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Abstract  Facially differentiated cholaphanes (2) were synthesized 1n good yields from cholic acid (1) Key steps were the selective
3,7 bis-O-acetylation of methyl cholate (3) the 12-O-benzylation of diacetate 4, and the introduction of a 3p (p-aminomethyl)phenyl

substituent using an arylmanganese reagent and employing the novel ‘benzostabase” N protection methodology

Introduction

The two preceding articles! have highlighted the value of cholic acid (1) as a starting matenal for the
assembly of extended, preorgamised molecular frameworks with applications 1n  molecular
recognitton/biomimetic chemustry In addition to the size and ngidity common to all steroids, this
mexpensive bile acid has a nicely-spaced array of functionality which facihitates its elaboration into complex
architectures and allows for vanable substitution within such structures We have already described how the
{equatorial) C3-OH 1 1 may be distinguished from the (axial) C7 and C12 hydroxyls, and used in
conjunction with the carboxyl group to construct macrocyclic "cholaphane” frameworks ! We now give
details for the differential protection of the axial hydroxyls, and for the conversion of the resulting dertvatives
nto facially-differentiated cholaphanes 23 Included 1n this work 15 a modification of our onginal procedure
for cholaphane synthesis, in which the bis(tnmethylsilyl) N-protection used 1n the introduction of the aryl
spacer unit 1s replaced by the novel "benzostabase” (BSB) methodology *
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OH

OH

2a R'=Ac,RZ=CH,Ph
2b  R'=H,R%=CH,Ph
2¢ R'=Ac,RZ=H

Results and Discussion

While 1t 15 relatively simple to dishnguish chemically between the equatonial hydroxy! group at C3 of 1
and 1its axial counterparts at carbons 7 and 12, differentation of the latter 1s, not surpnsingly, less
straightforward Fortunately, the problem had already been addressed by earlier generations of workers who
were concerned with other aspects of steroid chemustry In particular, 1t had been found by Fieser and
Rajagopalan that, in the acetylation of methyl cholate 3 with acetic anhydnde and pyndine, rapid reaction at
position 3 was followed by selective acylation of the 7-OH to give the 3,7-diacetate 4 1n 70% yield (Scheme
1)36 Our earlier work had established that acetylaton would be a satisfactory protection method for the
7-OH, being compatible with the organomanganese methodology used to introduce the aryl spacer group at
C3 It was only therefore necessary to identify a protecting group for the 12-OH which could be introduced 1n
good yield, carmed through the cholaphane synthesis and would be "orthogonal” to the 7-OAc with respect to
conditions of removal

Although O-benzyl was an obvious candidate, it was not clear that 1t would be possible to alkylate a
hindered hydroxyl group such as the 120-OH 1n a molecule with several other functional groups Indeed,
attempts to benzylate diacetate 4 using (a) sodium hydnde, benzyl bromide and tetrabutylammonium rodide
1 THF,” (b) benzyl bromide and silver oxide in DMF® and (c) hexabutyldistannoxane followed by benzyl
brommde and tetrabutylammonium bromide? all failed to give the desired product 5 However, the method of
Bundle and co-workers,!® employing benzyl mchloroacetimuidate and trifluoromethanesulphonic acid, was
more successful The conversion was not entirely clean due to the formation of non-polar byproducts, but
careful optimisation resulted 1n a procedure giving 5 in 68% yield without recourse to chromatography
(Scheme 1) Acid-catalysed 3-deacetylation to 6 and oxidation to ketone 7 proceeded uneventfully via the
methodology estabhished 1n the earlier work,! the overall yield of 7 from 4 being an acceptable 61%
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For the elaboration of ketone 7 1nto cholaphane 2a, our imual studies agan used methods previously
developed for the synthesis of the “"symmetrically-protected” (1e tetra-acetyl) analogue ! Thus,
p-bromo-N,N-bis(tnimethylsilyl)benzylamine (8) was treated with lithium metal to give the corresponding
aryllithium which, after conversion to an organomanganese reagent with Maly, added to the keto group of 7
with good yields and chemoselectivity Work-up of the reaction with tnfluoroacetic anhydnide (TFAA)
resulted 1n N-desilylation, N-tnfluoracetylation and elimmnation to give (presumably)!! a muxture of
regioisomeric alkenes 13 (¢f Scheme 3), and further transformations (vide infra) led to 2a 'While this work
was successful, 1t was hampered by the fact that the lithraton step proved somewhat capricious unless
freshly-prepared 8 was used Presuming that the difficulty was due to mhibition by L1-N species derived
from desilylated reagent, we felt that a procedure based on a more stable analogue of 8 might be more
convenient and reliable Our cholaphane programme had stmulated a general interest in methodology for
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N-protection under strongly basic conditions, which had resulted i1n the development of the "benzostabase”
(BSB) protecting group, as n 94 As NBSB denvatives had proved quite easy to handle, we decided to apply
our new method 1n the present work

