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Synthesis of cholapods 2, 3, 5, 8, 9, 10, 11 and 14.
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Methyl 3a-amino-7a,12a-di-[N-(t-butoxycar bonyl)amino]-5b-cholan-24-oate (A): To a
solution of azide 16™ (232 mg, 0.36 mmol) in dry tetrahydrofuran (3.6 mL) was added a solution of
trimethylphosphine in tetrahydrofuran (1 m, 0.72 mL, 0.72 mmol). The reaction was stirred
overnight followed by the addition of water (130 i, 7.2 mmol). The reaction was stirred for
another 16 hours before the solvent was removed under reduced pressure. A white foam was
obtained. The latter was purified by flash chromatography (gradient dichloromethane/methanol 96:4
to 8:2) yielding amine A as a white solid (224 mg, 100%). Rr = 0.37 (dichloromethane/methanol
85:15); 'H NMR (400 MHz; CDCl;, 25 °C): d = 0.78 (s, 3H; 18-CHz), 0.88 (d, *J(H,H) = 6.4 Hz,
3H; 21-CHs), 0.92 (s, 3H; 19-CHs), 1.45 (s, 18H; (CH3):C), 2.64 (m, 1H; 3b-H), 3.66 (s, 3H;
COOCHs3), 3.67 (m, 1H; 7b-H), 3.93 (m, 1H; 12b-H), 4.80 (br s, 1H; NH), 4.87 (br s, 1H; NH); **C



NMR (100 MHz; CDCls, 25 °C): d = 13.74 (CHs), 17.27 (CHs), 23.06 (CH,), 23.15 (CHs), 26.82
(CHy), 27.12 (CH,), 28.44 (CHs), 29.17 (CH), 30.75 (CH,), 30.86 (CH,), 31.27 (CH,), 32.20
(CH,), 34.69 (C), 34.93 (CHy), 35.57 (CH,), 37.01 (CH), 40.08 (CH,), 41.83 (CH), 44.76 (C),
45.04 (CH), 47.13 (CH), 48.46 (CH), 51.57 (CH), 51.71 (CH3), 53.11 (CH), 79.00 (C), 79.03 (C),
155.24 (C), 155.40 (C), 174.77 (C); IR (Neat): Nmex = 3371, 2916, 2859, 1706, 1506, 1363, 1241,
1166 cm; MS (FAB+): mVz (%): 621 (100) [M+H]*, 642 (70) [M+Na]".

Methyl 3a-[(4-nitr obenzenesulfonyl)amino]-7a,12a-di-[ N-(t-butoxycar bonyl)amino]-5b-
cholan-24-oate (B): To asolution of amine A (1.01 g, 1.63 mmoal) in dry dichloromethane (16 mL)
was added triethylamine (409 mg, 564 pl, 4.04 mmol) followed by 4-nitrobenzenesulfonyl chloride
(1.08 g, 489 mmoal). The dlightly orange reaction mixture was stirred for 4 hours at room
temperature. The reaction mixture was diluted with dichloromethane and washed with a saturated
sodium bicarbonate solution. The aqueous phase was extracted with dichloromethane and the
combined organic phases were dried over magnesium sulfate. After evaporation of the solvent under
reduced pressure, the crude mixture was purified by flash  chromatography
(dichloromethane/methanol 98:2) to give B as a white solid (1.03 g, 78 %). R+ = 0.28
(dichloromethane/methanol 98:2); *H NMR (400 MHz, (CD3),CO, 25 °C): d = 0.80 (s, 3H; 18-
CHa), 0.89 (d, 2J(H,H) = 6.4 Hz, 3H; 21-CHs) 0.91 (s, 3H; 19-CHs), 1.40 (s, 18H; C(CHs)s), 2.92
(m, 1H; 3b-H), 3.59 (s, 3H, COOCHj3), 3.65 (m, 1H; 7b-H), 4.00 (m, 1H; 12b-H), 5.94 (br s, 1H;
carbamate NH), 6.06 (br s, 1H; carbamate NH), 6.54 (br s, 1H; SO,NH), 8.13 (d, *J(H,H) = 8.8 Hz,
2H; aryl H), 8.43 (d, ®J(H,H) = 8.8 Hz, 2H; aryl H); *C NMR (100 MHz; CDCl;, 25 °C): d = 13.67
(CHa), 17.28 (CHs), 22.88 (CH3), 22.96 (CH,), 27.13 (CHS), 28.40 (CH; + CH), 30.75 (CH,), 31.16
(CH,), 31.87 (CH,), 34.49 (C), 34.89 (CH), 35.52 (CH,), 36.81 (CH), 37.46 (CH,), 42.01 (CH),
44.75 (C + CH), 47.02 (CH), 48.45 (CH), 51.45 (CH3), 53.12 (CH), 54.71 (CH), 79.07 (C), 124.26
(CH), 128.14 (CH), 147.60 (C), 149.92 (C), 155.47 (C), 174.54 (C); IR (Neat): Nnex = 3396, 3350,
3260, 2948, 2867, 1703, 1533, 1498, 1450, 1431, 1364, 1348, 1242, 1164, 1067, 1045, 1013, 739
cm’; m.p. 222-224 °C (crystallised from ethyl acetate/hexane); MS (ES+): m/z (%): 827.6 (100)
[M+Na]"; elemental analysis calcd (%) for CiHesN4O10S (805.03): C 61.17, H 8.01, N 6.96; found:
C61.19, H 7.82, N 6.80.

