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o Abstract D
The biosynthesis and Stcrol bindin g-properties of fungichromin<(1),a typical
- men(ber of the polyene group of anubxoncs, were investigated. Polyene antibiotics arc used

in the treatment of hunfan fungal diseases; current theory holds thal they: act by bmdmg of
sterols in mcmbrancs thcrcby rclcas\ﬁeg{llgomponcnts and causin g cell dcath Pr;fcrcnnal -

bmdmg to ergostcrol over cholcsterd has been proposed to accoum for the sclegvuy of .-
polyene’ toxxcny 10 fun ga] cclls but actual stmt:%rcs of the complexcs arc unkn,own. L
Incorporanon of sodium [1:13CJ-, [2- 13c1 and [1 2-_13C2]-acz§tatc911‘ =
| "‘13C]prop10natc and {1-13CJ- and [3-13C}- octanoatc showed that 1, a mc:abohtc of
' Sm:ptqmyccs chlqusae denves from 1 proplonatc 12 acetate, andone mmtt octanoatc o

‘ 'u,mts condcnscd in the head-to-tail fashlon typxcal of polykendc bxogmcsxs(m s

collaborauon with Dr. H. Noguchx) The rcsulzs with octanoatc arc t}rc ﬁrst case of

v \

‘mcorporanon ofa fany acid with mote than 4 carbon atomsas a umt mto a polykcndc
without dctcctablc dcirzdauon Incorpprauon of ethyl [CD3]olcatc gavc apcmﬁcally labelled

1 (in collaboration wijh Dr. K. Arzi): o&anoate thus derives bxosymhcncall’y from oleate.

Incorporauon of sodium [1- 13C 180,)- labelled acetate, proplonatc and octanoate, and 180y,
; gave 1in thch the labellmg pattcm was consistent with po!ykcudc b%@gcncms chthyl [2

13CJmalonate was incorporated into, 1 as acetate. Efficient 1ncorporat10n of a mlxturt of

diethyl (2-13C)- and {1,3-13C)-malonates gave 1, the 2D- INADEQUATE spectrum of

- which gave carbon- carbon connccnvmcs complcmcntary to thosc obtamcd frdm
-

incorporation of sodium [1 2-13C,)acetate. This novel tcchmquc gaVc full assignments oOf

the 13C NMR spectrum of 1 for the positions derivedfrom acctatc
5
"To dctcnmnc sterol binding structure- acuv:ty rclauoushlps cholcsta 5,1- dien- 3p-

ol, (22E )-cholesta-5,22-dien- 3[3 ol, (2“}E) cholcsta 5 7 22 mcn~3[5—ol (225) crgesta- :

uv assay showed little dlffcrcncc in blndmg to l bctwccn ﬂu:sc stcr'ols

Photoafﬁmty labelled stcrols BB (2 dxazo 3 3 3‘~mﬂuor?>propnonyloxy) -cholest-

XX
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5.ene (2).§.hd' (208 )-20-(2'-dia¥0-3",3' 3‘~1-h'ﬂuoropropionyloxymctﬁyl)-prcgn-Sicn-3[’»ol

\

. (3) were symhcsxsed 3 bmds to 1 in the UV assay, but 2 does not. However, pho;olysm /

of 3 in the presence of 1 fallcd to give labelled products Both 7Ta- (4) and 7[3 \}
%d acctoxycholcstcrol (5) were synthesised: 4 binds to 1 but 5 does not, suggcsung that a flat

S

y stcrol B-ring is not the only requirement for cfﬁcxcm binding to polyenes. Synthetic
progress towards sterols with. a photoaffinity label at C-7 is described. R

P A
“OH | .
.::\‘;:WV\,’L\
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o
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1. Introduction
General Introduction g

The polyene fugtibioticsh 2 are a group of over 200 compounds, bmduécd By
‘ S&eptomyccs species, that possess antifungal and antiprotozoal ac_tivity.3 Despite their
acute lOXiCity,3‘6 and the development of chér classes of antifungal andbioﬁcs,7» 8 1h’c-'
polyenes remain the treatment of choice for many fungal infections.3» 7 Recently, the
possible anuhypcrcholestcrolcrmc effects of polycncs4 9,10 have attracted considerable
interest, as has their potcnuauon of the anti-tumor properties of other drugs. 11-14 Polyenes
may also have some antiviral activity, either alone!3 or in combination with othcr drugs.16
Some —polycncs are l\lSCd as food preservatives; for example, pimaricin protects blue cheese
from fungabl growth. 17

Chcmlcally, these st steroid- bmdmg18 compounds, for example amphc:ericins A and
B, nystatin A1, partricins A and B pimaricin, funglchromm (1) and ﬁhpm T (2) (Figure
1), possess the common feature of an cxtendcd conjugated polycnc chain of 3 to g double
. bonds within a macrocychc lactone nng. 1 Complemcmary to the polyene chmn along the
other side of the lactone nng, is a saturated carbon chain adorned with hydroxyl groups. In
some polycnes the sugars mycosamine or perosamine (F)gurc 1), or an aromatic moiety, p
-aminoacetophenone {€. g. parm'cin B) or N-methy! p -aminoacetophenone (e. g. partricin
A), may be présem as pendants on the macrocyclic ring.19 |

The polyenes absorb very stroﬁgly in the ultraviolet. The absorption maxima
dépcnd on the ]cn gth of the po]yZEé’T:hain, thereby allowing easy partial characterisation. 19
They are therefore normally categorised by number. of conjugated double bonds‘prcscm.

.Thus amphotericin B is a heptaene, and fungichromin (1) is a pentaene. -

I\

-



Figure 1A. Structures of some common polyene antibiotics.

-

Amphotericin B

Amphotericin A ,Ry=H, Rp= OH
Nystatin A 4., Ry= OH, Rp= H
NHR

: Partricin A, R= Me
) Partricin 8, ReH

Nystatin was the first polyene to be isolated,20 and it, along with paxﬁicin methyl
ester (m'candilTM),zl is used for topical creams for surface or vaginal fungal infections.3

l Amphotericin B22, 23 s the drug of choice for deep-seated internal mycotic infections.3: 7

First isolated in 1955,24 the compound was shown to have strong antifunga125'27 butno .

antibacterial27 activity.

o
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. Pimaricin, Ry= H, Ry, Ry« epoxide
Tetéamycin A,Ry= Et,Rp= H, Rg= OH
Tetramycin B,Ry= Et,Ro= OH, Ry= H

1, fungichromin, R= OH

2, filipin 11, R= H-
&
0 0 '
HOWOH HO/X/S_NHZ
NHz OH
OH OH
Mycosamine Perosamine

Early chemical studies by Dutcher et al 28 showed that amphotericin B contained
o M
the amino-sugar mycosamine; titration and analysis gave an approximate molecular weight,
and a tentative formula was proposed. Most significantly, catalytic hydrogenation led to

uptake of 7 moles of hydrogen, to give a biologically inactive product. This result showed

«



rapidly dxscovcrcd. ‘ Lo AR . A -
Funhcr carly V\gk on. tlinc chcmlcal dcgradanon of amphotcngl;b\y Mechlinskd
and coworke:rs31 -34 and Cope et al 35 established the partial structure of the antibiotic, and
" culminated in the elucidation of the full atomic connectivity in 1970.36 At the same timé,
M‘cchlinski and coworkers37 38 also published the X-ray crystal struc;turc of N-
iodoacetylamphotericin B. Thc compound cx1sts as a hemiketal; this rcsult has been
- confirmed in solution by 13¢ NMR, 39 opueaJ rotatory dispersion, 40 and IR
spcctroscopy.41. HBwever, IR spectra of amphotericin B'show ambiguities that dcpcnd‘;n
'the method of sample prcparation.42 Confo@ﬁond calculations show that the molecule is
rigid. 43 o |
Despite extensive studies, amphotericin B remains the only poiycnc for which the
absolute configuration at all the chiral centres is known. Some other polyenes have not yet
been assigned full st;'ucturcs. Amphotericin A44,45 nystatin,46v 47 partricins A and Bf‘i8
filipin and fungichromin,49 and pimaricin,SO have well defined structures. The cifficulties
assogi:ijcd with p.uriﬁcation of the highly insoluble compouvnds caused early ambiguites;
materials that appeared to be distinct were often shown to be identical upon further
punﬁcauon For example, fungichromin is identical to 1agosm and cogomycin,; :31 nystatin,
thought for some time to be identica] to amphotcncm A,47 was shown to be distinct;4d
while hcxaencs endomycin and hexa?ungm each contalm major polyencs. 52
Thcse comparisons have been facilitated by the gradual development of TLC21. 22, 39
51-53 and HPLC22, 45, 51-54 systcms for polycncs HPLC has also proved useful for

analysis of antibiotic lcvcls in man dunng treatment.4» 5 Countercurrent distribution has

. proved the preferred method for purification to a high level. 21,51,55

Structural elucidation has been aided by the advent of modem tcchmqucs Early
studies of the electron impact mass spectra of polyenes relied upon pcr-mmcthylsnlylauon:
| although molecular ions were not obschcd, comparison of fragmentation patterns aided in

structure elucidation and comparison of identities. 22+ 45, 56 More recently, use of field-

-
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dcsofption 55,57-59 plasma desorption, 45 and fast-atom bombardment2] mass spectra, -

. fhas allowcd du‘cct dctcrmmauon of the molecular weights of polyenes.

L

- Thc use of high- ﬁcld- a.nd recently multidimensional, NMR has also greatly a1ded
anélysm and structure elucidation of polyenes. Carbon-13 NMR is particularly powerful, as
it is sensitive to differences in the unknown stereochemistries of ﬁolyencs,45' 51 and
permits determination of ;uch features as ketalisation in solution.2!» 39 Two-dimensional
NMR has allowed full}pro.ton assivgnmcnt of nystatin,§0 confirmed the structure of
' teramycin A,59 and determined the structures for tctran;ycin B>9 and amphotericin A.45
Development of NMR and mass spectrometric methods for structural elucidation, and
chromatographic methods for purification, is thus an important area in polyene research.
Despite the high potency and therap“cutic index of ampho_t;ricin B,26 many
difficulties are encountered in treatment with the dru g:3 The compound is hi ghly toxic,
pz;dcnts rcquirc hospitalization for U‘Eatmcht, and it may cause permanent kidney damage. A
further pr(;blcm is tﬁc very low solubility. Thém}orc, treatment may be effected by slow
intravenous infusion of amphotericin B dissblvcd in DMSO, and then made into a
suspension in water. While use of so]ubxhsmg agen-s such as sodium dc:soxycholatc6l
| (fungizone T'M from Squibb is the combined amphot ‘ricin B-desoxycholate mixtug'c) and
othcr cholate ana]ogu‘cs62 is now the method of choice for administration, the search for
. more water- soluble chemical derivatives connnucs The free carboxyl group of
amphotcncm B has been esterified, 63 usually to the mcthyl ester using diazomethane. 64- 66
The derivative has full biological actmty,66 67 and gives a very water-soluble
hydrochloridc.65 However, more recent work suggests that the stability of the methy! ester
is lower than that of the parent antibiotic,58 and describes a lower biological activity, at
least against gﬁulcn 69 In some cases the product has been shown to be a mixture
containing amphotericin B methy] ester and N- and O- mono- and per-methylated

analogucs‘66 :
_ t
In contrast, the N-acyl derivatives®4 70 have distinctly lower biological activity:

o



- N-iodoacetylamphotericin B,64 used for the X-ray crystal structure, 37+ 38 has a minimum
inhibitory concentration between 1 and 20 simes that of the parent compgund against - é '
. . "‘“s B 5 ! . | & :

Sacéharomyccs cerevisiae ‘~A5pc"gillus ;rigcr and Candida albicans 64 Other derivatives . g

prepagcd include N,N- dlalkyl denvatives,’2 amides attached at the carbonyl group, 57
guamdm\e -type derivatives attached at the amino group, 6 derivatives formed by attachmcnt
of extra sugar moieties,’3-7° and mmcthylammomum salts.>3: 71 The latter are water-
soluble, are as active a$ the parent polyene, and show reduced haemolysis of crythroéylcs,
which is indicative of rcduecd.toxicity. None of these derivatives appear to-havc yet been
“used parenterally in general cﬁMcal practicc,’howcvcr, dcséitc extensive patent
u applications. _ |
Biosynthetically, the macrocyclic n'n(g of po]ycnés dén’ves from acetate and
propi,,onate.’wv 76 Birch et al 77 first found good =i;1corpomtions of [14C}-1abelled acetate
and propionate into nystatin aglycone. Pcrlm@ and Semar’8 used incorporation of [2-
14Cyacetate into' amiahotcn'éin B to prepare the radiolabelled drug for clinical studies. Many -
other similar results have been reported19 ‘for amphotericin B,79 1ucensomycin,80
candicidin,gl’ 82 fun—gimycin83 and levorin.84 The terpenoid precursor, [2-
14Cmevalonic acid,’’ and [methy! -14C]methionine,”7> 78,83 do not label polyenes.
- Tritiated acetate (CT HzCOz‘) has been uséd to prepare tritiated amphotéricin B.66.85
Inhii)ition' of polyene produi:tion by cerulenin, a known inhibitor of fatty acid synthase, has 7
been interpreted as evidence for a polyketide biogcncsis.19 Due to difficulties associated |
with using antibiotic degradation to determine the sites of labclling;77 the sum evidence for
bolyketide biosynthesis, though strong, is somewhat indirect, and little work has been
done in this area in the last 15 years. No NMR studies of polyene biosynthesis using stable

1
isotope labelling techniques have been reported, with the exception of that described in this

thesis. 86 . , //\

Co—producnon of pol ,'cncs by one organism m.xy indicate a similar biosynthetic

path. Conversion of amphotericin B to amphotcncm A via a cyanide-inhibited reductase has

—



been demonstrated by Liu.66 .
The blosymhcnc orlgm of Lhe aromatic and sugar moieties in polyenes has been

much more extensively mvesngatcd, and is the subject of several reviews. 19, 87

. . ' S
Mechanism of Action

Extensive evidence indicates that steroids play a major role in the action of the
polyene antibiotics. 18,23, 88 ThlS section presents a summary of this cv1dcncc

Erythrocytcs (red blood cells), 89-95 which contam large amounts of cholesterol
(3), and fungi,90'v 92’96 which contain other sterols, often ergosterol (4), are scnsmvc to
polyenes. However, bacteria, which contain little or no sterol, are insensitive.27 Addition
of exogenous sterol to the medium protects sensitive cells. 90, 95, 97-99 In contrast, celfs
gfbwn in the presence of stcrolr which thus have higher sterol levels, are more
sensitive.89: 96, 100, 101 Resistant mutants and varigties of a spécics that is normally
sensitive to polyenes have lower sterol levels102, 103 or different sterols.104, 105

Compactin, an inhibitor of cholesterol biosynthcsis,l%v 107 protects chinese hamster cells

against damage by polyenc_s.}_o8 Amphotericin B inhibits esterification of cholesterol in
. .

plasrna.lo9

~Z

Cholesterol _ Ergosterol

These biological observations suggest that a « omplex may form betwegn stc}ol‘and
P
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polyene. The most direct evidence for this binding comes from spccﬁal changes in the
ﬁolycne upon addition o Jstc'r'ol suspensions in water. 110 Such changes have been
observed in the ultraviolet (UV),89v 90,99,111- 116 f'luon‘:sc‘t:lncc:.1 17, 118 and circular
djchroisgl (D)l 1?" 115 spectra of polyenes. Organic solvents dé;;oy the complcx.1 1
The situatign is complicated by extensive aggregation of 'polycncs in the aqueous phase, as
shown by Uv119-123 ap4 CD! 19-121, 123-125 spcctra The spectra show strong
coupling bf the\c‘T}uomophores between molcculcs indicative of rmccllc formamon with the
hydrophobic polyene chains close together in the interior. In contrast, in anhydrous organic
solvents, 'inverted' micelles are formed 116 The UV119, 116,122 3nd cp115, 116
| spectra of pol)enés boimd to sterols in agueous su5pc;1'51ons are more 51mﬂar to the spectra

r\\
' inf,g;ganic solvents. This has been interpreted as indicative of a h,ydrophoblc mtcracnon

between polyene and sterol.

That such observations are of relevance to the biological sitvgzon hg been shown. . ‘

>
Acholeplasma laidlawii (Mycoplasma laidlawii ) 1s an organism that gro ~s without de
) .

v P - B " . -
novo synthesis of stergls. However, addition of sterol to the growth medium results in its
‘incorporation into the organism. UV spectra of polyenes added to this species grown in the

presence of sterol show changes Very similar to those in the in vitro cxpcn'mcnts.ggv 126

¢

Erythrocyte ghost cells (the membranes of erythrocytes) show a similar effect en the UV

spcctrum.89 Liposomes from Candida albicans affect the CD spectrum in the same way as
sterol suspensions, but only for sensitive strains, 103 '

One important role of sterql in cells is the effect on the cell membrane. Freeze-

fracture and freeze-etch electron microscopy show that polyenes influence the membrane

-

structure of cells, forming ‘pits' and 'ridges’ on the formerly relatively smooth cell

membrane. 126, lﬁ

The most extensive spectral studies have been performed on liposomes or vesicles,
. i :

which provide simpliﬁcd models for the complex scq;xcnci:s of events occurring during

polyene action. Equilibrium binding of polyenc to sterol has been examined by uv,89

<z
bl

¢

]



114,118, 127-133 CD127,134-136 and fluorescence.117, 121, 127 In the case of

-q-
ﬂuoresccncc, amph&cncm B is mponcd to give negligible changes upon binding stcrol in

one case.137 UV has b;\c:n used to mvcstxgate the kinetics of binding. 118,128,129, 132
Ockman used polarised absorption Bg'and rcﬂection139 spectroscopy of egg lecithin-
cholesterol monolayers on water to demonstrate interaction of the sterol with amphotericin
B. Gel permeation chromatography has been used 1o show bipdjhg of polyenes to
- cholest’crol-corit’aining vesicles.140 \ | '
wacvcr, the investigation of the intcractioﬁ }in such models of membrangs is
complicated-by several féctdrs, such as the aggregation stzi?c of the polyene dcscripg,d . |
above. Firthermore, UV smgics on addition of polyc,r'lcs'to fatty ac‘ids in water show
complexing cffects similar to, though weaker than, thosc .obscwcfl with sterols. 141 -
Analogous studies with stcrol free vesicles, 121 as well as CI? spcctra 125 show that
interaction occurs: the extent of interaction with fatty acids dcptmds on vesicle size and fatty
acid strugture. 133 Fatty ac1ds also protect Saccharomyces ccn:wsgc against poly_cncs.ml
Raman spectroscopy prowdcs further evidence fo complexation. 142
In another case, transfer of amphotencm n B from egg- phosphandyl chohnc (egg-
PC) vesicles to dimyristoylphosphatidyl choline (DMPC) vesicles was dcmonstratcd.l 34.
| v The reverse process did not occur. The rcsults_wcrc‘imcrprcted in terms of p{'cfcf:nﬁal
{;/ binding to the DMPC systém, which is in the gel state, over the egg-PC system, which is
- in the liquid- crystalhnc state. ) |
Other evidence suggests that the polycncs alter the ordcnng of the lipid bilayer. The
i Jid-crystalhnc to gel phase transition temperature of lipids is altered by sterols, which'
confer rigidity ﬁpon the mémbranc;, This effect of sterols is rg.vcrscd upon addition of
polycn =, as has been shown by diffcrc'ntiai scanning calorimctw.gg’ 114“li’urthcr evidence
- for dnsordcnng of the lipid bilayer by antibiotic comes from the loss i in sharpness of the
choline melhy{{;sonanccs in the proton NMR spectrum of egg-PC vcsxclcs,140 the work

of Smith and co-workers}43 on deuterium NMR of vesicles containing deuterated lipid,

-
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and the use of clcctron spin ncsonancc (esr) i in conjunction with lipids or sterols chcmxcally
modified with a subsntuent which gives a stable fmc radical. 144, 145
Although polyenes exert these effects in stcm]-frce systems, there is'a more

dramatic effect when sterol is present, both in the deuterium NMR case 146 and in the esr
" .case.130, 145, 147-149 | '

A}

Extensive cwdcnce indicates that once bound to Lhc hpxggﬁilaycr mcmbranc
SR
polyenes cause leakage of cellular components out of the c,eﬁggx. oy \'?sﬁals in the medium

into the cell. At thh polycncconccnn'auons, cell dcath occfr:?:d the cell wall integrity is
“apparently totally (};stmyed to give complete release of all components. However, s*nvc
release of cellular componcms occurs at lower antibigfic levels. Potassium ion relcasclSO
has been obscrvcd from Acholtplacma’a:dlamz when grown in thg presence of sterol, LH4,
120 151 erythrocytes and yeast,92'94 Chlorella vulgaris 1 _52 and Candida albicans 95
Similar effects were observed in 1iposomc:s,153 as was release of 22Na* ions and M2+ .(M
= Cu, Zn, Co, Cd, Ni, M, Fe and PH).154 “ - o
In vesicles, effccts ranging from rel%ase of H* 134,155 10 mﬂux of ascorbatc156
have been reported. In the latter case, tempo- cholmc a spin-labelled molcculc was trappcd
inside thc vesicles during prcparanon Monitoring the esr spectrum shows that exogenous
ascorbate has no effect until amphotericin B is added. Thcn, as ascorbgtc is transported
across the membrane, it reacts with thc,yspin probé to destroy the free mdical.ln another
inter/esu'r;g experiment, vesicles containing d;cetyl phosphate were placed in a.solutiog of
Pr3+. The lanthaﬁjdc causes a paramagnetic shift in the 31p NMR signals only fgr the
phosphate groups on the outside of the membrane. Upbn addition of polycﬁc,, Pr3'+ leaks
into the é-cll, causing a shift in the phosphate groups on the vesicle inside layer as well.157
Neutral molecules as well as ions may leak from the cells. Small sugafs leak
rapidly, but glucose only slowly from A. laidlawﬁ 126 Glucose is also released from
model mémbrancs.lm, 158 1n thc A laidlaﬁi experiment, glucose-6-phosphate

dchydrogénasc was net released by heptaenes, but was released by filipin (2): 126 Release

A
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of this large molecule is intcrpfctcd as being duc to cell dcath : ' .‘3’
In parallel with thc tmnsport studies, cxtcnswc investi gauons largely by Russmn
groups, havc been reported on the conducnvxty of amfﬁzla] mcmbrancs 159-162 Addmon '
of ampﬁotcncm B to ane side of an argificial bllaycr co;;\f g cholé¥terol leads to
increased conductancc but the effect.is much more dramatic when polyene is added to both
sides.163 In thc lattct)} case, conducting ‘channels' forfh which qmst fo\r EIFC umcs}n
K4 'o;)cn,' and ‘closed’ states. 164, 165 The state of the channel depcnds on the surface chargc ,
on the bLlaycr 161 and hence on the 1omzauon state of the caﬁ%xyl and amino groups in
amphotcncm B.164 More than orie typc of channel exists. 166 1 Through study of the time
dcpcndencc of the conductivity change when amphotencm B was added to one side only of
the bllaycr formation of half-channels, that are slow]y converted to full channels was
shown.167 | | ,4
Intertsn'ng!y; the channels or half-channels may be 'bloékcd' by addition of tcrr%-
N
alkylammonium salts such as tctraethylammomm(’g By varying the alkyl
substituents, and measuring their cffectivcn‘css as channel blockiné agents, it was possible
{~ assess the size of the channel as approximately 7 A.170; 171 This resﬁ{ns supported by
- - the blocking effect of various sugars.L71 A theoretical model of the channel blocking " 4 \
process has bccr; reported.1 72 )
The combined results of these experiments that were then available led De Kruijff .
and Demel88 10 i)mpose a model for the mechanism of acticn of amphotericin B in 1974.
~ Polyenessterol compléxes form initially in the membrane. This brirgs the hydrophilic half
of the polyene molecule info the hydropli obic membrane core. Tn aoid r;,hi; unfavorable
interaction, the polyene-sterol }cgolr'nplcx oligomerises, allowing favorable interactions *
between the polyene chain and sterol t‘o océpr on the outside. Furthermore, a hydrophilic
central region containing exposed hydroxyl lgroups forms on the inside (Figure 2). This
constitutes a half-channel which in some cases may span the entire mcmbmnc; in othcr§

two such half channcls on opposite sides of the bilayer membrane may coalesce to form a
~ .

-
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Flgurc 2. Formation of pores in the cell thembrane by amphou:ricin.B.88

.
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. eight polycnc and eight sterol molcculcs (Figure 2) ‘This ngcs a channcl size of 5.A, in
good agrecmcnt with the Russian rcsults 171

The maJor diffesences i m nature of bmdmg for ﬁllpm and amphotericin B have been

A}

' intcrprctcd in terms of different channc:l structures for the two antibiotics in the

membrane. 148,174

Sucha model requires that binding of metal ioné by polyenes occur, at least in the

‘complex char‘ncl‘ Direct evidence for polyene-mcta] imeracti.on has been observed for

nystatin by Brown etal. 60 Addition of sodium ions to a mcthanohc solution of nystatm
caused changes in the chermca] shift of certain resonances in the proton NMR. A change in
the 23Na NMR spectrum'was also observed upon bilnding. Considerable indirect cwdcncc
for binding of magnesium by pplycncs also exists. 173, . |

Considerable dz'a supports the hypothesis that selective toxicity of polyenes

-towards fungal over mammalian species is due to preferential binding of the pblyenc to

Q

’ crg‘ostcrol 4) raihcr thah cholesterol (3). For the more toxic ﬂo]yeneét binding df 3 may be

prcfcm:d Many of the studlcs reportcd have been dJscusscd abovc in rclanon to evidence

for the sterol binding hypothesis.15: 90, 93, 94,96, 111, 112, 114, 117,118, 128, 131,

- 136, 151, 153 155 176 The extent of selectivity dcpcnds on the polyene and the nature of

. the systcm uscd Absence of sclcctmty has been reported in two cases, 130, 177 probably
duc to the system studied.
Cholestéro] (3) and ergosterol (4) diffcr in three structural features, spcciﬁcally the

presence i'n/q:go_c;tcrol of double bonds Between C-7 and C-8 and b"gtwc.cn‘C-22 and C-23,

‘and a methyl grqup at C-24.In oyder"to determine which structural features in the sterol are

n:sponsibllc f;)r enhanced binding, invcstigatibns have been extended to include other .

) stcroi?. a0 . .
" ) v



A 3B-hydroxy group is necessary. Thus, 3a-hydroxycholest-5-ene binds much
more weakly to filipin (2) than cholesterol (3),89 118, 126, 127 Jhile 3p-
thiocholesterol127 and cholestanc95v 104 4o not bind. The hydroxy group must be free:
cholestcrolf_acctgtc 5 bindé mo}c weakly than 3 both to 289 and to amphotericin B,104
while cortisone acetate also binds less effectively than cortisone. 13 In this cortisone
Study, which mcasureé interaction by UV with four different polycnles including 2, 38-

hydroxysterols botnd more strongly than the corresponding 3-oxo compounds. In

contrast, another UV study on 2 reports the strongest binding for chplest-S—cn-3-onc.89

X=H, Y= 0' RR= \bond, 3a-hydroxycholest-5-ene

'X= SH, Y= 1, R,R= bond, 3B-thiocholesterol
X= Y= R= H, cholestane
5,X= OAc, Y= H, R,R= bond :
X, " Ya =m0, R,R= bond, cholest-5-en-3-one /

While these results are in general agrcement,. studies on selectivity cff'ccts upon
variation of the sterol double bonds show considerably more disparity. fnvcstigations of
cholestanol shaw that it binds more wcakly,127' 178,179 ap}roximatcly cqually,89’ 99,
129 6r more strongl'y,126 than 3 to filipin (2). Introduction of a double bond bctwccvn C-7
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and C-8 to.givc cholcsta-5,7-,clicn-—3[}ol (6)‘rcsults in much s&ongcr binding to
amphotericin B than for 3.129, 178 it increases the time that channels in an artificial
membrane spend in both open and closed states, but is still much less cffc;tivc in this test |
than crgogtcrol. 180 1 contrast, with 2, under conditions where cholesterol binds more
strongly than ergosterol, 6 binds more strongly than both.89 In studies of artiﬁciél bilayer
conductivity, (f2E )-cholesta-5,7,22-trien-3B-ol (7) was as effective as ergosterol (4), ‘and
both were more effective than cholesterol, which in turn was approximately as efficient at
binding as (22E )-crgosta-5,22;dicn-3Baol (8).179 The results indicate that the side-chain
plays little role in governing the strength of interaction. Fhis re.sult is supported by the
observation that (22E )-cholesta-5,22-dien-33-0l (9) and the Z-isomer bind only as well as
cholcstcvrol 3). 129 However, these results are r;ot necessarily consistent with observations
on (22E)-stigmasta-S;Z?.-dicn-3[3—61: vs,/caker,ggi 99,113, 126 cqua],95 or stronger,%v

180 binjiing compared to choicstcrol, has been observed in this case.

6, R.R= H . 8, R- Me

7, R,R= bond 9, R= H
. (22E)-stigmasta-5,22-dien-3f-0!, R= Et

Zymosterol (cholesta-8(14),24-dien-3f3-ol) also gives ambigaous results. For
protection of C. albicans by addition . éxogcnous sterol, the order of efficacy 1s
zymosterol > ergosterol > cholesterol.95 However, in experiments studying leakage of

Pr3+ into vesicles, the order of effectiveness was ergosterol > cholesterol =

zymosterol. 157
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Sterols without a side-chairidlo not bind >cffcctivcly.89.; 113, 127 Optimal binding
kinetics for ﬁlipin129 or amphotericin B174 are observed for 26-carbon sterols; longer 25
or shorter129, 174 side-chains, or a 25-hydroxy group,129 reduce the rate. However, the
«. 1photericin B study found 2 1o be unselective in terms of side-chain lcngth.»174

These rcsullts, and others described in the references cited, though complci, do
generally illustrate that introduction of more double bonds into the cholestanol skeleton
causes increased interaction. However, the location of the double bogds.is important:
conductivity cxperime.ng&rcvcalcd the sequence -5,7-diene >$ -7-ene > -5-ene = -5,8-diene
=-7,14-diene = -7,9("1 Tf)—diéﬁ; > -8,14-diene = -ane > -4,6-diene, for the 3f-

hydroxycholest- seﬁe§.,178 General conclusions have been that a flag 'Bring is the

~principal determinant for efficient binding.

Zymosterol o )\Cholestasnol skeleton

« The limited a\;ailability of sterols possessing varying numbers of double bonds in
the S, the 7 and th;: (E)-22 posiﬁons,_a’nd with or without * = methyl group at C-24,
seriously hampers investigation of the role of these functionalities in polyéﬂc-stcrol
binding.vSincc different techniques or antibiotics give apparently diffcrcnf results, the -
cpnipan'son between these different sterols must obviously be performed under identical
conditions, requiring £hc availability of these co;npounds simultﬁncously‘ in one laboratory.
Clearly, such an experiment is much needed. -

Other studies have investigated structure-activity corrclétions for the antibiotics.
Conductance studies show that nystatin, with a break in the polyene chain, forms c\}nncls

that are more often ‘closed' than those of amphotericin B.164 In a series of derivatives of

16



Aampﬁotcn'cin B and other heptaenes, permeability and cationic sclc:ctivity,gl potassium .
release,93 effect on S. cerevisiac 92 and haemolysis of crythrocytcs,glt 92,181 pave
bccn studied as a function of the lipophilicity of the substituent. The haemolysis and S.
cerevisiae study shows that the influence of the substituent is not the same in both assays,
which may allow ranonal design of substituents to maximise the therapeutic index. 92

Despite the large numbcr of results in this area since its publication in 1974, the
polyene-sterol binding and channel model of De Kruuff and Demel has not been
significantly modified. Alﬂmough all the techniques described give evidence for a general
binding phenomenon between sterol and polyene, no information has revealed the detailed
molecular structure of the complex. Examination of molecular models suggests that sterol
and polyene align with thcir long axes parallel. Further, sterol hydroxyl gmups‘in the
membrane are known to be situated at the water intcrfacc: the sugar-cohtaining polyenes are
assumed to insert into the mcmbranc so that thc sugar is at or above the membrane surface,
close to or in lhc aqueous phase. However, Lhcsc restraints still allow a large number of
possible stcrol-po]ycnc geometries within the complex.

Recently, Professor S. Fraga and Drs. Z. Barandiran, M. Klobukowski and L.
Seijo (chpanmcnt of Chemistry), with computer graphics provided by Professor W.
Anderson and Mr. D. Bacon (Department of Biochemistry), (University of Alberta) have
undertaken theoretical invcsﬁgations of the polyene-sterol interaction, Initially, the

(f,‘ }
preferred geometry for one molecule of cholesterol binding to one molecule of amphotericin

-

" B was determined. Then, by allowing two such units to interact, a preferred geometry for
the dimeric (amphotcncm B) - (cholcstcml)z species was found. Proceeding in this
manner, the investigators were able to show that the preferred oligomer used 8 molecules
of amphotericin B and eight of cholesterol to form a cyclic species. This calculation‘is.thus
in excellent agreement with the empirical model of De Kmijt"f and Demel.

The structure of the calculated half-channel is shown in Figure 3. In each picture,

one molecule of amphotericin B is colored green, while one of sterol is colored yellow.

“n
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Figure 3. Calculated structure of an octameric half-channel formed-from amphotericin B.

and cholesterol. (Reproduced by courtesy of Dr. S. Fraga, University of Alberta)

18



Figure 3 (cont.). Calculated structure of an octameric half-channel formed from

amphotericin B and cholesterol. (Reproduced by courtesy of Dr. S. Fraga, University of

Albcrta)
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Figure 3a shows the view from above the channel, looking at the hydrophilic surface that is
in contact with the aqueous medium. The blnc‘nitrogg:ns f the mycosamine moiety, and a
large number of rcd'hydroxyl groups, are clearly evident. A lip of hydroxy! groups around
the top of thé channel is also apparent. In contrast, Figure 3b shows the view from the
other end of the cha:mer. This primarily hydrophobic region would lie at the centre of the
membrane, surroundcd by lipid. The hydrophobic nature of the outside of the cylindncal
channel is clear from Figure 3c, a view from the side. The twisting of each sterol molecule
away from the perpendicular is‘CI;arly‘ visible. In Figure 3d, thé channel has been bisected,
permitting a view of ;he inside. The proximity of the polyene chains to one another is now
apparent.

The calculated i\meraction energies for different sterols may prov<e useful for
comparison with experimentally observed binding selectivities between sterols.

The lack of cxperim;r;tal ctz on the geometry of interaction between polyenes and
sterols shows the need for the ¢ ¢ pment of nolvcl methods of determifing this important
parameter in the spectrum of variables that control the biological mechanism of action of
polyene antibiotics. Knowledge of this geometry could allow.logical development of novel
polyenes that bind ergosterol (4) more éffectively, or that bind cholesterol (3) less, which

should reduce the toxicity ard increase the effectiveness of these important anti-fungal

agents.
@



11 Results and Discussion

One potential approach to detailed investigation of the interaction between polyene
antibiotics and sterols uses NMR. The array of NMR methods now available with the
‘advem“of high-field, Foun'er-transform,1 82 and multidimensional NMR183 mékcs this
technique an extremely powerful tool for structural elucidation.184 In order to use this

technique effectively, complete assignment of the NMR signais is essential. Despite the

- / .
methods now available, such assignment is often not a straightforward task with complex

organic molecules. For example, the assignment of the carbon-13 NMR signals of |
fungichromin (1) in the region from C-3 to C-12 proves difficult,

The belief that biosynthetic studies could aid in NMR signal assignment, and
current interest in blosymhesw 106, 185, 186 prompt investigation of the blosynthe51s of
fungichromin (1) usxng stable isotope labelling techniques. The antibiotic 1 is produced by
Streptomyces Cellulosae . 30, 187 The compound 1s idéntical with lagosm188 from

Streptomyces roseoluteus and with cogomycin!89 from Streptomyces fmdzac :51 The

structure has been determined by Cope et al .49 The structure of cogomycin has also been: -

repéncd.lgg' 190 . <y
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Inidal experiments by Dr. H. Noguchi (University of Alberia) established

¢
conditions for culturing this organism, and a method for isolation and purification of 1. Dr.

Noguchi also performed the biosynthetic'studies with sodium [1-14C]acctat_c. [1-

13C]acc1atc, [2-13C]acetatc, [l~13C]prop;ionatc, [1-13C]octanoatc, [1-13C]hcxanoa~tc, [1-
13¢, 180, Jacetate, [1-13C, 180,]octanoate (10a), [2-13C, D3)acetate, and part of the

experiment with D>0, as well as some of the proton-proton decoupling experiments on 1.
»

B
-

NMR SIGNAL ASS]GNLENT OF FUNGICHROMIN

Initial NMR experiments using pgotonzlv 59, 191 and carbon-1351 chemical shifts,

proton-prc‘){on-' Eiécoupling, the proton-proton 2-dimensional COSY spectrum,#4: 45,192,

193 and proton-carbon-13 heteronuclear shift correlations, 43, 193, 194 aljow assignment

“ of many of the prgion and carb'on-l3 signals of fungichromin (1).

In order to obtain sufficient 1 in solution for the multidimensional NMR

Y ? ¥ :
T The valucs do not therefore represent triée compositions, because of

dnffcrcné.‘km rclaxanon rales of the two solvcnt sxgnals This technique does, however,

" allow duect Compans@n wuh archwcd Spcctra of samples of 1 that are no longer available,

to
2
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Figure 4. Carbon-13 NMR chemical shifts of the "polyene’ region of fungichromin (1_) as

a function of DMSO concentration.
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clearly cross over or coalesce at certain conccntrau’ons of DMSO. An example is shown in
Figure 6 (: =< later), where C-17 and C- 18 are at identical chemical shifts. Careful

cxarémauon of the rest of the 13C spectrum shows that, although chcrmca] shifts do

\\c}_l/ahgc. no crossover of any of the non-polyene signals occurs with qhangc in mole

fraction of DMSO.

~The 2-D COSY spectrum of the ‘polyene’ region (O = 6.0106.6) of 11is shown in
Figure 5. Figur§;s 6 - 8 show heteronuclear shif - nrrelations for fungichromin (1): Figure -
6 for the ‘polyene’ region, Figure 7 for'the ‘hya:« xyl' region (S_H = 3.1104.9), and Figurc
8 for the ‘'methyl and methylene’ rcgio’n‘\(SH = 0.9 10 3.0). |
| Thus, H-28 "appears as a unique mcthyi doublet: therefore, C-28 is assi;ncd by
correlat]on (Fig. 8). Decoupling of H-28 assxgns H-27, and hence C 27 (Fig. 7). Upon
decouplmg H-26, signals at H-25 and H-27 partially collapse. Thus C-26 (Fig. 7) and C-

25 (Fig. 6) can be assigned. From H-25, the COSY spectrum (Fig. 5) gwcs H-24, and

hence C-24 (Fig. Gaf) lso from the COSY spectrum, H-17 may be assigned, smcc it

couples to only on o roton in the polyene region, which is thus H-18. H-18 couplcs
to H- 19 (Fig. ). Assxgnmcnts for C-17, C-18 and C-19 follow (Fig. 6).

_ The s1gnals forﬂ 20, H-21, H-22 and H-23 are superimposed, preventing direct
51gna] assignments ﬂ’flgs 5 and 6) Howcvcr thc macrocyclic ring of fungichromin (1) is

derived biosynthetically from 12 acetate units and 1 propionate unit, assembled in a "head-

t&ml" fashion (see later). Thus, addition of sodium [1,2- 13C2]acctatc to cultures of S.

- 4
cellulosae during growth leads to incorporation into 1. Funhcr, the units incorporatc"

intact, so 14 whenever one enriched atom of 13¢ is present, the adjacent atom within that

*~unit will also be 13C. Coupling between units is not normally obscrvcd because the

probability of two adjacent units both being enriched 1s low The observed 13C signals in 1
are thus doublets, due to coupling between the two 13C atoms, flanking thc singlets duc to

natural abundancc 13C signals.
/
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Fiéurc 6. (a) Normal 3¢ spectrum, (b) norrpal 14 spcémm and {c) 2-dimensional Ig.

13¢ hctcronﬁcléar shift correlation for the ?polyené region of fungichromin (1).
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Figure 7. (a) Normal 13C spectrum, (b) normal IH spectrum and (c) 2-dimensional Iy.

: 13¢ hctcronud_car shift correlation for the 'hydroxyl' region of fungichron;ig (1). Peaks

marked * are folded in.
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- °Figurc 8. (a) Normai 13¢ spectrum, (b) normal 1.H spectrum and (c) 2-dimensional 1H-
13C heteronuclear shift correlation for the 'methyl and methylene' region of fungichromin

(1). Peaks marked * are folded in.
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The connectivity between enriched pairs of carbon atoms can now be determined
using the two-dimensional INADEQUATE195 experiment. For the polyene region pf 1,
the results are shown in Figure 9b. The connectivity between thc: known pair of carbons,
C-17 and C-1 8-, is observed as E:xpcctcd‘. C-201s readily_ assigned by its connectivity to the

’r“m\ﬁc 19, as is C-23 from C-24. The residual signals, due to C-21 and C-22, are also
couplcd but thlS experiment does not distinguish the two. The final assxgnmem is bascd on
the expected "head-to-tail" incorporation of acetate units. This arrangement is found
throughout the rest of the molecule, and hﬁs extensive preccden’f in polyketide
blosymhesxs 196, 197 Thus the signal that is enhanced by incorporation of sodium [1-
13CJacetate is assumcd to be C-21, while that enriched by [2-13CJacetate is C-22. C-16 is
readily assigned by an attached proton test, 198 being the only quaternary cerbon in the
polyene region. Assi gnment bf C-291is also‘simple, since H-29 gives nse to a ﬁniqu/c
methyl singlet (Fxg 8). ﬂ : \

Assignment of H- 13, H-14 and H-15 is easily accomplished by 1H {lH} selective )
dccouplmg expcnmems C-13,C-14 and C 15 follow from the shift correlation (Flg 7).
C-1, C-2 and H-2 are assigned by virtue of thc1r unique chemical shifts, and from the shift
correlation (Fig. 8). Selective decoupling of H-2 pemg[s assignment of H-1' and H-3, but
does not distinguish the-two. The corresponding carbon signals, obtained from the shift
correlation (Fig. 7), were.assigned on bioéymhetic evidence: the si'gnaJ enriched by sodium
[1-13Clacetate is assigned to C-3. The other signal is C-1', which is not enriched by acetate
(see later). The assj gnment for C-6' is based on H-6", a uniqﬁe methyl tiplet. Assignments

" for C-2'to C-5' are those of Pandcy,S1 and are based on extensive studies of 13C |
chemical shifts for compounds with long alkyl chains.189 "

The northern hemlsph (C-3w0C-12) of funglchromm (1) prove.. o be the most
challeny ' ng part of the molccu}&for assi gnmcnt. In the proton NMR spccn‘u'n H-5, H-7,
H-9, and H-11 give rise to closely overlapping mulnplcts (Fxg 7b), as do the
diastereotopic pairs H-4, H-5, H-8, H-10 and H-12 (Fig. 8b). Attempts to resolve thcsé



Figure 9. The 'polyene’ region of fungichronﬁn (h): (5) normal 13C spectrum, (b) 2-
dimensional tilted INADEQUATE spectrum of 1 crgichcd by incorporation of [1,2-
13CJacetate and (¢) 2-dimensional tied INADEQUATE spectrum of 1 enriched by

incorporation of a mixture of diethyl [2-13C)- and [1,3-1 3C‘.2]-malonaxcs.
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signals by using different solvents, and by using various metal ions in the hope of
o}b‘tairiing selective chelation of certain hydroxyl groups, were unsuccessful. It was hoped
that transannular nuclear chrhauscr effects (n.O.e.'s) could be observed between the
known protons in the polyene chain and the unknown protons in the polyol moiety.
However, attcmp&to observe either one- or two-drmcnsmna] n.O.e.'s were unpromising.
The absence of n.O.e. may be due to the molecular wcxght (670) of 1, whxch is close to
that at which theory predicts absence of the effect.199, 2QO Thc..lan.g.-mngc proton-to-
carbon relayed cc')rrelan'on experiment201 merely furnishe§ extra evidence for some of the
assignments already made; it gives no new information, rx:rhaps because of the fast
relaxation of the carbor. atoms in the northern hemisphere of 1 manifested in the observable
nr{é broadcr;jr'r_g of these signals. The relayed correlation c;(periment requires a long delay
:be[»ycerr preprfration and detection. Therefore, the magnetisation of interest }ras decayedto a
‘ 13rgt: extent by the time anqyuisirion starts.

