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'Abstract

The role of 3l-norlanosterol (5) and 4,4-dimethyl-
fecosterol (4) as possible intermediates in the biosyn-

thesis of ergosterol by the yeast, S. cerevisiae, has

bgen investigated. Authentic samples of i arid 5 were syn-
'thesized for use as both chromatograghiclstandards and
trapping agents. A search for i and 5 wasrconducted in
three sourcesvof total yeast sterol mixtures: yéast sterol
concentrateé,~fresh laboratory grown‘yeast and fresh brew-
ery grown yeast. Sterol 4 was not detected in any of
these sources. Sterol 5 was found only in the fresh brew-
ery yeaét.‘ An attempt to trap radiocactivity from exoge-
nously fed tritiated lanosterol into 4 and 5 gave incon-
clusive results. Based on the isolation of 5 from brewery
vyeast we have tentatively expanded the model of yeast

sterol blosynthesis to include all possible routes through

sterol 5.
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Dedicated to my parents, in whdse honour I hereby
vbestow upon the hitherto unsynthesized sterol, 4o 4
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"rejuliol".
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Introduction
*  The elaboration of sterols by thé common yeast,

Saccharamyces cerevisiae, encompasses a long sequence of - .

biosynthet®c conversions which can Bé*tragéd féom'acetdte
to ergésterol'(lé)l’z. ~Based on the nature of the inter-
mediates involved, this sequence may be Aivided into two
phases, an isoprenoid‘phase andva'stero;d phase.

During the isoprenoid phase, the synthesis, élonga-
tionﬂand cYclization of isopreﬁoid intermediates qccursl.~

It aulminates in the formation of lanosterol (1).

!
Isoprenoids

During the stefoid‘phase, lanosterol (1) is converted
to ergosterol (13) via seven essentilal structural modifi-

cations.




These modifications are:

1.

5.
6.

7.

removal of the 14g-methyl group (see appendix A
fop'steroidfnUmbering and. nomenclature)

removal of the 4g-methyl group '

removal of the 4g-methyl group

methylation at Css (In actuality, this involves
two, steps. 'Thé introduction of a Cpa-~methylene .
gfoup is followed at some later point by redpé—
tion of the A24(28) double bond.)' »'
isomerization of the A® double bond to A7
introduction of the A%2 double bond

introduction of the A® double bond. ,

The order in which these seven modifications occur .

was initially open'to speculation. It could be postulated

that fhéy occur randomly, in which case the number.of -

alternate biosynthetic routes between 1 and 13 would be

71/21 or 2520. On the other hand, it could also be '

postulatéd that one and only one route is followed;

Evolutionary considerations argue against both these

postulates. The former is energetically wasteful while

the latter provides for no adaptive flexibility. We

therefore opted for a median postulate, in which a single

favoured route co-exists with a number of minor alternate

pathways. It follows directly from this postulate that

the enzyme or enzymes responsible for each particular
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modification'exhibit high,vthough no?~absolute,v§ubsﬁrate
speciricity. )

All evidence obtained thus far indiéates‘that the
structu;ai transformations occurring between 1 and 13 -do
occur roughly in the ordep listed and thét the concept
dépiétedvin Figufe 1 is égZidl This has been part%culafiy
well established for those events occurring between feco-
~sterol (12) and ergosterol.(12)4’5. Those modifications
occurring prior to fecosterol (nameiy nuclear demethylation
and side chain,méthylation) have, however, been given less
careful conéideratioh. It is these modifica ns, or more
specifically thé order in which they occur, toward which )
thevpresent effort was directed. A d

4 The order of nuclear demethyiation and side chain
methylatioh,ip not the totally random process illustrated
in Figure 2. Past experimenﬁal work involving three
complementary approaches has verified SOm; section;fof'
this métEZX and eliminated others. Figure 3 illustrates
’those;foutes and intermediates suggested by each of these
three approaches.

The fifst and simplest approach involved the isolation
and characterization of constituent yeast sterols. Implied .
in this approach is the assumption that most, if not all,

of these sterols are true intermediates and- not artefacts

or side products. This approach has thus far netted the'
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isolation of lanostefol (1), 32-norlano§terol (3), 4a-
methylzymosterol (7), 4g-methylfecosterol (8), zymosterol
(11) and fecosterol (12) from wiidvtype yeast®. Their
presencé suggegts the routes 1 %42 > 7-> 11 > lg.ana-
153575 85 12 to be opérative.

A variant of this first approach came to light after

the completion of our own work. A mutant of'§. cerevisiae

“was investigated? and found to contain lanosterol fl),
?1-norlanosterol (i),‘ob£ysifoliol (6), and 14 -methyl-
fecostefol (19). 'TheAaccﬁmulation of these sterols indi-
cates that ﬁhe mutant possesses avfunctional ho-methyl E
démethylase and a functiohal 524—méthyltransferase but
lacks. a functional 14a—metﬁyl demethylase; More imporQ
tantly, it indicates that the 4a—mefhyl demethyiaée and
the A24—methylt;ansferase are capable,of<a¢ting upon
l4g-methyl sterols. It thus suggests that the routeé
1556812, 1+556»10-12, 1551

8512 and 1 5 55 7

» 11 5 12 may possibly be operative

in normal strains of S. cerevesiae.

Of the remaining three sterols in the matrix (2, 4

and 9) none has been reported found in S. cerevislae,

, although 24 ~methylene-24 ,25 -dihydrolanosterol (g) and
4,4-dimethylfecosterol (%) have been found in other"fﬁngi8
and yeast®,

The second, more sophisticated, approach ihvolved



the use of feeding and trapping experiments. If a true
precursor-product relationship exists between two sterols,
the productvwill.acquire radioactivity when the precursor,
radiolabglled with 3H or .'%C, is fed to growing yeast.
‘If there is no transfer of radioactivity, then no precursor-
'product relationship exists. ;If the prbduéﬁ sterol in
question hés not been'isolated-from yeast or ifvit is
preggnt bnly in small quantities, then a "trap" of un-
labelled synthetic product -sterol is addéd'during\the
isolation process. Radioactivity in the recovered trap
onpé again establishesva precursor—producp relaﬁionship;

.Feeding and trapping experiments éan, if condubted
properly, yield the most definitive information regarding
stérol ihterconvefsions. There are pitfalls to be wary
of, however.‘ When trying to-establiSh'the intermediacy
‘ of a given sterol in a‘biosynthetié:pgthway, one nmust
deméhstrate input inté it (from a knoﬁn pre¢ursbr) as
weilias output from it (to a known product).- The‘estab—
lishment of output only (e‘g., conversion to,ergoétefol)‘
can lead to an initial false assumption of'ihﬁermediacy,.
as was fhércase of'24—methy1éne—é4,25—dihydrolanosterol
. (_2_)116. : | ‘

Care mﬁSt also be exercised in isolating the brqduct
or-trapping stéro;. Difficulty is often encountered in

séparating sterols from one another and cross contamina- .



tion can give ambiguous results (i.e., false radio-
activity). |

Feeding experiments have thus far demonstrated the
conversion of the following sterols topefgosterol:
lanosterol (l)4b’s’1o, 24—methyleﬁé—24,25-dihydrolanosterol
(2)*°211, 32-norlanosterol (3)%, obtusifoliol (6)'?, |
~ lg-methylzymosterol (7)'!, 4q-methy1fe'¢oétePO1 (8)1t,
zymosterol (11)#» *5, and fecosterol (12)%*°°. ‘withiﬁ“the
matfix {(of Figure.z) itself, the conversion of llfto 12
" has been shown to be operativel®, while that of 1 to 2
has been shown to be inoperativel?, ‘When considered
collec%ively, thése various conversions tend to support
two of the routes alread& suggésted‘by the first approacﬁ,
nemely 1> 3> 7 11> 12 and 15 35 7 8 » 12..

The thifd approach ‘involved the characterization of
the ehzyme or enzymes responsible for eéch particular
structural ﬁodification. A determination of the preferred
substrate of each enzyme wpuld provide a good ihdicatién
of the overall prefeérred route. "In Qonnection'with this
approach both the demethylasels and th67A24fmethy1trans—
ferasel®:14 enzymes have been partially purified and
- stgdied. vv | - |
a VfThé demethylase study yielded 1ittle informétion‘i,‘

3 coﬁcerniné substrate specificity.. -The only'éubsffater

employed was '*C-lanosterol derived from 2-14C-mevalonate.
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This meant that of the by, 43;'and 14a-methyl/groupe,
only the 4q WaS’radlolabelled2 and'thereforevonly.the
Ma-methyl’demethylase activity (assayed as '*C0z evolved)
was measured. The actiVity of the 4g-methyl demethylase
Een/ghe 4,4—dimethyl sterols (1, 2, 3 and 4) was not

- measured individuallyvand therefore no relative substrate
specificity could be deduced. The activity of the 4q-
methyl demethylase on the 4a-methyl sterols (5, 6, 7 and
§) was not measured at all since the 4@—methyl group of
these sterols”is deriVed from the 4§:methyl group?, which,
as stated before, was unlabelled. However, one interest-
ing fact. did emerge from this study. The addition of
S-edenosylmephionine (from whence the 024-methylene>group'
is derived') increased the demethylase activity 2.5 to 3
fold. This seems to indicate that stefols‘g_and/or'i |
were better substrates than 1 and/or 3, although it was
never esteblished fhat’ng-methylatlj?/Mas actually
occurring in the system used.

