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SUMMARY OF THESIS 

ENTITLED

STRUCTURAL AND STEREOCHEMICAL STUDIES IN THE 

DITERPENOID SERIES

P a rt 1 . The absolute stereochem istry  of d ie proton a t CQ ino

desoxyrosenono- and rosenono-lactone has never been defined unambiguously, 

although rosololactone has been shown to possess an 8o( hydrogen fro m  X -ray 

analysis of dibrom orosoioiactons. F rom  d irec t co rrelation  with roso lo

lactone, by way of acetate pyrolysis and with the assistance of gas liquid -  

m ass spectrom etric analysis, the proton at CQ in  rosenono- and desoxy-O

rosenono-lactone is  assigned an <X configuration, and hence isorosenono- 

lactone an 8 configuration.

P a rt 2. Two m etabolites, lactone c* and lactone |S , w ere isolated fro m

the mould Trichothecium  roseum . whose stru ctu re  had not previously been

determ ined. The stru ctu re  o f lactone oC* C__H_ . 0 m.p.  180°C, 0 * 7 ^20 28 4 r D

-162°, is  defined fro m  chem ical evidence and fro m  a d irec t co rrelation  

with rosenono-lactone. Evidence tow ards the stru ctu re  o f lactone ^  , 

^20^28^4* m ,P* 221°C, [pT] ^ -1 2 4 °, is  presented.

P a rt 3 . A hydrocarbon, [UJ ^ -117° obtained fro m

rosenonolactone, was found to be antipodal with the hydrocarbon form ed fro m  

the a d d  isom erisation  product o f d id  Y. Thus, the s tru c tu re  and absolute 

stereochem istry  of d id  Y is  defined.
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P art. 4. By the form ation of tricy c lic  derivatives fro m  eperuic and 

labdanolic acids, evidence is  presented to support an oC configuration 

fo r  the methyl groups a t in the two se rie s . T his assignm ent is  

confirm ed by X -ray analysis of the p-brom o-phenacyl e s te r fro m  labdanolic 

acid.



THE STRUCTURAL RELATIONSHIPS AND BIOSYNTHESIS 

OF THE TRICYCLIC DITERPENOIDS

In the hundred y ears which have elapsed since the word "isoprene"

was introduced into chem ical lite ra tu re  by W illiam s, ^  the stru ctu re  o£

a larg e  num ber of terpenoids has been elucidated and, fro m  consideration

of th is wealth of inform ation, there  gradually em erged the realisa tio n  that

these compounds w ere constructed on a defin ite  arch itectu ral plan. At

die beginning of th is century study of the m onoterpenes brought fo rth  the

theory that these w ere compounds with a carbon skeleton consisting of

two isoprene units attached in  a "head to  ta il"  sequence but, until 1921,

the idea that die higher terpenoids w ere structu rally  related  was not

generally realised . About th is tim e R uzicka's in te re st in the higher

terpenoids developed, and the probable ro le  o f isoprene polym ers in  the

generation o f the sesquiterpenes was accepted. With the knowledge that

(3 4)lanostero l was an interm ediate between squalene and cholesterol *

this basic biogenetic hypothesis was extended to  include not only m ono-,

sesqui- and di-terpenee but a lso  the stru c tu res of lanostero l and die

pentacyclic triterpenoids. It appeared that a ll o f these compounds w ere

derived in  a sim ilar m anner fro m  aliphatic p recu rso rs , and th is  led
(2)

to die proposition by Ruzicka in 1953, o f the Biogenetic Isoprene Rule. 

According to  th is  ru le  terpenoids a re  compounds form ed by combination 

of isoprene (C5) units into aliphatic substances such as  geraniol (CIO),
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fam eso l (C15), geranyl geraniol (C2,0) and squalene (C30) which 

subsequently cyclise and, w here appropriate, rearran g e  by acceptable 

m echanism s to give the individual m em bers of the m ono-, sesq u i-, d i- , 

and tri-terp en o id s respectively.

Consideration of the biosynthesis o f the terpenoids according to 

th is view fa lls  into th ree  d istinct stages. F irs t, th ere  is  the problem  of 

origin of the isoprene units. Secondly, th ere  is  the m anner in which these 

units condense to the aliphatic p recu rso rs postulated in  the Isoprene Rule. 

F inally, th ere  is  the question of cy d isa tio n , rearrangem ent and 

subsequent transfo rm ation  o f these p recu rso rs to the actual terpenoid.

The im portance o f acetic acid , in the fo rm  of acetyl co-enzym e A,

as the p recu rso r in a ll natural product synthesis, has been estab lid ied  fo r

13 14some tim e now. By m eans o f acetate labelled with C o r C it has been 

possible to  show that acetic acid is  a carbon source fo r  the biosynthesis of 

all stero ids and terpenoids so f a r  investigated, in p articu la r geraniol, ̂
/OX /£ J\ /Q\

squalene, rosenonolactone ' and gibberellic acid. C holesterol 

has probably been investigated m ore thoroughly than m ost natural products 

of th is type and, largely  as  a  re su lt of the exhaustive studies of C om forth 

and P o p ja k ,^ *  the origin of a ll the carbon atom s in cholesterol (II), 

which had been derived fro m  acetate (I), is  a s  shown.



Although it  was now obvious that ace ta te  m olecules condense to

(12)
give five-carbon  fragm en ts, it was not until FdLkers isolated 

mevalonic acid (Ilia) that a tru e  understanding of the mode of synthesis 

of the isoprene unit was derived. This acid can be obtained fro m  acetyl 

co-enzym e A (la ) by a sequence of C laisen-like condensations, F igure I .

Mevalonic acid was shown to play a m ajor ro le  as a p recu rso r in

the biosynthesis of pdyisoprenoids, by its  ability to rep lace acetate in

tiKe biosynthesis o f cholestero l, the conversion being alm ost

quantitative in certa in  biological system s. The key position o f die acid

in terpenoid b iogenesis was fu rth e r established by die studies o f B irch

and Arigoni. These w orkers and th e ir associates dem onstrated die

14interm ediacy of m evalonate by the incorporation of 2-C -MVA into die

(14)triterpenoids soyaspogenol A (IV), lupeoi (V), betulin (VI) and 

betulinic acid (V la ) ,^ ^  and into the diterpenoids rosenonolactone 

(VII ), ^  pleurom utilin (V m )^ ^  and gibberellic acid (IX). ̂

Mevalonic acid lo ses one o f its  carbon atom s on incorporation into

(13)die terpenoids and stero ids. Tavarm ina dem onstrated th is by showing 

14that 2-C -MVA w as incorporated into labelled cholestero l, w hereas 

141-C -MVA gave inactive cholesterol.



In experim ents concerning the conversion of m evalonic acid into 

squalene the necessity  o f adenosine triphosphate (ATP) was established, 

giving a d u e  to the f i r s t  step in die production of the isoprene unit, that
(17)

is  the form ation of m evalonate-5 -phosphate. F u rther incubation of 

th is phosphomevalonic acid led to  die form ation of die corresponding 

C ̂  -pyrophosphate (X), and stoichiom etric quantities o f adenosine-  

diphosphate w ere form ed during the reaction. From  m evalomic-5- 

pyrophosphate th ere  orig inates die much sough t-after biological isoprene 

unit, which has been identified  a s  -isopentenyl pyrophosphate (XI)
(17) (18)

by both Bloch and Lynen '  and th e ir respective co-w orkers. By

14 14a se rie s  o f m ost elegant experim ents using 1-C -MVA, 2-C -MVA and 

32ATP alone and in  com bination, Bloch proved the chem ical constitution

of the interm ediate. Lynen isolated the interm ediate by blocking the

14enzyme preparation with iodo-acetam ide and also  showed that 2-C -MVA

3 14gave r is e  to  A. -isopentenyl pyrophosphate with C activity  solely in the

m ethylene group. The conversion o f m evalonate-5-pyrophosphate t o  A  -

(19)isopentenyl pyrophosphate (KsPP) req u ires adenosine triphosphate ' and

(18)during th is  transform ation  i t  has been shown 9 that carbon dioxide and

adenosine diphosphate a re  produced a t die sam e ra te  a s  A  -isopentenyl

pyrophosphate. When die oxygen of d ie hydroxyl group is  labelled as 

18 3
0 in MVA, conversion o f th is to  A  -isopentenyl pyrophosphate produces

18inorganic phosphate containing 0, confirm ing that the 3-hydroxyl group



is  activated as its  phosphate e s te r befo re  expulsion. As no uptake of 

deuterium  is  observed in  the prodiction of A  -isopentenyl 

pyrophosphate die decarboxylation a t and the dehydration a t 

m ust be concerted. This se rie s  o f reactions is  shown in  F igure 2.

B efore condensation of the two C5 units can com m ence, it  is
3

necessary  fo r  A  -isopentenyl pyrophosphate to isom erise  to  dim ethyl 

ally l pyrophosphate (XII). T here is  little  doubt that both these C5 units 

a re  die "active isoprenes”, and that both a re  necessary  fo r  the form ation 

of the terpenoids. L y n en ^^  and B lo ch ^ ^  se t up biological system s in  

which only one o r o ther o f these isoprene units w as p resen t and showed 

that it  fa iled  to produce the C15 carbon chain of fam esy l pyrophosphate 

(XIV). F urtherm ore, B lo c h ^ ^  found that during the synthesis of 

squalene in  a medium containing D^O, th ree  o r fo u r deuterium  atom s w ere 

incorporated into die isoprene chain. Two o f these w ere positioned on the 

term inal isopropyl groups and originated fro m  the isom erisation  of 

A  -isopentenyl pyrophosphate to  dim ethyl allyl pyrophosphate. The 

other one o r two, located a t the cen tre o f the squalene chain, w ere 

considered by Bloch to re su lt fro m  a reductive m echanism .

L y n en ^^  and B l o c h s h o w e d  that die form ation o f fam esy l 

pyrophosphate involves in itially  an ally lic carbonium  ion, derived by 

ionisation of the carbon-oxygen bond o f dim ethyl ally l pyrophosphate, and
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3th e rea fte r  alkylation of the reactive double bond of k  -isopentenyl

pyrosphosphate. Subsequent loss of a proton a ffo rd s  geranyl

pyrophosphate (XIII),the immediate p recu rso r of the m ono-terpenes.

The geranyl pyrophosphate so form ed is  itse lf  an allylic pyrophosphate

3and can sim ilarly  alkylate another molecule of A  -isopentenyl 

pyrophosphate to give fam esy l pyrophosphate (XIV), the probable 

p recu rso r of the sesqui-terpenoids. A continuation of th is p rocess leads 

to the C20 geranyl-geranyl pyrophosphate (XV) fro m  which the diterpenoids 

can be derived and fro m  fu rth e r  additions it is  possible to account f o r  the 

ubiquinones and sesterterpenes. This scheme of addition is  represented  

in F igure 3.

It m ust be emphasised that there is  no evidence fo r  the existence of 

an interm ediate carbonium ion; the elimination of the pyrophosphate 

fragm ent, the alkylation of the double bond and the loss of the proton may 

well occur by a concerted mechanism.

(2)
The scheme proposed by Ruzicka f o r  the cyd isa tion  of squalene 

can be extended to include the cyd isation  of geranyl-geranyl pyrophosphate 

to give the diterpenoids. Little evidence exists a t p resent f o r  the mode of 

form ation of these C20 compounds, but all experim ental resu lts  so f a r  

confirm  the prem ise that diterpenoids conform  to the Biogenetic Isoprene Rule.
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E ither geranyl -geranyl pyrophosphate (XV), o r its  isom er geranyl- 

linaloyl pyrophosphate (XVI), is  the d ire c t p recu rso r o f the diterpenoids, 

and concerted cy d isa tio n  in itiated by a proton leads to  the b icy d ic  

compound (XVII). Subsequent additions, elim inations and rearran g em en ts, 

proceeding in  a ste reo sp ecif ic tra n s  diaxial m anner a ffo rd  the individual 

diterpenoids. T hus, the stereochem istry  of m ost diterpenoids accords 

with th e ir fo rm ation  fro m  geranyl -geranyl pyrophosphate (XV) in  the 

ch a ir-ch a ir conform ation (XIX), leading to  the in term ediate b icy d ic  

alcohol (XVIII) with a tra n s-an ti backbone. T here was however a sm all 

group assigned a tran s-sy n  backbone, and these could have been form ed 

by cy d isa tio n  o f geranyl -geranyl pyrophosphate (XV) in  a chair-boat 

conform ation (XX) to give the in term ediate tran s-sy n  alcohol. (XXI).

D iterpenoids in  th is  group induded eperuic acid (XXII), rim uene

(XXIII), rosenonolactone (VII), g ibberellic a d d  (IX) and cafesto l (XXIV).

(23)Scott and h is  co llaborato rs have shown th at fro m  a combined X -ray  

and c ircu la r d ichroism  study the previously assigned configuration a t 

Cg in  c a fe s td  is  in  e r ro r , and have pointed out that rosenonolactone and 

gibberellic a d d  do in  fa c t conform  to a tra n s-a n ti p recu rso r (XVIII), 

subsequent skeletal rearrangem ents resu lting  in  d ie tra n s-sy n  backbone.

(24)
Eperuic a d d  has also  been shown to  have the norm al tra n s-a n ti backbone, 

although it d e a r ly  a rise s  fro m  die antipode o f b icy d ic  a lco h d  (XVIII).
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Rim uene, whose s tru c tu re  has caused much speculation, has fin a lly  

been shown to p o ssess the sam e tra n s-an ti stereochem istry  as  die re s t 

of the diterpenoids.

The biosynthetic studies of B irc h ^ 5* and A rig o n i^ *  on 

die mould m etabolites rosenonolactone (VII), g ibberellic acid (IX), and 

pleurom utilin (VIII), support in  every way the Biogenetic Isoprene Rule 

and also  the theory that diterpenoids conform  to a " tran s-an ti p recu rso r 

ru le" by having the labdane alcohol (XVIII) o r its  antipode a s  a biogenetic 

in term ediate. F igure 4 illu s tra te s  the c la sses  into which the 

diterpenoids can be divided on a stru c tu ra l b a s is , these d iffe ren ces  

being introduced by tran sfo rm atio n s and subsequent rearrangem ents o f 

the basic labdane skeleton (XVHI).

T here a re , how ever, th ree  sm all' groups o f diterpenoids which do 

not have die labdane alcohol (XVIII) a s  a p recu rso r. H ere, the geranyl-  

geranyl pyrophosphate (XV) takes up die conform ation (XXV), and on 

cy d isa tio n  a ffo rd s  the m onocyclic diterpenoid cem brene (XXVI) and its  

cogeners, die b icy d ic  diterpenoids re la ted  to  vertacilld^^(X X V II) 

and the tricy c lic  diterpenoids o f die taxane s e rie s , which in d u d es 

taxinin (XXVm)^2^  whose s tru c tu re  has recen tly  been defined by X -ray  

analysis.
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THE METABOLITES OF TRICHOTHECEUM ROSEUM LINK

The m etabolites o£ the mould T. roseum  w ere f ir s t  examined by

Freem an and M o rriso n ^ *  ^  and by M ichael^5  ̂who isolated a

se rie s  of related  diterpenoids term ed rosein  I, -II and -H I, and a

sesquiterpenoid trichothecin which was finally  assigned the stru ctu re

(XXIX) by G odtfredsen and V angedal/3^  Rosein I and -II w ere

assigned the nam es rosenonolactone and rosololactone respectively

(37)by the Liverpool group, who deduced th e ir stru c tu res and absolute

stereochem istries. No fu rth e r work has been published on

rosein  HI, a closely related  m etabolite to  rosenono- and rosolo

lactone, but evidence tow ards its  s tru ctu re  w ill fo rm  a portion of th is 

thesis.

R o s e n o n o l a c t o n e ^  m .p. 214°C, £of] ^  -  107.5°, 

^20H28°3* bands a t 1786 cm. * and 1724 cm. * in  Hie in fra -re d , 

ch aracteristic  o f a &-lactone and a cyclo-hexanone. On catalytic 

reduction rosenonolactone absorbed only one mole of hydrogen, and on 

ozonolysis gave form aldehyde a  ~ r - a d d ,  C ^ H ^ .  F rom  th is 

evidence it was deduced that the compound w as a  tricy c lic  lactone 

possessing a vinylidene group.

On dehydrogenation o f the lactone with selenium  1 : 7 dim etityl- 

phenanthrene together with 9-hydroxy-l: 7-dim ethyl-phenanthrene (XXX)
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w ere form ed and on th is  b asis rosenonolactone was given toe partia l 

structu re  (XXXI) with the carbonyl group placed a t C^. D ihydro- 

rosenonolactone (XXXIIa) was reacted with ethane ditoiol and the 

resulting toioketal desulphurised with Raney nickel to give 

dihydrodesoxyrosenonolactone (XXXHI). Treatm ent of th is with 

etoanolic hydrochloric acid yielded an acid (XXXIV), C2 0 H3 0 ° 2 > which 

was assum ed to be a ( 3 unsaturated acid , a s  i t  lo st carbon dioxide 

at its  m elting point, and had no vinylic protons in the in fra -re d .

Dihydrorosenonolactone (XXXIIa) when oxidised with potassium

perm anganate yielded a keto-acid (XXXV), C20H30°5* an^  subsequent

treatm ent with b a s e  gave a  k e to  d i-acid . (XXXVI) and a

cyclohexanone, c 1oH18°* (XXXVII). These stru ctu res w ere proved by 

(42)synthesis, although th e ir stereochem istry  was undefined. The 

lactonic carbonyl group of rosenonolactone w as attached a t a quaternary 

position, since reduction to  a  methyl group and subsequent dehydrogenation 

with selenium , resu lted  once m ore in  toe form ation o f 1 : 7 dim ethyl -  

phenanthrene. Hence, in toe p artia l stru ctu re  (XXXI), toe lactonic 

carbonyl group w as positioned a t C^.

Lithium  alum inium  hydride reduction o f rosenonolactone gave a 

t r i d ,  which was not an Otcglycd and which form ed a diacetate.

From  th is  i t  w as assum ed th at toe t r i d  had one te rtia ry  hydroxyl group,
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th is group being a t and being the term ination of the ft-lactone.

Rosenonolactone was thus assigned the stru ctu re  (XXXII) fro m  

th is evidence, without any predictions a s  to  its  stereochem istry .

RosQjolactona. m .p. 186°C, [cQ ^  + 6.3°, ^20^30^3* hands 

(CCl^) in the in fra -re d  a t 1780 cm "1 (6  -lactone) and 3600 cm "1 

(hydroxyl). An in teresting  phenomenon was o b se rv e d ^ ^  in the solid 

sta te  in fra -re d  spectrum  of rosololactone and also  to  a much le s s e r  

degree in  the solution spectrum . H ere, two d istinct carbonyl 

absorbtions w ere obtained a t 1763 and 1710 cm "1 accounted fo r  by 

in term olecular hydrogen bonding.

Selenium dehydrogenation o f th is  lactone gave 1 : 7 dim ethyl- 

phenanthrene and ozonolysis form ed a  n o r-acid , C^H^gO^. T reatm ent 

of dihydrorosololactone with sulphuric acid gave a diene acid (XXXVUa)

*  max238 mN  which * * * *  » ^ u n « tu ra U d  acid on hydrogenation, 

isom eric with the acid (XXXIV) fro m  dihydrodesoxyrosenonolactone.

Oxidation of dihydrorosololactone gave a ketone, which on treatm ent 

with a d d  o r base y iddad  a n t a c i d .  248 m ^ l o g

4.05, and 314 myk,2.1og 1.83, form ed by opening o f the lactone ring.

This suggested th at die hydroxyl group was situated £  to the 

attachm ent o f the alkyl oxygen group of die lactone and th e re fo re  

stru ctu res (XXXVm) o r (XXXIX) w ere proposed fo r  rosololactone.
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I^soxyrosenonolactone. m.p. 115-116°C, Cc*lD + 57°, C2oH30°2* 

was isolated fro m  T. roseum  by Arigoni, who assigned to  the 

dihydro derivative the stru ctu re  (XXXm), by correlating  it  with the 

compound derived fro m  desulphurisation of dihydrorosenonolactone- 

7-ethylene m ercaptal.

The stereochem istry  of rosenonolactone and the closely related

diterpenoids is  o f param ount im portance in defining the biogenetic 

(42)
p recu rso r o f these m etabolites. The degradation o f the keto-

acid (XXXV) fro m  rosenonolactone with alkali a ffo rd ed , as previously

stated , a keto-acid (XXXVI), which epim erised fro m  die le s s  stable

c is  configuration to  the m ore stab le tra n s  configu ration on treatm ent

with base. Thus, die c is-acid  (XXXVIa) m ust be the in itia l product

derived fro m  ring  A o f dihydrorosenonolactone. The absolute

stereochem istry  of (XXXVIa) has been assigned a s  shown, since the

O.R.D. curve o f d ie epim er (XXXVIb) w as com parable to  that of

(-)trans-2-m ethyl-2 -caxboocy-6-ketocyriohe»cyl-propionic acid (XL), whose

(62)absolute stereochem istry  is  known. This established the absolute 

sterochem istry  a t positions 4 , 5 and 10 in  rosenonolactone, a s  in 

(XU).

R slactonisation of the rosenoic acid (XXXIV) gave two isom eric 

lactones, alio-and neo-hydroxy-rosanoic lactone. N eidier o f these



lactones was identical with o r antipodal with desoxyrosenonolactone,

o r with the $ and S lactones derived under identical conditions fro m

(44)either dihydropim aric o r dihydroisopim aric acid. Whalley 

concluded fro m  these re su lts  that the lactone ring  and the methyl 

group a t w ere c is  to  one another and thus assigned a syn- 

orientation to  positions and C ^ .

T reatm ent of rosenonolactone with mild acid o r base converted 

it into a m ixture o f unchanged starting  m ateria l and isorosenonolactone. 

From  u ltra-v io le t and in fra -re d  absorbtion spectra the iso  compound 

still possessed an isolated carbonyl group and a -lactone. This 

reaction was shown to  be reversib le . Dehydrogenation of the iso 

lactone with selenium  gave 1 : 7 dim ethyl -phenanthrene along with 

9-hydroxy-l: 7-dim ethyl-phenanthrene, the sam e products a s  w ere 

obtained fro m  rosenonolactone. From  th is i t  was deduced that both 

lactones have the sam e basic  carbon skeleton (XLQ), d iffe rin g  only in 

th « r  t« e o c h « m * r y  a t Cg, Am a sy m m tric  c n t r .  a d ja c n t to  the 

carbonyl group. Lithium  alum inium  hydride reduction of 

rosenonolactone yielded a trio l with a relatively  unhindered position, 

as shown by hydrolysis o f die diacetate o f th is  tr io l, which read ily  

yielded d ie parent trio l. Reduction o f isorosenonolactone affo rded  a 

m ixture o f trio ls  epim eric a t C^. T his was rationalised by the 

assum ption that die carbonyl group a t is  le s s  accessib le than in
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rosenonolactone. The d iacetates of these two trio ls  on hydrolysis 

yielded in  one instance the original trio l and in  the m ore hindered 

case the m onoacetate. On th is evidence and with refe ren ce  to m odels 

Whalley postulated that rosenonolactone had a B/C tran s ring  junction 

with a tran s-sy n -tran s configuration (XUH)t while conversely, iso 

rosenonolactone had a B/C c is  ring  junction and was represented as 

the tran s-sy n -c is  isom er (XLIQa). The s te ric  hindrance experienced 

by the carbonyl group at in the iso  se rie s  can be explained by the 

C13 substituen t. which shield th is  position.

Thus, die absolute configuration o f rosenonolactone was defined 

by Whalley at positions 4 , 5, 8, and 10, only position 13 rem aining 

in  doubt.

The biosynthesis o f rosenonolactone has been shown to occur by

die schem e (XIX) -> (XVIII) - * (XLIII) fro m  die tra c e r  studies of

(25) (42) 14 14
B irch and Arigoni . When 1-C acetic acid and 2-C

m evalonate w ere fed  to T. roseum . rosenonolactone was obtained

labelled as in (XLV) and (VII) respectively. The resu lts  c learly  show

that the m olecule was built up fro m  fo u r mevalonate unite as shown

from  the labelling pattern  obtained. The absence of activity in the

carbon dircdd. derived fro m  th . lactonic carbonyl A m i  that the

d\ methyl group was derived specifically  fro m  the position of



m evalonate, in agreem ent with sim ilar re su lts  obtained in the 

triterp en e fie ld  and gibberellic a c id .^ 5^
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THE INTERRELATION OF ROSENONO-, ROSOLO-, 

ISOROSENONO- AND DE90XYROSENONO -  LACTONE

W halley defined the absolute configuration of rosenonolactone

a t positions C,., Cg, and C ^ , the asym m etric centre rem aining

(471undeterm ined. This problem  was solved by Scott and h is associates 

who derived the absolute stereochem istry  of dibrom orosololactone (XLVI) 

by X -ray d iffrac tio n  studies and also  showed that the hydroxyl group is  

in the @ (axial) position. The X -ray analysis provided the com plete

stru ctu ra l solution fo r  rosololactone (XLVIH). A d irec t co rrelation  

between rosololactone and rosenonolactone was obtained by form ation o f 

die same diosphenol (XLIX) fro m  each lactone. Thus, rosenonolactone 

has the sam e absolute stereochem istry  as  rosololactone a t positions

C4> CS> C9* C10 * a C13 * "  *trUCtUre <XLVU>‘

The 8 ck configuration attributed to  rosenonolactone w as based on the

relationship between it and isorosenonolactone, the fo rm e r having the

le ss  hindered Cy carbonyl group and th e re fo re  possessing a tra n s  B /C

ring  junction. This evidence does not establish  conclusively the

stereochem istry  a t Cg in  rosenonolactone.