Thus, NMR tcchnidues involving protons appear not'to be of hélp in this prgblcm.
However, the larger chemic.avlyl-éf;jft dispersion available in the earbon-13 spectrum makes
this ideally suited to assighrncnt. The normal techniques used in 'tlhkis approach are one-183 _
' crr two-dimensional INADEQUA'fE,183v 195 or 1313 coSY.202 These.experiments

have been us’éd extensively in structural elucidation and assignmcm,184 and in biosynthetic
“studies.203 However, the low natural abundariccv‘of 13C(:(l.l%) makes detection of
‘ couplcd §‘lgnals (=1% of 1%) difficult; thus, large amounts of material are required. The’
biosynthetic approach involving i mcorporauon of doubly- labcllcd precursors that are

incorporated intact into a natural product te. g. sodium [1, 2 HCz]acctate into

fungichromin (1)) allows some of the carbon-carbon connectivities to be determined. L
However, the full carbon-carbon connectivity pattern cannot normally be obtainied in this' A
wla'y. Much smaller amounts of material are required irl these cases. For example, the :
spectrum described above (Fig. 9b) was obtained on 25 mg of 1, with an incorboration 1

from acetate of ca 1%. Even if sufficient ‘l were available for a natural abundance



INADEQUATE spectrum .using available spectrometers, it could not be dissolvedin a 5 or
10 mm NMR tube. ; |

Parts of .the two-dimensional INADEQUATE spectrum of the hydmx'}{l and
methylegc region (8C = 35 to 82) of fungichromin (1) enriched by'sodiﬁm [},é-”» b_
13C5Jacetate are shown in Figure 10a. Each set of signals in the two ng€§is a section

expanded from the full spectrum for clarity, with the empty area between dc = 4810 69

{

.rcmo,vcd.' With C-3 as.signcd as described above, C-4 is easily assigned. C

E 4

.relations also

are clear between other pairs of signals. However, absolute assignments canpot be made
due to the lack of coupling information between adjoining units. For example, t c signal
labelled as C-11 is linked to that of C-12. However, at this point, ncithérI ignal Has been
a‘s;i"ncd by other;tcchniqucs and thus this correlation could be that between any of the

pairs C-5 and C-6, C-7 and 3, C-9 and C-10, or C-11 and C-12. '

4
v

However, if a precursor could be found that labelled each acetae- dcnvcd site more
: efficiently than the 1% 1ncorporauon for acetate itself, couplings between umts might be

Gbservable. The full carbon signal assignment of the northern hemisphere of I could then

« Ll
¥

be determined.

The first approach to this labelling problem used glucose. A mal cxpcmﬁcm in
WhJCh [U 14C]glucose is fed gives radioactive 1. If all the measured’ mcorpqratcd |

radioactivity is present 1:1 thc acetate units, then 40% of the carbon atoms in thcsc units

come from glucose. When [U- 13¢) glucosc now totally rcplaccs the normal gh)cosc in the
fermentation,the derived fungichromin (1) should have 40% 13C/ca,rbon atom. All thc *
labelled sites will be coupled (intra-unit coupling), 51%& degradation of glucose to accnatc |
occurs wn\h carbon- carbon bonds remaining iptact. 204 Howcvcr in 407% X 40%.of casc]s
i.e. 16%, two adjacent units will both be labelled, and any gwen carbon atom wxll be a I3C
with two adjacent 13C atoms. Thus, couphng information between acetate umts will be

obtained (inter- umt coupling). In practice, thc cost associated with this cxpcnmcm compcls

use of only 1 gram of labelled glucose, enough for 1 fermentation flask, orca.2mgof .
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Figure 10. The 'hydroxyl and methylene’ region of fungichromin (1): (a) 2-dimensional
tilted INADEQUATE spectrum of 1 enriched by incorporation of [1,2-13CyJacetate and (b)
2-dimensional tilted INADEQUATE spectrum of 1 enriched by incorporation of a mixture

of dicthf;l [2-1°3C]-' and [1,3-13C2]-malon_atcs.
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labelled 1. The product is therefore isolated using unlabelled carrier material. A typical 13C
NMR signa! is shown in Figure 1]. The central peak is due to natural abundance 13Cin
unlabelled material from the carrier. This peak is flanked by a doublet, and by the outside

wings of a triplet. The doublet is due to 13C from labelled glucose, which is coupled within \(

the acetate unit, but not coupled by the adjacent unit. The triplet, centred at the unenriched \) .

peak, is due to the species’ contaimmg two acetate units in-a row both derived from labelled
glucose, and contains the inter-unit coupling information.

Figure 11. Signal due to C-4 of fungichromin (1) enriched from -[U-13é]glucosc.
e _tc-W¢

+
2c-c2c

e3¢
dmso—d, (pant)

120 13c. 13 Be-Me—13¢

NG 13e-13g

1 1 1 1 J
420 418 412 40.8 404
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When the INADEQUATE experiment is performed on this sample, however, only l
the doublet signals from intra-unit coupli_r;g show correlations. At first sight, this |
observation appears to be due to the lower vprol')gbility of inter-unit coupling. However, the
intra-unit couplings are intense enough to suggest that the inter-unit couplings should be
observed. Theoretical considerations by Dr. T. T. Nakashima and Dr. R. E. D. McClung
(University of Alberta) suggest that the double-quantum filter that removes uncoupled
singlets in the INADEQUATE cxpcrim‘cnt may also filter out the desired triplets. Attempts
at one-dimensional 13C {13C] homonuclear decouplingZOS- 206 were thwarted by the

N



considerable reduction in signal-to-noise inherent in such experiments. The triple quantum

cohcrcnéc cxpcrimcnt,207 which is ideal for a system of three coupled spins, was

considered impracﬁca], since the signal-to-noise level is expected to be considerably
»reduged relative to the double quantum experiment.

These results su ggcsf that a precursor that incorporates specifically and with high
efficiency as singly-labelled acetate into 1, is desirable. During the cour_sé of other
experiments (see later), diethyl [2-1 3C]malonatc was found to incorporate to the 8 - 9%
level into all the acetate units, in marked contrast to the reported poor incorporation of
diethyl [1,2,3-] 3C3]malonatc into viridicatumtoxin by Penicillium expanstim 208 Thus,
incorporation of a mixture qf diethyl [2-13C]malonatc and diethyl [1,3-13C2]malonatc
(11a) gives rise to labelled ‘l with ca. 4 - 5% 13¢ per site. Diethyl malonate (11b) is
réadilf-available from esterification209 of the acid, and 11a was prepared similarly. The
enriched signals in the derived 1 are flanked by small doublets, since in a few molecules,
one [1-13CJ- and one [2-13C}-unit link "head-fo-tail” to form a new 13C-13C bond. In this
experiment, these inter-unit couplings are the oﬁ]y’onc-bond 13¢-13C couplings. The
INADEQUATE spectrum of the hydrbxyl and methylene region of 1 labelled in this way is
shown in Figure 10b. It contains all, and only, the complementary connectivities to those in
Figure 10a. Thys, starting at the known position, C-3, in Figure 103, the slloping line
shows the correlation to C-4. Dropping vertically to the chemical shift of C4 in Figure
10b, then following the diagonal, shows the correlation of C-4 to C-5. Ascending back into
Figure 10a at the chemical shifé of C-5 reveals correlation to C-6. Eventually, the
connectivity follows round to terminate at the known signal due to C-13. When the full
spectrum is examined, connectivity continues from C-13 to C-14, and a confirmatory
correlation between C-27 and C-28 is also observed. The connectivity stops at C-2, C-15,
and C-16, since these sites are not enriched by acetate (see later).

The results of this novel technique prompted aquisitio\n of the INADEQUATE

spectrum of the polyene region of the same sample (Figure 9¢), which, combined with the

A
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dilabelied acetate results (Figure 9b), make; the connectivity sequences C-1710 181019 to
20, and C-23 16 24 10 25 readily apparent. However, the expected com\}xcctivitics C-20t0
21, and C-22 to 23 are absent from Figure 9. Also, the outer line of each doublet in both
spectra is weaker than the inner line. In the polyene region, the chemical shift difference
between cbuplcd carbon atoms, A9, is of the order of, 6r in some cases lcs§ ihan. the 13C-
13C coupling constants, J. This leads to AB patterns in the spccn'um; thereby cxpléining
the weaker outer lines. In 'collabc’)ration with Dr. R. E. D. McClung and Dr.. T.T.
Nakashima (University of Alberta), theoretical investigations of the influence of these
strongly-coupled syé.iems on the s?gn/al intensities ip'the INADEQUATE experiment are in
pmg}css. Preliminary results suggest that these imcn'bsigi;e_s fall off rapidly as A8 decreases
towards ﬁnd then becomes Jess Lhan 1. The éxpcdmental mtcnsiﬁ;si within a given pair of

A

coupled doublets agree well with the theoretical calculations. The intenéity diminnion 6ff~" s

strongl‘y-couplcd 13¢.13¢ systems has also been observed in both ] -resolvec <19 and

INADEQUATE?11, 212 experiments. |
This new technique should prove useful in NMR assignment problems, especially

for molecules such as 1 which contain mul[ipl.e rcpcan'ng, units that are nevertheless

chemically inequivalent. A noteworthy feature of this technique is the enhanced signal

intensity over and above that expccth on purely statistical grounds (ic. ca. 5% X 5%).

This enhancement is probably due to the pulsed feeding of diethyl malonate, which may

give rise to very high incorporatidns at adjacent sites just after its addition to the cultuke.

The technique has already been used with conspicuous success iﬁ incorporation of a

mixture of [1-13C]- and [2-13C]-acctnatcs, as well as of [ 1,2-13C2]accmtc, into v

dehydrocurvularin. The resulting two INADEQUAT% spectra allowed complete assignment

of this polyketide metabolite.213 ' o
With all the carbon atoms of fungichromin assigned, the exact proton chemical

shifts within the overlapping multiplets may be obtained f;om the shift correlations (Figs. 6

- 8). The complete carbon and proton assignment of fungichromin (1) is given in Table 1.

iatiling



Table 1
o ) ) i .
13C and 1H chemical shifts Msotopic incorporations for fungichromin (1)
Carbon2  13C 8 (ppm)2 1H 8b (mult, J)¢ ' Enhancement(s)d Pmcixrsor(s)}}"
& .

1 2.98 ; . 2.9;4.0;2.8 e I;m . ,
16. 38.55 =
19 135.36 6.38 (ddm, 14.4, 11.4) 2.7 : f
21 134.81 -  6.42 (dd, 12, 12) 2.4 f
25 134.28 6.12 (dd, 14.3, 5.0) 2.9 f

23 134.21 6.44 (dd, 12, 12) 2.5 _ f
20 134.13 6.43 (dd, 12, 12) 2.2; 8 gk
6.32 (m) 2.5; 8 g k
6.48 (dm, 14.3) 2.6; 8 g; k
96.08 (dd, 11.2, 2.0) . 2.5 - f
6.55 (dd, 14.1, 11.2) 2.2;8 g k
3.86 (d, 9) 5.6 h
3.55 (dd, 9431.5)" 2.8;9 gik
4.79 (q, 7, 4, 7) 2.5 f
4.02 (=dd, =6, =6) 2.5 f
4.02 (m) 2.6 . f
4.14 (=p, =6) 2.7 s £ 4 2]
4.05 (m) 2.3 f L
4.07 (dd, 6, 6) 2.7, 9 g k
3.70 (m) 2.5 1
3.95 (m) 2.3 - f
3.30 (d, 11) 2.5 - f
-2.55(dd, 9, 7) -
. 1.33 (m), 1.49 (m) 2.9;9 g k
6 45.17 1.38 (m), 1.47 (m) 2.8;9 gk
10 44 .34 1.51 (m) 2.5;9 g k
4 41.38 1.52 (m) 2.9;9 g k
12 319.58 1.39 (m), 1.52 (m) 2.5;9 g k
2' 36.22 1.35 (m), 1.52 (m)
4' - 32.88 1.30 (m)
3 26.01 1.40 (m), 1.53 (m)
h) 23.65 1.33 (m)

- 28 17.96 1.16 (d, 6) 3.09 g k
6' 14.38 0.88 (t, 7) 11020 )

29 11.74 1.78 (s) 5010 B

100.6 MHz 13C NMR spectrum in methanol-d4 with solvent reference at 49.00 ppm.
b400 or 500 MHz H NMR spectrum in 25 mol % DMSO-dg/methanol-d4 (see text),
relative to-internal TMS at-0.00-ppm.- CMultiplicities {mult.} and-coupling-constants-(J; tn- -~
Hz) determined from ghe normal !H spectrum, the 2D-COSY spectrum or slices through
the 13C-1H heteronuclear shift correlation. dRatio of carbon signal intensities for enriched
and natural abundance samples mgasured under identical conditions. ¢Sodium [1-
13C]octanoatc. fSodium [1-1 3C]acclatc. £Sodium [2-13C]acctatc. hSodium [1-
13C}propionate. 1Sodium [3-13_C]octanoaxe (10b). JEthyl [CD3]oleate (18a). kDiethy! [2-
13CJmalonate. IS-({1-13C)Octanoyl)-N-acetylcysteamine (17b). MEthyl [1-13CJoctanoate
(16b). : :
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BIOSYNTHESIS OF FUNGICHROMIN

With these results the biosynthetic soux;\éc of the carbon-atoms in fungichromin (1)
\can be determined. A preliminary experiment with sodium (1-14CJacetate showsﬁ
chomgm% incorporation in}o 1. Additioh of sodium [1-13CJacetate to cultures of S.
cellulosae during growth gives 1 which is enriched at twelve altemating positions around
the macrocyclic ﬁng (Fiéurc 12c). A similar experiment with sbdium [2-13CJacetate gives
the complementary result (Figure 12d). Incorporation levels are given in Tablc 1.
Incorporation of sodium [1, 2-1 3C2]acctatc gives rise to coupicd signals (séc above and
Figures 9b and 10a), indicating that each of the acetate units is mcor‘oratcd intact (Schcmc
1). Incorporation of sodlum [1- 13C]proplonatt’: gives 1 labelled spec1ﬁca]ly at C-15 (Figure

12b) ‘which lndJcatcs that the thr n fragment, C-15, C-16 and C-29,is derived -

from one propionate unit. T “

Schcmp 1.

O Nt _OH OH OH OH OH
g / Aot gy
' '
o! O
/W/O’Na+ Homﬁ”\' A —\/\/\ \
o -

These results agree With normat polyketide biosynthesis (Scheme 2).106 The
Birch-Collie hypothesis postulates that polyketide secondary metabolites derive from head-
to-tail coupling of acetate or propionate units. 196, 197 Occasionally, butyrate is

incorporated intact, as in the biosynthesis of ebelactone BZ14 ard leptomycin B215 by
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Figure 12. Pamal 13¢ NMR spcctra of fungichromin (1): (a) natural abundance, and ®)
to (g), cnnchcd by 1ncorporauon of: (b) sodium [1- 1-”C]propxonatc (c) sodium [1-
13C]acctatc (d) sodium [2-13Clacetate, (¢) sodium [1-13Cloctanoate, (f) sodium [3-
| 13CJoctanoate, and (g) diethyl [2-13CImalonate.
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Streptomyces spp.. The starter acetate unit, bound to the enzyme as a thioester, condenses

Qvith enzyme-bound malonate to form a C4 enzyme-bound B-ketoester. This ester may

- ¥

undergo reduction to the corresponding B-hydroxyester. Eliminaﬁon of water then gives
af

thc ol B- unsaturatcd material, which is reduced to the saturated enzymc bound butyrate.

Thc butyrate unit may then undergo repcatcd condcasatmns with ma]onatc adding two

carbons at a time, and continuing around the cycle Altcmatwcly, a sxmllar condcnsatlon

with methylmalonate 1ntroduccs threv carbon (proplonatc) units mto the cham In fatty acid

-16 to hydrolysm then gives the:

biosynthesis, this process usually stops at th
free fatty acid. In polyketide biosynthesis, theyred: ~tior 'climinanor]-reducuon proccss does

not necessarily go to completion at each stage, sulting in long carbon chains that have

=

carbonyl, hydroxyl, or double bond moieties along the chain, depending on whether paths
A,BorC i.n Scheme 2 are followed. Polyketide tnetabolites such as fungichromin (l)
result from the subsequent or in situ reactions of these species.

In contrast to the 2- to 3-fold enhancements observed in the macrocychc Ting of 1
upon addition of labelled acetate or propionate, detectable efhancements in the signals due

to C-1,C-2 or C-1'to C-6' were not observed in these experiments (Figure 12b, ¢, d).

Indeed, no coupled satellites are observed around any of these signals in the experiment

“ with [1,2-13C2]acetatc, which has been shown to be more sensitive to small incorporations |

: '~of labelled precursors'.216' 217 Thus, small coupled signals are observed around C-29,
due to convcrsion of acetatc to propionate via s;cdnyl-CoA and the citric acid cycie.zoz;
Martin,218 on the basis of i mcorporauon experiments with radloacnvc acetate,87
~conc]ud<:s that the structurally similar polyene, ﬁhpm 2),29 219 from Streptomyces
filipinensis , is a polykcudc metabolite. Flhpm 2 co-occprs wnh fungichromin (1) in
isolates from S. cellulosae . It thus appears that the bxosynthesxs of these two compounds is
closely related, probably with oxidation of 2 to 1 occumng close to the last step. For the
biosynthesis of filipin, Martin inipli‘csthc possible i'ntcrmediacy of octanoate in formation

of the C-1 to C-6' fragment. The octanoate is sug‘gc'sléd to derive from condensation of -



our acetate units.
The results with fungichromin (1) clearly do not support this h'ypothcsis. Howcvci,
octanoate derived from a source other than aceiate may be a precursor. Upon incorporation
of soqjurﬁ [1-13C)octanoate into 1, spéciﬁc enhancement of C-1 is obscfvcdq(Figurc 12e
and Table 1). Or;ly srﬁall (ca. 25%) enhancements of the acetate-derived posiﬁons, due to
‘de grada?ion of octanoate, occur. o

| These results show an unprecedented direct incorporation of a long-chain fatty acid
| wlith more than 4 caft;on atorﬁs, as an intact unit, into a p'olykcu'dc. without extensive f3-
 oxidation 1o acetate. ﬁ-Oxidan'on is normally rapid, 220 and most attempts to incorporate
labelled fatty acids result in incorporation of label from acetate only after degradation has
- -occurred (Scheme 3). In'thc case of averufin biosynthesis, Townsend et al 221 observed
intact incorporation Qf [1-13C]hcxahoate, but also considerable iricorporau'&) from [1- |

13C)acetate derived by B-oxidation.

Scheme 3.

EnzSh o 0 . EnzSH Q@ ¢
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Fecding sodium [1-13C]hexahoatc to cultures of S. ccllu1;>sac , to test the
specificity of octanoate as a unit, gives 1.in which none of the carbon atoms are labelled.
- This suggests that hexanoate is neither incorporated direct or yia acetate into{_ 1, and further,
that B-oxidation of hexanoate in ihis organism is.slow, since no dégrédan'on to acetate
| apparently occurs. |
This unusual result merits independent confirmation. Thus, a synthesis of sodium
(3-1 3C]oc:a;oatc (lOb)“was sought. Retrosynthetic analysis, with the requirement of casy
~ incorporation of the label in mind, sﬁggests an approach ﬁom hexanoic aéid. Diborane

o
Yo
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rcductign of hexanoic acid,222 although slow, affords hexanol (12a), which, without
isolation, reacts withl p -toluenesulfonyl chloride m pyridine to give the i‘solablc hexyl p -
tolucncsulfégétc (133)223 (Scheme 4). Disp]accrhcnt with the anion of diethyl
malor\xau:224 gives diethyl hcxylnialonaté (14.11),2245 in m.odest yield. Schwab et al 223
have more recently reported an improved pr;cedum for this step. Hydrolysis of 14ain
base to the di- sodmm salt which decarboxylates upon acidification, gives octan01c acid, 223
isolated as the sodiwm salt 10c. The proccdurc can be used on [l 13C]hexanoxc acid to\
give sodium [3- " 3Choctanoate (10b).
In order t}fully characterise 10b, and to estabhsh the extent of isotopic labelhng by
mass spcctrometIy, the material must be derivatised. Compound 10b reacts with p - .
phcnylphcnacyl bromide using the method of Risley and Van Etten226 to givep-
pheny]phcnacyl ester 15a (Scheme 4). The mass spectrum of 15a shows no detectable
molecular ion from unenriched material, indicating the isbtbpic purity to bc >99% 13C.
Sodium. [3-13C]octanoa;e (10b) incorporates efficiently into fungichmmin(.l.). The
13C NMR spectrum shows C-1'tobe thc sole site of enrichment as cxpectcd (Figure 12f .
.. and Scheme 5). In this case, there is no detectable mcorporauon of label as acetate, which
would be cxpcctcd if 2 or more scqu;nnal B- oxldanons occur. The two results clearly show
that octanoate is a preferred précursor to thc C—l toC 6'umt and stfon gly suggest direct

P AT : .
intact incorporation of the entire unit. Ly

L
In all the feeding cxpcnmems dcscrfbed so far, mcorpomflo;l's are of the ordcr of2 -
to 5% (Table 1). However, mcorporanon of dxcthyl malonate is much higher than that of
acetate (Flg 12g) dcsplte the fact that malonatc is converted to acetate prior to
incorporation. Thcsc results, in gcncra] agrccmem with other biosynthetic cxpcnmcnts
tnay be interpreted in terms of poor transpon of the labelled precursors, to}xc cnzymes thatv"" S
- produce produgt. Transport may be mhnbncd by the cell wall, as secn by ﬂie use of brokcn

celt extracts to effect incorporations not observed in who]c cells; altemanvc]y,

transesterification of the labelled compound onto the enzyme may be mefﬁcmnt.zﬂ' 228
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The unusual specific incorporatidn of octanoate su ggcsts the bosgibizlity of ug"ng 1‘
chemically modified precursors to give modified antibiotics. The pmduéts mxght have
'. enhanced or diminished biological actipvity:which ogu'li be correl‘ated with th¢ SUUCM ,
modification that has been "chemically engineered" into the antibioticv. HchVcr', su}:h an
experiment requires higher levels of incorporationdthan those obtained éboye O
efficient ptecursor of the octanoate unit was wuéht. | o /ﬁm{

v _ - < R

,



Scheme 5.
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The success W1th diethy! malonate prompts mvesngatmn of i 1ncorporatton of ethyl

e octanoate (1¢ ). Ethyl [1- 13C]octanoate (16b) is readtly prepared from [1- l3C]octan01c

. acid and ethanol mth 1 equivalent of thionyl chlonde Although 16b is 1ncorporated

spet:tﬁca]ly into 1 the leve] of ennchment is low, (T able 1).

5
¥

S Acyl N acetyl cystearrunes have recently been used w1th conspicuous success in

mcorporatlon studtes with advanced putanve 1nte}’med1ates in polyketide biosynthesis. 221,

. .229 These results prompt 1nvesngauon of the incorporation of S-octanoyl-N-agetyl-
K cysteamme (178), whtch may be prepared usxgg the. method of Kass and Brock. 230"

Acuv t10n of octan01c ﬁtd with methylarnme and ethyl chloroformate generates the

mOno cy] carbonate whtch reactsiin situ w1th N acctylcysteamlne to give 17a (Scheme

~ ' - -—

| 6). N- acetylcysteamtne is 1tself generated n s:tu by selective hydrolysis of N,S-

”dtacetylcystearmne An analogous preparatqon from - 13C]octanmc acid glves thc

'1sotopomer 17b Agam however 17b mcorporates mto fungtchromm (1) spec1ﬁca]ly,

a

“but only poorly (T able 1), p0551bly due to raptd . vztno hydrolysxs to[1- 13C]octanoate in

, ‘«
the modtum S

Early’ltterature desenpttons of expenn;ents desxgned to opnmtse the growth

i L medium for fungtchromtn (l)231 or filipin (2)232 producnon describe much enhanced
, ylelds n the presence of fatty acxds Of the fatty acxds studied, oleic acid appears to be the
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Scheme 6.
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optimum. In the current;worl’(, Span 85 (a mixture whose principal componcﬁt appears to
be sorbitan tri-oleate) is used in the medium. Since [U-13C]glucosc is not incorporatcd into
the octanoate unit of 1 (see above), Span 85 may be acting as the carbon source for this
unit. |

To test this hypolhcs1s a labelled precursor 1s requlrcd Since Span @15 not
suitable for this purpose, it was hopcd thata purc olcatc derivative could ré&lacb ‘the Span‘
O]CIC acid or sodium oleate*are not vcry suitable, due to agglomeration and detergent acn@
Howcvcr Dr. K. Arai has shown cthyl oleate to be as good as Span 85 as a fatty acid
source for S. cellulosae . Dr. Arai hab repared ethyl [CD3Joleate (1.8a).?-33 Replacement

of 10% of the ethyl oleate with the labelled cofnpoung gives fungichromin (1) containing
11+£2% of CD3 groups at C-6', determined by 24 NMR (Fxgurc ). Thus, oleate acts as

the sole carbon source for C-6' of 1, which may explain why olcatc is required in order to
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obtain good production of 1.231

Figure 13. (a) Partial !H NMR, and (b) Partial 2H NMR $pcctra of fungichromin (1) -
' enriched by incorporation of ethyl [CD3]oleate.
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These results strongly indicate that the C-1 to C-6' portion of 'f'un“'gich{orrﬁn (1)is~ ~

biosynthetically derived from C-11 to C-18 of oleate: this portion of oleate is cleaved to

give octanoate, or a closely related 8-carbon dérivative that is biosynthetically derived from -
octanoate. This species then incorporates intact into 1. Imc?eﬁtingly, thé CD3 group of ~
ethyl [Cb3]olcatc i@lso incorporated sg_eciﬁcally at C-29 of 1 (Figure 13). Thus, oleate
also appears to act as the source of ca. 50% of the propionaic in S. cellulosae . The results ‘
are supported by the simulmr;cous incorpofatién of ethyl [U-14Cloleate (18b). Oleate is
known to be catabbliscd by B-oxidation to form dodec-3-cn.oatc. After isomerisation to
dodec-2-enoate, water undergoes a 1,4-addition to thé unsaturated system to give 3-

hydroxydodecanoate. Further B-oxidation, which stops at the Cg-stage in S. cellulosae,

could account for formation of octanoate.

~.

0
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The detailed biosynthetc sourges of all the carbon atoms of 1 are shown in Scheme

-

The next biosynthetic question relates to the origin of the oxygen atoms of 1. The
Birch-Collie hypothesis suggests that oxygen atoms on carbons derived from C-1 of acetate

will originatc from acetate, since the carbon-oxygen borid remains intact through the

Il

condensation of acetate and malonate to give the B-ketoester, and in the subsequent
reduction to the f- hydron'estcr (Scheme 2). 196, 197 However, oxygen atoms at positions

derived from C-2 of acetate must have a different biosynthetic origin.

4“

Labelling cxﬁéﬂmcms with both isotopes of oxygen, 170 and 180, are documented
in biosynthetic chc:rm'stry.203 Oxygen-17 has a spin of 5/2, and can‘thus be directly-
detected by NMR; however, line-widths are broz}d due to the quadrupolc.234 Oxygen-18
has no spin, but can be detected by an isotope shift in the attached o, 6r in the B-carbon-13
gi gna1.235 These isotope shifts range from 10 to 55 ppb, depending on circumstances, but

are larger for double bonds (13C=180) than for single bonds, and are additive.236 The
isotope shift effect permits bond labellir;g. Thus, incorporation of (1-13¢, 1802]acctatc

into a natural product normally only gives a detectable isotope shift if at least dnc»o?thc
r

carbon-oxygen bonds remains intact. If both bonds are split, then scrambling of the

1sotopcs with the unlabelled analogues normally occurs. o~ e

Sodium [1- 13¢, ]802]0ctanoatc (10a) was readily prepared (Dr. H. Noguchl) by

)
o

reaction of heptyl iodide with potassium [13C]cyanidc (Scheme 7) to give [1-
l3C]octzmommlc usmg the method devclopcd for the propxonatc analpgue by Cane et
al.237, 238 Hydrolysis with potassmm t- butox1dc in mlvcs [1-13C, 1802]octanoxc

o

acid, isolated as the sodium salt 10a.

*

Derivatisation of a small sample of 10a as the p -phenylphenacyl ester (15b), using

the method of Cane et al,237 allows determination of the isotopic purity (Scheme 7).

1

.Analysis by mass spectrometry gives molecular ions, the relative intensities of which give

labellings of 100% 13¢, and 92% 180ysite.

48



49
A Scheme 7
K'3cN ' 13C¢N )
R= (CHJ.LCH,. - (1) H,'®0, KOt-Bu, 1-BUOH
i ) (2) cation exchange
" - ](3) NaOH to pH 8
2  ArCOCHBr 3 '
13 r r 13] o
R/\)L%/\rm - R/_\)l‘o Na |
. o) . : 3
20, R« H, 83% 19, R=H, 60% '
15b.}£- (CH2)(CHy, 17% 10a, R= (CH,),CH,

Incorporation of 10a into fungichromin (l) gives a sample whose parnal 13¢
NMR spectrum is shown in Figure 14. Upon expansion of the rcglon for C-1 ofl an 180
 isotopically-shifted resonance is observed. The isotope shift is ca. 40 ppb (Table 2), and
‘indicates that the c'arbonyl oxygen is labelled. This resuh thus shows that oﬁc of the
carbon-oxygen bonds of octanoate remains mtacl during mcorporanon into 1, and becomes

v

the carbonyl oxygen- -carbon bond at C-1. An analogous expenmcnt with sodium [1-13C,
1802]acctate gives isotope shifts at all the expected positions dcnvcd from C- 1 of acetate - 4

(Table 2). In order to test whether the C-OH bond at C-15 of 1 remains mtact fmm 6 " & Q
propionate, sodium [1- 13%1802]proplonatc 19) may be fed The synthcsxs of Canc r:t al K:&

237,238 was used. Substitution of ethyl iodide with potassmm [13CJcyanide glv@s [1-

13CJpropionitrile, which upon hydrolysis with potassium ¢ -butoxide in H2180 gives [1--5 o
?3C,, 18Q2]propic'>nic acid, isolated as the sodium salt 19 (Scheme 7). Derivatisation as the
p -phenylphenacyl ester 20237 shows the isqtopic labelling to be 96%13C, 86% 180ysite.

Incorporation of 19 into 1 giwisotopc shift only at C-15 (Table 2).



N Figure 14. C-1 signal of fungichromin (1) labelled with sodium (1-13C,

180, ]octanoate (10a).
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50,

Table 2

180 isotopically shifted resonances in fungichromin (1) from labelled precursors

Carbon 13C 8 (ppm) 180 isotope shift (ppb) Precursor
1 - 172.98 40 , a ’
15 80.43 : - 20 b
14 78.31 ‘ 16 c
27 75.25 28 d
9 7420 .20 d
5 74.08 20 d
i 73.92 20 d
3 734 20 d
26 Fm . 73.25 10 c
1 7259 . 2 ¢
o 7145 20 d
d

i

13 70.34 5 20

w0,

, .aSodium [1;13C, 1802]0ctahoatc (10a). bSodium [1-13C. l802Tpropio'rf1atc (19).

¢ 180, gas. dSodium [1-13C, 180;jacetate. '



Three oxygen atoms remain biosynthetically unaccouptcd for. These atoms are at
positions derived from C-2 of acetate. Incubation of S. cellulosae in a closéd.amosi)hcrc
of 1807_ gas (ca. 50% 180) gives 1 with small isotope shifts at all mmcsbosidons (T at;lc
2). However, the la}gc natural broadness of the 13C NMR signals at those sitcé, the
diminished sensitivity in this cxpcrimcnt203 due tz the lack of enrichment of'thc site b);'
13C, and the low yield of 1 make 'positivc identification of these isotope shifts difficult.
Further confirmation was obtained from thg fast-ztom bombéardment nﬁass spéctnxm (FAB-
MS) of the resultant 1 (Figure 15). Although the signaljo—nqise 1s not good, thé data ' ‘
sué;gcsi incorporation of 0, 1, 2 or 3, but not. more, 180 atom§ ber molecule, and a best fit

| is oblaincd.f,QrSS% 180/site. - | ' : _
/J Figure 15. ngt-szom bombardment ! m@ spectrum of fun gi‘chromjn (1) for the [M + )

Na]* region: (a) natural ab\undancc, (b) enriched by 180, gas.
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The bi&synthctic results of oxygen-18 incorporation experiments are summarised in
Scheme 8. The results are consistent with a polyketide biosynthesis from 12 acetate units, 1

propionate unit and an octandate unit. The remaining 3 oxygen atoms are probably

51



1ntroduced by aerobic oxxdanon at some pom(fiurmg the late stages of biosynthetic

[y

transformanon

Sc;hcmé 8.

18

\BL“ |
0" Na*

19

Next elucidation of thc bxosynthetlc ongm of the hydrogen atoms of 1 was
ancmptcd Such cLucxdanon is oftcn accomphshed by i 1ncorporanon of sodium [2- 13C(< >
D3]acctate mto natural products, followcd by locanon of deuterium from its isotope shift in
the 13C NMR spe_ctrugn.203 Howevcr, such an 1ncorporat10n c;sywrncm with 1 @ads to
matcn'alﬁ’th.;t cqnvtaihs" no Signiﬁcém.émgtint;of' chtcﬁum. Since deuferium must be
_ incorporated via 2-[2Hj]malonate in evé‘ry a;ctatc-dcrivcd unit but the stancr,203
deuterium may be lost by exc: . 2~ with the aqueous medlum To test this hypothesis, S.

cellulosae was grown in medium contqgmfl g Dp_O The resultant funglchrormn (1) has

extensive deuterium 1ncorporauon as sho»;/n by acutcnum NMR Howcvcr deuterium

was absent at positions 6/, 5, 4') 3'and (a“f lcasr’pamally) 2', as shown by the abscncc of

multiple isotope shifts at these positions in thf' HC NMR spectrum. This result is expected,
sincc» these posit.ons derive from@lcatc via e,

The loss of deuterium from the starter acetate unit in the experiment Wwith sodium [2-
N ' 0

13c, D3]Jacetate is less common, because such deuterium loss normally requires exchange



in acetate rather than in ma]onatc 203 Imaet mcorporahon within 6ne acetate *mn of three
deuteriums is often used as evidence for a poly¥etide starter unit, since all other units must
come from malonate and can thus only incorpo:ate a maximum of 2 deuterium atoms. In
order to sho§v that C-28 and C-27 in 1 constitute a starter unit for the polyketide chain,
diethy! [2-13CJmalonate was incorporated in the hope that it would lﬁbcl the units that come
from malonatc more than the starter unit, which comes from acetate. However, C-28 in11s
labelled as efficiently as are all the other sites in this experiment. Dr K. Arai has shown
that S. cellulosae grown in media containing [2-13C, D3)acetate in the absence of addcd
fatty acid produces fatty acids with no deuterium. Clearly, S. cellulosae can rapidly
interconvert acetate and malonate, and thus exchange deuterium o.: of [2—13C, D3]acetaic.

These experiments provige more conclusive eﬁdence for the polyketide biogenesis
of polyene an'tibiqtics than was possible in earlier studies using radioisotopes, since the site.
of labéTm;ﬁS readily determined. Fungichromin (1) derives frorﬁ head-to-tail condensation
of twelve acetate unitsv one propionate unit and an intact octanoate unit. Thc‘incorpomtion
of octanoate was only the second exampic of intact incorporation of a long-chain fatty acid
with greater than 4 carbon atoms as a \inirin a polyketide-derived metabolite. The octanoate
derives from degradation of oleate, rather t}‘xan from biosynthesis from acetate.
| | The tcchﬁiqucs developed for assignment of the 13CNMR signals of 1 should
'ﬁfqyc useful in assignment and structural elucidation of other polyene antibiotics; thc,vnovcl
m:‘.thod«fo‘r determining interunit conncctivity may prove useful in assignment of |
polykct'idci:s'in general.

Finally, the dcvclbpmcnt of a purification method fbr polycncs'usi;ag reverse-phase
mcdium-p.rc‘ssurc liquid chrom;itography may prove useful as a coml;lcmcntary technique

to the much-used countercurrent distribution.

TN



One approach to understanding the role of sterols in the mechanism of action of the

polyene antibiotics involves determining structure-activity relationships for the sterol.

v

thlc a large number of such mvcsnganons are reported in the literature (see mtroducnon)

<

many involve the use of readily available stcrols for which there are no systematic trends
in the strudtural modifications, making the detailed an_alysis of the role of each structural

feature dlfﬁcult

3 \

» Cholesterol (3) and crgostcrol (4) differ in three structural features: crgostcrol

possesses unsaturation in the B-ring hgtween carbons 7 and 8, and in thé side-chain,

. : ‘ v
~ between carbons 22 and 23; and ergostero! has a methy! group at carbon 24. The observed

selectivity for binding of ergbsterol in favor of cholesterol is apparently due to one or more

of these molecular features. The other six sterols (Figure 16) which differ in the prcscn_cé

*or absence of each functionality, were therefore chosen for synthesis. The interaction of

each sterol with polyenes could then be investigated.

'. The first synthetic ‘goal was cholesta-5,7-dien-3(3-0l (6). This cpmpound has

aroused particular interest since it is the naturally.occuring pro-vitamin for vitamin D3.239

8

Synthetically, 6 has been prepared by allylic oxidation of cholesterol derivatives, to give

substituted 7-hydroxy-cholesterols, which are subsequently elimiriated to afford a mixture

¢
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Figure 16. Synthetic .tafgct sterols.

8 Rw

of 4,6- and 5,7-diencs.246 Altcmétive]y, allylic bromination by free-radical halogenating
agents, which occurs predominantly at C-7, fo]lo@cd by dehydrohalogenation, also gives a
simil‘ar'mix'ture of dienes.241 Despite the cxisten;é ofa considcrablc iitératurc on the latter
more cfﬁci'ent process, in which variations in}hych‘oxyl' protecting group,z‘u: 242 |
halogcnating‘ agent,243‘v 244 rcactibn solyents,241v 242 base, 241, 242, 245, 246 and .
recrystallisation solvent,2217 have been thorou gh]y investigated, the optimum reported yi’eld
is only 43%=248'whi1e most yields are of the order of 20%. While such a synthesis of 6 is - i
aéccptablc from cholesterol, a higher-yielding procéss was sbught, since the ability to effect

- such a trans'fdnnatir.;ﬁv’ 'would prove uséful irugyﬁthesis of the other target compounds.
Cholesterol (3) reacts feadﬂ;' with acetic anhydride and pyn'divne249’to‘ afford ‘

~acetate 5,250 which is now suitably ;;rotéctcd for further transformation (Scheme 9). -

Photolysis of 5 and N-bromosuccinimide in hexane gives the unstable allylic bromides,



Scheme 9.
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which'climinatc in the presence of s -collidine (2' 4 'G-mmcthylpyﬁdinc) to givc amixture /»« "
containing the dcsm:d 3B- acctoxycholcsta -5,1- dlcnc (23) and several other éterols. 241 | e
NMR shows that lhc mixture contains up to appnoxunatcly 60% of 23. Howcvcr all

| “m o
ancmpts at recrystallisation followmg 11tcratur<:241 242 244 or otha} procedures fall !d

give 23 in sausfactory ylcld or of sufﬁcxcnt pumy Funhcrmorc the compoundsﬁrc;not
. ;’1 R
~..§x:ad1]y separable by column or argcmanOn chromatography Thcrcforc a chcrmcal

separation of this matcna] was attcrﬁptcd

One possible apprbaoh Jb Scparauon 1nvolvcs thc use of the Dxcls Alder reaction to

L

selectively convert the 5 7-d1cne systcm to a scparablc derivative. Thc 5 7 diene posscsscs
the rcquucd choxd gcomcti'y for thc Dxcls’Aldcr rcacuon while, thc sxdc product, 3p-

acctoxycholcsta 4 6~d1cne 341 is lockc'd into thc unrcactlve”waﬁsmd geometry. Separation

/

of unreacted stamng matcnal wouId also be facxlc smcc no reaction is cxpcctcd

' 2y

One. of thc moct common pmtecung groups in steroid chemistry for the B-ring
dgo?‘xkc system 1§ thc N- phenylmazohne 3; leﬂC derivative.251 The precursor, N-
" ';phcnylmazolrx;ic 3,5- dlunc (24) 251 is rcadxly prepared from:N- -phenylurazole by oxldauon
‘ w1th t- bu,,tyl hypochlonte (25)252 (Scheme 10) Compound 24 reacts rapidly and
'l quanutanvcly w1th stcrmdal dmncs at or. below room temperature to afford Diels-Alder
) adducts: 253 T e

Clag ST TR -
& o

' .' . . ' ) :,\
LR e S ~£‘5 o “ . Scheme 10. @

= e JOL
e HN
R ” Hr‘}s{N-Ph o —
| NaoCl | 0 ,_ JL
| OH ——— | ocl " > - Ph
! : -+ dioxan
| 25 _ ‘ 24

99% : 72%



The partially pun'ﬁéd mixture of acetates from thrc dchydrobrorrﬁnén'oﬁ reaction
condenses with 24 to give the readily separable derivative 26254 (Scheme 9). The reaction
is readily followed, since 24 is bright red, while the derivative is colorless: sincc tth
‘reaction is instantaneous at 0 OC, titration to detcmnnc the amount of 5, 7-diene is possxble
The titration results agree very well with the isolated yields of 26. Thc optimum photolysis
time is therefore casﬂy determined without product isolation, as could bc the optima for
other reaction conditions. | | el

The N-phenyltriazoline-3,5-dione derivative represents a useful-protected form of ;
the diene for fur‘thcr synthetic transformations.233, 254 Alternatively, i.t may bc readily
cdnvened back to the diene under.a van'ctf of conditions.293, 255 Thus, reaction of 26
with lithium aluminiurgi hydride in THF at reflux233 readily removes both the hydroxyl and “
1' .~=__c_iienc protecting grgups to afford the desircd 6in45% ovcrﬂl yield from 3 (Scheme 9).

~
¥ Adduct 26 and other mazo]mcdxonc derivatives (see later) faJI to give satisfactory

anal;zses for nitrogen, perhaps due to facile conversnon to nitrogen gas following aretro- .
” Diels- Alder reaction upon heating. Furthermore, although a weak molecular ion is observed
m the an;rnonia chemical ionization mass spectrum, attempts 16 obtain an exact mass under
“. electron ixnpact“conditions_wcm unsuccessful: a strong peak due to retro-Dicls-Aldcr
fragmcmation is observed. The 6,7-dihydro derivative 27 was expected to be less pmne tt‘o‘ |
fragmentation in the mass spectrometer. Compound 26 reacts readily with hydrogenand ‘.
Adam's c;mlyst (platinum dioxide)256 to give 27 (Scheme 9). The N-cyclohcxyl-analoguc
28 is a by-product that is not readily scparable However, high-resolution electron impact § &
mass spectromctry gives satisfactory molccular ions, thus confirming the molecular
: fof'mqlas of 27 and 28, and hence of 26. |

The ;ccond ‘synthctic goal is (22E )-crgost‘zx-S.ZZ-diénGB-ol (8), a common

naturally occuring phytosterol (brassicasterol)297 present in rape seed.258, 259 The related
: oxidéscd sterols, brassinolides, are important plant gro“‘/lrh stimulator;,%o’262 Several

approachgs to synthesis of 8 have been reported which involve reduction of the diene



| 59
’ systcm of crgostcrol Burawoy263 found that oxidation of crgostcxyl acetate (29) with

’ 'chrormum trioxidé in acetic ac1d afforded a matenal to Wthh structure 30 was assxgned
(Schcmc lyl). Barton and Robinson26‘3 observed that reaction of 30 wnh me*al-ammonia

" solutions caos‘c'd'. sclocti‘-vc‘reducdoo of‘ the 7-8 double bond; a Wolff-Kishner type

‘rcdu‘ction of thc'rcsultiog_ sterol regenerated the 5-6 double bond to afford a derivétivc of 8.

Scheme 11.

Ac,0
Py

Ergosterol (4) reacts with acetic anhydn’dc and pyridine to afford acetate 29.
Oxidation under the conditions described by Banori and Robinsen264 gives a material that
agrees wellin melfing point and optical rotation with the reported valueo. The infrared,

.

structure. Howevcr carbon 13 NMR revcals a mixture of isomers in a rano of ca Y i ¥

ultraviolet, mass and hlgh ﬁc]d proton NMR spectra further support the proposed

Thc uncertainty in stcrcochcmlstry 1mp11cd by this result, and the obscrvatlon that roducﬁon

of this matcnal with lithium in ammonia leads to a comp]ex mixture of products by TLC,
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which are not readily separable, suggests an altcfnativc app_roach.

. More mcc.mly, Anastziﬁia etal 265 reported partia]ly selective reduction of the N-
phcnylmazohne -3,5-dione derivative of ergosteryl acetate (31) to glvc a mixture of the
-desm:d (22E )-ergosta-5,22-dien-3f-ol (8) and the cor:espond1ng,(.22£ )-Sa- and 5B-7,22-

| dienes. It appeared that 8 might be accessible through this appmach
Acetate 29 reacts readily with N-phenyltriazoline-3,5-dione (24) in acetone at -78

OC to afford adduct 31 (Scheme 12). 253 Catalync reduction of 31, ana]ogous to that of

26'described abovc gives the tetrahydro derivative 32, whxch again affords a satisfactory

exact mass for the molecular ion. Investigation of scvcra] catalytic systems reveals that

reductiqn of the 6-7 double bond is competitive with reduction of that in the side-chain, as

60

‘has been repor.ted.256 Unfortunately, this precludes use of 31 for synthesis of crgostaé -

5,7-dien-3B-ol (il) by hydrogenation followed by dcprotcctioh of the B-ring diene.

