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CONVENTIONS

In th e  t e x t ,  an Arabic number in  b r a c k e ts ,  e . g .  (127) r e f e r s  to  

a r e f e r e n c e ,  w h ile  a Roman number, e . g .  (CXVTI) r e f e r s  to  a 

diagram or drawing.

In th e  drawings o f  chem ical compounds, a wed.ge shaped, l i n e  

r e p r e se n ts  a bond coming out o f  th e  p lane o f  th e  paper, w h ile  a 

broken l i n e  i s  a bond go in g  below th e  p lane o f  the  paper. A 

d o t te d  l i n e  running between th r e e  carbon atoms im p lie s  a double  

bond, th e  p o s i t i o n  o f  which i s  ambiguous.

In th e  d i s c u s s i o n ,  whenever both th e  methyl and phenyl boron ates  

arc i l l u s t r a t e d ,  a common diagram w i l l  be used, f o r  b o th ,  w ith  

R- d en o t in g  th e  s u b s t i t u e n t s .  The i l l u s t r a t i o n  w i l l  be numbered 

w ith  a Roman numeral, and the  s u f f i x ,  a ,  w i l l  be used to  denote  

a phenyl e s t e r ,  the  s u f f i x ,  b ,  t o  denote a methyl e s t e r .  For 

example, f o r  th e  ion  XXX th e  phenyl— form i s  la b e l led .  XXXa, and 

th e  m eth y l-  form XXXb.



ABBREVIATIONS

Gas l i q u i d  chromatography GLC

Combined gas l i q u i d  chromatography and
mass spectrom etry  GC—MS

T r i m e t h y l s i ly l  TMSi

b i s ( t r i m e t h y l s i l y l )  t r i f lu o r o a c e ta m id e  BSTFA

t r im e t h y lc h lo r o s i l a n e  TMCS

he x am e t  hy 1 d. i  s i  1 a, s ane IM DS

h y d r o c h lo r ic  a c id  HC1

Blcctron-Im pa,ct E l

mass to  charge ra/tio  m/e

m olecu lar  ion  M

dimetbylformamide D>IF

r e te n t io n  index  I
m olecu lar  weight M.W.

N uclear Magnetic Resonance NMR

t h in  la y e r  chromatography TLC



1« GENERAL INTRODUOT ION AND SUMMARY OF THE THESIS

In th e  l a s t  few y e a r s ,  in c r e a s in g  i n t e r e s t  has heen shown in  th e  

r e l a t e d  tech n iq u es  o f  gas l i q u i d  chromatography (GLC), and combined 

gas chromatography and mass spectrom etry  (GC-MS), and in  p a r t i c u la r  

in  th e  a p p l ic a t io n  o f  t h e s e  tech n iq u es  to  th e  a n a ly s i s  o f  sm all  

amounts o f  m a te r ia l ,  such as th o se  which may be found in  n a tu ra l  

sy ste m s.  This t h e s i s  i n v e s t i g a t e s  th e  use o f  t h e s e  tech n iq u es  in  

two d i s t i n c t  f i e l d s ;  th e  f i r s t  i s  th e  exam ination o f  b oron ic  a c id s  

as r e a g e n ts  f o r  th e  formation o f  d e r iv e ,t iv e s  o f  sugars s u i t a b le  f o r  

GC and. GC-MS a n a l y s i s ,  and. the  second i s  th e  a p p l ic a t io n  o f  th e  

t e c h n iq u e s  to  th e  in v e s t ig a t i o n  o f  e x t r a c t s  from p lan t  t i s s u e  f o r  th e  

purpose o f  l o c a t i n g  and i d e n t i f y i n g  any compounds o f  a p a r t i c u la r  

ty p e  which may be p resen t  in  th e  p la n t .

In 19^8, Brooks and Watson in trod uced  th e  concept o f  boronate e s t e r s  

as s u i t a b le  d e r i v a t i v e s ,  f o r  GLC and GC-MS, o f  compounds p o s s e s s in g  

a c i s  b i f u n c t i o n a l i t y ,  such as c i s  d i o l s .  They s u g g este d  th e  

a p p l i c a b i l i t y  o f  th e  d e r iv a t iv e  t o  carbohydrate a n a l y s i s ,  and a l s o  

showed th a t  p r e g n a n e tr io l  boronate could  e a s i l y  be t r im e th y l s i ly a te d .  

w ithout d is tu r b in g  th e  c y c l i c  e s t e r  group. Brooks and Harvey a l s o  

showed, in  a l a t e r  paper, th a t  t r i p l e  d e r i v a t i v e s  o f  a compound cou ld  

be made, f o r  example, th e  methyl oxirae o f  a c y c l i c  boronate t r i m e t h y l s i l y l  

e t h e r .  In t h i s  same paper th e  authors demonstrated th a t  a c y c l i c  

b oron ates  formed from i s o l a t e d  hydroxyl groups could be d isp la c e d  by  

t r i m e t h y l s i l y a t i o n  w ithout a f f e c t i n g  a c y c l i c  boronate a l s o  p resen t  in  

th e  m o le c u le .  T h is  l a s t  o b se r v a t io n  was ex trem ely  im portant, as i t  

showed th a t  e x c e s s  b oron ic  a c id  could  be used  to  form a d e r iv a t iv e  

o f  a compound and any a c y c l i c  boronates  formed could  be removed in  

t h i s  way. T his was id e a l  f o r  th e  s tud y  o f  compounds l i k e  su g a r s ,  

where th e r e  are a number o f  hydroxyl groups p r e s e n t .  E xcess  boron ic  

acid  could be used t o  form th e  c y c l i c  b o ro n a tes ,  and th e  compound 

would, th en  be t r im e t h y l s i l y l a t e d  to  e l im in a te  any u n d e s ired  a c y c l i c

- 1 -



boron ates  formed. The t r i m e t h y l s i l y l a t i o n  would a l s o  r e s u l t  in  a 

l e s s  p o la r ,  more v o l a t i l e  compound which would have b e t t e r  GLC 

p r o p e r t i e s .

S h o r t ly  a f t e r  th e  in c e p t io n  o f  th e  presen t  re se a r c h ,  th e r e  appeared  

th e  f i r s t  o f  a number o f  papers on t h i s  t o p ic ;  t h e s e  dem onstrated  

th a t  i t  was p o s s i b l e  t o  use  th e  boronates in  such a way, and th a t  

where th e  r e a c t io n  r e s u l t e d  in  one or  more hydroxyls  rem aining und.e3>- 

i v a t i s e d ,  i t  was p o s s ib l e  t o  convert them t o  th e  t r i m e t h y l s i l y l  

e t h e r s ,  w ithout d e s tr o y in g  th e  boronate a lr ea d y  p r e s e n t ,  producing  

a mixed, d e r iv a t iv e  th a t  was s u i t a b le  f o r  GLC and. GC-MS.

To i n v e s t i g a t e  t h e s e  d e r i v a t i v e s  fu r th e r ,  a comparison has been made 

o f  th e  GLC p r o p e r t ie s  o f  th e  m e th y l- ,  n -b u ty l-; and phenylboronates  and 

boronate TMSi e th e r s  o f  a number o f  su g a r s ,  each o f  which was known 

t o  b e , i n i t i a l l y ,  in  a c y c l i c  form, and hence to  have a p r e fe r r e d  

conform ation  which would, in f lu e n c e  th e  course  o f  th e  boronation  re

a c t io n  in  which th e  boron ic  a c id s  rea c t  o n ly  w ith  c i s - b i f u n c t io n a l  

sy ste m s.  The GC-MS p r o p e r t ie s  o f  th e  m eth y l-  and phenyl— d e r i v a t i v e s  

have a l s o  been s tu d ie d ,  th e  d i f f e r e n c e  o f  62 mass u n i t s  between th e  

m ethyl and phenyl groups b e in g  an a id  t o  th e  i d e n t i f i c a t i o n  o f  boron-  

c o n ta in in g  peaks . From th e  gas chromatographic data  and mass s p e c tr a ,  

and in  some in s ta n c e s  th e  n u c le a r  magnetic resonance d a ta ,  an attempt  

has been made to  determ ine th e  s t r u c tu r e  o f  th e  boronates  and boronate  

TMSi e th e r s  formed by each sugar.-

The b o ro n a tes ,  and. th e  boronate TMSi e t h e r s ,  have been found to  be 

good, d e r i v a t i v e s  f o r  GLC, g iv in g  sharp, n o n - t a i l i n g  peaks on both  

1 yb SB-30 and 1% QF— 1 ,  and though the  tendency  o f  th e  sugars t o  form 

m u lt ip le  d e r i v a t i v e s  would make t h i s  method d i f f i c u l t  f o r  th e  r o u t in e  

a n a ly s i s  o f  a la r g e  number o f  compounds, i t  does s im p l i f y  th e  iden

t i f i c a t i o n  o f  in d iv id u a l  sugars by in c r e a s in g  th e  number o f  u s e f u l  

param eters c h a r a c t e r i s t i c  o f  each su gar.



The d eterm in ation  o f  th e  s t r u c tu r e s  o f  th e  sugar d e r i v a t i v e s  was not  

found to  be p o s s ib l e  in  a l l  c a se s  s im ply by c o n s id e r a t io n  o f  th e  

b o ro n -c o n ta in in g  io n s ,  as th e s e  can rearrange under e l e c t r o n  im pact. 

Thus, f o r  example, io n s  c o n ta in in g  a five-membered boronate r in g  

could  be d er ived  from an e s t e r  which contained, o n ly  a six-membered  

r in g ,  but by combining th e  in form ation  ob ta in ed  from such io n s  w ith  

th a t  o b ta in ed  from th e  r e s t  o f  th e  spectrum, i t  was p o s s ib l e  t o  a r r iv e  

at th e  s t r u c tu r e s  in  q u e s t io n .

The form ation  o f  boronate e s t e r s  by th e s e  sugars i s  determined by th e  

a v ? * i la b i l i ty  o f  s u i t a b l e  d i o l  sy stem s, which in  tu rn  i s  governed by 

th e  number, p o s i t i o n  and conform ation o f  th e  f r e e  hydroxyls  in  th e  

parent su gar .  Pour hydroxyls  may r e s u l t  in  e i t h e r  a d ib o ro n a te ,  or  

a number o f  monoboronates which le a v e  two o f  th e  groups u n reacted ,  

w h ile  th r e e  f r e e  h ydroxyls  r e s u l t  in  two p o s s ib le  monoboronates, th e  

favou red  one b e in g  determined by th e  parent s t r u c tu r e .

The mass sp e c tr a  can a l s o  be used  to  d i s t in g u i s h  between v ery  s im i la r  

compounds, such as: methyl B-mannopyranoside, methyl B -g lu cop yran os id e ,

and methyl B -g a la c to p y ra n o s id e ,  and to  some ex ten t  between th e  anomers 

o f  a sugar , fo r  example between th e  0 C- and anomers o f  th e  l a s t  two 

o f  t h e s e  compounds.

Thus th e  boronates  and. boronate TMSi e th e r s  are s u i t a b le  d e r i v a t i v e s  

fo r  GC and GC-MS, g iv in g  as much in form ation  a s ,  and in  some c a s e s  

more than th e  TMSi e th e r s  by th e m se lv e s .

The second part o f  th e  t h e s i s  c o n s i s t s  o f  an exam ination o f  th e  

a p p l i c a b i l i t y  o f  GLC and GC-MS to  th e  a n a ly s i s  o f  p lan t m a te r ia l ,  and 

in  p a r t i c u la r ,  to  th e  lo c a t i o n  o f  sesqu iterpenoid . compounds in  th e  

p la n t s  examined.

The c l a s s i c a l  method o f  examining p la n ts  has been to  e x tr a c t  a la r g e  

amount o f  the  p lan t  m a ter ia l  in  a heated s o lv e n t ,  which was then  

removed by evap oration ;  and then  to  chromatograph or d i s t i l  th e  
r e s id u e j  c o l l e c t i n g  any f r a c t i o n s  which might be pure compounds and

- 3 -



d eterm in in g  t h e i r  s t r u c t u r e ,  u s u a l ly  by s p e c tr o s c o p ic  methods.

T his  method has th e  d isad van tages  o f  r e q u ir in g  th e  c o l l e c t i o n  and 

p r o c e s s in g  o f  a la r g e  amount o f  p lant m a te r ia l ,  and o f  exp osin g  

th e  e x t r a c t s  o b ta in ed  to  heat or to  a chromatographic m a ter ia l  

which might r e s u l t  in  th e  decom position  or  is o m e r isa t io n  o f  any 

u n sta b le  compounds p r e s e n t .

As an a l t e r n a t i v e  to  t h i s ,  th e  use  o f  GLC and GC-MS in t h i s  typ e  o f  

in v e s t ig a t i o n  has been i n v e s t ig a t e d .  The macerated p lan t m a ter ia l  

i s  e x tr a c te d  at room tem perature in  a s u i t a b le  s o lv e n t ,  which i s  then  

removed in  a Btlchi ro ta ry  evap ora tor ,  again at room tem perature , and 

th e  s o lu b le  p o r t io n  o f  th e  r e s id u e  i s  d i s s o lv e d  in  a mixture o f  benzene  

and isop ropanol in  th e  r a t io  o f  3 s 1* A fte r  f i l t r a t i o n  t o  remove th e  

in s o lu b le  re s id u e  t h i s  s o lu t io n  i s  passed through a l i q u i d - g e l  column 

a c t in g  as  a m olecu lar  f i l t e r ,  t o  remove th e  h igh m olecu lar  weight  

compounds, which would not be amenable to  GLC, but would remain as  

contam inants at th e  b eg in n in g  o f  th e  GLC column. The e lu a t e  i s  

then examined by GLC and GC—MS, w ith  th e  aim o f  lo c a t i n g  i n t e r e s t i n g  

compounds which can be d is t in g u is h e d  by t h e i r  behaviour on a GC column, 

and under e l e c t r o n  im pact.

S ta n d a r d isa t io n  o f  th e  method was e f f e c t e d  w hile  in v e s t i g a t i o n s  were 

b ein g  ca rr ied  out on th e  p lan t  Degeneria, v i t i e n s i s  and a p re l im in a ry  

survey  o f  t h i s  p lan t  has been made. . Two s p e c ie s  o f  P e t a s i t e s  have 

been examined and compared, w ith  p a r t i c u la r  regard to  th e  se sq u ite r p e n —

o id s  o f  th e  p e ta s in  typ e  p resen t  in  each .

The major part o f  t h i s  i n v e s t i g a t i o n  has been concerned w ith  th e  exam

in a t io n  o f  s i x  p la n t s  o f  th e  genus L ig u la r ia . P la n ts  o f  t h i s  typ e  

have been examined by v a r io u s  groups o f  workers and have been shown 

to  con ta in  a wide range o f  s e sq u ite r p e n o id  compounds. This study  was 

made o f  s i x  p la n ts  which were growing in  th e  Logan B otan ic  Gardens in

W igtow nshire, though th e  p la n ts  th em selves  have an e a s te r n  o r i g i n ,

b e in g  n a t iv e  to  E astern  A s ia .

- 4 -



The examinat ion  showed in  p a r t ic u la r  th e  c lo s e  r e l a t io n  th e s e  p la n t s  

bear to  th e  genus P e t a s i t e s . s in c e  pet as in i t s e l f  was found in  two 

o f  them, w hile  one o th er  L ig u la r ia  t u s s i l a g i n e a , con ta in ed  a number 

o f  compounds s im i l a r  to  fu r a n o p e ta s in .  Many o f  th e  P e t a s i t e s  are  

d iv id ed  in to  two s u b - s p e c i e s ,  one o f  which co n ta in s  p e ta s in  ty p e ,  

th e  o th e r ,  fu ra n o p eta s in  type  e s t e r s ,  and th e  two c l a s s e s  o f  compounds 

are not known t o  co—occur in  th e  same p la n t .  This may a ls o  be tr u e  

o f  th e  L ig u la r ia s  and would, th e r e f o r e ,  ex p la in  why none o f  the  p la n ts  

examined, showed th e  p resence o f  both c l a s s e s  o f  compound. The exam

in a t io n  o f  L ig u la r ia  t u s s i l a g i n e a  a ls o  p o in ted  out th e  u s e f u ln e s s  o f  

th e  a n a ly s i s  tech n iq u e  when d e a l in g  w ith  u n sta b le  compounds, s in c e  an 

important compound, was d e te c te d  which had. not been reported, in  a 

p rev io u s  s tu d y . T his compound was very  u n s ta b le ,  b e in g  s u s c e p t ib le  

both to  a i r  o x id a t io n  and to  a d d it io n  r e a c t io n s ,  so i t  would, almost  

c e r t a i n l y  not have been a n a ly sa b le  by t r a d i t i o n a l  methods.

S tr u c tu r a l  i d e n t i f i c a t i o n  o f  th e  compounds found was not always p o s s i b l e  

s im ply  from th e  GLC and GC-MS d a ta .  I t  was found to  be n e c e s sa r y  to  

i s o l a t e  as la r g e  a sample o f  each compound as p o s s i b l e ,  and to  examine 

t h i s  by s p e c tr o s c o p ic  methods, such as  in fr a -r e d  (II?) n u c lea r  m agnetic  

resonance (NI1R) and u l t r a - v i o l e t  (UV) s p e c tro sco p y .  In th o se  c a s e s  

where t h i s  was found to  be im p o s s ib le ,  however, t e n t a t i v e  i d e n t i f i c a t i o n s  

o f  th e  s t r u c tu r e s  concerned were made from th e  mass s p e c tr a .

Thus th e  method i s  a u s e f u l  t o o l  f o r  th e  a n a ly s i s  o f  compounds o ccu rr in g  

in  p la n t s ,  but i t  i s  most e f f i c i e n t  as part o f  a system o f  a n a ly s i s  

which in v o lv e s  th e  use o f  a complementary range o f  methods, in  which  

system  i t  o p era te s  b es t  as a s c r e e n in g  p ro cess  to  d is c o v e r  th e  

presence  o f  any i n t e r e s t i n g  compounds which might make fu r th e r  work 

w orthw hile .
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2 .  AN EXAMINATION OP TEE BORONATE ESTERS OP SOME SUGARS

2 — 1 I n tr o d u c t io n  and H i s t o r i c a l  Background

The a n a l y s i s  o f  m onosaccharides  can be regarded, as  a problem in  th e  

s e p a r a t io n  and c h a r a c t e r i s a t io n  o f  a m ixture o f  iso m e r s ,  p a r t i c u l a r l y  

when exam ining n a t u r a l l y  o c c u r r in g  compounds* When gas l i q u i d  

chromatography, (GLC), and combined gas l i q u i d  chromatography and 

mass s p ec tro m etry ,  (GC-IIS), were in tr o d u c e d ,  i n t e r e s t  soon a ro se  in  

th e  a p p l i c a t i o n  o f  t h e s e  t e c h n iq u e s ,  which cou p led  sp eed  w ith  a sm a ll  

sample req u irem en t, t o  t h i s  f i e l d .

The f r e e  su gars  th e m s e lv e s  proved t o  be u n s u i t a b le  f o r  GLC a s  t h e y  

p o s s e s s  s e v e r a l  p o la r  hydroxyl grou p s, which le a d  t o  b a d ly  t r a i l i n g  

peaks and. v ery  lo n g  r e t e n t i o n  t im e s ,  even w ith  th e  l e a s t  p o la r  

s t a t i o n a r y  p h ases  such  a,s SE -30 . I t  was found t o  be n e c e s s a r y  t o  

a l t e r  th e  p r o p e r t i e s  o f  th e  su gars  in  some way; i d e a l l y  some d e r i v a t i v e  

o f  th e  h y d ro x y ls  was r e q u ir e d .  T h is  should be e a sy  t o  form, g i v i n g  no 

b y -p ro d u c ts  which viould appear on th e  GLC t r a c e ,  v o l a t i l e ,  and s t a b l e  

under GLC c o n d i t io n s .  I t  should a l s o  r e t a i n  the  s t e r e o c h e m ic a l  prop

e r t i e s  o f  th e  parent m o lecu le  so th a t  d e r i v a t i v e s  o f  d i f f e r e n t  compounds 

should, be d i f f e r e n t  enough to  be r e s o lv a b l e  on GLC, and. have d i s t i n c t i v e  

breakdown p a t t e r n s  in  th e  mass s p e c tr o m e te r .

Both m ethyl e t h e r s  ( 1 - 9 )  and a c e t a t e s  ( 9 -1 9 )  have been used  as d e r iv 

a t i v e s  f o r  GLC in  t h i s  way, but in  each case  th e  d e r i v a t i v e  form a tio n  

has re su lted ,  in  m u l t ip le  GLC peaks due t o  th e  form ation  o f  isom ers  

d u rin g  th e  r e a c t io n  ( l 6 ) .  A f r e e  su g a r ,  e . g .  g lu c o s e ,  can e x i s t  in  

f i v e  form s, th e  a c y c l i c  isom er ( i ) ,  and th e  c<- and. ft — anomers o f  th e  

pyranose ( i l ,  I I I )  and fu ra n o se  (IV , V) r i n g s .  Formation o f  a  

d e r i v a t i v e ,  e . g .  th e  m ethyl e t h e r ,  r e s u l t s  in  fo u r  i s o m e r s ,  th e  0( — 

and p  — anomers o f  each  c y c l i c  form (VI—I X ) .  Each o f  t h e s e  compounds
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g iv e s  a peak on th e  GLC t r a c e ,  in c r e a s in g  th e  d i f f i c u l t y  o f  a n a ly s in g  

a m ixture  o f  su g a r s .  Many d i f f e r e n t  ways o f  overcom ing t h i s  

d i f f i c u l t y  have been attem pted; f o r  example th e  a n a ly s i s  o f  a ld o s e  

s u g a r s ,  such as g lu c o s e  ( I )  and g a la c to s e  (X) has been i n v e s t i g a t e d  

by J . S .  Sawardeker e t  a l .  ( l 6 ) .  They f i r s t  reduced th e  sugar t o  th e  

a l d i t o l  w ith  sodium b oroh yd r id e ,  th en  re a c te d  i t  w ith  a c e t i c  anhydride  

t o  form th e  a c e t a t e .  G lucose ( i )  h a s ,  f o r  example been reduced t o  

g l u c i t o l  (XI) which was th en  co n v erte d  in to  th e  a c e t a t e  ( X I l ) .

Another approach has been th e  use  o f  mixed d e r i v a t i v e s ,  f o r  exam ple,  

th e  t r i m e t h y l s i l y l  (TMSi) e t h e r s  o f  sugar  oximes (20—2 2 ) .  The sugar  

e . g .  g lu c o s e  ( i )  i s  co n v er te d  t o  th e  oxime (X III )  or  th e  0—m ethyloxim e  

(XIV) and th en  t r e a t e d  w ith  t r i m e t h y l s i l y l a t i n g  r e a g e n t s ,  f o r  exam ple,  

b i s ( t r i m e t h y l s i l y l ) - t r i f l u o r o a c e t a m i d . e  (BSTFA) and t r im e th y l  ch i o r o s i l a n e  

(TMCS). The f r e e  h y d ro x y ls  are co n v erted  in to  th e  TMSi e t h e r s ,  th e  

oxim es in t o  O - t r im e t h y l s i ly lo x im e s  (XV) and th e  0—m ethyloxime (XVI) i s  

u n a f f e c t e d  ( 2 2 ) .  The mass s p e c t r a l  fra g m en ta t io n  p a t te r n s  o f  such  

O-m ethyloxim es hayabeen s t u d ie d  ( 2 3 ) 9 as  have t h o s e  o f  m ethyl e t h e r s  

and a c e t a t e s .

In  th e  case  o f  th e  a c e t a t e s  th e  pyranose and fu ran ose  forms can be 

d i f f e r e n t i a t e d  ( 2 4 - 2 6 ) ,  though rearrangement o f  th e  io n s  from th e  s i x — 

membered r in g  t o  th e  f i v e —membered. r in g  i s  p o s s i b l e  (2 6 )  and. care  

sh o u ld  be taken  when a n a ly s in g  th e  mass spectrum o f  an unknown compound. 

A gain , t o  s im p l i f y  th e  a n a l y s i s ,  th e  a l d i t o l  a c e t a t e s  have been made 

and t h e i r  s p e c tr a  examined (1 6 ,  27> 2 8 ) .  The m ethyl e th e r s  g iv e  

c h a r a c t e r i s t i c  peaks in  th e  h igh —mass end o f  th e  spectrum , b u t ,  s in c e  

th e s e  are  o f  low  i n t e n s i t y ,  t h e y  c a l l  f o r  c a r e fu l  e v a lu a t io n  d u r in g  

in t e r p r e t a t io n  (2 9 -3 4 )*

The most w id e ly  u se d ,  and most s u c c e s s f u l  d e r i v a t i v e  t o  d a te ,  however,  

i s  th e  TMSi e t h e r .  The p r e p a r a t io n  o f  carbohydrate  TMSi e t h e r s  was 

f i r s t  d escr ib ed  by H edgley  and Overend (35)> and. l a t e r  s ta n d a r d ise d  

f o r  GLC by Sw eeley  e t  a l . ,  who a l s o  gave r e t e n t i o n  d a ta  f o r  o v er  a 

hundred compounds ( 3 6 ) .  The e th e r s  were prepared  by t r e a t i n g  th e  

sugar  w ith  a 2 s 1 m ixture  o f  h e x a m e th y ld is i la z a n e  (HMDS) and TMCS in  

p y r id in e .  E x cess  o f  th e  r e a g e n ts  was used  to  ensure com plete
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d e r i v a t i s a t i o n ,  and t o  e l im in a t e  any t r a c e s  o f  w ater  in  th e  r e a c t io n  

m ix tu r e .  An a l iq u o t  was th e n  drawn o f f  and in j e c t e d  s t r a ig h t  on t o  

th e  GLC column, o r ,  t o  av o id  th e  v ery  la r g e  s o lv e n t  peak caused  hy  

th e  p y r id in e ,  th e  d e r i v a t i v e s  were p a r t i t i o n e d  between w ater  and 

ch loroform  (o r  petro leum  e t h e r )  and rec o v ered  from th e  o rg a n ic  s o l v e n t ,  

in  which th e y  cou ld  be i n j e c t e d  ( 3 6 ) .  P y r id in e  co u ld  a l s o  be 

removed by e v a p o r a t io n  under a stream o f  n i t r o g e n ,  th e n ,  w ith  or  

w ith ou t th e  removal o f  th e  in s o lu b le  p y r id in e  h y d r o c h lo r id e s ,  r e -  

d is s o lv e d .  in  a more v o l a t i l e  s o lv e n t  ( 38 ) .  I n j e c t i o n  o f  th e  in o r g a n ic  

p r e c i p i t a t e  onto  th e  GLC column does not appear to  do any damage, even  

o ver  pro lon ged  p e r io d s  o f  u se  ( 37 )*

The d e r i v a t i v e s  formed in  t h i s  way f i t  c l o s e l y  to  th e  i d e a l .  They 

are e a s y  t o  form, co n v en ien t  t o  h a n d le ,  s t a b l e  a t  th e  tem p eratu res  

u sed  in  GLC and t h e y  are a l s o  r e a d i l y  h y d r o ly sa b le  back to  th e  f r e e  

su g a r ,  a d i s t i n c t  advantage when th e y  are used  f o r  p r e p a r a t iv e  GLC ( 3 6 ) .  

In  o n ly  a few c a s e s  th e  r e a c t io n  has not proceeded s a t i s f a c t o r i l y ,  

g e n e r a l l y  when u s in g  compounds c o n ta in in g  a c id  grou ps, f o r  exam ple,  

u r o n ic  a c id s  (39)> or  a s c o r b ic  a c id  ( 4 0 )* i s  thought th a t

h y d r o c h lo r ic  a c id  (HCl) i s  formed during  th e  r e a c t i o n ,  and th a t  t h i s  

i n h i b i t s  th e  e th e r  form ation  (17)*  M o d if ic a t io n  o f  th e  a c id  group or  

u se  o f  a d i f f e r e n t  s i l y l a t i n g  reagen t (3 9 )  were th e  methods used, t o  

overcome t h i s  d i f f i c u l t y .  The r e a c t io n  i s  q u a n t i t a t iv e  ( 3 6 ) ,  and 

th e r e  i s  good agreement between th e  r e s u l t s  o b ta in ed  by q u a n t i t a t iv e  

gas and paper chromatography o f  su gars  (41> 4 2 ) .  The d e r i v a t i v e s  

have good r e t e n t i o n  c h a r a c t e r i s t i c s ,  g iv in g  good peak shapes w ith  l i t t l e  

t a i l i n g ,  even on f a i r l y  p o la r  columns, and r e t e n t i o n  t im e s  (a d ju s te d  t o  

g iv e  good, r e s o l u t i o n )  o f  between f i v e  and. t h i r t y  m inutes  ( 3 6 , 4 3 -6 4 )*

The major d isa d v a n ta g e  o f  th e  TMSi e th e r s  i s  th e  fo rm a tio n  o f  isom er  

p ea k s .  Each sugar  TMSi e th e r  g iv e s  two t o  fo u r  p ea k s ,  co rresp o n d in g  

t o  th e  0^ - and / ? -  p y ra n o s id es  and th e  0 ( -  and f u r a n o s id e s ,  ( 17*

36, 45> 6 4 * 6 5 ) .  T h is  o c cu rs  e s p e c i a l l y  when w ater  i s  p r e se n t  in  

t h e  r e a c t io n  m ix tu r e ,  c a t a l y s i n g  th e  e q u i l i b r a t i o n  o f  th e  m ixture o f
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isom ers  (17 )*  Thus f o r  m ix tu res  o f  TMSi e th e r s  o f  sugar  s t e r e o i s o m e r s ,  

f o r  exam ple, g lu c o s e  ( i ) ,  ga la ,c to se  (X) and mannose (X V I l) ,  th e  

r e s o l u t i o n  o f  anomers and r in g  isom ers g iv e s  many c o in c id e n t  and over— 

la o p in g  peaks ( 1 7 ) .

Under g iv e n  c o n d i t io n s  o f  d e r i v a t i v e  fo rm a tio n ,  th e  number o f  peaks  

and t h e i r  r e l a t i v e  p r o p o r t io n s  are found t o  be c o n sta n t  f o r  each sugar*  

I t  i s  th u s  p o s s i b l e  t o  c a l c u l a t e  th e  t o t a l  amounts o f  each su gar  

p r e se n t  from any one s i n g l e ,  co m p le te ly  r e s o lv e d  and i d e n t i f i e d  peak  

( 3 6 , 6 7 , 68^692. T a b les  o f  t h e s e  p r o p o r t io n s  are a v a i l a b l e  ( 1 7 ) .

C o n s id era b le  v a r i a t i o n  i s  found, however, betvieen sugars  a n a ly s e d  from 

p y r id in e  and aqueous e q u il ib r iu m  m ix tu r e s ,  and betvieen s e t s  o f  v a lu e s  

based  on s im i l a r  p r e p a r a t iv e  procedures  but d i f f e r e n t  s o l v e n t s .  In  

p y r id in e ,  t r i m e t h y l s i l y l a t i o n  i s  f a s t e r  than  m u taro ta tion  ( 3 8 ) ,  t h e r e 

f o r e ,  i t  i s  p o s s i b l e  t o  determ ine n a t u r a l ly  o c c u r r in g  r a t i o s  o f  sugar  

anomers i f  a n a l y s i s  i s  made soon a f t e r  d e r i v a t i v e  fo rm a tio n ,  and i f  

th e  r e a c t io n  has been carried , out in  s c r u p u lo u s ly  dry p y r id in e  ( 1 9 ) • 

R e c e n t ly ,  a l s o ,  e q u i l i b r i a  o f  t h i s  ty p e  have been s tu d ie d  by u s in g  th e  

t r i f l u o r o a c e t a t e s  as d e r i v a t i v e s  o f  th e  su gars  ( 7 0 ) .

I d e n t i f i c a t i o n  o f  in d iv id u a l  peaks d o es ,  however, p r e se n t  a problem*

Such a peak may be known to  be r e l a t e d  to  a s p e c i f i c  compound, but th e  

a b s o lu te  i d e n t i f i c a t i o n  o f  i t  as one isom er or  anomer can be d i f f i c u l t .  

GLC can p rov id e  o n ly  r e l a t i v e  in fo rm a tio n  from s ta n d a r d s ,  not d i r e c t  

s t r u c t u r a l  or chem ica l d a ta .  I t  i s  p o s s i b l e  t o  s e p a r a te  each  compound 

by p r e p a r a t iv e  GLC and determ ine i t s  s t r u c tu r e  by c l a s s i c a l  m ethods, 

but t h i s  i s  cumbersome, and th e  t im e req u ir ed  would c a n c e l  th e  advantage  

o f  u s in g  GLC. Such a procedure i s  im p r a c t ic a b le ,  i f  th e  sample under  

c o n s id e r a t io n  i s  to o  s m a l l .  Hence th e  u se  o f  GC—MS.

In  1957> Sharkey e t  a l , r e p o r te d  mass s p e c t r a l  d a ta  o f  s i l y l a t e d ,  lo n g  

c h a in ,  a l i p h a t i c  a l c o h o l s ,  and most o f  th e  o b s e r v a t io n s  and. id e a s  o f  

t h e s e  au th ors  are  s t i l l  t e n a b le  f o r  o th e r  c l a s s e s  o f  compounds ( 7 2 ) .

The e le c t r o n - im p a c t  (E l)  mass s p e c tr a  were ch a ra c te r ised ,  by th e  fragment 

o f  mass t o  charge r a t i o  ( m /e) 7 3 .  (X V III) ,  which i s  p re se n t  in  th e
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h ig h e s t  abundance. The h ig h e s t  m/e v a lu e  i s  g e n e r a l ly  th a t  o f  th e  

m o lec u la r  io n  (m)+ minus 15 due t o  th e  l o s s  o f  methyl from one o f  

th e  TMSi groups. In  a r e c e n t  paper, (7 3 )  R ic h te r  and Hunneman 

have compared th e  s p e c tr a  o f  th e  TMSi e t h e r s  and d i m e t h y l s i l y l  (DHSi) 

e t h e r s  o f  primary a l c o h o l s ,  and have shorn t h a t ,  f o r  th e  l a t t e r  

d e r i v a t i v e ,  th e  r e l a t i v e  i n t e n s i t y  o f  th e  M-15 ion  i s  s e v e r e ly  reduced  

w ith  r e s p e c t  t o  th a t  o f  th e  corresp on d in g  TMSi e t h e r s .  A number o f  

rearrangem ents have been rep o r te d  as o c c u r r in g  during th e  breakdown o f  

a TMSi e th e r ;  f o r  exam ple, th e  l o s s  o f  a m ethyl group w ith  subsequent  

replacem ent by a hydrogen atom ( 7 4 ) 9  in tr a m o le c u la r  m ig ra t io n  o f  

com plete  TMSi groups (75* 76) and M cL afferty -typ e  rearrangem ents (77* 7 8 ) .

Turning back to  th e  problem o f  peak i d e n t i f i c a t i o n ,  i t  has been shown 

th a t  s t r u c t u r a l  and g e o m e tr ic a l  isom erism  in f lu e n c e  mass s p e c t r a l  

fr a g m en ta t io n  p a t t e r n s  (79* 8 0 ) .  For exam ple, from th e  c o n s id e r a t io n  

o f  q u a n t i t a t iv e  mass s p e c tr a  o f  tw enty  TMSi e th e r s  Of a ld o h e x o se s  and 

p a r t i a l l y  m eth y la ted  d e r i v a t i v e s ,  P e te r s so n  and Samuelson ( 8 l )  d ev e lo p ed  

a method o f  d e term in in g  th e  number and p o s i t i o n  o f  m ethoxyl s u b s t i t u e n t s  

in  m on osacch arid es .  DeJongh e t  a l . (7 1 )  e s t a b l i s h e d  d e t a i l e d  f r a g 

m en tation  p a t te r n s  o f  ^ - g lu c o s e ,  Me B -g lu c o p y r a n o s id e , and e th y l  

B -g a la c to p y r a n o s id e  by th e  u se  o f  l a b e l l i n g  t e c h n iq u e s  and. h ig h  r e s o l 

u t io n  mass s p e c tr o m e tr y .  In agreement w ith  o th er  work (6 6 ,  81—8 4 ) 

th e y  showed d i f f e r e n c e s  between th e  pyranose and fu ran ose  r in g  iso m e r s ,  

e . g .  f o r  a fu ran ose  TMSi e th e r  such as th a t  o f  g lu c o s e  (XIX) th e  

i n t e n s i t y  o f  th e  fragment m/e = 217 (XX) i s  s i g n i f i c a n t l y  la r g e r  than  

th a t  due t o  m/e = 204 (XMl), w h i le  f o r  th e  corresp on d in g  pyranose (XXIl)  

compound th e  r e v e r s e  i s  t r u e .  These d i f f e r e n c e s  have been u sed  t o  

i d e n t i f y  minor peaks in  th e  GLC o f  s i l y l a t e d  a ld o s e s  (7 l )>  and in  th o s e  

o f  f r u c t o s e  where th e  op en -ch a in  d e r i v a t i v e  o f  th e  compound c o u ld  be 

d i s t in g u i s h e d  ( 6 6 ) .

The mass s p e c tr a  o f  &<- and ft -  anomers have been examined w ith  v a r y in g  

r e s u l t s ;  Reed e t  a l . o r i g i n a l l y  showed d i f f e r e n c e s  between th e  s p e c t r a
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o f  Me —I>-glucopyranoside and Me j3-D -glucopyra.nos id e  ( 8 5 , 86) but

DeJongh e t  a l > c la im ed  th a t  th e  spectra, o f  anomeric forms o f  penta— 

O - t r im e t h y l s i ly la t e d .  g lu cop yran ose  were i d e n t i c a l  as  were th e  

anomers o f  th e  corresp on d in g  g a la c to p y ra n o se  ( 7 l ) «  S i m i l a r l y ,  no 

d i f f e r e n c e s  were n o ted  in  th e  s p e c tr a  o f  th e  corresp on d in g  

p e r t r i m e t h y l s i l y l a t e d  m ethyl g l y c o s i d e s .  These experim ents  were 

re p e a te d  u s in g  a low’e r  i o n i s a t i o n  v o l t a g e  in  th e  mass s p ec tro m eter  in  

an attem pt t o  l i m i t  secondary  fragm entat ion  p r o c e s s e s ,  and so accen

t u a t e  s te r e o c h e m ic a l  d i f f e r e n c e s  (3 7 ) •  The s p e c tr a  o f  th e  t r i m e t h y l -  

s i l y l a t e d .  anomers run a t  17eV do show minor i n t e n s i t y  d i f f e r e n c e s ,  

p a r t i c u l a r l y  in  th e  r a t i o  o f  th e  two peaks o f  m/e = 435 and m/e = 393.

The former i s  d.ue to  th e  l o s s  o f  a m ethyl group from th e  parent  

m o le c u le ,  th e  l a t t e r  to  fragment A (X X III) ,  minus a methyl (7 1 ) •

The r a t i o  4 3 5 /3 9 3  i s  la r g e r  in  th e  spectrum o f  the/C? -anomer than  in  

th a t  o f  th e  0( —anomer. S im i la r  d i f f e r e n c e s  were found in  g a la c t o 

pyranose and mannopyranose, and in  th e  m ethyl g ly c o s i d e s  o f  a l l  th r e e  

s u g a r s .  There th e  r a t i o  considered, was th a t  o f  m/e = 377 cau sed  by 

l o s s  o f  —CĤ  and t r i m e t h y l s i l a n o l  (TilSiOH) from th e  m o le c u le ,  t o  

m/e = 381, caused  by l o s s  o f  and TMSiOH ( 89) .  These r a t i o

d i f f e r e n c e s  are u s e f u l  f o r  a n a l y s i s  but th e y  have two main drawbacks.

The r a t i o s  vary  i f  th e  ion  sou rce  tem perature o f  th e  mass s p e c tr o m e te r  

i s  a l t e r e d ,  which may cause d i f f i c u l t y  in  reprod u cing  them, p a r t i c u l a r l y  

from machine t o  m achine, and s e c o n d ly  a v ery  la r g e  body o f  d a ta  would  

have t o  be b u i l t  up b e fo r e  th e  te ch n iq u e  could, be used  f o r  r o u t in e  

a n a l y s i s .

Scheuer and co-w orkers  ( 89 ) examined, in  g l y c o l  TMSi e t h e r s ,  th e  

m/e = 147 fragment common t o  many d ihydroxy compounds (7 8 ,  91) in  which  

th e  h y d ro x y ls  need not be a d ja cen t  t o  each o th e r  ( 7 8 ) .  In  th e  g l y c o l  

d e r i v a t i v e s  t h i s  fragment a r i s e s  from a c y c l i c  e l im in a t io n  l e a d in g  to  

(TMSiO = Si(CH^)2 )*t They argued th a t  th e  i n t e n s i t y  o f  t h i s  io n  cou ld  be 

r e l a t e d  to  th e  e a se  o f  form ation  w ith  which th e  t r a n s i t i o n  s t a t e  co u ld  

o c c u r ,  and p r e d ic te d  th e  order  o f  i n t e n s i t i e s  th a t  sh ou ld  occu r  in  th e  

OC- and ^ -a n o m e r s  o f  g lu c o s e ,  g a la c t o s e  and mannose. These were a 

c l o s e  match to  th e  ex p er im en ta l v a lu e s ,  and so  th e  b a s ic  p o s t u l a t e
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may h o ld  and may in  t im e be a p p l ie d  t o  s t r u c tu r e  d e te r m in a t io n .

A p p l ic a t io n s  o f  th e  TUSi e th e r  to  suga,r ch em is try  are many and v a r io u s ,  

Zinbo and Sherman have s tu d ie d  th e  fragm ent?.tion o f  some sugar phos

p h ates  ( 7 5 ) ,  as have Harvey, Horning and. Vouros (9 2 ,  9 3 ) ,  P e te r s s o n  

has examined th e  THSi e th e r s  o f  a c y c l i c  a l d i t o l s  (9 4 )  and o f  th e  

l a c t o n e s  from th e  co rresp o n d in g  ald .onic a c id s  (9 5 )  and. he has a l s o  

used  th e  methyloxime-TIISi e t h e r s  in  a v e r y  g en e r a l  method f o r  th e  

a n a l y s i s  o f  suga.rs, sugar a c id s  and. l a c t o n e s  ( 9 6 ) .  TMSi e t h e r s  have  

been used  by deW ilt (9 3 )  in  th e  s tu d y  o f  th e  o x id a t io n  o f  so rb o se  t o  

2—k e t o - L - g u lo n ic  a c i d ,  and. by Kam erling, V l i e g e n t h a r t , Vink and 

de R idder f o r  th e  a n a ly s i s  o f  o l i g o - s a c c h a r id e s  and d is a c c h a r id e s  (9 9 ,

1 0 1 ) ,  and. in th e  s tu d y  o f  p a r t i a l l y  methylated, sugars o c c u r r in g  in  th e  

s p h in g o g ly c o l ip id  found in  o y s t e r  m antle ( 1 0 2 ) .

R e c e n t ly ,  a new d e r i v a t i v e  has been used f o r  th e  GLC and GC-MS a n a l y s i s  

o f  s u g a r s ,  v i z ,  th e  c y c l i c  boronate  e s t e r .  T h is  i s  formed by th e  

r e a c t io n  o f ,  ( f o r  example) a 1 , 2 -  or  1 , 3 -  d i o l  system  w ith  a b o r o n ic  

a c id ,  e . g .  p h en y lb oron ic  a c id  (XXIV), r e s u l t i n g  in  a five-m embered (XXV) 

or six-membered r in g  (XXVl) boronate  r e s p e c t i v e l y .  The f i r s t  sugar  

b o ro n a tes  were made by Hoifrom and Solms ( 1 0 3 ) ,  who fu se d  a m ixtu re  o f  

p h en y lb oron ic  ac id  and the  sugar and e x tr a c te d  th e  p roducts  w ith  

petroleum  e th e r  t o  g iv e  th e  e s t e r .  L a ter  w orkers, however, u sed  

d i f f e r e n t  r e a c t io n  c o n d i t io n s  s in c e  th e  r e a l i s a t i o n  th a t  a ra p id  

e q u i l i b r a t i o n  was ta k in g  p la c e  ( 1 0 4 ) su g g e s te d  th e  u se  o f  anhydrous  

s o l v e n t s  and th e  removal o f  w ater from th e  r e a c t io n  t o  promote th e  

form ation  o f  th e  e s t e r  ( 1 0 5 ) .  The 4 ,6 — c y c l i c  e s t e r  o f  He e* -H -g lu c o p — 

y r a n o s id e  (XXVTIa) was prepared by treatm en t o f  th e  sugar  w ith  phenji- 

b o ro n ic  ac id  in b o i l i n g  b en zen e, removal o f  th e  w ater  b e in g  e f f e c t e d  

w ith  a Dean and S ta rk  a p p a ra tu s ,  as was th e  p er (p h en y lb o ro n a te )  (XXIXa) 

(1 0 6 ,  114)* Treatment o f  th e  sugar w ith  th e  ac id  anhydride (XXVIIIa) 

( 1 0 7 ) under s i m i l a r  c o n d i t io n s  was a l s o  shown t o  g iv e  th e  e s t e r  (1 0 8 -1 1 0 ) ,  

as was th e  use o f  2 -m ethoxyeth ano l ( 113 ) ,  I l e - c e l l o s o l v e  ( 115 ) ,  or a 

methanol and. w ater  m ixture (1 1 1 ,1 1 2 )  as a s o lv e n t  f o r  th e  sugar and 

anhydride r e a c t i o n .
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The r e l a t i v e  s t a b i l i t i e s  o f  th e  v a r io u s  s i z e s  o f  th e  ring: tha/fc can be 

formed as boronate e s t e r s  have been in v e s t ig a t e d  in  s e v e r a l  ways,

Bowie and Musgrave have shown (116)  th a t  th e  s t a b i l i t y  o f  th e  ringrs 

tow ards h y d r o ly s i s  depends on two f a c t o r s ,  th e  s i z e  o f  th e  r in g  and. 

th e  number o f  a lk y l  s u b s t i t u e n t s .  The seven—membered r in g  was th e  

most e a s i l y  h y d ro ly sed  o f  th e  5—> 6 -  and 7-roembered, r in g s  examined, 

w h ile  th e  six-membered. r in g  was th e  most s t a b l e .  As th e  number o f  

a lk y l  s u b s t i t u e n t s  on th e  r in g  in c r e a s e s ,  th e  s t a b i l i t y  o f  each o f  th e  

ty p e s  o f  e s t e r  to  h y d r o ly s i s  in c r e a s e s .  The h y d r o ly s i s  i s  thought  

t o  proceed, by an a t t a c k  o f  w ater  on th e  boron atom (XXX, XXXl), r e s u l t i n g  

in  a t e t r a h e d r a l  c o n f ig u r a t io n  round t h i s  atom (XXXII, XXXVTl). The 

g r e a t e r  s t r a i n  in  th e  s e v e n -  and five-m embered r in g s  make th e  next  

s t e p ,  c le a v a g e  o f  one o f  th e  boron—oxygen bonds and so  breakdown o f  

th e  r i n g ,  more fa v o u ra b le  in  t h e s e  e s t e r s  than in  th e  s i x —membered 

d e r i v a t i v e ,  where th e r e  i s  v ery  l i t t l e  r in g  s t r a i n .  The p resen ce  o f  

a lk y l  s u b s t i t u e n t s  on th e  r in g  r e s u l t s  in  a s t e r i c  h indrance t o  th e  

form ation  o f  th e  t e t r a h e d r a l  c o n f ig u r a t io n ,  and so t o  th e  h y d r o l y s i s .

The same authors  a l s o  comment on th e  e f f e c t  upon th e  s t a b i l i t i e s  o f  

th e  e s t e r s ,  o f  d i f f e r e n t  groups a t ta c h e d  to  th e  boron atom. A com** 

p a r iso n  was made o f  th e  phenylboronate  and th e  m ethylboronate  s i x -  

membered e s t e r s  and i t  was shown th a t  th e  phenylboronate  was l e s s  

s t a b l e  t o  h y d r o l y s i s .

A l a t e r  paper by McKinley and M eigel (117) i n v e s t i g a t e d  th e  form ation  

o f  c y c l i c  b o ro n a tes  by r e a c t io n  o f  th e  b o ro n ic  a c id  w ith  a c y c l i c  t r i o l s ,  

a l lo w in g  th e  p o s s i b i l i t y  o f  th e  form ation  o f  e i t h e r  th e  five-m em bered  

or  six-membered b o r o n a te s ,  and. th e  au thors  produced th r e e  g e n e r a l  r u le s  

g o v ern in g  th e  s i t u a t i o n .  C on sid er in g  th e  fo u r  examples shown, w ith  

each  o f  t h e i r  p o s s i b l e  d e r i v a t i v e s ,  g l y c e r o l  (XXXIV), DL-butane 2 , 3 , 4 -  

t r i o l  ( XXXVII) ,  L -a r a b in o -pentane 2 , 3 , 4 - t r i o l  (XL), and x y l o - pentane

2 , 3 , 4 - t r i o l  (XLIV), i f  th e  non-hydrogen s u b s t i t u e n t s  o f  a six-membered  

r in g  e s t e r  are e q u a t o r i a l l y  d isp o se d  (XXXVI, XXXIX) t h i s  isom er w i l l  

be th e  major product;  th u s  th e  1 ,3 —e s t e r  o f  g l y c e r o l  (XXXVT) and th e
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2 ,4 —e s t e r  o f  Dh-butane 1 , 2 , 4 - t r i o l  (XXXIX) are th e  major p rod ucts  o f  

t h e i r  r e s p e c t i v e  r e a c t i o n s .  I f  th e  six-merabered r in g  would, p o s s e s s  

a x i a l  s u b s t i t u e n t s  (X L III , XLVl) th e  five-membered ring: isom ers are  

th e  e x c l u s i v e  prod u cts  (XLII, XLV). L a s t l y ,  five-membered. r in g s  w ith  

t r a n s - su b st  i t i ie n t  s  (XLl) are formed, more e a s i l y  than th o se  w ith  c i s -  

s u b s t i t u e n t s  (X L I l) .

These r u le s  do not seem t o  ap p ly  to  a l l  th e  c y c l i c  b o r o n a te s .  For  

exam ple, in  He & g a la c to p y r a n o s id e  (X LVIl), where i t  i s  p o s s i b l e  

to  form e i t h e r  th e  4>6- (XLVIIl) or th e  3 , 4 - e s t e r s  (XLIX), th e  s i x -  

membered e s t e r  would, p o s s e s s  a x i a l  s u b s t i t u e n t s  and so th e  f i v e —membered 

e s t e r  should  be formed, e x c l u s i v e l y .  The r e a c t io n  i s ,  however, known 

t o  produce e i t h e r  th e  six-membered c y c l i c  e s t e r  (XLVIIl) or  th e  per  

(p h en y lb o ro n a te )  e s t e r  (L) in which th e  six-membered r in g  i s  p r e se n t  

(L ) .  S i m i l a r l y ,  th e  a b s o lu te  s t r u c tu r e  o f  N— (p-brom ophenyl)— —1>-

r ibop yran osy lam in e 2 ,4 -p h e n y l  boronp.te (L l)  e s t a b l i s h e d  by X-Ray 

d i f f r a c t i o n  a n a ly s i s  o f  th e  c r y s t a l s ,  show3 th a t  t h i s  compound i s  in  

th e  six-membered form, w h ile  th e  r u le s  would s u g g est  th a t  i t  sh ou ld  have 

th e  five-membered form which i s  a l s o  a v a i l a b l e  to  i t  ( l l 3 ) .

A
The b o ro n a tes  o f  some c o r t i .  co stero id ,  t r i o l s  are a l s o  known t o  form th e  

six-membered r in g  (129* 131) a lth ou gh  th e  c o n f ig u r a t io n  o f  th e  h y -r o x y l  

groups i s  th a t  o f  a 1 , 2 , 3 - t r i o l  system , f o r  examole: 17 , 20 , 21—

tr ih y d r o x y -4 -^ r e g n e n -3 —one ( L I l )  which has been shown, by an X -ray  

c r y s t a l l o g r a p l i i c  s t r u c tu r e  d e te r m in a t io n ,  t o  form th e  six-membered  

e s t e r  ( L I I l )  ( 119) .

