0(2xC), 31.7, 28.6, 26.5, 25.8, 23.4, 22.0, 21.5,

21.3,21.0, 18.7,12.2; HR-ESI-MS: m/z 588.3666 [M+Na]".

1.7 (3R,7S,10S,13R)-17-((R)-5-((4-chlorophenyl) amino)-5-oxopentan-2-yl)-10,13-di

methylhexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyl diacetate (U13g). Whit



e power (43% yield). *H-NMR (600MHz, CDCls3) 5n: 7.48 (2H, d, J= 9.0 Hz), 7.27 (2
H, d, J= 8.4 Hz), 4.76 (1H, m), 4.66 (1H, m), 1.98 (3H, s), 0.97 (3H, s), 0.96 (3H, d),
0.68 (3H, s); 3C-NMR (150MHz, CDCls) éc: 171.8, 170.8, 170.7, 136.7, 129.2, 129.1
(2xC), 121.1 (2xC), 73.7, 73.7,55.3, 55.2,43.7, 42.2, 40.1, 40.1, 39.5, 35.4, 34.6 (2%
C), 34.1, 33.0 (2xC), 31.6, 28.6, 25.7,23.4, 22.0, 21.3, 18.7, 12.2; HR-ESI-MS: m/z 60

8.3121 [M+Na]".

1.8. (3R,7S,10S,13R)-17-((R)-5-((4-hydroxyphenyl)amino)-5-oxopentan-2-yl)-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyl diacetate (U13h).Wh
ite power (46% yield). *H-NMR (600MHz, CDCls) 6+: 7.29 (2H, d, J= 8.4Hz), 6.76 (
2H, d, J= 8.4 Hz), 4.76 (1H, m), 4.66 (1H, m), 2.03 (3H, s), 1.98 (3H, s), 0.96 (3H, s),
0.94 (3H, d), 0.66 (3H, s); *C-NMR(150MHz, CDCls)éc: 172.5, 171.2, 170.9, 153.4,
130.4, 122.6 (2xC), 115.9 (2xC), 73.9, 73.8, 55.3, 54.9, 43.7, 42.1, 40.1, 40.0, 39.5, 3
5.4,34.6,34.2,33.0, 33.0, 31.9, 28.6, 26.5, 25.7, 23.3, 22.0, 21.6, 21.3, 18.7, 12.2;HR

-ESI-MS: m/z 590.3462 [M+Na]".

1.9 (3R,7S,10S,13R)-10,13-dimethyl-17-((R)-5-0x0-5-((4-(trifluoromethyl) phen-yl) a
mino) pentan-2-yl) hexadecahydro-1H-cyclopenta[a]phenanthrene-3,7-diyl diacetate (
Uil). White power (43% yield). *H-NMR (600MHz, CD30OD) é+: 7.77 (2H, d, J= 8.4
Hz), 7.60 (2H, d, J= 8.4 Hz), 4.77 (1H, m), 4.64 (1H, m), 2.02 (3H, s), 1.97 (3H, s), 1.
03 (3H, d), 1.01 (3H, s), 0.74 (3H, s); *C-NMR (150MHz, CDsOD) éc: 175.4, 172.6,
172.5, 143.6, 127.0, 127.0, 120.7(4%xC), 75.2, 75.1, 56.6,56.4, 44.8, 43.4,41.3,41.2, 4
0.7, 36.8, 35.5, 35.1, 35.0, 33.9, 33.9, 33.0, 29.5,26.9, 23.6, 22.3, 21.8, 21.2, 19.0, 12.

5; HR-ESI-MS: m/z 642.3373 [M+Na]".



2. 'H and *C NMR spectrum of U12 derivatives

methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexadecahydr-o0-1H-cyclopenta[a]phenanthren-17-yl)-2-chloropentanoate
(*H) U12-Cl:
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methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexadecahydr-o0-1H-cyclopenta[a]phenanthren-17-yl)-2-chloropentanoate
(33C) U12-Cl:
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methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexadecahydr-o0-1H-cyclopenta[a]phenanthren-17-yl)-2-chloropentanoate
(MS) U12-Cl:
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methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexa-decahydr-o-1H-cyclopenta[a]phenanthren-17-yl)-2-bromopentanoat
e (*H) U12-Br:
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methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexa-decahydr-o-1H-cyclopenta[a]phenanthren-17-yl)-2-bromopentanoat
e (BC) U12-Br:

N ——— e e e
——— L

T

L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T



methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexa-decahydr-o-1H-cyclopenta[a]phenanthren-17-yl)-2-bromopentanoat
e (MS) U12-Br:
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methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexa-decahydr-o-1H-cyclopenta[a]phenanthren-17-yl)-2-iodopentanoate (
H) U12-I:
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methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexa-decahydr-o-1H-cyclopenta[a]phenanthren-17-yl)-2-iodopentanoate (
13c) u12-1:
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methyl (4R)-4-((3R,7S,10S,13R)-7-acetoxy-3-hydroxy-10,13-dimethylhexa-decahydr-o-1H-cyclopenta[a]phenanthren-17-yl)-2-iodopentanoate (
MS) U12-1:
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(3R,7S,10S,13R)-17-((R)-5-(4-benzylpiperazin-1-yl)-5-oxopentan-2-yl)-3-hyd-roxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (*H) U12a:
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(3R,7S,10S,13R)-17-((R)-5-(4-benzylpiperazin-1-yl)-5-oxopentan-2-yl)-3-hyd-roxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (**C) U12a:
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(3R,7S,10S,13R)-17-((R)-5-(4-benzylpiperazin-1-yl)-5-oxopentan-2-yl)-3-hyd-roxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (MS) U12a:

MzZa#1 RT: 0.21 AV: 1 HNL: 3.93E3
T: FTMS + p ESI Full ms [100.00-1000.00]

593.43
1005
. B0-
2 -
=] -
o
T 60-
3 .
= -
] FOE 44
= 40 £79.42
= i
T -
I -
27 185.11
18313 | 20914 26113 34724 21327 45128 50339 533 41 B09.43 68343 72746 77754 859.53 83015 93077 99375
0 LS R IS I IS RIMAN A I I INR RS LA I ML I MR AN IS I N AN R AR | | R M I I MR MM LY A I MM MR R IS IS R R RIS IR |
100 200 300 400 500 €00 700 800 200 1000

mz



(3R,7S,10S,13R)-17-((R)-5-(4-cinnamylpiperazin-1-yl)-5-oxopentan-2-yl)-3-hydroxy--10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (*H) U12b:
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(3R,7S,10S,13R)-17-((R)-5-(4-cinnamylpiperazin-1-yl)-5-oxopentan-2-yl)-3-hydroxy--10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (3*C) U12b:
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(3R,7S,10S,13R)-17-((R)-5-(4-cinnamylpiperazin-1-yl)-5-oxopentan-2-yl)-3-hydroxy--10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (MS) U12b:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5- (piperazin-1-yl) pentan-2-yl) hexadecahydro-1H-cyclopenta[a]phenanthren-7-yl
acetate (*H) U12c:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5- (piperazin-1-yl) pentan-2-yl) hexadecahydro-1H-cyclopenta[a]phenanthren-7-yl
acetate (**C) U12c:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5- (piperazin-1-yl) pentan-2-yl) hexadecahydro-1H-cyclopenta[a]phenanthren-7-yl
acetate (MS) Ul2c:
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(3R,7S,10S,13R)-17-((R)-5-(cyclopropylamino)-5-oxopentan-2-yl) -3-hydro-xy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-7-
yl acetate (*H) U12d:




(3R,7S,10S,13R)-17-((R)-5-(cyclopropylamino)-5-oxopentan-2-yl) -3-hydro-xy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-7-
yl acetate (**C) U12d:
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(3R,7S,10S,13R)-17-((R)-5-(cyclopropylamino)-5-oxopentan-2-yl) -3-hydro-xy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-7-
yl acetate (MS) Ul2d:
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(4R)-4-((3R,7S,10S,13R)-3,7-dihydroxy-10,13- dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-N-(4-methylpiperazin-1-yl)
pentanamide (*H) U12e:
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(4R)-4-((3R,7S,10S,13R)-3,7-dihydroxy-10,13- dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-N-(4-methylpiperazin-1-yl)
pentanamide (**C) U12e:
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(4R)-4-((3R,7S,10S,13R)-3,7-dihydroxy-10,13- dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-N-(4-methylpiperazin-1-yl)
pentanamide (MS) U12e:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5- (p-tolyl amino) pentan-2-yl) hexadecahydro-1H-cyclopenta[a]phenanthren-7-yl
acetate (*H) U12f:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5- (p-tolyl amino) pentan-2-yl) hexadecahydro-1H-cyclopenta[a]phenanthren-7-yl
acetate (**C) U12f:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5- (p-tolyl amino) pentan-2-yl) hexadecahydro-1H-cyclopenta[a]phenanthren-7-yl
acetate (MS) U12f:

U12f#1 RT: 0.3% AV: 1 ML: 1.83EB i
T: FTMS + p ESI Full ms [100.00-1000.00]
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(3R,7S,10S,13R)-17-((R)-5-((4-chlorophenyl) amino)-5-oxopentan-2-yl)-3-h-ydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (*H) U12g:
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(3R,7S,10S,13R)-17-((R)-5-((4-chlorophenyl) amino)-5-oxopentan-2-yl)-3-h-ydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (**C) U12g:
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(3R,7S,10S,13R)-17-((R)-5-((4-chlorophenyl) amino)-5-oxopentan-2-yl)-3-h-ydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (MS) U12g:

M2g#1 RT: 0.36 AV: 1 NL: 8.51EY
T: FTMS + g ESI Full ms [100.00-1000.00]
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(3R,7S,10S,13R)-3-hydroxy-17-((R)-5-((4-hydroxyphenyl) amino)-5-oxopen-tan-2-yl)-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (*H) U12h:
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(3R,7S,10S,13R)-3-hydroxy-17-((R)-5-((4-hydroxyphenyl) amino)-5-oxopen-tan-2-yl)-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (3*C) U12h:
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(3R,7S,10S,13R)-3-hydroxy-17-((R)-5-((4-hydroxyphenyl) amino)-5-oxopen-tan-2-yl)-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (MS) U12h:

J12h#1 RT:0.40 AV:1 HNL: 8645E7
T: FTMS + p ESI Full ms [100.00-1000.00]
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5-((4-(trifluoro-m-ethyl) phenyl) amino) pentan-2-yl) hexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (*H) U12i:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5-((4-(trifluoro-m-ethyl) phenyl) amino) pentan-2-yl) hexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (**C) U12i:
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(3R,7S,10S,13R)-3-hydroxy-10,13-dimethyl-17-((R)-5-0x0-5-((4-(trifluoro-m-ethyl) phenyl) amino) pentan-2-yl) hexadecahydro-1H-
cyclopenta[a]phenanthren-7-yl acetate (MS) U12i:

M2i#41 RT: 0.40 AV: 1 NL: 242E7
T: FTMS 4+ p ESI Full ms [150.0000-2000.0000]
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