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Abs t r ac t  

The r o l e  of 31 - n o r l a n o s t e r o l  ( 5 )  and 4,4-dimethyl-  - 
f e c o s t e r o l  ( 4 )  as p o s s i b l e  i n t e r m e d i a t e s  i n  t h e  biosyn-  - 
t h e s i s  of e r g o s 3 e r o l  by  t h e  yeas t , .  S .  c e r e v i s i a e ,  has  - 
been i n v e s t i g a t e d .  Au then t i c  samples of 4 and 5 were syn- - - 
t h e s i z e d  f o r  u s e  as bo th  chromatographicl  s t a n d a r d s  and 

t r a p p i n g  a g e n t s .  A s e a r c h  f o r  4 and 5 was conducted i n  - - 
t h r e e  sou rces  of t o t a l  y e a s t  s t e r o l  mix tu re s :  y e a s t  s t e r o l  

c o n c e n t r a t e s , .  f r e s h  l a b o r a t o r y  grown y e a s t  and f r e s h  brew- 

e r y  grown g e a s t .  S t e r o l  4 was not  d e t e c t e d  i n  any of - 

t h e s e  s o u r c e s .  S t e r o l  5 was found on ly  i n  t h e  f r e s h  brew- - 

e r y  y e a s t .  An a t t e m p t - t o  t r a p  r a d i o a c t i v i t , y  from exoge- 

nous ly  f e d  t r i t i a t e d  l a n o s t e r o l  i n t o  4 and 5 gave incon-  - - 
e l u s i v e  r e s u l t s .  Based on t h e  i s o l a t i o n  of 5 from brewery - 
y e a s t  we have t e n t a t i v e l y  expanded t h e  model of y e a s t  

s t e r o l  b i o s y n t h e s i s  t o  i nc lude  a l l  p o s s i b l e  r o u t e s  through 

s t e r o l  5 .  - 

iii 
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Introduction A 

Saccharamyces cerevisiae, encompasses a long sequepce of < '  

$1 

biosynthetgc conversions which can Be traced from acetate - 

to ergdsterol ( 1 ) 1 2 .  -  based on the nature of the inter- 

mediates involved, this sequence may be divided into two 

phases, an isoprenoid phase and a steroid phase. 
A 

During the isoprenoid phase, the synthesis, elonga- 

tion and cyclization of isoprenoid intermediates o,ccurs1.- 

It Nlminates in the formation of lanosterol (1). - 

During the steroid phase, lanosterol (1) - is converted 

to ergosterol (13) - via seven essential structural modifi- 
cations. 



These modi f i ca t ions  a r e  : 

1. removal of t h e  l4a-methyl group ( s e e  appendix A 

f o r P s t e r o i d  numbering and nomenclature) 

2 .  removal of t h e  4a-methyl group 

3 .  re&val  of t h e  48-methyl group 

4 .  methyla t ion  a t  C S 4  ( I n  a c t u a l i t y ,  t h i s  involves  

two, s t e p s .  The i n t r o d u c t i o n  of a Cet-methylene 

group i s  followed a t  some l a t e r  p o i n t  by reduc- 

t i o n  of t h e  A 24(28) double bond. ) '  

5. i somer iza t ion  of t h e  A' double bond t o  b7 

6. i n t r o d u c t i o n  of %he double bond 

7. i n t r o d u c t i o n  of t h e  h 5  double bond. ., q 

The 'oraer  i n  which t h e s e  seven modi f i ca t ions  ... occur 

w a s  i n i t i a l l y  open t o  specu la t ion .  It could be pgs tu la ted  

t h a t  they  occur randomly, i n  which case  t h e  number of 

' a l t e r n a t e  b i o s y n t h e t i c  r o u t e s  between - 1 and - 13 would b e %  

7 ! / 2 !  o r  2520. On tQe o t h e r  hand, it could a l s o  be r 

pos tu la ted  t h a t  one and only one r o u t e  i s  followed. 

Evolut ionary cons ide ra t ions  argue a g a i n s t  both  t h e s e  

p o s t u l a t e s .  The former i s  e n e r g e t i c a l l y  w a s t e f u l  while  

t h e  l a t t e r  provtdes f o r  no adap t ive  f l e x i b i l i t y .  We 

t h e r e f o r e  opted f o r  a  median p o s t u l a t e ,  i n  which a s i n g l e  

favoured r o u t e  c o - e x i s t s  wi th  a number of minor a l t e r n a t e  

pathways. It fo l lows d i r e c t l y  from 4 t h i s  p o s t u l a t e  t h a t  

t h e  enzyme o r  enzymes respons ib le  f o r  each p a r t i c u l a r  



modif ica t ion  e x h i b i t  h igh ,  though no$ a b s o l u t e ,  s u b s t r a t e  

s p e c i f i c i t y .  t 

A l l  evidence obtained t h u s  f a r  i n d i c a t e s  t h a t  t h e  . e 

," 

s t r u c t u r a l  t r ans fo rmat ions  occurr ing  between - 1 and - 13 do 

occur roughly i n  t h e  l i s t e d  and t h a t  t h e  concept 

depic ted  i p  F igure  1 This has  been p a r t ~ c u l a r ~ y  

we l l  e s t a b l i s h e d  f o r  thbse  events  occurr ing  between feco- 

s t e r o l  ( 1 2 )  - and e r g o s t e r o i  ( 1 3 ) ~ ' ~ .  - Those modi f i ca t ions  

occurr ing  p r ' i o r  t o  f e c o s t e r o l  (namely nuc lea r  demethylation 

and s i d e  chain  methyla t ion)  have, however, b ~ ,  given l e s s  

c a r e f u l  c o n s i d e r a t i o n .  It i s  t h e s e  m o d i f i c a ! n s ,  o r  more 

t-' s p e c i f i c a l l y  t h e  o rde r  i n  which they  occur ,  oward which 
V 

t h e  p resen t  e f f o r t  was d i r e c t e d .  -1 '0 [ 

The o rde r  of n u c l e a r  demethylation and s i d e  cha in  

methyla t ion  i s  no t  t h e  t o t a l l y -  random process  i l l u s t r a t e d  

i n  Figure 2 .  P a s t  experimental  work invo lv ing  t h r e e  4 

t 

complementary approaches has  v e r i f i e d  some s e c t i o n s  of 
, Q 

t h i s  mat r ix  and e l iminated  o t h e r s .  F igure  3 i l l u s t r a t e s  

those  r'outes and in te rmedia tes  suggested by each of t h e s e  

t h r e e  approaches. 

The f i r s t  and s imples t  approach involved t h e  i s o l a t i o n  

and c h a r a c t e r i z a t i o n  of c o n s t i t u e n t  yeas t  s t e r o l s .  Implied 

i n  t h i s  approach i s  t h e  assumption t h a t  most, if no t  a l l ,  

of t h e s e  s t e r o l s  a r e  t r u e  in te rmedia tes  and not  a r t e f a c t s  

or  s i d e  products .  Th i s  approach has thus  f a r  n e t t e d  t h e  

4 



Figure 1 ~ i e r o l  hsyn thes is  in Nystatm Sensitive S. cerwisiae: 
3 
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isolation of lanosterol (I), 32-norlanosterol ( 3 ) ,  ha- ' .  - - 
methylzymosterol (7 ) , 4a-methylfecosterol (8) ,  zymosterol - - ? 

(11) and fecosterol (12) from wild type yeast6. Their - 
presence suggests the routes 1 -, 3 -, 7 -, 11 + 12 and - - - - - 
1 -, 3 -, 1 -+ 8 -, 12 to be operative. - - - 

A variant of this first approach ,came t~ light after 

the completion of our own work. A mutant of S. ce~evisiae - 

was investigated7 and found to contain lanosterol fl), - 

31-norlanosterol (5)) obtusifoliol (6), and 14-methyl- - - 

fecosterol (10). The-accumulation of these sterols indi- - 

cates that the mutant possesses a functional 4a-methyl 

demethylase and a functional A~~-methyltransferase but 

lacks a functional 14a-methyl demethylase. More impor- - 

tantly, it indicates that the 4a-methyl demethylase and 

the ~*~-meth~ltransferase are capable of acting upon . 

lQa-methyl sterols. It thus suggests that the routes 

I +  5 +  6, 8 +  12, 1, 5, 6, l o +  12, 1 + 5 + 1 +  - - - - - - - - - - - 
8 + 12 and 1 + 5 + 7 + 11 -, 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 2. cerevisiae, - 
although 24-methylene-24,25 -dihydrolanosterol (2 ) and - 

4,4-dimethylfecosterol (4) have been found in other fungi8 - 

and yeast9, 

The second, more sophisticated, approach involved 



the use of feeding and trapping experiments. If a true 

precursor-product relationship exists between two sterols, 

the product will acquire radioactivity when the precursor,' 

radiolabelled with 'H or 14d, is fed to growing yeast. 

If there is no transfer of radioactivity, then no precursor- 

product relationship exists. If the product sterol in 

question has not been isolated from yeast or if it is 

I t  present only in small quantities, then a trap" of un- 

labelled synthetic product sterol is added during the 

isolation process. Radioactivity in the recovered trap 

once again establishes a precursor-product relationship. 

.Feeding and trapping experiments can, if conducted 

properly, yield.the most definitive information regarding 

sterol interconversions. There are pitfalls to be wary 

of, however. When trying to establish the intermediacy 

of a given sterol in a biosynthetic pathway, one must 

demonstrate hput into it (from a known precursor) as 

we.21 as output from it (to a known product). The estab- 

lishment of output only fe.g., conversion to ergosterol) 

can iead to an initial false assumption of intermediacy, 

as was the case of 24 -methylene-24,25-dihydrolanosterol 

Care must also be exercised in isolating e product 

or trapping sterol. Difficulty is often encountered in 

separatzng sterols from one another and cross contahina- . 



tion can give ambiguous results (i.e., 

activity). 

Feeding experiments have thus far 

conversion of the,following sterols to 

false radio- 

demonsGrat6d the . 

ergosterol: 

lanosterol (1)*b - s 5 " 0 ,  24-methylene-24,25-dihydrolanosterol 

(z)'~'~', 32-norlanosterol ( 3 ) 5 ,  - obtusifoliol ( 6 ) l l ,  - 

4a-rnethylzymosterol ( )  , 4a-methylfe'costerol (5)  - , 
zymosterol (11 - )4b '*, and fecosterol (l2)*' - 5 .  Withindthe 

matrix (of Figure 2) itself, the conversion of - 11 to - 12 

has been shown to be operative12, while that of - 1 to - 2 

has been shown to be inoperative1'. When considered 

collectively, these various conversions tend to support 

two of the routes already suggested by the first approach, 

namely - 1 + - 3 - t  - 7 -, - 11 -, - 12 and - 1 + - 3 - t  - 7 - t  - 8 -t - 12.. 

The third approach involved the characterization of 

the enzyme or enzymes responsible for each particular 

structural modification. A determination of the preferred 

substrate of each enzyme would provide a good indication 

of the overall preferred route. <In connection-with this 

approach both the demethylase13 and the  methyltran trans- 

ferase 12'14 enzymes have, been partially purified and 

studied. 

 he demethylase study ycelded little information 
i 
! concerning substrate spec$ficity. . The only substrate 

6 employed, was ' 4~-lanosterol derived from 2-' 4~-mevaloiate. 



This meant that of the 4a, 4p; 

only the 4a was radiolabelled2 

'la-methyl demethylase activity 

was measured. The activity of 
P 

'on the 4,4-dimethyl sterols (1, 2, 3 and 4 ) was not - - -  - 

measured individually and therefore no relative substrate 

specificity could be deduced. The activity of the 4a- 

methyl demethylase on the 4a-methyl sterols (5, 6, 7 and - - -  

8) was not measured at all since the 4~-methyl group of , - 

these sterolsflis derived from the 45-methyl group2, which, 

as stated before, was unlabelled. However, one interest- 

ing fact.did emerge from this study. The addition of 

S-adenosylmethionine (from whence the Cz4-methylene group 

is derived1) increased the demethylase activity 2.5 to 3 

fold. This seems to indicate that sterols 2 and/or.4 - - 

were better substrates than 1 and/or 3, although it was - - 

.. 

and 14~-methyl groups, 

and therefore only the 

(assayed as '*co~. evolved) 

the 4a-methyl demethylase 

never established that actually 

occurring in the system used. 

