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Abstract: The design and synthesis of potential steroidal HIV-1 protease inhibitors is described.
Compounds derived from 11-amino-12-keto-cholanic acid derivatives show modest activity. © 1998

Elsevier Science Ltd. All rights reserved.

Introduction
Therapeutic potential has been established for specific inhibitors of the HIV-1 protease, whichisa C;

homodimer containing two aspartate residues in the catalytic site. Numerous examples of potent

inhibitors of HIV-1 protease have been disclosed.’

related carbonyl equivalent (2) which are believed to mimic the hydrolysis transition state leading to the

tetrahedral gem diol (3), thought to be involved in the aspartate catalysed proteolysis.
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difluoroketone derivative (6)° and the pyrrolidine based a-keto amide (7).7
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More recently inhibitors have been based upon sulfonamide-substituted cyclooctylpyranones,® trans-
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oxabicyclo{3,3,0)octane systems” and C, symimetric cyclic urea and sulfamide derivatives.

Design of Inhibitors

interactions within the active site." We have used the conformation of inhibitor A74704 (4) in its HIV-1

protease complex'" to explore best fit superimpositions of potential steroid targets using energy

(8b)

The primary targets are 11i-amino-12-hydroxy/keto-steroids, based upon estra-i,3,5(10)-trienes (8a)/biie
acids (8b) incorporating various C-17 side chains. In these structures the aromatic/saturated A ring and
C-9 mimics the desirable benzyl/cyclohexylmethyl! residue and the 11-amino-12-hydroxy/keto moiety
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mimics the hydroxy/ketoethyiamine present in A74704 (4) and many other active inhibitors. It was



anticipated that variation of the C-17 side chain would afford the opportunity to provide alternatively
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The increased lipophilicity of the target steroids over other inhibitors was thought to offer potentially

improved in vivo activity as has been observed in some renin inhibitors."

This work is complementary to the use o tidomimetics as versatile scaffolds to bind to the
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Scheme 1 — a) Ac,0, py, 86%. b) DMD, Me,CO 0 °C, 75%. c) Oxalic acid, PhH, 80 °C,
97% (A>'": A®® = 95:3). d) m-CPBA, Na,CO,, CHCl3, 59% (ct:f = 7:1).

azido-compounds and that these may be available via reaction of 9o, 1 1a-epoxides with HN;. The 3,17-
diacetoxy epoxide (12)"° was prepared by a slight variation from the literature procedure in that the
intermediate A>!!-compound (11) was prepared by the oxalic acid-catalysed dehydration of the 9ct-
hydroxy-compound (10) available from dimethyldioxirane oxidation of estradiol diacetate (9b). 16
Reaction of the 3,17B-diacetoxy epoxide (12) with NaN;/NH,Cl in ethanol’ gave intractable mixtures
which were thought to be unpromising although there was evidence of azide formation (V.. 2105 cm™).

A speculative approach to 9a-hydroxy-11-azido-compounds involving the reaction of estrone acetate (13)



with LiNy/ceric ammonium nitrate also proved unsuccessful and it was not possible to satisfactorily
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9a-hydroxy-11B-chloro-compound (14) with LiCI/CAN. !

T

Since the approach from aromatic A-ring steroids was unpromising, we turned our attention to the use of

Approaches from the Bile Acid series.
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Scheme 2 a) MsCl, py, 0 °C, 100%.
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purification, on heating (125 °C) with KOAc in 1,3-dimethyl-3,4,5,6-tetrahydro-2-pyrimidone (DMPU)*
H

gave the A'"*-compound (17). The 'H NMR spectrum of (17) showed the alkene proton signals at &y
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(17) with m-CPBA gave largely the 11a,12a-epoxide (18a) which was separated from the 3-epoxide
(18b) by chromatography and the observed 'H NMR spectrum showed characteristic doublets (J = 4 Hz)
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for the CH-11 and CH-12 proxons ai 8y 2.94 and 3.14 respeciively. Interestingly, use of 2,2,2-
trifluoroacetophenone/Oxone®! gave only the a-epoxide (18a) as observed by "H NMR spectroscopy.
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the 12B-hydroxy-11-oxo-compound (19) rather than the expected 11pB-azido-12a-hydroxy-compound
(20a). A similar reaction occurred with LiN;. The assignment of structure was supported by the NMR
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positions of the angular methyl groups at 84 0.61 (s, C-13-Me) and 1.20 (C-10-Me) are consistent with

the 12-hydroxy-11-oxo structure.



