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1.

CHAPTER 1 .

I N T R O D U C T I O N .

Thomson \  in  1910, was th e  f i r s t  to  sep a ra te  th e  d if f e r e n t ,  mass 

com ponents o f  an elem ent by p a ss in g  a c o llim a te d  beam o f  io n s  through  

a combined e l e c t r o s t a t i c  and m agnetic f i e l d .  The io n s ,  em erging from  

t h i s  f i e l d  in  a s e r i e s  o f  p a ra b o lic  c u rv es , were so r te d  a cco rd in g  to

t h e ir  mass to  charge r a t io s  and were d etec ted , by a p h otograp h ic  p la t e .
2

A ston  , in  1919 > ex ten d in g  th e  work o f  Thomson, dem onstrated  

c o n c lu s iv e ly  the e x is t e n c e  o f  the two i s o t o p ic  form s o f  neon u s in g  an 

in stru m en t which had c o n s e c u t iv e  e l e c t r o s t a t i c  and m agn etic  f i e l d s .  

P h otograp h ic  d e te c t io n  o f  th e  io n  beams was p o s s ib le  in  A sto n ’ s 

ap p aratu s as the lo c u s  o f  f o c i  o f  io n s  o f  d i f f e r e n t  mass was a p la n e .  

Such in s tr u m e n ts , w hich were used  f o r  a ccu ra te  measurement o f  mass 

but w hich were not s u ita b le  fo r  measurement o f  th e  r e l a t i v e  abundance 

o f  th e  io n ic  s p e c ie s ,  became known as mass sp ec tro g ra p h s .

At about th e  same tim e , Dempster was c o n s tr u c t in g  th e  f i r s t  mass 

sp e c tr o m e te r . In  t h i s  in stru m en t an e s s e n t i a l l y  m on o-en ergetic  beam o f  

io n s  was s p l i t  in t o  i t s  d i f f e r e n t  mass components by d e f l e c t io n  through  

180° in  a homogeneous m agnetic f i e l d .  Instrum ents l i k e  t h i s  which  

u sed  e l e c t r i c a l  d e t e c t io n  o f  th e  io n  beam and w hich, t h e r e f o r e ,  were 

cap ab le  o f  a c c u r a te ly  m easuring r e l a t iv e  io n ic  abundances were known 

as mass sp e c tr o m e te r s .



A co n v en ien t way o f  d is t in g u is h in g  th e  d i f f e r e n t  k in d s o f  

in stru m en ts  i s  th e  method em ployed to  fo cu s  th e io n  beam. V e lo c ity  

fo c u s in g  i s  th e  fo c u s in g  o f  a beam o f  io n s ,  homogeneous in  m ass, 

moving in  th e  same i n i t i a l  d ir e c t io n  but at d i f f e r e n t  sp eed s , w h ile  

d ir e c t io n  fo c u s in g  i s  th e  fo c u s in g  o f  a beam o f  io n s ,  homogeneous in  

m ass, m oving a t th e  same speed but in  d i f f e r e n t  i n i t i a l  d ir e c t io n s .  

D o u b le -fo c u s in g  i s  th a t  in  which a beam o f  io n s  o f  d i f f e r e n t  i n i t i a l  

speed  and d ir e c t io n  i s  brought to  a f o c u s .  A sto n 1s sp ectrograp h  and 

D em p ster 's  sp ec tro m eter , which were the fo r e -r u n n e r s  o f  modern 

in s tr u m e n ts , had o n ly  s in g le - f o c u s in g  p r o p e r t ie s ,  th e  form er h av in g  

v e l o c i t y ,  but not d ir e c t io n  fo c u s in g ;  th e  l a t t e r  had d ir e c t io n ,  b u t not 

v e l o c i t y  fo c u s in g  o f  th e  io n  beam.

The g e n e r a l th e o r y  o f  th e  d o u b le - fo c u s in g  o f  an io n  beam was

4 5d er iv ed  by Herzog and th e  d e s ig n  u sed  by M attauch and Herzog fo r  a

d o u b le - fo c u s in g  mass sp ectro g ra p h  i s  s t i l l  w id e ly  u sed  to d a y . Modern

d o u b le - fo c u s in g  mass sp ec tro m eter s  are u s u a l ly  o f  th e  d e s ig n  o f

Johnson and ULer. D o u b le -fo c u s in g  mass sp ectro g ra p h s and sp ec tro m eter s

are ca p a b le  o f  much h ig h e r  r e s o lu t io n  than  s in g le - f o c u s in g  in stru m en ts

a s  th e  arrangem ent o f  e l e c t r o s t a t i c  and m agnetic f i e l d s  com pensates fo r

any sp read  in  the energy  o f  the io n s  le a v in g  the so u r c e .

7 8A lthough, i t  was shown by B arber and b y  S tephens in  1933 th a t

th e  fo c u s in g  a c t io n  o f  180° d e f l e c t io n  in  a homogeneous m agnetic f i e l d ,



as in  D em pster’ s mass sp ec tro m eter , was a p a r t ic u la r  ca se  o f  the  

fo c u s in g  a c t io n  o f any w edge-shaped m agnetic f i e l d ;  i t  was not u n t i l
Q Q

1940 th a t  N ier  rep o rted  th e  c o n s tr u c t io n  o f  a 60 s e c to r  mass 

sp e c tr o m e te r . S in g le - fo c u s in g  mass sp ec tro m eter s  w hich employ a 

m agn etic  f i e l d  to  d is p e r s e  an e s s e n t i a l l y  m o n o -en erg etic  beam o f  io n s  

are w id e ly  used  tod ay  in  ch em ica l a n a ly s i s .

Most o f  the mass a n a ly se r s  th a t  have been c o n s tr u c te d  to  stud y  th e  

mass s p e c tr a  o f  o rg a n ic  m o lec u le s  make u se  o f  th e  electron-bom bardm ent 

sou rce  d evelop ed  by N ie r ^ t o  produce th e  io n s ,  and a m agnetic f i e l d  to  

se p a r a te  them . However, io n s  o f  o r g a n ic  m o lecu les  have a ls o  been

produced by photon im p a ct‘d ,  by a s tr o n g  e l e c t r o s t a t i c  f i e l d  ( f i e l d
12 13

io n iz a t io n )  and by a h ig h  v o lta g e  sp a rk . In a d d it io n ,  mass

a n a ly s is  has been accom p lish ed  b y - s e le c t i o n  in  a r a d io -fr e q u e n c y

f i e l d ,  ^  and by the t im e - o f - f l i g h t  o f  th e  io n s .^ ^

The u se  o f  mass sp ec tro m eter s  in  th e  a n a ly s is  o f  ch em ica l

compounds was r e a l i s e d  by Thomson; but th e  u n r e l i a b i l i t y  o f  th e  e a r ly

in s tr u m e n ts , to g e th e r  w ith  th e  d i f f i c u l t i e s  o f  m a n ip u la tio n , d e te r r e d

ch e m is ts  from a p p ly in g  mass sp ectro m etry  to  t h e ir  prob lem s. However,

th e  demand fo r  r a p id , a ccu ra te  a n a ly s is  o f  hydrocarbons by th e

petroleum  in d u str y  to g e th e r  w ith  advances in  e l e c t r o n ic  methods le d  to

th e  p ro d u ctio n  o f  r e l i a b l e  mass sp e c tr o m e te r s . The mass sp ectro m eter

was u sed  to  determ ine q u a n t i t a t iv e ly  th e amounts o f  hydrocarbons or



ty p es  o f  hydrocarbon which were known to  be p resen t in  a gaseou s

m ix tu r e . The f i r s t  example o f  such an a n a ly s is  was g iv e n  by Hoover

16 17and Washburn and i t  was l a t e r  shown th a t  the method was not

r e s t r i c t e d  to  h yd rocarb on s. T his method o f  a n a ly s is  i s  dependent on

( i )  the r e p r o d u c ib i l i t y  o f  th e  mass spectrum  o f  a g iv e n  compound under

f ix e d  o p e r a tin g  c o n d it io n s ;  ( i i )  th e  mass spectrum  o f  a m ixture b e in g

a l in e a r  s u p e r p o s it io n  o f  th e  mass s p e c tr a  o f  th e  com ponents o f  th e

m ixtu re; and ( i i i )  th e  d ir e c t  p r o p o r t io n a li t y  o f  the s e n s i t i v i t y  fo r

th e  r e fe r e n c e  peak o f  a component to  th e  p a r t ia l  p r e ssu r e  o f  th a t

component in  the m ix tu re . The f i r s t  u se  o f  e l e c t r o n ic  d i g i t a l  com puters

18in  mass sp ectrom etry  was in  red u cin g  the tim e r e q u ir e d  fo r  t h i s  k ind

o f  q u a n t ita t iv e  a n a ly s i s .

The need fo r  any compound under exam in ation  in  a mass sp ec tro m eter

to  be in  the vapour s t a t e  p reven ted  th e  e a r ly  w orkers in  t h i s  f i e l d

from exam in ing th o se  compounds which were not g a se s  under normal

c o n d it io n s  o f  tem p eratu re and p r e s su r e . In  the u s u a l gas system  th e
- 2p r e ssu r e  i s  m ain ta in ed  a t app rox im ately  10 to r r  in  a g la s s  r e s e r v o ir

o f  2-3  l i t r e s  volume and a llo w ed  to  d i f f u s e  through a lea k  under

c o n d it io n s  o f  m o lecu la r  f lo w  to  th e  io n iz a t io n  chamber, where th e

-6p r e ssu r e  i s  o f  the o rd er  o f  10~ t o r r .  The in tr o d u c t io n  o f  system s o f

t h i s  ty p e  th a t co u ld  be op era ted  a t e le v a te d  tem p era tu res  by Of N eal

19 20and W ier and C ald ecou rt in c r e a se d  th e  range o f  compounds which



c o u ld  be ad m itted  in to  a mass sp e c tr o m e te r . N e v e r th e le s s ,  many

i n v o l a t i l e  or th erm a lly  u n sta b le  compounds cou ld  s t i l l  not be

exam ined because a s u f f i c i e n t  sample p ressu re  cou ld  not be a t ta in e d  in

th e  r e s e r v o ir  to  o b ta in  a mass spectrum . Organic compounds in  the

vapour phase ten d  to  decompose in  c o n ta c t  w ith  h ea ted  m e ta ls , th u s

h e a te d  r e s e r v o ir  sy stem s made e n t i r e ly  o f  g la s s  have been developed*

The d i f f i c u l t y  in  o b ta in in g  the mass sp e c tr a  o f  i n v o l a t i l e  or

th e r m a lly  u n sta b le  compounds was f i n a l l y  overcome by the developm ent o f

21m ethods o f  in tr o d u c in g  th e  sample d i r e c t l y  in to  th e  io n iz a t io n  chamber.

By t h i s  means a s u f f i c i e n t  sample p r e ssu r e  to  o b ta in  a mass spectrum

can be a t ta in e d  a t  ap p rox im ately  100° l e s s  than  'the tem perature req u ir ed

u s in g  a h ea ted  r e s e r v o ir  system * The speed  o f  o p e r a t io n  o f  a d ir e c t

i n l e t  system  may be g r e a t ly  in c r e a se d  i f  i t  a llo w s  sam ples to  be

changed w ith ou t b rea k in g  the mass sp ec tro m eter  vacuum* The problem o f

k eep in g  th e  sample p ressu r e  c o n sta n t d u r in g  th e  r e c o r d in g  o f  th e

spectrum  when em ploying a d ir e c t  i n l e t  system  has been la r g e ly  overcome

by th e u se  o f  f a s t  sca n n in g . The main ad van tages to  the o rg a n ic

ch em ist o f  such  system s are th a t  the mass spectrum  o f  a lm ost every  k in d

o f  o rg a n ic  compound can be d eterm ined , and th a t as l i t t l e  as 10”  ̂ gm.
-3

o f  sam ple i s  r e q u ir e d , w hereas 10 gm. o f  sam ple may be req u ir ed  f o r  

a r e s e r v o ir  system *

From th e  tim e th a t  the mass s p e c tr a  o f  propane and butane were



6 .

22
r e p o r te d  by Stew art and O lson » a v a s t  amount o f  data  has been  

accum ulated  co n cern in g  the b ehaviour o f  org a n ic  m o lec u le s  under  

e le c t r o n  im p a ct. Two approaches to  a th eo ry  o f  mass s p e c tr a  have been

made. The more fundam ental approach i s  th e  q u a s i-e q u ilib r iu m  th eo ry
23

o f  R osen sto ck , W a lle n s te in , W ahrhaftig  and E yring  . The two p r in c ip a l

assu m p tion s o f  t h i s  th eo ry  are th a t the p r o c e sse s  le a d in g  to  th e

fo rm a tio n  o f  a mass spectrum  are a s e r i e s  o f  com peting , c o n s e c u t iv e ,

u n im o lec u la r  r e a c t io n s ,  and th a t  the ra te  c o n s ta n ts  f o r  each o f  th e s e

r e a c t io n s  can be c a lc u la te d  by an a p p ro p r ia te  form o f  the a b so lu te

r e a c t io n  r a te  th e o r y . The a b so lu te  r e a c t io n  ra te  th e o r y  p rop oses th a t

th e  r a t e  o f  a r e a c t io n  i s  determ ined  by th e  c o n c e n tr a t io n  and

p r o p e r t ie s  o f  th e  a c t iv a te d  com plexes w hich are in  e q u ilib r iu m  w ith

th e  r e a c ta n t  s p e c ie s .  I f  s u f f i c i e n t  in fo r m a tio n  about th e  param eters

o f  th e a c t iv a te d  com plexes i s  known, i t  i s  p o s s ib le  to  perform

q u a n t i t a t iv e  c a lc u la t io n s  o f  mass sp e c tr a  and compare them w ith

e x p e r im e n ta lly  determ ined  v a lu e s .  In  s p i t e  o f the d i f f i c u l t i e s

in v o lv e d , such c a l c u la t io n s  have been made fo r  sm a ll m o le c u le s ;

how ever, th e  problem s a s s o c ia t e d  w ith  th e se  c a l c u la t io n s  f o r  la r g e r

m o le c u le s  means th a t  th e  th e o r y  in  i t s  p resen t s t a t e  h as l i t t l e

a p p l ic a t io n  to  th e bu lk  o f  o rg a n ic  compounds. A r e c e n t  rev iew  and

24a sse ssm en t o f  the fu tu r e  o f th e  th e o r y  h as been made .

The second and more u s e f u l  approach fo r  th e  a n a ly t i c a l  ch em ist i s



25th a t  d evelop ed  by M cL afferty . M cL afferty  p o s tu la te d  th a t th e  

f a c t o r s  which determ ine th e fo rm a tio n  o f  abundant io n s  in  mass sp e c tr a  

are th e  r e l a t i v e  s t a b i l i t i e s  o f  ( i )  the io n  and n e u tr a l fragm ent, ( i i )  

th e  bonds o f  the decom posing io n ;  and ( i i i )  the p o s s i b i l i t y  o f  

fra g m en ta tio n  through a c y c l i c  t r a n s i t io n  s t a t e .  T his approach, which  

i s  o f  a more i n t u i t i v e  and e m p ir ic a l n a tu re , a ls o  a ttem p ts  to

r a t io n a l i z e  fra g m en ta tio n s  ob served  in  a mass sp ectro m eter  in  term s o f  s
i

such  co n cep ts  o f  p h y s ic a l-o r g a n ic  ch em istry  as resonance^ in d u c t iv e  |

e f f e c t s ^  s t a b i l i t i e s  o f  carboniumi oxonium io n s  e tc *  The ev id e n c e  th a t  

mass s p e c tr a l  r e a c t io n s  p a r a l l e l  th o se  o f  s o lu t io n  ch em istry  i s  

growing* Indeed , i t  has been shown th a t s u b s t itu e n t  e f f e c t s  in  the  

mass sp e c tr a  o f  c e r t a in  b en zo y l compounds can be q u a n t i t a t iv e ly

26r e la t e d  to  th e Hammet "sigm a1* c o n s ta n ts  fo r  th e se  s u b s t itu e n ts *  The

th eo ry  a ls o  req u ir e s  th a t  th e p o s i t iv e  charge be lo c a l i z e d  a t  favou red

p o s i t io n s  in  th e  m o le c u le , i* e * , at h e tero -a to m s or o th e r  fu n c t io n a l

27groups in  th e m o le c u le , an id e a  due to  Cummings and B leakney* The 

lo c a l i z e d  charge th en  d ic t a t e s  th e  co u rse  o f  the subsequent 

d eco m p o sitio n  o f  th e  m olecu le*
28

D je r a s s i  and h is  a s s o c ia t e s  have d evelop ed  th e  lo c a l iz e d  charge  

co n cep t and have o f t e n  a p p lie d  i t  w ith  c o n s id e r a b le  su c c e s s  in  the  

e x t e n s iv e  s tu d ie s  th e y  have made. As an a id  to  th e  u n d erstan d in g  o f  

mass sp ec tro m eter  p r o c e s se s  th e  same group h a s , .by th e  u se  o f  compounds 

s u it a b ly  la b e l le d  w ith  heavy i s o t o p e s ,  e lu c id a te d  the mechanisms o f



many hydrogen atom rearrangem ent r e a c t io n s  which are o f t e n  ob served

in  th e mass s p e c tr a  o f  organ ic  m o le c u le s . However, d e f ic i e n c e s  in

29th e lo c a l i z e d  charge con cep t have been p o in ted  ou t and have l im it e d

i t s  a c c e p ta n c e .
30

Biemann , u s in g  the p h y s ic a l-o r g a n ic  ch em istry  approach but not 

u s in g  th e lo c a l iz e d  charge th e o r y , has g iv e n  a s e t  o f  e m p ir ic a l r u le s  

w hich attem pt to  summarize known fra g m en ta tio n  p r o c e sse s*
E

31 iR e c e n tly , M cL afferty  has d e sc r ib e d  a Ma gen era lizedm echan ism  fo r

mass s p e c t r a l  r e a c t io n s •" T his mechanism which i s  a m o d if ic a t io n  o f

h i s  o r ig in a l  th eo ry  c o n s id e r s  th a t  th e  p o s i t iv e  ch arge and u npaired

e le c t r o n  o f  an o d d -e le c tr o n  io n  can be p o s it io n e d  a t  d i f f e r e n t  s i t e s  in

the io n  and th a t  each e x e r t s  a sep a ra te  in f lu e n c e  on th e c o u rse  o f

fra g m en ta tio n  o f  th e  ion*

A d i f f e r e n t  approach , o f  some u se  to  th e a n a ly t i c a l  ch e m is t , i s

th a t o f  c h e m ic a lly  m o d ify in g  a fu n c t io n a l  group such th a t  i t  w i l l  th en

ca u se  th e  m o lecu le  to  fragm ent by known and p r e d ic ta b le  paths* In  t h i s

way i t  i s  hoped th a t  the p o s i t io n  o f  th e  fu n c t io n a l group in  the

m o lecu le  can be r e a d i ly  a s c e r ta in e d . Such d e r iv a t iv e s  which have been
32 33u sed  s u c c e s s f u l ly  in c lu d e  e th y le n e  b e t a l  and t h io k e t a l  , N,N-

34 35dim ethylam ino , and O -iso p r o p y lid e n e   ̂ groups*

The u se  o f  h igh  r e s o lu t io n  mass sp ectro m eters  in  o rg a n ic  ch em istry

36was p io n eered  by Beynon who r e a l iz e d  t h a t ,  b eca u se  o f  th e  d i f f e r e n c e s



37in  th e  n u c lea r  pack ing f r a c t io n  o f  th e  e lem en ts , i t  was p o s s ib le  to

d is t in g u is h  io n s  th a t  were o f  the same nom inal mass "but d i f f e r i n g

ch em ica l co m p o s it io n . Thus, i f  an in stru m en t o f  sufficiently h igh

r e s o lv in g  power were a v a i la b le ,  not o n ly  co u ld  th e  m o lecu lar  form ula

o f  the compound be o b ta in ed  by a c c u r a te ly  m easuring th e  mass o f  the

m olecu lar  io n , but a ls o  a g rea t d ea l o f  in fo rm a tio n  co n cern in g  th e

s tr u c tu r e  o f  th e  compound by mass m easuring th e abundant fragm ent io n s .

T his tech n iq u e  was a ls o  ex trem ely  u s e f u l  in  s tu d y in g  th e  mass s p e c tr a

38o f  compounds whose s tr u c tu r e s  were known. For exam ple, Beynon was

a b le  to  show th a t  th e io n  o f  mass tw e n ty -e ig h t  u n it s  l e s s  th an  the

m o lecu la r  io n  o f  phenol was formed by the lo s s  o f  carbon monoxide and

not e th y le n e .  Many s im ila r  a p p lic a t io n s  o f  h ig h  r e s o lu t io n  mass

sp ectro m etry  have been d e s c r ib e d .^

I t  was soon o b v io u s th a t more in fo r m a tio n  would be forth com in g  i f

th e  e le m e n ta l c o m p o sit io n s  o f  a l l  th e  io n s  in  a mass spectrum  were

39known. The tim e re q u ir e d  to  do t h i s  by the p eak-m atch ing method

commonly employed in  d o u b le -fo c u s in g  mass sp ec tro m eter s  was p r o h ib i t iv e .  

Thus, u n t i l  19&4 ° nly  a com plete h ig h  r e s o lu t io n  mass sp e c tr a  o f  

low  m olecu la r  w eigh t compounds had been r e p o r t e d .^  At t h i s  tim e, 

how ever, B iem ann^  d e sc r ib e d  a r a p id , a ccu ra te  method fo r  p r e c is e  mass 

d e te r m in a tio n  o f  a l l  io n s  in  a spectrum  o b ta in ed  from a d o u b le - fo c u s in g  

mass sp ec tro g ra p h . In  t h i s  method th e  h ig h  r e s o lu t io n  mass s p e c tr a  o f



th e  sam ple and o f  a c a l ib r a t io n  compound are record ed  on a p h otograp h ic  

p la t e .  One s e t  o f  l i n e s  on the p h otograp h ic  p la te  corresponds to  the  

io n s  o f  known mass from th e  c a l ib r a t io n  compound, w h ile  the o th e r  s e t  

o f  l i n e s  corresponds to  io n s  o f  unknown mass from the sam ple. T h erefore  

i t  i s  p o s s ib le  to  r e l a t e  the d is ta n c e s  betw een the l i n e s  on th e p la te  

to  th e  d if f e r e n c e  in  mass o f  th e  io n s  w hich produce th e l i n e s .  By 

making u se  o f  a s u i t a b ly  programmed com puter the c a lc u la t io n  o f  th e  

m asses o f  the io n s  o f  the sample can be r a p id ly  perform ed. The term  

"elem ent map" was u sed  to  d e sc r ib e  th e  p a r t ic u la r  way th a t th e  f i n a l  

d a t a , i . e .y  the e lem en ta l co m p o sitio n s  o f  th e io n s ,  was arran ged .

A system  s u i t a b le  f o r  u se  in  mass sp ec tro m eter s  has r e c e n t ly  been  
42

d e s c r ib e d . In t h i s  system  the mass s p e c tr a  o f  th e sam ple and 

c a l ib r a t io n  compound are record ed  on m agnetic ta p e , th e  tim e in t e r v a l  

betw een  th e  io n s  b e in g  r e la t e d  to  th e  mass d if f e r e n c e  o f  th e  io n s .

When u s in g  an "elem ent map" to  d eterm ine the s tr u c tu r e  o f  an

o rg a n ic  compound i t  i s  o b v io u s ly  n e c e ssa r y  to  have a knowledge o f  th o se

rearrangem ents which in v o lv e  th e  m ig r a tio n  o f  a lk y l  groups and which

in v o lv e  th e  e l im in a t io n  o f  sm a ll m o le c u le s , th e atom s o f  which are not

c h e m ic a lly  bonded in  th e n e u tr a l m o lec u le . The m ig r a tio n  o f  a lk y l

groups was o r i g in a l ly  thought to  be o f  ra re  o ccu rren ce , but r e c e n t  

43in v e s t ig a t io n s ^  have shown th a t such m ig ra tio n s  may be more common 

than  im a g in ed . S im ila r ly ,  r e a c t io n s  l i k e  th e e l im in a t io n  o f  carbon  

m onoxide from th e  m o lecu la r  io n  o f  1-  n it r o n a p h th a le n e ^  must be f u l l y
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documented fo r  th e  f u l l  p o t e n t ia l  o f  th e  "elem ent mapping" tech n iq u e  

to  be u t i l i s e d .



12.

R E F E R E N C E S .

1 . J . J .  Thomson, "Rays o f  p o s i t iv e  e l e c t r i c i t y  and t h e ir
a p p l ic a t io n  to  ch em ica l a n a ly s e s ."  Longmans, Green and C o.,
L td .,  London, 1913*

2 . F. W. A ston , P h il .M a g ., 1919, j>8 , 7 0 9 .

3 . A. J .  Dem pster, P h ys. R ev ., 1918, ,11, 316 .

4 . R. K. F . H erzog, Z. P h y sik , 1934, 82 , 447*

5 . J .  M attauch and R. F. K. H erzog, Z. P h y sik , 1934, 8 2 , 786 .

6 . E. G. Johnson and A. 0 . N ier , P h ys. R e v ., 1953, 9 1 . 1 0 .

7* M. B arber, P roc . Leeds p h i l .  l i t .  S o c . ,  1933, .2, 427*

8 . W. E. S tephens and A. L. Hughes, P h ys. R ev ., 1934, 4 2 ,  123; W. E .
S tep h en s, i b i d . , 1934, 4 5 , 513*

9* A. 0 .  N ier , Rev. S c i .  I n s t r . ,  1940, 11 , 212.

1 0 . A. 0 . N ier , Rev. S c i .  I n s t r . ,  1947, .18, 3 9 8 .

11 . See fo r  exam ple, V. H. D ib e le r , R. M. R eese and M. Krauss in
'•Advances in  Mass S p ectrom etry ,"  V ol I I I ,  W. L. Mead, e d . ,  p .471 ,
The I n s t i t u t e  o f  P etro leu m , London, 1966.

12 . A. J .  B . R obertson  and B . W. V iney in  r e f .  11, p . 23; H. D. B eckey,
H. Knoppel, G. M etz in ger and P . S ch u lze  in  r e f .  11 , p*35*

13*(a ) F. N. Hodgson, M. D e sja rd in s  and W. L. Baun, J .  P h ys. Chem., 
1963, 67 , 1250; (b )  J .  H. Beynon in  "Mass S p ectrom etry ,"  R. I .  
Reed, e d . ,  p . 359 , Academic P r e ss , London, 1965*

14* See fo r  exam ple, C. Brunnee in  r e f .  13(h ) p . 37*

15. A. E. Cameron and D. F . E gg ers , Rev. S c i .  I n s t r . ,  1948, 19, 605;
W. C. W iley  and H. M. McLaren, i b i d . ,  1955, 26 , 1150 .



13.

1 6 . H. Hoover and H. W. Washburn, Amer. I n s t .  Min. M et. E n g in eer s , 1940, 
T ech n ica l P u b lic a t io n  Ho. 1205; H« Hoover and H. W. Washburn,
C a l i f .  O il W orld, 1941> H ,  21 .

17- H. W. Washburn, H. F . W iley , S. M. Rock and C. E. B erry , In d . Eng.
Chem., A n a ly t .,  1945> 17» 74; A. K. Brewer and V. H. B ib e le r ,
J .  R es. H at. Bur. S ta n d ., 1945, 125*

18. G. P. Barnard and L. Fox, The I n s t i t u t e  o f  P etroleum , C onference on 
A pp lied  Mass Sp ectrom etry , O ctober, 1953*

19* M. J .  0*N eal and T. P . W ier, A n a ly t . Chem., 1951* 2 3 > 8 3 0 .

2 0 . Y. J . C a ld eco u rt, A n a ly t. Chem., 1955, I 67 O.

2 1 . R. I .  Reed, J .  Chem, S o c .,  1958* 3432; J . H. Beynon, R. A. Saunders
and A. E. W illia m s, A ppl. S p ectro sco p y , 1963, 1 7 . 63*

22 . H. R. Stew art and A. R. O lson , J .  Amer. Chem. S o c . ,  1931, 1236.

23* H. M. R osen stock , M. B. W a lle n s te in , A. L. W ahrhaftig  and H. EJyring,
P ro c . N at. Acad. S c i . ,  W ash., 1952, J58., 667 .

2 4 . H. M. R osen stock  and M. Krauss in  "Mass S p e c tr o m e tr y 'o f  O rganic Ions", 
F. W. M cL afferty , e d . ,  p . 2 , Academic P r e ss , New York, 1963.

25* F. W- M cL afferty i n  "D eterm ination  o f  O rganic S tr u c tu r e s  by P h y s ic a l
M ethods,"  F. C. Nachod and W. D. P h i l l i p s ,  e d s . ,  P*93, Academic
P r e s s ,  New York, 1962; F. W. M cL afferty  in  r e f .  24* P*309*

2 6 . F . W. M cL afferty , A n a ly t. Chem., 1959* 31 . 477; M. M. B ursey  and 
F. W. M cL afferty , J .  Amer. Chem. S o c . ,  1966, 8 8 , 529*

27* C. S . Cummings and W. B leak n ey , P h ys. R ev ., 1940, 53, 787*

28 . See fo r  example (a ) H. B u d z ik iew io z , C. D je r a s s i  and D. H. W illia m s, 
" I n te r p r e ta t io n  o f  th e  Mass S p ectra  o f  Organic Compounds," and 
(b )  " S tru ctu re E lu c id a t io n  o f  N atu ra l P roducts by Mass 
S p ectrom etry , V o l .I  and I I ,"  H olden-D ay, San F r a n c is c o , 1964»

29* G. S p i t e l l e r  and M. S p ite lle r -F r ie d m a n n , M onatsh ., 1964* 257*

30 . K. Biemann, "Mass S p ectrom etry ,"  M cG raw-H ill, New York, 19 6 2 .



14-

3 1 . F. W. M cL afferty , Chem. Comm., 1966, 78 .

3 2 . See fo r  exam ple, H. A udier, J .  B o t t in ,  A. D iara , M. F e t iz o n , P . Foy,
M. G o lf ie r  and V/. Yet t e r ,  B u l l .  S oc. chim. F rance, 1964> 2292;
Z. P e la h , D. H. W illia m s, H. B u d z ik iew icz  and C. D je r a s s i ,  J .  Amer. 
Chem. S o c .,  1964 , .86, 3722 .

3 3 . r e f .  2 8 (a ) ,  pp. 54 -  58, 78 -  80; r e f .  28(h) Ch. 18 .

34* See fo r  example r e f .  28 (b ) Ch. 18 .

35* J* A. McCloskey and M. J. M cC lellan d , J .  Amer. Chem. S o c .,  1965* 87 
5094 .

3 6 . J . H. Beynon, "Mass Spectrom etry  and i t s  A p p lic a t io n  to  O rganic 
C hem istry ,"  E ls e v i e r ,  Amsterdam, I 96O.

37* F- W. A ston , "Mass S p ectra  and I s o t o p e s ,"  p .80 , Edward Arnold and C o., 
London, 1942*

3 8 . r e f .  36 , p . 352 .

39* K. S . Q u isenberry, T. T. Scolman and A. 0 . N ier , P h ys. R ev ., 1956,
102 , 1071.

4 0 . J .  H. Beynon, R. A. Saunders and A. E. W illia m s, A pp l. S p ectro sco p y , 
I9 6 0 , _1^, 95> A n a ly t . Chem., 1961, 3 5 , 221 .

41* K. Biemann, P . Bommer and D. M. D e s id e r io ,  T etrahedron  L e t te r s ,  1964* 
1725; K. Biemann, P . Bommer, D. M. D e s id e r io  and W. J . McMurray, 
in  r e f .  11, p . 639*

4 2 . C. M e r r it t ,  P . I s s e n b e r g , M. L. B a z in e t ,  B. N. Green, T. 0 . Merron 
and J . G. Murray, A n a ly t. Chem., 1965* 1037; P . I s s e n b e r g ,
M. L. B a z in e t and C. M e r r it t ,  i b i d . ,  1965* 37§ 1074«

43* R ecent exam ples in c lu d e ,  F . K om itsky, J r . ,  J .  E. Gurst and C.
D j e r a s s i ,  J .  Amer. Chem. S o c . ,  1965> 1398; A. K. B o se , I .
K ugajevsky, P . T. Funke, K. G. D as, T etrahedron  L e t t e r s ,  1965*
3065; C. D j e r a s s i ,  A. M. D u f f ie ld ,  F . K om itsky, J r . ,  L. Tokes,
J .  Amer. Chem. S o c . ,  1966, 88 , 860;

44* J . H. Beynon, B. E. Job and A. E. W illia m s, Z. N a tu r fo r sc h ., 1966,
21 a , 210; J .  H arley-M ason, T. P . Toube and D. H. W illia m s, J .
Chem. S o c . (B ) 1966, 396*



FIGURE I .

Coumarin

Chromone R-, = H, R2

F lavone R£

I s o f la v o n e  R  ̂ = H, R̂

oco HO

OH

cĉ
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CHAPTER 2 .

THE MASS SPECTRA OF CHROMONES.

In tr o d u c t io n .

The m a jo r ity  o f chromones found in  Nature are d e r iv a t iv e s  o f  

2-phenylchrom one, i . e . ,  f la v o n e  ( F i g . l )  and 3 -p h en y lch rom on e^ i.e .^  

is o f la v o n e  ( F i g . l ) .  The rem ainder, some f i f t e e n  in  number, are  

d e r iv a t iv e s  o f  2-m ethylchrom one. A lthough th e s e  compounds have a 

l im it e d  d is t r ib u t io n ,  s i x  b e in g  found in  one p la n t , Ammi v is n a g a , and 

fou r  in  a n o th er , E ugenia  caryophy1l a t a , i t  i s  thought th a t  t h e ir  la c k  o f  

p h y s io lo g ic a l  a c t i i r i t y  and o f  s t r ik in g  ch em ica l p r o p e r t ie s  may have

r e s u lt e d  in  some b e in g  o v er lo o k ed . However th ey  a re  not d evo id  o f  j
i

i n t e r e s t  a s ,  f o r  exam ple, one such compound, r u b r o fu sa r in , i s  b a sed , not j

on r e s o r c in o l  or p h lo r o g lu c in o l as a re  o th e r  compounds o f  t h i s  ty p e , but

on naphthalene; and, in  a d d it io n , i t  has r e c e n t ly  been  shown'*' th a t

s ip h u l in ,  an a c id  i s o l a t e d  from th e  l i c h e n ,  S ip h u la  c e r a t i t i e s .  i s  a

2-benzylchrom one, th e  o n ly  one o f  i t s  ty p e  known.

Many n a tu r a lly  o c c u r r in g  compounds a re  oxygen c o n ta in in g  h e te r o c y c le s

and n a tu r a lly  o ccu rr in g  d e r iv a t iv e s  o f  benzopyran have been s tu d ie d
2f a i r l y  e x t e n s iv e ly  by mass sp ec tro m etry . Thus, in v e s t ig a t io n s  o f  th e

2  j 7 r

mass s p e c tr a  o f coum arins ’ (b en zo-o (-p yron es, F i g . l ) ,  f la v o n e s  *

( 2 -p h e n y lb e n z o - /-p y r o n e s , F i g . l ) ,  iso f la v o n e s^ * ^  (3 -p h en y lb en zo -Y -p y ro n es,

6 T 7F i g . l ) ,  x a n th o n es, chromans and chrom enes have been  made.
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One o f  the p r in c ip a l fe a tu r e s  o f  th e  mass sp e c tr a  o f  oxygenated  

arom atic  compounds i s  the e l im in a t io n  o f the oxygen atoms as carbon  

monoxide or as form yl r a d ic a ls .  For exam ple, peaks co rresp o n d in g  to

(M-CO) and (M-CHO) are observed  in  the mass spectrum  o f  phenol and

3 4 9b o th  coum arin ’ and anthraquinone decompose by s u c c e s s iv e  l o s s  o f  two

m o lec u le s  o f  carbon m onoxide. The in tr o d u c t io n  o f s u b s t i t u e n t s ,

how ever, may g r e a t ly  reduce th e im portance o f  t h i s  type o f

fr a g m e n ta tio n . In  th e  mass spectrum  o f the coum arin, mammein ( F i g . l )

th e  most abundant io n s  are formed by f i s s i o n  o f the v a le r y l  and $ 5$**

d im e th y la l ly l  s id e  c h a i n s .^

11As m ight be ex p ec te d  the mass spectrum  o f  chromone 

(benzo-'tf-pyrone, F i g . l )  i s  s im ila r  to  th a t o f  coumarin in  th e  r e s p e c t  

th a t  b o th  s p e c tr a  c o n ta in  io n s  formed by e x p u ls io n  o f  one and two 

m o le c u le s  o f  carbon m onoxide. Chromone, how ever, can decompose in  a 

way n ot p o s s ib le  fo r  coum arin. T h is d eco m p o sitio n  corresp on d s to  

c le a v a g e  o f  th e  1 ,2  and 3*4 bonds o f  th e  pyrone r in g  and can be 

r e p r e se n te d  a s  a r e tr o -D ie I s -A ld e r  r e a c t io n .  A re c e n t i n v e s t i g a t i o n ^  

has shown th a t such a r e a c t io n  can  be used  to  e x p la in  th e  b eh av iou r, 

under e le c t r o n  im p act, o f  w id e ly  d i f f e r i n g  ty p e s  o f  compounds, and th a t  

i t  i s  o f t e n  p o s s ib le  to  p r e d ic t  which o f  the two s p e c ie s  formed by th e  

r e a c t io n  w i l l  r e t a in  th e  p o s i t iv e  ch a rg e . R e tr o -D ie ls -A ld e r

3 5fr a g m en ta tio n  i s  an im portant fe a tu r e  o f  th e mass s p e c tr a  o f  f la v o n e s .
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3 5 5 12i s o f la v o n e s ,  ’ r o te n o id s  ( F i g . l )  and 4“^ < lroxy-3 -p h en y lcou m arin s«

Ion s co rresp o n d in g  to  b oth  s p e c ie s  formed by t h i s  r e a c t io n  are

ob served  in  every  c a s e .

In  the p resen t stu d y  the mass sp e c tr a  o f  a number o f  

2-m ethylchrom ones and 2 -hydroxym ethylchrom ones o f  n a tu r a l and s y n th e t ic  

o r ig in  have been exam ined to  in v e s t ig a t e  th e corresp on d en ce betw een  

c r a c k in g  p a ttern  and s tr u c tu r e .  In  a d d it io n ,  th e  p o s s i b i l i t y  o f  

a p p ly in g  known fra g m en ta tio n s  o f t h i s  type o f  compound to  th e  chromones 

has been c o n s id e r e d .

D is c u s s io n .

