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GENERAL REMARKS

. All melting roints and boiling proints are uncorrected.

All temperctures 2re recorcded on the centigrade scale.
recorded

. Unless otherwise stated, all rotations were/in chloroform

solutions. Concentrations are expressed in @ ‘100 ml of
the s~luticn

The ultraviolet spectra were recorded in ethancl solution
on a Perkin-Elmer 350 and Carl-Zeiss 445069 ratio
reeording spectrophntometers.

The infrared spectra cof liquids were recorded as liquid
films and thet of solids as nujcl mulls cn a Perkin-
Elmer Infracord Spectrophotometer- model 137-B or 683;
¥ nax Values are given in crm1,

The PMR spectra were taken in carbontetrachlorice
solution, unless cotherwise menticned, using tetramethyl-
silane as the internal reference on a Varian T-60 or WH-20
FT or FT- 80A varian spectrometers and the chemical

shifts are measured in &units.

. The mass spectra were recnrded on a CEC-21-110B mass

srectrometer.

Acid washed activated alumina stencardised as per
Brockmann's procedure and silicic acid for chromatograrhic
rurrose , after activation, were employed for column
chromatogreprhy.

TLC analyses were carried out on glass prlates coated
with a mixture o~f silicic acid and rlngicr of paris
(85:15:; 200 mesh) and activated at 120° for 3 hr. Solvent
systems used were pet.cther, benzene, ethylacetate and
acetone cor a suitable mixture of two or more of these
solvents, derending uron the naturc ~f the compounds.

The plates were developed by keeping in an iodine chamber
or by spraying with sulphuric acid.

The numbers assigned to the charts, structures and
figures in each chepter of this thesis refer only to
that particular chapter.

Pet.ether refers to the fraction beoiling between 60-80°.

Unless otherwise stated, all solutions were dried over
anhydrous sodium sulrhate.

Unless otherwise stated, all b.ps. refer to the bath
+emperatures.

Inmghe list of IR baends given in the experimental section,
the significant bands described in the theory are
underlined.

In the description of PMR signals, the abbrevtations bms.,
br.d. and br.m. mean broad singlet, broad doublet and
broad multirlet respectively.



CHAPTER -1

GENERAL INTRODUCTION




During the last decade a new class of agricultural
insecticides, the synthetic pyrethroids has emerged as a
complement to the organochlorines, organophosphates and
carbamates. The history of the emergence of the synthetic
pyrethroids as a result of extensive reseerch on natural

dl’2'3. The natural

ryrethrins is now well documente
ryrethrins and the synthetic pyrethroids are superior to
other classes of insecticides, because in addition to
rossessing high insecticidal activity, they have very low
toxicity to memmals and rlents and thus environmentally
safe. The natural pyrethrins are esters of (+)-trans-
chrysanthemic acid and (+)-irans-pyrethric acid, with
alcohols, viz. pyrethrolone, cinerolone and jasmolone.

The esters of (+)-trans-chrysanthemic acid are called
pyrethrin I, cinerin I snd jasmolin I respectively, whereas
the esters of (+)-trans-pyrethric acid are called

ryrethrin II, cinerin II and jasmolin II. Their structures
are shown in Chert I. Table (I)4 demonstrates the
relative adventage of pyrethroids over other classes of

insecticides. Relative safety is indicated by the ratio

of toxicities to rat and insect (Column 4).

Table (I)

Class of

insecticide LD50 LDSO Hatie
Rats mg/kg Insects mg/kg
Carbamates 45 2.8 16
Organophosphates 67 2.0 33
Organochlorine 230 2.6 91
pyrethroids 2000 0.45 4500




However, the natural pyrefhrins5 and the modified
synthetic chrysanthemates are not suitable for agricultural
use because of insufficient stability in light and air.
Extensive research has been carried out in developing new
ryrethroids, by rerlacing the photolsbile grours in natural
ryrethrins by others that give enhanced stability to the
overall molecule and equal or increased insecticidal
activity. The historical development of synthetic
ryrethroids falls roughly into three stages. Initially,
attention was mainly concentrated on the structural
elucidation of the natural pyrethrins. This was followed by
a search for simpler alcohol components from which active
insecticidal esters derived from the natural acids could
be obtained. In the last decade, considerable attention
has been devoted towards develoring a variety of cyclo-
rropanecarboxylic acids that can give pyrethroid esters of
significant insecticidal activity and sufficient rhoto-
stability.

1) Natural Pyrethrins

Pyrethrum represents the dried flowers of

chrysonthemum cinerariae folium vis (Pyrethrum cinerariae

folium Trev.), a member of the Compositae family. The
powder of flowers has been used as an insecticide from
ancient timesé. The plant appears to have originated from
the Middle and North East. At present Kenya is the major

producing country. The discovery of pyrethrum as an
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insecticide, its production and history of its uses are
discussed by Gnedinger7 and Shepardé.

The insecticidel principles in pyrethrum are called
“Pyrethrins” and for e long time have been considered
harmless to mammals and prlants while being very toric to
insects. Today they are becoming increasingly importent
as insect control agents because they possess a unique
combination of desirable rrorerties including excertionally
good insecticidal activity, low mammalien toxicity and
rapid biodegradetion. These features, combined with their
proad spectrum of insecticidal activities and an unusually
rapid paralytic effect or "knock down® effect on flying
insects, have made them commercially successful ond also
environmentelly safe.

These important rrorerties of pyrethrum stimulated
detailed examination of the chemical constitution of the
active rrinciples in the first quarter of 20th century.
Staudinger ond RuzickaS, for the first time, isolated two
active comrounds from the pyrethrum extract and identified
them as esters of (+)-trans-chrysanthemic acid (7, Chart I)
and (+)-trans-pyrethric acid (8, Chart I) with ketol
pyrethrolone and named them as pyrethrin I and ryrethrin II
resyectively. Later on, four more active esters viz.
cinerin I, cinerin IIg, jasmolin I and jasmolin 1110,11,12
were also isolated from pyrethrum extract (1 to 6, Chart I).

Thus, the insecticidal activity of pyrethrum is attribuicd



to the rresence of these six constituents. This class of
active insecticidal esters, occurring in pyrethrum wes
named as “vyrethroids®. Now, the word “Pyrethroid" is not
limited to natural pyrethrins alone but is arplied also to
biologically active chrysanthemates and modified
cyclopropanecarboxylic acid esters of various zlcohols.

However, the natural pyrethrins are having limited
use due to their high cost and because of insufficient
stability in light and air.

The monoterpene (+)-trans-chrysanthemic ~cid viz.

2,2-dimethyl-3-(2-methylprop-l-enyl)-1l-cyclorrorene-
carboxylic acid occurs as an insecticidally active ester in
pyrethrum extract. This f ~ct has led to the prepaoration of
many synthetic pyrethroids in which the acid moiety is

(#)-trans-chrysanthemic acid (7, Chert I).

2) Evolution of Synthetic Pyrethroids

The valuable informaetion obtained from the study of
pyrethrins stimulated research in this field and as a result,
a grour of insecticides called "Synthetic Chrysanthemates®
has developed. A close study of the structures of alcohol
and acid moieties of the natural pyrethrins revealed that
there are many rhotolabile centres in both the moieties,
gspecially the allylic methyls and methylenes. These
gentres are likely to undergo autoxidation giving rise to

hydroreroxides, alcohols etc. Since the insecticidal
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activity is affected even due to minor structural changes
in the molecule, the product resulting by autoxidetion
becomes inactive. As a first stage towards eliminating the
rhotolabile centres in the alcohol moieties of natural
pyrethrins, the normel pyrethrolone, cinerolone and
jesmolone from natural pyrethrins were replaoced by other
photostable alcohols like 5-benzyl-3-furylmethyl alcohol,
3-phenoxybenzyl alcohol etc. As a restult of this
modification, considereble progress hes been made in
developing new pyrethroids by replacing the alcohol moiety
by the alcohols mentioned above which give enhanced
stability to the overall molecule and eaual or increased
insecticidal activity.

Staudinger and Ruzicka13

, eminent rioneers of
ryrethrum chemistry, detected insecticidal activity in the
chrysanthemate of the cyclopentenolone (9, Chart II) which
had an 2llyl rather than 2 rentadienyl side-chain. This
fact was later used by Schechter, Green and La Forge14 when
they developed the first important synthetic pyrethroid
"allethrin®. S-Bioallethrin (10, Chart II) has faster
knock-down but poorer killing power to most insects except
house-fliesls. Investigation with pure pyrethrin16 and
related compounds identified centres in the structure,
sensitive to photosensitised attack by oxygen, the more

important ones being the side-chain of chrysanthemic acid

and the gis-pentadienyl side-chain. Modificetion in the



Y
~lcoholic component led to the compound bioresmethrint’
(11, Chart II) and biophenothrin. In all these esters,
the acid moiety is (+)-trans-chrysanthemic acid (7, Chart I)
while the alcohol moiety is different. In bioresmethrin
the cyclopentenolone nucleus of pyrethrolone has been
rerlaced by the stericelly equivalent furan ring and the
rhotosensitive alkenyl side-chain by a stable 2romatic
nucleus. Bioresmethrin was the first synthetic
ryrethroid to show equal or higher insecticidal activity

than the natur~l pyrethrins against many insect speciesl7

in addition to rossessing lower mammalien toxicitylg.
Jsing more lipophilic ethanochrysanthemic acid and
the seme furen alcohol, Martel and coworkers19120
developed the comround K-othrin (12, Chart II) which
showed still more insecticidal activity but higher
mammelian toxicity. (+) Irens-chrysanthemic acid esters
with 3-rhenoxybenzyl alcohol and its &-cyano derivative

gave the potent pyrethroids biorhenofhrin21

(13, Chart I1)

and $-2703%2 (14, Chart II) respectively in which the

alcoholic components are stable but they still contain the

rhotolebile isobutenyl side-chain at C5 in the acid moiety.

The photostabilities of these compounds had been assessed to

be still insufficient under agricultural field conditions.
In order to develop more potent pyrethroids,

modifications were a2lso made in the acid moiety, so as to

eliminate the photolabile centre in it. Thus, rerlacing the
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23 by chlorine

methyl groups in the isobutenyl side-chain
atoms, resulted in the ryrethroid MRDC-134 (15, Chart III).

In NRDC-134 the alcohol moiety is 5-benzyl-3-furylmethyl
alcohol ~nd the acid moiety is 2,2-dimethyl-3 (dichlorovinyl)-
cyclopropane carboxylic agcid. In NRDC-134, & dichlorovinyl
side-chain, in wbich the double bond is stabilizéd by the

two electron withdrawing atoms, reprlaces the rhoto-

sensitive isobutenyl unit of (+)-+rans—chrysan+hemic

acid. Examining esters of this modified acid with

other alcohols, Elliott and co-workers24 developed
biopermethrin (16, Chart III) in which 3-phenoxybenzyl
alcohol replaces the photosensitive 5-benzyl-3-furylmethyl
alcohol or other previous alcohols. Biopermethrin is more
active than bioresmethrin or K-othrin and all +he
photolabile centres having been elimin ted, the compound is
more s*able24 than many orgenophosrhates and carbamates.
Nonethless, when exposed to microorganisms in the soil,

it is degraded sufficiently rapid to allay any concern
about undue accumulation. Biopermethrin also retains the
low oral and intravenous mammalian Toxicity24.

The «=-cyano group in cypermethrin (17, Chart III)
gives still greater insecticidel activity, albeit with
somewhat increased mammalian toxicity. Investigating a
combination of optical and geometrical isomers, Elliott

et al.2> discovered the crystalline decamethrin (18,

Chart III), the most rotent pyrethroid yet synthesised
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(LD50 = 0.0083 pg/house-fly). Decamethrin is also
26

adequately stable for field use.

In addition to the compounds reranted above many
other pyrethroid esters possessing polyhalogencted vinyl
side-chein at C; have been prepared. These include difluoro

26

vinyl analogue“®, 2-(trifluoromethyl)-2-halo vinyl

analogues27 etc. In a few cases the double bond in the

28 and other releted

vinyl side-chain at C4 of permethrin
compounds29 has been s aturated with bromine to get

pyrethroid esters with a polyhalogenated s atureted side-
chain ot C3. In recent patents esters of 2,2-dimethyl-3go -
(styryl) cyclopropanecarboxylic acids have been synfhesiseé .
These compounds have been claimed to possess insecticidal and
acericidal activity. Besides pyrethroid esters having
alkene side-chain at C3, some compounds with alkyne
side—chein32 at C5 have also been prepared.

Acid moieties recently developed i.e. &-(4-chloro-
phenyl)-isovaleric acid and 2,2,3,3-tctramethylcyclopropane
carboxylic acid have no photolabile groups. Therefore,
the esters of «-cyano-3-rhenoxybenzyl alcohol with the
above acids gave fenvalerateSS (19, Chart III) and
fenprOpanate34 (20, Chart III) respectively. These
pyrethroids are much more stable to photoirradi-~tion.

These compounds are promising insecticides for agricultur~l

use owing to their high potency and sufficient field

persistency and are already well esteblished in commerce.
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As structural analogues of 2,2,3,3-tetramethylcyclo-
rropanecarboxylic acid, several cycloproranecarboxylic acids
cont aining srirofused35 cycloalkane rings have been
synthesised. The esters of these acids with «~cyano-3-
rhenoxybenzyl alcohol have been tested for insecticideal

activity.

3) Structure and Activity

The natural pyrethrins and the synthetic pyrethroids
group of insecticides are flexible molecules. Thetr
insecticidal action depends on their ability to adopt 2
conformation in which all the structural features,
essential for potency are arrropriately oriented with
respect to each other and to a complementary receptor.

A characteristic feature of the pyrethroids is the
sensitivity of their insecticidal action to chenges in
the substituents at certain important centres, by which
either the balance of conformers present, is disturbed
or contact of molecule with a receptor is obstructed.

To prossess high insecticidal activity, pyrethroids
must have a precise steric relationship between an
unsaturated centre in the alcohol moiety and gem—dimethyl
group or an equivalent substituent in the acid moiety.
This generelly requires a 1R configuration in the cyclo-

36,37

rropanecarboxylic acid Inversion at this optical

centre drastically alters the potency without greatly
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changing the physical properties. Thus (+)-trans-(1R, 3R)

possess 1lR-configuration and their esters with suitable
alcohols are found to be active insecticides whereas

esters of (-)-trans-(1S, 3S) and (-)-cis-(1S, 3R)

chrysanthemic acids (Fig. 2, Chart IV ) which possess the
1S configuration are found to be inactive or much less active.
In the cese of pyrethroids possessing a dihalovinyl
sjde-chain at C3, the esters with the 1R cis absolute
configuration are about twice active than the corresronding
;B,L;gg§?3 isomers.

Structurally, most of the synthetic pyrethroids
are esters of 2,2-dimethyl-3-vinyl substituted cyclopropane-
l-carboxylic acids with the alcohols like 3-phenoxybenzyl

1

alcoholls’2 a2s in permethrin or 5-benzyl-3-furylmethyl

alcohol as in resmethrinls.

Variation of the vinyl
substituent at the C5 position of the cyclopropanecarboxylic
acid is rossible while maintaining insecticidal activity.
Using appropriate Wittig reagents Elliott et al.38 have
synthesised some fifty new esters related to the
insecticide bioresmethrin by substituting the isobutenyl
side-chain at Cq with other side-chainsSc.

Thus in the acid moiety of the pyrethroids, the
side-chain attached at 03 position of the cyclopropane ring

system is an important site where structural changes

greatly influence insecticidal activity which in turn
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depends on the nature of the substituents in the
side-ch~in.

Thus o simple modification in the structure of the
side-chain at C3 in bioresmethrin where isobutenyl group is
repleced by but-l-enyl group produces still greeaster
activity but retains low mammalian toxicity. Similarly
esters with simple vinyl subsfifuenfyz?e found to be less
active than chrysanthemetes but monoethyl vinyl esters

wara more active. Maximum activity38

was observed
in the case of esters with but-l-enyl side-chain at C3.
Extremely high insecticidal activity is attained in

esters with Z and E butadienyl and pentadienyl substituentg7

(Fig. 3, Chart IV) at C,, trens and to a smaller extent
cis to the 1R carboxylic centre, provided no methyl groups
are there at C3 or Cl at the cyclopropane ring system.

However, Matsui39

observed that increase of the methyl
substitution at C3 contributes to the greater activity

e.g. 2,2,3,3-tetramethylcyclopropanecarboxylic acid

esters are found to be more active then the corresronding
3-monoethyl derivetive which means presence of an
unsatureted side-chain is not a must for the activity of
pyrethroids.  Further, some esters of 3-dibaloviny125’34’40
substituted acids (Fig. 3, Chart IV) were found to be
outstandingly potent insecticides and in this class of
insecticides, the 1R cis esters are usually more active

than the 1R-trans esters. This observation also leads to

1b
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the conclusion that ypresence of methyl group on the vinyl
side-chain at C, (as in chrysanthemic acid) is not
essential for a pyrethroid to possess insecticidal
activity as believed earlier.

The alcoholic constituents are equally sensitive.
Esters of 5-benzyl-3-furylmethyl alcohol (1, R' = H, Fig. 4,
Chart IV) are usually more active than those of 3-phenoxy-
benzyl alcohol (2, R' = H, Chart IV) or 5-benzylfurfuryl
alcohol (3, R' = H, EEEEE~£Y)' A methyl substituent
(R' = Me) generally depresses the activity. The cyano
substituent has little influence on the activity of 2,5-
furan derivatives (3, R' = CN), depresses that of 3,5-furan
(1,R' = CN) and increases the activity of 3-phenoxybenzyl
esters2 3122 (2, R' = CN). Other bulky substituents have
depressing effactzz. Some unsaturation is present in the
side-chain of the alcoholic component of all powerful
ryrethroids, but again small changes removes activity as
depicted in Fig. 5, Chart IV.

The relation between structure and photostability has
already been discussed in the evolution of synthetic
pyrethroids. Mammalian toxicity varies with substitution
and conformation. Bioresmethrin (11, Chart II), an ester
of the same irans substituted cyclopropane acids as in the
natural pyrethrins is about sixty times less toxic to

mammals than pyrethrin I (1, Chart I). But the toxicity

of its cis isomer, cismethrin is similar to pyrethrin Il8

547-83: 632 Bl 2 (043
N7

17
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and is somewhat increased by substituting chlorine for
methyl groups. However, cis permethrin with 3-phenoxy-
benzyl alcohol has low mammalian toxicity probably

because another site at 4' position on the rhenoxy ring is

available for oxidative detoxification.

4) Synthesis of acid moieties

Numerous synthetic arproachesl’2’3, to acid

components of synthetic pryrethroids have been described in
literature. Many of these methods lead to dl mixtures of
cis and trans cyclopropanecarboxylic acids. Some of the
methods which lead to a mixture containing either cis or
trans cyclopropanecarboxylic acid in predominance are
described below.

Diazoacetic ester addition

The reaction of tert-butyl diazoacetate41

with 2,5~
dimethyl-2,4-hexadiene afforded trans-chrysanthemic acid
in high yield. In the presence of asymmetric copper
complexes the reaction of the above diene proceeds

2

enantioselectively4 both with diazoacetic esters and with

diazomalonic esters. The synthesis of trans-chrysanthemic
acid was carried out by the addition of (-) menthyl

diazoace’tate43

to the above diene, using chiral catalysts
with an enantioselectivity of approximately 90% which is

shown in Scheme A, Chart V.
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44
David et al. have synthesised cis enriched
pyrethroid acid esters by addition of diazoacetic ester
to 1,l-dihalo-4-methyl-1,3-pentadienes by using rhodium (II)

salts of carboxylic acids as catalysts (Scheme B, Chart V).

Intramolecular addition

S. Julia et a1. % synthesized a bicyclohexanone.
The oxime gave the required chrysanthemate system directly

with rhosphorus prentachloride as shown in Scheme C, Chart V.

NRDC Method

In this method>® cis and trans 3-formyl-2,2-dimethyl-
l-cyclopropanecarboxylic acid and its esters are obtained
by ozonolysis of the corresronding chrysanthemates.

Wittig reaction and analogous olefination lead directly
to the required products with retention of configuration at

cycloprorane ring (Scheme D, Chart V).

From isomerically pure precursors

6

Krief et al.4 have devised several synthetic
aprroaches to trans and cis 3-formyl-2,2-dimethyl-l-cyclo-
rropanecarboxylates., The 1,4-addition of 4,4-dimethoxy-
crotonic esters leads stereoselectively to the trans
caronaldehyde dimethyl acetal,from which the aldehyde can
be generated. Wittig reaction on the aldehyde using

appropriate Wittig reagents leads to the trans-chrysanthemic

acid or its analogues (Scheme E, Chart VI).
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In another approach Krief et a1.%7 nave synthesised
the cis-caronaldehyde ester starting from the butenolide.
In this method isopropylidenediphenylsulfurane is used for
building up the cyclopropane ring by taking advantage of
the conjugated double bond in butenolide. This reaction
leads stereoselectively to cis substituted cyclopropane

derivatives (Scheme F, Chart VI).

Favorskii Rearrangement

Martin et al.“*® have synthesised 2,2-dimethyl-3-(2,2-
dichlorovinyl)-cyclopropane-l-carboxylic acid, containing a
high proportion of cgis-cyclopropane isomer from acrylic

acid as shown in(Scheme G Chart VI).

The above route can also be used for the synthesis of
enantiomerically pure cis acid by effecting optical

48

resolution of the racemate obtained of the bisulphite

adduct of tetrachlorocyclobutanone derivatives.

From optically active natural products

Enantiomerically pure pyrethroid acids have been also
obtained from optically active natural products like
(+) «-pinene, (#)-3-carene and (+) and (-) pantolactone.

Matsuo et al.49

have converted the readily available
2R(-) pantolactone into 1S, 3S(-)-trans-chrysanthemic acid
and 28 (+) pantolactone into 1R, 3R (+)-tranc

chrysanthemic acid as shown in(Scheme H Chart VII).
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Synthesis of 2,2-dimethyl-3-(stvryl)cyclopropane-1

carboxylates

Recently, synthesis of esters of 2,2-dimethyl-3(styryl)
cycloprovane-l-carboxylate has been achieved starting from
acyclic intermediates. Some of the approaches are
described below.

Condensation of substituted allylic alcohol and
triethyl orthoacetate at 140° in presence of phosphoric acid
or rhenol gave the Y,5-unsaturated esters. The
uns aturated esters on bromination with N-bromosuccinimide
and subsequent cyclization with base gave the styrylcyclo-
propane carboxyla'tes50 as shown in (Scheme I, Chart VIII).

The esters of 2,2-dimethyl-3(styryl)cycloprorane-1l-
carboxylate have also been prepared by Wittig reaction in
its various forns30’5l’52 on ethyl-3-formyl-2,2-dimethyl-
l1-carboxylate (Scheme J, Chart VIII).

In another approach53 for the synthesis of these
compounds Claisen condensation of p-substituted aceto-
phenone with isobutaraldehyde in presence of a base was
effected to afford a mixture of eonjugated and non-
conjugated ketones. The mixture as such on treatment with
phosphorous pentachloride afforded the conjugated diene,
which on condensation with ethyl diazoacetate gave the

«-halo(styryl) cyclopropanecarboxylate (Scheme K, Chart VIII).
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Prins reaction on methyl-3,3-dimethyl-pent4-enoate
using p-substituted benzoyl chloride®? in presence of
stannic chloride afforded the butyro-lactone which on
treatment with phosphorous pentachloride followed by base
treatment gave the 2,2-dimethyl-3(styryl)-cyclopropane-1-
carboxylate. (Scheme L, Chart VIII).

In most of the above methods for styrylcycloprorane-
carboxylate, cyclopropane ring is built up from an
approprriate acyclic substrate leading to a mixture of cis
and trans cyclopropane systems. In Chapters II and IV
of this thesis, the synthesis of optically active
pyrethroids has been described starting from abundantly

available (+)-3-carene.
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CHAPTER —-IL

SYNTHESIS OF 1R-CIS-PYRETHROIDS
FROM
(+)-3- CARENE




SUMMARY

The trans caranediol 2 obtainable from (+)-3-carene 1,
on oxidation with Jones chromic acid reagent gave the keto
acid 3 (R=H) which on esterification (MeCH/H*) afforded
the keto ester 3 (R=CH;).  Treatment of the keto ester
3 (R=CH;) with ethylene glycol and p-toluene sulphonic
acid (PTS) gave the ketal ester 4. OGrignard reaction on
ketal ester 4, using methylmagnesium iodide gave a liquid
ketal alcohol 5, which on deketalisation and dehydration
with PTS furnished a mixture of two isomeric unsaturated
ketones 6 and 7. These were separated by chromatography.
Treatment of 6 with p-tolylmagnesium bromide afforded a
mixture of diastereomeric alcohols 8. Potassium
permangarrate oxidation of diastereomeric alcohols 8 gave
a mixture of diastereomeric hydroxy acids 9 (R'=H) along
with the keto-diol 10Q. The acid 9 (R'=H) en esterification
with an ethereal solution of diazomethane afforded a
mixture of diastereomeric hydroxy methyl esters 9
(R'=CH;).  Dehydration of the methyl esters 9 (R'=CH,)
with PCCla/Pyridine gave a mixture of two isomeric
unsaturated esters 11 and 12. These were separated by
chromatography. Unsaturated ester 11 was converted into
the corresponding 3-phenoxybenzyl ester 13 by trans-
esterification with 3-phenoxybenzyl alcohcl.

By following analogous procedures 3-phenoxybenzyl

esters 20, 27 and 33 have also been synthesised.
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INTRODUCTTION

"Synthetic Pyrethroids” which beer a close
structural resemblance to netural ryrethrins and cinerins
are increasingly becoming important as ideal Pest Control
Agents. These pyrethroids belong to an almost ideal group
of modern insecticides due to their high insecticidal )
activity, low mammalian toxicity and rapid biodegradabili%&.
They are also superior to natural pyrethrinsa’4 in having

5

higher photostability~ and therefore applicable for

agricultural use6. A number of synthetic pyrethroids7’8
have been prepared and used with sucess during the last few
years in UK, USA, Japan and other advanced countries. An
important member of this group in commerciel wuse is
permefhrin9 {NRDC 143).

The natural pyrethrins and cinerins, which are found

10,11,12

to be quite active against insects 2re the esters

gf (+) trans-chrysanthemic acid and (%) trans-pyrethric
acid with the alcohols like pyrethrolone and cinerelonelo.
These acids possess 1R trans configuration at the site
bearing the carboxylic group. Much of the efforts were,
therefore made for developing the methods for 1R trans-
chrysanthemic acid, from naturally occurring compounds,

containing a suitably substituted cyclopropene ring system

and the required configuration. The absolute configuration



o2}
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of (+)-3-carene 1 has been established as 1S, 6R13.  The
absolute configuration of (-) cis-chrysanthemic acid is
1S, 3R and that of (+) trans-chrysanthemic acid is 1R,
3Rl4. This resemblance in their configuration has been
utilized by meny workerslS'18 for the synthesis of

1R trans-chrysanthemic acid via the (=) 1S cis-

chrysaenthemic acid by epimerisation at C. centre, starting

1
from (+)-3-carene 1, abundant in turpentine oil.

The insecticidal activity of pyrethrcid esters depends,
to a significant extent on the absolute confiiguration of
the asymmetric carbon at C1 of the cycloprorane system,
which bears the ester function. Thus, the esters with

absolute configuration 1R, irrespective of whether the

cyclopropane ring is having & ¢is or a trans geometry,
19-22

are active Whereas the corresronding 1S-isomers are
either much less active or inactive. However, much
attention was not given for the conversion of (+)-3-carene 1
into 1R (*) cis-chrysanthemic acid, the esters of which
possess insecticidel activity. There are only two

15,23

references available in the literature for the

conversion of (+)-3-carene 1 into 1R(#*) cis-chrysanthemic
acid. Matsui et al. synthesised selectively, the
1R(#+) cig-chrysanthemic acid from (+)-3-carene 1 as shown

in scheme I (Chart I).

In the case of highly potent pyrethroids like

permethrin, cypermethrin and decamethrin, it has been
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observed th>t the 1R cis isomers are usually about twice
as active24 as the 1R trons pyrethroids.

In view of the Aabove observations it was felt desirable
to synthesisesome 1R c¢is ryrethroids from (+)-3-carene 1.
In our laboratory, a new synthetic pyrethroid25 called
“Indothrin® viz. 3-phenoxybenzyl 1R cis-2,2-dimethyl-3
(2-chloroprop-l-enyl) cyclopropane_carboxylote (as a

mixture of E and Z isomers) has been synthesised

(Scheme II, Chart I) and found to possess almost similar

type of insecticidel activity as permethrin. Also,
3-phenoxybenzyl 1R cis-2,2-dimethyl-3(2-cyanoprop-1l-enyl)
cyclopropanecarboxylate and &~cyano-3-phcnoxybenzyl 1R
cis 2,2-dimethyl-3(2-chloroprop-l-enyl)cyclopropane-
carboxylate have been sym‘hesised26 and found to be almost
as active as Indothrin. ‘All these comprounds have been
synthesised starting from (+)-3-carene 1, 2 cheap,
abundent, indigenous byproduct from pine o0il (pinus
ljongifolia).

Recently, in our l2boratory Mane et al., synthesised
selectively the 1R(#)-cis-chrysanthemic acid?3+27.  They

have also synthesisedzs’29

1R (-) cis-2,2-dimethyl-3
(2-phenylprop-1l-enyl)cycloproranecarboxylate from (+)-3-

carene 1.

In recent patents3o'32, esters of some 2,2-dimethyl

-3(styryl) cycloproranecarboxylic acid as dl-mixtures of both

cis and trans isomers have been prepared and found to
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rossess good insecticida2l and acaricidal activity.
In continuation of our efforts for the synthesis of
better rhotostable pyrethroids from(+)-3-carene 1, we have

now sym‘hesised33’34

some oprtically active 1R cis pyrethroids
possessing r-substituted phenyl/cyclohexyl prop-l-enyl
side chain at C3, viz.
i) 3-Phenoxybenzyl 1R-gcis-2,2-dimethyl-3-(2-p-
tolylprop-l-enyl)cyclopropanecarboxylate.
ii)3-Phenoxybenzyl 1R-gis-2,2-dimethyl-3-(2-p-anisyl-
prop-l-enyl)cyclopropanecarboxylate.
iii) 3-Phenoxybenzyl 1R-gis-2,2-dimethyl-3-(2-p-chloro-
rhenylprop-1l-enyl)cyclopropanecarboxylate.
and iv) 3-Phenoxybenzyl 1R-gcis-2,2-dimethyl-3-(2-cyclo-

hexylprop-l-enyl)cyclopropanecarboxylate.