The A'~-methyltransferase experiments were somewhat 

better contrived. The relative activity of the trans- 

ferase toward zymosterol (11 - ), ha-methylzymosterol ( 7 ) ,  - 

32-norlanosterol 3 and lanosterol (1) was 100, 5, 2 and - - 
0 respectively. This observation indicates three path- 

ways of -decreasing preference: 1 + 3 + 1 + 11 + 12, - - - 
l-t 3 ,  7, 8 +  12 and 1 +  3 ,  4 +  8 +  12. -Unfortunately, - - - - - - - - - - 



n e i t h e r  3 1 - n o r l a ~ o s t e r o l  (5 )  - nor  14-methylzymosterol (9) - 
were t e s t e d  a s  s u b s t r a t e s .  It thus  remains u n c l e a r  

whether t h e  p re fe rence  shown by t h e  t r a r i s f e r a s e  f o r  3 - 

over - 1 would be p a r a l l e l l e d  by a s i m i l a r  p re fe rence  f o r  

7 and 11 over 5 and 9 r e s p e c t i v e l y .  - - - - 

I n  summary, then ,  t h e  twelve p o s s i b l e  r o u t e s  between 
- 

s t e r o l s  - 1 ,and - 12 may be apport ioned -among f o u r  c a t e g o r i e s  

of decreas ing  p r o b a b i l i t y :  

ope ra t ive ;  supported by a l l  evidence 

p o s s i b l y  opera t ive ;  supported by some ,evidence 

p o s s i b l y  operat ive, ;  no suppor t ive  evidence; 

no c o u n t e r i n d i c a t i v e  evidence 

and 

not  opera t ive ;  c o u n t e r i n d i c a t i v e  evidence 4 

F u l l y  seven of t h e s e  r o u t e s  ( t h o s e  i n  c a t e g o r i  \ $  s 

B and C )  a r e  i n  need of f u r t h e r  v e r i f i c a t i o n .  An inspec-  

t i o n  o f - F i g u r e  2 r e v e a l s  t h a t  t h i s  can b e s t  be done by 

determining whether t h e  two key in te rmedia tes  involved 

i n  t h e s e  r o u t e s ,  namely 4 and 5, a r e  i n  f a c t  p resen t  i n  - - 



wi ld  type  - S. c e r e u i s i a e .  We sought t o  do t h i s  By at tempt-  

ing t o  i s o l a t e  - 4 and/or - 5 from y e a s t  s t e r o l  m i x t u r e s  and 

by a t t empt ing  t o  t r a p  r a d i o a c t i v i t y  i n  - 4 and/or - 5 from 

exogenously suppl ied [2%TJ- l a n o s t e r o l .  



Procedures and Results . . 

Sterol Synthesis 

Before any verification of biosynthetic pathways 

could be attempted, it was first necessary to synthesize 

authentic samples of - 4 and 5. These samples would serve 

both as chromatographic standards and as trapping agents. 

A small quantity of tritiated lanosterol was also needed to 

serve as a radiolabelled precursor. . "  

The synthesis of 4,4-dimethylfecosterol (4) - presented 

no inordinate difficulties (~igure 4). Treatment of 

32-norlanosteryl ace,tate (3 - AC), isolated from yeast 

sterol  concentrate^'^, with aqueous N-bromos~ccinimide~~ 

yie1de.d the bromohydrin, - 14.. Treatment of the bromohydrin 

with K2c0316 gave the 24,25-epox-ide,. - 15. The epoxide was 

then rearranged6 to the ketone, - 16, using Kennerls 

reagent17. Finally, Wittig reaction of the ketone with 

triphenylmethylenephosphorane6 afforded - 4. 

The synthesis of 31-norlanosterol (5) - proved more 

challenging. The reported synthesisi8 of - 5 was by/passed 

in favour of a more promising method developed by Cohen 

et a1. Is. Their procedure for removing a .C -4 methyl 

group from lanosterol did have one drawback, however. At 
I :  

one stage of the reaction series, epoxidation of a seco- 

nitrile is followed by BF3 induced ring closure.. If this 



Figure 4 



sequence were performed on a  s t e r o l ,  an unacceptable  

product ( i . e . ,  2) would a r i s e :  

The two carbonyls  of 19,  because o,f t h e i r  very  s i m i l a r  - 

s t e r i c  environment, would be r e s i s t  n t  t o  s e l e c t i v e  reduc- r- 
t i o n  o r  p r o t e c t i o n .  Without such a s e l e c t i v e  r e a c t i o n ,  5 - 

could not be obta ined .  For tuna te ly ,  two a l t e r n a t i v e s  d id  

d a v a i l  themselves:  s e l e c t i v e  ox ida t ion  of t h e  t e r m i n a l  
O double bond of t h e  s e c o - n i t r i l e  o r  p r o t e c t i o n  of  t h e  

double bond p r i o r  t o  formation df t h e  s e c o - n i t r i l e .  

We i n i t i a l l y  pursued t h e  f i r s t  a l t e r n a t i v e  ( ~ i g u r e  5 ) .  

: The s e l e c t i v e  ox ida t ion  would be v i a  hydroborat ion with 

disiamylboranez0. This  reagent  r a p i d l y  a t t a c k s  t e rmina l  

double bondszo, b u t  i s  q u i t e  - u n r e a c t i v e  toward n i t r i l e s 2 '  

and tri- and t e t r a subs t i - tu ted  double bondsz0. S u r p r i s -  

i n g l y ,  t h e  r e a c t i o n  of  disiamylborane wi th  - 17 produced no 

i s o l a b l e  amount of 21. The t e rmina l  double bond of 17 - - 
i s  apparen t ly  s t e r i c a l l y  encumbered by a c l o s e  proximity 



S i s i a a  ylborane 

F 
NaOH, H202 



t o  t h e  n i t r i l e ,  as evidenced by a downfield n.m.r. 6hif-t --". 
(by 0.24 p.p.m.) of one of t h e  v i n y l  pro tons .  This  juxta-  

c- ' 

p o s i t i o n  renders  t h e  t e rmina l  -do;ble bond i n a c c e s s i b l e  
9 

t o  a t t a c k  by the1 bulky disiamylborane dimer. 

The second op t ion  was t h e r e a r e  exe rc i sed  (F igure  6 ) .  
P 

The usua l  method of double bona-pvotect ion ( i . e . ,  brornina- 
r^  1 

t i o n )  was precluded by t h e  ha r sh  cqnd i t ions  t o  be encount - .  

e red  dur ing  some of t h e  subsequent r e a c t i o n s .  An i n d i r e c t  

p r o t e c t i o n  of t h e  double bond ( i . e . ,  degradat ion  t o  

t h e  e s t e r )  had t o  be employed. P u r i f i e d  l a n o s t e r o l *  (1) 
was consequent ly t r e a t e d  success ive ly  wi th  ozone, 'Jones , 

r eagen tz5  and e t h e r e a l  d i a ~ o m e t h a n e ~ ~  t o  g ive  t h e  k e t o  - 

e s t e r ,  - 25.  React ion o f ,  t h e  oxime of - 25 ( i . e . ,  - 2 6 ) ,  wi th  

p- to luenesul fonyl  c h l o r i d e  i n  r e f l u x i n g  p y r i d i n e  y ie lded  

* Commercial l a n o s t e r o l  was p u r i f i e d  v i a  f r a c t i o n a l  
c r s s t a l l i z a t i o n Z 2  of i t s  2 4 - b r 0 m i d e ~ ~  (24 1. P u r i f i e d  

c, 

l a n o s t e r o l  was regenera ted  from - 24 by u x n g  naphthalene- - sodium2*. 

1 m-2 
2 )KOH 
3 ) f r a c t .  

c r y s t .  

rude ) 





t h e  sec 

t r e a t e d  

o - n i t r i l e ,  - 27. Epoxidation gave 28, and t h i s ,  when - 
- '%, 

wi th  BF3-etherate i n  r e f l u x i n g  t o l u e n e ,  gave t h e  

ke to  e s t e r ,  - 29. A f t e r  p r o t e c t i o n  ~f t h e  C 3  ketqne as t h e  

e thy lene  k e t a l  ( 3 0 ) ,  - t h e  s i d e  chain" e s t e r  was f i r s t  ' 

reduced t o  t h e  a l c o h o l  (31) - and t h e n  oxidLzed t o  t h e  
I' 

aldehyde (32 - ) . Reconstruct ion of t h e  s i d e  chain  i s o -  

propylidene group v i a  a W i t t i g  r e a c t i o n  wi th  t r i p h e n y l -  

isopropyl idenephosphorane gave - 33. F i n a l l y ,  hydro lys i s  

of t h e  k e t a l  t o  t h e  ketone ( 3 4 )  and r e d u c t i o n  of t h e  - 

ketone t o  t h e  38 a l c o h o l  wi th  L ~ A ~ H ( O - ~ B U ) ~ ~ ~  gave t h e  

d e s i r e d  s t e r o l ,  - 5.  

For t h e  p r e p a r a t i  h n  of t r i t i a t e d  l a n o s t e r o l ,  lano- 

s t e r o l  (1) - was f i r s t  oxidized t o  lanos terone  (35) (Figure  - 

7). This  was then  passed through a  column'of t r i t i a t e d  

b a s i c  alumina2a dur ing  which e n o l i c  exchange a t  t h e  C 2  

p o s i t i o n  occurred. Reduction of t h e  t r i t i a t e d  l a n o s t e r -  

one (36) - t o  t h e  38 a lcoho l  gave [2-3H]-lanosterol (37).  
7 



Figure 7 



Search f o r  - 4 and 5 - 

I f  s t e r o l  4 were indeed p r e s e n t , i n  S. c e r e v i s i a e ,  
d - - 

it would be found i n  t h e  4,4-dimethyl s t e r o l  f r a c t i o n  

a long with l a n o s t e r o l  (1) - and 32-nor lanos te ro l  (3)  ( s e e  

Table i). S t e r o l  - 5 would s i m i l a r l y  be found- i n  t h e  4a- 

methyl s t e r o l  f r a c t i o n  a long wi th  4a-methylzLymosterol'(7) - 

and 4a-methylfecosterol  ( 8 J .  - The sea rch  f o r  - 4 and - 5 

consequently began by s e p a r a t i n g  t h e s e  two f r a c t i o n s  from 

t h e  4-desmethyl s t e r o l s  and from one another15 and then  

analyz ing  them ( a s  TMS d e r i v a t i v e s )  on a 0.25 mrn. X 30 m. 

OV-101 coated g l a s s  c a p i l l a r y  Eolumn rsee Table 1) .  

This  pre l iminary  s e p a r a t i o n  and a n a l y s i s  was per-  

formed on t h r e e  sources  of yeas t  s t e r o l  mix tu res :  

1)  yeas t  s t e r o l  concent ra tes* ,  2 )  f r e s h  l a b o r a t o r y  grown I 

y e a s t ,  and 3 )  f r e s h  brewery grown y e a s t .  S t e r o l  4 could - 

not  be d e t e c t e d  i n  any of t h e s e  sources.  Equivocal ev i -  . 
I *dence  ( i . e . ,  peaks co-chromatographing wi th  a u t h e n t i c  

s t e r o l )  f o r  s t ' e ro l  - 5 was found i n  t h e  f i r s t  and t h i r d  

sources.  

The 4 a - m e t h y l ' s t e r o l  f r a c t i o n s  of  t h e s e  two sources 

were t h e r e f o r e  a c e t y l a t e d ,  separa ted  on AgN03 impregnated 
- -  - 

@+ 

These concen t ra te s  a r e  t h e  r e s i d u e s  ( i n  both  s o l i d  and 
s o l u t i o n  form) remaining a f t e r  t h e  commercial ex t rac -  
t i o n  of e r g o s t e r o l  from brewery y e a s t .  The i r  con ten t  
of minor y e a s t  s t e r o l s  i s  t h u s  enriched.  
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s i l i e a  g e l  ( s e e  Table 1) and analyzed by G.L:P.C. and M.S. 

The presence of 5 a c e t a t e  was confirmed i n  on ly ,one  of 
P - 

t h e s e  sources,  t h e  f r e s h  brewery grown y e a s t .  The i s o -  

l a t e d  - 5 a c e t a t e  co-chromatographed wi th  i t s  s y n t h e t i c a l l y  

prepared coun te rpa r t  (bo th  by T.L.C. and G.L.P .C. )  and 

had a n t i d e n t i c a l  mass spectrum. It c o n s t i t u t e d  approxi-  

mately 14 of t h e  4a-methyl s t e r o l  f r a c t i o n .  



Trapping Experiment 

An anaerobic-aerobic  procedl 1re4 was employed f o r  t h e  

t r a p p i n g  experiment. The procedure - f i r s t  d e p l e t e s  t h e  

y e a s t  of endogenous s t e r o l s  by c u l t u r i n g  them under anaero- 
* 

bit cond i t ions .  This  i s  followed by a pe r iod  of vigorous 
$ 

a e r a t i o n  and a simultaneous feed ing  of l a b e l l e d  precursor.  

The a e r a t i o n  i n i t i a t e s  a  r a p i d  b iosyn thes i s  of endogenous 

s t e r o l s  and consequent ly-an  enhanced uptake and incorpo- 

r a t i o n  of t h e  exogenously suppl ied  r a d i o l a b e l l e d  s t e r o l .  

T r i t l a t e d  l a n o s t e r o l  ( 3 7 )  - was accordingly  f e d  t o  

anae rob ica l ly  p r e - t r e a t e d  y e a s t .  An u n c e r t a i n t y  existed-, 

however, as t o  what pe r iod  of a e r a t i o n  would a f f o r d  t h e  

maximum incorpora t ion  of t h e  exogenously supp l i ed  2 - 3 ~ -  

l a n o s t e r o l  i n t o  t h e  endogenously produced k - m e t h y l  and 

4,4-dimethyl s t e r o l s .  Previous work i n d i c a t e d  t h a t  t h e  

amount of - 4  o r  - 5 ( i f  p resen t  a t  a l l )  should peak two t o  

four  hours a f t e r  t h e  s t a r t  of a e r a t i o n 4 ,  whereas t h e  

uptake of t r i t i a t e d  l a n o s t e r o l  shoyld d reach  a  maximum 

s e v e r a l  hours l a t e r 4 .  It was t h e r e f o r e  decided t o  h a r v e s t  

t h e  yeas t  i n  two equal  ba tches ,  one ba tch  a f t e r  t h r e e  
P 

hours of a e r a t i o n  and t h e  o t h e r  batch a f t e r  s i x  hours.  

E x t r a c t i o n  of t h e  non-saponif iable  f r a d t i o n  (N.S.F.)  - 

from each ba tch  was followed by s e p a r a t i o n  of each N.S.F. 