(A) S im ple S u b s t itu te d  2-M ethylchrom ones.

In  th e  mass spectrum  o f  chromone i t s e l f  two d i s t i n c t  fra g m en ta tio n  

pathways sire o b serv ed . The f i r s t  g iv e s  r i s e  to  peaks a t  m/e 118 and 

m/e 90 corresp o n d in g  to  th e  e x p u ls io n  o f  one and two m o le c u le s  o f  

carbon monoxide r e s p e c t i v e ly .  As the mass spectrum  o f chromone at 

m asses l e s s  than 118 c o n ta in s  a l l  the io n s ,  w ith  a p p rox im ately  th e  same 

r e l a t i v e  i n t e n s i t y ,  as en cou n tered  in  th e mass spectrum  o f  b en zofu ran , 

i t  i s  p o s s ib le  to  su g g e st  th a t m/e 118 i s  formed by lo s s  o f  th e  carb on y l 

group from the pyrone r in g  fo llo w e d  by r in g  c lo s u r e  to  g iv e  the  

m olecu la r  io n  o f  b en zo fu ra n . While i t  i s  r e a l i s e d  th a t such an 

o b s e r v a t io n  does n ot c o n s t i t u t e  a p roof o f  th e  mechanism o f  e l im in a t io n  

o f  carbon monoxide from chromone, a s im ila r  argument has p r e v io u s ly  

been u sed  to  e x p la in  th e  g e n e s is  o f  th e  (M-C0)+ io n  in  th e  mass s p e c tr a
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o f  many compounds in c lu d in g  coum arins^ ,  ̂ (X -pyrones^  ^ -p y ro n es^  and
9

a n th ra q u in o n es. However, i t  has been r e c e n t ly  shown, by the u se  o f

s u i t a b ly  la b e l le d  d e r iv a t iv e s ,  th a t the (M-CO)+ io n  in  the mass spectrum

15o f  (X-pyrone does n ot have a furan  s t r u c tu r e .

The second d eco m p o sitio n  pathway o f chromone in v o lv e s  c le a v a g e  o f  

th e ^ -p y ro n e  r in g  by a r e t r o -D ie ls -A ld e r  r e a c t io n , th e p o s i t iv e  charge  

rem ain ing w ith  th e  oxygenated  s p e c ie s  o f mass 120 u n i t s .  The io n  o f  

mass 120 then  undergoes s e q u e n tia l  l o s s  o f  two m o lec u le s  o f  carbon  

m onoxide•

As ex p e c te d , th e mass s p e c tr a l  fra g m en ta tio n  o f  2-m ethylchrom one  

( i ^ F i g . I l )  i s  s im ila r  to  th a t  o f  chrom one. Thus peaks are ob served  

at m /e 's  132, 120 and 92 corresp on d in g  to  (M-C0)+3 (M-C^H^)+ .and 

(M-C^H^-C0)+ r e s p e c t iv e ly .  However, two a d d it io n a l  fra g m en ta tio n s  are  

n oted  i n  the mass spectrum  o f  2-m ethylchrom one. The (M-C0)+ io n  breaks  

down by lo s s  o f  a hydrogen atom, form ing m/e 131, r a th e r  than by lo s s  o f  

an oth er m olecu le  o f  carbon m onoxide. A m e ta s ta b le  io n  a t  m/e 1 3 0 .0  

co n firm s th a t m/e 131 i s  fo m e d  d ir e c t ly  from m/e 132. T h is d if f e r e n c e  

in  th e  beh av iou r o f  chromone and 2-m ethylchrom one i s  e x a c t ly  th a t  

en cou n tered  in  th e  mass sp e c tr a  o f  # -p yron e and 2 ,6 -d im e t h y l - / - p y r o n e ^  

I f  th e  hydrogen atom i s  l o s t  from the 2 -m eth y l group in  th e  fo rm a tio n  

o f  m/e 131 in  th e mass spectrum  o f  2-m ethylchrom one, m/e 131 can be 

r e p r e se n te d  by a co n ju g a ted  oxonium io n  such a s  _ c _ ( F i g . I I l ) .  A d r iv in g
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fo r c e  fo r  t h i s  s te p  i s  presum ably the c o n v e r s io n  o f  an odd e le c t r o n  io n

r a d ic a l  (m /e 132) in to  an even  e le c t r o n  io n  (m /e 131)*

The second d if f e r e n c e  i s  observed  in  th e  r e t r o -D ie ls -A ld e r

fragm en tation *  In  th e mass spectrum  o f  chromone the abundance o f

m/e 121 can be accou n ted  fo r  co m p le te ly  on the b a s is  o f  the i s o t o p ic

16c o n tr ib u t io n  o f  m/e 120, the io n  which i s  formed by th e  r e t r o - D ie l s -  

A lder r e a c t io n .  However, in  th e mass spectrum  o f  2-m ethylchrom one th e  

abundance o f  m/e 121 i s  5CI° g r e a te r  than th e c a lc u la t e d  i s o t o p ic  

c o n tr ib u t io n  o f  m/e 120 . A ll  o th er  compounds exam ined w hich form an  

io n  by a r e t r o -D ie ls -A ld e r  r e a c t io n  a ls o  form an io n  one mass u n it  

g r e a te r  than th a t d er iv e d  by th e  s im p le  r e a c tio n *  S in ce  chromone has  

no such io n  in  i t s  mass spectrum  the p resen ce  o f  a 2 -m eth y l group i s  a 

n e c e s s a r y  c o n d it io n  fo r  i t s  fo rm a tio n . The com plete fra g m en ta tio n  

p a tte r n  o f  2-m ethylchrom one i s  shown in  F i g . I I I .  |

S u b s t itu t io n  o f  h yd roxy l groups in  th e  benzene r in g  d oes  n ot a l t e r  |

the g e n e r a l fra g m en ta tio n  pathways a lr e a d y  d e sc r ib e d  f o r  2-m ethylchrom one \ 

Thus, th e  mass spectrum  (F ig .lV a )  o f  2-m e th y l-5 ,7 “dihydroxychrom one 

( I I ,  F i g . i l )  shows th a t  i t  decom poses by r o u te s  an alogou s to  A and B 

( F i g . I I l ) .  I t  i s  p o s s ib le  th a t the (M-C0)+ io n  in  th e  spectrum  o f  

2-m eth y l-5 ,7 -d ih yd roxych rom on e i s  form ed by lo s s  o f  carbon monoxide from  

one o f  th e  p h e n o lic  h yd roxy l groups r a th e r  than from th e  pyrone r in g*

I t  h as been s u g g e s te d , as th e  appearance p o t e n t ia l  o f  th e  (K-CO) io n
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i n  th e  mass spectrum  o f  umbel l i f e  rone ( 7 -hydroxycoum arin) i s  n ea rer  the  

v a lu e  o f  the co rresp on d in g  io n  in  the spectrum  o f  coum arin than in  th e  

spectrum  o f  p h en o l, th a t  the carbon monoxide m olecu le  l o s t  i s  from th e

la c to n e  carb on y l and n ot from th e  p h e n o lic  s u b s t i t u e n t .  In  a d d it io n ,

9 +Beynon and W illiam s showed th a t  f o r  h yd roxyanthraqu inones th e  (M-CO)

io n  i s  formed by l o s s  o f  carbon monoxide from th e k e to n ic  p o r tio n  o f  th e

m o le c u le . T h ere fo r e , i t  i s  l i k e l y  th a t hydroxychrom ones h .eh ive  in  th e

same manner, a lth ou gh  no a b so lu te  d e c i s io n  co u ld  be made w ith ou t

s tu d y in g  s u i t a b l y  la b e l l e d  d e r iv a t iv e s .

In tr o d u c t io n  o f  a m ethoxyl group, how ever, in to  th e  arom atic

n u c leu s  h as a marked e f f e c t  on th e spectrum . C o n sid e r a tio n  o f  th e  mass

spectrum  (F ig .I V b .)  o f  eu gen in  (2-m ethyl-5--hydroxy-7-m ethoxychrom one,

I I I , F i g . I I )  shows th a t  ’’chrom one-type” f i s s i o n s  (A, B F i g . I l l )  o p era te

o n ly  to  a v ery  sm a ll e x t e n t .  In ste a d  th e  mass spectrum  resem b les  th a t

o f  m -m ethoxyphenol. The main fe a tu r e s  o f  th e  mass spectrum  o f  

17m -m ethoxyphenol are  ( i )  a sm all peak co rresp o n d in g  to l o s s  o f  a

m ethyl r a d ic a l;  ( i i )  in t e n s e  peaks co rr esp o n d in g  to  lo s s e s  o f  a form yl

r a d ic a l  and form aldehyde; and ( i i i )  an in te n s e  peak co rresp o n d in g  to  th e

com bined lo s s  o f  a m ethyl r a d ic a l  and carbon m onoxide. T h is  b eh av iou r

17i s  to  be compared w ith  th a t  o f  th e  o rth o -an d  p ara - iso m e r s , th e  mass 

s p e c tr a  o f  which c o n ta in  abundant (M-CH^)+ and (M-CH^C0)+ io n s ,  no 

(M-CH0)+ and (M-CHgO)* io n s  b e in g  o b serv ed . Ion s form ed by th e  th r e e  

p r o c e s s e s  o u t lin e d  f o r  m -m ethoxyphenol a re  p resen t in  th e  mass spectrum



21.

o f  eu g en in  g iv in g  peaks a t m /e»s 191 (M-CH^),177 (M-CHO), 176 (M-CHgO) and 

163 (M-CH^Co). B ecause o f  th e  c lo s e  s im i l a r i t y  betw een th e  two sp e c tr a  

i t  i s  r ea so n a b le  to  assume th a t  th e 'Z -p y ro n e  system  makes no c o n tr ib u t io n  

to  th e  l o s s  o f  a form yl r a d ic a l  ob served  in  th e mass spectrum  o f  e u g e n in . 

The (M-CH^CO)+ io n  i s  worthy o f  some comment. A lthough no m eta sta b le  io n  

i s  ob served  fo r  i t s  fo rm a tio n  i t  i s  most l i k e l y  formed by e x p lu s io n  o f

carbon monoxide from th e  (M-CH^)+ io n .  A nalogous c le a v a g e s  are n oted  in

18 17th e  mass sp e c tr a  o f  2-m ethoxynaphthalene and m -dim ethoxybenzene.

19The s u g g e s t io n  h as been made th a t th e  carb on -oxygen  bond f i s s i o n  

g iv in g  r i s e  to  th e  (M-CH^)+ io n  in  such compounds o ccu rs  o n ly  to  a sm all 

e x te n t  b ecau se th e  (M-CH^)+ io n  cannot be s t a b i l i s e d  by fo rm a tio n  o f  an 

oxonium io n ,  and b ecau se  o f  th e  p r e fe r r e d  e l im in a t io n  o f  carbon monoxide 

from th e (M-CĤ )"*" io n  to  form th e io n  (M-CH^CO)+ . Weakly abundant io n s  

o f  mass 166 and 123> i n  th e  mass spectrum  o f  eu gen in , a r i s e  from r e t r o -

D ie ls -A ld e r  c le a v a g e  o f  th e  m o lecu la r  io n  and th e  (M-CH^C0)+ io n

r e s p e c t i v e ly .  A m eta sta b le  io n  a t m/e 124*5 shows th a t  th e  (M-CH20 ) + 

io n  b reak s down fu r th e r  by e l im in a t io n  o f  carbon monoxide 

(m c a lc u la te d  fo r  176+- ^ 148+ = 124*5)*

R ub rofu sarin  (IV , F i g * I l ) ,  on e l e c t r o n  bom bardm ent,behaves in  

e x a c t ly  th e  same way a s  eu g e n in . Thus io n s  are ob served  a t m/e 243>

m/e 242 and m/e 229 co rresp o n d in g  to  (M-CHO)+ , (M-CI^O)* and (M-CH^CO)+

r e s p e c t i v e ly .  M/e 189 , in  th e  mass spectrum  o f  r u b r o f u s a r in ,i s  formed
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by r e t r o -D ie ls -A ld e r  d ecom p osition  o f  m/e 229* E vidence fo r  t h i s
. *

t r a n s i t io n  i s  a m eta sta b le  io n  a t  m/e 1 5 6 .0  (m c a lc u la t e d  fo r

229+~*139+ = 1 5 5 * 9 ).

In  th e  mass spectrum  o f  2-m e th y l-5-h y d ro x y -7-a lly lo x y ch ro m o n e

(V, F i g . I I )  f i s s i o n  o f  th e  carbon-oxygen  bond o f  th e  a l l y l o x y l  group i s

an im portant f e a t u r e .  The s t a b i l i t y  o f  th e  a l l y l  io n  (m /e 4 1 ) i which

form s th e  base peak o f  th e  spectrum , a cco u n ts  fo r  th e  prom inence o f  t h i s

fr a g m e n ta tio n . At h ig h er  m asses io n s  are observed  fo r  th e  l o s s  o f

carbon monoxide and m e th y la c e ty le n e  from th e m olecu lar  io n ,  th u s

d em o n stra tin g  th a t  t h i s  compound fragm ents in  a manner t y p ic a l  o f  a

2-m eth y lch ro m o n e .. One p o in t o f  in t e r e s t  in  th e mass spectrum  o f

2-m e th y l-5-h y d ro x y -7- a l l y l o 3tychromone i s  the h igh  abundance (8 0 $ ) o f

the (M-CH^)+ io n .  Ho (M-CH^)+ io n  i s  ob served  in  the mass spectrum  o f

2 -m ethylchrom one, hence i t  i s  rea so n a b le  to  assume th a t  th e  carbon atom

l o s t  i n  the form ation  o f  t h i s  io n  i s  th e  term in a l carbon o f  th e  a l l y l
|

c h a in . The form ation  o f  t h i s  (M-CH^) io n  r e q u ir e s  th e  rearrangem ent

o f  a hydrogen  atom fo llo w e d  by a v i n y l i c  c le a v a g e  and th e r e  i s  no

ob v iou s rea so n  why i t  sh ou ld  o ccu r . I t  should  be n o te d , how ever, th a t

th e  mass spectrum  o f  phenyl a l l y l  e th e r  c o n ta in s  an abundant (M-CH^)+

20io n .

S u b s t i tu t io n  o f  a K, i f - d im e t h y la l ly l  group in  th e  benzene r in g  or  

the p resen ce  o f  a 2 , 2-dim ethylchrom an system  i s  a ls o  s u f f i c i e n t  to
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su p p ress  to  a g rea t e x te n t  "chrom one-type" f i s s i o n s  (A, B F i g . I I I ) .

T h is i s  e v id e n t  from the mass sp e c tr a  o f  p eu cen in  (V I, F i g . I l )  

is o p e u c e n in  ( V I I ^ F ig .  I I )  and a llo p e u c e n in  (V II , F i g . I I ) .  The mass 

s p e c tr a  o f  th e s e  th ree  compounds are very  s im ila r .  A m e ta s ta b le  io n  

a t m/e 1 3 2 .8 , in  a l l  th r e e  s p e c tr a , shows th a t fra g m en ta tio n  o f  th e

#-pyrone r in g  by a r e tr o -D ie ls -A ld e r  mechanism ta k e s  p la c e  from m/e 205,

/  *  + +th e  b ase  peak , (m c a lc u la te d  fo r  205 -*165 = 1 3 2 .8 ) .  M/e 205 i s

/  *formed by e x p u ls io n  o f  a C r a d i c a l  from th e m o lecu lar  io n  ( m
4 7

c a lc u la te d  fo r  260+-»205+ = 1 6 1 .6 , o b served  1 6 1 .6 )  A lthough  t h is

fra g m en ta tio n  i s  somewhat s u r p r is in g ,  e s p e c ia l ly  in  th e  mass spectrum

o f  p eu cen in  where i s  in v o lv e s  a v i n y l i c  f i s s i o n ,  i t  a g r e e s  w ith  the

p r e v io u s ly  rep o r te d  b eh av iou r o f  dime th y  l a l l y l ^ , ^ , ^  and

3 72 , 2-dim ethylchrom an 9 sy s te m s. Only in  th e  spectrum  o f  is o p e u c e n in

i s  an abundant io n  record ed  fo r  the l o s s  o f  a C„H0 m o le c u le . The
4 o

g e n e s is  o f  t h i s  io n , m/e 206, dan be regarded  as a r e t r o -D ie ls -A ld e r  

d eco m p o sitio n  of th e  2 , 2-dim ethylchrom an r in g .

The io n  o f  mass 217 in  ih e  mass s p e c tr a  o f  p eu cen in , is o p e u c e n in  

and a llo p e u c e n in  corresp on d s to  the l o s s  o f  43 mass u n i t s  from th e  

m o lecu la r  io n ,  m/e 26 0 . O b servation  o f  th e  a p p ro p r ia te  m e ta sta b le  io n  

(m c a lc u la te d  fo r  260+->217+ = 1 8 1 .1 , ob served  1 8 1 .1 )  shows th a t  i t  i s  

form ed, in  ev ery  c a s e ,  d i r e c t ly  from th e  m olecu lar  io n .  T h is s u g g e s ts  

th a t  a ra<i i ca l  i s  e x p e l le d  in  th e  fo rm a tio n  o f  m/e 217 , and
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e x p la in s  th e g r e a te r  abundance o f  m/e 217 in  th e  spectrum  o f  p eu cen in  

th a t  in  th e sp e c tr a  o f  iso p e u c e n in  and a l lo p e u c e n in . The (M -43)+ io n  in  

th e mass spectrum  o f  o s th o l  (7 -m e th o x y -8 -^ ,2 f-d im eth y la lly lc o u m a r in ) was 

shown, by the p resen ce  o f  th e  a p p ro p r ia te  m eta sta b le  io n ,  to  be formed 

by lo s s  o f  a fragm ent o f  28 mass u n it s  from th e  (M-CH^) io n .  The

n e u tr a l fragm ent o f  mass 28 was assumed to  be carbon m onoxide. On th e

7 / \+o th er  hand, W illhalm  and co-w ork ers rep o r t th a t the (M -43) io n  in  th e

mass spectrum  o f  2 , 2-dim ethylchrom an ( P i g . l )  a r i s e s  by lo s s  o f  a

m o lecu le  o f  e th y le n e  from th e  (M-CH^)+ io n .  Exact mass measurement o f

m/e 217 ( c a lc u la te d  2 1 7 .0501; found 2 1 7 . 0493) con firm s th a t  fo r  p eu cen in ,

is o p e u c e n in  and a llo p e u c e n in  th a t  th e (M-43)"*" i ° n c o n s i s t s  o f  a s in g le

s p e c ie s  formed by l o s s  o f  a Ĉ Ĥ  r a d ic a l .  I t  would o b v io u s ly  be o f

i n t e r e s t  to  examine th e mass sp e c tr a  o f  o s th o l  and 2 , 2-d im ethylchrom an

under h ig h  r e s o lv in g  power c o n d it io n s .

C leavage o f  th e  a lk y l  s id e  ch a in  i s  a ls o  th e  most im portant

fr a g m en ta tio n  p ro cess  in  the mass spectrum  o f  d ih yd rop eu cen in  ( l X , P i g . I l ) .

Thus peaks are ob served  a t m /ef s 219 (M-C^H^), 206 (M-C^Hq ) and 205

(M-C^H^). M/e 205 i s  formed by j5 -c le a v a g e  to  the r in g  and m/e 206

i s  formed by /^ -c lea v a g e  accom panied by m ig ra tio n  o f  a hydrogen atom to

th e r in g -c o n ta in in g  p rod u ct, in  agreem ent w ith  th e  b eh a v io u r  o f

221 -p h e n y la lk a n e s . McCollum and Meyerson found th a t  ^ -c le a v a g e  w ith  

hydrogen m ig ra tio n  o ccu rs  in  th e  mass sp e c tr a  o f  1 - phenylpropane and
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h ig h e r  hom ologues, and th a t  957° o f  the hydrogen which m ig ra te s  i s  

o r i g in a l ly  a tta ch ed  to  th e X-carbon o f  th e  a lk y l c h a in . Form ation o f  

a s u b s t i tu te d  trop y liu m  io n  would e x p la in  th e h igh  abundance o f  m/e 205.

A m eta sta b le  io n  a t  m/e 153*0 co n firm s th a t m/e 165, th e  o n ly  o th er  

io n  o f  any im p ortan ce, in  th e  mass spectrum  o f  d ih yd rop eu cen in , i s  

formed by a o n e -s te p  f i s s i o n  o f  m/e 205 and. th a t t h i s  r e a c t io n

co rresp o n d s to  a r e t r o -D ie ls -A ld e r  d eco m p o sitio n  o f  m / e  205
* . .

(m c a lc u la t e d  fo r  205 -^165 = 1 3 2 .8 ) .

In  c o n tr a s t  to  th e mass spectrum  o f  eu gen in  ( i l l , F i g . I l ) ,  the  

mass spectrum  (F ig .V a ) o f  d ih yd rop eu cen in  7-m eth y l e th e r  (X, F i g . I I ) does j 

not c o n ta in  io n s  corresp o n d in g  to  (M-CHO) and (M-CH^O) • ;

D ihydropeucen in  m ethyl e th e r ,  under e le c t r o n  im pact, b reak s down in  th e  

same manner as d ih y d ro p eu cen in . Thus, th e  major fr a g m en ta tio n  pathway 

i s  f i s s i o n  o f  th e  a lk y l  s id e  ch a in , io n s  b e in g  ob served  a t m /e 's  233 

(M-C^H^), 220 (M-C^Hq) and 219 (M-C^H^). D ecom p osition s in v o lv in g  th e  

m ethoxyl and )(-pyrone fu n c t io n a l  groups are noted  a t  low er m asses as  

in d ic a te d  by m eta sta b le  io n s  a t m/e 163*1 and m/e 117*5 co rresp o n d in g  

to  th e  t r a n s i t io n s  219+—>189+ + 30

and 189+-> 1 4 9 + + 40 r e s p e c t i v e ly .  H ence, m/e 219 

fragm en ts by e x p u ls io n  o f  a form aldehyde m olecu le  to  form m/e 189 which  

su b se q u e n tly  undergoes a r e tr o -D ie ls -A ld e r  r e a c t io n  to  y i e ld  m/e 149*

The h ig h  abundance o f  th e  io n  formed by s im p le  ^ -c le a v a g e  o f  th e  s id e
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ch a in  (m /e 219) in  th e  mass spectrum  o f  d ih yd rop eu cen in  m ethyl e th e r  may 

a ls o  he e x p la in e d  by th e  form ation  o f  a s u b s t itu te d  tro p y liu m  io n .

As m ight be e x p e c te d ,th e  d eco m p o sitio n s observed  in  th e  mass s p e c tr a  

o f  d ih yd rop eu cen in  an d  d ih yd rop eu cen in  m ethyl e th e r  are  a ls o  ob served  in  

th e  mass spectrum  o f  d ih y d ro h etero p eu cen in  (X I, F i g . I I ) and in  th e  mass 

spectrum  (F ig .V b ) o f  d ih y d ro h etero p eu cen in  7 -m eth y l e th e r  ( X l l ,  F i g . i l ) .  

However, one s ig n i f i c a n t  d if f e r e n c e  i s  o b serv ed . The abundance o f  

m/e 206 in  th e  mass spectrum  o f  d ih y d ro h etero p eu cen in  can  be accou n ted  

fo r  s o l e l y  on the b a s is  o f  th e  i s o t o p ic  c o n t r ib u t io n ^  o f  m/e 205 i . e .  

no io n  co rresp o n d in g  to  ^ -c le a v a g e  and m ig ra tio n  o f  a hydrogen atom i s  

form ed. The abundance r a t i o ,  c o r r e c te d  fo r  n a tu r a lly  o c c u r r in g  i s o t o p e s ,  

o f  th e  io n  m/e 206 to  m/e 205 in  th e  mass spectrum  o f  d ih yd rop eu cen in  i s

1 . 2 / l ,  d em on stra tin g  th a t  each p ro cess  o ccu rs  w ith  a lm ost eq u a l 

p r o b a b i l i t y .  S im i la r i t y ,  ^ -c le a v a g e  accom panied by th e  rearrangem ent o f  

a hydrogen atom does tak e  p la c e  in  th e  mass spectrum  o f  

d ih y d ro h etero p eu cen in  m ethyl e th e r , whereas th e abundance r a t io ,  

c o r r e c te d  fo r  th e  c o n tr ib u t io n  o f  n a tu r a l ly  o c c u r r in g  i s o t o p e s ,  o f  m/e 

220 to  m/e 219 in  th e  mass spectrum  o f  d ih yd rop eu cen in  m ethyl e th e r  

i s  l / l .  I f  the e x p la n a t io n  fo r  the d if f e r e n c e  in  b eh a v io u r  o f  th e  

d ih y d rop eu cen in  compounds and th e  d ih y d ro h etero p eu cen in  compounds i s  to  

be b ased  on s t e r i c  grounds, then  i t  seem s l i k e l y  th a t  th e  C-5 h yd roxy l 

group must be in v o lv e d  in  th e  rearrangem ent r e a c t io n  ob served  in  th e  mass
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sp e c tr a  o f  th e  d ih yd rop eu cen in  compounds, A p la u s ib le  mechanism w hich

r e q u ir e s  th e  p a r t ic ip a t io n  o f  the C-5 s u b s t itu e n t  i s  shown in  F ig .V I .

T his mechanism, how ever, r e q u ir e s  a seven-membered t r a n s i t i o n  s t a t e ,
23 24

r a th e r  than the fo u r -  or six-m em bered t r a n s i t io n  s t a t e s  which have been

su g g e ste d  fo r  the rearrangem ent o f  1 -p h e n y la lk a n e s . An a l t e r n a t iv e

e x p la n a t io n  may l i e  in  th e d i f f e r e n t  thermodynamic s t a b i l i t i e s  o f  the

d ih yd rop eu cen in  compounds and th e  d ih y d ro h etero p eu cen in  compounds. I t  i s

p o s s ib le  to  iso m e r iz e  d ih yd rop eu cen in  to  d ih y d ro h etero p eu cen in  by

trea tm en t w ith  h y d ro io d ic  a c id , w hereas th e  r e v e r se  r e a c t io n  does not
25

occur under th e same c o n d it io n s*   ̂ T h erefo re , i t  i s  l i k e l y  th a t  

d ih yd rop eu cen in  i s  th erm o d y n a m ica lly -le ss  s ta b le  than  i t s  iso m er . I t  

i s  p o s s i b l e ,  th en , th a t  th e  a d d it io n a l en ergy  p o sse s se d  by 

d ih yd rop eu cen in  i s  s u f f i c i e n t  to  a llo w  th e  rearrangem ent p r o c e ss  to  

o c c u r .

I t  i s  n ot s u p r is in g  th a t th e  m o lecu la r  io n  o f  a h ig h ly  s u b s t i t u t e d  

compound l i k e  2-m eth y l-5 -m eth oxy-6 -form yl-7 -h yd roxych rom on e ( X l l l ,

F i g . I l )  does not decompose by a r e t r o -D ie ls -A ld e r  r e a c t io n ,  e s p e c ia l ly  

when i t  i s  r e c a l le d  th a t  such a d ecom p o sitio n  does not o ccu r  in  th e  

mass spectrum  o f  a sim ple chromone l i k e  eu gen in  ( i l l , F i g . I l ) . In s te a d  

th e  main fra g m en ta tio n  pathways in v o lv e  th e  fu n c t io n a l  groups o th er  

than th e  pyrone r in g .  Thus, in  th e  spectrum  are io n s  o f  m /e’ s 233 

(M-H), 219 (M-GHj), 217 (M-OH), 218 (M-HgO) and 203 (M-CH^O). The



28.

base peak o f  the spectrum , m/e 206, i s  formed by the lo s s  o f  a m olecu le  

o f  carbon monoxide from th e  m olecu lar io n .  The carbon monoxide 

m o lecu le  co u ld  come, e i t h e r  w h olly  or p a r t ly ,  from th e  carb on y l group  

o f  th e  pyrone r in g , from th e  6 -fo rm y l group or from the 7 -h y d ro x y l  

group . O b servation  o f  th e  a p p rop ria te  m eta sta b le  io n s  shows th a t  th e r e

are a t l e a s t  th ree  p ath s by which m/e 206 can decom pose, namely

-H -GH0
(1 ) m/e 2 0 6 —>  m/e 20 f > — > m / e  176

( c a lc u la t e d  fo r  206"̂ —̂ 205+ = 20/$ .0 , ob served  = 2 0 / .0 )

-CHO -CHO -H
(2 ) m/e 2 0 6 — ^m /e 1 7 7 — ^-m/e 148 —► m/e 147*

(c a lc u la t e d  fo r  206+—^177+ = 152 . 0 ; ob served  = 152 . 0 ;

•• •' 177+—^148+ = 1 2 3 .7 ;  " = 1 23 -9 ;

ii '* 148+—̂ 147'*’ = 146 . 0 ; " = 1 46 -147*)
-H O  -CO

(3 )  m/e 2 0 6 m/ e 188 m/e 160

(c a lc u la t e d  f o r  206+—̂ 188+ = 171 . 6 ; ob served  = 171*5

" " 188+- ^ 160+ = 136 . 1 ; " = 136 . 0 )

P ath s ( l )  and (2 )  agree w e ll  f o r  io n s  o f  mass 206 c o n ta in in g  a

266 -fo rm y l group . The mass sp e c tr a  o f s a l ic y la ld e h y d e  and

2 y “4"O gm ethoxybenzaldehyde b oth  c o n ta in  io n s  co rresp o n d in g  to  (M -^O ) w hich

s u g g e s t s  th a t path (3 )  co u ld  be fo llo w e d  by io n s  o f  mass 206 c o n ta in in g

a 6-formyJ: group . However, i t  w i l l  be shown la t e r  th a t  a m o lecu le

o f  w ater may be e l im in a te d  by a r e a c t io n  th a t in v o lv e s  an in t e r a c t io n

o f  th e  4 -c a r b o n y l group w ith  th e  5-m eth o x y l group o f  a chromone.
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Hence, w ith o u t th e u se  o f  s u ita b ly  la b e l le d  a n a lo g u es?i t  i s  not p o s s ib le  

to  d e c id e  th e ex a c t n a tu re  o f the (M-C0)+ io n  in  th e  mass spectrum  o f  

X III .

The o n ly  compounds which were a v a i la b le  fo r  ex a m in a tio n , in  t h i s  

s tu d y , which p o s se s s  a d d it io n a l  s u b s t itu e n t s  in  th e  pyrone r in g  are  

2 -m e th y l-3 -a c e ty l-5 ,7 -d ih y d r o x y c h r o m o n e  (X I V ,F ig .I l )  and i t s  

7 - a c e t y la t e d  d e r iv a t iv e  (XV, F i g . i l ) .  The prim ary f i s s i o n  o f  th e

7 - a c e t y la t e d  d e r iv a t iv e  i s  e x p u ls io n  o f  a m o lecu le  o f  k e te n e  to  g iv e  an 

io n ,  m/e 234> which can be c o n s id e r e d  to  be id e n t ic a l  w ith  th e  m o lecu lar  

io n  o f  2 -m eth y l-5 -a ce ty l-5 ,7 -d .ih y d ro x y c h r o m o n e , in  agreem ent w ith  the
2 q

known beh av iou r o f  phenyl a c e t a t e s .  Thus i t  i s  found th a t  th e sp e c tr a  

o f  b oth  compounds are the same i n  normal and m eta sta b le  io n s ,  ex cep t fo r  

some v a r ia t io n  in  io n  i n t e n s i t i e s .  T h erefo re  o n ly  th e  mass spectrum  o f  

2 -m eth y l-3 * * a ce ty l-5 ,7-dihydroxychrom one w i l l  be d is c u s s e d .

A lthough th e  m o lecu la r  io n  o f  2 -m e th y l-3 -a c e ty l-5 ,7 -d ih y d r o x y -  

chromone does decompose by e l im in a t io n  o f  a m olecu le  o f  carbon monoxide 

from th e  pyrone r in g  th e  main fragm ent io n s  are ob served  a t  m/e 219 

(M-CH^) and m/e 216 (M-H^O). The m ethyl r a d ic a l  l o s t  in  th e  form a tio n  

o f  m/e 219 i s  a lm ost c e r t a in ly  th a t  o f  th e  3 - a c e t y l  group fo r  two 

r e a s o n s .  F i r s t l y ,  no (M-CH^)+ io n  i s  p resen t in  th e  spectrum  o f

2-m ethyl-5»7-d .ibydroxychrom one, and secondly^ f i s s i o n  o f  th e  carbon- 

carbon bond a d ja cen t to  a carb on y l fu n c t io n  i s  known to  be a fa v o u ra b le
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p r o c e ss  as th e p o s i t iv e  charge can he r e a d i ly  s t a b i l i s e d  in  the  

r e s u l t i n g  io n .
/  X

A m eta sta b le  io n  a t m/e 199*4 con firm s th a t th e  (M-H^O) io n

r e s u l t s  from an e le c t r o n  im pact induced  d i s s o c ia t io n  o f  th e  m o lecu lar
*  +  + 

io n ,  m/e 234 (m c a lc u la te d  fo r  234 -*-216 = 199*4)* E xam ination  o f  th e

mass spectrum  o f  2 -m eth y l-5 > 7-dihydroxychrom one shows th a t  i t  does not

decompose in  t h i s  way; hence th e  ob served  e l im in a t io n  o f  a m olecu le

o f  w ater in  th e mass spectrum  o f  th e  co rresp o n d in g  3 - a c e t y l  compound

must a r i s e  from some in t e r a c t io n  o f  th e  3 - a c e t y l  group w ith  e i t h e r  th e

2-m eth y l or th e  4 -c a r b o n y l grou p s. I f  i t  i s  p o s s ib le  fo r  th e  3 - a c e t y l  

group to  e x i s t  in  th e  e n o l form a r ea so n a b le  mechanism f o r  the  

e l im in a t io n  o f  w ater can be proposed a s  shown in  F ig .  V l l .  The d r iv in g

fo r c e  fo r  t h i s  d eco m p o sitio n  would then  be p rovid ed  by the form ation

o f  th e  c y c l i c ,  co n ju g a ted  daughter io n  at m/e 2 16 . M/e 216 

su b seq u en tly  fragm ents by e l im in a t io n  o f a m o lecu le  o f  carbon  monoxide 

to  form the io n  m/e 188 . (m c a lc u la te d  fo r  216+-*188+ = 163*6; 

ob served  = 163 -164*)

A m eta sta b le  peak a t m/e 10 6 .9  in  th e  mass spectrum  o f  2-m ethy1-

3 -a c e ty l-5 ,7 -d ih y d r o x y c h r o m o n e  cou ld  a r i s e  from e i t h e r  o f  th e  

t r a n s i t io n s  : -
+ 4- *

( 1 )  219 ->  153 + 66; m c a lc u la t e d  = 106 .89*

(2 )  2 l6 + -> 152+ + 64; r e c a lc u la te d  = 1 0 6 .8 9 .
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E xact mass measurement showed th a t th e  e lem en ta l co m p o sitio n  o f  th e  io n  

m/e 153 i s  ( c a lc u la t e d  153*0 1 8 8 ; found 153*0195)> w h ile  th e

co m p o sitio n  o f  th e  io n  m/e 152 i s  one hydrogen l e s s  i . e .

( c a lc u la t e d  152 .0110 ; found 1 5 2 .0 1 0 9 ) . Thus the fragm ent o f  mass 66 

e lim in a te d  in  ( i )  would be C.H„0 and th e  fragm ent o f  mass 64
C.

e lim in a te d  in  ( 2 ) would be O^H .̂ As th e  e x p u ls io n  o f  a fragm ent

from m/e 216 i s  c o n s id e r e d  ex trem ely  u n l ik e ly ,  th e  m e ta sta b le  io n  at 

m/e 106*9 must a r i s e  from t r a n s i t io n  ( l ) .  T h ere fo re , th e io n  o f  mass 

153 i s  formed by f i s s i o n  o f  th e  1:2  and 3 :4  "bonds o f  the pyrone r in g  in  

th e  (M-CH^)+ io n  accom panied by the m ig r a tio n  o f  a hydrogen atom to  th e  

charge r e ta in in g  s p e c ie s .  A lthough, a s  p r e v io u s ly  p o in te d  o u t , an io n  

a r i s in g  by r e t r o -D ie ls -A ld e r  c lea v a g e  o f  the pyrone r in g  o f  a 2 -  

m ethylchrom one i s  a lw ays accom panied by a w eakly abundant s a t e l l i t e  

io n  one mass u n it  g r e a te r ,  t h i s  i s  th e  s o le  example where the  

abundance o f  th e  s a t e l l i t e  io n  i s  la r g e r  than th e  abundance o f  the io n  

formed by th e  sim ple r e a c t io n .  The same typ e o f  fra g m en ta tio n ,

ob served  in  the mass spectrum  o f  4 -h yd roxy-3 -p h en y lcou m arin , was

in te r p r e te d  in  term s o f  th e  t r a n s fe r  o f  th e  hydrogen atom a tta c h e d  to

12C-3 in  th e  4-k e to  tautom er o f  t h i s  compound. A mechanism, s im ila r  

to  th a t proposed to  ta k e  p la ce  in  the mass spectrum  o f  4 -h y d ro x y -3-  

phenylcoum arin , i s  shown in  F i g .V l l l .  In the mass spectrum  o f  2 -m eth y l-

3 -a c e ty l-5 ,7 -d ih y d r o x y c h r o m o n e  the io n  o f  m/e 152 can be formed e i t h e r  by



FIGURE IX .

R 1

XVI; r 1= h , r 2 = o c h 3 . 

X V I I  ; R . - H , R - = O C H g .

X V I I I ;  R , =  H , . R * = H

X I X  ; R j = H  ,  R ^ C H 3 .

x x ; R1= o h , R 2= c h 3 .

X X I ;  R = H  . 

X X I I ;  R = C H 3

CH
H.

X X l H

O C H

X X I V ;  R = H  .  

X X V ;  R = O H .



32.

l o s s  o f  a hydrogen atom from m/e 153» or by a sim p le r e t r o -D ie ls -A ld e r

c le a v a g e  o f  m/e 219* The l a t t e r  a l t e r n a t iv e  i s  p r e fe r r e d  a s  th e  io n

m/e 67 , th e  co m p o sitio n  o f  which was confirm ed  to  be Ĉ Ĥ O

( c a lc u la t e d  67*01839> found 6 7 *01843)> corresp on d s to  th e  o th er  product

o f  th e  r e t r o -D ie ls -A ld e r  r e a c t io n .

(B) Furochrom ones.