Likew ise, the stereochem istry  o f desoxyrosenonolactone (L) a t 

position 8 rem ains in some doubt. The dihydro derivative has been 

shown to be identical with the product fro m  desulphurisation o f the



thioketal o£ dihydrarosenonolactone and has been assigned the o*, 
( 4 4 )

configuration a t Cg However, the sam e thioketal was form ed

from  isorosenonolactone, epim erisation a t C being attributed to the 

interaction between die and the substituents, when Cg has a 

hydrogen atom . This evidence does not prove conclusively the 

absolute configuration of desoxyrosenonolactone a t position 8.

Consequently, although the absolute stereochem istry  of 

rosenono-, isorosenono-, and desoxyrosenono-  lactone has been 

.atabliahed a t poaitiona C ,, C j0 and C ^ ,  th . configuration a t

Cft in these compounds rem ains to  be defined unambiguously.
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DISCUSSION

To establish  unambiguously (he configuration a t C . in  

rosenonolactone (and hence in  isorosenonolactone) and in  

desaxyrosenonolactone it  was necessary  to re la te  these compounds

directly  to rosololactone whose absolute stereochem istry  has been

(47)confirm ed ' by X -ray analysis. Epim erisation a t CQ had to  beO

guarded against in  the course o f these correlations since th is would 

render the re su lts  inconclusive.

The experim ental in terrelation  o f desaxyrosenono -  rosenono- and 

rosololactone was expected to  be a relatively  sim ple task. However, 

the various approaches discussed in  the sequel revealed exam ples o f 

unexpected reactiv ity  o r inertness which we fe e l m ust be a property 

of the peculiar conform ation and environm ent o f ring  B in these 

compounds.

The in itia l intention was to rem ove the oxygen function a t in

rosololactone and a t in rosenonolactone o r its  epim er. All

attem pts to  fo rm  the thioketal^® ’ ^  o f rosenono-, rosono-, and

isorosenono-lactone failed  to produce Hie desired  product, the lactone

ring being cleaved under Hie conditions used. Lack of success was also

(51)encountered on attem pted form ation o f Hie tosylhydrazones of 

rosono-, rosenono- and isorosenono-lactone, Hie only products form ed



19

being the dihydro lactones as seen by m .p ., mixed m .p. with the 

authentic dihydro derivatives. In the hope o£ obtaining the 

-desoxy compounds, the th re e  hydroxy-lactones w ere dehydrated with 

thionyl chloride in  pyridine a t 20°C. Dehydration of rosololactone

afforded  the oily A ^^-desoxyrosenonolactone (LI), C rtH O , as
20  28  2

the sole product o f the reaction , shown by t.l.c . (silver n itrate*  

silica  gel) and g .l.c . (1% SE 30; 2% 20M Peg; 5% QF1). The 

structu re  (U ) was supported by the one proton m ultiplet a t T4.7;

H^; in  the n .m .r. spectrum . Hydrogenation o f th is -compound 

with 1 0 % palladium  charcoal in  ethanol yielded only an acid w hereas 

hydrogenation in  acetic acid over 1 0 % palladium  charcoal o r

a  5(6)platinum  oxide yielded the sam e acid along with the dihydro * &

-desoxy lactone (IH ), ^20H30^2* ^ ie k 5 ^-d ihydrodesoxy- 

lactone (LQ) was the only product form ed on hydrogenation of (LI) in 

ethyl acetate with 1 0 % palladium  charcoal o r 1 % palladium  on calcium  

carbonate as catalyst. Hence, th is route fo r  the production of 

desoxyrosenonolactone fro m  ro sololactone proved unsuccessful.

Reduction o f rosenonolactone with sodium borohydride in methanol 

afforded  the alcohol, rosenolblactone (L1H), while reduction of 

isorosenonolactone with sodium borohydride yielded Hie sam e alcohol 

(Lm), (m .p., m .m .p., h r . ,  and n .m .r.), phis isorosenololactone (UV).

The common alcohol (Lm) m ust be form ed fro m  isorosenonolactone
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by epim erisation a t p rio r to reduction. The broad m ultiplet at

T 6.1 (w = 2 4  c /se c .) (CH-OH) in the n .m .r. spectrum  o£ (U II)

does not de£ine conclusively the stereochem istry a t C^, as in the

7 -OH, 8  ok -H , and Hie 7 ok -OH, 8  ct -H configurations, the

value of the coupling of H with H and the two protons a t C* is
7 8 o

very sim ilar a s  estim ated fro m  m odels. However, a s  the 0(. face  

of rosenonolactone is  the le ss  hindered it  is  considered m ore 

likely that hydride attack w ill take {dace from  th is side to a ffo rd  a 

7 ft -hydroxyl. Thus, rosenololactone is  assum ed to have the 

7 ft -OH, 8  o l-H  configuration as  shown in (Lm).

The product (UV) obtained only fro m  isorosenonolactone can 

have the configuration 7 ck o r 7 (5 -OH, 8  ft -H , o r 7 Ok -OH, 8  ck -H. 

From  the m ultiplet a t T6.0 (w * 10 c /se c .) (CH-OH) in Hie n .m .r. 

spectrum  of (LTV), it is  possible to elim inate the configurations 

7 ok -OH, 8  ck-H , and 7 (S -OH, 8  ^  -H , and define Hie 

stereochem istry  of the alcohol (UV) as 7 ok -OH, 8  ft -H. The 

7 ft -OH, 8  ft -H structu re  is  elim inated because th is  involves two la rg e  

d laxtal couplings between H^(ck) and H g(|g) and between H ^ (^ ) and 

H^(ck). In the configuration 7 ok -OH, 8  ok -H , Hie la rg e  diaxial 

coupling between &7( f t ) Hg(pO and Hie relatively  larg e  coplanar 

coupling between H J A ) and H _ (# ), elim inates th is as a possible
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structu re  fo r  (UV). However, in  the configuration 7 0  ̂ -OH, 

8  ^  -H , the coupling o f ) with Hg(^ ) and the protons a t

com plies with h alf height value of the coupling constant 

(w2  = 1 0  c /se c .). Thus, if  rosenololactone has the 7 p  -OH,

8  oC -H configuration, then isorosenololactone (LIV) has the 7 OC -OH, 

8  f, -H configuration. Thi*. in  fa c t, is  raaso n ab l. s in e  a f te r

being obtained by hydrogenation of rosenololactone (LIB)(m.p., m .m .p.,

i . r . , n .m .r.). Likew ise, catalytic reduction o f isorosenonolactone 

afforded  dihydroisorosenololactone (LIVa) (7fcC -OH, 8  -H),

hydrogenation of isorosenololactone (UV) giving the sam e compound 

(m .p., m«m.p., i .r . ,  n .m .r.).

Dehydration of dihydrorosenololactone with thionyl chloride 

afforded  two products, as  seen fro m  t.l.c . (silica g e l-silv er n itrate) 

and g .l.c . (1% S£ 30; 2% 20M Peg), Which proved inseparable by 

chrom atography over silv er n itra te -s ilica  geL One of these ene- 

lactones was found to  epooddise, the o ther rem aining unchanged (as seen 

by g .l.c .) under the conditions used. The structu re  (LV) (m ass spec. 

m.wt. 318) m .p. 144-145, was ascribed to  t ^  epoxylactone fro m  the one

epim erisation at the b  face  is  m ore accessible to hydride attack.

Catalytic reduction of rosenonolactone yielded 

dihydrorosenololactone (LUIa) (7 -OH, 8  oL -H ), the sam e compound

proton m ultiplet centred a t T 7.1
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one o£ the products o£ dehydration was the

dihydrodesoocyrosenondactone (LVI). To the product o£ dehydration 

(m ass spec. m.wt. 302) which fa iled  to epoxidise, was attributed 

the structu re  (LVII) fro m  the absence o£ olefin ic protons in  the n .m .r. 

and from  the m ultiplet centred at T6.0 (XH) assigned to the 

proton. The m echanism  of form ation o f the product may be 

postulated as (LVm) —* (LIX)—► (LVII).

Dehydration o f dihydroisorosenololactone afforded  one product, 

A 7 8̂^-dahydrodesoxyrosenonolactone (LVI), ^20^30^2* m*P* 134-135°, 

so assigned fro m  die one proton m ultiplet centred at T4.7 and fro m  its  

identical behaviour on g .l.c . (1% SE 30; 2% 20M Peg) with one o f 

the compounds (LVI), obtained fro m  dehydration o f dihydrorosenololactone.

In the alcohols (Lm) and (LIV) the 7-OH and the 8 -H a re  situated

tran s diaxially and consequently tran s elim ination occurs in both

7(8)compounds to  a ffo rd  the A  -dihydrodescocyrosenondlactone. It is  

d ifficu lt to explain why dehydration o f isorosenololactone a ffo rd s  only 

one compound w hereas elim ination of rosenololactone a ffo rd s  two, 

though the m ore hindered nature o f the 0 C-hydroxyl in isorosenolo

lactone may im pose g rea te r stereoepecificity . It is  surprising  that 

no A  ̂ ^-dihydrodesaxyrosenonolactone is  obtained on dehydration, 

especially fro m  isorosenololactone w here the 6  -H and the 7 0 (. -OH 

a re  w ell se t up fo r  tra n s  diaxial  elim ination.
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As dehydration of the hydroxy-lactones with thionyl chloride 

failed  to  yield the desired  A .^ ^ -en e-lac to n es, borate pyrolysis 

o f the alcohols (XLV1H), (Lm) and (UV) was attem pted in  the hope 

that cis-eU m ination of the hydroxyl groups would occur to  yield the 

4  -compounds.

Dihydrorosololactone and boric acid w ere pyrolysed a t 350°C, 

under nitrogen, yielding a product (LX) (m ass spec. m.wt. 302), which 

absorbed in the in fra -re d  (CHCl^) at 1770 cm. ^ -lactone) and 

1660 cm. * (double bond) and had no intense absorbtion in  the u ltra 

violet above 220 myk . The structu re  (LX) was assigned on the basis

of its  runur. spectrum  and those of die hydrogenation product (LX1),

o CHC1 —1a crystalline saturated lactone, m .p. 1 1 6 , IT ”  » 1770 cm.

( 8  -lactone) (m ass spec. m.wt. 304) and the epoxide (LXH) (m ass

spec. m.wt. 318).

In the spectrum  o f (LX) the m ultiplet a t T4.2 (1H) is  attributed 

to coupling vicinally with and and a lly lid y  with H^. The 

broad m ultiplet a t T5.2 (1H) a rise s  fro m  coupling with H ^, and 

Hn . The proton a t C5  (H^) is  deshielded by the carbonyl group in 

the lactone ring  and appearr as a m ultiplet a t T7.3 fro m  its  vicinal 

coupling with and its  allylic coupling with H^. On hydrogenation 

of (LX) the n .m .r. spectrum  shows lo ss o f the m ultiplet a t T4.2 (H^),
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but the m ultiplets a t T5.2 (Hy) and T7.6 (H^) rem ain. By double irrad iation , 

and w ere shown to  be vicinally coupled and the observed coupling 

constant (J * 6  c /sec ) is  in  accordance with the dihedral angle * *^°* 

couples fu rth e r with (J * 10 c /sec) dem onstrating that hydrogenation 

took place fro m  the f f a c e  of the m olecule, the dihedral a n g l e b e i n g  

170°, in agreem ent with the value of J. couples with HN (J = 3 c /se c ) 

and with (J = 8  c /se c ) in  agreem ent with the dihedral angles <®yN= 130°*

^  YM = 10°-

From  the rum .r. spectrum  of the epoxide (LXII), epoxidation was

in fe rred  to  have taken place fro m  the f$ face . The m ultiplet, T5.15, (1H),

corresponds to H ^, which couples vicinally with (J * 6  c /se c ; 30°),

with Hn  ( J ^  = 3 c / s e c ; ^ ^  = 130°) and with HM ( J ^  = 9 c / s e c ; ^ ^ ^  10°).

H^. couples only with H y and is  seen as a doublet, T7.4 = 6  c /se c ; ^  ^

= 30°). attached to the epoxide ring, m akes a dihedral angle o f 60° with

Hg and H ,̂ and fro m  the m odified K arplus equation fo r  epoxides (J^g = 5 .1  

2 (53)cos AB) , '  '  the calculated values fo r  the coupling constant J = =

2 o5.1 cos 60 = 1.25 c /se c , is  in agreem ent with the observed broadened

singlet a t T6.9, assigned to H^.

6(7)Thus, the desired  & '  -ene-lactone was not form ed fro m  borate 

pyrolysis of dihydrorosololactone. U nsuccessful re su lts  w ere also obtained 

in the pyrolysis o f the borate e s te rs  o f dihydrorosenolo- and dihydroiso- 

rosenolo-lactone, the lactone ring  being cleaved in  both cases.
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Attention was finally  directed to  acetate pyrolysis. The acetates 

of dihydrorosblolactone (LXm) (m ass spec. nuwt. 362), m .p. 157-158°, 

g  1770, 1720, 1240 cm. dihydrorosenololactone (LXIV), (m ass 

spec. m.wt. 362), m .p. 168°C, U^ ^ * 3  1770, 1720, 1240 cm .”1, and

dihydroisorosenololactone (LXV), (m ass spec. m.wt. 362), m .p. 165°,

CHCl'j -1^m ax  *770, 1720, 1240 cm. , w ere prepared and these w ere pyrolysed

at 450°/15 mm.Hg. in  an atm osphere of nitrogen affo rd ing  in each case
r/7 \

the desired  k  ene-lactone, (m ass spec. m.wt. 302) as the sole product,

CHC1 - I
but in  low yield. In fra -red  absorption (U 3  1770, 1660, and 670 cm. )

of the pyrolysis product of the acetate o f dihydroisorosenololactone

confirm ed that the acetate residue had been replaced by a double bond.

These th ree products had very sim ilar cracking patterns in  th e ir m ass

spectra and had the sam e retention tim e on g .l.c . (1% SE 30; 2% 20 M Peg;

6f7)
1% CHDMS). Hydrogenolysis o f the & ene-lactones was found to 

occur on hydrogenation in  ethyl actetate over 1 0 % palladium  charcoal as 

seen fro m  the form ation of acidic products presum ably via the isom er. 

This was avoided using acetic acid as solvent and platinum  oxide as catalyst. 

Only one product (m ass spec. m.wt. 304) was form ed on hydrogenation of 

the A6(7) compound fro m  dihydroisoroeenoldUctona. I t had a  very  

sim ilar cracking pattern  to that o f dihydrodesoxyro senonolactone, but 

d iffe red  in retention tim e fro m  it on g.l«c. (2% 20M Peg; 1% SE 30;

5% SE 30). On hydrogenation o f the A  compounds fro m

dihydrorosenolo -  and dihydrorosolo -lactone, the sam e th ree products
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w ere obtained in  each case, as seen from  g .l.c . (same retention tim e 

and peaks superim posable) and combined gas chrom atographic- 

m ass spectrem etric (g.g.rrus.) analyses of the two m ixtures. Peak 1; 

m.wt. 304; Peak 2; nu tot. 304; Peak 3; m.wt. 304. The 

fragm entation pattern  o f peak 1  was identical with that o f 

dihydrodesoxyrosenonolactone and the cracking pattern  o f peak 2  was 

identical with that o f the hydrogenation product of the k 6<7> -compound 

from  dihydroisorosenololactone, i.e . dihydrodesoxyisorosenonolactone.

On addition o f dihydrodesoxyrosenonolactone to  either of die m ixtures, 

peak 1  was enhanced and on addition of dihydrodesaxyisorosenonolactone 

to the m ixture, peak 2 w as enhanced. H ie compound in peak 3 (m ass 

spec. m.wt. 304) had certain  sim ila ritie s in its  cracking pattern  to 

that o f dihydrodesoxyrosenonolactone and its  Cg epim er and was considered 

to be e ith er die Cg epim er o f dihydrodesoxyrosenonolactone (LXVI)
c/gv

form ed by hydrogenation of the interm ediate from  the £ face

o f die m olecule o r die isom eric (LXVH) in  which the IS -lactone is

now attached at Cr  instead o f C* n, with subsequent hydrogenation fro m  o iu

t h e C ^ : j ^ Ca ,

Thus, fro m  these re su lts  o f gas liquid chrom atography and m ass 

spectrom etric analyses i t  has been possible to assign the 8  oC 

configuration to  rosenono- and desoxyrosenono-lactone and the 8  

configuration to  isorosenonolactone fro m  a d irec t com parison with
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rosololactone. An explanation as to why the 8 -norm al se rie s , but 

not the 8 -iso  se rie s  should rearrange on hydrogenation, would 

necessitate ca re fu l investigation of the interaction o f the lactones 

with the catalyst su rface.

A second d irect co rrelation  between rosenono- and desoxyrosenono- 

lactone was provided by form ation o f die dihydro ether (LXVIII) fro m  

both. Dihydrorosenonolactane was reduced with lithium  aluminium 

hydride in  tetrahydrofuran  to the dihydrotriol (LXIX), ^20^36°3* 

m.p. 140-141°C, C°0D + 105°. Reaction o f the trio l with 

toluene-p-sulphonyl chloride affo rded  the toluene-p-sulphonate (LXX) 

as die m ajor product, along with die alcohol (LXXI? in  m inor amount. 

Reduction of the m ixture, without p rio r separation, with lithium  

aluminium hydride in  tetrahydrofuran , yielded the dihydro ether 

(LXVIII), ^ 2 0 ^ 3 4 °* 8 8  **** m ajor product. Reduction of 

dihydrodesoxyrosenonolactone with lithium  aluminium hydride in 

tetrahydrofuran  gave the dihydrodiol (LXXII), ^20H36°2* m*p* 13^°c »

-  35°, and reaction o f th is  with toluene-p-sulphonyl chloride 

gave the dihydro e ther (LXVIII), identical in  its  i r . ,  n .m .r., and 

m ass spectra and in its  behaviour on t.l.c . and g .l.c . (1% SE 30;

1% QF1; 2% 20M Peg;) with the dihydro e ther fro m  dihydrorosenonolactone.
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In the course of paralle l experim ents with dihydroisorosenolo

lactone it  was observed that reaction with toiuene-p-sulphonyl chloride 

failed  to produce the desired  toluene -p -sulphonate but yielded instead the

-compound, (LVI), ^20^30^2* *34~*35°, ^

elim ination o f the toluene-p-sulphonate residue. This w as confirm ed 

by the m ultiplet in the n .m .r. spectrum  at T4.7 (1H) attributed to the 

olefinic proton a t Cy and fro m  the identical bdvaviour o f th is  compound 

on g .l.c . (2% 20M Peg; 1% SE 30;) with one o f the dehydration 

products fro m  dihydrorosenololactone. Because o f th is undesired 

elim ination the route taken to re la te  rosenono- and desoxyrosenono- 

lactone was not available fo r  isorosenonolactone. However, an attem pt 

was made to p repare the dihydro ether (LXVIII) fro m  rosololactone. 

D ihydrorosoldactone w as reduced with lithium  hja&ninium hydride in te tra 

hydrofuran to a ffo rd  the trid l (LXXIQ). Reaction of th is 

dihydrotriol with toiuene-p-sulphortf chloride in  pyridine yielded two 

isom eric hydroxy-ethers a s  seen by g .c.m .s. (1% SE 30)>(m ass spec. 

m.wt. 306), to  which we attribu te the stru c tu res (LXXIV) and (LXXV). 

These compounds failed  to  separate on chrom atography, but 

dehydration with thionyl chloride yielded two products that w ere 

separable by thin lay er chrom atography. One o f these (m ass spec. 

m.wt. 288) w as assigned the structu re (LXXVI$ fro m  the quartet 

centred a t T4.6 (1H) arising  fro m  Hie coupling o f with the protons



at C^, and fro m  the AB quartet centred a t T6.1 and 6.65 0 =  8  c /sec) 

signifying the presence o f the ether group. The other dehydration 

product (m ass spec. m.wt. 288) was ascribed the structu re  (LXXVH) 

from  the quartet a t T5.5 (1H) attributed to the coupling o f with 

the methylene group;at Cy, fro m  the AB quartet centred at T6.15 

and 6 . 6  0  = 8  c /se c ), and fro m  the absence of o lefin ic protons in 

the n .m .r. Hydrogenation o f the ene-ether (LXXVI) fa iled  to yield 

the desired  saturated ether (LXVIII), affo rd ing  only the unsaturated 

prim ary alcohol (LXXVm), m.p. 115°C, (m ass spec. m.wt. 290),

jjC H C lj cm. *, AB quartet a t T6.48 and 6.80 0  = 12 c /sec).max

Oxidation o f the m ixture of hydroxy ethers (LXXTV) and 

(LXXV) with S arre t reagent affo rded  the keto-ether (LXXIX) (m ass 

spec. m.wL 304), 1720 cm. \  and Hie hydroxy-ether (LXXV)

(same retention tim e on g.Lc.). A ttem pts to fo rm  Hie to sy l- 

hydrazone o f th is  keto -ether p rio r to reductive rem oval, w ere 

unsuccessful. Consequently a ll e ffo rts  to  re la te  the dihydro-ether 

(LXVIII) fro m  rosenonolactone with the ether fro m  rosololactone 

failed .

Endeavours to  p repare Hie toluene-p-sulphonate of rosololactone 

w ere unsuccessfu l, Hie hydroxyl group fa iling  to  reac t because o f its  

hindered nature.
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Replacem ent o f the hydroxyl group in rosololactone by 

(50) (46)
iodine with a view to subsequent reductive rem oval o f the

iodine fa iled , because on attem pted form ation of the 6 -iodo compound 

the lactone ring  was cleaved.

Thus, a ll e ffo r ts  to define the absolute steroechem istry at 

C . in the lactones o f the rosane se rie s  m et with d ifficu lties  whicho

w ere not envisaged when th is work was undertaken. Cleavage o r 

rearrangem ent o f the lactone ring presented a problem  in  correlating  

the oxygenated lactones with desoxyrosenonolactone and the boat 

conform ation o f ring 6  in roso lo - and rosenono -lactone probably 

contributed to  the fa ilu re  o f certain  of these reactions. However, 

the re su lts  obtained fro m  pyrolysis o f the acetates (LXHI), (LXIV) 

and (LXV) define unambiguously the stereochem istry  of rosenono- 

(XLVII) and desoxyrosenono-lactone (L) a t C , and provide a goodo

illu stration  of the potential of the combined use o f gas chrom atography 

and m ass spectrom etry in problem s involving the identification and 

com parison o f sm all quantities o f non-crystalline m ateria ls p resen t 

in a m ixture.



EXPERIMENTAL

All m elting points w ere determ ined on a K ofler hot-stage 

apparatus and w ere uncorrected.

U ltra-violet spectra (u.v.) w ere obtained on a Unicam S .P .800 

recording spectrom eter. In fra -re d  solution spectra (i.r.) w ere 

recorded linearly  in  cm. * as percenUg? transm ission  by M rs.

F . Lawrie on a Unicam S.P. 100 double-beam  spectrophotom eter. 

O ther in fra -re d  spectra w ere recorded on a  Perk in-E lm er 237 

spectrophotom eter, (qualitative).

Proton m agnetic resonance spectra (n.rtur.) w ere determ ined on 

the Perkin E lm er R.10, 60 m egacycle and die V arian H.A. 100 

m egacycle spectrom eters by Mr. J. Lennon and Mr. J. Gall, 

tetram ethyl-silane being used as an in ternal re feren ce  in 

carbon tetrach loride solutions of the sam ples.

M ass spectral m olecular weights w ere obtained with an A .E.I. 

M.S. 9 m ass spectrom eter by Mr. F . P reston and M iss J. W ilkie.

G as-liquid chrom atography was perform ed on Pye Argon and 

Perkin E lm er F . l l  chrom atographs.

G as-liquid m ass spectral analyses (g.c.m .8 .) w ere ca rried  out 

on the L.K.B. spectrom eter by M ss H. Humphries.
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M icro analyses w ere by Mr. J.M.L. Cam eron, B .Sc., and h is

s ta ff.

Merck K ieselgel * G was used in thin lay er (t.l.c .) and 

preparative thin lay er chrom atography (p .t.l.c.) Detection was achieved 

by m eans of eerie  ammonium n itra te  : sulphuric acid oxidation o r 

iodine vapour adsorbtion in  t.l.c . and by m eans of w ater in  p .t.l.c .

Woelm alum ina, deactivated to  the appropriate Brockmaxm 

grade, was used fo r  column chrom atography.

Unless otherw ise stated 'lig h t petroleum " re fe rs  to  petroleum  

ether o f b.p. 60-80°.

All solutions w ere dried  over sodium sulphate (anhydrous).

The following abbreviations a re  used in  reporting n .m .r. data.

s. singlet d. doublet

t. trip le t q. quartet

m. m ultiplet H. proton

Our Blanks a re  due to D rs. N.J. McCorkindale and S.A. Hutchinson 

fo r  growing T .roseum .