|
N(SiMeg), \’Sl
B,_Q_/ R-N, = R-NBSB
Si
4
8 9

p-Bromobenzylamine was prepared from p-bromobenzyl bromide via the Gabriel synthesis,'? and
treated with 1,2-bis(dimethylsilyl)benzene (10) and caestum fluonde in DMPU 13 The crystalline BSB
denvative 11 was 1solated 1n 96% yield Unhke the bis(tnmethylsilyl) denvauve (8), compound 11 was
found to be shelf-stable and to react smoothly and reliably with lithium metal to give the corresponding
aryllithium 12 (Scheme 2)

\/
NH, S, H CsF, DMPU NBSB
O O T
H
Si
/\
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L
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Scheme 2

The pathway from 7 to 2a, employing 12 as aryl donor, 1s summansed in Scheme 3 Aside from 1ts
ease of formation the BSB-protected reagent behaved exactly hike 1ts bis(tnmethylsilyl) analogue, reacting
with 7 to give alkene(s) 13 1n ca 90% yield Hydrogenation over Pd/C could be accomphished without
significant cleavage of the O-benzyl protecting group, giving selectively the a-arylated steroid 14 1n 75%
overall yield from 7 Although we were not able to avoid the use of chromatography during these procedures,
1t was possible to obtain 18 g of 14 1n a single batch without the sacnfice of undue amounts of silica gel (see
Experimental) Deprotection of the amino and carboxyl funcnions was followed by N-reprotection with
di-tert-butyl pyrocarbonate, then carboxyl activation with pentafluorophenel and DCC, giving the macrocycle
precursor 15 1n 83% yield
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For the cyclodimenisation we made another modification to our earhier methodology 1 In the synthesis
of the tetra-acetyl analogue of 2a, we had treated the corresponding precursor with TFA to replace NHBOC
with NH;*, then deprotonated with K;HPO, in CHCIL/DMF at high dilution so that the amno and
pentafluorophenyl ester groups could react with each other The procedure gave a 65% yield of crystalline
cyclodimer, which seemed to be very satisfactory considenng the size of the nng formed (238 atoms)
However, during the course of the present work we developed a variant which gave even better results  After
treatment of 15 with TFA as described above, the N-protonated pentafluorophenyl ester was dissolved n
dichloromethane and added slowly to a solution of DMAP and pyridine 1n a large volume of the same solvent
Cholaphane 2a was 1solated 1n the remarkable yield of 90%, after crystallisation
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Finally, as the main aim of this work was to synthesize cholaphanes capable of selective modification at
erther face, 1t was necessary to demonstrate that the 12-O-benzyl and 7-O-acetyl protecting groups could be
removed independently without disturbing the rest of the molecule Thus, treatment of 2a with ethanolic
KOH resulted 1n deacetylation to give diol-diether 2b, while hydrogenolysis of 2a over 10% Pd/C gave
diol-diacetate 2¢  Both conversions took place cleanly and in good yield (ca 90% or greater) Compound 2b
proved useful in later work conceming the binding of carbohydrate derivatives in orgamic solvents 14
Although less active than the fully deprotected tetraol, 1t had greater solubihty 1n orgamc solvents and was
more amenable to study by e g solution IR

In conclusion, we have shown that the facially-differentiated cholaphanes 2a-¢ may be prepared from
cholic acid 1n substantial quantities and very acceptable yields (the overall yield of 2a from diacetate 4 may
be calculated to be 34%) This work tllustrates the synthetic control possible 1n the construction of receptor
molecules from cholic acid, and should facilitate the preparation of a range of cholaphanes with binding
and/or catalytic functionality

