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In tro d u c tio n

The study of n a tu ra l products has long been a sub jec t o f fa sc in a tio n

fo r  organic chemists* Indeed, s in ce  th e  l a s t  century  , the b io g en e tic

o r ig in  of th e  terpeno ids has been th e  fo ca l p o in t of in te n s iv e  resea rch ,

bu t i t  was no t u n t i l  1921, when Ruxicka form ulated the Isoprene Rule,

th a t  the re la t io n s h ip  between even the most d iverse  terpene s tru c tu re s

could be seen* This recognised  th a t each terpene could be made from a

b a s ic  "b u ild in g  block" in  the form of the  isoprene u n it  jo in ed  in  a

"head to  t a i l "  manner* However, fu r th e r  re sea rch  unearthed compounds

which d id  n o t conform to  th is  mode o f form ation and ev en tu a lly , to
2

overcome t h i s ,  the  B iogenetic  Isoprene Rule was conceived. This

encompassed th e  "abnormal" terpeno ids and ra t io n a lis e d  th e i r  form ation

as  proceeding v ia  m ech an is tica lly  fe a s ib le  rearrangem ents o f the

"regu la r"  polyisoprenoids*

I t  i s  now firm ly  e s ta b lish e d  th a t  th e  fundamental b io g en e tic  u n it  i s

a c e t ic  ac id  in  the form of a c e ty l coenzyme AJ[, which by condensation
3

re a c tio n s  g ives r i s e  to  mevalonic a c id  2 , th e  immediate p recursor of the  

isop rene  u n i t ,  (scheme (1 ) ) .  The a c tiv e  form of th e  isoprene u n i t ,  

isopen teny l pyrophosphate 3, and i t s  isom er, d im eth y la lly l pyrophosphate 

4  condense to  form geranyl pyrophosphate j j ,  which can subsequently 

condense w ith ad d itio n a l isopen teny l pyrophosphate _3 to  give the 

pyrophosphates o f fa rn e so l 6, and geranyl geraftiol J3. J7 and ̂ 9 are  the 

a c y c lic  p recu rso rs  of the sesqu ite rpeno ids and d ite rpeno ids respectively*
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The a c y c lic  p recu rso r of th e  t r i te rp e n o id s ,  squalene jK) has long

been known to  derive frcm two fa rn esy l u n its  jo in ed  "head to  head".

U n til r e c e n tly ,  th e  mechanism of th is  coupling has been th e  only

unknown in  th e  a c e ta te - la n o s te ro l  pathway, 7/ i th  th e  is o la t io n  in

1966 o f presqualene a lcoho l 11̂  and re c en t s tru c tu ra l  determ ination  by 
5

t o t a l  sy n th es is  , much more inform ation  has been ob tained  about the  mode 

of coupling.

C y c lisa tio n  o f squalene conforms w ith  th e  stereochem ical p o s tu la te s  

of Eschenmoser e t  a l^  from which the main conclusions d eriv ab le  a re :

( i )  The a c y c lic  p recu rso r i s  folded a t  the enzyme su rface  in to  a  s p e c if ic  

confoim ation.

( i i )  Concerted c y c lis a tio n  occurs by tra n s -p la n a r  a d d itio n s  to  the 

double bond.

( i i i )  A ll subsequent rearrangem ents and /or e lim inations proceed in

accordance w ith  optim al s te re o e le c tro n ic  requirem ents, i . e .  the 

a ffe c te d  groups a re  t ra n s - a n t ip a r a l le l .

C y c lisa tio n  of squalene in  th e  c h a ir , c h a ir ,  c h a ir ,  b o a t, 

conform ation 1_2 gives r i s e  to  th e  carbonium ion  which can undergo 

e x tin c tio n  to  dammarendiol or subsequent rearrangem ent to th e  

euphol, (o r i t s  C-20 epimer, t i r u c a l lo l )  sk e le ton . Euphol ( t i r u c a l lo l ) ^

15 i s  the  p o s tu la te d  b io g en e tic  p recu rso r of th e  m odified (furanoid) 

t r i te rp e n e s .  (See numbered skele ton  on p . 5  )•

I t  i s  not proposed to  give a review of the  m odified tr i te rp e n e s  as

8th i s  has a lready  been admirably accomplished . However, mention w i l l  be
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made o f th e i r  proposed b iogenesis  and in  v i t ro  experiments designed to  

support th ese  th e o rie s . The su b jec t of the  m odified tr i te rp e n e s  can be

div ided  in to  two main p a r ts ;  th e  te t ra n o r t r i te rp e n o id s ,  C26 compounds
9 10r e la te d  to  lim onin 16 and C20 compounds r e la te d  to  quassia 1J7 •

The e lu c id a tio n  o f the c o n s titu tio n  and con figuration  o f lim onin
9

16 le d  A rigoni e t a l . to  propose a b io g en e tic  d e riv a tio n  fo r  lim onoid

substances* Thus euphol ( t i r u c a l lo l )  Jlj> a p o ssib le  p recu rso r can undergo

lo s s  of four carbon atoms by cleavage of th e  C-23— C-24 bond, form ation

o f th e  fu ran  r in g  and s k e le ta l  rearrangem ent, during which one methyl

group m igrates from C-14 to  C-8 w ith th e  in tro d u c tio n  of oxygenation a t

C-7, ^ h e  apo-euphol ( t i r u c a l lo l )  rearrangement^?. These processes have 
11now been r e a l is e d  in  th e  la b o ra to ry , in  th e  conversion of tu rre a n th in  

18 in to  the d io l 19»

The is o la t io n  of C30 compounds from M eliaceae, Rutaceae and

Simaroubaceae w ith  various s tages o f s id e-ch ain  oxygenation lends support
12 13fo r  th is  p o s tu la te d  b iogenetic  ro u te . F lin d is so l 20 , tu rre a n th in  18

14and melianone 21_ a re  a l l  t i r u c a l lo l  d e riv a tiv e s  w ith  a p o te n tia l  fu ran
15

r in g  in  th e  s id e  chain . G randifoliolenone _22 i s  p a r t ic u la r ly  in te re s t in g  

s in ce  i t  i s  the f i r s t  of a sm all group of n a tu ra lly  occurring  a p o - t iru c a l lo l  

d e r iv a tiv e s .

A vast range of te tra n o r tr i te rp e n o id s  (C26), based on the  in ta c t  apo- 

euphol ( t i r u c a l lo l )  ske le ton  has been iso la te d . The double bond can 

be epoxidised as in  cedrelone 2 3 ^ .  A lly  l i e  ox idation  can lead  to  a



8

AcCK

28 .



17(epoxidised) cyclopentenone as in  g rand ifo lione  24 ' -which can be

fu r th e r  ox id ised  to  the  ty p ic a l  ap -epoxido-6-lac to n e  s tru c tu re  found
18 19in  lim onin and here exem plified by gedunin 2£  and kh ivorin  26 .

A la rg e  number of te tra n o r tr i te rp e n o id s  a r is e  from cleavage of

rin g s  A, B or C of th e  apo-euphol ( t i r u c a l lo l )  skele ton . Limonin 16

provides the c la s s ic a l  example of ring-A cleavage. Our in te r e s t  l i e s

mainly in  th e  group of compounds which a r is e  from cleavage of ring-B .
20This cleavage can be v isu a lis e d  as a r is in g  from a B aeyer-V illiger

type o x id a tio n , a re a c tio n  which has been used ex tensive ly  in  the  in

v i t ro  in te rco n v ers io n s  described  l a t e r .

The r e q u is i te  uncleaved carbonyl compounds occur as  n a tu ra l

products and in  some cases c o -e x is t w ith  th e  corresponding ring-B
21cleaved congener. For example, andirobin  27 from th e  seeds of

Cara pa guy an en s is  was is o la te d  w ith  i t s  presumed p recu rso r 7“deace ty l-
227-oxo-gedunin 28. Methyl angolensate _29 can be considered to  a r is e

from 14, 15 deoxyandirobin by P-hydroxylation of th e  ring-A enone,

follow ed by Michael ad d itio n  from the  P -face  of th e  re su lt in g  C-1

hydroxyl to  the  unsa tu ra ted  lac to n e . The is o la t io n  of methyl ivo rensa te  
nx

30 from Khaya iv o re n s is  (M eliaceae), which can be prepared in  low 

y ie ld  by B aeyer-V illiger oxidation  of methyl angolensate 23 i s  of 

a d d itio n a l in te r e s t  as i t  i s  an exception to  the  h ith e rto  r ig id  

confinement of ring-A  cleaved te tra n o rtr ite rp e n o id s  to  members of the 

Rutaceae.
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Other members of th is  group of ring-B cleaved te tra n o rtr ite rp e n o id s  

undergo bond form ation between C-2 and C-30 a f te r  the i n i t i a l  cleavage,

re su lt in g  in  the form ation of the b icyclo  [3 » 3 i 1] nonane system as
2k 25found in  sw ietenine 31 and mexicanolide 32 . This m odification  in

s tru c tu re  not su rp ris in g ly  caused some bewilderment in  the i n i t i a l

s tru c tu re  e lu c id a tio n  of these compounds. The complete c o n s titu tio n
26and stereochem istry  of 31 was obtained from an X-ray s tru c tu re  an a ly sis

of d e tig lo y l sw ietenine p-iodobenzoate. Mexicanolide 32 from Cedrela
27mexicana and sw ietenolide 3,3 from Sw ietenia macrophylla are very

clo se ly  re la te d  to  sw ietenine 31, y e t d i f f e r  g re a tly  in  th e ir  chemical
8 'Ikr e a c t iv i ty  due to the lo c a tio n  of the A 1 double bond.

In  b iogenetic  term s, mexicanolide 32 can be derived from a precursor

of the type 3k which can undergo in tram olecu lar Michael ad d itio n  (arrow s).

The f i r s t  p a r t of th is  th e s is  i s  concerned w ith successfu l e f fo r ts  to

emulate in  v i tro  th is  proposed b iogenetic  pathway, i . e .  the transform ation
28of an in ta c t  sk e le ta l  type (7-oxo-7-deacetoxy kh ivorin  35 )» v ia  a ring-B

cleaved d e riv a tiv e  in to  m exicanolide.
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D iscussion

As d iscussed  in  the in tro d u c tio n  (see p .11) th e  proposed b io g en e tic

p recu rso r of the  bicyclononancSde group of te tra n o rtr i te rp e n o id s  (e .g .
1 2 m exicanolide or i t s  double bond isomer carap in  2 ) i s  a compound of

the  type J5. T his, by a M ichael-type additon of C-2 to  C-30 -would give

th e  re q u ire d  bicyclcncnanolide system. Our aim m s to  in te rco n v ert the

in ta c t  sk e le ta l  type of te t ra n o r tr i te rp e n o id  as in  7-oxo-7-deacetoxy 
3

kh ivorin  4 w ith th e  bicycloncnsnolide in  an attem pt to  emulate in  v itro  

th e  proposed b io g en e tic  pathway. In  a previous attempt^" a t  th is  in t e r ­

conversion, cleavage of ring-B  was achieved by t r e a t in g  14, 15 deoxy-7- 

oxo-7-deacetoxy khivo.Ein J? w ith  s trong  b ase , under conditions analagous 

to  those employed in  the conversion of deoxy-limonin in to  deoxylimonic 

ac id ^ , (cleavage of a vinylogous p-keto la c to n e ) . The product formed 

a f te r  e s te r i f ic a t io n  w ith e th e rea l diazomethane was the (3 Y -unsaturated 

lac tone  jS which un fo rtu n ate ly  could not be transform ed in to  the  desired  

c iso id  diene lac to n e  7•
£

We p re fe rre d  to  u t i l i s e  a B aeyer-V illiger oxidation  as i t  had the 

b e n e f it  of giv ing th e  req u ired  ox idation  le v e l. Treatment of 14,15 

deoxy-7-*oxo-7-deacetoxy khivoEin 5, w ith m-chloro perbenzoic ac id  gave 

n e g lig ib le  y ie ld s  of th e  d es ired  e-lac tone J3. However, p e ra c e tic  ac id  

in  th e  presence of anhydrous disodium hydrogen phosphate (as b u f fe r ) ,  

smoothly converted j? to  the e -lac to n e  _8 m.p. 289-291 °C ., [vmax 1730 

(5 and c -lac to n es) cm ^ , (no cyclohexanone)]. Treatment of the
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e -lac to n e  J3 w ith  e i th e r  base or a c id  gave th e  req u ired  r in g  B-cleaved 

system , but not w ithout added com plications. Yfith a c a ta ly t ic  amount o f 

p -to luene  sulphonic a c id  in  re flu x in g  benzene, an equilibrium  was se t 

up between s ta r t in g  m ate ria l and the  unsatu ra ted  a c id  % No attem pts 

were made to  in c rease  y ie ld s  by a l te r in g  re ac tio n  cond itions. The a c id  

J9 m.p, 233“236°C. was p u r if ie d  by p rep ara tiv e  TLC and ch a rac te rised  as 

i t s  methyl e s te r  JKD m.p. 119-124°C., [NMR spectrum showed lo ss  of one 

t e r t i a r y  methyl group and in tro d u c tio n  o f an exomethylene group a t  

T 4.78 , 4 .7 2 ].

Base hydro lysis  o f th e  a c e ta te s  of IjD in  methanol d id  not give the 

expected d io l JJ_, but in s te a d  gave a compound m.p. 209-212°C. id e n t i f ie d  

as 3ol-hydroxy dihydro methyl angolensate 12 [NMR showed lo s s  of ace ta te s  

and H-15]* This compound 12 i s  id e n tic a l  with a minor product of 

red u c tio n  o f methyl angolensate 13 w ith  aluminium iso p ro p o x id ^  and had

re su lte d  from a Michael additon of the C-1 a  OH group to  th e  op-unsaturated
3

lac to n e  system. Subsequent m ild ox idation  w ith Jones reagent of 12

gave methyl angolensate 13 m.p. 201-204°C. ( l i t . ^  203-208°C). This s e r ie s

of re a c tio n s , transform ing a khivorin  d e riv a tiv e  fo r  which the 1 a
10co n fig u ra tio n  had been es ta b lish ed  , in to  m etlyl angolensate proved

th a t  th e  e th e r oxygen in  methyl angolensate i s  a ttached  in  the 1 a
11co n fig u ra tio n , as had been considered most probable.
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Under b as ic  co n d itio n s, the  .e-lactone _8 opened, to  give th e

trihydroxy  a c id  J 4  which underwent th e  f a c i l e  Michael ad d itio n  of the  1 a

OH to  the  ring-D  u n sa tu ra ted  lac tone g iv ing  th e  ac id  1j> ch a ra c te r ised

as  i t s  methyl e s te r  J_6 m.p. 280°C decomp., /T oss o f H-15 in  th e  NMR,
—1vmax 3610, 3530 cm J .  A ce ty la tio n  of 1_6 gave the  hydroxy a c e ta te  17

m.p, 238-260°C which underwent smooth dehydration w ith  th io n y l ch lo ride

i n  p y rid in e  to  g ive th e  o le f in  18 m.p. 224-226°C., 3ce-acetoxy dihydro

methyl ango lensa te , id e n t ic a l  w ith  th e  compound from a c e ty la tio n  of 3oc-

hydroxy dihydro methyl angolensate J_2. Dehydration of 1J£ could in
8 9theory  give r i s e  to  two o le f in s , the  A * o le f in  w ith a te tra s u b s ti tu te d

8 30double bond, or th e  A isomer JJ3 w ith th e  exocyclic methylene group.

In  th e  even t, only the l a t t e r  was found in  d e tec tab le  amounts.

I t  was now obvious th a t  removal of th e  14,15 epoxide to  g ive th e  

corresponding 14,15 deoxy compound was a s tep  which would have to  be 

c a r r ie d  out l a t e r  on in  the re a c tio n  sequence in  order to  avoid  th i s  veiy 

reac&r 2£Lchael ad d itio n . In  a fre sh  approach, 7-oxo-7-deacetoxy khivorin  

4 was transform ed under th e  p rev iously  described B aeyer-V illiger co n d it-
0 CHC13

ions to  the  e - la c to n e  1j) m.p. 308 C decomp. /■v max 1730 (a c e ta te s ,

6 and £ -lac to n es) cm”\ n o  cyclohexanone_7. Attempts to  open th is  epoxy 

e-lac to n e  using p -to lu en e  sulphonic ac id  in  re flu x in g  benzene as befo re , 

f a i le d .  This may be due to  th e  f a c t  th a t  th e  exomethylene group d id  not 

form p a r t of a conjugated system as in  % However, under b as ic  conditions 

a v a r ie ty  of compounds could be formed, depending on base used or leng th  

of time of re a c tio n .
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The d io l J20 m.p. 250-253°C was obtained in  low y ie ld  as the  minor

component of a m ixture con ta in ing  th e  corresponding diacetoxy hydroxy

acid_21. S trangely  enough, th e  l a t t e r ,  i f  allow ed to  stand  in  a c id ic

so lu tio n , slowly re la c to n ise d  to  g ive back th e  epoxy lac tone  19.

Under stronger b a s ic  conditions ( 23% NaOH/aqueous m ethanol), the  t r i o l

a c id  22 was formed. U nfortunately , th i s  very p o la r compound was

accompanied by equal amounts o f a  compound of s im ila r  p o la r ity  which

could not be u t i l i s e d  in  the general re a c tio n  scheme. This l a t t e r

compound w il l  be d iscussed  l a t e r ,  (see  p. 3 0 ) .

The HMR spectrum o f the  d io l 20 had broad s in g le ts  a t  T 8 .42, 8.34

which disappeared on shaking w ith  DgO, in  a d d itio n  to  two m u ltip le ts  a t

t 6 .3 4 , 6.26 (H-1, H-3), which sharpened correspondingly. Mild ox idation
o CHC1

w ith  Jones reagent fu rn ish ed  the {3-diketone 23 m.p. 280-284 C ^Ainax

1740 ( la c to n e s ) , 1710 (j3-diketone) cm , no hydroxyls; t  6.55 ( s in g le t ,
12 \2 H-2, exchangeable over a  p erio d  o f tim e w ith DgO^Xmax 260 nm.

s h if t in g  to  289nm ,(on  ad d itio n  o f base)__7. Attempts to  remove the

epoxide using  chromous ch lo rid e  were unsuccessful. A la rg e  m ixture of

products was obtained from which the req u ired  14,15 deoxy compound could

not be iso la te d .