7 

+ Without molecular oxygen, s t e r o l  b i o s y n t h e s i s  i n  y e a s t  
ceases  a,t  t h e  squalene s t age1 .  



i n t o -  i - t s  c o n s t i t u e n t  4,4-dimethyl, ba-methyl and 4-des-' I 

methyl s t e r o l s .  Since a  h igher  incorpora t ion  i n t o  t h e  

4,4-dimethyl- and ba-methyl f r a c t i o n s  w a s  found t o  occur 

. a f t e r  s l x  hours (Tables  2 and 31, t h e s e  f r a c t i o n s  were 
II 

chosen f o r  f u r t h e r  work. 

. Each of t h e s e  two f r a c t i o n s  was a c e t y l a t e d .  To t h e  

4a-methy1 s t e r , o l  a c e t a t e s  was added 100 mg of 31-norlano- 

s t e r y l  a c e t a t e  ( 5  - Ac). To t h e  4,4-dimethyl s t e r o l  a c e t a k s  

was added 100 mg o f  l a n o s t e r y l  a c e t a t e  (1 - Ac), - 100 mg of 

32-nor lanos tery l  a c e t a t e  ( 3  - Ac) and 100 mg of 4,4-dimethyl- 

f e c o s t e r y l  a c e t a t e  ( 4  - A C ) .  These f o u r  a c e t a t e s  were then  

r e - i s o l a t e d  by p r e p a r a t i v e  T.L.C. and p u r i f i e d  by repeated  

c r y s t a l l i z a t i o n  and chromatography. The s p e c i f i c  r ad io -  . , ' 
a c t i v i t y  of each s t e r o l  a c e t a t e  was followed W r i n g  t h i s  

p u r i f i c a t i o n  process ,  as d e l i n e a t e d  i n  Tables  4 t o  7. 

The f i n a l * t o t a l  a c t i v i t y  a s s o c i a t e d  wi th  each s t e r o l  and 

i t s  percentage of t h e  acJ iv i ty  incorpora ted  i n t o  t h e  
-=-=--, 

N.S.F. i s  shown i n  Table 8. The s i g n i f i c a n c e  of t h e s e  

r e s u l t s  i s  explored i n  t h e t d i s c u s s i o n  sec ' t ion.  



L Table 22 

Period of Dry W t .  Supernatant  N.S.F. 
Aera t ion  Ce l l s  Ac t iv i t y  A c t i v i t y  

2 . 2 0 ~ 1 0 ~  cim 1 .10~10~ cpm 

6 h r s .  1.31 g 1 . 7 4 ~ 1 0 ~  cpm 1 . 6 4 ~ 1 0 ~  cpm 

Tota l  . a c t i v i t y  f e d  = 8 . 4 8 ~ 1 0 ~  cpm 

Tota l  a c t i v i t y  recovered = 6 . 6 8 ~ 1 0 ~  cpm = 78.86 

Table 3 

S t e r o l  
F rac t ion  

4 , h - d i ~ e .  

4a -Me 

Remainder 

Tota l  

3 hr. N.S.F. 

To ta l  + % of 
A c t i v i t y  ( cpm) Tota l  

- * -, 

6 .hr. N.S.F. 

Tota l  * % of 
A c t i v i t y  ( cpm) To ta l  

.3 Corrected f o r  chromatographic l o s s e s .  



Table 4 
. a 

Labelled p r e c u r s o r :  [2-3H-lanosterol ( ,669 mg @ 1. 25x108 

- cpm/mg) 

Trapping s t e r o l :  l a n o s t e r y l  a c e t a t e  (1 - A C )  (100 mg) 

A m t  . of Mate r i a l  Speei f  i c  Act iv i ty*  
Procedure Recovered ( m g )  ( C P ~ / W  > 

Chromatographic 
s e p a r a t i o n  

1st c r y s t a l l i z a t i o n  83.2 9 . 8 8 ~ 1 0 ~  

2nd c r y s t a l l i z a t i o n  

"Figures given a r e  an average of t r i p l i c a t e  counts  of 
d u p l i c a t e  a s says  ( o r  s i n g l e  a s says  where q u a n t i t i e s  were 
l imiked) .  Each assay  was performed on approximately 
0.5 t o  1.5 mg (weighing u n c e r t a i n t y  = +. 004 m ) of 
sample. Each count was f o r  100 minutes o r  log counts ,  
whichever occurred f i r s t .  A l l  counts were co r rec ted  
f o r  background but  no t  co r rec ted  f o r  count ing  e f f i c i e n c y .  
A l l  a ssays  had an e x t e r n a l  s tandard  r a t i o  of .70 104, 

t Uncer ta in t i e s  were c a l c u l a t e g  f r o p  e i t h e r  t h e  v a r i a t i o n  
between d u p l i c a t e  a s says  OF the  s t a t i s t i c a l  count ing  

, e r r o r ,  37 whichever was g r e a t e s t .  . 



Table 5 

Labelled precursor: C2-3~1-lanosterol (.669 mg 63 1.25~10~ 

cpm/mg > 
Trapping sterol : 32-norlanosteryl acetate (3 AC) (100mg) - 

Amt. of Material Specific Activity 
Procedure Recovered (mg) ( c~m/mg 1 

Chromatographic 
separation 

1st crystallization 

2nd crystallization 

3rd crystallization 39.7 8.07~10~ 

4th crystallization 33.2 7.20~10~ 

5th crystallization 27.3 9. 55x102 

6th crystallizat ion 22.1 

~ d r n i x t u r k h  20 mg 1 Ac, - 
then chromatographic 
separation 14.6 

Recrystallization 



Table 6 

Trapping agent: 4,4-~imethylfecosteryl Acetate (4 AC) - 

Amt. of Material Specific Activity 
Procedure Recovered (mg) ( C P ~ W  ) 

Chromatographic 
separation 

1st crystallization 

2nd crystallization 

3rd crystallization 

4th crystallization 

- ' 5th crystallization 

6th crystallization 

Admixture with 20 m g  
then chromatographic 
separation 

~ecr~staliization 

Chromatographic 
separation 

+ 799.9% pure by G.L.P.C,. 



Table 7 . 

LabelJed precursor: [2-3~]-lanos-tierol ( -669 mg d 1. 25x108 

C P ~ W  
.rc 

Trapping sterol: 31-norlanosteryl acetate (5 - AC) (100 mg), 

Procedure 
Amt. of Material ,Specific Activity 
Recovered (mg) ( CP~/W ) 

Chromatographic 
, separation 

1st crystallization 

2nd crystallization 

3rd crystallization 

4th crystallization 

5th crys~allizat ion 

6th crystallization 

Admixture with -5 mg 5 
Ac and -5 mg 1 Ac, foi- 
lowed by hydrolysis and 
chromatographic separa- 
tion. 

* The specific activity of the recovered - 5 was 6.3 cprn/mg. 
Correcting fo-r-dilutfon and hydrolysis, this gives the 
5 Ac a specific activity of: - 



Table 8 

S t e r o l  Acetate  To ta l  Ac t iv i ty*  $ of N.S.F. A c t i v i t y  

9.93~10~ cpm 

7.00X104 cpm 

8.8~10~ cpm 

4.2~10~ cpm 

e * Not cor rec ted  f o r  endogenous s t e r o l  con ten t  o r  l o s s e s  
-pr ior  t o  a d d i t i o n  of t r app ing  s t e r o l  a c e t a t e .  



In performing t h e s e  experiments we sought an unequiv- 

oca l  de terminat ion  of t h e  involvement of s t e r o l s  - 4 and 5 
i n  e r g o s t e r o l  b iosyn thes i s  . In  view of t h e  r e s u l t s  obta in-  

ed, t h i s  goal  was perhaps t o o  grandiose .  . 
P' d 

Search f o r  4 and 5 + 

As was s t a t e d  p rev ious ly ,  s t e r o l  - 4 was no t  found i n  ' 

any of t h e  sources  analyzed.  Our f a i l q r e  t o  d e t e c t  i t ,  

however does not  i n s u r e  i t s  abso lu te  absence and conse- 

quen t ly  i t s  a b s o l u t e  non-involvement in s t e r o l  e l a b o r a t i o n .  

It only i n s u r e s  t h a t  i t  c o n s t i t u t e s  l e s s  t h a n  0.1% of t h e  

4,4-dimethyl s t e r o l  f r a c t i o n  o r  0.014* of t h e  t o t a l  yeas t  
4 

I s t e r o l s .  di his i s  a conservat ive  e s t i m t e ,  f o r  even a t  

t h i s  l e v e l  a  chromatographic peak f o r  - 4 would h i v e  been 

de tec ted  with t h e  G.L.P.C. system u s e d . )  

S t e r o l  - 5 was found i n  only one / source ,  t h e  f r e s h  ' 
-.. 

r 
brewery yeas?, i n  which it consti tu#ed ~ 1 %  of t h e  Qa-methyl 

J - s t e r o l  f r a c t i o n .  Although i t s  t d e n t i t y  could not  be r i g -  

orous ly  e s t a b l i s h e d  because of t h e  l i m i t e d  q u a n i t i t y  i s o -  

ia te -d  ($00 Ug), i t s  chromatographic and mass s p e c t r a l  

p r q e r t i e s  presented  a  good prima f a c i e  c a s e .  The T.L.C. 

p r o p e r t i e s  of t h e  i s o l a t e d  s t e r o l  (which were ic ient ica l  t o  

The 4,L-dimethyl f r a c t i o n  accounts  f o r  no more % t han  
10$ of t 3 t a l  >-east s t e r o l s .  



t hose  of s y n t h e t i c  - 5 )  i n d i c a t e d  t h a t  it possessed a  4a- 

methyl group, a  1%~-methyl group and no 24-methylene group. 

Furthermore,  i t  co-chromat ographed with a u t h e n t i c  5 A c  on - 
t h e  G.L.P.C. system. F i e a l l y ,  i t s  mass spectrum i n d i c a t e d  

a  s t e r o l  a c e t a t e  ( o f  M. W .  = 454) possess ing  a  14a-methyl 
i 

group.  h he l k - m e t h y l  and 14-desmethyl s t e r o l  a c e t a t e s  

d i s p l a y  marked d i f f e r e n c e s  i n  r e l a t i v e  peak i n t e n s i t i e s  

f o r  t h e  M + ,  M+ - CH, and M+ - CH3 - AcOH peaks.  See 

Figure 8.) Only s t e r o l  - 5 would seem t o  possess  a l l  t h e s e  

p r o p e r t i e s .  

One can only specu la te  a s  t o  why - 5 was not  de tec ted  

i n  t h e  o t h e r  sources .  Since t h e  l a b o r a t o r y  and brewery 

grown yeas t  were of t h e  same s t r a i n ,  t h e r e  can be no s t r a i n  

s p e c i f i c  d i f f e r e n c e  i n  b i o s y n t h e t i c  pathways (as might be 

t h e  ca,se f o r  t h e  yeas t  from whence t h e  s t e r o l  concen t ra te s  

were o b t a i n e d ) .  Perhaps t h e  absence of - 5 i n  l a b  Cul tures  

can be a t t r i b u t e d  t o  a d i f f e r e n c e  i n  c u l t u r e  c o n d i t i o n s .  ' 

The brewery yeast  were grown under oxygen l e a n  cond i t ions ,  

while t h e  l a b  yeas t  were wel l  aerat 'ed.  S t e r o l  - 5 might t end  

t o  a.ccumulate under t h e  former condi t ions  and diminish 

under t h e  l a t t e r .  

The low l e v e l s  found f o r  - 5 and implied f o r .  - 4 do no t  
'1 

preclude them from being  in termedia tes  in -kc major biosyn- 

t h e t i c  r o u t e s .  I: t hey  were, however, they  Gould be com- 

p e t i n g  with much more abundant s t e r o l s .  This would 



A B C D  A B C D  A B C D  A B C D  A B C D  A B C D  

7 Ac 8 A c  - - - 3 A? .- 5 A c *  - 5 ACT - 1 A c  



n e c e s s i t a t e  t h a t  they  be h i g h l y  favoured s u b s t r a t e s  of 

t h e  demethylase and d2* methy l t r ans fe rase  enzymes. Such 

preference  could be checked by experiments with t h e  p a r t i -  

a l l y  p u r i f i e d  enzyme systems mentioned e a r l i e r ,  i f  one 
? 

assumes, t h a t  i s ,  t h a t  - i n  v i t r o  s t u d i e s  a c c u r a t e l y  r e f l e c t  

i n  v ivo  r e a l i t i e s .  . - .  -- 
Trapping Experiment 

The major problem which plagues a l l  t r a p p i n g  exper i -  

ments i s  t h a t  of contaminat ion.  One must e s t a b l i s h  beyond 

reasonable doubt t h a t  t h e  r a d i o a c t i v i t y  a s s o c i a t e d  with 

t h e  t r a p p i n g  s t e r o l  i s  i n t r i n s i c  and not  from contaminat ion.  , 

The usua l  procedure i s  t o  r e c r y s t a l l i z e  t h e  t r a p  u n t i l  a 

cons tant  s p e c i f i c  a c t i v i t y  i s  obtained, a t  which .point  

t h e  t r a p  is  assumed t o  be pure .  Such an assumption i s  

r e a l l y  only warranted when t h e  t r app ing  s t e r o l  con ta ins  t h e  

bu lkpof  t h e  incorpora ted  a c t i v i t y ,  a s  was t h e  case  with 

1 Ac  able 8 ) .  I n  t h i s  case,  a minor. contaminant would - 

not  s i g n i f i c a n t l y  a l t e r  t h e  t o t a l  a c t i v i t y  a s s o c i a t e d  with 

1 k c .  I f ,  on t h e  o t h e r  hand, t h e  inc.orporation i s  minor - 
!as was the  case of 3 Ac, 4 Ac and 5 A C ) ,  one must s e r i -  - - - 
?us17 ques t ion  t h e  p u r i t y  of t h e  t r a p .  A minor contami- 

nant (one below t h e  l e v e l  of d e t e c t i o n )  of high s p e c i f i c  - 

s c t i v i t y  could impart a low l e v e l  of r a d i o a c t i v i t y  t o  an - 

i n t r i n s i c a l l y  "cold" t r a p .  