All the above esters were tested for insecticidal

activity and were found active.
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CHART -1V

® CARBON
O OXYGEN

CHART — IV

X—RAY STRUCTURE OF METHYL 1R-CIS-2,2~—
DIMETHYL—3-(2—p—ANISYLPROP—1—-ENYL)
CYCLOPROPANECARBOXYLATE 18



PRESENT WORK

(+)-3-Carene 1

-

on treaotment with performic acid

was converted to the formyloxy hydroxy carane which

18 3p 4«-caranediol 2 in 45%

s [¢] +
yield; m.p.82-83" (pet.ether) Ciotig0ps M

on hydrolysis,gave the known
170. It

showed IR bands at 3448 (OH), 1058 (-C-0-) and PMR signals
at 0.70 (2H, m, cyclopropane protons), 0.97 (6H, s, gem-
dimethyl on cyclorropane), 1.17 (3H, g, -CHy at C3)’ 1.73
to 2.23 (4H, m, -CH, protons), 3.27 (1H, q, proton at C,)
and 3.63 (2H, m, OH protons). Jones chromic acid

oxidation of the diol 2 at g gave the keto cerboxylic acid
3, (R=H) which was converted into its methyl ester 3

)16-18
37

(R=CH by methanol and sulphuric acid in almost

quantitative yield. The ester 3 (R=CH;) C M* 198,

11718%>
showed IR bands at 1739, 1150 (ester); 1709 (JC=0) and
PMR signals at 0.67, 1.00 (1H each, m, protons ot C; and
Cy of cyclopropane), 0.9, 1.13 (3H each, s each, gem

=

dimethyl on cyclopropene), 2.10 (3H, s, —gCH3), 2.18, 2.30

(2H each, d each, J = 7 Hz, methylene protons adjacent to
carbonyl group of ketone and ester) and 3.60 (3H, g, ester
methyl).

The ester 3, (R=CH3) was converted into its ethylene
ketal ester 4 in 95% yield by treating it with ethylene
glycol and catalytic amount of paratoluermesulphonic acid

: +
in benzene. The ketal ester 4, 613H2204, M" 242 showed
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IR bands 2t 1739, 1163 (ester) and PMR signals at 0.72
(2H, m, cyclopronane protons at C, and CB)’ .87, 1.07
(3H each, s each, gem-dimethyl on cyclopropone), 1.23 (3H,
s, methyl ~ttached to carbon beering the ketzl function),
1.47 (2H, d

J = 6 Hz, methylene& to kectal function), 2.17
(2H, d, J = 9 Hz methylene « to ester), 3.60 (3H, s, ester
methyl) and 3.82 (4H, s, ketal methylene protons).
Grignerd reactionzictel ester 4 using excess of
methylmagnesium iodide (3 moles) afforded in 90% yield +the
14H2603, M* 242. It showed IR
bands at 3571, 1050 (-OH) and PMR signals at 0.57 (2H, m,

liquid ketal alcohol 5, C

cycloprorane protons), 0.88, 1.08 (3H each, s cach, gem
dimethyl on cyclopropane), 1.18 (6H, s, methyls of hydroxy
isoprooyl), 1.28 (3H, s, methyl on carbon bearing ketal

function), 1.48 (4H, d, J = 6 Hz, -CH, protons at C. and C3),

1
1-88 (1H, s, exchéngeable with D,0, OH proton) and 3.88
(4H, s, methylene protons of the ketal).

Dehydretion and deketalisation of 5 was achieved in
one step by treating it with PTS in refluxing benzene to
afford a2 mixture of two liquid uns 2turated ketones (double
bond isomers) 6 and 7 in 73% yield, in which the former
predominated. The ketones 6 and 7 were separated by
chromatography over silica gel (1:15) impregn~ted with 10%
silver nitrate and isolated in the TLC pure state. The

earlier fractions eluted with pet.ether, pet.ether + 10%

benzene gave a TLC pure liquid which was further rurified
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by distillation to afford pure unsaturated ketone §,
CioHpe0s MY 180. It showed the following spectral
prorerties, IR bands at 1710 (3C=e};PMR signals at 0.92,
1.13 (3H each, g, gem dimethyl on cyclorropane), 1.00 to
1.33 (2H, m, cyclopropane rrotons), 1.68, 1.73 (3H each,

s, vinyl methyls), 2.07 (3H, s, -COCH3), 2.28 (2H, 4,
J = 6.5 Hz, -CH,« to 3C=0) and 4.80 (1H, d, J = 8 Hz,
olefinic proton).

The isomeric ketone, eluted with ret.ether + benzene
(1:1) and benzene (TLC single srot) was rurified by
distillation and identified as 7, C1oH540, Mt 180, by
spectral data showing IR bands at 1709 (JC=0), 1645,
8R5 (2C=CH,) and PMR signals at 0.63 (1H, m, one of the
cyclopropane proton), 0.87, 1.12 (3H each, s each, gem
dimethyl on cyclopropane), 1.23 (1H, s, another cyclorrorane
rroton), 1.72 (3H, g, vinyl methyl), 1.87 (2H, d,
Jd = 6 Hz, CH, allylic to double bond), 2.05 (3H, g, -COCHa),
2.25 (2H, 4, J = 7 Hz, CH, «to »C=0) and 4.67 (2H, g,
olefinic rrotons of »C=CH,).

Srignard reaction using p-tolylmegnesium bromide
(1.3 mole) on the ketone 6 gave a mixture of diastereomeric

alcohols 8 in 80.8% yield, C 0. It showed IR bands

19728
at 3448 (OH), 1504, 837 (aromatic) and PMR signals at 0.53
(1H, m, cyclopropane proton at C3), 0.73, 0.83, 0.95, 1.03
(6H, all g, cyclopropane methyls of both the diastereomers),
1.23 (2H, d, J = 8 Hz -CH, protons), 1.46 (3H, s, methyl

on carbon bearing hydroxy and p-tolyl), 1.66 (7H, br,

m, vinyl methyls of diastereomers and allylic cyclopropane



proton), 2.30 (3H, g, methyl attached “o phenyl), 4.73
(1H, br, m, olefinic proton) and 6.91, 7.15 (2H each, d
each, J = 8 Hz, aromatic protons).

Oxidation of 8 with potassium permanganate in
acetone-acetic acid-water mixture35 afforded a mixture of
two products, separated into acidic and neutral parts by
aqueous sodium carbonate. The acidic part 9 (R'= H) was
esterified with an ethereal solution of diazomethane and
the resulting mixture of diastereomeric esters further
rurified by distillation to give hydroxy ester 9 (R' = CH3),
CipHoaOg ¢ ) ¥ _gfi It showed IR bands at 3636 (OH),

1724, 1176 (ester), 1515, 819 (aromatic); and PMR signals

at 0.93, 1.00, 1.06, 1.11 (6H, all s, cyclopropane methyls

of both the diastereomers), 1.25 (2H, m, cyclorropane
protons), 1.48 (3H, g, methyl on carbon bearing hydroxy

and p-tolyl), 1.83 (1H, g, exchangeable with D,0, OH proton),
2.03 (2H, bp, m, CHy- protons), 2.31 (3H, g, methyl

attached to phenyl), 3.46, 3.56 (3H, s each, ester methyls
of diastereomers) and 6.96, 7.20 (2H each, d each,

J = 8 Hz, aromatic protons).

The neutral part was purified by chromatography and
obtained as a thick liquid and was identified as keto-diol
10, CygHyg05; IR bands at 3571 (OH), 1695 (2c=0), 1515,

816 (aromatic); PMR signals at 0.83, 1.00, 1.10, 1.13,
1.16, 1.23, 1.30 (12H, all g, cyclopropane methyls and

hydroxy isopropyl methyls of both diastereomers), 1.45
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(3H, s, methyl on carbon bearing hydroxy and p-tolyl), 1.76
(3H, m, CH,-protons and C; cyclopronrane proton), 2.06 (1H,
d, 3 =7 Hz, C3 cyclorropane proton), 2.28 (3H, g, methyl
attached to phenyl) and 6.86, 7.16 (2H each, d each,
J = 8 Hz, aromatic protons).

Dehydration of hydroxy ester 9 (R'=CH3) with POC13/
pyridine afforded mixture of two unsaturated esters
(double bond isomers) 11 and ]2 which were separated by
chromatography over silica gel (1:10) impregnated with 10%
silver nitrate. The less polar ester eluted with 20%
benzene in pet.ether afforded a solid, m.p.64-65%(ethanocl),
identified as 11, Cy;Hy00,, M* 258 by spectral data. It
showed IR bands at 1724 (ester3C=0), 1613, 213 (Jc=c<)),

1499 (aromatic); PMR (CDCl,, 90 MHz) signals at 1.28, 1.33

31
(3H each, g each, gep-dimethyl on cyclopropane), centered at
1.78 (1H, d, J = 9 Hz, cyclopropane rroton at Cl) and
centered at 2.07 (1H, t, J = 9 Hz, cycloprovane proton at
Cy), 212 (3H, s, vinyl methyl), 2.34 (3H, s methyl

attached to phenyl), 3.67 (3H, g, ester methyl), 6.08 (1H,
d, 4 = 9 Hz, olefinic proton) and 7.12, 7.34 (2H each,

d each, J = 9 Hz, aromatic protons). The unsaturated

ester 11 has been assigned the E configuration on the basis
of the value of chemical shift of theolefinic proton
(6.08¢), which is in close agreement with the caslculated
value® (6.076). It is interesting to note that by this

method only one pure geometric isomer is obtained.

(=]
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The polar compound 12 was eluted later but not characterised.

36-38 with

The ester 11 on trans-esterification
3-rhenoxybenzyl alcohol in presence of butyl titanate

afforded the  3-rhenoxybenzyl ester 13, C,. H,-O m* 426,

29°'3073°
purified by chromatograrhy. It showed IR bands at
1724 (ester }C=0), 1585, 813, 784 (arcmatic);PMR (CDC14;
90 MHz) signals at 1.23, 1.27 (3H each, s each, gem dimethyl
on cyclopropane), 1.82(1H, d, J = 9 Hz, cycloprorane proton
at cl), 2.04(3H, g, vinyl methyl), 2.06 (1H, t, J = 9 Hz,
cyclopropane proton at C3), 2.31 (3H, s, methyl attached
to rhenyl), 5.06 (2H, g, benzylic methylene protons), 6.05
(1H, d, J = 9 Hz, olefinic proton) and 7.15 (13H, m,
aromatic protons).

The keto-diol 10 on sodium borohydride reduction

gave the triol 14, as a2 thick liquid, 619H3OOB' It
showed the following spectral prorerties, IR bands at
350  (OH), 1515, R16, 752 (aromatic) and PMR signals at
0.80, 0.83, 0.93, 1.00, 1.10, 1.23 (12H, all s, cyclo-
propane methyls and methyls of hydroxy isopropyl of both
the diastereomers), 1.46 (3H, s, methyl attached to carbon
bearing hydroxy and p-tolyl groups), 2.26 (3H, s, methyl
attached to phenyl), 3.06 (3H, br, m, exchangeable with
D,0, OH protons), 3.31 (1H, d, J = 8 Hz, —Oué;H, at Cl)
and 6.83, 7.08 (2H each, d each, J = 8 Hz, aromatic

protons).



Jones chromic acid oxidation of the triol 14, gave 3
hydroxy acid 9 (R' = H) along with other products. The
hydroxy acid 9, (R' = H) was converted into its methyl
ester by an ethereal solution of diazomethane and
identified as 9 (R' = CHj), Ci7Hy,405 by spectral data.

The IR and PMR spectra of 9 (R' = CH3) were superimrosable
with those described earlier in this chapter.

The ketone 6, when subjected to Grignard reaction
using p-anisylmagnesium bromide (1.3 mole) afforded the
liquid 2lcohol 15 in 90% yield, C,gH,g0,. It showed IR
bands at 3646 (OH), 1613, 1508, 826 (aromatic) and PMR
signals at 0.73, 0.83, 0.96, 1.05 (6H, all g, cyclopropane
methyls of both the diastereomers), 1.20 (2H, d, J = 7.8 Hz,
CH2—protons), 1.46 (3H, s, methyl on carbon bearing hydroxy
and p-anisyl group), 1.66 (7H, br, m, vinyl methyls of both
diastereomers and Cl cyclopropane nroton), 1.95 (1H, s,
exchangeable with D,0, OH rroton), 3.73 (3H, s, methoxy
attached to rhenyl), 4.76 (1H, br, m, olefinic proton) and
6.66, 7.18 (2H each, d each, J = 8 Hz, aromatic protons).

Oxidation of the alcohol 15, with potassium
permanganate39 in dry acetone, with catalytic amount of
anhydrous potassium carbonate, afforded mainly a mixture of
two rroducts, separated into acidic and neutrzl parts.

The acidic part 16 (R' = H) was converted into its methyl
ester 16 (R' = CH3), C,-H,,0, by an ethereal solution of

17 244
diazomethane. It showed IR bands at 3546 (OH), 1724,
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1163 (ester), 1608, 826 (arometic) and PMR signals at 0.96,
1.03, 1.13 (6H, all g, cyclopropane methyls of both

diastereomers), 1.26 (1H, m, C, cyclopropane proton), 1.50

3
(3H, s, methyl on carbon bearing hydroxy and r-anisyl),
2.00 (3H, m, CH,-rrotons and G, cyclcpropane rroton),
3.48, 3.56 (3H, each s, ester methyls of diastereomers),
3.76 (3H, s, methoxy attached to phenyl), 6.73 (2H, d,
J = 9 Hz, aromatic protons) and 7.23 (2H, m, arom~tic protons).
The neutral part was purified by chromatography to
give & thick liquid, identified as keto-diol 17,
CioHpg04, by spectral data. IR: 3646 (OH), 1669 (c=0),
1610, 1504, 826 (eromatic); PMR signels at 0.83, 1.01,
1.13, 1.18, 1.23, 1.31 (12H, all s, cycloproprane methyls
and hydroxy isopronyl methyls of both diastereomers),
1.46 (3H, s, methyl attached to carbon bearing hydroxy and
p-anisyl), 1.78 (2H, m, cyclopropane protons), 2.08 (2H, m,
CH,~protons), 3.70 (3H, s, methoxy attached to rhenyl)
and 6.63, 7.10 (2H each, m each, aromatic protons).
Dehydration of the ester 16 (R' = CHB) using POCL,/
ryridine gave a mixture of two unsaturated esters 18 and 19
(double bond isomers), which were separated by
chromatography over silica gel impregnated with 20% silver
nitrate. The less polaer ester 18, C17H22O2 eluted with
ret.ether gave a solid m.p.61° (ethanol), MY 274. 1t
displayed the following spectral properties; IR bands at

_H
1742, 1163 (ester), 1613, 830 (JC=C<, ), 1515, 785 (arometic),



PMR (CDCl,: 90 MHz) signals at 1.28, 1.33 (3H each, g each,

33
gem-dimethyl on cycloprorane), 1.78 (1H, d, J = 9 Hz,
cyclopropane proton at Cl), 2.07 (1H, t, J = 9 Hz,
cyclopropane proton at C;), 2.10 (3H, s, vinyl methyl),
3.67 (3H, s, ester methyl), 3.82 (3H, s, methoxy attached
to phenyl), 6.05 (1H, d, J = 9 Hz, olefinic proton) and
6.92, 7.44 (2H each, m each, aromatic nrotons). The
E-geometry for the double bond in the ester 18 has been
assigned on the besis of chemical shift (6.056) of olefinic
proton which is in close agreement with calculated
value?© (6.079).

The fractions eluted with 10% benzene in pet.ether
gave the TLC pure isomeric liquid ester 19, Cy7H5504- It
showed IR bands at 1724 (ester), 1669, 885 ()c=CH2),

1600, 1504, 833 (aromatic) and PMR (CDC1l,; 90 MHz)

3
signals at 1.18, 1.26 (3H cach, s each, gemdimethyl on
cyclopropene), 1.42 (1H, dd, J, = 4 Hz, J, = 12 He,
cyclooropane proton at C3), 1.65 (1H, d, J = 10 Hz,
cyclopropane proton at C;), 2.84 (2H, d, J = 7 Hz, CH,-

protons), 3.66 (3H, s, ester methyl),

w

.83 (3H, s, methoxy
attached to phenyl), 5.16 (2H, m, »C=CH, protons) and
6.92, 7.43 (2H each, m each, aromatic protons).

However, ester 16 (R' = CH3) ondehydration with PTS
in refluxing benzene, gave the E and Z isomers of 18 as
indicated by PMR doublets at 5.736and 5.50gwith J = 8 Hz

for olefinic protons.



The ester 18 was converted to the corresponding
3-phenoxybenzyl ester by trans-esterificaticon with 3-phenoxy-

benzyl alcohol and identified as 20, C by spectral

2913004
data. It showed IR bands at 1730 (ester), 1590, 826

(aromatic) and PMR (CDCl,; 90 MHz) signals at 1.21, 1.31

3 r
(3H each, s each, gem-dimethyl on cycloprorane), 1.82

(1H, d, J = 9 Hz, cyclorropane proton at Cl), 2.06 (1H, %,

= 9 Hz, cyclopropane proton at C3), 2.08 (3H, s, vinyl
methyl), 3.80 (3H, s, methoxy attached to phenyl), 5.09
(2H, s, benzylic methylene protons), 6.01 (1H, d, J = 9 Hz,
olefinic proton) and 7.11 (13H, br, m, arom~tic protons).
The keto-diol 17 on reduction with sodium borohydride

gave the triol as thick liquid 21, O It showed
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IR bands at 3509 (OH), 1616, 1587, 1515, 830 (aromatic).
Jones .chromic acid oxidation of the triol 21 gave a hydroxy
acid 16 (R'= H), which wes converted to methyl ester by

diazomethane and identified as 16 (R' = CH,) 0

» C17H040,4 bY
spectral data. The IR and PMR spectra of 16 (R':CH3) were
superimposable with those described in this chepter.

The ketone 6, when subjected to Grignard reaction
using p-chlorophenylmagnesium bromide (1.3 mole) gave the
liquid alcohol 22, C, H bs0Cl, in 87% yield. It showed the
IR bends at 3521 (OH), 1608, 829 (aromatic) and PMR signals
at 0.60 (1H, m, cyclopropane proton 2t C3), 0.79, 0.87, 0.99,
1.07 (6H, all g, cyclopropane methyls of both the

diastereomers), 1.23 (2H, d, J = 8 Hz, CHy-protons), 1.50



(3H, s, methyl on carbon bearing hydroxy and p-chlorophenyl),
1.70 (6H, br, m, vinyl methyls of diastercomers), 1.93
(1H, d, J = 8 Hz, allylic cyclopropane proton), 4.80
(1H, br, m, olefinic rroton) and 7.30 (4H, m, aromatic
brofons)-

Oxidation of the alcohol 22 with potassium

permanganadte in dry acetone, gave a mixture of two products,

viz. acidic and neutral. The acidic part 23 (R' = H) was
converted into its methyl ester 23 (R' = CH,),
C16H2103C1 by an ethereal solution of diazomethene. It
exhibited spectral properties as follows: IR bands3559 (OH),
1712 (esterC=0), 1600, 1490, 829 (aromatic) and PMR
signals at 1.00, 1.07, 1.16 (6H, all s, cyclopropane methyls
of both the diastereomers), 1.30 (1H, m, cyclopropane proton
at C3), 1.57 (3H, g, methyl on carbon “ecaring hydroxy and
p-chlorophenyl), 2.14 (3H, m, CH,-rrotons ond cyclopropane
proton at Cl), 3.55, 3.63 (3H, each s, ecster methyls of
diastereomers) and 7.40 (4H, m, aromatic orotons).

The neutral part was chromatographed and

characterised as keto-diol 24, C O3Cl; IR bands at

1825
3484 (OH), 1669 (3C=0), 1590, 866 (aromatic). The PMR
signals at 0.90, 1.06, 1.08, 1.20, 1.26, 1.28, 1.36 (12H,
all g, cyclopropane methyls and hydroxy isopropyl methyls
of both the diastereomers), 1.51 (3H, g, methyl attached
to carbon bearing hydroxy and p-chlorophenyl), 1.80 (2H, m,

cyclopropane protons), 2.16 (2H, m, CHy-protons) and 7.26
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(4H, m, arom~tic protons).

Dehydration of the ester 23 (R's CH,), using POC13/
nyridine gave a mixture of two isomeric unsaturated esters,
separated by chromatography over silica gel impregnated
with 15% silver nitrate. The fractions eluted with
pet.ether gave ester 25, Cy.H;40,Cl, M* 278, 280 (duc to
c137) as a solid m.n.70° (ethanol). It showed IR bands at
1718 (ester), 1587, 823 (aromatic) and PMR (CDCl3; 90 MHz)
signals at 1.29, 1.32 (%P each, s each,_gem dimethyl on
cyclopropane), 1.82 (lH:-g = 9 Hz, cyclopropane proton
at Cl), 2.06 (1H, t, J = 9 Hz, cyclopropane proton at C,),
2.11 (3H, s, vinyl methyl), 3.69 (3H, s, ester methyl),
6.13 (1H, d

-1

J = 9 Hz, olefinic protoen) and 7.22 (4H, m,
aromatic protons).

During the dehydration of hydro:y methyl ester 23
to give 25, two double bond geometric isomers are possible.
It appears from the PMR spectrum of 25 that only one
thermodynamically stable isomer is formed and this isomer
has been assigned stercostructure 25 on the baesis of
chemical shift of olefinic proton i.e. 6.13¢6 which is in
good agreement with calculated value?® (6.07g).

The fractions eluted with 10% benzene in pet.ether

gave the isomeric ester 26, C 0,Cl. It showed IR

16M9
bands at 1724 (ester JC=0), 1629, 893 (>C=CH2), 1590,

831 (aromatic) and PMR (CDCl,; 90 MHz) signals at 1.19,

3;
1.24 (3H each, g each, gem-dimethyl on cycloproprane), 1.40
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(1H, m, cyclopropane proton at c3), 1.63 (1H, d, J = 8 Hz,
cyclopropane proton at Cl)’ 2.82 (2H, d, J = 8 Hz, CH,-
protons), 3.64 (3H, g, ester methyl), 5.20 (2H, m,

#C=CH, protons) and 7.19 (4H, m, aromatic protons).

The ester 25 was trans-esterified with 3-phenoxybenzyl
alcohol to afford ' the 3-phenoxybenzyl ester 27,
CpgHy704C1, M* 446, 448 (due to chlorine isotopes). It
showed the following prorerties: IR bands at 1730,

(ester »C=0), 1587, 824, 787 (aromatic) and PMR (CDC13;
90 MHz) signals at 1.25, 1.28 (3H each, s, gemdimethyl on

cyclopropane), 1.84 (1H, d

-

J = 9 Hz, cyclopropane proton
at C;), 2.02 (1H, &, J = 9 Hz, cyclopropane proton at Cy),
2.04 (3H, g, vinyl methyl), 5.05 (2H, s, benzylic -CH,-),
6.05 (1H, d, ‘J= 9 Hz, olefinic proton) and 7.14 (13H, m,
aromatic protons).

Similarly, Grignard reaction using cyclohexyl-
magnesium bromide (2 moles) on the ketone 6 gave the
alcohol 28, C,gH,,0, in 78% yield. Unlike other alcohols
like 9, 16 and 23, 28 was obtained only as 2 single
diastereomer as indicated by PMR spectral data. It
showed IR bands at 3509 (OH); PMR signals at 0.90, 1.00
(6H, both s, cyclopropane methyls), 1.11 (3H, s, methyl on
carbon bearing hydroxy and cyclohexyl), 1.21 (1H,
exchangeable with D,,, ©H proton), 1.30 - 2.3C (1SH, m,
CH, at C;, cyclopropane protons and cyclohe®ane methine

and methylenes), 1.76 (6H, br, m, vinyl methyls) and 4.80
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(1H, br, m, olefinic proton).

Oxidation of 28 with potassium permangenate as in

arts

previous cases gave the mixture of acid and neutrall The
acidic part 29 (R'= H) wos esterified with an ethereal
solution of diazomethane to give hydroxy ester 29
(R' = CH3), CigHog03- It showed IR bands ~t 3636 (OH),
1724, 1170 (ester 3C=0); PMR signals at 1.00, 1.05 (6éH,
both s, cyclopropane methyls), 1.10 (3H, s, methyl on
carbon bearing hydroxy and cyclohexyl), 1.13 2.65 (15H,
CHy-protons at Cs, cyclohexane methine and methylenes and
cyclopropane protons) and 3.65 (3H, s, ester methyl) .

The neutrel part was chromatographed to give the
keto-diol 30, CygH3505. It showed IR bends at 3571 (OH)
1686 (%C=0); PMR signals 2t 0.96, 1.03 (6H, both g,
cyclorropane methyls), 1.10 (3H, s, methyl on carbon bearing
hydroxy and cyclohexyl), 1.28, 1.33 (éH, both s, hydroxy-
isorroryl methyls), centered ot 1.83 (15H, br, m, -CH,
at C3, cyclohexane methine and methylene protons and
cyclopropane protons) and 3.83 (1H, s, exchangeable with
D,0, OH proton).

Dehydration of the ester 29 (R' = CH3) with
PCCl3/pyridine gave a mixture of two isomeric unseturated
esters, which were separated by chromatography over silica
gel impregnated with 15% silver nitrate. The fractions
eluted with pet.ether gave a liquid 31, C,¢H,.0,,

M* 250. It showdd IR bands at 1742, 1170 (ester>C=0);



PMR (CDCly; 90 MHz) signals at 1.20, 1.21 (6H, each s,
gem-dimcthyl on cyclopropene), 1.65 (3H, s, vinyl methyl),
1.41 - 2.42 (13H, br, m, cyclopropane rrotons &nd cyclo-
hexane methine and methylens rrotons), 3.62 (3H, g, ester
methyl) and 5.40 (1H, d, J = 8 Hz, olefinic proton). The
E configuration has been assigned to the double bond
on the basis of value of the chemical shift of the olefinic
proton (5.40% which is in close agreement with the
calculated?® value (5.37€).

The fractions eluted with ret.ether + 10% benzene
gave the isomeric ester 32, C16H2692' It showed IR
bands at 1742, 1170 (ester)c=0), 1653, 886 (2C=CH,)
and PMR (CDCl,; 90 MHz) signals at 1.18 (6H, s, cyclo-
propane methyls), 1.93 - 1.22 (13H, br, m, cyclopropane
rrotons, cyclohexane mcthine and methylene rrotons), 2.26
(2H, m, CHy,-protons at C;), 3.62 (3H, s, ester methyl) and
4.73 (2H, m, BC=CH,rrotons).

Similarly ester 31 was trens-esterified with
3-rhenoxybenzyl alcohol to give the 3-phenoxybenzyl
ester 33, CygH,,0,, M* 418. It showed IR bands ~t 1736
(ester 2C=0), 1590, 786, 755 (aromatic) and PMR (CDC13,
90 MHz) signels at 1.19, 1.23 (3H each, g, cycloprorane
methyls), 1.63 (3H, g, vinyl methyl), 1.44 - 2.40 (13H,
br, m, cyclopropane protons and cyclohexane methine and
methylene protons), 5.05 (2H, s, benzylic -CH,), 5.35
(1H, d, J = 7 Hz, olefinic proton) and 7.18 (9H, br, m,

aromAtic protons).



Reg~rding, the stereochemistry of esters 11, 18, 25
and 31 2t the double bond, an E (CH,,H trens) configuration
is assigned to the double bond, on the basis of PMR

40 of the olefinic protons, which are

chemical shifts
in close agreement with the calculated values. For
example in case of ester 25 the chemic~l shift for the
olefinic proton is observed at 6.13¢g which is in close
agreement with the calculated value 6.076.

. The above conclusions regarding the stereochemistry
of cycloprorane as well as of the double bond have becn
confirmed by X-ray crystallographic analysis of compound
18. The crystals of 18 belong to the space group
P2, 2,2, with 2 = 6.70(1), b = 8.133 (2) and C = 28.740(5)?\.
The intensity data (1631 reflections) were collected on a
a CAD,F-11M diffract/cmeter with MoK«radiation (M= 0.7107 2>
using the w /20 scan technique. The structure was
solved by direct methods. The substituents at 1 and 3 are
« with respect to the rlenes through the cyclopropane ring.
Refinement of the structure is in progress with the current

R velue of 0.147 for 953 reflections with}Fod > 3¢|Fo|.

A view of the molecule is shown in Chart IV.



EXPERIMENTATL

Preparation of 3 @8 _4<-caranediol 2

In a 2 litre 3-necked round bottom fleask, equipped
with a mechanical stirrer and a dropping funnel, was rlaced
formic acid (90%, 525 ml) and freshly distilled
(+) 3-carene 1 (200 g) was added with stirring through
a dropping funnel. Hyderogen peroxide (30%, 300 ml) was
then added, dropwise, maintaining the temperature of the
reaction mixture between 30-40° (2 hr). Stirring wes
continued at that temperature for 6 hr and the reaction
mixture was allowed to stand overnight. A solution of
sodium hydroxide (160 g in 400 ml water) was added slowly
to the reaction mixture under stirring, keeping the
temperature around 25° (1 hr). The reactior: mixture was
transferred to a two litre separating funnel and the
layers were allowed to separate. The uprer oily layer
(approx. 250 g) was transferred back to the reaction flask
and further amount of a solution of sodium hydroxide (40 g
in one litre water) was added slowly, under vigorous
stirring, maintaining the temperature at 254969, After
stirring for 1/2 hr and cooling to 5 to lOo, the solid diol
separated. It was filtered, the residue washed with cold
water and dried; yield 120 g, m.p.68°. The crude diol

was crystallised from pet.ether + 5% ethylacetate to give
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110 g of diol 2 (45%) m.p.87-88°.  (Found: C, 70.81;

H, 10.52; C O, requires C, 70.54; H, 10.66%).

10718
IR bands at: 3448, 2900, 1460, 1375, 1058 , 945 and 815 cm L.

Methyl (=) 2,2-dimethyl-3-(2-oxopropyl)cyclopropane-cis—

1-acetate 3 (R=CH,)

To a vigorously stirred solution of diol, 2 (51 g,
0.3 mole) in acetone (300 ml) was added Jones chromic acid
reagent (136 ml, 0.36 mole), dropwise, maintaining the
temperature below 0° (1.5 hr). After the addition, it
was stirred for 2 hr at room temperature, diluted with
water (500 ml) and extracted with chloroform (100 ml x 3).
The chloroform layer was washed with water and extracted
with 10% sodium hydroxide solution (100 ml x 3). The
aqueous alkaline portion was cooled to 59, acidified with
20% sulphuric acid and extracted with chloroform (100 ml x 3).
The chloroform layer was washed with water, dried and
evaporated to furnish the keto acid 3 (R=H), (33.10 g, 60%).
The above keto acid 3 (R=H; 33.10 g) was refluxed in
dry methanol (200 ml) with catalytic amount of conc.sulphuric
acid (1 ml) for 5 hr. Most of the methanol was removed
under reduced pressure, diluted with water (200 ml) and
extracted with chloroform (100 ml x 3). The chloroform
layer was washed with water, dried. Evaporation of
chloroform furnished the keto ester 3 (R:CH3) which was

further purified by distillation to give & colourless liquid
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(32.5 g), b.p.92°% vapour)/1.5 mm,\d)§8 - 26.1° (g, 5.22).
(Found: C, 66.48; H, 9.32; Cllngo3 requires C, 66.64;

H, 9.15%).