Our a t te n t io n  then tu rn ed  to  th e  hydroxy ac id  21̂  which could be made 

in  reasonably high y ie ld  by treatm ent of the e -lac to n e  J_9 w ith potassium 

carbonate in  aqueous methanol. Some hydroxy methyl e s te r  24 was a lso
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formed. This presumably a r is e s  from m ethanolysis of the e -lac to n e .

M ethylation of th is  m ixture w ith  e th e rea l diazomethane gave the  hydroxy
o GHC13methyl e s te r  24 m.p. 274-277 C /sxaax * 3590 ( hydroxyl)cm J  in  good 

y ie ld . One exchangeable p ro ton  / r  9«OOj7 in  the  NMR spectrum and the 

lack  of ca rb in o l protons confirmed the  presence of a t e r t i a r y  hydroxyl 

group.

Dehydration o f th e  hydroxy methyl e s te r  24 gave th e  a n tic ip a te d  

o le f in  25 m.p. 197-198°C .17 to  18 7 . The presence of the

exomethylene group was c le a r ly  evident from th e  NMR spectrum /t 4*93,

4 .60  ( s in g le ts ,  each 1H); disappearance of one t e r t i a r y  methyl groupj?.
8 9A gain, no tra c e  of th e  corresponding A 9 o le f in  could  be detected . 

Removal of th e  a c e ta te  groups by m ild  a lk a lin e  hydro lysis y ie ld ed  the
chci3

n o n -c ry s ta llin e  d io l 26 7r6»43» 6.26 (m u ltip le ts , H-1, H-3); vrnax 

3625, 3600, 3500 (hydroxyls) cm~\j7. The p -d ike tone ^2J m.p. 188-192°C 

was obtained by ox idation  of the  d io l 26 w ith Jones reagen t. I t  had the 

expected spectroscop ic  p ro p e rtie s  /\m ax 1735 (methyl e s te r ,  6 -lac tone), 

1707 (b -d iketone) cm T 6.10 ( s in g le t ,  2H-2); Xmax 261 itm . (S  9,300) 

moving to  289 n.m. ( £ 22,600) on ad d itio n  of base, re tu rn in g  to  261 tvm* 

on r e a c id if ic a t io n j? .  A second product was the  hydroxy ketone, _28, the  

s tru c tu re  of which w i l l  be d iscussed  below (see p .26).

To reach the req u ired  c iso id  d iene-lactone p recurso r 3» &11 th a t  

remained was to  remove the epoxide r in g . This was achieved as before w ith
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chromous c h lo r id e , and produced th e  su rp r is in g ly  p o la r  and la b i le  p re ­

cu rso r 3. as the  major component o f a m ixture of sev e ra l compounds.

This compound in  our hands exh ib ited  a su rp ris in g  la c k  of s o lu b i l i ty  

and an amazing urge towards spontaneous c y c lis a tio n . P u r if ic a tio n  by 

p rep a ra tiv e  TLC in v a ria b ly  produced a small amount of cy c lise d  product 

l a t e r  id e n t i f ie d  as the  long-aw aited  bicyclononanolide,m exicanolide.

The p recu rso r J5 m.p. 193-198°C had H-15 as a sharp s in g le t a t  Tl.OO and 

Xmax 262 nm. (£  9*000). C on tro lled  c y c lis a tio n  of 3, using a two-phase 

system of chloroform and aqueous sodium b icarbonate fu rn ish ed  the 

c y c lise d  product m.p. 221~226°C., > id e n t i f ie d  as mexicanolide

( l i t 1 m.p. 222-227°C., id e n tic a l  in  a l l  re sp ec ts  to  n a tu ra lly

occurring  m a te r ia l.

I t  now remained to  c la r i f y  the  s tru c tu re s  of a number of compounds 

which had a r is e n  in  s ide  re a c tio n s  a sso c ia te d  w ith  th e  ma in  sy n th e tic  

scheme.

The s tru c tu re  of the  hydroxy ketone _28 from p a r t i a l  ox idation  of 

th e  d io l 26 was e a s ily  s e t t le d  by th e  fa c t  th a t  subsequent dehydration 

using  th io q y l ch lo rid e  in  p y rid in e  y ie ld ed  th e  known compound andirobin  

2£13 m.p. 193-196°C., ( l i t . 13 m.p. 195“197°C), ^ id e n tic a l  IR and NMR 

sp ec tra_ / .  No evidence could be found fo r  th e  presence of th e  o ther 

p o ss ib le  hydroxy ketone. This type of s e le c tiv e  ox idation  has been 

encountered befo re  in  analagous systems, i . e .  in  the in terco n v ersio n 1^  

of gedunin 30 and khivorin  31 *
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The isomer o f and irob in  _29 which we s h a ll  c a l l  isoand irob in  32 

was synthesised, from y e t another of the side  products of th e  general 

re a c tio n  scheme* The t r i o l  methyl e s te r  35 m*p. 236-24Q°C from 

prolonged hydro lysis o f the e - la c to n e  _V9 was sub jected  to  m ild 

ox id a tio n  under Jones conditions* As in  the  case of th e  d io l 26, two 

compounds, th e  (3-d iketone 34 and th e  le s s  p o la r  hydroxy ketone 3£ were 

ob tained . A ce ty la tio n  of th e  l a t t e r  w ith  a c e tic  anhydride in  py rid in e  

le d  to  a m ixture of two compounds of very s im ila r p o la rity *  Separation 

of th is  m ixture proved very d if f ic u lt*  The more p o la r  compound was th e  

expected 3cc~acetoxy d e r iv a tiv e  3& 7*98 ( s in g le t ,  a c e ta te ) ,  5*07

(m u ltip le t ,  H-3); vmax 3^00, 3320 (hydroxyl), 1740 (methyl e s te r ,  

a c e ta te ,  S -lactone), 1710 (cyclohex&none) cm~^_J7.

I t  was apparent from i t s  spectroscopic p ro p e rtie s  th a t  the le s s  

p o la r  compound was the enone 3J m.p. 193-194°C., ^Tvmax 3^00, 3520 

(hydroxyl), 1740 (methyl e s te r ,  6 -lactone), 1675 (cyclohexenone) cm.^; 

t4 * 1 4 , 3*41 (AB q u a r te t ,  H-2, H-3, re sp e c tiv e ly , J  = 10 Hz)_7* ^he 

chemical s h if t s  o f th e  p ro to n s  on the enone double bond a re  ch a rac te r­

i s t i c ^  o f a A^-1-ketone (c .f*  gedunin 30 and isogedunin 38) and th is  

confirms the  assignment of the 3~hydroxy-1-keto s tru c tu re  to  the k e to l 

3£. Dehydration o f th e  t e r t i a r y  a lcohol in  the enone using th iony l 

ch lo rid e  in  p y rid ine  gave as the  main product th e  n o n -c ry s ta llin e  

iso an d iro b in  32 J olJ - q + 22°, / r  4*74, 4*71, 4.38 ( s in g le ts ,  each 1H,
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exomethylene pro tons and H-17, no in d iv id u a l assignm ents); v max no

hydroxylJ7*

D ehydration o f the a c e ta te  36 under th e  same conditions gave in

poor y ie ld  th e  o le f in  39, / r  9 .1 8 , 9 .08 , 8 .74  (6h) ( s in g le ts ,  4  t e r t i a r y

m ethy ls), 7*89 ( s in g le t ,  a c e ta te ) ,  6.39 ( s in g le t ,  methyl e s te r ) ,  6.10

( s in g le t ,  H-15), 5.10 (m u ltip le t ,  H-3), 4 .5 9 , 4 .5 2 , 4.38 ( s in g le t ,

exomethylene, H-17), 3*64, 2.58 (fu ra n ic  p ro tons); v max 1740 (methyl

e s te r ,  a c e ta te ,  6 - la c to n e ), 1700 (cyclohexanone) c n f \ j7 .  The

corresponding a lcoho l 40 "mahoganin" was repu ted  to  have been i s o l a t e d ^
17from Sw ietenia mahogani. A l a t e r  in v e s tig a tio n  ' showed th a t "mahoganin" 

■was a  m ixture o f methyl angolensate 13 and 6-hydroxy methyl angolensate 

41. Shortage of m a te r ia l prevented hydro lysis  of the  a c e ta te  to  form 

’'mahoganin0 •
CHC13The s tru c tu re  of th e  t r i o l  e th e r 42 m.p. 235-238 C ., ^7max 3460

—1 ~7(hydroxy l), 1735 (methyl e s te r ,  6 - la c to n e ) cm J  from prolonged base 

trea tm en t of the  s - la c to n e  1_9 follow ed from spectroscop ic  evidence.

Thus th e  NMR spectrum had s ig n if ic a n t  s ig n a ls  a t  t  6.78 ( s in g le t ) ,

6.37 (broad s in g le t)  (each 1H, both exchangeable w ith  D^O), 6 .44, 6.07 

(m u ltip le ts ,  the  higher f i e ld  s ig n a l sharpening s l ig h t ly  on DgO ad d itio n , 

H-3, H-1 re sp e c tiv e ly ) ,  5*52 (m u ltip le t, sharpening to  a s in g le t on DgO 

a d d itio n , H-15). Confirm ation of th ese  assignments came from decoupling 

experim ents. I r r a d ia t io n  a t  t 7 .8 6 , th e  C-2 methylene group caused both
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m u ltip le ts  to  co llap se  to  s in g le ts .  H-17 appeared a t  T 3. 79, a remarkably

low—f i e l d  p o s it io n  fo r  th i s  s ig n a l.

A ce ty la tio n  of th i s  t r i o l  e th e r 42 gave a  d iacetoxy alcohol 43 m.p.

173-176°C., ^ m ax  3610, 3490 (hydroxyl), 1770 (6  - la c to n e ) ,  1740 (methyl
—1 —7e s te r ,  a c e ta te s )  cm J ,  The abnormally high value fo r  th e  h - la c to n e  i s  

c o n s is te n t^  w ith th e  presence o f an ad jacen t oxygen s u b s t i tu e n t ,  i n  th is  

case th e  a c e ta te ,  causing a d ire c t  d ip o la r  in te ra c t io n  w ith  th e  carbonyl 

o f th e  6 - la c to n e . The NMR spectrum had w ell sep ara ted  s ig n a ls  a t  

T 9*20, 9*04, 8 .92 , 8 .7 3 , 8.51 ( s in g le ts ,  3 t e r t i a r y  m ethy ls), 8 .18 , 7*81 

( s in g le ts ,  2 a c e ta te s ) ,  7*14 (1H, s in g le t ,  exchangeable w ith  DgO), 6.33 

( s in g le t ,  methyl e s te r ) ,  6 .0 2 , 5*35 (m u ltip le ts ,  H-1, H-3 re sp e c tiv e ly ) ,  

4«36 ( s in g le t ,  H-15), 4*12 ( s in g le t ,  H-17), 3*41, 2. 56 , 2.02 ( fu ra n ic  

p ro to n s ) . Again, decoupling experiments ( i r r a d ia t io n  a t  t 7*98)
9

dem onstrated th e  c o rre c t assignment of H-19 h -3 . The change in  chemical

shift for H-15, (t 5.52 to T4.3&), on acetylation, agrees well with the
19values rep o rted  by Ekong e t a l .  fo r  compounds of the  type 44 and 45 

ob ta ined  by BF^ ca ta ly se d  rearrangem ent of the 7-hydroxy d e riv a tiv e s  

r e la te d  to  7 -deacety l kh ivorin  46 and 7 -deacety l gedunin 47.

O xidation of th e  t r i o l  e th e r  42 w ith  Jones reag en t, gave a 

r e la t iv e ly  non-polar compound, which d id  not c r y s ta l l is e :  and which 

decomposed over a p e rio d  of sev era l days. This compound, /\taox. 3513 

(hydroxyl), 1768 ( S - la c to n e ) ,  1735 (methyl e s te r ,  15-ketone), 1723
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—1 —}(3-ketone) cm __/, had no s ig n a ls  in  th e  NMR spectrum corresponding to  

H-3 and H-15* I t  was assigned  th e  diketone s tru c tu re  48.

The form ation of the t r i o l  e th e r 42 in  b a s ic  media may be r a t io n a lis e d  

as  fo llow s. Opening of the epoxide r in g  by a  "face  a t ta c k  of hydroxide 

anion follow ed by 6 -e lim in a tio n  of the C-14 hydroxyl would le a d  to  the 

enol lac to n e  system 49. Subsequent Michael a d d itio n  o f the  la-OH group, 

probably under work-up co n d itio n s , would give the  d e s ired  product.

A fte r  th e  su ccessfu l sy n th esis  o f  th e  bicyclononanolide system, 

a t te n t io n  was cen tred  on the corresponding 1-deoxy system which could 

a r is e  from a p recu rso r of th e  type 51, aga in  by Michael ad d itio n  of C-2

to  C-30. The main p o in ts  o f i n t e r e s t  were whether c y c lis a tio n  would

occur and under what p a r t ic u la r  experim ental co n d itio n s , and whether 

th e  p re d ic te d  product 50, 1 deoxym exicanolide, would be s ta b le  under 

b a s ic  conditions*
20The a v a ila b le  s ta r t in g  m a te r ia l,  7 -d eace ty l-7 -k e to  gedunin 52

was su b jec ted  to  B aeyer-V illiger ox idation  using  p e ra c e tic  a c id , g iv ing
o CHC13the  more p o la r  £-la c to n e  53 m.p. 244-246 C ., max 1745 (6 and e -

la c to n e s ) , 1677 (cyclohexenone) _J7. Opening of th e  - la c to n e  a t  th i s

stage was attem pted using potassium  carbonate in  aqueous m ethanol.

However th e  main product from th is  re a c tio n  was th e  r in g  B c leaved

Michael adduct 54 from a tta c k  by methanol a t  C-1. I t  was th e re fo re
1 2f i r s t  of a l l  necessary to  remove th e  A 9 double bond and th is  was



35

5 4  • 5 5 .

57.



achieved by treatm ent w ith  excess sodium borohydride, follow ed by Jones

oxidation* This gave mainly th e  sa tu ra ted  ketone 55 m.p* 287-291 °C 
CEC15 .

decomp, /v m a x  1740 (6 e - la c to n e s ) ,  1710 (cyclohexanone) cm J .

Base ca ta ly sed  opening o f the s -la c to n e  r in g  in  55 was now p o s s ib le ,

and t h i s  tim e, h igher y ie ld s  were obtained  using 4N sodium hydroxide

in s te a d  of potassium  carbonate* The hydroxy methyl e s te r  J56 m.p* 198—

201 °C ., ./"vmax 3600, 3510 (hydroxyl); t 6.42 ( s in g le t ,  methyl e s te r ) J 9

underwent f a c i le  dehydration w ith  th io n y l ch lo rid e  to  th e  exomethylene

d e r iv a tiv e  57 m.p. 149~151°C., JT  4*73, 4*70, 4*54 ( s in g le ts ,  exoraethylene
ckci3

and H-17, no in d iv id u a l assignm ents), lo s s  of one methyl group; vmax 

no hydroxy 1_J7* Again, no t ra c e  of th e  isomer could be found.

Removal of th e  epoxide to  form the  d e s ire d  d iene-lac tone  system 51. 

was c a r r ie d  out as usual w ith  chromous c h lo rid e . The product j?1_ m.p. 

145_146°C showed the  expected s h i f t  o f H-15 from t 6.07 to  t 4*10. An 

a l te rn a t iv e  ro u te  to  th is  p recu rso r 51, involved th e  re a c tio n s  shown in  

scheme ( l ) ,  id e n t ic a l  to  those  involved in  th e  khivorin-m ethyl angolensate 

tran sfo im a tio n . However th e  chromous ch lo rid e  red u c tio n  o f th e  epoxide 

in  jjjjj f a i le d  to  proceed to  any ex ten t, even w ith  a la rg e  excess o f 

chromous ch lo rid e  p re sen t.

Conditions fo r  c y c lis a tio n  of the p recu rso r jyl. were in v e s tig a te d . 

Using sodium hydroxide in  methanol a t  room tem perature , s ta r t in g  m a te r ia l 

was recovered unchanged a f te r  rem ethy la tion . A n a ly tica l TLC d id  not 

p rovide a good in d ic a tio n  of the  ex ten t of re a c tio n  s ince  the  p recu rso r
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and the  c y c lise d  product had id e n t ic a l  p o la r i t ie s .  NMR was a much 

b e t te r  m onitor. The p recu rso r, re flu x ed  in  approxim ately 10$ sodium 

hydroxide/m ethanol s o lu t io n  fo r  24 hours tended to  cy c lise  to a sm all 

exent ('’■'•'15/0 • This could be seen by the in tro d u c tio n  o f a broad 

s in g le t  a t  T 6.6 corresponding to  th e  C-15 methylene group. Obviously 

c y c l is a tio n  was no t going as smoothly as had been hoped, due probably 

to  th e  f a c t  th a t  Michael ad d itio n  would not occur on th e  carboxylate 

an ion  38 generated  from th e  6-lactone in  b as ic  media.

With sodium methoxide i t  was found th a t  a f te r  24 hours a t  room 

tem peratu re , a l l  s ta r t in g  m ate ria l had been consumed. The p roduct, a f te r  

m ethy la tion  w ith  e th e re a l diazomethane and p u r if ic a t io n  by p rep a ra tiv e  

TLC, was th e  d es ired  1 -deoxymexicanolide 30 + 75°. The NMR spectrum

had s ig n a ls  a t  t 9*08, 9.04, 8.97 (6h) ( s in g le ts ,  4 t e r t i a r y  m ethy ls),

6.65 (broad singL et, 2H-13) ( c . f .  t 6.54 in  m exicanolide), 6.35 ( s in g le t ,  

methyl e s te r ) ,  4.98 s in g le t ,  H-17), 3-56, 2. 60, 2.48 ( fu ra n ic  p ro tons).

The s ig n if ic a n t  d iffe ren ces  between th e  NMR sp ec tra  o f the  p recurso r 51 

and deoxymexicanolide 50 were lo ss  of s ig n a ls  a t  T 4 . 87, 4*58 (exomethylene) 

and t 4.10  (H-15).

