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1. Materials and Methods. Unless stated otherwise, reactions were performed in flame dried
glassware under a slight positive pressure of nitrogen using freshly distilled, dry solvent.
Commercial grade reagents and solvents were used without further purification except as
indicated below. Methanol (MeOH) was distilled over CaSO,. Dichloromethane (CH,Cl,),
benzene, and triethylamine (Et;N) were distilled over calcium hydride (CaH;). Ether (Et,O)
and tetrahydrofuran (THF) were purified by Seco Solvent Systems. Thin layer
chromatography (TLC) was performed using E. Merck silica gel 60 F»s4 precoated plates
(0.25 mm). Flash chromatography was performed using Baker silica gel (40 um particle size).
"H NMR spectra were recorded on Varian Mercury 400 (400 MHz) or Unity/INOVA 500
(500 MHz) spectrometers and chemical shifts are reported in ppm downfield from
tetramethylsilane with the solvent resonance as internal standard (5 7.26 ppm for CDCI3). *C
NMR spectra were recorded on Varian Mercury 400 (100 MHz) or Unity/INOVA 500 (125
MHz) spectrometers with proton decoupling. Chemical shifts are reported in ppm downfield
from tetramethylsilane with the solvent as internal (6 77.16 ppm for CDCI3). IR spectra were
recorded on Avatar 360 FT-IR spectrometer. Low-resolution and high-resolution mass
spectral analyses were performed at the Harvard University Mass Spectrometry Center.
Optical rotations were measured with a Perkin-Elmer 241 polarimeter at the indicated
temperature with a sodium lamp (D line, 589 nm). Melting points (m.p.) are uncorrected and

were recorded on a Thomas-Hoover Unimelt capillary melting point apparatus.
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2. Experimental procedures
2.1 Studies on A° model.
Epoxidation of cholesteryl benzoate:

m-CPBA, CH,Cl,,
0 °C, 2h. 95%

-
_

KMn04-CuSO4
CH20I2,-H20-tBu0H
50 °C, 1.5h, 75%‘

r

Epoxidation with m-CPBA:

To a stirred solution of cholesteryl benzoate (100 mg, 0.20 mmol) in CH,Cl, (2 mL) was
added m-CPBA (52.7 mg, 0.31 mmol) at 0 °C the reaction was completed after 2 h stirring at
0 °C. The reaction was quenched by addition of saturated solution of K,COs (aq.) (2 mL) and
the aqueous phase was extracted with CH,Cl, (3 x 10 mL). The organic phase was dried over
NaSO4 and concentrated to dryness to afford a 6:4 mixture of cholestan-5a,60-epoxy-3[-ol
benzoate and cholestan-5p,6B-epoxy-3p-ol benzoate (98 mg, 95%) as a white solid. '"H NMR
(500 MHz, CDCls) 6 8.02 (d, 2H, J=7.5Hz), 7.53 (dd, 1H, J= 7.1 Hz, J= 6.9 Hz ), 7.42 (m,
2H), 5.21 (1H, m, 3CH, a-epoxide), 5.05 (1H, m, 3CH, B-epoxide), 3.12 (1H, br, 6CH, B-
epoxide)*, 2.93 (1H, d, J= 4.4 Hz, 6CH, oc-epoxide)*, 2.25 (m, 1H), 2.08 (m, 1H), 1.95-1.11
(m, 16H), 1.05 (s, 3H, CH3), 0.98 (m, 2H), 0.87 (m, 6H, 2-CH3), 0.62 (s, 3H, CH3); °C NMR
(125 MHz, CDCls) 6 166.2, 165.9, 133.1, 133.0, 131.0, 130.7, 129.79, 129.76, 128.54, 128.48,
72.2,72.1,65.4,63.8, 62.8, 59.4, 57.0, 56.4, 56.1, 51.2, 42.7, 42.6, 42.5, 40.0, 39.7, 38.3, 36.9,
36.5, 36.4, 36.01, 35.97, 35.33, 35.29, 32.7, 32.4, 30.13, 29.99, 29.0, 28.4, 28.3, 28.3, 27.6,
24.4, 243, 24.1, 24.0, 23.1, 22.8, 22.2, 20.9, 18.92, 18.88, 17.3, 16.2, 12.1, 12.0; IR (cm™):
2932, 2867, 1712, 1466, 1450, 1275, 1117, 1026, 709.