IR bands at: 3077, 2985, 1739, 1709, 1600, 1429, 1346,
1150, 1010 and 833 cm 1.

The neutral material (7.00 g) in the chloroform layer

was not investigated further.

Methyl 2 2-dimethyl-3-(2,2-ethylenedioxypropyl)cyclopronane-

cis-l-acetate 4

A mixture of keto ester 3 (R=CH3, 29.7 g, 0.15 mole),
freshly distilled ethylene glycol (15.5 g, 0.25 mole),
PTS (0.40 g) and dry benzene (300 ml) was taken in a
500 ml round bottom flask fitfea with a Dean-Stark unit
for azeotropic distillation. The mixture was then
heated under reflux till no more water collected (6 hr).
The reaction mixture wasthen washed with water (150 ml x 2)
to remove unreacted ethylene glycol and PTS and dried.
Evaroration of benzene afforded the ketal ester 4 which was
purified by distillation, b.p.104°(vapour)/1.50 mm;
Yield 32.7 g (90%),(°<)§8 +18.9° (g, 3.17).
(Found: C, 64.65; H, 9.42; Cy3Hy50, requires C, 64.44;
H, 9.15%).
IR bands at: 3030, 2985, 1739, 1418, 1361, 1299, 1163,

1036, 935, 837 and 755 cm™ L.
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2,2-Dimethyl-3{(2,2-ethylendioxyrropyl)-cis-1-(2-methyl-

2-hydroxypropyl) cyclopronane 5

(A) Preparation of methylmagnesium iodide reagent

In a one-litre three necked flask fitted with an
overhead mechanical stirrer, a reflux condenser and a
droprying funnel ,were taken magnesium turnings (7.2 g,

0.3 mole), dry ether (150 ml) and a crystal of iodine. A
few drops of methyl iodide in ether were slowly introduced
in the reaction mixture when the colour of iodine
disarpeared. The remaining solution of methyl iodide
(42.6 g, 0.3 mole) in dry ether (150 ml) was then added,
dropwise, under stirring. After the addition, the reaction
mixture was stirred at room temperature for 1 hr when most
of the magnesium dissolved to give a solution of methyl-

magnesium iodide in ether.

(B) Preparation of 5

A solution of ketal ester ‘4 (24.2 g, 0.1 mole) in
ether (100 ml) was then added dropwise to the above
Grignard reagent at 0° under vigorous stirring. Stirring
was continued for 1 hr at room temperature and 2 hr under
reflux. Excess of the reagent and magnesium complex were
decomposed by adding dropwise, a saturated solution of
ammonium chloride (200 ml) at O to 5° and was stirred for
30 minutes at room tempersture. The ether layer was

separated and the aqueous portion extracted with ether



(100 ml x 2). The combined ethcr layer was washed with
water, dried and evaporated to furnish the ketal alcohol
5 (21.8 g, 90%), b.p.120-130°/1 mm,(«)ﬁ8 - 5.30°

(¢, 3.70). (Found: C, 69.12; H, 10.76; C, 4060, Tequires
C, 69.38; H, 10.81%).

IR bands at: 3571, 2030, 1460, 1376, 1299, 1218, 1135,

1107, 1050, 944, 907 and 844 cm™ Y.

2,2-Dimethyl-3-(2-methylprop-l-enyl)-cis-1-(2-oxopropyl)-

cyclopropane 6

A mixture cf ketal alcohol 5 (18g ©.075 mole), PTS
(0.2 g) in dry benzene (300 ml) was heated under reflux for
16 hr, with an arrangement for removing the water formed,
azeotropically. Water (10 ml) was then added and the
mixture refluxed for additional 4 hr. It was then washed
repeatedly with weter to remove PTS and ethylene glycol,
dried and evaporated to give a mixture of two unsaturated
ketones 6 and 7 (10 g, 75%), b.p.115-120°/2 mm. (TLC on
$i0, + AgNO; plate, 5% ethylacetate in benzene, two spots).
The above mixture of ketones was chromatograrhed on silica
gel (180 g) impregnated with silver nitrate (20 g) and
eluted with pet.ether, pet.ether + benzene mixtures and
benzene. The fractions eluted with pet.ether and pet.ether
+ 10% benzene gave TLC pure liquid 6 (7.5 g, 75% of the
mixture) ()2 - 76.8° (g, 1.20); (Found: C, 79.85;
H, 11.20; Cy,H

0 requiresC, 79.74; H, 11.18%).

12°°20



IR bands at: 2967, 1710, 1439, 1368, 1342, 1215, 1149 and
825 cm L.

The froctions eluted with pet.ether + benzene (1:1)
and benzene gave the TLC pure ketone 7 which was further

purified by distillation, b.p.115-120°/2 mm. (Found:

C, 79.60; H, 11.02; C O requires C, 79.74; H, 11.18%).

1220
IR bands at: 2985, 1709, 1645, 1445, 1370, 1351, 1220,
1160, 1047 and 885 cm ».

2,2-Dimethyl-1{2-methylrrop-1l-enyl)}cis-3-Q-p-tolyl-

2-hydroxypropyl)-cyclopropane 8

Te an ice-cooled solution of p-tolylmagnesium bromide
in dry ether, prepared from magnesium (2.35 g; 0.097 mole)
and p-bromotoluene (16.6 g; 0.097 mole) 2 solution of
the ketone 6 (13.5 g; 0.075 mol) in dry ether (150 ml) was
added dropwise under stirring. After the complete addition,
the reaction mixture was refluxed for 2 hr and kept overnight,
decomposed with aqueous ammonium chloride solution at 5-10°.
The ether layer was separated and the aqueous layer was
extracted with ether (100 ml x 2). The combined ether
layer was washed with water (100 ml x 2), dried and
distilled to give the crude 1ligquid mixture of diastereo-
meric unsaturated alcohols 8 (18 g), which was purified by
chromatography (A1203; 1:15) to eliminate less polar
impurities.  Elution with pet.ether + benzene (1:1) and

benzene gave pure liquid, 8 (16.5 g, 80.8%), b.p.175-85°/



0.5 mm,(«)§7 - 15.25% ¢, 1.18); (Found: C, 83.58;

H, 10.39; CygH,g0 requires C, 83.77; H, 10.36%) .

19
IR bands at: 3448, 2985, 1504, 1439, 1364, 1081, 1011,

LRSS e

930, 837, 813 and 719 cm L.

Methyl 1R-gcis-2,2-dimethyl-3-(2-p-tolyl-2-hydroxypropyl)

cyclopropanecarboxylate 9 (R' = CH3)

To a solution of the unsaturated alcohol 8 (10.2 g,
0.036 mole) in acetone (75 ml) acetic acid (15 ml) and
water (50 ml), powdered potassium permanganate (9.0 g,
0.057 mol) was added, portionwise, under stirring during
1 hr at 30°. Stirring was continued for 2 hr more and
the reaction mixture wastreated simulteneously with sodium
nitrite (6 g) and sulphuric acid (1:10), till all the
manganese dioxide dissolved and a cleer yellow solution
obtained. t was then diluted with water (200 ml) and
extracted with chloroform (100 ml x 3). The chloroform
layer was washed with water (75 ml x 2) and extracted with
10% aqueous sodiwum carbonate solution (25 ml x 3). The
carbonate layer was cooled, acidified with (1:1)
hydrochloric acid to 2 pH and extracted with ether (75 ml x3).
The ether layer was washed with water (50 ml x 2), dried and
distilled to give the hydroxy acid 9 (R' = H; 2.5 g) which
was esterified with an ethereal solution of diazomethene
to give a liquid,purified by chromatography over (A1203,

25 g) and elution with pet.ether + benzene and benzene to



give ester 9. (R' = CH,, 2.1 g, 20.3%); b.p.160-65°/0.6 mm;

2

[

(«)57 -30.9° (g, 0.84); (Found: C, 74.18; H, 8.79;
Cy7Hp 405 requires C, 73.88; H, 8.75%) .
IR bands at: 3636, 3030, 1724, 1515, 1439, 1379, 1176,
952, 870, 851 and 819 cm L.

The chloroform layer after extraction with sodium
carbonate solution was repeatedly washed with water
(50 ml x 3), dried and evaporated to give mainly the keto
diol 10 in the neutral part. The neutral part 6 g was
chromatographed over (A1203, 100 g) and the fractions
eluted with benzene and chloroform gave a TLC pure thick
liquid 10 (5 g, 43.8%),(«)38 - 56.5° (¢, 0.93); (Found:

C, 74.72; H, 8.92; C requires C, 74.96; H, 9.27%).

19H28%3

IR bands at: 3571, 3058, 1695, 1515, 1460, 1370, 1015, 967,
-1

870, 816 and 758 cm .

Methyl 1R-cis-2,2-dimcthyl-3-(2-p-tolylprop-1l-enyl)

cycloprroranecarboxylate 11

To an ice-cooled solution of 9 (R' = CHy, 1.4 g) in
dry pyridine (10 ml) was added POCL, (2.5 g), dropwise with
shaking and meintaining temperature at 0-5°. The reaction
mixture was allowed to stand at 10° for 24 hr, poured over
crushed ice with stirring and the organic matter extracted
with chloroform (75 ml x 3). The chloroform layer was
washed successively with water, 10% hydrochloric acid to

remove excess of pyridine and water, dried and distilled to

furnish the dehydrated product (1.1 g, 84%, TLC on $iO, +



10% AgNO5, 4% cthyl-acetate in benzene, two spots). The
above mixture of unsatureted esters was chromatographed
over silica gel imrregnated with 10¥% silver nitrate (12 g)
and eluted with pet.ether, pet.ether + benzene mixtures.
The fractions eluted with pet.ether + 20¥% benzene gave 11
as a white solid (0.8 g, 61%), crystallised from alcohol
m.p.64-650£“)§8 -18.2° (g, 3.07); (Found: C, 79.30;

H, 8.57; C_Hp00, requires C, 79.07; H, 8.58%).

IR bands at: 2967, 1724, 1613, 1499, 1418, 1361, 1163,
1

1130, 1075, 885 and 813 cm
The polar compound 12 was eluted later but not
cheracterised.

3-Phenoxybenzyl 1R-cis-2,2-dimethyl-3-(2-p-tolyl-prop-1-

enyl) cyclopropanecarboxylate 13

To 2 solution of methyl ester 11 (0.13 g, 0.5 mmol)
in dry xylenc (20 ml) were added 3-phenoxybenzyl alcohol
(0.25 g, 1.25 mmol), butyl tianate (0.05 g) and the
mixture refluxed for 10 hr. Xylene was removed under
reduced pressure and the reaction mixture chromatographed
over (A1203; 25 g). The fractions eluted with 10% benzene
in pet.ether gave TLC pure liquid 13 (0.19 g, 89%) ,

31 o
(q)D -32% (g, 0.79); (Found: C, 81.55; H, 7.18;
CogHaa04 requires C, 81.66; H, 7.09%).
IR bands at: 2985, 1724 , 1585, 1475, 1439, 1250,

1208, 1170, 1129, 1075, 813 and 784 cm™ 1.
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2,2-Dimethyl-3-(2-p-tolyl-2-hydroxyrropyl)-cis-1-(2-methyl-

1,2-dihydroxyrropyl) cyclopronsne 14

To a stirrcd solution of 10 (5 g) in dry methanol
(100 ml), was added portionwise, sodiumborohydride ( 1g)
during 1/2 hr. Stirring was continued for 65 hr, the
reaction mixture diluted with water (200 ml) and extracted
with ether (100 ml x 3). The ether layer wes washed
with water (75 ml x 2), dried and evarorated to give 14
(4 g, 79.5%) as a thick liquid. (Found: C, 74.20;
H, 9.60; Cigt3q04 requires: C, 74.47; H, 9.87%) .
IR bands at: 3509, 3030, 1515, 1449, 1370, 1020, 952,

866, 816, 752 and 722 cm L.

Methyl 1R-cis-2,2-dimethyl-3-(2-r-tolyl-2-hydroxyprepyl)

cyclopropanecarboxylate 9 (R' = CH;) from 14

To an ice-cooled solution of 14 (4 g) in acetone
(50 ml), Jones chromic acid reagent was added dropwise
till @ brown colour persisted. The reaction mixture was
kept ot 0° for 2 hr, diluted with water =ng
extrected with chloroform (50 ml x 3). The chloroform
layer was washed with water and extracted with 10% aqueous
sodium carbonete (20 ml x 2). The carbonate layer was
cooled, acidified with hydrochloric acid (1:1) to 2 pH
and extracted with ether (50 ml x 3). The ether layer
was washed with water, dried and distilled to give

a liquid acid (1 g) which was esterified with an ethereal
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Solution of diazomethane to give the hydroxy methyl ester

(9 ®R' = CHy; 0.9 g, 24.9%),(«)58 - 30° (¢, ©.70).
(Found: C, 74.18; H, 8.79; Cl7H24O3 requires C, 73.88;
H, 8.75%).

IR bands at : 3636, 3030, 1724, 1515, 1439, 1379, 1176,

952, 870, 851 and £19 cm -

2,2-Dimethyl-1-(2-methylprop-l-enyl)-cis-3-(2-p-anisyl-

2-hydroxypropyl) cyclopropane 15

A solution of ketone 6 (9 g, 0.05 mol) in dry ether
(100 ml) was introduced, dropwise with stirring into a
cooled solution of p-anisylmagnesium bromide, prepered
from magnesium (1.6 g; 0.065 mol) and p-bromoanisole
(12.2 g; 0.065 mol) in dry ether. After the complete
addition, the reaction mixture was refluxed for 3 hr, kept
overnight and decomposed by aqueous ammonium chloride at
5 to 10°. The ether layer wes serarated and the aqueous
laycr extracted with ether (100 ml x 3). The combined
cther layer was washed with water, dried and evaporated to
give a liquid (15 g), which was chromatographed over
(A1,05, 300 g). The fractions eluted with pet.ethe r-benzene
(4:1), pet.cther-tenzene (L:1) and benzene gave TLC pure
alcohol 15 (13 g, 90.26%), b.p.160-65°/0.4 mm,
(4)58 -23.12° (g, 3.46). (Found: C, 78.98; H, 9.91;
CygHy g0y requires C, 79.12; H, 9.79%).
IR bands at: 3646, 2985, 1613, 1508, 1449, 1370, 1294,
1242, 1172, 1031 and 826 cm L.
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Methyl 1R-cis-2,2-dimethyl-3-(2-p-anisyl-2-hydroxy-propyl)

cycloproranecarboxylate 16 (R' = CH3)

To an ice-cooled solution 15 (7.2 g, 0.025 mol) in
dry acetone (175 ml) containing anhydrous potassium
carbonate (0.05 g), finely powdered potassium permanganate
(8 g, 0.05 mol) was added portionwise under stirring during
2 hr. Stirring was continued for 2 hr, the reaction
mixture filtered and the residue washed with dry acetone
(100 ml). The residue was then extracted with hot water
(75 ml x 3), the aqueous extract cooled, acidified with
dil. hydrochloric acid and extracted with ether (100 ml x 3).
The ether layer was washed with water, dried and the
solution of hydroxy acid in ether was as such immediately
treated with an ethereal solution of diazomethane to give

after workup the ester .16 (R' = CH,, 4.2 g, 57.5%). It

3’

was chromatograrhed over(Al,05, 80 g). The fractions

3
eluted with pet.ether + benzene (1:1) and benzene gave
pure ester b.n.150-55°/0.5 mm, («)25 -9.5° (g, 2.94).
(Found: C, 70.08; H, 8.40; Cy7H,,40, requires C, 69.83;
H, 8.27%).
IR bands at: 3546, 2994, 1724, 1608, 1497, 1429, 1370,
1235, 1163, 1029 and 826 o}

Acetone was distilled from the neutral portion and

the residue was teken in ether (100 ml). The ether

solution was washed with water (50 ml x 3), dried and
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distilled to give the keto diol 17 (3 g). It was
chromatographed over (Al203; 45 g) and eluted with

benzene and chloroform to give TLC pure 17 (2.5 g, 31.25%),
\4)55 -23.8° (g, 1.37); (Found: C, 71.01; H, 9.00;
C,gHyg0, requires C, 71.22; H, 8.81%).

IR bands at: 3546, 3003, 1669, 1610, 1504, 1449, 1359,
1290, 1235, 1026, 962 and 826 cm L.

Methyl 1R-gcis-2,2-dimethyl-3-(2-p-anisylprop-l-enyl)cyclo-

propanecarboxylate 18

Method A - To ar ice cooled solution of the ester 16

(2.9 g) in dry pyridine (20 ml), POC1, (3.5 g) was added
dropwise with shaking at 0-5°. The reaction mixture kept
for 24 hr, roured on to crushed ice and the organic matter
extracted with chloroform (100 ml x 3). The chloroform
layer was washed successively with water, dil. HCl, water
and dried. Removal of solvent gave a mixture of two
unsaturated esters (2.6 g, 94.8%) (TLC on SiO2 + 20% AgNO,:
30% pet.ether in benzene; two spots). The mixture was
chromatographed on silica gel impregnated with 20% silver
nitrate (35 g) and eluted with pet.ether and 10% benzene in
pet.ether. The fractions eluted with pet.ether gave 18

as solid, crystallised from‘ethyl alcohol; m.p.6lo,

(q)§7 - 58.2° (¢, 2.4). (Found: C, 74.70; H, 8.18;
Cy7Hy505 requires C, 74.42; H, 8.08%).

IR bands at: 3030, 1742, 1613, 1515, 1449, 1379, 1290,
1250, 1163, 1083, 1025, 917, 830 and 785 cm >.
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The fractions eluted with 10% benzene in pet.ether
gave TLC pure isomeric ester 19, b.p.180-85°/1 mm;
(@%7 - 19.7° (g, 2.13). (Found: C, 74.60; H, 8.30;
Cy7Hp505 requires C, 74.42; H, 8.08%) .

IR bands at: 3003, 1724, 1669, 1600, 1504, 1429, 1366,

1235, 1163, 1124, 1026, 885 and 833 cm L.
Method B- . Solution of 16 (1 g) in dry benzene (75 ml)

was refluxed with PTS (0.1 g) for 8 hr. It was washed
with water (100 ml x 2), dried and distilled to give
dehydrated product (0.8 g, 77.8%; TLC on SiO, + 20% AQNO ;
30 pet.ether in benzene, single spot). This on
chromatography over silica gel (10 g) and elution with
pet.ether, pet.ether + 10% benzene, gave in the middle
fractions a solid which was crystallised from ethyl alcohol

to give anester 18 m.p. and m.m.p. 61°.

3-Phenoxybenzyl lB—cis-Z,2—dimethyl—3{2-r—anisy}—prop—l-

encyl)cyclopropanecarboxylate 20

To a solution of methyl ester 18 (0.14 g,C.51 mmol)
in dry xylene (25 ml), 3-phenoxybenzyl alcohol (0.3 g,
1.5 mmol) and butyl titanate (0.05 g) were added and the
reaction mixture refluxed for 15 hr. Xylene was distilled
under reduced pressure. The reaction mixture chromatographed
over (A12O3, 30 g). The fraction eluted with 20% benzene
in pet.ether gave TLC pure liquid 20 (0.19 g, 84.5%).

(“)il -57° (¢, 0.20). (Found: C, 78.90; H, 6.85;
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C29H3004 requires C, 78.70; H, 6.83%).

IR bands at: 3030, 1730, 1613, 1590, 1515, 1493, 1250,

1176, 1134, 1081, 1031 and 826 cm r.

2,2-Dimethyl-3-(2-pr-anisyl-2-hydroxypropyl)-cis-1-

(2-methyl-1.2-dihydroxyonropyl) cvclopropane 21

To a well stirred solution of 17 (2.5 g) in methanol
(75 ml) was added sodiumborohydride (0.5 g) during 1/2 hr.
Stirring was continued for 72 hr. The reaction mixture
was diluted with water and extracted with ether (75 ml x 3).
The ether layer was washed with water, dried and distilled
to give a thick liquid 21 (2.0 g, 79.4%). (Found: C, 70.53;

H, 9.11; C,oH3,0, requires C, 70.77; H, 9.38%).

IR bands at: 3509, 3030, 1616, 1587, 1515, 1471, 1370,

1299, 1250, 1031, 952 +nd 830 cm L.

Methyl 1R-cis-2,2-dimethyl-3-(2-p-anisyl-2-hydroxypropyl)

cyclopropanecarboxylate 16 from 21

To an ice-cooled solution of 21 (2 g) in acetone
(30 ml), Jones chromic acid reagent was added till a brown
colour persisted. The reaction mixture was stirred for
2 hr at OO, diluted with water and extracted with chloroform
(50 ml x 3). The chloroform layer was washed with water
and extracted with 10¥ aqueous sodium carbonate (10 ml x 2).
The carbonate layer was cooled, acidified with hydrochloric

acid and extracted with ether (50 ml x 3). The ether
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layer was washed with water, dried and solution of hydroxy
acid 16 (R' = H) in ether was esterified with an ethereal
solution of diazomethene to give the corresponding ester
16 ®R' = CHy; 0.48 g; 26.6%) . It was chromatographed
over (A1203, 10 g) and elution with ret.ether-benzene (1:1)
and benzene gave TLC pure esteri“)§6 -11.2% (¢, 1.40);
(Found: C, 70.08; H, 8.40; C17H24O4 requires C, 69.83;
H, 8.27%).
IR bands at: 3546, 2994, 1724, 1608, 1497, 1429, 1370,

1235, 1163, 1026 and 826 cm 1.

2,2-Dimethyl-1-(2-methylprop-l-enyl)-cis-3-(2-p-chloroprhenyl-

droxynropyl)cyclopropane 22

To an ice-cooled solution of p-chlorophenylmagnesium
bromide in dry ether, prepared from magnesium (0.76 g,
0.032 mol) and p-chlorobromobenzene (6.03 g, 0.032 mol), a
solution of ketone 6 (4.5 g, 0.025 mol) in dry ether (75 ml)
was added dropwise under stirring. After complete
addition, the reaction mixture was refluxed for 2 hr, kept
overnight, decomposed with agueous ammonium chloride
(5 g in 100 ml) at 5-10°. The ether layer semarated and
the aqueous layer extracted with ether (100 ml x 2). The
combined ether layer was washed with water, dried and
distilled to give 22 as a liquid (9 g), which was purified
by chromatography over (A1203, 180 g), to eliminate less

poler impurities. The fractions eluted with pet.ether +



benzene (1:1) and benzene gave TLC pure 22 (6.4 g, 87.3%);
b.p.165-70°/0.6 mm; («)2°- 9.3° (g, 2.16); (Found: C, 74.13;

H, 8.82; C1, 12.38, C OCl requiresC, 73.87; H, 8.54;

1825
Cl, 12.14%).

IR bands at: 3521, 3012, 1608, 1493, 1449, 1374, 1089, 1010,

935, 829, 750 and 719 cm 1.

Methyl lR-ci§-2,2—dimethyl-3—(2—n-chlorqghenyl—2—hydroxypr0pxl)-

gyclopropanecarboxylate 23 (R' = CH,)

To an ice cooled solution of 22 (6 g, 0.20 mol) in dry
acetone (150 ml), containing anhydrous.potassium carbonzte
(0.5 g) was added finely powdered potassium permanganate
(6.6 g, 0.42 mol) under stirring during 2 hr. Stirring was
continued for 3 hr, the reaction mixture filtered and the
residue washed with dry acetone (75 ml). The residue was
extracted with hot water (75 ml x 3), the acueous extract
ccoled, acidified with hydrochloric acid (1:1) and
extracted with ether (75 ml x 3). The cther layer was
washed with water, dried and the solution of hydroxy acid
23 (R' = H) in ether was treated with an ethereal solution
of diazomethane to give the methyl ester 23 (R' = CH3,

3.5 g, 57.5%). Itwas chromatograprhed over (A1203, 70 g).
The fractions eluted with pet.ether + benzene (4:1),
pet.ether + benzene (1:1) and benzene gave TLC pure ester
b.p.175-85°/0.7 mm, («)35 - 1.7° (g, 3.5). (Found:

C, 64.86; H, 7.36; Cl, 11.45, 016H2103Cl requires

C, 64.76; H, 7.08; Cl, 11.98%).



IR bands at: 3559, 3003, 1712, 1600, 1490, 1370, 1163,
i

1010, 948, 870, 829 and 784 cm
The acetone was distilled from the neutral part and

the residue was taken in ether (100 ml) anc ¢thcr solution

was washed with water, dried and evaporated to give

neutral (3 g). It was chromatographed over (A1203, 60 g)

and elution with benzene, benzene + chloroform (1:1) gave

pure keto-diol 24 (2.7 g, 40.5%).(0«)[2,6 -33°% (g, 2.4)

(Found: C, 66.15; H, 7.97; Cl1, 10.78. C18H25O3Cl requires

C, 66.58; H, 7.70; Cl, 10.94%).

IR bands at: 3484, 2985, 1669, 1590, 1449, 1370, 1220, 1010,

) S5
1

962 and 866 cm

Methyl 1R-cis-2,2-dimethyl-3-(2-p-chlorophenyl-rrop-l-enyl:

cyclopropanecarboxylate 25

To an ice cooled solution of 23 (2.9 g) in dry
pyridine (15 ml), POC1, (3 g) was added. The reaction
mixture was allowed to stand at room temperature for 24 hr,
and worked up 2s described in case of 18 to give a mixture
of two  unsaturated esters (2.5 g; 91.6%). (TLC on $io, +
15% AgNO, ; 20% pet.ether in benzene, two spots). The
mixture was separated by chrometography over §ilica gel
impregnated with 15% AgNO, (25 g) and elutiozzgit.ether
gave TLC pure ester 25 as a solid, which was crystallised
from ethyl alcohol, m.p.70°, («)36 =9:9% (g, 17 g)s
(Found: C, 68.98; H, 6.96; Cl, 12.50; C16H1902Cl requires
C, 68.95; H, 6.82; Cl, 12.75%).



IR bends at: 2914, 1718, 1587, 1488, 1429, 1825, 1163

1136, 1111, 1087, 1000, 917, 823 anc 730 cm *.
The fractions eluted with 10% benzene in pet.ether

gave the TLC rure isomeric ester 26, b-p-l7CF75O/O.5 mm,

(«)%6 - 1.3%° (g, 1.44). (Found: C, 68.72; H, 6.63;

Cl, 12.60. 016H1902C1 requires C, 68.95; H, 6.82;

C1l, 12.75%).

IR bands at: 3012, 1724 , 1629, 1590, 1488, 1429, 1370,

1163, 1127, 1087, 1006, 893 and 831 cm l.

3-Phenoxybenzyl lR-£;§:212-dimethyl-3-(2-p-chlor0phenyl-

prop-1-_enyl)cyclopropanecarboxylate 27

To a solution of unsaturated ester 25 (0.15 g,
0.54 mmol) in dry xylene (20 ml) were added 3-phenoxybenzyl
alcohol (0.250 g, 1.25 mmol) and butyl titanate (0.05 g) and
the mixture refluxed for 1C hr. Xylene was removed uncder
reduced pressure and the reaction mixture chromatographed
over (A1203, 30 g). The fractions eluted with 15%
benzene in pet.ether gave TLC pure 27 thick liquid (0.19 g,
79.07%) . (3! - 28° (g, 1.0). (Found: C, 75.25; H, 6.22;
Cl, 7.49; CygH,-05Cl requires C, 75,25; H, 6.04; Cl, 7.95%).
IR bands at 3030, 1730, 1587, 1481, 1439, 1391, 1250, 1212,
1176, 1133, 1087, 1005, 824 and 787 om L.

2,2-Dimethyl-1-(2-methylprop-l-enyl)-cis-3-(2-cyclohexyl-

-hydroxypropyl) cyclopropane 28

The reaction between cyclohexylmagnesium bromide,

prepared under nitrogen atmosprhere from magnesium (1.8 g;

-1

c-
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0.075 mol) and cyclohexyl bromide (12.2 g; 0.075 mol) and
unsaturated ketone 6 (6.8 g; 0.037 mol) was carried out
exactly as described in in the preparation of 22. In this
case refluxing period was 5 hr. Workup es described for
22 gave 28 as a liauid (10.5 g), which wss vurified by
chromatography over (A1203, 200 g) and eluting with
pet.ether + benzene (4:1) and pet.ether + becnzene (1:1) to
give TLC pure 28 (7.8 g, 78.8%), b.p.170-75°/0.8 mm,

(«)2° -50° (g, 2.80).  (Found: C, 81.54; H, 11.86;
C,gH300 requires C, 81.75; H, 12.20%).

IR bands at: 3509, 3030, 1449, 1374, 935, 893 and 844 cm L.

Methyl 1R-gis-2,2-dimethyl-3-(2-cyclohexyl-2-hycroxypropyl)-

cyclopronanecarboxylate 29 (R' = CHq)

Oxidetion of 28 (5.12 g, 0.019 m0l) in dry acetone
(125 ml) using potassium permanganate (6.12 g,; 0.038 mol)
was carried out as described in the prepar~tion of 23 and
after usual workup, gave the hydroxy acid in the acid part.
This was treated with an ethereal solution of diazomethane
to obtain the ester. It was rurified by chromatography
over (Al,05; 60 g) to give 29 (3.10 g; 49.9%), b.p.160-70°/
1 mm,(eog5 -5° (¢, 1.6); (Found: C, 71.32; H, 10.63;
CygHy g0 requires C, 71.60; H, 10.52%).
IR bends at: 3636, 3030, 1724, 1433, 1370, 1170, 1124, 1075,

1

935, 881 and 847 cm ~.
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The neutral part (3 g) was chromatographed over
(A1203, 60 g) and cluted with benzene and chloroform to
give TLC pure keto-diol 30 (2.1 g; 36.8%); (Found: C, 72.55;
H, 1C.81; C,gHy,04 requires C, 72.92; H, 10.88%).

IR bands at: 3571, 3030, 1686, 1449, 1370, 1212, 1163,

1124, 1070, 1053, 1010, 971, 917, 893, 847 and 826 cm l.