Methyl 3a-[(4-nitr obenzenesulfonyl)amino]-7a,12a-diamino-5b-cholan-24-oate (©):
Dicarbamate B (205 mg, 0.255 mmol) was stirred at 0 °C in asolution of trifluoroacetic acid in dry
dichloromethane (30%, 7.5 mL). After 1 hour the ice bath was removed and the reaction was
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allowed to stir for another 2.5 hours at room temperature. The solvent was removed under reduced
pressure, redissolved in dichloromethane and washed with a saturated sodium bicarbonate solution.
After extraction of the agueous phase with dichloromethane the combined organic phases were dried
over magnesium sulfate. Evaporation of the solvent yielded the pure diamino compound C (150 mg,
97 %) as adightly yellow solid. R; = 0.28 (DCM/methanolic ammonia? 94:6); *H NMR (400 MHz;
CDCls, 25 °C): d = 0.70 (s, 3H; 18-CHs), 0.87 (s, 3H; 19-CHs), 0.96 (d, *J(H,H) = 6.4 Hz, 3H; 21-
CHjs), 2.4-3.00 (br s; amine NH), 3.08 (m, 1H; 3b-H), 3.14 (m, 1H), 3.22 (m, 1H), 3.66 (s, 3H;
COOCH;5 ), 8.07 (d, %J(H,H) = 8.8 Hz, 2H; aryl H), 8.34 (d, °J(H,H) = 8.8 Hz, 2H; aryl H); **C
NMR (100 MHz; CDCls, 25 °C): d = 13.44 (CHs), 17.27 (CHs), 22.61 (CH3), 23.56 (CH,), 25.81
(CH), 27.58 (CH,), 27.91 (CH,), 29.12 (CH,), 30.92 (CH,), 31.12 (CH,), 34.53 (CH,), 34.78 (C),
35.11 (CH), 35.93 (CH,), 38.26 (CH,), 39.44 (CH), 41.70 (CH), 42.49 (CH), 46.09 (C), 47.54
(CH), 47.97 (CH), 51.45 (CHs), 53.89 (CH), 54.42 (CH), 124.18 (CH), 127.98 (CH), 148.25 (C),
149.75 (C), 174.43 (C); IR (Neat): nmey = 3103, 2933, 2866, 1733, 1527, 1446, 1348, 1307, 1158,
1092, 852, 734, 685 cmi*; MS (ES+): miz (%): 605.3 (100) [M+H]*; m.p. 106-108 °C (crystallised
from dichloromethane/hexane); elemental analysis calcd (%) for CsiHsN4O6S.3/2 H,0 (604.80): C
58.93, H 8.14, N 8.87; found: C 59.15, H 8.25, N 8.85.

M ethyl 3a-[(4-nitr obenzenesulfonyl)amino]-7a,12a-di-[ (4-nitr obenzeneaminothio-
car bonyl)amino]-5b-cholan-24-oate (2): A solution of 7a,12a-diamine C (141 mg, 0.233 mmol)
and 4-nitrophenyl isothiocyanate (86 mg, 0.478 mmol) in dry dichloromethane (11 mL) was stirred
overnight. The solvent was removed under reduced pressure and the residue was purified by flash
chromatography (gradient dichloromethane/methanol 98:2 to 8:2). The title compound 2 was
obtained as a yellow solid (158 mg, 70%). The product was precipitated from dichloromethane by
dow diffusion of diethyl ether. R; = 0.23 (dichloromethane/methanol 9:1); '"H NMR (400 MHz,
(CD3),CO, 25 °C): d = 0.88 (d, *J(H,H) = 6.11 Hz, 3H; 21-CHs), 0.94 (s, 3H; 18-CHg), 1.05 (s, 3H;
19-CHs), 2.86 (br s, 1H; 3b-H), 3.57 (s, 3H; COOCHs), 4.67-4.82 (m, 2H, 7b- + 12b-H), 6.43 (br s,
1H; NH), 7.52 (br s, 2H; NH), 8.00-8.13 (m, 6H; aryl H), 8.28 (d, %J(H,H) = 9.0 Hz, 2H; aryl H),
8.29 (d, *J(H,H) = 8.8 Hz, 2H; aryl H), 8.38 (d, ®J(H,H) = 8.0 Hz, 2H; aryl H), 9.50 (br s, 1H; NH),
9.78 (br s, 1H; NH); *C NMR (100 MHz; (CD5),CO, 25 °C): d = 13.92 (CHs), 17.79 (CHs), 23.30
(CHs), 24.16 (CH,), 25.73 (CH,), 27.85 (CH,), 28.92 (CH,), 30.60 (CH), 31.26 (CH,), 31.53
(CH,), 31.77 (CH,), 35.37 (CH), 35.75 (C), 35.88 (CH,), 37.49 (CH,), 37.84 (CH), 42.22 (CH),
45.81 (C), 46.30 (CH), 49.34 (CH), 51.33 (CH), 51.54 (CH3, COOCHg), 55.29 (CH), 57.85 (CH),
120.88 (CH), 121.11 (CH), 121.41 (CH), 121.50 (CH), 125.27 (CH), 129.27 (CH), 143.52 (C),
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143.67 (C), 147.10 (C), 147.46 (C), 150.95 (C), 174.44 (C), 180.17 (C), 180.73 (C); IR (Neat): Npex
= 3338, 2943, 2865, 1727, 1712, 1596, 1496, 1327, 1294, 1254, 1203, 1158, 1110, 850, 735 cm™;™!
MS (FAB+): m/z (%): 965 (100) [M+H]", 987 (90) [M+Na]*; elemental analysis calcd (%) for
CasHseNgO10S3.H,0 (964.33): C 54.97, H 5.95, N 11.40; found: C 55.02, H 5.93, N 11.27.