Experimental Section

General H NMR spectra were recorded on Bruker WP 80 (80 MHz), Jeol JNM 270 (270 MHz) or
Bruker MSL 300 (300 MHz) spectrometers TMS was used as the internal standard 13C NMR spectra were
recorded on the JNM 270 or MSL 300 instruments, using CDCl; as temnal standard IR spectra were
recorded on Perkin-Elmer 298 or 883 spectrophotometers Analytical thin layer chromatography (TLC) was
performed on aluminium sheets coated with silica gel 60 (0 2 mm layer thickness) Steroidal compounds
were visualised by charring over a flame Silica gel 60, 400-230 mesh (Merck) was used for flash
chromatography Reactions involving sonication were performed in a B & T laboratory ultrasonic cleamng
bath 1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-pynimmdinone (DMPU) was dried by disullation from calcium
hydride at reduced pressure onto 4A molecular sieves The dichloromethane used 1n the macrocyclisation
was dried by disullation from calcium hydnde Lithium wire of 98% punty (sodium content ~1%) was
obtamned from Aldnch Mnl, was prepared from ground Mn flakes and I, according to the published
procedure 15

Methyl To-Acetoxy-12o-benzyloxy-3-oxocholan-24-oate (7) The diacetate 45 (10 10 g, 19 93 mmols)
was dned by evaporation of a solution i1n toluene, then dissolved 1n a mummum volume of carbon
tetrachlonide (ca 100 ml) Benzyl trichloroacetirmdate (freshly distilled, 5 82 g, 39 88 mmols) was added,
followed by cyclohexane (100 ml) The mixture was stured under argon at room temperature for
approximately 36 hours, during which time tnfluoromethanesulphonic acid (0 3 ml) was added in three equal
portions, the first being used to start the reaction and the others to restart it when analysis by TLC imphied
that 1t was no longer proceeding When all the starting maternial had been consumed, the reaction was
quenched by addition of pyndine (ca 05 ml) Evaporation gave an oily white solid which was tnturated with
further carbon tetrachlonde, causing the product to dissolve but leaving the byproduct
1,1,1-mchloroacetammde as a sohd After removal of the latter by filtration, the solvent was evaporated to
give an oil. Crystalhsation from methanol at -20 °C (several crops collected over a period of days, with
reduction of mother hiquors after each filtraton) gave the benzyl ether § (8 1 g, 68%) 'H NMR (300 MHz,
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CDCl;) 87 36 (m, S H, Ar), 490 (br q, 1 H, 7B-H), 4 65, 4 37 (ABq, J = 12 Hz, 2 H, OCH,Ph), 4 53 (m, 1 H,
3B-H), 370 (br s, 1 H, 12B-H), 3 66 (s, 3 H, CO;Me), 206 (s, 3 H, OAc), 202 (s, 3 H, OAc), 093 (s, 3 H,
19-Me), 091 (d, J = 6 Hz, 3 H, 21-Me), 0 71 (s, 3 H, 18-Me) A portion of this matenal (50 £, 8 4 mmols)
was dissolved 1n methanol, and acetyl chlonide (1 ml) was added dropwise The muxture was stirred overmght
at room temperature, after which analysis by TLC imphed that all staring matenal had been consumed
Evaporation gave an o1l which was dissolved 1n dichloromethane, washed with dilute sodium hydroxide and
dned The dichloromethane was removed in vacuo and the residue crystallised from ether to give alcohol 6
(448,94 4%) 'H NMR (300 MHz, CDCly) § 7 34 (m, 5 H, Ar), 4 89 (br q, 1 H,78-H), 464, 437 (ABq,J
=12 Hz, 2 H, OCH,Ph), 370 (br s, 1 H, 12B-H), 3 66 (s, 3 H, CO,Me), 340 (m, 1 H, 3p-H), 207 (s, 3 H,
OAc), 092 (s, 3 H, 19-Me), 089 (d, 3 H, 21-Me), 0 70 (s, 3 H, 18-Me) A portion of this matenal (4 0 g 721
mmols) was dissolved 1n dry dichloromethane (50 ml), to which were added pyndinium chlorochromate (4 0
g, 19 mmols) and activated 4A molecular sieves (ca 02 g) The mixture was stirred under argon for 4 hours,
then diluted with ether (150 mi) and stirred for a further half hour The resultant suspension was passed
through a silica plug which was washed with further volumes of ether (3 x 50 ml) The washings were
combined and the ether removed in vacuo leaving an o1l which was crystalhsed from hexane and ether
yielding ketone 7 (38 g, 96%) mp 92-94 °C, IR (film from CHCl3) 1710 br (C=0) cm’}, IH NMR (80
MHz, CDCl;) § 7 33 (m, 5 H, Ar), 498 (br g, 1 H, 78-H), 4 55, 4 49 (ABq, J = 12 Hz, 2 H, OCH,Ph), 3 75 (br
t, 1 H, 128-H), 366 (s, 3 H, CO;Me), 297 (br t, J = 14 Hz, 1 H, 4a-H), 205 (s, 3 H, OAc), 102 (s, 3 H,
19-Me), 093 (d, / = 6 Hz, 3 H, 21-Me), 074 (3 H, 5, 18-Me) Anal Calcd for C;3jH 04 C, 73 88, H, 8 75
Found C, 73 60, H, 9 00

