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SENERAL INTBOLUCTICH

The study of matursl products, derived from the
Plant Kingdom, forms an important aspect of organie
chemistry., oStudies of matural products, not only
increase and deepen our seientific knowledge but also
provids a basis for highly developed incustry.

The iaportence of the study of natural products in
India can hardly be over-emphasised, especially in view
of the fact that Indie possesses a wealth of most sbundant
and diversified flora. This is but naturel as this
subcontinent is fortunste im having = variety of climatiec
and soil conditions, suitable for healthy growth of plants,
herbs, grasses ete.

A great progress as been achieved in the chemi stry
of "Hatural Froducts® 2s a result of the extensive work
earried cut by orgsnie chemists in this field, lighly
effective sepsration technlques such as precise
fractionation, elaborate column echromstography, high
pressure liiquid ehromatography, gas-liquid and thin-laysr
chromatography and the availability of modern physical
wethods for structure elucidation mey be attributed to this
phenomenal progress achieved during the last fow years.
fhe advent of gas-liquid, high pressure liquid and thinelayer



chromatogrephy on preparative scale has opened up
possibilities for the isolstion of new compounds and the
reaction produets in the purest form., The physical
methods viz,, ultraviolet, lafrared, nuclesr magnetic
resonance spectroscopy, optieai roteatory dispersion,
eircular dichroism, A-ray crystallography snd mass
spectrometry have revolutionised the successful
elucidation of the structure and absolute configuration
of orgsnic compounds, Further during this period,
developaent of many new reagents snd reactions have also
helped in this work, The better understancing of the
blogenetic pathways and orgsnic chemicol mechanistie
theories also aided to arrive at the correct conclusions
during the structure elucidstion. A brief sumzary of the
present work 1s described below,

Ihe research work carried out under the title
“lsolation aud some interesting transformstions of terpenic

compounds® desls with four mein aspects viz,,

(A) Comversion of (+) car-3-ene (I) imto msthyl

(+) glg-chryssnthemate (II) and its Z-substituted viayl
anslogues possessing li or 15 configurstion.

(8) Frins resction on (+) car-3-ens (I) end oxidetion
Studies on some of the products obtaimed fros irins reaction.
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(¢) Transformetiom of (+) car-3-ene (I) lending to
mothyl LR end dlegig-2,2-dimethyl-3-(2-0x0propyl )=
eyclopropane carboxylate (XALIX), important intersedistes
in the synthesis of insecticides of the "Synthetie
Fyrethrolds” group.

(L) Isclation of tapsxasteryl acetate (LVIII) from
the hexane extract of the leaves of the Costus plunt,
Gsussurea Lappa clarke and Prins resction on taraxasteryl
acetate (LVIII).

Kany plants are known to possess insecticidal
property. Amongst thes, the prorinent cme is
Chrysanthesus Cinerarisefolium’ (Compositae family). The
insecticidal property of the dried flovers of this plent
has been known from ancient times, FPyrethruas represents
the dried flovers of the plant, Chrysanthesum Cinerarise-
folium. Detalled cheaical exemination of the constituents
of pyrethrum extract showed“y3»% that the tnsscticidal
property associated with the flowers of the plant is due
to the presence of & mixture of esters viz,, pyrethrian I,
pyrethrin 11, einerin I, cinerin 11, jassolin I and
Jesmolin 11 (for structures please see pages 29430). These
compounds are esters of (+) Lrang chrysanthemic acid and
(+) $zampg pyretnriec acid®. Later on, many nev esters of
(¢) trans chrysantheale scid hove been prepared and found



N

to possess insectieidal property. It has also buen rom'

that esters of (+) li-Lragg end (+) liegig-chrysanthemiec
acids are potent insecticides while the esters of the
corresponding optical antipodes are not active, or much
less active,

The importance of this class of insecticides is due
to 1is unigque property of having lov ssmsalian toxieity
and higher insecticidal activity, because of these
properties, "Fest Control Agents” of this class are
becoming very popular all over the world, inspite of their
high cost.

Though msny wmethods for the prepsrstion of
chrysantheaic acid have been nponod"7 in Mterature,
wost of them lack selectivity amd thus resulted in the
formation of raceaic mixturs, the separation of which 1s a
tedious job, Efforts have already been made to synthe sise,
selectively, the (+) lﬂ-m‘ and (¢) w-gu,"“
ehrysanthesic acids from naturelly ouceurring compounds,
sainly froa (+) car-3-sne (1).

(+) Car-3-ene (I), a monoterpene, is an abundsntly
oecurring cheap indigencus material and u'.nuy considered
a8 & by-product of Pime oil (Plgus longifolls). Efforts
have been already made to utilise this bye-product for good
uses, for example, by converting it imto (+) fraps-



chrysantheaie nddu, a component of natural pyrethrins
and (=) msenthol, & very useful chesicel used in perfumery
and drugs.

In continuction of the efforts im this direction,

(+) car<3-sne (1) has now been utilised for the preparation
of methyl (+) glg-chrysanthemsate (I1I), possessing the desired
AR configurstiocn.

CHAFTER 1 describes the work regarding the preparation
of methyl 1S(+) glg-8,8-dimethyl«3«(d-phenylprop-leenyl)-
cyclopropane carboxylate (III) from (+) car-3eene (I).