OCHj

Methyl  3a-Acetoxy-7a,12a-bis[(4-nitr ophenylaminothiocar bonyl)amino]-5b-cholan-24-oate
(3): Bis-carbamate 17a was converted into diamine D by treatment with TFA/CH,CI, followed by
NaHCOs aq., as described previousy.” A solution of diamine D (0.138 g, 0.299 mmol), 4-
nitropheny! isothiocyanate (0.134 g, 0.746 mmol) and DMAP (0.08 g, 0.65 mmoal) in CHClI; (15 mL,
stabilised with amylenes) was stirred at rt under N, for 2 d. The mixture was diluted with CH,Cl,,
washed with ag. 4% NaHCOs;, dried (NaSO,), and the solvent was removed in vacuo to give the
crude product (0.387 g). Flash chromatography with 5-50% ethyl acetate/dichloromethane gradient
elution gave the product 3 (0.290 g, 57%): R; = 0.50 (dichloromethane/methanol 9:1); *H NMR (400
MHz, (CD3),CO, 25 °C): d = 0.88 (d, 3J(H,H) = 5.9 Hz, 3H; 21-CHs), 0.95 (s, 3H; 18-CHj), 1.12
(s, 3H; 19-CHs), 1.92 (s, 3H, CHsCO,), 3.57 (s, 3H; COOCHs), 4.54 (br s, 1H; 3b-H), 4.73-4.80
(m, 2H, 7b- + 12b-H), 7.48 (br s, 1H; NH), 7.58 (br s, 1H; NH), 8.00-8.08 (m, 4H; aryl H), 8.19 (d,
3J(H,H) = 3.1 Hz, 2H; aryl H), 8.21 (d, *J(H,H) = 3.0 Hz, 2H; aryl H), 9.44 (br s, 1H; NH), 9.78 (br
s, 1H; NH). *C NMR (100 MHz; (CDs),CO, 25 °C): d = 14.01 (CHs), 17.86 (CHs), 21.41 (CHs),
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23.20 (CHs3), 24.38 (CH,), 25.67 (CH,), 27.64 (CH.), 27.96 (CH,), 31.31 (CH,), 31.61 (CH,),
32.05 (C), 35.44 (CH), 35.57 (CH,), 35.83 (C), 36.00 (C), 37.98 (CH), 41.98 (CH), 45.86 (C),
46.46 (C), 49.36 (CH), 51.42 (CH), 51.61 (CHs, COOCHs), 57.98 (CH), 74.50 (CH), 79.28 (C),
121.15 (CH), 121.60 (CH), 125.25 (CH), 125.33 (CH), 143.56 (C), 143.69 (C), 147.58 (2C),
170.27 (C), 174.51 (C), 180.45 (C), 180.77 (C); IR (Neat): nmx = 3337, 2946, 2870, 1731, 1596,
1496, 1325,1296, 1247, 1203, 1175, 1111, 1024, 881, 848, 750 cm™;® MS (ES+): m/z (%): 845
(100) [M+Na]*; elemental analysis calcd (%) for CaHssNe0sS,.2H,0 (859.06): C 57.32, H 6.81, N
9.78, S 7.47; found: C 57.21, H 6.78, N 9.82, S 7.50.