Thus i t  would seem th a t  w h ile  t h e s e  r u le s  may h o ld  t r u e  f o r  th e  s im p le r  

a c y c l i c  system s th e y  are l e s s  a p p l ic a b le  t o  c y c l i c  sy s te m s .  In  t h e s e  

c a s e s  th e  form ation  o f  th e  boronate  e s t e r  would more probably  be 

governed by th e  c o n f ig u r a t io n  o f  th e  s u b s tr a te  m o le c u le ,  which would 

r e s u l t  in  a p re fe r r e d  conform ation  o f  th e  hyd roxy ls  p a r t i c i p a t i n g  in  

th e  e s t e r i f i c a t i o n .
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The "boronates have "been shovai to  "be s t a b l e  to  e s t e r i f i c a t i o n  

c o n d i t io n s  (1 0 6 ,  108 , 114)? t o  t r i m e t h y l s i l y l a t i o n  (1 2 2 ,  123)? but  

not t o  m ethylat ion  w ith  m ethyl io d id e  (1 0 6 ,  108 , 11 4 )•  They are  

r e a d i l y  hydrolysed, under n e u tr a l  c o n d it io n s  w ith  an aqueous s o lv e n t  

(106) or "by t r a n s e s t e r i f  i c a t  ion  w ith  p r o p a n e -1 ,3—d i o l  (1 0 6 ,  1 0 3 ) ,  

th u s  th e y  can be used to  p r o te c t  c e r t a in  groups o f  th e  c o r r e c t  

c o n f ig u r a t i o n , in a complex m olecu le  during a sequence o f  r e a c t i o n s .

T h is  a b i l i t y  to  p r o te c t  s e l e c t i v e l y ,  groups in a m o lecu le  has been  

used in  s y n t h e t i c  work ( l l 3 - 1 2 l ) .

The a p p l i c a t i o n  o f  boronate  e s t e r s  in  g e n e r a l  t o  GLC and. GC-MS was 

begun by Brooks and co-w orkers in  1967 (1 2 2 -1 3 1 ) •  They showed th a t  

th e  e s t e r s  could be rea,d.ily formed at room tem perature by m ix ing  

equim olar amounts o f  th e  a c id  and a, s u ita /o le  d i o l ,  at room tem p era tu re ,  

in  a s o lv e n t  which can form a z e o tr o p e s  w ith ,  and so remove, th e  w ater  

e v o lv e d ,  i . e .  a ce to n e  (1 2 2 ,  123) or p y r id in e  ( l2 3 )«  The GLC p r o p e r t ie s  

o f  th e  b oron ates  wore b e t t e r  than th o se  o f  th e  f r e e  d . io ls ,  and in  

g e n e r a l  th e  mass spectre , showed s i g n i f i c a n t  io n s ,  due to  th e  p resen ce  

o f  th e  boronate  group, which were an a id  to  th e  c h a r a c t e r i s a t io n  o f  

th e  d i o l .  In  p a r t ic u le .r ,  th e  p resen ce  was noted, o f  some io n s  

c o n ta in in g  th e  c y c l i c  boronate s t r u c t u r e ,  f o r  example, th e  ion  

m/e = 127 f o r  th e  n -b u ty l  boronate (LIV) and = 147 f o r  th e  phenylboronate  

(LVa) ( 1 2 5 ) ,  The p resen ce  o f  such io n s ,  and th o se  due t o  th e  1 , 3 - d i o l  

system  might be used as a d ia ,g n o s t ic  t e s t  f o r  d i s t i n g u i s h i n g  between  

t h e s e  two ty p e s  o f  d i o l .

GLC o f  sugar b o ro n a tes  as th e  n -b u ty l  e s t e r  was f i r s t  r e p o r te d  in  1971 

by Uood and S id d iq u i  (132) who c a r r ie d  out th e  r e a c t io n  in  p y r id in e ,  

at room tem p era tu re .  By s t o r i n g  th e  reac tion , m ixture and t a k in g  out  

sam p les ,  at i n t e r v a l s ,  to  be t r im e t h y l s i ly la t . e d  (3 7 )  and. run on GLC, 

th e y  showed th a t  th e  b e s t  r e s u l t s  were obtained, by l e a v in g  th e  r e a c t io n  

t o  s ta n d  f o r  at l e a s t  fo u r  h ou rs .  By s im i l a r  methods th e y  a l s o

d.ernonstrated th a t  th e  b e s t  r a t i o  o f  ac id  t o  su gar ,  f o r  th e  a ld o s e s  th a t  

th e y  were u s in g ,  was 2 : 1 ,  o th e r w ise  m u lt ip le  peak form ation  was
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n o t ic e d *  They o b ta in ed  s i n g l e  peaks f o r  a s i n g l e  anomer i f  i t  v;as 

f r e s h l y  d i s s o l v e d ,  but i f  th e y  a llo w ed  i t  t o  s ta n d  in  aqueous s o l u t i o n  

b e fo r e  d o in g  th e  r e a c t io n ,  minor peaks were o b ta in ed  on th e  chroma

togram . These may be caused. by th e  anomer, or  by b y -p rod u cts  o f  th e  

r e a c t io n  due to  th e  t r a c e s  o f  w ater  p resen t  ( 1 3 2 ) .

E ise n b e r g  (133) rep orted  th e  r e t e n t i o n  t im es  o f  a s e r i e s  o f  su gars  

and p o ly o l s  as th e  b u ty lb o r o n a te s ,  which he in j e c t e d  s t r a ig h t  on t o  

th e  column from th e  p y r id in e  s o l u t i o n .  He c o l l e c t e d  a pure sample  

o f  myo-i n o s i t o l  b u ty lb o ro n a te  from th e  e f f l u e n t  gas  o f  th e  gas  

chromatograph and. recorded, i t s  mass spectrum . T h is  shov;ed th e  mole

c u la r  io n  a t  m/e = 37&, a fragment at m/e = 321 in d ic a t i n g  th e  l o s s  

o f  a b u ty l  group, and. th e  main fragment a t  m/e = 139 im p ly ing  th e  

s t r u c t u r e  C^H 0 BC.H0 derived, by ruoture o f  th e  r in g  and l o s s  o f  two 

boronate  r e s i d u e s .  These r e s u l t s  support th e  i d e n t i f i c a t i o n  o f  th e  

d e r i v a t i v e  as myo - i n o s i t o l  t r i s ( d i b u t y l b o r o n a t e ) ,

In a l a t e r  paper (134) E isen b erg  went in t o  more d e t a i l  about GLC o f  

th e  e s t e r s .  The b e s t  d e r i v a t i v e s  th a t  he found were th o s e  o f  compounds 

c o n ta in in g  an even number o f  f r e e  h y d r o x y ls ,  e . g .  p e n to se s  and h e x i t o l s ,  

w h ile  m o le c u le s  c o n ta in in g  odd. numbers o f  f r e e  h y d r o x y ls ,  such as  

h e x o se s  and. p e n t i t o l s ,  behaved, b a d ly  on GLC, due t o  th e  in com p le te  

d e r i v a t i s a t i o n  o f  th e  p o la r  hydroxyl group s. Humber o f  a v a i l a b l e  

s i t e s  f o r  th e  r e a c t io n  i s  n o t ,  however, th e  o n ly  c r i t e r i o n  f o r  th e  

fo rm a tio n  o f  good d e r i v a t i v e s ;  th e  o r i e n t a t i o n  o f  th e  h yd roxy ls  i s  

a l s o  im p ortan t .  Thus s c y l l i t o l  (LVT) i s  sa id  to  be in e r t  t o  r e a c t io n  

w ith  th e  b o ro n ic  a c i d s ,  because in  th e  preferred, conform ation  (LVTa) a l l  

th e  h y d ro x y ls  are e q u a to r ia l  and th e r e f o r e  t r a n s — t o  each o t h e r ,  

i n h i b i t i n g  th e  r e a c t io n  which r e q u ir e s  th a t  th e  h yd roxy ls  in v o lv e d  

be c i s —; o n ly  in  th e  conform ation  where a l l  th e  h y d ro x y ls  are  a x i a l  (LVIb) 

could  th e r e  be any r e a c t io n ,  f o r  here th e r e  are 1 , 3 -  hydroxyl p a ir s  

c i s — t o  one a n o th er ,  but t h i s  conformation, i s  s t e r i c a l l y  h ind ered  

b ecau se  o f  th e  c l o s e  p ro x im ity  o f  each s e t  o f  th r e e  h y d ro x y ls  on e i t h e r  

s id e  o f  th e  m o le c u le ,  making i t  e n e r g e t i c a l l y  u n fa v o u r a b le .  Any
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r e a c t io n  o f  th e  s c y l l i t o l  w ith  a h oron ic  a c id  would, t h e r e f o r e ,  

probab ly  r e s u l t  in  a s e r i e s  o f  po lym eric  compounds which would 

be i n v o l a t i l e ,  and th u s  in d e t e c t a b l e  by GLC.

Mass sp ec tro m etry  o f  a s e t  o f  5—> 6 -  and 7-niembered. c y c l i c  phenyl— 

b o ro n a tes  shovred a p a t te r n  o f  fragmenta/tion modes, one o f  them 

e x c l u s i v e  t o  th e  6-membered r in g  ( 1 3 5 ) .  T h is  fragm en ta tion  p a t te r n  

g iv e s  r i s e  t o  d ia g n o s t i c  boron—c o n ta in in g  io n s  in  th e  s p e c tr a  o f  some 

p o ly o l  b is p h e n y lb o r o n a te s ,  e . g .  th o s e  o f  e r y t h r i t o l  (LV Il) and. r i b i t o l  

(L V T Il) ,  which break down by th e  g en e r a l  p r o c e ss  (F ig .  l )  t o  g iv e  

th e  io n s  shown. The p resen ce  o f  such io n s  in  th e  s p e c tr a  o f  th e  p o ly o l  

d e r i v a t i v e s  con firm s t h e i r  s t r u c t u r e s  as  th e  6-membered r in g  e s t e r s .

The p henyl— and. n -b u ty lb o r o n a te s  o f  a ra b in o se  and x y lo s e  have a l s o  

r e c e n t l y  been prepared and. examined by n u c le a r  m agnetic  resonance  

sp ec tro m etry  (ihIR) and MS, and have been shown t o  be th e  1 , 2 , 3 , 4 -  and 

1 , 2 , 3»5~ d ib o r o n a te s  r e s p e c t i v e l y  (13(5).. Comparison o f  th e  mass 

s p e c tr a  o f  th e  b u t y l -  and. phenyl e s t e r s  o f  each compound showed th a t  

s i m i l a r  b o r o n -c o n ta in in g  io n s  occurred, in  each w ith  a d i f f e r e n c e  o f  

20 mass u n i t s .  The s p e c tr a  d id  not show any prominent fragment 

e x c l u s i v e  t o  e i t h e r  o f  th e  s u g a r s ,  but a major, d i s t i n g u i s h i n g  f e a tu r e  

in  th e  b oron ates  i s  th e  r e l a t i v e l y  g r e a te r  i n t e n s i t y  o f  th e  peak at  

eZs. = 127 (147) f o r  th e  x y lo s e  d e r i v a t i v e .  T his  i n t e n s i t y  d i f f e r e n c e  

i s  c o n s ta n t  and occu rs  in  both ty p e s  o f  e s t e r ,  making i t  o f  d ia g n o s t i c  

v a l u e •

A r e c e n t  paper by Robinson e t  a l . .  (120) d e s c r ib e s  th e  form ation  o f  

th e  p e r (p h e n y lb o r o n a te s )  o f  Me £< -I>-galactopyranoside (L a ) ,  Me 

g lu co p y ra n o s id e  (LXIVa), and Me ^(-B-mannopyranoside (LXVa) and. th e  

mass s p e c t r a  o f  each o f  t h e s e  compounds which was o b ta in e d  by d i r e c t  

i n s e r t i o n  o f  th e  e s t e r s ,  on th e  probe, in to  an A33I 902 mass sp e c tr o m e te r .  

Two major fr a g m en ta t io n s  were ob serv ed .  The f i r s t  was th a t  shown as  A, 

l e a d in g  t o  th e  s p l i t t i n g  o f f  o f  th e  six-membered boron ate  r in g  t o  g iv e  

th e  io n  o f  m/e = 161 (LXVIa), w h i le  th e  seco n d , B, r e s u l t e d ,  in  th e  

l a s t  o f  th e  e s t e r s ,  in  th e  io n  a t  m/e = 146 (LXVIIa) and in  th e  f i r s t  

two e s t e r s ,  in  th e  seven-membered r in g  io n  o f  m/e = 250 (LXVIIIa) which
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breaks down t o  g iv e  th e  m/e = 146 ion  (LXVIIa). T h is  l a s t  io n  i s  

th e  most abundant io n  in  each o f  th e  mass s p e c t r a .  Because o f  

t h i s  rearrangement from th e  seven —membered r in g  ion  t o  th e  f i v e — 

membered, th e  au th ors  s t a t e  th a t  th e  p resen ce  o f  th e  m/e = 146 io n  

cannot be taken  as p ro o f  o f  th e  p resen ce  o f  th e  five-m embered e s t e r  

in  th e  parent compound.

A s i m i l a r  rearrangement o f  a six-membered c y c l i c  boronate  e s t e r  

r e s u l t i n g  in  a five-m em bered io n  i s  p o s tu la t e d  by Brooks, M id d le d itch  

and Harvey ( 1 3 1 ) ,  in  th e  mass spectrum o f  some c o r t i c o s t e r o i d  170f>

20 , 2 1 - t r i o l  b o r o n a te s ,  f o r  exam ple, th e  m ethyl and n -b u ty l  b o ro n a tes  

o f  17c^ , 20cXw , 2 1 - tr ih y d r o x y -p r e g n -4 '-e n -3 -o n e  ( L I I l ) .  The mass 

spectrum o f  each o f  t h e s e  e s t e r s  shows peaks th a t  correspond to  

th e  f i v e —membered io n s  (LVt>), a t  m/e = 85 and XXIX at mj[e = 127 ,  

r e s p e c t i v e l y .

T h e r e fo r e ,  th e  b a s ic  boronate  io n s  a lon e  do not seem t o  a f fo r d  an 

unambiguous way o f  a s s i g n in g  th e  s t r u c tu r e  o f  a boronate e s t e r  from 

th e  mass spectrum , and a t t e n t io n  must be paid, t o  th e  o th e r  io n s  in  

th e  spectrum .

The o b je c t  o f  t h i s  s e c t i o n  o f  th e  r e s e a r c h ,  which was begun in  1971> 

j u s t  b e fo r e  th e  p u b l ic a t i o n  o f  th e  f i r s t  pa,per on th e  GLC and GC-MS 

o f  su gar  b oron ates  ( 1 3 2 ) ,  has been th e  exam ination  o f  th e  GC—MS 

p r o p e r t i e s  o f  th e  boronate e s t e r s  and boronate  Tl-ISi e th e r s  o f  a s e t  

o f  s u g a r s •
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2 — 2  R e s u l t s  a n d  D i s c u s s i o n .

2 — 2*1 Formation and GLC P r o p e r t ie s  o f  th e  B oronates

The su gars  chosen f o r  exam ination  as th e  boronate TMSi e th e r s  were 

a l l  i n i t i a l l y  in  th e  pyranose or fu ran ose  form s, and, where p o s s i b l e ,  

th e y  were s p e c i f i c a l l y  one anomer, as f o r  exam ple, th e  m ethyl g l y c o s i d e s  

Me  ̂K —Jd-glucopyranoside (LXIX) or  Me —B -x y lo p y ra n o s id e  (LXX). Thus, 

in  each c a s e ,  th e  hydroxyl groups in  th e  su gars are h e ld  in  a p r e fe r r e d  

con form ation  which w i l l  a f f e c t  th e  a v a i l a b i l i t y  o f  each  f o r  r e a c t io n  

w ith  th e  b o ro n ic  a c id s  ( 1 1 3 ) .

P y r id in e  and dimethylformamide (DMF) were examined as p o s s i b l e  s o l v e n t s  

f o r  th e  e s t e r i f i c a t i o n ,  th e  r e a c t io n  b e in g  fo llo w ed  by t h in  la y e r  

chromatography (TLC) u s in g  s e l e c t i v e  spray  r e a g e n ts  t o  v i s u a l i s e  th e  

d i f f e r e n t  components; th e  b o r o n -c o n ta in in g  compounds gave a deep p ink  

c o lo u r  when sprayed  w ith  a s a tu r a te d  s o l u t i o n  o f  d ip h en y lcarb azon e  in  

e t h a n o l ,  w h ile  th e  su gars  were lo c a t e d  by fu r th e r  sp ra y in g  w ith  e e r i e  

sulpha/te s o l u t i o n  and. h e a t in g  th e  TLG p l a t e .  In both  c a s e s ,  u s in g  

impure reagent produced th e  same r e s u l t ,  a p a r t i a l  co n v ers io n  o f  th e  

sugar in t o  th e  e s t e r  (F ig .  I I ) .  A f te r  d ry in g  th e  r e a g e n t s ,  however,  

i t  was found th a t  in both c a s e s  th e  r e a c t io n  went to  com p letion  ( F i g .  I I I ) .  

The r e a c t io n  was c a r r ie d  out by m ixing th e  sugar and th e  a c id ,  in  

th e  r a t i o  o f  1 mole to  2 m o le s ,  in  dry s o lv e n t  and h e a t in g  at 100°C 

f o r  f i f t e e n  m in utes  ( 1 3 2 ) .  The e x c e s s  acid  seems to  be n e c e s s a r y  to  

fo r c e  th e  e q u il ib r iu m  o f  th e  r e a c t io n  tow ards th e  form ation  o f  th e  e s t e r  

and t o  a l lo w  f o r  any s id e  r e a c t i o n s ,  f o r  example, w ith  w a ter ,  which i s  

bound, t o  be p r e s e n t  no m atter  how scru p u lou s  th e  d ry in g  c o n d i t io n s ,  but  

to o  g r e a t  an e x c e s s  can lead, t o  th e  form ation  o f  b y -p r o d u c ts ,  f o r  

exam ple, th e  ac id  anhydride (X X V IIl) ,  which has GLC p r o p e r t ie s  s i m i l a r  

t o  th o s e  o f  th e  b o r o n a te s ,  and so can i n t e r f e r e  w ith  them (F ig .  IV ) .

In th e  TLC p l a t e s  sk e tch ed  in  F ig .  I l l  th e  e x c e s s  boron ic  a c id  i s  

probab ly  in  th e  anhydride form and so runs w ith  th e  same R̂ . v a lu e  as  

th e  e s t e r ,  g iv i n g  o n ly  one s p o t .
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The m eth y l ,  n -b u ty l  and phenyl boron ates  o f  th e  standard  su gars  were 

made by t h i s  method, and t h e i r  GLC p r o p e r t ie s  were examined by  

i n j e c t i n g  them onto  a 1 0 f t  1ft SIG-30 column s t r a ig h t  from th e  r e a c t io n  

m ix tu r e .  The b o ro n a tes  were each found to  g iv e  one o f  two d i s t i n c t  

ty p e s  o f  b eh aviour; Table 1 g iv e s  th e  r e t e n t i o n  in d ic e s  o f  th o s e  which  

e x h ib ite d ,  th e  f i r s t  t y p e .

In  t h i s  case  th e  peak shapes are broad, and shovi d i s t i n c t  t a i l i n g ,  

presumably due t o  u n rea cted  h yd roxy ls  which are in c r e a s in g  th e  p o l a r i t y  

o f  th e  compound, e . g .  Me 0C -I>-glucopyranosid.e phenyl boronate  which  

g iv e s  th e  t r a c e  shown in  F ig i  V, and th e  m ixture o f  and fl -  anomers 

o f  th e  Me I> -ga lactopyranoside  phenyl boronate  which g iv e  th e  t r a c e  shown 

in  F ig .  VI. The d i f f e r e n c e s  in  r e t e n t i o n  in d ic e s  between th e  b o ro n a tes  

o f  a s i n g l e  sugar are f a i r l y  c o n s i s t e n t ,  and are o f  th e  order o f  300 

r e t e n t i o n  in dex  u n i t s ,  which correspond s to  th e  d i f f e r e n c e  o f  th r e e  

carbon atoms between th e  methyl and th e  n -b u ty l  e s t e r s ,  and th e  n—b u ty l  

and phenyl boronate  e s t e r s .  The r e t e n t i o n  in d ic e s  o f  s im i l a r  compounds 

are a l s o  f a i r l y  s i m i l a r ,  f o r  example, th o s e  o f  th e  g lu c o s id e  and 

g a l a c t o s i d e  d e r i v a t i v e s .

In th e  second  ca se  t h e  b o ro n a tes  show sharp , a lm ost n o n - t a i l i n g  p eak s ,  

such  as  th a t  o f  Me oi —B-nannopyranoside ( F ig .  V I l ) ,  and, apart from th e  

e s t e r s  o f  Me 2 ,3 -d i-O -M e P ^ -B -g lu cop yran os id e ,  th e  d i f f e r e n c e  between  

th e  v a r io u s  b o ro n a tes  o f  a s i n g l e  sugar i s  o f  th e  order  o f  600 r e t e n t i o n  

in d ex  u n i t s  im p ly in g  th e  p resen ce  o f  two e s t e r  groups in  each  o f  th e  

d e r i v a t i v e s .  Me <X-D-mannopyranoside has a lr e a d y  been r e p o r te d  as  

form ing th e  2 ,3  ? 4 > 6 - d i e s t e r  (LXV) (1 0 6 ,  1 2 0 ) ,  and presumably both

6 -d e o x y -D -g lu c o se  and 6 -d e o x y -O -g a la c to se  can a l s o  form d ib o r o n a te s  ( s e e  

d i s c u s s i o n  o f  th e  GC-II3 p r o p e r t i e s ) .  Me 2 ,3  -d .i-O -U e- 0C -O -g lu c o p y r a n o s id e  

(LXXl) has o n ly  two h yd roxy ls  a v a i l a b l e  f o r  b o r o n a t io n ,  th e  o th e r s  h av in g  

been m e th y la te d ,  and s o ,  a f t e r  form ation  o f  th e  monoboronate, th e  mole

c u le  has no f r e e  p o la r  grou p s, and g iv e s  good r e s u l t s  on GLC, as  seen  in  

F i g .  V III  which shows th e  m ethyl b o r o n a te .  The r e t e n t i o n  i n d ic e s  o f

t h e s e  compounds are summarised in  Table 2 .
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TABLE 1

R e t e n t i o n  I n d e x  ( l O f t .  1% S B - 3 0 )

Compound Me-boronate Bu-boronate Ph-boronate

B-d i g i t o x o s e 1475 b 1760 c 2055 d
Me y^ -L -ara .b in opyranoside 1180 a 1425 b 1710 c
Me oC~L-rhamnopyra,noside 1305 b 1640 c 1950 d
1 ,2  - i s o p r o p y l id e n e - B - 1450 b 1760 c 2075 d

g lu co fu ra n o se

2 -  d.e o x y -B -  r i. b o s e 1180 a 1465 b 1750 c
2-d e o x y -B -g a la c t  o se 1310 b 1650 c 2070 d.

1345 1670 2085

Me 0 (-B -x y lo p y ra n o s id e 1120 a 1475 b I 85O d

Me y ^ -B -x y lo p y ra n o s id e 1235 b 1570 c 1880 d
Me ^<-B—g lu co p y ra n o s id e 1555 b 1900 c 2225 d
Me ^--I)-glucopyra,noside 1555 b 1900 c 2225 d
Me 0(-B -gal act opyrano s id e 1550 b 1910 c 2240 d
Me ^ d -B -g a la c to p y ra n o s id e 1550 b 1910 c 2240 d

TABLE 2

Retent ion Index ( 1 0 f t .  1<i SE-30)

Compound. Me-boronate Bu-boronat e Ph-boronate

Me 2 ,3  —d i-O -M e-U, -B - 1475 b 1760 c 2055 d
g lu co p y ra n o s id e

Me 0(-B--nia,nnopyranoside 1430 b 1990 c 2410 d

6 - d e oxy-B - g lu c o s e 1235 a 1855 c 2430 d

6 - d e o x y -B -g a l  a,ctose 1240 a 1775 c 2310 d.

a -  100°C; b -  125°C; c - 150°C; d - i7 5 ° c

OMe

H2 OH

Me

Me



1 l_

125°C
j Me p  -I) *- ̂  1 v. c o p  yr an o
t
' a  -  P i i c n y l 'ooron a lc

' b — P h en y lb o ro n a te  
TMSi e t h e r .

c — TM3i e t h e r .

1 0 f t . ,  l fy O F -1 ,

Ng — 35ml/rain.

100°C



2 — 2*2 Formation and GLC P r o p e r t ie s  o f  th e  Boronate Til S i  Ft h ers

The method u sed  t o  t r i m e t h y l s i l y l a t e  th e  u n rea cted  hydroxyl grou p s,  

in  th e  sugars  o f  th e  f i r s t  group, v/as th e  standard  one o f  t r e a t i n g  

th e  "boronate in  dry p y r id in e  w ith  HMDS and TMCS in  th e  r a t i o  o f  

2 :1 ,  and h e a t in g  a t  100°C f o r  f i f t e e n  m inutes  (3 7 ) •  The sugar  

boronate  e s t e r s  have a lr e a d y  been shown to  be s t a b l e  t o  t h i s  t r e a t 

ment (1 3 2 )  and in  a l l  o a se s  t h i s  was found, t o  h o ld ,  th e  boronate  TM3i 

e th e r  b e in g  formed* S in ce  th e  b oron ation  r e a c t io n  was a l s o  done in  

p y r id in e ,  th e  t o t a l  r e a c t io n  sequence c o n s i s t e d  o f  trea tm en t o f  th e  

sugar w ith  th e  b o ro n ic  a c id  in  dry p y r id in e  fo llow ed, by th e  a d d i t io n  

o f  th e  s i l y l a t i n g  r e a g e n t s .  The product cou ld  be examined on GLC 

by i n j e c t i n g  s t r a i g h t  from th e  r e a c t io n  m ixture ( 3 7 ) 9  "but t o  a v o id  a 

la r g e  s o lv e n t  peak due to  th e  p y r id in e ,  th e  s o lv e n t  was blown o f f  a t  

50°c under a stream o f  n i t r o g e n ,  th e  product d is so lv ed ,  in  e t h y l  a c e t a t e  

and th e  in s o lu b le  p r e c i p i t a t e  f i l t e r e d ,  o f f .  The l a s t  was done, not to  

p re se r v e  th e  GLC column which i t  i s  rep orted  not to  harm (37)»  but to  

m inim ise  th e  background. when th e  sample was a p p l ie d  to  th e  GC—IIS.

The p e r t r i m e t h y l s i l y l  e th e r s  were a l s o  formed by r e a c t in g  th e  f r e e  

s u g a r s ,  in  th e  same viay, w ith  th e  s i l y l a t i n g  r e a g e n t s .

The boronate  T'T3i e th e r s  were examined by GLC, u s in g  both  QF-1 and 

SS-30 (b oth  1 0 f t .  l g ) ,  and th e  r e s u l t s  are summarised in  T ab les  3 and 4* 

G e n e r a lly  th e  peak shapes are improved and. th e  r e t e n t i o n  t im es  sh orten ed :  

f o r  example F ig .  IX shows th e  phenylboronate  (a )  and th e  phenylb oronate  

T.'ISi e t h e r  (b) o f  lie ^ - I > -g lu c o p y r a n o s id e  run under th e  same c o n d i t io n s .  

The l a t t e r  has a much sharper  peak shape w ith  alm ost no t a i l i n g ,  w h i le  

th e  former i s  broad, and t a i l s  markedly. The TMBi e th e r  peak i s  a l s o  

shown, run a t  a low er  tem perature ( F ig .  I X c ) . The r e t e n t i o n  i n d ic e s  

o f  th e  d e r i v a t i v e s  show some o f  th e  same c h a r a c t e r i s t i c s  as th o s e  o f  

th e  b o r o n a te s .  The d i f f e r e n c e  between th e  th r e e  boronate  TM3i e th e r s  

o f  each compound i s  f a i r l y  c o n s ta n t ,  b e in g  o f  th e  ord er  o f  275 

r e t e n t io n  index  u n i t s  f o r  SF-30 and 350 u n i t s  f o r  QF-1, aga in  c o r r e s 

ponding t o  th e  th r e e -c a r b o n  d i f f e r e n c e  between th e  iso m e r s .  The

- 2 1 -



T A B L  I

R e t e n t i o n  I n d e x  ( ly ?  3 Q 1 0 f t )

Compound. Me-boron at e Bu-boronat  e Ph—boronate TMSi E ther
TMoi Ether TUBi Ether TMBi Bi her

D - d ig i t  oxose 1255
1285
1310

a 1560
1595
1600

b I 85O
1890
1910

c 1525 b

Me ^ -L -a r a b in o p y r a n o s id e 1285 a 1610 b 1915 c 1565 b
Me Ot-L-rhamnopyranosid.e 1385 a 1640 b 1935 c 1605 b
1 ,2  i s o p r o p y l id e n e -B -  
g lu o o fu ra n o se 1575 b 1870 c 2150 d 1335 c
2—d eoxy-D yrib ose 1255 a 1525

1545
b 1835

1855
c 1510 b

2-d.e o x y -B -g a l  act  o s e 1325
1350
1390

a 1645
1665
1700

b 1930
1940
1975

c 1790 c

Me p^-B -xylopyranoside 1415 a 1635 b 1980 c 1660 b
Me ^ -D -x y lo p y ra n o s id .e 1350 a 1595 b 2005 c 1670 c
Me &<—B-glucopyranosid .e 1690 c I 960 c 2280 d. 1910 c
Me p -D -g lu copyranosid .e 1715 c 2005 c 2310 d. 1940 c
Me ^ (-D -g a la c to p y ra n o s id e 1635

1655
b 1875

1890
c 2130

2165
d I 865 c

Me p -B -g a la c to p y r a n o s id  e I 615
1655

b 1880 c 2125
2165

d 1890 c



TABLE 4

R e t e n t i o n  I n d e x  ( l%  Q F - 1 ,  1 0 f t )

Cora no unci M< no0 
&1r,5 a te Bu-borono .1 e Ph—horon at e TMSi Ether

Ti■ISi Ether TBS i  Ether TMSi Ether
B -d ig i t o x o s e 1405

1410
1530

e 1760
1765
1820

a 2175
2185
2305

a 1730 a

M e a r a b i n o p y r a n o s i d e 1435 e 1775 a 2105 a 1800 a
Me oC-L-rhamnopyranoside 1430 e 1780 a 2100 a 1805 a
1 , 2 - i s o p r o p y l id e n e —D- 
g lu c o fu r a n o se 1725 a 2105 a 2510 b 2050 a
2 -d e o x y -D -r ib o se 1400

1510
e 1755

1880
a 2120

2240
a 1710 e

2 - d eo x y -B -g a la  c t  o s e 1555
1620
1670

e 1900
2005
2075

a 2260
2405
2490

b 1925 a

Me ^ -D -x y lo p y r a n o c id e 1700 e 2040 a 2380 b 1800 a
Me p -D -x y 1o pyrano s i  d e 1470 e I 850 a 2225 b 1825 a
Me &L -B -g lu c o p y r a n o s id e 1585 e 2035 a 2460 b 1930 a
Me /# -B -g lu cop yran osid .e 1605 e 2060 a 2500 b 2040 a
Me % -B -g a la c to p y ra n o s id .e 1555

1610
e 1950

2045
a 2330

2470
b 1950 a

Me ^ -D -g a la c to p y r a n o s id .e 1585
1630

e 1980
2075

a 2345
2510

b 2025 a

Temperature Code:— e = 75°C a = 100° C b = 125°C

c = 150°C d = 175° C

I

i 1



r e t e n t i o n  in d ic e s  o f  th e  Me -L -a ra b in o p y ra n o s id e  and Me o< —L-rhamn- 

op yran os id e  d e r i v a t i v e s  are more s im i l a r  than th o se  o f  th e  b oron ates  

th e m s e lv e s  on both  columns, but th o se  o f  th e  g lu c o s id e s  and. th e  

g a la c to s id .e s  are more d i s t i n c t  making i d e n t i f i c a t i o n  more c e r t a in  in  

a m ixture; f o r  example F ig .  X shows th e  phenylboronate  and th e  

ph enylboronate  TlJSi e th e r  o f  a m ixture o f  ot-  and {3 — M e-D ygalacto-  

pyran os id es*  In a number o f  c a s e s ,  more than one peak i s  ob served ;  

t h i s  i s  due t o  th e  p o s s i b i l i t y  o f  form ing more than one c y c l i c  b o ro n a te ,  

in h ere n t  in  th e  f r e e  sugars in v o lv e d ,  and. w i l l  be d is c u s se d  in more 

d e t a i l  l a t e r  in th e  t h e s i s ,  when th e  mass s p e c tr a  o f  th e  d e r i v a t i v e s  are  

c o n s id e r e d .  In common w ith  th e  TrISi e th e r s  (4 6 , 48—50) "the 6<—su gars  

g e n e r a l ly  have low er r e t e n t i o n  i n d ic e s  than  th o se  o f  th e  /^ -  s u g a r s ,  

except  in  th e  ca se  o f  th e  xy lop yran osid .e s  where th e  p o s i t i o n  i s  

r e v e r s e d .  T h is  a l s o  i s  d i s c u s s e d  l a t e r .

The second groun o f  sugar b oron ates  was t r e a te d  in  th e  same way t o  see  

i f  th e  d iborona.tes vie re a l s o  s t a b l e  tow ards th e  s i l y l a t i n g  r e a g e n ts . .

As can be seen  from T a b les  5 an& 6 , a l l  th e  b oron ates  proved t o  be s o ,  

excep t  th a t  o f  Me oC-D-mannopyranoside which gave r i s e  to  two more 

boronate  THSi e t h e r s ,  presumably th e  2 ,3 —boronate and th e  4*6—boronate  

Tildi e t h e r s .  T h is  to o  w i l l  be d iscu ssed , l a t e r  w ith  c o n s id e r a t io n  o f  

th e  mass s p e c t r a .

- 2 2 -



TiVHLM o
Ret ont i o n  Index ( 1?

op* 30 10f t

Coraoound. H e-boronate 3u-boron a t  e Ph--borona t e TMSi

Id e 2 , 3 , di-Q-:n e t : iy.1 
C(-D~ ?:1 ucopyrano s id e

+

1475 ^

s i l y l a t i n g
1760

reagents
b 2055 c 1655 b

M e d “ I)-rn an no p.y r  an os id e 1655 b 1860
1970

c 2145
2220

d 1815 c

6-d e c x y —D—g lu c o s e 1235 a 1855 c 2430 d . 1760 c

6- de o xy—D—g a l a c l o s e 1240 a 1775 b 2310 d 1715 b

TABL'C 6

R eten t io n  Index QF- 1 1 0 f t )

Conooimd Me—boron ate Bu-bororj.a te Ph--b oron a1t e TMSi

LIe, 2 , 3 ,  d.i - O - r a th y  1 
C(-D- a lu co  p.y r an o s i  cl e

+
1540 e

s i l y l a t in g 1 reagents

1935^  a 2360 b i 0 »j- , a

Me C<~ 33-m ann o py r  <a a o s id e 1540 e 1910
200p

a 2290
2410

b 19 00 cl

6-  d o o xy—IP-yluco s e 1430 e 2120 a 2780 c 1920 d

6-  d coxy—B -y a l a c t  o s e 1420 e 2100 a 2750 c I 85O a

Temperature Code:— e = 75°C a - 1O0°G b := 125 °C c = i 50° c

d = I 75°c

F i g

J. i 1 I -LJL

a ,c -  Me ^(--jO-pal actopyra:;os ido  phony1b oron ate  TMSi 
b̂ -d — Me —M -palactopyr-anoside pher.ylboronate TMSi 
e' — Me IF- y a la c t  opymr.o-ride phenylboronat e .

1 0 f t . ,  Ci?-!, 125°C, 2f2- 3 5 n l / a i n

e t h e r .
e t h e r .
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2 -  2 .3  Exam ination  by GC-I’IS o f  th e  Boronate TMSi E th ers

The fragm entat ion  o f  th e  boronate  e s t e r  groups in  th e  mass sp ec tr o m e te r  

seems g e n e r a l ly  t o  f o l l o w  th e  fo u r  r o u te s  o u t l in e d  by McKinley and 

W eigel ( 136 ) .  E l im in a t io n  o f  an oxo-compound. from th e  m o lecu la r  ion  

(A l) r e s u l t s  in  io n  A l l  (sequence  A ), which seems t o  break down f u r th e r  t o  

g iv e  th e  io n  RB<!)H, o f  m/e = 105 when R = p h en y l,  and 43 when R = m ethyl 

or th e  ion RB$*, o f  m/e » 104 and 42 which wa.s i n i t i a l l y  described , by 

Brooks and Watson ( 1 2 2 ) .  C leavage o f  one o f  th e  e x o c y c l i c  C-C bonds  

in  th e  io n ,  i . e . -  - c l e a v a g e  o f  th e  sugar r in g ,  produces th e  oxonium ion  

(seq u ence  B ) , which can undergo f u r th e r  b o n d .- f is s io n  o u t s id e  th e  boronate  

r in g  t o  g iv e  th e  ion B I I .  A th ir d  fra g m en ta t io n  (seq uence  C) i s  shown 

o n ly  by th e  six-membered c y c l i c  b oron ates  ( C l ) ,  which break down t o  g iv e  

e i t h e r  th e  io n s  CII or  C II I ,  or  th e  ion RB^, as shown. These th r e e  

fra g m en ta t io n  modes a l l  produce boron—c o n ta in in g  i o n s ,  which are rec 

o g n is a b le  by th e  i s o t o p e  ion  which o c c u r s ,  w ith  about a 20£> abundance,

a t  an m/e v a lu e  o f  one l e s s  than  th e  ion  in  q u e s t io n ,  f o r  exam ple, at  

m/e = 103 accompanying th e  io n  R33$, at m/e =s 104 , where R i s  e q u iv a le n t  

to  p h e n y l .  Comparison o f  th e  s p e c tr a  o f  th e  methyl and phenyl b o ro n a tes  

o f  a sugar  would, a l s o  show th e  boron—c o n ta in in g  i o n s ,  s in c e  t h e y  would  

p resen t  in th e  former w ith  an m/e va lu e  o f  62 l e s s  than  in  th e  l a t t e r ,  

and. so are r e a d i l y  i d e n t i f i a b l e .

The l a s t  fra g m en ta t io n  (sequence  D) would, r e s u l t  in  io n s  which did. not  

co n ta in  any o f  th e  borona,te groun, s in c e  i t  c o n s i s t s  o f  ?„ breakdown 

and rearrangem ent o f  th e  sugar  r i n g ,  and o f  th e  TMSi e th e r  groups th a t  

are attached, t o  i t ,  r e s u l t i n g  in  th e  form ation  o f  v a r io u s  Tlloi e t h e r -  

c o n ta in in g  io n s  as described , by Be Jongh e t  a l . (71)*  These are more 

e a s i l y  d e s c r ib e d  as th e y  a r i s e ,  s in c e  th e r e  seem to  be no g en e r a l  

r u le s  c o v e r in g  t h e i r  fo r m a t io n .

I n  t h e  f o l l o w i n g  d i s c u s s i o n ,  t h e  l i n e  d i a g r a m s  o f  t h e  m a s s  s p e c t r a  r e f e r r e d  t o  

c a n  b e  f o u n d  i n  A p p e n d i x  I 0
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6 -  d e o xy -D - g l  u.c o s e

The m ethyl and phenyl d ib o r o n a te s  o f  each o f  th e  su gars  were run 

on GC—MS, th e  i n j e c t i o n s  b e in g  made from a s o l u t i o n  in  e th y l  

a c e t a t e ,  A summary o f  th e  r e s u l t s  f o r  6 -deoxy-I>-g lucose  i s  shown 

in  T able  7* I*1 each c a se  th e  m o lecu la r  ion  i s  p r e s e n t ,  and has

th e  v a lu e  ex p ec te d  f o r  th e  d ib o r o n a te s ,  namely 212 and 336 f o r  th e  

m ethyl and phenyl groups r e s p e c t i v e l y .  The d i f f e r e n c e  between th e  

two m o lec u la r  w e ig h ts  corresponds to  th e  mass d i f f e r e n c e  between  

th e  w eight o f  th e  two m ethyl and two phenyl s u b s t i t u e n t s .  T h is  

d i f f e r e n c e  occu rs  in  th e  comparison o f  each boron—c o n ta in in g  io n  

in  th e  p a ir  o f  e s t e r s .  The m o lec u la r  ion  o f  th e  phenyl boronate  i s  

much s tr o n g e r  than tha,t o f  th e  m eth y l,  p o s s i b l y  because  th e  phenyl 

group has a g r e a t e r  s t a b i l i s i n g  e f f e c t .

6 -d eoxy-]> -g lu cose  can be seen  to  p o s s e s s  fo u r  f r e e  h y d ro x y ls  (LXXIl); 

foi^ th e  OC -anomer th e  d ib o ro n a te  cou ld  o n ly  be formed by a d i s t o r t i o n  

o f  th e  su gar  r in g  t o  g iv e  th e  1 ,2  ; 3?4 - d i e s t e r  (L X X IIl) ,  but f o r  th e  

/3  -anomer th e  1 , 3  ; 2,4-compound. (LXXIV) could be formed w ith ou t any 

d i s t o r t i o n .  In  th e  former ca se  we would, exp ect  t o  s e e  a f i v e — 

membered c y c l i c  boronate  ion  (LXVIl) ( 1 2 0 ) ,  which would, have an m/e 

v a lu e  o f  146 f o r  th e  phenyl e s t e r  (123)? and 84 f o r  th e  m eth y l,  w h i le  

in  th e  la„tter  c a se  th e  six-membered r in g  (LXXV) would, be ex p e c te d  ( 1 3 6 ) 

g i v i n g  a pealc at m/e » 159 and. 97 f o r  ih e  phenyl and m ethyl e s t e r s .

In f a c t ,  as  can be seen  from th e  r e s u l t s ,  th e  l a t t e r  io n s  are th e  most 

abundant in  t h e i r  r e s p e c t i v e  s p e c t r a ,  im p ly in g  th e  form ation  o f  th e  

1 ,3  — 2 ,4 -d . ib o r o n a te .  To check th e  com p osit ion  o f  th e  m/e = 159 ion  

a h ig h  r e s o l u t i o n  mass spectrum was d eterm ined . The mass was found  

t o  be 1 5 9 * 0 6 l8 l ,  w h i le  th e  t h e o r e t i c a l  v a lu e  f o r  C HgBOg i s  

I59*06 l731?  co n f irm in g  th e  s t r u c tu r e  o f  th e  io n ,  and. hence o f  th e  

e s t e r .

From th e  s t r u c t u r e  shown (LXXIV) f o r  th e  boronate  ' . fra g m en ta t io n  

ought t o  proceed  in  a s i m i l a r  way t o  th a t  d e t a i l e d  by McKinley and 

W eigel (1 3 6 ,  45) i *e*  by th e  breakdown o f  one o f  th e  r i n g s ,  a s  sh orn ,  

g iv i n g  th e  io n s  LXXV& LXXVHand LXXVIII. Of t h e s e ,  o n ly  LXXVI i s

- 2 4 -



TABLE 7

6-deoxy-D -glucopfyranose d ib oron ate

2

Tl£ S S -3 0 M.W. Base M(%  o f  Base S i g n i f i c ant Ions
Peak Peak)

212 97 1 168(14)

84(20)
126 (44 )

4 3 (2 9 )

336 159 17 336(17)
1 4 6 ( 1 4 )

188 (29 )
1 0 5 ( 22)

96 (25 )

Peak)

* Number o f  mass s p e c t r a l  l i n e  diagram
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s t a b l e ,  g iv i n g  peaks at m/e =* 105 ari& 43 f o r  th e  phenyl and m ethyl  

e s t e r s  r e s p e c t i v e l y  (1 22 ,  1 37) •  The o th e r  io n s  break down to  

g iv e  th e  six-membered c y c l i c  boronate io n  (LXXV) o f  m/e = 159 and 

97 , w h ile  in  th e  c a se  o f  th e  m ethyl boronate e s t e r  l o s s  o f  hydrogen  

from e i t h e r  LXXVII o r  LXXVIII r e s u l t s  in  th e  ion  o f  m/e = 168 ,  which  

might have th e  s t r u c t u r e  LXXIX or  LXXX. A l t e r n a t i v e l y ,  breakdown 

co u ld  r e s u l t  in  th e  fragment w ith  m/e = 188 and 126 r e s p e c t i v e l y  

(LXXXl).

t h e  m a s s  s p e c t r a  o f
In^both e s t e r s  t h e r e  i s  a l s o  p r e s e n t ,  however, th e  io n  due t o  th e  

five-m embered r in g  (LXVTl). T h is  most p robab ly  arose  from rearran ge

ment o f  th e  b o r o n -c o n ta in in g  fragment du ring  th e  breakdown o f  th e  

m o le c u le .  Here i t  i s  p resen t  in  a f a i r l y  low r a t i o  to  th e  six-membered  

r in g  io n ,  but th e  f a c t  th a t  i t  i s  p resen t  at a l l  shows th a t  care  must be 

taken  when in t e r p r e t i n g  th e  mass s p e c tr a  o f  t h e  b o r o n a te s ,  s in c e  th e  

f i v e  and six-membered r in g  io n s  are not e x c l u s i v e l y  formed from th e  

r e s p e c t i v e  1 , 2 -  and 1 ,3 -b o r o n a te  e s t e r s .  C o n s id e ra t io n  sh o u ld  a l s o  

be tak en  o f  any o th e r  major io n s  o c c u r r in g  in  th e  spectrum .
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6 -  de oxy-jft-gal a c t  o s e

The b o ro n a tes  o f  t h i s  compound a l s o  have m olecu lar  w e ig h ts  c o r r e s 

ponding t o  th o s e  o f  th e  d ib o ro n a te  e s t e r s ,  namely 336 f o r  th e  

p h en y l,  and 212 f o r  th e  m ethyl isom er. Both o f  th e  m o lecu la r  io n s  

are aga in  p r e s e n t ,  though in  t h i s  ca se  th e  d i f f e r e n c e  between t h e i r  

r e l a t i v e  i n t e n s i t i e s  i s  much s m a lle r  than i t  was f o r  th e  6—d eo x y -]>- 

g lu c o s e  e s t e r s .

As can be seen  from th e  diagrams (LXXXIl), th e  o n ly  p o s s i b l e  d ib o ro n a te  

i s  th e  1 ,2  ; 3 , 4 - d i e s t e r  (LXXXIIl) o f  th e  £* —anomer. T h is  c o n ta in s  

two five-m em bered c y c l i c  boronate  groups and would, t h e r e f o r e ,  be 

e x p e c te d  to  show th e  five-m embered r in g  ion  o f  m/e = 146 and 84 f o r  

th e  phenyl and m ethyl b o ro n a tes  r e s p e c t i v e l y  (LXVIl). In both  c a s e s  

t h i s  io n  i s  th e  most abundant in  th e  spectrum; a h ig h  r e s o l u t i o n  mass 

spectrum o f  t h i s  io n  gave an a ccu ra te  mass o f  1 4 6 .0 5 3 9 0 6 ,  which com

pares  fa v o u r a b ly  w ith  th e  t h e o r e t i c a l  v a lu e  f o r  CgH^BO  ̂ o f  146 .0539^2  

co n firm in g  th e  s t r u c t u r e  o f  th e  io n  and hence o f  th e  d i e s t e r .

C leavage 0(>- t o  th e  e s t e r  groups (B) ,  fo l lo w e d  by th e  fra g m en ta t io n  

o f  one o f  them would account f o r  th e  RB(J)H io n  o f  m/e -  105 and 43 f o r  

th e  phenyl and m ethyl b o ro n a tes  ( 1 2 7 , 136 ,  137) w h i le  c le a v a g e  o f  th e  

sugar r in g  as  shown (D) would r e s u l t  in  th e  io n  (LXXXIV) or  th e  most 

s t a b l e  io n  (L X V Il). The sm all peaks at m/e = 159 and 97 , may be due 

e i t h e r  t o  rearrangement t o  th e  six-membered r in g  ion  or t o  th e  io n  

LXXXV, p o in t in g  up once aga in  th e  d i f f i c u l t i e s  in  th e  unambiguous 

assignm ent o f  th e  io n s  in  th e  spectra, o f  t h e s e  compounds.
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TABLE 8

6~deoxy-D~£:alactopyranose d ib oron ate

Tl£S E -30
M.W. Base

Peak
o f  Base 

Peak)

Methyl3 1240 212 84 1

Phenyl
4

2310 336 146 3

1 2 8 (9 )  97 ( 3 )  8 3 ( 2 4 ) 4 3 (1 5 )

19Q(9) 1 5 9 (2 )  1 4 5 (25 )  10 5 (1 5 )
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lie 2 , 3-di-O-Me p^~I>-glucopyranoside

As can be seen  from th e  diagram (LXXl), th e r e  are o n ly  two f r e e  

h y d ro x y ls  in  t h i s  m o lecu le  a v a i l a b l e  f o r  b o ro n a t io n ,  so  th e  o n ly  

p o s s i b l e  s im p le  d e r i v a t i v e  would be th e  4> 6-boronate  (LXXXVT), w ith  

a m o le c u la r  w eigh t o f  308 f o r  th e  phenyl e s t e r ,  and 246 f o r  th e  

m ethyl e s t e r .  In  both  c a s e s  t h i s  m o lecu la r  ion  i s  p r e se n t  in  th e  

spectrum , though in  n e i t h e r  case  i s  i t  v ery  prom inent. As e x p e c te d  

th e r e  are  peaks in  each spectrum which correspond to  th e  six-membered  

c y c l i c  boron ate  io n  o f  m/e = 159 and 97 (LXkV) but th e r e  are a l s o  

io n s  a t  m/e = 161 and 99 f o r  th e  phenyl and methyl b oron ates  presumably  

h aving  th e  s t r u c t u r e s  shown (LXVI) (1 20 ,  1 3 7 )•  The s p e c tr a  each show 

io n s  a t  m/e = M—3 1 * and M—63, correspon d in g  t o  l o s s  o f  f i r s t  a methoxy  

group, th en  methanol r e s p e c t i v e l y ,  w h i le  th e  io n s  at m/e = 101 and 88 , th e  

l a t t e r  b e in g  th e  base peak, are both  methoxy- c o n ta in in g  (LXXXVlI, 

LXXXVIII) a r r iv e d  a t  by breakdown o f  th e  sugar r in g  i t s e l f ,  w h i le  a 

s im i l a r  breakdown i s  r e s p o n s ib le  f o r  th e  l a r g e s t  b o r o n -c o n ta in in g  

fragm ent, m/e = 216 and 154 in  each e s t e r ,  which i s  presumably as shown 

(LXXXK).

In  t h i s  c a s e ,  t o o ,  th e r e  seems to  be rearrangement t o  th e  five-m em bered  

c y c l i c  e s t e r s  ( 1 3 1 ) ,  f o r  th e r e  are peaks in th e  m eth y l-b oron ate  spectrum  

at m/e = 8 4 , and in th e  phenylboronate  spectrum a t  m/e » 1 4 6 . T h is  

shows th a t  rearrangement from one form o f  th e  c y c l i c  e s t e r  to  th e  o th e r  

under e l e c t r o n  bombardment i s  f e a s i b l e ,  because th e  o r i g i n a l  s t r u c t u r e  

o f  th e  e s t e r  was o f  n e c e s s i t y  th e  six-membered form attached, t o  th e

1 ,3 -d . io l  system  u n le s s  a m ethyl m ig r a t io n  o ccu rred  d u r in g  th e  b o ro n a tio n  

r e a c t io n ,  which i s  u n l i k e l y .

