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Abstract The readdy avadable aword rholtc aad (1) has several advantages m D pmcvrsor for extended, preorgmrsed molecuku 

framework In rhe presenr work, full details are grven for rbe converswm of 1 mto “rholophanes’ 2&b, he first tnarocyrh- rterod 

derrvatwes mtendedfor we ,n molecular mognrtton cbmstry Duzetoxyhme 11 was prepared from methyl cholate 8 and treated wtth 

on arylmmgonere reagent to grve, afer eltmmatlon of water and swoselecrrw hydrogenorrm. monomer unit 13 2a was obtarned by 

cycl~~erualton (up to40% over011 yteldfrmn 8) and 2b by subrequmt dear-etylatm 

Introduction 

There IS growing interest in the construction of extended molecular frameworks with preorgamsed, 

usually convergent functlonahty, for apphcatlons In the fields of tnomimetic and molecular recogmtton 

chemistry In this work there 1% an obvious need for ngld construction modules wtuch can impose a htgh 

degree of orgamratlon and prechctabdlty on the overall assembly The area has been dominated by the 

benzene rmg, which may be mterhnked m a wide vanety of fashions, 1 but apphcatlons have also been found 

for aromatic heterocycles,‘c lf.tJ 2 alkynes,‘J**s carbohydrates,3 and other saturated (i-membered nngs 2a*4 In 

surveymg this field a few years ago, we felt that one unit which might have been under-exploited was the 

steroid nucleus 5 Aside from having the necessary ngidity, tt IS relatively large so that, for example, It readily 

lends itself to mcorporatlon m macrocycles able to encapsulate smaller molecules (wde tnfra) It 1s choral 

(and available, of course, as a single enantlomer) and IS of low symmetry, such that each proton and carbon 

can be dlstmgulshed (both for Fynthetic and spectroscopy purposes) Although It cannot provide the NMR 

sluelchng/deshieldmg effect5 which are valuable features of aromatic systems, it compensates by allowing 
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two onentatlons for a substltuent at each carbon Finally, the Importance of steroids in medtcmal chemtstty 

has resulted m an extenqlve background of relevant synthetic chemtcal mformatlon 

In order to realtse the potenttal of the steroid nucleus, m btomlmettc/molecular recognmon chemistry, rt 

was clear that we would need to (a) identify an mexpenslve startmg matenal with a sufficient degree of 

functtonall$atlon to permit both its mcorporatton m larger frameworks and the attachment of “active” 

functlonahty, and (b) develop selective methods for elaborating the starting matenal in a controlled fashion 

In respect of the former, the 5p steroid chollc acid seemed espectally prormsmg It 1s produced on a large 

scale from cow bile and 1s very reasonably pnced,6 It has a uTefu1 degree of functtonahsatton which 1s evenly 

spaced around Its penphery, and the 5B configuration gives It a curved profile which makes tt a good starting 

point for frameworks with concave or torotdal surfaces Although three of the functional groups are 

chemically stmllar (m bemg secondary hydroxyls) the asymmemc nature of the steroid nucleus allows them 

to be dl$tmgutshed The C3-OH, being equatorial, may be picked out by a vanety of methods, and the two 

axial hydroxyls at C7 and Cl2 can be differentiated by selective acylattons ’ 

As a demonstration of our general Idea, we decided to design and construct a macrocychc framework m 

which two steroidal units would be connected head-to-tall vra the (ubtqmtous) benzene spacer For ease of 

syntheqls we chose to retam the natural side cham of the chohc acid, but we felt It would be worthwhile 

making a direct connection between the aromatic nng and the steroid so a? to hmtt the conformational options 

of the product An obvious tactic was to replace the 3a-OH with a p-(ammomethyl)phenyl unit, then 

cyclodlmense the requltmg monomers by amide bond formatton to gave “cholaphanes” 2 (Scheme 1) 

Corey-Pauhng-Koltun (CPK) molecular models suggested that these macrocycles would have a fair degree of 

flextblhty due to rotation about the starred bonds, but that provided they cho$e open conformations they 

would surround a cavltles of ca 40-50 A2 cross sectional area (sufflclent to enclose a range of small-medium 

sized organic molecules) While It would be possible to utlhse the 7,12a-OH’s m a number of ways, we took 

the simplest option of protecting them FO that they could be revealed m the final product Host molecules 

with preorgamsed, convergent hydroxyl groups are rare,* and we expected that 2 (R’ and/or R2 = H) would 

have mterestmg properties 

In this and the followmg two papers? we present full detatls of the syntheses of cholaphanes 2a-e, and 

of an mvesttgatton of the solution structure of 2a by NMR and molecular mechanics 1”-12 Subsequent work 

has demonstrated that 2b and 2d do indeed have direct interest in molecular recognmon chemistry. m that 

they are able to complex carbohydrate denvattves by H-bonding m a non-polar medium I3 

Results and Discussion 

Introduction of Aryl Spacer Group The deqlgn of 2 was partly Influenced by our realtsatlon that the 

necessary transformation at C3 of the steroidal nucleus could probably be accomplished with reasonable ease 

As indicated m Scheme 2, tt seemed likely that the stereochemistry of the aryl substltuent could be controlled 