R ecent in v e s t ig a t io n s  have shown th a t  the e le c t r o n  im pact induced

3 29d is s o c ia t io n s  o f furocoum arins are not g r e a t ly  d i f f e r e n t  from th o se

o f  s im p le  coum arins. In  a d d it io n  i t  was shown th a t ,  a lth o u g h  th e

fr a g m en ta tio n  o f  a m ethoxyl s u b s t itu e n t  may be superim posed on th e

fr a g m en ta tio n  o f  th e  (X.-pyrone r in g ,  th e  mass sp e c tr a  are in d ep en d en t o f

th e  p o s i t io n  o f  th e  m ethoxyl group. For exam ple, the mass s p e c tr a  o f

x a n th o to x in  (XVI, F ig .IX ) and b ergap ten  (XVTI, F ig .IX )  are alm ost

i d e n t i c a l ,  io n s  b e in g  ob served  a t (M-CH^)+ , (M-C0)+ , (M-C0CH^)+ and.
^ 3

(M-CgC^CH^) . I t  w i l l  be se e n , how ever, th a t th e  mass spectrum  o f  a 

furochrom one can depend la r g e ly  on th e p o s i t io n  o f  a m ethoxyl 

s u b s t i t u e n t .

E xam ination  o f  the mass spectrum  o f  n o r v isn a g in  (XVTII, F ig .IX )  

shows th a t  th e  fra g m en ta tio n  o f  t h i s  compound i s  not g r e a t ly  d i f f e r e n t  

from th a t  o f  a s im p le  chromone such as 2-m e th y l-5>7-d ihydroxychrom one. 

Thus r e t r o -D ie ls -A ld e r  c le a v a g e  o f  m/e 216, th e  m o lecu la r  io n , g iv e s  

r i s e  to  th e  io n  m/e 176 which decom poses fu r th e r  by s e q u e n t ia l
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e l im in a t io n  o f  two m o lec u le s  o f  carbon m onoxide, io n s  b e in g  ob served  

at m /e ’ s 148 and 120 . M etastab le  io n s  a t  m/e 143*4 ( c a lc u la t e d  fo r  

216+ -^ 176+ = 1 4 3 .4 ) i  a t m/e 124*5 ( c a lc u la t e d  fo r  176+- ^ 148+ = 124*4 ) ,  

and a t  m/e 97*3 ( c a lc u la t e d  fo r  148+ 120+ = 9 7 *2 ) con firm  each s te p  

o f  t h i s  d eg ra d a tio n  r o u te .  One d if f e r e n c e  in  th e  mass spectrum  o f  

n o r v is n a g in  i s  noted  when compared w ith  th a t o f  2-m e th y l-5»7-  

dihydroxychrom one. M eta sta b le  io n s  a t  m/e 16 2 .0  and m/e 1 8 6 .0 , in  th e  

mass spectrum  o f  n o r v isn a g in , show th a t  m/e 187 (M-CHO) can be formed  

from b oth  th e  m olecu lar  io n  (m c a lc u la te d  fo r  2l 6+-*187+ = 161 . 8 ) and 

from m/e 188 (M-CO) (m* c a lc u la te d  fo r  188+-*,187+ = 1 8 6 .0 ) ;  w hereas, 

in  th e  mass spectrum  o f  2-m ethy1- 5 , 7'-dihydroxychrom one, a m eta sta b le  

io n  i s  on ly  observed  fo r  th e  form a tio n  o f  th e  (M-CH0)+ io n  from  th e  

(M-C0)+ io n .  I t  i s  r e a l i s e d  th a t th e  absence o f  a m e ta s ta b le  io n  

fo r  a p a r t ic u la r  t r a n s i t io n  does not n e c e s s a r i ly  mean th a t  the  

t r a n s i t i o n  does not tak e  p la c e .  N e v e r th e le s s ,  th e  p o s s i b i l i t y  th a t th e  

(M-CH0)+ io n  in  th e  mass spectrum  o f  n o r v isn a g in  i s  form ed by two 

d i f f e r e n t  r e a c t io n s ,  w h ile  th e  same io n  in  th e  mass spectrum  o f  

2 -m e th y l-5 , 7-dihydroxychrom one i s  form ed by one r e a c t io n  o n ly , would 

e x p la in  th e  d if f e r e n c e s  in  the abundance r a t io  o f  (M-C0)+ to  (M-CHO)+ 

in  th e  two sp ectra *  The abundance r a t io s  o f  (M-C0)+ to  (M-CH0)+ are

0 .2 /1  and 1 . 3 /1  in  ih e  mass s p e c tr a  o f  norvisnagin and ...

2-m e th y l-5 , 7 -dihydroxychrom one r e s p e c t i v e ly .
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P r e c is e  mass d e term in a tio n  o f th e  io n  m/e 160 in  th e mass spectrum

o f  n o r v isn a g in  showed th a t  i t s  co m p o sitio n  i s  C^qHqC ^ c a lc u la t e d

l6 0 .0 5 2 4 >  found 1 6 0 . 0 5 1 8 ) ,  and thus o r ig in a t e s  from th e  m o lecu la r  io n

by e x p u ls io n  o f  two m o lec u le s  o f carbon m onoxide.

The fra g m en ta tio n  sequence in v o lv in g  r e t r o -D ie ls - A ld e r

d eco m p o sitio n  o f  th e  m olecu lar  io n  fo llo w e d  by s u c c e s s iv e  l o s s e s  o f  two

m o le c u le s  o f  carbon monoxide i s  a ls o  n oted  in  the mass spectrum  o f

n o r is o v is n a g in  (XXI, F ig .I X ) .  L oss o f  carbon monoxide from th e

m o lecu la r  io n  i s  con firm ed  by a broad m eta sta b le  io n  c e n tr e d  a t 163*8

+ 4*( c a lc u la t e d  fo r  2 1 6 —̂ 188  = 1 6 3 * 6 ). No m e ta s ta b le  io n  i s  d e te c te d  fo r

th e  d ir e c t  l o s s  o f  a form yl r a d ic a l ,~ b u t  one at 1 8 6 .0  shows th a t  the  

( M-CHO)+ io n  a r i s e s  from th e  io n  m/e 188 by th e  lo s s  o f  a hydrogen atom* 

The abundance r a t io  o f  th e  io n s  (M-C0)+ to  (M-CHO)+ i s  0 * 9 /l»  which  

i s  much c lo s e r  to th e  v a lu e  o f  t h i s  r a t io  in  th e  mass spectrum  o f  

2 -m e th y l-5>7 -dihydroxychrom one than  to  th e  v a lu e  in  th e  spectrum  o f  

n o r v is n a g in .

The most abundant io n  in  th e  mass spectrum  ( F ig .X l la )  o f  k h e l l i n o l

(X X 111 ,F ig .IX ) corresp on d s to  th e  l o s s  o f  a m ethyl r a d ic a l  from th e

17m o lecu la r  io n .  Barnes and O cco lo w itz , ' in  a stud y  o f th e  mass s p e c tr a  

o f  p h en yl m ethyl e t h e r s ,  showed th a t  when i t  i s  p o s s ib le  to  w r ite  

q u in on o id  s tr u c tu r e s  fo r  io n s  d e r iv e d  b y .th e  lo s s  o f  a m ethyl r a d ic a l  

from each  compound th ere  i s  no f i s s i o n  betw een the arom atic  r in g  and
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th e  e th e r  oxygen . In a l a t e r  in v e s t ig a t io n ,  th e  same au th ors noted  

th a t abundant io n s  are  observed  fo r  th e  l o s s  o f  a m ethyl r a d ic a l  from a 

m ethoxyl group in  th e  mass sp e c tr a  o f  th o se  coum arins f o r  which the

(M-CH^)+ io n  cou ld  be rep r e se n te d  by a con ju gated  oxonium io n .^

30 +R e c e n tly , Shapiro and D je r a s s i  p o in te d  out th a t  th e  (ivl-CH^) io n  in

the mass spectrum  o f  6 , 7-dim ethoxycoum arin  cou ld  be r e p r e se n te d  by a

co n ju g a ted  oxonium io n  o n ly  i f  th e m ethyl r a d ic a l  were l o s t  from th e

C-6 m ethoxyl group, and by a p p ro p ria te  deu terium  l a b e l l i n g  th ey  were

a b le  to  prove th e  m ethyl r a d ic a l  i s  in d eed  lo s t  p r e f e r e n t ia l ly  from th e

C-6 m ethoxyl group.

In  th e  l i g h t  o f  a l l  t h i s  ev id e n c e  th e r e  i s  no doubt th a t the  

(M-CH^)+ io n  in  the mass spectrum  o f  k h e l l i n o l  i s  form ed by the lo s s  

o f  a m ethyl r a d ic a l  from the C-8 m ethoxyl group r a th e r  than from th e  

C-2 m ethyl group, and th e  form ation  o f  a co n ju gated  oxonium io n  

e x p la in s  i t s  h ig h  abundance. Weakly abundant io n s  o f  m /e ’ s 218 and 203 

can be a t tr ib u te d  to  th e  e l im in a t io n  o f  carbon monoxide from th e  

m o lecu la r  io n  and th e  (M-CH^)+ r e s p e c t i v e ly .  R e tr o -D ie ls -A ld e r  

d eco m p o sitio n  o f  th e  m o lecu la r  io n  o f  k h e l l i n o l  does not tak e p la c e ;  

how ever, th e (M-CH^)* io n  does c le a v e  by t h i s  mechanism to  g iv e  the  

io n  m/e 191 which su b seq u en tly  e x p e ls  a m olecu le  o f  carbon monoxide 

form ing  th e  io n  o f  mass 163 . M eta sta b le  io n s  o f  m/e 157*9 

( c a lc u la t e d  fo r  2314’-*191+ = 157*9 ) and m/e 139*0 ( c a lc u la t e d  f o r
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191+-* 1 6 3 + = 139*1) s u b s ta n t ia te  th e se  t r a n s i t io n s .

I t  i s  very s u r p r is in g  th a t ,  even  a lth o u g h  i t  can be r e p r e se n te d  

by a co n ju gated  oxonium io n , the (M-CH^)+ io n  in  the mass spectrum  

( F i g .X l lb . )  o f  v is n a g in  (X IX ,F ig .IX ) o n ly  amounts to  1 fo o f  th e  base  

peak i n t e n s i t y .  The fragm ent io n  o f  g r e a te s t  abundance i s  m/e 201 

co rresp o n d in g  to  th e  l o s s  o f  a form yl r a d ic a l  from the m olecu lar io n .

No lo s s  o f  carbon monoxide i s  o b serv ed , but a weakly abundant io n  o f  

m/e 200 correspon d s to  th e  l o s s  o f  form aldehyde from th e  m o lecu lar  io n .  

I t  i s  su g g e ste d , as no (M-C0)+ io n  i s  formed and as a (M-CHgO)"*" io n  i s  

reco rd ed , th a t th e  e lem en ts  o f  th e  form yl r a d ic a l  l o s t  in  th e  form a tio n  

o f  m/e 201 o r ig in a te  from th e  C-5 m ethoxyl group . The d i f f e r e n t  modes 

o f  fra g m en ta tio n  o f  m ethoxyl groups on th e C-5 aJicL C-8 p o s it io n s  o f  a 

furochrom one may be due to  an in t e r a c t io n  betw een th e  C-5 m ethoxyl 

group and the C-4 carb on y l group o f  th e  pyrone r in g '. Thus, i t  i s  

p o s s ib le  th a t  th e  i n i t i a l  s te p  in  th e  fo rm a tio n  o f  m/e 201 in v o lv e s  

t r a n s f e r  o f  a hydrogen atom from th e  m ethoxyl group to th e carb on y l 

fu n c t io n  as shown in  F ig .X .

T ra n sfer  o f  a hydrogen atom from th e  C-5 m ethoxyl group to  th e  

ca rb o n y l group may a ls o  be th e i n i t i a l  s t e p  in  the fo rm a tio n  o f th e  

(M-E^O)* io n  in  th e  mass spectrum  o f  v is n a g in .  A m e ta s ta b le  io n  o f  

m/e 195*4 con firm s th a t  t h i s  l o s s  o f  w ater i s  in d u ced  by e le c t r o n  

im pact (m c a lc u la te d  fo r  2 3 0 + - > 2 1 2 +  = 195*5)* A p la u s ib le  mechanism
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f o r  th e l o s s  o f  w ater i s  shown in  F ig .X l .  The mechanisms su g g e ste d  fo r

th e  lo s s  o f  a m o lecu le  o f w ater and th e  form yl r a d ic a l  in  the mass

spectrum  o f  v is n a g in  would a ls o  account fo r  the d i f f e r e n c e s  in  the mass
9

sp e c tr a  o f th e  iso m e r ic  m ethoxyanthraqu inones. Beynon and W illiam s

found th a t  the mass spectrum  o f  1-m ethoxyanthraquinone co n ta in ed

(M-OH)+ and (M-H20 ) + io n s ,  th e  abundance o f  each b e in g  ap p rox im ately  9%

o f  th e  base peak, w h ile  th e  co rresp o n d in g  peaks in  th e  spectrum  o f

2-m ethoxyanthraquinone were u n d e te c ta b le .  In  a d d it io n ,  th ey  found th a t

th e  l o s s  o f  a form yl r a d ic a l  from th e  m o lecu lar  io n  was more probable

fo r  th e  1-m ethoxy than  fo r  th e  2-m ethoxy compound. However, the f a c t

th a t 2-m ethoxyanthraquinone does have a (M-CHO)+ io n  in  i t s  mass

spectrum  cou ld  mean th a t  th e su g g este d  mechanism i s  not th e  com plete

e x p la n a t io n . One fu r th e r  example o f  m ethoxyl groups fragm en tin g  in  a

d i f f e r e n t  manner depending on t h e ir  p o s i t io n  in  th e  m o lecu le  may be

q u o ted . I t  was found th a t  th e  mass s p e c tr a  o f th o se  fu r o q u in o lin e

a lk a lo id s  which have a C-8 m ethoxyl s u b s t itu e n t  c o n ta in  abundant

(M-CH0)+ io n s ,  w hereas the mass s p e c tr a  o f  th o se  fu r o q u in o lin e  a lk a lo id s

which have m ethoxyl groups s u b s t itu te d  a t o th er  p o s i t io n s  c o n ta in

31(M-CHO) io n s  which are o f  v ery  weak i n t e n s i t y .

The rem ain ing im portant peaks in  th e  mass spectrum  o f  v is n a g in  are

found a t  m asses 184 and 1 60 . The co m p o sitio n  o f  m/e 184 was found to  be

C ,oHo0 o ( c a lc u la t e d  1 8 4 .0 5 2 7 ; found 184*0524)» and a lth o u g h  no m e ta s ta b le  12  8  2



io n  i s  record ed  fo r  i t s  form ation  i t  can be formed by the lo s s  o f  a 

m o lecu le  o f  carbon monoxide from the (M-H^O)4 io n .  A m eta sta b le  io n  a t

m/e 1 2 8 .0  shows th a t  th e  io n  o f  mass 160 i s  d er iv ed  from the (M-CH^O)4

 ̂ + +
io n  (m c a lc u la te d  fo r  200 ^160 = 1 2 8 .0 ) ,  and th a t  m/e 160, th e r e fo r e ,

a r i s e s  from a r e tr o -D ie ls -A ld e r  d eco m p o sitio n  o f  th e  (M-CH^O)4 io n .

The mass spectrum  o f  k h e l lo l  (XX, F ig .IX ) shows th a t i t  c le a v e s  in  

th e  same manner as v is n a g in  under e le c t r o n  bombardment. Thus the  

(M-CHO)4 io n , m/e 217 , i s  th e  most abundant fragm ent io n  in  the  

sp ectru m . Accompanying m/e 217 are io n s  o f  mass 216 and 215 

co rresp o n d in g  to  l o s s e s  o f  form aldehyde and a m ethoxyl group  

r e s p e c t i v e ly .  I t  i s  p o s s ib le ,  how ever, th a t  th e  e lem en ts  o f  

form aldehyde, th e  form yl r a d ic a l  and th e  m ethoxyl group a l l  o r ig in a te  

in  th e  2-hydroxym ethyl group . As th e  same f i s s i o n s  are n oted  in  th e  

mass spectrum  o f  v is n a g in ,  i t  i s  l i k e l y  th a t  fra g m en ta tio n  o f  the

2-hydroxym ethyl group o f  k h e l lo l  p la y s  l i t t l e  or no p art in  the  

fo rm a tio n  o f  th e s e  i o n s .  A d d it io n a l support fo r  t h i s  th eo ry  i s  p rov id ed  

by th e  mass spectrum  o f  k h e l lo l  o b ta in ed  in  the p resen ce  o f  deuterium  

o x id e . When th e  spectrum  o f  k h e l lo l  was record ed  in  th e  p resen ce  o f  

deuterium  o x id e  a m ixtu re o f  n o n -d e u te r ia te d  and m o n o -d eu ter ia ted  s p e c ie s  

was form ed . A n a ly s is  o f  abundances o f  th e  m o lecu la r  io n s  showed th a t

53$ o f  th e  m o lec u le s  were la b e l l e d .  S im i la r i ly  i t  was found th a t 53$
+ + 

o f  th e  (M-CHO) io n s  were la b e l l e d .  T h ere fo re , e i t h e r  th e  (M-CHO) io n  i s
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form ed p r e f e r e n t ia l ly  by lo s s  o f  29 mass u n it s  from th e  m ethoxyl group,

or th a t in  any lo s s  o f  29 mass u n it s  from th e  a lc o h o l fu n c t io n  th ere

i s  com plete r e t e n t io n  o f  th e  a lc o h o l ic  hydrogen atom. I t  has been

shown th a t  th e r e s u l t s  o b ta in ed  f o r  th e (M-CHO)+ io n  in  th e  mass s p e c tr a

o f  v a r io u s  d e u te r ia te d  d e r iv a t iv e s  o f  b en zy l a lc o h o l co u ld  b e s t  be

e x p la in e d  i f  a l l  the hydrogen l o s t  came w ith  eq u a l p r o b a b i l i t y  from th e

32th r e e  hydrogen atoms o f  th e  hydroxym ethyl group. Hence l e s s  than 100$  

r e t e n t io n  o f  th e la b e l  would be ex p ec te d  in  th e  mass spectrum  o f  

d e u te r ia te d  k h e l lo l ,  i f  th e  a lc o h o l group made a s ig n i f i c a n t

c o n tr ib u t io n  to  the (M-CHO)4 io n .  Furtherm ore, a m eta sta b le  io n  a t

/  +  + m/e 119*5 co rresp o n d in g  to  the t r a n s i t i o n  217 —*161 + %

(m c a lc u la t e d  fo r  217+ -?,l 6 l + = H 9 . 4 ) con firm s th a t  th e  (M-CH0)+ io n

can undergo r e t r o -D ie ls - A ld e r  d eco m p o sitio n  o f  th e pyrone r in g ,  thus

a d d i t io n a l ly  d em on stra tin g  th a t  th e  hydroxym ethyl group i s  r e ta in e d  in  ]

m/e 2 1 7 * 1
I

The m olecu lar  io n  o f  k h e l lo l  a ls o  fragm ents by l o s s  o f  a j

m o lecu le  o f  w ater to  form m/e 228 which su b seq u en tly  b reak s down w ith  

l o s s  o f  carbon monoxide to  g iv e  m/e 2 0 0 . M/e 171 i s  formed by the  

l o s s  o f  a form yl r a d ic a l  from m/e 2 0 0 . M eta sta b le  io n s  a t m/e 2 1 1 .2  

( c a lc u la t e d  f o r  246+—̂ 228+ = 211 .3 )>  a t  m/e 175*4 ( c a lc u la t e d  f o r  

229+ ^ 2 0 0 + = 175*4 ) and a t  m/e 1 4 6 .4  ( c a lc u la t e d  fo r  200+-**171+ = 1 4 6 . 2 ) j

con firm  t h i s  d eco m p o sitio n  p a th . L oss o f  a form yl r a d ic a l  i s  a ls o  !
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n oted  from th e  io n  m/e 216 (M-CH^O) (m c a lc u la te d  fo r  2 l6 +-^ 187+ =

1 6 1 .8 ;  ob served  = l 6 l . 9 ) »

A com parison o f  th e  mass spectrum  o f  k h e l l i n o l  w ith  th e  mass 

sp e c tr a  o f  v is n a g in  and k h e l lo l  makes i t  p o s s ib le  to  p r e d ic t  th a t a 

l in e a r  furochromone w ith  m ethoxyl groups a t C-5 and C-8 w i l l  e x h ib it  

two d i s t i n c t  fra g m en ta tio n s  o f  th e  m eth oxylgrou p s, nam ely; ( l )  lo s s  o f  

a m ethyl r a d ic a l  from th e  C-8 m ethoxyl; and (2 ) l o s s  o f  a form yl 

r a d ic a l  from th e  C-5 m ethoxyl group. The mass spectrum  o f  k h e l l in  

(XXIV, F ig .IX ) i s  in  e x c e l le n t  agreem ent w ith  t h i s  p r e d ic t io n .  Thus 

the abundance o f  th e  (M-CH^)+ io n  i s  98$  o f  th e  base peak ( th e  

m o lec u la r  io n ) ,  w h ile  th e  r e l a t iv e  abundance o f  th e  (M-CHO)+ io n  i s  3 8 $ . 

However, in  c o n tr a s t  to  th e  mass s p e c tr a  o f  k h e l lo l  and v is n a g in , th e  

mass spectrum  o f  k h e l l i n  c o n ta in s  an io n  d er iv ed  by th e  lo s s  o f  w ater  

from th e  (M-CH^)+ io n ,  r a th e r  than  from  th e  m o lecu la r  io n .  N e v e r th e le s s ,  

th e  same mechanism th a t  was d e sc r ib e d  fo r  th e  l o s s  o f  w ater from th e  

m o lec u la r  io n s  o f  k h e l lo l  and v is n a g in  can be u sed  to  e x p la in  th e l o s s  

o f  w ater from th e (M-CH^)4 io n  in  th e spectrum  o f  k h e l l i n ,  i f  i t  i s  

a cce p te d  th a t  th e  m ethyl r a d ic a l  i s  l o s t  s o l e l y  from th e  C-8 m ethoxyl 

grou p . O b servation  o f  the a p p ro p r ia te  m eta sta b le  io n s  shows th a t  th e  

rem ain in g  abundant io n s  in  th e  mass spectrum  o f  k h e l l i n  can be d e r iv e d  

by e l im in a t io n s  o f  carbon m onoxide, form yl r a d ic a ls  and m ethyl r a d ic a ls  

from th e (M-CH^)4 and (M-CHO)4 io n s  ( F i g . X l l l ) .
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Trans i t i o n  

2601—>245+ + 15 

260+—>231+ + 29 

23I+-r-216+ + 15 

245+-^217 + 28 

245+-»-216+ + 29 

217+-^202++ 15 

217—*189+ + 28

Observed m*

2 3 1 .0  .

2 0 5 .2

2 0 2 .0

1 9 2 .1

1 9 0 .4

1 8 8 .0

1 6 4 .5

C a lc u la ted  m*

2 3 0 .8

2 0 5 .2

2 0 1 .9

1 9 2 .2

1 9 0 .4

1 8 8 .0

1 6 4 .4
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F u rth er c o n fir m a tio n  o f  th e  b eh a v io u r , under e le c t r o n  im p act, o f  

t h i s  typ e  o f  compound i s  p rov id ed  by th e  mass spectrum  o f  arnmiol 

(X X V ,F ig .IX ) which a ls o  c o n ta in s  abundant (M-CH^)+ and (M-CHO)+ io n s .

I t  i s  p o s s ib le  th a t th e  form yl r a d ic a l  i s  l o s t  from th e  2-hydroxym ethyl 

group . However, th e  arguments used  to  ex c lu d e  t h i s  p o s s i b i l i t y  in  th e  

mass spectrum  o f  k h e l l o l  may be a p p lie d  to  th e mass spectrum  o f  ammiol* 

M eta sta b le  io n s  a t m /e ’ s 2 0 8 .0 , 2 0 6 .1  and 177*5 i n the mass spectrum  

o f  ammio'I show th a t  m/e 255 i s  formed by th e  lo s s  o f  carbon monoxide 

from th e  (M-CH^)* io n  (m c a lc u la te d  fo r  2 6 l+-»-255+ = 2 0 8 .0 ) ,  th a t  

m/e 252 i s  d er iv ed  by th e  lo s s  o f  a form yl r a d ic a l  from the (Jt-CH^)+ io n  

(m c a lc u la te d  fo r  2 6 l+-^ 252+ = 2 0 6 * 2 )  and th a t  m/e 205 i s  d er iv ed  by

i t  *  +  +l o s s  o f  a form yl r a d ic a l  from m/e 252 (m c a lc u la te d  f o r  252 -^205 =

•17 7 .6 ).

In  v iew  o f  th e  mass s p e c tr a l  b eh av iou r  o f  eu g en in  ( i l l , F i g . I l )  and 

r u b r o fu sa r in  ( l V , F i g . I l )  i t  m ight be ex p ec te d  th a t  is o v is n a g in  

( X X II ,F ig .IX ), which has the same o x y g en a tio n  p a tte r n  a s  eu gen in , would 

a ls o  g iv e  th e mass s p e c t r a l  r e a c t io n s  a s s o c ia t e d  w ith  a m -m ethoxyphenol. 

However, th e  mass spectrum  o f  is o v is n a g in  does n ot c o n ta in  a (M-CH^O)"  ̂

io n ,  and th e  (M-CH0)+ io n  i s  w eakly abundant. In a d d it io n ,  no (M-CH^)+ 

io n  i s  d e t e c t a b le ,  even though any such io n  co u ld  be r e p r e se n te d  as  a 

co n ju g a ted  oxonium io n .  In ste a d  i t  i s  found th a t  th e  pyrone fu n c t io n  

d eterm in es th e  co u rse  o f  fra g m en ta tio n  o f  i s o v is n a g in .  Thus io n s  are
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o b served  a t m/e 2 0 2 , m/e 201, m/e 190 and m/e 162 co rresp o n d in g  to  

(M-C0)+ , (M-CH0)+ , (M-C^H )+ and (M -C ^ C O )*  r e s p e c t iv e ly ,  i . e . ,  

i s o v is n a g in  c le a v e s  in  a way t y p ic a l  o f  a sim p le  chrom one. M eta sta b le  

io n s  a t m/e 173*0 , m/e 1 6 0 .1  and m/ e 133*5 co rresp o n d in g  to  th e

t r a n s i t io n s

202+-* 1 8 7 + + 15 (m* c a lc u la te d  = 1 7 3 .1 )

190+-^ 175+ + 15 (m* c a lc u la t e d  = 1 6 0 . l )

162+ -^147+ + 15 ( m c a lc u la te d  = 133*3)

show

th a t  carbon-oxygen  bond f i s s i o n  w ith  l o s s  o f  a m ethyl r a d ic a l  does tak e  

p la c e  from s e v e r a l  fragm ent io n s .

O o n c lu sio n s .

P re v io u s  in v e s t ig a t io n s  had e s t a b l is h e d  th a t  a l i k e l y  d i s s o c ia t io n ,  

induced  by e le c t r o n  im p act, o f  compounds c o n ta in in g  a ^-pyrone r in g  i s  

d eco m p o sitio n  o f  th e  m o lecu lar  io n  by a r e t r o -D ie ls -A ld e r  r e a c t io n .  I t  

i s ,  th e r e fo r e ,  a r ea so n a b le  assum ption  th a t  such a r e a c t io n  would be a 

prom inent fe a tu r e  o f  th e  mass s p e c tr a  o f  chrom ones. Some support fo r  

t h i s  assum ption  i s  found in  the mass spectrum  o f  chromone, th e  parent  

compound o f  th e  c l a s s ,  which does c o n ta in  an abundant io n  formed by 

t h i s  m eans. However, th e  r e s u l t s  o b ta in ed  in  th e  p r e se n t stud y  show 

th a t  r e t r o -D ie ls - A ld e r  c lea v a g e  o f t e n  ta k e s  p la c e  from a fragm ent io n ,  

r a th e r  than  from th e  m olecu lar  io n ,  thus in d ic a t in g  th e  u n favou rab le
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n a tu re  o f  th e  p r o c e s s .  Indeed , i t  was found th a t  no such  d eco m p o sitio n s  

were e v id e n t in  th e  mass s p e c tr a  o f  s e v e r a l  o f  th e  more h ig h ly  

s u b s t i t u t e d  compounds exam ined. I t  i s  l i k e l y ,  t h e r e f o r e ,  th a t i t  w i l l  

not a lw ays be p o s s ib le  to d is t in g u is h  a chromone from an iso m e r ic  

coum arin s o l e l y  on th e b a s is  o f  t h e ir  mass s p e c tr a .

The mass sp e c tr a  o f  l in e a r  furochrom ones were found to  be 

p a r t ic u la r ly  s e n s i t i v e  to  th e  p o s i t io n  o f  m ethoxyl s u b s t i t u e n t s .  Thus, 

th e  r e s u l t s  o b ta in ed  show th a t  a m ethoxyl group on th e  C-8  p o s it io n  

fragm ents by e l im in a t io n  o f  a m ethyl r a d ic a l ,  w hereas a m ethoxyl group  

on the C-5 p o s i t io n  c le a v e s  w ith  lo s s  o f  a form yl r a d ic a l .  This 

d if f e r e n c e  in  b eh av iou r may be e x p la in e d  by an in t e r a c t io n  betw een the  

C-5 m ethoxyl and th e C-4 carb on y l g ro u p s .
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EXPERIMENTAL.

The mass s p e c t r a  were determined w ith  an A . E . I .  Ltd.  M.S .9 

mass s p e c tro m eter  u s i n g  a d i r e c t  i n l e t  s y s tem .  The i o n i z i n g  v o l t a g e  

was 70eV and the source temperature was mainta ined a t  200°C.

The mass s p e c t r a  are ta b u la te d  o v e r l e a f .



M/e

26

27

28

29

32

37

38

39

41

42

43

44

45

49

50

51

53

59

61

62

Mass Spectrum  o f  Chromone*

°/o Abund. M/e % Abund.

3 .9 63 25 .8

1 . 1 64 20 .3

16 .6 65 1 . 1

1 . 9 69 3 .7

2 .6 73 1 .8

3-7 74 8 . 1

9-2 75 5.7

7*4 76 4 . 2

0 . 9 77 1.7

1 . 5 89 10 .5

0 .9 90 12 .9

9 . 6 91 1 .3

5-5 92 4 4 .3

1 .3 93 2.6

15 .3 118 52.6

5 .5 119 5 .5

5 .9 120 27 .3

5 .5 121 1 .7

3 . 7 146 1 0 0 .0  M

8 . 6 147 9 . 4



M/e

26

27

28

32

37

38

39

40

41

42

43

44

50

51

52

53

61

62

63

64

65

Mass Spectrum  o f  2-M ethylch.romone.

Abund. M/e fo  Abund,

1 . 0 66 8 . 5

2 . 2 67 11 .7

1 4 .2 69 1 . 5

4 . 2 89 1 .3

2 . 1 91 1 .0

8 . 4 92 3 8 . 5

16 .7 93 2 .5

1 . 2 94 8 . 2

1 . 0 101 1 . 0

1 . 0 102 2 . 5

6 . 7 103 1 .7

1 5 . 1 120 51 .8

8 . 4 121 6 . 9

9 . 7 131 2 3 . 4

1 .7 132 2 6 ,1

2 .8 133 2 . 2

1 . 3 160 10 0 .0  M

5 . 0 161 11 .7

1 8 .1  

16.7

4 . 9



Mass Spectrum  o f  2-M e th y l-5. 7-dih.ydroxychrom one,

M/e fo  Abund

36 2 . 1

37 1 . 4

38 3 .7

39 14-0

40 2 . 3

41 4 . 4

42 4 . 2

43 1 4 . 0

44 1 .6

50 5 .8

51 5.6

52 1 .9

53 4 . 4

54 1 . 4

55 4 . 7

56 1 . 2

57 2 .3

' 59 1*6

60 1 . 4

62 1 .9

63 2 . 3

M/e fo  Abund

65 1-9

66 2 .1

67 4 . 2

68 1 .1

69 19.8

70 0 . 9

73 1 .9

74 1 . 4

75 0 .9

76 0 .9

77 2 .3

78 2.6

79 2 . 1

80 0.9

81 0 .9

82 4 . 0

83 0 . 9

95 1 .6

96 7 . 0

108 1 . 2

111 2 .6

M/e fo  Abund.

121 2 . 1

122 0 . 9

123 4 . 7

124 1 4 . 0

125 0 .9

135 2 .3

vo1—1 2 . 1

COHI 1 .9

149 0 .9

150 0 .9

152 1 4 .0

153 2 .3

159 0 .9

lbO 1 . 2

16 3 11 .6

I 64 1 6 .0

16 5 1 . 4

191 1 .9

192 10 0 .0  M

193 11 .6



M/e

39

40

41

42

43

44

50

51

52

53

54

55

57

59

62

63

64

65

66

67

68

Mass Spectrum o f  2-M eth.yl-5-h^drox.y-7-fflethox.ychromone«

°/o Abund. M/e f  Abund.

15 .3 69 16 .1

9 . 5 71 1 .3

5 .8 74 2 .8

1 . 5 75 1 .6

1 6 .1 77 4 . 1

1 1 .1 78 2 .6

4 . 5 79 6 . 3

9 . 1 80 1 .5

2 .9 81 2.3

5 .8 83 1 .5

1 .9 85 3 . 2

3 .7 89 2 .6

2.9 90 1 .5

1 . 5 91 6 . 3

4 . 2 92 3 . 1

3 .9 93 1 .6

2 . 2 95 10 .1

2 . 5 97 1 . 5

2 . 9 103 1 . 5

5 .8 105 2 . 0

1 . 5 106 1 .5

Abund• M/e a/o  Abund.

3*4 163 14 .6

4 . 4 I 64 1 .5

1 .5 166 1 .8

3.9 175 1 .0

0 . 9 176 2 5 .O

1 .3 177 3 9 .7

1-5 178 8 .8

1 .3 179 1 . 0

9 . 5 191 1 .2

1 .0 205 14 .6

1 .3 206 1 0 0 .0  M

4 .8 207 12 .4

2 . 5 208 1 .3

3 . 4

5-7

1 .2

14 .6

"5.8

0 .9

1 .0

0 .9

M/e

107

108

109

110

111

119

121

122

123

124

134

135

136

137

138

147

148

149

150

161

162



Mass Spectrum

M/e io  Abund. M/e io  Abund

39 3 . 1 79 1 .2

41 2 .3 86 1 .6

43 4-9 87 2 . 1

44 2 .5 88 1 .2

45 1 . 0 89 1 .9

50 1 . 4 90 1 .0

51 2 . 1 91 1 .4

53 1 . 4 92 1 . 4

55 1 .9 95 1 . 0

57 1 .6 97 1 .0

60 1 . 0 98 1 .0

62 1 . 2 99 1 .2

63 2 . 7 100 1 . 0

64 1 . 0 1 00 .5 2 . 1

65 1 .2 101 1 .4

67 2 . 1 102 1 .2

69 2 .7 105 1 . 4

73 1 . 4 107 2 . 5

74 1 .6 115 2 .1

75 2 .3 116 1 . 0

76 1 .9 119 1 .2

77 2 . 5 121 2 . 5

78 1 . 0 122 3-3

o f R u b ro fu sa r in .

M/e i  Abund. i l / e io  Abund.

131 1 .0 187 1 . 0

132 1 .2 189 4 . 1

133 1 .9 190 1 . 0

136 4 . 5 200 2 .7

145 1 .0 201 3 .3

146 1 .0 202 1 .2

147 3 .7 203 1 . 4

148 1 .2 213 3 .3

149 1 .0 214 2 .9

156 1 .0 215 1 .9

157 1 .0 216 2 . 1

158 1 . 0 217 1 .0

159 1 . 0 228 1 .2

160 1 .2 229 12 .7

161 1 .0 230 2 . 1

171 3 .1 231 1 . 0

172 1 .6 242 12 .3

173 1 .9 243 31 .5

174 1 .0 244 4 . 9

175 2 .3 271 3 .7

176 3 .3 272 1 0 0 .0  M

177 1 .2 273 17-5

185 1 .0 274 2 .3



M/e

39

40

41

42

43

44

50

51

52

53

54

55

56

57

60

61

6'2

63

64

6 5

66

67

68

Mass Spectrum  o f  2-M eth.yl-5-fr.yd.roxy-7-allyloxychyoiiione»

> Abund. M/e °/o Abund. M/ e /  Abund. M/e cJo Abund. M/e °/o Abund.
4 4 .8 69 4 0 .9 96 2 .1 133 4 . 5 178 5 .4

9 . 1 70 1 .5 97 1 .5 134 2 . 1 185 1 .5

100 .0 71 1 . 5 102 2 .1 135 4 .2 186 1.8

4 . 5 74 2 .1 103 1 .8 136 3 .9 187 2 .1

5 1 .5 75 2 .7 105 7 .0 137 2 .1 188 1-5

9 . 1 76 1 .8 106 18 .2 145 ; . 5 189 25 .8

8 .8 77 9 -1 107 10 .6 146 1 .5 190 9 . 4

18 .5 78 10 .6 108 4 . 5 147 4 .8 191 8 . 5

5 .2 79 17.6 109 148 1 1 .5 192 32 .4

1 1 .5 80 2 . 1 110 1 .2 149 5 .2 193 3 . 3

4 . 5 81 3 . 0 111 1 .8 150 6 . 4 203 23 .9

10 .9 82 1 . 5 115 2 . 4 151 3 .6 204 52 .1

1 . 5 83 1 .8 117 1 .2 152 2 . 4 205 17 .9

3 . 0 85 2 0 .9 118 2 . 4 161 18 .2 206 8 . 5

0 . 9 86 1 .2 119 3 . 3 162 6 . 1 214 1-5

1 . 2 87 1 .8 120 3 . 0 165 4 6 .7 215 9-1

7 .6 89 2 . 4 121 3 .6 16 4 12 .1 216 2 .1

9 . 1 90 3 . 0 122 2 1 .2 I 65 2 .1 217 8 0 . 0

3 . 0 91 9 . 1 123 44 .8 173 1 .2 218 9 .7

6 . 4 92 3 . 3 124 8 .8 174 1 . 5 2219 1 . 5

8 . 5 93 6 . 1 150 1 .2 175 1 4 .5 231 18 .2

13 .3 94 1 .8 131 1 .2 176 13 .6 252 78 .8  M

3 . 0 95 6 . 7 132 1 . 2 177 45 .5 233 9 . 1
0\A 1 . 9



M/e

39

40

41

43

44

50

51

52

53

55

63

64

65

67

69

77

78

79

81

85

87

Mass Spectrum  o f  P eu cen in .