Methyl 1R-cis-2,2-dimethyl-3-(2-cyclohexylprop-l-enyl)-

cyclonropanecarboxylate 31

Dehydration of 29 (2 g) in dry pyridine (15 ml) and
POCl3 (2.5 g) wes carried out as described in the case of
25, to give after usual workup, a mixture of two

unseturated esters (1.68 g,; 90%) (TLC on Sio, + 15% AgNO,,,

2
30% pet.ether in benzene; two spots). The mixture was
chromatographed on silica gel impregnated with 15% silver
nitrate (17 g) and eluted with pet.ether ane 10¥% benzene in
pet.ether. The fractions eluted with pet.ether gave TLC
pure ester 31 as a liquid, b.p.155-65°/0.1 mm; («)35

+36° (g, 2.45). (Found: C, 77.29; H, 10.38; CyHog0,
requires C, 76.75; H, 10.47%).

IR bands at: 3030, 1742, 1667 , 1439, 1379, 1170, 1143,

Y ——— - —

1124, 1079, 1000 and 847 cm L.
The fractions eluted with pet.ether + 10% benzene gave
the TLC pure isomeric ester 32, b.p.165-75°/0.8 mm; (“)55

[¢]
-3" (g, 1.56) (Found: C, 77.13; H, 10.58. C1eMog0o

requires C, 76.75; H, 10.47%).
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IR bonds at: 3030, 1742, 1653, 1439, 1379, 1333, 1170,
1136, 1124, 1087, 886 and 851 cni-.

3-Phenoxybenzyl-1R-cis-2,2-dimethyl-3-(2-cyclohexylprop-1-

enyl) cyclopronanecarboxylate 33

To 2 solution of methyl ester 31 (0.125 g; 0.5 mmol)
in dry xylene (15 ml), 3-phenoxybenzyl alcohol (0.3 g;
1.5 mmol) and butyl titanate (0.05 g) were added ancd the
mixture refluxed for 12 hr. The reaction mixture was
worked-up as previously described and purified by
chromatography over (A1203; 35 g). The fractions eluted
with pet.ether + 10% benzene gave TLC pure liquid 33
(0.16 g, 76.56%).(«)31 -2° (g, 1.58). (Found: C, 80.51;
H, 8.14. CygH,,05 requires C, 80.34; H, 8.19%).
IR bands at: 3012, 1736, 1590, 1488, 1449, 1408, 1389,
1351, 1256, 1212, 1163, 1136, 1075, 1020, 870, 786 and

755 cm .
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CHAPTER-TI

SYNTHESIS OF IMPORTANT SYNTHONS

FOR PYRETHROIDS FROM
(+)-3-CARENE




SUMMARY

Friedel-Craft acylation of (+)-3-carene 1 with
acetic anhydride and zinc chloride gave (+)-4X-acetylcar-
2-ene 2. Methylation of 2 using methyl iodide and
potassium t-butoxide afforded 4-methyl-4-acetylcar-2-ene 3.

Ozonolysis of 3

-1

followed by oxidative work-up with

Jones chromic acid reagent gave the diketo acid 4 (R=H),
characterised through its methyl ester 4 (R:CH3).
Treatment of diketo ester 4 (R = CH3) with sodium
methoxide, followed by esterification (CH2N2) gave the
keto ester 5 (R=CH3). Baeyer-Villiger oxidation of the
keto ester 5 (R=CH3) with m-chloroperbenzoic acid furnished
the acetoxy ester 6. Saponification of 6 with methanolic
potash, followed by esterification (CH2N2) gave hydroxy
ester 7 (R:CHS) which,on Jones chromic aci® oxidation
afforded the keto ester 8. By following analogous

procedures keto esters 14 and 20 have also been synthesised.
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INTRODUCTTION

The naturally occurring insecticides like

pyrethrin Il, Cinerin I2 eand jasmolin 13:4,5

are all
esters of (#+)-1R-trans-chrysanthemic acid with dif ferent
alcohols like pyrethrolone, cinerolone and jasmolone
respectively. These naturally occurring insee*icices
have drawn increasing attention due to the unicue
combination of their insecticidal prOpertieS,.knOok down
effect, low mammelian toxicity end biodegradability. For
these reasons they are environmentally safe and are still
being used even today in some countries. The synthetic
chrysanthemates 1ikebioresmethrin6, biophenothrin7 and

bioallethring’9

, which show higher ancd selective
insecticidal activity than the naturally occurring esters
have attracted the attention towards new synthotic
aprroaches to (+)-1R-irans-chrysanthemic acid.

A number of imgenious synthesis of the racemic

chrysanthemic acics10-19
13,20

and also of the (+) irans-

chrysanthemic acid are on record, so also their

resolution forms the subject matter of several patent521'24
and paperszs, In most of these methods, a substituted
cyclopropane ring is built up, starting with suitable

acyclic substrate. As a result, in many of these

methods, 2 mixture of cis and trans isomers is obtained.
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Some of the aprroaches towsrds the synthesis of
(#)-1rans-chrysanthemic acid starting from optically active

naturally occurring substrates like (*)—3—carene26‘33,

(+)«—rinene34, (=) carvoneBS, (+) limonene ond d;terpineol36
etc. described in literature have been presented below.
Matsui et al.26 were the first to synthesise
(+)-1R-trans-chrysanthemic acid from the (+)-3-carene,
a naturally occurring monoterpene which is abundantly
available and possesses the desired stereochemistry. The
key intermediate in these synthesis was (+)-cis-homocaronic
acid, which was converted to (-) 1S-cis- chrys-nthemic
acid, which in turn was converted to (+) 1R-irans-
chrysanthemic acid by inversion of configuration at Cl
centre by epimerisation 2s shown in Scheme I, Chart I.

2

Cocker et al.“l have converted (+)-3-carene into
(+)-cis-homocaronic acid via (+)-4x-acetoxymethyl-car-2-ene
and (¥)-4eacetylcar-2-ene by ozonolysis. The synthesis of

(+) 1R-trans-chrysanthemic acid from (+)-cis-homocaronic

acid has been achieved by the previous worker526.

a subsequent ccmmunicationafzthey have converted methyl

In

(+)-gis-2,2-dimethyl-3-(2-oxopropyl) cyclopropanecarboxylate,
obtained as one of the products of transformotion of

(#)-3-carene, to methyl (-) cis—chrysanthemate (Scheme II,

Chart I).
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Sukh Dev et a1.28 and Mitra et a1.29 have
independently developed a more efficient route to

(+) 1R-trans-chrysanthemic acid from (+)-3-carene as shown

in Scheme III, Chart II.
4

3 .
Mitre et al.” " stereospecifically converted
(+) «-prinene to (+) 1R-trans-chrysanthemic acid. In this
synthesis the decisive step is a Favorskii rearrangement

of substituted «-bromocyclobutanone (Scheme IV, Chart II).

(#)-gcis-Homocaronic acid and (-) cis-dihycro-

chrysanthemolactone which were employed by previous

26,31 for the synthesis of (+)-1R-trans chrysanthemic

a1.33

groups
acid,have been prepared from (+)-3-carene by Ho et
from a2 common intermediate car-2-ene-4-one (Scheme V,

Chart III).

Subsequently the same group achicver the synthesis

-

of methyl (+) cis 2,2-dimethyl-3-(2-oxorropyl)cycloprorane-

35

carboxylate from (-) carvone™ as shown in Scheme VI,

Chart III. Later on, they have also transformed

36

(+#) limonene” to (+) gcis-homocaronic acid (Scheme VII,

6 37,38

Chart 1IV) and e(-terpineol3 to Julia's bicyclic ketone
(Scheme VIII, Chart IV) ,both of which have been converted
to 1R trans-chrysanthemic acid.

For effecting epimerisation of 1S c¢is compounds
Sukh Dev et al.28 have used (-) dihydrochrysenthemolactone.

39

We have observed that in addition to the lactone the

gorresponding 1S-gis-hydroxy acid or its methyl ester can
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Scheme I
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also be employed for epimerisation at C1 centre to give the
corresronding 1R trans-hydroxy estcrs (~s described in
Chapter IV) under slightly modified conditions.

The high insecticidel activity of some ester340’4l of

(+) 1R-irens-chrysanthemic acid and its analogue542’43,
prrompted us to investigate a new generalised encd more
efficient synthetic route44 for the synthesis of methyl
(+)-1S-cis-2,2-dimethyl-3-(2-0ox0-alkyl/eralkyl) cyclo-
proranecarboxylate, which are precursors for the
corresponding lR-trans-chrysanthemates ancd its analogues

from (+)-3-carene, a cheep, abundant, indigenous byprocuct

from pine oil (pinus longifolia).
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PRESENT WORK

(+)-3-Carene 1, on treatment with acetic anhydride
in presence of Lewis acicd like anhycrous zinc chloride,

afforded in feirly good yield (+)-4«-acetylcar-2-ene 245,

+
M
Cle] 80’ M

1661 (C=C) and 830 (trisubstituted double bond) and PMR

178 . IR Spectrum showed bends ~t 1704 (3C=0),

spectrum showed signals at 0.9, 1.13 (3H each, s each,
gem-cimethyl on cyclopropane ring), 1.76 (3H, s, vinyl
methyl), 2.10 (3H, s, acetyl methyl) and 5.56 (1H, m,
olefinic rroton). Methylation of 2 using mecthyl iodice

and potassium t-butoxide followed by chrom~tographic
purification gave 4-methyl-4-acetylcer-2-enc 3, ClSHZOO’

M* 192 in €5% yield. The compound 3 showed IR bands at
1706 (0C=0), 1653 (C=C) and 823 (trisubstitutec double bond)
and PMR spectrum showed signzls at 0.8 to 1.06 (2H, m,
cycloprorane nrotons 2t C; and C.) 1.00, 1.16 (9H, g each,
gem-cimethyl on cyclopropane ancd methyl at C4), 1.56

(3H, s, vinyl methyl), 1.73 (2H, m, methylene protons at CS)’
2.03 (3H, s, -8—CH3) and 5.53 (1H, m, olefinic proton).
Methylated product 3 on ozonolysis in ethylacetate at -lO°,
followed by oxidative work-up of the ozonide by Jones

46 furnished 1S-cis-2,2-cdimethyl-3-

chromic acid reagent
(2’2'dia°etylpropyl)CYC10pr0panecarboxylic acid 4 (R=H),
which was esterified with an ethereal solution of

diazomethane. The neutral part was not cher-cterizecd.
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The resulting ester 4 (R = CH;) was purified by
chrom~tography to give TLC pure ester 4 (R=CH;) in 52%

. : -
yield, C14H2204, M

254, It exhibited IR bands 2t 1730,
1176 (ester>C=0), 1706 (CC=0) and PMR spectrum showed
signals ~t 0.83 (1H, m, cyclopropene proton at C3), 1.16
(6H, s, gem—dimethyl on cyclopropane), 1.25 (3H, s, methyl

group flenked by two_=>C=0), 1.40 (1H, d, J = 8 Hz,

cyclopropane proton at C;), 2.05 (6H, s, two -C-GH,),
2.16 (2H, m, methylene protons) and 3.60 (3H, s, ester
methyl).

Diacetyl ester 4 (R:CH3) possessing 2 B-ciketone
grouping on heating with sodium methoxide in methanol gave
keto acid 5 (R=H), which was estcrified with an ethereal
solution of diezomethane to give methyl ester 5 (R:CH3),
CyoHpg0g, MY 212 in alrost quentitative yield. It showed
IR bands at 1721, 1163 (JCT=0 of cster and ketone) and PMR
signals 2t 1.03 (3H, &, J = 7 Hz, methyl attached to
carbon bearing acetyl grour), 1.12, 1.14 (3H cach, g eaeh,
gem=cdimethyl on cyclopropzne), 1.33 (1H, &, J = 8 Hz,
cycloprorane proton at Cl), 1.76 (2H, m, methylene protons),
2.00 (3H, g, acetyl methyl), 2.26 (1H, m, proton on carbon
bearing acetyl group and methyl) and 3.48 (3H, s, ester
methyl).

Methyl ester 5, on Baeyer-Villiger oxicdetion using

m-chloroperbenzoic acid afforded in 65% yield, the methyl

18-cis 2,2-dimethyl-3-(2-acetoxypropyl)cyclopropane-
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carboxylate 6, C12H2004, M™ 228. IR Spectrum showed

bands at 1730, 1176 (SC=0), 1242 (acetate) and PMR signals
at 0.93 (1H, m, cyclopropene proton at C;), 0.96 to 1.20
(9H, m, gem-dimethyl on cyclopropane and methyl attached to
carbon bearing acetoxy group), 1.35 (1H, d, J = 8 Hz,
cyclopropane proton at Cl)’ 1.78 (2H, t, J = 6 Hz,
methylene protons), 1.90 (3H, s, acetate methyl), 3.46

(3H, s, ester methyl) and 4.66 (1H, m, proton attached to
carbon bearing acetate function).

Saronification of 6 at room temperature with aqueous
methanolic potassium hydroxide furnished the hydroxy acid 7
(R=H), which on esterification with an ethereal solution
of diazomethane gave hydroxy ester 7 (R:CH3), CioM1803:

* 186. It showed following spectral pronerties: IR bands

M
at 3509 (OH), 1724, 1170 (e2ster ”C=0) 3nd PMR signals at
1.11 (3H, d, J = 5 Hz, methyl attached to carbon bearing
hydroxy group), 1.16 (7H, br g, gem-dimethyl on cyclopropane
and cyclopropane proton at C3), 1.40 (1H, d, J = 8 Hz,
cyclopropane proton at Cl), 1.71 (2H, t, J = 6 Hz, methylene
protons), 2.06 (14, s, exchangeable with D,0, OH proton) end
3.55 (3H, s, ester methyl).

Jones chromic acid oxidation of the hydroxy ester
Z (R=CH;) gave in good yield the keto ester 8, C10H1603
M* 184. It showed IR bands at 1721, 1163 (3C=0) and
PMR spectrum showed signals at 1.13, 1.24 (3H each, s each,

gem-dimethyl on cyclopropane), 1.45 (2H, m, cyclopropane
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s, acetyl methyl), 2.80

rrotons at C; and C3), 2.10 (3H,
(2H, d, J = 6 Hz, methylene protons) and 3.60 (3H, g,
ester methyl).

Similarly, base catalysed reaction of compound 2
using ethyl iodide and potassium t-butoxide afforded
4-ethyl-4-acetylcar-2-ene 9, Cl4H22O’ M¥ 206. It showed
IR bands at 1695 (CC=0), 1639 (C=C) and 813 (trisubstituted
double bond) and PMR spectrum showed signals at 0.86 (4H,
t, 4 = 8 Hz, -CH,~CH; and cyclopropane proton at Cg), 1.00,
1.13 (3H each, s each, gemdimethyl on cyclopropane), 1.60
(3H, s, vinyl methyl), 1.75 (4H, m, methylene protons),
2.01 (3H, g, acetyl methyl and 5.66 (1H, m, olefinic rroton).

Ozonolysis of 9 in ethylacetate followed by
oxidative workup of the ozonide by Jones chromic acid
reagent furnished 1S-cis-2,2-dimethyl-3-(2,2-diacetyl-
butyl) cyclopropanecarboxylic acid 10 (R=H), which was
esterified with an ethereal solution of diazomethane.
The resulting methyl ester 10 was purified by chromatography
to give TLC rure ester 10 (R:CH3) in 50% yield, Ci5M540,,
M* 268. It showed IR bands at 1721, 1170 (ester ~C=0),
1695 (>C=0) and PMR (CDCl,, 80 MHz) signals at 0.75 (4H,
m, -CHy-CH; and cyclopropane proton at Cy), 1.08, 1.14 (3H
each, gem-dimethyl on cyclopropane), 1.42 (1H, d, J = 7 Hz,
cyclopropane proton at cl), 1.87 (2H, t, J =6 Hz, -CH,-CH,) ,
2.06 (6H, s, acetyl methyls), 2.19 (2H, m, methylene
protons adjacent to cyclopropane ring) and 3.59 (3H, s,
ester methyl).
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Diacetyl ester 10 (R=CH;) on treatment with sodium
methoxide in refluxing methanol gave acid 11 (R=H), which
was converted to methyl ester 11 (R:CH3) with an ethereal
solution of diazomethane. It was characterised through
mass, IR and PMR srectral data. Mass spectrum showed
m¥ 226, IR spectrum showed bands at 1724, 1170 (CC=0 of
ester and ketone); PMR spectrum showed signals at 0.9 (4H,
m, -CH,-CH, and cyclopropane proton at C3), 1.23, 1.26
(3H each, s each, gem-dimethyl on cyclopropane), 1.33 to
1.96 (5H, m, methylene protons and cyclopropane proton at
Cy), 2.13 (3H, s, acetyl methyl), 2.33 (1H, @, proton on
carbon bearing ethyl and acetyl groups) and 3.70 (3H, s,
ester methyl).

Baeyer- Villiger oxidation of 11 (R:CH3) with
m-chloroperbenzoic & cid in refluxing methylene chloride
furnished the acetate ester 12, Cl3H2204, M* 242, It
showed IR bands at 1718, 1163 (ester =C=0), 1235 (acetate)
and PMR signals at 0.91 (3H, t, J = 7 Hz, -CH,-CH,), 1.16,
1.21 (3H each, g each, gem-dimethyl on cyclopropane), 1.35
to 1.86 (5H, m, cyclopropane proton at C, and four methylene
protons), 2.00 (3H, s, -G-CH3), 3.63 (3H, s, ester methyl)
and 4.86 (1H, m, proton on carbon bearing -OAc group) .

Saponification of 12 at room temperature gave the
hydroxy acid 13 (R=H), which was esterified with an
ethereal solution of diazomethane to give hydroxy ester 13

(R=CHj3) , Cy H, 05, M* 200. It showed IR bands at 3448 (OH)
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1712, 1163 (ester >C=0) and PMR signéls at 0.9 (4H, m,
-CH,-CH, and cyclopropane proton at C;), 1.15 (6H, s, gem-
dimethyl on cyclopropane), 1.39 to 1.86 (5H, m, cyclo-
propane proton at Cl and four methylene protons), 1.48
(1H, hump, exchangeable with D,0, OH proton) and 3.50 (3H, s,
ester methyl).

Jonas chromic & cid oxidation of 13 (R:CHa) furnished

the liguid keto ester 14, C MY 198. It displayed

1171803
the following spectral properties IR: 1724 (ZC=0); PMR
signals at 1.03 (3H, t, J = 8 Hz, -CHy,-CHj), 1.13, 1.25
(3H each, g each, gem-dimethyl on cyclopropane), 1.48
(2H, m, cyclopropane protons at C; and Cj), 2.41 (2H,
a, J = 7 Hz, -g_c52-CH3), 2.80 (2H, d, J = 6 Hz, methylene
protons adjacent to cyclopropare ring) and 3.63 (3H, s,
ester methyl).

Base catalysed alkylaetion of compound 2 with benzyl
bromide furnished the product 15, C,gH,,0, M* 268, in
good yield. It showed IR bands at 1718 (JC=0), 1653,
833 (trisubstituted double bond), 1608, 755, 701 (aromatic)
and PMR signals at 0.70 (2H, m, both the cyclopropane
protons), 0.96, 1.06 (3H each, g each, gem-dimethyl on
cyclopropane), 1.40 (3H, s, vinyl methyl), 1.83 (2H, m,
methylene protons at 05)’ 2.03 (3H, g, -ﬁ-CH3), 3.01

0

(2H, s, benzylic methylene protons), 5.76 (1H, m, olefinic

protons) end 7.33 (5H, s, aromatic protons).
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Ozonolysis of 15 in ethylacetate at —lOO, followed by
oxidative workup of the ozonide by Jones chromic acid
reagent gave in the acid part 1S-cis-2,2-dimethyl-3-
(2,2-diacetyl-3-phenylpropyl)cyclopropanccarboxylic
acid 16 (R=H), which was characterised through its methyl

ester 16 (R=CH,), C M* 330. It showed IR bands

2072694
at 1724, 1176 (JC=0), 1613, 1538, 760, 704 (aromatic) and
PMR signels at 0.95 (1H, m, cyclopropane proton at Cj),

1.13, 1.18 (3H each, g each, gem-dimethyl on cyclopropane),
1.46 (1H, d, J = 9 Hz cyclopropane proton at Cl), 2.00,

2.03 (3H each, g each, acetyl methyls), 2.06 (2H, m,
methylene protons adjacent to cyclopropaene ring), 3.21

(2H, s, benzylic methylene protons), 3.63 (3H, s, ester
methyl) and 7.20 (5H, m, aromatic protons). The neutral
part was not cheracterised.

Treatment of 16 (R=CH,) with sodium methoxide in
refluxing methanol gave the keto acid 17 (R=H), which was
esterified with an ethereal solution of diazomethane to
give methyl ester 17 (R:CH3), CyaMp40q u* 288. It showed
IR bands at 1730, 1163 (;Ibo), 1613, 1504, 755, 700(aromatic)
and PMR spectrum showed signals at 0.95 (1H, m, cyclopropane
proton at Cg), 1.16 (6H, s, gem-cdimethyl on cyclopropane),
1.38 (1H, d, J = 8 Hz, cyclopropane proton at Cy), 1.86
(3H, s, 'S'CH3)’ 1.86 (2H, m, methylene protons adjacent to
cyolopropgne ring), 2.71 (3H, m, benzylic methylene rrotons

and proton on carbon bearing acetyl group), 3.56 (3H, s,

ester methyl) and 7.10 (SH, g, aromatic protons).



110

The ester 17 (R:CHS), on Baeyer-Villiger oxidation
using m-chloroperbenzoic acid in refluxing mcthylene
chlorics afforded the acetate ester 18, C18H24O4, m* 304,
as a liquid. It showed the following spcctral properties:

IR bands at 1733, 1163 (C=0), 1235 (acetate) 1613, 1587,
748, 699 (aromatic) and PMR signals at 0.83 (1H, m, cyclo-

propane proton at Cs), 1.11, 1.15 (3H each, s each, gem-

dimethyl on cyclopropane), 1.40 (1H, d, J = 8 Hz, cyclo-

propane proton at Cl), 1.70 to 2.03 (2H, br, m, CH, protons
adjacent to cyclopropane ring), 1.88 (3H, s, -acetate methyl) ,
2.78 (2H, d, J = 7 Hz, benzylic methylene protons), 3.55
(3H, s, ester methyl), 4.95 (1H, m,proton attached to
carbon bearing -OAc group) and 7.03 (5H, S, aromatic protons).
Saponification of 18 with aqueous methanolic potash
furnished the hydroxy acid 19 (R=H), which was estcrified
with an ethereal solution of diazomethene to give hydroxy
ester 19 (R=CH;), C, H,,05, M* 262. It showed IR bands at
3448 (OH), 1727 (ester _C=0), 1600, 750, 700 (aromatic) and
PMR spectrum showed signals at 1.13 (6H, g, gem-dimethyl on
cyclopropeane), 1.36 (2H, m, cyclopropane protons at C1 and
C3), 1.76 (2H, m, methylene protons adjacent to cyclo-
propane ring), 2.03 (1H, hump, exchangeable with D,0, -OH
proton), 2.60 (2H, d, J = 6 Hz, benzylic methylene protons),
3.50 (3H, 5, ester methyl), 3.56 (1H, m, protons attached

to carbon beering hydroxy group) and 6.96 (5H, s, aromatic

protons).
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Jones chromic @ cid oxidation of the hydroxy ester 19
(R=CH;) gave the keto ester 20, C,.H, 0, M¥ 260. It was
identified as 20 on the basis of spectral deta: IR bands at
1727, 1170 (CC=0), 1613, 1499, 743, 699 (aromatic); PMR
spectrum signals at 1.03, 1.14 (3H each, s each, gem
dimethyl on cyclopropane), 1.41 (2H, m, cyclopropane protons
at Cy @nd C3), 2.80 (2H, ¢, J = 7 Hz, methylene protons
adjacent to cyclopropane ring), 3.50 (3H, s, ester methyl),
3.56 (2H, g, benzylic methylene protons) and 7.10 (5H, s,
aromatic vrrotons).

The stereochemistry of compounds 3, 9 and 15 at
asymmetric centre C4 has been tentatively assigned as shown
in stereostructurss. The incoming alkyl group attacks
from the less hindred «-side, since the p-face of the
4- «-acetylcar-2-ene 2 was shielded by cyclopropanyl methyl

groups.



EXPERIMENTATL

(#)-de-Acetylcar-2-ene 2

A mixture of acetic anhydride (220 ml, 2.33 moles),
(#)-3-carene 1 (136 g, 1 mole) was heated to 50° with
stirring in an atmosphere of nitrogen. Anhy<rous zinc
chloride (24 g, 0.18 mole) was then added rortionwise over
a period of 2 hr maintaining the temperature 50°.  The
mixture was stirred at the same temperature for additionel
3 hr and then roured into water (300 mi). The organic
layer was extracted with ether (150 ml x 3). The ether
layer was washed with aqueous sodium bicarbon~te solution
5%, water and dried. Evaporation of ether furnished the
crude product, which was fractionated ancd the fractions
boiling at 60 to 70° (vapour)/0.8 mm wes collected.  This
fraction consisted chiefly of compound 2 (97 g).  This
fraction showed 98% purity by GLC. (Found: C, 81.15;

H, 9.78; C ,H;40, requires C, 80.85; H, 10.18%).
IR bands at: 2985, 1704, 1661, 1439, 1350, 1244, 1189,

1168, 1140, 1029, 971 and 830 cm Y.

4-Methyl-4-acetvlcar-2-ene 3

To an ice-cooled and stirred solution of potassium
t-butoxide (8.4 g, 75 mmol) and 4-«-acetylcar-2-ene 2
(8.9 g, 50 mmol) in t-butanol (100 ml), methyl iodide

(10.65 g, 75 mmol) was added in one lot and the mixture

117
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stirred at 0° for 2 hr and at room temperature for 24 hr.
The reaction mixture was filtered, t-butenol removed by
cistillation under reduced pressure, the residue diluted
with water and extracted with ether (100 ml x 3). The
ether layer was washec with water (100 ml x 2) and dried.
Remowvel of the ether furnished the crucde procuct (9 g),
which was purified by chromatography over silica gel (180 g)
ancd eluted with pet.ether + benzene (4:1) anc pet.ether +
benzene (1:1) successively to give compounc 3; vyield

6.3 g (65%); b.p.102-107°/0.1 mm;(°()§8+l33o le, 2.0).
(Found: C, 81.69; H, 10.59; C15H2Oo requires C, 81.20;
H, 10.48%).

IR bends at: 3012, 1706, 1653, 1449, 1370, 1351, 1220,

1091 and 823 cnrl.

Methyl 1S-cis-2,2-dimethyl-3-(2,2-cdiacctylprooyl)cyclo-

propanecarboxylate 4 (R:CH3)

A stream of ozonised oxygen was passed through a
cooled (-10°) solution of compound 3 (4.8 g, 25 mmol) in
ethylacetate (100 ml) till the absorrtion of ozone was
completed (tested by starch iodide paper). The solution
of the ozonide was treated with Jones chromic a2 cid reagent
at 0° (10 ml) for 2 hr. It wes washed with water
(100 ml x 2) and the organic layer was extracted with 10%
aqueous sodium carbonate (15 ml x 2). The carbeonate layer

was cocled and acidified with dilute hydrochloric acid,
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extracted with ether (100 ml x 3). The ether layer was
washed with water (50 ml x 2) and dried. Evaporation of the
solvent furnished the diketo acid 4 (R=H). This was
converted to the methyl ester 4 (R:CHB) by an ethereal
solution of cdiazomethane and purified by chromatograrhy
over silica gel (45 g). The fractions clutecd with

benzene gave a TLC pure ester 4 (R=CH3). Yield 3.3 g (52%);
b.p.118-20°/0.3 mm; (q)§8—0.4° (¢, 1.55). (Found: C, 65.92;
H, 8.77; C,,H,50, requires C, 66.11; H, 8.72%) .

IR bands at: 3021, 1730 , 1706, 1439, 1379, 1355, 1176,

1136, 1099, 962 and 853 cm™ L.

Methyl 1S-gis-2,2-dimethyl-3-(2-methyl-3-oxobutyl)cyclo-

propanecarboxylate 5 (R:CH3)

A solution of diketo ester 4 (2.5 g, 10 mmol) in
methanol (50 ml) containing sodium methoxice (1.6 g, 30 mmol)
was refluxed for 6 hr. Methanol wes removed under reduced
pressure, residue diluted with water, coolecd, acidified
with dilute hydrochloric acid and extracted with ether
(50 ml x 3). The combined ether was washed with water
(50 ml x 2) and dried. Evaporation of ether furnished the
keto acid 5 (R=H), which was esterified with an ethercal
solution of diazomethane to give crude ester 5 (R=CH,;). The
product was purified by chrometography over silica gel
(25 g) and elution with pet.ether + benzene (1:1) gave

ester 5 (R=CH;); yield 1.6 g (75%); b.p.100-5°/0.13 mm;



@4)55 +28.5° (¢, 1.81). (Found: C, 67.57; H, 9.47;

CioHyO5 requires C, 67.89; H, 9.50%).

IR bends at: 3003, 1721, 1429, 1370, 1163, 1130, 952, 930

and 847 cm-l.

Methyl l§¢£;§r2,2—dimethyl—3—(2—acetoxyprOoyl)cyclOprOpano-

carboxylate 6
To 2 solution of methyl ester 5 (1.5 g; 7.0 mmol) in

dry dichloromethane (25 ml), m-chloroperbenzoic acid

(1-8 g, 10.3 mmol) was adcded and the mixture refluxed for
6 hr. The reaction mixture was cooled, filtered and the
filtrate was washed with 10¥ aqueous sodium carbonate,
water and cdried. Removal of the solvent grve the cruce
acetate ester, which was purified by chromatography over
(A12O3, 25 g). The fractions eluted with pet.c ther +
benzene (4:1) and pet.ether + benzene (1:1) gave TLC pure
acetate ester 6; yield 1.0 g (65%); b.r.105-10°/0.2 mm;
(«)S8 +21.1° (g, 1.45). (Found: C, 62.89; H, 8.50;
CyoHy 0, requires C, 63.13; H, 8.83%).

IR bands at: 2994, 1730, 1429, 1370, 1242, 1176, 1136,

1080, 952, 935 and 850 cm t.

carboxylate 7 (R:CH3)
To a solution of compound 6 (0.82 g, 3.6 mmol) in
methanol (10 ml) a solution of potassium hycroxide

(0.6 g, 10.7 mmol) in water (2 ml) was added and the

120
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mixture stirred for 24 hr at room temperature. Methanol

was removed by distillation under rcducer pressure. The
resicdue was cdiluted with water (50 ml), acicified with

dilute hydrochloric acid and extrected with cther

(50 ml x 3). The combined ether layer was washed with
water (50 ml x 2) and dried. Evaporastion of ether furnished
the hydroxy aciHA.R=H), which was estcrifiec with an
ethereal solution of diazomethane to give the hydroxy

methyl ester 7 (R=CHg); yield 0.45 g (67%); b.p.115-20°/

0.2 mmx«)§8 +5.2° (¢, 1.2). (Founc: C, 64.41;

H, 9.91; CyqH,g03 requires C, 64.49; H, 9.74%) .