|
NH,

Methyl 3a-[(p-toluenesulfonyl)amino]-7a,12a-di-[ N-(t-butoxycar bonyl)amino]-5b-cholan-24-
oate (E): To asolution of amine A (150 mg, 0.242 mmol) and triethylamine (54 mg, 0.532 mmoal,
74 M) in dry dichloromethane (2.5 mL) was added p-toluenesulfonyl chloride (51 mg, 0.266 mmol).
The reaction was stirred overnight at room temperature. Next the reaction mixture was diluted with
dichloromethane and washed with a 0.2 M hydrochloric acid solution. The agueous phase was
extracted twice with dichloromethane. The combined organic phases were washed with water and
dried over anhydrous magnesium sulfate. The crude mixture was purified by flash chromatography
(dichloromethane/methanol 98/2) to give toluenesulfonamide E as a white solid (147 mg, 78%). R =
0.28 (dichloromethane/methanol 97:3); m.p. 240-242 °C (crystallised from dichloromethane/hexane);
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'H NMR (400 MHz, (CD5),CO, 25 °C): d = 0.82 (s, 3H; 18-CHs), 0.92 (m, 6H; 19-CHs + 21-CHs),
1.41 (s, 18H; C(CHs)3), 2.40 (s, 3H; tosylamido CHs), 2.77 (m, 1H; 33-H), 3.60 (s, 3H; COOCH5),
3.65 (m, 1H; 7b-H), 4.01 (m, 1H; 12b-H), 5.95-6.29 (m, 3H; NH), 7.37 (d, *J(H,H) = 7.8 Hz, 2H;
aryl H), 7.73 (d, ®J(H,H) = 7.8 Hz, 2H; aryl H); **C NMR (100 MHz; (CD3),CO, 25 °C): d = 13.77
(CHs3), 17.34 (CHs), 21.53 (CHs), 22.93 (CH3, CHs), 23.08 (CHy), 27.05 (CH,), 27.25 (CH,), 28.50
(C(CHs)s), 29.20 (CH,), 30.80 (CH,), 31.30 (CH,), 31.93 (CH,), 34.54 (C), 34.99 (CH), 35.48
(CHy,), 36.87 (CH), 37.45 (CH,), 42.06 (CH), 44.82 (C), 45.00 (CH), 47.12 (CH), 48.46 (CH),
51.65 (CHs), 53.11 (CH), 54.34 (CH), 79.08 (C), 127.03 (CH), 129.65 (CH), 143.15 (C), 155.5
(C), 174.93 (C); IR (Neat): nmex = 3369, 3291, 2958, 2928, 2861, 1702, 1517, 1500, 1362, 1322,
1242, 1155, 1069, 1043, 872, 816, 666 cm™; MS (ES+): m/z (%): 774.6 (30) [M+H]", 791.6 (100)
[M+NH,4]", 796.6 (40) [M+Na]"; elemental analysis calcd (%) for CioHeN30sS.1/2H,0 (774.06): C
64.42, H 8.75, N 5.37; found: C 64.56, H 9.11, N 5.40.

Methyl 3a-[(p-toluenesulfonyl)amino]-7a,12a-di-[(4-nitr obenzeneaminocar bonyl)-amino]-5b-
cholan-24-oate 5. A solution of dicarbamate E (51 mg, 0.066 mmol) in dry dichloromethane (0.5
mL) was cooled in an ice bath. Trifluoroacetic acid was added (250 i) and the reaction was stirred
at 0 °C. After 20 minutes the ice bath was removed and the reaction was allowed to stir for another
hour at room temperature. The solution was evaporated under reduced pressure and the residue was
redissolved in dichloromethane and washed with a saturated sodium bicarbonate solution. The
aqueous phase was extracted with dichloromethane (3 portions) and the combined organic phases
were dried over sodium sulfate. Filtration, evaporation and drying under high vacuum gave the
diamine F (38 mg, 0.067 mmol). This material was dissolved in dry tetrahydrofuran (2 mL) and 4-
nitrophenyl isocyanate (33 mg, 0.2 mmol) was added. After stirring for 22 hours at room
temperature the solvent was removed under reduced pressure and the crude mixture was purified by
flash chromatography through a short silica plug (gradient dichloromethane/ethyl acetate 95:5 to
8:2). The bisurea 5 (56 mg, 93%) was obtained as a yellow solid. An analytically pure sample was
obtained by crystalisation from acetone. R; = 0.28 (dichloromethane/methanol 9:1); *H NMR (400
MHz, (CD5),CO, 25 °C): d = 0.86 (d, 2J(H,H) = 6.6 Hz, 3H; 21-CHs), 0.89 (s, 3H; 18-CH3), 0.98
(s, 3H; 19-CHs), 2.34 (s, 3H; tosylamido CHs), 2.74 (m, 1H; 3b-H), 3.53 (s, 3H; COOCHj), 4.03
(br s, 1H; 7b-H), 4.15 (m, 1H; 12b-H), 6.05 (br d, *J(H,H) = 7.9 Hz, 1H; NH), 6.10 (br d, *J(H,H)
= 3.4 Hz, 1H; NH), 6.15 (br d, 3J(H,H) = 7.5 Hz, 1H; NH), 7.32 (d, *J(H,H) = 8.3 Hz, 2H; Aryl H),
7.66-7.72 (m, 6H; aryl H), 8.15 (d, *J(H,H) = 9.2 Hz, 2H; aryl H), 8.16 (d, %J(H,H) = 9.3 Hz, 2H;
aryl H), 8.62 (br s, 1H, NH), 8.74 (br s, 1H, NH); **C NMR (100 MHz, CDCl3, 25 °C): d = 13.96
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(CHa3), 17.30 (CHs), 21.74 (CHs), 22.81 (CH,), 23.08 (CH3) 27.12 (CH,), 27.83 (CH,), 29.92
(CHy), 30.02 (CH), 30.66 (CH,), 31.02 (CH,), 31.45 (CH,), 34.04 (C), 34.59 (CH,), 34.88 (CH),
35.56 (CH,), 36.48 (CH), 41.94 (CH), 45.02 (C), 46.17 (CH), 48.55 (CH), 51.45 (CHs), 52.02
(CH), 55.14 (CH), 116.32 (CH), 117.16 (CH), 124.82 (CH), 125.24 (CH), 130.74 (CH), 134.75
(CH), 140.28 (C), 141.78 (C), 144.45 (C), 146.03 (C), 146.74 (C), 153.24 (C), 153.52 (C), 174.61
(©); IR (Neat): nmax = 3360, 2947, 1703, 1597, 1498, 1323, 1202, 1176, 1110, 851, 812, 751, 664
cm’; MS (ES+): 902.7 (30) [M+H]*, 924.7 (100) [M+Na]*; m.p. 196 °C (crystallised from acetone);
elemental analysis calcd (%) for Ci4sHsgN7010S (902.07): C 61.25, H 6.59, N 10.87; found: C 61.18,
H 6.63, N 10.51.