Abund. M/e fo  Abund

6 . 8 89 1 .1

1 .3 91 2 .4

6 . 3 92 1 .1

8 . 4 93 4 . 1

1 .1 95 2.6

2 . 1 102 1 .5

3 . 4 103 1 .6

1 .3 105 1 .3

2 .8 107 1 .1

6 . 5 115 7 . 8

1 .9 120 1 . 1

1 . 0 121 1 .3

2.9 122 2 .4

4-9 123 6 .3

1 0 .2 124 1 .1

3 . 7 137 1.6

1 . 1 147 1 .0

2 . 1 148 1 .0

1 .6 149 1 .6

3 .6 151 2 . 1

1 . 0 161 1 . 5

io  Abund. M/e io  Abund.
0•1—1 231 5-0

3 . 1 241 4 . 5

1 .0 242 1 .1

1.9 243 8 . 4

3 .6 244 2 .3

2 .9 245 25 .3

7 . 9 246 4 . 2

1 .9 258 1 .3

2 .6 259 4 . 2

2 . 1 260 4 1 .6  M

2 .4 261 7 . 9

100 .0 262 1 . 0

13.6

1*6

1.6

8 2 .2

7 .9

3 .6

2 . 4

2. 6

2 . 4

M/e

I 64

165

175

176

177

189

192

1.93

201

203

204

205

206

207

216

217

218

219

227

229

230



M/e

39

40

41

42

43

44

50

51

52

53

54

55

56

57

58

63

64

65

66

67

68

69

70

Mass Spectrum  o f  A llo p e u ce n in .

Abund. M/e Z Abund. M/e Z Abund. M/e Z Abund

1 2 .1 71 1.6 115 3 . 5 193 1 .1

3 . 0 75 1 .1 116 1 .1 201 1 .1

1 3 .4 77 4 . 4 119 1 .1 203 1.6

2 .2 78 1.9 120 1 .1 204 3 .0

1912 79 3*6 121 1.6 205 10 0 .0

9 .6 80 1 .6 122 1.6 206 17 .3

2 . 2 81 2 .7 123 5.8 207 2 .5

4 . 4 83 1.6 124 1 .1 217 29 .3

2 . 2 85 2 . 5 133 1 .1 218 5 .5

5 . 2 89 1 . 1 135 1 .1 219 2 . 2

1 . 1 91 6 . 0 136 1.6 227 0 .8

1 1 .0 92 2 . 2 137 1.6 229 0 .8

3 . 0 93 3 .8 147 1 . 4 230 0.8

3 . 0 94 1 . 1 148 1 . 4 231 3 . 0

3 . 5 95 2 . 5 149 1 .6 241 1.6

3 .3 96 1 . 1 151 1 .9 243 3 .6

2 . 2 99 1 .4 165 2 .7 244 1 .1

3 . 8 101 1-4 173 1 . 4 245 12 .9

1 .9 103 1 . 4 175 2 .5 246 2 .5

5-5 105 2 .2 176 5 .8 259 1.6

2 . 5 107 1 .6 177 2 . 5 260 3 1 .2  M

1 1 .2 108 1 .6 189 1.6 261 6 .6

1 . 1 109 1*9 192 3 .0 262 1 . 1



M/e

39

40

41

42

43

44

45

50

51

52

53

54

55

56

57

62

63

64

65

66

67

68

.Mass Spectrum  o f .Iso p eu cen in .

Z Abund. M/e i  Abund. M/e °/o Abund. M/e Z Abund. M/e Z Abund

14-4 69 11.3 99 4 .3 136 1 .2 207 3 . 4

4 . 1 71 1 . 4 100 1 . 0 137 1 . 4 217 37 .7

16 .1 73 1 . 2 101 1 . 4 147 1 . 4 218 9 .6

2 . 4 74 1 .2 102 1 .4 148 3 .6 219 2 .4

14 .9 75 1 . 4 103 1 .9 149 1 .7 227 1 .0

14 .9 76 1 .2 104 1 .0 151 1 .9 229 1 . 0

1 .7 77 5 .5 105 2 . 4 161 1 . 4 230 1 .0

2 .6 78 2 .6 106 1 .2 163 1 .2 231 3 . 4

6 . 5 79 4 -3 107 2 .2  ^ 16 5 2 .6 232 1 . 0

3 . 1 80 1.9 108 2 . 4 173 4 .6 241 2 .2

6 . 0 81 2 .6 109 1 .9 175 3 . 1 243 4 .8

1 .7 83 1 .7 115 5 .3 176 9 . 1 244 1 .7

1 2 .5 85 3 .6 116 1 .2 177 3 .6 245 1 2 .5

4 . 3 86 1 . 4 119 1 . 4 189 1 .7 246 3 . 4

2 . 4 87 1 .2 120 1 . 4 192 I 5 .8 259 2 . 4

1 .2 89 2 . 2 121 1 .9 193 3 1 .9 260 3 2 .1  M

4 . 1 90 1 .2 122 2 . 4 201 1 .9 261 14 .4

2 . 4 91 13 .9 123 5-5 202 4 . 1 262 2 .2

5 .8 92 4 . 1 124 1 . 2 205 4 . 8

2 .9 93 5.3 130 1 . 0 204 2 5 .4

6 . 5 94 1 . 4 133 1 .7 205 100 .0

1 .$ 95 2 .6 135 1 .2 206 23 .0



M/e

39

41

43

44

51

53

55

57

65

67

69

77

79

81

83

85

91

92

95

97

Mass Spectrum  o f D ih.ydropeucenin

fo  Abund. M/e fo  Abund. M/ e c/o  Abund.

3 -0 103 0 .8 229 1 .1

5-4 105 0 .8 233 0 .8

3 . 3 109 1 . 0 245 1 .2

1 .9 123 9 . 1 247 1 .7

1 . 2 124 0 .8 262 1 6 . 0  M

1 . 1 137 2 .1 263 2 .3

6 . 8 151 2 .7

1 .9 165 4 . 4

1 . 2 176 1 . 0

1 .9 177 3 .1

6 . 6 178 0 . 9

1 .6 192 2 .1

1 . 1 193 1 .3

1 .6 205 74 .3

1 . 1 206 100

1 .6 207 12 .7

1 . 4 208 1 .6

1 .6 217 3 .3

1 . 4 219 14 .3

0 . 9 220 1 .9

e rfo Abund•



M/e

39

40

41

42

43

44

50

51

52

53

54

55

56

57

58

60

63

664

65

66

67

Mas s Spectrum o f  Dihydropeucenin->7-methyl e t h e r .

Abund. M/e fo  Abund. M/e i  Abund. M/e a/o  Abund. M/e i  Abund

9 . 3 68 1-5 93 2 .6 135 1 .8 202 5 .9
2 .8 69 6 .6 94 1 .2 136 1 .1 203 3 . 0

1 5 .2 70 2 .5 95 5 .3 137 1 . 4 204 2*5
3 . 5 71 4 . 4 96 1.6 145 1 .3 205 3 .4

14 .1 73 1 .8 97 4 -1 147 1 .3 206 2 .3
5 . 1 74 1 .1 101 1 .9 148 3 .6 207 1 .2
1 .8 75 2 . 5 103 1 .2 149 8 . 0 216 1 . 4

4 . 5 76 1 .3 105 2 .6 150 1 .8 217 6 .8
2 . 2 77 5 .3 107 1 .8  - 151 1 .1 218 1 .8

3 .8 78 1 .6 108 1 .6 I 56 1 . 5 219 86 .7

1 .5 79 3 .3 109 3 . 0 161 2 .9 220 :100.0
9 . 6 80 1.6 110 1 .8 163 1 .7 221 13-2

4 . 5 81 6 . 1 111 2 . 5 175 1 .6 222 1 .6

9 - 4 82 2 . 0 115 2 . 0 176 3 .8 231 2 . 2

4 . 2 83 4 . 3 117 1 .1 177 2 . 2 23 i z 15 .1

1 . 5 84 1 .3 119 1 . 5 178 0 . 8 23^ 2 .1

2 . 0 85 2 . 8 121 9 . 1 179 1 . 5 243 1.3
1 . 2 86 11.7 122 1 .8 189 2 2 .4 245 1 .9
3 . 6 89 1 .8 125 2 . 5 190 8 . 1 261 1 .8

1 . 2 91 4 . 5 125 1 .6 191 6 . 1 276 2 1 . 0  M
4 . 8 92 1 .6 133 1 . 5 192 0 .9 277 3 . 8



Mass Spectrum  o f D ih y d ro h e te ro p eu cen in .

M/e c/o  Abund

39 2*9

41 2*9

43 2*9

51 1 . 2

53 1 .3

55 2 .1

63 0 . 8

65 1 . 3

67 1 . 2

69 4 . 2

77 1 . 1

79 1 .3

81 1 . 1

93 1 .1

99 0 . 9

123 0 .9

136 0 . 9

137 1 . 4

165 15 .8

166 1 . 2

176 0 . 6

M/e yo Abund

177 1 .5

191 0 .7

192 2 . 0

205 100

206 1 2 .4

233 0 .6

262 I 7 .5  M

263 2 .8

M/e /  Abund*



M/e

39

41

43

51

52

53

55

63

64

65

67

69

77

79

80

85

91

93

105

107

108

Mass Spectrum  o f  D ih .ydroheteropeacen in -7 -n ie th .y l e th e r .

c/o  Abund. M/e /  Abund. M/e /  Abund. M/e /  Abund •

3*5 121 4 . 4

4 -3  136 1 .9

4*2 149 4 . 3

1*8 161 1 .1

1*2 176 2 .9

1-2  177 1 .1

1-5  179 2 .8

1*1 189 8 . 2

0 . 8  190 1 .2

2*4 206 1 .5

1-6 217 0 .8

3 . 9  219 100

1*9 220 13 .8

1 .6  221 1 .6

0 . 8  261 0 .2

1 . 0  276 22 .3  M

1 . 3  277 3 .8

1 .7

0 . 8

0-9

1 . 4



M/e

36

37

38

39

40

41

42

43

44

50

51

52

53

54

55

56

57

59

60

61

62

63

64

Mass Spectrum  o f  2-M ethyl-5-m ethoxy-6~form .yl-7-h.ydrox.ychrom one.

> Abund. M/e /  Abund. M/e y'o Abund. M/e °/o Abund. M/e io  Abund.

2 .8 65 5 .2 102 1 . 4 135 2 . 0 187 1.6

3 . 2 66 5 .8 103 7 .6 136 14 .2 188 6 . 2

6 . 4 67 11.6 104 2 . 0 137 3 .6 189 1 0 .4

2 1 . 0 68 1 .4 105 2 .8 145 4 . 4 190 2 .8

2 .2 69 3 8 . 0 106 1 .4 146 1 .8 191 3 . 2

4 .6 70 1 .6 107 2 . 0 147 9 . 4 192

0.GO

3 . 8 74 4 . 0 108 1 0 .4 148 2 4 .4 193 1 .6

2 8 .4 75 2 .6 109 1 .8 149 4 . 6 203 1 4 .0

8 . 0 76 2 . 4 110 1 .6 150 1 . 4 204 3 . 4

8 . 4 77 7 .8 111 1*4 151 2 . 4 205 5 0 .4

1 2 .0 78 3 . 4 117 1 .4 152 1 . 4 206 100 .0

6 . 0 79 5 . 0 118 1 . 0 159 2 . 4  . 207 14 .2

11 .6 80 5 .6 119 2 .6 160 3 9 .0 208 2 . 0

2 .6 81 1 .8 120 3 .6 161 6 . 0 215 1 . 2

6 . 6 85 4 . 0 121 2 . 4 162 1 .8 216 8 . 6

1 . 0 89 2 . 4 122 1 . 4 163 3 . 4 217 8 . 0

2 . 4 90 2 .6 123 6 . 2 I 64 2 . 0 218 1 . 8

2 . 4 91 5.6 124 1 .8 I 65 1 .8 219 13 .6

1 .6 92 3 . 6 125 2 .6 175 4 . 6 220 1 . 8

2 . 8 93 5 . 2 131 2 . 4 176 13.6 233 1 0 .0

6 . 8 94 2 .8 132 4 . 2 177 29 .2 234 24 .O M

1 0 .0 95 6 . 8 133 2 . 8 178 3*4 235 3 . 2

3 . 6 96 1 .0 134 2 . 0 179 1 .6



M/e

39

40

41

42

43

44

50

51

52

53

54

55

62

63

64

65

66

67

68

69

74

Mags Spectrum  o f  2 -M eth y l-3 -ace ty l-5 «  7-dihydro:xychroinone.

°/o Abund. M/e io  Abund. M/e i  Abund. M/e io  Abund

19-3 75 1 .2 137 1.9 218 0.9

1 .8 77 2.8 152 16 .1 219 100 .0

5 .3 78 2 .6 153 77-9 220 11 .2
4 . 0 79 2.6 154 6 . 1 221 1 . 2

4 9 . 0 83 1 .2 155 0 .9 233 3 .7
3 . 0 89 1 .2 160 1 .1 234 8 6 .1  M

5-3 91 1 .4 163 4 .9 235 1 1 .4
7 . 5 93 1.2 I64 1.9 236 1 .2

1 .8 95 1.6 177 2.3

5-1 96 5*3 178 0 . 9

1 . 4 97 1 .1 187 0 .9

6 . 5 103 1 .8 188 5.6

2 .3 107 5-9 189 1 .2

4 . 0 108 1 .8 191 1 .9

1 . 2 109 1.8 192 13.1

3 . 5 111 2 .6 193 1 .2

49*0 116 2 .8 205 3 . 5

3 . 3 123 4 . 2 206 1 . 4

2 7 . 0 124 9*6 215 1 .2

1 . 1 125 1 .2 216 26 .3

1 . 2 136 1.8 217 5 .1



M/e

36

38

39

40

41

42

43

44

50

51

52

53

54

55

60

62

63

64

65

66

67

68

—Spectrum  of 2-Methyl-5-acet.yl-5-h.ydroxy-7-acetox;y~chrom one.

io  Abund* M/e Abund. M/e °/o Abund. M/e i  Abund

1 .9 69 14.7 134 1 .1 217 9 . 2

1 . 5 74 1 .1 135 1.3 218 1 .3

9*6 75 1.1 136 1 .3 219 100 .0

1 . 1 76 0 .8 145 0 . 8 220 12 .8

3 . 0 77 1.9 147 0 .8 221 1 .5

8*9 78 1 .9 148 1 .1 233 4 . 5

8 7 .6 79 1.9 149 0 . 8 234 57.6

8*5 83 1 .9 152 6 .8 235 6 .8

2 .8 85 1 .5 153 3 2 .1 276 4 6 . 4  M

4 . 5 89 1 .1 154 2 .1 277 6 . 6

1 .3 90 0 .8 160 1 .1

2 . 3 91 1.3 162 0 . 8

0 .8 92 0.8 163 3 .2

3 . 0 93 0 .8 164 1 .1

1 . 7 95 1 .3 1 8 7 ? 0 . 8

1 . 7 96 2 . 1 188 5 2 .8

3 . 0 108 1 .1 191 1 .3

0 . 8 109 1 .1 192 10.9

1 . 7 110 0 .8 193 1 .3

2 .6 111 1 .1 205 4 .7

2 9 . 4 123 6 . 8 206 4 .7

1 . 5 124 6 . 2 216 46 .8



M/e

38

39

41

43

44

50

51

52

53

62

63

64

65

66

67

69

74

75

76

77

79

Mass Spectrum o f 5-Norvi snagin .

Abund. M/e io  Abund. M/e i  Abund

1 . 1 80 1 .0 188 1.8

2 .9 91 1 .1 216 100 .0  M

1 .0 92 3-3 217 13 .0

3*3 103 1.2 218 1 .5

1 .6 108 4*1

2 .3 119 1 .0

4 . 4 120 9 .6

1 .0 121 1 .0

1 .8 131 1 .5

1 . 2 132 2.9

2 .9 135 3 .3

1 . 8 145 1 . 0

1 . 0 147 1 .0

1 . 0 148 7 . 1

1 . 2 149 1 .1

2 .7 159 1 .1

1 . 8 160 6 .8

1 . 9 161 1 . 0

1 . 2 176 21 .6

1 . 8 177 4 . 2

2 . 2 187 7 .5



M/e

38

39

41

42

43

44

50

51

52

53

55

60

62

63

64

65

66

67

69

74

75

Mass Spectrum o f  N o riso v isn ag in .

io  Abund* M/e io  Abund. M/e i  Abund

1 .6 76 1.7 145 2 . 0

4*6 77 3.7 147 1 .1

i—1 •(—1 78 2.3 148 14-5

0*9 79 13.4 149 1.9

6 . 2 86 1 .1 150 0.9

2-5 87 1 .1 159 0.9

2 .5 89 1 .1 160 1 .1

3 .5 91 1 .1 17 6 62 .8

1 .7 92 3.7 177 10.0

2*5 93 0.9 178 1 .1

0*9 94 4-9 187 19.2

0 .9 102 0.9 188 2 0 .0

1 .9 103 1 .2 189 2.3

5-2 119 1.7 216 100.0 M

2.3 120 12.3 217 13 .8

1 .5 121 1.4 218 1.7

1-5 131 1.4

1 .7 132 1 .2

7 .8 134 2 .5

3 .4 135 12 .0

4 . 0 1 136 0.9



M/e

37

38

41

43

44

50

51

52

62

63

66

67

69

75

77

79

91

94

96

107

119

Mass Spectrum o f K h e ll in o l .

a/o  Abund. M/e i  Abund.

1 . 2 123 1 .2

4 . 1 163 18 .2

0 .9 I 64 1*5

2 . 4 175 0 .9

2 . 2 176 1.1

1 .1 177 0 .9

1 . 7 187 0 .9

1 . 2 191 8 .8

0 .9 192 1 .1

1 . 2 202 0 .9

1 . 4 203 1 .1

3 . 0 205 1 .2

2 . 3 217 1 . 4

0 -9 221 1 .2

1 .2 230 1 . 4

1 . 4 231 100 .0

1 . 1 232 13 .3

0 .9 233 1 .7

3 . 2 246 37 .9  M

1 .1

1 . 1

247 5 .8

%  Abund.



M/e

37

38

39

40

41

42

43

44

50

51

52

53

55

56

57

58

61

62

63

64

65

66

67

Mass Spectrum o f V isn ag in .

fo  Abund. M/ e io  Abund. M/e io  Abund. M/e io  Abund. M/e i  Abund

1 .8 68 1 .1 103

1—1 •N~\ 146 1 .1 202 1 1 .4

3 .6 69 6 . 7 104 4 . 2 147 8 .2 203 1.6

12 .7 72 2 . 5 105 1.7 148 1 .1 212 2 . 5

2 . 2 73 1.6 107 2 .2 149 1 .1 213 6*9

2 .7 74 7 .8 115 11.6 155 1 .1 214 1 .3

1 . 5 75 10 .0 116 3 .1 156 1 .1 215 1 .1

2 5 . 2 76 7 .6 117 2 .2 159 2 . 0 216 2 .5

7 . 6 77 5.3 118 1 .1 160 33-4 219 1 .8

9 . 1 78 2 . 0 119 4 .9 161 7 .1 227 3 . 1

2 1 .8 79 4 . 7 120 1 .1 162 1.6 228 1 .1

2 . 4 80 1 .8 127 1.1 171 4 .7 229 26 .7

5 .6 85 1 .8 128 2 .9 172 3.3 230 1 00 .0  M

1 . 8 86 3 .1 129 1.3 173 2 .2 231 14 .3

1 . 1 87 6 .9 130 1.3 174 2 .0 232 1 .8

1 . 8 88 2 .2 131 2 .0 175 2 . 5

1 .6 89 3 .3 132 12 .0 176 1 .3

1 . 8 90 1 .3 133 6»9 184 47 .9

6 . 7 91 2 .2 134 2 .9 185 6 .9

9. *4 92 1 .1 135 1 .6 186 2 .2

1 .8 93 1 .1 136 1 .1 187 3 .3

2 . 0 100 4 . 4 143 1 .1 196 1 .3

1 .8 101 2 . 2 144 2 .2 200 6 . 0

8 .9 102 2 .7 145 4 . 4 201 8 0 . 0



M/e

37

38

41

43

50

51

55

57

61

62

63

64

65

66

67

69

73

74

75

76

77

80

81

_Mass Spectrum o f  K h e llo l .

<fo Abund. M/e a!o Abund. M/e io  Abund. M/e io  Abund. M/e io  Abund

1 .8 83 3 .8 123 3 .2 173 3 .2 229 4 . 1

2 .8 86 2 . 5 129 3 .2 174 1 .3 230 1 .8

1 . 5 87 5-3 130 1.8 175 2.3 231 1 .0

1 . 8 88 2 .7 131 6 . 0 176 1 .8 232 1 .0

1 .8 89 3 .8 132 11.3 185 1.3 243 1.3

3-3 90 1 .7 133 5.0 186 3.3 244 5 .0

5*5 91 4 . 2 134 3 .8 187 14.6 245 25 .3

1 .2 92 1-3 135 1.7 188 2 .5 246 100 .0  M

1 . 7 93 1.3 142 1.3 189 3 .3 247 14 .8

1 . 8 100 1 .7 143 3 . 0 190 1 .7 248 1 .8

2 . 6 101 3-3 144 4 . 0 191 2 .5

1 .0 102 2 .8 145 4 . 5 198 2 .3

2 . 0 103 4 . 0 146 1 .5 199 2.6

1 .7 104 3-2 147 11 .6 200 20 .3

1 .3 105 2 .2 148 1 .3 201 5 . 0

5 .8 107 1 .8 150 1 .2 202 2 . 5

1 . 8 108 1.3 159 6 . 2 211 1 .3

2 . 2 109 1 .2 160 17 .8 215 6 . 8

3 . 1 115 6 . 7 161 1 0 .0 216 5 .8

2 . 4 116 6*5 162 1 .8 217 58.4

2 . 0 117 2 .3 170 1 .8 218 9 . 3

1 .5 118 2 . 0 171 23.3 219 1 .3

1 .2 119 4 . 8 172 3 .3 228 4 . 0



Mass Spectrum o f  K h a l i  i n .

M'/e <fo Abund. M/e io  Abund. M/e io  Abund. M/e io  Abund. M/e i  Abund

37 1 .5 75 4 . 2 106 3 .5 151 1 .2 206 0 . 9

38 4-9 76 2 .3 109 2 .4 152 2.7 214 3 .3

39 8 . 2 77 9 . 1 115 1 .7 159 1.7 215 6 .4

40 2 ,2 78 4 . 7 116 1 .4 160 2 . 0 216 77 .7

41 1 .1 79 2.7 117 1 .5 161 3 .9 217 44 .8

43 8 .3 80 1 .1 118 3 .8 162 3 .8 218 6 . 1

44 2 .7 81 4 . 2 119 5.9 163 1 .8 219 1 .1

50 3 . 2 83 2 .3 120 1.4 171 1.2 227 7 .9

51 5-5 86 1 .5 121 2 .7 173 3.3 228 2 .1

52 1 .8 87 3 . 2 122 1.7 174 2.6 229 1.2

53 3 . 5 88 1 .2 123 1.5 175 12.9 230 2.9

55 1 .5 89 3 .2 130 5.5 176 1 .8 231 37-9

61 2 .3 90 4 . 9 131 1 .7 177 24 .1 232 6 . 1

62 4 . 7 91 4*1 132 1 .2 178 2 .4 233 1 .1

63 5.2 92 4 . 1 133 2 .4 187 2 . 1 243 2 .1

64 1 . 2 93 2 .9 134 5.8 188 1.1 244 2 .1

65 3 . 0 94 7 . 0 143 2 .1 189 27 .3 245 97-0

66 9 . 1 95 4 . 6 145 1 .8 190 4 . 2 246 14 .4

67 6 . 1 101 3 .3 146 1.7 191 1.7 247 2 . 0

68 2 .0 102 3-2 147 13.6 201 3 .1 259 4 . 5

69 2 .3 103 1.7 148 1.7 202 7 .3 260 10 0 .0  M

73 1 . 8 104 1 .2 149 3 . 5 203 1.7 261 15 .8

74 3 . 5 105 1 2 .1 150 2.3 205 5 .1 262 2 .3



Mass Spectrum of -Ammi.ol«

M/e i  Abund. M/e °jo Abund. M/e i  Abund. CD Abund. M/e i  Abund. M/e io  Abund

37 1 .5 67 4 . 8 101 3 .5 136 3 .0 176 2 . 0 221 2 .3
38 2 .0 69 7 .3 102 1.3 137 1 .0 177 13.6 230 3 . 5
39 9-1 70 1 .3 103 2 .3 138 1.8 178 1.8 231 9 . 9
40 1 .3 71 1 .8 104 1.8 143 2 .0 186 1.8 232 4 1 . 4

41 5-8 73 2.8 105 10 .1 144 1.0 187 5 .3 233 1 9 .4
42 2.8 74 3 . 8 106 2 .8 145 3 .5 188 1 .5 234 6 . 1

43 11 .4 75 5.6 107 1.8 146 1.8 189 3 .8 243 5 .6

44 20 .2 76 2 .8 109 2.3 147 10.1 190 1 .8 244 1 .8

45 4 . 0 77 6 . 6 115 2.8 148 2 . 0 191 2 .8 245 4 .6

50 4 . 0 78 2 .8 116 2 . 5 149 5.1 192 4 *6 246 2 .8

51 6 . 3 79 2 . 5 117 2 .0 150 3 .5 201 5.6 247 35 .4

52 1 .5 81 3 .8 118 2 .5 151 1 .5 202 3 .8 248 5.3

53 5-3 83 7 . 3 119 5.3 152 1 . 0 203 15 .4 259 3 .9

55 8 .8 86 1 .5 120 1 .5 153 4 .3 204 2.9 260 2 .8

56 2 .0 87 3 . 8 121 2.3 159 3.8 205 18 .9 261 100 .0

57 3 .8 88 2 . 0 122 1 .5 160 2.3 206 3 .3 262 15 .1

59 1 .5 89 4 . 0 123 2 .3 161 3 . 0 207 1 .3 263 2 .3

60 2 . 0 90 3 .8 124 1.8 162 3 .8 214 1 .3 274 2 .3

61 2.3 91 4 . 0 130 1 .0 163 3 .0 215 3 .3 275 4 . 6

62 5*6 92 2 .8 131 3 . 0 164 2 .0 216 5.3 276 8 9 . I  M

63 6 . 3 93 2 . 5 132 1 .5 171 1.8 217 5.3 277 13 .1

64 1 .5 94 5.6 133 3 .0 173 10.6 218 2 .9 278 2 . 0

65 3 . 0 95 6 . 6 134 5.0 174 2 .5 219 8 . 3

66 8 . 1 96 1 . 0 135 1.8 175 7.6 220 1 .3



M/e

38

39

41

43

44

50

51

53

55

57

62

63

65

67

69

74

75

76

77

78

79

Mass Spectrum o f Is o v is n a g in .

i  Abund.

1.0

3 -2

1 . 5  

6*4

3 . 2

1 . 7

2 . 0

1 . 7

1 . 5

1 . 5

1 .7

3 -7

1.0 

1 . 2

4 - 0

3 . 0

5 -4

2 .0

2 . 4

1.0

1 . 2

M/e

91

92 

101 

102

103

104 

111 

115

119

120

131

132

133 

145

147

148 

149

159

160 

161 

162

io  Abund.

1 .7  

1.0

3 .2

1 .2  

1 . 2  

1 . 0  

1.0 

1.0

5-4

1 .0

2 . 0

2 . 0

1.0

1.2

11 .4

1 . 2

1.2

2 . 0

1 .5

1.2

5-0

M/e

172

175

176 

186

187

188 

190 

191 

201 

202 

250

231

232

io  Abund.

1.0 

6 . 2

1 .5

1.0

30 .4

4 . 0

30.4

5 .0

3 .2

4 . 0

1 00 .0  M

15.1

2 . 0
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CHAPTER 5 .

THE MASS SPECTRA OP TETRACYCLIC TRITERPENES.

I n t r o d u c t i o n .

The t r i t e r p e n e s  form a group o f  n a t u r a l  products  which are  

c o n s id e r e d  to he d er iv e d  by v a r io u s  c y c l i z a t i o n s  o f  s q u a l e n e .  The 

t r i t e r p e n e s ,  t h e r e f o r e ,  c o n t a i n  about t h i r t y  carbon atoms,  and can be  

d iv id e d  i n t o  the  two main groups o f  t e t r a c y c l i c  and p e n t a c y c l i c  

t r i t e r p e n e s .  Although the  t e t r a c y c l i c  t r i t e r p e n e s  a re  c l o s e l y  r e l a t e d  

to  s t e r o i d s ,  i n  th a t  both c l a s s e s  o f  compounds c o n t a i n  the  

perhydroeyelopentanophenanthrene s k e l e t o n ,  i t  i s  o n ly  i n  r e c e n t  y ea rs  

th a t  many o f  the  s t r u c t u r a l  problems a s s o c i a t e d  w ith  the  t e t r a c y c l i c  

t r i t e r p e n e s  have been s o l v e d .

The p resen t  s tudy  i s  mainly  concerned with  th e  sub-groups  o f  

t e t r a c y c l i c  compounds t h a t  are r e l a t e d  t o  la n o s ta n e  ( I ,  P i g . l )  and 

euphane ( I I ,  F i g . l ) .  Other compounds i n  t h e s e  groups may be d e r iv e d  

by m o d i f i c a t i o n  o f  th e  r i n g s  and s i d e  c h a in s  by v a r i o u s  oxygen  

c o n t a i n i n g  f u n c t i o n s  and carbon-carbon double bonds .

The system o f  numbering and naming t e t r a c y c l i c  t r i t e r p e n e s  i s  

b ased  upon the  nomenclature r u l e s  f o r  s t e r o i d s ,  and i s  i l l u s t r a t e d  i n  

P i g . l  f o r  l a n o s t a n e .  S u b s t i t u e n t s  t h a t  are above th e  p lane  o f  the  

r i n g s ,  i . e . ,  c i s  to  th e  C-19 methyl group are d e s c r ib e d  as ; w hi le  

t h o s e  be low  th e  plane o f  the  r i n g s ,  i . e . ,  t r a n s  to th e  C-19 methyl



FIGURE I I .
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axe o( • In  the diagrammatic r e p r e s e n t a t io n  o f  such compounds,

s u b s t i t u e n t s  th a t  are ^  are a tta ch ed  to  th e  r in g  by a t h ic k  l i n e ,

th o se  th a t  are (X by a broken l i n e .  Many o f  the  compounds examined in

t h i s  work have been named as d e r i v a t i v e s  o f  the a c e t a t e s  o f  la n o s t e n o l

( i l l ,  F i g . I I ) and euphenol (IV, F i g . I I ) .

The th ree  fu se d  cyc loh exan e  r in g s  o f  la n o s ta n e  can adopt a ch a ir :

c h a ir :  c h a ir  conform ation , whereas the r in g s  o f  euphane must adopt

a c h a ir :  c h a ir :b o a t  con form ation . The energy d i f f e r e n c e  between th e

c h a ir  and boat forms o f  cyclohexane has been e s t im a te d  a s  5*5

k p a l . / m o le ,^  and i t  i s  a ccep ted  that*  b ecau se  o f  t h i s  en ergy  d i f f e r e n c e ,

compounds which c o n ta in  cyc loh exan e  r in g s  w i l l  e x i s t  i n  c h a ir

con form ation s  i f  p o s s i b l e .

I t  i s  to  be e x p e c te d ,  t h e r e f o r e ,  th a t  compounds w ith  an a l l  c h a ir

con form ation  w i l l  be therm odynam ically  more s t a b le  than compounds

which are fo r c e d  to  adopt a boat con form ation  i n  one o f  th e  r i n g s .
2 3

Thus i t  i s  found th a t  euphenol,  on trea tm en t w ith  a c i d , ’ rearran ges

to  i s o - e u p h e n o l  (V, F i g . i l )  the r in g s  o f  which can e x i s t  i n  the ch a ir

con fo rm a tio n . The d r iv in g  fo r c e  fo r  t h i s  rearrangement has been  
3

a t t r i b u t e d  to  th e  l e s s e n i n g  o f  con fo rm a tio n a l s t r a i n .  No 

co rresp o n d in g  rearrangem ent i s  known in  the  la n o s t e n o l  s e r i e s  o f  

compounds as  such a rearrangem ent would le a d  to  a c o n fo r m a t io n a l ly
3

u n favou rab le  s t r u c t u r e .



50.

I t  has been shown^" th a t  c e r t a in  f e a t u r e s  o f  the mass sp e c tr a  o f

c i s  -  tr a n s  isom ers  can be r e l a t e d  to  t h e i r  thermodynamic s t a b i l i t i e s .

Thus, i t  i s  a g e n e r a l  r u le  th a t  the abundance o f  th e  m o lecu lar  io n  o f

a c i s  isom er i s  sm a lle r  than th a t  o f  th e  co rresp o n d in g  t r a n s  isom er,
4

which u s u a l ly  p a r a l l e l s  th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  compounds. 

However, some e x c e p t io n s  are known; f o r  example, the  abundance o f  the

m olecu la r  io n  o f  c i s  -  hexahydroindane i s  sm a ller  than th a t  o f  tr a n s  -
5

hexahydroindane, a lth o u g h  th e  c i s  isom er i s  th e  therm odynam ically  

more s t a b l e . ^

I t  might be e x p e c te d ,  t h e r e f o r e ,  th a t  a s im i la r  e f f e c t  would be 

ob served  in  th e  mass s p e c tr a  o f  th e  la n o s ta n e  and euphane ty p e s  o f  

compounds, even a lth o u g h  they  are  n ot c i s  -  tra n s  i s o m e r s .

The mass sp e c tr a  o f  th e  t e t r a c y c l i c  t r i t e r p e n e s  were determ ined  

w ith  a tw o - fo ld  o b j e c t i v e ;  f i r s t l y ,  to  examine th e  fra g m en ta t io n  o f  

such compounds, and s e c o n d ly ,  to  i n v e s t i g a t e  th e  p o s s i b i l i t y  o f  

r e l a t i n g  any d i f f e r e n c e s  in  t h e i r  mass s p e c tr a  w ith  co n fo rm a tio n a l  

e f f e c t s .

D is c u s s i o n .

The mass s p e c tr a  o f  eu p h -8 -e n y l  a c e t a t e  and l a n o s t - 8 - e n y l  a c e t a t e  

are  c h a r a c te r iz e d  by a la c k  o f  s p e c i f i c  fra g m en ta t io n  o f  th e  t e t r a c y c l i c  

r i n g  sy ste m . The o n ly  im portant io n s  i n  t h e i r  s p e c tr a  are  th e  

m o lecu la r  io n ,  th e  (M-GH^)+ io n ,  and th e  io n  formed by th e  l o s s  o f
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a c e t i c  acid, from th e  (M-CH7) + io n .

The mass s p e c tr a  o f  s t e r o id s  which have a C-17 s id e  ch a in  c o n ta in

an abundant io n  corresp on d in g  to the l o s s  o f  the s id e  c h a in  p lu s  42 
7

mass u n i t s ,  and the ev id e n c e  a v a i l a b l e  a t  p resen t  i n d i c a t e s  th a t

t h i s  f i s s i o n  proceeds  w ith  the l o s s  o f  th e  C-15, C-16 and C-17 carbon  
8atom s. I t  i s  a rea so n a b le  assum ption t h a t ,  as th e  s t r a i n  a s s o c ia t e d  

w ith  th e  crowding a t  th e  C/D r in g  j u n c t io n  would be r e l i e v e d ,  such 

fra g m en ta t io n  would be an im portant p r o c e s s  in  the  mass s p e c tr a  o f  

l a n o s t e n y l  a c e t a t e  and euphenyl a c e t a t e .  However, i t  i s  found th a t  

no io n  corresp on d in g  to  c le a v a g e  through r in g  D i s  form ed.

The abundance o f  th e  m olecu lar  io n  o f  la n o s t e n y l  a c e t a t e  i s  

2.2% ^  w h i l s t  th a t  o f  euphenyl a c e t a t e  i s  1.7% aSreemen‘t

w ith  t h e i r  exp ected  thermodynamic s t a b i l i t i e s .  Loss o f  a m ethyl

r a d ic a l  from C-18, C-19 or C-32 would r e s u l t  i n  s t a b i l i z a t i o n  o f  th e

8 + p o s i t i v e  charge by th e  A  double bond i n  th e  (M-CH^) i o n s .  The

abundance o f  th e  (M-CH^)+ io n  o f  the  more co n g es ted  isom er ,  euphenyl

a c e t a t e ,  i s  7 . 5% co rresp o n d in g  v a lu e  f o r  la n o s t e n y l  a c e t a t e

b e in g  7 . 2% 2 ^ .

As i t  i s  known th a t  euphenyl a c e t a t e  rea rra n g es  to  th e  more s t a b l e  

i s o - e u p h e n y l  a c e t a t e ,  i t  i s  to  be ex p ec te d  th a t  th e  m o lecu la r  io n  o f  

i s o - e u p h e n y l  a c e t a t e  w i l l  be more abundant than th a t  o f  i t s  iso m er .

The mass spectrum o f  i s o -e u p h e n y l  a c e t a t e  i s  i n  good agreement w ith
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t h i s  p r e d ic t io n ,  the abundance o f  the m olecular  io n  amounting to

5.0yo I  j Q. The l o s s  o f  a m ethyl r a d i c a l  i s  a much l e s s  probable

p r o c e s s ,  the  abundance o f  th e  (M-CH:?) + io n  b e in g  0.2% X * 0 . In  s p i t e
5 55

o f  th e  f a c t  th a t  i t  i s  formed by a v i n y l i c  f i s s i o n ,  the io n  

co rresp o n d in g  to  th e  l o s s  o f  th e  C-17 s id e  ch a in ,  m/e 3579 i s  o f  major

im portance ( 2 . 5% £ ) i n  the mass spectrum  o f  is o -e u p h e n y l  a c e t a t e .
55

Subsequent d ecom p osit ion  o f  m/e 557 w ith  l o s s  o f  a c e t i c  a c id  y i e l d s  

m/e 297 (m c a l c u la t e d  f o r  357+-*>297+ = 2 7 1 *2 ; observed  271*2) .