VU catalytic hydrogenation of mtermedlate 2,3- and/or 3,4-alkenes Although such reactions are not 

especially stereoselective in simple monocyclic analogues, I4 the curved profile of projected mtermedlates 3 

seemed almost certain to promote attack on the p-face Alkenes 3 should be accessible from 3-ketocholanes 4 

vra addition of an organometalhc reagent 5 followed by ehmmatlon of the resultmg alcohol(s) However, the 

mvolvement of an organometalhc reagent m Scheme 2 ralqed two ts$ues Firstly, It would be convenient to 

protect the carboxyl group of 1 by qlmple estenficatlon, and alw to be able to use acetyl protection on the 7 
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and/or 12 hydroxyls (m particular, this would facdltate dlfferentiatlon of the two positions) 7*9b Thus a 

reagent which would add to ketones and not esters would be very advantageous Secondly, we would need to 

find an N-protecting group which would be compatible with the reagent 

With regard to the former, we were directed towards organomanganese reagents by reports which 

mdicated that they add smoothly to ketones at room temperature, but are essentially mert towards most 

esters l5 lfi A number of prehmmary expenments confirmed that arylmanganese reagents dtd Indeed react In 

good yield with the ketone carbonyl of methyl 3-oxocholanoates wIthout affectmg the ester group Of the 

several vanants on the method, lsc the best result5 were given by arylmanganese lodides, denved from 

arylhttuums and manganouc mdlde, freshly prepared from lodme and manganese metal, with ether as solvent 

As expected, the product alcohols were quite sensitive fo acldlc con&ions, reachly ehmmatmg water to give 

mixtures of regmisomenc A2 and A3 alkenes 

Turnmg to the N-protecting moiety P2 m reagent 5, It would clearly need to be stable to (and incapable 
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of quenching) an organohthmm reagent. On searchmg the hterature we discovered that the opuons were 

rather few, the choice being between (a) sthcon-based protectmg groups which were unstable to acid and 

would not survrve the work-up,” (b) mcorporatton of the N m a 2,5-drmethylpyrrole ring, which gives a unit 

wtth useful stability and physical pmpemes, but requires vtgorous condihons for reversal,‘* and (c) 

alkylatron-dealkylahon procedures which were unsmtable for various reasons I9 The best alternahve 

appeared to be (a); although a silicon-based group would only afford temporary protection, it was hoped that a 

method could be found for separahng the resulhng amme from the manganese restdues For reasons of cost 

and convenience we chose to use bn-trimethylsrly120 rather than the mote specraltsed STABASE” group 

Accordmgly, the protected p-bromobenzylamme 6 was prepared from p-bmmobenzyl bromide and 

sodmm hexamethyldtstlaztde (Scheme 3). *l 6 was found to be rather unstable but, provided it was freshly 

Qsttlled, could be induced to react wtth hthmm under the influence of somcahon to gtve arylhthtum 7 

Model expenments wtth simple ketones confirmed the acttvtty of 7, and of the derived arylmanganese mdrde 

For our first “cholaphane” we chose the 7,12-dracetoxy ketone llzz as the addmon substrate Two 

methods were used for the preparation of 11 In the tirst, the equatonal 3a-OH group tn methyl cholate 8 was 

selecttvely oxrdised wtth AgCO&ehte.” and the tesulnng ketone dtacetylated In the second, shown m 
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Scheme 3 

Scheme 4, 8 was tnacetylated,24 selecttvely deacetylated at posmon 3 wrth actdrc methanol,25 then oxtdrsed 

wtth pyndmmm chlorochromate Although less dtrect, the latter was very hrgh yteldmg (95% overall) and 

the more convenient for large scale operatron 26 

As shown m Scheme 4, treatment of 11 with the arylmanganese mdtde denved from 7 m ether (mom 

temperature, overnight) resulted, as expected, m clean attack at the 3-keto carbonyl We were pleased to find 

that addmon of mfluoroacettc actd (TFA) to the reacnon mixture, followed by mfluoroacettc anhydnde 

(TFAA), caused ehmmatton of water, N-destlylanon and N-mfluoroacetylatron zn SIIU The resultmg mtxture 

of regtotsomenc alkenes 12 was found to be unstable to prolonged storage and was generally hydrogenated 

tmmedtately over 10% palladtum on carbon As anttcrpated, the hydrogen was delivered to the p-faces of the 

double bonds27 resultmg rn the a-arylated product 13 rn 74% overall yield from 11 The product 13 was 

usually contammated by a trace of btphenyl 14, which had smular chromatographtc properties to both 12 and 

13, but this was easily removed dunng subsequent steps 

From Monomer to Cyclodimer; Cholaphanes 2a and 2b We felt that, m the first instance, tt would 

be destrable to perform the cyclodtmensatton of monomer umt 13 m a stepwtse fashion Astde from the fact 

that a cleaner reaction might result, thts would demonstrate the posstbrhty of synthestsmg non-C2-symmemc 

cholaphanes m a controlled fashron from two drfferent precursors As shown m Scheme 5, 13 was (a) 

selecttvely deprotected at the ammo termmus by treatment with aqueous ammoma, giving 15, and (b) 

deprotected at both ends with base to gave 16, then reprotected at the ammo ternunus wrth t-butyl 

pyrocarbonate to give 17 

For the coupling of 15 and 17 we screened a vanety of methods for amide bond for-matron The 

followmg reagents, which all gave excellent yields, were found to react at rates which increased m the order 

listed, N-ethoxycarbonyl-2-ethoxy-1,2-dthydroqumohne (EEDQ), 28 dtcyclohexylcarbodumrde (DCC) with 