It is possible that the 12p-hydroxy-1 l-oxo-comnound (19) arises from hydrolysis during chromatography
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of the imine (21a) which is formed from the unstable 11p-azido-12a-hydroxy-compound (20a). TLC
evidence supports the intermediacy of an unstable product. Loss of nitrogen from a-azido-ketones (see

below) has previously been remrted23 425 and is believed to be sterically driven, in part. The azido group
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of (20a), however, suffers significant interaction with the angular methyl groups and ioss of nitrogen with

formation of the imine (21) would release this (Scheme 3). It seems that this is sufficient to cause the
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Attempts to prepare the 11p-azido-12a-hydroxy compound (20a) using TMSNy/BF;.OEt, in DMF?’
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rearrangement of the epoxide moiety. The structure (22) was supported in particular by the appearance
of important signals in the '"H NMR spectrum at 8 5.66 (d. (d, /=6 Hz, CH-11) and 3.91 (t collapsing to d
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C13-Me) and 1.12 (s, C10-Me). No reaction was observed between the
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a,12a-epoxide (18a) and

the target molecules was achieved through the use of methyi 3a-benzoyioxy-12-
(

oxo0-5B-cholan-24-oate (23). Disappointing yields were obtained in the oxidation of compound (15)

using Jones™ (45%), Collins*® (48%) and Swern®! (17%) conditions. Use of a two-

ern 2) cor wo-phas da

Saal_ 1 Ll ko ~ 2l 1M . ma33 s nsn
dieihyl ether and water gave the 12-ketone (23)™ (86%).
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isomer (24) in 73% yield. The 'H NMR spectrum of (24) shows a doublet at 5, 4.94 (d, CH-11,J = 11
Hz) consistent with an a-bromine atom. Reaction of (24) with NaN; in DMSO at 100 °C failed to give

the expected B-azido compound (20b). Instead, expulsion of nitrogen gas led to the formation of

sterotdal enamine (25) in 53% yield. This compound could be stored for limited periods in the freezer (-
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a-Keto azides are known to decompose relatively easily to form imino ketones or enamino ketones in the

presence of azide ion on treatment with base (Scheme 3). The expected azido ketone (20b) would have

an 11p-axial azide group which would be sterically congested as indicated for (20a) above. Attempts to
increase the yield of enamine (25) or the azide (20b) using trimethylsilyl azide in dlchloromcthane

1
L1 4 d 1inthium azide

sodium azide in DMF, methanol or ethylene glycol at various temperatures (50-150 °C), and lith zid

(26a), R=Cbz, 27%
(26b) R=Djvalovl 469
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(26¢), R=Ethoxycarbonyl, 27%

Scheme 5 - a) RCl, DMAP, CH,Cl,, reflux, 18 h.

in DMF, methanol® or ethylene glycol at various temperatures (50-150 °C) all proved less successful
than NaN; in DMSO. Derivatisation of enamine (25) with Boc using Boc,O*” and 2-(zert-
butoxycarbonyloxyimino)-2-phenylacetone®® proved unsuccessful. However, reactions with benzyl
chloroformate, pivaloyl chloride and ethyl chloroformate in the presence of DMAP gave moderate yields
of the derivatives (26a), (26b) and (26¢) respectively (Scheme 4) which unlike the enamine (25) are
stable.

Compound (26a) showed line broadening in the 'H NMR spectra at 25 °C, characteristic of certain bulky
carbamates.’® Increasing the temperature sharpened the spectra considerably and Figure 1 shows the
angular methyl region; (a) in CDCl; (25-55 °C) and (b) in DMSO-ds (65-95 °C). A shift upfield for the
C10 methyl can be seen from & 1.00 ppm to 0.93 ppm when the solvent was changed from CDCl; to
DMSO-ds.
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Figure 1 — Variable Temperature '"H NMR of (26a).

Attempted reductions of either the 12-ketone and/or the 9,11 double bond in enamine (25) and protected

enamine (26a) using 9-BBN, NaBH,/CeCl;, NaBH;CN/HC1* gave complex mixtures possibly because of
the inherent instability of the enamine function in the absence of the 12-keto group. Attempted

. . 41 iy s . .
hydrogenation with PtC, Pd/C, PtO,/C,"' and Wilkinson’s catalyst*? gave only unreacted starting material
marhname mat enrmeicingly in viaw af nthar ahearvntinmee nm AR 19 Lo 40
Peiiiaps HUL DU PIIDHIELY 111 VIUW Ul ULl vnlvauulido voa a - ~ACLULICY

Table 1 below shows summary results for the biological testing of (25), (26a), (26b) and (26¢) against
HIV 111B C8166 infected cell lines™ performed by Dr. Naheed Mahmood a C Collaborative Centre
Mill Hill, London.
Compound ECso(uM) TCsp(uM)
25 20 50
26b 200 1000
26a 8 100
26¢ 20 100
Roche 0.001 20
Sequinavir
AZT 0.016 >1000
Tahle 1 - Rinlagical Activity aoainct HIV
idAtiw 1 UIUI\IBI\I“I 43 wil Y llrl “sulllﬂl A AdA YV,

