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Applications of One Chromatography .<md Mass 
Spectrometry to Steroids and Other Biologically 

Important Materials

Summery

General
Techniques "have been developed for the structural 

analysis of microgram quantities of son© biological materials 
using gas chromatography end maos spectrometry# The work 
has been mostly limited to two typc3 of material

(i) p»hydroxy*aminea and related catecholamines 
(il) natural and gy^thatle steroids

The latter type* the study of whlefc ttfaatitatee 
most of this thesis |i prosents special difficulties due to the 
many positions on the steroid nucleus which may contain a 
functional group. The substituent groups etudied aro alkyl* 
olefin* hydroxyl and carbonyl. Methods are developed for 
obtaining otructural information directly (where the course 
of fragmentation under electron impaot is not known) end by 
methods which require a knowledge of ion fragmentation processes.

Considerable use is made of derivatives for hydroxyl 
and carbonyl modification to improve gas chromatographic 
properties* and to assist in functional group characterisation.



Such assistance is afforded byi-
(a) molecular weight increment giving the number 

of functional groups capable of forming the 
derivative, and

(b) the ability of tho derivative to direct mass 
spectral fragmentation to produce ions 
characteristic of the group*s location.

PART 1 - P-HYDROXY-AHIIir.3 ATTD CATECHOLAMINES
A Btudy is made of the usefulness of alkyl and aryl 

boronio acids as derivatives of p-hydroxy-amines and related 
catecholamines. This bifunotional reagent reacts with both 
the cateohol and hydroxy-amine groups vizi*

x  *
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Both of these types of derivatives are amenable to gas 
ohromatographic study, and from the maos spectra it is possible 
to identify the groups R* and R".
PART 2 *  ALKYL ATI'S STEROIDS

A study is cade of alkylated and nor-steroids as 
their tricethyloily1 ethers. The looation of methyl groups 
on steroids of the testosterone type is shown to be possible



by oeana of gas chromatographic retention increcanta and 
by shifts in m/e values of ions in the mass spectrum.
PART 3 * OLBPIfflC STEROIDS

One of the more exacting problems inherent in 
steroid analysis is the locations of some olefinic groups 
by mass spectrometry. Although olefinic bonds may modify 
the fragmentation of neighbouring groups, tho mass spectra 
of steroids often givo no direct indication of the location 
of isolated unsaturation. A study is made of isomeric

and b? estren-17-onoo which give almost identical 
mass spectra, Chemical modification, such as oxidation of 
the olefin with osmium teiroxide and derivatisation of the 
resulting cin-diol. is shown to assist in characterising these 
three isomera by gaa chromatography and mass spectrometry,
FART 4 - OXYGKIIATSD STEROIDS A TO TERPENOIDS

A technique of deuteriution by gas liquid chromatography 
is developed and applied to tho examination of oomo steroids 
and terpenoids. Saturated and unsaturatcd ketones are shown 
to givo satisfactory exchange of enolio hydrogen with deuterium ofte 
gae chromatography on basic columns saturated with deuterium 
oxide. Subsequent mass spectrometry shove the extent of 
deuteriation which is informative for location of the carbonyl 
group, Ethynyl groups (which are present in some progootational 
steroid drugs) and hydroxyl groups are also shown to cxchango 
aoetylenic or hydroxylic hydrogen with deuterium after 
deuteriation. The use of trimsthylsilyl ethers and O-ncthyl-



oximes as derivatives for "blocking" exchange at hydroxylic 
and enolic positions is demonstrated, thereby permitting 
selective deuteriation at unprotected groups,
PART 5* STEROID rRUG rsTABOLIS?*

Soms of tho abovo taohniquas are applied to the 
study of urinary motabolitas of the anabolic steroid drug 
"Rilevar" (l7a-ethylestr-4-©a-17P-ol-3*one) enabling 
tentative structures to be postulated.



INTRODUCTION

G as L iqu id  C h ro m a to g ra p h y  and M ass  S p e c tro m e try  a s  
________________ c o m p le m e n ta ry  techn iques______________

The gas c h ro m a to g ra p h  has  fo r  m any  y e a r s  now been

an e x t r e m e ly  pow erfu l a n a ly t ic a l  tool in  i t s  own r ig h t .  I t  is

ab le  to s e p a r a te  quite  com plex  m ix tu r e s  u n d e r  the  a p p ro p r ia te

conditions , and to iden tify  the com ponents  by th e i r  re te n t io n

v o lu m es  (see  In tro d u c tio n ,  "R ec o rd in g  of G. L. C. D ata")

c o m p a re d  w ith  those  of au then tic  s ta n d a rd s .  A com ponent m ight

be c o n s id e re d  id en tif ied  when its  b eh av io u r  is  in d is t in g u ish ab le

f ro m  th a t  of the s ta n d a rd  on two o r  th re e  d if fe ren t  s ta t io n a ry

p h a se s  in  i t s  f r e e  fo rm  and a s  one o r  m o re  of i t s  d e r iv a t iv e s .

T h is  im p l ie s  a c e r t a in  am ount of p r io r  knowledge o r  p re su m p tio n

and i t  is  c l e a r  tha t a  m ethod  fo r  fu r th e r  c h a r a c te r i s a t i o n  of

com ponen ts  a f t e r  the c h ro m a to g ra p h ic  s e p a ra t io n  w ill  be of

a s s i s t a n c e  w h e th e r  one knows, o r  does not know what the

com ponen ts  m igh t be. The m a s s  s p e c t r o m e te r  i s  an id ea l

in s t r u m e n t  fo r  th is  p u rp o se  s in ce  i t  r e q u i r e s  m a te r i a l  in  the

v ap o u r  p h a se  and a lso  y ie ld s  defin itive  in fo rm a t io n  f ro m  su b -
*

m ic r o g r a m  q u a n t i t ie s .

The f i r s t  a n a ly s e s  by gas  c h ro m a to g ra p h y  - m a s s
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s p e c t r o m e t r y  (GC/MS) w e re  m ade  by s im p ly  trap p in g  out the 

e ff luen ts  ind iv idua lly  f ro m  the gas c h ro m a to g ra p h  and s u b ­

sequen tly  iden tify ing  them  by m ean s  of the m a s s - s p e c t r o m e t e r .

T his  m ethod , a lthough s im p le ,  is  f a r  f ro m  id e a l  s ince  i t  is  

t im e -c o n s u m in g ,  l iab le  to lead  to co n tam ina tion  and d iff icu lt  

to apply  to s a m p le s  of only a few m ic r o g r a m s .  F o r  h igh- 

re s o lu t io n  c a p i l la ry  co lum ns, often  u sed  fo r  f lav o u r  a n a ly s is ,  the 

q u an ti t ie s  e lu ted  a r e  f a r  too s m a l l  fo r  e ffec tive  t r a n s f e r  by th is  

m ethod , and the com ponen ts  u su a lly  e m e rg e  f ro m  the co lum n 

too ra p id ly  fo r  m an u a l  handling . To a t ta c h  the m a s s  s p e c t r o m e te r  

to the  end of the gas c h ro m a to g ra p h  colum n so tha t the e ffluen ts  

p a s s  s t r a ig h t  into the ion s o u rc e  r e q u i r e s  c e r ta in  m o d if ica tions  

to be m a d e  both to the gas c h ro m a to g ra p h  and the m a s s  s p e c t r o m e te r .

T h e s e  have  been  d i s c u s s e d  in a rev iew  by W. H. M cF ad d en   ̂ and

2 177 17 8m o re  re c e n t ly  by o th e r  w o rk e r s  ’ * ’ T he  m ain  r e q u i r e m e n t  to be

m e t  by the m a s s  s p e c t r o m e te r  is  tha t the t im e  of m e a s u r e m e n t  m u s t

be s h o r t  so tha t each  GLC peak  can  be scanned  a s  i t  e m e r g e s ,

e ac h  s ca n  co v e r in g  only a s m a l l  sec t io n  of the peak  while the

c o n c e n tra t io n  in  the ion s o u rc e  r e m a in s  a p p ro x im a te ly  con s tan t .

M ethods of o v e rc o m in g  th is  p ro b le m  v a ry  fo r  d if fe ren t  m a s s

s p e c t r o m e te r s  but the m ain  d iff icu lty  is  am p lify ing  the s ig n a l

w hich  m igh t be of the o r d e r  of 200 p eak s  p e r  second  and fo rm in g
-  2 -



a  su i tab le  p e rm a n e n t  r e c o rd ,  lo s ing  a s  l i t t l e  in fo rm a t io n  a s  

p o s s ib le .  T h is  is  p a r t i c u la r ly  im p o r ta n t  fo r  high re so lu t io n  

m a s s  s p e c t r o m e t r y  w h e re  p r e c i s e  m a s s  m e a s u r e m e n ts  a r e  

re q u i re d .  Id ea lly  the re c o rd in g  s y s te m  should  p o s s e s s  no 

in e r t i a ,  thus  the o sc i l lo sc o p e  and m ag n e t ic  tape re c o rd in g s  

a r e  id e a l  m ethods  in  th is  r e s p e c t .

The p r e s s u r e  in the a n a ly s e r  of the m a s s  s p e c t r o m e te r  should 
_ 5

be kep t below 10 t o r r . , and is  d e te rm in e d  by the cap ac ity  of 

the ev acu a tin g  pum ps and the r a te  a t  w hich the co lum n effluent 

e n te r s  the ion s o u rc e .  H ig h e r  p r e s s u r e s  cau se  im p a i rm e n t  

of the m a s s  s p e c t ru m  due to io n -m o lec u le  co ll is io n .  To 

c o u n te ra c t  th is  by in c re a s in g  the pum ping eff ic iency  m ean s  

th a t  m o r e  of the s a m p le  w ill be pum ped away and thus 

s e n s i t iv i ty  i s  lo s t .

The p ro b le m  is  not quite so s e v e re  fo r  c a p i l la ry  co lum ns 

w h e re  the flow r a t e  i s  1 to 2 m l. p e r  m inu te , and G C /M S 

a n a ly s e s  have been  ob ta ined  us ing  a flow s p l i t t e r  a t  the co lum n

ex it  w hich d i r e c t s  a su i ta b le  po rtio n  of the gas in to  the ion

3
s o u rc e  . Up to h a lf  of the to ta l s am p le  can be in tro d u ce d  

into the m a s s  s p e c t r o m e te r  by th is  m e a n s .  S a t is fa c to ry  

in c o rp o ra t io n  of c a p i l la r y  co lum ns h a s  a lso  been  ach iev ed
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by o p e ra t in g  the  gas  c h r o m a to g r a p h  a t  r e d u c e d  p r e s s u r e  .

In  th is  w ay  the w hole  co lu m n  e ff lu en t  c a n  be fed  in to  the  ion

s o u r c e  w ithou t any  c r i t i c a l  r i s e  in  p r e s s u r e .

F o r  p a ck e d  c o lu m n s  w h e re  the  flow r a t e  i s  u s u a l ly  f ro m

30 to 60 m l / m i n . , m o r e  e l a b o r a t e  m e th o d s  o f  e ff luen t

in t ro d u c t io n  a r e  r e q u i r e d .  S im p le  flow s p l i t t in g  can  be u sed ,

bu t c l e a r l y  a  m u ch  s m a l l e r  f r a c t io n  of the e lu te d  s a m p le  m u s t

be fed in to  the ion  s o u r c e  than  i s  p o s s ib le  w ith  c a p i l l a r y  c o lu m n s .

T h u s  s a m p le s  in  the  m i c r o g r a m  ra n g e  m u s t  be c o n c e n t r a te d  by

s e le c t iv e  r e m o v a l  of c a r r i e r  gas  b e fo re  m a s s  s p e c t r a l  a n a ly s i s .

V a r io u s  d e v ic e s  a r e  now a v a i l a b le  f o r  th is  p u rp o s e  and  have

5 177'r e c e n t ly  b e e n  r e v ie w e d  by R ees  an d  J a n k  . Som e of them  a r e  show n 

d i a g r a m m a t i c a l l y  in  F ig .  1.
0

T he  a l l  g l a s s  s e p a r a t o r  in t r o d u c e d  by W atso n  and  B ie m a n n  

in  1964 c o m p r i s e s  e s s e n t i a l l y  a  p o ro u s  g la s s  tube  e v a c u a te d  on the 

o u ts id e .  T he  s a m p le  in  the c a r r i e r  g a s  (h e liu m ) p a s s e s  th ro u g h  

th e  tube and  in to  the  ion  s o u r c e .  T h e  f a s t e r  d if fu s io n  o f the  

h e l iu m  th ro u g h  the p o ro u s  g la s s  c a u s e s  an  e n r i c h m e n t  of the 

e lu te d  s a m p le .  A f i f ty - fo ld  e n r i c h m e n t  w as  found in  the  c a s e  

o f  d ie th y l  e th e r ,  w ith  a  s e p a r a t o r  y ie ld  of 10 to 50% . We m a y

define  s a m p le  e n r i c h m e n t  and  s e p a r a t o r  y ie ld  a s

-  4 -



E n r ic h m e n t  = s a m p le :  c a r r i e r  gas r a t io  a f t e r  s e p a r a t io n
s a m p le :  c a r r i e r  gas  r a t io  b e fo re  s e p a r a t io n

S e p a r a to r  Y ie ld  = a m o u n t  of s a m p le  e n te r in g  m a s s  s p e c t r o m e t e r
a m o u n t  of s a m p le  e n te r in g  s e p a r a t o r

The d im e n s io n s  of the  s e p a r a t o r  m u s t  be o p t im is e d  w ith

r e s p e c t  to the  gas  flow r a t e  e x p ec te d ,  in  o r d e r  to o b ta in

m a x im u m  e f f ic ie n c y ^ .
g

T he m e th o d  f i r s t  r e p o r t e d  by R yhage in  1964 w as  b a s e d

9
on the i s o to p e  j e t  s e p a r a t o r  d e s c r ib e d  by B e c k e r  . T he  d ev ice

i s  m a d e  f ro m  s t a i n l e s s  s t e e l  an d  is  bo th  ro b u s t  and  e f f ic ie n t .

T he  e f f ic ie n c y  d o es  v a r y  w ith  h e l iu m  flow r a t e  bu t an  e n r ic h m e n t

f a c to r  of 90 h a s  b e en  found fo r  a  flow r a t e  of 40 m l / m i n  u s in g  a

two s ta g e  s e p a r a t o r  w ith  40 to 50% of the s a m p le  e n te r in g  the

ion  s o u r c e .  A s in g le  s ta g e  R yhage  s e p a r a t o r  h a s  b een  found

s a t i s f a c to r y  fo r  w o rk  w ith  c a p i l l a r y  c o lu m n s  A m o d if ic a t io n

12of the W a ts o n -B ie m a n n  s e p a r a t o r  w as  m a d e  by L ip sk y  e t  a l . in  

1966. I n s te a d  of the  p o ro u s  g la s s  tube , L ip sk y  u s e d  a th in - w a l le d  

T e f lo n  c a p i l l a r y  tube  ( leng th  2 .1  m , w a l l  th ic k n e s s  0.125 mm, o u ts id e  

d i a m e t e r  0. 5 m m ) th ro u g h  w hich  the  h e l iu m  c a r r i e r  g a s  s e le c t iv e ly  

d if fu sed .  I t  i s  an  a p p a r e n t  im p r o v e m e n t  on the B ie m a n n  s e p a r a t o r  

in  th a t  i t  i s  m o r e  r o b u s t  and  a l lo w s  40 to 70% of the  s a m p le  in to



the  m a s s  s p e c t r o m e t e r  u n d e r  o p t im u m  co n d it io n s .  T he

t e m p e r a t u r e  of the  s e p a r a t o r  i s  h o w e v e r  c r i t i c a l  fo r  m a x im u m

p e r f o r m a n c e ,  an d  m u s t  be m a in ta in e d  in  the  280° to 330°C

t e m p e r a t u r e  r a n g e .  F u r t h e r m o r e ,  t h e r e  i s  only  one to f ive fo ld

e n r ic h m e n t  of the  s a m p le  in  the  c a r r i e r  g a s  and  the p r e s s u r e

in  the  ion s o u r c e  i s  g e n e r a l ly  h ig h e r  than  th a t  o b ta in a b le  w ith

a  W a ts o n -B ie m a n n  type  s e p a r a t o r .  I t  a p p e a r s  then  th a t  the

L ip sk y  s e p a r a t o r  i s  an  i m p r o v e m e n t  on the  W a ts o n -B ie m a n n

type only  w hen u s in g  open  tu b u la r  c o lu m n s ,  w h e r e  h igh  s a m p le

e n r ic h m e n t  i s  n o t so im p o r t a n t  and  the a n a l y s e r  p r e s s u r e  c an  be 

-7m a in ta in e d  a t  10 t o r r .

A n o th e r  p r in c ip le  o f  s e p a r a t io n  w h ich  i s  of i n c r e a s in g  

13 -16i n t e r e s t  w a s  f i r s t  a p p l ie d  by L le w e lly n  and  L i t t le jo h n

13
in  1966. T h e  s e p a r a t o r  they  d e v is e d  c o n s i s t s  b a s ic a l ly  of a

s i l ic o n e  r u b b e r  m e m b r a n e  o v e r  w h ich  the  gas  c h r o m a to g r a p h ic

e ff lu e n ts  p a s s .  T he  o th e r  s id e  of the  m e m b r a n e  i s  k e p t  u n d e r

v a cu u m  an d  c o n n ec te d  to the  io n  s o u r c e  o r  to a n o th e r  s e p a r a t o r .

A two s ta g e  s e p a r a t o r  i s  i l l u s t r a t e d  in  F ig .  1. T h e  s i l i c o n e

r u b b e r  m e m b r a n e  a l lo w s  the o rg a n ic  e f f lu e n ts  to p a s s  th ro u g h

in to  the  io n  s o u r c e  bu t r e m a i n s  r e l a t i v e ly  im p e r m e a b le  to the

h e l iu m  c a r r i e r  g a s .  Any s a m p le  no t  a b s o r b e d  by th e  f i r s t

m e m b r a n e  c an  b e  p a s s e d  a t  a t m o s p h e r i c  p r e s s u r e  in to  a
-  6 -



co n v en t io n a l  g a s  c h r o m a to g r a p h ic  d e te c to r .  T h u s  fo r

a  s in g le  s ta g e  s e p a r a t o r  no s a m p le  is  w a s te d .

T h e s e  s y s t e m s ,  a lthough  not c o m p re h e n s iv e ,  r e p r e s e n t

the  p r in c ip l e s  w h ich  h av e  b een  u s e d  to d a te  in  o r d e r  to e f fe c t

s a m p le  to c a r r i e r  gas  e n r i c h m e n t .  T h e r e  have  been  m a n y

v a r i a t i o n s  o f  the W a ts o n -B ie m a n n  s y s t e m  su ch  a s  the p o ro u s

17 18m e t a l  s e p a r a t o r s  d e s c r ib e d  by C r e e  , B lu m e r  , and  K r u e g e r  and 

19
M c C lo s k e y  , an d  the s in t e r e d  g la s s  d is c  s e p a r a t o r  d e s c r ib e d  

20by M o r in  . T h e s e  d e v ic e s  h o w e v e r  a p p e a r  to o f fe r  no

a p p r e c ia b le  a d v a n ta g e  e x c e p t  p o s s ib ly  i n c r e a s e d  r o b u s t n e s s .

One f u r t h e r  c o n s id e r a t io n  to be tak en  in to  a c c o u n t  fo r

ta n d e m  G C /M S  a n a ly s i s  i s  th a t  the  c h ro m a to g ra m , o b ta in ed

sh o u ld  r e f l e c t  a t  an y  in s ta n t  the s a m p le  c o n c e n t r a t io n  in  the

io n  s o u r c e .  A lthough  s o m e  of the  m e th o d s  o f  GLC s a m p le

in t r o d u c t io n  m e n t io n e d  e a r l i e r  p e r m i t  the u s e  of an  a u x i l i a r y

d e te c to r ,  s o m e  t im e  la g s  a r e  u s u a l ly  in e v i ta b le .  I t  i s

p r e f e r a b l e  t h e r e f o r e  to h a v e  a  c h r o m a to g r a p h ic  d e t e c to r  in

o r  n e a r  the  io n  s o u r c e  o f  the  m a s s  s p e c t r o m e t e r .  One m e th o d ,

w h ich  w as  u s e d  w ith  the  B en d ix  t im e - o f - f l i g h t  m a s s  s p e c t r o m e t e r ,

co n t in u o u s ly  r e c o r d e d  the s ig n a l  ou tpu t f r o m  a  s in g le  ion  c o m m o n

21to a l l  o f  the  c o m p o u n d s  b e in g  s tu d ie d  (e. g. C „ H K+ = m / e  41 w hich
o o --------
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FIG ,2

Schemat ic  diagram of* the  LKB 93^0 Gas Chromatograph — ftass Spectrometer
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i s  p r e s e n t  in  m o s t  h y d r o c a r b o n s  w ith  4 o r  m o r e  c a r b o n  a to m s ) .  

T h is  h a s  the obv ious  d is a d v a n ta g e  th a t  the p eak  h e ig h t  on the  

c h r o m a to g r a m  w il l  be a  p o o r  r e p r e s e n t a t i o n  of the q u a n t i ty  of 

m a t e r i a l  in  the  m a s s  s p e c t r o m e t e r  s in c e  the r e l a t i v e  ab u n d an c e  

o f  th is  f r a g m e n t  i s  v e r y  m u c h  d ep en d en t on the  s t r u c t u r e  of the 

com pound . A m u ch  s u p e r i o r  m e th o d  i s  to c o l le c t  a  p ro p o r t io n  

o f  the  to ta l  io n s  p ro d u c e d  in  the  m a s s  s p e c t r o m e t e r  and  feed  th is  

s ig n a l  in to  the  G LC r e c o r d e r .  F o r  the  m a g n e t ic - d e f l e c t io n  

m a s s  s p e c t r o m e t e r  su ch  a d e te c to r  c an  be  p la c e d  in  a  su i ta b le  

p o r t io n  of the  io n  b e a m  b e tw een  the ion  s o u r c e  and  the a n a l y s e r  

tube .

T h e  LKB 9000 c o m b in e d  in s t r u m e n t  u s e s  a s in g le -  

fo c u s in g  m a g n e t i c - d e f l e c t io n  m a s s - s p e c t r o m e t e r  w h ich  i s  

co u p led  to the  gas  c h r o m a to g r a p h  v ia  a  two s ta g e  R yhage  s e p a r a to  

The p r in c ip a l  w o rk in g  p a r t s  of the  i n s t r u m e n t  a r e  show n 

s c h e m a t ic a l ly  in  F ig .  2. T he  m a s s  s p e c t r u m  s ig n a l  i s  

a m p l i f ie d  u s in g  an  e l e c t r o n  m u l t ip l i e r  and  s u b s e q u e n t  DC 

a m p l i f i e r ,  the  l a t t e r  fe e d in g  t h r e e  s ig n a l s  in to  a  m u l t i ­

c h a n n e l  h igh  s p e e d  UV r e c o r d e r  in  the  in te n s i ty  r a t i o s  1:10:100, 

S im u l ta n e o u s ly  a  'm a s s  m a r k e r '  r e c o r d s  a  s ig n a l  fo r  e v e r y  

m a s s  u n i t  s c a n n e d  to a s s i s t  co u n tin g  of the  m a s s  s p e c t r u m .

T h is  d e v ic e  u s e s  a  H a ll  g e n e r a t o r  w h ich  i s  p la c e d  b e tw ee n  the
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p o le s  of the  m a g n e t  and  p r o v id e s  a  s ig n a l  r e p r e s e n t a t i v e  

of the  m a g n e t ic  flux d e n s i ty .  T h is  s ig n a l  i s  a m p l i f ie d ,  

c o n v e r te d  to d ig i ta l  fo rm  u s in g  a s e r i e s  o f  p r e - c a l i b r a t e d  

p o te n t io m e te r s  an d  d is p la y e d  bo th  on the  c o n t r o l  p a n e l  

(n u m e r ic a l ly )  and  a s  a  s e r i e s  o f  l in e s  on the  UV s e n s i t iv e  

c h a r t .  T he  g as  c h r o m a to g r a m  is  r e c o r d e d  u s in g  a to ta l  

io n is a t io n  c u r r e n t  (TIC) d e t e c to r  of the type  d e s c r ib e d  ab o v e .

In  b e tw ee n  s c a n s  the  e l e c t r o n  b o m b a r d m e n t  in  the  ion  s o u r c e  

i s  k e p t  a t  20 eV in  o r d e r  to av o id  h e l iu m  io n is a t io n .  At 

the  s t a r t  o f e ac h  s c a n ,  h o w e v e r ,  the e n e rg y  m a y  be a u to m a t ic a l ly  

i n c r e a s e d  to a  p r e s e l e c t e d  v a lu e ,  u s u a l ly  of 70 eV.

A s m e n t io n e d  e a r l i e r ,  the  c o m b in e d  m e th o d  of G C /M S  

is  g e n e r a l ly  s u p e r i o r  to the  two s e p a r a t e  te c h n iq u e s  fo r  a n a ly s i s  

of m a t e r i a l s  in  the  s u b - m i c r o g r a m  ra n g e .  M e a s u r e m e n t  of 

the  m a s s  s p e c t r a  im m e d ia te ly  a f t e r  s e p a r a t i o n  s a v e s  t im e  and  

av o id s  the r i s k  of c o n ta m in a t io n  th ro u g h  i n t e r m e d i a r y  h an d lin g .

A n o th e r  i n h e r e n t  a d v a n ta g e  i s  the a b i l i ty  o f  the m a s s  s p e c t r o m e t e r  

to a c t  a s  a s e l e c t iv e  G LC  d e te c to r .  T h u s  by s e t t in g  the  m a g n e t  

c u r r e n t  to r e c o r d  c o n t in u o u s ly  f r a g m e n ts  of a  p a r t i c u l a r  m a s s  to c h a rg e  

r a t i o  a  G LC  t r a c e  w i l l  be  o b ta in e d  show ing  on ly  c o m p o u n d s  

p ro d u c in g  a  f r a g m e n t  of th is  m a s s .  T h u s  fo r  e x a m p le  a s e t t in g  

of m / e  - 124 w il l  g ive  a s t r o n g  s ig n a l  f o r  m a n y  10 m e th y l  s t e r o i d s
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with the A ^ - 3 - o n e - s t r u c t u r e ,  and a set t ing  of  m / e  - 129

w ill  give a s t r o n g  s ig n a l  fo r  m o s t  t r i m e th y l s i l y l  d e r iv a t iv e s  

a  5of s t e r o i d s  w ith  A  -3 - h y d ro x y ,  o r  1 7 -h y d ro x y  g ro u p s  p ro v id e d

th a t  th e r e  a r e  no o th e r  s u b s t i tu e n ts  in  r in g s  A o r  D r e s p e c t iv e ly

( s e e  F ig .  2.1 , p a r t  2).

An e x te n s io n  of th is  te ch n iq u e  o f 's in g le  ion m o n i to r in g '

i s  the  u se  of the A c c e le r a t in g  V o ltag e  A l t e r n a t o r  (AVA) ( 'M u lt ip le

Ion D e te c to r ' )  w h ich  w il l  r e c o r d  the in te n s i ty  of two o r  t h r e e

s e p a r a t e  f r a g m e n ts  a s  the  c h r o m a to g r a m  p r o g r e s s e s .  W ith  the

LKB s y s te m  th is  i s  a c h ie v e d  by co n t in u o u s ly  sw i tch in g  the

a c c e l e r a t i n g  v o l ta g e  in  the  ion  s o u r c e  b e tw ee n  two o r  th r e e

v a lu e s  w hich  a r e  c a l i b r a t e d  to a llow  e a c h  s e le c te d  f r a g m e n t

to be  fo c u se d  s u c c e s s iv e ly  on to the  e l e c t r o n  m u l t ip l i e r .

T h u s  two u n re s o lv e d  co m p o n en ts  o f  a  c h r o m a to g r a m  can  be

t r a c e d  in d iv id u a l ly  by s e le c t in g  c o n c u r r e n t ly  two u n c o m m o n

f r a g m e n t  m a s s e s  of s u f f ic ie n t  in te n s i ty .  T h is  tech n iq u e

w as  in t r o d u c e d  in  co n n ec t io n  w ith  s tu d ie s  of i s o to p e - l a b e l l e d

22c a r b o h y d r a t e s  by S w ee ley  e t  a l

T h e r e  a r e  s t i l l  p r o b le m s  to be o v e r c o m e  how ever, b e fo re  

the te c h n iq u e s  o f  g a s  c h ro m a to g r a p h y  and  m a s s  s p e c t r o m e t r y  w o rk  

a s  w e ll  to g e th e r  a s  they  c an  do a p a r t .
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P e r h a p s  the m o s t  im p o r ta n t  of th e se  is  c o lu m n 'b lee d ' in to  the 

m a s s  s p e c t r o m e t e r .  T h is  i s  a  n u is a n c e  d u r in g  in t e r p r e t a t i o n  

of the r e s u l t in g  'c o n ta m in a te d '  m a s s  s p e c t r a ,  and  i s  a l s o  

h a r m f u l  to the m a s s  s p e c t r o m e t e r .  T he  p r o b le m s  a r e  m o r e  

a cu te  in  in v e s t ig a t io n s  o f  s t e r o i d s  and  o th e r  c o m p o u n d s  of h igh  

m o le c u la r  w e igh t,  b e c a u s e  of the h igh  c o lu m n  t e m p e r a t u r e s  

r e q u i r e d  to a c h ie v e  p r a c t i c a l  r e te n t io n  t im e s .  By r e c o r d in g  

a  'b a c k g ro u n d ' m a s ^  s p e c t r u m  a t  the t e m p e r a t u r e  of o p e r a t io n  

i t  i s  p o s s ib le  to o b ta in  m a s s  s p e c t r a  a p p r o x im a te ly  r e p r e s e n t a t i v e  

of the  p u r e  s a m p le s  by m e a s u r in g  and  s u b s t r a c t i n g  the  b a c k g ro u n d  

p e a k s ,  o r  by u s in g  a  c o m p u te r  to do th is .  H o w ev e r ,  i t  i s  

o b v io u s ly  b e n e f ic ia l  to r e d u c e  the l e v e l  of c o n ta m in a t in g  v o la t i le  

m a t e r i a l  a r i s i n g  f r o m  the co lu m n , and  th is  c an  be a c h ie v e d  u s in g  

low c o n c e n t r a t io n s  of s t a t i o n a r y  p h a s e s  of ty p es  w h ich  a r e  r e l a t i v e ly  

t h e r m o s ta b le .  U n ti l  r e c e n t ly  s u c h  p h a s e s  w e r e  of l im i t e d  v a r i e ty  

and  c o n s i s te d  o f  h igh  m o le c u la r  w e ig h t  s i l ic o n e  p o ly m e r s  co n ta in in g  

v a ry in g  p r o p o r t io n s  o f  m e th y l  and  p h en y l  r e s i d u e s .  F o r tu n a t e ly ,  

a  w id e r  v a r i e t y  of s e l e c t iv e  p h a s e s  i s  now b e in g  m a n u fa c tu r e d  

and  s o m e  p h a s e s  a r e  s ta b le  enough  to be  u s e d  fo r  G C /M S  a t  

250 C o r  above , thus  i n c r e a s i n g  the  ch o ice  fo r  e f fe c t in g  s u i ta b le  

s e p a r a t io n .

T he  p r o b le m  of m a s s  s p e c t r u m  b ia s  due to v a r y in g
-  11 -



c o n c e n t ra t io n  in  the  ion  s o u r c e  h a s  b een  m e n t io n e d  e a r l i e r  

in  co n n ec t io n  w ith  a m p l i f i e r  and  r e c o r d e r  l im i t a t i o n s .  Scan  

t im e s  a s  s h o r t  a s  th r e e  s e c o n d s  h o w e v e r  can  s t i l l  g ive s p e c t r a  

su f f ic ie n t ly  b ia s e d  to g ive  an  e r r o n e o u s  b a s e  p e ak  (i._e. the  m o s t  

in te n s e  p e ak  in  the  m a s s  s p e c t r u m )  and  th is  can  be a s e v e r e  

d is a d v a n ta g e  w hen an  unknown s a m p le  i s  to be id e n t i f ie d  by 

c o m p u te r  s e a r c h  te c h n iq u e s .  In  g e n e r a l ,  l e a s t  d i s to r t io n  w il l  

o c c u r  i f  the  m a s s  s p e c t r u m  i s  s c a n n e d  a t  the  ap ex  of the p eak  

on the c h r o m a to g r a m  s in c e  the  c o n c e n t r a t io n  w il l  v a r y  l e a s t  

a t  th is  p o in t.  F u r t h e r  im p r o v e m e n ts  by s h o r te n in g  the s c a n  

t im e  a r e  l im i t e d  by the  in h e r e n t  l o s s  o f  r e s o lu t io n .

RECORDING G. L. C. DATA

A s w e l l  a s  s e p a r a t i n g  m ix tu r e s  p r i o r  to m a s s  s p e c t r o m e t r y

the g a s  c h r o m a to g r a p h  i t s e l f  p r o v id e s  an  im p o r ta n t  a id  to s t r u c t u r e

id e n t i f ic a t io n .  In d eed  m a n y  c o m p o u n d s  d i f f e r in g  on ly  in  t h e i r

s t e r e o c h e m i s t r y  g ive  a lm o s t  id e n t ic a l  m a s s  s p e c t r a ,  but c an  be

d is t in g u is h e d  by th e i r  G LC re te n t io n  c h a r a c t e r i s t i c s .

T h e  d is t in g u is h in g  f e a tu r e  of any  c o m p o n en t  w hen  s u b je c te d

to GLC i s  i t s  r e te n t io n  v o lu m e  (V ), i. e. the  v o lu m e  o f  c a r r i e r
K

gas  r e q u i r e d  u n d e r  s p e c i f i e d  co n d it io n s  to e lu te  the  s a m p le  f r o m

the co lu m n . I t  i s  u s u a l  to s u b s t r a c t  f r o m  th is  the  c o lu m n  'd e a d  v o lu m e '

so  *kat r e s u l t i n g  p a r a m e t e r  i s  r e p r e s e n t a t i v e  o f  s o lu t e - s o l v e n t
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and s o lu te - v a p o u r  i n t e r a c t i o n s  only . S ince  the  gas  c h r o m a to g r a p h

is  n o r m a l ly  o p e r a te d  u s in g  a  c o n s ta n t  c a r r i e r  gas  flow r a t e ,  i t  is

m o r e  c o n v en ien t  - e s p e c ia l l y  in  i s o t h e r m a l  c h ro m a to g ra p h y - to

e x p r e s s  r e te n t io n  v o lu m e  in  t e r m s  o f  r e te n t io n  t im e  (t ). To

av o id  the a n a lo g o u s  'd e a d  t im e '  r e s u l t i n g  f r o m  the  i n t e r n a l  v o lu m e

of the  co lu m n , t i s  m e a s u r e d  'from  the  a i r  p e a k  to the  a p ex  of 
R

the s a m p le  p eak , o r ,  w hen  c h ro m a to g ra p h in g  h igh  m o le c u la r  

w e ig h t  m a t e r i a l  in  low  b o il in g  s o lv e n ts ,  f r o m  the  so lv e n t  f ro n t  

to th e  ap ex  o f  the  s a m p le  p eak .

C o m p a ra t iv e ly  n o n -v o la t i l e  m a t e r i a l s  su ch  a s  s t e r o i d s  

m ay  be  c h r o m a to g r a p h e d  u s in g  s o l id  in je c t io n  te c h n iq u e s ,  in  

w hich  the s a m p le  s o lu t io n  i s  d e p o s i te d  upon a s m a l l  g a u ze  (o r  

m e ta l  s p i r a l ) ,  the s o lv e n t  e v a p o r a te d  and  the r e s id u e  in t r o d u c e d  

in to  the co lu m n  by i n s e r t i n g  the  g au ze  in to  the in je c t io n  p o r t  h e a t e r .  

A lthough  no a i r  p e ak  o r  so lv e n t  f ro n t  i s  a p p a r e n t  d u r in g  th e s e  

c h r o m a to g r a m s ,  s m a l l  t r a c e s  of s o lv e n t  d i s s o lv e d  in  the s a m p le  

o f ten  p ro v id e  a co n v en ie n t  z e r o  fo r  r e te n t io n  m e a s u r e m e n t s .

B e f o re  r e te n t io n  d a ta  c a n  be u s e f u l  in  s t r u c t u r e  e lu c id a t io n  

they sh ou ld  s a t i s f y  the  fo llow ing  r e q u i r e m e n t s

i)  s m a l l  v a r i a t i o n  w ith  s l ig h t  c h a n g e s  in  gas  flow r a te ;

i i )  s m a l l  v a r i a t i o n  w ith  s l ig h t  c h a n g e s  in  t e m p e r a t u r e ;

i i i )  s m a l l  v a r i a t io n  w ith  s l ig h t  d i f f e r e n c e s  in  the q u an ti ty
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of s t a t io n a r y  p h a s e  u sed .

M o re o v e r ,  they  shou ld  be e x p r e s s e d  in  u n i ts  r e l e v a n t  to 

s t r u c t u r a l  p r o p e r t i e s .  T h e s e  r e q u i r e m e n t s  a r e  im p o r ta n t  to 

e n s u r e  r e p r o d u c ib i l i ty  of r e s u l t s  f r o m  s a m p le  to s a m p le ,  to a llow  

e q u iv a le n c e  of d a ta  o b ta in e d  f ro m  d i f f e r e n t  c o lu m n s  w ith  s i m i l a r  

l iq u id  p h a s e s ,  and  to en ab le  s t r u c t u r a l  in fo r m a t io n  to be i n f e r r e d  

f r o m  s u c h  d a ta .  U n fo r tu n a te ly ,  t i s  u n s u i ta b le  in  a l l  o f  th e s e  

r e s p e c t s .

One m e th o d  o f o v e r c o m in g  s o m e  s o u r c e s  of v a r i a t i o n  (in

i s o t h e r m a l  c h ro m a to g ra p h y )  i s  in  the u s e  of r e l a t i v e  r e te n t io n  t im e s

( r  ) de f in ed  a s  : x

r x  ^RA

‘r x

(w h e re  t ^ ^  = r e te n t io n  t im e  of the com pound  (A) u n d e r  in v e s t ig a t io n ;

t j ^ .  = re te n t io n  t im e  o f  the  s t a n d a r d  (X) ). T he  s t a n d a r d  i s  u s u a l ly

s t r u c t u r a l l y  s i m i l a r  to the m a t e r i a l  u n d e r  in v e s t ig a t io n ,  and  bo th

m u s t  be in t r o d u c e d  in to  the  c h r o m a to g r a p h  s im u l ta n e o u s ly  in  o r d e r

to a c h ie v e  r e p r o d u c ib i l i ty .  A s t a n d a r d  o ften  u s e d  fo r  the GLC

of s t e r o i d s  i s  c h o le s ta n e .

E v a n s  and  S m ith  in  1961 in t r o d u c e d  the  t e r m  r  w h ich  they
X9

defin ed  a s  the r e t e n t io n  t im e  r e l a t i v e  to n -n o n a n e  T h is
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u n iv e r s a l  s t a n d a r d  w a s  r e l a t e d  to o th e r  s t a n d a r d s  by the  e x p r e s s io n

r = r* v r*
X9 XN N9

(where r  = r e te n t io n  t im e  r e l a t i v e  to an  i n t e r n a l  s t a n d a r d  (N)
X_N

and = r e te n t io n  t im e  of s ta n d a r d  (N) r e l a t i v e  to n -n o n a n e .  )

By u s in g  a  s t a n d a r d  w h ich  i s  in je c te d  s im u l ta n e o u s ly  w ith

the m a t e r i a l  u n d e r  e x a m in a t io n  i t  i s  p o s s ib le  to r e d u c e  e r r o r s

a r i s i n g  f r o m  s m a l l  c h an g e s  in  o p e r a t in g  co n d it io n s  s in c e  th e s e

w il l  p r e s u m a b ly  a f fe c t  bo th  s t a n d a r d  an d  s p e c im e n .  C lay to n  in

1962 u s e d  r e l a t i v e  r e te n t io n  d a ta  to o b ta in  s t r u c t u r a l  in f o r m a t io n  

24f r o m  s t e r o i d s  . B y a s s u m in g  th a t  e a c h  g ro u p  on the  s t e r o i d

n u c le u s  i s  a s s o c i a t e d  w ith  a  s p e c i f i c  i n c r e m e n t  in  r e te n t io n  t im e ,

he  r e l a t e d  the  r e l a t i v e  r e t e n t io n  t im e  r  (m o lec u le )  to

r ^ ( n u c l e u s )  and  r^_ (g ro u p s)  by the e x p r e s s io n

r  (n + a + b + c  ) = r v (n) x k a  x  kb x k c ----
.A. 2\ .

(w here  n = n u c le u s ;  a , b, c, e tc .  = g ro u p s  on the n u c le u s ;

k = r e te n t io n  f a c to r  fo r  e ac h  g ro u p . )

T h u s  a  k now ledge  o f n-1 o f  the  ab o v e  p a r a m e t e r s  w il l

en ab le  c o m p u ta t io n  o f  the  f in a l  one , a l th o u g h  w ha t i s  p ro b a b ly

m o r e  u se fu l  i s  the  a b i l i ty  to ch eck  th a t  a c h o se n  s t r u c t u r e  r e l a t e s

to a n  o b s e r v e d  r e te n t io n  t im e .  T he  ab o v e  r e l a t i o n s h ip  b r e a k s

down w hen  th e  g ro u p s  on the  m o le c u le  a r e  s i tu a te d  in  s u c h

p r o x im i ty  th a t  they  e x e r t  m u tu a l  s t e r i c  o r  e l e c t r o n i c  e f fe c t s .
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FIG . 3

I l l u s t r a t i n g  th e  r e l a t i o n s h i p  be tw een  r e t e n t i o n  tim e  and c a rb o n  - 

num ber f o r  a  hom ologous s e r i e s  u n d e r c o n d i t io n s  o f  l i n e a r  te m p era tu re

program m ing
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A d i f f e r e n t  a p p r o a c h  to r e c o r d in g  GLC d a ta  w as  d e v is e d  

2 5by K o v a ts  in  1958 . T h is  m e th o d  m a k e s  u s e  of the  f a c t  th a t  f o r

a h o m o lo g o u s  s e r i e s  of n - a lk a n e s  th e r e  i s  a l i n e a r  r e la t io n s h ip  

b e tw een  the n u m b e r  o f  c a r b o n  a to m s  in  the  m o le c u le  an d  the 

lo g a r i th m  of i t s  r e t e n t io n  t im e .  T he  r e te n t io n  in d ex (I) is  

de f ined  by the e x p r e s s io n

I = 100i x R (x L -  R ( P z) + 100z
R (P z+ i) - R (P z)

Z = NR c a rb o n  a to m s  in  s t a n d a r d  1; Z + i  = N £ c a r b o n  a to m s  in  s t a n d a r d  2:

X = s p e c im e n ;  R = lo g  r e t e n t io n  t im e  fo r  i s o t h e r m a l  co n d i t io n s .

A lthough  th is  c a lc u la t io n  i s  c u m b e r s o m e  i t  can  be c a r r i e d

2 6out s im p ly  by a  g ra p h ic  m e th o d  u s in g  s e m i - l o g a r i t h m i c  p a p e r  

T he  a r i t h m e t i c  m e th o d  in v o lv e s  two s u i ta b le  h y d ro c a rb o n  s t a n d a r d s  

w ith  r e te n t io n  t im e s  g r e a t e r  an d  l e s s  than  th a t  o f  the  s p e c im e n .

F o r  l i n e a r  t e m p e r a t u r e  p r o g r a m m e d  r u n s  R = r e t e n t io n  t im e ,  

s in c e  the h y d r o c a r b o n  s t a n d a r d s  a r e  e lu te d  w ith  r e te n t io n  t im e s  

a p p ro x im a te ly  p ro p o r t io n a l  to t h e i r  n u m b e r  of c a r b o n  a to m s .  .

T h is  r e l a t io n s h ip  i s  no t e x a c t  h o w e v e r  and the  l i n e a r i t y  o f  the 

r e la t io n s h ip  d e p en d s  upon s u c h  f a c to r s  a s  s ta b i l i ty  of p r o g r a m m e  

r a t e  and  s p e e d  of p r o g r a m m e  (s in c e  an  in f in i te ly  s low  p r o g r a m m e  

w il l  p ro d u c e  a  l o g a r i th m i c  r e l a t io n s h ip  b e tw ee n  r e te n t io n  t im e  and  

c a r b o n  n u m b e r ) .  T h is  i s  i l l u s t r a t e d  in  F ig .  3.
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The fo rm  w hich  the  r e te n t io n  index  ta k e s  i s  100 x the  n u m b e r  o f

c a rb o n  a to m s  in  the  n - a lk a n e  (whole o r  f r a c t io n a l )  w hich  w ould

be r e q u i r e d  to give the s a m e  r e te n t io n  t im e  a s  the  s p e c im e n

(e. g. fo r  n -p e n ta n e  I = 500. ) T h e  t e r m  'm e th y le n e  u n it '  (MU) o ften

u sed  to r e c o r d  GLC re te n t io n  d a ta  i s  r e l a t e d  to I by the e x p r e s s io n

MU = 1  
100

T hus  fo r  n -p e n ta n e  MU = 5. 00.

S ince  s i m i l a r  r e l a t io n s h ip s  b e tw ee n  r e te n t io n  t im e  and

n u m b e r  of c a rb o n  a to m s  e x i s t  fo r  a l l  h o m o lo g o u s  s e r i e s  i t  i s

p o s s ib le  to u s e  s t a n d a r d s  m o r e  d i r e c t ly  r e l a t e d  to the s p e c im e n .

W oodford  and  V an  Ghent in  1960 u s e d  n - f a t ty  a c id  m e th y l  e s t e r s  a s

27
s ta n d a r d s  to o b ta in  the ' c a r b o n  n u m b e r '  o f  unknow n fa tty  a c id s

T he t e r m  ' s t e r o i d  n u m b e r '  (SN) w as  d e v is e d  by V an d en h eu v e l  and

H o rn in g  in  1962 to c o r r e l a t e  s t e r o id  r e t e n t io n  t im e s  w ith  a h o m o lo g o u s  

28s e r i e s  of s t e r o i d s  c o m p r i s in g  5 a  - a n d r o s ta n e  (SN = 19 .00)

5a - c h o le s ta n e  (SN = 2 7 .0 0 )  and  5 a  - s t i g m a s t a n e  (SN = 2 9 .0 0 ) .

T h e s e  s t a n d a r d s ,  a l th o u g h  b e a r in g  a  c l o s e r  s t r u c t u r a l  r e s e m b la n c e

to ty p ica l  s t e r o i d  s a m p le s ,  have  the d is a d v a n ta g e  o f b e in g  l im i t e d

in  n u m b e r  and  ra n g e .  F o r  r e t e n t io n  d a ta  on  s e le c t iv e  p h a s e s  i t  w as

29found n e c e s s a r y  to in t r o d u c e  the  s e c o n d a r y  s t e r o i d  s t a n d a r d s  

5a - c h o l e s t a n - 3 -o n e ,  c h o l e s t e r y l  v a l e r a t e  and  c h o le s t e r y l



h e p ta n o a te  w h o se  s t e r o id  n u m b e r  had  b e en  p r e v io u s ly  d e te r m in e d  

on th a t  co lu m n  u s in g  the  p r i m a r y  s t a n d a r d s .