IR bands at: 3509, 3012, 1724, 1429, 1370, 1235, 1170,

1130, 935, 885 and 851 cm 1.

Methyl 1S-cis-2,2-dimethyl-3-(2-oxoproryl)cyclopropane-

carhoxylate 8

To an ice-ccoled and stirrzd solution of hycdroxy
ester 7 (R=CH,, 0.75 g, 4.02 mmol) in acetone (5 ml), Jones
chromic acid reagent was added dropwise until a pale orange
colour persisted. The reaction mixture was stirred at 0°
for 3 hr, diluted with water (25 ml) and extracted with
ether (50 ml x 3). The ether layer was washed with water
(50 ml x 2) and dried. Removal of ether gave crude ester
8, purified by chromatography over silica gel (10 g). The
fractions eluted with pet.ether + benzene (1:1) gave
colourless liquid keto ester 8; yielcd 0.46 g (63%);
b.p.90-95°/0.15 mm;(x) 2P + 35° (g, 2.32). (Found: G, 64.92;
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H, 8.93; C 4 H;404 requires C, 65.19; H, 8.75%).
IR bancds at: 3012, 1721, 1431, 1330, 1351, 1361, 1163,

1120, 1085, 1022, 957, 926 and 853 cm L.

4-Ethyl-4—acetyl cer-2-ene 9

To an ice-cnoled and stirred solution of potassium
t-butoxice (8.4 g, 75 mmol) and 4x-acetyl car-2-ene 2
(8.9 gp0 mmol) in t-butanol (150 ml), ethyl iodicde (11.7 g,
75 mmol) was adced in one lot. The reaction mixture was
stirred at 0° for 2 hr and at room temperature for 24 hr.
The reaction mixture was filtered, t-butanol removed by
distillation under reduced pressure. The residue was
diluted with water (100 ml) and extracted with cther
(100 m1 x 3). The combined ether layer was washed with
water (75 ml x 2) and dried. Remcval of ether gave the
crude liquid procduct (10 g), which was purified by
chromatogrephy over silica gel (200 g). The fractions
eluted with pet.ether + benzene (4:1) and pet.cther +
benzere (1:1) gave TLC pure 9; yield 7.1 g (69%);
b.p.110-15°/0.35 mm;(q)ﬁB + 106.3° (¢, 4.5). (Found:

C, 81.77; H, 10.96; C;,H,,0 requires C, 81.50; H, 10.75%).
IR bands at: 2959, 1695, 1639, 1439, 1364, 1339, 1206,

1190, 1099 and 813 cmt.



Methyl 1S-cis-2,2-dimethyl-3-(2,2-cdiacetylbutyl)-

cyclopropancecarboxylate 10 (R=CH3)

Ozonised oxygen was passed through cooled (-109)
solution of compcund 9 (5.3 9,25.7 mmol) in cthylacetate
(125 ml) till the absorption of ozone was completed. The
cold solution of the ozonide was treated with Jones
chromic acid reagent (15 ml) for 2 hr. The reaction
mixture was washed with water (75 ml x 2) and the organic
layer extracted with 10% aqueous solution cf socium
carbonate (25 ml x 3). The combined aqueous layer was
cooled and acidified with dilute hydrochloric acic and
extracted with ether (75 ml x 3). The ether layer wes
washed with weter (50ml x 2) and dried. Evarnoretion of the
solvent géve the diketo acid 10 (R=H), which was
esterified with an ethereal solution of di~zomethane to
give the crude diketo ester (4 g). The diketo ester was
purified by chromatography over silica gel (50 g) and the
fractions eluted with benzene anc benzene + chloroform
(4:1) gave TLC pure ester 10 (R:CH3); yield 3.45 g (50%) ;
b.p.127-32°/0.3 mm;(o()gs +7.2° (¢, 2.4). (Found: C,66.75;
H, 9.16; C,cH,,0, requires C, 67.13; H, 9.02%) ,

IR bands at: 2994, 1721, 1695, 1429, 1374, 1351, 1190,
1170, 1130, 943 and 847 cm L.

Methyl 1S-cis-2,2-dimethyl-3-(2-acetylbutyl)-cyclopropanc-

carboxylate 11 (R:CH3)
A solution of 10 (R:CH3, 2.68 g, 10 mmol) in methanol

(50 ml) conteining sodium methoxide (1.89 g, 35 mmol) was



refluxed for 6 hr. Solvent was removed, residue diluted
with water (50 ml), cooled, acicified with dilute
hydrochloric acic and extracted with ether (75 ml x 3). The
combined ether layer was washed with water (50 ml x 2) and
dried. Distillation of cther gave the acic 11 (R=H), which
was esterified with an ethereal solution of diezomethane to
give the crude ester (2.1 g). This was chromatographed
over silica gel (25 g) and the fractions eluted with
pet.cther + benzene (1:1) and benzene gave pure ester 11
(R=CH;); yield 1.75 g (78%); b.p.115-25°/0.2 mm;

() 2
C,4Hy005 requires C, 68.99; H, 9.80%).

+22.3% (g, 1.9). (Found: C, 69.31; H, 10.00;

IR bands at: 3003, 1724, 1431, 1374, 1170, 1131 ond 848 cm L.

Methyl 1S-cis-2,2-dimethyl-3-(2-acetoxybutyl)cyclopropane-

carboxylate 12

To a solution of methyl ester 11 (1.7 g, 7.5 mmol) in
dry dichloromcthane (25 ml) m-chloroperbenzoic acid
(1.94 g, 11.25 mmol) was ad”ed anc the reaction mixture
refluxed for 6 hr. The procuct on usual wcrkup gave the
crude acetoxy ester 12. This was chromatogrenhed over
silica gel (25 g) and the fractionseluted with pet.ether +
penzene (1:1) and benzene gave pure liquid acetoxy ester
12, yield 1.16 g (64%); b.p.110-15°/0.15 mm;(«)§8 * 190.9°
(¢, 1.35). (Found: C, 64.11, H, 9.50; C,3Hy50, requires
C, 64.40; H, 9.15%).



IR bands »t: 2985, 1718, 1429, 1361, 1235, 1163, 1130,
1081, 1015, 952 and 847 cm L.

Methyl 1S-cis-2,2-cdimethyl-3-(2-hycdroxybutyl)cyclopropane-

carboxylate 13 (R=CH3)

To a solution of scetoxy ester 12 (0.97 g, 3.9 mmol)
in methanol (20 ml) solution of potassium hydroxide
(0.8 g, 15.9 mmol) in water (4 ml) wes adled and stirred
for 24 hr at room temperature. Methanol was removed by
distillation uncer reduced pressure. The residue was
diluted with water (50 ml), cooled, acidifier with dilute
hydrochloric acid and extracted with ether (50 ml x 3). The
combined ether layer was washed with water (50 ml x 2) and
cdried. Removal of the solvent gave the hydroxy acicd 12
(R=H), which was esterified with an ethereal solution of
diazomethane. The methyl ester 13 thus obtained weas
purifiecd by chromatograrhy cver (A1203, 20 g). The
fractions eluted with benzene ancd benzene + chloroform
(4:1) afforded colourless liquid; yield 0.52 g (65%);
b.p.110-15°/0.15 mm; ()2 +3.8° (¢, 1.10). (Found:
C, 65.68; H, 9.85; CyH, 05 requires C, 65.17; H, 10.07%).
IR bands at: 3448, 1712, 1429, 1364, 1190, 1163, 1126,
1081, 1020, 926 and 847 cm L.

Methyl 1S-cis-2,2-dimethyl-3-(2-oxobutyl)cycloprepane-

carboxvlate 14
To an ice-cooled and stirred solution of hydroxy

ester 13 (R:CHS, 0.69 g, 3 mmol) in acetone (5 ml), Jones
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chromic 2cid reagent was added dropwise, with shaking till
the brown colour rersisted. The mixture waes stirred at o°
for 3 hr, diluted with water (25 ml) and extracted with
ether (50 ml x 3). The combined ether laycr wes washed
with weter (50 ml x 2) and dried. Evaroration of the
solvent gave crucde ester 14. It was chromatograorhed over
silica gel (15 g) and fractions eluted with pet.ether +
benzene (1:1) and benzene gave TLC pure keto ester 14;
yield 0.38 g (65%); b.p.100-105°/0.15 mm;(«)g8 + 33.6"

(¢, 3.8). (Found: C, 66.57; H, 9.37; C;1H;g05 requires

C, 66.64; H, 9.15%).

IR bands at: 012, 1724,1431, 1324, 1190, 1170, 1133, 1111,
1087, 980, 935 and 847 cm 1.

4-Benzyl-4-acetyl car-2-ene 15

To an ice-coonled and stirred solution of potassium
t-butoxicde (1C.5 g, 93.75 mmol) and comrounc 2 (11.12 g,
62.45 mmol) in dry t-butenol (150 ml), benzyl bromide
(16 g, 93.75 mmol) was adced in one lot. The reaction
mixture was stirred at 0° for 2 hr and at room temperature
for 24 hr. The reaction mixture was filtered, t-butanol
removed under suction. The residue diluted with water
(150 ml) and extracted with ether (100 ml x 3). The
combined ether was washed with water (75 ml x 2) ancd
dried. Removal of the solvent gave the crucde product 15 g.
It was chromatographed over silica gel (300 g). The

fractions eluted with pet.ether + benzene (4:1) and
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pet.cther + benzene (1:1) gave TLC pure compound 15;
yield 11.7 g (70%); b.p.145-50"/0.3 mm;(q)§8 + 140.4°
(g, 2.4). (Founcd: C, 84.84; H, 9.05; CygH, 40 requires
C, 85.02; H, 9.01%).

IR bands at: 3030, 1718, 1653, 1608, 1497, 1449, 1374,

1351, 1190, 1205, 943, 833, 755, and 701 cm L.

Methyl 1S-cis-2,2-dimethyl-3-(2,2-ciacetyl-3-phenylpropyl)-

cyclopronanecarboxylate 16 (R:CH3)

Compound 15 (6.7 g, 25 mmol) in ethylacetate (125 ml)
was ozonised at -10°. The solution of the ozonide was
treated with Jones chromic acid reagent at o° (15 ml) for
2 hr. It was washed with water (100 ml x 2) and the
organic layer extracted with 10% agueous sodium carbonate
solution (20 ml x 2). The carbonate layer was cooled,
acidified and extracted with ether (100 ml x 3). The
combined ether layer was washed with water (75 ml x 2) and
dried. Removal of solvent gave the diketo acid 16 (R=H),
which was esterified with an ethereal solution of
diazomethane. The methyl ester 16 (R:CH3) thus obtained,
was purified by chromatography over silica gel (50 g).

The fractions eluted with bengene and benzene + chloroform
(4:1) gave TLC pure ester 16 (R:CHa); yield 3.8 g (47%):
b.p.175-80°/0.2 mm;(q)§8 + 4.8° (¢, 1.86). (Found: C,72.42:
H, 8.11; CyHy(0, requires C, 72.70; H, 7.93%).

IR bands at: 3030, 1724, 1613, 1538, 1439, 1381, 1357, 1176,
1134, 1087, 1031, 957, 856, 760 and 704 cm>.
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Methyl 1S-cis-2,2-dimethyl-3-(2-acetyl-3-phenylpropyl)

cyclopropanecarboxylate 17 (R:CHg)

A solution of diketo ester 16 (R=CH,, 3.3 g, 10 mmol)

39
in methanol (75 ml) containing sodium methoxide (1.89 ,g,

35 mmol) was refluxed for 6 hr. The solvent was removed
under reduced pressure, residue diluted with water (50 ml),
cooled, acidified and extracted with ether (75 ml x 3). The
combined ether layer was washed with water (50 ml x 2) end
dried. Distillation of ether furnished the acid 17 (R=H),
which was esterified with an ethereal solution of diazomethane
to give crude ester 17 (R:CH3). It was purified by
chromatography over silica gel (30 g) and elution with
pet.ether + benzene (1:1) and benzene gave pure ester 17
(R=CH,); yield 2.2 g (77%); b.p. 150-55°/0.13 mm;

(q)§8 +15.8° (¢, 1.14). (Found: C, 74.63; H, 8.62;
C18H2403 requires C, 74.97; H, 8.39%) .

IR bands at: 3030, 1730, 1613 , 1504, 1439, 1163, 1087,

851, 755, and 700 cm L.

Methyl 1S-cis-2,2-dimethyl-3-(2-acetoxy-3-phenylpropyl)-

cyclopropanecarboxylate 18

To a solution of compound 17 (R = CHy, 1.4 g; 4.86mmol)
in dry dichloromethane (30 ml), m-chloroperbenzoic acid
(1.26 g, 7.3 mmol) was added and the solution refluxed for
6 hr. The reaction mixture was cooled, filtered and the

filtrate washed with 10% aqueous sodium carbonate, water
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and dried. Evaroration of the solvent gave the crude
product, which was purified by chromatograrhy over

silica gel (20 g). Elution with pet.ether + benzene (1:1)
and benzene gave TLC pure acetoxy ester 18; yield 0.87 g
(59%); b.p.150-55°/0.13 mm;(«)§8 + 0.5% (¢, 1.08).

(Found: C, 69.89; H, 7.69; CigH0404 Tequires C, 71.02;

H, 7.95%).

IR bands at: 3012, 1733, 1613, 1587, 1433, 1370, 123

-1

1163, 1026, 926, 851, 748 and 99 cm

Methyl 1S-cjs-2,2-dimethyl-3-(2-hydroxy-3-phenylpropyl)cyclo-

propanecarboxylate 19 (R=CH3)

To a solution of potassium hydroxide (0.73 g, 13 mmol)
in water (5 ml) and methanol (20 ml), was added acetoxy
ester 18 (1.0 g, 3.3 mmol). The homogeneous solution
was stirred for 24 hr at room tempercture. Most of the
methanol was removed under suction. The residue was
diluted with water (25 ml) acidified with dilute
hydrochloric acid and extracted with ether (50 ml x 3). The
combined ether layer was washed with water, dried and
distilled to furnish hydroxy acid. It was esterified with
an ethereal solution of diazomethane. The hydroxy methyl
ester was purified by distillation to give colurless liquid
19 (R=CH,); yield 0.53 g (62%); b.p.160-65°/0.13 mm;

(q)§8 +4.6° (g, 1.4). (Found: C, 72.99; H, 8.15;
Cy6Ho005 requires C, 73.25; H, 8.45%).



IR bands at: 3448, 2925, 1727, 1600, 1500, 1440, 1380,
1

1175, 1130, 1100, 850, 750 and 700 cm™

Methyl 1S-cis-2,2-dimethyl-3-(2-0xo0-3-prhenylpropyl)cyclo-

propanecarboxylate 20

To an ice-cooled solution of hydroxy ester 19
(R=CH,, 0.65 g, 2.48 mmol) in acetone (5 ml), Jones
chromic ecid reagent was added dropwise till a brown
colour persisted. The reaction mixture was stirred at O°
for 3 hr, diluted with water (25 ml) and extracted with
ether (50 ml x 3). The ether layer was washoed with water
(30 ml x 2) and dried. Evaporation of the ether gave a
ligquid keto ester 2Q, which was chromatographed over
silica gel (10 g). The fractions eluted with pet.ether
+ benzene (1:1) and benzene gave TLC ~ure keto ester 20;
yield 0.39 g (61%); b.p.140-45°/0.15 mm;(d)§8 + 9°
(¢, 1.54). (Found: C, 73.59; H, 7.46; C,¢Hy005 requires
C, 73.82; H, 7.74%).

IR bands at: 3030, 1727, 1613, 1499, 1433, 1377, 1325,

1170, 1131, 1081, 855, 743 and 699 cm 1.
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CHAPTER-IV

SYNTHESIS OF OPTICALLY ACTIVE

(+) 1R-TRANS PYRETHROIDS FROM
(+)-3-CARENE
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SUMMARY

The trans caranediol 2 obtainable from (+)-3-carene 1,
on = oxidation with sodium meta periodate, gave the keto
aldehyde 3 which, on Grignard reaction with phenyl-
magnesium bromide, afforded a mixture of diastereomeric
diols 4. Acetylation of the diols 4 gave the hycdroxy
acetate 5 which, on dehydration with  PTS, afforded the
unsaturated acetate 6. Potassium permanganate oxidaticn
of 6 followed by esterification of the resulting acetete
acid 7 (R=H) gave an acetate ester 7 (R=CH;). Sapcnificaticn
of the acetate ester 7 (R=CHj) followed by estcrification
of the hycroxy acid 8 (R=H) gave hycroxy ester 8 (R=CH,).
Jones chromic acid oxicdation of 8 (R:CH3) gave the keto
ester 9. Acid catalysed dehydraticn of the cster 8 (R:CH3)
gave exclusively the E geometric isomer of uns ~turated
ester 10. The hydroxy acid 8 (R=H) on refluxing with
PTS in benzene afforded the 6&-lactone 11.

The 6-1actone 11 on heating with potassium hydroxide
in ethylene glyccl gave the trans-hydroxy acid 12 (R=H)
which on esterification gave the hydroxy ester 12 (R:CH3).
Jones chromic »cid oxidation of 12 (R=CH,) gave the
keto ester 13, which on treatment with phosphcrocus penta-
chloride furnished the mixture of E and Z isomecrs of 15
in 65:35 proportion by GLC. Transesterification of 15

(E and Z isomers) with 3-phenoxybenzyl alcchol gave
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3-phenoxybenzyl 1R(+)-irans-2,2-dimethyl-3-(2-phenyl-2-
chlorovinyl)cyclopropanecarboxylate 16 (as a mixture of

E and Z isomers).

Acid cetalysed dehydration of 12 (R:CH3) gave

exclusively the E geometric isomer of unseturated ester

17 which, on transesterification with 3-phenoxybenzyl

alcohol afforded the 3-phenoxybenzyl 1R-(+)-trans-2,2

dimethyl-3-(2E-styryl) cyclopropanecarboxylate 18.
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INTRODUCTTION

The naturel insecticides isolated from pyrethrum

1

flowers like pyrethrins® and cinerins® are the esters of

(+) trens-chrysenthemic acid and (+) trans pyrethric acid.

Both the above acid moieties are trans cyclopropane
derivetives possessing 1R configuration at the site beering
the carboxylate function. As already steted in Chapter T,
for insecticidal activity pyrethroids must have 1R
configuration at the site bearing the ester function,
irrespective of whether the cycloprorane ring is having =
cis or a trans geometry3. The corresponding 1S epimers
are either much less active or inactive. In view of thesc

Observations many efforts have been made to develop

suitable synthetic roues for (+) trans chrysanthemic acid

starting from the abundent and naturally occurring
substrates possessing suitably substituted cyclopropane ring
system and required configuration. One such important
substrate is (#)-3-carene 1 which,occurs in the pine oil
(Pinus longifolia). Matsui et al.4’5, for the first time
realised  the possibility of getting (+) irans
chrysanthemic acid from (+)-3-carene 1l as shown in Scheme I,
in Chepter III (page No.101 ). Later on, many workers

have converted (+)-3- carene 1 selectively into 15(-) cis
6,7,8

chrysanthemic acid which could be readily epimerisecd

to the 1R (*) trans isomer, a desired isomer for the
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synthesis of pyrethroids as shown in Chapter III. Its
synthesis has also been achieved from (+)d—pinene9 in this
laboretory as shown in Chapter III.

Besides (+)-3-carene 1 and (#)x-pinene other
substrates like limonene, q-+erpineollo and carvonell
have also been utilised for the synthesis of (%) trans
chrysanthemic acid as shown in previous chapter III.
In addition, its synthesis has also been achieved starting

12-15 substrates.

from acyclic
It is known that meny esters of (%) trang
chrysanthemic acid with relatively more photostable
alcohols like 3-phenoxybenzyl and S5-benzyl-3-furylmethyl
alcohols also possess good insecticidal activity, such as

16 17

biophenothrin ,bioresemethrin etc. In addition,

18 19

biopermethrin and biodecamethrin

, possessing the
1R trans configuration, have also been synthesised which
are potent photostable pyrethroids.

During the last decade many new pyre‘chrOidszo"25
which, are the esters of 2,2-dimethyl-3-(2-chloro-2-phenyl-
vinyl/2-styryl/%ag%fno-2—phenylvinyl)cyclopropane
carboxylic acids/alcohols like 3-phenoxybenzyl alcohol,
3-(4-fluorophenoxy) benzyl alcohol have been reported to
possess high insecticidal and acaricidal activities. Most
of these compounds are obtained as dl mixtures of both

26,27

cis and trans isomers. Recently %-cyano-3-phenoxy-

benzyl-trans-(+)-2,2-dimethyl-3-(2 E-phenylalk-1l-enyl)cyclo-
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propanecarboxylates have been synthesised and reported to
possess ectoparasiticidal activity. Later, the
corresronding optically active28 trans isomers have also
been synthesised. In our leboratory, 3-phenoxybenzyl
cis (#) 2,2-dimethyl-3- (2-phenyl-2-chlorovinyl)cyclo-

propanecarboxylate has been synthesised29

from (+)-3-
carene 1.

In this chapter a new approach for the synthesis of
optically active (+) 1R trans pyrethroids in the form of
3-phenoxybenzyl esters are described from (+)-3-carene ],
viz. (1) 3-phenoxybenzyl-1R(®*) trans 2,2-dimethyl-3-
(2-chloro-2-phenylvinyl)cyclopropanecarboxylate and
(1ii) 3-phenoxybenzyl-1R(+) trans 2,2-dimethyl-3-(2E-styryl)-

cyclopropanecarboxylate.
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PRESENT WORK

(+)-3-Carene 1 was converted into trans 33, M
caranediol 2, ClOH1802’ w* 170, m.p.82-83 by a known
method in 45% yield7. The vicinal dicl 2 was cleaved by
sodium meta periodate to afford the keto aldehyde 37
in 82% yield, Gy H Oy, M' 168. Tt showed IR bands
at 2740 (-CHO), 1724 (_C=0) and PMR signals at 0.83 (2H, m,
cyclopropane protens at C; and G;), 1.0, 1.13 (3H ecach,

s each, gem-dimethyl on cyclopropene), 2.10 (3H, g, -COCH,)
and 2.33 (4H, m, methylene protons « tq}C:O).

The freshly prepared keto aldehyde 3 on trecatment
with phenylmagnesium bromide (2.5 me}),afforded the
liquid diol 4 as a mixture of diastereomers, in 90% yield,
CooHygOy. It showed IR bands at 3448 (OH), 1058 (-C-0-)
1600, 755, 694 (aromatic) and PMR signals ot 0.3 (2H, m,
cyclopropane protons), 0.58, 0.65, 0.72, 0.88 (6H, s each,
gem-dimethyls diastereomers), 1.42 (3H, s, HayC- % -OH) ,
1.53 (4H, m, methylene rrotons), 4.61 (1H, m, benzylic
proton), 7.16, 7.25 (10H, each s, aromatic protcns).
Attempts to separate diastereomers were nnt successful. The
dicl 4 was used for preparing two different ryrethroids viz.
16 and 18.

The diol 4 on treatment with Ac,0/pyridine, gave a
mixture of the diestereomeric hydroxy monoacetates 5 as a

thick liquid Gy Hz05+ It showed IR bands at 3%09,1015(OH)

) -
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1724, 1227 (acetate), 1587, 758, 694 (z2romatic) and
PMR signals at 0.37 (2H, m, cyclopropane rrotons at C;
and C,), ©.62, 0.77, 0.80, 0.92 (6H total, s each, gem-
dimethyls of both diastereomers), 1.45 (3H, s, methyl
attached to carbon bearing hydroxyl snd phenyl), 1.60 (4H, m,
methylene protons at C; and C3), 1.95 (3H, s, acetate methyl),
5.66 (1H, m, benzylic proton i.e. H- ¢ - OAc) and 7.18 (1CH,
s, aromatic protons). The acetate 3, cbtained as 2
mixture of diasteromers could not be separated into its
isomers.

The acdtates Swere dehydrated by paratoluene
sulphonic acid in refluxing benzene to afford the mixture
of diastereomeric unsaturated acetates 6 C24H28O2,
obtained as a viscous liquid. It showed IR bands at 1739,
1220 (acetate), 1587, 755, 694 (aromatic) and PMR
signals at 0.60 (1H, m, cyclopropane proton at C3), 0.85,
1.00, 1.07, 1.13 (6H total, s. each, gem-dimethyls of
both diastereomers), 1.33 (1H, d, J = 8 Hz, allylic cyclo-
propane proton at C;), 1.77 (2H, m, methylene protons),
2.00 (3H, s, acetate methyl), 2.07 (3H, s, vinyl methyl),
5.45 (2H, m, benzylic and olefinic protons) and 7.20, 7.23
(10H total, g each, aromatic protons).

The mixture of unsaturated acetates 6 was sybjected to

oxidation by potassium permanganateSO

in acetone in the
presence of acetic acid and water to afford the acetoxy

acid 7 (R=H) in 45% yield. This was converted into its



methyl ester by an ethereal solution of diazomethane to
give acetoxy ester 7 (R:CHS), Cy7H550, as a liquid. It
showed IR bands at 1730 (;b=o), 1235 (acetote), 1163 (ester),
1613, 758, 699 (aromatic) and PMR signals at 0.95 (1H, m,
cyclopropane proton at C3), 1.06, 1.13 (3H each, g each,
gem-dimethyl on cyclopropane), 1.36 (1H, d, J = 8 Hz,
cyclopropane proton at Cl), 2.03 (3H, g, acetoxy methyl),
2.16 (2H, m, methylene protons), 3.56 (3H, s, ester methyl),
5.63 (1H, t, J = 7 Hz, benzylic proton, i.e. ﬂ-é—OAc) and
7.20 (5H, g, aromatic protons).

The acetoxy ester Z (R=CH3) on saponification with
aqueous potassium hydroxide in methanol gave hydroxy acid
8 (R=H) which, wes esterified with an ethereal solution of
diazomethane to give hydroxy ester 8 (R=CH;). The
purified ester 8 (R:CH3), CigH,03 obtained as a thick
liquid showed IR bands at 3509. 1124 (OH), 1724, 1162
(ester), 7%0, 694 (aromatic) and PMR signals at 0.80 (1H, m,
cyclopropane proton at CB)’ 1.05, 1.10 (3H each, g each,
gem-dimethyl on cyclopropane), 1.32 (1H, br, d, cyclopropane
proton at C;), 1.98 (2H, br, m, methylene protons), 2.67
(1H, br, s, exchangeable with D,0, -OH proton), 3.55 (3H, g,
ester methyl), 4.53 (1H, t

J = 6 Hz, benzylic proton) and
7.22 (5H, g, aromatic protons).
Jones chromic acid oxidation of 8 (R=CH3) at 0°

afforded the keto ester 9 in 85% yield, C M¥ 246,

1571603
m.p.61°. It showed IR bands at 1725 (ester), 1695



(-C-ph), 1605, 1587, 760, 705 (aromatic) and PMR
signals at 1.15, 1.26 (3H each, s each, gem-dimethyl on
cyclopropane), 1.53 (2H, m, cyclopropane protons at Cl and
C3), 3.26 (2H, m, methylene protons), 3.50 (3H, s, ester
methyl) and 7.23, 7.76 (5H total, m, aromatic protons).
Dehydration of hydroxy ester 8 (R=CH3) with PTS in
refluxing benzene gave methyl 1S-(%)-cis 2,2-dimethyl-3-
(2E~-styryl) cyclopropanecarboxylate 10 in 50% yield,
Ci5H g0, MY 230. It showed IR bands at 1724, 1176
(ester ~C=0), 1654, 966 (trans-disubstituted double bond).
1499, 755 (aromatic) and PMR (CDCl3, 80 MHz) signals at
1.22, 1.34 (3H each, g each, gem-dimethyl on cyclopropane),
1.79 (1H, d, J = 8 Hz, cyclopropane proton at Cy)y 1.90
(1H, m, cyclopropane proton at C3), 3.59 (3H, s, ester
methyl), 6.50 (2H, m, olefinic protons) and 7.18 (5H, m,
aromatic protons). The E-geometry for the double bond in
10 has been assigned on the basis of chemical shift (6.5g)
of olefinic protons which is in close agreement with the
calculated value°?t (6.36g) for the E isomer. The
calculated value for Z isomer is 5.89g . No other peak
corresponding to Z isomer was seen in the PMR spectra of l10.
Further, the chemical shift of 6.56 is also in close
agreement with the reported value?® for similarly
situated olefinic protons in methyl cis(+) 2,2-dimethyl-3-
(2-phenyl-2-chlorovinyl) cyclopropanecarboxylate, where the
down-field shift has been attributed to the deshielding
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effect of the adjacent rhenyl ring on the vinyl proton,
cis te it. The trans geometry of the double bond is

also supported by the presence of a strong bend at 966 et
in the IR spectrum of compound l1Q.

The cis relationship between carboxylic group at Cy
and side chain at C3 was proved by preparing the solid
lactone 11 from hydroxy acid 8 (R=H) obtainable from
hydroxy ester 8 (R:CH3). Thus, the ester 8 (R:CH3) on
saponification, afforded the hydroxy acid which was treated
with paratoluene sulphonic acid in dry benzene under
reflux to furnish solid lactome 11, Cy,H, O,, M¥ 216,
m.p.136° (benzene + pet.ether). It showed IR bands
at 1724, 1220 (g-lactone), 758, 699 (aromatic) and PMR
(CDC13) signals at 1.17, 1.23 (3H each, s each, gem=
dimethyl on cyclopropane), 1.60 (3H, m, methylene protons
and cyclopropane proton at C3), 2.15 (1H, s, cyclopropane
proton at C,), 5.22 (1H, dd, dy = 4 Hz, J, = 12 Hz,
benzylic proton) and 7.23 (S5H, g, aromatic protons).