Adduct 31 reacts with lilhi.um in ethylamine at reflui to afford an approximately
equlmolar mixture of (22E )-ergosta-5,22-dien-3f-ol (8) and (22E)-5a-ergosta-7,22-dien-
3B-ol, contalmng smaller amounts of (22E)- 5[3 -ergosta-7,22-dien- 3B ol and other sterols.

Rcccmﬁf Barton et al have reported dmcct reduction of crgostcrol (4) to a mixture
of the (22E)-5, 22. and (2215) 7,22-dienes.266 Of the several variatioé rcponcd
‘generation df ergosterol anion with n-butyllithium followed by reduction with lithium in
HMPA , THF, and diisopropylamine, was most cfﬁciénL This route (Schcm_c 12) leads
more directly to the desucd product, and proves to be more dcsuablc in this case.

The mixture of isomeric sterols is not readily chromatographlcally scparablc A
=chemxca1 separation using thc,,mcthod of Barton ef al 260 is therefore attractive; also, some

of the intermediates involved may be converted to other target sterols, as described below.



Scheme 12.
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Reaction .of the mixture of sterols with p -1011;cncsu1fonyl chloride in pyridine < -
éf fords a mixture of sterol p -toluenesulfonates 33 and 34 (Scheme 13). Hydrolysis under
kinetically controlled conditions causes the desired (22E )-5,22-diene sulfonate 33 to form
i-sterol 35, whil:: the (22E )-7,22-diene sulfonates fail to react. z}all amounts of the
normal stero! 8, the thermodynamic product of solvolysis, also form. The i-sterol 35 is

readily separable from the reaction mixture. Pure Sa-tolucncshlfonatc 34 is alsoreadily
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Thc th1rd targct chrol is ergost-5-en- 3B ol (22) 267 Compound 22isa naturally

e
V

occurnng stcrol found in mannc spongcs%8 269 and in corals.270 The avallabllny of i-

A

sterol 35 from'the synmcs;§ above suggests catalytic hydroggnation, followed by i-sterol to
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sterol conversion, as a facile route to this corﬁp_ound. Indeed, a modification of such a route
has been dcscﬁbcd267 Other synthetic routes reported in the li,u:ramrc include direct |
catalytic hydrogenation of dienol 8,25¢ and an clegant prcparat%on from fuvc:ost<:1'ol.27l

Camlyﬁc hydrogenation of 35 over platinum dioxide rapidly reduces the side-chain
doubl'c'bond to afford 360(Schcmc 14).*1‘1\c product contains small amounts of an
impurity, which varies somewhat in amount, but is typically 5 to 10% of the total mass.
" This by;product always forms when hydrogenation of the double bond is taken to
completion, a synthetic requirement since 35 and 36 are not readily separable. The -
impurity is notgreadily separated from the desired product. However, wfxcn the i-sterol to
sterol rearrangement is effected, :.fh-e impurity fails to react and is readily removed. Spectral
~investigation révc'als it to bc6[3-hydroxy~5B-mcthyl;zi-xnor-crgostanc (37), which probably
| forms vy catalytic hydrogcn'a'tion of thé cyclopropane ring in 35 and/or 36. Such
rc’dgctions of cyc]o‘p_ro‘pam:s272 are well known to occﬁr at the least hindered bond. The i-
sterol 36 readily hndcrgocs acid-catalysed rearrangement to the desircd_ thcnnodynarypic
product 22 (Scheme 14). | " |

The fourth synthetic goal is crgosta -5,7- dien- 3B-ol (21), Wthh is of interest as a
potential prccursor to crgosterol and to vitamin D, and which a]so occurs in many fung1273
an¥a mutant ycas@74 Several routes have been reported for symhesxs of 21. These routes .
mvolvc protection of the B-ring diene by Diels-Alder reaction, followcd by catalyuc |
reduction of the side-chain double bond. Curry etal 275 describe a rput(% lgs‘x_r‘)g“ the cyclic
peroxide of ergosteryl acctaté derived from addition of oxygen to the diene. Thc'modcmtc
yields are very sensitive to the cxacung conditions of several of the steps. Kircher and |
Roscnstcm276_descnbc an 1mprovcmcnt on early inefficient routes2/ 7,278 from the
maleic anhydride adduct. However, ene reactions compéte during formatioh of the adduct,
and catalytic hydrogenation may proceed beyond the desired extent. Funhcrmon:, t‘hc‘ |
clevated témpcfaturcs required to effect the retro-Diels-Alder reaction cause side-products to

form.



Scheme 14.

.. OH 37
98% total

\.k / -
= - : W LY
o
PR

N

p-TsOH - o - e
dioxan, H,0 - Y

7%




L.

Barton et al 296 have p: lished several routes to 21. * - authors suggest thaf the most
artractivc route inve -.-s ctalytic hrdrogenation of the iroi. tricarbonyl adduct, since N-
phenyltmazoline-* - d’one a ucts are not well suited 10 trus purpose. This route appears
attractive, Sinéc i volves onfy Lour synthetic stzps. |

Ergosterc ~-cts will benzoyl chloride to aff~  the benzoate 38. Ester 38 .
ur;dcrgocs an exceecinglv s ~w condentation 27% - aversion in 1 month) with di-iron
nonacarbonyl catalysed by ; -me:hoxyber - .icacetone to afford the adduct'39 (Schémc
15). Extensive purification allows 1>u1anon of pure product, which gives satisfa'ctory |
spccti'al /data; however, the data does not agree exactly with that of Barton et al :25’26 A
infrared bands at ca. 1600 cm-1 reported by Barton are clearly a})scnt in the compound

prepared in these laboratories. The source of this discrepancy is at present-unclear.

Scheme 15.

PhCOCI
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Catalync hydrogcnanon of 39 over platinum ledec wnh bcnzyldxmcthylsxlanc as '

cata]yst forl month usmg the mcthod of Barton et al, 256 ; gwcs acomplcx mixture of .
E “.i-.v -
products Mass spcctromcu'y and NMR indicate that no moi'e than ca. 33% of the dcsu'cd

l.'

product is present. Kircher and Roscnstcm276 also rtgn failure to effect this -~

r

_ transformation. This route was thu/x@scardcd in favour of more promising approaches.

. . g
While the latter two reactions were in pg

oress, the development of ‘sut:ccssful
mcthodology for introduction of thc B-rmg; feféé functionality’into cholesterol described
a}govc prompted investigation“of a similar¥oute to crgosta -5,7-dien-3p-ol (21). Rcacnon of
i-sterol 36 with zinc acetate in gccuc acid following the proccdurc of Thompson et al 267
readily furnishes 3(3-acetoxyergost-5-ene (40) (Séhcmc ']6). The bromination-
dehydrobromination and triazolinedione adduct formation sequence described for 3B-
acetoxycholest-5-ere (5) then allows éfﬁ;ient (66% yiéld) forman'on of adduct 41.
Catalytic hydrogenation of 41 affords dcnvatwe 32, 1denuca] in all respects to material
prepared from 31. Conversion of 41 t@%e desired crgosta 5,7-dien-3p- ol (21) procccds
in 96% yield upon reduction with lithium aluminium hydndc. The overall groccdurc thus

represerits another example:

%t;hc efficient coriversion of sterols posscssﬂga 5-6 double
bond into the épncspo_ndiﬂ : %.7-dicncs by this novel tcbhniquc. ‘

The syntheses of the first four sterols require only suitable mahipu]an'on of
functional groups ta proyide the product. However, for the remaining targets, (22,E\)-_:
cholesta-5,22-dien-3B-ol (9), a naturally cccuring sterol in marine algac279 and the '
Alaskan king crab,280 ang (22E )-c-olesta-5,7,22-trien-3B-ol (7), no precursor that can be -
- converted to product in such a fashion is readily aQailablc. Thus, literature approaches to
synthesis of 9, 281 286 7,287, 288 and other related sterols mvolvc removal of the
steroidal side-chain followed by Wittig reaction282-292 1o gcncratc the side-chain double
bond. One such app{gach involves use pf the protected aldehyde 42 (?chcmc 17).282- \‘ -
286,288293 o N |

Using the procedure of Partridge et al 293 (Scheme 17), reaction of stigmasterol.
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with p -toluenesulfony! chloride in pyridine affords toluenesulfonate 43. Solvolysis of .

43 under kinetic conditions affords i-methyl ether 44, along with some of the readily

separable thermodynamic product, 45. The nuclear double b_ond is now suitably'p_'rpi(:ctcd
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Scheme 17.
&
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" react. 293 o

- oxxdatlon . . B D

for clcavagc of the side-chain by ozonolysis Thus ozonolysis of 44 in dichloromethane
.and pyndmc at 8, °C fohowcd by reductive work- -up with sodium bis ~(2- mcthoxy-

' cthoxy)alurmmum hydndc (Rcd -Aly, glvcs alcohol 46 in 62% ylcld It proves necessary to

pcrform the gzonolysxs in several scparai% vcscels whcn worlong on a large scale. thn
one largc scalc Ozono]y51s is pcrformcd yields are comdcrably lowcr perhaps due to
s‘ow attack by ozone on the saturatcd C-H bonds of the sterol during the prolongcd
reaction. Woer -up of the ozonolysxs reaction wnh zmc and acetic amd fonowmg thc
procedure of Hutchms et al 282 or with d1methy1 sulﬁde results in aldehydc 42,
However, the product is contarmnatcd with varying amounts of aldehyde 47, 284 probqbly

derived from cplmcnsatlon at C-20 dunng work—up The mixture of a]dehydcs is not

readily separable: Oxidation of alcohol 46 with pyndlmum ch]orochroma;e undcr the

conditions described by Corey and Sugg5294 affords the aldehyde in hlgh ylcld allowing
for rccovcry of unreacted starting malcnal and is therefore the thore attmcnvc Toute. |
In a]l cases, close cxarmnauon of the proton or carbon NMR of a]dehyde 42,

preparcd by oxidation rcvca]s contamination b; epimer 47, 284 which is always presentata

level of 2 1o 3%. Since the starting sngmasterol is only ca. 90% pure, the epuncnc
aldchydc 47 may arise in t}us case from contamination by the 22-cp1mcr of sngmasterol

~ which is known to ‘occur naturally The other major 1mpumy in commcrcm} stigmasterol 15~

the 22 dlhydro analoguc which.is removed in‘the synthesls aftcr ozonoly51s since it fails to
Ox;danon of- 46 for prolongcd nm(:s gives rise to umdennﬁcd impurities that are not
J

readily separated from aldehyde 4-2 .Thus,the opumum condmons for- thlS step mvolvc .

! - q
mcomplctc convcrsxon followcd by isolation and rcpcatcd oxidation. An"' alternative,

- hi ghcr-yncldmg oxxdauon mcthod was thcrcfore sought One such mild route is the Moffatt

.o - ¢
v, 2 AT
b

* Alcohol 46 reacts rcadlly Undcr typlcal Moffatt condmons, in bcnzcnc w1th

" dlcyclohcxylcarbodumxdc dxmelhyl suLfox1dc and phosphoric acid, to gwc a]dchydc 42‘

afy
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(Scheme 18). Hochcr, examination of the reaction mixture by TLC rcvcals a novel

compound with an Rf ‘close to that of the aldehyde, Wthh forms at appm)umatcly the
J
same rate. Isolation and spectral ana]y51s shows this material to be stcml analogue 48.

Com'pound 48 presumably arises as shown in Scheme 18, a side-reaction which is well
pmccdcntcd in Moffart oxidations.293, 296 Smcc separation of 48 from 42 appcars to be
potcnnally problematic on a Jarge scale, oxldanon with pyndlmum dxchromatc seems to be

the most attractive route to aldehyde 42.v

Scheme 18.
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Witﬁ the steroidal aldehyde available for Wittig coupling, phosphonium salts must.
' bc prepared. Two such compounds, (3- methylbutyl)mphcny:phosphomum iodide (49)285
and (2R )-2,3- dlmc;hylbuty )triphenylphosphonium iodide (50), 288 are desirable
(Scheme 203. Coupling of 49 to aldehyde 42 gives a derivative of (22E _)-cholcsta-5.22-
" dien- 3B-ol (9), while a similar approach with 50 leads to a dériVatch of (22E )-ergosta-
5,22-dien- 3B-ol (8). Symhcnc consideration of 50 suggcs!s an approach from alcohol 51.
' Such an approach has been rcponcd for the enantiomer of 50.288 In that case, the C-24
: cplmcr of 8 was synthesised by couphng to a C-22 steroidal aldchydc, suggesting this

!
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approach to 8 to be viable. The desired enantiomer of aJcohol 51 was prcparcd by the
. authorsin a long scqucncc of steps involving an elegant chiral alkylanon of enolates. 297,
298

| Considcration of 'alc'ohol 51su ggcsts a more facile preparation through side-chain
cleavage of crgostcrol at thc C-22 double bond. Although oxidation clearly occurs, the |
Lemieux-von Rudloff ox:danon of crgoic,rol .gi) fails to give any isolable products
However, upon ozonolysx< in pyridine and dlchloromethanc followed by rcducnvc WOI'kr

up with sodium bzs (2-methoxy-ethoxy)aluminium hydndc alcohol 51 is 1solablc by steam

distillation followed by preparative gas chromatography (Scheme 19).

Scocmc »19.

(1) O, -78 °C,
CH,Cl,, py
4' ) )
(2) Red-Al, -78 °C “OH
to RT. -

51

With a route 10 alcohol 1 available, a route from available 3-methyl-1-butanol to
\phOSphonium salt.49 as aamodcl for the analogous reaction with 51, was next sought.
The 3- mcthyl 1 butanol reacts rcadlly with p -toluenesulfonyl chloride to afford
toluenesulfonate 52 (Scheme 20) Reéctioh of 52 wigh magncsxum iodide in ether by the
method of Place et a1299 then affords iodide 53. Compound 53 readily yndergoes
substitution with mohcnylphosphifﬂe’? as shown by Bergmann and Dusza, 285 to give the
desired triphenylphosphonium salt 49

' Upon treatment of the crude mixture obtained from ozonolysxs of ergosterol, whlch

contains (2R )-2,3-dimethyl-1-butanol (51), with p -tolucncsulfonyl chloride, the involatile

/' to’chncsulfonatc 54 forms (Scheme 20). Separation from the other pfoduc‘ts of ozonolysis



7.
is now facile. Rcdcuon with magnesium iodide as for 52 gwcs highly unstable 1o¢dc 55
~wh1ch r\:adﬂy forms phosphomum salt 50, prowdcd Lhat light and air are ngorously

cxcludcd from the reaction mixture.

Scheme 20.
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Although Witc g.reaction of aldehyde 42 w1‘1h phosphonium salt 49 pbcwds -‘
smoothly (see below), one reaction with 50 under similar conditions failed to give the
dcsxred product: : e to the somcwhat poor yields in preparation of 50;and dcvclopmcm of
the route to (Z2E )- crgosta -5,22-dien- 3B ol (8) descnbed above, the Tatter reaction was not
investigated furcher. )

Wittig reaction of aldehyde 42 with phosphonium salt 49 gives a mixture of the-

* desired (22E)- and (222 )-isomers 56 and 57, in modest yield (Scheme 21). Careful
analysis bof the carbon-13 NMR spectrum 'of the mixture, and subsequent isolap'on of the

' separate isomers (see below), shows that the two isomers are readily distinguished by the
resonances of the carbons of the newly-formed douBle bond. Unfortuﬁatcly. the proton |

NMR, althcugh different for the two isomers, does not allow facile analysis of the
v : ‘ .

composition of a mixture, since the proton resonances overlap considerably. This result

Wov. m X7 VINC LN
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‘makes measurement of the coupling constant between the two protons, and hcncc
: ass1gnmcnt of cis, and trans sterochemistry to the two isomers, dxfﬁcu]L Funhcr |
assxgmng the carbon 13 signals of the isomers is difficult. However, use of the lH~13C
hctcronuclcar shift correlation solves both problems. The signals for the two protons of
cach isomer are rcsolvcd into separate one-proton multiplets corresponding to each carbon
si“gnal. Examinan'on of these multjplets shows that the most‘downfield carbon has an
attached proton. with coupling constants of 15 and 7 Hz, sugg:,csting that this carbon signal
is due to C-22 of the trans isomer 56 The next most downfield cﬁrbon has an attached
proton with coupling constants of 11 and 11 Hz, suggesting that this carbon signal is du¢
&

to C-22 of the cis isomer 57. In a similar fashion, the remaining two carbon signals can be
; : R

assigned.

Scheme 21.

Wittig or Wittig-
Schlosser conditions

“a

Unfortunately, the assigned va]uccs of the coubliﬁg_constams between CH-22 and
: ¥ '
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CH- 23 in the two isomers 56 (15 Hz) and 57 (11 Hz) do not distinguish them as
rigorously as might be desirable. However, the assignments are ‘Consistent with subscqucm
experiments on the separated isomers: the infrared spectrum of 6 shows a clear pcak at
_965 cm'], whiﬁh has been assigned to Lﬁc trans isol_mt:r,282 and both carbon-13301 and
protonzgz' 283, 286 NMR chemical shifts are consistcni with literature values for |
compounds related to the two 1somcrs ,

With the assignments for thc two isomers, detaxlcd examination of the influence of
reaction conditions on the ratio of 56 to 57 is p0551b1c. Literature precedent suggested a
éonsidcrablc influence of solvent on this ratio, and thcfcforc a study of variation of solvent
on b;th yield and isomeric ratio of the isolated mixture of isomers was undertaken. The
dc'siré for prédominamly trans stereochemistry al< suggests investigation of the Schlosser
modification302, 303 of the Wittig reaction. The results of a series of cxpérixhcms are
summarised in Table 3. _ _ ’ v, .

Clgarly, the Wistig-Schlosser reaction in ether a}’fofd; the optimum ratio of cis to
trans product. Surprisingly, the isomer ratio in THF is unaltcrec; between conventional
Wittig and Wittig-Schlosser reactons. One possible explanation is thag the intermediate
betvziinc,.'which is’cquilibratcd between erythro (leading to cis olefin) and threo (leading to
- trans olefin) isomers via the B-oxido ylids, exists predominantly in the oxaphosphetane
form in THF (Schcmc 22). The o_xaphosphctané'rhéy bc less pr‘onc to_funhcr'dcprotonation
thar; the B-oxido ylid. ' <

An alternative Wittig apﬁréach to 56 involves use of a steroidal
trfphcnylphosphomum salt whach condcnscs with a suitable ahphanc a]dchydc A route to

phosphomum s&lt 58 (Scheme 25)-has been reported. 289 This altcmatwc approach mlght

favour the trans ‘product. -

' Rcactlon of alcohol 46 with p- tolucnesulfonyl

Dlsplaccmcm of the toluenesulfonate wnh sod:um 1odlde in oione affqrds iodide' 60
" (Scheme23). s

i - -
. . v ' . ST ) p



}hlcrcstingly, when mag’ncsiurﬁ iodide in ether, which is very effective for
conversion of ahphauc toluenesulfonates to iodides as described above, reacts with 59, di-
1od1dc 61is thc only observed produtt. Compound 61 probably derives from opening of |
the i-cther moiety of 59 or $1, catalysed by magncsmm iodide as a Lcw1$ acid (Scheme
2). ' | *’

Table 3.

~ Ratio aﬁd yield of cis and trans isomers from Wigtig and Witti g-SchIdsscr cm’ctions ,
between phosphonium salt 49 and al(\ichydc 42

Rcacgion Solvent Tcmbcmﬁm;‘"‘ _Crudé Yield ( o;)c ‘Ra_tio of 5§ . 57d°
a HexaneB  600°C » | 9 'v';f‘fh;"‘“_. 250150

s THF  -780Ce 41 12: 88

b THF 780Ck. b o 13:87

b THF -780cf f 13:87 Q
a EtpO 250C¢ # 51:49

b Et,0 2socf . 54 56 44

b Et,0 -78 ocf 32 63:37

b - Ep0  -780chi 28 75125

a Convcmion:al‘wmi g reaction. b Wit g-Sch.Io‘sscr rcacn'on‘.%cl“otal yield of 56 and 5';.

dRa.tio from intensities of carbon-13 NMR signals. §Compound 49 was deprotonated with
n:butyllimium at 25 ©C; 42 was added at the stated temperature, and the mixture was then
heated at rcﬂu)&ffCompoundl, 49 was deprotonated with ;]-butyllithium at 259C; 42 was '
added at.the stat§d temperature, a second equivalent of n-butyllithium was added and, if at -

-78 °C, lhc_mixtﬁrc was warmc(l to -30 ©C. One chivalcnt of methanol was added, and'
- i
the mixture heated at reflux. EFgtHowing thc proccdurc of Ref. 282. hMcthylllthxum was

used in placc of n- buty]lnhxum JLarger scale reaction.



o Scheme 22. B
(Each erythro- or threo- isomer is a pair of diastereomers; only one dias
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JIodide 60 undergoes substitution by triphcny]phosph'inc to afford salt 58. Rcaction
of 58 wnh 3- mc'hylbutana] under Wittig-Schlosser conditions gives a mixture of 56 and
57 ina rauo of 29:71 (Schcmc 25). Thus, optimum yields of trans xsomcr 56 are

obtamcd from the steroldaJ aldchydc rather than the steroidal phospho{uum salt.

Scheme 25.

" (1) n-Buli, RT, Et,0
(2) (CH,),CHCH,CHO, -78°C
(3) n-Buli, -78°C to -30°C
(4) MeOH (1 eq.), -30°C to reflux , /

o
. AT
Yia oo .
’ x . . N

87 - 56
71 : 29
Total yield 50%.

Separation of 56 and 57 is quite facile by mu'hiplc l:hrorhatography over silver

nitrate-impregnated alumina. In this fashxon 56 may be prepared containing only 2 - 3% of

-

57, an unprcccdcntcd level of purity for derivatives of (22E )-cholesta-5,22- dien-3p-ol (9)
prepared in this way. Trcatmcm of §§‘w1th p -toluenesulfonic acid in aqueous dioxan
effects the i-ether to sterol rearrangcr;)cm to afford the desired sterol 9 in 95% yield

(Scheme 26).  \
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' Sch‘cmc 26.

p -TsOH |
—>
dioxan, H,O

HO

OMe 56 ‘ ‘ ‘,‘ 9
95%

A similar Wittig-type r“‘cacu'onvon a B-ring diene possessing a'siae-chain aldehyde
functionality253- 304, 305 in principle fumishes the Jast target sterol, (22E )-cholesta-
5,7,22-trien-3B-0l (7). 287 One rcponcd approach to synthesising such an aldehyde
involves ozonolysis of ergostcro] derivatives in which the B-ring has becn protected as the
N-phcnylgizimlin;%;S-dionc derivative.253 Protection is necessary, since direct ) yaal
ozénolysis of ergosterol leads to rapid antack on the diene.306 Thc authors rcpoﬁ isolation
of the sidg-c-hhin’aléchydc in 34% yield after oxidative wc.)rk-up: presumably, the low yield

is due td}cc’)mpctitivé ozonolysis of the remaining B-ring double bond.307 Therefore, the

e

pOSS}bthy of a variation in this route was explored.

Ozono]ysn of 31 followed by reductive work-up with sodxum bis (2- mcthoxy-

- cthoxy)alurmmum hydride fails to gwc any isolable products. However, although catalytic

hydrogenation or ozonolysxs causgs reaction of the 6-7 double bond of derivatives like 31,
most c]’ophllcs attack thc side-chain double bond sclccnvcly Thus peracids afford only
the side-chain cpoxxdcs..62,308 which in pnncxple might be opcncd to afford the

_ corresponding diols. These diols in turn could bc cleaved to a derivatized side-chain

a]dchydc.309 _ B

/
Treatment of 31 with meta -chloroperoxybenzoir acid readily gives 62 as a mixture

of (22R, 2385)- and (225, 23R )-iéomcrs (Scheme 27)-'. The proposcd structures are

—"supponcd by a catalytic hydrogenation to a mixture of derivatives 63 and N-cyclohexyl
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affords a small yield of triol 66, along with 65. Use of 50% sulfuric acid in THF for 1 |

80 .

analogues 64, in ana_iogy to other N-phcnyluiazolinc-3,5—dionc‘adducfé’f&cscribcd above.
Interestingly, n:acn'bn of 62 with periodic acid in aciucous acetone leads only to cleavage of
the 3B-acetate, to give Bﬂ‘-?tcrols 65 (Scheme 28). No opening-of the epoxide occurs,
despite use of quite drastic conditioifs. In contrast, use of perchloric acid in aqueous THF
wasek allows up to half of the material to be converted to 66, while half is convéncd 10 65,
Surprisingly, the resulting triol 66 is a single compound by carbon-13 NMR. This
unexpected result suégcsts that only one stereoisomer of the epoxides is undergoing
reaction. Although the stereochemistry of the diol is not determined, this observation may
be of interest in relation to syrithctic approach’es to brassinolides, »\;hich possess a 22, 23-

1

diol moicty.260'262

Scheme 27.

| 63,R=Ph
. 64,R=~ cyclefexy!
93% total ylald
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50% H,50, |
- THF, 1 wk

" OH

\
HO BN / (o
>,
"~ 66 (one isomar)
30%

H,. PIO,
EtOAc

51%

‘ Scheme 28.

acetone

+ 65
27%

A

HIO,, H,0,
4 T

67, R= Ph B
69, R= cyclohexyl
- 79% total yield

R
sy
B
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Epoxides 65 and triol 66 form dihydro derivatives 67 and 68, respectively, upon
catalytic hydrogenation for characterisation by high resolution mass spectrometry. In the
- case of 65, some N-cyclohexyl analogue 69£is also formed. * +
| Thc low yxeld associated with the opening of the epoxide, due to the inability to

| conven half of U“ material and to losses in isolation, coupled with the requirement for .

- rcprotccno_n of the 3B-h) droxyl group prior to Wittig reaction, compelled rejection of this
approach. Reaction of 31 with osmium tetroxide,319 in an attempt to form the side-chain
diol directly,311 élsd failed to give any pure products.

An alternative approach to (22E )-cholesta-5,7,22-trien-3[3-0l (7) that has‘bccn
reported?87 involves introduction of the B-ring diene into (22E )-cholesta-5,22-dien-3f-ol
(9) by benzoylation and allylic bromination followed by dehydrobromination. The yiéid
was 20%. Following the successes of this approach c‘i‘cscribcd earlier, iSo]au’pn of the N-

‘phcnylmaz‘olinc-3,5-dionc adduct possessed boténtial to lead to the desired product in
higher yield. | 1 ‘ |

The precursor acetate 70 forms rcadilhy upqr}__acctyladon of 9 (Scheme 29). Allylici
bregmination at C-7 with N-bromosuccinimide, foilowed by ciim,ination with s -collidine,
a'ffords a mixture of sterol acetates that react with N-phcﬁyluiazolinc-B.S-dionc (24) to give
a riﬁ&rurc of adducts. In this case, presumably, some bbnﬁnation occurs at the allylic |
pc;_ﬁiri'oné in the side-chain, lcz_iding to side-chain dienes whfch react with 24 to form
adducts. Howc_vcr; the mixture of adducts separates by HPLCoror a ﬁucdium-prcssurc

* liquid chromatography column to afford adduct 71 in 30% yicld. Upon catalytic

hy'drogcnation, adduct 71 gives dihydro analogue 27, which is identical to material

obtained from 26. The othcr adducts from the reaction elute from the column as mixtures
of compounds. Adduct 71 is rcadlly converted to the dcsmcd sterol 7 by treatment with
hthmm aluminium hydndc Compound 7fs surpnsmgly unstable , and therefore the small |

amounts obtained were characterised only by proton and carbon NMR before

decomposition occurred. Sterol 7 is also a natural product, isolated from the protozoan,

S,
A



' - 70
< - 9 2
s s 1(1) NBS, hv,
f c hexane
’ . S (2) s-Collidine,
A ~ xylena.
(3) 24,Me ,CO
(4) MPLC
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“ Once th. _, athetic sterols are available, 'invcsti gation of the influacc of sterol

'structurc on bxndm gto polycncs canbe undcrtakcn The simplest approach appcars to be

cxammanon of the equxhbnum constants of bmdmg by ultraviolet (UV) spectroscopy in

aqucous suspcnsmn This approach appcars most attractive, because the unknown
variables that occur in experiments with whole cells or vcs1clcs are chrmnatcd |

- Preliminary cxpcnmcnt< with fungichromin (1) show that bmdmg to cholesterol (3)
and ergosterol (4) occurs whcn solutions of these sterols in THF are addcd to a solution of
1in 10% THF/water. Howcvcr in a solvent mixture of 30% THF/water, no bmdmg
occurs. This effect is in general agrccmcnt with literature results, 89 whlch show a rapid

decrease in binding as the amount of org,amc solvent i mcrt:asctc Asa comprormsc thc

" solvent 10% THF/water can be used, since, as is not the case w. pure water, 1 obeys the

Beer-Lambert law iniu's solvent over the concentration range of interest. This situation,

[4N

indicative of monomeric 1, is desirable as it facilitates analysis. However, binding may be

stronger in water alone. By stepwise addition of aliquots of sterols, a binding curve may be

-consmxctcd For mathcmatmal analysis, the absorbance at 356 nm was used. This

paramctcr has bccn arguc:dl 11 1o reflect bmdmg better than the ratio of absorbances at 356

nm and 320 nm used i in other studies for ﬂhpm.89 The curve does not fit a normal

Scatchard plot,3 14, 315 in contrast to the results of Bittman and coworkers in vesicle

sudies with amphotericin B.118, 131 1 that case, the authors report a correlation over a

| limited region of the Scatchard plot. Further analysis of the binding curve for cholesterol,

however, shows a good correlation when the data is analysed on a Hill plot.315'317
Figure 17a shows some ultraviolet absorbance data ﬁom a binding experiment. The spectra
are of fungichromin (1). The upper plot shows 1 a]oné, the middle spectrum has 1 46%
bound to cholesterol (3), and the lower plot is ofdl with a largc' cxccss' of 3 present so that

it is fully bound. The full binding data is plotted as a binding curve in Figure 17b, and on a

— e

84

s

=

r\



85

i =

Awu) YBuSeABM o —
J

oSy OCF Oy 066 QUE O 0L OIf O&Z P
A

02 e [ X3 e 9c Or

“»

{{A-1)/4) Boy

4 scscnsen

*SJUSLUAMS B [BULJ PUR JSJ1} Y1 Ud2A13Q SOUEGIOSQE Ul 93URYD [e10} 3y} Juasaidal sieq Lous i¢ T LLe im

— 0% MHLL %0134 (1) unwayoifun WiT0ge jo enoads AN () LT 930314

-

H(%) _Boao_o:o Jaeouasqe urt ¢

- L{

. . . W,



S . | .86

e M ) -

Hi]lilot in Figure 17c. The apparent equilibrium binding constant, K‘? ,and the "

émp rahvuy, n, can thus be-determined: the slope of the plot i n, and the intcr'ccpt is
nlogKapp For cholestero! (3 (1 n=2. OO i 0.07 and Kapg (2.50x0. 15) X’i03 M 1
Errors were determined by hncar rcgrcssxon sxrmlar errors wcre found In the other stcrols
that wcrc fitted*to Hill plots. One mtcrprcta@n of the coopcranvny of 2. 0 is that though |
there are two bmdmg sites on the polycnc in free polyene only one site may bmd
~However, once that first site 1s occuplcd,.thc second site becomes avaﬂablc, and binds

another molcculc of sterol strongly 315 | ’

This data analysi¢ Wiso holds for some of the other stcrols and ana]ogucs tested (sec

| later), but does not hold true for crgostcml (4). For 4, the Hill plot has variable slopc.
- Another approach to evaluation of apparent bmdmg conslams mcasurcs the amount of
sterol required to obtain half of the maximum changc in ultraviolet absorbance,89 whxch is,
equal to 1/Kapp. Ana]ysxs in this fashion shows that crgostcrol (4) has Kapp = (3.5 :t 0.2)

¢
X 103 M 1 »or about 1.5 times that of cholcsterol (3) which is in rcasonablc agrccmcm

-

¢

with literature observations. |

WiLh a small but significant dif: fcfchcc between ergosterol (4) and'cholcstcrol (3) t
observed, binding curves for fungichromin:(l) and the synthetic sterols 6, 8,9, 21 and |
22 can usefully be determined. However, no Systcmauc trend that can bc related to stcrol
structure can bc seen. Clcarly, the small dxffcrcnccs in the bmd?;g‘ curves are msufﬁc:cnt o
allow definitive analysxs of the influence of sterol structure on binding, partly because the
approach to cq'ljiiibrium binding is quiltc slow close to the midpoiht of the binding curve.
Allowance for this effect is mﬁdc duning the cxpcrimcm by waiting until no further changes

bance are obscrvcd However, the effect may mtroducc consxdcmblc error in the

mdmg constant. This kmcnc factor in polyene-sterol bmdmg has been mvcsngatcd

extensively in the litcraturc.1 18,128, 129,132 the present work, no obvious correlation

is seen between structure. and speed of approach to equilibrium. The experiment also

suffc_l;s.from potential errors due 1o gso]ubility of the sterol, the thanging concentration of |



THF (rypxca]ly fmm lO to 14%), and accurate mcasurcmcm of y whcp lis mostly free or-
mostly bound B :“ . B o ’
g Su'hllar cxpcnmcms wnh amphotcncm B rtvcal much stronger bmdmg to sterols:
bmdxr g occurs in 25% THF/watcr, undcr which condmons, Kapp for cholcstero] is(3.3% ‘;

0. 2) X 104 M 1 , O appmxxmatcly 13 times largcr than that for fungnchromm in 10%

. ,’THF/waxcr The bmdmg proccss is agam coopcrauvc gmng a linear Hill plot for

_ cholcstcrol (n =14% 0 1) but not for crgosterol Ergostcrol howcvcr also only has Kagp

= (5 9+ 0 3) X 104 M‘1 or about 1.8 times$ Kapp for cholcstcrol This difference was

ﬁ agam con51dered 10 be insufficient fo al]ow deﬁmnvc ana]ysxs of bindirig to the symhcnc

stcro’ls

- Greatcr dlffcrcnccs in the effects of different sterols mi ight be observedina

| 'v'blologncal assay. One such approach that has been rcponcd uses Acholeplasma laidlawii, an
'.! orgamsm that grows without b1osynthc51s of sterols. Howcvcr addmon of stcro]3l8 319
- v'and fatty ac1ds320 to the growth medium causes mcorporanon into the cell mcmbranc(
. bThercfme ccl‘s grown in the presence of cholesterol show grcatcr sonsmvny to polycnc
_‘ 'f‘annbx aues than those grown wnhout sterol.114, 126, 151 StudJcs in collaborauon with
_Profcssor R. N McElhaney (Dcpartmcnt of Biochemistry, Umversny dﬁAlbcna) arein

progress dm&ctcd towards incorporation of the symhcnc stcrols mtq Acholcplasma

" laidla wn for investi gation of growth inhibition and potassium release.

- For: companson wn}L the bmdmg data, Professor S Fraga (Department of

;- ‘Ch'crmstzy, University of Alberta) has obtained theoretical calculations321 of the interaction ’

cm:rgy322 of amphotcncm B with cho]cstcrol In ordcr to extend this approach to the
n

_ symheuc sterols the atomic coordinates for thc sterols are required. For cholesterol (3)323

" and crgostcrol 4), 324 this data i¢-available in the literature from X- -ray crystal]ogmphy

Howcvcr X-ray crystal structures have not been reportéd on the symhcnc sterols:,

thc&eforc attempts were made to crystallise them, and obtain X-ray data.

Ergost -5-en-3f-ol (22) was chosen as the first sterol. Of the htcratumc mcthods for

3
M'( '



cryst’al‘lisation of stcﬁ}‘ls323 325-327 and .(using 40) stcro] acctﬁics327 investigated, the .
mcthod of Nordmal‘l and coworkcrs325 provcs most cffccuvc in: thls case. Howcvcr,
athough an X-ray dxffmcnon pattern is obtzuncd itis nox solvable usmg standa:d
'. tcchmqucs Like other sterols, 22 aystalhscs with four or more molcculcs per umt
~ cell, 323 325 ghich g1vcs too many atoms in the unit cell to obtam an exact solution. In A
collaborauon with Professor Nordman (Umvcrsny of MJchlgan. Ann Arbor) the structurc
solunon of 22 is under mvcsn ganon using advanccd computanonal methods dcvclopcd for .
analysxs of complex mo]cculcs ) |
N With the full a551 gnment of the proton and carbon-13 NMR spectra of funglchromm
(lj'known the effect of complcxmg by sterol mlght be 1nvcsngatcd by:NMR whx\&ji)uld"
_ gwe direct information on the rclatwc molccular orientation of polyene and'stcrol molecules -
in thc complex. Howen er, because the c; plcx does not form in systcms commmn g largc
amounts of organic solvent,89 and bccau%c the sterols are poorly soluble in aqueous _me;ha,
NMR experiments on mixtures of polyenes and stcrols must be done in anon-
homogeneous state. Early cxpcnmcnts used proton NMR of vcsxc]cs 140 Deuterium NMR
- has also been used on vcsxclcs commmng deuterated sterol146 or hp1¢143 A smnlar
- approach by ESR usmg spm Jlabelled steroids130: 145 148 or hpldsl30 144, 145, 147,
1493156 a5 also been rcponcd as havc studies of the changcs in the proton and sodiun-
23 NMR spectra of nystatin bmdmg to sodium ions.60 Pierce et al 157 used phos;ﬁ':orus-
31 NMR to study pcxmcabxlny chan gis of vcsxclcs with or without sterol upon binding to
nystatin. No direct structural information on the sterol-polyene complex geometry is
available from this work, however. ' , | 5
The availabi\ity of 1 labelled, at most positions with deuterium from the biosynthetic
¢ stndics_ prompted investigation of binding by deuteriurn NMR. In collaboration wuh Dr.
Tan Smith (National Research Council, Onawa),“thc deuterium NMR spectra of this
© material in vesicles with or without stcmll43' 146 is being investigated.

Another approach to the use of NMR to ifivestigate binding, which overcomes the
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: rhe two pomts of attachment in.thé uufial‘l)@iomcd co?nplcx

problcms associated with solubxhty of the componcms dunng the NMR cxpcnmcm

mvolvcs photoa{ﬁmry labclhng 328' If a modrﬁcd stcrol posscsswg a photoacuvatablc
funcn})nghty is bound to the polyene, and the complcx photolyscd thc rcsulnng rcacmc

~ intermediate on the sterol may react with the polyene, to form a ncw cova]cnt bond Wxthout )

the polyene, the mttrmcdmc reacts by rearrangement, or wuh 1}’\: solvcm. Aftnr xsolanon.

strictural arralysrs oQ.hc cova]cnt adduct in the solvcnmf choxce eou]d revcal t& snc of .
v

anachmcnt of thc stcnol to thc polycnc The site of anachmcm may reﬂcct the proxumty of

A wrde variety of photoafﬁnity labels 328#9‘21141 many Jabelled steroids, 329 336 |

(

e
havc been reported. In somc cases, thc naturcﬂ a,ﬁ~unsamratcd kctbnc of certain steroids

* has been uséd for pho;oafﬁmry labcl}mg 335- 339 Gne of the most attracnvc SN

, photoacd’vatablc groups is thc 2—d1azo-3 3 3 mﬂuoropropronyl funcnon&hry 340, 341°

: “hrch has becn attached to Spcrrmdmc and spcrmmc 342 sugars 343,344

~a

pho,sE)hohprds 345- 348 B ﬂaphthol 349 renna} 350 chymotrypsm341 and hormones.351
Usc of this group has scvcra] advamag's First, 2 carbcnc is gcncratcd upon photolysrs

* Carbenes are well lmown to be less sclccuvc than mwts which are thc other commonly

* used species. Such selectivity is desirable, since the carbcnc then undcrgocs rcactron wnh

the molecule to be labcllcd at the closcst site, in prcfcmncc to anack at the most reactive
site.341 Second, Wolff rearrangement, often a maJor srdc-rcpcnon in carbenes, does not
occur to as great an cxtcnt dueto stabilisation by thc tnﬂuoromcthyl group. 341 Third, the
tnﬂuoromcthyl group allows fluormc 19 NMR to bc uséd as a probe for new compounds’
in the complex mixture of producxs Thc hlgh scnsmvny, largc chemical shift dispersion,
and lack of mtcrfcrcncc in ﬂuonnc bQ NMR makc Ihxs vcry attracuvc The location of
fluorine closc to thc réactive snc makcs thc chcxmcal shrft hi ghly sensitive to the nature of
the reaction products Fma]ly, thc group is stablc to aqucous HCl 341 Thxs stablhty allows
synthetic manipulation dunng prcparation of the dgsm:d s‘terols o

First, the pho!oafﬁmty nhcllcd stcroid 3[5 (2'-drazo-3' 3 3 mﬂuoroproplonyl»

IS \__,‘ . . ';_ TN gy



‘generate Lhc alkoxide anion, followcd by addition of p mrmphcnyl 2- ‘31
mﬂuoropropxonatc gives 72 in 80% ylcld (Scheme 30).

Scheme 30.

HO -
3
(1) n-BulLl, THF (
/ N~ Y
A .
(2) ozw-@-o *N
! O CF3 /

o .
oy *
VN 72
N so%

Delcrrmnanon of the bmdmg constant of 72 to fungichromin (1) shows that L}us
compound binds only very weakly, if at a]l to the polyene: Kapp S 10 M- 1, This rcsult is
somewhat surpnsmg, since literature reports indicate that cholesterol acetate (5) binds to
,po]ycncs albeit more wcak]y than cholesterol (3) itself.89 Further studies show that, in
10% THF[watcr acetate S blnds tol; howcvcr S has apparent bmdmg constant Kgpp =
‘460 % 50 M Yanda coopcratmty n = 1,02 1 0.05, as compared to cholcstc:ol (3), for
| ‘whxch Kapp = 2500 + 150 M- ] and n=2.001 0.07. This result sug gests that the presence
of 1hc acc}atc group in S diminishes the ease Qf binding of the first molecule of sterol, and

[ .
- completely prevents the cooperative binding of a sccond\molcculcf Clearly, the larger ester
. : / v



*atom of cholesterol.

strongly at 237 nm."Expcn’mem.

. ¢ -' N - /‘) .- g (’ . J . 91
group\in 72 as cqmpared fo 5 furth: - duuni-hes the binding. Although other explanations

are-available, the Yesults suggest steri - iru “erence o binding by groups on the oxygen

~

Despite Lhcvlack of b iy s, i “yreaduv available 72 proved useful in

‘prelliminary investigz do:.s “f the r:Zpo§cd 1:be: lirg proce:;s. Compound 72 absorbs

phbtolysis inaquartz .nbe by a i7: CH P essu: = mercu-y lamp leads-to a variety of .
products, as shown by ﬁ\ orine- . T\MP\ The half " for photolysis (ca. 2 - 3 hr) can be
readily determined by dxssol,v;. . aliquots r\“\ﬁﬁé «spension in THF, and by fol]owmg lhc :

decrease in absorbance at 237 nm by ultraviolet spectroscopy. Thc same experimentona

~ control'shows that a slow (half-life ca. 24 hr) spontaneous decomposition occurs.