C leavage o f  the bonds in  r in g  C th a t  are  a l l y l i e  to  th e  13 (17 )  

double bond and concom itant t r a n s f e r  o f  a hydrogen atom, r e s u l t s  in  

the fo rm a tio n  o f  th e  io n s  m/e 263> c o n ta in in g  r in g  A, and m/e 207,  

c o n ta in in g  r i n g  D. F i s s i o n  o f  the 8 :1 4  and J i l l  bonds, i . e . ,  a t  th e  

B/C r in g  ju n c t io n  y i e l d s  th e  io n s  m/e 249 and m/e 220 f o r  th e  r in g  A 

and r in g  D c o n ta in in g  products  r e s p e c t i v e l y .  M eta sta b le  io n s  o f  

m/e 156*7 and m/e 145*5 co rresp o n d in g  to  the t r a n s i t i o n s

265+— ►203+ + 60 (m* c a l c u la t e d  = 1 5 6 *7)

■+■ +  /  * 
and 249 — »189 + 60 (m c a l c u la t e d  = 1 4 3 *4 )

confirm  th a t  the io n s  o f  mass 263 and 249 do c o n ta in  r in g  A.
7

Three compounds w ith  a A  double bond were a v a i l a b l e  fo r  s tu d y ,  

namely, l a n o s t - 7- e n y l  a c e t a t e ,  9 /& -e u p h -7- e n y l  a c e t a t e  and 

9 cK -eup h -7 -en y l a c e t a t e  (d ihydrob utyrosp erm yl a c e t a t e ) .  The mass 

s p e c tr a  o f  l a n o s t - 7- e n y l  a c e t a t e  and 9 0( - e u p h - 7- e n y l  a c e t a t e  are  v ery
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s im i l a r  to  each o th er  and to  th e  s p e c tr a  o f  eu p h -8 -e n y l  and

l a n o s t - 8 - e n y l  a c e t a t e s .  The abundances o f  the m o lecu lar  io n s  are 1 .8

and \ » 3 ° jo  f ° r the euphene and la n o s te n e  compounds r e s p e c t i v e l y .

However some s t e r i c  in f lu e n c e  on the fra g m en ta t io n  o f  th e s e  compounds

i s  e v id e n t  from th e  abundance o f  th e  (M-CH^)+ io n ,  which i s  9 • 0 c/o  IE.

f o r  9 o(. - e u p h -7 -e n y l  a c e t a t e  and 5.73® ^or la n o s t - 7 - e n y l  a c e ta te *
59

R e tr o -D ie ls -A ld e r  d ecom p osit ion ,  a r e a c t io n  which i s  a prominent

9 10f e a tu r e  o f  th e  mass s p e c t r a  o f  c e r t a i n  p e n t a c y c l i c  and t e t r a c y c l i c  

t r i t e r p e n e s ,  y i e l d s  th e  charged d ie n e ,  m/e 288, o f  v ery  low abundance 

i n  both  sp ec tra*

A com parison between the two d e r i v a t i v e s  o f  euphenol i s  p o s s i b l e

a s  th e  9o i  compound, d ihydrobutyrosperm yl a c e t a t e ,  has a boat form in

r in g  C, w h i le  th e  9/& isom er adopts an a l l  c h a ir  co n form ation . Thus,

i n  agreement w ith  the ex p ected  thermodynamic s t a b i l i t i e s  o f  th e s e

compounds, i t  i s  found th a t  th e  abundance o f  the m olecu lar  io n  o f

9 yS -e u p h -7 - e n y l  a c e t a t e  i s  3 *3% which i s  g r e a te r  than  th a t
59

( 1 . 8 $  th a t  o f  d ihydrobutyrosperm yl a c e t a t e .  The abundances o f
59

the  (M-CH^)+ and (M-CH -̂Cn^CC^H)"*" io n s  are  s m a l l e r , i n  th e  spectrum o f  

the  9 ^ compound, than th e  abundances o f  th e  co rr esp o n d in g  io n s  in  the  

spectrum o f  th e  9 <xisomer; however, a t  low er masses th e  r e v e r s e  

s i t u a t i o n  o c c u r s .  Thus abundant io n s  are  observed  a t  m /e ' s  357* 315* 

39 7 * 288, 270 and 255 i n  th e  mass spectrum o f  9yS -eu p h -7- e n y l  a c e ta te *
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The io n s  o f  mass 357 and. 315 a r i s e  by l o s s  o f  the s id e  ch a in  and by 

l o s s  o f  th e  s id e  ch a in  p lu s  42 mass u n i t s  r e s p e c t i v e l y .  Each o f  

t h e s e  io n s  can e l im in a te  a m olecule  o f  a c e t i c  a c id ,  m/e 357 form ing  

m/e 297 (m c a l c u la t e d  f o r  357*—*297+ = 247*0 ; observed  247*0 ) ,  and 

m/e 315 form ing m/e 255 (m c a l c u la t e d  f o r  315+—_>255+ = 206*4 ; 

observed  206 -  2 0 7 ) .

The io n  a t  m/e 270 a r i s e s  from d eco m p o sit io n ,  w ith  l o s s  o f  a c e t i c  

a c id ,  o f  m/e 330 which i s  formed by f i s s i o n  o f  th e  13:17 and 15:16  

bonds, a c le a v a g e  p r e v io u s ly  noted  i n  the  mass s p e c tr a  o f  C-17 

s u b s t i t u t e d  s t e r o id s ." ^

The mass s p e c tr a  o f  l a n o s t - 9 ( l l ) “ eny l  a c e t a t e  and e u p h - 9 ( l l ) - e n y l  

a c e t a t e  are very  s im i l a r  to  each o th er  and to  th e  s p e c tr a  o f  the  

i s o m e r ic  compounds c o n ta in in g  a C -7(8 ) or  C -8(9) double bond. Thus 

l o s s  o f  a m ethyl r a d i c a l  and l o s s  o f  a c e t i c  a c id  from th e  (M-CH^)+ io n  

are th e  o n ly  im portant f e a t u r e s  i n  th e  s p e c tr a  o f  th e s e  compounds.

No io n  co rresp o n d in g  to  th e  monoene or d ie n e  produced by r e t r o - D i e l s -  

A lder  fr a g m en ta t io n  i s  observed  i n  th e  s p e c t r a  o f  e i t h e r  o f  the  

' i s o m e r s .

The a d d i t io n a l  s t a b i l i t y  c o n ferr ed  on th e  m o lecu lar  io n  by the  

p resen ce  o f  a co n ju g a ted  d ien e  i s  e v id e n t  from the abundance 

( 9 *7% ^ 3 9 ) m o lecu la r  io n  o f  euph a-7 *9 ( l l ) - d i e n y l  a c e t a t e .

I d e n t i f i c a t i o n  o f  m e ta s ta b le  io n  t r a n s i t i o n s  (T able  i )  confirm s th a t
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the fo u r  fragm en ta tion  schemes shown below are p o s s i b l e  fo r  

e u p h a -7 ,9 ( l l ) - d i e n y l  a c e t a t e .

(1 )

( 2 )

( 3)

468, M

355+ 408+ (M -60)+
/

a 9 5 +

468, M+

(M -6o)+

253

288

,468, M

* . , 
408 , (M-60)

(4)

300

228"

453, ( m-CH3 )+

393'

240

Scheme ( l )  in v o lv e s  l o s s  o f  th e  C-17 s id e  ch a in ,  w h i l s t  (2 )



TABLE I .

Scheme ( l )

Scheme (2 )

Scheme (3 )

Scheme ( 4 )

T r a n s i t io n  Observed m C a lc u la te d  m

46 8+— 40 8+ + 60 355 .9 355 .7

46 8+- ^ 355+ + 113 258.9 258 .9

355+— 29 5+ + 60 2 4 1 .5 2 4 1 .5

46 8+ - ^ 313+ + 155 2 0 9 .5 209 .3

46 8+—►314+ + 154 210.9 210 .7

313+" ^ 253+ + 60 2 0 4 .5 204 .5

408+—►253+ + 153 1 5 7 .0 156 .9

46 8+—►288* + 180 177 .3 177 .3

288+—* 228+ + 60 180.6 180 .6

453+-* ' 300+ + 153 19 9 .0 198 .8

300+— «•240+ + 60 1 9 2 .1 1 9 2 .0
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corresponds to  the l o s s  o f  the s id e  ch a in  p lu s  41 (m/e 314) and 42 

mass u n i t s  (m/e 313)*

The io n  o f  mass 288 i n  scheme (3 )  must c o n ta in  r in g  A as i t  

s u b se q u e n t ly  decomposes w ith  the l o s s  o f  a c e t i c  a c id ,  and, t h e r e f o r e ,  

must be formed by c le a v a g e  o f  (a )  the 1 1 :1 2 ,  13*14 and 15*16 bonds; 

or (b ) the  12 :13 ,  13*14 and 14:15 bonds; or ( c )  the 8 : 1 4 , 13*14 and 

13*17 bonds. Each o f  th e s e  p r o c e s s e s  ( a -— *■ c) r e q u ir e s  th e  t r a n s f e r  

o f  a hydrogen atom to  th e  product i o n .  Of the  p o s s i b i l i t i e s  (b )  seems 

the most l i k e l y  as i t  in v o lv e s  c le a v a g e  o f  bonds which are a l l y l i c  

to  th e  double bonds. S im i la r ly ,  fr a g m en ta t io n  a c r o s s  r in g s  C and D 

has been noted  i n  the mass s p e c tr a  o f  compounds r e l a t e d  to  th e  A

p e n t a c y c l i c  t r i t e r p e n e ,  bauerene, and o f  compounds d e r iv e d  from th e

9 ( l l )  9A  t r i t e r p e n e  a rb oren e .

The io n  o f  mass 300 i n  scheme ( 4 ) i s  formed by l o s s  o f  th e  C-17

s id e  c h a in  p lu s  40 mass u n i t s  from th e  (M-CH.7) + i o n .
5

The mass spectrum o f  la n o s t - 7 - e n - 3 - o n e  i s  a lm ost i d e n t i c a l  to  

th a t  o f  9 f!> - e u p h -7 -e n -3 -o n e .  The major d i f f e r e n c e s  o ccu r  i n  the  

abundances o f  the m o lecu lar  and (M-CH^)* i o n s .  A lthough b o th  

compounds can  adopt an a l l  c h a ir  (o r  q u a s i - c h a ir )  con form ation , i t  i s  

found t h a t  th e  m o lecu la r  io n  o f  9/$ - e u p h -7 -e n -3 -o n e  i s  more s t a b le  

than th a t  o f  i t s  isom er, th e  r e s p e c t i v e  abundances b e in g  2 .6 $  Z,Q and

1.4# I , Q. This r e s u l t  i s  i n  good agreement w ith  th e  r e l a t i v e
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s t a b i l i t i e s  o f  l a n o s t - 7 - e n y l  a c e ta te  and 9y$ -euph-7"eny l  a c e ta te *  Thus 

the r a t i o  o f  th e  abundance o f  the m olecular io n  o f  9 f t - e u p h -7 -e n y l  

a c e ta te  to  th a t  o f  l a n o s t - 7 - e n y l  a c e ta te  i s  l* 7 / l>  the  correspon d ing  

r a t io  f o r  9 -e u p h -7 -e n -3 -o n e  and la n o s t -7 -e n -3 -o n e  i s  1 . 8 / l *  This  

q u a n t i t a t iv e  agreement may be r a th e r  f o r t u i t o u s ,  but i t  does dem onstrate
7 ■

th a t  th e  compounds d er iv ed  from A  -euphene are the more s t a b le  to  

e l e c t r o n  bombardment.

R e le a se  o f  s t e r i c  crowding on fragm entation  would account fo r  the  

d i f f e r e n c e s  i n  th e  abundance o f  th e  (M-CH^)+ ions*  The abundance o f  

t h i s  io n  i n  th e  spectrum o f  the l e s s  s ta b le  isom er ( l a n o s t - 7 - e n - 3 - o n e ) 

i s  6.2% > th a t  o f  9 -eu p h -7 -e n -3 -o n e  i s  2.8%

At low er masses both  sp ec tra  c o n ta in  peaks a t  m/e 313, 286, 271 

and 245• Loss o f  th e  C-17 s id e  ch a in  i s  r e s p o n s ib le  fo r  the form ation  

o f  m/e 313• " S te r o id - ty p e ” fragm entation  w ith  l o s s  o f  th e  s id e  ch a in
*7

p lu s  42 mass u n i t s '  y i e l d s  the io n  o f  m/e 271. P r e c is e  mass 

d e te r m in a t io n  confirm ed th a t  the com p osit ion s  o f  th e  io n s  m/e 286 and 

m/e 245 are ^20^30^ ^17^25^ r e s p e c t i v e l y .  Hence b o th  io n s  c o n ta in

r in g  A. The io n  o f  mass 286 can be r e a d i ly  der ived  by f i s s i o n  o f  the  

13*17 and 15*16 bonds o f  r in g  D. As th e  io n  m/e 245 c o n ta in s  r in g  A, 

i t  must be formed by fragm en tation  acro ss  r in g s  C and D. Cleavage o f  

the 1 2 :1 3 ,  13*14 and 14*15 bonds, a p r o c e ss  su g g ested  to  occur i n  the  

mass spectrum  o f  e u p h a - 7 ,9 ( l l ) - d i e n y l  a c e t a t e ,  r e s u l t s  i n  the form ation
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o f  an io n  o f  mass 245 and co m p o sit io n  C ^ H ^ O .
12I t  has been shown that th e  main f e a t u r e s  o f  th e  mass spectrum  

o f  5 c4”and.ros ta n -1 1  -one (VI, F i g , I I I )  can be r a t i o n a l i z e d  i n  terms o f  

charge l o c a l i z a t i o n  on the  carbon yl group fo l lo w e d  by c le a v a g e  o f  the  

bonds cX or  f$ to  the carb on y l group. I f  th e  same p r o c e s s e s  occur  i n  

the mass spectrum o f  an 1 1 -k e to  t e t r a c y c l i c  t r i t e r p e n e  i t  i s  p o s s i b l e  

to  p r e d ic t ,  by c a l c u l a t i o n  o f  the ap p ro p r ia te  mass s h i f t ,  th e  io n s  

which should  appear i n  the spectrum o f ,  e . g . ,  1 1 -k e to la n o s ta n y l  

a c e t a t e  (V II ,  F i g . I I I ) .  A comparison o f  th e  p r e d ic te d  and observed  

io n s  i s  g iv e n  i n  F ig .I V .

From F ig .I V  i t  i s  s e e n  th a t  wrth one e x c e p t io n  e v e r y  p ro cess  

which r e s u l t s  i n  th e  form ation  o f  an io n  i n  th e  mass spectrum o f  

a n d r o s ta n - l l - o n e  i s  a l s o  r e s p o n s ib le  f o r  th e  form ation  o f  an io n  i n  

the spectrum  (F ig .V a )  o f  1 1 -k e to la n o s ta n y l  a c e t a t e .  That th e  

observed  io n s  do, i n  f a c t ,  have the c o r r e c t  e le m e n ta l  c o m p o s it io n  was 

confirm ed by h ig h  r e s o l u t i o n  mass sp ec tro m etry .

A lthough th ere  i s  a good q u a l i t a t i v e  agreement betw een the

p r e d ic te d  and observed  i o n s ,  i t  can be seen  th a t  s e v e r a l  p r o c e s s e s  are

l e s s  im portant even on a rough q u a n t i t a t iv e  b a s i s .  This  i s  n o t

e n t i r e l y  s u r p r is in g  a s  i t  was found t h a t  about 5Qfo o f  th e  hydrogen

t r a n s f e r r e d  i n  the fo rm a tio n  o f  the i o n s ,  m/e 164> 151 and 177> i n

12the  spectrum o f  a n d r o s ta n - l l - o n e  o r i g in a t e  from C-4* The absence o f
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hydrogen atoms on C-4 would then  e x p la in  th e  reduced im portance i n  the

mass spectrum o f  1 1 -k e to la n o s ta n y l  a c e t a t e  o f  th e  io n  m/e 290 which

corresponds to  the io n  m / e  I 64 i n  th a t  o f  a n d r o s t a n - l l - o n e .  This

argument, however, should  app ly  e q u a l ly  w e l l  to  the fo rm a tio n  o f  the

io n s  o f  mass 277 and 503 i n  th e  spectrum o f  1 1 - k e to la n o s ta n y l  a c e t a t e .

The f a c t  th a t  the f i s s i o n  which g iv e s  r i s e  to  the  io n  m/e 303 i s  o f

eq u a l,  r a th e r  than s m a l le r ,  prominence means th a t  f a c t o r s  o th er  than

th e  a v a i l a b i l i t y  o f  hydrogen atoms must be tak en  in t o  c o n s id e r a t i o n .

For example, the  in c r e a s e d  abundance o f  m/e 263 and 303 can be

a t t r ib u t e d  to the r e l e a s e  o f  s t e r i c  crowding o f  the m o lecu le  which

accom panies t h e i r  fo r m a t io n .

The mass spectrum (F ig .V b )  o f  11 -k etoeu p han yl a c e t a t e  ( T i l l ,

F i g . I l l )  shows some i n t e r e s t i n g  d i f f e r e n c e s  from th a t  o f  th e  is o m e r ic

la n o s ta n e  compound. The most remarkable d i f f e r e n c e  i s  th e  a lm ost

com p lete  absence o f  th e  io n  o f  m/e 263 i n  the  spectrum o f

1 1 -k etoeu p han y l a c e t a t e .  I t  has been shown th a t  the form a tio n  o f  the

co rr esp o n d in g  io n  i n  the spectrum o f  a n d r o s t a n - l l - o n e ,  m / e  177, can

be e x p la in e d  on the b a s i s  o f  th e  i n i t i a l  f i s s i o n  o f  th e  11:12 bond;

m ig r a t io n  o f  the  C-9 hydrogen atom v i a  a six-membered t r a n s i t i o n  s t a t e

12to  C-12; and subsequent h om olys is  o f  the 8 :1 4  l in k a g e  ( F i g . V l ) .

Recent s t u d i e s  w ith  deuterium l a b e l l e d  1 1 - , ^  1 2 - , ^  15“ "^ and.

15 161 6 -k e to  s t e r o i d s  have in d ic a t e d  th a t  the  M cLafferty rearrangement
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o f  k e to n e s  w i l l  on ly  take p la ce  i f  the  in te r a to m ic  d i s t a n c e  between
o

the ca rb o n y l group and the i t i n e r a n t  hydrogen i s  l e s s  than 1 .8A .

I t  i s ,  t h e r e f o r e ,  a reason ab le  assum ption  th a t ,  i f  th e  mechanism 

shown in  F ig .V I  can be a p p l ie d  to  th e  form ation  o f  the io n  m/e 263 

i n  th e  spectrum o f  1 1 -k e to la n o s ta n y l  a c e t a t e ,  the  C-9 hydrogen atom 

and the  C-12 carbon atom must a t t a i n  a minimum s e p a r a t io n  o f
o

a p p rox im ate ly  2 A. The in te r a to m ic  d is ta n c e  between th e  C-9 hydrogen
O

and th e  C-12 carbon atom i s  approx im ate ly  3 A in  the i n t a c t  m o le c u le .  

Hence, i f  t h i s  d i s ta n c e  i s  m aintained  a f t e r  i n i t i a l  h o m o ly s is  o f  the  

11:12  bond, r o t a t i o n  about th e  8:14  bond i s  r eq u ir ed  f o r  the c e n tr e s

in v o lv e d  i n  th e  hydrogen t r a n s f e r  r e a c t io n  to  approach each o th er  by
o

about 2 A. However, D r ied in g  models show th a t  r o t a t i o n  about the  

8:1 4  bond o f  th e  io n ,  from 11-k etoeu p han y l a c e t a t e ,  co rresp o n d in g  to  

a, ( F i g .V l )  produces o v e r la p  o f  th e  C-18 and C-7 hydrogen atoms b e fo r e  

t h i s  s e p a r a t io n  can be a t t a in e d .  Thus t r a n s f e r  o f  th e  C-9 hydrogen  

atom and th e  subsequent form ation  o f  th e  io n  m/e 263 may be p rev e n te d .

I t  i s  a l s o  o f  i n t e r e s t  th a t ,  when the  spectrum o f  1 1 -k etoeu p han y l  

a c e t a t e  was determ ined under h igh  r e s o l v i n g  power c o n d i t io n s ,  the  io n  

o f  mass 277 was found to  be composed o f  two d i f f e r e n t  s p e c i e s  which 

were p r e s e n t  i n  equ a l amounts. One s p e c i e s  corresponded to  the  

e x p e c te d  fragm ent, wh i l e  o th e r  corresponded to  c i 7 h 25 °r
On the o th e r  hand, t h i s  io n  i n  the spectrum o f  1 1 -k e to la n o s ta n y l
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a c e t a t e  was found to  be composed o f  the C,nH , ,0  s p e c i e s  o n ly .  The
I 7 j j

C17H25°3 fragment may be r e a d i l y  formed by f i s s i o n  o f  th e  12:13 and 

8 :1 4  bonds and concom itant t r a n s f e r  o f  a hydrogen atom. The d r iv in g  

fo r c e  f o r  t h i s  c le a v a g e  can be a t t r ib u t e d  to  the  r e l e a s e  o f  th e  s t r a i n  

a t  th e  C/D r in g  j u n c t io n  which accompanies the form ation  o f  the

C17H25°3 i o n ‘

In  a d d i t io n ,  the mass spectrum o f  11 -k etoeu p h an y l a c e t a t e  c o n ta in s  

an io n  o f  mass 293* No io n  o f  t h i s  mass i s  observed  i n  the spectrum  

o f  the correspon d in g  compound d er ived  from la n o s ta n e .  P r e c i s e  mass 

measurement showed th a t  th e  com p osit ion  o f  m/e 293 i s  an<̂

th a t  i t ,  t h e r e f o r e ,  c o n ta in s  r in g  A. I t  may be d er iv e d  by f i s s i o n  o f  

the 1 1 :1 2 ,  13:14  and- 14:15  bonds, i . e . ,  a c r o s s  r in g s  C and D, thus  

dem on stra tin g  th a t  an unfavourab le  fr a g m en ta t io n  can be produced by 

s t e r i c  e f f e c t s .

A lthough i t  i s  ex p ec ted  th a t  11 -k etoeu p han yl a c e t a t e  w i l l  be th e  

therm odynam ically  l e s s  s t a b l e  isomer b ecau se  o f  th e  c h a ir : c h a ir : b o a t  

con form ation  i t  i s  fo r c e d  to  adopt, the  abundance o f  i t s  m o lecu la r  io n  

was found to  be g r e a te r  than th a t  o f  1 1 -k e to la n o s ta n y l  a c e t a t e .  The 

r e s p e c t i v e  v a lu e s  are  1 .4 a/ o 2 x o  and 0.9$ I
2 7  7 7

The mass spectrum o f  3 > 1 1 -d ik e to la n o s ta n e  f u l l y  con firm s the  

b eh a v io u r  t o  e l e c t r o n  impact o f  an 1 1 -k e to la n o s ta n e  d e r i v a t i v e .  Thus 

th e  io n s  o f  m/e 303 > 290 and 277 which are  p resen t  i n  th e  spectrum o f
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1 1 -k e to la n o s ta n y l  a c e t a t e  are a l s o  observed  in  th a t  o f

3 . 1 1 -d ik e to la n o s ta n e ;  whereas the io n  o f  mass 263 in  th e  sp ec tru m 'o f  

1 1 -k e to la n o s ta n y l  a c e t a t e  i s  s h i f t e d  by 44 mass u n i t s  to  m/e 219 in  

the spectrum o f  the d ik e to  compound. In o ther  words th e  fra g m en ta tio n  

o f  th e  m olecu le  i s  s t i l l  d ir e c t e d  by th e  1 1 -k e to  f u n c t io n .  However, 

one new mode o f  fra g m en ta t io n  i s  observed  in  the spectrum  o f

3 . 1 1 - d ik e t o la n o s t a n e . An abundant io n  a t  m/e 414 co rresp o n d in g  to  

(M -28)+ was proved, by th e  use  o f  h igh  r e s o l u t i o n  mass sp ectrom etry ,  

to  be formed by the l o s s  o f  a m olecu le  o f  carbon monoxide.

In  c o n t r a s t  to  th e  behaviour o f  1 1 -k e to la n o s ta n y l  a c e t a t e  and

11-k etoeu p han y l a c e t a t e ,  i t  i s  found th a t  th e  abundances o f  the

m o lecu la r  io n s  o f  7 > 1 1 -d ik e to la n o s ta n y l  a c e t a t e  and 7* 1 1 -d ik e to eu p h a n y l

a c e t a t e ,  which are  2 .8 c/ o l L - . r. and 1 .2 $ Z  r e s p e c t i v e l y ,  are  i n  agreement
? y  y y

w ith  the ex p ected  r e l a t i v e  s t a b i l i t i e s  o f  th e  compounds. I t  might be 

e x p ec te d  th a t  th e  mass s p e c tr a  o f  th e  d ik e to  d e r i v a t i v e s  w i l l  e x h i b i t  

enhanced fra g m en ta t io n  o f  r in g  B as th e  a d d i t io n a l  carb on yl group a t  

C-7 p r o v id es  e x tr a  s i t e s  where fa v o u ra b le  c le a v a g e s  may tak e  p la c e .

Thus, a lth ou gh  th e  io n  o f  m/e 277» which i s  the most abundant io n  

in  th e  spectrum ( F i g .V i l a )  o f  7> 11-d ik etoeu ph an yl a c e t a t e  and which i s  

a ls o  an im portant io n  i n  th a t  (F ig .V IIb )  o f  7 > 1 1 -d ik e to la n o s ta n y l  

a c e t a t e ,  cou ld  be formed by a p r o c e ss  analogous to  th a t  r e s u l t i n g  in  

th e  fo rm a tio n  o f  m/e 263 i n  th e  spectrum o f  1 1 -k e to la n o s ta n y l  a c e t a t e ,



i t  i s  found th a t  the  co m p o sit io n  o f  m/e 277 i s  C EL 0 . T h erefore  the19 ^0

io n  o f  mass 277 i s  formed by c le a v a g e  o f  the  9*10 and 7 :8  bonds o f  

r in g  B and concom itant t r a n s f e r  o f  a hydrogen atom. The a l t e r n a t i v e  

mode o f  form ation  o f  th e  io n  m/e 277 by f i s s i o n  o f  th e  11:12  and 8:14  

l in k a g e s  could  have been excluded  fo r  7> 11-d ik etoeu ph an y l a c e ta te  

w ith ou t th e  u se  o f  h ig h  r e s o l u t i o n  mass sp ectrom etry  as t h i s  p r o c e s s  

on ly  o ccu rs  to  a v ery  sm a ll  e x t e n t  in  th e  mass spectrum o f  

11-k etoeu p han y l a c e t a t e .

The io n  o f  mass 306 which i s  p resen t  in  both  s p e c tr a  i s  a l s o  

formed by f i s s i o n  through r in g  B. Thus i t  a r i s e s  by c le a v a g e  o f  the  

9 :1 0  and 6 :7  bonds, th e  p o s i t i v e  charge rem aining w ith  th e  r in g  I) 

p o r t io n  o f  the m o le c u le .

A nother io n  which i s  common to  th e  spectrum o f  7 » 1 1 -d ik e to la n o s ta n y l

a c e t a t e  and to  th a t  o f  th e  iso m e r ic  euphane d e r i v a t i v e  i s  m / e  251 .

C leavage o f  the 9*11 &nd 8 :1 4  l in k a g e s  r e s u l t s  i n  th e  form ation  o f  two

s p e c ie s  each o f  mass 250, but d i f f e r i n g  i n  chem ica l c o m p o s it io n .  The

c o m p o s it io n  o f  the fragm ent c o n ta in in g  r i n g  A i s  O-^Eh^O^* ŵ erea s  th a t

o f  th e  p o r t io n  c o n ta in in g  r i n g  D i s  C ^ H ^ O . Thus i t  i s  p o s s i b l e  th a t

the  io n  m/e 251 c o n s i s t s  o f  two s p e c i e s  each a r i s i n g  from f i s s i o n  a t

th e  B/C r in g  ju n c t io n  accompanied by th e  t r a n s f e r  o f  a hydrogen atom.

P r e c i s e  mass measurement confirm ed th a t  b oth  s p e c i e s  are  formed and

th a t  90fo o f  th e  abundance o f  the  io n  m/e 251 i s  c o n tr ib u te d  by the

CtcHotO, i o n .  A m e ta s ta b le  io n  a.% m/e 145*3 i n  th e  mass spectrum o f  15 23 3
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7 , 1 1 - d ik e t o la n o s t a n y l  a c e t a t e  shows th a t  m/e 251 can decompose w ith
. *

the l o s s  o f  a c e t i c  a c id  from the s p e c i e s  (m c a l c u la t e d  fo r

251"—»191+ = 145*3; observed  145*3)*

As many o f  the major fra g m en ta tio n  p r o c e s s e s  o f  an 1 1 -k e to

t r i t e r p e n e  take p la c e  by i n i t i a l  c le a v a g e  o f  th e  9*10 bond, i t  can be

p r e d ic te d  th a t  th e s e  fra g m en ta t io n s  would be su pp ressed  by th e  p resen ce
8o f  a double bond, as in  a d d it io n  to  producing un favourab le  v i n y l i c  

c l e a v a g e s ,  hydrogen atoms which can take  part i n  rearrangement  

r e a c t io n s  are no lo n g er  p r e s e n t .

O bservation  o f  th e  s h i f t s  in  mass o f  the  io n s  in  th e  s p e c tr a  o f  

l l - k e t o e u p h - 8 - e n y l  a c e t a t e  (IX , F i g .V I I I ) and 3 , l l - d i k e t o e u p h - 8 - e n e  

(X, F i g .V I I l )  a l lo w s  s t r u c t u r a l  a ss ig n m en ts  to  be made f o r  some o f  the  

i o n s .  Thus, th e  io n s  observed  a t  m/e 332, 303 and 277 i n  ih e  spectrum  

o f  11 -k eto eu p h en y l a c e t a t e  are s h i f t e d  by 44 u n i t s  to  low er  mass v a lu e s

i n  th e  spectrum o f  3 , 11 -d ik e to eu p h en e ,  i . e . ,  to  m /e ' s  288, 259 and 233*

Hence each o f  th e s e  io n s  c o n ta in s  r i n g  A.

As th e  io n  o f  mass 332 i n  the  spectrum o f  11 -k etoeu p h en y l a c e t a t e

c o n t a in s  r in g  A th e  n e u t r a l  fragment must c o n ta in  th e  e lem en ts  o f  th e

s id e  c h a in  p lu s  39 mass u n i t s .  The s im p le s t  way to  e x t r a c t  th e  39 

mass u n i t s  would be from r i n g  D, a lth ou gh  th e  u su a l  fra g m en ta t io n  o f  

r i n g  D in v o lv e s  l o s s  o f  th e  s id e  c h a in  p lu s  42 mass u n i t s .

The o r i g i n  o f  th e  io n s  o f  m/e 303 and m/e 259 i n  th e  s p e c tr a  o f
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l l - k e t o e u p h e n y l  a c e t a t e  and 3 , l l - d ik e t o e u p h - 8 - e n e  r e s p e c t i v e l y  can be 

r e a d i ly  in t e r p r e te d  in  terms o f  charge l o c a l i z a t i o n  on the  1 1 -k eto  

group, fo l lo w e d  by h o m o ly s is  o f  th e  1 1 s 12, 13:14 and 15:16 bonds 

( F i g . V I I I ) .

The rem aining p r o c e s s  common to  both s p e c tr a  in v o lv e s  c le a v a g e  o f

th e  8 :14  and 12:13 l in k a g e s  accompanied by th e  t r a n s f e r  o f  a hydrogen

atom to  th e  charge b ea r in g  p rod uct.  This f i s s i o n  g iv e s  r i s e  to  the

io n s  m/e 277 and 233 i n  the sp e c tr a  o f  l l - k e t o e u p h e n y l  a c e t a t e  and

3*lR-diketoeuphene r e s p e c t i v e l y .

I t  i s  thus seen  t h a t ,  as  e x p ec te d ,  the main f e a t u r e s  o f  th e  mass

s p e c tr a  o f  l l - k e t o e u p h e n y l  a c e t a t e  and 3>l l - d i k e t o e u p h - 8 - e n e  are

fr a g m en ta t io n s  o f  r i n g  D and not o f  r i n g  B.

The mass spectrum o f  3>11-d ik etoeu p h en e  c o n ta in s  an io n ,  m/e 4 1 2 ,

which was shown by h ig h  r e s o l u t i o n  mass sp ec trom etry  to  correspond  to

(M-CO)+ . A m eta s ta b le  io n  a t  m/e 285*5 con firm s th a t  the  io n  o f  mass
. #

412 can fragment w ith  the l o s s  o f  69 mass u n i t s  (m c a l c u la t e d  f o r

412+- > 343+ = 285*5) t  which was proved to  be CRH,, by e x a c t  mass
j  5

measurement. Thus the  io n  o f  m/e 343 corresponds fo r m a lly  to  th e  l o s s  

o f  th e  fo u r  carbon atoms o f  r in g  A, a lth o u g h  i t  i s  formed by a tw o -s te p

p r o c e s s .  Loss o f  th e  carbon atoms o f  r in g  A which o ccu rs  i n  the mass

11 17 s p e c tr a  o f  c o p r o s ta n -3 -o n e  and 5 <X-androstan-3-one i s  known to  be

a p r o c e s s  th a t  i s  e x tre m e ly  s e n s i t i v e  to  s l i g h t  s t r u c t u r a l  ch a n g es .
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For example, n e i t h e r  c h o l e s t a n - 3 - o n e ^  nor 4 , 4 -d im e th y l-5  (X.-androstan-  

183 -one e x h ib i t  t h i s  fra g m en ta t io n  when s u b je c t  to  e l e c t r o n  impact*

The two io n s  o f  g r e a t e s t  abundance i n  the mass s p e c tr a  o f  

7 -k e to e u p h -8 -e n y l  a c e t a t e  and 3, 7 -d ik e to e u p h -8 -e n e  are th e  m olecular  

io n  and th e  (M-CH^)+ ion* However, many o f  the low abundance fragment 

io n s  can be a s s ig n e d  s t r u c t u r e s  by th e  ap p rop r ia te  mass s h i f t  in  th e  

two s p e c t r a .  Thus, th e  io n s  o f  mass 327 , 313, 285, 271, 259 and 234 

i n  th e  spectrum o f  3 , 11 -d iketoeuph ene appear a t  m /e ' s  3 7 1 , 357, 329,  

315, 303 and 278 i n  th a t  o f  7 -k eto eu p h en y l a c e t a t e  r e s p e c t i v e l y .

Loss o f  the s id e  c h a in  and o f  th e  s id e  ch a in  p lu s  42 mass u n i t s  

from th e  m olecu lar  io n  i s  r e s p o n s ib le  f o r  the  form a tio n  o f  th e  io n s  

m/e 327 and 285 i n  the spectrum o f  the  d ik e to n e .

E l im in a t io n  o f  th e  s id e  chain  l e s s  one hydrogen atom from th e  

(M-CH^)+ io n  y i e l d s  m/e 313, w h ile  e x p u ls io n  o f  the s id e  ch a in  p lu s  41 

mass u n i t s  from the (M-CH^)+ io n  y i e l d s  m / e  271 in  th e  spectrum o f

3 , l l - d i k e t o e u p h - 8 - e n e .

The rem aining f i s s i o n s  common to  both  s p e c tr a  a l s o  in v o lv e  

c le a v a g e  a t  th e  C/D r i n g  j u n c t io n .  Thus th e  io n  m/e 257 can a r i s e  by  

i n i t i a l  h o m o ly s is  o f  th e  a l l y l i c a l l y  a c t iv a t e d  11:12  bond w ith  

subsequent c o l l a p s e  o f  th e  13:14  and 15:16  bonds. The most probable  

mode o f  form a tio n  o f  m/e 234 i s  hy fr a g m en ta t io n  o f  th e  12:13 and 8 :1 4  

l in k a g e s  and concom itant t r a n s f e r  o f  two hydrogen atoms to  th e  r in g  

A/B p o r t io n  o f  the m o le c u le .
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C onclusions*

The mass s p e c t r a  o f  th e  t e t r a c y c l i c  t r i t e r p e n e s  have shown th a t

7 8 9 ( 1 1 )the  p resen ce  o f  a A  , A  or A  double bond i s  not s u f f i c i e n t

to  produce s p e c i f i c  f i s s i o n  o f  the t e t r a c y c l i c  r in g  system  o f  th e s e  

compounds. However, i t  i s  found th a t  th o se  compounds which c o n ta in  

a ca rb o n y l group i n  r in g s  B or C undergo c le a v a g e  through the  r in g s  

when s u b je c t  to  e l e c t r o n  bombardment. Thus the mass s p e c tr a  o f  such  

d e r i v a t i v e s  may be o f  more use  i n  the  d e term in a t io n  o f  s t r u c t u r a l  

f e a t u r e s .

In a d d i t io n  i t  was found t h a t ,  w ith  one e x c e p t io n ,  th e  compounds 

which are  d er iv ed  from la n o s ta n e  are more s t a b le  to  e l e c t r o n  impact  

than the corresp on d in g  compounds d er iv ed  from euphane, a r e s u l t  which  

cou ld  have been p r e d ic te d  from c o n s id e r a t io n  o f  th e  con form ation s  o f  

the r i n g s  o f  the compounds.
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EXPERIMENTAL.

The mass sp e c tr a  were determined u s in g  an A. S . I .  M. S. 9 

d o u b le - fo c u s in g  mass s p e c tr o m e te r .  The source tem perature was 

m ain ta in ed  a t  200°C and the  energy o f  the e l e c t r o n  beam was 70eV.

A d i r e c t  i n l e t  system  was used  to  in tr o d u c e  the sam p les .

The mass s p e c tr a  o f  th e  compounds examined are ta b u la te d  o v e r l e a f .

The author g r a t e f u l l y  acknowledges th e  generous g i f t  o f  samples  

from Dr. W. Lawrie.



M/e

39

41

42

43

44

53

55

56

57

58

67

69

70

71

72

77

79

80

81

82

83

84

MASS SPECTRUM OF LAN0ST-8-SNYL ACETATE

Abund. M/e i  Abund. M/e

1 .7 85 3 .0 122

27 .6 91 6 .8 123

1 .2 92 1 .1 124

45 .6 93 11 .0 125

1 .4 94 2.1 128

1 .4 95 24.8 129

22.2 96 10.9 130

1 .5 97 1 .0 131

17 .8 105 12 .4 132

0 .7 106 2 .1 133

6 .9 107 15 .0 134

30 .0 108 2 .5 135

1 .9 109 15 .6 136

9 .7 110 1 .7 137

0 .7 111 7 .2 141

1 .8 112 0 .7 142

5.7 115 1 .0 143

0 .8 117 3 .0 144

12 .4 118 1 .1 145

1 .6 119 17.9 146

15.7 120 3.3 147

1 .1 121 15.9 148

Abund. M/e °Jo Abund. M/e

3.2 149 6 .9 177

9 .8 150 1 .5 179

1 .2 151 2 .2 183

2 .6 155 1 .8 I 84

1.2 156 1 .4 185

2 .6 157 5 .4 186

1 .4 158 1 .9 187

7 .2 159 12 .3 188

2 .2 160 3.2 189

12.1 161 15.2 190

3.7 162 2 .6 191

14.7 163 5 .5 193

4 .3 I 64 1 .1 197

4 .3 165 1 .8 198

1 .2 169 2 .1 199

1 .4 170 1.1 200

4 .4 171 5.7 201

1 .8 172 1 .9 202

11 .0 173 9 .9 203

2 .6 174 2 .5 204

11.2 175 8 .4 205

2 .2 176 1 .5 206



M/e fo  Abund. M/e fo  Abund. M/e % Abund. M/e °jo Abund. M/e ft Abund.