Attempted preparation of the Thioketal o f Rosenonolactone

1. Rosenonolactone (10 m g )^ ^  was dissolved in glacial acetic acid 

( 1  ml) and excess ethane dithiol (0 . 2  ml) and boron triflu o rid e  

etherate (0.05 ml) added. The reaction was le f t a t 20°C fo r  3 hours 

and worked up by addition o f aqueous sodium bicarbonate solution

and extraction into ethyl acetate. The combined ex tracts w ere washed 

well with w ater, dried and the solvent removed to  yield an oil (7 mg) 

composed of starting  m ateria l plus a le ss  polar component. P .t.l.c . 

of the reaction product and extraction of the le ss  polar band gave a 

compound which no longer had a$-lactone (absence o f band a t 

1780 cm. * in i.r .) . Thus, the desired  thioketal o f rosenonolactone 

had not been form ed.

(49)
2. Rosenonolactone (5 mg) was dissolved in ethane dithiol (0.5 ml) 

and boron triflu o rid e  etherate (0.05 ml) added. The reaction was le f t 

a t 20°C fo r  periods o f 3, 6  and 12 hours and fo r  3 days and in each case 

a portion of the solution worked up as described previously. All 

failed  to yield the thioketal of rosenonolactone, the only prododt being

a non-polar compound without a tf-lactone.

Attempted preparation o f the Tosvihvdrazone of Rosenonolactone 

Rosenonolactone (7 mg) was refluxed in  ethanol (3 ml) with 

to sy lh y d raz in e^^  (5 mg) fo r  2 bhours. The reaction was worked
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up by rem oval o f the solvent and t.l.c . o f the product showed a le ss

polar compound had been form ed. P .t.l.c . with ethyl acetate: light

petroleum  (3 : 7) as eluant yielded only dihydrorosenonolactone, m .p.

158-159°C; 158-159°C value*38* 138°C); UCHC13 1770 cm . ' 1max

($  -lactone), 1720 cm. * (cyclohexanone), absence o f d e fin ic  

absorption (1640 cm. *).

Conversion o f Rosenonolactone to the Dihvdro E ther (LXVIII)

Hydrogenation o f rosenonolactone (100 mg) was effected  in

ethanol (10 m l) over 10% palladium  charcoal. Work up by filtra tio n

through cellulose powder and rem oval of the solvent yielded dihydro-

o
rosenonolactone, m .p. 157-158 C.

The dihydrorosenonolactone (95 mg) was refluxed in dry 

tetrahydrofuran  (10 ml) with lithium  aluminium hydride (150 mg) fo r  

5 hours and die reaction worked up by addition o f a satur ated solution 

of sodium sulphate until a ll die excess hydride was destroyed.

F iltra tion  and rem oval o f the solvent afforded  the crude tr ia l (LXIX), 

which crystallised  from  pentane a f te r  purification by p .t.l.c ., m.p.

140-141°C; [pG p + 105°, (c * 0.8, chloro fo rm); 3550 cm. 1

(broad band). (Found: C , 74.3; H, 10.9. C20H36°3 re<Iu ire8»

C, 74.0; H, 11.2%).
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The dihydrotriol (LXDC) (55 mg) wee dissolved in  dry  pyridine 

( 2  ml) and excess toluene-p-sulphonyl chloride ( 2 0 0  mg) added and 

the solution le f t a t 20°C fo r  12 hours. Work up by addition of 

w ater and extraction into e ther affo rded  the ether toluene-p- 

sulphonate (LXX) (60 mg). Reduction, without p rio r purification , 

with lithium  aluminium hydride (140 mg) in  dry tetrahydrafuran  

(20 ml) as solvent, gave the desired  dihydro ether (LXVXQ) as the 

m ajor product, along with the alcohol (LXXI) as the m inor product.

Separation by p .t.l.c . using ethyl acetate: light petroleum  (1 : 9) as 

eluant afforded  the fu lly  saturated ether (LXVHI) (25 mg) and the 

ether alcohol (LXXI) (5 mg). The dihydro ether (LXVHI) fa iled  to 

c ry sta llise . U ^ 13 1040, 910 c m .'1; 2H singlst a t T6.2S 

(-CH -O -). (Found: C , 82.7; H, 11.7. C ^ H ^ O  req u irae C, 82.7;

H, 11.8%). (LXVHI) was found to be identical with the dihydroether 

from  desoxyrosenonolactone fro m  its  i .r . and n .m .r. spectra and from  

its  behaviour on g .l.c . (1% SE 30; 2% 20M Peg; 1% QF1).

F o r a fu lle r  account of the above se rie s  o f reactions see page: io o

Reduction of Rosenonolactone with Sodium Borohvdride

Rosenonolactone (20 mg) w as dissolved in  methanol (2 m l), sodium
o

borohydride (30 mg) added, and Hie solution le f t a t 2 0  C fo r  1.5 hours.

W ater was added and the a queous solution extracted into ethyl acetate,
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the ex tracts washed with w ater, then dried , and the solvent removed 

to yield the alcohol (Lm ), m.p. 220°C, ( l i tv a lu e ^ ^  222°C a f te r  

softening a t 218°C) ; [plJ  ^  + 38° (C « 0.42, chloroform ); 1H

m ultiplet centred a t T6.1 (CHOH); U 1 4  3625, 1777, 1640 cm 7 .•  max

Hydrogenation of rosenololactone (LHI) (10 mg) in  ethanol

( 2  ml) over 1 0 % palladium  charcoal yielded dihydrorosenololactone

(LHIa), m.p. 192-193°C .; 1H m ultiplet centred a t T6.1 (CH-OH);

Uc c l 4  3620, 1780 cm .'1, max

Reduction o f Rosenonolactone with Adams C atalyst

Rosenonolactone (30 mg) was hydrogenated in acetic acid (3 ml)

over platinum  oxide (50 mg) fo r  2 days. T hereafter, filtra tio n  through

cellulose powder, and rem oval o f the acetic acid in  vacuo, afforded

the dihydro alcohol found to  be identical with (LHIa) obtained above,

m.p. 193°C, m .m .p. 192-193°C: UC C l 4  3620, 1780 cm.-1; 1Hmax

m ultiplet in  the n.m.fc centred a t T 6 .L

Acetate o f D ihvdrorosenololactone (LXIV)

Rosenololactone (50 mg) was added to  "analar" acetic anhydride 

(3 ml) with fused sodium acetate (50 m g), and the solution refluxed fo r  

3 hours. W ater eras added, the aqueous solution extracted into ethyl 

acetate, the ex tracts washed with sodium bicarbonate, with w ater, and 

then dried. Removal o f the solvent affo rded  the desired  acetate
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(LXIVa) (40 m g), m .p. 186°C, (lit. value*38* 18«°C); UCHC13 1770, 1730,
ITlcDC

1250 cm. *; (Mass spec. m.wt. 360; C22H32°4 re ^ re s  360).

The acetate o£ rosenololactone (LXIVa) (40 mg) was hydrogenated 

in ethanol with 1 0 % palladium  charcoal as catalyst to yield the 

dihydro-acetate (LXIV), m.p. 168°C; 3H singlet a t 7.95 (CH^COO-);

1H m ultiplet centred at T4.9 (-CH -OAc). (Mass spec. m.wt. 362.

^ 2 2 H 3 4 ° 4  re<Iu r̂ e s  3 ^ 2 .) .

Pyrolysis o£ the P ihvdro-acetate (LXIV)

The dihydro-acetate (LXIV) (25 mg) was pyrolysed a t 450° in  an 

atm osphere o£ nitrogen a t 15mm. Hg. p ressu re . T .l.c . o£ the product 

showed a component of desired  po larity , and p .t.l.c . yielded k  **- 

dihydrodesoxyrosenonolactone (0.5 mg). G .l.c. showed one product 

(2% 20M Peg; 1% SE 30; 1% CHDMS).

Hydrogenation of the pyrolysed acetate in ethyl acetate with 10% 

palladium  charcoal yielded only an adid as seen fro m  t.l.c .

Hydrogenation o f the pyrolysed acetate in  acetic acid with 

platinum  oxide as catalyst affo rded  th ree  compounds, separable by 

g.c.m .s. Q% SE 30). Peak 1. M.wfc. 304; C 2 0 H 3 2 ° 2  xe<Xtires 304* 

Fragm entation pattern  and retention tim e on g .l.c . (1% SE 30; 2%

20M Peg), identical with dihydrodesoxyrosenonolactone (XXXm).



38

Peak 2. M.wt. 304; ^20^32^2 recIu r̂e s  304. Fragm entation pattern 

and retention tim e on g .l.c . (1% SE 30; 2% 20M Peg), identical with 

dihydr ode saxyi soro senonolactone.

Peak 3. M.wt. 304; ^20^32^2 re<3^re s  304* Assigned structure 

(LXVI) o r (LXVH).

Attempted B orate P vrolvsis o f Rosenololactone
(52)

Rosenololactone (Lm) (15 mg) and boric acid (5 mg) w ere heated

under nitrogen at 350°C fo r  3 hours. The reaction was allowed to  cool

to 20°C, w ater added and the aqueous solution extracted into ethyl acetate.

The ex tracts w ere d ried , and the solvent removed to yield products

( 8  mg) shown by t.l.c . to contain unchanged starting  m aterial and a le s s

polar component. P .tl .c . o f die crude product and extraction of the

le ss  polar band failed  to yield the desired  ene-lactoneK J max

1690 c m /;  absorbtion absent a t 1770 cm. & -lactone).

Dehydration o f Dihvdrorosenololactone

D ihydrorosenololactone (LHIa) (20 mg) was dissolved in dry 

pyridine (1 m l), thionyl chloride (0.05 ml) added and the reaction le f t 

a t 20°C fo r  20 mine. Work up by addition of w ater, extraction into 

eth er, washing the ex tracts with w ater, drying and rem oving the solvent 

afforded  two products (LVI) and (LVII), a s  shown by g .l.c . (1% SE 30*

2% 20M Peg.), which proved inseparable by p .t.l.c . over silv er n itr a te -
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silica gel. One of the components of the m ixture had the sam e 

retention tim e on g .l.c . as A 7(8) -dihydrodesoxyrosenonolactans.

Epoxidation o f (LVI) and (LVII)

M- chloroperbenzoic acid (10 mg) was added to  (LVI) and (LVII) 

(15 mg) in  ch lo ro fo rm  (1 ml) and the solution le f t a t 20°C fo r  12 

hours. Work up by addition o f calcium  hydroxide and filtra tio n , 

furnished two products, (LVII) and (LV), separable by p .t.l.c . using 

ethyl acetate: light petroleum  (1 : 9) a s  eluant. The le ss  polar 

product with the sam e retention tim e on g .l.c . as (LVII) form ed above, 

was an o il and had signals in  the n.m X  a t T6.0 (m, 1H);

1780, 1680 cm 1  Mass spec, rruwt. 302. ^20^30°2 re Su*ra * 302).

The m ore polar product (LV) crystallised  fro m  light petroleum , 

m.p. 144-145°C; signals in  the n.mjr. a t T7.1 (lH,q)J 

1780 c m .1. (Mass spec. m.wt* 318. C20H30°3 r *Ju*re s  318)'

Desoxvrosenonolrctone (L)

Desoxyrosenonolactone (40 mg) was crystallised  fro m  light 

petroleum , m .p. 115°C; (oC3 ^  + 56°; (lit. value m .p. 115°-116°C;

W D + 57°)

Djhvdrodesoxvrosenonolactone (XXXHO

Desoxyzosononolactone (40 mg) was hydrogenated in ethanol (5 ml) 

over 10% palladium  charcoal. The norm al work up yielded the
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dihydro compound (XXXIII), which crystallised  fro m  light petroleum , 

m.p. 100°C; fcQ p + 50°, (c * 0.4, chloroform ). (Founds C ,78.6;

H, 10.4. C20H30°2 re ^uire8 c »78*9i H» 10.6%).

Dial fro m  Pihvdrodesoxvrosenonoilactone (LXXII)

Dihydrodesoxyrosenonolactone (XXXIII) (40 mg) was added to 

anhydrous e th er ( 2 0  ml) with excess lithium  aluminium hydride (80 mg) 

and the solution refluxed fo r  5 hours. Work up as  previously 

described affo rded  the diol (LXXII) (30 mg), m.p. 136°C; W D-35°i 

(c = 0.6 .chlor of o rm ); 3600 cm .^ (broad); AB quartet a t

T6.3 and 6.78 (J = 12 c /sec); (Found 6,77.7; H, 10.9. C 2 0 H 3 6 ° 2

requ ires C ,78.3; H, 11.2%).

Dihydro E ther (LXVm)

The dihydro diol (LXXII) (20 mg) was dissolved in pyridine (1 ml)^ 

excess toluene-p '"Sulphonyl chloride (150 mg) added and the solution 

le f t a t 20°C fo r  12 hours. Normal work afforded  the dihydro 

ether (LXVIII), found to  be identical with the dlhydro ether derived fro m  

rosenonolactone fro m  i t . ,  n.m .fc, and its  behaviour on t.l.c . and g .l.c .

y C H a j 1040 910 ^ - 1  2H gj TS J5 (_CH -o_) (Found:
max 2

C, 82.7; H , 11.7. C2 0 H3 4 °  C , 82.7; H, 11.8%).



41

Isorosenonolactone (XlHIa)

Rosenonolactone (200 mg) in ethanol (20 ml) and 10% ethanolic 

potassium  hydroxide (20 m l), was le f t a t 20°C fo r  2 hours. W ater 

was added and the aqueous solution extracted thoroughly into ethyl 

acetate, the ex tracts washed with w ater, dried and the solvent rem oved 

to yield a m ixture of rosenonolactone (XLVII) and isorosenonolactone 

(XLHIa) (190 mg). P .t.l.c . using chloroform : benzene (2 : 3) as 

eluant and with repeated elution of the chrom atoplates, affo rded  

(XLVH) (90 mg), m.p. 214°C, num .p. 214°C; feO  ^  -  107.5°, and 

(XTJIla) which crystallised  from  e th er, m .p. 144°C; ^  + 32°,

(c = 0 . 6 , chloroform ); (lit.value, m .p. 144°C;& ^3p + 2 0 °);

U^ 4  1783, 1717, 1640 cm ."1; n .m .r. signals a t T 8 . 8  (3H, s); 8.92 

(3H, s) and 9.2 (3H, s).

Attempted preparation o f the Thioketal of Isorosenonolactone

1. Isorosenonolactone (10 mg) was dissolved in  acetic acid (1 ml)

and boron triflu o rid e  etherate (0.05 ml) and excess ethane dithial (0.1 m l / ^

added. The reaction was le f t a t 25°C fo r  6  hours and worked up as

previously described. From  t.l.c . a le ss  polar product had been form ed

which, when isolated by p.tJL.c. was shown to have no absorbtion a t

1780 cm. 1  ( -lactone).
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2. A slow stream  of hydrogen chloride was bubbled into a 

solution o£ isorosenonolactone ( 1 0  mg) in  ethane dithiol (0 . 2  ml) 

a t 0°C  fo r  1 hour. The solution was le f t a t 0°C  fo r  3 hours and 

half of it  rem oved, the rem ainder being le f t fo r  a fu rth e r 1 2  hours 

a t 0°C . In both cases die le s s  polar products fo rm ed, fa iled  to 

possess a 'K -lactone as seen fro m  in fra -red .

Attempted preparation of the toluene-p-sulphonate o f Dihvdroisorosenololactone 

Dihydroisorosenololactone (UVa) (40 mg) was dissolved in dry 

pyridine ( 1  m l), excess toluene-p-sulphonyl chloride (150 mg) added, and 

the solution le f t fo r  14 hours a t 20°C. Work up in the usual way 

afforded  one product (LVI) as seen fro m  t.l.c . and g .l.c . (1% SE 30;

2% 20M Peg). (LVI) crystallised  fro m  light petroleum , m .p. 135°C;

1H quartet a t T4.7. (Mass spec. m.wt. 302. C20H30O2 requ ires 302).

(Found: C, 79.3; H, 9t7. C20H30°2 rc<Iu i r * 8  C* 79,4» H»

ligrggeagisfacto^ (ltq

Isorosenonolactone (XLUIa) (60 mg) was reduced with sodium

borohydride (40 mg) and worked up as previously reported. T .l.c .

showed that two products had been form ed and purification  by p .t.l.c .

o o
afforded  rosenololactone (LUI) (10 mg), m .p. 220 C, m .m .p. 220 C,

o (38! o
and isorosenololactone (LTV) (30 mg), m .p. 131 C (lit.value 181 C);

UCCI4  3£qq X770, 1640 cm .”*; 1 H m ultiplet a t T6.0. (Mass spec, 
max
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rruwt. 318. ^20^30°3 r#Su*r *® 318).

Pihvdroisorosenolalactone (UVa)

Isorosenololactone (LIV) (20 mg) was hydrogenated in ethanol 

(5 ml) with 1 0 % palladium  charcoal as catalyst. The norm al work up 

afforded  dihydroisorosenololactone (LTVa) (17 m g), which crystallised  

from  light petroleum , m .p. 165°C, (lit.v a lu e^ ^  166°C). 1H m ultiplet 

a t T 6 . 0 .

D ihydroisoro senololactone, prepared by reduction of isorosenono

lactone in acetic acid with platinum  oxide as catalyst, was found to be 

identical (m .p., m .m .p., i . r . ,  n .m .r.) to that form ed as described above.

Attempted preparation o f the Tosylhydrazone of Iaoroseno^lacgtone 

Isorosenonolactone ( 1 0  mg) was refluxed in ethanol ( 2  ml) with 

to sy lhyd razine^^  ( 1 0  mg) fo r  2  hours and the solvent removed in 

vacuo. T .l.c . o f the product showed a slight change o f polarity  with 

that o f starting  m aterial (XIJODa). P urification  by p .t.l.c . affo rded  

a compound identical to that o f dihydroisorosenonolactone, rrup. 152- 

153°C; m .m .p. 1S2-1S3°C; 1770, 1720 c m .'1.

Continued reflu x  overnight fa iled  to produce the desired  tosy l

hydrazone.
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Acetate of Pihvdroisorosenololactone (LXV)

Dihydroisorosenololactone (UVa) (35 mg) was dissolved in 

pyridine ( 1  m l), acetic anhydride ( 1  ml) added, and the solution le f t 

a t 20°C fo r  12 hours. Removal of the solvent in vacuo, and 

purification  by p.L l.c. yielded the desired  acetate (LXV) (30 mg), 

which crystallised  fro m  light petroleum , m.p. 165°C; 1770,

1740, 1240 cm ."1; 1H singlet a t T4.95, (CHOAC); 3H singlet a t 

T7.9, (CH^.COO-). (Mass spec. m.wt. 362. req u ires 362).

Pyrolysis of the A cetate o f Pihvdroisorosenololactone

The acetate (LXV) was pyrolysed a t 450°C under nitrogen a t a 

p ressu re  o f 15 mm. Hg. The product (1 mg) was found to  be one 

component by t.l.c . and g .l.c . (2% 20M Peg; 1% SE 30; 1% CHDMS).

UCHC13 1770, 1660, 670 cm .-1 .
max

Hydrogenation of the pyrolysed acetate in  acetic acid over platinum  

oxide affo rded  one compound as shown by t.L  c. and g .l.c . (2% 20M Peg;

1% SE 30). The retention tim e o f th is compound on g .l.c . d iffe red  

from  that of dihydrodesoxyrosenonolactone, but enhanced Peak 2 of the 

hydrogenated pyrolysed acetates of dihydrorosendlo- and dihydro- 

rosolo-lactone. The fragm entation pattern  d iffe red  slightly fro m  that 

o f dihydrodesoxyrosenonolactone. (Mass spec. m.wt. 304- C20H34°2

requ ires 304).



Attempted B orate Pvrolvsis of Isorosenololactone

Isorosenololactone (LIV) (10 mg) and boric acid (4 mg) w ere 

heated under nitrogen at 350°C fo r  1  hour. The reaction was allowed 

to cool £d> 20°C, w ater added and the aqueous solution extracted with 

ethyl acetate. The ex tracts w ere dried , and the solvent rem oved to  

yirid  two products (5 mg) found by t.l.c . to be le ss  polar than (UV). 

In fra -red  of the crude product showed no absorbtion a t 1770 cm. *

( 5 -lactone).

Dehydration of Pihvdroisorosenololactone

Dihydroisoro senololactone (LIVa) (10 mg), pyridine (1 ml) and

thionyl chloride (0.05 ml) w ere le f t  a t 20°C fo r  20 m ins. Work up

as previously described yielded one product, as seen fro m  g .l.c .

(1% SE 30; 2% 20M Peg.) of identical retention tim e with (LVI),

obtained fro m  attem pted tosylation of dihydroisorosenolalactone and

o
from  dehydration o f dihydrorosenoldLactone. M.p. 135 C , m .m .p.

135°C; UnU** 1770, 1640 cm. \  Signals in  the n .m .r. a t T4.7 
max

(1H, q), 8.5 (3H, s), 8 . 6  (3H, s), 9.25 (3H, s), 9.1 (3H, d).

Rosonolactone (LXXXI)

Rosololactone (50 mg) was dissolved in acetone (2 ml) and Jones 

oxidant (0.05 ml) added with cooling. The reaction was kept a t 0°C  

fo r  30 m ins. and worked up by addition o f w ater and extraction into
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ethyl acetate. Removal o£ the solvent and purification  by p .t.l.c . 

afforded  the keto-lactone (LXXXI) (40 mg), which crystallised  fro m  

ether-light petroleum , m.p. 128°C, (lit. value 126°C); u ”11̂
RlSX

1770, 1720, 1650 cm ."1.

Attempted preparation o f die Thioketal o f Rosonolactone

All m ethods previously attem pted to a ffo rd  die thioketals o f 

rosonono- and isorosenono-lactone, w ere repeated with rosonolactone, 

but all fa iled  to  product the desired  thioketal.

Attempted preparation of the Tosvlhvdrazone of Rosonolactone

Rosonolactone (LXXXI) (10 mg) was refluxed in ethanol (2 ml)

with tosylhydrazine^5 1 ^ ( 1 0  mg) fo r  3 hours. The usual work up

o oyielded only dihydrorosonolactone (7 mg), m.p. 140 C, m .m .p. 140 C, 

(Lit.value^38  ̂ 138°C). F u rth er reflux  overnight fa iled  to produce die 

required tosylhydrazone.

Dehydration o f Rosololactone

Rosololactone (20 mg) was dissolved in dry  pyridine and thionyl 

chloride (0.05 ml) added. The reaction was kept a t 20°C fo r  20 m ins., 

cooled to  0°C  and w ater added cautiously. The aqueous solution was 

extracted into ethyl acetate , the ex tracts d ried , and die solvent removed 

to a ffo rd  an oil (LK) (14 mg). P urification  by p .t.l.c . with ethyl acetate: 

light petroleum  (1 : 9) gave one product a s  seen fro m  t.l.c . on silica  gel-
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silver n itra te  and g .l.c . (1% SE30; 2% 20M Peg; 1% QF1). 1H 

quartet a t T4.7 (-CH= CBj). (Found: C, 79.8; H, 9.5. ^ 20^ 2So 2

requ ires C, 79.9; H, 9.4%).

Hydrogenation o£ (LI)

The A  **-desoxyrosenonolactone (LI) (15 mg), was hydrogenated 

in ethanol (5 ml) over 10% palladium  charcoal. The norm al work up 

yielded only an acid and no tra ce  o f starting  m aterial o r the desired 

saturated lactone, as seen from  tJL.c. An acid plus (LQ) was 

obtained when acetic acid was the solvent with platinum  oxide o r 

palladium  charcoal as catalyst. The dihydro- / S  ^^-desoxyrosenono- 

hactone (LQ) had the sam e retention tim e on g .l.c . (1% SE30; 2%

20M Peg; 5% SE 30) a s  the compound obtained fro m  dehydration of 

dihydroro sololactone with thionyl chloride in pyridine.

Hydrogenation o f (LI) in ethyl acetate over platinum  oxide,

(811palladium  charcoal o r 1 % palladium  on calcium  carbonate affo rded

the dihydro compound (LU) in  all cases, the bond at C,. -  rem aining

unsaturated. The A  ^^-dihydrodesoxyrosenonolactone (LU) fa iled  to 

cry sta llise . 1 H quartet a t T4.7 (-CH = CH^). (Found: C, 79.2;

H, 9.9. ^20H30^2 re Su*r *s  79 A; H, 10.0%).
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Attempts to convert Dihvdrorosololactone into the ether LXVin

Dihydrorosololactone (40 mg) was prepared by hydrogenation o£ 

rosololactone (40 mg) in ethanol (5 ml) over 10% palladium  charcoal, 

m.p. 140°C, (lit. value 138°C). The dihydrorosololactone was 

added to  dry tetrahydrofuran  ( 1 0  ml) with lithium  aluminium 

hydride (50 mg) and the solution refluxed fo r  5 hours. Work up

as previously described afforded  the dihydrotriol (LXXm) (30 mg),

CHC1 “1an o il, ^ max ^ 3550jcm. (broad). (Mass spec. m.wt. 324.

C20H36°3 r e q u i r e 8  324)-

Action of toluene -p -  sulphonyl chloride on the T rio l (LXXIII)

The trio l (LXXIII) (35 mg) was dissolved in dry pyridine (1 m l), 

toluene -p -  sulphonyl chloride (150 mg) added and the solution le f t a t 

20°C fo r  48 hours. Work up in  the norm al fashion yielded two 

isom eric compounds (LXXIV) and(LXXV) (30 mg), as seen by g.c.m .s. 

(1% SE 30). These compounds fa iled  to separate by p .t.l.c .