He b<, —D-mannopyranoside

S in ce  f o r  t h i s  sugar both  th e  d ib oron ate  and th e  monoboronate TMSi 

e th e r s  can be formed, both  o f  them were examined by GC-M3, f i r s t  th e  

d ib o r o n a te ,  th en  th e  mixed d e r i v a t i v e .
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TABI.TJ 9

Me 2 ,3 -d i -O -M e -  —B -g lu c o p ,y ran o s id e  b o ro n a te

I ,  ^  M.W. Base k(vt o f  Base S ig n i f i c a n t  Ions (#■ o f  Base Peak)lV'bi'r-3U  —— — ------  ------------ ---------------------“ -------------------------- u— ‘ Pe ak Peak)

Methyl 1475 246 8S .25  21 5 (2 )  18 3 (6 )  1 5 4 (6 )

5  1 0 1 (6 )  99 (2 )  9 7 (4 )

89( 6)

Phenyl 2055 308 88 .1  277(2 )  24 5 (3 )  2 1 6 (8 )

6 1 6 1 ( 3 ) 1 5 9 ( 3 ) 1 0 1 ( 6 )
8 9 ( 6)
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2 .3 -4 *  6 - d ib o ro n a te

lie —]&-mannopyranoside has p r e v io u s ly  been shown to  form th e  d i e s t e r

(LXV) (1 06 ,  1 2 0 ) ,  and as can he seen  from th e  r e s u l t s  in  Table 10 ,

though th e  m o lecu la r  io n  i s  not p resen t  in  e i t h e r  o f  th e  s p e c t r a ,  th e

ion o f  m/e = 331 and 211 e q u iv a le n t  t o  th e  l o s s  o f  a methoxy group

from th e  phenyl— and m ethyl—boronates  i s  p resen t  in  ea ch . A lso

p resen t  in  th e  s p e c t r a  are io n s  d e r iv e d  from both th e  five-m em bered and

six-membered. b o ro n a tes ;  both  ty p e s  are p resen t  in  s u f f i c i e n t  i n t e n s i t y

to  r u le  out th e  p o s s i b i l i t y  o f  one b e in g  th e  rearrangement product o f

th e  o th e r ;  however, th e  r a t i o  o f  t h e i r  i n t e n s i t i e s  i s  d i f f e r e n t  in

each o f  th e  e s t e r s .  In  th e  m eth y l-b o ro n a te ,  th e  base peak i s  due t o

th e  io n  o f  m/e = 98 (XCb), and th e  five-m embered r in g  ion  m/e — 84

(LXVIIb) i s  p r e se n t  w ith  32$ o f  i t s  i n t e n s i t y ,  w h ile  f o r  th e  p h e n y l-

boronate  th e  base  peak i s  due t o  th e  five-m embered r in g  io n  m/e = 146 (LXVIla)

w h ile  th e  six-membered r in g  ion  m/e = 160 (XLa) has 50$ of i t s  i n t e n s i t y .

P rob ab ly , fr a g m en ta t io n  p roceeds  by c le a v a g e  o f  th e  bond 0(— t o  both  o f

th e  b oron ate  r i n g s ,  as shown (B ) .  Subsequent breakdown o f  one o f  th e

b oron ates  t o  g iv e  th e  RbSh ion o f  m/e = 105 and 43> would r e s u l t  in  th e

form ation  o f  th e  s t a b l e  io n s  c o n ta in in g  th e  o th e r  r in g ;  th u s ,  c le a v a g e

o f  th e  five-m em bered r in g  would, r e s u l t  in  th e  ion  (XC), w h ile  c le a v a g e

o f  th e  six-membered r in g  would g iv e  th e  io n s  o f  m/e = 206 and 146 (XCl)

and. m/e = 146 and 84 (L X V Il), The more s t a b l e  boronate  r in g  would be

ex p ected  to  g iv e  r i s e  t o  th e  more in t e n s e  r in g  ion  in  th e  mass spectrum ,

so in  th e  m ethylboron ate  th e  s i x —raembered r in g  i s  th e  more s t a b l e ,

w h ile  in  th e  ph en ylb oronate  th e  r e v e r s e  i s  t r u e .  T h is  s u g g e s t s  th a t

th e  phenyl group i s  e i t h e r  s t a b i l i s i n g  th e  five-m embered r i n g ,  or

d e s t a b i l i s i n g  th e  six-membered r i n g ,  r e l a t i v e  t o  th e  methyl group,

Boronate TMSi e th e r

A fte r  trea tm en t o f  th e  d ib o ro n a te  w ith  th e  t r i m e t h y l s i l y l a t i n g  r e a g e n t s ,  

th e  m ethyl boronate  gave one peak, w h ile  th e  phenylboronate  gave two 

p eak s , in  th e  approximate r a t i o  o f  7 s 1 (F ig ,  X I ) ,
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TABLE 1 0

Me ^-I£-m amiopyranoside d ib oron ate

I-.nvv.-r-. M.W. Base M($ o f  Base
- ^ § 1 - 2 2  -------  ^  eg*)-—

Methyl 1430 242 98
7

Phenyl 2410 366 146

S

S i y n i f l e a n t  Ions ($ o f  Base Peak)

1 4 4 ( 6 ) 97 (60)  8 4 (3 2 )

8 3 ( 1 0 ) 6 1 ( 4 1 ) 4 3 (2 5 )

206( 10) 160( 50) 159( 43)

147(12 )  145 (19 )  1 0 5 (12 )
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Exam ination o f  th e  m e th y l-  and ph enylboronate  TMSi e th e r s  by GC-MS 

gave th e  r e s u l t s  th a t  are  summarised in  Table 11 . The peak at 

m/e =s 73 i s  n e g l e c t e d ,  here and in  o th e r  in s t a n c e s ;  t h i s  i s  due to  

th e  io n  (CII^)^ S i+ ( 6 8 ) ,  and i s  almost always th e  most abundant ion  

in  th e  JOeV mass spectrum o f  a TMSi e t h e r .  The m ethylboronate  TMSi 

e th e r  and th e  f i r s t  o f  th e  phenylboronate  TMSi e th e r s  both  have a 

base peak o f  m/e = 218 (XCIl) ( 7 1 ) ,  w h i le  th a t  o f  th e  second  phenyl— 

boronate  has an m/e o f  204 (XXI) (7 1 ) •  These and most o f  th e  o th e r  

io n s  p r e se n t  in  th e  mass spectrum are well-know n io n s  d e r iv e d  from 

th e  fr a g m en ta t io n  and rearrangement o f  th e  TMSi e th e r  groups (X C lII -
xcvi) (71).

Exam ination o f  th e  two p o s s i b l e  s t r u c t u r e s ,  th e  2 ,3 -b o r o n a te  TMSi 

e th e r  (XCVIl) and th e  4»6—boronate  TMSi e th e r  (XCVIIl) s u g g e s t s  th a t  

th e  former would, be more l i k e l y  t o  g iv e  th e  io n  o f  m/e = 218 (XCIl)  

d i r e c t l y ,  by c le a v a g e  from th e  su gar  r in g  o f  carbons 4 and 5 as shorn  

(B, D^) w h i le  th e  l a t t e r  would be ex p e c te d  t o  g iv e  th e  m/e = 204 ion  

(XXI) by a s i m i l a r  c le a v a g e  o f  th e  sugar r in g  r e s u l t i n g  in  th e  

l i b e r a t i o n  o f  carbons 2 and 3 (B, D^). T h is  e v id e n c e ,  coupled, w ith  

th e  o c c u r r e n c e ,  in  th e  s p e c tr a  o f  both  th e  m ethylboronate  TMSi e th e r  

and th e  f i r s t  o f  th e  phenylboronate  TMSi e t h e r s ,  o f  th e  five-m em bered  

boronate ion  (LV) o f  m/e = 85 and 147 (1 2 2 ,  131) r e s p e c t i v e l y ,  and. i t s  

absence in  th e  spectrum o f  th e  l a t t e r  p henylboronate  TMSi e th e r  

s u g g e s t s  th a t  th e  former p a ir  are th e  2 ,3 -b o r o n a te  TMSi e th e r s  and th e  

o th e r  th e  4> 6-boron ate  TMSi e th e r  r e s p e c t i v e l y .  The peaks at m/e = 159 

in  th e  2 , 3 -  d e r i v a t i v e s  would th en  probably  be due t o  th e  io n  LXXXV 

w h ile  th a t  in  th e  4>6— d e r i v a t i v e  would, be d.ue to  th e  six-membered r in g  

ion  (LXXV) ( 1 3 6 ) .

The m o lec u la r  io n s  are not p resen t  in  any o f  th e  s p e c t r a ,  th e  io n  o f  

h ig h e s t  mass in  th e  m ethylboronate  TMSi e th e r  b e in g  th a t  o f  m/e = 249* 

e q u iv a le n t  to  l o s s  o f  73 mass u n its ((C H ^ )^ S i+ ) from th e  m o le c u le ,  and 

in  th e  ph en y lb oron ate  TMSi e th e r s  th a t  o f  m/e = 409 due t o  l o s s  o f  a 

CII  ̂ group, prob ab ly  from one o f  th e  TMSi e th e r  grou p s.
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TABLE 1 1

Me —B-mannopyranoside boronate  TMSi e th e r s

Methyl
9

^lf'SP 30 ^ ^ * Ba.se M{$c o f  Base S ig n i f i c a n t  Ions ($ o f  Base Peak)

1655 362

Peak Pea,k) 

218 249( 1 ) 1 4 7 ( 7 2 ) 1 4 6 ( 1 5 )
1 2 9 ( 3 0 ) 1 0 3 ( 35) 9 7 ( 32 )

8 5 ( 1 8 )

Phenyl
to

ti

2145 424 218

2220 424 204

4 0 9 ( 2 ) 19 1 ( 1 0 ) 1 5 9 ( 2 3 )

14 7 ( 5 3 ) 14 6 ( 20) 1 2 9 ( 2 4 )

1 0 3 ( 24)

4 0 9 (1 ) 15 9 ( 9) 1 4 7 ( 38 )

14 6 ( 1 1 ) 1 3 3 ( 2) 1 2 9 ( 1 5 )

1 0 3 ( 31)
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For th e  2 , 3 -  p henylboronate  (XCVIIa) th e  TMSi io n s  are th e  same as  th o se  

which o ccu rred  in  th e  m ethylboronate  (XCVIIb) w ith  th e  a d d it io n  o f  a 

peak a t  m/e = 191? e q u iv a le n t  t o  th e  io n  (XCIX) which probably  a r i s e s  

from rearrangement o f  th e  m o lecu le  during fragm en ta tion  w ith  th e  

r e s u l t  th a t  both  TMSi groups become a t ta c h e d  to  carbon 6 .  T h is  io n  

does not occur  to  any g rea t  e x te n t  in  th e  4?6-b oron ate  TUSi e t h e r ,  as  

would be e x p e c te d ,  s in c e  th e r e  i s  no TMSi e th e r  group on carbon 6 ,  nor  

any o th e r  -CH^OTMSi group in  th e  m o le c u le .  For s im i l a r  rea so n s  th e  

ion  o f  m/c = 103 (XCVI) occu rs  to  a much la r g e r  e x te n t  in  th e  2 , 3 -  isom er  

than in  th e  4?6 - is o m e r ,  In  t h i s  l a t t e r  th e  ion  at  m/e = 133 (C) i s  

p resen t  in  g r e a te r  abundance than  in  th e  former isom er . Presumably  

t h i s  ion  i s  formed by a rearrangement ta k in g  pla.ce during th e  f r a g 

m en ta t io n s  o f  both  iso m ers ,  w ith  a TMSi e th e r  group becoming a t ta c h e d  

to  carbon 1 which i s  th en  e l im in a te d .  In  th e  4?6—phenylboronate  TMSi 

e th e r  (XCVIIIa) th e  TUSi e th e r  groups are c l o s e r  to  carbon 1 than th o s e  

in  th e  2 , 3 - phenylboronate  TMSi e t h e r ,  h en ce ,  in  th e  former ca se  th e  

rearrangement p roceeds  more r e a d .i ly ,  r e s u l t i n g  in  th e  la r g e r  abundance 

found in  th e  mass spectrum .

In th e  o r i g i n a l  lie oC-3-raannopyranoside d ib o r o n a te ,  both  th e  f i v e -  

membered and six-membered. c y c l i c  boronate e s t e r  groups were p r e s e n t .

The r e a c t io n  w ith  th e  t r i m e t h y l s i l y l a t i n g  re.ngents resu lted ,  in  th e  

p r e f e r e n t i a l  form ation  o f  th e  2 ,3 -b o r o n a te  TMSi e th e r  from th e  d i ( p h e n y l -  

b o r o n a te ) ,  and. i t s  e x c l u s i v e  form ation  from th e  d i(m e th y lb o r o n a te ) •

I t  would seen  t h a t ,  under th e  r e a c t io n  c o n d i t io n s ,  one o f  th e  e s t e r  

groups i s  b e in g  h yd ro lysed ;  s in c e  t h e t r i m e t h y l s i l y l a t i o n  r e a c t io n  i s  

knov.ni t o  be rapid (37)?  th e  TMSi e th e r  groups would probably  be formed  

w ith  w hichever  h y d ro x y ls  were l i b e r a t e d  by th e  h y d r o ly s i s ,  b e fo r e  th e  

monoboronate th u s  formed had tim e t o  rearrange to  any o th e r  form, i . e .  

th e  TMSi e th e r  groups would tr a p  th e  k i n e t i c  product o f  th e  h y d r o ly s i s .  

T his  would, imply th a t  th e  six-membered boronate  r in g  was, in  t h i s  c a s e ,  

more s u s c e p t i b l e  t o  h y d r o ly s i s  than th e  five-membered r i n g .
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D - d i g i t o x o s e

The sample o f  t h i s  sugar  used  f o r  th e s e  exp erim ents  was a m ixture o f

p o s s ib le  boronate  TI-i3i e t h e r s  th a t  can be formed; th e  ( X -  and ^  — 

TMSi e th e r s  o f  th e  3 ,4 -b o r o n a te  (C II ,  C I I l ) ,  and th e  TMSi e th e r  o f  

the 1 ,3 -b o r o n a te  (CIV). A f t e r  th e  r e a c t io n  th r e e  p roducts  were

Table 12 . The r a t i o  o f  th e  peak h e ig h t s  on GLC was found to  be 

approxim ately  1 : 1 : 2  f o r  th e  p h en y l-  and 2 : 2 : 1  f o r  th e  m ethyl

boronate TUSi e t h e r s .

In both th e  p h e n y l-  and m eth y lb oron ates  th e  f i r s t  p a ir  o f  peaks are  

very s im i l a r  t o  each  o th e r  and t o  th e  correspon d in g  peaks in  th e  

other  isom er, each o f  th e  fo u r  hav ing  a base peak o f  m/e = 116 (CV), 

and peaks co rresp o n d in g  to  th e  five-membered. c y c l i c  boronate  ion  (XLl) 

i . e .  at m/e = 146 and 84* T h is  s u g g e s t s  th a t  th e s e  p a ir s  o f  peaks are  

due to  th e  3> 4-boronate  TMSi e th e r s  (C II ,  C I I l ) ,  th e  base  peaks a r i s i n g  

by e l im in a t io n  from th e  sugar r i n g ,  o f  carbons 2 and 1 , th e  l a t t e r  o f  

which i s  bonded t o  th e  TMSi e t h e r ,  w h ile  th e  ion o f  m/e = 101 (CVl) 

a r i s e s  by th e  same p r o c e s s .  The ion  in  th e  m ethylboronate  o f  m/e a I 85 

an d i t s  count e rp art  (m/o = 247) in  th e  phenylboronate e s t e r  are fornied 

by a rearrangement p r o c e s s  durin g  th e  fragment cat ion  o f  th e  sugar r in g  

to  g iv e  th e  io n  CVII.

The o th e r  p a ir  o f  e s t e r s  would th en  be th e  1 , 3-b o ro n a te  TMSi e t h e r s

(CIV), and. th e  b ase  peak at m/e = 129 (XCV) ( 6 7 ) would a r i s e  by

c lea v a g e ,  from th e  sugar  r i n g ,  o f  th e  fragment c o n ta in in g  carbons 4>5

and 6 as shown (B^, D^). A b reak in g  o f  th e  carbon -  oxygen bond C( -
to  the e s t e r  r i n g  (B ^ ), f o l lo w e d  by e l im in a t io n  o f  a CĤ CHO group, by 

cleavage o f  th e  bond between carbons 4 and 5 (l>2 ) ,  would r e s u l t  in  th e  

o f  m/e = 262 and 200 f o r  th e  phenyl and m ethylboronate  e s t e r s  

r e s p e c t i v e ly  (C V III) .  The M-8 7  peak at m/e = 219 and 157 i s  caused

anomers (C I ) ,  and, as a r e s u l t  th e r e  are th r e e

ind. th e  GC—IIS r e s u l t s  are summarised in
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TABLE 1 2

D -d ig ito x o s e  boron ate  TMSi e th e r s

1%SE—30

Methyl iA 1255  

13 1285  

/4 1310

M. W. Base o f  Base
Pea.k Peaky

244

244

244

116
116

129

S i g n i f i c a n t  Ion s o f  Base Peak)

185 (15 )  101 (53 )  84 (2 8 )  7 3 (2 3 )

185 (13 )  101 (53 )  8 4 (2 2 )  7 3 (2 3 )

200(4 6 ) 1 5 7 (34 )  1 1 6 (5 1 )  1 0 1 ( 3 0 )

73(120 )  97 (10 )  4 3 (4 0 )

Phenyl , (1850  306 116

(1890 306 116

n 1910 306 129

146(41 )  1 0 5 (17 )  101 (3 5 )  7 3 (2 7 )
1 4 6 (4 0 ) 1 0 5 ( 1 4 ) 101 (3 2 )  7 3 (2 6 )

262(53) 219(32)  1 59 (24 )  1 31 (55 )

116 (53 )  1 0 5 (80 )  101 (6 1 )  7 3 (190 )



CIX

TMSid
CX

LXXV



by l o s s  o f  "both th e  TMSi group and th e  m ethyl group g iv i n g  th e  ion  

shown (CIX). The o th e r  s i g n i f i c a n t  io n s  in th e  spectrum are a l l  

standard io n s  ob served  in  th e  fragm en tation  o f  a TLISi e t h e r ,  i . e .  

th ose  o f  m/e = 131 (CX), 116 (CV), and 101 (CVT), excep t  f o r  th e  

boron- c o n ta in in g  fragm ents o f  m/e = 159 and 97? which are due to  

the  six-rnembered boronate  r i n g  (LXXV), and lOp and 43 ,  due to  th e  

RBi)H io n .

I
Since t r i m o t h y l s i l y l a t i o n  i s  a rapid  r e a c t io n  (37) > trea tm ent w ith  

the  r e a g e n ts  may r e s u l t  in  th e  tr a p p in g  o f  w hatever b oron ates  were 

p resen t  at th e  t im e o f  r e a c t i o n ,  in  th e  same way as  th e  TH3i e t h e r s  

can be used t o  tr a p  th e  products  o f  th e  e q u i l i b r a t io n  o f  a sugar (8 7 ) •  

Thus, in  a sugar l i k e  B -d . ig i to x o s e ,  where th e  r e a c t io n  sequence can 

r e s u l t  in  a number o f  prod u cts  th e  form and r a t i o  o f  t h e s e  w i l l  be 

the  r e s u l t  o f  a rearrangement d uring  t r i m o t h y l s i l y l a t  io n  or  th a t  

e x i s t i n g  b e fo r e  th e  r e a c t i o n .  These l a s t  could, be th e  r e s u l t  o f  one 

or both  o f  two p r o c e s s e s ,  th e  k i n e t i c  produ cts  o f  th e  b o r o n a t io n ,  in  

which th e  most r e a d i l y  formed b oron ates  predom inate, or  th e  e q u il ib r iu m  

p ro d u cts ,  in  which th e  b oron ates  have had tim e to  rearrange t o  th e  

most s t a b l e  form s. These t o p i c s  w i l l  be d iscu ssed , in  more d e t a i l  

l a t e r  in  th e  t h e s i s .

To i n v e s t i g a t e  which o f  t h e s e  p r o c e s s e s  was o p e r a t in g ,  samples o f  

B -d .ig itoxose  were trea ted , s e p a r a t e ly  w ith  m ethyl— and phenyl boron i c  

acid and. h ea ted  t o  100°G. Samples x-jere tak en  out a t  i n t e r v a l s ,  

t r i m o t h y l s i l y l a t c d ,  and examined by GLC. I t  was found th a t  th e r e  vias 

no apparent change in  c o m p o s it io n ,  so i f  eq u il ib ra .t  ion  i s  ta k in g  p la c e  

i t  must do so v e r y  q u ic k ly ,  and so th e  m ixture t r e a t e d  w ith  th e  

t r i m e t h y l s i l y l a t i n g  rea,gents w i l l  co n ta in  th e  most s t a b l e  compounds, 

which in  B - d ig i t o x o s e  prove t o  be th e  3?4-boronate  TllSi e th e r s  (C II ,  C I I l )  

and to  a l e s s e r  e x te n t  th e  1 ,3 —boronate TMSi e th e r  (CIV).

- 3 2 -



OH

H Me
iTMSi

CXI

e

LXXXV

R

+

C X III

TM5iO+

XCV

CH\3
Si = 0—CH=CH 2

c h 3

CVI

CHo
^Si=0— CHo 

C H ^

CXV



Me p  -L -a ra b in o p y ra n o s id e

This sugar (CXl) has th r e e  f r e e  hydroxyl groups a v a i l a b l e  f o r  

d e r i v a t i s a t i o n ,  but o f  t h e s e ,  o n ly  two, on carbons 3 and 4 are  

c i s -  t o  each o th e r  and so a v a i l a b l e  f o r  boronate  fo rm a tio n , g iv i n g  

the 3 , 4-boron a te  TLISi e th e r  (CXIl) (108) a f t e r  th e  normal r e a c t io n  

sequence. Prom th e  GC-MS p r o p e r t ie s  summarised in  Table 1 3 ,  i t  

can be s een  th a t  w h i le  th e  m o lec u la r  io n s  th e m se lv e s  were not  

obta ined  in  each c a se  th e  M-60 io n ,  m/e = 262 and 200 was seen  

iu th e  spectrum . The c y c l i c  five-m embered boronate  io n  a t  m/e 

= 146 and. 8 4 , appears in  th e  s p e c t r a ,  a lo n g  w ith  an io n  at m/e =

159 and 97, which must in  t h i s  c a s e ,  as w ith  Me &-B-m annopyranoside

2 ,3 -b o r o n a te  TMSi e t h e r ,  be due t o  th e  ion  (LXXV). The io n s  o f  

m/e = 262 and 200 (C X IIl)  would, be th e  r e s u l t  o f  i n i t i a l  c le a v a g e  

o f  th e  sugar r i n g ,  pC~ t o  th e  boronate (B- )̂ w h ile  th e  M—103 io n ,  

m/e = 219 and 157 (CXIV) would a r i s e  from a s im i l a r  (K-  c le a v a g e  (B^) 

w ith  subsequent l o s s  o f  carbon 4 and th e  TMSi e th e r  group t o  which i t  

i s  bonded. T h is  l a s t  fragment would g iv e  r i s e  t o  th e  ion  o f  m/e =

101 (C V l) .  The io n s  o f  m/e = 129 and 89 , each o f  which occu r  in

both s p e c t r a ,  are  derived, from th e  fra g m en ta tio n  and rearrangement o f  

the TMSi e th e r  group and have th e  s t r u c t u r e s  XCV and. CXV r e s p e c t i v e l y .

Me oC — L -rhamnopyra.nos id e

A fter  th e  r e a c t io n  seq u en ce ,  t h i s  sugar (CXVT) was found, to  g iv e  one 

d e r iv a t iv e  o f  each  boron ate  e s t e r .  Only in  th e  ca se  o f  th e  p h e n y l-  

boronate d id  th e  m o le c u la r  io n ,  m/e » 3^6 appear in  th e  mass spectrum ,  

but in  both  c a s e s  th e  M—15 p eak s , m/e == 321 and 25 9 , were s e e n ,  

confirm ing  th e  fo rm a tio n  o f  th e  boronate TMSi e t h e r .  As in  th e  l a s t  

mentioned su g a r ,  t h e r e  are th r e e  f r e e  h y d r o x y ls ,  but o n ly  two o f  them 

are c i s ~  to  each o th e r  and hence a v a i l a b l e  f o r  b o ro n a t io n ,  th o se  on 

carbon 2 and carbon 3 , g iv i n g  th e  2 ,3 —Boronate TMSi e th e r  (CXVIl).

Apart from th e  b ase  peak, m/e = 130 (C X V IIl) ,  which a r i s e s  by c le a v a g e
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TABLS 1 3

Me L -arab in op yran osid e  boronate  TMSi e th e r s

Methyl
n

p h e n y l

' iT~

M.W. Base M($ o f  Base S i ^ i f l e a n t  Ions (yo o f  Banl /o o C jt- y J  .........  — r" _ " , \ - ■ 1 ■' ■ -'- w.. - .......
— ------  Peak Peak)

1285 260 116 -  200( 1 5 ) 1 5 7 ( 20 ) 1 2 9 (63 )

101( 63) 9 7 ( 23 ) 8 9 ( 37)
8 4 ( 12 )

1915 322 116 -  262(11) 2 1 9 ( 1 1 ) 15 9 (1 9 )

1 46 (38 )  1 2 9 (4 5 )  10 1 (4 6 )  

89(34 )

Peak)



TABLE 1 4

Me r^-L-rhamnopyranosid.e boronate  TMSi e th e r

^r^SE- 3 0  H. N. Base l<[{% o f  Base S ig n i f i c a n t  Ions {jo o f  Base Peak)
—. Peak Peak)

Methyl 1385 274 130 0 157 (13 )  1 4 6 (14 )  1 1 5 (2 5 )  8 4 (5 )
0.0

Phenyl 1935 336 130 1 219(7 )  1 4 6 ( 1 6 ) 1 1 5 (15 )
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o f  the  sugar r i n g ,  t o  th e  boronate  r in g ,  between carbons 3 and 

4 (B) and between carbon 5 and th e  oxygen (D) th e  s p e c tr a  show v ery  

few peaks o f  any a p p r e c ia b le  i n t e n s i t y .  The io n s  d e r iv e d  from th e
T 1T\7 T T i

five-membered c y c l i c  e s t e r  at m/e = 146 and 84 /  are p resen t  in

very low amounts, and th e  former i s  masked by th e  TMSi e th e r  fragment 

o f m/e =3 146 (XCIV), which i s  p resen t  in  both  s p e c t r a .  Exam ination  

o f  t h i s  peak, in  th e  p h en y lb o ro n a te , by high r e s o lu t i o n  mass s p e c t r 

ometry, shovrs th a t  i t  i s  composed o f  two se p a r a te  p eak s , o f  m/e = 

146.05368 and 146 .26314*  The f i r s t  o f  t h e s e  i s  th e  boron—c o n ta in in g  

ion (LXVIl) which has a t h e o r e t i c a l ,  a ccu ra te  mass o f  I 4 6 .O53982 w h ile  

the second i s  th e  TMSi e th e r  fragment (XCIV) which has a t h e o r e t i c a l  

accurate  mass o f  1 4 6 .2 6 2 8 3 3 .

The peak at m/e = 115 seems t o  be a rearrangement io n  formed by th e  

s h i f t  o f  th e  m ethyl group t o  carbon 3> fo llo w ed  by th e  l i b e r a t i o n  o f  

t h i s  carbon t o  g iv e  e i t h e r  t h i s  io n  CXIX, or th a t  o f  m/e = 219 and 

1579 which has th e  s t r u c t u r e  CXX.

1 ,2 -fr - iso p r o p y l id .e n e -  C*. -D -g lu c o fu r a n o se

A ll  th r e e  o f  th e  f r e e  h y d ro x y ls  in  t h i s  sugar (CXXl) are a v a i l a b l e  f o r  

e s t e r i f i c a t i o n ,  g iv i n g  two p o s s i b l e  a l t e r n a t i v e s ,  th e  3>5-t>ororiate TMSi 

e th er  (CXXIl) or  th e  5 ,6 - i s o m e r  (C X X IIl) .

Both observed  d e r i v a t i v e s  show th e  ion  o f  m/e = 159 and 97 (LXXV) and 

not th e  co rresp o n d in g  five-m em bered r in g  ion  (LXVIl) s u g g e s t in g  th e  

presence o f  th e  six-membered boronate  r i n g ,  i . e .  tho^3>5—boronate TMSi 

eth er  (LXXTT):this i s  fu r t h e r  borne out by th e  f a c t  th a t  th e  

5>6-boronate TMSi e th e r  might be ex p ec te d  to  form th e  five-membered r in g  

ion o f  m/e = 147 (LV) in  th e  same way as  th e  b oron ates  o f  some 

m onoglycerides ( 1 2 2 ) ,  and o f  c o r t i c o s t e r o i d  2 0 , 21- d i o l s  ( l 3 l ) >  by 

cleavage c t -  t o  th e  e s t e r  r i n g .  Thus th e  more l i k e l y  d e r i v a t i v e  in  

t h i s  case  i s  th e  3 ,5 -b o r o n a te  TMSi e th e r  (CXXIl).
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1 , 2 - isop rop y lic ten e  cx  - ] l -g lu c o fu r a n o s e  boronate TMSi e th e r

?n ^ ^ ♦ Base M o f  Ba.se S ig n i f i c a n t  Ions (% o f  Base Peak) 
Peak Peak)

Methyl 1575 316 103

Phenyl 2150 378 117
£ 3

301(32) 143(15) 1 3 1 (1 6 )  1 1 7 (8 9 )

1 0 0 ( 1 5 ) 97 (65)  4 3 ( 20 )

363(40) 159(69) 1 4 3 (17 )  13 1 (2 0 )

10 5 (17 )  1 0 3 (90 )  100 (14 )



LXXV LXVIl LV

CH2=0— Si(CH3)

TMSiO— CH— CH=0

CXXIV

RB=OH

LXXVI

TMSiO+

CXXV



The mass s p e c tr a  o f  th e  b o ro n a tes  (Table 15) show th e  m o lecu la r  io n  

only fo r  th e  phenyl d e r i v a t i v e ,  but in  both th e  M-1 5  peak, a r i s i n g  

from l o s s  o f  a m ethyl from th e  m o le c u le ,  i s  p resen t  t o  a f a i r  e x t e n t ,  

i . e .  m/ e = 363 and 301 f o r  th e  phenyl and m ethylboronate  r e s p e c t i v e l y .  

The two d e r i v a t i v e s  show d i f f e r e n t  base  p eak s .  The m ethyl boronate  

e s te r  has i t s  most abundant io n  a t  m/e = 1 0 3 , w h ile  in  th e  p henylboronate  

e s te r  t h i s  peak has an i n t e n s i t y  o f  90^ o f  th a t  o f  th e  base peak, m/e = 

117, which i s  in  tu rn  p r e se n t  in  th e  m ethylboronate e s t e r  w ith  an 

in t e n s i t y  o f  69/  ̂ r e l a t i v e  t o  m/e = 103 . The former ion  m/e = 103 ,  

would, be formed by c le a v a g e  o f  th e  bond between carbons 5 and 6 (D) 

to g iv e  th e  io n  XCVI, w h i le  th e  l a t t e r  i s  presumably o b ta in ed  by th e  

fragm entation o f  th e  borona/te r in g  (C) g iv i n g  th e  fragment CXXIV con

ta in in g  carbons 5 and. 6 and. o f  m/e = 131 • T h is  l a t t e r  would a l s o  

re su lt  in  th e  ion  LXXVI o f  m/e = 105 and. 43> or  th e  base peak m/e = 117 

(CXXV). Thus, th e  e a se  o f  form ation  o f  t h i s  l a s t  io n  depends upon th e  

ease o f  fragment a t  io n  o f  th e  boronate  e s t e r .  S in ce  th e  peak has a 

higher r e l a t i v e  i n t e n s i t y  in  th e  spectrum o f  th e  phenyl b o ron ate ,  th e  

im p lica tion  i s  th a t  th e  phenyl grouo i s  d e s t a b i l i s i n g  th e  s i x —membered. 

ring , under e l e c t r o n  im pact,  w ith  r e s p e c t  t o  th e  methyl group, as i t  

was in  th e  d .iboronates o f  m ethyl ot-D -m annopyranoside.

2-deoxy—B -r ib o se

There are two p o s s i b l e  isom ers  o f  th e  borona/te Ti-lSi e t h e r s  o f  t h i s  

sugar ( CXXVI), th e  3 ,4 -b o r o n a te  (CXXVIl) and. th e  1 ,3 -b o r o n a te  (CXXVIIl). 

After th e  r e a c t io n s  one m ethyl boronate and. two p h en y lb o ro n a tes ,  in  

the r a t io  o f  6 s' 1 ,  are  form ed. Both th e  m ethylboronate  ThSi e th e r  

and the f i r s t  o f  th e  phenyl d e r i v a t i v e s  show la r g e  peaks due to  th e  

five-membered boron ate  io n  (LXVIl), a t  m/e = 84 und 146 r e o p e c t i v e l y ,  

and in  f a c t ,  in  t h e  p h en y lb o ro n a te ,  t h i s  i s  th e  ion  o f  g r e a t e s t  

abundance (Table 1 6 ) ,  im p ly in g  th a t  t h e s e  are both  th e  3 ,4-t>oronate  

TwSi e th e r s  (CXXVI) w h i le  th e  second ph en y lcoron ate  i s  th e  1 ,3 - i s o m e r  

(CXXVIIl). T h is  l a s t  compound does show th e  ion  at m/e = 159 c o t -  

responding t o  th e  s i x —membered. boronate  io n  LXXVa. Iu  a l l  th e
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TABL'Hi 1 6

2-deoxy-B -ribopyrariose boronate  TMSi e th e r s

I  ^ M. W. Base M (fo o f  B.
Peak Peak)

Methyl 1255 230 101 2

Phenyl 1835 292 146 2
23

1855 292 132 1

se  S ig n i f i c a n t  Ions {jo o f  Base Peak)

215( 9 ) 1 8 7 ( 1 7 ) 18 5 ( 29 )

1 4 5 ( 23 ) 13 1 ( 5 4 ) 11 6 ( 65 )

9 7 ( 2 1 ) 8 4 ( 8 8 ) 4 3 (6 2 )

4 2 ( 23 )

2 7 7 ( 29) 249( 10 ) 247 (22 )

207( 33 ) 1 5 9 ( 1 6 ) 131 (70 )

11 6 (4 8 ) 1 0 5 ( 4 5 ) 104 (4 1 )
10 1 ( 7 0 )

277( 4 5 ) 207( 8 6 ) 159 (28 )

131( 27 ) 1 2 9 ( 4 4 ) 11 6 (4 4 )

1 0 5 ( 4 0 ) 10 4 ( 2 2 ) 10 1 (5 7 )
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isomers th e  molecula.r io n  i s  p resen t  t o  a v ery  s l i g h t  e x t e n t ,  w h i le  

the M-1 5  peak at m/e = 277 and. 215 la r g e r  f o r  th e  m ethylboronate  

e s te r ,  and v ery  much la r g e r  f o r  th e  phenylboronate  e s t e r s .

In both o f  th e  3 ,4 - b o r o n a t e s ,  m ig ra t io n  o f  th e  TLISi e th e r  group t o  

carbon 2 , fo l lo w e d  by th e  c le a v a g e  o f  th e  sugar r in g ,  would, produce  

the ions o f  m/e = 249 and 187 (CXXIX) and 247 and 185 (C V Il) ,  w h i le  

a s l i g h t l y  d i f f e r e n t  breakdown o f  th e  r in g ,  fo l lo w e d  by l o s s  o f  th e  

(CH^)^Si- group would g iv e  th e  io n s  o f  m/e = 207 and 145 (CXXX).

The fragm en tation  o f  th e  boron ate  r in g  would, account f o r  th e  two 

pairs o f  io n s  a t  m/e = 10p and 43 (LXXVl), and 104 and 42 (CXXXl)

( l l 4 ) .  The rem ain in g  s i g n i f i c a n t  io n s  are d i r e c t l y  a t t r ib u t a b le  to  

the breakdown and rearrangem ent o f  th e  TLISi e t h e r ,  i . e .  m/e = 131 

(CXXXIl), m/e = 116 (CV) and m/e = 101 (CVT), which i s  th e  most 

abundant ion  in  th e  spectrum o f  th e  m eth y lb oron ate .

The 1 , 3 -p h en y lb oron ate  TLISi e th e r  (CXXVTIIa) a l s o  shows a peak at  

rc/e « 207, but in  t h i s  ca se  i t  e i t h e r  c o n ta in s  th e  six-membered c y c l i c  

e s te r  and so prob ab ly  has th e  s t r u c tu r e  CXXXIII, formed by m ig r a t io n  o f  

the TLISi e th e r ,  f o l lo w e d  by th e  fragm entat io n  o f  th e  sugar r i n g ,  and 

lo s s  o f  th e  (CH^)^Si- group, or  i s  a r e s u l t  o f  a rearrangement g iv in g  

the ion  (CXXX). The be.se peak , o f  m/e = 132 , would a r i s e  by th e  

cleavage o f  both  o f  th e  bonds, in  th e  sugar r in g ,  t o  th e  boronate  
ring .

Apart from t h e s e  io n s  and th e  c y c l i c  boronate  ion  (LXXVa), th e  r e s t  

of the peaks in  th e  spectrum are  s im i l a r  t o  th o se  o c c u r r in g  in  th e  

spectra o f  th e  3 >4—b o r o n a te s .
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2-d eoxy-Il-gal a c t  o s e

The c o n f ig u r a t io n s  o f  th e  fo u r  f r e e  hydroxyl groups in  2 -d e o x y -D -g a la c to se  

(CXXXIV), r e s u l t  in  th e  p o s s i b i l i t y  o f  form ing up t o  f i v e  boronate  

JLM81 e t h e r s ,  th e  ^  and, -anom ers o f  th e  3 , 4 - e s t e r  (CXXXV), th e  

corresponding anoraers o f  th e  4 , 6 - e s t e r  (CXXXVT) and th e  1 , 3 - e s t e r
(cxxxvii) .

The r e a c t io n  w ith  m eth y lb o ro n ic  a c id  and th e  t r i m e t h y l s i l y l a t i n g  r e a g e n ts  

produces th r e e  peaks in  GLC, w ith  th e  r a t i o s  o f  2 : 1 ; 1 .  Mass 

sp ec tra l  exam ination  shows th a t  th e  l a s t  two peaks have almost i d e n t i c a l  

fragm entation p a t t e r n s ,  s u g g e s t in g  th a t  th e y  are one o f  th e  anomeric  

p a ir s ,  w h ile  th e  f i r s t  compound i s  d i s t i n c t l y  d i f f e r e n t  from them, but 

s im ila r  enough t o  be one o f  th e  o th e r  iso m e r s .  The phenylboronate  

e s te r s  a l s o  number t h r e e ,  formed in  th e  r a t io  2 : 2 : 1 ,  but each o f  

these  compounds shows a mass spectrum which i s  d i f f e r e n t  from each o f  

the o th e r s .  Comparison o f  t h e  two s e t s  o f  sp e c tr a  o b ta in ed  from th e  

methylboronate and, p hen y lb oron ate  e s t e r s  shows s i m i l a r i t i e s  between th e  

f i r s t  compound in  each  c a s e ,  and between th e  l a s t  phenylboronate and 

the p a ir  o f  m ethyl b o r o n a te s .

The c y c l i c  boronate  ion  common t o  th e  f i r s t  peaks o f  each s e t  i s  th e  

five-membered r in g  ion  LXVIl o f  m/e = 146 and 8 4 , f o r  w h ile  th e r e  are  

peaks in  th e  m ethy lboronate  a t  m/e 0 97 which might be d.ue t o  a s i x -  

membered r in g  io n  th e r e  i s  no correspon d in g  peak in  th e  p h en y lb oron ate ,  

and so th e  ion  p rob ab ly  has th e  s t r u c tu r e  shown (LXXXV), and hence th e s e  

are probably th e  3 ,4 -b o r o n a te  e s t e r s  (CXXXV). I f  both  anomers are  

present th e y  are  in s e p a r a b le ,  but th e r e  may be o n ly  one anomer o f  each  

e s ter  o f  t h i s  ty p e  formed by th e  r e a c t io n .  N e ith e r  o f  th e  e s t e r s  shows 

a m olecular io n ,  th e  h ig h e s t  io n  f o r  th e  phenylboronate  b e in g  m/e = 379 , 

equ iva len t t o  a l o s s  o f  a m ethyl group, and f o r  th e  m eth y lb oron ate ,

s  259, due t o  l o s s  o f  73 mass u n i t s ,  i . e .  l o s s  o f  a (CH^)^Si- group.  

Both e s t e r s  show peaks a t  m/e = 207 and 145, due t o  th e  ion  (CXXX),
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TABLE 1 7

2-deoxyffala c t o p y r a . n o s e  b o r o n a t e  T M S i  e t h e r s

I  <r M .V J. B a s e  M(fc o f  B a s e
P e a k  P e a k )

Methyl 1325 332 116
n

*9 1350 332 129

AS 1390 332 129

Phenyl 1930 394 116
30

^  1940 394 101 2

31 1975 394 129 1

S i g n i f i c a n t  I o n s  (% o f  B a s e  P e a k )

259( 1 ) 147 (24 ) 145 (2 0 )

1 2 9 ( 32) 117 (76 ) 1 0 1 ( 5 6 )

97(11) 85 (13 ) 8 4 ( 1 0 )

242(13) 201 ( 25) 17 1 (5 3 )
147 (20 ) 119 (71 ) 117 (37 )
11 6 ( 65) 10 1 ( 78) 98(53)

97(42) 85 (51 )

242(25) 20 1 ( 26) 17 1 (5 2 )
147 (20 ) 119 (6 9 ) 117 (85 )
11 6 ( 65) 1 0 1 ( 8 1 ) 98(53)

97(42) 8 5 (5 1 )

379(2 ) 207 (5 ) 1 9 1 ( 6 )

147 (24 ) 146 (36 ) 129 (29 )

117 (95 ) 1 0 1 ( 5 5 )

304(32) 263( 1 1 ) 233(25)

160(75) 159 (54 ) 147 (3 0 )

14 6 ( 30) 129 (11 ) 119 (59 )

117(95) 116 (87 )

304(21) 263 (11 ) 233(19)
1 6 0 ( 70 ) 159 (56 ) 147 (65 )

1 4 6 ( 23 ) 11 9 (4 9 ) 11 7 (7 0 )

116 (64 ) 10 1 (7 3 )
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and a t  m/e = 191 and 129 , due t o  CXXXVIII both  o f  which a r i s e  by 

fr a g m e n ta t io n  o f  t h e  sugar  r in g  and subseq uent l o s s  o f  th e  (CH^)^Si- 

grou p •

The b a se  peak, m/e = 116 (CV), th e  io n  o f  m/e = 1 1 7 ,  CXXV, and that of 
m/e = 101 (CVI), can a r i s e  d i r e c t l y  by th e  e l im in a t io n  o f  th e  fragment 

c o n t a in in g  carbons 4 and 5 ,  w h i le  th e  peaks a t  m/e = 147 (XCIIl) and 

m/e = 129 (XC?) r e q u ir e  th e  rearrangem ent o f  th e  TMSi e t h e r  group 

d u r in g  th e  f r a g m e n ta t io n ,  hence th e  low er  abundance o f  t h e s e  la s t  two 
p e a k s .

I f  th e  o t h e r  p a ir  o f  m eth y lb oron ate  d e r i v a t i v e s  are  anomers as they 

seem t o  b e ,  t h e y ,  and th e  l a s t  e lu te d  o f  th e  p h en y lb oron ate  esters,  

vjould have t o  be th e  4 , 6 — iso m ers  (CXXXIX), though in  th e  l a t t e r  case: 

b oth  t h e  anomers are  p r e s e n t  t h e y  are  i n d i s t i n g u i s h a b l e  by GLC on 

They a l l  have b ase  peaks at m/e =s 129 ,  due t o  th e  io n  (XCV) which 

c o u ld  in  t h i s  c a s e  be obtained, d i r e c t l y ,  by c le a v a g e  o f  th e  sugar rii| 

a f t e r  t h e  l o s s  o f  one o f  th e  TMSi e t h e r  groups (CXL) and th e  freeing 

o f  th e  fragm ent c o n t a in in g  carbons 1 , 2  and 3 (B, D ) . Of th e  other 

io n s  d e r iv e d  from th e  TMSi e t h e r  group, t h o s e  a t  m/e = 119 (CXLl) 

m/e = 117 (CXXV) m/e =» 116 (CV) and m/e = 101 (CVI) can be derived 

d i r e c t l y  from th e  m o le c u le ,  hence t h e i r  r e l a t i v e l y  la r g e  abundance in 

th e  sp ectra-,  w h i le  th e  io n  a t  m/e = 147 (X C II l)  would be formed by a 

rearrangem ent p r o c e s s ,  g i v i n g  a r e l a t i v e l y  low  abundance. Only the 

p h en y lb o ro n a te  e s t e r  shows th e  base  p eak , but a l l  t h r e e  show the 

io n  due t o  l o s s  o f  a TMSiOH group . C leavage o f  th e  su gar  r ing  flr 

t o  th e  b oron ate  r i n g ,  between carbon 5 and th e  oxygen , (B^) followed 

by f u r t h e r  fr a g m e n ta t io n  would, r e s u l t  in  th e  two io n s  a t  m/e = 263  ̂

201 (CXLII) and a t  m/o = 233 and. 171 (CXLIII) .  The b a s i c  boronate 

r i n g  fra g m e n ts ,  h ow ever, i l l u s t r a t e  th e  p o s s i b l e  a m b ig u i t ie s  "that can 

o ccu r  in  t h e s e  d e r i v a t i v e s ,  s i n c e  th e r e  are  io n s  p r e se n t  in  both 

s p e c t r a  which m ight s u g g e s t  th e  p resen ce  o f  both  th e  six-membered 

c y c l i c  io n ,  a t  m/e = 160 and 93 , and m/e = 159 and 9 7 , and the f i ve- 

membered c y c l i c  io n ,  a t  m/e = 147 and 8 5 , and. m/e » 146 and 04* 

T aking t h e  s u g g e s t i o n ,  how ever, supported, by th e  r e s t  o f  th e  evideflC{

- 3 8 -
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that i t  i s  th e  six-raembered boronate  r in g  which i s  p r e s e n t ,  th e  

f i r s t  ion s  w i l l  be due to  fragm ents  XC and. LXVIII r e s p e c t i v e l y ,  

derived d i r e c t l y  from t h e  m o le c u le ,  w h i le  th e  o th e r  io n s  w i l l  be 

due to  a rearrangem ent p r o c e s s  r e s u l t i n g  in  th e  fragm ents LV and 

LXVIl.

The second o f  th e  th r e e  phenyl e s t e r s ,  which can o n ly  now be th e

1,3-boronate T.Xdi e t h e r  (CXXXVIl), a l s o  shows th e  same am bigu ity  

where th e  b a s ic  boronate  io n s  are concerned , and in  f a c t  has many

s i m i l a r i t i e s  t o  th e  l a s t  s e t  o f  e s t e r s ,  th e  main d i f f e r e n c e s  b e in g

the base peak at m/e = 101 , presumably due t o  th e  ion CVI which can 

be e a s i l y  formed by c le a v a g e  o f  th e  carbon 5 -  carbon 6 bond, (D ),  

and rearrangement o f  th e  -CK^OTXSi group, and. th e  low er  i n t e n s i t y  

of the peaic at m/e = 233, vrhich here would be th e  fragment CXLIV.

The in cr ea se  in  i n t e n s i t y  o f  th e  io n s  a t  m/e = 117 (CXXV) and 116 

(CV) r e f l e c t s  th e  in c r e a s e  in  ea se  o f  form ation  o f  t h e s e  io n s  which  

are probably th e  r e s u l t  o f  c le a v a g e  o f  th e  sugar r in g ,  f r e e in g  

carbons 5 aiid 6 .

The ease o f  form ation  o f  th e  v a r io u s  isom ers o f  t h i s  sugar , and t h e i r  

mass s p e c tr a l  s i m i l a r i t i e s ,  h i g h l i g h t s  th e  d i f f i c u l t y  in  d e a l in g  w ith  

any sugar where th e  conform ation  o f  th e  h yd roxy ls  a l lo w s  th e  form ation

of sev era l is o m e r ic  c y c l i c  boronate  e s t e r s .
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Me I > - x y l o p y r a n o s i d e

Both th e  ^  -  and anomers o f  t h i s  compound (CXLV), on trea tm en t  

with the  r e a g e n t s ,  form th e  2 ,4 -b oron ab e  TkSi e th e r s  (CXLVl) ( 9 4 ) ,  

and, a f t e r  th e  r e a c t i o n ,  th e  d e r i v a t i v e s  were examined "by GC-M3 

(Table 1 8 ) .  The £>C- anomers o f  th e  m ethylboronate  e s t e r  had lo n g e r  

retention  tim e on both  Vjo SB-30 and. 1% QB-1, than th e  -  anomer, 

unlike th o se  o f  th e  ph en y lboronate  p e r t r i m e t h y l s i l y l  ether, d e r i v a t i v e s  

of the Me B -g lu c o p y r a n o s id e s  and th e  Me B -ga lac top yran osid .es  (T ab les  1 

and 2 ) .  I n s p e c t io n  o f  a model shows th a t  in  th e  anomer th e  

methoxy group i s  v e r y  c l o s e  t o  th e  R— group o f  th e  boronate which may 

lead to  some s o r t  o f  deform ation  which i s  absen t in  th e  — anomer, 

leading in  turn t o  a change in  r e t e n t i o n  in d ex , e s p e c i a l l y  in  th e  ca se  

vjhere R = Me and th e  i n t e r a c t i o n  between th e  groups might be expected, 

to produce a r e l a t i v e l y  l a r g e r  e f f e c t .

All four compounds show s i m i l a r  mass s p e c tr a ;  th e  m o lecu la r  ion  

appears in  none o f  them, but each  c o n ta in s  th e  M-1 5  peak due t o  l o s s  

of a methyl group, a t  m/e = 307 and. 245 , an(  ̂ th e  l ° n at  m/ e *= 159 s-nd. 

97, c o n s i s t in g  o f  th e  s i x —membered. boronate ion (LXXV). The base  

peak at m/e = 133 would be formed by m ig ra t io n  o f  th e  lklSiO- group to  

carbon 1 ,  which would then  be l i b e r a t e d  by c lea v a g e  o f  th e  sugar r in g  

to g ive  th e  ion  C ( 7 1 ) ,  w h i le  breakdown o f  th e  e s t e r  r in g  would, r e s u l t  

in the llbfcl io n  o f  m/e = 105 and 43 (CXXXIl), and i f  fo l lo w e d  by a 

breakdown in  th e  su gar  r i n g ,  in  th e  form ation  o f  th e  io n  XCV o f  

m/o  = 129, by th e  l i b e r a t i o n  o f  carbons 1 ,  2 and. 3 , or carbons 3 , 4 cUid. 

5* A s im i la r  p r o c e s s ,  l i b e r a t i n g  carbon 3 by i t s e l f  would account  

for the io n s  a t  n / e  = 103 (XCIV) and 101 (C V l).

The only  a p p r e c ia b le  d i f f e r e n c e  in  th e  s p e c tr a  occu rs  in  th e  i n t e n s i t y  

° f  the ion  o f  m/e = 8 9 ,  i . e .  CXLVII. T h is  ion  i s  formed by th e  

cleavage o f  th e  bond between carbon 3 and th e  e th e r  oxygen . In  b oth  

the p  _ anomers i t  i s  p r e se n t  w ith  an i n t e n s i t y  much h ig h e r  than  th a t  

with which i t  i s  found in  th e  Pi— anomers (Table 1 8 ) .  I f  t h e  c l o s e
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TABLE 1 8

Me ^ C -B -xy lop yran oside  boron ate  TMSi e th e r s

* lc-SE-30 K ^ * Base M(̂ o o f  Base S ig n i f i c a n t  Ions {$> o f  Base Peak)
— l-— — Peak Peak)

Methyl 1415 260 133 -  245(3 ) 129 (33 )  1 0 3 (39 )

1 0 1 ( 1 8 ) 9 7 ( 26) 8 9 ( 6 )

4 3 (2 3 )

Phenyl 1980 322 133 -  307(2 )  1 5 9 (25 )  129 (2 6 )

^  1 0 5 (14 )  103(23)  1 0 1 ( 9)

8 9 (4 )

Me ^ -D -o cy lo p y ra n o s id e  boronate  TMSi e th e r

1-ic’cr-t M. VI« Base  M($o o f  Base S i g n i f i c a n t  Ions (% o f  Base Peak)
J ./ 'O O  U""* 1 1 A — Peak Peak;

Methyl 1350 260 133 -  2 4 5 ( l )  1 2 9 (3 1 )  103 (33 )

1 01 (15 )  97 (2 9 )  8 9 (1 9 )

4 3 (2 1 )

Phenyl 2005 322 133 -  3 0 7 ( l )  1 59 (25 )  129 (23 )
36

1 0 5 ( 12) 1 0 3 ( 20) 1 0 1 ( 8 )

8 9 ( 1 2 )
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proximity o f  th e  methoxy group to  th e  TMSi e th e r  group in  th e  f \ -  

anomer causes  some s t e r i c  s t r a i n  which a f f e c t s  th e  ease  o f  

e lim ination  o f  th e  TLISi e th e r  group, t h i s  in f lu e n c e  would not be 

present in th e  pC.- anomer and th e r e  would, t h e r e f o r e ,  be l e s s  o f  

a driv ing  fo r c e  tow ards t h i s  e l im in a t io n ,  and so a l e s s  in t e n s e  peak 

in the spectrum . Whatever th e  mechanism, however, t h i s  d i f f e r e n c e  

in i n t e n s i t i e s  d.oes p ro v id e  a means o f  d i s t in g u i s h in g  between th e  AC- 

anomers and. { I — anomers o f  th e  methyl x y l opyranosid .es,

Me D -glucopyranoside

Once again  th e  d e r i v a t i v e s  o f  th e  and -  anomers o f  t h i s  sugar  

(CXLVJIl) were made and. examined by GC-MS (Table 19)* The GLC 

properties  o f  th e  anomers o f  t h e s e  d e r i v a t i v e s  were s im i l a r  t o  th o s e  

of the p e r t r i m e t h y l s i l y l  e t h e r s ,  in  th a t  th e  DC- anomer has a low er  

retention  index than  th e  y# — anomer (T ab les  3 and. 4).