Epoxidation with KMnQ4-CuSOg:

A mixture of KMnO4 (600 mg) and CuSO45H,0 (300 mg) was ground to a fine powder and
transferred to a reaction flask. Water (0.03 mL) was added, and mixed very well. To a stirred
suspension of this mixture in CH,Cl, (2 mL) was added cholesteryl benzoate (100 mg, 0.20
mmol) and ~BuOH (0.15 mL). The mixture was then refluxed for 1.25 h. After cooling the
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mixture was filtered through a pad of Celite® and washed with CH,Cl, (3x10 mL) to give,
after concentration, cholestan-5f3,63-epoxy-3-ol benzoate 2 (77 mg, 75%) as a white solid.
[a]p=+10 (CHCIs, ¢ = 0.5); '"H NMR (500 MHz, CDCl3) § 8.02 (d, 2H, J= 7.3 Hz), 7.53 (m,
1H), 7.42 (m, 2H), 5.05 (1H, m, 3CH), 3.11 (1H, br, 6CH, p-epoxide, »'* = 2.1 Hz) ", 2.27
(dd, 1H, J=12.7 Hz, J= 12.2 Hz ), 2.09 (d, 1H, J = 14.6 Hz), 1.98 (m, 2H), 1.82 (m, 1H),
1.64-1.04 (m, 14H), 1.03 (s, 3H, CH3), 0.84 (m, 6H, 2CH3), 0.64 (s, 3H, CH3). °C NMR (125
MHz, CDCls) 6 166.2, 133.1, 130.7, 129.8, 128.54, 128.48, 72.1, 63.8, 62.8, 56.4, 51.2, 42.5,
40.0, 39.7, 38.3, 36.9, 36.4, 36.0, 35.3, 32.7, 30.0, 28 .4, 28.2, 27.6, 24.4, 24.1, 23.1, 22.8, 22.2,
18.9, 17.3, 12.0; m.p. 168-170 °C, (lit. m.p. 172-174 °C)"; MS (ES +) m/z (%): 507.4 (M + H',
100).

" The equatorial hydrogen (6CH) in the B-epoxide isomer is easly distinguishable than the
axial hydrogen (6CH) in the a-epoxide; 6CH in B-epoxide is downfield (3.11 ppm) and broad
(m”2 = 2.1 Hz), whilst 6CH in a-epoxide is upfield (2.93 ppm) and a clear doublet (J = 4.3
Hz).?

Preparation of Cu(MnQy);

To a stirred solution of KMnOj4 (13.3 g, 84.3 mmol) in H,O (200 mL) was added Cu(BF4),
(10.0 g, 42.1 mmol) in HO (10 mL) at 0 °C. The resulting mixture was stirred at 0 °C for 10
minutes and then filtered to remove the precipitate of KBF4. Evaporation of H,O gave
Cu(MnQy); (10g, 79%) as a grey-brown powder. Cu(MnQy4), was also synthesized using a

literature method,6 but we found this to be much less convenient.

Epoxidation with Cu(MnOQOy),:

Cholesteryl benzoate (50 mg, 0.102 mmol) was dissolved in CH,Cl, (0.5 mL) and ~BuOH
(1.5 mL). To this stirred solution, Cu(MnQO,), (46 mg, 0.153 mmol) was added at room
temperature. Stirring was continued at room temperature for 1 h. The resulting solution was
passed through a short pad of silica gel which was eluted wih CH,Cl, and ether. Evaporation
in vacuo gave cholestan-58,6B-epoxy-3f-ol benzoate 2 and cholestan-5c.,60-epoxy-3[3-ol

benzoate in a 6:1 ratio as a white solid (55 mg, quant) with physical data identical as above.
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2.2 Studies on A7 model.

Epoxidation of A7 acetate:

m-CPBA, CH,Cl,,
0 °C to 23 °C, 5h, 75%

KMnO4-CuSO4
CH2CI2,'H20'1BUOH
23 °C, 1.5h, 95%

Epoxidation with m-CPBA:

To a stirred solution of A’ acetate (100 mg, 0.23 mmol) in CH,Cl, (2 mL) was added m-
CPBA (60 mg, 0.35 mmol) at 0 °C. After 2 h of stirring at 0 °C, the mixture was treated with
saturated aq. solution of K,CO; (2 mL) and the aqueous phase was extracted with CH,Cl,
(3x10 mL). The organic phase was dried over Na,SO4 and concentrated to dryness to afford

cholestan-7a,8a-epoxy-3p-ol acetate 3 as a white solid (98 mg, 95%).