When fungichfomin (1) is photolysed under the same conditions, rapid
decomposition occur;.352 The half-life is of the order’of 3 - 4 min, which clearly makes
the photoaffinity labelling experiment impossibl‘c.. However, usthg a diffraction filter which
transmits the mammum a;nount of ljghtlét ca. 235 nm between the lamp and the reaction
vessel csséntia]ly prevents decomposition of the pdllycqc, which. absorbs above 300 nm, as
shown by UV spectroscopy and re- -isolation of 1. ‘

The chosen photoaffinity label is also am'actJvc bccausc itcan bc :condensed with a
side-chain steroi-al alcohol. Derivative 46 is an ideal candldatc. The product may be -

converted to 73 which is potentially approximately iso-steric with crgost-5-cﬁ-3B~ol (22).

a suspeAsion of 72 i 10% THF/Water show that ~ ~ ~

/
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Treatment of alcohol 46 with n- butylhthrum followed by-adidition of b

oy mtrophcnyl 2—d1azo-3 3,3- tnfjoropropxonatc glvcs 74 in 24% yield (Schcmc 31). Dcspxtc

d‘chcraJ variations of condmons and the use of N, N- dxmcthylammopyndmc ds basc .

| instead of n- -butyllithium, the yield is never higher. One possible cxplananon for the low

yield is that reaction of the alkoxide anion of 46 with the dxazo—cstcr rs slow by’companSon _

with that of the cholesterol anion. The remaining base may then dcsrroy the photo%’{ﬂmty

label. ‘ S ;
Scheme 31. g
OH t
; >
‘/
OMe Y .
. o .
) neBuLl, THE L ) | <
o om-@-n o s
: . (o] CF3 .
0
- .~ : CF :
- OJLTr ’ p-TsOH
;:, H,0, .oxan . (
- . HO _
74 — 73 §

24% | - 93%

_ qcorrespondmg acid chloride, a more
xr’ TN

5- | Acid chloride 75 was prepared, albeit in

"K

+ poor yield, follomn the method of Chowdhry et al 341 Trifluorodiazocthane (76) is -
g

~

In ordcr ty circumvent this prob

.Teach i acy]aung agent, could pcrhap& "

readily prepared by reaction of trifluoroethylamine hydrochloride with sodium nitrite D

(Scheme 32).353 Reaction of 76 with phosgene affopds 75.
' /
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CF,CH,NH;* CF F,CHN2 > CF,cnzcom'
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. & : 58% 13%
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. .0
. Condcnsangn of a]cohol 46 with acid chlonde 75 usin g cither dcprotonauon with
. v

n- butylhthmm or N, N- dlmcthylanunopyndmc as basc faﬂcd to gwc 1mprovcd ylclds of

»

74. However, the cfﬁcxcnt conversion of 74 to 73 under acid catalysis by P-
olucncsulfomc acxd267 (Schcmc K3} compcnsatcs somewhat for the poor y1‘i€1d in the ﬁrst
stcp_., A , y .
A bmdmg curve for 73 cleaﬂ@ws cfﬁcxcnt bmdmg to fjﬁ;chromm M El‘hc ’
data fits the Hill plot, gwmg a bmde constant Kapp (2 510.15) X 103 M-l anda
-coopcrat1v1ty n= 2 6 + 0 1 (comparc with cholesterol, Kapp (2 51015 X 103 M1 n
. = =2.00 +0.07): 73 binds as strongly to fungichromin as the tz{@\\/@ut with higher
: \/-/‘ cooperatiyity. However, upon pcrfonnancc of lhc photoafﬁmty labellin xpcrimcm no
new labelled adduct can yc dctccu:d by TLC or proton or | fluorine- 19 NMR. Thc results’ do,
hOWC‘ST, clearly’ show that considerable photolysis of the dlazlo-cstcr occurs to gvc a
\f product digribution simi]-ar to that obtained upon photolysis of 73 alone.
On1 possible cxplanation for the lack of labelling of ﬁmc poiycnc by the
photoafﬁmty -labelled sterol, despite the implied formation of the carbene, is that the sterol

. side-chain is not in close proximity to thcé)]ycnc n thc complex. H'cwcvcr the

cooperativity for 73 binding to fungichromy than that for cholesterol (3)r

_4su ggesting that the sid(:-chain structure influences binding. Possibly, the side-chain in
cholesterol rc:iuccs the effectiveness of binding due 1o unfavorable steric effects, while a
different (:onfonﬁan'on of the side-chain in analogug 73 rcd.u'ccs or climinates these effects
bccaﬁ"se the side-chain is nd longer close to the polyene. &ﬁ:’civably. the difference in

conformation arises from different effects in solvatidn of the more polar side-chainin 73

i 3
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. and the fl‘pophxllc side-chain of 3. Sterol sxc‘o chain length has bccn shown to 1nﬂucncc |
/ bu’fdmg of po]ycncs 129, 132 174 Sterols without a 51dc chain (e g. androstcnc 3[3 ol) do
" not bind in the cases cited. 174} \\ N .
Consxdcrablc evidence in thc111craturc shows that binding is more favorable for
sterols possessing a 5.7»d1cnc (e. g crg?stcrol (4)) than for thosc‘wnh a sin glc doublc - o
. bond at the 5-6 or 6-7 positions; (e.g. cholcstcrol (3)) (see introduction). This cffccuiag

——

been generally accepted as Ci}ndica‘ting that a flatter, more planaxf suucturc,@ecially in'the A
J B-ring of the sterol, favors binding. Cicarly, this favorable binding indfcates that lh>B¥ri‘ng .
is in close proximity to the polycnc in thcA complei; su\ggestiﬁ g that location of a P
phoioafﬁhﬁy label as a substituent in this area of the sterol mighfbe desirable. A suitable ™
comPound could be produt% by acylation of a hydroxyl group in a:;droxyl éd stcrol
Oxidation of the enolate of cholest-4-en- 3 -one, usmg methods dcvcl?}g in thls354
an‘ﬁ othcr355 356 Jaboratories, could possxbly lead to 1ntroducnon of a hydroxy! group -)
.into the sterol, ully at C-2 or C 4 rather than C-6. therature precedent357 suggcsts
that the hnﬁ:vorw enolate Torms by deprotonation at C 2, wifile the
lbcrquynamically favored enolate forms at C-i. For the oxidation, the method of Davis et
al 356 using oxazin'dirlé 71,355, 358% selected.

Reacuon of benzaldehyde w1thithanol catalysed by cation cxchangc resin, gwes
benzaldehyde dlc(ﬁyfacctal (78) (Scheme 33).359 Upon heating of 78 with
benzcncsulfonamxde condensation occurs to gwc imine 79.356 Epoxidation of 79 with
‘meta - chloropcroxybcnzolc ac1d then affords the d sired ncagem 71. 355 358

Formauon of the cnolatc( s) of cho] 2st-4-en-3-one =t -78 OC wnh hthmm
diisopropylamide, followed by addition o 77, gives mainl- recovered starting material.
However, extensive purification affords 8% of a hydro\ylat\c\d sterol that is ca. 90% pure.
In'the préion NMR spectrum, the olefinic proton appegrs as a sharp singlet, indicating that
the product is not the C-4 hydroxylatcd compound since it would posscss an alkcnc meo;
at C 6 Wthh would show coupling to H-7. The proton on thc,cafﬁon b‘oanng the hydroxyl

~ , ‘ >
8
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group is a doublet of doublets, J = 3 and 3 Hz. These two Q‘qual and small couplings show
r N .

that the proton is equatorial, and thus, surprisingly, that oxidation occurs on the B-facc of
ling would be expected, since one adjac‘crm

.
iy SN

the sterol. If the protdy were axial, a large.coyj

«

pro}o'rrmust be at a dihedral angle close 6 1800, Ho&g‘cv&, these rcsufts do not allow

dis'tinction between hydroxylatipn at or C¥6‘_'1;hc structure isk readily solvéd from the ‘
proton-protgn COSY spectrum of the matcrial. Exarrlijnation c;f the 5pcctrum reveals that the
proton on the carbon bearing the hydroxyl group couples to two protons at chemical shifts
e of & 2. 03 d & 1.26. These two protogs must be either the protons on C-l, in ,thc C2
“ hydroxrylated compound, or those on C-7, in ihc C-Qy&oxylatd compound. Close
"+ examination of the COS‘Y spectrum shows that the signal at § 1.26 i5 a doublet of doublets,
J =ca. 15 and 15 Hz. One of thcse coupling constants’is the geminal couphng constantto -
k the other proton on the same carbon atom. The small COUpU,(& Hz) to the proton on the .
hydroxyl-bearinj g carbon is not observed due to the'limi of rcsoluuon The residual large
coupling constant remains to be explained. Ex.planan’on is difficult if thc sngna] al 8 1.264s
duc’!o a proton at (-1 in j\c C-2 hydroxylated compound, since C- 1 is ad)accm to C 10,a -
,"/, quaternary centre. However, if the signal isduc to a proloq at C-7 in the C-6 hydroxylate3

! compound, thefesidual coupling can be explained i‘ca@ily: i\is}duc to coupling to the
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. proton at C-8. These experiments thus show that the i)roduct is 6B-hydroxycholest-4-en-3-

one (80) (Scheme 34).

Scheme 3_4'.

(1) LDA -

Unfortunately, 80 is the only regioisomer that is not suitable fqr synthesis 6f a
photoafﬁnity analogue, bcc.ausc the double bond is now 'fixed' in the wrong position. A
further problem with this approach bccomc.s apparent when the photoafﬁrﬁg-labellcd ester
of cholesterol 72 is treated with'sodium borohydride in methanol, as a model for-the |
subsequent necessary rcductibh of the ketone moiety in photoaffinity-labelled derivatives of |
hydroxycholestenones. Rapid decomposvition of the diazo-ester moiety of 72 oceurs dponrj :
the trcatrncrit. with borohydﬁde. Fluorine NMR indicates a mixture of products, which is
not readily scparﬁblc by chrom'atography. The problems associated with this approach
prompt investigation of a different schcmc. An alternative syrithetic 'noutc to a sterol with a
photoaffinity label substituent close to the B-ring involves substtution at C-7. Rcdhétion of -

- a C-3 protected stc‘;ol with a ketone at C7 could in principle give a mixture of epimeric

v

a]cohols; which could then be used to attach thc»la,bcl. In order to determine which of the

(e

two epimers binds most effectively to fungichromin (1), the C-7 acetates can be used as-



models. .

Oxidation of cholesterol acetate (5) with chromium tn'o;;ic in équcous acetic acid
accqrding to the method of Dauben and Fonkcn360 givcs 7-ox§ch01éstcxbl acetate
(81)240, 360 in 21 yield (Schéme 35). Deprotection at C-3 with potassium ¢ -butoxiac in
aqueous THF affords 7-oxocholesterol (82)361 quantitatively. Sterol .82 i‘s‘rcadily
pfotected as the tert -butyldimethylsi]yl ether 83 with tert -bﬁty]dimemylcsilyl chloride and
imidazole in DMF.362 Ketone 83 gives a mixture of a- and B-alcoholsj84 and’85 upon -
reduction with sodiﬁm borohydride in methanol/THF or lithium alunﬁnium hydnde in
THF. - | e

This mixi = is readily separated by chromatography, which 1s in ﬁmrkcd ;:ontmst
to separation of the mixture of alcohols produced when acetate 81 is rcducccf. In contrast to
the reduction of 7-oxocholesterols to equal amounts of both isomers, as described in
literature repons,363’ 364 reduction in this fashion affords the equatorial 7B-hydroxy-3f-
(tert -butyldiméthylsilyloxy)cho]est-S-en‘c (84) in preference to the 7a isomcr 85. The ratio
of isomers, determined by NMR, is 83 : 17 with both borohydride and lith?um aluminiufn
hy(iridc. This ratio reflects the e:xpectcd preference for attack on the o-face of the sterol.

At this point, an ahémativ; ai&gro ch to investigation of the mode of bindin\g/Of :
sterols to polyenes becomes apparent. If fluorine were introduced into the sterol,
examination of the fluorine-19 NMR of sterol in vesicles with ana without polyene might
show d:ferences in chemical shifts and coupling constants that dcpcn(i on the location of
the fiLorine. Furthermore, heteronuclear nuclear Overhausc_r effects could perhaps be
observed between the polyene proton;rand the sterol ﬂuorinc:‘,~ allowm g direct de!émﬁnadon
« of puin's of proximity between the two molecules. The use of ﬂ'uorinc-l9 NMR is
arrractive for the same reasons as those that applied i the photoaffinity labélhng

experiment; introduction of fluorine at C-7 appears idea. for the same reasons as those that

prompt&i the introduction of a photoaffinity label at that site. N
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Remarkably, treatment of *+ ne acetate 81 with diethylaminosulfur trifluoride
_ (DAST)365» 366 fails 10 give-any reaction. However, the redalicczi alcohols 84 and 85 do
react readily with DAST to afford a mixture of three fluorides, as shown by fluorine-19
NMR of the cruqircaction mixture. Interestingly, aqueous work-up, silica gel
chromatogaphy, or)\Isirnply stirring with silica gel for a sﬂort time (3 - 5 min), causes
complete deco_m'position of the fluorides. The product is a mixture of Val‘cohols, 84 and 85.

in a ratio of ca. 20 : 80. The ratio is independent of the aléoh__ol used as starting material.

Curiously, however, although either starting matérial gives a mixture of fluorides, some net
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memory of the stereochemistry of the alcohol must be retained, since the ratio of fluorides

1s different fr 4 than from 85. A schgmc consistent with these obschations is shqwn
(Scheme 36).
Scheme 36.
W
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- Either alcohol gives rise to a mixture of isomers, as is expected with DAST
reactions, which proceed lhrough a partially carbocationic intermediate. However, the
" observation that a different mixture is obtained depending on starting material is most

readily explained by assuming that a direct SN2 displacement mechanism is also taking

place competitively. In this case, hexane is the reaction solvent: use of hexane reduces the

99

carbocationic character of the transition state leading to substitution, and hence should favor*

the SN2 path. However, the carbocation is stabilised by resonance, and the other resonance

form places charge on a tertiary center. The formation of three fluorides is thus readily
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explained: the products are the two epimeric 7-fluorosterols, and the (probzibly o) 5-
fluorosterol. The observed fluorine-proton éouph'ng constants are consistent with this
assignment. The stability of the resonance-stabilised carbocation is sufficiently high that
water or silica treatment regenerdtes this species. The carbocation is then trapped by water,
whi.ch attacks it prcdo'minahtly on the less hindered, o-face, giving 85 as the major
product. As is’expected with this mechanism, small amounts of a mixture of alkenes are
also formed, due to ciiminatiqn from the carbocation. An altcrnétive mechanism could
involve formation of intimate ilo&'bairs 1n either or both steps: this'r;icchanism could
account fbr the prcdomina?n inversion obsérvcd.

Clearly, the fluorides are too unstable for examination of binding to fungichromin
(1); however, thg introduction of fluorine into the steroid is a novel apprgach,,and may

. well be worth further invcstigafion.

The ‘DAST reacﬁ:on does prove useful, since it enables conversion of the major,
equatorial alcohol 84 into the minor isomer 85. If 85 is the desired product, the mixture of
alcohols from reduction of 83_may be used directly as starting material. Clean inversion of
the stereochemistry of either 84 or 85 is not a simple task. Attempts to convert 84 into th’c
trifluoromethanesulfonate for displacement, using trifluoromethanesulfonic anhydn'dc,’j_67

' Tresult in formation of an intensely blue solution. The same colour has been observed upon
treatment of steroidal C-7 alcohols with concentrated sulfun'é acid,368 and is probably due

. to formation of the carbocation. Stary and Kocovsky369 report that attempts to invert the
stereochemistry of C-7 steroidal alcohols by the Mitsunobu reaction give myxtures of
isomers or do not prbcccd in a satisfactory manner (also compare results dcsén'bcd later).
This {E’sult further emphasises the stability of the C-7 steroidal carbocation, since the
Mitsunobu reaction generally proceeds stcrcospcciﬁcally.370

Perhaps due to facile inversion of s:tcrcochcmisny at C-7, conflicting reports on thc_
physical and spectroscopic characten'stics of C-7 substitute. stgrols exist. 368,371

Therefore, stereochemical assignment of alcohols 84 and 85 is crucial. This assignment is
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best achx;vcli by hi gﬁ-ﬁéld NMR,‘WhiCh was not avail ab}&a'. t the umc of earlier work. For
the #nor isomer from the rcducﬁon (85), the proton NMR sxgnal for the olefinic proton (&
5.55) is a doublet of doublets, J=52 and ca. 1 Hz. In the major isomcr (84), tﬁc olefinic
proton (8 5.24) appears as a doublet of doublets, J = ca. 1.6 and 1.6 Hz. The larger
-coupling for the mmor isomer suggests a dihedral angle close to 0°, while the small
coupling in ‘the major isomer suggests a dihedral éngle close to 90°. Careful cxammanén of
‘ molecular models, important here because the double bond makes the ring adopt a pseudo- -
~ chair conformation, supports the prop;o'scd structures. Examination of the cdupling 7
constants of the C-7 protons in each isomer provide: further support. Alcohol 84 shows a
broad ddublet, J = 7.2 Hz, while 85 shows a broad doublet of doublets, J = 5.0 and 5.0
Hz. The larger coupling in 84 is due to coupling’to the proton on C-8, with a dihedral
angle slightly below 180° (Figure 18). "

Figure 18. Proton NMR coupling constants for assignment of stereochemistry of

alcohols 84 and 85.

Treatment of 84 with acetic anhydride and pyridine249 gives acetate 86 cleanly,
+ while 85 affords 87 (Scheme 37) Deprotection of 86 with tctra-n-butylammoﬁium |
fluoride362 then gives the desired 7BQacctoxycholestcfol (88), while similar treatment of
- 87 affords 7a-acetoxycholesterel (89). 4
) Binding studies with 88 and 89 show that the equatorial acetate 88 does not bind

fungichromin (1); however, axial acetate 89 binds with apparent binding constant Kapp =

(2.22 +0.15) X 103 M-! and cooperativity n = 2.0 £ 0.1, close to the values for
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chdlcstcrol. This result is unexpected, since the widely-held belief that Binding is optimal '
for sterols possessing a flat B-ring would suggest that 89, witha large acetoxy group lying
below thc‘planc of the sterol, and on the less hindered, a-face of the molecule, should bind

]

less ct”'fct;tively. This phenomenon merits further study.

Scheme 37.
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The model studies of acetates 88 and 89 show that the 7a-isomer is required for
photoaffinity labelling cxpc{i{mc_nt's‘. Condensation of alcohol 85 with acid chloride 75
proceeds more efficiently with catalysis by N,N—di_mcthylaminopyljidinc, than with prior

deprotonation with n-butyllithium (Scheme 38). However, the product 90 is unstable to

W

=y
v this decomposition is probably due to facile formation of the C-7 carbocation. Rapid flash

silica gel chromatography, decomposing back to a mixture of alcohols 84 and 85. Again,

~

chromatography372 allows purification to approximately 80% purity. The material was not

purified further, due to problems assogiated with deprotection..
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Initially, the photoaffinity-labelled ester of cholesterol 72 was used to test the
stabﬁiry of the n*iﬂuor@&azopropionyl group to possible condidons’fg@cérotcction of the
o e Scheme 38. & '

TBDMSO

~

) DMAP

TBDMSO

L
90 e

75% . N

80% pure N -
tert -butyldimethylsilyl group of 90. Treatment of 72 with tetra-n-butylammonium fl »ride
in THF362 leads to rapid dccom'position. The product shows many signals-in the ﬂSor‘m -
19 NMR spcctrum,“and the fluorine containing producté are not readily isolable. However,
chole_stcrol (3) is obtained in 52% yield (Scheme 39). A similar result is obtained when 90
is treated 1n the same manner; litde deprotection-occurs while the photoaffinity label moiety
is completely decomposed. Another method for deprotection of tert -butyldimethylsilyl
ethers uses aqucoué acetic acid and THF at 50 0C.362 Ester 72>is stabl; under these
conditions, as is expected from the conversion of 7410 73, whiic tert -butyldimethylsilyl
ether 83 is partially deprotected to 82. However, 90 dccompéscs rapidly unldcr the same
conditions to form a mixture of alcohols 84 and 85. This mixture probably results from

protonation of the ester, which facilita: cs elimination to the C-7 carbocation whith is then

~

‘rapped by water (Scheme 40).



oY
®

R

Compounds 72' and 86 were used as models in exploring the possible desilylation

" of 90 by the method of Kendall et a1.373 Redction of 86 with sodium flucride-

wd

Scheme 39. -
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hydrofluoric acid buffer at pH 5 in THF gwcs only very slow dcpmtccuon while 72 under
the same conditions undcrgoc\fastcr decomposition. Treatment of model compound 84
with cation cxchangc resin in methanol and THF using Lhc method of Corey e: 374 lcads

to extensive dccomposxq& to a complex mixture of steroids, including a variety of.
chrmnauon products. Similar products are observed when 84 reacts with potassium

fluoride and 18-crown-6 in acetonitrile. 375 thxum tctmfluoboratc 376 prepared from

W lithium hydroxide and fluoboric acid, in dxchloromcthanc and acetonitrile leads to pamal

deprotection of 90; however, complete decomposition of the diazo-ester functionality

occurs over the saroe time period. The reaction proceeds by slow decomposition of

) {ctraﬁuoboratc 10 ﬂuonde which thcn cffccls dcsﬂylauén Probably, the fluoride attacks

the dJazo'cstcr moiety, as described abovc in the case of tetra-n-butylammonium fluoride.
?

Clearly, deprotection of the tert -butyld1mcthy151ly70up,,m the presence of the

kphotoafﬁniry label is not promising: a more readil Jcleavod rotecting group at C-3 is

desirable. Base-labile protcc;ng groups are precluded < ue to the scnsiiivity of the diazo~
ester to these conditions, while %cid-labilc protecting goup’s lead to elimination to the C-7
carbocation. LA

- An exceedingly labile protecting group is the trifluoroacetate ester. Literature
precedcnt377 suggests that selccn';c trifluoroacetylation at the C-3 hydroxyl group of
steroid diols is possible, because C-3 is arelatively unhindered center. Dcpmt&don of 7Ta-

alcohol 85 with tctra-n-butylamm%nium fluoride in THF gives 7a-hydroxycholesterol (91)

(Scheme 41). However, reaction of 91 with 1 equivalent of tn'ﬂuor\oacctic anhydnide in

R ,I' «.

pyridine gives an inseparable and chromatographically unstable mixture of equal amounts
(by NMR) of 3B- and 7a-monotrifluoroacetates, probably along with the di-
trffuoroacetate. Thus, in this case, reaction is non-regioselective, at least at room
temperature. |

To test whether the trifluoroacetate éroup might be removed selectively in the .

®

presence of the trifluorodiazo-ester, the mixture of trifluoroacetates was solvolysed in

)
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more rapidly: none remains by TLC within 90 minutes. Clearly, trifluoroacetate is not a
promising protecting group.

L > Scheme 41.
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Catalytic hydrogenation of 72 under conditions that cleave benzyl ethers, for
example, leads to decomposi;ion. The major prdduct is an inseparable mixture containing
 the 3,3,3-tifluoropropionate ester of cholestérol (9/2) and some dihydro compound 93

(Scheme 42). This result indicates that use of a pragecting group that is removed under

AR S -

these conditions is not promising. ¥ : '

Scheme 42.

| - _ . 0
' : Lo F3~C\)LOJ:$\

FaC o EtOAc ‘
* ‘ . -
N 72

g D o
- Fac\)Lo i
. . &

93

5% Pd/C, H | 92. ’



B 107
} One attrat:tivc potcntial"protccting group is the ortho -nitrobenzyl ether.379, 380
This group is readily removed upon photolysi§ at wavelen gt}ts above 300 nm.38! Since the
photoaffinity labél motctz gbsorbs at 238 nrﬁ;thc simple expedient of photolysis in pyrex ,
*'»apomtus might allow Sclioctivc photolysis of the protccttn g .gi:oup
Howcver all attempts to prepare O- (onho mtrobenzy}) cholcstcrol as a model

. study, were unsucccssful Treatment of Ch »

¥
< 208,

and N,N- dtmcthylammopyndme falls‘io g&
butylhthtum or tetramethylammonium hydroxxdc followed by addmon of ortho -

nitrobenzy! bromide, also results only in recovered 3. Although the ring nitro group s
cxpected to destabiljse the benzylic carbocation, an SNI reaction might afford the desired

product Howevcr {reatment of 3 and ortho mtrobcnzyl bromide with silver o \
tetrafluoborate in THF gives a complex mixture of products, wi’uch does not appcar to
contain any of the desired material as shown by NMR, TLC or partial punﬁcanon. In

contrast, a similar reaction in DMF gives a new product by TLC, which isolation and
i - ‘ .

'spectrai analysis shows to be oholcstcryl*forrnatc (94). A possible mechanism (Scheme 43) .

”

involves attack by DMF on the cation generated by silver-assisted removal of bromide from
{ . .

ortho -nitrobenzyl bromide. Attack by 3 then gcncrétcs a tetrahedral intermediate which
collapses to the formate. Interestingly, no literature precedent appears to exist for ortho -
nitrobenzyl ethers of secondary alcohols. Preparation of thede potcntiaily useful

compounds merits further study. Clearly, this protecting group does not appear promising

-

in this case. 1 - v

The dif: ﬁctxltics associated with the dt:protcction of C-3 protected sterols »Q\"ith a
labile subs'*~sent at C-7 su ggest an approach to the target-molecule by acylation with the
photoaffinity label as the final step. However, direct selective acylation of diol 91 with acid
chloiidc 75 is unpromising: the facile fonnation of the photoafﬁnity labelled ester of -
cholesterol 72, éomparcd to the ot_hcr slower acylations to give 74 ancz 90, indicates that

rc‘éfcﬁo}t will probabty proceed predominantly at the C-3 alcohol. Furthermore, the
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.
instability of the C-7 photoafﬁmty labelled steroid 90 to chromatography md::atcs thata
7clcan reaction is dcsued to gllow rapx%chromatographlc isolation of the desired product.
Thcrcforc, an a]lematwc approas 1 involving acylanon of aC-7 axmnc:342 or thl01382
appcars attractive. Thc enhanced nuchcny of these groups over that'of the C 7

alcoh/g}xm ght lead to selective acylanon at this posmon

Scheme 43. N

» l(or on workup)

nuc

| NO, . .
O + ROCHO + Msg,NH
94 :.
| 3

One route to these synthcnc targcts might be through Mitsunobu reaction on 7f3-
alcohol 84 with thiol or amine nuc]eophxlcs to give the 7a-substituted product. 383
However, treatment of 84 with triphenylphosphine and diethylazodicarboxylate under the
usual, 383 or modified, 384, 385 Mitsunobu conditions, fojpwed by treatment with either . g

glilhium thiolate or thiolacetic a

id, fails to give the desired 7a—s§stitutcd product. This

¢
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rcsult isin agrecment with a lm:ratun: report dcscn‘)mg inability to perform Mnsunobu
reactions on C-7 hvdroiglated stcr01ds possessing a $- 6 doub]c lﬁnd.369 Alternative
routes to the 70 aminc syltituted cholesterols are carrently under investigation.

o Thus, photoaninit; labelling of fungichro’min (1) by stcro/Lé’ has not yet been
demonstrated. The approach of placing a photoaffinity label asa s\u'osu'tucnt on mc sterol
may be fundamcm;ﬂ]y problematic. :I‘hc product sterol may not’ bind if the label is close to
the polyene in the complex, due to unfgvourable ste.ric; effects. However, when these
effects are absent, the label moiety may be too nfar removed from tlxc polyene for the °
carbene intgﬁnediate to attack. This possibilit akes thé side-chain dcﬁvativc 73

_particularly attractive for other studies of sterol _hoto—éfﬁnity labelling.

v The results do, howcvcr suggest a prb ising approach. Placement of axial or

. “
“

7 equatorial subsmuents at different locations on the sterol followed byggxamination of the”
effect on blndmg, may allow’ mappmg" of the steric requirements for binding, and hcncc
of the polyene surfacc n thc complex.

An 1nvesuganon into the effects of introducing substituents into'the stcrol in xhc |

theorcucal model of Fmga and coworkers would be 1ntcrcst1ng Thc resulting interaction

109

A

cncrg1es relative to that of cho]cstcrol could be comparcd with Cchmr)}ntal relative binding

co “’Tmnts.

, - 4
Conclusions ' W - ©
Sterols have been prepared synthetically by novel or literature procedures to

14
°.

determine the requirement for double bonds in the sterol 'B*-ring and side-chain for optimal

binding to polyene antibiotics. Notably, an efficient method for conversion of stcrol-S-cncs

mto 5 7-dienes has' bccn dcvclopcd A technique for ultraviolet spectroscopy of sterol-
polycn: mixtures has been devclopcd that gives rcadlly analyscd results, and is a rapid

method of determining binding constants. However, very lmlc differentiation between the

prepared sterols was found in this assay, although some sterol analogues have been shown

—
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: ﬁét t:o bind to fungichromin (1). A photoaffinity labelled sterol analogue, with the label in
the side-chain, has been prepared, and binds to 1. 'ﬁowevcr, no novel product was~
dctcct::gdin the labelling experiment. Both 7a- and 7B-acetoxycholesterol wcfe prepared: the
7a-rcompound binds well to 1, in spjtc of t}:é é;»'(ialvsubstituenL The widely-held belief that a
planar ﬁ-ﬁng is necessary for efficient binding is not consistent with this result. Further
- studies should'allow determination of '-the sterol structural requirements for efficient binding
to 1.

"~ ~.NMRisa ﬁromising technique for probing the structure of polyene-sterol
compléxes. Full assignment of the proton and carbon NMR spectra of polyenes may be
'a'ccomp'lishedﬂby a corﬁbinadoh- of 2-dimensional NMR and biosym}_jéti.c experiments. Such
an approach may be of use in the structural ¢1ucidation ‘of polyene antibiotics, many of
which do n\qt have Nfuliy known structures. Thc novel technique (;f using a rhixture of
labelled »pr.ccursorsﬁwhich"are relatively efficiently incorporated into, for example, acetate
units, gay permit rapid determination of the full carbon connestivity pattern of polyketides.

- The biosynthetic studies on 1, which are the first on polyenes using stable isotopes,
show that the polyene macrolide ring hasa pol)fl-.ctidc biogenesis. An interesting feature in -
fungichromin (1) is the unprecedented intact incorporatién of octanoate as a unit into a
polyketide métabolite. The ocmﬁoate derives in turn from degradétion of oleate.

-



Expcrimcntaih
Gengral

All reactions requiring non-aqueous conditons w‘é;r_c performed in oven-dried
glassware under a positive pressure of argon. All solvents were distilled. All reagents were
- recrystallised, or reagent grade or better. Commcr‘%ially available labelled precursors were
puro!xased from Cambridge Isotopc Laboratories (Wobum, MA). Water was f'mm a

" Millipore purification system. All organic layers obtained from extractions were dried over

‘anhydrous Na;_SO4' The term in vacuo refers to the removal of solvent on a rotary
/

evaporator follo»\ed by evacuation 1o constant samplc weight (< 0.05 mm Hg). All
. reactions were followcd by thin layer chromatography (TLC) using either UV fluorescence,

iodine staining, or dodecamolybdophosphonc acid for visualisation. Commercial TLC _
plates were Merck 60F-254 (silica) or Merck RP-8 F-2543 (rcvcrsc phase). Silica gel for
column chromatography was Merck type 60, 70 - 230 mesh. Flash chromatography was
pcrformed using the.method of Still et al 372 on Mcrck type 60 silica gel, 230-420 mesh. '
Medium pressure liquid chromatography (MPLC) was performed using either Merck type
60H silica gel (normal phase) or a Merck LobarIM }'IP-8 column, size B (reverse phase).

Hig essure liquid chromatography (HPLC) was performed using a Hewlett

Packard 1082B instrument fitted with a Whatman PartisiiTM M9 10725 column and UV
detector set at 254 nm. Gas chromagogr-aphy (GC) was performed on a Hewlett Packard
5890A gas chromatograph fitted witﬁ either a 3% OV-101 on WHP-]OO-12O 6'X1/4",
ora 80/100 WAW DMCS B8 L1120 " 16% UCW 982 carbowax cofumn, with helium as
the carrier gas. Compounds were detected using a flame ionization detettor for the former
~ column, or a thermal conductivity detector for the latter. c

Temperatures for kugelrohr distillation are those of the air bath surrounding the

distillation flask, and do not necessarily represent true boiling points (bp). Melting points

7
. Pad
v —

N

/ o 1
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(mp) were determined on either a Thomas Hoover or Buchi apparatus u_sin g open capillary
tubes and ér-e"uncon'cctcd unless otherwise specified. Nuclear magncﬁc resonance (NMR)
spectra wer recorded on Brucker WP-80, WH-200, AM-300, WM-360, WH-400 OR |
AM- 500193 instruments in the spccxﬁcd deuterated solvent with tetramethylsilane (TMS) as

internal standard for IH spcctra and solvent as internal standard for 13¢ spectra. All 19

spectra were recdrded using CFCl3 as external standard at a chemical shift of 0 ppm. 31P

spectra were recorded at 80 MHz using 85% H3POy4 as external standard at a chemical shift

of 0 ppm. Infrared (IR) spectra Wcrc detcrmined on g Nicolet 7199 FT-IR spectrometer.
Mass spectra (MS) were fecordcd at an ionizing voltage of 70 ¢V on an AEI'MS-50
instrument for high resolution electron imP%f‘ (E) ionization and on an MS-12 instfumcnt
for low resolution EI and for ammclrli_apand ;sobﬁmne ;hcmical ionization (CI). Fast-atom
bombardment mass spectra (FAB-MS) were recorded on an MS-9 instrument. Optical
rotations were measureq on Perkin-Elmer 241 or 141 polariméters with a microcell (1.00

‘mm, 1 mL). Ultraviolet (UV) spectra were recorded on a Cary 210 or a Pve Unicam

SP1700 instrument.

NMR mctﬁbds
Isotopic incorporations into fungichromin (1) were determined by comparison 6f

the heights of peaks, due to labelled and unla£>elléd sites, in the 1H-decoupled 13¢ NMR

. spectrum, accumulated with a relaxation delay of 1.2 s. Unlabelled 1 gave peaks of

uniform height under these coﬁdjdons. The 180 isotope shifts were determined in the usuals

fashion 107 by accumulation of the 1H-decoupled 1‘3C NMR sl‘)ectmm ov"cbr a narrow

window; the fid was then zcro—ﬁlléd once to givc a resolution of ca. 0.1 Hz/pt.. 'I"hc <H -

NMR spectra were accumulated at 61.42 MHz using a 19F lock of CgFg and 1H

broadband decoupling. . o

The 2D-1NADEQUATE195 spectra were recorded at 300 MHz. For the polyene

region of 1, 64 ~xperiments were performed, accumulating 1152 scans per experiment in a
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1K data block over a 625 Hz swccp width centred at 8 132 2. The relaxation dclay was 1 s.
The value of J(13¢.13() sclcctcd was 56 Hz. The data was zcmﬁ’icd to 512 words in Fl,
and subjected to Fourier transformation using ‘Gaussian data manipulation in the F1
dir on. The spectrum was then symmetrized for improved appearance. For the polyol
and mcthylcnc region of 1, 128 cxpcnments were pcrformed accumulating 1408 scans per
: cxpenmcnt in a 2K data block over a 3290 Hz sweep width centred at 8 54.60. The
relaxation delay was 1 s. The value of J(l3c 1’%(-:) selected was 38 Hz. The data was zero-
ﬁlled to lK in F1, and subjected to Fourier transformation using Gaussxan data
mﬁﬁ,pulanon in F1, Again, the spectrum was symmcmzcd to improve appearance.

| For thc 2D 1H-13C heteronuclear shift corrtlanonl()4 of the polyene and polyol
region of 1,317 experiments were performed on a WH-SOO193 instrument accumulating
400 scans per experiment in a 2K data block over a 10640 Hz sweep width ccntréd‘_.at 6102
(F2). The 1H sweep width was 2050 Hz, centred at 0 5.00 (F1). The relaxation delay was
1s, and the value of J(13C-]H) selected wés 131 Hz. The data was zero-filled to 4K in F2

and to 1K in Fl-and subjected to Fourier transformation using Lorentzian data
manipulation. ‘ ’ _ .

For the 2D lH 13C heteronuclear shlf\\corrclauon of the methylene and methyl
reglon of 1, 128 experiments were performed on a WH-400 instrument, accumulating 352
scans per experiment in a 2K glata bloc < over a 5500 !;lz sweep width centred at § 41.5
(F2). The H sveep width was 900 Hz centred at 5+1.86 (F1). The relaxation delay was 1
s, and J(lBC-lm was selected at 130 Hz. The data was zero-filled to 4K in F2 and to 512
words in F1, and was subjcc‘tcd to Fourier transformation using Lorentzian data |
mampulauon in F1. /f )

For the 1H-1H COSY192 spectrum of the polyene region of 1, 410 cxpcnmcnts
were performed on a WH-500193 instrument, accumulating 48 scans per cxperiment in a

2K data block over a 500 Hz sweep width centred at 8 6.3.7T he telaxation delay was 1 s.

" The data was zero-filled to 1K in F1 andsubjcctcd to Fourier transformation using
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-Gaussian line shapingvin F1. The spectrum was symmetrized to improve appearance. In all

cases, symmetrization did not affect the overall results obtained. : (\ ‘

N

‘General procedure for determination of binding constants of sterols to

fungxchromm (1)

Fungichromin (1) (ca. 2 hg) was accurate]y weighed, and dissolved in DMSO 3

drops) THF (1.00 mL) was added, and the solution made up to 10.0 ML with deghsscd
H,O. The solution was stored under Ar, and used xmmcdxatcly

Sterol (85 - 100 mg) was acc_uratcly weighed, and madg: up to 1.00 mL in THF.
Microlitre aliquots (typically to give total additions of 0, 2.5,5.0, 10.0,420, 50, 100 and
200 pL) were added successively to S mL of the fungichromin (1) solution. 'A'ftcr'éach

addition, the mixture was vigoreusly shaken, and the UV spectrum rccorded in O 1 mm

cclls over the range 450220 nm. For all sterols not contammg a diene funcuonahty in thc B

.ting, the rcfcrencc cell contained THF 10%/H70 90%. For dienes, 1mpmvcd backgropnd

cancellation was obtained by adding corrcspondmg chrohtrc aliquots of stcrol to THF
10%/ H20 90% (5 mL), and using the resulting suspension in the reference cell. For
sterolsnot containing the diene system, this procedure did not alter thc rcsults. In cases
where the UV absorption was falling slowly with time, spcctfa were accumulated until
constant values were obtained. Each binding cx@ﬂmcnt was accompamed bya
simultaneous experiment with cholesterol, as a control In cases where bmdmg did not take
place, stock cholesterol solution (50 pL) was added upon complctmn of the expenmcnt to

check for activity. All experiments were performed at 23.0 °C

The total conccntmnon of sterol present, [S]O, and the changc in absorbancc at 359
nm, AA359/d, where d is the cell path length, were computcd usmg the formula AA359/d
= (AQ - Aobs)/d, where Ay is the absorbance when [S]g = 0, and Aobs is the observed
absorbance. A plot of AA359/d against log[S]q was prcparcd.,’ from which the maximum

~ change in absorbance, AA 54, Was estimated. The mole fraction of sterol bound, ¥, was
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~ then evaluated: § = (AA359/d)/(AAmax); § was then plotted against log [S]g; when § =

0.5, log [S]Q<= log Kapp' the apparent equilibrium constant of binding. Hill plots were
prepared by plotting log [J/(1-%)] against log [Sq).

’

T e

General procedure for photolysis of photoaffinity labelled stcr;)l -
.fungichre.min mi;;urcs

Fungichromin (1) (7.5 mg, 11 pmol) was dissolved in DMSO (7 drops) and THF
(1 mL). Thé photoaffinity label (12 pmol) was addcd". and the whole made up to 10 mL
with degassed HyO. A 5 mL portion of the degassed suspcnsibn was photolysed for ca. 4

h under a slow stream of Ar in a quartz tube using light from a Hanovia medium pressure - )
Jamp tnat had been passed through a diffraction filter (spectral chamctc;istics: Amin 227 nm
(A=0.7), A>2 below 202 nm and above 265 nm); the other S mL of solution was kept in

the dark under Ar for the same length of time. In both cases, aliquots were removed at
various times and examined By UV spectroscopy to monitor decomposition or photolysis

of the photoaffinity label and stability of fungichﬁmin. Both samples were then separately -
diluted (EtOH, 10 mL) and concentrated in Qacuo.

The experiment was then repeated with the omission of fungichromin. The resulting

2 samples were compared by TLC, I1H and 19F NMR (400 and 376 MHz (1 "l3 50%/
€D30D 50%), and UV (DMSO 10%/ THF 90%). -
Gcncfal procedure for g;'owth of Streptomyces ccllulosae, and isolation of
fungichromin (1). | .

Freeze-dried specimens of Streptomyces cellujpsae (ATCC 12625) were soaked in

H>0 (1 mL) for 5 min, and transferred to 10 slants, pr&parcd fromi bacto-yeast malt extract
agar (19 g) and Hp0 (500 mL), which had been sterilised at 121 ©C for 20-min. The slants
"were incubated at 25 ©C for 7 (}ays. The méulting rﬁﬁélium was suspended in H70 (2

mL), and the suspension added to 2 Erlenmeyer flasks (500 mL), ecach containing liquid
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media (100 mL) prepared from bactopeptone (5 g), DIFCO yeast extract (2.5 g). NaCl (4
g), glucosc (10 g) and Span 85 (Sigma, 10 mL) made upto 1 L with HzO; buffered to pH
7.0 with NaHCOg,, then a_\utocla,v?d at 121 0C for 20 min. The preculture flasks were -
ncubated in a fermenter at 26 °C and 165 rpm in the dark for 48 h. A 2 mL pom/on of the
resulting Su‘sp'cnsion was then transferred to each of 10 flasks containing mcdiu'm prepared
as abové (100 mLJ/flask); the flasks were then incubated under the same conditions. After 3
- 4 days, the contents became yellow, and isotopically labelled precursors (fc;r labdlled.,

acetates, propionates, hexanoate, and octanoates: 500 mg in 10 mL HyO; for 16a and

17a, and experiments with mixtures of labelled diethyl malonates: 500 mg m 5 mL EtOH
and 5 mL HO) were added aseptically in 4 portions at 24 h in!éwajs. £124 h after the last
feeding, the mycelium (ca. 25 g fresh weight) was collected by vacuur {ilgation. The -
filtrate was cxtractcd (hexane 66%/bcnzcnc 34%,2 X 500 mL, then EtOAc, 2 X 500 mL)
The mycelium was gcmly boiled in hcxgnc 66%/benzene 34% (500 mL, 30 min). The |
cooled mixture was filtered, and the ﬁltcr cake extracted with boiling EtOAc (500 mL, 10
min). The combined EtOAc extracts were concentrated in vacuo to afford ca. 1.3 g of |
| yellow solid, which was taken up in MeOH, and filtered. The filtrate was co'n’ccntratcd in
vacuo . Column chromatography of the residue on Sephadex LH-60 (MeOH) afforded UV-
active fractions which were concentrated in vacuo . The residue was taken up in MeOH (5
mk.), HyO (2.7 mL) was added, and the thick prccipitatc removed on a ccntrifug‘é. Medium
pressure liquid chromatography (reverse pl‘masc. MeOH 65%/H70 35%, 1 mL/min, 6 mL
fractions) of the supernatant (5 mL) afforded 20-40 mg of 1 from fracti'ons 35-40 after
azéotropic removal of ‘sol;/cnl in vacuo with EtOH: R¢ (SiO3, CHCl3 22%/MeOH
2%/EtOAc 45%/H70 11%, lower phase) 1, 0.31; 2, 0.38. R¢ (RP-8, MeOH 65%/H,0

35%) 1,0.35; 2, 0.27; 1H and 13C NMR spectral data is given in Table 1; FAB-MS
(glycerol-sulfolane matrix) m/e 693 (MNat), 670 M.
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Modificd procedure for fermentation in D20
The procedure outlined above was followed, except that HO (1 1) in the culture
flasks was replaced by D20 20%/H70 80%.

>

Modified procedure for fermentatiop under 1802 atmosphere
The proceduurc outlined above was followed, except that fermentation flasks were

gfown in a closed atmosphere in which consumed oxygen was replenished with 1802 (50

atom % 180), as has been prcvighsly described106, 185,

Modified. procédurc .for fermentation with [U-“C]glucosc or [U-
13CTglucose . o

The proc.-d ure outlined above was fol]owcd, with the following exceptions: for [U-
14C)glucose, 2.55 1 Ci of [U-14C]gluco§c was added to each of 9 fermentation flasks just
prior to innoculation with the preculture. For [U-13C]’glucosc, 1 gof [U-13C)glucose

(Cambridge Isotopes, 99 atom % 13¢) totally replacea the glucose in one culture flasky”

fungichromin (1) was isolated with the aid of material from 5 unlabelled "carrier” flasks.

Modifi‘cd procedure for fermentation with ethyl oleate or ethyl [CD3]oleate
(18a) and ctg):i [U-14C]oleatg (18b)

The procedure above was followed, except that Span 85 was omitted from the
preculture mcdium,ga_nd replaced in the culture medium by ethyl oleate (9 g/litre of
medium), 18a (1 g/litre) and 18b (22.1 pCi/litre).