Attem pts to  prepare th e  corresponding 3f3~alcohol 59 by sodium 

borohydride reduction  re s u lte d  in  an in sep arab le  m ixture. Shortage of 

m a te ria l p revented  fu rth e r  in v e s tig a tio n .
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Experim ental

A ll m elting  p o in ts  were determined on a K ofler h o t-s tag e  apparatus 

and a re  uncorrected . Nuclear m agnetic resonance (NMR) sp ec tra  were 

recorded on a V arian T-60 or a V arian H A 100 spectrom eter using  

te tra m e th y ls ilan e  as an in te rn a l  re fe ren ce  in  deuterochloroform .

U ltra v io le t  (UV) absorp tion  sp e c tra  were measured in  ethanol 

so lu tio n  using  a Unicam SP 800 spectrom eter. In fra re d  (IR) so lu tio n  

sp ec tra  were obtained  on a Perkin-Elm er 225 instrum ent using carbon 

te tra c h lo r id e  as so lv en t, un less othervri.se sp e c ifie d .

Mass sp ec tra  were ro u tin e ly  determ ined on an A .E .I.-G .E .C . M.S.12 

mass spec trom eter, high re so lu tio n  sp e c tra  being obtained on an A .E .I. 

M.S. 902s instrum ent by Mr, I .  Ja rd in e . O p tica l ro ta tio n s  were measured 

on a Perkin-Elm er 141 p o la rim ete r in  chloroform so lu tio n . K iese lge l G 

(Merck) was used fo r  both a n a ly tic a l  and p rep ara tiv e  th in  la y e r  

chromatography (TLC). L ight petroleum re fe r s  to  th e  f ra c t io n  of b o ilin g  

po in t 60-80°C,

Two re a c tio n s  were freq u en tly  employed during th e  course o f th i s

re sea rch , the  experim ental cond itions remaining s tandard . These were:

i) Baeyer-Villiger oxidation using peracetic acid, prepared according
21to  th e  method of Swern . The a c id  was added to  a s t i r r e d  so lu tio n  

o f th e  ketone in  methylene ch lo rid e  w ith anhydrous disodium hydrogen 

phosphate p resen t as b u ffe r . The weight of b u ffe r  added was 

roughly equal to  the  weight of ketone used. The re a c tio n  was l e f t



fo r  24 hours, d ilu te d  w ith w ater and e x tra c te d  w ith  ethy l a c e ta te .

i i )  Chromous ch lo rid e  red u c tio n  of th e  epoxide r in g  a(3 to  the  § -lac tone

r in g  in  the  te tra n o r tr i te rp e n o id s  under d iscu ssio n . The reag en t,

chromous c h lo r id e , was p repared  by a m od ifica tion  of th e  method o f 
22Rosencranz e t  a l . whereby amalgamated zinc dust was prepared  by 

v igorously  shaking z in c  dust (lO g .) ,  m ercuric ch lo rid e  (0 .8 g .) ,  

w ater (10 m l.) and concentrated  l^ydrochloric ac id  (0 .5m l.) fo r  5 

m inutes. The supernatent l iq u id  was decanted and water (20ml.) 

and concen tra ted  hydrochloric a c id  (2m l.) added. Chromic ch lo ride  

(5 g .) was added portionw ise w ith  s t i r r i n g  under an atmosphere o f 

n itro g en . The r e s u l ta n t  dark b lue so lu tio n  of chromous ch lo rid e  

was in je c te d  in to  th e  re a c tio n  v esse l by means o f a  sy rin g e . An 

excess o f chromous ch lo rid e  so lu tio n  was added, the  amount 

p repared  above norm ally being used fo r  approxim ately 700 mg. of 

th e  re q u ire d  epoxide. Work-up was achieved by d i lu t io n  w ith  w ater 

and subsequent e x tra c tio n  w ith chloroform .

Chromous ch lo rid e  reduction  of th e  epoxide j5

7-oxo-7-deacetoxy k h ivo rin  3. (5g*) in  acetone (l4C tal.) and g la c ia l  

a c e tic  a c id  (50ml.) was tre a te d  w ith excess chromous ch lo rid e  so lu tio n  

a t  45°C. fo r  24 hours. D ilu tio n  w ith  co ld  w ater and ex trac tio n  w ith  

chloroform gave a gum (4.4g*) which by a n a ly tic a l  TLC was found to  have 

one major component. P u r if ic a tio n  by p rep ara tiv e  TLC and c ry s ta l l is a t io n  

from ethanol gave th e  14, 15 deoxy compound 5 as f in e  needles m.p.



253-257°C.; NMR s ig n a ls  a t  t 9 .2 , 9 .00 , 8 .85 , 8 .78 , 8.47 ( s in g le ts ,

5 t e r t i a r y  m e th y ls), 8 .03 , 7*92 ( s in g le ts ,  2 a c e ta te s ) ,  5 .3  (m u ltip le t, 

(2H), H-1, H -3), 3.03 ( s in g le t ,  H-17), 3.47 ( s in g le t ,  H-15), 3 .6 0 , 2.58 

(fu ra n ic  p ro to n s); \jmax 1735 ( a c e ta te s ,  6 - la c to n e ), 1715 (cyclohexanone) 

cm  ̂•

Baeyer-Villiger oxidation of the deoxy compound 5,

Baeyer-Villiger oxidation of the 14,15 deoxy compound 5, (1 • 8g) in 
metl̂ ylene chloride (10 ml.) with peracetic acid gave after work-up a 
white solid (789 mg.) consisting mainly of the required e-lactone ̂8. 
Purification by preparative TLC and crystallisation from benzene yielded 
plates m.p. 289-291 °C. decorap. ; NMR signals at t 9 .13 , 9 .07 , 3 .92 , 8 .86 , 

8.32 (singlets, 5 tertiary methyls), 8.08 (singlet, (6 h ), 2 acetates),
5.36 (m u ltip le t ,  (2H), H-1, H -3), 5 .10  ( s in g le t ,  H-17), 3.59 ( s in g le t ,

CHC1,
H-15), 3*71, 2.65 (fu ra n ic  p ro to n s); vmax 1730 (a c e ta te s ,  6 and 

e - la c to n e s)  cm •

Mass Analysis: M+ = 542.2487; H^g 0^ requires
M+ = 542.2516.

Acid catalysed ring-opening of the e-lactone _8

The e - la c to n e  8 (320 mg.) was d isso lved  in  dry benzene (20 m l.)  and 

re flu x ed  overnight in  th e  presence of a sm all amount o f p -to lu en e  sulphonic 

a c id  (20 m g.), a f t e r  which time i t  was f i l t e r e d  and the so lven t removed.

The residue was found to consist of starting material and a polar, acidic



component. S eparation  by p re p a ra tiv e  TLC (3/o MeOH/CHCl^), gave the  

a c id  9, (116 mg.) ch a ra c te r ise d  as i t s  m ethyl e s te r  J_0 m.p. 119-124°C. 

(from aqueous e th a n o l) . NMR s ig n a ls  a t  T 9 .16 , 9 .0 0 , 8 .93 , 8.86 

( s in g le ts ,  4  t e r t i a r y  m ethy ls), 8 .00 , 7*94 ( s in g le ts ,  2 a c e ta te s ) ,

6.30 ( s in g le t ,  methyl e s te r ) ,  5.22 (m u ltip le t, (2H), H-1, H-3),

4 .7 8 , 4 .72  (s in g L e ts , exomethylene) 4.78 ( s in g le t ,  H-17), 4*18 ( s in g le t ,  

H-15), 3*53, 2 .57 , 2.47 (fu ran ic  p ro to n s); vmax 1755 (a c e ta te s ,  methyl 

e s te r ) ,  1720 ( 5 -la c to n e )  cm .

(Pound: C, 64. 38; H, 7^5%; C ^  H^q O^.H^O re q u ire s  

C, 64.79; H, 7 .37 /0 .

3a-hydroxy dihydro methyl angolensate 12

Treatment of the exomethylene compound 10 (70 mg.) in  methanol 

(5 m l.)  a t  room tem perature with 4N sodium hydroxide (0 .4  m l.) fo r  20 

hours, gave a f te r  a c id if ic a t io n  ( d i l .  HCl), e x tra c tio n  w ith  chloroform 

and m ethy la tion  w ith  e th e re a l diazomethane, 3a -hydroxy dihydro methyl 

angolensate 12 (6 l m g .), m.p, 209-212°C. (from e th an o l). NMR s ig n a ls  a t  

T 9 .1 1 , 9-05, 9*03, 8.97 ( s in g le ts ,  4  t e r t i a r y  m ethy ls), 6.60 (broad 

m u lt ip le t ,  (2H), H-1, H -3), 6.26 ( s in g le t ,  methyl e s te r ) ,  5 .0 9 , 4.83 

( s in g le ts ,  exom ethylene), 4.46 ( s in g le t ,  H-17), 3*55, 2 .57 , 2.50 (fu ran ic  

p ro to n s); ^max. 3550 (hydroxyl), 1740 (6  - la c to n e , methyl e s te r ) ,  1660 

(exomethylene) cm •

(Pound: C, 68.50; H, 7.59%; 0 ^  H ^  0? re q u ire s  

C, 68. 62; H, 7.68%).



Methyl angolensate 13

To the  a lcoho l 1J2 (30 mg.) in  acetone (5 m l.) a t  0°C. was added 

6 drops of Jones reag en t. D ilu tio n  w ith  w ater and e x tra c tio n  w ith  

chloroform gave, a f t e r  removal of the so lv en t, a s o l id  (24 mg.) which 

was p u r if ie d  by p rep a ra tiv e  TLC and r e c ry s ta l l i s e d  from ethano^ as 

c o lo u rle ss  needles m.p. 201-205°C ., ( l i t . ^  m.p. 203-208°C.,

/ a y ^ - 4 3 0) .  This compound was shown to  be id e n tic a l  w ith an a u th en tic  

sample of methyl angolensate 13 (m .m .p., TLC, IR, NMR). NMR s ig n a ls  a t  

T 9*12, 9 .0 4 , 8 .93 , 8.79 (s in g L e ts , 4 t e r t i a r y  m ethy ls), 6.49 (m u ltip le t 

H -1), 6.28 ( s in g le t ,  methyl e s te r ) ,  5*11, 4 .87  (s in g L e ts , exom ethylene), 

4 .3 4  ( s in g le t ,  H-17), 3. 62, 2. 62, 2.56 (fu ra n ic  protons)} vmax 1735 

(methyl e s t e r ,  5 - la c to n e ) , 1715 (cyclohexanone) cm . (Pound: C, 68.61

H 7.29^; C27 H ^  07 re q u ire s  C, 68.92, H, 7 .20%).

Base ca ta ly sed  r in g  opening of the e -lac to n e  _8

Treatment of the e - la c to n e  ,8 (53 mg.) in  methanol (5 m l.) a t  room 

tem perature fo r  12 hours, with 4H sodium hydroxide gave a f t e r  work-up 

in  th e  u sual manner, a very p o la r  c ry s ta l l in e  compound (46 m g.). 

M ethylation w ith diazomethane and r e c r y s ta l l i s a t io n  from aqueous methanol 

gave th e  d io l e th e r V$ as co lo u rle ss  prism s m.p. 280°C. decomp.; NMR 

s ig n a ls  a t  t 9.07 (6 h ), 8.98, 8 .82 , 8.38 ( s in g le ts ,  5 t e r t i a r y  m ethy ls), 

6 .57 , 6.33 (m u ltip le ts ,  H-3, H-1 re sp e c tiv e ly ) ,  6.30 ( s in g le t ,  methyl 

e s te r ) ,  5*90 (broad singL et, 1H, exchangeable w ith  D^O), 4.20 ( s in g le t ,
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H-17), 3 . 60, 2.60 (fu ra n ic  p ro to n s); vmax 3610, 3530 (hydroxyl), 1735 

(methyl e s te r ,  6 -la c to n e )  cm .

(Found: C, 64.09; H, 7*68^; OgyH^g Og.HgO re q u ire s

C, 63.73; H, 7 .9 3 ^ -) .

A ce ty la tio n  of th e  d io l e th er 16

To the d io l e th e r _1̂6 (24 mg.) in  dry py rid in e  (1 .5  m l.)  was added

a c e t ic  anhydride (0.75 m l.) .  A fte r 12 hours, w ater was added and the

so lu tio n  ex trac ted  w ith  chloroform . The re s id u e , (23 mg.) was r e c ry s ta l l i s e d

from ethanol g iv ing  the  hydroxy a c e ta te  V7 as sm all p rism s, m.p. 258-260°C. >

NMR s ig n a ls  a t  t 9 .20 , 9*03, 9 .00 , 8 .93 , 8.43 ( s in g le ts ,  5 t e r t i a r y  m ethyls),

8.08 ( s in g le t ,  a c e ta te ) ,  6.37 ( s in g le t ,  methyl e s te r ) ,  6.05 (m u ltip le t,

H -1), 5*37 (m u ltip le t ,  H -3), 4 .20  ( s in g le t ,  H-17), 3*73, 2.63 (fu ra n ic

p ro to n s); Vmax 3610, 3410 (hydroxyl), 1740 ( a c e ta te ,  methyl e s te r ,
—16 - la c to n e )  cm .

Mass a n a ly s is : M+ = 532.2665; G ^  0^ re q u ire s

M+ = 532.2672.

D ehydration o f th e  hydroxy a c e ta te  17

S everal drops of th io n y l ch lo rid e  were added to  the hydroxy a c e ta te  

17 (lif mg.) incby p y rid in e  (1 .5  m l.) ,  and almost immediately w ater was 

c a re fu lly  added. E x trac tio n  w ith  chloroform gave a re s id u e  (11 mg.) 

c o n s is tin g  o f mainly one compound J[8. P u r if ic a tio n  by p rep a ra tiv e  TLC



and subsequent r e c ry s ta l l i s a t io n  from methanol gave sm all cubes m.p.

224-226°C. This compound was id e n tic a l  w ith  th e  product o f a c e ty la tio n

18, o f 3a“hydroxy dihydro methyl angolensate JJ2. NKR s ig n a ls  a t

T 9*21 (9H), 9*03 ( s in g le ts ,  4  t e r t i a r y  m ethy ls), 7 ,94  ( s in g le t ,

a c e ta te ) ,  6.35 (m u ltip le t ,  H-1), 6,35 ( s in g le t ,  methyl e s te r ) ,  5*32

(m u lt ip le t ,  H“3 ) ,  5*17, 4*92 ( s in g le ts ,  exomethylene), 4*26 ( s in g le t ,

H-17), 3 *62, 2.60 ( fu ra n ic  p ro to n s); . v^ax 1740 (a c e ta te ,  methyl e s te r ,  
—16 - la c to n e )  cm •

Mass spectrum: M+ = 5145 (C^  H^g Og re q u ire s  M+ = 514).

B aey er-V illig er o x ida tion  o f 7“Oxo-7-deacetoxy kh ivo rin  4

Using p e ra c e tic  a c id , 7*-oxo-7-deacetoxy kh iyorin  4 (8 g . ) y ie ld ed

in te r  a l i a  th e  e - la c to n e  19. P u r if ic a t io n  by p re p a ra tiv e  TLC (1% MeOH/

CHCl^), gave th e  pure e - la c to n e  19 (2 .5  g .)  m.p. 308°C. decomp, (from

m ethanol). NMR s ig n a ls  a t  t  9 .1 , 8 .97 , 8 .92 , 8. 67, 8.63 ( s in g le ts ,  5

t e r t i a r y  m eth y ls), 8 .03 , 7*97, ( s in g le ts ,  2 a c e ta te s ) ,  6.27 ( s in g le t ,

H-15), 5*27, 5 .12 (m u ltip le ts , H-1, H-3), 4.63 ( s in g le t ,  H-17), 3*67,
CHC1

2.62 (fu ra n ic  p ro to n s)j vmax 1730 (a c e ta te s ,  e and 5- lac to n es) cm • 

(Pound: C, 64.44; H, 7-02%| C30 H38 °10 re<lu ire3

c ,  64. 50; H, 6.86%).

Acid c a ta ly se d  opening of th e  s - la c to n e  19

Treatment of the  £ -lac to n e  J[9 w ith p -to luene  sulphonic a c id  i n  

re  f lu x in g  benzene gave no re a c tio n  a t  a l l .



47

Base ca ta ly sed  r in g  opening of th e  e - la c to n e  191     -      .............. —— .     .. , rr»

Optimum y ie ld s  of th e  req u ired  product 24 were ob ta ined  using

potassium  carbonate (1 g .)  in  aqueous methanol a t  room temperature#

From th e  e -lac to n e  1̂ 9 (1 • 29 g#) two major compounds were obtained ,

M ethylation of th i s  m ixture w ith diazomethane gave th e  ring-B  cleaved

compound _24 (1*12 g#) which was p u r if ie d  by p re p a ra tiv e  TLC and

r e c r y s ta l l i s e d  from methanol as tra n sp a re n t prism s m.p. 274-277°C.;

NMR s ig n a ls  a t  t  9*08, 8.94 (6h ) , 8.75 (6h ) .  ( s in g le ts ,  5 t e r t i a r y

m eth y ls), 9-00 ( s in g le t ,  exchangeable w ith  I^O ), 7.93 ( s in g le t ,  2

a c e ta te s ) ,  6.40 ( s in g le t ,  methyl e s te r ) ,  6.37 ( s in g le t ,  H-15), 5 . 24,

4*78 (m u ltip le ts ,  H-1, H -3), 4*59 ( s in g le t ,  H-17), 3*61, 2.56 ( fu ra n ic  
CfCl3

p ro to n s); vmax 3590 (hydroxyl), 1730 (a c e ta te s , methyl e s te r ,
—16-la c to n e )  cm .

(Pound: C, 63. 16; H, 7*10^; H ^  0 ^  req u ires

C, 63.03; H, 7 .17g).

D ehydration of th e  alcohol 24

The a lcoho l 24 ( 840 mg.) was dehydrated w ith tb io n y l ch lo rid e  in  

p y rid in e . The major product 2|5 (732 mg.) was p u r if ie d  by p rep a ra tiv e  

TLC MeOH/CHCl^), and r e c ry s ta l l i s e d  from methanol as  c o lo u rle ss  

p la te s  m.p. 197-199°C.; NMR s ig n a ls  a t  t  9*15, 9*07, 8.97 , 8.77 ( s in g le ts ,  

4 t e r t i a r y  m ethy ls), 7*92 ( s in g le t ,  6h , 2 a c e ta te s ) ,  6.37 ( s in g le t ,  

methyl e s te r ) ,  6.13 ( s in g le t ,  H-15), 5*28, 5*07 (m u ltip le ts ,  H-1 , H -3),
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4 .9 3 , 4 .60 ( s in g le ts ,  exom ethylene), 4.53 ( s in g le t ,  H-17), 3 .6 5 , 2.63 

( fu ra n ic  p ro to n s); vmax 1740 (a c e ta te s ,  methyl e s te r ,  fc-lactone) cm"1. 

