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ABSTRACT 

Prelog-Djerassi lactone is a key degradation 

product of a number of macrolide antibiotics like 

Methymycin, Narbomycin, Erythromycin etc. The synthesis 

of this ten carbon molecule with four asymmetric centres 

has helped synthetic chemists to achieve the stereo-

selective synthesis of many macrolide antibiotics. Though 

it was isolated in 1956, its first stereoselective synthe-

sis was achieved only in 1975. Thereafter a number of 

syntheses of the Prelog-Djerassi lactone in the recemic 

as well as in the optically active forms have been 

achieved. In the present work two new approaches have 

been developed for the synthesis of recemic Prelog-

Djerassi-lactone. 

In the first approach ~- dicyclopentadiene was 

converted to exo- dicyclopenta<::Iienol by selenium dioxide 

oxidation and was then oxidised to exo-dicyclopentadienone. 

A stereoselective conjugate addition of methyl group was 

carried out on exo - dicyclopentadienone using dimethyl 

copper lithium to obtain fl-3-methyl tricyclo[5.2.1.0 2 ,6]­

dec-8-en-5-one. This ketone was converted to J -2-methyl-

4-ethylene dioxy bicyclo [3.3.01 ,5 ]octan-6,8 -dicarboxaldehyde 



by ketalization of carbonyl group followed by oxidative 

cleavage of the double bond and the aldehyde groups present 

in the resulting compound were converted to methyl groups. 

Subsequent deketalization 

ft -4-methyl c(-6, 8-dimethyl 

resulted in the formation of 

bicyclo[3.3.01 ,5]octan-2-one. 

The resulting bicyclic ketone was subjected to Baeyer­

Villiger oxidation to afford a pair of lactones which 

were separated and treated with methyl lithium to get 

2- (I-hydroxy 0(-3, 5-dimethyl) cyclopentyl-2-oxo j3 -4-

2-{1-acetyl -3,5-dimethyl) methyl-4-butane and 

pentyl-2- ( j-2-methyl) ethanol. These two methyl 

cyclo­

ketones 

were independently subjected to Baeyer-Villiger oxidation 

and subsequent saponification followed by oxidation lead 

to a single product, namely 2-{1-oxo OC-3,5-dimethyl) 

cyclopentyl- j -2-methyl-2-acet ic acid. This keto acid 

on Baeyer-Villiger oxidation gave a mixture of products 

from which the Prelog-Djerassi lactone was isolated. 

In the second method, dehydronorcamphor was 

alkylated using OC-chlro methyl propanoate to get methyl-

3- (2-oxo bicyclo [2.2.1] hept-5-en) 2-propanoate. Protect ion 

of the carbonyl group of the alkylation product as ethylene 

ketal and subsequent oxidative cleavage of the double 

bond lead to a methyl ester with two aldehyde groups. 



The aldehyde groups were converted to methyl groups and 

subsequent deketaliaation followed by esterification 

afforded methyl 2-(l-oxo-~-3,5-dimethyl)cyclopentyl-2-

propanoate. Baeyer-Villiger oxidation of this keto ester 

gave two lactones from which methyl ester of Prelog­

Djerassi lactone was isolated. 
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INTRODUCTION 
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1.1 INTRODUCTION 

Prelog-Djerassi lactone (1) occupies a prominent 

position in the Chemistry of macrolide antibiotics having 

served a key role both in their structure elucidation and 

synthesis. It was isolated independently by v.prelog l and 

. .2 
C.D]eraSSl in 1956 as the degradation product of 

macrolide antibiotic Narbomycin and Methymycin respect-

ively. This lactone is also an important intermediate for 

the synthesis of macrolide antibiotics by the application 

of new methods that allow the stereoselective elaboration 

of cyclic and acyclic carbon ske1eta bearing a number of 

contiguous and/or alternating stereocentres. 

eOOH 

,. 

1 

1.2 MACROLIDE ANTIBIOTICS 

Antibiotics are chemical substances derived from 

microorganisms which have the capacity of inhibiting 

growth, and even destroying other microorganisms in dilute 

solution. Antibiotics have found extensive application in 

the treatment of infectious diseases of man, animals and 

to a smaller extent plants. 
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The term macrolide was originally applied to a 

group of basic antibiotics with a macrocyclic lactone ring 

in thei r chemi cal st ruct ure. Macrolides can be defined 

and distinguished from other groups of antibiotics by the 

unique feature of their chemical structure. They are 

poly-functional macrocyclic lactones and the majority of 

them contain at least one amino sugar moiety which is the 

cause of basici ty of the molecule. Neutral macrolides 

containing only neutral sugar moiety are also known. 

The chemistry of macrolide antibiotics originated 

with the isolation of Pikromycin by Brockmann and Henkel 

in 1950. 3 Soon afterwards streptomyces organisms yielded 

several other antibiotics which appeared to be chemically 

and antimicrobially related to Pikromycin. By the end of 

1957 the elegent execution of classical chemical degrada-

tion of these antibiotics had led to the disclosure of the 

f h .2 h .4 d 5 d gross structure 0 Met ymycln, Eryt romycln A an B an 

6-9 Carbomycin A - demonstrating that each of them contains 

a lactone incorporated in a medium or large ring system. 

As the number of lactonic natural products has increased 

to well over one hundred, the word "macrolide" originally6 

restricted to the above antibiotics has gradually been 

used in a broader sense and in some cases overextended to 

1 · 1 f 1 . . 10,11 cover even a macrocyc lC actam 0 pant orlgln. 
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In the field of antibiotics the total synthesis 

of penicillins, cephalosporins and tetracyclins had already 

been completed by the end of the sixt ies. 

macrolides were the only remaining major 

Thus the 

family of 

antibiotics which presented an academic challenge to 

synthetic chemists. The macrolide ant ibiot ics have also 

received due attention from the view points of both their 

biosynthesis and mode of antimicrobial activity. 

1.2.1 Classifi~ation 

Because of the vast number of lactonic natural 

products commonly referred to as macrolides, a classifica­

tion of these compounds into subgroups would now appear to 

be in order. 

1.2.1.1 Polyoxomacrolides 

These are 12, 14 or 16 membered lactones. Other 

features are (1) an array of substituents uniquely and 

systematically attached to the ring system and (2) the 

1 inkage of one or more sugars, very often one of them 

being nitrogen containing, eg., Methymyc i n (12 membered) 

Narbomycin and Erythromycin (14 membered) and Tylosin1
2 

(16 membered) • 
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o 
o 

" V 
", 

" 
.. H~CH3 

. 
"OR r R 

Methymycin Narbomycin 

1 2 1 2 1 l "d 13 • •• Po yene macro I es 

In this class the lactone ring carries few alkyl 

sUbstituents and accommodates a conjugated polyene 

containing upto as many as seven E double bonds. The size 

of the lactone enlarges to 38 members in some compounds. 

Most of them are antifungal and not antibacterial agents. 

ego Amphotericin B. 

1.2.1.3 Ionophoric macrolides 

Macrolides of this group contains two or more 

lactone groups in a very large ring system. An antibiotic 

of this group has a hydrophilic hole capable of binding an 

alkali metal cation and thus of transporting ions in 

" " " 14,15 bIologIcal system. ego Nonactlon. 

1.2.1.4 " 16,17 AnsamycIn 

More than 10 antibiotics possess a unique 

structure in which two nonadjacent positions of an 
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aromatic nucleus are connected by a long aliphatic bridge 

through an amide. Therefore this group does not belong to 

the macrolide in the correct sense but is included herein 

because of the close similarity of the aliphatic chain in 

structure and stereochemistry to that of the polyoxo-

macrolides. Most of the Ansamycins are noted for their 

broad spectra of antibacterial activity and are also 

interesting as potential antitumor agents. ego Rifamycin, 

Streptovaricin, Magtensin etc. 

1.2.1.5 Other macrolides 

Under this heading are listed several lactonic 

compounds of medium ring size which have not thus far 

grown into large families. 

either mold or bacterial 

biological activities. ego 

h . 20 t Pyrenop orln e c. 

1.2.2 Biosynthesis 

Many 
21,22 

reports 

Most of these lactones are of 

origin and exhibit varying 

1 18 l' 19 Zeara enone, Curvu arln, 

on the biosynthesis of 

macrolide antibiotics have appeared concomi tant with the 

progress in analytical methods using labelled compounds 

blocked mutants, and inhibitory 

agents. Recently molecular microbiology has been applied 

.. 
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to the e 1 ucida t ion of macrolide pathways. The pol yoxo-

macrolide antibiotics, polyenes and the bridge system of 

Ansamycins are formed from simple metabolic intermediates 

like acetate, propionate, malonate, 2-methyl malonate, 

butyrate etc., much in the same manner as saturated long 

chain fatty acids are biosynthesised. Monomers with 

activated carboxyl group -(Thiol esters of Co-enzyme A or 

a Poly enzyme synthase) condense in rapid stepwise fashion 

with their carboxylated derivatives (malonate, 2-methyl 

malonate etc.) to yield a long chain polyoxo fatty acid 

which after a minimum of one biological reduction can form 

a lactone. 

Grisebach in 1978 23 classified the biogenetic 

origin of macrolides into three groups: 

1. Macrolides biosynthesised from propionate units 

2. Macrolides derived from acetate and propionate units 

3. Macrolides containing in addition to acetate and 

propionate 

equivalent. 

units, butyrate or its biological 

I sot ope labelled studies on growi ng cuI t ure of 

streptomyces Venezuleae using a mixture of 

methionine, 1 l4C d 2 l4C .. - an _. -proplonlc acid, 2 l4C . - -pyruvlc 
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acid, 1_14c formic acid, 1_14c acetic acid and diethyl 

14 2- C-malonate showed that 1 14c " - -propIonIc acid and 

2 
14 ., 

- C-proplonlc acid were incorporated exclusively in the 

aglycone of 12-membered macrolides. Most of 

methionine was incorporated into the molecule of 

desosamine. Thus five propionic acid and one acetic acid 

units are 

(12-membered 

24 pathway. 

used for 

macrolide 

the biosynthesis of methymycin 

antibiotic) by the polyketide 

Degradation studies on the labelled macrolides 

showed that the lactone ring of erythromycin-A 

(14-membered macrolide antibiotic) is deri ved from seven 

propionate units. Friedmann et al. in 196425 proved that 

only one propionate unit was incorporated directly into 

the ring and other six propionate units were incorporated 

via methyl malonate. 

According to S . . d S" 26 rInIvasan an rInIvasan the 

aglycone carbons of magnamycin-B (16 membered macrolide 

antibiotic) are derived from nine acetate, one propionate 

and one methionine units. spectra suggested 

that Leucomycin-A3 is derived from five acetate, one 

propionate, one buty,rate, one methionine and two unknown 
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carbon units. 13 C NMR spectra of Tylosin obtained from 

the culture showed that the aglycone of Tylosin was 

derived from two acetate, five propionate and one butyrate 

units. 

The Lankacidin 27 group comprises 17-membered 

macrolide antibiotic. By the 14c-labelled studies it was 

confirmed that the formation of a linear polyketide chain 

was initiated by glycine and was followed by the incor-

poration of eight acetic acid units with methionine 

responsible for the four branching methyl groups. 

1.2.3 Antimicrobial Activity 

Macrol ide ant ibiot ics are highly act i ve aga inst 

gram positive bacteria and mycoplasmas and hence are 

effective when administered orally against infectious 

d · d b h' . 28 1seases cause y t ese m1croorgan1sms. Among numerous 

macrolide antibiotics discovered during the past 35 years 

erythromycin, oleandomycin, leucomycin, spiramycin, 

josamycin, midecamycin and tylomycin are therapeutically 

and economically important drugs and hence have been 

d d · d . 11 29 pro uce 1n ustr1a y. 
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The mode of action of the macrolides was 

initially studied with erythromycin-A and a comparison 

has been made with a limited number of other macro-

I 'd 30,31,32 
1. es. There appears to be general agreement that 

all macrolide antibiotics affect protein synthesis in 

suceptible bacteria, mostly the gram-positive group. 

However, cellfree studies have shown that erythromycin 

inhibits protein synthesis in system from gram-negative 

bacteria. When the intra-cellular concentration of the 

antibiotic is high enough, intact cells of both groups are 

inhibited. The difference seems to be in their ability to 

accumulate the drug and there even seems to be some 

barrier to this process is highly sensitive gram-positive 

cells.
33 

Erythromycin-A inhibits the growth of bacteria 

and the mechanism of action involves a stoichiometric 

binding of high affinity of one molecule of the 

Erythromycin to a highly specific "site" on the 50s 

ribosomal submi t. It appears that this occurs only at 

best, when the 50s unit is in the free state and that the 

Erythromycin/50s ribosomal adduct is able to form 

ribosomal assemblies (70s polysomes) which may function in 
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the synthesis of bacterial protein. On the average, 

however, these assemblies do not behave normally and 

11 11 1 . th" d·' b d 31,33 overa ce u ar prote1n syn eS1S 1S 1stur e • 

There 1S some controversy as to which part of the 

ribosome cycle is the primary target of the disturbance. 

Some macrolides appear to inhibit the action of Pepti dyl 

synthetase, an enzyme activity which promotes the 

formation of a new amino acyl bond in the growing 

polypeptide chain. The study of Erythromycin action used 

radio active ant ibiot i cs of high speci f ic act i v i t Y and 

most comparison wi th other macrolides have depended on 

their ability to displace this Erythromycin from its 

b · d' . th 50 . b 1 . 31,32 1n 1ng slte on e s r1 osoma un1t. 

In principle the macrolide antibiotics should be 

capable of inhibiting mammalian mitochondrial protein 

synthesis on this process is very similar to that in 

bacteria. Apparently Erythromycin (and presumably other 

useful macrolides) is unable to penetrate the mito-

chondrial membrane and for this reason it is not a 

cytotoxic agent. 31 This is in contrast to other some 

antibiotics with similar mode of action (chloramphenicol). 
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1.3 SYNTHESIS OF (±) PRELOG-DJERASSI LACTONE 

The fascinating structural features of the 

macrolide antibiotics have, in the past, tempted synthetic 

organic chemists to explore feasible approaches to 

synthesise these compounds. Since the stereochemical 

relationships present in Prelog-Djerassi lactone are found 

in other macrolides and ionophore antibiotics, the 

strategies and tactics that have been developed for its 

assemblage may be extended to the stereoselective 

synthesis of those more complex natural products. 

Retrosynthetic analysis of a l2-membered macrolide 

antibiotic methymycin reveals the significance of the 

Prelog-Djerassi lactone as an attractive synthetic 

intermediate for the synthesis of macrolide antibiotics. 

o 

HO 

Methymycin 
HO-t-L--J 
--L-0-.1- CH3 

HO 

=!> 

Seco acid 

Methynolide (aglycone) 

1 
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It is therefore not surprising that Prelog­

Djerassi lactone has emerged as one of the standard b~nch­

marks against which new methodology for effecting stereo­

selective carbon-carbon bond construction and functionali­

zation of carbon frameworks is measured and at present 

nearly 40 successes in the venture have been reported. 

The majority of approaches to the synthesis entails the 

establishment of the chiral centres on acyclic precursors. 

was 

the 

The first synthesis of Prelog-Djerassi lactone 

reported by Bergelson and Batrakov in 1963 34 before 

complete three dimensional structure was known. 35 

Their route involved the redu~tion of a B-keto ester 

affording different diastereomeric products depending on 

the choice of reducing agent. They claimed that reduction 

with lithium aluminium hydride in ether at -65°C, with 

subsequent hydrolysis and purification, affords 28% yield 

of recemic Prelog-Djerassi lactone having m.p. 125-128°C. 

But the isomer isolated from this reaction was apparently 

incorrectly identified as the Prelog-Djerassi lactone by 

IR comparison with an authentic sample. Although all the 

C-2, C-3 stereomers were prepared, it is not possible to 

eval ua te the stereo select i v i ty of these reduct ion from 
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. h d . f . 34 the publlS e ln ormatlon. L t Y h · et al. 36 a er amaguc 1 

repeated this synthesis and proved that the above one is a 

non-stereo selective synthesis. 

Masamune et al. 37 carried out the first successful 

synthesis of Prelog-Djerassi lactone in 1975 (Scheme 1). 

d<2 
Rl 

2 

---t> 

HO 

OOH 

l RI - OH, H: R2 - H2 5 

i RI - 0; R2 - CHOH 

7 RI - CH
2

OH; R2 - H 

8 RI - CH2OTS; R2 - TMS 
6 9 RI - CH

3
; R2 - TMS 

Scheme 1 

Readily available bicyclo [4.2.1] nona-2,4,7 triene (2), 

obtained by means of pyrolysis of tricyclo [4.2.1] 

nona-3,7-diene,38 was hydrated with bis-(3-methyl-2-

buty1)borane and oxidat i ve w,?rkup to provide the 

exo-hydroxy compound 3 in 75% yi~ld?9 It was then oxidised 
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to ketone 4 followed by formylation, sodium-m-periodate 

treatment and m-CPBA oxidation led to a 7:3 mixture of cis 

and trans epoxy dicarboxylic acids 2., which were further 

converted to lactonic ester ~ by treatment with CH
2

N
2 

and 

lithium dimethyl 40 cuprate. The 6 was then reduced wi th 

lithium aluminium hydride to triol 7. The two primary 

hydroxy groups were tosylated and the secondary one was 

trimethyl silylated to produce compound 8. Lithium 

dihydro 

purpose, 

41 cuprate, 

cleanly 

a reagent developed for the present 

removed the tosyl group (without 

elimination of the homo allylic tosyl group) (without 

elimination of the homo allylic tosyl group) and the 

resulting cycloheptene derivative 9 was subjected to 

Lemieux-Rudloff 'd . 42 OXl atlon to lead directly to ( ± ) 

Prelog-Djerassi lactone. 

In another approach J.D.White et al. 43 synthesised 

(1) start ing from 2-acetyl furan (10) (Scheme 2). The 

ethylene ketal of 10 was converted to an addition product 

11 with 2,4 dibromopentan-3-one which was reduced to an 

alcohol followed by hydrogenation and treatment with 

methanesulphonyl chloride gave a mixture of_ two olefins 12. 

The 12 was deketalized and hydrogenated to a single 

saturated ketone 13 which was stibjected to Baeyer-Villiger 
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oxidation, saponification, mesylation followed by 

treatment with tetra n-butyl ammonium formate followed by 

saponification yielded 14. The hydroxyl function was 

protected and an enone function was introduced by 

deprotonation with lithium - 2,2,6,6 tetramethyl Piperidide 

followed by quenching with phenyl selenyl chloride and 

further oxidation gave 15. It was then treated with 

lithium dimethyl cuprate and the enolate was trapped with 

trimethyl silyl chloride to yield 16. The 16 was ozonized 

followed by reduction, deprotection and oxidation led to 

(±)l in good yield. 

O-io 

10 

13 

I . 
I 

o~ 
11 

14 

___ r)/OSiTB~ 

~ 
16 

Scheme 2 

12 

. 
I _p_- OS iTBDMS 

15 

1 
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44 G.Stork et al. have reported a stereo controlled 

and efficient synthesis of tecemicl (Scheme 3). 

Cis-4,6-dimethyl cyclohexane 1,3-dione was treated 
• 

with treated with ethylvinyl ether followed by reduction 

. hI' h' 1 . d 45 W1t 1t 1um se ectr1 e gave the desired alcohol 18 

which was then treated with chloromethyl ether in the 

presence of ethyldiisopropylamine afforded acetal 19. 

A methylene equivalent was introduced by treatment with 

dichlorocarbene followed by reaction with acetic acid and 

sodium acetate to get 20. It was then treated with 

li thi umdimethyl cupra te followed by reduct i ve dehalogena-

tion, treatment wi th acid and trimethylsilylchloride 

obtained Q in - very good yield. Ozonolysis followed by 

oxidation afforded (±l). 

17 18 19 

, , --V Cl ____ rYarMS 
OCH

' OCH CH --C>3 OCH
2 
d~'>--{ ~ 

2 '3 

1 

20 21 

- Scheme 3 



In 

(Scheme 4) 

1979 

18 

46 Masammune reported 

in which Meso-2,4-dimethyl 

another method 

glutaric acid 

anhydride underwent methanolysis afforded corresponding 

half methyl ester which was in turn converted to the 

aldehyde ester 22. Reaction of 22 with vinyloxyborane ~ 

followed by treatment with CF 3COOH in CH 2C1 2 afforded two 

22 

o 

1 

24 25 

Scheme 4 

lactonic acid thiol esters 24 and e which were readil y 

separa ted through Si0
2 

col umn chromatography. The thiol 

ester 24 on hydrolysis with Hg(CF
3

C0 2 )2 provided one 

isomer of Prelog-Djerassi lactone. 
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P.A.Grieco et al.
47 

in 1979 recorded an efficient 

synthesis of Prelog-Djerassi lactone in both recemic and 

optically active forms (Scheme 5). Bicyclo (2.2.1] 

heptenone was methylated to get 26 which was subjected to 

Baeyer-Villiger oxidation afforded a lactone which 

smoothly rearranged to bicyclic lactone 27. Reduction of 

27 followed by hydrogenation provided the crystalline 

diol 28. The primary hydroxyl group was protected as its 

tert. Butyldimethyl silyl ether and subsequent Collin I s 

oxidation afforded cyclopentanone derivative 29. The 

ketone 29 was then subjected to Eaeyer-Villiger oxidation 

followed by methylation gave 30. Desilylation followed by 

Jones oxidation afforded (±l) in very good yield. 