3550 cm . " 1  (absence o f toluene-p -sulphonate absorbtion). (Mass 

spec. nuwt. o f LXXIV = LXXV = 306. C2 0 H3 4 ° 2  306)«

Dehydration o f the Hvdroxv -E thers (LXXIV) and (LXXV)

The hydroxy-ethers (30 mg) w ere dissolved’ in  pyridine (1 ml) 

and thionyl chloride (0.04 ml) added, and the solution le f t a t 20°C 

fo r  20 m ins. Work up as  previously described afforded  two
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products, separable by p .t.l.c . with ethyl acetate: light petroleum

(1:32) as eluant, the plate being eluted tw ice to increase the 

separation o£ the two components. The le ss  polar product 

(LXXVI), an oil (13 m g), was shown to  be one component by t.l.c . 

over silica  g e l-silv er n itra te  and by g.l.c. (1% SE 30; 2% 20M Peg).

UCHC13 1640, 820 cm ."1; 1H quartet a t T4.6, (CH « CR„), ABmax *” 2

quartet T6.1 and 6.65 (J = 8  c /se c ), (-CH ^-O -). (Mass spec. m.wt.

288. ^20^32° r *Su*re s  288).

The m ore polar ene-ether (LXXVII) was also shown to  be one

component by t.l.c . over silica  g e l-silv er n itra te  and by g .l.c . (1 %

CHCl —1
SE30; 2% 20M Peg). U 3 1680 cm. ; 1H quartet a t T5.4max

(-CH-O-); AB quartet a t T6.15 and 6 . 6  (J * 8  c/sec)(-C H  2 “° “)*

(Mass spec. m.wt. 288. ^20^32° r 9 <lu r̂GS 288).

Hydrogenation o f the Ene-E ther (LXXVI)

The A  ether (LXXVI) was hydrogenated in the following 

system s

1. Ethyl acetate over 10% palladium  charcoal.

2. Ethyl acetate over platinum  oxide.

(81)
3. Ethyl acetate over 1% palladium  calcium  carb o n ate /

In a ll cases no change was observed in  (LXXVI) as seen by 

t.l.c . and g .l.c .
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Hydrogenation o£ the ene-ether (LXXVI) was repeated in the 

following system s;

1 . Acetic acid over platinum  oxide.

2. Ethanol over 1 0 % palladium  charcoal.

In these system s hydrogenolysis took place, Hie unsaturated 

prim ary alcohol (LXXVUI) being form ed, which crystallised  fro m  

light petroleum , m .p. 115°C; ^  a B quartet a t T6.48

and 6.80 (J = 12 c /sec) (-CH^-OH). (Mass spec. m.wt. 290.

C2 0 H3 4 O requ ires 290).

P reparation of Hie 6 -K eto-E ther (LXXDO.

The hydroxy-ethers (LXXIV) and (LXXV) (20 mg) w ere oxidised,

without p rio r separation, with chrom ium  trioxide ( 2 0  mg) in dry

pyridine ( 1 ml) a t 20°C fo r  12 hours. Work up by addition o f w ater

and extraction into ethyl acetate affo rded  two products, unchanged

(LXXV) (as seen fro m  g .l.c . 1% SE30; 2% 20M Peg) and the desired

6 -k  eto -ether (LXXDC) obtained by p .tX c. with ethyl acetate: light

petroleum  (1 : 9) as eluant. The 6 -keto -ether (LXXIX), fa iled  to

c ry sta llise . u C H C l 3  1720 cm ?1. (Mass spec. m .w t 304. max

e 20H3 2 ° 2  req u ires 304).
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Attempted preparation of the Tosvlhvdrazone of the 

6 -Keto E ther (LXXDC)

The 6 -keto ether ( 6  mg) was refluxed in ethanol (2 ml) 

with tosylhydrazine (5 mg) fo r  2  hours. Work up as previously 

stated gave only starting  m aterial and failed  to produce the desired  

tosylhydrazone. .

Attempted preparation of toluene -p-sulphonate of Rosololactone 

Rosololactone (10 mg) was dissolved in pyridine (1 ml) and 

toluene -p -  sulphonyl chloride (20 mg) added. The solution was le f t 

at 20°C fo r  48 hours and worked up in  the usual m anner to  yield 

only starting  m ateria l as seen by i . r . , t .l .c ., m .p ., and mixed m .p ..

Attempted replacem ent o f the Hvdroocvl group o f Rosololactone 

with Iodine

(50)1. Triphenyl phosphite: methyl iodide' was prepared by refluxing

triphenyl phosphite (3 ml) with methyl iodide (1 ml) fo r  36 hours.

This solution (0.05 ml) was le f t  with rosololactone (5 mg) fo r  48 hours 

and th e re a fte r worked up by addition o f ethyl acetate, the solution 

washed w ell with sodium thiosulphate and then with w ater, and the solvent 

rem oved to a ffo rd  a product which contained no lactone ring  (no 

absorbtion in  the i .r .  a t 1780 cm. *) and hence the desired  6 -io d e- 

desoxyrosenonolactone had not been form ed.
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2. Rosololactone (10 mg) was refluxed with triphenyl phosphite
(46)

(0 . 2  ml) and methyl iodide (0 . 1  ml) fo r  36 hours. The reaction , 

on work up as  described above, afforded  a product which again was 

found to have no -lactone absorbtion in the in fra-red !

Pvrolvsis of the B orate E ste r of Pihvdrorosololactone

Dihydrorosololactone (20 mg) was heated a t 300°C under nitrogen 

(52)with boric acid (5 mg) fo r  1 hour. The product was taken up in

ethyl acetate , washed w ell with w ater, the ex tracts dried  and the

solvent rem oved to yield one product (LX) (t.l.c . and g .l.c . 1% SE 30;

1% CHDMS; 2% 20M Peg). UC C l 4  1774, 1660 cm * max

no intense absorbtion above 220m ; 1 H m ultiplets a t T4.2, 5.2 and

7.5 (Mass spec. m.wt. 302. ^ 2 0^30°2 r *<*u*re * 302).

Hydrogenation of the pvrolvsis product (LX)

Hydrogenation of (LX) ( 6  mg) in  ethanol with either 10% 

palladium  charcoal o r platinum  oxide as catalyst, gave only m ore 

polar products a s  seen fro m  t.l*c.

In ethyl acetate over 1 0 % palladium  charcoal o r platinum  oxide, 

(LX) rem ained unchanged a s  seen fro m  gX c. and t.l.c .

E ffective hydrogenation was obtained in  acetic acid over 

platinum  oxide, the product (LXI) crystallising  fro m  light petroleum ,
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o CC1a - 1
m.p. 116 C; 1̂ max 1770 cm. ; 1H m ultiplets in  the n .m .r. at

T5.2 and T7.3. (M ass spec. m.wt. 318. ^20H30°3

Epoxidation o f the pvrolvsis product (LX)

The unsaturated lactone (LX) (20 mg) in  chloroform  (1 ml) with 

m -chloroperbenroic acid ( 1 0  mg) was le f t a t 20°C fo r  12 hours.

Work up as  described p r e v i o u s l y a f f o r d e d  the epoxide (LXII)

(10 mg), which crystallised  fro m  light petroleum , m.p. 124°C;

UC C l 4  1775 c m .'1; 1H m ultiplet a t T5.15; 1H doublet a t T7.4max

(J = 6  c /sec); 1H broad singlet a t T6.9. (Mass spec. m.wt. 318.

C20H30°3 r e q u i r 8 8  318->

A cetate of Pihvdrorosololactone (LX11X)

Rosololactone (60 mg) was refluxed with acetic anhydride (2 ml)

and fused sodium acetate (30 mg) fo r  2 \  hours. On the norm al

work up, the product (LXIIIa) was obtained, which crystallised  from

ether: light petroleum  as needles, imp. 168°C, (litv a lu e(38) 167°C);

UCHC13 1 7 7 0  X720, 1640, 1240 cm ."1,
max

Hydrogenation o f (LXIIIa) is  ethanol (5 ml) with 10% palladium

charcoal as catalyst yielded the dihydro-acetate (LXHI), which
a CHC1

crystallised  fro m  e th er, m .p. 157-158 C; 3  1770, 1720,

1240 cm ."1; 1H m ultiplet a t T4.9; (-CH-OAC); 3H singlet at T8.0 

(CH3 -COO). (Mass spec. m.wt. 362. C22 H3 4 ° 4  r * Iu ircs 362)•
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P vrolvsis o f the A cetate o f Dihydrorosololactone (LXIII)

The acetate (LXQ1) was pyrolysed at 450°C under nitrogen at 

15mm. Hg. p re ssu re , and afforded  in very low yield A ^ ^ -d ih y d ro -  

desoxyrosenonolactone, the sam e compound as obtained fro m  

pyrolysis of the acetate (LXIV) fro m  dihydrorosenololactone, as seen 

from  t.l.c . on silica  g e l-silv er n itra te  and g .l.c . (1% SE30; 2%

20M Peg; 1% CHDMS).

Hydrogenation o f the pyrolysed product in  acetic acid over 

platinum oxide, yielded th ree products as seen fro m  g .l.c . (2 %

20M Peg; 1% SE30). These products w ere separable by g.c.m .s. 

into th ree com ponents, identical in m olecular weight and m ass 

spectral fragm entation pattern  with Hie th ree  products obtained by a 

sim ilar route fro m  dihydrorosendolactone.
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LACTONES Ok AND 6̂ .

In the course o f our work on rosenonolactone, tm r m etabolites

w ere isolated fro m  the mould T .roseum . lactone oC. » which had not been

previously reported , and lactone , which had been isolated by Freem an 

(32)(34)
and M orrison and named rosein  in , though these w orkers made no

attem pt to determ ine its  structu re . Since commencing th is work on 

lactone p , we have lea rn t that B irch and R ickards a t M anchester have 

also  isolated th is  m etabolite fro m  T .roseum  and have kindly inform ed 

us<87> o f a tentative stru ctu re  (XCIX),

Lactone . (LXXX), C gH ^O  , m .p. 180°C, D -162°, was 

obtainedcfrom  T .roseum  in 4% yield (see experim ental), and had bands 

in the in fra -re d  a t 3590 (bonded hydroxyl), 1788 ( lactone),

1722 (cydohexanone) and 1640 cm. * (vinyl double bond), the band at 

3590 cm. * rem aining unchanged on dilution. The O.R.D. curve o f  ̂

lactone 0 ^ was very  sim ilar to the curve fro m  ro  senonolactone (XLVH) 

and d iffe red  radically  fro m  that o f rosenolactone (LXXXI) (Figure 5).

From  th is evidence it  was surm ised that lactone o( (LXXX) was a 

hydroxylated rosenoncdactone.

T his w as supported  by the n .m .r. spectrum  (Figure 6 ) which showed 

the vinyl double bond a t and the th ree quaternary methyl groups

(T8.64, 8.92 and 9.05), the low m ethyl signal a t T8.64 being assigned to  

the m ethyl group a t C^, a s  i t  is  deshielded by die hydroxyl a t C^.



The quartet a t T6.1 (1 H, W -10c/sec) was ascribed to the carbinol 

proton (CH-OH), th is quartet collapsing to a doublet ( 1 * 6  c /sec) 

on D^O exchange. Upon irrad iation  a t T7.5 (H^), the quartet 

collapsed to a broadened singled. Thus* the hydroxyl group can have

only one neighbouring proton and m ust be positioned a t C . or C.
O 14

and m ust be axial (j§ ). E ither o f these assignm ents would allow 

the hydroxyl group to  bond with the carbonyl group a t C^, while a t 

Cy^ the hydroxyl group would have an  opportunity of bonding with the 

vinyl double bond a t C ^ . Dihydrolactone ok (LXXXII), ^20^30^4* 

m.p. 174°C, form ed by hydrogenation of lactone ok (LXXX) absorbed 

in the in fra -re d  a t 3590 (bonded hydroxyl)* 1787 (IS -lactone) and 

1722 cm. * (cyclohexanone) and hence the hydroxyl group m ust be bonded 

to the carbonyl group and not to the o lefin ic double bond.

One method o f d ifferen tia tin g  between the and the 

positions fo r  the assignm ent o f the hydroxyl group w as to  fo rm  the 

diketone. On oxidation, e ith er an oC o r a ^  diketone would be form ed 

and should be easily  distinguishable by th e ir spectroscopic proper ties. 

Jones and S arre tt reagents and ruthenium  tetrax ide w ere used as 

oxidising agents but a ll fa iled  to  produce the desired  diketone, the 

in itial product being unstable.
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Another approach considered, was to rem ove the keto-group at 

Cy and identify  the resu lting  product as e ither rosololactone, with the 

hydroxyl group a t o r a s  a new alcohol, having the hydroxyl group 

at C ^ . W olff K ishner reduction was unsuitable a s  lactone oC 

rearranged under basic conditions and attem pted form ation o f the 

thioketal, p rio r to reductive rem oval, was also unsatisfacto ry  as 

lactone Ol was unstable to  the conditions necessary fo r  the reaction.

By preparation of a cyclic derivative from  the diol (LXXXm) 

of lactone , it was hoped that the tim X  spectrum  of th is compound 

might show the relationship  between the hydroxyl and carbonyl groups.

The o( face  o f the m olecule is  le s s  hindered and it was expected that 

sodium borohydride would attack fro m  th is side to a ffo rd  the c is  diol 

(LXXXm). However, it  w as possible fo r  the sodium borohydride to 

complex with the hydroxyl group and th ere fo re  attack fro m  the 16 face. 

Consequently, two dio ls epim eric a t C^, w ere form ed in approxim ately 

equal amounts on reduction. Because of the sm all quantities of lactone o( 

a t our disposal it  w as essen tia l to obtain a good yield in a ll the 

reactions undertaken. Fortunately, on catalytic hydrogenation, attack 

took place a s  anticipated, solely fro m  the le ss  hindered (oC) side to 

afford  the cis-dihydrodioi (LXXXIV), m.p. 215-216°C,

Q>C3d  + 25°, identical with one of die hydrogenated products fro m  sodium 

borohydride reduction (shown by form ation of identical acetonides).
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Absorption in  the in fra -re d  at U ™ *  3<42, 3615, 3550 and 3470.0m .'1,max *

accounted fo r  the f re e , in te r- and infcra-molecular hydrogen bonding of 

the hydroxyl groups, and the abaorbtion a t 1777 cm . ’ 1  signified that 

the 8 -lactone w as s till p re se n t The (CH -OH^ protons w ere centred at

h #T5.9 (m ultiplet, W* = 12 c /sec) and T6.3 (m ultiplet, W 2  = 16 c /sec).

On DjO exchange, the m ultiplet at T5.9 collapsed to a quartet,

(J« 3 and 10 c /se c ), but the m ultiplet at T6.3 rem ained complex. The 

spectrum does not estab lish  unambiguously the position of the two hydroxyl 

groups, but i t  in fe rre d  that one was a t and the other a t fro m  the 

complexity o f the m ultiplets a t T5.9 and 6.3.

By reaction  o f the dihydrodial (LXXXIV) with anhydrous copper 

sulphate and acetone, the acetonide (LXXXV), ^23^36^4*

168°C, + 36.4°, was form ed and from  the analysis o f the single

and double resonance spectra o f th is compound, a unique solution 

(LXXX) fo r  the stru c tu re  o f lactoneoC was obtained.

The -CH-OR protons w ere centred a t T5.65 (quartet, J = 4 and 8  

c/sec) and T6.0 (quartet, J * 3 and 8  c /sec). From  th is splitting pattern  

and with the assistance o f m odels, it  can be seen that one hydroxyl group 

must be situated a t and the other a t Cg and not a t C ^ , and ring B in 

lactone o( m ust be a boat with die protons a t Cg and Cg, oC and 

axial. With the acetonide group orientated, die protons at Cg and
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C7 are  coplanar, confirm ed by double irrad iation  a t T8.26, both 

quartets collapsing to  doublets with coupling constants (J = 8 c /sec) 

in accordance with the dihedral angle between Kg and ^  , =

0°. Thus Ha  and 

die collapse o f both quartets to  doublets. Assuming that the 

stereochem istry of lactone oC is  the same as in ro  senonolactone 

(LXVH) a t C^, and C ^»  the structure and stereochem istry

of lactone 0( is  a s  shown in (LXXX).

To support th is  assum ption, a d irect correlation was established

between lactone cC and rosenonolactone, by way of the diosphenol (LXXXVI).

Treatm ent o f dihydrolactone o( (LXXXQ) with bism uth oxide and acetic

acid affo rded  an acid , identified  a s  the derived methyl e s te r (LXXXVI).

This e s te r, C^-HnoO ., m .p. 1 2 1 °C , absorbed in die in fra -re d ,21 28 4 max

3500 (bonded hydroxyl), 1735 (ester), 1860 cmT (cross conjugated 

dienone), and in  the u ltra -v io le t A 257 m ^ y Y. 5590 and 300 rry ^

Z. 3696, die expected bathochrom ic sh ift being observed A max 

356 m^u/Z3096, on addition of sodium hydroxide. The diosphenol e s te r 

(LXXXVI) gave a ch arac teristic  intense purple colouration with 

alcoholic f e r r ic  chloride solution. The singlet a t T3.5 (-O-H) 

disappearing on D^O exchange, the singlet a t T6.33 (3H) (-COO-CH^) 

and die th ree quaternary m ethyl groups appearing a s  singlets a t T8.5,

8.7 and 9 .2 ,confir med die stru ctu re  of the diosphenol e s te r a s  (LXXXVI).

m ust both resonate a t T8.26 to  account fo r
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Acetylation o f (LXXXVI) yielded the desired  acetate (LXXXVII), 

which had bands in the in fra -re d  at 1765 (acetate), 1730 (methyl este r) 

and 1650 cm. 1  (dienone) and in (he u ltra-v io let a t A  max 250 m 

X  H»800, the hypsochrom ic sh ift being anticipated on acetylation of the 

diosphenol e s te r (LXXXVI). In the n .m .r. spectrum  a singlet at 

T7.75 (3H) (CH3 -COO-) appeared in  addition to those resonances in 

the diosphenol e s te r  spectrum .

The CC. -fu rfu ry lid en e  d ihydrorosenono lactone^  (LXXXVM),

m.p. 191-192°C, ( lit.v a lu e ^ ^  191°C), was prepared from  dihydro-

rosenonolactone and th is  had the expected bands at 1770, 1680 and

1600 cm. * in  the in fra -re d , and a t A 322 m u , I  23,000 in  themax /

ultra-violet. O zondysis o f (LXXXVIH) in acetic acid a t 20°C affo rded , on

reductive work up, the diosphenol (LXXXDC), m.p. 174°C, (L it.value^^

173-176°C), which absorbed! in  the in fra -re d  a t 1766 ( 8  -lactone),

1670 (enone), 1640 (vinyl double bond) and 3400 cm. * (hydroxyl). A

black-green colouration was observed with alcoholic fe rr ic  chloride

solution and the u ltra -v io le t maximum a t A  387 m k T ll,1 5 0max I * *

shifted to A  3 5 5  m k  on addition o f sodium hydroxide. Refluxing 
max /

this diosphenol (LXXXDC) in  acetic acid caused die lactone ring  to open, 

yielding an unsaturated acid , which on m ethyiation affo rded  a compound 

identical with (LXXXVI) obtained fro m  lactone oC , m .p. 121°C, m .m .p.



m°C, in fra -ra d  (U" ^ 4  3500, 1735 and 1660 c m .'1), u ltra-v io let
XlldX

(X 257 m k , and 300 mU.) and n .m .r. (T6.33 (3H, a), 8.7max ' j

(3H, s), 8 . 8  3H, s) and 9.2 (3H, s).). This d irec t correlation  proved 

conclusively that die absolute configuration of the new m etabolite 

lactone CC , is  a s  shown in  (LXXX).

During the course o f our work on lactone , a method was

considered fo r  re la tin g  it  to ro  senonolactone, by form ation o f the 

mesylate and th e re a fte r reductive rem oval of th is group with lithium  

aluminium hydride. T reatm ent of lactone c( with methane sulphonyl 

chloride in pyridine fa iled  to yield d ie desired product, but form ed

instead a compound (XC), ^20^28^4* C, L°G ^  + 4°,

isom eric with lactone cL . A compound was isolated from  the mould 

T.roseum  in  extrem ely sm all yield ( 8  m gs. from  4 gm s. o f broth ex tract), 

which had identical m .p ., n .m .r., i .r . and t*l.c. retention tim e with 

(XC), but i t  is  considered that th is may be an a rtifa c t form ed upon 

work up of the mould. The structu re of (XC) was uniquely defined 

by a detailed study o f its  n .m .r. and in fra -re d  spectra.

In the in fra -re d , bands a t 3560 and 1782 cm. * denoted the presence 

of a bonded hydroxyl group and a  5  -lactone, but showed the absence of 

a koto group. The th ree  quaternary methyl groups (T8.76 (3H); T9.D4- 

(6 H ),) w ere observed in  the n .m .r. spectrum  and the protons appearing
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as doublets a t T5.33 (J = 6  c /sec) and T7.48 (J « 6  c /se c ) w ere mutually 

coupled since on irrad ia tio n  a t T5.33, the doublet a t T7.48 collapsed 

to a singlet. As these protons couple with each o ther and with nothing 

dLse, they m ust be flanked on either side by te tra  -substituted carbon 

atoms. Consequently, the doublets a t T5.33 and T7.48 w ere assigned to 

H< Hs » s p « * iv d y , Hs b ro g  a t lo w «  f id d  than th . r « t  <£ th . 

methine protons, a s  i t  is  deshielded by the lactone ring. The hydroxyl 

group fa iled  to  oxidise and no change was observed in the n .m .r.

«p«*rum on exchang., in  a g re ^ n e rt with th . to th .

hydroxyl group o f a te rtia ry  position.

These re su lts  m ight have been in terpreted by die form ation o f a 

sym m etrical d im er (XCI), fro m  die condensation of two m olecules of 

lactone OL » but fro m  osm om etric and m ass spectrom etric m olecular 

weight determ inations, (XC) w as found to be monomeric.

The hem iketal (XC) fa iled  to  fo rm  when lactone oC was refluxed 

in pyridine alone, but in  ethanblic potassium  hydroxide, lactone OC. was 

isom erised to (XC), (m .p., num . p ., i . r . ,  u .v ., and n*m*r.).

From  the d o se  proxim ity of the oxygen functions at C^ and C^ 

and of the #  -lactone rin g  (as seen fro m  the 3D diagram  of lactone 

(LXXX)) it is  possible that (XC) is  form ed in ethanoUc potassium  hydroxide 

by the C^-OH attacking the lactordc carbonyl group to a ffo rd  a new



i  -lactone and th e re a fte r the oxygen function a t C could attack 

the ketonic carbonyl group a t C? to  give the hem iketai (XC). In 

methane sulphonyl chloride and pyridine, a possible mechanism fo r  

die form ation o f (XC) fro m  lactone OC could be iniffal polarisation 

of die electrons fro m  the ketonic carbonyl group a t C^t and subsequent 

attack of th is by the oxygen function a t C ^ , the hydroxyl group a t 

Cg having already form ed a new X  -lactone with the lactonic carbonyl 

group.

In an attem pt to  open the hem iketai ring , (XC) was treated  with 

aqueous a d d  and base and also  with thionyl chloride in pyridine, but 

no change was observed.

Reduction of lactone OC. with lithium  aluminium hydride in 

anhydrous e th er yielded an oily te tro l (XCII), (mass spec. m.wt. 338), 

considered to  be epim eric with the te tro l (XCnQ(mass spec. m.wt. 338), 

obtained by reduction of (XC), by com parison of th eir n .m .r. spectra. 

The poly-bl (XCII) absorbed in the in fra -re d  a t 3819, 3530

and 3352 cm!"1, attribu ted  to  the non-banded and bonded hydroxyl groups, 

the bond a t 3352 cm r1  decreasing in  intensity on dilution and therefo r*  

arising partia lly  fro m  interm olecular hydrogen bonding. It was 

anticipated that hydride attack would take place fro m  die o(. face  of 

lactone OC, a s  it  is  the le s s  hindered, to  yield a ^ -OH a t C^. This



was borne out by estim ation of the coupling constants of the carbinol 

protons in  the n .m .r. spectrum . The protons o f the prim ary  hydroxyl 

group appear a s  an AB quartet centred at T5.45 and 6.7 (J = 11 c /sec) 

(geminal coupling). They a re  mutually coupled, since irrad iation  at 

T5.45 causes the doublet a t T6.7 to  collapse to a singlet, and a re  non- 

equivalertt as f re e  ro tation  of the C ^ -C ^  bond is  prevented by hydrogen 

bonding. Consequently, one of the protons of the methylene group

and Cg. The doublet 

centred at T5.6 (J = 9 c /se c ) is  assigned to Hg (CH-OH), and the quartet 

at T6.2 (J = 4 and 9 c /se c ) to H^ (CH-OH). Upon irrad iation  at T5.6, 

the quartet a t T6.2 collapses to  a doublet (J * 4 c /se c , residual coupling to 

Hg), while in  the rev e rse  experim ent the doublet a t T5.6 collapses to a 

singlet. Irrad ia tio n  a t Hg, T8.65, causes the quartet a t T6.2 to collapse 

to a doublet (J = 9 c /s e c , residual coupling to Hg). H ie observed coupling 

constants o f Hg and H^ with th e ir neighbours a re  m et by a tw ist boat 

conform ation fo r  ring  B , caused by Hie hydrogen bonding between the 

hydroxyl groups a t Cg, C^^ and and by the 1 : 3 diaxial interaction 

between the hydroxyl a t C^ and Hie methyl group at C^. This ro ta tes 

Cg up, giving a  dihedral angle o f 90° between Hg and Hg (Jg g = O c /sec).