i, TFA

[ o |

NHBoC OCHzs i, NaHC O3 aq.k NH, OCH3
NHBoc - NH,

Na 16 Na G

l PhNCO, EtzN, DMAP
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Methyl 3a-azido-7a,12a-big(phenylaminocar bonyl)amino]-5b-cholan-24-oate (H): Azido-bis-

carbamate 16M" was converted into bis-urea H as described previously.”

Methyl 3a-p-nitrobenzenesulfonamido-7a,12a-bis[(phenylaminocar bonyl)amino]-5b-cholan-
24-oate (8): To a solution of azide H (0.3 g, 0.44 mmoal) in dry THF (4.4 mL) was added
trimethylphosphine (0.88 mL asa 1 m solution in THF, 0.88 mmol). The solution was stirred for 5 h
before water (80 ni, 0.08 g, 4.4 mmol) was added and the solution was stirred for a further 24 h.
The reaction solution was evaporated under reduced pressure and dried azeotropically by addition of
toluene and re-evaporation. The dried residue and p-nitrobenzenesulfonylchloride (0.107 g, 0.48
mmol) were dissolved in dry DCM (9 mL) and to the stirred solution was added triethylamine (67
nmL, 0.049 g, 0.48 mmol). After 24 h the solvent was removed under reduced pressure, the crude
product was dissolved in dichloromethane, washed with 1 N HCl 4, dried (MgSO,) and evaporated
under reduced pressure. Purification of the resultant residue by flash column chromatography (eluent
DCM/methanolic anmonia®? 97:3 to 96:4) gave product sulfonamide 8 (0.100 g, 27 %) as a pae
yellow solid. R = 0.30 (DCM/methanolic anmonia? 95:5); 'H NMR (400 MHz, (CDs),CO, 25
°C): d = 0.86-0.88 (m, 3 H; 21-Hs), 0.87 (s, 3 H; 18-H3), 0.98 (s, 3 H; 19-H3), 2.10-2.20 (m, 1 H),
2.20-2.30 (m, 1 H), 2.80-2.90 (m, 1 H; 3b-H), 3.55 (s, 3 H; COCH3), 3.97-4.04 (m, 1 H; 7b-H),
4.10-4.16 (m, 1 H; 12b- H), 5.77-5.87 (m, 2 H; 2 x CH-NHCO), 6.51 (s, 1 H; Ar-SO,NH), 6.87-
6.97 (M, 2 H), 7.18-7.28 (m, 4 H), 7.46-7.54 (m, 4 H), 7.90 (s, 1 H; Ar-NHCO), 8.04-8.11 (m, 3 H;
2 X Ar-CH + Ar-NHCO), 8.33-8.39 (m, 2 H); *C NMR (100 MHz, (CD3),CO, 25 °C): d = 14.1 (18-
CHa), 17.4 (21-CHs), 23.5 (19-CHs), 24.1 (CH,), 27.6 (CH,), 28.0 (CH,), 29.1 (CH,), 29.5 (CH),
31.3 (CHyp), 31.7 (CHy), 33.5 (CH,), 35.6 (CH), 35.7 (10-C), 36.2 (CH,), 37.9 (CH,), 38.3 (CH),
42.8 (CH), 45.5 (CH), 45.7 (13-C), 46.9 (CH), 49.1 (7-CH), 51.5 (COOCHj), 53.6 (12-CH), 55.6
(3-CH), 118.6 (2 x Ar-CH), 118.7 (2 x Ar-CH), 122.1 (Ar-CH), 122.2 (Ar-CH), 125.2 (2 x Ar-CH),
129.3 (2 x Ar-CH), 129.6 (2 x Ar-CH), 129.6 (2 x Ar-CH), 141.8 (Ar-C), 141.9 (Ar-C), 147.6 (Ar-
C), 151.0 (Ar-C), 155.2 (NHCONH), 155.4 (NHCONH), 174.4 (COOCH3); IR (Neat): Nma = 3386,
2941, 1528, 1348, 1155, 747, 735, 691 cm™; MS (FAB): m/z (%): 843 (24) [M+H]*, 865 (66)
[M+Na]*, 911 (100) [M+H+NaNO,]*, 933 (44) [M+Na+NaNO,]"; elemental analysis calculated (%)
for CysHssNsOsS/2.5 H,O: C 63.14, H 7.42, N 9.82; found C 63.34, H 7.18, N 9.76.

