
STUDIES ON THE REARRANGEMENT IN THE 

BIOSYNTHESIS OF SOME BISLACTONE ANTIBIOTICS.

A THESIS

PRESENTED FOR THE DEGREE OF DOCTOR OF PHILOSOPHY 

TO THE UNIVERSITY OF GLASGOW

BY

DJAMEL EDDINE KHELIFI,

D.E.S (B.Sc), M.Sc.

SUPERVISOR:

Dr N. J. McCORKINDALE

©Djamel Eddine Khelifi 

Department of Chemistry 

University of Glasgow 

February 1993.



ProQuest Number: 13815538

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 13815538

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



9 S C S  
Copu /

GLASGOW
UNIVERSITY
LIBRARY



To my family 

and in memory of my late father.



Acknowledgements

First and foremost I would like to express my sincere thanks to my supervisor Dr. 

Norman. J. McCorkindale for his constant guidance and advice throughout these 

research projects. My thanks are also extended to members of his family for the 

kindness they have shown to me over the past four years.

I am indebted to Mrs. Pearl Tait and her staff from the Mycology Department for 

the preparation of the cultures used during this work, and to the technical staff of the 

Chemistry Department, University of Glasgow.

I am grateful to Dr. D. Morris for his advice, helpful discussions and sympathy 

during my stay in Glasgow. I am also very grateful to my mother, Delloula, Naima, 

Rafik and the rest of my family for their support, patience, encouragement and 

understanding for the last many years. Also for making my stay enjoyable in Scotland, 

I would like to thank all my Algerian friends and my fellow inmates of labs 313 and 

168.

Finally, special thanks and appreciation go to the Algerian Ministry of Higher 

Education for the financial support without which this work could not have been carried 

out.

February 1993.



Summary

Part I of this work is concerned with detailed studies on the biosynthesis of the 

bislactone antibiotics ethisolide 1 and avenaciolide 2 produced by the fungi Penicillium 

decumbens and Aspergillus avenaceus respectively. The alkyl-a-methyleneglutaric 

acid skeleton of these is thought to arise from an alkylcitric acid via an alkylitaconic 

acid, since the latter have previously been shown to act as efficient precursors of the 

antibiotics. Direct evidence that their skeletons are assembled by condensation of a 

preformed fatty acid with oxaloacetate has been provided by intact incorporation of 
deuterium labelled fatty acids. These results depended on their being clearly different 

from the pattern found upon feeding d^-acetate, where enrichment was mainly in the 

fatty acid derived part of the molecule.
In other feedings with d^-succinate and d2-fumarate ethisolide 1 was obtained 

with enrichment mainly in the two terminal methylene positions. In several 

experiments with d2-fumarate no enrichment of avenaciolide 2 was observed, possibly 
due to inhibition of growth since [14C]-fumarate has previously shown good 

incorporation. However d^-succinate gave avenaciolide again showing enrichment 

mainly in both terminal methylene positions. This is surprising since succinate and 

fumarate would be incorporated via [3S, 3dj]-oxaloacetate and hence via a [dj]- 

alkylitaconic acid. In order to establish whether the loss of integrity of the deuterium 

label occurs during formation of the alkylitaconic acid or in the subsequent 

rearrangement, it was hoped to examine d4-succinate incorporation into relevant 

alkylitaconic acid derivatives if these could be produced in sufficient quantity by the 

fungi under study. Extensive studies based on analytical HPLC led to the detection of 

n-butylitaconic acid in P. decumbens but the quantity produced did not allow analysis 

of its deuterium content when d^-succinate had been fed. Feeding/trapping 

experiments also indicated that n-decylitaconic acid was not produced in detectable 

quantities by A. avenaceus when fed with d^-succinate. A plausible mechanism for 

the rearrangement of the alkylitaconic acids to P-alkyl-a-methyleneglutaric acids 

involves a cyclopropylmethyl radical e.g. 79 with consequent loss of integrity of the 

two hydrogens of the methylene radical grouping.
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Part II of this work deals with the synthesis of bromomethylcyclopropane 

dicarboxylic acid derivatives which could act as precursors to such radicals. One 

approach aimed at 1,3-dehydrohalogenation of the dibromo derivative 113 prepared 

from the dimethyl ester of a-methylene-p-propylglutaric acid. A number of 

nucleophilic bases simply debrominated the ester and treatment with DBU resulted in 

1,2-dehydrohalogenation to give a vinyl bromide 114. Treatment with NaOMe 

however afforded three products, the vinyl methyl ether 115 corresponding to the 

above vinyl bromide (52 %) together with an inseparable mixture (48%) containing 

roughly equal amounts of the vinyl bromide 114 and the desired 
bromomethylcyclopropane 107.

In a different approach cyclopropane derivatives were prepared via addition of 

diazoalkanes to appropriate alkenes. Dimethyl bromomesaconate 118 itself appeared 

to be unsuitable affording complex mixtures, but the corresponding acetoxy compound 

119 reacted smoothly with diazomethane or diazobutane each to give a single 

pyrazoline which lost N2 upon photolysis to give acetoxymethylcyclopropanes e.g. 
121 and 129. It was aimed to convert these to bromomethyl compounds via the 

corresponding hydroxymethyl compounds. This involved selective acetate hydrolysis 
but facile lactonisation occurred involving a cis methoxycarbonyl grouping. With 

careful work up it was possible to obtain the hydroxymethyl derivative 141 from the 

corresponding diisopropyl ester 139 but attempted conversion of this to the 

corresponding bromomethylcyclopropane 143 again afforded a lactone 142. An 
attempt to obtain the latter bromomethyl compound via its tosyloxymethyl analogue was 

unsuccessful since decomposition of the appropriate tosyloxymethylpyrazoline 146 

gave a complex mixture. However the bromomethylcyclopropanes 158 and 159 were 
obtained in excellent yield by hydrobromination of the lactone 142.

In relation to the stereochemistry of the proposed cyclopropylmethyl radical, the 

preparation of the isomeric cyclopropanes with the ester groups cis was also studied 

briefly using citraconic anhydride derivatives e.g. the tosyloxymethylpyrazoline 155, 

but no useful results were obtained.

(ii)



CONTENTS

Pages

Summary (i)

Chapter 1 : Introduction.

General Introduction..................................................... 1

Fungi and secondary metabolism................................. 3

Secondary metabolites derived from an acetate -derived 

chain and a TCA cycle intermediate............................. 7

Recent studies on the biosynthesis of alkylitaconic acid 

and CX-methylene-ft-alkylglutaric acid fungal metabolites.... 18

Chapter 2 : Discussion (Part 1).

Synthesis of potential biosynthetic intermediates

and incorporation studies using Penicillium implicatum and

Aspergillus avenaceus................................................  34

The biosynthesis of minor metabolites from Penicillium 

decumbens and Aspergillus avenaceus....................... 42

Stereochemical aspects of the biosynthesis of the C3 unit in 

ethisolide and avenaciolide..........................................5 1



CONTENTS CONTINUED

Chapter 3 : Discussion (Part 2).

Synthesis of cyclopropanes via 1,3 elimination reactions...56

Preparation of some cyclopropane dicarboxylic acid derivatives

via 1-pyrazolines.......................................................... 64

Chapter 4 : Experimental section.

General experimental....................................................105

Abbreviation................................................................... 107

Experimental.(Part 1)..................................................108

Experimental (Part 2)................................................. 139

R eferen ces 192 - 205.



CHAPTER 1 : Introduction.

General Introduction......................................................1

Fungi and secondary metabolism..................................3

Secondary metabolites derived from an acetate -derived 

chain and a TCA cycle intermediate..............................7

Recent studies on the biosynthesis of alkylitaconic acid 

and a-methylene-p-alkylglutaric acid fungal metabolites.... 18



G ENERAL INTRODUCTION .

E t h i s o l i d e  1 , a v e n a c i o l i d e  2 a n d  the i r  a n a l o g u e s  

i so a v e n a c io l id e  3, c an a d en so l id e  4 form a  part of a  group of 

na tural  products  which have  a  similar biogenetic  origin and a  

n um b er  of which have  interesting biological activity. T h e s e  

fungal metaboli tes, which contain an a -m e th y le n e  lac tone ring 

fused  to a  sa tura ted  lactone ring, have  received considerab le  

a t tention in recent years  b e c a u se  of their novel s tructures and 

owing to their various kinds of biological activity e.g. inhibition 

of fungal  germinat ion,  antibacterial  or anti tumor activity, or 

plant  growth inhibition. 1-3

T he  p re s e n t  work c o n c e rn s  four different s t a g e s  of the
4

b io sy n th es is  of the b is lac tone  antibiotics  ethisolide 1 and 

avenac io l ide  2 5 produced by P. decumbens and A. avenaceus  

respectively. Interpretation of the results obtained from feeding 

labelled precursors has  led to the conclusion that  a  late s tage  in 

the  biosynthesis  of 1, 2 and the related ethisic acid 5 involves a 

remarkable  skeletal rearrangement  of an alkylitaconic acid to an 

a lky l -a -m ethy leneg lu ta r ic  acid (S c h em e  4). As d iscussed  later 

in th i s  in t roduc t ion ,  a  p l a u s ib le  m e c h a n i s m  for th is  

r e a r r a n g e m e n t  involves  a  cyc lopropyl  methyl  rad ica l  6 

in termediate  (Schem e 7) and one feature of the present  work also 

involves syn thes is  of re levant  cyc lopropane  dicarboxylic acid 

derivatives a s  a prelude to model studies of this rearrangement. 

A n o th e r  a s p e c t  which h a s  b e e n  s tu d ied  r e l a te s  to the  

s te reochem is t ry  of this rearrangement .
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Fungi and secondary metabolism .

Traditionally, fungi a r e  c la ss i f ied  a s  m e m b e r s  of the  

tha l lophy ta  7 a  division of the  plant kingdom. Today, many 

biologists have divided living organisms into four Kingdoms. The 

Animal kingdom, the kingdom of Green plants, the Fungal kingdom 

and the kingdom of bacteria and their allies. 8

Most p lants  contain chlorophyll, a  g reen  s u b s ta n c e  which 

enab les  them to photosynthesise their organic food from C 0 2 and 

water. Fungi differ from green  plants in their lack of chlorophyll 

and so have to live off other plants and animals.

There are  around 50.000 spec ies  of fungi, ranging in size and 

shape  from tiny moulds to large bracket fungi. They contain fruit 

bodies which produce spores from which new fungi can grow. The 

main part of the fungus exists a s  a  m ass  of tiny threads  known as  

"MYCELIUM". This lives all year  round buried in the  plant or 

animal matter that it feeds on.

Som e fungi obtain their bas ic  mater ials such  a s  su g a r  and 

starch from dead  organic matter and are  called saprophytes  8 like 

Coriolus versicolor. Others  live either a s  parasitic or symbiotic 

fungi on living animals or plants, which they may harm or benefit. 

Many parasi tes damage  and som e even kill the plant or the animal 

they live on e.g. Polyporus betulinus  known a s  Birch polypore 

which eventually kills the birch tree it grows on. 8

Symbiotic fungi grow on living plants, but do not d a m a g e  them. 

In this case ,  the fungus evolves a  s ta te  of equilibrium with the 

host plant whereby both derive benefit. Am anita m u s c a r ia 9
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g ro w s  symbiotically with birch or pine t r ee s  a s  its mycelium 

grows around the tree roots. The tree provides the  fungus with 

su g a rs  which it needs  and the fungus p a s se s  on the tree  nutrients 

which it has  taken from the  leaf litter. This p ro cess  helps birch 

t r ee s  to survive in poor soil.

Fungi have  been  of g rea t  importance in relation to human 

affairs for a  very long time. Som e saprophytic fungi a re  known to 

c a u s e  considerable  d a m a g e  to our food stores  and buildings, like 

M eru lius  lacrym ans  (Dry rot) which lives on t imber inside 

buildings. It makes the wood crack and eventually crumble away.

Much harm is done by parasitic fungi a s  they can destroy crops 

and  other plants. Examples of fungal d ise a se s  are  Ceratocystis  

ulm i  (Dutch Elm) which h a s  c a u s e d  the death  of Elm t rees  in 

Europe and North America. In man and other mammals ,  unlike 

p lan ts ,  most  d i s e a s e s  a re  c a u s e d  by bac te r ia  and  viruses.  

However, the re  a re  s o m e  hum an afflictions in which fungal 

p a t h o g e n s  play a major  role. The c o m m o n e s t  a r e  the  

dermatophytes ,  spec ies  of Microporum  and Trichophyton , which 

a re  able  to d igest  keratin and,  of course, Athlete's Foot d isease  

which is c au se d  by a  parasitic fungus that lives on the skin of the 

sole of people's feet. The skin becomes hard and cracks between 

the toes. 7 8

However, not all fungi are  harmful 8 and a  few of them have 

been  exploited industrially for making food and drink. Yeas t  has  

been  used for thousands of years  to make alcohol and  bread a s  it 

b reaks  sugars  in fruit juice to give alcohol or in bread dough to 

re lease  carbon dioxide which makes the bread rise.
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S o m e  fungi like P en ic ill iu m  which is a  saprophytic  mould 

g row ing  on fruits,  a re  explo i ted  com m erc ia l ly  to p roduce  

m ed ic in es  e.g. penicillin, organic acids, e n zy m es  and vitamins. 

They a re  u se d  extensively in scientific r esea rch ,  giving crucial 

information about  the biochemical pathways in living cells. 7* 8 

O n e  of the  vital and fundamental p ro cesses  to living organisms

is a  complex web of enzym e-cata lysed  react ions  which begins

with C O 2 and  photosynthesis  and leads  to d iverse  compounds 

c a l l e d  pr imary  m e tab o l i te s  10>11 e . g .  am ino  ac ids ,  acetyl 

c o e n z y m e  A, su g a rs  and nucleotides.  T h e s e  a re  involved in 

e ssen t ia l  life p ro c e ss e s  and the biochemical react ions which lead 

to their production proceed in cycles (e.g. the citric acid cycle)

and  a re  referred to a s  primary metabolism.

S e c o n d a r y  metabol i tes  a re  d is t inguished  from the primary 

metaboli tes which form their main source,  a s  having a  restricted 

taxonom ic  distribution 11. The quest ion of the  general  role of 

s eco n d a ry  metaboli tes in the life of plants and  micro-organisms 

a n d  their  metabolic  function remain o b sc u re  an d  essentia lly 

u n re so lv ed  9 although they a re  important to the  organism that 

produces  them. 11

Unlike primary metabolism, seconda ry  metabolism is not an 

invariable activity of organisms. 12 Several  microbial antibiotics 

inhibit their own syn thes is  (vide supra) 13 and feedback  and 

regulation may also occur by way of primary metabolites. Some 

pa thw ays  of antibiotic biosynthesis  sh a re  the  initial part of the 

pa thw ay  of b iosynthes is  with that  of primary metaboli te  which 

controls,  by feedback  regulation, en zy m es  of its own synthesis. 

If t h e s e  fall on the common pathway their inhibition may reduce

5



thereby  the  synthesis  of the antibiotic. 10 Even in unicellular 

m ic r o - o r g a n i s m s ,  s e c o n d a r y  b i o s y n t h e s i s  c a n  usual ly  be  

a s so c ia te d  with a  particular p h a se  of life-cycle, in differentiated 

multicellular organisms it may occur only in certain parts  and a t  

certain times. Thus, the understanding of som e  mechanisms and 

their  regulation, which lead to the  formation of so m e  natural 

products is even more preliminary. 12

6



S e c o n d a r y  m e ta b o l i t e s  derived.Jrom an acetate-

derived chain and a TCA cycle intermediate .

Acetyl coenzyme A, a  reactive thioester, is the main substra te  

entering the tricarboxylic acid cycle (TCA, Schem e  1). It plays a  

key role not only in the  genera t ion  of phosphoryla t ing and 

reducing ag en ts  but it is also a  source  of important metabolic 

in te rm e d ia te s .  14 Two vital pa thways of primary biosynthesis  

a re  der ived  from acetyl  CoA itself, one  via ace toace ty l  CoA 

leading to isoprenoids and the other  via malonyl-Co A to fatty 

acids. 11- 12

O n e  of the crucial primary metabolic  intermediates  is citric

acid 7 .  The effect of dilution rate on the  specific activities of 

se lec ted  enzymes of the TCA cycle has  been studied 15 and it was 

d e m o n s t ra ted  that  the activity of enzym es  involved in the  TCA 

cycle h a s  an important influence on the progress  of the  citric 

acid fermentation.  It has  b e en  reported that  the  effect  of 

agitation on citric acid production is extremely important for the 

su cce ss fu l  p rog ress  of fermentation.  Citric acid is produced  

from the  condensation of acetyl CoA with oxaloacetic acid (6, an 

intermediate  in the  TCA.) and the enzym e responsible  for this 

reaction is citrate synthase .  The results of these  s tudies showed 

th a t  th e  accum ula t ion  of citric acid is a c c o m p a n ie d  by an 

increase  in the activity of citrate syn the tase  (CS) and a  d e c rea se  

in the  activity of acon i ta te  h y d ra ta se  (ACH) and  isocit rate

dehydrogenase  (ICDH) the enzymes responsible for the degradation

of citric acid in the TCA cycle. 14 Other  citrate s y n t h a s e s  like

methylcitrate and decylcitrate a re  responsible  for the production

7



HO-CH
l

c h 2
I

c o 2h

fumarate

2H

succinate

H-CH2COSCoA

o=c2H

c o 2h
I
CH,
I

h o - c - c o 2h

I

malate

CH
HC

0=C-H
glyoxylate

c o 2h

c o 2h

c o 2h

c h 2co2h e

(7)

li
C

HO2 CCH2  SCC>2H 
cis aconitate

HoO

c o 2h
I

H-C-OH
I

H -C “ C02H
I
c h 2
I
COjH 

isocitric acid

0=C
2H

2 + ^  a  - ketoglutarate
CO-

c h 2c o 2h

oxalosuccinate

Scheme 1 : The tricarboxylic acid cycle (TCA).
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of ( - ) -m e thy lc i t r ic  a c id  9 a n d  ( - ) -decy  Icitric ac id  1 0 

respectively, have  b een  isolated and investigated, it ha s  been  

reported that  (-)-methylcitric a c id 9 is formed by condensa t ion  

of propionyl-Co A with oxaloacetate. 16

The  formation of (-)-decylcitr ic  acid  1 0  i so la ted  from 

Penicillium spiculisporum  is catalysed by decylci trate  syn thase  

and the reported metabolite which was claimed to be (+) and (-) - 

decylcitric acid has been  corrected. 17 This was  shown to be  a  

mixture of (-)-decylcitric acid 10 and (+)-isocitric acid 8. The 

p rop er t ie s  of 2 -decy lc i t ra te  s y n th a s e  d e s c r ib e d  18 a s  very 

specific  for the  C-4 diacid sp ec ie s ,  w ere  non-specif ic  with 

respect  to the  fatty acid chain moiety used  and that  a  range of 

shorter chain subs tra tes  could be utilised.

The absolu te  configuration of (-)-decylcitric acid 10 from P. 

sp icu lisp o ru m ,  of methylcitric acid 9 from Candida lipolytica , 

of norcapera t ic  acid 11 from Cantharellus floccosus  and  of 

agar ic ic  acid  1 2  from Polyporus officianalis  h a v e  b e e n  

reported 19 a s  shown.

COgH 

 CH R H

COgH

HO2C---------- H

H---------- H

CC^H

( 8 )

COgH 

(9) R = Me

HD COgH

H

(10) R = C10H2-|

(11) R = C14H 29

(12) R = C16H33

9



In connect ion  with the  presen t  work, the  isolation in th e s e  

laboratories  of ano ther  alkylcitric acid, namely n-butylcitric acid

this further suppor ts  the  intermediacy of an  alkylcitric acid in 

the  biosynthesis  of the metabolites ethisolide 1 and avenaciolide 

2 .

Ethisolide 1, avenaciolide 2 and the P. canadense  metaboli tes 

c a n a d e n s o l id e  4, an anti fungal antibiotic, d ihydrocanadensol ide  

14, an anti-ulcer compound, and canadensic  acid 15, appear  to be 

the  products of condensation of the keto group of oxaloacetic acid 

with an ace ta te  derived fatty acid chain. 21 T h o se  resulting from 

condensa t ion  at  the a-position of the fatty acid like 4, 14 and 1 5  

may be referred to a s  "Type A" m etabol i tes  i.e. having an 

alkyli taconic acid  ske le ton .  Only a  few na tura l  p roducts  

p o s s e s s in g  a  C3 unit linked to the p-position of a  fatty acid are  

known. T hese  include the antibiotics 1 and 2 and may be referred 

to a s  "Type B" metaboli tes i.e. having an o c - m e t h y l e n e - p -  

alkylglutaric acid skeleton and these  will be d i scu ssed  later.

20
1 3  from P. decumbens , is described later (S ch em e  11) and

HQ, COgH

( 1 3 ) ( 1 4 ) ( 1 5 )

10



Type "A" compounds include caperat ic  acid a  lichen product 22 

w hose  structure has  now been  es tab l ished  a s  16. Spiculisporic 

acid 17  isolated from P. funiculosum 23 is evidently produced by 

co n den sa t io n  of a -  ketoglutaric acid a  TCA intermediate  and  

lauric acid derived from ace ta te ,  followed by cyclisation, while 

(+ )-norrang ifo rm ic  acid  1 8  isolated from Cladonia m i t is 24 

probably results from dehydroxylation of caperatic  acid 16, or by 

an elimination-reduction a s  it occu rs  in the interconversion of 

malic and succinic acids in the TCA cycle.

O

CH3(CH2)12CH2 COgH

HOgC^

CH— C — CH

( 1 6 )

COgH

(CH2)8CH3

( 1 7 )

c h 2c o ĥ

CH3(Ch2)12

( 1 8 )

11



H

HC

co2h

Figure l.

The majority of natural products of this type are  b ased  upon an 

alkylitaconic acid skeleton which may be presumed to arise by a  

p ro c e s s  similar to that  es tabl ished for the formation of itaconic 

ac id  1 9  itself from citric acid using cell f ree  ex trac ts  of 

A .te rreu s  namely via dehydration 25> 26 followed by a  concerted 

decarboxylation and double bond migration a s  in Figure 1.

There  are  many examples  of this type of compound produced 

by l i c h e n s , e.g. (-)-allo-protolichesterinic acid 2 0 27- 28 and (+)- 

roccellaric acid 21 28, in which hydroxylation a t  the  (5 position of 

the  fatty acid and lactonisation h a s  also occurred. Two lichen 

ac ids  acarano ic  acid 2 2  and acareno ic  acid 23  a re  unusual in 

having a  8-lactone structure. 29- 30

CH3(CH2)12'''* OCH3(CH2)12l

(20) (21)

12



co7h co2h

CH3(CH2) CH3(CH2)<

;CH2

(2 2 ) (23)

There  a re  more examples  of metaboli tes which may be  listed 

under  the  c lass  of carbonyl-methylene condensat ion products 31, 

such  a s  17-ace toxyheptadecylc i t raconic  anhydride  2 4  isolated 

from the  fungus  A. w e n t i i3 2 , the  com pound  2 5 from the 

o r g a n i s m  Arthrin ium  s a c c h a r i33 and 2 6  by the  bacterium 

Stachybotrys atra.

The biosynthesis of itaconitin 27  which at one  time could be 

isolated from Aspergillus gorakhpurensis 34 showed that  ace ta te  

and malonate were incorporated into C-1 to C-9 and also into C- 

13, indicating that  this portion (was derived from a  fatty acid 

(Figure. 2).

CH3(CH2)5,AcO(CH2)17,

(24) (25) R = H

(26) R = CH3

13



14
HsC\  3 4 5 6 7 8

C=CHCH=CHCH=CH
11
c h 3

(27) O

Eigurg 2

The nonadride group of fungal metabolites e . g . glauconic acid 

2 8  35 may arise by dimerisation of a  C 9 unit, which could be 

derived from an alkylcitric acid e.g. 29 a s  outlined in S ch em e  2. 

W h e n  [ 2 , 3 - 1 3 C 2 ] - su c c in a te  w a s  fed to P e n i c i l l i u m

purpurogenum  glauconic acid 28Aobtained with label specifically 

incorporated into the C3 residue. 36 Base-cata lysed  dimerisation 

of 3 2  gives an epimer of glaucanic acid 31 in 5% yield. It was 

also found that the [14C]-labelled anhydride 32 incorporated into 

28 [50.8%] and 31 [4.3 %] in P. purpurogenum. 35

Earlier work h a s  shown that  while the doubly unsa tu ra ted  

anhydride 32 is an excellent precursor (incorporation 51.5%) the 

unsaturated anhydride 35 gave only a  low incorporation (0.25%).35

Recently, butylitaconic acid 30  labelled with deuterium in the 

terminal  methylene  posi t ions w as  fed to cu l tu res  producing 

g laucon ic  28  and glaucanic 31 acids and no deuter ium was 

de tec ted  in the metabolites. 37 These  results sugges t  a  pathway 

for t h e s e  m etabol i tes  in which transformation from the  c is  

aconitic  acid 3 3  to the anhydride 3 2  d o e s  not p ro ce ed  via 

alkylitaconic acid 30  but instead may involve desaturation of 3 3  

followed by decarboxyla t ion  to give the  d iene  3 6  before  

isomerisation and cyclisation to give 32. (Scheme 2).

w a s

14



h o 2c

+

(29)

(30)(33) (35)

O

(36)(34) (32)

Scheme 2

CH

(32) (28) R = OH 

(31) R = H
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T here  a re  o ther  compounds  which belong to this group of 

n a tu ra l  p ro d u c t s  e.g. byssochlamic acid 3 7  which h a s  been  

isolated from Byssochlamys nivea  and  Paecilomyces vario ti38, 

h e a v e a d r i d e  3 8  from H elim enthosporum  h e vea e  39 and the 

rubratoxins A 39  and B 40. 40> 41

(38)
(37)

OH

OH

OH

(39) X = H, OH
O (40) X = O

In the present  work the most relevant "Type A" compounds are  

the  lac tone  m etabol i tes  4 , 1 4  and 1 5  of P . c a n a d e n s e .  The 

relative and abso lu te  s tereochemistry 42 of these  has  been  fully 

e s t a b l i s h e d  by v a r io u s  s t u d i e s  inc lud ing  s y n t h e s i s  of 

can ad en so l id e  4 in optically active a s  well a s  racemic form. 43
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The Type "B" metabolites w hose  biosyntheses  are  investigated 

here  include the antibiotics ethisolide 1 from P. decumbens  and 

avenaciolide  2 from A .avenaceus .  The interest of other workers 

ha s  also been directed towards the synthesis  of 1 and 2 b e c a u s e  

of their charac ter is t ic  fu sed  bis lac tone  s t ruc ture  a s  well a s  

their biological activity.
44

Isoavenaciolide 3 has  been  synthesised in racemic form and 

a s  its natural enantiomer 42* 46'48 and ethisolide 1 has  also been 

synthesised  in racemic form 44b* 49 and in optically active form 47 

from D-ribose 41.  Recently, Chida 50 has  reported total synthesis  

of ( - ) -e th iso l ide  4 2  a n d  ( - ) - i s o a v e n a c io l id e  4 3 from L- 

quebrachitol 44.

H H HO OCH3

OH
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Recent studies  on the b iosynthes is  of a lkvlitaconic

es id  and g - m e t h v l e n e - B - a l k v l a l u t a r i c  acid  funaal

metabolites.

Previous incorporation s tud ies  51 in th e se  laboratories have 

sh o w n  th a t  e th iso l ide  1 ,  a v e n a c io l id e  2 an d  the  a b o v e  

P . c a n a d e n s e  m e tab o l i te s  4 , 1 4  and  1 5  to h a v e  similar 

biosynthetic  origins.

The s tud ies  which gav e  the  crucial information w ere  the  

feedings of [1 -13C], [2 -1 3 C] and [1 ,2 -13C 2] ace ta te  and  [2 ,3 -13C 2] 

succinate  to cultures of P.canadense  a n d  P.decumbens. 51 The 

labelled ace ta te  clearly showed C-1 to C-8 of the  j  P.canadense 

metaboli tes  4, 14 and 15  and C-1 to C -6 of ethisolide 1 (Figure. 

3) to be derived via the ace ta te  - malonate pathway.

The intact incorporation of the  doubly labelled succ ina te  on 

the other hand, showed C-9 to C -11 of the metabolites 4, 14 and
| from

15 and C-7 to C-9 of ethisolide 1 to o r ig in a te / \  a  C -4 acid such 

a s  oxaloaceta te .  The results of these  labelling s tudies a s  shown 

in (Schem e 3) sugges ted  the intermediacy of hexylcitric acid 4 5 

and hexylitaconic acid 46  in the biosynthesis of the  metabolites

18



CH3 ** C02Na
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OH
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O
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4 , 14 and 15 .  This w as  proved by the efficient incorporation of 

14C-labelled 4 6  into 4 (20.6%), 14 (11.9%) and  15 (33.6%) by 

P.canadense. 51

Apart from canadens ic  acid 15, McCorkindale and coworkers 52 

h a v e  iso la ted  a  num b er  of o ther  re la ted  m etabo l i tes  from 

cultures of P .c a n a d e n s e  These  include i so can ad en s ic  acid 47, 

d ihydro isocanadensic  acid 48 and hydroxyisocanadensic acid 4 9  

which have the "Type A" lactone structure. 52

HP ^ HO.P H

Avenaciolide 2 a  "Type B" metabolite can  be  derived formally 

by condensa t ion  of a  C3 unit with the p-position of a  fatty acid 

chain and T an ab e  suggested  that this type of compound may be 

formed by condensa t ion  of succinic acid with a  p-keto acid. 53 

This w as  suppor ted  by incorporation of [1-13C] and [2-13C] - 

a c e t a t e  into avenac io l ide  2 in A. avena ce us  ( S c h e m e  4) . 

Initially, The incorporation of variously 13C- labelled a c e ta t e s  

and  su c c in a te s  into ethisol ide 1 with the  e x p ec te d  labelling 

pattern  (S ch em e .  4) did lend support to the T anabe  theory and it 

w as  clear  that  a  certain amount of ace ta te  w as  incorporated into 

the C3 unit via succinate  derived by one turn of the  tricarboxylic

O

(47) (48) (49)
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acid cycle (Scheme 1).
2 QHowever, the isolation of two "Type A" metabolites namely 

butylcitric acid 1 3  and a - b u t y l - a - h y d r o x y i t a c o n i c  ac id  5 1 

(whose  details a re  described in the  discussion) from the  s a m e  

cultures  (P .decum bens)  strongly su g g e s te d  a  different pathway 

( S c h e m e  4) in which the early s t a g e s  of the biosynthesis  a re  

similar to that of canadensolide  4 b io sy n th e s i s  ( S c h e m e  3) but 

rea r ran g e m en t  of the alkylitaconic acid intermediate occurs  to 

give the  a -m e th y le n e -p -a lk y lg lu ta r ic  acid skeleton p re s e n t  in 

e th iso l ide  1. This was shown to be  correct  by incorporation 

(10.4%) of [CH2-14C]-n-butylitaconic acid 52  into ethisolide 1 

with activity specifically in the  terminal  methylene  group a s  

de te rm ined  by ozonolysis .51 Similarly , the corresponding [CH2- 

14 C]-n-decyl i taconic  acid 5 3  w a s  specifically incorpora ted  

(7.7%) into avenaciolide 2. Furthermore, It has  been found that a  

s a m p le  of a - [ C H 2-1 4 C ] - p , n - p r o p y l g l u t a r a t e  5 4  w a s  a lso  

incorpora ted (26%) by P. decumbens  into ethisolide 1 with the 

label all in the  terminal methylene group and p - n o n y l - a - [ C H 2- 

14C]-glutarate  55  incorporated (11%) by A. a v e n a c e u s55 into 

avenacio l ide  2 again with the activity in the terminal methylene 

g ro u p  (S c h e m e  4). This w as  found even a  better precursor  to 

ethisolide 1 than n-butylitaconic acid 52 .
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Recently a  further "Type A" metabolite decumbic  acid 77 w a s  

isolated in small quantit ies a s  its methyl e s te r  56  from cultures 

of P.decumbens  and incorporation of deuterium from CD3C 0 2N a  

into the fatty acid part of this metabolite w as  a s  expected.  56a A 

m ethod  of se lec t ive  esterification of the  minor acidic  broth 

metaboli tes (in the p resen ce  of large am ounts  of citric acid) was 

then discovered and this led to the isolation of butylitaconic acid 

itself a s  its methyl e s t e r  5 7 .  This fur ther  su p p o r t s  the 

in te rm e d ia c y  of th is  key in te r m e d ia t e  in e th i s o l id e  1 

biosynthesis. 56a

CH

CD

(56)

c o 2c h 3

(57)

The rearrangement involved is analogous to the B12 -coenzyme 

/a-m ethy lene  glutarate  m utase  interconversion of methylitaconic 

acid 58  and a -m e thy leneg lu ta r ic  acid 5 9  (Figure 4). 57 Dowd 

reported a model reaction 58- 59 which mimics the rearrangem ent  

reaction. In the  model, bis( tetrahyropyranyl)methylitaconate 6 0  

w as  a t tached through the 4-position to the  cobalt a tom of B12 

yielding the model intermediate  61 .  When the model reaction 

was carried out in D20 ,  carbon-skeleton rea r ran gem en t  occurred 

s p o n ta n e o u s ly  at  a m b ie n t  t e m p e r a tu re ,  the  p r o d u c t s  a -
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m ethy len eg lu ta r ic  ac id  62  and  methyli taconic  acid 6 3  were  

labelled on the y-carbon 60 (Scheme 5). This result indicates that 

the  position of deuter ium w as  o n c e  occup ied  by cobal t  and  

therefore establishing that  the acrylate  is the  migrating group in 

the coenzyme B12-dependent  rearrangement  step.  61 (Figure. 4).

H02C c h 2 

(58)

rx.C02H Coenzyme B12

Methylitaconate H02C 
mutase

c o 2h

(59)

Figure 4

Lc o 2t h p
Lc o 2h

c o 2t h p

(61)

)

(60)

(62) (63) (64)

Scheme 5



It is not poss ib le  to study the  labelling pa t tern  of the  

p re su m ed  methyleneglutaric acid in te rmedia tes  directly a s  these  

could not be detected in P. decumbens culture fluids. However, 

by studying the  sam p les  of 1 and 2 p ro d uced  from feeding 

variously labelled acids 65  or 6 6 , conclusions could be drawn for 

most of s tereochemical  c h an ges  involved. McCorkindale et. a l .. 

firstly sho w ed  that  n-butylitaconic acid 6 7  labelled with [3H] at 

the a-position and with [14C] at  the terminal methylene carbon,

afforded ethisolide 1 with the s a m e  tritium/carbon ratio a s  the
62adm inis te red  67 .  Similar results were  obtained upon feeding

the  c o r r e s p o n d in g  labe l led  n -d ec y l i t a co n ic  acid  68  to A .  

avenaceus.  This suggests  retention of the a-hydrogen atom on 1 

and 2 (Figure 5). The presence  of tritium at  the 2' position in the 

ethisolide sam p le  obtained from 6 7  w as  not proved since no 

degradative methods had been established.

(67) R = CH3 (1) R = CH3

(68) R = C7H 15 (2) R = C7H 15

Figure 5

The d eu te r ia ted  acid 6 9  g e n e ra te d  62 from commercial ly  

ava i lab le  [2 H ]- labe l led  p a r a f o r m a l d e h y d e  w a s  eff ic iently  

incorporated by P. decumbens into ethisolide 1 labelled only in
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the  terminal methylene positions a s  shown by 2H nn\r. Hence 

labelling of the  terminal methylene group can  be  u sed  a s  an 

internal reference  check of deuter ium retention from e lsew here  

in the  molecule.