# 
H 

· :;p ~)1,) ~ --l> 
HO : 0 · . H · , 

26 27 28 

0 

---l> Hoyl°~~f ~ 1 

29 30 

Scheme 5 
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A total synthesis of recemic Prelog-Djerassi 

1 actone was introduced by Ba rtlet t et ~. 48 (Scheme 6). 

An aldehyde ester 31 readily prepared from Meso-2,4-

dimethylglutaric anhydride was condensed with ethyl 

2(triphenylphosphoranylidene) propionate followed by 

alkaline hydrolysis furnished a stereochemically pure 

erythro acid ~ in almost quantitative yield. Selective 

Fischer esterification on the non-conjugated side afforded 

33 which was then reduced with diisobutyl aluminium 

hydride to get an aldehyde acid 34 which was then cyclized 

with mercuric acetate afforded a mixture of epimeric 

acetals 35. The demercuration was carried out with 

alkaline NaBH
4 

and subsequent hydrolysis and oxidation 

afforded a recemic mixture of 1 in 95% yield. 

OCH3 

OHCITY
OOH 

33 34 35 

Scheme 6 
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D.J.Morgan et 1 
49 

a • in 1981 introduced a method 

for the synthesis of recemic (lJ (Scheme 7). In this 

method substituted 1,S-diene was subjected to cyclic 

hydroboration and the major product 1,S-diol could be 

converted to the required lactone after a series of 

transformations. The silylether 36 upon hydroboration and 

oxidation afforded a mixture of diols from which the major 

product 37 was separated efficiently by flash chromato-

graphy. Oxidative cyclization, alkylation and silylether 

hydrolysis yielded the hydroxy lactone 38 which was then 

subjected to one carbon degradation followed by oxidation 

afforded (±l) 

sample. 

RO 

R - TBDMS 
36 

identical in all respects with an authentic 

38 

RO 

OH 

R - TBDMS 

37 

Scheme 7 

1 



22 

w.e.Still et al. 50 published an intramolecularly 

directed hydroboration provides high asymmetric induction 

for the synthesis of Prelog-Djerassi lactone (Scheme 8). 

CHO 

~ 
39 

40 

TBDMS TBDMS~OH 

41 42 

1 

Scheme 8 

The aldehyde 39 was subjected to kinetically controlled 

Horner-Emmons like olefination using the sodium salt of 

trimethylphophonopropionate to yield an unsaturated ester 

40 and it was reduced with lithium aluminium hydride 

followed by protection of the hydroxyl group afforded 41. 
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It was then treated with freshly prepared borane and the 

subsequent work up with alkaline H20 2 yielded a mixture of 

diol s 42 and its isomer. Fetizon's reagent oxidation of 

42 afforded the known lactone 43 from which the lactone 

(±l) was obtained in very good yield. 

S.Jarosz 
t::l 

et al."' developed a route to Prelog-

Djerass i 1 actone from methyl- cC ,D-g 1 ucopyranos ide in 1981 

(Scheme 9). The enone 44 obtainable from methyl- \C, 

D-glucopyranoside was converted into corresponding diene 

45 which was hydrogenated to give predominantly the 

diequator ial dimethyl hexopyranoside 46a. Rydrogenation 

of 44 gave the equatorial C4 methylketone 47 exclusively, 

46a 

/ 
-Lr 

--U;Me 
45 46b 

Scheme 9 
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which was further converted to 46a as the major product. 

The 46a. was converted to alcohol 48a and further oxidised 

to aldehyde 48b. It was then converted to methylketone 

48c and further to 49 by treatment with Ph 3 = CHOMe. 

Finally it was oxidised to a recemic mixture of Prelog-

Djerassi lactone (Scheme 10). 

R 

46a ---c> ~ -----co- ~ 1 

OMe 
48a R - CH 20H 49 

48b R - CHO 
48c R - COCH

3 
Scheme 10 

Danishefsky et a1 52 have described a Lewis acid 

catalysed cyclocondensation of l,3-dioxygenated dienes 

with representative aldehydes for the preparation of (±l). 

The simplicity of modifying the configuration at C
4 

and C
6 

of the Prelog-Djerassi lactone is another feature of this 

approach. The readily available silyloxy diene 50 reacts 

with commercially available aldehyde ~ in CH 2C1 2 at -78°C 

in the presence of BF
3

0(C 2H
5

)2 followed by treatment with 

CF
3

COOH in THF at ~oom temperature afforded 4.3:1 mixture 

of 52 and its epimer 53 (Scheme 11). Reduction of 52 with 
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diisobutyl aluminium hydride followed by Ferrier 

rearrangement afforded the ft-disposed anomer 54. The 

tendency of the Ferrier 53 rearrangement to produce an 

axial glycoside 1.S undoubtedly responsible for the 

stereospecific formation of 54. Flanked as it is by two 

p-functionsl the double bond in 54 suffers catalytic 

reduct ion from its f::I) -face to afford 55. It was then 

subjected to ozonolysis followed oxidation 

yielded (±l) (Scheme 12). 

+ 
TMS 

50 

+ 

52 
Scheme l~ 53 

52 
1 

• 
54 

Scheme 12 
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In 1982, P.M.Wovkulich et al. 54 examined the 

regio and stereochemical outcome of the ene reaction of 

I-ethylene 2-methyl cyclopentanes with formaldehyde and 

applied this in the synthesis of Prelog-Djerassi lactone. 

Exposure of 2-methyl cyclopentanone (56) to ethyledine 

triphenyl phosphorane led to 55:45 mixture of olefins 57 

and 58 respect i vely. The Z-olefin 57 when treated with 

paraformaldehyde catalysed by BF 3-etherate underwent a 

smooth reaction to give a mixture of ene adducts 58a, 58b 

and 58c in a ratio of 86:10:4 respectively (Scheme 13). 

+ 
56 57 58 

57 --t> 

58a 58b 58c 

Scheme 13 
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Epoxidation of 58a wi th ter. butylhydroperoxide-

Vo (acac) 2 produced 59 which on acetylation followed by 

BF 3-etherate treatment yielded ketone 60. Hydrolysis 

followed by conversion to tert.butyl dimethylsilyl ether, 

Baeyer-Villiger oxidation and then removal of silyl group 

and again acetylation yielded 61. Further conversion to 

target molecule was achieved as in the usual manner 

(Scheme 14). 

58a 

59 60 

1 

61 

Scheme 14 

Another method for the synthesis of (1) was put 

55 
forward by R. H. Schlessinger et al. Their plan stemmed 

from the notion that a threo-selective aldol lactonization 
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which also exhibited "Cram" behaviour could be used to 

prepare the three contiguous chiral centres at C
2

'C
3 

and 

C4 , the fourth centre being secured in a subsequent 

process (Scheme 15). 

The enolate of a crotonate system 62 with 

isobutyraldehyde afforded a single lactonic product 63 in 

over 95% yield. It was converted into lactone 64 by 

standard means. The 'H NMR spectra of both 63 and 64 

o 

I> 1 

62 63 64 

o-A-, 
OHC~ 

65 66 

o o 

---<I> 1 

67 68 

Scheme 15 
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showed a trans relationship between the methyl and 

isopropyl groups indicating that the aldol lactoni za t ion 

had proceeded with greater than 95% threo selectivity. 

The reaction was then modified by taking 

substi tuted aldehydes 65 and 66 instead of isobutyral­

dehyde. 

The aldehyde 65 in combination with the enolate 

~ gave a mixture of lactonic products in a ratio of 2.5:1 

Cram to anti-Cram stereochemistry at the C
2
-methyl group. 

However, the aldehyde 66 wi th 62 afforded a mixture of 

lactones in which the Cram product dominated to the extent 

of 9:1. The 67 was then reduced with Li/N~3 followed by 

treatment with CH 3I, m-CPBA and trimethylamine afforded 68 

in good yield. It was then reduced with diisobutyl 

aluminium hydride followed by hydrogenation and further 

work up led to the lactone (±l). 

In 1984, T.R.Hoye et al. 56 utilized kinetic 

lactonization of 2,4,6,8 tetramethyl 5-hydroxy azelaic 

acid for the synthesis of Prelog-Djerassi lactone 

(Scheme 16). 
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The keto acid 70 obtained by the hydrolysis of 

69, was converted to lithium salts followed by acid 

catalysed laetonization generated monolaetone 71 and 72. 

Oxidative decarboxylation of 71c generated a mixture of 

olefins which were cleaved to provide a pair of acids from 

which the methyl ester of (±l) could be prepared. 

R 

R 

69 a,b,e 

R 
t> 

Liooe 

71 --t> 

----~ R, 

HOO 

a - R, RI - H 

b - R - Me, RI - H 

e - R - Me 
1 

o 

.--v 

70 a b e 

R .. 
" 

HO 

72 

1 

Scheme 16 

R 
.. R! 

eOOH 

R 

eOOH 

1 
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M.Yamaguchi et al.
57 

introduced another method 

starting from Meso-2,4-dimethyl glutaric anhydride. 

Compound 73 was reduced with lithium aluminium hydride 

followed by partial benzoxymethylation, swern oxidation 

and the resulting aldehyde was treated with 1-

ethoxycarbonyl ethylidene triphenylphosphorane gave a 

mixture (E & Z) of unsaturated esters 74 (90%) and its 

isomer. The 74 was reduced to allylalcohol 75 which was 

then epoxidized under the presence of (+) di isopropyl-

tartrate to give a mixture of diastereomeric epoxides 76 

BOMolll 
R 

74 R - COOEt 

75 R - CH
2

0H 

,'0 I{) 

BOMO~H + BOM~OH 

76 77 

9R2 
I 

R I 

1~R2 oQCH2()H-----<> 

78 

79 

RI - C6H5CH 20CH 2- , R2 - H 

RI - COOH, R2 - CH 3CO-

Scheme 17 

I , 
80 

1 
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and 77 (96%). Regio selective reduction of the epoxides 

was achi eved by RED aI, f avouri ng the formation of 1,3 

diol 78 and its diastereomer over the 1,2 diols wi th a 

ratio of )9:1 (Scheme 17). 

The diol mixture was acetylated followed by 

removal of benzyloxy methyl group and oxidation gave a 

carboxylic acid mixture 79, which was then saponified and 

acidified to get hydroxy lactone 80 which was further 

oxidised to the desired lactone mixture. 

Another report l.n the same year by C.Santelli 

58 et al. suggested 

trimethylsilylpent-2-ene 

that 

to 

addition of trans-3-

derivatives of glutaric 

anhydride leads to precursors of the Prelog-Djerassi 

lactone and related 0 -lactones. The meso 2,4-dimethyl-

glutaric anhydride 73 was treated with CH
3

0H/SOC1
2 

to 

affort 81 (Scheme 18) which was treated wi th trans-3-

trimethylsilylpent-2-ene (82) to get 83. The 83 was 

reduced to alcohol 84 followed by hydrolysis,lactonization 

to get 85 and further oxidation yielded the lactone (±l) 

By another route the chloride 81 was converted to aldehyde 

85 followed by treatment with 82 to get 84 which was 

converted to the lactone (±l) by hydrolysis, lactonization 

and oxidation (Scheme 19). 
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OMe 

q --P 

73 81 0 83 

Scheme 18 

P.G.Wuts et al. S9 introduced a method for the 

synthesis of Prelog-Djerassi lactone. A hydroformylation 

oxidation sequence was described for the efficient 

conversion of homoallylic alcohols to ~-lactone, catalysed 

by Rhodium acetate dimer (Scheme 20). 

81 -1l> 

85 

84 1 

Scheme 19 

Schme 20 

88 RI - CH 3 ; R2 - H; 

R3 - C6 HSCH2 

89 RI - H, R2 - CH
3

, 

R3 - C6 HSCH2 

90 RI - CH 3 , R2 ,R
3 

: H 
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The alcohol 86 was subjected to hydroformylation 

and the resulting hemiacetate directly oxidized to lactone 

87 which was then methylated to a mixture (1:1) of 

lactones 88 and 89. Isomerization and hydrogenolysis gave 

alcohol 90 which was further oxidized to lactone (±l). 

Yamamoto et 1 60 a • in 1984 developed a short 

synthesis of Prelog-Djerassi lactone via a Lewis acid 

mediated reaction of allylic stannanes with aldehydes. 

Allylation of aldehydes with allylic organometallic 

compounds has recently received wide attention as a basic 

synthetic method for control of a acylic stereochemistry 

(Scheme 21). The homoallylic alcohol is produced 

t> R~ <Jo ~ 

OH 

M = Sn, Si 

MUD eOOH 

0 XX··· t> 

C> 

91 92 

1 

Scheme 21 
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predominantly regardless of the geometry of double bond. 

Allylic silanes also exhibit the same stereoselectivity in 

presence of Lewis acid. Although other Lewis acids such 

as TiC14 , SnC1
4

, BC1
3 

were examined, the BF
3

0(C
2

H
5

)2 gave 

the best result both in diastereoselectivity and yield. 

The reaction of ~ with crotyltrialkyl stanne in presence 

of BF
3
0(C

2
H

5
)2 produced 92 in 92% yield. Ozonolysis of ~ 

followed by oxidation gave the lactone (±l) in 85% yield. 

A stereo controlled synthesis of Prelog-Djerassi 

lactone was described by Ian Fleming et al.
61 

in 1985. 

The stereo control was achieved from the high diastereo­

selectivity of electrophilic attack on a double bond 

adjacent to a chiral centre carrying a silyl group. Ethyl 

crotonate 93 was methylated using lithiumdienolate. It 

was again alkylated in the 'I-position using silyl dienol 

ether to give the ~ -j3-unsaturated ester 94 (Scheme 22). 

It was subjected to conjugate addition using silyl cuprate 

reagent followed by a series of functional group 

manipulations to give very nearly equal amounts of 

diastereomeric alcohols 95 and 96. They were separated 

and hydrolysed to triols 97 and 98. The ~ was acetylated 

and hydrogenated to get Cis-allylic acetate 99 while the 
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93 
94 

Ph ~O 
~ V '1?f- · -. . . 

H 

95 96 

Scheme 22 

98 was subjected to lithium aluminium hydride reduction 

followed by acetylation to get trans-acetate 100. _ The 

acetates 99 and 100 were treated with silylcuprate reagent 

to get stereochemically equivalent allylsilanes 101 and 

102. The desilylation of both 101 and 102 led to 103 

followed by simple functional group transformation 

(Scheme 23) gave recemic lactone (1) in very good yield. 

OH Ph 
OAC 
I 

OAC 

97 99 

Scheme 23 
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OAC 
I 
I 
I 
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Ph : 

~OAC 

100 

Ph 
C> 
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OH 

98 

OAC 

102 

OAC 

--I> 1 

103 Scheme 23 

T.Nakai et al. 62 in 1985 introduced three 

2,3-wittig-based approaches for stereocontrol over three 

contiguous chiral centres within the context of the 

synthesis of Prelog-Djerassi lactone. In the first method 

the compound 104 was subjected to a series of react ions 

including 3,3-wittig rear~angement, silylation, treatment 

with methyl chloroformate, hydrolysis followed by 

desilylation to get the acetylenic ester 105b. Selective 

hydrogenation yielded butenolide 106 which was subjected 

to Michael addition with lithium dimethylcuprate to afford 

O-lactone 107 as a single isomer (Scheme 24). 
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R'i"'Me 
o G t> 
'-../ 

104 a G = -C C SiMi
3

, R - Me 

b G = C = CH 2 , R = CH 2CH(CH 3 ) 

o 

---it> 

106 

Scheme 24 

105 a R = H 

107 

b R = COOMe 
o 

In the second method the radical cyclization 

developed by Y.Ueno and 
. 63 

G.Stork employed as 

a stereo directing process (Schem€ 25). The alcohol l05a 

105 a ~ --

OH 

~ 
108 

OEt 

~ 
110 

. , 

OEt 

o0r 

t> ~ t> 

109 

o 

III 

Scheme 25 
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was subjected to selective hydrogenation to 108 followed 

by convertion to the acetal intermediate 109 which was 

transformed to cycl i zed product 110 and f inall y oxid i zed 

to 107. The 6-lactone 107 obtained by above two methods 

could be converted by multistep process to the lactone III 

that undoubtedly serves as a potential precursor for 

Prelog-Djerassi lactone. 

In the third method (Scheme 26) the 104b was 

rearranged to alcohol 112 which was then t.reated with 

9-BBN followed by oxidation to the diol 113 as a single 

stereoisomer. Successive treatment of 113 with 

Tosylchloride and propionic anhydride gave a tosylate 

which was further treated wi th KI to afford 114. The 

OH OH OH 

104 b 

112 113 
o 

114 115 

Scheme 26 
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iodide 114 was then reacted with lithium hexamethyl 

disilylamide followed by oxidative cleavage of the lactone 

115 gave a mixture (57:43) of lactone (1) at its~-epimer. 

1.4 ENANTIOSELECTIVE SYNTHESIS OF PRELOG-DJERASSI LACTONE 

Isobe et al. 64 '1981 t d t' 11 1.n repor e an op 1.ca y 

active Prelog-Djerassi lactone synthesis. The process 

involves heteroconjugate addition of Me - _ onto an 

opt icall y act i ve pyranosyl hetero olef i" -,reparable from 

D-hexopyranose. Ethyl 6-o-benzyl-2,3-dideoxy-~-D-glycero 

hex-2-enopyranosid-4-ulose 116 was employed as the chiral 

starting material (Scheme 27). Addition of MeLi is 

OR 

118 X - CH 2 
R - C6 HSCH2 

"OEt "{)Et 119 X - CH
2 

R - H 116 
117 

HOec 

--t> +1 

"'OEt 

120 121 

Scheme 27 



41 

followed by oxidation afforded enone 117 It was reduced 

with followed by treatment with triphenyl 

phosphonium methylide afforded 118 which was again reduced 

with H2/Pd/C to get alcohol 119. It was then converted to 

the hetero olefin 120 which was followed by a series of 

reaction including treatment with MeLi, Phenylselenyl 

chloride, 30% H
2

0
2 

to get carboxylic acid 121. Hydrolysis 

followed by oxidation with Br
2

/DMF gave crystalline 

product +1 in 98% yield. 

An approach for the synthesis of optically active 

Prelog-Djerassi lactone has been developed by Ireland 

65 et al. The propionate ester of glycal 122 was enolized 

with li thium hexamethyl disilazide afforded a mixture of 

enolates, which were trapped by tert-butyl dimethylsilyl 

122 

DrBDMS 

Vc 
~OI .. ·C6H5 

Ilo~o --J-. , 

123 

~ 

HO 

Scheme 28 

1 

124 
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chloride to get mixture of silylketene acetal 123. It was 

rearranged by heating and the product was converted to 

methyl ester 124 followed by a sequence of transformations 

gave 125 which was further subjected to ozonolysis and 

saponification yielded the target molecule +1 (Scheme 28). 

In 1982, D.A.Evans et 1 
66 a • developed a method 

for the synthesis of +1 (Scheme 29). Chiral propionamide 

126 der i ved from ( IS, 2R) norephedr ine was t rans formed 

into lithium enolate 127 followed by treatment with 

methallyliodide to give a 97:3 ratio of diastereomeric 

alkylation products. The major diastereomer 128 was 

transformed into aldehyde 129 by the Parikh modification 

Bi 
0 0/ 0 

~N,( 
~o 

----{> 
0N~ 
~ 

t> 

Ph Ph 
126 127 

-t> 
+1 

128 129 

Scheme 29 
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of Moffatt oxidation. Final methyl bearing asymmetric 

centre was introduced by hydroboration wi th thexyborane 

and further transformations including peroxide oxidat ion, 

acid hydrolysis and Ruthenium catalyst oxidation were 

carried out to get the lactone (+1). 

A facile chiral synthesis of (+) Prelog-Djerassi 

lactone using five membered heterocyclic chiral reagents 

has been reported by O.Chiai et al. 67 in 1985 (Scheme 30). 