Epoxidation with KMnQ4-CuSOg:

A mixture of KMnO4 (420 mg) and CuSO45H,0 (210 mg) was ground to a fine powder and
transferred to a reaction flask. H,O (0.025 mL) was added, and mixed very well. To a stirred
suspension of this mixture in CH,Cl, (1.5 mL) at 23 °C was added A’ acetate (100 mg, 0.23
mmol) and #~BuOH (0.10 mL). The mixture was refluxed for 1.25 h, cooled and treated with
saturated Na,S,04 (aq), filtered through a pad of Celite® and washed with CH,Cl, (3x10 mL).
The organic phase was separated and the aqueous phase was extracted with CH,Cl, (3x10 mL).
The combined organic phase was dried over Na,SO4 and evaporated to give cholestan-7a,8c-
epoxy-3p-ol acetate 3 (99 mg, 95%) as a white solid. '"H NMR (500 MHz, CDCls)  4.61 (br,
1H, 3CH), 3.26 (1H, br, 7CH, a-epoxide)’, 1.98 (s, 3H, CH3), 1.73-1.19 (m, 26H), 1.09 (s, 3H,
CH3), 0.84 (m, 9H, 3CH3), 0.68 (s, 3H, CH3). °C NMR (125 MHz, CDCl;) §170.7, 73.4, 62.5,
59.2,56.2,54.6,46.2, 42.8, 39.7, 38.6, 37.5, 36.3, 36.2, 34.4, 33.9, 33.4, 30.0, 28.2, 27.6, 27.5,
24.1, 23.0, 22.8, 22.4, 21.6, 19.1, 15.1, 12.7; IR (cm™"): 2948, 2867, 1731, 1467, 1364, 1240,
1029, 736; m.p. 207-210 °C (lit. m.p. 95-97 °C).>; MS (ES +) m/z (%): 445.4 (M + H', 10),
427.3 (M —H,O + H", 100).
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" The axial hydrogen (7CH) in the o-epoxide isomer is easly distinguishable than the
equatorial hydrogen (7CH) in the B-epoxide; 7CH in a-epoxide is down field (3.26 ppm) and
broad (o' = 2.1 Hz), whilst 7CH in B-epoxide is upfield (2.80 ppm) and doublet (J = 5.3
Hz).

2.5 Studies on A*® model.
Epoxidation of 3,5-Cholestadiene (A** model):
KMnO4-CuSO4

CH2C|2,-H20-tBuOH
23 °C, 1.5h, 46%
’

A mixture of KMnOy4 (1.4 g) and CuSO45H,0 (0.7 g) was ground to a fine powder and

transferred to a reaction flask. HO (0.04 mL) was added, and mixed very well. To a stirred

suspension of this mixture in CH,Cl, (10 mL) was added 3,5-cholestadiene® (369 mg, 1 mmol)
at r.t., followed by the addition of zert-butanol (0.4 mL). The solution was stirred at r.t. for 3h

by which time TLC indicated that the epoxidation was completed. The reaction was quenched

with isopropyl alcohol, filtered through a pad of Celite® and washed with EtOAc (7x10 mL).

Evaporation gave a crude mixture of 4 (174 mg, 46%), which used in the next step. Analysis

of the crude: 'H NMR (500 MHz, CDCl3) § 6.02 (m, 1H), 4.95 (m, 1H), 3.12 (br, 1H, 6CH, f-

epoxide), 2.20-1.78 (m, 6H), 1.60-0.98 (m, 18H), 0.97 (s, 3H, CH3), 0.88 (m, 6H, 2CHj3), 0.66

(s, 3H, CH;3). >C NMR (125 MHz, CDCl;) & 132.9, 130.8, 62.1, 56.51, 56.47, 50.2, 42.6, 40.0,
39.7, 36.5, 36.4, 36.01, 35.97, 34.1, 32.5, 29.9, 28.4, 28.2, 24.5, 24.0, 23.0, 22.8, 22.3, 21.6,

18.9, 16.5, 12.0; IR (cm™): 2933, 2867, 1707, 1466, 1351, 1025, 737, 703.