A
Hexyl p-toluenesulfonate (138)223 and [1-13C]hcxyl p-tqlucncsulfonatc
(13b) '
| The proccdufc of H.C. Brown222 was followed. Thus, .hcxanoic acid or [1-
13CJhexanoic acid (750 mg, 6.40 mmol) was dissolved in Etp0 (15 mL), and NaBHy4
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(620 mg, 16.4 mmo])b was added. The mixture was snrrcd and BF3.Etp0 (48% BF3, 2
‘mL, 12.6 mmol) added dro;erisc_ovcr 30 min. The mixture was stirr;d, and monitored by
GLC (3% OV-101 column) until starting acid was no longer present (2 days). H0 (50
mL) was added, and the mixture was extracted (CH2Clp, 2 X 50 mL). The extracts were
washed (5% NayCO3, 100 mL) and dried. Pyridine (6 mL) and p -toluenesulfonyl chloride

(1.5 g, 7.62 mmol) were added, and the mixture was stirred, and monitoi'ed by GLC(as ,
above): After 64 h, the mixture was extracted (saturated CuSO4 (2 X 100 mL), 10% = ‘®

NaHCOj3 (100 mL), and HO (100 mL)). Thc organic phases were dried and concentrated .

in vacug to give 1.44 g (87% based on hexan01c acnd) of 13 as a pale ycllow semi-solid.
For 13a: IR (CHCl3 cast) 3060, 3030 (Ar-H), 2958, 2931, 2860 (C-H), 1600, 1468 '

1360 (str), 1189 (str), 1177 (str), 1100, 929 (str), 816, 665 (str); 1H NMR (200 MHz,

3H, ArCH3), 1.64 (pent, 2H, CHaCH,0Ts), 1.24 (br m, 6H, 3X CHp), 0.85 (1.6.4 Hz, , *

3H, CH3); 13C NMR (50 MHz, CDCl3) § 144.43 and 133.01 (wk, ArC), 129.56 and i
127.55 (4C, ArCH), 70.46 (CH,OTs), 30 78, 28.50, 24.72, 22. 10 21.27, 13.59 (QH3)
exact mass: 256.1133 (256.1133 calcd for C13H20503) Anal cach for C13H20$O3 t”

6091 H, 7.86; S, 12.51. Found: C, 60.66; H, 7.99; S, 12.24. For 13b, Spcctra were as” .

13a, except for: IH NMR, 8 4.03 (d, 1y (13¢-1H)= 130 Hz); 13CNVR: §70.46 ¥
(enriched), 30.78 (d, 2) (13c-l3c)= 4 Hz),. 28.50 (d, 1y ‘(?13C'13C) . 3‘8 Hy). , o

Diethyl hcxylmalonaic (14a)225 and diethyl [1-13C]hcxylmalonatc (014b%) :
> A modiﬁcation of the method of Marshall et al 224 was used. DMF (5 mL) wa§

added to NaH (50% oil dispersion, 132 mg, 2.74 mmol) which had been washed with '

THF. Diethyl malonate (327 mg, 2.09 mmol) was added, and the mixture was stirred ugltil

effervescence ceased. A solution of 13 (446 mg, 1.74 mmol) in DMF (5 mL) was a'ddﬁd.;}f;,_“
and the mixture was stirred at 70 ©C for 16 h. HHO (100 mL) was added, the mixture was |

k4

acidified with concentrated HC}, and extracted (CHCl3, 2 X 100 mL). The extracts were

%

CDCl3) $7.79,7.36 (AB, 8.0 Hz, 4H, ArH), 4.03 (t, 6.4 Hz, 2H, CHyOTs), 2.45 (s, .

ayaA
Eet
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dried and concentrated in vacuo . Colurr'm chromatography (CHCl3) afforded 226 mg |
(54%) of"h14 as a clear oil. For 14a: IR (CHCl3 cast)f959. 2931, 2855 (C-H), 1753 and
1736 (C=0), 1462, 1365, 1035 cm-1; TH NMR (400 MHz, CDCl3) 6 4.19 (q, 7.2 Hz,
4H, 2 X CH;0), 3.31 (1, 7.6 Hz, 1H, CH(CO3E)2), 1.88 (m, 2ﬁ, CH,CH(CO3E1))),

11.22-1.38 (m, 8H, 4 X CHy), 1.27 (t, 7.2 Hz, 6H, 2 X CH3CH;0), 0.88 (1, 6.8 Hz,

3H, CH3); 13C NMR (100 MHz, CDCl3) 0 169.29 (2 X C=0), 60.88 (CH(CO2E1)7),
51.83 (2 X.CH,0), 31.28, 28.63, 28.51, 27.Q2, 22.56, 13.80 (2 X QH3EH20). 13.69
(CH3); éxact mass: 244.1676 (244.1675 caled for C13H2404). Anal. caled for |
Cy3H2404: C, 63.91; H, 9.90. Found: C, 63.58; H, 9.85. For 14b, spectra were as
14a, except for: 'H NMR 8 3.31 (d, 2] (13¢. 1H)— 4.6 Hz), 1.88 (d, 11(13c 1yy)= 130

Hz) 13¢ NMR §28.51 (enhanced).

@

Sodium octanoate (10c)225 and sodium [3-13CJoctanoate (10b)
- A modification of the method of Anker225 was used. Aqueous 10% NaOH (10

mL) was added 0 a solution of 14 (175 mg, 729 umol) in dioxan (5 mL). The mixture

was stirred for 24 h, then acidified to pH 1 with concentrated HCI, and heated at reflux for

36 h. The mixture was cooled and extracted (Et0, 3 X 20 mL). The cxﬁ‘acts were dried

" (enhanced).

and conccmratcd in vacuo. The n:siduc was adjusted to pH 8.5 with NaOH, and EtOH (30

mL) waf added. Organic solvents were removed, and the aqueous solution was lyophilised

 to afford 120 mg (100%) of 10 as a white powder. For 10c: 'H NMR (360 MHz, D70) 8

2.08 (1, 7.5 Hz, 2H, CH,CO3), 1.44 (m, 2H, CHCH,CO3), 1.18 (br m, 8H, 4 X

‘CHy). 0.76 (t, 6.3 Hz, 3H, CH3); 13C NMR (90 MHz, D70) 8 184.04 (G=0), 38.30,

31.76, 29.53, 28.97, 26.51, 22.59, 13.95 (CH3). For 10b, spectra were as for 10c,

except: TH NMR 8 2.08 (d, 2J(13¢.133)= 3.2 Hz), 1.44 (d. J obscure); 13C NMR § 26.51
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p -Phenylphenacyl [3-13CJoctanoate (152)
The method of Risley et a1226 was used. A mixture of p -phenylphenacyl bromide

(33.4 mg, 134 pmol), 10b (22.7 mg, 121 pmol) and anhydrous EtOH (1 mL) was heated
at reflux for 16 h. The mixtire was cooled, and HO (25 mL) was added. The mixture was

cxtrac‘tcd (CHCI3,2X 25 mL), and the cxmém were dngd and concentrated in vacuo.

»+ Column chromatography (benzene) afforded 12;5 mg (30%) of pure 15a; an analytical
sample was recrystallised (EtOH/H0) to give pure white 15a: mp 64.5 - 65.5 °C; IR
(CHCI3 cast) 3050 (wk, Ar-H), 2950, 2923, 2845 (C-H), 1750@ﬁ0 ester), 1699
(ArC=0), 1171, 760 cm-l; IH NMR (200 MHz, CDCl3).0 8.02,7.73 (AB, 8 Hz, 4H,
d:subst. ArH), 7.40-7.70 (m, 5H, mor_mosubst. ArH), 5.41 (s, 2H, OC@QCO), 2.53 (m,
2H, CHCO2), 1.06 (p, 7 Hz, 1H, part of 13CH,CH,CO3), 1.34 (m, 9H 4 X CHy and
part of 13CH_2CH2COQ)\,‘ 0.92 (1, 7 Hz, 3H~CH3); exact mass; 339.1915 (339.1915 calcd
for Cy1Ha613C03, 5%), 338 not observed (<1% 12C isotopomerj.

Sodium [1-13C, 180]propionate (19)237, 238 )

/_ The synthesis of Cane et al 237, 238 was used. Thus, ethyl iodide (3.07 g, 19.7
mmol), potassium [13CJcyanide (Cambridge Isotopes, 399% 13¢, 1.25 g, 18.9 mmol),
H,180 (90% 180, 0.82 g, 41 mmol) and anhydrous MeOH (3.9 mL) were heated to

reflux at 70 OC for 5'h, then at 80 OC for 40 h. The mixture was distilled, and the distillate
treated with H2180 (0.82 g, 41 mmol) and a solution of potaéﬁium t -butoxide in t -buty!
alcohol (22.1 mmol in 26 mL). T "¢ mixture was heated at reflux for 48 h, then cooled and
concentrated in vacuo. The residue was taken up in HoO (10 mL) and treated with Biorad
AGTM 50W-X8 ion exchange _rclsin. The mixture was stirred for {0 min and filtered; the
" . filtrate was adjusted to pH 10 with 19 M NaOH, and lyophilisca to afford 1.13 g (60%) of
19 as a white powder: 1H NMR (400 MHz, D70) $2.18 (d, 2](13C-1H)= 7.4 Hz, q, 8.0
Hz, 21, CHjy), 1.07 (d, 3J(13C =48 Hz, 1, 8.0 Hz 3H CHj3); 13C NMR (100
MHz, D,0) 6 189.81 (CO7, enhanced), 35.26 (d, 1J(1’3C-13C)— 51.5 Hz, CH»), 14.63 &



(CH3).

P -Phcﬁylphcnacyl [1-13C.1802]§ropionat; (20)237

The method of Cane et al 237 was used. A mixture of 19 (21.1 mg, 213 pumol), p.-
phenylphenacyl bromide (132 mg, 480 pmol) and 18-down-6 (16.9 mg) was heated to
. reflux in'abcnu:nc (1 mL) and "H3CN (1 mL) for 150 min. The mixture was concentrated
in .v'acuo.‘. Column chromato zr aphy (benzene) gave 48.0 mg (83%.)'of 20. An analytical
sample was prepared by recrystallisation from EtOH/H0: mp 101.5 - 102 oC, (1it.237;
238 mp 103 9C); IR (CHCI3 cast) 2980 (wk, C-H), 1696 (ArC=0), 1670 (13C=180),
1159, 766 cm-1; 1TH NMR (ﬁOO MHz, CDCl3) 8 7.99 (m, 2H, ArH), 7.36-7.73 (m, 7H,
ArH), 5.38 (d, 3J(I3C_1H)= 4.4 Hz, 2H, CH,0), 2.54 (d; 2J(13C_1H)= 7.4 Hz q, 74
Hz, 2H, CH»CO5), 1.23 (d, 3J(I3C_1H)= 5.8 Hz, t, 7.4 Hz, 3H, CH3), 13C NMR (90
. MHz CDC]3) 8 173.12 (13C0y, enriched), 146. 38 139.50 and 132. 85 (wk, ArQ),

, Q}1213C02), 9.54 (CH3); MS (El) For M*: m/e 268 |(12c1602. 0%), 269
(13160, 1.6%), 270 (12180160, 0.6%), 271 (13180160, 19.3%), 272 (12C180,
’afié;‘13c218ol6o, 5.8%), 273 (13C1804, 61.6%), 274 (13C21805, 10.6%), best fit for

96% 13C, 86% 180/atom.

Sodiu® [1-13C, 1802]octanoatc (10a) and p -phenylphenacyl. derivative
o o

(15b) " 4§

T e
Compound 10a was prepared (Dr. H. Noguchi) by the method used to prepare
19,237,238 from K13CN and heptyl iodide.
Derivative 15b was prepared (P. Harrison) by the method used to prepare 20.237

Thus, 10a (7.11 mg, 41.5 pmol) afforded 2.45 mg (17%) of - 15b; spectra were as for
15a, except for: IR 1671 (13¢c=180), ITH NMR §5.37 (d, 31(13C-1H)— 4.5 Hz, 2H,

OCH3C0), 2.50 (d, 2J(13¢.1H)= 7.3 Hz, 1, 7.3 Hz, 2H, CHCO)), 172 (m, 2H,



' . o ' _ ' 122
CH,CH,CO»); 13C NMR 5 17401 (13c=160), 173.97 (13C180,), 173.98
(13¢=180(160y)); MS (EI) m/e 338(12C1602 0%), 339 (13C1605, 1.9%), 340
(12¢160180, 0%), 341 (13¢160180, 26.2%), 342 (13c216oT8\1201802 5.6%),

"

343(13c1802, 53.8%), 344; (13c2«"i8o; 12.5%). Best fit for: 13C, 100%; 180 71 5and

91. 9%/snc ‘ 9 [ E

\ w
S-Octanoyl-N- accty1cystcam1nc (172) and S-[1- 13C]octanoyl N-
acetylcysteamine (17b)

The procedure of Kass and Brock23Q was used. To octanoic acid or [1- | -

13bjoctanoic acid (Cambridgc Isotopes, 99% 13C) (360 mg, 2.50 mmol) in THF (50 mL)
at 0 OC under Ar was addcd Et3N (250 mg, 2.5 mmol); then cthyl chloroformate (270 mg,
2 5 munol). The mixture was stirred at 0 ©C for 1h. d
N,S-Dxaccrylcystcanunc (a generous gift from Dr. B.J. Rawlings, University of

* Alberta) (1.21 g, 7.5 mmol) wasdissolved in HyO (40 mL) containing KOH (1.40 g, 25
mmol). Ar was bubbled through the $oludoh, which was stirred for 45 min. The pH was
adjusted to 7.8 with concentrated HCI, and the mixture added to the above solution.
Bubbling of Ar through the rrﬁxtﬁrc was continued, and the cooling bath was removed.
H7O was added to maintain @ogencity, the pH was adjusted to 8.C + 0.1, and this pH
was maintained while the mixture was stirred for 1h. The pH was adjusted to 3.0 and THF -
was removed on a ratary evaporator. The aqueous residue was extracted (Et20, 2 X 100

mL) and the organic layers washed {1 M HCI, 200 mL), dried and concentrated in vacuo .

The residue was crystallised from pcntanc containing a trace of ethanol to afford 525 mg
17 as a white solid; for {7&1 mp 56 - 56.5 OC; IR (CHCl5 cast) 3293 (br,

MHz, CDC13)6606 (br's, 1H, NH), 3.42 (q, 6.2 Hz, 2H, CH2N), 3.02 (t, 6.2 Hz, 2H,
o
CH3S), 2.56 7.3 Hz, 2H, CH)CO0), 1.96 (s, 3H, CH3CO), 1.65 (p, 7.2 Hz, 2H,

CHaCHCD), 1.26 (br m, 8H, 4 X CHy), 0.87 (t, 6.6 Hz, 3H, CH3): 13C NMR (50

-t
’ »



"MHz, CDCI3) 5 199.94 (C=0 thicester), 170:51 (C=0 amide), 44.16, 39.72, 3161,

28.90, 28.90, 28.46, 25.68, 23.08, 22.57, 14.01; UV (dioxan) Amax (log £) 234 (3.576),

237 (3.534) nm, (1it.230 for analogous adducts: 230 - 233 (3.602) nm); exact mass:

245.1446 (245.1442 calcd for C1aH23NO2S). Anal. calcd for C12H23NOZS C,571.74;

H, 9.45; N, 5.71; S, 13.06. Found: C, S7.80, H, 9.20; N.S7L;S, 1314 For 17b,

spectra were as for 17a cxcepl for: 1H NMR § 3.02 (d, 3J(]3C-1H)"4 6 Hz) 2.56 (d,

“2J(13¢.1y)= 5.6 Ho); 13CNMR (50 MHz, CDCl3) §199.93 (cnha.nccd) exact mass:
—

246 1478 (246 1473 calcd for C11H23 COzNS), no peak at m/e 245 isotopic punty 2

98% 13C.

" General procedure for preparation ofb labelled esters (11, 16 j_and 18) from
the parent .cdrboxylic acids5 , : k | |

The method of Boissonnastet al 209 was used. Thionyl chloride (1.1 equiv. for
octanoic and oleic acids 2.2 equiv. for malonic acids) was added to EtOH (1 mL/ mmol
acxd) The carbpagyhc aC1d was thcn added, the mixture stirred for 30 min, solvent was

rcmovcd and the rcsxduc distilled in a kugclrohr

For 16: octanoic_ag:id or [1-13C]0ctanoic acid (640 mg, 4.44 mmol) affe)rdcd 650A
mg (85%) of 16, distilled at 95 - 100 °C at 20 mm Hg. For 16a: IR (CHCl3 cast) 2955, "

2925, 2855 (C-H), 1739 (C=0), 1175, 1165 cm°1; 1H NMR (200 MHz, CDCl3)8403
’ (q97 2 Hz, 2H, CH30), 2.20 (t, 7.4 Hz, 2H, CH,C0y), 1.52 (p, 7.2 Hz, 2H,

CHyCH,C0), 1.20 (br m, 8H, 4 X CHy), 1.14 (t. 7.2 Hz, 3H, CH3CH0), 0.78 (¢,
,6.6 Hz, 3H, CH3); 13c NMR (50 MHz-e{:DC13) 5 173,53 (C=0), 59.85, 34.20, 31.50,

28.95, 28.76, 24.84, 22 41, 14.04,:13.79; exact mass: 172.1461 (172.1463 calcd for
+ C1oH2002). For 16b, spectra were as 16a cxccpt for: 1H NMR 6 4.03 (d, 31(13C 1=

§'I‘hc: procedure for preparation of 18 from oleic acid was done by Dr. K. Arai. -

- (



3.0 Hz), 2.20 (d, 2J(13¢.1g)= 7.2 Hz), 1.54 (d, 31(13(;_1};):' 48 Hz); 13C NMR 8
173.53 (enhanced), 34.20 (d, 1)(13¢.13¢)= 57 Hz, CH,13C07), 28.95 (d, 2J(13¢-
. 13¢)=8 Hz, QH2CH213COz); exact mass: 173.1495 (173.1496 calcd for
CoHag13C02), no peak at mye 172: isotopic purity 2 95% 13C.
For 11: malomc acid, [1, 3- 13C2]malomc acid or 100 |.1C1 [2 14C]malomc acid
(990 mg, 9.51 mmol) afforded 1.27 g y (83%) of 11, distilled at 95 - 100 OC at 35 mm Hg.
For diethyl ma]onatc 1H NMR (200 MHz, CDCl3) 5 4.18 (q, 8.0 Hz, 4H, 2 X CH70),

& 3.34 (s, 2H, caz(cozx-:z)z) 125 (1, 8.0. Hz, 61,2 X CH3); 13C NMR (90 MH?,
CDCl3) § 166.48 (2C, 2 X C=0), 61.36. @g: 2X QH2CH3) 41.65 (QHz(COzEt)Z)
13.98 (2C, 2 X CH3). For 11a, spectra were as for diethyl malonatc except for: 1H NMR
§4.18 (d, 3J(13¢.1g)= 3. OHz) 3.34 (t, 21(13c-1H)- 8.0 H, CH213C2 and d, 8.0
Hz, CH,13C12¢); 13C NMR (100 MHz, CDCl3) § 166.4° ~nhanced)41. 66 , 1J13c.
13¢)= 59 Hz, kH,13¢y). ° | o -

For 18: a mixture of [CD3]01c1c ac1d (500 mg, 1.75 mmol, and [U 14C]olf:lc acid

(23.0 uCi) afforded 505 mg (92%) of 18a and 18b (22.1 Gy, 960 radlochermca] yield),

1%

distilled at 200 - 210 °C at 10 mm Hg.

£
.
B-ﬁ-Acctoxychdlcst-“-cnc (5)230
The method of Staunton and Elsenbraun249 was modified. A mixture of 3 (2.51 g,
6.50 mmol) and acetic anhydndc “ mL 42,4 mmol) was hcatcd to reflux for 10 min. The
crystals obtained on coolin g were collcctcd, washed with cold MeOH, and recrystallised

“from EtOH fo give 2.43 g (87%) of 5 as white needles: mp 113 - 113.5 °C, (1it.250 mp
115 - 116 9C); [a]p?4 -42.00 (¢ 2.17, CHCl3), (lit 250 [0)p -47.7° (¢ 2, CHCl3)); R

(CHCl3 cast) 2960, 2910, 2870 (C-H), 1930 (C=0), 1255, 1040 cm"1; IH NMR (200

MHz, CDCl3)  5.40 (br d, 4.4 Hz, 1H, CH=C), 4.62 (m, 1H, CHOAc), 2.32 (br d, 8

Hz, 2H, 4-CHy), 2.04 (s, 3H, CH3CO3), 1.04-2.10 (m, 26H, CH, CHp), 1.020 (s, 3H,
. CH3-19), 0.914 (d, 6.6 Hz, 3H, CH3-21), 0.864 (d, 6.6 Hz, 6H, CH3-26, CH3-27),



0.675 (s, 3H CH3-18); 13C NMR (100 MHz, CDCl3) 6 170.42 (C=0), 139.75 (wk,
C=CH), 122.67 (CH=C), 74.01 (QHOAC), 56.79, 56.28, 50.16, 42.39, 39.83, 39.59,'
38.20, 37.08, 36.64, 36.27, 35.84, 31.95, 31.95, 28.26, 28.03, 27.84, 24.32, 23.9_1,’
22.82, 22.58, 21.37,.21.10, v19.33, 18.77, 11.89; exact mass: 428.3658 (428.3654 c.a”l‘c.d
for Co9Hy802, 0.1%), 368.3438 (M*-AcOH, 100%). Anal. calcd for CogH4807: C,

81.25; H,°11.29. Found: C, 81.29; H, 11.17.

t -Butyl hypochlontc (25)2 = v
The method of Mintz and Wallmg252 was uscd To aqueous sc".um hypochlorite
(2 L), cooled to 10 °C, was added a mixture of ¢ ert -butyl alcohol (49 mL, 520 mmol) and

acetic acid (51 mL, 890 mmol) in one pbrtion The miixture was stirred for 3 min, and the

" yellow organic layer collccted waéhcd (10% NapCO3, 200 mL, then H0, 200 mL) and
dried over CaCly to afford 56 g (100%) of 25 which was used immediately.

N-Phenyltriazoline-3,5-dione (24)251

The method of Cookson et al 2°1 was used. Corripound 25 (6.20 m1 54.7 mmol)
was added 1o a solution of N-phenylurazole (8.79 g, 49.6 mmol) in dioxan (250 mL). The
bright red solution was stirred for 30 min and concentrated {n vacuo . The red solid was
sublimed (80 ©C, 0.1 mm Hg) to afford 6.22 g (72%) of 24 as red cubieerystals: IR
(dioxan cast) 1770, 1750 (C=0) ¢m-1, (1it.251 1780, 1760 cm-1); uv ((Iiioxan) Amax (log
€) 246 (3.30), 305 (infl., 2.90), 527 (2.19), (1it.251 242-260 (3.45), 300 (3.02), 526
(2.27). |
3Bfﬁcctoxyc’holcsta#s',7—d&cnc N-phenyltriazoline-3,5-dione adduct (26)386

Allylic bromination/dehydrobromination was done according to the pmcodufc of
Bemnstein et al .24 Triazolinedione adduct formation used a modification of the method of l’

Aberhart et al 254 Thus, a mixture of 5 (3.4 g, 8.02 mmol), and N-bromosuccinimide
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(1.72 g, 9.67 mmol) in alkene-free l;cxane (40 mL) was brought to reflux and inadiatcd

under the inﬂucnc?: of a heat lamp and a UV spotlight (GE, 275 W) for 40 min.'s-Collidine

(1.6 mL, 12.1 mr}qpl) was added, and the mixture was cooled. The solid was collected, and

washed with hexane (2 X 20 mL). The combined filtrates were concentrated in vacuo . A

| “solution of_ s -éollid‘mc (0.8 mL, 6.1 mmol) in p -xylene (20 mL) wés added to Lhe'red oily
residue, and the mixture was heated to reflux for 15 min. Walt'cr (20 mL) was added, and
the mixtufe was extracted with p -xylene (2 X 20 mL). The combined organic layers were
washed (H0, 50 mL), dncd and conccntratcd in vacuo. Column chromatography

: (CHC13) afforded a mixture of non-polar sterol acetates (3. 22 g), which was dlssolvcd in

EtOAc (100 mL). The solution was cooled to 0 ©C, and titratcd with a solution of 24 in .
EtOAc. 855 mg of 24 was required, equivalent to 61% yield of diene/Excess 24 (50 mg) |
was addcd and the mixture stiﬁed at 0 ©C for 10 min. Alumina (Woelm gra}sQV, 5g) was
addéci and the mixture allowed to warm to room temperature, and filtered. The alumina vas
-washcd (Et..OAc, 2X50 mL), and the combined filtrates concentrated in vacuo . Co.umr.

chromatography'(CHCl:;, then MeOH 2%/CHCl3 98%) afforded:

Fraction (1), recovered sterol acetates (a mixture).

(o)

Fraction (2) 2.51 g (53%) of 26 as a pale yellow foam: mp 86 - 88 OC (phase
change), 98 - 99 OC (melt), (1it. 386 mp 133 - 136 °C); [a)p24 -64.1° (¢ 1.9, CHCly),
(1i1.386 [o)p21 -91.40 (¢ 2.26, CHCI3)); IR (CHCI3 cast) 2952, 2930, 2865 (C-H),
1752 (C=0 amide), 1735 (C=0 ester), 1704 (str, C=0 amide),thoo, 1243, 755 cm”1; 1H.
NMR (400 MHz, CDCl3) 8 7.47, 7.32 (m, 5H, ArH), 6.42, 6.23 (AB, 8.4 Hz: 2H,
CH=CH), 5.46 (dddd, 11.3, 11.3, 5.6, 5.6 Hz, 1H, CHOAc), 3.23 (ddd, 14.0, 5.1, 1.0
Hz, 1H, 4o-H), 2.19 (dd, 14.2, 11.6 Hz, 1H, 4B-H), 2.00-~ 18 (m, 3H, CH, CHp),
2.01 (s, 3H, CH3COy), 1.72-1.89 (m, 3H, CH, CH»), 1.00-1.70 (m, 15H, CH, CHp),
0.984 (s, 3H, CH3-19), 0.936 (d, 6.6 Hz, 3H, CH3-21), 0.855 (d, 6.6 Hz, 3H, CH3-
26), 0.850 (d, 6.5 Hz, CH3-27), 0.801 (s, 3H, CH3-18); 33c NMR (100 MHz, CDCl3)

8 170.02 (wk, CO7), 149.13 and 146.62 (wk, 2 X CON). 135.24, 129.36 and 127.77
- ('/'



adduct) (27)25‘5 and N- cyclohcxyl analogue (28)

127

Qo
(CH=CH_ para -ArC), 131.91 (wk, ipso -ArC), 128.81 and 126.36 (4C, ortho -ALC., mm,' .»
AIC), 70.62 (CHOAG), 65.43, 65.07, 55.22, 5290, 49. 37 44.14, 41.10, 39.53, 38.37,
35.02, 35.32, 33.76, 3107, 28.03,27.51, 26.04, 2373, 23.32, 22.84, 22.61, 22.54,
21.30, 19.05, 17.51, 13.03; UV (EtOH) Aax (log €) 216 (infl., 4.10), 254 (infl., 3.73);
MS (NH3-CI) m/e 618 (M + NH3]*, 0.2%), 365 (MH* - AcOH - 24). Anal. calcd for
C37H51N3O4 C,73.84; H, 8.54; N, 6.98. Found ., 73.84; H, 8.68; N, 4.95.

Q‘s

Preparative TLC (EtOAc 4%/hexane 96%) of recovered sterol a. _.-es allowed isolation of

_unreacted S (4 5%) whxéh was rdenuoal 0 authentic material by ,§ IH NMR,aud TLC; all

other products were, mtmctable mlxtures
Lot .yl

B R
ot hgw 2
N\ s [ A

X .

-6,7- Dihydro-(Sﬂ;acetoxyeho!céta-s 7-diene N-pﬁ)cuyltriazoliucé,‘S-dione

3 .

A modlﬁcauon of the procedure of Banon et al 256 was used. Adduct 26 (10 9
mg, 18.1 pmol), piatmum dioxide (1 mg) and EtOAc (5 mL) were stirred under an

atmosphere of h)drogen for 16 h The mixture was filtered through a pad of silica a g) Lo

to afford 10. 7 mg (98%) of an inseparable mixture of 27 and 28 as atan 011 IR (CHC13

cast) 2951, 2932 2863 (C-H), 1750 (C=0 amide), 1735 (C=0 ester), 1696 (c O amide),
1403, 1245, 1052, 753,cm-1, IH NMR (400 MHz, CDCl3) For 27: 8 7.48 (m, SH, ArH),

5.62 (m, lH “'\CHOAC) 2.80 (ddd, 14.1, 5.5, 1.0 Hz, 1H, 4a-H), 1.0-2.4 (m, 22H, CH.
CH»y), 1.99 (s 3H, .CH3CO3), 1.120 (s, 3H, Cﬂ3 19), 0.911 (d, 62Hz 3H, CH3 -21),
0.853 (d, 6. 8Hz 3H, CH3-26), 0.848 (d, 6.8 Hz, 3H, Cﬂ3 27) 0.831 (s, 3H, CH3-
18). For 28: 8562 (m 1H, CHOACc), 3.92 (m 1H, CHN) 27 (ddd 14.1,5.3, 1.0
Hz, 1H, 4aﬂ) 1.0-2.4 (m, 33H, CH, CHjy), 2.02 (s, 3 C};[3C02) 1.071 (s, 3H,
Cﬂ3-19), 0.904 (d, 6.2 Hz, 3H, CH3-21), 0.853 (d.}j}{z. 3H, CH3726), 0.848 (d,
6.8 Hz, BH:, Cﬁ3;27), 0,804 (s, 3H, CH3-18). The ratio of 27:28 from intcgration was
75:25; 13C NMR ‘(l‘OO,MHz, CDCl3) revcaleda_mixture of 2 eorhpounds in a ratio of ea.
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75:25: for 27: 8 169.78 (C=0 ester), 146.92 and 145.40 (wk, C=0 amide), 128:77 and
126.57 (4C ortho -ArC, meta -ArC), 131.90 (wk, Jpso -Ar(C), 127. 65 (para -ArQ), 71.04
(CHOAC), 64.84, 63.27, 55 98, 53.68, 50.58, 43.68, 39.53, 38. 65 38 30, 35.80,
35.48, 35.10, 33.51, 31.64. 28.03, 27.10, 25.42, 23.72, 23.24, 23.12, 22.75, 22.53,

21.21, 21.09, 18.78, 17.60, 14.07; exact mass: for 28, 609.4489 (609.4505 calcd for
Q37H59N3O4. 1%). F&r27, 603.4021 (603.4036 calcd for C37H53N304, 4%).

Cholesta-5,7-dien-3p-ol (6)241
A rodification of the method of Barton et al 253 was used. Adduct 26 (2.48 g,
4 12 mmol) was dissolved in THF (200 mL) and lithium aluminium hydride (4.82.g, 126

; ,mmol) was addcd with caution. The mixture was heated at reflux for 16 h, cooled, and

| EtOAc (20 mL) then H7O (20 mL) were added dropwise to destroy excess hydride.
MgSOy4 (30£) was added, and the mixture was stirred for 10 nin, and. filtered through a‘
“pad of anhydfous MgSO4 The filter pad was washed with Et»O (1 L), and the combined
ﬁltmtcs Were | conu:ntratc:d in vacuo . Column chromatography (CHCl3) afforded 1.26 g
(80%) of white crystallmc 6, whxch was rccrystalhscd from acetone: mp 138 - 139 oC
(anhydrous), (11{.241 mp 145 - 147.5 9C); [a]p24 -117.1° (¢ -1.88, CHCl3), (1ir.241
[a)p30-3 -1200 (e 070, CHCl3)); IR (CHC13 cast) 3350 (br, O-H), 2952, 2931, 2868
(C-H), 1464, 1365, 1064, 1039 cm- ¥ 1H NMR (20 MHz, CDC13) 35.58 (AB 5.7 Hz,

-d, 2.4 Hz, lH 6-CH=C), 5. 39 (AB, 5»4 Hz, dd, 2.7, 2.7 Hz, 1H, 7-CH=C), 3.64 (m,

1H, CHOH) 2.46 (AB, 13.4 Hz, d, 12Hz\§m <2 Hz, 4B-H), 1.0-2.25 (m, 23H, CH,
CHp), 0.945 (s, 3H, CH3- 19), 0940 (d, 6.2 Hz, 3H, CH3-21), 0.868. (2Xd 63'Hz |

6H, CH3 -26, CH3-27), 0. 809 (s, 3H, CH3-18): given assxgnmcnts were bascql @n’ll‘!«lH
dccoup]mg experiments, 13C NMR (100 MHz, CDCl3) 3 141. 42 and 139. 86 (wk Q—CH-
CH=C), 119.71 and 116.40 (C=CH-CH=C), 70.50 (CHOH), 56.05, 54.59, 46.37,

43.01, 40.89, 39.58, 39.32, 38.47, 37.09, 36.20, 36.18, 32.09, 28.12, 28.04, 23.95,
23.07, 22.82, 22.58, 21.20, 18.90,'16.33, 11.85; UV (EtOH) Appax (log €) 253 (nfl,



3.84), 262 (infl., 4.08), 270 (4.22), 281 (4.25), 293 (4.02), (1it.241 272 (4.05), 282
(4.08), 293 (3.82)); exact mass: 384.3388 (384.3392 calcd for C27H440). Anal. calcd for
Cy7Haq0: C, 84.38; H, 11.46, Found: C, 84.30; H, 11.33. *

2
£

(22E )-3B-Acetoxyergosta-5,7,22-triene (29)387- 388

T?é method for conversion of 3 to 5 was used. Er%’o'stcr‘ol (26.2 g, 66.0 mmol)
afforded 24.1 g (83%) of crystalline 29: mp 171.5 - 172.5°C, (1it.387 mp 181 °C);
[o)p24 -87.70 (¢ 1.00, CHCl3), (it387 [a)p24 -90 1 30); 1 (CHCl3 cast) 2960, 2870

(C-H), 1735 (C=0), 1255 cm-1; TH NMR (400 MHz; CDCl3))5 5.58 (dd, 5.6, 2.4 Hz,

" 1H, CH=C), 5.40 (ddd 52 2.6, 2.6 Hz, 1H, CH=C), 5.20 (m, 2H, CH=CH), 4.70 (m,

1H, CHOAc), 2.50 (AB, 14.8 Hz, dd, 5,2, 2.4 Hz, 1H, 4a-H), "2.38 (AB, 12.8 Hz, br,
4B-HD, 2.02 (s, 3H, CH3CO9), 1.2:2.2 (m, 18H, CHCHp), 1.035 (4, 6.8 Hz, 3H, &
CH3), 0949 (s, 3H, CH3-19), 0.914 (d. 6.8 Hz, 31&; CH3), 0.832 (d, 6.8 Hz;3H,
‘CH3), 0.818 (d, 6.8 Hz, 3H; CH3), 0.615 (s, 3H, CH3-18);.13C NMR (100 Mﬁz '
CDCl3) § 170.49 (wk, ng)’ %41.52 and 138.63 (wk, Q-S,UQZS), 135.65, 132.'11,

120.31 and 116.42 (C-6, C-7, C-22, C-23), 72.85 (CHDAC), 55.86, 54.60, 46.15,

42.89, 42.89, 40.42, 39.13, 37.99, 37.17, 36.72, 33.15, 28.28, 28.18, 23.04, 21.37,

. 21.14,37.09, 19.97, 19.68, 17.63, 1621, 12.09; MS (EI) me 378 (M* - HOAc, 100%).

. (22E )-3B-Acctoxy-Sa-hydroxy‘—6-ox6'cggosta-7.22:difcnc ’(30)263
A modiﬁcation264 of the pr‘&’édurc of Burawoy263 was used. Toa suspcnsion of

29 (5.13 g, 11 .7 mmol) in glacial AcOH (100 mL) was added a solunon of chromium
trioxide (3. 63 g, 36 mmol) in AcOH 80%/H20 20% 20vaL). The m:xxurc‘w'&'!rsuncd for

16 h, methanol (1 mL) was addcd and the mxxture was pourcd into H70 (500 mL) Thc
mixture was filtered throu gh celite, which was washed (HzO, 100 mL), and dnod in
vacuo. The celite pad was extracted with boiling EtOAc (2 X 250 mL), and thc wholc

* filtered. The filtrate was concentrated to 30 mL, and slowly coo]cd 100 °C. Thc crystals o

Ea
[
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were collected, \yashcd with cold EtOAc (5 mL), and dried to give 1.37 g 25%) of a white
crystalline material that was homogeneous by TLC in several different solvent systems, and
whose physical constams agreed with those reported for proposed structurc 30; however,
13C NMR showed it to be an inseparable mixture of two compounds mp 264 266 °C
dec., (1it.264 mp 263 - 265 OC dgc.); [a]p24 -0.60 (¢ 0.99, CHCI3), (1it.264 [a]p -5° (¢
1, C}{c13)); IR (CHCI3 cast) 3410 (O-H), 2955, 2870 (C-H), 1735 (C=0 ester), 1680
(C=0), 1248 cm}; 1H NMR (400 MHz, CDCl3) § 5.64 (br s, 1H, C=CH-C=0). 5.23,
5.18 (AB, 16 Hz, d, 8 Hz, 2H, CH=CH), §.05 (m, 1H, CHOAc), 2.58 (m, 1H, CH,
CH»), 2.42 (br s, 1H, OH), 1.2-2.25 (m, 18H, CH, CH»), 2.02 (s, 3H, CH3CO»), 1.07
(d, 7 Hz, 3H, CH3), 1.00 (s, 3H, CH3-19), 0.95(d,7 Hz, 3H, CH3), 0.89 (d, 7 Hz,
3H, CH3), 0.86 (d, 7 Hz, 3H, CH3), 0.64 (s. 3H, CH3-18); MS (NH3-CI) m/e 488 ((M
+ NH3J*); UV (EtOH) Apax 252 nm. '
(22E)-3§A-Acctoxycrgosta-5,7,22~triénc N-phenyltriazoline-3,5-dione
adduct (31\)253 |

The method of Barton et al 253 was used. A solution of 29 (1.04 g, 2.37 mmol)
in CHCl3 (10 mL) was added to a solution of 24 (420 mg, 2.40 mmol) in dry acetone (40
mL) at -78 ©C. The mixture was stirred for 3 h at -78 OC, then alumina (Woelm, grade V,
2¢) was zdded, and the mixture was alléwcd to warm to room temperature. The mixture
was {_ltered, anc the alumina washed (acetone, 20 mL). The combined filtrates were
concentra:ed in vacuo. Column chromatography of the resulting glass- (CHCl3, then MeOH
2%/CHCI3 98%) afforded:

™ Fraction (1), recovered 29 (8%). )

Fraction (2), 1.23 g (84%) of 31: mp 112 - 113 0C; [a] 24 .116.4° (c 0.94,
“CHCly), (1i1.253 [o)p24 - 1180 (c 0.98, CHCI3)); IR (CHCI3 cast) 2955, 2870 (C-H),
1753 (C=0 amide), ¥33 (C=0 ester), 1703 (C=0 amide), 1398, 1242, 755 e 1 1H
NMR '_(400 MHz, CDCl3)  7.46, 7.30 (m, 5H, ArH), 6.44, 6.27 (AB, 8.8 Hz, 2H,
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CH=CH (ring)), 5.49 (dddd, 11.2, 11.2, 5.6, 5.6 Hz, 1H, CHOAC), 5.23 (m, 2H,
CH=CH (chain)), 3.25 (dd, 14.4, 4.8 Hz, 1H, 4a-H), 2.50 (m, 1H, CH, cﬂz), 2.35 (m,
1H, CH. CHp), 2.04-2.26 (m, 4H, CH, CHp), 2.03 (s, 3H, CH3CO2), 1.71-1.93 (m,
5H, CH, CHp), 1.22-1 71 (m, 8H, CH, CHp), 1.03 (d, 8 Hz, 3H, CH3), 0.98 (s, 3H,
Ci3-19), 091 (d, 7 Hz, 3H, CHy), 0.72-0.86 2 X d and s, 9H, 3 X CH3); 13C NMR
(100 MHz, CDCl3) 8 169.81 (GO ester), 149.16 and 146 50 (2 X C=0 amide), 135.12,
135.05, 132.46, 129.28 and 127.64 (CH=CH (ring), CH=CH (chain), para -Ar(),
© 131.92 (wk, ipso -ArC), 128.76 and 126.19 (4C, ortho -AIC. meta -ArC), 70.54
(CHOACc), 65.37 and 64.92 (2 X C-N), 55.27, 52.04, 49.36, 43.92, 42.87, 41.17,
19,40, 38.11, 33.63, 33.18 31.04, 27.42, 25.96, 23.34, 22.42, 21.20, 21.20, 19.96,
19.64. 17.52, 17.40, 13.31; UV (MeOH) Apax (log €) 257 (3.53), (1it.253 255 (3.63));
MS (NH3-CI) m/e 613 (M*+, 0.6%), 378 (M* - AcOH .24, 100%). Anal. calcd for
C3gHs{N304: C, 74.35; H, 8.38; N, 6.85. Found: C, 74.63; H, 8.48; N, 6.78. ‘

6 7-Dihydro—(3B-acctoxyérgosta-SJ-dicnc N-phenyltriazoline-3,5-dione
adduct) (32)256

The proce,durc256 used to convcrt 26 to 27 was used. Thus, 31 (46.7 mg, 76.0
umol) afforded 45.3 mg (96%) of 32 as an oil: [u]D24 -91.30 (¢ 2.00, CHCl3); IR

(CHCl; cast) 2950, 2865 (C-H), 1750 (C=0 amide), 1732 (C=0 ester), 1698 (C=0
amide), 1400, 1240 cm-1: 1H NMR (400 MHz, CDCl3) 8 7.48 (m, 2H, ArtD), 7.42 (t,
7.2 Hz, 2H, ArHD, 7.32 (m, 1Ks ArHD), '5:63 (dddd, 10.8, 10.8, 5.4, 5.4 Hz, 1H,
CHOAC), 2.80 (dd, 14.0, 4.8 Hz, 1H, 4a-H), 2.25-2.45 (m, 2H, CH, CH), 2.00 (s,
3H, CH3COy), 1.0-29 (m, 26H, CH, CHy), 1112 (s, 3H, CH3-19), 0.916 (d, 6.0 Hz,
3H, CH3), 0.837 (d, obscure, 3H, CHz3), 0.825 (s, 3H, CH3-18), 0.762 d, 6.8 Hz, 3H,
CH3), 0.755 (d, 6.8 Hz, 3H, c53), 13C NMR (100 MHz, CDCl3) 8 17022 (wk, C=0

ester), 147.02 and 1'45.51 (wk 2 X C=0 amide), 132.09 kvk, ipso -ArC), 128.96 and
126.72 (4C, ortho - ArC, meta -ArC), 127.84 (para -AC), 70.89 (CHOAC), 64.65 and

A
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63.09 (2 X C-N), 55.46, 53.38, 50.28, 43.35, 38.78, 38.28, 37.90, 35.52, 3472,
33.12, 33.02, 31.28, 31.21, 30.10, 29.38, 26.70, 25.02, 22.81, 22.75, 20.91, 20.67,

20.15, 18.58, 17.24, 15.02, 13.66; exact mass 617.4164 (617.4192 calcd for
C3gH55N304). Compound 32 was similarly prepared by catalytic hydrogznation of 31
(10.0 mg) in dioxan 90%/acetic acid 10% with PtO; (1 mg)264 for 16 h (96% yield), or in

EtOAc with 5% Pd/C (2 mg)389 for 2 h (80% yield).

" (22E )-Ergosta-5,22-dien-3B-ol (8) and (22E )-5a,B-ergosta-7,22-dien-38-
ol from 31265

The procedure of Anastasia et al 265 was used. Lithium (2.80 g, 400 mmol) was
added in small pomf'ons to a solution of 31 (5.65 g, 9.20 mmol) in refluxing anhydrous

ethylamine (30 mL, freshly distilled from Li). The mixture was stirred until it tuned blue,
lhcn a funhcr 30 min. Solid NH4Cl was added until the blue colour dlsappcarcd, and

excess Li was destroyed with 2-propanol (10 mL) Lhcn H;)_O (200 mL). The mixture was
extracted (CHCl3, 3 X 250 mL) and the extracts wz\ashed (5% HCl, 375 mL), dried and
concentrated in vacuo . Column chromatography (CHCI3) afforded 2.60 g (71%) of a
mixture of isomers 8 and (22E )-50.B-ergosta-7,22-dien-3f-ol in a ratio of 56:44 by 1H
NMR; TLC in several solvent systems, and on plates impregnated with AgNO3, showed a
single spot. Extensive column chromatography gave only partial separation of the isomers.

Preparative HPLC also failed to separate these compounds completely, while fractional

crystalhsanon afforded no scparanon IR (CHCl3 cast) 3380 (br, O-H), 2854-2950 (C-H)

cm-1; TH NMR (80 MHz, CDCl3) 6 5.35 (m, 1H, CH= C) 5.20 (m, 2H, CH= Cﬂ) 3.60
| (m, 1H, CHOH), 1.13-2.50 (m, 24H, CH, CHj), 0.78-1.05 (4 X d, s, 15H, 5 X CH3),
0.70 (s, 3H, CH3-18 in 8), 0.55 (s, 3H. CH3-18 in (22E)-5-trans -ergosta-5,22-dien-3p-
ol): exact mass: 396.3389 (396.3392 calcd for CgH440).
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(22E )-Ergosta-5,22-dien-38-0l (8) and (22E );"SQ,B-crgosta-7,22-dicn-3B- '

ol from ergosterol (4)266 .
: The method ofBanon et al 266 was used. érgostefol (772 g, 1§5 mmol) wa..
H}ssolved in HMPA (1 L, freshly distilled from N‘a) and THF (2: L). The mixture was
cooled in ice-water, an_c'i a solution of n-butyllithjurﬁ ‘(1.554 M in hexane, 133 mL 200
mmol) was ac{dccj. Lithium (8.23 g, 1.18 mol) was added in small pieces, followed -
immediately by anhydrous di-isopropylamine (84.5 mL, 600 mmol). The mixture was
stirred, and a blue'color developed after 5 h. Excess Li was destroyed with NH4C1 (100 g)
then H7O (100 mL) Most of the THF was remov .n thé rofary evaporator, and the
ncsidué diluted (HZQ, 2 L), and extracted (benzc_g X 500 mL). The combined organic

. phases were washed (H%0O, 1L), dried and concentrated in vacuo. Column

chromatography (CHCl3) afforded 60.6 g (78%) of a mixture . & ar 4

ergosta-5,22-dien-3f-ol as an off-white solid.