R e ten t io n  in d ic e s ,  m e th y le n e  u n i t s ,  c a r b o n  n u m b e r s  and  

s t e r o id  n u m b e r s  c an  a l l  be e x p r e s s e d  in  a fo r m  y ie ld in g  s t r u c t u r a l  

in fo r m a t io n  ab o u t the s p e c im e n ,  i. e.

X(n+a+b+c . . . )  = X(n) + ka  + kb + kc . . .

(w here  X = r e te n t io n  index , m e th y le n e  un it ,  c a r b o n  n u m b e r  o r  

s t e r o id  n u m b e r ;  k = g ro u p  r e te n t io n  f a c to r ;  n = n u c le u s ;  a , b, c . . . = 

fu n c tio n a l  g ro u p s )

T he  a b s e n c e  of i n t e r - g r o u p  e f fe c t s  su ch  a s  h y d ro g e n  bonding  

and s t e r i c  r e p u l s io n  is  im p o r ta n t  fo r  th e s e  r e l a t io n s h ip s  to ho ld .

T h e re  a r e  s o m e  d i s t in c t  a d v a n ta g e s  in  th is  m e th o d  of s t r u c t u r e  

c o r r e l a t i o n  o v e r  the  m e th o d  u s e d  by C lay ton , fo r  e x a m p le  g ro u p  

re te n t io n  c o n t r ib u t io n s  and  the n u c le u s  r e te n t io n  c o n t r ib u t io n  a r e  

a l l  ad d it iv e  and  t h e r e f o r e  e n ab le  e a s i e r  i n t e r p r e t a t i o n  of d a ta .

The ch ie f  a d v a n ta g e  o f  the m e th o d  is  th a t  i t  i s  a l s o  s u i ta b le  fo r  

t e m p e r a t u r e  and  p r e s s u r e  p r o g r a m m e d  G L C .

I m p o r t a n t  in fo r m a t io n  m ay  a l s o  be ga in ed  by m e a s u r in g  the  

r e t e n t io n  i n c r e m e n t  in  go ing  f r o m  a n o n - s e l e c t iv e  to a s e l e c t iv e  

s t a t io n a r y  p h a s e ,  o r  a f t e r  c a r r y i n g  out a  s im p le  s t r u c t u r a l  m o d if ic a t io n
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su ch  a s  J o n e s  o x id a tio n  o r  d e r iv a t iv e  fo r m a t io n .  T h e s e  p o in ts  c an  be 

i l l u s t r a t e d  by the  fo llow ing  e x a m p le s  :

M U

C om pound  OV - 1 OV - 17

5 a  c h o le s ta n e  27. 90 29. 22

5 a  c h o le s ta n  - 36 -o l  3 0 .0 5  3 2 .6 5

5 a  c h o le s ta n  - 36 -O TM S 3 0 .9 0  31.92

5 a  c h o le s ta n  - 3 -o n e  30. 34 3 3 .2 0

F r o m  th is  we can  o b ta in  in f o r m a t io n  abou t the  36 -OH 

g roup  w hich  w il l  h e lp  i t s  r e c o g n i t io n  in  unknow n s a m p le s  i .  e .

A M U

OV - 1 OV - 17

3 B -OH g ro u p  r e te n t io n  f a c to r  + 2 .1 5  + 3 .4 5

TMS fo r m a t io n  + 0. 8 5 - 0. 63

J o n e s  o x id a tio n  + 0 . 2 9  + 0. 55

The im p o r ta n c e  of d a ta  of th is  s o r t  w as  i l l u s t r a t e d  by K n igh ts  (1966)

30u s in g  a n u m b e r  of d i f f e r e n t  s t a t io n a r y  p h ase s .

O th e r  m e th o d s  of d a ta  r e c o r d in g  of l e s s  v a lu e  in  s t r u c t u r e

d e te r m in a t io n  h av e  b e en  r e p o r t e d .  E v a n s  e t  a l  (1961) in t r o d u c e d  the

31
t e r m  " e f fe c t iv e  m o l e c u la r  w e ig h t"  ( ^ e ). K n ig h ts  and  T h o m a s  (1962) 

in t r o d u c e d  the t e r m  R ^. in to  g a s  l iq u id  c h r o m a to g r a p h y  in  o r d e r  to



c o m p a r e  r e l a t iv e  r e te n t io n  t im e  w ith  th in  l a y e r  c h r o m a to g r a p h y

. 32c h a r a c t e r i s t i c s .

F r o m  the s y s t e m s  d i s c u s s e d  above m e th y le n e  u n it  v a lu e s  

w e r e  c h o se n  a s  the  m o s t  s u i ta b le  fo r m  of r e te n t io n  d a ta  fo r  the 

fo llow ing  r e a s o n s  :

1) T h ey  fu lf i l  r e q u i r e m e n t s  (i) to (iii) d i s c u s s e d  e a r l i e r .

2) T h ey  c a n  be u se fu l ly  a p p l ie d  to a w ide  v a r i e t y  o f  c o m p o u n d s .

3) S u itab le  s t a n d a r d s  a r e  a v a i l a b le  in  h igh  p u r i t y  f o r  a  w ide

ra n g e  of GLC co n d it io n s .

4) T he  s y s t e m  i s  s e l f - d e s c r i p t i v e  an d  th e r e f o r e  u s e d  in

p r e f e r e n c e  to the a l t e r n a t iv e  " r e t e n t io n  in d ex "  v a lu e s .

T h e r e  i s  a s l ig h t  d is a d v a n ta g e  of th is  m e th o d  o v e r  H o rn in g 's

SN v a lu e s  in  th a t  the  s t e r o i d  n u c le u s  i t s e l f  p o s e s s e s  s o m e  " fu n c t io n a l  

g roup"  c h a r a c t e r  and d i f f e r e n t  MU v a lu e s  f o r  s t e r o i d  h y d r o c a r b o n s  a r e  

o b s e r v e d  on d i f f e r e n t  s t a t io n a r y  p h a s e s .  T h is  e f fe c t ,  a l th o u g h  s l ig h t ,  

is  a l lo w ed  fo r  w hen the  s t e r o i d  n u c le u s  i s  known and  d a ta  c an  be 

h a n d led  in  the  f o r m  of g ro u p  r e te n t io n  v a lu e s .
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D ERIV A TIV ES

F o r  the p u rp o s e  of s t r u c t u r e  e lu c id a t io n  the  p r in c ip a l  a im  

beh ind  d e r iv a t iv e  fo r m a t io n  i s  to m od ify  e x is t in g  fu n c t io n a l  g ro u p s  on 

the  m o le c u le  in  o r d e r  to :

1) a s s i s t  in  t h e i r  s e p a r a t i o n  f r o m  e a c h  o th e r ;

2) a s s i s t  in  t h e i r  s e p a r a t io n  o r  d i s t in c t io n  f r o m  s p e c i e s  

no t  a b le  to fo r m  the  d e r iv a t iv e ;

3) s t a b i l i s e  s o m e  s p e c ie s  o r d in a r i l y  too la b i le  fo r  G L C , and

4) p ro v id e  a d d i t io n a l  in f o r m a t io n  ab o u t m o le c u la r  s t r u c t u r e .  

T a b le  1 l i s t s  s o m e  o f the d e r iv a t iv e s  w h ich  h av e  b e e n  u s e d  f o r

gas c h r o m a to g r a p h y  and  m a s s  s p e c t r o m e t r y ,  to g e th e r  w ith  a p p r o p r i a t e

l i t e r a t u r e  c i t a t io n s .

R e a g e n ts  c a p a b le  of fo rm in g  c y c l ic  d e r iv a t iv e s  w ith  n e ig h b o u r in g

fu nc tiona l g ro u p s  h av e  b e en  show n to e n ab le  G LC s e p a r a t i o n  of

67 87 90d i a s t e r e o i s o m e r s  J * w h ich  gave  c o in c id e n t  r e t e n t io n  t im e s  

in  t h e i r  f r e e  f o r m .  T h in  l a y e r  c h r o m a to g r a p h ic  s e p a r a t i o n s  h a v e  a l s o

b een  a c h ie v e d  fo r  s t e r o i d  a lc o h o ls  a s  t h e i r  t r i m e t h y l s i l y l  (TMS) e t h e r s

99-103 99 103
a c e t a t e s  and  t r i f l u o r o a c e t a t e s  u s in g  s o lv e n t  s y s t e m s  of low

o r  m o d e r a te  p o la r i ty .  S e p a ra t io n  i s  e n h a n c e d  by the  p r e s e n c e  o f

k e to n ic  g ro u p s  o r  a lc o h o l ic  fu n c t io n s  too s t e r i c a l l y  h in d e r e d  to fo r m

the d e r iv a t iv e . .  T he  re d u c t io n  in  d ip o la r  c h a r a c t e r  o f  the  m o le c u le  thus
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a c h ie v e d  a l s o  e n a b le s  a lm o s t  q u a n t i ta t iv e  e lu t io n  f r o m  the

102
p r e p a r a t iv e  p la te  w ith  m o d e r a te ly  p o l a r  s o lv e n t s .

D e r iv a t iv e s  w ith  e l e c t r o n  c a p tu r e  p r o p e r t i e s  s u c h  a s  

t  r i f l u o r o a c e t a t e s ,  h e p ta f lu o r o b u ty r a te s  and  h a lo  m e th y l  (d im e th y ls i ly l )  

e th e r s  have  been  u s e d  to r e c o r d  s e le c t iv e ly  the p r e s e n c e  of c o m p o u n d s  

c o n ta in in g  h y d ro x y l ,  c a rb o n y l  an d  a m in e  g ro u p s  d u r in g  g a s  c h r o m a to g r a p h y  

u s in g  the e l e c t r o n  c a p tu r e  d e te c to r .  T h i s  te ch n iq u e  i s  p a r t i c u l a r l y  

u s e fu l  fo r  the  d e te c t io n  of s u b - n a n o g r a m  q u a n t i t i e s .

T h e r m o la b i l e  s p e c ie s  in c lu d in g  s o m e  c o r t i c o s t e r o i d s  u n d e rg o  

d e c o m p o s i t io n  in  the  gas  c h r o m a to g r a p h ,  bu t m a y  be c h ro m a to g r a p h e d  

w ithou t d e c o m p o s i t io n  a f t e r  the  f o r m a t io n  of a s u i ta b le  d e r iv a t iv e .  

T r im e th y l s i l y l  e t h e r s ,  t r i m e t h y l s i l y l  e t h e r - m e t h y l  o x im e s ,  t r i m e th y l  - 

s i ly l  e t h e r - b e n z y l  o x im e s ,  d im e th y l  s i l i c o n id e s  an d  a lk y l  b o ro n a te s  

have  been  s u c c e s s f u l ly  u s e d  fo r  th is  p u rp o s e .

F o r  g a s  c h r o m a to g r a p h ic  - m a s s  s p e c t r o m e t r i c  s tu d ie s  the 

m a in  v a lu e  o f  d e r iv a t iv e  fo r m a t io n  i s  the  p r o v i s io n  of m a t e r i a l  

s i m i l a r  in  s t r u c t u r e  to the  o r ig in a l  com pound  bu t  w ith  d i f f e r e n t  

and  p r e f e r a b ly  im p r o v e d  p h y s i c o - c h e m ic a l  p r o p e r t i e s .  T h u s  

v a lu a b le  in fo r m a t io n  m a y  be o b ta in e d  w ith o u t  r e s o r t i n g  to an y  o th e r  

in s t r u m e n ta l  m e th o d  of a n a ly s i s ,  and  w ith  q u a n t i t i e s  t h e r e f o r e  s t i l l  a t  

the  s u b - m i c r o g r a m  le v e l .
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I t  h a s  a l r e a d y  b e en  m e n tio n e d  how c h an g e s  in  G LC r e te n t io n  

v a lu e s  upon d e r iv a t iv e  fo r m a t io n  c an  a id  s t r u c t u r e  e lu c id a t io n .  T he  

ch o ice  of d e r iv a t iv e ,  h o w e v e r ,  i s  im p o r ta n t ,  e s p e c ia l l y  w hen  d e a l in g  

w ith  p o ly fu n c tio n a l  co m p o u n d s  of h igh  m o l e c u la r  w e ig h t .  C l a s s i c a l  

m e th o d s  s u ch  a s  a c e ty la t io n  of h y d ro x y l  g ro u p s  a r e  of l im i t e d  v a lu e  

w hen th e i r  a c c u m u la te d  r e te n t io n  i n c r e m e n t s  r e n d e r  the  co m p o u n d s  

too n o n -v o la t i le  fo r  G L C , and  in  th e s e  c i r c u m s t a n c e s  i t  i s  an  o b v ious  

ad v an tag e  to u s e  d e r iv a t iv e s  w ith  lo w e r  r e t e n t io n  c o n t r ib u t io n s .  

T r im e th y l s i l y l  e t h e r s ,  O -m e th y lo x im e  t r i m e t h y l s i l y l  e t h e r s ,  c y c l ic  

d im e th y ls i ly l  e t h e r s ,  a c e to n id e s ,  m e th y l  b o r o n a te s ,  an d  b i s - m e th y le n e  - 

d ioxy (BMD) d e r iv a t iv e s  g ive  s a t i s f a c t o r y  r e t e n t io n  t im e s  f o r  the  

gas  c h ro m a to g ra p h y  of c o r t i c o s t e r o i d s  a t  t e m p e r a t u r e s  s u i ta b le  fo r  

coup ling  w ith  the  m a s s  s p e c t r o m e t e r .

B e s id e s  m o d ify in g  o r  im p r o v in g  the  g a s  c h r o m a to g r a p h ic  

p r o p e r t i e s ,  a good d e r iv a t iv e  shou ld  i f  p o s s ib le  in f lu e n c e  the  m o d e  

o f f r a g m e n ta t io n  in  the  m a s s  s p e c t r o m e t e r  in  a w ay in f o r m a t iv e  o f  

the lo c a t io n  of the  o r ig in a l  fu n c t io n a l  g ro u p  in  the  m o le c u le .  F o r  

th is  p u rp o s e  a c e t a t e s  a r e  o f ten  u n s u i ta b le  d e r iv a t i v e s  o f  a lc o h o l s  b e c a u s e  

e l im in a t io n  of a c e t i c  a c id  o c c u r s  too r e a d i ly  upon e l e c t r o n  im p a c t .

In  c o n t r a s t ,  t r i m e th y l s i l y l  e t h e r s  o f ten  y ie ld  f r a g m e n t  io n s  r e ta in in g  

s i l ic o n ,  w h ich  a r i s e  f r o m  f i s s io n  a  to the o x y g e n - s i l i c o n  bond, and  a r e
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of d ia g n o s t ic  v a lu e  fo r  d e te r m in in g  the lo c a t io n  of the h y d ro x y l  g roup  

e. g. i )  2 0 -h y d ro x y  s t e r o i d  TMS e t h e r s

- t -0 T M S CH 3 t
■> n = o t m s

m/e = 11?

ii)  h y d ro x y  fa t ty  a c id  m e th y l  e s t e r  TMS e t h e r s

CH3 (CH2 V V *6

+ 0  ̂ (a) + 0

CH(CH2) 1QC02Me

Si(M e) Si(M e)

0>)
ch3 ( ch2 )5ch

+.0

ra/e = 301

m/e = 187

( M e ^ S i ^

i i i )  17 a - h y d r o x y - s t e r o id  TMS e t h e r s

T M S O , ^

m/e = 129

D im eth y lh yd razon es  have been used  for m a s s  s p e c tr o m e tr ic
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s tu d ie s  of c a r b o n y l  co m p o u n d s .  T h e i r  m a in  v a lu e  is  the f o r m a t io n  of 

an  in te n s e  m o le c u la r  ion, w h ich  is  o f ten  the b a s e  p e ak ,  and  c o m p a r a t i v e ­

ly  few f r a g m e n t  io n s .

In c o n t r a s t  e th y le n e  k e ta l s  g ive m a s s  s p e c t r a  u s u a l ly  p r e p o n d e r a n t  

in  f r a g m e n t  io n s  a r i s i n g  ou t of f i s s io n  of the  bond B to the  fu n c t io n a l  

g roup . F o r  5 a  -  a n d ro s ta n - 1 7 -o n e  e th y le n e  k e ta l  the  f r a g m e n t  a t  m / e  

= 99, w hich  c o m p r i s e s  C-15, C-16, C-17 and  the e th y len e  k e ta l  g roup , 

i s  the b a s e  p e ak  in  the  m a s s  s p e c t r u m ,  and  no o th e r  f r a g m e n t  ion  

am o u n ts  to m o r e  than  2% of i t s  a b u n d an c e .

S te ro id a l  3 -e th y le n e  k e ta l s  fo rm  a s i m i l a r  f r a g m e n t  ion  a t

m [ e _ -  99 and  a l s o  io n s  a t  m / e  - 112 and  m / e  = 125

c
m / e  = 112

m / e  = 99
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E th y len e  th io k e ta ls  and  e th y len e  h e m i th io k e ta l s  h av e  b een  u s e d  

a s  a l t e r n a t iv e  d e r iv a t iv e s  and  r e s u l t  in a n a lo g o u s  f r a g m e n ts  u n d e r  

e le c t r o n  im p a c t  to th o se  fo rm e d  f r o m  the e th y le n e  k e ta l .

O x im e and  m e th y l  o x im e  d e r iv a t iv e s ,  l ik e  d im e th y lh y d ra z o n e s ,  

f r a g m e n t  u n d e r  e l e c t r o n  im p a c t  g iv ing  ions in i t i a te d  by c le a v a g e  o f 

the  bond a B  o r  B y  to the fu n c t io n a l  g ro u p .

e. g. i) l i n e a r  a l ip h a t ic  k e to n e  o x im e s

t N ' 0 HA^d;R ^  C R ' R
i i)  s t e r o id - 3 - k e to n e  o x im e s

H - k k °  hN+
m/e = 71+R

A?
O'!H

i i i )  s t e r o id - 2 0 - k e to n e ,  m e th y l  o x im e s

=NOMe
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C y clic  d e r iv a t iv e s  of fu n c t io n a l  g ro u p s  w h ich  l i e  in  c lo s e  

p ro x im i ty  a r e  v a lu a b le  to o ls  fo r  s t r u c t u r a l  a n a ly s i s  by G C /M S  

b e c a u s e  of the s p e c i f ic  n a tu r e  of t h e i r  fo r m a t io n  and  the  s ta b i l i ty  

m any  of th em  show  to g a s  c h r o m a to g r a p h y .  B is - m e th y le n e d io x y  

(BMD) d e r iv a t iv e s  w e r e  p ro p o s e d  in  1962 fo r  s t a b i l i s a t i o n  of the 

6 -h y d ro x y  a c e to n e  s id e  c h a in  o f  c o r t i c o s t e r o i d s  in  o r d e r  to m a k e  

th e m  a m e n a b le  to g a s - l iq u id  c h ro m a to g r a p h y .

M o re  r e c e n t ly ,  h e t e r o c y c l i c  d e r iv a t iv e s  o f s i l i c o n  and  b o ro n  

have  been  u s e d  in  c o r t i c o s t e r o i d  a n a ly s i s .

HCHO
BMD

D e r iv a t iv e

Me2Si(OAc)

d im e th y l  s i lo x a n e  
d e r iv a t iv e

0 : .OH

b o ro n a te  d e r iv a t iv e

A c e to n e  w il l  a l s o  fo r m  u s e fu l  c y c l ic  d e r iv a t i v e s  w ith
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B -hydroxy s e c o n d a ry  a m in e s  and 1, 2 - c i s - d io l s ,  w h ile  a lk y l  and  a r y l  

b o ro n a te s  have  b een  show n to fo r m  c y c l ic  d e r iv a t iv e s  w ith  1, 2 c i s - d i o l s ,  

c a te c h o ls ,  B -h y d ro x y  p r i m a r y  and  s e c o n d a r y  a m in e s ,  a B  - k e to l s ,  

a -h y d ro x y  a c id s  and  B -hydroxy  a c id s .

R ea g e n ts

C h o o sin g  a s u i ta b le  d e r iv a t iv e  fo r  s t r u c t u r e  in v e s t ig a t io n  by 

gas  c h r o m a t o g r a p h y / m a s s  s p e c t r o m e t r y  r e q u i r e s  c o n s id e r a t io n  of 

the s u i ta b i l i ty  of the  r e a g e n t .  I t  i s  o ften  im p o r t a n t  to f o r m  a d e r iv a t iv e  

u n d e r  co n d it io n s  w hich  a r e  a s  m i ld  and  a s  n e a r  to n e u t r a l i t y  a s  

p o s s ib le  in  o r d e r  to av o id  u n d e s i r a b l e  m o d if ic a t io n  of o th e r  fu n c t io n a l  

g ro u p s .  F u r t h e r m o r e  i t  i s  d e s i r a b l e  th a t  the  r e a c t io n  i s  r a p id ,  

q u a n t i ta t iv e ,  and  th a t  the  p ro d u c t  can  be s e p a r a t e d  e a s i ly  f r o m  e x c e s s  

r e a g e n t  p r i o r  to o r  d u r in g  c h ro m a to g ra p h y .  A cy l e s t e r s ,  t r i m e th y l s i l y l  

e th e r s ,  c y c l ic  d im e th y ls i l i c o n id e s ,  m e th y l  e t h e r s , a c e t o n i d e s  and  

b o ro n a te  e s t e r s  a r e  a l l  d e r iv a t i v e s  of a lc o h o ls  w ith  can  be fo r m e d  

ra p id ly  w ithou t the n e c e s s i t y  f o r  s t r o n g  a c id  o r  b a s e  c a t a ly s i s  o r  h igh  

t e m p e r a t u r e s .  L e s s  d e s i r a b l e  in  th is  r e s p e c t  a r e  b is -m e th y le n e d io x y  

d e r iv a t iv e s  w h ich  r e q u i r e  c a t a ly s i s ,  e le v a te d  t e m p e r a t u r e s  and  len g th y  

r e a c t io n  t im e s  fo r  t h e i r  f o r m a t io n .  S im i l a r ly  e th y le n e  k e ta l s  and  

e th y len e  th io k e ta ls ,  a l th o u g h  u s e f u l  d e r iv a t i v e s  of k e to n e s  f o r  m a s s  

s p e c t r o s c o p ic  p u r p o s e s  a r e  l e s s  c o n v e n ie n t  to p r e p a r e  th an  m e th y l



o x im e s  o r  d im e th y lh y d ra z o n e s .

W hen s e v e r a l  fu n c t io n a l  g ro u p s  of the s a m e  type a r e  p r e s e n t  in

a com pound  i t  m ay  be p o s s ib le  to m o d ify  one o r  m o r e  of th e m  by v a ry in g

the r e a g e n ts  o r  r e a c t io n  c o n d it io n s .  T h u s  fo r  c o r to l  i t  h a s  b e en  show n

p o s s ib le  to p ro d u c e  a t r i s  t r i m e t h y l s i l y l  e th e r ,  a t e t r a  t r i m e t h y l s i l y l

e th e r  o r  a p e n ta  t r i m e th y l s i l y l  e th e r  e x c lu s iv e ly  by v a r y in g  the r e a g e n t s

45 46u s e d  fo r  s i ly l a t io n : -

— OTMS

-  OTMS

HQ
B .S .A

TMSO'

HO
_ OTMS

B .S .A . -.OHTMSO
+T .M .C .S .HO •-

r -  OTMS
TSIM -  OTMS

TMSO
TMSOBSA

BSA = B is  t r i m e t h y l s i l y l  a c e ta m id e  

TM CS = T r im e t h y l  c h lo r o s i l a n e  

TSIM  = T r im e th y l s i l y l im id a z o l e

TMCS

OH 

_  OH

OH

r  OTMS

H

T r im e th y lb r o m o s i l a n e  (TMBS) h a s  r e c e n t ly  b e e n  show n to h av e  

c a ta ly t ic  p r o p e r t i e s  s u p e r i o r  to TM C S w hen u s e d  w ith  HMDS to s i ly l a t e
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47s t e r i c a l l y  h in d e re d  g ro u p s .  S te r o id s  w ith  h y d ro x y l  g ro u p s  in  

p o s i t io n s  3, 11, 17, 20 and  21 ( e .g .  a  and  6 c o r to l )  fo r m e d  fully  

s i ly la te d  d e r iv a t iv e s  in  h igh  y ie ld s  a t  ro o m  t e m p e r a t u r e  u s in g  th e se  

r e a g e n ts  in p y r id in e .  11-keto s t e r o i d s  fo rm  en o l TM S e t h e r s  w ith  

th is  r e a g e n t  

e .g .

TMSO

TMSO ..."

TMSO

HO

TMSO

S im i la r ly  e th y le n e  k e ta l s  can  be s e le c t iv e ly  fo r m e d  f r o m

3-oxo  g ro u p s  on a s t e r o id  c o n ta in in g  a l s o  the  m o r e  h in d e r e d  2 0 -o x o  

104group
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S e le c t iv i ty  h a s  a l s o  b e en  a c h ie v e d  w ith  s o m e  d e r iv a t i v e s  w h ich

a r e  n o r m a l ly  a s s o c i a t e d  w ith  m o r e  than  one type  of fu n c t io n a l  g ro u p .

B is  - t r im e th y l s i l y l  a c e ta m id e  (BSA) w i l l  r e a c t  bo th  w ith  a lc o h o l ic

func tions  and  w ith  a m in o  g ro u p s  to f o r m  O - t r i m e t h y l s i l y l  e t h e r s  and

N - t r im e t h y l s i l y l  a m in e s  r e s p e c t iv e ly .  T r im e th y l s i l y l im id a z o l e  (TSIM)

on the o th e r  hand  r e a c t s  only  w ith  a lc o h o l ic  fu n c t io n s .  I t  w as

d e m o n s t r a t e d  by H o rn in g  and  o th e r s  how a m in o  g ro u p s  cou ld  be

s e le c t iv e ly  a c y la te d  by s i ly la t io n  of a lc o h o l ic  fu n c tio n s  w ith  TSIM  and
7  5

s u b se q u e n t  a c y la t io n  of the  a m in e  w ith  N -h e p ta f lu o ro b u ty l im id a z o le .  

S im i la r ly  a c e to n e ,  w h ich  w il l  f o r m  a S c h if f 's  b a s e  w ith  a p r i m a r y  

a m in e  o r  an  o x a zo l id in e  w ith  a  6 -h y d ro x y  s e c o n d a r y  a m in e  a t  ro o m  

te m p e r a t u r e  w ith o u t  a c a ta ly s t ,  u s u a l ly  r e q u i r e s  a c a t a ly s t  fo r  

a c e ta l  fo r m a t io n  w ith  1, 2-o r  1, 3 -d io ls .

MASS S P E C T R U M  IN T E R P R E T A T IO N  

T h e r e  c an  be s a id  to be  fo u r  s t a g e s  fo r  o b ta in in g  s t r u c t u r a l  

in fo rm a t io n  by m a s s  s p e c t r o m e t r y .  F i r s t l y ,  s im p le  in f o r m a t io n  su ch  

a s  m o le c u la r  w e ig h t  and  e le m e n ta l  c o m p o s i t io n  (high r e s o lu t i o n  MS) 

can  in  m o s t  c a s e s  be o b ta in e d  d i r e c t l y  f r o m  the  m a s s  s p e c t r u m  o f the  

s a m p le  w ith o u t  c o n s id e r a t io n  of f r a g m e n ta t io n  p r o c e s s e s  . C om pounds  

w h ich  a r e  too la b i le  to g ive  a c l e a r l y  d e fin ed  m o l e c u l a r  io n  a t  70 eV
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often  do so  a t  lo w e r  e l e c t r o n  e n e r g i e s .

Second ly , the n u m b e r  of v a r io u s  fu n c t io n a l  g ro u p s  an d  to so m e  

e x ten t  t h e i r  lo c a t io n  on the  n u c le u s  m a y  be  d e t e r m in e d  d i r e c t l y  by 

o b s e rv in g  m o le c u la r  w e ig h t  i n c r e m e n t s  a f t e r  t r e a t m e n t  w ith  r e a g e n t s  

of d i f f e r in g  s e le c t iv i ty .

T h i rd ly ,  the  p o s i t io n  o f  th e s e  g ro u p s  m a y  s o m e t im e s  be i n f e r r e d  

f ro m  the m ode  of f r a g m e n ta t io n  of the m o le c u le  bo th  in  the  d e r iv a t i s e d  

and u n - d e r iv a t i s e d  fo r m .  T he  u s e  o f  known f r a g m e n ta t io n  b e h a v io u r  

m ay  be a p p l ie d  w ith  r e l a t i v e  e a s e  to l i n e a r  m o le c u le s  w h e re  s im p le  

w e ll-d e f in ed  f r a g m e n t io n s  a r e  p r e v a le n t ,  bu t fo r  p o ly c y c l ic  m o le c u le s  

such  a s  s t e r o i d s ,  w h e re  a f r a g m e n t  ion  o ften  in v o lv e s  the  f i s s io n  of 

two o r  m o r e  c a r b o n - c a r b o n  b o nds , the m o d e  of f r a g m e n ta t io n  i s  m o r e  

co m p lex  and  the m a s s  s p e c t r u m  l e s s  p r e d ic t a b l e .  F o r  th is  r e a s o n ,  

g roup  d e r iv a t iv e s  w hich  p ro d u c e  r e c o g n i s a b le  f r a g m e n t  io n s  

c h a r a c t e r i s t i c  of t h e i r  p o s i t io n  on the  n u c le u s  a r e  of p a r t i c u l a r  v a lu e  

in the a n a ly s i s  of s t e r o i d s  by m a s s  s p e c t r o m e t r y .

T he  f ina l  s t a g e  o f  a n a ly s i s  by th is  and  any  o th e r  p h y s i c o - c h e m ic a l  

tech n iq u e  sh o u ld  be by id e n t i ty  of d a ta  w ith  th o s e  o b ta in e d  f r o m  a co m p o u n d  

of known s t r u c t u r e  w hich  h a s  b e en  s y n th e s i s e d  by e s t a b l i s h e d  c h e m ic a l  

m e th o d s .
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THE R O L E  O F  C O M P U T E R S

The c o m p u te r  i s  now an  e s t a b l i s h e d  a n c i l l a r y  to bo th  gas  

c h ro m a to g ra p h ic  and  m a s s  s p e c t r o m e t r i c  a n a ly s i s .  C o m p u te r  

'h a r d w a r e '  a n d 's o f tw a r e '  a r e  c o m m e r c i a l l y  a v a i l a b le  fo r  

p e r f o r m in g  m an y  ro u t in e  t a s k s  a s s o c i a t e d  w ith  th e s e  te c h n iq u e s .

T h is  is  e s p e c ia l ly  u s e f u l  in  m a s s  s p e c t r o m e t r y  w h e re  t im e  s p e n t  

in d a ta  p r o c e s s in g  i s  f a r  in  e x c e s s  o f  the t im e  ta k en  o b ta in in g  the 

m a s s  s p e c t r u m .  S y s te m s  now in  u s e  en ab le  the  fo llow ing  o p e r a t io n s  

to be c a r r i e d  out a u to m a t ic a l ly  and  q u ick ly  :

1) n o r m a l i s a t i o n  of the m a s s  s p e c t r u m ;

2) b a c k g ro u n d  s u b t r a c t io n ;

3) a c c u r a t e  m a s s  m e a s u r e m e n t  (fo r  h igh  r e s o lu t io n  m a s s

s p e c t r o m e t e r s ) ;

4) d a ta  r e c o r d in g  a s  ta b le ,  h i s t o g r a m  o r  e le m e n t  m ap ;

5) com pound  id e n t i f ic a t io n  by c o m p a r in g  d a ta  w ith  a

l i b r a r y  of r e f e r e n c e  s p e c t r a .
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CA TEC H O LA M IN ES AND R E L A T E D  
_________ B -H Y D R O X Y A M IN ES______

M any b io lo g ic a l ly  a c t iv e  a m in e s ,  b e c a u s e  o f  t h e i r  p o la r  n a tu r e ,

a r e  p a r t i c u l a r l y  d if f icu l t  to c h a r a c t e r i s e  by G L C . A m in e s  of m o d e r a te

p o la r i ty  h av e  b een  s e p a r a t e d  w ith o u t  p r i o r  m o d if ic a t io n ,  good r e s o lu t io n

be ing  o b ta in ed  by c o a tin g  th e 's u p p o r t  w ith  p o ta s s iu m  h y d ro x id e ,

105-109 . , . , . . . .. , 110o r  by u s in g  h igh  p e r c e n t a g e  of s t a t i o n a r y  p h a s e .

B io lo g ic a l  a m in e s  o f  h ig h e r  p o la r i ty  s u c h  a s  c a te c h o la m in e s  

g e n e r a l ly  r e q u i r e  the  f o r m a t io n  of a n o n - p o la r  d e r iv a t iv e  b e fo re  they  

a r e  su i ta b le  fo r  g a s  c h r o m a to g r a p h y .  S o m e  of the  m o d if ic a t io n s  d e s c r i b e d  

fo r  th is  p u rp o s e  a r e  a s  fo llow s :

m  c v m  r» 8 0 > 8 3 > 8 4 > 8 6 > 8 7 > 88(1) S c h if f 's  B a s e  F o r m a t io n

P r i m a r y  a m in e s  r e a c t  w ith  a k e to n e  to g ive  a  S c h if f 's  b a s e  

e, g . , w ith  a c e to n e

CH.q. v .OH .C H
R  NH + —  X  —  R-------

CH N - R  CH
TT

+ h 2 o

T h is  d e r iv a t iv e  i s  o f te n  r e a d i ly  fo r m e d  by d i s s o lv in g  the  a m in e  

in  d ry  a c e to n e .

(2) O x azo lid in e  F o r m a t io n  ^ ^

B -h y d ro x y  s e c o n d a ry  a m in e s  m a y  r e a c t  w ith  a  k e to n e  to fo r m  an
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o x azo lid in e ,  e. g. w ith  a c e to n e

R OH CH

*  < *RU

=o
R

HO CH,

R OH CH,

11R 1 CH,

CH,

CH,

CH.

T h is  d e r iv a t iv e  i s  a l s o  fo r m e d  by d is s o lv in g  the  a m in e  in  

d ry  a c e to n e .

(3) T r im e th y l s i ly la t io n

T r im e th y l s i l y l a t i o n  r e a g e n t s  su ch  a s  b i s t r i m e t h y l s i l y l -  

a c e ta m id e  (BSA) and  b i s t r im e th y l s i ly l t r i f lu o r o a c e ta m id e  (B ST FA ) 

a r e  ab le  to t r i m e th y l s i l y l a t e  p r i m a r y  an d  s e c o n d a r y  a m in e s .

R \ R

R /
NH + BSA

(BSTFA) R
N S i( Me ),

W hen t r im e th y l c h lo r o s i l a n e  (TMCS) i s  u s e d  a s  c a t a ly s t  

i t  h a s  b e en  show n p o s s ib le  to f o r m  the  b is  t r i m e t h y l s i l y l  d e r iv a t iv e

of a p r i m a r y  a m in e . I l l
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/ 8 0 ,8 1 ,8 3 ,9 2 ,9 3
(4) A cy la t io n

A m id e s  a r e  co n v en ie n t ly  fo r m e d  by r e a c t io n  of the  p r i m a r y  

o r  s e c o n d a ry  a m in e  w ith  a c a r b o x y l ic  a c id  a n h y d r id e  in  p y r id in e ,  

e . g .  w ith  a c e t i c  a n h y d r id e

R  .  /
. NH + A C . O / P y r  ---------------*  N----------------

R 1̂  * H  O

N - a c e ty l  d e r iv a t i v e s  o f  m o s t  a m in e s  a r e  s ta b le  and  s u i ta b le

fo r  gas  c h ro m a to g ra p h y .  H a lo g e n a te d  a m id e s  s u c h  a s  h e p ta f lu o r o -

. + , 80, 81, 92  ̂ 93 83b u ty r a te s  p e n ta f lu o ro p ro p io n a te s  t n f l u o r o a c e t a t e s

182p e n ta f lu o ro b e n z o a te s  an d  d in i t ro p h e n y l  s u lp h o n a te s  p o s s e s s  e l e c t r o n

c a p tu r e  p r o p e r t i e s  and  a r e  s u i ta b le  fo r  the  a n a ly s i s  o f  s m a l l  q u a n t i t ie s

of a m in e s .  T h e  p e n ta f lu o ro p h e n y l  Sch iffs  b a s e  h a s  a l s o  b e e n  u s e d  to ;

182d e te c t  s m a l l  q u a n t i t ie s  of p r i m a r y  a m in e  b y - e le c t r o n  c a p tu r e  d e te c t io n
i

V a r io u s  te c h n iq u e s  h a v e  b e en  u s e d  to m rd ify  a m in e  g ro u p s  in  j

the  p r e s e n c e  o f  h y d ro x y l  s u b s t i t u e n t s .  T h u s ,  by r e a c t i n g  the  b io lo g ic a l

a m in e  w ith  a  d im e th y l fo r m a m id e  so lu t io n  of h e x a m e th y ld i s i l a z a n e  (HMDS

8 6and  then ad d in g  to a  m ix tu r e  o f  HMDS in  a c e to n e ,  C a p e l la  and  H o rn in g  

w e r e  a b le  to fo r m  d e r iv a t iv e s  w ith  t r i m e th y l s i l y l a t e d  h y d ro x y l  g ro u p s
i

and w ith  a l l  p r i m a r y  a m in o  g ro u p s  c o n v e r te d  to the S c h if f 's  b a s e .  

S e c o n d a ry  a m in o  g ro u p s  d id  no t form the d e r iv a t iv e .

E .g . f o r  3 ,4 -d ih y d roxypheny lam ine  ( D opam ine)! -
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NH

OH

OH

HMDS

A cetone

OTMS

F u r t h e r m o r e ,  by u s in g  c y c lo b u tan o n e  in s t e a d  o f a c e to n e ,  

they w e r e  a b le  to in d ic a te  a l l  c o m p o n en ts  p o s s e s s i n g  the  p r i m a r y
or y  gL F t y  ô  < /'te

am ines/function by c h an g e s  in  r e t e n t io n  t im e .

48 81H o rn in g  and  c o - w o r k e r s  * w e r e  a l s o  a b le  to a c y la te  s e l e c t ­

iv e ly  p r i m a r y  and  s e c o n d a r y  a m in e s  by t r i m e th y l s i l a t i o n  o f  h y d ro x y l  

g ro u p s  w ith  N - t r im e t h y l s i l y l im id a z o le  (TSIM) fo llow ed  by the 

ad d it io n  of N - h e p ta f lu o ro b u ty l im id a z o le .  U s in g  an  e l e c t r o n  

c a p tu re  d e t e c to r  th is  m e th o d  a f fo rd e d  s e le c t iv e  d e te c t io n  of n i t r o g e n  

func tions  w ith  h igh  s e n s i t i v i t y .

C Y CLIC  B O RO N A TES AS D ER IV A TIV ES O F  
C A T EC H O LA M IN ES AND B-HYDROXY -A M IN ES

T he  p h e n y lb o ro n a te  d e r iv e d  f r o m  c a te c h o l  w as  one  o f  the

112f i r s t  c y c l ic  e s t e r s  of th is  type  to be d e s c r ib e d ,  an d  is  f o r m e d

u n d e r  m ild  co n d i t io n s  by the  r e a c t io n  o f  p h e n y lb o ro n ic  a c id  w ith

c a te c h o l .  M any  a n a lo g o u s  d e r iv a t i v e s  su ch  a s  the  t - b u ty lb o r o n a te  

113a r e  known. T he  in t e r a c t i o n  of p h e n y lb o ro n ic  a c id  w ith  B -h y d ro x y -
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a m in e s  h a s  b een  s tu d ie d  by a  n u m b e r  of i n v e s t ig a to r s
114-116, 184 s in c e

the p h e n y lb o ro n a te s  d e r iv e d  f r o m  2 - a m in o - e th a n o l  and  o -a m in o p h e n o l

e p h e d r in e  p h e n y lb o ro n a te  h a s  a l s o  b e en  d e s c r i b e d  by P a i l e r  an d  o t h e r s .

In  o r d e r  to t e s t  the s u i ta b i l i ty  of b o ro n ic  a c id s  a s  d e r iv a t i v e s  

of c a te c h o l  a m in e s  and  r e l a t e d  B -h y d ro x y  a m in e s ,  n -b u ty l  b o ro n ic  a c id  

w as u s e d  to t r e a t  a  n u m b e r  of b io lo g ic a l ly  im p o r t a n t  a m in e s  o r  t h e i r  

s a l t s  a t  ro o m  t e m p e r a t u r e .  T he  s o lv e n t  u s e d  w a s  u s u a l ly  p y r id in e ,  

but d im e th y l fo r m a m id e  w as  u s e d  fo r  so m e  of the m o r e  p o la r  c o m p o u n d s .  

O th e r  b o ro n ic  a c id s  s u c h  a s  c y c lo h e x y lb o ro n ic  a c id  and  p h e n y lb o ro n ic  a c id  

w e re  u s e d  fo r  a  few s e l e c t e d  a m in e s .

T he  g e n e r a l  r e a c t io n s  in v o lv ed  in  the  fo r m a t io n  o f  b o ro n a te  

d e r iv a t iv e s  of c a te c h o la m in e s  and  B-hydroxy a m in e s  w e r e  e x e m p l i f ie d  

below w ith  c a te c h o l  an d  e p h e d r in e .

(a) c a te c h o l

w e re  r e p o r t e d  by S u g ih a ra  and  B o w m an .
117 T he  r e a d y  fo r m a t io n  of

114

0
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F IG .1 .2

Gas C h rom atog raphs o f  n - b u ty lb o r o n a te  d e r i v a t i v e s  o f  

3 ,4 —d ih y d ro x y -m e th y l benzoa .te  and e p h e d r in e

J
o

CN
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(b) ephedrine
P ’ 1 /Me -

r m b (oh) Me
2

T he c h e m ic a l  s t r u c t u r e s  of f if teen  n -b u ty l  b o ro n a te s  d e r iv e d  

f ro m  b io lo g ic a l  a m in e s  a r e  show n in  F ig .  1.1.

Gas C h ro m a to g ra p h y

F ig .  1. 2 i l l u s t r a t e s  the  GLC b e h a v io u r  of n -b u ty lb o r o n a te s  

d e r iv e d  r e s p e c t iv e ly  f r o m  m e th y l  3, 4 -d ih y d r o x y m e th y lb e n z o a te  and  

e p h e d r in e .  A lthough  the l a t t e r  co m p o u n d s  can  be s tu d ie d  in  the 

f r e e  s ta t e  by G L C , the  B -hydroxy  a m in e  s id e - c h a in  i s  s u s c e p t ib le  

to p a r t i a l  d e c o m p o s i t io n .  C o - o c c u r r e n c e  of su ch  a s id e - c h a in  w ith  

a c a te c h o l  g ro u p in g  a s  in  e p in e p h r in e  and  c o n g e n e r s ,  y ie ld s  h igh ly  

p o la r  co m p o u n d s  w h ich  m u s t  be c o n v e r te d  to d e r iv a t iv e s  fo r  s a t i s f a c t o r y  

GLC. In  th is  c o n n ec t io n  i t  a p p e a r e d  p o s s ib le  to ap p ly  b o ro n ic  a c id s  

a s  s e l e c t iv e  r e a g e n t s  to c o n v e r t  e p in e p h r in e  (a d re n a l in e )  and  i t s  a n a lo g u e s  

to b u s -b o ro n a te s ,  w h ile  the 3 - 0 - m e th y l a t e d  m e ta b o l i t e s  sh o u ld  be 

t r a n s f o r m e d  only  to the  m o n o - b o r o n a te s .  T h is  e x p e c ta t io n  w as  r e a l i s e d  

a s  i l l u s t r a t e d  in  F ig .  1. 3, w h ich  d e p ic t s  the  G LC  s e p a r a t i o n  of 

m e ta n e p h r in e - m o n o - n - b u ty lb o r o n a te  and  the b is  d e r iv a t iv e s  of
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T a b le  1.1. M e th y len e  un it  (MU) 
v a lu e s  fo r  n -b u ty lb o ro n a te s  of 
c a te c h o la m in e s  and  r e l a t e d

com pounds

P a r e n t  com pound T y p e  of d e r iv a t iv e
Retention^data 
MU * Temt

6 - h y d r o x y -  6 - p h e n y le th y la m in e Mono 17. 99 140

N o r e p h e d r in e Mono 17.76 140

N o r - ' t j r - e p h e d r in e Mono 17. 74 140

E p h e d r in e Mono 17. 96 140

- E p h e d r in e Mono 17. 82 140

S y n e p h r in e Mono 21. 85 170

N e o sy n e p h r in e Mono 21. 71 170

O c to p am in e Mono 22.18 170

4 -D e o x y n o re p in e p h r in e Mono 22. 03 170

N o r m e ta n e p h r in e Mono 23.15 190

M e ta n e p h r in e Mono 22. 70 190

N o r  e p in e p h r in e B is 24. 78 190

E p in e p h r in e B is 24. 38 190

I s o p r e n a l in e B is 25.12 190

3 , 4 -D ih y d r o x y n o re p h e d r in e B is 24. 50 190

M eth y l  2, 3 -d ih y d ro x y b e n z o a te M ono 19.15 140

M eth y l  3, 4 -d ih y d ro x y b e n z o a te Mono 19. 01 140

*1% O V -17 on  G as  C h ro m  Q (100/120 m e s h ) ,  6 ft c o lu m n



ep in ep h r in e ,  n o re p in e p h r in e  (n o r a d re n a l in e )  and i s o p r e n a l in e .  

R eten tion  d a ta  of th e s e  and  n -b u ty l  b o ro n a te  d e r iv a t iv e s  of o th e r  

a m in e s  a r e  g iven  in  T a b le  1.1.

A m ong  B -h y d ro x y - a m in e s  la ck in g  a c a te c h o l  g ro u p in g , the
4
e leven  e x a m p le s  l i s t e d  in  T ab le  1.1 y ie ld e d  c y c l ic  b o ro n a te s  

(o x a z ab o ro l id in e s )  c h a r a c t e r i s e d  by th e i r  r e te n t io n  d a ta  and m a s s  

s p e c t r a .  S y n ep h r in e  and  n e o s y n e p h r in e ,  p o s s e s s i n g  i s o la te d  

pheno lic  g ro u p s  gave p o la r  d e r iv a t iv e s  show ing  c o n s id e r a b le  

' ta i l in g '  on GLC.

The d e r iv a t iv e s  f r o m  o c to p a m in e  and  4 -d e o x y n o re p in e p h r in e  

did no t give a p eak  w hen the r e a c t i o n  m ix tu r e  w as  in je c te d  d i r e c t ly  

but p ro d u c ts  a m e n a b le  to gas  c h ro m a to g ra p h y  w e r e  o b ta in e d  w hen 

the r e a c t io n  m ix tu r e s  w e re  s u b je c te d  to p ro lo n g e d  v a cu u m  

s u b lim a tio n  a t  250° . T h e  p r in c ip a l  c o m p o n en t fo r  both  a m in e  

d e r iv a t iv e s  p r e s e n te d  a G LC p e ak  show ing  c o n s id e r a b le  ta i l in g  and  

gave a m o le c u la r  w e ig h t  (by G C /M S ) c o r r e s p o n d in g  to the m ono 

b o ro n a te .