The c o n f ig u r a t io n s  o f  th e  h y d ro x y ls  in  t h e s e  su g a rs ,  make p o s s i b l e  th e  

formation o f  two d e r i v a t i v e s  o f  each anomer, th e  2 ,4 -b o r o n a te  (CL) or  

the 4 , 6-b oronate  (CXLIX), Each o f  t h e s e  isom ers has a six-membered  

c y c l ic  e s t e r  group, and t h i s  i s  supported  by th e  occurrence  in  each o f  

the sp ec tra  o f  th e  io n  LXXV o f  m/e = 159 and 97 r e s p e c t i v e l y .  The 

base peak o f  a l l  th e  compounds, at m/e = 204, i s  due to  th e  ion  XXI ( 7 l ) ,  

which would be r e a d i l y  formed from th e  4 ,6 —boronate (CXLIX) by th e  

breakdown o f  th e  su gar  r i n g ,  l i b e r a t i n g  th e  fragment c o n ta in in g  carbons  

2 and. 3 (B, D ),  In  t  he 2 , 4*-bo ronat e (CL) th e  TMSi e th e r  groups are  

s ituated  on carbons 3 and 5 , i , e .  th e y  are not c i s -  t o  each o th e r ,  

making th e  form ation  o f  t h e  io n  XXI a rearrangement p r o c e s s ,  which i s  

more d i f f i c u l t ,  and l e s s  l i k e l y  t o  g iv e  an io n  which has th e  g r e a t e s t  

in te n s i ty  in  th e  mass spectrum . The 4 , 6 - e s t e r  o f  Me & -D -g lu c o p y r a n -  

°side has a l s o  been r e p o r te d  a s  b e in g  formed by th e  r e a c t io n  o f  th e  

sugar w ith  p h en y lb o ro n ic  a c id  ( 107 , 116 ) ,  and so i t  seems l i k e l y  

"that the d e r i v a t i v e s  formed h ere  are th e  4 , 6-b o ro n a te  e s t e r  TMSi e th e r s  
(CXLIX).

- 4 1 -
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Me p ^ - D - g l u c o p y r a n o s i d e  b o r o n a t e  T M S i e t h e r s

I lfoSE-30 M.W. Bas e M(£ o f  Base S ig n i f i c a n t  Ions (%o f  Erase
Peak Peak)

Methyl 1690 
37

362 204 347(6)

133(32)

97(7)

1 8 3 ( 22)

129(24)

89(13)

14 7 ( 39)

1 1 7 ( 17)

Phenyl 2280 
32

424 204 409(45 )

147(14)

117(12)

245(13)

133 (24 )

8 9 (1 1 )

1 5 9 ( 1 2 )
1 2 9 ( 18 )

Me -I^ g lu cop yran os i& e boronate  TMSi e th e r

1-irf'r.T. M.W. Base M{& o f  Base S ig n i f i c a n t  Ions o f  Base Peak)l%SE- 3 0  -------  - — r  -~Tr~   *-------------------------- u— £------ -— Peak Peak)
Methyl 1715 362 204

3q

Phenyl 2310 424 2044-0

243( 1 ) 1 8 3 (4 ) 1 4 7 ( 1 5 )

1 3 3 ( 1 5 ) 1 2 9 ( 1 6 ) 1 1 7 ( 1 2 )

9 7 ( 7 ) 8 9 ( 1 3 )

305( 1 ) 2 4 5 ( 2 ) 1 5 9 ( 6 )

147( 19) 1 3 3 ( 1 4 ) 1 2 9 ( 1 0 )

1 1 7 ( 8 ) 8 9 ( 1 1 )



(Cl-ys5 i—0 = S i (CH^2 

X C III

CH

TMS CH

CH

CH

3 \  +Si=0—CH 3

TM5iO+ " TMSiO+

XCV cxxv
CXLVII

Me

Me



None o f  th e  e s t e r s  shows a m o lec u la r  io n ,  and w h ile  th e  o / -  auomers 

show peaks due t o  th e  11-15 io n ,  m/e = 409 and 347, th e  h ig h e s t  io n  

in the s p e c tr a  o f  th e  ft -  anomers i s  at m/e = 305 and 243 , a r i s i n g  

from the e l im in a t io n  o f  one TT-lSiO- group and th e  HeO- group.

Another d i f f e r e n c e  between th e  anomers i s  shown in  th e  i n t e n s i t y  o f  

the peaks at m/e = 245 183 > which i s  much g r e a te r  in  th e  —

anomer; th e  ion  (CLI) would, a r i s e  by th e  l o s s  o f  th e  two TMSi e th e r  

groups. Presumably th e  d i f f e r e n c e  in  conform ation  o f  th e  methoxy  

group le a d s  t o  a. d i f f e r e n c e  in  th e  s t a b i l i t y  o f  th e  i o n s .  The 

in t e n s i t i e s  o f  th e  o th e r  io n s  in  th e  s p e c tr a  show, in  g e n e r a l ,  a 

trend towards low er  v a lu e s  r e l a t i v e  t o  th e  base peak in  th e  / * -  anomers 

than in t h e ^ -  anomers, which may s u g g e s t ,  in  common w ith  th e  r e s u l t s  

above, th a t  th e  sugar  r in g  in  t h e ^  -  a.nomers i s  more u n s ta b le ,  and 

can more e a s i l y  break  down t o  g iv e  th e  base peak which i s  d.ue t o  th e  

ion XXI.

Apart from t h e s e  d i f f e r e n c e s  th e  s p e c tr a  o f  a l l  th e  isom ers are  

s im ilar , each showing peaks due to  th e  fragm en ta tion  and. rearrangement 

of the TMSi e t h e r  grou p s, i . e .  th e  io n s  at m/e = 147 (X C II), 133 (C ),  

129 (XCV), 117 (CXXV) and 89 (CXLVIl). The d i f f e r e n c e s  a r e ,  however,

a guide to  d i s t i n g u i s h i n g  between th e  anomers.

Me B -g a lac top yran os id o

The r e a c t io n  o f  th e  ©<- and -  anomers o f  t h i s  sugar (C LIl) r e s u l t s  

in the form a tio n , f o r  ea ch , o f  two p r o d u c ts .  Exam ination o f  th e  

structures o f  th e  sugar  shows th a t  t h e s e  must be th e  2 ,3 — and 4*6— 

horonate TMSi e t h e r s  (C L III ,  CLIV). A bso lu te  i d e n t i f i c a t i o n  o f  each  

is not p o s s i b l e  from c o n s id e r a t io n  o f  th e  b a s ic  boronate  r in g  io n s  o f  

21/a -  159 and 97 (LXXV) and m/e =* 146 and 84 (LXVIl), s in c e  both  o f  

■these ion s  occu r  in  each  o f  th e  s p e c t r a ,  w ith  enough s i m i l a r i t y  in  

in ten s ity  t o  p reven t  them from b e in g  d ia g n o s t i c  (Table 2 0 ) .  In t h i s

Case more a t t e n t i o n  has t o  be paid, t o  th e  o th e r  i o n s .

- 4 2 -



TABLE 2 0

Me n e t o p y r a n o s i d e  b o r o n a t e  T M S i  e t h e r s

M.W. Base M($ o f  Base S ig n i f i c a n t  Ions (%  o f  Base
- k ^ -3.0. Pe'ak)'-----   ^ -

Methyl
41

1635 362 115 259(2 )

204 ( 4 3 )

13 3 ( 1 5 )

89 (53 )

2 4 5 ( 51)
1 9 1 ( 80)

129( 4 1 )

84(26)

218 (69 )

147 (6 4 )

9 7 (5 5 )

U 1655 362 133 347(1 )

204(44)

129 (15 )
89 (12 )

245 (1 )

1 9 1 (3 )

115(7 )

84 (5 )

218 (2 )

147 (3 5 )

9 7 (1 1 )

Phenyl
4>

2130 424 177 377(4)

204(45)

147 (57 )
129 (36 )

307(51)

191 (93 )
146(36)

117 (61 )

218 (92 )

159 (3 0 )

133 (2 3 )

8 9 ( 7 1 )

44- 2165 424 133 ■ - 218 ( 30)

177(39)
146 (21 )

89 (45 )

204(69)

159(23)

129(29)

191 (33 )
147 (60 )

11 7 (3 9 )

-*^-gal act opyrano s id e  boron ate  TMSi e th e r

Methyl
*s 1615 362 115 259( 1 )

20 4 (4 2 )
1 3 3 (1 6 )

8 9 ( 31 )

245(50)

191 (74 )

129 (45 )
8 4 ( 2 2 )

218( 64 )

14 7 (5 3 )

97 (42 )

46 1655 362 133 2 4 5 ( 1 )

1 9 1 ( 3 )

1 1 5 ( 5 )
8 4 ( 2 2 )

218 (2 )

147 (21 )

9 7 (8 )

204(45)

129 (11 )

8 9 (1 2 )

Phenyl
47

2125 424 177 377( 2 )
2 0 4 (4 6 )

1 4 7 ( 5 2 )

1 2 9 ( 32)

307(49)

191(97)
1 4 6 ( 2 0 )

117(48)

218 (95 )

159 (24 )
1 3 3 (2 0 )

8 9 (3 7 )  

Contd.



TABLE 2 0  C o n tcL .

T M. I-J. Base M(fb o f  Base S i g n i f i c a n t  Io n s  (% o f  Base Peak)
1%SS-3Q P eak  Peak)

Phenyl 2165 424 133 1 218(28) 204(4 9 ) 1 9 1 ( 5 )
48

177(4 ) 159(7 ) 1 4 7 ( 2 2 )
14 6 ( 6) 129( 8 ) 1 1 7 ( 1 7 )

8 9 (1 1 )



TMSi
TMSi

Me

+

CLV

H

CLV I

TMSi TMSiG T3TMS 

XCIX

+  •

TMSiO OTMSi 
XXI



The d e r iv a t iv e s  f a l l  in t o  two s e t s ,  th e  f i r s t  w ith  a base peak at  

inZe = 177 and 115 , th e  second w ith  a base peak o f  133 . The l a t t e r  

is  due to  th e  io n  C which c o u ld  e a s i l y  a r i s e  from th e  4 ,6 —boronate  

(CLIIl) by a rearrangem ent p r o c e s s  during th e  fragm en ta tion  o f  th e  

sugar r in g ,  w h i le  in  th e  2 ,3 -b o r o n a te  th e  la r g e r  s e p a r a t io n  between  

the TMSi e th e r  and methoxy groups would make th e  p r o c e ss  more d i f 

f i c u l t .  The peak a t  n / e  = 177 and 1 1 5 , b e in g  b o r o n -c o n ta in in g ,  

would probably be due t o  th e  io n  CLV which cou ld  o n ly  be d e r iv e d  from 

the 2 ,3 -b o ro n a te  (CLIV). The six-membered. io n  o f  th a t  m/e v a lu e  

would have t o  have t h e  s t r u c t u r e  CLVI, which in  t h i s  ca se  could, o n ly  

be formed i f  th e  carbon—oxygen bond 0( — t o  "the boronate  in  t h e  

4 ,6 -  e s t e r  (CXX) were r e t a i n e d  in  p r e fe r e n c e  t o  th e  carbon-carbon  

bond 04- t o  th e  e s t e r ,  which i s  u n l i k e l y .

The f i r s t  s e t  o f  io n s  would, t h e r e f o r e ,  seem t o  be due t o  th e  2 , 3 -  

boronate e s t e r  (CLIV) and th e  second s e t  t o  th e  4 ,6 —e s t e r  (C L IIl)  and 

the other d i f f e r e n c e s  between th e  two s e t s  can be ex p la in e d  on th e  

basis o f  th e s e  s t r u c t u r e s .  The 2 ,3 —e s t e r s  show a la r g e  peak at  

M-115, i . e .  m/e s  307 and 245 , which i s  probably  due to  c le a v a g e  o f  th e  

sugar r in g ,  w ith  th e  subsequent e l im in a t io n  o f  carbons 5 and. 6 ,  a 

peak at rn/e = 218 due t o  th e  l i b e r a t i o n  o f  carbons 4 ,  5 and 6 t o  g iv e  

the ion XCII, and a peak a t  m/e = 191 (XCIX), which i s  probably  caused  

by m igration o f  th e  TUSi e t h e r  group on carbon 4 t o  carbon 6 which i s  

then e l im in a te d .  None o f  t h e s e  io n s  i s  p resen t  in  th e  4 ,6 — e s t e r  

which does not have th e  C-6 Tl-ISi e th e r  group, and so cannot break  

down in  th e s e  w ays. The o n ly  io n  i t  shows which would in v o lv e  both  

TMSi e th er  groups i s  t h a t  a t  m/e = 204 (XXX) which i s  formed by th e  

l ib e ra t io n  o f  carbons 2 and 3 , w h i le  in  th e  2 ,3 —e s t e r  i t  i s  probably  

the product o f  a rearran gem en t. The r e s t  o f  th e  io n s  seen  in  th e  

spectra o f  b oth  b o r o n a te s  are th e  u su a l  ones due t o  th e  frag m en ta t io n  

and rearrangement o f  t h e  TTISi e t h e r s .

The only apparent d i f f e r e n c e  o f  any consequence between th e  anomers 

is  shown in  th e  i n t e n s i t y  o f  t h e  peak at m/e = 89 in  th e  s p e c tr a  o f

- 4 3 -



the phenyl e s t e r s .  In th e  c>C- anomers, p a r t i c u l a r l y  in th e

2 ,3 -e s te r  i t  i s  much s tr o n g e r  than  i t  i s  in  th e  -  anomers, and 

in both c a s e s  i t  i s  s t r o n g e r  in  th e  2 , 3 - e s t e r s  than in  th e  4 , 6 - e s t e r s .

This d i f f e r e n c e  i s  th e  o n ly  a id  t o  d i s t i n g u i s h i n g  between t h e s e  

anomers, because a l l  th e  o th e r  peaks in  t h e i r  s p e c tr a  are v ery  

sim ilar .

Table 21 g iv e s  a summary o f  th e  r e s u l t s  obtained  from th e  GC-HS d a ta ,  

and shows th e  common b o r o n -c o n ta in in g  io n s  p resen t  in  th e  spectrum o f  
each d e r i v a t i v e .

In most o f  th e  c a s e s  examined., th e  form ation  o f  th e  boronate and hence  

of the boronate TMSi e t h e r  i s  unambiguous, and i s  determ ined s o l e l y  by 

the a v a i l a b i l i t y  o f  s u i t a b l y  o r i e n t a t e d  hydroxyl groups in  th e  parent  
sugar.

The on ly  sugar w ith  two f r e e  h yd roxy ls  was methyl 2 , 3 -d i-O -m e th y l-  -  

IL-glucopyranoside in which th e  h yd roxy ls  are in  a s u i t a b l e  conform ation ,  

cI b-  t o  each o t h e r ,  a l lo w in g  th e  form ation  o f  th e  4 , 6 —b oron ate .

Of the sugars w ith  t h r e e  f r e e  h yd roxy ls  th e r e  are fo u r  in  which th e  

structure o f  th e  paren t compound, a l lo w s  no ch o ic e  in  th e  form ation  o f  

the boronate. M ethyl -L -a r a b in o p y r a n o s id e ,  has o n ly  th e  3 -  and 4— 

hydroxyls c i s -  t o  each  o t h e r ,  w h i le  in  methyl C* -L-rham nopyranoside  

°aly the 2 -  and 3 -  h y d ro x y ls  are c i s -  t o  each o th e r ,  hence t h e s e  com

pounds form th e  3 , 4 -  and 2 ,3 -b o r o n a te  TMSi e th e r s  r e s p e c t i v e l y .

S im ilarly  th e  s t r u c t u r e s  o f  both  methyl K  -  and m ethyl f t  -I>-xyl opyrano s id e  

allow on ly  th e  form ation  o f  th e  2 ,4 -b o r o n a te .  In 1 , 2 - i s o p r o p y l id e n e -  

^-glucofuranose th e  p o s i t i o n s  o f  th e  hydroxyl grouns seem to  a f fo r d  

"the p o s s i b i l i t y  o f  th e  form ation  o f  e i t h e r  th e  3 , 5 -  or  "the 5 , 6 -  ^

boronate, but exam in ation  o f  a model o f  each compound, shows th a t  in  

■the 3 ,5 -  isom er th e  five-membered sugar r in g  i s  d i s t o r t e d  in to  a non-  

Planar, puckered co n fo rm a tio n ,  which i s  th e  p referred  mode, as i t  

reduces th e  i n t e r a c t i o n s  between s u b s t i t u e n t s  on th e  r in g ,  and. so th e  

3,5- boronate i s  formed p r e f e r e n t i a l l y  to  th e  5 , 6 -  boronate which  

w°uld not a f f e c t  th e  s t r u c t u r e  o f  th e  sugar r in g  t o  such a la r g e  e x t e n t .
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TABLIC 21.

Com pound.

2-deoxy-^-ribop.vranose

D e r i v a t i v e

D -dig itoxose

$  P resent  
Me Ph

100$ 87$

80$ 50$

Me /S -L -araM n op yran -  
oside

Me ^-L-rham nopyranoside

'̂ie a. c t  o py r an o s i  d e

Me q( -D-mannopyr n,no s id e

100$ 100$

100ft 100$

50$  50$

100$ 100$

S ig n i f l e a n t  
Ions

A, C, F.

A.

A, C, F.

A.

A, C, F.

A, B, C, F.



TABLE 2 1  C o n t d .

C o m p o u n d  D e  r  i  v a t  i  v e

He 0 ( - D - m a n n o p , y r a n o n i d e

6- d . e o x y - g a l  a c t  o  s

2- d e o x y - B - g a l  a c t  o s e

Me 2 , 3— d i —0—r n c t  hy 1 
®(“ I^“ £ l ' U - c o p y r a n o s i d e

o p r o p y l i d e n o - T ) -

2 " ^ -ig ito x o se

jo  P r e s e n t  S i g n i f i c a n t
I o n s

B ,  C .

1 0 0 %  1 0 0 %  A ,  C ,  S .

5 0%  4 0 %  A ,  C ,  F .

100% 1 0 0 %  B ,  D ,  S .

1 0 0 %  1 0 0 %  B .

20% 50% B ,  D .

w e

100%

Ph

87%



TABLE 21 C on td .  

C o m p o u n d D o r i v a t i v e

2- d e oxy-B- r ib  o pyran o s e

Me-D-xylopyranoside

Me B -g lucopyranoside

Me B-gal act opyrano s id e

(X —B-mannopy ran o s id e

7 i k

yo P resent  
Me Ph

13/o

100$ 100$

100$ 100$

50?i 5 of*

100$ 100$

13$

S i g n i f i c a n t
Ions

B, D.

B, E.

B.

A, b , b .

A, B, C, E.

B, C.



TABLE 21 Contd .

Cornoound D e r i v a t  ive

6-deox,y-D-glucopyrano3e

2-dcoxy-B-galact o se

£
Me

4  P r e s e n t  S i g n i f i c a n t

50^

Dh lorn

100# lOO^b B, D, E .

40fo B, D, G.

20$o B, D, G.

R
+

RB=OH
E

B

+

+ +

D

X = OTMSi M = OMe



Cl CXXVI

He

OH
CXXXIV



Of the sugars w ith  fo u r  f r e e  h y d ro x y ls  th e r e  are th r e e  in  which th e  

hydroxyl c o n f ig u r a t io n s  a l lo w s  th e  form ation  o f  d .iboronates, v i s :  

6-d eoxy -D -ga lactose ,  6 -d e o x y -B -g lu c o s e  and methyl o^-Ii-niannopyranoside • 

This l a s t  compound, c o n ta in s  both  a f i v e -  and six-membered. c y c l i c  

boronate e s t e r .  Of th e  rem aining su gars in  t h i s  group th e  o n ly  

other which forms o n ly  one d e r i v a t i v e  i s  m eth y l-B -g lu co p y ra n o s id e ,  

which forms th e  4 * 6 -  b o ro n a te .

In the rem aining c a s e s  t h e  p o s s i b i l i t y  o f  m u lt ip le  d e r iv a t iv e  form

ation e x i s t s .  In  b o th  B - d ig i t o x o s e  (C l)  and 2 -d eoxy-^ -r ib op yran ose  

(CXXVl) th e  th r e e  hyd.roxyls o f f e r  a c h o ic e  between th e  form ation  o f  

the 1 ,3 -b oron ate  or  th e  3 ,4 -b o r o n a t e .  J3 -d ig itoxose  forms th e  b oron ates  

in the r a t io  o f  1 : 4 and 1 : 1 w ith  th e  methyl and ph en y lb oron ic  a c id s  

r e sp e c t iv e ly ,  w h i le  2—deoxy—J>-ribopyranoside forms th e  3 ,4 —boronate  

e x c lu s iv e ly  w ith  m eth y lb o ro n ic  a c i d ,  and both  isom ers in  th e  r a t i o  o f  

1:6 r e s p e c t i v e ly ,  w ith  p h en y lb o ro n ic  a c i d .  Methyl IV-galact opyrano s id e  

(CLIl) g iv e s  a 1 : 1 m ixture  o f  th e  4 , 6 -b o ro n a te ,  and th e  five-merabered

2,3-boronate, and. l a s t l y  2—deoxy—IV-galactose (CXXXIV) which can form 

three isom ers, th e  4 , 6 - ,  th e  3 , 4 -  or th e  1 , 3 -b oron ates  g iv e s  a m ixture  

of the th ree  in  th e  r a t i o  o f  1 : 2 : 2  r e s p e c t i v e l y  w ith  th e  phenyl— 

boronic a c id ,  and th e  3 , 4 -  and 4 , 6 -  methylborona,tes in  th e  r a t io  o f  

3 : 1 r e s p e c t i v e l y .

These r a t io s  o f  d e r i v a t i v e s  cou ld  be due t o  s e v e r a l  p r o c e s s e s .  They 

may be th e  k i n e t i c  p rod u cts  o f  th e  b oron ation  (thougn t h i s  i s  v ery  

unlikely as boronate  e s t e r s  are formed and e q u i l i b r a t e d  v ery  e a s i l y )  

or the r e s u l t  o f  t h i s  e c r u i l ib r a t io n  p r o c e ss  lvhich alloii/s  th e  most 

stable compounds t o  p red om in ate . The r a t i o  o f  th e  o r i g i n a l  b oron ates  

■themselves mishit a l s o  be a l t e r e d  by rearrangement o f  th e  e s t e r  groups  

<hiring t r i m e t h y l s i l y l a t i o n .

an attempt t o  i n v e s t i g a t e  t h i s  l a s t  p o s s i b i l i t y ,  l a r g e r  sam ples o f  

i'he methyl— and p h e n y lb o ro n a tes  o f  both l i -d . ig i to x o se  and 2—deoxy—

Ihribose were made and p u r i f i e d ,  where p o s s i b l e ,  by r e c r y s t a l l i s a t i o n .  

These samples were th en  examined by NMR sp e c tr o sc o p y  t o  determ ine th e  

structure o f  th e  comnounds o r e s e n t  b e fo r e  t r i m e t h y l s i l y l a t i o n .



Oh

TABLE 22

Proton S ig n a l  Type H = Lie it = iJll

C -H Mult i p l e t 5 . H 5 .2 2

C2-He Mult i p l e t 1 .2 4 1 .8 3

-Ka M u lt ip le t 2 .2 0 2 .22

o3- h 4 .6 0 4 .8 4

c -H D oublet o f 4 .3 9 4 .6 1
4 Mult i p l e t  s

3 .9 5 4 .0 4

D oublet o f
5 AB System 3 .5 8 3.62

0 ~H 5 .2 2 -



The proton NUR s p e c t r a  (Appendix I I )  o f  b o th  boron ates  o f  2-deoxy— 

D-ribose show th e  same p a t te r n  o f  peaks due t o  th e  sugar ring: 

i t s e l f  (Table 2 2 ) ,  th e  major d i f f e r e n c e  between them b e in g  th e  

peaks due to  th e  group a t ta c h e d  to  th e  boron. In  th e  m ethylboronate  

there i s  a s i n g l e  peak at  0 .48£w h ich  in t e g r a t io n  shows to  be d.ue to  

three protons i . e .  t o  t h e  m ethyl o f  th e  boronate group, s u g g e s t in g  

that in  t h i s  c a s e  t h e r e  i s  o n ly  one o f  th e  two p o s s i b l e  isom ers  

present. In  th e  p h en y lb oron ate  th e  peaks due t o  th e  phenyl group at  

7.36 and 7»785are h o th  m u l t i p l e t s ,  making i t  d i f f i c u l t  t o  determ ine  

i f  there are b o th  isom ers  p r e s e n t ,  however,, th e  r e s t  o f  th e  spectrum  

matches th a t  o f  t h e  m ethyl bo ro n a te  so c l o s e l y  th a t  at l e a s t  th e  

predominant isom er p r e s e n t  has th e  same form as th e  s i n g l e  isom er o f  

the m ethy lboronate , and i f  t h e r e  are two iso m ers ,  th e  minor one mu3t  

be present in  l e s s  th an  20;% o f  th e  t o t a l  t o  make i t  in d i s t in g u is h a b le  

in the spectrum .

Double ir r a d .ia t io n  o f  th e  s p e c t r a ,  at th e  frequency  o f  th e  Ĉ —p roton ,  

removed th e  c o u p l in g  betitfeen i t  and th e  C^—p ro to n s ,  a l lo w in g  th e  iden

t i f i c a t i o n  o f  t h a t  s e t  o f  p ea k s .  Double i r r a d ia t io n  a t  th e  frequency  

of the C^—proton  a l s o  ca u sed  sharpen ing  o f  th e  Ĉ —proton  s i g n a l ,  

allowing th e  i d e n t i f i c a t i o n  o f  th e  C^-proton; t h i s  i r r a d ia t io n  a l s o  

removed th e  c o u p l in g  w ith  th e  C^—p roton , a l lo w in g  th e  i d e n t i f i c a t i o n ,  

both o f  i t ,  and, by e l im i n a t i o n ,  o f  th e  peak due to  th e  G ^-protons.

The coupling  between th e  and p roton s  was shown t o  be 8 Hz* 

Examination o f  m odels  o f  each  o f  th e  b oron ates  shows th a t  in  th e  

isomer th e  a n g le  between t h e s e  p rotons i s  app roxim ately  60 , 

while in  th e  3 j4—b o r o n a te s  i t  i s  alm ost z e r o .  The former s i t u a t i o n  

would r e s u l t  in  a c o u p l in g  co n sta n t  o f  2—4 Hz w hile  th e  l a t t e r  would 

give about 8 H2 , im p ly in g  t h a t  i t  i s  th e  3 ,4^  isom er which predom in ates .

The sp ectra  o f  th e  TMSi e t h e r s  (Appendix I I )  show v ery  s im i l a r  p a t te r n s  

°f peaks. The TMSi groups g iv e  la r g e  peaks at 0*35£ f o r  both  th e  

roethyl- and p h en y ib o ro n a tes ;  in  th e  former th e  TMSi and boronate  

methyl peaks are  sharp  s i n g l e t s  s u g g e s t in g  t h e  p resen ce  o f  o n ly  one
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isomer, but th e  TMSi e th e r  s ig n a l  in  th e  phenylboronate c o n s i s t s  

of two sharp peaks in  th e  r a t i o  o f  6 : 1 .  These r e s u l t s  match 

the r a t io s  ob ta in ed  from th e  GC-MS exam ination  o f  th e  boronate  

TMSi e th e r s .

The m ethylboronate o f  D - d ig i t o x o s e  proved to  be a c o l o u r le s s  o i l ,  

and attem pts t o  c r y s t a l l i s e  i t  were u n s u c c e s s f u l .  The MMR spectrum  

obtained from i t  showed a s im i l a r  p a t te r n  t o  th a t  o f  2 -d .eoxy-D -ribose  

methylboronate, e x ce p t  th a t  one o f  th e  C^- protons  was r e p la c e d  by a 

methyl group. The spectrum was, however, to o  complex t o  a l lo w  th e  

certain assignm ent o f  any peaks apart from th o se  due to  th e  secondary  

methyl group at 1 . 3  and due to  th e  boronate  methyl group at 0 .3  

Both o f  th e s e  s i g n a l s  seemed to  c o n s i s t  o f  a number o f  o v er la p p in g  

peaks, th e  boron ate  m ethyl s ig n a l  c o n ta in in g  th r e e  s i n g l e  peaks, and 

the secondary m ethyl c o n ta in in g  two and p o s s i b l y  th r e e  mains o f  peaks.  

The two d o u b le ts  due to  th e  secondary methyl which were c e r t a i n l y  

present were in a 1 : 1 r a t i o ,  and th e  peaks due to  th e  boronate  

methyl seemed to  be in  a 2 : 2 : 1 r a t i o .  C onversion o f  th e  boronate  

to the boronate TJiSi e th e r  o n ly  served  to  con fuse  m a tte r s ,  s in c e  the  

TMSi eth er  s i g n a l s  o v e r la p  w ith  th e  boronate methyl s i g n a l s .  Thus i t  

is  im possib le  to  c o r r e l a t e  th e  peaks observed, w ith  any o f  th e  iso m ers ,  

but i t  i s  p o s s i b l e  t o  say  th a t  in  th e  methyl boronate th e r e  were 

three isomers p r e s e n t  in  th e  r a t i o  o f  2 : 2 : 1 ,  which i s  th e  r a t io

of methylboronate TMSi e th e r s  found by GC—MS. T h is ,  and th e  r e s u l t

obtained, from 2—d e o x y r ib o s e , s u g g e s t s  th a t  th e r e  i s  no rearrangement  

taking p la ce  d u r in g  th e  t r i m e t h y l s i l y l a t i o n ,  and th e  r a t i o s  o f  

boronate Ti-lSi e t h e r s  found by GC—MS are determined by th e  r a t i o s  o f

the boronates th e m s e lv e s  b e fo r e  th e  r e a c t io n .

order to  examine w hether th e  b oron ates  p resen t  in  a m ixture b e fo re  

t r im e t h y l s i ly la t i o n  were th e  k i n e t i c  or th e  e q u il ib r iu m  p rodu cts  o f  

t be e s t e r i f i c a t i o n ,  a sample o f  D -d ig i to x o s e  was t r e a t e d  w ith  

mGthylb oron ic  acid, in  p y r id in e  and heated  at 100 C, and. samples were 

removed at f i f t e e n  m inute i n t e r v a l s ,  t r i m e t h y l s i l y l a t e d  and examined
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by GLC. The r a t i o  o f  peaks p resen t  in  th e  sample was found not 

to vo,ry, s o ,  i f  t h e r e  i s  an e c u i l i b r a t i o n  r e a c t io n  ta lc ing  p la c e ,  

it  i s  doing so v ery  q u ic k ly ,  and co n seq u en tly  th e  products  a f t e r  

f i f tee n  m in u tes ,  which was th e  standard r e a c t io n  tim e allowed, fo r  

the e s t e r i f i c a t i o n ,  must be th e  most s t a b l e  isom ers .

Examination o f  th e  b o ro n a tes  in  t h i s  l i g h t  su g g e s ts  th a t  th e  f i v e -  

membered boronate e s t e r  group i s  more s t a b l e ,  in  th e s e  compounds, 

than the six-membered e s t e r ,  s in c e  in  every  ca,se where th e  conform

ation o f  th e  sugar  h y d ro x y ls  a f fo r d s  an a p p a ren tly  equal p o s s i b i l i t y  

of forming e i t h e r  o f  th e  iso m e r s ,  in  a s i t u a t i o n  where o n ly  one o f  

them can be formed, e g .  th e  1 , 3 , 4—hydroxyl system  o f  ]>-& igitoxose  

(CXl) the f i v e —membered isom er i s  th e  major p roduct. I t  would a l s o  

seem that th e  phenyl group attached, to  th e  boron s t a b i l i s e s  th e  

six-membered r in g  w ith  r e s p e c t  to  th e  methyl group, fo r  in  s e v e r a l  

pheiiylboronates th e  r a t i o  o f  five-membered to  six-membered boronates  

is  lower than in  th e  co rresp o n d in g  m eth y lb oron ates .

The s t a b i l i t y  d i f f e r e n c e  i s  a l s o  borne out by the  e f f e c t  o f  t r im e th y l

s i ly la t io n  on m ethyl C( — D—mannopyranoside d ib o ro n a te ,  in  which both  a 

f iv e -  and s i x —membered e s t e r  group are p r e s e n t .  The major product o f  

the rea c t io n  i s  th e  boronate  TMSi e th e r  w ith  th e  five-membered e s t e r  

group, im ply ing  t h a t  i t  i s  more s t a b l e  than  th e  correspond ing  s i x — 

membered group.

Another d i f f e r e n c e  between th e  f i v e — and six-membered b oron ates  i s  

shown, by t h e i r  r e t e n t i o n  i n d ic e s  on both SE—.30 and QF—1 . In a l l  

cases where both isom ers  o f  a sugar are p resen t  th e  f i v e —membered. 

boronate has a s h o r t e r  r e t e n t i o n  t im e than th e  six-membered. b o ro n a te .

For GLC in  g en era l  th e  b o ro n a tes  are ea sy  to  form and g iv e  as much 

information a s ,  i f  not more th a n ,  th e  Tl-ISi e t h e r s .  The m u lt ip le  

Peak formation shown by any o f  them which have s u i t a o l e  hydroxyl  

conformations makes th e  exam in ation  o f  a m ixture o f  a la r g e  number o f
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them d i f f i c u l t , bum, in  tu r n ,  i t  makes i d e n t i f i c a t i o n  o f  one or  two 

isomers s im p ler  by in c r e a s i n g  th e  number o f  parameters th a t  can be 

used fo r  th e  i d e n t i f i c a t i o n .  T h is  h o ld s  to o  f o r  GC-I13, though in  

•this f i e l d  th e  d i f f i c u l t y  i s  not so g r e a t .  The sugar boronate  

TMSi e th ers  g iv e  s p e c t r a  which are s i m i l a r ,  c o n ta in in g  th e  same s e t s  

of peaks in many c a s e s ,  but th e y  are d i f f e r e n t  enough t o  be 

d is t in g u ish a b le  from a c o n s id e r a t io n  o f  th e  ion s  due not o n ly  to  th e  

boronate, but a l s o  t o  th e  TMSi e t h e r ,  when i t  i s  p r e s e n t .  For example 

in I'le D -g a la c to p y ra n o s id e  4 ? 6-b oron ate  TMSi e th e r  a boron c o n ta in in g  

peak appears at m/ e = 177 and 115 which does not appear in th e  

corresponding d e r i v a t i v e  o f  He D -g lu co p y ra n o s id e ,  a v ery  s im i la r  

compound. S i m i l a r l y  th e  peak at b / s . =  218 in th e  g a la c to p y r a n o s id e  

is  t o t a l l y  absent in  th e  g lu c o p y r a n o s id e .  The d e r i v a t i v e s  can a l s o  

be used, t o  d i s t i n g u i s h  between anomers o f  a sugar at l e a s t  as s u c c e s s 

fu lly  as th e  TMSi e t h e r s  and by a s im i l a r  s e t  o f  p r o p e r t i e s ,  in  th a t  

while th e r e  i s  n o t ,  in  any o f  t h e s e  r e s u l t s ,  a s i n g l e  peak in  one 

anomer o f  one sugar  which i s  t o t a l l y  absent in  th e  o th er  anomer, 

several peaks do show i n t e n s i t y  d i f f e r e n c e s  between th e  anomers. For 

examole, th e  m/e = 89 peak i s  s tr o n g e r  in th e  ^  -  anomer o f  Me D- 

galactopyranoside m eth y lb oron ate  TMSi e th e r  than in th e  f) — anomer, 

while in  Me .^ -g lu cop yran oside  phenyl— and m ethylboronate TMSi e th e r s  

the ion at m/e = 245 or  133 in  th e  oC— anomer i s  la r g e r  than in  th e  

corresponding anomer.

The boronate r i n g s ,  by th e m s e lv e s ,  s t a b i l i s e  th e  sugar r in g  s u f f i c i e n t l y  

for d e r iv a t iv e s  t o  show th e  m o lec u la r  io n ,  f o r  exam ple, th e  d ib o ro n a tes  

°f 6 -deoxy-13-g lucose , and 6 -d e o x y - I l -g a la c to s e ,  but th e  p resen ce  o f  any 

other groun a t a l l  r e s u l t s  in  th e  d isap pearan ce  o f  th e  molecule,r io n ,  

e*S» the d.iboronate o f  lie—B—mannooyranoside in  which th e  h ig h e s t  ion  

is bhat o f  11-31, i . e .  th e  r e s u l t  o f  th e  l o s s  o f  th e  methoxy group.

^0 r e l a t iv e  i n t e n s i t y  o f  th e  m o lec u la r  io n  i s  in c r e a se d  in  a chem ical 

ion isation  (C l)  snectrum  o f  t h e  m o le c u le .  In t h i s  tech n iq u e  a l i g h t  

Molecule such a s  methane o r  iso b u ta n e  i s  i o n i s e d  and then  in t e r a c t s
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TABLE 23

P roton S ig n a l Type Coupling: (Hz)
s

R = Me R = Ph

Cg-H d o u b le t
J 5 ,6  -  6

1 .2 2 1 .3 1

C5"H
d o u b le t o f

J4 ,5  = 2
3 .6 7 3 .9 2

q u a r te ts

c4- h d o u b le t o f
J 4 ,5  = 2

4 .3 6 4 .6 2

d o u b le ts
J 3 ,4  “ 8 ' 5

Cy-H d o u b le t o f

in•coll

rv
CO

**3 4 .7 4 5 .1 1

d o u b le ts J 2 ,3  “ 2

c 2- h d o u b le t  o f
J 2 ,3  -  2 4 .4 3 4 .6 7

d o u b le ts J ,  = 6
1 , 2

V H d o u b le t J l , 2  -  6 5 -7 7 5 -8 3



with the m o lecu le  c a u s in g  a fra g m en ta tio n  th a t  i s  l e s s  v io le n t  

than th a t shown under th e  e le c t r o n  bombardment o f  E l mass 

spectrom etry. The Cl s p e c tr a  o f  6-deoxy-I>~glucopyranose  

diborono-te w ith  m ethane and w ith  iso b u ta n e  are shown (P ig .  X II) 

along with th e  co rr esp o n d in g  E l spectrum* As can be s e e n , th e  

Cl sp ectra  are much s im p le r , though th e y  s t i l l  show c h a r a c t e r i s t ic  

ions a r is in g  from t h i s  p a r t ic u la r  compound.

The boronates can a ls o  be used as d e r iv a t iv e s ,  in  some c a s e s ,  fo r  

MR sp ec tro sco p y . They have th e  p ro p erty  o f  making th e  sugar  

soluble in a s u i t a b le  medium f o r  M R . They can a ls o  s im p lify  th e  

spectra both by d e c r e a s in g  th e  number o f  a v a ila b le  hydroxyl groups 

but a lso  by making th e  su gar m o lecu le  r i g id ,  and lo c k in g  i t  in to  

one conform ation . The m ethyl and phenyl d ib o ro n a tes  o f  6—d e o x y -^ -g a la c -  

top.yranoside were prepared  and th e  MR s p e c tr a  o f  th e s e  compounds we re  

then ob tained  (A pnendix I I )*  The b oron ates  gave very  s im ila r  sp e c tr a :  

the peaks due to  th e  sugar r in g  were alm ost id e n t i c a l ,  th e  major 

d ifferen ces b e in g  due t o  th e  ch em ica l s h i f t s  o f  th e  groups attached , to  

the boron atom. The m ethyl b oron ate shows a p a ir  o f  peaks a t 0 .4  £  

which in te g r a te  a s  b e in g  due to  s ix  p r o to n s , and are th e  s ig n a ls  o f  th e  

boron m ethyls p r e se n t  in  th e  d ib oron ate*  The peaks in  th e  phenylbor— 

onate a r is in g  from th e  phenyl group are much more com plex, making i t  

impossible to  a n a ly se  them . The r e s t  o f  th e  sp e c tr a  were a s s ig n e d  as  

shown in Table 2 3 , by s tu d y in g  th e  r e s u l t s  o f  v a r io u s  d eco u p lin g  

experiments. The q u a r te t  a t around 3*8$ would be due to  th e  C^-proton  

which would be coupled, to  both  th e  m ethyl group and th e  C^—p ro to n .

Double ir r a d ia t io n  a t th e  freq u en cy  o f  th e  C ^-proton, th e r e fo r e ,  r e v e a le d  

"the p o s it io n  o f  th e  C^—p roton  and th e  c o u p lin g  con sta n t between th e s e  

Protons (J^ , ) # Subsequent ir r a d ia t io n  a t th e  C^- proton  freq u en cy

revealed th e  p o s i t io n  o f  th e  C^- p ro to n , and th e  p ro cess  was con tin u ed  

Pfltil a l l  th e  peaks were a s s ig n e d .

The valup o f  J ( 8 .5  Hz) i s  la r g e r  than would be ex p ected  fo r  an 

in teraction  betw een an a x ia l  and an e q u a to r ia l proton  (139)>  end 

suggests th a t th e s e  hydrogens are alm ost a lig n e d  in  th e  m olecule*
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The sm all v a lu e  o f  Ĵ 9  ̂ (2  H^) i s  in c o n s is t e n t  w ith  an an g le  betw een  

them o f  1 8 0 ° , s u g g e s t in g  th a t  t h i s  a n g le  has been d e c r e a se d . Both  

of these o b s e r v a t io n s  are c o n s is t e n t  w ith  a f la t t e n e d  s tr u c tu r e  in  

which th e  sugar r in g  i s  a lm ost p la n a r , s im ila r  to  th a t  su g g e ste d  fo r  

the s tr u c tu r e s  o f  th e  d ib o r o n a te s  o f  x y lo s e  and a ra b in o se  ( 137) .

A sim ilar  s e t  o f  s p e c tr a  fo r  m ethyl ^ -B -m a n n o p y ra n o s id es , how ever, 

gave l e s s  c le a r  r e s u l t s .  Both gave sp e c tr a  c o n ta in in g  broa,d, 

unresolved peaks (A ppendix I I ) .  T h is may be th e  r e s u l t  o f  hydrogen  

bonding to  th e  oxygen  o f  th e  methoxy group . Thus th e  b oron ates can 

be said to  be good d e r iv a t iv e s  fo r  a number o f  p u rp o ses. They are  

readily formed and s t a b le  to  th e  t r im e t h y l s i ly la t io n  o f  any rem aining  

hydroxyls on th e  p aren t m o le c u le . They, or t h e ir  TMSi e th e r s  have 

good GLC p r o p e r t ie s  and th e y  g iv e  c h a r a c t e r i s t ic  fragm en ta tion  p a tte r n s  

under e le c tr o n  im p a ct, e s p e c i a l l y  b ecau se o f  th e  s t e r e o s e l e c t i v i t y  o f  

the e s te r  form a tio n  w hich i s  governed  by th e  conform ation  and c o n fig u r 

ation o f  th e  p aren t su g a r , a llo w in g  th e  p o s s i b i l i t y  o f  d is t in g u is h in g  

between both isom ers and anom ers. The b oron ates  are a ls o  u s e fu l  in  

some cases fo r  lo c k in g  th e  s tr u c tu r e  o f  a sugar fo r  NILR sp e c tr o sc o p y .

Further work in  t h i s  f ie ld ,  sh ou ld  in c lu d e  an in v e s t ig a t io n  o f  th e  

d ifferen ces in  s t a b i l i t y  o f  th e  f i v e — and six-m em bered c y c l i c  b oron ates  

in compounds o f  t h i s  t y p e ,  and. a ls o  an exam ination  o f  th e  rearrangem ent 

from a s i x -  t o  a five-m em bered. r in g  under e le c tr o n  im pact, a lo n g  w ith  

the p o ss ib le  r e v e r s e  p r o c e ss  w hich may a ls o  be ta k in g  p la c e .



2 - 3  E x p e r i m e n t  a l

2 -  3 .1  GLC and GC—IIS P roced u res

All the GLC r e s u l t s  were o b ta in e d  on a V arian A erograoh Model 204 

dual column gas chrom atograph, f i t t e d  w ith  flam e io n is a t io n — 

d etectors, and. m o d ified  by th e  rem oval o f  th e  m etal in j e c t o r  b lo c k s ,  

allowing d ir e c t  in j e c t i o n  o f  th e  sam ples on to  th e  column p ack in g , 

rather than on to  th e  m eta l w a lls  o f  th e  f la s h  h e a te r  as in  th e  

conventional a ssem b ly . The column p ack in g  was p r e -c o a te d  w ith  th e  

sta tionary  p h a se , 1%' by v je ig h t, on to  Gas-Chrom Q, 100-120  mesh, and 

was ob ta in ed  from Applied. S c ie n c e  L a b o ra to r ie s  I n c . ,  P .O . Box 44 0 ,

State C o lle g e , P e n n sy lv a n ia . The ph ases u sed  we re S‘S -3 0 , and 

QP-1. Col\imns were made up from Pyrex g la s s  tu b in g , 3mm in te r n a l  

diameter, and 10 f e e t  in  le n g t h .  The c a r r ie r  gas u sed  was n itr o g e n ,  

at a flow  r a te  o f  35 m l/m in u te .

Mass sp ec tra  were reco rd ed  on th e  LKB 9000 combined gas chromatograph — 

mass sp ectro m eter , th e  GLC c o n d it io n s  b e in g  s e t  to  match th o se  o f  th e  

original runs on th e  Aerograph in stru m en t. The a c c e le r a t in g  v o lta g e  

was 70eV.

2 -  3*2 B oronate Form ation and T r im e th y ls i ly la t io n

Dimethy 1 forrnamid.e was d r ie d  by m ix ing  i t  w ith  benzene, in  th e  r a t io  o f  

^  s l j  and d i s t i l l i n g  o f f  th e  benzene—w ater a z e o tr o p e . Magnesium 

sulphate was th en  added, to  remove th e  rem ain ing t r a c e s  o f  m o is tu r e ,  

and the so lv e n t  was d i s t i l l e d  o f f .  The dry s o lv e n t  was s to r e d  in  a 

Quickfit f la s k  f i t t e d  w ith  a d ry in g  tu b e  f i l l e d  w ith  s i l i c a  g e l .

Pyridine Was d r ied  by r e f lu x in g  i t  o v ern ig h t w ith  calcium  h y d r id e , 

aud then d i s t i l l i n g  i t .  The dry p y r id in e  was s to r e d  over  potassium

hydroxide p e l l e t s .

A8t e r i f i cat i on was e f f e c t e d  by m ix in g  a t room tem perature a known 

^®ignt o f  th e  su g a r  w ith  a volume o f  a standard  s o lu t io n  o f  th e  

horonic acid  in  p y r id in e  e o u i v a l e n t  to  double th e  number o f  m oles o f



the sugar, or fo u r  t im e s  th e  number fo r  th e  form ation  o f  th e  d .iboronate  

and then h e a t in g  a t  100°C fo r  f i f t e e n  m in u tes . The standard s o lu t io n  

was made up by d i s s o lv in g  50m£* of each b o ro n ic  a c id  in  p y r id in e ,  

purified as d e s c r ib e d , and s to r e d  in  a f la s k  f i t t e d  w ith  a rubber 

septum*

Transfer o f  th e  r e q u is i t e  amount o f  th e  a c id  was e f f e c t e d  by u s in g  a 

100 ml s y r in g e . A f te r  20 such  t r a n s f e r s ,  or soon er i f  i t  was thought  

to be n e c e s sa r y , th e  sentum was changed.

The t r im e t h y l s i ly la t io n  was c a r r ie d  out in  a way adapted from th a t  

described by DeJongh e t  a l .  ( 6 7 )* An e x c e s s  o f  each  o f  th e  r e a g e n ts ,  

HMDS and TI1CS, was added s e p a r a t e ly ,  in  th e  r a t io  o f  2 : 1 , to  th e  

solution  o f  th e  su gar o r  suge,r boronate in  p y r id in e  a t room tem perature  

The mixture was th e n  h eated  t o  100°G fo r  f i f t e e n  m in u tes . For GLC, 

a sample cou ld  be in je c te d , s t r a ig h t  in to  th e  chromatograph from th e  

pyridine s o lu t io n ,  but fo r  GC-M3 th e  m ixture was p u r if ie d  by b low ing  

off the p y r id in e  under n itr o g e i i ,  re—d .is s o lv in g  th e  s o lu b le  m a te r ia l in  

ethyl a c e ta te  to  a c o n c e n tr a t io n  o f  1 mg/m l, and f i l t e r i n g  o f f  th e  

insoluble m a te r ia l .  Sam ples o f  t h i s  s o lu t io n  were th en

injected  in to  gas chrom atograph.

NMR Spectroscopy  o f  B oron ates

In order t o  exam ine th e  b o ro n a tes  o f  some o f  th e  su gars  by N1IR 

spectroscopy, la r g e r  amounts o f  th e  d e r iv a t iv e s  were prepared  by m ixing  

one m illim o le  o f  su g a r  w ith  h a l f  a m illim o le  o f  b o ro n ic  a c id  in  dry  

pyridine and h e a t in g  a t  100°C fo r  f i f t e e n  m in u tes . The p y r id in e  was 

removed under a stream  o f  n itr o g e n  and. th e  r e a c t io n  m ixture e x tr a c te d  

with AnalaR e th e r  in  w hich th e  e x c e ss  sugar was in s o lu b le .  The 

boronates i^ere r e c r y s t a l l i s e d . ,  where p o s s ib l e ,  from a m ixture o f  

acetone and. n—p e n ta n e , a sam ple was removed, fo r  m ic r o a n a ly s is ,  and th e  

rest *?as subm itted  f o r  HKR s p e c tr o sc o p y .

sp e c tr a  we re o b ta in e d  on a V arian HA 100 , lOOH  ̂ NIIR S p ectro—

m* t e r j  i n  c h l o r o f o r m  a s  s o l v e n t .



Both the m eth y l- and p h en y lb o ro n a tes  o f  t h i s  sugar were found to  be 

c r y s ta ll in e •

Methylboronate -  found C-4 5 »59/2> H—7*03/i; required, fo r  CgH-^BO^, 

0 - 4 5 . 6 ^ :  H -7 .02^  M .p t. 75-80°C .

Phenylboronate -  found. 0- 6 0 . 05^ , H-5 #96/~; requ ired  fo r  C ^R^BO ^,

C -6 p .0 8 $ , H -5 .9 4 ^ . M .p t. 129-133°C .

6-deoxy-D -glucopyranose

Phenylboronate -  found C-64«35a,» H—5»37$>5 required, fo r  

C -6 4 .3 5 ^ , H -5.37/^ . M .p t. 66- 68°  C.

Methyl C(-B-m annopyranoside

Phenylboronate -  found C -6 5 . 72^ , H -5-33^; req u ired  fo r  c 19h 20bo6 ,

0- 6 5 . 70^ , H -5 . 36/0. M .p t. 112-114°C .
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3 .  TEC  A P P L I C A T I O N  0 ?  GLC AND G C - I IS  TO T E E  STUDY O P  

PLANT E A T E R I A L

3 - 1  I n t r o d u c t i o n

In recent y e a r s  th e  s/nount o f  work done on th e  exam ination  o f  p la n t  

material fo r  n a t u r a l ly  o c c u r r in g  te r p e n o id  compound.s has been  

increasing s t e a d i l y .  A sid e  from th e  c l a s s i c a l ,  p u re ly  s t r u c tu r a l  

type o f  in v e s t ig a t i o n ,  te r p e n e s  have "been shown to  "be u s e fu l  both  

for chemotaxonomy, where th e  f a m i l ia l  r e la t io n s h ip  o f  p la n ts  i s  

studied w ith  r e fe r e n c e  t o  t h e i r  ch em ica l c o n s t i t u e n t s ,  and. f o r  chem— 

osystem atic s t u d ie s  o f ,  f o r  exam ple, th e  e f f e c t s  on t h e i r  ch em istry  

of cr o ss -b r e e d in g  two p la n ts  ( 1 4 0 ) .