(Found: C, 65.40 H, 6.94/cj ^H^qO^q req u ire s

C, 65.02 H, 7 .0 4 ^).

Formation o f th e  d io l 26

Base h y d ro ly sis  of th e  a c e ta te s  of 25 (447 mg.) using sodium 

hydroxide in  methanol a t  room tem perature fo r  6 hours gave in te r  a l i a  

th e  req u ired  d io l 26. M ethylation and p u r if ic a t io n  by p re p a ra tiv e  TLC 

gave a  pure sample of th e  n o n -c ry s ta llin e  d io l  (253 m g.). NMR s ig n a ls  

a t  T 9*05, 9 .03 , (6h ) ,  8.99 ( s in g le ts ,  4  t e r t i a r y  m eth y ls), 6.36 

( s in g le t ,  methyl e s te r ) ,  6. 43, 6.26 (m u ltip le ts ,  H-1 , H -3), 6.08 

( s in g le t ,  H-15), 4 .7 6 , 4 .64  ( s in g le ts ,  exomethylene), 4.58 ( s in g le t ,  

H -17), 3 .6 3 , 2.58 (fu ra n ic  p ro to n s); vmax 3625, 3600, 3500 (hydroxyl), 

1745 (methyl e s te r ,  6 -lac tone) cm ,

Mass a n a ly s is : M = 488.2385; (-'27**36^8 req u ire s  

M+ = 488.2409.

O xidation o f th e  d io l 26-    »

Jones o x id a tio n  of the  d io l 26 (170 mg.) in  acetone (10 ml) a t  0°C. 

produced two products which were sep ara ted  by p rep a ra tiv e  TLC. These 

were id e n t i f ie d  as th e  6 -d ike tone 27 (91 mg.) m.p. 188-192°C. (from 

m ethanol); NMR s ig n a ls  a t  t 9 .10 , 9.04 (6h) ,  8.98 ( s in g le ts ,  4  t e r t i a r y  

m ethy ls), 6 .34 ( s in g le t ,  methyl e s te r ) ,  6.27 ( s in g le t ,  H-15), 6.10



( s in g le t ,  2 H-2), 4*68, 4 .46 ( s in g le ts ,  exom ethylene), 4.46 ( s in g le t ,
CHC1,

H-17), 3 .6 4 , 2.58 ( fu ra n ic  p ro to n s); vmax 1735 (methyl e s te r ,  

6 - la c to n e )  1707 ((3-d ike tone) cm 1. ;  X max 261 nm. (e  9,300) r is in g  to  

289 nm. (e 22, 600) on a d d itio n  of base.

(Found: C, 66.83 H, 6 .7 4 $ ; Cgy H^g 0g req u ire s  

C, 66.92 H, 6 .66$). 

and th e  (3-hydroxy ketone 2Q (20 mg.) m.p. 196-199°C., (from chloroform / 

e th e r ) ;  NMR s ig n a ls  a t  t 9 .05 , 8.88 (6h ), 8.83 ( s in g le ts ,  4  t e r t i a r y  

m eth y ls), 6.33 ( s in g le t ,  methyl e s te r ) ,  6.06 ( s in g le t ,  H-15), 5.95 

(m u ltip le t ,  H -1), 4 . 64, 4*49 ( s in g le ts ,  exom ettylene), 4 .64  ( s in g le t ,  

H-17), 3*64, 2.58 (fu ra n ic  p ro to n s); vmax 3610, 3525 (hydroxyl), 1745 

(methyl e s te r ,  6 - la c to n e ) , 1715 (cyclohexanone) cm"1.

Mass a n a ly s is : M+ = 486.2218; Cgy H ^  Og re q u ire s

M+ = 486.2253.

Andirobin 29

D ehydration o f the  hydroxy ketone _28 (12 mg.) in  p y rid in e  w ith  

th ior^rl ch lo rid e  (3 drops) gave andirobin 29 (9 m g.). P u r if ic a t io n  

by p re p a ra tiv e  TLC and r e c ry s ta l l i s a t io n  from methanol produced prism s 

m.p. 193-196°C., 33°; ( l i t . 13 m.p. 195-197°C., 3 8 .5 °).

NMR s ig n a ls  a t  T 9 .08 , 9 .05 , 8 .94 , 8.92 ( s in g le ts ,  4  t e r t i a r y  m eth y ls),

6.33 ( s in g le t ,  methyl e s te r ) ,  5*98 ( s in g le t ,  H-15), 4*74, 4.63 ( s in g le ts ,  

exam ethylene), 4*53 ( s in g le t ,  H-17), 3*94, 2.83 (AB q u a r te t ,  H-2, H-1
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re sp e c tiv e ly , J  = 10 H z .), 3*66, 2,39 (fu ran ic  p ro to n s); vmax 1745 

(methyl e s te r ,  6 - la c to n e ) , 1685 (cyclohexenone) cm"”1.

Mass an a ly s is : M+ = 468.2091; Cgy Oy req u ire s

M+ * 468.2147.

The d ien e -lac to n e  p recu rso r ^

Treatment of the [3-d iketone 27 (43 mg.) w ith excess chromous

ch lo rid e  gave in te r  a l i a  th e  po lar d ien e-lac to n e  3. P u r if ic a t io n  by

p re p a ra tiv e  TLC affo rded  a s l ig h t ly  impure sample of the  d iene-lac tone

(22 mg.) r e c r y s ta l l i s e d  from chloroform e th e r as sm all needles m.p.

193-198°C.; nk r s ig n a ls  a t  t 9.01 , 8 .95 , 8. 84, 8.77 ( s in g le ts ,  4

t e r t i a r y  m ethyls) ,  6.32 (unsymmetrical s in g le t ,  5H, methyl e s te r ,  2H-2),

4 .7 1 , 4 . 63, 4.53 ( s in g le ts ,  exomethylene, H-17), 4 .00 ( s in g le t ,  H-15),
CHC1,

3. 56 , 2.55 (fu ra n ic  p ro to n s); vmax 1720 broad ( (3-d ik e to n e , methyl 

e s te r ,  6 “lac to n e ) cm . ;  Xmax 262 nm. (e 9 ,000).

Mass spectrum: M+ = 468; (Cgy H ^  Oy req u ire s  M+ = 468) .

M exicanolide 1_

The d ien e-lac to n e  p recu rso r (15 mg.) was s t i r r e d  in  chloroform  

(2 m l.)  in  the  presence of a few drops o f aqueous sodium b icarbonate . 

A fte r  24 hours the  re ac tio n  was complete. A c id if ic a tio n  and e x tra c tio n  

w ith chloroform  gave mexicanolide ^  (13 mg.) r e c ry s ta l l i s e d  from 

methanol as tra n sp a ren t cubes m.p. 221-226 C ., /P iJ -Q  “85 5 ( l i t .  m.p. 

222-227°C., /p J 'Q  "90°). NMR s ig n a ls  a t  T 9 .14 , 9.01 (6 h ), 8.76
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( s in g le ts ,  4  t e r t i a r y  m eth y ls), 6 .54 (broad s in g le t ,  2H-15) ,  6.30

( s in g le t ,  methyl e s te r ) ,  4.75 ( s in g le t ,  H-17), 3 .5 1 , 2. 59, 2.42
ch c i3

(fu ra n ic  p ro to n s); vmax 1730 (methyl e s te r ,  6- la c to n e ) , 1705 ((3 -
_<j

diketone) cm •

(*ound: C, 68. 96; H, 6.81$; C2y Oy re q u ire s

C, 69.21; H, 6. 88$ ) .

Treatment o f th e  e -lac to n e  J_9 w ith d ilu te  sodium hydroxide.

Treatment of th e  e - la c to n e  in  methanol -with 4N sodium hydroxide 

fo r  15 hours a t room tem perature gave a t  le a s t  fo u r compounds, th e  

r e la t iv e  p roportions of which v a ried  w ith  the  time o f re a c tio n . Methyla­

t io n  o f t h i s  m ixture w ith  diazomethane and sep ara tio n  by p rep a ra tiv e  

TLC a ffo rd ed  pure samples of the alcohol 24; the  d io l 20 m.p. 250-253°C. 

(from aqueous m ethanol); NMR s ig n a ls  a t  t 9.1B, 9-04, 8 .89 , 8 .70 , 8.68 

( s in g le ts ,  5 t e r t i a r y  m ethy ls), 8. 42 , 8.34 (broad s in g le ts ,  exchangeable

w ith  Dp0 ) ,  6. 34, 6.26 (m u ltip le ts , H-1, H -3), 6.29 ( s in g le t ,  H-15),
CEC1,

4 .60  ( s in g le t ,  H-17), 3 .6 0 , 2.58 (fu ra n ic  p ro tons); vmax 3^20, 3480 

(hydroxy l), 1740 ( s  and 6 -la c to n es) cm •

(Found: C , 63. 58; H, 6.87$; C2g H ^  Og.HgO req u ire s  

C, 63.40; H, 7.37$) 5 

the  t r i o l  33 m.p. 236-240°C. (from m ethanol); NMR s ig n a ls  a t  t 9 .05 ,

9 .02 , 8 .90 , 8.79 (6H) ( s in g le ts ,  5 t e r t i a r y  m ethy ls), 6.44 (sin g L e t, 

methyl e s te r ) ,  6.38 ( s in g le t ,  H-15), 6. 32, 5.87 (m u ltip le ts , H-1, H-3),



KBr
4.59 ( s in g le t ,  H-17), 3 . 61 , 2.58  ( fu ra n ic  p ro to n s); \giax 3520 , 34^0 

(hyd roxy l), 1730 (methyl e s te r ,  5 -la c to n e )  cm~1.

(Found: C, 63.79; H, 7.45$; H^g 0^ req u ire s

C, 64.01; H, 7.56$) and,

th e  t r i o l  e th e r 42 m.p. 235-238°C. (from benzene); NMR s ig n a ls  a t

T 9. 12, 9*09, 9 .0 4 , 8. 86, 8.67 ( s in g le ts ,  5 t e r t i a r y  m eth y ls), 6.78

( s in g le t ,  1H, exchangeable with D^O) ,  6 .44 , 6.07 (m u ltip le ts ,  H-1, H -3),

6.36 (s in g L e t, methyl e s te r ) ,  5.55 (broad s in g le t ,  H-15, sharpening on

DpO add ition )*  5*37 (btfoad s in g le t ,  1H, exchangeable w ith  D?0 ) ,  3.79
CHC1,

( s in g le t ,  H-17), 3 .4 9 , 2. 56 , 2.52  ( fu ran ic  p ro to n s); vmax 3460

■*1(hydroxy l), 1735 (methyl e s te r ,  6 -lac to n e) cm »

(Found: C, 63. 97; H, 7 *4%  H^g 0^ req u ire s

C, 64.01; H, 7 .56$).

O xidation of th e  d io l 20

Jones ox id a tio n  of th e  d io l _20 (50 mg.) in  acetone (5 m l.) a t  

0°C. gave th e  corresponding 6 “diketone 23 (41 m g.). I t  was p u r if ie d  

by p re p a ra tiv e  TLC follow ed by r e c ry s ta l l i s a t io n  from ethanol as  sm all 

prism s m.p. 280 -284°C. decomp. J  NMR s ig n a ls  a t  T  8.79, 8 .75 , 8.68 (6h),
8.60 ( s in g le ts ,  5 t e r t i a r y  m ethy ls), 6.55 ( s in g le t ,  2H-£), 6.33 ( s in g le t ,

chci5
H-15), 4 .6 2  ( s in g le t ,  H-17), 3 .6 4 , 2.59 (fu ran ic  p ro to n s); vmax ^ 1740

—1(e  and 6 - la c to n e s ) ,  1710 ((3 -d iketone) cm . Xmax 260 nm. moving to  

289 nm. on a d d itio n  of base.

Mass spectrum: M+ = 470 (C^g H30 °8 req u ire s  M+ = 470).



O xidation of th e  t r i o l  33

Jones ox idation  o f the  t r i o l  33 (313 mg.) i n  acetone (25 m l.) a t

0°C. gave a m ixture of mainly two compounds. These were the non-

c r y s ta l l in e  (3-diketone 34 (124 m g.); NMR s ig n a ls  a t  t 9 .00 , 8 .87 ,

8 .85 , 8 .72 , 8.69 ( s in g le ts ,  5 t e r t i a r y  m ethy ls), 6.62 ( s in g le t ,  2H-2),

6 .3 6  ( s in g le t ,  H-15), 6.33 ( s in g le t ,  methyl e s te r ) ,  4 .6 2  ( s in g le t ,

H-17), 3 .64 , 2.60 ( fu ra n ic  p ro to n s); Vmax 36OO, 34^0 (hydroxyl), 1740
1

(methyl e s te r ,  6 - la c to n e ), 1705 (8 -d iketone) cm ; Xmax 261 nm. 

moving to  290 nm. on additon  o f base;

and th e  (3-hydroxy ketone J55 (92 mg.) as a gum; NMR s ig n a ls  a t  t 9*03, 

8 .91 , 8.79 (6 h ), 8.62  ( s in g le ts ,  5 t e r t i a r y  m eth y ls), 6 .62  (broad 

s in g le t ,  1H, exchangeable w ith DgO), 6.35 ( s in g le t ,  methyl e s te r ) ,  6.31 

( s in g le t ,  H-15), 6.21 (m u ltip le t, H -3), 4.53 ( s in g le t ,  H-17), 3*59, 2.54
chci3

(fu ra n ic  p ro to n s); vmax 3^00, 3510 (hydroxyl), 1735 (methyl e s te r ,
—16 - la c to n e ) , 1715 (cyclohexanone) cm •

Mass a n a ly s is : M+ = 504*2332; C2y H3£ 0^ req u ire s

M+ = 504.2359.

A ce ty la tio n  of th e  6-hydroxy ketone 35

A ce ty la tio n  o f th e  8 -hydroxy ketone 35 (61 mg.) using a c e tic  

anhydride i n  py rid in e  gave th e  corresponding a ce ta te  ^6 (14 mg.)

(im pure); NMR s ig n a ls  a t  t 9*13, 8.73 (9H), 8.60 ( s in g le ts ,  5 t e r t i a r y  

m ethy ls), 7 .98 ( s in g le t ,  a c e ta te ) ,  6.35 ( s in g le t ,  4H, methyl e s te r ,  H-15),



5.07  (m u ltip le t ,  H -3), 4 .60 ( s in g le t ,  H-17), 3 .65 , 2.63 ( fu ra n ic  

p ro to n s); Vnax 3600, 3520 (hydroxyl), 1740 (methyl e s te r ,  8 - la c to n e ) , 

1710 (cyclohexanone) cm ;

and a c lo se-runn ing  component, th e  enone 37 (23 mg.) m.p. 193-194°C. 

(from e th e r /p e tro l) ;  NMR s ig n a ls  a t  t 9 .00 , 8 .88 , 8 .7 9 , 8.72, 8.64 

( s in g le ts ,  5 t e r t i a r y  m ethy ls), 6 .40 ( s in g le t ,  4H, methyl e s te r ,  H-15), 

4*61 ( s in g le t ,  H-17), 4 .1 4 , 3*41 (AB q u a r te t ,  H-2, H-3 re sp e c tiv e ly ,

J  = 10 H z .), 3 .6 4 , 2.61 (fu ra n ic  p ro to n s); vmax 36OO, 3525 (hydroxyl), 

1740 (methyl e s te r ,  6 -la c to n e ), 1675 (cyclohexenone) cm 

Mass spectrum : M+ = 486; {0^  Og re q u ire s  M+ = 486).

D ehydration of th e  a c e ta te  36

D ehydration of th e  a c e ta te  J56 (10 mg.) v/ith th io n y l ch lo rid e  in  

p y rid in e  gave in te r  a l i a  Hmahoganin a c e ta te ” 39 (7 m g.). P u r if ic a t io n

by p re p a ra tiv e  TLC f a i le d  to  give a com pletely pure sample of J>9 which

d id  no t c r y s ta l l i s e .  NMR s ig n a ls  a t  t 9*18, 9 .08 , 8.74 (6h) (s in g le ts^

4 t e r t i a r y  m e th y ls), 7.89 (singL et, a c e ta te ) ,  6,39 ( s in g le t ,  methyl 

e s te r ) ,  6 .10 ( s in g le t ,  H-15), 5*10 (m u ltip le t, H-3), 4 .5 9 , 4 .5 2 , 4*38 

( s in g le ts ,  exomethylene, H-17), 3 .64 , 2.58 ( fu ra n ic  p ro to n s); vmax 1740 

(methyl e s te r ,  a c e ta te ,  6 - la c to n e ), 1705 (cyclohexanone).

Mass an a ly sis^  M+ = 528.2357; H^g 0^ req u ire s

M+ = 528.2359.



Iso an d iro b in  32

D ehydration o f th e  enone 37 (15 mg.) gave a m ix ture , w ith  one

major component. P u r if ic a t io n  by p rep a ra tiv e  TLC y ie ld ed  iso an d iro b in

32 (7 m g.), + 22° which r e s i s te d  a l l  a ttem pts a t  c r y s ta l l i s a t io n .

NMR s ig n a ls  a t  T 9 .60 , 8.96 (6 h ), 8.77 (s in g L e ts , 4  t e r t i a r y  m eth y ls),

6.33 ( s in g le t ,  methyl e s te r ) ,  6.12 ( s in g le t ,  H-15), 4*74, 4*71, 4*38

( s in g le ts ,  exomethylene, H-17), 4 .0 9 , 3*38 (AB q u a r te t ,  H-2, H-3

re sp e c tiv e ly , J  = 10 H z .), 3*65, 2.60 (fu ran ic  p ro to n s); vmax 1745
—1(methyl e s te r ,  5 - la c to n e ) , 1675 (cyclohexenone) cm •

Mass a n a ly s is : M+ = 468.2097; ^32 ^7 r e ^u^re s

M+ = 468.2147.