‘The A24—methyltransferase experiments were somewhat‘
better eontriVed. ‘The relative activity of the trans-
ferase toward’zymosterol (ll),'4q—me£hylzymoe£erol (7),
32—norlanosterol (3) and lanosterol (1) was 100, 5, 2 and
0 respectively.r This observation indicates three path-

ways of-decreasing preference: 1 5 35 7 - 11 5 12,

152357>8-12and15 35 45 85 12. - Unfortunately,
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neither 31—norladosterol (5) nOr,lH-metﬂylzymosterol (2)
were tested‘as substrates. It thus remainé.unélearv‘
whether the preference Shéwn by fhevtransferase for 3
over/l_WOuId be parallelled by a ;imilar preference for
7 and 11 over 5 and 9 respectiveiy.h A

In summary, then, the ﬁwelve possible routes befween
sterols 1l and 12 may beléppoftioned*among four categories
of deéreasing.proﬁability: |

A, operative;ﬁsuppbrted by‘ali”évidenée

1235758512 and 153575 11512

B. possibly operative; supported by some;evidence

15354585 12; 1555658512
1-5+6-10-12; "155-7>8>12
1+5-7->11-512 b

C. possibly operative; no supportive evidence;
~ no counterindicative evidence

1-5+9-510-512 and 15 55 9511 5 12

',D, not operative; counterindicative evidence

1-25%5 85 12; 1525658-1
Cr.256510.12 B
Fully seven of these routes (thoserin caﬁegofi S
B and C) are in need of further verification. An insﬁgce
tion offFigure 27revea1$ that this can bestrbe done by
determining Whéther_the two key infefmediates involved

in these routes, namely 4 and 5, are in fact present in

N
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wild type S. cerevisiae. We sought to do this by attempt-

ing to isolate 4 and/or 5 from yeast,stefol mixtures and
by attempting to trap radioactivity in i and/or 5 from

exogenously supplied [22H]~lanosterol.-
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Procedures and Results

Sterdl Synthesis

Before any vefification of blosynthetic pathways
could be attempted, it was first necessary to synthesize’
authentic samples of 4 and 2; -These samplés would serve
both as chromatographic standards and as trapping ageﬁts.
A smallquahtity of @ritiated lanosterol was also needed to.
sefve“as a radiolabélled'grecuréor. 7 |

The synthesis bf 4,4-dimethylfecosterol (4) presented
no indrdinate.difficulties (Figure 4). Treatment of
32—norlénosteryl acetate (3 Ac), iéplated from yeast
sférol concentratesls; with aqueous N-bromosuccinimide!®
yieldéd the bromohydrin, lﬂ.; quatmént of the bromohydrin
With,Kécosla géve the'24,25-epoxide,‘1§, The epoxide was
then fearranged6 to the ketone, l@, usihg Kenner's
reagent!”. Finally, Wittig reaction of the ketone with
1;riphenylméth&lenephosphorane6 afforded‘i.

| The synthesis of 31-norlanosterol (5) proved more
challenging. The reported synthesis18 Of 5 was bjﬁéssedr
iﬁ favour of a more promising method developed by Cohen
et al.'®.  Their procedure for remo&ing a C-4% methyl
group from lanoéterolrdid have}one.drawbaék,'however. At
one stage of the reaction sefiés;fepbxidation'ofva'Seco—

nitrile is followed by BFsz induced ring closure. If thié
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‘sequence were performed on a A®* sterol, an unacceptable

product (i.e., 19) would arise:

e

peracid
NC

The two carbonyis of 19, because of their vefy similar
steric env1ronment, would be re51st?nt to selectlve reduc-
tlon or protectlon Without such a selective feactlon, 5
could not be obtained. Fdrtunately, two altefnatives did
avail themsel&es: selective oxidation of the terminal
Ekdouble bond of the seco-nitrile or protection of the AZ4
double bond prior to formatlon of the seco- -nitrile.

‘We 1nit1ally pursued the first alternative (Figure 5)
The selective oxidation would be via hydroboration with
disiamyiboranezo. This reagént rapidly attacks terminal-
double bonds®°, but is,quite‘unreactive toward nitriles®!?
and tri- and tetrasubstituted double bonds®°. Surpris;
ingiy,'the reaction of disiamylborane with 17 produced no
isolable amount of 21. “The terminal double bond of 17

is apparently sterically encumbered by a close proximity
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1) Cr0a/AcOH

Tosyl Cl/Pyridine -~
>

2} HOMHp +HC1

-
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NaOH, Hz02 ~ * NC

H

Y

BF5 Etz0
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V

l\m‘“ i
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to the nitrile, as evidenced by e\gewnfield n;m.r; ehift'
(by 0.24% p.p.m.) of one of the'vinyl protons. This juxta-
position renders the termineixdeﬁble‘bond inagressible
to attack by the'bulky disiamylborane dimer.

The second option wee thereﬁgre exercised (Figure 6).
The usual method of double bonéipgeteEtion (i.e.; bromina_
ktion)rwas preeluded by the harsh cénditiOns to be encount- . -
ered during some of the subsequent reactions. An indirect
protection of the A®% double bond (i.e., degradation»to
the ester) had to be employed. Purified lanosterol* (l)>
was consequently treated successively with ozone,tﬁonee

£25 and ethereal dlazomethamez6 to give the keto :

‘reagen
ester; 25. Reaction of.the oxime of 25 (i.e., 26), with

p-toluenesuifonyl chloride in refluking pyridine yielded .

* Commercial lanosterol was purified via fractional
crystallization®® of its 2k-bromide®® (24). Purified
lanosterol was regenerated from 24 by u51ng naphthalene—
sodium?

(crude)
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the seco-nitrile, 27. Epoxidation gave 28, and this, when

<,

treated with BFsz-etherate in refluxing toluene, gave the
keto ester, 29. After protection of the Cs ketone as the
ethylene ketal (29), the side chaih’ester was first

reduced to the'alcohol‘(zl) anid then oxidized to the
aldehyde (32). Reconstruction of the side chain iso--
propylidene group via a Wittig reaction with triphenyl-
isopropylidenephosphorane gave 22. Finally, hydrolysis
of the ketal to the ketone'(ZE) and reduction of the
ketone to the 3g alcohol with LiAlH(0O-tBu)s?” gave the
desired sterol, é{ ' ' (

For the prepa?aé&bn of tritiated lanosterol, lano;
sterol (1) was first oxidized to lanosterone (35) (Figure
7). This was then passed throﬁgh a column ‘of tritiated
basic alumina®® during which enolic exchange at the Co

position occurred. Reduction of the tritiated lanoster-

one (36) to the BB'alcohol gave [2-°H]-lanosterol (37).
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Search for 4 and 5

If sterol 4 were indeed present.in 3. cerevisiae,

it would be found in the 4,4-dimethyl sterol fraction
along with lanosterol (1) and 32—noflanosterol (3) (see
Table 1).. Sterol 5 would similarly be found in the 4q-
methyl sterol fraction along with 4a~methylzymosterol'(z)
and bo-methylfecosterol (8). The search for 4 and 5
consequehtly began by éeparating these two fractions from
the 4-desmethy1 sterols and from 6ne another!® and then
analyziné them (as TMS aerivatives)‘on a 0.25 mm. X 30 m.
QV-101 coated glass capillary golumn ('see Table 1).

This preliminary separation and analysis was per-
formed on three sources of yeast sterol mixtures:
1) yeast sterol concentrates*, 2) fresh laboratofyvgrbwn
yeast, and 3) fresh brewery gro&n yeast} Sterol 4 could
not be detectéd in any of these sources. Equivoqgl evi-
‘dence'(i.e., peaks co-chromatographing with authentic
sterol) for sterol 5 was found in the first and third
éources.

The 4g-methyl sterol fractions of fhese two sources

were therefore acetylated, separated on AgNOs impregnated

& . : .
* These concentrates are the residues (in both solid and
solution form) remaining after the commercial extrac-
. tion of ergosterol from brewery yeast. Their content
of minor yeast sterols is thus enriched. '

. -fi
2,
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silica gel (see Table 1) and analyzed by G.L.P.C. énd M.S.
The %?eseng? of 5 acetgte‘was confirmed in only one of :
the;e sources, the fresh‘brewefy growﬁ yeast. The iso-
lated 5 acetate co-chromatographed with its synthetically
prepared counterpart (both by T.L.C. énd G.L.P.C.) and B

had an, identical mass spectrum. It constituted approxi-

" mately 14 of the U4g-methyl sterol fraction.
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Trapping Experiment

An anaerobic—aerobicVprocedure* was émployed for thef
trapping eiperimenﬁ. The pfocedure first depletes the
yeast of endogenous sterols by culthring them udder anaero;
bic conditions.* This is folloWed by a period of vigorous
aeration and a simultaneous feeding of labelled precursor.
The aeration initiates a rapid biosynthesis of endogenous
sterols and consequently an énhanced uptake and 1ncorpo-
ration of the exogenously supplied radiolabelled sterol.

‘Tritiated lanosterol (37) was accprdingly fed to
anaerobically pre-treated yeast. An uncertainty existed,
however, as to what:period of aeration would afford the
makimum incorporatioh of the exogenously supplied 2-%H-
lanosterol into the endogenously produced Ha-mathyl and
4 4_dimethyl sterols. Previous work indicated that the
~ amount of &:or é_(iﬁ.present at all) should peak two to
four hours after the‘start of aeration4,'whereas the
uptake of tritiated lanosterol‘shog}d raach a maxlmum
several hours later?. It was therefore decided to harvest
the yeast in two eéual batches; bne batch after three
hours af aeration and the other batch after six hours.

Extraction of the non- saponlflable fractlon (N S F.)

from each batch was followed by separation of each N S F

T

*  Without molecular oxygen, sterol blosynthe51s in yeast
ceases at the squalene stage!
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intoxitslgonstitﬁent 4,4-dimethyl, 4y ~methyl and 4_ges~
methyl sterols. Since a higher incorporation into the
4,4fdimethyl'and 4a—methyl,ffacti0né wasafouhd to bccur~
rafter élx hours (Tables 2 and 3), these fractions wére
chosen for further work.

Each of these two ffactions was acetylated. To the
4a-methwl‘sfenol acetates was added 100 mg of 31-norlano-
',steryl acetate (5 Ac). To the 4 ,4-dimethyl sterol«acetagés
was added‘loo mg of lanosteryi acetate (1 Ag),lloo mg of
32—ﬁor1anbsteryl acetate (z Ac) and 100 mg of 4,4-dimethyl-
fecosteryl acetate (EAAC).~ These four acetates were then
fe—isolated by preparative'T.L.C. and purified by repeated
crystallization anq ghromatography. The specific radio-
activity oé each sterol acetéte was followed during this
purification process, as delineated in Tables 4 to 7.