The te tro l (XCIH) fro m  (XC) has bands a t 3616, 3552, 3438

and 3340 cm. ^ in  the in fra -re d , Hie bands at 3438 and 3340 cm. 

decreasing in  in tensity  on dilution. The methylene protons o f Hie prim ary

is deshielded by the hydroxyl groups a t C ^
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hydroxyl group appear a s  an AB quartet centred a t T5.5 and T6.7 

(J> 11 c /sec) and a re  m utually coupled as irrad iation  a t T5.S 

reduces the doublet a t T6.7 to a singlet. Deshielding by the j& hydroxyl 

groups a t Cg and C^q causes the d ifference in chem ical sh ift o f the 

two geminol protons. H ie broad singlet a t T5.84 (J * 3 c /sec) and 

Hie quartet a t T6.18 (J * 3 and 12 c/sec) a re  assigned to  the carbinol 

protons a t Cg and respectively. Upon double irrad iation  a t T6.18 

(H 7) the broad singlet a t T5.84 (Hg) sharpens to a d e a n  singlet, while 

in the rev erse  experim ent the quartet a t T6.18 reduces to a doublet 

(J «= 12 c /se c , residual coupling with Hg). Upon irrad iation  a t T8.2

(H J, the quartet a t T6.18 (H_) collapses to a broad singlet (J * 3 c /se c ,o 7

residual coupling to  Hg). F rom  the observed coupling constants of 

Hg and with th e ir neighbouring protons and with Hie knowledge that 

ring B has a tw ist boat conform ation the hydroxyl group a t is  assigned 

the oC configuration. H u s is  to  be expected from  consideration of 

hydride attack on the hem iketai (XC). H ie form ation o f these epim eric 

te tro ls  ftrom  (LXXX) and (XC) is  fu rth e r proof that no m ajor structu ral 

rearrangem ent h as taken place by action o f base on lactone o(. (LXXX) 

to affo rd  Hie product (XC).

Acetylation o f these tetrads (XCII) and (XCHI) y idded two diacetates 

from  each compound, Hie p rim ary  and either Hie Cg o r the C^ hydroxyl 

group acetylating. These d iacetates o f (XCII) and (XCHI) proved
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inseparable by chrom atography.

In the hem iketai (XC), the hydroxyl group should acetylate more

readily than a norm al te rtia ry  hydroxyl group. In acetic anhydride

and pyridine, (XC) form ed the acetate (XCa), (m ass spec. m.wt. 374),

m.p. 170°C, a s  shown by in fra -re d  absorbtion (CCl^), 1783 ( ^  -lactone),

1750 (acetate) and 1240 cm. ^ (acetate) and by the n .m .r. spectrum , where

the -COO CH j  protons appear as a singlet, T7.90 (3H). From dlouble

irradiation experim ents, the doublet at T7.45 (J = 6  c /sec) is  seen to be

coupled to the doublet a t T4.65 (J = 6  c /sec) and these may be assigned to

H. and H . respectively , ^  e = 20°. On acetylation, EL is  shifted  down- 5 o 5 , 0  o

field by TO.6 8 , com pared with Hg in  (XC), which is  a large downfield

shift fo r  a proton in  th is  environm ent. However, it  can be shown with

the assistance o f m odels th a t, in  the p refered  conform ation of the

acetate group, H . is  in  the deshielding region of die acetate carbonyl group o

and this could account fo r  its  la rg e  downfield sh ift.

The hydroxyl group of lactone 0 L was originally considered to be at

Cg o r C ^ , and a t one stage in  our work, C ^  was the m ore strongly

favoured position. Because of the sm all quantities of lactone OC. available,

an attem pt w as made to  synthesise th is supposed C ^  alcohol from

ro senonolactone. One proposed method was to brom inate dihydro-

rosenonolactone a t Cn, dehydrobrom inate to  a ffo rd  the A   ̂ ^-dihydro-
8
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rosenonolactone, and th e re a fte r attach a hydroxyl group a t to yield

the desired hydroxyrosenonolactone. Bromination o f dihydrorosenonolactone

with brom ine in acetic acid gave th ree products. Only one of these was

obtained pure by chrom atography, as the crystalline m ono-bromideo

(XCIV), ^20^29^3 ^ r * m*P* 141°C, “ 70°. This m ono-brom ide had

bands in the in fra -re d  a t 1770 ( -lactone) and 1725 cm. * (cyclohexanone) 

and in the u ltra -v io le t \  ^ ^ 3 0 8  Y  62. The ketonic frequency is  thus 

9 cm. * h igher and the u ltra -v io le t maximum 13 mju, higher than the 

corresponding absorbtion maxima o f dihydroro senonolactone. From  these 

resu lts it  is  im possible to  deduce the configuration of the Cg halogen, 

due to the fa c t that ring  B has a rig id  boat conform ation, in which the 

plane of the carbonyl alm ost b isec ts the angle between the Cg hydrogen 

and the Cg brom ine. In the n .m .r. spectrum  of the m ono-bromide, the 

doublet centred a t T5.9 (1H, J = 12 c /sec) (-CH B r -) shows that the 

configuration o f the brom ine atom  at Cg is  OC , the dihedral angle between 

Hg and Hg being 180° , in  accordance with the value of the coupling 

constant.

Dehydrobrom ination o f (XCIV) with lithium  brom ide and lithium  

carbonate in  dim ethyl form am ide^*^, afforded  the unsaturated

ketone (XCV), C20H28O3 ' m*p‘ 167° C» ^  D ° ° ” ThU «tru c tu ral 

assignm ent w as confirm ed by absorbtion in the in fra -re d  at 1779 

(H actone) and 1679 cm. * (enone) and in  the u ltra-v io let
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235 m |* , L 10,884. The olefin ic proton at appeared as a singlet in 

the n .m .r. a t T4.2.

F ailu re  to  fo rm  the Cg mono-bromide as  an interm ediate in the 

synthesis o f the alcohol, led to the use of rosenonolactone as 

a model compound fo r  the reactions of lactone oL . If the hydroxyl 

group in lactone OC w ere a t and in an axial jjS) configuration, by 

addition of an easily  elim inated oxygen function at C ^ , it  should have 

been possible to fo rm  a dihydrofuran derivative (XCVI), by attacking 

with th is  hydroxyl group at C ^ .

Epoxidation o f rosenonolactone yielded the desired compound 

pCCVH), C2 0^28^4* m*P* ^ 6 ° con^irm e^ by the presence of the one

protons m ultiplets a t T7.4, 7.6 and 7.8. Attempted opening of this

(84)epoxide ring  with fre sh ly  d istilled  boron triflu o rid e  ether ate , afforded 

an acid, and variations in  tem perature and concentration failed  to yield the 

expected aldehyde. The epoxide of lactone was prepared on a pilot 

scale, in  the hope th a t, on opening th is epoxide ring , attack by the 

C^-O H  might staKLisb the system  and yield the desired dihydrofuran 

derivative. However, the action o f boron triflu o rid e  on the epoxide o f 

lactone OC affo rd ed  only acidic products.

The lack  o f success o f the above route led to  an attem pt to  fo rm  

the vicinal glycol o f lactone OC , with a view to subsequent ring  closure



69

using toluene -p-sulphonyl chloride, to a ffo rd  e ith er the dihydrofuran 

(XCVI) o r the 1 6 -hydroxy derivative (XCVIa). Osmylation of 

rogenonolactone gave the diol (XCVIH),

-1 1 0 ° , but a ll endeavours to  obtain the corresponding glycol from  lactone 

ck failed , a s  decom position of the m etabolite occured under the 

conditions used.

At th is stage in  the work evidence f ir s t  em erged, which made die 

location of the hydroxyl group a t probable.

Lactone | 6  (m ass spec. m .w t 332), m.p. 221°C, tsO p*124°, 

isolated from  the mould T .roseum  in 1% yield (b& experim ental), had 

bands in the in fra -re d  (CCI4 ) a t 3610 (bonded b^iydroxyi), 1782 (l£-lactone) 

and 1722 cm . 1  (cyclohexanone) and its  O.R.D. curve was again alm ost 

superimposable (Figure 7) on that of rosenonolactone. In die n .m .r. 

spectrum, the th ree  quaternary methyl groups (T8.9, 9.0 and 9.1) and 

die vinyl double bond a t C ^»  ch arac teristics of the insane skeleton, 

were observed. F rom  th is  inform ation, lactone jS appeared to  be 

another hydroxylated rosenonolactone, isom eric with lactone oC. The 

multiplet a t T5.9(1H) w as assigned to  the carbinol proton (-CH-OH),

DjO exchange resolving d iis  m ultiplet into a quartet 0 * 3  and 5 c /sec). 

From th is splitting p a tte rn , the hydroxyl group was considered to have 

too neighbouring protons and thus, if  lactone has a rosane skeleton, 

die hydroxyl group can be placed a t CV  C3* CI 1  ° r  C1 2 *



Oxidation o f lactone p  with Jones reagent yielded a dione,

(mass spec. m .wt. 330), m .p. 198°C, M  -100°, and UCC14 1767
D max

( 6  -lactone) and 1710 cm. 1  (cyclohexanone). F rom  the integration 

curve o£ die n .m .r. spectrum  o f die dione, two additional protons w ere 

observed between T7.0 and 8.0 the expected region in which the protons 

(-CHj-CO) would resonate.

T reatm ent o£ th is  dione with m ediandic potassium  hydroxide yielded

three products, only one o£ which was obtained pure by chromatography.

This compound (m ass spec. m.wt. 362). m .p. 119°C, absorbed in the
-1

in fra-red  a t 1735 (ester) and 1714 cm. (cyclohexanone) and from  

estim ation of the extinction co effic ien ts o f these absorbtions, i t  was found 

that one e s te r group and two keto groups w ere present in the molecule.

In die n .m .r. spectrum , a th ree  proton singlet at T6.4 was assigned to 

th . proton. (-COO CH3 ). but th . u n rW v a b l. m u ltip le . b * w « n  T«.7 and 

8 . 6  rem ained unexplained. F rom  these re su lts , it  can be seen that 

the lactone ring  has been cleaved to  a ffo rd  an acid, which was este rified  

under die conditions o f the reaction. To account fo r  the addition o f 

mass 32 to the dione on base cleavage, a m ass 17 (OH) m ust be added, 

in addition to  the m ass 15, attributed to die methyl group o f the es te r. 

Unfortunately, no hydroxyl group was observed in  the in fra -re d  spectrum . 

The action o f base on the dione might have been explained as in F igure 

8 , by assigning the hydroxyl group in  lactone j5 to C ^ . However,
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this would re su lt in  the m olecule possessing th ree keto

groups, and fro m  the in fra -re d  spectrum , o ily  two appear to  be

present*

Dehydration o f dihydrolactone |5 with phosphorous oxychloride 

in pyridine yielded an unsaturated ketone (mass spec. m .w t 316), 

m*p. 194°C, which had bands in the in fra -red  (CC14) at 1763 ( 6  -lactone), 

1707 (cyclohexanone) and 1645 cm. 1  (double bond), and had no intense 

absorbtion in  the u ltra -v io le t above 220 m Two one proton 

were seen in the n .m .r. spectrum  at T4.64 and 5.1, in addition to a 

complex m ultiplet centred at T6.75 (2H), the th ree expected 

quaternary m ethyl groups T 8 . 8 8  (3H), 9.02 (6 H), and the secondary 

methyl group (T9.05). Hydrogenolysis occurred during hydrogenation of 

this enone in m ethanol over 1 0 % palladium  charcoal, an acid being form ed 

as shown by t.l.c . However, hydrogenolysis was avoided by reduction 

over platinum oxide in  ethyl acetate. The product (mass spec. nuwt.

318), m.p. 184°C, absorbed in  the in fra -re d  at 1770 {% -lactone) and 

1710 cm. * (cyclohexanone), and in  the rum .r., the singlets a t T4.64 and 5.1 

found in die enone, w ere no longer present. A sharp singlet was 

observed a t T7.62 (2H) and an unresolvable m ultiplet a t T7.1 (2H) in 

addition to the th ree  quartem ary  methyl groups (T8.76, 8.9 and 9.08) 

and die secondary m ethyl group (T9.14 doublet).



If the hydroxyl group w ere at C3> Cn  o r C , as was 

considered in itially  fro m  the splitting pattern of the carbinol proton 

in die n .m .r. of lactone , it is  d ifficu lt to assign die two one proton 

singlets obtained on dehydration of dihydrolactone , a s  the protons 

of a cis-double bond have a coupling constant of value J * 8-12 c /sec .

Consequently, it  is  d ifficu lt to  attribute a hydroxyrosenonolactone 

structure to lactone ^  on the re su lts  o f the reactions just described, 

although the O.R.D. curve and the n .m .r. spectrum  a re  strong evidence 

in favour o f th is  assignm ent.

Birch and R ickards have assigned die tentative structure (XCDC) 

to lactone |S5 on the b asis  o f evidence which is  a t present unpublished. 

However, it  is  equally d iffic u lt to accommodate our resu lts  on th is basis 

and we have no com pelling reason  to doubt that lactone j3 possesses the 

normal rosene skeleton.

In view o f die sm all am ounts o f lactone a t our disposal it is  

proposed to p repare a suitable heavy atom derivative fo r  X -ray 

structural analysis.



EXPERIMENTAL

Metabolites of T.Roseum  Link

20 litre s  of Czapek-Dox and com  steep liquor*32  ̂ was seeded with 

spores o£ T .roseum . The mould was grown fo r  th ree weeks as a 

surface cu ltu re , and the broth decanted from  the mycelium. A little  

chloroform  was added to  the broth and mycelium to e ffe c t sterilisation .

The broth was ex tracted into ethyl acetate and tee  ex tracts w ere 

washed with sodium bicarbonate, w ater and th e rea fte r dried. The 

solvent was rem oved to  give a brown gum (4 gm) and tee components 

o£ this w ere separated by p .t.L c. on fiv e  ( 1 0 0 0  x 2 0 0  x 1  mm.) 

plates using ethyl acetate: ligh t petroleum  a s  eluant. The fallowing 

table sum m arises, in  increasing  po larity , tee products obtained fro m  

chromatography o f tee  broth ex trac t.

BAND WEIGHT CONTENT

I 1 2 0  mg
(4 4 )

Desoxyrosenonolactone '

n 160 mg Ro.««onolactone^37^ 38^

m 150 mg Lactone 0(.

IV 50 mg L a c t* . £ (3J)(34).

V 1.3 gm Trichothecin^33 .̂

P ure sam ples o f a ll these compounds w ere obtained as shown by 

tX c. with ethyl acetate : light petroleum  ( 1  : 1 ) as eluant.



L.ehm» d, (LXXX)

This m etaboliU  was iso la t'd  as dsscribsd  and cxystallissd 

from  sfltsr a s  p rism s, nup. 180°C; M  D-l« 2 ° , ( 6  « 1 .0 ,chloroform );

U^Cl4  3 S9 0, 1788, 1722, 1 6 4 0  cm*1; \  Et0H ; No intense 
max , max

absocrbtion above 220 m . On addition of v tim m  hydroxide solution,
Ek OH <r _

\  max 222 m ^ 5 l3 3 0 0 . 1H quartet centred  at

T6.0 0 CH-OH).(Found: C ,71.9; H ,9.5. ^  qH ^O  r * ^ “ re * C ,72.2; 

H8.5%.)

Pjhvdrolactone oC (LXXXH)

Lactone 0((7 mg) w as added to a suspension of 10% palladium

charcoal ( 1 0  mg) in  ethyl acetate (5 ml) and one mole of hydrogen was

observed to  be taken up. The solution was filte red  through cellulose

powder and die solvent rem oved to give dihvdrolactone oC (LXXXH),

(5 mg} which c ry sta llised  fro m  light petroleum , m.p. 174°C; U ^ 1*max ,

3590, 1787, 1721 cm ”1. (Mass spec. m .w t 334. C20H30°4 re ^u ires 

334).

Reduction of Lactone (LXXX) with Sodium Borohydride

Lactone oC (10 mg) w as dissolved in methanol (2 m l), sodium 

borohydride ( 1 0  mg) added, and die solution le f t a t room tem perature 

fo r 1  hour. Work up by the addition of w ater, extraction into 

ethyl acetate, and rem oval of die solvent afforded  two diols (LXXXUI)



and (LXXXIHa), (7 m g), epim eric a t C?9 as  seen from  U .c .

Separation o f the m ixture by p .t.l.c . was unsuccessful. Leaving the 

mixture o f d iols in  acetone plus anhydrous copper sulphate fo r  2  

days a t 2 0 °C yielded die c is  acetonide (LXXXVa), ( 3  mg), plus the 

unchanged tra n s-d io l (LXXXIHa), (3 mg). Hydrogenation o f (LXXXVa) in 

ethanol over 1 0 % palladium  charcoal afforded the dihvdro-acetonide 

(LXXXV), a s  seen fro m  t.l.c . and m.p. 167-168°C., m .m.p. 167-168°C.

Reduction o f Lactone o( (LXXX) with Adams1 Catalyst in 

Acetic Acid

Lactone 0^ (70 mg) was hydrogenated in "analar" acetic acid (10 ml)

over platinum  oxide (20 mg) fo r  24 hours a t 20°C. F iltration  o f the

solution through cellulose pbwder and rem oval of the acetic acid by

azeotroping i t  w ith benzene, affo rded  die dihvdro-diol (LXXXIV), (58 mg),

shown to be homogeneous by t.l.c . (LXXXIV) crystallised  from  ether

as fin e  needles, m .p. 215-216°C; IsG  ^  + 25°, (c = 0.4, chloroform );

UCC14 3643, 3615, 3550 (bondad -OH), 1777 c m .'1; 1H m ultiplets 
max

centred a t T5.9 and 6.3 fcCH-OH). (Found: C, 71.2; H, 9.5.

^20^32^4 re Su*re * 71*^5 **, 9.6%).

Acetonide o f the Pihvdrodibl

The dihydrodiol (LXXXIV), (30 mg), was added to  a suspension of 

copper sulphate (anhydrous) (1 gm) in  '’analar” acetone (10 m l). A fter 

2 days a t 20°C the solution was filte red  through cellulose powder, and



the solvent rem oved to a ffo rd  the acetonide(LXXXV), (22 m g), which

crystallised fro m  ether as fin e  needles, m.p. 167-168°C; C °0  + 36.4

(c = 0.45, chloroform ); 1770 cm ."1; 1H quartets centred at

T5.65 and 6.0 (-CH-O-) C(CH ) (Found: C, 73.6; H .9.3. C _ ,H ,,0 ,
* ° 23 36 4

requires C, 73.4; H, 9.6%).

Action of ethanolic potassium  hydroxide on lactone dL (LXXX1

A solution o£ lactone 0 (, (20 mg) in  benzene (sodium dried) (1 ml) 

was added to  a 5% ethanolic potassium  hydroxide solution (3 ml) and was 

kept a t 20°C f o r  45 m ine. W ater was added, die solution extracted 

with ethyl aceta te , the ex tracts combined, washed with w ater, dried and 

the solvent rem oved in  vacuo. H ie product (XC) (14 mg), purified by 

p .t.l.c . using ethyl acetate: light petroleum  (3 : 7) as eluant, crystallised

from  ether -  ligh t petroleum , m .p. 156-157°C; [ d j  ^  + 4°, (c = 0.27,

C P I  -1
chloroform ); U 4  3560, 1782 cm. ; 1H doublet centred at T5.33 max

0 * 6  c /sec) OC^H -O -) and at T7.48 0  -  * c /sec) BCg'S). (Mass 

spec. m.wt. 332. ^20H28°4 re<lu * r * 8  332).

Action o f Methane Sulohomd Chloride on Lactone

Lactone & ( 2 0  mg) in  d ry  pyridine (1 ml) with methane sulphonyl 

chloride (0.05 ml) w as heated on a steam  bath fo r  1 hour. W ater was 

added, the solution extracted into ethyl acetate, dried and the solvent 

removed, any excess pyridine being azeotroped o ff with benzene. H ie
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product a f te r  purification  by p .t.l.c ., was found to  be identical with 

(XC); same retention  tim e on t.l.c .; i .r . ,  3560, 1782 cmT1);

n.m .r., (T5.33 (lH ,d  ), T7.48(1H, d )), m.p. 156-157°C; m .m .p. 156-157°C; 

\dC]p + 4°, ( 6  = 0.5; chloroform ).

Acetvlation of (XC)

(XC) (14 mg) was acetylated in T'analar" acetic anhydride (0.3 ml)

and dry pyridine (0.5 ml) a t 20°C fo r  12 hours. The reagent was

removed in vacuo and the product, a dark brown gum, purified  by p .t.l.c .

using ethyl acetate: light petroleum  (3 : 7) as eluant The acetate,

(XCa) was cry sta llised  fro m  light petroleum  as large needles, m.p. 170°C*

UC C l 4  1783, 1750 cm ’ 1; 1H doub les cantrad a t T4.63 (s,C H -0-) and at max -

T7.46 ( ^Cg-H). (M ass spec. m.wt. 374. C22H30°5 r e ^ l i r e 8  374)*

Reduction o f Lactone oC (LXXX1 with Lithium Aluminium Hydride

Lactone (30 mg) w as dissolved in ether (sodium dried) (20 ml) and 

lithium alum inium  hydride (50 mg) added. The solution was refluxed fo r  

5 hours, and worked up a s  previously described to  a ffo rd  die oily te tro l

(XCII), UCC14 3619, 3530, 3352 cm ? 1  ; AB quartat a t T5.45 and
max *

6.70 0  -  1 1  c /sa c ) (-CH .-O H ), 1H doublat cafltrad a t T5.6 ( '-CgH -OH);

1H quaxtat cantrad a t T6.2 ( ^CyH-OH). (Maaa apae. m .w t 338.

°20H34°4 338>-



78

Acetvlation o f the T etro l (XCH)

The te tro l was le f t in pyridine (1 ml) and acetic anhydride (0.3 ml) 

at 2 0 °C fo r  24 hours. Removal of the solvent in vacuo afforded  a 

dark brown gum , found to be two products of very sim ilar polarity 

after p u rification  by p.tJL.c.

Reduction of (XC) with lith iu m  Aluminium Hvdride

(XC) (30 mg) was refluxed in ether (sodium dried) with lithium

aluminium hydride (50 mg) fo r  5 hours. On the norm al work up, an

ofly te tro l (XCni) was obtained, UC C l 4  3616, 3552, 3340 c m '1; AB * 9 max

quartet a t T5.5 and 6.7 Q B 11 c/sec)(-C H 2  -OH); 1H broad singlet at 

T5.84 0  = 3 c /se c ) -OH) ; 1 H quartet a t T6.18 ( -CyH -  OH).

Acetvlation o f the T etro l (XCIII)

The te tro l (20 mg) was le f t  in  pyridine (1 nil) and "analar" acetic 

anhydride (0.5 ml) a t 2 0 °C fo r  24 hours. Work up, ae previously 

described, yielded two d iacetates which failed  to separate by 

chromotographic techniques.

Oxidation of Djhvdrolactono oC (LXXXH) with Bism uth Oxide

To a b risk ly  s tirrin g  solution o f dihydrolactone o(. (LXXXH)(40 m g), 

bismuth oxide ( 3 5  mg) w as added and the suspension heated on a steam  

bath fo r  1  hour. The solution was then refluxed fo r  1 0  m ins, with



79

continuous s tirrin g , filte re d , taken up in ethyl acetate, washed with

w ater, dried and the solvent rem oved, any rem aining acetic acid

being azeotroped with benzene. The resulting product, an acid, was

esterified  with diazom ethane and was shown to be one spot on a

chrom atoplate. A purple colouration was observed on spraying a

tl .c . {date with alcoholic fe r r ic  chloride. The e s te r (LXXXVI)

crystallised with d ifficu lty  from  ice cold light petroleum , m.p.

m ° C ; UCC14 3550, 1735, 1660 c m .'1; 1H singlet a t T3.5 * max > ■*-

= C -  O IJ, 3H singlet a t T6.33 {-COOCKJ ; ^ 2 5 7

of sodium hydroxide.

Acetvlation of (LXXXVI)

The diosphenol methyl e s te r (LXXXVI) (20 mg) was le f t overnight 

at 20°C in dry  pyridine (1 ml) and "analar” acetic anhydride (0.8 ml).

The reaction w as worked up in  the norm al way to yield a gum, (LXXXVII) 

( 1 0  mg) which cry sta llised  with d ifficu lty  from  ether -  light 

petroleum  as p rism s, m .p. 117°C; ^ ^ ^ * 3  1765, 1730, 1650 cm. ;

X  inax 2 5 0  ^ X u ,  80°; 3H singlets at T6.4 (-COO CjJ 3) and at 

T7.75 (-CH 3 -C O -0-). (M ass spec. nuw t 388. C ^H ^O g  requ ires 388).



A^mptod Oxidation of Lactone oC

L Lactone 0( (5 mg) was dissolved in analar acetone and cooled 

to 0 °C. Jones oxidant (Q.£S ml) was added and the solution kept a t 

0°C fo r  1 0  m ins. H ie desired  dione failed  to fo rm , the only product 

of the reaction  being acid ic, as seen from  t.l.c . V ariations of tim e, 

concentration and tem perature failed  to produce the desired  product.