Condensation between Meso-2,4-dimethyl glutaric acid 

anhydride 73 and 2 moles equivalents of 4(S} methoxy 

73 130 

H 

H ... ~) 0 , H 
c'°2Me 

132 

134 

--E> 

+ 

(-f H .. Sr-2. 
H"'''~ .. H 
Me02C 8 ~ C02Me 

131 

H H 

o 
133 

Scheme 30 
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carbonyl-l,3-thiazolidine-2-thione 130 l.n presence of 

dicyclohexylcarbodiimide in pyridine gave 131 Aminolysis 

with piperidine afforded a mixture (97.3:2.7) of 

diastereoisomers 132 and 133 The 132 was separated and 

subjected to reduction followed by oxidation with 

pyridinesu1phurtrioxide complex yielded a mixture 

(91.7:8.3) of aldehydes 134 and its C4 epimere An aldol 

type condensation between 134 and Tin enolate 135 in 

presence of N-ethyl piperidine' furnished 135a along with 

other minor diastereo isomers. Compound 135a was then 

converted to methyl ester of (+) Prelog-Djerassi 

lactone136 by heating and esterfication (Scheme 31). 

Hh 
YY°-<> 

..... Sn 
134 + I 135 

OTf-

136 

H H 5 

"'H~-Z 
H Et 

135a 

Scheme 31 
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M.Midland et al.
68 

introduced a [2,3] sigmatropic 

Wittig rearrangement as a keystep for the synthesis of 

(+) Prelog-Djerassi lactone. This react ion was used to 

control the relative and absolute configuration of two of 

the four chiral centres of the lactone. The remaining 

centres were introduced by a stereoselective hydroboration 

and asymmetric alkylation (Scheme 32). The propargyl 

alcohol 137 obtained in 92% ee was reduced to allylic 

alcohol and converted to ether 138. It was then converted 

to 139 and the alcohol group was protected followed by the 

terminal olefin transformation into iodide 140. The 

chiral centre at C6 was introduced by reaction of 140 with 

OH 

y~ 
OH 

137 139 

o 

~20Li 

-----~t> 
I 

140 140a 141 

Scheme 32 
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Evan's prolinol enolate 140a. Hydrolysis followed by 

lactonization afforded 141 which was subjected to 

ozonolysis and oxidation yielded pure (+1). 

In 1986 F.E.Ziegler et al. 69 have reported an 

efficient method for the synthesis of optically active 

Prelog-Djerassi lactone (Scheme 33). Lactone 142 was 

converted to diol 143 which was subjected to a series of 

reactions to get a mixture of lactonic esters (13:1) 144. 

142 

145 

OH OH 

147 

I 
I 

OH bH 

143 

Scheme 33 

J 

o~ 

148 

144 

. 
I 
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Di~thylphosphonate of R-2 methylhex-4 (E) -en-3-o1 

was prepared and reacted with sodium anion of lactoni 

esters 144 provided 2: 1 mixture of alkylation products 

followed by decarboxylation to yield Cis (4%) and Trans 

( 91 %) 145 and 146 lact ones. The major 146 was subjected 

to Criegee carbon extrusion process gave a mixture of 

diols 147 and 148 from which the 148 was subjected to 

ozonolysis, acetalization followed by the procedure of 

Deslongchamps 70 afforded the lactone ( + 1) • 

A stereoselective synthesis of ( + ) Prelog-

Djerassi lactone . from furanoid intermediates was 

introduced by S.F.Martin et -1 71 
Cl • (Scheme 34) • 

O-CHO 
0 

149 

OR 

152 

+ 

0 

~?" 
. ;..)-- --C> 

0 OH 

150 151 

OOMe 
+1 

Scheme 34 
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Furaldehyde {149) was condensed with boron enolate of 

chiral imide 150 followed by hydrolysis and treatment with 

Br 2 in CH30H afforded hydroxypyranone 151 as a mixture of 

~ and'p -anomers. It was then converted to ~ and 1-ethoxy 

ethyl g 1 ycosides 152 by react ion wi th ethyl vinyl ether. 

The 152a was subjected to lithium dimethyl cuprate reagent 

and the resulting enolate was trapped with trimethylsilyl-

chloride followed by oxidation with Pd acetate gave 153 • 

Wittig olefination of 153 followed by hydrogenation 

deprotection and oxidation afforded pure lactone (+1) in 

very good yield. 

A.J .Pearson et al. 72 in 1989 have developed a 

method for the synthesis of optically active Prelog-

Djerassi lactone (Scheme 35) • Cis-5,7-dimethyl 

0, .. I> er ~HO-{X ~ 
, I , 

.~ 

154 155 156 

O·QAC O···OAC TBDMSo-··b ACO--- , ". HG--
----t:- t> _ 

~ -" '. , I 

/ I 
I 
, 

I 

157 158 159 

Scheme 35 

+ 1 
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cyclohepta-l't3-diene 154 was converted to 156 via an 

endoperoxide 155. It was then converted to diacetate 157 

followed by lipase enzyme catalysed hydrolysis yielded 

hydroxyacetate 158 which was then converted to silyl ether 

159. oxidative cleavage followed by acid hydrolysis 

afforded (+) lactone in very good yield. 

M.Santelli et al. 73 have reported a synthesis 

from (-) Trans-Pulegenic acid in 1989 (Scheme 36). 

(-) Pulegone (160) obtained from (S) (-) citronellal, was 

transformed into (-) trans Pulegenic acid 161 according to 

standard procedure. Addition of methyllithium afforded 

methylketone 162 followed by Wit tig methoxymethylenat ion 

o 
t> 

161 162 

163 164 165 

166 

Scheme 36 



yielded 4:~ mixture 

hydrolysis led to a 

lithium aluminium 

50 

of E/Z isomers of 163 • Acid 

mixture of aldehydes 164 followed by 

hydride reduction afforded 165 

Protection of hydroxyl group with ~_ butyl dimethyl­

silyl ether and subsequent ozonolysis yielded 166 from 

which the Prelog-Djerassi lactone 

optically pure by standard procedure. 

was obtained as 
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2.1 INTRODUCTION 

Prelog-Djerassi lactone (l) has central place in 

the chemistry of macrolide antibiotics ever since its 

isolation by 1 V.Prelog and . .2 C.D]eraSSl during degradation 

studies of Narbomycin and Methymycin respectively. Interest 

in the synthesis of this lactone was intensified after its 

struct ure and stereochemist ry were ill umi na ted and it was 

found to constitute the backbone of a number of biologically 

important macrolide antibiotics. A number of highly 

imaginative solutions to the problem of its synthesis have 

3 already appeared Different ~tereoisomers of the lactone 

4-8 were also synthesised 

" 

o 

COOH 

1 

Present work deals with a study on the synthesis of 

Prelog-Djerassi lactone. An easily available tricyclic 

unsaturated hydrocarbon dicyclopentadiene was identified as 

a suitable starting material for the synthesis, considering 

the stereochemical control of the reactions this molecule 
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can offer. Also the exo-isomer of dicyclopentadiene (~) is 

having the desired stereochemistry so that the introduction 

of different substituents in the proposed scheme can be 

achieved easily. 

2.2 SYNTHESIS VIA exo-DICYCLOPENTADIENE 

Commercially available dicyclopentadiene is a 

mixture of two isomers namely endo-dicyclopentadiene (2) and 

exo-dicyclopentadiene (3) in which major constituent is the 

endo-isomer. It was proposed to convert the mixture into 

pure endo-isomer by obtaining the monomer 4 and allowing it 

to dimerise at O~C so that only the endo-isomer is formed 9 

(Scheme 1). 

!:o 
~ + ---C> 0 

k 
4 

2 

3 
Scheme 1 
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The pure endo-dicyclopentadiene thus obtained can 

be converted to the required exo-isomer by treating with 

hydrobromic acid followed by dehydrobromination lO 

(Scheme 2). 

2 B~ ---c> 3 

5 

Scheme 2 

Allylic oxidation of exo-dicyclopentadiene (3) with 

seleni urn d iox ide in dioxane can give the al cohol 6. The 

alcohol can also be obtained by hydrolysis of the acetate 7 

obtained by the allylic oxidation of exo-dicyclopentadiene 

with selenium dioxide in acetic acidll (Scheme 3). 

~ 3 

OH OAC 
6 7 

Scheme 3 
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Different oxidation methods are available for the 

oxidation of secondary alcohol 6 12- 15 to the ketone 8. Also 

the ketone 8 can be obtained directly from exo-

dicyclopentadiene by treatment with pyridinium dichromate in 

presence of tertiary butyl hydroperoxide16 (Scheme 4). 

6 ~ ~ 
- 0 

~3 

Scheme 4 

The next step in the proposed scheme is introduc-

tion of a -CH
3 

group at position-3 of the ~-~ unsaturated 

ketone 8. This can be achieved by methylation using cuprous 

ion catalysed methyl magnesium iodide or li thium dimethyl 

17 cuprate 

The carbonyl group of the ketone 8 has to be 

protected before conducting the oxidative cleavage of the 

double bond. Hence it was converted to the ketal 10 and 

subjected to oxidation with potassium permanganate or osmium 

tetroxide in presence of sodium meta periodate to get the 

dialdehyde 11 (Scheme 5). 
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CHO 

8 --c> ~ --I> ~ --I> <=90 
0 L.J GHO V 

9 10 11 

Scheme 5 

- It was necessary to reduce the two aldehyde groups 

of 11 to -CH
3 

groups so that they become the -CH
3 

groups at 

position-4 and -6 in the target molecule. Different methods 

are available for the conversion of aldehyde groups to -CH
3 

18-20 groups (Scheme 6). Conversion of the aldehyde to the 

corresponding thioketal 12 followed by reduction with 

Raney-Ni should give the required ketone 13. Also reduction 

of the aldehyde 11 to alcohol 14 followed by tosylation and 

reduction with lithium aluminium hydride is expected to give 

the ketone 13. Another method is the Huang-Minlon modifica-

tion of Wolff-Kishner reduction by which the aldehyde 11 can 

be converted to the ketone 13. 
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I 00 
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2 

14 15 16 

11 16 12 

Scheme 6 

The ketone 13, a key intermediate in the proposed 

scheme, can be converted to a lactone by Baeyer-Villiger 

oxidation (Scheme 7). However, depending upon the peracids 

and reaction conditions two products can be expected from 

13. The lactones 17 and 18 thus obtained after the Baeyer-

Villiger oxidation of 13 can be converted to the corres-

ponding alcohols 19 and 20 by treating with CH
3
Li. 
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13 (60 
, 

17 18 0 

I 
'V 

o 
OH 

19 20 

Scheme 7 

The products 1:2. and 20 can be converted to the 

alcohol 22 by Baeyer-Villiger oxidation followed by 

hydrolysis of the ester obtained (Scheme 8). In short the 

19 ~'( 
I OH 

21 

t> 
«xoH 

20 
, O~ 
I 

23 

Scheme 8 

~OH 
'r\H 

I 

22 

t> 22 
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ketone 13 cpn be converted to 22 irrespective of the 

structure of the lactone obtained from it by Baeyer-Villiger 

oxidation. 

The alcohol 22 can be oxidised to a keto acid 24. 

The final step in the proposed scheme (Scheme 9) is 

conversion of the 24 to the target molecule 1 by Baeyer-

Villiger oxidation. 

22 t> ({COOH 1 

: 0 

24 

Scheme 9 

2.3 SYNTHESIS VIA DEHYDRONORCAMPHOR 

Dehydronorcamphor (~) is an important intermediate 

for the synthesis of natural products like prostaglandin 21. 

In the present work it was proposed to devise a new 

synthetic route for the synthesis of Prelog-Djerassi lactone 

using dehydronorcamphor. Different methods are available 

for the synthesis of dehydronorcamphor (Scheme 10). 
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A E> A 
OAC OH 

/ 25 ~! 

0 t> )yel E> ~ 
4 CN 0 

28 27 

~CN 
/ 

OAC 
29 

Scheme 10 

Diels-Alder reaction of cyclopentadiene ( 4 ) with 

vinyl acetate followed by hydrolysis of the acetate 25 and 

oxidation of the resulting alcohol should give the ketone 

22. Diels-Alder reaction of cyclopentadiene with ~-chloro-

1 .- . 1 23 acry onltrl e d 1 . . 1 24 an OC-acetoxy acry onltrl e are also 

expected to get compounds ~ and 29 respectively which can 

be further converted to the ketone 27 by treatment wi th 

aqueous potassium hydroxide. 
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Alkylation of the ketone ~ with methyl ester of 

~-chloropropanoic acid can lead to the ketone 30 which can 

be converted to the dialdehyde ester 32 (Scheme 11). The 

carbonyl group of 30 was protected as ketal 31 and 

subjected to oxidative cleavage of the double bond using 

potassium permanganate or osmium tetroxide in presence of 

sodium metaperiodate. 

27 

31 32 

Scheme 11 

Conversion of aldehyde groups in 32 to -CH
3 

groups 

can be achieved by different methods (Scheme 12). 

Conversion of 32 to keto acid 34 via thioketal 33 followed 

by esterification is expected to give the keto ester ~. 

By another method the keto ester 35 can also be prepared 
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~ tCc~ t000Me OOH 
32 ---t> ---t> 

, , 0 , 
5--<" 

I , 

I....."S 34 35 

33 

32 --(> 

H~OCH2 TSoeH~2 
COOMe \ COQMe 

---0- O---c> 
" 0.) , 0.) 

H9CH
2 

TsocH2 

-1> 35 

36 
37 38 

32 --t> ~OOH 
I OJ 

I 

---f:>t> 34 --t>t> 35 

39 

Sche"me 12 
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from ~ by a series of chemical reactions via the thiol 36, 

the tosylate 37, the ketal 38 and the keto acid 34. In 

another route for the synthesis of 35, the 32 can be 

subjected to modified Wollf-Kishner reduction of the -CHO 

groups followed by esterification. 

The keto ester 35 is another key intermediate in 

the synthes is of Prelog-D j erass i lactone since it can be 

converted to the lactone 40 by Baeyer-Villiger oxidation 

(Scheme 13). Since the stereochemistry of methyl group at 

posi t ion-2 has not been fixed, the ester 40 can lead to the 

target molecule, as a mixture of epimers at position-2. 

There have been reports of enzyme catalysed hydrolysis25 of 

recemic oc-substituted carboxylic esters. The chance of 

35 COOMe ---c> 1 

40 

Scheme 39 
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hydrolysis of these esters is decided by the stereo­

chemistry of the substituent at ~-position. It is reported 

that in the case of methyl subst i tuted esters, the ester 

with methyl group having ~-configuration will be hydrolysed 

and the other isomer will remain unhydrolysed. Hence it is 

possible to hydrolyse the methyl ester 40 to get the target 

molecule by enzymic hydrolysis. 



CHAPTER III 

RESULTS AND DISCUSSION 

65 
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3.1 Synthesis of exo-Dicyclopentadienol (S) 

~-Dicyclopentadienol (5) was prepared from exo-

dicyclopentadiene (2). Commercially available dicyclo-

pentadiene is a mixture of both endo-dicyclopentadiene and 

exo-dicyclopentadiene in which endo-isomer is the major 

one. Here the exo-isomer was selected as the starting 

material because it is having the right stereo chemistry by 

which the introduction of different substituents in the 

proposed scheme can be achieved easily. It was decided 

first to convert the mixture of dicyclopentadiene into 

completely endo-isomer (Scheme 1). This was carried out by 

cracking l the mixture of endo- and ~-dicyclopentadiene to 

its monomer-cyclopentadiene and allowing the monomer to 

dimerise slowly at O°C into the endo-isomer 2 The endo-

isomer was finally purified by distillation under reduced 

pressure (59°C, 17 Torr). 

The endo-isomer thus obtainad was converted to 

exo-isomer by a chemical 3 method • A solution of 48% 

hydrobromic acid was treated with the endo-isomer and HBr 

adduct formed was subjected to dehydrobromination with 

alcoholic KOH to get the exo-isomer in 80% yield. Further 

purification of exo-isomer was done by distillation under 

reduced pressure (63°C, 11 Torr). 
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4 0 ~ 1:.+ ---t> --4> 

k 3 1 

~ 2 

~ 
<l Brk 
Scheme 1 4 

le exo-dicyclopentadiene (2) was refluxed wi th 

" 'lJm dioxide in a mixture of dioxane and water for 3 

,erne 2). The alcohol 5 was isolated from the 

aqueous solution by extraction with ether. Evaporation of 

ether followed by fractional distillation (106°C, 7 Torr) 

4 
gave the alcohol 5 in 51% yeld • The alcohol 5 was also 

obtained by the hydrolysis of the acetate ~ formed by the 

seleniumdioxide oxidation of ~-dicyclopentadiene in 

acetic acid. By this method alcohol 5 was obtained in 70% 

yield 4. Formation of the acetate 6 was confirmed 
o 

absorption at 3050 c- l 
(=CH-), 1735 (-C-O-), 1100 

by IR 

-1 
cm 

(-C-O). 'H NMR spectrum showed 3H singlet at 83.4 (-OCH
3

) 



2 

c: 
...J 

OH 

68 

~ 
OAC 

2 

6 

Scheme 2 

and multiplet of olefinic hydrogen at b5.9 and 86.3. The 

alcohol 5 showed characteristic absorption for -OH group at 

-1 3450 and 1050 cm in the IR spectrum. 

3.2 Tricyclo[5.2.l.02/6]d~ca-3/8 dien-5-one 

(Dicyclopentadienone) (2) 

Oxidation of secondary alcohols by hexavalent 

chromi urn deri va t i ves is the mos t commonly employed method 

to prepare ketones. Usually Jones 5 reagent is used for 

this purpose. Although oxidation with aqueous chromic acid 

has long been a standard method, many modi fied procedures 

have been developed to employ the isolation process, to 

achieve certain selectivity and to improve the yield as 

well as 6 puri ty of the products Oxida t ion of secondary 

alcohol proceed very simply and cleanly in a two phase 

system invol ving ether and chromic acid 7 Adopting this 
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procedure a ,solution of dicyclopentadienol (~.> in ether was 

treated with freshly prepared 8N chromic acid at O°C. 

After usual work up the ketone I was obtained in 82% yield 

(Scheme 3). The ketone 7 was further purified by distilla-

tion under reduced pressure (82-87°C, 4 Torr). 

c: C> 2 
..J 

7 

Scheme 3 

Oxidation of dicyclopentadienol (5) was also 

carried out using a versatile oxidant-pyridinium chloro 

chromate (PCC) 8.,_ It shows a high capability to convert 

primary alcohols to aldehydes and secondary alcohols to 

ketones. Oxidation is carried out in nonaqueous solvents 

Hence isolation of product is easy compared 

to the chromic acid oxidation in aqueous conditions. PCC 

was prepared by adding pyridine to a solution of cro
3 

in 6~ 

H Cl wit h s t i r ring at 0 ° C • Orange-yellow crystals formed 

was filtered and dried to get the reagent in 80% yied 8 

The oxidation of ~ was carried out by adding the 

reagent slowly to a solution of the alcohol ~ in CH
2
Cl

2 
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with stirripg and keeping the reaction temperature below 

The product formed was purified by column chromato-

graphy to get ketone 7 in 85% yield. 

Oppenauer oxidation was also tried for the 

oxidation of alcohol 5. By this method the alcohol was 

treated with a mixture of p-benzoquinone and aluminium 

t-butoxide in dry benzene. After six hours of reaction the 

ketone 7 was isolated in 75% yield. 9 

A number of methods are available for allylic and 

benzylic oxidations using Cr(VI) complexes. Recently a 

method has been introduced to convert dicyclopentadiene 

directly to the ketone 7 10 In this method a combination 

f b 1 h ..:l • ...::1...::1 • ...::1.. ...::I' h 11 o 1- uty yuroperOXl.ue anu pyrl.ul.nl.um ul.C romate has 

been used to oxidise ~-dicyclopentadiene (2) to the 

ketone 7. But the yield of 7 obtained was only 61%. IR 

spectrum showed absorption bands at 3040, 1720 and 

1620 cm- l which are characteristic of the structure of 7. 

Structure 7 was further confirmed by 'H NMR spectrum which 

had signals 

(-CH=CH-) and 

for olefinic protons at b 5.9 

7.4 as multiplet (-CH=CH-g-). 

as multiplet 
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3.3 Preparation of 3-methyl dicyclopentenone (8), 
the ketal 9 and the aldehyde 10 

It was proposed by the scheme to introduce a 

methyl group wi th ~-configurat ion at pos i t ion-3 of ketone 

7. Stereoselective addition of alkyl group wi th j3-con-

figuration has been reported in monocyclic as well as in 

bicycJic carbonyl 
12 compound. When an ~,p-unsaturated 

carbonyl compound is treated wi th alkyl magnesium halide 

(Grignard reagent) in presence of eu + ion as catalyst or 

dialkyl copper lithium reagent, an alkyl group with 

~-configuration (exo attack) can be introduced stereo­

selectively at J-position provided the p-position is 

sterically favoured. Stork et al. 13 and J.D.White et al. 14 

have reported similar methylation (conjugate addition) 

reactions for the synthesis of Prelog-Djerassi lactone. It 

is reported that better stereoselecti v i ty can be achieved 

by using dialkyl copper lithium reagents. 