The c l a s s i c a l  t e c h n iq u e s  o f  o b ta in in g  pure sam ples o f  th e  compounds 

from p lan t m a te r ia l in v o lv e  th e  e x tr a c t io n  o f  la r g e  q u a n t i t ie s  o f  

the p lant in  a s u i t a b le  s o lv e n t ,  e i t h e r  a t room tem perature (141 -  143) 

under r e f lu x  (1 4 4 , 1 4 5 ) ,  or by steam  d i s t i l l a t i o n  (1 4 0 , 1 4 3 ) . The 

extract obtained , i s  co n cen tra ted , by th e  rem oval o f  th e  s o lv e n t  and th en  

the in d iv id u a l com ponents are sep ara ted  by d i s t i l l a t i o n  und.er vacuum 

(141, 146) ,  by chrom atography on s i l i c i c  a c id  (1 4 7 ) ,  s i l i c a  g e l  (142 )  

or alumina (1 4 3 -1 4 5 , 1 4 8 ) o r ,  where s u f f i c i e n t  o f  th e  major component 

is  p resen t, by f r a c t i o n a l  c r y s t a l l i s a t i o n  ( l 50 ) .

There are d isa d v a n ta g e s  a tta c h e d  to  th e s e  te c h n iq u e s . The la r g e  

amount o f  p la n t m a te r ia l  o r i g i n a l l y  req u ired  may be d i f f i c u l t  to  

obtain u n le s s  th e  p la n t  under s tu d y  i s  r e a d i ly  a v a i l  e .b le , and. i t  a ls o  

ontails th e  u se  o f  la r g e  amounts o f  s o lv e n t .  E x tr a c t io n  o f  th e  p la n t  

^der r e f lu x ,  or  d i s t i l l a t i o n  o f  th e  e x t r a c t ,  may b oth  cause th e  

decomposition o r  rearrangem ent o f  any u n s ta b le  compounds p r e s e n t ,  

resu lting  in  a r t e f a c t s  w hich were n ot p r e se n t  in  th e  o r ig in a l  m a te r ia l ,  

uhile i t  has been shown th a t  c e r ta in  compounds undergo changes in  th e  

presence o f  ch rom atograph ic m a te r ia l*  P e ta s in  (CLVIl) rearra n g es to  . 

f °rm is o p e ta s in  (C L V lll)  in  t h e  p resen ce  o f  alum ina o r  s i l i c a  g e l  (1 5 1 )
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germacrene-C (CLIX) form s £ -e le m e n e  (CLX) a t 100°C, or a t room 

-temperature in  th e  p resen ce  o f  s i l i c a  g e l  ( 1 5 2 ) and c a p a r r a p itr io l  

(CLXl) s u f f e r s  d eh yd ra tio n  on an alum ina column to  g iv e  

caparrapidiol (CLXIl) and n e r o l id o l  (C LXIIl) (1 5 3 ) .

The sep a ra tio n  o f  in d iv id u a l  compounds from th e  e x tr a c t  i s  a ls o  

d if f ic u l t ,  s in c e ,  a lth o u g h  d i s t i l l a t i o n  and. chromatography are  

e f f ic ie n t  in  d e a lin g  w ith  th e  m ajor p r o d u c ts , th e  m inor compounds 

may be obscured  ( 1 4 0 ) .

Some o f th e se  d . i f f i c u l t i e s  have been  overcome by th e  in tr o d u c t io n  o f  

the tech n iq u es o f  GLC and GC-M3. The s i z e  o f  sample req u ired  i s  much 

sm aller, and a f t e r  a c a r e fu l  e x tr a c t io n  th e  m a te r ia l can be in j e c t e d  

straight in to  th e  gas chrom atograph w ith ou t any in term e d ia te  oper

ations ( 154) ,  r e d u c in g  th e  r i s k  o f  a r t e f a c t  form ation  and a llo w in g  a 

much fa s t e r  a n a ly s is  o f  a much sm a lle r  amount o f  p la n t m a te r ia l than  

can be achieved, by th e  c l a s s i c a l  m ethods. The s e n s i t i v i t y  o f  th e  

gas liq u id  chrom atograph i s  s u f f i c i e n t  t o  show peaks due even t o  

minor components w hich m ight have been overlooked, by th e  c l a s s i c a l  

method, but t h i s  in  i t s e l f  i s  th e  cau se o f  one o f  th e  main d isa d v a n ta g es  

of the method, th e  o v e r la p p in g  o f  peaics in  a GLC tr a c e  (1 4 0 ) .  T h is  i s  

caused both by th e  o ccu rren ce  o f ,  f o r  exam ple, a number o f  compounds 

°f a s im ila r  t y p e ,  such  e,s s e sq u ite r p e n e  hydrocarbons, or  by th e  

s im ila r it ie s  in  r e t e n t io n  c h a r a c t e r i s t i c s  o f  compounds o f  two d i s t in c t  

^ypos, such as oxygenated. m onoterpenes and se sq u ite r p e n e  hydrocarbons 

(l4 0 ). These d i f f i c u l t i e s  can be p a r t i a l l y  overcome by a d ju s t in g  

the op era tin g  c o n d it io n  o f  th e  gas chrom atograph t o  in c r e a se  tn e  r e s 

olution, fo r  exam ple, by programming a l in e a r  in c r e a se  in  tem perature  

during th e a n a ly s i s  (140 )*  or by th e  u se  o f  s u i t a b le  s ta t io n a r y  p h a se s .  

The major d i f f i c i i l t y  in  t h i s  tec h n iq u e  i s  th e  id e n t i f i c a t io n  o f  

individual compounds.

Although a c o r r e la t io n  o f  s tr u c tu r e  w ith  r e te n t io n  in d ex  has been  

shown to  h o ld , n ot o n ly  f o r  such  s im p le  m o lec u le s  as n -a lk a n e s , but 

&iso for  th o se  as com plex a s  s t e r o id s  ( 155 ) > such a c o r r e la t io n  has
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not been found, fo r  s e s q u ite r p e n o id s .  In  th e  ca se  o f  a few s e s 

quiterpenes, th e  s tr u c tu r e s  o f  which can be regarded as b ein g  

derived, from th o se  o f  co rresp o n d in g  m onoterpenes by th e  a d d it io n  

of on iso p r o p y l grou p , th e  r e t e n t io n  in d ic e s  have been shown to  

be d iv is ib le  in to  a v a r ia b le  part from th e  raonoterpene, p lu s  a 

constant part from th e  is o p r o p y l group. Thus from th e  r e te n t io n  

indices o f  th e  m on oterp en es, i t  i s  p o s s ib le  to  p r e d ic t  rou gh ly  th e  

indices o f  th e  co rr esp o n d in g  s e s q u ite r p e n e s  ( 156) .

Generally, hov?ever, t h i s  i s  not p o s s ib l e .  There are a number o f  

parent se sq u ite r p e n e  s k e le t a ,  w hich can be m o d ified  by v a r io u s  

stereochem ical a l t e r a t i o n s ,  w ith  th e  r e s u l t  th a t  th e  t o t a l  number 

of p o ss ib le  s t r u c tu r e s  i s  f a i r l y  la r g e .  A lthough i t  i s  p o s s ib le  

to group th e s e  s t r u c tu r e s  a c c o r d in g  to  t h e ir  parent s k e le t a ,  th e  

retention  in d ic e s  o f  members o f  each  groups can be q u ite  d i f f e r e n t

(1 5 7 ).

Id e n tif ic a t io n  i s  more r e a d i ly  ach ieved  by com parison o f  th e  r e te n t io n  

data o f th e  unknown compound w ith  th o se  o f  s ta n d a rd s , but th e  d i f 

f ic u lty  here l i e s  in  am assing  a s u i t a b le  s e t  o f  d a ta . T h is would  

either have to  be o b ta in e d  by experim ent on a la r g e  c o l l e c t i o n  o f  

su itab le compounds, o r  from r e s u l t s  quoted in  th e  l i t e r a t u r e  on th e  

subject. The l a t t e r  may, how ever, be o f  l i t t l e  u s e ,  s in c e  th e  GLC 

retention  d ata  reported , have been obtained, from a v a r ie ty  o f  

stationary p h ases ( 157- 1 6 1 ) ,  and s in c e  th e  a n a ly s is  o f  a complex  

fixture on a number o f  colum ns i s  v ery  d i f f i c u l t ,  any d a ta  o b ta in ed  

from s ta t io n a r y  p h ases o th e r  than  th e  ones w hich are b e in g  r o u t in e ly  

used cannot be e a s i l y  u t i l i s e d .  In  s p i t e  o f  th e s e  d i f f i c u l t i e s ,  

however, th e  a n a ly s is  o f  n a tu r a l p rod u cts by GLC a lo n e  i s  a u s e fu l

"technique (1 59 ,  1 6 0 ) .

The add ition  o f  th e  mass sp ec tro m eter  makes id e n t i f i c a t io n  e a s ie r ,  

"though s t i l l  not c e r t a in .  The same problem s o f  standard, d ata  s t i l l  

urise, but here th e y  are  l e s s  in t r a c t a b le .  The d a ta  rep o rted  in
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the l i t e r a t u r e  can be u sed  to  a much g r e a te r  e x te n t  and th e r e  are

a number o f  so u r c e s  from w hich in fo rm a tio n  can be g le a n e d , v iz :

papers on in d iv id u a l  s e t s  o f  compounds ( l 6l - 17l )  or on a g en era l

fie ld  (172, 173) > or c o l l e c t i o n s  o f  mass s p e c tr a  which can a r is e

from compounds o f  th e  same ty p e ,  but w h ile  a b so lu te  i d e n t i f i c a t io n

may not alw ays be p o s s i b l e ,  th e  compounds observed can u s u a l ly ,  a t

le a st, be c l a s s i f i e d  a cco r d in g  to  t h e i r  chem ical ty p e s  ( 154 , 179) ,

and w hile i d e n t i f i c a t i o n  i s  p o s s ib le  even  w ith ou t th e  u se  o f  th e

retention c h a r a c t e r i s t i c s  ( 1 5 4 )> th e  com bination  o f  mass s p e c tr a l

and re te n tio n  date, in c r e a s e s  th e  p r o b a b il i ty  o f  any id e n t i f i c a t io n  made.

Thus the a p p lic a t io n  o f  GO—IIS to  th e  a n a ly s is  o f  p la n t e x tr a c ts  has 

the advantages o f  r e q u ir in g  a low  sam ple s i z e ,  b e in g  cruick, l e s s  l i k e l y  

to cause a r t e f a c t  form a tio n  th an  c l a s s i c a l  methods and ab le  to  g iv e  

data on minor com ponents o f  th e  m ix tu re . A lthough i t  has th e  d is 

advantage th a t i t  may not be p o s s ib le  to  id e n t i f y  each in d iv id u a l  

compound, th e y  can a t l e a s t  be c l a s s i f i e d  by chem ical ty p e . I t  would 

seem, th e r e fo r e ,  th a t  t h i s  te c h n iq u e  i s  b e s t  s u it e d  fo r  th e  i n i t i a l  

analysis o f  a p la n t ,  to  show i f  i t  i s  w orthw hile i s o l a t i n g  any o f  th e  

compounds from a la r g e  s c a le  e x t r a c t ,  and as an a id  to  th e  id e n t i f 

ication o f  any such  compounds i s o l a t e d .

The method adopted f o r  th e  e x tr a c t io n  and exam ination  o f  p lan t m a te r ia l 

is derived from th a t  u sed  by It.A .B . ICeates in  h is  s tu d ie s  on P e t a s i t e s  

hyhrid.us ( l 80 ) .  The e x tr a c t  was made by m aceratin g  th e  p la n t in  a 

suitable s o lv e n t ,  f i l t e r i n g ,  and re—e x tr a c t in g  th e  re s id u e  in  fr e s h  

solvent tw ice  more in  th e  same way. F urther re—e x tr a c t  ion  o f  th e  

Plant showed th a t  t h i s  method r e s u lt e d  in  th e  e x tr a c t io n  o f  most o f  

ihe desired, com ponents.

This t o t a l  e x tr a c t  o f  th e  p la n t  c o n ta in s  a number o f  compounds apart 

Tron the s e s q u ite r n e n o id s  w hich wore to  be s tu d ie d , fo r  exam ple,

^unnins, P igm ents, g ly c o s id e s  and p h o sp h o lip id s , which are a l l  in v o l

v e  and th e r m a lly  u n s ta b le .  I n je c t io n  o f  th e s e  compounds onto a 

Sas °hromat0g ra p h ic  column a t h ig h  tem p eratu res would, r e s u l t  in  t n e i r
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pyrolysis g iv in g  p ro d u cts  v;hicli m ight in t e r f e r e  w ith  th e  exam ination  

of o ther, more s t a b le  compounds, and which would cause rap id  d e te r 

ioration o f  th e  colum n. I t  t h e r e f o r e ,  seemed e s s e n t ia l  to  sep a ra te  

these in v o la .t i le  compounds from th e  more v o l a t i l e  compounds which  

are s u ita b le  f o r  a n a ly s is  by GLC.

Both d i s t i l l a t i o n  and th e  u se  o f  TLC or column chromatography on 

s i l ic a  or alum ina were u n d e s ir a b le  b ecau se o f  th e  p o s s i b i l i t i e s  o f  

decomposition or rearrangem ent mentioned, above, and any methods based, 

on the p o la r i t y  o f  th e  sam ple would o n ly  be p a r t ly  e f f e c t i v e ,  because  

of the v a r ia t io n  in  p o la r i t y  o f  both  th e  s e s q u ite r p e n o id s  and. th e  

in ter fe r in g  compounds. The major d if f e r e n c e  between th e two groups 

of compounds l i e s  in  t h e i r  m o lecu la r  w eigh ts#  Most o f  th e  in t e r f e r in g  

compounds have h ig h  m o lec u la r  w e ig h ts , i . e .  g r e a te r  them 600, compared, 

to those o f  th e  s e s r a iite r n e n o id s  which range between 200 and 4 0 0 , so a 

separation method, based, p r im a r ily  on m o lecu la r  w eight or m o lecu lar  

size vias n eed ed . Such a se p a r a t io n  can be ob ta in ed  by u s in g  a liq u id .— 

gel column in  w hich th e  n o la r i t y  o f  th e  g e l  i s  ap p roxim ately  th e  same 

as the p o la r i ty  o f  th e  s o lv e n t .  Under th e s e  c o n d it io n s ,  (g e l  f i l t r a t i o n )  

the n o la r ity  o f  th e  in d iv id u a l compounds has no e f f e c t  on t h e i r  ord er  

of e lu t io n , t h i s  b e in g  governed, t o t a l l y  by t h e i r  m o lecu lar  s i z e  ( lB o ) .

Thus, by p a s s in g  th e  e x tr a c t  through  a g e l - f i l t r a t i o n  column, th e  

high m olecular w eigh t comnound.s were removed. Hxarnination o f  th e  

extract, by GLC, b oth  b e fo r e  and a f t e r  chrom atography, gave id e n t ic a l  

resu lts , showing th a t  th e  compounds s u i t a b le  fo r  GLC a n a ly s is  had a l l  

been elu ted  from th e  colum n, and t h a t ,  as fa r  as could be judged from 

their re ten tio n , in d ic e s ,  th e y  had been u n a lte r e d . The sample th u s  

obtained was examined, by GLC and then, by GC—113.

oU°h a p re lim in a ry  in v e s t ig a t io n  was f i r s t  ca rr ied  out on th r e e  p la n t s ,  

^ o j o r ia ^ y i t i e n s i s# B a ile y  and Sm ith; Pet as i t  e s  hybrid us (L ), P I . W itt; 

c*'1̂  Pot as i t  e s  f r a  grans ( V i l l . ) C. P r e s l •

- 5 9 -
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Degeneria v i t i e n s i s  i s  a shrub found, in  -the F i j i  I s la n d s  and i s  

related  to  th e  genus Drimys ( l 8 l ) ,  p la n ts  o f  which have been found  

to be r ic h  in  t e r p e n o id s  (1 8 2 -1 8 4 ) .  I t  was examined p r e v io u s ly  by 

Pojer and co -w ork ers ( 1 8 5 ) ,  who e x tr a c te d  a sample o f  le a v e s  and 

twigs w ith  l i g h t  p etro leum  ( b .p .  40-60°C ) a t room tem p era tu re .

The s o lu t io n  o b ta in ed  in  t h i s  way was e x tr a c te d  w ith , in  tu r n , 5^ 

so lu tion s o f  h y d r o c h lo r ic  a c id ,  sodium b ic a r b o n a te , sodium ca rb on ate , 

and sodium h y d r o x id e . T hese e x t r a c t s  proved to  be in tr a c ta b le  

mixtures excep t f o r  th a t  from th e  b ica r b o n a te  which y ie ld e d ,  on 

chromatography on s i l i c a  g e l ,  an a c id ,  id .e n t if ie d  as 2 -h y d ro x y -6 -  

methoxyhenzoic a c id .  From th e  n e u tr a l f r a c t io n s  rem aining a f t e r  th e  

ex tra c tio n s , chrom atography on alum ina s e p a r a t e d y 3 - s i t o s t e r o l  and a 

paraffin  wax.

Plants o f  th e  genus P et as i t  e s  have been in t e n s iv e ly  stud ied , s in c e  th e  

discovery o f  th e  s e s q u ite r p e n o id  e s t e r  p e ta s in  (CLVIl) (1 8 6 ) ,  and th e

subsequent d e te r m in a tio n  o f  i t s  s tr u c tu r e  (151^ and a b so lu te  con-
^jgurp t i on (18  7 ,1 8 8  ) .  I s o p e t a s in  (C L V IIl) and S - i s o p e t a s in  ( C L X I Y )___
were a lso  found to  c o -o c c u r  in  P e t a s i t e s  hyb rid u s w ith  p e t a s in ,  a l l  
three o f  th e se  com pound s e e i n g  based  upon th e  erem ophilane skereiron

(CLXV). A number o f  compounds d er iv ed  from furanoerem ophilane

(CLXVT) and e r e m o p h ile n o lid e  (CLXVIl) have a ls o  been i s o la t e d  from

plants o f  t h i s  genus (1 8 9 , 1 9 0 ) .  A v a r ie ty  o f  P e t a s i t e s  hybridus

was found to  c o n ta in  fu r a n o p e ta s in  (CLXVIIl) ( l 9 l ) ,  and o th er

furanoeremophilan.es o xygen ated  at C—9 (CLXIX) though i t  did. not

contain p e ta s in  or any o f  th e  non—fu ran o id  compounds; P .a lb u s  and

Eidooonicus were found to  c o n ta in  furanoi& s oxygenated  a t C—2 such as

Pctasalbin (CLXX) and i t s  a n g e la te  e s t e r  (CLXXI) (1 9 2 , 193) , a t C-2

and C-5 (CLXXII) (1 9 3 ) and a t C-6 and C-9 (CLXXIIl) (1 9 3 ) ,  though as

?-»hybridus th e r e  were found t o  be two v a r i e t i e s  o f  P .a lb u s  one

containing fu r a n o id s  and th e  o th e r  c o n ta in in g  non—fu ra n o id s  (1 9 4 ) .

p e t a s i t o l id e s  (CLXXIV, CLXXV) have been is o la t e d  from P . o f f i c i n a l i s

(189) whicli has been shown to  be a form o f  P . hybrid us (195) • These

c°rapounds occu r v;ith  th e  fu ran oerem op h ilan es but n e ith e r  ty p e  has
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been i s o la t e d  from a p la n t w hich produces p e ta s in .  The two sub

species o f  P .h y b r id u s  w hich are d is t in g u is h a b le  by th e  occu rren ce  

of furanoid and n o n -fu ra n o id  s e s q u ite r p e n o id s  have been found in  

various lo c a t io n s  a l l  ov er  w estern  uurope ( l9 4 )>  so th e  d if f e r e n c e  

in the ch em istry  o f  t h e s e  p la n ts  i s  not a p u re ly  g eo g ra p h ica l e f f e c t .

The pattern  o f  o ccu rren ce  o f  th e s e  compounds throughout th e  genus 

has been u sed  in  s y s te m a t ic  s tu d ie s  o f  th e  r e la t io n s h ip s  o f  in d iv id u a l  

plants w ith in  th e  g en u s, a ttem p ts  b e in g  made to  c o n str u c t a fa m ily  

tree fo r  th e s e  p la n ts  ( 1 9 3 ) .

P eta s ite s  h yb rid u s was a ls o  s tu d ie d  in  Glasgow by R .A .B . K ea te s, as  

a prelim inary t o  h i s  exam in ation  o f  th e  b io s y n th e s is  o f  p e ta s in ,  

using a s im ile .r  method to  th a t  o u tlin ed . (1 3 0 ) ,  so an exam ination  o f  

th is p lant was e x p e c te d  to  se r v e  as a check o f  th e  a n a ly t ic a l  te c h 

niques used in  t h i s  s tu d y .
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3 -  2 R e s u lts and D is c u s s io n

3 - 2 - 1  D egenerie, v i t i e n s i s

Samples o f  tw ig  and l e a f  m a te r ia l o f  De^reneria v i t i e n s i s  were 

provided by P r o fe s s o r  K. Mart in -S m ith , in  November o f  1971 . Three 

lOg p o rtio n s o f  each  ty p e  o f  p la n t m a te r ia l were e x tr a c te d  w ith  th r e e  

different s o lv e n t s ,  e th a n o l ,  e th y l  a c e ta te  and n -h ep tan e and th e  

so lu tions o b ta in ed  were c o n c e n tr a te d  and examined by GLC on Vp SB-30 

after g e l f i l t r a t i o n  to  remove any h igh  m o lecu la r  w eight compounds 

present •

The ethanol and e t h y l  a c e ta t e  e x t r a c t s  o f  th e  tw ig  m a te r ia l gave 

sim ilar GLC t r a c e s  ( F ig .  XIV) c o n ta in in g  a la r g e  amount o f  u n reso lv ed  

material in  th e  r e g io n  where peaks due to  s e sq u ite r p e n o id  compounds 

might be e x p e c te d , and a few  w e ll  reso lv ed , p eak s. The heptane e x t r a c t ,  

however, (F ig .  XV), showed much l e s s  o f  th e  in t e r f e r in g  m a te r ia l,  th e  

same w e ll -d e f in e d  peaks and some which were not p resen t in  th e  o th e r  

traces. The e x t r a c t s  o f  th e  le a v e s  were a l l  v ery  s im ila r  and showed 

■the same p a ttern  as th e  e th a n o l and e th y l a c e ta te  e x tr a c t s  o f  th e  tw ig s  

(Fig. XVI). A l l  th e  m ajor peaks observed  in  th e  GLC tr a c e s  o f  each  

of the e x tr a c ts  were found to  o ccu r in  th e  tr a c e  o f  th e  heptane e x tr a c t  

of the tw ig  m a te r ia l and so i t  was d ec id ed  to  examine t h i s  e x tr a c t  by 

GC-MS, The r e t e n t io n  in d ic e s  and mass s p e c tr a l  p r o p e r t ie s  o f  th e  

major peaks are shown in  T ab le 24> in  which th e  compounds are la b e l l e d  

according to  t h e i r  o rd er  o f  appearance on th e  GLC t r a c e .  E x tr a c t io n  

of a second sam ple o f  tw ig  m a te r ia l in  n—heptane was found, by th e  

same tech n iq u e , to  c o n ta in  compounds D1-D4* D7> DIO s-nd. DH»

- 6 2 -



TABLE 24

Compound ^ (i<y-SE~ 50) 

D1 1575

D2

D5

D4

D5

D6

B7

D8

1580

1460

1540

1845

1940

1975

2060

Apparent M 
{%  o f  Base Peak)

204 (20)

204 ( 4)

204 (62)

220 ( 4)

270 ( 7)

284 ( 8)

284 ( 7)

298 ( 6)

Base
Peak

105

81

105

45

88

88

88

55

[c,2 o f  Base Peak)

119(98) 161(42)

41(65) 81(45)

95(96) 68(76)

67(55) 107(51)

91(50)

95(97) 107(96)

79(86) 67(72)

91(70)

41(81) 95(57)

69(54) 108(50)

45(60) 101(55)

55(58) 57(55)

157(11)

45(77) 101(54)

41(49) 57(57)

157(10)

101(50) 45(57)

55(24) 57(20)

157( 9)

45(86) 41(78)

88(71) 57(60)

85(20)

95(65)

91(42)

41(67)

55(46)

81(86)

121(71)

79(57)

55(45)

41(40)

69(25)

55(51)

69(55)

41(24)

69(14)

69(72)

85(50)



TABLE 24 Contd.

Compound SE-50 Apparent 1;I+
(yj o f  Base Peak)

Base
Peak

S tron gest Ions  
( ‘/o o f  Base Peak)

D9 2145 508 ( 8) 67 81(85)

95(61)

55(76)

54(42)

41(64)

82(41)

DIO 2180 510 ( 6) 55 45(96)

57(70)

85(22)

41(94)

85(69)

69(94)

88(47)

Dll 2205 550 ( 5) 255 257(65)

212(11)

81(10)

165(56)

259(11)

256(17)

199(10)

D12 2450 590 ( ) 149 57(40)

70(24)

167(56)

41(25)

71(26)

279(10)
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Compounds Dl -  D3

Each o f  th e s e  compounds has a m o lecu la r  ion  o f  m/e = 204, c l a s s i f y i n g  

them as s e sq u ite r p e n e  h yd rocarb on s, w ith  th e  form ula C1t_Hoyl, From
lp  24

the ta b le s  o f  r e t e n t io n  in d ic e s  and mass s p e c tr a  com piled  from 

lite ra tu re  and ex p er im en ta l d a ta  (Appendix I I I )  a t e n t a t iv e  id en 

t i f ic a t io n  o f  each  o f  them can be made.

There are two compounds w hich have s im ila r  GC-4IS p r o p e r t ie s  to  compound 

Dl. The f i r s t  i s  (X -co p a en e  (CLXXVl) w hich has a r e te n t io n  in d ex  on 

1$ SE-30 o f  1379 (1 5 8 ) and a mass spectrum  which c o n ta in s  th e  same 

major peaks as th a t  o f  compound Dl (173)*  There are d i f f e r e n c e s  in  

the r e la t iv e  i n t e n s i t i e s  o f  co rresp o n d in g  peaks in  b oth  s p e c tr a ,  but 

these may be due t o  a 'v a r ia t io n  in  th e  c o n d it io n s  und.er which th e  

spectra, were o b ta in e d , f o r  though  th e  a c c e le r a t in g  v o lta g e  was 70eV 

in each c a s e ,  th e  in stru m en ts  were d i f f e r e n t  and. t h i s  could, le a d  to  

such a d if f e r e n c e  in  i n t e n s i t i e s ,  though not to  a d if f e r e n c e  in  th e  

m/e v a lu e s . The second, compound, i s  6^—cubebene (CLXXVIl) which a ls o  

has a s im ila r  m ass spectrum  ( 1 7 3 )* U h ile  i t s  r e t e n t io n  in d ex  on 

l/i SS— 30 i s  not known, com parison o f  i t s  r e t e n t io n  c h a r a c t e r i s t i c s  on 

other s ta t io n a r y  p h ases  w ith  th o se  o f  s e s q u ite r p e n e s  which have been  

run on SB-30 s u g g e s t s  th a t  i t s  r e t e n t io n  in d ex  would be s im ila r  to  

that o f Dl ( 1 5 3 ) .

Compound D2 i s  a lm ost p e r f e c t l y  matched, b y e l e m e n e  (CLXXVTIl),

Again a com parison o f  th e  r e t e n t io n  c h a r a c t e r i s t ic s  o f  elem ene on 

different s t a t io n a r y  p h ases s u g g e s t s  th a t  on t h i s  phase th e  r e t e n t io n  

index would, be v e r y  s im i la r  ( 1 5 3 ) ,  w h ile  th e  mass sp e c tr a  c l o s e l y  

resemble each  o th e r , e s p e c i a l l y  in  th e  o ccu rren ce  and h ig h  r e l a t i v e  

in ten sity , in  e a c h , o f  th e  io n  o f  m/e « 68 ( 1 7 2 , 173)*

la s t  o f  th e  h yd rocarb on s, D3, has a mass spectrum  w hich c l o s e l y  

resembles th o se  o f  0(— and s e l in e n e  (CLXaIX, CL/OCX) (173)>  though  

^6 r e te n tio n  in d ic e s  o f  th e s e  compounds w h ile  not known on S£j—30 

nay be h ig h er  th a n  th a t  o f  D3 ( 1 5 8 ) .  Once a g a in  b o th  o f  th e s e

- 6 3 -
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compounds .reive th e  same io n s  under e le c tr o n  impact as D3 though th e  

relative i n t e n s i t i e s  are d i f f e r e n t .  Of th e  tw o, th e  - iso m e r  

(CLXXIX) i s  perhaps th e  more l i k e l y  as i t  shows a much weaker peak  

due to th e  m o lec u la r  io n  th an  d o e s^  - s e l i n e n e  (CLXXX).

Compound D / j

This compound has a m o lec u la r  ion  o f  220 w hich s u g g e s ts  th a t  i t  has

the formula C -,_H -.0. Treatm ent o f  a sample o f  th e  e x tr a c t  w ith  lp  24
s ily la t in g  r e a g e n t , h is ( t r im e t h y ls i ly l ) a c e t a m id e  (BSA) and 

tr im e th y ls ily l im id a z o le  (TSUI) in  th e  r a t io  1 : 1 ,  and re chromatography 

on 1  ̂ SB-30 showed no change in  t h i s  peak , su g g e s t in g  th a t  t h i s  i s  not

an a lc o h o l. A s im i la r  t e s t  f o r  a carb on yl group perform ed hy

treating a sam ple o f  th e  e x tr a c t  w ith  m ethoxy1amine h y d ro ch lo r id e  

in pyridine to  form a m ethyl oxime a ls o  proved u n s u c c e s s fu l ,  im p ly in g  

that the compound, i s  e i t h e r  an e th e r ,  or  th a t  i t  i s  very  u n r e a c t iv e .

Compounds I)5-1)10

The mass s p e c tr a  o f  t h e s e  compounds are v ery  s im ila r  to  one an oth er  

and the p a ttern  o f  peaks and th e  m o lecu la r  in  w e ig h ts  su g g est th a t  

they may be f a t t y  acid, e s t e r s  ( 1 9 6 ) ,  s in c e  th e  la r g e r  peaks are th o se

of low m/ e im p ly in g  th a t  th e y  have been formed by th e  breakdown o f  an

acyclic compound. The b ase  peak in  each o f  th e  f i r s t  th r e e  compounds 

Has an m/e v a lu e  o f  83 w hich co u ld  a r i s e  from e i t h e r  an e th y l e s t e r  

(CLXXaI )  or a m ethyl e s t e r  o f  an 0(—m ethyl f a t t y  a c id  (CLXXXIl) by a 

McLafferty rearrangem ent a s  shown (B ig* X V Il) (7 7 , 7 8 , 196)* I*1 e ach

spectrum, how ever, th e  h ig h e s t  io n  ap art from th e  m o lecu la r  io n , at  

Hi/e * 270, 284 and 284 r e s p e c t i v e ly ,  i s  th a t  due to  a l o s s  o f  45 mass 

from th e  m o le c u le , i . e .  a t m/e = 225 , 239 and 239 r e s p e c t iv e ly .

Thi s  i o n  w o u l d  b e  d u e  t o  t h e  l o s s  o f  t h e  - 0 0 ^  i o n  i n  e a c h  c a s e .  A  

s i m i l a r  l o s s  o f  a n  —O C H ^  g r o u p  w o u l d  r e s u l t  i n  a n  i o n  o f  m / e  v a l u e

- 6 4 -
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equal to  th a t o f  th e  m o lec u la r  io n  minus 31 mass u n it s  (1 9 6 ) .  S in ce  

this ion i s  not ob served  in  any o f  th e  sp e c tr a  i t  s u r e s t s  th a t  th e  

compounds p resen t are a l l  e t h y l  e s t e r s  o f  f a t t y  a c id s .

The sp ectra  do n ot m atch th o s e  o f  s t r a ig h t  ch ain  acid, e s t e r s  in  which  

the m olecular io n  would, be expected, to  be much la r g e r  (1 9 6 ) ,  so th e y  

are probably branched ch a in  compounds, w ith  compounds D6 and D7 b e in g  

isomers o f  th e  same m o lec u la r  form u la .

Compounds D8 and. DIO a ls o  show a peak a t m/e = 88 , though in  th e s e  

spectra i t  i s  no lo n g e r  th e  b ase peak, which now has th e  m/e v a lu e  o f  

55* T his peak a r i s e s  from th e  l o s s  o f  a fou r  carbon u n it  in  th e  form  

of the ion  o f  m/e = 57 (CLXXXIIl) which lo s e s  two hydrogens to  g iv e  

the ion CLXXXIV o f  m/e = 55 (1 9 6 ) • I f  th e  f a t t y  acid, were branched  

as shown in  P ig ,  X V III, th e  r e s u l t  would, be an enhancement o f  th e  

re la tive  in t e n s i t y  o f  th e  io n s  a t m/e = 55 an(t 57* which would, e x p la in  

the change in  th e  b ase  peak , and. in  th e  i n t e n s i t i e s  o f  th e  io n s  o f  

El/e = 85 and. 83 ( 1 9 6 ) ,  w hich i s  a ls o  observed in  th e s e  s p e c tr a ,  

suggesting th a t  compounds D8 and DIO are branched, in  t h i s  way. The 

molecular w eight o f  D8, 2 98 , im p lie s  th e  form ula ^ < ^ 38^2 w hich , in  

common w ith  D5, D6 and. D7, would make i t  th e  e th y l e s t e r  o f  a s a tu r a te d  

fatty a c id , but th e  form ula  o f  DIO, C^H^gO^ su g g e s ts  th a t  th e  f a t t y  

acid in  t h i s  e s t e r  i s  u n sa tu r a te d .

compound D9 th e r e  are  s t i l l  peaks at m/e = 88 and. M—45* i*e*  263 

though t h e ir  i n t e n s i t i e s  are sm a ll compared, to  th o se  o f  th e  o th e r  peaks

the spectrum . The moleculp*r w e ig h t, 308 , im p lie s  th e  form ula  

^20^38°?1 which would, p o s s e s s  two double bond e q u iv a le n ts .  The 

spectrum o f  t i i i s  compound i s  s im ila r  to  th a t  o f  m ethyl l i n o l e a t e  

C19H36°2 (CL3XXV) ( 1 9 8 ) ,  th e  m ajor d if f e r e n c e s  b e in g  th e  peaks d.ue to  
the presence o f  th e  e th y l  group in  p la c e  o f  th e  m ethyl group in  th e  

ester , and a much sm a lle r  m o lec u la r  io n .  These d if f e r e n c e s  su g g est  

that D9 might be an isom er o f  e th y l  l i n o l e a t e .
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C om pound D l l

The m olecular io n  o f  t h i s  compound, m/e = 35&> s u g g e s ts  a number

of p o ssib le  fo rm u la e , such  as C25H400 ’ C24H36°2 o r  C23H4 8 ° 2 ’
which are o n ly  a few o f  th e  p o s s i b i l i t i e s ,  depending on th e  d egree  

of ox id ation  o f  th e  compound* A ttem pts a t d e r iv a t iv e  form ation  

produced a r e a c t io n  w ith  th e  t r im e t h y ls i l .y la t in g  r e a g e n ts , th e  peak  

due to compound D ll  d isa p p e a r in g  from th e  GLC t r a c e ,  and a new one 

appearing at ^ cjjŝ o -  2370 , su g g e s t in g  th e  p resen ce  o f  a hydroxyl

group. Apart from t h i s ,  v ery  l i t t l e  in fo rm a tio n  can be o b ta in ed  

from the d a ta .

Compound D 1 2

The mass spectrum  and r e t e n t io n  in d ex  o f  t h i s  compound match th a t  

of d i-o c ty l p h th a la te  (CLXXXVI) (1 9 7 ) • The la r g e  base peak at 

m/e = 149 i s  due t o  th e  io n  CLXXXVII. T h is  compound i s  a p l a s t i c i s e r  

and might have e n te r e d  th e  sam ples from th e  p l a s t i c  bags in  vihich

■they were packed., or  from th e  s o lv e n t s  used fo r  th e  e x tr a c t io n  or  th e

gel f i l t r a t i o n  ( 1 9 7 ) .

ft was decided  th a t  none o f  th e  compounds found, in  th e  p la n t sam ples  

warranted fu r th e r  la r g e  s c a le  s t u d ie s ,  so th e  exam ination  was con

cluded at t h i s  p o in t .

Of the th ree  comnounds p r e v io u s ly  rep o rted  in  th e  p la n t ,  o n ly  th e

- s i t o s t e r o l  and o o s s ib ly  th e  p a r a f f in  wax, i f  i t  p o s se s se d  a s u i t a b le  

number o f  carbon atom s, m ight be exp ected  to  appear in  th e  GLC tr a c e  

under the c o n d it io n s  u s e d . The form er has a r e te n t io n  in d ex  on

lft OV-1 o f  3220 (1 8 0 ) and would be ex p ected  to  have a s im ila r  v a lu e

ljo 311-30. No such  peak w as, how ever, o b serv ed , nor was th e r e  any 

sign o f the p a r a f f in  wax.

Some o f th e  f a t t y  a c id  e t h y l  e s t e r s  occu r in  e x tr a c t s  made Oi. o th e r
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plants (Chapter 4 ) and so th e y  may w e ll "be im p u r it ie s ,  in tro d u ced  

into the p la n t m a te r ia l b e fo r e ,  or in to  th e  e x tr a c t  during  th e  

extraction  p r o c e d u r e s ,

3 - 2 - 2  Pet as i t  e s  h yb rid u s and. Pet as i t  e s  frag ra n s

In order to  f u l f i l  a re q u e s t from h r , L , Novotny o f  th e  C zechoslovak  

Academy o f  S c ie n c e  in  P rague, fo r  a sam ole o f  p e ta s in  (C L V Il), e x t r a c t s  

were made o f  th e  rh izom es o f  P e t a s i t e s  hybridus and P o t a s i t e s  fraarrans, 

both o f which were o b ta in ed  from so u rces  in  Bngln.nd, th e  form er from  

Braughing in  H e r t fo r d s h ir e ,  and. th e  l a t t e r  from A rrington  B r id g e , 

Royston, H e r ts , S in ce  b oth  sam ples were a v a ila b le  i t  was decided, to  

compare th e  n e ta s in  e s t e r s  o cc u r r in g  in  each p la n t .  These compounds 

are e s te r s  o f  p e ta s o l  (CLXXXVIIl) and i s o p e t a s o l  (CLXXXIX) w ith  a 

variety o f  a c id s ,  f o r  exam ple, a n g e l ic  acid. (CAC) w ith  w hich th e y  g iv e  

petasin and i s o p e t a s in  (C L Y III),

The rhizomes were e x tr a c te d  w ith  l i g h t  petroleum  (b .p ,  60—80 ) and 

the s o lu t io n s  o b ta in ed  were p u r if ie d  fo r  GLC by g e l  f i l t r a t i o n .

The e x tr a c ts  v;ere th en  examined by GLC, and by GC— wi t h th e  r e s u l t s  

summarised in  F ig u re  XIX and T able 25*

Lach o f th e  compounds shows an io n  at n /c  = 216 d er iv ed  from th e  m ole

cular ion by . e s te r  e lim in a tio n  (F ig ,  XX) , and so th e  m o lecu la r

weight o f  th e  a c y l  m o ie ty  can be determ ined  from th e  m o lecu lar  w eigjit 

oi the e s t e r .  The e s t e r s  o f  n e ta s o l  and is o p e ta s o l  con be d i s 

tinguished by t h e i r  d i f f e r e n t  b ase  penks, both  o f  which o.re formed 

from the m/e * 216 ion  ( l8 0 ) ;  th e  base peak in  p e ta s in  e s t e r s  i s  th e  

ion o f m/e = 14 8 , formed by th e  lo s s  o f  iso p ren e  from th e  m/e = 216 

ion> w hile c le a v a g e , in  t h i s  io n , o f  r in g  A r e s u l t s  in  th e  base peak 

°f the is o p e ta s in  e s t e r s ,  o f  m/e = l 6 l  (F ig* XX).

Prom th ese  f a c t s  i t  can be seen  th a t  compounds 1 , 2 , 3 and 6 are
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esters o f  p c t a s o l ,  4 ,  5 and 7 o f  i s o p e t a s o l .  The m olecu lar  vjeigh ts

su r e s t  th a t compounds 1 -5  are e s t e r s  o f  u n sa tu ra ted  Cn a c id s  such
P

as a n g e lic  acid  (CLX) w h ile  6 and 7 are e s t e r s  o f  ^  - m e th y lth io a c r y lic  

acid (CXCl) (l51>  1 8 0 ) ,  i * e .  3 - p e t  a s in  and. S —is o p e t a s in .

C o m p a r i s o n  o f  t h e  r e t e n t i o n  i n d i c e s  o f  t h e s e  c o m p o u n d s  w i t h  t h o s e

previously reported . (1 8 0 ) shows th a t  compounds 3 and 5 are p e ta s in

and is o p e ta s in  r e s p e c t i v e ly .  Compounds 1 and 2 must he p e ta s o l  e s t e r s

of acids iso m er ic  w ith  a n g e l ic  a c id , i . e .  d im e th y la c r y lic  acid  (CXCIl)

o r t i g l i c  acid  (C X C IIl), w h ile  compound 4 i s  an is o p e ta s o l  e s t e r  o f

one o f th e se  a c id s .  S in c e  th e  p o s s i b i l i t y  e x i s t s  o f  is o m e r isa t io n

from a n g e lic  to  t i g l i c  a c id ,  compounds 2 and. 4 might be th e  e s t e r s  o f

t ig l ic  acid  formed d u rin g  th e  e x t r a c t io n .  Compound 1 would then  be

the e s te r  o f  d im e th y la c r y l ic  acid .. E s te r s  o f  a n g e lic  and. d im e th y la c r y lic

(sen ecio ic) a c id s  have been shown to  c o - e x i s t  in  p la n ts  o f  th e  genus

Ligularia ( 198) .

Each ex tra c t was h y d r o ly se d  by trea tm en t w ith  m ild b a se , and a f t e r  th e  

reaction th e  b a s ic  s o lu t io n s  were e x tr a c te d  w ith  e th e r  to  remove th e  

alcohols. The rem ain in g  aqueous s o lu t io n  was a c id i f ie d  w ith  d i lu t e  

hydrochloric a c id ,  and. ex tra c ted , wit}', e th e r .  The e th e r e a l s o lu t io n s  

were examined by GLC, a com parison b e in g  made w ith  a u th e n tic  sam ples 

of a n g e lic  a c id ,  t i g l i c  a c id  and d im e th y la c r y lic  a c id .  The a c id s  

were m eth ylated , by trea tm en t w ith  d iazom ethane, and th e  m ethyl e s t e r s  

were a lso  examined, by GLC. The r e s u l t s  are summarised in  T able 26 .

ihe h y d ro ly s is  o f  th e  p e ta s in  e s t e r s  from P .h yb rid u s gave a much 

smaller r a t io  o f  a n g e l i c  to  t i g l i c  acid  than  might have been ex p ec te d  

from the o r ig in a l  r a t io  o f  th e  e s t e r s ,  which su g g e s ts  th a t  th e r e  has
been some is o m e r isa t  ion  o f  a n g e l ic  a c id  to  t i g l i c  acid  during th e

during th e  h y d r o ly s is  o f  an hydrolysis. The e f f e c t  was a l s o  a o .e d  /  _ th e  r ftt i o 8

authentic sample o f  i s o p e t a s in .  Talcing 1-  * r o n s is t e n t

of the th ree  a c id s  d e r iv e d  from th e  e s t e r s  in  P jfra^ raH s are p e ta „o l

aster o f  d im e th y la c r y lic  a c id .

- 68-



The com position  o f  th e  p e ta s in  e s t e r s  o f  P ,h y b r id u s . shows very  l i t t l e  

change from th e  r e s u l t s  o b ta in ed  by It.A .B. K eates du rin g  h is  stu d y  o f  

the plant in  t h i s  departm ent ( l8 0 )  which su g ~ e s ts  th a t  th e  e x tr a c t io n  

and a n a ly t ic a l p ro ced u res  are s a t i s f a c t o r y ,  w h ile  th e  c lo s e  fa m ily  

relation sh ip  o f  th e  two p la n ts  examined i s  dem onstrated  by th e  p resen ce  
of petasin  ty p e  e s t e r s  in  both  o f  them .
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3 - 3  E xp erim en ta l

3 - 3 - 1  E x tr a c t io n  o f  P la n t T is su e

The plant m a te r ia l was cut in to  sm all p ie c e s ,  immersed in  ten  t im es  

the volume (w /v ) o f  s o lv e n t  at room tem p era tu re , and shredded in  a 

Townson and M ercer ’Top D r iv e ’ m acerator fo r  about a m inute, red u cin g  

the sample t o  sm a ll fragm en ts and d e s tr o y in g  th e  f ib r o u s  s t r u c tu r e .

This was fo llo w ed  by f i l t r a t i o n  o f  th e  su sp e n s io n , and. r e - e x tr a c t io n  

of the r e s id u e  tw ic e  more in  th e  same way. T h is procedure was shown 

to he s u f f i c i e n t  by th e  r e - e x tr a c t  ion  o f  th e  r e s id u e ;  t h i s  l a s t  

extract showed no tr a c e  o f  th e  compounds which were to  be exam ined.

The combined e x t r a c t s  were th en  evaporated, to  sm all bu lk  ( ''V 5 m l/l0 0 g  

of t is s u e )  at room tem p era tu re  in  a Btlclii R otary E vaporator. In  th e  

preliminary ex p er im en ts  a sam ple o f  t h i s  s o lu t io n  was examined by GLC 

before th e  s e p a r a t io n  o f  th e  h ig h  m o lecu la r  w eight compounds was 

attempted, and was found to  g iv e  a GLC tr a c e  id e n t ic a l  to  th a t  o b ta in ed  

after the s e p a r a t io n . An eq u a l volume o f  benzene was added to  th e  

extract which was th en  evaporated, to  d ry n ess , at room tem p eratu re , 

in the Bhchi R otary E v a p o ra to r , any w ater in  th e  e x tr a c t  form ing an 

azeotrope w ith  th e  benzene w hich was ev a p o ra ted . The r e s id u e  was then  

neighed. To t h i s  r e s id u e  was added a m ixture o f  benzene and. i s o — 

propanol in th e  r a t io  o f  3 : 1 (5 m l/l0 0 g  fr e s h  t i s s u e ) ,  and th e  

resu lting  su sp e n s io n  was f i l t e r e d  to  remove any non—l i p i d s  ex tra c ted , 

by the la r g e  b u lk  o f  th e  i n i t i a l  s o lv e n t .

A l i q u o t s  o f  t h e  f i l t r a t e  o f  u p  t o  4 - m l ,  e q u i v a l e n t  t o  8 0 g  o f  f r e s h  

t i s s u e ,  w e r e  t h e n  r e d u c e d ,  t o  a  v o l u m e  o f  a b o u t  0 * 5 n l  in  p r e p a r a t i o n  

f o r  g e l  f i l t r a t i o n .  T h i s  w a s  d o n e  o n  a  c o l u m n  c o n t a i n i n g  t h e  s u b 

s t i t u t e d  g e l  111 114—50^ —L H 20 w i t h  b e n z e n e / i s o p r o p a n o l ,  3  : 1  v / v ,  a s  

s o l v e n t .  T h e  b e d  v o l u m e  w a s  m e a s u r e d  a s  2 6 0 m l .  U s i n g  t h e  t e r m  

S t a n d a r d  E l u t i o n  V o l u m e  (SSV) w h e r e :
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H?v -  ^ ^ i 011 volume x 100 , o v
° ~ "bed. volume o f  column ' •

two fr a c t io n s  were ta k en  from th e  column, A (SSV 30^-46), c o l l e c t i o n  

being s ta r te d  when 80ml o f  s o lv e n t  had e lu te d  and stopped  when 120ml 

had passed., and. B (3BV 46—77) 9 tak en  from th e  end o f  A, t i l l  a t o t a l  

of 200ml had e lu t e d .  F r a c t io n  A was found to  be fr e e  o f  any v o l a t i l e  

sesq u iterp en o id s, a l l  th e  compounds g iv in g  peaks on th e  GLC t r a c e ,  

under the req u ired  c o n d it io n s ,  b e in g  found in  F ra c tio n  B. GLC d a ta  

were ob ta ined  u s in g  th e  A erograph 204, f i t t e d  w ith  hydrogen fla m e-  

ion isation  d e te c to r s  and. m od ified  to  a llo w  th e  u se  o f  g la ,ss columns 

with d ir e c t  in j e c t i o n  o f  th e  sam ples onto th e  packing and w ith ou t any 

contact w ith  th e  m eta l w a lls  o f  th e  f la s h  h e a te r . Most o f  th e  sam ples  

were examined by means o f  a programmed, tem perature r i s e  o f  from 2 to  

6°C/min. Under th e s e  c o n d it io n s  th e  d e te c to r  h e a te r  oven was s e t  at 

a temperature a p p ro x im a te ly  25°C h ig h er  than  th e  maximum tem perature  

of the programme. I f  t h i s  was not done, h igh  m olecu lar  w eight com

pounds, e lu te d  a t h ig h  te m p e r a tu r e s , ten d ed  to  condense s l i g h t l y  on 

the way through th e  d e t e c t o r  head, to  th e  fla m e, r e s u l t in g  in  broad , 

ta ilin g  peaks on th e  GLC t r a c e ,  and a build .-up  o f  m a te r ia l in  th e  

detector which showed, as a gradual r i s e  in  th e  b a s e lin e  o f  th e  t r a c e .

All the mass s p e c tr a  were obtained , by u s in g  an LKB 9000 combined, gas  

chromatograph and mass sp e c tr o m e te r , w ith  th e  GLC c o n d it io n s  m atching  

those o f  the A erograph, and th e  io n is in g  v o lta g e  o f  th e  mass sp ectro m eter  

set at 70eV.

3 - 3 - 2  D e g e n e r i a  v i t i e n s i s

T h r e e  1 0 g  l o t s  o f  l e a f  m a t e r i a l  a n d  t h r e e  lOg l o t s  o f  t w i g  m a t e r i a l  

w ere  s e p a r a t e l y  e x t r a c t e d  w i t h  e t h y l  a c e t a t e ,  e t h a n o l ,  a n d  n - h e p t a n e

( T a b le  27) .
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'JA-iLU 27.

F t .  o f  T o ta l Let pact (q) T.Tt. o f  F ra c tio n  5 (a )

0 .2 7 9  
0.115

Uthanol L ea f 0 .4 3 5  O .I56
Twig 0 .4 1 3  0.107

L eaf

Twig
0 .8 1 9

0 .3 0 9

n-Hent an e L oaf

Twig

0.209
O.O76

0 .0 9 3

0 .0 5 4



Trimet h y l s i l y l  a t i o n

T rim eth y ls ily la tio n  was c a r r ie d  out by ev a p o ra tin g  to  d ryn ess a 

sample o f  th e  e x tr a c t  (<rV'5ra£)* r e d is s o lv in g  i t  in  dry p y r id in e  

(0, 25ml) and ad d in g  a la r g e  e x c e s s  o f  a f r e s h ly  prepared  m ixture  

of IIHD3 and TI1CS in  th e  r a t io  o f  2 : 1 (0 .1 m l) .  T h is  was th en  h ea ted

for ten m inutes a t 100°C , th e  p y r id in e  and e x c e ss  rea g e n ts  were evap

orated under a stream  o f  n it r o g e n , and th e  re s id u e  was d is s o lv e d  in  

ethyl a c e ta te  t o  a c o n c e n tr a t io n  o f  about lmg/ml fo r  GLC.

Methyloxime Format io n

The form ation o f  th e  m ethyl oxim es o f  any carbonyl groups p resen t  

was performed in  a s im i la r  way, ex cep t th a t  in  t h i s  ca se  th e  p y r id in e  

solution was tr e a te d , w ith  m ethoxylam ine h y d ro ch lo r id e  and th e  

subsequent procedure fo llo w ed ,.