ECs, represents the concentration which reduces Ag glycoprotein 120 by 50% in infected cell cultures.

which reduces cell growth b hv 509%. The

valovl derivative
oyl acrivative

U



J.J. Harburn et al. / Tetrahedron 54 (1998) 11907-11924 1i9i5
(263), showing the greatest potentia !9 contains a bl_l!ky hydrophobic group upon C-11 nitrogen as

Commercially available solvents and reagents were utilised throughout without further purification,

unless detailed below.

atrnl’ rafars ¢ tha Line b dllio, o
CL1uUl ICICID W UIV

+ .~ ep— | — o~ _
LICI U lllllg U tWEEn 4

e O 1 N =
U dalid OU U 4l W,

PR P
petroicuiii

4]
<O

over calcium chloride through a 36 cm Vigreux column before use. Dichloromethane was purified and

dried by distillation from phosphorous pentoxide. Toluene was distilled from calcium hydride before
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eve
magnesium and iodine. Pyridine was distilled from potassium hydroxide pellets and stored over 4A
do

sieves. Analytical thin layer chromatography (TLC) was carried out using aluminium backed plates

e
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Infrared spectra were recorded in the range 4000 - 600 cm! using a Nicolet FT-205 spectrometer with
internal calibration. Spectra were recorded as either solutions in dichloromethane, as thin films or as

nujol mulls. Thin film and nujol mull spectra were recorded using sodium chloride plates. 'H NMR

spectra were recorded using Bruker AC-250 (250 MHz) and Bruker-400 (400 MHz) instruments. °C

NMR spectra are referenced against tetramethylsilane at 0.00 ppm. Chemical shift values 8y and 8¢ are

accurate to £0.01 ppm. Signals are described as being broad (br), singlets (s), doublets (d), triplets (t),
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or on a VAB-E instrument (Swansea EPSRC mass spectrometry service) by Electron Impact (EI) or

Chemical lonisation (CI). Melting points were recorded on a Koffler hotplate stage apparatus and are
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3,17p-Acetoxyestra-1,3,5(10)9(11)-tetraene (11)

A solution of gn.hvdrnxvpct.m-! 3 4(10),uriepe 3
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was refluxed with a catalytic amount of oxalic acid for 30 minutes. The reaction mixture was evaporated

and the residue chromatographed over silica eluting with diethyl ether / light petrol (2:3). The major
nroduct ohtained wae tha titla samnnund (0 162 o 0504
PRVHHYE VUMILILIWW TTRT LW LW WVIIPUWIN (V. 1V 5, IS /0]

Mpt. 141-144 °C [lit. mpt."* 148-149 ° Vaax (cm™') 2924, 1749 (CH3CO0,-C3), 1729 (CH;CO,-C17),
1602; 'H NMR (250 MHz, CDCl;) 6 0.83 (s, CHs-1 ), 2.07 (s, CH;CO, 3H), 2.28 (s, CH;CO, 3H),

4.77(t, /= 9 Hz, CH-17q, 1H), 6.1 (m, CH-11, 1H), 6.80-6.89 (m, CH-2 & CH-4, 2H), 7.5 (d, J = 6 Hz,
CH-1, 1H); "C NMR (62.9 MHz, CDCl) 12.00 (C-18), 21.04 (CH;CO), 21.08 (CH;CO), 23.04 (C-15),
27.51 (C-7), 27.91 (C-6), 29.67 (C-12), 38.35 (C-8), 39.27 (C-16), 41.23 (C-13), 47.20 (C-14), 82.62 (C-

: . : {
149.15 (C-3), 169.56 (3-CH3CO0), 171.03 (17-CH;CO). [Found M" 354.1818 (48 %), 312 (93), 252 (63)
Calc. for Cp,HycO4, 354.1831].

Methyl 3a-benzyloxy-12a-mesyloxy-53-cholan-24-oate (16)

Methane sulphonyl chloride (2.2 cm®, 30 mmol) in benzene (20 cm3) was added dropwise to a stirred

g Py | ~A L Fate NP I I |

methyl 3a-benzoyloxy-12a-hydroxy-53-cholan-24-oate (2.02 g, 4.31 mmol) in anhydrous
pyridine (20 cm®) at 0 °C. Stirring was continued for 4 h, warming gradually to room temperature. The
reaction mixture was diluted with dichloromethane (100 cm3) and washed with water (2 x 100 cm3) 20%
aqueous copper sulphate (2 x 50 cm®), water (50 cm®) and dried over sodium sulphate. Removal of
solvent in vacuo yielded a viscous orange oil which solidified after 24 h drying under high vacuum. This

product (2.58 g, 100%) was used without further purification.