D i a s t e r e o i s o m e r i c  B - h y d r o x y - a m in e s  su ch  a s  e p h e d r in e

and - e p h e d r in e  h av e  b e en  d is t in g u is h e d  by s e le c t iv e  c o n v e r s io n  of

81the ' t h r e o - 1 i s o m e r  by a c e to n e  to the  o x a z o l id in e .  T h e y  h av e  

a lso  been  s e p a r a t e d  by G LC a f t e r  c o n v e r s io n  o f bo th  i s o m e r s  to th is
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d e r iv a t iv e .  F ig .  1. 4 i n d i c a t e s  tha t  a c l e a r  d i s t in c t io n  can  be 

made  b e tw een  the e r y t h r o  and  t h r e o - i s o m e r s  by G LC of t h e i r  

n -b u ty l - ,  c y c lo h e x y l -  o r  p h e n y lb o r o n a te s .  The  s e p a r a t i o n s  a r e  

enhanced  in the b o r o n a t e s  w i th  b u l k i e r  s u b s t i t u e n t s  a s  deno ted  

by the m e th y le n e  un i t  v a lu e s  g iven  in  T a b le  1. 2.

T a b le  1. 2

The e f fec t  of  d i f f e r e n t  g ro u p s  on the b o r o n  a to m  (R") in r e s o l v i n g  

the d i a s t e r o i s o m e r s  e p h e d r in e  and  Y - e p h e d r i n e  a s  t h e i r  b o r o n a t e  

d e r i v a t i v e s  by G LC on 1% OV -17

MU
R" T e m p  (°C) E p h e d r i n e '\jr - E p h e d r i n e & M U

Methyl 90 15.13 15. 09 0. 04

n -b u ty l 140 17. 96 17. 82 0.14

t -b u ty l 130 16. 80 16. 69 0.11

C yclohexyl 150 20. 80 20. 64 0.16

P heny l 170 22. 58 22. 38 0. 20

U n d e r  s i m i l a r  co n d i t io n s  a s in g le  u n r e s o l v e d  p e ak  w as  o b s e r v e d  

(Fig.  1. 4) fo r  a m i x t u r e  of the O - t r i m e t h y l s i l y l  e t h e r s  p r e p a r e d  

with  B STF A .

MASS S P E C T R O M E T R Y

The  c y c l i c  n a t u r e  o f  b o r o n a t e  d e r i v a t i v e s  of b i fu n c t io n a l  

compounds  in s o m e  c a s e s  d i r e c t s  the  m o d e  of  m a s s  s p e c t r o m e t r i c

-  41 -



FIG. 1.5
P o s t u l a t e d  s t r u c t u r e s  f o r  i o n s  r e s u l t i n g  from e l e c t r o n  im p ac t  on 

b o r o n a te  d e r i v a t i v e s  o f  -h y d ro x y am in es
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f r a g m e n ta t io n  *. th is  i s  o b s e r v e d  fo r  the  2 - s u b s t i t u t e d  1, 3, 2 - o x a z a -  

bo ro l id in es  d e r i v e d  f r o m  6 - h y d r o x y - a m i n e s .  A l though  the r e l a t i v e  

in tens i ty  of c e r t a i n  f r a g m e n t s  i s  in f lu en c ed  by the s u b s t i t u e n t  on 

boron,  the g e n e r a l  m o d e  of b r e a k d o w n  i s  the s a m e  fo r  the  m e t h y l - ,  

n -buty l- ,  c y c lo h e x y l -  and p h e n y l - b o r o n a t e s  s tu d ied .  T he  p r e s e n t  

d i s c u s s io n  i s  c o n c e r n e d  m a i n l y  w i th  n - b u t y l b o r o n a t e s ,  w h ich  have  

usefu l  gas  c h r o m a t o g r a p h i c  p r o p e r t i e s  (e. g. c a p a c i ty  fo r  r e s o l u t i o n  

of d i a s t e r e o i s o m e r s ,  c o m b in e d  w i th  m o d e r a t e  r e t e n t i o n  t i m e s ) .

It should  be no ted  tha t  c e r t a i n  io n s  o b s e r v e d  in  the m a s s  s p e c t r a  of 

n - b u ty l b o r o n a t e s  evo lve  f r o m  f r a g m e n t a t i o n  of the n - b u ty l  

subs t i tuen t .

P o s t u l a t e d  r e p r e s e n t a t i o n s  o f  the m a i n  f r a g m e n t s  f r o m  the 

m a s s  s p e c t r a  of the n - b u t y l b o r o n a t e s  o f  6 -h y d r o x y -  6 - a r y l e t h y l a m i n e s  

a r e  shown in F ig .  1. 5 and  the p r i n c i p a l  ions  o b s e r v e d  in  the 

compounds  s tu d ie d  a r e  l i s t e d  in  T a b le  1. 3.

As  can  be s e e n  in  T a b le  1. 3 the  m o l e c u l a r  w e ig h t  w a s  

eas i ly  d e t e r m i n e d  in  e a c h  of  the  co m p o u n d s  s tu d ie d  s i n c e  a 

fa i r ly  p r o m i n e n t  m o l e c u l a r  ion  w a s  o b ta in e d  in  e a c h  c a s e .

The s u b s t i t u e n t s  on p o s i t i o n  4 7 of the o x a z a b o r o l id i n e  r i n g  

(usually  h y d ro g e n  o r  m e th y l )  c an  r e a d i l y  be i d e n t i f i e d  by t h e i r  

lo s s ,  p r in c ip a l ly  to give ions  of type III.
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The  r a t i o  o f  to in th is  f r a g m e n t  i n d i c a t e s  

w h e th e r  one o r  two m o l e c u l e s  of n - b u t y l b o r o n i c  a c id  h a v e  b e e n  

in c o r p o r a t e d  in to  the m o l e c u l e .  T h e  n a t u r e  of the  s u b s t i t u e n t  

(H o r  CHg) a t  p o s i t io n  3 /  c an  be i n f e r r e d  f r o m  the t r a n s i t i o n  

III — >IV — >V w h e r e  the  g roup  i s  e l i m i n a t e d  a s  a r a d i c a l .  (The 

excep t iona l  c a s e  o f  the  N - i s o p r o p y l  d e r i v a t i v e ,  i s o p r e n a l i n e  

bu ty lbo rona te ,  i s  d i s c u s s e d  l a t e r ) .



In the co m p o u n d s  s tu d ied ,  the s u b s t i t u e n t s  on the b en zen e  

r in g  a r e  r e t a i n e d  in  f r a g m e n t s  of type V (F ig .  1. 5) w h e r e  the 

h y d r o x y - a m in e  s i d e - c h a i n s  a r e  r e d u c e d  to a c o m m o n  m o ie ty  

( C g ^ N ^ ,  and  in types  VI, Via ,  and  VIb. T h e s e  r e l a t i v e l y  

p ro m in e n t  ions  r e a d i l y  i n d i c a t e  the c o m b in e d  m o l e c u l a r  w e ig h t s  of 

the s u b s t i t u e n t s  on the b e n z e n e  r i n g .  C e r t a i n  o t h e r  f r a g m e n t s  

a r i s e  f r o m  the b r e a k d o w n  of  h y d r o x y l  an d  m e th o x y l  s u b s t i t u e n t s  

on the ben zen e  r in g .  T h u s  s y n e p h r i n e  g ives  an  ion  a t  m / e  = 216 

due to l o s s  of  • OH. M e t a n e p h r i n e  g iv e s  a s i m i l a r  ion  a t  m / e  = 246 

and a l so  one a t  m / e  = 232 due to l o s s  of • O Me.

As  no ted  above ,  the s p e c t r a  of n - b u t y l b o r o n a t e s  con ta in ,  

s o m e t i m e s  a s  m a j o r  ions  f r a g m e n t s  d e p e n d e n t  on the p r e s e n c e  of 

the n -b u ty l  s u b s t i t u e n t .  T h u s ,  the  ion of type X i s  the  b a s e  

peak in  the s p e c t r a  o f  B - h y d r o x y -  B -p h e n y le th y la m in e  n - b u t y l - 

bo rona te ,  s y n e p h r i n e  n - b u t y l b o r o n a t e  and  e p in e p h r in e  b i s - n -  

bu ty lbo rona te .  T h i s  M -4 2  ion i s  l i k e ly  to be f o r m e d  v ia  a s ix  

m e m b e r e d  c y c l i c  r e a r r a n g e m e n t  w i th  the e l i m i n a t i o n  of 

propy lene .
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W here  th is  f r a g m e n t  i s  p r e d o m i n a n t  the  two d a u g h te r  ions  

VIII and IX can  a l s o  be o b s e r v e d .
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FIG. 1.6

Mass s p e c t r a  o f  s y n e p h r in e  n - b u t y l b o r o n a t e  and 3,4-d.ihydroxynorepinepli:

b i s - n - b u t , y l  boron a be___________
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The  f r a g m e n t  I a p p e a r s  to a r i s e  by l o s s  of C H f r o m  the
cu O

butyl s ide  cha in .  T h i s  can  o c c u r  v ia  a 4 - m e m b e r e d  t r a n s i t i o n  s t a t e .

'H

B %

0

R

R

R
R,

M* 3 1 4 4
R e p r e s e n t a t i v e  r e s u l t s  a r e  d e p ic t e d  in  F ig .  1. 6, in  which

the m a s s  s p e c t r a  of 3, 4 - h y d r o x y n o r e p h e d r i n e  b i s - n - b u t y l b o r o n a t e  

and s y n e p h r in e  n - b u t y l b o r o n a t e  a r e  g iven  and the f r a g m e n t  types  

ind ica ted .

I s o p r e n a l i n e  n - b u t y l b o r o n a t e  gave  only  two m a j o r  f r a g m e n t s ,  

The f i r s t  (m / e  = 328) i s  p r e s u m a b l y  due to l o s s  of CH^ f r o m  the 

i sop ropy l  g roup  on n i t r o g e n .  T h e  o t h e r  p r e d o m i n a n t  p eak

(m / e  - 244) i s  m o s t  l i k e ly  due to f u r t h e r  l o s s  of C H BO :



u \ w
B ------ N.

0 —

Bu

-  BuBO

O —  BB

"Bu

m/e = 343

Vi-Q Bu

e = 328 (100 %) m/e =

0

\
nBu

244 (66 %)

This  t r a n s i t i o n  is  v e r i f i e d  by a m e t a s t a b l e  p e ak  a t  m / e  = 181. 8.

Within  the g ro u p  s tud ied ,  s u b s t i t u e n t s  in  the b e n z e n e  r i n g  

a p p e a r  to h av e  l i t t l e  e f fe c t  on f r a g m e n t a t i o n ,  wh ich  is  a c c o r d i n g l y  

in sen s i t iv e  to p o s i t i o n a l  i s o m e r i s m  in  the r i n g .  C o n se q u e n t ly ,  

n - b u ty l b o ro n a t e s  of  o c to p a m in e  and  4 - d e o x y n o r e p i n e p h r i n e ,  which  

have a f r e e  h y d ro x y l  g ro u p  a t  the p a r a  and  m e t a  p o s i t i o n  r e s p e c t i v e l y ,  

cannot be e f fe c t iv e ly  d i s t i n g u i s h e d  by t h e i r  m a s s  s p e c t r a .  T h e i r  

r e ten t ion  t im e s  a r e ,  h o w e v e r ,  su f f i c i e n t ly  d i f f e r e n t  fo r  s a t i s f a c t o r y  

c h a r a c t e r i s a t i o n  a s  shown in  T a b le  1.1.

C o n v e r s e ly ,  the  n - b u t y l b o r o n a t e s  o f  e p h e d r i n e  and

-  47 -



B-hydroxy-B - p h e n y le th y la m in e ,  which  can n o t  be s e p a r a t e d  u n d e r  

the condi t ions  u s e d ,  can  be d e t e c t e d  in  the p r e s e n c e  o f  one a n o t h e r  

by v i r t u e  of t h e i r  d i f f e r e n t  m a s s  s p e c t r a .  T h i s  is  i l l u s t r a t e d  in 

Table  1. 4 w h ich  shows  how the p e ak  p o s i t io n s  of the  two co m p o u n d s  

can be lo c a t e d  u s in g  a m u l t ip l e  s c a n n in g  t e ch n iq u e  by m e a s u r i n g  

the he igh ts  of  the  r e s p e c t i v e  b a s e  p e a k s  fo r  e a c h  s c a n .

T a b le  1. 4

The  e f fec t  of m u l t ip l e  s c a n n in g  G C -M S  
fo r  a m i x t u r e  of e p h e d r in e  and  B - h y d r o x y - 
p h e n e th y l a m in e  a s  n - b u t y l b o r o n a t e s  
(10 ft co lu m n ,  1% OV-17, 130°)

Retention Index  of H e ig h t  of p e ak  (m m )  in  m a s s  s p e c t r u m
s c a n ______________________ m / e  = 161_______________ m /  e = 216

1784 - 30

1786 - 74

1788 1 85

1791 7 57

1793 9 30

1796 9 19

1798 8 10

SUMMARY

Q u a l i t a t iv e  a n a l y s i s  of c a t e c h o l a m i n e s  and  r e l a t e d  

6 - h y d r o x y - a m i n e s  a f t e r  r e a c t i o n  w i th  n - b u t y l b o r o n i c  a c i d  i s



p oss ib le  by the c o m b in e d  G C -M S  techn ique .  The  b o ro n ic  ac id  

r e a c t s  with  both the 6 - h y d r o x y - a m i n e  g roup  to f o r m  a 1 , 3 , 2 -  

o x azabo ro l id ine  r ing ,  and  the c a t e c h o l  g roup  to f o r m  a 1, 3, 2- 

d io xaboro le  r in g ,  both  r e a c t i o n s  o c c u r r i n g  u n d e r  m i ld  co n d i t io n s .

M a s s  s p e c t r o m e t r y  g iv e s  the m o l e c u l a r  w e igh t ,  i n d i c a t e s  

the m a s s  of s u b s t i t u e n t s  on p o s i t i o n s  2 and  4 of the o x a z a b o r o l id i n e  

ring,  and  g ives  the c o m b in e d  m o l e c u l a r  w e ig h ts  of  s u b s t i t u e n t s  on 

the benzene  r in g .  D i a s t e r e o i s o m e r s  on the  o x a z a b o r o l id i n e  r i n g  

and p o s i t io n a l  i s o m e r s  on the b e n z e n e  r i n g  can  be d i s t i n g u i s h e d  by 

GLC u s in g  a m o d e r a t e l y  p o l a r  s t a t i o n a r y  p h a se .

The  r e a c t i o n  of n - b u t y l b o r o n i c  a c id  w i th  B - h y d r o x y - a m i n e s  

as  d e s c r i b e d  above ,  i s  no t  c o m p le t e ,  bu t  o c c u r s  w i thou t  c a t a l y s t  

and u n d e r  m i ld  co n d i t io n s .  T he  s e l e c t i v i t y  of  the r e a g e n t  a l s o  

af fo rds  a c l e a r  d i s t i n c t io n  (by GLC) b e tw ee n  c a t e c h o l a m i n e s  and 

th e i r  m e th y la t e d  a n a lo g u e s  (e. g. e p in e p h r in e  and  m e t a n e p h r i n e ) ,  

and be tween  c o m p o u n d s  wi th  and  w i thou t  a B - h y d r o x y - a m i n e  g ro u p .



SOME M OD IFIED  STEROIDS 
USED AS DRUGS_______

The n a t u r a l  s t e r o i d  h o r m o n e s  and  t h e i r  m e t a b o l i t e s  have

been  e x h au s t iv e ly  s tu d ied ,  and  co n v en ie n t  m e th o d s  fo r  t h e i r

an a ly t i c a l  d e t e r m i n a t i o n  have  b e en  d e v i s e d .  G a s  c h r o m a t o g r a p h y

has  p ro v e d  an  e x t r e m e l y  ap t  te chn ique  fo r  s u c h  e s t i m a t i o n s .

It  i s  h o w e v e r ,  no t a d e q u a te  f o r  the  i n v e s t ig a t i o n  of s t e r o i d a l

m e ta b o l i t e s  in s i t u a t io n s  w h e r e  l i t t l e  o t h e r  i n f o r m a t i o n  on

th e i r  s t r u c t u r a l  id e n t i ty  i s  a v a i l a b l e .  T h i s  p r o b l e m  i s

e n co u n te re d  wi th  m a n y  of the  m o d i f i e d  s t e r o i d  h o r m o n e s

p r e s e n t ly  u s e d  a s  d r u g s .  T h e i r  w e l l - e s t a b l i s h e d  c l i n i c a l

ap p l ica t io n s ,  and  e s p e c i a l l y  t h e i r  w i d e s p r e a d  g e n e r a l  u s e

118in the c o n t r o l  of  p r e g n a n c y  , m a k e  the d e v e lo p m e n t  of

s a t i s f a c t o r y  a n a l y t i c a l  p r o c e d u r e s  an  u r g e n t  n e c e s s i t y .

One of the m o s t  e f fe c t iv e  a p p r o a c h e s  to th is  p r o b l e m

involves  the c o m b in a t io n  o f  the  s e p a r a t i n g  c h a r a c t e r i s t i c s  of

gas  c h r o m a t o g r a p h y  w i th  the s t r u c t u r a l  i n f o r m a t i o n  a f f o r d e d

by m a s s  s p e c t r o m e t r y .

A L K Y L A T E D  TE S T O S T E R O N E S ,
N O R  T E S T O S T E R O N E S  AND T H E IR  
_______ TMS D ERIVATIVES___________

Gas c h r o m a t o g r a p h i c  d a ta

C ond i t ions  can  u s u a l l y  be  found f o r  the  a n a l y t i c a l
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s e p a r a t io n  o f  i s o m e r i c  m e t h y l t e s t o s t e r o n e s  o r  of s u i t a b l e

d e r iv a t iv e s .  T h i s  i s  i l l u s t r a t e d  by the r e t e n t i o n  index

va lues  c i ted  in T a b le  2 .1  f o r  t r i m e t h y l s i l y l  e t h e r s  of  a n u m b e r

of m e t h y l t e s t o s t e r o n e s .  The  in d i c e s  a r e  of u s e  in c h a r a c t e r i s a t i o n ,

but they f u r n i s h  no d i r e c t  i n f o r m a t i o n  a s  to the  p o s i t i o n s  of  the

m ethy l  s u b s t i t u e n t s .  I t  m a y  be no ted  tha t  the  r e t e n t i o n  index

i n c r e m e n t s  fo r  the s e p a r a t e  6a-and 17<z-methyl g r o u p s  a r e

app rox im a te ly  a d d i t iv e  in the  6 a , 17 a - d i m e t h y l  d e r i v a t i v e .

M ass  s p e c t r o m e t r i c  da ta

The  m a s s  s p e c t r a  of  s t e r o i d a l  a 6 - u n s a t u r a t e d  k e to n e s ,

in c o n t r a s t  to th o se  of  the  s a t u r a t e d  k e to n e s ,  u s u a l l y  show

c h a r a c t e r i s t i c  f r a g m e n t a t i o n  p a t t e r n s :  th e se  h a v e  b e en

e luc ida ted  fo r  s e v e r a l  s t r u c t u r a l  c l a s s e s  by D j e r a s s i  and  

119 120c o - w o r k e r s  ' . T a b l e  2 .2  i n d i c a t e s  the five  m o s t  i n t e n s e

119f r a g m e n t  ions  o b s e r v e d  fo r  a n d r o s t - 4 - e n - 3 - o n e  , and  the

pos i t ions  of  c o r r e s p o n d i n g  p e a k s  fo r  t e s t o s t e r o n e ,  17 a -

m e t h y l t e s t o s t e r o n e  and  1 9 - n o r a n d r o s t - 4 - e n - 3 - o n e .  F o r m u l a t i o n s

119p ro p o sed  by S h ap i ro  and  D j e r a s s i  a r e  shown in  F i g .  2.1,

Types  (i) - (v ).

In  the a n a l y s i s  o f  h y d r o x y s t e r o i d s  by gas  c h r o m a t o g r a p h y ,

3 3th e i r  c o n v e r s i o n  to t r i m e t h y l s i l y l  e t h e r s  i s  f r e q u e n t l y  a d v a n ta g e o u s



T A B L E  2.1

R e te n t io n  index  i n c r e m e n t s  f o r  m e th y l  subs t i tuen ts .

1% OV -1 1% 0V-
T e s t o s t e r o n e  t r i m e t h y l s i l y l  e t h e r  230°C  250°C

2640 2985

A m u A mu

2 a + 15 - 20

4 + 40 + 60

6 a + 55 + 30

6 B + 40 + 15

6 a , 17# + 150 + 125

17 a + 80 + 80

T A B L E  2. 2 

P r i n c i p a l  ions  f r o m  - 3 - o x o s t e r o i d s
(a)

A n d r o s t - 4 -  T e s t o -  17 a  m e t h y l  1 9 -n o r  N a t u r e  of Ion T;
e n e - 3 - o n e  s t e r o n e  t e s t o s t e r o n e  a n d r o s t - 4  -

e n e - 3 - o n e  ___ _

272 288 302 258 m o l e c u l a r  ion

124 124 124 110 r i n g  A + C-19, 
C - 6

149 147 161 149 r i n g s  C and  D 
+ C -7

230 246 260 230 l o s s  of ketone

187 203 217 187 r i n g s  C and  D 
+ C - 4  to C -8

(a) from ref 119
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It  i s  p a r t i c u l a r l y  c o n v en ien t  to app ly  t h e s e  d e r i v a t i v e s  in  

combined  gas  c h r o m a t o g r a p h y - m a s s  s p e c t r o m e t r y ,  b e c a u s e

th e i r  m a s s  s p e c t r a  u s u a l l y  a f f o r d  m o r e  c h a r a c t e r i s t i c  s t r u c t u r a l

33 52-54  73 121in fo rm a t io n  than  th o s e  of the f r e e  a l c o h o l s  * '

Thus t e s t o s t e r o n e  t r i m e t h y l s i l y l  e t h e r  y ie ld s  (as  the m o s t

52 54
abundant ion) a f r a g m e n t  of m / e  12 9, ev id en t ly  f c o m p r i s i n g  

C -C  with  the  s u b s t i t u e n t  g ro u p  (cf.  F ig .  2 .1 ,  T ype  (vi) ).
10  1 I —

M a s s  s p e c t r o m e t r i c  d a ta  fo r  the  t r i m e t h y l s i l y l  e t h e r s

in T ab le  2. 3 show how t h e s e  r e g u l a r i t i e s  ex tend  to a lk y l

su bs t i tu ted  t e s t o s t e r o n e  d e r i v a t i v e s  and  thus  a id  the  l o c a t io n

of s u b s t i t u e n t s  in  s u c h  m o d i f i e d  s t e r o i d s .  T he  ion of  type  (vi)

is  u n i fo rm ly  the m o s t  ab undan t ,  and  i t s  i m p o r t a n c e  i s  e n h an c e d

by the in t r o d u c t io n  of  a 1 7 a - a l k y l  g ro u p .  L o c a t io n  of  a m e th y l

group on C 71 C /n o r  C /ir,, i s  i n d i c a t e d  by the m / e  v a lu e  of(15) (16) (17)  ̂ — 1—

143 in  th is  i n s t a n c e .  M o r e  p r e c i s e  l o c a t io n  on o r  C /lr7W(16) (17)

is im p l ie d  by the p e a k  a t  m / e  130.

When an  e thy l  s u b s t i t u e n t  i s  p r e s e n t  a t  the  17 a  ~  

posit ion,  r i n g  D f r a g m e n t a t i o n  is  e v e n  m o r e  p r e d o m i n a n t  and  

the g ro u p ' s  l o c a t io n  on r i n g  D i s  i n d i c a t e d  by the f r a g m e n t s  

a t  m / e  157 and  m /  e 144. T h e  n a t u r e  o f  the e x t r a  f r a g m e n t s



which a r e  e n h an c e d  by s u b s t i t u e n t s  in  the  1 7 a -p o s i t io n  a r e  

d i s c u s s e d  in m o r e  d e t a i l  in  the  s e c t io n  on l l a -  e thyny l  s t e r o i d s .

T e s t o s t e r o n e  t r i m e t h y l s i l y l  e t h e r  y ie ld s  an  i n t e r e s t i n g  

peak a t  m / e  304 (type (vii) ), w h ich  h a s  no an a lo g u e  a t  m / e  232 

in f r e e  t e s t o s t e r o n e ,  and  w h ich  i s  p r o m i n e n t  in  17a - m e t h y l  - 

t e s t o s t e r o n e  t r i m e t h y l s i l y l  e t h e r .  I t  a p p e a r s  to r e s u l t  f r o m  

lo s s  of a m e th y l  g ro u p  fo l lowed  by a f r a g m e n t  c o m p r i s i n g  

C(i5 ) - C ( i7 ) (with s u b s t i t u e n t s  i f  p r e s e n t ) .  The  t r i m e t h y l s i l y l  

e th e r  g roup  is  r e t a i n e d ,  p r e s u m a b l y  th ro u g h  m i g r a t i o n  to (13)

o r  to a n o t h e r  n u c l e a r  p o s i t io n .  A p e a k  o b s e r v e d  a t  m / e  317 

would a p p e a r  a l s o  to r e s u l t  f r o m  a  m i g r a t i o n  of the t r i m e t h y l s i l y l  

e th e r  group, but w i th  r e t e n t i o n  o f  an  a d d i t i o n a l  c a r b o n  a to m ,  

probably  a s  in  the t e n ta t iv e  f o r m u l a  (vii i) (F ig .  2.1).

The m e c h a n i s m s  a r e  u n e s t a b l i s h e d ,  bu t  a f o r m a l  p o s s i b i l i t y  

i s  ou t l ined  below.

SiMe
S i  Me. SiMe.

R R

-  53 -



SiMe- SiMe. SiMe.

0+ R

SiMe SiMe.

(M-42+ R )*

SiMe

0+

M eth y l  g ro u p s  s i t u a t e d  in r i n g s  A and  B a r e  d i s c l o s e d  

by o b s e r v a t io n s  on o t h e r  ions .  T he  f r a g m e n t  of  type (ii), f o r  

exam ple ,  a p p e a r s  a t  m / e 138 in  the  2 a ,  4 and  6 - m e t h y l  d e r i v a t i v e s ,  

and a t  m / e  110 fo r  1 9 -n o r  t e s t o s t e r o n e  TMS e t h e r .  T h e  6 - m e t h y l  

d e r iv a t iv e  m a y  be f u r t h e r  d i s t i n g u i s h e d  by c o n s i d e r a t i o n  of the 

ion of type (v), w h ich  i n c lu d e s  C (4 )“ (̂ (8) anC* ^ us  a PPe a r s  a t  m / e  199



FIG, 2.2
Mass sp e c tru m  o f  t e s t o s t e r o n e  MO, 2o{ —m e t h y l t e s t o s t e r o n e  MO 

and 4 - m e t h y l t e s t o s t e r o n e  MO
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in the 6 - m e th y l  d e r i v a t i v e s ,  though no p r o m i n e n t  c o r r e s p o n d i n g  

peak i s  o b s e r v e d  in  the 4 - m e t h y l  a n a lo g u e .  B oth  6 - m e t h y l  

compounds  a l s o  show w e l l - d e f i n e d  p e a k s  a t  m / e  240, p r o b a b ly  

c o r r e sp o n d i n g  to th o s e  a t  m / e  226 in  t e s t o s t e r o n e  and  2 a  - m e t h y l  

t e s t o s t e r o n e  t r i m e t h y l s i l y l  e t h e r :  the n a t u r e  of th e se  ions  i s  

ho w ev er  not y e t  e s t a b l i s h e d .

M E T H Y L  OXIMES O F  T E S T O S T E R O N E  
_________ AND ANALOGS_________________

Although  m e t h y l  o x i m e s  g e n e r a l l y  f r a g m e n t  u n d e r  e l e c t r o n

71im p ac t  in a s i m i l a r  m a n n e r  to t h e i r  p a r e n t  k e to n e s  , s o m e

70r e s u l t s  (e. g. G o ld s m i th  e t  a l  , and  P a r t  4 of  th is  t h e s i s ,  

"O -S u b s t i tu ted  O x im e  D e r i v a t i v e s " )  hav e  shown in  s o m e  c a s e s  

that  th is  d e r i v a t i v e  can  f r a g m e n t  d i f f e r e n t ly  f r o m  i t s  c a r b o n y l  

analog . F ig .  2 . 2 a  sh o w s  the m a s s  s p e c t r u m  of  t e s t o s t e r o n e  

m e thy l  o x im e .  T a b l e  2. 4 c o m p a r e s  s o m e  of  the  p r i n c i p a l  

ions o b s e r v e d  in  th i s  s p e c t r u m  w ith  ions  o b s e r v e d  in  the s p e c t r a  

of o x im es  of m e t h y l t e s t o s t e r o n e s  an d  n o r t e s t o s t e r o n e s .



Table 2. 4

C h a r a c t e r i s t i c  ions  f r o m  m e t h y l o x i m e s  of t e s t o s t e r o n e ,  
m e thy l  a n a lo g s  and  n o r t e s t o s t e r o n e s .

P a r e n t  S te ro id ________________________________ m /  e

a b c d

T e s t o s t e r o n e 12 5* 137 151 153

2 a  M e t h y l t e s t o s t e r o n e 139* 151 165 167

4 - M e t h y l t e s t o s t e r o n e 13 9 151* 165 167

6a,  17a - D i m e t h y l t e s t o s t e r o n e 12 5 151 165 167

19-N or  t e s t o s t e r o n e - - 137 139

17a - M e th y l - 1 9 -n o r te s to s te r o n e - - 137 13 9

17a - M e t h y l - A - n o r t e s t o s t e r o n e _ _ 137 139

* denotes  b a s e  peak .

Although the  m e c h a n i s m  of  f r a g m e n t a t i o n  is  d i f f icu l t  to 

pos tu la te  on th is  e v id en c e  a lo n e  i t  w ould  a p p e a r  tha t  t h e r e  i s  no 

f r ag m e n ta t io n  of r i n g  A. I t  does  no t  a p p e a r  p o s s i b l e  t h e r e f o r e  

to d i s t in g u i sh  i s o m e r i c  m e t h y l  s u b s t i t u e n t s  on  r i n g  A by m a s s  

s p e c t r o m e t r y  of  th is  d e r i v a t i v e ,  a l th o u g h  the 6 - m e t h y l  g ro u p  i s  

evident by i t s  l o s s  in f r a g m e n t  'A ' .  1 9 - N o r -  and  A - n o r -
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t e s t o s t e r o n e s  do no t  give the e x p e c t e d  f r a g m e n t s  a t  m / e  = 111

and m / e  =123 fo r  a and  b type  io n s .

DISTINCTION B E T W E E N  2 a -  
AND 4 -M E T H Y L T E S T O S T E R O N E

A s u m m a r y  of gas  c h r o m a t o g r a p h i c  r e t e n t i o n  d a ta  and  

of the t h r e e  p r i n c i p a l  m a s s  s p e c t r o m e t r i c  p e a k s ,  i s  g iven  in  

Tab le  2. 5 fo r  2 a  -  and  4 - m e t h y l t e s t o s t e r o n e  and  t h r e e  c o r r e s ­

ponding p a i r s  of  d e r i v a t i v e s .

The  m a s s  s p e c t r a  of  the f r e e  s t e r o i d s  a r e  d e p ic t e d  in

Fig .  2 .3 .  The  s t r o n g  p e a k  a t  m / e  260 in  the  s p e c t r u m  of 2 a -

m e t h y l t e s t o s t e r o n e ,  w h ich  i s  no t  o b s e r v e d  in  any  of the i s o m e r i c

d e r iv a t iv e s  e x a m i n e d ,  m a y  be co n f iden t ly  a t t r i b u t e d  to a n  ion

of type (iv) r e s u l t i n g  f r o m  the l o s s  of  m e th y lk e t e n e .  An

analogous  ion  a t  m / e  = 272 h a s  b e e n  o b s e r v e d  in the m a s s

s p e c t r u m  of 2 a - m e t h y l - 4 - p r e g n e n - 3 ,  20 d ione  by G r o s t i c  and  

122
R inehar t .  I t  i s  a c c o r d i n g l y  c o n s i s t e n t  only  w i th  a 2 a -

m e t h y l t e s t o s t e r o n e  s t r u c t u r e .

The  m a s s  s p e c t r a  of  the  t r i m e t h y l s i l y l  e t h e r s ,  shown 

in F ig .  2 . 4  a r e  d o m in a t e d  by the  p eak  of type (vi) a t  m / e  129, 

and d i f f e r e n c e s  c h a r a c t e r i s t i c  of  the m e t h y l  g ro u p  lo c a t io n  

a r e  l e s s  s t r i k in g .  T he  ion of m / e  ( M - 56) i s  m o r e  a b u n d an t

-  57 -
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FIG. 2.4
'Mass spectra of 2o< -methyltestosterone TMS and /]-methyltestosterone I
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FIG. 2.5

Mass spectra of TMS ether derivatives of reduced methyl testosterones
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in the 2 c * -  than in  the 4 - i s o m e r ,  but i t s  s ig n i f i c a n c e  i s  o b s c u r e d

by the fac t  tha t ,  in  the f o r m e r  c a s e ,  i t  m a y  be c o m p o u n d ed  of

types (iv) and  (vii).

The m a s s  s p e c t r a  o f  the m e t h y l o x i m e s  a r e  shown in

Fig .  2 .2  (b + c).  A lthough  bo th  s t e r o i d s  a p p a r e n t l y  u n d e rg o

v e r y  s i m i l a r  f r agm enta t ion  r o u t e s  t h e r e  i s  su f f i c i e n t  d i f f e r e n c e

in the i n t e n s i ty  r a t i o  of  the  f r a g m e n t s  of m / e  = 139 and  m / e  = 151

to d i s t in g u i s h  t h e s e  two i s o m e r s .

P a r t i a l  r e d u c t i o n  of the m e t h y l t e s t o s t e r o n e s ,  u s in g
4

sodium b o r o h y d r id e ,  a f f o r d e d  m a i n l y  the 3 6 - h y d r o x y - A  - 

123
s t e r o id s  . T h e s e  a r e  u n s t a b l e  t o w a r d s  gas  c h r o m a t o g r a p h y ,  

and w e r e  e x a m i n e d  a s  t h e i r  t r i m e t h y l s i l y l  e t h e r s .  T he  

c h a r a c t e r i s t i c  p e a k s  in  the  m a s s  s p e c t r u m  of  r e d u c e d  

t e s t o s t e r o n e  a t  m / e  143 and  142 a r e  s h i f t e d  in  the  2 a -  and  

4 -m e th y l  co m p o u n d s  to m / e  157 and  156 r e s p e c t i v e l y .

(This a f fo rd s  a d i s t i n c t i o n  f r o m  6 - m e t h y l  d e r i v a t i v e s  

(Fig. 2. 5 c), wh ich  y ie ld  ions  a t  m / e  143 and  142).

D i f f e ren ces  b e tw ee n  the s p e c t r a  of the  2 a -  and  4 - i s o m e r s  

a r e  r e l a t i v e l y  s m a l l  (F ig  2 . 5  a + b) but a p eak  o f  d ia g n o s t i c  

value o c c u r s  a t  m / e  405 in  the 2©<-methyl d e r i v a t i v e ,  and

-  58 -



c o r r e s p o n d s  to a l e s s  p r o m i n e n t  p eak  in  the s p e c t r u m  of 

a n d r o s t - 4 - e n e - 3 6^76 -d io l  d i t r i m e t h y l s i l y l  e t h e r .  It  i s  

a t t r ib u ta b le  to an ion a r i s i n g  th ro u g h  l o s s  of f r o m  r i n g  A

poss ib ly  a s  shown be low

A s u m m a r y  of  ga s  c h r o m a t o g r a p h i c  and  m a s s  

s p e c t r o m e t r i c  d a ta  i s  g iven  in  T a b le  2. 6 fo r  19- and  A -  

nor-17a - m e t h y l t e s t o s t e r o n e  an d  two c o r r e s p o n d i n g  p a i r s  

of d e r i v a t i v e s .

T h e r e  a r e  m a r k e d  d i f f e r e n c e s  in  r e t e n t i o n  t im e  

between the two s t e r o i d s  in t h e i r  f r e e  f o r m ,  and  a s  t h e i r

m/e = 405

DISTINCTION B E T W E E N  19- AND 
A -N O R T E S T O S T E  RONES

-  59 -





TMS and MO d e r i v a t i v e s  on bo th  OV -1 and  O V -17 c o lu m n s .

The s e p a r a t i o n  of s y n -  and  a n t i - m e t h y l  o x im e  i s o m e r s  of 17a  

- m e t h y l - A - n o r t e s t o s t e r o n e  on the  n o n - p o l a r  O V -1 co lu m n  is  

unusual ,  but h a s  a l s o  b e en  n o t i c e d  in  th is  l a b o r a t o r y  f o r  b a  

c h o l e s t a n - 2 - o n e  m e t h y l o x i m e  ( see  p a r t  4).

F ig .  2. 6 show s  a g a s  c h r o m a t o g r a m  of the two f r e e  

s t e r o id s  t o g e t h e r  w i th  t h e i r  m a s s  s p e c t r a .  The  m a s s  s p e c t r a  

show m a n y  d i f f e r e n c e s  in  t h e i r  f r a g m e n t a t i o n ,  a n o ta b le  one 

being a l o s s  of c a r b o n  m o n o x id e  f r o m  the m o l e c u l a r  ion of 

1 7 c * m e th y l -A -n o r te s to s t e ro n e  to give an  ion  a t  p a / e  = 260.

This  f r a g m e n t  i s  u n p a r a l l e l e d  by the 1 9 - n o r - i s o m e r  bu t  i s  

m o s t  l ik e ly  of the  s a m e  s t r u c t u r e  a s  the ion  of th is  m a s s  

value in the m a s s  s p e c t r u m  of 17 a -  m e t h y l  t e s t o s t e r o n e  

(Table 2. 2) wh ich  i s  p r o d u c e d  by l o s s  of k e te n e .

/

\
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In c o n t r a s t  to th o se  of the f r e e  s t e r o i d s ,  the m a s s  

s p e c t r a  of the TMS and MO d e r i v a t i v e s  show s t r i k i n g  s i m i l a r i t y .  

The f o r m e r  d e r i v a t i v e s  (F ig .  2 . 7 )  give m a s s  s p e c t r a  r e s u l t i n g  

a lm o s t  e n t i r e l y  f r o m  r i n g  D f r a g m e n t a t i o n  and  the m e th y l  o x i m e s ,  

s ince  they do no t  a p p e a r  to d i r e c t  f r a g m e n t a t i o n  of r i n g  A, a l s o  

give v e r y  s i m i l a r  m a s s  s p e c t r a  f o r  the two i s o m e r s .

S t e ro i d  d r u g s  co n ta in in g  a  17a-ethynyl 17 B~hydroxyl g roup  

consti tu te  an  i m p o r t a n t  f a m i ly  of p r o g e s t a t i o n a l  a g e n t s .  T h r e e  

such s t e r o i d s  c o m m o n ly  u s e d  in  o r a l  c o n t r a c e p t i v e s  a r e L y n e s t r e n o l ,  

n o re th in d ro n e  and n o r e t h y n o d r e l  w h ich  a r e  shown below.

ET H Y N Y L S U B S T IT U T E D  STEROIDS

L ynes t reno l N o r e t h i s t e r o n e

N o re th y n o d re l
-  61 -





B e c a u s e  of the  r e l a t i v e l y  s m a l l  a m o u n t s  of t h e se  d r u g s

which can be t o l e r a t e d  by m a n ,  m o s t  m e t a b o l i s m  s tu d ie s  have

124-127
been conf ined  to r a d i o - t r a c e r  m e th o d s  , and  p r o g r e s s  a p p e a r s

X 3 ^to have  been  m a d e  only r e c e n t l y  °  to w a r d s  s t r u c t u r a l  

iden t i f ica t ion  of  t h e i r  m e t a b o l i t e s .

K a m y ab  and  o t h e r s  by c h r o m a t o g r a p h i n g  m e t a b o l i t e s

14 124of 4 -  C l y n e s t r e n o l  on F l o r i s i l  + s i l v e r  n i t r a t e  e s t a b l i s h e d

that e f fec t ive ly  a l l  of th e s e  m e t a b o l i t e s  c o n ta in ed  the e thyny l

group.  T h i s  f ac t  w a s  a l s o  r e p o r t e d  by the s a m e  a u t h o r s  fo r

127the m e ta b o l i t e s  of  n o r e t h i s t e r o n e

R ecogn i t ion  o f  the 17oc-ethynyl g ro u p  would be v e r y  

usefu l when e x a m i n in g  m e t a b o l i t e s  o f  s u ch  s t e r o i d  d r u g s  by 

GC/MS. F i g .  2 . 8  sh o w s  the m a s s  s p e c t r u m  of  1 7 a -e th y n y l  

t e s t o s t e r o n e .  T h e  b a s e  p e ak  a t  m / e  = 124 i s  c h a r a c t e r i s t i c  of 

theA 4-3-oxo  g roup  invo lv in g  f i s s i o n  of the C 6 - C 7  and  C9-C10 

bond (see  F ig .  2 .1).  No new f r a g m e n t a t i o n  w h ich  i s  

c h a r a c t e r i s t i c  of the e thyny l  g ro u p  i s  e v id e n t  e x c e p t  f o r  tha t  

a t  m / e  = 286 invo lv in g  l o s s  of  a c e t y l e n e  f r o m  the m o l e c u l a r  ion .  

F r a g m e n t s  c o n ta in in g  the e thyny l  g ro u p  w h ich  a r e  a n a lo g o u s  to 

f r a g m e n ts  con ta in ing  r i n g  D in  t e s t o s t e r o n e  o c c u r  a t  m / e  = 171
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FIG. 2;10

Mass s p e c t r a  01 U o r e t h i s t e r o n e  TMS and d e u t e r i a t o d  a n a l o g s .
( a )  U o r e t h i s t e r o n e  TMS;(b) 2 , 2 , 4 , 5 , 5 , 10-dg  U o r e t h i s t e r o n e  TMS; 
( c ) h o r e t h i s t e r o n e  -ci^“
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(cf.F ig.  2.1  type i i i) ,  m / e  = 227 (cf F i g .  2 .1  type v) and  

m / e  = 270 (cf F ig .  2.1  type iv).  T h e s e  f r a g m e n t  ions  a r e  

of low r e l a t i v e  a b u n d an c e  and  not p r o m i n e n t  in the  m a s s  

s p e c t r u m .

The  t r i m e t h y l s i l y l  e t h e r  o f  17a-ethynyl t e s t o s t e r o n e  

how ever  would  be e x p e c t e d  a l s o  to co n ta in  a f r a g m e n t  ion a t  

mJ e =  153 a n a lo g o u s  to the  ion a t  m / e  =12 9 fo r  t e s t o s t e r o n e  

t r i m e th y l s i l y l  e t h e r  (F ig .  2 .1  type vi) .  T h i s  f r a g m e n t  o c c u r s  

with a r e l a t i v e  a b u n d an c e  o f  32% a s  shown in  F ig .  2 . 9 .  O th e r  

p ro m in en t  ions  no t  p r e s e n t  in  t e s t o s t e r o n e  t r i m e t h y l s i l y l  e t h e r  

o c cu r  a t  m / e  = 83 (36%), m / e  = 125 (40%) and m / e = 140 (40%) 

in the e thynyl  s t e r o i d .

F ig .  2.10 sh o w s  the m a s s  s p e c t r a  of n o r e t h i s t e r o n e  

t r i m e th y l s i l y l  e t h e r  c o m p a r e d  w i th  t h a t  of i t s  d^ an a lo g u e .  

This  d e u te r i a t e d  d e r i v a t i v e  w a s  o b ta in e d  by gas  c h r o m a t o g r a p h y  

on a co lum n  c o n ta in in g  0. 5% b a r i u m  d e u t e r o x i d e .  T h i s  

technique w h ich  h a s  b een  shown to r e p l a c e  h y d r o x y l i c  e n o l ic  

and a ce ty le n ic  h y d r o g e n  on the s t e r o i d  n u c l e u s  w i l l  be d i s c u s s e d  

in p a r t  4.

The f r a g m e n t  ions  m / e  = 83, m / e  - 125, m / e  = 140 and
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m / e  = 153 w h ich  w e r e  o b s e r v e d  in  the 17a -e th y n y l  t e s t o s t e r o n e

TMS e t h e r  a r e  a l s o  p r o m i n e n t  in the  m a s s  s p e c t r u m  of i t s

19-nor ana logue .  F u r t h e r m o r e ,  r e p l a c e m e n t  o f  the

ace ty len ic  h y d r o g e n  by d e u t e r i u m  c a u s e s  a sh i f t  of one m a s s

unit  fo r  th e s e  ions  to give  f r a g m e n t s  a t  m / e  = 84, m / e  = 126,

m / e  = 141 and m / e  - 154 r e s p e c t i v e l y .  I t  is  e x t r e m e l y  l ik e ly

th e r e f o r e  tha t  t h e s e  ions  co n ta in  the e thyny l  g ro u p  and a r e

c h a r a c t e r i s t i c  of  i t s  p r e s e n c e .

F u r t h e r  ev id en c e  of the  n a t u r e  of th e s e  ions  i s  a f fo rd e d

by the m a s s  s p e c t r u m  of  no r e  th is  t e r  one t r i ( t r i d e u t e r o )  m e t h y l s i l y l

e th e r  (Fig .  2.10 c).  T h i s  w as  f o r m e d  by r e a c t i n g  n o r e t h i s t e r o n e

with d - b i s - t r i m e t h y l s i l y l  a c e t a m i d e  in  p y r i d i n e .  The  a n a lo g o u s  18

f r a g m e n t s  give m a s s  sh i f t s  s u m m a r i s e d  in  T a b le  2 . 7 .

T a b le  2. 7

F r a g m e n t  io n s  co n ta in in g  the e thyny l  g ro u p  in  
the m a s s  s p e c t r a  of n o r e t h i s t e r o n e  TMS and 
 _________ d e u t e r i a t e d  a n a lo g u e s_______________

m / e
a b c

N oreth isterone TMS 83 12 5 140
b

12 5
d

153

N oreth isterone TMS 
after Ba(OD)2 exchange

N o reth is tero n e -d -TMS 
9 89 132

84 126 141

149

154

162

-  64 -



The  ev id en c e  above  s u g g e s t s  the fo l lowing  s t r u c t u r e s  

for the ions  c i t ed  fo r  n o r e t h i s t e r o n e  TMS.

Me^ y M er*
C

IIIc
H

(a) m/e = 83 

Me
I

Me — Si— Me
i
0 +

i r %1 CH

(d) m/e = 153

T he  f r a g m e n t  a t  m / e  = 140 i s  m o s t  l i k e ly  s i m i l a r  in s t r u c t u r e  

to tha t  a t  m /  e = 144 in  n o r e t h a n d r o l o n e  TMS e t h e r  and tha t  a t  

W e  = 130 in 17a-methyl t e s t o s t e r o n e .  T h e  l o s s  of  m e t h y l  w h ich  

is  o b s e r v e d  f r o m  t h e s e  f r a g m e n t s  i s  v e r i f i e d  by m e t a s t a b l e  io n s .