N-hydroxybenzotnazole addmve,29 dtphenylphosphoryl azrde @PPA),30 and dtethyl phosphorocyamdate 

(DEPC) 31 The latter reagent was thus the most convement, and was also mdrcated for the macrocychsatrons 

(where, given the hrgh dilutron required, reacnvrty would be at a premium) 

When treated with DEPC and tnethylamme rn drchloromethane, 15 and 17 reacted to give the linear 

dtmer 18 m 82% yield (Scheme 5) Deprotectron of the acid (LrOHm/H20) then the ammo group 

(TFA/CHCl,$ gave ammo-acid 20 rn 76% overall yield Cychsanon of 20 was successfully accomphshed by 

treating a 3 5 mM solutton rn CHC13 with DEPC tn the presence of solid K2HP04 The product 2a was 

isolated m 49% yield after chromatography and crystalhsatron from chloroform/methanol (the remauung 

maternal, apparently polymenc, formmg a slow-moving band on chromatography) The crystals were quite 
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heavdy solvated, becommg opaque on exposure to the atmosphere and retammg chloroform even after 

prolonged heating under a vacuum 32 Macrocycle 2a was charactensed by a full ‘H and 13C NMR analysis 

(see followmg paper), mass spectrum (peaks at 1007,947 and 887 corresponding to the loss of 2, 3 and 4 x 

CH3C02H),33 IR and microanalysis 

It 1s worth notmg the use of an insoluble morgamc base to quench the acidic side-product5 formed 

dunng macrocychsatton Tnethylamme gave poorer results It had previously been shown that NaHC0334 

and KH$‘Oa5 are effecttve for cyclopepttde formation usmg DPPA In the present caqe the more basic 

KzHPO, was reqmred, possibly because of the lower acidity of HCN compared to HN3 

Having obtained 2a vlu the stepwlse route, we now explored the posslblhty of a direct 

cyclcdlmen=non of ammo-acid 16 Treatment of 16 with DEPC under a range of condmons did indeed p;lve 

2a in moderate yields, the best result (32% after crystalhsatton) being obtamed from a 10 mM solution of 16 

in CHCIJ-DMF (80 20) in the presence of K2HPOd Although this procedure was quite convenient, an 

improved yield was clearly deqtrable The cychsatton of pentafluorophenyl ammo acid esters had been 
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shown to be exceptionally effective tn cyclopeptlde synthesis 36 Accordingly 16 was converted into the 

N-BOC pentafluorophenyl (PFP) ester 21 (92% yield) as shown m Scheme 6 Treatment of 21 with TFA 

gave the corresponding alkylammonmm mfluoroacetate We were pleased to find that a 1 4 mM soluhon of 

this salt m CHC13-DMF (86 14), on treatment wtth K2HP04 and 4-dlmethylammopyndmlum mfluoroacetate 

@MAP TFA), gave 2a In 65% crystalhne yield 

16 
I, (BO($O, Prl,NEt, THF, H,O 

II, C6F60H, DCC. CH,CI, 

HNBOC 

I I, TFA, CH,CI, 

II. K,HPO,, DMAP TFA, 
CHC13, DMF 

2a 

Scheme 6 

Finally, m order to generate a cholaphane with active, mwarddlrected funchonahty, we needed to 

remove the 0-acetyl protectmg groups in 2a Although they proved to be quite resilient, they could be 

hydrolysed cleanly by mtment with sodium hydroxide m THF-MeOH-Hz0 (4O“C for 24 h), allowing tetraol 

2b to be isolated m 90% crystalline yield Its structure was confirmed by the normal methods, and also by 

reacetylatlon to gve 2a using Ac@pyrtdme/DMAP 

While the synthesis of these first cholaphanes was not a mvlal task, the net result was a process of quite 

samfymg efflclency Thus, consldermg the opnmum procedures reported herein, the overall yield of 

cholaphane 2a from methyl cholate 8 may be calculated to be 40% Incorporatton of modtficanons developed 

for the synthesis of 2c-e9b would probably raise this even further Given such effective synthetic 

methodology, It is reasonable to view the cholaphane framework as a stamng point for more elaborate 

structures with vartous potential apphcations m the areas of blomlmetlc and molecular recognmon chemistry 

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 IR spectra were 

recorded on a Perkm-Elmer 298 spectrophotometer Analytical thin layer chromatography (TLC) was 

performed on alummmm sheets coated with silica gel 60 (0.2 mm layer thickness) Steroidal compounds 

were v~suahsed by chamng over a flame S&a gel 60, 400-230 mesh (Merck) was used for flash 
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chromatography Reactions mvolvmg somcatlon were performed m a B & T laboratory ultrasonic cleaning 

bath Solvents were purtfied by standard procedures 37 For high-dllutlon reactions, dry DMF was obtained 

by standing over powdered BaO for one week, followed by fracuonal dtsdlation at reduced pressure onto 4A 
molecular sieves CHC13 was thoroughly washed with water to remove ethanol, then dlstdled from PZ05, 

elutmg the dtstlllate through a column of activated neutral alumina onto 4A molecular sieves MnIz was 

obtamed from ground Mn flakes and 12 according to the published proced~re*~~ as a cream, sometimes 

pinkish hygmscoplc solid, which was stored in a desaccator m the dark It was used within one week of 

preparation or made in szfu for large-scale reacnons 

Merhyl 7a,l2a-Dwcetoxy-3-oxo-cholon-24-oate (11) Methyl cholate (8)7a (52 g, 123 mmol) and 