IR v (cm™) 2947, 2870, 1740 (CO,Me), 1714 (PhCO,), 1377, 'H NMR (250 MHz, CDCi3) 6 0.78 (s,
CH;-18, 3H), 0.97 (s, CH3-19, 3H), 1.01 (d
3H), 4.95 (m, CH-38, 1H), 5.13 (s, CH-128,

=13) S M LY, gs

Methyl 3a-benzyloxy-12a-mesyloxy-53-cholan-24-oate (1.15 g, 1.95 mmol) was heated with potassium
acetate (0.96 g, 9.78 mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2-pyrimidone (DMPU, 11 cm 3y at 125 °C

the reaction mixture was diluted with water {Iﬂﬂ cm’ 3 and extracted with
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). The combined organic phases were further washed with water (50 cm’)
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and saturated aqueous sodium chloride (50 cm®) and dried over Na,SO,.

rvy R RSy, = ==l

and chromatography over silica gel, eluting with diethyl ether / light petroi (1:3) afforded the titie
compound as colourless needles (0.88 g, 88%).
Mpt. 103-106 °C; IR vy, (cm™) 1731 (CO,Me), 1716 (PhCO,); "H NMR (250 MHz, CDCl )80.73 (s

2
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CHs-18, 3H), 0.92 (s, CHs-19, 3H), 1.01 (d, J = 6 Hz, CH,-21, 3H), 3.65 (s, OCHj, 3H), 4.99 (m, CH-3p,
1H), 5.43 (d, /= 10 Hz, CH-12, 1H), 6.11 (dd, /= 10 Hz and J = 3 Hz, CH-11, 1H), 7.41 (m, m-Ar-H,
2H), 7.52 (m, p-Ar-H, lH), 8.03 (m, 0-Ar-H, 2H); *C NMR (62 9 MHz, CDCl;) 16.59 (C-18), 18.25 (C-
21), 22.91 (C-15), 23.56 (C-19), 25.40 (C-16), 26.61 (C-7), 27.87 (C-8), 28.36 (C-2), 30.80 (C-23), 30.90
(C-22), 32.90 (C-4), 34.26 (C-8), 34.83 (C-1), 34.96 (C-10), 35.87 (C-20), 40.90 (C-5), 43.04 (C-9), 44.94
(C-13), 51.37 (OCH;), 51.83 (C-14), 53.50 (C-17), 74.60 (C-3), 125.28 (C-12), 128.15 (m-Ar-C), 129.42
(0-Ar-C), 130.79 (i-Ar-C) 132.58 (p-Ar-C), 165.91 (PhCO,), 174.47 (C-24). [Found MNH,* 510.3580 (34
%), 371 (100), 255 (42) C;,H4gNO, requires MNH,, 510.3583]

Methyl 3a-benzyloxy-11a,12a-epoxy-5p-cholan-24-oate (18a)
(a) A solution of methyl 3a-benzyloxy-5B-chol-11-en-24-oate (1.16 g, 2.35 mmol) in chloroform (50

g
cm \ was cooled to Q °C and treated with meta-chloroperbenzoic acid (1.60

d Candt 1Z0 of 50% m-CPBA, 4.7
mmol) and sodium carbonate (0.50 g, 4. 70 mmol). After stirring at room temperature for 24 h the
reaction mixture was washed with water (2 x 50 cm®) and dried over Na,SO,. Removal of the solvent in
vacuo and chromatography over silica gel, eluting with diethyl ether / light petrol (1:2) afforded the title
compound (0.80 g, 67%) as a gum.

(b) To methyl 3a-benzyloxy-5p-chol-11-en-24-oate (0.10 g, 0.200 mmol), acetonitrile (7.5 cm’), 2,2,2-

trifluoroacetophenone (0.167 g, 0.96 mmol) and (EDTA)Na, solution (4 x 10 M | 5 cm®), was added a

ace W pAAVAIVAR 1AV Gaaka

solid mixture of Oxone® (0.59 g, 0.96 mmol) and sodium hydrogen carbonate (0.33g, 3.10 mmol) over 30

minutes. This solution was stirred vigorously at room temperature for 24 h. After such time the reaction
raction with ethyl acetate (2 x 25 cm \ washed with saturated sodium
hydrogen carbonate solution (50 cm %), dried over Na,SO, and removal of solvent in vacuo to give the title
compound as a colourless gum (0.099 g, 96%).