3 - 3 - 3  P e t  a s  i t  e s

Both P .hybridus and P . fra .?rans were e x tr a c te d  w ith  l i g h t  petroleum  

(b»p. 40 -60°C ). 6 lg  o f  th e  form er y ie ld e d  1 .0 5 3 g  o f  t o t a l  e x tr a c t  

and 0 .34g 0f  f r a c t io n  B, w h ile  45& o f  th e  l a t t e r  y ie ld e d  0 . 917s  o f  

total ex tra c t and. 0 .2 5 g  o f  f r a c t io n  B.

h s t e r  Hy d r o l y s i s

The h y d r o l y s i s  o f  t h e  p e t a s i n s  w a s  c a r r i e d  o u t  b y  d i s s o l v i n g  a b o u t  

lOmg o f  t h e  p u r i f i e d  e x t r a c t  i n  a  m in im u m  o f  b e n z e n e  0 . 1 m l ) .

Th i s  s o l u t i o n  w a s  t r e a t e d  w i t h  0 . 2 m l  o f  a  m i x t u r e  o f  f i v e  p a r t s  b y  

v o lu m e  o f  e t h a n o l  t o  t w o  p a r t s ,  b y  v o l u m e ,  o f  33a> a q u e o u s  p o t a s s i u m  

h y d r o x id .e  ( w / v ) .  T h e  r e a c t i o n  m i x t u r e  w a s  h e a t e d ,  a t  65 C f o r  3 0  m i n .  

111 a  R e a c t i - V i a l • A f t e r  c o o l i n g ,  t h e  m i x t u r e  w a s  e x t r a c t e d  w i t h  

o t h e r  t o  r e m o v e  a n y  n o n —a c i d i c  m a t e r i a l ,  s u c h  a s  t h e  a l c o h o l s ,  a n d
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the resid u e was a c i d i f i e d  by th e  a d d it io n  o f  10J& ( v /v )  h y d ro ch lo r ic  

acid u n t i l  a t e s t  w ith  pH paper showed th a t  i t  had a pH o f  6 .

This s o lu t io n  was th e n  r e - e x tr a c te d  w ith  e th e r  to  remove th e  orga-nic  

acids. The e th e r  s o lu t io n  was d r ie d  over magnesium su lp h a te ,  

f i lte r e d  and exam ined by GLC (6* 1^ SIi-30, N2-3 0 m l/m in ) .

Methylation o f  th e  A cid s

The methyl e s t e r s  o f  th e  a c id s  were prepared by tr e a tin g  th e  e th e r  

solution w ith  a f r e s h ly  prepared  e th e r  s o lu t io n  w ith  d iasom ethane, 

for p rep aration  s e e  ( 4—3 -4 )>  th e  a d d it io n  b e in g  made s lo w ly  u n t i l  

the ye llow  c o lo u r  o f  th e  rea g en t p e r s is t e d ,  showing th a t th e  r e a c t io n  

was com plete. The e x c e s s  rea g en t was th en  evap orated  at room 

temperature under a stream  o f  n itr o g e n , th e  r e s id u e  r e d is s o lv e d  in  

ethyl a c e ta te  and exam ined by GLC under th e  same c o n d it io n s  as 

before.



4. CHEMICAL STUDIES 0?  LIGULARIA

4 - 1  In tr o d u c tio n

The genus Li r o i l  a r ia  i s  a member o f  th e  t r ib e  Sen ecioneae o f  th e  

family C om positae, so  i t  i s  r e la t e d  to  th e  genus P e t a s i t e s , which  

is also  a member o f  th e  S e n e c io n e a e . The genera  L ig u la r ia  and 

Senecio are v ery  s im i la r ,  and th e r e  i s  s t i l l  some d isagreem ent as 

to whether th e y  are a c t u a l ly  s e p a r a te , but t h i s  d i s t in c t io n  i s  

gradually becom ing a c c e p te d  (199 )*  I*1 many so u r c e s , th e r e fo r e ,

p articu lr ly  in  o ld e r  o n e s , th e  two genera may be t r e a te d  under 

either name. The co n fu sio n  has a ls o  le d  to  th e  fu r th e r  se g r e g a t io n  

of a d d itio n a l gen era  from L ig u la r ia  fo r  exam ple, Cremanthodium and 

Farfngium. T h is  l a t t e r  i s  becom ing r e - in te g r a te d  w ith  th e  o r ig in a l  

genus, fo r  exam ple, Farfugium  J a o o n ica  i s  now equated  w ith  L ig u la ,r ia  

tu ss ila g in ca  ( 1 9 9 ) > but a g a in  i t  i s  s t i l l  r e fe r r e d  to  in  some p la c e s  
by the o ld er  name.

Apart from L . s i b i r i c a  w hich has an e x te n s iv e  g eo g ra p h ica l ran ge, 

reaching as fa r  w est as F ran ce , th e  L ig u la r ia s  are A s ia t ic  in  o r ig in ,

with many s p e c ie s  in  China,, Japan and S ib e r ia ,  and some in In d ia .

They have, how ever, been im ported  in to  many w estern  c o u n tr ie s  by 

gardeners, and. some h y b r id s  owe t h e i r  o r ig in s  to  th e  experim ents o f  

western nurserym en. For exam ple, L ig u la r ia  "Gregynog GoldJ_ which i s  

a hybrid o f  L .c liv o ru m  and L .v e it c h ia n a , was f i r s t  grown at Gregynog 

Ball in  U a le s . The number o f  s p e c ie s  now in c lu d ed  in  th e  genus 

ranges from e s t im a te s  o f  35 — 150 ( 199) •

i.he chemical c o n s t i t u e n t s  o f  a number o f  s p e c ie s  have been examined., 

^specially  by J a o a n ese  and E astern  European workers who have ready  

access to  la r g e  s u p p l ie s  o f  th e  p la n ts  which grow in  t h e i r  r e s p e c t iv e

re£ions. Some o f  th e s e  papers we re published, b e fo r e , and some a f t e r ,

this study w hich was commenced, in  January, 1973*
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Both L .s ib i r ic a  and L . f i s c h e r i , which i s  a c u l t iv a t e d  v a r ie t y  o f  

L .s ib ir ic a , have hcen shown to  co n ta in  l i g u l a r o l ,  w hich has been  

id en tified  w ith  p e ta s a lb in  ^CLXX), and l ig u la r o n e ,  th e  o x id is e d  

form (CXCIV) (2 0 0 , 2 0 l ) .  The l a t t e r  p la n t has a ls o  y ie ld e d  a 

number o f  o th e r  s e s q u it e r p e n o id s ,  v iz ;  e rem o lig en o l (CXCV), 

furanoeremophilane (CLXVT) an d 2 /3  —h yd roxyerem op h ilen o lid e  

(CXCVl) (2 0 1 ) ,  a s w e ll  a s  th r e e  based on th e  gruaiane s k e le to n ,  

liguloxide (CXCVII), l ig c u lo x id o l (CXCVIIl) and l i g u lo x id o l  a c e ta te  

(CXGIX) (202 , 2 0 3 ) .

L.hodgsonii was shovm t o  c o n ta in  furanoerem ophilane (CLXVl) 

bakkenolide—A (0 0 )  and e r e m o p h ile n o lid e  (GLXVII) ( 2 0 4 ) y as w e ll  a s  

anew fu r a n o se sq u ite r p e n o id , fu ran oerem ooh ilan —4^ —y 2 oA -o lid .e  

(CCl) (2 0 5 ) , w hich has a ls o  been i s o la t e d  from L .f a u r ie i  and 

L. an gust a (2 0 6 ) ,  w h ile  th r e e  o th e r  fu r a n o se sq u ite r n e n o id s  (CCII-CCIY) 

have been found in  L. .jaoon ica  (2 0 7 ) .  A fu r th e r  compound based  on 

the erem op h ilen o lid e  s tr u c tu r e  i s  l iq u la r e n o l id e  (CGV), i s o la t e d  

from the C hinese drug: San—.Shion, which i s  d er iv ed  from a roo t o f  a 

Ligularia s p e c ie s  ( 2 0 3 ) .  E xam ination  o f  th e  rhizom es o f  Earfuqium  

Japonioum (=L. t u s s i l a g i n e a ) produced th e  compounds farfugium  A (CCVl) 

anti B(CCVII) ( 209 ) ,  as w e ll  a s  an o th er  s e t  o f  fu r a n o se sq u ite r p c n o id s  

(CGVIII-CCXTi) ( 1 9 8 ) .

The p resence, in  so  many o f  th e  L ig u la r ia s  exam ined, o f  compounds 

derived from th e  fu ran oerem ooh ilan c  and erem o p h ilen o lid e  s k e le to n s ,  

argues a, c lo s e  s i m i l a r i t y  betw een th e s e  p la n ts  and th o se  01 tn e  genus 

PgtasitpR, in w hich th e  same ty p e s  o f  compounds are found. ( 189—1 9 2 ) .  

la the l a t t e r  genus and p a r t ic u la r ly  in  w. hybrid.us th e  s p e c ie s  occur  

in two form s, one w hich c o n ta in s  fu ran o id  compounds and th e  o th er  

containing: non— fu r a n o id s  ( 1 9 4 ) .  Such 0. d i s t in c t io n  a ls o  seems to  

°ccur in the L ig u la r ia s ,  f o r  a l l  th e  p la n ts  m entioned so f a r ,  w ith  

tke exception  o f  L . f i s c h e r i , would f a l l  in to  th e  form er c l a s s ,  

containing o n ly  fu r a n o s e s c u ito r o e n o id s .  L . k a lr .lp ir n , hoviever, which

■̂v-e L .fische-p i i s  a s u b s o e c ie s  o f  L. s i b i r i c a ( 210) c o n ta in s  no 

^ranoid compounds, i t s  main s e sq u ite r p e n o id  c o n s t itu e n t  being: fuk inone
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(CCXIIl) ( 2 1 l ) .  Thin argu es a s i t u a t io n  s im ila r  to  th a t found in  

Petar.it e s « th o  o n ly  'excep tion  b e in g  L . f i s c h e r i  which has been  

reported as c o n ta in in g  both  ty p e s  o f  compounds (2 0 1 -2 0 3 ) . T h is  

nay he an e x c e p t io n  to  th e  r u le ,  or may r e s u l t  from th e  m ixing  o f  

both typ es o f  p la n ts  when th e  sam ples were c o l l e c t e d .

A number o f  a lk a lo id s  have a ls o  been is o la t e d  from L ia u la r ia s .  

Investigation  o f  L .c l iv o r u n  r e s u lte d  in th e  a lk a lo id  c l iv o r in e  (2 1 2 , 

213) the s tr u c tu r e  o f  vmich has been determined, by X—Hay C r y s ta llo 

graphy ( 214) .  L . brachyph y l la  and L. m a c r  o p hy11a have a ls o  been  

examined, a lon g  w ith  L .c l iv o r u m o,nd found to  y ie ld  a number o f  th e s e  

compounds ( 21p ) .

The p lan ts examined in  t h i s  t h e s i s  were found grow ing in Logan B otan ic  

Gardens near A rdw ell in  W igtow n sh ire. These were L .clivorum  (liax im ), 

L.clivorum "Desdemona” (re fer red , to  as L. * Desdemona1) , which i s  a 

cultivated v a r ie t y  o f  L. clivorum  (199) > L. 1 9reggnog Cold 1, a c r o ss  

between L. clivorum  and L. ve i t  c h i an a. (llem sley) ( l9 9 )>  L .v e it  cliiavja 

i t s e l f ,  L. tan ~u tice , and L. t u s s i  1 a g in e a  1 aureo—m aculata* a c u lt iv a te d  

variety o f  th e  o r ig in a l  L .t u s s i l a g in e a  d is t in g u is h e d  by th e  yellow ' 

spot s on i t  s 1 e ave s (199)*
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4 -  2 R e s u l t s  a n d  D i s c u s s i o n

4 - 2 - 1  P1 an t  I-T at e r  i  a l

The p lan ts used  in  t h i s  stu d y  were o r i g in a l ly  c o l le c t e d  from Logan 

Botanic Gardens, and. sam ples o f  th e s e  were tran sp lan ted , in to  th e  

gardens o f  th e  B otany Department o f  Glasgow U n iv e r s ity ,  a t th e  

Gars cube L’s t a t e .  A p r e lim in a r y  exam ination  was made o f  root and, 

where p o s s ib le ,  l e a f  t i s s u e  from th e s e  p la n ts  and in  th e  c a se s  which  

suggested th e  p r o f i t a b i l i t y  o f  a more e x te n s iv e  s tu d y , la r g e r  sam ples 

were ob ta in ed , once m ore, from Logan G ardens.

The ex tra c tio n  p rocedure used was s im ila r  t o  th a t  p r e v io u s ly  d es

cribed, the s o lv e n t  in  t h i s  ca se  b e in g  a m ixture o f  benzene and 

isopropanol in  th e  r a t io  o f  3 : 1 , which i s  the. m ixture used fo r  g e l  

f i l t r a t io n . Apart from t h i s  th e  e x tr a c t io n  and p u r i f ic a t io n  o f  th e  

compounds from th e  t i s s u e  was performed in  th e  same way, and th e y  

were again examined by GLC and. GC-II3.

4 - 2 - 2  L .c liv o ru m  and L. tGrc,gynog Gold 1

The root e x tr a c ts  o f  t h e s e  two p la n ts  gave v ery  s im ila r  GLC tr a c e s  

(fig .X X l), c o n ta in in g  th e  same th r e e  major compounds. GC—..o 
confirmed th e  GLC r e s u l t ,  show ing th a t  th e  compounds examined were 

the same in  each  p la n t  ('fa b le  2 8 ) .  Compound. GR1 has a m olecu la r  

weight o f  204 , s u g g e s t in g  th a t  i t  i s  a s e sq u ite r p e n e  hydrocarbon. 

Comparison o f  i t s  mass spectrum  w ith  th o se  on record (Appendix I I I ) ,  

showed th a t i t  c l o s e l y  resem bled  th a t  o f  erem onhilene (CCXIV) (1 8 0 ) ,  

while i t s  r e t e n t io n  in d ex  on l',c S’D—30, 1465 , compares fa v o u ra o ly  \j ith  

the recorded v a lu e  o f  1460 on Tg OV-1 ( l 8 0 ) ,  a s im ila r  s ta t io n a r y  

Phase. Rechrom atography o f  th e  sample on 1> OV-1 r e s u lt e d  m  a v a lu e  

of 1465 + 3 u n it s  f o r  th e  compound in c r e a s in g  th e  p r o b a b il i t y  th a t

- 7 7 -



TABLE 28

Compound 1 ^  M {% o f  Base Peak) Base Peak S tron gest Ion
^----------  (% o f  Base Peak)

GKL 1460 204 ( 50) 95 41(95) 91(79)

79(71) 105(68)

161(55) 107(52)

GR2 1980 284 ( 5) 88 101(54) 45(58)

41(27) 55(25)

57(22) 157(10)

GR5 2150 505 ( 4) 67 81(77) 55(65)

41(60) 95(59)

82(41) 54(41)
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the  i d e n t i f i c a t i o n  i s  c o r r e c t .

Comp ounds  GR2 and. 3 seera to  be f a t t y  a c id  e th y l  e s t e r s  and s tr o n g ly  

resemble two o f  th e  compounds found during th e  e x tr a c t io n  o f  

Degeneria v i t i e n s i s , D7 and D9* T h is , and th e  fa c t  th a t  th e y  are  

found in many o f  th e  e x t r a c t s  from d if f e r e n t  p la n ts ,  su g g e s ts  th a t  

they are im p u r it ie s ,  in trod u ced  in to  th e  sample during th e  e x tr a c t io n  
procedure.

An extract o f  le .u f  t i s s u e  from L.*G regynog G old1 gave th e  GLC t r a c e  

shown in  F igure X XII, and. mass s p e c tr a  o f  th e  major peaks are summ

arised. in  T able 29* Both compounds GL1 and 2 are se sq u ite r p e n e  

hydrocarbons, form u lae C ^ H ^ , and com parison o f  t h e ir  sp e c tr a  w ith  

those o f  known compounds s u g g e s ts  th a t  th e  form er i s  — humulene

(CCXV) ( l 8 0 ) ,  vrhile th e  l a t t e r  i s  tt-bergam otene ( C C X Y l )  ( l7 5 )»  The 

only other compound w ith  a mass spectrum  s im ila r  to  th a t  o f  compound 

GL2 was oC -farnesene ( C C X V I l )  (1 7 5 ) ,  but th e  r e te n t io n  in d ex  o f  t h i s  

compound, w h ile  n ot known, would be s im ila r  to  th a t  o f  ̂  —fa rn esen e  

which i s  1367 ( 1 5 8 ) .

Com pound G L 3  h a s  a  m o l e c u l a r  w e i g h t  o f  2 2 0 ,  a n d  s o  t h e  f o r m u l a ,

1̂5^24 *̂ we-^ as  peaks shown, th e  mass spectrum  c o n ta in s  a
Peak at m/e = 20 2 , i . e .  M+-  1 8 , which su g g e s ts  th a t i t  i s  an a lc o h o l ,  

and that th e  peak i s  d.ue t o  l o s s  o f  H^O. T r im e th y ls i ly la t  io n  o f  

the extract r e su lte d , in  th e  d isap p earan ce  o f  t h i s  peak and th e  appeo.r— 

mice of a new peak a t 1690 in d ex  u n it s  con firm in g  th e  s u g g e s t io n .

ĥe base peak a t m/e = 109 m ight a r i s e  in  a number o f  ways, fo r  exam ple, 

V  cleavage o f  a r in g  system  as i t  does in  fuk inone (CLaII) (177 ) 01* 

drimenol ( C C X V I I l )  and th e r e  are no d i s t i n c t i v e  io n s  in  th e  spectrum  

to f a c i l i t a t e  i d e n t i f i c a t i o n .  Hone o f  th e  standard s p e c tr a  (Appendix  

ftl)  match t h i s  compound.

impounds GL5, 6 , 7 , 8 and 9 a l l  show v ery  s im ila r  mass s p e c tr a ,  and 

their r e te n t io n  in d ic e s  s u g g e s t  th a t  th e y  are r e la t e d .  The mass
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TABLE 29

ompound ■̂1r:'kF- *>0 li (% of  Base Peak) Base Stron gest Ions
Peak (/o o f  Bas s Peak)

GL1 1 4 8 0 2 0 4  ( 1 0 ) 1 6 1 4 5 ( 8 2 ) 4 1 ( 7 2 ) 1 0 5 ( 5 0 )

9 1 ( 5 1 ) 8 1 ( 5 0 ) 5 7 ( 4 8 )

1 1 9 ( 4 0 ) 7 9 ( 3 9 )

GL2 1 4 9 0 2 0 4  (  5 ) 9 3 4 1 ( 9 3 ) 1 1 9 ( 8 3 ) 6 9 ( 6 4 )

5 5 ( 5 9 ) 7 9 ( 3 9 ) 4 3 ( 3 7 )

1 0 7 ( 5 2 )

GL5 1 6 4 0 2 2 0  (  4 ) 1 0 9 4 1 ( 9 8 ) 4 3 ( 8 9 ) 7 9 ( 6 9 )

9 1 ( 6 3 ) 8 1 ( 6 0 ) 5 5 ( 6 0 )

6 7 ( 5 1 )

GL4 2 4 0 0 2 8 8 1 0 4 9 1 ( 7 9 ) 2 8 8 ( 5 7 ) 1 8 4 ( 4 9 )

8 0 ( 4 8 ) 1 5 5 ( 4 6 ) 7 9 ( 4 0 )

GL5 2 4 0 0 - 9 5 5 7 ( 9 5 ) 5 5 ( 8 6 ) 8 3 ( 7 6 )

6 9 ( 7 3 ) 9 7 ( 6 1 ) 4 1 ( 5 7 )

GL6 2 5 0 0 - 4 3 5 7 ( 4 7 ) 5 5 ( 8 7 ) 8 5 ( 7 8 )

6 9 ( 7 0 ) 9 7 ( 6 5 ) 4 1 ( 5 6 )

GL7 2 6 0 0 - 6 9 4 3 ( 7 0 ) 5 7 ( 6 7 ) 8 1 ( 6 5 )

5 5 ( 5 9 ) 8 3 ( 4 0 ) 9 7 ( 3 5 )

GL8 5 0 0 0 - 4 5 7 5 ( 9 7 ) 5 5 ( 8 1 ) 4 1 ( 7 9 )

5 7 ( 7 9 ) 6 9 ( 6 8 ) 8 1 ( 4 5 )

GL9 3 1 0 0 - 7 3 4 5 ( 8 7 ) 5 5 ( 8 5 ) 4 1 ( 7 9 )

5 7 ( 7 2 ) 6 9 ( 5 9 ) 8 1 ( 5 0 )

GLIO 3 2 3 5 4 0 8 2 1 8 4 5 ( 5 3 ) 5 5 ( 5 2 ) 1 4 1 ( 4 4 )

6 9 ( 4 5 ) 8 1 ( 5 3 ) 4 5 ( 3 2 )
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spectra su g g est the fra g m en ta tio n  o f  lo n g  chain  compounds and so  

they seem to  be e i t h e r  s t r a ig h t  ch ain  hydrocarbons or s t r a ig h t  

chain a lc o h o ls  o f  th e  g e n e r a l form ula Clf^CH^^CI^OH ( 216) .  When

a TLC p la t e ,  d ev e lo p e d  in  ch loro form , was run o f  th e  e x t r a c t ,  th e s e  

compounds were found in  a band o f  It 0 .3  -  0 .4 ,  a lon g  w ith  GL3.

This su g g ests  th a t  th e  compound.s are a lc o h o ls .  A lthough th e  m o lecu la r  

ions were not o b serv ed  th e  form ulae can be a r r iv e d  at from th e  know

ledge th at C^H^OH has a r e t e n t io n  in d ex  on lfi OV-1 o f  2600 ( l 8 0 ) .

Thus the form ulae can be a ssign ed , a s  GL4 -  C^H^OH, GL5 -  C^H^OH,

GL6 -  Cg^H^OH, GL8 -  OYl and GL9 -  C^^H^^OH. These compounds

are common com ponents o f  l e a f  waxes (2 1 6 ) .

Compound GL4 has a m o lec u la r  w eigh t o f  288 . I t  i s  u n a ffe c te d  by

attempts to  t r i m e t h y l s i l y l a t e  i t  or  to  form a m ethyl oxim e. I t  has

an R o f 0 .9 ,  s u g g e s t in g  th a t  i t  i s  e i t h e r  a hydrocarbon, or  an

extremely n o n -p o la r  oxygen ated  compound such as an e th e r ,  g iv in g  th e

alternative form ulae C « .H ^  o r  C^IL^O . The base neak at m/e = 104 
+ 2 1  3 0  2U 32  ------

and the H -  104 peak a t m/e = 1 8 4 , might a r i s e  from th e  fragm en ta tion  

as shown in  F igu re XXIII (217 ) • ^ke p resen ce  o f  an arom atic r in g  i s  

further supported  by th e  io n  a t m/e = 91 (CCXIX) which a r i s e s  by 

rearrangement o f  th e  r in g  ( 217"b).

The la s t  compound, GL10, has a m o lecu la r  x^eight o f  408 and a base  

peak o f m/e = 21 8 . T h is  l a t t e r  ion  i s  c h a r a c t e r is t ic  o f  u n sa tu ra ted  

tr iterp en es, such  as  fc<-(CCXX) and /2 - a m y r e n e  (CCXXI) or -am yrin  (CCXXIl) 
(218), a r is in g  from a r e tr o  D ie l s —A lder r e a c t io n  to  g iv e  th e  io n  as shoxm. 

This fragm entation  i s  s p e c i f i c  f o r  t r i t e r p e n e s  hav in g  a double bond in  

^ is  p o s it io n  (2 1 8 , 2 1 9 ) .
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4 - 2 - 3  L i g u l a r i a  ' D c s d e m o n a 1

Extraction o f  th e  r o o ts  o f  t h i s  p la n t gave a s o lu t io n  which was

examined by GLC and GC-I<IS w ith  th e  r e s u l t s  summarised in  F igure XXIV

and Table 30*

Compounds DR1, 2 and 3 are a l l  se sq u ite r p e n e  hydrocarbons o f  th e

formula and have mass sp e c tr a  which are s im ila r ,  p a r t ic u la r lyl p  24
in the occu rren ce o f  th e  io n  a t m/e = 189* w hich i s  due t o  th e  l o s s

of a "*^3 group from th e  m o lecu la r  io n .

Compound DR4 i s  a n o th er  s e sq u ite r p e n e  hydrocarbon w ith  th e  form ula

CirH_., The r e t e n t io n  in d ex  and mass spectrum  o f  t h i s  compound 15 24 ~
match th ose  o f  erem oph ilen e (173* 177* 180) (CCXIV), which was a ls o  

present in  both  L.'Greprvnog Gold* and L .c liv o ru m .

The la s t  o f  th e  s e s q u ite r p e n e  hydrocarbons DR5 has a mass spectrum  

which matches th a t  o f  ft -b is a b o le n e  (CCXXIII) (1 7 2 , 175) which has 

a reten tion  in d ex  o f  1497 (1 5 o ) • W hile not e x a c t ly  th e  same, th e  

retention in d ic e s  l i e  w ith in  th e  l im i t s  o f  exp erim en ta l e r r o r , hence  

the id e n t i f i c a t io n  i s  a lm ost c e r t a in .

Compound DR6 has a m o lec u la r  w eigh t o f  220 . The mass spectrum shows 

ions due to  th e  l o s s  o f  15 and 10 mass u n it s  from th e  m olecu lar  io n  

i .e .  to  lo s s  o f  —CĤ  and H20 r e s p e c t iv e ly ,  im p ly in g  th a t  th e  compound 

is an a lc o h o l .  T r im e t h y l s i ly la t io n  r e s u l t s  in  th e  d isap pearan ce o f  

ihe peak and th e  appearance o f  a peak at 1690 index u n i t s .  The 

compound does not form a m ethyl oxim e, and. so i t  i s  an a lc o h o l ,  

formula C ^ H ^ O .

Comoound DR7 g iv e s  no resp o n se  to  t r im e t h y l s i ly la t  io n , but i t  d.oes 

form a methyl oxime w ith  a r e t e n t io n  in d ex  o f  1760 , th e r e fo r e  i t  

contains a carb on y l group . I t s  m o lecu la r  w eight i s  222 , so  io s  

formula i s  presum ably C^HggO.
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TABLE 3 0

DR1

DR2

DR5

DR4

DR5

BR6

DR7

DR8

DR9

1510

1540

1570

1460

1480

1640

1670

1980

2150

(£  o f Base Peak) Base S tron gest Ions
Peak fyo o f  Base Peak)

204 (44) 41 45(97) 91(86) 105(79)

147(75) 55(65) 189(60)

204 (18) 189 41(55) 119(52) 162(27)

147(27) 105(25) 91(25)

204 (25) 41 69(84) 95(67) 101(58)

91(52) 189(48) 55(49)

204 (26) 95 41(94) 91(60) 55(65)

79(60) 77(50) 105(50)

107(45)

204 (15) 69 41(78) 95(69) 67(50)

45(28) 79(27) 94(25)

220 (16) 45 155(64) 41(62) 95(59)

69(47) 91(44) 95(42)

222 ( 5) 179 45(10) 161( 7) 180( 6)

222( 5) 69 ( 4) 41( 5)

284 ( 6) 88 101(52) 45(42) 41(28)

55(27) 57(25) 75(17)

508 ( 6) 67 81(84) 55(69) 95(52)

79(47) 41(45) 54(40)
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The base peak m/e = 179 i s  v ery  la r g e  w ith  r e s p e c t  t o  th e  r e s t  o f  

the spectrum, s u g g e s t in g  a v ery  s t a b le  io n .  I t  i s  formed by l o s s  

of 43 u n it s  from th e  m o lecu la r  io n ,  which could  be caused e i t h e r  by 

the lo s s  o f  an i s o p r o o y l  u n i t ,  KG(CH^^, or an a c e t y l  r a d ic a l  CĤ CO*.

The tvio compounds DR8 and 9 have th e  same GLC and GC-’IS p r o p e r t ie s  

as the two f a t t y  a c id  e t h y l  e s t e r s ,  found, in  th e  e x t r a c t s  o f  

L.clivorum cand L .* Greyynoa Gold.1. The presence  o f  th e s e  e s t e r s  in  

these th r e e ,  and in  subsequent e x t r a c t s  s u g g e s t s  th a t  th e y  may be 

impurities in trod u ced  in t o  th e  sample at some s ta g e  o f  th e  e x t r a c t io n  

procedure. A f r e s h  e x t r a c t  o f  L . t Desdemonat , made under th e  same 

conditions as b e f o r e ,  showed, no t r a c e  o f  th e s e  compounds, though a l l  

the others were p r e s e n t ,  so i t  would, seem th a t  th e y  can be d isreg a rd ed  

as im p u r it ie s .

Examination o f  th e  l e a f  e x t r a c t  gave th e  data  summarised in Figure  

XXV and Table 31* The f i r s t  compound examined, DL1, has a m o lec u la r  

weight o f  222, which im p l ie s  t h e  form ula C ^ II^ O . The mass spectrum  

Shovrs no (M -l8 )+ peak due t o  l o s s  o f  K 0, and attem pted t r i m e t h y l s i l y l -  

ation and m ethoxim ation  were u n s u c c e s s f u l .  Thus i t  i s  u n l ik e l y  th a t  

the compound i s  e i t h e r  an a lc o h o l  or  a k e to n e .

The same i s  t r u e  o f  compound DL2, from which no d e r i v a t i v e s  were 

obtained. T h is  compound, has a mass spectrum in  which th e  low mass 

ions predominate, s u g g e s t in g  th a t  i t  may be a lo n g  chain  hydrocarbon.

The molecular w e ig h t ,  2 7 8 , would then  su g g e s t  th e  form ula C20H33*

The base peak m/e = 68 and th e  n/ e  = 82 peaks may be due to  th e  io n s  

shown (CCXXIV).

Compounds DL3 , 4  and. 5 h a v e  t h e  r e t e n t i o n  i n d i c e s  and m ass s p e c t r a

°f the long chain  a l c o h o l s  ^22^45^ ’ ^23^47^  ^24^49^  ŴL̂ Ĉ1
were found in th e  l e a f  e x t r a c t  o f  L . fGregynog Gold1. Compound. !)L6

however, has a mass spectrum which does not match th a t  o f  th e  a lc o n o l

with r e te n t io n  in d ex  3100, C^H^OH . Examination o f  th e  e x t r a c t  by

TLc> P ith  ch loroform  as m o b ile  phase showed th a t  w h i le  compounds DL3,

4 and 5 had an R o f  0 . 2 5 ,  compound DL6 showed an Rf  o f  O.8 5 . Thus

- 8 1 -



TABI£ 31

Compound I lr;-fii>50 M o f  Base Peak) Base Strongest Ions
X / joL" Cv

Peak o f  Base Peak)

DL1 1480 222 ( 6) 207 41(96) 55(82) 45(79)

81(65) 69(48) 95(48)

DL2 1810 278 ( 2) 68 45(86) 57(49) 41(72)

55(71) 82(68) 95(65)

DL5 2400 - 45 57(95) 55(89) 85(75)

69(71) 97(65) 41(55)

DL4 2500 - 45 57(95) 55(87) 85(75)

69(70) 97(65) 41(52)

DL5 2600 - 69 45(69) 57(69) 81(64)

55(56) 85(42) 97(57)

DL6 5100 - 45 57(72) 221(67) 178(60)

55(52) 41(47) 71(46)

DL7 5220 414 (50) 45 55(75) 41(56) 57(55)

81(54) 95(51) 69(46)

DL8 5250 424( 6) 218 55(55) 45(52) 41(28)

69(20) 95(26) 81(22)



H



com pound D L6 i s  p r o b a b l y  t h e  n - a l k < a n e ,  C ^ H ^ .

While the more in t e n s e  peaks in  th e  mass spectrum o f  compound DL7 

occur at f a i r l y  low m/e v a lu e s ,  th e r e  are a number o f  peaks in  th e  

region above m/e = 200 which are d ia g n o s t i c ,  namely th e  m olecu lar  

ioa m/e = 414, and peaks a t  m/e = 399, 396, 329, 303, 273, 255 and 

213. A l l  o f  t h e s e  peaks match th o se  o f  - s i t o s t e r o l  (220) as does  

the r e te n t io n  in d e x ,  w hich , f o r  th e  s t e r o l ,  i s  3220 on 1£> OV-1 ( 1 8 0 ) .

Compound DL8 has th e  m/e = 218 base  peak which i s  a c h a r a c t e r i s t i c  o f  

the of- and amyrins (2 1 3 ,  219)* The m olecu lar  w e ig h t ,  424  

implies th a t  t h i s  i s  an oxygenated  compound, having one oxygen more 

than the anyrenes, in  th e  form o f  a hydroxyl s in c e  th e  peak d isappeared  

on t r im e t h y l s i l y la t  io n ,  though no new peak appeared. The s u b s t i t u t i o n  

has not a f f e c t e d  th e  base peak so i t  cannot be on r in g s  C, D or K.

Thus the compound i s  s u b s t i t u t e d  on Ring A or B, and i s  probably  

0C-amyrin (CCXXIl) or  y# -a m y rin  (CCXXV).

CCXXIl -R 1 = CH3 R2 = H

CCXXV ~R1 = H R2 CH3

The reten tion  in d ex  mat d i e s  th a t  o f  C(—amyrin#

The r e la t io n s h ip  betw een  L. *l)esdemonaf , L .c livorum  and L. tGregynog_ G old1 

shows in  th e  s i m i l a r i t y  o f  t h e i r  chem ical components, end e s p e c i a l l y  by 

'the fact th a t  th e  major compound p resen t  in  th e  root  e x tr a c t  Oj. each  

of the p la n ts  i s  e r e m o p h ile n e • T his  compound i s  a l s o  knov?n to  occur  

bi various members o f  th e  fa m ily  S en ecioneae  (221 though not in  any 

01 the o ther  Compos i t  a e , so th e  f a m i l i a l  r e l a t io n s h i p  o f  th e  genus  

higularin -to th e  g en era  P e t a s i t e s  and kuryoos can be e s t a b l i s h e d  both  

V  taxonomy and chemotaxonomy.

^here are a number o f  compounds p resen t  in  th e s e  ex tre ,c ts  which could. 

n°t be i d e n t i f i e d  by G LC and GC—IIS. D eterm ination  o f  th e  s t r u c t u r e s  

of these, might however be p o s s i b l e  by la r g e r  s c a l e  e x t r a c t io n  o f  t h e  

t i s s u e ,  and p u r i f i c a t i o n  o f  a s u f f i c i e n t  samole o f  each  compound 

allow s p e c t r o s c o p ic  a n a - ly s is .
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4 - 2 - 4  L . t a n s r u t  i c a

At the time when sam ples vzere c o l l e c t e d  th e r e  was very  l i t t l e  l e a f  

growth on t h i s  p la n t ,  so o n ly  root m a te r ia l  was c o l l e c t e d  and 

extracted. T h is  gave th e  r e s u l t s  summarised in  Table 32, and 

Figure XXVT •

Compound TaRl i s  a s e s q u i te r p e n e  hydrocarbon, formula C_ The
15 24

ions at n /e  = 69 , 6 7 * 3 l  and 109 form a d i s t i n c t i v e  p a t te r n  th a t  i s  

not matched e x a c t l y  by any o f  th e  recorded sp e c tr a  (Appendix I I I ) ,  

hut i t  does c l o s e l y  resem ble  th e  spectrum o f  b isa b o le n e  ( C C X X I I I )

(173), w hile  i t s  r e t e n t i o n  index  i s  c l o s e  to  th a t  o f ^  —b isa b o le n e  

which i s  1497 ( 1 5 3 ) .

Compound TaH2 i s  d i - b u t y l  p h th a la te  (CCXXVl), the  b ase  peak in  th e  

mass spectrum b e in g  due t o  th e  ion CLX 1XVII, and th e  (M + l ) + io n  g iv i n g  

apeak at m/ e = 279 (197)  • The r e t e n t io n  index o f  th e  compound, 

also matches th a t  o f  d i - n - b u t y l  o h t h a la t e ,  which i s  1910 on 1/- SX-30 

(197).

Compounds TaR3 and 4 are 'the f a t t y  a c id  e th y l  e s t e r s  which have been  

found, as im p u r i t i e s ,  in  o th e r  e x t r a c t s .

Compound TaX5 has a m o le c u la r  w eight o f  316 and a base peak m/e = 143 

(CCXX/l)  ̂ c h a r a c t e r i s t i c  o f  o e t a s in  (CLVIl) ( l3 0 )*  The ion at 

2Z2. = 216 (CCXXVII) i s  due to  l o s s  o f  th e  e lem ents  o f  th e  acid  from 

ĥc e s te r .  The r e t e n t i o n  ind.ex o f  t h i s  comnound a ls o  s u g g e s ts  th a t  

^ is  pet as in ,  th e  r e t e n t i o n  index  o f  which has a va lu e  on 1‘-j S.:;—30 

23O5 ( loO ).  3 ir .i i la .r ly ,  compound Tail6 has the  r e t e n t io n  index  

an(3 mass s p e c t r a l  p r o p e r t i e s  o f  i s o p e t a s in  (CLVIII) ( l  >0). The 

tase peak n /c  = 161 i s  cue to  th e  ion  CCXXVIII and th e  m/e = 216 

lon again a r i s e s  from th e  l o s s  o f  th e  e lem en ts  o f  the  a c id  (CCXXIX).
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TABLE o2

Compound ^1CSSE~50 M ( %  o f  Base Peak) Base Strongest Ions
•L  |  V__» S /

Peak (/o o f  Base Peak)

TaRl 1500 204 (12) 41 4-5(86) 69(75)

55(56) 109(54)

79(46) 95(41)

TaR2 1900 279(K+1) (7) 149 67(59) 41(52)

45(47) 95(59)

TaRS 1985 284 ( 9) 88 101(55) 45(59)

55(29) 57(25)

TaR4 2160 508 ( 6) 55 67(98) 41(87)

95(64) 45(68)

TaR5 2500 516 (15) 148 55(59) 57(48)

71(52) 161(28)

T&R6 2545 516 (10) 161 55(75) 148(67)

41(45) 216(45)

TaR7 2400 558 ( 1) 57 45(77) 71(64)

55(41) 41(57)
f

85(25)

67(67)

81(49)

81(51)

46(28)

81(85)

45(45)

216(25)

85(65)

105(59)

85(45)

69(25)

TaR8 2500

TaR9 2600

TaRlO 2700



Compound. Rah7 shows a mass spectrum in which th e  io n s  o f  hi-wh in te n 

sity are o f  lot? m/e v a lu e ,  s u r e s t i n g  a. s t r a ig h t  chain hydrocarbon.

The m o lecu la r  w e i g h t ,  33:~>, and t h e  r e t e n t i o n  index  o f  24-00 s u g g e s t  t h a t

the compound has t h e  f o r m u l a  F u r t h e r  peaks  o f  r e t e n t i o n24 50
index 25OO, 2600 and 2700 w hich  a r e  p r o b a b l y  t h e  C a n d  C ^

n-alkanes s u r e s t  t h a t  t h e  homologous s e r i e s  may be i m p u r i t i e s  

introduced e i t h e r  du r in r :  t h e  e x t r a c t i o n ,  o r  on to  t h e  p l a n t  m a t e r i a l ,  

in, f o r  example ,  p e s t i c i d e s  o r  f e r t i l i s e r .  The l a s t  t h r e e  o f  t h e s e  

compounds were n o t  scanned  i n  t h e  mass s p e c t r o m e t e r ,  b eca use  o f  t h e  

small amount o f  each, p r e s e n t  in  t h e  e x t r a c t .
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4 - 2 - 5  Li rail r.pi a vc i t  ch ip .ria

Both root and l e a f  m a te r ia l  o f  th in  p lan t v ere  a v a i l a b l e ,  so both  

were ex tracted  and exam ined. The re s u i t e  obtained  f o r  th e  

preliminary e x t r a c t  o f  th e  root m a te r ia l  are summarised in  F igure  

I f / l l  and Table 33-

Compound VR1 i s  a s e s e u i t e r o e n e  hydrocarbon, formula Ch X . ,  and
15 24

has a r e te n t io n  in d ex  and mass spectrum which match th o se  o f  compound. 

QR2, found in  th e  ro o t  e x t r a c t  o f  L. 1 Oesdemona1.

Compound 7112 i s  a l s o  a s e s q u i t e r p e n e ,  and. again th e  r e t e n t io n  index  

and mass spectrum match th o se  o f  a hydrocarbon which occurs in  

L.hOesdernon a 1 root  m a t e r i a l ,  namely compound D35, which vras t e n t a t i v e l y  

identified as ^3 —b i s a b o l e n e .

Compound 7X3 g iv e s  a mass spectrum in  which th e  h ig h e s t  ion i s  at  

2/e  = 204, but i t s  r e t e n t i o n  index  seems to o  h igh  fo r  a s e sq u ite r p e n e  

hydrocarbon. T r i m e t h y l s i l y l a t  ion  o f  the  e x tr a c t  r e s u l t s  in th e  

disappearance o f  th e  peak due to  t h i s  compound on th e  C-LC t r a c e ,  and 

the appearance o f  a new peak at I 65O index u n i t s .  LI ethoxim at ion  

droved u n s u c c e s s f u l .  The compound i s ,  t h e r e f o r e ,  a s e s q u ite r p e n e  

alcohol, and th e  peak at m/e = 204 i s  due to  the  (LI — 18)+ io n ,  

making th e  m o lec u la r  w eight 222 and th e  formula C^JrlggO. The base  

peak, m/e = 59 occu rs  in th e  s p e c tr a  o f  both eudesnol and g u a io l  

(175), but th e  r e s t  o f  th e  s n e c tr a  o f  th e s e  compounds do not match 

that o f  compound 723*

Compound 724 has a m o le c u la r  x? e ig h t  o f  218 which, s u g g e s t s  th e  form ula  

1̂5^22 *̂ ' ma.ss spectrum o f  th e  compound matches th a t  o f
ererao p h ila -9 ,  l l - d i e n - 1 0 - o n e  (CCXXX) ( l7 7 )>  ih e  d i f f e r e n c e s  in  r e l a t i v e  

intensity o f  a number o f  peaks r e s u l t i n g  from th e  fa c t  th a t  tn e  

original mass spectrum was ob ta in ed  w ith  an a c c e l e r a t i n g  v o l ta g e  o f  

w hile th a t  o f  compound 724 was obta ined  at 'JOe'J* The f r a g — 

s t a t i o n  p a ttern  o f  th e  m o le c u la r  ion (T ig .  IwX7IIl) p a r a l l e l s  th a t  o f
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d?A!3L3 33l

Confound 1^ '^ 3 0  ^  (/* l> ,s e  Pc a li)

VR1 1345 204 (23)

VR2 1435 204 (22)

VR3 1590 r..v-

V34 1 695 213 (24)

VH5 I 76O 223 (M+l) ( 7 )
VR 6 I 89O

VH7 1935 284 ( 8 )

TO8 2090 290 ( 1 1 )

M  2150 308 ( 5 )

MO 2255 316 ( 7 )

M l  2280

M2 2300 316 ( 9)

M 3 2400 283 ( 4 6 )

M-4 3220 414 ( 20)

Peak I  .»£!ae Peak)

189 1 1 9 ( 4 6 ) 4 1 (4 5 ) 91(39
4 3 ( 38)

16 1 ( 27)

147 (34 ) 162(30

69 4 1 ( 63) 93 (62 ) 43(51
55(44 ) 204(22) 94(21

59 67(67) 4 3 (6 0 ) 41 (4 5
81(34 ) 55 (33 ) 95(29

135 150(47) 4 1 (3 2 ) 55(22

69(19)

203(13)

91 (13 ) 79(17

149 5 7(30 ) 4 1 (1 5 ) 69(11
118 ' 146 (91 )

4 1 ( 20)
214(37)

89 (17 )

90(23

88 101(53 ) 4 3 (3 3 ) 41(29

5 5 (2 7 ) 5 7 (2 6 ) 157(15
143 5 7(53 ) 4 1 (4 3 ) 43(41

5 5 (3 9 ) 1 0 5 (3 0 ) 161(18

67 3 1(77 ) 4 1 (7 2 ) 55(72

95(56)

59 (41 )

63 (42 ) 79(41

148 55(64) 105 (34 ) 4 1 (24

1 6 1 ( 23 ) 216 ( 2 0 ) 83(13

148 33(55) 55 (49 ) 161(37
216( 30) 105 (2 9 ) 41(24

104 91(79) 1 8 4 (4 6 ) 155(45

79(35 ) 4 1 (3 4 ) 80(34

43 55(75 ) 5 7 (6 7 ) 4 1 (6 0

3 1 (5 1 ) 6 9 (4 7 ) 95(44



TABLE 3 3  C o n t d .

Compound

VR12

VRL5

VKL4

M (% o f  Base Peak) Base S trongest  Ions
J V ^ _ 2 0    ^  o f  Base Peak)

2500 516 ( 9) 148 85(55) 55(49) 161(57)

216(50) 105(29) 41(24)

2400 288 (48) 104 91(79) 184(46) 155(45)

79(55) 41(54) 80(54)

5220 414 (20) 45 55(75) 57(67) 41 (60)

81(51) 69(47) 95(44)
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petasin, g iv in g  a s im i l a r  io n ,  at m/e = 1 5 0 , to  the most in t e n s e  ion  

in petasin cat m/e = l/i.'j (CCXXVl). The breakdown o f  t h i s  m/c = l^O 

ion to .give th e  in t e n s e  ion  a.t m/e = 135 ( F ig .  XXVIII) ,  i s  supported  

by the presence o f  a m e ta s ta b le  ion at m/e = 1 2 1 .8  in  th e  spectrum .

This compound was r e p o r t e d  a s  b e i n g  a c o n s t i t u e n t  o f  P .  h y b r id  us  ( IS O ) .

The base peak o f  compound. VR5, m/e = 149, i s  c h a r a c t e r i s t i c  o f  phtha-  

lates (197)-  The h ig h e s t  ion in  th e  spectrum, at m/e = 223 i s  due 

to the (II + l ) + io n ,  i n d i c a t i n g  th a t  th e  compound i s  d .i -e th y l  p h th a la te  

(CCXXXl), or an isom er .

In the mass spectrum o f  compound 7R6 th e  h ig h e s t  ion observed, i s  th a t  

of m/e = 214, w h i le  th e r e  i s  a l s o  a. major ion  at m/e = 14 6 . These  

two ions su g g est  th e  fragment at ion  o f  p e ta s in  (CLVTl), where th e r e  

are ions at m/e = 216 (CCXXVII) and. 148 (CCX.IVI) (1 8 0 ) .  To m aintain  

the d if fe r e n c e  o f  2 mass u n i t s  between th e  correspond ing  peaks o f  th e  

compounds, compound VR6 would, have to  have a double bond between  

carbons 6 and. 7 shown in  s t r u c t u r e s  (CXXXIl) and (CCXXXIIl), and 

so the o r ig in a l  s t r u c t u r e  would be th a t  shown (CCXXXIV). The base  

peak, m/e = 118 (CCXXXV) would a r i s e  by l o s s  o f  CO from th e  m/e = 146 

ion, and viould prob ab ly  be much more s t a b le  than th e  correspon d in g  

rc/e = 120 ion  o f  p e t a s in  through rearrangement to  an arom atic  form.

The extra double bond in  r in g  A viould .also i n t e r f e r e  w ith  th e  break

down of t h i s  r in g  t o  g iv e  th e  ion  correspond in g  to  th a t  o f  m/e = l 6 l  

(CCXXVIII) .  S in c e  th e  m o lec u la r  ion  was not observed , th e  a c y l  

£r°up cannot be i d e n t i f i e d ,  but judg ing  from th e  r e t e n t io n  index  i t  

a low m o lecu la r  w e ig h t ,  and may have been due to  e i t h e r  form ic  

°r acet ic  a c id .

Compounds V H J  and 9 are th e  f a t t y  a c id  e s t e r s  encountered  in  alm ost  

ai l  the ext ra.ct s , and d isco u n ted  as a r t e f a c t s  because o f  t h i s .

Compound VRQ has th e  base  peak m/e -  148 (CCXXVl), and a peak at  

S/S.® 216 (CCXXVTl) d i s t i n c t i v e  f o r  p e ta s in  e s t e r s .  The m o lecu la r  

l0n> m/e = 29Q, s u g g e s t s  th a t  th e  compound i s  th e  e s t e r  o f  p r o p io n ic  

acid (CCXXXVI). The d i f f e r e n c e  between th e  r e t e n t io n  index  o f  t h i s
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compound and th a t  o f  VR6 i s  200 in d ex  u n i t s ,  which su p p orts  the 

s u g g e s t io n  th a t  th e  a c y l  group on th e  l a t t e r  compound has one or 

two few er  carb on s .

Compounds VH10 and. 12 a l s o  have th e  mass s p e c t r a  o f  p e t a s in  esters, 

but th e  m o lec u la r  w e ig h ts  o f  t h e s e  two compounds, b oth  3 1 imply 

th a t  t h e y  are e s t e r s  o f  unsaturated . C,_ a c i d s ,  such  as  a n g e l i c  (CXC-), 

t i g l i c  (CXCIIl) or d im e t h y la c r y l i c  a c id s  (CXCIl) ( l 8 0 ) .  The 

r e t e n t i o n  in d ic e s  o f  th e  compounds match th o s e  o f  th e  compounds in 

P. hybrid  us t e n t a t i v e l y  i d e n t i f i e d  as th e  p e t a s o l  e s t e r  o f  dime-thyl- 

a c r y l i c  ac id  (CCXXXVIl) and p e t a s in  (CLVIl) r e s p e c t i v e l y .

Between t h e s e  two compounds on th e  GLC t r a c e  i s  a t h ir d  w ith  a 

r e t e n t i o n  index  o f  2280 . T h is  was not p r e s e n t  in  s u f f i c i e n t  quantity, 

in  t h i s  e x t r a c t ,  t o  a l lo w  a scan  o f  i t  t o  be made in  th e  mass spec

tr o m e te r .

Compound VX13 m atches compound. GL4 which was found in  th e  l e a f  extract 

from L."Gregynog G old*. T h is  compound was a s s ig n e d  th e  general 

s t r u c t u r e  CCXXXVTII b ecau se  o f  th e  b ase  peak and th e  trooylium  ion at 

m/e = 91 (CCXVTl) (2 1 7 a ,  b ) .

The m o le c u la r  w e ig h t ,  th e  r e t e n t i o n  in d ex  and th e  p a t te r n  o f  peaks 

above m/e = 210 in  th e  mass spectrum o f  compound VR14 match those of 

- s i t o s t e r o l  ( 2 2 0 ) .

Exam ination o f  th e  P e t a s in  E s t e r s

In  o rd er  to  o b ta in  more in fo r m a t io n  on th e  p e t a s in  e s t e r s  found in

th e  ro o t  m a te r ia l  o f  t h i s  p l a n t ,  a much la r g e r  sample was o b t a i n e d

from Logan Gardens, and e x t r a c t e d  in  th e  same way as  b e fo re  and exafli

by GLC. A comparison o f  t h i s  t r a c e  w ith  th a t  p r e v i o u s ly  o b t a i n e d ,

P i g .  XXIX, shows d i f f e r e n c e s  in  th e  i n t e n s i t i e s  o f  a number of the

peaks p r e s e n t  and th e  ab sen ce  in  th e  seco n d  e x tr a c t '  o f  c o m p o u n d s  -  >

7 and 8 .  The l a s t  two compounds were b e l i e v e d  t o  be impurities* s°
Vo e>eason̂ ‘t h e i r  absence  i s  not s u r p r i s i n g .  The o t h e r  d i f f e r e n c e s  may °
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The f i r s t  "batch o f  roo t  m a te r ia l  was o b ta in ed  in January, 1973, w h i le  

the second batch  was c o l l e c t e d  in  Llovember o f  th a t  y e a r .

The extract ob ta in ed  from th e  root m a te r ia l  was then  chromatographed  

on a rev erse -p h a se  l i q u i d  g e l  column (ifH1114—6o£-LH20, m eth a n o l/  

heptane 9 : l )  in  ord er  to  i s o l a t e  a f r a c t i o n  c o n ta in in g  th e  p e t a s in  

esters. These were e l u t e d  between SLV 110 and 190.