4-(NJV-dlmethylammo)pyndme @MAP) (4 51 g, 37 mmol) were dissolved m dry dlchloromethane (300 ml) 

A mixture of acetic anhydnde (50 3 g, 493 mmol) and tnethylamme (49 8 g, 493 mmol) was added dropwise 

with sttmng Snmng was contmued overnight, after which analysis by T L C indicated that the acetylatlon 

was complete Methanol (10 ml) was added to decompose excess acetic anhydnde The mixture was 

concentrated by evaporation and pamtloned between ether and 1M aqueous HCl The organic phase was 

washed with aqueous Fodmm hydrogen carbonate and bnne, dned (MgS04) and evaporated to give methyl 

3,7,12-macetoxycholan-24-oate (9) a9 an 011 (67 1 g) This matenal was dissolved in dry methanol (300 ml) 

and cooled m ice A Folutron of acetyl chlonde (20 ml) m methanol (30 ml) was added dropwlse with stlmng 

over 1 h 25 The reaction vessel was removed from the Ice and stlmng was connnued for 2 h The solvent was 

evaporated to give methyl 7~,12a-d1acetoxy-3-hydroxycholan-24-oate (10) as an od(61 g) A portion of this 

matenal (10 g, ca 19 7 mmol) was dls$olved m dry dlchloromethane (5 ml) and the solunon added with 

snmng to a suspension of pynduuum chlorochromate (6 46 g, 30 mmol) m dlchloromethane (40 ml), under a 

nitrogen atmosphere m a flask fitted with a condenser An exothermlc reacnon was observed The mixture 

was stmed for a total of 90 mm, after whtch dry ether (40 ml) was added After a further hour, the 

supematant liquor was removed and filtered through a short plug of silica gel The msoluble reqldue was 

washed with ether (3 x 40 ml), each extract bemg passed through the slhca gel plug Silica gel (2 g) and 

dlchloromethane (20 ml) were added to the residue After c,wlrlmg the rmxture, ether (20 ml) was added and 

the supematant liquor was pasqed through the whca gel plug The plug was eluted with 

ether-dlchloromethane (1 1,20 ml) and the combined extracts were evaporated The residue was dissolved tn 

a mmlmum volume of dlchloromethane (ca 10 ml) and ether (40 ml) was added Crystalhsahon occurred to 

@ve 1122 (9 75 g, 95% overall from 8) ‘H NMR (300 MHz, CDC13) 6 5 13 (br m, 1 H, 12fi-H), 5 00 (br m, 1 

H, 76-H) 3 67 (s, 3 H, OMe), 2 99 (dd, J = 13 6,15 2 Hz, 1 H, 4P-H), 2 12 (s, 3 H, OAc), 2 07 (s, 3 H, OAc), 

1 02 (s, 3 H, 19-Me), 0 82 (d, J = 6 4 Hz, 3 H, 21-Me), 0 77 (s, 3 H, 18-Me) 

p-Bromo-N,N-hrc(tnmethyl.sdyl)benzylamme (6) Hexamethyldlsllazane (200 ml) was added to a 

suspension of sodium amide (20 g, 0 51 mol) m dry benzene (200 ml), and the mixture refluxed with efficient 

stunng for 9 h, under a slow flow of N2 The benzene was removed by dlstlllatlon through a fractlonatmg 

column, hexamethyldlalazane (100 ml, diqttlled) war, added to the hot residue, and the mixture was cooled to 

room temperature with maintenance of vigorous sumng Powdered p-bromobenzyl bromide (50 g, 0 2 mol) 

was added under a flow of N2, and the pale-yellow suspenaon stirred for 2 d Dry hexane (500 ml) was 

added, and after standmg for 12 h the supematant ltquld was decanted This process wa$ repeated, the hexane 

extract? were combmed and concentrated at reduced pressure, the re$ldue wa$ decanted from qome yellow 
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preclpltate, and excess hexamethyldlsdazane was recovered by dtsttllahon at 12 mmHg (b p < 60 “C) The 

restdual 011 was dtsnlled to gtve 6 as a pale yellow otl (50 43 g, 76%) b p 103-106 “C at 0 3 mmHg, IR (bq 

film) 1480, 1400, 1250, 1170, 1125, 1110 cm- ‘, ‘H NMR (80 MHz, CDQ) 6 7 39,7 14 (ABq, J = 8 8 Hz, 4 

H, ArH), 4 04 (br s, 2 H, C!H*) 0 08 (F, 18 H, 2 x SlMe3) The decantahon step in the workup may be replaced 

by filtration through a glass fnt 

p-Llrhro-N,N-blF(rrrmerhyZ~~lyl)henrylamrne (7) Bromide 6 (7 0 g, 0 021 mol) In Et,0 (50 ml) was 

added dropwlse to freshly extruded hthlum wire (0 7 g, 0 1 mmol) m dry Et20 (15 ml) over 2 h Durmg the 

addmon the reaction flask was Immersed m an ultrasomc bath, mamtammg a gentle reflux The reachon 

mixture was further sontcated for 2 h Hydrolysis of a pomon with aqueous acid, and back tttranon with 

aqueous base (methyl orange wdlcator, making allowance for amme protonahon) mdlcated that the 

concenhahon of 7 was 0 3 M (8 1% converston) 