Methyl 3a-p-toluenesulfonamido-7a,12a-big[(phenylaminocar bonyl)amino]-5b-cholan-24-
oate (9): To a solution of azido compound H (0.179 g, 0.260 mmol) in dry THF (2.6 mL) was
added trimethylphosphine (0.52 mL as a1 M solution in THF, 0.520 mmol). The reaction solution
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was stirred for 6 h before water (47 L, 0.047 g, 2.6 mmol) was added and the solution was stirred
for a further 24 h. The reaction solution was evaporated under reduced pressure and dried
azeotropicaly by addition of toluene and re-evaporation. The dried residue and p-
toluenesulfonylchloride (0.055 g, 0.286 mmol) were dissolved in dry DCM (5 mL) and to the stirred
solution was added triethylamine (40 ni, 0.029 g, 0.286 mmol). After 4 h the solvent was removed
under reduced pressure, the crude product was dissolved in dichloromethane, washed with 1 N
HCl(4,), dried (MgSO,) and evaporated under reduced pressure. Purification of the resultant residue
by flash column chromatography (DCM/methanolic ammonia® 98:2) gave product sulfonamide 9
(0.106 g, 50 %) as a pale yellow solid. R; = 0.30 (DCM/methanolic ammonia? 97.5:2.5); *H NMR
(400 MHz, CDCls, 25 °C): d = 0.77 (s, 3 H; 18-Hs), 0.81 (s, 3 H; 19-H3), 0.95 (d, *J(H,H) = 6.4 Hz,
3 H; 21-Hs), 2.15-2.26 (m, 1 H), 2.31 (bs, 3 H; Ar-CH), 2.87 (m, 1 H; 3b-H), 3.65 (s, 3 H;
COOCH;), 3.78 (m, 1 H; 7b-H), 4.15 (m, 1 H; 12b-H), 5.24 (bs, 1 H, CH-NHCO), 5.69 (bs, 1 H,
CH-NHCO), 6.65-6.75 (m, 1 H), 6.85-6.95 (m, 1 H), 6.95-7.20 (m, 6 H), 7.23-7.31 (m, 3 H), 7.37-
7.50 (m, 2 H), 7.90-7.97 (m, 3 H); *C NMR (100 MHz, CDCls, 25 °C): d = 14.0 (18-CHs), 17.3
(21-CHs), 21.5 (CH), 22.9 (Ar-CHs), 22.9 (19-CHs), 23.0 (CH,), 27.1 (CH,), 27.5 (CH,), 29.4
(CH,), 30.7 (CH,), 31.0 (CH,), 31.0 (CH,), 34.9 (CH), 34.9 (10-C), 35.0 (CH,), 36.8 (CH.), 36.8
(CH), 41.7 (7-CH), 44.9 (13-C), 46.0 (CH), 47.3 (CH), 48.4 (12-CH), 48.4 (CH), 51.5 (COOCHs),
53.4 (3-CH), 117.8 (Ar-CH), 117.8 (Ar-CH), 117.8 (Ar-CH), 117.9 (Ar-CH), 121.7 (2 x Ar-CH),
127.7 (2 x Ar-CH), 128.7 (2 x Ar-CH), 128.9 (2 x Ar-CH), 130.5 (2 x Ar-CH), 135.3 (Ar-C0, 138.9
(Ar-C), 139.8 (Ar-C), 145.0 (Ar-C), 154.5 (NHCONH), 154.7 (NHCONH), 174.5 (COOCH); IR
(Neat): Nma = 3417, 2945, 1696, 1531, 1375, 1148, 749, 691 cm™; MS (FAB): mVz (%): 812 (38)
[M+H]", 834 (100) [M+Na]*; elemental analysis calculated (%) for CssHs1N50sS/0.5 H,O: C 67.30,
H 7.61, N 8.53; found C 67.30, H 7.60, N 8.44.

Methyl 3a-methanesulfonamido-7a,12a-big(phenylaminocar bonyl)amino]-5b-cholan-24-oate
(10): To a solution of azido compound H (0.200 g, 0.292 mmoal) in dry THF (2.9 mL) was added
trimethylphosphine (0.58 mL as a 1 M solution in THF, 0.58 mmol). The reaction solution was
stirred for 5 h before water (53 ni., 0.053 g, 2.92 mmol) was added and the solution was stirred for
afurther 24 h. The reaction solution was evaporated under reduced pressure and dried azeotropically
by addition of toluene and re-evaporation. The dried residue and methanesulfonylchloride (34 i,
0.050 g, 0.438 mmol) were dissolved in dry DCM (5.8 mL) and to the stirred solution was added
triethylamine (61 ni, 0.044 g, 0.438 mmol). After 24 h the solvent was removed under reduced