The g e n e r a l  f r a g m e n t a t i o n  s e q u e n c e  i s  p o s t u l a t e d  be low.

M©\ ^Me 
Si
II
0 +

^ C H

(l>) m/e = 125 

Me

Me—  S i —  Me

I
0 +

C -%CH 

( c )  m/e = 140
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Si  Me

R S te r o i d  TMS m /  e
c b m* c----- ►- b

C 0H.. N o r e t h a n d r o l o n e  144 12 9 115. 8
& o

C^H N o r e t h i s t e r o n e  140 12 5 .  111.7

CHg 17<* - m e t h y l t e s t o s t e r o n e  130 115 101. 8

Although s i m i l a r  f r a g m e n t s  o c c u r  in  t e s t o s t e r o n e  TMS 

e th e r  (where  R = H) a t  m / e  = 116 (type c) and  m / e  = 101 (type b) 

they a r e  l e s s  e a s i l y  r e c o g n i s e d  due  to o t h e r  m o r e  p r o m i n e n t  

ne ighbour ing  f r a g m e n t  io n s .  The  f r a g m e n t  a t  m / e  = 83 in 

n o r e t h i s t e r o n e  TMS e t h e r  h o w e v e r  a p p e a r s  to h av e  no c o u n t e r p a r t  

in s t e r o i d s  w i th  1 7 a -a lk y l  g r o u p s ,  e . g .  t h e r e  i s  no a n a lo g o u s  

f r ag m en t  a t  m l  e = 87 in  n o r e t h a n d r o l o n e  TMS e t h e r .

The above  io n s  w h ic h  h a v e  b e e n  shown to be c h a r a c t e r i s t i c



of the e thynyl  g roup  in  n o r e t h i s t e r o n e  TMS e t h e r  a r e  a l s o

p re v a len t  in o t h e r  s t e r o i d s  c o n ta in in g  th is  fu n c t iona l  g ro u p .

They can s o m e t i m e s  be o b s e r v e d  w hen  ke to n ic  g r o u p s  have  b een

conver ted  to the m e th y lo x im e  d e r i v a t i v e  a s  shown in T a b le  2. 8
T a b le  2. 8

S te ro id  d e r i v a t i v e s  show ing  f r a g m e n t a t i o n
c h a r a c t e r i s t i c  of the e thyny l  g roup

Ste ro id

83

m / e

125 140 153

L y n e s t r e n o l  TMS 30% 10% 24% 24%

N o r e th i s t e r o n e  TMS 30% 39% 38% 34%

17a e th y n y l t e s t o s t e r o n e  TMS 36% 40% 40% 32%

N o re th y n o d re l  TMS,  MO 18% 9% 10% 19%

N o r e th i s t e r o n e  TMS, M O 25% 15% 11% 34%

CONCLUSIONS 

The  r e s u l t s  o u t l in e d  show how m a s s  s p e c t r o m e t r y  m a y  be 

used  to l o c a t e  a lk y l  and  e thyny l  g r o u p s  on s o m e  s t e r o i d s  u s e d  a s  

d rugs .  I t  h a s  a l s o  b een  sh o w n  p o s s i b l e  to d e m o n s t r a t e  the 

absence  of  the a n g u l a r  m e t h y l  g ro u p  a t  C-10 f o r  A4 - 3 - o x o -  

s t e r o id s  and  d i s t i n g u i s h  th i s  type f r o m  A n o r  & 4 - 3 - o x o  s t e r o i d s .

In o r d e r  to d i s t i n g u i s h  s u b s t i t u e n t s  on r i n g  A o f  the  s t e r o i d  

nucleus  by m a s s  s p e c t r o m e t r y  i t  i s  d e s i r a b l e  th a t  f r a g m e n t a t i o n  of
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this r in g  should  o c c u r  on e l e c t r o n  i m p a c t .  F r a g m e n t a t i o n

4 a 4
of this s o r t  i s  f a v o u r e d  by a A  - 3 - o x o  g roup  o r  by a [ S  - 3 -O T M S

a  4group. The - 3 - m e t h y l  o x im e  g ro u p  d o e s  no t  c a u s e  

f r ag m e n ta t io n  of r i n g  A and i s  no t  t h e r e f o r e  a u s e f u l  

de r iva t ive  fo r  c h a r a c t e r i s i n g  i s o m e r i c  s u b s t i t u e n t s  on th is  

p a r t  of the m o le c u l e .
a 4

A n o th e r  c a u s e  fo r  f a i l u r e  to d i s t i n g u i s h  - 3 - o x o - s t e r o i d s  

i s o m e r i c  in r i n g  A i s  the  p r e s e n c e  of  a s t r o n g  f r a g m e n t  d i r e c t i n g  

group a t  a n o n - p r o x i m a l  p o s i t io n  in  the m o l e c u l e  s u c h  a s  the  

17g -OTMS group  in  the c a s e  of  the  2 a - M e -  and  4 - M e -  

t e s t o s te ro n e  TMS d e r i v a t i v e s ,  an d  the  17 a  -m e th y l - 1 7  6 -O TM S 

group in the c a s e  of the  A - n o r -  and  1 9 - n o r - t e s t o s t e r o n e s  of 

this type.

S u b s t i tu e n ts  in  the  1 7 a -p o s i t io n  of t e s t o s t e r o n e  TMS e t h e r s  

a r e  e a s i l y  r e c o g n i s e d  b e c a u s e  of  the s t r o n g  f r a g m e n t a t i o n - d i r e c t i n g  

p r o p e r t i e s  of the  17B-OTMS g ro u p  p r o d u c in g  ions  co n ta in in g  C-16 

and C-17 of r i n g  D. T he  1 7 a -e th y n y l  g ro u p  in  c o n ju n c t io n  with  

the 176-OTMS g roup  i s  s i g n a l i s e d  by su c h  f r a g m e n t s  e v en  when  

they a r e  of low a b u n d an c e ,  s i n c e  they  give r i s e  to a un i t  m a s s  

shift  a f t e r  c h r o m a t o g r a p h y  on a lk a l i  t r e a t e d  c o lu m n s  s a t u r a t e d  

with d e u te r iu m  oxide .
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It  i s  of c o u r s e  e s s e n t i a l  to r e c o g n i s e  tha t  c e r t a i n  o t h e r  

types  of s u b s t i t u e n t  m a y  a l t e r  p ro fo u n d ly  the p a t t e r n  of  f r a g m e n t a t i o n .  

The chances  of e r r o n e o u s  a s s i g n m e n t  o f  the o r i g i n s  o f  o b s e r v e d  

ions  a r e ,  h o w e v e r ,  g r e a t l y  r e d u c e d  if  c a r e f u l  c o n s i d e r a t i o n  is  

given.to c o m p a r a t i v e  d a ta  fo r  s e v e r a l  fun c t io n a l  d e r i v a t i v e s .

Where  n e c e s s a r y ,  a s s i g n m e n t  of the e l e m e n t a l  c o m p o s i t i o n  of  ions
■■•V

can be m ad e  by h igh  r e s o l u t i o n  m a s s  S p e c t r o m e t r y ,  and  t h e i r  s o u r c e  

can be e s t a b l i s h e d  m o r e  r i g o r o u s l y  by a p p r o p r i a t e  s tu d i e s  of 

i so top ica l ly  l a b e l l e d  c o m p o u n d s .
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STEROID O L E F IN S  

GLC AND MS O F STEROID O L E F IN S

D e t e r m i n i n g  the p o s i t io n  of u n s a t u r a t i o n  in the s t e r o i d  

nucleus  often p r o v e s  p a r t i c u l a r l y  d i f f icu l t  when u s in g  gas  

c h ro m a to g ra p h ic  and  m a s s  s p e c t r o m e t r i c  m e th o d s  of  a n a l y s i s .  

Since o le f in ic  bonds  i m p a r t  only s m a l l  p o l a r i t y  d i f f e r e n c e s  

i s o m e r i c  s t e r o i d  o le f in s  c an  be d i f f i cu l t  to s e p a r a t e  by g a s -  

l iquid c h r o m a t o g r a p h y  on i n e r t  s u p p o r t s .  L a r g e  d e v ia t io n s  in 

re ten t ion  b e h a v io u r  a r e  u s u a l l y  o b s e r v e d  only  f o r  i s o m e r s  

involving c o n f o r m a t i o n a l  c h a n g e s  ( e .g .  u n s a t u r a t i o n  a t  r i n g  

junctions),  o r  e l e c t r o c h e m i c a l  c h a n g e s  (e. g. o le f in  in  con juga t ion  

with a c a rb o n y l  g roup)  in  the  m o le c u le .

P a r a l l e l i n g  t h e s e  o b s e r v a t i o n s ,  m a s s  s p e c t r o m e t r y  o f ten  

p rov ides  l i t t l e  e v id e n c e  of the p o s i t io n  of i s o l a t e d  o le f in ic  

u nsa tu ra t ion ,  s i n c e  m a n y  of t h e s e  g r o u p s  p o s s e s s  s m a l l  ab i l i ty  

to d i r e c t  the m ode  of f r a g m e n t a t i o n .  T h i s  i s  e s p e c i a l l y  

not iceable  when in  the p r e s e n c e  o f  o x y g e n a te d  s u b s t i t u e n t s  

(not in the p r o x i m i t y  to the double  bond) w h ich  e x e r t  a s t r o n g e r  

influence on the m ode  of f r a g m e n t a t i o n .

F r a g m e n t a t i o n s  d i r e c t e d  by an  i s o l a t e d  o le f in ic  bond have



been r e p o r t e d  and  g e n e r a l l y  p r o c e d e  by e i t h e r

(a) a l ly l i c  c l e a v a g e  

e. g.

m /e_=  69 
(Gall i  e t  al)

m [ e  = 108 12g
( Z a r e t s k i i  e t  a l)

o r  (b) R e t r o  D ie l s  A l d e r  (RDA) e l i m i n a t i o n  

e. g.

m / e  = M -54 
(A u d ie r  e t  al)



m / e  = M - 6 0  m / e  = 120 
(Gall i  e t  a l)  34

Olef ins  in c lo s e  p r o x i m i t y  to o t h e r  fu n c t io n a l  g ro u p s  m a y  

s o m e t im e s  be r e c o g n i s e d  by f r a g m e n t  io n s  r e s u l t i n g  f r o m  a 

combined e f fec t  of the  tw o -g ro u p s .

A  5e. g. S t e r o i d a l  - 3 - 0 - t r i m e t h y l s i l y l  e t h e r s  b r e a k

down u n d e r  e l e c t r o n  i m p a c t  to give c h a r a c t e r i s t i c  ions

of m / e  = 12 9 and  m / e  = M - 12 9 (w h e re  M = the m o l e c u l a r

54weight) .  T h i s  w a s  shown by D ie k m a n  e t a l  a s  

r e s u l t i n g  f r o m  the fo l lowing f r a g m e n t a t i o n  :



M e.S iot ^  
3

m /  e = 129

Me^SiO +

m/e = M-129

- 3 - 0 - t r i m e t h y l s i l y l  e t h e r s  and  - 3 - 0 - t r i m e t h y l s i l y l

e th e r s  both f r a g m e n t  to give ions  a t  m / e  = 142 and m /e^=  143.
79

This was  shown fo r  the  en o l ic  e t h e r  by V e t t e r  e t  a l  to r e s u l t  f r o m

form at ion  of the ions  :
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Some o l e f i n i c  s t e r o i d s  which have  been  s t u d i e d  by mass s p e c t r o m e t r y  with

l i t e r a t u r e  c i t a t i o n s

119 119 130

A 4-3 -o x , A ^-3-oxo A 2-i- 0X 0

131 r v  131-1):

A '* - 4 - 0 3oxo A 5- 3 - 0X 0 A 1 , 4 - 3 - o x o

A 4> - 3 - o :0X 0

133,162 134

4 , 6,8

A 4- 3 - e t h y l e n e

77 77

ketal k e t a l

A 5 ( l 0 ) -3-ethylene

k e t a l



and

Me,SiO 3 +.

m/e = 142

Me, Si

both of w h ich  c o m p r i s e  C - l  to C - 4  f r o m  r i n g  A. A lthough  

no i s o t o p e - l a b e l l i n g  s tudy  h a s  b een  m a d e  of  t r i m e t h y l s i l y l  

e th e r s  of  a l l y l i c  C -3  a lc o h o l s ,  r e s u l t s  ob ta in ed  fo r  2 a -  

m e th y la n d r o s t - 4 - e n e - 3  B ,17 B -d io l  b i s - t r i m e t h y l s i l y l  e t h e r ,  

- m e t h y l a n d r o s t - 4 - e n e - 3  B, 17B-diol b i s - t r i m e t h y l s i l y l  e t h e r  

and 6 - m e t h y l a n d r o s t - 4 - e n e - 3 B  , 17 B -d io l  b i s - t r i m e t h y l s i l y l  

e th e r  ( P a r t  II, F ig .  2. 5) in d i c a t e  tha t  t h e s e  ions  c o m p r i s e  

C-2,  C -3  and  C - 4  and  a l m o s t  c e r t a i n l y  r e s u l t  f r o m  f i s s i o n  

of the C - l ,  2 and  C -4 ,  5 bonds  in r i n g  A.

O le f in ic  u n s a t u r a t i o n  a  o r  6 to k e to n e s  and  d e r i v a t i v e s

of such  k e to n e s  m a y  a l s o  l e a d  to f r a g m e n t a t i o n  c h a r a c t e r i s t i c  of

the lo ca t io n  of  the g r o u p s ,  and  m a n y  e x a m p l e s  of  th is  a r e  r e p o r t e d

in the l i t e r a t u r e .  S o m e  of the s t r u c t u r e s  s tu d i e d  a r e  shown in 

Fig.  3.1.
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In P a r t  IV i t  w i l l  be d e m o n s t r a t e d  how o le f in s  which  a r e

conjugated w i th  ke ton ic  g ro u p s  m a y  be d i s t in g u i s h e d ,  u s in g  a

de u te r iu m  ex ch a n g e  m e th o d ,  by the  n u m b e r  of e n o l i s a b l e  h y d r o g e n s

in the m o lecu le  a s  in d i c a t e d  by s u b s e q u e n t  m a s s  s p e c t r o m e t r y .

OLEFIN DERIVATIVES

F o r  o le f in ic  u n s a t u r a t i o n  in  p o s i t i o n s  no t  p r o x i m a l  to an

e l e c t ro n e g a t iv e  s u b s t i t u e n t  i t  i s  o f ten  n e c e s s a r y  to m od ify  the

group c h e m i c a l l y  in  o r d e r  to l o c a t e  i t s  p o s i t io n .  U n fo r tu n a te ly ,

the re  a r e  few r e a g e n t s  which  r e a c t  q u a n t i t a t i v e ly  w i th  an  o le f in

to give a s in g le  p u r e  co m p o u n d  w h ich  i s  o f  d i a g n o s t i c  va lue .

The following d e r i v a t i v e s  h av e  b een  u s e d  s u c c e s s f u l l y  f o r  the

locat ion  of o le f in ic  u n s a t u r a t i o n  in  l i n e a r  m o l e c u l e s  by m a s s

s p e c t r o m e t r y .

D e u t e r i o - r e d u c t i o n

R e a g e n t s  h a v e  now b een  r e p o r t e d  w h ic h  p e r m i t  d e u t e r i o  -

reduc t ion  of o le f in ic  double  bonds  w i thou t  c a u s i n g  m i g r a t i o n

13 6or  s c r a m b l i n g .  M o r a n d i  e t  a l  u s e d  t r i s t r i p h e n y l p h o s p h i n e -

rhodium c h lo r id e  a s  a h o m o g e n e o u s  c a t a l y s t  fo r  the  d e u t e r i o -

reduc t ion  of o le f in ic  n - h y d r o c a r b o n s .  T h e  m a s s  s p e c t r u m  of

the r e d u c e d  com pound  gave  the  p o s i t io n  of the  double  bond. T e t r a d e u t e r o

hydraz ine  h a s  b e en  u s e d  fo r  the d e u t e r i o  r e d u c t i o n  of  u n s a t u r a t e d  e s t e r s

186 187of long cha in  c a r b o x y l i c  a c i d s  ' f o r  the  p u r p o s e  of d e t e r m i n i n g  the



T h is  t echn ique  o bv ious ly  w o r k s  we l l  w h e r e  the f r a g m e n t a t i o n

of the r e d u c e d  s p e c i e s  i s  c l e a r l y  de f ined  and  does  not invo lve

ex tens ive  h y d r o g e n  s c r a m b l i n g ,  and  m ig h t  w e l l  be of u se  fo r

work  on s t e r o i d  h y d r o c a r b o n s ,  w h o se  b r e a k d o w n  u n d e r  e l e c t r o n

im p ac t  i s  now w e l l  d o c u m e n t e d .  A m o r e  co n v en ie n t  r e a g e n t

for th is  p u r p o s e  h o w e v e r  i s  p ro b a b ly  ^ - d i i m i n e  w h ich  is  f o r m e d

in s i tu  by h e a t i n g  the a n t h r a c e n e  d i im id e  c o m p le x  in  d ioxan  +

de u te r iu m  ox ide ,  and  r e a c t s  w i th  o le f in s  to give c i s  a d d i t io n  

137of d e u te r iu m  v iz  :

NH

DN dll) +

DN
ND

+ N,
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Methoxylation

M ono-  an d  p o ly - e n o ic  long  c h a in  e s t e r s  m a y  be 

conveniently  r e a c t e d  w i th  m e r c u r i c  a c e t a t e  in  m e th a n o l  

and t h e i r  m e t h o x y m e r c u r i c  a d d u c t s  r e d u c e d  w i th  s o d iu m  

b o rohydr ide  to give m e th o x y  s u b s t i t u t e d  c o m p o u n d s .  

Although e a c h  o le f in ic  bond p r o d u c e s  two i s o m e r i c  

methoxy s u b s t i t u e n t s ,  t h e s e  h a v e  not b een  o b s e r v e d  to 

s e p a r a t e  by GLC on S E -3 0  o r  p o ly e th y le n e  g lyco l  c o lu m n s .  

More  r i g i d  m o l e c u l e s  s u c h  a s  s t e r o i d s  h o w e v e r ,  w ould  be 

expected to be d i s a d v a n ta g e o u s  in  th is  r e s p e c t .



Hydroxyla t ion

O sm iu m  t e t r o x i d e  w i l l  r e a c t  c l e a n ly  and  u n d e r  m i ld

condit ions wi th  o le f in ic  m a t e r i a l  to give 1, 2 c i s - d io l s .  The

cyclic o s m a t e  e s t e r  i s  c o n v e r t e d  to the  c i s -d io l  by m i ld

138
reduc t ion  with  r e a g e n t s  s u c h  a s  m a n n i to l  and  p o t a s s i u m

59hydroxide ,  o r  w i th  s o d iu m  su lp h i te .

OH HO

1 OsO.
 4----------

2 Reducing agent

Sui tab le  d e r i v a t i v e s  of the c i s - d i o l  s u c h  a s  m e t h y l  e t h e r s  

139

59

o r  t r i m e t h y l s i l y l  e t h e r s  h av e  b e en  shown to d i r e c t  f r a g m e n t a t i o n  

under e l e c t r o n  i m p a c t  to give the l o c a t io n  of the o r i g i n a l  o le f in  in 

u n sa tu r a te d  fa tty  a c i d s .  The  f r a g m e n t a t i o n  i s  p r e d o m i n a n t l y  a  

cleavage b e tw een  the two oxygen  func t ions  

e -g.

CH3(CH2>6 ? H

(M e)3Si
/

0

m / e -  12 5

CH(CH2 )7 CC>2 Me

Si(Me),

m / e  = 259
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M eO OMe M eO OMe M eO OMe (Niehaus  et  al)

m / e = 115 * ]~ m /e =363 m / e=217 m / e =261 m / e =319 m / e - 159

The m e th y l  e t h e r  d e r i v a t i v e s  of p o l y u n s a t u r a t e d  fa tty  

ac ids  s tu d ie d  by N ie h a u s  and  R yhage  a l s o  e x h ib i ted  c l e a v a g e  a  

to a p a i r  of m e th o x y l  s u b s t i t u t e d  c a r b o n s .

P r e d i c t a b l e  f r a g m e n t a t i o n  p r o c e s s e s  p r e d o m i n a n t  in 

the m a s s  s p e c t r a  of t h e s e  l i n e a r  m o l e c u l e s  h o w e v e r  c anno t  

be r e a d i ly  a p p l i e d  to c y c l i c  s t r u c t u r e s  w h e r e  f i s s i o n  of  two 

o r  m o r e  bonds  i s  n e c e s s a r y  to f o r m  the f r a g m e n t  ion .

B efo re  a s t e r o i d  c an  be r e c o g n i s e d  in  the  f o r m  of a d e r i v a t i v e  

based  on i t s  o le f in ic  c h a r a c t e r  i t  i s  t h e r e f o r e  n e c e s s a r y  to s tudy  

the m ode  of f r a g m e n t a t i o n  of  the  d e r i v a t i v e  a t  v a r i o u s  p o s i t i o n s  

in the s t e r o i d  n u c l e u s .  A c o m p r e h e n s i v e  s u r v e y  of th is  s o r t  

has not to the  a u t h o r ’s know ledge  b e en  r e p o r t e d  in  the 

l i t e r a t u r e  and  i s  c l e a r l y  beyond  the s co p e  of  th is  t h e s i s .

A l im i t e d  s tu d y  o f  d e r i v a t i v e s  of t h r e e  o le f in ic  i s o m e r s  h a s  

been u n d e r t a k e n .
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ISOM ERIC E ST R E N  -17-ON ES

T h r e e  1 7 - k e to s te r o id s  ( e s t r r 4 - e n - 1 7 - o n e ,  e s t r - 5 - e n - 1 7 - o n e  

and e s t r -5 (1 0 )e n -1 7 -o n e ) ,  w h ich  a r e  id e n t ic a l  e x c e p t  f o r  the 

loca tion  of the o le f in ic  bond, p r e s e n t e d  an  i n t e r e s t i n g  p ro b le m  in 

s te ro id  id e n t i f ic a t io n .

o  o

e s t r - 5 - e n - 1 7 - o n e e s t r - 5(10)-en -17  -onee s t r - 4 - e n - 1 7 - o n e

Gas C h ro m a to g ra p h y

G as c h r o m a to g r a p h ic  s e p a r a t i o n  on O V -1 and OV-17 s e p a r a t e d

only the i s o m e r  f r o m  a m ix tu r e  of the  t h r e e  s t e r o id s ;  the

A4 and i s o m e r s  r e m a in e d  u n r e s o lv e d  a s  show n by the gas

c h ro m a to g ra m  (F ig .  3 .2 )  and  r e te n t io n  d a ta  (T ab le  3.1).

T A B L E  3.1 

R e ten tio n  d a ta  fo r  i s o m e r i c  e s t r e n - 1 7 - o n e s  

I s o m e r  MU V a lu e s

OV-1 (180°C) OV -17(190°C)

21 .05  2 4 .8 6

21.12 2 4 .6 2

21. 2 9  2 5 . 5 4

A 4

*  5(10)

-  80 -
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M ass S p e c t r o m e t r y  a t  70 eV

A n o ta b le  f e a tu r e  in the m a s s  s p e c t r a  of th e se  

i s o m e r ic  s t e r o i d s  a t  70 eV i s  t h e i r  s i m i l a r i t y  (F ig .  3 .3 .  ).

The M -28  f r a g m e n t  a t  m / e  = 230 is  an a lo g o u s  to the  f r a g m e n t  

at m / e  = 246 in  5 a -  a n d r o s t a n -17-o n e , w hich  w as  show n by
it

Tokens jet a l  to r e s u l t  f r o m  the e l im in a t io n  of c a r b o n  m on o x id e

* • 140from  r in g  D.

-CO
+

m/e = M-28

A nother p o s s ib le  f r a g m e n ta t io n  p r o c e s s  p ro d u c in g  an ion  of th is  

m a ss  would be a R e t r o  D ie l s - A ld e r  e l im in a t io n  f r o m  the A.4 o r  

5(10) i SQ m er wh^ch m ig h t  be fo r m e d  f r o m  the  o th e rs  by 

i s o m e r i s a t io n  in  the  ion  s o u r c e .
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+
R.D.A.

m/e = M-28

+

“1 +

+

R.D.A.

Iso m erism  
 >-

m/ e

A «■ A
5 (10 )'

R.D.A.

e = M-28

A m a s s  s h i f t  o f 14 u n i ts  in  the s p e c t r u m  o f  2 a  - m e t h y l e s t r - 4 - e n -  

17-one to g ive  a  f r a g m e n t  a t  m / e = 244 (F ig .  3. 4a) c l e a r ly  sh o w s 

that R e tro  D i e l s - A l d e r  e l im in a t io n  d o e s  n o t  o c c u r  fo r  the  ^  

i s o m e r  s in c e  C -2  is  r e t a in e d  in  the  f r a g m e n t .

A m e ta s t a b l e  ion  a t  m / e  = 276 in  the  s p e c t r a  of the  t h r e e

-  82 -
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u n su b s t i tu ted  i s o m e r s  in d ic a te s  th a t  the  f r a g m e n t  a t  m / e  = 201, 

which is  the b a s e  p e a k  fo r  the  i s o m e r  r e s u l t s  a t  l e a s t

in p a r t  f r o m  e l im in a t io n  of ^r o m  the ion  a t  m / e  = 230.

This m ig h t  a r i s e  a s  show n below  :

/ e = 201

The a p p e a r a n c e  of th is  f r a g m e n t  a t  m / e  = 201 in  the  m a s s  s p e c t r u m

of 1 6 e s t r - 4 - e n - 1 7 - o n e  (F ig .  3. 5a) v e r i f i e s  th a t  i t  a r i s e s  ou t

of r in g  D f r a g m e n ta t io n .

F r a g m e n ta t io n  d i r e c t e d  by the  A ?  o le f in ic  bond a s  r e p o r t e d

128by Z a r e t s k i i  e t  a l  f o r  c h o l e s t - 4 - e n e  sh o u ld  r e s u l t  in  an  

analogous f r a g m e n t  a t  m / e  = 94 i . e .

4*

m/e => 94

-  83 -



A f ra g m e n t  of th is  va lu e  does  have  g r e a t e r  ab u n d an ce  in  the

5 . ^ 5 ( 1 0 )
f \ ^  i s o m e r  than  in  the and i s o m e r s ,  bu t i t s  

p r e s e n c e  is  o b s c u r e d  by o th e r  p ro m in e n t  f r a g m e n ts  in  th is  

reg ion  of the s p e c t r u m .  T h e  m a s s  s p e c t r u m  of 3 dg e s t r - 4 -  

en-17-one (F ig .  3. 5b) show s c l e a r l y  th a t  th is  f r a g m e n t  does  

ex is t ,  by c a u s in g  i t  to s h i f t  two m a s s  u n i ts  to m / e  = 96

+

m/e = 9 6

2 a - m e th y le s t r - 4 - e n - 1 7 - o n e  (F ig .  3 .4 a )  and  6 a - m e t h y l e s t r - 4  

en-17-one  (F ig .  3. 4b) g ive an a lo g o u s  f r a g m e n t s ,  both  a t  m / e

Me

Me

+

m/e = 108

• m/e = 108

= 108

-  84 -



The A5 o le f in ic  bond in  c h o le s t - 5 - e n e  w as  r e p o r t e d  

by Z a r e t s k i i  to in d u ce  f r a g m e n ta t io n  r e s u l t i n g  in  lo s s  of 

c a rb o n s  1 to 7 i . e .

A n d ro s t -5 -e n -1 7 - o n e  w as  a l s o  r e p o r t e d  a s  g iv ing  an  an a lo g o u s  

f r a g m e n t  a t  m / e  = 177. A s c a n  be s e e n  f r o m  F ig .  3. 3b, the 

expec ted  f r a g m e n t  a t  m / e  = 163 i s  n o t  p r e s e n t  in  the  m a s s  s p e c t r u m  

of e s t r - 5 - e n - 1 7 - o n e  to an y  s ig n i f ic a n t  e x te n t .

M ass  s p e c t r o m e t r y  a t  15eV

E l e c t r o n  im p a c t  a t  low e n e r g i e s  (15-2OeV) g e n e r a l ly  

r e s u l t s  in m a s s  s p e c t r a  c o n ta in in g  f e w e r  f r a g m e n t  io n s  than  

those p ro d u c e d  a t  the n o r m a l ly  u s e d  io n is in g  e n e r g y  o f 70 eV . 

Although f e w e r  in  n u m b e r ,  th e s e  f r a g m e n t  ions  u s u a l ly  r e s u l t  

from  p r i m a r y  f r a g m e n ta t io n  p r o c e s s e s .  F ig .  3. 6 sh o w s 

the m a s s  s p e c t r a  a t  15 eV of e s t r - 4 - e n - 1 7 - o n e ,  e s t r - 5 - e n - 1 7 - o n e  

and e s t r -5 (1 0 ) - e n - 1 7 -o n e  r e s p e c t iv e ly .  A g a in  the  th r e e  s p e c t r a

-  85 -



show r e m a r k a b l e  s i m i l a r i t y ,  but the e x t r a  ion  a t  m / e  = 94 

for the i s o m e r  now show s g r e a t e r  p r o m in e n c e .  By 

c o m p a r is o n  w ith  the  15 eV m a s s  s p e c t r a  of the 6 a  -m e th y l  and  

16 j i 0 - s u b s t i tu te d  a n a lo g u e s  (T ab le  3 .2 )  p o s tu la t io n s  of the 

o r ig in s  of the o th e r  p r o m in e n t  f r a g m e n ts  cou ld  be m a d e  w ith  

r e a so n a b le  ju s t i f i c a t io n .

T A B L E  3. 2

P r i n c i p a l  io n s  in  the  m a s s  s p e c t r a  a t  
15 eV of e s t r - 4 - e n - 1 7 - o n e ,  i t s  16 
________and  6 g m e th y l  a n a lo g u e s_______

I s o m e r   m /  e

A 258 230 201 162 97 94

16d2 A 4 260 232 201 162 99 94

6*M e & 4 272 244 215 176 97 108

T hese  r e s u l t s  c a n  be e x p la in e d  by the  fo llow ing  f r a g m e n ta t io n  

of e s t r - 4 - e n - 1 7 - o n e  a t  15 eV w h ich , e x c e p t  f o r  the  f r a g m e n t  

at m / e = 94, i s  g e n e r a l  f o r  a l l  t h r e e  i s o m e r s .

162

230

201

-  86 -



D E R IV A T IV E S O F ISOM ERIC 
E S T R E N -17-O N E S

In o r d e r  to e n h an ce  the d is t in c t io n  b e tw ee n  the th r e e

olefin ic  i s o m e r s  by gas  c h r o m a to g r a p h y  and  m a s s  s p e c t r o m e t r y ,

c h em ica l  m o d if ic a t io n s  w e r e  m a d e  to the o le f in  p a r t  of the

m o le c u le .  T h e s e  m o d if ic a t io n s  c o m p r i s e d  (i) c o n v e r s io n  to

the c i s - d io l (ii) f o r m a t io n  of a n o n - p o la r  d e r iv a t iv e  of the c i s -d io l .

A. C is  D io ls

The o le f in ic  s t e r o id s  w e r e  c o n v e r te d  to c i s - d io ls  by the  m e th o d  

59of N ieh au s  e t  a l .

1 OsO
2 Na So

OHHO

OH

-  87 -
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Gas C h ro m a to g ra p h y

Gas c h ro m a to g ra p h y  on O V -1 and  OV-17 show ed  i n c r e a s e d

s e p a ra t io n  o f  the t h r e e  i s o m e r s  (T ab le  3 .2 ,  F ig .  3 .7 ) .  B o th

the and  A 5 i s o m e r s  gave  only  one m a j o r  p e ak  when

c h ro m a to g ra p h e d  on th e se  p h a s e s .  T h e  i s o m e r

how ever  f o r m e d  two p r o d u c ts ,  in  c o m p a r a b le  a m o u n ts ,  w h ich

w ere  c l e a r ly  s e p a r a t e d  on b o th  c o lu m n s .

T A B L E  3. 3.

R e ten t io n  d a ta  fo r  i s o m e r i c  e s t r e n - 1 7 - o n e s
a f t e r  o x id a t io n  w ith  o s m iu m  te t ro x id e _______

MU
P a r e n t  I s o m e r  OV-1 (215°C) O V -17(225°C)

A4

A5

^ 5 ( 1 0 )

2 4 .6 8  . 2 9 .4 9

24. 34 2 9 .3 0

( 23. 91 ( 28. 45
( (
( 24 .17  ( 28 .91

M ass S p e c t r o m e t r y

M ass  s p e c t r o m e t r y  o f  the  e lu te d  p r o d u c ts  c i te d  in  T a b le  3. 3. 

gives p a r e n t  io n s  a t  m / e  = 292 f o r  e a c h  co m p o n en t ,  w h ich  i s  

the c o r r e c t  v a lu e  f o r  the m o l e c u la r  ion  of the  c i s - d io l .  The 

two p ro d u c ts  f o r m e d  f r o m  the  i s o m e r  th e r e f o r e

-  88 -



FIG.  3 , 6

Mass s p e c t r a  a t  JO eV o f  c i s  d i o l s  form ed by o s rn y la t io n  o f  isomeric

e s t r e n - 1 7 - o n e s _____
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p re s u m a b ly  r e s u l t  f r o m  o x id a tio n  on the  a  s id e  and  the g 

s ide  of the m o le c u le .  T h e s e  d io ls  a l th o u g h  s e p a r a b le  by G LC 

gave id e n t ic a l  m a s s  s p e c t r a .

T he  m a s s  s p e c t r a  of the c i s - d io ls  o b ta in e d  f ro m  the 

th re e  i s o m e r s  a r e  show n in  F ig .  3. 8, and  a r e  a s  s t r ik in g  

in th e i r  d i f f e r e n c e  a s  the s t e r o id  o le f in  s p e c t r a  a r e  in  t h e i r  

s im i la r i ty .  I t  w as  in te n d e d  to d ia g n o se  the  m o d e  of 

f r a g m e n ta t io n  o f th e s e  d io ls  an d  th e i r  d e r iv a t iv e s  by 

c o m p a r iso n  w ith  the  m a s s  s p e c t r a  of a  s e r i e s  o f  m e th y l  

and d e u te r iu m  la b e l le d  a n a lo g u e s ,  bu t th is  w o rk  w as  c u r t a i l e d  

b eca u se  o f the l im i t e d  t im e  a v a i l a b le .  A few la b e l le d  4, 5 

c i s - d io l  a n a lo g u e s  w e r e  p r e p a r e d ,  h o w e v e r ,  and  th e i r  

p r in c ip a l  ion  f r a g m e n ts  a r e  s u m m a r i s e d  in  T a b le  3 . 4 .

4 ,5  c i s - d io l
T A B L E  3 .4

P r i n c i p a l  io n s  in  the  m a s s  s p e c t r a  a t  70 eV 
o f  e s t r - 4 - e n - 1 7 - o n e  an d  s u b s t i tu te d  a n a lo g u e s  
a f t e r  o x id a t io n  w ith  o s m iu m  te t r o x id e

P a r e n t  i s o m e r  _______________________ m / e __________________

& 4 292 233 219* 205

2aM e & 4 306 233* 219 205

6aM e 306 247 233* 219
4

3d2 - &  294 233 219* 205

16 A4 293 234 220* 206

* = b a se  p e ak



T h ese  r e s u l t s  c an  be e x p la in e d  by the  f r a g m e n ta t io n  show n 

below :

A. m /  e = 233

B. m l  e = 219

C. m / e  = 205

OH
OH

The ion  a t  m / e  = 233 is  fo r m e d  a f t e r  one h y d ro g e n  m ig r a t io n  to 

the n e u t r a l  f r a g m e n t .  A lthough  no t c o n f i rm e d  by d e u te r iu m  

labe ll ing , i t  s e e m s  p ro b a b le  th a t  th is  t r a n s f e r  i s  f r o m  C-10.

+0+ 0K

OHHO HO
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The ion  a t  m / e  - 219 w hich  is  the b a s e  peak  can  be fo r m e d  by 

hydrogen  t r a n s f e r  f r o m  C -9  to C -4 .

OH

+0 +0+0
m/e = 219

The ion a t  m / e  = 205 c o n ta in s  C -6  and  C-16 bu t h a s  l o s t  C -2  

and C -3 .  I t  a l s o  lo s e s  two h y d ro g e n  a to m s  to the  n e u t r a l  

f rag m e n t .  One p o s s ib le  f r a g m e n ta t io n  s e q u e n c e  i s  show n be low

+0H
HO

+0H
HO *

m/e = 205

+0H
HO

HO



To p ro v e  the above  s e q u e n c e s  beyond  doubt w ould  r e q u i r e  

fu r th e r  d e u te r iu m  la b e l l in g  a t  C-10, C -9 ,  C -8  and  4-OH.

5-6 c is  d io l  and  5-10 c is  d io l

W ithou t d e u te r iu m  o r  o t h e r  l a b e l le d  a n a lo g u e s  fo r  

c o m p a r iso n ,  i t  i s  n o t p o s s ib le  to f o r m  r e l i a b l e  p o s tu la t io n s  fo r  

the s t r u c t u r e  of io n s  p ro d u c e d  by th e s e  i s o m e r s  u n d e r  e l e c t r o n  

im p ac t .  I t  i s  q u ite  c l e a r  h o w e v e r  th a t  they  d i f f e r  q u ite  

m a rk e d ly  in f r a g m e n ta t io n  bo th  f r o m  e a c h  o th e r  an d  f r o m  

the 4, 5 - d io l  i s o m e r ,  and  in  th is  r e s p e c t  o x id a tio n  w ith  

osm iu m  te t ro x id e  m a y  p ro v e  a u s e f u l  m e a n s  of o le f in  

d e te rm in a t io n  in  s t e r o i d s .

B. T r im e th y l s i l y l  E t h e r s  of C is  D io ls

No s a t i s f a c t o r y  m e th o d  w a s  found fo r  the f o r m a t io n  

of t r i m e th y l s i l y l  e t h e r s  of the  above  c i s - d io ls .  A f te r  

heating  the  s a m p le  in  a  s e a le d  tube w ith  e x c e s s  of a  m ix tu r e  

of p y r id in e ,  h e x a m e th y ld i s i l a z a n e  and  t r im e th y l c h lo r o s i l a n e  

(50:20:5 v /v )  f o r  s ix  h o u r s  a t  a  t e m p e r a t u r e  of 120°C, m o s t ly  

unchanged s t a r t i n g  m a t e r i a l  w a s  r e c o v e r e d  f r o m  the  r e a c t i o n  

m ix tu re  to g e th e r  w ith  t r a c e  q u a n t i t ie s  of m o n o s i ly la te d  p ro d u c t .  

The 4, 5 - c i s - d io l  an d  the 5, 6 - c i s - d i o l  bo th  show ed  th r e e  p ro d u c ts



on OV-1 a f t e r  s i ly la t io n  w hich  w e re  show n by s u b s e q u e n t  

a n a ly s is  by G C /M S  to c o m p r i s e  two m o n o s i ly la te d  com pounds  

and a s m a l l  a m o u n t  o f  b i s - s i ly la te d  m a t e r i a l .

C. B o ro n a te  E s t e r s  of c i s - D io l s

C i s -d io l s  o b ta in e d  f r o m  &  ^ a n d  e s t r e n - 1 7 -

w e re  found to r e a c t  c o m p le te ly  w ith  a lk y l  and  a r y l - b o r o n i c  a c id s  

to give c y c l ic  e s t e r s  of the type  show n :

o

OHHO

OH

OH

BB(OH)i

“B-R

ones
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Gas C h ro m a to g ra p h y

T he b o ro n a te  e s t e r s  d e p ic te d  ab o v e  show ed  good 

gas c h r o m a to g r a p h ic  p r o p e r t i e s  and  e n h an c e d  s e p a r a t i o n  

of i s o m e r i c  f o r m s .  (F ig .  3. 9, T a b le  3. 5).

T A B L E  3. 5

R e te n t io n  d a ta  f o r  i s o m e r i c  e s t r e n - 1 7 - o n e s  
_______ a s  b o ro n a te  e s t e r s ___________________

P a r e n t  I s o m e r  M.TJ.

n - b u ty l  b o ro n a te  p h e n y lb o ro n a te

O V -l(215°C ) O V -17(225°C) O V -1(230°C ) O V -17(250°C

26. 02 29. 76 29. 74 35. 02

2 5. 60 2 9 .3 8 29. 32 34. 62

( 25. 07 (28. 66 (28. 44 ( 3 3 .5 8

( 25. 28 (2 8 .9 2 (29. 01 ( 34.19

A4
A 5

.51.0

Single p r o d u c ts  w e r e  o b ta in e d  f r o m  the and  A 5 i s o m e r  

and two p r o d u c t s  f r o m  the 1 \  i s o m e r  in  a c c o r d a n c e  w ith

r e s u l t s  o b s e r v e d  f r o m  the  c i s - d io ls .

M ass  S p e c t r o m e t r y

A s  w a s  the c a s e  w ith  b o ro n a te  d e r i v a t i v e s  o f  B -h y d ro x y
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a m in es  ( P a r t  I) i t  w as  h oped  th a t  the c y c l ic  n a tu r e  of theaB  

diol e s t e r s  w ould  d i r e c t  m a s s  s p e c t r o m e t r i c  f r a g m e n ta t io n  to 

give p r e d ic ta b l e  f r a g m e n ts  w h ich  w e r e  c h a r a c t e r i s t i c  of the 

location  of the  g ro u p s .

Io n s  c o n ta in in g  b o ro n  m a y  o ften  be r e c o g n i s e d  by the  

n a tu ra l  ab u n d an c e  r a t i o  ^ B : ^ B  = 1:4, w h ich  i s  r e f l e c t e d  in  a l l  

f r a g m e n ts  c o n ta in in g  th is  e le m e n t .  A d d it io n a l  r e c o g n i t io n  of 

these  f r a g m e n ts  in  the  m a s s  s p e c t r a  of b o ro n a te  e s t e r s  i s  

a ffo rded  by the  m a s s  s h i f t s  o b s e r v e d  w hen  u s in g  b o ro n ic  a c id s  of 

d if fe ren t  m o le c u l a r  w e ig h ts .  F ig .  3 .10 show s  the m a s s  s p e c t r a  

of p h e n y lb o ro n a te s  o f  c i s - d io ls  d e r iv e d  f ro m  the A4, A5 and  

Z !  5(10) i s o m e r s  e s t r e n - 1 7 - o n e  an d  F ig .  3.11b sh o w s  the m a s s  

s p e c t ru m  of the n - b u ty lb o r o n a te  of the  5, 6 - c is  d io l .  T h e  b u ty l -  

and p h e n y l - b o r o n a te s  of 5 ,1 0 - c i s - d i h y d r o x y e s t r a n -17-o n e  (F ig .  3.11) 

d e m o n s t ra te  c l e a r l y  the  u s e  o f  the  m a s s  s h i f t  te ch n iq u e  f o r  

iden tify ing  f r a g m e n ts  c o n ta in in g  the  b o ro n ic  e s t e r  g ro u p .  T h e  

m /e  v a lu e s  o f  p r o m in e n t  b o ro n - c o n ta in in g  f r a g m e n ts  o b s e r v e d  in  

the m a s s  s p e c t r a  of the  t h r e e  i s o m e r s  (T ab le  3. 6) en ab le  c l e a r  

d is t in c t io n  o f  the  5,10 i s o m e r  and  d is t in g u is h  the  4, 5 f r o m  

the 5, 6 i s o m e r  by the  r e l a t i v e  a b u n d an c e  of the  f r a g m e n t  a t



m /e  = 215 in the m a s s  s p e c t r a  of the p h e n y lb o ro n a te s .

T A B L E  3. 6

P r o m in e n t  b o r o n - c o n ta in in g  f r a g m e n ts  in  the  m a s s  
s p e c t r a  of n - b u ty l -  and  p h e n y lb o ro n a te s  d e r iv e d  
f r o m  i s o m e r s  of e s t r e n - 1 7 - o n e

n - b u ty lb o ro n a te  p h e n y lb o ro n a te

P a r e n t  i s o m e r  m /  e % m / e  %

A 4 195 46 215 40

£ * 5 195 100 215 100

181 100 201 100

195 23 215 14

F r a g m e n ts  n o t  e x h ib i t in g  a 20 u n i t  m a s s  d i f f e r e n c e  fo r  p h e n y l-  

and b u ty lb o ro n a te  e s t e r s  w e r e  u s u a l ly  co m m o n  to the  t h r e e  i s o m e r s  

and no t  t h e r e f o r e  c h a r a c t e r i s t i c  of the  p o s i t io n  of the  d io l  g ro u p s .  

E x c e p t io n s  w e r e  the  f r a g m e n ts  a t  m / e  = 228 fo r  the  4, 5 i s o m e r ,  

m / e  = 120 f o r  the  5, 6 i s o m e r  and  m / e  = 149 f o r  the  5,10 i s o m e r .

4, 5 -b o ro n a te  e s t e r s

I t  i s  a p p a r e n t  f r o m  the m a s s  s p e c t r u m  of 4, 5 - c is  -d ih y d ro x y es  t r a  

17-one p h e n y lb o ro n a te  th a t  the  b o ro n a te  e s t e r  a t  th is  p o s i t io n  h a s  

l i t t le  in f lu e n c e  on the  f r a g m e n ta t io n  of the  m o le c u le .  T h e  p r in c ip a l  

ions in  th is  s p e c t r u m  r e s u l t  f r o m  co m m o n  f r a g m e n ta t io n  of the
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s te r o id  n u c le u s  (e. g. m / e  = 91, m / e  = 105), e l im in a t io n  of 

p h e n y lb o ro n ic  a c id  (m /e  = 2 56) and  e l im in a t io n  o f  p h e n y lb o ro n ic  

ac id  w ith  s u b se q u e n t  f r a g m e n ta t io n  of r in g  D (e. g. m / e  = 228, 

m / e  = 200, m / e  = 199). T he  b o ro n - c o n ta in in g  f r a g m e n t  a t  

m / e  = 215 in  the  m a s s  s p e c t r u m  of the  p h e n y lb o ro n a te  sh if te d  

to m / e  = 229 f o r  the  2 a  -m e th y l  and  6 a  - m e th y l  a n a lo g u e s .  