Methyl 7a,12a-D~acetoxy-3a-~p-(tr~~~r~aceryl (13) 

Organobthmm 7 (0 52 M solution In Et,O, 70 ml, 36 4 mmol) was added to a stIrred suspension of MnIz (20 

g, 66 mmol) tn Et*0 (100 ml) at 0 “C, the Ice-bath removed, and the dark-green suspenwon shrred for 30 mm 

at room temperature After recoolmg to 0 “C, ketone 11 (7 5 g, 14 88 mmol) m Chicly (25 ml) was added In 

a slow stream with rapid stlmng The mixture was wmlcated for 15 mm, and the brown suspension shrred 

overnight After coolmg to 0 OC, TFA (8 5 ml, 110 mmol) was added dropwise, followed after 5 mm by 

TFAA (30 ml) and CH2C12 (40 ml) After stnnng for 5 h at room temperature, volatiles were removed by 

evaporation under reduced pressure, and a solutton of the residue m C!H&J;? was washed wtth 2 M aqueous 

HCl then 5% aqueous NaHC03, dned and evaporated The residue was chromatographed in batches using 

hexane-EtOAc (2 1) as eluant to give crude alkenes 12 as a foam (9 2 g m total) ‘H NMR (80 MHz, CDCI,) 

6735,723(ABq,J=85Hz,4H,ArH),665(br,lH,NH),595and582(2xbrs,O4HandO6H,alkene 

2-H and 4-H), 5 08 and 4 86 (2 x overlappmg br s, 2 H, 12B-H and 7P-H), 4 51 (d, J = 6 Hz, 2 H, NHCfLJ 

3 64 (s, 3 H, OMe), 2 03 (s, 3 H, OAc), 175 (s, 3 H, OAc), 1 02 (s, 3 H, 19-Me), 0 75 (s, 3 H, 18-Me) 

Blpheny114 was generally present as a mmor contammant ‘H NMR (300 MHz, CDC13) 7 59,7 39 (ABq, J = 

8 Hz, 8 H, ArH), 6 61 (br s, 2 H, NH), 4 59 (d, J = 6 Hz, 4 H, C!H1) The batches of 12 were hydrogenated 

lmmedlately after chromatography usmg the general procedure 12 and 10% W-C (100 mg per gram of 

alkene) in EtOAc (15 ml per gram of alkene) was stmed under H2 until gas absorption ceased (2-4 h) The 

suspension was filtered through a pad of silica gel, eluhng with EtOAc, and solvent was evaporated under 

reduced pressure The combmed crude hydrogenanon products were stmed with hexane-CHzC12 (50 ml), 

undissolved blphenyl 14 was removed by filtratlon and the filtrate evaporated to a foam (7 9 g total) Slow 

crystalhzatlon from hexane-CH2ClZ afforded 13 as pnsms (1 st crop 4 79 g, m p 197-200 OC, 2nd crop 2 94 g, 

m p 192-197 OC, total 74% based on 11) ‘H NMR analysis Indicated that the 2nd crop contained traces of 

btphenyl 14 (C 5%), the crude matenal waq generally used directly m subsequent steps An analyhcal sample 

was obtained by crystalhsahon from hexane-CH$l, m p 200-202 OC, [a1230 + 49” (c 1 0 In CHC13), IR (5% 

in CHCI,) 3440 (NH), 1720 (br, GO), 1600 cm- ‘, ‘H NMR (80 MHz, CDC13) 6 7 2 (br s, 4 H, ArH), 6 6 (br 

s, 1 H, NH), 5 1 (br t, 1 H, 120-H). 4 92 (br m, 1 H, 7@H), 4 49 (d, J = 5 5 Hz, 2 H, NHCH2), 3 66 (s, 3 H, 

OMe), 2 11 (s, 3 H, OAc), 2 01 (F, 3 H, OAc), 0 97 (s, C-19 Me), 0 82 (d, J = 6 Hz, 3 H, 21-Me), 0 75 (s, 3 H, 

18-Me) Anal Calcd for CJ~H~~NO~F~ C, 65 97, H, 7 58, N, 2 03 Found C, 66 06, H, 7 66, N, I 86 
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Methyl 3a-(p-Ammomethyl~phenyl-7a,l2a-d~aceto~c~lan-24-oate (15) A solution of crude 13 (274 

mg, 0 37 mmol, contammg -5% blphenyl 14) m MeOH (2 5 ml), THF (3 ml) and cone aqueous NH3 (35% 

w/w, 2 5 ml) was left for 2 5 d at room temperature m a stoppered flask Volatdes were removed by 

evaporation under reduced pressure, and the residue was partmoned between CH,Cl, and 5% aqueous 

NaHCO3 The aqueous layer was re-extracted with CH$&, the combmed orgamc layers dried, and the 

solvent evaporated Chromatography m CH&!l2-MeOH (10 1) gave amme 15 as an 011 (164 mg, 73%) IR 