T h e  required  d eu te r ia ted  7 0 ,  labelled with 2 H at  the  ex­

posi t ion (60%) of that  at e i ther  of the  terminal  m ethylene  

posit ions,  w a s  prepared  a s  shown in (S c h em e  6 ). This w as  

admin is tered  to cultures of P. decumbens to give ethisolide 1 

with deuterium enrichment at  C -2 again of ca.  60% of that  at  

e ither  of the terminal methylene positions. This result indicates 

c o m p le te  retention of the 2 H atom at  C-2 of ethisolide 1,  

confirming the  study with tritium labelled material.

d o 2c D
CH30 / "  D

Br Br

DO /" D
Ch (C02CH3)2

(1)

O

Scheme 6 
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T he  s t e r e o c h e m is t ry  of the  r e a r r a n g e m e n t  p r o p o s e d  in 

e th isol ide  1 w as  also studied by feeding various 2H - l a b e l l e d  

alkylitaconic ac ids  7 2 ,  7 3  and 7 4  and in each c ase ,  a s  internal 

s tandard,  with 2H in the  terminal methylene group. Clear  results 

already obtained for 7 0  a s  described above and now obtained for 

75  gave  ethisolide 1 showing retention of one 2H atom from C-2 

and one 2H from C-3 respectively. On the other hand, 2/3 and 1/2 

respectively of the 2H label was  retained from 7 3  and 7 4

respec t ive ly .  This c an  be  ra t iona l ised  in t e rm s  of the  

rea r rangem en t  proceeding partly with retention of configuration 

and partly with inversion of configuration of these  centers .  62

R (65) R = CH3 

(66) R = C7H 15

CD, (70) Y = (2RS)-2-2H, X = D

c o 2h (71) Y = (2R)-2-1H, X = H

(72) Y = (2R)-2-2H, X= H

(73) Y = (2R)-2-2H, X = D

c d 2

c o 2h

(74)
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In the recent s tudies  cultures of P .d e cu m b e n s  were also fed 

with CD3 C 0 2Na. 56a Incorporation of deu ter ium  into both 

ethisolide 1 and the related minor metabolite ethisic acid 5 was 

mainly into the fatty acid portion of th e s e  metabol i tes ,  i .e .  

deuterium being located at positions C-4 and C-6 (the deuterium 

at  C -2 is lost in the  dehydration of the alkylcitric acid to give 

51a .  (See Scheme 4 page  22). There was however a  small amount 

of deuterium appearing in the C3 unit, i.e. the terminal methylene 

pos i t ions  (Figure 6 ). This w as  in keeping with the  known 

incorporation of ace ta te  via succinate  derived by one turn of the 

tricarboxylic acid cycle mentioned earlier and incubation of d4- 

succina te  and d 2-fumarate with cultures of P .d e c u m b e n s  gave  

e thisolide 1 and ethisic acid 5 with a  substantia l  incorporation 

of deuterium into the C3 unit (Scheme 7).

What  was unexpec ted  in th e se  results was  that  both of the 

terminal methylene positions were labelled. It would be expected 

that  succ ina te  incorpora tion occurs  via the  TCA cycle, via 

f u m a r a t e ,  [ 3 S - 3 d 1 ]-L-malic ac id  and  h e n c e  [3S-3d- j ] -  

o x a lo a c e ta t e .  63 It might be expected  that the su b seq uen t  s teps  

involving formation of an alkylcitric acid 13  dehydration to an 

alkylaconitic acid 78  and decarboxylation to give an alkylitaconic 

acid 65  (Scheme 7) would be stereospecific leading to only one of 

the terminal methylene hydrogens being labelled with deuterium.

( D P ( D )

o

(76) ( 1)

FIGUBE..-6

28



cd2
I
c d 2

\

c o 2h
Dv >C02H

c o 2h c o 2h  d HO

Coenzyme B12

(77) R = H

(1)
Scheme 7

29



It would b e  d e s i r a b le  to know w h e th e r  th e  a p p a r e n t  

randomisation of deuterium is due  to lack of specificity in the  

forementioned p ro c e ss e s  or whether  randomisation occurs  during 

the  su b s eq u e n t  rearrangement  of the itaconic acid 65 .  Ideally, 

t h e  incorpora t ion  of deu te r ium  into the  minor m etabo l i te  

butylitaconic acid 65  or its a -hydroxy  a n a lo g u e  51 should be 

studied. However, it may be a s su m e d  that  the readily available 

type A metabolites canadensolide 4 and canadens ic  acid 15 which 

have  a  hexylitaconic acid skeleton would be derived by a  similar 

pa thway and in canadens ic  acid 15, deuterium w as  found to be 

inco rpora ted  into only one of the  two terminal  m ethylene  

positions, namely the hydrogen cis to the carboxyl group (Figure
7 ) 56a

Figure 7

This result gives rise to a number of interesting conclusions 

regarding the  s tereochemistry involved in the biosynthesis , both 

of c a n a d e n s i c  acid  1 5  and  e th iso l ide  1 . The  proven 

stereochemical  charac ter  of fumarate hydratase  leads  directly to 

the  a s s ig n m e n t  of malate ,  de r ived  s u c c in a te - d 4 then from 

f u m a r a t e - d 2 a s  [3S,2S-2,3d2]-malate. The specifically labelled
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m ala te  would be e x p e c te d  to co n t in u e  along th e  pa thw ay  

descr ibed  in Schem e  8 , until it r e aches  the alkylitaconic acid. At 

this s tage  there are  two c o n c e r t e d  m echanism s are  available for 

th e  deca rboxy la t ion  s t e p  to g ive  hexyli taconic  acid .  In 

m ec h an ism  (I), the C 0 2 is lost from the  opposite s ide  of the 

molecule to which the proton is added ,  thereby resulting in the 

deuterium being trans to the - C 0 2H group in 15.  In mechanism 

(II), the  C 0 2 is lost from the sa m e  side of the molecule a s  the 

proton is added giving a  cis relationship between the deuterium 

atom and  the C 0 2 group.  As the  enriched proton in this 

experiment  appea rs  cis to the - C 0 2H group, it may be p resum ed 

to b e  in the  s a m e  configuration in the  hexyli taconic  acid 

intermediates thus leading support for mechanism (II).
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The current  work aimed am ongs t  o ther  things to substant ia te  

the evidence  already p resen ted  by the 13C and 2H incorporation 

s tudies  on ethisolide 1 and its co-metabolites  ethisic acid 5 and 

decumbic  acid 77  and  to examine whether  deuterium label from 

succinate  is incorporated in only one, or both terminal methylene 

pos i t ions  of avenac io l id e  2 and  a lso  hopefully to exam ine  

d e u te r iu m  incorpora t ion  into th e  minor  m e ta b o l i t e s  a , n -  

butylitaconic acid 6 5 ,  a .n -b u ty l -a -hy d ro xy i tacon ic  acid 51 and 

a ,n-decyli taconic  acid 6 6 .

Also [13C]- labelled n-butylitaconic acid 52 and a - m e t h y l e n e -  

p,n-propylglutaric  acid 53  (Schem e 4) have  been  shown to be 

potential in termediates  in the biosynthesis  of ethisolide 1 , and 

following an a rgum ent  similar to that  for c a n a d e n s ic  acid 1 5 

( S c h e m e  8 ), it s e e m s  probable that the  butylitaconic acid 6 5 

derived from fumarate-d2 would have deuterium in only one of the 

t e rm in a l  m e th y le n e  po s i t io n s .  This  would  imply th a t  

randomisation of the label may occur in the rearrangement  of the 

three carbon piece into the p-position, a s  outlined in (Schem e 7), 

and that  a  cyclopropyl methyl radical intermediate e .g .  79  may be 

involved.

This  r em a rk ab le  r e a r r a n g e m e n t  meri ts  further  s tu d ie s  to 

explain the  m echanism s involved. A contribution is made  in this 

t h e s i s  by s y n th e s i s  of a lky lcyc lop ropane  d icarboxylic  acid 

derivatives related to the presumed intermediate 79  a s  d iscussed  

in detail in the discussion.
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S yn th es is  of potential b iosynthetic intermediates and

incorporation stud ies using Penicillium implicatum a n d  

Aspergillus avenaceus .

T he  first part  of this work is c o n c e rn e d  with de ta i led  

b io s y n th e t i c  s t u d ie s  of two fungal  b i s l a c to n e  an t ib io t ics  

e th iso l ide  1 and  avenaciolide 2 which have  been  shown by 

previous  51 labelling studies to have considerable  similarities in 

their biosynthetic origin. The labels 14C, 13C, 3H and [13C, 2H3] 

from variously  labelled a c e t a t e  adm in is te red  to cu l tu res  of 

Penicillium decumbens and Aspergillus avenaceus  were found to 

be  incorporated into 1 and 2 in a  m anner  consis ten t  with the 

o pe ra t ion  of an alkylcitric-alkylitaconic acid pathway i.e. by 

condensa t ion  of an a-methylene  group of a fatty acid (preformed 

from ace ta te /m alonate)  with the  keto group of oxaloaceta te ,  a  

tricarboxylic acid cycle (TCA cycle) metabolite.

It w as  also found 56b that  the  above  labels from succinate  

w e re  incorpora ted  into the  o x a lo a ce ta te  derived part  of the  

molecules  1 and 2. The clearly observed incorporation of a - [C H 2- 

14C]-n-butyli taconic  acid 52  into ethisolide 1 [10.4%] and a -  

[ C H 2- 14C]-n-decylitaconic acid 5 3  into avenaciolide 2 [7.7%] 

e s tab l ished  the close similarity of their biosynthesis  to that of 

the alkylcitric acid pathway (Schem e 4). It was also found using 

deuterfoacetate doubly labelled in addition with 13C at either C-1 

or C -2 that  deuterium enrichment  resulted at  C-4 and C-6 of 

e th iso l ide  1 in a  ratio 0.5 to 3 in keeping with a  pronounced 

s ta r te r  effect. On the other  hand, the  1 3 C nmr sp e c t ru m  

confirmed the  a b s e n c e  of deuter ium  at  C -2 of the resulting 

eth iso l ide  1 , in keeping with its formation via an alkylaconitic 

acid 5 1 a  (lacking hydrogen at C-2) a s  shown in Scheme 4 (p. 22).
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In the present  work the synthesis and intact incorporation of 

specifically labelled lauric acid 9 0  into avenac io l ide  2 are  

described. A number of similar experiments on ethisolide 1 were
6 4

previously carried out in th e se  laboratories by Dr S. Miller. 

T h ese  s tudies  have  been  rounded off in the p resen t  work by 

collecting and writing up the data  obtained for the first time and 

d iscuss ing  their significance.

In order to establish the intact incorporation of hexanoic acid 

into ethisolide 1, the [2H ] labelled intermediates 8 1 , 8 3  and 8 5  

were  syn thes ised  by catalytic deuteriation of hex-2-ynoic acid
6 480 ,  hex-3-enoic acid 82  and hex-4-enoic acid 8 4  respectively. 

The intermediates 3,4-[2H2] and 4,5-[2H2]-hexanoic acids 83 and 

8 5  w ere  ob ta ined  with deuter ium mainly on the  exp ec ted  

positions (at 51.6, 1.3 and at 8 1.26) a s  shown in the 2H nmr 

spec t rum .  T h ese  labelled p recursors  w ere  fed to different 

su r face  cultures  of P . im p l ic a t u m  [CMI 138002  ii] (formerly 

known as  P. decumbens) and after incubation and the subsequent  

extraction with EtOAc substantial quantities of ethisolide 87  and 

88 were obtained. The 2H nmr spectra of these  sam ples  showed 

prominent signals at 8 4.70, 4.00 for 87 and at 5 4.00, 1.70 for 88 

indicating a  high degree  of deuterium enrichment at the C-3, C-4 

and at  the C-4, C-5 positions respectively. Breakdown of the 

labelled h exano ic  acid to deu ter ium  labe l led  a c e t a t e  and  

incorporation of this into ethisolide does occur to a  small extent 

a s  indicated by some enrichment at C-4 and C-6 . Incorporation of 

deuterfoacetate is known to result in enrichment  only at  th ese  

positions in the  C-6 fatty acid chain of ethisolide. 56a- b Thus 

incorporation of deuterium from the hexanoic ac ids  83 and 8 5 

into C-3 and C-5 respectively of ethisolide can not be via aceta te  

but indicates intact incorporation.
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Another important result w as  obtained upon feeding 2,3-[2H4]-
64 0

hexanoic  acid 81 to P.implicatum.  The 2H nmr spectrum of the  

former intermediate showed that  deuterium to be  mainly at the  

C-2 ( 8 2.27) and C-3 (8 1 . 5 7 )  positions, in addition to so m e  

randomisation of small amounts  of label to the  adjacent positions 

probably due  to the hete rogeneous catalysis  method used in the 

deuteriation of hex-2-ynoic acid 80.  The 2H nmr spectrum of the 

c o r r e s p o n d i n g  e th i so l id e  8 6  o b ta ined  from this feed ing  

e x p e r im e n t  show ed  a  s trong signal a t  8 4 .07  indicating a  

substantia l  degree  of deuterium incorporation at the C-3 position 

of ethisolide 86 .  It was found that no incorporation of deuterium 

from the  C-2 of hexanoic  acid 81 w a s  re ta ined at C-2 of 

ethisol ide 86 .  It may be noted that the retention of deuterium in 

e th iso l ide  from the 3-position of hexano ic  acid 81 directly 

disproves the involvement of 3-oxohexanoic acid 89  suggested a s  

an in termediate  in the first b iogenes is  expou n ded  by Turner  

e t . a i . 65

Preparat ion of the above labelled hexanoic acids suffered from 

the  difficulties encoun te red  preventing randomisation of label 

occurring during reduction of double bonds. In the present study 

to establ ish the analogous intact incorporation of dodecanoic  acid 

90  into avenaciolide 96  a route was chosen  which would ensure  

complete specificity of the 2H label at C-3 in dodecanoic acid 90 .  

(Schem e 10)

Decanoic acid 91 was converted into decanoyl chloride 92  by 

t r e a tm e n t  with thionyl chlor ide  followed by reduction with 

lithium aluminum deuteride  (LAD) to give 1-[2 H 2]-decanol  9 3 .  

This exhibited in the IR spectrum a  strong band at 3630 cm-1 due  

to th e  free (OH) group. The latter w a s  t rea ted  with p -  

n i t r o b e n z e n s u l f o n y l  ch lo r id e  to a fford  th e  d e s i r e d  p -
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n i t r o b e n z e n e s u l f o n a t e  d e r i v a t i v e  9 4 ,  th e  s t r u c t u r e  

( C i6H23D2N 0 5S ) was confirmed by mass measurement  which gave 

a  molecular ion at m/e 345.1576 and a  strong characteristic peak 

a t  m/e  143 (11.6%) due to loss of the p - n i t r o b e n z e n s u l f o n a t e  

group. The 1H nmr spectrum showed doublets (J 12 Hz) at 5 8.40, 

8.10 and a s  multiplet at 5 1.63 indicating the p resence  of the aryl 

p ro to n s  and the  methylene group (-CD2 CH.£-) respec t ive ly ,  

together  with appropriate resonances  for the alkyl group. The 13C 

nmr also confirmed the structure by showing signals at 8 1 2 9 .1 3  

and 5 124.4 for the aromatic carbons, at 8 31.78 for the methylene 

c a rb o n  together with signals a s  expec ted  for the

methyl and the methylene groups of the alkyl chain. The p- 

n i t robenzenesu lfona te  94 gave  after condensat ion with dimethyl 

sod iom alona te  followed by distillation the des i red  dimethyl 1- 

2H 2 -decylmalonate  95 a s  colourless oil. The molecular formula 

C ! 5 H 2 6 ^  2^  4 w a s  e s t a b l i s h e d  by high reso lu t ion  m a s s  

spectroscopy which gave a molecular ion at m/e 274.2129 and a 

recognisable  cracking pattern. The IR spectrum exhibited strong 

b a n d s  for the saturated dimethyl es ters  at 1755 and 1740 cm ' 1. 

The 1H nmr spectrum show ed  the expec ted  s igna ls  for the 

carbomethoxyl methyl groups at  8 3.70. The methine proton which 

is a  to the methyl esters  appeared  at 8 3.36 a s  a  singlet showing 

no coupling a s  expected from the p resence  of two (2) deuterium 

a tom s at the p position. The 13C nmr show ed  signals  of the 

a p p ro p r ia te  multiplicity at 8 116.67 an d  116 .56  for n o n ­

conjuga ted  (C=0) groups, at 8 51.49 for the methine carbon,  

toge ther  with appropriate  re so n an c es  for the methoxyl and the 

alkyl groups.

Hydrolysis of 95 in 1M aqueous NaOH at room temperature gave 

the corresponding diacid in excellent yield. This was carefully 

heated  at 120 °C for 2 hrs. to give after decarboxylation followed
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by TLC the des i red  d e u te ra ted  dodecano ic  acid 9 0  a s  white 

crys ta l l ine  p roduct  m.p. 43-45  °C in 60% yield. This was 

charac ter ised a s  C^2^ 2 2 ^ 2 ^ 2  by m ass  spectroscopy which gave a  

m olecular  ion at  m/e 202 .1885  toge ther  with a  recognisable  

cracking pattern. The 1H nmr spectrum showed broad singlets at 

5 11.5 for the  hydroxyl group and at 5 2.32 corresponding  to

protons of the methylene group (-CJ1I2C D 2-) at the a  position. The

2 H nmr spectrum  sh o w ed  only one  strong signal at 5 1.60 

correspond ing  to the protons of the (-CJ2_^-) group at the Im­

posit ion indicating tha t  the  des i red  d e u te ra te d  acid 90  was 

successfully  p repa red  without randomisation of label e lsewhere  

in the  molecule. The IR spectrum showed a carbonyl (C=0) 

abso rp t ion  at 1708 c m -1 and it also exhibited a  strong OH 

a bso rp t io n  at  3000 c m ' 1. The 13C nmr s p e c t r u m  sho w ed  

r e s o n a n c e s  of the  e x p ec te d  chemical  shift an d  multiplicities 

confirmed by a  DEPT spectrum  for this s t ruc tu re  9 0 .  The

ass ignm ents  for lauric acid are  known. 54a’ b Comparison of the 

labelled acid 90  with the unlabelled acid (Table 6,  page  116) 

shows the d isappea rance  of the signal at 24.83 ppm for C-3 due 

to the  p resence  of two deuterium atoms which greatly increase 

the  relaxation time and  result in loss of nuc lear  Overhauser  

enhancem ent .  Also apparen t  are  the typical upfield shifts of c a . 

0.2 ppm for the adjacent (a) carbons C-2 and C-4 and of ca. 0.10 

ppm for the (P) carbons C-1 and C-5 due to deuterium substitution 

at C-3. 54b

The above  labelled acid 9 0  was fed to surface  cultures of 

A.avenaceus  and after incubation and the su b seq u e n t  extraction 

with ethyl a c e ta te  subs tan t ia l  quanti t ies  of avenacio l ide  9 6 

were obtained. The 2H nmr spectrum showed a  prominent signal 

at 5 3.59 indicating a  moderate  degree of deuterium enrichment at
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the  C -3 position of avenaciolide 96,  (Schem e 11 ) but one which 

w as  co n s is ten t  only with intact incorporation of the precursor  

90 .  This interesting result provides more evidence to the theory 

that  the  biosynthesis  of avenaciolide 2 involves decylcitric acid 

formed by condensat ion of dodecanoic  acid 90  and oxaloaceta te  

(S c h e m e  11). It may be noted that the retention of deuterium at 

the  C-3 posit ion of avenacio lide  2 and  ethisolide 1 which 

co r r e sp o n d s  to a  position derived from the carbonyl group of 

a c e ta te ,  rules out the involvement of oxo-dodecanoic  acid 9 7 

and/or  oxo-hexanoic acid 89  and sug g es ts  that the incorporation 

of lauric acid 9 0 an d  hexanoic  ac id s  8 1 , 8 3  and 8 5  into 

a v en a c io l id e  2 and ethisolide 1 respectively must  have been  

intact rather than via break down to ace ta te  units.

h o 2c
c o 2h c o 2h

h o 2c .

c o 2h

R

h o 2c

(96) R = C7H15
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T he b i o s y n t h e s i s  of minor m e ta b o l i te s  from
Penicillium decumbens and Aspergillus avenaceus.

Evidence from incorporation studies  on P. decumbens u s in g

labelled  [2-13C]-acetate  showed that  C-2, C-4 and C-6 of the 

dimethyl e s te r  of a ,n -bu ty l -a -hydroxy i tacon ic  acid 99,  trimethyl 

butylci tra te  1 0 0  and methyl ethisate  76 to be derived via the 

ace ta te -m a lo n a te  pathway (Schem e 12). T h ese  results sugges t  

tha t  very closely related biosynthetic p r o c e s s e s  lead to the 

Type A and Type B compounds,  e.g.  6 5  and 5 respect ive ly ,  

p ro d u c e d  by P.decumbens  and  th e re fo re  e thisol ide 1 and 

av en a c io l id e  2 are  expec ted  to be b iosynthes ised  via Type A 

precursors .  Thus, important information about  the  biosynthesis 

of ethisolide 1 and avenaciolide 2 could be derived by studying 

the  b iosynthes is  of the minor metaboli tes  n-butylitaconic acid 

65 an d  decylitaconic acid 66 from the culture filtrates of the 

a bo v e  fungi where  th e se  compounds a re  structurally related to 

the  antibiotics 1 and 2 .

In o rd e r  to follow the incorpora tion of deu te r ium  into 

decyli taconic  acid 66 a  search for this minor metabolite in the 

a q u e o u s  broth of A. avenaceus  w a s  carr ied  out. Unlike 

P.decumbens, the former fungus does  not produce citric acid 7 or 

any other  primary metabolites and this would not complicate the 

isolation of the  des ired  acidic in termediates .  In a previous 

e x p e r im e n t  62 in which radioactive a c e ta te  w as  fed to grown 

cultures of A. avenaceus  in the p resence  of added  inactive a -  

m e t h y l e n e - p , n - n o n y l g l u t a r i c  acid  1 0 1 , the  p r e s e n c e  of 

decylitaconic acid was detected. It was thought  that this perhaps 

accumulated owing to feed back inhibition 66 c aused  by the excess  

of a -m ethylene-p ,n-nonylg lu tar ic  acid 101 present.  It was hoped
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tha t  in a  similar experiment  in which deu te ra ted  succina te  w as  

fed it might be possible to isolate enough decylitaconic acid 66  

to allow its labelling pattern to be determined. The required a -  

m e t h y l e n e - p , n - n o n y l g l u t a r i c  acid 101  w a s  sy n th e s i s e d  a s  

outlined in Schem e  13. The appropriate a ,(3-unsaturated methyl 

e s te r  102 prepared by the Knoevenagel method and esterification 

underwent  a Michael addition with dimethyl malonate, to give the 

tr imethyl e s t e r  1 0 3  which w as  in turn conver ted  to the  2- 

carboxy-3 ,n-nonylg lu tar ic  acid 1 0 4  by t rea tment  with a q u e o u s  

NaOH. The conversion of the  triacid 1 0 4  to the desired  a -  

m e t h y l e n e - p , n - n o n y l g l u t a r i c  acid 101 w as  affected by the 

m eth y len a t io n  p ro c e d u re  using a q u e o u s  fo rm a ld eh y d e  an d  

d ie thy lam in e .

( 102 ) (104)(103)

(101) R = C7H15

Schem e  13
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[3H]-Acetate, [2H]-succinate , [2H]-fumarate and  a  quantity of 

non-labelled a -m ethy lene-p ,n -nony lg lu ta r ic  acid 101 were fed to 

su r f a c e  cu l tu re s  of A. a v e n a c e u s . After incubation and  

extract ion of the  culture fluid with ethyl ace ta te ,  the combined 

extracts were w ashed  with aqueous  N aH C 03 and evaporation gave 

avenac io l ide  1 0 5 .  This contained 12.89% of the administered 

activity from [3H]-ace ta te  (S c h em e  14). The 2 H nmr indicated 

tha t  no incorporation of deu te r ium  from [2 H ] - s u c c in a te  or 

fum ara te  has  taken place into avenaciolide 2.  After t reatment 

th e  N a H C 0 3 layer with dilute acid and extraction with ethyl 

a ce ta te  a  mixture of acids was obtained. Extensive preparative 

TLC se p a ra ted  the components  into two main fractions, the more 

polar  fraction conta ined  a s  w as  expec ted  substant ia l  quanti ties 

of a -m e thy lene-p ,n -nony lg lu ta r ic  acid 101 which conta ined 5.2% 

of the  administered activity from [3H]-acetate and  the less polar 

fraction, conta ined an olefinic compound yet to be identified. It 

w as  hoped to isolate the decylitaconic acid 66  along with 101 

from th e s e  acidic fractions but this could not be de tec ted  by 

either TLC or 1H nmr.

This experiment w as  repeated  by feeding only [2H ] - s u c c in a te  

and  a  quantity of unlabelled 1 0 1 .  After a  similar work up, a s  

d i s c u s se d  above,  substant ia l  quantit ies of avenacio lide  2 were 

o b t a i n e d  from th e  neu tra l  f rac t io n s  with no d e u te r iu m  

incorporation a s  was shown in the 2H nmr spectrum. The fed a -  

m e th y le n e -p ,n -n o n y lg lu ta r ic  acid 101 w as  recovered  from the 

acidic fraction and again according to TLC and 1H nmr analysis, 

there  w as  no sign of the  des ired  decylitaconic acid 6 6 . As a  

result  it h a s  not been  poss ible  to follow the  incorporation of 

deuterium from [2H]-succinate into this key intermediate 6 6 .

45



CT

(105)

Scheme 14

46



It w a s  hoped  that  n-butylitaconic acid 6 5  or its hydroxy 

a n a lo g u e  51 might be isolated from the cultures of P .decum bens  

an d  therefore that  it might be possible  to examine whether  the 

deuterium label is found in only one,  or both terminal methylene 

posit ions of these  molecules.

2H 4-succinate  was  fed to 10 day old surface cultures of P.  

d e c u m b e n s  and after incubation, extraction of the culture fluid 

with ethyl a ce ta te  gave  substant ia l  quanti t ies  of ethisol ide 1 . 

The 2H nmr spectrum showed major signals at 6.68 and 5.95 ppm 

indicating that  deuterium from d 4-Succina te  is incorporated into 

both terminal  posi t ions of 1 . This is surprising s ince  the  

terminal methylene hydrogens would be expected to be derived 

from th e  m ethy lene  g roup  of a singly labelled [3S-3d.j]-  

o x a lo a ce ta te  intermediate  (S ch em e  7 ). [see Introduction page  

28].

After evaporation to d ryness  the  mother  liquor w as  t rea ted 

with cold e the r  which s e p a r a t e d  more e th isolide 1 from a 

mixture of acids. Prepara t ive  TLC w a s  therefore  required to 

s e p a r a t e  t h e s e ,  e lu t in g  with t h e  s o l v e n t  s y s t e m  

C H C I3 :acetone:AcOH with the ratios (9:4:1) respectively. T hese  

g a v e  two main fractions, the less  polar fraction conta ined  a  

fur ther  quantity of ethisolide 1 while the  more polar fraction 

show ed in the 1H nmr spectrum, signals  corresponding to one  

proton fine doublets  at 6.31, 5.61 and at  5.04 ppm together with 

multiplets for a butyl and a hydroxyl group. It also showed a  

th ree  proton doublet  at 2.2 ppm (J 3 .00 Hz) and a  one proton 

multiplet at 5.15 ppm corresponding to a  vinyl methyl system. 

This w as  deduced to be a  mixture of ethisic and decumbic acids 5 

a n d  77 respectively, comparison being made  with the d a ta  for 

authentic  samples  of the methyl es te rs  of these  acids.
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It w as  hoped that  n-butylitaconic acid 65  might be  isolated 

along with the  above  metaboli tes but so far this could not be 

detected .  The above experiment was repeated and after removal 

of ethisolide 1 by crystallisation, the  mother liquor w a s  again 

evapora ted  to d ryness  and  extracted with cold e ther  to give a 

mixture of acids. The 1H nmr s p e c t r a  showed the  p re s e n c e  of 

ethisic acid 5 and decumbic acid 77, a s  discussed above, together 

with singlets at 5 6.56 and  5.87. These  could correspond to the 

p resen c e  of a terminal methylene function, which is possibly part 

of the  desired butylitaconic acid 65 .  On the other hand, the 2H 

nmr spectrum showed a strong signal at 2.67 ppm [probably due to 

natural abundance  of 2H- succinate ] and no signals at 5 6.56 and 

5.87 were present .  The  resul ts  of the above  and  previous 

experiments  s e e m e d  to sugges t  that  an early harvest ing of the 

cul tures  could provide a  better  c h an c e  in the isolation of the 

minor metabolites in reasonable  quantities. For this reason,  2H4- 

succ ina te  w as  fed to nine 09 day old surface cultures  of P .  

de cu m b e n s  and after incubation, extraction of the cultures fluid 

g a v e  ethisolide 1 and a mixture of ethisic 5 and decumbic  7 7 

acids. TLC and 1H nmr analysis indicated that there was no sign 

of the  key intermediate 65.

It w as  thought that  the  feeding of the labelled p recursors  

might have prevented  the  organism from producing this minor 

metabolite . It was  therefore  dec ided  to carry out  a  similar 

sea rch  for this in unfed culture extracts. The a q u eo u s  broth of 

(09) day old surface cultures of P. decumbens was evaporated to 

d ry n e s s ,  ex trac ted  a n d  the m other  liquor w as  t rea te d  with 

a q u e o u s  N a H C 0 3 . After t reatment with dilute acid, a  silica gel 

column sep a ra ted  the mixture into two main fractions, the less 

polar, contained again decumbic  acid 77 a s  a major component  

together  with t races  of ethisic acid 5. The more polar fraction
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w as  a ssayed  by TLC and 1H nmr and n-butylitaconic acid 65 could 

not b e  de tec ted .  It should  be noted that  no monolactonic 

m e ta b o l i t e s  (like e th is ic  acid 5 type)  w ere  d e te c t e d  in 

A.avenaceus cultures investigated earlier.

S in c e  TLC w a s  inefficient  in s e p a r a t i n g  th e  olefinic 

components  of the aqueous  broth of P.decumbens , HPLC has been 

investigated. C 18 and C 8 columns (5 \>m) particles were tested 

on s e v e ra l  s t a n d a r d  c o m p o u n d s  like the  s y n t h e s i s e d  n- 

butylitaconic acid 6 5  and a - m e th y l e n e - p ,n - p r o p y l g lu t a r i c  acid 

1 0 6  and  purified primary and seco nd a ry  metabol i tes  namely 

citric acid 7 and ethisolide 1 respectively.

Excellent results were  obtained with the C 8 column and the 

chrom atogram  from elution with H20  (channel  A) and CH30  H 

(channel B) showed narrow, sharp and symmetrical peaks  and a 

fairly good  distribution of the  retention t imes for the  above 

s tan d a rd  com pounds  e ither  when injected separa te ly  or a s  a 

mixture.

The  retention t imes (Rt) for ethisolide 1 and  so m e  acids 

particularly n-butylitaconic acid 65 [Rt=1.43 min.] using the final 

sys tem  mentioned under  experimental a re  listed in Tables  1.1 

a n d  1.2 .

Unlike ethisolide 1 which is a  major product of P.decum bens,  

butylitaconic acid 65  is a  minor metabolite. Since it is probably 

p resen t  in the cultures of the above fungus in only very small 

quantities, therefore it was  not possible to be de tec ted  clearly by 

either TLC or 1H nmr. HPLC was sought a s  an alternative means 

hoping that it would solve this difficulty.

Having es tab l ished  the  excellent  condit ions for the  above 

compounds ,  it w as  therefore  decided to apply them to fungal 

ex trac ts  from different 2 H 4- su c c in a te  feed ing  exper im en ts .  

After removing ethisolide 1 by crystallisation, a  sample  from the
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ex trac ted  a q u e o u s  broth was injected and  the  retention t imes 

w ere  distributed from 0.31 to 1.48 min. The most interesting 

fea tures  from this chromatogram were the peaks  at  1.11 and 1.48 

min., which could be corresponding to n-butylitaconic acid 65 and 

a -m e th y le n e - p ,n - p r o p y lg lu t a r i c  acid 1 0 6  respectively. T h ese  

resul ts  a re  quite compatible  with those  previously obtained for 

the  above  model s tudies for compounds 65 [Rt=1.48 min.] and 

106  [ Rt=1.00 min. ] a s  listed in Table 1. Taking into account the 

slight variation in the  different p a ra m e te r s  involved in t h e s e  

experiments eg. pressure ;  room temperature ...etc.

A p p a ren t ly ,  u n d e r  t h e s e  c o n d i t io n s  th e  m o n o la c to n ic  

co m pounds  ethisic acid 5 and decumbic acid 77  gave  a  trace in 

which the  only peak  obse rved  was at 0.31 min. This w as

conc luded  after a  similar retention time w as  obtained  for an 

injected reference sam ple  of 5 and 7 7 . (see  Table 1.1). Hence 

either  they have this retention time or are  not de tec ted  at the 

wavelength used. In either c ase  they would not interfere with the 

d e te c t io n  of n-butyli taconic  acid 6 5  or a - m e t h y l e n e - p , n - 

propylglutaric acid 1 06 .

Although th e se  results  indicated that  the  detection and the 

separation of the components  from the fungal extracts have been  

achieved, another system is required . This is to get a  better and 

an even distribution of the retention times for all the primary and 

secondary metabolites and it would be also desirable  to achieve a  

considerable  shift in their retention time peaks  from that of the 

solvent. An investigation to improve the  presen t  conditions was 

at tempted by adding H3P 0 4 to the solvent system used earlier a s  

d iscussed  under experimental in Table 1.3. Unfortunately, lack of 

time and  a c c ess  difficulty to the HPLC equipment prevented from 

carrying out quanti ta t ive  s tud ies  using both s y s te m s  in the  

isolation of the minor metabolites from P.decumbens.
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It h a s  been  reported 56a that  butylitaconic acid and decumbic  

acid  w ere  isolated from unfed cultures of their corresponding  

fun g u s  a s  their methyl e s t e r s  5 7  and 5 6  respectively. The 

mixture of the  acids obtained from ano the r  09 day old unfed 

cu l tu res  of the  above fungus, w as  esterified by trea tm ent  with 

Me2S 0 4 and aqueous NaHC03 at 60 °C for 03 days.

Extensive preparative TLC gave  methyl decum bate  56 [the 1H 

nmr spectrum showed a character ist ic  methyl doublet  at 5 2 .2] 

a n d  methyl e th isa te  7 6  [characterist ic  s ignals  for the terminal 

methylene protons as  doublets at 8 6.51 and 5.52 in the 1H nmr ]. 

Dimethyl butylitaconate 57 could not be isolated or even detected  

a s  expec ted  and the organism subsequent ly  failed to yield this 

metaboli te or its hydroxy analogue 51, which has  been previously 

isolated. 20

Stereochemical aspects of the biosynthesis of the 

unit in ethisolide 1 and avenaciolide 2.

It w as  found in previous feedings that  deuterium from d 3 - 

a c e ta te ,  w as  incorporated mainly into the  fatty acid moiety of 

e th isol ide 1 56a and of ethisic acid 5 (isolated 56a a s  its methyl 

e s te r )  with a  small am ou n t  being loca ted  in the  terminal  

methylene group. On the other hand deuterium from d4- s u c c in a te  

or d 2 - fum ara te  w as  incorpora ted  mainly into the  te rmina l  

m ethylene  group of ethisolide 1 or of ethisic acid 5 and a s  with 

the  a c e ta te  feed deuterium w as  located equally in both terminal 

methylene positions. It was hoped to confirm these  unexpec ted  

r e s u l t s  a n d  e x a m in e  the  p a t te rn  of in co rp o ra t io n  into 

avenac io l ide  2 and the key intermediates butylitaconic acid 6 5 

and  decylitaconic acid 6 6 . Each of these  acids has  a terminal
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methylene group a s  part of C3 acrylic acid grouping, which has  

not undergone migration to the adjacent carbon atom.

2H 3-Acetate was fed to surface cultures of A. avenaceus a n d  

a f t e r  incubation,  extract ion of the  cul ture  fluid with ethyl 

a c e ta te  gave  a  substantial amount of avenaciolide 2. The 2H nmr 

show ed  major signals at 8 1.29 and 0.85 indicating that deuterium 

enrichment  is mainly a s  expec ted  at the  C -12 methyl group and 

the  methy lene  groups C-10, C -8 and  C-6 . There  were  two 

s ign i f ican t  d i f fe rences  in the  p a t te rn  of incorpora t ion  of 

d eu te r iu m  from a c e ta te  into avenac io l ide  2 a s  c o m p a re d  to 

e th isol ide  1. The first difference w as  that  no enrichment was  

ob se rved  at  C-4 in avenaciolide (Schem e 15). This difference 

h a s  previously been  s tud ied  using 13C, 2H doubly labelled 

p recurso rs  56b and is critically d ep enden t  on the stereochemistry 

a t  C-4. The fatty acid chain is evidently constructed with the  

s a m e  s t e r e o c h e m i c a l  c o n s i d e r a t i o n  a s  in fa t ty  a c id  

b iosyn thes is  56c i.e. the hydrogen atom at  each  even numbered 

posi t ion  which is r e t a in e d  from a c e t a t e  h a s  th e  pro-R 

configura tion (S c h em e  15). Hydroxylation of the chain a s  is 

normal evidently occurs with retention of configuration so that  

th e  pro-R hydrogen is lost or re ta ined  d e p en d ing  on the  

s te reochemistry  of hydroxylation. hence  deuterium from a ce ta te  

is re ta ined  at C-4 in e th iso l ide  1 (would be re ta ined  in 

i s o a v e n a c i o l i d e  3)  but is lost a t  C-4 in can a d en so l id e  4 ,  

d ihydrocanadenso l ide  14, canadens ic  acid 15 and avenaciolide 2. 