2. Lactone o( (5 m g), chrom ium  trioxide (3 mgs) and acetic acid 

(0.5 ml) w ere kept a t 0°C  fo r  1 h r. Work up by addition of w ater, 

extraction with ethyl acetate and rem oval of the solvent afforded  un

changed lacton e o( (LXXX) and an acidic product a s  shown by t l .c .

(83)3. Ruthenium tetroxide solution was prepared by suspending 

ruthenium dioxide (0.49 gm) in  carbon tetrachloride (50 ml). Sodium 

m etaperiodate solution (3.2 gm in w ater (50 m lj was added and the 

solution s tirre d  a t 0°C  fo r  1  hour. The d e a r  carbon tetrachloride 

layer was separated o f f , filte red  through glass wool and then shaken 

with a fre sh ly  prepared  solution of sodium m etaperiodate ( 1  gm in 

water (50 ml).) till die yellow colour of the carbon tetrachloride 

phase persisted .

To a  solution o f lactone &  (LXXX) (5 mg) in  carbon te tra 

chloride (1 ml) and w ater (0.05 m l), die fresh ly  prepared ruthenium  

tetroxide solution w as added, until the yellow colour persisted  in  die



carbon te trach lo ride lay er. The solution was s tirre d  at 20°C fo r 

2  hours, 2 -propanol added to destroy any excess ruthenium  tetroxide, 

and th e rea fte r the solution was filte re d , extracted with carbon 

tetrachloride, die ex trac ts washed with w ater, d ried , and the solvent 

removed to a ffo rd  only acidic products a s  seen fro m  t.l .c ., instead 

of the desired  dione.

Attempted opening o f the Hemiketal (XC)

1 . (XC) (3 mg) w as dissolved in  ethanol (0.5 ml) and 3N hydrochloric 

add (0.1 ml) added and the solution le f t a t 20°C fo r  1 hour. Work up 

by addition of w ater and extraction into ethyl acetate yielded only 

unchanged hem iketal (XC) as  seen fro m  t.l.c .

2. (XC) (3 mg) w as dissolved in ethanol and 3N sodium hydroxide 

added and the solution le f t  fo r  1 hour a t 20°C. Work up by addition of 

water and extra ction into ethyl acetate afforded  unchanged hem iketal 

(XC) as shown by t.l.c . Increase in tim e, and concentration had no 

effect on (XC).

3. Hem iketal (XC) ( 5  mg) in  dry  pyridine (0.4 ml) and thionyl chloride 

(0.1 ml) w as kept a t 20°C f o r  12 hour* and warkad up by addition of 

water and extraction  into ethyl acetate. No change was observed in  

(XC) as seen fro m  t.l.c .
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preparation  o f the Thioketal o f lactone oL.

Lactone 0((5 mg) w as le f t in acetic acid (0.5 ml) ethane dithiol 

(0.1 ml) and boron triflu o rid e  etherate (0.1 ml) a t 20°C fo r  5 hours. 

Work up as previously described afforded a considerably le ss  polar 

product which did not possess a ^-lactone ring,(no absorbtion in  the 

infra-red  a t 1770 cm  *) .

Dihvdrorosenonolactone

Rosenonolactone (200 mg) was hydrogenated in ethyl acetate over 

10% palladium  charcoal. F iltra tion  of the solution through cellulose 

powder and rem oval o f die solvent afforded  dahydrorosenonolactone 

(195 mg), which cry sta llised  fro m  ether -  light petroleum , m.p. 158- 

159°C, (lit.value^3^  m.p. 138°C).

Furfurvlidene Dihvdrorosenonolactone (LXXXVHII

Dihydrorosenonolactone (150 mg) was dissolved in ethanol (18 ml)

and 15% aqueous sodium hydroxide (1 ml) and fresh ly  distilled

furfuraldehyde ( 1 2 0  mg) w ere added to the solution,which was le f t fo r

12 hours a t 20°C. The solution was filte red  to give a solid (LXXXVffl)

( 1 2 0  mg) which cry sta llised  fro m  methanol as yellow needles, m.p.

m ° C , (litv a lu e (54) 192-193°C.); U™ ® ® 1  1770, 1680, 1600 c m '1;max

^  max 3 2 2  m^ / X 23*000*
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Qgonolvgig of (LXXXVm)

Furfurylidene-dihydrorosenonolactona (LXXXVm) (100 mg) was

dissolved in  acetic  acid (10 ml) and ozonised a t 20°C fo r  2 hours.

Powdered zinc was added and the solution le f t overnight a t 20°C, and

thereafter the solution filte re d  through cellulose powder. Most of

die acetic acid was rem oved in vacuo, the rem ainder being

azeotroped with benzene. The crude product (LXXXIX) (60 mg),

after purification  by p .t.l.c . using ethyl acetate; light petroleum

b (54)(1 : 4) as eluant, crysta llised  fro m  methanol., m.p. 174 C, (lit.value

173-176°C). The diosphenol (LXXXIX) showed a strong M ack-green

CHC1?
colour with alcoholic f e r r ic  chloride solution. U 3  3400, 1760,max

1670, 1640 cm \  > 187 m k  T i l ,  150; shifting to Amax /  * max

350 mjk on addition of potassium  hydroxide.

Action of A cetic Acid on the Diosphenol (LXXXIX)

The diosphenol (LXXXIX) (40 mg) was refluxed in acetic acid 

(3 ml) fo r  1 hour and th e re a fte r die acetic acid removed in vacuo.

The compound form ed was an acid , which on asfcerification with 

diazomeifoan® was shown to be one main product (LXXXVI) by t.l.c . 

Purification by p .t.l.c . using ethyl acetate: light petroleum  ( 1  : 4) as 

eluting solvent affo rded  a compound identical with the diosphenol methyl 

ester (LXXXVI) prepared d irectly  fro m  the action of acetic acid -
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bismuth oxide on dihydro-lactone oC (LXXXn),as shown by U .c . 

n.m.r. i .r . and u.v.

Bromination of Dihvdrorosenonolactone

Dihydrorosenonolactone (200 mg) was dissolved in glacial acetic 

add (5 ml) and 0.3 m l o f a  solution of brom ine in acetic acid (3 gm 

in 10 ml) was added. One drop of hydrogen bromide was added and 

the solution le f t  a t 20°C fo r  45 minutes. Work up by the addition of 

water, extraction into ethyl acetate, washing of die ex tracts with aqueous 

sodium bicarbonate solution and with w ater and then drying and rem oval 

of the solvent, gave a gum (185 m g), seen to contain three components 

from  t,l .c . The le a s t po lar of these was obtained pure by p .t.l.c . 

with ethyl acetate: ligh t petroleum  (1 : 4) as eluant, affording the 6 -brom o- 

ketone (XCIV), m .p. 141°C; -70, (<2 » 0.4, chloroform);u max

1770, 1725 cm ?1; "A 308 1H doufcUt cmtx*A  a t T5.9

(J * 12 c / h c )( i  CH -B r). (Found: C , <0.3; H, 7.2. Br

requires C, 60.4; H, 7.3%).

Dthydrobromination o f die 6 -Bromo-Ketone (XCIV)

Anhydrous lithium  b ro m id e ^ ^  (7 mg) eras dissolved in  dimethyl 

formamide ( 2  m l) and lithium  carbonate (anhydrous) ( 1 2  mg) w as added 

with continuous s tirrin g . The solution was heated to 95°C under nitrogen, 

A t oC-bromo-ketone (XCIV) (20 mg) added and the reaction kept a t th is
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tem perature fo r  3 hours. W ater containing a little  acetic acid was

then added, the aqueous solution extracted into e th er, the ex tracts

washed well with w ater, dried and the solvent rem oved to  a ffo rd  the

•none (XCV), which crystallised  from  ice cold light petro leum , m.p.

167°C; n  4  0 °, (C = 0.2; chloroform ); UC C l 4  1779, 1679 c m '1; u  max

\  „ „ „  235 m **'710,884; 1 H singlat a t T4.2 ( 'C  * CH -). (Foundmax / / *

C,I5.7; H, 9.3 C20H28°3 re ^u ir®s C* 75*^

Epoxidation of Rosenonolactone

Rosenonolactone (30 mg) was dissolved in chloroform  (2 ml) and

m -chloroperhenzoic acid (22 mg) added. The solution was kept a t 20°C

(82)for 1 2  hours and worked up by addition of calcium  hydroxide until

neutral and then filte re d . Removal of the solvent yielded die desired

epoxide (XCVII) (20 mg) which crystallised  from  chlor oform  ethe r ,

m.p. 176°C; -102°, (c ■ 0.4, chlorof orm) 1770, 1720 cm *-'D ’ max

1H m ultiplets a t T7.4, 7.6 and 7.8. (Found C, 71.6; H, 8.5.

C20H28°4 H» 8.5%).

Attempted opening o f d ie Epoxide Ring

The epoxide (XCVII) (5 mg) was dissolved in benzene (sodium dried) 

( 1  m l), fre sh ly  d istilled  boron triflu o rid e  etherate (0 . 1  ml) added, and 

the solution le f t  a t 20°C fo r  10 m ins. W ater was added and the aqueous 

solution extracted into e th e r, the ex tracts dried and die solvent removed.
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TXc. showed that the desired  aldehyde had not been form ed, the 

proximate product being unstable to the conditions used.

D ecrease of tim e and tem perature failed  to product the aldehyde 

by straightforw ard opening of the epoxide ring.

Epoxide of Lactone oC

Lactone oC (4 mg) was dissolved in chloroform  (1 ml) and m -

chloroperbenzoic acid (4 mg) added. The solution was le f t a t 20°C

(82)for 12 hours and worked up as previously described . T .l.c. showed

(hat one product, the desired  epoxide had been form ed, 3600,max

1780, 1720 cm "1.

The epoxide (2 mg) was dissolved in benzene (1 m l), boron 

triflueride (0.1 m l) added and the reaction kept at 0°C  fo r  1 min.

Work up in the norm al way, fa iled  to  give the desired product (XCVI), 

but resulted? in  com plete decom position, as seen from  t.l.c .

Osmvlation of Rosenonolactone

Rosenonolactone ( 3 5  mg) in  dry pyridine (1.5 ml) with osmium 

tetroxide (25 mg) w as le f t  a t 20°C fo r  12 hours. Aqueous sodium 

bisulphite was then added and the solution stirred  until a c lea r 

orange lay er containing the cis-glycol separated out. The aqueous 

Pyridine solution w as then extracted into ethyl acetate, the ex tracts 

washed w ell with w ater, d ried , and the solvent removed to  a ffo rd  two
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keto dials as seen fro m  t.l.c . one in m ajor and the other in minor

amount Separation by p .t.l.c . with ethyl acetate: light petroleum

(3 : 2) as eluant gave the dial (XCVm) obtained in  higher yield, which

crystallised fro m  ether-ch lo ro fo rm , m.p. 188°C;G>0 ^-110°,

(fc * 0.5, chloroform ); UC C l 4  3580, 3618 c m . 1  (Found: C, 68.3;max

H» 8*5, C20H30°5 re<3u irc s  C» 68-5i H* *•*%)•

Osmvlation of Lactone o(

Lactone (15 mg) , dry pyridine (0.5 ml) and osmium 

tetroxide (10 mg) w ere kept a t 2 0 °C fo r  12 hours. Work up as 

previously described and then t.l.c . of the product showed that the 

desired diol had not been fo rm ed , the only products being acidic.

Lactone f
This m etabolite, isolated as described, crystallised  from  ether 

as prism s m .p. 2 2 1 °C; S O  D"124°, (£  « 0.56, chloroform );

3610, 1782, 1722 cm ”1; 1H m ultiidet a t T5.9 O  CH - OH). (Mass

spec. m.wt. 332. ^20H28°4 rc<iu * r c 8  332)*

Oxidation of Lactone | 6  with Tones Oxidant

Lactone | 8  ( 4 5  mg) was added to analar" acetone (4 m l), cooled 

to 0°C , Jones oxida (0.5 ml) added and the solution kept a t 0°C

fo r 10 mine. Work up by addition of w ater, extraction into ethyl 

acetate, the ex trac ts washed with w ater, dried and the solvent rem oved,



yielded an im m ediately crystalline compound (40 mg).

R ecry sta llisa tio n  f r o m  e th e r  gave n e e d le s ,  m.p. 198°C; L<0 D-100°,

(c = 0.5, chloroform ); 1767, 1710, 1640 cm ”1. (Mass spec.

m.wt. 330. C20H26°4 re<3u ires 330)‘

Action of m ethanolic potassium  hydroxide on the Pione

The dione (35 mg) obtained above, was dissolved in benzene ( 2  ml) 

and 5% m ethanolic potassium  hydroxide (2 ml) added. The solution was 

left a t 20°C fo r  15 m ins. and th ereafte r worked up by addition of w ater, 

extraction into ethyl acetate , and rem oval of the solvent to a ffo rd  a gum 

(30 mg). The crude product was found to contain three compounds by 

t.l.c ., the m ore po lar component (9 mg) being separable from  the other 

two by p .tl .c . using ethyl acetate: light petroleum  (1 : 3) a s  eluant.

This compound crysta llised  fro m  ether -  light petroleum  as needles,

m.p. 119°C; UCC14 1735, 1714 cmT1; 3H .ing let in the n .nur. at
m ax

T6.4 (-COOCH^) (Mass spec. m .w t 362).

Attem pts of separate the other two components obtained from  base 

treatm ent of the dione by p .t.L c. w ere unsuccessful.

Dehydration of Dihvdro Lactone ^

Hydrogenation of lactone ( 2 2  mg) in  ethanol (5 ml) over 1 0 % 

palladium charcoal a ffo rded  dihydrolactone ^  3  1770, 1720 cm .

(Mass spec, m .w t 334. c 2oH30°4 re ^u ir®# 334)-
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Dihydrolactone (20 mg) in dry pyridine (1.5 ml) with

phosphorous oxychloride (0 . 0 2  ml) was heated on a steam  batik, under

nitrogen, fo r  30 m ine. W ater was added and extraction into ethyl

acetate affo rded  a dark brown gum (19 mg) found to  be homogeneous by

tl.c . P urification  by p .t.l.c . with ethyl acetate: light petroleum

( 1  : 3) as eluting solvent yielded a solid which crystallised  fro m  light

petroleum m .p. 194°C; U 1763, 1707 cm /V , no intensemax max*

absorbtion above 220 m ^ ;  1H singlets in the n.m .r. a t T4.64 and 

5.1. (Mass spec. m.wt. 316. requ ires 316).

Hydrogenation o f Dehydration Product

The dehydration product fro m  dihydrolactone (9 mgs) was 

hydrogenated in  ethyl acetate (3 m l) over platinum oxide (20 mg), to 

afford an im m ediately crystalline saturated lactone ( 6  mg). 

R ecrystallisation fro m  ether gave needles, m .p. 184°C; 1770,

1700 era. . (M ass spec. m.wt. 318. ^20^30*^3 r * ^ u “ 8 8  318).

Hydrogenation o f the dehydrogenation product from  lactone 

( 2  mg) in methanol ( 2  ml) over 1 0 % palladium charcoal affo rded  only 

acidic products and no starting  m aterial o r saturated lactone, as shown 

by t.l.c . on silica  gel and on silica  g el-silv er n itrate.
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THE ERYTHROXY DIOLS
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Recently, th ree  in teresting  isom eric d ials have been isolated 

from Ervthroxylon monogynum, a ll based on the enantio-rosane skeleton 

(C). D id X (Cl), C2oH34°2* a comPletely saturated compound, was 

found to possess a te tra  substituted cyclopropane ring  by the presence 

in As n.m .r. spectrum  of ch arac teristic  signals a t high £ield( two 1H 

doublets at T9.46 and 9.88 (J = 4.5 c /sec). Initially , fro m  die 

presence of th is cyclopropane rin g , it was considered that d id  X may 

be related to trachylobane (CD), but th is becam e le ss  probable when 

the sequence CMe.CHOELCH^OH was revealed. T h e re fo re ^  

rearranged pim arane with a hydroxylated side chain, became a m ore 

plausible suggestion f o r  the basic skeleton of d id  X. D arutigend 

( C m )  has been shown to  possess th is  type of hydroxylated system .

Hie other m ajor d id , Y, (CIV), had an isolated vinylidene group as 

the sde dem ent o f unsaturation. This was evident spectroscopically 

from die in fra -re d , u ltra -v id e t and n .m .r. spectra and also fro m  the 

formation of a nor-ketone (CV) upon ozondysis of Y-acetoxdde (CIVa).

The n .m .r. spectrum  o f the d iace ta te  derived fro m  d id  Y exhibited, 

between T4.9 and 6.2, a  tw elve line system  which wasArirtually super- 

ttflposable on die corresponding region in  the spectrum  of d id  X diacetate. 

The only d ifferen ce  w as a slightly  broadened singlet (T5.5, 2H),



attributable to the vinylidene group already m entioned, and super

imposed on lines fiv e  and six of the twelve line spectrum . This 

suggested the sim ilarity  o f the d id  functions in  the erythroxy diols X 

and Y, and location o f the stru ctu ra lly  d issim ilar elem ents a t points 

in the molecule rem ote fro m  the d id  functions. Like d id  X, 

diol Y was considered to  be a rearranged  pim arane o f stru ctu re  

(CIV), and two p ieces o f experim ental evidence w ere found to  support 

this theory. F irs t o zo ndysis o f the d id  Y acetonide (CIVa) yielded 

a nar-ketone acetonide (CV acetonide), in  which the vinylidene group 

had been replaced by an oxygen with the lo ss  of one carbon atom ,

ad  the appearance of new bands (CCI4 ) a t 1710 cm. * (cydohexanone)

-X
and 1420 cm . (-CH^ -  next to  -CO-) in  the in fra -re d  spectrum .

Secondly, isom erisation  under acidic conditions of d id  Y acetonide, 

led, after replacem ent o f the acetonide function, to the acetonide of 

the naturally occurring d id  Z , ^CIV), instead of 2H

signal at T5.5 replaced by 1H signal a t T4.85 (vinyl H)^ From  

biogenetic considerations and the experim ental re su lts , d id  Y either 

possessed the stru c tu re  (CIV) o r its  antipode, although the structu re  

(CVI), (or its  antipode) had to  be considered as a possible alternative.

The d o se  stru c tu ra l relationship  between d id s  X and Y w as fu rth e r 

emphasised by the follow ing re su lts . Reaction of e ith er acetonide X 

® Y, with a saturated  solution o f hydrogen chloride in dry chloroform



at 20°C fo r 30 m inutes, and replacem ent of the acetonide grouping

lid in each case, to a m ixture o f a t le a s t fo u r products, containing

tee common constituents, as assessed  by gas-liquid chrom atography

aid confirmed by isolation. These m ajor products w ere shown to

be L d id  Z acetonide and 11. the acetonide of a new diol (CVIIa),

considered to have th is s tru c tu re  because of the absence o f o lefin ic

protons in the n .m .r., but giving a positive tetranitrom ethane te st.

An alternative stru c tu re  (CVIII) had to  be considered fo r  th is

rearrangement product, but in tegration of the appropriate region in

the n.m.r. spectrum  (T7.8 -  T8.3) indicated that there  w ere fo u r and

not six allylic protons and th e re fo re  stru ctu re  (CVH) was m ore

plausible. A d irec t com parison o f the diene, derived from  die diol

(CVH) or (CVm) by the Corey re a c tio n ^ ^ , with the diene (CDC)

(57)obtained by acid isom erisation  o f pim aradiene , shbwed that die two 

dienes d iffered  in  th e ir  gas chrom atographic properties and th is was 

strong evidence in  favour o f s tru c tu re  (CVH). F inal confirm ation, 

that this was a c o rrec t s tru c tu ra l assignm ent was obtained by 

synthesis of the diene (CX) fro m  rosenonolactone (XLVTI), whose 

absolute stereochem istry  has been established. This diene (CX) was 

found to be identical in  a ll re sp e c ts , except fo r  die sign o f ro tation , 

with the diene fro m  the d id  (CVH). This d irec t co rrelation , a p art 

of which will be d iscussed m ore fu lly  in  th is  d ie sis , defines the
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p ic tu re  and absolute stereochem istry  of d id  Y a s  (CIV).

Two alternative s tru c tu re s  w ere possible fo r  d id  X on the basis 

o£ dw add ieom erisation products, namely (Cl) o r (CXI). In itially , 

definite evidence could not be found to distinguish between them , 

although structure (Cl) w as m ore strongly favoured fo r  two reasons. 

First, if  the cyclopropane ring  w ere attached as in (CXI), an acid 

cleavage, the C^ carbonium  ion would be expected to  participate to  a 

certain extent, resu lting  in  the form ation of (CVQI). No evidence 

for this was observed. Secondly, the m ass spectra of foe 

aoetoddes X and Y w ere indistinguishable. Although th is area  of 

mass spectrom etry is  not w ell docum ented, a  d irec t analogy was 

drawn with cydoartany l and lanost-8(9)-enyl acetates, whose 

fragmentation patterns a re  alm ost identical.

The position o f the cydopropane ring  in  d id  X has now been 

established by d ire c t co rre la tio n  with another component of E*. 

CTOPQgvnum. foe t r i d  Q (CXII). The position of foe cydopropane 

ring in t r id  Q (CXII) h as been defined unambiguously by X -ray 

analysis, and is  located a t positions 4-5.

Oxidation o f t r i d  Q acetonide (CXIIa) and th e re a fte r W olff
(59)

Kwchner reduction, tran sfo rm ed  it  into d id  X acetonide (Cla). 

foe stru ctu re  o f d id  X has now been confirm ed as  (Cl).
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Another compound isolated  fro m  the trunk wood of E.monogvmim

tad closely related  to  trio l Q, is  trio l P (CXm), so assigned because

g£ its behaviour on dehydration. Ebcposure of(C X l\} to thionyl

S trid e  afforded two o lefin ic  acetonides, (CXV), and the previously

(CVIIa). A ssignm ent of the double bond in  (CXV) to

position 5-6 ra th e r than 1-10 rested  on its  close resem blance to

rimuene (XXIII), whose s tru c tu re  has now been established by the

conversion of it and diol Y (CIV) respectively  into die nor -hydrocarbons

(24)(CXVI) and its  an tipode. The stru ctu re  o f rim uene has been 

confirmed by to tal synthesis.

Kitahara and h is  colleagues have recently  isolated from  

Thuiopsig dolabrata. d ie hydrocarbon dolabradiene (CXVII), possessing 

die same carbon skeleton as  the tricy c lic  diterpenoids from  

£. monoevnum . but o f antipodal configuration, except a t C13- This

hu  been confirm ed by a d ire c t co rrelation  of dolabradiene (CXVII) with 

trytivraxy dial Y (CIV).*62*



DISCUSSION

Confirmation that the erythroxy d ials X, Y and Z w ere 

utipodally related  to  the rosane skeleton was obtained by conversion 

of rosenonolactone (XLVI1) and the ene-diol (CVH), respectively  into 

die dime (CX) and its  antipode.

Reduction o f rosenonolactone (XLVII) with lithium  aluminium 

hydride in tetrahydrofu ran  yielded an oily trio l (CXVHI), characterised  

as its crystalline dihydro derivative , C2 0 H3 6 ° 3 * m,p* 140"141°C*

[oQ ^  + 105°. Reaction o f the unsaturated trio l with 1.5 m olar 

equivalents of toluene-p-sulphonyl chloride afforded  a m ixture o f die 

ether toluene-p-sulphonate (CXIX) and the corresponding alcohol (CXX).

A five m olar excess o f toluene -p  -  sulphonyl chloride yielded only one 

product (CXIX), a s  seen by t.l.c . and confirm ed by the n .m .r. spectrum , 

which possessed two doublets centred a t T2.35 (2H) and 2.9 (2H) and a 

singlet T7.6 (3H), a ll attribu ted  to the toluene-p-sulphonate residue. 

Attempts to pu rify  th is  o r die m ixture o f ether toluene-p-sulphonate 

(CXIX) and the alcohol (CXX) by chrom atography, resu lted  in the 

dimination of die toluene-p-sulphonate group to  yield the £ 7 ( 8 ) -e th er

(CXXI). Support f o r  th is  s tru c tu re  w as provided by the in fra -re d  

•JMtaun (CHC1.) which had bands a t 1040 cm (sthsr) and 1640 and 

WO cm, (olafim c double bond) and a  ona proton m ultiplat a t T4.75 in



Dw n.m .r., spectrum , in  addition to those absorbtions seen in die

<*tr ( c x x n ) .  The m ixture o f ether toluene-p-sulphonate (CXIX)

ml die alcohol (CXX) w ere th e re fo re  reduced with lithium  aluminium

hydride in tetrahydrofu ran  and die resu lting  7-deoxy-ether (CXXII)

itptratad from  the 7-hydroxy -e th er (CXX) by chrom atography. The

7 -deoxy-ether (CXXII), characterised  as die dihydro derivative,

C 2 0 H 3 4 ° '  absorbed in  the in fra -re d  (CHC13) a t 1640, 1040 and 910 cm ?1,

aid in the n .m .r. spectrum , the eth er protons appeared as a singlet

at T6.25 (2H). H ie 7-hydroxy-ether (CXX) had a band (CHCl^) a t

3600 cm. * (hydroxyl) and the proton (-^CH-OH) a t C^ was seen as  a

multiplet (T6.05, 1H) in  the n .m .r., in  addition to the ether protons,

(T6.4, 3, 2H). This ether-alcohol (CXX) was characterised  as the

p-nitro benzoate, C^^H^NO,. m .p. 157-158°C, & 0 ^  -  O0. Exposure

of Hie ether (CXXII) to  ethanolic hydrogen chloride a t 20°C, readily

(54)
transformed it  into die previously reported  crystalline dienol (CXXIII), 

C20H32°* m*p* 95° c » d +5®°» fu rth e r characterised  as the

ezystalline p -n itro  benzoate, ^27^35°4^* m*̂ * 158-160°C, & 0 p -1 8 °. 

tofaa-red absorbtion (C H C lj) a t 3600 cmT* (hydroxyl) and 1640 cm  1 

WtyUdtne group), an AB quartet a t T6.48 and 6.80 (J * 12 c /sec)

(-CHj -  OH) and no vinyl protons in  addition to those o f die e th er (CXXII), 

confirmed die s tru c tu re  (CXXIII) f o r  the dienol.