(film from CHCI,) 3200 (NH), 1720 (GO) cm- t, ‘H NMR (80 MHz, CDC13) 6 7 31,7 15 (ABq, J = 8 Hz, 4 

H, ArH), 5 10 (br s, 1 H, 12P-H), 4 90 (br s, 1 H, 7P-H), 4 35 (br s, 2 H, NH*), 3 89 @r s, 2 H, CH2N), 3 66 (s, 

3 H, OMe), 2 11 (s, 3 H, OAc), 2 10 (s, 3 H, OAc), 0 96 (s, 3 H, 19-Me), 0 80 (br d, J = 6 Hz, 3 H, 21-Me), 

0 75 (s, 3 H, 18-Me) This matenal was used In subsequent expenments without further punficatlon 

3a-(p-Amrnomethylphenyl)-7a,l2a-d~aceto~cholan-24-o~c acrd (16) A mixture of 13 (4 79 g, 6 93 

mmol) and 1 08 M aqueous NaOH (20 ml, 21 6 mmol) m THF (30 ml) and MeOH (25 ml) was stirred for 5 h 

at room temperature, neutralized with 2 17 M aqueous HCl (6 75 ml, 14 65 mmol), and volatlles evaporated 

under reduced pressure Chromatography of the residue m CHCl,-MeOH (7 3) grading to pure MeOH gave 

an amorphous Folld which was dlsqolved in CHClx-MeOH (3 1, 20 ml), and filtered, washing with the Fame 

solvent mixture After evaporation of solvents the crude product was dl$solved m MeOH (10 ml), and the 

sttrred solution slowly diluted with Hz0 (100 ml) The suspemton was allowed to settle, the supematant 

decanted, and the precipitate mturated with HZ0 (30 ml), decantmg the aqueous layer The remammg white 

solld was dned at 50 ‘C, 0 5 mmHg for 8 h, to give ammo-aad 16 as a fine powder (3 56 g, 86%), m p 

198-210 “C Processing the aqueous layen gave more ammo-actd m p 195-208 “C (300 mg, combtned yield 

-95%) The above matenal was used for cyclodlmenzatlon reactions without further punficanon The 

chromatographlc step could be omitted with little loss of punty An analytical sample was obtained by 

crystalhzatton from DMF-HZ0 m p 224-225 Y!, IR (CHC13 mull) 3400 (br), 2650 (br), 2750 (br), 1720 

(GO) cm“, ‘H NMR (80 MHz, 10% CD30D m CDC13) 6 7 20 (br ABq, 4 H, ArH), 5 12 ( br s, 1 H, 120-H), 

4 92 (br s, 1 H, 7P-H), 4 5-3 5 (br, 2 H, C&NH*), 3 5-3 2 (br, CH2NH2 and COZH), 2 11 (s, 3 H, OAc), 2 01 

(s, 3 H, OAc), 0 96 (5, 3 H, 19-Me), 0 82 (d, J = 6 Hz, 3 H, 21-Me), 0 76 (s, 3 H, 18-Me) Anal Calcd for 

&H5,NO, C, 72 25, H, 8 84, N, 2 41 Found C, 72 55, H, 8 87, N, 2 36 

7a,l2a-Diacetoxy-3a-(p-tert-huroxycarb~nylam~n~methyl~henyl~ch~lan-24-otc acrd (17) A mixture of 

crude 13 (338 mg, 044 mmol steroid, contammg -5% blphenyl 14), 1 M aqueous LlOH (1 0 ml, 1 mmol), 

THF (5 ml) and HZ0 (1 ml) was stirred at room temperature for 3 d Further 1 M aqueous LlOH (0 2 ml, 0 2 

mmol) was added, and the mixture stirred for another 3 d, after which TLC m C!HC13-MeOH (5 1) showed 

one major component The reaction mixture wa? neutralized with 2 M aqueous HCl, methylamme (1 ml) was 

added, and the stmed homogenous 5olutlon was treated with dl-tert-butyl pyrocarbonate (110 ~1, 0 5 mmol) 

After 1 h at room temperature, the volatlle$ were removed by evaporation under reduced pressure A soluhon 

of the reqldue in CH$& waq washed with 1 M aqueous H3POd, then water, the organic layer was dried, and 

the solvent was evaporated Chromatography of the reqldue m CH2C12-MeOH (10 1) gave 17 as a foam (300 

mg, 95%) IR (film from CHCI?) 3520,345O (NH), 3500-2400 (br), 1700 (br, GO) cm-‘, ‘H NMR (80 MHz, 

CDCl,) 6 7 21,7 14 (ABq, J = 8 Hz, 4 H, ArH), 5 12 (br s, 1 H, 12P-H), 4 92 ( br s, 2 H, 7P-H and NH), 4 28 

(d, J = 6 Hz, 2 H, C&NH), 2 11 (s, 3 H, OAc), 2 01 (F, 3 H, OAc), 1 46 (s, 9 H, But), 0 97 (s, 3 H, 19-Me), 
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0 85 (br d, 3 H, 21-Me), 0 76 (s, 3 H, 18-Me) 