The present  work using 2H nmr is in keeping with these  results.

The second  difference observed in the  pattern of incorporation 

of deuterium from CD3C 0 2H into avenaciolide 2 a s  appea red  to 

into ethisolide was that  no deuterium incorporated via the Krebs 

cycle into the terminal methylene posit ions of avenaciolide 2 . 

Evidently the Krebs cycle is more active in P. decumbens.
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2 H 2 -fum ara te  w a s  a lso  fed to su r fa c e  cu l tu re s  of A .  

a v e n a c e u s  an d  after  incubation and  extract ion  subs tan t ia l  

quantities of avenaciolide 2 were obtained. The 2H nmr spectrum 

sh o w e d  prominent  s ign a ls  a t  8 1.27 and  0.9 indicating that  

deuterium enrichment  is mainly a t  the C-12 methyl group and the 

methylene groups C-10, C -8 and C-6 of 2. On the other hand, 

th e re  w a s  no incorporation of deu ter ium  into the  terminal 

methylene  positions. This is probably due  to inhibition of the 

biosynthesis  a t  the feeding level required of a  [2H] -p recursor .  

This contras ts  with ethisolide 1 biosynthesis  by P. decumbens  

d i s c u s s e d  earlier s ince  feeding d2-fumarate  affords eth isol ide  

showing deuterium enrichment mainly in both terminal methylene 

pos i t ions .
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However, the  2H nmr spectrum of avenaciolide 2 isolated upon 

feed ing  2 H 4 - su c c in a te  show ed  s igna ls  a t  5 6 .46 and 5.82 

indicating th e  incorporation of deu te r ium  into both terminal 

methylene posi t ions of avenaciolide 2 (S c h em e  16). This result 

is in complete  accord with that  previously reported for ethisolide 

1 and  its co-m etabol i te  methyl e th isa te  76  and  this further 

su p p o r t s  the  similarity of their b iosynthet ic  pa thw ays .  The 

incorporation of [2H] from succinate  into both terminal positions 

of avenac io l ide  2 , is evidently via the Krebs cycle. Thus, as  

d i s c u s s e d  for e th iso l ide  1 earlier  [ see  p a g e s  28 and 47] 

incorporation of deuterium from succinate  is presum ably  via a  

m onodeuter io  ox a lo a ce ta te  and  p resum ably  the  s a m e  factors 

result  in the a p p a re n t  scrambling of label into both terminal 

m e thy lene  pos i t ions  of the antibiotic 2. As postulated for 

ethisolide 1 r ea r rangem en t  of an alkyli taconate intermediate to 

a n  a l k y l - a - m e t h y l e n e g l u t a r a t e  i n t e r m e d i a t e  v ia  a 

cyclopropylmethyl radical could account for the obse rved  result. 

The following s tudies  on cyclopropylmethyl derivatives aimed to 

clarify this point.
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1 S y n t h e s i s  of c y c l o p r o p a n e s  via 1.3-el imination

re ac t io n s .

As d i s c u s s e d  ear l ie r  the  b iosyn thes is  of the  b is lac tone  

antibiotics ethisolide 1, avenaciolide 2 and isoavenaciolide 3 and 

the  metaboli te ethisic acid 5 is of the alkylcitric acid type and 

a p p e a r s  to s u b s e q u e n t ly  involve r e a r r a n g e m e n t  of an  a -  

alkylitaconic acid eg. 65 to an a - m e t h y l e n e - p . n - p r o p y l g l u t a r i c  

acid e . g .  1 06.  This could by analogy with the  conversion of 

methylitaconic acid into a -m e thy leneg lu ta r ic  acid be cons idered  

to be  a  coenzyme B12-d ep en den t  enzymatic  rea r rangem en t .  A 

p lau s ib le  m e c h a n i s m  for this  r e a r r a n g e m e n t  involves  the  

cyclopropane intermediate (79, R=CH3 ). The cyclopropane ring is 

a  common unit in a  large num ber  of natural  p roducts  and 

com pounds  of pharmaceutical  interest. 67- 68 The presen t  work is 

directed towards generat ing the proposed intermediate  79 in the 

b iosyn thes is  of e thisol ide 1 and the minor metaboli te  ethisic 

acid 5 via the bromomethylcyclopropane 107. A possible route to 

p rep a re  the bromomethylcyclopropane 107 via a - m e t h y l e n e - p - n -  

propylglutaric acid 106 is outlined in Schem e 17.

The starting material  w as  commercial ly avai lable  trans 2 - 

hexenoic  acid 108 which w as  converted to its methyl es te r  109  

by refluxing with methanolic HCI prepared by adding CH3COCI to 

anhydrous  methanol . This es te r  underwent Michael addition of 

dimethyl  m alona te  to give the  trimethyl e s te r  110 .  Careful 

hydrolysis of this with a q u e o u s  NaOH produced 2-carboxy-3-n- 

propylglutaric acid 111. Decarboxylation occurs a s  an undesired 

side reaction if conditions are  too vigorous but the NMR of the
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product showed the a b sen c e  of the decarboxylation product. The 

convers ion  of the  triacid 111 to the des i red  a - m e t h y l e n e - p - n -  

propylglutaric  acid 106 was affec ted  by methylenation with 

a q u e o u s  formaldehyde and  diethylamine.  This is thought  to 

i n v o lv e  a  M a n n ic h  ty p e  of r e a c t i o n  fo l lo w ed  by 

aminodecarboxylation a s  shown in S c h e m e  18 :

( 101 )

Scheme 18

The various intermediates in this route and  the final product 

106 were  identified by comparison with the  spectra  and sam ples  

of authentic  material. 69

Esterification of 106 with methanolic  HCI gave  the dimethyl 

e s te r  112 a s  colourless oil in 58% yield. This was characterised 

a s  C11H180 4 by microanalysis and m ass  spectroscopy. The 1H nmr 

sp e c t ru m  show ed  singlets  at 5 3.71 and  3.59 indicating the 

p re s e n c e  of the two methoxyl groups and  it also exhibited in the 

IR spec t rum  a  C = 0  absorption a t  1730 and  1720 c m *1 and 

c o n j u g a t e d  (C=CH 2) absorpt ion at  1620 cm*1. The 13C nmr 

sho w ed  signals of the appropriate multiplicity at 5 172.78. and 

1 6 7 .1 0  for n o n -c o n ju g a te d  a n d  c o n j u g a t e d  C = 0  g r o u p s  

respectively, at  8 142.37 and 125.19 for the terminal methylene

58



c a r b o n s  and  a t  5 37.84 for the  meth ine  carbon together  with 

appropria te  resonances  for the methoxyl and the propyl groups.

Bromination of the  dimethyl e s t e r  1 1 2  in CCI4 g a v e  th e  

required  dibromo compound 1 1 3  a s  threo  and erythro  mixture. 

This w a s  purified by flash chrom atography  in EtOAc/petrol with 

the  ratios (20:80) to ensure  the a b s e n c e  of unreacted alkene 112 

and  again 113  was obtained a s  an inseparable  (1:1) mixture of 

threo & erythro isomers (one spot  on TLC). The m ass  spectrum 

show ed  no ion corresponding to the molecular ion and the highest 

ions at  m/z 295 and 293 can be readily explained a s  a clear loss

of ‘Br and also showed abundant ions at  m/z 263, 261 due to loss 

of HBr and -OCH3 from both parent  ions 376 and 372 respectively, 

ions at  m/z 235, (233) and 214 are  due  to loss of Br/C02C H 3 and 

Br2 respectively together with ions at m/z 171 and 155 due loss 

of the propyl and the carbomethoxyl groupings from the ion m/z 

214.

In the 1H nmr the a b sence  of the olefinic hydrogens was again 

evident and bromomethyl groupings ap pea red  a s  two AB quarte ts  

at 5 4.10, 3.88 (JAB 10.50 Hz) and at 5 3.98, 3.85 (JAB 11.00 Hz) 

respectively. The methylene protons a  to the methyl ester  and  

the (-CH-) group appeared  a s  multiplets at  6 2.5-2 .8 and at 5 1.75 

respec t ive ly ,  to g e th e r  with a p p ro p r ia te  r e s o n a n c e s  for the  

methoxyl and the propyl groups. The 13C nmr spectrum showed a  

high num ber  of s ignals  which could be accoun ted  for when 

doubling of signals  w as  considered  owing to the p re sen c e  of 

d ias te reo isom ers .  In a  DEPT spectrum, the -CH2Br and -CBr 

c a rb o n s  for the two isomers ap p ea re d  at  8 38.82, 38.28 and 5 

71.98,  69.37 respectively and one of the  ester  carbonyl groups
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w a s  downfield of the other by ca* 1.8 ppm, probably due  to the 

halogen substituent on the a -c a rb o n .

It w a s  hoped that the bromomethylcyclopropane 107 could be 

p repared  by dehydrohalogenation of 113 with base.  70* 71 (Schem e 

17). The first attempts were made using pyridine, AI20 3 o r A g 20  

in DMF and t-butyl lithium/THF which according to the 1H nmr 

s p e c t r a  g a v e  u n c h an g e d  starting material  1 1 3 .  NaH/THF, 

KOAc/EtOH and K2C 0 3/Me0H gave a  mixture of unchanged starting 

material 113 along with t races of the debrominated es ter  112.

W hen the reaction w as  carried out under  milder conditions 

using DBU/THF at -70 °C ,  the vinyl bromide 114 was obtained. 

This c o m p o u n d  exhibited in the  IR a con juga ted  -C=CHBr 

absorption at 1630 cm -1, and was ass igned structure 114 on the 

basis  of its m ass  spectrum and its 13C nmr (DEPT) which showed 

a  signal corresponding to the vinyl carbon (-CH-) at 6 124.31 

w hose  proton resonated in the 1H spectrum at 5 7.65 as  a  singlet. 

The  m ethy lene  protons (H-2) and  the  methine  proton (H-3) 

appea red  as  the AB and X parts of an ABX system at 5 2.6 and 6 3.5 

respec t ive ly ,  in addit ion to appropr ia te  r e s o n a n c e s  for the  

methoxyl and propyl groups.

T r e a tm e n t  of the  d ibromo com p o u n d  11 3  with sodium 

m ethox ide  in refluxing methanol  g a v e  th ree  c o m p o u n d s  of 

interest.  The product was  obtained a s  a  mixture which TLC in 

EtOAc/petrol (1 :2 ) s e p a ra ted  into two fractions. The less  polar 

fraction conta ined  an in separab le  mixture of two co m p o u n d s  

thought to be again the above vinyl bromide 114, which showed in
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the  1H nmr a characteristic singlet at 8 7.65 for the vinyl proton. 

The 1H nmr spectrum of this mixture also showed a  doublet at  5 

2 .65  ( J  6.86 Hz) corresponding to the (-CH-) proton at  the a  

p os i t io n  of the  m ethyl  e s t e r  g roup ing  in th e  d e s i r e d  

b r o m o m e th y lc y c lo p r o p a n e  1 0 7 .  This character ist ic  signal for 

this type of proton on a  cyclopropane ring, w as  overlapped with 

the AB part of an ABX system (8 2.6) which corresponds  to the 

( - C H 2-) protons also a t  the a  position of a methyl e s te r  in the 

bromo alkene 1 1 4  a s  deduced  from the 13C nmr. In a  DEPT 

spec t rum  signals  at 8 40.21 and 31.91 were a ss ig ned  to the 

ca rbo n s  of the cyclopropyl methine (-CH-) groups at C-2 and C-3 

respectively and at 8 32.12 for the bromomethyl (-CH2Br) carbon. 

The IR spectrum show ed bands  at 1730 and 1740 cm ' 1 for the 

sa tu ra ted  C = 0  esters  in 107,  together with a conjugated -C=CHBr 

absorption at 1630 cm -1 in compound 114.

Assuming concerted elimination of Br' by the a-anion and that

the anion is such that a -carbomethoxyl  group d o e s  not becom e

cis to two groupings in the cyclopropane product, cyclisation of

isom er  1 1 3 a  would give cyclopropane 1 0 7 a  w h e r e a s  isomer

1 1 3 b  would give cyclopropane 1 0 7 b .  Possibly isomer 1 0 7 a  in

which the bulky -CH2Br group is cis to the propyl group might be
in i t

formed while isomer 107bAis cis to the more bulky e s te r  group 

would not be formed. Isomer 1 1 3 b  might ins tead  undergo  

react ion leading to the  vinyl bromide 1 1 4 .  The size of the 

coupling constant  be tween  the protons at C-2 and  C-3 in the 

cyclopropane 107 (J 6.86 Hz) are  in accord with these  hydrogens 

being trans a s  d i sc u sse d  with various cyclopropanes  prepared  

later  in this work. T h e s e  cons idera t ions  would favour the 

relative stereochemistry of this cyclopropane being a s  in 1 0 7 a .
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The remaining com pound  in the more polar  fraction w as  

obtained in 55% yield and was deduced to be the vinyl ether 115. 

T h e  molecular  formulae C 12H 20O 5 w as  d e d u c e d  from m ass  

spectroscopy which gave  the molecular ion at m/z 244. The 1H 

nmr spectrum showed In addition to the usual resonances  for the 

methyl es ters  and  propyl groups, the vinyl methine group appeared 

a s  a  singlet at 8 7.30 while the ethereal methoxyl group appeared  

a s  a  singlet a t  8 3.59. In the  13C nmr, multiplicities w ere  

e s tab l ished  using DEPT and for 1 1 5  s ignals  of the expected 

re sonance  were  found for the methylene grouping a  to the methyl 

e s te r  function (8 37.83 ), and for the es ter  methoxyl groupings (8

51.50 and 51.29), together  with appropriate r e s o n a n c e s  for the 

propyl group.
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The special  fea tures  of the spectrum of this com pound are  at  

8 159.91 and 111.62 for the terminal methylene carbons,  and at  

8 61.43 for the ethereal methoxyl carbon.

The formation of the above alkene , could be  via the highly 

s t ra ined  cyclopropane  107  in the p resence  of a  nucleophile e.g. 

the genera ted  Br“ Schem e 19.

c h 3o 2c
\  C 
]  Br |

c h 3o , c c h 3o 2c
o c h 3

6cCK:=o c o 2c h 3

Br

IB =  B ase (114)

Scheme 19 (107)
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2. Preparation of some cyclopropane dicarboxvlic acid 

derivatives via 1-pvrazol ines .

The previously described route to cyclopropanes related to the  

p r o p o s e d  b io sy n th e t ic  i n t e r m e d ia t e  79 suffered  from the  

difficulty found in separating the desired compound 107 from the 

mixture of the  byproducts 114 and 115 which were  p re sen t  in 

larger  quanti ties. It w as  therefore  desirable  to find a n o th e r  

route  which would afford c y c lo p rop an es  cleanly, and  it w a s  

thought that this might be achieved by reaction of d iazoalkanes 72 

with appropr ia te  a lk e n e s  to give pyrazolines ,  which shou ld  

undergo loss of nitrogen N2 to produce the corresponding isomeric 

cyclopropanes .

The first alkene required w as  dimethyl b rom omesaconate  118.  

This w as  readily p repared  (S c h em e  20) by treating citraconic 

acid  1 1 6 a  with hot dilute H N 0 3 to give its s t e r e o i s o m e r  

m e s a c o n ic  acid 1 1 6 b ,  which w a s  esterified by treating with 

methanolic HCI and then brominated with N-bromosuccinimide to 

give dimethyl b rom om esacona te  118 a s  a  colourless oil.

Model s tudies  of the d iazoa lkane  addition s tep  have  b e e n  

ca r r ied  out using d iaz o m e th an e .  This w a s  g e n e r a t e d  from 

nitrosan by a  s tandard  method 73 and was then ad d ed  a s  an 

e the rea l  solution to dimethyl b rom om esacona te  118 in dry e ther  

at  0 °C. TLC showed that the  product was a  complex mixture 

which may be due  to the p resen c e  of the reactive bromomethyl 

( - C H 2Br) grouping. This reaction w as  attempted a  num ber  of 

t imes at -78 °C but the desired compound could not be prepared,  

complex mixtures again being formed (Scheme 20 ).
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Sch em e  20

Since  the bromomethyl grouping app ea red  to be  too reactive 

under  the conditions of d iazoa lkane  addition, the  bromomethyl 

a lkene  118 was converted by treatment  with KOAc/EtOH to the 

corresponding  acetoxy derivative 119 .  This gave  the  expected 

microanalytical and m a s s  spectra l  da ta  including the  molecular 

ion (m/z 216). The 1H nmr gave sharp singlets at  8 6.78 and 5.05 

indicating the p resence  of the vinyl proton and the  oxymethylene 

g roup  (i.e. -CH20 - )  respec t ive ly ,  t o g e th e r  with a p p ro p r i a te  

s ignals  for the carbomethoxyl groupings at  8 3.69, 3.66 and the 

ace ta te  methyl group at 8 1.89. In the IR, it exhibited a  broad C = 0  

b a n d s  at  ca .  1735 c m -1 t o g e th e r  with a  medium band  at  

1655 cm -1 due to the expected conjugated double bond.
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The acetoxy derivative 119 was treated with d iazomethane  to 

give an oily product  which was chromatographed,  using a  silica 

gel column and  TLC to remove minor impurities and  afford the 

d e s i re d  trans - 3 , 4 - d i c a r b o m e t h o x y - 3 - a c e t o x y  m e t h y l - 1 - 

pyrazoline 120 in good yield (Scheme 21.1).  This showed the 

expec ted  molecular ion at  m/z 258 corresponding to C 10H 14N2O 6 

and an abundant  ion at  m/z 199 corresponding to loss of N2 and - 

O C H 3 . It w as  evident that  the product was  a  1-pyrazoline rather 

than a  2-pyrazoline from the p resence  in the  IR of a  peak at 

1438 c m ' 1 corresponding to the azo (-N=N-) grouping together  

with the  a b s e n c e  of -NH- absorpt ion.  The s t ruc tu re  w as  

con f i rm ed  by th e  p r e s e n c e  in the  1 H nmr of f e a tu re s  

corresponding to the CH2 group (C-5) a  to the azo grouping. Thus 

a  2H multiplet centred at 5 4.97 and a  1H double doublet at 8 3.55,

3 .50  form a  typical ABX sys tem co rrespond ing  to the C-5 

hydrogen a tom s and  the methine hydrogen at  C-4. Also C-5 

a p p e a re d  in the  13C nmr spectrum a s  a  signal at 8 80.84. This 

corresponded to a  methylene carbon from the DEPT spectrum and 

the  chemical  shift is appropriate  for location ad ja ce n t  to the  

diazo system. The -CH20 -  grouping gave rise to an AB quartet at 

8 4.76 and 4.70 in the 1H spectrum and to a  methylene carbon 

r e s o n a n c e  a t  8 61 .95 .  Appropriate  r e s o n a n c e s  a p p e a re d  

co rre sp o nd in g  to the  carbomethoxyl and  acetoxyl  groupings. 

(T a b le s  2.1 a n d  2.2).

Attempted preparat ion of the cyclopropane 121 by treatment 

of 120  with eerie ammonium nitrate 74 in ace tone  at 0 °C  gave,  

according to TLC, unreacted starting material. When the reaction 

was allowed to proceed for 2 days, a  complex mixture (TLC) was
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obta ined  w hose  1H nmr spectrum included signals corresponding 

to a lkenes .  It is well known that  decomposition (photolysis) of 

p y r a z o l in e s  c an  give rise  to a l k e n e s  74' 76 a s  w e || a s  

cyclopropanes.  However, when the pyrazoline 120 was subjected 

to photolysis in hexane at  room temperature ,  a  clean loss of N2 

from 1 2 0  occurred  to give a f te r  purif icat ion with f lash 

c h r o m a to g r a p h y  the d e s i re d  t ran s  1 ,2 - d i c a r b o m e t h o x y -1 - 

a c e to x y m e th y lc y c lo p ro p a n e  121 a s  a  colourless oil (88% yield) 

which gave  microanalytical da ta  corresponding to C 10H14O 6 and 

an appropria te  m ass  spectrum, with molecular ion at m/z 230, 

abundan t  ions at m/z 157, 170 due  to loss of -CH2OAc and acetic 

acid respectively and an ion at  m/z 171 due  to the loss of a 

carbomethoxyl group.

Elimination of nitrogen from 120 could have given rise to 

a l k e n e s  a s  well as  cyclopropanes. However the absence  of vinyl 

hydrogen or carbon atoms in the product was evident from the IR 

and  NMR spectra.  The es te r  carbonyl groups in this compound 

a p p e a r  a s  a  broad band at  c a .1735  c m ' 1 in the IR, very little 

different from the value for the e s te r  groups of the unsaturated 

e s te r  119.  However unlike the  latter compound the photolysis 

product showed no double bond IR absorption in the 1700-1600 

c m ' 1 region and no resonances in the  NMR due to vinyl hydrogens 

or carbons.  The 1H nmr spectrum also showed that a  cyclopropane 

ring had been  formed with the ring methylene group hydrogens (5A 

1.60, 8B 1.54) and the ring methine hydrogen (8X 2.48) a  to a  

carbomethoxyl group together forming an ABX system. Analysis 

of this shows that the geminal coupling J AB is 4.64 Hz while J Ax 

and J BX are  8.58 and 6.84 respectively. The small size of the
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geminal  coupling is normal for cyclopropanes  (an average  value 

ha s  been  quoted as  4.51 Hz) 77. From models, the dihedral angles 

b e tw e e n  c/s-vicinal protons is 0° while that  between t r a n s - 

vicinal protons is ca. 130° and using the Karplus equation the J 

cis  would be predicted to be larger than J trans i.e. 8.58 and 

6.84 Hz respectively. These  ass ignments  are  in accord with these
78

a ss ig n e d  for the cyclopropane acid 122 Jgem=  4.3 Hz, ^cis = 

8.0 Hz and J trans = 5.6 Hz. The acetoxymethyl group remained 

intact the methylene hydrogens appearing in the 1H nmr a s  an AB 

quarte t  at 8 4.75 and 4.14 with no sign of long range coupling to 

the ring hydrogens. 13C nmr spectra  (PND and DEPT) showed the 

p r e s e n c e  of the ring a toms a s  a  methylene carbon at 5 19.76, 

methine carbon at 8 25.99 and quaternary carbon at 8 30.34, while 

the  oxymethylene carbon appeared  at 8 61.78. Expected signals in 

1H and 13C nmr spectra  for acetoxyl and  carbomethoxyl groups 

were  also present. (Tables 3.1 and 3.2).

CH

CH

( 122 )

Having established that  the addition of d iazomethane  to 1 1 9  

gave  the  pyrazoline 1 2 0 , efforts were now directed towards the 

com parab le  addition of d iazobutane  126 .  This can be genera ted  

( S c h e m e  22.1)  from th e  n i t ro s o  c o m p o u n d  N-[(N- 

n i t r o s o b u t y l a m i n o ) m e t h y l ] c a r b a m a t e  1 2 5 ,  which in turn w as  

synthesised  using a  standard procedure a s  shown in Scheme 22.2. 

Isopropyl carbam ate  123 was prepared from isopropanol, NaCNO
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and CF3C 0 2H. This w as  treated with the HCI salt  of butylamine 

and CH20  in EtOH under neutral conditions to give 124 which was 

t rea ted  with nitrous acid to afford the desired  crystalline nitroso 

com pound 125, m.p. 52-54 °C. This was fully characterised and 

the IR, 1H and 13C nmr spectra  were identical to those  published 

in the literature. 79

When too much acid w a s  used  in the  prepara t ion  of the  

butylamine hydrochloride, a  substant ial quantity of a  byproduct  

identified a s  127  w a s  ob ta ined  as  a  white crystal line solid 

m .p.150-152 °C having molecular formula C9H18N20 4  on the basis 

of microanalysis and m ass  spectroscopy. This w as  d ed u ced  to 

have structure 127 from spectroscopic  ev idence  including m ass  

spectral cracking pattern. In the IR, it exhibited strong (-CONH-) 

bands  at 1690, 1530 cm -1 and -NH- bands at 3325 c m '1. It was 

evident that there were two -NH- groupings from a  2H multiplet 

in the 1H nmr spectrum at 5 5.78 and that there were two -CHO- 

groupings from the p resence  of appropriate signals. A two proton 

triplet at 5 4.45 (J 6 Hz) w as  assigned to the (-NCH2N-) and  the 

remaining signals to the  methyl groups of the isopropoxycarbonyl 

groupings.  The 13C nmr spectrum also confirmed the  above  

symmetrical s t ructure  by showing a signal for the  m ethylene  

c a r b o n  a t  8 4 7 . 8 0  t o g e t h e r  with s i g n a l s  for  t h e  

isopropoxycarbonyl carbons  a s  expected at 5 156 (-CONH), 68.49 

(-CH-) and 8 22.03 (-CH3). Synthesis of this product was reported 

and  its preparation w as  ach ieved  under similar condit ions a s  

described above. 80
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N=0 •• + • .
K*  RCHTN=Nr O - Y  ----------- ^  RCH=N=N'

RCH2N -Y  ( J  O
)  (126)

B
(125) R = n-Pr

Y = CH2NHC0 2CH(CH3)2

Scheme 22,1

^OCONHj —  ^-C^ONHCHjNHf* CH2Pr ----------- -

d 23) (124)cr

^>-OCONHCH2NCH2Pr  ^  Pr-CH=N=N  Pr-CH-NssN

N -0‘
(126)

(125)

Scheme 22.2

^ - oconhch2nhoco

(127)

The addition of diazobutane 126 to the unsaturated  ester  119  

appeared  to take a  parallel course to the addition of diazomethane 

( S c h e m e  2 2 .3 )  and afforded a  colourless  oil in 91% yield. 

That  thus  w a s  the  de s i red  t r a n s - 3 , 4 - d i c a r b o m e t h o x y - 3 -
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a c e to x y m e th y l - 5 - p r o p y l - 1  - p y ra z o l in e  1 2 8  w a s  confirmed by 

m a s s  spectroscopy which showed a  molecular ion a t  m/z 300 a s  

expec ted  for C - ^ H g o ^ O g ,  by the p resence  in the IR of a  band at  

1455 cm ' 1 corresponding to the azo (-N=N-) grouping and by NMR 

spectroscopy. Thus the ring hydrogen atom attached to C-5 i.e. a  

to the azo grouping appea red  at  5 4.99 a s  a  multiplet owing to 

coupling with two vicinal hydrogens in the  propyl group a s  well 

a s  with the other ring hydrogen (H-4) which appea red  a s  a  doublet 

at 8 3.14. C-5 appeared in the 13C nmr spectrum a s  a s  a  signal at 

8 93.36. This corresponds to a  methine carbon a s  shown by the 

DEPT spectrum  and the chemical  shift is appropr ia te  for its 

situation a  to the diazo system. The p resence  of the propyl side 

chain was shown by a  4H multiplet at 8 1.65 and methylene carbon 

r e s o n a n c e s  at  8 35.13 and 19.64 together with a 3H triplet at 8 

0 .98  and  a  methyl ca rbon  r e s o n a n c e  a t  8 13.89. The

acetoxymethyl group and methoxycarbonyl g ro up s  g ave  rise to 

s igna ls  similar to those  found for th o se  of the  d iazom ethane  

adduct  120. (T a b le s  2.1 a n d  2.2).

(128) R = n-Pr

Scheme 22.3
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With regard  to the stereochemistry of the  adduct  128, s i n c e  

the methine proton (H-4) a  to a  carbomethoxyl group appears  a s  a  

sh a rp  doublet  (J  8.2  Hz) and there  is no evidence of doubling of 

the  carbon NMR signals it is evident that  the  d iazobutane  adduct  

is a  single (racemic) sub s tan ce .  If it is p re s u m e d  that  the  

relative s te reochem is try  is de te rmined by addition occurring so 

that  there  is minimum steric interaction of the  propyl group in 

the  transition s ta te  with other groupings, then the adduct  will be 

the  SR R /R SS racemic pair. Confirmation of this from the size of 

th e  coupling  b e tw e e n  the  m e th in e  pro ton  (H-4) a  to a  

carbomethoxyl group and the adjacent  ring proton (H-5) geminal 

to the  propyl group is not possible  s ince  examinat ion of the 

spectrum of the  corresponding d iazom ethane  adduct  120 s h o w s  

that  the  proton a  to a.  carbomethoxyl group is coupled almost 

equally to each  of the adjacent ring protons.

In view of the successful synthesis  of the  cyclopropane 121 

the  propylpyrazoline 128 w a s  sub jec ted  to photolysis in hexane 

a t  room t e m p e ra tu re  resulting in quanti ta t ive  elimination of 

nitrogen. (S c h em e  2 1 . 1). The molecular formula of the product 

w a s  shown to be  C 13H 20O 6 by m ic roana lys is  a n d  m a s s  

spec t roscopy  which gave  a molecular ion a t  m/z 272 together  

with abundan t  ions including m/z 198 (loss of methyl ace ta te  or 

its equivalent) and m/z 139 (loss of - C 0 2C H 3 from the ion m/z 

198). The product  was shown to be  the  des i red  f r a n s - 1 , 2 -  

d i c a r b o m e t h o x y - 1  - a c e t o x y m e t h y l - 3 - p r o p y l c y c l o p r o p a n e  129  

rather than an isomeric alkene by the ab sen c e  of alkene carbon or 

proton r e s o n a n c e s  and  by p r e s e n c e  of fea tu re s  d u e  to the  

cyclopropyl hydrogens and carbons in the NMR. The ring methine
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hydrogen atom i.e. a t tached  to C -2 and  a  to a  carbomethoxyl 

grouping a p p e a re d  a t  5 2.54 a s  a  doublet (J 7 Hz) owing to 

coupling with the other  ring hydrogen atom i.e. a t tached  to C-3 

and a  to the propyl group. The signal for this second  methine 

hydrogen was upfield at  qsl. 5 1.29 together with 4H multiplet due  

to the  methylene hydrogens of the propyl group. 13C nmr spectra  

(PND & DEPT) showed the ring atoms a s  methine carbons (C-2 and 

C-3) at  5 32.86 and 30.05 and a  quaternary carbon at 6 36.71 (C- 

1). Other features in the NMR were a s  expected and included an 

AB quartet at 6 4.91 and 4.09 for the  oxymethylene protons and 

reso n an ces  for the e s te r  carbonyl groups at 8 171.27, 170.26 and 

1 7 0 .0 7  (T ab les  3.1 a n d  3.2). In the  infrared spectrum, this 

compound showed bands  for carbonyl group absorption at ca. 1740 

c m ' 1 but no double  bond absorpt ion in the  1700-1600 cm ' 1 

region.

As with the d iazobutane  adduct  1 2 8 ,  NMR sp e c t r a  indicate 

that  the  propylcyclopropane 129 is a  single (racemic) subs tance .  

Thus the ring proton (H-2) a  to the  carbomethoxyl group a p pea rs  

a s  a  sharp  doublet  (J 7 Hz) and  there  is no doubling of the  

methoxyl proton signals or of any of the carbon resonances

T he  foregoing  1 H nmr spec t ra l  ana ly s is  of the  th ree  

c y c l o p r o p a n e  d e r i v a t i v e s  h a s  e s t a b l i s h e d  t h a t  in th e  

a c e to x y m e t h y l c y c l o p r o p a n e  121 the ring proton H-2 a  to the 

carbomethoxyl grouping shows coupling constants  to H-3P (H cis) 

and H-3a (H trans) of 8.58 and 6.84 Hz respectively. Since H-2 in 

the  propylcyclopropane 129 and the proton at H-3 have a  coupling 

cons tan t  of 7.0 Hz the propyl group at  C-3 is evidently trans  to 

the  carbomethoxyl group at  C-2 a s  predicted from consideration 

of the  mode of formation of the  propylpyrazoline 128 a n d
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p r o p y l c y c l o p r o p a n e  1 2 9 .  T h e  th e rm a l  d e c o m p o s i t io n  of 

pyrazolines to cyclopropanes has  been  reported to occur in a  non- 

s tereospecif ic  manner  81 w hereas  photolytic decomposit ion of 1- 

pyrazolines occurred in a  stereospecif ic  manner. 82 86 In keeping 

with this, loss of nitrogen from 128 upon photolysis occu rs  with 

re ten t ion  of configuration to give the  enan t iom er ic  pair  of 

propylcyc lopropanes  having the  relative s te reochem is t ry  a s  in 

129 i.e. RRR or SSS. On the other hand, thermal decomposition of 

128 in xylene at 160 °C produced an oily product  which g a v e  

after  distillation and TLC material chromatographically identical 

to the above cyclopropane 129 in 50% yield. This was mainly the 

previously prepared RRR/SSS dias te reoisomers  129 but possibly 

also contained som e of the diastereoisomeric racem ate  130 i.e. 

RRS/SSR.

T he  remaining s t a g e s  required  to p rep a re  the  p ro p o se d  

in te rm ed ia te  79 via the  bromomethylcyclopropane e.g.  10 7c ,  

were  selective hydrolysis of the ace ta te  129 and then conversion 

of the  resulting alcohol to the  corresponding bromo compound 

{e.g.  with triphenyl phosphine and CBr4) followed by reduction to 

th e  radical  79 with Bu3 SnH. T he  relatively  a c c e s s i b l e  

cyclopropane 121 was  used to investigate the hydrolysis step.

A preliminary attempt w as  m ade  to selectively hydrolyse the  

acetoxyl group using NH3 in methanol at -15 °C a reagent used in 

su g a r  chemistry 124b, but a  complex mixture resulted which could 

not be separa ted by TLC. Although a  clean reaction occurred when 

the acetoxy compound 121 was treated with NaBH4 in MeOH, after 

acidic work up, the product proved to be the lactone 132. This 

exhibited in the IR spectrum strong bands at 1790 and 1742 cm ' 1
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characteris t ic  for the lactone and the sa tu ra ted  e s te r  carbonyl 

(C = 0 )  a b s o r p t io n s  re sp ec t iv e ly .  High re so lu t ion  m a s s  

spectroscopy es tabl ished  the molecular formula a s  C7H80 4 a n d  

gave a  recognisable cracking pattern. In the  1H nmr and 13C nmr 

spec t ra ,  the  formation of the  lactone w a s  ref lected in the 

absence  of the ace ta te  methyl and carbonyl resonances  (i.e. no 3H 

multiplet at 8 2 .00), and p resence  of only one methoxyl resonance  

(8 3.76). The lactone oxymethylene grouping (-CH2OCO-) gave rise 

to a methylene carbon resonance  at 8 68.34 and an AB quartet in

which fine coupling of both H-4 p (J  0.95 Hz) and H-4 a  (J 0.9

Hz) was apparent.  A complete  analysis is shown in the following 

Table [see below].

Examination of a  model shows that for H-2 a  large cis vicinal 

coupling to H-3 p (dihedral angle  0°) and a  smaller trans vicinal 

coupling to H-3a (dihedral angle ca. 130°) would be expected  along 

with long range  coupling to H-4a, and that  H-3p is well situated 

for long range (W type) coupling to both H-4a and H-4p while H- 

3 a  is not to either. Jgem for H-3a and H-3P is the relatively

small va lue  (4.45 Hz) normal for cyclopropyl hydro gen s  a s

d i scu ssed  earlier.

Facile lactonisation confirms that the -CH2OAc group is cis 

to a carbomethoxyl group i.e. that the carbomethoxyl groups are  

trans a s  expected from cis addition to a  trans dienoic ester.

(132)

76



1 H nmr d a ta  for the  lac tone 1 3 2 :  ( r e p r e s e n te d  a s  the  

enant iom er  132) .

5 Assignment Coupling constant (Hz)

4 .7 3 H-4 p J4 p, 4 a ■ 9 -6 ' J4 P, 3 P = °-9 5 -

4 .28 H-4 a ^4 a, 4 p = 9 6 « ^4a,  2 = 0 9; 

^4 a, 3 p = °  3 ’

2 .57 H-2 ^2, 3 a = 4 -45; ^2, 3 p = 9 56: 

J2 , 4 a  = °*9*

2 .05 H-3 p ^3 p, 2 * 9 56; ^3 p, 3 a  = 4 4 3 :  

^3 p, 4 p = 0 9 5 « J 3 P, 4a = °  3 -

1.33 H-3 a ^3 a, 2 = 4 4 5 ;  ^ 3 a , 3 p = 4 -4 5 -

In an attempt to prepare the desired alcohol 131 under milder 

conditions, the ace ta te  121 was treated with Analar MgO in MeOH 

at  room temperature .  An oily product was  obtained which was 

shown by TLC and 1H nmr to be a  mixture of fats and several polar 

c o m p o n e n t s .  Similar re su l t s  w e re  o b s e r v e d  when  the  

propylcyclopropane 129 was treated under the sam e  conditions. 