.The final total activity associated with each sterol and
its percentage of the acfivity incorporated into the

— : _

N.S.F. is shown in Table 8. The significanée of these

results is explored in the discussion section.
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losses.

g _ Table 2
Period of Dry Wt. Supernatant N.S.F. -
Aeration Cells Activity CActivity
3 hrs, 1.%2 g 2,20%X107 cpm ¢+  1.10X107 cpm
6 hrs. 1,31 g 1,74%X107 cpm 1.64%107 cpm
Total-adfivity fed = 8,48X107 cpm ‘
Total activity recovered = 6,68X107 cpm = 78.8%
Table 3
3 hr. N.S.F. * 6 hr. N.S.F.
Sterol Total # % of Total * % of
Fraction |Activity (cpm) Total | Activity (cpm) Total
4,h-diMe. 1 9,06x10° - 82.4 1.339X107 81.9
o -Me 5.21%10° 2.01. |  2.80%x10% 1,71
Remainder 1.71%10° 15.5 2.67%10° 16.3
Total 1.10%107 199.9 1.63%107 99.9
¥  Corrected for chromatographic
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Table 4 I | L

Tabelled precursor: [2-°Hl-lanosterol (.669 mg @ 1.25X10°
| ~cpm/mg) |
Trapping sterol: lanosteryl acetate (1 Ac) (100 mg)

Amt. of Material Speeific Activity™

Procedure Recovered (mg) (epm/mg)
Chromatographic o ,
separation . 96,8 - 9,24x10%
1st crystallization 8%,2 9.88x10%
' 2nd crystallization 69,1 - ~ 9,96x10%* %
, . ' 1100+

* Figures glven are an average of triplicate counts of
duplicate assays (or single assays where quantities were
limited). Each assay was performed on approx1mate1y

0.5 to 1.5 mg (weighing uncertainty = 4.004 mg
sample. Each count was for 100 minutes or .10 counts,
whichever occurred first. All counts were corrected

for background but not corrected for counting efficiency.
All assays had an external standard ratio of .70 4 10%

+ JUncertainties were calculateq from either the varlatlon
between duplicate assays or the statistical countlng
error,®” whichever was greatest
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- Table 5

Iabelled precursor: [22H]-lanosterol (.669 mg @ 1,25X108
cpm/mg) R '
Trapping stérol: 32-norlanosteryl acetate (3 Ac) (100mg)

7

'Amt. of Material Specific Activify

Procedure ‘Recovered (mg) (cpm/mg)
Chromatographic : S ,
separation - 56,8 : 1.89X1O3
1st erstallization - 51,3 ' 1.18X103 e
2nd crystallization - 4501 ~ 8.85x10%2 -
5rd crystallization 39.7 8.07X102
4th crystallization 3%.2 7.20X102
5th crystallization , 27.3 | 9.55X102
6th crystallization : 22,1 7.07X102
7th crystallization 17.14 . 7.02X102

Admixturé™with 20 mg 1 Ac,
then chromatographic .
separation ’ 14,6 7.14%10%

Recrystallization 9.7 7.00%X102 £11
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Table &
Labelled precursor: [2-°H]-lanposterol (.669 mg @ 1,25X108
cpm/mg ) . |

Trapping agent: 'A;MaDimethylfecosteryl Acetate (4 Ac)
‘ ‘ (100 mg) |

S ~ Amb, of Material Specific Activity

Procedure o Recovered (mg) {(cpm/mg)
\ |

Chromatographic ) _
separation : : 76.8 1.44%10°
1st crystallization - 61.7 | 3.57%X102
2nd'crystallization "51.8 37,7,
3rd érystallization; 41.0 . 8.8
hth crYstallization 34.2' 8.5
'5th crystallization 27.5 8.9

6th crystallization 20.9 10.8

Admixture with 20 mg lAc,
then chromatographic

separation 15.3 3.1
Recrystallization 7.9 4,9
Chromatographic A )
separation . ; 2,6% 8.8 +£3

* >99,9% pure by &.I.P.C.
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Table 7 .

Iabelled precursor: [28H]-lanosterol (.669 mg @ 1,25X108
- cpm/mg)
Trappihg sterol: 31-norlanosteryl acetate (5 Ac) (100 mg),

Amt, of Material Specific Activity

Procedure Recovered (mg) Y (cpm/mg)
Chromatographic - o s
‘separation ‘ 4 | 38.5 \ 1.23x10%
1st crystallization . | 26.2 o 5.69X{02
ond crystallization . 211 | 3.77X102
3rd crjstallization | 16.0 ‘ 2.87x102
hth crystallization - - 11.6 7 2.,46%x10%
5th crystallization o 6.3 | | 2.18x10%
6th crystallization : 1.8 B 2.03X10% 210

Admixture with ~5 mg 5

Ac and ~5 mg 1 Ac, fol-

lowed by hydrolysis and

chromatographic separa- ‘ .

tion. , —_— ' . ox101* £25

*  The spec1flc activity of the recovered 5 was 6 3 cpm/mg

Correcting for dilution and: hydroly51s, “this gives the
5 Ac a spec1f1c activity of:

(6.3 me/mg> 413 g/mole) (? 1g?+mg82 mg) yo cpm/mg

455 g/mole
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Table 8

'Sterol Acetate Total Activity* % of N.S.F. Activity

1 Ac 9.95X10° cpryn_ | - 605

zlAc | 7.00X10% cpm | 0,43

4 Ac . ,"‘8.8X102 cpm | .‘ 0.0053
VE_AC 4, 2%10° Qp; ‘ 10.026

* _ﬁot corrected for endogendus sterol content or losses
prior to addition of trapping sterol acetate.
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Discussion

In performing these e%periments we sought an'unéquiv-
ocal determination of the,invﬁlvement‘of‘s£érols i and‘i
in ergosterol biosynthesis. In view of the results obtain-
" ed, this goal was perhapsvtgo‘grandiosé. | |

_ & a
Search for 4 and 5

e

As was stated previously, sterol & was not found in
any of the sources analyzed. Our failure to detect it,
however does not insure its absolute absencé and cohse-
guently its absolute non—involvemeht in‘sterol elaboration.
It only insures that it constitutes less than Q.l% of the
4,4-dimethyl sterol fraction or 0.014* of the total ygast
sterols. (This is a conservative estimate, for even at
this level a chromatographic peak»forli wouid héﬁe been
detected with the G.L.P.C. system used.) |

 Sterol 5 was found in only one/édurce, the fresh 
brewery yeast, in which it'constitgéed ~19 of thé 4a—methyl
sterol fraction. Although its idé;fity‘éoui&'nOt be rig-
orously established because of tﬁé limited quanitity iso-
V_Eated (~200 ,g), its chromatographic and mass spectral
properties presented”a¥good primg faclie case. The T.L.C.

properties of the isolated sterol (which were identical to

* The "4,i-dimethyl fraction accounts for no more than
104 of total yeast sterols. ks
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those of synthetic 5) indicated that it possessed a lg-
methyi group, a 14g-methyl group and"né 24—méthylene grdup.‘
Furthermore, it co-chromatographéd with authentic 5 Ac on
the G.L.P.C.'system. Fiﬁally; its mass sﬁeotrum indicated
a sterol acetate (of M. W. = 454) possessing a 1hg-methyl
group: (The 1l4g-methyl and iMédesmethyiJsterol acetates
display markgd differences'in relative peak intensities |
»fér;the M+, M* - CHsrande+ - CHs -_AcOH~peaks. See
Figure 8.) Only stérél 5 would seem tovaSsess all these 
propertiés. ' |
One can oﬁly speculate as to why i was not detected

in the other sources . :Since the laboratory and brewery'
‘grown‘yeast}were of the same strain,_thefe can be no stréin
specific difference in biosynthetic pathways (as might be
the case for the yeast from whence the stefol concentrate;
were obtained). Pérhaps the absence of 5 in 1ébiéaltures
can be attributed to é differenge in culture coﬁditions;
The brewery yeast were grown under oxygen lean conditions, 
while the lab yeast were well aerated. Sterol 5 might tend
to accumulate under the former conditions and diminish
~undér the iatter. |

4vThe low levels found fori'éndvimplied’for,ﬁ do not
'preclade them from being intermediates inﬁpajor blosyn-
thetic routes. IZ they were, however, they would be com-

peting with much more abundant sterols. This would
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necessitate that they be highly favoured substrates of
the demethylase and A®* methyltransferase enzymes. Such
preference could be checked by experimehts with the parti-

ally purifiéd'enzyme systems mentioned earlier, if one

assumes, that is, that in vitro studies accurately reflect

. dn vivo realities.

Trapping Expefiment

| The major problem which plagues all trapping éxperi-
ments 1is fhat of contémination. One must estébliéh'beyond
reasonable doubt that the radioactivity associated with

the trapping sterol is intrinsic and not from confamination.
The usual procedure is to recrystallize the trap until a
constant specific activity is obtained, at which .point.

the trap is assumed to be pure. iSuch an assumption is
really only warranted when the trappingvsterol contains the
bulk of the’incorporafed activity, as was the case with

1 4c (Table 8). " In this case, a minor.contaminant would

- not significantly alter the total activity associlated with
1l Ac. 1If, on the other hand, the incorporation is minor
las was the case of 2 Ac, i Ac and 5 Ac); one must seri-
ously question the purity of the tfap. A minor contami-
nant (one below the level,df-de%ection),of,high specific.
activity could impart a low level of radibactiyity to an -
intrinsically "cold"” trap. | |

Let us initially consider the trapping of 3 Ac. The
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recrystallization‘process (Tablé 5) seemed to indicate a -

'genﬁine specific activity of. 700 dpm/mg. This same spe- 

cific'activity could have,@een‘imparted, however, by a O;7¢

contamination of 3 Ac by 1 Ac, 1its moSt likely contami-
nént. This,poésibility Was checked by admixing additionai
cold 1 Ac With the recrystallizedrz Ag-and then re-
isolating the 3 Ac. Had the activity been from 1 Ac
contamination, the admixture—re-iSolatiOn process would

have decreased the specific actiyity'of 3 Ac. There was,

in fact, no decrease and the'activity associated with: 3 Ac

'was indeed genuine.,

The incorporafion into i Ac was so low as to hardly
warrant serious consideratibn. The recrystallization
process gave a specific activity of 9 cpm/mg (Table 6).
Contamination by 1 Ac waskruled out, by the admixture-
re-isolationstechnique. Contamination by 3 Ac was ruied
out by G.L.P.C. analysié which showed the 4 Ac to be >99.94
pure. (A 1.34 contamination‘by 2 Ac would be needed to
impart 9 cpm/mg tori Ac.) Contamination by tritium ex-
change, though, was a definite possibility. Barton et al®

noted a 0.0254 incorporation of radiocactivity into chole-

sterol (a sterol alien to yeast);when—eholesterolmand”,w,,,h-

fEA—BHQ]-zymosterol were simultaneously fed to yeast. It
is not clear whether this tritium exchange occurred during

culturing or during isolation (i.e., on the silica gel

-
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sﬁrface). It does; in any case, render Suspect,anj incor-
-poration-at‘or beiow thisflévei. A glance at'Table 8
révéals that the total.incorporation.intd 4 Ac>was well
. below 0.0254 |

The incorporation into irAc at first seemed rather
significant. The'specific activity.appeéred.to‘1éve1 of f
at 200 cpm/mg (Table 7)."A control experiment performed
at this point showed that when[2§H]—1anos£éryl'acetéte=
(37 Ac) was introduced into "cold" 31-norlanosteryl acetate
(i Ac), it could not be remo&ed by repeated recrystalli—
zation. Lanosteryl acetate will, in other words, co-
crystallize with Bi—norlanosteryl acetaté. It thus seemed
likely that at least part of this 200 cpm/mg was from 1 Ac
céntamination. By thé admixture-re-isolation process we
were able to-determine that at least 142 cpm/mg of the 200
cpm/mg were not from 1 Ac contaminatibn. This still 1ef£
the possibility of contamination by 3 Ac and 7 Ac. Be-
cause of the maﬁner in which 5 Ac was isolated, these two
sterolracetates~wou1d be present as undiluted contaminanﬁs.
Their specific activity would consequently be high. If
either one had a specific activity of 5X10* cpm/mg (which
is nbt unreasonable, based on the intracellular specific -
activity of 3 - seé'pu'38) then a 0.14 1éve1'of contamina-
tion would impart 50 cpm/mg to 5 Ac. Such a level of

contamination was not ruled out by G.L.P.C. aﬁalysis and
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indeed it would be difficuit to do so.