Hydrogenation and Acetylation of Cholest-58,63-epoxy-3-ene:

1. H, (1 atm), Pd-C
EtOAc, 23 °C, 24 h

2. Ac,0, DMAP, NEt;
CH,CI,, 23 °C, 1h
43% 2 steps

" Oac 5
To a stirred solution of cholest-5f8,6B-epoxy-3-ene 4 (170 mg, 0.44 mmol) in EtOAc (5 mL)

was added Pd/C (28 mg, 10 wt. %). The reaction mixture was placed under an atmosphere of

H, (1 atm) and the mixture was stirred for 24 h. After filtration through a pad of Celite®,
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washing with EtOAc (3x5 mL) and concentration, the residue was purified by flash
chromatography (hexanes/EtOAc; 10:0 — 8:2) to afford coprostan-63-ol (76 mg, 45%) as a
thick syrup. To a stirred solution of coprostan-63-ol (75 mg, 0.19 mmol) in CH,Cl, (4 mL)
was added DMAP (3 mg, 0.02 mmol) and Et;N (0.01 mL, 0.57 mmol) at r.t. To this mixture
acetic anhydride (0.05 mL, 0.29 mmol) was added. The reaction mixture was stirred for 1h
and then treated with saturated NH4ClI (5 mL). The aqueous phase was extracted with CH,Cl,
(3x5 mL) and the organic phase was dried with Na,SO4. Evaporation gave a crude mixture
(88 mg), which purified by flash chromatography (100:0 to 90:10 hexanes/EtOAc) to afford
coprostan-6f3-ol acetate 5 (80 mg, 96%) as a white solid. [a]p= +16 (CHCls, ¢ = 0.55), lit.
[a]p=+22 (c = 0.55).*; "H NMR (500 MHz, CDCl;) & 4.70 (d, 1H, 6CH, J= 1.8 Hz), 2.03 (s,
3H, CH3 ), 1.99 (m, 1H), 1.82 (m, 1H), 1.70 (m, 3H), 1.56 (m, 4H), 1.42-1.03 (m, 10H), 0.99
(s, 3H, CH3), 0.88 (m, 6H, 2CH3), 0.68 (s, 3H, CH3). °C NMR (125 MHz, CDCl3) & 170.8,
76.0, 56.6, 65.5, 46.8, 43.0, 40.7, 40.4, 39.8, 37.8, 36.4, 36.0, 35.2, 32.0, 31.7, 28.5, 28.2, 26.8,
26.7, 26.1, 24.5, 24.1, 23.0, 22.8, 22.0, 21.0, 20.8, 18.9, 12.4; IR (cm™): 2929, 2849, 1739,
1462, 1369, 1244, 1016, 737; m.p. 104-106 °C (lit. m.p. 109-111 °C).* MS (ES +) m/z (%):
372.4 (M — OAc]’, 30), 371.4 (M — OAc — H]", 100).

Epoxidation of Stigmasteryl Acetate with Cu(MnQy).

Stigmasteryl acetate (50 mg, 0.11 mmol) was dissolved in 0.5 mL of CH,Cl,, and treated with
1.5 mL of ~BuOH. To this stirred solution, Cu(MnQOy4), (50 mg, 0.165 mmol) was added at
room temperature. Stirring was continued at room temperature for 1 h. The resulting solution
was passed through a short pad of silica gel which was eluted wih CH,Cl, and ether.
Evaporation of the solvent in vacuo gave 5f,6B-epoxy-derivative 6 and Sa,60-epoxy-
derivative in a 6:1 ratio as a white solid (51 mg, 99%) with physical data identical to the

literature.’
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4. Copies of selected "H and >C NMR spectras

RO PROTOM PARAMETERS

Pulse Sequence: sZpul

Solvent: COC13
Tenp. 25.0/C f 2481 K
INOVA=500 “fpovasnoc"

Pulse 65.2 dogroes

Acn. time 2,185 sec

Width 7501.2 Hz

88 repetitions

OBSERVE ML, 439, 8720948 MMz
DATA PROCESSING

Line broadening 0.1 Hz

ET size 65536

Total time 36 min, 37 sec

BzO

. . = —

Filenang:

1.25° 2.B7

l.44 1.87
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STANDARD CARBON PARAHETERS

Fulse Scqguoncor sZpul
Solvent: CDC13

Temp. 25.0 C f 2393.1 K
Userz 1=14-87
INOVA-500 "inovasdoc™

Pulse 34.0 degrees

Acg. time 1.09%2 sec

Width 34535.6 Hz

384 repetitions
OBSERVE C13, 125.6931345 HHz
DECOUPLE HI, 439.B754343 HHZ
Power 46 dB

continuous 1y on

WALTZ=16 modulnted

DaTa PROCESSING

Line broadening 1.0 Hz

FT size 131072
Total time I8 min, 43 sec

2
“,
“

i

240 220 200

a0

b s

60

i
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STANDARD PROTON PARAMETERS

Pulse Sequence: sipul
Salvent: COCIZ

Temp. 25.0 C f 298.1 K
INOVA-508 “inovasooc"