1,2-Bis(dimethylsilyl)benzene (10) 16 Magnestum (23 3 g, 959 mmol, 2 26 equiv ) was overlad with
dry THF (100 ml) under an atmosphere of argon Chlorodimethylsilane (91 28 g, 965 mmol, 2 27 equtv ) was
added 1n three portions over 1 h, while 1,2-dibromobenzene (100 g, 424 mmol, 1 equiv ) in dry THF was
mtroduced dropwise at such a rate as to maintain reflux (1 5h) When the addition was complete, the mixture
was heated under reflux for 2 5 h then cooled to room temperature Hexane (1 L) and aqueous HC1 (1 18 M,
1 L) were added, and the mixture stirred until the salts had dissolved and the orgamic layer appeared clear
The organic layer was separated and the aqueous layer extracted with hexane (150 ml) The combined
organic extracts were dried (MgSO,) and the solvent evaporated to give a brown liquid Vacuum distllation
through a Vigreaux column (10 cm) gave the silane 10 as a colourless o1l (62 61 g, 326 mmol, 77%) bp
90-112 °C at 15 mm Hg (t 1”7 93 °C at 10 mm Hg), IR (iquid film) 2149 (S1-H), 1261, 1250, 1147, 1124,
1058, 1037, 890, 834, 769, 744, 671 cm’!, 'H NMR (300 MHz, CDCl;) § 7 58-7 54, 735-731 (2 m, 2 x 2 H,
Ar), 469 (septet, ] =37 Hz, 2 H, S1H), 036 (d, ] = 37 Hz, 12 H, S1CH;), 13C NMR (75 47 MHz, CDCl,) §
144 31, 134 28, 128 39, -2 62 (SiCH5)

p-Bromobenzylamine '®  p-Bromobenzyl bromide (102 50 g, 410 mmol) and potassium phthalimide
(86 43 g, 467 mmol) in DMF (0 5 L) were strred with cooling on a water bath at room temperature for 23 h
Removal of solvent on a rotary evaporator gave the N-alkylated phthalimide as a white sohd IR (nujol mull)
1883, 1776, 1490, 1471, 1431, 1396, 1328, 1109, 1072, 1011, 961, 927, 791, 728, 712 cm™}, 'H NMR (300
MHz, CDCl;-CD4OD, 1 1) 3 787-776 (m, 4 H, o-disubstituted Ar), 744, 730 (ABq, J = 83 Hz, 4 H,
p-disubstituted Ar), 479 (s, 2 H, CH,), 13C NMR (75 47 MHz, CDC;-CD;0D, 1 1) 5 167 56 (C=0),
134 83, 133 66, 131 20, 13099, 122 65, 12098, 40 08 (CH,) This matenial was stirred under reflux with
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hydrazine monohydrate (90 ml, 1 86 mol) 1n ethanol (1 L) and water (300 ml) for 16 h under an atmosphere of
mtrogen, to give a yellow soluon The solvent was removed on a rotary evaporator and the residual sohd
partittioned between ether (12 L) and aqueous NaOH (4 88 M, 1 L), mimmusing atmospheric exposure, to
give a colourless orgamic layer and a yellow aqueous layer The organic layer under mitrogen was dnied
(MgSQ,), decanted and the solvent evaporated to give a yellow o1l (83 5 g) Dasullation at reduced pressure
gave the amine (59 03 g, 317 mmol, 77%) as a colourless o1l, bp 125 °C at 15 mm Hg (It 2pp 118-119°C
at 10 mm Hg) which solidifed on standing 'H NMR (300 MHz, CDCl;) § 7 43,7 18 (ABq, /=84 Hz, 4 H,
Ar), 381 (s, 2 H, CH,), 1 48 (s, 2 H, NH,), 13C NMR (75 47 MHz, CDCl;) & 142 00 (C-4), 131 34, 128 66,
120 28 (C-1), 45 63 (CH,)