Let us i n i t i a l l y  cons ider  t h e  t r a p p i n g  of 3 Ac. The - 



r e c r y s t a l l i z a t i o n  process  - re able 5 )  seemed t o  i n d i c a t e  a 

genuine s p e c i f i c  a c t i v i t y  of 700 cpm/mg. This  same spe-  

c i f i c  a c t i v i t y  could have .been imparted, however, by a 0.76 

contamination of - 3 Ac by - 1 Ac, i t s  most l i k e l y  contami- 

n a n t .  This  p o s s i b i l i t y  was checked by admixing a d d i t i o n a l  

co ld  - 1 Ac with t h e  r e c r y s t a l l i z e d  - 3 Ac and t h e n  re-  

i s o l a t i n g  t h e  - 3 Ac. Had t h e  a c t i v i t y  been from - 1 Ac 
- 

contaminat ion,  t h e  admixture- re- i so la t  ion  process  would 

have decreased t h e  s p e c i f i c  a c t i v i t y  of - 3 Ac. There w a s ,  

i n  f a c t ,  no decrease  and t h e  a c t i v i t y  a s s o c i a t e d  with - 3 Ac 

was indeed genuine.  

The incorpora t ion  i n t o  - 4 Ac was s o  low a s  t o  h a r d l y  

warrant s e r i o u s  c o n s i d e r a t i o n .  The r e c r y s t a l l i z a t i o n  

process  gave a s p e c i f i c  a c t i v i t y  of 9 cptn/mg  a able 6 ) .  

Contamination by - 1 Ac was ru led  out,  by t h e  admixture- 

out by G.L.P . C .  a n a l y s i s  which showed t h e  - 4 Ac t o  be >99.94 

p u r e .  ( A  1.34 contamination by - 3 Ac would be needed t o  

impart 9 Cpm/mg t o  - 4 Ac. ) Contamination by t r i t i u m  ex- 

change, though, was a d e f i n i t e  p o s s i b i l i t y .  Barton -- e t  a15 

noted. a 0.025"-incorporation of r a d i o a c t i v i t y  i n t o  chole-  

s t e r o l  ( a  s t e r o l  a l i e n  t o  y e a s t )  when c h o l e s t e r o l  and 

[2,k3~2]-zymostero-1 were s imultaneously f e d  t o  y e a s t .  It 

i s  no t  c l e a r  whether t h i s  t y i t i u m  exchange occurred dur ing  

c u l t u r i n g  o r  dur ing  i s o l a t i o n  ( i . . ,  on t h e  s i l i c a  g e l  



s u r f a c e ) .  It does, i n  any case,  render  suspec t  any incor -  

pora t ion  a t  o r  below t h i s  l e v e l .  A glance a t  Table 8 

r e v e a l s  t h a t  t h e  t o t a l  incorpora t ion  i n t o  4 Ac w a s  wel l  - 

below 0.0254 

The incorpora t ion  i n t o  5 Ac a t  f i r s t  seemed r a t h e r  - 

s i b i f i c a n t  . The s p e c i f i c  a c t i v i t y  appeared t o  l e v e l  o f f  

a t  200 cpm/mg  a able 7 ) .  A c o n t r o l  experiment performed 

a t  t h i s  po in t  showed t h a t  when C2-3~1 - l a n o s t e r y l  a c e t a t e .  

(77 A C )  was in t roduced i n t o  "cold" 31-nor lanos tery l  a c e t a t e  

(5 A C ) ,  i t could not  be removed by repeated  r e c r y s t a l l i -  , 

z a t i o n .  Lanos tery l  a c e t a t e  w i l l ,  i n  o t h e r  words, co- 

c r y s t a l l i z e  with 31 -nor lanos te ry l  a c e t a t e  . It thus  seemed 

l i k e l y  t h a t  a t  l e a s t  p a r t  of t h i s  200 cpm/mg was from 1 Ac - 
contaminat ion .  By t h e  admixture- re- i so la t  ion  process  we 

were a b l e  t o  determine t h a t  a t  l e a s t  42 cpm/mg of the 200 

cpm/mg were not  from 1 Ac contaminat ion.  This  s t i l l  l e f t  - 

t h e  p o s s i b i l i t y  of contaminat ion by 3 Ac and 7 Ac. Be-  - - 
cause of t h e  manner i n  which 5 Ac was i s o l a t e d ,  t h e s e  two - 
s t e r o l  a c e t a t e s  would be p resen t  as und i lu ted  contaminants.  

Thei r  s p e c i f i c  a c t i v i t y  would consequently be h igh .  If 

e i t h e r  one had a  s p e c i f i c  a c t i v i t y  of 5 ~ 1 0 ~  cpm/mg (which 

i s  n o t  unreasonable,  based on t h e  i n t r a c e l l u l a r  s p e c i f i c  
+ 

a c t i v i t y  of 3 - s e e  p .  38) then  a 0.14 l e v e l  of contamina- - 
t i o n  would impart 50 cp-dmg t o  5 A C .  such a  l e v e l  of - 
contamination was not  r u l e d  out by G.L.P.C. a n a l y s i s  and 



indeed it would be d i f f i c u l t  t o  do s o .  
0 

We have s e e n  t h a t  t h e  r a d i o a c t i v i t y  a s s o c i a t e d  wi th  *- 

4 Ac and 5 Ac i s  i n  some doubt .  But what i f  we were t o  - - 
assume t h e  a c t i v i t y  t o  be genuine? What f u r t h e r  informa- 

t i o n  could ve e x t r a c t  from t h e  d a t a ?  

One t h i n g  we could  o b t a i n  i s  a  rough e s t i m a t e  of t h e  

i n t r a c e l l u l a r  s p e c i f i c  a c t i v i t y  of t h e  s t e r o l s  i nvo lved .  

This  can be o b t a i n e d  by d i v i d i n g  t h e  q u a n t i t y  of i n t r a -  

c e l l u l a r  s ' t e r o l  i n t o  i t s  t o t a l  a c t i v i t y  ( ~ i g u r e  9). The 

6 h r .  N.S.F. con ta ined  approximate ly  3 mg of 4 ,4-dimethyl  

s t e r o l s ,  of which 1 t o  2 mg was - 1 and 1 t o  2  mg w a s  - 3. 
b 

This  g i v e s  them a n  i n t r a c e l l u l a r  s p e c i f i c  a c t i v i t y  of 5 

t o  1 0 ~ 1 0 ~  cpm/mg ( l o 7  cpm/l--2 mg) and 3.5 t o  7 x 1 0 ~  cpm/mg 

(7x10" cpm/l-2 mg) r e s p e c t i v e l y .  The amount of - 4 can be 

no  g r e a t e r  t h a n  1/1000 of t h e  4 ,4-dimethyl  s t e r o l s  ( s e e  

page 32 ) o r  3 U g .  This  g i v e s  it a minimum i n t r a c e l l u l a r  
4 

s p e c i f i c  a c t i v i t y  of ~ 3 x 1 0 ~  cpm/mg ( 9 0 0  c p d 3  u g ) .  The 

amount of - 5 would be about  1% of t h e  amount of 4a-methyl 

s t e r o l s  (which w a s  HI mg) . I t s  i n t r a c e l l u l a r  s p e c i f i c  

a c t i v i t y  would t h e r e f o r e  be 4 x 1 0 ~  cpm/mg (&xlO3 cpm/lO .g). 

3ne conc lus ion  t h a t  i s  immediately appa ren t  from t h e s e  , 

s p e c i f i c  a c t i v i t i e s  i s  t h e  d i sc repancy  between - 3 and - 4 .  
- -- 

The s p e c i f i c  a c t i v i t y  of  - 4  i s  5 t o  1 0  t imes  t h a t  of - 3. 

This  i s  an i m p o s s i b i l i t y .  The maximum s p e c i f i c  a c t i v i t y  
/. 

a product  i n t e r m e d i a t e  can have i s  t h a t  of i t s  i m  d i a t e  7 



Figure 9 



precursor2" * . This  impl ie s  t h a t  e i t h e r  t h e  a c t i v i t y  found 

i n  4 Ac was not  -genuine o r  t h e  a c t u a l  q u a n t i t y  of i n t r a -  - 

c e l l u l a r  - 4 was 5 t o  1 0  t imes g r e a t e r  than  es t ima ted .  The 

former a l t e r n a t i v e  i s  the-more l i k e l y .  

One p iece  of information 'we had hoped t o  ga in  from a  

s tudy of t h e  incorpora t ion  of - 1 i n t o  - 3 a h  -5 - was an e s t i -  ---) 
mation of t h e  r e l a t i v e  p a r t i c i p a t i o n -  of t h e  two routes" 1 + 

3--, 7 and 1 + 5 -, 7 .  Through which rou te ,  i n  o t h e r  words, 

does t h e  bulk of s t e r o l  b iosyn thes i s  occur? An answei 

could be obta ined  v i a  a  k i n e t i c  a n a l y s i s  of t h e  incorpora-  
I 

t i o n  d a t a .  Such an a n a l y s i s  is  impossible with t h e  s i n g l e  
I 

da ta  point  obta ined ,  u n l e s s  t h e  r a t e  of incorpora t ion  has 

been l i n e a r  throughout t h e  experiment. I n  view of t h e  

d i f f i c u l t y  i n  ob ta in ing  a  s i n g l e  v a l i d  da ta  p o i n t ,  t h e  

p r o b a b i l i t y  of ob ta in ing  a  number of them over  a  per iod 

of t ime f o r  use  i n  a k i n e t i c  a n a l y s i s  i s  low indeed. We 

must be s a t i s f i e d  a t  t h e  present  time with a  simple de te r -  
83 

mination of t h e  presence of 5 i n  y e a s t .  - 
General ConclusYon 

A c l e a r  c u t  de terminat ion  of t h e  s t a t u s  of 4 and 5 i n  - - 
e r g o s t e r o l  product ion was not  obtained,  f o r  our r e s u l t s  r e -  

b 

miired  more Delphic than  d e f i n i t i v e .  The sea rch  for 4 and - 
5 d i d  provide a  s i n g l e  i s o l a t i o n  of 5 .  Based upon t h i s  - - 

i s o l a t i o n ,  mag t e n t a t i v e l y  expand Figure  1 t o  inc lude  

a l l  rou tes  through s t e r o l  - 5 ( s e e  Figure 10). 

+ S P ~ .  y. 42 f o r  foo tno te .  



Figure  10 



The t rapp-ing experiment provided no u s e f u l  i n f  orma- 

t i o n  because we could no t  unambiguously e s t a b y i s h  t h e  s i g -  

n i f  icance of t h e  incorpora t ion  we d id  o b t a i n .  Any e f f o r t  

a t  improving t h e  t r a p p i n g  experiment must t h e r e f o r e  be 

aim<d a t  reducing t h i s  ambiguity.  One might suggest  t h e  
9, 

use of 14c l a b e l l e d  r a t h e r  than  3~ l a b e l l e d  l a n o s t e r o l .  

This would e l imina te  t h e  p o s s i b i l i t y  of ,contaminat ion by 

t r i t i u m  exchange, which i s  an important f a c t o r  i n  cases  

of low incorpora t ion .  One disad'vantage of 1 4 ~  l a b e l l e d  "' 

s t e r o l s  should be borne i n  mind: Thei r  s p e c i f i c  a c t i v i t y  

i s  u s u a l l y  on t h e  o rde r  of a  few mi l l ion  cpm/mg. This  i s  

cons iderably  below t h e  1 .25x108 cpm/mg obta ined  f o r  - 37. 

The use of 14c l a b e l l e d  l a n o s t e r o l  would thus  reduce f u r t h e r  

t h e  a l r e a d y  low incorpora t ions  i n t o  s t e r o l s  3, 4 and 5 .  - - * 

* We have assumed h e r e  t h a t  3 has not y e t  reached maximum 
s p e c i f i c  a c t i v i t y .  A prodcct  can ob ta in  a s p e c i f i c  
a c t i v i t y  g r e a t e r  than i t s  precursor  only  when t h e  s p e c i f i c  
a c t i v i t y  of t h e  Trecurso r  i s  decreas ing .  



Instrumentation 1 

Infrared-Spectrometer: Perkin-Elmer 457 using KBr 

dispersions. 

Ultraviolet Spectrometer: Unicam SP-800 using stand- 

ard quartz cells. Absolute ethanol was used as solvent. 

Mass Spectrometer: Hitachi-Perkin-Elmer RMU-7 using "' 
an inlet temperature of 150-150" c and an ionization volt- 

age of 80 ev. 

Nuclear Magnetic Resonance Spectrometer: Varian ~56/ 

60 or XL-100 using CDC13 as solvent and TMS as internal 

standard. All ~hemical shifts are reported in 6 values. 

Scintillation Counter: ' Beckman LS-200B liquid scin- 

tillation system using a cocktail containing 4 g PPO and 

50 mg POPOP per litre of toluene. * 

Fermenter : Virtis model 40-300. 

Melting Point Apparatqs: Fisher-Johns melting point 

apparatus. All mp. s are corrected. 

Culture Media a 

Complete Medium: 5 g Difco ma&t extract, 15 g B.B.L. 

yeast extract, 1 g NH4C1, 6.5 g KHBPO,, 11.4 g K2JP04.3H20, 

and 25 g glucose per litre of medium. 