(22E)-3B-(p -Tolucncsu;fonoiy)-crgosta-.s.zz-dicnc (33)267 and (22E )-
3 B-(p’ -toluéncsulfonoxy)-S-trans-crgosta-?,ZZ-dicnc (34)266, 39"
The procedure of Barton et al 266 was used. A mixture of alcohols from reduction

of ergosterol (99.2 mg, 249 pmol), p -toluenesulfonyl chloride (200 mg, 1.05 mmol) and
pyridine (2 mL) was stirred at room temperature for 20 h. HO (25 mL) was added, and

the mixture was extracted (2 X CH7Cly, 25 mL). The extracts were washed (H70, 30

mL), dried and concentrated in vacuo . Filtration through silica and elution with CHC13 ;

afforded 123 mg (89%) of z; mixture of 33 and 34 as a white solid: 138 NMRE\(.8O MHz,

CDCl3) & 7.82,7.35 (AB, 8 Hz, 4H, ArH), 5.20 (m, 3H, C=CH, CH=CHD, 4,40 (m,

1H, CHOTS), 2.40 (s, 3H, ArCH3), 1.05-2.5 (m, 23H, CH, CH2), 0.73-0.98 (m, 15H,
~ §X CH3), 0.61 (s, CH3-18 of 33), 0.46 (s, CH3-18 of 34); exact mass: 552.3627 .

_ £552.3637 calcd for C35H52503).

Ve
——



(22E )-GE-Hydroxy-}wa,5-cyclo-5a-ergos;-22-cnc (35)266

'Th'c procedure ?} Thompson et al 267 was used. To a solution of potassium
~ carbonate (104 mg, 188 umol) in H0 (13.5 mL) and acetone (31.5 mL) at reflux, was
added a solunon of 33 and 34 (125 mg, 227 p.mol) in acetdnc (7 mL) over 5 min. The

mixture was hcatcd to reflux for 15 min, then dxstﬂlcd until 30 mL of distillate had been
col]cctcd. The residue was cooled and extracted (EtpQ, 2 X 50 mL). The extracts were
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washed (HzO, 2X 100 mL),‘dricd and concentrated in vacuo . Column chromatography -

£ @. afforded: , K \L '

Frattion (1) 76. 4 mg (61%) of unrcactcd 34, which was recrystallised from

acetone 1o give pure rans - tosylate (34)390 as white crystals: mp 141.5 - 142.5 0C dec;

i .:; 24\22 20 (c 2.27, CHC13) IR (CHCl3 cast) 3020 (Ar-H), 2954, 2928, 2892,

Hz, 4H, ArH) 5.22 (m, 2H, CH—C}:D 5.15 (brm 1H, CH=C), 4.45 (dddd 11.2, 11.2,
4.8, 4.8 Hz, 1H, CHOTSs), 2.45 (s, 3H, ArCH3), 105 200(m 23H, CH, Cﬂz) 1.002

(d, 6.5 Hz, 3H, CH3J; 0.906 (d. 67 Hz, 3H, CH3), 0.830 (4, 6.5 Hz, 3H,q_3), 0.812
(d, 6.5 Hz, 3H, CH3), 0.761 (s, 3H, CH3-19), 0.505 (s, 3H, CH3-18); 13C NMR (100
MHz, CDCl3) 8 14431, 139.56, 135.72 and 135.20 (wk, ArCMe, AICS, C-5, C-8),
129.84 and 127.72 (4C, 2 X AICH), 132.13 and 117.24 (C-6,C-7), 8221 (CHOTS),
56.23. 55.18, 49.27, 43.44, 42.90, 40.54, 40.43, 39.58, 37.04, 3473, 34. 16, 33.20,
20.54, 28.61, 28.03, 23.07, 21.62, 21.62, 21.20, 20.05, 19.73, 17.68, 12.87, 12.12;

exact mass: 552.3638 (552.3639 calcd for C35Hs2503). Anal. caled for C35H52503: C,

76.04: H, 9.48; S, 5.80. Found: C, 76.00; H, 9.22; §, 5.87.

Fracuon (2), 26.5 mg (29%) of 35 as a white solid: mp 115-116°C, (ht 267 mp
113 - 115 9C); [a]p24 +14.50 (¢ 2.06, CHCl3), (iit.267 [a]p24 +15° (1%, CHCI3)); IR

(CHCI3 cast) 3420 (br, O-H), 2955, 2931, 2906, 2858 (C-H), 1455 (wk), 1030 (wk),
" 965 (wk) cm"1; TH NMR (400 MHz, CDCl3) 8 5.20 (m, 2H, CH=CH), 3.28 (dd, 2.4,

2.4 Hz, 6a-H), 1.99 (dddd, 6.4, 6.4, 6.4, 2.4 Hz, 1H, CH), 1.94 (ddd, 12.8, 3.2, 3.2

<
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Hz, 14, CH), 1.1-1.95 (m, 22H, CH. CH)).4 001 (s, 3H, CH3-19), 0985 (br d, 6.6

_ Hz, 3H, CH3), 0.890 (m, 1H, 3-H), 0.886 (d, 6.8 Hz, 3H, CHy), 0.810 (d, 6.8 Hz, 3H,
CH3), 0.793 (d, 6.0 Hz, 3H, CH3), 0.710 (s, 3H, CH3-18), 0.50 (dd, 4.2, 4.2 Hz, 1H,
4-\m, 0.26 (dd, 8.0, 4.8 Hz, 1H, 4-H); 13C NMR (100 MHz, CDC13) 5135.97 ar;d

<

131.82 (QHzﬁH), 73.84 (CHOH), 56.65, 56.24, 47.71, 42.98, 42.87, 42.68, 40.14,
40.14, 38.96, 37.21, 33.26, 33.15, 29.92, 28.63, 25.07, 24.24, 24.19, 22.73, 20.91,
20.24, 19.96, 19.63, 17.61, 12.48, 11.60; exact mass: 398.3557 (398.3566 calcd for
CpgHy460). Anal. caled for CogHa60: C, 84.36; H, 11.63. Found: C, 84.35, H, 11.65.
Fraction (3),"(22E )-Ergosta-5,22-dien-3f3-ol ﬁ) which v;/as contaminated with

other compounds, and was not readily purified.

!
i

(22E )-Ergosta- ?’Z%idicn%ﬁ-ol (8)267 | 8
The procedure of Thompson et al 267 was used. A mixture of 35 (2.22 g, 5.57
rnmol),l p -toluen‘esultfonic acid '(0.50 g, 2.9 mmol), dioxan (175 mL) and H,0 (175 mL)
was heated at 70 ©C for ISS h. The mixture was cooled, diluted with HyO (200 mL) and |
extracted (CHCl3,2 X 200 mL). The extracts were washed (H20, 200 mL), dried, and
concentrated in vacuo . Column chromatography (CHCI-) afforded 2.02 g (91%) of white
crystallmc 8, which was recrystallised from acetone to gw .ong needles: mp 145 - 146
oC, (1it.267 mp 148 0C); [o]p24 -63.0° (¢ 2.05, CHCI3) (it.267 [a)p24 -66°
(CHCI3))' IR (CHCI3 cast) 3340 (br, '0-H), 2954, 2934, 2891, 2869 (C-H), 1453, 1380,
1367, 1059, 966, 958 cm-l 1H NMR (400 MHz, CDCl3) § 5.38 (br ddd, 2.6, =1, =1
Hz 1H, CH=C), 5.20 (m 2H, CH=CH), 3.515 (dddd 11. 4 114,44, 44 Hz, 1H,
CHOH), 2.21 (m, 2H, CH, CHj), 1.93 (m, 3H, CH, CHy). 1 79 (m, 3H, CH, CH»).
0.9-1.7 (m, 16H, CH, CHp), 1.010 (d, 6.4 Hz, 3H, CH3), 1.006 (s, 3H, CH3-19), *
0.907 (d, 6.8 Hz, 3H, CHz), 0.838 (d, 6.4 Hz, 3H; CHj3), 0.816 (d, 6.8 Hz, 3H, CH3),
0.689 (s, 3H, CH3-18); 13C NMR (100 MHz, CDCl3) 8 140.94 (wk, C=CH), 135.92,

131.87 and 121.71 (C=CH, CH=CH), 71.81 (CHOH), 56.97, 56.12, 50.34, 42.96,
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42.40, 42.31, 40.17, 39.84, 37.32, 36.61, 33.17, 31.98, 31.96, 31.74, i8.55. 24.37,
21.10, 21.08, 20.04, 19.76, 19.43, 17.62, 12.14; exact mass: 398.3546 (398.3549 calcd
for C28H46O). Anal. calcd for CygHagO: C, 84.36; H, 11.63. Found: C, 84.26; H,

]
<

H .48.

.6[3 Hydroxy-3a,5- cyclo -5a- crgostanc (36)267 and 6B-hydroxy-5B- methyl-

" 4-nor-ergostanc (37)

The methodZ56 for conviision of 26 to 27 was used. Thus, 35 (11.55 g, 30.0 m@ol) 3
afforded 11.33 g (98%) of 36, contaminated with 5 - 10% of 37,as a chromatographrcally
inseparable ox‘l [(JL]D24 +36.00 (¢ 2.33, CHCl3); IR (CHClIj3 cast) 3420 (O- H) 2955,

2932, 2858 (C-H), 1462, 1375, 1017 cm-!; 1¢1 NMR (200 MHz, CDCl3) 5 3.26 (dd,

2.6, 2.6 Hz, 1H, CHOH), 1.0-2.2 (m, 26H, CH, CHp), 1.056 (s, 3H, CH3-19), 0.918
(d, 6.4 Hz, 3H, CH3), 0.857 (d, 6.8 Hz, 3H, CH3), 0.785 (d, 6.8 Hz, 3H, CH3), 0.779 |
(d, 6.5 Hz, 3H, CH3), 0.723 (s, 3H, CH3-18), 0.518 (dd, 4.2, 4.2 Hz, 1H, 4-H), 0.290
(dd, 8. 0 5.0 Hz,1H, 4. H); exact mass: 400.3691 (400 3705 calcd for Co8H480). Anal.
"‘calcd for C28H480 C,83.93; H, 12.07. Found: C, 83.80; H, 12. 19

b ad

Ergost-5-cn-3f-ol (22)267, 391
~ The method267 for coﬁvcrsion of 35 to 8 was used. Thus 36 (containing 5-10%
of 37, 2.36 g, 5.90 mmol) gavc after columf ch:omatography (CHCl3):

Fraction (1), crude 37, n:pcatcd column chromatography (EtOAc 4%/hcxanc 96%)
afforded 156 mg (7%) of 37 as a gum: [a]p24 +26.6° (c 1.22, CHCI3); IR (CHCIj cast)
3460 (br, O-H), 2952, 2868 (C-H), 1462 (wk), 1375 (wk) cm-1; TH NMR (400 MHz,
CDCls) § 3.70 (dd, 3.0, 2.4 Hz, 1H, CHOH), 2.00 (ddd, 12.4, 3.0, 3.0-Hz, 1H, 7BI:D
1.00-1.90 (m,27H, CH. Cﬂz)“?flo.OZfz) (s, 3H, CH3), 0;956 (s, 3H, CH3), 0.890 (d, 6.6
Hz, 3H, CH3), 0.846 (d, 7.2 Hz, 3H, 'CH3), 0.787 (d, 6.8 P}z\ 3H, CH3), 0.692 (s, 3H,
CH3).. 13C NMR (100 MHz, CDCl3, muln’plicitics determined by INEPT and APT phase-
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selective spectra) § 73.48 (CHOH), 56.91 (CH), 56.42 (CH), 48.27 (C), 45.58 (C),
4532 (Q), 42.87 (), 40.52 (CH?.)‘ 39.20 (CH), 36.46 (CHy), 36.33 (CH), 36.27
(CHj), 35.01 (CHy), 33.97 (CHp), 31.60 (CH), 30.74 (CH2), 30.05 (CH), 28.42
(CHy), 24.31 (CHy), 22.60 (CH»), 22.04 (CHy), 22.04 (CH3), 20.57 (CH3), 19.24
(CHs), 19.04 (CH3), 17.87 (CH3), 17.32 (CH3), 15.66 (CH3), 12.38 (CH3); exact

s: 402.3851 (402.3862 calcd for CogHs00). Anal. caled for CogHsgO: C, 83.51; H,
Found: C. 83.27; H, 12.13.

Fraction (2), 1.81 g (82%) of white crysta]liﬁc 22, whigh was fécrysmlliscd from
acetone: mp 154 - 155 C, (1it.391 mp 157 - 158 °C); [a]p2* -47.23 (c 1.92, CHCl3),
(1'11.391 [a]p24 -46.30 (CHCI3)); IR (CHCl3 cast) 3360 (br, O-H), 2958, 2933, 2906,
2870 (C-H), 1462, 1375, 1060 con-1; TH NMR (400 MHz, CDCl3) § 5.30 (d, 5.2 Hz, m,
lH; CH=C), 3.46 (dddd, 11.0, 11.0, 4.4, 4.4 Hz, 1H, CHOH), 2.20 (m, 2H, CHy),
1.93 (m, 2H, CH, CHy), 1.79 (m, 4H, CH, csz, 0.70-1.56 (m, 20H, CH, CHy).

1.001 (s, 3H, CH3-19), 0.917 (d, 6.4 Hz, 3H, CH3), 0.854 (d, 6.8 'Hz, 3H, CH3),

0.780 (d, 6.8 Hz, 3H, CH3), 0.772 (d, 6.8 Hz, 3H, CH3), 0.672 (s, 3H, CH3-18); 13C

'NMR (100 MHz, CDCl3) & 140.95 (wk, C=CH), 12184 (CH=C), 71.97 (CHOH),

57.02:'56.35, 50.41, 42.50, 40.03, 39.35, 1;.7.42; 36.78, 36.33, 33.92, 32.10, 32.03,
32.03, 31.94, 31.77, 30.80, 28.22, 24.43, 21.27, 20.54, 19.42, 19.07; 17.88, 15.61, .

" 11.98; exact mass: 400.3705 (400.3705 calcd for C28H480). Anal. calcd for C23H48d:

C, 83.93; H, 12.07. Found: C, 83.96; H, 12.14.

R Y

Crystallization of ergost-5-en-3f-ol f(22) 'for.X-ray diffraction

The method of Shieh et al 325 was used: Thus, 22,(10 mg) was dissolved in Et70

(0.5 mL) and EtOH (0.5 mL) was added. The solutioln was placed in a small tube (4 mm
i.d.) and the tube inserted into a test-tube con;ainiﬁ}; EtOH 50%/H0 50%. The test-tube

-

was sealed, and stored for 2 weeks. Solvent was Ad‘ccantcd to give ](;ng thin needles of 22.
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S
(22E)- BB Bcn;oyloxycrgosta -5,7,22-trienc (38)281
A modlﬁcanon of the procedure of Klosty etal 281 was used. Benzoyl chlonde

. (4 45 g, 31 ) mmol) was added toa solution of crgosterol (3.97 g, 10.0 mmol) and
pyridine (2 mL) in CH2Cl2 (100 mL) at 0 ©C. The mixture was heated to reﬂux for 1 h.

Water (100 mL) was added, and the orgamc phases were washed (10% Q}CO3, 100 mL,

then HZO 100 mL), dncd an.) eoncentrated in vacuo-. The residue was remystalhscd

twice. from EtOH to give 2.30 g (46%) of 38 as white ncedlcs n;’;b 153 - 156 OC, (1it.281

mp 169 °C); [a]p2* -59.4° (c 1.00, CHCl3). (it.2 281 [a]D-720 (CHCl3)); IR (CHCl3 - 2
cast) 3030 (Ar-H), 2985, 2860, 2840 (C-H), 1710 (C=0), 1450, 1270, 1115, 695, 685 .
cm-1; TH NMR (400 MHz, CDCl3) & 8.04 (d, 8.0 Hz, 2H, ortho-ArH), 7.52 (t,7.6 Hz, .- w&
1H, para -ArH), 741 (t, 7.6 Hz, 2H, meta -ArH), 5.60 (AB, 4.8 Hz, m, 1H, C=CHD,

5.40 (AB, 4.8 Hz, m, 1H, C=CH), 5.20 (m, 2H, CH=CH (cham)) 495 (dddd, 11.6,

116 4.0, 4.0 Hz, 1H, CHOBz), 2.62 (AB, 14.4 Hz, dd, 4.8, 2.0 Hz, 1H, 40-H), 2.50
(AB, 14.4 Hz, mT,1H, 4B-H), 1.1-2.2 (m, 18H, CH, CHp), 1.070 (d, 6.6 Hz, 3H

CH3), 1.022 (s, 3H, CH3-19), 0.947 (d, 6.8 Hz, 3H, CHg), 0.867 (4, 62 Hz, 3H,

© CH3), 0852 (d, 6.8 Hz, 3H, CH), 0655 (s, 3H, CH3-18); 13C NMR (100 MHz,

CDCl3) § 165.27 (C=0), 140.88, 137.88 and 130.19 (wk, C-5, C-8, ipso-ArC), 135.00,
132.23, 131.40, 119.79 and 11579(C6 7,¢22,C23, para -ArC), 128.90 and

127.74 (4C, ortho -ALC, meta -ArQ), 7278 (CHOB2), 55.14, 53.92,45.49, 4222,
42,19, 39.74, 38.43, 37.35, 36.55, 36. 17, 32.44, 27.62, 27.62, 22.39,.20.54, 2043,

19.36, 19.06, 17.03, 15.61, 11.47; ‘exact mass: 500.3666 (500 3654 ca]cd for
C35H4802). Anal. calcd for C35H4802. C, 83.95; H, 9.66. Found: C, 83.96; H, 9.47.

, “hd
-

(22E )—3B-Bcnzoyloxycrgosta-S.7.22—tricnc iron tricarbonyl adduct (39)256
The procedure of Barton et al 256 was followed. Thus, a mixture of 38 (1.50 g,
3.00 mmol), p —rrzcthoxybenzylidcncacctonc (170 g, 9.7 mmol) and di-iron nonacarbonyl

(3.63 g, 10.0 mmol) in toluene (13 mL) was heated at 55 ©C with stirring for 26 days. The
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yellow solution was concentrated in vacuo and the residue crystallised (EtOAc) to remove :

1

413‘mg of unreacted 38. The mother liquors were concentrated in vacuo. Column

| chrom:it'ography (EtOAc 4%/hexanc 96%) gave fractions containing 38 and 39, which -

| were rccrystalhsed (EtOAc 4%/hexane 96%) to afford 525 mg (27%) of 39 as a solid ©
which was free of 38 by TLC (EtOAc 4%/hexane 96%, 2X): mp 147 - 148 OC, (1i.256
mp 163 - 165 ©C); [a]p24 -57.99 (¢ 1.20, CHCl3), (1it.256 [a]p24 -67.90 (c 1.20,
CHC13)); IR (CHCl3 cast) 2950, 2865 (C-H), 2033, 1955 (FeC=0), 1720 (C=0 éstcr),’
145“‘0, 1272, 1110, 708 ‘cm'l_:. no absorpﬁon at 1600, 1585 em- 1 1H NMR (400 MHz,'
CDCl3) 0 8.04, 7.54 and 7.42 (m, 5H, Arﬂ), 5.23 (d, 4.4 Hz, 1H, CH=C (ring)), 5.20
(AB, 15.4 Hz, d, 7.0 Hz, 1H, CH=CH (chain)), 5.17 (AB, 15.4 Hz, d, 8.0 Hz, 1H,

| CH=CH (chain)), 5.00 (m, 1H, CHOBz), 4.92 (d, 4.4 Hz, 1H, CH=C (ring)), 2.50 (dd,
13.6, 12.0 Hz, 1H, CH, CHp), 1.10-2.20 (m, 19H, CH, CHp), 1.00 (d, 6.5 Hz, 3H,
CHj3), 0.965 (s; 3H, ‘CH_3-19), 0.901 (d, 6.8 Hz, 3H, CH3), 0.835 (d, 6.5 Hz, 3H,
CH3), 0.817 (d, 7.0 Hz, 3H, CH3), 0.725 {s, 3H, CH3-18); 13C NMR (100 MHz,
| CDCl3) §212.33 (FeC=0), 164.88 (C=0 ester), 134.35, 131.98 and 131.‘50 (CH=CH
(chain), para -ArC), 129.84 (.wk ipso -Ar(C), 128.62 and 127 48 (4:C orthiu -ArC, meta -
Ar(), 87.65 and 8074 (wk, C-5, C-8), 82.59 and 77 79(C6 C-7),73.09 (QHOBZ)
57.13, 55.49, 55 25 45.56, 41 85, 38,@8 37.57, 37. 16 37 07, 32.12, 27.52, 27 31,

26.86, 26.36, 24.16, 23.26, 20.22, 19.10, 18.77, 1673, 10.93; MS (EI) m/e 12 (M* -
€O, 1%); 584 (M* -2 CO, 3%). 556 (M* - 3 CO, 27%), 500 (M* - Fe(CO)3, 2%) 378
(M* - Fe(CO)3 - PhCO2H, 48%).

3B-Acetoxyergost-5-enc (46)267- 3‘9'1
The PTOGCdurc' of Thompson et al 267 was used. A mixture of 36 (4.55 g, 11.3

mmol), AcOH (137 L) and anhydrous zinc écctétc (9.50 g. 51.8 mmol) was heated at
reflux for 3 h. The mixture was cooled and poured into HO (750 mL). The solid was

¢Bllected and washed (H0, 200 mL). Recrysta]lisatigl (acetone S0%/ methanol 50%, 250



-

mL)' laffordcd 3.23 g (64%) of 40 as white plates. Column chromatography (EtOAc

4% hexane 96%) of the residue gave a further 18% of 40, 1otal yield 82%, and unreacted
37 (1%). For 40: mp 144 - 145 °C, (it.391 mp 144 - 145 0C); [a)p24 -46.10 (¢ 2.02,
'CHCl3), (i.391 [o)p24 -45.50 (¢ 1.20, CHCI3)); IR (CHCl3 cast) 2956, 2938, 2906,
2871 (C-H), 1731 (C=O), 1465, 1440, 1378, 1252 (str), 1040 em1; TH NMR (400
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MHe, CDCI3) 0 5.39 (br d, 4.8 Hz, 1H, CH=C), 4.61 (m, 1H, CHOAC), 2.32 (m, 2H, 4-

" £.),2.04 (s, 3H, CH3C05), 2.00 (m, 2H, CH, CHy), 1.86 (m, 3H, CH, CHy), 0.8-13
(r} 20H, CH, CHy), 1.016 (s, 3H, CH3-19), 0.918 (d, 7 Hz, 3H, CHz), 0.855 (d, 6.8

Hz, 3H, CH3) 0.783 (d, 6.8 Hz, 3H, CH3), 0.776 (d 6.8 Hz, 3H, CHj), 0673 (s, 3H,

CH3 18); 13C NMR (100 MHz, CDCl3) & 17055 (wk C=0), 139.87 (wk, C=CH),

122 74 (C=CH), 74.01 (CHOH), 56.85, 56 12 50.24, 42 40, 39.88, 39.20, 38.27,
37.18, 36.74, 36 20, 3388 32.04, 3204 31 66, 30.79, 28.26, 27.81, 24.30, 21. 44,

| 21.14, 20.55, 19 38, 18,97, 17.74, 15.55, 11.91; exact mass: 3823588 (382.3599 calcd
for C30H50032). Anal. caled for C3gHs5007: C, 81.39;'H, 11.38. Found: C, 81.33; H,

11.33.
PR 1 .
3B- Acctoxycrgosta 5 /- dxcmc N-plrcny].m;azolmc—3 5-dione adduct (41)256

~ The method for convcrsxon of 5‘ to 26'wa§; useg Thus, 40 (3. 14 g, 7.09 mmol)
gave 2 88 g (66%) of 4] as’ a palc yellowegum [a]D24 80 09 (c 2 07 CHC]3)

(1it.256[a)p24 -96.5° (c 0.29, CHCI3)); IR (CHCl3 cast) 2956, 2930 (C-H), 1756
(C:O‘amidc). 1737 (é—o ester), 1706 (C=0 amide), 1398, 1242 eml; 1H NMR (200
MHz, CDC13)§ 2 (m, 5H, AfH), 6.43, 623 (AB, 8.4 Hz, 2H, CH cm 5.46 (dddd
11.2,11.2, 5.4, 5,4 Hz, 1H, CHOACc), 3.23 (ddd, 14.0, 50 -=06Hz 1H, 4aH) 2.52.
(m, 1H, 4B-H), 2.32 (m 1H, cu,caz) 1.85-2.23 (m 4H CH. CHy), 2.00 (s, 3H,
CH3CO9), 1.1-1.85 m, .7.., CH, cnz) 0.985 (s, 3H, GH3 19) 0.937 (d 5.8 Hz,
3H, CH3), 0.847 (d, 6.6 Hz, 3H, CHz), 0797 (s, 3H, CH3 18), 0.772 (4, 7.0 Hz, 6H,
2 X CH3); 13C NMR (100 MHz, CDCI3) 8 169.90 (wk, C=0O ester), 149.22 and 146.75
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(wk, C—O amldc) 135.37, 129 38 and 126.31 (CH= CH para Axﬁ) 13204 (wk xpso-
ArC), 128.87 and 126.33 (4C, ortho -AIC, meta AxQ 70.66 \CHOAC) 65.41, 65.12, |
55.13, 53.08, 49..44 44.12, 41.29, 39.18, 38.37, 3562 3384 3362 3160 3117,
30. 55, 27.42, 26.01, 23.41, 22.52, 21.28, 20.49, 19.26, 17.83, 17. 54 15.66, 13.01;
‘MS*(NH3 -CI) m/e 633 ([M "+ NH4)t, 2%), 381 (MH"’ AcOH 24, 100%); UV (McOH).
)‘max (log €) 216 (mfl 4 10), 248 (3.685). .
6,7-Di1;ydro-(3B-hcct;xycrgos\tﬁﬂ—dicnc N-phcnyltri;';zpliﬂc-3:S-diong
adduct) (32) from 41 A‘ ‘
The method256 used to prepare 27 from "6 w as used. Thus 41 (11 0 mg, 17 9
pmol) afforded 10.8 mg (‘98%) of 32, that was i !.nticil to material preparc‘i from 31 b%’
IR, JH NMR, 13C NMR and mass spectrometry ‘ _, . | . ¢

Ergosta 5,7-dien-3B-ol (21)256 | R o 5
l « The mc:thod253 for conversion of 26 to 6 was uscd Thus 41 (260 mg. 422

’ ur@ol) gave 162 mg (96%) of 21 which was recrystalhscd from. acctonc as white ﬂakcs
© mp 134 -'136 0C, (1it.352 mp 132.5 - 134. 5 °C); [alp 24 12140 (c 2. 09 CHC13)

(lif.256 [o]p - 1710 (¢ 0.1, CHCl3)); IR (CHC13 cast) 3300 (br 0- HD 2953, 2930 2871 -
(C-H), 1462, 1376, 1060, 830 em-1; TH NMR {400 MHz, CDC13 3560(AB 56Hz '

' d, 2.4 Hz, 1H, 6-H), 5.41 (AB, 5.6 Hz. dd, 2.8, 2.8 Hz, m 7-H), 3.65° (dddd, 11.2,
11.2, 4.0, 4.0 Hz, 1H, CHOH), 2.47 (AB, 145Hz dd, 25 2.0 Hz, 1H, cuz) 228
‘(AB 13.0 Hz, br d, 1.8 Hz, 1H, M., 208(ddd 130, 25 2.5 Hz, 1H, CH, cu;_)
1120(m 22H, CH, CHy), 0.945 (d, 6.8 Hz, 3H, CHz3), 0.943 (5,34, CH3-19), -

~ 0.860 (d, 6.8 Hz, 3H, CH3), 0.787 (d, 7.4 Hz, 3H, Cﬂ3),07821(d 7.4 Hz, 3H, caj) )
0.617 (s, 3H, CH3-18); 13 NMR (100 MHz, CDC13)8 141 44and 13996 (wk 5-C, 8-

C), 119.82 and 116.54 (6Q 7-C), 70.62 (QHOH) 56. 15, 5470 4651 43.18, 41 02 ‘
39.42, 39.38, 38.61, 37.20, 36.77, 33.90, 32.28, 31.77. ‘30.93.- 28.11, 23.18.,21.?0,
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20.54, 19.16, 17.84,~ 16.44, 15.68, 11.92; exact mass: 398.3548 (398.3549 calcd for
CogHye0), UV (MeOH) )vmax (log €) 252 (infl., 3.756),"261 (inﬁ., 4.054), 271 (4.075), -

281 (4.095), 293 (3.866), (lit.?-s6 262 (3.903), 272 (4.049), 282 (4.072), 294 (3.833)).} '
Anal. caled for CogHygO: C, 84.36; H, 1}1'6:24»: Found: C, 84.38; H, 11.71. | )

(22E) -3B-p - Tolucncsulfonoxy sugmasta 5 22-diene (43)293 300\ T
| Thc method of Steele and Mosetti 5300 was uscd A.mixture of (22E)- stlgmastaé»

5,22-dien- 3f-ol (74 7 g, 181 mmol) p- lolucncsulfonyl chlondc (73 6g, 386 mmol) and
. pyridine (600 mL) was surrcd for 16 h. ThP solution was poured into 10% KHCO3 (L) .

and the precipitate was collected, washed (HzO LL) and recrystallised (acetori®, 3.6 L) to

afford 879g(86%) of 43 as white crystals: mp 142 143 ©C dec.; (1it.293 mp 148 - 149 ‘
oc) [a]D24 -50.0° (¢ 1.85, CHC]3) (1it.293 [a]D24 -50.00); IR (CHCl3 cast) 2980,

.. 2880 (CH) 1460, 1362, 11750m'1 1HNMR(4OO MHZ CDCl3) 67.82,7.35 (AB, 8.3

Hz, 4H ArH), 5.31 (d, 49Hz ﬁ‘i ﬂ:l CH—C) 5.15 (AB, 152Hz d, 8.6 Hz, 1H,

CH—CH) 5.04 (AB. 152 Hz, d, 90Hle CH=CH), 4.32 tdddd, 11.5, 11.5, 4.6, 4.6
Hz, 1H, CHOTs) 244 (s, 3HArCH3), 2.40 (m, 1H, 4a-H), 2.26 (AB. 13.4 Hz, dd,

l

50,158 z, 1H, 4BH},0821 (m 21H CH, CH»), 1.021 (d, 6.8 Hz, 3H, CH3),

i 0966 (s 3H CH3rl9) 0.841 (d 64 Hz, 3H, CH3), 0.799 (1, 7.2 Hz, 3H, CH3), 0.790

(q, 7.0 Ha, 3H, ‘CH3), 0.674 (s, 3H, CH3-18); 13C NMR (100 MHz, CDCl3) § 144.30,

139,01 and 135. 25 (wk, C=CH, ‘ixm 138.21,129.54 and 123.40 (CH=C,

CH CH), 129.73 and 127. 77 (4C, 2XA1CH) 82.36 (CHOTS), 56.93, 56.18, 51.39,
5017 4238, 4046 39.70, 39,02 3701 36.59, 31.91, 31.91, 31.86, 28.83, 28.77,
25.42, 24.40, 21 63, 21.28,21.17, 31.00, 19.23, 19.16, 12,24, 12.16; exact mass:

" 394:3596 (3943599 caled for §2gHag, M¥ - TSOH). Anal. caled for C3gHs4803: C.

76.28; H, 9.60; S, 5.66. Found: C, 76.33; H, 9.62; S, 5.51.

hat
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(22E )-6B- Mcthoxy -3a,5:cyclo-5a-stigmast-22-ene (44) and (22E) 3{3
methoxystigmasta-5,22-diene (45)293 | ,
The methad of Partridge et 21293 was used. A mixture of 43 (200,353 mmol)
pyridine (8.5 mL) and MeOH (200 mL) was stirred at reflux for 7 h. The mixture was

concentrated in vacuo , HyO (500 mL) was added, and the mixture was extracted (ElOAC,
2 X 500 mL). The combined extracts were dﬁcd‘(Nay_Cpg,) and concentrated in vacuo .
Column chromatography (CHC13) afforded: t

Fraction (1), 9.73 g (65%) of 44 as a clear oil: [a]D24 +28.20 (¢ 2.29, CHCly),
(1it.293 [a)p24 +34.00 (¢ 1.02, CHCI3)); IR (GHCI3 cast) 2955, 2915, 2860 (C-H),
1095, 1080, 9’65;.cm‘1; 1H NMR (200 MHz, CDCl3) 3 5.10 (m, 2H, CH=CH), 3.36 (s,
3H, CH30), 2.78 (dd, 2.5, 2.5 Hz, 1H, CHOMe) 1.07-2.15 (m, 23H, CH, CH»), 1.03
(s, 3H, CH3-19), 1.02 (4, 7 Hz, 3H, cp_r3) 0. 85 (d, 6.5 Hz, 3H, CH3), 0.82 (d, 7 Hz,
3H, CH3), 0.80 (t, 3 Hz, 3H, CH3CH2) 0. 44 (s, 3H, CH3-18); I3@'NMR (50 MHz,

CDCl3) & 138.40 and 129.36 (CH=CH), 82.57 (QHOMc) 56.71, 56.65, 56.20, 51.31,

48.20, 43.57, 42.76, 40.64, 40.33, 35.41, 35.28, 33.49, 31.93, 30.60, 29.01, 25.44,
25.07, 24.39, 22.86, 21.53, 21.32, 21.17, 19.35, 19.06, 13.15, 12.54, 12.38; exact
" mass: 426.3850 (426.3861 calcd for C3gH500).

~ Fraction (2), 1.17 g (8%) of 45 as a gum: [a]p24 -52.00 (¢ 0.96, CHCl3),
(lit, 293 [a]lp24 -55.20 (¢ 1.16, CHC13)) IR (CHCI3 cag) 2989, 2940 2870 (C-H),
1115, 1100 970 cm1; 1H NMR (80 MHz, CDC13)85376§1 IH, CH—C) 5.12 (m,
2H, CH=CH), 3.37 (s, 3H, Cﬂ30), 3.10 (m, 1H, CHOMe), 1.1.2-2.59 (i 24H, CH,
CHj), 0.65-1.12 (sh m, 18H, 6X CH3); exact mass426.3859 (426.38'61 calcd for

C30H500). ;@ |

N L] . :
9 N - M,
(208 )-20- Hydroxymcthyl -6p- mcthoxy 3a, 5 cyclo-5a-pregnane (46)293
Thc mcthod of Partridge et al 293 was uscd A solution of 44 (2.00 g, 4.69 mmol)

in CH2C12 (40 mL) and pyndme (0.4 mL) was subjccted to ozonolysns (ca. 1.2 mol.
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équiv. 03) ét -78 OC, until a blue color appeared. The reaction vessel was flushed with Ar,
and a solution of sodium bis-(i-mcmoxycmoxy)aluminium hydride (Rcd-A_lTM) 7.1M,
1.6 mL, 11.4 mmol) was added. The mixture was stirred for 1 h at -78 OC, warmed to”~
room temperature over 1 h, and 2 N H804 (25 mL) was added with cooling. The mixture
was an'actcd (E10Ac, 2 X 100 mL), and the extracts were dried and concentrated in

vacuo. Co]umn chromatography over florisil (packed in pyridine 1%/benzene 99% eluted
* with benzene, then EtyO 5%/benzene 95%) afforded l.OO’g (62%) of 46 as a ﬂuffy solid:
mp 46 - 48 OC (sealed fube), (1it.293 glass); [d]DZ'4 +45.70 (¢ 1.04, CHCl3), (1it.293

[a]D24 +47.80 (c. 0.96, CHCI3)); ‘IR (CHCl3 cast) 5375 (O-H), 2930, 2865 (C-H),

1100, 1080: 755 cm-1; TH NMR (ZOO'MHz, CDCl3)  3.65 (AB, 10 Hz, d, 3 Hz, 1H,
CH_OH) 3.40 (AB, 10 Hz, d, 6.5 Hz, 1H, CHOH), 3.36 (s, 3H, CH30), 2.79 (d‘d 2.5,

*3.5 Hz, lH CHOMe), 0.77-2.06 {m, 20H, CH, CHz) 1.08 (d, obscure, 3H, CH3-21),

1.04 (s, 3H Cﬁ3 19), 0.77 (s, 3H CH3 8), 066 (dd, 5.1, 3.6 Hz, 1H, 4-H), 044

(dd, 7.9, 5.0 Hz, 1H, 4-H); 13C NMR (100 MHz CDC13) 8 8221 (QHQH) 67.34
(QHzOH) 56.21, 56.15, 52.60, 47 98 43 15, 42 69 40.04, 38. 68 35 03 349? }"“&

33. 27 30.39, 27.61, 24.79, 24.14, 22.63, 21.20, 1907 1664 1298 12 14 exact - i

mass: 346.2867 (346.2871 calcd for Co3H3802). "
Work-up of the ozonolysxs mixture with dimethyl sulfide or zinc dust/AcOHzg2

afforded a mixture of aldehydes 42 and 47 after chromatography (EtOAc 4%/hexane
96@ spectra were as for 42 (see below), except for 1H NMR (400 MHz, CDCl3) &

9.582 (d, 3.3 Hz, CHO of 42), 9.593 (d, 3.0 Hz, CHO of 47)..
: 4

6B-Mcthoxy-3a,5-cyclo-5a-pregnane-(20S )-20-carboxaldehyde (42)290,

291 | |

3

The method of Corey and Suggs294 was used. A solution of 46 (75.0 mg, 217 >
umol) in CHCl, (2 mL) was added to a stirred suspension of pyridinium chlorochromate
(50.0 mg, 232 pmol) in CH3Cl3 (3 mL). The mixture was stirred for, 45 min, and Et,O
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0 \
(10 mL) was added. The mixture was ﬁltcfcd throu gh celite, which.was then washed “
(En0O, 50 mL). The filtrates were c_onc;entrated in vacuo ;.column chromatography »
(CHCl3) affordcd |

Fracnon (1), 46.4 mg (62%) of 42 as a clear oil: [a]D24 +43.10 (¢ 0. 940 ‘
CHCl3); IR (CHCI3 cast) 2932, 2889 (C-H), 1726 (C=0), 1098 cm-1; TH NMR (400
MHz, CDC13)6 9.58 (d, 3.2 Hz, 1H, CﬂO) 3.36 (s, 3H, CH30), 2.79 (dd, 2.4, 2. 4 Hz
1H, CﬂdMe) 2.38 (dd, 10.0, 32Hz q, 6.8 Hz, 1H, CHCHO), 0.8-2.0 (m, 19H, Cﬁ
CHp) *1 14 (d, 6.8 Hz, 3H, CH3-21), 1.05 (s 3H, CH3-19), 0.78 (s, 3H, CH3 18)
0.66 (dd, 4.8, 4.0 Hz, lH 4-H), ‘O44(dd 80 52 Hz, 1H 4-H); 13C NMR (100 MHz, \
CDC13) d 204.87 (Q-O) 82.38 (CHOMe), 56.50, 55 87, 51.32, 49.44, 48.19, 43. 42
40.07, 35.26, 35.12, 33.40, 33.40, 30.56, 27.12, 24.97, 24.53, 22.70, 21.44, 1929,
13.;17. 13.17, 12.60; exact mass: 344.2722 (344. 2729 calcd for Cp3H3407). Anal. calcd
for Cy3H3602: C, 80.18; H, 10.53. Found: C, 80.51;-H, 10.27. All samples prepared in
this way contained 3% of 47 which had spectra as above except: 1H NMR (400 MHz,
CDCl3) §9.59 (d, 3.0 Hz, CHO); 13C NMR (100 MHz, CDCl3) g 205.52 (CHO).

Fraction (2), recovered 46 (33%).

Aldehyde 42290, 291 by Moffatt oxidation of 46 U
v - {

~ The method of Pfitzner and Moffatt394 was used. Compound 46 (52.9 mg, 153

pmol) and dicyclohexylcarbodiimide (92. 9 mg, 522 pmol) were dissolved in benzene (2

mL) and DMSO (0.25 r“fiL) The mixture was cooled to 0'°C, and 72 uL of a solution of
phosphonc acid (102 mg) in DMSO (1 mL) (63. 6 urnol’H‘3~P0\4) was added. The mixture
was allowed to warm to ro_om tempc_rarurc and was stirred for 6 h. EtOAc (10 mL) was
added, and the prccipitafc was collected and washed (EtdAc, lOmL) The filtrate was -

~ washed (H0, 3 X 20 mL), dncd and concentrated in vacuo . Column chromatography

(EtOAc 4%/hexane 96%, thcn EtOAc 10%/hexane 90%) afforded: _
Fraction (13, 3.29 mg (5%) of 48 as a gum: IR (CHCl3 cast) 2946 2928, 2861
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2849 (C-H), 1469, 1453, 1098 1081, 1065 cml; 1H NMR (400 MHz, CDC13) d4.64,
4.60 (AB, 11.2 Hz, 2H, OCH;9), 3 47 (AB, 8.8 H/z/d 3.0 Hz 1H, CHHOCH,S),
3.27 (AB, 8.8 Hz, d 7.2 Hz, 1H, CHHOCH)S), 3.34 (s, 3H, CH30), 2.77 (dd, 2.8,
2.8 Hz, 1H, CHOMe), 215(s 3H, CH3S), 0.75-2.00 (m, 20H, CH, CHy), 104(d 6.8
Hz, 3H, CH3-21), 1.02 (s 3H, CH3-19), 0.75 (s, 3H, CH3-18), 0.65 (dd, 4.4, 44 Hz,
1H, 4-H), 0.43 (dd, 8.0, 5.2 Hz, 1H, 4-H); 13C NMR (100 MHz, CDCl3) § 82.47
(CHOMe), 75.54 and 73.62 @Hzo,:;SQHZQ),‘ 56.57, 56.32, 53.18, 48.1-6’, 43.40,
. 42.96, 40.17, 36.54, 35.34, 35.12, 33.48, 30.56, 27.97, 25.04, 2432, 22.79, 21.56,
19.38, 17. 64 13.92, 13.12, 12.38; exact mass: 406.2901 (406.2905 calcd for
(‘25H42028 35%), 328.2766 (328.2766 calcd for C23H360, Mt - CH3SCH7_O
27%).
. Fraction (2), 9.76 mg (119%) of 42.
Fraction (3), 28.90 mg (55%) of 46.
5 .
3-Methyl;l-buty1 P -tolucncsulfonaté (52)
The method of Place et al 299 was used. To a solution of $-methyl-1-butanol (11.1
mL, 100 mmol) and pyn'dinc (24 mL) in CH2CIZ; (500 mL) was added p -toluenesulfonyl

chloride (20. 9g, 110 mmol) with cooling at 0 OC. The mxxturc was stirred for 48 h at

room tcmpcrature The soluuon was washed (2 X HO, "50 mL) dried-an |

in vacuo . Ele (250 mL) was added and the mxxturc was ﬁltcrcd T hc sohd was@uashcd g
(Et0, 2 X 1CBO mL) and the combined filtrates conccntrated in vacuo xo afford21.6 g s \yg
(89%) of 52 as a semi- solid: IR (CHCI3 cast) 1360, 1190, 1180 crﬁl 1H NMRy(SO o
MHz CDCl3) & 7.80, 7.35 (AB, 8 Hz, 4H, Arﬂ) 4.05 (t, 6 Hz, 2H, CH30), 2.4 (s, 3H,"
ArCH3y), 1.55 (m, 3H, CH, CHy), 0.85 (d, 6 Hz, 6H, 2 X CH3); MS (EI) m/e 242 M,

.ot S

0.7%). ‘ b
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3-Methyl-1-iodobutane (53)
The method of Place et al 299 was used. To magnesium (5 g, 205 mmol) in Et70

(50 mL) was slowly added iodine (39.3 g, 155 mmol). After all the iodine was added, and

spontaneous refluxing ceased, the mixture was stirred unal the color due to iodine had

52 (18.8 g, 77.5 mmol) in EtzO (100 mL) was added. The mixture was snrrcd for 1 h,

then ice-water (300 mL) was added. The ether layer was collected, washed (5% sodium

thlosulfate 100 mL), dried and concentrated at 200 mm Hg and room temperature on a

. rotary evaporator to give 9.30 g(61%) of 53 as a pale yellow liquid: IR (CHCl3 cast) 2960

(C-H_), 1360, 1168 cm:!; 1H NMR (80 MHz, CDCl3) 83.23 (1,7 Hz, 2H, CH>D), 175
(m, 2H, CH»), 1.38 (m, 1H, CH), 0.90 (d, 6 Hz, 6H, CH3); MS (EI) m/e 198 (M*,

0.7%), 70 (M* - HI, 100%).

(3-Methylbutyl)triphenylphosphonium iodide (49)285

The method of Bergmann and Dusza285 was used. Compound 53 (5.67 g, 28.6
rhmb]) triphenylphosphine (5 g, 19.1 mmol) and toluene (25 mL) were heated af reflux for
48 h. The precipitate formed on coolmg was collected, washed (toluene, 2 X 10 mL), and

rccrystalllsed from EtOH/HO to afford 6.87 g (78%) of crystall'nc 49: mp 160 162 oC,

(1it.285 mp 174 - 176 °C); IR (CHCI3 cast) 1438, 995 cm- 1, (1i1.285 1435, 998 em-l); 1H
NMR (400 MHz, CDCl3) 6 7.83 (m, vlSH,‘Arw, 3.55 (m, 2H, CHjP), 2.00 (septuplet,

6.8 Hz, 1, 6.8 Hz, 1H, CHMe)), 1.54 (m, 2H, CH2CH2P) 0.99 (d, 6.8 Hz, 6H, 2 X
'‘CHs); 13C NMR (100 MHz, CDCl3) § 13532 (d, 4J(31p_13c)—25Hz, 3C, para -ArQ),

133.74 (d, J(31p 13¢y= 10H2) and 130.71 (d, J31p.13c)= 12.5 Hz) (12C, ortho -ArC. \
meta -ArC), 118.17 (d, 1J31p. 13C)_ 86.2 Hz, 3C, ipso -AfC). 31.05 (4, 33(31p-13C)- :
4.2 Hz, CHMey), 28.86.(d, 2J31p.13¢)= 14.8 Hz CH,CHyP), 22.24 (2C, 2 X CH3),
21.67 (d, 11(31p_13c)— 50.8 Hz, CHoP); 31p NMR (80 MHz, CDCl3) § 24. 58 (br m,
w1/=50 Hz, 297K) or 1.55 (s 1H. decoupled, 300K); MS (EI) m/e 333 (RPPh3™).