2-(p-Bromobenzyl)-1,1,3,3-tetramethyl-1,3-disilamisoindoline (11) Caesium fluonde (6 23 g, 41 mmol)
was added to a solution of p-bromobenzylamne (41 88 g, 222 mmol) and 1,2-bis(dimethylsilyl)benzene (10)
(53 84 g, 277 mmol) 1in dry DMPU (75 ml) under argon, and the mixture was stirred at 120 °C for 18 h The
cooled reaction mixture was partitioned between hexane-ether (1 1, 1 L) and aqueous NaOH (0 25 M, 500
ml) The organic layer was washed with water (2 x 400 ml), dned (MgSO,), filtered and the solvent
evaporated to give an o1l (98 g) which solidified upon standing at RT Distllation under reduced pressure
gave the disilaisoindohine as a colourless o1l (799 g, 212 mmol, 96%) bp 142-172 °C at 0 4 mm Hg, which
solidifed upon standing at RT m p 65-68 °C, IR (nujol mull) 1247, 1125, 1098, 1068, 1054, 1007, 871, 833,
746, 721 cm!, 'H NMR (300 MHz, CDCl3) & 7 56-7 53, 7 41-7 38 (2 m, 2 x 2 H, o-disubstituted Ar), 7 42,
720 (ABgq, J = 8 5 Hz, 4 H, p-disubsuituted Ar), 4 13 (s, 2 H, ArCH,), 0 18 (s, 12 H, SiCH3), 13C NMR (75 47
MHz, CDCl,) & 146 73, 141 77, 134 01, 131 13, 129 42, 128 58, 120 26, 45 36 (ArCH,), 0 29 (S1CH;) This
matenial was used without further purnfication 1n the subsequent reactions Recrystallisanon from hexane
gave an analytical sample Anal Calcd for C;;H,,NBrS1 C, 54 24, H, 589, N, 372, Br, 2123 Found C,
54 34,H,607,N, 401, Br, 21 62