Minimal - Medium : 6.8 g KH2P04, 11.4 g ~ 2 ~ 0 4 .  3 H S  and 

40 g glucose per litre of medium. 



- - 

G a s  Liquid Phase Chromatography - 
G.L.P.C. ana lyses  were performed on a Varian 2100 gas 

chromatograph f i t t e d  w i t h  a 30m X 0.25 rnm I.D. g l a s s  c a p i l -  
.A 

l a r y  column coated  with' OV-101. The column was prepared 

by s t a t i c  coating3' a s u r f a c e  p re - t r ea ted3 '  g l a s s ' c a p i l l a r y  

column wi th  0.25$ OV-101 i n  CH2C12.  The coated column . 

was adapted t o  t h e  Varian 2160 by us ing  an a l l  g l a s s  

i n j e c t o r - s p l i t t e r  on t h e  i n j e c t o r  end and an a l l  g l a s s  

zero  dead volume d e t e c t o r  adap to r  on t h e  d 'e tec tor  end. 

Normal opera t ing  cond i t ions  employed an oven temperature 

a column flow 

make-up flow r a t e  ( through t h e  F.I.D. ) of 30 ml/min. N2, 

and a s p l i t t e r  r a t i o  of N35/1. This  column a f fo rded  

approximately 50,000 t h e o r e t i c a l ' p l a t e s .  

Ana ly t i ca l  T.L.C. 

Free S t e r o l s :  s e p a r a t i o n s  were performed on 1 X 3" 

s i l i c a  g e l  T.L.C. p l a t e s  developed once wi th  h e x a n e / ~ t o ~ c  

( 1 )  For R f 1 s ,  see  Table 1. 

S t e r o l  Aceta tes :  Separa t i ans -  were performed op 1 X 3" 
c--- - 

d 

20% AgN03 impregnated s i l i c a  g e l  T.L.C. p l a t e s  developed 

once wi th  C H & ~ Z / E ~ ~ O / E ~ O A C  (92.5/5/2.5). For R f .  s ,  see  

A l l  a n a l y t i c a l  p l a t e s  were v i s u a l i z e d  by spraying  

with 50% aqueous s u l f u r i c  a c i d  and char r ing .  



Trapping Experiment 

Anaerobic Pre- t reatment  

S. c e r e v i s i a e  of unkmown s t r a i n  ( l o c a l  brewery a l e  - 

y e a s t )  w a s  c o l l e c t e d  by c e n t r i f u g a t i o n  and washed t h r e e  
49 

t imes with 0.1 M s t e r i l e  phosphate b u f f e r  (6.8 g  KH2PQ4 

and 11.4 g  K2HP04-3B20 p e r  l i t r e  of b u f f e r ;  pH = 6.4). . 

Approximately 40.0 g of t h i s  y e a s t  was suspended i n  1 l i t r e  

of s t e r i l e  complete Medium and maintained under N 2 , f o r  90 

h r ~ . ~ .  The y e a s t  was t h e n  c o l l e c t e d  by c e n t r i f u g a t i o n  

and washed twice  wi th  s t e r i l e  phosphate b u f f e r .  

Incubat ion with [ 2 2 ~ 1 - ~ a n o s t e r o l  , 

A 0.669 mg sample of C23~]- lanos tero l  (37) and 50 mg - 

T r i t o n  X-100 were made up t o  10.0 m l  w i th  ace tone .  A 10 

/ ul a l i q u o t  of t h i s  s o h .  was then  taken for_pounting (gave 

3.43~10~ cpm; t h e r e f o r e  t o t a l  a c t i v i t y  = 8.48~10~ cpm). 

The remaihder of t h i s  s o h .  was t r a n s f e r r e d  q u a n t i t a t i v e l y  

t o  t h e  bottom of a  f o u r  l i t r e  V i r t i s  fe rment ing  f l a s k .  

The acetone was blown o f f  and 1 l i t r e  of  s t e r i l e  minimal , 

medium was added and s t i r r e d  f o r  10 min. A 20 g  p o r t i o n  

of t h e  a n a e r o b i c a l l y  p r e - t r e a t e d  y e a s t  was suspended i n  

t h i s  medium and fermented a e r o b i c a l l y  a t  30•‹ C ( s t i r r i n g  

r a t e  = 400 rpm; a i r  f low = 5 l/min. ) . 
Afte r  3 h r s .  of a e r a t i o n ,  500 r n l  of t h e  f e rmenta t ion  

C- 

mixture was withdrawn and t h e  y e a s t  ha rves ted  ( c e n t r i f -  

u g a t i o n )  and washed t h r e e  t i m e s  with phosphate b u f f e r .  



The c o I l e c t e d  y e a s t  w a s  f r eeze -d r i ed  t o  g ive  1.42 g  of dry  

y e a s t .  A f t e r  6 h r s .  t h e  remainder of t h e  f e rmenta t ion  

mixture was s i m i l a r l y .  t r e a t e d  t o  g ive  1.31 g  of dry  y e a s t .  
-L e 

R a d i o a c t i v i t y  Recoveked from Supernatants  

Both t h e  3 h r .  d  6 hr. superna tan t s  ( p l u s  b u f f e r  + 
washings ) were i n d i v  d u a l l y  t r e a t e d  as fo l lows  : ) î - 

Each was m i u p  t o  1 1 with H&. 100 r n l  of t h i s  was 

e x t r a c t e d  i n t o  t h r e e  50 m l  p o r t i o n s  of Et20. The combined 
L 

Et20 e x t r a c t s  were washed once wi th  100 r n l  s a t u r a t e d  NaCl 

s o l n . ,  d r i e d  over  MgS04 and made up t o  200 m l  w i th  addi-  

t i o n a l  E t 2 O .  5.0 m l  of t h i s  e t h e r e a l  s o l n .  was taken f o r  
L P ., counting.  

"*=qhe 3 h r .  a l i q u o t  gave 5 .50xlo4 cpm; t h e r e f o r e  t h e  

t o t a l  a c t i v i t y  = 2 . 2 0 ~ 1 0 ~  cpm. The 6 h r .  a l i q u o t  gave 

4.35~10~ cpm; t h e r e f o r e  t h e  t o t a l  a c t i v i t y  = 1 . 7 4 ~ 1 0 ~  cpm. 

Ex t rac t ion  of Non-saponifiable F r a c t i o n  (N.S.F. ) from 

Freeze-Dried Yeast 
Z 

Both t h e  3 hr. and 6 h r .  f r eeze -d r i ed  y e a s t  were i n d i -  
8 

v i d u a l l y  hydrolyzed a s  fo l lows :  

The yeas t  was suspended i n  a  so ln .  con ta ih ing  7.5 g 

KOH, 10 m l  water ,  and 35 m l  e thanol .  Th i s  suspension was 

re f luxed  under N2 f o r  3 hrs.,  cooled and d i l u t e d  wi th  50 

r n l  water and e x t d c t e d  i n t o  f o u r  75 m l  port 'rons of hexane. 

The combined hexane e x t r a c t s  were washed t h r i c e  wi th  100 

r n l  p o r t i o n s  of  water  and d r i e d  ( M ~ s o ~ ) .  The so lven t  was 
v 



t h e n  removed i n  vacuo. - 

The 3 h r .  y e a s t  y i e l d e d  50.4 mg N.S.F.. and t h e  6  h r .  

y e a s t  40.6 mg N.S.F. Each N.S.F.-was made up t o  25.0 m l  

wi th  benzene and 50 U1 was t aken  f o r  count ing.  The 3 h r .  

N.S.F. a l i q u o t  gave 2.20X104 cpm; t h e r e f o r e  t h e  t o t a l  

a c t i v i t y  = 1 . 1 0 ~ 1 0 '  cpm. The 6 hr. N.S.F. a l i q u o t  gave 

3 . 2 8 ~ 1 0 ~  cprn; t h e r e f o r e  t h e  t o t a l  a c t i v i t y  = 1 . 6 4 ~ 1 0 ~  cpm. 

I s o l a t i o n  of 4,4-Dimethyl and -!Ia-Methyl S t e r o l s  

The 3 hr. N.S.F. and 6 h r .  N.S.F. were i n d i v i d u a l l y  

t r e a t e d  a s  fo l lows :  

Each N.S.F. ( d i s s o l v e d  i n  a  minimum of cyclohexane) 

was app l i ed  t o  a s i n g l e  p r e p a r a t i v e  T.L.C. p l a t e  (20  X 20 

cm X 1 rnm s i l i c a  g e l ) .  The p l a t e  was developed one t ime 

with cyclohexane/ethyl a c e t a t e  (3/1). The p l a t e  was t h e n  

sprayed wi th  a  0.1% s o l u t i o n  of Rhodamine 6  G i n  ace tone  

and v i s u a l i z e d  under W l i g h t .  The 4,4-dimethyl and Qa- 

methyl s t e r o l  bands (and a l s o  t h e  remainder of t h e  p l a t e )  

were scraped o f f  and e l u t e d  wi th  e t h e r .  The e t h e r  was 

removed - i n  vacuo. Each f r a c t i o n  was made up t o  10.0 m l  

wi th benzene and a 25 a l i q u o t  of each was t aken  f o r  

count ing.  The counting r e s u l t s  a r e  given i n  Table 2.  

Addition and Re- t so la t ion  of TrappTng S t e r o l s  

The 4,4-dimethyl and 4a-me%hyl s t e r o l  f r a c t i o n s  of 

t h e  6 h ~ .  N.S.F. were a c e t y l a t e d  by overnight  t rea tment  

wi th  a c e t i c  anhydrLde/pyridine (1/2 ) . 



A.) 4,4-~imethyl Sterols : To the 4,4-dimethy3 sterol ' 

acetates was added 100 mg each of lanosteryl acetate . 

(1 - AC ) , 32-norlanosteryl 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 20% AgN03 

impregnated silica gel) and developed once with C H ~ C ~ ~ /  

EtOAc (97/3). The plates were sprayed with 0.14 Rh 

'" 

6 g in acetone and visualized under W light. The appro- 
I 

priate bands were sc~aped off and eluted with ether. Each 
9 

sterol acetate was then re-chromatographed as above on 5 

, preparative T. L.C. plates. 

i The recovered lahosterol acetate was recrystallized 

from 95% ethanol to constant specific activity (see Table 

4) 

The recovered 32-norlanostqryl acetate was recrystal- 

lized repeatedly from, 95% 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 crystallized from 95% ethanol. 

The specific activity was essentially the same as before 

admixture (see Table 5). 

The recovered 4,4-dirnethyLfeeos&e~yf aceta-ke was also 

recrystallized 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 4 Ac - 



recovered from t h e s e  p l a t e s ' w a s  r e c r y s t ' a l l i z e d  from 95% 

e thano l  and f i n a l l y  re-chromatographed on a s i n g l e  prep. 

T.L.C. p l a t e .  The s p e c i f i c  a c t i v i t y  was e s s e n t i a l l y  t h e  

same a s  b e f o r e  admixture ( s e e  Table 6 ) .  

B )  lia-Methyl S t e r o l s :  To t h e  ha-ml;thyl s t e r o l  

a c e t a t e s  was added 100 mg of 31-nor lanos tery l  a c e t a t e  

(5 Ac). This  was chr~matographed on 4 prep. T.L.C. p l a t e s  

asDabove.  The recovered - 5 Ac was r e p e a t e d l y  r e c r y s t a l l i z e d  
3 

from methanol ( s e e  Table 7 ) .  Y 

A 0.82 mg p o r t i o n  of - 5 Ac was t h e n  mixed wi th  5.27 mg 

un1abell;d - 1 - A c  and 5.15 mg un labe l l ed  5 Ac. The a c e t a t e s  . 

i n  t h e  mixture were Peduced t o  t h e  f r e e  a l c o h o l s  (wi th  

LiA1H4 i n  e t h e r )  and separa ted  on 2 prep. T.L.C. p l a t e s  

(developed wi th  h e x a n e / ~ t o ~ c  - 3/l) . The l a n o s t e r o l  and 

31-nor lanos te ro l  bands were scraped o f f  and e l u t e d  with 

i e t h e r .  E a c h  e l u t e d  s t e r o l  was re-chromatographed as above 

on a s i n g l e  prep. T.L.C. p l a t e  and t h e n  assayed f o r  r ad io -  

a c t i v i t y .  Tkre recovered l a n o s t e r o l  and 31-nor lanos te ro l  

had s p e c i f i c ' a c t i v i e s  of 25.9 cpm/mg and 6 . 3  cpm/mg r e -  

s p e c t i v e l y .  This  impl ie s  t h a t  t h e  0.82 mg sample of 5 Ac 

had 42 cpm/mg from i n t r i n s i c  a c t i v i t y  and 152 cpm/mg from 

1 Ac contamination, - 



Search f o r  4 , 4 - ~ i m e t h y l f e c o s t e r o l  (4  ) and 31-Norlanosterol  
( 5 )  i n  T o t a l  Yeast S t e r o l s  

P repara t ion  of T o t a l  Yeast S t e r o l s  

Yeast S t e r o l  Concentrate  ( S o l i d  Res idues) :  This  con- 

c e n t r a t e  was used as suppl ied  by Mycofarm-Delft. 

Yeast S t e r o l  Concentrate  ( s o l u t i o n  ~ e s i d u e s ) :  A 500 

m l  p o r t i o n  of t h i s  m a t e r i a l  ( supp l i ed  by Mycofarm-Selft) 

was concent ra ted  f u r t h e r  by removing most of t h e  so lven t  

on a  r o t a r y  evapora tor .  The r e s u l t i n g  r e s i n o u s  r e s i d u e  

was app l i ed  t o  150 g  s i l i c a  g e l  and e l u t e d  wi th  3 1 benzene. 
4 

RemovaL of the-benzene from t h e  e l u e n t  gave 17.6 g  yellow 

semi-sol id .  