We have seen that the radiocactivity associated with
4 Ac and 5 Ac-is in some doubt. But what if we were to
~assume the'activity to be genuine? What further informa-
tion could we extract from’the data?

One thing we‘could obtain is a rough éstimate of the
‘intracellulér specifié activity of the sterolsrinVOIVed.
This can be obtained by dividing the quantity of intra—v
cellular sterol into its total activity (Figure 9). The
6 hr. N.S.F. contained approximatelyVB mg of 4,4-dimethyl
sterols, of which 1 to 2 mg was 1 and 1 to 2 mg waé 2;‘
This gives them an intracellular specific activity of 5
to 10X10° cpm/mg (107 epw/1-2 mg) and 3.5 to 7X10% cpm/mg
(7%10* cpm/1-2 mg) respectively. The amount of 4 can be
‘no greater than 1/1000 of the 4, h-dimethyl sterols (see
page 32 ) or 3 ,g. This gives it a minimum intracellular
specific activity of ~3X10° cpm/mg (~900 com/3 ,g). The
amount of 5 would be about 14 of the amount of Yo -methyl
sterols (Which'was ~1 mg). TIts intracellular specific
activity would therefore be 4X10% cpm/mg (~4X10% cpm/10 ,g).

One conclusion that is immediately apparent from these .
specific activities 1is the diécrepancy‘between‘i and i.
The specific activity of 4 is 5 to 10 times that of 3.
This is’ an impossibility,  The maximum specific aCtiVitj

\,
a product intermediate can have is that of its im%pdiate
{
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= 1 =5
HO ~107cpm ’ HO™. C ~Mx10%cpm
1-2 ng g . = 10 u% .
5-10x10%cpm/mg ' 4x10°cpm/mg

2.

Tx10%cpm

1-2 mg
3.5-Tx10%cpm/mg

~9x102cpm
5 us. - .
3x10°cpm/mg

Figure 9
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precursbrzg’*. This implies that eithef the activity found
in i Ac was not*genuiné ér the aétual‘quantity of intraF
cellular E was 5 to 10 timeé greater fﬁanrestimated.“The‘
former alternative 1s the more likeiy.

One piece of information 'we had hoped fo gain from a
study of the incorporation of 1 into 3 dﬁdvi was an esti-ué’
mation of tﬁe‘relative participation'oﬁ the two routes™ 1 -
37 ad 1 5 5 5 7. Through which route, in other words,
does the bulk of sterol biosynthesis occur? An answef;
COUIdrbe'thained via a kinetic analysis of thevinCOrpora-
tion data. Sﬁch an anaiysis is impossible with the single 
data point obtained, uhless the rate of,incorporation ﬂas
been linear throughout the experiment. In view of.the
difficulty in obtaining a single véiid data point, the
probablility of obtaining a nﬁmbér of them.oﬁef a period

of time for use in a kinetic analysis is low indeed. We

4
L

must be satisfied at the present time with a simple deter-

mination of the presence of 5 in yeast.

Generai Coﬁclu§ion

A cleaf cut determination of the status of i and 5 in
ergoéterél production was not obtained, for our results re;.
méined more Delphic than definitive-.. Thewsearch:forl£~and
5 did provide a single isolation of 5. BaSed upon . this.
isolation, we may tentatively expand ﬁigure 1 to include

all routes through sterol 5 (see Figure 10).

* See. p. 42 for footnote. - o ]

5
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Figure,lov
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The trapping experiment provided no useful informa-‘
tion because we could not unambiguouely establish the eig-
nificance of the 1ncorporation we did obtain. Any effort:
at improVing the tfapping experiment must therefore be |
aiméd at reducing this ambiguity. One might suggest the |
use of !4 labelled rather than °H iabelled lanosterol.
This woﬁld eliminate the possibility of-contaminatien by
tritium exchange, which 1is an important factor in cases
of low incorporation. One disadvantage of !%C labelled =%

sterols should be borne in mind.- Their specific activity

is usually on the order of a few million cpm/mg.' This is

- considerably below the 1.25X10%® cpm/mg obtained for 37.

" The use of l4¢ labelled lanosterol’would thus reduce further

rs

the already low incorporations into sterols 2,.£ and 5.

E4

3

: hY

* Ve have assumed here that 3 has not yet reached maximum

specific activity. A product can obtain a specific
activity greater than its precursor only when the specific
activity of the precursor is decreasing.

o
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Experimental
' ¢

Instrumentation

- InfrareduSpectrometér: Perkin-Elmer 457 using KBr
dispersidns, .
Ultraviolet Spectrometer: Unicam SP-800 using stand-
ard quartz cells. Absolute ethénol was used as. solvent.
Mass Spectrometer: Hitachi-Perkin-Elmer RMﬁ-? %sing
én inlet temperature of 150-180° C and an ionization volt-
age of 80 ev. ' |
‘Nuclear Magnetic Resonanée Spectrometer: Varian A56/
60 orlXLrloo using CDCls aé soivent and TMSras internal
standard. All chemical shifts are reported in g values.
Scintillation Counter:"Beckman LS-200B liguid sciﬁ—
tillation system using a cocktall containing y ¢ PPO and
50 mg POPOP per litre of toluene. -
Fermenter: Virtis model 40—300T
Melting Point Apparat&s: Fisher—iohns melting point
apparatus. All mp.'s are corrected.

Culture Media - -

Complete Medium: 5 g Difco malt extract, 15 g B.B.L.
yeast extract, 1 g NHoCl, 6.8 g KHaPOs, 11.4 g KaHPO,.3HaO,
and 25 g glucose per litre of medium. ) »

Minimal-Medium: 6.8 g KHzPOs, 11.% g KoHPO,.3H20 and

40 g glucose per litre of medium.
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Gas Liquid Phase Chromatography S

G.L:P.C. analyses were pérfofmed on a Varilian 2100 gas
chromatqgfaph fitted with a 30m X 0.25 mm IﬁDiAglass capil-
lary column coated with OV-101. The column was prepared
Lbyvstatic coating®® a surface pre-treated?! glass‘capillary
column with 0.25¢ OV-101 in CHzClz. The coated column
was adapted to the Varian 2100 by using an all,glass
injecfor-splitter on thé.injector end and an all glass
zero dead volume detector adaptor on the détector_end;
Normal operéting'cohditions empibyéd‘an oven temperature
rof 245 or 250° C, a column flow rate of 1 ml/min. He, a
make-up flow rate (through the F.I.D.) of 30 ml/min. Nz,
and a splitter ratio of’555/1. This column afforded
apprbximateiy 50,000 theoretical plates. |

Analytical T.L.C.

Free Sterols: Separatiohs were performed on 1 X 3"
silica gel T.L.C. plates developed once with hexane/EtOAc

(3/1). For Rf's,-see Table 1.

Sterol Acetates: Separations- were performed on 1 X 3"

e,

204 AgNOs impregnated silica gel T.L.C. plateSV&EQeloped
once with CH2Clz/Et=0/EtOAc (92.5/5/2.5). For R,.s, see

Table 1.

All analytical plates were visualized by spraylng

with 504 agueous sulfuric acid and éﬁéffihg:
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B }

Trapping Experiment

Anaerobic Pre-treatment

8. cerevisiae of unknown strain (local brewery ale

yeast) was collécted.by centrifugation and washed three
'tiﬁes with 0.1 M sterile phosphate buffer (6.8 g KHoPQ.
and:11.4-é KoHPO, « 3H20 perrlitre of buffef; pH = 6.4),
Approximately 40.0 g of this yeast was suspended in 1 litre
of éterilelcomplete Medium and maintained under Ns. for 90
hrs.*. The yeast was fheh éoliected by centrifugation |

and washed twice with sterile pﬁosphate buffer. n

Tneubation with [2-2H]-Lanosterol

A 0;669>mg sample of [2-2H]-lanosterol (37) and 50 mg
Triton X-100 were made up to 10,0 ml with acetone: A,iO
ulfaliquot of’this'soln. was then taken fog/gounting (gave
8.48X10* cpm; therefore total activity = 8.48x107 cpm).
The remaihder of this soln. was transferred quantitativelyx
to the béttbm of a four litre Virtis fermenting flask. |
Theiaéetoné was blown off and 1 litre of sterile minimal .
v'medium was added and stirred for 10 min. A 20 g portion
4 of the anaerobically pre-treated yeast was suépended ih
this medium and fermented aerobically at 30° C (stirring
rate = 400 rpm;,air,flow":/S;1/min;),”, T ———

After 3 hrs. of,aeratioﬁ, 500 ml of the fermentation

mixture was withdrawn and the yeast harvested (centrif-

-ugation) and washed three times. with phosphate buffer.
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The collected yeast was freeze-dried to give 1.42 g of dry
yeast} After 6 hrs. the remainder of the fermentation

mixture was similarlyitreated to give 1.31 g of dry yeast.

I

Radioactivity Recove¥ed from Supernatants

Both the 3 hrgrénd 6 nhr. supernatants (plus buffer
washings) were indivgdually treated as follows:

Fach was merde-iuo t0 1 1 with Hz0. 100 ml of this was
exfracted into three 50 mi portions of Etz0. The combined
Et=0 extracts were washed oncé with 160 mlisaturated NaCl
soln., dried over Mgsoérand made up to 200 ml with addi-
tional Et-0. 5.0 ml of thisrether?al soln. was téken for
counting. -

“:Fhe 3 hr. aliquot gave 5.50X10% cpm; therefore the
‘total acti&ity = 2.20X107 cpm. The 6 hr. aliquot gave
4.35X10% cpm; theréfore the total activity = 1.74X107 cpm.