pressure, the crude product was dissolved in dichloromethane, washed with 1 N HCl.), dried
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(MgSO,) and evaporated under reduced pressure. Purification of the resultant residue by flash
column chromatography (DCM/methanolic ammonia® 97:3 to 96:4) gave product sulfonamide 10
(0.100 g, 47 %) as apale yelow solid: R; = 0.55 (DCM/methanolic anmonia? 97:3); *"H NMR (400
MHz, (CDs),CO, 25 °C): d = 0.88 (s, 3 H; 18-Hs), 0.87-0.89 (m, 3 H; 21-Hs), 0.98 (s, 3 H; 19-Hs),
2.10-2.21 (m, 1 H), 2.21-2.32 (m, 1 H), 2.92 (s, 3 H; CH3SO,N), 3.09-3.20 (m, 1 H; 3b-H), 3.55 (s,
3 H; COOCHa), 4.00 (bs, 1 H; 7b-H), 4.14-4.20 (m, 1 H; 12b-H), 5.70-5.82 (m, 3 H; 2 x CH-
NHCO + CH3SO,NH), 6.87-6.94 (m, 2 H), 7.18-7.26 (m, 4 H), 7.45-7.59 (m, 4 H), 7.81 (s, 1 H;
Ar-NHCO), 7.98 (s, 1 H; Ar-NHCO); *C NMR (100 MHz, (CD3),CO, 25 °C): d = 14.2 (18-CHs),
17.7 (21-CHs), 23.5 (19-CHg), 24.0 (CH,), 27.9 (CH,), 28.0 (CH,), 29.7 (CH,), 30.0 (CH), 31.4
(CH,), 31.7 (CHy), 33.5 (CH,), 35.5 (10-C), 35.7 (CH), 36.2 (CH.), 38.1 (CH,), 38.1 (CH), 40.5
(CH3SO,NH), 42.9 (CH), 45.8 (13-C), 45.8 (2 x CH), 49.1 (7-CH), 51.5 (COOCH_), 53.4 (12-CH),
55.6 (3-CH), 118.6 (2 x Ar-CH), 119.4 (Ar-CH), 119.9 (Ar-CH), 122.0 (Ar-CH), 122.1 (Ar-CH),
129.5 (4 x Ar-CH), 141.8 (Ar-C), 142.0 (Ar-C), 155.3 (NHCONH), 155.4 (NHCONH), 174.4
(COOCH3); IR (Neat): nms = 3381, 2941, 2869, 1679, 1534, 750, 692 cm?; MS (FAB): m/z
(%):736 (64) [M+H]", 758 (100) [M+Na]"; elemental analysis calculated (%) for CsHs7NsO6S: C
65.28, H 7.81, N 9.52; found C 65.17, H 8.19, N 9.08.

Methyl 3a-acetamido-7a,12a-bis[(phenylaminocar bonyl)amino]-5b-cholan-24-oate 11: Azide
H (0.212 g, 0.31 mmol) and triphenylphosphine (0.105 g, 0.40 mmol) were dissolved in dry THF
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(1.55 mL) and the resultant solution stirred overnight. Water (56 i, 0.056 g, 3.1 mmol) was added
and the solution refluxed overnight before being allowed to cool to rt. Solvents were removed by
evaporation, addition of toluene, re-evaporation, addition of dichloromethane and further re-
evaporation. Purification by chromatography through a plug of slica (eduent DCM/methanolic
ammonia? 97:3 to 9:1) gave amine 1" (0.147 g, 72 %) which was dissolved in dry DCM (4 mL). To
the resultant solution was added acetic anhydride (23 ni, 0.0245 g, 0.24 mmol) followed by
diisopropylethylamine (42 L, 0.031 g, 0.24 mmol) and the reaction mixture was stirred overnight.
Evaporation of the solvent under reduced pressure gave crude product which was dissolved in
dichloromethane, washed with 1 N HCI, dried (MgSO,) and evaporated under reduced pressure.
Purification of the resultant residue by flash column chromatography (eluent DCM/methanolic
ammonia? 96:4) gave the acetamide 11 (0.131 g, 61 % over two steps) as a white solid: R = 0.40
(DCM/methanolic ammonia® 95:5); *H NMR (400 MHz, (CD3),CO, 25 °C): d = 0.70 (s, 3 H; 18-
Hs), 0.84 (s, 3 H; 19-Hs), 0.87 (d, *J(H,H) = 6.6 Hz, 3 H; 21-H3), 1.98 (s, 3 H; CH5CO), 2.12-2.20
(m, 1 H), 2.20-2.29 (m, 1 H), 3.25-3.36 (m, 1 H; 3b-H), 3.54 (s, 3 H; COOCHs), 4.00-4.10 (m, 2 H;
7b-H +12b-H), 5.77 (d, *J(H,H) = 9.5 Hz, 1 H; CH-NHCO), 6.00 (d, *J(H,H) = 7.0 Hz, 1 H; CH-
NHCO), 6.85-6.94 (m, 2 H), 7.17-7.26 (m, 5 H; 4 x Ar-CH + CH;CONH), 7.49-7.59 (m, 4 H), 8.37
(s, 1 H; Ar-NHCO), 8.69 (s, 1 H; Ar-NHCO); *C NMR (100 MHz, (CD3),CO, 25 °C): d = 14.3
(18-CHs), 17.4 (21-CHs), 23.4 (19-CHs), 23.8 (CHsCONH), 24.0 (CH,), 27.4 (CH,), 27.9 (CH,),
28.0 (CHy), 29.8 (CH), 31.2 (CH,), 31.7 (CH,), 34.4 (CH,), 35.5 (CH), 35.6 (10-C), 36.5 (CH5),
37.2 (CH,), 38.2 (CH), 419 (CH), 45.6 (CH), 45.7 (13-C), 46.0 (CH), 48.9 (7-CH), 51.5
(COOCHs), 52.8 (3-CH), 54.0 (12-CH), 118.4 (Ar-CH), 118.4 (Ar-CH), 118.5 (Ar-CH), 118.5 (Ar-
CH), 121.7 (Ar-CH), 121.9 (Ar-CH), 129.5 (2 x Ar-CH), 129.5 (2 x Ar-CH), 142.1 (Ar-C), 142.4
(Ar-C), 155.2 (NHCONH), 155.4 (NHCONH), 172.2 (CHsCONH ), 174.4 (COOCH3); IR (Neat):
Nmax = 3326, 2943, 1539, 1203, 750, 693 cm’; MS (FAB): miz (%):701 (50) [M+H]*, 723 (100)
[M+Na]*; HRMS (ES+): mVz calculated for [M+Na]* = 722.4252, found 722.4226.
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i
NH, OCgHay