' N.S.F. from Laboratory Grown Yeast:  A 4  1 V i r ' t i s  

fermenting f l a s k  con ta in ing  2 1 s t e r i l e  complete medium 

was inocu la ted  wi th  a  24 h r .  t e s t  tube  c u l t u r e  of S. - 

ce rev i sae  (brewery a l e  y e a s t ) ;  The y e a s t  was grown aero-  

b i c a l l y  f o r  4 8  h r s .  (temp. = 30" C ;  a e r a t i o n  = 4 t o  5 1 of 

air/min. ; s t i r r i n g  = 500 rpm) , hhrvested ( c e n t r i f u g a t i o n ) ,  

washed 3 t imes  wi th  wate? and f r eeze -d r i ed .  Th i s  gave 

13.5 g  d ry  w t .  y e a s t .  

A 13.0  g  p o r t i o n  of t h i s  f r eeze -d r i ed  y e a s t  was sapon- 

i f i e d  by r e f  luxing  urrder argon for 3 h r s .  i n  a-mix%ttre of 

400 m l  954: e thano l ,  100 m l  water  and 75 g KQH. A f t e r  cool- 

ing ,  t h e  mixture was d i l u t e d  wi th  500 m l  water  and e x t r a c t e d  
4 

i n t o  f o u r  500 m l  p o r t i o n s  of hexane. The combined hexane 



e x t r a c t s  were washed twice with water  and d r i e d  ( M ~ s o * ) .  

Removal of t h e  so lven t  i n  vacuo y ie lded  1.34 g yellow - 

s o l i d  (N.S.F.) .  
t9 

N.S.F. from Brewery Grown Yeast: Fresh brewery a l e  

y e a s t  was ha rves ted  ( c e n t r i f u g a t i o n )  and washed twice  wi th  

water .  Approximately 1 kg (wet w t . )  of t h e  y e a s t  was 

saponi f ied  by r e f l u x i n g  under argon f o r  3 h r s .  i n  a mixture 

of 1700 m l  956 e thano l ,  300 m l  water  and 300 g  KOH. The 

s a p o n i f i c a t i o n  mixture w a s  t h e n  cooled, d i l u t e d  wi th  1500 

m l  water  and e x t r a c t e d  w i t h  hexane. This  gave 1.34 g 

yellow- semi-sol id  (N.s.F. ). 

I s o l a t i o n  and Analysis  of  4 , 4 - ~ i m e t h y l  and 4 a - ~ e t h y l  
a 

S t e r o l  F rac t ions  

The s t e r o l  concen t ra te  o r  N.S.F. w a s  a p p l i e d  t o  20 

t o  30 t imes i t s  weight of n e u t r a l  alumina (grade  111) and 

e l u t e d  wi th  hexane/benzene (1/1 - V/V) . The 4,4-dimethyl 

s t e r d l s  were e l u t e d  f i r s t ,  followed by t h e  ila-methyl s t e r o l s  . 

and f i n a l l y  t h e  4-desmethyl s t e r o l s .  Column development 

was fpllowed by a n a l y t i c  T.L.C. of  t h e  e l u e n t .  Any column 
S ' .  

e l u e n t  of mixed composition was re-chromatographed on 

e i t h e r  columns o r  p r e p a r a t i v e  T.L.C. p l a t e s  (20 X 20 c m  X 

1 mm s i i i c a  gel developed once with hexane /~Wbe  - 311). 
~ r e ~ a r k t i v e  were v i s u a l i z e d  by spraying  wi th  0.14 

Rhodamine 6 G i n  acetone and i l l u m i n a t i n g  wi th  W l i g h t .  

The separa ted  s t e r o l  f r a c t i o n s  were analyzed (as TMS r- 
I' 

I 

i 



- 

d e r i v a t i v e s )  on t h e  c a p i l l a r y  G.L.P.C. column. Excessive 

q u a n t i t i e s  were o f t e n  i n j e c t e d  i n  an e f f o r t  t o  d e t e c t  

minor components. 

Separa t ion  and Analysis  of S t e r o l  Aceta tes  

The s t e r o l s  of t h e  4,4-dimethyl and qa-methyl f r a c t i o n s  
C 

were a c e t y l a t e d  by overnight  t rea tment  with a c e t i c  anhy- 

dr ide /pyr id ine  (1/2 ) 4 .  

The ga-me'thyl s t e r o l  a c e t a t e s  were separa ted  i n  an 

e f f o r t  t o  i s o l a t e  31-nor lanos tery l  a c e t a t e  ( 5  - Ac). The 

a c e t a t e s  wwe a p p l i e d  t o  p r e p a r a t i v e  T.L.C. p l a t e s  (20 X 

20 cm X 1 mm of 2046 AgN03 impregnated s i l i c a  g e l )  which 

were developed once wi th  C H & ~ ~ / E ~ O A C  (97/3) .  The p l a t e s  ' 

were v i s u a l i z e d  by spraying  wi th  0.1% Rhodamine 6 G i n  

acetone and i l l u m i n a t i n g  wi th  W l i g h t .  The a p p r o p r i a t e  

bands were scraped o f f ,  e l u t e d  wi th  e t h e r  and analyzed 

on t h e  c a p i l l a r y  G.L.P.C. column. 

The 4,4-dimethyl s t e r o l  a c e t a t e s  were separa ted  i n  

order  t o  o b t a i n  s u f f i c i e n t  32-nor lanos tery l  a c e t a t e  ( 3  - A c )  

f o r  t r a p p i n g  and s y n t h e t i c  purposes. The a c e t a t e s  were 

a p p l i e d  t o  50 t imes  t h e i r  weight of 204 A g o 3  impregnated 

s i l i c a  g e l  and e l u t e d  w i t h  h e x a n e / c ~ & l ~  (4/1 - v/v). 

Development was followed by a n a l y t i c  T.L.C. Lanos tery l  
- - 

a c e t a t e  (1 - Ac) was e l u t e d  f i r s t ,  followed by 32-norlano- 

s t e r y l  a c e t a t e  ( 3  - Ac). 



F u ~ i f i c a t i o n  of Lanosterol  (1) - 

A s o l u t i o n  of 7.5 m l  bromine (140 mmole) i n  100 m l  

a c e t i c  a c i d  w a s  added dropwise t o  a  s o l u t i o n  of 50.0 g 

crude l a n o s t e r o l *  i n  700 m l  e t h e r  maintained a t  0"  C. 

The r e a c t i o n  mixture w a s  l e f t  stirring overnight  a t  4' C, , 

a f t e r  which it was washed s e q u e n t i a l l y  wi th  500 m l  water  

( conta in ing  s u f f i c i e n t  NaHS03 t o  reduce any remaining f r e e  

bromine), 500 m l  5% aqueous NaHCO, ( t w i c e ) ,  and 500 m l  

water ( t w i c e ) .  Drying (?@SO*)  and removal o f  t h e  e t h e r  i n  

vacua gave 60.8 g yel low s o l i d  (crude  24,25-dibromolano- 

s t e r o l ) .  

This m a t e r i a l  was re f luxed  i n  1400 m l  1 M e t h a n o l i c  

KOH f o r  t h r e e  h r s .  and t h e n  poured i n t o  1 1 ice/water.  The 

r e s u l t i n g  suspension was n e u t r a l i z e d  with conc. H C 1  and 

e x t r a c t e d  with e t h e r .  The e t h e r  e x t r a c t  w a s  washed wi th  . 
s a l i n e  and d r i e d  ( M ~ s o , ) .  Removal o f  t h e  e t h e r  gave 47.1 g 

yellow s o l i d  ( crude 24-bromolanosterol) . 

The crude 24-bromolanosterol w a s  f r a c t i o n a l l y  c r y s t a l -  

l i z e d  from chlorofom/methanol (1/1 - V/V) using  t h e  double 

withdrawal techniquez2 t o  g i v e  13.3 g p u r i f i e d  24-bromo- 

* The crude l a n o s t e r o I  was 58% l a n o s t e r o l ,  37% 24,25- 
d ihydro lanos te ro l ,  3% agnos te ro l  and 2% 24,25-dihydro- 
agnos te ro l  by G. L. P. C ,  a n a l y s i s .  



lanosterol (24) as colourless needles, mp. 197-199" C - 

(lit. 23 nip. 196-198" c), 

M.S. : 506, 504 (I@, 35) 491, 489 (Mt - CH3, loo), 473 
471 (M? - CH3 - H20, 51), 425 (I@ - Br, 21) 

Lanosterol (1) - 

A 1 M naphthalene-sodium solution was prepared by 

stirring 4.0 g (174 &ole) sodium and 12.8 g (100 mmole) 

naphthalene in 100 ml dry THF under N2 for 1 hr. 

The-~esulting dark green soh. was transferred via 

syringe to a soln, of the 24-bromolanosterol in 500 ml dry 

THF' maintained under N2. Decolouration of the napthalene- 

sodium soh. was instantaneous until an excess had been 

added, at which point addition was stopped. 

The reaction mixture was worked up by pouring into 

500 ml ice/water and extracting twice into 500 ml CH2C12. 

f. The combined CH2C1, extracts were washed with water until 

neutral and dried (M~so*). Removal of the solvent in vacuo - 4 

left a mixture of lanosterol and naphthalene. Removal of 

the naphthalene-via sublimation afforded 11.4 g purified 

lanosterol (1) - as colourless needles (from acetone/methanol 

- 2/1), mp. 137.5-139' C (lit.32 mp. 140" c). 

U.V. : ~0.5% 7,9 diene (from agnosterol and 24,25- 

dihydroagnosterol ) 

. L. P. C. : <O. 5$ agnosterol + 24,25-dihydroagnosterol 
--/ 



1% 24,25-dihydrolanosterol 

M.S.: 426 (g, 571, 411 (M? - CH., 100)~ 393 (I@ - 

N.M.R. : 0.70. (s, 3H, I~-CH,), 0.82 (s, 3H, ~P-CH,), - - i - 

20-CH,), 1.00 (s, 6 ~ ,  4a-CX, and 10-CH,), - - - 

1.61 and 1.68 (br s and br s ,  3 H  and 3H, 



Synthes i s  of 4 , 4 - ~ i m e t h y l f e c o s t e r o l  ( 4 )  - 

4,4-~imethyl-24~-bromo-25-hydroxy-~~-cholest-8-en-~~-yl 

Aceta te  ( 1 4 )  - 

To 600.9 mg 32-nor lanos tery l  a c e t a t e  (3  - Ac) (1.32 
I 

m o l e ) ,  d i s so lved  i n  10.5 m l  THF and 2 .5  m l  water  a t  0" C, 

was added wi th  s t i r r i n g  270 rng N-bromosuccinimide (1.52 

m o l e ) .  A f t e r  s t i r r i n g  an a d d i t i o n a l  2  hrs. a t  0" C ,  

t h e  r e a c t i o n  mixture was poured i n t o  25  m l  water  and 

e x t r a c t e d  i n t o  two 25 r n l  p o r t i o n s  of e t h e r .  The combined 

e t h e r  e x t r a c t s  were washed once wi th  50 m l  water  and 
/'-- --- 

d r i e d  (MgSO* ) . Removal of t h e  e t h e r  - i n  vacuo gave 0.745 g 
< 

t a n  s o l i d  ( 1 4 ) ,  - mp. 160-165" C. 

IR. : 3500 cm- (0-H), 1725 'cm- ( C 4 ,  e s t e r ) ,  

1255 cm-' (C-0, e s t e r )  

CJ 4,4 -~ imethy l -24?  , 2 5 - e p o ~ y - 5 ~ - c ~ l e s t - 8 - e -  - 1  Acetate  
(15) P 

To t h e  hydrobromide, - 14,  dissoJved i n  a mixture of 
/ 

15 m l  acetone and 5 m l  methanol, was added 0.5 g  powdered 

anhydrous K2CO3. This was s t i r r e d  a t  room temp. f o r  1$ 

h r s .  The r e a c t i o n  mixture was then  poured i n t o  25 m l  
- - -  

water  and e x t r a c t e d  twice  i n t o  25 m l  CH2C12. The combined 

CH2C12 e x t r a c t s  were washed once wi th  50 m l  water  and 

d r i e d  (MgSO+ ) .  Removal 05 t h e  CH2C12 - i n  vacuo. gave 

0.615 g l i g h t  yellow s o l i d  (15) ,  - mp. 113~118~ C .  



IR. : 1730 cm- ' ( C S ,  ester); 1250 cm- ' (c-0, ester 
and epoxide) 

M.S.: '470 (M+, loo), 455 (M+ - CH3, 2719 452 (2719 
410 (M+ - AcOH, 63), 395 (M* - CH3 - AcOH, 59) 

~,4-~imethyl-24-oxo-~~-cholest-8-en-~~-yl Acetate (16) - 
To the epoxide, - 15, (1.30 rnmole), dissolved in 25 ml 

DMSO was added 1.12 g NaI and 1.28 g 1-iodopropane. The 

reaction mixture was stirred at 80" C for 3 hrs. The 

resulting dark red soln was poured into 50 ml salted ice/ 
\ water and extracted into four 50 ml portions of CH2C12. 

The combined CH2Cle extracts were washed once with 200 ml 

water containing 4.5 g Na2S2O3.5H20 and twice with 200 ml 

water. Drying ( M ~ s o ~ )  and removal of the solvent - in vacuo 
8 

gave 0.614 g yellow solid (&rude - 16). ' * 

This crude material was' chromatographed on 25 g 

silica gel developed with benzene/ethyl acetate.)98/2- 

v/v). Collection of the approprLate fractions gave 

0.335 g of - 16 as yellow needles, mp. 115-120" C. 