The conversion o£ th is  prim ary  alcohol into the corresponding

fydrocarbon (CX) proved to be a m atter of som e d ifficu lty . The

foufcs eventually follow ed, despite the low yield, was the oxidation of

(he alcohol (CXXIII) w ith chrom ic anhydride in  acetic acid a t 0°C, to

a mixture of acidic and neu tral products. From  th is m ixture the

unstable aldehyde (CXXIV) w as separated as the lea s t polar component,

by rapid chrom atography. A one proton singlet a t T0.7 denoted the

presence of die aldehyde group, as did absorbtion in the in fra -re d  
-1

(CHClg) at 1730 cm . . The aldehyde (CXXIV) was im m ediately 

converted to the m ore stab le thioketal by reaction with ethane dithiol 

aid boron triflu o rid e  e th e ra te , and die n.m .r. spectrum  of th is compound 

(CXXV) showed a singlet a t T6.84 (4H) assigned to the thiol group. 

Dteulphuri sation with Raney nickel in  refluxing acetone gave the desired 

hydrocarbon; (CX), C°0D -117°, a s  the sole product of die reaction.

Other methods w ere tried  in  an attem pt to obtain die hydrocarbon 

(CX) in better yield than that a ffo rd ed  by die route just described. The 

nit of Sarrett and Jones reagen ts in  varying proportions of oxidant, 

concentration and tem p era tu re , fa iled  to produce die desired  aldehyde, 

<ady more polar products (t.l.c .) than the alcohol (CXXEH) being obtained.

attempted use o f lead  te tra -a c e ta te ^ ^  in pyridine also  proved 

unsuccessful a s  an oxidising agent. P reparation  of the chloroform ate 

uridi phosgene and subsequent decom position o f th is with trie th y l amine



(64)
gd dimethyl sulphaxide produced only the unchanged alcohol 

(CXXH1), instead of the d esired  aldehyde (CXXIV). Form ation o£

Hn toluene-p-sulphonate o f the alcohol (CXXIII) and th e re a fte r reduction 

with lithium alum inium  hydride in  ether yielded two hydrocarbons 

(possibly form ed by rearrangem ent), which failed  to separate by 

chromatography over s ilica  g e l-silv e r n itrate. All e ffo r ts  to prepare 

tht benzyl th io e th e r^ ^  of die alcohol (CXXIII), p rio r to its  reduction 

with Raney nickel, fa iled .

The diol (CVU) obtained fro m  either diols X o r Y upon acid 

isomerisation, was tran sfo rm ed  into the hydrocarbon (CXXVI) by its  

(CVH) conversion into the th io carb o n a te^ ^  and prolonged exposure of 

this to boiling trie th y l phosphite. This diene (CXXVI), frG  o
X) **■ »

was identical in  its  i .r .  u .v ., n .m .r., and m ass spectra and in its  

Wiaviour on th in -lay er chrom atography and g .l.c . (10% Apiezon L;

1% CHDMS; 10% PEGA. ) , but of opposite rotation when compared 

with die diene (CX), M  -117°, fro m  rosenonoiactone. Thus, the 

•rythroxy diols X , Y and Z a re  rela ted  antipodally to rosenonoiactone 

end this defines th e ir stereochem istry  a t C^ and C ^ , since the absolute 

configuration o f rosenonoiactone has been established a t these cen tres.

By defining the s tru c tu re  o f the ene-diol(CV II), one o f the acid 

^ n e risa tio n  products fro m  diol Y, the constitution and absolute
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•‘*r*och*raistry  o f diol Y h as been placed beyond a ll doubt, except 

for which rem ains undefined.



EXPERIMENTAL

100

of Rosenonoiactone with Lithium Aluminium Hvdride

Rosenonoiactone (XLVII) (700 mg) in dry tetrahydrofuran  (50 ml)

y u  refluxed with lithium  alum inium  hydride (400 mg) fo r  2 hours.

The solution was cooled and a saturated solution of sodium sulphate

added dropwise, until the excess lithium  aluminium hydride was

destroyed. The suspension was filte re d  and the solution , on evaporation,

yialdad the trio l (CXVm), an o il (650 mg). UCHC13 3500, 1640 cmT1.max

The trio l (CXVm) (30 mg) was hydrogenated in methanol (5 ml) 

with 10% palladium  charcoal a s  c a ta ly s t The derived dihydrotriol 

crystallised fro m  pentane, nup. 140-141°C; M  + 105°, (c -  0.8, 

cMoraEarm); 3500 cmT1. (Found: C , 74.3; H, 10.9.

C20H36°3 r *<5u ire8  c » 74-°: H, 11.2%).

lowdation o f the T ria l (CXVim

Toluene-p-sulphonyl chloride (1 gm) was added to  the trio l 

(cxvni) (600 mg) in  d ry  red istilled  pyridine (3 ml) and le f t  a t 20°C 

fo* 12 hours. W ater w as added and die oily precip itate filte re d ,

'••died well with w ater, and then taken up in  ether. The ethereal 

■oiutton was washed w ith w ate r, d ried  and the solvent rem oved in  vacuo.



TJ,c. using ethyl acetate: ligfct petroleum  (3 : 7) a s  eluant showed 

tfiat the desired e th er tduene-p-su lphonate (CXIX) had been form ed 

ii  die m ajor product and the corresponding alcohol (CXX) in m inor

Separation o f these two components by column o r preparative 

layer chromatography proved unsuccessfu l, the toluene-p-sulphonate

btiig, under these conditions, transfo rm ed  into one le s s  polar (t.l.c .)

CHCl -1
product, the unsaturated e th e r (CXXI). U 3 1640, 1020, 910 cmT .max

1H multiplet a t T4.7, in  addition to  those present in  the ether (CXXII).

A large excess (5 m olar) o f toluene-p-sulphonyl chloride was 

aided to the m ixture (CXIX) and (CXX) (20 m gs), obtained as described 

above, in pyridine (1 m l). The solution was le f t a t 20°C fo r  48 hours 

and worked up as  described  previously. One product, the toluene-p- 

aulphonate (CXIX) (15 mg) w as obtained, (t.l.c .), which failed  to

c t y r t a l l i M .  VCHC13 16Q0 U 80 U 20 104„ 91„ cm ' 1_ 2H doublets
max

8t T2.25 and 2.7 (arom atic protons); 3H singlet a t T7.58 (C H j-^J-). .

Elimination of the T osvlate group

Hie m ixture o f e th er toluene -p  -  sulphonate (CXIX) and the 

corresponding alcohol (CXX) (550 mg) w ere refluxed fo r  12 h ours, in 

&y redistilled te trahydro fu ran  (100 ml) with lithium aluminium hydride 

($00 mg) as a  reducing agent. Work up a s  previously described , yielded 

•b oU (490 mg), containing two components a s  seen fro m  t.l.c . which
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separated by column chromatography (Alumina Grade HI), 

dsgsn with light petrole-a gave first, die oily ether (CXXH)

(NO «g)» which failed to crystallise. U ^|^13 1640, 1040, 910 cm"*1, 

gguds in die n.m.r. at T6.25 (2H, S); 9.03 (3H,s); 9.08 (3H )̂; 

ill (38,5). (Mass spec. m.wt. 288. requires 288).

Continued elution with light petroleum then gave die hydroxy- 

rfwr (CXX). (60 mg). V ™ 1* 3600, 1640, 1040, 910 can"1.

Ohrfro d h tr (LXVim

Reduction of the ether (CXXH) (40 mg) in ethanol (S ml) over 

10* palladium charcoal yielded die dihydro -ether (LXVHI), (30 nag),

an afl. UCHCls 1040, 910 emT1. SB in tha a.m.r. at T6.2Smax
(- CHj - O -). (Found: C, 82.7; H, 11.7. C20H34° requires

C, 0.7; H, 11.8%).

HNrrtiMO^e of 8m Wŷ rwwy ftjkf f (CVY)*aawwseiBnBBtjâ eymî BaiTO>TBaa i is i Hifcwjugfcaa*

To die hydroxy ether (CXX) (20 mg) in dry pyridine (1 ml) wee 

•Hoi a solution of p-nitrobenxoyl chloride (15 mg) in be—one (L5 ml), 

h i the solution left at 20**C for 12 hours. Work up by addition of 

•dor and extraction lab ether, afforded the p-nitrobonaosts of (CXX), 

crystallised from methanol - light petroleum m.p. I57-158°C;

W D - 0#, (c - 0.33, chloroform); U ^ l j  1710, 1610, 1520 cm?1, 

c, 71.5; H, 7.8. Cj-H -OjM raquira* C, 71.5; H, 7.1%).



of the E ther (CXXII) to  the unsaturated 

jf r f ta l  (CXXIII)

The ether (400 mg) w as refluxed fo r  90 m ins. in  ethanol (15 

ni) aid hydrochloric acid (1.5 m l). Removal o f the ethanol in vacuo, 

dilution with w ater, and ex traction  into e th er, yielded a white solid 

(360 mg), shown to be m ainly one product by t.l.c . Chromatography 

over alumina (D) fu rn ish ed , on elution with light petroleum , the 

desired unsaturated alcohol (CXXIII) (350 mg). 9ublimation a t 

95°/0.1 mm. affo rd ed  a white crystalline compound, m.p. 95°C. 

p.vala#^54* 106-108°C). Unuj 3600, 1640 c m '1; AB quartet
1T13X

at T6.48 and T6.80 (J = 12 c /se c ) ( -  CH^ -  OH); no vinyl protons 

in addition to those in  the e th e r (CXXH).

P’Nitrobenzoate o f the U nsaturated Alcohol (CXXIII)

The alcohol (CXXIII) (20 mg) in  dry pyridine (1 ml) was le f t at 

20°C fo r 12 hours with p-nitrobenzoyl chloride (20 mg). W ater was 

added and the aqueous la y e r extracted into ether to a ffo rd  the desired  

p-nitrobenzoate, which c ry sta llised  fro m  light petroleum  m.p. 158- 

160°C, **18°, (fc « 0 .2, chloroform ). (Found C, 74.0; H, 8.2.

SAsV r**uir*8 c» 7*-v> H*
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of the Alcohol (CXXIII) to the Aldehyde (CXXIV1

The unsaturated alcohol (CXXIII) (240 mg) and chrom ium  trioxide

(80 mg) were kept in  "analar" acetic acid (6 ml) a t 0°C fo r  1.5 hours.

flit reaction product (220 m g), obtained by dilution with w ater and

abaction into e th er contained, in  addition to the required  aldehyde,

at least fou r m ore po lar com ponents ( tl .c .) .  The aldehyde (CXXIV)

(24 mg) which separated  cleanly (t.l.c .) by elution fro m  silica-g el

with benzene: light petroleum  (1 : 4), was stable in  nitrogen a t 0°C.

tjCHCl3 X730 cm ”1 (no band a t 3600 cm ”1); 1H singlet a t T0.59, 
max

( - CHO).

Thioketal (CXXV) o f die Aldehyde (CXXIV).

The aldehyde (21 mg) w as kept in  dry  e ther (2 ml) a t 20°C fo r  

5 hours, together w ith boron triflu o rid e  etherate (0.2 nil) and ethane 

dithiol (0.2 ml). D ilution with 5% aqueous sodium hydroxide and 

•(traction into e th er a ffo rd ed  the thioketal (CXXV) (17 mg) which was 

purified by p .t.l.c ., y ield ing  a co lourless oil (14 mg), ^  -  0°,

(£ * 1.05, chloroform ); 4H singlet a t T6.81 (CH^ -  S

A uction of the Thioketal (CXXVI with Raney Nickel

Haney nickel (200 mg) w as deactivated by refluxing it  in 

"walar" acetone f o r  2 hours. The thioketal (CXXV) in ’an a lar” 

acetone (1 ml) w as added and reflux ing  continued fo r  a fu rth e r 2 hours.



105

filtration of the solution through cellulose powder, rem oval of the 

idvtnt and p .t.l.c . o f the crude product with light petroleum  as eluant, 

afforded the desired  diene (CX) (7 mg), Found to  be homogeneous 

by t i c .  on silica-g el and s ilv e r n itra te  -  silica  g e t M D -117°,

(6 « 1.98 chloroform ); 1640, 1000, 915 cm "1.; n .m .r.

methyl signals a t T9.15 (3H), 9.03 (3H), 8.96 (3H). (Found; m ass

apse. m.wt 272.2539. ^20^32 re<3^re s  272.2504). The i .r . and

n.m.r. properties o f th is  diene a re  indistinguishable fro m  those o f 

the diene (CXXVI) derived fro m  d io l Y (CIV).

m» of the Alcohol (CXXm)

1. Use of S arre tt o r  Jones reagen ts in  varying proportions of 

oxidant, concentration and tem peratu re  proved unsuccessful, only m ore 

polar products than the alcohol (CXXIII) being obtained as  seen by

tLc.

2 . The use o f lead te tra -a c e ta te  a s  an oxidising agent also fa iled  

to produce the required  aldehyde.

(64)
Attempted preparation o f the Aldehyde (CXXIV) via the C hloroform ate 

The alcohol (CXXIII) (30 mg) in  dry  e th er, was treated  with an

(64)
•Ihsreal solution o f phosgene (0.15 ml) a t room  tem perature fo r  2 hours 

ft*  reaction was studied by running i .r .  spectra throughout, the
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<Uiappearance o£ the -OH absorbtion a t 3600 cm and the appearance 

o£ the chloroform ate absorbtion a t 1780 cmT* indicating the completion 

o£ the reaction. On rem oval o f the solvent, red istilled  dim ethyl 

nitphcftdde (0.5 ml) w as added and the reaction m aintained a t 20°C fo r  

15 mini with s tirrin g . D ry trie th y l am ine (0.1 ml) w as added with 

cooling and the s tirrin g  continued fo r  20 m ins. a t 20°C. W ater was 

added and die aqueous lay e r ex tracted  into ether. The isolated 

product was found to  be identical with that of the starting  m aterial 

(CXXffi). V ariations in  tem p era tu re , duration of each stage and 

altaxations in concentration, fa iled  to  produce the desired  aldehyde 

(CXXIV).

Attempted preparation o f d ie Diene (CX) via die Toluene-p-Sulphonate 

Hie tosylate o f d ie alcohol (CXXIII) was prepared by dissolution 

of die alcohol (28 mg) in  d ry  pyridine (1 ml) and addition o f toiuene-p- 

wlphonyl chloride (30 mg). The reaction  was le f t a t room  tem perature 

far 12 hours and work up a s  previously described , afforded  die 

npixed tosylate (25 m g), U^ ^ X3 1610, 1180, 1120 c m ' . Sodium 

beuyl maccaptide p repared  fro m  benzyl m ercaptan (0.2 ml) and sodium 

0 mg), was taken up in  dim ethyl form am ide (0.2 ml) and a solution of 

the above tosylate in  dim ethyl form am ide added. The reaction  was kept 

at 100°C fo r  1 hour under nitrogen and worked up by the addition o f 

$  aqueous sodium hydroxide and extraction into ether. H ie ether
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gbact was washed w ell with w ater, dried  and the solvent removed.

IL c. showed that the d esired  th ioether had not been form ed and that 

&§ tosylate of the alcohol (CXXIII) was unstable to  the conditions used.

conversion o f the Alcohol (CXXIII) diVectlv 

to the Diene (CX)

The tosylate o f the alcohol (CX/IH) (60 mg) was prepared  a s  

dttcribed above and th is  w as refluxed with lithium  aluminium 

hydride in dry e ther f o r  5 hours. The reaction product, obtained in  

6it usual m anner, yielded a  c le a r o il (40 m g), which was shown to 

bt two products by t.l.c . over s ilica  gel -  silv er n itrate. E ffo rts  

to separate the hydrocarbons by p .t.l.c . over silica  gel -  silv er 

nitrate failed.
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EPERUIC AND LABDANOLIC ACIDS

Cocker and H a lsa ll^ ^  established the stru ctu re  o f labdanolic 

acid as (CXXVII) and assigned the stereochem istry  a t positions Cg,

C^, and by degradation of the acid to  the C-17 acid, identical with 

the acid (CXXDC) o f established stereochem istry  fro m  m arrubiin  

and am brein. The configuration a t Cg was assigned by com parison o f 

the m olecular ro tation d iffe ren ces between sdLared (CXXXQa) and 

manool (CXXXUb) and between labdanolic acid and its  ddiydration product 

(CXXXIVa). Hence, a ll but the configuration a t was established fo r  

labdanoli c acid.

King and Jo n e s^ ^  proposed the stru ctu re  (CXXXa) fo r  eperuic 

acid , relating  i t  to  Hie dehydration product fro m  labdanolic acid.

Rotation m easurem ents on co rre sponding derivatives fro m  the acids 

(CXXVII) and (CXXXa) w ere found to  be o f sim ilar magnitude but of 

opposite sign. T his led to Hie startling  conclusion a t the tim e, that 

eperuic acid had a  carbon skeleton (XXII), which eras the m irro r im age to 

that o f rin g s A and B o f a ll Hie then known d i- and t r i -  terpenoids and 

sU ro ids. T his rs su lt had bosn con£irra«l(69) by rsla tio n  o£ the C-17 

acid fro m  Hie eperuic se rie s  to  (CXXIX) fro m  am brein. D espite the 

fa c t that th e ir m elting points w ere sim ila r (m.p. 134**135°C, vs.

136~137°C) and th e ir ro tations alm ost Hie sam e (fcflp -29 .5°, v s. + 33°),
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though o f opposite sign, these w orkers only claim ed them  as 

stereo isom ers and not as antipodes.

Studies by D jerassi and M arsh a ll^ ^  com pared the ro ta to ry  

dispersion curves o f the nor-ketones of the eperuic and labdanolic se rie s  

in an attem pt to  assign the absolute configuration of these compounds.

The curve o f the k e to -este r (CXXXIII) fro m  eperuic acid was v irtually  

the m irro r im age of that fro m  the corresponding labdanolic k e to -este r 

(CXXXIV). As these curves w ere not exact m irro r im ages, as required 

fo r  antipodes, and as a fa irly  la rg e  discrepancy existed in the m elting 

points (m.p. 223°C, vs. 190°C) of the oxim es o f the k e to -este rs ,

D jerassi attributed the stereochem ical d ifferen ce  between eperuic and 

labdanolic acid to  isom erism  a t C^, the o ther possible asym m etric centre 

C ^ , being overlooked. This configuration gave eperuic acid the stru ctu re  

(CXXXV), possessing a tran s-sy n  backbone, a situation not previously 

encountered in  diterpenoid chem istry.

Labdanolic methyl e s te r had been assigned the *R' configuration

(72)
(CXXXVI) a t C13 by L e d « * r and Bory fro m  m olecular ro tation data

(71)
but th is  becam e insecure when i t  was dem onstrated that hydrogen

(71)
bonding may produce anomalous resu lts . B arltrop  and h is  associates 

ca rried  out hydrogen bonding studies on both labdanolic and 13-epi- 

labdandic m ethyl e s te r in  carbon disulphide and obtained one sharp band 

fo r  both e s te rs  a t 3540 cm ."1. From  th is single sharp band, they assum ed



that no in tram olecular hydrogen bonding participated in either labdanolic 

methyl e s te r o r its  epim er and consequently, they supported L ederer’s 

assignm ent a£ the fR’ configuration a t fo* methyl labdanolate 

(CXXXVI). B arltrop did not ca rry  out any dilution studies on methyl 

labdanolate o r its  13-epim er to discover w hether the hydroxyl frequency 

a lte red , though fro m  its  frequency of absorbtion (3540 cm. *) i t  would 

defin itely  appear to be bonded. (Normal unbonded hydroxyl absorbtion

in carbon disulphide, 3600-3650 cm. *). However, in fra -re d  studies on
( 7 3 )

the labdane se rie s  by Raphael and h is colleagues showed that methyl

labdanolate exhibited hydrogen bonding involving Hie form ation of a ten

m em bered ring  (CXXXVII) and th is confor m ation existed to  a detectable

extent in very  dilute solutions o f carbon tetrach loride. These re su lts

(71)w ere a t variance with those of B arltrop , Bigley and Rogers and thus 

the stereochem istry  o f labdanolic and eperuic acid was once m ore open 

to question.

Until recen tly , eperuic acid was the only diterpenoid to  be assigned
(74)

Hie tran s-sy n  backbone. This anomaly was resolved by com parison of 

the n o r-k e to -esters (CXXXVm) and the related  oxim es (CXXXIX) derived 

fro m  eperu ic, labdanolic and 13-epi-labdanolic acids. The th ree  k e to -este rs  

(CXXXVIH) showed no detectable d ifferen ce  (apart fro m  sign) in th e ir 

ro ta to ry  dispersion o r c ircu la r d ichroism , but com parison of the th ree  

acid oxim es (CXXXIX) dem onstrated conclusively that eperuic acid and



13-epi-labdanolic acid w ere antipodal (m.p. 224-226°C ,& JD - 82°; 

m .p. 223-226°C, [oC]^ + 87°, respectively). Inversion a t m ight have 

occurred during the form ation of the k e to -este rs and to elim inate th is 

possib ility , diol e s te rs  (CXL) of Hie th ree acids w ere prepared by 

osm ylation of the o lef inic e s te rs  (CXXXb). Once m ore the diol e s te rs  

fro m  eperuic and 13 -epi -labdanolic acid w ere indistinguishable except 

fo r  sign o f ro tation (m.p. 88 9 0 ° C ,M D + 4°; m.p. 88 -  9 0 ° C ,M p  

’ 5°, respectively), but both d iffe red  fro m  the diol e s te r fro m  labdanolic 

acid (m.p. 77- 7 9 °C ,M  -  20°).

Thus, the norm al tran s-an ti backbone was established fo r  eperuic 

acid (XXII) in  accordance with a ll other diterpenoids.

There now rem ained in  doubt only the absolute configurations a t 

in eperuic and labdanolic acids.
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DISCUSSION

In an attem pt to define the relative configuration o f the

methyl groups in  eperuic acid (XXII) and labdanolic acid (CXXVII),

(89)Graham and Overton converted the side chains o f the respective 

acids into a th ird  cyclohexane ring. This they did by cyclisation of the 

Cg nor-ketones (CXXXVIII) fro m  die two se rie s  to fo rm  the hydroxy-ester 

(CXLI). It was hoped that fro m  these tricy c lic  derivatives, i t  m ight be 

possible to deduce die C ^  configuration fro m  die coupling constants 

in the n .m .r. spectrum  between H-13 and H -14 diaxial coupling fo r  

vicinal protons being g rea te r than axial-equatorial coupling. However, 

under the conditions used (medioxide in refluxing toluene) epim erisation 

occurred(89) a t affo rd ing  the sam e hydrcocy-ester fro m  e ith er of 

the nor-ketones of die two se ries.

Another approach to  d ie problem  of determ ining the absolute

stereochem istry  a t the CJ3 position , o f the labdanolic and eperuic acids

was to  fo rm  the corresponding m ethyl-ketones (CXLII) and (CXUII),
( 7 5 )

obtained fro m  the respective acids by reaction with methyl lithium  .

By conversion of these derivatives to the Cg nor-ketones (CXUV) and 

(CXLV) and th e re a fte r cyclisation to  die corresponding hydraxy-ketones 

(CXLVI) and (CXLVU) under conditions that should p reserve in tact the 

configurations a t i t  was anticipated that the absolute stereochem istry



of eperuic and labdanolic acids a t th is centre could be determ ined. It 

was hoped that the proton, being adjacent to the carbo-m ethaxy group 

would be easily  identified a s  a low fie ld  doublet.

In the labdane se rie s  the methyl ketone (CXLII), C_,H O ,
21 38 2

prepared readily  fro m  the corresponding acid had a t 1720 cm. *max.

(ketonic carbonyl) and exhibited a singlet T 7.88; 3H, (Cgj CO); in  the 

n .m .r. spectrum . An additional product, the te rtia ry  alcohol (CXLVHI), 

C22H42°* WaS ^oxme^ Pre sence of excess methyl lithium .

Dehydration of the hydroxy-ketone (CXLII) with phosphorous 

axychloride, a ffo rded  p referen tia lly  the enone (CXLIX), along with a  very  

sm all percentage of the isom er (CL), as shown by t.l.c . on silica  gel- 

silv er n itra te , the product o f reaction appearing prim arily  a s  one spot, 

only a fa in t shadow o f a le ss  polar product (CL) being visible. This 

re su lt was confirm ed by the absence o f a vinyl methyl group in  the n .m .r. 

spectrum  and by the two broad singlets (T5.5, 1H; T5.15, 1H) assigned to 

the exomethylene double bond, also  seen a s  bands (CHCl^) a t 1850 and 

890 cm. * in  the in fra -re d  spectrum .