Methyl Ta-Acetoxy-12a-benzyloxy-3a-[p-(trifluoroacetylaminomethyl)phenyl]-cholan-24-oate (14)
The disilaisoindohne 11 (36 21 g, 96 19 mmol) was overlaid with dry ether (300 ml) Lithium wire (64 cm,
45 mg cm’l, 415 mmol), was cut into 2-5 mm pieces, and added to the mixture Stirring was mminated  After
1 mn a purple colour appeared 1n the solution, and after 5 min the solvent began to reflux The mixture was
stured for a total of 1 h and then sonicated for 1 5h  The resulung organolithium solution was added to Mnl,
(300 g, 97 20 mmol) n dry ether (90 ml) and the mixture stirred with an overhead mechanical stirrer at room
temperature for 15 mun to give a greemsh-brown solution A solution of ketone 7 (17 83 g, 32 26 mmol) 1n
dry ether (250 ml) was added by syninge over 15 min with efficient sttrnng  After stirring for 15 min the
resultant soluble matenals were triturated with a glass rod and the mixture further stirred for 3 h to give a
brown 1nsoluble gum and a black solution The solution was decanted and discarded and the gum 1n dry ether
(200 ml) was treated with trifluoroacetic acid (TFA) (30 ml, 389 mmol) and tnftuoroacetic anhydnde (60 ml,
425 mmol) The mixture was stired overmight after which the volatiles were evaporated under reduced
pressure, and the residue n ether (1 L) was washed with aqueous HC1 (2 M, 3 x 300 ml) and aqueous NaOH
(2M, 2x 400 ml) The organic phase was dned (MgSOy), and the solvent removed on a rotary evaporator to
give an orange o1l (46 g) This matenal was divided into two portions for chromatography, which was
performed on a column of silica gel 16 cm 1n length and 7 § cm 1n diameter, using hexane-EtOAc (5 2) as
eluant  After the first batch had been punfied, the silica gel was regenerated by eluting with methanol
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followed by hexane-EtOAc (5 2). The alkene(s) 13 (R; = 0 3) were isolated as a yellow foam (ca 22 g) 'H
NMR (80 MHz, CDCl,) 8 7 4-70 (m, 9 H, ArH), 6 7 (br s, 1 H, NH), 575 (br s, 1 H, alkene-H), 4 82 (brs, 1
H, 78-H), 472, 441 (ABq, J = 12 Hz, 2 H, OCH,Ph), 450 (d, J = 6 Hz, 2 H, NHCH,), 373 (br s, 1 H,
128-H), 3 62 (s, 3 H, OMe), 1 71 (s, 3 H, OAc), 1 05 (s, 3 H, 19-Me), 091 (d, / = 6 Hz, 3 H, 21-Me), 0 65 (s,
3 H, 18-Me) This material was dissolved 1n EtOAc (400 ml) and treated with activated charcoal (20 g) 2
The solution was filtered through a plug of $10,,2 eluting with further EtOAc, and the resulting solution (600
ml) hydrogenated over Pd/C (10%, 2 5 g) absorbing H, (ca 076 L at STP, ca 339 mmol) over 35 h The
course of the hydrogenation was conveniently monitored by NMR, observing the disappearance of the alkene
78-OAc signal at 171 ppm) Passage of the mixture through a plug of $10, followed by evaporation of the
solvent and recrystallisation from hexane-EtOAc gave the sterod 14 (17 97 g, 24 29 mmol, 75%) as white
crystals mp 164-165 °C, IR (5% solution in CHCl3) 3440 (NH), 1720 (br, C=0), 1600, 1520 (br) cm’, 'H
NMR (300 MHz, CDCly) 8 7 43-7 29 (m, 5 H, OCH,Ph), 7 15,7 08 (ABq, J = 8 2 Hz, 4 H, NCH,Ar) 6 72 (br
s, 1 H, NH), 490 (br 5, 1 H, 7-BH), 4 64, 4 38 (ABq, J = 11 5 Hz, 2 H, OCH,Ar), 451, 447 (ABX, Jyory, =
142 Hz, Jyy = 5 8 Hz and 5 4 Hz, 2 H, CH,NH), 374 (s, 1 H, 12-BH), 364 (s, 3 H, CO,Me), 197 (s, 3 H,
OAc), 100 (s, 3 H, C-19 Me), 094 (d, J = 6 0 Hz, 3 H, C-21 Me), 073 (s, 3 H, C-18 Me) '3C NMR (75 47
MHz, CDCl,) & 174 67 (C-24), 170 43 (C(O)CH3), 157 23 (q, C(O)CFy), 147 83, 139 46, 133 21, 128 22,
127 27, 127 15, 127 09, 117 75 (g, C(O)CF;), 79 92 (C-12), 71 25 (C-7), 69 56 (OCH,Ph), 51 39 (OCH3),
46 51 (C-13), 46 15, 45 29, 43 59, 42 88, 42 63, 38 13, 37 38 ( 2 x CH)), 3505, 34 50 (C-10), 31 52,3089 (2
x CHy), 29 03, 28 30, 27 33, 23 13 (C-19), 23 05, 22 51, 21 53 (C(O)CH,), 17 63 (C-21), 1249 (C-18) An
analytical sample was obtained by recrystallisation from hexane-dichloromethane mp 165-169 5 °C  Anal
Calced for C43HsgNOgF; C, 6980, H,763,N,189 Found C,6947,H,763,N,173