IR. : 1730 cm- ( ~ 4 ,  ester), 1715 cm- (c=o, ketone), 
.. 

1250 cm-' (C-0, ester) 

A) Phosphonium salt : A solution of 10.1 g bromo- 

methane (105 mmole) and 30.0 g triphenylphosphine (114 



mmole) i n  200 m l  benzene was s t i r r e d  a t  room temp. f o r  

f o u r  days. The s a l t  which p r e c i p i t a t e d  was c o l l e c t e d  by 

f i l t r a t i o n ,  washed wi th  benzene and d r i e d  i n  vacuo over  - 
t 

p205 t o  g ive  38.3 g methyltriphenylphosphonium bromide, 

a s  a white  s o l i d ,  mp. 330-333" C (lit.33 mp. 327-331" c ) .  
b 

B )  .Wi t t ig  r e a c t i o n :  A 1.803 g (5.05 mmole) p o r t i o n  

c. of t h e  phosphonium sa l t  was suspended i n  20 m l  d r y  THF 

under N2. An equimolar amount of b u t y l l i t h i u m  i n  hexane 

(23.1 w t .  $ )  was added v i a  syr inge  through a septum. The 

r e s u l t i n g  orange y l i d e  s o b  was s t i r r e d  under N2 f o r  an  

a d d i t i o n a l  2 h r s .  

'The k e t o  e s t e r ,  16,  (0.71 mmole), d i s so lved  i n  ,5  m l  - 
dry  THF, w a s  added v i a  sy r inge  t o  t h e  y l i d e  s o h  and t h e  

r e a c t i o n  mixture was re f luxed  under N2 f o r  24 h ~ s .  a f t e r  
& 

cool ing ,  it was poured i n t o  25 m l  water  and e x t r a c t e d  

t h r e e  t imes i n t o  25 m l  benzene. The combined benzene 

k x t r a c t s  were washed twice  wi th  50 m l  water  and d r i e d  

* ( M ~ S O ~  ) . Removal of t h e  benzene i n  vacuo gave 0.906 g - 
orange s o l i d  (crude  4 p l u s  t r iphenylphosphine oxide ) . 

=5 - - 
' 1% 

This  c h d e  s t e r o l  was p u r i f i e d  by chromatography on . 

20 g s i l i c a  g e l  developed wi th  benzene. C o l l e c t i o n  of 

t h e  a p p r o p r i a t e  f r a c t i o n s  gave- 0.256 g o f  8 ,+-aimethyl- - 

- 

i e c o s t e r o l  4 ,  as c o l o u r l e s s - p l a t e s ,  mp. (from methanol) - 



- - - 

4 , 4 - ~ ~ ~ e t h ~ l f e c o s t e r o l  Aceta te  (4  AC ) - 

A p o r t i o n  of 4 was converted t o  i t s  a c e t a t e  by over- - 
n i g h t  t rea tment  wi th  a c e t i c  anhydride/pyridine (1/2) .  

This  gave c o l o u r l e s s  p l a t e s  (from 954 e t h a n o l ) ,  mp. 134- 

135.5" C (lit.8 mp. 152-154O c ) .  

IR. : 3080 c m  (C=CH; ), 1730 cm- (C=O,  e s t e r ) ,  
1 

1640 cm-' ( c x ) ,  1245 cm-' (C-0,  e s t e r ) ,  890 

cm-' ( c = C H ~ )  

M.S.: 468 (M*, l o o ) ,  453 (M* ; CH3, 2 2 ) ,  408 (M* - 
AcOH, 331, 393 (MC - CH3 - AcOH, 31) 

N.M.R.: 0.61 ( s ,  3H,  1 3 - C H 3 ) ,  0.88 ( s ,  6H,  4a -cHs .  
b 

and 4 p - c H 3 ) ,  0.99 ( d ,  J=2.5 cps ,  6 ~ ,  25- 

( C H 3 ) 2 ,  1.08 ( s ,  3H,  l O - C H s ) ,  2.04 (s, 

3H, C & C O 2 - ) ,  4.70 ( b r  S ,  2H, C = C H ~ )  - 

- 



Synthes is  of 31-Norlanosterol  ( 5 )  - 

4 
Methyl 3-0~0-4,4,14-trimethyl-~-chol-8-en-24-oate (25)  - 

Two 6 . 0  g ( 1 4  mmole) ba tches  off p u r i f i e d  l a n o s t e r o l  

(1) were i n d i v i d u a l l y  t r e a t e d  a s  fol lows.  Each was d i s -  

solved i n  1. 1 C H ~ C ~ ~ / E ~ O A C  (1/1) conta in ing  19 pyr id ine  

and cooled t o  -78" C (acetone/dry i c e ) .  A s t ream of 03/02 

l ~ ~ a s ' p a s s e d ' t h r o u g h  t h e  s o h .  (1 l/min.)  u n t i l  a p a l e  b l u e  

colour  developed, i n d i c a t i n g  a  excess  of  ozone. Af te r  

warming t o  room temperature t h e  s o l v e q t  was removed - i n  

vacua' and replaced  by 250 m l  i c e  co ld  a c e t o n e .  Jones 

reagent2* was added dropwise t o  t h e  ozonide so ln .  (main- 
a /' 

t a i n e d  at&_" C) u n t i l  an orange-brown colour  p e r s i s t e d .  

This was then  poured i n t o  1 1 ice/fI20 and e x t r a c t e d  twice 

i n t o  500.1~11 e ther . '  The combined e t h e r  e x t r a c t s  were 

shaken with 1 1 5% aqueous N a G H .  The aqueous l a y e r  and 

in te rphase  s o l i d  (emulsions were broken v i a  c e n t r i f u g a t i o n )  
3 

:.[ere drawn o f f ,  a c i d i f i e d  wi th  cone. H C 1  and e x t r a c t e d  

t x i c e  i n t o  800 m l  e t h e r .  i 

The combined e t h e r e a l  e x t r a c t s  of both ba tches  were 

iiashed with s a l i n e  and dnied. ( M ~ s o ~ ) .  Removal of t h e  

e t h e r  -- i n  vacuo gave 10.0 g l i g h t  yellow s o l i d  (crude  k e t o  

a c i d ) .  

: .:ethylation of t h e  crude k e t o  a c i d  with e t h e r e a l  

5iazonethane '" and p u r i f i c a t i o n  v i a  column chromatography 

( 7 - n  , 2 ~  g s i l i ca  g e l  jeveloped x i t h  b e n z e n e & t ~ ~ c  - 95/5) 
' x. 



gave 4.61 g white solid (purified 25), colourless needles. - 
(from methanol), mp. 1 - l o  C, (lit.34 mp. 141-143~ c). 

IR. : 1740 cm--' (c=o, ester), 1710 cm- (c=o, ketone), 
# 

1170 cm-I (c-0, ester) j 

and 20-CH,) , 1.07 (s, 3H, 4a or .4$ or - 
1 I 

10-CH,), 1.09 (s, 3H, 4a or 4~ or 10-~g& - 

1.11 (s, 3 H , -  4a or 48 or 10-CH~), 3.68 (s, - 

3H, - C O ~ C H ~ )  - 

Methyl 3-~~drox~imino-4,~,l~-trimethyl-5a-chol-8-en-2~- - 
oate (26) - -  . . 

To 4.47 g (10.4 rnmole) 25 suspended in 100 ml absolute - 
ethanol was added 2.0 g hydroxylamine hydrochloride (29 , 

rnmole) and 5 ml triethylamine. This was refluxed for a . 

hr. After cooling, the ethanol was removed in vacuo and 
d 

the residue extracted twice into 50 ml CH2C12 against 50 

ml water. The combined CH2C12 extracts were washed once 

with 100 m1 and dried (M~so,). Removal of the 

CH2C12 in ve 4.66 white solid (26), colourless - - 
needles (from methanol), mp. 168-170" C. 

IR. : 3470 em- (0-H) , 1740 em- ('C=O, ester), 1715 
4 

cm-I (c=N), 1170 cm-I (c-0, ester), 930 cm-' 

(N-0) 
i ' 

\ M.S. : 443 ( 35, 8 ( - CH3, 100) , 412 (41)~ 



Methyl 2-Cyano-3,4-seco-4,14-dhethyl-4-methylene-3-nor- a 

A solution of 4.65 g (10.4 mrnole) - 26 and 9.0 g (46 
.- 

mmole) freshly recrystalliz'ed p-toluenesulfonyl chloride 

in 60 ml dry pyridine was refluxed under N2 for 3 hrs. 

This was then neutralized with cold 3 N HC1 and extracted 

twice into 150 ml ether. The combined ether extracts were 8 * & 

washed sequentially with 200 ml saline, 200 ml 5% NaHC03 

soln. and 200 ml saline. Drying of the extract . ( M g ~ 0 ~ )  

and removal of the ether - in vacuo gave 4.21 g red br'own 

This gum was chromatographed on 200 g neutral alumina 
i 

(grade 111) developed with benzene. Collection of the 

appropriate fractions gave 2.22 g pale yellow oil which 

slowly crystallized as colourkess needles (27), - mp. (from 
/ 

methanol) 82-83' C. b 

IR. : 3080 cm- (c-H of c=cH*), 2250 cm- ' (c-N) , 1735 
c m - l  ( C = O  of ester), 1635 cc' C=C of c = c H ~ ) ,  - 

1165 crn- C-0, ester), '89gfirn- ' (c-H of C=CH~) 
e 



Methyl 2-Cyano-~,4-seco-4~,l~-dimethyl-~,~-methyleneoxy- 

3-nor-?a-chol-8-en-24-oate (28) - I 

To 2.20 g of the seco-nitrile, 27, (5.15 mmole) dis- 
r - 

solved in 50 ml ice cold CHC13, was added, over a period 

of 15 minutes, 1.04 g 854 technical m-chloroperbenzoic 

acid' (5.15 mmole). After an additional 2 hrs. of stirring 

at 0" C the CHC13 was removed - in vacuo and replaced with 

100 ml benzene. - This was washed once with 50 ml saturated 

NaHC03 soln., twice with 50 ml water and dried (M~SO*). 

Eemoval of the benzene - in vacuo gave .2.48 g colourless 

needles (28), - rap. (from methanol), 123-126O C. 

JI IR. : 2250 cm- (@N), 1740 cm- ' (c=o, ester), 1275 
cm- (epoxide), 1170 cm- ' (C-0, ester) , 

\ 

4 . .  441 ( I @ ,  34), 426 (I@ - CH3, loo), 425 (20)~ 

k23 (12), 410 (-26), 408 (52), 398 (17), 394 . 



Methyl 3-0x0-ha, 1 4  -dimethy l-5a-chol-8-en-24 - o a t  (29 - ) 

The epoxide,  - 28, and 0.5 m l  f r e s h l y  d i s t i l l e d  BF3 

e t h e r a t e  were r e f luxed  i n  50 m l  d ry  to luene  under N2 f o r  

l -&'hrs .  A f t e r  cool ing ,  an a d d i t i o n a l  50 m l  benzene was 

added, and t h e  organic  l a y e r  w a s  washed s e q u e n t i a l l y  wi th  

100 m l  s a l i n e ,  100 m l  5% NaHC03 and 50 m l  s a l i n e .  Drying 
e.t 

( M ~ s o ~ )  and removal of t h e  so lven t  - i n  vacuo gave 2.21 g 

red-brown guy. 

This gum was chromatographed on 100 g  s i l i c a  g e l  

u s i n g  benzene and t h e n  b e n z e n e / c ~ C l ~  (3/1) a s  development 

so lven t .  This ,  gave 0.557 g  of t h e  k e t o - e s t e r ,  2, a s  

c o l o u r l e s s  needles ,  mp. 131-136' C .  

I R .  : 1740 c m l  ( ~ 4 ,  e s t e r ) ,  1?15 c n r l  (~4, ketone)  

M.S.: 414 ( M I ,  17) ,  399<(M+ - CH3,  l o o ) ,  385 (15),  
, 

367 (12 

N.M. R.  : 0.74 ( s ,  3H,  I ~ - c H ~ ) ,  - 0.89 ( b r  s ,  6 ~ ,  1 4 - C H ~  - 

and 20-CH3), - 1.02 ( d ,  ~=6.5 cps ,  3 H ,  4a-cH3 - ), 

3-Ethylene Keta l  of Methyl 3-0~0-4~,14-dirnethyl-5~-chol- 
- ,  

The k e t o  e s t e r ,  - 29, (1.35 m o l e ) ,  t o g e t h e r  wi th  3 m l  

e thylene  g l y c o l  (54 mmole) and 100 mg p- to luenesul fonic  

a c i d  were d i s so lved  in 50 r n l  benzene and ~ e f l u x e d  f o r  4* 

hrs. i n  a f l a s k  f i t t e d  wi th  a  Dean-%ark t r a p .  Af te r  

cool ing ,  an a d d i t i o n a l  50 m l  benzene was added and t h e  

organic  l a y e r  was washed once w i t h  50 m l  s a t u r a t e d  NaHC03 -- i 



s o h .  and twice  wi th  50 m l  water ,  Drying (Mgs04) and 

removal of t h e  benzene - i n  vacuo kave.,0.606 g of t h e  k e t a l  

e s t e r ,  - 30, as of f -whi te  needles ,  mp. 146-150O C .  
4 

I R .  : 1740 c m l  (c=o, e s t e r ) ,  1170 cm-' (c-0, "  e s t e r )  

M.S.: 458 (M+, 35)) 443  (M+ - C H s ,  l o o ) ,  429 ( 2 0 ) )  

3-Ethylene % e t a 1  of 4a, 14-~imethyl-24-hydroxy-5a-chol-8- 
en-3-one (31 - ) P 

To t h e  k e t a l  e s t e r ,  - 31, (1.32 rnmole) d i s so lved  i n  50 

r n l  i c e  co ld  d ry  e t h e r ,  was added 100 mg LiA1H4 (2.64 

mmole). Af te r  s t i r r i n g  t h i s  f o r  5+ h r s .  a t  room temp. 

t h e  excess LiA1H4 was des t royed by adding 1 m l  of 10$ 

aqueous NaOH. The e t h e r e a l  so ln .  was t h e n  f i l t e r e d  and 

d r i e d  ( M ~ S O ~  ) .  Removal of t h e  e t h e r  - i n  vacuo gave 0.567 

g 2 a s  ' c o l o u r l e s s  needles ,  rnp. 174-177" C .  