A ce ty la tio n  of the t r i o l  e th er 42

The t r i o l  e th e r  42 (15 mg.) a f te r  treatm ent a t  room tem perature

fo r  2 days w ith  a c e t ic  anhydride in  p y rid in e  a ffo rded  th e  d ia c e ta te

43 (13 m g.), r e c ry s ta l l i s e d  from ch loroform /ether as sm all cubes m.p.

173-176°C.; WJR s ig n a ls  a t  T 9.20 , 9 .04 , 8 .92 , 8 .73 , 8.51 ( s in g le ts ,

5 t e r t i a r y  m ethy ls), 8 .18 , 7*81 (s in g L e ts , 2 a c e ta te s ) ,  7*14 (s in g L e t,

exchangeable w ith  D2°)> ( s in g le t ,  methyl e s te r ) ,  6.02. (m u ltip le t,

H-1) ,  5.35 (m u ltip le t, H -3), 4.36 ( s in g le t ,  H-15), 4.12 ( s in g le t ,  H-17)

3 .4 1 , 2. 56 , 2.02 (fu ra n ic  p ro tons); vmax 3610, 3490 (hydroxyl) ,1770
—1( 6 - la c to n e ) ,  1740 (methyl e s te r ,  a c e ta te s )  cm •

Mass spectrum ; M+ = 580 (C ^ H ^  0 ^  req u ires  M+ = 580).
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O xidation of the  t r i o l  e th e r 42

Jones o x ida tion  of the t r i o l  e th e r  42 (18 mg*) gave in te r  a l i a

th e  n o n -c ry s ta llin e  diketone 48 (9 mg*); NMR s ig n a ls  a t  t  9*13, 8*97,

8 .89 , 8*74 (6h) (s in g L e ts , 5 t e r t i a r y  m ethy ls), 6.29 ( s in g le t ,  methyl

e s te r ) ,  6 .10  (m u ltip le t , H-1 ) ,  3.39 ( s in g le t ,  H-17), 3 .5 0 , 2 .50 , 2.33

(fu ra n ic  p ro to n s); vmax 3515 (hydroxyl), 1758 (6  - la c to n e ) ,  1735
— 1(methyl e s te r ,  15-k e to n e), 1723 (3-ketone) cm .

Mass spectrum: M+ = 502 (C^y 0^ re q u ire s  M+ = 502).

B aey er-V illig er o x ida tion  of 7-deacetoxy-7-keto gedunin 52

The s ta r t in g  m a te ria l 52 was not p u re , but was one component (~kO?0)

of a b in ary  m ixture con tain ing  m exicanolide ( ^ 6 0 ^ ) .  The p o la r i t i e s  o f

th e se  two compounds were id e n t ic a l ,  so sep ara tio n  by TLC was not

p o ss ib le . The e -la c to n e  53 (870 mg.) was obtained, from o x id a tio n  o f

th e  m ixture (5 g .)  and subsequent sep ara tio n  by p rep a ra tiv e  TI£ from

unreacted  m exicanolide. R e c ry s ta llis a tio n  ft?om methanol gave needles

m.p. 244-246°C.; NMR s ig n a ls  a t  t8 .9 3 ,  8. 78, 8 .74 , 8. 69, 8.60

( s in g le ts ,  5 t e r t i a r y  m eth y ls), 6.25 ( s in g le t ,  H-15), 4*57 ( s in g le t ,  H-17),

4 .0 4 , 2.91 (AB q u a r te t ,  H-2, H-1 re sp e c tiv e ly , J  = 11 H z .), 3*59, 2.54
chci3

(fu ra n ic  p ro to n s); vmax 1745 ( 6 and £ - la c to n e s ) ,  1677 (cyclohexenone)

-1cm •

(Pound: C, 68.55; H, 6. 73%; C2^ H30 Oy req u ire s  

C, 68.70; H, 6 . 659S).
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The dihydro e - la c to n e  55
■ . ■ -      , . ,rimm

1 2Removal o f the  A * double bond was achieved by red u c tio n  o f th e  

g -la c to n e  53 (721 mg.) in  e th y l a c e ta te  (30 m l.) u sing  excess sodium 

borohydride a t room tem perature fo r  4  hours. A ddition  of d i lu te  

hydroch loric  a c id  and e x tra c tio n  w ith  e th y l a c e ta te  gave a m ixture which 

was o x id ised  using excess Jones reagent in  acetone a t  0°C. A fte r  th e  

normal work-up procedure, one main compound was formed, th e  req u ired  

3-ketone j>5 (580 m g.). P u r if ic a t io n  by p rep ara tiv e  TLC and r e c ry s ta l l i s a ' 

t io n  from m ethanol/ch lorofom  gave sm all prism s m.p. 287-291 °C. decamp. » 

NMR s ig n a ls  a t  t8 .9 7 ,  8 .90 , 8 .82 , 8. 69, 8.62 ( s in g le ts ,  5 t e r t i a r y  

m etlpyls), 6.28 ( s in g le t ,  H-15), 4 .60  ( s in g le t ,  H-17)* 3 .60 , 2.56 (fu ra n ic
chci3 .

p ro to n s); vmax 1740 ( 6 and e - la c to n e s ) , 1710 (cyclohexanone) cm . 

(Found: C, 68.20; H, 7.13^; C^  H^g 0^ req u ires

C, 68.40; H, 1.01%).

The a lcoho l 56

Opening o f the  e - la c to n e  r in g  was found to  proceed smoothly w ith 

dilute sodium hydroxide. Thus treatm ent of th e  dihydro e-lac tone 55 

(327 mg.) in methanol (15 m l.) w ith ijH sodium hydroxide (1 m l), gave 

the hydroxy a c id  (305 mg.) which v/as m ethylated w ith e th e re a l 

diazome thane to  give th e  corresponding hydroxy e s te r  56. Recrystallisa­
tion from m ethanol/chloroform  gave sm all cubes m.p. 198-201 °C. 5 !\IMR 

s ig n a ls  a t  t  8. 98, 8.86 (6h ), 8. 78, 8.68 ( s in g le ts ,  5 t e r t i a r y  m ethy ls),



6.42 (s in g L e t, methyl e s te r ) ,  6.38 ( s in g le t ,  H-13 ) ,  4 .60  ( s in g le t ,

H-17), 3 .6 3 , 2.58 (fu ran ic  p ro to n s); vmax 3610, 3510 (hydroxyl),

1740 (methyl e s te r ,  6- la c to n e ) ,  1715 (cyclohexanone) cm \

(Pound: C, 66.42; H, 7*51$J Cgy H^ Og requires

C, 66.37; H, 7.43t0 .

Chromous ch lo rid e  trea tm en t of th e  dihydro e - la c to n e  55
I .  I IH » ■ ■ I ^  *  II ■ m m ~ m m ^  M      I .  ■! —

The dihydro e -lac to n e  55 f a i le d  to  r e a c t  -with excess chromous 

ch lo rid e  under th e  normal re a c tio n  co n d itio n s , and was recovered 

unchanged.

Dehydration of th e  alcohol j?6

The alcohol 5j6 (192 mg.) was dehydrated w ith  th io n y l ch lo rid e  i n  

p y rid in e  to  give the exomethylene d e riv a tiv e  57 (157 m g.). P u r if ic a t io n  

by p rep a ra tiv e  TLC ( 2fo p e tro l/c h lo ro fo ra i) , and subsequent r e c r y s ta l l i s a ­

t io n  from ethanol y ie ld ed  prism s m.p. 149-151 °C.; NMR s ig n a ls  a t  

T 9*08, 9. 04, 8. 93, 8.89 ( s in g le ts ,  4  t e r t i a r y  m ethy ls), 6.36 ( s in g le t ,

methyl e s te r ) ,  6.07 ( s in g le t ,  H-15), 4*73, 4*70, 4 .54  ( s in g le ts ,
chci3

exomethylene, H-17), 3 .6 4 , 2.58 (fu ra n ic  p ro to n s); vmax no hydroxyl,
—11735 (methyl e s te r ,  6 - la c to n e ) , 1705 (cyclohexanone) cm .

(Pound: C, 69.18; H, 7.42& H34 °7 r e ^u ire s

0 ,6 8 .9 2 ;  H, 7 .28$).-
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Chromous ch lo rid e  red u c tio n  o f 57

Treatment of the exomethylene d e r iv a tiv e  52 (95 mg.) w ith  excess 

chromous ch lo rid e  so lu tio n  gave th e  req u ired  d ien e-lac to n e  p recu rso r 

J51. (87 m g.). P u r if ic a t io n  by p re p a ra tiv e  TLC and r e c ry s ta l l i s a t io n  

from ethanol produced f in e  needles m.p. 145-146°C.; NMR s ig n a ls  a t  

T 9*01, 8 .9 6 , 8 .90 , 8.86 ( s in g le ts ,  4  t e r t i a r y  m ethy ls), 6.35 (singL et, 

methyl e s te r ) ,  4*87, 4 .58 (s in g L e ts , exom ettylene), 4*81 (s in g L e t, 

H-17), 4*10 ( s in g le t ,  H-15), 3 .52 , 2 .54 , 2.44 (fu ran ic  p ro to n s);
CH313

vmax 1715 broad (methyl e s te r ,  6- la c to n e , cyclohexanone) cm •

(Pound: C, 71*17; H, 7*36; Cgy H ^  0^ req u ire s

C, 71.34; H, 7.54fo).

Deoxymexicanolide 50

C y c lisa tio n  of th e  p recu rso r J51_ occurred to  a sm all ex ten t w ith  

sodium hydroxide in  methanol under g en tle  re f lu x . Use o f sodium 

methoxide a t  room tem perature fo r  24 hours gave, from s ta r t in g  m a te ria l

51 (43 mg.) th e  req u ired  cy c lised  product a s  th e  major component o f a

m ixture . M ethylation and p u r if ic a t io n  by p rep a ra tiv e  TLC y ie ld ed  

1-deoxymexicanolide 50 as a gum (26 m g.), /p i7 j)  + 75° which f a i le d  to  

c r y s ta l l i s e .  KlvlR s ig n a ls  a t  t 9*08, 9*04, 8.97 (6h) ( s in g le ts ,  4 

t e r t i a r y  m eth y ls), 6.65 (broad s in g le t ,  2 H-15), 6*35 ( s in g le t ,  methyl 

e s te r ) ,  4 .98 ( s in g le t ,  H-17), 3*56, 2. 60, 2 .48 (fu ra n ic  p ro tons);

Vmax 1740 (methyl e s te r ,  6- la c to n e ) , 1708 (cyclohexanone) cm .

Mass spectrum: M+ = 454 (Cgy H ^  Og req u ire s  M+ = 454)*
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Attempted red u c tio n  o f 1-deoxymexicanolide 30

Attempts were made a t  reducing  the 3-ketone in  1-deoxymexicanolide 

30 using  sodium borohydride in  e th an o l. However, no m atter how 

c a re fu l ly  q u a n titie s  were measured o u t, the  form ation o f a  m u ltitude  of 

p roducts was unavoidable. Due to  shortage o f m a te r ia l,  th i s  re a c tio n  

could  no t be c a r r ie d  out on a la rg e  enough sca le  to  i s o la te  a  r e a l i s t i c  

amount of the  re q u ire d  alcoho l 39»
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In tro d u c tio n

Recent s tu d ie s  in  chemotaxonony have shown th a t  the  Compositae, 

p o ss ib ly  th e  la r g e s t  of a l l  p la n t fa m ilie s , a re  r ic h  in  ”secondary 

m e tab o lite s” , e sp e c ia lly  e s s e n tia l  o i l s ,  sesq u ite rp en es, o ther 

terpeno ids and flavano ids. The p o s s ib i l i t ie s  of using  these  phyto­

chem ical ch a rac te rs  fo r  taxonomic s tu d ies  have been re c e n tly  reviewed
i

by Hegnauer •
2In  p a r t ic u la r ,  a t te n t io n  has been centred  on those sesquiterpenes 

which a re  regarded as ty p ica l members of th e i r  c la s s ,  namely the  

germ acranolide eudesmanolide 2, guaianolide j5, pseudoguaianolide
X

(am brosanolide ) 4 , xanthanolide 5, and erem ophilanolide c la sses  o f

sesq u ite rp en e  la c to n e s , a group o f compounds th a t appear to  be formed
4by c lo se ly  a l l i e d  b io sy n th e tic  processes •

S esquiterpene lac tones have only been found to a sm all ex ten t

o u tsid e  th e  Compositae, e .g . in  liv erw o rts  (H epaticae). Recent research^
\

in to  th e  a lle rg e n ic  a c t iv i ty  of species of F ru lla n ia , a genus of liv e rw o rts  

has shown th a t  t h i s  a c t iv i ty  i s  probably due to  the presence of c e r ta in  of 

these  sesqu iterpene lac to n es . Other in v es tig a tio n s^  of liv e rw o rts  have 

y ie ld ed  in t e r  a l i a  long ifo lene  7 ,longiborneol 8 and drimenol £  and an 

in te re s t in g  te tra c y c lic  sesquiterpene alcohol 10 from lly lia  ta y lo r i i^ .

Since liv e rw o rts  occur widely in  the West of Scotland, i t  was decided to  

carry  out an in v e s tig a tio n  in to  the terpeno id  content of a number of 

sp ec ies . Three of th e se , Lepidozia p in n a ta , Nardia compressa and 

M arsupella pm»rginata gave no evidence of any terpeno id  c o n s titu e n ts .



13.

15.  A 3* D.B. 
16 . A A,15D.B. 
17. A ^ ,5 DB.



However, in  the  case of F ru lla n ia  ta m asc ifo lia , sev e ra l 

sesqu ite rpene  lac to n es  of the  germacranolide and eudesmanolide types 

were iso la ted *  These c lo se ly  r e la te d  sesquiterpenes can be considered 

to  arise^" from c y c lis a tio n  of tra n s -fa rn e sy l pyrophosphate to  the

carbonium ion  12, which can undergo ox ida tive  m odifica tion  to  the te n -  

membered r in g  sesqu iterpenes w ith th e  germacrane ske le to n , a  good
Q

example of which i s  costuno lide  13 • Due to  the r e la t iv e  p o s itio n  of

th e  two double bonds in  th e  carbonium ion  12, f a c i le  transannu lar

c y c lis a tio n  can occur to  th e  eudesmane skele ton  of which perhaps the
9

b e s t known i s  san tonin  14 •

In te rconversions o f germ acranolides w ith eudesmanolides have
A Q

re c e n tly  been achieved in  v i t r o , in  the transform ation  of costunolide 

13 in to  th e  corresponding cd5> Pl6 an d V g cy clo co stu n o lid es. In  the 

chloroform e x tra c t of F ru lla n ia  tam asc ifo lia  were found costunolide 1J5 

and th ree  compounds of the  cyclocostunolide (eudesmanolide) type*
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D iscussion

The f i r s t  and most abundant compound is o la te d  from F ru lla n ia  

ta m a sc ifo lia  was the c is - la c to n e  imp. 74-76°C.; Z"*a_7D "109° which

showed NMR s ig n a ls  a t  t 8.93 ( s in g le t ,  t e r t i a r y  m ethyl), 8.25  ( s in g le t ,  

v in y l m ethy l), 7 .03 (broad m u ltip le t,  H-7), 4.77 (doub le t, H-6 , J  = 5Hz),

4.42 , 3*84 (d o u b le ts , exomethylene, J  = 1 Hz) and a strong  band in  the IR 

a t  1770 (V -lactone) cm"^.

The assignment of s tru c tu re  was made on the  baeis of decoupling 

experim ents (see 1_). I r r a d ia t io n  a t  H-6 ( T 4.77) changed the  s ig n a l fo r  

H-7 ( t7*03) from a broad m u ltip le t to  a broad t r i p l e t  (jo b s . = 9 Hz.) 

c o n s is te n t w ith  the presence of an adjacent methylene group. The reverse  

experiment caused H-6 to  co llapse  to  a broad s in g le t .  The re s id u a l 

broadening in  H-6 i s  due to  hom oallylic coupling w ith th e  C-4 metityl 

group, and th is  was demonstrated by i r r a d ia t in g  a t  H-6 (t 4 .7 7 ), 

whereupon the  in te n s i ty  o f th e  C-4 methyl signal increased . From the s ize  

of th i s  hom oallylic coupling, ( <1 Hz.) th e  stereochem istry of the  lactone 

r in g  ju n c tio n  was deduced as c i s , as in  J_. A dditional evidence came from

comparison of th e  observed coupling between H-6 and H-7 (5 Hz.) w ith the

value p red ic ted  by the Karplus re la tio n sh ip  on th e  b a s is  of a d ihedral 

ang le  between H-6 and H-7 of 40°, (5 H z.). The s h i f t  to  lower f ie ld  than

normal of the s ig n a ls  fo r  the exomethylene protons Ha and Hb confirmed

th e  presence of conjugation w ith the  y -la c to n e  carbonyl group.



n

2 . 1 .

3 .



The o ther n a tu ra lly  occurring sesquiterpene lac tones showed 

s im i la r i t ie s  in  th e i r  NMR sp ec tra . Thus the second compound 2 m.p. 

86-87°C.; [a ]^  + 27°, had in  the NMR, s ig n a ls  a t  t 8.92 (s in g le t ,

t e r t i a r y  m ethyl), 8.16 (broad s in g le t ,  v iny l m ethyl), 7.4 (broad m u ltip le t, 

H-7), 5.46 (d iffu se  doublet, H-6, Jobs. = 12 H z.), 4 .57, 3.87 (doublets, 

exomethylene, J  = 3 H z.), and a strong band in  the IR spectrum a t  1780 

(tf-lactone) cm •

The main d iffe ren ce  in  the sp ec tra  of 2 an(i 2 was the s ig n a l fo r 

H-6 which in  the case of 2 was a d iffu se  doublet fu rth e r  u p fie ld  a t 

T 5-46. However, i r r a d ia t io n  a t  H-6 (t 5.46) sharpened the broad 

s in g le t  a t  T 8.16 (C-4 v iny l methyl) by removal of a re la t iv e ly  large  

hom oallylic coupling, showing th a t the lac tone rin g  in  th is  case was in  

a tra n s  con figuration  as in  2. This i s ,  in  f a c t ,  a known compound,

-cyclocostunolide^  (arbuscu lin  B^). The two remaining sesquiterpene
5 6lac to n es  were id e n tif ie d  as a-cyclocostunolide £ and costunolide 4

re sp e c tiv e ly . The compounds 2 and 3 were compared with au then tic  samples

prepared by cy c lis in g  au then tic  costunolide (from Saussurea lappa ) to

a P 2 21X1(1 ̂  2 cyclocostunolide. No trace  in  the ex tra c t was found of
n

p-cycloscostunolide 5 . That a a n d ’if-cyclocostunolide were probably not

a r te fa c ts  followed from the fa i lu re  of costunolide to  give these, products

when sub jected  to  the is o la t io n  procedure.