S im i la r ly  the  b o ro n a te  o f  the  3dg a n a lo g u e  gave  a  f r a g m e n t  a t  

m / e  = 197 in s t e a d  of 195. K now ing  th a t  th e se  io n s  co n ta in  c a r b o n  

a to m s  2, 3 an d  6, a  l ik e ly  f r a g m e n ta t io n  w ould  be :

o

R - 77. (phenyl) , 57 (n -b u ty l)

0
\  /Bit
m /  e - 138 + R
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5, 6 -b o r o n a te  e s t e r

In  c o n t r a s t  to the m a s s  s p e c t r u m  o f  the  4, 5 -p h e n y lb o ro n a te ,  the 

5, 6 -p h e n y lb o ro n a te  e s t e r  f r a g m e n t s  u n d e r  e l e c t r o n  im p a c t  to 

give a  s p e c t r u m  d o m in a te d  by one ion  a t  m / e  = 215 w h ich  r e t a i n s  

the b o ro n a te  g ro u p .  A lthough  th is  w as  no t  c o n f i rm e d  by 

c o m p a r iso n  w ith  l a b e l le d  a n a lo g u e s ,  t h e r e  i s  l i t t l e  r e a s o n  to 

doubt th a t  th is  ion  c o m p r i s e s  r i n g  A and  C -6 .  A l ik e ly  

m e c h a n is m  t h e r e f o r e  w ould  be :

0+

0 +

R = 77 (phenyl), 57 (n -b u ty l)  m / e  = 138 + R

5 ,1 0 -b o ro n a te  e s t e r s

T he  b a s e  p e ak  in  the m a s s  s p e c t r u m  o f the  5,10 

p h e n y lb o ro n a te  e s t e r  i s  a t  m / e  = 201 an d  c o n ta in s  the  b o ro n a te
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group. T h i s  f r a g m e n t  m ig h t  w e ll  be fo r m e d  by a  m e c h a n is  

such  a s  the  fo llow ing  :

0*

m / e  = 123 + R 
R = 77 (phenyl), 57 (butyl)

This  m ode  of f r a g m e n ta t io n  s e e m e d  m o r e  l ik e ly  than  the 

a l te r n a t iv e  9 ,1 0 -b o n d  f i s s io n  fo llow ed  by h y d ro g e n  t r a n s f e r  

f ro m  C -8  to C-10 s in c e  the  l a t t e r  n e c e s s i t a t e d  the  

e l im in a t io n  of a c o m p a r a t iv e ly  u n s ta b le  n e u t r a l  s p e c ie s



This  w ould  a l s o  e x p la in  the  a b s e n c e  of a  f r a g m e n t  a t  th is  m a s s  

v a lue  fo r  the 4, 5 -b o r o n a te  e s t e r  w h ich  w ould a l s o  be e x p e c te d  

to o c c u r  by f i s s io n  of the  9,10 an d  5, 6 bond-w ith  h y d ro g e n  

t r a n s f e r  f r o m  C -8  to C-10.

T he  w e a k e r  b o ro n - c o n ta in in g  f r a g m e n t  a t  m / e  = 215 m ay  be 

fo rm e d  by a  m e c h a n i s m  s i m i l a r  to th a t  p ro p o s e d  fo r  the 

f r a g m e n t  a t  m /  e = 215 in  the  4, 5 -p h e n y lb o ro n a te  e s t e r .

o

m / e  = 138 + R

R = 77 (pheny l) , 57 (butyl)
-  100  -



The p ro m in e n t  f r a g m e n t  a t  m / e  = 149 d o es  not co n ta in  the  

b o ro n a te  g ro u p ,  bu t a p p e a r s  to be c h a r a c t e r i s t i c  o f  i t s  lo c a t io n .  

A f r a g m e n t  of the s a m e  m a s s  is  p r e v a le n t  in  the m a s s  s p e c t r u m  

of the 5 , 1 0 - c i s - d io l .

D. A C ETO N ID E S OF CIS-DIO LS

A c e to n id e s  c an  be  p r e p a r e d  f r o m  1, 2 o r  1, 3 d ia x ia l  

s te r o id  c i s - d i o l s  by r e f lu x in g  an  a c e to n e  so lu t io n  c o n ta in in g  an  

ac id  c a t a ly s t  su ch  a s  j3 - to lu e n e s u lp h o n ic  a c id  o r  by u s in g  

copper  s u lp h a te  a s  c a ta ly s t .  In  an  a t t e m p t  to s y n th e s i s e  an  

analogous s i l i c o n id e  by d is s o lv in g  the  c i s - d io l  a t  ro o m  

te m p e r a tu r e  in  an  a c e to n e  so lu t io n  o f d ic h lo r o d im e th y ls i l a n e ,  

the a c e to n id e s  of the  4, 5 an d  the  5, 6 c i s - d io l  w e r e  in a d v e r te n t ly  

p r e p a r e d  in  h ig h  y ie ld  (85% 4, 5 -a c e to n id e ;  95% 5, 6 -a c e to n id e )  

i. e.

OH

+ (M eL  Si C l9 /A c e to n e

HO

C(Me)2
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The i s o m e r i c  5, 6 a ce to n id e  w as  fo r m e d  f r o m  the 5, 6 c i s - d io l 

but the 5,10 c i s -d io l  fa i le d  to fo r m  a  d e r iv a t iv e  u n d e r  th e se  

cond itions .

Gas C h ro m a to g ra p h y

The a c e to n id e s  c h r o m a to g r a p h e d  w e ll  fo rm in g  s y m m e t r i c a l

peaks  w h ich  w e r e  w e l l  s e p a r a t e d  f r o m  the c i s - d io ls  on OV-17

(4, 5 -c i s  d ih y d r o x y e s t r a n  -  17-o n e  a c e to n id e  = 26.18 MU; 5, 6 - c i s -

d ih y d ro x y e x tra n  -1 7 - o n e  a c e to n id e  -  26. 90 MU) thus  e n ab l in g

s a t i s f a c to r y  d is t in c t io n  f r o m  the u n r e a c te d  5,10 c i s - d io ls

(= 28. 45 MU, 28. 91 MU) u s in g  g a s  c h ro m a to g r a p h y .

M ass  S p e c t r o m e t r y

T he  m a s s  s p e c t r a  of a c e to n id e s d e r iv e d  f r o m  u n s a tu r a t e d

63
fatty  a c id s  h a v e  b e en  r e p o r t e d  by M c C lo sk e y  an d  M cC le l la n d .

The m a s s  s p e c t r a  of the  4, 5 -ace to n id e  and  the 5, 6 -ace to n id e  

w e re  e s s e n t i a l l y  id e n t ic a l .  No m o le c u la r  ion  w as  a p p a r e n t  

in e i t h e r  s p e c t r u m  (a t 70eV) bu t  the ion  a t  m / e  = 317, p ro d u c e d  

by lo s s  of a  m e th y l  g ro u p  w as  found to be m o r e  s ta b le .  F u r t h e r  

lo s s  of a c e t i c  a c id  f r o m  th is  ion  f o r m s  the f r a g m e n t  a t  m / e  = 2 59 

which i s  the  b a s e  p e ak .  L ik e ly  m e c h a n i s m s  a r e  p o s tu la te d  

below.
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4, 5 -aceton id e

+0

Me
Me

259m/e OH

Me

5, 6 -a c e to n id e

• X

Me Me

m/ e = 259

Me

C ~Me
/

HO

-  103 -



Since by th is  h y p o th e s i s  the b a s e  p e ak  a t  m / e  = 2 59 h a s  the s a m e  

s t r u c t u r e  fo r  t h e  4, 5- and  5, 6 - a c e to n id e ,  i t  i s  no t s u r p r i s i n g  th a t  

f u r th e r  f r a g m e n ta t io n  f r o m  th is  ion  i s  the s a m e  fo r  both  i s o m e r s .

E. D IM E T H Y L  SILICONIDES O F C IS-D IO LS

D u r in g  o u r  s e a r c h  fo r  s u i ta b le  d e r iv a t iv e s  of c i s - d io ls ,  

c o n s id e ra b le  a t te n t io n  w as  g iven  to the p o s s ib le  fo r m a t io n  of a 

s i l ico n  an a lo g u e  o f  the  a c e to n id e .  I t  w as  thought l ik e ly  th a t  

th ese  " d im e th y l  s i l i c o n id e s "  m ig h t  be  fo r m e d  by the  g e n e r a l  

r e a c t io n
M e

R:(OH)„ + M e„Si(X )„ --------->  K Si + 2 HX
2 2 2 v O M e

w h e re  X i s  a n  e le c t r o n e g a t iv e  s u b s t i t u e n t  and R ^O H )^  is  a

1, 2 c i s -d io l .  Such d e r iv a t i v e s  i t  w as  hoped  w ould

be su i ta b le  f o r  gas  c h r o m a to g r a p h y ,  s in c e  they  a r e  n o n -p o la r ,

should  h a v e  r e te n t io n  t im e s  c o m p a r a b le  w ith  a c e to n id e  d e r iv a t iv e s ,

and give m a s s  s p e c t r a  c h a r a c t e r i s t i c  o f  th e i r  lo c a t io n  on the

s te r o id  n u c le u s .  In  c o n s id e r a t io n  o f  the  l a t t e r  we w ould

expec t a  d i f f e r e n t  m ode  of f r a g m e n ta t io n  f r o m  th a t  of the

a c e to n id e s  s in c e  the  e l im in a t io n  o f  M eSi O f r o m  the

M-15 ion  i s  l e s s  fa v o u ra b le  th an  the e l im in a t io n  of a c e t ic

ac id  f r o m  the  e q u iv a le n t  ion  in  the  m a s s  s p e c t r u m  o f  the
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a ce to n id e .

T h is  r e s e a r c h  w as  u n d e r ta k e n  b e fo re  p u b l ic a t io n  of 

s im i l a r  w o rk  by K e lly  who s u c c e e d e d  in  m a k in g  a d e r iv a t iv e  

of th is  type  in  good y ie ld  by r e a c t in g  3 B~acetoxy-16 a  17a-

d ih y d r o x y p r e g n - 5 - e n e - 2 0 - o n e  w ith  d im e th y ld ic h lo r o s i la n e  in

. . .  64p y r id in e .

Si MeOH

r - O H

Me^SiCl

AcO AcO

L a te r  he r e p o r t e d  s i l ic o n id e  f o r m a t io n  of the  d ih y d ro x y  a c e to n e

side ch a in  o f  a c o r t i c o s t e r o i d  u s in g  d im e th y ld ia c e to x y  s i la n e

65in hexane  so lu t io n  w ith  t r im e th y l a m in e  a s  c a t a l y s t

M e ^ S i ( O A c ) 2
--------------------- V -

N (Me) ..

— 0.
SiMe,

T h r e e  b ifu n c t io n a l  r e a g e n t s  of the  d im e th y l  s i l i c o n  type 

d im e th y lc h lo ro s i la n e  (M e ^ S iC ^ ) ,  d im e th y ld ie th o x y s i la n e

*
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(Me9Si(OEt) ) an d  d i in e th y lb i s (d im e th y la m in o ) - s i l a n e  

(Me9Si(N M e9 ) ), w e r e  u s e d  to t r e a t  i n d a n e - c i s - d i o l
Ct &  Ci '

u n d e r  v a r io u s  t h e r m a l  and  c a ta ly t ic  co n d it io n s  in  o r d e r  

to in d ic a te  t h e i r  s u i ta b i l i ty  fo r  s i l ic o n id e  fo r m a t io n .

A co m m o n  f a c to r  in  th e s e  r e a c t io n s  h o w e v e r  w a s  the 

fo rm a t io n  of p o ly m e r ic  s i l ic o n e  s p e c i e s ,  a t  l e a s t  one 

of w hich  c o n ta in e d  the in d an e  n u c le u s .

A p p lica t io n  to 5, 6 -d ih y d r o x y e s t r a n - 1 7 - o n e

T he  c i s - d i o l  o b ta in e d  f r o m  e s t r - 5 - e n - 1 7 - o n e  w as  h e a te d  

with a l a r g e  e x c e s s  of d im e th v lb i s (d im e th y la m in o ) s i la n e  a t  

120° fo r  17 h o u r s  in  a s e a le d  tube . T he  r e a c t io n  p r o d u c ts  w e re  

shown by G C /M S  to c o m p r i s e  t h r e e  c o m p o n en ts  in  a p p ro x im a te ly  

equal p r o p o r t io n s ,  one  of w h ich  gave  a p a r e n t  io n  w h ich  

c o r r e s p o n d e d  to the  m o le c u la r  ion  o f  the  d e s i r e d  p ro d u c t .

The fu ll  m a s s  s p e c t r u m  (F ig .  3 .12a) i s  c h a r a c t e r i s e d  by a
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v e ry  s ta b le  m o le c u la r  io n  (w hich i s  the b a s e  peak ) and r e l a t i v e ly  

few d a u g h te r  io n s .  H o w ev e r ,  a l th o u g h  f r a g m e n ts  a t  m /  e = 219 

and m / e  = 305 can  be e x p la in ed  by r in g  D f r a g m e n ta t io n ,  the 

f r a g m e n t  a t  m / e  = 212 w h ich  w ould  a p p e a r  to be c h a r a c t e r i s t i c  

of the s i l ic o n id e  g ro u p  c an n o t  be e x p la in ed  by s im p le  f i s s io n  

p r o c e s s e s  an d  p ro b a b ly  in v o lv e s  a  s k e l e t a l  r e a r r a n g e m e n t .

T h e  two o th e r  c o m p o n en ts  of the  m ix tu r e  b eh av ed  a lm o s t  

id e n t ic a l ly  on the  m a s s  s p e c t r o m e t e r  and  sho w ed  m o le c u la r  io n s  

c o r re s p o n d in g  to the  ad d i t io n  of two d im e th y ls i lo x y  g ro u p s .



SUMMARY

T he fo llow ing  s u m m a r i s e s  the s u i ta b i l i ty  of the  te ch n iq u es  

u sed  to i s o la t e  and  c h a r a c t e r i s e  and i s o m e r i c

e s t r e n - 1 7 - o n e s .

1 .______O lefin s

GLC on OV-1 and  OV -17 s e p a r a t e d  the i s o m e r  f r o m  a

m ix tu re  o f  the  t h r e e  co m p o u n d s ,  bu t f a i le d  to r e s o lv e  the  /S   ̂

a  5and L S  c o m p o n e n ts .  M a s s  s p e c t r o m e t r y  a t  15eV d is t in g u is h e d  

the A 4 i s o m e r  by the  p r e s e n c e  of an  e x t r a  f r a g m e n t  a t  m / e  = 94.

2  ._____ C is - d io l s

GLC on OV -1 and  OV -17 s e p a r a t e d  a l l  t h r e e  i s o m e r s  f r o m  a 

m ix tu re .  T h e  A 5(10) i s o m e r  w a s  im m e d ia te ly  d is t in g u is h e d  

fro m  the  o th e r s  by the fo r m a t io n  of two p r o d u c ts  (p r e s u m a b ly  

a  and B c i s - d io ls )  w h ic h  w e r e  s e p a r a t e d  f r o m  e a c h  o th e r  on bo th  

s ta t io n a r y  p h a s e s .  M a s s  s p e c t r o m e t r y  a t  70eV a f fo rd e d  

ex ce l le n t  d is t in c t io n  b e tw ee n  the th r e e  p o s i t io n a l  i s o m e r s ,  but 

the f r a g m e n ta t io n  w as  d if f ic u l t  to p r e d i c t  and  t h e r e f o r e  to 

i n te r p r e t .  T h e  two d i a s t e r e i s o m e r s  r e s u l t i n g  f r o m  

h y d ro x y la t io n  o f  t h e - o l e f i n  gave  v e r y  s i m i l a r  m a s s  s p e c t r a .

3 . _____T r i m e t h y l s i l y l  e t h e r s

T r im e th y ls i ly l  e t h e r s  of the  c i s - d i o l s  w e r e  c o n s id e r e d  u n s u i ta b le
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d e r iv a t iv e s  fo r  c h a r a c t e r i s a t i o n  p u r p o s e s  w hen in  the  p r e s e n c e

of o th e r  m a t e r i a l  (as i s  the c a s e  fo r  e x t r a c t s  f r o m  u r in e )  due

to the m u l t ip l ic i ty  of p r o d u c ts  fo r m e d .  H o w ev e r ,  a s  w as

45ex em p lif ie d  by C h am b az  and  H o rn in g , e a s e  of s i ly la t io n  of 

an a lco h o l  i s  in  i t s e l f  a  m e a n s  of d e te r m in in g  i t s  p o s i t io n ,  

and th is  m ay  p ro v e  to be a s u i ta b le  m e th o d  w ith  s in g le  

s u b s ta n c e s  f o r  d is t in g u is h in g  b e tw een  s e c o n d a r y - s e c o n d a r y  

c i s - d io ls ,  s e c o n d a r y - t e r t i a r y  c i s - d io ls  and  t e r t i a r y - t e r t i a r y  

c i s - d io ls  by G LC .

L  B o ro n a te  E s t e r s

Q u a n ti ta t iv e  r e a c t i o n  b e tw ee n  b o ro n ic  a c id s  and  c i s - d i o l s  p ro d u c e d  

cyclic  e s t e r s  w h ich  gave  s y m m e t r i c a l  p e a k s  on the  g a s  c h r o m a to g r a p h  

showing no s ig n s  o f  d e c o m p o s i t io n .  S e p a ra t io n  w as  a c h ie v e d  on 

OV-1 an d  O V -17 f o r  p h e n y lb o ro n a te s  of a  m ix tu r e  o f  c i s - d i o l s  

ob ta ined  f r o m  the  t h r e e  i s o m e r i c  o le f in s .  T he  i s o m e r

again  r e s u l t e d  in two p r o d u c ts  w hich  w e r e  s e p a r a b l e  by G LC 

but w h ich  gave  v e r y  s i m i l a r  m a s s  s p e c t r a .

M a s s  s p e c t r a l  f r a g m e n ta t io n  p ro d u c e d  only  few 

f r a g m e n ts  c o n ta in in g  the  b o ro n a te  g ro u p .  T h e s e  w e r e  r e a d i ly  

d is t in g u ish e d  by m a s s  s h i f t s  o f  20 a. m . u. w hen c o m p r i s in g  the
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s p e c t r a  of p h e n y l-  and  n -b u ty lb o ro n a te  e s t e r s ,  and  a f fo rd e d  

s a t i s f a c to r y  d i s t in c t io n  b e tw ee n  the t h r e e  i s o m e r s  s tu d ie d .

5 ._____ A c e to n id e s

U n d er  the  c o n d i t io n s  d e s  c r ib ed ,  a c e to n id e s  w e r e  s e le c t iv e ly  

fo rm ed  f o r  the  4, 5 - c i s - d i o l  and  the  5, 6 - c i s - d io l. T h e  5 , 1 0 -c i s -  

d iols  r e m a in e d  c o m p le te ly  u n m o d if ied  by the r e a g e n t .  M a s s  

s p e c t r o m e t r y  h o w e v e r  a f fo rd e d  no d i s t in c t io n  b e tw e e n  the  two 

i s o m e r ic  p r o d u c t s ,  and  the d e r iv a t iv e  m ay  th e r e f o r e  only  be 

used  a s  a  m e a n s  o f  d is t in g u is h in g  the  5,10 and  p o s s ib ly  o th e r  

t e r t i a r y - t e r t i a r y  c i s - d io ls  by G L C .

6 ._____ D im e th y l  S i l ic o n id e s

It w as e v id e n t  f r o m  the  r e s u l t s  o b ta in e d  th a t  the b ifu n c t io n a l  

s i l ico n  r e a g e n t s  d e s c r i b e d  a r e  of l im i t e d  u s e  a s  r e a g e n t s  fo r  c i s -d io l s  

due to the in h e r e n t  te n d e n c y  to p o ly m e r i s e .  D e s p i te  p r e c a u t io n s  

taken to e x c lu d e  w a te r  f r o m  the  r e a c t i o n  m ix tu r e ,  p o ly m e r ic  

m a te r i a l  (so m e  of w h ich  i n c o r p o r a t e d  the  c i s - d io l )  w as  a lw ay s  

o b s e rv e d  w h e n e v e r  c o n d i t io n s  n e c e s s a r y  to fo r m  a d io l  d e r iv a t iv e  

w ere  a c h ie v e d .

-  110  -



OXYGEN SU B ST ITU E N T S ON T H E  
STERO ID  N U CLEU S

T he  lo c a t io n  o f  a h y d ro x y l  o r  k e to n e  g ro u p  on a s t e r o id  

n u c leu s  i s  a  p r o b le m  o f ten  m e t  w ith  in  s t e r o i d  m e ta b o l i s m  

s tu d ie s .  U n lik e  a lk y l  g ro u p s  w h ich  m a y  o ften  be lo c a te d  by 

m a s s  s h i f t s  o f  f r a g m e n ts  c h a r a c t e r i s t i c  of t h e i r  p a r e n t  s t e r o i d  

(see  p a r t  2), oxygen  s u b s t i t u e n ts  o f ten  d i r e c t  f r a g m e n ta t io n  a lo n g  

d i f f e re n t  p a th w ay s  a c c o r d in g  to the  p o s i t io n  of the  g ro u p s .

The a s s ig n m e n t  of p o s i t io n  of a  fu n c t io n a l  g ro u p  on the  s t e r o i d  

sk e le to n  f r o m  m a s s  s p e c t r a l  d a ta  is  o f ten  d if f icu l t  h o w e v e r  fo r  

r e a s o n s  d i s c u s s e d  below  :

(i) S u p p r e s s io n  of f r a g m e n ta t io n .

When m o r e  th an  one  fu n c t io n a l  g ro u p  i s  p r e s e n t  on the m o le c u le

co m p e t i t iv e  p r o c e s s e s  m a y  s u p p r e s s  f r a g m e n ta t io n  c h a r a c t e r i s t i c

of one of the  g ro u p s  in  p r e f e r e n c e  f o r  a n o th e r .  A r e c e n t  s tu d y

141by V e t t e r  an d  o th e r s  in to  the  f a c to r s  a f fe c t in g  c o m p e t i t iv e  

f r a g m e n ta t io n  p r o c e s s e s  s u g g e s te d  th a t  e l e c t r o n  d e f ic ie n c y  

at a p o te n t ia l ly  r e a c t iv e  s i t e  i s  a  p r e r e q u i s i t e  fo r  any  

f r a g m e n ta t io n  to o c c u r  to an  a p p r e c ia b le  e x te n t .  T h e  

lo c a l i s a t io n  of c h a r g e  a t  a  p a r t i c u l a r  fu n c t io n a l  g ro u p  w as
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thought to be r e l a t e d  to i t s  io n is a t io n  p o te n t ia l  and  to the

p o s s ib i l i ty  of c h a r g e  t r a n s f e r  p r o c e s s e s  f r o m  o th e r  s i t e s  of the

m o lecu le  a f t e r  p r e c e d in g  f r a g m e n ta t io n .

C o n f ig u ra t io n a l  e f fe c t s  have  a l s o  been  r e p o r t e d  to c a u s e

s u p p re s s io n  of the fo r m a t io n  of f r a g m e n ts  a s s o c i a t e d  w ith  s o m e  

142
s t e r e o i s o m e r s .  F o r  e x a m p le  17a  - h y d r o x y - 5 a  - a n d r o s t a n - 3 - o n e

does no t g ive  the  f r a g m e n t  a t  m / e  = 220 (due to l o s s  o f  C1-C4) w h ich

is  p r e s e n t  in  the  m a s s  s p e c t r u m  of the  5 B - i s o m e r  w ith  a  r e l a t i v e

143abundance  o f 45% of th e  b a s e  p e a k  ( m / e  = 290).

H

5/3 H

m/e = 220
5<* H

(ii) New f r a g m e n ta t io n  p a th w ay s

A lte rn a t iv e ly  the  p r e s e n c e  of two oxygen  g ro u p s  in  the  m o le c u le

may give r i s e  to f r a g m e n ts  w h ich  a r e  no t  c h a r a c t e r i s t i c  of e i t h e r

144 a 4 145ind iv idua l g ro u p .  T h u s ,  1, 6 - d io x o s te r o id s ,  / S  -3 ,  6 - d io x o s te r o id s

A 4 119- 3 , 1 1 -d io x o s te ro id s  a l l  g ive  r i s e  to f r a g m e n ts  w h ich

cannot be p red ic ted  by the  b e h a v io u r  of the  m ono  fu n c t io n a l  s t e r o i d s .
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The in f lu en ce  of a n  o le f in ic  double  bond on the  f r a g m e n ta t io n  of

p ro x im a l  oxygen  s u b s t i t u e n ts  h a s  b e en  d i s c u s s e d  in  p a r t  3.

C e r t a i n  s u b s t i t u e n ts  on the n u c le u s  h av e  b e en  r e p o r t e d

to p ro m o te  f r a g m e n ta t io n  d i r e c t e d  by o th e r  fu n c t io n a l  g ro u p s ,

o r  r e d i r e c t  the  f r a g m e n ta t io n  n o r m a l ly  a s s o c i a t e d  w ith  a

143
p a r t i c u l a r  g ro u p .  In  one i n v e s t i g a t i o n  the  e f fe c t  of an  

a lkyl s u b s t i t u e n t  a t  C-17 a p p e a r e d  to p ro m o te  io n is a t io n  of 

the 17-OH g ro u p  in  17 a  -e th y l-1 7 6  - h y d r o x y - 5 a  - a n d r o s t a n - 3 - o n e  

to p ro d u c e  a n  ion  a t  m / e  - 85 r e s u l t i n g  f r o m  f r a g m e n ta t io n  d i r e c te d  

by th is  c h a r g e  lo c a t io n .

An a n a lo g o u s  io n  a t  m / e  = 57 w as  not p r e s e n t  in  the  no n -  

a lk y la ted  s t e r o i d ,  the p r e f e r r e d  f r a g m e n ta t io n  p a th w ay  a p p a r e n t ly  

being in i t i a te d  by io n is a t io n  of the  C13-C17 bond le a d in g  to  the 

e l im in a tio n  of C15-C17 a s  a  n e u t r a l  r a d i c a l .

+

m/e = 85

OH

OH OH
+ k

->
m/e = M-59
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C h a rg e  lo c a l i s a t io n  a t  oxygen s u b s t i tu te d  on C-17 

a p p e a r s  to be  e n h an ced  to a n  ev en  g r e a t e r  e x te n t  by a lk y l  

s u b s t i tu t io n  on oxygen , and  by the  fo r m a t io n  of 17-OTM S 

e th e r s  a s  ev id en t  in  p a r t  2 of th is  th e s i s ,  and  the  r e l e v a n t  

l i t e r a t u r e  c i t a t io n s .

F o r tu n a t e ly ,  a g r e a t  d e a l  of w o rk  by v a r io u s  a u th o r s

has d e te r m in e d  th e  m o d e  of f r a g m e n ta t io n  f o r  m an y  m o n o fu n c t io n a l

and p o ly fu n c t io n a l  s t e r o i d s ,  and  m a s s  s p e c t r a  f o r  the  m a jo r i ty

of n a tu r a l ly  o c c u r r i n g  s t e r o i d s  found in  p l a s m a  and  u r in e  a r e

re p o r te d  in the  l i t e r a t u r e .  A s e r i e s  of u s e f u l  r e v ie w s  on th is

146 -141m a t te r  h av e  r e c e n t ly  b e en  c o m p i le d  by V on U n ru h  and  S p i t e l l e r  

which r e l a t e  e v id e n c e  of s t r u c t u r e  ( to g e th e r  w ith  a p p r o p r i a t e  

l i t e r a t u r e  c i ta t io n )  to the  m a s s  of the  p r o m in e n t  io n s  in  th e  m a s s  

s p e c t ru m  and  o f n e u t r a l  s p e c ie s  e l im in a te d  f r o m  the m o le c u la r  io n .

T h e  u s e  of d e r iv a t i v e s  o f  a lc o h o ls  and  k e to n e s  fo r  the  

c h a r a c t e r i s a t i o n  o f  s t e r o i d s  by m a s s  s p e c t r o m e t r y  p ro v id e s  a 

c o m p le m e n ta ry  m e th o d  of lo c a t in g  oxygen  s u b s t i t u e n t s .  D e r iv a t iv e s  

such a s  t r i m e t h y l s i l y l  e t h e r s  (of a lc o h o ls )  m e th y lo x im e s  and  

ethylene k e ta l s  (of a ld e h y d e s  and  k e to n e s )  o f ten  give f r a g m e n ts  of 

high r e l a t iv e  a b u n d an c e  w h ich  a r e  c h a r a c t e r i s t i c  of the  groupis 

locatiQn. T h e  u s e  o f  th e s e  d e r iv a t i v e s  c an  be  b e n e f ic ia l  w hen
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h y d ro x y l o r  k e to n e  s u b s t i tu e n ts  a r e  p r e s e n t  w h ich  have  w eak  

f r a g m e n ta t io n - d i r e c t in g  p r o p e r t i e s .

T h e  fo llow ing  s e c t io n  c o m p r i s e s  in  p a r t  e x a m in a t io n  of the 

u t i l i ty  of s o m e  ox im e  type of d e r iv a t iv e s  fo r  c h a r a c t e r i s i n g  1-, 2 -  

and 3 - o x o s te r o id s  by G C /M S  and  the d e v e lo p m e n t  of g a s  p h a se  

d e u te r ia t io n  a s  a  g e n e r a l  m e th o d  of fu n c t io n a l  g ro u p  a n a ly s i s .

GAS PH A SE 
D E U T E R IA T IO N

T he te ch n iq u e  of i s o to p e  e x ch a n g e  d u r in g  the  c o u r s e  of

gas c h ro m a to g ra p h y  h a s  b e en  d e s c r ib e d  by e a r l i e r  w o r k e r s

2 3 18as a m e a n s  of p r e p a r i n g  H, H o r  o0  l a b e l le d  c o m p o u n d s1 1  8

in high i s o to p ic  p u r i t y .  In  th e se  s tu d ie s  h y d ro x y l ic  p h a s e s

149-152 153
such  a s  p o ly e th y le n e  g ly co l  o r  s o r b i to l  p r e v io u s ly

s a tu r a te d  w ith  d e u te r iu m  ox id e  o r  t r i t i u m  o x ide  w e r e  u s e d  to

labe l s a m p le s  by e x c h a n g e s  w ith  h y d ro g e n  on e l e c t r o n e g a t iv e

su b s t i tu e n ts  s u c h  a s  O, N o r  P .  T he  i n c o r p o r a t i o n  of b a s ic

149,150,152 . . .  151,154 . _ . , .o r  a c id ic  c a t a l y s t s  (e. g. p o ta s s iu m

hydrox ide , p h o s p h o r ic  a c id )  p r o m o t e s  e x ch an g e  a l s o  of

enolic  h y d ro g e n  a to m s .  T h e  p h o s p h o r ic  a c id  c o lu m n  i s
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s u p e r io r  to the  b a s ic  c o lu m n  w hen  c h ro m a to g ra p h in g  a ld e h y d e s

and p h en o lic  m a t e r i a l ,  and  h a s  b e en  show n to p ro m o te  ex ch an g e  of 

18O w ith  a ld eh y d e  o r  k e tone  c a r b o n y l  a f t e r  the  c o lu m n  h a s  beeno
18 4-14s a tu r a te d  w ith  H 0 O. One d is a d v a n ta g e  of th is  c a ta ly s t

& o

h o w ev er ,  i s  the  len g th y  e q u i l ib ra t io n  t im e  r e q u i r e d  a f t e r

s a tu r a t in g  w ith  the  a p p r o p r i a t e  la b e l .  T h i s  e q u i l ib r a t io n  t im e

which w as  r e p o r t e d  by R ic h te r  and  o th e r s  to be 5-10 h o u r s  fo r  

2 3
and H la b e l l in g ,  and  i s  m o s t  l ik e ly  due to d e p o ly m e r i s a t io n  

and r e f o r m a t io n  of p o ly p h o s p h o r ic  a c id .

s a t u r a t i o n e q u i l i b r a t i o n

D

M

Is o to p ic  e x c h a n g e  p r i o r  to g a s  c h r o m a to g r a p h ic
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s e p a ra t io n  h a s  a l s o  b e en  d e s c r ib e d  * and  i s  an  ad v an ta g e

w here  in c o m p a ta b i l i ty  e x i s t s  b e tw ee n  the s t a t i o n a r y  p h a se  and  the

154ca ta ly s t .  T h e  m e th o d  d e s c r ib e d  by R ic h te r  and  o th e r s  u s e d  

a p r e - c o lu m n  of s u p p o r t  m a t e r i a l  w h ich  w as  c o a te d  w ith  the c a ta ly s t  

and co n n ec te d  d i r e c t l y  to the  GLC c o lu m n . D is a d v a n ta g e s  of th is  

method a r e  the  s h o r t  c o n ta c t  t im e  b e tw ee n  ex ch an g e  m a t e r i a l  and 

the c a ta ly s t  (which i s  a l s o  the on ly  e f fe c t iv e  l a b e l  c a r r i e r ) ,  and

the a p p a r e n t  a d s o r p t io n  of s o m e  c o m p o n en ts  on the  e x c h a n g e r

. 151column.

B e a r in g  the  above  d i s c u s s io n  in  m in d  the s y s t e m  m o s t  

su itab le  fo r  s t e r o i d  a n a ly s i s  by d e u te r iu m  ex ch a n g e  fo llow ed  by 

m ass  s p e c t r o m e t r y  w as  though t to be  the s in g le  c o lu m n  m e th o d  

using a s t a t i o n a r y  p h a s e  c o a te d  on b a s e  t r e a t e d  s u p p o r t  m a t e r i a l ,  

since :

(i) the  p ro lo n g e d  c o n ta c t  t im e  b e tw e e n  e x c h a n g e a b le  

m a t e r i a l  an d  c a t a ly s t  w ould  l e s s e n  the a m o u n t  of 

c a t a ly s t  r e q u i r e d  f o r  the  r e a c t i o n  to go to c o m p le t io n ,

(ii) co lu m n  a d s o r p t io n  e f fe c t s  w ould  be m in im i s e d ,

(iii) s p e e d  of e q u i l ib r a t io n  i s  im p o r t a n t  fo r  G C -M S  

w h e re  i n s t r u m e n t  t im e  i s  e x p e n s iv e ,  and  t h e r e f o r e  

p o ly p h o s p h o r ic  a c id  c a t a ly s t  i s  l e s s  d e s i r a b l e .
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S il ico n e  type  s t a t i o n a r y  p h a s e s  w hich  a r e  t r a d i t io n a l ly  u se d  

fo r s t e r o id s  a r e  no t c o m p a t ib le  w ith  p o ta s s iu m  h y d ro x id e  a t  

t e m p e r a t u r e s  r e q u i r e d  fo r  G LC  of th e se  co m p o u n d s ,  and  in i t i a l  

e x p e r im e n t s  w e r e  m a d e  w ith  a co lu m n  c o m p r i s in g  1% C a rb o w ax  2 0 M 

on G as C h r o m  Q s u p p o r t  w h ich  w as  im p r e g n a te d  w ith  1% KOH.

A 2' c o lu m n  of the above  p a ck in g  m a t e r i a l  w as  e x ch a n g e d  w ith  

d e u te r iu m  by p a s s in g  3 x 10 /U  d e u te r iu m  ox ide  th ro u g h  v ia  the  

in jec t io n  p o r t .  T h e  e x ch an g e  c a p a b i l i ty  w ith  s o m e  m o n o fu n c t io n a l  

s te r o id s  w as  d e te r m in e d  (T ab le  4-1) by m a s s  s p e c t r o m e t r y .

T a b le  4-1

D e u te r iu m  ex ch an g e  by G LC u s in g  2' co lu m n  of 1%
C a rb o w a x  - 20 M and  1% KOH ___________

S te ro id T e m p
(°C) di

P e r c e n t a g e  D e u te r iu m  

d2 d 3 d 4

5 -E s tre n -1 7  -o n e 160 7 93 0 0

5a -A n d ro s ta n -1 7 -o n e 160 6 94 0 0

2 - P r e g n e n - 2 0 - o n e 170 0 0 29 71

T h is  c o lu m n , h o w e v e r ,  w as  too p o la r  fo r  c h ro m a to g ra p h y  

of m any  b i fu n c t io n a l  s t e r o i d s  and  gave  r i s e  to in to l e r a b l e  'b le e d in g '  

at t e m p e r a t u r e s  ab o v e  2 00°C . F u r t h e r m o r e ,  the  s h o r t  c o lu m n  

which w as  n e c e s s a r y  fo r  c h r o m a to g r a p h in g  m o n o fu n c t io n a l  s t e r o id s
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would no t be e f f ic ie n t  enough  fo r  s e p a r a t i n g  m an y  s t e r o i d  m ix tu r e s .  

A p ie z o n -L  w as  c h o se n  a s  a  p r e f e r a b l e  a l t e r n a t iv e  p h a se  s in c e  i t  

has low  p o la r i ty  and  h a s  b e en  show n to be c o m p a t ib le  w ith  p o ta s s iu m  

hy d ro x id e  in  the G LC of f r e e  a m in e s .  **0,106 

E F F E C T  O F  BASICITY O F  C A TA LY ST

A t in f in i te  d i lu t io n ,  a q u eo u s  so lu t io n s  of a l l  i n o r g a n ic  b a s e s  

have the s a m e  e f fe c t iv e  b a s e  s t r e n g th ,  i . e .  th a t  of the  s o lv a te d  

hyd rox ide  ion . In  the  s o l id  s t a t e ,  h o w e v e r ,  the s t r e n g th  of an  

in o rg a n ic  b a s e  is  r e l a t e d  a m o n g s t  o th e r  th ings  to  the  c r y s t a l  

la t t ic e  e n e r g y ,  w h ich  is  p a r t i a l l y  d e te r m in e d  by the  m e ta l  ion .

In o r d e r  to l e a r n  m o r e  a b o u t the  ex ch an g e  and  c h r o m a to g r a p h ic  

p r o p e r t i e s  o f  b a s e  t r e a t e d  c o lu m n s ,  6' c o lu m n s  w e r e  p r e p a r e d  

c o m p r is in g  1% A p ie z o n - L  c o a te d  on s u p p o r t s  c o n ta in in g  1% 

p o ta s s iu m  h y d ro x id e ,  on s u p p o r t s  c o n ta in in g  e q u iv a le n t  a m o u n ts  

of b a r iu m  h y d ro x id e  and  s t r o n t iu m  h y d ro x id e  , and  on a  n e u t r a l  

support .

P r e l i m i n a r y  w o rk  w ith  m o n o fu n c t io n a l  s t e r o i d  k e to n e s  

showed the  s t r o n t iu m  h y d ro x id e  c o a te d  s u p p o r t  to be  u n s u i ta b le  

for the c h r o m a to g r a p h y  of k e to n ic  s t e r o i d s .  W h e r e a s  the  n o n -  

ketonic s t e r o i d  5 a  -a n d ro s ta n -1 7 B  -O TM S sho w ed  e x c e l le n t
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GLC p r o p e r t i e s  on the  s t r o n t iu m  h y d ro x id e  t r e a t e d  co lu m n , 

the k e to n ic  s t e r o i d  5a  - a n d r o s ta n - 1 7 - o n e  gave no GLC p eak , 

p re s u m a b ly  due to i t s  s t r o n g  a d s o r p t io n  onto the b a s e .

R e te n t io n  d a ta  fo r  s a t u r a t e d  an d  u n s a tu r a t e d  C -2 7  

s te r o id  k e to n e s  (T ab le  4 -2 )  show  only  m o d e r a te  ch ange  o f MU 

value  w hen  c h ro m a to g r a p h in g  e a c h  s t e r o i d  on n e u t r a l ,  KOH 

and B a(O H )2 t r e a t e d  s u p p o r t s .  T he  p o o r  r e s u l t s  o b ta in e d  fo r  

c h o l e s t - 5 - e n e - 3 - o n e  and  c h o le s t - 3 ,  5 - d ie n - 7 - o n e  w ith  the 

KOH t r e a t e d  s u p p o r t  w e r e  no t  p a r a l l e l e d  w ith  the B a(O H )2 t r e a t e d  

su p p o rt ,  and  in  th is  r e s p e c t  i t  w as  e v id en t  th a t  BaCOH^ w as 

p ro b ab ly  a  b e t t e r  c a t a ly s t  fo r  o u r  p u r p o s e s .  A 5 - c h o le s t e n - 3 - o n e  

was e lu te d  f r o m  the  B a(O H )2 t r e a t e d  c o lu m n  w ith  the s a m e  

re te n t io n  v a lu e  a s  the  A4 i s o m e r .  T h is  r e s u l t  i s  h a r d ly  

s u r p r i s in g  s in c e  k e to n e s  w h ich  s h a r e  a  co m m o n  e n o l  s t r u c t u r e  

will be e x p e c te d  to e q u i l ib r a te  to the  m o s t  s ta b le  i s o m e r ,  e . g.

(most stable)

HO

enol
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Table 4-2

GC re te n t io n  d a ta  of 5 a  - c h o le s ta n e  and  so m e  C -27  
s t e r o i d  k e to n e s  on 1% A p ie z o n - L  u s e d  w ith  n e u t r a l  
and  a lk a l i  t r e a t e d  (a ) s u p p o r t s .______________________

S te ro id MU (6' x 
N e u t r a l

1% A p ie z o n - L ,  
KOH

260°C )
B a(O II)2

5 a - c h o l e s t a n e 29. 03 29. 04 29. 03

5. a - c h o l e s t a n - 2 - o n e 30. 37 31.20 30. 91

5 a - c h o le s t a n - 3 - o n e 31.17 31. 59 31. 62

5 a - c h o l e s t a n - 6 - o n e 30. 80 30. 39 3 0 .8 7

5 a - c h o l e s t a n - 7 - o n e 30. 60 3 0 .2 6 31. 05

A  4 - c h o le s t e n - 3 - o n e 31. 65 32. 60 32. 50

A 5 - c h o le s te n - 3  -one 32. 73 (b) 32. 50 (c)

A l ,  4 - c h o l e s t a d i e n - 3 •-one 31. 91 32. 65 32. 31

A 4, 6 - c h o le s t a d ie n - 3 -one 32. 00 32. 77 32. 63

A 3 , 5 - c h o le s ta d ie n - 7 -o n e 31. 41 (d) 31. 79

(a) KOH t r e a t e d  s u p p o r t  c o n ta in e d  1% by w e ig h t  

KOH, B a(O H )2 t r e a t e d  s u p p o r t  c o n ta in ed  an  (OH) 

e q u iv a le n t  of B a(O H )2> 8H20

(b) No p eak  w as  o b s e r v e d  a t  the  e x p e c te d  r e t e n t io n  

t im e .
a 4(c) E lu te d  a s  - c h o le s t e n - 3 - c n e

/

(d) E v id e n c e  of d e c o m p o s i t io n

I t  w as  a l s o  e v id e n t  th a t  the  co lu m n  'b le e d '  (as  o b s e r v e d  

in the r e c o r d e r  b a s e  l in e )  w as  l e s s  w ith  the  b a r iu m  h y d ro x id e  

support  th an  w ith  the  p o ta s s iu m  h y d ro x id e  s u p p o r t .  In  the l ig h t
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of the  above  o b s e r v a t io n s ,  a l l  f u r t h e r  s tu d ie s  of d e u te r iu m  

in c o r p o r a t io n  by G C -M S  w e r e  m a d e  u s in g  1% A p ie z o n -L  on 

b a r iu m  h y d ro x id e  t r e a t e d  s u p p o r t .

T he  T a i l in g ' of co n ju g a ted  k e to n e s  on B a(O H )2 t r e a t e d  

co lum ns  w as  a t t r i b u t e d  to r e v e r s i b l e  a d s o r p t io n  onto  the  b a s e .  

T h is  e f fe c t  w as  l a t e r  m a n i f e s t e d  d u r in g  G C -M S  of the 

s e s q u i te rp e n o id  d e r iv a t iv e  i s o p e t a s o l  TM S e th e r  (T ab le  4. 3) 

w here  ch an g e s  in  r e te n t io n  t im e  w e r e  e v id e n t  w ith  d i f f e r e n t  

s am p le  lo a d in g s .

COLUMN T E M P E R A T U R E  LIM ITA TIO N S F O R  G C -M S

C o lu m n s  c o m p r i s in g  1% A p ie z o n - L  w ith  0. 5 to 1% 

b a r iu m  h y d ro x id e  w e r e  found to r e m a i n  a d e q u a te ly  th e r m o s t a b l e  

up to 2 50°C u s in g  h e l iu m  a s  c a r r i e r  gas  p ro v id e d  th a t  the  

sy s te m  w as  k e p t  a i r  f r e e .  T h e  'b le e d '  of m a t e r i a l  f r o m  the  

colum n in to  the  m a s s  s p e c t r o m e t e r  w as  found to be 

r e m a r k a b ly  low a f t e r  the  co lu m n  h a d  b e e n  k ep t  a t  th is  

t e m p e r a tu r e  f o r  t h r e e  d a y s ,  and  the  m a s s  s p e c t r a  of co m p o u n d s  

run u n d e r  th e s e  co n d i t io n s  w e r e  a lm o s t  f r e e  f r o m  c o n ta m in a t io n .  

Fig. 4 .1a  sh o w s  a l in e  d ia g r a m  d ra w n  f r o m  the  m a s s  s p e c t r u m  

of a 2 jx g s a m p le  of the  s t e r o i d  d ru g  N o r e t h i s t e r o n e  w h ich  h ad  

been c h r o m a to g r a p h e d  (F ig .  4 .1 c )  a t  2 4 0 °C  on a 0. 5% b a r iu m
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h y d ro x id e  d e u te r i a t in g  co lu m n  a s  i t s  17- t r i m e t h y l s i l y l  e th e r  

3 -O -m eth y lo x im e  d e r iv a t iv e .  T h e  co lu m n  'b le e d '  a t  th is  

t e m p e r a t u r e  a s  in d ic a te d  by F ig .  4. lb (d raw n  to the  s a m e  

sc a le  a s  F ig .  4 .1a) i s  c l e a r ly  to le r a b le  and  p e r m i t s  

m e a s u r e m e n t s  on s m a l l e r  a m o u n ts  of s a m p le .  T he  ex ch an g e  

of e thyny l h y d ro g e n  w ith  d e u te r iu m  u n d e r  th e se  c o n d it io n s  

was v i r t u a l ly  q u a n t i ta t iv e .

A low t e m p e r a t u r e  l im i t  b e c a m e  a p p a r e n t  w hen  

study ing  d e u te r iu m  in c o r p o r a t io n  in  s o m e  m o n o te rp e n o id s  and  

s e s q u i te rp e n o id s  (s e e  F ig .  4 .2 ) .  The p o o r  d e u te r iu m  

in c o rp o ra t io n  in  p ip e r i t e n o n e  ( d ^  = 2%) w h ich  w as  

c h ro m a to g ra p h e d  a t  110° w as  n o t r e f l e c t e d  in  the  d e u te r iu m  

in c o rp o ra t io n  o f  i s o p e t a s o n e  (d = 70%) w h ich  c o n ta in s  a  s i m i l a r  

u n s a tu r a te d  ke to n e  g ro u p  and  w as  c h ro m a to g r a p h e d  a t  190°.