It has been reported6

that (-) dihydrochrysanthemo-
lactone,on heating with potassium hydroxide in diethylene
glycol gave (+) trans-chrysanthemic acid in good yields.
Therefore, for obteining 1R-irans acid 12 (R=H) the &=
lactone 11 was considered as a suitable intermediate.
Thus when lactone 11 was heated with potassium hydroxide
in ethylene glycol a mixture of two acids was obtained,

an
which was esterified with/ethereal solution of diazomethane

2
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and separated by chromatography. The less polar

fraction (20%), CigH{g0,, M¥ 230 was characterised as

the dehydrated ester by spectral data. However, the GLGC

analysis indicated it to be a mixture of the double bond

geomstric - isomers of both the epimerised 17 (R=CH,)

and unepimerisec 10 (R=CH3) dehydratec esters. The poler

fraction (65%), CigHpo03 was characterised as 12 (R=CH3D

by spectral data. It showed IR bands at 3546 (OH), 1724

(ester_-C=0), 1600, 758, 700 (aromatic) and PMR signals

at 0.86, 1.05 (3H each, s each, gem-dimethyl on cyclo-

propane), 1.40 (4H, by m, cyclopropane rrotons and

methylene protons), 3.03 (1H, hump, exchangeable with

D,0, OH proton), 3.50 (3H, g, ester methyl), 4.56 (1H, t,

J = 6 Hz, benzylic proton)and 7.10 (5H, g, arometic protons).
Jones chromic acid oxidation of 12 furnished the

keto ester 13 in 90% yield as a solid, C H g0, M' 246,

m.p.100° (pet.cther). It showed IR bands at 1730

(ester ~C=0), 1690 (ph-¢-), 1600, 1580, 750, 703 (aromatic)

and PMR signals at 1.13, 1.36 (3H each, g each,_gem-

dimethyl on cyclopropane), 1.73 (2H, m, cyclopropane

protons at C; and CS)’ 3.0 (2H, m, methyleneprotons),

3.61 (3H, s, ester methyl) and 7.43, 7.93 (5H, m,

aromatic protons).
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Reaction of phosrhorous pontnchlnride32’33

on
keto ester 13,9ave a mixture ~f products, which was
subjccted te chromatogrerhy. The earlier fractions

afforded the dichlore ester 14, 10% = yield, C Cl,,

1511802
M+ 300, 302 (due to chlerine isotopes), m.n.lloo(pet.@ther).
It showed IR bands at 1727, 1176 (ester _T=0), 746, 709
(aromatic) and PMR (CDCla, 80 MHz) signals 2t 1.22, 1.33
(7H, s, gem-dimethyl on cyclopropane and cyclopropane
rroton at Gj), 1.50 (1H, g, cyclopropane nroten at Cy),
2.03, 2.59 (1H each, d, J = 7 Hz, methylene prctons),

3.67 (3H, s, ester methyl) and 7.17, 7.31 (SH, br, s,
aromatic protons).

The middle fractions gave a mixture of E, Z isomers
of the chloroester 15 in the ratio of 65:35 (GLC),
C15H170,C1, M* 264, 266 (due to chlorine isotopes). It
showed IR bands at 1742 (ester,>c=o), 1639, 1499, 763, 694
(aromatie) and PMR (CDC1

80 MHz), signals at 1.18, 1.21,

3 ’ :
1.23, 1.34 (211 g, gem-dimethyls of E, Z iscmers), 1.50

1.64 (d each, J = 5 Hz each, cycleoprorane proton at C, of

1
E, Z isomers), 2.06, 2.51 (dd each, J, = 5Hz, J, = 8 Hz,
cyclopropane protons at Cy of E, Z isomers), 3.59, 3.67 (g
each, ester methyls of E, Z isomers), 5.68, 5.81 (d each,
4 = 8 Hz, olefinic protens of B, Z isomers) and 7.32 (m,

arcmatic protons).



Transesterification 34

of 15 with 3-phenoxybenzyl
alcohel furnished the 3-phenoxybenzyl ester 16 as a
mixture of E, Z isomers; Cy.H,-0,Cl, m* 432, 434 (due to
chlerine istopes). It showed following spectral
prcperties, IR bends &t 1724 (estc£:6=0), 1587, 760
(aromatic) and FMR (c0013, 80 MHz) signals at 1.05, 1.15,
1.22, 1.31 (all g, gem-cdimethyls of E, Z isomers), 1.56,
1.68 (d each, J = 5 Hz each, cyclopropane protons at Cy of
E, Z isomers), 2.06, 2.50 (dd each, J1= 5 Hz, I, = 8 Hz
each, cyclopropane protons at C, of E, Z isomers), 5.0,
5.09 (g each, benzylic methylenezgfog? Z isomers), 5.67,
5.84 (d each, J = 8 Hz each, olefinic protons of E, Z
isomers) and 7.12 (m, aromatic protons).

The pure 1R trons dehydrated ester 17 was
independantly prepared by the acicd-catalysed dehydration
(PTS in refluxing benzene) of the hydroxy ester 12 (R=CH3).
The chromatographic purification gave in the middle
fractions a TLC rure liquid ester, characterised as methyl
1R (%) trans 2,2-cdimethyl-3-(2E-styryl) cyclopropane-
carboxylate 17, CycH; g0y, MY 230. It showed IR bands at
1721 (ester_.C=0), 1639, 956 (trans-disubstituted double
bond), 1592, 750, 692 (aromatic) and PMR (CDC13, 80 MHz)
signals at 1.19, 1.28 (3H each, g each, gep-cimethyl on

cyclopropane), 1.62 (1H, d

J = 5 Hz, cyclopropane proton
at Cy), 2.17 (1H, dd, J; =5 Hz, J, = 8 Hz, cyclopropane
proton at Cg), 3.64 (3H, g, ester methyl), 5.89 (1H, g4d,
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gl = 8 Hz, QQ = 15 Hz, olefinic proton adjacent to cyclo-
propane ring), 6.50 (1H, d, J = 15 Hz, olefinic proton
adjacent to phenyl ring) and 7.25 (5H, @, aromatic protons).

Dehydreted ester 17 was ccnverted by transesterifi-
cation®? into 3-phenoxybenzyl 1R-(+)-trans 2,2-dimethyl-3-
(ngstyryl)cyclopropanecarboxylate 18 as a2 colourless
1iquid, CyrHyeOy, MY 398, It showed IR bonds at 1724,
1163 (ester C=0), 1653, 958 (trans-disubstituted double
bond), 1587, 755, 690(aromatic) and PMR (cpCl,, 80 MHz)
signals a2t 1.20, 1.27 (3H each, s each, gem-dimethyl on
cyclopropane), 1.72 (1H, d, J = 6 Hz, cyclopropane proton
at Cy), 2.17 (1H, dd, J, = 6 Hz, J, = 9 Hz, cyclopropane
proton at C3), 5.02 (2H, g, benzylic methylene protons),
5.85 (1H, dd, 3, = 9 Hz, J, = 16 Hz, olefinic proton
adjacent to cyclopropane ring), 6.48 (1H, d, J = 16 Hz,
olefinic proton adjacent to vhenyl ring) and 7.08 (14H, m,
aromatic protons).

Compound 12 (R=CH3) was alsn obtained by epimerisation
of the corresponding 1S-cis hydroxy ester 8 (R:CH3), under
conditions similar to those employed for lactone 1l. 1In
this cese also a mixture of dehydrated esters 10 and 17
was produced in about 15% as indicated by GLC analysis.

However, the trans hydroxy ester 12 (R=CH that was

5)
obtained from hydroxy ester 8 (R=CH3) was found to be a
mixture of diastereomers as indicated by the PMR spectra.

It showed PMR signals at 0.9, 1.00, 1.06, 1.11 (6H, s, gem-



dimethyls of diastereomers), 1.53 (3H, br, m, methylene
protons and cyclopropane proton at Cl), 2.86 (1H, hump,
exchangeable with D,0, OH proton), 3.46, 3.51 (3H, g,
ester methyls of diastereomers), 4.56 (1H, t, J = 6 Hz,
benzylic proton), 7.13, 7.20 (5H, s, aromatic protons).

In the case of epimerisation of lactcne 11 only one
diastereomer of 12 (R=CH;) was obtained as incicated by
PMR spectra. The diastereomeric mixture of trans hydroxy
ester 12 (R=CH3) obtained from hydroxy ester 8 (R:CH3) on
oxidation with Jones chromic acid geve the same ketn ester

13 m.p. and m.mp. 100° (superimposable PMR and IR spectra)

o
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EXPERIMENTATL

2,2-Dimethy1-3-(2- nxopropyl) cyclopropene-1-acetaldehyde 3

In a 1-litre 3-necked flask equipped with an overhead
mechaniczl stirrer, were taken caranediol 2 (51 g, 0.3 mol),
methanol (200 ml) and water (75 ml). The contents were
stirred at room temperature for ten minutes. Finely
powdered sodium meta periodate (70.6 g, 0.33 mol) wrs then
added, pertionwise to the above solution under stirring.
After the addition (4 hr) the reaction mixture was stirred
for 2 hr, filtered and the residue washed with methonol
(50 ml). The combined filtrate was diluted with water
(350 ml) and extracted with chloroform (150 ml + 75 ml x 2).
The chloroform layer was washed with water (250 ml x 3),
dried and evaporated to give the keto aldehyde 3 (41.50 g,
82%), b.p.85-87°(vapour)/1.5 mm; (Found: C, 70.95;

H, 9.48; Ci0M160o Tequires C, 71.39; H, 9.59%) .
IR bands at: 2985, 2740, 1724, 1439, 1351, 1163, 1124,
1047 and 962 cml.

2,2-Dimethyl-3-(2-phenyl-2-hydroxypropyl)-cis-1-(2-phenyl-

ethsne-2-ol)cyclopropane 4

A solution of keto aldehyde 3 (33.6 g, 0.2 mol) in

dry ether (100 ml) was introduced, dropwise, under stirring
into 2n ice-cooled solution of phenylmagnesium bromide

prepared from magnesium turnings (10.8 g, 0.45 mol) and
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bromobenzene (70.65 g, 0.45 mol) in dry ether (250 ml).
After the complete addition, it was stirred for 1 hr at
room temperature and 3 hr under reflux and kept overnight
The reaction mixture was cooled at 0° and a saturated
solution of ammonium chloride (300 ml) was introduced,
dropwise, with vigorous stirring. After the addition, it
was stirred for 4 hr at room temperature and transferred
to a separating funnel. The ether layer was separated
and the aqueous portion extracted with ether (100 ml x 2).
The combined ether extract was washed with water (200 ml)
and dried. Ether was distilled to give the crude product
(66 g).

This product showed on TLC (18% ethylacetate in
benzene) one main spot, along with minor quantities of
less polar impurities. The less polaer impurities were
separated from main product viz. the diol 4 by

chromatography over (AlQO 660 g). The less polar

3
impurities (not investigated) were removed by eluting

the column with pet.ether + benzene (1:1) and benzene
while the main product was eluted with chloroform to give
diol 4 (62.5 g, 96.4%) as a gummy liquid;("()gB + 3.72°
(¢, 3.76), (Found: C, 80.96; H, 8.84; CyoHy g0, requires
C, 81.44; H, 8.70%).

IR bands at: 3448, 2967, 1600, 1493, 1443, 1370, 1058,

1022, 939, 909, 870, 755 _ and 694 cm L.




2,2-Dimethyl-3-(2-acetoxy-2-phenylethyl)-cis-1-

(2-phenyl-2-hydroxypropyl) cyclopropane 5

To a solution of the diol 4 (32.4 g, 0.1 mol) in dry
pyridine (60 ml) was added acetic anhydride (35 ml) and
the mixture was kept at room temperature for 24 hr. It was
then diluted with ice cold water (250 ml) and kept at room
temperature for 2 hr when the excess amount of acetic
anhydride was hydrolysed. The mixture was extracted with
ether (150 ml + 100 ml x 2), the ether layer washed
successively with water, 10% hydrochloric acid, saturated
solution of sodium carbonate and finally with water. The
ether layer was dried and evaporated to furnish the pure
monoacetylated product 5 as a thick liquid in almost
quantitative yield (32.9 g, 90%)m«)§5 5.3° (g, 2.65);
(Found: C, 78.24; H, 8.42; Cy4HynO5 requires C, 78.65;

H, 8.25%).

IR bands at: 3508, 2985, 1724, 1587, 1481, 1429, 1361,
1227, 1053, 1015, 930, 758 and 694 cm t.

2A2_Dimethyl-3—(2—acetoxy—Z-phenylethyl)-cis-l—(2-phenylpggp-

l-enyl)cyclopropane 6

A solution of hydroxy acetate 5 (27.5 g, 0.075 mol) in
dry benzene (250 ml) was refluxed with catalytic amount of
PTS (0.3 g) for 6 hr. The reaction mixture was washed
with water (100 ml x 2) to remove PTS and the benzene

layer dried. Removal of benzene afforded the dehydrated
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product (26 g) which was purified by chromatography on
silica gel impregnated with 10% silver nitrate (400 g). The
fractions eluted with pet.ether + benzene (1:1) and

benzene afforded TLC pure (8% ethylacetate in benzene)
unsaturated acetate 6 (20 g, 80%);(«)58 + 8.6° (g, 2.8);
(Found: C, 82.58; H, 8.34; Cy4Hy g0, Tequires C, 82.72;

H, 8.10%).

IR bands at: 2985, 1739, 1587, 1481, 1439, 1361, 1220,

1015, 755 and 694 em L.

Methyl 1S-cis-2,2-dimethyl-3-(2-acetoxy-2-phenylethyl)-

cyclopropanecarboxylate 7 (R:CH3)

In a one litre, three necked round bottom flask
equipped with overhead stirrer, was placed the unsaturated
acetate 6 (17.4 g, 0.05 mol), acetone (200 ml), water
(25 ml) and acctic acid (15 ml). To the above stirred
solution was added powdered potassium permanganate
(12 g, 0.075 mol), during 4+ hr at room temperature. After
the addition, the stirring was continued for 1.5 hr at room
temperature. It was then treated simultanecusly with
sodium nitrite (8 g) and sulphuric acid (1:10), when
all the manganese dioxide dissolved and a clear solution
was obtained. The colourless solution was diluted with
water (300 ml) and extracted with ether (150 ml + 100 ml x 2).
The ethereal solution was concentrated to 150 ml and

extracted with 10% aqueous sodium carbonate solution



(50 ml x 3). The neutral part was not investigated.

The aqueous alkaline portion was cooled, acidified with
20% sulphuric acid and extracted with ether (100 ml x 3).
The combined ether layer was washed with water (100 ml x 3),
dried and evaporated to furnish the acid 7 (R=H) which was
converted into its methyl ester Z (R:CH3, 6.5 g, 45%). The
acetoxy ester was further purified by chromatography over
(Al,05; 130 g) and the fractions eluted with pet.ether +
benzene (1:1) and benzene gave TLC pure acetoxy ester 7
(R=CHy); b.p.150-55°/0.15 mm; (Found: C, 69.94; H, 7.45;
Cy7Hp50, requires C, 70.3C; H, 7.64%).

IR bands at: 2985, 1730, 1613, 1493, 1439, 1370, 1235,

1190, 1163, 1130, 1089, 1020, 847, 758 and 699 cm

Methyl 1S-cis-2,2-dimethyl-3-(2-hydroxy-2-phenylethyl)cyclo-

-

propanecarboxylate 8 (R:CH3)

To a solution of the acetoxy ester 7 (5.8 g, 0.02 mol)
in methanol (200 ml) was added 20% aqgueous solution of

and
) . the mixture refluxed for 5 hr.

sodium hydroxide (25 ml
Methanol was removed under reduced pressure and the

residue diluted with water (100 ml), acidified with dilute
hydrochloric acid and extracted with ether (100 ml x 3).

The combined ether layer was washed with water (100 ml x 2),
dried and the solution of hydroxy acid 8 (R=H) in ether

was esterified with an ethereal solution of diazomethane

to give the hydroxy ester 8 (R=CH,, 4.4 g, 90%). It was

31

(o2
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chrometographed over silica gel (50 g) and fractions
eluted with benzene, benzene + chloroform (3:1) furnished
the TLC pure hydroxy ester 8 (R=CH3) as a thick liquid;
b.p.160-65°/0.2 mm;(q)§8 - 2.25° (¢, 2.67); (Found:

C, 72.74; H, 7.95; C,gH, 0, requires C, 72.55; H, 8.12%).

IR bands at: 3509, 3030, 1724, 1613, 1538, 1504, 1449,

1383, 1250, 1162, 1124, 1094, 1053, 957, 862, 750 and

694 cm—l.

Methyl 1S-cis-2,2-dimethyl-3-(2-0x0-2-phenylethyl)cyclo-

propanecarboxylate 9

To a solution of hydroxy ester 8 (R:CHE, 2.5 g,
0.0l mol) in acetone (30 ml), cooled at -1C° was added
Jones chromic 2cid reagent till brown colour persisted.
The reaction mixture was allowed to remain at O to 5° for
2 hr. It was then diluted with water (50 ml) and extracted
with ether (50 ml x 3). The combined ether layer was
washed with water (50 ml x 2), dried and cvaporated to
furnish a2 semisolid. It was chromatogrephed over
silica gel (25 g) and fractions eluted with pet.ether +
benzene (1:1) and benzene gave a white solicd, which was
crystallised from pet.ether to afford white crystelline
keto ester 9 (2.0 g, 85%); m.p. 61°,(«)§5 + 60.3°
(g; 2.82), (Foupd: C, 73.34: H; 7.264 C,gH g0y requires
c, 73.14; H, 7.37%).
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IR bands at: 2940, 1725 , 1695, 1605, 1587, 1455, 1387,

1345, 1255, 1205, 1145, 1097, 863, 785, 760 and 705cm ..

Methyl 1S (+) cis 2,2-dimethyl-3-(2E-styryl)cyclopropane-

carboxylate 10

The hydroxy ester 8 (R=CH,, 0.75 g), in dry benzene

39
(100 ml) was rcfluxed with catalytic amount of PTS (0.05 g)
for 8 hr using azeotropic unit. It was then washed with
water (50 ml x 2), dried and distilled to give the
dehydrated ester. It was chromatogrephed over silica gel
jmpregnated with 10% silver nitrate (12 g) and fractions
eluted with pet.ether + benzene (4:1) and pet.cther +
benzene (1:1) gave the liquid dehydrated estcr 10 (0.34 g,
50%); b.p.125-30°/0.2 mmy(«)2> + 43° (g, 1); (Found:

C, 78.27; H, 7.82; CygH,40, requires C, 78.23; H, 7.88%) .

IR bonds at: 3030, 1724, 1654, 1608, 1499, 1439, 1408, 1370,
1309, 1266, 1176, 1136, 966, 926, 755 and 694 om™ .

6=-Lactone of 1S-cis-2,2-dimethyl-3-(2-hycdroxy-2-phenylethyl)-

cyclopropane carboxylic acid 11

To a solution of hydroxy ester 8 (R:CH3, 4.9 g,
0.02 mol) in methanol (100 ml), was added 25% aqueous
solution of sodium hydroxide (20 ml) and refluxed for 5 hr.
The methanol was distilled under reduced pressure and the
reaction mixture was cooled, diluted with water (50 ml) and

extracted with ether (50 ml x 2) to remove neutral part.
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The aqueous alkaline portion was cooled, acidified with

20% sulphuric acid and extracted with ether (50 ml x 3).

The combined ether layer was washed with water (40 ml x 2),
dried and evaporatcd to furnish the hydroxy acid 8

(R=H, 4.3 g) as & thick liquid. The acid 8 (R=H) was

taken in dry benzene (100 ml) ancd the solution refluxed
with paratoluene sulphonic acid (0.05 g) for 8 hr. The
benzene solution was washed with water (30 ml x 2), cdried
and the solvent evaporated to furnish the solid (2.6 g, 60%).
It was crystallised from 15% pet.ether in benzere to furnish
crystallineg.lactone 11, m.p.136°; (4)58 + 49° (g, 1.14);
(Found: C, 77.68; H, 7.52; C,4H1¢0, requires C, 77.75;

H, 7.46%).

IR bands at: 2941, 1724, 1481, 1439, 1370, 1342, 1266,
1220, 1111, 1042, 1015, 925, 830, 758 and 699 cm 1,

Methyl 1R trans-2,2-dimethyl-3-(2-hydroxy-2-phenylethyl)-

cyclopropanecarboxylate 12 (R=CH,) from lactone 11

g-Lactone 11 (0.432 g, 2 mmol) was refluxed for 30
minutes with potassium hydroxide (0.448 g, 8 mmol) in
ethylene glycol (20 ml). After distillation of 8 ml of
the solvent, the mixture was heated at 190-95° for 5 hr in
nitrogen atmosrhere. It was cocled and diluted with
water (30 ml) and extracted with ether (25 ml) to remove
the neutral portion. The alkaline portion was cooled,

acidified with dilute sulphuric acid and extracted with



ether (50 ml x 3). The combined ether layer was washed
with water (25 ml x 2) and dried. The solution of acid

in ether was esterified with an ethercal solution of
diazomethane to give the methyl ester. It showed two spots
on TLC (4% ethyl acetate in benzene). It was separated by
chromatography over silica gel (8 g). The fractions eluted
with pet.ether + benzene (4:1) gave the mixture of
dehydrated esters (20%) 10 and 17 as indicated by GLC
analysis. The polar fractions eluted with benzene ~nd
chloroform gave the TLC pure trans hydroxy ester 12 (R=CH,,
0.27 g; 65%) b.p.145-50°/0.1 mm; (“)024 +45° (g, 2.4);
(Found: C, 72.25; H, 8.22; CisHp03 requires C, 72.55;

H, 8.12%).

IR bands at: 3546, 3030, 1724, 1600, 1499, 1439, 1361, 1282,
1198, 1163, 1117, 1047, 758_ and 700 cri+.

Methyl 1R-trans-2,2-dimethyl-3-(2-hydroxy-2-phenylethyl)-

cyclopropanecarboxylate 12 (R:CHS) from hydroxy ester 8

(R:CH3)

Hydroxy ester 8 (R:CH3, 1 g, 4 mmol) was refluxed
for 4 hr with potassium hydroxide (0.89 g, 16 mmol) in
ethylene glycol (23 ml ) under nitrogen atmosphere. After
distillation of 12 ml of the solvent, the mixture was
heated at 190-95° for 5 hr. The reaction mixture wes
worked-up as described above to give the mixture of esters.

It was separated by chromatography over silica gel (15 g).
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The fractions eluted with pet.ether + benzene (4:1) gave
the mixture of dehydrated esters (15%) 10 and 17 as
indicoted by GLC analysis. The polar froctions eluted
with benzene and chlorcform gave the TLC rure trans
hydroxy esters 12 (R=CHy, 0.79 g, 70%), b.r.145-50°/0.1 mm.
Methyl 1R trans 2,2-dimethyl-3-(2-ox0-2-phcnylethyl)-

cyclopropanecarboxylate 13

To a scluticn cof hydroxy ester 12 (R:CH3, 1.0 g, 4 mmol)
in acetone (20 ml), ccoled at -10”, was added Jenes chremic
acid reagent till brown colcur persisted. The reactinn

N for 2 hr. It

mixture was allowed to remain at O to 5
was then diluted with water (30 ml) 2nd extr-ctecd with cther
(30 mL x 3). The combined ether layer wos washed with
water (25 ml x 2), dried and distilled to furnish a sclid
which was crysta2llised from pet.ether to furnish white
crystalline keto ester 13(0.89 g, 90%); m.p.100";
(“)%4 - 1% (g, 1); (Found: C, 73.36; H, 7.48; C)Hc0q
requires C, 73.14; H, 7.37%).
IR bands 2t: 2985, 1730, 1690, 1600, 1580, 1470, 1380, 1335,
1200, 1160, 750 and 703 cm *
Methyl 1R(#+)-irans-2,2-dimethyl-3-(2-chloro=2-rhenylvinyl)-
cyclaonrenanecarhboxylate 15

To a2 solution of keto ester 13(0.5 g, 2 mmol) in dry

dichloromethane (20 ml) was added phosrhcrous pentachloride

(1.6 g, 7.6 mmol) and the mixture was refluxed for 7 hr.



172

The reaction mixture was then pourcd on to crushed ice
(20 g) with stirring, ellewed to attain room temperature
and extracted with dichleromethane (30 ml x 3). The
combined dichloromethane layer wes washed with water,
aqueous sodium bicarbenate and water, driec and evaporated
to give a mixture of two products (TLC). They were
separated by chromatography over silica gel (10 g). The
less polar, the minor one (10%), eluted with pet.ether +
10% benzene gave a solid, crystallised from pet.cther to
furnish dichloroester 14; m.p.110%; (Found: C, 59.43;
H, 5.50; Cl, 23.14; C15H1802(312 requires C, 59.80;
H, 5.98; C1, 23.59%). IR bands at: 3030, 1727, 1449,
1389, 1299, 1220, 1176, 1117, 862, 806, 746, and 709 cm™1.

The more polar, the major product was eluted with
pet.ether + 25% benzene to afford the nure chloroester 15,
as a liquid (0.35 g, 62%); b.p.140-45°/0.1 mm;(“)gs 65°
(c, 0.9); (Found: C, 68.36; H, 6.08; Cl, 13.66;
C,gH;70,C1 requires C, 68.06; H, 6.42; Cl, 13.42%).
IR bands at: 3030, 1742, 1639, 1499, 1449, 1282, 1235,

1174, 1117, 763 and 694 cm L.

3-Phenoxybenzyl 1R(+)-trans-2,2-dimethyl-3-(2-chloro-2-

phenylvinyl) cyclopropanecarboxylate 16

To a solution of methyl ester 15 (0.132 g; 0.5 mmol)
in dry xylene (20 ml), 3-phenoxybenzyl alcohol (0.25 g,
1.25 mmol) and butyl titanate (0.05 g) were added and the



reaction mixture refluxed for 10 hr. The rcaction
mixture was worked up and purified as previously described
in Chpater II of the thesis to give TLC pure 16 as thick
liquid (0.15 g, 73%);(«)56 +25° (¢, 2.2); (Found:

C, 74.83; H, 5.76; Cl, 8.46; C, H, 0,Cl requires

C, 74.91; H, 5.78; Cl, 8.20%).

IR bands at: 3030, 1724, 1587, 1488, 1445, 1250, 1212,

1163, 1112, 877 and 760 cm L.

Methyl 1R(#)-trans-2,2-dimethyl-3-(2E-styryl)cyclopropane-

carboxylate 17

A solution of hydroxy ester 12 (R=CH3, 0.5 g) in dry
benzene (100 ml) was refluced on a water both with PTS
(0.10 g) for 8 hr.~;It was then washed with water
(50 ml x 2), dried and distilled to furnish the cruce
unsaturated ester 17. It wes chromatographed over
silica gel impregnated with 10% silver nitrate (20 g) and
the fractions eluted with pet.ether + 10% benzene and
pet.ether + 25% benzene gave a TLC pure liquid ester 17
(0.23 g, 50%); b.p.145-50°/0.15 mm;(q)§6 +126° (¢, 2.6);
(Found: C, 78.12; H, 8.09; CysHyg0, requires C, 78.23;

H, 7.88%).
IR bands at: 2967, 1721, 1639, 1592, 1493, 1429, 1370,
1342, 1274, 1205, 1163, 956, 909, 750 and 692 cm~1.



3-Phenoxybenzyl 1R(#)-trans-2,2-dimethyl-3-(2E-styryl)-

cyclopropanecarboxylate 18

To a solution of methyl ester 17 (0.147 g, 0.64 mmol)
in dry xylene (20 ml), 3-phenoxybenzyl alcohol (0.26 g,
1.3 mmol) and butyl titanste (C.05 g) were added and the
reaction mixture refluxed for 12 hr. Xylenc was removed
under reducec pressure 2nd the residue chrometographed
over (A1203, 25 g). The fractions elute d with pet.cther
+ 10% benzene anc pet.cther + 20% benzene gave TLC vurc
ester 18 (0.19 g, 78%) as colcurless liquid;(d)§6 + 78°
(¢, 1.0); (Found: C, 80.96; H, 6.62; CpyHy 04 requires
C, 81.38; H, 6.58%).
IR bands at: 3012, 1724, 1653, 1587, 1484, 1447, 1376,

1342, 1250, 1208, 1163, 958, 862, 755 and 690 cm™ L.

-1



1.

10.
11.

12+

13-

[
-~1
"

REFERENCES

Staudinger, H. and Ruzicka, L., Helv.Chim.Acta.,
7, 177 (1924).

LaForge, F.B. and Barthel, W.F., J.Org.Chem., 9,
242 (1944).

Elliott, M., Synthetic pyrethroics, ACS Symposium

Series 42, (1977), p.8.

. Matsui, M., Yoshioka, H., Yamada, Y., Sakamoto, 'l. and

Kitahora, T., Agr.Biol.Chem., 29, 784 (1965).
Matsui, M., Yoshioka, H., Sakamoto, H., Yamada, Y. and

Kitahara, T., Agr.Biol.Chem., 31, 33 (1967).

. Sobti, R.R. and Sukh Dev, Tetrahecron, 30, 2927 (1974).

Khanra, A.S. and Mitra, R.B., Incdian J.Chem., 14B,

716 (1976).

. Cocker, W., Lauder, H.St.J. and Shannen, P.V.R.,

J.Chem.Soc.Perkin Trans I, 332 (1975).
Mitra, R.B. and Khanra, A.S., Synth.Commun., 7

245 (1977).
Ho, T.pr. end Shing, H.L., Synth.Commun., 12, 995 (1982).
Ho, T.L. and Din,. D.U., Synth.Commun., 12, 257 (1982).
Mills, R.W., Murray, R.D.H. and Raphael, R.A.,
J.Chem.Soc. Perkin Trans. 1, 133 (1973).

Corey, E.J. and Jautelet, M., J.Amer.Chem.Soc., 89

3912 (1967).

: |



14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Harper, S.H. and Sleep, K.C., J.Sci.Food Agr., 6

-1

116 (1955).

. Julia, S., Julia, M., Linstrumelle, G., Bull.Soc.Chim.Fr.

3499 (1966).

Fujimoto, K., Itaya, N., Okuno, Y., Kadota, T.,
yYamaguchi, T., Agr.Biol.Chem. 37, 2681 (1973).

Elliott, M., Farnham, A.W., Janes, N.F., Neecham, F.H.,
Pearson, B.C., Nature, 213, 493 (1967).

Elliott, M., Farnham, A.W., James , N.F., Neecdham, P.H.,
Pulman, D.A., Stevenson, J.H., Nature, 246, 169 (1973).
Elliott, M., Farnham, A.W., Janes, N.F., Nezcham, P.H.,
Pulman, D.A., Nature, 244, 456 (1973).

Engel, J.F., Ger.Pat.2758,150 (March 2, 1978) (to FMC
Corporation); Chem.Abstr., 89, 42821m (1978).

Fuchs, Rainer, Hammann, Igeberg, Standel end Wilhem,
Ger.pat. 2730,515 (Januery 18, 1979) (Tc Bayer A.G.),
Chem.Abstr., 91, 151658,(1979).

Engle, J.F., U.S. Pat. 4157,447 (June 5, 1979)

(to FMC Corroratien); Chem.Abstr.,§§b7712q (1979).
Fuchs, Rainer, Stendel, Wilhelm, Eur.pet. 9,792
(Bayer A.G.) (16 Apr. 1980), Chem.Abstr. 93,

20430635 (1980).

Drabek, J., Ferooq, S., Gsell, L., Kristiansen, O.,
Meyer, W., Ger.offen. 2,706,184. Chem.Abstr. 88,
6538v (1978).