In the present work, methyl group was introduced 

by both Grignard reagent and dimethyl copper lithium 

reagent methods (Scheme 4) . 

CHO 

7 --t> h1 --c> hj --l> <:00 
0 V I 0......,) 

8 CHO 
9 

10 
Scheme 4 
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By the first method freshly purified cuprous 

, d'd 15 10 1 e was added to a solution of methyl magnesium iodide 

in ether at O°C followed by slow addition of a solution of 

ketone 7 in ether. After one hour stirring, the reaction 

mixture was quenched by adding to saturated solution of 

NH 4Cl containing little NH
3

. The product 8 was isolated in 

90% yield. 

Dimethyl copper lithium reagent was prepared by 

adding a solution of methyl lithium in ether to a stirred 

suspens ion of cuprous iodide in dry ether at 0 ° C. The 

reagent was cooled to -20°C and a solution of ketone 7 in 

dry ether was added and stirred for 1 hour. After work up, 

the ketone 8 was obtained in 95% yied. It is expected that 

the fo-CH3 group of 8 can function as C-2 methyl group of 

Prelog-Djerassi lactone. Structure of 8 was supported by 

IR spectrum with absorptions at 3050 cm- l (=CH-), 1740 cm- l 

(C=o) 

(3H, d, 

and 1630 -1 cm (C=C) and 'H NMR spectrum at bl.2 

-CH ) 
3 

and S 6.3 (2H, m, -CH=CH-). As expected 2H 

multiplet at ~ 7.4 in the ketone 7 disappeared on 

methylation by a 1,4-addition. 

Carbonyl group of 8 was protected as ethylene 

ketal using 1,2 ethylene glycol in presence of catalytic 
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amount of p-toluenesulphonic acid. Format ion of ketal 9 

was conf i rmed by the 'H NMR signal at b 3.8 as singlet for 

4H (-OCH -CH -0-) and absence of IR absorption at 1740 cm- l 
2 2 

(C=O). 

It was required to cleave the double bond of 9 

resulting in the formation of two aldehyde groups 

(Scheme 4). A combination of and sodi um-meta 

periodate was used for the double bond oxidation. 

To a solution of ketal 9 in a mixture of dioxane 

and water, catalytic amount of osmium tetroxide was added 

followed by slow addition of sodium metaperiodate. After 

usual work up, the dialdehyde 10 was obtained in 80% yield. 

Oxidation using KMn0 4 or OS04 is generally carried 

out in aqueous condition or in polar solvents. Similarly 

periodate oxidations are also associated with water as a 

sol vent or co-sol vent. Hence isolation of products from 

the reaction medium is difficult and require a lot of 

effort. Considering these drawbacks of KMn0 4 periodate 

oxidation and toxicity of Os reagents quarternary ammonium 

t 16 d t .. d' t 17 permangana es an quar ernary ammonIum perIo a es are 

used now. Among the quarternary ammonium permanganates 
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cetyl trimethyl ammonium permanganate is the one widely 

used. It was prepared by mixing a saturated solutions of 

cetyl trimethyl ammonium bromide and KMn0
4 

in water at O°C. 

The solid formed was filtered and dried. Benzyl triethyl 

ammonium periodate is another reagent among quarternary 

ammonium periodates. It was prepared by adding a solution 

of NaI0
4 

in water to a solution of benzyl triethyl ammonium 

chloride in water at O°C. The precipi tated reagent was 

filtered and dried in vacuo. 

The double bond oxidation was attempted with above 

mentioned cetyltrimethyl ammonium permanganate and benzyl 

triethyl ammonium periodate 

dioxane as sol vent system. 

in a mixture of CH
2

C1
2 

and 

The aldehyde 10 isolated was 

only 

2760 

75% 

-1 
cm 

IR 

and 

spectrum showed 

1720 cm -1 and 

absorptions at 2830 cm- l 

'H NMR signals at b 9.8 the 

aldehyde formation. 

3.4 Conversion of aldehyde 10 to ketone 12 

Conversion of two aldehyde groups in 10 to 

corresponding -CH
3 

groups is the next step in the proposed 

scheme. Reduct ion of aldehyde to hydrocarbons is a very 

common reaction in synthetic organic chemistry. 

methods are available for this conversion. 18- 20 

Several 

In the 
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proposed scheme three routes were investigated. In the 

first method the two aldehyde groups in 10 were converted 

to thioketal 11 and reduction of this thioketal with 

Raney-Ni gave the expected ketone 12 (Scheme 5) • 

l,2-ethanedithiol was prepared in 60% yield2l by treating 

ethylene dibromide with thiourea and treating the resulting 

10 -t> 

11 12 

Scheme 5 

adduct with KOH. Thioketal 11 was prepared by adding 

l,2-ethane dithiol to a solution of aldehyde 10 followed by 

catalytic amount of freshly distilled BF 3-etherate. 

Thioketal 11 was obtained in 70% yield which had I H NMR 

signal at 83.4 as multiplet (-S-CH -CH -S-) and aldehyde ? 2 

signal at ~ 9.8 in 10 was not present. In the IR spectrum 

absorption at 1740 cm -1 characteristic of c=o group was 

present. This is because of the removal of the ketal by 

BF3 etherate. 

(-OCH 2-CH 2-O-) 

Absence of 'H NMR signal 

also confirmed the deketalization. 

at b 3.8 
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22 Raney-Nickel· catalyst (W2 grade) was prepared 

and the thioketal !! was refluxed with it in dry ethanol. 

The ketone 12 was isolated from the reaction mixture in 80% 

yield. 

As a desulphurization reagent the Raney-Ni has now 

been replaced by numerous heterogeneous nickel 

23 24 reagents ' because of the tedious preparation, hazards 

in handling, difficulty in determining of the weight and 

necessity of large Ni/S ratio. Complete desulphurization 

of dithioketal can be effected in high yield with Nickel 

complex reducing 25 agents • Hal f desulphur i zat ion can be 

effectively achieved with 2,2'bipyridine modified nickel 

complex reducing agents. 

For the present purpose the reagent was prepared 

by adding a solution of tertiaryamyl alcohol in dry THF to 

a mixture of nickel acetate and NaH in boiling THF. To the 

freshly prepared reagent the thioketal 11 was added and 

refluxed for 1 hour, and the product 12 was isolated in 60% 

yield. From the 'H NMR spectrum absence of signals at S3.4 

multiplet (-S-CH
2

CH
2
-S) and formation of a broad signal at 

81.1-1.3 corresponding to three CH 3 groups confi rmed the 

structure of 12. Structure was further confirmed by mass 

spectrum (m/z = 166 (M+)). 
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In the second method the aldehyde groups of 10 

were reduced to alcohols 13 and the -OH groups were 

converted to tosylate 14. Reduction of tosylate .!.i with 

lithium aluminium hydride gave the ketal 15 which on 

deketalization afforded the ketone 12 (Scheme 6). 

10 _H~6:6 
HOCH2 

13 14 

Scheme 6 

Cd 
I 00 

I ~ 

12 

15 

Sodium borohydride was added slowly to a solution 

of aldehyde 10 in CH30H at 15°C. After the reaction, the 

mixture was quenched by adding to water and after work up 

the alcohol 13 was obtained in 80% yield. Formation of the 

alcohol was confirmed by appearance of IR absorption band 

at 3550 cm- l and 1060 cm- l and absence of aldehyde signals 

at 2830 
-1 

cm 2760 cm- l and 1720 cm-I. 'H NMR spectrum 

also confirmed the conversion of aldehyde by the absence of 

signal at S 9.8. Without further purification the alcohol 

13 was treated with a solution of p-toluene sulphonyl-
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chloride in CH
2

C1
2 

in presence of slightly excess dry 

triethylamine. After usual work up the residue was dried 

in vacuo to get the tosylate 14 in 95% yield. 

The dry and purified tosylate 14 was stirred with 

lithium alu~inium hydride in refluxing ether for 15 hours. 

The reaction mixture was quenched by slow addition to ice 

water I extracted wi th ether and dried. Col umn chroma to-

graphic purification afforded the ketal 15 in 56% yield. 

The ketal group of !2 was removed by refluxing it with a 

solution of acetone and water in presence of little 

p-toluene sulphonic acid. The product 12 was obtained in 

95% yield. 

In the third method the conversion of aldehyde 

group of 10 to -CH3 groups was accomplished by the Huang-

MinIon d · f' . 26 mo 1. 1.cat1.on of Wolff-Kishner d 
. 27 re uct1.on 

(Scheme 7). 

10 ------'> (Q 
, 00 , V 

W 
.' 0 

15 12 

Scheme 7 





79 

The dialdehyde 10 was refluxed wi th a mixture of 

diethylene glycol, hydrazine hydrate and powdered KOH for 

4 hours. The reaction mixture was extracted with ether and 

evaporation of ether afforded the ketal 15 in 61% yield. 

The ketal group of 15 was removed by refluxing with 

p-toluene sulphonic acid in a mixture of acetone and water. 

The deketalised product 12 was obtained in 90% yield. 

3.5 Baeyer-Villiger Oxidation of 12 

Peracid oxidation of a ketone to an ester was 

f · d b d '11' 28 . 1 1rst reporte y Baeyer an V1 1ger • For unsymmetr1ca 

ketones regioselectivity of oxygen insertion is decided by 

the migratory aptitude of groups on ei ther side of the 

ketone. Besides this migratory aptitude some other factors 

like steric 29 effects ~ hydrogen bonding capability of 

'30 . substituents ~ perac1d employed etc. are also deciding the 

regioselectivity of oxygen insertion. 

The ketone 12 was subjected to Baeyer-Villiger 

oxidation wi th a view to open the bicyclic ring by the 

hydrolysis of the lactone formed. By the mechanism of 

Baeyer-Villiger oxidation the migratory aptitude of bridge 

carbon is greater than the methylene carbon. Hence lactone 

16 was preferred to 17 (Scheme 8). 
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12 

16 17 

Scheme 8 

But the proceeding schemes suggested that both 

products 16 and 17 can be converted to a single desired 

product 20 by a convergent step (Scheme 9). 'H NMR signal 

at ~ 2 as doublet for 2H and b 4.2 as multiplet for lH 

(-OCH-) assigned for the structure of 16 and signals at 

16 ~ ----to <X:l{ . , , , 
18 19 ~ 

<=x:: OH 

/' • 

OH CeXoo 20 

17 --t> ---I> 

21 22 

Scheme 9 
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o 
&2.1 as multiplet for IH (-~-CH-) and 04.1 as doublet for 

2H confirmed the structure of 17. IR absorption peaks of 

16 and 17 were almost same. 

The cleavage of 16 and ~ were achieved treating 

with methyl lithium. Ether solution of methyl lithium was 

treated wi th lactone 16 at -50°C under N2 • The reaction 

mixture was quenched by pouring into ice water and 

subsequent work up yielded 90% of the methyl ketone 18. 

Similarly the methyl ketone ~ was prepared from 17 in 89% 

yield. Methyl ketone 18 was confirmed by IR absorptions at 

3430 -1 cm (-OH group) and 1710 
-1 

cm (-C=O) • 'H NMR 
o 

(-~-CH ), 
3 

spectrum showed signal at b 2.1 as singlet for 3H 

Methyl ketone ~ was 

(-OH) and 1710 cm- l 

-1 confirmed by the peaks -at 3550 cm 

(C = 0) of IR spect rum. The CH -~-
3 

group of 21 was confirmed by 'H NMR signal at S 2.1 as 

singlet for 3H. 

The ketone 18 was subjected to Baeyer-Villiger 

oxidation using m-chloroperbenzoic acid buffered with 

The acetate 19 was obtained exclusively 

in 91% yield. m-chloroperbenzoic acid oxidation of ~ gave 

22 in 90% yield under same condition but with lesser time. 

IR spectrum of 19 showed absorptions at 3450 cm- l (-OH), 
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o 
1735 -1 cm 

11 
(-C-O-) and 1090 -1 cm (C-O) • IH NMR signals at 

0 

b 2.1, singlet " and 84.0 as for 3H (-C-CH ) as doublet for 2H 
3 

(-O-CH -) 
2 

also confirmed the structure of 19. IR 

absorptions at 3550 -1 1735 -1 and 1100 -1 and cm cm cm 
0 

IH NMR spectrum signals at S 2.1 (3H, 
n 

s, -C-CH ) 
3 

and 4.1 

(lH, rn, -O-CH-) were assignable to the structure of 22. 

The acetate 19 and 22 were hydrolysed with 

methanolic potassium hydroxide to get the alcohol 20 in 87% 

yield. The structure of 20 was confirmed by IR absorption 

at 3560 cm-I 3450 -1 2935 -1 d 1150 -1 , cm, cm an cm. 

The alcohol 20 was oxidised to keto acid 23 in 70% 

yield using chromic acid. Structure was confirmed by IR 

spectrum at 2500-3500 (broad band for -COOH), 1740 cm- l and 

1705 cm- l (C = O). IH NMR signal at SlO.9 also confirmed 

the compound 23. 

3.6 Preparation of Prelog-Djerassi lactone 

Synthesis of Prelog-Djerassi lactone (24) was 

accompl ished by the Baeyer-Vi 11 iger oxidation of compound 

23 (Scheme 10). Baeyer-Villiger oxidation has been used 

frequently in recent years for the oxidation of cyclic 



83 

tCcoOH~ 
. 0 cYCOOH 

/' 0 +. 
({COOH 

" 0 0 . 
0 

23 24 25 

Scheme 10 

ketones to lactones, particularly in the synthesis of 

prostaglandin and macrocycl ic lactones. In the case of 

unsymmetrical ketones the regioselectivity of oxidation is 

affected by the electronic properties of substituents at 

31 
0< or J3 to the carbonyl group. Baeyer-Villiger oxidation 

studies on bicyclic [ 2 . 2 • 1 ] 32 heptanones showed that the 

product formation is enhanced by (1) electro-negativity of 

substituents at C-7, (2) H-bonding capability of substi-

tuent at C-5 and (3) the peracid employed. 

Considering the case of compound ~ either side of 

the carbonyl group has a substituent and in one side a 

carboxyl group is present at )-position. It was expected 

that both products 24 and 25 can be formed wi th equal 

probability during peracid oxidation. 
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The keto acid 23 was treated with a mixture of m-

chloroperbenzoic acid and disodium-hydrogen phosphate in 

CH 2C1 2 • 

isolated 

After 20 hours of reaction the products were 

by column chromatography using hexane-ethyl 

acetate mixture (5: 1) to get Prelog-Djerassi lactone (24) 

in 47% yield. Structure was confirmed by 'H NMR spectrum 

signals at S 1.0-1.3, (9H, rn) for three CH
3 

groups, bl.4-2.7 
o 
" (5H, m), 4.3 (lH, m, -O-CH-), 11 (lH, br, -COH) IR 

spectrum has absorption at 2500-3500 -1 cm 1735 -1 cm 

-1 1705 cm , -1 1190 cm and -1 1100 cm , mass spectrum m/z = 

200 (M+)~ 

Baeyer-Villiger oxidation was attempted using 

various reagents like acetic anhydride/urea/H
2

0
2
/disodium 

hydrogen phosphate, peracatic acid/CH
3

cooNa, perbenzoic 

acid/Na
2

HPo
4 

and monoperphthalic acid/Na
2

HPo
4

• In all 

cases mixture of products were formed from which the 

lactone 24 was isolated by column chromatography. 

3.7 Synthesis of dehydronorcamphor 

Dehydronorcamphor (28) was prepared from 

cyclopentadiene (3) by Diels-Alder reaction with vinyl 

acetate followed by saponification and oxidation. 
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Different methods for the synthesis of dehydronor camphor 

are reported. All methods are based on Diels-Alder 

reaction of cyclopentadiene with different dienophiles 

(Scheme 11). 

Cyclopentadiene (3) obtained by the cracking of 

dicyclopentadiene, was mixed with excess vinyl acetate and 

heated for 10 hours at The products were 

fract ionally dist illed (73-75 0 C, 14 Torr) to get dehyd ro-

b 1 t t (26 ) l' n 80% y1' eld. 33 nor orny ace a e _ The structur'e of 

acetate was confirmed by IR absorptions at 1735 
o 

(-~-O-) and 1110 cm- l (C-O) and 'H NMR signals at ~ 2 

-1 
cm 

as 3H 

singlet (-COCH
3

) and a multiplet of olefinic protons at 

5.8. The acetate was hydrolysed wi th methanol ic sodi urn 

)y ~ ~ 
OAC !:2 J OH 

/ 26 

0 h-CN -----(;> ~ I 
3 29 Cl 

0 
28 

J:r~N 
/ 

30 

Scheme 11 
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hydroxide to get alcohol 27 in 90% yield which had IR 

absorptions at 3400 -1 cm 1250 -1 cm and 1100 -1 cm and 

'H NMR signals at 85.8 as multiplet for olefinic protons. 

Dehydronorcamphor (28) was obtained by the chromic 

acid oxidation of dehydronorborneol. The oxidation was 

also carried out by pyridinium chlorochromate wi th better 

yield (85%). IR absorption at 1740 -1 cm (C=o) confirmed 

the formation of dehydronorcamphor. 

34 In another method dehydronorcamphor was prepared 

by Diels-Alder reaction of cyclopentadiene wi th 2-chloro 

acrylonitrile followed by treatment with potassium 

hydroxide. Formation of the adduct 29 was confirmed by the 

peak in IR spectrum at 2200 cm- l (C:N) and H'NMR signal at 

b6.1 for olefinic protons. By a third method35 oc-acetoxy 

acryloni trile was used as dienophile for the Diels-Alder 

The product 

confirmed by IR absorption at 2200 cm- l (C:N) 1735 
o 

with cyclopentadiene. reaction 

and 'H NMR signals at . (") 2.1 as 3H s1.nglet -C-CH
3 

30 was 
o 
11 

(-C-O-) 

and 2H 

mul t iplet at 5.9 for olefinic protons. The dehydronor-

camphor was obtained in 81% yield by the hydrolysis of 

cyanhydrin acetate with aqueous sodium hydroxide. 35 
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3.8 Alkylation of dehydronorcamphor 

The dehydronorcamphor (28) was alkylated at 

position-3 according to the proposed scheme using 2-chloro-

methyl propanoate as the alkylating agent. It was prepared 

by the esterification of 2-chloropropanoic acid. The 

alkylation was carried out using lithium diisopropylamide 

as base and the attack of alkylating group was specifically 

at ~-position. The product 31 was obtained in 55% yield 

(Scheme 12). The structure of 31 was confirmed by IR 
o 

spectrum at 1745 cm- l (C=O), 1735 cm- l (-e-O-), 1630 cm- l 

(C=C) 1130 cm- l (C-O) and 'H NMR spectrum signals at b 1.9 

as multiple:t for 1 endo-proton at C-3, 3.5 (3H, s) for 

-OCH
3 

group and 6.1 as multiplet for olefinic protons. 

28 ---'> 
JfCOO~ 

31 

~O~ 
Q...; 

32 

Scheme 12 

~ 00) COOMe 

: 0] 
CHO 

33 
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The carbonyl group of ~ was protected as ethylene 

ketal 31. When preparation of the ketal 32 in the 

conventional method using ethylene glycol and p-toluene 

sulphonic acid was attempted, the yield obtained was less 

than 70%. However, the yield was considerably improved 

when the reaction was conducted with 10 mol % of pyridinium 

p-toluene sulphonate. When this method was adopted, the 

ketal 32 was obtained in 90% yield. The 'H NMR spectrum of 

32 showed a singlet of 3H at ~3.8 (-O-CH
2

-CH
2
0-) and $3.4 

(-OCH 3 )· 

The double bond of 32 was oxidised to dialdehyde 

33 using osmium tetroxide and sodium meta periodate in 

dioxane-water system in 90% yield. The double bond 

oxidation was also carried out in nonaqueous medium using 

cetyl trimethyl ammonium permanganate and benzyl triethyl 

ammonium periodate to get 

spectrum the peaks at 2850 

the 

-1 cm 

33 in 6.8% yield. In IR 

2750 cm-I, 1720 cm- l and 

'H NMR signal at 09.8 were characteristic of aldehyde 

-1 1735 cm groups and presence of IR abdorption at 

1100 cm -1 and 'H NMR signals at ~ 3.4 confirmed the ester 

group. The ketal group (-OCH
2

CH
2
-O-) was also confirmed by 

'H NMR signal at b3.8 as 4H singlet. 
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3.9 Preparation of thioketal 34 and ketoester 36 

groups. 