207 2.5 240 4.1 272 1.4 301 4 .8 393 3.7

211 1.9 241 10.3 273 10.8 302 1.5 394 1.5

212 1.1 242 2.5 274 4.3 303 1.7 395 88.9

213 5-9 243 5.7 275 8.3 311 1.1 396 28.9

214 4 .0 244 1.2 276 2 .1 313 3*5 397 5.3

215 11 .0 245 1.7 281 1 .8 314 1.4 408 1 .1

216 2 .1 247 1.9 282 1 .0 315 3.0 409 1.4

217 1.7 253 4*6 283 4.3 316 1 .1 410 1.9

219 3-9 254 1.5 284 1 .1 325 1.7 411 1 .8

220 1 .1 255 6 .8 285 1.7 327 1 .2 413 1 .1

221 1.7 256 1.5 286 1.4 329 1 .1 453 2.5

225 2 .1 257 3.5 287 ~ 2.9 330 1 .1 454 1 .4

226 1 .1 258 1 .0 288 1.9 337 1 .2 455 100

227 11.2 259 4.1 289 3.9 339 1 .5 456 34.7

228 2.9 260 1 .4 290 1 .1 341 1.9 457 6 .6

229 10 .8 261 2.5 295 1.7 342 1 .0 468 10.9

230 2 .2 267 1 .4 297 3 .0 343 2.3 469 4 .4

231 1 .4 269 2.5 298 1 .1 355 1 .2 470 2?.? M

233 2 .1 270 1.5 299 3.0 357 1 .0 471 10 .8

239 2.3 271 2.5 300 1.5 379 1 .0 472 1 .9



MASS SPECTRUM OF EUPH-8-ENYL ACETATE

M/e /* Abund. M/e a/o  Abund. M/e %  Abund. M/e c/c  Abund. M/e °/c Abund

59 2.5 85 22.1 119 23.5 146 2.9 174 2.7

41 ro • 84 1 .8 120 4.1 147 14 .0 175 10.1

42 1.9 85 4-4 121 20.9 148 2 .6 176 1 .6

45 48 .6 91 10.7 122 4.2 149 8 .0 177 5 .0

44 2 .6 92 1 .8 123 12 .6 150 1 .5 179 1 .8

45 1 .8 95 17-5 124 1.5 151 2.9 183 1.9

55 2.5 94 4.5 125 5.7 155 1 .8 185 5.5

55 54.2 95 41 .0 128 1.4 156 1 .5 186 2 .1

56 2 .8 96 4.0 129 5.5 157 6 .2 187 12.9

57 26.3 97 14.9 130 .. 1 .6 158 2 .1 186 5.1

56 1.1 98 1 .2 151 9.6 159 14.1 189 12.2

67 11 .0 105 18.3 152 2.1 160 5.2 190 2 .0

68 1 .4 106 5.1 155 14.4 161 15.4 191 2.3

69 44.0 107 21.9 154 5.1 162 2 .6 195 5-2

70 5.0 108 5.4 155 15.4 163 5.6 197 1.7

71 14.2 109 22 .6 136 5.5 I 64 1.5 199 4.1

72 1 .1 110 2.5 157 5.5 165 1.9 200 1.5

77 5.2 111 10 .0 141 1.5 169 2 .0 201 8 .6

79 9.7 112 1 .1 142 1 .4 170 1.1 202 1.9

80 1 .4 115 1 .5 145 5.4 171 5.9 203 5.5

81 20.2 117 4.0 144 2 .0 172 2.1 204 1 .5

82 2 .9 118 1.5 145 15.5 175 12.2 205 5 .0



M/e °/o Abund

206 4.7

207 1.3

211 1.3

213 5.4

214 3.2

215 11.5

216 2 .2

217 1 .8

219 3.5

220 2 .0

221 2.1

225 1.5

227 11 .0

228 2 .6

229 10 .0

M/e % Abund

230 1.9

231 1.4

233 2 .6

239 1 .8

241 10 .0

242 2.1

243 5.1

244 1.1

245 1 .8

247 2 .1

255 5.4

256 1.3

257 2 .8

259 3.1

261 1 .8

M/e rfc Abund

266 1 .0

267 1.3

269 2 .6

271 2.1

273 7.3

274 2 .6

275 3.3

281 2.4

282 1.0

283 4.0

284 1.1

285 ■' 1.5

287 2.4

288 1 .1

289 3.0

M/e /  Abund

297 2.9

299 2.9

301 4.2

302 1 .1

303 1.1

3H 1 .1

313 1.5

315 2.3

325 1.3

327 1 .2

328 1 .1

329 1 .1

337 2.5

339 1.1

341 2.9

M/e c/o Abund.

342 1 .0

343 2.4

357 1.9

395 92 .0

396 29.5

397 6.5

410 1 .8

411 1 .6

413 1 .0

455 100

456 34.0

457 6.7

470 23.0 M

471 8 .3

472 1.4



M/e

39

41

42

43

44

53

55

56

57

58

65

67

68

69

70

71

72

77

78

79

80

81

MASS SPECTRUM OF ISOEUPHENYL ACETATE

°/o Abund. M/e io  Abund. M/e

2 .1 82 24.1 120

27.5 83 22.9 121

1 .8 84 1 .8 122

64.2 85 4.1 123

2 .1 91 17.7 124

3.2 92 3.2 125

36.9 93 43.6 128

2 .8 94 25.2 129

22.5 95 99.5 131

1 .0 96 9.4 132

1 .6 97 15.1 133

18.1 98 1 .6 134

3.2 105 20.9 135

76.1 106 5.7 136

5.0 107 45.9 137

11.9 108 11.2 138

1 .1 109 46 .8 139

7 .3 110 5.5 143

1 .1 111 20 .6 144

22.9 112 2.1 145

3.2 117 3.0 I 46

57.3 119 25.2 147

c/c  Abund. M /e °/o Abund. M /e

8 .0 148 9.9 190

39.2 149 23 .0 191

32.6 150 8 .0 192

46 .8 151 15.3 193

8.3 152 2.1 201

8.7 153 1.1 202

1.6 159 7.1 203

1.6 160 2.8 204

5.9 161 32.1 205

1.8 162 5.5 206

20.9 163 12.4 207

7 .6 I 64 3.9 208

40.6 165 2.5 209

18.6 173 6 .4 215

20.9 174 2.1 217

3.7 175 15 .6 218

1.8 176 3.0 219

1.6 177 5.7 220

1.0 178 1 .4 221

6.9 187 8.7 227

2.3 186 2.8 229

25.2 189 37.2 231



M/e %  Abund. n/e fo Abund. M/e °/o Abund. M/e fo Abund. M/e u/o  Abund.

252 2 .8 250 2.1 297 25.7 358 14 .0 411 3.2

233 3 .0 257 1 .1 298 6 .4 359 2 .1 412 1 .0

241 1 .0 259 1 .8 299 1 .8 385 1 .6 427 1 .1

243 1 .0 262 2 .8 315 1 .0 386 2.3 455 4.8

245 1 .8 263 5.7 325 1.4 395 2 .8 456 1 .8

246 1 .8 264 3.4 326 1 .0 396 1 .0 470 100.0 M

247 1.4 271 1 .0 356 1.3 409 1.1 471 36.2

249 9.6 273 1 .6 357 54.4 410 3.2 472 6.7



MASS SPECTRUM OF LANOST-7-EN YL ACETATE

M/e % Abund. M/e % Abund. M/e % Abund. M/e °Jp Abund. M/e °/o Abund

39 1 .1 91 9-3 124 1.7 150 1.9 179 2 .1

41 14.9 92 3.2 125 2.5 151 2.9 183 1 .4

42 1 .2 93 14 .0 127 1.7 153 1 .1 185 4.8

43 38.9 94 4.1 128 1 .1 155 1 .4 186 1 .8

44 1.3 95 29.2 129 2.7 156 1 .1 187 11.4

53 1.5 96 3-5 150 1.3 157 5.1 188 2.9

55 22.1 97 9.3 131 8.9 158 1 .8 189 7.1

56 1.9 98 1 .0 132 3.3 159 12.4 190 1.5

57 18.4 105 17.2 133 20.5 160 3.6 191 2.5

67 7.9 106 4.0 134 - 8 .3 161 14.4 193 3.0

68 1 .2 107 20 .0 135 27.4 162 2 .8 197 1.3

69 27.3 108 3.7 156 5.4 163 6 .4 199 3.8

70 2 .0 109 17.9 137 5-9 I 64 1 .1 200 1 .4

71 10.4 110 2 .0 139 1 .5 165 2.3 201 6 .4

77 2.3 111 6 .2 142 1.3 169 1 .6 202 3.1

79 7 .8 117 4-4 143 4*4 171 5.5 203 5.2

80 1.5 118 1 .8 144 1.9 172 2 .0 204 1.3

81 17 .0 119 20.2 145 12 .0 173 15.4 205 2.5

82 2 .8 120 5.9 146 3.3 174 3.1 206 1.7

83 14.3 121 17.9 147 15.4 175 15.7 207 2 .4

84 1 .1 122 5.8 148 6 .1 176 2 .4 211 1.5

85 3.3 123 13-4 149 11.1 177 3.0 213 5.9



M/e

214

215

216

217

219

220

221

225

227

228

229

250

231

233

239

240

% Abund.

2.5  

6 .8

1.5  

2.2

3.3  

1.1  

1.7  

1 .2  

7.9

2.3  

12.4

2 .6  

2 .1  

3.5

1 .4  

2 .2

M /e

241

242

243

244

245

246

247

253

254

255

256 

257

259

260 

261 

262

fo Abund.

7.2  

1 .8

5.4

1 .2

2.3  

2 .0  

2 .8

2.4  

1 .0

20.2

4.7

4.1  

10.2

3.1

3.7

2 .8

M /e

269

270

271

272

273

274
275

276 

281

283

284

285

287

288

289

290

°/o Abund.

5.6  

12 .6

5.3

1.3  

10.7

3.4
4.2

1 .1

1 .4

4.7

1 .2

1.9

2.9

7 .3  

6 .2

1.3

M/e

297

298 

299 

301 

302 

303 

311 

313

315

316 

325 

327

329

330 

339 

341 

343

fo Abund.

4.9

1.3

2.3

3.2  

1.1

1.7  

1.5  

2 .0

5.3

2 .4  

2.1

1.5

4.2

3.7

1.2

1.9  

2 .2

M/e

357

367

393

395

396

397 

410 

4H  

413

455

456

457

468

469

470

471

472



M/e

39

41

42

43

44

53

55

56

57

67

68

69

70

71

72

77

79

80

81

82

83

84

MASS SPECTRUM OF DIHYDROBUTYROSPERMYL ACETATE

io  Abund. M/e %  abund. M/e

1 .0 85 2 .8 124

12.9 91 8.7 125

1 .0 92 2 .4 127

31.5 93 13.0 129

1 .0 94 4-3 130

1 .3 95 32.8 131

21.2 96 3.9 132

1 .7 97 9 .6 133

16.9 105 15 .5 134

7 .4 106 3 .5 135

1 .1 107 18 .6 136

2 6 .4 lo8 3.3 137

1 .7 109 18 .4 139

10.1 110 1 .8 143

1 .0 111 6 .9 144

2 .1 117 3 .4 145

7 .2 118 1 .3 146

1 .1 119 16.9 147

16.2 120 4 .7 148

2 .6 121 15-3 149

13 .6 122 4 .7 150

1 .0 123 10 .5 151

/  Abund. M/e Abund. M/e

1 .3 157 3 .6 189

2 .4 158 1 .3 190

1 .1 159 10.3 191

2 .0 160 2 .4 193

1 .1 161 12.1 199

6 .6 162 2 .4 201

2.2 163 5 .0 202

15 .0 I 64 1 .0 203

5 .8 165 1.7 204

18.7 169 1 .0 205

3.7 171 3 .9 206

4 .5 172 1 .3 207

1 .4 173 1 0 .0 208

3.1 174 2 .4 213

1 .3 175 13 .9 214

8 .9 176 2 .1 215

2 .2 177 2 .6 216

12.2 179 1 .7 217

3 .8 185 3 .4 218

7 .4 186 1 .3 219

1 .3 187 10.7 220

2 .5 188 2 .5 221



M/e

227

228

229

230

251

233

239

241

242

243

244

245

Hbund. M/e fo  Abund. M/e %  Abund. M/e %  Abund. M/e

7 .8 246 1 .3 273 9*4 301 3 .4 395

2 .0 247 2 .8 274 3.1 303 1 .0 396

8 .0 255 6 .6 275 3 .4 311 1 .0 397

1 .5 256 1 .5 281 1 .4 313 1 .1 410

1 .4 257 3 .4 283 4 .7 315 2 .1 411

2 .7 259 6 .8 284 1 .1 323 1 .3 413

1 .0 260 2 .0 285 1 .4 325 1 .3 455

7 .0 261

CM.K\ 287 2 .0 329 1 .7 456

1.7 262 2 .4 288 3.3 341 2 .3 457

4 .9 269 3 .4 289 2 .9 343 2 .1 468

1 .0 270 1 .1 297 '3 .6 344 1 .0 470

1 .6 271 1 .8 298 1.0 357 2 .0 471

299 2 .2 393 1 .0 472



Mass Spectrum  o f  9 # -E uph-7-en .y l a c e t a t e .

M/e °/o Abund. M/e /  Abund. M/e fo  Abund. M/e c/o  Abund. M/e io  Abund

39 4 .4 78 2 .0 110 7 .2 136 1 7 .4 I 65 3 .7

41 4 8 .1 79 24.9 111 14 .8 137 12 .7 171 9 . 1

42 4 . 0 80 5 .8 112 2 .1 138 2 .9 172 4 .4

43 1 0 0 .0 81 5 8 .4 113 2 .9 143 8 .5 173 3 1 .7

44 3 .3 82 1 4 .5 117 8 .4 144 4 .0 174 9 .1

53 5 .1 83 4 0 .2 118 3 .9 145 2 5 .9 175 3 4 .4

54 1 .2 84 3 .8 119 46 • 0 146 7 .6 176 6 .2

55 7 0 .4 85 1 0 .0 120 14 .9 147 34-4 177 6 .9

56 6 .5 91 2 1 .9 121 47^ 4 148 1 5 .4 178 1 .8

57 58 .1 92 1 3 .0 122 40 .6 149 2 5 .5 179 3 .4

58 2 .5 93 3 9 .5 123 3 1 .9 150 5 .4 180 5-1

59 1 .1 94 1 5 .1 124 5 .3 151 6 .2 181 1 .5

60 1 .1 95 7 5 .6 125 6 .8 155 2 .3 185 8 .6

65 2 .2 96 10 .9 127 3 .3 156 1 .8 186 3 .6

66 1 .0 97 2 1 .4 128 2 .3 157 1 0 .5 187 2 0 .3

67 2 6 .9 98 2 .3 129 5 .2 158 4 .3 188 7 . 4

68 5 .2 99 2 .9 130 3 .2 159 2 8 .0 189 1 4 .3

69 8 4 .2 105 4 3 .1 131 1 8 .8 160 7 .5 190 3 .3

70 6 .7 106 1 2 .0 132 8 .7 161 2 6 .0 191 6 .0

71 3 1 .6 107 5 2 .2 133 4 2 .9 162 6 .5 192 2 .9

72 2 .5 108 1 3 .8 134 2 2 .6 165 1 1 .4 193 7 . 4

77 7-6 109 4 5 .6 135 75*9 I 64 2 .7 199 9 . 1



Mass Spectrum  o f 9 £  -E u p h -7 -en y l a c e t a t e  ( C o n t ' d . ) .

M/e fo  Abund. M/e c/o  Abund. M/e

200 4 .1 230 8 .0 269

201 2 1 .0 231 4 .4 270

202 8 .3 233 5 .9 271

203 17 .3 234 2 .3 272

204 4 .2 239 2 .2 273

205 5 .6 240 2 .4 274

206 2 8 .2 241 1 1 .2 275

207 12 .8 242 3 .6 276

208 3 .2 243 6 .6 277

213 1 3 .4 244 1 .5 283

214 6 .0 245 3 .2 287

215 15-2 246 3 .9 288

216 11 .9 247 4 .7 289

217 1 8 .4 248 2 .2 290

218 4 -2 255 29.3 297

219 5 .8 256 7 .5 298

220 14 .7 257 6 .9 299

221 8 .3 259 5 .1 301

227 1 7 .6 260 2 .9 302

228 9 .1 261 5 .4 303

229 3 2 .9 262 2 .5 313

Abund. M/e fo Abund. M/e c/o  Abund.

4 .4 314 1 .9 385 2 .2

22 .8 315 17 .9 393 2 .5

7 .9 316 1 2 .5 394 1 .1

2 .0 317 3 .5 395 8 2 .1

16 .0 325 3 .5 396 2 6 .0

7 .8 326 1 .2 397 5 .0

14 .1 327 2 .1 410 2 0 .0

8 .0 329 2 .1 411 8 .5

3 .4 330 5 .6 412 2 .1

4 .3 331 1 .5 455 8 9 .0

5-5 339 1 .7 456 3 0 .2

2 1 .4 341 2 .8 457 5 .4

15 .9 343 2 .9 470 1 0 0 .0  M

4 .7 344 1 .6 471 35 .8

3 2 .8 353 1 .8 472 6 .5

8 .6 355 2 .2

3 .6 356 1 .3

5 .5 357 1 7 .1

4 .4 358 5 .9

2 .2 367 2 .2

2 .4 369 1 .8



M/e

39

41

42

43

44

45

53

55

56

57

58

67

68

69

70

71

72

77

79

80

81

82

MASS SPECTRUM OF LANOST-9 (ll)-ENYL ACETATE

c/o  Abund. M/e %  Abund. M/e % Abund. M/e /  Abund. M/e

2 .0 83 18 .4 120 8 .8 145 1 3 .6 173

20.9 84 1 .9 121 24.2 146 4 .6 174

1 .7 85 4-5 122 6.7 147 14.6 175

4 7 .0 91 11 .4 123 14.3 148 4 .6 176

1 .7 92 2 .3 124 1 .8 149 10 .8 177

1 .2 93 19.1 125 3 .5 150 3 .0 179

2 .1 94 23.2 127 1 .6 151 1 .2 183

31 .0 95 41.1 128 1 .2 153 1 .1 185

2 .6 96 4 .9 129 2 .7 155 1 .2 186

22 .9 97 11.5 130 ' 1 . 4 156 1 .0 187

1 .1 98 1 .1 131 10.1 157 5.2 188

1 2 .0 99 1 .1 132 4 .7 158 2.1 189

1 .8 105 21.1 133 17 .8 159 1 5 .0 190

37 .6 106 5.7 134 7 .9 160 3 .7 191

2 .8 107 4 .8 135 20.9 161 19 .5 193

12.2 108 7 .3 136 8 .0 162 3 .9 195

1 .0 109 26.2 137 6 .7 163 6 .8 197

3 .3 110 7 .9 138 1 .1 I 64 1 .2 199

9 .8 115 1 .2 139 1 .0 165 2 .3 200

1 .8 117 4 .5 142 1 .1 169 1 .5 201

22 .3 118 2.1 143 4 .3 171 5 .4 202

12 .4 119 27 .4 144 2 .0 172 2 .1 203



M/e

204

205

206

207

211

215

214

215

216

217

219

220

221

225

227

228

229

% Abund.

1 .2

2 .6

1 .2

3 .0

1 .1

5.4  

2 .8

1 0 .0

2.5  

1.9

4.0

1.3

3 .0  

1.2

1 .6  

2 .6  

9.2

M/e

230

231

233

239

241

242

243

244

245

247

248

249

255

256

257

258

259

260

% Abund.

2 .0

1 .8

2 .1

1 .8

7.3  

1 .8

4.7  

1 .2

1.4  

1.9

5.7

1 .4  

7 .0

1.7

5.4

1 .4

4 .8

1 .8

M/e

261

269

270

271

272

273

274

275

276 

281 

283

285

286

287

288

289

290 

297

fc Abund.

3.1

2.3  

1.9

2.3

3.0  

10.5

7.5

9 .0

2.7

1.5  

-3 .4

1.5

1 .2

3.3  

4.2

6.5

1 .6

4 .7

M/e

298

299

301

302

303

313

315

317

318 

325 

327 

330 

332 

337

341

342

343

344

fo Abund.

1.1

2.9

4.4  

1 .6

1.5

1 .6

3.3  

6 .0

3.4  

1 .2  

1 .3  

1.1

2.5  

1 .0

2 .5  

1 .1  

2 .1  

1 .0

M/e

353

357

358 

367

395

396

397 

409 

310

411

412

413

455

456

457

470

471

472



M/e

39

41

42

43

44

53

55

56

57

58

67

68

69

70

71

72

77

79

80

81

82

83

MASS SPECTRUM OF 8*-EUPH-9 (ll)-ENYL ACETATE

Abund. M/e % Abund. M/e c/c  Abund. M/e °/o Abund. M/e fo Abund

1 .6 84 1 .7 120 5 .6 148 3.2 177 2 .8

17.2 85 4 .2 121 18.3 149 7 .9 179 1 .6

1 .4 91 9.2 122 4 .5 150 1 .5 183 1 .3

36.1 92 1 .9 123 11.7 151 2 .6 185 3 .6

1 .4 93 14 .8 124 1 .5 155 1 .3 186 1 .4

1 .7 94 16.9 125 3 .3 156 1 .0 187 10 .4

26 .0 95 34.2 128 1.1 157 4 .8 188 2 .6

2 .5 96 3 .6 129 2 .7 158 1 .8 189 10 .0

19 .6 97 11.2 130 1 .3 159 12.2 190 2 .0

1 .0 98 1 .1 131 '8 .6 160 3 .1 191 2 .2

9 .5 103 1 .0 132 3 .8 161 13.7 193 3 .6

1 .4 105 17 .0 133 14 .9 162 2 .5 197 1 .1

31 .6 106 4 .2 134 4 .9 163 4 .9 199 2 .8

2 .6 107 19 .6 135 15.2 164 0 .9 200 0 .9

10.7 108 4 .1 136 3 .6 165 1 .9 201 7 .0

1 .0 109 17.7 137 4 .8 169 1 .3 202 1 .8

2 .8 110 1 .9 142 1 .2 171 4*6 203 4 .9

8 .0 111 7 .4 143 3 .8 172 1 .6 204 1 .4

1 .5 112 0 .8 144 1 .8 173 10.1 205 2 .7

17 .5 117 3 .8 145 11.7 174 2 .7 206 1 .6

9 .2 118 1 .6 146 3 .6 175 12 .7 207 4 .5

17 .9 119 21.7 147 12.2 176 2 .7 208 1 .2



M/e °/c Abund. M/e C/C Abund. M/e %  Abund. M/e °/o Abund. M/e °/c Abund.

211 1.1 231 1 .5 260 1 .0 288 2 .7 393 1 .4

213 5 .9 233 2 .3 261 2 .0 289 2 .8 395 80.1

214 2 .8 239 1 .4 269 2 .3 297 3.1 396 25 .0

215 9 .9 240 1 .3 270 1 .4 299 2 .2 397 4 .9

216 2 .0 241 7 .9 271 2 .0 301 3 .8 410 1 .7

217 1 .6 242 1 .8 272 0 .9 302 1 .1 411 1 .2

219 3 .5 243 4 .7 273 7 .6 303 1 .1 413 0 .9

220 1 .2 246 1 .4 274 3 .4 313 1 .7 455 100

221 2.2 247 2 .2 275 3 .9 315 2 .5 456 34.7

225 1 .0 253 1 .3 276 1 .0 325 1 .1 457 5 .7

227 9 .3 255 5.8 281 1 .3 327 1 .0 468 3 .5

228 2 .7 256 1 .5 283 3-4 339 1 .0 469 1 .6

229 8 .8 257 2 .7 285 1 .3 341 1 .9 470 19 .8  M

230 1 .8 259 3 .2 287 2 .6 343 1 .8 471 7 .7

357 2 .0 472 1 .5



M/e

39

41

42

43

44

53

55

56

57

67

69

70

71

77

79

81

82

83

85

91

92

93

MASS SPECTRUM OF EUPHA-7, 9 (ll)-DIENYL ACETATE

%  Abund. M/e % Abund. M/e cjc  Abund. M/e /  Abund. M/e

1 .0 94 1.3 150 1 .8 159 11 .5 191

1 1 .4 95 14-9 131 9.2 160 2 .6 193

1 .0 96 1.7 132 6.1 161 4 .0 195

31 .4 97 5 .3 133 9 .0 165 1 .2 196

1 .0 105 8 .4 134 3 .4 167 1 .6 197

1 .9 106 2 .9 135 5 .8 168 1 .3 198

16 .0 107 9 .9 156 1 .0 169 6 .8 199

1 .4 108 2 .0 137 1 .5 170 3 .3 200

12 .6 109 7 .8 141 2 .3 171 12 .5 201

4* 6 110 1 .0 142 3 .2 172 4 .1 202

19 .6 111 3-0 143 9 .2 175 9 .7 205

1 .4 115 1 .2 144 3 .1 174 2 .1 205

6 .6 117 3 .0 145 13.1 175 2 .0 207

1 .4 118 1 .5 146 4 .9 181 1 .9 209

2 .5 119 1 1 .0 147 5 .8 182 1 .4 210

6 .1 120 2.7 148 1 .3 185 6 .2 211

1 .6 121 6 .5 149 2 .1 . 184 2 .4 212

6 .8 122 1 .9 154 1 .0 185 9 .1 213

1 .7 123 4 .7 155 5 .0 186 3 .9 214

3 .5 125 1 .1 156 3 .8 187 7 .2 215

1 .0 128 2 .1 157 12 .7 188 1 .7 219

6 .4 129 4*4 158 4 .0 189 1 .6 225



M/e ajo Abund. M/e $  Abund. M /e % Abund. M/e °/o Abund. M/e % Abund.

224 1 .0 253 21 .3 281 2 .4 313 19.9 383 2 .4

225 8 .0 254 8 .8 285 1 .0 314 7 .6 393 23 .3

226 2 .9 255 3.9 286 5.3 315 2 .6 394 10.7

22? 9 .7 256 1 .0 287 4 .1 316 1 .5 395 2 .8

228 5.2 257 2 .7 288 19.9 323 2 .3 408 6 .2

229 2 .9 265 1 .0 289 4 .6 325 1 .4 409 4*6

237 1 .5 267 2 .0 295 10 .6 327 1 .1 410 1 .4

238 1 .0 268 1 .1 296 2 .8 328 2 .4 425 1 .0

239 11.6 269 1 .3 297 1 .9 339 5 .8 453 17.2

240 24 .9 271 1 .8 299 2 .3 340 2 .0 454 5.9

241 12.2 273 6 .5 300 6 .5 341 1 .4 455 1 .3

242 3.1 274 1 .6 301 7 .2 355 6 .4 468 100 .0  M

243 1 .1 279 1 .7 302 3.1 356 2 .4 469 34 .0

311 1 .2 365 1 .4 470 6 .7



MASS SPECTRUM OF LANOST-7-EN-3-ONE

M/« c/<. Abund. M/e Abund. M/e %  Abund. M/e °/c Abund. M/e /  Abund.

39 9 .9 70 56.5 98 5 .6 122 6 .3 147 10 .6

40 8 .0 71 7 .5 99 1 .8 123 16.5 148 3 .5

41 69.2 72 25.5 100 2 .2 124 4 .5 149 8 .2

42 8 .6 75 15.1 101 2 .1 125 7 .3 150 2 .2

45 8I .7 74 2 .7 103 1 .4 126 2 .8 151 5 .4

44 15.2 77 7 .4 104 1 .0 129 4 .1 152 2 .3

45 4 .5 78 2.1 105 23.5 150 2 .2 155 1 .7

50 2 .1 79 16.9 106 6.1 151 9 .4 156 1 .7

51 2 .1 80 4 .0 107 20 .8 152 4 .3 157 4 .2

52 1 .1 81 38.1 108 .r5 .2 155 17 .5 158 1 .6

55 7 .8 82 6 .6 109 22 .0 154 5 .8 159 8 .2

54 5 .5 85 30.2 110 5.2 155 12 .4 160 2 .9

55 77 .6 84 5 .5 111 9 .6 156 4 .2 161 9 .1

56 11.2 85 6 .1 112 1 .8 157 7 .1 162 1 .7

57 55.7 86 1 .8 115 1 .0 138 3 .4 163 7 .3

58 2 .1 91 17 .5 115 2 .0 159 3 .9 I 64 1 .8

59 25 .5 92 4 .5 116 1 .1 140 1 .3 165 3 .6

60 4 .2 95 20 .3 117 5.7 142 1 .8 166 1 .0

66 5 .2 94 7 .2 118 1 .6 143 4 .8 169 1 .2

67 1 .9 95 4 5 .4 119 20.2 144 1 .9 171 4 .0

68 28.2 96 9 .9 120 6 .1 145 9 .6 172 1 .3

69 6 .1 97 19 .4 121 18.1 I 46 3 .1 173 5 .6



M/e fc Abund. M/e °/c Abund. M/e °/o Abund. M/e /  Abund. M/e c/o  Abund.

174 1 .8 195 2.1 227 1 .6 259 10 .0 300 1 .0

175 6 .8 199 3.2 228 1 .2 260 2 .5 315 4 .5

176 1 .5 200 2.1 229 2 .8 261 2 .9 316 1 .3

177 3 .5 201 4 .7 230 1 .0 269 1.7 321 1 .0

178 1 .0 202 1 .3 231 3 .9 271 21 .4 323 5.2

179 4 .4 203 4 .0 232 1.1 272 6 .3 324 1 .8

180 1 .3 204 3.1 233 1.7 273 7 .4 325 1 .0

181 3.2 205 1 .0 241 1 .1 274 1 .6 335 2 .4

182 1 .4 206 1 .8 243 6 .6 275 1 .6 337 1 .2

187 4 .4 213 1 .8 244 3.1 281 3 .5 393 2 .8

188 2 .3 215 3.7 245 15 .8 282 1 .0 409 1 .7

189 12.7 216 1 .6 246 2 .5 283 1 .3 411 100 .0

190 3.1 217 2 .0 247 1 .4 285 8 .4 412 3 3 ,4

191 4* 6 218 3 .1 253 1 .4 286 8 .8 413 5 .2

192 1 .4 219 3 .4 255 1 .4 287 2 .7 424 2 .5

193 2 .5 220 2 .7 256 1 .2 288 2 .0 426 22 .8  M

194 1 .0 221 1 .3 257 7 .8 297 2 .1 427 6 .9

258 2 .9 299 4 .0 428 1 .3



MASS SPECTRUM OF 9 f>  -  EUPH-7-EN-3-ONE

US/e °/o Abund. M/e %  Abund. M/e % Abund. M/e c)o  Abund. M/e °jo Abund

39 5.7 71 22.1 107 24 .0 132 3 .6 161 7 .1

40 4 .2 72 1 .2 108 6 .9 133 19 .4 162 1 .5

41 65.1 77 7 .2 109 20.9 134 7 .8 163 6 .2

42 6 .7 78 1 .8 110 5 .0 135 19 .4 I 64 1 .0

4 3 100.0 79 17 .6 111 6 .8 136 4 .5 I 65 1 .6

44 5 .4 80 4 .0 112 1.2 137 5 .0 169 1 .2

45 1.2 81 56.5 115 2 .2 138 1 .7 171 2 .7

50 1.5 82 8 .2 116 1 .2 139 4 .1 172 1 .4

51 1 .5 85 25-4 117 4 .5 143 3.2 173 5 .8

55 7 .5 84 2 .7 118 1 .5 144 1 .9 174 2 .2

54 2 .1 85 5 .8 119 19 .3 145 9 .3 175 8 .3

55 65.7 91 18.1 120 6.2 146 3 .7 176 1 .5

56 9 .8 92 6 .2 121 19 .3 147 13 .2 177 3.1

57 56.2 95 21 .5 122 10 .6 148 4 .1 178 1 .0

58 2 .0 94 9 .5 123 14.1 149 8 .3 179 1 .3

59 1 .4 95 40 .6 124 1 .9 150 1 .7 180 1 .7

65 2 .4 96 9.1 125 6.2 151 2 .8 185 1 .7

66 1 .0 97 10 .6 126 1 .4 152 1 .1 186 1 .4

67 25 .5 98 1 .0 127 1 .4 157 4 .2 187 7 .9

68 4 .5 99 1 .5 129 2 .5 158 2 .0 188 1 .9

69 4 5 .6 105 25.1 150 1 .2 159 8 .3 189 5.2

70 4 .5 106 5*6 131 8 .1 160 3 .2 190 1 .0



M/e

191

192

193

194

199

200

201

202

203

204

205

206

kbund. M/e G/o  Abund. M/e %  Abund. M/e % Abund. M/e

2 .7 207 4 .2 230 1 .0 259 3 .2 297

1 .3 208 1 .0 231 1 .8 260 1 .0 299

2 .7 213 1 .0 232 2 .9 261 1 .0 313

1 .3

ua 
1— 1CM 2 .7 233 3 .5 271 14.7 314

1 .4 216 1 .4 234 1 .2 272 5 .8 327

1 .1 217 4 .2 243 3 .6 273 3.7 341

3 .5 218 2.1 244 2 .9 274 1 .3 411

1 .3 219 4 .0 245 12 .4 275 2 .8 412

2 .7 220 3 .3 246 3.2 285 1 .4 413

2 .1 221 1 .3 247 1 .0 286 4 .9 424

2 .4 227 1.7 257 2 .7 287 1 .9 426

4 .6 229 2 .5 258 2 .0 288 1 .5 427

428



M/e

39

40

41

42

43

44

45

50

51

53

54

55

56

57

58

59

60

65

66

67

68

69

M SS SPECTRUM OP 11-KETOLANOSTANYL ACETATE

%  Abund. M/e fo  Abund. M/e %  Abund. M/e c/o  Abund. M/e

5 .6 70 8.1 106 4 .6 134 7 .5 165

3.1 71 7 .0 107 27.3 135 22 .8 166

52.7 77 4 .9 108 51.8 156 17.1 171

4 .8 78 1 .5 109 8 .2 137 17.1 173

100 79 17.3 110 6 .7 158 3.7 174

5 .6 80 4.7 111 1 .1 139 2 .9 175

3 .6 81 43 .5 112 1 .1 143 4 .1 176

1 .4 82 31.7 117 1 .9 144 2 .9 177

1 .2 83 28 .4 118 1 .3 145 8 .4 178

6 .9 84 4.1 119 15 .4 146 3-9 179

5.7 85 4 .1 120 6 .8 147 8 .9 185

65-4 86 1.2 121 50.1 148 7 .9 187

9 .2 91 12.3 122 13.2 149 4 .1 188

51.1 92 2 .8 123 19 .0 150 2 .0 189

1 .9 93 27.7 124 4-5 151 1 .1 190

11 .4 94 15 .6 125 2 .6 157 1 .1 191

3-2 95 68.5 126 1 .1 159 3 .9 192

1 .9 96 11.1 127 1 .4 160 3 .3 193

1 .5 97 11.9 128 1 .1 161 9 .2 194

28 .9 98 2 .0 131 3.1 162 3 .0 199

8 .4 99 1 .1 132 2 .6 165 6 .9 201

79-5 105 15 .9 133 14.2 164 1 .9 202



M/e

203

204

205

206

207

208

215

216

217

218

219

v/o  Abund.

8 .7

1 .9

1 .6

1 .1

5 .6

1 .7  

1 .6

1 .4

1 .8  

1 .1

2 .4

M/e

220

221

229

230 

231 

243 

245 

248

249

250

257

258

io Abund.

2 .0

1 .1

2 .5

1 .3

1 .5  

1 .1  

1.1

6 .4

1 .9  

1 .2

1 .9  

1 .2

M/e

259

262

263

264

265

271

272

275

276

277

278 

281

% Abund.

1 .0

1 .3  

72 .3  

12 .8

1 .9

2 .4  

2 .1  

1 .2  

1 .2  

3 .6  

1 .0  

1.1

M/e

286

287

289

290 

291

303

304

305

317

318

319 

332

cJv Abund.

1.7  

1 .1  

2 .4

13 .0

2 .8  

58.2  

14.7

3.1

4 .1  

1 .8

1 .1  

4 .1

M/e

333

383

384

411

412

426

427

428 

471 

486

487

488



M/e

39

40

41

42

43

44

45

50

51

53

54

55

56

57

58

59

60

65

66

67

68

69

MASS SPECTRUM OP ll-KETOEUPHANYL ACETATE

> Abund. M/e

6 .6 70

2.1 71

62.7 72

6 .8 77

100 78

8 .6 79

3 .6 80

1 .4 81

1 .2 82

5-4 83

2 .6 84

52.3 85

6 .8 91

42.7 92

2 .4 93

1 .6 94

1 .3 95

2 .2 96

1 .4 97

24 .0 98

7 .2 105

72 .3 106

Abund. M/e

5 .9 107

16.7 108

1 .9 109

4 .0 110

1 .2 111

13.9 112

3 .8 113

38.1 117

25 .4 118

20 .6 119

3 .0 120

3 .4 121

9 .2 122

2 .0 123

23.1 124

24 .5 125

68.2 129

10.7 131

9 .9 132

1 .4 133

10.7 134

3 .8 135

Abund. M/e

22 .0 136

9.1 137

32.8 138

11.9 139

5.6 143

1.1 145

1.2 146

1 .6 147

1 .0 148

11 .8 149

5 .0 150

22 .4 151

8 .7 152

15.2 157

2 .6 159

3.1 160

1 .4 161

2 .8 162

1 .2 163

10.1 164

4 .8 165

20 .4 171

Abund. M/e

13.2 173

14.7 174

2 .7 175

2 .0 176

1 .0 177

4 .1 178

1.7 185

5 .8 186

2 .7 187

7 .1 188

4 .0 189

1 .8 190

1 .1 191

1 .0 192

4 .2 193

2 .2 194

7 .9 199

3 .6 201

5.7 202

1 .3 203

2 .1 204

1 .2 205



M/e

206

207

208

215

216

217

218

219

220

221

222

229

250

°/q Abund. M/e % Abund. M/e

1 .2 231 1 .9 272

6 .9 ro V_N 1 .1 273

2 .9 235 1.1 275

2 .1 241 2 .4 276

1 .0 242 1 .0 277

1 .7 243 1 .3 278

1 .8 245 1 .3 286

6 .3 249 3.7 287

1 .8 250 1.7 289

3 .0 259 2 .0 290

1 .9 263 3 .4 291

1.1 264 1.1 293

1 .1 271 2 .5 294

Abund. M/e °Jo Abund. M/e

1 .3 295 1 .4 384

1 .5 303 21 .6 411

1 .2 304 5.1 412

1 .0 305 1 .3 424

4*6 313 1 .4 426

1 .1 317 1 .2 427

3 .4 318 1.1 428

1 .1 319 2 .2 468

1 .1 332 13.1 471

11 .5 333 2 .9 484

3.1 355 1 .5 485

7 .0 373 1 .7 486

1 .3 374 1 .1 487

383 2 .3 488



MSS SPECTRUM OF 7, 11 -  DIKETOLAUOSTANYL ACETATE

M/e %  Abund. M/e %  Abund.