This is probably due to some contaminants in the Analar MgO used.

When the ace ta te  121 w as  treated with special  MgO [Merck 

5866] (Schem e 21 .2)  in MeOH 87> 88 at room temperature  for 48
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hrs complete  deacetylation occurred (1H and 13C nmr) to give an 

oily product  consist ing of two c o m p o n e n ts  (analytical TLC). 

Attempts to se p a ra te  this mixture by preparat ive  TLC on silica 

resul ted in recovery only of lactone. This mixture consis ted  

mainly of the  desired alcohol 131 together  with ca. 30% of the 

lac tone 1 3 2 ,  a s  indicated by TLC and by IR spectroscopy, the  

propert ies of the alcohol were deduced  from the spectra  of the  

mixture. The  p re s e n c e  of primary hydroxyl grouping w a s  

indicated by an absorption band in the IR at 3620 cm ’1 and by a

multiplet in the  1H nmr at 5 2 .35 which u nderw en t  a  D2 0

exchange.  The methylene protons of the primary hydroxyl group 

ap p ea red  a s  a  pair of broad doublets  which sha rpened  upon D20

exchange  of the OH group to an AB system (HA 8 4.25, HB 8 3.75,

J AB 12.0 Hz). The carbon resonance  of this grouping appeared  at 

8 59.83 which is the position expected 89 c a .  2 ppm upfield from 

the  co rre spond ing  re so n a n c e  in the  a c e ta t e  121. The  high 

resolution m a s s  spectrum show ed  the e x pec ted  molecular  ion 

(m/z 188) toge ther  with f ragment  ions which included at  m/z 

170 an abundant  ion corresponding to loss of water. The presence  

of two carbomethoxyl  g roups  w a s  evident  from appropr ia te  

re s o n a n c e s  in the  1H and 13C nmr spec t ra  and  the cyclopropyl 

hydrogens gave  rise to the characteristic ABX sys tem with Jgem= 

4.3 Hz, Jcjs vicinal= 8 .57  Hz and Jtrans vicinal= 6-67 Hz, (Tables 

4.1 and 4.2) .
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M~ H H
O
II
Mg

Me C ?
No  '

O 
II \

R-OH + MeOCMe+MgO
R-0-C=0

Me (131)Me

(121) R = -H2C
- ^ c o 2c h 3

Scheme 21.2

In view of the facile cyclisation which occurred in a t tempted 

react ions of the cyclopropane dimethyl e s te r s  121 and 129, the 

preparation and properties of the analogous isopropyl e s te rs  were 

studied (Schem e 23.1), hoping that at  least a  better yield of the 

corresponding cyclopropyl methanol would be obtained.  For this 

purpose  mesaconic  acid 116b w as  esterified by trea tm ent  with 

isopropyl alcohol and p-to luenesulfonic  acid in to luene.  The 

e s te r  gave  the expec ted  molecular ion (m/z 214), con juga ted  

ester  absorption in the IR (bands at 1720 and 1650 c m '1) and 1H 

and 13C nmr spectra  which included re so n an c es  corresponding to 

two isopropyl ester  functions and vinyl hydrogen and vinyl methyl 

re so n an c es  (a fine quartet  at  6 6.6 and fine doublet at  6 2 .2). 

Diisopropyl m e s a c o n a t e  133 prepared in this way was smoothly 

b ro m in a te d  with N -b rom o su c c in im id e  to g ive  d i isopropy l  

b ro m o m e saco n a te  134 which gave  spectra  similar to those of the
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analogous  dimethyl e s t e r  118 with appropriate  c h a n g e s  for the 

different e s te r  function excep t  that  the two methoxyl groups in 

118 unlike the isopropyl g roups in 134 had different  chemical  

shifts.  As found for the  dimethyl ester ,  direct t rea tm en t  with 

d iazomethane  at -78 °C gave  a  complex mixture (TLC, 1H nmr) 

probably due to the p resen ce  of the reactive (-CH2Br) grouping. 

Accordingly the  bromo e s t e r  134 w a s  c o n v e r te d  into the  

corresponding acetoxy derivative 135 by treatment  with KOAc in 

EtOH, the product showing the expected fea tures  in the IR and 

NMR. This u n s a tu ra te d  isopropyl e s t e r  135 r e a c t e d  with 

d iazom ethane  at  room tem pera ture  to give the pyrazoline 136  

and with diazobutane at  -70 °C to give the n-propyl-1-pyrazoline 

137. Mass spectral analysis of these  products gave  the expected 

molecular ions and, a s  for the corresponding methyl esters ,  only 

the  1-pyrazolines were formed. The a b s e n c e  of the isomeric 

imino-2-pyrazolines w as  evident  from 1H and 13C nmr spec t ra  

which were similar to the spectra  of the methyl e s te r s  120 a n d  

128 d isc u sse d  earl ier (cf. T ab les  2.1 a n d  2.2). Ju s t  a s  the 

difference  in chem ica l  shift of the methoxyl g r o u p s  in the  

py razo l ines  120  or 128 is g rea te r  than that  of the  methoxyl 

g roups  in the  foregoing a lk en es  117,  118 or  119, so the two 

isopropyl group re so nan ces  in the pyrazolines 136 or 137 show a 

wider difference in the NMR than observed with the corresponding 

a lkenes .  Both compounds  show two 1H sep te ts  for the methine 

proton, and in one  or both isopropyl groups, the methyl groups are 

non equivalent giving rise to three or four doublets  respectively. 

(Table 2.1).
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Photolysis of the  foregoing pyrazolines 136  and 13 7  in hexane 

resul ted  in quantitat ive elimination of nitrogen a n d  formation of 

the  d e s i r e d  c y c lo p ro p an e s  138 and  1 3 9  respect ive ly  in good 

yield. Spectroscopic properties of these  compounds  corresponded 

closely to th ose  of the  corresponding methyl e s t e r s  except  for 

f ea tu res  d u e  to e s te r  alkyl groups.  For example ,  the  isopropyl 

e s t e r s  showed fragment ions corresponding to lo sse s  of propene. 

In the  1H nmr spec t ra ,  the two isopropyl g roups  g av e  different 

s ignals  (Tables 3.1 a n d  3.2). In the propylcyclopropane 139,  the 

methyl groups of both isopropyl groups gave rise to four doublets, 

this being to non equivalence of methyl groups  rather than the 

sa m p le  being a  mixture of d ias te reo isom ers .  (There  was no 

doubling of signals  in the 13C nmr spectrum). As d iscussed  

ear l ie r  for the  methyl e s te r  1 2 9 ,  the isopropyl e s t e r  1 3 9  

consis ts  of the RRR/SSS enantiomeric pair.
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C02iPr 
1R(S)V.., CH2 OAc

(136) R=H

(137) R=n-Pr
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H C02iPr
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Scheme 23.1
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H C02iPr 

(143)



TABLE 2 ,1 ;

1H nmr data  (8) for som e 1 -pvrazQlines. 

Compound ( 1 2Q.) ( 1 2 8 )

-C 0 2 CHa  3.83 3 . 8 6

3.63 3 .6 4

-CH^O- 4 .76  4 .69

4.70 4 .58

-ChL^N=N-, H-5 4.97 -------

-CJ±N=N-, H-5   4 .99

-OCOCJjg 1 Q9  -j 9 0

-CJ±-, H-4 3 .55  3.14

3 .50

-(CH^CHo . . . .  1.65

-(CH2 )2 CHa     o .98

-C 0 2 CH(CH3 ) 2

-C0 2CH(CHa)2

(JLUL) LULL)

4.71 4 .6 4

4 .6 6

4 .9 5   

  4 .9 5

1.90  1 .92

3 .4 5  3.05

  1.60

1.01

5 .1 5  5 .1 5

4.93 4.95

1.24, 1.2, 1.31, 1.3,

1.19 1.27,1.2.
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TABLE-JL2-I

13C nmr da ta  (5) for some_JL-DyrazQlmes.

Compound

- c o 2c h 3

- £ h 2o-

-£ H 2 N=N-, (C-5)

-£HN=N-, (C-5)

-OCOCH3

-C.H-, (C-4)

-(C.H2)2CH3

-(CH2 )2C.H3

-C02£H(CH3)2

-C02CH(£H3)2

( 1 2 0 ) ( 1 2 .8 )

5 3 .5 9  53.61
52 .51  5 2 .4 8

6 1 .9 5  6 1 .8 8

8 0 .8 4

  9 3 .3 6

2 0 .2 3  2 0 .3 2

4 1 .3 5  4 7 .2 4

3 5 .1 3
19.64

13 .89

( 1 3 6 )  (-1-3.7)

62.21 6 2 .1 3

8 0 .6 3   

  93 .01

2 0 .3 7  2 0 .4 6

4 2 .2  48.17

  35.21
1 9 .6 7

1 3 .9 7

70.81 

6 9 .4 3

21.66

21.58, 21.47.

70.89 

7 0 .3 0

21.63, 21.51 

21.41, 21.21
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It w as  hoped that the alcohols 140 and 141 corresponding  to 

the  a b o v e  cyclopropylmethyl a c e ta t e s  138 and  139 could be 

o b ta ined  in be t te r  yield and  be  more a m e n a b le  to further 

transformation than the methyl e s te r s  counterpar ts .  Trea tm ent  

of the  ace ta te  138 with MgO in methanol a t  room tem pera tu re  

indeed  afforded so m e  of the  des i red  alcohol 140 a l t h o u g h  

s p e c t r o s c o p i c  d a t a  i n d i c a t e d  t h a t  c o n s i d e r a b l e

transesterification had occurred and showed the p re s e n c e  of the 

methyl es te r  lactone 132 a s  a  major product. It was  also found 

that  when the CDCI3 solution of this mixture w as  allowed to 

stand at 37 °C, lactonisation occurred.

Attempted deacetylation of 139 using MgO in isopropanol gave 

even after 10 days  only partial deacetylation and a low yield of 

product. Efficient deacetylation however was achieved by brief 

t r e a tm e n t  with NaBH4 in refluxing isopropanol  followed by

careful work up using aqueous  NaH2P 0 4 (pH=7). Spectroscopic  

d a ta  show ed  that  complete deacetylation had occurred  without 

lactonisation.

The IR spectrum showed strong bands at 3630 and 3220 cm ’1 

characterist ic  for free and bonded -OH absorpt ions respectively, 

together  with a  band at 1740 cm ’1 corresponding to the  e s te r

carbonyl  g roups  with a  weaker  absorption at  ca .  1700 c m ' 1

perhaps  due  to H-bonded ester  carbonyl group. In the 1H nmr 

s p e c t ru m  of 141 run in CCI4 solution (in o rder  to avoid 

lactonisat ion), the  hydroxyl group w as  ev iden t  a s  a  broad  

multiplet at 8 9.5 which readily underwent D20  exchange,  and the 

oxymethylene grouping (-CH20-)  appeared  a s  broad doublets at 8 

4.6 and 3.88 which changed after D20  treatment to an AB quartet
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(5a 4.30, 5b 3.65, J AB 11.0 Hz). A doublet  a p p ea re d  at 5 2.35

c orre spond ing  to the  ring proton at  C-2 , which is a  to the

isopropoxycarbonyl grouping and is coupled  to the  C-3 proton.

S ince  the  coupling co ns tan t  is 5.7 Hz t h e s e  hydrogens  a re  

evidently trans a s  d iscussed  earlier. In this solvent there  w as  

little resolution of the upfield re so n an c es  corresponding to the  

isopropyl and  propyl groups and the methine hydrogens of the two 

isopropoxy groups appeared  a s  a  multiplet a t  5 5.19. The 13C nmr 

spec t rum  show ed  the expec ted  r e s o n a n c e s  including one  at  5

69.15 corresponding to the isopropoxy methine carbons and at  5 

62.40 corresponding to the hydroxymethyl carbon (Tables 4.1 and 

4 .2) .
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TABLE 3 J - ;

1 h  nmr d a ta  (§) for so m e  a s . s tQ x y m e t h y i c y c i Qp r Q p a n e
dicarboxylic acid derivatives.

CampQiind ( 1 2 1 ) 11 2.9) (135.) (-13.9J

-C02CH3  3.67 3.71 ---- -------
3 .65 3.66

-CH20 -  4.75 4.91 4 .85  4.94

4.14 4 .09  4.12 3.78

-C]±^-f (H-3) 1.57 -------  1.55 -------

-CJ±-, (H-3) -------  1.29 -------  1.25

'OCOCfck 1.95 1.95 1.97 1.92

-CH-, (H-2 ) 2.48 2.54 2.45 2.48

-(ChL2)2CH3 - - -  1.29 -------  1.25

-(CH2 )2CJd£ . . . .  o .85 . . . .  0.90

-C0 2CH(CH3)2 -------  -------  4 9 9  5 . 0 0

-C02CH(CH2)2 . . . .  . . . .  1 25> 1 22j 1.215, 1.204,

1 .2 0 . 1 .2 0 2 , 1.181.
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TABIE  3,2 ;

1 3 C nmr d a ta  (5) for s o m e  a c e to x y m e t h v l c v c l o p r o p a n e

dicarboxvlic acid derivatives.

Compound U -2J J  ( 1 3 8 )  M 3 9 )

-C02£H3 52.62 52.54 -------  -------
52 .20 52 .14

-£H20 -  61.78 63.10 61.82 63 .03

-£.H2 -, (C-3) 19.76   19.60

(C-3)   32 .86  -— 30.33

-OCQCHg 2 0 .55 20 .73  20 .67  20 .64

-£_ H-, (C-2 ) 25.99 30 .05  26.35 32.33

-(C.H2)2CH3    28 .09  -------- 29 .36
21.92 22 .02

-(CH2)2£ H 3   13 .45 -------- 13.91

-C02£H(CH3)2     69 .19 69 .06

68.75 68 .37

-C02CH(£H3)2     21 .66 21.89, 21.68

21.51 21.60, 21.43.
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It w as  now required to convert the above alcohol 141 to a  halo 

derivative and  experience  with the  corresponding dimethyl es te r  

alcohol 131 indicated that  mild conditions would be  required to 

avoid lactonisation. However when the alcohol 141 w a s  trea ted  

a t  low t e m p e r a t u r e s  e i t h e r  with thionyl  c h lo r id e  in 

p y r i d i n e  90* 91 or  with c a r b o n  t e t r a b r o m i d e  a n d

t r ipheny lphosph ine  92*97 the product in both c a s e s  w a s  the new 

lac tone  142 (Schem e  23.2) ,  a s  shown by carbonyl absorption in 

the  IR at  1780 and 1720 c m '1 , and  only one  isopropyl e s te r  

function being apparent in the 1H and 13C nmr. Comparison of the 

1H nmr of this propyl substituted cyclopropyl lactone 142 with  

the  unsubsti tuted cyclopropyl lactone 132 previously d i s c u s s e d  

s h o w s  interesting c h a n g e s  due  to the  p resence  of the  propyl 

group. Although the signal for H-3 is obscured by the  isopropyl 

group resonances ,  H-2 appears  a s  a  doublet J =4.31 Hz indicating 

that  H-3 is the trans vicinal proton i.e. a .  The oxymethylene  

hydrogens ap p ea rs  a s  an AB quartet  in which H-4p gives a  sharp 

doublet  [cf. 132 where  long range coupling J =0.95 Hz, with H-3|5 

w a s  evident] and H-4ct a  slightly broadened  doublet  d u e  to long 

range  coupling with H-2 [but with J  =0.1 Hz which is much less 

than observed in 132 where J 2f 4a Hzl-
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ch2oh

iPrA T C 0 2i
r < Z A > h

H C02iPr

(141) R= n-Pr

PPhaBr, CBr3

iPr02C 
" R

Br J
iPr02C 

R

H H

PPh3 _____

COCH(CH3)2

Haft,
HP

Q j
CH2 “ 0 “ h  

PPh3Br

CBr,

H C02iPr

iPr02C

HP Br
Ha #  {

^ 0 -CH(CH3)2

1Pi° 2C^ C  I + p p m o

H H

(142) R = n-Pr

Scheme 23.2
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TABLE 4.1 :

1H nmr d a ta  (5) for som e  h v d r o x y m e t h v l c v c l o D r o p a n e  

dicarboxylic acid derivatives.

Compound ( 1 3 2) ( J - U Q  (.,1,4.1) ( 1 4  1 )

-C02CH2 3.75 3.91 - -  . . . .

3.89

-CJi^O- 4.73 4.25 4 .46  4 .30

4.28 3.75 4.16 3.65

-Ch.z -, (H-3) 2.05 1.70 -------  -------

1.33

-CJ±-, (H-3) - - - -  ------- 1 .8 - 1 .3 1 .7 -1 .35

-CH-, (H-2 ) 2.57 2.98 2.26 2.35

-(C&z)2CH3 . . . .  . . . .  1 . 8 - 1 . 3  1 . 7 - 1 . 3 5

-(CH2 )2CH£ ----  . . . .  o .9 0.90

-C02CH(CH3)2 ...................................  5 1  5 1

-C 02CH(ChL2)2 . . . .  1 . 28 -1 . 1  1 . 2 7 - 1 . 2

91



TABLE 4,2 :

13c  nmr d a ta  (S) for s o m e  hydi.Qxy.ffl.alhyJcy.£lQprQparie
difiarbQxy.Kc acid derivatives.

Compound 1.1.3.2D ( 1 3 .U  ( 1 4 2 ) ( 1 4 1 )

-C02CH3 52.69 52.58 -------  -------
52.39

-£H20 -  68.34 59.83 68.65 62 .40

-£-H2 -. (C-3) 19.34 19.12 -------

-C.H-, (C-3) -------  -------  30.64 30 .24

-C.H-, (C-2 ) 26.99 26.32 33.29 34.02

-(£.H2 )2CH3 -------  -------  27.89 29 .92
22.14 22 .69

-(CH2)2£H 3 -------  -------  13  57  14  25

-C02C.H(CH3)2 -------  -------  53  4 69 .15

-C02CH(£H3)2 -------  -------  21.84 22 .42

22 .34
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It is quite apparen t  that  a  major difficulty in the  conversion of 

the  abo v e  alcohol 141 to the  bromo derivative 143 lay in the 

e a s e  with which it u n d e rg o e s  cyclisation, b e c a u s e  of the  cis  

relationship of the hydroxymethyl and a  carbomethoxyl group. It 

w as  thought possible that  the  desired bromo compound might be 

obtainable via the  corresponding tosylate 1 4 4  by treatment with 

LiBr or HBr. 98« 99 Since it seem ed  likely that  the  alcohol 1 4 1  

would l ac ton ise  r a th e r  than  esterify if t r e a t e d  with tosyl 

chloride and  pyridine, an  a t tempt w as  m a d e  to p repa re  this 

tosylate  by cyclopropanation of diisopropyl tosy loxym esacona te  

145 (S c h e m e  24) .  This a lkene was p repa red  from the readily 

avai lable  diisopropyl b ro m o m e sa c o n a te  134 by t rea tm ent  with 

silver tosylate in refluxing acetonitrile. The 1H nmr spectrum of 

this w as  similar to that of the bromo compound 134 but show ed 

the fea tures  expected of a  tosylate grouping (multiplets at 8 7.7, 

and 7.25 due  to aryl protons and a  3H multiplet at  8 2.38 due to 

the aryl methyl group) with the  oxymethylene grouping appearing 

a s  a  singlet at  8 5.15.

The tosylate  1 4 5  reacted  smoothly with d iazobu tane  at  

-70 °C to give the tosyl n-propyl-1-pyrazol ine  1 4 6  which had 

s p e c t r o s c o p i c  p r o p e r t i e s  c o m p a r a b l e  to t h e  a ce ty l  n- 

propylpyrazoline 128.  Since it has been found that  tosylates are 

c leaved by photolysis 10°-104 to give alcohols, photolysis of 1 4 6  

was not investigated since it s eem ed  likely to give the  previously 

o b t a i n e d  h y d r o x y m e t h y lc y c lo p r o p a n e  1 4 1 .  Since  thermal 

decomposition of the pyrazoline 146 in xylene w a s  found to give 

a  reasonab le  yield of acetoxymethyl cyclopropane 129 the tosyl 

pyrazo l ine  146 w as  su b je c ted  to similar t r ea tm e n t  but this
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afforded a  complex mixture in which the  des i red  cyclopropane 

144 could not be detec ted  by TLC or spectroscopically.

iPr02C

H \^\j2 
(134)

CH2 Br AgOTs iPr02 C^ y C H 2OTs PrCHN^

/  \  Et20
H C 02iPrCO^iPr ^ C N

(145)

COoiPr

(146) R=n-Pr (144) R=n-Pr

Scheme 24

In the proposed  reductive rearrangement in the biosynthesis of 

e th iso l id e  1 , th e  rela t ive  s t e r e o c h e m is t ry  of the  p ro p o se d  

i n t e r m e d i a t e  c y c lo p ro p y lm e th y l  r ad ica l  is a  m a t t e r  of 

s p e c u l a t i o n  a s  is th e  p o s s ib l e  i m p o r t a n c e  of s u c h  

s t e reo c h em is t ry .  It w a s  there fore  d e s i r a b le  to p re p a re  a  

c yc lopropy lm ethy l  de r iva t ive  similar to 7 9  but having the 

carbomethoxyl cis to one another.

The alkenoic ester  required for this purpose appea red  to be the 

Z isomer 1 4 7  of dimethyl b ro m o m e sa c o n a te  1 1 8 .  However 

a t tem pts  to p repare  this by bromination of dimethyl citraconate  

148 afforded only dimethyl b rom om esacona te  118 ( S c h e m e  25).
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(Isomerisation of citraconic acid to m esaconic  acid is known to 

b e  affected by t races  of bromine). 105

H >CH3
/  CH3OH/H+

h o 2c co2h

(116A)

c h 3o 2c  c o 2c h 3

(148)

,CH3

NBS/CCI4 c h 3o 2c

x

CH2Br

H c o 2c h 3

(118)

Schem e. 25

To avoid this isomerisat ion and  any  lactonisa tion in the  

following reactions, preparat ion of the  bromocitraconic anhydride 

149 w a s  a t tempted by t rea tm ent  of citraconic anhydride 1 5 0 a  

with NBS/CCI4 but gave according to TLC and 1H nmr analysis a  

complex mixture. However, 149 w as obtained by adding bromine 

to itaconic anhydride 150b to give a  dibromo compound 151  

( S c h e m e  26) which underwent  loss of HBr by trea tm ent  with 

E t3N /E t20 .  This exhibited in the IR a  band at 1642 cm ' 1 due  to 

the conjugated double bond and strong bands  a t  1840 and 1755 

c m ' 1 c h a rac te r i s t i c  for the  a n h yd r ide  carbonyl  a b so rp t io ns .  

Acetolysis  of 149 using the  usual  m ethod  KOAc/EtOH w a s  

u nsu cce ss fu l .

It w as  also thought that it might be  possible  to prepare  the  

b r o m o m e th y l c y c l o p r o p a n e  a n h y d r i d e  152  indirectly via the  

corresponding tosyl derivative 153 (Scheme 26). For this reason,
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t h e  b ro m o c i t r a c o n ic  a n h y d r id e  1 4 9  w a s  c o n v e r te d  a f te r  

t r e a tm e n t  with silver p - t o lu e n e s u lp h o n a t e  in ref luxing dry 

acetonitrile to p - to lu n esu lph o ny lo xy c i t raco n ic  an h y d r id e  1 5 4 .  

The p resence  of the tosylate grouping in this w as  indicated in the 

1H nmr by multiplets at  8 7.65, 7.25 and a  three proton singlet at 

8 2.31. Long range coupling between the protons of the (-CH20 - )  

grouping (fine doublet at  8 4.80) and the vinyl proton (fine triplet 

at 8 6.80) was also apparent . This tosylate 154 reac ted  smoothly 

with d iazo b u tane  to give an oily product, which w a s  initially 

shown by the 1H nmr spectrum to be the desired pyrazoline 155.  

However,  after standing, the 1H spectrum of the  s a m e  sample  

indicated that decomposition had occurred. TLC also showed the 

product  w as  a  complex mixture and separation of its components  

using ether /hexane (1:4) was  unsuccessful.

The pyrazoline route to the  desired bromomethylcyclopropane 

e s t e r  1 4 3  afforded useful model  cyclopropane derivatives but 

w as  not investigated further.

It w as  thought that the cyclopropylmethyl alcohol 141 h a v in g  

the  alcoholic grouping and the isopropoxycarbonyl group on the 

ad jacen t  carbon trans to one another might be more resistant  to 

cycl isat ion during the  CBr4/ P P h 3 reaction. Accordingly an 

at tempt was  m ade  to genera te  the  corresponding ace ta te  156 by  

epimerising the known ace ta te  139 at C-2. Treatment with LDA 

in THF and quenching of the anion with aqueous NaH2P 0 4 afforded 

only unreacted aceta te  139 (Schem e 27).
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C02iPr
C02iPr

V "nC H 2OAc

l A — H THF/-70 °C

LDA
/  X ^ ^ CCMPr 

/  H H

^•«nCH2OAc

C02iPr

(139) (156)

Scheme 27

Efforts were also m ade  to prepare  the bromo compound 1 4 3  

using the lactonic products obtained in the previous reactions. It 

has  been  reported 106 that t reatment of five m em bered  lactones 

with BBr3 followed by quenching with alcohol will produce  a  

compound with a  (-CH2Br) grouping together  with a  new es te r  

grouping. The lactone 142 was treated with BBr3 in CH2CI2 u n d e r  

nitrogen at room temperature  for 16 hrs and then quenched  with 

isopropanol in CH2CI2. The product was mainly unreacted starting 

material with a  small amount  of a  new product  which could 

poss ibly  be  the  vinyl bromo com pound  1 5 7  in view of the 

presence  in the 1H nmr of a  singlet at 8 7.8 (Scheme 28).

CHBr
H

c o 2c h 3

( 157 )

Scheme 28
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T he  des i red  mono isopropyl b rom om ethylcyc lopropane  e s te r  

1 5 8  w a s  however  obtained (S c h em e  2 9 )  by t rea tm ent  of the  

lac tone 1 4 2  with HBr in acetic acid. The product a lso contained 

s o m e  of the  corresponding diacid 1 5 9 .  This was shown by the 

high resolution m a s s  spectrum in which the  m ost  significant 

f ragments  a re  the  isomeric ions (C9H 12B r 0 3) at m/z 248 and 246 

d u e  to loss of the (-OCH(CH3)2) group from the mono es ter  1 5 8  

together  with a  peak at m/z 185 an abundan t  ion corresponding to

loss  of (Br-) from the diacid 1 5 9 .  The IR spectrum  of this 

mixture  sh o w ed  broad absorpt ions  a t  3010 c m ' 1 typical of a  

carboxylic acid grouping together with strong bands  a t  1740 and 

1680 c m ' 1 corresponding to the free and  H- bonded  carbonyl 

absorptions. The 1H nmr of the above mixture also showed that 

the  y-lactone ring has  been  opened and the p re s e n c e  of the (- 

C H 2Br) grouping in 158 was evident a s  an AB quartet (J 10.6 Hz) 

a t  S 4 .25 and 3.66 and at 8 4.19 and 3.65 (J 10.45 Hz) for the 

diacid  1 5 9 .  By con tra s t  the  s igna ls  for the  oxym ethylene  

h y d ro g en s  in the  lactone 1 4 2  were  c lo se r  to g e th e r  and  the  

geminal coupling constant  was also smaller (J  9.4 Hz). Expected 

signals in the 1H and 13C nmr for the remaining cyclopropane ring, 

the  isopropyl, the carboxylic acid and the propyl functions were 

also present  a s  described in Tables 5.1 and 5.2.
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TABLE 5,1 :

1H nmr.-data (? ) tor some b r o m o m e th v lc v c lo p r o p a n e
dicarboxvlic acid de riva tiv es .

Compound ( 1 0 7 )  11J5JD M59)

-COgCH^ 3.77

3.73

-ChL^Br- 4.30, 3.75 4.25, 3.66 4 .19 ,3 .65

(ABq, J  10.5 Hz) (ABq, J  10.6 Hz) (ABq , J  10.45 Hz)

-CJ±-, (H-3) 1.88 1.9 1.80

-CJ±-, (H-2) 2 .65 2.61 2.56

-(CH ^C H g 1 gg 1.50 1.50

-(CH2)2CH£ o Q3 0 .94 0.9

-C02CH(CH3)2 ------- 5 j q

- 0 0 2OH(0]ia)2 . 1 32

1.30
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TA BLE 5 ,2  ;

13C nm r d a ta  (8) for s o m e  bigmama thy.Icy c I q p r q p an e
dicarboxylis acid derivatives.

Compound ( 1 0 7 )  LI 5 8 )

-C02QH3 52.72 ---- -
52.25

-£JH2 Br- 32.12 30.84

-C.H-, (C-3) 31.91 32.38

(C-2) 40.21 38 .37

-(£.H2)2CH3 28.771 28.44
21.98 22 .07

-(CH2)2£ H 3 13.65 13.46

-C02£H(CH3)2

-C02CH(£H3)2 —  21.81

21.77

( 1 5 9)

30.13

31.45 

37.58

29.83
24.51

13.46
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Regarding the stereochem istry  of th e se  m olecules, it is quite 

c lear that the -CH2Br grouping and the carboxylic acid group have 

the  cis  re la tionship  s ince  the  lac tone  1 4 2  w as used  in this 

reaction. Also H-2 in both com pounds 158 and 159  ap peared  in 

the 1H nmr a s  doublets at ga.. 8 2.6 (J 7.0 Hz) indicating that H-3 

is the  trans  vicinal proton in both co m p o u n d s  a s  d e sc r ib ed  

previously for 1 0 7  and  o ther rela ted  cyclop ropanes . Having 

ob ta ined  the des ired  te trasubstitu ted  brom om ethylcyclopropanes 

1 5 8  and 1 5 9 ,  th e  p re p a ra t io n  of th e  p re s u m e d  rad ical 

in te rm ed ia te  7 9 ,  in the  biosynthesis of the antibiotic ethisolide 

1 , should  be stra igh t forward by simply esterification of the 

abo ve  com pounds under neutral conditions followed by reduction 

1 0 7 - 1 1 0  wjth tributyItinhydride.

Alternatively the  p o ss ib le  re a r ra n g e m e n t  of o rg an o c o b a lt  

de riv a tiv e s  p rep a red  from 1 5 8  and 1 5 9  could be studied by 

a n a lo g y  with the  ea rly  work on the  r e a r r a n g e m e n t  of 

methylitaconic acid to a -m ethy leneg lu ta ric  acid which involved 

an  organocobalt derivative p repared  from a -b ro m o m e th y l i ta c o n ic  

acid  a s  d e sc r ib e d  in the  introduction (S c h em e  5). Powerful 

ev idence  for the  feasibility of this sch em e  h a s  in fact just been  

provided 61 by further s tud ies  reported  on the  methylitaconic 

a c i d / a - m e t h y l e n e g l u t a r i c  a c id  s y s te m  in w hich s o m e  

tr isu b s t i tu ted  cyclopropyl d icarboxylic  acid  de riva tiv es  ( e . g . 

16 0 )  were used  in a  series of experiments involving treatm ent of 

th e s e  acids and  their methyl and tetrahydropyranyl e s te rs  with 

vitamin B12. No methylitaconic acid 59 could be  detected  in any 

of the  reaction mixtures but a -m e th y le n eg lu ta r ic  acid 58 a n d
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m eth y lg lu tac o n ic  acid  161 w e re  o b se rv e d  a s  the  reaction  

products (Schem e 30).

co2h

Cq 2h  vitamin Bi2

CH2Br

+

(5 8 ) ( 161)

Scheme 30

It is c le a r  from th e s e  re su l ts  tha t  the  te t ra su b s t i tu te d  

brom om ethylcyclopropanes prepared  in this work would be likely 

to give the corresponding a -m e th y len eg lu ta r ic  acid  de riva tives  

e . g . 1 0 6  via the radical 7 9 p re p a re d  by reduc tion  with 

tributyltinhydride or using an organocobalt derivative (the cobalt 

atom of vitamin B12). Hence the proposed pathway for ethisolide 

b io sy n th es is  (S c h em e  7) involving such a  rea rrang em en t now 

s e e m s  distinctly feasible.
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G ENERAL EXPERIMENTAL .

The cultures studied in this thesis  are Penicillium decumbens  

(3903 00T), and Aspergillus avenaceus  (AGG 4558). The fungi 

w ere  subcultured on to 2% malt agar  slants and th en ce  to agar  

s e e d  bottles, prior to inoculating Roux su rface  cu ltu re  bottles 

containing culture medium (200 ml) which had previously been  

sterilised (0.5 hr with steam  at 117 °C and 12 p.s.i).

P. decumbens  and A. avenaceus  were grown on a  culture 

medium (Czapek-Dox + 0.1% yeast extract) containing g lucose  (50 

g), N a N 0 3 (2 g), KCI (1 g), M gS 04 .7H 20  (1 g), K2H P 0 4 (0.5 g), 

F e S 0 4 .7H20  (0.01 g) and yeast extract (0.1 g) per litre of distilled 

water. The cultures were allowed to grow undisturbed a t 25 °C 

and  70% relative humidity, artificial illumination being provided 

by fluorescent tubes for eight hours per day.

Thanks and recognition are due  to Mrs. Pearl Tait and her staff 

of the  Mycology Unit who prepared all of the cultures used  in this 

w ork .

1H nmr spectra  were recorded on a  Perkin Elmer R32 90 MHz 

spectrom eter  and at 200 MHz on BRUKER AM and  WP 200 SY 

instruments. 13C nmr spectra  were recorded at 25.15 MHz using a  

varian XL-100 F.T. spectrometer or at 50.3 MHz on BRUKER AM and 

WP 200 SY spectrometers. The spectra  were determined in CDCI3 
so lu t io n s ,  u n le s s  o th e rw ise  s ta te d .  C h em ica l sh if ts  a re  

e x p r e s s e d  in p a r t s  p e r  million (5) d o w n f ie ld  from  

te tram ethylsilane  a s  internal reference.

2H nmr spectra  were recorded by Dr D. Rycroft, Mr J. Gall and

Mr J. Mclver with a BRUKER W. P. 200SY spectrom eter. Unless

o therw ise  s ta ted  nmr were recorded with CHCI3 a s  solvent and

TMS as  internal standard.

Melting points which a re  uncorrected, were de term ined  on a
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Reichert hot-stage appara tu s .  Microanalysis w ere  performed by 

Mrs. W. Harkness and her staff.

IR spectra  w ere recorded on a  Perkin-Elmer 580 spectrom eter 

on CHCI3 or CCI4 solutions. The peaks of medium to high intensity 

are reported a s  \)max in inverse centim etres.

M ass spectra were recorded by Mr. A. Ritchie on a  VG upgraded 

Kratos MS 12 instrument.

Kieselgel G F254 (MERCK) or HF254 (MERCK) w ere  used  for 

preparative TLC; Kieselgel (MERCK) w as u sed  for analytical TLC. 

Analytical and preparative  TLC p lates w ere  v isualised  by ultra­

violet light (254 or 350 nm) and by staining with iodine vapour.

Tetrahydrofuran w as refluxed with Cu2CI2 overnight followed 

by distillation over KOH pellets. The peroxide possibly presen t in 

THF w a s  d e s tro y e d  by refluxing with sod iu m  m etal and 

benzophenone under nitrogen gas. Methanol or isopropanol were 

dried by addition of a  few gram s of m agnesium  turnings and 

iodine to 100 ml of alcohol. The mixture w as  refluxed till the 

colour of iodine d isappeared , then a  further 600-800 ml alcohol 

w as added. The mixture w as refluxed for 1/2 hr and  the  alcohol 

distilled off.

Organic solutions were dried with anhydrous M g S 0 4 or Na2S 0 4 
and solvents were removed using a  Buchi Rotavapor coupled to a  

w a te r  aspirator. The so lven ts  u sed  for ch ro m atog raph y  are  

ex p re ssed  in a  volume ratio, e.g. ethyl a c e ta te  - light petroleum 

2 :1.
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ABBREVIATIONS 1

The following abbreviations and symbols have been used in this
thes is  :

b r broad
d do u b le t
m m u lt ip fe t

q q u a r t e t
s s in g le t
se p s e p t e t
t t r i p l e t
NMR or nmr nuclear magnetic reson an ce
I.R In f ra - re d
U.V.. u l t r a - v io le t
TLC Thin Layer Chromatography
HPLC High Performance Liquid Chromatography
Hz H ertz
hr hour
h rs hours
min m inu te
l i t . l i t e r a tu r e
m.p. melting point
b.p. boiling point
m /z m ass  to charge ratio
med. medium
s t r . s tro n g
w w eak
Ts 4-toluenesulfonyl (MeC6H4S 0 2)
Pr 1 -p ropy l
iP r 2 -p ropy l
Rt retention time
THF te t ra h y d ro fu ra n
DBP dibenzoyl peroxide
DMF d im e th y lfo rm am id e
DEPT distortionless e n h an c em en t by polarisation

t r a n s f e r
DBU 1 ,8 -d iazab icy c lo [5 .4 .0 ]u n d ec -7 -en e
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S y n th es is  and feeding of 2H-labelled hexanoic acids to 

Penicillium imolicatum. 64

1. 2.3- 2H j-hexanoic  acid 8 1 .