S am ples  w h ich  c an  e x i s t  in  two e p im e r i c  f o r m s  m a y  be 

e lu ted  a s  a  m ix tu r e  of the  two i s o m e r s .  W hile  th is  r e s u l t s  

in no ch an g e  in  d e u te r iu m  i n c o r p o r a t i o n  an d  l i t t l e  d i f f e r e n c e  in  

the m a s s  s p e c t r u m ,  G LC  p e a k s  o f  c o m p o u n d s  s u c h  a s  5 a - p r e g n a n -  

20-one  a r e  n o t ic e a b ly  b r o a d e r  than  th o se  f r o m  n o n - e p i m e r i s a b l e  

s a tu r a te d  k e to n e s .
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FJM. 4 .3

o f  a t r i m s t h y l s i l y l a t e d  e x t r a c t  o f  n e u t r a l  u r i n a r y  s t e r o i d s  on 1 % Apieson-
0.5% Ba(OD)

1 6 -  d 0 A n d r o s t e r o n e

3 -  T M S Et he r

8 6  7o d 2 (1 >jg)

8 2 %  d 2 ( 3 ^jg)

T TTT T

2 0 0  2 5 0
T E MP E R A T U R E  ( * C )



CA PA CITY  AND RESO LU TIO N

A lthough  p r i m a r i l y  e f fe c t iv e  fo r  the  c h a r a c t e r i s a t i o n  of

s ingle  s u b s ta n c e s ,  the c o lu m n s  u s e d  f o r  d e u te r iu m - h y d r o g e n

exchange m a y  s t i l l  r e t a i n  the  r e s o lv in g  p o w e r  o f  co n v en t io n a l ly

packed  c o lu m n s .  P e a k  ta i l in g  due to co lu m n  a d s o r p t io n  can

often be a v o id e d  by c h r o m a to g r a p h in g  co m p o u n d s  a s  t h e i r

t r im e th y l s i ly l  e t h e r s  w h e re  a lc o h o l ic  g ro u p s  a r e  p r e s e n t  o r

as O -M eth y l  o x im e  d e r iv a t i v e s  o f  a&  - u n s a t u r a t e d  k e to n e s .

F ig . 4. 3 show s a c h r o m a to g r a m  of the  n e u t r a l  f r a c t io n  o f  a

u r in a r y  s t e r o i d  e x t r a c t  a f t e r  e n z y m ic  h y d r o ly s i s  w ith  6 -  

155g lu c u ro n id a se  and  t r i m e th y l s i ly l a t io n .  D e u te r iu m  

in c o rp o ra t io n  in to  a n d r o s t e r o n e  u n d e r  th e s e  co n d it io n s  

( in the  p r e s e n c e  of s u b s t a n t i a l  q u a n t i t ie s  of e x t r a n e o u s  

m a te r ia l s )  w a s  s t i l l  s u f f ic ie n t  to be of d ia g n o s t ic  v a lu e .

The c a p a c i ty  of the  c o lu m n  fo r  d e u te r iu m  ex ch a n g e  w ith  s in g le  

su b s ta n c e s  i s  i l l u s t r a t e d  in  T a b le  4. 3 fo r  the p r o d u c t io n  of 

d g - is o p e ta s o l  t r i m e t h y l s i l y l  e th e r .
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T A B L E  4. 3

V a r ia t io n  of r e te n t io n  t im e  and  d e u te r iu m  
in c o r p o r a t io n  w ith  s a m p le  lo a d in g  fo r  

■_________ is o p e t a s o l  TM S e th e r __________

CD

CD

S i Me. 
I

0

L o ad in g
( | i g )

R e te n t io n
T im e

(m in u te s )

D e u te r iu m  
I n c o r p o r a t  
ion  (% d g)

0.1 8. 6 79

0. 5 8 .4 77

1.0 8 .0 74

6. 0 6. 3 56

10. 0 . 5. 6 50

D e u te r iu m  E x c h a n g e  w ith  M o n o fu n c tio n a l  
__________ S te ro id  K e to n es__________________

T he fo llow ing  r e s u l t s  i l l u s t r a t e  the  u s e  of d e u te r iu m

exchange  G C -M S a s  a n  a n a ly t i c a l  too l fo r  the  d e te r m in a t io n  of

c a rb o n y l  e n v i ro n m e n t  in  the  s t e r o i d  n u c le u s .  T h e  i n c r e a s e  in

m o le c u la r  w e ig h t  upon d e u te r i a t io n  s e r v e s  in  i t s e l f  to d is t in g u is h

be tw een  c e r t a i n  s t e r o i d  k e to n e s ,  w h i l s t  k now ledge  of the e x p e c te d

m ode of f r a g m e n ta t io n  u n d e r  e l e c t r o n  im p a c t  m a y  y ie ld

s u p p le m e n ta ry  s t r u c t u r a l  e v id en c e .
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R e s u l t s  f r o m  the m a s s  s p e c t r a  of 14 m o n o fu n c t io n a l  

s te r o id  k e to n e s  a f t e r  d e u te r iu m  ex ch an g e  on 1% A p ie z o n -L  

i n c o r p o r a t in g  1% b a r iu m  h y d ro x id e  a r e  s u m m a r i s e d  in  

T ab le  4 .4 .  F o r  u n c o n ju g a ted  s t e r o i d  k e to n e s  the  d a ta  in d ic a te  

good d e u te r iu m  in c o r p o r a t io n  a t  a l l  en o lic  s i t e s .  T he  a 6 

- u n s a tu r a te d  k e to n e s  gave  s o m e w h a t  l e s s  s a t i s f a c t o r y  r e s u l t s  

but io n s  r e p r e s e n t i n g  ex ch a n g e  of e n o l ic  s t a t e s  w e r e  in v a r ia b ly  

o b s e r v e d .  T he  B a - u n s a tu r a te d  k e to n e ,  c h o l e s t - 5 - e n - 3 - o n e ,  

was i s o m e r i s e d  (by the  b a r iu m  h y d ro x id e  co lum n) and  the 

r e s u l t in g  m a s s  s p e c t r u m  w as  th a t  o f  the  d e u t e r i a t e d  a B - iso m e r .

ID E N T IFIC A T IO N  O F FR A G M E N T S

T he  m a s s  s p e c t r a l  f r a g m e n ta t io n s  of m a n y  s a t u r a t e d  and

so m e  c o n ju g a ted  s t e r o i d  k e to n e s  a r e  w e l l  e s t a b l i s h e d  and  the

d e u te r iu m  in c o r p o r a t io n  in  the p r in c ip a l  f r a g m e n ts  (T ab le  4. 4)

a g r e e s  w ith  th a t  e x p e c te d .  T h e s e  f r a g m e n ts  a r e  d i s c u s s e d  in

m o re  d e ta i l  be low  :

(A) S a tu ra te d  

1 - O x o - s te r o id
1 - O x o - s te r o id s  s u c h  a s  5a - c h o l e s t a n - l - o n e  g ive  r i s e  to 

an ion a t  m / e  =124  w h ich  c o n ta in s  r in g  A and  an  ion  a t  m / e  = M -43

due to l o s s  o f  CHg an d  CO, i. e .
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+

4 - O x o - s te r o id s

+

R2

+

n /e  = 124 (R=H) 

n /e  = 126 (R=D)

m/e = 3 4 3 (R=H) 

m/e = 345 (R=D)

T he f r a g m e n ts  a t  m / e  = 98 and m / e  = 111 in  the  m a s s  s p e c t r u m  

of 5 a  - a n d r o s t a n - 4 - o n e  h av e  b e e n  show n to be the s p e c ie s  be low  :

+

+

m/e = 98 (R=H) 

m/e = 100 (R=D)

m/e = 111 (R=H) 
m/e = 114 (R=D)

R0
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6- O x o -S te ro id s

T h e  f r a g m e n ts  a t  m / e  = 123 and  m / e  = 331 in  the  m a s s  s p e c t r a  

of 6 - o x o - s t e r o i d s  su ch  a s  5 a  - c h o le s t a n - 6 - o n e  h av e  been  show n  to 

be the  s p e c ie s  be low  :

+

R

+
m/e = 331 (R=H) 

m/e = 334 (R=D)

A lthough the f r a g m e n t  a t  m / e  = 123 c o n ta in s  r in g  A the  d e u te r iu m -  

a to m  a t  C -5  in  the  d e u te r i a t e d  m o le c u le  i s  l o s t  by h y d ro g e n  t r a n s f e r  

to the  n e u t r a l  f r a g m e n t  g iv ing  t h e r e f o r e  no m a s s  i n c r e m e n t  to the 

c h a rg e d  s p e c i e s .

7 -O x o -S te ro id s

T he  f r a g m e n ts  a t  m / e  =178 and  m / e  = 191 in  the  m a s s  

s p e c t r u m  of 5 a  - c h o le s t a n - 7 - o n e  h av e  b e en  show n to be the 

s p e c ie s  be low  :
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In  the  m a s s  s p e c t r u m  of 5 a  - a n d r o s t a n - 7 - o n e  the f r a g m e n t  

a t m / e  = 178 i s  due a l s o  to c le a v a g e  o f  the C9-10 and  C 5 -6  bonds  to 

give the  f r a g m e n t  below :

U -O x o -S te ro id s

+
m/e = 178

T h e  f r a g m e n ts  a t  m / e = 192 and  m / e  = 205 in 5 a  -pregnan-11- 

one have  b e en  show n to be the s p e c i e s  be low  :
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R2

m/e = 192 (R=H) 

m/e = 195 (R=D)

mi /e  = 205 (R=K) 

m/e = 208 (R=D)

1 2 -Q x o -s te ro id s

T h e  f r a g m e n t s  a t  m / e  = 2 33 in  5 a  -c h o la n -1 2 -o n e  h a s  

been  show n to be the  s p e c ie s  be low  :

m/e = 233 (R=H) 

m/e = 235 (R=D)

-  130 -



17 -O x o -  s t e r o i d s

T he  f r a g m e n ts  a t  m / e  = 230 and m / e  = 218 in  the  m a s s  

s p e c t r u m  of 5 a  - a n d r o s ta n - 1 7 - o n e  a r e  due to the e l im in a t io n  of 

C17-C15 and  C17-C16 r e s p e c t iv e ly  and  do no t g ive  a m a s s  

i n c r e m e n t  a f t e r  d e u te r ia t io n ,  a l th o u g h  a m a s s  in c r e m e n t  of 

2 a,m,u. i s  a p p a r e n t  in  the  m o le c u la r  ion , i .  e.

2 0 - O x o - s te r o id s

T he  f r a g m e n ts  a t  m / e  = 217, m / e  = 43 and  m / e  = 84 in  the 

m a s s  s p e c t r u m  of 5 a - p r e g n a n - 2 0 -o n e  h av e  b een  show n to be 

the s p e c ie s  below

m/e = 230
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o
R3C

R

+

+
R3C

w e

m / e

84 (R=H)

88 (R=D)

O '
+

n/e = 230

m/e = 43 (R=H) 

m/e = 46 (R=D)

(B) C o n ju g a ted  S te ro id s  

^ ^ - 3  - O x o - s t e r o id s

T h e  f r a g m e n ts  a t  m / e  = 342 and  m / e  = 124 in  the  m a s s  

s p e c t r u m  of c h o l e s t - 4 - e n - 3 - o n e  r e s u l t  r e s p e c t iv e ly  f r o m  lo s s  

of k e te n e  an d  f i s s io n  of the  C9-10 and  C 6 -7  b o n d s ,  i .  e .
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The two h y d ro g e n  m ig r a t io n s  to the  c h a r g e d  f r a g m e n t  w hich  

a r e  n e c e s s a r y  to fo r m  the  f r a g m e n t  a t  m / e  = 124 h av e  been  

show n to o r ig in a te  f r o m  C -8  and  C - l l .

^ - 3 - o x o - s t e r o i d s

T he  f r a g m e n t  a t  m / e  = 122 in  the  m a s s  s p e c t r u m  of 

c h o le s ta -1 ,  4 - d ie n e - 3 - o n e  h a s  a s t r u c t u r e  an a lo g o u s  to the 

ion a t  m / e  = 124 f ro m  the m a s s  s p e c t r u m  of the A 4  - 3 - o x o - s t e r o id .  

The m a s s  s h i f t  upon d e u te r ia t io n ,  h o w e v e r ,  i s  only  3 a. m .u .  

s in c e  the  h y d ro g e n  a t  C -2  i s  n o t e n o l ic .

o t
B̂

E2  J 2 H -

m/e = 122 (R=H) 

m/e -  125 (R=D)

A4-6- 3 - o x o - s t e r o i d s

T he  i n c o r p o r a t i o n  o f  5 d e u te r iu m  a to m s  w ith  a  y ie ld  of 

only 7% c o m p a r e d  w ith  a  70% in c o r p o r a t io n  o f two d e u te r iu m  

a to m s  s u g g e s t s  th a t  e n o l i s a t io n  by r e m o v a l  of the  C -8  p ro to n  

does  n o t o c c u r  r e a d i ly .



T he  f r a g m e n ts  a t m / e = 136 and  m / e  = 247 in  the  m a s s

s p e c t r u m  of c h o le s t a - 4 ,  6 - d ie n - 3 - o n e  a r e  an a lo g o u s  to the  ions

a t  m / e  = 136 and  m / e  = 151 in  the m a s s  s p e c t r u m  of d e h y d r o -

133
te s t o s te r o n e  r e p o r t e d  by S p i t e l l e r - F r i e d m a n n  e t  a l  

A lthough  the n a tu r e  of th e s e  io n s  w as  no t d i s c u s s e d  they  a r e  

lik e ly  to o r ig in a te  a s  show n below  :

C H1QOR2 m/e = 136 (B=H) 
e = 138 (R=D)

cioh14R’ m/e = 151 (B'=OH) 
e = 247 (B> =CgH17)

E q u iv a le n t  io n s  a t  m / e  - 136, m / e  = 149 an d  a t  m / e  - 137,

162m / e  = 149 w e r e  r e p o r t e d  by O r r  and  B ro u g h to n  fo r  the  

m a s s  s p e c t r u m  of a n d r o s t - 4 ,  6 - d ie n - 3 ,1 7 - d ia n e  and  i t s  7-^d 

an a lo g u e  r e s p e c t iv e ly .

*^ - 7 - o x o - s t e r o i d s

T h e  f r a g m e n ts  a t  m / e  = 174 and  m / e  = 187 in  the  m a s s  s p e c t r u m  

of c h o le s t a - 3 ,  5 - d ie n - 7 - o n e  a r e  bo th  fo u r  m a s s  u n i ts  l e s s  than  

the r e s p e c t i v e  *on s  a t m / e  = 178 and  m / e  = 191 in  the  s a t u r a t e d
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7 - o x o - s t e r o id  and  a r e  thought to have  the  fo llow ing  

s t r u c t u r e s  :

4-

R R

R,2

OK
R R

R2

OH

+

in/ e = 136
T5=h )

m/e = 138 
(R=D)

m/ e = 187
W h )

mj e = 191 
Cr = d )

The in c o r p o r a t io n  of 5 d e u te r iu m  a to m s  w ith  a y ie ld  of

only 3% (d5) a f t e r  d e u te r iu m  ex ch an g e  c h ro m a to g r a p h y  a s

c o m p a re d  w ith  29% of the  d4 an a lo g u e  s u g g e s t s  th a t  one

h y d ro g en  a t  an  en o l ic  s i t e  d o es  no t e x ch a n g e  r e a d i ly  w ith

d e u te r iu m  u n d e r  the  m e th o d  u s e d .  T h e  h y d ro g e n  m o s t

like ly  to r e s i s t  ex ch a n g e  w ould  be a t  C -8  a s s u m in g

e n o lisa t io n  ta k e s  p la c e  p r e f e r e n t i a l l y  by r e m o v a l  o f  C -2  p ro to n ,  i .  e .
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A lthough  p r o m in e n t  fo r  m o n o fu n c t io n a l  s t e r o i d s  e x e m p l i f ie d  

above, io n s  c h a r a c t e r i s t i c  of s u c h  fu n c t io n a l  g ro u p s  m ay  be 

c o n s id e ra b ly  l e s s  s ig n if ic a n t  fo r  the m a s s  s p e c t r a  of p o ly fu n c tio n a l  

s t e r o id s .  M a s s  s h i f t s  a f t e r  d e u te r ia t io n ,  h o w e v e r ,  w i l l  

c o n s id e ra b ly  h e lp  the  r e c o g n i t io n  of th e s e  io n s  w hen  th ey  o c c u r  

a t low r e l a t i v e  a b u n d an c e .

T h e  f r a g m e n t  io n s  w hich  c o n ta in  r in g  D. s u c h  a s  the ions  

a t m / e  = 192 an d  m / e  = 205 in  5 a  - p r e g n a n - l l - o n e  w il l  of c o u r s e  

o c c u r  a t  d i f f e r e n t  m a s s  v a lu e s  fo r  11- o x o - s t e r o i d s  w ith  d i f f e r e n t  

a lky l s u b s t i t u e n t s  a t  C-17. T h is  i s  g e n e r a l ly  t r u e  f o r  f r a g m e n ts  

b e a r in g  an y  s u b s t i tu e n t  w h ich  does  n o t  m odify  the s k e l e t a l  f r a g m e n t ­

a tion  o f  the  s t e r o id ,  e . g .  3 6 - a c e to x y - 5  a - c h o l e s t a n - 7 - o n e  c o n ta in s  

a f r a g m e n t  a t  m / e  = 236 w h ich  i s  a n a lo g o u s  to th a t  a t  m / e  =178 

in the s t e r o i d  u n s u b s t i tu te d  a t  C -3 .

1 9 - n o r - 4 - e n - 3 - Q x o - s t e r o id s  m a y  g ive  a  f r a g m e n t  a t

m / e  = 110 w h ich  i s  14 m a s s  u n i ts  lo w e r  th a n  the  a n a lo g o u s  f r a g m e n t  

a  4for n o r m a l  4^  - 3 - o x o - s t e r o i d s .  T h e  1 9 - n o r - 4 - e n - 3 - o x o - g r o u p  

is  ab le  to ex ch a n g e  s ix  h y d ro g e n  a to m s  w ith  d e u te r iu m  a s  m a n i f e s t e d  

in the  m o l e c u l a r  w e ig h t  i n c r e m e n t  and  a  m a s s  s h i f t  of 6 a . m . u. o f the 

peak  o r ig in a l ly  a t  m / e  = 110, i .  e .
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T A B L E  4. 5

GLC co n d it io n s  and  d e u te r iu m  in c o r p o r a t io n  
f o r  s o m e  s t e r o i d s  and  s t e r o id  d e r iv a t iv e s

C o m pounds  C o lu m n  M ax im u m  Efficiency
te m p  a No. of (<f0)
(°C ) d e u te r iu m

a to m s
_____________________________  in c o r p o r a t e d ________

L y n e s t r e n o l 210 2 " 83

L y n e s t r e n o l  TMS e th e r 210 1 89

N o r e th i s t e r o n e 240 8 C 80

N o r e th i s t e r o n e  TM S e th e r 240 7 76

N o r e th i s t e r o n e  MO 240 2 C 90

N o r e th i s t e r o n e  MO TMS e th e r 240 1 100

1 1 -O x o a n d ro s te ro n e 240 6 69

1 1 -O x o a n d ro s te ro n e  TM S e t h e r 230 5 83

1 1 -O x o a n d ro s te ro n e  MO 235 4 63

1 1 -O x o a n d ro s te ro n e  MO TM S e th e r 230 3 18

T e s t o s t e r o n e  MO TMS e t h e r 240 0 -

5 a -A n d ro s ta n -1 7 -o n e  MO 220 0 -

b a - P r e g n a n - 2 0 - o n e  MO 240 0 -

20 B ,  2 1 - D ih y d r o x y p re g n - 4 -e n -  
3 -one  t -b u ty lb o ro n a te 250 5 85

a r e te n t io n  t im e s  w e r e  b e tw e e n  5 an d  2 0 m in u te s  fo r  the
t e m p e r a t u r e  c i te d

b p e r c e n ta g e  of fu lly  d e u t e r i a t e d  m o le c u le s

c p r o d u c ts  r e s u l t i n g  f r o m  the e l im in a t io n  of a c e ty le n e

1



D e u te r iu m  E x c h a n g e  w ith  P o ly fu n c t io n a l  
S te r o id s  and  S te ro id  D e r iv a t iv e s _________

M an y  s t e r o i d s  and  s t e r o i d  d e r iv a t iv e s  a r e  s ta b le  to d e u te r iu m  

exchange c h r o m a to g r a p h y  w ith  b a s ic  c o lu m n s .  C e r t a i n  o th e r  

s te r o id s  a r e  u n s ta b le  b u t c an  s t i l l  be  r e c o g n i s e d  by t h e i r  

re a c t io n  p r o d u c t s .  S te r o id s  an d  t h e i r  d e r iv a t iv e s  w hich  

have b e en  s tu d ie d  by th i s  te ch n iq u e  a r e  l i s t e d  in  T a b le  4. 5 

to g e th e r  w ith  G L C  c o n d it io n s  and  th e  e x te n t  o f  d e u te r iu m  

in c o rp o ra t io n .

L y n e s t r e n o l  i s  r e p r e s e n t a t i v e  of a  f a m i ly  o f  

s te ro id  d r u g s  p o s s e s s i n g  a  17a -e th y n y l-1 7  B -h y d ro x y  g ro u p .

Although s t a b l e  to G LC on c o n v e n t io n a l  c o lu m n s ,  th is  type  

of m o le c u le  r e a d i l y  e l im in a t e s  a c e ty le n e  on  b a s i c  c o lu m n s
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to g ive the  k e to n ic  m o ie ty  a t  C-17 w hich  is  e a s i ly  r e c o g n i s a b le  

by the  in c o r p o r a t io n  o f  two a to m s  of d e u te r iu m  (F ig . 4. 4b).

T h e se  o b s e r v a t io n s  c o n fo rm  w ith  r e s u l t s  o b ta in e d  by c l a s s i c a l  

'w e t '  m e thods . ^ T h e  17 a -e th y n y l-1 7  B - t r im e th y ls i ly l

e th e r  g ro u p , h o w e v e r ,  r e m a i n s  in ta c t  u n d e r  th e s e  c o n d i t io n s ,  

and one d e u te r iu m  a to m  i s  in c o r p o r a t e d  due to e x ch an g e  w ith  

a c e ty le n ic  h y d ro g e n  (F ig .  4. 4a). N o r e th i s t e r o n e ,  w h ich  is  

the 3 -k e to  an a lo g u e  of ly n e s t r e n o l ,  u n d e rg o e s  s i m i l a r  d e c o m p o s i t io n  

in the  f r e e  f o r m  to g ive  d 0 - e s t r - 4 - e n e - 3 , 1 7 - d i o n e  w h ich  in c o r p o r a t e s
o

d e u te r iu m  a t  the  s ix  e n o l ic  p o s i t io n s  in  r in g s  A and  B, and  at 

C-16. T h e  t r i m e t h y l s i l y l  e t h e r  r e m a i n s  in ta c t  to give the  d^ 

d e r iv a t iv e .  T h e  p r e s e n c e  of the  17 a -e th y n y l ,  17B-O TM S g ro u p  

is  a l s o  i n f e r r e d  by f r a g m e n t  io n s  r e t a in in g  the  e th y n y l g ro u p  

(see  p a r t  2) w h ich  show  an  i n c r e a s e  of one m a s s  u n it  a f t e r  

d e u te r ia t io n  (se e  F ig .  2 .10(b) ).

O -M e th y lo x im e s  h av e  b e e n  found to p r e v e n t  e n o l i s a t io n  

and a c t  a s  e f fe c t iv e  b lo c k in g  g ro u p s  fo r  d e u te r iu m  e x ch an g e  w ith  

k e to n es  a t  C -3  (as in  the  17- t r i m e t h y l s i l y l  e t h e r  3 - 0 - m e th y lo x im e s  

of t e s t o s t e r o n e  and  5a - d ih y d r o te s to s t e r o n e ) ,  at C-17 (as in  5a -



a n d ro s ta n - 1 7 -o n e  O -m e th y lo x im e) ,  and  a t  C - 2 0  (as in  5 a - p r e g n a n - 2 0  

one O -m e th y lo x im e) .  By s e q u e n t ia l  d e r iv a t iv e  f o r m a t io n  f r o m  a 

p o ly fu n c tio n a l  s t e r o id ,  i t  is  th e r e f o r e  p o s s ib le  to d e m o n s t r a t e  the 

p r e s e n c e  of v a r io u s  fu n c tio n s  in  the m o le c u le  by m o le c u la r  w e igh t 

in c r e m e n t s  a f t e r  d e u te r iu m  e x ch a n g e .  T h is  i s  i l l u s t r a t e d  in  T a b le  

4. 6 fo r  1 1 -o x o a n d ro s te ro n e  w h ich  i n c o r p o r a t e s  s ix  d e u te r iu m  

a to m s  a s  the  f r e e  s t e r o id .

T a b le  4. 6

I n c o r p o r a t io n  o f  d e u te r iu m  in to  11-oxo­
a n d r o s t e r o n e  and  s o m e  of i t s  d e r iv a t iv e s  
a s  d e te r m in e d  by m a s s  s p e c t r o m e t r y

4" a
D e r iv a t iv e  M % B a s e  dn E f f ic ie n c y  (%)

X

F r e e 304 100 6 69

TMS 376 47 5 83

17-M O 333 7 4 63

TM S, 17-M O 405 15 3 18

a See  footnote "a " of T a b le  4. 4

T r im e th y l s i l y l a t i o n  of the 3 a - h y d r o x y l  g ro u p  s e le c t iv e ly  

blocks one s i t e  of ex ch a n g e ,  w h e r e a s  the  t r i m e t h y l s i l y l  e t h e r  

1 7 -O -m e th y lo x im e  s t i l l  e x c h a n g e s  t h r e e  d e u te r iu m  a to m s  due
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to the  c a rb o n y l  g ro u p  a t  C - l l  w h ich  d o es  no t  fo r m  a m e th y lo x im e  

u n d e r  the co n d it io n s  e m p lo y e d .

A lk y l  b o ro n a te s  have  b e en  r e p o r t e d  a s  su i ta b le

68d e r iv a t iv e s  of 1, 2 -  and  1, 3 -d io l s  and  h av e  b een  r e c e n t ly

6 7
u s e d  fo r  the GLC of c o r t i c o s t e r o i d s .  B o ro n a te s  of

s t e r o id s  co n ta in in g  the  11 a , 2 1 -d ih y d ro x y -2 0 -o x o  s id e  ch a in  

w e re  found to be too la d le  f o r  c h r o m a to g r a p h y  on  b a s ic  

c o lu m n s .  I t  h a s ,  h o w e v e r ,  b e en  found p o s s ib le  to 

c h r o m a to g r a p h  c e r t a i n  b o r o n a te s  w ith  m o r e  s ta b le  s t r u c t u r e s  

on c o lu m n s  co n ta in in g  b a r iu m  h y d ro x id e ;  thus  d e u te r ia t io n  

of 20 B, 2 1 - d ih y d r o x y p r e g n - 4 - e n - 3 - o n e  t - b u ty lb o ro n a te  

o c c u r r e d  w ithou t d e c o m p o s i t io n  p ro v id e d  th a t  su f f ic ie n t  

t im e  h ad  b e e n  a l lo w ed  f o r  the  co lu m n  to e q u i l ib r a te  a f t e r  

d e u te r iu m  ox id e  s a tu r a t i o n ,  i .  e.

— 0
—0

D D

r ° ' B - h u  
—0 '
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D e u te r iu m  E x c h a n g e  w ith  
__________te rp e n o id s _______

T he te ch n iq u e  h a s  b een  a p p l ie d  w ith  v a ry in g  d e g r e e s

of s u c c e s s  to s e v e r a l  m o n o -  and  s e s q u in te r p e n o id s  and

d e r iv a t iv e s  th e r e o f  a s  i l l u s t r a t e d  in  T a b le  4. 7 and  F ig .  4. 2

T A B L E  4. 7

G L C  c o n d it io n s  and  d e u te r iu m  in c o r p o r a t io n  
f o r  s o m e  t e r p e n o id s  and  te rp e n o id  d e r iv a t iv e s

C om pound  C o lu m n  M ax im u m  No. E f f ic ie n c y
tem p . of d e u te r iu m  (%)

_________________________________(°C)________ in c o r p o r a t e d _________________

M o n o te rp e n o id s

P u le g o n e  (cf. II F ig .  4 . 2 )  110

P ip e r i to n e  (cf. I) 110

P ip e r i t e n o n e  (cf. I l l )  110

S e s q u i te rp e n o id s

D e s is o p r o p y l id i n e - i s o p e ta s o l  
TM S (cf. IV) 180

I s o p e ta s o l  TMS ( c f . V)  190

Is o p e ta s o n e  (cf. VI) 190

K e to l  TMS (cf. VII) 140

A lcoho l TM S (cf. VIII) 140

a , b  See fo o tn o te s  f o r  T a b le  4 .4

T h e  e x ten t  of d e u te r iu m  e x ch a n g e  a s  m e a s u r e d  by the 

m o le c u la r  ion  i s  d e p e n d e n t  on s t r u c t u r e ,  r e t e n t io n  t im e  and

8

7

12

48

8

2

5

9

12

3

0

83

70

70

52
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co lum n  t e m p e r a t u r e .  T h e  m o n o te rp e n o id s  p ip e r i to n e  and 

p ip e r i te n o n e  gave  v e r y  in c o m p le te  d e u te r iu m  in c o r p o r a t io n  

a t  110°. C o n s i s te n t ly  b e t t e r  r e s u l t s  w e r e  o b s e r v e d  fo r  the  

s e s q u i t e r p e n o id s ,  a  n o ta b le  e x a m p le  b e in g  i s o p e ta s o n e ,  

w hich  p o s s e s s e s  tw e lve  e n o l i s a b le  h y d ro g e n s  and  w h ich  

gave 70% d ^ - i s o m e r  a f t e r  ex ch an g e  c h r o m a to g r a p h y  a t  170°.

In c o l la b o ra t io n  w ith  A. G. M a c k in to sh  the  m e th o d  

has  b e en  a p p l ie d  to a  s e s q u i t e r p e n o id  i s o l a t e d  f r o m  the 

E. A f r i c a n  t i m b e r  M uhuhu, d e r iv e d  f r o m  B r a c h y la e n a  

h u tc h in s i i  . T h e  in c o r p o r a t io n  o f  t h r e e  d e u te r iu m  a to m s  

into the  t r i m e t h y l s i l y l  e t h e r  (VII) w as  in  c o n fo rm i ty  w ith  the  

p ro p o se d  lo c a t io n  of the k e to n ic  g ro u p .  T h e  r e d u c e d  com pound  

(VIII) did no t  in c o r p o r a t e  d e u te r iu m .

O -S U B S T IT U T E D  OXIME 
D ER IV A TIV ES________

T h e  m a s s  s p e c t r a l  d a ta  o f  5 a - c h o l e s t a n - 2 - o n e  an d  5 a  

c h o le s ta n - 3 - o n e  a r e  in s u f f ic ie n t  to d i s t in g u is h  b e tw e e n  th e s e  

i s o m e r s ,  and  d e u te r iu m  e x ch a n g e  on b a s e  t r e a t e d  c o lu m n s  

a ffo rd s  a m o l e c u l a r  w e ig h t  i n c r e m e n t  o f  fo u r  m a s s  u n i ts  fo r  

both i s o m e r s .  M e th y lo x im e  (MO) and  e th y lo x im e  (EO)



d e r iv a t iv e s  m ay  be q u a n t i ta t iv e ly  f o r m e d  f r o m  th e s e  

s t e r o i d s  by th e i r  r e s p e c t iv e  r e a c t i o n s  w ith  m e th o x y la m in e  

h y d ro c h lo r id e  and  e th o x y la m in e  h y d r o c h lo r id e  in  p y r id in e .  

T he  t r i m e th y l s i ly lo x im e  (TMSO) d e r iv a t iv e  m a y  be 

fo r m e d  by r e a c t in g  the  s t e r o i d  k e to n e  w ith  h y d ro x y la m in e  

h y d r o c h lo r id e  in  p y r id in e  and s i ly la t in g  the  r e s u l t i n g  o x im e  

d e r iv a t iv e  w ith  a  r e a g e n t  su ch  a s  BSA. A s tu d y  w as  m ad e  

of the  GC and MS p r o p e r t i e s  o f  th e s e  d e r iv a t i v e s  o f  5 a -  

c h o le s ta n o n e s  k e to n ic  a t  C - l ,  C -2  and  C -3  to d e t e r m in e  

t h e i r  s u i ta b i l i ty  f o r  id e n t ify in g  th e s e  fu n c t io n a l  g ro u p s .

T he  r e te n t io n  d a ta  fo r  MO, E O  and  TM SO d e r iv a t iv e s  

of 1-oxo. 2 -o x o  an d  3 -o x o -5 a  - c h o le s t a n e  on 1% OV -1 i s  g iven  

below  in  T a b le  4. 8

G as  C h ro m a to g ra p h y

T A B L E  4. 8

R e te n t io n  d a ta  (m e th y le n e  u n i ts )  fo r  O - s u b s t i tu t e d  
o x im e s  of s o m e  i s o m e r i c  5 a - c h o le s t a n o n e s

P a r e n t  S te ro id MU (1% OV-1)
M O (240°C ) E O  (240°C ) TM SO (240°C)

5a - c h o le s t a n - 1 - o n e 29. 73 30. 02 30.10

5a - c h o le s t a n - 2 - o n e 30. 44 
30. 69

31. 02 
31. 43

31.11
31.81

5a - c h o l e s t a n - 3 - o n e 31. 02 31. 7 5 32. 02 
32.15
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T he tw in  p e a k s  g iv en  by the MO, EO  and TMSO 

d e r iv a t iv e s  of 5a - c h o le s t a n - 2 - o n e  w e r e  a l l  show n by m a s s  

s p e c t r o m e t r y  to be O - s u b s t i tu te d  o x im e s ,  and  a r e  undoub ted ly  

syn  and  an ti i s o m e r s  of th is  d e r iv a t iv e .

I t  i s  e v id e n t  f r o m  T a b le  4. 8 th a t  the  d e g r e e  of

s e p a r a t io n  o f sy n  and  a n t i  i s o m e r s  fo r  the 2 - o x o s te r o id

d e r iv a t iv e s  i n c r e a s e s  a s  TM SO > E O  > MO and  a p p e a r s  to

be r e l a t e d  to the  s iz e  of the g ro u p  R in  the fo r m u la  abo v e .

In a  s tu d y  of s t e r o i d s  w ith  c a rb o n y l  g ro u p s  a t  C -3 ,  C - l l ,

166C-16 and  C -2 0 , H o rn in g  and  o th e r s  found th a t  5 a- 
3-o x o - ,  A 4-3 -oxo , an d  1 6 -o x o -g ro u p s  fo r m e d  i s o m e r i c  

syn a n d a n t i  MO d e r iv a t iv e s  and  th a t  th e se  i s o m e r s  cou ld  

be s e p a r a t e d  by G LC on O V -17 an d  by T L C . Only the 5 a- 
3 - o x o s te r o id  d e r iv a t iv e s  h o w e v e r  w e r e  r e p o r t e d  to g ive  

two p e a k s  d u r in g  GLC on OV-1 c o lu m n s  an d  the s e p a r a t io n

P y r i d i n e

-  144 -



of sy n  and  a n t i  i s o m e r s  (e. g. 0. 08 MU fo r  5 a - c h o le s t a n - 3 - o n e  

m e th y lo x im e s )  w as  too s m a l l  fo r  good r e s o lu t io n  on m an y  

p ack ed  c o lu m n s .  T h e  s e p a r a t io n  o f  sy n  and  an ti  i s o m e r s  of 

m e th y l  o x im e s  on m e th y l  s i l ic o n e  p h a s e s  i s  no t co m m o n  but w as  

a lso  o b s e r v e d  f o r  A - n o r - t e s t o s t e r o n e  MO ( P a r t  2) w h e re  the 

o x im e  g ro u p  s h a r e s  a s i m i l a r  p r o x im i ty  to the  a n g u la r  m e th y l  

g roup  a t  C-10 on the s t e r o i d  s k e le to n .  MO and  EO d e r iv a t iv e s  

of the  3 - k e to s t e r o id s  gave  only  one p e ak  on O V -1, a l th o u g h  th e se  

p e ak s  w e r e  c o n s id e r a b ly  b r o a d e r  than  n o r m a l ,  but the  TMSO 

d e r iv a t iv e  e n a b le d  p a r t i a l  s e p a r a t io n  of syn  and  a n t i  i s o m e r s .

M a s s  S p e c t r o m e t r y

A s tu d y  of the  f r a g m e n ta t io n  of s o m e  o x im e s  u n d e r

70
e le c t r o n  im p a c t  h a s  b e e n  m a d e  (by G o ld s m ith  and  o th e r s  ) 

w hich  in c lu d e d  2 - k e to s t e r o id  o x im e s  an d  3 - k e to s t e r o id  o x im e s .  

A lthough  in  g e n e r a l  th is  d e r iv a t iv e  d id  not a p p e a r  to p o s s e s s  

b e t t e r  f r a g m e n ta t io n  d i r e c t in g  p r o p e r t i e s  than  the  e q u iv a le n t  ke to n e ,  

a f r a g m e n t  a t  m / e  = 112 in  5 a - c h o l e s t a n - 3 - o n e  o x im e  and  f r a g m e n ts  

a t m / e  = 124 and  m / e  = 138 in  5 a - c h o l e s t a n - 2 - o n e  o x im e  e n a b le d  

d is t in c t io n  b e tw ee n  th e s e  two s t e r o i d s  by m a s s  s p e c t r o m e t r y .

T hey  w e r e  show n by d e u te r iu m  la b e l l in g  s tu d ie s  an d  a c c u r a t e  m a s s  

m e a s u r e m e n t  to h av e  the  l ik e ly  s t r u c t u r e s  be low  :
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+

m/e = 112

OH

T h e s e  f r a g m e n t s ,  h o w e v e r ,  w e r e  of low a b u n d an c e  and  of 

no g r e a t  s i g n i f i c a n c e  c o m p a r e d  w i th  n e ig h b o u r in g  h y d r o c a r b o n  

ions.

In  o r d e r  to e x a m i n e  f u r t h e r  the  u s e f u l n e s s  of th is  type  

of d e r iv a t iv e ,  O - m e t h y l ,  O - e th y l  and  O - t r i m e t h y l s i l y l  o x im e s  

of 5 a  - c h o l e s t a n o n e  s t e r o i d s  w i th  ke to n e  g r o u p s  a t  C - l ,  C-2  and  

C-3 w e r e  e x a m i n e d  by m a s s  s p e c t r o m e t r y .  T h e  m a s s  s p e c t r a  

for the T h r e e  O - m e t h y l o x i m e s  a r e  shown in  F ig .  4. 5 and  s o m e
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s ig n i f i c a n t  f r a g m e n t s  shown in T a b le  4. 9 c o m p a r e d  wi th  

a na logous  ions  r e s u l t i n g  f r o m  the e thy l  and  t r i m e t h y l s i l y l  

o x im e s .

T he  f r a g m e n t a t i o n  of o x im e  type  d e r i v a t i v e s  o f  the 

th r e e  s t e r o i d  k e to n e s  a r e  now c o n s i d e r e d  s e p a r a t e l y  :

1. O x im e s  d e r i v e d  f r o m  5 g - c h o l e  s t a n - 1 - o n e

T he  f r a g m e n t a t i o n  o f  5 a - c h o l e s t a n - l - o n e  o x im e  w as  

not d i s c u s s e d  in  G o l d s m i t h ' s  p a p e r  but the  ions  of types  A 

and B a p p e a r  to co n ta in  the s u b s t i t u t e d  o x im e  g ro u p  an d  7 and  8 

c a r b o n  a t o m s  r e s p e c t i v e l y .  T h e i r  s t r u c t u r e s  m a y  c o n v ce iv a b ly  

r e s e m b l e  th o s e  of the ions  a t  m / e  = 111 and  m / e  - 153 in  the m a s s  

s p e c t r u m  of the p a r e n t  k e tone  and  a s u g g e s t e d  m e c h a n i s m  f o r  t h e i r  

fo r m a t i o n  i s  g iven  be low :

>-

RO
H jhr \

h O +

c f .
/

m /e = 111
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RORO

/

c f

124\  m/e

B .
m/e = 138+R

2 .  O x im e s  d e r i v e d  f r o m  5 g - C h o l e s t a n - 2 - o n e

The  m e c h a n i s m s  of f o r m a t i o n  of  the  ions  d e s ig n a t e d  

E and F  in  T a b le  4. 9 w e r e  d i s c u s s e d  by G o l d s m i t h  fo r  5a  -  

c h o l e s t a n - 2 - o n e  o x im e ,  an d  r e p r e s e n t e d  be low  :



* 
•+-

RO TT

U '

H

OR
I
+HN

F .  m/e = 137+R

OR

RO.
n$ h

m / e 123E.

T he  io n s  d e s i g n a t e d  D in  T a b le  4. 9 r e p r e s e n t  the  b a s e  p eak

fo r  the  m e t h y l - ,  e th y l -  and  t r i m e t h y l s i l y l -  o x i m e s  of  5 - c h o l e s t a n - 2 -

one.  An ion  a t  th is  m a s s  h a s  a l s o  b e e n  r e p o r t e d  in  the m a s s

190
s p e c t r a  of m e t h y l  o x im e  of  s o m e  2 0 - o x o - s t e r o i d s  . T h i s

f r a g m e n t ,  w h ich  i s  l e s s  s i g n i f i c a n t  in the  o x im e  m a s s  s p e c t r u m ,

w a s  no t  d i s c u s s e d  in  G o l d s m i t h ' s  p a p e r  bu t  w ould  a p p e a r  to

c o m p r i s e  the o x im e  g ro u p  +C H . An ion  o f  th is  s o r t  in c lu d in go o

^ 2  anc* ^ 3  ^  *s m e c h a n i s t i c a l l y  f e a s i b l e  and  m ig h t

invo lve  two h y d r o g e n  t r a n s f e r s  to the  c h a r g e d  s p e c i e s  a s  shown be low



F u r t h e r  l a b e l l in g  s tu d i e s  a r e  n e c e s s a r y  to e s t a b l i s h  the

e x ac t  n a t u r e  of th is  ion .  T h e  above  ex p lan a t io n  i s  not e n t i r e l y

s a t i s f a c t o r y  s in c e  i t  does  no t  e x p la in  the a b s e n c e  of an  a n a lo g o u s

ion a t  m / e  = 58 in  the  m a s s  s p e c t r u m  of the  s t e r o i d  ke to n e .

An a l t e r n a t i v e  m e c h a n i s m ,  p r e f e r a b l e  in t h i s ' r e s p e c t ,  and  s i m i l a r

to one p r o p o s e d  f o r  the f o r m a t i o n  of  the  ion a t  m / e  = 73 in  the  m a s s

70s p e c t r u m  of d i - n - p r o p y l k e t o x i m e  in v o lv e s  m i g r a t i o n  of the 

a n g u l a r  m e t h y l  g ro u p  :
.0

OMe



3. Oximes derived from 5 a-cholestan-3-one

The  ions  d e s ig n a t e d  G in T a b le  4. 9 r e p r e s e n t  the 

b a s e  p eak  in the m a s s  s p e c t r a  of the m e t h y l - ,  e t h y l - ,  and  

t r i m e t h y l s i l y l - o x i m e s  of  5 a - c h o l e s t a n - l - o n e .  T h i s  f r a g m e n t ,  

wh ich  i s  l e s s  s ig n i f i c a n t  in the m a s s  s p e c t r u m  of the o x im e ,  

h a s  b e en  shown to h av e  the s t r u c t u r e  be low.  T h e  ions  

d e s ig n a t e d  H w e r e  no t  d i s c u s s e d  in G o l d s m i t h ' s  p a p e r  but m o s t  

l ike ly  o r i g i n a t e  by a s i m i l a r  m e c h a n i s m  to th a t  p r o d u c i n g  type 

B io n s  in  the C - l  k e t o x i m e s .

OR OR

OR

H. = 138+R

OR

G# m/e = 111+R

T he  ions  I a r e  c a u s e d  by l o s s  of  r i n g  D and s id e  cha in  

and a r e  t h e r e f o r e  not c h a r a c t e r i s t i c  on ly  of C - 3  k e t o x i m e s .



-j-
The  ion  C-(= C H„) i s  c o m m o n  to a l l  s t e r o i d s  with  theO (

c h o le s t a n e  n u c l e u s  and  i t s  i n t e n s i ty  r e l a t i v e  to the  m o s t  

abundan t  f r a g m e n t  w h ich  i s  c h a r a c t e r i s t i c  of the 

func t iona l  g ro u p  (i .  e. i o n s  of types  A ,  D and  G) m a y  be 

taken  a s  an  i n v e r s e  m e a s u r e  of  the a b i l i ty  of the fun c t io n a l  

g roup  to d i r e c t  f r a g m e n t a t i o n .  I t  i s  e v id en t  f r o m  the v a lu e s  

in T a b le  4. 9 th a t  m e t h y l o x i m e s  give a g r e a t e r  a b u n d a n c e  of 

ions  D and  G than  do the  o x im e  d e r i v a t i v e s  and  a r e  b e t t e r  

d e r i v a t i v e s  in th i s  r e s p e c t  fo r  c h a r a c t e r i s i n g  2 - o x o  an d  3 -oxo  

s t e r o i d s .  E t h y l o x i m e  an d  t r i m e t h y l s i l y l o x i m e  d e r i v a t i v e s  

a p p e a r  to be l e s s  p red ic tab le  in  t h e i r  f r a g m e n t  ion  i n t e n s i t i e s .

SUMMARY AND CONCLUSIONS 

Two a p p r o a c h e s  to the c h a r a c t e r i s a t i o n  of oxygen  

s u b s t i t u e n t s  have  b e e n  e x a m i n e d  w i th  p a r t i c u l a r  e m p h a s i s  on 

th e i r  a p p l i c a t i o n  to s t e r o i d  k e to n e s .  T h e  f i r s t  t e ch n iq u e  of 

d e u te r iu m  e x c h a n g e  w i th  g a s  c h r o m a t o g r a p h y  - m a s s  s p e c t r o m e t r y  

p ro v id e s  a u s e f u l  m e th o d  o f  c a r b o n y l  g ro u p  lo c a t io n .  I t  i s  m o s t  

pow erfu l  w hen  u s e d  in  c o n ju n c t io n  w i th  d e r i v a t i v e s  s u c h  a s  

t r i m e t h y l s i l y l  e t h e r s  ( fo r  a l c o h o l s )  and  m e t h y l o x i m e s  ( for  

ke tones)  w h ich  e f f e c t iv e ly  b lock  e n o l i s a t i o n  an d  p r e v e n t  d e u t e r i u m  

exchange .  A l though  th i s  m e th o d  c a n  only  in d i c a t e  d i r e c t l y  the



n u m b e r  of h y d ro x y l  g ro u p s  on the m o le c u l e ,  i n f o r m a t i o n  

r e l a t i n g  to t h e i r  l o c a t io n  can  be o b ta in e d  a f t e r  o x ida t ion  to 

the  a ld eh y d e  o r  ke tone .

M o r e  s p e c i f i c a l l y  the te ch n iq u e  c a n  be u s e d  in the 

a n a l y s i s  of s t e r o i d s  to v e r i f y  the p r e s e n c e  of the fo llowing g ro u p s  :

L_____ C on ju g a ted  3 - k e t o n e s

C o n ju g a ted  3 - k e t o n e s  u s u a l l y  show r e l a t i v e l y  l a r g e  d e u t e r i u m

a 4i n c o r p o r a t i o n .  N a t u r a l  ZA - 3 - o x o - s t e r o i d s  p o s s e s s i n g  a 

10B - m e t h y l  g roup  a r e  c h a r a c t e r i s e d  by the  e x ch a n g e  of  f ive  

d e u t e r i u m  a t o m s  w h ich  i s  i n d i c a t e d  by a c o n t r ib u t io n  to the 

m o l e c u l a r  w e ig h t  i n c r e m e n t  and  by a sh i f t  in the  r i n g  A f r a g m e n t  

ion (w h e re  th is  i s  su f f i c i e n t ly  a b u n d an t  to be r e c o g n i s a b l e )  f r o m  

m / e  = 124 to m / e  = 12 9. T he  c o r r e s p o n d i n g  1 9 - n o r s t e r o i d s  

c o n t r ib u t e  a m o l e c u l a r  w e ig h t  i n c r e m e n t  of 6 and  can  

s o m e t i m e s  be f u r t h e r  i d e n t i f i e d  by a  f r a g m e n t  sh i f t  f r o m  m / e  = 110 

to m / e  = 116.