Extraction of Non:saponifiable Eraction (N.S.F.) from

Ffeeze—Dried Yeast

A

Both the 3 hr. and g hr. freeze-dried yeast were indi-
vidually hydrolyzed as fgllowsf |

The yeast was suspended in,a sbln. contaihing 7.5 g
KOH, 10 ml water, and 35 ml ethanol. This sﬁspension was
refluxed under No for % hrs., cooled and diluted with 50
ml water and extrdcted into fopr 75 ml porfions'of hekane;L

The combined hexane extracts were washed thrice with 100

ml portions of water and dried (MgSOsi). The soivent was
v ,
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then removed in vacuo. v

The 3 hr. yeast ylelded 50.4 mg N?S.F.~and.the 6 hr.
yeast 40.6 mg N.S.F. Each N.S.F. was made up to 25.0 ml
with benzene and 50 u1 was taken for counting. The 3 hf.
N.5.F. aliquotvgave 2.20X10%* cpm; therefore the totalb
aétivity = 1.10X107 cpm. The 6 hr. N.S.F. aliquot gave
3.28X10%* cpm; therefore the total activity = 1.64X107 cpm.

Tsolation of 4,4-Dimethyl and 4q-Methyl Sterols

The 3 hr. N.S.F. and 6 hr. N.5.F. were indiVidually
. treated as follows:

Each N.S.ﬁ. (disSolyed in a minimum of cyclohexane)
‘was applied to a single preparative T.L.C. plate (20 X 20
cm X 1rmm silica gel). The plate was developed one time.
with cyclohexane/ethyl acetate (3/1). The plate was then
spfayed with a 0.19 solution of Rhodamine 6 G in acetone
and visualized under UV light. The 4,4;dimethyl and b -
methyl sterol bands (and,alsb the remainder of the plate)
were scraped off and eluted with ether. The ether was
removed in zéggg. Each fraction was made'up to 10.0 ml
with benzene and a 25 gl aliquot of each was taken for
counting. The countingvresults are given in Table 2.

Addition and Re—isolation of Trapping Sterols

The A,A-dimethyl and 4g-methyl sterol fractions of
the 6 hr. N.S.F. were acetylated by overnight treatment

with acetic anhydride/pyridine (1/2).
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A) 4,4-Dimethyl Sterols: To the 4;4édimethyflster01‘

acetates was addgd 100 mg each of lanosteryl acetate

(1 Ac), 52-nbrlanosteryl’acetate (3 Ac) and 4,4-dimethyl-
fecosteryl acetate (4 Ac). This mixture was applied to 8
preparative T.L.C. plates (20 X 20 cm X 1 mm 204 AgNOs

impregnated silica gel) and developed once with CH-Cls/

- "EtOAc (97/3). The plates were sprayed with 0.14 Rh ine
6 g in acetone and visualized under UV %ight. The appro-
priate bands weré“scraped off and eluted with ether. Each
sterol acetate was then re-chromatographed as above on 5
preparativg T.L.C. plates.

The gécovered lanosterol acetate was recrystallized
from 954 ethanol to constant specific activity (see Table
4. -

The recovered 32—norlaﬁésteryl aceétate was recrystal—
lized repeatedly fromg95% ethanol. It was then mixed with
20.0 mg unlabelled lanosteryl acetate and chromatographed.
as above on 2 prep. T.L.C. plates. The 3 Ac recovered
from these plates was again crystalliéed from 954 ethanol.
The specific activity was essentially the‘same as before
admixture (see Table 5).

The recovered 4,4-dimethy}feéostérylmécetate was also
récrystaliized repeatedly from 95%¢ ethanol. It was then
mixed with 20.0 mg unlabelled lanosteryl acetate and chro-

matographed as above on 2 prep. T.L.C. plates. The i Ac -
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reéovered from these plates was recrystallized from 954
ethanol and finally re-chromatographed on a single prep.
T.L.C. plate. The specific activity was essentially#the
same as before admixture (see Table 6).

B) l4g-Methyl Sterols: To the 4g-mgthyl sterol

acetates was added 100 mg of 31—nor1anoste;yl acetate
(5 Ac). This was chromatographed on 4 prep. T;L.C. plétesv
as’ above. The recovered 5 Ac was repeatedly recrystallized
from methanol (see Table 7). Q jy |
A 0.82 mg pbrtion of i Ac was thén<mixed with 5.27 mg;
unlabelled 1-Ac and 5.15 mg unlabelled 5 Ac. The acetates
in the mixtufe were reduced to the free alcohols (with |
LiAlH, in ether) aﬁd sepérated on 2 prep. T.L.C.‘plates
' (developed with hexane/EtOAc - 3/1). The lanosterol and
,31—nor1anoster61 bands were scraped off and eluted with
ether. -Each eiutedrsterol was ré—chromatggraphed as above
on a single prep. T.L.C. plate and then assayed for radio-
activity. The recoveréd lanosterol and 31—nor1anosterol
had specific activies of 25.9 cpm/mg and 6.3»cpm/mg re-'
.spectively. This implies that the 0.82 mg Sample of 5 Ac
had 42 cpm/mg from intrinsic activity and 152 cpm/mg from

1 Ac contamination.
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Search for 4,4-Dimethylfecosterol (4) and 31-Norlanosterol
(5) in Total Yeast Sterols v

Preparation of Total Yeast Sterols

Yeast Sterol Concentrate (Solid Residues): This con-
centrate was used as supplied by Mycofarm-Delft.

Yeast Sterol Concéntréte (Solution Residues): A 500;
ml portion of this material (éupplied by Mycofarm—éelft)
was concentrated further by removing most of the solvent
on a rotafyrevapbfator. The resulting resinoué residue
was_gpplied to 150 g silica gel and eluted with 3 1 benzene.
Removal of the.benzene from theveluentrgav¢,17.6 g yellow
semi-solid. | |

N.S.F. from Laboratory Grown Yeast: A U4 1 Virtis
fermenting flask containing 2 i sterile complete medium
was inoculated with a 24 hr. test tube culture of S.
cerevisae (brewery ale yeast): ‘The yeast was grown aero-
bically for 48 hrs. (temp. = 30° C; aeration =4 to 5 1 of
'air/min.; stirring = 500 rpm),'hérVested (centrifugation),
washed 3 times with wafe% and freeZe—dried. - This gave
15.5 g dry wt. yeast.

A'13.0 g portion of this freeie-dried yeast was sapon-
ified by refluxing urtder argonrfopAZVhrs.win~&ﬂmixture'ofmV s
400 ml 954 ethanol, 100 ml water and 75 g KOH. After cool-
ing, the mifture was diluted with 560 ml water and extracted

into four 500 ml portions of hexane. The combined hexane
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‘extracts were washed twice.with:Water»and Qried (MgS04 ).
Removal of the solvent in vacuo yielded 1.34 g yellow
solid (N.S.F.). | |

N.S.F. from Brewery Grpwh YeaSt; Fresh brewery aie
yeast was harvested (ceﬂtfifugatioh) aﬁd washed twice with
water. 'Approximately 1 kg (wet wt.) of the yeaSt was
saponified by refluxing under argon for 3 hrs. in a mixture  f
of 1700 ml 954 ethanol, 300 ml water and 300 g KOH. The
saponification mixture was then éooled, diluted with 1500
ml water and extracted with hexane. This gave 1.34 g

| yellow semi-solid (N.S.F.).

Isolation and Analysis of 4 ,4-Dimethyl and 4y-Methyl
] o

Sterpl Fractions

The. sterol concehtrate or N.S.F. was applied to 20
to 30 times its weight of neutral alumina (grade TTI) and
eluted with hexane/benzene (1/1t— V/V). The 4 ,4-dimethyl
sterols wére eluted first, followed by the UYg-methyl sterols
and finally the 4-desmethyl sterols. Column developmeht
was fg%lowed by analytic T.L.C; of the eluent. Any column
eluégt éf mixed composition was re;chromatographed on
either columns orrpreparative T.L.C. plates (20 X 20 cm X
1 mm,siiica,gel'deVelopedﬁonce»withmhexane/EtOAci—~3/10:7
Prepafative platés;werefvisualized,by spraying withﬁo.l%
Rhodamine 6 G in acetone and illuminating with UV light.

The separated sterol fractions were analyzed (as TMS - ?r»
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derivatives) on the capillary G.L.P.C. column. Excessive
qﬁantitiesVWere often inje@ted in an effort to detect

minor components.

Separation and Anal&sis of Sterol Acetates

The stefols of thé 4;4—dime£hyl and %qg-methyl fractions
wére acetylated by overnight treatment with acetic anhy- |
dride/pyridine (1/2)%. |

The HQ-méthyl sterol acetatesfwere.separated in an
effort to isolate 31;horlanbstery1 acetateA(i Ac). The
acetétes were applied to preparativé T.L.C. plates (20 X
20 cm X 1 mm of 204 AgNOs impregnated silica gel) which
were developed onée with CHoCls/EtOAc (97/3).- The plates
were visualized by spraying with 0.14 Rhodamine‘é‘a in
acetoﬁe and illumihating With UV light. The appropriate
bands were scraped off, eluted with ether and analyzed y///?’ﬂ
on. the capillary G.L,P.C. column.

"The 4,4-dimethyl'sterol acetates were séparated in
ofder to obtain sufficient 32—horlanosteryl acetate (3 Aé)
for trapping and synthetic purposes. The acétates were
applied to 50 times their weight of 29% AgNOs impregnated
silica gel and eluted with hexane/CHzCls (4/1 - V/V).
Development was followed by analytic T.L.C. Lanosteryl
acetate (l_Ac) was eluted first, foiigéédﬂgy“%é:;géi;ﬁé:r 7

steryl acetate (3 Ac).
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Purification of Lanosterol (1)

24_pbromolanosterol (24)

A sélution of 7.5 ml bromine (140 mmole) inyloo ml
acetic acid was added dropwise to a solution of 50,0 g
‘crude lanosterol* in 700 ml gther maintainedfaf 0° C.