IR v, (cm™) 1746 (CO;Me), 1722 (PhCO,); 'H NMR (250 MHz, CDCl;) § 0.79 (s, CH-18, 3H), 1.03
(s, CHs-19, 3H), 1.05 (d, J = 6 Hz, CHs-21, 3H), 2.94 (d, /=4 Hz, Cii-H, iH), 3.14 (d, /=4 Hz, Ci2-H
1H), 3.67 (s, OMe, 3H), 4.95 (m, CH-3, 1H), 7.42 (m, m-Ar-H, 2H), 7.53 (m, p-Ar-H, 1H), 8.03 (m, o-
Ar-H, 2H); C NMR (62.9 MHz, CDCl;) 11.80 (C-18), 18.25 (C-21), 22.21 (C-15), 23.76 (C-19), 25.19
(C-16), 26.67 (C-7), 27.20 (C-6), 30.60 (C-23), 30.80 (C-22), 32.60 (C-4), 32.70 (C-8), 34.80 (C-1), 35.00
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(C-20 & C-10), 40.90 (C-5), 41.20 (C-9) 43.40 (C-l3), 46.
(C-12), 60.80 (C-11), 74.60 (C-3), 128.15 (m-Ar-C), 129.

TR gy PVLOV W T \WmT gy 140 LR Bt T Y

\
165.00 (PhCO,), 174.57 (C-24). [Found MH* 509.3270 (8 %), 526 (MNH,, 100), 508 (M, 8), 491 (M-
OH, 33) C3,H44Os requires MH, 509.3267].

Methyl 3a-benzyloxy-12f3-hydroxy-11-oxo-5p3-cholan-24-oate (19)
Methyl 3a-benzyloxy-l lo, 12a-epoxy-5f3-cholan-24-oate (0.05 g, 0.10 mmol) was heated to 140 °C with

drops of 98% sulphuric acid. After 16 h the reaction mixture was cooled, diluted with dichloromethane

(20 cm®), washed with water (3 x 20 cm®) and aqueous saturated sodium chloride (20 cm®) and then dried
er Na,SQ,. TLC analysis indicated

Na,SO;. TLC analysis indi
when the crude mixture was chomatographed over silica gel, eluting with diethyl ether / light petrol (1:2)
affording the title compound as a gum (0.030 g, 57%).

80.61 (s, CHs-18, 3H), 0.91-0.92 (d, J = 6 Hz, CH;-21, 3H), 1.20 (s, CH;-19, 3H), 2.74 (br, OH, 1H), 3.66
(s, OCHa, 3H), 3.87 (m, CH-120., 1H), 4.94-4.96 (m, CH-3p, 1H), 7.42-7.46 (m, m-Ar-H, 2H), 7.53-7.57
(m, p-Ar-H, 1H), 8.03-8.05 (m, 0-Ar-H, 2H); *C NMR (62.9 MHz, CDCl;) 10.70 (C-18), 17.12 (C-21),
22.88 (C-15), 23.93 (C-19), 26.33 (C-16), 26.73 (C-7), 27.28 (C-6), 27.67 (C-2), 30.62 (C-23), 30.85 (C-
22), 32.34 (C-4), 33.34 (C-10), 34.10 (C-1), 34.79 (C-20), 37.05 (C-8), 42.67 (C-5), 45.28 (C-9), 45.73
(C-17), 47.08 (C-14), 48.96 (C-13), 51.48 (OCH,), 74.56 (C-3), 82.83 (C-12), 128.29 (m-Ar-C), 129.55

(0-Ar-C), 130.76 (i-Ar-C), 132.76 (p-Ar-C), 166.07 (PhCO,), 174.56 (C-24), 213.12 (C-11). [Found
MNH," 542.3490 (76 %), 524 (M, 12), 507 (M-OH, 5), 491 (22) C3,HsNOs requires MNH,, 542.3482].

Methyl 3a-benzyloxy-12a-hydroxy-5f3-chol-9(11)-en-24-oate (22)

Methyl 3a-benzyloxy-11a,12a-epoxy-5B-cholan-24-oate (0.01 g, 0.20 mmol) was treated with

)
or 16 h at 140 °C. The reaction mixture

a.
I~

boron trifluoride etherate were added and the mixture heate

was then cooled, diluted with diethyl ether (50 cm®), washed with water (3 x 25 cm®) and aqueous

_______ Py | ~ vind ~orae N
1ICU Uvel

. I.. v dn IK A Y e
Sdaturdica w(.uuu CHIONIUC {240 Ll ) allu
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0.57 (s, CHs-18, 3H), 1.01 (d, /=6 Hz, CH;-21, 3H), 1.12 (s, CH;-19, 3H), 3.67 (s, OCH;, 3H), 3.91 (t,

collanses ta a douhlet on additian of D
col a doublet on agdition of 1)

lapses to t

Hz, CH-11), 7.42

CDCl1;) 11.21 (C-18), 17.21 (C-21 ) 25 04(c 15), 2660(C 16),2675(C 7),2 92 (C-6), 2
30.98 (C-23), 31.14 (C-22), 32.34 (C-4), 34.06 (C-1), 35.13 (C-20), 37.35 (C-8)