To Hex-2-ynoic acid 80 (600 mg, 5.35 mmol) in ethanol (25 ml) 

containing NaOD (1.3 eq) w as added  P t0 2/D20  in ethanol and the 

mixture w as  treated with D2 g a s  [produced from adding D20  to 

lithium metal]. After the reaction w as com plete , the  mixture 

w a s  filtered and the  filtrate w a s  ev ap o ra te d  under reduced  

p ressu re  to give 2,3-2H4-hexanoic acid 81 (400 mg).

2H n.m.r: (CHCI3) 5 2.27 (str), 1.57 (str), 1.26 (str), 0.88 (str).

1H n.m.r: (CDCI3) 8 1.28 (m, 2H, H-4, H-5), 0.87 (t, J 2 Hz, 3H, H- 

6 ).

2. 3.4- 2Ho-hexanoic acid 83 .

To Hex-3-enoic acid 82 (500 mg, 4.38 mmol) in dry and d e g assed
h

b e n z e n e  (25 ml) w a s  a d d e d  tr is -( tr iphenylphosphine)-rpd ium  

chloride (120 mg). The reaction mixture w as treated with D2 g a s  

p roduced  from adding D20  to lithium metal] and left stirring for 

two days . After the reaction w as  com plete , the solvent w as 

rem oved and the residue w as w ashed  with sa turated  N aH C 03 to 

form a  slurry. This w as filtered, acidified with aqu eo us  HCI and
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then  thoroughly with e th e r  to give after e v ap o ra t io n  under 

reduced p ressure  3,4-2H2-hexanoic acid 83 (450 mg).

2H n.m.r: (CHCI3) 5 1.31 (str), 1.61 (str), 1.26 (str), 2.31 (w).

1H n.m.r: (CDCI3) 5 2.32 (t, J 3.5 Hz, 2H, H-2), 1.28 (m, 1H, H-5),

0.87 (m, 2H, H-6).

3. 4.5- 2Ho-hexanoic acid 85 .

To hex-4-enoic acid 84  (500 mg, 4.38 mmol) in ethanol (25 ml) 

containing NaOD (1.3 eq) w as added P t0 2/D20  in ethanol and the 

mixture w as treated  with D2 g a s  [produced from adding D20  to 

lithium metal]. After the reaction w as com plete , the  mixture 

w a s  filtered and  the  filtrate w as ev ap o ra te d  under  reduced  

p ressure  to give 4,5-2H2-hexanoic acid 85  (450 mg).

2H n.m.r: (CHCI3) 5 2.27 (w), 1.57 (m), 1.26 (str), 0.83 (str).

4. Feeding of 2.3-2H r hexanoic acid 81 to surface cultures of P . 

imolicatum .

2 ,3 -2H4-Hexanoic acid 81 (380 mg), converted to its sodium salt 

in sterile water, w as adm inistered in 5 x 12 hrs pu lses  to two 

(02) Roux bottles containing seven  (07) day old surface cultures 

of P. implicatum. After fourteen (14) d a y s  of growth the
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cu ltu res  w ere  h a rv e s te d  by decan ting  off the  a q u e o u s  broth, 

which w as extracted at end pH with EtOAc for 12 hrs. The ethyl 

ace ta te  was dried over anhydrous M gS04, filtered and evaporated 

to give deuterium  enriched ethisolide 86  (36 mg) a s  colourless 

need les  m.p. 121-123 °C from ethanol, [lit.4 m.p. 122-123 °C]

1H n.m.r: (CDCI3) 6 6.49 (d, J 3.0 Hz, 1H, H-9a), 5.78 (d, J 3.0 

Hz, 1H, H-9b), 5.14 (d, J 7.2 Hz, 1H, H-2), 4.70 (m, 1H, H-4), 4.06 

(m, 1H, H-3), 1.70 (m, 1H, H-5a), 1.52 (m, 1H, H-5b), 1.04 (t, J 6.0 

Hz, 3H, H-6).

2H n.m.r: (CHCIg) 5 4.67 (str), 4.007 (str), 3.7(w).

5. Feeding of 3 .4-2Ho,-hexanoic acid 83  to surface cultures of P . 

im plicatum .

3 ,4 -2H 2-Hexanoic acid 83  (400 mg), converted to its sodium salt 

in sterile  w ater, w as  adm inistered  to two (02) Roux bottles 

containing sev en  (07) day old surface cultures of P. implicatum 

in 5 X 12 hrs. After fourteen (14) days of growth the  cultures 

w ere  harvested  by decanting off the a q u eo u s  broth, which was 

extracted at end pH with EtOAc for 12 hrs. The ethyl ace ta te  was 

dried  over an h y d ro u s  M g S 0 4 , filtered and ev ap o ra ted  to give 

deuterium  enriched  ethisolide 87  (16 mg) a s  colourless need les  

m.p. 120-122.5 °C from ethanol, [lit.4 m.p. 122-123 °C]

2H n.m.r: (CHCIg) 5 4.78 (w), 4.00 (str), 3.78 (str), 1.25 (w).
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6 . Feeding of 4 .5 -2hU-hexanoic acid 85  to surface cultures of P. 

im plicatum .

4 ,5 -2H 2-Hexanoic acid 85  (400 mg), converted to its sodium salt 

in sterile water, w as adm inistered in 5 x 12 hrs pu lses to two 

(02) Roux bottles containing sev en  (07) day  old surface cultures 

of P.im plicatum . After fourteen (14) days of growth the cultures 

w ere  harvested  by decanting off the  a q u eo u s  broth, which w as  

ex tracted  at end  pH with EtOAc for 12 hrs. The ethyl a ce ta te  

solution was dried over anhydrous M gS 04 , filtered and the filtrate 

w a s  e v a p o ra te d  under red u c ed  p re s s u re  to give deu te rium  

en riched  ethisolide 88 (36 mg) a s  colourless need les  m.p. 122- 

123 °C from ethanol, [lit.4 m.p. 122-123 °C]

2H n.m.r: (CHCIg) 5 4.66 (str), 3.99 (str), 1.06 (str).
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S y n t h e s i s  and feed in g  of 3.4-2 H ^-lauric acid 90 to

A .a v e n a c e u s  .

1. decanovl chloride 92 .

To thionyl chloride (100 ml), while stirring a t room tem pera tu re  

decanoic acid (60 g, 0.34 mol) w as added in small portions. After 

the addition w as complete, the reaction mixture w as heated  to 60 

°C for 1 hr and concentrated under reduced p ressu re  to a  yellow 

oil. Distillation of the crude oil yielded decanoyl chloride 92 a s  

a  colourless oil (50 g, 75%) b.p. 80 °C/ 0.1 mm.

1.R V  max (CCI4) 2940, 2862, 1805, 1720 cm*1.

2. 1-2Ho-Decanol 93.

To a  stirred solution of LAD (5 g, 0.12 mol) in e ther (200 ml) w as 

added  decanoyl chloride 92 (22.7 g, 0.12 mol) in e ther (50 ml) at 

- 5 °C. The mixture w as stirred under reflux for 24 hrs, after 

which time aq u eo u s  Na2S 0 4 (25 ml) was added at 0 °C and the 

reaction mixture w as allowed to s tand  a t room tem pera tu re  for 

ano ther 24 hrs. The clear e the r  solution w as decan ted  and  the 

residue w as w ash ed  with e ther (200 ml). The com bined e the r  

ex trac ts  w ere  dried over an h y d ro u s  M g S 0 4 , filtered and  the 

filtrate w as evapora ted  under redu ced  p ressu re  to give 1-2H 2- 

Decanol 93 a s  a  colourless oil (18 g, 94 %).

I.R V  max (CCI4) 3630 (OH), 2930, 2855 c m '1.
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1H n.m.r. (90 MHz, CDCI3) 8 1.98 (s, 2H, H-2), 1-1.5 (br s, 14H,

H-3 - H-9), 0.9 (br t, 3H, H-10).

3. 1-2H2-D ecv l-p -n itro b en zen esu lfo n a te  9 4 .

p-Nitrobenzenesulfonyl chloride (50 g, 0.23 mol) in CH2CI2 (250 

ml) under an a tm o sph ere  of nitrogen w as ad d ed  dropwise to a 

solution of 2H 2-Decanol 93  (12 g, 0.07 mol) and Et3N (25 ml) in 

C H 2CI2 (100 ml). The resulting yellow solution w as stirred for 

12 hrs and then treated with ice-water, 5 % aqueous HCI, aqueous 

N a H C 0 3 and brine. The CH2CI2 p h ase  was dried over M gS 04, 

filtered and the filtrate w as  evapora ted  under reduced  p ressure  

to give the p -n i tro b e n z e n e s u lfo n a te  94  (23 g, 89%) m.p 51- 53 

°C from hexane.

I.R D max (CCI4) 2920, 2850, 1610 c m '1.

1H n.m.r. (CDCI3) 8 8.40 (d, J  12.0 Hz, 2H, aromatic H), 8.1 (d, 

J  12.0 Hz, 2H, aromatic H), 1.63 (m, 2H, H-2, L&. -C a ^ C D 2-), 1.2- 

1.27 (m, 14H, -CH2-), 0.85 (br t, 3H, -CH3).

13C n.m.r. ( CDCI3) 8 129.13, 124.4 (aromatic CH), 31.78,

29.38, 29.29, 29.18, 28.84, 28.57, 25.17, 22.60 (CH2), 14.05 (CH3).

M .S (m/z) 345 (M+), 159 ( M+ - C6H4N 0 4S, 0.2 %), 143 (M+-

C6H4N 0 5S, 11.6 %), 142 (M+- C6H5N 0 5S, 100 %).
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M ass m easurem ent:  Found M+ 345.1576, C16H23D2N0 5 S requ ire s  

3 4 5 .4 2 8 3 .

4. Dimethyl I ^ Ho-D ecylm alonate  95 .

To sodium hydride (60% dispersion) (0.9 g, 22.7 mmol) in dry THF 

(50 ml), under an a tm osp here  of nitrogen, w as  a d d e d  dimethyl 

m alonate (3 g, 22.7 mmol) at 0-5 °C and the mixture w as  then 

stirred at room tem perature  for 45 min. To the resulting solution

1 -2H 2-D e c y l-p -n i t ro b e n z e n e s u lfo n a te  94 (7.6 g, 22.3 mmol) in 

dry THF (50 ml) w as added  during 30 min. with cooling to 20 °C . 

After allowing the reaction  mixture to reflux for 48  hrs, the 

solvent was removed by evaporation under reduced pressure . The 

re s id u e  w as  e x tra c te d  with e th e r  (250 ml), w a s h e d  with 

s a tu ra te d  a q u e o u s  NaCl, dried  over M g S 0 4 , filtered and  the 

filtrate was e v ap o ra ted  to give a  brown oil (8 g). This w as 

t re a te d  with n -h e p ta n e  (2x25 ml) to s e p a ra te  the  e x c e s s  of 

dimethyl malonate a s  an insoluble oil. The hep tane  solution was 

evaporated  under reduced  pressure  to give the dimethyl e s te r  9 5 

(3.5 g, 58%) as  a  colourless oil b.p. 120 °C/ 0.2 mm.

I-R D m ax (CCI4) 2925, 2850, 1755, 1740 c m '1.

1H n.m.r. (CDCI3) 5 3.7 (s, 3H, -OCH3), 3.36 (s, 1H, -OCCHCO-), 

1.21-1.24 (m, 16H, -CH2-), 0.83 (br t, 3H, -CH3).

13C n.m.r. ( CDCI3) 5 129.92, 166.88 (C=0), 52.34 (CH3), 51.49 

(CH), 31.85, 29.66, 29.51, 29.46, 29.26, 29.09, 27 .09 , 22.63, 

(CH2), 14.05 (CH3).
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M .S (m/z) 274 (M+), 242 ( M+ - MeOH), 132 (M+- C10H8D2,

100%).

M a ss  m e a su re m e n t:  Found M+ 274.2129, C 15H26D20 4 r e q u ire s  

2 7 4 .3 6 9 0 .

5. 3 -2Ho-dodecanoic  acid 90 .

A solution of 1M NaOH (15 ml) was added  to the diester 95 (0.8 g, 

2.9 mmol) in distilled water (5 ml). The mixture w as stirred at 

room tem pera tu re  for a  period of 24 hrs and  then heated  under 

reflux for 2-3 hrs. The reaction  m ixture w as  thoroughly 

ex trac ted  with Et20  (50 ml) to remove any unreacted  ester  and 

the  a q u e o u s  p h ase  w as acidified at 0 °C using conc. HCI, then 

s a tu ra te d  with solid NaCI. The solution w a s  ex trac ted  with 

EtOAc (2x50 ml) and the extract w as w ash ed  with brine (30 ml), 

dried and evaporated under reduced p ressure  to give the diacid a s  

a  white solid. This was heated to 125-130 °C for a  period of 3 

hrs, after which time C 0 2 evolution h a s  com pletely  c e a se d  and 

a fte r  cooling to room tem pera tu re  a  white solid (0.7 g) w as 

obtained. This w as shown by 1H nmr and  TLC in EtOAc:petroleum 

e the r  to be  a  mixture. Preparative TLC gave  3 -2l-U- d o d e c a n o ic  

acid 90  Rf. 0.7 (0.35 g, 60 %) a s  a  white crystalline product m.p. 

43-45 °C .

I.R \ ) m ax (CCI4) 3000, 2920, 2845, 1708 c m '1.
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1H n.m.r. (CDCI3) 5 11.5 (br s, 1H, -OH), 2.32 (s, 2H, H-2),

1.24 (m, 16H, -CH2-), 0.87 (br t, 3H, -CH3).

2H n.m.r. (CHCI3) 8 1.60 (str).

Table 6 ; 13C n.m.r. data  (81.

54a
Dodecanoic acid 3-2Ho-dodecanoic acid 90

C-1 180.69 180 .55

C -2 34 .27 34 .02

C -3 24 .83

C -4 29 .24 28 .95

C -5 29.41 29 .29

C -6 25 .58 29 .54

C-7 and C-8 29 .74 29 .69

C -9 29 .47 29 .43

C -10 32 .07 32 .00

C-11 22 .80 22 .79

C -1 2 14.12 14.21

M .S (m/z) 202 (M+, 42.1 %), 173 ( M+ - C2H 5 , 6.5 %), 131

(M+- C s H n ,  45.1 %), 75 (M+- C9H19, 100 %).

M ass  m ea su re m e n t:  Found M+ 202.1885, C-|2H22D20 2 r e q u ire s  

2 0 2 .3 0 5 4 .
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6. Feeding of 3-2Ho-d o d e c a n o ic  acid 90 to surface cultures of A.

avemceus-

3-2H2-Dodecanoic acid 90 (300 mg), converted to its sodium salt 

in sterile  water, w as adm in is te red  to eight (08) Roux bottles 

containing seven  (07) day old surface cultures of A avenaceus on  

th ree  consecu tive  days. After a  further two days  growth the 

cu ltu res  w ere  ha rvested  by decan ting  off the  a q u e o u s  broth, 

which was then acidified to around pH 2 using conc. HCI. This was 

followed by continuous extraction with EtOAc for 48 hrs after 

which time the ethyl a c e ta te  solution w as dried over anhydrous 

M g S 0 4 , filtered and evaporated to give an oily product. This was 

trea ted  with a q u eo u s  N a H C 0 3 , extracted with EtOAc, dried and 

evaporated to give crude avenaciolide . Four, (20x20) HF254 Merck 

silica plates (0.75 mm thick) w ere  loaded with the crude extract 

(400 mg) and eluted once with CHCI3 . The relevant band w as 

located under UV (254 nm), rem oved and  extracted with EtOAc 

(3x50 ml) to give deuterium enriched avenaciolide 96, Rf 0.45 (50 

mg) m.p. 54-55 °C from etherihexane  [lit.5 m.p. 54-56 °C]

1H n.m.r: (CDCIg) 5 6.45 (d, J 2.50 Hz, 1H, H-15a), 5.88 (d, J

2.50 Hz, 1H, H-15b), 5.05 (d, J 7.5 Hz, 1H, H-2), 4.45 (m, 1H, H-4),

3.54 (m, 1H, H-3), 1.85 (m, 2H, H-5), 1.2-1.4 (m, 12H, -CH2-), 0.92 

(m, 3H, H-12).

2H n.m.r: (CHCI3) 5 3.59 (str).
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Isolation of ethisolide 1, trimethvl citrate 98, methyl

e U n s a f e  ZfL tr im ethyl  b u t y l c l t r a t e  100 an d/or

d im e th y l -a -b u ty l -g -h v d r o x v i ta c o n a te  99 from cultures

of P.decum bens . 2 0

In a  typical feeding experiment [2-13C] labelled NaOAc (100-250 

mg) in 12 hrs pulses w as administered to two (02) Roux bottles 

containing seven (07) day old surface cultures of P. decumbens o n 

three  consecutive days. The fungus was harvested after a  further 

two (02) days undisturbed growth. The aqu eo us  broth (400 ml) 

w as decanted  off and extracted at end pH with CHCI3 (2x100 ml). 

The chloroform solution was dried over anhydrous M g S 0 4, filtered 

and  the filtrate was evaporated  under reduced p ressu re  to give 

c ru d e  e th iso lide  (400 mg). This w as  rec ry s ta l l ised  from 

a ce to n e /p e tro leu m  e th e r  to afford ethisolide 1 a s  co lou rless  

need les  m.p. 121-125 °C [lit.4 m.p. 122-123 °C].

The extracted a q u eo u s  p h a se  w as concentra ted  under reduced  

p ressu re  to give a mixture of acids. The res idue  w as  trea ted  

without delay with e x cess  e therea l d iazom ethane [generated  from 

25 g of nitrosan in 10 g batches]. Solvents were removed and the 

res idue  w as partitioned be tw een  CHCI3 (100 ml) and H20  (100 

ml). The aq ueous p h ase  w as further extracted with CHCI3 (2x50 

ml), the com bined extracts dried over Na2S 0 4 , filtered and  the 

filtrate was evaporated  under reduced p ressure  to give a  brown 

oil. On cooling and seed ing  m ost of the trimethyl citrate 9 8 

crystallised. After overnight standing at 0 °C the  p a s te  w as 

triturated with ether (3x5 ml). The crude trimethyl citrate (3 g)
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w a s  d isso lved  in b e n ze n e  (15 ml) and filtered through a  short 

column of silica gel (HF254) (3x1.5 cm). Elution with EtOAc:C6H6 

(1 :1) g a v e  c o lo u r l e s s  p ro d u c t  from y e llow  im p u ri t ie s .  

R ecrysta llisa tion  from iPr20  gave  trimethyl citrate  98  (2.3 g) a s  

white crystals m.p. 76-77 °C [lit.20 m.p. 75-76°].

1H n.m.r: (CDCIg) 5 4.1 (s, 1H, -OH), 3.82 (S, 3H, -OCH3), 3.7 (S, 

6H, -OCH3), 2.85 (d, J 0.3 Hz, 4H, -CH2),

13C n.m.r: (CDCI3) 5 173.9, 170.3, 73.3, 53.1, 51.9, 43.1.

T he  e th e r  so lu tion  co n ta in ing  the  minor m e ta b o l i te s  w as 

evaporated  with a  stream  of nitrogen and the res idue  dissolved in 

benzene . Initial isolation of th e se  metabolites w as  achieved by 

column chrom atography  on silica gel. Elution with EtOAc:C6H 6 

(1:9) gave  a  mixture of p roducts  a lm ost free  from trimethy 

c itra te  9 8  a n d  o ther impurities which w ere  rem ain ed  on the 

column. The fractions were a s sa y e d  by TLC using acetone:light 

petroleum (1:4) and  the appropriate fractions w ere  combined and 

rechrom atographed on neutral alumina. Elution with b enzene  gave 

an oil (500 - 600 g), which w as  further purified by preparative 

TLC using acetone:light petroleum (1:1) a s  eluent. The separa ted  

b ands  were located under UV (254 nm) and eluted with CHCI3 to 

give :

(i). Methyl e th isa te  76  Rf 0.45 a s  a  colourless oil (50 mg).

1H n.m.r: (CDCIg) 5 6.15 (d, J 3.0 Hz, 1H, H-9a), 5.52 (d, J 3.0 

Hz, 1H, H-9b), 4.93 (d, J 7.2 Hz, 1H, H-2), 3.77 (s, 3H, -OCH3),
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3.20 (m, 1H, H-3), 1.1-1.80 (m, 4H, -CH2), 0.95 (t, J  6.0 Hz, 3H, 

H-6 ).

13C n.m.r: (CDCI3) 8 169.3, 136.9, 121.5, 77.7, 52.3, 42.5, 31.0, 

20.1, 13.9..

(ii). Trimethyl butylcitrate 1 0 0  Rf 0 .35  which w as  invisible 

under UV, a s  a  colourless oil (150-200 mg in early cultures, later 

not de tec ted).

1H n.m.r: (CDCIg) 8 3.88 (m, 1H, H-4), 3.80 (S, 3H, -OCHg), 3.7 (S, 

6H, -OCHg), 3.69 (S, 3H, -OCHg), 3.15 & 2.7 (ABq, J AB 16.0 Hz, 2H, 

H-9), 0.9-1.8 (m, 6H, -CH2), 0.83 (m,3H, H-8).

13C n.m.r: (CDCIg) 8 1 73.9, 173.1, 171.4, 76.1, 52.9, 52.7, 51.9,

39.6, 29.4, 26.2, 22.4,13.7.

(Hi). Dimethyl 2-buty lhydroxyitaconate  9 9  Rf 0.35 which w as 

visible un der  UV, a s  a  co lourless oil (ca. 100 mg in earlier 

cultures but subsequently  not detected).

1H n.m.r: (CDCIg) 8 6.38 (s, 1H, H-9), 5.72 (s, 1H, H-9), 3.80 (S, 

3H, -OCHg), 3.72 (S, 6H, -OCHg), 3.00 (m,3H, -OH), 1.2-1.6 (m, 4H, 

-CH2), 0.83 (br t,3H, H-6).

13C n.m.r: (CDCIg) 8 174.7, 167.8, 139.6, 127.3, 73.00, 52.1,

44.6, 30.2, 20.3, 14.00.
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Trapping experiments d es ign ed  lo  detect n-decvlitaconic  

acid 66 and a -m e th v le n e -B .n -n o n v lq lu ta r ic  acid 101 in 

A . aven aceus .

1. Preparation of a-m ethvlene-B .n-nonvlcilu taric  acid 101 :

Methyl / ra n s -d o d e c -2 -e n o a te  102 ;

Redistilled n-decanal (50 g), w as  ad d ed  over 1 hr to a  cooled (4 

°C) mixture of malonic acid (16 g), methanol (50 ml) and pyridine 

(20 ml). The mixture w as then  gently warmed to dissolve the 

m alonic acid and stirred at room tem pera tu re  for 2 hrs. After 

refluxing for a  further 3 hrs, the  mixture w as acidified with conc. 

HCI to pH 1 and extracted thoroughly with EtOAc. The resulting 

c ru d e  acid w as esterified  by refluxing with m ethanol (80 ml) 

containing conc, H2S 0 4 (6 ml) overnight. Ether and water were 

then ad d ed  and  the e ther layer w as  sep ara ted  to give the methyl 

e s te r  102  (22 g, 32%) b.p. 100-110 °C/0.08 mm [lit.111 b.p. 89-91 

°C/0.63 mm].

LB_ U m a x  (C C U) 1720 ( e s te r  c =°)> 1660 (m ed* C-C), 987 

(med, -CH=CH) cm ’1

1H n .m .r. (CDCI3 ) 5 6.94 (d-t, J  15 Hz, 7 Hz, 1H, H-3), 5.78 

(d-t, J  15 Hz, 1.5 Hz, 1H, H-2), 3.71 (s, 3H, -OCH3), 2.15 (m, 2H, 

H-4), 1.25 (br s, 14H, -CH2-), 0 .84 (BR t, 3H, -CH3).
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M e th v l-3 -(d ica rb o m e th o x v m eth v h d o d ecan o a te  103 .

Methyl trans d o d e c -2 -e n o a te  104 (18 g) in dry DMF (25 ml) w as 

a d d e d  dropwise to a  solution of dimethyl sodiomalonate [prepared 

from sodium hydride (3.80 g) and  dimethyl m alonate (10 ml) in 

dry DMF (50 ml)] and the mixture stirred and heated under reflux 

a t  70 °C overnight. The solution w as evaporated and the residue 

tak en  up in w ater and thoroughly extracted  with e the r  to give 

m ethy l-3 -(d icarbom ethoxym ethyl)  d o d e c a n o a te  103 (22 g, 75%) 

a s  a  yellow oil.

I.R T)max (CCI4) 1730 (C=0), no peak at 1600 (C=C) cm -1

1H n .m .r. (CDCI3) 5 3.66 (s, 6H, OCH3), 3.60 (s, 3H, -OCH3), 

3.55 (d, J 7.5 Hz, -OCCHCO-), 2.5 (d, J 17.0 Hz, -C O C % ) ,  2.4 (m, 

1H, H-3), 1.55 (m, 2H, H-4), 0.81 (br t, 3H, -CH3)

13C n.m.r. (CDCI3) 6 172.76, 169.017, 168.79 (C=0), 53.94 (CH), 

52.23, 52.16, 51.42 (OCH3), 35.77 (CH2), 34.88 (CH), 31.78, 31.72, 

29.59, 29.39, 29.34, 29.18, 26.68, 22.56 (CH2), 13.96 (CH3).

This w a s  spectroscopically  identical with a  sam ple  of au thentic  

m a te r ia l .  69

2-C arboxy-3-n .nonylg lu taric  acid  104 .

To the  trimethyl ester  103 (10 g) and  1M aqueous NaOH (150 ml) 

w ere  stirred overnight a t  room tem pera tu re . The mixture w as
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then heated  at 80 °C for 3 hrs and after cooling, the solution was 

extracted  with e ther to give unreacted e s te r  (3 g). The aqueous 

layer w as acidified at 0 °C  with conc. HCI, sa tu ra ted  with solid 

NaCI and  thoroughly ex trac ted  with EtOAc to give 2-Carboxy-3- 

n .nonylglutaric  acid 104 (3.9 g, 44%). m.p. 115-117 °C [lit. 69 

m.p. 115-117 °C]. (Found C, 60.14, H, 8.80, ca lcu la ted  for 

C 15H2 6 ° 6  C ’ 5 9 -6 0 ’ H « 8 .66% ).

I.R \ ) m ax (nujol) 3600-2400 (-OH), 1700 (acid C=0) cm -1

1H n.m.r. (C5D5N) 5 8.5 (br s, 3H, -OH), 4.2 (d, J 5.00 Hz, 1H, 

H-2), 3.16 (br m, 3H, H-3, H-4), 1.15-2.0 (m, 16H, -CH2), 0.9 (br t, 

3H, CH3).

M.S (m/z) M+ 302 (1%), 284 (M+ - H20 ,  3%), 240 (M+ -18-44 , 

26%), 199 (M+ - CH (C02H), 100%).

g -M ethy len e-p -n .n onv lg lu ta r ic  acid 101 .

2-Carboxy-3-n ,nonylglutaric  acid 104 (6 g, 20 mmol) in methanol 

(15 ml) at -20 °C  w a s  trea ted  with 40% a q u e o u s  diethylamine 

(14 ml) in methanol (15 ml) and the solution stirred for 30 min. 

37%  Aqueous formaldehyde (15 ml) in methanol (20 ml) w as added 

d rop w ise  and  the  m ixture w as  stirred a t  room tem p era tu re  

overnight. After heating  to 85 °C for 1 hr, the  so lvent was 

rem oved by evaporation under reduced p ressu re  and  the residue 

w as  taken up in H20 ,  acidified at 0 °C with dilute HCI, sa turated  

with solid NaCI and thoroughly extracted with EtOAc to give a-
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m ethy lene-p -n ,nony lg lu ta ric  acid 101 (3.8 g, 71%) m.p. 46-48 °C 

from light petroleum  [lit.69 m.p. 46-48 °C]. (Found C, 66.95, H, 

9.67, calculated for C 15H260 4 C, 66.64, H, 9.69%).

1-R U m a x  (nujo1) 3500-2400 (-OH), 1695 (C=0), 1625 (med, 

C=C), 920 (med, C=CH2) cm ' 1

1H n.m.r. (CDCI3) 5 11.85 (br s, 2H, -OH), 6.39 (s, 1H, H-15), 

5.69 (s, H, H-15), 3.02 (m, 1H, H-3), 2.57 (m, 2H, H-2), 1.52 (m, 

4H, H-4), 1.28 (br s, 14H, -CH2-), 0.85 (br t, 3H, H-12).

13C n.m .r. (CDCI3) 8 179.23, 172.46 (C =0), 141.86 (C-14), 

127 .96  (C-15), 38 .84  (CH2), 37.39 (CH), 33.68, 31.83, 29.49, 

29.45, 29.40, 29.25, 27.01, 22.62 (CH2), 14.04 (CH3).

M.S. (m/z) 270 (M+ , 20%), 252 (M+- H20, 100%), 234 (M+ - 36,

32%), 224 (M+ - 18-28, 34%).

2. Feeding  of 2.3-[2 H ±]- s u c c in ic .  2.3-[2H o 1-fumaric. 2-[3 H 1 ]- 

ace tic  ac ids and  a - m e th y le n e - p .n - n o n y lq lu ta r i c  acid  101  to 

surface cultures of A . avenaceus.

2 -[3H 3]-Acetic acid (1.14 pci), 2,3-[2H4]-succinic acid (192 mg),

2 , 3 - [ 2 H 2 ]-fum aric  ac id  (420 mg) and  a - m e t h y l e n e - p ,  n-  

nonylglutaric acid 101 (3.7 g), converted to their sodium salt in 

sterile water, were fed in 5 x 12 hrs pulses, on the 7, 8 and 9 ^  

d a y s  after inoculation, to thirty (30) Roux bottles  containing 

cultures of A. avenaceus. On the 10 th day the aqueous broth was
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se p a ra te d  by decantation, acidified to pH 3 with conc. HCi and  

continuously extracted with EtOAc for 48 hrs. The organic p h ase  

w as dried over anhydrous M gS04, filtered and evaporated to give a  

brown oil (7.25 g), which w as taken up in EtOAc (25 ml) and 

extracted with saturated aqueous N aH C 03. The organic phase  gave 

after evaporation and preparative TLC (CHCI3), avenaciolide 1 0 5  

(50 mg) m.p. 54-55  °C from ether/petroleum  e ther  [lit.5 m.p. 5 4 -  

56 °C ].

1H n.m.r: (CDCI3) 5 6.45 (d, J  2.50 Hz, 1H, H-15a), 5.78 (d, J

2.50 Hz, 1H, H-15b), 5.04 (d, J 7.5 Hz, 1H, H-2), 4.39 (m, 1H, H-4),

3.54 (m, 1H, H-3), 1.80 (m, 2H, H-5), 1.25 (m, 12H, -CH2-), 1.04 

(br t, 3H, H-12).

2H n.m.r: (CHCIg) 5 2.58 (str), 1.28 (m).

The activity isolated a s  [3H]-avenaciolide 1 05  w as (50 mg, 6528 

dpm/mg, giving an incorporation of 12.89% from [3H ]-ace ta te) .

The a q u e o u s  N a H C 0 3 layer w as acidified with dilute HCI and 

ex trac ted  with ethyl a ce ta te  to give an  oily solid which w as 

d isso lved  in CHCI3 and filtered to give crude  a - m e th y le n e - p ,n -  

nonylglutaric  acid 101  (1.98 g). Extensive p reparative  TLC 

(H F 254’ 0.75 mm thick) in light petroleum / e ther/acetic  acid with 

the  ratios 28:12:1 respectively, s e p a ra te d  the  mixture into two 

main fractions. The first fraction, Rf. 0.30, conta ined  a small 

am ount of an  olefinic compound yet to be  identified. [1H nmr 

(CDCI3) 6 7.15 (d, J 9 Hz), 6.8 (d, J 9 Hz)].

The seco nd  com ponent, co rresponded  (1H nmr) to a -m e th y le n e -
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p ,n-nony lg lu taric  acid 101 (300 mg) m.p. 48-49 °C from light 

petroleum . The activity isolated a s  [3H]-isolated a - m e t h y l e n e -  

P,n-nonylglutaric acid 101 (300 mg, 437 .77  dpm /m g, giving an 

incorporation of 5.2% from [3H ]-ace ta te ) .

3 .  F e e d in g  of 2 .3-[2 H J - s u c c in i c .  a n d  a - m e t h v l e n e - B . n -  

nonylglutaric acid 101 to A. avenaceus.

2 , 3 - [ 2 H 4 ]-Succin ic  acid (350 mg) a n d  a - m e t h y l e n e - p ,  n-  

nonylglutaric acid 101 (300 mg), converted  to their sodium salt 

in sterile water, were fed in 5x12 hrs pulses, on the 7, 8 and 9 th 

d a y s  after  inoculation, to twelve (12) Roux bottles containing 

cu ltu res of A. avenaceus. On day 10, the a q u eo u s  broth w as 

s e p a ra te d  by decantation, acidified to pH 3 with conc.HCI and 

continuously extracted with EtOAc for 48 hrs. The organic p h ase  

w a s  dried  over anhydrous M g S 0 4 , filtered and the filtrate w as 

evaporated  to a  brown oil (3 g). This w as taken up in EtOAc (10 

ml) and  extracted with sa turated  a q u e o u s  N aH C 0 3 . The organic 

p h a s e  g a v e  after evaporation and  p repara tive  TLC in CHCI3 , 

avenacio lide  2 (45 mg) m.p. 54-55 °C from ether/petroleum  e ther 

[lit.5 m .p.5 4 - 5 6  °C]..

1H n.m.r: a s  described for previously obtained sam ples.

2H n.m.r: (CHCI3) 5 1.28 (str).

(10% of natural abundance CDCI3)
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T he  a q u e o u s  N a H C 0 3 layer w as  acidified with dilute HCI and 

ex trac ted  with ethyl a c e ta te  to give an  oily solid which w as  

d isso lved  in CHCI3 and filtered to give crude a - m e t h y l e n e - p ,n -  

nonylglutaric acid 101 (0.6 g). Extensive preparative TLC (HF254’ 

0 .75  mm thick) in light p e tro leu m /e ther /ace tic  acid  with the  

ratios 28:12:1 respectively, se p a ra te d  the  mixture into two main 

bands. The first band, Rf. 0.20, w as  rem oved, ex trac ted  with 

EtOAc, evaporated  to give a  mixture of olefinic com pon en ts  [1H 

nmr (CDCI3) 8 7.90 (m, -OH), 6.9 (s), 6.8 (d, J  3 Hz), 5.85 (d, J 

3 Hz)]; with no sign of n-decylitaconic acid 6 6 .

The second band Rf. 0.35, contained (1H nmr) a -m e th y le n e - p ,n -  

nonylglu taric  acid  1 0 1  (170 mg) m.p. 48-49 °C  from light 

pe tro leum .
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F e e d in g  of a ^ H ^ s u c c i n i c  ac id  to  (10) d a v  o ld s u r f a c e

c u l tu re s  o f P. decumbens.

(1). 2 ,3 -2H4-Succinic acid (1.5 g), converted to its sodium salt in 

s te rile  w ater, w a s  ad m in is te red  to thirty (30) Roux bo ttles  

containing seven (07) day old surface cultures of R decumbens on  

two (02) c o n sec u tiv e  days . Ten days  after  inoculation the  

cu ltu res  w ere  h a rv e s te d  by decan ting  off the  a q u e o u s  broth, 

which w as ex tracted  at end with EtOAc for 24 hrs after. The 

ethyl ace ta te  solution w as dried over anhydrous M g S 0 4 , filtered 

and evaporated  to give ethisolide 1 (1.2 g) m.p. 121-122 °C from 

ethanol [lit.4 m.p. 122-123 °C]

1H n.m.r: a s  described for previously obtained sam ples.

2H n.m.r: (CHCI3) 6 6.68 (med.), 5.95 (med.).