Protected lrneur dmer 18 Dlethyl phosphorocyamdate (DEPC) (50 a, 0 33 mmol) was added to a 

stmed solution of acid 17 (200 mg, 0 293 mmol) and amme 15 (164 mg, 0 275 mmol) in dry CH#.ZI, (2 ml) 

contammg tnethylamine (85 ~1,0 61 mmol) at room temperature After 1 h. the reaction mixture was diluted 

with C!H$&, and washed urlth 1 M aqueous H$04 followed by 5% aqueous NaHC03, re-extractmg the 

aqueous layers The comtnned orgamc layers were dried, and solvent removed by evaporation 

Chromatography of the residue m MeOH-CHClj (2 98) afforded &mer 18 as a wiute sohd (282 mg, 82% 

based on amine) IR (CHCl3 3450 (NH), 1710, 1670, 1600 cm- l, ‘H NMR (80 MHz, C!DC1$6 7 2 (m, 8 H, 

ArH), 5 68 (br t, J = 6 Hz, 1 H, CH2NHCOCH2), 5 1 (br s, 2 H, 12p-H), 4 9 (br s, 2 H, 7P-H), 4 81 (br s, 1 H, 

CH*NHBOC), 4 39 (d, J = 6 Hz, 2 H, CI-@JHCOCH2), 4 26 (d, J = 6 Hz, 2 H, C&NHBOC), 3 66 (s, 3 H, 

OMe), 2 1 (s, 6 H, 2 x OAc). 2 0 (s, 6 H, 2 x OAc), 146 (s, 9 H, Bu?, 0 97 (br s, 6 H, 2 x 19-Me). 0 83 (br d, J 

= 6 Hz, 6 H, 2 x 21-Me), 0 75 (br s, 6 H, 2 x 1 g-Me) This matenal was contaminated by a small amount of a 

side product [‘H NMR 6 4 15 (q)]. presumably denved from the DEPC However, It was used m the 

followmg expenment wthout further punfication 

Dmerrc mm-acid 20 A mixture of protected linear chmer 18 (195 mg, 0 155 mmol) and 1 M 

aqueous TJOH (260 pL, 0 26 mmol) m THF (3 ml) and Hz0 (0 5 ml) was stmed at room temperature for 12 

h, then partitioned between CHC& and 1 M aqueous H3P04, re-extracting the aqueous layer wrth CHC13. The 

combined organic layers were dned and the solvent evaporated Chromatography of the residue m 

MeOH-CHC13 (2 98) afforded &menc N-protected acid 19 (176 mg, 91%) as a white sohd ‘H NMR (80 

MHz, CDCl$ S 7 18 (m, 8 H. ArH). 5 72 (br t, J = 6 Hz, 1 H, CH~NHCOCH2), 5 11 (br s, 2 H, 2 x 12p-H), 

4 92 (br s, 3 H, 2 x 7P-H and CH,NHBOC), 4 40 (d, J = 6 Hz, 2 H, C&NHCOCH2), 4 26 (d, J = 6 Hz, 2 H, 

C&NHBOC), 2 11 (s, 6 H. 2 x OAc), 2.01 (s, 6 H, 2 x OAc), 1 45 (s, 9 H, Bu’), 0 97 (br s, 6 H, 2 x 19-Me), 

0 85 (m. 6 H, 2 x 21-Me), 0 75 (br s, 6 H. 2 x 1 g-Me) TFA (0 5 ml) was added dropwise to a stmed solution 

of the above matenal (125 mg, 0 1 mmol) m dry CHC13 (2 ml) at 0 OC After standing for 1 h at room 

temperature, the solvent was evaporated under reduced pressure, the residue dissolved m MeOH (2 ml) and 

the mxture Qluted with 1 M aqueous NaOH (50 ml) After neutralization with cone aqueous HCl the 

suspension was extracted with CHC13 (4 x 25 ml), the combined orgamc layers dned, and the solvent 

evaporated Chromatography of the residue In MeOH-CHCl, (5 95 - 20 80) afforded ammo-acid 20 as a 

white solid (95 mg. 83%) IR (CHCl, mull) 3440, 3380, 3280 (NH), 1715 (GO), 1650 cm-‘, ‘H NMR (80 

MHz, lO%CD~ODmCDCl~)873-71 (m,8H,ArH),511 (brs,2H,2x 12P-H),491 (brs,2H,2x 

7B-H), 4 4 (s, 2 H. C/f&X$, 2 11 (s, 3 H. OAc), 2 10 (s, 3 H, OAc), 2 02 (s, 6 H, 2 x OAc), 0 97 (br s, 6 H, 2 

x 19-Me), 0 83 (br m, 6 H, 2 x 21-Me). 0 75 (br s, 6 H, 2 x 19-Me) 

Penrafluorophenyl 7a,l2a-Dlacetoxy-3a-(p-tert-buroxycar~nyl~~~~~hylp~nyl)-c~lan-24-oa~e 

(21) A stmed soiutlon of ammo acid 16 (2 0 g, 3 27 mmol assuming 95% punty) In THF (20 ml), Hz0 (10 

ml) and &-nopropylethylamme (1 ml) was treated with di-rerr-butyl pyrocarbonate (0 8 ml, 3 5 mmol) After 

1 h the volaties were removed by evaporation under reduced pressure and the residue partmoned between 