AL L g, S Sy~ VN T g, & ~ o W

§

g
w @
-
* —~—
Q
(Y
e’
N

,a

o ~

10), 41.92 (C-5), 45.13 (C-13), 46.59 (C-14), 46.92 (C-17), 51.47 (OMe), 72.41 (C-3), 75.12 (C-12),
122.11 (C-11), 128.25 (m-Ar-C), 129.57 (0-Ar-C), 130.81 (i-Ar-C), 132.71 (p-Ar-C), 145.97 (C-9),
166.17 (PhCO;), 174.72 (C-24). [Found M" 508 3189 (5%), 386 (67), 271 (17), 253 (18) C3;H,,05

To a rapidly stirred solution of sodium dichromate (0.40 g, 1.709 mmol) in distilled water (5 cm’) was
added dropwise concentrated sulphuric acid (0.5 cm®, 98%). The resulting chromic acid was added to

methyl 3a-benzoyl-12¢-hydroxy-53-cholan-24-oate (1,00 g, 1.96 mmeol) in

and then stirred for 90 minutes. The two-phase mixture was separated the aqueous layer extracted with
diethyl ether (2 x 25 cm’

dried over MoQﬁ and the solvent remaved in vacuo to vield a colourlece oum Recrvetalli
AN G LR TAAW UYWAY A WALEW VWM HF 8 TRV BL VW lelu o WAV HILIWWOD éwl‘- L\VV!J‘,WI‘I L2 1 A1 a1

methanol yieided the titie compound as white prisms (0.86 g, 86%).
Mpt. 126-128 °C [lit. mpt.> 128-129 °CJ; IR Vyux (cm™) 1735 (CO,Me); 'H NMR (250 MHz, CDC15) &

0.85-0.87 (d. J = 6Hz. CH.-21. 3H). 1.03 (5. CH.-18. 3H). 1.06 (5. CH.-19. 3H) 3.67 {(s. OCH.. 3H). 4.82-
- \u,u VLL‘-, \.IA_J bl’ JAJ./, L.V \ﬂ’ Vﬁj JU, JLLI, 1.Vvw \Q, \.{25 l/, Jl‘l, s NI T ‘D’ \J\/‘l}, —’1]’, R S 2

3 5.61 (C-20), 36.08 (C-1), 4
57.47 (C-13), 58.61 (C-9), 74.20 (C-3), 128.40 (m-Ar-C), 129.45 (0-Ar-C), 130.64 (i-Ar-C), 132.68 (p-Ar-
O 166 00 (PhCOY 174 60 (C04Y 214 72 (C.19Y T 120 10n 2 /0 D a3 ErOHY IFound A
CJ, 100.7VU (rnuiUs), 1740V (L-2a), 21975\ ~14), [Up] TIU.S (V.V rOuUna ivi

=

To a solution of methyl 3a-benzyloxy-12-keto-53-cholan-24-oate (0.15 g, 0.295 mmol), hydrogen
bromide (0.2 cm’, 4 M) and glacial acetic acid (10 cm®) was added bromine ( 0.052 g, 0.32 mmol) in

el ﬂ 1 —~

. M. | a® W Y .J 3\1 s P AN Y A - am pp
glacial acetic acid (5 cm”) dropwise at 60 °C. Afier stirring for 2 n mixture was pour

Sb
[¢']
~
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=
(o]
=
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©°
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over lced water (150 cm ) extracted with diethyl th (3x30cm ) and successively washed with

SSLVAAY WaSLIVQK

AL saturaied Ni Y-S [N B TSPET TR S 3 o~
r (25 cm’), saturated NaHCO; (4 x 25 cm’) and distilled water (25 cm”). Drying over

MgSO, and removal of solvent in vacuo yielded a colourless solid (0.164 g). Chromatography (silica, 2:1
light petrol / diethyl ether) afforded a colourless solid as prisms (0.127 g, 73%).

Mpt. 138-139 °C; IR vaex (cm™') 1738 (CO,Me), 1706 (C12 C=0); 'H NMR (400 MHz, CDCly) 8 0.79-
0.80 (d, J = 6 Hz, CHs-21, 3H), 0.97 (s, CHs-18, 3H), 1.16 (s, CHs-19, 3H), 3.59 (s, OCHs, 3H), 4.92-
5.23 (m, CH-3B, 1H), 4.93-4.97 (d, /= 11 Hz, CH-11, 1H), 7.33-7.38 (m, m-Ar-H, 2H), 7.45-7.49 (m, p-
Ar-H, 1H), 7.95-7.87 (m, o-Ar-H 2H); “C NMR (100 MHz, CDCl;) 11.41 (C-18), 18.52 (C-21), 23.14 (C-
19), 24.98 (C-15), 26.61 (C-16), 27.34 (C-4), 27.67 (C-7), 27.84 (C-6), 30.36 (C-2), 31.19 (C-22), 33.23
(C-23), 35.38 (C-20), 37.20 (C-10), 37.21 (C-1), 38.08 (C-14), 43,79 (C-5), 48.19 (C-17), 51.49 (OCH,),
51.69 (C-8), 56.29 (C-11), 57.15(C Ar-C), 129.55 (0-Ar-C),