The c is - la c to n e  2 has recen tly  been iso la te d  in  both enantiomeric 
o

forms by Ourisson , from F ru llan ia  species and i t s  s tru c tu re  in te r —re la te d  

with a known sesqu iterpene, 11 (3-6—epi-san ton in  6^ as in  scheme (1 ).
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The corresponding jfcrans-isomer, 'tf-cyclocostunolide 2 has been 

d iscovered  n a tu ra lly -o c c u rrin g  in  th e  species Artem esia arbuscula 

(Compositae) by Geissman^.
10Our attem pts to  i n t e r - r e l a t e  11a-santonin  J. w ith  the  c i s -lac to n e  

1_ f a i le d .  The proposed sy n th e tic  ro u te  i s  shown in  scheme (2 ). 

D if f ic u l ty  was encountered in  obtain ing  high y ie ld s  and pure samples o f 

and S>. When a t  l a s t  th e  th io ice ta l 1C> was formed, treatm ent w ith 

Raney n ic k e l produced a  v as t m ixture o f p roducts.

Attempts a t  in te rc o n v e rtin g  ^ -cy c lo co stu n o lid e  2 w ith  th e  c i s -  

lac to n e  1_ a lso  were o f no a v a i l .  The in tended  ro u te , shown in  scheme (3) 

foundered a t  th e  i n i t i a l  - la c to n e  r in g  opening s tag e  where very low 

y ie ld s  of th e  hydroxy methyl e s te r  13> were obtained . Subsequent attem pts 

a t  o x id is in g  the  C-6 secondary hydroxyl group met w ith  no success.

’  i :



Experim ental

The liv e rw o rt F ru lla n ia  tam asc ifo lia  was c o lle c te d  in  the V/est of 

Scotland. A fter dry ing , i t  was f in e ly  ground and ex trac ted  v/ith 

chloroform in  a Soxhlet apparatus. Large sca le  chromatography over 

alumina (grade H d eactiv a ted ) followed by p rep ara tiv e  TLC furnished 

four c lo se ly  re la te d  sesq u ite rp en es, th ree  of which were known compounds.

The c is - la c to n e  \

The most abundant component, the c is - la c to n e  2 was r e c ry s ta l l is e d  

from methanol as needles m.p. 7^-76°C.; [a l^  -109° ( l i t . ^  m.p. 77°C.; 

[a lp  NMR s ig n a ls  a t  t 8.93 ( s in g le t ,  t e r t i a r y  m ethyl), 8.25

( s in g le t ,  v iny l m ethyl), 7.03 (broad m u ltip le t, H-7), b . l l  (double t,

H-6, J  = 5 H z.), *u45, 3.88 (broad s in g le ts ,  exomethylene), w ax 1768

(% - la c to n e )  cm •
+ +Mass spectrum: M = 232 (C ^  H^q 0^ req u ires  M = 232).

Costunolide ^

This was the most p o lar compound iso la te d  and tended to  polym erise. 

R e c ry s ta llis a tio n  from methanol y ie lded  needles m.p. 103“105°C.;

[alp + 121° ( l i t . 6 m.p. 106-107°C.; [otfp + 128°). NMR s ig n a ls  a t  t 8 .37 , 

8.30 (broad s in g le ts ,  2 v iny l m ethyls), 5.33 (m u ltip le t, (3H), H-5,

H-6, H-10), 4.47, 3*77 (doub le ts , exomethylene, J  = 3 H z.), w ax 1773 

(K -la c to n e ) cm •

Mass spectrum: M+ = 232 (C ^  H^qO  ̂ req u ires  M+ = 232).
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"tf-cyclocostunolide 2

R e c ry s ta llis a t io n  of V -cyclocostunolide 2 from methanol, gave

needles m.p. 86-87°C.; [a ]D + 27°, ( l i t . ^  m.p. 87~88C .; [a ]^  + 22°).

NMR s ig n a ls  a t  t 8.92 ( s in g le t ,  t e r t i a r y  m ethyl), 8.16 ( s in g le t ,  v iny l

m ethyl), 5 A 6 (d iffu se  doub le t, H-6, Jobs = 12 H z.), 4.57* 3*87 (doub le ts ,

exomethylene, J  = 3 H z.), vraax 1780 Q (-lactone) cm .

Mass spectrum: M+ = 232 (C.-.H^O. req u ire s  M+ = 232).
I3 2U 2

a-cyclocostuno lide  3
      , ,

a-cyclocostunolide ^  was r e c ry s ta l l is e d  from methanol as needles 

m.p. 82-83°C.; + 108°, ( l i t . '*  83~8^°C.; + 1^8°). NMR s ig n a ls

a t  T 9*1^ ( s in g le t ,  t e r t i a r y  m ethyl), 8.20 (broad s in g le t ,  v inyl m ethyl), 

6.16 ( t r i p l e t ,  H-6, Jobs. = 12 H z.), +̂<,63 (d iffu se  doublet, (2H), 

exomethylene pro ton , H-3), 3*97 (double t, exomethylene pro ton , J  =

3 H z.), vmsoc 1780 Q f-lactone) cm .
+ *f

Mass spectrum: M = 232 ^ 'j^ 2 0 ° 2  reclu^re s  ^ = 232).

C y clisa tio n  of costunolide k

Costunolide k (200 mg.) was allowed to  stand in  chloroform (30 m l.)

con tain ing  th io n y l ch lo ride  (0.1 m l.) according to  the method of 
3

Doskotch e t a l . . Removal of the so lvent l e f t  a residue co n s is tin g  of 

th ree  components. Separation by p rep ara tiv e  TLC afforded pure samples 

of a 3 p 3 and y2 -cyclocostuno lide .



EpimSrisatLon of 11 a -san ton in  7——  ................     -  , ■ , m

11a-santonin 7 (300 mg.) was heated a t  93°0. in  3% HCl/dimethyl 

formamide according to  the method of Cocker e t a l .^ .  The re ac tio n  did 

not go, i f  concentrated  HC1 was used in  making up the 5% so lu tio n . 

However when dry HC1 gas from a generato r was passed a t  a steady ra te  

fo r  seconds through the so lu tio n , and then heated to  93°C» fo r  s ix  

hours, an 80% conversion to the 6 -ep i form 8 was ob tained . This was 

not obtained pure. NMR s ig n a ls  a t  t 8.70 ( s in g le t ,  t e r t i a r y  m ethyl), 

8.60 (doub le t, secondary m ethyl, J  = 8 H z.), 7*93 ( s in g le t ,  v iny l 

m ethyl), ^ .^0  (doub le t, H-6, J  = 3 H z.), 3*73i 3*^3 (AB q u a r te t, H-2, 

H-1, J  = 10 H z.), vtfiax 1783 C tf-lactone), 1668 (dienone) cm •

Hydrogenation of 6 -ep i-san to n in  8

Hydrogenation in  e th y l a c e ta te  of 8 using  1% pallad ium /charcoal 

poisoned with calcium carbonate gave d isappo in ting ly  small y ie ld s  of 

the A’ dihydro compound 9 iso la te d  as a mixture con tain ing  some 

te trah y d ro  compound. NMR s ig n a ls  a t  T 8.73 ( s in g le t ,  t e r t i a r y  m ethyl), 

8 .63 (double t, secondary m ethyl, J  = 8 H z.), 8.08 ( s in g le t ,  v iny l 

m ethyl), ^.55 (doub le t, H-6, J  = 5 H z.), vmax 1783 (^“lac to n e ) , 1680 

(enone) cm \

The th io k e ta l 10

To the A' dihydro compound £ (70 mg.) d isso lved  in  e th er (3 m l.) 

was added ethane d i th io l  (3 drops) and BF^ e th e ra te  (3 d rops). This 

was l e f t  fo r 12 hours, water added and ex trac ted  in to  chloroform. Any



excess ethane d i th io l  p resen t was removed by p rep ara tiv e  TLC, The 

n o n -c ry s ta llin e  th io k e ta l  10 (34 mg.) was obtained pure, NMR s ig n a ls  

a t  T 8.90 ( s in g le t ,  t e r t i a r y  m ethyl), 8.68 (doub le t, secondary methyl,

J  * 8 H z.), 7.93 ( s in g le t ,  v in y l m ethyl), 6.67 (m u ltip le t, (4H), 

th io k e ta l) ,  4.63 (d oub le t, H-6, J  = 5 H z.), vmax, 1780 Ctf-lactone) cm \

D esu lphurisation  of the th io k e ta l 10

The th io k e ta l  10 (27 mg.) in  acetone (8 m l.) was refluxed  overnight 

in  the presence o f Raney n ick e l ( ^ 3 0  m g.). F i l t r a t io n  and removal of 

the  so lvent l e f t  a residue  co n s is tin g  of an in tra c ta b le  mixture of 

compounds.
11, 13 dihydro y-cyclocostunolide 11

Treatment o f  }J-cyclocostunolide 2 (19 mg.) in  e th y l a ce ta te  (3 m l.)

w ith excess sodium borohydride produced the dihydro d e riv a tiv e  H

(14 mg.) as a gum. NMR s ig n a ls  a t  T 8.88 ( s in g le t ,  t e r t i a r y  m ethyl),

8,86 (doub le t, secondary methyl, J  = 8 H z.), 8.17 (broad s in g le t ,

v inyl m ethyl), 3°47 (m u ltip le t, H-6)a vmax 1783 (tf-lactone) cm •

Mass spectrum: M = 234 **22 ^2 r e l u^re s  ^ = 234).

Attempted opening o f th e^ -lac to n e  11

( i )  Treatment of the V -lactone H  with aqueous sodium hydroxide in  

methanol followed by ad d itio n  of a v as t excess of e th e re a l 

diazomethane did not produce any of the d esired  hydroxy methyl 

e s te r  15.



( i i )  Formation of the s i lv e r  s £ l t  of the ring-opened hydroxy ac id  12

and subsequent ad d itio n  of methyl iod ide to  th is  produced a m ixture 

con ta in ing  the d es ired  hydroxy methyl e s te r  1j$ as the minor 

component and the re la c to n ised  compound 1_1. The hydroxy methyl 

e s te r  had \irrax 3590 (hydroxyl), 1785 - la c to n e ) , 173^ (methyl 

e s te r )  cm \

Attempted ox ida tion  of the hydroxy methyl e s te r  13

The above m ixture was tre a te d  with two drops of Jones reagent in

acetone a t  0°C. The product, one spot on TI£ had, vmax 1785 Ctf-lactone), 
—1

(no ketone) cm , in d ic a tiv e  of the K -lactone 11.
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In tro d u c tio n

In v e s tig a tio n  of th e  liv e rw o rt Solenostoma t r i s t e  re s u lte d  in  th e

i s o la t io n  of four te t r a c y c l ic  d ite rp en o id s  which were shown by chemical

and sp ectro sco p ic  means to  be en t.-k au ren e  d e r iv a tiv e s . An account of

th e  s t r u c tu r a l  determ ination  of these  d ite rp en o id s  i s  given in  the

ensuing d iscu ssio n  (see  p.89).
Of a l l  th e  d ite rp en es  found in  n a tu re , perhaps most in te r e s t  has

been d ire c te d  re c e n tly  to  th e  group o f te t r a c y c l ic  d ite rp en o id s  con tain ing

th e  phyllocladene -  kaurene d e r iv a tiv e s . The reason fo r  th is  p rim arily
1i s  the im portance of th e  g ib b e re llin s  , p la n t growth hormones, derived  

from a rea rran g ed  en t.-kau rane  sk e le ton .

G ib b ere llin  b io sy n th esis  i s  thought to  proceed by c y c lis a tio n  of
2 3 2geranyl geranyl pyrophosphate ±  9 to  the labdadienol 2 . This d ienol

2 has been shown*- to  be in co rp o ra ted  (as i t s  pyrophosphate) during the

b io sy n th es is  of g ib b e re llic  a c id  3. The in co rp o ra tio n  of labdadienol
5

2 occurs by form ation of en t.-k au ren e  4 p o ss ib ly  v ia  the ) pimaradiene 

p recu rso r 5., although as y e t ,  no t r i c y c l ic  in te rm ed ia tes  have been 

isolated?*-.

The subsequent m odifica tion  o f en t.-kau rene  4  to  th e  g ib b e re llin s

invo lves ox idation  and co n trac tio n  o f ring-B  to  a cyclopentane carboxylic
6a c id . I t  has been demonstrated th a t  t h i s  conversion takes p lace  through 

th e  successive  form ation of e n t. -kaur-16-en-19-oic  a c id  £  and 7 p-hydroxy
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ent.-kaur-16~en-19-oic a c id  7̂ follow ed by r in g  co n trac tio n  to  the

gibbane aldehyde _8. Various hydroxylations and ox idations o f th i s

aldehydo-acid  8 y ie ld  the  bew ildering  v a r ie ty  o f  C .Q and Con
"7 8g ib b e re llin s  found in  n a tu re . ’

Although g ib b e re l lic  a c id  and i t s  r e la te d  compounds have been 
9

is o la te d  from fe rn s  , i t  was no t u n t i l  qu ite  re c e n tly  th a t  e n t . -

kaurenoids have been is o la te d  from th is  source. The compounds 9, and
1010 were is o la te d  by Chen e t  a l  from P te r is  c r e t ic a . S tudies on

I  so don species ( Labiatae) have unearthed  se v e ra l polyoxygenated en t.

kaurenoids which to g e th e r form a very in te re s t in g  b io g en e tic  p a tte rn .
11 12Thus o ridonin  has been is o la te d  from two Isodon species , and

13sodoponin _t2 and epinodosinol 13, have both been ob ta ined  from 

Isodon japon icus.
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D iscussion

The f i r s t  compound was the hydroxy a c e ta te  J_, C22H34°3 m,p*

118-120°C; -89°, j/\max 3990 (hydroxyl), 1750 (a c e ta te ) ,  1660

(exomethylene) cm ^_J7. The NMR spectrum had s ig n a ls  a t  t 9*10, 9 .04 , 

8.99 ( s in g le ts ,  3 t e r t i a r y  m ethy ls), 7.79 ( s in g le t ,  a c e ta te ) ,  7.40 

(broad s ingL et, 1H, exchangeable w ith DgO), 7.28 (m u ltip le t , H-13),

6 .20 (m u ltip le t ,  H-11) 9*07, 4*88 (m u ltip le ts , each 1H, exomethylene), 

4.72 ( t r i p l e t ,  H-19, Jobs = 2Hz.). This data  suggested th a t  the  b asic

sk e le to n  v/as th a t  of a  te t r a c y c l ic  d iterpene hydrocarbon of the
1 2 kaurene 2 o r phyllocladene 3, type. Decoupling experiments confirmed

th e  r e la t iv e  p o s itio n in g  o f  th e  secondary a c e ta te  and exomethylene

group (as  J[) in  ring-D . I r r a d ia t io n  a t  the cen tre  of the m u ltip le t a t

t 7*28 (H-13) le d  to  s im p lif ic a tio n  of the exomethylene pro ton  s ig n a ls ,

which were reduced to  d o ub le ts , ( j  = 2 H z., 3 Hz.) by removal of a small

coupling. This coupling was due to  a l ly l i c  coupling between H-13 and

th e  exomethylene pro tons. No e f fe c t  was n o ticed  on the  carb ino l proton

(H-11), nor on th e  secondary a c e ta te  proton (H-19). That the remaining

coupling to  th e  exomethylene protons was due to  H-19 was shown by

i r r a d ia t in g  a t  t 9 .0 7 , th e  u p f ie ld  exomethylene s ig n a l, whereupon the

s ig n a l a t  t 4.72 (H-19) co llapsed  to  a doub le t, J  = 3 H z., by removal

of a  coupling of 2 H z.*
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Jones ox idation  of the hydroxy a c e ta te  gave th e  keto ace ta te

ij- m.p. 120-122 c* ^ w ax  1700 (cyclohexanone) cm _̂_7* A cety la tion  of

th e  Jydroxy a c e ta te  y ie ld ed  the n ic e ly -c ry s ta ll in e  d ia c e ta te  5 m.p.

156-159°C., jT t 8 .12 , 7.86 ( s in g le ts ,  2 a c e ta te s ) J .  The l a t t e r

re a c t io n , using a c e tic  anhydride in  p y rid ine  was very slow a t room

tem perature bu t in creased  markedly on gen tle  heating. Removal of the

a c e ta te  functions w ith  lith iu m  aluminium hydride, afforded  th e  d io l 6

m.p. 192-194°C., l a t e r  found to  be id e n tic a l w ith one o f the  m ore-polar

n a tu ra l products is o la te d  from Solenostoma tfc is te .

In  order to  determine the sk e le ta l  type of the hydroxy a c e ta te , i t
3

was necessary  to  remove the secondary hydroxyl function . Kaurane and

phyllocladane^ d e r iv a te s , fu n c tio n a lised  in  the 15 p o s itio n  are  w ell

known, and so a s tra ig h tfo rw ard  comparison would then be p o ss ib le .

T o sy la tio n , using p-to luene sulphonyl ch loride in  py rid ine  was an

extrem ely slow re a c tio n  a t  room tem perature, but desp ite  t h i s ,  a small

amount of th e  d esired  to sy la te  7 was iso la te d . The to sy la te  was

su b jec ted  to  g e n tle  re f lu x  in  e th e r , in  the presence of lith ium

aluminium hydride. The main product from th is  re a c tio n  was not the

expected deoxy compound j3, bu t the diene Evidence fo r  p lacing  the
11c i s -d is u b s ti tu te d  double bond in  th e  A p o s itio n  was again derived 

from decoupling s tu d ie s . The prominent fea tu res  in  th e  NSeR spectrum 

o f  2  ( f i 2- 1 )> were a t  T 7-17 (m u ltip le t, H-13), 5*20, 5.14

(d o u b le t, Jobs. = 3 H z.), broad s in g le t ,  re sp ec tiv e ly  $ exoraethylene,
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4*50 (double d o u b le t, ABMX system , H-11, Jobs.™  = 10 H z,, Jobs.™ , =— JaA BX
4 H z,, Jobs..p^ = 0 H z .), 3*98 (d if fu se  t r i p l e t ,  AMX system, H-12, 

Jobs*AB = 10 H z., = 8 H z . j J o b s .^  = 2 H z.).