The aldehyde groups of 33 were converted to CH
3 

It is expected that these two CH
3 

groups can 

function as the C-4 and C-6-CH 3 groups of Prelog-Djerassi 

lactone. Different methods were tried for the conversion 

of aldehyde to -CH3 group. In one of the methods the two 

aldehyde groups were converted to thioketal 34 followed by 

reduction with Raney-Ni and esterification to get the keto 

ester 36 (Scheme 13). The aldehyde 33 was treated with 

33 
rccs 

- " OOH 
~ -<> 

o 
tCOOH 

. 0 , 

34 35 36 

Scheme 13 

1,2 ethanedi thiol and freshly prepared BF 3-etherate and 

stirred for 3 hours. The dithioketal 34 was isolated in 

63% yield. The thioketal formation was confirmed by 'H NMR 

signal at b 3.3 as multiplet for 8H. From the 'H NMR 

spectrum absence of signals at ~ 3.5 (3H, s, -OCH
3

) and b 3.8 



(4H, 

1735 

s, 

-1 cm 

90 

of peaks at 

-1 and 1100 cm in IR spectrum revealed that the 

ester group and ketal group were removed from ~ during 

thioketal formation. Appearance of IR absorption at 

-1 1745 cm , 2500-3500 cm- l confirmed the formation of keto 

group and acid group in 34. 

The thioketal 34 obtained was refluxed with 

freshly prepared Raney-Nickel catalyst in dry ethyl 

alcohol. After filtration of reaction mixture and 

evaporation of solvent afforded the keto acid 35 in 65% 

yield. The reduction of thioketal 34 was also performed 

with nickel containing complex reducing 25 agent. The 

structure of 35 was confirmed by disappearance' of 8H 

multiplet at 3.3 for dithioketal. Presence of a broad IR 

absorption peak at 2500-3500 cm- l (-COOH) and a sharp peak 

1740 -1 cm (C=O) 

keto acid 35. 

and 1705 cm- l confirmed the structure of 

The keto acid 35 was then esterified with 

dry methanol and p-toluene sulphonic acid to get 36 in 70% 

yield. IR spectrum showed peaks at 1735 cm- l and 1110 cm- l 

and 'H NMR signal at 3.4 which confirm the ester 

formation. 

In the second method the aldehyde ~ was reduced 

to alcohol by sodium borohydride in methyl alcohol. The 
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alcohol 37 was obtained in 90% yield (Scheme 14) _ The 

alcohol formation was confirmed by the peak in IR spectrum 

at 3550 -1 cm The ester and ketal groups were retained in 

CHO HOCH2 
TS~ ~OOM-=- C(COOM~ OOMe 

0 
,. 0.) : 0.) I oJ 

CHO HOCH2 TsOCH2 

33 37 38 

~CH2OH te°OH OCc 0 OMe -<> o ---c> 

,.. 0) I 0 , 0 

39 35 36 

Scheme 14 

the compound 37_ Alcohol ~ was t rea ted wi th p-tol uene 

sulphonyl chloride in presence of dry triethylamine in 

CH 2C1
2

- The tosylate 38 obtained in 90% yield, was treated 

with lithium aluminium hydride in ether under reflux_ The 

yield of product 39 obtained was only 55%. During the 

tosylate reduction the ester group present in 38 was also 

reduced to alcohol, (IR spectrum 3540 cm-I) and ketal group 

remain unaffected. The alcohol 39 was then oxidised with 
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chromic acid to get keto acid 35 in 70% yield. The 

structure of ~ was confirmed by IR spectrum at 2700-3500 

-1 -1 as a broad band (-COOH), 1740 cm (C=O) and 1705 cm 
o 

(-C-OH), and 'H NMR spectrum with signals at SlO.8 (lH, br, 

-COOH) . The keto and 35 was then converted to methyl 

ester 36. 

By a third method the aldehyde ~ was treated with 

hydrazine hydrate and potassi urn hydroxide in presence of 

diethylene glycol (Scheme 15). The product 40 was formed 

in 70% yield. During this reaction, the ester group was 

also hydrolysed to acid. The ketal group of 40 was removed 

by refluxing it with a mixture of acetone, water and 

p-toluenesulphonic acid to get 35. The deketalisation was 

confirmed by the absence of 'H NMR spectrum signal at b3.8 

The keto acid 35 was further 

converted to methylester 36. 

33 ~ ~OOH_ 
,: 0':; 

40 

tC°OH 

· 0 · · 
35 

Scheme 15 

c&0Me 
; 0 

36 
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Finally, the keto ester 36 was subjected to 

Baeyer-Villiger oxidation to get the methyl ester of 

Prelog-Djerassi lactone (Scheme 16). Different 

peracids were used for Baeyer-Villiger oxidation. with 

m-chloroperbenzoic acid buffered with NaHCo
3

, keto ester 36 

<=000¥~ 
: ° 

MCOOMe 

/~6 + 
AACOOMe 

--~o~o 
36 o 41 42 

Scheme 16 

gave a mixture of products and they were isolated by colum~ 

chromatography to get the methyl ester 41 (57%) and 4.L 

(34%). When the oxidation was carried outwith acetic 

anhydride urea-H 20
2 

and disodium hydrogen phosphate 36 gave 

41 (37%) and 42 (28%). with peracetic acid and CH
3

COONa 

the keto ester ~ gave ik (40%) and 42 (30%). Perbenzoic 

acid and monoperphthalic acid gave 4.L in (50%) and (45%) 

and 42 in 25% and 36% respectively. Products were isolated 

by column chromatography using neutral aluminium oxide and 

hexane-ethyl acetate mixture (10:1). 
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Since the stereochemistry of methyl group at 

posi tion-2 (C
2

) of methyl ester 41 has not been defined, 

the ester 41 is actually a mixture of methyl ester of 

Prelog-Djerassi lactone and its epimer at C-2. The mixture 

can be separated by column chromatography. But there are 

reports of Baker's yeast mediated hydrolysis of 

c(-substituted esters in 

substituent at DC-position 

which the stereochemistry of 

is not known. 36 It is reported 

that the possibility of hydrolysis of such esters is 

decided by the stereochemistry of substituent at 

o(-position. The ester having substituent with p-configura-

tion will be hydrolysed and the other isomer t.vill remain 

unhydrolysed. Thus Prelog-Djerassi lactone (24) can be 

separated from the mixture of methyl esters of Prelog­

Djerassi lactone. 
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INTRODUCTION 

The melting points determined in open capillary 

tubes are reported to degree celsius and are uncorrected. 

HNMR Spectra (60 MHz) were obtained on a Hi tachi R 600 

FT NMR spectrometer and signals are reported in parts per 

million (b) downfield, from TMS as internal standard 

(s = singlet, d = doublet, t = triplet, m = multiplet, 

b = broad). IR spect ra were recorded ei ther on a Perkin 

Elmer 727 B spectrometer or Perkin Elmer 283 spectrometer 

,I -1 
( y max cm ) • Gas chromatographic analysis were carried 

out on a Hewlett Packard 5730 A gas chromatograph equipped 

with FID with N2 as carrier gas (30 ml/min at ambient 

temperature) and using stainless steel columns 

(12 ft x 1/8 in; 6 ft x ~ in) packed with 10% SE-30 or 

5% carbowax on chromosorb (80/100). Mass spectra were 

recorded on a varian MAT CH 7 mass spectrometer. UV spectra 

were obtained using a Shimadzu model 160 A spectrophotometer 

in methanol. Thin layer chromatography was performed 

on glass plate coated with silica gel G. Unless otherwise 

specified, column chromatography was done with slurry 

packed silica gel (Qualigens or Sisco 60-120 and 100-200) 

columns. Moisture or oxygen sensitive reactions were 

carried out under an atmosphere of dry N
2

• All solvents 

were dried using appropriate drying agents and distilled 

before use. 
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4.1 endo-Dicyclopentadiene (1) 

Dicyclopentadiene (commercial grade) 100 ml was 

heated at reflux (170-180°C) under N2 atmosphere in a 

250 ml round bottomed flask equipped with Friedrichs 

Condenser, claisen head, thermometer, a gas inlet and a 

collection adaper. After discarding the Forerun the 

recei ver was cooled in dry ice and cyclopentadiene 

distilling at 41°C was collected. Cyclopentadiene thus 

obtained in a tightly closed flask was placed in a refri-

gerator at ooe for 3 days. 

pentadiene monomer was 

By this time the whole cyclo­

slowly converted into endo-

dicyclopentadiene. 

by dlst illat ion 

17 Torr). 

Finally, the endo-isomer wa s puri f ied 

under reduced pressure (B. P. 

4.2 exo-Dicyclopentene-bromide (4) 

A mixture of endo-dicyclopentadiene (264 g, 2 mol) 

and 48% hydrobromic acid (650 gm) was stirred under N2 at 

75°C for 12 hours. The mixture was cool ed, d il ut ed wi th 

water and extracted with ether. Combined ether extracts 

were washed with 5% NaHC0
3 

solution, water and dried over 

anhydrous Na
2

S04 . After removal of ether, the product on 

distillation (B.P. 86-88°C, 0.1 Torr) gave a colourless 

liquid (372 g, 88%). 
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4.3 ~-Dicyclopentadiene (~) 

A solution of potassium hydroxide (7.5 gm) in 95% 

ethanol (250 ml) was added to the bromide 4 (86 g, 0.4 mol) 

and the mixture was heated under reflux in N2 for 24 hours. 

The mixture was cooled, diluted with water and extracted 

with ether. The combined ether extracts were washed with 

water and dried over anhydrous Na
2

S0
4

. Removal of ether 

and vacuum distillation yielded exo-product along with 10% 

endo-product. A Vigreux column was attached and the 

dehydrobromination product was heated initially at 170°C 

and then at 190°C. The thermally less stable endo-

dicyclopentadiene was converted to cyclopentadiene monomers 

and collected. The residue was distilled under reduced 

(8 P 63 °C, pressure .• 11 Torr) to give 2 as colourless 

liquid (118 g, 85%). 

4.4 Tricyclo[5.2.1.o2 ,6]deca-3,8-dien-5-o13 (~) 

(185 g, 

(500 ml) 

Freshly 

1.4 mol) 

distilled exo-dicyclopentadiene (2) 

was dissolved in a mixture of dioxane 

and water (50 ml). Selenium dioxide (66.5 g, 

0.6 mol) was added and the solution was heated under reflux 

for 3 hours. The resulting dark brown mixture was filtered 

from selenium and poured into two litres of water. The 
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heavy dark oil was drawn off and the aqueous 

was extracted wi th 200 ml of ether using 

ether extractor. Ether was removed and the residue was 

fractionally distilled (90°C, 5 mm) to give alcohol 5 

(100.2 g, 57%). 

IR (Neat) 

I H NMR (CDC1
3

) 

3450, 3050, 1050 -1 
cm 

1 
Si 4 or. -4- "1.j '. OO~;. 

t),,) r 1 

55.8 (2H, m, -CH=CH-), 6.3 (2H, m, -CH=CH-) 

4.5 Tricyclo[S.2.1.02,6]deca-3,a diene-S-acetate3 (~) 

Freshly prepared ~-dicyclopentadiene (2) (50 g, 

0.38 mol) was dissolved in acetic acid (50 ml) and a 

solution of selenium dioxide (18 g, 0.163 mol) in acetic 

acid (50 ml) was added to it with stirring. The reaction 

mixture was refluxed for 4 hours, cooled and diluted with 

ice water. The heavy dark oil was separated and the 

aqueous solution was extracted with ether (50 ml x 4). The 

combined organic solution was dried, evaporated and 

fractionally distilled 118-120°C, 15 mm) to get the acetate 

6 (61 g, 85%). 

IR (CCL
4

) 3010, 1735, 1100 -1 cm 
0 

(CDC1
3

) S 2.1 (2H, 
\\ 

(2H, -CH=CH-) 'H NMR s, -CCH
3

), 5.8 m, 

6.3 (2H, m, -CH=CH-) 
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4.6 Tricyclo[5.2.1.02 ,6]deca-3,s diene-5-o1 (5) 

A mixture of acetate ~ (40 g, 0.21 mol) in methyl 

alcohol (100 ml) and sodium hydroxide (12 g, 0.3 mol) 

dissolved in methyl alcohol (50 ml) were refluxed for 3 

hours. The reaction mixture was cooled, diluted with water 

and extracted wi th ether (50 ml x 3). Combined ether 

extracts were washed with water, dried and 

evaporated. The residue was fractionally distilled to get 

alcohol 5 (21.8 g, 70%). 

4.7 Tricyclo[5.2.l.02 ,6]deca-3,S diene-5-one (7) 

To a solution of alcohol ~ (14.S g, 0.1 mol) i'1 

ether (100 ml) in a 500 ml round bottomed flask kept in ice 

bath, equipped with a thermometer and a stirrer. 8N 

chromic acid (60 ml) (Prepared by mixing chromi urn trioxide 

(15 g) and Con: H
2

S0
4 

(13 ml) in water (65 ml) was added 

from a dropping funnel. The reaction mixture was stirred 

for 2 hours keeping the temperature of the reaction mixture 

Sodium metabisulphite solution was added to 

reduce the excess oxidant. Ether layer was separated and 

washed with 5% NaHC0 3 solution, water and dried over 

anhydrous Na
2

S04 • After evaporation of solvent the product 

was distilled (B.P. S2-87°C, 4 Torr) as a pale yellow oil 
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which crystall i sed on being cool ed to room temperature. 

The product was finally purified by column chromatography 

using neutral alumina as absorbent and hexane-ethyl acetate 

(10:1) as eluent to get the ketone 7 (12 g, 82%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

1720, 3010 -1 cm 

06.3 (2H, m, -CH=CH-) ,7.2(2H,m,-CH=CH-CO-) 

4.8 Tricyclo[S.2.l.02,6]deca-3,8 diene-S-one (7)-­

Oppenaeur Oxidation 

A mixture of alcohol ~ (22.2 g, 0.15 ml), p-benzo­

quinone (21.6 g, 0.2 mol) and aluminium ter:butoxide 

(36.2 g, 0.15 mol) in 200 ml dry benzen~ was stirred at 

50°C for 6 hours. After the reaction, the reaction mixture 

was allowed to cool and decomposed with water. Aluminium 

hydroxide was filtered off and washed thoroughly with 

ether. The combined organic solution was extracted five 

times with 50 ml portions of 5% NaOH solution and then with 

to water neutrality and finally dried over anhydrous 

After evaporation of sol vent, the product was 

dist illed under reduced pressure (82-87 ° C , 4 Torr) to a 

pale yellow oil which solidified on being cooled to room 

temperature. The crude product was puri f i ed by col umn 

chromatography using neutral alumina as adsorbent and 
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hexane-ethyl acetate (10: 1) as eluent to get the ketone 7 

(16.5 g, 75%). 

4.9 pyridinium ch1oro chromate {PCC)5 

To 6M hydrochloric acid (45 m!, 0.26 mol), 

chromium trioxide (25 g, 0.25 mol) was added rapidly with 

stirring. After 5 minutes the homogeneous solution was 

cooled to ODC and pyridine (19.77 g, 0.25 mol) was added 

over a period of 10 minutes. The mixture was cooled to ODC 

and the yellow orange coloured solid formed was collected 

on a sintered glass funnel and dried in vacuo to get 

pyridinium chloro chromate (48.9 g, 81%). 

4.10 Tricyc1o[5.2.1.02 ,6] deca-3,8 diene-5-one {7}-­

PCC Oxidation 

To a solution of alcohol 5 (37 g, 0.25 mol) in 

dichloromethane (200 ml) in a 500 ml round bottomed flask 

equipped with a stirrer, pyridinium chlorochromate (107 g, 

0.5 mol) was added in small portions for 30 minutes. After 

addition the reaction mixture was stirred for 3 hours 

keeping the temperature nearly at 20 DC. Progress of the 

reaction was monitored by thin layer chromatography. When 

the reaction was complete, the reaction mixture was 

filtered and solvent was evaporated. The residue was 
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purified by column chromatography using neutral alumina as 

adsorbent and hexane-ethyl acetate (10:1) as eluent to get 

the ketone 7 (31 g, 85%). 

4.11 Preparation of pyridinium dichromate6 

To a cooled solution of chromiumtrioxide (100 g, 

1 mol) in water (100 ml) at 20°C was added pyridine 

(80.6 ml, 1 mol) slowly with stirring. After 5 minutes the 

react ion mixture was di 1 ut ed wi th acetone (400 ml) and 

cooled to -20°C. After 3 hours the precipitated orange 

crystals of pyridinium dichromate was filtered, washed with 

acetone and dried in vacuo (122 g, 68%). 

4.17 clo[5.2.1.02 ,6]deca-3,8 diene-5-one (2) 

PDe oxidation 

To a stirred solution of ~-dicyclopentadiene (2) 

(1.32 g, 0.01 mol) in benzene (20 ml) and celite (10 g) was 

added pyridinium dichromate (15 g, 0.04 mol) followed by 

the addition of 70% ter:butyl hydroperoxide (3.6 ml, 

o .04 mo 1) at 10 ° C • After 15 minutes at 10°C, the reaction 

mixture was stirred for 5 hours at 25°C. Ether (20 ml) was 

added and the reaction mixture was filtered. The residue 

was again washed twice with 10 ml portion of ether. 
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Combined filtrate was evaporated and the residue was 

purified by column chromatography using neutral alumina as 

adsorbent and hexane-ethyl acetate (10:1) as eluent to get 

the ketone ~ (0.9 g, 61%). 

4.13 ~-3-methy1 tricyc1o(5.2.1.02,61dec-8-en-5-one (8)-­

Lithium dimethyl cuprate method 

Li thi urn dimethyl cuprate was prepared by adding 

methyl lithium (34.5 ml, 1.8 M) [(prepared from lithium 

(1.7 g, 0.24 mol) and methyl iodide (9 g, 0.06 mol) in 

anhydrous ether (40 ml)] in ether to a stirred suspension 

of cuprous iodide (11.9 g, 0.625 mol) in 100 ml dry ether 

at O°C. A solution of ketone 7 (8.2 g, 0.056 mol) in 50 ml 

dry ether was added ~lowly into the cooled (-50°C) cuprate 

reagent over 30 minutes period. After the addi t ion, the 

cooling bath was removed and stirring was continued for 

30 minutes. The react ion mi xt ure was s lowl y poured into 

50 ml of rapidly stirring saturated NH
4

Cl solution. A few 

millilitres of con: NH3 was added to facilitate dissolution 

of the copper salts. The phases were separated and the 

aqueous phase was ext racted wi th ether (20 ml x 3). The 

combined organic phase was washed with dilute NH40H and 

saturated NaCl solution. After being dried over anhydrous 

Na
2
so

4
, the sol vent was evaporated in vacuo to furnish 
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the crude ketone as yellow oil, which was puri fied by 

column chromatography using neutral alumina as adsorbent 

and hexane-ethyl acetate (15:1) as eluent to get 8 

(8.7 g, 95%). 

IR (Neat) 1740, 1630, 3050 
-1 

cm 

IH NMR (CDC1
3

) 81.2 (3H, d, -CB
3

) , 6.3 (2H, m, -CH=CH) 

4.14 p-3-methYl tricyclo[S.2.1.02 ,6]dec-8-en-Sone (8)-­

Grignard reagent method 

Methylmagnesium iodide was prepared from magnesium 

turnings (0.568 g, 0.023 mol) and methyl iodide (1.44 ml, 

0.023 mol) in 20 ml of dry ether. The resulting solution 

was diluted with ether (40 ml) and cooled to ocC, and 

cuprous iodide (0.168 g, 0.0008 mol) was added, followed by 

the dropwise addi tion of a solution of ketone 7 (2.7 g, 

0.0185 mol) in ether (40 ml). After 30 minutes of 

addition, the cooling bath was removed and stirring was 

continued for 45 minutes. The reaction mixture was poured 

into saturated solution of NH
4

Cl (50 ml). Concentrated NH3 

(2 ml) was added to facilitate dissolution of copper salts. 

Ether layer was separated and the aqueous layer was 

extracted with ether (25 ml x 3) and the combined organic 

layer was washed with dilute ammonium hydroxide and 
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saturated sodium chloride solution. Ether layer was dried 

over anhydrous Na 2so4 and evaporated in vacuo. The residue 

was purified by column chromatography using neutral alumina 

as adsorbent and hexane-ethyl acetate (15:1) as eluent to 

afford the ketone 8 (2.7 g, 90%). 