CH$& and 1 M aqueous H$04 The orgamc layer was washed with water, dried, and evaporated to leave 

crude N-protected acid 17 as a foam (2 30 g) A solunon of the crude acid 17 (2 0 g, 2 94 mmol), 

d~cyclohexylcarbodumlde @CC) (700 mg, 3 4 mmol) and pentafluorophenol (675 mg, 3 66 mmol) m dry 
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CH&!12 (10 ml) was stmed for 12 h at room temperature The resulting suspension was filtered, the sold 

washed with CH&I, (2 x 2 5 ml), and the filtrates evaporated under reduced pressure Chromatography of 

the residue in Et@-CH$12 (2 98) gave pentafluorophenyl (PFP) ester 21 (2 286 g, 92% from 16) as a 

colourless ml IR (hq film) 3460 (NH), 1775 (PFP ester GO), 1705 (acetate GO), 1600 cm-‘, ‘H NMR (80 

MHz, CDCl,) 6 7 17,7 13 (ABq, J = 8 Hz, 4 H, ArH), 5 13 (br s, 1 H, 12P-H), 4 91 (br s, 1 H, 7P-H), 5 0 - 4 7 

(br, 1 H, NH), 4 27 (d, J = 6 Hz, 2 H, CIf$JH)), 2 8 - 2 5 (m, 2 H), 2 12 (s, 3 H, OAc), 2 01 (s, 3 H, OAc), 

1 49 (s, 9 H, Bu’), 0.97 (s, 3 H, 19-Me), 0 78 (s, 3 H, 18-Me) 

Macrocycle 2a by Cyclodtmen~atton of Ammo-actd 16 DEPC (0 3 ml, 1 98 mmol) was added to a 

stmed sohmon of ammo-acid 16 (462 mg, 0795 mmol) m dry CHQ (60 ml) and dry DMF (23 ml) 

contammg powdered, dned K2HP04 (0 5 g, 2 87 mmol) After 7 d the resulting suspension was concentrated 

under reduced pressure (to 50 OC at 0 5 mmHg) The residue was pamtloned between CHCl3 and HzO, 

re-extractmg the aqueous layer with CHC13, the combined orgamc layers were dned, and the solvent was 

evaporated Chromatography m CHC&-EtOAc (3 2) gave a wtute solid (188 mg, RI = 0 4 in column solvent) 

Slow cry$talhzation from CHC13-MeOH (two crops) afforded 2a as small prisms (150 7 mg, 32% assummg 

0 5 CHCl3 of crystallization, after drying for 2 h at 50 “C and 0 5 mmHg) A sample was prepared for 

analysis by further drying for 2 d at 80 OC, 0 5 mmHg m p > 300 OC, [alDz3 + 87 6O (c = 10 m CHCl3). MS, 

see text, IR (1% m CHC13) 3450 (NH), 1720 (ester C=O), 1660 (armde GO), 1600 cm-‘, ‘H, 13C NMR, see 

following paper m this Journal Anal Calcd for C70&8NZOI0 0 5 CHC13 C, 71 32, H, 8 36 N, 2 36 Found 

C, 71 05, H, 8 63, N, 2 21 

Macrocycle 2a by Cyclodtmertzatton of Pentafluorophenyl Ester 21 TFA (10 ml) was added to a 

stu-red solution of PFP ester 21 (1 75 g, 2 06 mmol) m dry CH,Cl, (10 ml) at 0 OC The ice-bath was 

removed, and after 1 h the volanles were removed by evaporation under reduced pressure CC& (10 ml) was 

added to the residue, and removed by evaporation under reduced pressure After repeating this procedure, the 

residue was dned for 2 h at 60 OC and 0 5 mmHg, and then dissolved m a mixture of dry CHC13 (1 25 L) and 

dry DMF (200 ml) To the stirred solution was added DMAP TFA (475 mg, 2 01 mmol) and dried, powdered 

KzHPO, (1 75 g, 10 mmol) After 1 d more K2HP04 (1 75 g) was added and the mixture stmed for 7 d The 

cloudy suspension was concentrated under reduced pressure (to 50 OC at 0 5 mmHg) and the residue 

partmoned between CHC13 and 1 M aqueous HCI The organic layer was washed with 5% aqueous NaHCO,, 

dried, and the solvent evaporated to leave crude product (1 34 g) Crystalhzatlon from CHC13-MeOH gave 2a 

as small pnsms, (735 mg, after drying for 2 h at 50 “C and 0 5 mmHg) The mother liquor was 

chromatographed m CHC13-EtOAc (3 2) affording, after crystalhzanon, a further 64 mg of 2a (total 0 799 g, 

65% assummg 0 5 x CHCl, of crystalhzauon) 

Macrocycle 2a - Cychzatton of Dlmenc Ammo-acid 20 DEPC (11 pl, 73 pmol) was added to a stirred 

suspension of dimenc ammo-acid 20 (41 mg, 35 kmol) m dry CHC13 (10 ml) After 36 h, K$POd (150 mg, 

0 86 mmol) was added The mixture was stirred for 2 d, then diluted with CHCl, and washed with 1 M 

aqueous HCl followed by 5% aqueous NaHC03, reextractmg the aqueous layers with CHCl3 The combined 

organic layers were dned, and solvent evaporated Chromatography m CHC13-EtOAc (3 2) gave a white 

solid (25 mg) which waq crystallized from CHC13-MeOH affording 2a as small pnsms (20 mg, 49% assuming 

0 5 x CHC13 of cryqtalhzation, after drying for 2 h at 50 OC and 0 5 mmHg) 
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