Pulse 5.2 degrees

Ach. time 2.185 sec

Width 7501.2 Hz

112 repetitions

OBSERVME  HI, 4508.87259548 MHz
pATa PROCESSING

Ling broadening 0.1 Hz

FT size B5536

Total time & hr, 5 min, 38 sec

AcO
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STANDARD CARBON PARAMETERS

Pulse Seguence: s2pul

Solvent: CDC13
Temp. 25.0'C / 298.1 K
usar: 1-1a-87
INDVA=-500 “imowvasdoc™

Pulise 34.6 degrees

Acqg., time 1.092 scc

Width 29896.3 Hz

128 repetitions
OBSERVE C13, 125.68931345 MHz
DECOUPLE - HL, 499.8754943 MHz
Power 45 dB

cantinuously on

WALTZ=1F modulatoed

ODATA PROCESSING

Line broadening 1.0 Hz

FT %1ze B5536

Total time iB min, 4% sec

180 160

AcO




S11

STANDARD PROTON PARAMETERS

Pulse Seqguence: SZpul

Solvent: CDC13
Temp. 25.0 C 2 298.1 K
INOVA-L00  “inovaSdDc®

Pulse 65.2 degrees

Acqg. time 2_135 sec

Width 7501.2% Hz

B8 repetitions
ORSERVE Hi, 299.8725948 HHz
OATA PROCESSING

Line broadening 0.1 Hz

FT size E5536
Total time 36 min, 37 sec

13 12

11

10

(=

0.¥3rm. 3

H.BE81.30
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STANDARD CARBOMN PARAHETERS

PUlSE Seguence: S2pul

Solveat: COCI3

Temp. 25.0 C / 298.1 K
User: 1-13-87
INOVWA=500 *“inowvaSooc"

Pulsc 34.6 degrees
Acg. time 1.092 sec

Width 34995.6 Hz

128 repetitfons
DASERVE C13, 125.6531315 MHz
DECOUPLE HIL, 433.8754343 MHz
Power 46 dB

continuously on

WalTZ-156 modulated
OATA PRODCESSING

Line broadening 1.0 Hz

FT sfize 131072

Total tise 18 min, 49 sec

240 220

1480
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STANDARD PROTON PARAMETERS

exp3  s2py)

SAMPLE DEC. & W71

date Mar 21 2008 dfrq 500,176
solvent coC13a  dn H1
file axp  dpwr a2

ACOUISITION daf 1}
5frg S00.176 d= nnn
tn H1  dmm c
at 2. 048 dmf ETTO
np 32768 dseq
5 BDOD.O  dres 1.0
iy 4000 homo n
bs 8 temp 22.4
55 Z PROCESSING
tpwr 58 b b.10
o 5.0 wtfile
a1l 4 proc Tt |
tof a fn not used
nt 1000 math i
ct 176
alock nooWarr
gain not used wWaxp

FLAGS whis
il n Wit wft
in n
g ¥
hs nn |
DISPLAY
sp 252.5
W 2445.3
w5 ive
0 o
W 250 _
hizmm a.78
s 758.76
rfl 1433.0
rfp w
th
ins B.aan 6 _
na cdc ph | i
_m i
|
\a‘hﬁ |
||k.MW; ?Lp[ i Lﬁg
T T T T T T T T i T T T T Tr—z] T T T T T T ¥ ¥ 1 T T T T T T T T T T T
5.0 4.5 4.0 3.5 2.5 2.0 1.5 1.0 ppm
u . AT e = . e A
1.11 .88 2.78 0.5% S.41 5.48 7.5
1.13 2.36 2.23 1.53 .12 1.12 3.73
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STANDARD CARBON PARAMETERS

exp3  sZpul

SAMPLE
date Rar 21 2008
solvent cncia
file BEp

ACOUISTTION

sfrg 125,781
tn C13
at 1.170
np al1aa6
5W 34995.8
fh 19000
bs 16
Lpwr LT
P B.0
dl 0.100
tof 1]
nt 1000
ct 144
alock n
gain 56

FLAGS
il n
in n
dp ¥
hs (]

DISPLAY
4] =5542.7
wWp 34835.1
vE 56
50 a
Wi 250
nzmm 139,498
Is 500.00
rfl 5548.2
rip o
th 16
ins 1on.ono

nm cdc  ph

DEC., & ¥T
dfra S500.176
dn H1
dpwr aa
dof L]
dm Yy
dmm W
dmf 15970
dseq
dres 1.0
homd n
temp 22.0
PROCESSING
L] 1.00
wifile
proc ft
in not used
math T
WwaErr
WEXp
whs
wit

120

I .

100