The extracted a q u e o u s  p h ase  w as  concentra ted  using a  Buchi- 

evaporator equipped with an ace to n e  /'DRIKOLD' cooling bath on 

receiver flask, to give a  semi solid residue. Elution with cold 

e the r  se p a ra te d  e thisolide 1 from a mixture of acids (107 mg), 

which was shown by TLC in CHCI3 :acetone:acetic acid (9:4:1) to be 

a  mixture of th ree  com ponents . Preparative TLC in the  sa m e  

solvent gave :

(/) further crystalline ethisolide 1 m.p. 121-122 °C, Rf. 0.7 (20

mg).
(ii) Decumbic acid 77 [1H nmr signals at 8 5.15 (m, 1H, H-3), 2.2 

(d, J  3 Hz, C=CH3), 1.4 (m, 4H,H-4, H-5), 0.95 (m, 3H, H-6)] and 

deuterium enriched ethisic acid 5 Rf. 0.3 (75 mg) a s  a  colourless
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oil. 1H n.m.r.: (CDCI3) 8 1219.9 (br s, 1H, OH), 6.31 (d, J 3 Hz, 1H, 

H-9a), 5.61 (d, J 3 Hz, 1H, H-9b), 5.04 (d, J  8 Hz, 1H, H-2), 3.30 

(m, 1H, H-3), 1.75 (m, 2H, H-4), 1.5 (m, 2H, H-5), 0.85(br t, 3H, 

H-6 ).

13C n.m.r: (CDCI3) 5 173.25, 169.64, 136.03, 122.53, 77.62,

41.86, 30.54, 19.90, 13.87.

2H n.m.r.: (CHCI3) 5 6.4 (w), 5.6 (w).

(2). Similar resu lts  were obtained from an experim ent in which, 

2 H -succin ic  acid  (310 mg) w a s  fed to (08) Roux bottles 

containing 10 day old surface cultures of the above fungus in 2 

co n sec u tiv e  d a y s .  Usual work-up afforded  e th iso lide  1 and 

concentration of the aqueous phase , extraction with e the r  gave a  

mixture of ethisic acid 5 and decum bic acid 77  (20 mg) together 

with t rac e s  of olefinic com pounds [terminal m ethylene  doublets 

ca. J 2.5 Hz, at 5 6.44, 5.88, 6 .02 , 6.45 and a  singlet at 8 6.56].

2H n.m.r.: (CHCI3) 8 2.67 (str.), no signals at 8 6.5 and 5.8.
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F e e d in g  o f  2 .3 -2H 1 - s u c c i n i c  a c id  to  (09) d a y  o ld  s u r f a c e

c u l tu re s  of P. decumbens.

2 ,3 -2H 4-Succinic acid (500 mg), converted to its sodium  salt in 

s te rile  w ater, w as  adm in is tered  to thirty (30) Roux bottles 

containing seven  (07) day old surface cultures of R decumbens on  

two (02) c o n secu tiv e  days. Nine d ay s  after inoculation the 

cu ltu res  w ere  h a rv es ted  by decan ting  off the a q u e o u s  broth, 

which w as ex tracted  at end with EtOAc for 24 hrs. The ethyl 

a c e ta te  solution w as dried over anhydrous M g S 0 4 , filtered and 

e v ap o ra ted  to give ethisolide 1 (0.5 g) m.p. 121-122 °C from 

ethanol, identical (m.p. and 1H nmr) to an authentic sample.

2H n.m.r: (CHCIg) 5 6.70 (str.), 5.92 (str.).

The e x tra c te d  a q u e o u s  p h a s e  w a s  c o n c e n tra te d  using an 

acetone/'DRIKOLD' cooling bath on receiver flask, to give a  semi 

solid residue. Elution with cold e the r  s e p a ra te d  ethisolide 1 

from a  mixture of acids (52.5 mg), which was shown by TLC in 

CHCI3:acetone:acetic  acid (9:4:1) to be a  mixture of two fractions. 

Preparative TLC in the sam e solvent gave : (/) further crystalline 

e th i s o l id e  1 , (//) d ecu m b ic  ac id  7 7 (///) e th is ic  acid  5 

[identified by com parison with the spec tra  of previously obtained 

sam ples], and  t rac es  of olefinic com pounds (terminal methylene 

doub le ts  ca. J 1.5 Hz, at 8 6.4, 6.3, 6.1 and 5.8). The above 

extracted  residue w as further extracted with EtOAc for 24 hrs to 

give more ethisolide 1 and 1H nmr show ed no sign of the minor 

m etabolite  n-butylitaconic acid 65.
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The minor m eta b o l i te s  Qi unfed cu l tu res  of  P .
decum bens.

Twenty Roux bottles containing 10 day old surface cultures of P. 

decum bens, were harvested  by decanting off the aq u eo us  broth, 

which w as concentra ted using a  Buchi evaporator equipped with 

an ace tone /  'DRIKOLD' cooling bath on receiver flask to give a 

mixture of acids. This w as thoroughly extracted  with EtOAc 

(5x250 ml) and was then w ashed with aqueous N aH C 03 to remove 

ac ids , dried and evaporated  to give ethisolide 1 (2.6 g). The 

a q u e o u s  p h a se  w as acidified with conc. HCI, ex trac ted  with

EtOAc, w ashed  with brine, dried over M g S 0 4 , filtered and the 

filtrate was evaporated under reduced p ressu re  to give a  mixture 

mainly containing decumbic acid 77  together with a  small amount 

of ethisic  acid 5 . Initial isolation of th e s e  m etabo lites  w as

ach ieved  by column chrom atography on silica gel HF254. Elution 

with CHCI3 gave the mixture of the above minor metabolites (0.3 

g) a lm ost free from acetic acid and other impurities which

rem ained  on the column. [1H nmr a s  described  for previously

obtained samples]. The more polar fractions were a ssay ed  by TLC 

using  CHCI3 : ace tone : acetic  acid (9:4:1) and  the appropria te  

frac t io n s  w ere  com bined . 1 H nmr show ed  no sign of n- 

butylitaconic acid 65 in these  fractions too.
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H PLC EXPERIMENTAL :

A Perk in-E lm er H igh-perfo rm ance  liquid ch ro m a to g ra p h  with 

p u m p s ,  a  v a r ia b le -w a v e len g th  LC90 UV d e te c to r ,  a  two 

com pon en ts  solvent system  (A= H20 ,  B= CH3OH) w as developed  

a f te r  sev e ra l  ex p er im en ts  with d ifferent p ro g ram m es . The 

so lven t tem pera tu re  w a s  held at room tem pera tu re . The UV 

detec to r w as se t to monitor at X = 210 nm. Injections w ere m ade 

with LSS 100 au to sam p le r  injector sys tem  (10 pi). Analysis 

w e re  perform ed on an ODS (5 pm particles) Perk in-E lm er 

P ec o sp h e re -3 x 3 C  C-18 112 and  P ecosphere-3C R  C-8 reversed  

p h a se  columns.

.Th.fi- f jnal programme was, set , as . follows ;

Using a, C-8 column; H20:M eOH with the ratio 80:20 a s

so lven t system ; UV X =210 nm; the flow rate w as 1.5 ml min' 1 

a nd  with a ttenuations 128 and 256. The solvents w ere  HPLC 

grade, degassed .

T he  retention time (Rt) in m inutes of the injected s ta n d a rd  

com pounds was a s  shown below in Table 1.1:

T a b le  1.1

C o m p o u n d  Rt (min.).
Citric acid 7 0.23.
a -M ethy lene-p ,n -p ropy lg lu tar ic  acid 106 1.00.
Butylitaconic acid 6 5 1.43.
Ethisolide 1 2.32.
Trimethyl citrate 9 8 1.54.
CH3OH 0.36.

Ethisic and decumbic acids 5 &77 0.31
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W hen th e  c o m p o u n d s  7 ,  1 0 6 ,  65 and  1 w ere  d isso lv ed  in 

m ethano l and  the  mixture w a s  in jected  the  re ten tion  tim es 

obtained were a s  the following Table :

T a b le  1.2

ComDOund Rt (mjn.).
7 0.23.
1 0 6 1.03.
6 5 1.43.
1 2.38.

U nder th e s e  conditions the  retention tim es (Rt, min.), for a 

s a m p le  ob ta ined  from fed [2H ]-succ ina te  a q u e o u s  broth of 

P.decum bens, were shown a s  the following: 0.31, 1.11, 1.48 min.

The chrom atogram s from elution with H20:M eO H  80:20 containing 

0.01 mM of H3P O 4 (pH 4.4) were good for the distribution of the 

re ten tion  tim es but the  p e a k s  w ere  slightly b ro ad  and  not 

symmetrical. The retention times (Rt) under th e s e  conditions for 

the previous standard  com pounds and som e secondary  metabolites 

from P. decumbens are listed in Table 1.3 :

T a b le  1.3

Compound Rt fmin.1.

1 1.50.

6 5 5.79.

1 0 6 7.65.

CH3OH 0.37.
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A mixture of 1 , 6 5  and 106 w as  d isso lved  in m ethanol, injected 

and  the  retention times obtained w ere  1.50, 5.74 and 7.44 min. 

r e s p e c t iv e ly .

Isolation of the minor metabolites from unfed cultures 

of P. decumbens as their methyl esters.

Twenty Roux bottles containing 09 day old surface cultures of P. 

d e cu m b e n s , w ere  harvested by decanting off the aq ueou s  broth, 

which w as extracted at end pH with EtOAc (5x100 ml). The EtOAc 

solution w as w ashed  with aqueous N aH C 03 (3x20 ml), dried over 

M g S 0 4 , filtered and the filtrate evapora ted  to give ethisolide 1 

(2.5 g) in co lourless need les  from e thanol (m.p. and 1H nmr) 

identical to an authentic sam ple. The extracted  aq u eo u s  phase  

w a s  co n ce n tra te d  using a  Buchi ev ap o ra to r  equ ipped  with an 

a c e to n e /  ’DRIKOLD' cooling bath on receiver  flask to give a  

mixture of ac ids . This w as t rea te d  with N a H C 0 3 (50 g) in 

distilled w ater (30 ml) and com bined with the  above  N aH C 03 

ex trac t  and  the  solution w as stirred with Me2S 0 4 (50 ml) at 

60 °C for 3 days. The resulting solution w as then trea ted  with 

N a O A c .3 H 2 0  (20 g) to destroy any unreac ted  Me2S 0 4 . After 

overnight stirring at room tem perature , the  reaction mixture was 

ex tracted  with EtOAc (3x100 ml), dried over M g S 0 4 , filtered and 

the filtrate evapora ted  to give an oil (2 g). This was shown by 

TLC in ace tone /ligh t petroleum  1:4 to be  a  mixture of two 

com pounds . Preparative  TLC on silica gel HF254 in the sam e 

solvent gave  methyl e th isa te  76  Rf. 0.45 a s  a  colourless oil (60
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mg). [Taking into account that only a  portion of the mixture w as 

chrom atographed].

1H n.m.r: (CDCI3) 8 6.15 (d, J  3.0 Hz, 1H, H-9a), 5.52 (d, J  3.0 

Hz, 1H, H-9b), 4.93 (d, J  8.0 Hz, 1H, H-2), 3.77 (s, 3H, -OCH3 ), 

3.20 (m, 1H, H-3), 1.1-1.8 (m, 4H, H-4, H-5), 0.95 (t, J 6.0 Hz, 3H, 

H-6 ), identified by com parison with the  sp e c tra  of an authentic  

sam ple  a s  methyl decum bate  56  (65 mg) Rf. 0.55.

1H n.m.r: (CDCI3) 8 5.15 (br m, 1H, H-3), 3.88 (s, 3H, -OCH3), 2.20 

(d, J  3 .0 Hz, 3H, -0=014^), 1.40 (m, 4H, H-4, H-5), 0.95 (t, J  7.0 

Hz, 3H, H-6).
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F e e d in g  o f  2-f2 H 31-acetlc  a c id  to  s u r f a c e  c u l tu r e s  of A .
avenaceus .

2 - [2 H 3]-Acetic acid (310 mg), converted  to its sodium salt in 

s te r i le  w ater , w as  adm in is te red  to se v en  (07) Roux bottles  

containing seven  (07) day old surface cultures of A . avenaceus on 

th re e  consecu tive  days. After a  further five days  growth the 

c u ltu re s  w ere  h a rves ted  by decan ting  off the  a q u e o u s  broth, 

which w a s  then  cautiously  acidified to a round  pH 2 using 

conc. HCI. This was followed by continuous extraction with EtOAc 

for 48  hrs after which time the ethyl ace ta te  solution w as dried 

o v e r  a n h y d ro u s  M g S 0 4 , filtered and evaporated  to give an oily 

product. Three, one metre HF254 Merck silica plates (0.75 mm 

thick) w ere  loaded with the crude extract (81.50 mg) and eluted 

o n ce  with CHCI3 . The relevant band w as located under UV (254 

nm), rem oved  and ex trac ted  with EtOAc (3x20 ml) to give 

deuterium  enriched avenaciolide 2, Rf 0.45 (43 mg) m.p. 54-55 °C 

from e ther:hexane  [lit.5 m.p. 54-56 °C]

1H n .m .r: (CDCI3) 5 6.45 (d, J 2.50 Hz, 1H, H-15a), 5.88 (d, J 

2.50 Hz, 1H, H-15b), 5.05 (d, J  7.5 Hz, 1H, H-2), 4.45 (m, 1H, H-4),

3.54 (m, 1H, H-3), 1.85 (m, 2H, H-5), 1.2-1.4 (m, 12H, -CH2-), 0.92 

(m, 3H, H-12).

2H n.m .r: (CHCI3) 5 1.29 (med.), 0.85 (str).

(Peaks 10% of natural abundance CDCI3 peak).

136



F e e d in g  of 2 .3-f2 H 21-fum arlc  a c id  to  s u r f a c e  c u l t u r e s  of

Ai-AYsnaQeus.

2 ,3 - [2H 2]-fumaric acid (310 mg), converted to its sodium salt in 

s te r ile  water, w as  ad m in is te red  to e igh t (08) Roux bo ttles 

containing seven  (07) day old surface cultures of A. avenaceus on 

th ree  consecu tive  days. After a  further five d a y s  growth the 

cu ltu res  w ere h a rv es ted  by decan ting  off the  a q u e o u s  broth, 

which was then  cautiously acidified to around pH 2 using conc. 

HCI. This w as followed by continuous extraction with EtOAc for 

48 hrs after which time the ethyl ace ta te  solution w as dried over 

a n h y d ro u s  M g S 0 4 » filtered and evaporated. Three, one metre 

H F 254 Merck silica plates (0.75 mm thick) w ere loaded with the 

crude extract (980 mg) and eluted once with CHCI3 . The relevant 

band was located under UV (254 nm), removed and extracted with 

EtOAc (3x20 ml) to give deuterium  enriched avenaciolide  2, Rf

0.45 (72.1 mg) m.p. 54-55 °C from e ther:hexane  [lit.5 m.p. 54-56 

°C]

2H n.m.r: (CHCty 8 1.27 (str.), 0.9 (med.).

(Peaks < 1% of natural abundance CDCI3 peak).

The above experiment w as repeated  and again no incorporation of 

deuterium  w as  observed  at the  terminal m ethylene positions at 

C -1 5.
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F e e d in g  of 2 .3 -fz H ^ - s u c c i n i c  a c id  to  s u r f a c e  c u l tu r e s  of

A. avenaceus.

2 ,3 - [2H 4]-Succinic acid (310 mg), converted to its sodium salt in 

s te r ile  w ater, w a s  adm in is tered  to e ight (08) Roux bottles 

containing seven  (07) day old surface cultures of A. aven aceu s  on 

th ree  consecu tive  days. After a  further five d a y s  growth the 

cu ltu res  w ere  h a rv es ted  by decan ting  off the  a q u e o u s  broth, 

which was then cautiously acidified to around pH 2 using conc. 

HCI. This w as followed by continuous extraction with EtOAc for 

48 hrs after which time the ethyl ace ta te  solution w as dried over 

a n h y d ro u s  M g S 0 4 , filtered and evaporated . Three, one metre 

H F 254 Merck silica plates (0.75 mm thick) were loaded with the 

crude extract (980 mg) and eluted once with CHCI3 . The relevant 

band w as located under UV (254 nm), removed and extracted with 

EtOAc (3x20 ml) to give deuterium enriched avenaciolide 2 , Rf

0.45 (147.3 mg) m.p. 54-55 °C from ether/hexane [lit.5 m.p. 54-56 

°C]

2H n.m.r: (CHCI3) 5 6.46 (str.), 5.82 (str).

(Peaks 8% of natural abundance CDCI3 peak).

13C n.m.r: (CDCI3) 5 169.82, 167.53 (C=0), 134.5 (C-14), 126.29 

(C-15), 85.19, 74.26, 44.03 (-CH-), 35.96, 31.69, 29.61, 29.24, 

29.04, 24.75, 22.54 (-CH2-), 14.01 (-CH3).
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EXPERIMENTAL (PART 2).



Methvl trans hex-2-enoate 109 .

To trans 2-hexenoic acid 1 0 8  (50 g, 0.44 mol) in methanol (70 

ml) w a s  added  dropwise while stirring acetyl chloride (17 ml) 

and  the  mixture stirred at 0 °C for an period of 2 hrs. After 

overnight stirring at room tem pera tu re  the  reaction mixture w as  

refluxed at 45-50 °C for 3 hrs and the methanol w as evaporated  

under reduced pressure  to give the methyl es te r  109 ( 53.8 g, 96 

%) b.p. 35 °/0.2 mm [lit.113 b.p. 32 °C/0.2 mm].

L B  U max (CCI4) 1720 (C=0), 1660 (C=C), 980 (med, trans 

-CH=CH) c m 1

1H n.m.r. (CDCIg) 5 7.0 (d-t, J 15 Hz, 7 Hz, 1H, H-3), 5.8 (d, 2H, 

J  15 Hz, 1H, H-2), 3.56 (s, 3H, -OCH3), 2.0 (m, 2H, H-4), 1.32 (m, 

2H, H-5), 0.77 (t, J 5 Hz, 3H, H-6).

13C n.m.r. (CDCI3) 166.66 (C-O), 149.01, 120.69 (CH), 50.87 

(CH3), 55.86, 20.96 (CH2), 13.22 (CH3).

M e t h v l - 3 - ( d i c a r b o m e t h o x v m e t h y n h e x a n o a t e  110 .

Methyl tran s-hex-2 -enoate  33 (9.65 g, 0.08 mol) in dry DMF (10 

ml) w as  added  dropwise to a  solution of dimethyl sodiom alonate  

[prepared from sodium hydride (2.01 g) and dimethyl m alonate (10 

ml) in dry DMF (20 ml)] and the solution stirred and heated  under 

reflux overnight. The solution w as evapora ted  and the  residue
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taken up in water and extracted with ether to give an oily product 

(20 g). Distillation g a v e  m eth y l-3 -(d ica rbo m ethox ym ethy l)

hexanoa te  110 (12 g, 61%) b.p. 120 °C/0.8 mm. (Found C, 55.59, 

H, 7.88, C12H20O6 requires C, 55.38, H, 7.69%).

LB U max(CCI4) 1735, (C=0) cm ' 1

1H n.m.r. (CDCIg) 5 3.78 (s, 6H, OCH3), 3.66 (s, 4H, H-2, OCHg), 

2.6-2.4 (m, 3H, H-2, H-3), 1.4 (m, 4H, H-4, H-5), 0.9 (m, 3H, CH3)

13C n.m.r. (CDCIg) 172.86, 169.06, 168.84 (C=0), 53.90 (CH), 

52.26, 52.19, 51.45 (OCHg), 36.12 (CH2), 35.52 (CH), 34.58 (CH2), 

19.59 (CH2), 13.79 (CH3).

M.S. (m/z) 260 (M+), 229 (M+- OCHg, 18%), 197 (26%), 187 (M+

- CH2C 0 2CH3, 12.5%), 132 (CH2(C 0 2CH3)2, 100%), 129 (M+ - 

CH(C02CH3)2, 48.1%).

2 -C a rb o x v - 3 - n .D r o p y lq lu ta r ic  a c id  111 ■

To the  trimethyl ester  110  (10 g, 0.04 mol) and 1M a q u eo u s  NaOH 

(50 ml) were stirred overnight a t room tem perature. The mixture 

w as  then heated at 70 °C for 3 hrs and after cooling, acidified at 

0 °C  with dilute HCI, sa tu ra ted  with solid NaCI and  thoroughly 

ex trac ted  with EtOAc to give 2 -Carboxy-3-n,propylglutaric acid 

111  (6.42 g, 76%). m.p. 128-130 °C from ethyl a ce ta te  /light
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petroleum . (Found C, 49.68, H, 6.56, calculated for C9H 140 6 C, 

49.54, H, 6.42%).

I,R 'Umax(CCI4) 5500-2400 (-OH), 1710 (acid C =0) cm ’1

1H n.m.r. (C5D5N) 5 10.2 (br m. 3H, -OH), 4.4 (d, J 6 .2 5  Hz, 

1H, H-8), 3.4 (m, 2H, H-2), 3.11 (m, 1H, H-3), 2.05 (m, 2H, H-4), 

1.65 (m, 2H, H-5), 0.9 (t, J 7.25 Hz, 3H, CH3).

13C n.m.r. (C5D5N) 175.58, 172.72, 172.52 (0= 0), 56.19, 35.51

(CH), 37.23, 34.83, 20.61 (CH2), 14.46 (CH3).

fi-Methvlene-B-n.propvlQlutaric acid 106 . 69

A solution of 2-carboxy-3-n,propylglutaric  acid 111 (5 g, 0.02 

mol) in m eth an o l (20 ml) w as  t r e a te d  with 40%  a q u e o u s  

d ie thy lam ine  (20 ml) stirred a t  -10 °C  for 10 min. and 37% 

a q u e o u s  form aldehyde (45 ml) in methanol (15 ml) w as added 

d ro p w ise .  T h e  mixture w a s  s t i r red  o v e rn ig h t  a t  room 

tem p era tu re ,  refluxed for 2 hrs and evapo ra ted  under reduced 

pressu re . The residue w as taken up in H 20 ,  acidified at 0 °C with 

dilute HCI, sa tu ra te d  with solid NaCI and thoroughly extracted 

with EtOAc. Removal of the so lvent gave  a - m e t h y l e n e - p -  

n.propylglutaric acid 106  (3.19 g, 76%) m.p. 55-57 °C from ethyl 

a c e ta te  /light petroleum .

LR T>max(CCI4) 3200-2400 (-OH), 1700 (C=0), 1620 (C=C), 920 

(C=CH2) cm*1
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1H n.m.r. (CDCIg) 5 12.08 (s, 2H, -OH), 6.5 (s, 1H, H-9a), 5.8 

(s, H, H-9b), 3.0 (m, 1H, H-3), 2.6 (d, J  7.0 Hz, 2H, H-2), 1.5 (m, 

4H, H-4, H-5), 0.9 (m, 3H, H-6).

M .S . (m/z) 186 (M+), 229 (M+- H20 ,  20%), 143 (M+ - C3H7 ,

31%), 140 (M+ - 18-28, 47%), 127 (M+- CH2C 0 2H, 73%), 109 

(63%), 98 (100%).

Esterification of a -m e th y le n e -p -n .p r o p v lq lu ta r ic  acid 

106 .

To the  acid 106 (4.5 g, 0.02 mol) in methanol (25 ml) w as added 

dropw ise  while stirring, acetyl chloride (10 ml) and the mixture 

stirred at 0 °C for a  period of 2 hrs. After overnight stirring at 

room tem perature  the  reaction mixture w as  refluxed a t 45-50 °C 

for 3 hrs and the methanol was evaporated under reduced pressure 

to give a  yellow oil. This w as distilled to afford the d im e th y l  

e s t e r  112  a s  a colourless oil (3.0 g, 58%) b.p. 110 °C /0 .05  mm. 

(Found C, 61.66, H, 8.60, C12H20O 6 requires C, 61.68, H, 8.41%).

I.R 'l)max(c c l 4) 3500-2300, 1730, 1720, 1690 (C=0), 1620 

(C=C) cm ' 1

1H n.m.r. (CDCIg) 5 6.17 (s, 1H, H-9a), 5.52 (s, 1H, H-9b), 3.71 

(s, 3H, OCH3), 3.59 (s, 3H, OCH3), 3.0 (m, 1H, H-3), 2.5 (ABX, J AB 

15.3 Hz, J AX 7.18 Hz, J BX 7.6 Hz, 2H, H-2), 1.2-1.4 (m, 4H, H-4,
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H-5), 0.85 (t, J 7.13 Hz, 3H, H-6).

13C n.m.r. (CDCI3) 172.87, 167.10 (C=0), 142.37 (C«C), 125.19 

(CH 2), 51.73, 51.41 (-OCH3), 38.95 (CH2), 37.84 (CH), 35.99, 20.16 

(CH2), 13.87 (CH3).

M.S. (m/z) 214 (M+), 183 (M+- OCH3, 44.9%), 171 (M+- (CH2)2CH3, 

40.4%), 155 (M+- C 0 2CH3, 17.3%), 141 (M+- CH2C 0 2CH3> 66.3%), 

129 (M+ - CH2= C (C 0 2CH3), 11.7%), 125 (168- (CH2)2CH3, 27.8%), 

81 (168- C 0 2 - (CH2)2CH3, 100%).

The addition of bromine to dimethyl a - m e t h y l e n e - p -  

n.propvlqlutarate 112 .

To a  solution of the diester 1 1 2  (12.5 g, 5.6 mmol) in CCI4 (12 

ml) w as  added  while stirring, bromine (0.897 g, 0.28 ml) in CCI4 

(14 ml). The reaction mixture w as stirred at room tem pera tu re  

overnight and then at 40 °C for a  period of 3 hrs. The CCI4 w as 

evap o ra ted  under reduced p ressu re  to give a  reddish oil. Short 

path distillation gave the dibromo com pound 113 (2.05 g, 98%) a s  

a  colourless oil b.p. 130 °C/ 0.05 mm. This w as se p a ra ted  from 

minor impurities by TLC Rf 0.8 in EtOAc/ light petroleum (2 :1) to 

give th e  dibrom o c o m p o u n d  1 1 3  a s  inseparab le  threo a n d  

erythro  isomers.

L f i  U max(CCI4) 2958, 2865, 1750, 1735 (C=0), no peak  at 

1620 (C=C) cm ' 1
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1H n.m.r. (CDCI3) 8 4.1 & 3.88 (ABq, J AB 10.5 Hz) and  3 .98  & 

3.85 (ABq, J AB 11.0 Hz), [2H, H-9], 3.80, 3.78, 3.69 and  3.67 (s, 

e a c h  3H, OCH3 ), 2.5-2.8 (m, 2H, H-2), 2.2-2.4 (m, 2H, H-2), 1.75 

(m, 1H, H-3), 1.35 (m, 4H, H-4, H-5), 0.9 (br t, 3H, H-6).

13C n.m.r. (CDCI3) 172.84, 172.78, 168.61 (C=0), 71.98, 69.37 

(-CBr), 53.60, 53.55, 52.02, 51.9 (OCH3 ), 41.8, 39 .15, (-CH-), 

38 .82, 38.28, 37.68, 36.35, 36.19, 55.54, 20.63, 20.41 (-CH2 -), 

14.28, 13.98 (-CH3 ).

07.
M.S. (m/z) 376 and 372 (M %  295 & 293 (M+- Br, 11%), 236 (M+-

HBr - OCH3 , 12.9%), 261 (372- HBr - OCH3 , 24.6%), 235 &255 (M+- 

Br - C 0 2CH 3 , 6.0%), 214 (M+- Br2 , 1.7%), 183 (214- OCH3 , 22.0%), 

171 (214- (CH2 )2C H 3 , 19.90%), 155 (M+- C 0 2 C H 3 , 16.1%), 154 

(214- CH2=CH(OH)2 , 32.4%), 129 (M+ - CH2= C (C 02CH3), 81.7%), 81

('Br, 100%).
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Treatment of the dibromo ester 113 with;

1. d ^ -P y r id in e .

The dibromo com pound 113 (75 mg) w as trea ted  with pyridine (3 

ml) and the  mixture w as allowed to s tand  at room tem pera tu re  

for 20 to 30 min. with occasional shaking. The solvent w as 

removed in vacuo to give unchanged starting material 113.

2. NaH/ THF.

To the dibromo compound 55 (0.2 g, 0.53 mmol) in dry THF (5 ml) 

at room tem perature  under an a tm osphere  of nitrogen, w as added  

NaH 114 (0.013 g, 0.53 mmol) with vigorous stirring. The reaction 

mixture w as then heated  under reflux for 1 hr after which time 

the mixture w as cooled to 0 °C and acidified with aq. HCI (1M). 

The solution w as extracted with EtOAc (25 ml) and  the  organic 

layer w as then w ashed  with brine, dried over anhydrous M g S 0 4 , 

filtration and  so lven t rem oval in v a c u o  g a v e  mainly the 

debrom inated  e s te r  112  [identified by comparison of the 1H nmr 

s p e c t ru m  of an  a u th e n t ic  sam p le ]  to g e th e r  with m inor 

com ponents yet to be identified [1H nmr signals at 5 5.1 (m), 3.45 

(m)].

3. KOAc/ EtOH.

To a  solution of the dibromo compound 113 (0.1 g, 0.26 mmol) in 

absolute  ethanol, w as added with vigorous stirring KOAc (0.07 g,
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0.78 mmol) in ethanol (10 ml). 115 T he reaction mixture w as 

refluxed for 15 hrs and then stirred a t  room tem perature  for 15 

min. After evaporation  of the  e thanol, th e  semi-solid residue  

w as  trea ted  with water, extracted with CHCI 3 (20 ml), dried over 

anhyd rou s  M g S 0 4 , filtration and solvent removal in vacuo gave an 

oil (85 mg) containing unchanged  starting material 55 together  

with the  debrom inated alkene 55 [identified by comparison of the 

1H nmr spectrum of an authentic sample].

4. KoC O ^/ CH^O H .

The dibromo com pound 113 (0.3 g, 0.79 mmol) and K2C 0 3 in dry 

m ethanol, w ere  stirred at room tem pera tu re  for 48 hrs. 67> 68* 116 

Dilution with H20  and extraction with CHCI3 (30 ml) gave an oily 

product, which w as shown by TLC and 1H nmr to be unreacted  

starting material 1 1 3 . When the reaction mixture w as refluxed, 

a  complex mixture w as obtained. This w as  not investigated any 

fu r th e r .

5. A g ^O /P M F .

A mixture of the ester  113 (0.1 g, 0.26 mmol) in DMF (10 ml) and 

A g 20  (0.06 g, 0.26 mmol) was stirred at room tem perature for 24 

hrs. The reaction mixture w as eluted with CHCI3 (10 ml), the 

so lu tion  filtered and  the  filtrate e v a p o ra te d  under red u c ed  

p ressu re  to give unreacted starting material (1H nmr).

Similar resu lts  were obtained when Al20 3 w as  used  instead of 

silver oxide.
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6. t -B u U /_ _IH F ;

To the dibromo compound 113 (0.1 g, 0.26 mmol) in dry THF (10 

ml) at -78 °C under an  a tm o sp h e re  of nitrogen, w as  a d d e d  

dropw ise  te/T-butyllithium (0.012 ml, 2.6 M) in THF. When the 

addition w as complete, the  resulting mixture w as stirred at the 

a b o v e  tem p era tu re  for an additional 30 min. after which time 

a q u e o u s  HCI (1M) w as rapidly added  to the solution. This w as 

e x t r a c te d  with CHCI3 (20 ml) and  the  organ ic  layer w as  

se p a ra te d ,  w a sh e d  with brine, dried over an h y d ro u s  M g S 0 4 . 

Filtration and solvent removal in vacuo gave  un reac ted  starting 

material (1H nmr spectrum).

7. DBU/ THF. (The vinvl bromide 114).

To the dibromo compound 113 (0.3 g, 0.8 mmol) in dry THF (5 ml) 

at -78 °C under an a tm osp here  of nitrogen, w as added  dropwise 

DBU 116 (0.12 g, 0.8 mmol) in THF. W hen the addition w as 

c o m p le te ,  th e  resulting m ixture w as  s tirred  a t the  s a m e  

tem pera tu re  for an additional 1 hr. after which time aq u eo u s  HCI 

(1M) w as  rapidly added to the  solution. Stirring w as continued 

for a  few m inutes during which time the reaction mixture w as 

w arm ed to room tem perature . The solution w as extracted  with 

CH CI3 (30 ml) and the organic layer was then separa ted , w ashed  

with brine, dried over anhy d rous  M g S 0 4 , filtration and  solvent 

removal in vacuo gave the  vinvl bromide 114 a s  a  colourless oil 

(0.21 g, 89% ).
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I-R 'Umax(CCI4) 3420; 1740, 1725 (C=0); 1630 (C-C); 1595,

1435, 1230 c m '1

1H n.m.r. (CDCIg) 5 7.65 (s, 1H, H-9), 3.72 (s, 3H, OCHg), 3.60 

(s, 3H, OCHg), 3.5 (m, 3H, H-3), 2.6 (ABX, JAB 15.3 Hz, JAX 6.5 Hz, 

J BX 8.5 Hz, 2H, H-2), 1.2-1 .5 (m, 4H, H-4, H-5), 0.85 (br t, 3H, H- 

6). [characteristic signals for 112 were also apparen t £&. 5 6.2, 

5.52 and 5 3.0].

13C n.m.r. (CDCIg) 172.68, 164.26 (C=0), 138.55 (C=C), 124.31 

(CH), 51.90, 51.62 (-OCHg), 37.59 (CH), 37.50, 34.87, 20.22 (CH2), 

13.95 (CHg).

M.S. (m/z) 294 and 292 (M+), 263 and 261 (M+- OCHg, 5.5%), 213

(M+- Br, 100%), 129 (M+- C4H4B r 0 2, 7.9%).

8 . N a O M e / M e O H . (Formation of the  b ro m o m e th v c v c lo p ro p a n e  

1071.

To a  stirring solution of the dibromo compound 113  (0.35 g, 0.94 

mmol) in dry methanol (10 ml) under an a tm osphere  of nitrogen, 

w as  added  at 0 °C NaOMe (0.05 g, 0.94 mmol). 117 The reaction 

mixture w as then heated  under reflux for 1 hr after which time 

the  mixture w as cooled to room tem perature for 30 min. After 

evapo ra tion  of the  m ethanol, the  semi-solid w as  t rea ted  with 

H20 ,  extracted with CHCI3 (25 ml), dried over anhydrous M gS 04 , 

filtered and the filtrate w as evaporated  under reduced  p ressu re  

to give an oil. This w as shown by TLC in EtOAc/ petroleum ether
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( 1 :2) to be  a  mixture of a t  le a s t  th re e  (3) co m p o n e n ts .  

Preparative TLC in the sam e solvent system  gave:

(a)  Fraction (1), Rf.0.7 (0.12 g) containing a  mixture of the  vinvl 

b r o m i d e  1 1 4 .  traces  of the  a l k e n e 1 1 2  [1 H and 13C nmr a s  

described  before] and the  brom om ethvlcvcloprooane 107.

L fi \)max(CCI4) 2950; 1730, 1740 (C=0), 1595 (C=C) c m 1

1H n.m.r. (CDCI3) 5 4.3 & 3.75 (ABq, J AB 10.5 Hz, 2H, -CH^Br), 

3.77, 3.73 (s, each  3H, -OCH3), 2.65 (d, J  6.86 Hz, 1H, H-2), 1.88 

(m, 1H, H-3), 1.29 (m, 4H, CH2), 0.83 (br t, 3H, -CH3).

13C n.m.r. (CDCI3) 172.20, 170.59 (C=0), 137.81 (-C-), 52.72, 

52 .25  (OCH3), 32.12 (-CH2Br-), 40.21, 31.91 (-CH-), 28.77, 21.98 

(-C H 2-), 13.65 (-CH3-).

M.S. (m/z) 294 and 292 (M+), 213 (M+- Br, 100%), 182 (M+- Br -

OCH 3, 3.0%), 181 (182.- H, 23.3% ).

(b ) Fraction (2), Rf. 0.45 consisting mainly of the  vinvl e ther  

co m p o u n d  115 (0.12 g, 52% ) a s  a  colourless oil.

LH U max(CCI4) 2950; 1740, 1710 (C=0); 1640 (C=C) cm ' 1

1H n.m.r. (COCI3) 8 7.30 (s, 1H, H-9), 3.77 (s, 3H, OCH3), 3.66 

(s, 3H, OCH3), 3.59 (s, 3H, OCH3), 3.0 (m, 3H, H-3), 2.6 (ABX, J AB

15.2 Hz, JAX 6.5 Hz, JBX 8.1 Hz, 2H, H-2), 1.1-1.5 (m, 4H, H-4, H- 

5), 0.85 (t, J 7.0 Hz, 3H, H-6).
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13C n.m.r. (CDCIg) 173.54, 168.17 (C -0 ), 159.91 (CH), 111.62 

(C -C ), 124.31 (CH), 61.43, 51.50, 51.29 (-OCHg), 37.83, 35.09 

(CH2), 31.83 (CH), 20.43 (CH2), 13.73 (CHg).