39 6 .4 70 4 .9

40 3 .8 71 20 .0

41 59.6 72 2 .1

42 6 .0 77 4 .5

43 100 78 1 .3

44 5 .8 79 13.2

45 1 .7 80 6 .8

50 1 .1 81 30.9

51 1 .1 82 9 .8

53 5 .6 83 21.2

54 2 .4 84 1 .3

55 59.4 85 3 .0

56 5 .8 91 11.2

57 51.0 92 3.2

58 2 .3 93 24.9

59 1 .2 94 8 .5

60 1 .0 95 44.7

65 2 .3 96 10.3

66 1 .0 97 10.7

67 23 .6 98 1 .4

68 6 .1 105 12 .0

69 64 .8 106 3 .7

Abund. M/e %  Abund. M/e a/o  Abunc

30.8 138 3.2 173 2 .6

15.2 143 1 .1 174 1 .0

30.1 145 3 .9 175 4 .1

6 .8 146 1 .0 176 1 .1

5 .0 147 6 .9 177 2 .9

1 .2 148 2 .1 178 1 .8

2 .1 149 8 .4 179 2 .0

12.1 150 3 .4 181 4 .1

6 .7 151 3*5 182 1 .1

34.5 153 1 .3 183 1 .3

16 .0 157 1 .1 185 1 .0

18.1 158 1 .0 187 2 .1

3 .8 159 3 .1 188 1 .1

3 .0 160 1 .4 189 2 .8

1 .1 161 4 .2 190 1 .0

2 .8 162 2 .3 191 15.7

1 .2 163 9 .7 192 1.7

7 .8 I 64 3 .8 193 2 .9

3 .0 I 65 3 .0 194 1 .1

19 .5 166 1 .4 199 1 .1

13.1 167 1 .0 201 1 .3

2 .6 171 1 .0 203 1 .8

M/e

107

108

109

110

111

112

117

119

120

121

122

123

124

125

129

131

132

133

134

135

136

137



M/e

204

205

206

207

208

209

215

217

218

219

220

221

222

227

229

251

% Abund.

1 .0

1 .8

4 .6  

8.0

1.6  

1 .0  

1.0 

1.0 

1.0 

1 .9

10 .4

7 .1  

2 .5  

0 .9  

0 .9

2 . 1

M/e

252

255

243

244

245

248

249

250

251

252 

257 

259 

261 

262 

265 

267

a/o Abund.

1.0

1 .3  

1 . 2  

2 .0  

1.2  

1.1  

1 .8

1 .4

6 .4

1 .4

1 .3

1 .5

1 .3  

1.0

1 .3  

1.0

M/e

271

275

276

277

278 

279

289

290

291

292 

301 

302

303

304

305

306

fc Abund.

1 .0

1 .3  

1 .6

24 .5

6 .8

2 .7

2 .4  

2 .1  

2.2  

1 .3

1 .1

4 .5

4 .8

2 .6  

8 .7

M/e

307

317

318

319

320

331

332

333 

341

345

346

347

348

359

360 

387

c/o Abund.

1 .8

1 .1

2 .8

2 .1

1 .3

1 .3

3 .4  

1 .0  

1 .0  

1 .1

1 .9

1 .9

1 .2

3 .2

2 .1

2 .6



M/e

39

40

41

42

43

44

43

50

51

53

54

55

56

57

58

59

60

65

66

67

68

69

MASS SPECTRUM OF 7 , 11-DIKETOEUPRANYL ACETATE

%  Abund. M/e Abund.

5 .8 70 3 .6

4 .0 71 14.2

52.3 72 1 .4

4 .8 75 4 .8

8 5 .4 76 1 .2

3 .6 77 9 .9

2 .1 78 4 .8

1 .4 79 23.7

1 .3 80 8 .0

5.2 81 15.2

2 .1 82 2.1

45 .7 83 2 .3

4*6 91 9 .4

37.9 92 3 .9

2 .4 93 21.3

1 .3 94 6 .2

1 .3 95 35.1

1 .7 96 6 .7

1 .2 97 8 .8

20 .0 98 1 .3

5 .4 105 9 .1

48.7 106 4 .0

% Abund. M/e '•jo Abund

20.7 146 1 .2

9 .1 147 5 .6

22.0 148 1 .6

4*6 149 6 .3

4 .0 150 1 .9

1 .8 151 2 .9

8 .2 152 1 .4

15 .9 153 1 .0

30.8 157 1 .2

-.12.4 158 1 .0

3 .4 159 2 .4

3 .0 160 1 .2

2 .4 161 4 .1

1 .0 162 1 .7

6 .2 163 14 .5

3 .1 I 64 4 .4

15 .6 165 3 .8

43 .7 166 1 .0

13.2 171 1 .0

1 .8 173 2 .5

1 .9 174 1 .1

3 .6 175 2 .5

M/e

107

108

109

110

111

117

119

120

121

122

123

124

131

132

133

134

135

156

137

138

139

145



M/e

215

216

217

218

219

220

221

222

225

227

229

251

253

°/c Abund. M/e % Abund.

1 .4 243 1 .0

1 .0 244 0 .9

1 .3 245 1 .0

1 .1 249 1 .0

1 .2 250 0 .8

4-5 251 1 .9

3 .5 259 1 .0

1 .0 261 1 .1

1 .0 265 1 .0

1 .1 275 1 .1

1 .1 276 1.1

1 .1 277 100.0

1 .1 278 22 .6

°/o Abund. M/e c/c Abund.

3 .6 518 1 .1

1 .0 319 2 .1

1 .1 520 1 .0

1 .1 331 1 .0

1 .1 332 1 .0

1 .7 333 1 .0

1 .0 345 1 .4

2 .0 346 0 .8

2 .7 359 1 .0

2 .4 387 1 .0

11 .8 397 1 .1

2 .8 412 1 .6

1 .8 413 1 .0

M/e

279

280

289

290

291

292

295

305

304

305

306

307

317



M/e

53

55

56

57

60

67

68

69

70

71

77

79

80

81

82

83

84

85

91

92

93

94

MASS SPECTRUM OF 11-KET0EUPH-8-ENYL ACETATE

c/v Abund. M/e % Abund.

1 .1 95 15.9

23 .0 96 2.1

3 .0 97 4.2

15.2 105 7 .6

1 .1 106 1.5

6.1 107 9.3

1.5 108 2.5

24.7 109 8.9

2 .2 110 1 .1

6 .6 111 1.7

2 .2 117 1.9

4 .4 119 00 • vji

1 .1 120 2 .1

10.2 121 9 .9

2 .1 122 5.9

8 .5 123 7 .0

1 .1 124 1 .1

1.7 128 1 .3

5.5 129 1.9

1 .1 131 3.6

7 .2 132 1.3

1.7 133 7 .0

°/o Abund. M/e a/o Abund.

2.5 169 1.3

10.6 171 2 .8

2 .2 172 1 .1

3.2 173 5.5

2.2 174 1.9

1 .1 175 5.5

5.3 176 1.3

1.5 177 3.6

5.9 179 1.7

, 2 .1 183 1.3

4 .4 184 3.0

1.1 185 1 .1

1 .1 186 3.8

1.1 187 1.7

2 .8 188 7 .0

1.3 189 1 .5

5.3 190 1.5

1.7 192 2 .1

5.9 197 1 .1

1.3 199 2 .2

2 .2 200 1 .1

1 .1 201 6.7

M/e

134

135

136

137

143

144

145

146

147

148

149

150

151

155

157

158

159

160

161

162

163

I 64



M/e

263

269

270

271

272

277

278

279

288

289

% Abund.

2. 8

4 .9

1 .3  

1.1 

1.1

43 .3  

8 .5  

1.1 

1.1 

1.1

M/e

303

304 

311 

316

317

318

327

328

329

330

°/c Abund.

7 .0  

3*8

1 .0

1 .5

1 .5  

1.1 

1.1 

1.1

1 .5  

1.1

M/e

332

333 

342 

346 

355

371

372

381

382 

395

°/o Abund.

19 .0

4 .2  

1 .1  

1.0

1 .5  

2.1

1 .5  

1.7  

1 .0

4 .2

M/e

396

409

410 

422

423

424

425

426

427 

430

io  Abund.

1.7

8 .5

3*2

1 .3

1 .1

27 .5

10.2

3.2

1 .3  

1 .9



M/e

53

55

56

57

5©

59

65

67

68

69

70

71

77

78

79

80

81

82

83

84

85

91

MASS SPECTRUM OP 3, 11-DIKET0EUPH-8-ENE

f j  Abund. M/e %  Abund.

3.3 92 1 .6

75.9 93 9 .6

4 .1 94 2 .5

28 .4 95 19.0

1 .2 96 2 .9

1 .4 97 5.7

1 .6 105 11.7

12.3 106 2 .0

1 .8 107 12.3

35.2 108 2 .2

2 .9 109 11 .4

11 .8 110 1 .6

4 .3 111 2 .5

1 .0 115 1 .8

7 .8 116 1 .0

1 .4 117 3 .3

15.3 118 1 .0

2 .2 119 12.1

12.1 120 2 .0

1 .2 121 8 .0

1 .6 122 2 .0

9 .8 123 6 .3

%  Abund. M/e °/o Abund.

1 .4 149 8 .0

3.1 150 1 .6

1 .0 151 1 .6

1 .8 155 1 .4

2 .7 156 1 .0

1 .4 157 3 .5

4 .7 158 1 .6

1 .2 159 6 .1

7 .6 160 2 .0

2 .2 161 9 .4

13.3 162 2 .4

2 .4 163 3 .3

3 .5 I 64 1 .0

1 .2 165 1 .0

1 .0 169 1 . 4

■1.4 171 3 .3

3.1 172 1 .4

1 .6 173 5 .9

6 .9 174 2 .2

1 .8 175 6 .3

7 .4 176 1 .8

2 .0 177 4 .5

M/e

124

125

126

128

129

130

131

132

133

134

135

136

137

138

141

142

143

144

145

146

147

148



M /e

215

216

217

218

219

220

225

227

229

230

231

232

233

234

Abund. M/e % Abund. M/e °/o Abund. M /e °/o Abund. M /e °/o Abund

4 .1

LOvCM 1 .8 274 1 .0 329 3 .9 397 4 .1

1.2 239 1 .0 285 5.9 330 1 .6 398 1 .6

9 .2 241 1 .8 286 3.3 342 3*5 407 1.2

2 .0 243 2 .5 287 2 .0 343 7 0 .4 411 8 .3

9 .6 244 1.2 288 17.2 344 19 .6 412 32.9

1 .6 245 1 .8 289 3 .9 345 2 .5 413 10.0

1 .0 255 1.2 290 1 .0 354 1 .8 414 1 .6

1 .8 257 2.2 299 1 .2 355 3*9 425 8 .6

3.1 259 13 .5 300 1 .0 356 1 .8 426 3 .1

1.2 260 4 .1 301 1 .4 357 1 .0 438 1 .6

2 .4 269 1 .2 311 - 1.2 369 1 .8 439 1 .7

1 .6 271 2 .0 313 1 .6 370 1 .0 440 100 M

94.9 272 2.7 327 5.1 383 1.2 441 34 .0

15 .8 273 2 .4 328 2 .5 385 1.2 442 5 .9



MASS SPECTRUM OF 7 -KET0EUPH-8-ENYL ACETATE

M/e % Abund.

55 2 .5

55 29.7

56 3-2

57 25 .0

58 1 .0

65 1 .1

67 8 .0

68 1 .5

69 30.7

70 2 .5

71 8 .9

77 2 .8

79 6 .9

80 1 .0

81 11 .5

82 1 .7

83 10 .8

84 1 .0

85 1 .5

91 7 .2

92 1 .5

93 12 .5

M/e % Abund

94 2 .2

95 22.1

96 2 .5

97 5.3

105 10 .6

106 1 .7

107 12.9

108 2 .1

109 8 .7

110 1 .3

111 2 .8

117 2 .3

119 10 .6

120 1 .7

121 19.1

122 3 .0

123 5.7

124 1 .0

125 1 .1

128 1.1

129 1 .9

130 1 .1

M/e c/o  Abund

131 4 .5

132 1 .1

133 8 .5

134 2 .1

135 12.7

136 1 .7

137 2 .5

141 1 .0

142 1 .1

143 2 .5

144 1 .3

145 5 .7

146 1 .7

147 9 .1

148 2 .1

149 6 .6

150 1 .1

151 1 .1

155 1 .1

156 1 .0

157 3 .0

158 1 .1

M/e % Abund

159 7 .0

160 1 .9

161 8 .1

162 1 .7

163 3 .4

164 1 .1

169 1 .3

171 2 .5

172 1 .1

173 6 .6

174 1 .7

175 10.2

176 1 .7

177 1 .3

183 1 .3

185 2 .8

186 1 .1

187 4 .2

188 1 .3

189 5 .3

190 1 .1

191 1 .1

M/e a/c  Abund

197 1 .3

199 2 .5

201 3 .4

202 1 .1

203 3 .0

205 1 .1

206 1 .1

207 10 .6

208 1 .7

211 1 .3

213 2 .1

214 1 .1

215 2 .1

217 1 .3

225 1 .0

227 2 .3

228 1 .1

229 4 .9

230 1 .1

231 1 .0

241 1 .5

242 1 .0

I



M/e /•c Abund. M/e f i  Abund. M/e a/o  Abund. M/e % Abund. M/e °/o Abund.

243 6 .8 271 1 .0 302 1 .9 330 1 .5 424 1 .0

244 1 .3 273 1 .5 303 3 .4 331 1 .0 425 1 .1

247 1.1 278 7 .6 304 1 .5 344 1.1 427 1 .1

255 2 .3 279 1 .5 305 1.1 355 1.1 441 1 .5

256 1.1 287 2 .3 311 1.1 357 4 .5 469 100 .0

257 1 .3 288 1.7 315 4 .2 358 1 .1 470 36.0

259 1 .1 289 1 .3 316 3 .6 371 1 0 .8 471 6 .4

261 1 .1 297 1 .1 317 1 .8 372 3 .0 484 91.2  M

269 1 .3 301 1 .3 329 3 .6 391 1 .1 485 31 .8

399 1 .1 486 5 .9



l l / e

50

51

52

55

54

55

56

57

58

59

60

65

66

67

68

69

70

71

75

74

77

78

M SS SPECTRUM OF 3 , 7 -DIKET0EUPH-8-ENE

7c Abund. M/e % Abund. M/e % Abund. M/e % Abund. M/e Jfc Abund.

2 .4 79 8.1 111 1 .3 141 1 .8 169 1 .6

2 .5 80 1 .9 115 2 .4 142 1 .8 170 1 .0

1 .5 81 15 .5 116 1 .3 143 2 .9 171 2 .9

5 .8 82 5 .4 117 3.2 144 1 .5 172 1 .5

2 .5 85 15 .5 118 1.1 145 6 .8 173 6 .5

45-4 84 2 .4 119 9 .2 146 1 .9 174 1 .9

7 .8 85 5 .6 120 2 .4 147 8 .1 175 7 .6

55 .4 91 11.0 121 23.5 148 2 .1 176 1 .6

1 .6 92 2 .1 122 3.7 149 6 .5 179 1 .6

1 .8 95 14 .4 125 7 .3 150 1 .3 183 1 .5

4 .9 94 6 .6 124 1 .5 151 1 .9 185 2 .9

5 .4 95 22.7 125 4 .4 155 1 .6 186 1.1

5-2 96 4 .1 128 2 .8 156 1 .3 187 3 .6

13 .6 97 7 .5 129 3 .1 157 3.1 188 2 .3

2 .9 98 1 .6 130 1 .6 158 1 .6 189 3 .9

54.2 99 1 .5 151 4 .9 159 6 .5 190 1 .1

4*9 105 10 .0 132 1 .5 160 2.1 191 1.1

15.1 106 2.1 155 7 .9 161 6 .5 193 1 .0

1 .8 107 10 .0 154 2 .4 162 1 .9 195 1 .0

2 .4 108 2 .8 155 14.9 163 3 .6 197 1 .3

5 .5 109 11 .5 136 2 .3 I 64 1 .0 199 2 .1

2 .0 110 2.1 137 4 .5 165 1 .9 201 2 .9



M/e

202

203

205

206

207

208

211

213

215

217

219

221

227

Abund. M/e ‘jo  Abund. M/e

1.1 229 1 .5 261

1 .8 231 1 .0 269

1.1 233 1 .0 271

1 .5 234 6.8 272

13.3 235 1 .8 273

2 .6 241 1.1 274

1 .1 243 1 .3 285

1 .6 245 4 .1 286

1 .6 246 1.1 287

1 .5 255 1 .0 288

1 .1 257 2 .1 299

1 .0 258 2 .8 300

1 .5 259 10 .0 301

260 2 .8 302

a/c  Abund. M/e Abund. M/e

1 .3 303 1 .0 397

1 .0 309 1 .0 398

7 .9 311 1 .9 411

6 .5

N"\ 
1—1 7 .6 412

3.2 314 1 .9 423

1 .1 325 1 .9 424

4 .5 326 1 .5 425

2.1 327 18 .3 426

2 .6 328 4 .5 427

1 .6 329 1.1 438

1 .5 339 1 .0 439

2 .1 341 1 . 0 440

1 .3 355 1 .6 441

1 .6 356 1 . 0 442





71.

CHAPTER 4 .

STRUCTURE DETERMINATION OF SOME PENTACYCLIC AHD 
TETRACYCLIC TRITERPENES.

A) P en ta c .y c lic  T r i te r p e n e s .

E x te n s iv e  s t u d ie s  o f  the  mass s p e c tr a  o f  p e n t a c y c l i c  t r i t e r p e n e s

1 2hy L j e r a s s i  and h i s  co-w orkers  9 showed t h a t ,  i n  many c a s e s ,  th e  mass

spectrum i s  c h a r a c t e r i s t i c  o f  a g iv e n  compound in  t h i s  c l a s s .  This

i s  e s p e c i a l l y  tru e  i f  th e  t r i t e r p e n e  c o n ta in s  a carbon-carbon  double

bond which i s  found to  d i r e c t  the f i s s i o n  a lo n g  s p e c i f i c  p a th s ,  o th er

f u n c t io n a l  groups, e . g . ,  ca rb o n y l,  hyd roxy l and carbom ethoxyl h av in g ,

i n  g e n e r a l ,  l i t t l e  in f lu e n c e  on the  fr a g m en ta t io n  o f  th e  m o le c u le .

12For exam ple, th e  most im portant c le a v a g e  o f  A  o le a n e n e s  and u rsen es  

can b e s t  be d e sc r ib e d  as a r e t r o - D ie l s - A l d e r  r e a c t io n  in v o lv in g  the  

12:13 double bond, th e  p o s i t i v e  charge rem aining w ith  th e  d ien e  

produced. From th e  mass o f  th e  m olecu lar  io n  and th e  mass o f  the io n  

produced by t h i s  r e a c t i o n ,  i t  i s  p o s s i b l e  to  p o s i t i o n  s u b s t i t u e n t s  in  

th e  r in g  A,B or r in g  D,E p o r t io n  o f  th e  m o le c u le .

T h erefo re  i t  seemed probable th a t  mass spectrom etry  cou ld  p rov id e  

a ready means o f  i d e n t i f i c a t i o n  o f  p e n t a c y c l i c  t r i t e r p e n e s  i s o l a t e d  

from n a tu r a l  s o u r c e s ,  and, in d eed , s e v e r a l  r e c e n t  i d e n t i f i c a t i o n s  by 

t h i s  method have been d e s c r ib e d .^
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T r ite r p e n e s  from Saccharum O ffic inarum  L and C ortad er ia  
jPoeto.e Zotov.

During the cou rse  o f  an in v e s t i g a t i o n ^ o f  th e  c o n s t i t u e n t s  o f  the

l e a f  wax o f  Cuban sugar  cane ( Saccharum o ff ic in a r u m  L) i t  was found

th a t  the m a te r ia l  i s o l a t e d ,  which was p r e l im in a r i ly  d e s ig n a te d  as

Substance W, was in  a l l  p r o b a b i l i t y  a m ixture o f  t r i t e r p e n e  methyl

e t h e r s .  When Substance W was s u b je c t  t o  gas l i q u i d  chromatographic  
5

a n a ly s i s  i t  was r e s o lv e d  in to  two major and one minor component. 

T h ere fo r e ,  in  order to  f a c i l i t a t e  th e  i d e n t i f i c a t i o n  o f  t h e s e  e t h e r s ,  

i t  was n e c e s s a r y  to  d eterm ine the r e l a t i v e  r e t e n t i o n  t im es  o f  s e l e c t e d  

a u th e n t ic  t r i t e r p e n e  m ethyl e t h e r s .

Thus i t  was found th a t  none o f  the s t a t io n a r y  phases  employed  

( 0 . 5$  A piezon  L, 1 « 5 S E - 3 0 ,  1*5$ QF-1, 1 °/o CDMS) gave any c l e a r  

d i s t i n c t i o n  between germ an ico l m ethyl e th e r  ( l , F i g . l ) ,  S-am yrin  m ethyl  

e t h e r  ( l I , F i g . l ) ,  ^ -am yrin  m ethyl e th e r  ( i l l , F i g . I ) ,  t a r a x e r o l  m ethyl  

e th e r  ( I V , F i g . i ) ,  and m u l t i f l o r e n o l  m ethyl e th e r  ( V , F i g . l ) ,  i . e . ,  

the compounds d er iv ed  from the o leanane or  f r i e d o  rearran ged  o leanane  

s k e le t o n .  N e v e r t h e le s s ,  i t  was p o s s i b l e  to  d i s t i n g u i s h  t h e s e  e th e r s  

( i - V ,  F i g . l )  from any o f  th e  compounds o(-amyrin m ethyl e t h e r  ("VT, F i g . l ) ,  

b a u eren o l m ethyl e th e r  (V II ,  F i g . l ) ,  arundoin  (V I I I ,  F i g . l )  and 

c y l i n d r i n  (IX , F i g . l ) .

A com parison o f  the  gas l i q u i d  chrom atographic data  o f  su b stan ce
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W w ith  th a t o f  th e  a u th e n tic  m ethyl e th e r s  su g g ested  th a t  Substance  

W co n ta in e d  arundoin  and one or more o f  th e  o leanane group as  the  

m ajor, and b au eren o l m ethyl e th er  as th e minor com ponent.

As i t  was known th a t  th e  p e n ta c y c l ic  n u c leu s fra g m en ts , under 

e le c t r o n  bombardment, in  a way determ ined  by the p o s i t io n  o f  th e  

double bond, Substance W was su b je c t  to  p r e p a r a tiv e  gas l iq u id  

chrom atography and mass sp ec tro m etr ic  a n a ly s i s .  A lthough i t  was not 

p o s s ib le  to  i s o l a t e  th e minor component on account o f  i t s  very  low 

abundance in  th e  m ix tu re , b oth  major components were s u c c e s s f u l ly  

i s o l a t e d .  Thus, by com parison w ith  th e  mass s p e c tr a  o f  a u th e n tic  

sam p les, i t  was e s t a b l is h e d  th a t one was arundoin  (V T II, F i g . l )  and

th a t  th e  o th er  was ta r a x e r o l m ethyl e th e r  (IV , F i g . l ) .

1 2From the work o f  D je r a s s i  and h i s  a s s o c ia t e s ,  ’ i t  i s  p o s s ib le  

to  p r e d ic t  th e  c r a c k in g  p a tte r n s  o f  ta r a x e r o l m ethyl e th e r  and 

aru n d o in . T able I  shows th a t th e mass s p e c tr a  o f  ta r a x e r o l m ethyl 

e th e r  and arundoin , as determ ined  in  th e p resen t work, are  in  

e x c e l l e n t  agreem ent w ith  th e  p r e d ic te d  s p e c tr a .  However, in  a d d it io n  

to  th e io n s  p r e d ic te d  to  be p resen t ( s e r i e s  A ), th e  mass sp e c tr a  o f  

th e s e  two compounds c o n ta in  a fu r th e r  s e r i e s  o f  io n s  ( s e r i e s  B ) .  

O b serv a tio n  o f  th e  a p p ro p r ia te  m e ta s ta b le  io n s  showed th a t  t h i s  e x tr a  

s e r i e s  o f  io n s  i s  d e r iv e d , by th e l o s s  o f  m ethanol, from io n s  o f  

s e r i e s  A w hich c o n ta in  th e  m ethoxyl group . The mass s p e c tr a  o f
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b a u eren o l m ethyl e th e r  (V II ,  F i g . l )  ,0(-and f,-amyrin m ethyl e th e r s  

(VI, I I I ,  F i g . l )  and c y l in d r in  m ethyl e th e r  (IX , F i g . l )  confirm  th a t  

t h e i r  mass s p e c tr a  can he p r e d ic te d  from the p u b l ish ed  d a ta ,  and th a t  

th e  l o s s  o f  methanol i s  a g en e r a l  p r o c e s s  o f  t r i t e r p e n e  m ethyl e t h e r s .  

The p r e d ic te d  io n s ,  the observed  io n s  and th e  observed  m e ta s ta b le  io n s  

p e r t in e n t  to  t h i s  l o s s  o f  methanol are shown i n  Table 1 .

A lthough not the  most favoured ro u te  o f  mass s p e c t r a l  

fr a g m e n ta t io n ,  a s im i la r  l o s s  o f  methanol occu rs  w ith  s im p le  m ethyl  

e t h e r s ,  a s  i s  apparent from th e  data  ta b u la te d  by M cL a ffer ty .  Thus, 

i n  a d d i t io n  to  p r o v id in g  a fu r th e r  i l l u s t r a t i o n  th a t  the fra g m en ta t io n  

o f  th e  p e n t a c y c l i c  t r i t e r p e n e  n u c leu s  i s  d ir e c t e d  by a double bond 

r a th e r  than by any o th er  f u n c t io n a l  group, th e  t r i t e r p e n e  m ethyl  

e th e r s  p rov id e  an example o f  a u s u a l ly  l e s s  im portant p r o c e s s  g a in in g  

some prom inence.

From th e  d e t a i l e d  s t u d i e s  o f  th e  gas l i q u i d  chrom atographic  

b eh av iou r  o f  a u th e n t ic  t r i t e r p e n e  m ethyl e th e r s  i t  was l i k e l y  th a t  

m a te r ia l  i s o l a t e d  from th e  n a t iv e  New Zealand p la n t ,  C ortad er ia  

t o e t o e ,  co n ta in ed  th e  m ethyl e th e r  o f  oC-amyrin; one or more o f  the  

m ethyl e t h e r s  o f  germ an ico l ,  S -am yrin , j5-amyrin, t a r a x e r o l  or  

m u l t i f l o r e n o l ;  and arund oin . The mass s p e c tr a  o f  th e  f r a c t i o n s  

o b ta in e d  from p r e p a r a t iv e  gas l i q u i d  chromatography confirm ed  th a t  

of- and £-amyrin m ethyl e t h e r s  and arundoin  are c o n s t i t u e n t s  o f  

C o rta d er ia  t o e t o e .
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I t  i s  o f  i n t e r e s t  th a t  when the mass spectrum o f  arundoin  was 

determ ined u s in g  a h ea ted  r e s e r v o ir  system , in s t e a d  o f  the  d i r e c t  

i n l e t  system  r o u t in e l y  employed, the io n ,  m/e 408, co rr esp o n d in g  to  

the l o s s  o f  methanol from the m olecu lar  io n  became more pronounced.

The in c r e a s e d  abundance o f  the  io n  m/e 408 may be due to  a therm al  

p r o c e ss  p r io r  to  i o n i z a t i o n ,  a lthough  a m eta s ta b le  peak a t  m/e 578*3 

con firm s th a t  the io n  m/e 408 i s  formed, i n  part a t  l e a s t ,  from the  

m olecu lar  io n .  Furthermore, th e  io n s  o f  m /e*s 393» 255 and 241, in  

th e  mass spectrum o f  arundoin o b ta in ed  u s in g  th e  h ea ted  r e s e r v o ir  

system , are more abundant than th e  io n s  from which th ey  are d er iv ed  

through l o s s  o f  methanol; whereas th e  r e v e r s e  occurs  in  th e  mass 

spectrum o b ta in ed  u s in g  th e  d ir e c t  i n l e t  system .

A lso  o f  i n t e r e s t  i s  th e  appearance o f  an io n  o f  mass 365 in  th e

spectrum  o f  arundoin determ ined em ploying th e  h ea ted  r e s e r v o i r  system .

A m e ta s ta b le  io n  a t  m/e 326*5, corresp on d in g  to th e  t r a n s i t i o n

408 ->3^5 + 43> shows th a t  t h i s  f i s s i o n  can be a t t r ib u t e d  to  the l o s s

o f  th e  i s o p r o p y l  s id e  c h a in  from r in g  E. I t  has been e s t a b l i s h e d  th a t

th e  l o s s  o f  th e  i s o p r o p y l  s id e  ch a in  i s  a c h a r a c t e r i s t i c  o f  th o se
2

p e n t a c y c l i c  t r i t e r p e n e s  which c o n ta in  an i s o p r o p y l  group, and no 

e x p la n a t io n  can be o f f e r e d  to  account f o r  th e  la c k  o f  t h i s  f i s s i o n  i n  

th e  spectrum  o f  arundoin o b ta in ed  u s in g  th e  d i r e c t  i n l e t  system .
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T r ite r p e n e s  from G a u lth e r ia  Subcorymbosa and Ghameanerion 
A u g u s t i fo l iu m .

E th a n o l ic  e x t r a c t i o n  o f  th e  tw igs  and le a v e s  o f  th e  n a t iv e  New 

Zealand shrub G a u lth er ia  subcorymbosa r e s u l t e d  in  the i s o l a t i o n  o f  

a su b stan ce  which showed w id e ly  d i f f e r i n g  m e lt in g  p o in t s  on
7

c r y s t a l l i z a t i o n  from d i f f e r e n t  s o l v e n t s .  In a d d i t io n ,  the  m e lt in g

p o in t  o f  th e  m ethyl e s t e r  d er iv ed  from t h i s  su bstan ce  was a l s o

dependent on the s o lv e n t  used f o r  c r y s t a l l i z a t i o n .  I t  was, t h e r e f o r e ,

p o s s i b l e  th a t  t h e s e  d i f f e r e n t  m ethyl e s t e r  f r a c t i o n s  corresponded  to

d i f f e r e n t  compounds. However,.^ exam in ation  o f  th e  mass s p e c tr a  o f  th e

m ethyl e s t e r  f r a c t i o n s  not o n ly  r e v e a le d  th a t  th e  s p e c t r a  were the
1

same but a l s o ,  by com parison w ith  the p u b l ish e d  spectrum , i d e n t i f i e d  

th e  e s t e r  as  m ethyl u r s o l a t e  (X, F i g . i l ) .  The observed  m e lt in g  p o in t  

d i f f e r e n c e s  may be ex p la in e d  by d i f f e r e n t  c r y s t a l l i n e  forms or may 

be due t o  s o lv a t io n  e f f e c t s .

U r s o l ic  a c id ,  c h a r a c t e r i s e d  a s  m ethyl a c e t y l  u r s o l a t e ,  was shown

to  be a c o n s t i t u e n t  o f  th e  le a v e s  o f  the r o se -b a y  w il lo w -h e r b
0

( Chamaenerion a u g u s t i f o l iu m ) by com parison w ith  th e  mass spectrum o f  

an a u th e n t ic  sample. In  a d d it io n ,  th e  mass spectrum o f  a t r i t e r p e n e  

i s o l a t e d  from the same source co n ta in ed  abundant io n s  a t  m/e 486 

(C ^ H ^ O ^ ) ,  the m o lecu lar  io n ,  a t  m/e 262, m/e 223 and m/e 203 . The

io n s  m/e 262 and 203 are c o n s i s t e n t  w ith  a 12:13 double  bond and a
__ . * . , 

carbom ethoxyl group a t  C-17  (m c a l c u la t e d  fo r  262 -*-203+ = 1 5 7 *4 ;
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observed  157*4)* As the m olecule  c o n ta in s  four  oxygen atoms th e

rem ain in g  two must be in  r in g s  A and B, i n  agreement w ith  the  p resence

o f  a peak a t  m/e 225 correspon d in g  to the  r i n g  A, B p o r t io n  o f  the

m o le c u le .  A study o f  th e  o th e r  p h y s i c a l  and chem ica l p r o p e r t i e s  o f

t h i s  compound showed i t  to  be m ethyl 2 o (-h yd roxyu rso la te  (X I, F i g . I I ) .

(B) T e t r a c y c l i c  T r i t e r p e n e s .

In  the cou rse  o f  an i n t e n s i v e  exam in ation  o f  th e  fu n g i  D aed a lia

q u erc ina  and Polyporus b e tu l in u s  s e v e r a l  m e ta b o l i t e s  o f  each fungus

were i s o l a t e d .  The compounds i s o l a t e d  from D a ed a lia  q u erc ina  were

code-named D .Q .l ,  D.Q.4> D.Q.5 and D .Q .7; th o se  from P olyp oru s  b e t u l in u s

were code-named P . B . l ,  P .B .2  and P .B .5*  I t  i s  proposed to  d i s c u s s  the

mass s p e c tr a  o f  the compounds P . B . l ,  P.B.5> D.Q.4 and D .Q .5 , and to

d e s c r ib e  th e  r o l e  p layed  by mass sp ectrom etry  i n  th e  e l u c i d a t i o n  o f

the  s t r u c t u r e s  o f  th e  o t h e r s .  A d e s c r i p t i o n  o f  the o th e r  p h y s ic a l  and
9

ch em ica l p r o p e r t ie s  o f  t h e s e  compounds h as been g iv e n  e l s e w h e r e .

The Compounds P . B . l ,  P .B.5* D.Q.4 and D.Q.5*

I t  was known^ th a t  Polyporus b e t u l in u s  was a so u rce  o f  the  

p o ly p o r e n ic  a c id s  A and C and a com parison w ith  a u th e n t ic  samples  

e s t a b l i s h e d  th a t  th e  compounds P . B . l  and P .B .5  were m ethyl p o ly p o ren a te  

C (X II ,  F i g . I l l )  and m ethyl p o lyp oren ate  A (XIV, F i g . I I l )  

r e s p e c t i v e l y .  In  a s im i la r  manner i t  was shown th a t  the compound D.Q«4 

was i d e n t i c a l  w ith  m ethyl p o lyp oren ate  C, and th a t  th e  compound D.Q.5  

was i d e n t i c a l  w ith  m ethyl 7»11-dehydrotum ulosate  (X I I I ,  F i g . I I l ) .
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A lthough the mass s p e c tr a  o f  m ethyl po lyp oren ate  C and the  

compounds P . B . l  and D.Q.4 e x h ib i t e d  an abundant io n  at  th e  exp ected  

m o lec u la r  w eight o f  496 , another m olecu lar  io n  o f  mass 498 was p resen t  

i n  a l l  th ree  s p e c tr a .  The contam inant o f  m olecu lar  w eight 498 was 

alm ost c e r t a i n l y  the corresp on d in g  8(9)-m onoene, m ethyl 7 > H -  

d ih yd rop o lyp oren ate  C, and as  i t  has been shown'*’'*’ th a t  the  mass s p e c tr a  

o f  such compounds do n o t  c o n ta in  abundant io n s  formed by fr a g m en ta t io n  

o f  th e  r i n g s ,  the p resen ce  o f  th e  sm a ll  amount o f  m ethyl 7 > H -  

d ih yd rop o lyp oren ate  C has been ignored  i n  the  i n t e r p r e t a t i o n  o f  th e  mass 

spectrum o f  m ethyl polyporenat'b C. S im i l a r ly  i t  was assumed th a t  the  

sm all amount o f  m ethyl tu m u losa te ,  which was found to  be p r e se n t  i n  

the  sam ples o f  the compound D.Q.5 and. m ethyl dehydrotum ulosate ,  makes 

l i t t l e  c o n t r ib u t io n  to  th e  in te r m e d ia te  mass r e g io n  o f  th e  sp e c tr a  o f  

th e s e  compounds.

In  th e  h ig h  mass r e g io n  o f  th e  s p e c tr a  o f  m ethyl p o ly p o ren a te  C 

and m ethyl dehydrotum ulosate the main f e a t u r e s  are io n s  which correspond  

to  th e  l o s s  from th e  m o lecu la r  io n  o f  a m ethyl r a d i c a l ,  a water 

m o le c u le ,  and t h e s e  combined. The abundance o f  th e  (M-H^O)* io n  in  

the  spectrum  o f  m ethyl dehydrotum ulosate i s  n ot s i g n i f i c a n t l y  g r e a te r  

than  th a t  o f  th e  co rresp o n d in g  io n  i n  the spectrum o f  m ethyl  

p o ly p o ren a te  C, a lthough  m ethyl dehydrotum ulosate c o n ta in s  two hyd roxy l  

groups •
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At low er m asses, abundant io n s  are observed  a t  m /e ! s 311, 295

and 271 i n  the spectrum o f  methyl dehydrotum ulosate and a t m /e ' s

309, 293 and 269 in  th a t  o f  m ethyl p o ly p o ren a te  C. T h erefore  th e s e

io n s  are formed by corresp on d in g  f i s s i o n s  and must c o n ta in  th e  l e f t -

hand p o r t io n  o f  both  m o le c u le s .  Thus th e  io n s  at m /e 's  311 and 309

are formed by the l o s s  o f  th e  C-17 s id e  c h a in  and a m o lecu le  o f  w a te r .

As both  compounds e x h ib i t  t h i s  fra g m e n ta t io n ,  i t  i s  l i k e l y  th a t  the

C-3 h yd roxy l group i s  r e t a in e d  in  the io n  o f  mass 311 in  the mass

12spectrum o f  m ethyl dehydrotu m ulosate .  A lthough i t  i s  known th a t  the

e l im in a t io n  o f  w ater , induced by e l e c t r o n  im pact, does not proceed

by a 1 :2  mechanism, the  form ation  o f  a c e n tr e  o f  u n s a tu r a t io n  i n  r in g

D by th e  l o s s  o f  a water m olecule  co u ld  w e l l  e x p la in  th e  h ig h

abundance o f  the  io n  s u b se q u e n t ly  formed by the l o s s  o f  th e  s id e  c h a in .