-The reaction/mixture was left stirring bvernight at 4° ¢,
after which it was washed sequentially with 500 ml water
(cohtaining sufficient NaHSOS tovreduée any remaining free
brpmihé), 500 ml 5% aqueous NaHCOs (twiée), éndIBOO ml
water (twice). Drying (MgSO,) and removal of the ether in
vacuo gave 60,8 g yellow solid (cfude 24,25-dibromolano-
sterol). | | |

This material waé fefluxed in 1406 ml 1 M ethanolic
KOH for three hrs. and then poured}inﬁo 1 1 ice/water. The
resulting suspension was neutralized with conec. HC1 and
extracted with ether. The‘ether_extract was washed With ’
saline and dried (MgS04). Removal of the ether gave 47,1 g_
yellow solid (cruae 24-bromolanosterol). IV . V

’The crude 24-bromolanosterol was‘fraCtiOnaily crystal-
»lized from chloroform/methanol (1/1 - V/V) using the double

22

withdrawal technique®? to give 13.3 g purified 2k-bromo-

* The crude lanosterol was 58% lanosterol, 37% 24,25-
dihydrolanosterol, 3% agnosterol and 2% 24,25-dihydro-

agnosterol by G.L.P.C. analysis.



lanosterol (24%) as colourlésé needies, mp. 197-199° C

(1it.2% mp. 196-198° C). |
M.S.: 506, 504 (M", 35) 491, 489 (M* - CHs, 100), 473
W71 (M - CHs - Ha0, 51), 425 (M - Br, 21)

. Lanosterol (1)

A 1 M naphthalene-sodium solution was prepared by
stirring 4.0 g‘{174 mmdle) sodium and 12.8 g (100 mmole)-
Anaphthalene in 100 ml dry THF under N2 for 1 hr."

) | Thqggesulting dark green soln., was transferred via
syringe to a soln. of the 24-bromolanosterol in 500 ml drj
THF maintained under Nz. - Decolouration of the'napthalene—"
sodium soln, was instantaheous until an excess had been.
added, at which point addition was stopped.

The reaction mixture was worked up by pourlng into
500 ml 1ce/water and extracting twice ‘into 500 ml CHZCIZ.
The combined CH2012_extracts were washed with water untll_
neutral and dried (MgSO4). Rembval of:the solVeﬁt 12.22239
left a miiture of lanosterol and naphthalene, Removal of
the naphthalene.via sublimation afforded 11.L g purified
lanosterol (1) as colourless needleé (from acetone/methanol
- 2/1), mp. 137.5-13%9° ¢ (1it.%% mp. 14p° c).

IR.: 3300cm™ '~ (0=H), 1030 cm™ " (c 0) - ,

U.V.: <0.5% 7,9 dienev(fremvagnosterol and~24,254
dihydroagnosterol)

.L.P.C.: <0.5% agnosterol + 24,25-dihydroagnosterol
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~ 1% 24,25—dihydrolaﬂosterol
M.S.: 426 (M, 57);411 (M - CHs, 100), 393 (M -
| oHs - Hw0, 37) - |
N.M.R.: 0.70.(s, 3H, 13-CHs), o“.82 (s, H, 48-CHsz),
0.89 (s, 3H, 14-CHs), 63.94 (d, J=4 éps, 5H,
20-CHs), 1.00 (s, 6H, Aa-c_gs‘ and 10-CHs),
1.61 and 1,68 (br s and br~é, 3H and 3H,

C=C(CHs) 2)
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Synthesis of 4,4-Dimethylfecosterol (4) )

4,4—Dimethyl-24g-brOmo—25—hydroxy—5a—cholest—8—en-35-yl
‘Acetate (14) _ B ' '

To 600.9 mg 32-norlanosteryl acetate (3 Ac) (1.32
mmole), dissolved in 10.5 ml THF and 2.5 ml water at 0° C,
was added with stir}ingy270 mg N-bromosuccinimide (1.52‘
mmole). After stirring an additiénal 2 hrs. at 0° 0;“
the’reaction mixture was poured into 25 ml water and . -
extracted 1into twb 25 ml portiénsvof,ether. The combined

ether extracts were washed once with 50 ml water and',

.
dried (MgSO4). Removal of the ether 12 22929 gaﬁe O,T45(gi
tan solid (14), mp. 160-165° c. | o
IR. : 3500 em- 1 (O—H),'1’7.25’cm.-1 (C=0, ester),
‘1255 em~1 (C-O, ester)
M.S.: 550 and 552 (M*, 100), 535 and 537 (M* - CHas,

14)

4,4-Dimetﬁyl—zég,25—epoxy;5a-cholest48—en—35—yl Acetate
(15) | | >
'~ To the hydrobromide, 14, disso}ved in a mixture of

15 ml acetone and 5 ml methanol, was added 0.5 g powdered
anhydrous KzCOs. This was stirred at room temp. for 1%

hrs. The reaction mi£ture was then pbured into 25 ml

water and extracted twice into 25 ml CHsCls. The combined
CHoCls extracts were washed once with 50 ml’water'ahd

dried (MgSO.). Removal of the CHgClgyig zgggg gave

0.615 g light yellow solid (15), mp. 113-118° C.
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TR.: 1730 pm‘l (C=0, ester)j 1250 cm-! (C-0, ester
and‘epoxidé)v | “ » v

M.S.: 'A70 (Mf, 100), 455 (M* - CHs, 27), 452 (27),
410 (M* - AcOH, 63), 395 (M* - QHS'- AcOH, 59)

4,4-Dimethyl-24-0x0-5q-cholest-8-en-3g-yl Acetate (16)

To the epoxide, 15, (1.30 mmole), dissolved in 25 ml
 DMSO was'added 1.12 ngaI'and 1.28 ¢ l—ibdobrbpahe. “fﬁe
feaction mixture was stirréd at 80° C for 3 hrs. The
reéulting dark red soln was pourédhintb 50 ml salted ice/-
water and extracted into four 50 ml portions of CHzCls. |
The combined CHoCls extracts were washed aneyﬁith'éQO%ml
water containing 4.5‘g NasS203.5H20 and twice with 200 ml
‘water. Drying (MgSO.) and removal of.the solvent in vacuo
gave 0.614 g yéllow solid‘(érude 16). .
This crude méterial was'chromatographed on 25 g
'- silica gel developed,with bénzene/ethyl aqetate.)98/2e k
vV/V), Collection of the appropfiate fractiohs gave |
0.335 g of 16 as yellow needles, mp. 115—120i;C.
IR.: 1730 em- ! (C=0, ester),’i715 cm-t (C=0, ketone),
| 1250-0571 (Q-O; ester). “
M.S.: 439 (M+, 100), 455 (M* - CHs, 16); 410 (M -
_ AcOH, 91), 395 (M* - CHs - AcOH, 58), 367 (36)

4,4-Dimethylfecosterol (4)

A) Phosphonium salt: A solutiQn'of 10.1 g bromo-

methane (105 mmole) and 30.0 g triphenylphosphine (114
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" mmole) in 200 ml bénzene was stirred.at room temp.’fpr,‘
four dayé. ' The salt which precipitated was collected by
filtration, washed with bénZene and dried in vacuo over
P-0s to give 38.3 g‘methyltriphenylphosphoniUm'bromide,
as a white solid, mp. 330-333° C'(l‘:'Lt.s3 mp.'327-331° c).

B) .Wittig reaction: A 1.803 g (5.05 mmole) portion

of the phosphonium Salt was suépehded in 20 ml dry THEF
under Né. An equimolar-amountvof'butfllithium in’hexane
(23.1 wt. ) was'added via syringe_thrOugh a,géptum. Thé'
’ resulting brange ylide soln wés stifréd under Nz for an |
addiﬁional é hrs. _ ' .

~ ‘The keto ester, 16, (0.71 mmole), dissolved in 5 ml
4dr& THF, was added»via:syringe to the ylide sélﬁ and the
vfeaction mixtﬁre Was refluxed under Ng for 24'hrs. after
lcooling, it'wés poﬁred into 25‘ﬁ1 water and extracted
three times into 25 ml benzene. The combined‘benzene
“extracts were washed twice with SO»ml;water and dried
, (MgSO4). ‘Removal of the benzeﬂe in vacuo gave 0.906 g
orange sq%?d (crude 4 plus triphenylphosphine oxide).

This‘éwude sterol was purified by chromatography on

20 g silica gel deveIOped with benzene. Collection of

~the<apprep%iate~fractionswgave*61256'g”ofM4jﬁidiméthy1;j’j””'” R

fecosterol (4), as colourless plates, mp.- (from methanol) -
167-170° C. ‘
M.S.: 426 (M+, 100), 411 (M* - CHs, 33), 393 M* -

' CHs - Hz0, 17)
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b~ Dlm%thylfecosterol Acetate (HiAE)

A portlon of 4 was converted to its acetate by over;
night treatment with agetlc anhydrlde/Pyrldlne (1/2).
‘This gave coioﬁrless plates (from QB%vethanol), mp.’134-
135.5° ¢ (1it.® mp. 152-154° c). - |

IR.: 3080 et (C$CH;), 1730 em-1! (C=0, ester),

1640 emt (C=C), 1245 cm-! (C-0, ester), 890
e (C=CHz) R
M.S.: 468 (M*, 100), 453 (M* - CHs, 22), 408 (M* -
AcOH, 33), 393 (M* - CHs - AcOH, 31)
N.M.R.: 0.61 (s, 3H, 13-CHs), 0.88 (s, 6H, 4a-CHs .
| | and 4g-CHs), 0.99 (d, J=2.5 cps, 6H, 25-
(CHs)z, 1.08 (s, 3H, 10-CHs), 2.04 (s,
3H, CHsCOz-), 4.70 (br s, 2H, C=CHa)
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Synthesis of 31-Norlanosterol (5)

e ; |
Methyl 3-0xo-4,4,14-trimethyl-50~-chol-8-en-24-oate (25)

T™wo 6.0 g (14 mmolg) batches of purified lanosterol
(1) were individually treated as follows, Each‘was-dis—
solved in 1 1 CHzClp/EtOAc (1/1) contaihing 1% pyridine
and cooled to -78° ¢ (acetone/dry ice). A étfeam of 05/05
was'passedvthroﬁgh the soln. (1 1/min.) until a pa1e Biue
colour developed,_indigating a excess of ozone. After
warming to room temperature the solvént was: removed in

“vacuo and replaced by 250 ml ice cold acetone. Jones

reagent®® was added dropwise to fhe.ozonide soln..(main—
taineg atéo° c) untf& an orange-brown colour persisted. .
This was then poured into 1 1 -ice/H,0 and extracgéd twice.
into 500. m1 ether. Tﬁe combined ether extracts were
shaken with 1 1 5% aqueous NaOH, The aqﬁeous layer and
interphase solid (emulsions were broken via centrifugation)
sere drawn off, acidified with conc. HCL and extracted
twice into 800 ml ether. - ‘ ’ _
The combined/ethereé% extracts of both ba%ches were
wached with saline and dmied (MgS0,). Removal of the
ether in vacuo gave 10.0 g light yellow solid (crude keto
acid). ' |
Methylation of the crude keto acid with ethereal

dizzomeéthane®® and purificagtion via column chromatography

(250 g silica gel developed with benzene/EtCAc - 95/5)

H
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gave 4,61 g white solid‘(furified 25), colourless needles .