2^_____ 17B -h y d r o x y ,  \ l g - e t h y n y l s t e r o i d s

S t e r o i d  d r u g s  s u c h  a s  n o r e t h i s t e r o n e ,  w h ich  co n ta in  

the above  g roup ,  m a y  be c h a r a c t e r i s e d  a s  t h e i r  1 7 - 0 - t r i m e t h y l s i l y l  

e t h e r s  by a c o n t r ib u t io n  to the m o l e c u l a r  w e igh t  i n c r e m e n t  of  one  

m a s s  un i t  a f t e r  d e u t e r i u m  e x ch a n g e  and  by s h i f t s  o f  one m a s s  uni t  

in ions  c o n ta in in g  the  e thyny l  g roup  ( such  a s  m / e  = 83, m / e  =12 5
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m / e  = 140 and  m / e  = 153 in the m a s s  s p e c t r u m  of u n d e u t e r i a t e d  

n o r e t h i s t e r o n e  TMS e t h e r ) .  Some of  t h e s e  e f f e c t s  a r e  s t i l l  

p r e v a l e n t  in the  n o r e t h i s t e r o n e  TMS e t h e r  a f t e r  f o r m a t i o n  of 

the 3 - m e t h y l o x i m e .  F u r t h e r  e v id en c e  f o r  the p r e s e n c e  of 

th is  g ro u p  is  p ro v id e d  by the f r e e  s t e r o i d  o r  s t e r o i d  m e th y lo x im e  

w hich  e l i m i n a t e s  a c e t y l e n e  on the b a s i c  co lum n ,  p r o d u c in g  the 

1 6 -$^ -17 -k e to n e  an a lo g u e .

______ 11-O x o s te ro id s

The  k e to n ic  g ro u p  a t  C - l l  i s  r e a d i l y  d i s t i n g u i s h e d  by the 

i n c o r p o r a t i o n  of  t h r e e  d e u t e r i u m  a t o m s  a t  C - 9  an d  C-12 a f t e r  

f o r m i n g  TMS e t h e r s  o r  m e t h y l o x i m e s  of  the  r e m a i n i n g  oxygen  

func t ions .  The  11-oxo g ro u p ,  a l though  a p p a r e n t l y  too s t e r i c a l l y  

h i n d e r e d  to f o r m  a m e th y l o x i m e  d e r i v a t i v e ,  w i l l  s t i l l  e x ch a n g e  i t s  

t h r e e  eno l ic  h y d r o g e n  w i th  d e u t e r i u m  and,  in the  a b s e n c e  of  o t h e r  

e x c h a n g e a b le  func t ions  m a y  be r e c o g n i s e d  by m o l e c u l a r  w e igh t  

i n c r e m e n t  only .

F o r  s t e r o i d  k e to n e s  w h e r e  the  c a r b o n y l  g roup  d o e s  not 

d i r e c t  f r a g m e n t a t i o n ,  o r  give c h a r a c t e r i s t i c  io n s  in  low r e l a t i v e  

abundance ,  the O - s u b s t i t u t e d  o x im e  d e r i v a t i v e  i s  o f ten  s u p e r i o r  

in th is  r e s p e c t .  T h i s  h a s  b e en  d e m o n s t r a t e d  f o r  O - m e t h y l - ,
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O-ethyl and O-trimethylsilyloximes of 5 a -cholestan-2-one

and 5 a - c h o l e s t a n - 3 - o n e .  T h e s e  s t e r o i d s ,  w h ich  a r e  not

d i s t i n g u i s h a b le  f r o m  e a c h  o t h e r  by m a s s  s p e c t r o m e t r y  in  t h e i r

f r e e  f o r m ,  m a y  be r e c o g n i s e d  ind iv idua l ly  a s  t h e i r  o x im e

d e r i v a t i v e .  E t h y lo x im e  and  m e th y lo x im e  d e r i v a t i v e s  have

b een  shown to p o s s e s s  f r a g m e n t a t i o n - d i r e c t i n g  p r o p e r t i e s

s u p e r i o r  to the  o x im e  d e r i v a t i v e s  f o r  t h e s e  two s t e r o i d s .

A.4F o r  1 -oxo-  and  A  - 3 - o x o - s t e r o i d s  ( see  p a r t  II) w h e r e  s t r o n g e r  

f r a g m e n t a t i o n  p r o p e r t i e s  a r e  a s s o c i a t e d  w i th  the c a r b o n y l  g roup ,  

the c o r r e s p o n d i n g  o x im e  d e r i v a t i v e  does  no t  a p p e a r  to f r a g m e n t  

v e r y  d i f f e r e n t ly  f r o m  i t s  p a r e n t  k e to n e .



STEROID DRUG M ETA BO LISM

A lthough  m o d i f i ed  s t e r o i d s  have  b e en  u s e d  a s  d r u g s

fo r  m o r e  than  2 0 y e a r s  i t  i s  only  wi th in  the l a s t  d e c a d e  tha t

m u ch  p r o g r e s s  h a s  b e en  m a d e  t o w a r d s  iden t i fy in g  s o m e  of t h e i r

m e t a b o l i t e s  in  the  h u m a n .  Due p a r t i a l l y  to r e l i a n c e  on o p t i c a l

s p e c t r o s c o p i c  an d  c h e m i c a l  m e th o d s  of p r e l i m i n a r y  id e n t i f i c a t io n ,

e a r l i e r  w o r k e r s  w e r e  a b le  to ob ta in  s t r u c t u r e s  only  fo r  m e t a b o l i t e s

p r e s e n t  in  the  r e l a t i v e l y  l a r g e  a m o u n t s  n e c e s s a r y  fo r  t h e s e

t e c h n iq u e s .  A l t e r n a t i v e l y ,  id e n t i f i c a t i o n  w a s  m a d e  e n t i r e l y  by

c o m p a r i n g  c h e m i c a l  and  p h y s i o c h e m i c a l  p r o p e r t i e s  w i th  t h o s e  of

12 6c h e m i c a l l y  s y n t h e s i s e d  m a t e r i a l s  . T h e  . l a t t e r  m e thod ,  

a l though  im p ly in g  p r e s u p p o s i t i o n  of  s t r u c t u r e ,  h a s  a l lo w ed  the

id e n t i f i c a t i o n  o f  m e t a b o l i t e s  by m o r e  s e n s i t i v e  t e c h n i q u e s  su ch

126 167a s  T L C  and  p a p e r  c h r o m a t o g r a p h y

T h e  id e n t i f i c a t i o n  o f  s t e r o i d  d r u g  m e t a b o l i t e s  in v o lv es

fo u r  b a s i c  p r o c e s s e s  a s  d i s c u s s e d  be low :

127
(A) EX T R A C T IO N  FR O M  T H E  B IO LO G ICA L MEDIUM

T h is  p r o c e s s  i n v o lv e s  bo th  h y d r o l y s i s  an d  e x t r a c t i o n  s in c e  

the m a j o r i t y  o f  s t e r o i d a l  m a t e r i a l  e x i s t s  a s  the  s u lp h a t e  o r  

g lu c o s i d u r o n a t e  c o n ju g a te .  E n z y m i c  h y d r o l y s i s  e n a b le s  

s e p a r a t i o n  o f  s u lp h a t e  and  g l u c o s i d u r o n a t e  bound s t e r o i d
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f r a c t i o n s  f r o m  e a c h  o t h e r  and  f r o m  u n co n ju g a ted  m a t e r i a l .

S e p a r a t i o n  m a y  a l s o  be a c h i e v e d  on a pH b a s i s ,  and i t  i s  

co n v en ien t  a t  th is  s t a g e  to r e m o v e  a l l  b io lo g ic a l  a m i n e s  

and  to s e p a r a t e  p h eno l ic  s t e r o i d s  f r o m  n e u t r a l  s t e r o i d s .

(B) SEPA R A TIO N  O F  STEROID DRUG M E T A B O L I T E S  

V a r i o u s  t e c h n iq u e s  h a v e  b e e n  u s e d  f o r  s e p a r a t i n g  the

s t e r o i d  m e t a b o l i t e s  f r o m  e a c h  o t h e r  and  f r o m  n a t u r a l  s t e r o i d s .

Often i t  h a s  b een  n e c e s s a r y  to e m p lo y  m o r e  than  one te ch n iq u e .

C o u n t e r c u r r e n t  d i s t r i b u t i o n  h a s  b e e n  u s e d  r e c e n t l y  f o r  the

168s e p a r a t i o n  of  m e t a b o l i t e s  f r o m  17a - e t h y n y l - e s t r a d i o l .

P e r h a p s  m o r e  c o m m o n  m e th o d s  h o w e v e r  a r e  c o lu m n  c h r o m a t o g r a p h y ,

T L C  and  G L C .  C h r o m a t o g r a p h y  on a r g e n t o u s  s t a t i o n a r y  p h a s e s

s u ch  a s  s i l v e r e d  F l o r i s i l  o r  a r g e n t o u s  s i l i c a  ge l  h a s

p r o v e n  to be a u s e f u l  m e th o d  of s e p a r a t i n g  m e t a b o l i t e s  co n ta in ing

an e thyny l  g ro u p .  S e p a r a t i o n  h a s  a l s o  b een  a c c o m p l i s h e d  by

v i r t u e  of c h e m i c a l  r e a c t i o n  w i th  fu n c t io n a l  g r o u p s ,  e.  g. the  u s e

124, 127
of G i r a r d ' s  r e a g e n t  f o r  s e p a r a t i n g  k e to n ic  s t e r o i d s .

(C) D E T E C T IO N  O F  STEROID DRUG M E T A B O L I T E S

T h e  m o s t  c o m m o n  m e th o d  of d e t e c t in g  s t e r o i d  d r u g  m e t a b o l i t e s  

14 3is  the  u s e  of C o r  H r a d i o - l a b e l l i n g .  T h i s  te ch n iq u e  h a s  b een
D 1
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u s e d  fo r  s tu d y in g  m e t a b o l i t e  d i s t r i b u t i o n  in  the  f a e c e s ,  u r i n e ,

12 5 12 6blood,  b i le  ' e t c . , and  f o r  d e t e c t in g  ind iv id u a l  m e t a b o l i t e s

« , , 124,127 , , ,. . .. .. 168a f t e r  c h r o m a t o g r a p h y  o r  c o u n t e r c u r r e n t  d i s t r i b u t i o n .

The  te chn ique  i s  bo th  s e n s i t i v e  and  s e l e c t i v e  and  c a n  be u s e d  fo r

q u a n t i t a t iv e  e s t i m a t i o n  of m e t a b o l i t e s .  O th e r  m e th o d s  of

d e t e c t io n  s u c h  a s  f l a m e  io n i s a t i o n  (as  in  GLC) and  c h a r r i n g

(as  in  T L C )  a r e  s e n s i t i v e  to m i c r o g r a m m e  q u a n t i t i e s  but a r e

not s e l e c t i v e  to the  d r u g  m e t a b o l i t e s .  In  s o m e  c a s e s  s in g le

and m u l t ip l e  ion  d e t e c t io n  m a y  be a u s e f u l  m e a n s  of s e l e c t i v e l y

170 171d e te c t in g  d r u g  m e t a b o l i t e s  by G C -M S ,  ' and  the e l e c t r o n  

c a p t u r e  (EC) d e t e c t o r  m i g h t  be u s e d  fo r  m e t a b o l i t e s  c o n ta in in g  

h a lo g en .

(D) ID E N T IF IC A T IO N  O F  STEROID DRUG M E T A B O L I T E S  

T he  p r o c e s s  of  iden t i fy ing  d r u g  m e t a b o l i t e s  g e n e r a l l y  

in v o lv e s  s t r u c t u r e  e lu c i d a t io n  by c h e m i c a l  and p h y s i o - c h e m i c a l  

m e th o d s  fo l lowed by c o m p a r i s o n  of the p h y s i o - c h e m i c a l  

p r o p e r t i e s  of  the  m e t a b o l i t e  w i th  th o se  of  a c o m p o u n d  of  

e s t a b l i s h e d  s t r u c t u r e  (e. g. one o b ta in e d  by c h e m i c a l  m o d i f i c a t io n  

of the  d rug) .  G LC an d  T L C  a l though  u s e f u l  fo r  the  l a t t e r  

p r o c e s s ,  s e l d o m  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  w i th in  

t h e m s e l v e s  to e n ab le  the p r e d i c t i o n  of s t r u c t u r e .  T h e
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i n t r o d u c t io n  of G C -M S into  d r u g  m e t a b o l i s m  s tudy  now e n a b le s  

the p r e d i c t i o n  of s t r u c t u r e s  fo r  m e t a b o l i t e s  p r e s e n t  only in  

m i c r o g r a m m e  q u a n t i t i e s ,  thus  e n ab l in g  a m o r e  c o m p le t e  

s tu d y  of s t e r o i d  d r u g  m e t a b o l i s m  than  w as  p o s s i b l e  w i th  o t h e r  

l e s s  s e n s i t i v e  t e c h n i q u e s .

EXAMINATION O F  TH E  URINARY M E T A B O L I T E S
________________ O F  N IL E V A R _________________________

The  m e t a b o l i s m  in  h u m a n s  of  the  a n a b o l i c  s t e r o i d  d r u g  

17 a - e t h y l  -17 B - h y d r o x y e s t r  - 4 - e n - 3 - o n e  (N i l e v a r )  h a s  b een  

u n d e r  i n v e s t ig a t  ion  r e c e n t l y .  T he  m a i n  m e t a b o l i t e  in  the 

n e u t r a l  u r i n a r y  s t e r o i d  f r a c t i o n  h a d  b e e n  id e n t i f i e d  a s  17 a  

- e t h y l -5  B - e s t r a n - 3  a  , 17 B -d io l  by G LC c o m p a r i s o n  of u r i n e  

o b ta in e d  b e f o r e  and  a f t e r  d r u g  a d m i n i s t r a t i o n  f r o m  the s a m e  

v o l u n t e e r ,  and  a s t a n d a r d  o b ta in e d  by c h e m i c a l  r e d u c t i o n  of  

N i l e v a r .  I d e n t i f i c a t i o n  w a s  m a d e  by c o m p a r i n g  G LC r e t e n t i o n  

t i m e s  on O V -1 and  O V -17 c o lu m n s  of the  s t e r o i d s  in  t h e i r  

f r e e  f o r m  and  a s  t h e i r  TMS d e r i v a t i v e s .

A t  th is  s t a g e  the a u t h o r  a s s i s t e d  in  a  c l o s e r  e x a m i n a t io n  

of the  two u r i n e  e x t r a c t s  in  the  hope  of  d e t e c t in g  and  id en t i fy in g  

m i n o r  m e t a b o l i t e s  no t  obv ious  f r o m  G LC c o m p a r i s o n  of the  (+) and

-  159 -



A(-) u r i n e  e x t r a c t s .  Two c o m p l e m e n t a r y  t e c h n iq u e s  w e r e  

e m p lo y e d  to d e t e c t  new m e t a b o l i t e s  :

(a) Single  ion m o n i t o r i n g  (SIM)

(b) S e p a r a t i o n  by p r e p a r a t i v e  th in  l a y e r  c h r o m a t o g r a p h y  (P T L C )

SIM O F  17- E T H Y L -17 -T R IM E T H Y L S IL Y L O X Y S T E R O ID S  IN 
U RIN E E X T R A C T S _____________________________________________

TMS d e r i v a t i v e s  of N i l e v a r  and  i t s  r i n g  A r e d u c t i o n  p r o d u c t s

a l l  e x h ib i t  m a s s  s p e c t r a  w i th  i n t e n s e  p e a k s  a t  m / e  = 157 and  m / e  - 144

w hich  r e s u l t  f r o m  f r a g m e n t a t i o n s  of r i n g  D (F ig .  5. 5 and  p a r t  (II) of

th is  t h e s i s )  and  w hich  c o n s t i t u t e  a h igh  p r o p o r t i o n  of the  t o t a l  ion

c u r r e n t .  A c c o r d i n g ly ,  t h e s e  ions  a r e  s u i t a b le  fo r  the  s e l e c t i v e

m o n i t o r i n g  o f  e x t r e m e l y  s m a l l  a m o u n t s  of m e t a b o l i t e s  w i th  the

r i n g  D s t r u c t u r e  be low .

0  5

T o  a c h i e v e  s in g le  ion m o n i t o r i n g  a n  ou tpu t  f r o m  the 

g a l v a n o m e t e r  a m p l i f i e r  of the m a s s  s p e c t r o m e t e r  w as  c o n n ec te d

The term s " (+ )” and ( - ) "  used th roughout th i s  s e c tio n  r e f e r  to  

m a te r ia ls  o b ta in ed  a f t e r  and b e fo re  in g e s t io n  o f th e  drug .



F IS .  3 . 1

S im u l t a n e o u s  s i n g l e  i o n  (m/e = 157) an(l t o t a l  i o n  

chrom atogram s  o f  t h e  TMS d e r i v a t i v e  o f  t h e  h y d r o l i s e d  

s u l p h a t e  f r a c t i o n  o f  u r i n e  a f t e r  a d m i n i s t r a t i o n  

o f  N i l e v a r

m/<2 I S' 7

A = 17“ -e th y l-5 |3 -e s tra n e -J a , 17P -d io l b is  TMS e th e r ,  B = 17a- 

e th y l-5 a -e s tra n e -5 a ,1 7 P -d io l b is  TMS e th e r .



S im u l t a n e o u s  s i n g l e  io n  (m/e = 157) and t o t a l  i o n  chromatogram s of  11 

d e r i v a t i v e s  o f  t h e  h y d r o l i s e d  s u l p h a t e  f r a c t i o n  o f  u r i n e
'  ' , I1 b e f o r e  a d m i n i s t r a t i o n  o f  N i l e v a r



to one  c h an n e l  of a d u a l - p e n  p o t e n t i o m e t r i c  r e c o r d e r .  In to  

the o t h e r  ch an n e l  w as  fed  the  output f r o m  the to ta l  ion c u r r e n t  

(TIC).  F i g .  5.1 and  F ig .  5 .2  show the r e s u l t i n g  c h r o m a t o g r a m s  

fo r  the  TMS e t h e r s  of u r i n a r y  s t e r o i d  e x t r a c t s  o b ta in e d  a f t e r  

*'(+) and  b e f o re " ( - )  d r u g  a d m i n i s t r a t i o n  r e s p e c t i v e l y  w i th  the 

m a s s  s p e c t r o m e t e r  fo c u s e d  co n t in u o u s ly  on m / e  = 157. The  TIC 

" c h r o m a t o g r a m "  r e s e m b l e d  a c o n v en t io n a l  G LC t r a c e  p r o d u c e d  

by a n o n r s e l e c t i v e  d e t e c t o r ,  w h e r e a s  the SIM t r a c e  gave  c l e a r  

in d ic a t io n  of fo u r  c o m p o n e n t s  in  the (+) f r a c t i o n  w h ich  w e r e  

p o s s i b l e  m e t a b o l i t e s .  A c c o r d i n g ly ,  the  c h r o m a t o g r a m s  w e r e  

r e - r u n  th i s  t im e  o b ta in in g  full  m a s s  s p e c t r a  fo r  p e a k s  s u s p e c t e d  

of  c o n ta in in g  a m e t a b o l i t e  and  a t  c o r r e s p o n d i n g  p o s i t io n s  in the 

c h r o m a t o g r a m  of the* ( - )* f rac t ion .  R e t en t io n  d a ta  fo r  s u s p e c t e d  

m e t a b o l i t e s  w e r e  a l s o  o b ta in e d  u s in g  SIM by c o - i n j e c t i n g  a 

su i t a b le  s e r i e s  o f  n - h y d r o c a r b o n s  w i th  the  s t e r o i d  TMS e t h e r s .

As  s a t u r a t e d  n - h y d r o c a r b o n s  do no t  give MS f r a g m e n t a t i o n  a t  

m / e  - 157, t h e s e  c o m p o n e n t s  a r e  only  d e t e c t e d  by the  TIC.

By c o m p a r i s o n  of GC and  MS p r o p e r t i e s  w i th  th o s e  of c h e m i c a l l y  

s y n t h e s i s e d  m a t e r i a l  two of  th e s e  c o m p o n e n t s  w e r e  shown to 

be 17a - e t h y l - 5  a - e s t r a n e - 3 a , 17 B -d io l  b i s  TMS e t h e r  and

* P'ji p i & z
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FIG?. 3*3 '

f i r n u l f a n e o u s  s i n g l e  io n  (m/e — 245) 2-nd 10121 i o n  chi 'omatogramo o f  Iimo derivative

o f  t h e  b y d r o l i s e d  s u l p h a t e  f r a c t i o n  o f  u r i n e  a f t e r  

• ' a d m i n i s t r a t i o n  o f  U i l e v a r



S i m u l t a n e o u s  s i n g l e  ion (m/e -  245) and t o t a l  ion  curu .malograns  o± TnS 

d e r i v a t i v e s  o f  t h e  h y d r o i i s e d  s u l p h a t e  f r a c t i o n  of u r i n e  bexoxe cxdininistratioi 

o f  N i l e v a r

T I C



17 ex - e thy 1 - 5 B - e s t r a n e - 3 a  , 17 6 -d io l  b is  TMS e t h e r .

M e ta b o l i t e s  of N i l e v a r  w h ich  co n ta in ed  an  a d d i t io n a l  

h y d ro x y l  g ro u p  on r i n g  D o r  on the  e th y l  s id e  c h a in  would  no t  

be e x p e c t e d  to f r a g m e n t  a s  the s i l y l  e t h e r  to give a n  ion  a t  

m / e  = 157. H o w e v e r ,  a s s u m i n g  s i l y l a t i o n  of bo th  g ro u p s  is  

c o m p le t e ,  a n  a n a lo g o u s  ion a t  m / e  = 245 m ig h t  be a n t i c ip a te d .

SIM a t  m / e  = 245 did  d e t e c t  one c o m p o n e n t  in  the (+) 

u r i n e  (F ig .  5. 3) w h ich  a p p e a r e d  to be  a b s e n t  in  the  (- )  u r i n e  

(F ig .  5 .4 ) .  T h e  ful l  m a s s  s p e c t r u m  of  th is  c o m p o n e n t  

showed  th a t  io n s  a t  m / e  = 103 (85%) m / e  = 155 (62%), m / e  = 217 (52%) 

m / e  = 232 (34%), m / e  = 245 (100%) and  m / e  = 421 (68%) w e r e  

p e c u l i a r  to the  m e t a b o l i t e .  T h e s e  f r a g m e n t s  c an  be r a t i o n a l i s e d  

by the p r e s e n c e  of an  OTMS g ro u p  a t  the  t e r m i n a l  p o s i t i o n  o f  the 

e thy l  s id e  cha in ,  b e .

* Synthesised by Mr. A. Thawley by sterioselective reduction of 
Nilevar. _______

m/e = 245

0 —  S i  Me3
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SiMe.

103

421

232

245

155 (245-Me.SiOH)

5iMe.

T he  ion a t  m /  e = 103 o c c u r s  in  TMS e t h e r s  

of  p r i m a r y  a l c o h o l s  an d  i s  due to th e  f r a g m e n t  (Fig. 5 .5 c  R r  )

T he  ion  a t  m / e  = 155 (F ig .  5. 5d, R = C H ^ i s  m o s t  l i k e ly  d e r i v e d  

f r o m  l o s s  of  TMSOH f r o m  the ion a t  m / e  = 245 (F ig .  5. 5g R = CH^).  

The  ion  a t  m / e  = 217 (F ig .  5. 5e, R = C H 0 ) i s  a r e a r r a n g e m e n t  ion
O

s i m i l a r  to one  r e p o r t e d  in  the  m a s s  s p e c t r a  of o t h e r  s t e r o i d a l

57
1, 3 - d i o l  b i s  TMS e t h e r s .  The  ion  a t  m / e  = 232 (F ig .  5. 5f

R = CHg) i s  due  to f i s s i o n  of  the  C13-17 and  C15-16 bonds  and  is

a n a lo g o u s  to the  ion  a t  m / e  = 144 in  the TMS d e r i v a t i v e s  of the

t e t r a h y d r o  r e d u c t i o n  p r o d u c t s  of N i l e v a r .  T h e  p r o p o s e d

s t r u c t u r e s  fo r  t h e s e  f r a g m e n t s  w e r e  l a t e r  s u b s t a n t i a t e d  by

f r a g m e n t a t i o n  of the  d n TM S d e r i v a t i v e  of  a n o t h e r  m e t a b o l i t ey
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with  s i m i l a r  r i n g  D s t r u c t u r e  ( s ee  F ig .  5. 7). The  f r a g m e n t

a t  m / e  = 421 i s  p ro b a b ly  due to l o s s  of the s id e  cha in  b e a r i n g

the OTMS g ro u p  w h ich  i s  in  a c c o r d a n c e  w i th  a  s a t u r a t e d

t r i o l  s t r u c t u r e .  T h e  e x p e c te d  m o l e c u l a r  ion a t

m / e  = 538 w a s  too w e ak  to be s ig n i f i c a n t  a m o n g s t  the  n e ig h b o u r in g

c o n ta m in a n t  io n s .

S EPA R A TIO N  OF M E T A B O L I T E S  BY F T L C

B e c a u s e  of the  c o m p le x i ty  of the  s t e r o i d  gas  c h r o m a t o g r a m

and b e c a u s e  of the  a p p a r e n t  low r e l a t i v e  c o n c e n t r a t i o n  of the

m o r e  p o l a r  m e t a b o l i t e s  in  the u r i n e  e x t r a c t s  i t  b e c a m e  n e c e s s a r y

to a c h i e v e  s o m e  o t h e r  m e a n s  of s e p a r a t i o n  p r i o r  to G C -M S .

P r e p a r a t i v e  th in  l a y e r  c h r o m a t o g r a p h y  i s  p e r h a p s  the m o s t

c o n v en ie n t  c o m p l e m e n t a r y  t e ch n iq u e  f o r  th i s  p u r p o s e  s in c e  i t

w i l l  r e a d i l y  s e p a r a t e  the  m a j o r i t y  of t r i f u n c t i o n a l  s t e r o i d s  f r o m

a b u n d an t  b i fu n c t io n a l  s t e r o i d s  s u c h  a s  a n d r o s t e r o n e  an d  e t io c h o lan o lo n e .

P r o c e d u r e s  h a v e  b e e n  r e c e n t l y  r e p o r t e d  f o r  the a l m o s t  q u a n t i t a t iv e

172-174
e x t r a c t i o n  of poly  fu n c t io n a l  s t e r o i d s  f r o m  s i l i c a  ge l  . F o r

e x a m p l e ,  a s o lv e n t  m i x t u r e  of m e th y le n e  c h l o r i d e ,  m e th a n o l  9:1

173
w as  r e p o r t e d  to e x t r a c t  m i c r o g r a m  q u a n t i t i e s  of  c o r t i s o l  

f r o m  s i l i c a  ge l  w i th  a n  e f f ic ie n cy  of m o r e  than  80%.



D e v e lo p m e n t  of T e c h n iq u e

(a) So lven t  S y s t e m

In o r d e r  to d eve lop  a s o lv e n t  s y s t e m  to e f f e c t  su f f i c i e n t  

s e p a r a t i o n  of  b i fu n c t io n a l  f r o m  p o ly fu n c t io n a l  s t e r o i d s  a m i x t u r e  

of 5 a - p r e g n a n e -3 6  ; 21 /3-diol, 5 a  - p r e g n a n e - 3 a  , 20 a ,  2 1 6 - t r i o l  

and  5 B - c h o l a n e - 3 a ,  12 a ,  2 4 - t r i o l  w a s  u s e d  a s  a t e s t  m i x t u r e .

E th y l  a c e t a t e  w a s  found to be a s a t i s f a c t o r y  s o lv e n t  f o r  th is  

p u r p o s e  g iv ing  R^ v a l u e s  of 0. 51 (p reg n an ed io l )  0 .2 6  ( p r e g n a n e t r io l )  

and  0.17 (c h o la n e t r io l ) .

(b) Spot L o c a t io n

S e v e r a l  n o n - d e s t r u c t i v e  an d  d e s t r u c t i v e  m e th o d s  of 

sp o t  and  band  lo c a t io n  w e r e  t r i e d  f o r  the above  t e s t  m i x t u r e  

a f t e r  s e p a r a t i o n  u s in g  e th y l  a c e t a t e .  The  t h r e e  n o n - d e s t r u c t i v e  

m e th o d s  ( f l u o r e s c e i n  s p r a y ,  iod ine  v a p o u r  an d  c h r o m a t o g r a p h y  

on UV s e n s i t i v e  M e r c k  G F  2 54), w h ich  w e r e  t r i e d  did  no t  give 

s a t i s f a c t o r y  r e s u l t s  w i th  th e se  s t e r o i d s  even  fo r  100 jig q u a n t i t i e s .

Of the two d e s t r u c t i v e  m e th o d s  t r i e d  ( s a t u r a t e d  SbCl^ in  c h l o r o f o r m  and 

1% Ce(SO ^)2  in  10% H^SO^),  the  e e r i e  s u lp h a t e  s p r a y  a p p e a r e d  

to g ive  the b e t t e r  r e s u l t s  and  a s  l i t t l e  a s  5 fi g o f  e a c h  of th e se  

s t e r o i d s  w a s  c l e a r l y  d e t e c t e d  by s p r a y i n g  w i th  th i s  r e a g e n t ,  

h e a t in g  fo r  one  m in u te  a t  110° and  v iew in g  u n d e r  a 300 n m  

u l t r a  v i o l e t  l a m p .
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(c) S a m p le  lo ad in g

In o r d e r  to find a s u i t a b l e  p la te  load ing ,  the n e u t r a l  

s t e r o i d  f r a c t i o n  e x t r a c t e d  f r o m  u r i n e  a f t e r  h y d r o l y s i s  w i th  

h y d r o c h l o r i c  a c id  w a s  a p p l i e d  in v a r y i n g  a m o u n t s  to 6 cm  x 0. 5 c m  

s e c t i o n s  of  a 0. 5 m m  th ick  T L C  p la te .  C o m p o n e n t s  w e r e  

d e t e c t e d  u s in g  the  e e r i e  su lp h a t e  m e th o d  a f t e r  the  p la te  had  

been  r u n  u s in g  e thy l  a c e t a t e .  No l o s s  in  s e p a r a t i n g  e f f ic ie n cy  

w as  a p p a r e n t  when u s in g  e x t r a c t s  r e p r e s e n t i n g  up to 2 0 m l  u r i n e  

p e r  c e n t i m e t e r  of p l a t e .  S ince  e n z y m e  h y d r o l y s e d  u r i n e  u s u a l l y  

c o n ta in s  l e s s  e x t r a c t a b l e  m a t e r i a l  than  the  above ,  an  e q u iv a l e n t  

p la t e  lo ad in g  shou ld  be a d e q u a te .

P l a t e  P r e p a r a t i o n  and  D e v e lo p m e n t

A 20 c m  x 20 c m  p la te  c o a t e d  0. 5 m m  th ick  w i th  M e r c k  G 

s i l i c a  gel  w a s  d iv ided  in to  v e r t i c a l  s e c t i o n s  a s  shown in F ig .  5. 6a. 

In the  two 5 c m  s t r i p s  a t  a d i s t a n c e  of 17 c m  f r o m  the top of the  

p la te  w e r e  a p p l i e d  e x t r a c t s  f r o m  the n e u t r a l  s t e r o i d  f r a c t i o n  of  

100 m l  of (+) and  (-) u r i n e  a f t e r  e n z y m i c  h y d r o l y s i s .  At the  

r i g h t  hand  s id e  of the p la t e  w e r e  a p p l i e d  a s e r i e s  of a n a l y t i c a l  

sp o t s  c o m p r i s i n g  “(H-furrne e x t r a c t ,  (-) u r i n e  e x t r a c t  an d  a 

m i x t u r e  of a n d r o s t e r o n e  and  e t io c h o lan o lo n e ,  the  two p r i n c i p a l  

s t e r o i d s  of n o r m a l  m a l e  u r i n e .



A f te r  e thy l a c e ta t e  had  b een  a l lo w ed  to r u n  up to 1 cm  

f r o m  the  top of the p la te  the  p r e p a r a t i v e  b an d s  w e r e  c o v e r e d  o v e r  

and  the a n a ly t ic a l  b an d s  s p r a y e d  w ith  e e r i e  s u lp h a te  so lu t io n .

T h e  a n a ly t i c a l  b an d s  w e r e  c h a r r e d  by p ro je c t in g  the  a p p r o p r i a t e  

p o r t io n  o f  the  p la te  o v e r  the edge of the b en ch  and  h e a t in g  the  

u n d e r s id e  w ith  a h o t a i r  d r y e r .  A l a t e r  e x a m in a t io n  of the  P T L C  

s e c t io n s  by gas  c h ro m a to g r a p h y  did no t give any  e v id e n c e  of 

s a m p le  l o s s  o r  d e c o m p o s i t io n  u s in g  th is  te ch n iq u e .

E x a m in a t io n  of P la te

(a) V is u a l

T h e r e  w e r e  few v is ib le  d i f f e r e n c e s  b e tw ee n  the (+ ) 'and  

(-)  a n a ly t i c a l  b a n d s  w hen  v ie w ed  u n d e r  UV l ig h t .  W h ere  

d i f f e r e n c e s  d id  o c c u r  ( se e  T a b le  5.1) the  a p p r o p r i a t e  zo n es  of the 

p r e p a r a t i v e  b an d s  w e r e  re m o v e d  f r o m  the p la te  fo r  f u r t h e r  

e x a m in a t io n  by o th e r  te c h n iq u e s .  T h e  r e m a in in g  p r e p a r a t i v e  

b an d s  w e r e  a r b i t r a r i l y  d iv id ed  in to  z o n es  (se e  F ig .  5. 6a and  

T a b le  5.1) f o r  f u r t h e r  e x a m in a t io n .
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T A B L E  5.1

R e v a l u e s  of Z o n e s  f ro m  P T L C  of u r i n a r y  s t e r o id  
e x t r a c t s  i l l u s t r a t e d  in  F ig .  5. 6a____________

Z one  R^ V is u a l  E x a m in a t io n

1 0 - 0. 08 B ro w n  s t a in  in  (+) and  (-)

2 0. 08 - 0 .2 4

3 0. 24 - 0. 31 New co m p o n en t  in (+> b ’ °

4 0. 31 - 0. 35

5 0. 35 - 0. 40

6 0. 40 - 0. 48

7 . 0. 48 - 0. 57 P in k  p ig m e n t  a

8 0. 57 - 0. 63 aY ellow  p ig m e n t  , e t io c h o lan o lo n e

9 0. 63 - 0. 71 A n d r o s te r o n e  ^

10 0. 71 - 0. 77 N ew  c o m p o n en t  in - / v" b 
(+)

11 0. 77 - 1 .00

a  o b s e r v e d  in  P T L C  b an d s

b o b s e r v e d  in  a n a ly t ic a l  bands  a f t e r  c h a r r i n g  w ith  
C e(SO ^)2  an d  v iew in g  a t  300 n m

c o b s e r v e d  in  P T L C  b a n d s  a t  240 n m

(b) E x a m in a t io n  of E x t r a c t e d  Z o n e s

R e m o v a l  o f  the  s i l i c a  ge l f r o m  the p la te  w as  a c c o m p l i s h e d  

u s in g  a su c t io n  te c h n iq u e .  T h e  s i l i c a  w as  s u c k e d  in to  d ra w n  

ou t P a s t e u r  p ip e t te s  a s  i l l u s t r a t e d  in  F ig .  5b, an d  the  c o m p o n en ts
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e x t r a c t e d  by p a s s in g  4 m l  of e lu t in g  so lv e n t  (CH C L  , M eOH, 9:1) 

th ro u g h  the p ip e t te  in to  a g l a s s  v ia l .  A f te r  e a c h  f r a c t io n  h ad  b e e n  

e v a p o r a te d  (u n d e r  n i t ro g e n )  i t  w as  t r e a t e d  w ith  HMDS, TM CS

175(10:1) in  p y r id in e  a c c o r d in g  to the m e th o d  of M ak ita  and  W ells  

E a c h  zone  w a s  e x a m in e d  a s  the TM S e th e r  by G C -M S 

u s in g  SIM a t  m / e  = 157 an d  m / e  = 245 a s  d e s c r ib e d  e a r l i e r .  T he  

s a t u r a t e d  d io l  m e ta b o l i t e s  found in  the  u n f r a c t io n a te d  u r i n a r y  

s t e r o i d s  w e r e  found in  P T L C  z o n e s  8 + (R^ = 0. 57 - 0. 63).

A f te r  s u i ta b le  c o n c e n t r a t io n ,  s ix  m o r e  m e ta b o l i t e s  w e r e  found 

in  m o r e  p o la r  z o n e s  a s  s u m m a r i s e d  in  T a b le  5. 2

T A B L E  5. 2

R e ten t io n  d a ta  on 1% OV-17 f o r  p o la r  m e ta b o l i t e s  of 
N i l e v a r  a f t e r  SIM a t  m / e  = 157 and  m / e  = 245

M e ta b o l i te P T L C  Zone MU (OV-17) SIM

A 3+ 27.10 157

B 3+ 27. 90 157

2+ 2 7 .8 0 157

C 4+ 28. 95 245

D 3+ 29. 00 157

2+ 2 8 .8 5 157

E 3+ 2 9 .2 0 245

- 2+ 2 9 .2 0 245

F 3+ 3 2 .3 5 245
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CH ARACTERISATION O F P O L A R  M E T A B O L IT E S

The fu ll m a s s  s p e c t r a  fo r  the TM S e t h e r s  o f  m e ta b o l i t e s  

found in  zo n es  2 ,  3 and  4 w e r e  o b ta in ed  by n o r m a l  G C -M S.

In  s o m e  c a s e s  th is  in fo r m a t io n  w as  su p p le m e n te d  by m a s s  

s p e c t r a  o f  d e u te r i a t e d  d e r iv a t iv e s .  T he  m a s s  s p e c t r a  and  

c o n c lu s io n s  th e r e f r o m  a r e  d i s c u s s e d  be low  fo r  e a c h  m e ta b o l i te .  

M e ta b o l i te  A

T h is  m e ta b o l i te  w as  d e te c te d  in  zone 3 o f  the  P T L C

p la te .  C h a r a c t e r i s t i c  io n s  ( i . e .  th o se  no t o b s e r v e d  in  the

’u n d r u g g e d 1 u r in e  f r a c t io n )  w e r e  o b s e r v e d  a t  m / e  - 131 (30%)

m / e  = 144 (86%) and  m / e  -  157 (100%) in d ic a t in g  th a t  the  m e ta b o l i t e

c o n ta in ed  no f u r t h e r  s u b s t i tu t io n  on r in g  D. A lthough  no

m o le c u la r  ion  w as  o b s e r v e d  in the  s p e c t r u m ,  e v id e n c e  th a t  the

co m p o u n d  i s  a  s a t u r a t e d  t r i o l  i r i - T M S  (MW = 534) w as  a f fo rd e d

by io n s  a t  m / e  - 509 (48% = M - 2 9), m / e  -  419 (18% = M - 2 9, 90)

and  m / e  = 329 (7% = M - 29, 2 x 90). T he  p o s i t io n  of the

th i r d  OTMS g ro u p  is  no t known bu t f r a g m e n ts  thought to be

c h a r a c t e r i s t i c  of th is  g ro u p  o c c u r  a t  m / e  = 147 (40%) and  m / e  ~ 191

(11%). B y  o b s e r v in g  m a s s  s h i f ts  a f t e r  fo rm in g  the d TM S
y

d e r iv a t iv e  the  s t r u c t u r e s  be low  m ay  be p o s tu la te d  fo r  th e s e  io n s .
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(R) Si - S = Si(R)2 (R)gSi - 0 - CH = 0 - S i(R )3

m / e  = 147 (R = C H 3 ) m / e  = 191 (R = CHg)

m / e  = 162 (R = CDg) m / e  = 209 (R = CDg)

A lthough  the  f r a g m e n t  a t  m / e = 147 o c c u r s  in  m an y

55" o p en  c h a in "  d io l  b is  TM S e t h e r s  w h e re  the  two fu n c tio n a l

g ro u p s  m a y  even  be ten  m e th y le n e  g ro u p s  a p a r t ,  i t  i s  u n lik e ly

th a t  TMS m ig r a t io n s  o f  su ch  m a g n itu d e  a r e  l ik e ly  on the  m o re

r ig id  s t e r o i d  n u c le u s .  T h is  a s s u m p t io n  i s  s u b s ta n t i a t e d  in  r e c e n t
/ 76

w o rk  by S loan , H a rv e y  an d  V o u ro s  who, a f t e r  s tu d y in g  the  m a s s

s p e c t r a  o f  fo r ty  s ix  p o ly h y d ro x y  s t e r o i d  TM S e t h e r s ,  d e m o n s t r a t e d

th a t  the  e x i s t e n c e  and  ab u n d an c e  of th is  ion  i s  d e p en d e n t  on the

p r o x im i ty  of the  fu n c t io n a l  g ro u p s .  T h e  ion  a t  m / e  = 191 h a s  beer-

o b s e r v e d  fo r  the  1, 2 d io l  d e r iv a t iv e  16 a -h y d ro x y  t e s t o s t e r o n e  b is  

57
TM S and  the 1, 3 d io l  d e r iv a t iv e  19 h y d r o x y te s to s t e r o n e  b is  TMS

57and  the  15a - h y d r o x y t e s t o s t e r o n e  b is  TMS

T h e  p r e s e n c e  of the two r e a r r a n g e m e n t  f r a g m e n ts  a t  

m / e  = 147 and  m / e  = 191 in  the t r i s  t r i m e t h y l s i l y l  e t h e r  of 

th is  m e ta b o l i te  s u g g e s t s  th e r e f o r e  th a t  the e x t r a  OTM S g ro u p  

i s  in  c lo s e  p r o x im i ty  to the  OTMS g ro u p  a t  C -3 .  T h is  th e o ry  

i s  s u b s ta n t i a t e d  by the  s m a l l  MU v a lu e  r e l a t i v e  to the  o th e r
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t r i  h y d ro x y  m e ta b o l i te s  ( s e e  T a b le  5.2). T he  a b s e n c e  of a 

p ro m in e n t  ion  a t  m / e  = 217 in  the m a s s  s p e c t r u m  s u g g e s t s

th a t  an  a B  d io l  m ay  be a s t r o n g e r  p o s s ib i l i ty  th an  a B y  -d io l

. 57 on r in g  A

M e ta b o l i te  B

T h is  m e ta b o l i t e  w as  d e te c te d  in  zo n es  2 and  3 of the 

P T L C  p la te .  C h a r a c t e r i s t i c  io n s  w e r e  o b s e r v e d  a t  m / e  = 131 

(12%), m / e  = 144 (76%) and  m / e  = 157 (100%) in d ic a t in g  th a t  

the m e ta b o l i t e  c o n ta in ed  no f u r t h e r  s u b s t i tu t io n  on r in g  D.

A m o le c u la r  ion  w as  o b s e r v e d  a t  m / e  = 538 (4%) in d ic a t in g  th a t  

the  m e ta b o l i t e  i s  a  s a t u r a t e d  t r i o l .  Ions  a t  m / e  = 448 

(M - 90), m / e  = 358 (M - 2 x 90) an d  m / e  = 268 (M - 3 x  90) 

s u p p o r t  th is  e v id e n c e .

M e ta b o l i te  C

T h is  m e ta b o l i t e  w as  d e te c te d  in  zone  4 of the  P T L C  p la te .  

C h a r a c t e r i s t i c  io n s  w e r e  o b s e r v e d  a t  m / e  = 103 (71%), m / e  = 155 

(49%), m / e  = 217 (44%), m / e  = 232 (2 5%), m / e  = 245 (100%) and  

m / e  = 421 (68%). T h e s e  f r a g m e n ts ,  a s  w as  d e m o n s t r a t e d  

e a r l i e r ,  can  be  r a t i o n a l i s e d  by a 3 , 17B , 21 s a t u r a t e d  t r i o l ,  t r i - T M S  

e th e r .
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M e ta b o l i te  D

T h is  m e ta b o l i te  w as  d e te c te d  in  z o n es  2 and  3 of the  P T L C  

p la te .  T h e  G LC  p e ak  o v e r la p p e d  w ith  m e ta b o l i te  E  (MU = 2 9 .2 0 )  

and  ev id en c e  of a p re g n a n e  t r i o l  t r i - T M S  e t h e r  w as a ls o  n o ted  

in  the  m a s s  s p e c t r u m .  C h a r a c t e r i s t i c  io n s  w e r e  o b s e r v e d  a t  

m /  e = 157 (80%) and  m / e  = 144 (47%), in d ic a t in g  t h e r e  w e r e  no 

e x t r a  s u b s t i tu e n ts  on r in g  D an d  a t  m / e  = 538 (M ), m / e  = 358 

(M - 2 x 90) and  m / e  = 2 68 (M - 3 x 90) show ing  the  m e ta b o l i te  

w as  a s a t u r a t e d  t r i o l  t r i - T M S  e th e r .  T h e r e  w e r e  no io n s  in  

the  m a s s  s p e c t r u m  w h ich  w e r e  d ia g n o s t ic  of the p o s i t io n  of 

h y d ro x y la t io n .

M e ta b o l i te  E

T h is  m e ta b o l i t e  w as  d e te c te d  in  zo n es  2 and  3 of the  

P T L C  p la te .  C h a r a c t e r i s t i c  io n s  w e r e  o b s e r v e d  a t  m / e  = 103 

(67%), m / e  = 155 (50%), m / e  = 217 (49%), m / e  = 232 (33%) 

and  m / e  = 245 (100%) w h ich  in d ic a te  a 17 6,21 d i-T M S  e t h e r  s t r u c t u r e .  

A m o l e c u la r  io n  a t  m / e  = 538 (3%) s u p p o r te d  by io n s  a t  m / e  = 448 

(M - 90), m / e  = 358 (M -2 x 90) and  m / e  = 268 (M - 3 x 90) 

show  the  m e ta b o l i t e  d e r iv a t iv e  to be a  3, 17 6, 21 s a t u r a t e d  t r i o l  

t r i - T M S  e t h e r .
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M e ta b o l i te  F

T h is  m e ta b o l i te  w as  p r e s e n t  in  zone  3 of the  P T L C  p la te .

Io n s  w e re  o b s e r v e d  a t  m / e  = 103 (100%), m / e  = 155 (62%), 

m / e  = 217 (43%) and  m / e  = 245 (80%) in  the  m a s s  s p e c t r u m  of the 

TMS d e r iv a t iv e  (F ig .  5. 7a). T he  p ro p o s e d  s t r u c t u r e s  o f  th e s e  

ions  i l l u s t r a t e d  in  F ig .  5. 5 ( ions c, d, f and  g r e s p e c t iv e ly :

R = CH„) a r e  v e r i f i e d  by the  e x p e c te d  m a s s  i n c r e m e n t s  in  theO

m a s s  s p e c t r u m  of the a n a lo g o u s  d Q-T M S  d e r iv a t iv e  (F ig . 5. 7b)
y

and  in d ic a te  a m e ta b o l i t e  h y d ro x y la te d  a t  C-21.