The e s te r s  were examined by GLC, and found, t o  con ta in  compounds VR8,

10, 11 and 12 ( F i g .  XXXa) • T h is  was v e r i f i e d  by mass sp ec tro m etry ,  

VR8, 10 and 12 g i v i n g  th e  same mass s p e c tr a  as b e fo r e ,  and compound 

VH11 showing th e  base  peak at m/e = 161 and th e  peak at m/e = 216 

both c h a r a c t e r i s t i c  o f  an e s t e r  o f  i s o p e t a s o l  ( l 8 o ) .  The m olecu la r  

ion m/e = 316, s u g g e s t s  th a t  th e  a c id  involved, i s  one o f  th e  

unsaturated a c i d s ,  a n g e l i c ,  t i g l i c  or d im e t h y la c r y l ic .  The 

retention index  o f  th e  compound i s  to o  low f o r  th a t  o f  i s o p e t a s in  

i t s e l f ,  which would have a v a lu e  o f  2345> and. from th e  t e n t a t i v e  

assignment o f  peaks in  th e  e x t r a c t s  o f  P. hybrid us and P .fr a g r a n s  i t  

is too low to  be th e  e s t e r  o f  t i g l i c  acid  which has a r e t e n t io n  ind ex  

of 2330. T h is  l e a v e s  onl.y th e  p o s s i b i l i t y  th a t  i t  i s  th e  e s t e r  o f  

dim ethylacrylic acid., which was not found in  e i t h e r  o f  th e  P e t a s i t e s  

examined.

The e s te r s  were h y d ro ly sed  by treatm en t w ith  base ( e t h a n o l i c  potassium  

hydroxide), and an e t h e r  e x t r a c t  was examined by GLC (F ig .  XXXb).

The two peaks p r e s e n t  were i d e n t i f i e d  as i s o p e t a s o l  and i s o p e t a s in  

from t h e ir  r e t e n t i o n  i n d i c e s  which were 2010 and 2345 r e s p e c t i v e l y ,  

f r e e in g  w ith  th o s e  o f  stand ard  samples ob ta in ed  under th e  same 

conditions. P e t a s in  i s  known to  produce i s o p e t a s o l  on h y d r o ly s i s ,  

due to a rearrangement under th e  r e a c t io n  c o n d it io n s  ( l3 0 )  and so  

ĥc i s o p e ta s in  p r e s e n t  presumably r e p r e s e n ts  unreacted  p e t a s in  which  

also  i s o m e r is e d .
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The basic  r e s id u e  o f  th e  r e a c t io n  m ixture was a c i d i f i e d ,  e x tr a c te d  

with e th er  and th e  d r ied  e th e r  s o lu t io n  was examined by GLC (F ig .

XXXc). A p o r t io n  o f  i t  was th en  t r e a t e d  w ith  diazomethane and. th e  

methyl e s t e r s  th u s  formed were a l s o  examined by GLC. The a c id s  

and th e ir  e s t e r s  were i d e n t i f i e d  by t h e i r  r e t e n t io n  in d ic e s  and 

there was found, t o  be a r a t i o  o f  d im e th y la c r y l ic  : t i g l i c  : a n g e l i c  

acid o f  6 : 2 : 1 .  S in ce  th e  t i g l i c  acid, would a r i s e  from isomer— 

isation o f  th e  a n g e l i c  acid, during  th e  h y d r o ly s i s ,  t h i s  s u g g e s t s  an 

original r a t io  o f  d im e t h y la c r y l i c  : a n g e l i c  a c id  o f  2 : 1 ,  which i s  

consistent w ith  th e  i d e n t i f i c a t i o n  o f  compound VR12 as p e t a s in  and 

compound VR10 as th e  p e t a s o l  e s t e r  o f  d im e th y la c r y l ic  a c i d .  The

acid, with which p e t a s o l  was combined t o  form compound VR-3, and

which was probably  p r o p io n ic  a c i d ,  did not appear on th e  GLC t r a c e  

under th e se  c o n d i t io n s .

Examination o f  th e  L ea f  Ibctract

The GLC and. mass s p e c t r a l  d a ta  ob ta in ed  f o r  th e  l e a f  e x t r a c t  o f  

L«ve i t  chi an a are summarised in  F igure XXXI and Table 34*

Compounds VL1, 2 , 3 and 4 have m olecu lar  weight o f  204 and a r e ,  

therefore, s e s q u i t e r p e n e  hydrocarbons w ith  th e  formula ^ ^ 2 4 *

VL1 shows a mass spectrum which matches th a t  o f  one o f  th e  fa r n e s e n e s  

(172), e s p e c i a l l y  in  th e  p resen ce  o f  th e  ion  o f  m/e = 120, and. i t s  

retention index  i s  in  th e  r ig h t  re g io n  fo r  one o f  t h e s e  compounds, 

since / *  —fa rn esen e  i s  known t o  have a r e t e n t io n  index o f  1367 ( 1 5 ° ) •

xhe r e te n t io n  in d ex  and mass spectrum o f  compound VL2 match th o se  o f  

the compound found, in  L .c l iv o r u m , L. fGrogynog' Gold 1 and L. tDesd.emonat 9 
v,hicn has been i d e n t i f i e d  as  erem ophilene (CCXIV) (177* ISO), w h ile  

compound VL3 shows a c l o s e  s i m i l a r i t y  to  compound GL2, which was 

foun<l in L. "Grcgynog Gold* l e a f  m a t e r ia l ,  and which has th e  mass 

spectral c h a r a c t e r i s t i c s  o f  0( —bergamotene (CCX\/T) (1 7 5 ) •  L a s t ly ,  

compound. VL4 can be i d e n t i f i e d  as  / / - b i s a b o l e n e  (CCXXIII) from both
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TABLE 3 4

Compound I lfS E -5 0 M ( f  o f  Base Peak) Base
Peak

S tron gest Ions 
( f  o f  Base Peak)

VL1 1590 204 ( 7) 41 69(85)

91(52)

100(29)

95(81)

155(52)

79(53)

55(49)

VL2 1460 204 ( 22) 41 93(80)

105(68)

91(52)

79(70)

107(67)

81(68)

55(59)

VL5 1485 204 ( 7) 93 41(98)

69(59)

81(48)

55(65)

43(55)

119(64)

79(4-8)

VL4 1490 204- (13) 41 69(97)

55(42)

94(24)

95(79)

44(56)

45(57)

79(56)

VL5 1605 256 ( 1 ) 45 41(69)

59(44)

161(27)

57(45)

44(40)

55(44)

91(31)

VL6 1700 258 ( 7) 45 41(59)

69(42)

225(25)

55(54)

29(39)

205(21)

123(52)

81(56)

VL7 1800 280 ( 5) 43 55(44)

69(22)

107(14)

205(40)

81(21)

105(14)

41(57)

95(14)

VL8 2255 516 (11) 148 55(59)

85(26)

45(36)

105(25)

41(52)

161(21)



TABLE 34 

CozrDOimd

Contd*

^bSE-SO M (°o o f  Base Peak) Base . S trongest Ions
Peak ( %  o f  Base Peak)

VL9 2400 288 (51) 104 288(51) 184(49) 79(46)

155(46) 80(42) 171(42)

VL10 5220 414 45 55(20) 41(60) 57(58)

81(52) 69(50) 167(45)

VL11 5250 424 218 55(56) 45(54) 41(50)

69(50) 81(25) 95(25)



m /e   ̂218

Fig. XXXI

I

CCXXXIX

R = 0H CXCVIII 

= OAc CXCIX



its r e te n t io n  in d ex  ( 158) and i t s  mass spectrum ( l 7 2 ,  1 7 5 ) .  T h is  

compound was a l s o  found in  th e  e x t r a c t s  o f  L. ^esdcmona* and L .ta n /r u t ic a .

Compound VL5 forms a t r i m e t h y l s i l y l  e th e r  w ith  a r e t e n t io n  index o f  

I645. I t s  m o lec u la r  w eight s u g g e s t s  th e  formula w hich, in

turn su g g ests  an isom er o f  p e t a s o l  or i s o p e t a s o l  which p o s s e s s e s  two

extra, hydrogens. T h is  i s  sunported by th e  occurrence o f  th e  ion  at

m/e = l 6 l ,  which could  a r i s e  from an m/e = 218 ion  a l s o  p resen t  in  

the spectrum by th e  p r o c e s s  shown in  Figure XXXI. In order to  a r r iv e  

at th is  m/e = 218 io n  by e l im in a t io n  o f  a hydroxyl and hydrogen, th e  

hydroxyl group would have t o  be s itu a ted ,  on carbon — 8 (CCXXXIX) or  

carbon -  9 (CCXL). The ease  o f  form ation  o f  th e  t r i m e t h y l s i l y l  e th e r  

suggests th e  a lc o h o l  i s  n ot t e r t i a r ? / ,  su p p o rt in g  th e  9-hydxoxy  

isomer.

Compound VL6 a l s o  forms a t r i m e t h y l s i l y l  e th e r ,  w ith  a r e t e n t io n  index

of 1745* The compound has a m o lecu la r  w eight o f  238 , which s u g g e s t s

a formula o f  C_ .-H-. 0 . .  The s tr o n g  H-15 peak, m/e = 223, i s  a l s o  
15 24 2

seen in compound VL7, which i s  n e i t h e r  an a lc o h o l  nor a k e to n e ,  and in  

which i t  appears a t  m/e = 265 * th e  m o lecu lar  weight o f  t h i s  compound

being 280. The s t r o n g  ion in  th e  spectrum o f  VL7 at m/e = 205

seems to a r i s e  by l o s s  o f  60 mass u n i t s  from th e  II— 15 io n ,  presumably  

due to the  l o s s  o f  th e  e lem en ts  o f  a c e t i c  a c id  from t h i s  io n .  I f ,  

then, t h i s  compound were an acetp .te  i t  would be derived, from an 

alcohol o f  m o lec u la r  w eight 238 , such as VL6. The s p e c tr a  o f  t h e s e  

compounds do show s i m i l a r i t i e s ,  e s p e c i a l l y  in  th e  occurrence  in  eacn  

of the ion at  m/e = 2 0 5 , due in  one t o  l o s s  o f  and a c e t i c  a c i d ,  

and in th e  o th e r  t o  l o s s  o f  CH3 and. II2<). These compounds match th e  

molecular w e ig h ts  o f  th e  compounds encountered, in  L .F is c h e r i^  i . e .  

liguloxidol (CXCVIIl) and l i g u l o x i d o l  a c e t a t e  (CXCIX) (202 ,  2 0 3 ) ,  

but no fu r th e r  e v id e n c e  f o r  o r  a g a in s t  t h i s  p o s s i b l e  c o r r e la t io n  

could be found.

Compound VL8 has th e  m o lec u la r  w eight and base peak o f  a p e ta s o l  

ester, and th e  r e t e n t i o n  in d ex  i s  th a t  o f  th e  d im e th y la c r y l ic  a c id  

ester o f  p e t a s o l .  Compound 7L9 i s  th a t  compound encountered in  both  

tbe le a f  e x t r a c t  o f  L .'G regynog  Gold* and th e  root e x t r a c t  o f
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L.Ve ic h ia n a  a n d  c h a r a c t e r i s e d  a s  h a v i n g  t h e  f o r m  C C X X X V T II .

Finally,  compounds VL10 and 11 a r e  r e s p e c t i v e l y  f t  - s i t o s t e r o l , and  

^•-amyrin (CCXXIl) w hich  was e n c o u n t e r e d  i n  L. VDesdemona1.

The apparen t  a b s e n c e  o f  s t r a i g h t  c h a i n  h y d ro c a rb o n s  o r  a l c o h o l s  i n  

the l e a f  e x t r a c t  o f  t h i s  p l a n t ,  may be due t o  o n ly  a r e l a t i v e l y  s m a l l  

amount o f  t h e s e  compounds b e i n g  p r e s e n t .  I n  t h e  o t h e r  p l a n t s  examined,  

the peaks on t h e  GLC t r a c e  due t o  t h e s e  compounds vie r e  n o t  v e r y  l a r g e  

when compared t o  t h o s e  o f  t h e  s e s q u i t e r p e n o i d s  p r e s e n t .  In t h i s  p l a n t ,  

which i s  r i c h  i n  s e s q u i t e r n e n o i d  compounds o f  v a r i o u s  t y p e s ,  any l e a f  

waxes n r o s e n t  migh t  have  g iv e n  t o o  m inor  a s e t  o'f GLC peaks  t o  a l l o w  

their d e t e c t i o n  and. e x a m i n a t i o n .

The f a m i l i a l  r e l a t i o n s h i p  be tw ee n  L . v e i t c h i a n a  and L . t Gregynog G o ld 1, 

which i s  a d a u g h t e r  o f  i t ,  i s  n o t  a s  o b v ious  from t h e  c h e m i s t r y  o f  

these p l a n t s  as  was t h e  same r e l a t i o n s h i p  be tween L. >Greg~rnog Gold 1 

and L . c l i v o r u m . I t  seems ,  t h e r e f o r e ,  t h a t  i n  t h e  c r o s s  be tween 

L.veit ch i a n a  and L . c l i v o r u m , t o  p roduce  L . fGregynog G o ld* , L . c l i v o r u m  

is the dominant  p a r t n e r ,  a t  l e a s t  from t h e  p o i n t  o f  view o f  t h e  p l a n t  

chemistry.
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4 - 2 - 6  L i a u l a r i a  t u s s i l a y i n e a

An e x t r a c t  o f  t h e  r o o t  m a t e r i a l  o f  t h i s  pla.nt was examined  by  GLC 

and GC-IIS, and t h e  r e s u l t s  a r e  summarised  in  F ig u r e  XXXII and 

Table 35*

Compound TR1 h a s  t h e  same r e t e n t i o n  in d e x  and mass sp ec t ru m  a s  t h e  

compound p r e v i o u s l y  i d e n t i f i e d  a s  e r e m o p h i l e n e  (CCXIV).

Compound TR2 h a s  a m o l e c u l a r  w e ig h t  o f  212,  which  s u g g e s t s  a  fo rm u la

of C--IL/.0# The compound i s  i n e r t  t o  a t t e m p t s  t o  form e i t h e r  a  15 lo
methyl oxime o r  a  t r i m e t h y l s i l y l  e t h e r .  The b as e  peak  and t h e  o t h e r  

major io ns  o c c u r  i n  t h e  h i g h e r  end o f  t h e  mass sp e c t ru m ,  im p ly in g  a 

fai r ly  s t a b l e  compound.  S in c e  f u r a n o e r e m o o h i l a n e s  have been found 

in L.t u s s i l a ^ i n e a  ( 1 9 3 ) 9 i t  i s  p o s s i b l e  t h a t  t h e  compound h a s  t h e  

s tructure  CCXLI o r  a  s i m i l a r  i s o m e r .  Loss  o f  one o f  t h e  —CH^ g ro u p s  

would r e s u l t  i n  t h e  io n  o f  m/e = 197* which  i s  t h e  b as e  p e a k .  The 

s t a b i l i t y  o f  t h i s  io n  would  be a c c o u n ted  f o r  by t h e  i s o m e r i s a t i o n  o f  

its double bonds w hich  would g i v e  an a r o m a t i c  s t r u c t u r e  (CCXLII).

Compounds 3X3 t o  7 a l l  c o n t a i n  t h e  11-100 o r  M-x-1 0 0  i o n s  c h a r a c t e r i s t i c  

of en te r s  o f  u n s a t u r a t e d  Cr c a r b o x y l i c  a c i d s  such  a s  a n g e l i c  a c i d  o r  

dimethylacr.yl ic a c i d .  T h e i r  m o l e c u l a r  w e ig h t s  range  from 314 t o  332,  

suggesting t h a t  t h e y  a r c  in  v a r i o u s  s t a g e s  o f  o x y g e n a t i o n .  S in c e  

furanoid e s t e r s  o f  a n g e l i c  and d i m e t h y l a c r y l i c  a c i d s  have been shown 

to ex i s t  in t h i s  p l a n t  ( 193 ) ,  i t  was assumed t h a t  t n e s e  compounds 

wro e s t e r s  o f  s u c h  f u r n n o i d c  d e r i v e d  by d i f f e r e n t  d e g r e e s  o . l  oxy gon a t  io n  

from f u r  an 0 c rcmoohi 1 an e (CLX'/ l) .  I n  o r d e r  t o  examine t h e s e  compounds 

more c l o s e l y  i t  was d e c i d e d  t h a t  a  l a r g e r  sample 01 t n e  r o o t  m a t e r i a l  

vould have t o  be e x t r a c t e d  and t h e  compounds s e p a r a t e d  by l i q u i d  g e l  

chromat 0 g raphy  •

Compounds TX3, p and 10 a r e  a l l  p h . y t o s t c r o l s ,  and have  been  i d e n t i f i e d  

from t h e i r  r e t e n t i o n  i n d i c e s  and mass s p e c t r a  a s  c a n n e s t e r o l ,  s t i g — 

m.mtrpol r,r<d ^  — s i t o s t c : : o l  r o s a c c t i v e l y .  These s t e r o l s  have been 

Uu5maod no t  t o  be t h e  2A—eo im o rs  which would be i n d i s t i n g a i a n a v i e  by 

t!lis Method.
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TABLE 3 5

Compound I^; ^  M ( %  o f  Base Peak)

TEL 1460 209 (15)

TR2 1770 212 (26)

TR5 2215 516 ( 2)

TR4 2220 514 (25)

TR5 2 570 552 ( 7)

TR6 2580 552 ( 6)

TK7 2410 512 (24)

TR8 5140 400 ( l l )

TR9 5165 412 (12)

TRL0 5220 414 (25)

Base S tron gest Ions
Peak i/o o f  Bas1e Peek:)

41 95(80) 55(62) 91(55)

45(54) 79(45) 107(40)

105(40) 155(56)

197 169(58) 182(29) 212(26)

154(50) 155(15) 45(15)

85 159(14) 216(14) 55(15)

41 ( 8) 46 ( 6) 109( 6)

159 85(68) 55(51) 214(40)

199(54) 145(28) 45(15)

109 105(72) 55(50) 124(27)

85(18) 110(12) 45(10)

214( 8)

212 197(91) 124(81) 55(72)

109(65) 85(51) 215(24)

512(17)

197 212(71) 55(65) 85(56)

512(24) 215(20) 187(18)

45 85(88) 55(87) 57(70)

41(58) 75(57)

69 55(87) 85(79) 45(57)

41(52) 81(52)

45 55(81) 57(68) 41(58)

69(46) 85(45)



TABLE 3.6

Compound

TRL1

TEL2

TEL 3

I 1f,  cr0 11 { c/ j o f  Base Peak) Ease S tron gest Ions
• Peak ' ( c,o o f  Base Peak)

2590 330 ( 1) 83 55(51) 41( 8)

230( 5)

2620 548 ( 1) 83 55(48) 228(50)

248( 5)

2805 562 ( 1) 85 55(47) 170(26)

84( 7) 

212(21) 

110(26)
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A re -exam ina t ion  o f  t h e  e x t r a c t ,  which ho.d b e e r  k e p t  u n d e r  r e f r i g e r 

ation f o r  t h r e e  weeks s i n c e  t h e  o r i g i n a l  t r a c e  van o b t a i n e d ,  showed 

that the  peaks  due t o  t h e  presumed f u r a n o i d s  vie r e  much s m a l l e r  and 

that t h r e e  nev? p e a k s  vie r e  p .ppear ing  a t  r e t e n t i o n ,  i n d i c e s  h i g h e r  t h a n  

those o f  t h e  f u r a n o i d s  ( F i g .  X X X II l ) .  The mass s p e c t r a  find r e t e n t i o n  

indices o f  t h e s e  comoounds a r e  shown in  T a b le  36 . The m o l e c u l a r  

weights s u g g e s t  t h a t  t h e y  a r e  d e r i v e d  from t h e  f u r a n o i d s  by o x i d a t i o n ,  

possibly o f  t h e  f u r a n  r i n g ,  s i n c e  each  o f  them s t i l l  shovis t h e  K—100 

ion due t o  t h e  l o s s  o f  an u n s a t u r a t e d  ( a c i d )  g ro u p .  T h i s  tend.ency  

of the f u r a n o i d s  t o  o x i d a t i o n ,  meant t h a t  g r e a t  c a r e  had t o  be t a k e n  

in the h a n d l i n g  o f  b o t h  t h e  e x t r a c t  and. o f  any com sounds  i s o l a t e d ,  

from i t .  A f t e r  a n o t h e r  two vieeks in  t h e  r e f r i g e r a t o r ,  t h e  e x t r a c t  

was found, t o  c o n t a i n  none o f  t h e  o r i g i n a l  f u r a n o i d s ,  o n ly  t h e  o x i d a t i o n  

products d e r i v e d  from them.

A fresh  sample o f  t h e  r o o t  m a t e r i a l  was e x t r a c t e d  and examined by GLG. 

It vias found t o  y i e l d  t h e  came p eak s  a s  b e f o r e ,  w i t h  t h e  e x c e p t i o n  

of T112• The mass s o e c t ru m  o f  t h a t  compound c l o s e l y  re sem bled  t h a t  

of compound TX7» so t h e  f o r m e r  may have been  an a r t e f a c t ,  der ived ,  

from th e  l a t t e r .  The e x t r a c t  was chromatographed  on a r e v e r s e  p hase  

li ruid g e l ' c o lu m n  (l:H15l8-60>--LI{20, m e t h a n o l / h e p t a n e  9 : l ) >  t h e  

eluate p a s s i n g  o v e r  t h e  moving viire o f  a Pye L i r u i d  Chrornatogrunh 

Detector. The t r a c e  from t h e  d e t e c t o r  i s  sho rn  in  F i g u r e  XXXIV. 

f rac t ions  from t h e  column vie r e  c o l l e c t e d  a t  i n t e r v a l s  c o r r e s p o n d i n g  

to 1 S.iV. These were combined t o  g iv e  t h e  f o u r  l a r g e r  f r a c t i o n s  

corresponding t o  t h e  p e a k s  on. t h e  d e t e c t o r  t r a c e .

S&otion I I  (3~ry 4 2 - 5 2 )

Compound T?4 was found  in  t h i s  f r a c t i o n  a l o n g  w i t h  t h r e e  o t h e r  

compounds which d i d  n o t  ap pear i n  t h e  o r i g i n a l  e x t r a c t .

?hesc t h r e e  compounds were l a b e l l e d  T114a, b and c .  T h i s  m i x t u r e  

v,as chromatograuhed on a s t r a i g h t  nhase  l i q u i d  g e l  column (lUIl^lS— 

fy‘-Li:20 b e n z e n e ) ,  and t h e  f r a c t i o n s  c o l l e c t e d  were a n a l y s e d  by GLG. 

''Onipound TR4 g a s  found i n  t h e  f r a c t i o n s  o f  3 XV = 66 — 6 ; ,  and t h e  

other t h r e e  comoounds in  t h e  f r a c t i o n s  o f  3. *V = 70 — 74*

- 9 3 -



CL VIII

CCXXIX

=OAng a

CCXLVII CCXLVIII



The mass spec t rum  o f  TR4 showed a m o l o c u l a r  ion a t  m/e = 314 , and a 

bnse peak a t  n / e  = 159,  a s  w e l l  a s  an ion  o f  m/e = 2.14 , a l l  o f  which  

s u r e s t  a p a r a l l e l  w i t h  i s o p e t a s i n  (C L V II l ) ,  which  has  a base  peak  

of m/e = 161 (CCXXVIII) and a peak  a t  n / e  = 216 (CCXXIX). S in ce  

L . t u s s i l a g i n e a  h a s  been  shown t o  c o n t a i n  f u r a n o s e s c u i t e r p e n o i d s  (193) 

it is  p ro b a b le  t h a t  t h e  compound i s  a  f u r a n o i d  a na logue  o f  i s o p e t a s i n ,  

and so t h e  most o r o b a b l e  s t r u c t u r e s  a r e  CCXLIII and CCXLIV. N e i t h e r  

of the se  compounds h a s  p r e v i o u s l y  been  i s o l a t e d  from a p l a n t ,  t h o u g h  

the a l c o h o l  from w hich  t h e  l a t t e r  would be d e r i v e d ,  e u r y o o s i n  (CGXLVl) 

was proposed as  t h e  p r e c u r s o r  o f  a  number o f  f u r a n o s e s c u i i t e r p e n e s  found 

in p l a n t s  o f  t h e  genus  Runyons ( 222) ,  w h i l e  t h e  a l c o h o l  CCXLV was 

prepared d u r i n g  i n v e s t i g a t i o n  i n t o  t h e  chem ica l  c o n s t i t u e n t s  o f  

L. tussi lawinea.  ( 198 ) ,

This 1 - s t  compound (CCXLV) gave  a mass s o e c t r u n  i n  which t h e  b a s e  

peak was m/e = 159 , and t h e  s t r o n g e s t  i o n s  were a t  m/e = 199 and 145 

all t h r e e  o f  which  o c c u r  i n  t h e  sp ec t ru m  o f  compound Til4« Thus t h e  

most l i k e l y  s t r u c t u r e  f o r  comoound TR4 i s  CCXLIII,  where t h e  a c y l  

group i s  d e r i v e d  from an u n s a t u r a t e d .  C,. a c i d .  The peak  a t  m/ e = 214 

would a r i s e  from l o s s  o f  t h e  a c i d  g roup (CCXLVIIl) o f  m/e = 159*

The i d e n t i f i c a t i o n  o f  TR4 i s  s t r e n g t h e n e d  by t h e  UV s p e c t ru m ,  which

shows an a b s o r b a n c e  o f  A = 290nm (jr =  9 , 0 0 0 ) ,  Puranoeremophil -max •
8 - e n -  o l  (CCXLV) h a s  \  = 292nm ( £  = 1 0 ,000 )  ( 198 )/ '  • max.

and s in c e  t h e  change  from an  a l c o h o l  t o  an e s t e r  would n o t  a f f e c t  

major ch ro m o o h o re , which  i s  due t o  t h e  c o n j u g a t i o n  o f  t h e  d o u b le  

bond wi th  t h e  f u r a n  s y s t e m ,  t h i s  c l o s e  s i m i l a r i t y  i n  UV s p e c t r a  would 

bo expected, from t h e  two compounds,

The HHil spec t rum  o f  T124 ( P i g .  XXXV) was o b t a i n e d  and T a b le  37 shows

a comparison o f  t h e  c h e m ic a l  s h i f t s  o bse rved  w i t h  t h e  c o r r e s p o n d i n g

Values obta ined ,  f o r  f u r a n o e r e m o p h i l —8 —en— 5 ^  —o l  (CCXLV) ( l 9 o ) .

■̂be s im i l a r i t i e s  betw een th e  s p e c tr a  aga in  ten d  to  confirm  th e
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TABLE 3 7

j  (observed)  $  (H = II)

i *05 d 1*10 d
( J  = 4Hz) ( J  = 6Hz)

C5 '  ®3 1 .1 0  1 .0 5

u ' CH5 2.o a 1.9 a
(J = 1Hz) (J = 1 .5  Hz)

C — TT
5 n 5 .2  5 .8 4

C9" tt 5 .4  5 .9 5  d
C .-  a,

12 n 7 .1  a 6.86
(J  = 1Hz)



=OAng =OSen

CCXLIX CCL

R = Ang CCXLIIIa  

Sen CCXLIIIb  

H CCXLV

TABL::! 38

1 ( Vjj s^-30)
Acid Ii e t h y l  ] I n t e r B e n z y l  ' I n t e r R a t  io

1015 950 1375 0 .4

1060 1015 1435 3

1000 1010 1470 2



id e n t if ic a t io n  o f  compound TR4. The o n ly  major d i f f e r e n c e  between  

the chemical s h i f t s  o f  corresp on d in a  protons i s  th a t  observed  f o r  

the hydrogen, caused  by th e  d e s h ie ld in g  e f f e c t  o f  th e  e s t e r  

group, which would be la r g e r  than th e  e f f e c t  due to  a h yd roxy l.

The methyl p roton s  from th e  ac id  group would be expected  to  have 

chemical s h i f t s  o f  between I .8 5  and 2 .1 6 8  £ (1 9 8 ) .  There a r e ,  in  

fact, peaks in  t h i s  r e g io n ,  but th e y  form too  complex a system to  

allow a n a l y s i s .  There a r e ,  however, peaks which correspond to  th e  

single proton p r e se n t  in  each a c i d .  That due to  th e  a n g e lo y lo x y  

group (OCXLIX) would be a coiartet cen tred  around 5*9 S , w h ile  th a t  

of d im ethylacry loxy  (CCL) group would be a mult i n l e t  centred  around 

5*55 i ( 1 9 8 ) .  The spectrum o f  TR4 shows both  o f  t h e s e  s i g n a l s ,  

which su g g e s ts  th a t  th e  e s t e r s  o f  both a c id s  (CCXLIIIa, CCXLIIIb) 

are present as a m ix tu re ,  o f  s im i l a r  p r o p e r t i e s .

The mixture was hyd ro lysed  by treatm ent w ith  mild b a se ,  and th e  

constituent a lc o h o l  and acid  were extre .c ted  from th e  r e a c t io n  m ixture  

an:] examined by GLC and. GC-IIS. The a lc o h o l  was found to  have a 

retention index o f  1370 on lg  Si£-30. ?he mass spectrum showed a 

molecular ion  o f  m/e = 2 3 2 , a base  peak at m/e = 159 and major io n s  

at m/e = 214 , 199 and 14 5 ? m atching th e  spectrum o f  fu ran oerem op h il-  

8-en- 5 /3 -0 1  (CCXLV) ( 1 9 8 ) .

Portions o f  th e  ac id  s o lu t io n  were t r e a t e d  w ith  diazomethane and w ith  

Phenyldiazoraethane t o  form th e  methyl and ben zyl e s t e r s  r e s p e c t i v e l y .

The re te n t io n  i n d ic e s  o f  t h e s e  e s t e r s  and o f  th e  o r i g i n a l  a c id s  are  

shown in Table 38 . The mass s p e c tr a  o f  th e  v a r io u s  methyl and 

phenyl e s t e r s  were a l s o  o b ta in e d ,  but th e y  proved no h e lp  in  d i s 

tinguishing th e  compounds, g iv i n g  almost i d e n t i c a l  s p e c tr a  f o r  each  

type o f  compound. The m o lec u la r  io n s  did confirm th e  m olecu lar

e ig h ts  exp ected  f o r  th e  u n sa tu ra ted  C.. a c id s  and t h e i r  d e r i v a t i v e s .
5

c°rcparison o f  th e  da ta  w ith  th o s e  o f  a u th e n t ic  samples shows th a t  

the acids ere a n g e l i c ,  t i g l i c  and d im e th y la c r y l ic  in  th e  r a t i o  o f  

°*4 : 2 : 3 , w hich , a l lo w in g  f o r  th e  i s o m e r is a t io n  o f  a n g e l i c  a c id  

to t i g l i c  a c id ,  im p l ie s  an o r i g i n a l  r a t i o  o f  a n g e l i c  t o  Dimethyl a c r y l i c  

of 2*4 : 3 or 1 : 1 . 2 5 .
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Thus the peak on th e  CLC t r a c e  a t t r ib u te d  to  TR4 i s ,  in  f a c t  due 

to two iso m er ic  e s t e r s ,  5/* - an g e 1oy 1 o x y -  fura-noeremophi 1—8— one 

(CCXLIVa) and -d im e th y la c r y ly lo x y - fu r a n o e r e m o p h i l  - 8 - e n e  
(CCXLIVb).

Compounds TR4a, b and c have th e  GLC and GC-MS p r o p e r t ie s  summarised 

in Table 39. T h e ir  r e t e n t io n  in d ic e s  are d i f f e r e n t  enough from th o se  

of compound TR4 and th e  amounts o f  each p resen t  w ith  r e s p e c t  to  TR4 

are s u f f i c i e n t  th a t  th e y  would not be obscured by i t  in  th e  o r i g i n a l  

GLC trace  o f  th e  e x t r a c t .  They do n o t ,  hov^ever, appear in  t h i s  

trace, th e r e fo r e  th e y  are a r t e f a c t s ,  formed during th e  chromatographic  

procedures. T h is  was confirmed by k eep in g  a sample o f  TR4 in  

methanol ov ern ig h t  a t  room tem p era tu re .  The products were compounds 

TR4a, b and c .  The m o lec u la r  w e ig h t ,  346* and th e  ea sy  e l im in a t io n  

of 32 mass u n i t s  t o  g iv e  th e  ion  o f  m/e = 314* as w e l l  as th e  io n s  

of m/e = 199 and 1 5 9 * su g g e s t  th a t  t h e s e  compounds have been d er iv ed  

from TR4 by th e  a d d i t io n  o f  methanol a cr o ss  th e  double bond. T h is  

is confirmed by th e  NI-IR spectrum (R ig . XXXVI') o f  th e  mixture o f  

compounds. T h is  i s  i d e n t i c a l  t o  th a t  o f  compound TE4* except f o r  

the absence o f  th e  s ig n a l  due t o  th e  proton at 5*45£  » and th e  

presence o f  a la r g e  d ou b let  (J  = 2Hz) in t e g r a t in g  f o r  th r e e  protons  

ot 3*3 £ where one would exp ect  t o  see  a methoxy s ig n a l  ( 1 3 9 ) .  The 

W spectrum a ls o  su p p orts  t h i s  c o n te n t io n ,  shoviing an a b so rp tio n  at  

r̂aax. = ( £  = 1 4 , 0 0 0 ) which i s  th e  exp ected  va lu e  (1 9 8 ) .

Of the two p o s s i b l e  s t r u c t u r e s  CCLI and CCLII, th e  l a t t e r  i s  th e  

roore l i k e l y  from th e  mass s p e c t r a l  e v id e n c e .  A Retro D ie l s —A lder  

fragmentation o f  th e  ty p e  shown (193) would r e s u l t  in  th e  io n s  o f  

B 108 (C C L in ) and m/e = 138 (CCLIV) from compounds CGLI and 

CCLII r e s p e c t i v e l y .  The ion  o f  m/e = 138 (CCLI\T) i s  th e  base  peak 

i*1 the spectrum o f  TR4a, and o c c u r s ,  to  a l e s s e r  e x t e n t ,  in  th e  

sPectra o f  TR4b and c ,  w h i le  th e  ion  o f  m/e = 108 (CCLIIl) does not  

°ccur in any o f  th e  s p e c t r a .  Thus th e  compounds have th e  g e n e r a l  f o r 

mula CCLII.
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TA?LK 39

I (l^SE-50)

TR4a 2250

TR4b 2255

TR4c 2250

R atio  K Rase 
Peak

1 546 158

5 546 85

6 54-6 85

S tron gest Ions

55 85 159 41

55 159 265 45

55 159 45 215

45 199 514

514 199 158

514 199 158



MeO H

CCLV

CCXLIII

MeO

TABLE 40

Conroound ■^l^SE-30 R atio M Base
Peak

S tro n g est

TR3 2215 2 516 159 85 145

TR5a 2220 - 1 316 108 83 55

TR3b 2250 9 516 108 85 55

41

45



The s i m i l a r i t y  o f  th e  mass s p e c tr a  o f  compounds TR4b and c ,  coupled, 

to the r a t io  o f  one to  an oth er  o f  5 : 6 , which matches th e  r a t i o  o f  

the dimethyl a c r y l i c  e s t e r  t o  th e  a n g e l i c  e s t e r ,  which were t h e i r  

parent compounds, s u g g e s t s  th a t  t h e s e  two compounds are r e s p e c t i v e l y  

the a n g e l ic  and d im e t h y la c r y l ic  e s t e r s  o f  th e  same a lc o h o l .

Compound TR4a and p o s s i b l y  a second compound masked by b and c ,  

would, t h e r e f o r e ,  be an e s t e r  o f  th e  complementary a lc o h o l  in  which  

the methoxyl group had th e  o p p o s i t e  c o n f ig u r a t io n .

The add ition  o f  methanol to  a double bond, i s  a. s t e r e o s e l e c t i v e  p r o c e s s ,  

the methoxyl and hydrogen a.dd.ing t r a n s -  t o  each o th e r ,  so from TR4 

(CCXLIII) th e  exp ected  p rodu cts  would be e i t h e r  th e  o( -raethoxy isom er  

in which th e  r in g s  are c i s - fu se d  (CCLV) or th e  ^ - m e t h o x y  isom er in  

which the r in g s  are t r a n s - fu s e d  (CCLVl). Retro D ie l s -A ld e r  fr a g 

mentations in system s l i k e  t h e s e  have been shown to  be more favoured  

when the r in g s  are c i s - fused, than  when th e y  are t  ran s - f  used ( 223 , 224) ,  

thus compound. TR4a, which under e l e c t r o n  impact g iv e s  a Retro D i e l s -  

Alder ion as th e  most s t a b l e  io n ,  probably has th e  s t r u c tu r e  CCLV, 

while ?R4b and c ,  have th e  s t r u c tu r e  CCLVI.

Hydrolysis o f  th e  compounds gave two a l c o h o l s ,  r e t e n t io n  in d ic e s  1810  

and 1S20 in  th e  r a t i o  5 : 1» w ith  th e  ex p ected  m olecu lar  w e ig h ts

of 264. The ac id  f r a c t i o n  gave th e  same r e s u l t s  as th a t  o f  compound. 

TR4, with a r a t i o  o f  a n g e l i c  to  t i g l i c  t o  d im e th y la c r y l ic  a c id  o f  

°*4 : 2 : 3 , im o ly in g  an o r i g i n a l  r a t i o  o f  a n g e l i c  to  d im e th y le ,c r y l ic  

°f 5:6. T his  r a t i o  i s  th e  same as th a t  o f  compounds TR4b to  TR4c, 

thus TR4b i s  probably  th e  e s t e r  o f  a n g e l i c  a c id  (CCLVTa) and. TR4c o f  

dim ethylacrylic ac id  (CCLVIb).

S ect ion  I I I  (3:iV 65 -  80)

Compound TR3 was found in  t h i s  f r a c t i o n  a lon g  w ith  two o th e r  compounds 

of 'the same m o lec u la r  w eight and o f  r e t e n t io n  in d ic e s  2220 and 2230  

(■‘■O-ble 4 0 ) .  These compounds l a b e l l e d  TR3a sncl b , could e a s i l y  have  

bsen masked in  th e  GLC tra.ee o f  th e  o r i g in a l  e x tr a c t  by th e  larere 

Peal: at 2220 index  u n i t s .  The mass spectrum o f  compound TR3 matches
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Compound i ^ s - s o ) R atio M Base
Peak

S tro n g est Ions

CCLVXII 1700 1 254 124 159 216

CCLVII 1760 5 254 108 216

m/e =108
CCIXa R =

= Sen

R = Sen CCXI 

H CCLVII



that o f  2 -d im e th y la c r y lo y lo x y -fu r a n o e r e m o p h ila n e  (CCXl) w h ile  

the very s im i la r  s p e c t r a  o f  TR3a and b natch  th a t  o f  5/i -an ye 1 o y l  oxy  

-furanoeromophilane (CCIXa) , both  o f  which have been p r e v io u s ly  found  

in L. t u s s i  1 ax in ea  ( l9 8 ) »  The presence o f  two compounds w ith  

similar mass s p e c tr a  again  su g g e s t s  th a t  TR3a and b are th e  is o m e r ic  

esters o f  a n g e l i c  and d im e t h y la c r y l ic  a c i d s .  A sample o f  th e  m ixture  

of a l l  th r e e  compounds was hydrolysed  and th e  f r a c t io n  c o n ta in in g  th e  

acids was examined by GLC. Both a n g e l i c  a c id  and d im e th y la c r y l ic

acid were p r e s e n t ,  in  th e  r a t i o  o f  3s 1» Prom th e  r a t i o s  o f  th e

esters ( f a b le  40)> t h i s  cou ld  o n ly  a r i s e  i f  both TR3 and TR3a were 

the d im e th y la c r y l ic  a c id  e s t e r s  (COXI, CCIXb), and TR3b was th e  

angelic a c id  e s t e r  (CCIXa).

The a lc o h o l-c o n ta in in g :  e x t r a c t  o f  th e  h y d r o ly s i s  was found by GLC t o  

be a complex m ixture o f  p eak s ,  implying: th a t  the  a lc o h o l s  had de

composed under th e  r e a c t io n  c o n d i t io n s .  Treatment o f  a m ixture o f  

the e s t e r s  w ith  l i th iu m  aluminium h y d r id e ,  however, gave th e  a lc o h o l s  

derived from th e  e s t e r s  ( f a b le  4 l ) *  The a lc o h o l  from comoounds TR3a 

and b (CCLVIIl) shows a mass spectrum s im i la r  to  th o se  o f  the  e s t e r s ,  

with the base peak due to  th e  m/e = 108 ion  d er iv ed  from a Retro D i e l s -  

Alder fra g m en ta t io n .  In th e  o th e r  a lc o h o l  (CCXLVTl) th e r e  are two  

major fragm en tation  p r o c e s s e s ,  l o s s  o f  th e  e lem ents  o f  w ater to  g iv e  

the ion o f  m/e = 159 as  th e  base  peak (Path  A) or th e  Retro D ie l s - A ld e r  

which g iv e s  th e  ion  o f  m/e = 124 as th e  base  peak (Path  B ) . When R i s  

an e s te r  group (CCXl), path  A i s  p r e fer red  and the  base  peak i s  m/e = 159 .

When, however, R i s  a hydrogen (COXLVIl), l o s s  o f  H20 i s  not so e a s y ,  so

Path B i s  p r e fe r r e d ,  a lth ou gh  path A s t i l l  c o n tr ib u te s  to  th e  spectrum .

Fraction I  (SBV 36 -40 )

This f r a c t io n  was found t o  co n ta in  compounds TR5> 6 and 7? as w e l l  as  

two minor compounds o f  r e t e n t io n  in d ic e s  2217 and 2220, which would 

^  contained in  th e  GLC t r a c e  o f  th e  t o t a l  e x t r a c t ,  in  th e  la r g e  peak 

of re te n t io n  in d ex  2220 . These compounds were la b e l l e d  TR4d. and e .

The f r a c t io n s  were th en  chromatographed on a s t r a ig n t  phase l i g u i d  g e l
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column ( N 1 5 l 8 - 6 0 } b - L H 2 0 ,  b e n z e n e )  t o  s e p a r a t e  t h e  c o m p o u n d s .

Compounds TR4d and e were e l u t e d  a,t SBV = 4 9 -5 2 .  They show 

almost i d e n t i c a l  mass s p e c t r a ,  w ith  m o lecu la r  io n s  at m/e = 332,  

base peaks at m/e = 83 and s tr o n g  io n s  at n /e  = 55,  159 ,  199,  232 

and 214* These s p e c t r a  match th a t  o f  2/i -d  im e th y la c r y ly lo x y ,

8^-hydroxy-furanocrem ophilane (COX), as does th e  TJIIR spectrum  

of the m ixture o f  TR4d and e (Table 42) ( 198) .  The ITIIH spectrum  

shov/s a s ig n a l  due t o  th e  proton  o f  th e  d im e th y la c r y ly lo x y  group,  

but none from th e  proton  o f  an a n g e ly lo x y  group, s u g g e s t in g  th a t  

both compounds are e s t e r s  o f  d im e th y la c r y l ic  a c id .  T h is  was con

firmed by h y d r o ly s i s  o f  th e  compounds, which produced, one a c id .

The re te n t io n  i n d i c e s  o f  t h i s  a c id  and i t s  methyl e s t e r  were th o se  

of d im e th y la c r y l ic  a c i d .  The a lc o h o l - c o n t a in in g  e x tr a c t  from th e  

hydrolysis was shown by GLC t o  c o n ta in  a complex m ixture o f  peaks ,  

but reduction  o f  compounds TR4d. and e ,  w ith  l i th iu m  aluminium 

hydride resu lted ,  in  two a l c o h o l s .

These a lc o h o l s  had r e t e n t i o n  i n d ic e s  o f  1865 and i8 6 0 ,  and were 

present in  the  r a t i o  o f  2 : 1 ,  hence th e  former i s  derived, from 

compound TR4e and th e  l a t t e r  from compound TR4d. The mass s p e c tr a  

are extrem ely s i m i l a r ,  both  h av in g  a m o lecu lar  ion o f  m/e = 250 

and a base peak o f  m/e = 1 2 4 , which would be expected t o  a r i s e  from 

compounds o f  th e  s t r u c t u r e  CCLIX by a Retro D ie l s -A ld e r  p r o c e s s .

Since t h i s  i s  th e  base  peak o f  both s p e c tr a  th e  r in^ s  A and B are  

probably c i s —fused  in both  compounds (223* 224 , ) ,  so th e  a lc o h o l s  and 

the o r ig in a l  e s t e r s  are most l i k e l y  iso m er ic  in  th e  c o n f ig u r a t io n  o f  

the hydroxyl group on ca rb on -2 .

Compound TR5 was found in  f r a c t i o n s ,  from th e  s t r a ig h t  phase column, 

°f SP.V = 6I - 6 7 . The mass spectrum o f  t h i s  compound has a m o lecu la r  

i°n of m/e  ̂ 332 and shows peaks at m/ e = 314* 214* 199 and. 159*

These su ggest  th a t  TR5 has a s t r u c tu r e  which can l o s e  a hydroxyl and 

hydrogen under e l e c t r o n  impact to  g iv e  th e  p a ttern  o f  io n s  observed  

in the spectrum o f  TR4 (CCXLIIl) c o n s i s t e n t  w ith  th e  s t r u c t u r e s  CCLX
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or CCLXI. Fragm entation o f  both compounds could  r e s u l t  in th e  

Retro D ie l s —A ldor peaks at m/e = 108 and 124 found in  th e  spectrum  

(Fig. XXXVIII, XXXIX) > but o n ly  in  th e  fragm entation  o f  CCLXI cou ld  

the base peak, o f  n /e  = 109 be so e a s i l y  derived  (FIG. XXXIX) .  The 

spectrum o f  compound CCLX would a l s o  be expected  to  show the  m/e = 124

ion as the  base  peak ( 1 9 8 ) .  Thus th e  s t r u c tu r e  o f  compound TR5 i s

probably CCLxI. S in ce  th e  Retro D ie l s -A ld e r  peeks have such a h igh  

in tensity  in  th e  spectrum , r in g s  A and 3 are probably c i s - fu se d  (2 2 3 ,  224)  

making th e  s t r u c tu r e  CCLXII or an isom er where th e  a c y l  grouo i s

positioned on e i t h e r  carbon 6 or  7 * A compound o f  t h i s  type  has been

reported as o c c u r r in g  in  p la n t s  o f  th e  genus Xuryons ( 222) .

Compound TR6 wns Glivfc©d. from *fcno s*fcrPui ĵi*t Toilets© coXurnn wi"th nn —

67-73* The mass soectrum o f  t h i s  compound, a l s o  has a m o lecu lar  ion  

at m/ e = 332, but here th e  base peak i s  at m/o = 124 , s u g g e s t in g  

a fu ran osesq u iterpeno id  w ith  a hydroxyl at C -9. T his  and th e  r e s t  

of the spectrum m atches th e  da ta  obta ined  f o r  5/3 -a n g e lo .y lo x y -  

-hydroxy-furanoeremophilane (CCXII) which has been found in L . t u s s i l -  

Aginea ( 198) .  The p r e v io u s  workers s t a t e  th a t  t h i s  compound. i s  

present as an a r t e f a c t  a r i s i n g  from th e  h y d r o ly s i s ,  d uring  column 

chromatography on s i l i c a  g e l ,  o f  th e  compound CGVIII, and th a t  i t  

is not p resen t in th e  o r i g i n a l  e x t r a c t .  In t h i s  c a s e ,  however, i t  

van found in  th e  o r i g i n a l  e x t r a c t  o f  th e  root m a te r ia l  which s u g g e s t s  

that i t  i s  an a c tu a l  component o f  th e  p la n t ,  or th a t  th e  d i - e s t e r  

(COi/IIl) i s  b e in g  t o t a l l y  hydro lysed  during th e  e x tr a c t io n  and g e l — 

f i l t r a t io n  o f  th e  u la n t  m a t e r ia l ,  s in c e  th e  d i - e s t e r  was not encountered  

in th is  e x tr a c t  o f  th e  p la n t .

■“•he la s t  compound to  be e lu te d  from th e  s t r a ig h t  ohase column was 

compound TRY, at oJJV = 74- 7 6 . The h ig h e s t  ion  in  th e  mass spectrum  

°f th is  compound was at m/e = 312 , which, a,long w ith  th e  ion  at 

ii/s, ® 212, s u g g e s t s  a more u n satu rated  form o f  compound TR4 w ith  a 

structure o f  th e  ty p e  shown (CGLXIII, CCLXIV), or some isom er o f  

tflcse. The c o m p a ra t iv e ly  h ig h  i n t e n s i t y  ox bomh she m/o = 312 and 

212 ions (Table 3 4 ) s u g g e s t s  th a t  th e  s tr u c tu r e  CCLXIII i s  th e  more
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likely "because th e  m/c = 212 ion  derived  from i t  c o n ta in s  th r o e  double  

bonds, a l l  o f  which are conjugated  w ith  th e  furan r i n g ,  in c r e a s in g  th e  

s ta b i l i ty  of. th e  io n .  The 3117 and r e t e n t io n  index v a lu e s  o f  t h i s  

compound, however, su g g e s t  th a t  i t  i s  a molar compound s in c e  i t s  

nearest ana logu es  in both  GLC and l iq u id  g e l  chromatography, are  

trie kydroxy-furano ids  TH5 and TRo. Thus th e  compound i s  more l i k e l y  

to have th e  s t r u c tu r e  CCUZV, from which th e  hydroxyl i s  e a s i l y  

eliminated, under e l e c t r o n  im pact, to  g iv e  the  ion o f  m/e = 312 , which  

is s t a b i l i s e d  by th e  co n ju g a t io n  o f  th e  double bonds. Compound 

CCLX7I i s  l e s s  l i k e l y ,  s in c e  i t  would be exp ected  to  undergo a Retro  

Diels-Alder fr a g m e n ta t io n ,  g iv i n g  an ion  o f  m/e = 103 f o r  th e  

8 -hydroxy isom er , and 124 f o r  th e  9-hydroxy isomer ( 198) .

f r a c t i o n  IV  (d f V  1 1 0 - 1 2 0 )

This remaining f r a c t i o n  was found to  con ta in  th e  s e s q u ite r p e n e  

hydrocarbons and th e  s t e r o l s  TR3, 9 and 10 . The two c l a s s e s  o f  

compound Mere sen ara ted  by l i q u id  g e l  chromatograohy on the  s t r a ig h t  

phase column, th e  hydrocarbons b e in g  e lu te d  at 3f.V = 30—34j th e  

sterols at 3'JV = 35—4 0 . The column was. not s u f f i c i e n t l y  e f f i c i e n t  

to separate in d iv id u a l  members o f  each ty p e .

The mixtures were examined by GLC at con stant  tem p eratu re , and th e  

retention in d ic e s  confirmed as th o se  s ta te d  in Table 34*

in at ion o f  th e  Loaf M ater ia l

The extract o f  l e a f  m a te r ia l  from L . t u s s i l a a i n e a  was found to  c o n ta in  

^.rce major compounds ( F i g .  XL ) ( f a b le  4 3 ) .  Compounds TL2 and 3 

uore id e n t i f ie d ,  as /̂3 —s i t o s t e r o l  ( 220) and CC. —amyrin which was a l s o  

^countered in  th e  l e a f  e x t r a c t  o f  L.'Desdemona' and L .v e i t c h i a n a .

ĥo mass spectrum o f  compound I'Ll c o n ta in s  io n s  due to  compound TL2, 

hocan.se o f  t h e i r  s i m i l a r  r e t e n t io n  t im e s ,  and th e  g r e a te r  q u a n t i ty  o f  

compound TL2 p r e s e n t .  I f  t h e s e  io n s  are n e g le c t e d  th e  base oeak o f  

■the spectrum o f  compound TL1 becomes m/e = 2 lS ,  c h a r a c t e r i s t i c  o f  th e
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Compound I ,  _ v o f  Base Peak) Base S trongest  Ions
Peak (c,j o f  Base Peek)

^  5215 424 ( 5) 55 218(89) 69(85)

45(74) 188(79)

m  5220 414 (21) 45 55(76) 41(65)

57(58) 95(54)

115 5250 424 ( 4) 218 45(56) 55(56)

95(26) 81(25)

155(82)

69(61)

81(55)

41(52)
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arayrins (216 , 2 1 9 ) .  The m o lecu la r  ion m/o = 424 a ls o  s u g g e s t s  th a t  

compound TLl i s  an am.yrin. Thus TL1 and TL3 are / * - (  CCXXV) and 

0(-amyrin (CCXXl) r e s p e c t i v e l y .