Pentafluorophenyl To-Acetoxy-12a-benzyloxy-3a-[p-(tert-butoxycarbonylaminomethyl)phenyl]cholan-
24-oate (15) Aqueous NaOH (105 M, 3 5 ml, 3 68 mmol) was added to a solution of 14 (650 mg, 0 88
mmol) in THF (8 ml) and MeOH (4 ml) and the mixture stured for 3 h at room temperature After
neutralization with 2 M aqueous HCl, TLC in CHCl3-MeOH (10 1) showed one major component, Ry = 02
The volatiles were removed by evaporation under reduced pressure, and the residue dissolved 1n a mixture of
THF (10 ml), H,O (5 ml) and di-1sopropylethylamine (1 ml) Du-tert-butyl pyrocarbonate (220 pl, 142
mmol) was added, and after stirring overmght TLC in CHCl;-MeOH (10 1) showed one major component, Ry
=06 The organc solvents were removed by evaporation under reduced pressure, and the residue partitioned
between CH,Cl, and 1 M aqueous HyPO, After re-extrachon of the aqueous layer with CH,Cl,, the
combined organtc layers were dried, and concentrated to ca 10 ml Di-cyclohexylcarbodurmde (DCC) (200
mg, 0 97 mmol) and pentafluorophenol (PFPOH) (200 mg, 1 08 mmol) were added After stiming overmght,
the resulting suspension was filtered and the precipitate washed with CH,Cl, (2 x 2 ml) The filtrates were
diluted with CH,Cl,, washed with ice-cold 5% aqueous NaHCO;, dned, and the solvent removed by
evaporation under reduced pressure Chromatography i CH,Cl,-Et,0 (50,1) afforded PFP ester 15 as a
colourless o1 (635 mg, 83%) IR (neat) 3450 (NH), 1775 (PFP ester C=0), 1705, 1600 cm’!, 'H NMR (80
MHz, CDCl,) 8 7 5-7 2 (5 H, m, OCH,Ph), 7 15,7 07 (ABq, J = 8 Hz, 4 H, 30-Ar), 49 (br 5, 1 H, 7B-H), 49
-45(br, 1 H, NH), 4 62,442 (ABg,J = 12 Hz, 2 H, OCH,Ph), 428 (d,J =6 Hz, 2 B, CH,NH), 376 (br s, 1
H, 12B-H), 28 - 255 (m, 2 H), 197 (s, 3 H, OAc), 147 (s, 9 H, Bu"), 10 (s, 3 H, 19-Me), 076, (s, 3 H,
18-Me) This material was used 1n the following experiment without further punification
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Macrocycle 2a. The PFP ester 15 (916 g, 1022 mmol) 1n dry CH,Cl, (150 ml) was treated with TFA
(15 ml) and the solution stired at room temperature for 25 h. TLC (hexane-EtOAc, 3 1) idicated that
cleavage of the N-terr-butoxycarbonyl group was complete The volatiles were removed on a rotary
evaporator and the residual orange o1l evacuated to 0 5 mm Hg for 30 min at room temperature The o1l n
dry CH,Cl, (400 ml) was added dropw1se to dry CH,Cl, (4 L) containing DMAP (5 0 g, 45 39 mmol) and dry
pynidine (6 ml, 74 18 mmol) over 6 h The homogenous yellow solution was stirred at room temperature for 1
d, after which analysis by TLC (CHCl;-EtOAc, 3 1) showed macrocycle 2a (R;=05) accompamed by a trace
of baseline matertal DCC (3 80 g, 18 42 mmol) was added and the reaction stirred at room temperature for
21 h. TLC mdicated that the baseline compounds had been replaced by faster-running matenal (R; = 0 85) 2!
The solvent was evaporated under reduced pressure and the residue was dissolved 1n CHCl; (800 mi), washed
with ag H,SO4 (2 M, 150 ml) and dned (MgSO,) Evaporation gave a semu-crystalline o1l which was
punified by chromatography mn CHCL-EtOAc (3 1), the crude product being apphed to the column as a
solution 1 warm CHCl; The resulting white sold (ca 8 g), which was contaminated by pentafluorophenol,
was recrystalhsed from CHCl-ether to give macrocycle 2a (562 g, 459 mmol, 90%, after drying at 60
°C/0 5 mm Hg for 2 d): m.p >275 °C (decomp ), MS (FAB, mitrobenzy! alcohol matnx) 1223 (MHY), 1245
(MNa®), IR (1% 1in CHCly) 3450 (NH), 1725 (ester C=0), 1665 (amde C=0), 1600 cm'!, 'H NMR (270
MHz, CDCly) 87 35 -7 1 (10 H, m, 2 x OCH,Ph), 7 10,7 08 (ABq,J =88 Hz, 8 H, 2 x 3a-Ar), 57 (brt,2
H,2x NH),49 2 H, brs, 2 x 78-H), 457,436 (4 H, ABq, /= 117 Hz, 2 x OCH,Ph), 4 47,4 41 (ABX, Jyery
=150 Hz, Jyg = 57 and 50 Hz, 4 H, 2 x CH,NH), 371 (br s, 2°H,2x 12B-H), 194 (s, 6 H, 2 x OAc), 0.99
(d,J =7 Hz, 6 H, 2 x 21-Me), 097 (s, 6 H, 2 x 19-Me), 075 (s, 6 H, 2 x 18-Me), 13C NMR (68 MHz, CDCl,)
173 5 (CONH), 170 2 (COCH,), 147 0,139 4,136 0, 128 3, 127 2, 2x 1271 (8 x Ar), 80 0 (OCH,Ph), 714
(C-7), 69 8 (C-12), 46 8, 460, 447,436, 2 x 429, 382, 37 5, 37 3,362,345,341,330,315,293,289,
280,233,231,215(COCHy), 178 (C-21), 126 (C-18) (Two steroidal backbone resonances not detected or
degenerate) An analytcal sample was prepared by drymng for 1 d at 100°C at 0 5 mm Hg Anal Calcd for
CyoH;0¢0sN2 C, 78 52, H, 873, N, 229 Found C,78 60, H, 896, N, 235