-3

(pd



25

26

27.

28.

29.

30.
31.

32.

33

34.

171

Drebek, J., Ackermenn, P., Farooqg, S., Gsell, L.,
Kristiansen, O., (Ciba-Geigy) Ger.offen. 2,848,495

(17 May 1979), Chem.Abstr., 91, 91378x (1979).

Fuchs, Rainer, Stancdel and Wilhem, Ger offen

DE 3,044,799 (July 1, 1982) (Bayer A.G.); Chem.Abstr.
97, 163291n (1982).

Sankyo Co., Ltd. Jpn. Kokai Tokkyo Kcho JP 8221,347,
(15 July 1980); Chem.Abstr. 97 5852s (1982).

Fuchs, Rainer, Stendel, Wilhelm (Bayer A.G.)
Eur.rat.Appl.EP 46,950 (10 March 1982), Chem.Abstr. 97.
5851r (1982).

Mitra, R.B., Muljiani, Z. and Deshmukh, A.R.A.S.,

Synth.Commun., 12, 1063 (1982).

Srinivasan, N.S. and Donald, G., Synthesis, 520 (1979).

Pascual, C., Meicr, J., Simon, W., Helv.Chim.Act., 49,
164 (1966).

Albert, L.H. and Marry, W.R., J.Am.Chem.Soc., 59,

2435 (1937).

Carrcl, B., Kubler, D.G., Davis, H.W. and Whaley, A.M.,

J.Am.Chem.Soc. 73, 5382 (1961).

Howarth, M.S., Ger.offen. 2,845,060 (June 7, 1979)
(Imperial Chemical Industries Ltd.) Chem.Abstr. 91,

123573a (1979).



178

MICRONS
25 3 4 S 6 7 8 9 10 12 14 16
100 T T T T T T T T T
80 -

[
o
T

TRANSMISSION (%)

»
o
T

WAVE NUMBER

300 400 300 200 100
T T T T T

(0] 1 1 | 1 | 1 L |
4000 3500 3000 2500 ° 2000 1800 1600 1400 1200 1000 800 600

§

T
— H——

e

i

i & A A i 1 J
10 O PPM(E)

IR & PMR OF METHYL IS g_S_-Z,Z—DIMETHYL~3—(2—OXO-2-

PHENYLETHYL) CYCLOPROPANECARBOXYLATE 9



4000 3000 2000 1500 ™M 1000 300 800
i 1 1 L 1

*
o

TRANSMITTANCE (%)
8

N
o

o) 1 1 1 1 1

IR SPECTRUM OF METHYL 1S(+) CIS 2,2-DIMETHYL-3-(2E-STYRYL) CYCLOPROPANE-

CARBOXYLATE 10.

750 300 250
T T T

R W Y.

L

1 1 1 1 1)
1ol-o 91-0 50 7% slo 5|-o 40 30 20 10 O PPM(8)
PMR SPECTRUM OF METHYL I_S(+)(£ 2.2—DIMETHYL-3-(2§-STYRYL)

CYCLOPROPANECARBOXYLATE 0.

79



150

L2 |
4ooo3qoo zqoo 1590 CM IOPO 900 e?o 700
1 1 1

100F — .

@
o

[
(o]

8

TRANSMITTANCE (%)

N
o

ol ! ] ! ! ! | ! 1 1 ! 1
3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH (MICRONS)

500 400 300 200 100 OHz
T T T T

M

1 1 1 1 1
N T T T T T T Y T W T T VT T N A TR [ N [ T W N - -

80 7-0 60 50 4:0 3-0 20 1-0 O PPM(8)

L

IR & PMR OF &-LACTONE OF 1S-CIS-2,2-DIMETHYL-3-
(2-HYDROXY —2- PHENYLETHYL) CYCLOPROPANECARBOXYLIC

ACID 11



181

4000 3000 2000 1500 cm! 1000 900 800 700
1 1 1 1 1 1 1 1 1 1 1
100 3
~ 801 -]
b
w
2
60
= ]
=
2
Z 40 —
<
x
-
20} -
0 1 1 1 1 1 1 1 1 | 1 1 1
3 4 5 6 7 8 9 10 n 12 13 14 15

WAVELENGTH (MICRONS)

_}_?_Q 200 100 O Hx
T T T
> H
1 1
l.1....-~l...1....:..,.n...l.ll.,‘l....l.A..n
8:0 7-0 6-0 50 40 30 2:0 1-0 O PPM(8)

IR & PMR OF METHYL IR-TRANS-2,2DIMETHYL-3-(2-HYDROXY-2-
PHENYLETHYL) CYCLOPROPANECARBOXYLATE 12.



MICRONS
3 4
25 1 ? 3 6 7
100

80} Nq

-
£ 60} 4
z
o
(%]
i
x
z
Z 4ot 4
[+ 4
-
20 4

0 1 L . 1 L 1 1 1 1
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800
WAVENUMBER (CM™")

500 400 300 200 100 OHz
T T T T T T
—H—
"
1 1 1 1 1 1
I " 1 1 1 y = 1 i 1 1 J—
80 70 60 5-0 40 30 2-0 1-0 O PPM(8)

IR & PMR OF METHYL IR-TRANS-2,2-DIMETHYL-3-(2-0X0-2- PHEN-
YLETHYL) CYCLOPROPANECARBOXYLATE 13.



N Led
4000 3000 2000 1500 cm-! 1000 900 800 700 ]ﬁ«)
1 | | P | 1 1 1 1 1 1
100 =
= 80} i
>
Y
Z
2 eof- 4
s
i
Z aof -
@
-
201 _
0 1 1 | 1 A 1 1 1 1 1 1 1
3 3 5 6 7 8 3 10 i 12 13 14 15
WAVELENGTH (MICRONS)
A
250 O Hz
T T
- H—
ﬂf—/_
i
! ] 1 1 1 1 1 1 1 A 1 1
10-0 9-0 80 7-0 6-0 50 4-0 3-0 20 1-0 O PPM(8)

IR & PMR SPECTRUM OF 3-PHENOXYBENZYL 1R (+) TRANS-2,2-

DIME THYL-3-(2-CHLORO-2 PHENYLVINYL) CYCLOPROPANECARBOXYLATE
16



4000 30|OO

1500 -t 1
o ClM ) oloo 9<l)o 800

100

@
o
T

TRANSMITTANCE (%)

N
)
T

[
O
T

»
o
I

—

| 1 | 1 1 1

750

7 8 9 10 n 12
WAVELENGTH (MICRONS)

O Hz

500 2350
1

T
>— H-=

b L

e 1
10 0 PPM(8)

M

6-0 5-0 40 3-0 20

IR 8& PMR SPECTRUM OF METHYL IR(+)-TRANS-2,2 DIMETHYL-3-

(2E-STYRYL) CYCLOPROPANECARBOXYLATE 17



189

‘81 3LV IAX08YVIINVIOHdOTOAD (TAHALS-32)-€-

TAHL3WIQ-2°2 SNVHL (+)-dl TAZNIBAXONIHd-€ 40 WNYLO3dS dWd

(8) Ndd O (e} 0-2 0-€ o-v 0-S 0-9 0-L 0-8 0-6 0-0L
T T T T T T T T I T T

ZH O 0s2 0sL




CHAPTER-V

TRANSFORMATIONS OF (+)-3-CARENE
INTERMEDIATES

PART-A
BASE-CATALYSED
REARRANGEMENTS
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SUMMARY

The trans caranediol 2 obtainable from (%)-3-carene 1,
on oxidation with sodium meta periodate, gave the keto
aldehyde 3 which, on treatment with piperidine and acetic
acid in dry benzene, afforded the aldehyde 4. Potassium
permanganate oxidation of aldehyde 4 gave the keto acid 2
(R=H), which on esterification with ethereal solution of
diazomethane afforded the keto ester 3 (R:CH3).

Wittig reaction on keto ester 5 (R:CH3) using methylene-
triphenylphosphorane, gave instead of the normal expected
product (6), the acyclic diene ester 8. Keto ester 5
(R:CH3) on treatment with potassium t-butoxide at 0° under-
went base catalysed retro-Michael type rearrangement to
afford the acyclic «,B-unsaturated keto ester 9. This on
Wittig reaction with methylenetriphenylphosphorane gave the
expected diene ester 8.

Similar results were obtained when the keto ester 10
was subjected to Wittig reaction using methylenetriphenyl-
phosphorane reagent to give diene ester 11 via the acyclic
«,B-unsaturated keto ester 13.

An attempt to epimerise the 1S cis keto ester 10 to
the corresponding 1R trans isomer by sodium methoxide
resulted in the formation of conjugated diketone 14. The
formation of conjugated diketone 14 has been eXpiained by

the initial base-catalysed retro-Michael type rearrangement
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of 10 to the corresponding acyclic«,funsaturated ester 13.
The keto ester 13 in the presence of methoxide ion
undergoes combined Michael and inte rnal Claisen
condensation to give conjugated diketone 14. Similar

results were obtazined on the keto ester 3 (R:CH3).
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INTRODUCTTION

As already mentioned in Chapter III of the thesis,
there are several amhroachesl'2 for the synthesis of IR(%)
trans-chrysanthemic acid, which is a component of natural
insecticides3

However, not much attention was given for the
conversion of (#)-3-carene 1 into 1R(%)-cis-chrysanthemic
acid 6 (R=H). There are only few references availeble
in the literature®=® for the conversion of (¥)-3-carene 1
into 1R (%) cis-chrysanthemic acid 6 (R=H). Matsui et al.?
synthesised selectively, the 1R(%*)-cis-chrysanthemic acid
6 (R=H) from (#)-3-carene 1. Recently, in our laboratory,

5,6

Mane et al. , synthesised, selectively, the 1R(%)-gis-

chrysanthemic acid from (+)-3-carene 1.

Recently, it has been reported7'9

that esters of
1R(+)-cis-chrysanthemic acid with the alcohols like
3-phenoxybenzyl alcohcl, 3-thiophenoxybenzyl alcohol and
3-benzylbenzyl alcohol possess inseecticidal activity.
This hes prompted us to develop other synthetic routes for
1R(#+)-cis-chrysanthemic acid and its analogues starting
from (#)-3-carene 1.

Methyl 1R-gjs-2,2-dimethyl-3-(2-oxopropyl)cyclopropane-
carboxylate 5 (R=CH3) can be obtained from (#)-3-carene 1
by various methods 10-12 Recently, the keto ester 5

(R=CH;) has been employed for the synthesis of some new
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pyrethroids like 3-phenoxybenzyl 1R ¢is-2,2-dimethyl-3-

13 viz.

(2-chloroprop-l-enmyl) cyclopropanecarboxylate
"Indothrin"® in our laboratory. So, it was of interest
to try the synthesis of 1R(+)gis-chrysenthemic acid §(R=H)
from this intermediate keto ester 5 (R:CH3).

For this purpose, Wittig reaction was considered as
an ideal reaction on the keto ester 5 (R:CHE), which could
give the double bond isomer 7 of 1R(+) cis-chrysanthemic

acid. From the double bond isomer 7, the 1R(+) cis-

L
chrysanthemate 6 (R:CH3) could be obtained by the
isomerisation of the double bond by the method already
reported in the literaturel?,

With this object in view, the keto ester 5 (R=CH,)
and its analogues were subjected to Wittig reaction using
methylenetriphenylphosrhorane. But instead of the desired
product 7, reaction led to the formation of conjugated
diene ester 8, in which cyclopropane ring was cleaved.

In a recent communicationls, Julia et al. have
converted the diene ester 8 into trans-chrysanthemate, by
hydrogen chloride addition followed by cyclization with

potassium t-butoxide shown in Scheme I, Chart II,
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(6) R=H or CHy

7 10

. "8 R=CHjy; R'=CH,; R = CH,

4 2 9 R=CHy; R =0 ;R =CHj

1 R=—© ,R = CH,; R = CHj
12 R-—@ ;R'=CH,; R"= C(CHy)y
) 13 Rs—-@ .R'=0 ;R"=CH,

Ph




CHART I 191

|
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The treatment of (+)-3-carene 1, with performic acid
gave the known 3p,4« ~caranediol 2 in 5% yield;
m.p.82-83%(pet.cther), which on cleavage with sodium meta
periodate afforded 2,2-dimethyl-3-(2-oxopronyl)cyclopropane

cis-l-acetaldehyde 3, in 82% yield, b.p.85-87°/1.5 mm.

Aldol cyclisation of 3, using piperidine and acetic acid
in cetalytic amount gave 2-formyl-3,6,6-trimethylbicyclo
(3,1,0) hex-2-ene 4 as the major product (50%) which was
separated from the other high boiling fractions, by
fractional distillation. Aldehyde 4, b.p.49-55°/0.5 mm:
single spot in TLC showed IR bands at 2778 (-CHO), 1667,
1618 (conjugated aldehyde ,C=0) and PMR signals at 0.68,
1.06 (3H each, s each, gem-dimethyl on cyclopropane), 1.20
(1H, m, cyclopropane proton at Cg), 2.03 (4H, multiplet
overlapping a singlet, vinyl methyl and allylic cyclo-
propane proton at Cl)’ 2.50 (2H, m, methylene protons at
C,) and 9.83 (1H, s, aidehyde proton).

Oxidation of the aldehyde 4 with potassium
permariganate in acetone-acetic acid-water mixture gave the
keto acid 5 (R=H), in the acidic part. The keto acid 5
(R=H) was converted into its methyl ester 5 (R=CH3),
C10H1603 m* 184,65)58 - 36.7° (g, 4.6), using an ethereal
solution of diazome thane. It was identified on the basis
of spectral data. It showed IR bands at 1736, 1176 (3C=0)
and PMR signals at 1.08, 1.19 (3H each, s each, gem-
dimethyl on cyclopropane), 1.45 (2H, m, cyclopropane
protons at C, and C;), 2.03 (3H, g, -OOCHS), 2.73 (2H, 4,
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J = 6 Hz, methylene protons), and 3.53 (3H, s, ester methyl).
Methyl 1R cis-2,2-dimethyl-3-(2-oxopropyl)cyclo-
propanecarboxylate QGhJH3)is an important intermediate
in the synthesis of some active insecticidel esters of the
pyrethroid groups, like Tndothrirmtind other related
compounds. With the object of converting keto estr 5
(R:CH3) into methyl 1R(#%) cis-chrysanthemate 6 (R:CHg) via
the double bond isomer(Z7) it was subjected to Wittig
reaction using methylenetriphenylphosphorane. generated
from triphenylmethylphosphonium iodide and potassium
tertiary butoxide. Inste ad of getting the desired estexq A,
this reaction led to the formation of an isomeric ester,
cllH1802’ m* 182, which was assigned structure 8 on the
basis of spectral properties. It showed IR band at 1730
(ester ~C=0), 1610 ( =), 1642, 883 (C=CH,), 964 (trans
disubstituted double bond) and PMR signals at 1.15 (6H, g,
gem-dimethyl at C3), 1.78 (3H, s, vinyl methyl at Cg)
.23 (2H, s, -GH, protons adjacent to —OOOCHs), 3.55 (3H, s,
ester methyl), 4.80 (2H, m,::C=CH2) and a pair of doublets
at 5.43, 6.03 (1H cach, J = 16 Hz cach, conjugated olefinic
protons at C, and C5); Wx

. 234 nm, e 24,270, All

a ma
the above physical properties were in good agreement with

reported data in the literaturels.
- The formation of diene ester 8 from keto ester 5

(R=CH;) can be explained by its initial base catalysed
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retro.Michael tyre rearrangement to give unsaturated keto
ester 9, which then undergoes Wittig reaction to give
ultimately diene ester 8. This fact was verified by
treating keto ester 5_(P=CH3) with potassium t-butoxide at
Oo, when it was smcothly converted in almost quantitative
yield into 9, ClOHléoa’ m* 184, characterised by spectral
data. It showed IR bands at 1736 (ester.C=0), 1672
(conjugated_:C=O), 1626 (conjugated C=C), 984 (trans
disubstituted double bond) and PMR signals at 1.23 (6H, s,
gem-dimethyl at C5), 2.21 (3H, s, -OOCH,;), 2.38 (2H, s,
methylene protons adjacent to ester function), 3.70 (3H, s
ester methyl) and a pair of doublets centred at 5.96, 6.88
(1H each, J = 16 Hz each, conjugated olefinic protons at

C, and CS);[ﬂ/anx 227 nm 10,700. It gave a solid

’ €max

ARO
16H500N,, mep. 140°.

Wittig reaction on conjugatecd keto ester 9 using

2 ,4-DNP derivative, C

methylenetriphenylphosphorane gave as predicted the diene
ester 8, identified by comparative spectral data with
those of authentic sample. However, it was not possible
to get the normal Wittig product 7, even when lesser
quantity of potassium t-butoxide was used. In this case
also, the product was diene ester 8 along with the
unchanged keto ester 5 (R:CH3).

Similar rearrangement was also gbserved when keto
ester 10(for preparation please refer to Chapter IV of

the thesis) was subjected to Wittig reaction using methylene-



triphenylphosphorane . In this cese also diene ester 11,

Gy gHogOs s M* 244 was isolated as the major product of
reaction (80%). It showecd IR bands at 1736 (ester::C=O),
1645, 893 (TC=CH,), 974 (irens disubstituted double bond),
1600, 775, 704 (aromatic) and PMR spectrum showed signals

at 1.16 (6H, s, gem—dimethyl at 03), 2.3 (2H, s, methylene
protons adjacent to ester group), 3.56 (3H, s, ester methyl),
5.10 (2H, m, ::C:CH2 protons), a pair of doublets at 5.60,
6.20 (1H each, J = 16 Hz cach, conjugated clefinic protons

at C, and C5) and 7.23 (5H, s, aromatic protons);

kamax 227 nm 15,130.

' £max
The minor product of the Wittig reaction was

identified as the t-butyl ester 12, C 6005 M* 286. It

192
showed TR bands at 1721 (ester >C=0), 1639, 889 ( C=CH,),
971 (trans disubstituted double bond), 1590, 771, 703
(aromatic) and PMR signals at 1.13 (6H, s, gem-dimethyl at
Cy), 1.33 (9H, 5, methyls of t-butyl), 2.13 (2H, s,

methylene protons adjacent to estcr function), 5.03 (2H, m,

=CH, protons), a pair of doublets 5.53, 6.10 (1H each,

IS\ _/

= 16 Hz each, conjug~ated olefinic protons at C, and CS)

4

and 7.10 (5H, g, aromatic protons). The formation of

t-butyl diene ester 12 could be explained from diene ester

1l by transesterificetion catalysed by potassium t-butoxide.
The formation of diene ester 1l can similarly be

exprlained from keto ester 10, via its initial base

catalysed rearrangement to give keto ester 13, which then
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undergocs Wittig reaction to afford diene ester 1l.
The above assumptilon was further proved by the
rcaction of keto ester 1Q with notassium t-butoxide at 0°.
In this reaction the rearrangerd ester 13, 615H18O3’
MY 246 was isolated as the major product. It showed IR
bends at 1736 (ester ~C=0), 1670 (conjugated ~C=0), 1620
(conjugated}C:Q), 1600, 1580, 780, 700 (arometic) and
PMR signals at 1.20 (éH, s, gem-dimethyl at Cj), 2.30 (2H,
s, methylene protons adjacent to ester function), 3.50
(3H, s, ester methyl), 2 pair of doublets 6.46, 6.76 (1H
each, J = 16 Hz each, conjugated olefinic protons at C,
and Cg) and 7.20, 7.66 (SH, m, aromatic protons); UV A

ax

257 nm 22,550, The keto ester 13 gave a solid

’ €max
2,4-DNP derivative G, Hy,OpN,, m.p.181°.

Further, Wittig reaction on keto ester 13 using
methylenetriphenylphosphorane, gave as expected the diene
ester 11, identified by spectral cata (IR, PMR, UV and mass)
and comparative TLC with authentic sample. .

Attemptslé

to epimerise the 1S cis keto ester 10

to the corresponcding 1R trans isomer by treatment with
sodium methoxide in methanol under refluxing conditions,
gave a conjugated diketone, C14H14O2, M* 214. It was
identified as 14 by spectral data. It showed IR bands at
1720 (clepentenone;:Czo), 1665 (cross conjugated dienone),

1610 (conjugated C=C), 1410 GCHQ—ﬁ- ) and it showed FMR
o}
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signals at 1.33 (6H, s, gem-dimethyl at C,), 2.33 (2H, g,
methylene protons « to >C=0), 7.50 (1H, s, doubly
conjugated olcfinic proton at C;) and 7.30, 7.60 (SH, m,
aromatic protons).

The structure of diketone 14 wes further confirmed by

13 13

C*” NMR spectrum. The G~ NMR (CDCl,) spectrum of
dikctone 14 showed chemical shifts a2t § ppm) with
multiplicities (from TMS internal standard) as followw:
Cy(g), 204; Cgls), 191; Cq (d, B to both the carbonyls),
175.7; Cy(g), 141.8; Gy(s), 136.9; Cy, (g), 133.8;
Cy1:Cy5(d), 128.3; Gy, C;,(d), 128.6; Cs(1), 51.01;
C,(s), 39.78 and C¢ and C, (g), 27.82.

The diketone 14 gave a mono2,4-DNP derivetive,
CooHyg0sN,, m.p.197-98°, the IR spectrum of which showed
strong ebsorption at 1720 indicating that cyclopentene
;C=O docs not form the derivative.

The above rearrangement was also observed in the case
of 1R cis keto ester 5 (R:CH3), when treated with sodium
methoxide under similar conditions. It gave as the major
procduct, liquid diketone 15, 09H1202, M* 152. It showed
IR bands at 1724 (cyclopentenone::C=O), 1695 (conjugated
~C=0 of -00CH,), 1613 (-CH=G{ doubly conjugated to
carbonyls), 1408 ('ﬁ'CHZ') and PMR signals at 1.30 (6H, s,
gem-dimethyl at C4)? 2.33 (5H, s, -COCH, and -0OCH,) and
7.96 (1H, s, doubly conjugated olefinic proton at C3).
Unlike the diketone 14, the diketone 15 gave a 2,4-DNP
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derivative G, H, OgNg m.p.255°, in which both the
carbonyls have form d the derivative (absence of 1720 cm™+
peak in the IR spectrum). This cbservation clearly
indicates that phenyl grour in diketone 14 is obstructing
the attack of reagent on cyc10pentenone::C=O)-

The probable mechanism of formation of the diketone
44 from keto ester 10 by sodium methoxide in methanol is
shown in Scheme II, Chart II. The anion formed from keto
ester 10 by the action cof base rearranges to the
conjugated keto ester (13a). A similer type of base
catalysed rearrangement has been observedl7 in the case of
ketc acid 5 (R=H) during its esterification with 3-phenoxy-
benzyl triethyl ammonium bromide, uncer alkaline conditions
to give the rearranged conjugated keto ester (16). Keto
ester (13a) with methoxide ion undergc~s a2 combined Michael
and internal Claisen concdensation to give the methoxy
B-diketone (14a2). Loss of methanol from (1l4a) furnishes
diketcne 1l4. A similar mechanism operates in the
case of keto ester 5 (R:CH3) to give diketone 15.

The validity of the above assumption was further
proved by treating &,f- unsaturated keto ester 13 with
sodium methoxide under reflux when diketone 14 was isolated
as the only product. It was characterised by physical
constants, specteal datz (IR, PMR) and alsc by m.m.p. of
the 2,4-DNP derivative.
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Similarly keto ester 9 con trectment with scodium
methoxicde in methencl under reflux gave diketone 15,
characterised by spectral data (IR, NMR) and m.m.p. of
2,4-DNP derivative. These observations proved that the
cenjugated keto esters 12 and 9 are the intermediates in
the formation of diketcones 14 and 15 respectively from

the corresponding keto esters 1Q and 5 (R:CH3).
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EXPERIMENTAL

2-Formyl-3,6,6-trimethyl-bicyclo(3.1.0)-hex-2-ene 4

A solution of keto aldehyde 3 (50 g, 0.3 mol) in dry
benzene (300 ml) containing piperidine (3 ml) and acetic
acid (3 ml),was refluxed for 4 hr, using & Dcan-Stark unit
for removal of water. The reaction mixture was cooled and
washed with dilute hydrochloric acid, dilute sclution cof
sodium cerbonate, water and dried. Removal of benzenc
gave 2 residue (45 g) which was fractionally distillec.

The first fraction boiling between 49-557/5 mm,(22.3 g) w--

found to be TLC pure compound ﬁ;(«)g5 -134° (¢, 1.9);

(Found: C, 79.69; H, 9.14; ClOHlﬂO requires C, 79.95;
H, 9.39%).
IR bands at: 2985, 2778, 1667, 1618, 449, 1414, 1370,

1351, 1235, 1176, 859 and 797 cm L.
The higher boiling fraction was not characterised.

Methyl 1R cis-2,2-dimethyl-3-(2-oxopropyl)cyclopropane-

carboxylate 5 (R:CH3)

To a solution of aldehyde 4 (11.2 g, 0.075 mol) in
acetone (125 ml), water (15 ml) and acetic acid (10 ml),
powdered potassium permanganate (17.7 g, 0.1l mol) was
added portion wise under stirring during 4+ hr maintaining
the temperature 25 to 30°. Stirring was continued furthcr

for 1.5 hr at room temperature. It was then treated
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simultanecusly with sodium nitrite ancd dilute sulphuric
acid, till all the manganese dioxide dissclved and a

clear solution obtoined. It was diluted with water

(100 ml) and extracted with ethcr (100 ml x 3). The
combined e ther layer was washed with water (75 ml x 2) end
extrocted with 10% aquccus sodium carbenste solution

(50 ml x 2). The carbonate layer was acidified with
dilute hydrochleric acicd and extractec with chloroform

(75 ml x 3). The chloroform layer was washed with water
(50 ml x 2), cdried and distilled to give the kete acid 3
(R=H). The keto acid 5 (R=H) was esterified with an
ethereal solution of diazemethane to give the kete ester 2

(ReCH,, 6.2 g,45%); b.p.105-110"/5 mm, ()2® -36.7°

3
(c, 4.6). (Found: C, 65.37; H, 8.92; C10H1603 requires
C, 65.19; H, 8.75%).

IR bands at: 3030, 1736, 1439, 1355, 1325, 1176, 1087,
1029, 926 and 855 e L.

Methyl 3.3.6-trimethylhepta-4,6-dienoate 8 from keto ester

5 ( R:CH3 )

To an ethereal sclution of methylenetriphenylphosphor-
ane, prepared from triphenylmethylphosphonium iodice (9.0 g,
22 mmol) and potassium t-butoxide (2.6 g, 23 mmol), a
solution of keto ester 5 (R:CH3, 2.7 g, 15 mmol) in dry
ether (50 ml) was added dropwise during 4 hr with stirring
under nitrecgen etmosphere. The reaction mixture was

refluxed for 3 hr, filtered and the residue washed
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repeatedly with ether.  The combined filtrate was washed
with water (50 ml x 2), dried ancd evaporaeted to give e
liquid residue (3 g). It was distilled to furnish TLC

pure diene ester 8 (2.1 g, 80%); b.p.130-20°/12 mm;

(Found: C, 72.44; H, 9.89; C, H 0, requires G, 72.49;
H, 9.96%).
IR bands at: 3003, 1730, 1642, 1610, 1429, 1333, 1248,

1192, 1156, 1117, 1015, 964 and 883 om ‘.

The above procedure when repeated using lesser
quantity of t-BuOK (0.9 g, 8 mmol) afferded diene ester 8
aleng with unchanged keto ester 3 (R=CH3)' These esters
were separated by chromatography over silica gel, eluting
the column with pet.ether + 10% benzene, pet.ether + benzene
(1:1) and benzene. The fractions eluted with pet.ether
+ 10% benzene gave TLC pure diene ester 8 and the fractions
eluted with benzene gave TLC purc ketc ester 5 (R=CH,)
identified by spectral data (IR, PMR).

Methyl-3,3-cimethyl 6- oxohepta-4-encate 9 from keto ester

5 (R=CHj,)

To an ice cocled scluticn of keto ester 5 (2.7 g,
15 mmol) in dry ether (50 ml) was added potassium
t-butoxide (0.84 g, 7.5 mmol) in dry tertiary butanol
(40 ml), dropwise with stirring under nitrogen atmosrhere.
The reaction mixture was stirred for 2 hr, diluted with
water (100 ml), cooled to 07 and acidified with dilute

hycdrochloric acid te pH 4 The ether layer was separated
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and the aquecus layer extracted with cther (50 ml x 3).

The combinecd ether layer was washed with water (50 ml x 2),
driecd and evaporated to give 2 liquid keto ester 9

(2 g, 74%). It was further purified by chromatography
over silica gel (20 g) and fracticns eluted with

pet.ether + benzene (1:1) ancd benzene gave TLC pure liquid
keto ester 9; b.p.135-40"/13 mm; (Found: C, 65.43;

H, 8.76; C;gH,¢05 requires C, 65.19; H, 8.75%).

IR bands at: 3012, 1736, 1672, 1626, 1453, 1429,
1

1351, 1250, 1198, 1156, 984 and 922 cm~

It géve 2,4-DNP derivative, m.p.ldoO (Found: C, 52.49;
H, 5.28; N, 15.53; C
N, 15.38%).

16H2006N4 requires C, 52.74; H, 5.53;

IR bands at: 2976, 1733 , 1616, 1590, 1515, 1460, 1418,

1370, 1325, 1149, 1093, 1015, 917, 833 and 746 cm 1.

Methyl-3,3,6-trimcthylhepta-4,6-dienoate 8 from %, _

uns aturated keto ester 9

To an ethereal sclution of methylenetriphenyl-
phosphorane, prepared from triphenylmethylphosph®Onium
iodicde (3.06 g, 7.5 mmol) and potassium t-butoxide (0.84 g,
7.5 mmol), a sclution of «,B-unsaturated keto ester 9
(0.92 g, 5 mmol) in dry ether was added dropwise during
3C minutes with stirring under nitrogen atmesphere. The
reaction mixture was refluxed for 2.5 hr, filtered and the

residue repeatedly washed with ether. The combined filtrate



was washed with waoter (30 ml x 2), dried and eVaporated
te give a liquid residue, which was cdistilled to give TLC
pure diene cster 9 (0.72, 76%), icdentified by comparative

with
spectral dataz [/ the cne cbtained above.