I r r a d ia t io n  a t  H-13 ( t 7*17)> removed a  sm all a l l y l i c  coupling 

from th e  exoraethylene s ig n a ls  and reduced th e  d if fu se  t r i p l e t  cen tred

a t  t 3«98 (H-12) to  a d iffu se  doublet (jobs = 10 H z .) , by removing

th e  v ic in a l  coupling between them. The remaining coupling to  H-12 was 

v ic in a l  coupling to  H-11 (jobs = 1 0  Hz.) and a l l y l i c  coupling to  H-9 

(jo b s . = 2 H z.) .

S im ila rly , i r r a d ia t io n  a t a broad s in g le t  a t  T8.02 (H -9), reduced 

th e  q u a rte t a t  t 4«50 (H-11) to  a c lean  doub le t, one le g  of an AB system 

(j^g  = 10 H z.). Thus H-11 showed no obvious a l l y l i c  coupling. In  

a d d itio n , th e  main coupling to  the exomethylene p ro to n s , ( jo b s . = 3 H z .), 

could be removed hy i r r a d ia t in g  a t  t  6 .14  (H-15), reducing them to  sharp
5

s in g le ts .  The coupling constan t values expected from th e  Karplus 

re la tio n sh p  by co n s id e ra tio n  o f F ie se r  models of both  the kaurene and 

phyllocladene skele tons are  shown in  f ig .  2. I t  was not p o ss ib le  to  

d is tin g u ish  between a H-13 and |3 H-15 pro tons on the b a s is  of the

J,X
The NMR spectrum ( f ig .1 )  of th e  diene J> was in te rp re te d  on a 

f i r s t - o r d e r  b a s is .  This was j u s t i f i e d ,  as p e rtu rb a tio n  of the 

s ig n a ls  involved had not occurred to  any g rea t ex ten t.
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magnitude of the observed a l l y l i c  coupling between H-15 and the 

exomethylene group. Thus th e  configuration  of the  C-15 oxygenated 

su b s ti tu e n t could not be p red ic ted . These r e s u l ts ,  however, 

unequivocally  p lace  the  double bond a t  11, 12 and hence th e  o rig in a l 

secondary fcydroxyl group, (n eg lec tin g  unforeseen sk e le ta l rearrange­

ments in  to sy la te  form ation and e lim in a tio n ) , must be e i th e r  a t  11 or 

12.
In  an e f fo r t  to  in crease  the  ra te  of to sy la te  form ation, the

re a c tio n  m ixture -was heated gen tly . This le d  d ire c tly  to  th e  form ation

of th e  acetoxy diene JO -which, w ith lith ium  aluminium hydride gave the

diene 9 in  s l ig h t ly  b e t te r  y ie ld s  than befo re . The diene 9 , was

hydrogenated over palladium /charcoal fo r  30 m inutes. The product

was not the expected te trahydro  product 11̂  bu t in s tea d  the ketone 121

m.p. 124-125°C ., 1740 (cyclopentanone) cm*"1, (no hydroxyl); T8.96

(d o u b le t, secondary m ethyl, J  = 6 Hz.) ,  lo ss  of H-15_7* The NMR spectrum

c le a r ly  showed the  lo ss  of the  exomethylene group, w ith th e  re te n tio n  

11o f  th e  A double bond.

I t  was obvious th a t  under c a ta ly t ic  hydrogenation cond itions, the  

diene 9 had undergone a f a c i le  G arryfoline -  Cuauchichicene 

rearrangem ent. * Normally th is  rearrangement a f fe c ts  only 13 (3-hydroxy 

kaurenols and re q u ire s  d ilu te  m ineral ac id . Subsequent to  our observation , 

ano ther example^ has been published. Thus the kaurenoid d eriv a tiv e  13
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rea rran g es  to  J 4 under c a ta ly t ic  hydrogenation conditions* This
g

re a c t io n  i s  s te re o sp e c if ic  and defines th e  stereochem istry  of the 

p roduct as in  12 (16(3. Fur t her  hydrogenation o f th e  unsatu rated  

ketone 12 over 10̂ o palladium /charcoal c a ta ly s t fo r  U8 hours fu rn ished  

e n t. kauran-15-one _15 m.p. 147-149°C., ^a_7D -87°; ( l i t . 3 m.p. 150°C.,

A 7d - 81°).
T his degradation to  th e  kauranone system of known abso lu te  

co n fig u ra tio n  e s ta b lish ed  the basic  ske le ton  and the  p o s itio n  and 

ste reochem istry  of th e  a c e ta te  (15(3-QAc. ) in  the o r ig in a l hydroxy 

a c e ta te  Jk The p o s itio n  and configu ra tion  of the secondary hydroxyl 

group remained to  be s e t t le d .

I t  i s  convenient a t  th i s  s tage to  d iscuss the o ther products 

i s o la te d  from th e  ex tract*  Separation by p rep ara tiv e  TLC o f th e  

m ore-polar f ra c tio n s  of the  ex trac t afforded  what appeared by normal 

a n a ly t ic a l  TLC to  be one compound. However the  NIvER spectrum showed 

i t  to  be a  m ixture of two compounds in  roughly equal p roportions. Use 

o f s i lv e r  n i t r a te  impregnated TLC p la te s  (20^ w/w), allowed separa tion  

o f th is  m ixture in to  two close-running components* The le s s  p o la r was 

th e  hydroxy ketone J_6, m*p. 186-188°C., JSLJ-q ”85 \ i/""Vraa3c 3^159 3510 

(hydroxyl), 1735 (cyclopentanone) cm ^ J , The more po lar component, 

th e  d io l 6 , m.p. 192-194°C., 1 & -0  - 62° was id e n tic a l w ith the  product 

from th e  re a c tio n  of lith iu m  aluminium hydride on the hydroxy ace ta te  A_,



SC
H

EM
E-

1
99

X

0 0
CD 31'

31 O o

■a:o

CD



100

Thus th e  n a tu ra lly  occurring d io l had the same oxygenation p a tte rn  and

stereochem istry  as th e  hydroxy a c e ta te . On c a ta ly t ic  hydrogenation,

th e  d io l was converted to  the hydroxy ketone Jh6 and not to  th e  dihydro

compound JT7* Thus th e  Garryfoline-Cuauchichicene rearrangement once

again  was p re fe rre d  to  s tra ig h tfo rw ard  hydrogenation. The ease w ith

which t h i s  rearrangem ent occurs ra is e s  the p o s s ib i l i ty  th a t  the  hydroxy

ketone 1j6 i s  an a r te f a c t .  The d io l however appeared to  be s ta b le

under ex tra c tio n  cond itions.

The most p o la r  compound to  be iso la te d  was the unsaturated  hydroxy

ketone J[8 m.p. 121-124°C., Z°i7j) -118°; ^/7max 3^08, 3450 (hydroxyl),
•*11730 (cyclopentenone), 1650 (exomethylene) cm ; X max 238 nm. (s7,100); 

T 6.90 (m u ltip le t, H-13), 5*90 (m u ltip le t, H-11), 4*71, 4.11 ( s in g le ts ,  

exomethylene conjugated w ith a carbonyl group )_J7* I t  was rea d ily  in t e r ­

r e la te d  w ith  th e  d io l by reduction  w ith lith iu m  aluminium hydride.

The stereochem istry  o f the secondary hydroxyl group was thus the same as 

in  th e  o th e r n a tu ra l p roducts. These re s u l ts  are  summarised in  Scheme

(1)-
A c lo se r  examination o f the  MR spectra  of the above compounds,

. . . .  8
to g e th er w ith  decoupling experim ents, and the use of benzene s h if ts

Q
and Eu (DPM)  ̂ induced s h if ts  allov/ed us to  s e t t l e  the  p o s itio n  and 

co n fig u ra tio n  o f the secondary hydroxyl group.
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A doublet a t  approxim ately t 7*6 appeared in  sev era l compounds,

in c lu d in g  th e  keto ac e ta te  4 and the  unsatu rated  hydroxy ketone 18.

This doub le t, undoubtedly one le g  of an AB q u arte t ( j ^  = 12 Hz.) was

assigned  to  one o f th e  b ridge protons a t  C-14 (see _1_9). The other

p ro ton  resonated  a t  approxim ately T 8.5 but was hidden in  the  methylene

envelope. I r r a d ia t io n  a t  approximately t 8.6 (H^-14) in  th e  unsatu ra ted

ketone 8, reduced th is  doublet, cen tred  a t  t 7.63 (Hg-14) to  a s in g le t ,

and a lso  removed coupling from the  m u ltip le t a t  t 6.90 (H-13), (Wj_ 12 Hz.
2

to  Wi. 8 H z.). No e f fe c t  was observed on the carb ino l proton H-11 (t 5 .90). 
2

I r r a d ia t io n  a t H-13 sharpened up the doublet a t  t 7*63 (Hg-14)

very s l ig h t ly ,  caused a change in  the  spectrum a t /s'T 8 .6 ,  had no e ffe c t

on the ca rb in o l proton (H-11) and l i t t l e  or no e f fe c t  on the exomethylene

p ro to n s , which were sharp s in g le ts .  F ie se r models show th a t  th e

d ih ed ra l angle § between H-13 and H^-14 i s  approximately 40°, and th a t

between H-13 and Hg-14 i s  approximately 80-90°. This req u ires  coupling

constan ts  of ^  5 Hz. and ^  OHz. re sp e c tiv e ly , ir re sp e c tiv e  of r in g  C

being in  a boat or ch a ir conform ation. This i s  in  agreement with the

r e s u l t s  observed above.

Thus H-13 couples only to  one of the bridge (C-14) protons and to

an in s ig n if ic a n t  extent to  th e  exomethylene pro tons. To account fo r

th e  remaining coupling of H-13 (Wi. " 8  H z .), th ere  must be v ic in a l
2

coupling to  o ther pro tons. Since th ere  i s  no observable coupling with 

th e  carb ino l p ro ton  a t  T 5*90 (H-11), then th ere  must be a methylene



103

■EE
O
X

LfJ
- J

cn|
X
In  -̂-X

qp
co

*

CO CN £  
O  W . CN

i b  ^  - q  17
jQ  H

CO

>- 
X  
I— 
LU 
X

9-
06

 
8-

98
 

8
-8

7

8-
97

 
8*

90
 

7*
92

6-H 1 2  tn
*  j d

*00
X

o  -H  
<■£> ^  
tf- -Q

88 V
in  -Q

V— O  -Q  
CD X* 
cp

TOCD X* 
CD -Q

H
-1

3 °  r~ cr> U
CD

s f  *

S  E

H
-1

1 °  l-#CD C  
LD ?  E

CMI
X
o
liX t -  v -  cq *

"v t> U1
o  ^  . 

^  cp l/)
CN oo

_  JT>
0 0  £  8  1 0 3 -  s +1-

°  LU

nab
ro

ad
. 

d.
=d

ou
bl

et
. 

m
.=

m
ul

tip
le

t. 
s.

=s
in

gl
et

.



104

group a t  C-12. Hence th e  hydroxyl group must be a t  C-11.

F u rth er evidence was obtained from the MR spectrum of using

decoupling s tu d ie s  i n  conjunction w ith th e  pseudo-contact s h i f t  reagen t

Eu(dPM)^ • This reagent forms a complex w ith some su ita b le  fu n c tio n a lity
10in  a m olecule and u su a lly  causes a downfield s h i f t  in  the resonances

o f pro tons in  i t s  environment* The magnitude of th e  s h i f t  follow s an
11in v e rse  re la tio n sh ip  w ith the  d istance between pro ton  and m etal ion . 

D if f ic u l t ie s  were encountered using th is  reagen t, due to  i t s  r e la t iv e  

in s o lu b i l i ty  in  deuterochloroform  and a lso  to the f a c t  th a t i t  causes 

l in e  broadening to  a c e r ta in  ex ten t. However, using a 4 :3  r a t io  by 

weight o f  reagent to  compound, an appreciable s h if t  in  the spectrum was 

obtained* (see Table 1 ).

The carb ino l proton (H-11 ) , as expected, moved downfield to the 

g re a te s t  e x ten t. Other s ig n a ls  in  the sh if te d  spectrum of Jj3 were 

assigned  p rim arily  on decoupling co nsidera tions, and these were compared 

to  assignments p red ic ted  on the basis  of changes in  chemical s h i f t .  One 

of th e  main fe a tu re s  of the s h if te d  spectrum was the fa c t  th a t  H-9 had 

moved out of the giethylene envelope and appeared as a broad s in g le t  a t  

T 3 .13 .

X A ll T values a re  approximate, a s ,  a f te r  a period  of tim e, the s ig n a ls  

began to  d r i f t ,  probably due to  decomposition of th e  s h if t  reagen t.
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I r r a d ia t io n  a t  t -0 .8 4  (H-11) caused a change in  th e  s ig n a l a t  

T 3*78 (oc H-12) but no t in  th e  s ig n a l f o r  (3 H-12 (t 4.02) to  any 

n o ticeab le  ex ten t. No change occurred in  H-9 ( t 3 . 1 3 ) .  I r r a d ia t io n  a t  

T 4.02 ((3H-12) reduced th e  s ig n a l fo r  CtH-12 ( t 3 .7 8 )  to  a broad s in g le t  

by removal of geminal coupling , and removed a small coupling from H-13 

( T 5 .2 4 ).

Subsequent i r r a d ia t io n  a t  H-13 (t 3*24) in creased  the  in te n s i t i e s

o f the  exomethylene s ig n a ls ,  removed a sm all coupling from the C-12

protons and sharpened the  d iffu se  doublet a t  t 6,97 (H^-14) considerably .

In  the  rev erse  experim ent, decoupling a t  t 6,97 (H^-14) reduced th e

s ig n a l fo r  H-13 to  a broad s in g le t  (Wi.^ 7 H z ,), reduced th e  doublet a t
2

T 5*88 (Hg-14) to  a s in g le t  and sharpened H-9 ( T 3.13) s l ig h t ly  (possib ly
12.due to  removal of MWn coupling - ) .

These r e s u l ts  le a d  to  the same conclusions as  befo re  bu t w ith  a few 

im portant a d d itio n s . H-13 has i t s  main coupling (jobs.'- ' 3 Hz.) to  H^-14 

and minor couplings to  the C-12 pro tons and to  th e  exomethylene p ro tons. 

The conform ation o f r i n g  C which f i t s  these  values i s  th a t  of a s l ig h t ly  

f la t te n e d  c h a ir . In  th i s  conform ation, th e  d ih ed ra l angle $ between H-13 

and H^-14 ^  9^° between H-13 and H^-14 i s  45°, lead ing  to  J

values o f about 0 H z., 3 Hz. re sp e c tiv e ly . Yfith the  11-hydroxyl in  th e  

(3 -  co n fig u ra tio n  and ring-C in  a f la t te n e d  c h a ir ,  th e re  i s  good agreement 

w ith  o ther observed J  values (see f ig .  3 ) . This c o n tra s ts  w ith  th e
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p re d ic te d  values fo r an 11a -hydroxyl group, w ith iln g  C in  e ith e r  a 

boat or c h a ir  conform ation, which req u ires  a r e la t iv e ly  la rg e  coupling 

between H-9 and pH-11 and between the l a t t e r  and one of the C-12 

p ro tons.

Strong support fo r  th e  11(3 con figuration  of the hydroxyl group was 

ob ta ined  from the  Eu (IJPM)  ̂ s h if te d  spectrum. H-9 andpH-12 are 

e q u a to r ia l and c is  to  the  complexed 11(3 -hydroxyl group and both showed 

la rg e  s h i f t s  (see Table 1 ) . The a  H-12 proton i s  tra n s  to  the 11(3 -  

hydroxyl group and d id  not experience such a la rg e  change in  chemical 

s h i f t .  One t e r t i a r y  methyl group (C-10 Me) moved approximately 1 t u n it 

fu r th e r  downfield than th e  o ther two. A much la rg e r  s h if t  of th i s  signal 

would have been expected fo r  an 11 a  -hydroxy d e riv a tiv e .

A ddition  of benzene to th e  CDC1-, so lu tio n  of the keto ace ta te  4j  ~
caused th e  s ig n a l fo r  H-9 to  move from under the ace ta te  resonance a t  

T7.88. This s ig n a l, a s l ig h t ly  broadened s in g le t ,  showed long-range 

coupling w ith H. -14 ( t 8 .6 o ). Thus, i r r a d ia t io n  at t 8.60 caused i t  to  

sharpen. Sim ultaneously, th e  doublet a t  T 7*60 (Hg-14) collapsed  to  a 

s in g le t  and H-13 a lso  sharpened. The "W* conformation between HA-14 

and H-9, necessary fo r  th is  long-range coupling i s  only p ossib le  i f  

ring-C  o f th e  keto a c e ta te  4 i s  in  a ch a ir conformation (see 20).
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Experim ental

The liverwort Solenostoma triste was collected in the 
Renfrewshire hills* It was finely ground and extracted with 
chloroform in a Soxhlet apparatus* After removal of the solvent, 
the residual extract was subjected to chromatography on alumina 
(grade H deactivated). Subsequent separation and purification by 
preparative TLC afforded four closely related natural products.

The hydroxy a c e ta te  1
— — I ■mu H.'.I ■iipw— J B f

C ry s ta l l is a t io n  of th e  hydroxy a c e ta te  1_ from methanol fu rn ish ed  

need les m.p. 118-120°C. 9°; KMR s ig n a ls  a t  T 9 .10 , 9 .04 , 8.99

( s in g le ts ,  3 t e r t i a r y  m e th y ls), 7*75 ( s in g le t ,  a c e ta te ) ,  7*40 (broad 

s in g le t ,  1H, exchangeable w ith  DgO), 7»28 (m u ltip le t ,  H-13), 6.20 

(m u ltip le t ,  H-11), 5 .0 7 , 4.88 (m u ltip le ts ,  exom ethylene), 4*72 

( t r i p l e t ,  H-15, Jobs. = 3 H z.); vmax 3390 (hydroxy l), 1750 ( a c e ta te ) ,  

1660 (exomethylene) cm •

Mass spectrum: M+ = 346 (c22 ^  re q u ire s  M+ = 346).