.9
¢

- disappeared (ca. 30 min). The solunon was cannclated into a dry flask, and a suspension of W
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Anal. caled for C93H26PI: C, 60.01; H, 5.69; 1, 27.57. Found: C, 59.75; H, 5.75; I,

27.92.

4

(2R )-2,3-Dimetbylbutas- 1-61 (51)288
A modification of the ozonolysis procedure of Parmdge et al293 was used. A
solunon of ergosterol (lO 0 g, 25.2 mmol) in CH2C12 (250 mL) and pyridine (5 mL) was
ozomscd at -78 OC (ca. 87 mmol O3) until a blue color appeared. The reaction vcsscl wa
flushed with N», and a solu‘on of Red-AlTM in toluene (21 mL, 150 mmol) was addcdﬂ

The mlxturc was stirred for 1 h at -78 OC and al]owcd to Warm to roofm temperature over
1h. Sulfuric acid (2 N, 250 mL) was added with caution and cooling. The resulting
mixture was steamn distilled until no further organic products distilled. The distillate was

séparated, and the organic pge dried and concentrated at 20 ©C and 200 mm Hg. The
. . o

residv  was.distilled in a kugelrohr (150 ©C, 760 mm Hg). A small amount of the distillate
was pun'ﬁcé by preparative GLC (carbowax column); the last peak eluted was collected to
afford 51: IR (CHCI3 cast) 3622 (sh, H-bonded O-H), 3460 (br, O-H), 2960, 2925, 2870
(C-H), 1465, 1010 cm'l; IH NMR (400 MHz, CDCl3) 6 3.72 (AB, 10 Hz, d, 6 Hz, 1H,

CHOH) 3.48 (AB,lle d 7 Hz, 1H, CHOH), 1.73 (m, 1H, CH) 1.52 (m, 1H, CH),
%30 (br s, 1H, OH), 092 (d, 8Hz 3H, CH3), 0.87 (d, 7 Hz, 3H, CH3), 0%5 (d, 7 Hz,

3H, c53), GC-MS m/e 102 (d); [a]p24 of the crude material was negative, cf. the (§)-

c:nantjomer288 which has posit'ivc“’:'rotation.
(
:gr&‘ |
(2R )-2,3- Dxmct{éylbutyl p- -toluenesulfonate (54) o

The methgd of Place et al 299 was modified. To a solution of 51 in CH2Cly (500
]

mL), prepared as ?bovc from-ergosterol (50.2 g, 127 mmol), was added pyridine (44 g)
and P- -toluenesulfonyl chloride (106 g, 560 mmol). The mixture was stirred for 24 h,
washcd (HzO 2 X 50 mL), dried and conccntmtcd in vacuo. Multiple column

' chromatography (EtOAc 4%/hexane 96%) gave 2.91 g (9 0% based on ergosterol) of 54
0
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as an oil: [a]p?4 -4.5° (¢ 5454, éH'c13); IR (CHCl3 cast) 2960, 2875 (C-H), 1598, ”
1465, 1360, 1190, 1178, 965, 840, 815, 665 cm™1; TH NMR (400 MHz, CDCl3) §7.79,
7.35 (AB, 8.2 H, 4H, Araj 394 (AB, 9.2 Hz, d, 5.6 Hz, 1H, CHOTS), 3.85 (AR, 9.2
Hz,d, 63 Hz, 1H, CHOTS), 2.4 (s, 3H, ArCH3), 1.66 (m, 2H, CH-CH), 0.832 Ch
_66Hz 3H CH3) 0.822 (d. 6.6 Hz, 3H, CHj) 0762 (d, 6.6 Hz, 3H, CHa); 13¢
 NMR (mb MHz CDCly) & 144 75 and 13337 (wk, 2 X ArC), 129.90 and 127.93 (4C,
Ag;m;m 86 (CHOTS), 38.44. 28.84, 21.50. 20,20, 17.99, 12.59; MS (NH3-CI) m/e
274 (M+NH4+ 100%) Anal. calcd for Cy3H,0035: C, 6091, H, 7. 86 Found: C |

6092 H, 775

(2R )-2,3-Di‘.mctb‘y1-;1-_iodbbutanc ‘(55)288‘

The p«récﬁi’iﬁ.ure2.‘99 for convcrsior; of 52 to 53 was used. Thus, 54 (610 mg, 2.38
mmo]) affordcd 280 mg (56%) of crude 55 asa vcry unstable liquid: IR (CHCl3 cast)
2960, 2945, 2855 (C-H), 1490 805 cm-!; 1H NMR (80 MHz, CDC}Q@3 .22 (m, 2H,
" CHal), 175 (m, 2;1., cgucm,,o.gz.-l.oo (3 X d, 9H, 3 X CH3). |
((2R )-2,3- Dir'nc't‘hyf’-?l-bxityl)triphenylphOSphonium iodide {50)288

The method of Bcrgmann and Dusza285 was used. A mixture of-55 (280 mg, 1.3

.- mmol), triphe usphme (1 OO g, 382 mmol) and toluene (5 mL) was heated at reflux

for 3 days i in the dark. Thé mlxturc was cooled, and the solvent was decanted from the

separated oil, which was wag,hcﬁ (toluene, 2 X 10 mL). The oil was rcdjssolvcd in boxlmg
ONE

toluene (SmL, 2 h) and thtc mnqurc was cooled. Excess solvent was agam decanted lcavmg

210 mg (34%) of SO asa gum [a]D24 -8.90 (¢ 3 20, CHCl3); IR (CHCl3 cast) 3050,
3005 (Ar-H), 2;):&0 2870 1437, 1112, 995, 746,721, 690 cm-1; TH NMR (400
MHz, CDC13) 57.85 (m, 1. , ArH), 3.48 (AB, 16.0 Hz, dd, 12.4, 8.2 Hz, 1H, CHP),

340(AB, 152Hz dd, 14.0, 3.8 Hz, 1H, CHP), 1.88 (m, 1H, CH), 175(m 1H, CH)
0.919 (d, 6.8 Hz, 3H, CH3), 0.867.(d, 6.8 Hz, 3H CH3), 0.816 (d, 68Hz. 3H, CH3);
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- B NMRM(IOO'M_HZV, 05613)8134.34 (3C, para-ArC), 132.76 d, J31p.13cy= 10
. Hz) and 129.78 (d, J(3]p 13( = 12 Hz) (12C, ortho-ArC, meta -ArC), 117.59 (wk, d,
1J31p.13¢)= 86 Hz, 3C, ipso -ArC), 33.07, 32.61 (d, 2](31p-13c)- 11 He, |
CHCH3P), 27.15 (d, 1331p.13¢)= 49 Hz, CHP), 19.29, 16.40, 15. 36 6, 3131p. ¢
13¢)= 3.9 Hz). MS (E]) m/e 277 (CH=PPh3*, 100%).

(22E )-6p-Methoxy-3a,5- cyclo -5a-cholest-22-enc (56) and (22Z )- GB
methoxy-3a,5-cyclo-5a-cholest- 22-ene (57) by the Wittig rcactxon282 -285
Literature mcmod5282'285 were adapted To a stirred suspension of 49 (367 mg,
797 umol) in THF (5 mL) was added n-Butyllithium (1.55 M in hexane, 0.51 'mL, 791 ‘
pmol). Thé rmx;urc was stirred for 15 min, and the orange solution cooled to -78 ©C. A.
solution of 42 (279 mg, 810 umol) in THF (2 mL) was added dropwise. The rmxture was
 stirred for 30 min at -78 OC, and allowed to warm to room tcmpcraturc After stirring for
30 min, thc rmxture was heated at reflux for 30 min, then MeOH (l mL) was added. After

a further 30 min at reflux, the solution was conzentrated in vacuo . Column
‘\v

~ chromatography (CHCl3) afforded a tan’oil. Repeated column chromatography (EtOAc
4%/mexane 96%) gave 150 mg (47%) of a mixture of 56 and 57, in a ratio of 12:88
determined by comparison of the intensities of the 13C NMR signals at § 137.29 and A

125.43 for 57, and at 138.19 and 126.13 for 56 (see below for full spectra).
Wittig reactions in hexane282 (8 mL) or Et2O (3 th) were performed similarly,

except that 42 was added at reflux for hexane, or at room temperature for Etp0O. The yields

of the purified mixture of 56 and 57 were 10% in hexane and 32% in Ey0. 8

| CB-Mcthoxy-Ba 5-cyclo-5a-cholest-22-enes 56 and 57 by the Wittig-
Schlos?cr reaction302, 303 |

The proccdure of Johnson et al 395 was adapted. A solution of n- butylhthxum (1 42
M in hexane, 16 mL, 22.7 mmol) was added to a stirred suspension of 49 (10.2 g, 223
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mmol) in Et0 (200 mL). The rmxturc was stirred for 20 p&&h cooled to -78 ©C. A

solution of 42 (7. 27 g, 21.1 mmol) in Et0 (120 mL,) was addcd and the-mixture was

stirred for 5 min. n-Butyllithium (142 Min hcxanc 16 mL, 22.7 mmol) was addcd and 9
the mixture was stirred at -78 ©C for 1 h, then warmcd to -25 OC and stirred for 15 min.
McdH (ca. 0.8 mL) was added dropwise until the orange colourTicarly disappea~sc ’

the mixture was warmed slowly to room temperature, then heated at réﬂux for 90 mun.

Hexane (300 mL) was addcd, and the mixture heated at reflux for 20 h. MeOH (20 mL) -
was éddod and the rixture was heated at reflux for 30 min, thgn conccmratcd in vacuo.
Column chromatography (CHC13) gave:

Fraction (1), an 011 Further column chromatography (EtOAc 4%/hexane 96%)
afforded 2.35 g (28%) of a mixture of 56 and 57. The ratio of 56 to 57 was determined
(as above) to be 75:25. |

Fraction (2) 3.62 g (42%) of (22%)- 22 -hydroxy-683-methoxy- 30,5-cyclo-26—
norcholestane 95 as an oil: [(1]D24 +32.20 (¢ 0.326, CHCI3); IR (CHCl3 cast) 3430 (O-
H), 2952, 2933, 2868 (C-H), 1467, 1459 1381, 1099, 1085 cm~1; TH NMR (400 MHz,
CDCl3) 8 3. 65 (dd, 7.8, 4.0 Hz, 1H, CﬂOH) 333 (s, 3H, CH;0), 276 (dd, 2.8, 2.8
Hz, 1H, CHOMe), 0.85-2.00 (m, 27H, CH, CH), 0.976 (s, 3H, CH3-19), 0.860 (1, 6.4

‘Hz, 3H, CH3CHj), 0.844 (d, 6.4 Hz, 3H, CH3-21), 0.680 (s, 3H, CH3-18), 0.60 (dd,
4.4, 4.4 Hz, 1H, 4-H), 0.38 (dd; 8.0, 5.2 Hz, 1H, 4-H); 13C NMR (100 MHz, CDCl3) &
81.53 (CHOMe) 72.64 (CHOH), 55.64, 55.57, 51.89, 47.12, 42.45, 41.70, 39.46,
39.36, 34.38, b34 20 34.16, 3245, 29.69, 27.84, 26.92, 24.06, 23.20, 21. 87, 21.87,
20. 52 18.33, 13.18, 12.10, 11.26, 10.51; exact mass: 402.3497 (402. 3497 calcd for

| C27H4602)- ) ,

A Fraction (3), 0.735 g (9%) of (22'1)-22-hydroxy-6[3-mcthoxy-3a,5-éyclo-26-
norcholestane 96 as an oil: [a]D24 +21.20 (¢ 1.87, CHCl3); IR (CHCI3 cast) 3402 (br,

0-H), 2961, 2928, 2859 (C-H), 1467, 1457, 1377, 1098 em?; TH NMR (400 MHz,
CDCl3) 6 3.64 (m;‘ 1H, CHOH), 3.36 (s, 3H, CH30), 2.75 (dd, 2.8, 2.4 Hz, 1H,



152

CHOMe), 1.96 (d, =13 Hz, m, 1H, CH, CHy), 1.87 (d, =13 Hz, m'. 1H, cx_{,'cgz),
0.75-1.80 (m, 28H, CiL, CHy. CJi3CH2) 1.02 (s, 3H, CH3-19), 0.90 (4, 6.7 Hz, 3H
CH3-21), 0.73 (s, 3H, CHz-18). 0.62 (dd, 48,36}1 1H, 4-H), 0.41 (dd, 8.0, 5.0 |
' Hz, 1H, 4H), 13C NMR (100 MHz, CDCl3) 5 82.46 \EHOMc) 73.40 (CHOH), 56.07,
55.72, 52.81, 47.60,:42.57, 42.24, 41.59,.39.46, 34.32, 34.17, 32.55, 29.95, 29.03,
28.38, 26.36, 24.35, 23.62, 22.18, 21.87, 18.67, 13.24', 12.23, 11.51, 11.42; exagt

* miass: 402.3503 (402.3497 calcd for C27H4602) |

Multiple column chromatog1 aphy of the mixture of 56 and 57Qalumma
impregnated wnh 25% wiw sﬂvcr nitrate, EtyO l%/benzcnc 13%/hexane 86%)283

:afforded | a T . .

Fraction (1) 1. 51 g (18%) of 56, which comaincd Ics§ than 2% of 51, as a white
 solid: mp 60.5 - 61 OC; [a]p24 +33.10 (¢ 2.40; €HCl3); IR (CHCl3 cast) 2953, 2932,
2868 (C-H), 1455 (br), 1099, 965 (trans -C=C) cm1; IH NMR (400 MHz, CDC‘13) 5
5.28 (AB, 15.0 Hz, dd, 6.6, 6.6 Hz, 1H, CH= CHCHy), 5.24 (AB. 15.2 Hz, d, 8.0 Hz,
|H, CH= CHCHy), 334 (s, 3H, CH30), 2.76 (dd, 24, 2.4 Hz, 1H, CHOMe), 0.7-2.1
(m, 23H, CH, CHp), 1.025 (s, 3H, CH3-19), 1.003 (d, 6.6 Hz, 3H, CH3-21), 0.861 S,
© 6.8 Hz, 3H, CH3-26), 0.857 d, 6.8 Hz, 3H, CH_3-27), 0.731 (s, 3H, CH3-18), 0.64 |
(dd, 5.0, 2.0 Hz, 1H, 4-H), 0.42 (dd, 8.0, 5.6 Hz, 1H, 4-H); 13¢ NMR (IOOMHz
.CDC13)8138 19 and 126. 13(CH—CH) §2.45 (CHOMe), 56.68, 56.53, 56: 17 48.16,
43.42, 4271 42.02, 40. 19 3532, 35.14, 33.40, 30.51, 28.75, 28.57, 2499 24.21,.
22. RQE 22.35, 22.30, 21.48, 20.89, 19.30, 13.12, 12.46; cxact mass: 398.3548

(398, 3548 caled for CogHag0).

Fraction (2), 250 mg (3%) of a mixture of 56 and 57. |

Fractlon (3) 0 363 g (4%) of 57 as a clear oil: [a]lp 24 41450 (c 1.17, CHC13)
R (CHCI3 cast) 2953, 2932, 2868 (C-H), 1455, 1099 em-1; 1H NMR (400 MHz,
CDCl3) 5§5.19 (m fit for AXBX'X", JA=10.8 Hz, Jax=74 Hz, Jva— Jgx"= 6.4

. Hz, 2H, CH=CH), 3.32 (s, 3H CH30), 2.76 (dd 2.7, 2.7 Hz, lH CHOMc) 2.43 (m
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iH, CH, CH»), 0.7-2:(3 (rn, 22H, CH, CHp), 1.030.(s, 3H, CH3-19), 0.950 (d, 6.0 Hz,
3H, CH3-21), 0.905 (d, 6.0 Hz, 3H, CH3-26), 0.890 (d, 6on 3H, CH3-27), 0.756
| (s, 3H, CH3-18), 0.66 (dd, 44 4.4 Hz, 1H, 4__,,\;43 (dd, 8.0, 52Hz 1H, 4-H);
13C NMR (100 MHz,_CPClg,) 0 137.29 and 125.43 (CH—QH), 82.43 (CHOMe), 56.66,
56.56, 56.47, 48.18, 43.44, 42.74, 40.29, 36.81, 35.35, 35.08, 34.26, 33.41, 30.52,
28.76, 28.19, 24.99, 24.19, 22.81, 22.63, 22.39,,21.54, '20.7>1, 19.33, 13.10, 12.58;
exact maSS' 398.3556 (398.3548 calcd for C28Hz‘160): Anal. calcd for C28H46O: G
84.36; H, 11.63. Fopnd: C, 83995, 11.32 |

Fracuons from the argentation chrom ~graphy column were analysed elthcr by
GC (OV-101 column 230 0C retention tumes: 56 42.1 min; 57, 39.9 min) or more

7z
/

convemem]y by 13C NMR.

(2OS.)-2OJ—p -Tolucnesulfonoxy)mcthyl-GB‘-_mcth’oxy-3a,5~cyclo-50-prcgnanc /
( 59)293 ‘

~The method of Parmdge etal 293 was used. A solumon of p- toluencsulfonyl
chlonde (330 mg, 1.73 mmol) in pyndmc (450 pL) was added dropw1se to a solution of
46 (427 mg, 1.23 mmol) in pyridine (550 uL) at0°C. The mixture was stirred for 3 hatO
oC. Ice (10 g) was added, and the tmxturc was extracted (CH2C12. 2X 15mL). The
extracts were dried and concentratcd in vacuo to gwc 435 mg (71%) of crude 59 as a

yellow solid. Chromatography resulted in decomposition. mp 120 - 122 oC, (lit. 293 mp
144 - 145 0C); [alp24 +35.60 (¢ 0.975, CHCl3), (lit. 293 [a]p24 +30.80 (c 1.00,

CHCl3)); IR (CHC13 cast) 3060 (Ar-H), 2933, 2868 (C-H), 1361, 1188, 1177, 1097,
952 cmrl; 1H NMR (400 MHz, CDCl3) §7.73,7.30 (AB, 8 Hz, 4H, ArH), 3.98 (AB, 10‘
Hz,d, 3 Hz, 1H; CHHOTS), 3.80 (AB, 10 Hz, d, 7§Hz 1H, CHHOTS), 334 (s, 3H,
CH3O) 278 (br s, 1H, CHOMe), 2.46 (s, 3H, ArCH3), 1.05-2.00 (m, 17H, CH, cHz),
1.03 (s, 3H, CH3-19), 0.99 (d, 7 Hz, 3H, CH3-21), 0.68 (s, 3H, CH3-18), 0.83 (m, -
3H, CH, Cﬂz),ﬁo.gg: (dd, 5, 4 Hz, 1H, 4-1), 043 (dd, 8, 5 Hz, 1H, 4-H); 13C NMR
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(100 MHz, CQCI3) 5144, 52 and 133 18 (wk A@ 129. 71 and 127.84 (4C A_lj:H)
82.25 (CHOMe), 75.60 (QH20TS) 56 47 56 03, 51.87, 47 84, 43, 27 42“9’9 39 g3,

g
s

38.69, 36.11, 35.13, 34 98 33 26 30 42, 27 70 27;42 24.86, 24. 05’ 2@59 21.53,
21.36, 19 16, 12.99, 12, 10 cxact mass 500. 2954 (500.2961 calcd fér C30H44804) _

3B Iodo (2OS ) 20 (mdomctbyl) prcgn 5 -ene (61)
A mo&;}xﬁcamom df thc procedurc of Place et al 299 was'used. Magnesmm iodide

(l 5 4 mmol) ;n,Etzo &as prepared as for the ¢onvcr51on of 52 into 53 and added to a

{suspcn’mqg of 59 (3)49 mg, 697 pmol) in Et70O (5 mL) The mixture was stmed for1h,

‘ ._and ppg.rcd mto HQ_O (20 mL) One crysta] of sojium bisulfite was added to remove
1odmc and thc solut;@n was extractcd (EtzO,f %XDZO mL) The extracts were dried and
concenn'atcdf m i'ac*uo Rccrystalhsauon from hexane afforded 238 mg (62%) of 61 as

- white crystals mp. 129 - 130°C dec. (decomposes s]owly above 120 OC); [aJp24-6.70 (c
| r;‘,gl 98, CHCI3) IR (CHCI3 cast) 2940, 2900, 2870 (C-H), 1462, 1435, 1380 em-l; 1H

P\

u NMR (400 MHz CI;C13 8534 (ddd 5.0, 2.0, 2.0 Hz, 1H, CH=C), 4.03 (dddd, 12.4,

124, 4.4, 44Hz lH 3aH) 333 (AB, 10.0 Hz, d, 1.8 Hz, 1H, CHHI), 3.17 (AB.
9.6 Hyz, d, 48Hz 1H, ‘CHHI), 2.93 (AB, 13.2 Hz, dd, 2.0, 2.0 Hz, 1H, 4o-H), 2.67
W (AB, 136Hz ddg4«2 20 Hz, 1H, 4B-H), 2.26 (m, 2H, CH. CHp), 0.9-2.0 (m, 17H,
‘ ' '~f»c:H c@g‘) 105“»( 3H CH3-19), 1.03 (d, SG@z 3H, CH3-21), 0.72 (s, 3H, CH3-
o 18); *3c NMR(IOO MHz, CDC13)8 142.87 (wk, C=CH), 121.52 (C=CH), 56.32,

»"{':55 48, 5027 4641, 42. 39 41.90, 39.46, 36.91, 36.67, 36.40, 31 .72, 31.68, 30. 13

27.52; 24.18, 20. 96 20.85, 20.78, 19.23, 12.60; MS (isobutane-CI) m/e 553 (MHT,
1%), 425 (MH* - HI, 59%) 296 (MY - 2HI 100%). Anal. calcd for C22H3412 C,

47.84; H, 6.20; 1, 45.95. Found C 4800 H 6.20; 1, 45.78.

!
J

(205’)-20-Iodomcthy,1-6B-mcthoxy-3a-.5-cyclo-5(1-pregnanc' (60)292» 293
" The procedure of Partridge et al 293 \as followed. A solution of 59 (399 mg, 798



155

pmol) and sodium iodide (1 22¢,8.13 mmol) in-acetone (16 mL) was sturcd at rtflux for
16 h. The mixture was poured into 10% sodium bisulfite (100 mL) and the solunon was

extracted (EtOAc, 2 X 50 mL). The extracts were washed (brine, 20 mL) dncd and

concentrated in vacuo . Column chromatography (CHCl3) a.ffordcd 231 mg (64%) of 60

as a white solid: mp 100 - 101 ©C, (lit. 293 mp 103 - 104 °C); [alp?4 +56.10 (c 1085,

_ CHCl3), (1it.293 +56.7° (¢ 1.09, CHCI3); IR (CHCl3 cast) 2930, 2865 (C- H) 1098

- em-1; 1H NMR (400 MHz, CDCl3) 8 3.33 (AB, obscure, d, 1.6 Hz, 1H, CHHI), 3.32 (s,

3H, CH30), 3.17 (AB, 9.2 Hz, d, 4.4 Hz, 1H, CHHI), 2.767dd, 2.6, 26 Hz, 1H, -
CHOMe), 0.7-2.0 (m, 20H, CH, CH3), 1.019 (s, 3H, CH3-19), 1.019 (d, 4.5 Hz, 3H, ,
CH3-21), 0.731 (s, 3H, CH3-18), 0.62 (dd, 5.0,'4.0 Hz, 1H, 4-H), 041 (dd, 8.0, 5.6 4 T
Hz, m 4-H); 13C NMR (100 MH‘z\CDCl3) 5 82.31 (CHOMe), 56.52, 56.20¢ 55.58,
47. 86 43.31, 42.89, 40.07, 3695 35.23, 35.01, 3347 30.55, 27.60, 2492 24.08, |
2277, 21.41, 2102, 20.78, 19. 23 1311, 13.02; exact mass: 456.1904 (4561889 caled

for C23H37OI) Anal calcd for C23H37OI C, 60.52; H 8.17, 1, 27.80. Found: C,

60.82; H, 8.17; 1, 27.85.

(205 )-20-[6B- Mcthoxy -3a,5- cyclo S5a- prcgnanyl] mcthyl-
phenylphospbomum 1od1dc (58)289 \

The proccdurc of Bamer et al 289 was used. A mixturé of 60 (92 0 mg,~202
umol), triphenylphosphine (66.9 mg, 255 pumol) and potassium ca;bonatc (66.2 mg)'ih%
CH3CN (5 mL) was hcatcd at reflux for 2 weeks. Thc mixture was cooled, dq@cd wi‘th d
acetone (10 mL) and filtered through celite (5 g) which then was washed with acetone (2

X 30 mL). The filtrates were concentrated in vacuo . The residue was triturated with EtzO
(10 mL) to afford 58 as a gum: [0.][)24 +40.00 (c 1.24, acetone); IR (CHCl3 cast) 3050
(Ar-H), 2931, 2867 (C-H), 1438, 1111, 1100, 955 (wk), 750, 691 cm™l; IH NMR (400
MHz, CDCl3) 6 7.3-8.0 (m, 15H, Arﬂ% 4.02 (dd, 16, 11 Hz, d, 2J(IH_31p)= 11 Hz,

‘ 1H, CHHP), 336 (s, 3H, CH30), 3.1£ (d, 16 Hz, d, 2](1H_31p)= 15 Hz, 1H, CHHP),
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. 277(dd, 2,2 Hz, 1H, CHOMe), 0.7-2.3 (m, 19H, CH, CHy), 1.00 (d, 5.6 Hz, 3H,
CHg-zvli, 0.98-(s, 3H, CH3-19), 0.64 (m, 2H, 3-H, 4-H), 0.53 s, 3H, CH3-18), 0.43
(dd, 64, 4.8 Hz, 1H, 4-F); 13C NMR (100 MHz, CDCI3) § 134.66 (3C, para-ArC),
133, 1‘9‘(& Ja3c. 3‘1}); 10 Hz) and 130.15 (d, J(13¢.31p)= 12 Hz) (12C, ortho -ArC.
meta -ArC), 11832 (wk. d, 13(13¢.31py= 85 Hz, ipso -ArC), 8175 (CHOMe), 56.00, |
"55 79 (d, J(13¢-31py= 13 Hz), 55.49, 47.08, 42. 63 (d, J(13¢.31py= 14 H2), 39.25,
34.71,34.29,32.82, 32.45, 3241, 29.93, 28.81 (d, 1J(J3¢.31py= 47 Hz, CHaP),

" 28740, 24.39, 23.38, 22.12, 20.94, 20:21, 18.68,412.53, 11.48.

6B-Mcthoxy-3a,5-cyclo—5u-¢holcst-22-qﬁcs 56 and 57 from 58 by the
Wlmg -Schlosser ‘reaction

The method for preparauon of 56 and 57 from 42 was used. Thus, 58 (80.0 mg, -
11 lpmo]) and 3- methylbutanal condensed to afford 22.1 mg (50%) of a mixture of 56 and
57; 13C NMR analysis revealed a ratio for 56:57 of 29:71. N

(225 )-Cholesta-5,22-dien-3p-ol (9)281-283 | |

The method_267 for conversion of 35 to 8 was used. Thus, 56 (47.1 mg, 118
: u‘r'nol) afforded 43.1 mg (95%) of pure 9 as a white solid which was recrystallised
(acetone): mp 129 - 130 C, (11281 mp 133.5 - 134 0C); [a)p24 -54.40 (c 0.97,
CHC13-), (1it.281 [o)p24 -57.30 (c.1.22, CHCl3)); IR (CHCI3 cast) 3360 (br, O-H),
"2953 2934, 2899, 2867 (C-H), 1463, 1365, 1055 970, 960 cm'1; 1H NMR (300 MHz,
_;CDc13)8535 (brd 5 Hz, 1H, CH=C), 5.26 (AB, 15.0 Hz, dd, 6.5, 6.5 Hz, 1H, 23-
HC=CH), 5:23 (AB_, 150 Hz, d, 7.5 H, m 22-HC=CH), 35@@ 304 10.4, 4.8,
4.8 Hz, 1H, CHOH), 2.30 (m, 2H, CH, ‘CHy), 09-2.1 (m, 23}«1 Cg, 52)1 100 (d,
6.5 Hz, 3H, CH3- 21), 1.100 (s, 3H, CH3-19), 0.865 (d; 6.5 Hz, 3H, CH3 -26), 0.858
(d, 6.5 Hz, 3H, CH3-27), 0.690 (s, 3H, CH3-18); 13C NMR (75 MHz, CDCl3) § 140.77

(wk', C=CH), 138.13, 126.25 and 121.72 (CH=C, CH=CH), 71.83 (CHOH), 56.87,
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55.95, 50.18, 42. 32 42.24, 41.97, 40, 12, 39.69, 37.27, 36.52, 31. 92 31.92, 31 .68,
28.64, 28.56, 24. 30 22.31, 22.26, 21.08, 20.85, 19.40, 12.06; exact mass: 384.3385 -
(384.3378 calcd for Cy7H440). Anal. calcd for C97H440: C, 84.38; H, 11.46. Found:

C, 83.99: H, 11.32.

.

(22RS 23SR )- 3{3 Acetoxyergosta-5,7- dxcnc-22 23 epoxide N-

| Phenyltnazolmc -3,5-dione Adducts (62)308 . .

 The method of Crump et al 308 was used. A mlxturc of 31 (3.14 g, 5.12 mmol)

- meta -chloropcroxybcnzoxc acid (1.23 g, 7.13 mmol) and CH2C12 40 mL) was stirred at
room temperature for .20 h. The solution was filtered through alumina (Woelm neutral

| graac IV, 10 g) which was washed (CH,Clp, 100 mL). The filtrates were conceatrated in
vacuo to afford 3:19 g (99%) of 62 as a foam: IR (CHCI3 cast) 2960, 2870 (C-H), 1755

(C=0 amide), 1735 (C= O ester), 1703 (C=0 amide), 1397, 1242,753 cml; 1H NMR
(400 MHz, CDC13) § 7.42, 7.30 (m, SH, ArH), 6.40, 6. 27 (AB, 8.0 Hz, CH-CH) 5 47

. (m, 1H, CHOACc), 3.23 (dd, 160 4.0 Hz, 1H, 40-H), 2.70-2.00 (m, 6H, 22- H, 23- }%
CH, CH2) 2.01 (s, 3H, CH3COy), 1.20-1.90 (m, 13H CH, CHj), 088 1.12'(sh m,
18H 6 X CH3), 13C NMR (100 MHz, CDCI3) showcd 52 peaks, conmstcm with a |
mixture of stereoisomers; MS (NH3 -CI) m/e 647 ([M + NH3]+ 3%), 394 (M"’ AcOH - |

24, 100%). - | o ..w

| ‘ , (
(22RS, 23SR )-6,7-Dihydro-(3B-acctoxycrgosta-S.7-d.icnc-22,23—cpoxidc

N-phcnyltfiavzolinc-3,5-dionc" adducts) (63), and N-cyclohexyl analogues Y
(64) |

The mcthod256 for the conversion of 26 to 27 was used. Thus 62 (25 Tmg,
409 umolj affordcd 24.0 mg (93%) of a mixture of 63 and 64 as a clear oil: IR (CHCl3

cast) 2955 2865 (C H), 1748 (C=0 amxdc) 1730 (C=0 ester), 1695 (C=0 amide) cm]
1H NMR (200 MHz, CDCl3) 8 7.48 (m, Arﬂ) 5 63 (dddd, 10 10 5, S He, 1H,
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: CHOA(:),-Z.BI (dd, 14.0,-5.0 Hz, 1H, 40-H), 2.68 (dd, 8.0, 1.8 Hz, 1H, CH (epoxide)),
2.59 (dd, 6.0, 2.2 Hz, IH',V CH (cpoxides),’Z.Ol (s, 3H, CH3CO3), 1.08-2.54 (m, 23H,
CH, CHy), 1.142and 1.132 2 Xs, 3H, CH3-19 for each diastereomer), 0.87-1.02 (sh

m, 12H, 4 X CH3), 0.845 (s, 3H, CH3-18); exact mass:‘ 631.4054 (631.3986“ca1cd for

CagHsaN30s, 63+, 45%), 637 (64%, 13%).

(227, 23'1)-Ergosta—5 7-dic.nc-—3ﬁ 22,23-triol N-phényltr‘iazolinc-B S-dione

adducts (66) and (22RS 23S8R )-ergosta-5,7-dien-3B-01-22,23- cpoxxdc N-

phcnyltrmzolmc-3 5-dione adducts (65)393

A modification of the procedure of Winstein and Henderson393 was used. 62
(1.00 g, 1.59 mmol) was dissolved in THF (30 mL) and 50% HQ_SO4 (10 mL) was added.

The mixture wis stirred for 7 days, and 10% NapCO3 was added until the mixture was
basic. THF was removed on the rotary evaporator, and d;e residue was extracted (CHCl3,
'3 X 20mL). Thcﬂexuacts were dried and concentrated in vacuo . Column chromatography
(MeOH 5%/CHCli3 95%) gave: .

Fraction (1), 252 mg (27%) of 65 as a white solid: IR (CHC13 cast) 3440, 3340
(br, O-H), 2960, 2875 (C-H), 1750, 1700 (C=0 amide), 1400, 757 cm1; TH NMR (200
MHz, CDCl3) 6 7.44, 7.30 (m, 5H, ArH), 6.3e7, 6.27 (2 X AB, 8 Hz, 2H, CH=CH),
4.42 (m, 1H, CHOH), 3.17 (44, 14, 4 ﬁz, 1H, 40-H), 2.2-3.0 (m, 5H, 23-CH, 23-CH,
CH, CHj),1.2-2.2 (fn 19H, CH, CH>), 0.8-1.2 (sh m, 18H 6X CH3)' UV (MeOH)
lmax ﬂoge) 270 (3.48); MS (NH3-CI) m/e 604 ([M + NH3J+, 2%), 393 M*- HzO 24
21%), 13C NMR (100 MHz, CDCl3) shows a prcpondcrancc of one isomer.

Fra;tidn 2), 290 mg (30%) of 66 as a white solid: mp 159 - 160 oC; [(x]D24 -
49.29 (¢ 0.98, I;/Ic\ H); IR (MeOH cést) 3470 (str, O-H), 2950, 2870 (C-H), 1750, 1699
(C=0 amide), 1398, 755 cm-1; TH NMR (200 MHz, CDCl3 50%/CD30D 50%) & 7.38
(m, 5H, ArH), 6.55, 635 (AB, 8.4 Hz, 2H, CH— CH), 432(m 1H, CHOH), 3.66, 354
(AB, 10 Hz m, =2 Hz 2H, 22-H, 23-H), 309(dd 14, 5 Hz, 13}, 40-H), 2.37 {m, 21-‘
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SF0H, CH. CHy), 1.009 (s, 3H, CH3-19), 0.960 (d, 6.4 Hz,
";f §H3), 0950 (2 X d, 6.4 Hz, 6H, 2 X CH3), 0.901 (s, 3H, CH3-18), 0.848 (d, 6.6
Hz, 3H, CH3); 13 NMR (100 MHz, CD30D) & 149.95 and 147.37 (wk, 2X C=0
amide), 1372930 30,09 and 129.30 (CH=CH, para -ArC), 133.09 (wk, ipso -ArC),

. 130.é§\and 128. 0 (4C, ortho -ArC, meta -ArC), 73.31, 72.27 and 67.78 (3-C, 22-C, 23-

O, 6’7.}7 and 66.61 (wk, 5-C, 8-C), 54.28, 53.33, 50.71, 45.12, 42.34, 40.96, 39.83,
37.‘12‘, 35.24, 35.10, ‘32.14,_30.38,27.91,' 24.11, 23.42, 21.57, 21.19, 18.02, 13.34,
12.60, 10.05; UV Apax (loge) 220 (infl., 4.09), 254 (3.63) nm; MS (NH3-CI) m/e 623
([M + NH3]+, 0.1%), 446 ((M + NH3)* - - 24, 18%), 428 (M* - 24, 10%) 410 (M* -
H70 - 24, 100%), 392 M+ - 2H70 - 24 5%). N
‘ Replacement of HpSO4 with 35% HCIO4 also afforded 66 but in lower yield; a
correspondingly Iargcr amount of 65 was isolated. When 62 (216 mg, 343 pmol) was
~ heated at reflux with periodic acid (298 rﬁg, 1.55 mmol) in acetone (20 mL) and HO (3

mL) fqr 48 h, work-up as above gave 194 mg (96%) of 65.

(22RS, 23SR )-6,7-Dihydro-(ergosta-5,7-dien-3B-01-22,23-epoxide N-
phc.rryl,triazolinc-3,5-dionc adducts)A (67) and N-cyclohcxyl analogues (69)
The method256 used to convert'26 to 27 was used. Thus, 65 (22.5 mg, 38.2
pmol) gave 17.9 mg (79%) of a mixture of 67 and 69 as anoil: IR (CHCl3 cast) 3440
‘ (O H), 2958, 2934, 2872 (C-H), 1747, 1691 (C=0 amiae) 1406, 753 cm-1; exact mass:
595.4322 (595 4349 calcd for C36H57N3O4, 69"’ 4%), 589.3882 (589.3880 card for
| -C36H51N3O4, 67+, 15%).

| (22x 2.'3'1)-6 7-Dihydro’-(crgosta-5 7-dicnc-3&22,2\3;3§g}" N-

“‘ phcnyltrxazolmc -3, 5 dione adduct) (68) -

e ' The mc:thod256 used to convert 26 to 27 was used. Thus, 66 (53.7 mg, 88.6
| L:moi) afforded 27.2 mg (51%) of 68 as a whitc solid: mp 152 - 1530C (bccomcs
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gummy), 200 - 202 °C (mc,}ts with decomposition); [a]D2.4 -55.40 (¢ 0.500, MeOH); IR |
(CHCIj cast) 3;150 (O-H), 2960, 2870 (C-H), 1745, 1688 (C=0 amide), 1409, 753 cm-l;
1H NMR (200 MHz, CDCI3) 8 7.46 (m, 5H, ArH), 4.56 (m, 1H, 3-CHOH), 3.68, 3.54
(AB, 8 Hz, m, CHOH- CHOH), 12 73 (dd, 13. 5 4.5 Hz, 1H, 4o H) 1.0-2.5 (m, 24H,
CH. CH_z) 1.13 (s, 3H, CH3), 0969 0.949, 0.937, 0.920, 0.875, 0.868, 0.852, 0.834
(sharp, 15H, 5 X CH3), 13¢ NMR (90 MHz, CDC]3) 0 146.91 and 145.12 2 X C=0),
132.08 (ipso-ArC), 128.89 and 126.53 (4C, ortho- ArCH, meta -ArCH), 127.98 (para-
ArCH), 72.67, 72.51, 61.60 (3 X CHOH), 64.84, 63.95 (C-N), 53.75, 52.6.8, 50.68,

» ¢43.71, 39.71, 38. 67, 38.42, 37.44, 36.13, 35.79, 31.59, 30.92, 28.59, 26.70, 23.23,

23.05, 21.09, 21 .01, 20. 16 17.76, 14 09, 12.05, 9.41; exact mass: 607.3981 (607. 3985
calcd for C36H53N305)

(22E )-3B-Acctoxycholcsta-S,Zi-dichc:‘ (70)282
o The method249 for conversion of 3 to 5 was used. Thus, 9 ."(810 mg, 2.10 mmol) *
gave 893 mg (quantitative) of burc 70 whii;h was recryIStalliscd fron;.EtOH: mp 120 - 122
oC, (1it.282 mp 125 - 128 °C); [oJpy24 -58.9° (¢ 2.07, CHCI3), (1it282 [a]p?4 -61° |
(CHCI3)); IR (CHCl3 cast) 2947, 2865 (C-H), 1728 (C=0) cm-1; 1H NMR (400 MHz,
C@13)6538 (d, 44Hz m, 1H, CH=C), 527 (AB, 15.2 Hz, d, 7.8 Hz, 1H, 22-
HC—tH) 5.23 (A& 152 Hz, dd, 6.4, 6.4 Hz 1H, 23- HC—CH) 4.60 gm 1H,
CI:{OAc) 2.33 (m, 2H, CH, CHj), 2.04 (s, 3H, CH3C02) 09 2.1 (m, 22H,.CH,
CH»), 1.020 (s, 3H, CH3-19), 1.010 (d, =7 Hz, 3H, Cﬁg 21) 0.857 (d, 6.8 Hz, 3H,
CH3-26), 0.855 (d, 6.6 Hz, 3H, CH3-27), 0.692 (s, 3H, Cﬂg, 18)&&1\4}%—696—-——'
MHz, CDCl3) 6170.38 (C=0), 139.73 (wk, C=CH}, 138.09, 126.27 and 122.60
| (CH=C, CH=CH), 73.99 (CHOAC), 56.84, 56.03, 50.12, 42.29, 41.98, 40.05, 39.70,

- 38.18, 37.06, 36.65, 31.94, 31;92, 28.58, 28.58, 27.83, 24.30, 22.28, 22.25, 21.35,
121.06, 20.87,49.30, 12.06; exact mass: 366.3286 (366.3286 calcd for Co7H42, Mt -

AcOH). Anal. calcd for CygHy603: C, 81.63; H, 10.87. Found: C, 81.74; H, 10.64.

Y -
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1

(22E )-3B-Acctoxycholesta-5,7,22-tricne  N-phenyltriazoline-3,5-dione

~ adduct 71y

Thc method for conversion of 5 to 26 was used. Thus 70 (362 mg, 848 pmol)

- afforded 223 mg of partially purified adduct 71. Further purification was effected by

preparative HPLC (Whatman Partisil 10 magnum column, EtOAc 25%/hexane 75%) or by
MPLC (SiO9, EtOAc 40%/hexane 60%) to give 150 mg (30%) of 71asa gum: [(l]D24 -
104.50 (¢ 1.(57, CHCl3); IR (CHCIj cast) 2955, 2870 (C-H), 1755 (C=0 amide), 1735

- (C=0 ester), 1704 (C=0 amide), 1397, 1280, 750 cm"1; 1H NMR (200 MHz, CDCl3) §

7.45 (m, SH, ArH), 6.42, 6.26 (AB, 8.0 Hz, 2H, CH=CH (ring)), 5.50 (dddd, 11.2,
112, 5.2, 5.2 Hz, 1H, CHOAc), 5.30 (m, 2H, CH=CH (chain)), 3.28 (dd,13.6, 5.0 Hz,
1H, 30-H), 1.2-2.7 (m, 20H, CH, CHp), 2.08 (s, 3H, CH3COy), 1.025 (d, 6.5 Hz, 3H,
CH3-21), 0.985 (s, 3H, cg}w), 0.850 (d, 6.5 Hz, 3H, CH3-26), 0.845 (d, 6.5 Hz,
3H, CH3-27), 0.812 (s, 3H, CH3-18); 13C NMR (50 MHz, CDCl3) § 169.65 (C=0),

- 148.87 and 146.33 (wk, 2 X C=0 amide), 137.15, 134.95, 12892, 127.42 and 126.67

(CH=CH (ring), QHng (chain), para -ArC), 131.62 (wk"} ipso -Ar(C), 128.52 and
125.96 (4C, ortho _Q meta -ArC), 70. 28 (CHOAC), 65. 10 64'70 54.84, 52.66,
49.13, 43. 66, 41 72 40. 87 39.29, 37. 90 33.47, 30.76, 28. 28 27 63 25.74, 23 13,
2242, 22.13, 22. 03 21.04, 17.24, 13.15, 13.03; MS (NH3 -CI) m/c%,&ZS (MH* - 24

6%), 365 (MH* - 24 - AcOH, 100%). e

\ "

6,7- Dihydro-(3p- acctoxycholcsta -5,7-diene N- phcnylmazol@@ 5-dione

oy :
The m<:thod256 used to convert 26 to 27 was used. Thus, 71 (10.6 1 mg, 17 9

* umol) afforded 10.6 mg (98%) of 27 which was identical ('H NMR, 13C NMR, exact

mass) to 27 obtained from 26.
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(22E )-C xolesta-5,7,22-trien-3f-ol 7)287 |

. he ‘nethod2"? usec to conver: 26 1c 6 was used. Thus, 71 (137 mg, 228 pmol)
- affc d 60 2n (69%) of 7 which was rvcrystalhsed from acetone: 1H NMR (400 MHz,
CD ") 0558 fdo 52 2.2 Hz. 'H, C=C i), 5.39 (ddd, 5.6, 2.8, 28Hz 1H, C=CH),
520 7 152 H‘z, ¢d, 6.6, 6.6 Hz, '* 23-HC=CH), 5.25 (AB, 15.0 Hz, d, 8.0 Hz,
1H 22- HC=C:3), 3.54 (dedd, 114, 4, 4.4, 4.4 Hz, 1H, CHOH), 2.48 (AB,. 14:0 Hz,

dd, 48,20 H_, 1K, CHH ~* . (AB, =13 Hz, d, 12.8 Hz, br, IH CHH), 1.2-2.2 (m,
20H, CH, CHj), 1.050 (d, 6.8 Hz, 3H, CH3- -21), 0.945 (s, 3H, CH3 19), 0.867 (d 68

Hz, 3H, CH3-26), 0.802 (d, 6.8 Hz, 3H, CH3 27), 0.632 (5, 3H, CH3-18); 13C NMR
(100 MHz, CDCl3) § 141.26 and 139.86 (wk, Q—CH CH=0), 137.83 and 126,54
(CH=CH (chain)), 119.64 and 116.39 (C=CH-CH=C), 70.51 (CHOH), 55.86, 54.65,

46.41, 42.94, 4198, 40.92, 40.26, 39.22, 38.46, 37.13, 32.11, 29.68, 28.57, 28.32,
23.04, 22.25, 21.21, 20.98, 16.32, 12.03.