M.S. (m/z) 244 (M+), 213 (M+- OCHg, 18.7%), 212 (M+- CHgOH,

5.60%), 184 (M+- CHgOH- CO, 34.5%), 152 (184- CHgOH, 24.5%),

75 (M+- C3H70 2, 100%).

M a ss  m e a s u re m e n t :  Found M+ 244.1309 C 12H 20O 5 r e q u i r e s

24 4 .2 8 7 8 .
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P re p a r a t io n  of m e s a c o n ic  ac id  116b  . 118

A mixture of citraconic anhydride (100 g, 0.89 mol), w ater (100 

ml) and  dilute HN 03 (150 ml) is evaporated  in 500 ml Erlenmeyer 

flask until the app ea ran ce  of red fum es. The solution is cooled 

and  the  m esaconic acid is collected on a  filter. The mother liquor 

is e v a p o ra te d  to 150 ml, cooled and  crystalline solid which 

s e p a ra te s  is collected on a  filter. Further concentration of the 

m other liquor to 50 ml yields more product. The entire product is 

rec ry s ta l l ised  from H20  (100 ml), the yield of m esacon ic  acid 

116b is (75 g, 64%) 204-205 °C .

E s te r i f ic a t io n  of m e s a c o n ic  ac id  116b  .

M esaconic  acid 116 (65 g, 0.5 ml) w as treated with dry CH30  H 

(100 ml) and CH3COCI (17 ml) and the mixture w as stirred at 0 °C 

for 2 hrs. After stirring overnight a t room tem p era tu re , the  

solution was refluxed at 50 °C for 5 hrs and CH3OH e v a p o ra te d  

und er  reduced  p ressu re  to give a  yellow oil. Distillation gave  

dimethyl m esaco n a te  117 (62 g, 78%) a s  a  colourless oil b.p. 80 

°C/0.01 mm.

1H n.m.r. (CDCI3) 90 MHz 5 6.75 (q, J 1 . 5  Hz, 1H, -C=CH-), 3.80 

(s, 3H, -OCH3 ), 3.75 (s, 3H, -OCH3), 2.27 (01, J 1 . 5  Hz, 3H, 

C=CCH3).
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Dimethyl bromomesaconate 118.

Dimethyl m esac o n a te  117  (62 g, 0.39 mol) w as refluxed with N- 

brom o Succinimide 119 (65 g, 0.42 mol) and CCI4 (250 ml) for 42 

hrs. The reaction mixture w a s  then  cooled, filtered, and  the 

filtrate w as evaporated  under reduced  p ressu re  to give a  sem i­

solid residue. This w as trea ted  with light petroleum  (200 ml) 

a n d  more succinimide w as obtained  a s  white precipitate. After 

filtration and removal of solvent, the  product w as distilled b.p. 

120-127  °C /0.1 mm to afford dimethyl b ro m o m e sa co n a te  1 1 8  

(68 g, 83%) as  a  colourless oil.

n.m.r. (CDCI3) 5 6.8 (s, 1H, -C=CH-), 4.65 (s,2H, -CH2Br), 3.84 

(s, 3H, C 0 2CH3), 3.80 (s, 3H, -C 0 2CH3).

Preparation of diazomethane . 73

In a  flat bottom flask se t  for distillation was placed a  solution of 

30%  aqueous NaOH and 2-ethoxyethanol (2.11 g) in dry e ther (25 

ml) and  nitrosan (8 g, Ca.10 eq) in dry ether (50 ml) w as slowly 

ad d ed  at 0 °C. The mixture w as  then magnetically stirred and 

w a rm e d  gradually  to 50 ° C  and  the  yellow d istilla te  w as  

co llected  in dry ice/ace tone  cooled receiver flask containing dry 

e ther. The d iazom ethane (30%) in the distilled e therea l solution 

w as  dried over KOH pellets and  u sed  in the following reaction 

without any further determination.

152



Addition of diazomethane to dimethyl bromomesaconate

A solution of d iazom ethane (10 eq) in dry ether (50 ml) w as added 

in sm a ll  p o r t io n s  with o c c a s io n a l  sh a k in g ,  to d im ethyl 

b ro m o m e sa co n a te  55 (0.2 g, 0,85 mmol) in e th e r  (10 ml) at 

-70 °C . The reaction mixture w as allowed to warm to room 

tem p era tu re  and  w as  then  left stirring overnight. E xcess  of 

d iaz o m e th an e  w as  rem oved with nitrogen and  rem oval of the 

colourless solution by evaporation under reduced p ressu re  gave an 

oily product (0.22 g). This was shown by TLC and 1H nmr to be a 

complex mixture. Extensive preparative TLC failed to sep a ra te  

the com ponen ts  and the reaction w as not investigated further.

P r e p a r a t io n  of d im e th y l  a c e to x y m e th y lm e s a c o n a te  119 .

Dimethyl b ro m o m e s a c o n a te  1 1 8  (66 g, 0.28 mol) w as stirred 

under reflux with KOAc (35 g, 0.36 mol) in abso lu te  ethanol (150 

ml) for a  period of 1 hr. 107 The mixture w as then cooled and 

ethanol w as evaporated  under reduced p ressu re  to give a  brown 

residue. This w as treated  with CHCI3 to give a  precipitate, which 

w as filtered off and the  filtrate w as  distilled off under reduced 

p ressu re .  The resulting oily product w as  chrom atographed  on a 

silica gel column eluting with light petrol/EtOAc using the ratio 

9:1, 7:1, 5:1, 3:1, and  1 :1. The fractions w ere a s sa y e d  by TLC 

using petrol/EtOAc (1:1) and  the appropria te  fractions with the 

ratio (3:1) w ere com bined and the solvents evapora ted  to afford 

the acetoxy derivative 119 a s  a colourless oil (35 g, 58%) (Found
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C,50.19, H, 5.55, C9H120 6 requires C, 50.00, H, 5.55%).

L B  U max(CCI4) 2980, 1744, 1735, 1655, (C=C), 1035 cm ' 1

1H n.m.r. (CDCI3) 66 .78  (s, 1H, -C=CH-), 5.05 (s, 2H, -OCHr ), 

3,69 (s, 3H, -OCH3), 3.66 (s, 3H, -OCH3), 1.89 (s, 3H, -COCH3).

13C n.m.r. (CDCIg) 169.84, 165.27, 164.61 (C=0), 139.58 

(C=CH), 130.58 (CH), 57.45 (CH2), 52.41, 58.86 (OCH3), 20.25 

(CH3).

M .S. (m/z) 216 (M+), 173 (M+ - C O C H 3 , 11.3%), 156(M+ -

C H 3C 0 2H, 35.6%), 142 (M + - CH3C 0 2C H 3 , 37.1%), 112 (M+ - 

CH2OCOCH3 - OCH3, 11.3%), 42 (100%).

P r e p a r a t i o n  o f  f r a n s - 3  ■ 4 - d  1 c a r b o m e t  h o xv-3 . . -  

a c e t o x v m e t h v M - p v r a z o l i n e  12fl .

A solution of d iazom ethane  (10 eq) in e th e r  (50 ml) w as added 

with occasional shaking dimethyl ace to x y m esaco n a te  55 (0.45 g, 

2.08 mmol) in dry e ther at 0 °C . T he reaction mixture w as 

allowed to warm to room tem perature  and  w as then left stirring 

overnight. E xcess  of d iazom ethane w as  rem oved with nitrogen 

and the  e ther solution w as evaporated under reduced p ressure  to 

give an oil. This w as shown by TLC in EtOAc:Petrol (3:1) to be a 

mixture of th ree  com ponen ts . P rep ara tive  TLC in the  sam e  

solvent g av e  t rans-3 A -  d i c a rb o m e th o x y -3 -a c e to x y m e th v l-1  - 

pyrazoline  120 Rf 0.55 (0.46 g, 85%) as  a  colourless oil.
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L B i 'Umax(c c | 4) 2958, 1760, 1750, 1438, 1222, 1040 c m '1

1H n.m.r. (CDCIg) 8 4.97 (ABX, 2H, H-5), 4.76 & 4.70 (ABq, J AB

10.2 Hz, 2H, -OCHr ), 3.83 (s, 3H, -OCHg), 3.63 (s, 3H, -OCHg),

3.55 & 3.50 (dd, J 8.03 Hz, J  8.05 Hz, 1H, -COCH-), 1.89 (s, 3H, - 

COCHg).

13C n.m.r. ( CDCIg) 8 169.56, 167.26 , (C=0), 98.56 (=C-),

80.84, 61,95 (CH2), 53.59, 52.51 (OCHg), 41.35 (-CH-), 20.23 

(CHg).

M .S . (m/z) 258 (M+), 227 (M+ - OCHg, 1.9%), 258 (M+), 199 (M+ -

N 2 - OCHg 4.2%), 188 ( M+ - N2 - CH2=C=0, 4.7%), 185 (M+ ‘ 

CH2OCOCH3, 30.9%), 171 (M+ - N2 - C 02CH3, 87.5%), 170 (M+ - N2

- CH3C 0 2H, 72.7%), 157 (185 - N2, 79%), 129 (188 - C 02C H 3, 

100%).

T r e a t m e n t  of th e  pyrazol ine 120 with CAN in 
a c e t o n e .

The pyrazoline 12 0  (0.1 g, 0.39 mmol) in ace to ne  w as trea ted  

with a  small amount of eerie ammonium nitrate 74 (CAN) at 0 °C . 

The reaction mixture w as stirred at this tem perature  for a  period 

of 3 days , after which time the  solution w as  filtered and  the 

filtrate w as evaporated under reduced pressure  to give unchanged 

starting material 120 . When the reaction mixture was refluxed a
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c o m p lex  m ixture w a s  o b ta in ed ,  distillation a n d  thin layer 

chrom atography both failed to yield identifiable products and the 

behaviour of the residue indicated decomposition. This reaction 

w as  not investigated further.

Preparation of 1,2-dicarbomethoxy - 2 - acetoxvmethvl-  

-cyclopropane 121 .

tran s-  3 ,4- D icarbom ethoxy -3- ace toxym ethy l-1 - pyrazo line

12 0  (0.5 g, 1.9 mmol) w as irradiated in n-hexane (50 ml) at room 

te m p e ra tu re  using a  cylindrical reaction v e sse l  consisting  of 

concentrica l pyrex tubes. The inner part con ta ined  the  H20  

c o n d e n s e r ,  the  ou ter (250 ml size) co n ta in ed  the  reaction  

mixture. A (125 W, 360 nm) Hanovia lamp w as  placed in the 

cen tre  of the vessel. The reaction mixture w as stirred a t room 

tem pera tu re  and the nitrogen evolution w as monitored and  w as  

complete after 1.5 hrs. The hexane w as evaporated under reduced 

p ressu re ,  and  the residue w as purified by flash chrom atography 

eluting with EtOAc: Petrol with the ratio (1:4) respectively  to 

give trans 1 .2 - d i c a r b o m e th o x v -1 - a c e t o x v m e t h v l c y c lo p r o p a n e

121 (0.39 g, 88%) as  a  colourless oil. (Found C, 52.39; H, 6.25 

C 10H i4O 6 requires C, 52.17; H, 6.08%).

I.R \ ) m ax (CCI4) 2930,1742,1735,1250,1040 c m '1.

1H n.m.r. (CDCI3) 8 4.75 & 4.14 (ABq, J AB 11.9 Hz,2H,-CH20 - ) ,

3.67 (s, 3H, -OCH3), 3.65 (s, 3H, -OCH3), 2.48 (dd, J8 .5  Hz, 6.9
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Hz,1H, H-2), 1.95 (s, 3H, -OCOCH3), 1.57 (ABX, J AB4.64Hz, 8 .58  

Hz, J bx6.83Hz, 2H, H-3).

13C nm r (CDCI3) 8 171.27,170.28,170.07 (C -O ), 61.78 (OCH2), 

52 .62 ,52 .20  (-OCH3), 30.34 (-C-), 25.99 (CH), 20.55 (-CH3), 19.76 

(CH2).

M .S (m/z) 230 (M+), 171 (M+ - OCOCHg, 10%), 157 (M+-

C H 2O C O C H 3 , 20 .1%), 170 (M+- CH3C 0 2H, 100%), 156 (M+- 

C H 3C 0 2C H 3 , 6.7%), 125 (156 - OCH3, 2.6%), 97(156 - C 0 2C H 3 , 

9.9%).
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Preparation of Isooropyl Carbamate 123 . 120

A solution of isopropyl alcohol (12.02 g, 15.3 ml, 0 .2  mol) in 

C H 2CI2 (125 ml) is placed in 500 ml th ree-necked flask equipped 

with a  stirrer, a  therm om eter and  an addition funnel, and  sodium 

cynate  (26 g, 0.4 mol) is added. The su sp en s io n  is stirred a s  

slowly a s  possible (Ca. 120 r.p.m); while CF3C 0 2H (48 g, 31.2 ml,

0.42 mol) is ad d ed  dropwise a t a  rapid rate. The tem pera tu re  

slowly rises to about 37 °C  after three quarters  of the CF3C 0 2H 

has  been added (Ca 7 min.). At this point, the mixture is cooled to 

55-35  °C  by brief immersion in an ice-w ater bath , then  the  

addition is continued. When the addition of the acid is completed 

(10-12 mins total time), the tem pera ture  slowly rises  to 40 °C  

and then gradually subsides. Slow stirring is continued overnight 

at room tem perature . The mixture is trea ted  with H2 0  (35 ml) 

and stirred slowly for a  few minutes.

The CH2CI2 layer is decan ted  and the a q u eo u s  slurry is further 

ex trac ted  with two 150 ml portions of CH2CI2 . The com bined 

organic extracts are  w ashed with 5M NaOH (100 ml) and  H20  (100 

ml), dried over M g S 04 and filtered. The solvent is removed by 

distillation at 30 °C  under reduced  p re s su re  to give isopropyl 

c a rb a m a te  123 a s  white need les  (17 g, 82%) m. p. 91-93 °C  

[lit. 121 m.p. 92-93 °C].

1H n.m.r. (CDCI3) 90 MHz 5 4.85 (m, 3H, -OCH-, -NH2), 1.20 (d, J 

9 Hz, 6H, -C(CH3)2 ).
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A t t e m p t e d _______ p r e p a r a t i o n _____ a l _____I s o p r o o v l - N -

( b u tv la m in o m e th v l ) C a r b a m a te  h y d r o c h l o r i d e  124 .

Into a  solution of butylamine hydrochloride (15.53 g, 0.14 mol) 

[prepared from the addition of HCI aq  to BuNH2 at 0 °C, pH acidic] 

in H20  (30 ml), CH20  (38%, 14.2 g, 0.47 mol) and then a  solution of 

isopropylcarbam ate  (14.46 g, 0 .14  mol) in EtOH (30 ml) w ere  

ad d ed . The reaction mixture w a s  h e a ted  a t  30-40 °C with 

occasional shaking. After 30 min the reaction w as  concentra ted  

under reduced pressure  to give a  white solid. Recrystallisation of 

the resulting product in petroleum e ther  gave  N,N '-methylenebis- 

iso p ro p y lca rb am a te  127 a s  white leaflets 80 (25 g, 81%), m.p. 

150-151 °C (Found C, 49.90; H, 8.13; N, 12.76 C9H 18N20 4 requires 

C, 50-00; H, 8.25; N, 12.84%).

LB '° m a x (KBr) 5525 (-NH)> 298°- 168°- 1530 (-CONH) c m 1

1H n.m.r. (CDCI3) 8 5.78 (m, 2H, -NH-), 4.95 (sep, 2H, -OCH-),

4.45 (t, J 6.0 Hz, 2H, -NCH2N-), 1.21 (s, 6H, CH3), 1.18 (s, 6H, 

CH3).

13C n.m.r. (CDCI3) 8 156.42 (C =0), 68.49 (CH), 47.80 (CH2),

22.03 (CH3).

M.S. (m/z) 218 (M+), 175 (M+- ipr, 32.9%), 155 (M+ - C3H7 -

C 0 2, 18.4%), 116 (M+ - CH2=CHCH3 - 42 - H20 ,  17.2%), 89 (M+ -116 

- C 0 2, 36%), 42 (M+-176, 100%).
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PreparatiQii—Qf isopropyl N-{butylamlnQmg1hyl)Carbamate
h y d ro c h lo r id e  124 . 79

Into a  solution of butylamine hydrochloride (15.53 g, 0.14 mol) 

[prepared from the addition of HCI aq  to BuNH2 at 0 °C, pH neutral] 

in EtOH (30 ml), CH20  (38%, 14.2, 0,47 mol) and then a  solution of 

isopropy lcarbam ate  (14.46 g, 0 .14  mol) in EtOH (30 ml) w ere  

a d d e d  with stirring at 35-40 °C. The mixture w as further stirred 

for 1 hr, followed by concen tra tion  under redu ced  p re s su re .  

R ec rys ta ll isa tion  of the  resu lting  re s id u e  from EtOH g a v e  

isopropyl N-[butylamino-methyl] C a rb a m a te  hydrochloride 1 2 4  

(26.1 g, 83%) a s  white plates m.p. 147-149 °C [lit. 79 m.p 146-148 

°C].

P r e p a r a t i o n  o f  i s o p r o p y l  N - f ( N - n i t r o s o b u t y l

a m i n o ) m e t h y n  c a r b a m a te  125 . 79

Into a  sa tu ra te d  a q u e o u s  so lution of the  p rev ious ob ta ined  

hydrochloride salt 124  (26.1 g, 0.17 mol), (35%) HCI (5 ml) w as 

added  at 20-25 °C and then a  solution of N aN 02 (10 g, 0.15 mol) in 

H20  (30 ml) w as added  dropwise with vigorous stirring. This w as 

continued at the above tem pera tu re  for additional 30 min. After 

cooling, the product was isolated from the reaction mixture by 

filtration a s  yellowish solid. This w as  rec rysta l l ised  from

p e t r o l e u m  e t h e r  to  a f f o r d  i s o p r o p y l  N - [ (N -  

n i t r o s o b u ty l a m in o ) m e th y l ] C a r b a m a te  1 2 5  a s  white n e ed les
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(20.68 g, 82%) 52-54 °C [lit. 79 m.p. 53-55 °C]. (Found C, 49.72; H, 

8.83; N, 19.37 C9H19N30 3 requires C, 49.75; H, 8.81; N, 19.34%).

I.R- 'Umax (KBr) 5514 (-NH-), 1690, 1546 (-CONH) c m 1

1 H n.m.r. (CDCI3) 8 5.9 (m, 1H, syn -NH-), 5.7 ( m, 1H, anti 

-NH), 5.5 (d, J 7.5 Hz, 2H, syn  -NHCH2N=), 4.9 (m, 2H, syn & 

anti -O C H (C H 3)2), 4.71 (d, J  5 Hz, 2H, anti -N H C H 2N=), 4.28 (t, 

J  7 Hz, 2H, syn - N C H 2-), 3.61 (t, J  7.5 Hz, 2H, anti - N C H 2-),

1.75 (m, 2H, syn CH2), 1.4 (m, 4H, syn & anti C H 2), 1.18 (m, 4H, 

syn & anti C H 2), 1.17 (br d, 6H, -CH3), 1.16 (br d, 6H, -CH3),

0.90  (t, J 7.5 Hz, 3H, syn - C H 3 ), 0.87 (t, J 7 .5 Hz, 3H, a n l /  - 

CH3).

13C n.m.r. ( CDCI3):

Svn Compound :

8 156.06 (C=0), 69.1 (OCH), 58.02 (-NHCH2N-), 52.2 (-NH£.H2CH2-),

30 .3  (-NHCH2£ H 2- ), 21.86 (-CH(£.H3)2), 20.23 (-CH2-) , 13.46 (- 

CH3).

Anti Compound :

8 155.86 (C=0), 68.9 (-OCH-), 49.1 (-NHCH2N-), 42.6 (-NH£H2CH2- 

), 28.1 (-NHCH2£ H 2- ), 21.56 (-CH(£.H3)2), 19.52 (-CH2-) , 13.37 (- 

CH3).

M .S . (m/z) 217 (M+), 116 (M+ - CH2=CCH3 - C O z - CH3 53.5%),

57 (Bu, 13.9%), 43 (100%).

161



P r e p a r a t io n  of d i a z o b u ta n e  126 . 79

In a  flat bottom flask se t  for distillation w as placed a  solution of 

KOH (5 g) and n-butanol (20 ml) in dry ether (25 ml). Isopropyl N- 

[(N-nitrosopropylam ino)m ethyl] C a rb am ate  125  (10 g, 10 eq) 

in dry e ther (50 ml) was then added a t 0 °C and the mixture was 

w arm ed  gradually to 60 °C. The yellow distillate w as  collected 

in a  dry ice /ace to ne  cooled receiver flask containing dry ether. 

The d iazobutane  (30%) in the distilled ethereal solution w as  dried 

over KOH pellets and used  in the next reaction without any further 

d e te rm in a t io n .

trans  3 . 4 - D i c a r b o m e t h o x v - 3 -  a c e t o x v m e t h v l  - 5- p ropyl 

- 1- p v ra z o l in e  128 .

A solution of (diazobutane 1 2 6  (8 eq) in dry e ther (50 ml) was 

ad d ed  76 with occasional shaking to dimethyl ace tox ym esaconate  

55 (0.5 g, 2.31 mmol) in dry e ther at 0 °C. The reaction mixture 

w a s  allowed to warm to room tem pera tu re  and w as  then  left 

stirring overnight. E xcess  of d iazobutane  w as rem oved with a 

s tream  of nitrogen and the e ther  solution w as evapora ted  under 

reduced pressure  to give the desired pyrazo line  128 (0.63 g, 91%) 

a s  a  colourless oil.

L R , /U max(CCI4) 2960> 1750« 1745> 1455> 1432« 1340 cm' 1

1 H n.m.r. (CDCI3) 8 4.99 (m, 1H, H-5) , 4.69 & 4.58 (ABq , 

J AB 12.07 Hz, 2H, -OCH2-), 3.86 (s, 3H, -OCH3), 3.64 (s, 3H, -
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O C H 3), 3.14 (d, J 8.2 Hz, 1H, H-4), 1.90 (s, 3H, -OCOCH3), 1.65 (m,

4H, -CH2-), 0.98 (t, J7 Hz, 3H, -CH3).

13C n.m.r. ( COCI3) 8 169.69, 169.55, 167.55 , (C=0), 98.84 

(=C-), 93.36 (CH), 61.88 (CH2), 53.61, 52.48 (OCH3), 47.24 (CH), 

35.13 (CH2), 20.32 (CH3), 19.64 (CH2), 13.89 (CH3).

M .S . (m/z) 300 (M+), 272 (M+ - N2 , 0.2%), 269 (M+ - OCH3, 0%),

(M+ - N2 - C3H 6i 1.0%), 229 (M+ - N2 - C3H 7_ 0.8%), 227 (M+ - 

CH2O C O C H 3- 9.3%), 213 (M+ - N2 - C 02CH3, 29.4%), 199 (272 - 

C H 2C 0 2C H 3> 9.0%), 198 (272 - CH3C 0 2CH3- 6.4%), 167 (198 - 

OCH3, 5.1%), 139 (198 - C 02CH3, 19.6%), 93 (100%).

M ass  m e a s u re m e n t :  Found M+ 300.1357 C13H 2N 20 6 requires 

3 0 0 .3 1 1 7 .
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Preparation  of 1 .2-dicarbom ethoxv-2-ace lQ xvm ethyL-^  

n.propvlcvclopropane 1 2 9 ^

1. Bv photolysis .

trans-Z  ,4 -D ic a rb o m e th o x y -3 -a c e to x y m e th y  l-5 -p ro p y  I-1 - 

pyrazoline 128 (0.5 g, 1.66 mmol) w as irradiated in n-hexane (50 

ml) a t  room tem pera tu re  using a  cylindrical reaction v esse l  

consisting of concentrical pyrex tubes. The inner part contained 

the H20  condenser, the outer (250 ml size) contained the reaction 

mixture. A (125 W, 360 nm) Hanovia lamp 76 w as placed in the 

cen tre  of the  vesse l. The reaction mixture w as stirred at room 

tem p era tu re  and the nitrogen evolution w as  monitored and was 

com plete  after 1 hr 45 min. The hexane  w as evaporated  under 

r e d u c e d  p r e s s u r e  to give trans 1 . 2 - d i c a r b o m e t h o x y - 1 - 

ace toxvm ethv lcvc lopropane  129 (0.43 g, 95 %) a s  a  colourless oil. 

(Found C, 57.46; H, 7.58 C13H20O 6 requires C, 57.35; H, 7.35%).

I.R D m ax  (CCI4) 2960,1744,1755, 1435, 1250,1035 c m '1.

1H n.m.r. (CDCI3) 8 4.91 & 4.09 (ABq , JAB 11.85 Hz, 2H, -CH20 -) ,  

3.71 (s, 3H, -OCH3), 3.66 (s, 3H, -OCH3), 2.54 (d, J 7 Hz, 1H, H- 

2), 1.95 (s, 3H, -OCOCH3), 1.29 (m, 5H, -CCH2C-, H-3), 0.85 (t, J  7 

Hz, 3H, -CH3).
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13C nm r (CDCI3) 8 170.71,170.46,169.65 (C-O), 63.10 (-CH20 - ) ,  

52 .5 4 , 52 .14  (-OCH3), 36.71 (-C-), 32.86, 30.05 (-CH-), 28.09,

21 .92  (-CH2-), 20.73, 13.45 (-CH3).

M .S  (m/z) 272 (M+ ), 213 (M+ - OCOCH3 , 7.0%), 199 (M+-

C H 2O C O C H 3, 8.4%), 198 (M+- CH3C 0 2CH3, 2.3%), 180 (198 - H20 ,  

12.4%), 139 (198 - C 0 2CH3, 10%), 155 (198 - (CH2)2CH3, 5.3%), 43 

(100%).

2. By th e rm a l  d e c o m p o s i t io n  in xv len e .

T he pyrazoline 128  (0.1 g, 0.55 mmol) in xylene 75 (15 ml) w as 

s tirred  under nitrogen for 12 hrs at 120 °C . Stirring w as  

continued at 160 °C for 3 hrs and xylene w as evaporated  under 

reduced  p ressure  to give an oily residue. This w as shown by 1H 

nmr and  TLC in EtOAc:light petroleum (1:1) to be a  mixture of the 

cyclopropane 12 9 and other com ponents . Distillation followed by 

prepara tive  TLC gave the des ired  cyclopropane 129 , Rf. 0.7 (45 

mg, 50%).

IR and  1H nmr spectra  a re  identical to those  of the photolysis 

product described above.
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D e a c e tv la t io n  of th e  a c e ta te  121 ■

1. Using NH^/MeOH :

trans -1 ,2 -D ic a rb o m e th o x y - l - a c e to x y m e th y lc y c lo p ro p a n e  1 2 1  

(0.2 g, 0.86 mmol) in methanol (25 ml) w as cooled in an ice/salt 

bath and  a  fairly rapid stream of dry amm onia (through soda  lime) 

w a s  p a s s e d  into the solution for 15 min. The reaction mixture 

w a s  left standing at 10 °C  for 40 hrs and the  solution w as 

concentra ted  to give an oily product. This was shown by TLC and 

1H nmr to be a  complex mixture containing traces of the starting 

material and other unidentified com ponents .

2. Using NaBH^MeOH :

To a  stirred solution of the acetoxy com pound 121 (80 mg, 0.35 

mmol) in methanol (20 ml) under nitrogen, w as added  a  solution 

of NaBH4 (15 mg, 0.39 mmol) 124 in methanol (10 ml). After 

stirring at 60 °C for 30 min., the reaction mixture w as allowed to 

cool and  the methanol w as evaporated  under reduced p ressure  at 

room tem pera ture . The residue w as  trea ted  with (1M) HCI and 

then  extracted with EtOAc (30 ml). The combined extracts were 

w a sh e d  with brine, dried over M g S 0 4 , filtered and the  filtrate 

w as  evapora ted  under reduced p ressu re  to give the  lactone 1 3 2  

(47.7 mg, 88%).

I-R D max (CCI4) 2960,1790,1742, 1440, 1035 c m '1.
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1H n.m.r. (CDCI3) 5 4.73 (dd, J  9.6 Hz, J 0.95 Hz, 1H, H-4p), 

4 .28 (ddd, J 9.6 Hz, J 0.9 Hz, J 0.3 Hz, 1H, H-4cc), 3.76 (s, 3H, - 

O C H 3 ), 2.57 (ddd, J  9.56 Hz, J  4.45 Hz, J  0.9 Hz, 1H, H-2), 2.05 

(dddd, J  9.56 Hz, J 4 .45 Hz, J  0.95 Hz, J  0.3 Hz, 1H, H-3p), 1 .3  3 

(dd, J 1 = J2 = 4.45 Hz, 1 H, H-3a).

13C nm r (CDCI3) 5 170.11,168.13 (C=0), 68.34 (-CH20-) ,  52.69

(-O C H 3), 30.34 (-C-), 26.99 (-CH-), 19.34 (-CH r ).

M .S (m/z) 156 (M+), 128 (M+- CO, 94.6%), 125 (M+- OCH3,

51.6%), 112 (M+- C 0 2, 15.3%), 97 (M+ - C 0 2CH3, 20.9%), 56 (128 - 

CH3OH, 100%).

M a s s  m e a s u r e m e n t :  Found M+ 156 .0432 , C7H 80 4  r e q u i r e s

15 6 .13 81 .

3. Using analar MqO/MeOH :

To a  stirred solution of the acetoxy compound 121 (120 mg, 0.5 

mmol) in methanol (15 ml) w as added analar MgO (150 mg, 3.7 

mmol). The reaction mixture w as stirred at room tem perature  for

24 hrs, MgO) w as filtered and  concen tra ted  to d ryness .  The

res idue  w as slurried in m ethanol, filtered and  the filtrate w as 

evapora ted  under reduced p ressure  to give an oily product. This 

w as  show n by TLC to be a  mixture of fats and severa l polar 

components.
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Similar results w ere  obtained when trans 1 ,2 - d ic a r b o m e th o x y -  

1 -ace toxym ethy l-3 -n ,p ropy lcyclopropane  129  w as used under the 

s a m e  conditions.

4. Using MqQ M erck  58661 /MeOH : 87« 88

To a  s tirred  so lu tion  of f r a n s - 1  , 2 - d i c a r b o m e t h o x y - 1  - 

a c e to x y m e th y lc y c lo p ro p a n e  121 (0.26 g, 1.1 mmol) in methanol 

(20 ml) w as added  MgO [Merck 5866] (0.5 g, 11 mmol). Stirring 

w a s  continued a t room tem perature for 48 hrs after which time 

TLC in EtOAc/light petro leum  (1 :1) ind ica ted  the  com p le te  

d isa p p ea ran c e  of the starting material. MgO was filtered and the 

filtrate w as evapo ra ted  under reduced p ressu re  to give a  sem i­

solid product (0.25 g) containing the alcohol 131 to g e th e r  with 

the  lactone 132 .

I.R D m ax  (CCI4) 3620 (free OH), 2960, 2930, 1792 (lactone

C = 0 ), 1740,1250,1040 c n r 1.

The alcohol 131:

1H n.m.r. (CCI4) 5 4.25 (br d, J  12 Hz, 1H, -CUOH-), 3.91 (s, 3H, 

-O C H 3), 3.89 (s, 3H, -OCHg), 3.75 (br d, J 12 Hz, 1H,:-CLLOH), 2 .98  

(dd, J 8.5 Hz, J 6 .7 Hz, 1H, H-2), 2.35 (m, 1H, -CH2O Ji) ,  1.70 

(ABX, JAB 4 .3 Hz, J AX8.57 Hz, Jbx6B 7H z , 2H, H-3).

13C n m r (CCI4) 5 172.51,170.16 (C=0), 59.83 (-CH20 -) ,  52.58, 

52.39 (-OCH3), 34.29 (-C-,singlet), 26.32 (-CH-), 19.12 (-CH2).
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M .S (m/z) 188 (M+,1.5%), 170 (M+- H20 ,  14.3%), 157 (M+-

CH2OH, 46%), 156 (M+- CH3OH, 10.2%), 129 (M+- C 0 2CH3, 71.3%), 

128 (156- CO, 100%), 111(170 - C 0 2CH3, 32.5%).

M a s s  m e a s u r e m e n t :  Found M+ 188 .0683 , C 8H 120 5  r e q u i r e s  

1 8 8 .1 8 0 3 .

The lactone 132 :

1H n.m.r. (CCI4) 5 4.85 (dd, J  9.5 Hz, 0.94 HZ, IH, H-4p), 4.38 

(ddd, J 9.6 Hz, J 0.9 Hz, J 0.3 Hz, 1H, H-4a), 3.83 (s, 3H, -OCH3), 

2 .65 (ddd, J  9.5 Hz, J 4.4 Hz,J 0.9 Hz, 1H, H-2), 2.05 (dddd, J

9.54 Hz, J 4.6 Hz, J 0.95 Hz, J 0.3 Hz, 1H, H-3p), 1.47 (dd, J 1 =

4.45 Hz, 1H, H-3a).

13C nm r (CCI4) 5 170.11,168.13 (C-O), 67.76 (-CH20-), 52.65 (- 

O C H 3), 30.29 (-C-, singlet), 27.12 (-CH-), 19.37 (-CH 2-).

M .S  (m/z) The peaks for 1 3 2  a re  included above and a re

identical to the previously obtained lactone.

M a s s  m e a s u r e m e n t :  Found M+ 15 6 .0410 , C7H 80 4 r e q u i r e s

1 5 6 .1 3 8 1 .
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P i i s o p r o p y l  m e s a c o n a t e  133 .

To a  mixture of m esaconic acid 1 16  (10 g, 0.08 mol) and p T S A  

(0.1 g) in toluene (35 ml), w as  added  dropwise while stirring a t 

room tem perature , isopropanol 122 (14 g, 0.23 mol). The reaction 

mixture w a s  refluxed for 48 hrs and  after cooling the solution 

w a s  w ash e d  with H20  (25 ml), then with aq ueou s  Na20 O 3 a n d  

finally with two (25 ml) portion of H20 .  The organic p h a se  (pH 

neutral) w as  dried over anhydrous M g S 0 4 , filtered and the filtrate 

w a s  evapo ra ted  under reduced p ressu re  to give the diisopropyl 

e s te r  133  (9.1 g, 55%) a s  a  colourless oil.

I-R V m ax (CCU) 2990> 172°. 165°- 126°. 1105. 1038 cm ' 1-

1H n.m.r. (CDCI3) 8 6.6 (q, J  1.6 Hz, 1H, -C=CH-), 5.03 (m, 2H, 

-OCH-), 2.2 (d, J  1.6 Hz, 3H, -C=CCJl3), 1.23 (d, J 6.25 Hz, 6H, - 

0 ( C H 3)2), 1.21 (d, J  6.25 Hz, 6H, -0(CH3)2).

13C n m r  (CDCI3) 8 166.53, 165.41 (C=0), 143.66 ( -£ = C H -) ,

1 2 6 .75  (-C=£.H-), 68.95, 67.94 (-CHO-), 21.68, 21.58 (-CH3 ),

14.08 (-CH3).

M S (m/z) 214 (M+), 155 (M+- OCH(CH3)2 , 0.2%), 127 (M+ -

C 0 2CH(CH3)2, 0.1%), 98 (100%).
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P i i s o p r o p v l  b r o m o m e s a c o n o t e  134 ,

Diisopropyl m e sa c o n a te  133 (4.3 g, 20 mmol) w as refluxed with 

N-bromosuccinimide (7 g, 4 mmol), DBP (0.1 g) 123 and CCI4 (35 

ml) for 46 hrs. The reaction mixture w as then  cooled, filtered, 

and  the filtrate w as evapora ted  under reduced p ressu re  to give a  

sem i-solid  residue. This w a s  trea ted  with light petroleum  (50 

ml) and  more succinim ide w as  ob ta ined  a s  white precip ita te . 

After filtration and  removal of solvent, the product w as  distilled 

b.p. 130 °C/0.08 mm to afford diisopropyl b rom o m esacon a te  1 3 4  

(5.85 g, 99%) a s  a  colourless oil.

I-R D max (CCI4) 3020, 2690, 2400, 1725 (br), 1650 cm -1.