To a solution of sodium azide (0.i10 g, 1.54 mmol) in anhydrous DMSO (10 cm®) was added methyi 3a-
benzyloxy-11p-bromo-12-keto-5p-cholan-24-oate (0.075 g, 0.128 mmol) at 100 °C. After stirring for 48

h the reaction mixture was poured over ice water (50 cm’) and extracted with diethyl ether (3 x 25 cm®).

)] Gz e A e Yyiii: eavesiya |. N oo Vil

The combined orgamc extracts were washed SUCCCSSIVCIy with sodium nitrite solution (25 cm , 20%),

saturated brine (25 cm’), water (25 cm*), dried over MgSO, and solvent removed in vacuo to yield a

colourless gum (0.064 g). Chrom or;mhy (sﬂlga 20:10:1 hohf petr oler

rant m / diethvl ether / triethvlamine)
WU oglap eyt Cinch /7 Hnciiyia <

eum / 7

’AAJ\

afforded a colouriess solid (0.036 g, 53%)

Mpt. 72-74 °C; IR Vpee (cm™) 3512 and 3367 (NH,), 1737 (CO;Me), 1715 (C-12 C=0), 1685 (o, B-unsat.

ketone). 1600 (NH,): I NMR (400 MH> CDC1YS 0 88 (¢ CH. IR 1HY 0 95.0 Q6 {r{ J=6 Hz CH:-
n ¢ 9 ], PR VAVAYS \A“ALZ’, AL LNAVIAN \"VV A.Vull-’ \/l—’\/lil AV IR A A \J, \/L_J AW AAI., ........ o N A Ay _-_j
21, 3H), 1.20 (s, CH;-19, 3H), 3.60 (s, OCH;, 3H), 3 r, NH, 1H), 4.94-4.97 (m, CH-3B, 1H), 7.32-
7.36 (m, m-Ar-H, 1H), 7.44-7.48 (m, p-Ar-H, 1H), 7 6(m o-Ar-H, 2H); "*C NMR (100 MHz,
CTYM1NQ2T(C1QY 1QAQ((CD1Y 2T A1 (18 D& N2 [ 148Y MK DS (O DR AS(CA/Y DA ST (. 0\
A1) 7.7 \(Wm10), 10.37 \"Ll ), L2.UL \\oT1J ), £U. V2 U )y LV.LI N7 Jy LU.TIT (WU, LUJL (V717 ),

(o

\~"1

29.70 (C-2), 29.88 (C-23), 30.52 (C-4), 30.52 (C-22), 33.89 (C
5

), ,34.35 (C-20), 36.82 (C-8), 40.72 (C-
10), 42.64 (C-5), 47.25 (C-17), 50.42 (c 14), 50.72 (C-13),

-1)
1.18 (OCHz), 72.16 (C-3), 125.76 (C-9),

p-Ar-C), 131.77 (C-11), 165.09 (PhCO,),

s i KR Jy AUV L st
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Methyi 1i-amino-3a-benzoyi-i2-keto-53-choi-9,11-en-24-oate (0.075 g, 0.144 mmol), 4-

dimethylaminopyridine (0.012 g, 0.098 mmol) and benzyl chloroformate (0.1 cm®, 0.665 mmol) were
nde

wder ni for 48 h in dichloromethane (30 cm®). The resulting mixture was allowed t

il n o
aicr (33 e300 23 4] 4 a3% 2. R A

efluxe

=]
-

N e A om AN . e

cooi, then succcssiveiy washed with HC1 (2 M, 20 cm®), saturated NaHCO; (20 ¢

< E

and then concentrated in vacuo to yield a colourless gum (0.12 g). Chromatograph

petrol / dichloromethane / EtOAc) gave the title compound as a colourless crystalline

iy nane/ K/ W) peve LAk e L

)

27%).
Mpt. 66-67 °C; IR vpay (cm™) 3309 (NH), 1715 (PhCO,); ‘HNMR(400 MHz, CDCls, 55°C) & 0.96-
098 (d J=6Hz, ("H-.-’)l ’%H\ 1.00 (s. CH,