4.15 ~-3-methyl,5-ethylene dioxy tricyclo[5.2.1.02 ,6]dec-

8-ene (9) 

A mixture of ketone 8 (16.2 g, 0.1 mol), ethylene 

glycol (12.4 g, 0.2 mol) 20 mg of p-toluene sulphonic acid 

and benzene (50 ml) were refluxed using a Dean-Stark 

apparatus for 3 hours under N2 atmosphere. The react ion 

mixture was cooled, diluted with watel:" and extracted with 

ether (50 rr.l). The organic layer was washed with 5% 

sodiumbicarbonate solution, water and dried over anhydrous 

Solvent was removed in vacuo and the product was 

purified by column chromatography using neutral alumina as 

adsorbent and hexane-ethyl acetate (20:1) as eluent to get 

the ketal 9 (19.6 g, 95%). 

IR (Neat) 

'H NMR (CDC 13 ) 

1620, 1060 -1 cm 

81.2 (3H, d, -CH
3

), 3.8 (4H, S,-OCH
2

CH
2
0-) 

6.3 (2H, m, -CH=CH-) 
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4.16 p-methyl-4-ethylenedioxy- -bicyclo [3.3.01 ,5] 

octaneOC6,8-dicarboxaldehyde (10) 

To a stirred mixture of ketal 9 (15 g, 0.072 mol) 

dioxane (100 ml) and water (50 ml), Osmiumtetroxide 

(l50 mg) was added followed by sodi urn metaperiodate 

(31.3 g, 0.144 mol) slowly with stirring and keeping the 

temperature at 20°C. The stirring was continued for 10 

hours. After the reaction, the solid formed was filtered 

and washed wi th ether (20 ml x 3). The combined filtrate 

and washings were evaporated in vacuo to get the dialdehyde 

10 (13.8 g, 80%). 

IR (Neat) 2830,2760,1720 
-1 cm 

'H NMR 

4.17 

(CDC1
3

) b 1.1 (3H, d, -CH
3

), 3.8 (4H, s,-OCH CH 0-) 
2 2 

9.8 (2H, d, 2-CHO) • 

7 Preparation of cetyl trimethyl ammonium permanganate 

To a stirred solution of potassi urn permanganate 

(3.168 9,20 mmol) in water (100 ml) at 20°C was added, 

dropwise over 20 minutes, a solution of cetyl trimethyl 

ammoniumbromide (8.02 g, 22 mmol) in water (lOO m!). A 

fine violet precipitate was formed immediately. Stirring 

was continued for 30 minutes, the precipitated product 

filtered, washed thoroughly with water and dried in a 
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desicator over phosphorous pentoxide in vacuo for 3 hours 

at room temperature to give the salt as a fluffy violet 

solid 6.5 9 (80%). 

4.18 Preparation of benzyl triethyl ammonium periodate8 

Benzyl triethyl ammonium chloride (1. 36 g, 

0.006 mol) and sodium meta periodate (1.07 g, 0.006 mol) 

were dissolved in a minimum amount of water, respectively, 

and mixed at O°C. The reaction mixture was stirred for 

30 minutes and the precipitated product was filteced and 

dried under vacuum. The salt was then recrystallized from 

benzene-hexane mixture (2 g, 90%). 

4.19 fl-2-methyl-4-ethylenedioxy bicyclo[3.3.0 l ,5] octane-

6,8-dicarboxaldehyde (10) 

A solution of cetyltrimethyl ammonium permanganate 

(4.04 g, 10 mmol) in dichloromethane (50 ml) was added 

dropwise to a stirred solution of ketal ~ (2.08 g, 10 mmol) 

in 30 ml dichloromethane at 20°C. Stirring was continued 

for one hour and the solvent was concentrated to half of 

its original volume. A solution of benzyl triethyl 

ammonium periodate (7.74 g, 20 mmol) in dioxane (40 ml) was 

added to the reaction mixture under N2 at room temperature 

and stirred for 8 hours. After the reaction, the reaction 
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mixture was filtered. The residue and filtrate were 

ext racted wi th ether (20 ml x 4) and the combined ether 

extracts were dried and evaporated in vacuo to get 

dialdehyde 10 (1.69 g, 70%). 

4.20 Preparation of 1,2 Ethane dithio1 9 

A mixture of 95% C2H50H (275 ml) and thio urea 

(60.9 g) were refluxed on a steambath until the solution is 

clear. The reaction mixture was cooled and added 1,2-

ethylene dibromide (75.1 g) in one portion. The reaction 

become vigorous and it was controlled by cooling with ice 

water. After the reaction the isothiouronium salt formed 

was filtered and dried. Concentration of the mother liquor 

also yielded crude isothiouronium salt. A mixture of 

isothiouronium salt (25.5 g) and 85% potassium hydroxide 

(64 9 in 136 ml water were placed in a 3-necked flask and 

boiled under reflux for 5 hours. NH3 was evalued during 

the reaction. After the reaction N2 was admitted to the 

flask and a cooled solution of H
2

S0
4 

(41.5 ml) in water 

(76 ml) was added dropwise until the reaction mixture 

became acidic. N2 was cut off and steam was introduced to 

distil out the 1,2 ethane dithiol by steam distillation 

(22.5 g, 60%). 
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4. 21 ~-4-Methyl-6,8 (ethylene di thioxy methyl) -bicyclo 

[3.3.01 ,5] octan-2-one (11) 

A mixture of ketal (30 g, 0.125 mol), 1,2-ethane 

dithiol (123.5 g, 0.25 mol) in CHC1
3 

(20 ml) and freshly 

distilled boron trifluoride-etherate (2 ml) were stirred 

for 3 hours at O°C. The reaction mixture was diluted with 

water and extracted with ether. The ether layer was washed 

with 5% sodium hydroxide solution, water and finally dried 

over anhydrous Na 2SO 4. Evaporation of solvent afforded 

thioketal 11 (30.4 g, 70%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

1740 -1 cm 

4.22 Preparation of Raney-Nickel catalyst (w ) 
2 

To a solution of NaOH (19 g) in water (75 ml) in a 

500 ml beaker equipped with an afficient stirrer, cooled in 

ice water at 10°C, was added Nickel-aluminium alloy (15 g) 

in small portions with stirring at such a rate that the 

temperature of the reaction mixture is below 25°C. After 

addition, the reaction mixture was heated on a water bath 

until the evolution of H2 became slow. Distilled water was 

added to restore the original volume. The nickel was then 
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transferred to a stoppered graduated cylinder with the aid 

of distilled water and decanted the water again. A 

solution of NaOH (25 g) in water (250 ml) was added and the 

mixture was shaken thoroughly to disperse the catalyst and 

allowed to settle. The Ni suspension was then washed with 

distilled water until the washings are neutral to litmus. 

The washing process was then repeated with rectified 

spirit, absolute alcohol and stored the catalyst in a 

bottle filled with absolute ethanol. 

4.23 P-4, c(-6,8 trimethyl bicyclo[3.3.01 ,5]-octan-2-one(12) 

A mixture of di thioketal 11 (10 g, 0.029 mol) in 

dry Inethyl alcohol (30 ml) and Raney-Nickel catalyst (W2, 

-
grade, 60 g) in absol ute ethanol (100 ml) were ref 1 uxed 

with stirring for 3 hours. After the reaction, the 

reaction mixture was filtered and washed the Nickel 

catalyst with hot methanol and the combined washings and 

filtrate were evaporated. The residue was purified by 

column chromatography using silica gel (100-200 mesh) as 

adsorbent and hexane-ethyl acetate (10:1) as eluent to 

afford the ketone 12 (3.8 g, 80%). 

IR (Neat) 1740 -1 cm 

~1.0-1.2 (9H, m, 3CH
3

) 
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4.24 )-4, OC-6,8-trimethyl bicyclo[3.3.01,51octan-2-one (12) 

Tertiary amyl alcohol (3.52 g, 0.04 mol) in dry 

THF (20 ml) was added dropwise to a suspension of sodium 

hydride ( 3.36 9 , 0·14 mol) and nickel acetate ( 3.54 g, 

0.02 mol) in refluxing THF (50 ml). After 2 hours the 

dithioketal 11 (6 g, 0.017 mol) in THF (50 ml) was added 

slowly and refluxed for 2 hours. The reaction mixture was 

cooled and slowly added to water with stirring and 

extracted wi th ether. Solvent was dried over anhydrous 

Na
2

S0
4 

and evaporated in vacuo. The residue was purified 

by column chromatography (silica gel 100-200, hexane-ethyl 

acetate 10%) to get the ketone ~ (3.6 g, 60%). 

4.25 p-2-Methyl-4-ethylene dioxy - 6,8-(hydroxy 

bicyclO[3.3.01,51-octane (13) 

methyl) 

Under stirring and ice cooling a solution of 

dialdehyde 10 (15 g, 0.063 mol) in CH30H (50 ml) was added 

in drops to a suspension of NaBH4 (4.8 g, 0.126 mol) in 

The mixture was stirred for 2 hours at 

After the reaction, the solvent was evaporated 

in vacuo and the residue was diluted with water and 

extracted 3 times with ether. Combined ether solution was 

washed with water, dried over anhydrous Na
2

S0
4 

and 

concentrated in vacuo to get the alcohol 13 (13.7 g, 90%). 
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IR (CC1
4

) 3550, 1060 
-1 cm 

'H NMR (CDC1
3

) ~ 3.8 (4H, s, -OCH -CH -0-), 2 2 

3.6 (4H, m, 2(-CH 2OH) 

4.26 )-2-Methy1 4-ethy1ene dioxy 6,8 (~-tosyl methy1)­

bicyclo[3.3.01 ,S] octane (14) 

To a stirred and cooled solution of alcohol 13 

(10 g, 0.04 mol) and triethylamine (12 g, 0.12 mol) in 

anhydrous CH
2

C1
2 

(10 ml) was added a solution of p-toluene 

sulphonyl chloride (17.1 g, 0.09 mol) in CH 2C1 2 (20 ml) 

during 30 minutes at SoC. The mixture was stirred at SaC 

for 2.5 hours and was added to ice water. The organic 

layer was washed with saturated NH
4

Cl solution, dried and 

concentrated in vacuo to get tosylate 14 (21.5 g, 95%). 

'H NMR (CDC1
3

) b 3.8 (4H, s, -OCH
2

CH
2
0-) 

7.5 (m, 2 phenyl groups) 

4.27 j3-2, 0<.-6,8 Trimethy1, 4-ethylene dioxy bicyclo 

[3.3.01 ,S] octane (~) 

To a magnetically stirred suspension of lithium 

aluminium hydride (5.32 g, 0.14 mol) in dry ether was added 

dropwise to a solution of the tosylate 14 (33 g, 0.06 mol) 

in ether (80 ml). After refluxing for 15 hours the excess 
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lithium aluminium hydride was destroyed by slow addition of 

reaction mixt ure to ice water. The residue was filtered 

out, ether solution was washed with water and dried over 

anhydrous Na
2

S0
4

• Removal of solvent followed by purifica­

tion by column chromatograph using silica gel (60-120 mesh) 

as adsorbent and hexyl-ethyl acetate (10:1) gave the ketal 

15 (17 g, 56%). 

S 3.8 (4H, s, -O-CH 2-CH 2-O) 

1.0-1.3 (9H, m, 3CH
3

) 

4.28 :P-2, CX:-6, 8 Trimethy1-4-ethy1ene dioxy bicyc1o­

[3.3.01 ,5] octane (15) 

Hydrazine hydrate (43.5 g, 0.86 mol) was added to 

a mixture of the dialdehyde 10 (13.1 g, 0.055 mol), 

powdered KOH (37.6 g, 0.66 mol) and diethylene glycol 

(60 ml) and ref 1 uxed for 4 hours. After adding water 

(125 ml) to the cold solution the reaction mixture was 

extracted wi th ether and the ether layer was then washed 

with water until the washings became neutral. It was then 

washed with brine, water and dried over Na
2
so

4
• The ether 

solution was finally concentrated in vacuo and the crude 

product obtained was purified by column chromatography on 
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si 1 ica gel (100-200 mesh) as adsorbent and hexane-ethyl 

acetate (10:1) as eluent to get the ketal 15 (7 g, 61%). 

4.29 )-4,~-6,8-Trimethyl-bicyclO[3.3.01,5]octan-2-one (12) 

A mixture of ketal 15 (10.5 g, 0.05 mol), 

p-toluene sulphonic acid (50 mg) and aqueous acetone (5:1, 

100 ml) was gently refluxed over a water bath for 5 hours. 

The mixture was cooled l washed with 1% NaHC03 solution, 

water and dried over Na 2S04 and concentrated in vacuo to 

get the ketone 12 (7.8 g, 95%). 

IR (Neat) 1740 -1 cm 

4.30 Baeyer-Villiger oxidation of j-4, «-6,8 Trimethyl­

bicyclo[3.3.01 ,5]octan-2-one (12) 

To a mixture of ketone 12 (2.0 g, 0.012 mol) in 

methylene chloride (40 ml) and sodium hydrogen carbonate 

(6.3 g, 0.075 mol) was added ~-chloroperbenzoic acid 

(3.45 g, 0.02 mol). The mixture was stirred at room 

temperature for 16 hours. After the reaction, the reaction 

mixture was filtered and the excess peracid was decomposed 

by washing the filtrate with aqueous 10% sodium met a-

bisulphite. The organic phase was washed with sat urated 
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sodium bicarbonate solution, water, dried over anhydrous 

Na
2

So
4 

and evaporated to get a mixt ure of products. The 

products were isolated by column chromatography using 

silica gel (100-200 mesh) as adsorbent and hexane-ethyl 

acetate (10:1) as eluent to get 16 (1.42 g, 65%) and 17 

(0.54 g, 25%). 

Compound: 16 

IR (CC1
4

) : 1745,1450,1060 
-1 

cm 

Compound:12 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

81.0-1.4 (9H, m,3-CH) 
o 

2 (2H, d, -CH
2

-<:-) ,4.2 (lH, m, -OCH-) 

1745, 145_5, 1055 
-1 

cm 

bO.9-1.2 (9H, m,3-CH3) 
o . 
JI I 

2.1 OH, m, -C-CH), 4.1(2H, d. -O-CH-) 
I . 2 

4.31 Baeyer-Villiger oxidation of ft-4, ~-6,8 trimethyl 

bicyclo[3.3.01,51-octan-2-one (12) 

Acetic anhydride (2.04 g, 20 mmol) was added 

dropwise to a stirred mixture of urea-H
2

0
2 

reagent 3.9 g, 

0.04 mol), disodium hydrogen phosphate (9.8 g, 0.07 mol) 

and ketone ~ (1.33 g, 0.008 mol) in CH
2

C1
2 

(40 ml) at O°C. 

The mixture was warmed to room temperature and stirred for 
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10 hours. A saturated solution of sodiumbicarbonate was 

added to neutralise the acid present and the aqueous layer 

was extracted with CH
2

C1
2

• Combined organic layer was 

washed with water, dried over Na 2so4 and solvent was 

evaporated. The residue was chromatographed using sil ica 

gel (100-200 mesh) and hexane-ethyl acetate mixture (10:1) 

to afford a mixture of products 16 (0.73 g, 50%) and 17 

(0.36 g, 25%). 

4.32 ft-S, ~-7,9-Trimethyl, 2-oxa-bicyclo[4.3.0l ,61-
octan-3-one (16) 

To a solution of ketone 12 (1.67 g, 0.01 mol) in 

glacial acetic acid (15 ml) containing sodium acetate (6.75 

g, 0.08 mol) was treated with hydrogen peroxide -(30% in 

water, 3 ml). After 22 hours at room temperature sodium 

metabisulphi te solution was added to decompose the free 

peracid. The aqueous solution was extracted with chloro-

form and the chloroform extracts were washed with water, 

saturated sodium hydrogen carbonate solution. The aqueous 

extracts were back extracted with chloroform and the 

combined organic solution was dried and 

evaporated in vacuo to get the lactone ~ (1.2 g, 66%) as 

the major product and it was purified by column chromato-

graphy using silica gel (100-200 mesh) and hexane ethyl 

acetate (10:1). 
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4 33 . f b . . d l2 
• Preparat~on 0 per enZ01C ac~ 

In a 500 ml Erlanmeyer flask metallic sodium 

(5.2 g, 0.22 gm atom) was dissolved in absolute methyl 

alcohol (100 ml) with moderate cooling and finally the 

react ion mixt ure was cool ed to -5 cC. A solution of pure 

benzoylperoxide (Benzoylperoxide was purified by dissolving 

in CHC1
3 

at room temperature and adding twice the volume of 

methyl alcohol) 50 g, 0.21 mol) in CHCl
3 

(200 ml) was 

prepared at ocC and added without delay to the sodium 

methoxide solution with stirring and cooling at such a rate 

that the temperature did not rise above ocC. The mixture 

was kept. for 5 minutes at -scC with continuous stirring. 

The reaction mixture was then transferred to 1 litre 

separating funnel and extracted with water (500 ml) 

containing ice. The CHC1
3 

layer was separated and the 

aqueous layer was extracted twice with CHC1
3 

to remove the 

methyl benzoate. The aqueous layer containing sodium salt 

of perbenzoic acid was treated with IN H2S0
4 

(220 ml) and 

the liberated perbenzoic acid was dissolved in CHC1
3

. The 

CHC1
3 

solution was washed with water dried over anhydrous 

Na
2

So
4 

and evaporated in vacuo to get solid perbenzoic acid 

(24g,82%). 
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4.34 Baeyer-Villiger oxidation of )-2,~-6,8-trimethyl 

bicyclo[3.3.01 ,5]octan-2-one {!£} 

Perbenzoic acid (1.52 g, 0.011 mol) in methylene 

chloride (30 ml) was introduced to a mixture of ketone 12 

(1.325 g, 0.008 mol) in methylene chloride (10 ml) and 

solid sodium hydrogen carbonate (1.1 g), while maintaining 

the reaction temperature at 20 DC. After stirring for 20 

hours at room temperature, the reaction mixture was diluted 

with water, organic phase was separated and treated with 

sat ura ted sod i urn metabisulphi te sol ut ion. Organic layer 

was washed with water, dried over Na
2

So
4 

and concentrated 

to get a mixture of products. The products were isolated 

by column chromatogr.aphy using silica gel (100-200 mesh) 

and hexane ethyl acetate (10: 1) to get 16 (0.725 g, 50%) 

and 17 (0.425 g, 30%). 

4.35 Preparation of mono perphthalic acid13 

To a cooled solution of sodium hydroxide (125 ml, 

15%) at -lODC in a 500 ml R.B flask equipped with a 

mechanical stirrer, was added 30% H
2

0
2 

(52.5 ml) in one 

portion. Keeping the temperature at -lODC, pure phthalic 

anhydride (37.5 g) was added with stirring. After the 

addi t ion a cooled solut ion of H
2

S0
4 

(20%, 120 ml) was 

added. The reaction mixture was filtered through a glass 
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wool into a separating funnel and extracted wi th ether 

(3 times). Combines ether solution was treated with 

saturated (NH4)2S04 solution, water and dried over Na 2S04 • 

Ether was evaporated in vacuo to get the peracid (30 g, 

70%) • 

4.36 Baeyer-Villiger oxidation of ft-2/~-6,8-trimethyl 

bicyclO[3.3.0l ,5]octan-2-one (12) 

To a mixture of ketone 12 (2.5 g, 0.015 mol) and 

sodium hydrogen carbonate (2 g) in dichloromethane (30 ml) 

a solution of monoperphthalic acid (4.08 g, 0.023 mol) in 

ether (20 ml) was added. The reaction mixture was stirred 

at 20°C for 16 hours. The reaction mixture was filtered 

and the filtrate was washed with saturated sodium meta-

bisulphite solution, sodium hydrogen carbonate solution and 

water. The aqueous washings were back extracted wi th 

methylene chloride and the combined organic solutions were 

dried over Na
2

so
4 

and concentrated in vacuo to gi ve a 

mixture of products. The products were isolated by column 

chromatography using silica gel (100-200 mesh) and hexane-

ethyl acetate (10:1) to get 16 (1.78 g, 65%) and 17 

(0.55 g, 20%). 
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4.37 OC-3,5-Dimethyl-2-(P-4 methyl-2-oxo-4-butyl)­

cyclopentan-I-ol (18) 

To a solution of lactone 16 (1.83 g, 0.01 mol) in 

dry ether (10 ml) in a 3-necked flask fitted with a 

magnetic stirrer, thermometer, cooled to -50°C was added 

ether solution of methyl lithium (6.5 ml, 1.5 mol) slowly 

maintaining the temperature at -50°C under N
2

• The 

reaction mixture was stirred for 30 minutes and brought to 

room temperat ure. It was then poured to ice water and 

stirred for 15 minutes. Organic layer was separated, 

washed wi th NH 4Cl sol ut ion, water and dried over Na 2S0 4. 

Solvent was removed in vacuo and the residue was purified 

by column chromatography on silica gel (100-200 mesh) and 

hexane-ethyl acetate (8:1) to afford 18 (1.78 g, 90%). 