OTO 17b

Eicosyl 3a-Acetoxy-7a,12a-big(4-nitrophenylaminocar bonyl)amino]-5b-cholan-24-oate (14):
The preparation of 17b and its conversion to J has been described previously. A solution of bis-
amine J (0.082 g, 0.113 mmol) and 4-nitrophenyl isocyanate (0.0420 g, 0.338 mmol) in CHCl3 (6
mL) under N2 was stirred at rt for 16 h. The reaction was diluted with CHCl3 (75 mL), washed with
ag. 0.5 N HCl (50 mL), sat. ag. NaHCOg3 (50 mL), dried (NaxSO4), and the solvent removed in
vacuo to give the crude product. Radial chromatography (SiO2, 1 mm) with 5-50% ethyl
acetate/hexanes gradient elution gave pure 14 as ayellow solid (0.084 g, 65%): m.p. 225-228 °C; 1H
NMR (300 MHz, (CD3),CO) d = 0.84-0.92 (m, 9 H), 1.07-2.29 (m, 66 H), 3.97 (t, J= 6.6 Hz, 2 H
CO,CHy), 4.10 (br s, 1 H), 4.20 (br d, 1 H), 4.52 (m, 1 H, 3R-H), 6.17 (br s, 2 H, 6a-NH, 12a-NH),
7.75(d, J= 9 Hz, 4 H, Ar-H), 8.14 (d, J = 9 Hz ,4 H, Ar-H), 8.63 (br s, 1 H, 12a-NH-Ar), 8.81 (br
s, 1 H, 7a-NH-Ar); 13C NMR (75 MHz, (CD5),CO) d = 14.6 (18-CHs), 14.9 ((CH2)18CH3), 17.9
(21-CHs), 21.8 (19-CH3), 23.7, 23.8, 27.1, 27.7, 28.1, 28.4, 29.5, 29.8, 30.1, 30.2, 30.3, 30.4, 30.6,
30.7, 30.8, 30.9, 31.0, 31.1, 31.9, 32.1, 33.9, 35.9, 36.0, 36.3, 38.6, 42.6, 46.1, 47.5, 49.7, 54.4,
65.0 (CO2CHy), 75.0 (3-CH), 118.1 (Ar-CH), 126.4 (Ar-CH), 142.6 (Ar-CH), 148.4 (NHCONH),
1485 (NHCONH), 154.8 (Ar-CH), 170.6 (3a-OoCCH3), 174.4 (CO2CHo(CH2)18CH3);
HRMS(FAB") m/z calc'd for CgoHgoNgO10 [M+H]": 1057.6875, Found 1057.6875.
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Calculation of the Number of Lipid Molecules per Vesicle.

The vesicles used in this study possessed a diameter of 200 nm (2000 A).

Surface area of these vesicles = 4pr® = 12.56~ 10° A”.

The surface areas occupied by phospholipid and cholesterol molecules have been estimated by

Engelmart” to be as follows:

Surface area per phospholipid = 71 A®

Surface area per cholesterol = 46 A?

For, phospholipid:cholesterol 7:3 mixture, the average surface area per lipid molecule is therefore
63.5 A?

It follows that the number of lipidsin one membrane leaflet of 2200 nm vesicle is= 12.56~ 10%63.5
= 198000, and that the total number of lipid molecules per vesicle is roughly double this number, i.e.
396000 molecules/vesicle.
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