SMMAPS 225

(
-19,3H), 1.31 (s

)
a4 4

DO AT ASS § Y] v.IOTS VY

(m, CH-3p, 1H), 5.09-5.11 (d,

= 4 Hz, CH,-Ph, 2H), 5.96 (br, NH, 1H), 7.28-7.31 (m, Ar-H (Cbz)), SH),
49-7.51 (m, p-Ar-H, 2H), 7.98-8.00 (m, o-Ar-H, 2H); ">C NMR (100 MHz,
21), 24.88 (C-15), 26.57 (C-16), 26.60 (C-7) , 27.62 (C-6), 28.02 (C-19),

S Jy &2 (K20 ), S0V 8 My & ~

.46 (C—20 ), 36,73 (C-1),3

63 (C-8), 42.55 (C-
Ph-CH,-0), 7

(p-Ar-C), 136.33 (C-9), 154. 7(_QONH), 155.90 (C-11), 166.07 (PhCQO,), 174.69 (C-24), 206.91 (C-12);
[aD]2°=+13 (0.028 g 100 cm™, methanol). [FoundM* 655.3510 (4%), 547 (4), 520 (6), 490 (2)
CioHis0O7N requires M, 655.3509].
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concentrated in vacuo to yield a colourless gum (

0.1
dichloromethane / EtOAc) gave the title compound as

(400 MHz, CDC1;) 8 0.92-0.94 (d, J = 6 Hz, CH;-21, 3H), 1.08 (s, CH;-18, 3H), 1.22 (s, C(CHs);, 9H),

=
7
<
g
S
—~
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1.35 (s, CHs-19, 3H), 3.66 (s, OCH ,3H), 4.83-5.23 (m, CH-3B, 1H), 6.90 (br, NH, 1H), 7.42-7.46 (m, m-

5.
Ar-H 2H) 7.84.7.56 (m r-H 1H) 203-206 (m. o-Ar-H 21 BONMR (100 ML ODC1.10 95 (O
By delljy 7.7WTE ST (BER, p=Ar =Kk, 11’, C.VJ=0. UV i1, UTLu<i1, £11), N INAVAEN LIV IVMLL, AN 13 ) T7. 70 (L~

18), 18.93 (C-21), 25.00 (C-15), 26.66 (C-4), 26.72 (C-7), 27.29 (CCH), 27.68 (C-6), 28.05 (C-19), 30.64
(C-22), 30.73 (C-1), 31.41 (C-2), 34.96 (C-23), 35.43 (C-20), 36.68 (C-16), 38.79 (C-14), 38.94 (CCH;),
I

42 43 (C_10Y 42 1R f("=< a7 (C 1Y 8§81 A6 (ONa) §2 22 (C_Q\ SAINT (12N 7L EN 1Y 178 272 £2ee
To Tl \WTaVjy Td 70\, T \~T117 ), J1.7V (VViV ), Jl- OO0 \VT0 ), JIVLA\NTLI ), T2 UV (L2 ), 140.00 \Uni-
Ar-C), 128.97 (C-9), 129.57 (0-Ar-C), 130.58 (i-Ar-C), 132.89 (p-Ar-C), 152.70 (C-11), 166.09 (PhCO,),
174.71 (C-24), 179.11 (CONH), 203.74 (C-12); [ap]*® = +12°(0.036 g 100 cm™, methanol). [Found
MUY 604 1200 Ilmo/ SRR /4N 824 (1O SaNT (Y C._H_ N N raaiiragc M &N& 277041

vux WV LSOV \ LUV /U ), JOU T )y YLT 17 ), JUT  O) FTHASINIEIN ILYULIUD 1VLEL, UUU.D 7T U],

dimethylaminopyridine (0.012 g, 0.098 mmol) and ethyl chlorochromate (0. , 1.046 mmol) were

refluxed under nitrogen for 48 h in dichloromethane (30 cm®). The resulting mixture was allowed to cool,

wmchad wwith LI 79 crnY o
shed with HC1 (< v, cm ),

then concentrated in vacuo to yield a colourless gum (0.15 g). Chromatography (silica, 5:1:1 light
petroleum / dichloromethane / EtOAc) gave the title compound as a colourless microcrystalline solid

OO o P7040
\V.VLS B, &7 70).

Mpt. 61-62 °C; IR vy (cm™) 3315 (NH), 1731 (CO,Me), 1717 (PhCO,), 1703 (C12 C=0); 'H NMR
(400 MHz, CDC15) 8 0.97-0.98 (d, J = 6 Hz, CH;-21, 3H), 1.05 (s, CH;-18, 3H), 1.21-1.25 (t, /= 7 Hz,
C}_‘.{a“CHZ, 3H), 1 "I A ( ﬁ' I‘ I n

n .
3B, 1H), 5.84 (b, NH, 1H), 7.41-7.44 (m, m-Ar-H, 2H), 7.52-7.
2H); *C NMR (100 MHz, CDC15)9.8 4
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