Pound: C, 75*76; H, 9.65® C22 H ^  0^ req u ire s

C, 76.26; H, 9 .89® .

The hydroxy ketone 16

The hydroxy ketone _1jS crystallised from ethanol as needles m.p. 
186-188°C., NMl signals at t  9 .24 , 9 .17 , 9.06 (singlets,
3 t e r t i a r y  m ethy ls), 8.79 (d o u b le t, secondary m ethyl, J  = 6 Hz#) ,  6.09



110

(d if fu se  doublet, H-11); vmax 3615, 3310 (hydroxyl), 1735 

(cyclopentanone) can"1.

Mass spectrum: M+ = 304 (C20 H^2 02 req u ires  M+ = 304).

Mass a n a ly s is : M+ = 304.2399; C2Q H32 02 req u ires

M+ = 304.2402.

The d io l j6

The d io l c ry s ta l l is e d  from ethanol as needles m.p. 192-194°C., 

-62°; NMR s ig n a ls  a t t 9 .19 , 9 .12, 9.06 ( s in g le ts ,  3 t e r t i a r y  

m ethy ls), 7*40 (m u ltip le t, H-13), 6.28 (m u ltip le t, H-11), 6.02 

(d if fu se  doub let, H-15), 5*02, 4*92 (broad s in g le ts ,  exomethylene);
mmA

w ax 3605, 3480 (hydroxyl) cm .

Mass spectrum: M+ = 304 (C2q H^2 02 req u ires  M+ = 304).

Mass an a ly s is : M+ = 304.2402; C2q ®2 req u ires

M+ = 304.2402.

The unsa tu ra ted  hydroxy ketone 18

R e c ry s ta llis a tio n  from methanol y ie lded  the unsaturated  hydroxy 

ketone 1_8 as needles m.p. 121-124°C., NMR signals  a t

T 9 .06 , 8 .98 , 8.87 ( s in g le ts ,  3 t e r t i a r y  m ethyls), 6.90 (m u ltip le t, 

H-13), 3.90 (m u ltip le t, H-11), 4 .7 1 , 4.11 ( s in g le ts ,  exomethylene in  

con jugation  with a carbonyl); vmax 3608, 3430 (hydroxyl), 1730 

(cyclopentenone), 1650 (exomethylene) cm Xmax 238 nm. (e 7,100).
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Mass spectrum: M+ = 302 (C2Q 02 req u ires  M+ = 302).

Mass a n a ly s is : M+ = 302.2187; C20 02 req u ires

M+ = 302.2245.

The keto a c e ta te  4

To the hydroxy a c e ta te  1_ (15 mg.) in  acetone (3 m l.) a t  0°C.

was added excess Jones reag en t. The re ac tio n  m ixture was d ilu te d

w ith  w ater and ex trac ted  w ith  chloroform. Removal of the so lven t

l e f t  a re s id u e  which was p u r if ie d  by p rep ara tiv e  TLC to  give the

keto  a c e ta te  4  (7 mg.) ,  r e c ry s ta l l is e d  from methanol as needles

m.p. 120-122°C.; I1MR s ig n a ls  a t  t 9*16, 9 .11 , 8.94 ( s in g le ts ,

3 t e r t i a r y  m e tty ls ) , 7*88 ( s in g le t ,  a c e ta te ) ,  7*10 (m u ltip le t, H-13),

5 .1 4 , 5*04 (m u ltip le ts , exomethylene), 4.86 (m u ltip le ts , H-15);
—1\max 1730 ( a c e ta te ) ,  1698 (cyclohexanone) cm ,

Mass spectrum: M+ = 344 (C22 ^32 ^3 r e ^u îres = 344).

Mass a n a ly s is : M+ = 344.2339; C2g 0^ req u ires

M+ = 344.2351*

The d ia c e ta te  J5

The hydroxy a c e ta te  1_ (10 mg.) was dissolved in  dry pyridine 

(0 .5  m l.) . To t h i s  was added a c e tic  anhydride (0.5 m l.) and the 

r e s u l ta n t  so lu tio n  heated on a steam bath for 6 hours. Addition of 

w ater and e x tra c tio n  w ith chloroform gave the crude d iace ta te  j?

(9 m g.), which was p u r if ie d  by p rep ara tiv e  TLC (10 / e thyl a c e ta te /  

p e tro l)  and r e c ry s ta l l is e d  from methanol as f in e  needles m.p.



112

156-159 C .; NMR sig n a ls  a t  t 9*18, 9*12, 9*01 ( s in g le ts ,  3 . t e r t i a r y  

m ethy ls), 8 .12 , 7.86 ( s in g le ts ,  a c e ta te s ) ,  7.38 (m u ltip le t, H-13), 

5*23, 5.15 (broad s ingL ets, exomethylene, 5*03 (m u ltip le t, H-11),

4 .88 ( t r i p l e t ,  H-15, Jobs. = 2 H z.); v max 1735 (a c e ta te s ) ,  1664 

(exomethylene) cm*”̂ .

Mass spectrum: M+ = 388 (C ^  H^g 0^ requ ires  M+ = 388).

Mass an a ly s is : M+ = 388.2575; H^g 0^ req u ires  

M+ = 388.2613.

Hydride reduction  of th e  hydroxy ace ta te  1_

The hydroxy a c e ta te  (18 rag.) in  dry e ther (3 m l.) was tre a te d  

w ith  excess lith iu m  aluminium hydride fo r 30 m inutes. A ddition of 

s a tu ra te d  sodium su lphate  so lu tio n  and ex trac tio n  w ith  chloroform gave 

th e  d io l jS (12 m g.), id e n tic a l  w ith n a tu ra l m a te ria l. $M R, TLC, IE, 

m .p ., m.m.p._7 .

Hydride reduction  of th e  unsaturated  hydroxy ketone 18

Treatment of the unsa tu ra ted  hydroxy ketone JjB (18 mg.) in  ether 

(4  m l.) a t  room tem perature w ith excess lith iu m  aluminium hydride gave 

the d io l  6 ̂ (8 mg.) id e n tic a l  w ith  n a tu ra l m a te ria l. TLC, HR,

m .p ., m.m.p.__7 *
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C a ta ly tic  hydrogenation of th e  d io l 6

The d io l (10 mg.) in  ethyl a c e ta te  was s t i r r e d  under hydrogen 

w ith  10% palladium /charcoal c a ta ly s t  fo r  30 m inutes. F i l t r a t io n  and 

removal of so lven t l e f t  a gum (9 m g.), c ry s ta l l is e d  as needles from 

e th an o l, th e  hydroxy ketone 16 m.p. 186-188°C., id e n tic a l  w ith 

n a tu ra lly  occurring  m a te ria l, IR, TLC, m .p ., m.m.p. J -

The to sy la te  7

To the  hydroxy a c e ta te  1_ (25 mg.) in  pyrid ine (0 .5  m l.) a t  0°C. 

was added p -to luene sulphonyl ch loride (30 mg.) in  p y rid ine  (0.5 m l.) . 

The re a c tio n  proceeded very slow ly, and a f te r  tv/o weeks, approximately 

60% conversion had occurred. A ddition of ic e  and subsequent 

e x tra c tio n  w ith  chloroform gave a m ixture of two compounds, the 

to sy la te  7 and unreacted s ta r t in g  m a te ria l. Separation by p repara tive  

TLC gave the to sy la te  _7 (5 mg.) as a gum. NMR s ig n a ls  a t  T 9*10, 9*04, 

8.97 ( s in g le ts ,  3 t e r t i a r y  m ethyls), 7-92 (s in g le t ,  a c e ta te ) ,  7.51 

( s in g le t ,  arom atic m ethy l), 5*20 (m u ltip le t, H-11), 5-13, 5*04 

(m u ltip le ts ,  exomethylene), 4*82 (m u ltip le t, H-15)5 2 .70, 2.24 

(arom atic AgBg system ).

Reduction of th e  to sy la te  7

A crude re a c tio n  m ixture, containing to sy la te  7 and s ta r t in g  

m a te r ia l, th e  hydroxy ac e ta te  1_ was refluxed  overnight in  the presence 

of excess lith iu m  aluminium hydride in  e th er. The residue contained



114

th e  d io l and th e  diene _9 “which were separated  by p repara tive  TLC*

The diene 9 f a i le d  to  c r y s ta l l i s e .  NMR sig n a ls  a t t 9.14, 9*07, 9.00

( s in g le ts ,  3 t e r t i a r y  m ethy ls), 7.17 (m u ltip le t, H-13), 6.14 (broad 

s in g le t ,  H-13), 3 .2 0 , 3 .14 (doublet (jobs. = 3 H z.), s in g le t ,  exomethylene), 

4 .30 (double doublet, H-11, AEMX system, J_,A obs = 10 Hz. s JL^obs =
jq A  p  B X

4 H z., J M  obs = 0 H z .), 3.98 (d iffu se  t r i p l e t ,  H-12, ABMX system,

obs = 10 H z., obs = 8 Hz., J ^ .  obs. = 2 Hz.); vmax 3610 
—1(hydroxyl) cm .

Mass spectrum : M+ = 286 (CgQ H^q 0 req u ires  M+ = 286).

Mass an a ly s is  : M+ = 286.2313; C2q 0 requ ires

2vl+ = 286.2297.

C a ta ly tic  hydrogenation o f the diene 9_ _i r . —- -    — - —. —...........     —---

The diene 9̂ (8 mg.) in  e th y l ace ta te  (10 m l.) was s t i r r e d  with 

10fo pallad ium /charcoal fo r  30 minutes under hydrogen. F i l t r a t io n  

and removal of th e  so lvent gave a residue (8 m g.), the unsaturated 

ketone 12, which was c r y s ta l l is e d  from methanol as f in e  needles 

m.p. 124-123°C.; NMR s ig n a ls  a t  T 9 .21 , 9 .13 , 9.07 ( s in g le ts ,  3 

t e r t i a r y  m ethy ls), 8.96 (double t, secondary m ethyl, J  = 6 H z.), 4.43 

(double doub le t, H-11, ABMX system ), 3.97 (d iffu se  t r i p l e t ,  H-12,

ABMX system); ymax 1740 (cyclopentanone), 1660 (Au double bond) cm .

Mass spectrum: M+ = 286 (C2Q 0 requ ires M+ = 286).

Mass a n a ly s is : M+ = 286.2303; C2q H^q 0 requ ires 

M+ = 286.2297.
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Kauran-15-one. 1j?

The unsatu ra ted  ketone 12 (6 mg.) in  e th y l ace ta te  (10 m l,) was 

s t i r r e d  i n  the  presence of 1QJ& palladium /charcoal under hydrogen fo r  

2 days. F i l t r a t io n  and removal of the  solvent gave 16 (3 -methyl 

kauran-15-one Ijj (6 mg.) r e c ry s ta l l i s e d  from methanol as f in e  needles 

m.p, 147-149°0. , BO -Q  87°; ( l i t . 3 m.p. 150°0., ^ o 7 d -81°); NMR 

s ig n a ls  a t  T 9 .2 0 , 9 .15 , (6h) ( s in g le ts ,  3 t e r t i a r y  m ethyls), 8.91 

doub le t, secondaiy m ethyl, J  = 6 H z.); vmax 1735 (cyclopentanone) 

cm

Mass spectrum: M+ = 288 (C2o H32 0 re(lu ire s  M+ = 288)*

Mass a n a ly s is : M+ = 288.2450; C2Q H^2 0 req u ires

M+ = 288.2453.
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In troduction

The liv e rw o rt Gymnomitrium obtusum . co llec ted  a t  Ben Lawers, 

y ie ld ed  5 re la te d  t r ic y c l ic  sesquiterpenoids which appear to  be 

o f a new s tru c tu ra l  type.
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D iscussion

The most abundant compound p resen t in  the chloroform ex trac t of 

gZffljiofflitrium obtusum was an a lcohol, C 0 [vmax 3625 (hydroxyl),

16^0 (exomethylene) cm ] .  The NMR spectrum showed s ig n a ls  a t  t  9.09, 

8 .95 , 8.80 ( s in g le ts ,  3 t e r t i a r y  m ethyls), 8.48 (s in g le t ,  1H, 

exchangeable with D20 ), 7.69 ( s in g le t ,  1H), 6.31 ( s in g le t, carbinol 

p ro to n ), 5 .39, 5*37 ( s in g le ts ,  exomethylene). The most revealing  

fe a tu re s  of the NMR spectrum were the two s in g le ts  a t T 7.69 (possibly 

a l l y l i c  in  natu re) and T 6.31 (carb ino l proton) n e ith e r of which showed 

any coupling.

A cety lation  of the alcohol produced the corresponding ace ta te ,
-1[\*nax 1740 (a c e ta te ) ,  1640 (exomethylene) cm ; T 9*16, 8 . 96, 8.88 

( s in g le ts ,  3 te r t i a r y  m ethyls), 7.98 ( s in g le t ,  a c e ta te ) , 7.64 (s in g le t, 

1H), 3.30 (m u ltip le t, exomethylene), 5*26 ( s in g le t ,  > CHOAC)] id e n tic a l 

w ith one o f the o th er n a tu ra l products obtained.

O xidation of the alcohol produced the expected ketone, [vmax, 1743 

(cyclopentanone), 1640 (exomethylene) cm ; t  9.23, 9.13* 9.13 ( s in g le ts , 

3 t e r t i a r y  m ethyls), 7*42 ( s in g le t ,  1H), 5*31» 3*29 (s in g le ts ,  

exom ethylene)]. In  ad d itio n , the ketone did not incorporate any 

deuterium atoms when heated under n itrogen in  dry dioxan/sodium 

deuteroxide, and when tre a te d  with lith ium  aluminium hydride reformed 

the o r ig in a l alcohol only . The conclusions drawn from th is  evidence 

i s  th a t  the secondary hydroxyl group in  the o rig in a l alcohol i s  contained 

in  a five-membered rin g  and has the environment shown in  part s tru c tu re
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4 - 5.



Ozonolysis o f th e  above ketone clean ly  produced a diketone by 

cleavage o f the exomethylene group, ^ymax 1748 (cyclopentanone), 1710 

(cyclohexanone) cm"1; t9 .1 3 ,  9 .02 , 8.97 ( s in g le ts ,  3 t e r t i a r y  m ethyls), 

7*52 (m u ltip le t ,  2H), 7*09 ( s in g le t ,  1H); UV (end ab so rp tio n ^*  This 

dike tone in co rp o ra ted  3 deuterium atoms and the conclusions drawn from 

th e se  r e s u l t s  i s  th a t  the environment of the  exoraethylene group i s  th a t 

shown in  p a r t  s tru c tu re  2 . F u rther support fo r p a r t  s tru c tu re  2 was 

d eriv ed  from the  mass sp e c tra l breakdown of the ethylene k e ta l of the  nor 

k e to -a c e ta te . This had a base peak a t  m/e 99 corresponding to  the 

fragm ent 4.

From co n sid e ra tio n  of th e  to t a l  evidence accumulated, i t  would 

appear th a t  the  s tru c tu re  could be s im ila r to  w ith a b icyclo

2, system. The other compounds iso la te d  were the  p aren t hydro­

carbon CJr EL, and two di-oxygenated compounds. Lack of time prevented 1p 24
fu r th e r  in v e s tig a tio n .
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Experim ental

The liv e rw o rt Qymnomitrium obtusum was co lle c ted  a t  Ben Lawers.

Xt was f in e ly  ground^ ex trac ted  with chloroform in  a Soxhlet apparatus 

and th e  crude ex trac t sub jec ted  to  la rg e -sc a le  chromatography over 

alum ina. Repeated p u r if ic a tio n  by p rep a ra tiv e  XLC produced pure 

samples of f iv e  c lo se ly  re la te d  sesqu ite rpenes, only two o f which; the 

a lc o h o l, 0 (M+ = 220) and the a c e ta te , H2g 0^ (M+ = 262)

were in v e s tig a te d  to  any extent (see p119).

The hydrocarbon

The hydrocarbon was obtained as a non-polar gum, p resen t as a minor 

component, NMR s ig n a ls  a t  t  9.18 , 9 .12, 8.98 ( s in g le ts ,  3 t e r t i a r y  

m eth y ls), 7.88 ( s in g le t ,  1H), 5.43 (m u ltip le t, exomethylene).

Mass spectrum: M+ = 204 (C ^  req u ires  M+ = 204).

The ketone

Jones ox idation  of th e  alcohol (15 mg.) produced th e  n o n -c ry s ta llin e

ketone (10 m g.), mm s ig n a ls  a t  t  9.23 , 9-15, 9.13 ( s in g le ts ,  3 t e r t i a r y

m eth y ls), 7.42 (sin g L e t, 1H), 5*31, 5.29 ( s in g le ts ,  exomethylene); vmax
— 11745 (cyclopentanone), 1640 (exomethylene) cm •

Mass spectrum: M+ = 218 (C^HggO req u ires  M+ = 218).



123

The dike tone

The ketone (20 mg,) -was d isso lved  in  e th y l ace ta te  (8 m l,) and

cooled  to  -70°C. Ozone was passed through fo r th ree  hours a f te r  which

tim e a b lue  co lou ra tion  remained. The so lven t was removed by blowing

w ith n itro g en  and z in c  dust and a c e tic  ac id  added. A fte r s t i r r in g  fo r

twelve hours th e  so lu tio n  was f i l t e r e d  and removed, leav ing  th e  diketone

(13 nig-) as a gum, NMR s ig n a ls  a t  r  9-13, 9-02, 8,97 ( s in g le ts ,  3

t e r t i a r y  m ethyls), 7-5’2 (m u ltip le t, 2H), 7-09 ( s in g le t ,  1H); \piax 1748
*

(cyclopentanone), 1710 (cyclohexanone) cm •

Mass spectrum: M+ = 220 ( C ^ ^ O ^  r e ^u ire s  = 220).

D eu tera tion  of the  diketone

Treatment of the diketone (3 mg.) in  dry dioxan (5 m l.) w ith D^O

(3 m l.) and sodium m etal (30 mg.) under n itro g en  a t  60°C. fo r  96 hours,
1 +according to  the method o f Connolly e t  a l , produced a compound, M =

223 (c14H-jtD3°2 re<lu ire s  M+ = 223).
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