Io n s  o b s e r v e d  a t  m / e  = 282, 290, 303, 345 and  372 (F ig .  5 .7 a )  

w e r e  show n to c o n ta in  0, 1, 1, 1 an d  1 TM S g ro u p s  r e s p e c t iv e ly  by 

th e i r  a p p e a r a n c e  a t  m / e  = 282, m / e  = 2 9 7 /2 9 9 ,  m / e  = 312, 

m / e  - 354 and  m / e  = 381 in  the  m a s s  s p e c t r u m  of the  d -T M S 

d e r iv a t iv e  (F ig .  5. 7b)

F u r t h e r  e v id e n c e  of the  n a tu r e  of th e s e  io n s  w as  

a f fo rd e d  by the  m a s s  s p e c t r u m  o f the  TM S e t h e r  a f t e r  c h ro m a to g ra p h y  

on  1% A p ie z o n - L ,  0. 5% B a f O D ^  (s e e  p a r t  4 of th is  t h e s i s ) .  T he  

io n s  a t  m / e  = 2 90, 303, 345 and  372 in  F ig .  5 .7 a ,  a l l  show ed  

m a s s  i n c r e m e n t s  of 6 a m .  u. a f t e r  s u c h  d e u te r i a t io n  (F ig .  5. 7c).

T he  ex ch a n g e  o f s ix  d e u te r iu m  a to m s  u n d e r  th e s e  c o n d i t io n s  h a s
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b e en  show n (in p a r t  4) to be c h a r a c t e r i s t i c  of a 1 9 -n o r -  Z ^ 4 -3 -  

oxo g ro u p  and  i t  i s  r e a s o n a b le  to a s s u m e  t h e r e f o r e  th a t  the  

m e ta b o l i te  c o n ta in s  th is  g ro u p , the  - i s o m e r  o r  the &  5(10) 

i s o m e r  (s in c e  the l a t t e r  two fo r m  the  4 - i s o m e r  u n d e r  the  

co n d i t io n s  u s e d  f o r  d e u te r iu m  e x ch a n g e .  )

T h e s e  r e s u l t s  m ay  be r a t i o n a l i s e d  by the  s t r u c t u r e s  

r e p r e s e n t e d  be low  :

SiMe

Si Me

isom er

A m o le c u l a r  ion  fo r  th is  m e ta b o l i te  d e r iv a t iv e  i s  e v id en t

a t  m / e  = 462 (F ig . 5. 7a) a t  m / e  -  480 fo r  the d n -T M Sy

(F ig .  5. 7b) and  a t  m / e  = 468 in  the p r o d u c t  f r o m  d e u te r iu m  

ex ch a n g e  (F ig . 5. 7c).

T h e  io n s  a t  m / e  = 372 and  m / e  = 282 in  F ig .  5. 7a a r e  

due to e l im in a t io n  o f  one and  two m o le c u le s  o f  M e^S iO H  f r o m  the 

m o le c u l a r  ion . T h e  ion  a t  m / e  = 345 i s  due to e l im in a t io n  of the  

s id e  c h a in .
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^*5 i k e
+. / S i  Me30

Si Me3

->

m /e = 345

T h e  io n s  a t  m / e  = 2 90 and m / e  = 303 bo th  in v o lv e  m ig r a t io n  

of the  OTMS g ro u p  a t  C-17 and  a r e  e q u iv a le n t  to the  M -(5 5  + R) and  

M -(42  + R) io n s  (w h e re  R = the m a s s  o f  the  s u b s t i t u e n t  on C-17) 

w h ich  h a v e  b e e n  o b s e r v e d  in  the  m a s s  s p e c t r a  o f  t e s t o s t e r o n e - 1 7 - 

OTMS an d  a n a lo g u e s  (s e e  p a r t  2 of th is  th e s is ) .

F u r t h e r  S e p a ra t io n  of B ifu n c t io n a l  M e ta b o l i te s

P T L C  zone  8+ (F ig . 5. 6a) w h ich  c o n ta in s  the m a j o r

Si Me

SiMe

+
0 — SiMe.o

-  176 -



m e ta b o l i te  c o n ta in s  a l s o  an  a p p r e c ia b le  am o u n t  o f  e t io ch o lan o lo n e  

and  o th e r  co m p o n en ts  of s i m i l a r  p o la r i ty .  P T L C  of TMS 

d e r iv a t iv e s  h a s  b e e n  r e p o r t e d  a s  a u s e f u l  m e th o d  of h y d ro x y  

s t e r o i d  s e p a r a t i o n  and  is  id e a l  fo r  s e p a r a t i n g  k e to n ic

s t e r o id s  f r o m  n o n -k e to n ic  s t e r o i d s .  A c c o rd in g ly  the  zones  

6, 7 and  8 w e r e  r e - c h r o m a t o g r a p h e d  a s  t h e i r  TMS e t h e r s .

T he s ix  f r a c t io n s  w e r e  a p p l ie d  to 2 cm  x 0. 5 m m  s e c t io n s  of 

the  p la te  and  a m ix tu r e  of s t a n d a r d s  (17 a - e t h y l - 5 a - e s t r a n e -  

3 6 ,1 7  6 -d io L  17a - e t h y l - 5 b - e s t r a n e - 3  a ,  l'fe -d io l ,  17<*-ethyl-5 a -  

e s t r a n e - 3  a, 1 7 6 -d io l ,  a n d r o s t e r o n e  and  e t io ch o lan o lo n e )  a s  

t h e i r  t r i m e th y l s i l y l a t i o n  p ro d u c ts  w as  a p p l ie d  a s  a  sp o t  n e a r  

the  r ig h t  edge of the  p la te .  T he  so lv e n t  m ix tu r e  u s e d  fo r  

d e v e lo p in g  th e  p la te  w a s  c y c lo h e x a n e :b e n z e n e  2:1. T h is  s y s t e m  

w as  found to s u p p r e s s  the  m o b i l i ty  o f  the  two k e to n ic  s t e r o i d s  

be low  Rf = 0 .1 . T he  r e f e r e n c e  s a m p l e s  w e r e  s p r a y e d  w ith  

e e r i e  s u lp h a te ,  an d  c h a r r e d  a s  d e s c r ib e d  e a r l i e r .  T h e  

p r e p a r a t i v e  b an d s  w e r e  d iv id ed  in to  z o n e s ,  r e m o v e d  f r o m  the 

p la te  by the  s u c t io n  te ch n iq u e  and e x t r a c t e d  f r o m  the  s i l i c a  ge l 

w ith  e th e r .  T h e  zo n es  a r e  d e f in ed  in  T a b le  5. 3, and  i l l u s t r a t e d  

in  F ig .  5. 7c.
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T A B L E  5. 3

Rf v a lu e s  of zo n es  f r o m  P T L C  of u r i n a r y  
s t e r o i d s  a s  TMS e th e r s

Zone___________ Rf__________________ S ta n d a rd s

1 0 .0 0  - 0.10 K e to n ic  s t e r o i d s

2 0 .10 - 0 .2 9

3 0 .2 9  - 0 .3 7  5 a - H - 3 6 ,1 7 8  -d io l

4 0 .3 7  - 0 .4 6  56 - H - 3 a ,  176 -d io l

5 0 .4 6  - 0. 61

6 0 . 6 1 - 0 . 7 1  5a -H -3  a ,  176 -d io l

7 0 .71  -  1 .00

E a c h  f r a c t io n  w a s  n u m b e r e d  8 + 1 ,  8 - 1. . . . e t c . , 

a c c o r d in g  to i t s  Rf zone  a s  the  f r e e  s t e r o id  ( f i r s t  d ig it)  and  

i t s  Rf zone  a s  the  TM S d e r iv a t iv e  ( la s t  d ig it) .  The f r a c t io n s  

w e r e  r e s i l y l a t e d  and  e x a m in e d  by G L C .

T h e  on ly  f r a c t io n s  sh o w in g  d i s s i m i l a r i t y  b e tw ee n  

" d ru g g e d "  and  "u n d ru g g e d "  u r in e  w e r e  8 + 4  and  8 - 4 .  The 

f r a c t io n  a t  8 + 4 gave  a  s in g le  p e ak  on a 1% OV-1 co lu m n  a t  

26. 80 MU (F ig . 5. 8) and  a t  27. 57 MU on 1% OV-17. T he  

s t a n d a r d  fo r  th is  Rf v a lu e  (1 7 a -e th y l -5 6  - e s t r a n - 3 a ,  17 6 - d io l -  

b is  TM S, gave r e te n t io n  v a lu e s  o f  26. 80 MU (1% OV-1) an d  27. 60 MU 

(1% OV-17). T h e  m a s s  s p e c t r u m  of the c o m p o n en t  in  8 + 4 

(F ig .  5. 9) w as  a l s o  in  c o n fo rm i ty  w ith  th is  s t r u c t u r e .

-  178 -



Io n s  a t  m / e  = 157 (F ig .  5. 5b) and  m / e  = 144 (F ig .  5. 5a) r e s u l t

f r o m  r in g  D f r a g m e n ta t io n  a s  d i s c u s s e d  e a r l i e r .  A m o le c u la r

ion  of low r e l a t i v e  ab u n d an c e  o c c u r s  a t  m / e  = 450. Io n s  a l s o

o c c u r  a t  m / e  = 421 (M - C0H r ), m / e  = 331 (M - C 0H_,—-*— Z j  * — z o

M e 3SiOH) and  m/e = 241 (M -C gH g, 2M egSiOH) in d ic a t in g  tha t  

the  com pound  i s  a s a t u r a t e d  d io l  b is  TM S e th e r .

CONCLUSIONS 

T he  ab o v e  s tu d y  on the  in  v ivo m e ta b o l i s m  of the  s t e r o id  

d ru g  " N i le v a r "  in  h u m a n s  h a s  in v o lv ed  the c o m b in a t io n  of 

c o m p le m e n ta r y  te c h n iq u e s  w h ich  a r e  a l l  a p p l ic a b le  to m i c r o g r a m  

q u a n t i t ie s  of m a t e r i a l .  T h e  te c h n iq u e s  found m o s t  u s e fu l  in  

th is  s tu d y  a r e  a s  fo llow s :

1. P T L C  AND G LC

S e p a ra t io n  of u r i n a r y  s t e r o i d s  on a p o l a r i t y  b a s i s  by 

P T L C  o r  l iq u id  c h r o m a to g r a p h y  i s  a u s e f u l  p r e l i m i n a r y  to G L C . 

D ru g  m e ta b o l i t e s  w h ich  d i f f e r  in  m o l e c u la r  w e ig h t  f r o m  n a t u r a l  

s t e r o i d s  m a y  o ften  be s e p a r a t e d  f r o m  o th e r s  in  the  g ro u p  by GLC 

on n o n - p o la r  o r  m o d e r a te ly  p o l a r  c o lu m n s .  G ro u p  s e p a r a t io n  a l s o  

s im p l i f i e s  c h a r a c t e r i s a t i o n  by a n c i l l a r y  te c h n iq u e s  s u c h  a s  

d e r iv a t iv e  f o r m a t io n ,  o x id a tio n  and r e d u c t io n  s tu d ie s  w h e re  ch an g e s  

in  r e t e n t io n  b e h a v io u r  a r e  a n t ic ip a te d .



F u r t h e r  s e p a r a t i o n  of s t e r o i d s  in  e a c h  g ro u p  m a y  a l s o  be 

a c h ie v e d  by P T L C  of t h e i r  TM S d e r iv a t i v e s .  T h is  is  e s p e c ia l l y  

u s e fu l  w hen the g roup  c o n ta in s  a m ix tu r e  of k e to n ic  and  n o n -k e to n ic  

s p e c i e s  and  h as  b e en  u s e d  to o b ta in  a  g a s  c h r o m a to g r a p h ic a l ly  

p u re  s a m p le  of the m a in  m e ta b o l i te  f r o m  u r in e .

2. G LC AND MS

W hen the  m a s s  s p e c t r a  of m e ta b o l i t e s ,  o r  one of t h e i r  

d e r iv a t i v e s ,  a r e  e x p e c te d  to co n ta in  an  ion  o f  h igh  r e l a t i v e  

a b u n d an ce  w h ich  i s  n o t c o m m o n  f o r  n a t u r a l  s t e r o i d s  (o r  the 

a p p r o p r i a t e  d e r iv a t iv e  th e re o f )  s e l e c t iv e  ion  d e te c t io n  m a y  be 

a  u s e f u l  m e a n s  of in d ic a t in g  t h e i r  p o s i t io n  in  a  c o m p le x  gas  

c h r o m a to g r a m .  T h is  te ch n iq u e  h a s  b e en  f r u i t fu l  in  the  

m e ta b o l i t e  s tu d y  o f " N i le v a r "  and  m a y  h av e  a p p l ic a t io n  to o th e r  

17e<-substitu ted  s t e r o i d s .

3. O T H E R  TE C H N IQ U ES

T he  te ch n iq u e  of g a s  p h a s e  d e u te r i a t io n  p r i o r  to m a s s  

s p e c t r o m e t r y  h a s  b e en  u s e f u l ly  a p p l ie d  to a  k e to n ic  m e ta b o l i te  

o f " N i l e v a r ” and  m a y  be of f u r t h e r  b e n e f i t  in  o x id a t io n  s tu d ie s  

(u s in g  J o n e s 1 r e a g e n t  o r  S a r e t t ’s r e a g e n t )  on g ro u p s  o f  stexo id s  

s e p a r a t e d  by P T L C .  T he  u se  of b o ro n a te  d e r iv a t iv e s  fo r  the
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r e c o g n i t io n  of 1, 2 o r  1, 3 d io ls  a m o n g s t  the p o la r  m e ta b o l i t e s  

i s  e n v is a g e d  a s  a n o th e r  e x te n s io n  of th is  w o rk  w hich  w as  

u n fo r tu n a te ly  l e f t  u n f in ish e d .



CONCLUSIONS

T h e  p r e c e d in g  p a r t s  of th is  th e s i s  have  b e en  c o n c e rn e d  

w ith  the  d e v e lo p m e n t  and  a p p l ic a t io n  of te c h n iq u e s  d e s ig n e d  to a id  

the id e n t i f ic a t io n  of unknow n m a t e r i a l s  of b io lo g ic a l  i n t e r e s t  by the 

c o m b in e d  te c h n iq u e s  of gas  c h ro m a to g ra p h y  and  m a s s  s p e c t r o m e t r y .  

S u p p le m e n ta ry  in fo r m a t io n  a f fo rd e d  by te c h n iq u e s  s u c h  a s  d e r iv a t iv e  

f o r m a t io n  and  d e u te r iu m  ex ch a n g e  d ev e lo p e d  in  p a r t s  2 and  4 

g r e a t ly  a s s i s t e d  the  id e n t i f ic a t io n  in  p a r t  5 of the 2 1 -h y d r o x y -m e ta b o l i t e s  

o f  the  a n a b o l ic  s t e r o i d  d ru g  " N i le v a r " .

T he u s e  of d e r iv a t iv e s  in  s t r u c t u r a l  a n a ly s i s  i s  

u s e fu l  fo r  two r e a s o n s .  F i r s t l y ,  w hen the m o d e  of f r a g m e n ta t io n  

i s  n o t  u n d e r s to o d  i t  i s  p o s s ib le  to o b ta in  im p o r ta n t  in fo r m a t io n  

a b o u t the  n u m b e r  and  type  of fu n c t io n a l  g ro u p s  on the  m o le c u le  

by c h a n g e s  in  G LC r e te n t io n  t im e  and  m o le c u la r  w e ig h t  a f t e r  

the  d e r iv a t iv e  h a s  b e en  fo r m e d .  Second ly , w hen  the  d e r iv a t iv e  

h a s  s t r o n g  f r a g m e n ta t io n  d i r e c t i n g  p r o p e r t i e s ,  a  k now ledge  of 

i t s  b e h av io u r  u n d e r  e l e c t r o n  im p a c t  m a y  e n ab le  p r e d ic t io n  of 

the  g r o u p 's  p o s i t io n  in  unknow n m a t e r i a l .

In  p a r t  1 an  e x a m in a t io n  w a s  m a d e  of the e f f e c t iv e n e s s  

o f  b o ro n a te  d e r iv a t iv e s  o f B -hydroxy  a m in e s  and  B - h y d r o x y -
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c a ta c h o la m in e s .  A lkyl and  a r y l  b o ro n ic  a c id s  w e r e  found to 

r e a c t  r a p id ly  w ith  the  c a te c h o l  g ro u p  to fo r m  a c y c l ic  e s t e r  in 

n e a r  q u a n t i ta t iv e  y ie ld s ,  w h e r e a s  the  r e a c t i o n  w ith  the  f S  

h y d ro x y a m in e  g ro u p  w as  s lo w e r  and the  y ie ld  of the 1, 3, 2 

o x a z o b o ro l id in e  f o r m e d  d ep en d ed  on the s u b s t i t u e n ts  on the 

h e t e r o c y c l i c  r in g .  N e v e r t h e l e s s ,  the fa c t  th a t  th e s e  c y c l ic  

d e r iv a t i v e s  cou ld  be f o r m e d  d e m o n s t r a t e d  the  p r o x im i ty  of the 

fu n c t io n a l  g ro u p s  c o n c e rn e d ,  and  the  f r a g m e n ta t io n  of the 

o x a z a b o ro l id in e  r in g  e n a b le d  the p o s i t io n  and n a tu r e  of the 

s u b s t i tu e n ts  on the  6 -h y d ro x y a m in e  to be d e te r m in e d .

A n o th e r  a d v a n ta g e  of th e s e  c y c l ic  d e r iv a t iv e s  w as  t h e i r  

a b i l i ty  to s e p a r a t e  d i a s t e r  e o i s o m e r s  (su ch  a s  e p h e d r in e  and 

tjj - e p h e d r in e )  by G L C .

P a r t s  2 to 5 w e r e  c o n c e rn e d  m a in ly  w ith  the  

s t r u c t u r a l  id e n t i f ic a t io n  of s t e r o i d s  and  e x p lo re d  s o m e  w ay s  of 

d e te r m in in g  the  p o s i t io n  of v a r io u s  g ro u p s  and  s u b s t i t u e n t s  on 

the  s t e r o i d  n u c le u s .  M e th y l  s u b s t i tu te d  an d  n o r - t e s t o s t e r o n e s  

w e r e  e x a m in e d  in  p a r t  2 a s  u n d e r iv a t i s e d  s t e r o i d s ,  a s  t h e i r  0-TMS 

e t h e r  d e r iv a t i v e s  and  a s  t h e i r  O -m e th y l-o x im e  d e r iv a t i v e s .

I t  w a s  found th a t  a l th o u g h  m e th y l  g ro u p s  did  n o t u s u a l ly  d i r e c t
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the  f r a g m e n ta t io n  of the m o le c u le  a f t e r  e l e c t r o n  im p a c t ,  the 

p o s i t io n  of th e s e  g ro u p s  cou ld  be i n f e r r e d  by m a s s  s h i f t s  in  

f r a g m e n ts  d i r e c t e d  by o th e r  g ro u p s  in  the m o le c u le .  I t  is  

i n t e r e s t i n g  to no te  th a t  f o r m a t io n  of the 17 3  - OTMS e t h e r  

h in d e r e d  the  r e c o g n i t io n  of s u b s t i tu e n ts  on r in g  A.

T h e  p r o b le m  of d e te r m in in g  the  p o s i t io n  o f  an  

o le f in ic  bond in  a  s t e r o i d  w as  c o n s id e r e d  in  p a r t  3. T he  

d if f icu l ty  of d is t in g u is h in g  b e tw ee n  o le f in ic  i s o m e r s  w as  

d e m o n s t r a t e d  w ith  a  s e r i e s  of i s o m e r i c  e s t r e n - 1 7 - o n e s ,  w h ich  

gave  a lm o s t  id e n t ic a l  m a s s  s p e c t r a  and  s i m i l a r  GLC r e te n t io n  

t im e s .  T h e  w eak  f r a g m e n ta t io n  d i r e c t in g  p r o p e r t i e s  o f  th e se  

o le f in ic  bonds  w e r e  im p r o v e d  upon by the  c is -d io l  fo r m e d  

a f t e r  h y d ro x y la t io n  o f  the  o le f in  w ith  o s m iu m  te t r o x id e  and  

a f t e r  fo r m in g  v a r io u s  d e r iv a t iv e s  of the  r e s u l t i n g  c i s - d i o l .  

B o ro n a te  e s t e r s  w e r e  found to be e x c e l le n t  d e r iv a t iv e s  in  th is  

r e s p e c t  s in c e  f r a g m e n t  io n s  co n ta in in g  b o ro n  w e r e  e a s i ly  

lo c a te d  by the  ^ B ,  ^ B  is o to p e  r a t i o  and  by m a s s  s h i f t s  

o b ta in e d  w hen  u s in g  d i f f e r e n t  s u b s t i tu e n ts  on b o ro n .  T h e

b o ro n a te  e s t e r s  w e r e  found to h av e  good G LC p r o p e r t i e s  an d
\

e n a b le d  good s e p a r a t io n  of the  i s o m e r i c  e s t r e n - 1 7 - o n e s  on  OV-1 

and  OV-17. T he  c i s - d i o l s  th e m s e lv e s  w e r e  a m e n a b le  to GLC
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and m a s s  s p e c t r o m e t r y  a f fo rd e d  good d is t in c t io n  b e tw ee n  the 

p o s i t io n a l  i s o m e r s .

In p a r t  4 the  p o s i t io n  of oxygen s u b s t i t u e n ts  on 

the  s t e r o i d  n u c le u s  w e r e  d e te r m in e d  by s u p p le m e n ta r y  m e th o d s  

in v o lv in g  G C -M S . S ince  m o s t  h y d ro x y  g ro u p s  on p r i m a r y  and  

s e c o n d a r y  c a r b o n  a to m s  can  be  co n v en ie n t ly  o x id is e d  to an  

a ld eh y d e  o r  k e tone  r e s p e c t iv e ly ,  e m p h a s i s  w a s  p la c e d  on 

d e te r m in in g  the  c a r b o n y l  p o s i t io n  on the  s t e r o i d  n u c le u s .

D e u te r iu m  e x ch a n g e  d u r in g  gas  c h ro m a to g r a p h y  an d  s u b s e q u e n t  

m a s s  s p e c t r o m e t r y  p ro v e d  to be a  u s e f u l  te ch n iq u e  f o r  k e to n e  

lo c a t io n  in  s t e r o i d s  and  t e r p e n o id s .  Such k e to n e s ,  w hen  c h r o m a t o ­

g ra p h e d  on b a s e  t r e a t e d  c o lu m n s  w h ich  h ad  b e en  s a t u r a t e d  w ith  

d e u te r iu m  o x id e  o r  d e u te r iu m  m e th o x id e ,  e x ch a n g e d  h y d ro g e n  a t  

h y d ro x y l ic  an d  e n o l i s a b le  p o s i t io n s  w ith  d e u te r iu m  to g ive  the  

p e r  d e u te r i a t e d  a n a lo g  u s u a l ly  in  good y ie ld .  T h is  p ro v id e d  

a s im p le  c r i t e r i o n  f o r  d e te r m in in g  c a r b o n y l  e n v i ro n m e n t .

D e r iv a t iv e  f o r m a t io n  s u c h  a s  the TMS e t h e r  of a lc o h o ls ,  the 

b o ro n a te  e s t e r  of c i s - d i o l s  o r  the O -m e th y lo x im e  o f k e to n e s  

s u c c e s s f u l ly  b lo c k ed  th e s e  g ro u p s  f r o m  d e u te r iu m  ex ch a n g e  

so  th a t  a  T M S -M O  d e r iv a t iv e  of a  s t e r o i d  c o n ta in in g  a n  11- ke to
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g ro u p  (which does  n o t fo r m  an  11 -m ethox im e  d e r iv a t iv e )  s t i l l  

ex ch a n g e d  h y d ro g e n  a to m s  a t  C -9  and  C-12 w ith  d e u te r iu m .

S a tu ra te d  2 -o x o  s t e r o i d s  and  3 - o x o - s t e r o i d s  

w h ich  could  no t be d is t in g u is h e d  by th e i r  m a s s  s p e c t r a  and  

bo th  in c o r p o r a t e d  4 deu te r iu m , a to m s  a f t e r  c h ro m a to g r a p h y  on 

the  above  c o lu m n  w e r e  d i f f e r e n t ia te d  by the m a ss  s p e c t r a  of 

t h e i r  O -m e th y lo x im e ,  O -e th y lo x im e  and  0 -T M S -o x im e  

d e r iv a t i v e s .

In  p a r t  5 an  a t t e m p t  w as  m a d e  to u t i l i s e  s o m e  o f the 

above  te c h n iq u e s  to the  s tu d y  of the  u r i n a r y  m e ta b o l i t e s  of the  

a n a b o l ic  s t e r o i d  d r u g ,:N i l e v a r "  (17a - e th y l  e s t r - 4 - e n e - 3 - o n e - 1 7 6 -  

o l ) .  T h i s  co m pound  a s  i t s  17 B -O T M S e th e r  gave a v e r y  in te n s e  

f r a g m e n t  ion  a t  m / e  = 157 w h ich  (in p a r t  2) w a s  show n to c o m p r i s e  

the  OTMS g ro u p , e th y l  s id e  ch a in  and  C15-C17 o f  r in g  D. S ince  

the  m e ta b o l i t e s  w e r e  n o t  v e r y  p r o m in e n t  in  the  G LC o f  the  

s t e r o i d s  e x t r a c t e d  f r o m  the u r in e  the  te ch n iq u e  of s in g le  ion  

m o n i to r in g  w a s  u s e d  to p ick  ou t a l l  m e ta b o l i t e s  c o n ta in in g  an  

u n m o d if ied  r i n g  D and  s id e  ch a in .  M e ta b o l i te s  h y d ro x y la te d  

on the  s id e  c h a in  (o r  r in g  D) w e r e  d e te c te d  by s in g le  ion  

m o n i to r in g  a t  m / e  = 245. S ince  s o m e  m e ta b o l i t e s  w e r e
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p r e s e n t  only  in  v e r y  s m a l l  q u a n t i t i e s  i t  w as  n e c e s s a r y  to u s e  

a n o th e r  s e p a r a t o r y  te ch n iq u e  to en ab le  th e m  to be c o n c e n t r a te d  

p r i o r  to f u r t h e r  s tu d y . P r e p a r a t i v e  th in  l a y e r  c h r o m a to g r a p h y  

(P T L C ) w as  found to be an  e x c e l le n t  m e th o d  in th is  r e s p e c t  and 

by c o m b in in g  P T L C  of the  f r e e  s t e r o i d s  w ith  P T L C  of t h e i r  TMS 

e t h e r s  i t  w as  found p o s s ib le  to i s o l a t e  the m a in  m e ta b o l i te  f r e e  

f r o m  a l l  o th e r  c o n ta m in a n ts .

O nly one  k e to  s t e r o i d  m e ta b o l i te  of N i l e v a r  w as  

found and  d e u te r iu m  e x ch a n g e  c h r o m a to g r a p h y  in d ic a te d  th a t  th is  

c o n ta in e d a  19- n o r -  A ^ - 3 - k e t o  g ro u p  (by a n  i n c o r p o r a t io n  of

m u s t  a l s o  be c o n s id e r e d  a s  p o s s ib le  a l t e r n a t i v e s .

A lo g ic a l  p r o g r e s s i o n  of th is  w o rk  w ould  h a v e  b e en  

f u r t h e r  i s o la t io n  o f  m e ta b o l i t e s  by P T L C  m e th o d s  and  the  lo c a t io n  

o f  h y d ro x y l  g ro u p s  by o x id a t io n  s tu d ie s  (to k e to n e  o r  a ld eh y d e )  

and  the  u s e  of d e u te r iu m  ex ch an g e  c h r o m a to g r a p h y  an d  d e r iv a t iv e  

fo r m a t io n .  F in a l  c o n f i rm a t io n  o f s t r u c t u r e  w ould  r e q u i r e  

s y n th e s i s  o f  the  p r o p o s e d  s t r u c t u r e s .

6 d e u te r iu m  a to m s )  a l th o u g h  the  o r



E X P E R IM E N T A L

G E N E R A L

G as  C h ro m a to g ra p h y

G as  c h r o m a to g r a m s  and r e te n t io n  d a ta  w e re  

o b ta in e d  on a C a r lo  E r b a  nF r a c tp v a p  G B " gas  c h r o m a to g r a p h  

w ith  6' x OD s i l a n i s e d  U tube c o lu m n s .  C o lu m n  p a ck in g s  of OV-1 and 

OV-17 s t a t i o n a r y  p h a s e  w e r e  p r e p a r e d  by the f i l t r a t io n  te ch n iq u e  

u s in g  to lu e n e  a s  so lv e n t  and  100-120 m e s h  " G a s - C h r o m  Q "

(A pplied  S c ie n c e  L a b o r a t o r i e s  In c .  ) s u p p o r t .  n -A lk a n e s  w e r e  u se d  

a s  s t a n d a r d s .

M a s s  S p e c t r o m e t r y  an d  G C -M S

M a s s  s p e c t r a  w e r e  o b ta in e d  u s in g  an  LKB 9000 

c o m b in e d  g a s  c h r o m a to g r a p h  m a s s  s p e c t r o m e t e r .  S p e c t r a  

w e r e  c a l i b r a t e d  w ith  an  L K B  9010 m a s s  m a r k e r  w h ich  had  

p r e v io u s ly  b e e n  c a l i b r a t e d  w ith  p e r f lu o r o k e r o s e n e  (P F K ) .

Io n is in g  v o l ta g e s  w e r e  70 ev u n le s s  o th e r w is e  sp e c i f ie d .

S o u rc e  t e m p e r a t u r e s  w e r e  n o r m a l ly  b e tw een  250 and  300°C .
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Trimethylsilyl (TMS) ether formation

TMS d e r iv a t i v e s  o f  a lc o h o ls  fo r  s tu d y  by GLC o r  

G C /M S  w e re  n o r m a l ly  p r e p a r e d  by d is s o lv in g  the  a lc o h o l  (1 mg) 

in  d r y  p y r id in e  (1 m l) w hich  had  b e e n  d i s t i l l e d  o v e r  so d iu m  h y d ro x id e ,  

and  h e x a m e th y ld i s i l a z a n e  (HMDS) (50 (x 1) added  fo llow ed  by 

t r i m e th y l c h lo r o s i l a n e  (TMCS) (5 p i ) .  T he  so lu t io n  w as  

a l lo w ed  to s ta n d  a t  ro o m  t e m p e r a t u r e  o v e rn ig h t  and  the  s o lv e n t  

and  e x c e s s  r e a g e n t s  r e m o v e d  by e v a p o r a t io n  u n d e r  n i t r o g e n .

T he  TM S e t h e r  w as  ta k e n  up in  a s u i ta b le  s o lv e n t  - u s u a l ly  e th y l  

a c e ta t e .

M eth y l  O x im e (MO) and  E th y l  O xim e (EO) fo r m a t io n

MO and  E O  d e r iv a t iv e s  of k e to n e s  w e re  p r e p a r e d  

by d is s o lv in g  the  k e to n e  in  d ry  p y r id in e  and  ad d in g  an  e x c e s s  

of m e th o x y la m in e  h y d r o c h lo r id e  o r  e th o x y la m in e  h y d r o c h lo r id e ,  

and  le a v in g  the  so lu t io n  o v e rn ig h t  a t  r o o m  t e m p e r a t u r e .  T he 

p y r id in e  w as  e v a p o r a te d  u n d e r  n i t r o g e n  and  the  r e s id u e  e x t r a c t e d  

w ith  a  s u i ta b le  s o lv e n t  - u s u a l ly  e th y l  a c e t a t e .  W hen i t  w as  

n e c e s s a r y  to m a k e  the  doub le  MO (EO) TM S d e r iv a t iv e ,  th is  

so lu t io n  w as  e v a p o r a te d ,  the  r e s i d u e  ta k e n  up in  p y r id in e  and  

s i ly la t e d  a s  d e s c r ib e d  a b o v e .
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Trimethylsilyloxime formation

T h e  o x im e  d e r iv a t iv e  of the ke to n e  w as  p r e p a r e d  

by the  r e a c t io n  of h y d ro x y la m in e  h y d ro c h lo r id e  w ith  the ke tone  

in  p y r id in e  u s in g  a m e th o d  s i m i l a r  to th a t  d e s c r ib e d  above  fo r  

MO and  EO  f o r m a t io n .  A f te r  e v a p o r a t in g  the  p y r id in e  and  

e x t r a c t i n g  the  o x im e  w ith  e th y l  a c e ta t e  the t r im e th y l s i ly lo x im e  

w as  p r e p a r e d  by s i ly la t io n  w ith  HMDS and  TM CS in  p y r id in e .

P A R T  1

P r e p a r a t i o n  of b o ro n a te  d e r iv a t iv e s  of B - h y d r o x y - a m in e s  
and  c a te c h o la m in e s _____________________________________________

M eth y l  b o r o n a te s ,  n -b u ty lb o r o n a t e s ,  t - b u ty lb o r o n a te s ,

c y c lo h e x y lb o ro n a te s  and  p h e n y lb o ro n a te s  of 8 - h y d r o x y a m in e s  and

c a te c h o la m in e s  w e r e  p r e p a r e d  by t r e a t in g  the  B -h y d ro x y a m in e ,

o r  c a te c h o la m in e  (1 m g) in  the f o r m  of i t s  f r e e  b a s e ,  h y d ro c h lo r id e ,

s u lp h a te  o r  t a r t r a t e  w ith  the  a p p r o p r i a t e  b o ro n ic  a c id ,  (1-1. 5 m o la r

e q u iv a le n ts )  in  p y r i d i n e  (1 m l)  w h ich  h a d  b e en  d r i e d  an d  d i s t i l l e d

o v e r  so d iu m  h y d ro x id e .  T h e  f r e e  b a s e  cou ld  be  c o n v e n ie n t ly

p r e p a r e d  f r o m  the  h y d r o c h lo r id e  by e x p o s in g  the  p y r id in e  s o lu t io n

of the s a l t  to a m m o n ia  v a p o u r  an d  s e p a r a t i n g  the  p r e c ip i t a t e d

a m m o n iu m  c h lo r id e  b e fo re  d e r iv a t iv e  fo r m a t io n .  F o r  h y d ro x y

a m in e s ,  s u c h  a s  i s o p r e n a l i n e  s u lp h a te ,  w h ich  w e r e  no t
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s u f f ic ie n t ly  so lu b le  in  p y r id in e ,  a su i ta b le  r e a c t io n  s o lv e n t  

w as  d im e th y l fo r m a m id e  w hich  had  b een  d r i e d  by a z e o t r o p ic  

d i s t i l l a t io n  w ith  b e n ze n e  and  f u r t h e r  d i s t i l l e d  o v e r  a n h y d ro u s  

so d iu m  s u lp h a te .

In  m o s t  c a s e s  a l iq u o ts  o f  the r e a c t i o n  m ix tu r e  

w e r e  in je c te d  d i r e c t l y  on to the  GLC co lu m n . In  the  r e a c t io n s  

in v o lv in g  o c to p a m in e  and  4 - d e o x y n o r a d r e n a l in e ,  c y c l ic  

d e r iv a t iv e s  a p p e a r e d  to be fo r m e d  in  low y ie ld  an d  v a c u u m  

s u b l im a t io n  (2 5 0 ° /  0. 01 m m  Hg) w as  u s e d  to s e p a r a t e  the 

d e r iv a t iv e  (in i t s  f r e e  b a s e  fo rm )  f r o m  n o n -v o la t i l e  m a t e r i a l .

P A R T  2

R ed u c tio n  of T e s t o s t e r o n e ,  2 a  - M e th y l t e s to s te r o n e  and  
4 -M e th y l te s  tos  te ro n e ______________________________________

T he  s t e r o l  (2 m g) w as  d i s s o lv e d  in  m e th a n o l  

(0 .2 5  m l) c o o led  to 0 °  an d  ad d ed  to so d iu m  b o ro h y d r id e  (2 m g), 

w a sh in g  the c o n ta in e r  w ith  m o r e  co ld  m e th a n o l  (0 .2 5  m l) .  T he  

so lu t io n  w as  a l lo w ed  to r e a c h  ro o m  t e m p e r a t u r e  an d  a l lo w ed  

to p r o c e e d  u n t i l  h y d ro g e n  gas  c e a s e d  to be ev o lv ed  (abou t 

1 h o u r ) .  G la c ia l  a c e t i c  a c id  (10 p i )  w as  ad d ed  and  the s o lv e n t  

e v a p o r a te d  w ith o u t  h e a t in g  u n d e r  n i t r o g e n .  T h e  r e d u c e d



s t e r o i d  w as  ta k en  up in  e th y l  a c e ta t e  (1 m l)  fo r  f u r t h e r  s tu d ie s  

a f t e r  s i ly la t io n .  G C /M S  of the s i ly l  d e r iv a t iv e s  show ed  th a t  

the  re d u c t io n  p ro d u c ts  w e r e  m o s t ly  a  m ix tu r e  o f  3 a - a n d  3 b -h y d ro x y  

a n d r o s t - 4 - e n - 1 7 - o l s  o r  t h e i r  m e th y l  a n a lo g u e s .

P A R T  3

P r e p a r a t i o n  o f  a B  c is  d io ls  f r o m  s t e r o i d  o le f in s

T h e  s t e r o i d  o le f in  (20 mg) w as d i s s o lv e d  in  

d io x a n /p y r id in e  8:1 (1 m l)  and  a 5% so lu t io n  o f  0 s04  in  d ioxan  

(0. 2 m l)  a d d ed  d ro p w is e  a n d th e  m ix tu r e  a l lo w ed  to s ta n d  fo r  17 h r s  a t  

ro o m  t e m p e r a t u r e .  T o  th is  so lu t io n  w as  ad d ed  m e th a n o l  (2. 5 m l)  

and  a  16% w /  v a q u eo u s  so lu t io n  o f  so d iu m  su lp h i te  (8. 5 m l)  

and  the  so lu t io n  a l lo w ed  to s ta n d  a f u r t h e r  h o u r .  T he  s o l id  

w as  r e m o v e d  by c e n t r i fu g a t io n ,  the  l iq u o r  d i lu te d  X4 w ith  

m e th a n o l  and  r e - c e n t r i f u g e d .  T h e  l iq u o r  w as  e v a p o r a te d  to 

d r y n e s s  and  the r e s id u e  e x t r a c t e d  w ith  e th y l  a c e ta t e .

P r e p a r a t i o n  of B o ro n a te  e s t e r s

T he  s t e r o i d  c is  d io l  (1 m g) w as  m ix e d  w ith  n- 

b u ty lb o ro n ic  a c id  o r  p h e n y lb o ro n ic  a c id  (2 m g) and  d i s s o lv e d  

in  p y r id in e  (1 m l) .  A f t e r  s ta n d in g  a t  ro o m  t e m p e r a t u r e  fo r  

1 h r ,  in je c t io n s  w e r e  m a d e  d i r e c t l y  in to  the gas  c h r o m a to g r a p h .



Preparation of 3 3-d^-estr-4-en -17-one

T h is  s y n th e s i s  w a s  in two s t a g e s .

(a) 4 - e s t r e n - 3 - o n e - 1 7  B-ol (100 m g) in  d ry  e th e r  (10 m l)  w as 

a d d ed  d ro p w is e  to a s u s p e n s io n  of a lu m in iu m  t r i c h lo r id e  (170 mg) 

and  l i th iu m  a lu m in iu m  d e u te r o x id e  (27 m g) in  d r y  e t h e r  (5 m l) .

T he m ix tu r e  w as  r e f lu x e d  4 j  h r s ,  h y d ro ly sed  w ith  w a te r  and  then  

d i lu te  s u lp h u r ic  a c id ,  e t h e r  e x t r a c te d ,  w a sh e d  an d  d r i e d  w ith  

a n h y d ro u s  m a g n e s iu m  s u lp h a te .

(b) T he  p r o d u c ts  of the  above  r e a c t io n  w e re  ta k e n  up in  a c e to n e  

(5 m l)  an d  J o n e s  r e a g e n t  ad d ed  d ro p w is e  u n t i l  the  o ra n g e  

c o lo u r  p e r s i s t e d .  A f te r  30 m in u te s  a t  ro o m  t e m p e r a t u r e  the  

e x c e s s  r e a g e n t  w as  d e s t r o y e d  w ith  i s o p ro p a n o l  and  the  p ro d u c t  

e t h e r  e x t r a c te d .

G LC  (1% OV-1) and  G C /M S  show ed  a m ix tu r e  of 

a t  l e a s t  s ix  p r o d u c ts  c o m p r i s in g  i s o m e r i c  e s t r e n - 1 7 - o n e s  and  

d i - k e to n e s  w ith  one  o r  two d e u te r iu m  a to m s .  T h e  m o n o -  

k e to n e s  w e r e  s e p a r a t e d  by c h r o m a to g r a p h y  on a lu m in a  a f t e r  

e lu t io n  w ith  b e n z e n e .  F u r t h e r  s e p a r a t i o n  of the  d e u t e r i a t e d  

m ono  o le f in s  w as  a c h ie v e d  by p r e p a r a t i v e  th in  l a y e r  c h ro m a to g r a p h y  

on 1 m m  th ick  8" x 2" p la t e s  of s i l i c a  ge l c o n ta in in g  5% by
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w eig h t of s i l v e r  n i t r a t e .  T he  p o s i t io n s  o f the b an d s  w e r e  

in d ic a te d  by s p ra y in g  w ith  f lu o re s c e in ,  e x t r a c t i n g  w ith  c a r b o n  

t e t r a c h l o r i d e  and  f i l t e r in g  th ro u g h  n e u t r a l  a lu m in a  (B ro c k m a n  1).

Two m ono  o le f in ic  f r a c t io n s  w e re  o b ta in e d  by the 

above  p r o c e d u r e .  C o m p a r i s o n s  of th e s e  two f r a c t io n s  w ith  4 - e s t r e n -  

17-o n e  on an  a n a ly t ic a l  a rg e n to u s  T L C  p la te  show ed  the f r a c t io n  

w ith  the  h ig h e r  Rf v a lu e  to be of the s a m e  p o la r i ty  a s  the  s ta n d a r d .  

I n f r a r e d  a n a ly s i s  show ed  the h igh  Rf f r a c t io n  to c o n ta in  a 

-C D g -  g ro u p  by a d s o r p t io n  a t  209 9 cm   ̂ and  2182 c m   ̂ and  a l s o  

a =CD- g ro u p  by a d s o r p t io n  a t  2241 cm  \  T h is  f r a c t io n  w as  

show n by G LC  on O V -1 to co n ta in  two i s o m e r i c  e s t r e n - 1 7 - o n e s ,  

one of w h ich  h ad  the c o r r e c t  r e te n t io n  d a ta  fo r  the  A  4 i s o m e r  

(21. 01 m u). I n f r a r e d  a n a ly s i s  show ed  the lo w e r  Rf f r a c t io n  

to c o n ta in  a  =CD- g ro u p  by a d s o r p t io n  a t  2071 cm  \

T h e  i s o m e r i c  e s t r e n - 1 7 - o n e  r e a c t io n  p ro d u c ts  

d e s c r i b e d  above  can  be e x p la in e d  by the  r e a c t i o n s  show n below  :



0
+ LiAlD + L iC l

+ AID

D

D

P r e p a r a t i o n  of 1 6 - d ^ - e s t r - 4 - e n - 1 7 - o n e

D

+ a i c i 2o

4 - E s t r e n - 1 7 - o n e  (5 mg) w as  h e a te d  fo r  one h o u r  a t  12 0 

in  a  s e a le d  tube c o n ta in in g  s o d iu m  (2 m g) d i s s o lv e d  in  d e u te r iu m  

m e th o x id e  (0 .3  m l)  an d  d e u te r iu m  o x ide  (0 .0 3  m l) .  A f te r  

e v a p o r a t in g  the  s o lv e n t  and  e x t r a c t in g  the r e s id u e  w ith  

e th y l  a c e t a t e  a  w h ite  s o l id  w as  o b ta in e d  (5 .0 2  m g). G C -M S 

sh o w ed  92% i s o m e r ,  I R show ed  v ic in a l  -C D 2 ~ a b s o r p t io n  a t

o
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2145 cm   ̂ and  2220 cm  \

P A R T  4

P r e p a r a t i o n  of b a s ic  co lu m n s  fo r  d e u te r iu m  ex ch an g e

(a) 1% C a rb o w ax  20M , 1% KOH

A so lu t io n  o f C a rb o w a x  20M (1 g) and  p o ta s s iu m  h y d ro x id e  (1 g) 

in  m e th a n o l  (100 m l)  w as  u s e d  to co a t  100-120 m e s h .G a s  C h ro m  Q 

(2 5 g) by the f i l t r a t io n  m e th o d .

(b) 1% A p iezo n  L  w ith  KOH, B a(O H )2 and  Sr(OH.)2 b a s e s

A so lu t io n  o f p o ta s s iu m  h y d ro x id e  (1 g) o r  an  e q u iv a le n t  (OH )

a m o u n t  of b a r iu m  h y d ro x id e  o r  s t r o n t iu m  h y d ro x id e  in  m e th a n o l

(100 m l)  w as  u s e d  to c o a t  100-120 m e s h  G as  C h ro m  Q (2 5 g)

by the f i l t r a t io n  m e th o d .  F o r  the  b a r iu m  h y d ro x id e  an d  s t r o n t iu m

h y d ro x id e  s o lu t io n s  i t  w as  n e c e s s a r y  f i r s t  to r e m o v e  u n d is so lv e d

c a r b o n a te  b e fo re  c o a t in g .  A f te r  d ry in g  o v e rn ig h t  a t  110° the

a lk a l in e  s u p p o r t  w as  r e - c o a t e d  by a s i m i l a r  p r o c e s s  u s in g  a

to lu e n e  so lu t io n  of A p iezo n  L . A 0. 5% Ba(O H )2 1% A p ie zo n  L

c o lu m n  w as  l a t e r  p r e p a r e d  by a s i m i l a r  p r o c e s s  u s in g  a

s o lu t io n  of b a r iu m  h y d ro x id e  o c ta h y d r a te  (0. 92 g) in  m e th a n o l  (100 m l)

to c o a t  the  s u p p o r t  (2 5 g).



P A R T  5

Single  Ion M o n ito r in g  (SIM)

An ou tpu t f r o m  the g a lv a n o m e te r  a m p l i f i e r  of 

the m a s s  s p e c t r o m e t e r  w as  c o n n ec te d  v ia  a  2. 5 cp s  f i l t e r  to 

one c h an n e l  of a  d u a l  pen  p o te n t io m e t r i c  r e c o r d e r .  T h e  TIC 

w as  s im u l ta n e o u s ly  r e c o r d e d  by the  o th e r  ch an n e l .  T h e  TIC 

a t te n u a t io n  and  e l e c t r o n  m u l t ip l i e r  v o l ta g e  w e re  s e le c te d  to 

g ive  r e c o r d in g s  of s u i ta b le  a m p l i tu d e .
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