1H n.m.r. (CDCI3) 90 MHz 5 6.75 (S, 1H, -C=CH-), 5.1 (m, 2H, 

-OCH-), 4.68 (s, 2H, -CH2B r ), 1.35 (d, J 8.5 Hz, 12H, -0(CH 3)2)

M .S (m/z) 294 & 292 (M+), 250 (292 - CH=CH2C H 3, 1.8%),

233  (292- O C H (C H 3)2 , 2.2%), 170 (M+- (CH3)2CHBr, 0.1%), 111 

(170 - OCH(CH3)2 , 12.2%), 83 (170 - C 0 2C H (C H 3)2 , 5.2%), 43 

(100%).
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A d d i t i o n  p i  d i a z o m e t h a n e  l p  d i i s o p r o p y l

b r o m o m e s a c o n a t e  134 .

A solution of d iazom ethane (10 eq) in dry ether (75 ml) w as added 

in sm all p o r t ion s  with o c c a s io n a l  shak ing , to d iisopropyl 

b ro m o m e sa c o n a te  2 2 9  (0.1 g, 0.34 mmol) in dry e ther (10 ml) at 

-70 °C . The reaction mixture w as  allowed to warm  to room 

tem p era tu re  and  w as  then  left stirring overnight. E x cess  of 

d iazo m e th an e  w as  rem oved with nitrogen and rem oval of the  

colourless solution by evaporation under reduced p ressu re  gave an 

oily product (0.1 g). After standing for a  short time a t room 

tem perature  the product w as shown by TLC and 1H n.m.r. to be a 

complex mixture. Extensive preparative TLC failed to se p a ra te  

the com ponents and the  reaction w as not investigated further.
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Diisopropyl acetoxvm ethvlm esaconate  135.

Diisopropyl b ro m o m e sa c o n a te  134  (5.9 g, 19 mmol) w as stirred 

under reflux with KOAc (2.3 g, 23 mmol) in abso lu te  ethanol (50 

ml) for a  period of 1 hr. The mixture w as then cooled and ethanol 

w as  evapora ted  under reduced p ressu re  to give a  brown residue. 

This w as  t re a te d  with EtOAc to give a  precipita te , which w as 

filtered off through a  short column of silica gel (HF254) and the 

filtrate w as  e v a p o ra te d  under redu ced  p re s su re  to give t h e  

ace tox v  derivative 135 (3.5 g, 68%) a s  a  colourless oil.

L B  ^  max (CHCI3) 3020, 2990, 1730 (br C=0), 1660, 1250, 

1100 cm ' 1

1H n.m.r. (CDCI3) 90 MHz 6 6.8 (S, 1H, -C=CH-), 5.2 (S, 2H, - 

O C H 2-), 5.00 (m, 2H, -OCH-), 2.05 (S 3H, -OCH3), 1.3 (d, J 7 Hz, 

12H, -C(CH3)2).

t r a n s - 3 . 4 - D i c a r  b o  i s o  p r o p o x y - 3 - a c e t o x y m e t h v  1-1- 

- p v r a z o l in e  136 ,

A solution of d iazom ethane  (10 eq) in e ther (70 ml) w as added 

with occasiona l shaking to diisopropyl a c e to x y m esac o n a te  1 3 5  

(1.22 g, 0.45 mmol) in dry ether at -70 °C. The reaction mixture 

w as  allowed to warm to room tem pera tu re  and  w as  then left 

stirring overnight. E xcess of d iazom ethane  w as rem oved with 

nitrogen and the  e ther  solution w as evapo ra ted  under reduced
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p re s su re  to give f r a n s -3 .4 -d ic a rb o is o p ro p o x v -3 -a c e to x v m e th v l-  

1-pvrazoline 136 (1.05 g, 74%) a s  a  colourless oil.

I.R. D m ax(C C I4) 3960, 3030, 2405, 1785, 1740, (br), 1680, 

1520, 1220, 1105 cm ' 1

1 H n.m.r. (CDCI3) 8 5.15 (sep, 1H, -OCH-), 4.95 (d, J 8.9 Hz, 

2H, H-5), 4.93 (septet, 1H, -OCH-), 4.71 & 4.66 (ABq , JAB 12.0 Hz, 

2H, -O CH 2-), 3.45 (t, J 8.92 Hz, 1H, H-5), 1.90 (s, 3H, -COCH3), 

1.24 (d, J 6 .28 Hz, 6H, - O C H f C H ^ ) ,  1.20 (d, J 6.26 Hz, 3H, - 

OCH(CHa )2), 1.19 (d, J 6.28 Hz, 3H, -OCHfCtda^).

13C n.m.r. (CDCI3) 8 169.60, 168.53, 166.44 (C=0), 98.01

(=C-), 80.63 (CH2), 70.89, 70.30 (CH), 62.21 (CH2), 42.2 (CH), 

21.63, 21.51, 21.41, 21.21, 20.37 (CH3).

M .S . (m/z) 314 (M+), 271 (M+ - CH(CH3)2, 0.9%), 227 199 (M+ -

N2 - OCOCH3 1.1%), 125 ( 184- OCHCH(CH3)2, 8 .6%), 43 ( 100%).
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Preparation of 1 .2 -d lc a r b o iso p r o p o x v -1 -a ce to x v m e th v l-  

-cvclopropane 138 .

trans  3 ,4 -D ic a rb o iso p ro p o x y -3 -a c e to x y m e th y l-1  -p y raz o l in e  

136  (1 g, 3.18 mmol) w as irradiated in n-hexane (100 ml) at 

room tem pera tu re  using a  cylindrical reaction vesse l consisting 

of concentrical pyrex tubes. The inner part contained the H20  

c o n d e n s e r ,  the ou ter  (250 ml s ize) con ta ined  the  reac tion  

mixture. A (125 W, 360 nm) Hanovia lamp w as p laced  in the 

cen tre  of the vessel. The reaction mixture w as stirred a t room 

tem p era tu re  and the nitrogen evolution w as monitored and  w as 

com plete  after 1 hr 30 min. The hexane  was evaporated  under 

r e d u c e d  p re s s u re  and  the  re s id u e  w a s  purified by flash  

c h ro m a to g ra p h y  eluting with light petro leum /EtO A c with the  

ratios 9:1, 8 :1, 7:1, 5:1, 3:1, 2:1 and  1:1. The fractions w ere  

a s s a y e d  by TLC using light petroleum /EtO A c (1:1) and  the  

ap p ro p ria te  fractions e lu ted  with the  so lvent ratios (3:1, 2:1) 

w ere  com bined and the solvents evapora ted  to give trans 1 .2 - 

D ica rb o iso p ro p o x y -1  -a c e to x v m e th y lc y c lo p ro p a n e  138 (0.84 g, 

93%) a s  a  colourless oil.

I.R U m a x  (CCI4) 2980, 2920, 1740, 1720, 1245, 1105 cm’1.

1H n.m.r. (CDCI3) 5 4.99 (septet, 2H, -OCH-), 4.85 & 4.12 (ABq , 

J AB 11.8 Hz, 2H, -OCH2-), 2.45 (m, 1H, H-2), 1.97 (s, 3H, -COCH3),

1.55 (ABX, J AB 4.51 Hz, J Ax 8.47 Hz, JBx 6.83 Hz, 2H, H-3), 1.25 

(d, J  6 .34  Hz, 3H, - O C H f C tL ^ ) ,  1.22 (d, J  6.23 Hz, 6H, - 

OCH(CUa )2), 1.20 (d, J 6 .3 9  Hz, 3H, - O C H ^ ^ ) .
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13C n.m.r. ( CDCI3) 8 170.42, 170.35, 169.39 (C -O ), 69.19,

68 .75  (-OCH-), 61.82 (-OCH2), 30.61, 26.35 (-CH-), 21.66, 21.51,

20.67 (CH3), 19.60 (CH2).

M.S (m/z) 286 (M+, 1.5%), 244 (M+- CH2=CHCH3, 5.2%), 199

(M+- C 0 2CH(CH3)2, 11.0%), 185 (244 - OCH(CH3)2, 57.2%), 184 (M+ 

- COCH3 - OCH(CH3)2, 17.8%), 157 (M+- 4 2 -C 0 2CH(CH3)2, 9.4%), 

142 (184 - CH2=CHCH3, 100%).

M a s s  m e a s u r e m e n t :  Found 286.1404, C14H 22 0 6  r e q u i r e s

2 8 6 .3 2 5 1 .

t r a n s - 3 . 4 - P i c a r b o i s o p r o p o x v - 3 - a c e t o x v - m e t h v l - 5 - n -  

- p r o p v l - 1- p v r a z o l in e  137 .

A solution of diazobutane (10 eq) in e ther (75 ml) w as added  with 

o ccasiona l shaking to diisopropyl a ce to x y m esaco n a te  1 3 6  (0.77 

g, 2 .83  mmol) in dry e ther (10 ml) at -70 °C . The reaction 

mixture was allowed to warm to room tem perature  and  w as then 

left stirring overnight. Excess of d iazobutane  w as rem oved with 

nitrogen and the e ther  solution w as evapora ted  under reduced  

p re s su re  to give f r a n s -3 .4 - d ic a rb o is o p r o p o x v -3 -a c e to x v m e th v l -  

5 -n .p ropv l-1 -D vrazo line  137 (0.8 g, 79%) a s  a colourless oil.

I.R. ^ max(c c U) 3060> 3040 > 3020> 2950> 1820> 1780 (br)> 

1720, 1500, 1420, 1260 cm ' 1

176



1H n.m.r. (CDCI3) 8 5.15 (septet, 1 H, -OCH-), 4.95 (m, 2 H, 

-OCH-, H-5), 4 .64 (s, 2H, -OCH2-), 3.05 (d, J  12.0. Hz, 1H, H-4),

1.92 (s, 3H, -COCHg), 1.6 (br m, 4H, -CH2-), 1.31 (d, J  6 .25 Hz, 3H, 

-O C H fC h y a ) ,  1.30 (d, J  6.24 Hz, 3H, -O C H fC tlak). 1.27 (d, J  6.26 

Hz, 3H, -OCH(CUa )2), 1.20 (d, J 6.24 Hz, 3H, -OCHtCU^Jg), 1.01 (t, 

J 7.2 Hz, 3H, -CH3).

13C n.m.r. ( CDCI3) 6 169.67, 168.72, 166.82 (C=0), 98.31 (-C-), 

93.01, 70.81, 69.43 (CH), 62.13 (CH2), 48.17 (CH), 35.21 (CH2), 

21.66, 21.58, 21.47, 20.46 (CH3), 19.67 (CH2), 13.97 (CH3).

M .S . (m/z) 356 (M+, 2.31%), 296 (M+ - (CH3)2OH, 41.2%), 254 (M+ 

- COCHg - OCH(CH3)2, 100%), 212 (254 - CH2=CHCH3 , 18.3%), 184 

(254-42 - N2 , 14.9%), 183 (254 - N2 - CH2C H 2C H 3 , 11.6%), 140 

(184 - CO 2, 43.3%).

M a ss  m e a s u r e m e n t :  Found 356.1955, r e q u i r e s

3 5 6 .4 1 9 2 .

Preparation of t r a n s ^  . 2 - D i c a r b o i s o p r o p o x v - 1 - a c e t o x v -  

-methvl-3-n-propylcvclopropane 139 .

tran s -3 ,4 - D ic a rb o iso p ro p o x y -3 -a c e to x y m e th y l-5 -n ,  p ro p y l-1 - 

pyrazoline  137 (0.7 g, 1.96 mmol) w as irradiated in n -hexane  

(100 ml) a t room tem perature  using a cylindrical reaction vesse l 

consisting of concentrical pyrex tubes. The inner part contained
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the  H20  condenser, the outer (250 ml size) contained the reaction 

mixture. A (125 W, 360 nm) Hanovia lam p w as  placed in the 

cen tre  of the vesse l. The reaction mixture w as  stirred a t  room 

tem p era tu re  and  the  nitrogen evolution w a s  monitored and  w as 

com plete  after 1 hr 35 min. The hexane  w a s  evapora ted  under 

r e d u c e d  p r e s s u r e  an d  the  re s id u e  w a s  purified by flash 

ch ro m a to g ra p h y  eluting with light pe tro leum /E tO A c with the  

ratios 9:1, 8:1, 7:1, 5:1, 3:1, 2:1 and  1:1. The fractions were 

a s s a y e d  by TLC using light petro leum /E tO A c (1:1) and  the  

appropria te  fractions with the ratios (9:1) w ere  combined and  the 

so lv en ts  e v ap o ra ted  to give trans 1 .2 - D ic a rb o - i s o p r o D o x v -1  - 

ace tQ xvm ethyl-3-n .propvlcvc lQ D ropane  1 3 9  ( 0.52 g, 80%) a s  a  

colourless oil.

I.R D max (CCI4) 3000, 2950, 1750, 1730, 1250, 1110 cm-1.

1H n.m.r. (CDCI3) 8 5.00 (m, 2H, -OCH-), 4 .94 & 3.78 (ABq , «/AB

I I . 8  Hz, 2H, -OCH2-), 2.48 (d, J 6.78 Hz, 1H, H-2), 1.92 (s, 3H, 

-C O C H g), 1.25 (br m, 5H, H-3, -(CH2)2-), 1.215 (d, J  6.42 Hz, 3H, 

-O C H (C H a)2). 1 -204 (d, J 6.13 Hz, 3H, -OCH(CHa )2), 1.202 (d, J  

6.33 Hz, 3H, -OCH(CHa )2), 1.18 (d, J 6.27 Hz, 3H, -O C H fC H ^ ) ,  0.9 

(t, J 7.0 Hz, 3H, -CH3).

13C n.m.r. ( CDCIg) 8 170.29, 169.87, 168.56 (C=0), 69.06, 68.37 

(-OCH), 63.03 (-OCH2), 36.77 (-C-); 32.33, 30.33 (-CH-), 29.36, 

22.02 (CH2), 21.89, 21 .68 , 21.60, 21.43, 20.64, 13.91 (CH3).

M.S (m/z) 328 (M+, 0.6%), 269 ( M+ - OCOCH3, 31.8%), 268 (M+- 

42-18, 29.6%), 241 (M+ - C 0 2C H (C H 3)2 , 17.4%), 227 (M+- 42-
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O C H (C H 3)2, 45.8%), 199 (M+- 42- C 0 2CH(CH3)2> 100%), 184 (M+ - 

59-43-43, 35.2%), 139 (226- C 0 2CH(CH3)2, 80.5%),

M ass  m easurem ent: Found 328.1904, C17H280 6 requires 328.4057.

T re a tm e n t  of th e  c y c lo p ro p a n e  138 w ith  MgQ/MeOH .

To a  s t i r re d  so lu tion  of t r a n s  1 ,2 -d ic a rb o is o p ro p o x y -1 -

ace to x y m e th y lcy c lo p ro p a n e  1 38  (0.2 g, 0.69 mmol) in methanol 

(20 ml) was added MgO [Merck 5866] (1 g, 25 mmol). Stirring w as

continued at room tem perature for 10 days, MgO was filtered and

the  filtrate w as  evapora ted  under red uced  p re s su re  to give a  

semi-solid product (0.22 g) containing a  mixture of the alcohol 

131 together with the  lactone 1 3 2 .  After standing in CDCI3 the 

product w as shown by 1H nmr to be  converted  quantitatively to 

th e  lactone 132 .

1H nmr, IR a s  described for previously obtained sam ple 132. 

T re a tm e n t  of 139 w ith  M aO /iPrO H  .

To a s t i r re d  so lu tion  of t r a n s  1 ,2 -d ic a rb o is o p ro p o x y -1 -

ace to x y m eth y l-3 -n ,p ro py lcyc lo p ropane  139  (0.2 g, 0.61 mmol) in 

isopropanol (20 ml) was added MgO [Merck 5866] (0.6 g, 15 mmol). 

Stirring was continued at room tem perature  for 10 days, MgO w as 

filtered and the filtrate w as evapo ra ted  under reduced p ressu re
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to give un reac ted  starting material. W hen the reaction mixture 

w a s  refluxed at 60 °C for a  period of 12 hrs, M go was filtered and 

evaporation  of the solvent gave  the  alcohol 141 (43 mg, 25%) a s  

an  oily product.

1H nmr, IR a s  described below.

Treatment of 139 with NaBHi /iPrOH. (The alcohol 1 4 1 ) .

To a  s t i r re d  so lu tion  of t r a n s  1 ,2 -d ic a rb o is o p ro p o x y -1 - 

a c e to x y m e th y l-3 -n ,p ro p y lc y c lo p ro p a n e  139  (80 mg, 0.24 mmol) 

in isopropanol (20 ml) under nitrogen, w as  added  a solution of 

N a B H 4 (14.5 mg, 0.38 mmol) 124 in isopropanol (10 ml). After 

stirring a t 60 °C for 10-15 min., the  reaction  mixture w as  

allowed to cool and the solvent w as evaporated  under reduced  

p re s s u re  a t room tem pera tu re . The res idue  w as trea ted  with 

sa tu ra te d  a q u eo u s  NaH2P 0 4 (pH neutral) and then extracted with 

EtOAc (3x20 ml. The combined extracts were w ashed  with brine, 

d r ie d  o v e r  a n h y d ro u s  M g S 0 4 , filtered and the filtrate w as 

evap o ra ted  under reduced p ressu re  at room tem pera ture  to afford 

the  alcohol 141 a s  a  colourless oil (69.5 mg, 99%).

I.R D m ax  (CCI4) 3630 (s, free OH), 3220 (br, bonded OH), 

2970, 1740, 1357 (sharp, OH bending), 1050 (C-O) cm*1.

1H n.m.r. (CCI4) 5 9.5 (m, 1H, -OH), 5.10 (m, 2H, -OCH-), 4.6

(br d, 1H, -OCH-), 3.85 (br d, 1H, -OCH-), 2.45 (br d, J 5.7 Hz,1H, 

H-2 ), 1 .7-1.35 (m, 5H, H-3, -(CH2)2-), 1.27-1.20 (br s, 12H, -
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OCH(CL!2 )2), 0.9 (br t, 3H. -CH3).

1H n.m.r. (CCI4 + D20 )  5 5.10 (septet, 2H, -OCH-), 4.3 & 3.65

( A B q, J a b  11 Hz’ 2H « -CfcLgOH-), 2.35 (d, J  5.2 Hz, 1H, H-2), 

1.35-1.7 (m, 5H, H-3, -(CH2)2-), 1.2-1.27 (br s, 12H, -OCH(CJJ^)2),

0.9 (br t, 3H, -CH3).

13C n.m.r. ( CCI4) 5 169.8 (C=0), 69.15 (-OCH-), 62.4 (-OCH2), 

41.5 (-C-); 34.02, 30.24 (-CH-), 29.92, 22.69 (CH2), 22.42, 22.34, 

14.25 (CH3).

A t te m p te d  h a lo a e n a t io n  of 141 w i t h ;

1. S O C L /p v r id in e  .

To a  stirred solution of the  alcohol 141 (69.5 mg, 0.24 mmol) in 

pyridine (30 ml) at room tem pera ture  was added  thionyl chloride 

(42.8 mg, 0.36 mmol). 90* 91 After stirring 15 min. at the sam e  

tem p era tu re ,  the  reaction mixture w as  t rea ted  with sa tu ra ted  

a q u e o u s  NaH2P 0 4 and extracted  with EtOAc (100 ml). The 

co m b in ed  ex trac ts  w ere  dried over M g S 0 4 , filtered and the 

filtrate evaporated  under reduced  p ressu re  to give th e  lactone 

142  (54.8 mg, 99%) a s  a  white oil.

I.R \ ) max (CCI4) 2980, 2960, 2860, 1780 (C=0), 1720 (C=0), 

1030 (C-O) c m 1.

1H n.m.r. (CCI4) 8 5.10 (septet, 2H, -OCH-), 4.46 & 4.16 (ABq, 

J AB 9.4 Hz, 2H, -CtL^O-), 2.26 (d, J 4.3 Hz, 1H, H-2), 1.3-1 .8 (m, 

5H, H-3, -(CH2)2-), 1.1-1.28 (br d, 12H, -O C H (C aa )2), 0.9 (br t,

3H, -CH3).
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13C n.m.r. ( CCI4) 5 170.65, 166.81 (C-O), 68.65 (-OCH2-),

68 .4  (-OCH-), 34 .10  (-C-); 33 .29 , 30.64 (-CH-), 27 .89, 22 .14  

(CH2), 21.84, 13.57 (CH3).

M.S (m/z) 226 (M+, 7.9%), 184 ( M + - CH2=CHCH3, 7.5%), 188

(M + - C 0 2 , 2.8%), 167 (M+- OCH (CH3)2 , 10.80%), 139 (M+ - 

C 0 2CH(CH3)2, 13.0%), 123 (M+- C 0 2- OCH(CH3)2, 8.40%), 111 (M+- 

CO - 87, 45.7%), 95 (M+- C 0 2-87, 38.80%), 43 (100%).

M a ss  m e a s u re m e n t:  Found M+ 226.1202, C 12H 180 4  r e q u i r e s

2 2 6 .2 725 .

2 . C B r1/ P P h 3 .

To a  stirred solution of the cyclopropyl alcohol 141 (80 mg, 0.28 

mmol) in anhydrous CH2CI2 (15 ml) at -20 °C, w ere added  carbon 

tetrabrom ide (115 mg, 0.34 mmol) and triphenyl phosphine (107 

mg, 0.41 mmol). 92-96 After stirring 10 min. at the  sa m e  

tem perature , the reaction mixture w as allowed to warm to room 

tem pera tu re  and  concen tra ted  under redu ced  p re s su re .  The 

residue w as trea ted  with dry e the r  to give a  precipitate, which 

w as filtered and  the filtrate w as evaporated  to give the  lactone 

142 (62.6 mg, 99%) a s  a  white oil.

1 13
H, C nmr and  IR sp e c tra  a re  identical to th o se  of the  

previously obtained compound 142.
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D iisop rop y l  p-toluenesulfonylme&aeonate 145.

To a  stirred solution of diisopropyl b rom om esacona te  134  (0.22 

g, 0.75 mmol) in acetonitrile (15 ml) w as added  dropwise under 

n itrogen , silver p - to lu e n e s u lp h o n a te  (0.6 g, 2 .15  mmol) in 

acetonitrile  (10 ml) at 0 °C (protected from light). 125> 126 The 

reaction mixture w as allowed to warm to room tem pera tu re  and  

stirring w as  continued under reflux a t 50 °C for 12 hrs. The 

so lvent w as evapora ted  to give a  semi-solid product. This w as 

ex trac ted  with CHCI3 and the extract w as  filtered and  evaporated 

u n der  redu ced  p re s su re  to give an  oil. P repara tive  TLC in 

EtOAc/light pe tro leum  (1:5) g a v e  the  tosylate  derivative 1 4 5  

(0.15 g, 52%) a s  a  colourless oil.

1H n.m.r. (CDCI3) 6 7.7 (m, 2H, aromatic H), 7.25 (m, 2H, aromatic 

H), 6.78 (s, 1H, vinyl H), 5.15 (s, 2H, -OCH2-), 5.00 (m, 2H, -OCH-), 

2.38 (s, 3H, aromatic -CH3), 1.25 (br s, 6H, -O C h K C H ^ ),  1.18 (br 

s, 6H, -OCH(CJJ2)2).

M.S (m/z) 384 (M+, 0.3%), 229 (M+- S 0 2C6H4CH3, 54.8%), 170

(M +- 59 - S 0 2C H C 6H4C H 3, 2.6%), 155 (170 - CH3 , 78.9%), 91 

(C7H7, 100%).

M ass  m e a su re m e n t:  Found M+ 384.1249, C 18H 240 7S r e q u i r e s  

3 8 4 .4 5 0 4 .
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3 .4 -D ic a r b o  i s o p r o o o x  v - 3 -p - t o lu e n e s u  If o n o x v m e th y  1-5- 

n -p ro p v  1-1-p y r a z o l in e  146 .

A solution of b u ta n e  (8 eq) in dry e the r  (50 ml) w as  added  

with o c c a s io n a l  shak ing  to d iisopropyl p - t o l u e n e s u l f o n y l -  

-m e s a c o n a te  145 (0.12 g, 0.31 mmol) jn dry ether at -70 °C .

The reaction mixture w as allowed to warm to room tem pera tu re  

and  w as then left stirring overnight. E xcess  of jdiazobu tane  w as 

rem oved  with a  stream  of nitrogen and  the e ther solution w as 

evapo ra ted  under reduced pressure  to give the trans p v ra z o l in e  

146 (100 mg, 68%) a s  a  colourless oil. This compound w as used 

in th e  following reac tion  w ithout fu r th e r  purifica tion  or 

characterisa tion .

1H n.m.r. (CDCI3) 5 7.62 (m, 2H, arom atic H), 7.25 (m, 2H, 

aromatic H), 4.9 (m, 3H, -OCH-, H-5), 4.5 (ABqi J ^ ‘1.0 Hz, 2H, - 

O C H 2-), 2.95 (d, J 9.0 Hz, 1H, -COCH-), 2.34 (S, 3H, aromatic

C H 3), 1.8 (m, 2H, -CH2-), 1.18 (d, J 6.3 Hz, 6H, -OCH(CHa )2), 1.1 

(d, J  6.3 Hz, 6H, -OCH(CH^)2), 0.9 (m, 3H, -CH3).

Pyrolysis of the pyrazoline 146 .

The pyraz°line 146 (100 mg, 0.21 mmol) in xylene (10 ml) w as 

stirred under an a tm osphere  of nitrogen at 120 °C for a  period of 

12 hrs. Stirring w as continued for an additional 2 hrs at 160 °C 

and the solvent w as evaporated under reduced pressure  to give an 

oily re s id u e  (100 mg). This w a s  show n by TLC^ in light 

petroleum/EtOAc (3:1) to be a  mixture of several components.
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Extensive preparative TLC in the sa m e  solvent sy s tem  failed to 

s e p a ra te  them and the  reaction w as not investigated further.

2-Bromo-2-(bromomethvl)succinlc anhydride 151 . 127

To a  solution of itaconic anhydride (5 g, 45 mmol) in CCI4 (20 ml), 

w as  added  dropwise while stirring, bromine (7.14 g, 45 mmol) in 

C C I 4 (15 ml). The reac tion  mixture w a s  s tirred  a t  room 

tem perature  for a  period of 12 hrs and then at 60 °C for 1 hr. The 

C C I4 w as evaporated  under reduced p ressu re  to give a  reddish- 

sem i solid, which w as recrystallised from hexane-chloroform  and 

2 -B rom o-2-(b rom om ethyl)succin ic  anh yd ride  151 (11.8 g, 97%) 

w as obtained as  white need les  m.p. 56-58° (lit.127 m.p. 58-60°)

I.R \ ) m ax (CCI4) 3680, 3010, 2400, 1870, 1800, 1220 , 1200, 

790 c m '1.

1H n.m.r. (CDCI3) 5 4.2 & 3.8 (ABq, J AB 11.5 Hz, 2H, -CH2Br), 

3.9 & 3.4 (ABq , J AB 15.8 Hz, 2H, -COCH2-).

B ro m o c i t r a c o n ic  a n h y d r id e  149 . 127» 128

A solution of dry Et3N (1.72 g, 17 mmol) in dry e ther (10 ml) was 

ad d ed  dropwise over a  period of 45 min. to a  stirred solution of 

2 -B ro m o -2 -(b ro m o m e th y l)s u c c in ic  a n h y d r id e  151  (4 g, 14.7 

mmol) in e th e r  (25 ml) a t  room tem p era tu re .  Stirring w as 

continued for an additional 1.5 hr and the resulting black mixture
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w as filtered to remove Et3N.HBr. Evaporation of the e ther under 

reduced  p re s su re  gave  a  brown oil, which on distillation yielded 

b rom o citracon ic  an h y d rid e  1 4 9  (2.5 g, 89%) a s  a  pure oil b.p. 

110-112 °C /0.8 mm (lit. 127 b.p. 116-117 °C /1.2 mm).

JLEL U m a x  (C C U) 1755 (anhydride C=0 ), 1642 (C=C) cm*1.

1H n.m.r. (CDCI3) 5 6.9 (t, J  1.5 Hz, 1H, vinyl H), 4.23 (d, J  1 .5 

Hz, 2H, -CH2Br).

T re a tm e n t  of 149 w ith  :

1. KO Ac/EtO H .

Brom ocitraconic  anhy d ride  1 4 9  (2.1 g, 10.9 mmol) w as stirred 

under reflux with fused KOAc (1.3 g, 13 mmol) in absolute  ethanol 

(30 ml) for a  period of 1 hr. The mixture w as then cooled and

ethanol w as evaporated  under reduced p ressu re  to give a  brown

residue. This w as trea ted  with EtOAc to give a  precipitate, which

w as  filtered off through a  short column of silica gel (HF254) and

the  ethyl a c e ta te  w as distilled off under reduced  p ressu re . The 

resulting oil w as  show n by TLC and 1H nmr to be a  complex 

m ixture of se v e ra l  c o m p o n e n ts  and  their s e p a ra t io n  using 

preparative TLC was unsuccessful.

2 . A gQ T s/C H gC N . (Preparation of p - to lu e n e s u l f o n y lc i t r a c o n ic  

anhydride 1 5 3 ).

To a  stirred solution of bromocitraconic anhydride 1 4 9  (0.3 g, 

1.57 mmol) in acetonitrile (20 ml) w as added  dropwise, silver p - 

to luenesuifonate  55 (0.6 g, 2.15 mmol) in acetonitrile (10 ml) at
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0-5 °C  (p ro tec ted  from light). 125 T he reaction mixture w as 

allowed to warm to room tem perature  and  stirring w as continued 

under reflux a t 80 °C  for 12 hrs. The solvent w as evaporated  to 

give a  semi-solid product. This w as extracted with CHCI3 (30 ml) 

and  the  ex trac t  w as  filtered and  e v a p o ra te d  under redu ced

p re s su re  to give p - to lu e n e s u lfo n v lc i t r a c o n ic  a n h y d r id e  1 5 3

(0.25 g, 57%) a s  a  colourless oil.

1H n.m.r. (CDCI3) 6 7 .65 (m, 2H, arom atic  H), 7.25 (m, 2H, 

arom atic  H), 6.8 (t, J  3 Hz, 1H, vinyl H), 4.8 (d, J 3 Hz, 2H, - 

O C H 2-), 2.31 (s, 3H, aromatic -CH3).

A dd it ion  of d i a z o b u ta n e  to  153 .

A solution ofd iazobutane  (8 eq) in dry e the r  (50 ml) w as added  

with o c c a s io n a l  sh ak in g  to p - t o l u e n e s u l f o n y l c i t r a c o n i c  

anh ydride  1 5 3  (0.2 g, 0.71 mmol) in dry e ther at -70 °C . The 

reaction mixture w as allowed to warm to room tem perature  and 

w a s  then  left stirring overnight. E x ce ss  of d iazobu tane  w as 

rem oved with a  s tream  of nitrogen and the  e ther  solution w as 

evapora ted  under reduced p ressu re  to give an oily product (0.25 

g). This w as initially shown by 1H nmr to be  the corresponding 

pyrazoline 1 5 5  but after standing the 1H spectrum  of the  sam e  

sam p le  indicated decom position. Sim ultaneously, TLC in ether- 

hexane  (1:4) show ed the product to be a  complex mixture.
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Attempted epimerisation of the cyclopropane 139 using  

LDA .

To diisopropylamine (0.136 ml, 0.98 mmol) in dry THF (5 ml) a t 

.7 8  °C under an a tm osphere  of nitrogen, w as added n-butyllithium 

(0.09 ml, 1.1 mmol). The tem perature w as kept at -78 °C and the 

acetoxy  cyclopropane 139 (80 mg, 0.24 mmol) in THF (10 ml) w as 

slowly added  with stirring. When the addition w as complete, the 

resulting mixture w as stirred for an additional 30 min. and w as 

then  added  dropwise at -15 °C to a stirring solution of aq u eo u s  

N a H 2P 0 4 . This w as extracted with EtOAc (60 ml), dried over 

anhydrous M gS04, filtered and the  filtrate w as  evapora ted  under 

reduced  p ressure  to give unchanged starting material 139.
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T re a tm e n t  of th e  la c to n e  142 w jth  B B r^  .

The lactone 1 4 2  (200 mg, 1.28 mmol) in CH2CI2 (10 ml) w as 

added  under nitrogen to a  stirring solution of BBr3 (1.30 mmol) in 

C H 2CI2 (15 ml). 96 Stirring w as continued a t  room tem pera tu re  

for 16 hrs and  the reaction mixture w a s  then  q u e n c h e d  with 

isopropanol (15 ml) and CH2CI2 (25 ml) w as added. The reaction 

mixture w as w ashed  with aq u eo u s  solutions of N aH C 03 (30 ml), 

sodium thiosulphate (30 ml) and water (30 ml). The organic p h ase  

w as  dried over anhydrous M g S 04 and the  w as rem oved under 

reduced  p ressu re  to give an oily residue (210 mg). This w as 

shown by TLC in EtOAc/light petroleum (1 :1) to be a  mixture of at 

leas t  th ree  com ponents . Preparative TLC in the sa m e  solvent 

system  gave mainly unreacted  starting material Rf. 0.6 (86 mg), 

con tam inated  with traces  of ano ther  product thought to be  the 

vinyl bromo compound 157 a s  concluded from the 1H spectrum .

1H n.m.r. (CCI4) 90 MHz 5 7.8 (s, 1H, vinyl H), 5.0 (m, 1H, -OCH-), 

3 .68 (S, 3H, -OCH3), 2.3 (m, 4H, -CH2-), 1.35 (d, J 8.0 Hz, 6H, - 

CHfCtlgfe).

trans  1 - B r o m o  m e t  h v l - 1  - c a r  b o - i s o p r o p o x v - 2 - c a r b o x v - 3 -  

n .p r o p y lc y c lo p r o p a n e  158 .

The y-lactone 142 (100 mg, 15 mmol) w as  placed under nitrogen 

and treated with (4 g) of a  32 % solution of HBr in acetic acid. 61 

The mixture w as stirred for 40 hrs at 45 °C . The hydrogen
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The mixture w as  stirred for 40 hrs a t  45  °C . The hydrogen 

bromide -acetic acid w as evaporated and  the  residue w as flushed 

by the  addition and evaporation of b e n z e n e  (15 ml) to give a 

colourless oil (89.5 mg, 76%). This contained the  mono isopropyl 

e s t e r  158 and  the  diacid 1 5 9  with the  ratio 2:1 respectively a s  

deduced  from 1H nmr.

M ono  i s o p r o p y l  158.

1H n.m.r. (CCI4) 8 11.95 (-C 02H), 5.10 (septet, 1H, -OCH-), 4.25 

& 3.66 (ABq , JAB 10.61 Hz, 2H, -CH^Br-), 2.61 (d, J 7.03 Hz, 1H, 

H-2), 1.9 (m, 1H, H-3), 1.5 (m, 4H, -CH2), 1.32 (d, J 6.2 Hz, 3H, - 

OCH(ChL^)2)> 1-30 (d, J 6.18 Hz, 3H, -OCH(CHa )2), 0.94 (br t, 3H, - 

CHg).

13C n.m.r. ( CCI4) 8 174.7 (acid C=0), 172.95 (ester C=0), 68.83 

(-OCH-), 40 .32  (-C-), 38.37, 32.38 (-CH-), 30 .84  (-CH2Br), 28.44, 

22 .07  (-CH2), 21.81, 21.77, 13.46 (-CH3).

P ia c id  159 .

1H n.m.r. (CCI4) 5 11.95 (-C 02H), 4.19 & 3.65 (ABq , J AB 10.45 

Hz, 2H, -CLL^Br), 2.56 (d, J 7.03 Hz, 1H, H-2), 1.8 (m, 1H, H-3), 1.5 

(m, 4H, -CH2), 0.94 (br t, 3H, -CH3).

13C n.m.r. ( CCI4) 5 177.24 (acid C=0), 40.81 (-C-), 37.58, 31.45 

(-CH-), 30.13 (-CH2Br), 29.83, 24.51 (-CH2), 13.46 (-CH3).
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A c id s  158 a n d  159 :

l-R U m a x  (CCI4) 3010-2850 (broad), 1740, 1680, 1425, 1300, 

1040, 940 cm -1.

M S (m/z) 308 (M ^ ) ,  266 (M2+), 185 (M2+ - Br, 32.8%), 184 (M1 + 

- HBr-CH2= C H C H 3, 3.5%), 167 (M1 + - HBr - OCH(CH3)2, 62.9%), 

139 ( M /  - HBr - C 0 2CH(CH3)2, 41.7%), 129 (C5H50 4, 100%).

Exact m ass  for 158 :

1. calculated for C9H1281Br03  2 4 8 .9 930  Found 249.19248.

2 . calculated for C9H1279B r0 3 246 .9 943  Found 247.19248.
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