(from methanol), mp. 1%¥1-143° C, (1it.°* mp. 141-14%° (),

| IR.:’,17AO en.t (C=0, ester), 1710 émfl\(Czo; ketoﬁe),

i 1170 cm‘;1 (c-0, ester) ) j ,

M.S.: 428 (M, 25), 413 (M '- CHs, 100), 399 (16),

305 (10), 381 (11)

N.M.R.: 0.73 (s, 3H, 13-CHs), 0.90 (br s, 6H, 14-CHa
- and 20-CHs), 1.07 (s, 3H, % or 48 or

10-CHs), 1.09 (s, 3H, % or 48 or 10-CHa), s

1.11»(5, 3H, 4o or 4B or 1d-cg3), 3.68 (s,

3H, -CO2CHs)

Methyl 3—Hydroxyimino-4,4,1M-trimethyleSG-chol—8—en;24—
oate (26) . | . : : '

To 4,47 g (10.4 mmolé) 25 suspended in 100 ml absolute
ethanol was addgd 2.0 g hydroxylamine hydrochloride (29
mmole) and 5 ml triethylamine.- This was refluxed.for =
hr. After cooling, the ethanol was removed in vacuo and
the residue extracfed twice into 50 m1 CH2Clp against 50
ml watér. 4Thé combined CHxCl, extracts were washed once
with 100 ml mater-and dried-(MgSO4). Removal of the
CHoClz in %acuo gave 4.66 ¢ white solid (26), cdlourless
needles (ffom methanol), ﬁp, 168f170é;C, N

TR.: 3470 e ! (0-H), 1740 cm ! (T=0, ester), 1715

«

em™ ! (C=N), 1170 cm ! (C-0, ester), 930 cm !
(§-0) | .
\  M.S.: 443 (o, 35), 428 (M - CHs, 100), 412 (41),
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. - k1o (45), 330 (34)
N.M.R.: 0.73% (s, 3H, 13-CHs), 0.88 (br s, 6H, 14-CHs and.
20-CHs), 1.10 (s, 6H, 4a-CHs and 48-CHs), 1.17

A

(s, 3H, 10-CHs), 3.69 (s, 3H, -CO2CHz)

- Methyl 2-Cyano-3,4~seco-4,14-dimethyl-4-methylene-3-nor-
 5a-chol-8-en-24-cate (27)

A solution of 4,65 g (10.4 mmole) 26 and 9.0 g (46
mmole) freshiy‘rgcrystallizéd p-toluenesulfonyl chloride
"in 60 ml dry pyridine was refluxed under N, for 3 hrs.
This was then neutralized with cold 3 N HC1l and extrécted
twice iqgf 150 ml ether. The combined ether extracts were
washed sequeﬁtially with 200 ml;saiine, 200 ml 5% Nchog
soln. and 200 ml saline;k Drying of the extract .(MgSO4)

and removal of the ether in vacuo gave 4,21 g red brown .
gum,’

This gum was chromatographed on 200 g neutral alumina

=2
3

(gr@dé III) developed with benzene. Collection of the
appropriate fractions gave 2.22 g pale yellow oil which
slowly crystallized asvcolourlesé needles,(gz), mp. (from

methanol) 82-83° C. ,
IR.: 3080 cm ! (C-H ofVC=CH2), 2250 cni 1 (c=N), 1735

em™ ' (C=0 of ester), 1635 cnf ! C=C of C=CHz2), .

1165 cm ! c-b, ester),VB95J%mfir(C—H of C=CHs)
M.S.: k25 (Y, 100), 410 (M* #.CHs, 80), 382 (13),

377 {(1%), 371 (64), 357 /17)

4
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N.M.R.: 0.7% (s, 3H, 1%3-CHs), 0.93 (br s, 6H, 14—C§3At
and 20-CHs), 0.97 (s, 3H, 10-CHs), 1.77 (br
s, 3H 4-CHs), 3.69 (s, 3H, -COxCHs), 4.70
and 4.94 (m and m, 1H and 1H, C=CHp)

Methyl 2-Cyano-3,4-seco-4€,14-dimethyl-4,4-methyleneoxy-
3-nor-5a-chol-8-en-24-cate (28)

bl

To 2.20 g of the seco-nitrile, 27, (5.15 mmole) dis-
solved iﬁ 50 ml ice cold CHCls, was added, over a period
of 15 minutes, 1.04 é 85% technical m-chlbroperbeninc
acid (5.15 mmole). After an additional 2 hré. of stirring
at 0° C the CHCls was removed in ngggrand réplaced with
100 ml benzene. - This waé waéhed‘once with 50 ml saturafed
NaHCOa soln.; twice with 56 ml water and dried (MgSO4);
'Remofal of the_benzene ig nggg gave12,48 g colourless-
needles (28), mp. (fromaméfhanol),'123-1é6° C.

IR, : 2250 cm ' (C=N), 1740 cm™? (650, ester), 1275

cem™ ! (epoxide), 1170 cm™ ! “(C-0, eéter)' |

w.s.: Lu1 (r, 3b), ho6 (i - CHs, 100), no5 (20),

123 (12), 410 (26), 408 (52), 398 (17), 394 .
(32), 387 (31), 376 (23), 369 (53), 358 (42),
. 326 (19), 308 (12) " ; ) o

N.M.é,; 0,74 (s,,BH,*13-qg3),:Qf91 (or s, 6H, 14-CHs
and 20-~CHa), 1.08'(8,-3H, 10-CHs), 1.33 (é,
31, 5-CHs), 2.70 (s, 2H, 30-Hz), 3.69 (s,

3H, -CO2CHs)
’ N /
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Methyl 3-Oxo-kg,14-dimethyl-5q-chol-8-en-24-ocate (29) ~

The epoxide, 28, and’Q,5;m1 freshly distiiled BFa
etherate were refluxed in 50 ml dfy toluene under N, for
1% hrs. After cboling, an additional 50 ml benzene waé
added, and the organic layer was washed sequentially with
100 ml saline, 100 ml 5¢ NaHCOs and 50 ml saline. Drying
(MgS0,) and removal of the solvent in vacuo é;ve 2.21 g
red-brown gum. | .

Thié»gum was chromatographed on 100 g silica gel
using benzene and then benzene/CHCls (3/1) as development
solvent. This gave 0.557 g of the keto-ester, 29, as
"colourless needles, mp; 131-136° C. ' -
IR. : 1740 gmfl (C;O, ester), 1715 Qm—l,(C=O, ketone)r
M.S.: 414 (M, 17), 399 (M* - CHs; 100), 385 (15),
o367 (12)
N.M.R.: O.T4 (s, 3H, 13-CHg), 0.89 (br s, 6H, 14-CHs
and 20-CHs), 1.02 (d, J=6.5 cps, 3H, 4g-CHs),

'1.20 (s, 3H, 10-CHs), 3.68 (s, 3H, -CO2CHs)

3-Ethylene Ketal of Methyl 3-0xo0-4q,14-dimethyl-5q-chol-
8-en-24-oate (30) ‘ '

The keto ester, 29, (1.35 mmole), together with 3 ml
éthylene glycolv(54 mmole.) and lob,mg p-toluenesulfonic
acid were diésolved in 50 ml benzenéﬂand*refluxedwfor*4% .
hré.'in a flask,fittedrwith—a Dean-Stark trap. - After | |
cooling, an addltional 50 ml benzéne was added and the

organic layer was washed once with 50 ml saturated NaHCOa

e
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soln. and twice.WithSO-ml water. Dinng (MgS0O,) and
removal of the bepzene EH_XEEEQ éave,O.60é g_of‘the ketél
ester, 30, as off—whité needles, mp. 146-150° C..

IR.: 1740 cmr?! (C=0, este?),,1170 cm- ! (C-O,‘ester)
M.S.: 458 (M+, 35), 443 (M* - CHas, 100), 429 (20),

%81 (11), 359 (21)

B—Ethylene'ﬁetal'of 4a,14-Dimethyl—24—hydroxy-Sd—chél-8-

~en-3-one (31) yﬁ.

To the ketal ester, 31, (1.32 mmole) dissolved in 50
ml ice cold dry ether, was added 100 mg LiAlH, (2.6%4

mmole). After stirring this for 5% hrs. at room temp.

" the excess LiAlH, was destroyed by adding 1 ml of 10%

aqueous NaOH. The ethereal soln. was then filtered and

‘dried (MgS0,). Removal of the ether in vacuo gave 0.567

g 31 as colourless needleé, mp. 174-177° C.
TR.: 3490 cm-! (O-H)
M.S.: 430 (M+, 28), 415 (M* - CHa, 100), 401 (18),
7353 (13), 331 (26)

%_Ethylene Ketal of 3_0xo-lq,14-dimethyl-5g-chol-8-en- |
24-al (32) '

A soln. of chromium trioxide—pyridine complex in

CH-Cls was produced by adding 800 mg dry CrOs (8 mmole) to

a soln. of 1.29 ml dry pyridine (16 mmole) in 20 ml dry
spectro grade CHzClz and stirring under Nz at room temp.

for % hr.
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The ketal alcohol, 21, (1.32 mmbie)‘wés dissolved
in 10 ml dry CH2Cl, and édded to the above soln. A
black sludge immediately precipitated. The reaction
mixture ﬁas stirred at room temp. under Nz for £ hr.,
after Which 100 ml‘benzene was added.. The organic layer
ﬁas.then washed three times with 50 ml 54 agqueous NaOH,
twice with 50 ml saiine and dried (MgSO.). Removal of
the solvent iﬁ.XESEQ gave 0.556 g ég, as a pale yellow‘
resin. The material hardéned but did nét crystaiiize.
IR.: 2720 em ! (C-H, aldehyde>{ 1725 el (C=0,
aldehyde) '
M.5.: 428 (M, 25), 413 (M* - CHa, 100), 399 (11),
351 (11), 329 (21) |
lq,14 -Dimethyl-5¢-cholesta-8,24 ~dien-3-one (34)

A) Phosphofiiwsisalt: A soln. of 13.0 g triphenyl-

phosphine (50 ole) nd 6.0 ml 2—bromopropéne (63.5
mmole)‘in 75 ml m—iylene was refluxed‘%or two weeks. The
salt which precipitatéd was collected from the cooled
soln. by’filtrati6g and then washed with benzene and dried
in vacuo over Pz0s. This gave‘B.ZO g isopropyltriphenyl-
phosphonium’bfomidé as colourless,cﬁystals,émp. 238—240°

C (1it.%° mp. 238-239° C).