Tnﬂuorodlazocthanc (76)353

o

The method of Gilman and Jones333 was used. Toa mixture of 2,2,2- .
trifluoroethylamine hydrochlondc (6.50 g, 48.0 mmol), HyO (25 mL) and CH,Clp (37.5
mL) in a strong round-bottom flask was added sodium nitrite (3.75 g, 54.3 mmol). The

flask was stoppcmd shaken for 5 min, and cooled to -15 ©C. The orgamc layer was

collected, and the aqueous laycr was cxtractcd (CH,Cly, 2 X 37.5 mL). The combined
organic extracts were washed (10% NapCO3, 100 mL) and dried over CaClj at -10 °C for
16 h. The solution was distilled to afford 74 mL of a ycllow CH,Cl, solution of 76: IR
(CH2C12 cast) 2118 (C=N+=N), 1393 1238, 1165, 1148 1106 cm-1; 6.85 mL of

.' solution was required to decolorize 0.670 g of iodine in Et70 (20 mL): 0.385 Min 76,

equivalent to 59% yield.



2- Dlazo 3,3,3- mfluoroproplonyl chlondc (7§)341
Thc mcxho‘d of Chowdhry et al 341 was folbwcd To a solution of 76 in CH2C12

(0. 385 M, 45 mL 17.34 mmol) was addcd dlpotassmm hydmgcn phosph&lc (8 g) and a
solution of phosgenc (4.5 mL) in CH2 2 (5mL). The rmxture was surn:d for 16 h at

room temperature, filtered, and the solvent was rcmovcd by distillation through a Vigreux .

column. The resxduc was dxsnl{';_“ﬁ) afford 370 mg (13%) of 75 as a yellow liquid bp 45 --
50 0C, at 200 mm Hg. (lit. 3% b‘p'59 60 ©C at 137 mm Hg); IR (CHClj3 cast) 2144
(C=N+=N-), 1750 (C=0), §330, 1159 e 1, 3¢ NMR (100 MHz, CDCl3) 8 153.62 (br,
v wk, C=0), 121.23 (q, 11(13c-19F)= 275 Hz, CF3), 71.78 {br, v wk, C=N+=N-)- 19
NMR (376 MHz, CDCl3) 0-65.05 (br CF3) exact mass "171.9644 (171 9651 calcd for
C3N,0F335C1). ) N

3B- (2- Dlazo 3', 3,3 Tnfluoroproplonyloxy) -cholest-5-ene (72)

Toa solunon of {{261 mg, 674 umol) in THF (5 mL) was added a solution of n-
butyllithium (1.60 M in hcxanc, 420 pL, 627 prnol). The mixture was .Sm'rcd for lQ rmn,
and a so'luxi 1 "% p -nitrophenyl 3,3,3- trifluoro-2- diazopropionatc (200 mg, 727 pmol) in '
‘THF (5.mL)" as added rapxdly The mixture was stirred for 30 min, then H0.(0.5 mL)
was added and the mixture was conccmratcd in vacuo . Aqueous IM HCl (2@) was
added and the mixture was extracted (CHCl3, 2 X 20 mL). The cxtracxs were dfied and -

coneentrated in vacuo. Column chromatography (EtOAc 4%/hexane 96%) gave 281 mg
(80%) of Tgas a very pale yellow solid: mp 90 °C dec.; [a]p 24 20.50 (¢ 2.21, CHCl3);
IR (CHCI3 cast) 2960, 2925, 2895, 2860 (C-H), 2135 (C=N*=N"), 1715 (C—O) 1324,
1052 cm™1; 1H NMR (400 MHz, CDCl3) 8 5.39 (br d, 5.2 Hz, CH=C), 4.76 (dddd,
10.7, 10.7, 6.2, 4.5 Hz, 1H, CHOR), 2.38 (m’ 2H, 4-CHp), 1.75-2.10 (m, 5H, CH.
CHz), 0.8:1.7 (m, 21H, CH, CH»), 1.025 (s, 3H, CH3-19), 0.915 (d, 6.2 Hz, 3H,
CH3- 21) 0.866 (d, 7.0 Hz, 3H, CH3-26), 0.864 (d, 6.7 Hz, 3H, CH3-27), 0.680 (s,

© 3H, CH3-18); 13C NMR (100 MHz, CDCl3) § 160.61 (v wk, C=0), 139.57 (wk,
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C=CH), 123.43 (CH=C), 123.08 (wk @ 11(13(; 19}:‘,; 210z, CF3) 76 33 (_CHOR)
56.75, 56.31,-50.11, 4230 39.71, 39.45, 3803 3683 3648 36.13, 3564 31.79,
31.79, 31.37 (v wk, Q-NZ) 37, 99, 27.81, 27 70 24. 09, 23.71, 22.48, 22.37, 22. 27

© 20.89, 19.01, 18.51,11.58; 19F NMR (376 MHz CDCl3)6 -57.62 (br s, w1,2-=40Hz
CE3);, UV (dxoxan) Amax (loge) 2324 066), 236 . 095) MS (EI) m/e 522 (M*, 0 1%),"
494 (M*- N2.02%) 368, (M+ CF3CN2C02H 100%); MS (NH3 -C) m/c 540 ([M+
NH4]+1 35%). 512 ([M + NHgJ* - N3, 14%). Anal. caled for C30H4502N2F3 c

¢ s

1

....68.94; H; 8.68; N 536 Found C 69.37; H, 866 N, 5.61.. R

‘(ZOS )-20- (2- Dlazo 3 3 3 trlfluoropropxonyloxymcthyl) 6B mr,thox
| 3a,5- cyclo—Sa prcgnanc (74) ’ - y\\
" Toasolution.of 46 (99.6 mg, 288 o) in THE (4 mL) at -78 <>c was added 3 |
solution of n- butylflthlum (1 .60 M in hcxanc 185 pL, 296 umol). The mixture was snrrcd

- for 15 min, warmcd slowly to room temperatunc and stirred for 40 min, and concentrated in

ovacuo. Column chromatography (CHCl3) thcn a second column (EtOAc 4%/hexanc 96%)
afforded 41. 6 mg (24%) of 74 as a clear oil: [a]D24 +38.20 (c 2.09, CHCl3); IR |
(CHCI3, cast) 2980 (C-H), 2130 gc—N+ =N), 1730 (C—O) cm-1; TH NMR (400 MHz
CDCl3) 3 4:26 (AB, 10:4 Hz, d, 3.2 Hz, 1H, CHHOCO), 3.98 (AB, 104 Hz, d, 7.2 Hz,
1H, CHHOCO), 3.31 (s, 3H, CH30), 2.76 (dd, 2.7, 2.7 Hz, 1H, CHOMe), 0.76-2.00

- (m, QOH CH, CHy), 1.024 (s, 3H, CH3-19), 1.019 (d, 6.6 Hz, 3H, CH3-21), 6.744 (s,

3H, CH3-18), 0.64 (dd, 4.8, 3.8 Hz, 1H, 4-H), 0.42 (dd, 7.8, 5.0 Hz, 1H, 4-H); 13C

NMR (100 MHz, CDCl3) § 161.01 (C=0), 122.77 (v wk, g, 11(13¢_19F)= 269 Hz,

CF3), 82.43 (CHOMe), 71.18 (CH,0), 56.51, 56.28, 52.85, 48.09, 43.44, 43.01,

40.18, 35.96, 35.40, 35.1'1,, 33.44, 30.58, 27.68, 24.97, 24.25, 22.76, 21.55, 19.22,
16.93, 13.09, 12.27, C=N3 not observed; 19F NMR (376 MHz, CDCI3) § -57.47 (brs,

w1y =50 Hz, CF3); MS (NH3-CI) mye 482 (M¥, 2%).

A similar reaction of 46 with 2-diazo-3,3,3-trifluoropropionyl chloride-(75) in
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place of p -nitrophenyl 2-diafo-3,3.3-tn'ﬂuoropropionatc afforded 20% of 74.
(208 )-20-(2'-Diazo-3',3'.3'-trif1uoroprobionyfoxymcthyl)-prcgn-S-cn-BB-
ol (73) - | '"

The method267 uséd for conversion of 35 to 8 was used. Thus, 74 (20.9 mg, *
43 3. pmo]k) affordeﬁ 18.8 ing (93%) of 73 as a gum: [a]y24.-34.10 (¢ l 88, CHCl3); IR -
(CHC13 cast) 3360 (br, O H), 2962, 2937, 2903, 2870 (C-H), 2135 (C=Nt=N"), 1728
(C=0), 1350, 1321, 1137, 1060 cm-l; TH NMR (400 MHz, CDC13) 5. 37 (brd,5.2
Hz, 1H, CH=C), 4.27 (AB, 10.8 Hz, d, 3.4 Hz, 1H, CHHOCO), 3.98 (AB, 10.6 Hz, d,
7.2 Hz, 1H, CHHOCO), 3.52 (dddd, 11.2, 11.2, 4.0, 4.0 Hz, 1H, CHOH), 2.29 (m,
2H, 4-CHp), 2.00 (m, 2H, CH, CHy), 1.84 (m, 4H, CH, CH»), 0.9-1.7 (m, 14H, CH,
CH»), 1.03 (d, 6.4 Hz, 3H, C_Hg;;zi‘), 1.01 (s, 3H, CH3-19), 0.71 (s, 3H, C]:;3-18);
13C NMR (100 MHz, CDCI3) 8. 161.50 (v vn;k,-“Q=O),'141.ll (wk, C=CH), 122.95 (v
wk, q, 1](13(;_'19?): 270 Hz, CF3), 121.75 (C=CH), 71.73 and 71.12 LCHOH,

S

CH,0CO0), 56.35, 52.47, 49.97, 42.38, 42.15, 39.43, 37.09, 36.31, 35.76, 31.73,

31.62, 31.45, 27.38, 24.09, 20.80, 19.10, 16.66, 11.57. C=N+*=N- not observed; 19
. | _ .
NMR (376 MHz, CDCl3) 5 -57.80 (brs, win =50 Hz, CE3).

a,o- Dxcthoxytolucnc (78)

The methed of Fvans359 was used. A mixture of bcnzaldchydc (43.0¢g, 406
mmol), triethyl orthoformate (67.1 g, 230 mmol) and AmbcrlystTM 15i0n cxchangc resin
(2 g) in EtOH (200 mL) was heated at reflux for 3 h, then snm:d at room temperature for
16 h. The mixture was ﬁltcrcd Solvent was removed from the ﬁltratc whxch was distilled
to afford 72. 5g(89%) of 78 asa cleg{,&hqmd bp 97-99 OC a1 18-22 mm Hg; IR (CHCl3 -
" cast) 3085-3030 (wk, Ar-H), 2976 2925, 2880 (C-H), 1205 crn-1; LH NMR (200 MHz,
CDC13) & 7.40-7.52 (m; 2H, ArH), 7.20-7.38 (m, 3H, ArH), 5.50 (s*1H, CH(OE1)),
3.56 (AB, 9.3 Hz, q, 6.8 Hz, 4H, 2 X CH»0), 1.12 (¢, 6.8 Hz, 6H, 2 X CH3): the AB
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assignment at & 3.56 was confirmed by recording the spectrum at 360 MHz, and by
dcwuplmg of the CH3 groups; 13C NMR (50 MHz, CDC13) 0 139.03 (wk, ipso -ArC),

128. 03 (pam -AIC), 127.94 and 126.49 <4c ortho -ArC, mets -ArC), 101,35
(CH(OEt)3), 60.72 (2xg:H20) 15.02 (2 X CH3); exact mass: 1801147(1801150

caled for ¢ IHIGOZ) :

N~Bcnzylidihcbenzcncsulfonamidc (79)356, 396

The method of Davis et al 356 was followed. A mixture of benzcnesulfona}rﬁdc _

(52.3 g, 330 mmol) and 78 (59 g, 330 mipol) was heated 6n~ an oil bath at 150-170 ©C; the

evolved EtOH was collected until 37 mL had been receivéd (30 min). Residual EtOH was

A rcmbved from thc hot material in vacuo . Thc white solid obtained upon cooling was

dissolved in boiling CH2C]2 (100 mL) and pcntane (400 mL) addcd Compound 79 (73. 5

\
tetra-n- buty]ammomum bisulfate (2.06 g)- were addcd to a solution of 79 (

g (91% ) was collected as a white sohd mp 76-77 OC (ht 296 mp 80 OL), IR (CHCl3

“cast} 1597;4571, 1445 cm°L; 1H NMR (200 MHz, CDCl3) § 9.08 (s, 1H, CH=N), 7.86-

8.08 (m, 4H, ArH), 7.40-7.70 (m, 6H, ArH), 13\c NMR (50 MHz, CDCl3) 8 170.55

(C=N), 13498 and 133.47 (2 X para-ArC), 13127, 127.94, 129.10 and 129.10 (8C, 2

. Xortho -ArC, 2 X meta - ArC), 132.00 and 132. 52 (v wk ZXIpSO ﬁ:} exact mass:

e

245.0512 (245 0511 caled for C13H11N028) | o

2chnzcnesdlfony1 3-phenyloxaziridine (77)397
The method of Davis et al 397 was used. Thus, NaHCO3 (22. O g, ! guol) and
4 S@,;lOO
mmol) in CHCl3 (320 mL) and H,O (240 mL). The mixture was coolcd to 0 CC, and

* stirred vigourously (mcchamcal snn'er) A sojution of meta - chloropcroxybcnz&nc acid

(21.0 g, 103 mmol) i 1n CHC] 3 (250 mL) was added dropw1‘$e over-30 min, and the mixture

- was stirred at0 oC for 15'min. The organtc phase was separated, washed,(H>0, 200 mL,

110% wh Nay$03, 200 fil,, and Hy0, 200 L), dried over KoCQ3 and concentrated in
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vacuo Flltrauon through silica and elution thh CHzClz (1 5 L) affordqj 20 8 g (80%) of |
77 as a whltc unstable solid: IR (CHCl3 cast) 3060 (wk, Ar-H), 1450, 1353 1184 172
cm-1; TH NMR (360 MHz, CDCl3) §7.3-8.1 (m, 10H, ArH), 5.46 (s 1H, CH); 13C

NMR (75 MHz, CDC13) 0 134.98 and 131 39 (2 X para -ArC), 134 60, 130.38 (wk, 2X
zpso-_rQ) 129.34,129.29, 128.70 and 128.11 (8C, 2 X om 0- Aﬁ, 2 X meta -ArQ), (k

- 76.26 (CH(O)N); exact mass: 261.0463 (261.0459 calcd for C13H1 1NO3S).

©ams ]

St

 6B-Hydroxycholest-4-en-3- one (80)398
A modification of the cnolate oxidation proccdurc of Davis et al 356,397 was used.
' ’To a soluiion of dnsopropylarrune (34 uL 260 umol) in THF (SmL) at 0 ¢C was addcd n-

| butyltithium (1 60 M in vaanP 170 pL, 260 umol). The mixture was stirred for 15 mm
and cooled to -78 OC. A solunon of cholest-4 -en-3-one (99 9 mg, 259 pmol) in THF 3
mL) was agded After 20 min, a solunon of 77 (81 7 mg, 313 umol) in THF (2 mL) was

added dropwise over 1 min. The rmxture was wanncd to room temperature over 1 h and

- H30 (1 mL) added. The mixture was amdlﬁcd with 1 M HCI, and THF was removed on
the r(;t;iry evaporator. HyO (10 mL) was addqd, and the mixture was cxt;'acted (CHCl3, 2
X 10 mL). The extracts were dried and c;r_\;cennated in vacuo . Column chromatography
gave 20 mg of material that evlu.ted in MeOH 2%/CHCl3 98%, after ;:luﬁon of starting
material and aromatic pmduct§ with CHC13 Repeated,column chromatography (MéOH
2%/CHC13 98%) afforded 8.6 mg (8%) of ca. 90% pure 80 as a gum: IR (CHCI3 cast)

3440 (br, O-H), 2945, 2935, 2862 (C-H), 1680 (C=0) cm-1; 1H NMR (400 MHz,

~ CDCl3) 6 5.84 (s, CH=0), 4.36 (dd, 3.0, 3.0 Hz, 1H, CHOH), 2.55 (AB, 17.2 Hz, dd,

148, 5.2 Hz, 1H, 2-H), 2.40 (AB, 17.6 Hz, m, 1H, 2-H), 0.8-2.15 (m, CH, CHy), 1.38
(s, 3H, CH3-19), 0.92 (d, CH3-21), 0.8 (2 X d, CH3-26, CH3-27), 0.74 (s, 3H, CHz-
18); exact mass: 400.3333 (400.3342 caled for Co7Hg40y).
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3B-Acctoxy-7-oxocholest-5-enc (8 1)240, 360
The method of Dauben and Fonken360 was followed To a solution of 5(08¢g,
23.2 mm'ol) in AcOH (120 mL) at 55 0C was added a solution of CrO3 (7.0-g, 70 mmol)

in AcOH SO%IHzO 50% (20 mL) dropwise over 2 h, while mamtammg the temperature at
50 60 0C The mixture was stirred at this temperature for 2 h, and MeOH (6 mL) ‘was

l added AcOH (80 mLY "s_v;as xemoved by vacuum distillation, The mixture was cooled, and
H20 ) mL) was added Aner 3 h, the precipitate was collected and washed (AcOH
n 80%/H,0 20%). Column chromatography (EtOAc 4%/hexant 96%, then EtOAc/,
20%Mexane 80%) afforded: | /
Fracuon (1), recovered 5 o
Fractioni (2), 1.77 g of white crysta]lme 81;a second crop from the crude mother
liquors afforded a further 0. 36g after similar work-up, for a total yield of 2.13 g (21%):
“mp 156 - 157 °C, (lt. 240 mp 153 - 154 °C); [a}p24 -97.9° (¢ 2.06, CHCI3); IR (CHCl3
cast) 2949, 2871.(C-H), 1733 (C=0 ester), 1671 (C=0), 1467, 1246 cm1; TH NMR (200
MHz, CDCl3) 6 5.68 (d, 1.2 Hz 1H, CH=C), 4.71 (m, 1K, CHOACc), 2.1-2.6 (m, 4H,
CH, CHy), 2.04 (s, 3H, CH3COy), 0'.9'-2.'1 (m, 22H, CH, CHy), 1.210 (s, 3H, cg3-
19), 0.895 (d, 6.4 Hz, 3H, CHa-21), 0.860 (d, 6.0 Hz, 3H, CH3-26), 0.855 (d, 6.0 Hz,
3H, CH3-27), 0.655 (s, 3H, CH3-18); 13C NMR (75 MHz, CDC13) 5 201.89 (‘wk/
, ;-O) 170 24 (wk, (=0 ester), 163.79 (wk, C=CH), 126.69 (C=CH), 72.19 (CHOACc),
| 54.76, 49.94, 49.80, 45.40, 43. 09, 39.45, 38.65, 38.29, 37.72, 136.16, 35.98, 35.69,
28 51, 27. 97, 27: 34 2628, 23.80:%22.98, 22.53, 21.23, 21.15, 18.84, 17.23, 11.94;
MS (EI) m/e 442 M+, 2%), 382 M+ - AcOH 100%). Anal. calcd for CogHg603: C,

78.68: H, 10.48. Found: C, 78.43; H, 10.44.

7- Oxocholest 5-en- 3B ol (82)361 ' _ - ,

Potassium ¢ -butoxide (37.0 mg, 303 pmol) was added to a solution of 81 (1 11
mg, 250 pmoly in THF (5 mL) and H,0 (3 mL). The mixture was stirred for 7 h, then
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acidified with HCl and diluted with HyO (50 mL). The mixture ws extracted (CH)Cls, 2
X 50 mL), and the eypracts we}c dricq and concentrated in vacuc;jto afford 99:2 mg (99%) ’
of crystalline 82: mp 165 - 166 °C, (1it.361 mp 168 - 170.0C); {a]p24 -105° (¢ 1.19,
CHCl3), (1it.361 {a)p 19 -1060 (c 0.8, CHCI3)); IR (CHCl3 cast) 3520 (O-H), 2940, |
2865 (C-H), 1664 (C=0), 1465, 1382 cm-1; 1H NMR (300 MHz, CDCl3) 8568(d, 12
Hz, 1H, CH=C), 3'.67' (m, 1H, CHOH), 2.30-2.55 {m, 4H, CH, CHp), 2.25 (dd, 14, 14
Hz, 1H, CHCO), 18-2.1 (m, 4H, CH, CHj), 0.95-1.75 (m, 18H, CH, CHy), 1.200 (s,
3H, CH3-19), 0.920 (d, 6.5 Hz, 3H,'Cﬂ3-2_1), 0.870 (d, 6.5 Hz, 3H, CH3-26), 0.863
(d, 6.5 Hz, 3H, CH3-27), 0.683 (s, 3H, Cﬂ3-18‘); 13C NMR (100 MHz, CDCl3) §
202.4- (wk,'C=0), 165.52 (wk, Q:CHﬁ, 125.92 (CH=C), 70.33 (CHOH), 54.75,
49.92, 49.89, 45.35, 43;05, 41.79, 39.41, 38.65, 38.25, 36.32, 36.13, 35.65, 3107,
78 28, 27.92, 26.26, 23.78, 2275, 22.50, 21.16, 18.82, 17.25, 11.91; exact mass:
400.3:41 (400.3341 calcd for Cp7H44Q5). Anal. caled for C27H440,: C, 80.94; H,

.1.07. Zound: C, 81.23: H, 11.19. . ‘ d

38-(:-i3uty'ldimcthylsilyloxy)-7-oxo-cholcst-5}<‘:nc (83)
The method of Hosod2 et al 362 was used. A nglxturc of i-buryldimcthy]silyl

¢ 1loride (125 mg, 829 u‘mol)‘ and imidazole (142 mg, .2.09 mmol) were added to a solution

of 82 ,(88.§.mg, 2 22 pmol) m DMF (2 mL). The -mi;(t'ur.c was shaken for S min, and

allowed to stand for 20 min. Et70 (25 mL) was added, and:thc mixture was wash‘cd (H20,

3 X 25 mL). The organic phases were dried, and concentrated in vacuo . Column -

chromatography (EtOAe 4%/hexane 96%) to remove t'-bmyldir‘ncthy'ls_ilyl chloride afforded

98.6 mg (86%) of 83 as a white solid: mp.214 - 215 °C; [a]p24 -78.40 (¢ 2.07, CHCl3);

IR (CHCI3 cast) 2948, ’2936, 2860 (C-H), 1667 (C=0), 1254, 836, 774 cm"!; IH NMR

(200 MHz, CDCl3) § 5.68 (br' s, wypp 3 Hz, 1H, Cﬁ=b), 3.62 (m, 1H, CHOTBDMS), .

2.15-2.55 (m, 4H, CH; CH»). 1.75-2.10 (m, 4H, CH, CHj), 1.0-1.7 (m, 18H, CH, ’

CH»), 1.190 (s, 3H.'CH3-19), 0.920 (d, 6.3 Hz, 3H, CH3‘-21), 0.885 (s, 94,
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‘ (CH3)3CSi), 0.860 (d 6.3 Hz, 3H, CH3-26), 0.855 (d, 6.3 Hz, 3H, CH3-27), 0.670 (s,
C—O) 165.76 (wk, C=CH), 125.85 (CH=C), 71.37 (QHOTBDMS), 54 91, 50.12,

50.07, 45.46, 43.14, 42.59, 39.51, 38.81, 38 37, 3649 36.24, 35.72;731.80, 28.55,
28.01, 26.34, 25. 84 (3C, (CH3)3CSi), 23.86, 22. 79, 22 54, 21 25 18.90, 18.13 (wk,

MC3_CSI 17 33, 11.99, -4.63 (2C, (CH3),Si); MS (ET) m/e 514 (M+, 0.8%); MS (NH3-
CI) m/e 515 (MH+ 100%); UV (cyclohexane) }"ma.x (loge) 231 (4 129), 267 (2 655)
Anal. calcd for C33H53025x C, 76.98; H, 11.35. Found: C,77.14; H, 11.45.
. . e
78-Hydroxy-38-(¢ -butyldimethylsilyloxy)-cholcst-S-cnc (84L¢and Ta-
hydroxy -3B-(t butyldxmcthylsﬂyloxy) cholcst 5-ene (85) - |
Thc reduction procedure of Mosbach eta] 363, 364 was modified. Thus, NaBHy

(250 mg) was added to a solution of 83 (1.46 g, 2.84 mmol) in THF (50 mL) and
methanol (35 mL). The mixture boxlcd and was stirred fo: 20 min. HR0 (200 mL) was

addcd and the rmxturc was acidified with HCI iftcr most of the MeOH and THF had been -
rcmoved on the rotary evaporator, the mixture was extmcted (CHCI3, 3X 200 mL). The
extracts wefk washcd (HZO mL) dried and concentrated in vacué 1H NMR showed

‘aratio of 85:84-of 17 83. Column chromatography (EtOAc 4%/hexane 96%) gave: |
‘ Fraction (1), 168 mg (1 1%) of 85 as a white solid: mp 165 - 167 °C; [a]D_24 -
58.00 (c 1 15, CHCI3); IR (CHCIj cast) 3430 (O-H), 2949, 2932, 2902, 2857 (C-H),

' 41255,“1‘ 100, 832, 772 cm-1; TH NMR (300 MHz, CDCl3) 6 5.57 (dd, 5.3, 1.6 Hz, 1H,
CH=C), 3.85 (br s, wis2=11.5 Hz, 1H, CHOH), 3.53 (dddd, 10.8. 10.8, 5.0, 5.0 Hz,
IH, CHOTBDMS), 2.31 (AB, 13.3 H?; ddd, 11.0, 1.7, 1.7 Hz, 1H, 4B-H), 2.20 (AB,
13.5 Hz, dd, 5.2, 2.0 Hz, 1H, 4a-H), 0.95-2.10 (m, 5.5H, CH, CHy), 0.985 (s, 3H,
CH3-19), 0'925 (d 6.5 Hz, 3H, Cﬁ3—21) 0.887 (s)9H (CH3)3CS3), 0.866-(d 6.5 Hz,
3H, CH3-26), 0. 862 gd 6 5 Hz, 3H,LH3- 27) 0.680 (s, 3H, CH3-18), 0057 (s, 6H
(C}j3)251) 13C NMR (75 MHz, CDCl3) 6 146.93 (C=CH), 123.30 (C—QH) 72.09
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(CHOTBDMS), 65.38 (CHOH), 55.79, 49.39, 42.54, 42.23, 42.09, 39.48, 39.17,
37.48, 37 42, 37. 05, 36.13, 35.72, 31.79, 28 24, 27. 97, 25. 86 (3C, (CH3)3CSi),

£ 24.26, ~2365 2277, 22.53, 20.64, 18.70 (wk, Me3CSi), 18. 61, 18.21, 11.58, -4.63
(2C, (QH3)281) MS (NH3-CI) m/é 516 (M¥, 0.6%), 499 (MH* - H20, 68%), 367
_(MH* - HyO - TBDMSOH, 100%). Anal. calcd for C33H600251 C,76.68 H, 11 7;0
Found: C, 77.02; H, 11.72.

Fractio;1 (2), 347 mg (24% : of fractidns containing a nﬂxt_urc of 84 and 85.

Fraction (3), 979 mg (67%) of 84 as a white solid: mp 130 - 131 ©C; [a]p24
+0.20 (¢ 175, CHCl3); IR (CHCl3 cast) 3342 (O-H), 2952; 2933, 290?2‘,.2858 (C-H),
1472, 1462, 1205, 1099, 837, 776 e 1; 1H NMR (300 M‘H'z, CDCl3) 85.25 (dd, 1.8,
18 Hz, 1H, CH=C), 3.83 (brd 7.2 Hz, 1H, CHOH), 3.50 (dddd, 10.7, 10.7, 4.8,4.8

Hz, 1H, CHOTBDMS) 2.28 (AB, 13.3 Hz, ddd 11.0, 2.0, 2.0 Hz, 1H, 4BH) 2.21
(AB 13.5 Hz, dd, 5.2, 18Hz 4a-H), 202,(ddd 127 33 3.3 Hz, 1H, CH, CH»),

0.90-1.95 (m, 24H, CH CHy), 1038 (s, 3H, GH3- 19) 0.920 (d, 6.5 Hz, 3H, CH3-
21, 0.886 (s, 9H, (CH3)3CSi), 0:868 (d, 6.6 Hz, 3H, CH3-26), 0.863 (d, 6:6 Hz, 3H,
CH3-27), 0.686 (s, 3H, CH3-18), 0.057 (s, 6H, (CH3)Si); 13C NMR (75 MHz,
CDCl3) 8 144.21 (wk, C=CH), 125.05 (CH=C), 73.44 and 72.27 (CHOTBDMS,
CHOH), 56.02, 55.48, 48.35, 42.93,42.29, 40.96, 39.61, 39.51, 37.07, 36.51, 36.23,
35.72,'32.05, 29.59, 28.55, 28.01, 26.39,25.91 (3C, (CH3)3CSi), 23.83, 22.81,
22.55, 21.06, 19. 17, 18.78, 18.22 (wk, Me3CSi, 1182, -4.59 2C, (CH3)7Si); MS
(NH3-CI) mfe 516 (M*, 0.7%), 499 (MH?* - H20 55%), 367 (MH* - Hy0 -
TBDMSOH, fOO%) Anal. calcd for C33H600231 C.76.68; H 11 70 Found C, 76.61;

H 1164

»

Alcohols 84 and 85 by rcducnon i of BMRE lithium aluminium bydride
‘Ketone 83 (40.3 mg, 91 0. pmol) in TH&'}S mL) was trcatcd with lithium T

alumxmum hydnde (LOO mg), and the mlxturc was snrrcd for 30 min. EtOAc, thcr@zo

.,. .ﬂ
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then 1 M HCI (until acidic) were added to dcstnoy excess hydride. The mixture (50 mL)
was oxtracted with CHCl3 (3 X 20 mL), and the cknﬁcts were dried and concentrated in

Y

vacuo to give a mixtute of 84 and 85 in a ratio of 26:74, as determined by 1TH NMR.
_ . _ ) |

7a-Acetoxy-3B-(¢f -butyldimethylsilyloxy)-cholest-5-ene (87)

T he mcthod of Staunton and Eisenbraun249 was used. A mixture of 84 (156 mg,
302 umol) acetic anhydride (1. 5 mL) and pyridine (3 mL) was stirred for 20 h. HQ_O (25
mL) was addcd, and the mixture was acidified with 1 M HCI and egstractcd (CHC]3, 3X
25 mL) The extracts were washed (saturated CuSO4) dried and conccnﬁﬂfcd in vacuo .
Column chromatography (EtOAc 4%/hexane 96%) gave 159 mg (94%) of 87 asa gum
[o)p?4 -131.20 (c 291, CHCl3); TR (CHC]3 cast) 2952, 2035, 2900, 2865, 2855 (C-
H), 1752 (C=0), 1242, 1095, 835 cmsl lH NMR (200 MHz, CDCl3) 85.51 (dd; 5.0,
"1.2 Hz, 1H, CH»C) 4.94 (ddd 5.0, 5.0, 12Hz 1H, CHOACc), 3.50 (m, 1H,
CHOTBDMS) 2. 15 2.35 (m 2H, 4- Cb_Iz) 2.02 (s, 3H, CH3COy), 1.0-2.1 (m, 24H,
CH, CHj), 0.990 (s, 3H, CH3- 19) 0. 92@ (d 6.4 Hz 3H, CHs- 21) 0.880 (s, 9H,
(CH3)3CSi), 0. 860 (2Xd, obscure 6}@ CH3 -26, CH3-27), 0. 660 (s, 3H, CH3-18),
0.050 (s, 6H (CH3)281) MS (NH3-CI) m/e 499 (MH* - AcOH, 45%) 367 (MHY -
AcOH - TBDMSOH, 100%). Anal. calcd for C35Hg2035i: C, 75.20 H 11.18. Found

C,75.17; H, 11.01. \ - I
7B-Acetoxy-3B-(t -butyldimcthylsilyloxy)-cholcst-S-cnc (86)

‘The method249 for convcrsxon of 85 to 87 was used. Thus, 84 (326 mg, 630
pﬂnol) afforded 350 mg (99%) of 86 as a gum [a]p2? +51 10 (¢ 2.03, CHCly); IR
(CHCI3 cast) 2951, 2935, 2855 (C-H), 1735 (C=0), 1240, 1095, 835, 772 cm-l, I
NMR (200 MHz, CDCl3) 8 5.16 (br s, 1H, ‘Cﬂ=C),}4-.98‘n(ddd, 8.8, 1.6; 1.6 Hz, 1K,
CHOAC), 346 idd, 10.4, 104, 5.2, 5.2 Hz, 1H; CHOTBDMS), 2.1-235 (m, 2H, 4-
CH3), 2.00 (s, 3H, CH3C03), 0.9-1.9 (m, 24H, CH, CHy), 1.085 (s, 3H, CH3-19),
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0.930 (d, 7 Hz, 3H, CH3-21), 0.900 (s, 9H, (CH3)3CSi), 0.875 (2 X d, obscure, 6H,
CH3-26, CH3-27), 0705 (5, 3H, CH3-18), 0.055 (s, 6H, (CH3)5i); 13C NMR (100
MHz, CDCl3) 8 171.56 (wk, C=0), 146.34 (wk, C=CH), 121.31 (CH=C), 76.00

(CHOHY, 72.13 (CHOTBDMS), 55.67, 55.57, 48.38, 42.83, 42.23, 3941, 39.41, ?f

36.92, 36.55, 36.42, 36.08, 35.50, 31.89, 28.14, 27.78, 25.68'(3C, (CH3)3CSi),

25.01, 23.64, 22.48, 22.27, 2131, 20,93, 18.80, 18.57, 17.90 (wk, Me3CSi), 11.52, -,
5.10 (2C, (CH3)35i); MS (NH3-CD) mye 499 (MH¥ - ACOH, 59%), 367 (MH* - AcOH -
TBDMSOH 100%). Anal. caled for C35H620381 C,75.20; H, 11.18. Found: C, 75.05;

H, 11.06.

Q2

7a-Acetoxycholest-5;en-3B-0l (89)369

The method of Hosoda et a] 362*was used. A solution of tcm-n-butylamrnonium
fluoride in THI? (I M, 0.5 mL, 500 umol) was added to 87 (142 mg, 254 pmol) in THF
(4 mL) The 'rnikturc was stifred for 150 min, and conccntrated in vacuo . HzO (10mL)
was adde.g and the mixture was extractcd (EtOAc 2:X 10 mL;. Thc extracts were washed
(HzO 20 mL), dried and concentrated in vacuo . Column chromatography (CHC13 then
MeOH f%/CHCI3 98%) gave 107 mg (95%) of 89 as a white solid: mp 58 - 60 °C
(becomes gummy); [a]p24 -163.60 (¢ 1.07, CHCl3); IR (ch13' cast) 3400 <o-rr);'

2940, 2869 (C-H), 1730 (C=0), 1375, 1243, 757 cmo-1; TH NMR (400 MHz, CDCl3) 3,

5.57 (d, 5.0 Hz, 1H, CH=C), 4.95 (dd, 4.4, 4.4 Hz, 1H, CHOAc), 3.57(dddd, 10.,

PR

1038, 5.0, 5.0 Hz, 1H, CHOH), 2.2-2.4 (m, 2H, 4-CH),.2.}7 (br s; 1H, OH), 2.02 (m,

1H, CH, CHy), 2.02 (s, 3H, CH3COy), 1.75-1.90 (m, 3H, CH, CHy), 1.00-1.65 (m,
20H, CH, CHy), 1.000 (s, 3H, CH3-19), 0.925 (d, 6.5 Hz, 3H, CH3-21), 0.857 (d, 6.8

Hz, 3H, CH3-26), 0.862 (d, 6.6 Hz, 3H, CH3-27), 0.669 (s, 3H, CH3-18); 13C NMR

(100 MHz, CDCl3) 5 170.65 (wk, C=0), 147.79 (wk, C=CH), 119.94 (C=CH), 71.15

(CHOH), 68.63 (CHOAC), v56.14, 49.31, 43.26, 42.33, 42.00, 39.50, 39.13, 37.26,

36.88, 36.24, 35.96, 35.73; 31.31, 28.08, 27.95., 24.Q§2, 23.92, 22.71, 22.48, 21 19,



174

20.76, 18.76, 18.16, 11.44; exact mﬁss: 444.3607 '(44-:1.3604 calcd for C29H4803).'

7B- Acctoxycholcst -5-¢n- 3B 01 (88)369, 399, 400

The method for conversmn of 87 to 89 was used. Thus, 86 (306 mg, 547 umol)
afforded 240 mg (99%) of 88 as a white solid: mp 89 - 90 9C, (1it.400 mp 83 - 84 °C),
(1i1.399 mp 131 - 133 ©C); [a]D24 +65.80 (¢ 1.15, CHCl3), (tit.399 [a]p24 +760 (¢
0.9, CHCly)), (lit. 400 [af}mo (CHC13)) R (CHCI3 cast) 3390 (br, O -H), 2948
2870 (C-H), 1734 (C=0), 1240 cm'1 1H NMR (460 MHz, CDCl3) 05.20 ’dd 1.6, 1.6
Hz, lH CH—C) 5.01 (ddd 8.6, 20 2.0 Hz, 1H, CHOACc), 3.54 (dddd, 10.8, 10.8,
44 4.4 Hz, lH CHOH), 2.28 (m, 2H, 4-CH»), 2.02 (s, 3H, CH3CO9), 1.9- 21 (m,
2H, CH, Cﬂz), 0.9-1.9 (m, 23H, CH, CH»), 1.071 (s, 3H, CH3-19),0.912 (d, 6.5 Hz,
3H, CHz-21), 0.864 (d, 6.0 Hz, 3H, CH3-26), 0.859 (d, 6.5 Hz, 3H, CH3-27), 0.692
(s, 3H, CH3-18), 13C NMR (100 MHz, CDCl3) 8 171.09 (wk,‘Q=O),’ 145.29 (wk,
C=CH), 121.42 (CH=C), 75.80 (CHOAC), 7116 (CHOH)_, 55.63, 55.56, 48.35, 42.90,
41.73, 39.50, 39.48, 36.92, 36.64, 36.48, 36.1’9", 35.64_,.'31.52, 28.32, 27.96, 25.16,"'
.23.83,22.72, 22.50,.21.55, 21.14, 15.02, 18.79, 11.78; exact mass: 444.3%02 ‘
(444.3602 calcd for CogH4803). Anal. caled for CogHgg03: C, 78.33; H, 10.88. Founci:

C, 78.73; H, 10.69.

>
.

Isomerization of 84 or 85 with dicLbyla;ninosulfur tﬁﬁuoﬁdc (DAST)
A modification of the methods of Markovsklj365 and of Mlddleton366 was used.
Toa suspcnsmn of 84742.1 mg, 81.5 pmol) in hexane (1 mL) at 78 °C was added DAST
. (12.5uL, 100 umo]). The mixture was allowed to warm to room temperature, and stirred
for 30 min; when concentrated ir; vacuo, the residue had-' 19 NMR (376 MHz, CDCl3) & -
| 127.65 (dd, 43, 19 Hz, 20%), -168.20 (br d, 50 Hz, 13%), -176.40 (ddd, 50, 29, 10 Hz,
67%). Silica (70-230 mesh, 1 ) and hexane (5 mL) were added to this material. After 10

* min, the mixture was filtered and the silica washed (EtOAc). The filtrates were concentrated
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in vacuo. Columo chromatography (EtOAc”4%/vhcxan‘c 96%) éqv_c 33.2 mg (79%) of a
mixture of 84 and 85, in a ratio of 20:80 oy 1H NMR.'On a larger scale, pure 85 (23%)
was collected, aJong wuh fractions containing a mixture of 84 and 85.
In a similar manner 85 (10.0 mg, 19.3 umol) afforded a mixture having 19F NMR
(376 MHz, CDCl3) as above, with signals in a ratio of 42:17:41; work-up (as above) gave
a mixture of 84 and 85 in a ratio of 17:83 by IH NMR. The reaction could also be used on
| a mixture of 84 and 85 directly after reduction of 83. |

7a-(2'-diézo-3'. 3, 3'-trif1uoropropionyloxy)—3B-(t-butyldimcthylsilyl-
oxy)-cliolest-5-enc 90)

Aad chlonde 75 (50 L, 428 pmol) was added to a stirred solution of 85 (76.9
mg, 149 ymol) and dlmethylarrunopyndmc (53 mg) in CH2C12 (10 mL). thn lhc initial
crange color faded to yellow (5- 10 mm), a further portion of-75 (30 p,L) wgﬂaddcd. This
was repeated twioc more until a pcrsistent orﬁnge color resulted. The mixture was

concentrated in vacuo . Flash chromatography (EtOAc 4%/‘ncxane 96%) afforded 72.5 mg
(75%) of 90 Wh]Ch was approximately 80% pure, as a gum [alp 24 -1310 (¢ 0 83

CHC.13), IR (CHCl3 cast) 2953, 2937, 2867, 2857 (C- H), 2133 (C=N+=N"), 17y25 (C=0
- ester), 1369, 1355, 1306, 1140, 1098, 837 cm!; 1H NMR (200 MHz, CDCl3) § 5.58
(dd, 5.2, 1.0 Hz, 1H, CH=C), 5.50 (impurity), 5.1-5.35 (impurity), 5.00 (dd, 40, 4.0
Hz, 1H, CHOCO), 3.50 (dddd, 10.4, 10.4, 5.6, 5.6 Hz, 1H, CHOTBDMS), 2.1-2.4 (m,

2H, 4-CHy), 1.0-2.1 (m, 24H, CH, CHy), 0.975 (s, 3H, CH3-19), 0.895 (d, 7.0 Hz,
3, CH3-21), 0:865 (s, 9H, (cﬂ3)3CSi)~,/o.84o (2 X d, obscure, 6H, CH3-26, CH3-
27), 0.643 (s, 3H, CH3-18), 0.035 (s, 6H, (CH3)25i); 19E NMR (376 MHz, cool3) 5-
5720 (br s, 81% of total 19F signal); MS (NH3-CI) m/e 624 (M* - Ny, 0.2%), 498 (M+ -
© CF3CNCOH, 0.6%), 367 (M* - CF3CNoCO,H - TBDMSOH, 40%).
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Cholest-5-ene-3B,7a-diol (91)368, 371 |

o Thc method362 for'convcrsion. of 87 to 89 was used. Thus, 85 (55.0 mg, 106
pmol) afforded, after cqlumn‘chromatography (MeOH 2%/CHClg 98%), 39.1 mg (91%)
of 91 as a white solid: mp 154 - 155 °C, (1it.371 mp 158 ©C), (41.368 mp 182 - 184 °C);
[a]D24 -93.99 (¢ 1.95, CHCl3), (lit.371 [op -13° (CHCl3)), (it. 368 [a)57g -75.89);
IR (CHCl3 cast) 3270 (br, O-H), 2955, 2867 (C-H), 1465, 1060 cm- 1, 1H NMR (300
MHz, CDCl3) & 5.60 (dd, 5.5, 1.3 Hz, 1H, CH=C), 3.85 (br m, 1H, 7-CHOH), :{.58 (m,
1H, 3-CHOH), 2.2-2.4 (m, 2H, 4-CHp), 0.9-2.1 (m, 26H, CH, CHp), 1.003 (s, 3H,  ~
CH3-19), 0.927 (d, 7 Hz, 3H, CH3-21), 0.870 (d, 7 Hz, 3H, CH3-26), 0.863 (d, 7 Hz,
3H, CH3-27), 0.673 (s, 3H, CH3-18); 13C NMR (75 MHz, CDCl3) 8 146.28 (wk,
C=CH), 123.86 (CH=C), 71.26 (3-CHOH), 65.39 (7-CHOH), 55.91, 49.44, 42.29,
,4.2,133; 42.07, 39.56, 39.22, 37.55, 37.43, 37.07, 36.21, 35.80, 31.37, 28.31, 28.04,
| 2’4133, 23.76, 22.84, 22.60, 20.74, 18.78, 18.28, 11.67; exact mﬁ: 402.3502
(402.3506 calcd for C27H4602).
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