Macrocycle 2b. A suspension of 2a (75 mg, 0 061 mmol), 1 M ethanohc KOH (1 ml) and EtOH (1 ml)
was stirred at 80 °C for 5d  Further ethanohc KOH was added (0 5 ml) and heating continued for 4 d, after
which TLC in CHCl;-EtOAc (3 2) showed one major component, Ry = 03 The yellow suspension was
neutralized with 2 M aqueous HCl, solvents removed by evaporation under reduced pressure, and the residue
partitioned between CHCl3 (10 m!) and H,O (10 mi) The aqueous layer was extracted with CHCl; 2x 10
ml), and the combined organic layers dmed, and evaporated to a yellow sohd Chromatography 1n
CHCl,-EtOAc (3 2) afforded a white solid which was crystathzed from CH,Cl, to give 2b as small prisms
(67 5 mg, after drying at 50 °C, 0 5 mmHg for 30 min) mp >275 °C (decomp ), MS (FAB, nitrobenzyl
alcohol matrix) 1139 (MH*), 1161 (MNa*), IR (1% in CHCl3) 3620 (OH), 3450 (NH), 1660 (amide C=0),
1600 cm!, IH NMR (270 MHz, CDCl;) § 7 15 - 72 (m, 10 H, 2 x OCHyPh), 7 2 (br s, 8 H, 2 x 30-Ar), 561
(brt,2H, 2 x NH), 4 51,4 28 (ABX, Jyer = 14 THz, Iy =59 and 4 8 Hz, 4 H, 2 x CH,NH), 381, (brs, 2 H,
2 x78-H), 371 (brs, 2 H,2x 128-H),099 (d, /=62 Hz, 6 H, 2 x 21-Me), 096 (s, 6 H, 2 x 19-Me), 075 (s,
6 H, 2 x 18-Me), 13C NMR (68 MHz, CDCl3) 8 173 6 (CONH), 147 1,135 6,2 x 1284,1277,3x 1273 (8x
Ar), 80 3 (OCH,Ph), 70 14 (C-12), 68 43 (C-7), 467, 459,44 8,2 x 43 4, 398,390, 37 6,360, 348, 345,
338, 328, 281, 278, 276, 233, 229, 178 (C-21), 12 7 (C-18) (One steroidal backbone resonance not
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detected or degenerate) Anal Calcd for the hydrate CygH 407N, C, 7885, H, 905, N, 242 Found C,
7835,H,909, N, 2 51

Macrocycle 2c. Macrocycle 2a (48 mg, 0 039 mmol) and 10% Pd-C (45 mg) mn a mixture of EtOAc (3
ml) and EtOH (1 ml) was stirred under an atmosphere of H, for 40 h The catalyst was filtered off, the
solvents removed by evaporation under reduced pressure, and the residue dissolved in CHCl3 (25 mi) Slow
evaporation at room temperature (to a volume of ca 4 ml) caused 2¢ to precipitate as small prisms (45 mg)
'H NMR (270 MHz, CDCl;) 8 718 (brs, 8 H, Ar), 57 (brt, 2 H, 2 x NH), 491 (br s, 2 H, 2 x 7B-H), 4 65,
424 (ABX, Jyer, = 15 Hz, Jyy = 6 6 and 4 3 Hz, 4H, 2 x CH)NH), 40 (br s, 2H, 2 x 128-H),203 (5,6 H,2x
OAc), 098 (s, 6 H, 2 x 19-Me), 072 (s, 6 H, 2 x 18-Me), 13C NMR (68 MHz, 10% CD;OD 1n CDCl3) &
164 5 (CONH), 170 6 (COCH;), 1359, 1269, 2 x 126 8 (Ar), 725 (C-12), 716 (C-7), 46 5,44 6, 428, 2 x
425,380,373,367,359,344,337,327,314,293,286,284,274,2x229,21 1 (COCH3), 17 2 (C-21),
12 3 (C-18) (One steroidal backbone resonance not detected or degenerate) Charactensation was completed
by acetylation with acetic anhydride and DMAP 1n pynidine, giving the tetra-acetoxycholaphane reported n
the preceding papers !
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