M.S. : 430 (Mf, 2 8 ) )  415 (M+ - CH3, l o o ) ,  401 ( l a ) ,  

7-Ethylene Ke ta l  of 3-0xo-ha, 14-dimethyl-5a-chol-8-en- ' 

24-a1 ( 3 2 )  - 

A s o h .  of chromium t r i o x i d e - p y r i d i n e  complex i n  - 

C H 2 C 1 2  was produced by adding 800 mg dry  Cr03 (8 rnmole) t o  

a s o h .  of 1 .29  r n l  d r y  pyr id ine  (16 mmole) i n  20 ml dry  

?- s p e c t r o  grade C H 2 C 1 2  and s t i r r i n g  under N2 a t  room temp. 

f o r  $ h r .  
C 



The k e t a l  a l c o h o l ,  - 31, (1.32 mmole) w a s  d i s so lved  

i n  10 m l  d ry  CH2C12 and added t o  t h e  above s o h .  A 

b l ack  sludge immediately p r e c i p i t a t e d .  The r e a c t i o n  

mixture w a s  s 3 i r r e d  a t  room temp. under N2 f o r  & h r . ,  
c 

a f t e r  which 100 m l  benzene was added.. The organic  l a y e r  

was , then  washed t h r e e  t imes  w i t h  50 m l  54 aqueous NaOH, 

twice wi th  50-ml s a l i n e  and d r i e d  ( M ~ s o ~ ) .  Removal of 

t h e  so lven t  - i n  vacuo gave 0.556 g  32, a s  a p a l e  yellow 

r e s i n .  The m a t e r i a l  hardened but  d i d  no t  c r y s t a l l i z e .  

I R .  : 2720 cm- (c -H ,  a ldehyde) ,  1725 em- ' (C=O,  

aldehyde ) 

: A s o h .  of 13.0 g t r i p h e n y l -  

. O  m l  2-bromopropane (63.5 @ 

\- 

mmole) i n  75 m l  m-xylene was re f luxed  !for two weeks. The 

s a l t  which p r e c i p i t a t e d  w a s  c o l l e c t e d  from t h e  cooled 
0 

s o h .  by f i l t r a t i o n  and t h e n  washed w i t h  benzene and d r i e d  

i n  vacuo over PzOs. This  gave 3.20 g i sopropy l t r ipheny l -  - 

phosphonium bromide as c o l o u r l e s s , c r y s t a l s , ~ p .  239-240" 

C (lit.35 mp. 238-239' c ) .  

B) W i t t i g  r e a c t i o n :  A 3.19 g (8.25 mmole) p o r t i o n  

of t h e  phosphonium s a l t  was suspended i n  40 ml dry  THF 

under N 2 .  An equimolar amount of b u t y l l i t h i w n  i n  hexane 



.* 

. 
(23.1 w t .  4 )  was added v i a  syr inge  through a septum. The 

r e s u l t i n g  r e d  orange y l i d e  s o h .  was s t i r r e d  under Nz 

f o r  a n  a d d i t i o n a l  13 b s .  . 
The k e t a l  aldehyde, - 32, (1.30 m o l e )  d i s s o l v e d  i n  5 

m l  d ry  THF was added v i a  sy r inge  t o  t h e  y l i d e  s o h .  and 

t h e  r e a c t i o n  mixture was re f luxed  f o r  24 h r s .  under N g .  

A f t e r  cool ing ,  it was poured i n t o  75 m l  water  and e x t r a c t e d  

. t w i c e  i n t o  75 m l  benzene. The combined benzene e x t r a c t s  

were washed twice  wi th  75 ml water  and d r i e d  (MgSo4). 
' 

' Removal of t h e  benzene i n  vacuo gave 1 .59  g of f -whi te  - - 

s o l i d  (keta.1, - 33, p l u s  t r iphenylphosphine ox ide ) .  

- c,) Hydrolysis  of ke-Fal, - 33: The crude k e t a l  was 

/' dissolved  i n  a mixture of 30 m l  THF and 10 m l  0.5% aqueous 
% 

H2SO4 and s t i r r e d  f o r  13 h r s .  This  was t h e n  poured i n t o '  

50 r n l  s a t u r a t e d  NaHC03 s o h .  and e x t r a c t e d  i n t o  100 m l  

benzene. The benzene l a y e r  was washed twice wi th  50 m l  

water  and d r i e d  ( M ~ s o ~ ) .  . Removal of, t h e  benzene i n  vacuo - 
gave 1 .52  g l i g h t  yellow s o l i d  (crude  ketone, 34, p l u s  - 
t r iphenylphosphine ox ide ) .  

The ketone was p u r i f i e d  on 75 g s i l i c a  g e l  developed 

wi th  benzene t o  g ive  0.418 g c o l o u r l e s s  r e s inous  m a t e r i a l ,  

I .  : 17lO c m l  .(c=O, ketone)  

M.S.: 410 (PI+, 35) ,  395 (M+ - CH3, l o o ) ,  381 ( 1 4 )  



and 20-CH3), - 1.02 ( d ,  ~ = 6 . 5  cps ,  3H,  h a - c ~ 3  - 1, 
1.19 ( s ,  3 H ,  10-CH3), - 1.60 and 1.69 ( b r  s 

and b r  s ,  3 H  and 3 H ,  C X ( C H ~ ) ~ )  - 

To t h e  ketone,  - 3 4 ,  (1.02 mmole) d i s so lved  i n  50 ml 
I 

dry  e t h e r  was added 1.27 g L i A l H ( 0 - t ~ u ) ~  (5.0 mmole). 

Af te r  s t i r r i n g  t h i s  f o r  2 h r s .  a t  room temp. t h e  excess  4 

hydride reagent  was destroyed by adding 1 ml of 104 aqueous 
P 

NaOH. The e t h e r e a l  s o h .  was t h e n  d r i e d  wi th  MgS04 and 
'h 

f i l t e r e d .  Removal of t h e  e t h e r  - i n  vacuo gave 0.341 g 

whi te  s o l i d  ( 5 ) ,  - c o l o u r l e s s  needles  (from acetone/  

methanol) ,  ,mp. 110-112" C .  

379 (M+ - CH,'-- H20, 11) 

31-Norlanosteryl  Acetate  (5  - A c ) -  

A p o r t i o n  of - 5 was converted t o  i t s  a c e t a t e  by over- 

n igh t  t rea tment  wi th  a c e t i c  anhydride/pyridine (1/2) .  

This  gave c o l o u r l e s s  needles  .(from methanol) ,  mp. 105- * 

106.5" C (lit.18 mp. 103-104•‹ c ) .  

I R .  : 1740 c r r 1  ( ~ 4 ,  e s t e r ) ,  5 c r 1  (c-0, e s t e r )  



-t 1.61 and 1.69 (br s and br s, 3H and 3H, 



Synthes is  of [2-3H]-~anosterol (37) - 

Ianos terone  (35) - -  
To a so ln .  of 0.95 g dry  pyr id ine  (12 mmole) i n  20-ml 

d2y s p e c t r o  grade  CH2C1, was added 0.60 g dry C r O s  (6 mmole). 

A 213 mg p o r t i o n  of p u r i f i e d  l a n o s t e r o l  (1) (0.5 mmole) was - 

added t o  t h e  r e s u l t i n g  r e d  s o  and s t i r r e d  f o r  15 minutes. % 
The organic  l a y e r  was then  de from t h e  b lack  p r e c i p i -  

\ 

t a t e ,  d i l u t h w i t h  50 ml e t h e r ' a n d  washed success ive ly  with 

25 m l  56 aqueous NaOH ( t h r i c e ) ,  25 m l  0.25 N H C l ,  25 m l  

s a t u r a t e d  NaHCO, so ln .  and 25 rnl water. Drying ( w d  

removal of t h e  s o l v e n t  i n  vacuo gave 199.8 mg -- 

R e c r y s t a l l i z a t i o n  of t h i s  o i l  from acetone/m than01 gave i 

43. o r  48 o r  1 0 - C H ~ ) ,  1.10 ( s ,  3H, k ox 48 - 

o r  1 0 - C H ~ ) ,  1.12 ( s ,  3 H ,  4a o r  48 o r  1 0 - C H ~ ) ,  
u- - 

1.61 and 1.68 ( b r  s and b r  s ,  3 H  and 3 H ,  

c = c ~ c H ~ ) ~ ) ~  5.10 ( b r  t, J=7 CPS, 24-H) - 

[2-3~]-I.anosterone (36) - 
/ A )  ~ r i s a t e d  Alumina Column: A 6.6 g sample of b a s i c  

alumina -:ras thoroughly dehydrated by maintaining it under 

high vacuum a t  350" C f o r  t h r e e  hrs. A f t e r  cool ing,  0.2 m l  



of HTO ( 5  ~ i / m l )  'was added t o  t h e  alumina and e q u i l i b r a t e d  

by shaking f o r  t h r e e  h r s .  i n  a s e a l e d  f l a s k .  The t r i t i a t e d  . 

alumina was packed i n  d ry  pentane/benzehe ( 1  - V V )  in  a 
n 
25 

small  g l a s s  column. . ( A  10  m l  b u r e t t e  f i t t e d  wi th  a t e f l o n  

stopcock was used . )  

B)  Tr i t ium Exchange of  Lanosterone: A 50.0 rng p o r t i o n  

of t h e  l anos te rone  w a s  d&ssolved in  a s m a l l  volume of dry 
3 

pentane/benzene (1/1) and a p p l i e d  t o  t h e  column. The column 

was t h K d e v e l o p e d  wi th  200 m l  d ry  pentane/benzene (1/1) a t  

a flow r a t e  of  0.5 ml/minute, c o l l e c t i n g  a l l  of t h e  ,200 m l  

e l u e n t  i n  one f r a c t i o n .  Removal of t h e  s o l v e n t  from t h i s  

e l u e n t  gave 51.6 mg c l e a r  o i l  (C2-3~3-lanosterone) (361) - . 
9 

P-~I-II -Lano$terol (37) - 

To t h e  t r i t i a t e d  lanos terone  (36)  - (0.118 mmole) , 
.d issolved i n  10 m l  dry e t h e r ,  was added 300 m g  (1.18 mole) 

of  L ~ A ~ H ( o - ~ B u ) ~ .  The r e a c t i o n  f l a s k ,  f i t t e d  wi th  a drying 
L 

tube ,  was l e f t  stirring a t  room temp. f o r  two hrs. Excess 

hydr ide  reagents  was t h e n  destroyed by adding 0.25 m l  10$ 

' aqueous NaOH and stirring f o r  15 minutes. Drying of t h e  
N 

e t h e r e a l  s o h .  ( M ~ s o ~ ) ,  followed by removal of t h e  e t h e r  
& 

(N2 stream and then  vacuum), gave 49.0 rng ~ r u d e [ 2 - ~ ~ } -  

l a n o s t e r o l  as a x h i t e  s o l i d .  This was r e c r y S t a l l i z e d  from 

acetone/methanol (1/1 - V/V) t o  g ive  35.8 - mg p u r i f i e d  

p a ] - l a n o s t e r o l  (37), - as co lour le s s  needles ,  mp. 135-136.5O 

6 i: ( l i t . 3 2 m p .  lhoO), wi th  a s p e c i f i c  a c t i v i t y  o f  1 . 2 5 ~ 1 0 ~  



cpm/mg (=24.2 ~ i / m o l e ) .  The [~SHJ--lanosterol was pure by 

. T.-L. C. and G.'L. P. C .  (>99$ pur i ty )  and in  both cases co- 
, 

chromatographed with au then t ic  lanosterol .  



A - 

Appendix A - Relevent IUPAC Steroid ~omenclature 36 , 
P 

1) Numbering 

Jc 2) Ca on Skeletons 

Name 

Cholane 

Cholestane 
- 



3) Symbols and Prefixes 

a - Substituent below plane of paper 

B - Substituent above plane of paper y - 
5 - Stereochemistry unknown 

Seco - Ring is broken between carbons designated 

Nor - Carb~n designated is lacking 



Appendix B - IUPAC Nomenclature of ~rkvial Names Used 
t 

Trivial Name IUPAC Name , 
1) Agnosterol 4,4,14-~rimethyl-5a-cholesta- -. 

7,9(ll) ,24-trien-3~-01 

3) Cholestanol 

4) Cholesterol Cholesta-5-en-3@01 

9) Ergosterol 

10) Fecosterol 



a 
12) Lanosterone 4,4,14-Trimethyl-9-cholesta- 

, 8,24-dim-3-one 

dihydrolanosterol 8,24(28)-dien-3p-01- 

20) Zymosterol 5a-Cholesta-8,24-dien-3~-ql 
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