Methyl-3,3-cdimethyl 6-vhenylhenta-4,6-cienc-te 11 from

kete ester 10

To an ethereal sclution of methylenetriphenyl-

phosphorane, preprared from triphenylmethylphosphonium
iodicde (5.3 g, 13 mmol) and t-BuOK (1.5 g, 1.3 mmol), a
solution of 10 (2.46 g, 10 mmel) in dry ether (50 ml) was
added dropwise during 4 hr with stirring under nitrcgen
atmosphere. The reaction mixture was refluxed for 3 hr,
filtered and the resicdue washed with ether. The ccmbined
filtrate was washed with water (50 ml x 2), cried and
evaporated to give a liquid mixture (4 g). It was
distilled to give (1.8 g, 74%), b.p.130-40°/0.3 mm;

(TLC on Si0, + 10% AgNO, in 30% pct.ether in benzene; two
spots). These were separated by chromatography over silica
gel impregnzted with 10% silver nitrate (20 g) and eluted
With pet.ether, pet.ether + 10% benzene and pet.ether + 20%
benzene. The fractions eluted with pret.ether + 10% benzene
gave TLC pure cdiene ester 12 (0.3 g) (Found: C, 79.95;

H, 9.20; CygH,,0, requires C, 79.68; H, 9.15%).

IR bands at: 3012, 1721, 1639, 1590, 1493, 1429, 1385,
1361, 1242, 1156, 971, 889, 840, 771, and 703 cm™1.



The fracticns eluted with 20% benzene in pet.ether
gave TLC pure dienc ester 11 (1.2 g); (Found: C, 78.51;
H, 8.07; C¢H,40, requires C, 78.65; H, 8.25%) .
IR bands at: 3021, 1736, 1645, 160Q, 1495, 1439, 1332,

1124, 1026, 974, 893, 775 and Z04_cm L.

Methyl 3,3-dimethyl 6-phenyl-6-oxo-henta-4-enoate 13

from keto ester 10

To an ice cooled solution of keto ester 10 (1.2 g;
5 mmol) in dry ether (50 ml),was added t-BuOK (0.28 g,
2.5 mmol) in dry t-butanol (25 ml), drorwise with
stirring under nitrogen atmosphere. The reaction mixture
was stirred for 2 hr, diluted with water (50 ml), cooled
to 0° and acidifiedwthdilute hydrochloric acid to pH 4.
Ether layer was separated and aqueous layer extracted with
ether (50 ml x 2). The combined ether layer was washed
with water (40 ml x 2), dried and evaporated to give a
liquid (0.9 g, 75%). It was further purified by
chromatography over silica gel (10 g) and fractions eluted
with pet.ether + benzene (1:1) gave TLC pure liquid ester
13, b.p.140-50°/0.5 mm; (Found: C, 72.82; H, 7.39;
C15H1803 requires C, 73.14; H, 7.37%).
IR bands at: 2980, 1736, 1670, 1650, 1620, 1600, 1580,
1450, 1332, 1310, 1225, 1130, 780 and 700 cm 1.

It gave 2,4-DNP derivative, m.p.181°; (Found:
C, 59.56; H, 5.31; N, 13.15; G, H,,0(N, requires C, 59.15;
H, 5.20; N, 13.14%).



IR bands at: 3012, 1742, 1621, 1595, 1471, 1333, 1307,

1212, 1136, 1111, 769 and 742 cm L.

Methyl-3,3-dimethyl,6-phenyl-hepta 4,6-diencate 11 from 13

To an ethereal solution of methylenetriphenyl-
phosphorane, prepared from triphenylmethylphosphonium
jodide (1.3 g, 2.2 mmol) and t-BuOK (0.36 g, 3.2 mmol), a
solution of keto ester 13 (0.6 g, 2.5 mmol) in dry ether
(30 ml) was added dropwise during 4 hr with stirring
under nitrogen atmosphere. The reaction mixture was
refluxed for 2.5 hr, filtered and the residue repeatedly
washed with ether. The combined filtrate was washed with
water (40 ml x 2), dried and evaporated to give a liquid
residue (1.5 g) which was distilled to give TLC pure diene ¢
ester 11 (0.45 g, 75%). All the spectral properties were
identieal with one obtained above.

2-Benzoyl-4,4-dimethyl-cyclopent-2-ene-1-one 14 from

keto ester 1O

Sodium methoxide was prepared by dissolving sodium
(1 9) in dry methanol (50 ml). Keto ester 10 (2.5 g) was
added to the sodium methoxide solution and refluxed on a
water bath for 6 hr. Methanol wes removed under suction,
residue diluted with water (100 ml) and acidified with
dilute hydrochloric acid to pH 4 and extracted with
chloroform (50 ml x 3). The chloroform layer was washed

with water (50 ml x 2), dried and evaporated to furnish
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crude diketone 14. It was purified by chromatography

over silica gel (25 g). The fractions eluted with pet.
cther + benzene (1:1) end benzene gave TLC pure diketone 14
as a colourless liquid (2 g, 90%); (Found: C, 78.25;

H, 6.65; C;,H;,0, requires C, 78.58; H, 6.59%) .

IR bands at: 3030, 1720, 1665, 1610, 1587, 1449, 1410, 1316,

123, 1176, 1070, 1020, 893 and 855 cm .

It gave a mono 2,4-DNP derivative, m.p.197-198°%;

(Found: C, 60.72; H, 4.75; N, 13.98; C,.H, 0N, requires

C, 60.91; H, 4.57; N, 14.21%).
IR bands at: 3030, 1721, 1626, 16Q0, 1515, 1468, 1333,

1302, 1220, 1136, 831, 775 and 741 crmi ',

2-Acetyl-4,4-dimethyl cyclopent-2-ene-l-one 15 from keto

ester >

Keto ester 5 (1 g) was added to sodium methoxice
solution prepared by dissolving sodium (1 g) in dry
methanol (50 ml). It was refluxed on a water bath for 6 hr,
and worked-up as described above. The crude diketone 15
(0.8 g) was purified by chromatography over silica gel
(10 g9). The fractions eluted with pet.ether % benzene
(1:1) and benzene gave TLC pure diketone 15 (0.6 g, 60%) as
a liguid; b.p.110-120°/2 mm; (Found: C, 71.28; H, 8.07;
CgHyp0, requires C, 71.02; H, 7.95%) .
IR bands at: 3030, 1724, 1695, 1613, 1471, 1408, 1370,
1299, 1186, 1093, 1020, 922 and 820 cm 1,
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It gave a bis 2,4-DNP derivative., m.r.255%;
(Found: C, 49.45; H, 4.12; N, 17.20; C21H2008N8 requires
C, 49.21; H, 3.91; N, 17.50%).

IR bands at: 2985, 1618, 1590, 1515, 1460, 1408, 1374,
1333, 1207, 1266, 1131, 833 and 741 cm L.

2-Benzoyl-4,4-dimethyl-cyclorent-2-cne-l-one 14 from

<, —unsaturated keto ester 13

Keto ester 13 (0.6 g) was added to sodium methoxide
solution, prepared by dissolving sodium (0.5 g) in dry
methanol (40 ml). It was refluxed on a water-bath for 5 hr
and worked-up as described earlier. The crude diketone 14
(0.5 g) was purified by chromatography over silica gel (6 g).
The fractions eluted with pet.ether + benzene (1:2) and
benzene gave TLC pure diketone 14 (0.4 g, 80%) as a
colourless liquid, b.p.145-50"/8 mm.

The diketone 14 was characterised by comparative

spectral data and 2,4-DNP derivetive, C20H1805N4, m.p. and

MeflyPe 197-987.

2-hcetyl- 4.4-dimethyl-cyclopent—2-ene-l-one 15 from

%y —unsaturated keto ester 9

The keto ester 9 (0.9 g) was added to sodium methoxide
solution prepared by disselving sodium (1 g) in dry methanol
(50 ml). It was refluxed on a water bath for 6 hr. It
was worked-up and purified as previously described to give

diketone 15 (0.5 g, 67%). All the spectral properties were
identical with one obtained from keto ester 5. It gave a bis
2,4-DHP derivative, m.p. and m.m.p.255°
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CHAPTER -V

PART — B

ACID - CATALYSED
REARRANGEMENTS




SUMMARY

The trans caranediol 2, obtzinable from (+)-3-
carene 1, on Jones chromic acid oxidation gave the keto
acid 3 (R=H) which on esterification (MeOH/H+) afforded
the keto ester 3 (R:CH3). Treatment of the keto ester 3
(R=CHy) with phosphoric 2cid gave the (+) homoterpenyl
methyl ketone 4. Bromination of keto ester 3 (R:CH3) in
presence of sodium acetate afforded 2,4-dimethylphenyl-
acetate ll}(R:CH3) as one of the products. Treatment of
keto acid 3 (R=H) and keto lactone 4 with bromine and
hydrochloric acid gave 2,4-dimethylphenylacetic acid 10
(R=H). Keto ester 12 when heated with phosphoric acid
for 2 short period gave the conjugated keto ester 13.
However, the keto este1 12 on prolong heating with excess
of phosphoric acid gave butyrd lactone 14 (R:CH3).
Conjugated keto ester 13 on further +trecatment with
phosphoric acid gave butyroTlactone 14 (R:CH3). Similarly,
keto ester 15 on treatment with phosphoric acid afforded

butyrClactone 16 (R=Ph).
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INTRODUCTTION

Gibson and Simonsenl reported that oxidation of
(+#)-3-carene 1 by Beckmenns chromic acid mixture,
afforded 2s cne of the products, (+)-homoterpenyl methyl
ketone 4. The formation of 4 was explained by them, on
the basis of the initial oxidation of (%)-3-caorene 1 to
keto acid 3 (R=H), which under the acidic conditions of the
reaction rearranged to 4. However, the isclation of
keto acid 3 (R=H) was not reported by them.

Later, (-) homoterpenyl methyl ketone (5) has been
reported2 to be formed from (+peterpineol (6) by potascium
permanganate oxidation. Recently3 (-)-homoterpenyl
methyl ketone (5) has been utilized for the synthesis of
trans-chrysanthemic acid.

Owen and Simonsenﬁ, reported that (+) 2,2-dimethyl-3-
(3-oxobutyl)cycloproranecarboxylic acid (7) obtainable
from (+)-2-carene (8) (referred to as e by the authors)
gave (#)-homoterrenyl methyl ketone (4) on heating
with mineral acids. The seme keto lactone (4) was later
reported to be obtained by heating pinonic acid® (9) with
mineral and organic acids as shown in Scheme T, Chart II.

Barbier et al1.% found that pinonic acid (9) on
treatment with bromine gave 2,4- dimethylphenylacetic acid
10 (R=H). Later on, Herispe  incressed the yield of

2,4-dimethylphenylacetic acid 10 (R=H) by reacting pinenic
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acid with bromine in presence of concentrated hydrochloric
acid. Further Arcus et 81.8 suggested a mechanism for
the rearrangement of pinonic acid (Q) to 2,4-cimethyl-
phenylacetic acid 10 (R=H) which is shown in Scheme II,
Chart II. They have suggested that rinonic acid is
initially converted by acid-catalysed rearrangement to
homoterpenyl methyl ketone (4), which after bromination
gives a bromo homoterpenyl methyl ketone. The latter was
then converted to 2,4-dimethylphenylacetic acicd 10
(R=H). However, Toshi et al.9 suggested that the rete of
formation of bromo homoterpenyl methyl ketone is too slow
for it to be a possible intermediate in the formation of
2,4-cdimethylphenylacetic acid 10 (R=H). They suggested a
somewhat different mechanism for the formation of 2,4-dimethyl-
phenylacetic acid 10 (R=H), which is shown in Scheme III,
Chart II.

We have now observed that 2,2-dimethyl-3-(2-oxopropyl)-
cis-cyclopropane—Il-acetic acid 3 (R=H) or its methyl

10 3 (R:CHQ) obtainable from (+)-3-carene 1, on

ester
heating with phosphoric acid gave (+#)-homoterpenyl methyl
ketone 4.  This obser\dtlon confirms the assumption of
Gibson and Simonsenl, that ketn acid 3 (R=H) is an
intermediate in the formation of (+)-homoterpenyl methyl
ketone 4 from (+)-3-carene 1. We have also observed thot

keto ester 3 (R:CH3), when brominated under mild

conditions in presence of sodium acetate in carbontetra-
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chlorice, afforded as one of the procucts, methyl 2,4-
dimethylrhenylacetate 11 (R=CH,).  The probable
mechaenism of formation of 11 (R=CH3) from keto ester 3
(R=CH3) is cdiscussec later in this chepter.

The ketn estcrll

12 ancd its phenyl analogue 15 also
undergo acid-cetalysed resrrangement tn give keto
Y-lactones 14 (R=CH;) and 16 (R=Ph) respcctively. The
formetion of 14 (R=CHZ has been explained on the basis of
initial formation of cenjugated keto ester 13, from keto
ester 12,which then undergoes an internal Michael addition
to afford the keto Y-lactone 14 (R=CH;). Recently, such
keto Y-lactones 16 (R=Ph) have been utilizeal?+13 for the

preparation of styrylcyclopropanecarboxylic acids

which are the acid moities of active insecticidal esters.
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3B ,4« -caranedicl 2, cbtainable from (+)-3-carene 1
in 45% yield by a known method,was oxidised by Jones
chromic acid reagent to give the keto caerboxylic acid 3
(R=H) in 60% yield. The keto acid 2 (R=H) was converted
into its methyl ester 3 (R:CHS) by methaenol and sulphuric
acid in almost quantitative yield (sec Chepter II of this
thesis).

2,2-Dimethyl-3-(2-oxopropyl)-cis-cyclopropane-1-
acetic acid 3 (R=H) or its methyl ester 3 (R:CH3),on
heating with phosphoric acid gave (+)-homoterpenyl
methyl ketone 4, m.p.46-47° (ag.alcchol), C1oM1603
M* 184. It showed IR bands at 1773 (Y —lactone ~C=0).
1724 (CC=0), 1403 (-G-CHy-) and PMR signls 2t 1.16, 1.33
(3H each, s each, g_eﬁ)—r‘imethyl), 1.63 (3H, m, -CH, protons
at C, and proten at cg), 1.93 (3H, s, —l(i-CH:;) and 2.06
(4H, m, -CH,- ~cdjacent tﬁ‘:,=0). It q%vo 2,4-DNP
derivative, m.p.171° (1it.> records m.r.168.5°).  This
observation of the formation of keto lactone 4 from keto
acid 3 (R=H) nr keto ester 3 (R:CH3) confirms the findings
of Gibson ancd Simonsen. A probable mechanism of
formation of keto lactone 4 from keto ester 3 (R:CH3) is

shown in Scheme IV, Chart III.




During the fcrmation of ketn loctone 4 from keto

ester 3 (R:CHg) the bond between C, and C, of the cyclo-

1
rropane ring in koto ester 3 (R:CH3) is not fisturbed.
The ebsolute configuration of (+)-3-carene 1 is 1S, 6R,
which is well estﬁblishedlA. These facts can be used to
assign tentatively the sterecchemistry of keto lactone 4,
(«)55 + 52”7 at the assymetric carbon atom C3, as shown
in the stereostructure 4, which corresponds to g
configuration at C3. Such an assignment is further
supported by the fact that enantiomeric keto lactone (3)
prepared from (+) ﬂ-terpineolz (6) showing (%)p-48° has
already been assigned the opposite stereochemistry.

With a view to ascertaining in which position the
substitution takes place, the keto ester 3 (R:CH3) weas
subjected to bromination at 0” in prescnce of scdium
acetate. It afforded a mixture of products, from which
methyl 2,4-dimcthylphenylacetate 11 (R:CH3), C11H1402+
M* 178, b.p.135-40°/25 mm was isoloted as one of the
products. It showed IR bends at 1775 (ester >C=0), 1613,
787 (aromatic) and PMR signals a2t 2.23 (6H, s, methyls
attached to vhenyl ring), 3.33 (2H, s, benzylic —Qﬂz-),
3.53 (3H, s, ester methyl) and 6.83 (3H, m, aromatic
protons).

In confirmetion of structure 11 (R:CH3), the
compound gave on saponification, the acid 10 (R=H),

Ciofy00, 2s a solid, m.p.104° (1it. records® m.p.103").

-
e
N, -

4



It showed IR bends at 1686 (SC=0), 1647, 1493, 833, 794
aromatic) and PMR signals at 2.21 (6H, s, mcthyls
attached to phenyl ring), 3.43 (2H, s, benzylic -CH,-
protons), 6.73 (3H, m, aromatic protons) and 10.9 (1H, m,
acid: - proton).

The formation of methyl 2,4-dimethylphenylacetate 11
(R=CHj) from keto ester 3 (R=CH,) appcars to proceed by 2
mechanism, somewhat analogous to the one reported by
Toshi et al.? for the formation of 10 (R=H) from pinonic
acid (9). A probable mechanism is shown in Scheme V,
Chart ITII. This involves initial bromination of keto
ester 3 (R:CH3) at methylene acdjacent to carbonyl,
solvolysis of the resulting bromide with ring cpening and
subsequent cyclisetion of trienol followed by dehydration
to give ultimately 11 (R:CHB).

Treatment of keto acid 3 (R=H) with bromine and
hydrochloric acicd gave 2,4-dimethylphenylacetic acid 10
(R=H). It was characterised by ccemperative spectral cdata
m.p. and m.0 p-104°. Similarly, the ketc lactone 4 on
treatment with bromine and hydrcchloric acid offorded
2 ,4-dimethylphenylacetic acid 10 (R=H) as reported by
Arcus et al, identified by spectral data (IR, PMR).

The base-catalysed rearrnagemert of methyl 1R c¢ie2,2-
dimethyl-3-(2-oxopropyl) cyclopropanecarboxylate 12 and
related compounds have been discussed in Chapter V, Paert A

of this thesis. These rearrangements prompted us to
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study the acid-catalysed rearrangements of the keto
esters 12 and its rhenyl analogue 15.

Keto ester 12 obteinable from (+)-3-carene 1
(see Chapter V ,PartPof this thesis), when hcated with
phosphoric acid for a short period (10 minutes), afforded
+

the conjugatecd keto ester 13, C10H1603’ M

showed IR bands at 1737 (ester ~C=0), 1672 (crnjugnfed>c=0)

184. It

1626 (corCjugated C=C) and 984 (trans-disubstituted double
bend and PMR signals at 1.23 (6H, s, gemdimethyl at Gy,
2.21 (3H, s, -COCH3), 2.38 (2H, s, methylene protons
adjacent to ester =C=0), 3.70 (3H, s, ester methyl) and a
pair of doublets centered at 5.96, 6.88 (1H e~ch, J = 16 Hz

each, olefinic protons at C, end C ). It gave a solid

5
2,4-DNP derivative, C16H2006N4’ m.p. and m.R2. e 140, The
seme conjugatecd keto ester 13 has been nbtained by base
catalysed rearrangement from keto ester 12.

However, when keto ester 12, was heatcd with excess
of phosphoric acid for 4 hr, it exclusively gave a solid
keto lactone 14 (R=CH;) viz. 3,3-dimethyl-4-(2-oxopropyl)-
butyrolactone CyH, ,04, m* 170, m.p.52° (benzene + herane).
It showed IR bands at 1770 (Y=lactone ~C=0), 1724 ( _C=0)
and PMR (CDCl,) signals at 0.96, 1.10 (3H each, s each, gem
,» =CH,
protons at GC,), 2.43 (2H, m, ~CH, protons at C4) and 4 25

dimethyls at Cg), 2.06 (3H, g, -COCH,), 2.18 (2H, s

(1H, dd, J = 4 Hz, C, proton). It gave 2,4-DNP

. 3 )
derivative, C15H18O6N4’ m.p.110".
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During the fermation of butyrolactone 14 (R=CH3) from
keto ester 12, conjugated keto ester 13 appeers to be an
intermediate as it could be isolated,when reaction was
carried out for a short cduration with limitcd quantity of
phosphoric acid. It was further confirmed that keto ester
13 on heating with phosphoric acid was cemnletely convertec
to the keto lactone 14 (R:CH3), characterised by spectral
date and also by m.p. and m.maPe

Similarly, methyl 1S-cis-2,2-cdimethyl-3-(2-oxc-2-
phenylethyl)cy010prnpanecarboxylate 15 (for preparation,
see Charter IV of this thesis) obtzinable from (+)-3-carene ],
on heating with phosphoric acid for 15 minutes gove a solid
keto lactone 16 (R=Ph) viz. 3,3-dimethyl-4-(2-0x0-2-phenyl-
ethyl)butyrolactene, 614H1603’ M* 232, m.p. 95° (benzene +
20% hexane). It showec IR bands at 1770 (Y -lactone =C=0),
1701 ( _GC=0), 1605, 1587, 706 (arometic) and PMR (coc13)
signals at 1.10, 1.20 (3H each, s each, gem-cdimethyl at
C3), 2.36 (2H, s, -CH, protons at C,), 3.13 (2H, p, ~CH,-
attached to C,), 4.80 (1H, dd, J = 4 Hz, proten at c4) and
7.40 (5H, m, aromatic protons). It gave a solid 2,4-DNP
derivative, C,Hy OgN,, m.n.215°.

20 20

The formetion of keto lactones 14 (R=CH and 16

5)
(R=Ph) which procecds by identical mechanisms is

represented in Scheme VI, Chart ITII. This involves an

acid-catalysed ring cpening to give the conjugated

acyclic keto ester 13, which then uncdergoes, an internal
Michael addition to give ultimately the Y-butyrolactene 14
(R:CH3).
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EXPERIMENTATL

Heptanoic acic=2-@-hycrcxy-l-mecthylethyl)6-0x0 Y-lactone 4

ar (®)hemoternenyl methyl ketone 4 from keto ester 3 (R=CH.)
~

Keto ester 3 (R:CHS, 6.0 g) was dissolved in
phosphoric acid (30 ml) and the solution hcated on steam
bath for 15 minutes. It was ccoled, pourec on ice celd
water (150 ml) 2nd extr-cted with methylene chloricde
(75 ml x 3). The organic layer was washed with water
(50 ml x 2) ancd driecd. Evapnration ~f the solvent gave the
crude keto lactone 4 (5.5 g), which was purified by
chromatography over silice gel (60 q). The fractions
eluted with pet.cther + benzene (1:1) and benzene gave TLC
pure keto lactone 4 (3.6 g, 65%). It wes crystallised
from hot water m.p.46-47° (lit? rocords m.p.48-52°);
(“)§5+ 52° (g, 2.0); (Found: C, 65.17; H, 8.69; C;.H, 04
requires C, 65.19; H, 8.75%).

IR bands at: 3049, 1773, 1724, 1408, 1370, 1319, 1274,

1258, 1199, 1163, 1129, 1099, 957, 939, 922 ond 820 cm™ .
It gave 2,4-DNP derivative, m.p.171° (1it.> records

m.p.168.5%); (Found: C, 52.38; H, 5.69; N, 15.12;

CygHoOgN, Tequires C, 52.74; H, 5.53; N, 15.38%) .

IR bands at: 3030, 1776, 1637, 1608, 1524, 1471, 1429,

1379, 1335, 1316, 1149, 1105, 957, 939, 917, 855 and

833 cm-l.
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(+)-Homoterpenyl mothyl kctonc 4 from keto ~cid 3 (R=H)

Keto ~ci® 3 (R=H, 4.5 g) was dissolvec in phesphoric
acid (25 ml) and the sclution hcoted con steam bath for
15 minutes. The reaction mixture workec up and purified
as describec above to give lactone 4 (2.7 g, 60%); m.p. end

m.m.p. 48-49° (superimposable IR and PMR spoctra).

Methyl, 2:4-dimethylphenylacetate 11 (R:CHQ)_from keto

ester 3 (R:CH3)

To an ice ccoled and stirred solution of keto ester 3
(R=CH3, 5.9 g) in carbontetrachloricde (30 ml) containing
sodium acetate (3.6 g), bromine (4.8 g) in carbontetrachloride
(20 ml) was added curing 1 hr and mixture stirred 2t 0”7 for
3 hr. It was then washed with water, aqueous socium
sulphite sclution fellewed by woter ane Aried. Remnval of
sclvent gave a residue (7 g) which was shown to be a
mixture cof five compouncs (TLC 8% cthylacetate *+ benzene,

5 spots). The mixture was chromatographcc over silica gel
(70 g).  The fractions eluted with pet.ether + benzene
(3:1) anc pet.ether + benzene (1:1) gave TLC pure liquid
ester 11 (R=CHy, 1.3 g; 25%); b.p.135-40°/25 mm;

(Found: C, 74.98; H, 8.09; CllH14O2 requires C, 74.13;

H, 7.92%).

IR bands at: 2994, 1745, 1613, 1497, 1429, 1325, 1258,
1149, 1105, 1010 and 787 cm L.

The other products could not be isolated pure.
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2,4-Dimethylphenylacetic acid 10 (R=H) from 11 (R=CH,)

The estcr 11 (R:CH3, 0.8 g) wes dissolved in
methanclic potassium hyrroxide (KOH 2 g, woter 2 ml and
mcthan~l 20 ml) and rcfluxed for 5 hr. Methanol was
removed uncer rcducec pressure, residue diluted with
water (20 ml), acicdified with dilute hyrrochloric »cid. It
was extracted with ether (50 ml x 2). The ether layer was
washed with water, dried and evaporated tc give a residue
(0.5 g), crystellised from alcohol-water to give 10 (R=H)
as a solid, m.n.104° (1it.% records m.p.103°); (Found:

C, 73.27; H, 7.69; GCy-H,,0, requires G, 73.14; H, 7 +87%) «

IR bands at: 3125, 2941, 1686, 1647, 1493, 1449, 1366, 1212,

1166, 1020, 889, 833 and 794 cm 1.
It gave the amicde derivetive m.r.184° (Found:

C, 73.30; H, 8.38; N, 8.405 C ON requires C, 73.59;

10713
H, 8.03; N, 8.58%).

2,4-Dimethylphenylacetic acid 10 (R=H) from keto ccid 2

(R=H)

The ketn acid 3 (R=H, 2.9 g) w~s suspended in
concentrated hydrochloric acid (4 ml) and bromine (2.5 g)
was added in one lot under stirring. The mixture was
heated on water bath for 4 hr. It wes poured over
crushed ice and extracted with ether (50 ml x 3). The
combined ether layer was washed with water, aqueous

scdium sulphite seclution, followed by water. The ether



layer was extracted with acueous 10% sodium carbonate

(15 ml x 2). The socium carbonate layer wes acidified
with cdilute hycdrochloric acid, extracted with chloroform
(40 ml x 3). The chloroferm layer was washed with water,
dried and evepnrated t~ give a solid residue (1.4 g, 60%).
It was purified by chromatography over silica gel (15 g).
The fractions eluted with benzene gave pure solid 10 (R=H),

mep. and mite2s 104° (superimposable IR and PMR spectra).
phenyl
2,4-Dimethylacetic acid 10 (R=H) f rom ketn lactone 4

The keto lactone 4 (1.0 g) was suspenced in
concentrated hydrochloric acid (2 ml) and bromine (1 g) was
added in one lot under stirring. The mixture was hcated
for 4 hr and worked up and purified as Jdescribed above to
give 10 (R=H, 0.5 g, 56%) m.p. and ma.p. 104° (super-
impesable IR and PMR spectra).

Methyl 3,3-dimethyl 6-oxco- hepta-4-enoate 13 from keto

ester 12

Keto ester 12 (1.0 g) was heated with phosphoric acid
(5 ml) on steam bath for 10 minutes, cooled, poured on ice
cold water (40 ml) and extracted with ether (30 ml x 3).
The organic layer was washed with water (25 ml x 2) and
dried. Removal of solvent gave the crude ester 13 (0.8 g),
which was purified by column chromatography cver silica gel
(10 g) and frections eluted with pet.ether + benzene (1:1)

and benzene gave TLC pure liquid ester 13 (0.55 g, 55%)3
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(Found: C, 65.43; H, 8.76; CyoH 05 Tequires C, 65.19;
H, 8.75%).

IR bands at: 3012, 1736, 1672, 1626, 1453, 1429, 1351,
1250, 1198, 1156, 984 and 922 cm L.

It gave 2,4-DNP derivative, m.r. =2nc m.m.p.l40o.

3,3-Dime thyl-4-(2-cxorroryl)-butyrolactone 14 (R=CH,)

from keto ester 12

Keto ester 12 (1.8 g) was heated with phosphoric acid
(20 ml) for 30 minutes and worked up as described above,
the residue chromatograrhed over silica gel (20 g). The
fractions
wazEXiERE eluted with pet.ether + benzene (1:2) and benzene
gave solid butyrolactone 14 (R=CH;, 1.2 g, 70%). It was
crystallised from benzene + 20% ret.ether, m.p.52°;
(Found: C, 63.25; H, 8.31; C9H1403 requires C, 63.51;
H, 8.29%).
IR bands at: 2985, 1770, 1724, 1464, 1385, 1366, 1307,
1290, 1242, 1204, 1170, 1149, 1053, 930, 901 ~nd 800 cm L.
It gave 2,4-DNP derivative m.p.110°: (Found: C, 51.44;
H, 5.03;N, 15.83; C;H 0N requires C, 51.42; H, 5.18;
N, 15.99%).
IR bands at: 2914, 1770, 1613, 1587, 1449, 1351, 1319, 1299,
1266, 1136, 1093, 844, 826, 743 and 725 cm L,

3,3-Dimethyl-4-(2-oxopropyl)-butyrolactone 14 (R:CH3)

from keto ester 13

Conjugated keto ester 13 (0.46 g) was heated with

rhosrhoric acid (10 ml) for 30 minutes. The reaction was
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worked-up and product rurified as above te give solid
butyrolactone 14 (R=CH,, 0.27 g, 65%), m.pr. and m.m.r. 53°
(superimposable IR and PMR spectra).

3,3-Dimethyl-4-(2-0x0-2-rhenyl ethyl) butyrolactone 16

(R=Ph) from keto ester 15

Keto ester 15 (1.2 g) was heated with rhosrhoric acid
(15 ml) for 15 minutes. The reaction mixturc was cooled,
poured on ice cold water (50 ml) and extracted with cther
(50 ml x 3). The combined ether layer was washed with
water (50 ml x 2) and dried. Eveaporation of the solvent
gave lactone 16 (R=Ph, 0.9 g, 80%). It was further
prurified by chromatograprhy over silica gel (10) and
fractions eluted with pet.ether + benzene (1:1) and benzene
gave solid lactone, which was crystallised from benzene + 20%
ret.ether; m.p.95o@x)§3.60 (¢, 2.6); (Fcund: C, 72.61;
H, 6.93; C,,H,.05 requires C, 72.39; H, 6.94%).
IR bands at: 3012, 1770, 1701, 1605, 1449, 1389, 1351,
1242, 1205, 1149, 1031, 1010, 980, 940, 833 and 760 em L.
It gave 2,4-DNP derivative, m.r.215° (Found:C, 58.83;
H, 4.63; N, 13.40; C2OH2006N4 requires C, 58.25; H, 4.89;
N, 13.58%).
IR bands at: 2950, 1779, 1610, 1449, 1370, 1326, 1217, 1136,
1042, 917, 846, 763 and741 em L.
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