B) Wittig reaction: A 3.19 g (8.25 mmole) portion -
of the phosphonium salt was éuspended in 40 ml dry THF

under Nz. An eguimolar amount of butyllithium in hexane
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(é}.llwt. 4) was added via éyringe through a septum. The
resulting red oréngé ylide soln. wés stirred under Nz
for an additional 1% hrs. | ‘ :

The ketal aldehyde, ég; (1.30 mmole) dissolved in 5
ml dry THF Was added via syringe to‘thevylide sbln. and
the reaction mixture was refluxéd fdr 24 hrs;,under No.
After cOoling, it was poufed into_75 ml water and extracted‘
. _twice into 75 ml benzene. The combined benzene extracts |
were washed twice with 75 ml ﬁater'and dried (MgSO4).
'vRemOVal of the benzenevig‘xgggg ga&e 1.59 g off-white -
solid (ketal, 33, plus,triphenylphosphine;oxide);

CJl Hydrolysis of ketal, 33: The crude ketal was

dissolved in a mixgure of 20 ml THF and 10 ml 0.54 aqueous
H=S04 and stirfed for 13 hrs.- This was then poured into-
50 ml saturated NaHCOs soln. and éxtracted into.1oo ml
benzene. The benzene layer was washed twice Wiﬁh 50 ml
water and dried (MgSO.). 'Removal of, the benzene in vacuo
gave 1.52 g light yellbw éolid (crude ketone, 34, plus
triphenylphosphine oxide). |

The ketone was purified on 75 gfsiliéa gel developed
with benzene to give 0.418 g colourless resinous material,
(34). ' . ”'i'f'i' e

IR.: 1710 cm! {(C=0, ketone) |

M.S.: 410 (M*, 35),’395 (M* - CHs, 100), 381 (14)

N.M.R.: 0.73 (s, BH,‘13-—CE3), 0.89 (br s, 6H, 14CHs
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and 20-CHs), 1.02 (d, J=6.5 cps, 3H, 4a-cgsz,
1.19 (s, 3H, 10-CHsz), 1.60 and 1.69 (br s
and br s, 2H and 3H, C=C(CHs)z)

31-Norlanosterol (5)

To the ketone, éﬁjv(i.02 mmole) dissolved in 50 m1
dry ether was added 1.27 g LiAlH(O-tBu)é (5.0 mmole).
After stirring this for 2 hrs. at room temp. the excess
hydridé reagent was destroyéd by adding 1 ml of 104 aquéoﬁs‘
NaOH. The ethereal soln. was then dried with’Mg864 and
filtered.‘ Reméval of the ether in vacuo gave 0.341 g
white éolid (5), oolburless needles (from acetone/;
methanol), mp. 110-112° C. |

M.S.: 412 (M*, 50), 397 (M* - CHs, 100), 383 (13),

379 (M* - CH3 - Hz0, 11)

31-Norlanosteryl Acetate (5 Ac)-

A portion of 5 was converted to its acetate by over-
nigﬁt treatment with acetic anhydride/pyridine (1/2).
This gave colourless needles (from methanol), mp. 105-
106.5° ¢ (1it.'® mp. 103-104° C). —
IR.: 1740 cmr?! (C=0, ester), I®55 cmr! (C-0, ester)

M.S.: 454 (M+, 7H), 439 (M+ - CHs, 100), 425 (11),

A 379 (M* -CHs - AcOH, 49)
N.M.R.: 0.73 (s, 3H, 13-CHs), 0.87 (d, J=6 cps, 3H,
4og-CHs), 0.90 (s, 3H, 14-CHs), 0.9% (d, J=5

CpS, BH: 2O_CES)J 1.00 (SJ BH: lO»"C_I__I_S)J
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1.61 and 1.69 (br s and br s, 3H and 3H,

C=C(CHs)z2), 2.05 (s, 3H, CHaCOz-)
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Synthesis of [22H]-Lanosterol (37)

Lanosterone‘(B )

To a soln., of 0.95 g dry pyridine (12 mmdié) in 20 ml \
dry spectro grade CH2612<was added 0.60 g dry CrOs (6 mmole),
A 213 mg portionrof purified lanosterol (1) (0.5 mmolé)'Was
added to the resulting red soiz% and stirred for 15 minutes.

The organic layer was then de%; ted from the black precipi—

L , o N
tate, dilu£§é#with 50 ml ether and washed successively with

25 ml 5% agueous NaOH (thrice), 25 ml 0,25 N HC1l, 25 ml -

saturated NaHCOs soln. and 25 ml water. Drying (MgS
removal of the solvent in géggg géﬁe 199.8 mg ear oil, .
Recrjstallization of this o0il from acetone/m¢thanol gave
89.2 mg of lanosterone, 35, as colourless needles, mp;_62—
64° ¢ (1it.¥ mp. 80° C), g | ;
M.S.: 424 (M, 50), 409 (M - CHs, 1q6)
N.M.R.: 0.72 (s, 3H, 13-CHs), 0.90 (s, 3H, 14-CHs),
0.9 (d, $=5 cps, 3H, 20-CHa), 1.07 (s, 3H,
4o or 48 or 10-CHs), 1.10 (s, 3H, ha of 4B |
or 10-CHs), 1.12 (s, 3H, Ya or 48 or 10-CHs),
1.6iﬁ§;g 1.68 (br s and br s, 3H éndHBH,

C=C(CHa)z), 5.10 (br t, J=T7 cps, 24%-H)

(2-°H]-Lanosterone (36)

A) Tritfated Alumina Cé&umnf' A 6.6 g samplé of basic

alumina was thoroughly dehydrated by maintaining it under

high vacuum at 350° C for three hrs. After éooling, 0.2 ml
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O U

of HTO (5 ¢i/ml) was added to the alumina and eqﬁilibrated'
by shéking for three hrs. in a sealed flask. The tritiated .
alumina wés packed in dfy pentane/benzehe (1/1 - V/V) in a
small glass column. ‘(A 10 ml burette fitted wit% a teflon

stopcock was used.)

B) Tritium Exchange of Lanosterone: A 50.0 mg portion
of the 1anosterone was d&fsolved in a small volumé of'dry
pentane/benzene (1/1) and applied to the column. The column
was theén developed with 200 ml dry pehtané/benzgne (1/1) aﬁ
a flow rate of 0.5 ml/minute, collecting4all of the 200 ml
eluent in one fraction. Remo&al pfvtﬁe solvent from this
eluent gave 51.6 mg clear oil QQ?HJ—lanosterone) (36).

[2PH] -Lanosterol (37) ’
To the tritiated lanosterone (é§)‘(o.il8 mmole),

.dissolved in 10 ml dry ether, was added 300 mg (1.18 hole)v
oeriAlH(O;tBu)g.’ The reaction flask, fitted with a'dryiﬁg'
tube, was’ieft stirringrat room temp; for two hrs. Exééss
hydride reagent was then destroyed by adding 0.25 ml 10%
agueous NaOH and stirring for 15 minuéés. Drying of the
ethereal soln. (MgS0s )., followed by removal of theésthef
(N> stream and then vacuum), géve 49,0 mg crude[2—3H]-
lanosterdl as a,white;solid.WmThisJWASLrecryat@lliZQQ,fr@mﬂ o
acetone/methanol (1/1 - V/V) to give 35.8 mg pgrified S
PSH] -lanosterol (37), as colourless needles, mp. 135—136.5°

C (1it.°%mp. 1%0°), with a specific activity of 1.25X10°
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cpm/mg (=24.2 Ci/mole). EThe'[2§H}rlanQStérol_was‘pure'by
T.1.C. and G.L.P.C. (>99% purity) and in both cases co-

chromatographed with authentic lanosterol,



 V§ppendix,A -

T3 . ‘ — .

Relevent IUPAC Steroid Nomenclature®®

1) Numbering

I d

£

Name

Cholanéb

Cholestane
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(ﬂ/fv 3) Symbols and Prefixes

a - Substituent below plane of paper
B - SubstitﬁentAabove plane of paper 1%

g - Stereochemistry unknown
Seco - Ring is broken between carbons designated

Nor - Carbon designated is lacking

L
W

e
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Appendix B - IUPAC Nomenclature of Trivial Names Used
y

~

Trivial Name TUPAC Name c

1) Agnostérol 4’4:14‘Trimethyl-BG—cholesta_
| 7,9(11),24-trien-3g-ol

2) ol -Bromolanosterol 4,4 ,14-Trimethy1-24-bromo-5a-

cholesta-8,24-dien-3B-01
3) Cholestanol 5a—Cholestan—BB-ol
‘1) Cholesterol . Cholesta-5-en-3Bol

5) 24,25-Dibromolanosterol 4,4 ,14-Trimethyl-24§,25-
dibromoQSQ—cholesta-8-en—

58-0k

6) 24,25—Dihydroagﬁosterol 4,%,14-Trimethyl-5a—cholgSta<

7,9(11) -dien-3g-o1

. v

8-en-3g-o1

8) 4,4-Dimethylfecosterol 4,M—Dimethyl—Ba—ergdsta—B,24

(28)-dien-3g-01 )
9).Ergosterol "'Ergogta=5;7;22=triené33—ol”
10) Fecosterol 5a-Ergosta-8,24(28)-dien-3g-

ol

%) 24 ,25-Dihydrolanosterol 4,414 -Trimethyl-5a-cholest- |

e



11)

 12)

135

14)

15)

16)

17)

18)

1 19)

20)

Lanostefol
Tanosterone

24-Methylene-24,25-

dihydrolariosterol

bo-Methylfecosterol

14-Methylfecosterol

Ya-Methylzymosterol

14-Methylzymosterol
31—Norianos£erol
32-Norlanosterol '

Zymosterol
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+

4,4,14-Tfimethyl—Sa—éholesta—
8,24-dien-38:%1

, v .
C4,4,14-Trimethyl-5a-cholesta-

8,24-dien-3-one

4,4,14-Trimethyl-5a-ergosta-
8,24 (28)~dien-38-01-

4a-Methyl—5a-érgosté—8,24(28)—

dien—}B—ol

IM—Methyl—Bd—ergosta—B,2&(28)—

dien-38-o01
Yg-Methyl-5a-cholesta-8,24-
‘dien-3B-ol
14-Methyl-50a~-cholesta-8,24-
dien—BB—dl

hg, , 14 -Dimethyl-5a-cholesta-

8,24-dien-38-0l
s

v‘4,M—Dimethyl—Ba-cholesta-B,

24-dien-3g-o0l

5a-Cholesta-8,24-dien-38-0l
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