IR (CC1 4 ) 

'H NMR (CDC1 3 ) 

3430, 1710 
-1 

cm 

4.38 I-Acetyl ~-3,5 dimethyl-2-(2-p-methyl~hydroxy 

2-ethyl)cyclopentane (~) 

To a solution of lactone ~ (1.22 g, 0.007 mol) in 

dry ether (10 ml) at -50°C in a 3-necked flask fitted with 

a magnetic stirrer and thermometer, was added ether 

solution solution of methyl lithium 4.3 ml, 1.5 M) slowly 
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keeping the temperature at -50°C under N
2

• The reaction 

mixture was stirred for 30 minutes and brought to room 

temperature, and poured into ice water with stirring. 

Stirring was continued for 15 minutes. Organic layer was 

separated, washed with NH
4

Cl solution, water and dried over 

Na 2so4 • Solvent was removed in vacuo and the residue was 

purified by column chromatography using silica gel (100-200 

mesh) and hexane-ethyl acetate (8: 1) to get 21 (1.17 g, 

89%) • 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

3550, 1710 cm- l 

o 
c " 02.1 (3H, s, -C-CH

3
) 

4.39 2(1-hydroxy~-3,5 dimethyl)cyclopentyl-J-2-methyl 

ethyl acetate (19) 

To a mixture of ketone 18 (2.2 g, 0.011 mol) in 

methylene chloride (50 ml) was added sodium-hydrogen 

carbona te ( 5.0 g, 0.06 mol) and m-chloroperbenzoic acid 

(2.76 g, 0.016 mol). The mixture was stirred at room 

temperature for 45 hours. After the reaction the excess 

peraci.d was decomposed by washi ng wi th aqueous 10% sodi urn 

metabisulphite. Organic layer was separated and washed 

wi th saturated sodi urn hydrogen carbonate solution, water 

and dried over anhydrous Na
2

S04 • Solvent was evaporated 
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under reduced pressure and the product was purified by 

column chromatography using silica gel (100-200 mesh) and 

hexane-ethyl acetate (12:1) to get the acetate 19 (2.16 g, 

91 %) • 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

3450, 1735, 1090 
-1 

cm 

4.40 2(l-Acetoxy ~-3,5 dimethyl)cyclopentyl-fl-2-methyl 

ethanol (22) 

To a mixture of ketone 21 (1.2 g, 0.004 mol) in 

methylene chloride (20 ml) was added sodium-hydrogen 

carbonate (0.1 mol) and m-chloroperbenzoic acid (2.8 g, 

0.009 mol). The reaction mixture was stirred at room 

temperature for 38 hours. After the react ion the excess 

peracid was decomposed by washing with aqueous 10% sodium 

meta-bisulphite. Organic layer was separated and washed 

with saturated sodium hydrogen carbonate solution, water 

and dried over anhydrous Na
2

S0
4

• Sol vent was evaporated 

in vacuo and the product was purified by column chromato-

graphy on silica gel (100-200 mesh) and hexane-ethyl 

acetate (12.1) as eluent to get the acetale 22 (1.16 g, 

90%) • 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

3550, 1735, 1100 cm- l 

o 
S 2.1 (3H, s, -~-CH3)' 4.1(lH, m, -O-CH). 
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4.41 2(1-hydroxy ~-3,5 dimethyl)cyclopentyl j-2-methyl 

2-ethanol (20) 

A mixture of lactones ~ and 22 (1.8 g, 0.008 mol) 

and potassi urn hydroxide (0.9 g, 0.016 mol) in dry methyl 

alcohol (15 ml) were refluxed for 2 hours. The reaction 

mixture was added to 50 ml of ice water with stirring and 

acidified with dilute hydrochloric acid. The reaction 

mixture was extracted wi th ether (20 ml x 4) and the 

combined ether solution was' washed wi th water, dried over 

anhydrous Na
2

S0
4 

and evaporated to yield 1.26 9 (87%) of 

the alcohol 20. 

3560, 3450, 2935, 1150 -1 cm 

4.42 2(1-oxo CX'-3,5-dimethyl cyclopentyl J3-2 methyl-

2-acetic acid (23) 

To a soluti0n of alcohol 20 (2 g, 0.011 mol) in 

ether (20 ml) in a 250 ml round bottomed flask kept in ice 

bath equipped with a thermometer and stirrer, 8 N chromic 

acid (20 ml) was added from a dropping funnel. The 

reaction mixture was stirred for 5 hours keeping the 

tempera t ure of the react ion mixture at 20° c. After the 

reaction, sodium metabisulphite solution was added to 

eliminate the excess oxidant. Ether layer was separated 
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and the aqueous sol ut ion was extracted with ether 

(20 ml x 3) and the combined ether solution was washed with 

5% sodium hydrogen carbonate, water and dried over 

Solvent was evaporated in vacuo and the 

residue was purified by column chromatography using neutral 

aluminium oxide as adsorbent and hexane-ethyl acetate (5:1) 

as eluent to get the keto acid 23 (1.48 g, 70%). 

2500-3500, 1740, 1705 -1 cm IR (CC1 4 ) 

'H NMR (CDC1 3 ) $10.9 (lH, br, -COOH), 2.0-2.2(2H,m,-COCH
3

) 

4.43 Baeyer-Villiger oxidation of 2(1-oxo ~-3/5 dimethyl) 

cyclopentyl P-2 methyl-2-acetic acid (23) 

A mixture of 23 (1.0 g, 0.005 mol) and disodium 

hydrogen phosphate (10.65 g, 0.075 mol) in CH
2

C1
2 

(50 mol) 

was cooled in ice water and stirred magnetically. To this 

was added m-chloroperbenzoic ac id (2.0 g, 0.012 mol) in 

small portions over 15 minutes. The reaction mixture was 

stirred for 20 hours at 25 °C d N un er 2. A saturated 

solution of NaHS0
3 

was added followed by NaHC0
3 

(8 g) and 

st i rred for 1 hour. Insoluble material was filtered and 

the filtrate was evaporated to a pale yellow solid which 

was chromatographed on silica gel (100-200 mesh) using 

hexane-ethyl acetate mixture (5:1) to afford a mixture of 

products 24 ( 0.5 g, 47%) and 25 (0.43 g, 40%). 



Compound 24 

IR (CC1
4

) 

IH NMR (CDC1
3

) 

MS 

Anal 

Compound ~ 

IR (CC1
4

) 

IH NMR (CDC1
3

) 
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3500-2700, 1735, 1705, 1460, 1190cm- l 

Cl-l.3 (9H, m, CH 3 at C2 ' C4 and C6 ), 

4.5 OH, m, H-3), 10.8 (lH, br, COOH). 

+ m/z 200 (M ) 

Cacld for Cl0H1604~ C, 60i H, 8 

Found : C, 60.8; H, 8.2 

3500-2700, ]735, 1710, 1470, 1130 -1 cm 

bl.0-l.3 (9H, m, 3CH 3 , 4.1 (lH, m), 

10.9 (lH, br, -COOH). 

+ 
MS m/z 200 (M ) 

Anal Calcd for Cl0H1604; C, 60. 

Found: C, 60.2, H, 8.1 

H, 8 

4.44 Baeyer-Villiger oxidation of 2-{1-oxo-oc-3,5 dimethyl) 

pentylY-2 methyl-2-acetic acid (23) 

Acetic anhydride (1.22 g, 12 mmol) was added 

dropwise to a stirred mixture of urea -H
2

0
2 

reagent (2.28 g, 

0.024 mol), disodium hydrogen phosphate (5.68 g, 0.04 mol) 



127 

and keto acid 23 (0.88 g, 0.0048 mol) in CH
2

C1
2 

(60 ml) 

The mixture was warmed to room temperature and 

stirred for 15 hours. A saturated solution of NaHC0
3 

was 

added to neutralise the acid present and the aqueous layer 

The combined organic layer was 

washed with water, dried over Na 2S04 and evaporated to 

get a mixture of products by TLC and was separated by 

column chromatography using silica gel (100-200 mesh) and 

hexane-ethyl acetate (5:1) to afford 24 (0.41 g, 43%) 25 

(0.36 g, 39%). 

4.45 Baeyer-Villiger oxidation of 2(l-oxo ~-3,5dimethyl) 

cyclopentyl j-2 methyl 2-acetic acid (23) 

-To a solution of keto acid 23 (0.6 g, 0.0032 mol) 

in glacial acetic acid (10 ml) containing sodium acetate 

1.72 g, 0.021 mol) was added hydrogenperoxide (1 ml, 30%). 

Reaction mixture was stirred for 24 hours at room temper-

ature. A saturated solution of sodium metabisulphite was 

added to decompose the excess per acid and the solution was 

extracted with chloroform (10 ml x 3). Combined organic 

layer was washed with saturated sodium bicarbonate 

solution, water, dried over Na 2S04 and evaporated in vacuo 

to afford a solid which was purified by column chromato-

graphy using silica gel (100-200 mesh) and hexane-ethyl 
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acetate mi xt ure ( 5: 1) resulted a mi xt ure of products 24 

(0.38 g, 58%) and 25 (0.14 g, 21%). 

4.46 Baeyer-Villiger oxidation of 2(1-oxo-a3,5-dimethyl) 

cyclopentyl j-2-methyl-2-acetic acid (23) 

To a mixture of keto acid 23 (0.5 g, 0.002 mol) 

and disodium hydrogen phosphate (5.3 g, 0.037 mol) in 

dichlorcmethane (50 ml) was added perbenzoic acid (0.82 g, 

0.006 mol) in dichlorornethane (10 ml) with stirring and 

keeping the temperature at 20°C. After stirring for 18 

hours at room temperature the reaction mixture was diluted 

with water and organic layer was separated. Organic layer 

was washed wi th saturated sodi urn metabisulphi te solution, 

5% sodium bicarbonate solution, water and dried over sodium 

sulphate. The residue left after the evaporation of 

solvent in vacuo was chromatographed on silica gel 

(100-200) and hexane-ethyl acetate mixture (5:1) to afford 

a mixture of products 24 (0.24 g, 44%) and 25 (0.21 g, 

39%). 

4.47 Baeyer-Villiger oxidation of 2(1-oxO(i-3,5-dimethyl) 

cyclopentyl j-2-methyl-2-acetic acid (23) 

To a mixture of keto acid 23, (0.5 g, 0.002 mol) 

and disodium hydrogen phosphate (5.3 g, 0.0375 mol) in 



129 

dichloromethane (30 ml) was added a solution of monoper-

phthalic acid (1 g, 0.006 mol) in ether (5 ml) with 

stirring at 20°C. The reaction mixture was stirred for 17 

hours at room temperature, diluted with water and filtered. 

The filtrate was washed with saturated solution of sodium 

meta-bisulphite, sodiumbicarbonate, water, dried over 

sodium sulphate and evaporated in vacuo. The residue was 

purified by column chromatography using silica gel 

( 100-200) and a mixture of hexane and ethyl acetate (5: 1 ) 

to afford the lactones 24 (0.23 g, 42%) and 25 (0.2 g, 

37% ) • 

48 1 d · 14 4. eye openta 1ene 

Dicyclopentadiene (commercial grade 100 ml) was 

heated at reflux (170-180°C) under nitrogen atmosphere in a 

250 ml round bottomed flask equipped with Friedrich's 

condenser, Claisen head, thermometer, a gas inlet and a 

collection adapter. After discarding the forerun (5 ml), 

the receiver was cooled in freezing mixture and cyclopenta-

diene distilling at 41°C was collected. A slight positive 

pressure of N2 was maintained throughout the distillation 

to prevent moisture from enetering the system. Cyclopenta-

diene thus obtained was used immediately for further 

reaction. 
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4.49 Bicyclo[2.2.1]hept-5-en-2-acetate (26)15 

Freshly prepared cyclopentadiene ( 3 ) (SO . g, 

0.7S mol) was mixed with excess vinyl acetate (129 g, 

1. S mol) in a heavy glass sealed tube and heated in a 

furnace at IBO°C for 10 hours. After the reaction the tube 

was opened and the contents were fractionally distilled 

(73-7S0C, 14 mm) to get the acetate 26 (121 g, 80%) and it 

was purified by column chromatography using silica gel 

(60-120 mesh) adsorbent and hexane-ethyl acetate (20:1) as 

eluent. 

3010, 1730, 1100 
o 

-1 
cm IR (CC1 4 ) 

'H NMR (CDC1
3

) &2.0 (3H, s, -'t:CH
3

), S.B (2H, m, -CH=CH-) 

4.50 Bicyclo[2.2.1]hept-S-en-2-o1 (27) 

A solution of acetate 26 (lOO g, 0.66 mol) in 

methyl alcohol (300 ml) was refluxed with methanolic 

solution of potassium hydroxide (39.2 g, 0.7 mol) for 

3 hours. Progress of the reaction was monitored by thin 

layer chromatography. After the reaction the reaction 

mixture was poured into ice water wi th st irring. The 

organic layer was separated and the aqueous layer was 

extracted with ether (SO ml x 4). Combined organic 
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solution was washed with water, dried over Na
2

S0
4 

and 

evaporated. The crude alcohol was purified by crystalliza­

tion from petroleum ether (35-40) to get the alcohol 27 (65 

g, 90%) • 

• 
IR (CC1

4
) 

'H NMR (CDC1
3

) 

3400 
-1 

cm 

~ 5.8 (2H, m, -CH=CH-) 

4.51 Bicyc10[2.2.1]hept-5-en-2-one (28) 

To a solution of alcohol 27 (40 g, 0.36 mol) in 

ether (100 ml) at ooe was added 8N chromic acid (300 ml) 

(Prepared by mixing 70 g of cr0
3 

in 200 ml water with 61 ml 

con. H
2

S0
4 

and diluted with 100 ml water) slowly with 

stirring. The -react ion mixture was st irred for 3 hours at 

After the reaction a solution of sodium metabi-

sulphi te was added to reduce the excess oxidising agent. 

Ether layer was separated and the aqueous layer was 

extracted with ether (30 ml x 3). Combined ether layer was 

washed wi th sa t urated sodi urn bicarbonate sol ution, water 

and dried over anhydrous sodium sulphate. Ether was 

evaporated in vacuo and the crude ketone was purified by 

column chromatography using neutral alumina as adsorbent 

and hexane-ethyl acetate (10: 1) as eluent to afford 28 

( 31 .4 g, 80%). 



IR (CC1 4 ) 

'H NMR (CDC1
3

) 
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1740, 1630 cm- l 

~ 6 (2H, m, -CH=CH-) 

4.52 Bicyclo[2.2.1]hept-5-en-2-one (28) - PCC oxidation 

To a solution of alcohol 27 (35 g, 0.32 mol) in 

CH 2C1 2 (300 ml), freshly prepared pyridinium chlorochromate 

(137 g, 0.63 mol) was added slowly with stirring and 

keeping the temperature below 25°C. The reaction mixture 

was stirred for 2 hours. After the reaction, reaction 

mixture was filtered and the residue was washed with CH
2

C1
2 

(50 ml x 2) and the combined filtrate and washings were 

evaporated under reduced pressure. The r~sidue purified by 

column chromatography using neutral aluminium oxide and 

hexane ethyl acetate (10:1) to afford the ketone 28 (29 g, 

85% ) . 

4.53 2-Chloro-2-cyano-bicyc1o[2.2.1]hept-5-ene (29)16 

To a mixture of freshly prepared cyclopentadiene 

(3) (30 g, 2.45 mol) and catalytic amount of cupric fluoro­

borate at O°C was added excess 2-chloro-acrylonitrile (196 

g, 2.25 mol) and the reaction mixture was stirred at O°C. 

The resulting product was fractionally distilled to get the 

adduct 29 (62.7 g, 90%). 



IR (Neat) 

'H NMR (CDC1 3 ) 

2200 -1 cm 
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b6.l (2H, m, -CH=CH-) 

4.54 Bicyclo[2.2.l]hept-5-ene-2-one (28) 

To a solution of nitrile 29 (50 g, 0.33 mol) in 

dimethylsulphoxide (150 ml) was added a hot aqueous 

solution of potassium hydroxide (46.2 g, 0.83 mol) and the 

reaction mixture was stirred for 10 hours at 30°C. When 

the reaction was complete, the reaction mixture was diluted 

wi th water and extracted wi th ether (50 ml x 3). The 

combined ether extracts were washed with water, dried over 

Na
2
so

4 
and evaporated in vacuo. The residue was purified 

by column chromatography using neutral aluminium oxide and 

hexane-ethyl acetate (10: 1) to get the ketone 28 {25 g, 

70%) • 

4.55 2-Cyano-2-acetoxy bicyclo[2.2.l]hept-5-ene (30)17 

A mixture of cyclopentadiene (i) (13 g, 0.197 mol) 

and ~-acetoxy acrylonitrile (17 g, 0.153 mol) was heated at 

100°C for 3 hours. The mixture was kept overnight at room 

temperature and fractionally distilled (132-l37°C, 18 Torr) 

to get 30 (16.8 g, 62%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

2250, 1735, 1620, 1110 -1 cm 

b 2.1 (3H, s, -COCH 3 ), 5.9 (2H, m, -CH=CH-) 
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4.56 Bicyclo[2.2.l]hept-5-en-2-one (28)17 

0.04 mol) 

(200 ml) 

A mixture of cyanhydrin acetate (30) 

and sodi urn hydroxide (20 g, 0.5 mol) 

were heated under reflux for 2 hours 

(7 g, 

in water 

and then 

steam distilled. The distillate was saturated with 

potassium carbonate and extracted wi th ether (20 ml x 3). 

Combined ether layer was washed wi thw ater, dried over 

anhydrous Na
2

So
4 

and evaporated in vacuo. The residue was 

purified by column chromatography using neutral alumina and 

hexane-ethyl acetate (10: 1) to get the ketone 28 (3.5 g, 

81 % ) • 

4.57 2-Chloro-methyl propanoate 

Freshly distilled 2-chloropropanoic acid (50 g, 

0.46 mol) was refluxed with dry methyl alcohol (32 g, 

1 mol) containing 50 mg of p-toluene sulphonic acid in a 

250 ml round bot tomed flask for 3 hours. The react ion 

mixture was cooled, diluted with water and the organic 

layer was separated. The aqueous layer was washed with 

ether and the combined organic layers were washed wi th 

saturated sodiumbicarbonate, water and dried over sodi urn 

sulphate. Solvent was removed under reduced pressure and 

the residue fractionally distilled to get the methyl ester 

(48 g, 85%). 
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4.58 Methyl 3(2-oxo-bicyclo[2.2.l]hept-5-en)2-propanoate(31) 

To a suspension of lithium powder (0.58 g, 

0.027 mol) in dry tetrahydrofuran (5 ml) at -50°C, was 

added n-butylbromide (2.48 g, 0.01 mol) in dry tetrahydro­

furan (55 ml) and stirred for 20 minutes under N
2

• A 

solution of diisopropylamine (1.4 g, 0.01 mol) in dry 

tetrahydrofuran (5 ml) was added dropwise wi th st irring, 

keeping the reaction mixture cooled in dry ice. After 30 

minutes the ketone 28 (1.08 g, 0.01 mol) in dry tetrahydro­

furan (5 ml) was added, stirred for 1 hour and methyl 

chloropropanoate (2.9 g, 0.024 mol) in dry tetrahydrofuran 

(5 ml) was addp.d. Stirring was continued for 2 hours by 

keeping the temperature at -50°C. After two hours the 

reaction mixture was warmed to room temperature and poured 

into ice water containing pentane (20 ml). The organic 

layer was separated and the aqueous layer was extracted 

with pentane (10 ml x 2). The combined extracts were 

washed wi th NaCl solution, water and dried ove~ anhydrous 

Sol vent was evaporated in vacuo and residue was 

purified by column chromatography on neutral aluminium 

oxide and hexane-ethyl acetate (10:1) to get the keto ester 

31 (1.84 g, 55%). 