The enone (CXLIX) was osm ylated to  yield two diols (CLI), epim eric

a t C and these w ere cleaved, without p rio r separation, with sodium 8

periodate in  aqueous methanol. The resu lting  nor-ketone (CXUV), 

C20H3404 , m .p. 192 -  194°C, 1710 cm. 1, was cy d ised  in



ethanolic potassium  hydroxide to the hydroxy-ketone (CXLVI),

C20H3 4 0 2, m .p. 202°C, with extraordinary ease. (CXLVI) could also  

be obtained fro m  the nor-ketone (CXLTV), by reflu x  in benzene with 

toluene-p-sulphonic acid , (m .p., m .m .p., g .l.c ., 1%, SE30; 1% QF1;

2% 20M Peg.). From  the in fra -re d  spectrum  (CCl^) it  was observed 

that the hydroxyl group a t Cg was com pletely bonded (3486 cm. *) to 

the ketonic carbonyl group (1692 cm. *), even a t high dilution. On 

cyclisation of the dione (CXLIV), it  was anticipated that the carbo- 

methoxy) group would assum e the m ore stable equatorial {^) configuration, 

and ring  C a chair conform ation. Consequently, a 13£  methyl group 

would re su lt in an axial-equitorial coupling between H-13 and H-14 and 

the alternative 13 methyl assignm ent would enforce the la rg e r diaxial 

coupling between H-13 and H-14. U nfortunately, it  was im possible to

de£ln* * *  ,U r*OCh#mirtry a‘ C13 £ r° m * «

spectrum , a s  the C ^  proton was deshielded by the f> -hydroxyl group a t

C_ and its  signal was thus shifted  downfield and appeared a t the sam eO

position a s  Hie signal fro m  Hie proton a t C ^ . Using benzene as a 

solvent fa iled  to  make the in terpretation  of the spectrum  any easie r.

It is  o f in te re st to note that in an endeavour to fo rm  Hie acetate of 

Hie hydroxy-ketone (CXLVI) by reflu x  with acetic anhydride in  pyridine, 

Hie sole product furnished was Hie dione (CXLIV).



A sim ila r se rie s  of reactions was carried  out with eperuic acid,

(75)the acid being transform ed  in itially  into the methyl ketone (CXLHI), 

^21^36°* ^  r ®ac^ on with methyl lithium . The singlet (T7.9, 3H) 

confirm ed the form ation of the methyl ketone and th is was fu rth e r shown 

by 1710 cm. * (ketonic carbonyl). Cleavage o f the exocydic

double bond was effected  by osm ylation of (CXIHI) affo rd ing  a m ixutre 

of Cg epim eric diols (CLU). T hese, without p rio r separation, on reaction  

with sodium periodate in aqueous methanol yielded the dione (CXLV). 

A ttem pts to  cyclise th is dione (CXLV) in  ethandic potassium  hydroxide 

failed  to  produce the hydroxy-ketons (CXLVII) corresponding to (CXLVI) 

form ed so readily  in  the labdane se rie s . More stringent conditions w ere

used in  the hope of cyd ising  Hie dione (CXLV); 1. Potassium  te rtia ry

(76)butoxide in  te rtia ry  butanol ; 2. Sodium hydride in benzene; 3. Dimethyl

(77)sulphoxide and sodium hydride ';  a ll proved unsuccessful. This may be 

attributed to  th . fa c t th a t, i f  in  th . « p « u ic  ~ r i « .  f t .  m tthyl group 

is  assigned Hie o( configuration, 1 : 3 diaxial in teraction between th is 

group and the potential (oO hydroxyl a t Cg may prevent cyd isation .

On reflu x  in benzene with toluene-p-sulphonic acid fo r  1.5 hours, 

cyd isa tio n  o f Hie dione (CXLV) was effected  to  a ffo rd  an enone, assigned 

Hie stru ctu re  (CLHI) fro m  spectral inform ation. F rom  the m ass spectrum , 

Hie m olecular w eight, 288, showed lo ss  of 18, indicating Hie lo ss  o f w ater 

and form ation of a double bond upon c y d isat ion. As no d e fin ic  protons
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w ere observed in the n .m .r., the double bond m ust be tetra-substitu ted

of a saturated carbonyl group and th is was supported by the u ltra-v io le t

on addit ion o£ sodium hydroxide. Consequently, the double bond was

adjacent to a carbonyl group, was seen as a complex m ultiplet a t T7.5

due to  its  vicinal coupling with H ^ , and 1 : 4 coupling with (oO

and Hg (o(). In view of the uncertainty attending the p refered  conform ation

of the ra th e r m obile cyclohexene ring  C, no conclusion could be derived fro m

the n .m .r. spectrum  concerning the configuration a t C^g.

When either the dione (CXLIV) o r the hydroxy-ketone (CXLVI) fro m

labdandic acid was refluxed in  benzene fo r  5 hours along with toluene-p-

sulphonic acid , an enone (CUV) was obtained, which was indistinguishable

fro m  tite enone (CLUI) by t.L c. and m ass spectrom etric analysis, but

d iffe red  in its  behaviour on g .l.c . (5% QF1). From  in fra -re d  (U•  max

1710 cm .* ), u ltra-v io le t ( 209 m jk . 2745; 285 m ^ ., ^  130; no

change on addition of potassium  hydroxide) and n .m .r. spectra (no o lefin ic

protons), and identical f r agmentation pattern  with that o f (CLUI), the double

8 (9)
bond in  the enone (CUV) was assigned to  die A  position. H ie d iffu se

and th e re fo re  m ust be situated a t A 8 o r£ j3

Absorption in  the in fra -re d  (CC1 ) a t 1708 cm .* indicates the presence

spectrum

assigned to the A 8 ^ position. The proton a t C ^ , being ally lic and
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m ultiplet a t T7.55 (1H) was ascribed to the proton a t C ^ ,  but again th is 

gave no indication o f the configuration a t C ^ .

The Cg-nor-ketone (CXLIV) was considered to  c y d ise  to the 

hydroxy -ketone (CXLVI) as shown in Figure 9. H ie fa ilu re  of the eperuic 

dione (CXLV) to  do so under the sam e conditions can be attributed to the 

1 :3 diaxial in teraction experienced by the -OH group at C with theO

methyl groups a t C ^  and C ^ f the double diaxial in teraction being absent 

in  the case o f labdanolic acid. Thus, the action of base on the nor-ketones 

(CXLIV) and (CXLV) is  persuasive evidence fo r  the assignm ent of a n o i  

configuration to  die methyl groups a t C ^  in  die labdanolic and eperuic 

se rie s .

On acid ca ta ly sis, cyd isa tion  o f the nor-ketone (CXLV) occurred 

because the 1 : 3 diaxial in teraction between C_ and C .  was relieved byo

A8 (9)_ _ _ _ compound (CLUI);

F igure 10.

The 13 oC methyl group configuration was supported by the c ircu la r 

dichroism  curves o f die nor-ketones (CXLIV) and (CXLV), which showed 

that the compounds w ere alm ost antipodal, d ie max. values being 

-2.74 (CXUV); + 2.12 (CXLV). Assuming dial die contributions of the 

decalone system s w ere -2.34 and +2.34 in  these two compounds, the 

contribution o f d ie side chain carbonyl would be -0.32 fo r  both. F rom  the
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work of L ev en e^^  and D je ra ss i^ 1̂  a negative contribution would correspond 

to an oC configuration fo r  the methyl group a t C ^ . T his re su lt is  in 

good agreem ent with the value fo r  c itro n e lla l^ ^  o f +0.22, in  which the 

m ethyl group adjacent to the aldehyde residue is  in  a f> configuration.

Confirm ation of the o( assignm ent to the methyl group a t in  the 

labdane se rie s  has been obtained by an X -ray a n a l y s i s o f  die p-brom o- 

phenacyl-ester derivative fro m  labdanolic acid.

E ffo rts  w ere made to obtain the isom eric oCj§ unsaturated ketones 

fro m  (CLUI) and (CUV) as the conjugated fo rm  should be energetically 

m ore favourable. Prolonged reflu x  in alcoholic potassium  hydroxide o r 

with toluene -p-sulphonic acid failed  to  produce the desired  o(jL unsaturated 

ketones, leaving the compounds unchanged (g.l.c. 1% QF1; 1% SE 30; 2%

20M Peg.). However, re flu x  in acetic acid , acetic anhydride and perchloric 

acid^*^ affo rd ed  one product (CLV) fro m  Hie labdanolic enone (CUV) and 

th ree  products fro m  the eperuic enone (CLUI).

The compound (CLV) eras found to  be isom eric with Hie enone (CUV) 

(m ass spec. m.wt. 288), but d iffe red  in  its  retention tim e on g .l.c . (1% SE 30;

1% QF1.) and fragm entation pattern  in  Hie m ass spectrum . No vinyl methyl 

group o r vinyl protons w ere observed in  Hie n .m .r., so that the double 

bond w as assigned to  Hie 8-14 position, giving the o(^ unsaturated ketone 

(CLV). This assignm ent conflic ts with Hie in fra -re d  (U ^ j^4 1708 cm "1)
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and the u ltra-v io le t spectra ( 204 m jk.^T  4000; 242 m jk ,

|l2 0 0  and 285 m ^ , no change on addition of aqueous sodium

hydroxide.). This anomalous behaviour in  the i .r . and u.v. may occur

because the 'n ' o rb ita ls o f the double bodd and the carbonyl group a re

prevented fro m  overlapping as a re su lt of s te ric  in teraction  between the

^13 mCthyl S1*011? anc  ̂the 14 carbo -methaxy group. Inhibition of

conjugation in  th is  type of system , resulting in greatly  reduced values fo r

(79)the extinction co effic ien t, has been reported by Braude and Waight .

The th ree products fro m  the enone (CUH), fa iled  to separate on 

chrom atography, but gas-liquid /m ass spectrom etric analysis showed the 

components of the m ixture to be o f m olecular weight : Peak 1, m.wt.

288; Peak 2, m.wt. 288; Peak 3, P aren t a t m /e  251. The fragm entation 

pattern  of peak 1 was identical with that o f (CLV), though th e ir  retention 

tim es d iffe red  on g .l.c . (1% QF1), and vms th e re fo re  considered to  be the 

o(. unsaturated ketone (CLVI). The components of peaks 2 and 3 need 

to be investigated fu rth e r b efo re  stru c tu res can be confidently assigned 

to them .
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EXPERIMENTAL

Labdanolic acid (CXXVII)

Methyl labdanolafce (CXXVIII) was hydrolysed under reflu x  

fo r  one hour with a solution of sodium (400 mg) in  ethanol (12 ml) and 

w ater(0.2 ml). The resulting  acid was a gum (680 mg) and fro m  t.l.c . no 

m ethyl e s te r rem ained.

Methvl Ketone (CXLTO
( 7 5 )

Methyl lithium  was prepared by addition over a period of fiv e  

m ins., o f the red istilled  m ethyl iodide (1.25 ml) in  anhydrous ether (20 m l), 

to a s tirre d  suspension of lithium  (0.27 gm) in anhydrous e ther (25 ml).

The solution was refluxed fo r  one hour and then filte red  into a constant 

p ressu re  dropping funnel. The resulting  methyl lithium  solution was added 

dropw ise to a s tirre d  solution of labdanolic acid (680 mg) in  anhydrous ether 

(25 ml) under an atm osphere o f nitrogen. The solution was refluxed fo r  

90 m ins., cooled and w ater added carefu lly  to  destroy die excess methyl 

lithium . The aqueous lay er was extracted into e th er, the ex tracts 

combined, washed well with w ater, dried  and the solvent rem oved to yield 

a yellow oil (600 mg). T .l.c . revealed one m ajor product and two m inor 

products. P .t l .c . ,  using ethyl acetate: light petroleum  (3 : 7) as eluant, 

yielded die desired  m ethyl ketone (CXUI)(510 m g). Although th is  was 

homogeneous on t.l.c . it fa iled  to  c ry sta llise , as did the oxime prepared in
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CHC1 -f

the usual way. U 3 5 0 0 , 1720 cm. ; 3H singlets af T7.88,max

8.8, 9.15; 6H singlet at T9.22; 3H doublet centred a t T9.08.

(Found: C, 77.8; H, 11.65. req u ires C , 78.20; H, 11.88%).

Extraction o£ the band m ore polar than the methyl ketone (CXLII)

affo rded  the carbinol (CXLVHI) as a gum (40 mg). U (CHC1J
max 3

3610 cm. ; 3H singlets,T 8.85, 9.12; 6H singlets a t T8.78, 9.2; 3H 

doublet a t T9.0. (Found: C , 77.70; H, 12.24. C H O j req u ires 

C, 78.04; H, 12.04%).

The th ird  component of the reaction product (20 mg) w as not 

characterised .

Dehydration o f the Methyl Ketone (CXLII)

The methyl ketone (CXLII) (450 mg) was dehydrated with phosphorous 

oxychloride (0.5 ml) in pyridine (2 ml) a t 20°C overnight. The reaction  was 

cooled in ic e , w ater added carefu lly  and the aqueous solution extracted well 

into ethyl acetate. The ex tracts w ere dried  and die solvent rem oved, 

azeotroping with benzene to rem ove any rem aining pyridine. The product 

(CXLIX), a gum (380 mg), containixg little  o f the isom er (CL) as seen by 

t.L c. on silica  g e l-silv er n itra te  and from  the n .m .r. spectrum . Umax

(CH Cl,) 1720, 1650 cm .*1; 1H broad singjst at T5.15 and 5.5 O  C -  eg ,)-;3 A P

absence o f 3H singlet a t T8.3 (vinyl methyl). (Found: C , 82.61; H, 11.74.

C ,,H ^ 0  req u ires C , 82.83; H, 11.92%).
21 30
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Form ation o£ the Died (CU1 f r o m  fCXLIIl)

The dehydration product (CXUII) (350 mg) was dissolved in 

pyridine (2 ml) and osmium  tetroxide (280 mg) added. The solution was 

le f t a t 20°C fo r  12 hours and worked up a s  previously d e sc rib e d ^ ) .

The product (CLI) (300 mg) was shown by t.l.c . to contain two diols of 

very  s im ila r polarity. No attem pt was made to  separate th ese , though 

die crude product was chrom atographed to rem ove a ll im purities.

Cleavage o f the D id  m ixture (CLI)

The d id  m ixture (CLI) (200 mg) obtained above, was d issdved  in  

m ethand (5 nil) and an aqueous sdu tion  o f sodium m etaperiodate (180 mg) 

added. The reaction w as m aintained a t 0°C fo r  one hour, w ater added 

and <he aqueous sdu tion  extracted into ethyl acetate. On drying and 

rem oval of the sd v en t a gum (80 mg) was fo rm ed , which crystallised  with 

d ifficu lty  fro m  icecd d  light petrdeum  to a ffo rd  die dione, (CXLTV), 

m .p. 192-194°C; U (C H C ip 1710 cm. ; 3H singlots a t T7.88, 9.02, 

9.15, 9.3; 3H doublet a t T9.05. (Found: C , 78.0; H, 11.54. C H o 

req u ires C , 78.38; H, 11.18%).

Hvdroocv-Ketona (CXLVI)

To a  solution o f die dione (CXLIV) (80 mg) in  benzene w as added 1% 

ethanolic potassium  hydroxide (0.5 ml) and die reaction  le f t  a t 20°C fo r  

20 m ins. Addition o f w ater and extraction into e ther affo rded  the hydroxy-



ketone (CXLVI) (60 mg), which crystallised  from  light petroleum , m.p.

202°C;& G -65°, (e * 0.5, chloroform ); 3486, 1692 cm.u  max

3H singlets a t T7.8 and 9.0; 6H singlet a t T9.15; 3H doublet a t T9.18. 

(Found C , 78.5; H, 11.1. C req u ires C, 78.4; H, 11.2%).

Attempted acetvlation of fee Hvdroxv-ketone (CXLVI)

The hydroxy -ketone (CXLVI) (10 mg) was dissolved in  dry  pyridine 

(0.5 m l), "analar" acetic anhydride (0.5 ml) added and (he solution 

refluxed fo r  12 hours. Removal o f the solvent in vacuo, and purification  

by p .t.l.c . a ffo rd ed , a s  die sole product, the diene (CXLIV) (7 m g), a s  

shown by t.l.c .; i .r . ,  and n .m .r.

D«hvdration of ti» Hvdr«»cv-Krton« (CXLVI)

The hydroxy-ketone (CXLVI) (20 mg) in  dry benzene (3 ml) and 

toluene-p-sulphonic acid (10 mg) w ere refluxed fo r  5 hours. Addition of 

w ater and extraction into ethyl acetate, a ffo rded  on rem oval o f (he solvent, 

die oily enone (CUV) (13 mg) as the sole product, as seen fro m  g .l.c .

(1% SE 30; Sft QF1; 1% QF1). 1710 c m .'1; A ^  209 myk ,

^2765; 285 Signals in the n .m .r. a t T7.5 (1H, m); 7.98 (3H ,s);

8.98 (3H, s); 9.14 (3H, s); 9.16 (3H, s); 9.1 (3H, d). (Mass spec. m .w t 

288‘ C20H32° req u ires 288). Fragm entation pattern identical with that 

o f (CUQ).
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Isom erisation o f the Enone (CLIVI

Th« enone (CUV) (9 mg) was heated at 95°C with acetic  acid

(1 n il), acetic anhydride (0.1 ml) and 60% perchloric acid (0.05 ml)

fo r  20 m ins. W ater was added, the aqueous solution extracted into ethyl

aceta te , the ex tracts washed with sodium bicarbonate and then with w ater,

dried  and die solvent removed to  yield a gum (CLV) (4 mg) as the only

component, a s  shown by t.l.c . over silica  g e l-silv er n itra te  and g.Lc.

(1% SE 30; 1% QF1; 1% CHDMS). UCCl4 1705 cm .*1; X 204 mL
' max * '  max r*

^400 , 285 myk^X70. Signals in the n .m .r. a t T7.92 (3H, s), 8.99 (3H, s), 

9.02 (6H, s). (Mass spec. m.wt. 288. ^20^32^ r *4u*r *8 288).

Eperuic Acid (XXII)

Methyl eperuate (CXXXI) (700 mg) was hydrolysed as  described fo r  

methyl labdanolate (CXXVIII). The resulting  gum (XXII) (650 mg) which 

fa iled  to  c ry sta llise , contained no methyl e s te r (CXXXI) a s  seen fro m  t.l.c .

yCH Cl3 3<00 m o  ^ - 1
max

Methvl Ketone (nXTJTn

The methyl ketone (CXUII) fro m  eperuic acid (650 mg) was prepared

(75)(a fte r the method p rescrib ed by Meinwald' ), a s  described previously fo r  

labdanolic acid , furnishing a  gum (600 mg). 1710, 1640 cm .’ 1;

1H broad singlets in  die n .m .r. a t T5.2 and 5.5 (^ C  * CH ^); odier signals 

a t T7.9 (3H, s), 8.8(3H, s), 9.12 (3H, s), 9.18 (3H, d), 9.3 (3H, s).
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(Found: C, 82.6; H, 11.7. C H require# C, 82.8; H, 11.9%).

Osm vlation o£ the Methyl Ketone fCXT/TTT)

The methyl ketone (CXUII) (550 mg) and osmium tetroxide (450 mg)

w ere kept in pyridine a t 20°C fo r  16 hours. Work up as previously

described , a ffo rded  two diols (CLI) of very  sim ilar po larity  (t.l.c .).

These diols (250 mg) w ere separated by p .L l.c. fro m  the le ss  polar

im purities but w ere not separated from  each other. u CHCl3 3600,
max

1710 c m .'1.

Cleavage o f the Diol M ixture (CLI)

To the epim eric diols (CLI) (250 mg) in  methanol (5 m l) w as added 

an aqueous solution o f sodium periodate (160 mg) and the solution kept 

a t 0°C fo r  1 hour. Working up in the usual way gave the dione (CXLV)

(100 mg), which fa iled  to  c ry sta llise  a f te r  purification  by p .tl .c .

U - 13 1720 c m .'1; signals in A s n .m .r. a t T7.94 (3H, s), 9.06 (3H, s), 

9.18 (3H, s ), 9.3 (3H, s ), 9.1 (3H, d). (Found: C , 78.0; H, 1L1.

C20H34°2 r *<Iu*r# *

C vclisation o f the Pione (CXLV) to  the Enone (CLUI)

The dione (CXLV) (20 mg) and tduene-p-sulphonic acid (10 mg) 

in  dry  benzene (2 ml) w ere refluxed fo r  90 m ins, and th e re a fte r w ater added 

and the aqueous solution extracted into ether. The ex tracts on rem oval o f
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the solvent affo rded  the enone (CLm) (10 mg) a s  a  gum, found to be

homogeneous fro m  t.l.c . on silica  g e l-silv er n itra te  and fro m  g .l.c .

(1% SE 30; 1% QF1; 5% QF1). H ie enone(CLIII) d iffe red  in  retention

tim e fro m  the enone (CUV) of die labdane se rie s  only on one column

(5%QF1). UCCd 4  1708 cm .-1 ; X  207 m m T 3400, 285 m U , max max /  * l, j

^ 1 6 0 . Signals in  the n .m .r. a t T7.5 (1H, m ), 8.02 (3H, s), 9.07 

(3H, s), 9.15 (6H, s), 9.17 (3H, d). (Mass spec. m.wt. 288. C^qH ^O  

req u ires 288).

Attempted C vdisations of the Dione (CXLV)

1. The diene (CXLV) (2 mg) was dissolved in  dry  benzene (0.5 nil)

1% ethanolic potassium  hydroxide solution (0.1 in i) added and the reaction 

le f t  a t 20°C fo r  20 m ins. Working up as  previously described , affo rded  

the unchanged dione (CXLV) a s  judged by tJ ..c ., gJLc., i .r . ,  and u.v.

Increasing the reaction tim e under the sam e conditions to  5 hours, 

a ffo rded  only unchanged starting  m ateria l (CXLV).

2. To a solution o f the dione (CXLV) (2 mg) in  d ry  benzene (1 m l),

10% ethanolic potassium  hydroxide solution (0.2 ml) w as added and the 

reaction  le f t  a t 20°C f o r  periods of 3, 5 and 16 hours. In a ll cases the 

unchanged dione (CXLV) w as recovered  excdushrely.

When the above solution was refluxed fo r  5 hours, th e re  was again, 

no change.
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3. To dry refluxing t - b u t a n o l (10 m l), was added potassium

(200 mg) and the refluxing continued until a ll the potassium  had dissolved. 

T his solution o f potassium  te rtia ry  butoxide solution (1 ml) was added to 

the dione (CXLV) and tie  reaction le f t at 20°C fo r  15 mins* Addition of 

w ater, extraction into ethyl acetate and rem oval o f the solvent affo rded  

only unchanged dione (CXLV) (t.l.c ., i . r . ,  and u.v.).

Reflux o f the dione (CXLV) (5 mg) in  potassium  te rtia ry  butoxide 

(1 nil) under nitrogen fo r  30 m ins. affo rded  an in tractable m ixture o f 

products (numerous spots on t .l .c .).

4. The dione (CXLV) (5 mg) w as dissolved in dry benzene (1 ml) and, 

sodium hydride (5 mg) added and the solution reflux  ed, a portion o f the 

solution being rem oved a f te r  30 m ins., 1 hour and 16 hours. Extraction 

o f the aqueous lay er into e ther affo rded  in each case unchanged dione 

(CXLV).

(77)
5. The methyl sulphonyl carbanion was prepared by refluxing sodium 

hydride (50 mg) with excess dim ethyl sulphoxide (3 ml) fo r  45 m ins. under 

nitrogen. The solution was cooled to  20°C and the dione (CXLV) (10 mg)

in dim ethyl sulphoxide (1 ml) was added to  th is  with st i r r ing and under 

nitrogen. A fte r 20 m ins. dilute acetic a d d  (2 m l. in  10 m l w ater) was added 

with cooling and the resu lting  solution extracted into e th er, the ex tracts dried 

and the solvent rem oved, to a ffo rd  unchanged dione (CXLV). ( t.l.c ., i .r . ,  

and u.v.).
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L e n g t h e n i n g  the reaction tim e to 3 hours a t 20°C and to 1 hour 

and 4 hours a t reflu x  tem perature gave, in  a ll cases, unchanged diene 

(CXLV) as the sole product o f reaction.

Isom erisation of the Enone (CUH)

The enone (CLUI) (10 mg), nanalar" acetic anhydride (0.1 m l),

(78)"analar" acetic acid (1 ml) and 60^ perchloric acid (0.05 m l)' w ere 

refluxed fo r  30 m ins. Woxking up as previously described affo rded  th ree  

products (6 mg) as judged fro m  g .l.c . (1% QF1; 1% SE 30). These 

products fa iled  to separate on t.l.c . but w ere analysed by g .c.m .s.

Peak 1. M ass spec. m.wt. 288. C20H32° see3u*re s  288# Fragm entation 

pattern  identical with that o f (CLV) fro m  the labdane se ries.

Peak 2. M ass spec. m.wt. 288. C20H32° r *4u*re6  288* Fragm entation 

pattern  d iffe re n t fro m  that of (CLVI).

Peak 3. P a re n t in  the m ass spectrum  a t 251.
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