There i s  a l s o  a s e r i e s  o f  minor peaks at r e t e n t io n  in d ic e s  o f  2500,

2600, 2700, 2800 , 2900 and 3100 which were to o  sm all to  a l l  ow t h e i r  

examine,!ion by GG-TG. They are presumably s t r a ig h t  chain  hydrocarbons  

or a lcoh o ls  from th e  l e a f  wax.

A comparison o f  th e  compounds found in t h e s e  s i x  p la n ts  o f  th e  senus  

Lisu lar ia  (Table 44) chows a chemotaxonomical r e l a t io n s h i p  between  

various members o f  th e  s e t  examined. The parent—daughter r e l a t i o n s h i p  

of L.clivorum and L. ^ Irey /iioe  G old1 f o r  example, i s  demonstrated, by 

the occurrence, in  each o f  them, o f  erem ophilenc as th e  major component.

L.’Tesdenona1. which i s  a c u l t i v a t e d  v a r i e t y  o f  L. c l ivoru m , was a l s o  

found to  have erem oohilen e  as th e  major c o n s t i tu e n t  o f  i t s  root m a t e r i a l .

The rain. t i o n s h ip  between a l l  s i x  as a group however, i s  b es t  shown by 

the occurrence, in  each o f  th e  p la n ts  examined, o f  oxygenated eremo— 

philanes, ran g in g  from th e  erem ophilenc in  L. c l  ivorum, L . * Gesdemona*, 

k».!Grogynox G old1 and L .v e itc h ie .n n  to  e s t e r s  o f  p e ta s o l  and i s o p e t a s o l  

ln L.tan mit i c a  a,nd L. v e i t  ch i  can a and e s t e r s  o f  _ furanoeremo—

Philanes in L. t u s s i  1 a g in ea  (Treble 45)* ^he occurrence o f  th e s e  compounds 

in the p la n ts  con firm s chemotaxonomicall.y th e  membership o f  th e  p la n t s  in  

the tr ib e  S en ec ion eae  o f  th e  fa m ily  Comoositae which has been a s c r ib e d  

to them ta x o n o m ic a l ly .  Of a l l  th e  t h i r t e e n  t r i b e s  numbered among th e  

the Comoositae, th e  t r i b e  S e n e c io n e a e , i s  unique in  c o n ta in in g  oxygenated  

eremophilanes o f  t h e s e  ty p e s  ( 221) .

In view o f  th e  p rop osa l th a t  erem oohilene i s  a p recu rsor  o f  th e  p e t a s in s  

and furanoids in  p la n t s  o f  t h i s  t r i b e  ( 225) ,  th e  r e s u l t s  may a l s o  

suggest L «clivorum , i t s  daughter L. ^ ro g y n o g  G old1 and i t s  c u l t i v a r
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L^Desdemona* (1 9 9 )  which c o n ta in  o n ly  erem ophilenc , are low er on 

the e v o lu t io n a r y  s c a l e  than th e  o th er  L ia u la r ia s  examined.

The occurrence in  L. tan  gut i c a  ana L .v e i t c h ia n a  o f  pet as in s  but no 

furanoids, and th e  r e v e r s e  s i tu .a t io n  in  L. t  us s imagine a where o n ly  

furanoids were found, s u g g e s t s  th a t  l i k e  some members o f  th e  

genus P e t a s i t e s  (l91>  194) s p e c i e s  o f  th e  genus L ig u la r ia  e . g .  

L .s ib ir ic a  (20 , 201 , 210) are s p l i t  in to  two s u b - s p e c i e s ,  one 

containing p e t a s in s  o n ly ,  th e  o th e r  fu ra n o id s  and sometimes eremo- 

philenolide d e r i v a t i v e s .

From th e se  r e s u l t s  i t  can a l s o  be seen  th a t  th e  tech n iq u e s  o f  gas  

liquid chromatography and combined, gas l i q u id  chromatography and 

mass sp ectrom etry  can be u s e f u l l y  ap p lied  to  the s y s te m a t ic  s tudy  o f  

the chemotaxonomy o f  a s e r i e s  o f  p la n t s .  Even when as in  t h i s  s tu d y ,  

only the major peaks o f  th e  GLC t r a c e  are examined in  th e  mass 

spectrometer, th e  r e s u l t s  ob ta in ed  can r e v e a l  a good d ea l about th e  

constituents and r e l a t i o n s h i p s  o f  th e  p la n t s .  The te c h n iq u e s  a,re 

esp ec ia lly  v a lu a b le  when used in  o a r a l l e l  w ith  la r g e r  s c a l e  s e p a r a t io n  

and a n a ly t i c a l  t e c h n iq u e s  to  dem onstrate whether or not th e  compounds 

under exam ination  have su rv iv ed  th e  a n a l y t i c a l  p roced u res .  T h is  

last advantage was e s p e c i a l l y  u s e f u l  when d e a l in g  w ith ,  f o r  example, 

compound TR4 > which was s u s c e p t i b l e ,  not o n ly  to  a i r  o x id a t io n ,  even  

when d is s o lv e d  in  a degassed  s o lv e n t  and kept under r e f r i g e r a t i o n ,  

tut a lso  to  a d d i t io n  r e a c t io n s  w ith  s o lv e n t s  such as m ethanol, w ith  

which i t  formed, a methoxy add.uct. T h is  compound would have been very  

d if f ic u lt  t o  s e p a r a te  and c h a r a c t e r i s e  by c l a s s i c a l  means.
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4 -  3 l l x o o r  im  e  n t  a l

4 - 3 - 1  E x tr a c t io n  and General Chromatographic Techniques

The procedures fo l lo w e d  f o r  the e x tr a c t io n  o f  th e  p lan t  m a te r ia l  are  

those d e t a i l e d  in  th e  ex p er im en ta l s e c t io n  o f  chapter  3 (3 — 3 — l ) ,  

using a m ixture o f  benzene and isop rop an o l in  th e  r a t io  o f  3:1 as  

the so lv en t*  Both o f  t h e s e  compounds form a zeo tro p es  w ith  w ater ,  

so the ev a p o r a t io n  o f  th e  s o lv e n t s  r e s u l t e d  in  th e  removal o f  most 

of the w ater  p r e se n t  in  th e  e x t r a c t s .

Gel f i l t r a t i o n  o f  th e  e x t r a c t ,  and i t s  subsequent exam ination  by GLC 

and GC-IIS, was a l s o  performed as d e sc r ib e d  in ch ap ter  3> as was th e  

treatment o f  p o r t io n s  o f  th e  e x tr a c t  to  form th e  t r i m e t h y l s i l y l  e th e r s  

of any a lc o h o l s  p r e s e n t ,  end. th e  methyl oximes o f  any k eto n es  or  

aldehydes.

The III-IR s p e c t r a  were record ed  at 100 MHz on a Yarian EA100 IjTIR  

spectrometer. The U7 s p e c tr a  were recorded on a Unicam SP300 

spect rophotom eter.

Chromatography o f  th e  e x t r a c t s  was performed on th r e e  l iq u id  g e l  

columns : —

Column 1 — *HH1114—60,..—LII20; m eth a n o l/n -h ep ta n e ,  9 /1  > bed volume

65ml; c r o s s  s e c t i o n a l  area  1cm (R everse Phase)

Column 2 -  IHI15 1 8 -6 0 ^ -LII20; m eth a n o l/n -h ep ta n e , 9/15 ted  volume
267ml; c r o s s  s e c t i o n a l  area  1cm (R everse P h a s e ) .

Column 3 -  NH15l3-60£-LII20; benzene; bed volume 74ml: c r o s s

s e c t io n a l  a r e a ,  1cm2 (S tr a ig h t  P h a se ) .

*KH1114-60^/-LH20, means ITedox LH20 g e l  which i s  a 

c r o s s - l in k e d  p o ly sa c c h a r id e  polymer, in  which th e  

rem ain ing  f r e e  hyd roxy ls  are s u b s t i t u t e d  t o  6O/0 o f  

dry w eight w ith  Cn  t o  s t r a ig h t  ch a in  h yd roxya lk y l  

g r o u p s•
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The e f f lu e n t  from th e  l i q u i d  g e l  columns was passed over  th e  moving  

wire o f  a Pye L iq u id  Chromatography’D e te c to r ,  then in t o  th e  f r a c t i o n  

c o l lec to r .  The d e t e c t o r  o p e r a te s  by p a s s in g  th e  w ir e ,  coated  w ith  

column e f f l u e n t  in t o  a low tem perature oven where th e  s o lv e n t  i s  

removed by e v a p o r a t io n ,  and th en  in to  a h igh  tem perature oven where 

any rem aining o r g a n ic  m a te r ia l  i s  p y r o ly se d ,  the  p y r o ly s i s  products  

being passed t o  a hydrogen flam e d e t e c t o r  con n ected , through an 

am plifier, t o  a ch art r e c o r d e r .

Two f r a c t io n  c o l l e c t o r s  were u sed ,  the  BTL Chromatronix F ra c t io n  

Collector and th e  C en tra l  F r a c t io n  C o l l e c t o r .  The former u se s  an 

e l e c t r i c a l ly  op erated  t im e sw itc h  to  change from one c o l l e c t i o n  

vessel t o  th e  n e x t ,  w h i le  in  th e  l a t t e r  th e  f r a c t i o n  i s  f i r s t  c o l l e c t e d  

in a syphon loca ted , a t  th e  end o f  a counterbalanced, arm. The w eight  

of so lven t in  th e  syphon when i t  i s  h a l f  f u l l  causes  th e  arm to  t i l t  

triggering  th e  change o f  c o l l e c t i n g  v e s s e l s .  When th e  e f f l u e n t  

reaches the  to p  o f  th e  syphon i t  f lo w s  out in to  th e  v e s s e l  and. th e  

arm t i l t s  back, r e s e t t i n g  th e  changeover t r i g g e r .  The syohons  

available f o r  t h i s  f r a c t i o n  c o l l e c t o r  a llo w  th e  c o l l e c t i o n  o f  from 

1 to 25ml. Uhen in  u se  both  machines viere arranged t o  c o l l e c t  1ml 

fractions .
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4 -  3 -  2  P l a n t  E x t r a c t s

Table 4-6 shows, f o r  th e  p r e l im in a r y  e x t r a c t s ,  th e  w e ig h ts  o f  th e  

tissue e x t r a c t e d ,  th e  t o t a l  e x tr a c t  and th e  in s o lu b le  r e s id u e .

Prom th e s e  l a s t  two terms th e  w eight o f  s o lu b le  m a te r ia l  p resen t  can 

be c a lc u la t e d ,  and t h i s  i s  shown in  th e  next column. A fte r  th e  

gel f i l t r a t i o n  o f  th e  s o lu b le  p o r t io n  th e  w e ig h ts  o f  m a te r ia l  in  

fractions A and B were a l s o  o b ta in e d ,  and t h e s e  are shown in  th e  l a s t  

two columns. From t h e s e  f i g u r e s  i t  can be seen  th a t  th e  y i e l d s  from 

the g e l  f i l t r e . t i o n  column are q u a n t i t a t iv e ,  w ith in  th e  l i m i t s  o f  

errors o f  w e ig h in g .

Large S ca le  E x tr a c t  o f  L .v e i t c h ia n a

950g o f  root m a te r ia l  from t h i s  p lan t  was ex tr a c te d  as  d e sc r ib e d  

above and. y ie ld e d  13*672g o f  t o t a l  e x t r a c t .  A sample o f  t h i s  e x t r a c t  

(2«367g) was p u r i f i e d  f o r  GLC by th e  te c h n iq u e s  d e s c r ib e d ,  and th e  

weights tak en  a t  each s ta g e  o f  th e  procedure were: —

insoluble p o r t io n  -  1 .6 3 6 g  so lu b le  p o r t io n  — 0 .3 6 7 g

Fraction A — 0 .2 4 9 #  F ra c t io n  B — 0 .1 1 5 g

Extraction o f  ^ P e ta s in s ”

fraction B was chromatographed on column 1 (ITH1114—60,.—LII20, m eth a n o l/  

n-heptane, 9 / l )  u s in g  th e  Pye Liquid Chromatograph D e te c to r ,  

tractions wh? ch were shown to  coxitain o rg a n ic  m a te r ia l  were examined  

V GLC.

p e ta s in —c o n t a in in g  f r a c t i o n s  were o f  SUV = 110—190 . These were

combined and th e  s o lv e n t  removed at room tem perature , under vacuum 

°n a Btichi Rotary E vap ora tor .  The p e t a s in s  were weighed ( 0 .9 8 3 g ) .
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TASL3 46

NBIGIIT III g 

Root M ater ia l

PLA'TT TISSUE EXTRACT IITSOLUBLjJ SOLUBLE PR. A PR. B
PORTION PORTION~

L.clivorura 2 0 .1 2  .3 8 2  .282 .105 .084  .019
L. lQre>f̂ mog

Gold.1 2 0 .0 3  .207  .159  .048  .039  .009

L.1 Dendemona1 2 0 .2 0  .5 9 0  .421  .169  .141 .021

L .tangutica 1 8 .8 3  .0 3 4  .002  .032  .011 .021

L.veit ch ian a  2 0 .0 4  .282  .217  .O65 .045  .021

L .tu s s i la -
ginoo. 2 0 .0 9  .355  .320  .035 .028  .006

Leaf M ater ia l 

L* fGregynog
Gold* 1 2 .5 5 0 .3 1 2 .210 .102 .089 .011

L. 1 Oeodemona* 9 .4 5 O.566 .377 .189 .170 .015

L.veit ch iana 1 0 .2 5 0 .4 1 2 .310 .102 .043 .055



Hy d r o ly s is  o f  " P p ta s in s ”

50mg o f  th e  pot as in s  were d is s o lv e d  in  a minimum o f  benzene (0.2rnl)  

and tr e a te d  w ith  2ml o f  a m ixture o f  5 p a r ts  e th a n o l ,  by volume, t o  

two p a r t s ,  by volum e, o f  33V/3 aqueous potassium  hydroxide ( w /v ) .

The r e a c t io n  m ixture  was h ea ted  at 40°C fo r  one hour. The r e s u l t a n t  

solution  was ex tra c te d , w ith  e th e r  (3 x 1ml) then  th e  r e s id u e  was 

a c id if ied  t o  pH 6 w ith  10/3 h y d r o c h lo r ic  a c id  ( v / v ) .  T h is  was then  

extracted w ith  e t h e r  (3 x  1 m l) .  The e t h e r e a l  s o lu t io n s  were d r ie d  

over anhydrous magnesium s u lp h a te ,  f i l t e r e d ,  t h e i r  volume made up to  

5ml and examined by GLC and GC—M3.

Methylation o f  A cids

A sample o f  th e  e x t r a c t  c o n ta in in g  th e  a c id s  (100/ul *  100 ̂ o g )  was

treated w ith  an e t h e r e a l  s o l u t i o n  o f  d.iazomethane u n t i l  th e  y e l lo w  

colouration o f  th e  rea g en t  ju s t  p e r s is te d . .  B xcess  reagent was 

removed w ith  th e  s o lv e n t  by ev a p o ra t io n  at room tem perature under a 

stream o f  n i t r o g e n .  The r e s id u e  was then  d is s o lv e d  in  lOO^ttl 

of e th y l a c e t a t e  and examined by GLC.



4 - 3 - 3  L a r g e  S c a l e  E x t r a c t  o f  L . t u s s i l a g i n e a

102g o f  root  m a te r ia l  were e x tr a c te d  and gave 2 . 3 l 6 g .  T his was 

subsequently separated, in t o  2 .0  3 g  o f  in s o lu b le  m a te r ia l  and

0.313 g o f  s o 'u b le  m a t e r i a l ,  which on g e l  f i l t r a t i o n  gave 0 . 193g  

of f r a c t io n  A and O .llO g  o f  f r a c t i o n  B.

Fraction B was th en  chromatographed on Column 2 and th e  f r a c t i o n s  

from t h i s  were re-chrom atographed on column 3 (4  -  2 -  6 ) ,  to  

separate as many o f  th e  compounds as p o s s i b l e .  The compounds were 

le ft  in  s o l u t i o n  because  o f  th e  p o s s i b i l i t y  o f  o x id a t io n .

Hydrolysis o f  th e  ?uran osescru itern en oids

Each s e t  o f  compounds to  be h yd ro lysed  was t r e a te d  in  th e  same way.

An a l iq u o t  ( lO O ^ l )  o f  s o l u t i o n  was t r e a t e d  w ith  1ml o f  a m ixture o f  

5 p arts , by volum e, o f  e th a n o l  t o  1 p a r t ,  by volume, o f  3 3 i$  (w /v)  

aqueous notassium  h y d ro x id e .  The r e a c t io n  m ixture was heated at  

35 C f o r  2 h o u rs ,  th en  e x tr a c te d  as d escr ib ed  above (4  -  3 -  2 ) .

E s te r i f i c a t io n  o f  th e  A cids

An a liq u ot  o f  th e  e t h e r e a l  s o l u t i o n ,  amounting to  a q u arter  o f  th e  

total volume, was trea ted , w ith  an e t h e r e a l  s o lu t io n  o f  diazomethane  

as described above ( 4 - 3 - 2 ) .  A fu r th e r  qu arter  was tr e a te d  w ith  

an e th e r e a l  s o l u t i o n  o f  nhenyldiazom ethane (226—223) t i l l  th e  p ink  

colour o f  th e  r ea g e n t  p e r s i s t e d .  The e x c e s s  reagent was d es tro y ed  

by adding lg> e t h e r e a l  p hosp horic  acid  t i l l  th e  pink c o lo u r  ju s t  

disappeared ( 2 2 o ) .  The s o l u t i o n  was th en  ready f o r  GLC and GC-I13.

Reduction o f  th e  S e s c u ite r o c n o id s ,

a liquot o f  th e  s o l u t i o n  c o n ta in in g  th e  compounds ( lO O ^ l)  was 

cvanorated t o  d ry n ess  a t  room tem perature under a stream o f  n i t r o g e n .
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The res id u e  was im m ed iate ly  d i s s o lv e d  in  200yu-1 o f  e t h e r .  To t h i s  

was added e x c e s s  l i t h iu m  aluminium hydride ( /^ 4rcg) and. th e  m ixture  

was heated f o r  30 m inutes  at 40°G. The e x c e s s  reagent was d e s tro y ed  

by the a d d it io n  o f  0 . 2ml o f  d i s t i l l e d  w ater , and th e  r e a c t io n  

mixture was th e n  e x tr a c te d  w ith  o th er  (3  x  1 m l) .  The e th e r  e x t r a c t s  

were d r ied  o v er  anhydrous magnesium s u lp h a te ,  f i l t e r e d ,  and examined  

by GLC and. GC-MS.
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4 - 3 - 4 I! a t e  r i a l s

Preparation o f  Diazomethane

The r e a c t io n  was performed in  sm ooth-w alled , round-bottom f l a s k s ,  

with no g l a s s  j o i n t s .  The r e a c t io n  v e s s e l  and rece iv ing:  v e s s e l  

were f i t t e d  w ith  cork s  through which passed  th e  ends o f  a U -tub e .

The r e c e iv i n g  v e s s e l  contained. /'■'10ml o f  e th e r ,  s u f f i c i e n t  t o  cover  

the end o f  th e  U—tu b e  arm. The arm in  th e  r e a c t io n  v e s s e l  reached, 

to just below th e  l e v e l  o f  th e  cork , l e a v in g  a head space above th e  

reaction m ix tu r e .

A mixture o f  6n l  o f  33g> (w /v ) aqueous potassium  hyd rox id e , 30ml 

of e th y l d ig o l  and 30ml o f  e th e r  were mixed in  th e  r e a c t io n  v e s s e l ,  

and heated, t o  30°C. To t h i s  was added. l g  o f  b is-( lT -m eth y l-N -  

nitroso) te r e p h th a la m id e  ( l l i t r o s a n ) .  An e f f e r v e s c e n c e  was observed, 

and an a se o tr o p e  o f  e th e r  and diasomethame d i s t i l l e d  over  th e  

receiving f l a s k  which was cooled, in  an i c e  b a th .  A f te r  th e  e f f e i v  

vescence c e a s e d ,  more l l i t r o s a n  was added., and the  p ro cess  was con

tinued u n t i l  th e  s o lu t io n  in  th e  r e c e iv in g  v e s s e l  was a b r i l l i a n t  

yellow.

The s o lu t io n  was s to r e d  under r e f r ig e r a t i o n  (/v*4°C) in  a smooth-walled, 

flask f i t t e d  w ith  a cork .

£geoapg.tion o f  Phenyld iasom ethane (226-223)

2»lg o f  IT—ben zppl—o—tolu.cn esulphon amide were d is s o lv e d  in 10ml o f  

glacial a c e t i c  ac id  and 40ml o f  a c e t i c  anhydride in  a f l a s k  coo led  t o
r O -
P 12g o f  sodium n i t r i t e  were added w ith  s t i r r i n g ,  k eep in g  th e

temperature below 1 0 ° 0 . The m ixture was s t i r r e d  o v e r s ig h t ,  then

Poured in to  e x c e s s  i c e  w ater  w ith  v ig o ro u s  s t i r r i n g  and. coo led  f o r  

hour in  an i c e  b a th .  The p r e c i p i t a t e  was f i l t e r e d ,  washed 

thoroughly w ith  w ater  and d ried  overn ight under vacuum. R e c r y s t a l i i s a t  ion

fr°n ethanol y ie ld e d  1 . 90g (30>„) o f  R -n i tr o s o - I . ' -b e n z y l -p - to lu e n s u l-  

Pbonanide. T h is  was added to  0.456? of sodium rnethylate , 2.1m ■ o f
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methanol and 13^1 o f  e th e r  which were b e in g  s t i r r e d  v ig o r o u s ly  at  

0°C. T h is  was then  r e f lu x e d  f o r  20 m in u tes ,  w ith  a d ry in g  tube  

fixed to  th e  to n  o f  th e  condenser to  exc lu de w ater . The s o lv e n t  

was evaporated, at 25°C in  a Bttchi Rotary E vaporator . The r e s id u e  was 

dissolved in  15n l  o f  n—pen tan e and f i l t e r e d . .

The f i l t r a t e  was co o led  to  -20°C whereupon a l iq u id  phase s e p a ra ted  

out and then s o l i d i f i e d .  The supernatant l iq u id  was decanted o f f  

and reduced to  about 0 .3 m l .  T h is  was d i s t i l l e d  under vacuum ( 0.1mm 

Kg) at room tem perature w ith  con stan t s t i r r i n g ,  in to  a low tem perature  

condenser. The r e s u l t a n t  p roduct,  phenyld iazom ethane, was d is so lv ed ,  

in e ther  (20ral) and kept under r e f r ig e r a t i o n  (4°C) in a smooth 

surfaced f l a s k  w ith  a p o ly th en e  s to p p e r .
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APP^PIX I I I

GLG and GC-MS R e fe re n c e  D ata



HYDROCARBORS GROUP A

R e fe r e n c e

158

C o m p o u n d

cu b eb en e  

r t - lo n g ip in e n e  

/A—y la n g e n e  

/? -e le m e n e  

£>C— bourbonene  

c< -cop aen e  

c y c lo s a t iv e n e  

l o n g ic y c le n e  

cyc locop acam p h en e  

^ -b o u r b o n e n e  

f t  —fa r n e s e n e  

s a t iv e n e  

ce d r en e  

c y p e r en e

F o r m u l a ,  M .W .  R e t e n t i o n  I n d e x

c 15H24 204

1 ; - 3 r - ^ o

1396

1379 1447

1371 1465

1467

1386 1477

1307 1509

1390

1398 1493

h i  1



GROUP B

R e f e r e n c e  C o m p o u n d F o r m u l a  I I .  U . R e t e n t i o n  I n d e x

1%-SB-3Q 1$-Q,?-1

158

CT

158

O^-guru jene  

c a r y o p h y lle n e  

c a r y o p h y lle n e  

l o n g i f o l e n e  

i s o s a t i v e n e  

c a la r e n e  

/9 -y la n g e n e  

copaene  

p^—ced.rene 

th u jo p sen e  

aromadendrene 

V-curcumene  

ft- c e d r e n e  

£ -m uurolene  

humulene

s a n ta le n e  

OC—h imal ch a l en e

C15H24 204 1413

1418

1425

1404

1435

1418

1422

1415

1431

1421

1445

1447

1435

1444

1471

1587

1520

1513

1518

1540

1532  

1539  

1552  

1583

1533

1 "0" means th a t  th e  Data were o b ta in ed  by exp er im en t.

I l l  2



GROUP C

R eferen ce

158

C o m p o u n d

$—s e l i n e n e  

y-m uurolene  

y-amorphene 

0(—amorphene 

z iz a e n e  

ft —b is a b o le n e  

ft—curcumene 

—zingab eren e  

v a le n c e n e  

*  —curcumene 

ft -h im a lc h a le n e  

ft- s e l i n e n e  

y - b i s a b o l e n e  

-m uurolene

F o r m u l a  M . U .  R e t e n t i o n  I n d e x

C15H24 204

lg -S F -3 0  I,.—QF—1

1545

1545

1535

1562

1497 1548

1547

1457 1581

1475 1557

1491 1578

1598

1495 1559

I I I  3



GROUP D

R eferen ce

158

Compound

0(-pyrovat iv en e  

O f-se lin en e  

£ -b u lg a r e n e  

£ -c a d in e n e  

y—cadinene  

ft- v e t  iv e n e

Formula M.VI. R e te n t io n  Index

l^ .S U -3 0  l£ - ^ F - l

C15H24 204

1504

1506 I587

I I I  4



ALCOHOLS

R eferen ce Compound Formula M.W. R e te n t io n Index

l^ -S E -30 1%—QF-

0 n e r o l i d o l C15H26° 222 1545 1685

0 g u a io l It II 1565 1740

0 ce d r o l It II 15 65 1830

0 l e d o l II II 1570 1830

0 h in e s o l 1600 1850

0 daucol C15H26°2 238 1600 1885

0 eudesmol C15H26° 222 1620 -

0 c a p a r r a p id io l C15H28°2 240 1660 -

0 f - c a d i n o l
c15H26° 222 1660 1910

0 d.rimenol I t i t 1715 2015

I I I  5



K32TONBS

R eferen ce  Compound Formula M.W.

0 zerum'bone C_ .-H--0 218lp  22

0 c a r ic s o n e  C.^H^.O- 236
15  24  2

0 i s o p e t a s o l  C15H22°2

R e t e n t i o n  I n d e x

lfc-SB -30 1 & - Q F - 1

1690 2320

1860 2610

1935

I I I  6



SHS QUIT3RPB1J5 HYDRO C ARSONS

R eferen ce  Compound Formula H .VI, B .P .

164 calamenene Cn 202 159
I p  2 2

175 a lloarom adendrene ^15^24

172 a lloarom adendrene 161

172 aromadendrene l 6 l

171 bazzanene 204 109

173 bergamotene 93

175 K —bergamotene 93

17 6(3340)  D<-trans-y5~bergp.motene 119

172 ytf-bergamotene 41

173 b is a b o le n e  41

172 0<—b is a b o le n e  93

177 OC —b is a b o le n e  93

* B .P ,  = Base Peak

I I I  7

S tr o n g e s t  Ion s

157 , 4 1 ,  142 , 160 ,

105 , 1 4 3 .

4 1 ,  91 , 93 , 105 ,

107 , 6 9 .

4 1 ,  91.

204, 4 1 .

1 0 8 , 6 7 , 9 3 ,  4 1 ,

55, 81.

4 1 , 119 ,  6 9 , 5 5 ,  7 9 ,

107 .

119 , 4 1 ,  6 9 , 55 , 107 ,

7 9 .

93 , 4 1 ,  6 9 , 91 , 1 0 7 ,

5 5 .

69 , 93 , 1 4 8 .

69 , 93 , 204 , 94 , 5 5 ,

7 3 .

41 , 121, 80 ,

4 1 ,  8 1 , 1 0 9 ,  1 1 9 ,  1 2 1 ,

204 .



SlfoOUITERKlilPI IIY'0ROCARBO ‘T3 C ontd. . .

R eferen ce  Comoound

176 ^ (-b isa b o le n e

Formula M.11. B .P . S tr o n g e s t  Tons

C15H24 204 93 119 ,  4 1 ,  105 , 109 ,  121 ,
107.

172

175

ft- b i s a b o le n e  

^ —b is a b o le n e

69 4 1 ,  93 .

69 93 , 4 1 ,  94 , 6 7 , 2 0 4 ,

79 .

172

172

173

0{ —b u ln esen e  

V—cadinene  

y - c a d  in en e

C15H24 204 107 93 , 1 0 8 .

161 1 0 5 , 4 1 ,  136 .

161 4 1 ,  2 0 4 , 5 7 ,  91 , 7 9 ,
1 0 5 .

175 y —cad in ene 161 1 0 5 , 93 , 95 , 4 1 ,  119 ,

79 .

172

173

J - c a d in e n e

j - c a d i n e n e

161 134 , 204 , 134 .

161 134 , 204 , 4 1 ,  105 , 9 1 , ,

119 .

178 £ -c a d in e n e 161 134 , 105 ,  119 , 204 , 4 1 , ,

91 , 8 1 .

175 J -c a d in e n e 161 134 , 204 , 119 ,  105 , 91 ,

8 1 .

173 c a la r e n e 161 204 , 4 1 ,  105 , 91 , 55 ,

18 9 .

172 s e s q u i—2—carene 93 41 , 121

I I I  8



S S S 3 U IT F R P V ,N 3  HYDROCARBONS C o n t d . . .

R eferen ce  Compound Formula M.W. B .P . S tr o n g e s t  Ion s

173 c ary 0 phy11ene
C15H24 204 41 69 ,

133 ,

93 ,

5 1 .

8 1 , 5 7 ,

172 c ary0 p h y l1ene 41 93, 69 , 148 , 1 2 0 .

176 ca ry o p h y llen e 41 79 ,

7 7 ,

91,

6 7 .

93, 5 3 ,

175 c ary0 p h y l1ene 79 91 ,

67 ,

39 ,

93 .

53 , 7 7 ,

176 (3476) c a r y o p h y lle n e 133 93,
8 1 ,

79 ,

7 7 .

91, 105 ,

174 « - ca r y o p h y lle n e 93 8 0 ,

147 ,

1 2 1 ,

107 .

41 , 92,

172 cedrene 119 93, 204 .

173 G f-cedrene 119 4 1 ,
103 ,

93 ,

5 5 .

204, 69 ,

175 0< -ced ren e 119 93,

91 ,

1 0 5 ,

1 6 1 .
41 , 69 ,

174 C(-cedrene 93 4 1 ,
1 6 1 ,

1 0 5 ,

91 .

204 , 69 ,

173 £ —cedrene 204 1 8 1 ,

55 ,

69 ,

1 2 0 .

4 1 , 93 ,

I I I  9



S ^ S ^ U I T ^ R P ? '; !^  HYDROCARBONS C o n t d . . . .

R eferen ce  Compound

172 ^ -c h a m ig r e n e

F o r m u l a  I-I.VJ. B . P .  S t r o n g e s t  I o n s

C 1 5 H2 4  2 0 4  1 3 6  1 2 1 ,  9 3 ,  1 3 6 .

172 chamigrene 189 4 1 ,  93 .

1 7 6 (1 3 8 )  c lo v e n e 161 4 1 ,  1 8 9 ,  91 , 105 ,

79 , 5 5 .

172 c lo v e n e 161 189 ,  4 1 ,  1 8 9 .

173 te -c o n a e n e 161 119 ,  105 , 4 1 ,  204 ,

8 9 .

175 —copaene 119 105 ,  1 6 1 , 93 , 91,

92 .

178 copaene 1 1 9 /
105 161 ,  9 3 ,  4 1 ,  91 ,

172 #  — cubebene 161 1 0 5 , 119 .

173 * —cubebene 161 119 , 105 ,  204 , 4 1 ,

91 .

175 0( -c u b eb en e 105 161 , 119 ,  9 1 ,  4 1 ,

81.

1 7 5 /$  - c u b e b e n e 161 1 0 5 , 9 1 ,  120 , 4 1 ,

81.

93:

41*

92

1 2 1 ,

93,

119,
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SHSqurreRPTKIS HYDROCARBONS C o n t d . . . .

R eference Compound Formula M.H. B .P . S tr o n g e s t  Ion s

173 P -cu b eb en e  ^15^24

172 OC—cuprenene

172 PC—cuprenene

175 4 ,1 0 - d im e t h y l - 7 -
i s o p r o p y l - b i c y c l e  

( 4 , 4 , 0 ) - l  , 4 ,d e c a d ie n e

172 K -e le m en e

173 K - e  lemene

172 -e le m en e

173 -e le m en e

172 y —elem ene

175 Y—elemene

172 S -e le m e n e

173 J —elem ene

175 % —elem ene

204 161 119, 105 .

119 1 2 1 , 204, 136 .

119 93, 105 .

119 1 0 5 , 1 6 1 , 204 , 1 2 1 ,

91, 4 1 -

j
|

161 4 1 , 1 1 9 . j

121 4 1 ,  93 , 55 , 5 7 ,  !

1 1 0 , 6 7 . j
j

93 41 , 8 1 , 6 8 . !

41 6 8 , 8 1 , 9 3 , 6 7 ,

5 5 ,  5 7 .  !

i

121 9 3 , 1 0 5 , 1 3 6 .
r

121 93 , 107 ,  4 1 ,  105 ,  6 7 ,

91.

121 9 3 ,  136 .

136 1 2 1 , 93 , 4 1 ,  9 1 ,  204 ,

161.

121 9 3 ,  136 ,  4 1 ,  1 6 1 , 91,

4 3 .
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s:r̂ iyi'r:?RP:.;iir; hydrocarbons C o n t d . . . .

R eferen ce  Gomnound Formula H B . P .  S tr o n g e s t  Ion s

173 erem ophilene
°15H24 204 41 204 ,

79 ,

123,

119 .

1 2 1 , 93,

177 erem ophilene 93 1 0 7 ,

91,

4 1 ,
1 0 5 .

1 6 1 , 79 ,

172 fa r n e se n e 69 4 1 , 93, 1 2 0 .

175 0*- f a r n e s e n e 93 41 ,
1 0 7 ,

69 ,

119 .

5 5 , 79 ,

173 tra n s-y $  - fa r n e s e n e 41 69,

53,

93,

67 .

55 , 8 1 ,

172 bC - f e r u l e n e 105 1 6 1 , 91.

173 gu a ien e 161 1 0 5 ,

91,

204 ,

1 0 9 .
4 1 , 119 ,

172 0 C -g u a ien e 105 147, 107 , 148 .

175 DC -&*uaiene 105 107,

79 ,

147 ,

91 .

93, 4 1 ,

175 £ -g u a ie n e 107 93,
8 1 ,

108 ,

1 0 5 .
79 , 41 ,

175 OC -g u r u je n e 204 1 6 1 ,

119 ,

105 ,

91 .

139 , 41 ,
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SFSQUITORP/TJ  ̂ HYDROCARBONS C o n t d . . . .

R e fe re n c e  Compound.

172 -eruru jene

175 /3 - g u r u j e n e

F o r m u l a  H , T,T.  B . P .  S t r o n g e s t  I o n s

c 1 5 h 2 4  204  204  1 6 1 ,  1 0 5 .

161 4 1 ,  105 ,  91 ,

93, 107 .

1 7 6 (1 3 7 )  A  -i9HJ.ru jone 41 161 , 1 0 5 , 7 9 ,

93, 5 5 /1 0 7 .

174 A —ju r u je n c 161 91 , 105 ,  79 ,
1 0 3 , 1 0 7 .

172 OC-him alchalene 93 4 1 ,  94 , 134 .

175 CC —h im alcha len e 93 94 , 119 , 41 ,

91 , 105 .

175 A  —h im alcha len e 119 204, 121 , 134 ,

93, 133 .

172
A -

him alch a len e

176 (3 4 7 4 )  humulene

119 204, 134 .

30 4 1 , 121 , 93 ,

172 humulene 93 4 1 ,  80 .

175 humulene 93 80 , 121 , 4 1 , 

107 , 1 4 7 .

17 6 (1 3 6 )  humulene 41 93 , 5 3 ,  67 ,

79 ,  7 7 .

1 7 3 OC—h u m u l e n e 93 4 1 ,  80 , 121 ,

204, 55 .

1 1 9 ,

77,

77 ,

79 ,

1 0 5 ,

107 ,

92,

91,

5 3 ,
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R eferen ce  Compound Formula II. 4 .  B .P . S tr o n g e s t  Ions

177 P -humulene
°15H24

204 161 41 ,

119 ,

1 0 5 ,

7 9 .

8 1 , 91,

174 i s o l o n g i f o l e n e 161 41 ,

133,

175 ,

119 .

105, 143 ,

172 khusimene 134 91, 93 , 135, 133 .

172 lon gr icyc len e 94 10 5 , 91 , 1 6 3 .

175 l o n g i f o l e n e 161 94,

95,

91 ,
1 0 5 .

93, 107,

172 lo n cr ifo len e 41 1 6 1 , 91 , 94.

174 l o n g i f o l e n e 161 94,
1 0 5 ,

91 ,

95 .

93, 107 ,

172 1 on t;ip in en e 91 119 , 1 0 5 , 2 0 4 .

175 — muurolene 105 16 1 ,

8 1 ,

204 ,

119 .

93 , 94,

172 OC—muurolene 105 1 6 1 , 4 1 , 94 .

178 p(—muurolene 105 94,

204,

93 ,

89 .

1 6 1 , 4 1 ,

174 OC —muurolene l o l 94,

8 1 ,

93 ,

9 1 .

2 0 4 , 4 1 ,

175 y  —muurolene 161 1 0 5 ,

91,

119 ,

7 9 .

93, 204,
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:sc>uiTBRP:f tb iTfmooii2mr:o Con td . . . .

R eferen ce Compound Pormulca M.T-T. B .P . S tr o n g e s t Ion s

174 V —muurolene 105 93,

79 ,

119,

204 .

4 1 , 91,

174 £ -m uurolene 81 41 ,

79 ,

91 ,

6 7 .

93, 105 ,

172 OC—pat choulen e 135 93, 107 , 1 0 8 .

172 ft - p a t  ch ou len e I 89 1 6 1 , 204 .

175 ft -p a tc h o u le n e 161 189 ,

204,

H 9 ,

4 1 .

105, 93,

172 y -p a t  ch ou len e 204 1 6 1 , 4 1 .

173 s a n ta le n e 94 1 2 2 ,

79 ,

4 1 ,

69 .

55 , 93,

175 —s a n ta le n e 94 93,
1 2 1 ,

4 1 ,

107 .
95, 89 ,

172 —s a n ta le n e 41 94, 93 .

4 0 (3 4 3 9 ) —s a n ta le n e 93 94,

91,

4 1 ,

6 9 .

107 , 1 2 1 ,

172 ft —s a n ta le n e 94 93, 4 1 , 1 2 2 .

175 ft —s a n ta le n e 94 1 2 2 ,

55 ,

4 1 ,

91 .

93 , 79 ,

175 ep i-y 1̂ - s a n t a l e n e 94 1 2 2 ,

69 ,

4 1 ,

6 7 .

93, 79 ,
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s ^ s o /j i t s r p r i r -i k y d r o c a r b o n s  C o n - t a . . . .

R eferen ce  Compound

172 OC - s e l i n e n e

F o r m u l a  K .1?. B . P .  S t r o n g e s t  I o n s

2 0 4  1 3 9  2 0 4 ,  1 6 1 ,  1 8 9 .

173

173

OC-sel in en e

172

173

175

172

- s e l im en e

4 0 (1 3 5 )  fi - s e l i n e n e

174 - s e l i n e n e

s e l i n e n e

£ - s e l iin en e

th u jo p sen e

th u jo p se n e

1 7 6 (1 7 4 6 )  th u jo p sen e

174

172

172

th u jo p sen e

v a le n c e n e

v e t iv e n e n e

41 55
81

41 204

93

93 41

55

80 41

109

204 41

204 189

105

119 123

41

119 123

121 119
105

119 123

93

204 161

204 161

204 , 189 ,  

93 .

81 ,  55 ,

67 .

8 0 , 121 , 
1 0 9 .

121 , 1 0 7 , 

79 .

1 0 5 .

161 , 41 ,

55 .

105 , 121 ,  

107 .

1 2 1 .

133 , 93,

107 .

4 1 ,  105 ,  

5 5 .

4 1 .

9 1 .

I l l  1 6

5 2 ,

107 ,

107 ,

55,

91,

93,

189 ,

1 2 1 ,



SF S R U IT B R P B irR  HYDROCARBONS C o n t d . . . .

R e f e r e n c e  Corn • p o u n d

172 z in g ib e r e n e

173 DC- z in g ib e r e n e

F o r m u l a  IJ . TJ . B . P .  S t r o n g e s t  I o n s

C1 5 H2 4  2 0 4  9 3  1 1 9 ’ 4 1 •

178

172

172

173

173

173

173

173

173

173

y lan gen e

# - y l a n g e n e  

y ^ -y la n g en e  

f a m e s  ane

b isa b o la n e

elemane

humulane

cadinane

c aryo p h y l1 ane

erem ophilane

93 119
56

105 119

41

105 119

161 41

C15H32 212 57 43

89

C15H30 210 41 69

55

69 41

83

41 55

45

C15H28 208 I 65 109

208

41 68 
82

208 41 

109

4 1 ,  6 9 , 8 4 , 
2 0 4 .

93, 120, 161, 
91 .

93, 120.

204 , 120 .

7 1 ,  55 , 52 ,

6 9 .

9 3 ,  2 0 4 , 94,

7 3 .

5 5 ,  4 3 ,  56 ,
111.

5 7 ,  6 9 , 59,

6 7 .

4 1 ,  95 , 55 ,

8 3 .

1 5 2 , 5 5 ,  6 9 ,

8 3 .

5 5 ,  95 , 81 ,

6 9 .
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3*Sqorre3PKH3 HPJ30CAR30HS C o n t d . . . .

R eferen ce Cornnound Formula, M.U. B .P . S tr o n g e s t Ion s

173 santa.lane C15n28 208 123 4 1 ,
208,

95 ,
8 1 .

55 ,

173 s e l in a n e 41 55,

83 ,

208,

69 .

109 ,

173 "bergamot ane 41 55 ,

4 3 ,

69 ,

8 3 .

95,

173 cedrane ° 15H26 206 82 4 1 ,
96,

206 ,

122 .
56 ,

173 copane 163 4 1 ,
93,

81 ,

6 7 .

107 ,

173 d ih yd rova lan cen e 206 4 1 ,
81 ,

95 ,
121 .

163 ,
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LACTONES

R eferen ce  Compound Formula K .VI. B .P .  S tr o n g e s t  Ion s

165 h yp osan ton in C15H18°2 230 158 215,

115,

230,

171 .

119 , 159 ,

160 c o s tu n o l id e C15H20°2 232 53 41 ,
1 2 1 ,

123 ,
1 0 5 .

39, 8 1 ,

0 ( 73/ 7 6 8 ) fu ra n o lig u ra n o n e 108 232,

77 ,

109 ,

91 .

4 1 , 79 ,

167 bakkenolide-A C15H22°2 234 124 109,

79 ,

I l l ,

8 5 .

123, 91,

170 l in d e r a la c t o n e
C15H16°3 244 244 1 6 1 ,

91,

199 ,
1 0 5 .

133 , 148,

1 7 6 (3 5 0 ) a c h i l l i n C15H13°3 246 246 91,

77 ,

173,

135 .

172 , 217,

1 1 (9 3 5 ) 6—e p i - 0 ( - s a n t o n i n 246 173 ,
1 0 8 ,

83 ,

91 .

85, 4 1 ,

165^ 0 ( - s a n t o n in 90 91,

175 ,

173 ,
1 2 1 .

246, 135 ,

1 7 6 (9 3 4 ) ^ (- s a n to n in 246 173 ,

172 ,

4 1 ,

7 7 .

91 , 134 ,

165 f t  - s a n t o n i n 90 91,
1 4 2 ,

173 ,
1 2 2 .

135, 246,

1 7 6 (9 3 6 ) - s a n t o n i n 246 173 ,

1 72 ,
4 1 ,

231 .

1 35 , 91,
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LACTONES

R eferen ce  Compound Formula, H.7I. B .P . S tron/cest Ion s

165 C —sa n to n in
C15H13°3

246 90 2 4 6 ,

1 0 8 ,
173 ,

135 .

91, 145 ,

165 D —s a n to n in 90 2 46 ,

159 ,

173 ,

134 .

145, 135 ,

1 7 6 ( 9 3 9 ) 6 -d e o x y -g e ig e r  in °1 5 H20°3 243 133 248,

91 ,

4 1 ,
206 .

5 5 , 79 ,

1 7 6 ( 9 4 1 ) 1 , 2 , —d ih y d ro -  

0( - s a n t o n i n 248 1 9 2 ,

233,

4 1 ,

1 3 6 .
5 5 , 124 ,

1 7 6 ( 3 7 8 ) a r g la n in e
C15H18°4

262 247 229,
262,

201,

211 .

1 8 3 /2 4 8 ,

1 7 6 ( 9 3 7 ) a r te m is in 91 4 1 ,

135,

71 ,

7 7 .

262, 69,

165 a r te m is in 90 135 ,

149 ,

123 ,

124 .

262, 244 ,

1 7 6 ( 9 3 8 ) g e i g e r i n C15H20°4 264 151 95,

67 ,

69 ,

173 .

55 , 4 1 ,

1 7 6 ( 9 4 0 ) i s o p h o t o -  (V -sa n to n ic  

l a c to n e 43 4 1 ,

91,

264 ,

124 .

55 , 193 ,

1 7 6 ( 3 7 7 ) v u lg a r in 249 203, 1 7 5 /2 3 1 , 250 /135

163 g a i l l a r d i n
C15H22°5

306 188 5 3 , 91 , 5 5 , 105 ,

189, 228.
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KF3TON33

Reference Compound Formula M.W. B.P, Strongest Ions
1 7 6 (3 5 8 ) aristo lon e C15H22° 218 218 203,

161,
7 7 , 91,  

1 0 5 /1 1 9 .

147 ,

177 eremophi1a~9,11— 
dien-8-one

218 135,

147,

150 ,

97 .

203, 161,

177 e r e m o p h i la ~ 7 ( l l )  , 9 , —
dien-8-one

218 161,

175,

147 ,

149 .

162, 203,

175 germacrone 107 135,

93 ,

121,
91 .

67, 4 1 ,

177 isop etaso l 0 15H22°2 234 234 161, 162, 139 , 149 ,

187, 147 .

177 petasol 166 234,

123 ,

122,
201.

161, 94,

177 fukinone C15H24°
220 109 220, 110, 96, 68,

108, 111.

0 ( 7 3 /1 0  9.6 ) carissone C15H24°2 236 59 218 , 4 3 , 4 1 , 163 ,

203 , 147 .

176(1180) cyperolone 43 4 1 ,
236,

91 ,
161.

133 , 179 ,

17 6 (3 4 7 ) allopeucenin C15H1 6°4
260 205 260 , 217 , 245, 123 ,
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K 3 T 0 H S S  C o n t d . • • •

R eferen ce  Compound. Formula M.W. B .P .

1 7 6 ( 7 6 2 ) a l l o o e u c e n in  G1(_H. , 0 .  260 205
I p  16  4

1 7 6 (3 4 6 )  i s o p e u c e n in  205

176( 7 6 3 ) i s o p e u c e n in  205

1 7 6 (3 4 2 )  p eu cen in  205

1 7 6 ( 7 6 1 ) p eu cen in  205

1 7 6 (3 4 8 )  k a ren in  C^H^O^. 274 259

S tr o n g e s t  Ion s  

260 , 2 1 7 , 4 3 ,  206,  

4 1 ,  245 .

260 ,  217 , 245 , 176 ,  

1 9 2 , 123 .

260 , 217 , 204 , 206 ,  

4 1 ,  4 3 .

217 , 260 , 245 , 192 ,  

123 , 231 .

217 , 260 , 245 , 206 ,  

4 9 .

274 , 233 , 231 ,  245,  

203 .
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ALCOHOLS

R eferen ce  ComDOund Formula M.U. B .P , S tr o n g e s t  Ion s

175 c i s , t r a n s , f a m e s o l  C, .0  -----------7 ------------------- 7 24 220 69 4 1 ,
105,

8 4 ,

67 .

8 1 ,

175 t r a n s ,  t r a n s  f a r n e s o l 69 84 ,

39 ,

4 1 ,

6 7 .

8 1 ,

175 0 ( - s a n t a l o l 94 93,
122 ,

121 ,

1 0 7 .
4 3 ,

1 7 6 (1 4 0 ) s a n t a l o l 93 94,

167 ,

121 ,

91 .

4 1 ,

1 7 6 (1 7 4 9 ) s a n t a l o l 93 121 ,

4 3 ,

94,

1 0 7 .
55 ,

178 y la n g e n o l 91 135 ,

4 1 ,

93 ,
81 .

1 05 ,

1 7 6 (1 2 2 0 ) - b i s a b o l o l  ^15^26^ 222 81 93,
121 ,

4 1 ,
82 .

69 ,

175 b u ln e s o l 135 59 ,

105 , CD
 

O
 

M 
-

J
 

• 
>• 93,

1 7 6 (1 4 7 ) £ - c a d i n o l 161 4 3 ,

204,

119 ,

95 .

4 1 ,

0 ( 7 3 /4 6 2 ) S —c a d in o l 161 4 3 ,  119 ,  

4 1 /9 1 .

105 ,

1 7 6 (1 4 5 ) D( - c a r y o p h y l le n e  

a lc o h o l

41 109 ,

95 ,

135 ,

5 5 .

1 8 9 ,

I I I  23



ALCOHOLS C o n t d / . . . .

R e feren ce  Compound Formula H.H. B .P . S tr o n g e s t  Ion s

175 o ed ren o l C15H26°  222 95 4 1 » 4 3 ’ 15° ’ 151 ’
69, 55-

0 ( 7 3 /9 3 5 )  c e d r o l  95 150 , 151 , 4 3 ,  4 1 ,
69/ 81.

175 c e d r o l  95 150 , 151 ,  4 3 ,  4 1 ,

69 , 8 1 .

1 7 6 (1 4 1 )  c e d r o l  95 150 , 151 , 4 1 ,  6 4 ,

43 , 8 1 .

0 ( 7 3 /7 6 0 )  drim enol 109 124 , 4 1 ,  6 9 , 55 ,

81 , 95 .

1 7 6 ( 1 4 8 ) drim enol 109 124 , 4 1 ,  6 9 , 55 ,

81 , 95 .

175 ^ - e u d e s m o l  59 149 , 16 4 , 108 ,  109 ,

4 1 , 8 1 .

1 7 6 (1 4 5 )  eudesmol 59 149 ,  109 ,  1 6 4 , 4l/43>
81.

1 7 6 (1 5 0 )  f a m e  s o l  69 4 1 ,  4 3 ,  93 , 55 ,
81, 68 .

17 6 (1 7 4 7 )  f a m e  s o l  69 93 , 4 1 ,  5 5 ,  H 9 ,

79 ,  107 .

175 ^ u a io l  161 5 9 ,  107 ,  1 0 5 ,  93,

81 ,  163 .

I l l  24



ALCOHOLS C o n t d / . . . .

R eferen ce  Compound Formula M.H. B. P.  S tr o n g e s t  Ion s

0 ( 7 3 /9 5 5 ) g u a io l C15H26° 222 161 59,

93,

1 0 7 ,
81 .

105 ,

1 7 6 (1 4 3 ) l e d o l 43 41 ,
81,

69 ,
1 0 7 .

122 ,

0 ( 7 3 /9 5 7 ) l e d o l 43 4 1 ,

55 .

69, 109 ,

0 ( 7 3 /7 6 4 ) n e r o l i d o l 69 41 ,

55 ,

93,
81 .

4 3 ,

1 7 6 (1 4 9 ) n e r o l i d o l 69 4 1 ,

4 3 ,

93,

5 5 .

45»

1 7 6 (1 4 2 ) p a tc h o u l i  a lc o h o l 41 222,

138 ,

98 ,

55-

81 ,

175 t o r r e y o l 161 43,

95,

119 ,
8 1 .

4 1 ,

175 h ex a h y d r o n e r o lid o l C15H32° 228 73 43 ,

4 1 ,

55 ,
81 .

69 ,

177 i s o p e t a s o l C15H22°2 234 234 161,

187 ,

1 6 2 ,

147-

139 ,

177 p e t a s o l 166 234,

123 ,

122 ,

201 .

161 ,

176 daucol C15H26°2 238 151 4 3 ,

93 ,

194 ,

133-

4 1 ,

0 ( 7 3 /9 6 1 ) d.aucol 151 93 ,

136 ,

4 3 ,

55-

194 ,