13• 'S te r o id - ty p e ’' f i s s i o n  through r in g  D w ith  th e  l o s s  o f  C-15,

C-16 and C-17 and t h e i r  s u b s t i t u e n t s  g i v e s  r i s e  to  th e  io n s  a t  m/e 

271 and m/e 269 i n  th e  sp e c tr a  o f  m ethyl dehydrotum ulosate and m ethyl  

p o ly p o ren a te  C r e s p e c t iv e ly ®

The g e n e s i s  o f  th e  rem aining  s i g n i f i c a n t  f i s s i o n  common to  both  

s p e c tr a  i s  l e s s  ea sy  to  e x p la in .  However, a m eta s ta b le  i o n  at  m/e 

185*2 shows th a t  m/e 293 , the io n  formed by t h i s  f i s s i o n ,  a r i s e s  by  

c le a v a g e  o f  the io n  m/e 463 ( m c a l c u la t e d  fo r  463+’"*’ 293+ = 185*4) i n  

th e  mass spectrum o f  m ethyl p o lyp oren ate  C. In  a s im i l a r  way, the
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co rr esp o n d in g  t r a n s i t i o n  in  th e  spectrum o f  m ethyl dehydrotum ulosate  

g iv e s  r i s e  to a m e ta s ta b le  io n  a t  m/e 187*5 (m c a l c u la t e d  f o r  4 . 6 5 - >  

295 ~ 187*2;* Thus t h i s  c le a v a g e  p roceeds  by the l o s s  o f  the s id e  

ch a in  p lu s  one hydrogen atom from the (M -33)+ i o n .  The d r iv in g  fo r c e  

f o r  t h i s  f i s s i o n  may be the a r o m a t is a t io n  o f  r in g s  C and D, and the  

io n  formed can be r e p r e se n te d  by a s t r u c t u r e  such as  XV ( F i g . I V ) .

In a d d i t io n  to  the fra g m en ta t io n  paths d e s c r ib e d  above^m etastab le  io n s  

a t  m/e 276*0 and 2 6 0 .0  in d ic a t e  th a t  m ethyl dehydrotum ulosate a l s o  

breaks down by e x p e l l i n g  a m olecu le  o f  w ater  from th e  io n s  m/e 311 

and m/e 295 ( m c a l c u la t e d  f o r  3 H +_>293+ = 2 7 6 *0 ; m c a l c u la t e d  fo r  

295+-^ 277+ = 260*1) • No such l o s s e s  are  observed  i n  th e  spectrum o f  

m ethyl p o lyp oren ate  Qt  thus con f irm in g  th a t  th e  io n s  m/e 311 and 295 

do c o n ta in  r in g  A.

The mass spectrum o f  methyl p o ly p o ren a te  A (XIV, F i g . I I l )  i s  

c h a r a c t e r i s e d  by fra g m en ta t io n s  corresp on d in g  to  the l o s s  o f  the  

m ethyl and hyd roxy l grou ps. Ions are observed  a t  m / e  485 (M-CH^) ,  

m/e 482 (M-H20 ) ,  m/e 467 (M-CH^-^O) and m/e 449 (M-CH^-I^O-I^O). The 

o n ly  io n  to  which any s i g n i f i c a n c e  co u ld  be a tta ch ed  at low er masses  

i s  m/e 313 which a r i s e s  by the l o s s  o f  th e  C-17 s id e  c h a in  from m/e 

482* O b servation  o f  the ap p rop ria te  m e ta s ta b le  io n s  shows th a t  the  

sequence o f  fra g m en ta t io n  i s



* #•
T r a n s it io n  Observed m C a lcu la ted  m

500+—-*482+ + 18 4 6 8 .4 464 *6

500+— *485+ + 15 4 7 0 .5 4 7 0 .5

46 7+—-*449+ + 18 431 .9 4 3 1 .7

The beh aviour  o f  m ethyl 3 -a c e ty lp o ly p o r e n a te  A, under e l e c t r o n  

im pact,  i s  s im i la r  to  th a t  o f  m ethyl p o ly p o ren a te  A. M etastab le  io n s  

p r e se n t  i n  the spectrum confirm  th a t  th e  m o lecu la r  io n  o f  m ethyl 

3 -a c e ty lp o ly p o r e n a te  A, m/e 542, decomposes as  shown

^ ^ m / e  524 

m/e 542 m/e 509 ^m/e 449

^ m / e  527 ̂
*  *

T r a n s i t io n  Observed m C a lc u la te d  m

542t — . 527+ + 15 512 .4 5 1 2 .4

542+— *-524+ + 18 506.8 506 .6

527+ — *■ 509+ + 18 4 91 .8 491 .6

524+— v 509+ + 15 493-494 4 9 4 .4

509+— >449+ + 60 3 9 6 .1 3 9 6 .1

From the above i t  i s  seen  th a t  th e  l o s s  o f  a c e t i c  a c id  from th e  

(M -33)+ io n  i n  the mass spectrum o f  m eth y l 3 -a c e ty lp o ly p o r e n a te  A
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r e p la c e s  the l o s s  o f  water from the (M-33) io n  i n  th e  spectrum o f  

m ethyl p o lyp oren ate  A. T his type o f  fra g m en ta t io n  o f  

t e t r a c y c l i c  t r i t e r p e n e s ,  even a lth ou gh  i t  does not in v o lv e  a s p e c i f i c  

f i s s i o n  o f  th e  t e t r a c y c l i c  r in g  system , proved to  he o f  g rea t  va lue  

in  e l u c i d a t i n g  the  s t r u c t u r e s  o f  th e  o th e r  m e ta b o l i t e s  i s o l a t e d .

The Compound P .B .2 .

The compound P .B .2 ,  when s u b je c t  to  e l e c t r o n  bombardment, 

e x h ib i t e d  a m olecu lar  io n  a t  m/e 600 .  Exact mass measurement o f  the  

m olecu lar  io n  and o f  s e v e r a l  o f  the abundant fragment io n s  was c a r r ie d  

o u t .  The r e s u l t s  o b ta in e d  are c o l l e c t e d  i n  Table I I .

From Table I I  and o b se r v a t io n  o f  th e  correspon d in g  m e ta s ta b le  io n s  

(T ab le  I I I )  th e  fra g m en ta t io n  pathways shown i n  F ig .V  can be deduced.

The p resence  o f  abundant io n s  a t  m/e 467 and m/e 449 > t o g e th e r  

w ith  m/e 313 as th e  o n ly  s i g n i f i c a n t  fragment o f  low er mass s u g g e s te d  

th a t  the  compound P .B .2  was a d e r i v a t i v e  o f  m ethyl p o ly p o ren a te  A.

The f a c t  th a t  the io n s  o f  mass 500, 482 , 4 6 7* 449 and 313 corresponded  

e x a c t l y  i n  e le m e n ta l  co m p o s it io n  to  th e  correspon d in g  io n s  in  the  

spectrum o f  m ethyl p o ly p o ren a te  A was a fu r th e r  i n d i c a t i o n  th a t  t h i s  

s u g g e s t io n  was c o r r e c t .  Moreover, th e  mass spectrum o f  th e  compound 

P .B .2 .  was s im i la r  to  th e  spectrum o f  m ethyl 3 -a c e ty lp o ly p o r e n a te  A i n  

th a t  the  e l im in a t io n  o f  a s p e c i e s  from th e  (M -33)+ io n  r e p la c e s

the l o s s  o f  a c e t i c  a c id  from the (M -33)+ io n  i n  th e  mass spectrum o f  

m ethyl 3 -a c e ty lp o ly p o r e n a te  A.
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m /e  567
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TABLE I I

Nominal Mass Observed Mass Formula Assiiscned C alcu lated  Mass

600 600.4043 ’ C36 H56 °7 6OO.4026

567 567.3694 °35 V  °6 567.3685

500 500.3879 C52 E52 °4 500.3865

482 482.3765 C32 H50 °5 482.3760

467 467,3520
C31 H47 °3 467.3525

449 449.3228 C3 l H45 °2 449.3419

TABLE I I I

T ran sitio n  Observed nr* C alcu lated  nr*

600+ —*• 582+ + 18 564.5 564.5

600+ — ► 482+ + 118 387.0  587.2

567+ — » 449+ + 118 555-2 555*5

467+ —*  449+ + 18 451.6  431 .6
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Thus from a com parison o f  th e  mass s p e c tr a  i t  seemed probable  

th a t  th e  compound P .B .2  was b a s ic a l ly  m ethyl p o ly p o ren a te  A lin k e d  by 

th e C-3 oxygen atom to  a u n i t .  A d d it io n a l support fo r  t h i s

th eo ry  was fu rn ish ed  by th e  in fr a -r e d  ( i . R . )  and n u c le a r  m agnetic  

reson an ce (N.LH.R.) s p e c tr a l  a n a ly se s  which were c o n s is t e n t  w ith  the

p resen ce  o f  two m ethoxycarbonyl, a secon d ary  h yd roxy l and an
9

exom ethylene group.

The problem now fo cu sed  on d eterm in in g  th e  n a tu re  o f  th e  

s p e c ie s  which th e  compound P .B .2  e x p e l le d  under e le c t r o n  bombardment. 

As two m ethoxycarbonyl groups had been  shown to  be p r e s e n t ,  one o f  

them must be co n ta in ed  in  th e  fragm en t. The most p la u s ib le

s tr u c tu r e s  fo r  C.H^O, are
4 6 4

(1 )  CH*0.CO.O.CO.CEL ( 2 ) CH ,0.C 0.0.CH oCH0
3 3 3 2

( 2) CH^O.COjCO.OCH  ̂ ( 4 ) CH50 .C0 .CH2C0 2H

( 5) CH^O.CO.CO.CI^OH

As s tr u c tu r e s  ( 4 ) and (3 )  cou ld  be r e a d i ly  e x p e l le d  (F ig .V I ) by
14

a M cL afferty  rearrangem ent , th ey  were co n s id e r e d  th e  most l i k e l y .

D is t in c t io n  betw een ( 4 ) and ( 5) was p o s s ib le  as o n ly  (4 )  cou ld  e a s i l y

g iv e  r i s e  to  the io n  o f  co m p o sitio n  C ,nH(roO. (m /e 500) ob served  in  th e32 32 4

spectrum o f  th e  compound P .B .2 .



VT-PiKE V II

CH3OCOCH2CO

OH

co2c h 3

XVI

X V I I ,  R = c h 3

X V I I I  , R=CH2CH2OH



84.

Thus th e  compound P .B .2  was p ro b ab ly  a m e th o x y c a rb o n y lac e ta te  o f

m ethyl p o ly p o ren a te  A.

F u rth er p roof o f  the s tr u c tu r e  was ga in ed  in  the f o l lo w in g  way;

th e  mass spectrum  o f  th e  compound P .B .2A , o b ta in ed  by trea tm en t o f  the
9

compound P .B .2  w ith  m eth a n o lic  sodium m eth oxid e, y ie ld e d  a m olecu lar

w eight o f  500 and a p r e c is e  mass d e term in a tio n  showed a m o lecu la r

form ula o f  C2OHco0 .  ( c a lc u la t e d  500 .3865; found 5 0 0 .3 8 5 4 ) .  The 52 52 4

c o m p o sit io n s  o f  th e  io n  m/e 313 was found to  be ( c a lc u la t e d

3 1 3 .2 5 3 1 ; found 3 1 3 .2 5 3 4 ) .  ! n a d d it io n  th e  mass spectrum  o f  th e

compound P .B .2A  was i d e n t i c a l ,  ex cep t fo r  some d i f f e r e n c e s  in  io n

abundances, w ith  th a t  o f  m ethyl p o ly p o ren a te  A. I t  i s  known th a t  th e

C- 2 4  exom ethylene double bond o f  m ethyl p o ly p o ren a te  A moves in t o

c o n ju g a t io n  w ith  th e C-26 m ethoxycarbonyl group under b a s ic  c o n d it io n s ,
9

and an exam in ation  o f  th e  o th er  p h y s ic a l  p r o p e r t ie s  o f  th e  compound

P.B .2A  e s ta b l is h e d  i t s  i d e n t i t y  w ith  m ethyl is o p o ly p o r e n a te  A.

Thus th e  most l i k e l y  s tr u c tu r e  f o r  th e compound P .B .2  was th a t
9

o f  a m eth yl m eth o x y ca rb o n y la ce ty lp o ly p o ren a te  A, and a com parison  

w ith  model compounds such as  c h o le s t e r y l  m alonate con firm ed  th a t  the  

compound P .B .2  was m ethyl 3 -m eth o x y ca rb o n y la ce ty lp o ly p o ren a te  A 

(XVI, F ig .V I I )•

The Compound D.Q..1.

The mass spectrum  o f  th e  compound D .Q .l showed a m o lecu la r  w eigh t  

o f  6 0 0 . The r e s u l t s  o f  h ig h  r e s o lu t io n  measurement o f  th e  m o lecu la r  io n



and o f  s e v e r a l  fragm ent io n s  are c o l l e c t e d  in  Table IV*

I d e n t i f i c a t i o n  o f  m eta sta b le  io n  t r a n s i t io n s  (T able V) le a d  to  the  

fra g m en ta tio n  pathway shown in  F ig .V I II  fo r  the compound D .Q .l#

I t  can be seen  th a t ,  l ik e  th e compound P .B .2 , th e  compound D .Q .l 

fragm ents w ith  the l o s s  o f  a e n t i t y .  Hence th e  compound D .Q .l

probably co n ta in ed  a m eth o x y ca rb o n y la ce ty l group a l s o .  A d d it io n a l  

ev id e n c e  as to  th e  n atu re o f  th e  f u n c t io n a l  groups was a v a i la b le  from  

th e  I .R .  and N.M.R. s p e c tr a  which were c o n s is t e n t  w ith  n ot o n ly  a 

m eth o x y ca rb o n y la ce ty l fu n c t io n , but a l s o  w ith  a fu r th e r  

m ethoxycarbonyl group, and an a l ip h a t ic  or six-m em bered a l i c y c l i c  

k eto n e

As fo u r  o f  th e  oxygen atoms p r esen t in  th e  compound D .Q .l were 

accou n ted  fo r  in  th e m eth o x y ca rb o n y la ce ty l u n i t ,  th e  o th e r  

m ethoxycarbonyl group and the k eton e must be e l im in a te d  in  th e  

fragm ent o f  co m p o sitio n  Ttle CgH^O^ fragm ent c o n ta in s  two

double bond e q u iv a le n ts  and, th e r e fo r e , i t  i s  u n l ik e ly  to  be co n ta in e d  

in  a c y c l i c  system # Probably i t  a r i s e s  from a rearrangem ent p ro cess  

in v o lv in g  the carb o n y l fu n c t io n .

The e lem en ta l c o m p o sit io n s  o f  s e v e r a l  io n s  o f  low er mass en ab led  

th e s tr u c tu r e  o f  t h i s  p o r t io n  o f  th e  m o lecu le  to  be d eterm in ed . I t  

was n o t ic e d  th a t abundant io n s  were p resen t a t m /e 's  153* 143 and 115# 

Ion s w hich a r is e  by random f i s s i o n  o f  a t r i t e r p e n e  n u c leu s  are  

n orm ally  p resen t a t th e s e  m asses, but are alw ays w eakly abundant#



rn/e £67

FIGURE V IIX ,

^36*^56^7 m/®

- c h 3
v

^ 3 5 ^ 5 3 ^ 7  m/ e

m /s  309



TABLE IV

Nominal Mass Observed Mass Formula Assigned C alcu lated  Mass

600 600.4010 C?6 H56 °7 600.4026

585 585.5792
°35 H53 °7 585.5791

467 467.5550
C3 l H47 °3 467.5525

427 427.2857 C27 H39 °4
427.2848

509 509.2578
C23 H33

509.2582

185 I8 5 .1174 C10 H17 °3
185.1178

155 155.0910
C9 H13 °2 155.0915

145 145.0705 °7 Hi l °3
145.0708

115 115.0759 C6 Hn °2 115.0759

TABLE V

T ran sitio n Observed m* C alcu lated  m*

600+ — ► 585+ + 15 570.4 570.4

585+ —* 467+ + 118 575.0 572 .8

585+ 427+ + 158 511.7 511.6

467+ — * 509+ + 158 204.5 204 .6

427+ —> 509+ + 118 225.5 225 .6

185+ — > 155+ + 52 126.5 126 .5



The co m p o sitio n  o f  th e  io n  m/e 185 was a ls o  determ ined  a s  a m eta sta b le

io n  a t m/e 126 .5  co rresp o n d in g  to  the t r a n s i t io n  185+~> 153+ + 32 was

p resen t in  th e  spectrum . M/e 185 was found to  be a d o u b le t o f

co m p o sitio n  C-1_H,r70 , and Ch T h erefore th ere  must be a fu r th e r
10 17 3 14 17

two carbon atoms in  th e  ch a in  c o n ta in in g  the CgH^O^ e n t i t y .  The io n s  

o f  mass 143 (C^H^O^) and H 5  in  c o m p o sitio n  by the

e lem en ts o f  carbon m onoxide, and th u s co u ld  r e a d i ly  a r i s e  from f i s s i o n  

on e i t h e r  s id e  o f  th e  carb on y l group . A p a r t ia l  s tr u c tu r e  fo r  t h i s  

p o r t io n  o f  the m o lecu le  would then  be

R/

\ m

CH

COCH co2ch3

C leavage o f  th e  bond j*> to  th e  ca rb o n y l group w ith  th e  m ig ra tio n  

o f  a hydrogen to  th e  carb on y l oxygen atom i . e . ,  a M cL afferty

14rearrangem ent, would e x p la in  th e  e l im in a t io n  o f  158 mass u n it s

(CgH^O^) in  th e mass spectrum  o f  th e  compound D .Q .l.  F i s s io n  o f  th e

carb on -carb on  bond £ to  th e  carb on y l su g g e ste d  th a t  t h i s  p o in t might

be a s i t e  o f  ch a in  b ra n ch in g .

L i t t l e  ev id e n c e  i s  a v a i la b le  f o r  th e  n atu re o f  th e  C00H „  io n22  53

(m /e 309) > Lut s in c e  th e  fungus D a ed a lia  q u ercin a  had been  shown to  

produce t e t r a c y c l i c  t r i t e r p e n e s  i t  seemed a r ea so n a b le  assum ption  th a t  

th e  compound D .Q .l was a ls o  a t e t r a c y c l i c  t r i t e r p e n e .  The a l ip h a t i c
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carbon ch a in  would th u s form th e  C-17 s id e  ch a in  o f  th e  m o le c u le .

E ig h t o f  th e  n in e  double bond e q u iv a le n ts  o f th e  compound D .Q .l

9have now been accounted  f o r ,  and s p e c tr o s c o p ic  ev id en ce  p o in ts  to

the p resen ce  o f  an 8:9  double bond, in  agreem ent w ith  th e la c k  o f

s p e c i f i c  fra g m en ta tio n  o f  the r in g  system  observed  in  th e  mass spectrum

o f  the compound D .Q .l.  T h erefore th e compound D .Q .l most l i k e l y  has

the s tr u c tu r e  XVTI ( F ig .V I I ) •

The Compound D.&«7*

E xact mass measurement (T able V I) o f  th e  m olecu lar io n ,  m/e 612 ,

o f  th e  rem ain ing m e ta b o lite  o f  D a ed a lia  quercinq., th a t  has been

su b je c t  to  mass sp e c tr o m e tr ic  in v e s t ig a t io n ,  showed th a t  th e  compound

D .Q .7 had a m olecu lar form ula o f  i . e . ,  th e  m o lecu lar  form ula
5 / 5° I

i s  e x a c t ly  one carbon atom more than th a t o f  th e  compound D.Q. 1 . The 

mass spectrum  o f th e  compound D.Q.7 shows th e  lo s s  o f  118 mass u n it s  

c h a r a c t e r i s t i c  o f  th e  m eth o x y ca rb o n y la ce ty l group, and th e  peaks 

a s s o c ia t e d  w ith  fra g m en ta tio n  o f  th e  s id e  ch a in  are s h i f t e d  12 u n it s  to  

h ig h e r  m ass. Thus th e n e u tr a l fragm ent o f  158 u n it s ,  e lim in a te d  in  

th e  mass spectrum  o f  th e  compound D .Q .l ,  appeared as a l o s s  o f  170 

u n it s  (F ig .I X )  in  the mass spectrum  o f  th e  compound D .^ .7 *  S im ila r ly  

th e  peaks a t m /e 's  185, 153> 143 and 115 in  th e  spectrum  o f  th e  

compound D .Q .l were r e p la c e d  in  th a t  o f  th e  compound D .Q .7 by peaks a t  

m /e 's  197> 165* 155 and 127 .
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TABLE VI

Nominal Mass Observed. Mass Formula A ssigned C alcu lated  Mass

612 612.4037 C57 H56 °7 612.4026

597 597.5774 °56 H55 °7 597.5791

479 479.5518 c 52 H47 °3 479.5525

427 427.2848
C27 H59 °4

427.2848

509 509.2571
°25 H55

309.2582

197 197.1155 C11 H17 °5 197.1178

TABLE VII

T ra n sitio n  Observed nr* C alcu lated  m*

6 i2 + —  597+ + 15 582.3 582.3

597+ — >  479+ + 118 584*5 584.5

597+ — * 427+ + 170 306.0 505 .4

479+ —* 309+ + 170 199.2 199.5

427+ — ► 309+ + 118 223.9 223 .6

197+ —*  165+ + 32 138.1 138.2



I t  was, th e r e fo r e ,  concluded  th a t  th e  compounds D .Q .l and D.Q»7

were s t r u c t u r a l ly  id e n t i c a l  in  r in g s  A, B, C and D, and up to  C-23*

th e carbon atom b ea r in g  the carb on y l grou p . The a d d it io n a l  12 mass

u n it s  cou ld  th en  be accou n ted  fo r  by th e  p resen ce  o f an oth er carbon

atom in  th e  s id e  c h a in  to g e th e r  w ith  a double bond or e q u iv a le n t .

However, th e  N.M.R and O.B.D. sp e c tr a  o f  th e  compound D .Q .7 can o n ly
9

be e x p la in e d  by th e  p resen ce  o f  a group, and a l l  th e

oxygen atoms o f  th e  ob served  m olecu lar io n  have been a l lo c a t e d .  Hence 

th e  ob served  m olecu lar  io n  must be d e r iv e d  from a more h ig h ly  

oxygen ated  s p e c ie s .  I t  i s  thought th a t  th e  io n  m/e 612 r e p r e se n ts  a 

( m- h20 ) + io n ,  th e  s tr u c tu r e  o f  th e  compound D.Q .7 b e in g  th a t  ( X V III) 

shown in  F ig .V I I .
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EXPERIMENTAL.

The mass sp e c tr a  were determ ined  u s in g  an A .E .I . ,  M.S*9> 

d o u b le -fo c u s in g  mass sp e c tr o m e te r . The sam ples were in tro d u ced  by 

means o f  a d ir e c t  i n l e t  sy stem .

The mass sp e c tr a  o f  th e  compounds exam ined are ta b u la te d  

o v e r l e a f .



M/e

53

54

55

56

57

58

59

65

67

68

69

70

71

77

78

79

80

81

82

83

84

85

87

Mass Spectrum  o f  M ethyl P o ly p o ren a te  C.

°/o Abund* M/e fo Abund* M/e °/o Abund. M /e io  Abund

11 91 20 121 12 148 2

2 92 5 122 2 149 4

100 93 19 123 13 151 2

7 94 4 12 5 10 152 2

15 95 22 126 2 153 4

3 96 12 127 3 154 3

7 97 34 128 7 155 13

4 98 3 129 11 156 10

25 103 2 130 5 157 25

3 104 2 131 15 158 10

47 105 24 132 18 159 15

4 106 4 133 16 160 3

7 107 20 134 3 161 6

10 108 3 135 6 I 65 6

3 109 15 137 5 166 4

17 110 2 139 2 167 6

3 111 4 141 7 168 4

26 415 5 142 8 169 19

4 116 4 143 18 170 11.

23 117 7 144 6 171 23

14 118 3 145 20 172 8

5 119 24 146 5 173 8

4 120 4 147 >9 175 4

Over.



M/e

177

178

179

180

181

182

183

184

185

186

187

193

194

195

196

197

198

199

201

203

205

207

Mass Spectrum  o f  M ethyl P o ly p o ren a te  G ( Con t t d . ) >

°/o Abund. M/e v/o  Abund

2 208 4

3 209 10

5 210 3

3 211 7

11 212 3

3 213 6

15 215 2

6 221 4

12 222 3

3 223 9

5 224 3

6 225 5

3 226 2

11 227 7

5 229 3

10 231 2

3 235 3

6 237 3

4 238 2

3 239 3

2 241 4

6 242 3

M/e 0 Abund. M/e °/o Abund

243 4 284 2

244 2 293 75

245 3 294 20

251 4 295 32

252 2 296 7

253 5 307 5

254 2 308 20

255 20 309 66

256 5 310 20

257 4 311 10

265 4 312 3

267 3 317 2

268 23 319 3

269 39 322 2

270 21 463 22

271 10 464 6

272 10 478 8

273 2 479 4

279 2 480 4

280 - 481 7

281 3 482 2

283 4 496

497

498

J J L

2

2



M/e

50

51

52

53

54

55

56

57

59

65

66

67

68

69

70

71

73

74

77

78

79

80

Mass Spectrum o f  M ethyl 7« l l-d e h .y d ro tu m u lo sa te .

cjo  Abund. M/e fo Abund. M/e fo Abund. M/e °/o Abund

7 81 48 111 14 137 7

10 82 11 112 2 138 3

3 83 33 115 4 139 3

13 84 6 116 3 141 5

5 85 7 117 8 142 6

100 86 2 118 3 143 14

13 87 5 119 23 144 5

25 91 21 120 5 145 19

6 92 4 ' 121 19 146 4

5 93 27 122 15 147 9

3 94 6 123 16 148 3

36 95 46 124 4 149 9

8 96 14 125 6 150 4

68 97 26 128 5 151 4

10 98 3 129 8 153 3

14 99 2 130 4 154 2

2 105 34 131 13 155 8

3 106 5 132 18 156 6

24 107 24 133 16 157 17

4 108 6 134 3 158 8

22 109 31 135 12 159 18

5 110 6 136 3 16Q 4

Over*



Mass Spectrum  o f M ethyl 7» ll-d eh y d .ro tu m u lo sa te ( C ont1 d . ) .

M/e a/o  A bund. M/e < fo Abund. M/e Abund. M/e J o  Abund

161 7 193 3

1—1N"\CM 2 310 9

162 2 194 2 235 3 311 29

163 6 195 6 236 2 312 8

167 4 196 8 237 4 313 3

168 3 197 3
COCM 2 463 3

169 12 198 6 239 4 464 2

170 7 201 4 251 2 465 10

171 19 202 2 253 6 466 3

172 6

OCM 3 254 2 480 10

173 8 207 3 255 3 481 3

174 2 209 7 257 3 483 5

173 4 210 3 259 3 484 2

177 4 211 7 270 6 498 £  M

179 4 212 2 271 8 499 2

181 5

N"\ 
r—1CM 4 272 11 500 2

182 3 217 3 273 5

183 11 221 3 274 4

184 6 222 2 277 13

185 13 223 4 278 3

186 4 224 2 293 4

187 7 225 3 295 61

189 4 227 4 296 15

191 4 229 2 297 7



M/e

50

51

52

55

54

55

56

57

58

59

60

65

66

67

68

69

70

71

72

75

74

75

MASS SPECTRUM OF METHYL POLYPORENATE A.

-und. M/e °jc Abund. M/e fc  Abund. M/e fo  Abund. M/e c/c  Abund

5 77 15 108 9 154 7 159 20

5 78 4 109 55 155 52 160 6

2 79 28 110 7 156 6 161 16

19 80 e;
j 111 8 157 11 162 4

5 81 69 112 2 158 2 165 6

96 82 9 115 8 159 5 I 64 2

11 85 24 115 5 141 8 I 65 4

26 84 5 116 5 142 4 167 4

2 85 19 117 • 8 145 11 168 5

29 88 7 118 5 144 4 169 10

2 91 27 119 50 145 19 170 4

5 92 5 120 8 146 5 171 11

2 95 57 121 56 147 18 172 4

49 94 7 122 9 148 5 175 14

8 95 46 125 16 149 11 174 4

87 96 7 124 2 150 5 175 10

7 97 10 125 5 151 4 176 5

15 98 2 129 8 155 4 177 5

2 99 4 150 4 155 5 178 2

7 105 55 151 17 156 4 179 7

2 106 7 152 4 157 15 180 2

2 107 44 155 22 158 5 181 4



2

2

4

2

2

3

32

11

5

00

35

10

3

12

4

2

3

2£

10

3

M /e fo  Abund. M/e

205 3 241

207 2 242

209 3 243

211 4 253

212 2 255

213 6 257

214 3 259

215 5 260

217 4 261

225 3 262

225 5 265

226 4 265

227 5 267

228 2 269

229 5 271

250 2 273

231 3 279

239 5 281

240 2 293

M /e fo  Abund. M/e

295 2 395

297 3 407

299 2 409

311 3 410

312 2 411

313 11 412

314 4 449

321 3 450

324 2 451

526 2 467

327 2 468

528 2 469

329 3 470

330 2 482

331 3 483

338 4 484

340 2 485

341 2 500

342 2 501

353 2 502

Abund

4

2

3

4

4

4

2

2

2

2

2

2

2

2

3

2

3

3

2



M/e

50

51

52

55

54

55

56

57

58

59

60

61

65

66

67

68

69

70

71

73

74

75

Mass Spectrum  o f  M ethyl 5 -a -ce t.y lpo lyporenate  A.

Abund. M/e % Abund. M/e fo Abund. M/e f> Abur

13 76 2 109 54 138 3

16 77 31 110 10 141 4

4 78 22 111 17 142 2

12 79 43 112 2 143 6

5 80 71 117 5 144 2

100 81 14 118 2 145 12

14 82 36 119 23 146 3

40 83 55 120 5 147 12

2 84 14 121 27 148 4

15 91 19 122 27 149 13

4 92 4 123 22 150 4

2 93 29 124 5 151 6

4 94 7 125 7 155 3

3 95 56 129 4 157 9

46 96 13 130 2 158 3

10 97 23 131 8 159 12

84 98 4 132 2 160 3

11 99 3 133 16 161 12

18 105 42 134 5 162 3

3 106 6 135 23 163 7

4 107 33 136 6 164 3

2 108 8 137 15 165 4

O ver.



M/e

169

170

171

172

173

174

175

176

177

179

183

185

187

188

189

190

191

197

199

200

201

Mass Spectrum o f  M ethyl 3 -a c e ty lp o ly p o re n a te  A ( C o n t ' d ) .

M /e fo Abund •Abund• M/e fo Abund. M/e fo Abund

6 202 2 467 2

2 203 3 482 1

6 205 3 509 39

2 211 3 510 14

8 213 5 511 3

2 215 2 524 2

8 217 4 527 1

3 225 3 542 4  M

6 227 3

3 229 3

3 231 2

6 239 4

7 241 3

2 243 2

6 253 2

2 255 3

4 257 2

3 449 35

6 450 11

2 451 4

6 454 2



MASS SPECTRUM OF THE COMPOUND P.B .2

M/e /  Abund.

50 5

51 4

52 5

55 15

54 5

55 76

56 10

57 21

58 2

59 50

60 8

64 4

65 5

66 5

67 44

68 10

69 68

70 8

71 12

72 2

75 8

74 10

M/e f l  Abund

77 15

78 5

79 25

80 5

81 62

82 9

85 25

84 7

85 17

86 2

87 5

88 5

91 25

92 5

95 54

94 7

95 44

96 7

97 10

98 5

99 4

100 5

M/e % Abund

101 8

105 50

106 7

107 45

108 8

109 54

110 8

111 8

112 ' 2

115 8

115 6

116 2

117 8

118 3

119 33

120 6

121 55

122 9

125 15

124 3

125 3

129 8

M/e fo Abund

130 4

131 13

132 5

133 21

134 7

135 29

136 6

137 10

138 2

139 2

141 7

142 5

143 12

144 5

145 20

146 5

147 16

148 5

149 11

150 2

151 4

153 3

M/e °/o Abund

154 3

155 6

; 56 5

157 15

158 5

159 20

160 5

161 15

162 4

163 5

165 4

167 4

168 3

169 10

170 4

171 12

172 5

173 15

174 4

175 9

176 3

177 5



M/e

178

179

180

181

182

183

184

185

186

187

188

189

190

191

193

195

196

197

198

199

200

201

202

203

204

205

3

81

28

10

2

3

10

5

00

34

8

2

14

5

2

2

10

4

9

4

34

13

3

4

2

rund. M/e % Abund. M/e °/o Abund. M/e °/o Abund. M/e

2 207 4 245 2 299 2 435

6 209 4 246 3 307 2 449

2 211 5 247 2 311 3 450

4 212 2 251 2 312 2 451

2 213 8 253 5 313 10 452

7 214 2 254 2 314 3 464

3 215 5 255 5 321 4 465

11 217 4 256 2 323 2 466

4 219 2 257 4 325 2 467

11 221 2 259 3 326 2 468

5 223 4 261 2 327 3 469

7 224 2 262 ' 2 328 2 470

2 225 6 263 2 329 4 482

3 226 4 265 3 330 2 483

2 227 6 267 3 331 2 484

3 228 3 269 3 339 4 498

2 229 5 271 3 341 2 500

6 230 2 273 2 353 2 501

3 231 3 279 6 361 2 509

10 237 3 280 3 394 2 510

3 239 7 281 4 395 2 567

10 240 3 293 4 407 2 568

3 241 6 295 4 409 2 569

4 242 3 296 2 412 2 582

2 243 3 297 2 433 2 585

3 244 2 298 2 434 2 600



M/e

50

51

55

54

55

56

57

59

60

65

67

68

69

70

71

75

74

77

78

79

80

81

MASS SPECTRUM OF THE COMPOUND D .Q .l

fo  Abund. M/e %  Abund. M/e % Abund. M/e c/o  Abund. M/e

2 82 4 115 3 137 6 170

2 85 12 115 22 141 2 171

5 84 2 116 4 142 3 172

2 87 5 117 5 143 65 173

49 88 2 118 9 144 7 174

9 91 14 119 34 145 19 175

14 92 5 120 8 146 5 176

80 95 24 121 50 147 17 177

5 94 16 122 10 148 4 183

2 95 52 125 13 149 8 I 84

14 96 5 124 2 153 26 185

2 97 6 125 2 154 3 186

42 99 2 126 2 155 4 187

5 100 2 127 4 156 2 188

4 101 15 129 6 157 9 189

2 105 24 130 2 158 5 190

5 106 5 151 13 159 18 191

5 107 50 152 4 160 5 197

2 108 17 135 23 161 16 198

15 109 25 154 7 162 4 199

2 110 5 155 24 163 5 200

25 111 4 136 10 169 5 201



M/e

202

203

204

203

209

211

212

213

214

215

216

217

218

223

225

226

227

228

ound. M/e %  Abund. M/e °/o Abund. M/e c/o  Abund. M/e Abund.

4 229 2 281 8 345 5 469 7

6 230 2 282 3 346 2 482 7

2 239 7 283 3 347 2 483 7

2 240 3 291 2 353 2 484 2

2 241 10 295 3 367 2

LTV00 3

5 242 3 296 2 371 9 495 2

2 243 2 297 5 372 3 500 2

13 253 5 298 2 373 2 569 5

5 254 2 307 3 383 2 570 3

9 255 9 309 64 427 19 582 3

2 256 3 310 17 428 6 583 2

2 257 3 311 4 435 4 585 36

3 265 2 313 2 441 3 58 6 14

2 266 2 323 3 442 3 587 3

8 261 5 324 15 443 4 598 5

3 269 2 325 10 449 3 599 2

13 270 2 326 3 451 3 600 44 M

3 279 5 327 3 467 100 601 16

280 2 331 3 468 35 602 4



M/e

50

51

52

53

54

55

56

57

58

59

60

63

64

65

66

67

68

69

70

71

72

73

MASS SPECTRUM OF THE COMPOUND D.Q.7

/■- Abund. M/e %  Abund. M/e fo  Abund. M/e % Abund. M/e

5 74 5 101 16 127 57 150

5 77 9 102 3 128 33 153

2 78 3 105 30 129 10 154

8 79 17 106 6 130 3 155

3 80 3 107 36 131 15 156

52 81 30 108 7 132 5 157

6 82 5 109 39 133 27 158

22 83 16 110 6 134 8 159

2 84 3 111 8 135 30 160

30 85 6 113 2 136 10 161

4 87 5 115 3 137 21 162

3 88 4 116 2 138 9 163

3 91 21 117 7 139 8 165

4 92 4 118 3 141 4 166

2 93 30 119 42 142 4 167

42 94 6 120 9 143 10 168

9 95 84 121 61 144 4 169

66 96 10 122 13 145 21 170

6 97 18 123 20 146 6 171

12 98 3 124 3 147 20 172

2 99 3 125 4 148 5 173

2 100 13 126 3 149 11 174



M/e

175

17 6

177

181

182

183

184

185

186

187

188

189

190

191

195

196

197

198

199

200

201

202

ibund. M/e Abund. M/e a/o  Abund. M/e fo  Abund. M/e

14 203 9 237 4 293 3 357

5 204 2 239 9 294 2 358

5 205 2 240 5 295 4 359

3 209 4 241 11 297 4 369

3 210 23 242 4 307 7 373

8 211 8 243 5 VN O Co 3

CON"\

3 212 3 251 4 309 92 384

14 213 14 253 5 310 24 385

6 214 6 254 2 311 5 399

43 215 11 255 11 323 8 411

11 216 3 256 4 324 18 425

27 217 6 257 3 325 12 427

6 221 3 265 3 326 3 428

4 223 5 266 2 327 9 429

4 224 4 267 5 328 2 430

2 225 8 269 4 335 5 438

100 226 3 270 2 336 2 440

14 227 14 279 4 339 5 441

13 228 4 281 6 340 2 442

5 229 10 282 3 341 4 443

15 230 3 283 3 342 2 447

6 231 3 291 3 343 2 456



M/e fc Abund. M/e % Abund. M/e fc  Abund. M/e c/o  Abund. M/e fc  Abund.

457 15 480 26 498 5 554 4 595 3

458 4 481 7 508 4 567 2 597 56

461 5 482 2 509 2 579 2 598 22

462 2 492 2 510 2 580 2 599 5

463 2 493 3 512 7 581 5 610 9

476 2 494 8 513 2 582 4 611 7

477 15 495 9 526 2 583 4 612 57 m

478 6 496 3 559 2 584 2 613 23

479 75 497 10 553 7 594 4 614 6