IR (Neat) 

'H NMR (CDC1
3

) 

1730, 1745 
-1 

cm 

86.1 (2H, m, -CH=CH-), 3.5 (3H, s, -OCH
3

) 
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4.59 Methyl 3(2-ethylenedioxy-bicyclo[2.2.l] -hept-5-en) 

2-propanoate (32) 

A mixture of the ketoester 31 (15 g, 0.07 mol), 

ethylene glycol (6.2 g, 0.1 mol) and pyridinium-p-toluene 

sulphonate (prepared by adding dry pyridine to p-toluene 

sulphonic acid (1.3 g) in dry ether and washing the excess 

pyridine with dry ether) was taken in benzene (60 ml) and 

was heated at reflux using a Dean-Stark apparatus for 

3 hours under N2 atmosphere. The react ion mixt ure was 

cooled and washed with 10% sodium bicarbonate, water and 

dried over anhydrous sodiumsulphate. Benzene was removed 

in vacuo and the crude ketal was purified by column 

chromatography using neutral aluminium oxide and hexane-

ethyl acetate (12:1) to give the ketal 32 (16.5 g, 90%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

1730, 1100 -1 cm 

b6.l (2H, m, -CH=CH-), 

3.S (4H, s, -OCH 2-CH 2-O), 3.4 (3H,s, -OCH
3

) 

4.60 Cleavage of ketal ester 32 

Under stirring and protection from light, osmium 

tetroxide (90 mg) was added to a solution of ketal 32 

(10 g, 0.042 mol) in a mixture of dioxan (SO ml) and water 

(40 ml) and stirred for 15 minutes at 20°C. After 15 
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minutes a solution of sodium meta-periodate (lS.3 g, 

0.OS4 mol) 

overnight. 

in water (50 mol) was added and stirred 

The reaction mixture was filtered and the 

residue and f i 1 trate were extract ed wi t h ether and the 

combined ether extracts were washed wi th brine, water and 

dried over Na
2

S0
4

• Solvent was evaporated in vacuo to get 

the dialdehyde 33 (10.2 g, 90%). 

IR (CC1
4

) 

'H NMR (CDC1 3 ) 

2850, 2750, 1730, 1720 

~ 3 .4 (3 H, s, -OC H 3) , 

9.S (2H, d, -CRO). 

-1 cm 

4.61 Cleavage of ketal ester 32 -- Second method 

A solution of cetyltrimethyl ammonium permanganate 

(4.04 g, 10 mmol) in dichloromethane (50 ml) was added 

dropwise to a stirred solution of ketal 32 (2.37 g, 

0.010 ml) in dichloromethan~ (20 ml) at 20°C. Stirring was 

continued for one hour and the solvent was concentrated to 

half of its original volume. A solution of benzyl triethyl 

ammoniumperiodate (7.74 g, 0.02 mol) in dioxane (40 ml) was 

added to the reaction mixture under N2 atmosphere and the 

reaction mixture was stirred for 10 hours. The react ion 

mixture was filtered and the filtrate and residue were 



138 

extracted with dichloromethane and the combined organic 

solution was dried over sodium sulphate and evaporated 

in vacuo to get dialdehyde 33 (1.83 g, 68%). 

4.62 Preparation of dithioketal 34 

A mixture of dialdehyde 33 (15 g, 0.56 mol), 

1,2-ethanedithiol (l0.5 g, 0.11 mol) in CHC1
3 

(l0 ml) and 

freshly distilled borontrifluoride etherate (2 ml) were 

st i rred for 3 hours at 10°C. The reaction mixture was 

diluted with water and extracted with ether. Ether layer 

was washed wi th 5% sodi urn hydroxide solut ion, water.! dried 

over anhydrous Na 2S0
4 

and evaporated under reduced pressure 

to get thioketal 34 (13.6 g, 65%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

3500-2500,1745, 1705 -1 cm 

~ 3.3 (8H, rn, 2-SCH2-CH2-s-), 

10.8 (lH, s, -COOH). 

4.63 Methyl 2-(1-oxo-~-3,5-dimethyl)cyclopentyl-

2-propanoate (35) -- Reduction with Raney-nickel 

A mixture of di thioketal (2 g, 0.005 mol) in dry 

methyl alcohol (15 ml) and freshly prepared Raney-nickel 

catalyst (W.2 grade, 10 g) in absolute ethyl alcohol 

(lOO ml) were refl uxed wi th st i rring for 3 hours. After 
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the reaction the reaction mixture was filtered and washed 

the nickel catalyst with hot methyl alcohol and the 

combined washings and filtrate were evaporated in vacuo and 

the crude acid was purified by column chromatography using 

silica gel (100-200 mesh) and hexane-ethyl acetate (10: 1) 

to afford the keto acid 35 (0.68 g, 65%). 

IR (Neat) 1740,1705 -1 cm 

bl.l-l.2 (9H, m), 10.8 (lH, br, -eOOH) 

4.64 Methyl-2-(1-oxo 3,S-dimethyl)cyclopentyl 2-propanoate 
\ 

(35) -- Reduction with complex reducing agent 

A solution of tertiary amyl alcohol (2g, 0.02 mol) 

in dry tetrahydrofuran (15 ml) was added dropwise to a 

suspension of sodium hydride (1.68 g, 0.07 mol) and nickel 

acetate (1.77 g, 0.01 mol) in refluxing tetrahydrofuran 

(20 ml). After two hours the dithioketal 34 (3.21 g, 

0.008 mol) in tetrahydrofuran (25 ml) was added slowly and 

refluxed for 2 hours. The reaction mixture was cooled and 

slowly added to water with stirring and extracted with 

ether. The ether solution was washed wi th water, dried 

over Na
2
S0

4 
and evaporated in vacuo. The product was 

purified by column chromatography using silica gel (100-200 

mesh) and hexane-ethyl acetate (10:1) to get keto acid 35 

(l g, 65%). 
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4.65 Methyl 2- (l-oxo- OC -3 I 5 dimethyl) cyclopentyl-

2-propanoate (36) 

A mixture of keto acid 35 (2 g, 0.0087 mol) in dry 

methyl alcohol (20 ml) and p-toluene sulphonic acid (30 mg) 

were refluxed for 3 hours. The reaction mixture was 

cooled, diluted with water and extracted with ether. Ether 

layer was washed with 5% sodium bicarbonate solution, water 

and dried over anhydrous Na
2

So
4

• Solvent was evaporated 

and the residue was purified by column chromatography using 

neutral aluminium oxide and hexane-ethyl acetate (10:1) to 

give the keto ester 36 (1.2 g, 70%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

1740, 1725, 1100 -1 cm 

4.66 Methyl-2(1-ethylenedioxy~-3/5-dihydroxy methyl) 

cyclopentyl-2-propanoate (37) 

A solution of dialdehyde 33 (2.25 g, 0.0075 mol) 

in methyl alcohol (15 ml) was added in drops to a 

suspension of sodiumborohydride (0.57 g, 0.015 mol) in 

methyl alcohol (10 ml). The mixture was stirred for 2 

hours at 10°C. After the reaction, half of the solvent was 

evaporated and the mixture was diluted with water and 
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extracted with ether (20 ml x 3). Combined ether extracts 

were washed with water, dried over anhydrous Na
2

So
4 

and on 

evaporation yielded the alcohol 37 (2.05 g, 90%). 

IR (CC1
4

) 

'H NMR (CDC1 3 ) 

3550, 1735 -1 cm 

b 3.4 (3H, s, -OCH3)' 

3.8 (4H, s, -O-CH
2

-CH
2
-O-) 

4.67 Methyl-2(1-ethylene dioxyO(-3,5 ditosyl methyl) 

cyclopentyl-2-propanoate (38) 

To a solution of alcohol 37 (2 g, 0.007 mol) and 

triethyl amine (2.2 g, 0.022 mol) in anhydrous CH
2

C1 2 

(10 ml) at 10°C, was added a solution of p-toluene 

-sulphonyl chloride (3.1 g, 0.016 mol) in CH
2

C1
2 

(20 ml) 

during 30 minutes. The mixture was stirred at 10°C for 2 

hours and was added to ice water. The organic layer was 

washed with saturated NH4Cl solution, water, dried over 

Na 2S04 and concentrated in vacuo to get tosylate 38 

(3.83 g, 90%). 

S7.3 (8H, m, Phenyl), 3.4 (3H, s, -OCH
3

), 

3.8 (4H, s, -OCH
2

-CH
2
-O-) 
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4.68 2-(1-ethylene dioxy~-3,5 dimethyl)cyclopentyl-

2-propan-l-ol (39) 

To a suspension of lithium aluminium hydride 

(0.532 g, 0.014 mol) in dry ether was added dropwise a 

solution of tosylate 38 (2 g, 0.0034 mol) in dry ether 

(20 ml). After refluxing for 12 hours the excess lithium 

luminium hydride was destroyed by slow addi tion of the 

react ion mixture to ice water. The residue was filtered 

and the ether solution was washed with water, dried over 

Na
2
so

4
. Solvent was in vacuo to get the alcohol 39 

(0.42 g, 55%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

3400 
-1 

cm 

4.69 2-(1-oxo- 0::::3,5 dimethyl)cyclopentyl-

2-propanoic acid (35) 

To a solution of alcohol 39 (2 g, 0.009 mol) in 

ether (50 ml) 8N chromic acid (10 ml) was added slowly with 

stirring and keeping the temperature of reaction mixture at 

10°C. Stirring was continued for 2 hours. Ether layer was 

separated and the aqueous layer was extracted with ether 

(20 ml x 3). Combined ether laye~ was washed with 

saturated metabisulphite solution, sodiumbicarbonate 
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sol ution, water and dried over Na 2SO 4. After evaporation 

of the solvent the residue was chromatographed on neutral 

aluminium oxide and a mixture of hexane-ethyl acetate (4:1) 

to afford the acid 35 (1.48 g, 70%). 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

3500-2700, 1745 -1 cm 

~10.8 (lH, s, -COOH) 

4.70 2(1-ethylene dioxy~-3,5 dimethyl) cyclopentyl-

2-propanoic acid (40) 

Hydrazene hydrate (4 g, 0.12 mol) was added to a 

mixture of aldehyde 33 (2.1 g, 0.008 mol) powdered 

potassium hydroxide (5.1 g, 0.09 mol) and ethylene glycol 

(8 ml). The mixture was refluxed for 4 hours, cooled and 

diluted with ice cold water. The solution was neutralised 

with dil. HCl and made it slightly acidic and extracted 

with ether (50 ml x 3) and the ether solution was washed 

with water, dried over Na
2

So
4 

and concentrated in vacuo to 

give ketal 40 (1.28 g, 70%0. 

IR (CC1
4

) 

'H NMR (CDC1
3

) 

3500-2500, 1705 -1 cm 

S 3.8 (48, s, -OCH 2 -CH 2 -0-) , 

10.9 (IH, s, -COOH). 
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4.71 2 (l-oxo- C( 3,5 dimethyl) cyclopentyl-2-propanoic 

acid (35) 

A mixture of ketal 40 (1.83 g, 0.008 mol) 

p-toluene sulphonic acid (10 mg) and aqueous acetone (5:1, 

20 ml) were gently refluxed over a water bath for 5 hours. 

The mixt ure was cooled, treated wi th 1% sodi umbicarbonate 

sol ut ion and acetone was removed under reduced pressure. 

The residue was extracted wi th ether (20 ml x 3) and the 

ether extracts were washed wi th water, dried over Na 2so4 

and concentrated in vacuo to get the keto acid 35 (1.3 gm, 

85%) • 

IR (CC1 4 ) 

'H NMR (CDCl) 

3500-2700, 1745 -1 cm 

S 10.9 (l H, br, -C OOH) • 

4.72 Baeyer-Villiger oxidation of methyl 2-(1-oxo~-3,5 

dimethyl) cyclopentyl 2-propanoate (36) 

To a mixture of keto ester 36 (1.0 g, 0.005 mol) 

in CH 2C1 2 (10 ml) was added sodiumbicarbonate (2.5 g, 

0.03 mol) and m-chloroperbenzoic acid (1.38 g, 0.008 mol). 

The mixture was stirred for 18 hours at room temperature. 

Reaction mixture was filtered and excess peracid was 

decomposed by washing the filtrate with 10% sodium meta 

bisulphite solution. Organic layer was separated and 
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washed with NaHco3 solution, water, dried over Na
2
so

4 
and 

evaporated in vacuo to get a solid. Column chromatographic 

purification of the solid using neutral alumina and hexane-

ethyl acetate mixture afforded a mixture of products as 41 

(0.6 g, 57%) and42 (0.36 g, 34%). 

Compound 41 

IH NMR(CdC1
3

): S 1-1.3 (9H,m), 4.3 (lH,m), 

3.4 (3H, s, -OCH
3

) 

MS: M/Z 214 (M+) 

Anal. Calcd for CIIH1804: C, 61.68, H, 8.41. 

Found: C, 61.92, H, 8.54 

Compound 42 

IH NMR (CDC1
3

): ~ 0.9-1.3 (9H, m), 4 (lH, m) 

3.4 (3H, s, -OCH
3

) 

MS: M/Z 214 (M+) 

Anal: Calcd fer CIIH1804 C, 61.68, H, 8.41. 

Found: C 61.98, H, 8.61. 

4.73 Baeyer-Villiger oxidation of methyl-2-(1-oxo-

3,5 dimethyl} cyclopentyl-2-propanoate (36) 

Acetic anhydride (1.67 g, 0.016 mol) was added 

dropwise to a stirred mixture of urea -H 20 2 reagent (3.1 g, 

0.033 mol), disodium hydrogen phosphate (8 g, 0.057 mol) 

and keto ester 36 (1.3 g, 0.007 mol) in CH 2C1 2 (20 ml) at 
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The mixture was warmed to room temperature and 

stirred for 12 hours. A saturated solution of sodium 

bicarbonate was added to neutralize the acid present and 

the aqueous layer was extracted with CH 2C1 2 . The combined 

organic layer was washed with water, dried over Na 2S04 and 

evaporated. The residue was purified by column chromato-

graphy using neutral alumina and hexane-ethyl acetate 

(10:1) to get the lactones 41 (0.52 g, 37%) and 42 (0.49, 

28%). 

4.74 Baeyer-Villiger oxidation of methyl-2- (l-oxo- 0(- 3,5 

dimethyl) cyclopentyl-2-propanoate (36) 

To a solution of keto ester 36 (0.759, 0.004 mol) 

in glacial acetic acid -( 5 ml) containing sodium acetate 

(4 g, 0.049 mol) was treated with hydrogen peroxide (30% in 

water, 1 ml). After 24 hours at room temperature sodium 

metabisulphite solution was added to decompose the excess 

peracid. The reaction mixture was extracted with chloro-

form and the chloroform layer was washed wi th saturated 

sodium bicarbonate solution, water and dried over anhydrous 

Solvent was evaporated in vacuo and the residue 

was purified by column chromatography using neutral alumina 

and hexane-ethylacetate (10:1) to get a mixture of products 

41 (0.33 g, 40%) and 42 (0.24 g, 30%). 
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4.75 Baeyer-Villiger oxidation of methyl-2(1-oxo.«-3,5 

dimethyl) cyclopentyl-2-propanoate (36) 

Perbenzoic acid (0.89 g, O. Op7 mol) in CH
2

C1
2 

(10 ml) was added to a mixture of keto ester 36 (1.0 g, 

0.005 mol) in CH 2C1 2 (10 ml) and sodium bicarbonate (0.65, 

0.007 mol) while keeping the reaction temperature at 25°C. 

After stirring for 20 hours at room temperature, the 

reaction mixture was diluted with water, organic phase was 

separated and treated with saturated sodium metabisulphite 

solution followed by water and dried over Na
2

s0
4

• On 

evaporation of solvent in vacuo yielded pale yellow solid 

which was purified by column chromatography using neutral 

aluminium oxide and hexane-ethyl acetate (10:1) to get the 

lactone 41 (0.54 g, 50%) and 42 (0.27 g, 25%). 

4.76 Baeyer-Villiger oxidation of methyl-2-(1-oxo- oc-3,5 

dimethyl) cyclopentyl-2-propanoate (36) 

To a mixture of keto ester 36 (0.75 g, 0.0038 mol) 

and sodium bicarbonate (0.63 g, 0.0075 mol) in dic .. )ro-

methane ( 10 ml) , a solution of monoperphthalic :lcid 

(1.125 g, 0.0063 mol) in ether (l0 ml) was added. The 

reaction mixture was stirred for 18 hours at room temper-

ature. After the reaction, the reaction mixture was 
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fil tered and the filtrate was washed wi th sodium metabi­

sulphite solution (10%), water and dried over Na
2

S0
4

• 

Solvent was evaporated under reduced pressure and the 

residue was purified by column chromatography using neutral 

alumina and hexane ethylacetate (10:1) mixture as eluent to 

get lactones41 (0.36 g, 45%) and 42 (0.275 g, 36%). 
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Prelog-Djerassi lactone has been a focus of 

attention for the chemists since its isolation as a 

degradation product of macrolide antibiotics like 

Narbomycin and Methymycin. Its importance in the synthesis 

of macrolide antibiotics was first demonstrated by Masamune 

in the synthesis of Methymycin and since then there have 

been a number of preparations of Prelog-Djerassi lactone in 

recemic as well as in optically active forms. In the 

present work two methods were developed for the synthesis 

of recemic Prelog-Djerassi lactone. 

In the first method the starting material exo-

dicyclopentadiene was subjected to selenium dioxide 

oxidation in dioxane~water system to get exo-

dicyclopentadienol (5). The same alcohol was also obtained 

in better yield by the acetic acid mediated selenium 

dioxide oxidation of exo-dicyclopentadiene. The above 

alcohol was oxidised to exo-dicyclopentadienone (7) using 

oxidants 1 ike chromic ac id, PCC, P-beznoqui none-AI umi ni urn 

t-butoxide etc. and best result was obtai ned wi th PCC. 

Treatment of the exo-dicyclopentadienone with dimethyl 

copper lithium or Cu+ ion catalysed CH
3

MgI, afforded 

~-3-methyl-tricyclo[5.2.1.02,6]dec-8-3n-5-one (8). Better 

stereoselectivity and yield were achieved with dimethyl 
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copper 1 i thium. Carbonyl group of ft-3-methyl tricyclo-

[5.2.1.0 2 ,6]dec-8-en-5-one (8) was protected and the double 

bond was oxidatively cleaved to B-2-methyl-4-ethylenedioxy-

bicyclo[3.3.01 ,5]octane-6,8-dicarboxaldehyde (10). 

Aldehyde groups of this compound were converted to methyl 

groups by different methods. In the first method the 

aldehyde groups were converted to corresponding thioketal 

11 and it was reduced to rne~hyl groups by Raney-Ni. By the 

second method the aldehyde groups were reduced to alcohol 

13 and then converted to tosylate 14 using E-toluenesul-

phonyl chloride. Reduction of the tosylate groups wi th 

lithium aluminium hydride afforded the methyl groups. In 

the third method the conversion of aldehyde groups to 

methyl groups was achieved by reduction with hydrazine 

hydrate. Adopting all these methods, the product obtained 

w~s fo-4- ~-6,8-trimethyl bicyclo[3.3.0
1

,S]octan-2-one (~). 

This ketone was subjected to Baeyer-Villiger oxidation and 

the lactones 16 and 17 obtained as expected were isolated 

and treated with methyl lithium to get the corresponding 

methyl ketones 18 and 21. The methyl ketones were again 

subjected to Baeyer-Villiger oxidation followed by 

hydrolysis and oxidation leading to the formation of 

2- (l-oxo - OC -3 I 5-dimet hyl) cyc lopen tyl- fo-2-methylacet ic ac id 

Baeyer-Villiger oxidation of this keto acid gave a 
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mixture of lactones from which the expected Prelog-Djerassi 

lactone (24) was separated by column chromatography. 

In the second method of Prelog-Djerassi lactone 

synthesis, dehydronorcamphor (~) was used as the starting 

material. The dehydronorcamphor was prepared by the Diels­

Alder reaction of cyclopentadiene with dienophiles vinyl 

acetate, oC-chloroacrylonitrile and o<-acetoxyacrylo nitrile. The 

dehydronorcamphor was subjected to ~-alkylation using 

methyl ester of O(-chloropropanoic acid as the alkylating 

agent. The carbonyl group of this alkylated product ~ was 

protect.~d and treated with oso4/NaIo4 or cetyltrimethyl 

ammonium permanganate/Benzyltriethylammonium periodate to 

get l-ethylenedioxy-2- (2-methyl propanoa t e) cyclopentan-cx-

3,5-dicarboxaldehyde (33). The aldehyde groups of the 

above compound were converted to methyl groups by adopting 

the methods as described in the first method for the 

synthesis of Prelog-Djerassi lactone. The product obtained 

was 2-(1-oxo·~-3,5-dimethyl) cyclopentyl-2-propanoic acid 

(~5) • The acid group was esterified and the keto ester 36 

obtained was subjected to Baeyer-Villiger oxidation to get 

a mixture of lactones from which methyl ester of Prelog-

Djerassi lactone 41 was isolated. since the stereo-

chemistry of the C-2 methyl group of methyl ester 41 is not 
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known the ester itself is a mixture of methyl ester~ of 

Prelog-Djerassi lactone and its C-2 epimer. By analogy 

wi th what is reported in the literature, it is hoped 

that from the mixture of methyl esters, the expected 

Prelog-Djerassi lactone can be separated by Baker I s yeast 

mediated hydrolysis. By this process the methyl ester with 

ft-methyl group will be hydrolysed and the other will remain 

unhydrolysed. 
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