The keto aldehyde (V) obtainable from (+) caredeene (I),

via Lreng carane dlol (IV) in good ylelds, on Grignard
resction with methyl magnesium lodide afforded the diol (VI)
which, on Jones chromic seld oxidation furnished the hydroxy
ketone (VII). Baeyer-Villiger oxideation of the hydroxy
ketone (VII) geve the hydroxy scetate (VIII) which, on
saponificetion with methenolie potash afforded the
erystalline diol (IA). Jones chromic seld oxidetion of the
dicl (IX) furnished (+) dihydrochryssnthemolsctone (X)

and hydroxy acid (AI, & = H). The acid (XI, & = H) could
also be obtained from the lactone (X) by saponification with
alkall, htcﬂﬂni&n of the aecld (il, R = i) followed by
seld eatalysed dehydrstiont® of the resulting ester

(41, A = cu‘) geve the methyl Li(+) gig-chryssnthemate (II).



behydration of the hydroxy acetate (VIII) with
PUCLg/ Py afforded a mixture of two lsomeric uasaturated
acetates (AII) and (XI1I) which vere separated by
chromatography over silicic scid impregnsted with 10% silver
nitrate. OSaponification of the unsetursted scetate (XII)
gave the chrysenthemyl aleohol (XIV)., Jones chromic acid
oxidetion of the aleohol (XIV) followed by esterificetion
of the resulting seid afforded methyl li(+) gig-
chrysanthemate (II).

Treatment of the hydroxy ketone (VII) with pe-toluene
sulphonic uu“ (PIS) alfforded the unssturated ketome (XV)
which, on Grignard reaction with phenyl magnesium broside
furnished the aleohol (AVI), ss a mixture of disstereomers.
Potassius permengsnate oxidation of the aleohol (AVI) im
acetons-acetic acide-water mizture gave the keto diol (XVII)
in the neutral portion and the aixture of dlastereomeric
hydroxy acids (AVIII, R = H) in the acid part. isterification
of the hydroxy aeid (XVIII, R = H) gave the mixture of
dlastereomeric hydroxy methyl esters (XVIII, R = GHg) whieh
on deayarationt® with Prs afforded the desired unsaturated
ester (I11).

Syathetic pyrethroids (biologically active
chrysanthemates and modified cyclopropane carboxylic acid
esters of various alechols), relsted to matural pyrethrins






and cinerins are increasingly becoming importent as idesl
"Pest Control Agents” for they possess high insecticidal
activity, low seamalien toxicity =nd higher mu-umuty“.
Chemically, they are the esters of Z,é~dimetayl-3-vinyl
substituted cyelopropane carboxylic aeilds with alcohocls

like 3-phenoxy benayl alechol® or S-bensyl-3-furyl methyl
alechol. A nuaber of such esters with different 3-vinyl
substituted side chains have been pnplndu and found to

be active insecticides, prominent among theam being permethrin
and eypermesthria. Hecently, in our laborstory, Mane et ol&"”
have synthesised the diphenyl vinyl and methyl phenyl vinyl
analogues of chrysanthemic sefd., With a view to synthesise
the new pyrethroid, containing the Z2-phenylpropeleenyl side
chain at Cg-position of the aeid molety, a new approsch to
the synthesis of methyl 1R (=) gig-2,28-dimethyl«8«(2-phenyl-
prop-lesnyl) cyclopropane carboxylate (XIi) wes undertaken
starting from (+) car-3-ene (1),

CHAPTER 1I describes the synthesis of (AIX) and methyl
1i(+)=gig-chrysanthenate (II) starting from & comson
interaediate viz,, the unssturated ketome (XX), which can be
obtained from (+) car-3-ene (I). The keto ester (XAXI)
obtainable from (I) via the Lrans carene diol (IV), in good
yields was converted to the ethylene ketal ester (XXII) which,
on UGrignard reaction with sethyl msgnesius iodide furnished
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the ketal alcohel (XAIII)., Dehydration and deketalisstion
of (XXIII) with PIS in benzene afforded a mixture of two
isomeric unsaturated ketomes visz, (XX) and (XXIV), in which
the former predominated. These were separated by
chromatography. Action of pheayl magnesium bromide om (Xi)
gave the alecohol (XXV). The unsatursted alecohol (XiV), on
potassium persanganate oxidation gave the keto diol (XiVI)
snd the hydroxy acid (XAVII, K = H)., Esterification of the
hydroxy scid (XAVII, R = i) followed by dehydration'Z of the
resulting ester (XAVII, R = cll‘) wvith PT6 in benzene afforded
the unsatursted ester (XIX).

The acid (XAVIII) obtainable from the ester (XIX) was
esterified with g-phenoxy bensyl aleochol to furnish the
sctive insecticldal ester (AXIX). Treatment of the
unsaturated ketone (Xi) with methyl magnesium iodide
af forded the aleohol (AXX) which, on potassium permangunate
oxidetion gave the keto dlol (XAXI) and the hydroxy scid
(A1, & = H). Esterification of the hydroxy aci¢ (XI, R = H)
follovwed by «Mnuuu of the resulting ester (XI, & = cn,)
furnished the methyl li(+)-gis chrysanthemate (II).

The vork presented in CHAPISR III describes the
Frins resction on (+) car-3-ene (I) and oxidstion studies
on some of the products obtained from Frins resction.
fleactions of olefins vith formaldehyde, other aldehydes and
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ketones are known as Prins mouon“. They are ecarried
out in the presence of inorganie scids, acetie acid or
setal echlorides as catalysts and the major products
consist of a l,3-dioxane, l,8-glycol or an unsetursted
aloohol depending on the experimental mduuno“.
Because of this unusual versatility, the Prims reaction is
useful in orgsaic syntheses.

Frins resction on (+) care3eene (I) has been
reported“Or8l 4o ;ive mainly the gndo eleohol (XXXII)
along vith the corresponding gxg double bond isomer (XXXIII)
a8 the minor product. lowever, when the Prins resction
was carpried out using glacisl escetic u“?"“ in adaition
to (AXXII), two more products, vu.,uuxn and (XAXV)
heve been 1soleted and characterised. frims resction on
(#)ecar-3-ene (I) in the presence of catalysts like BFg
Gnd HoS0, gave the ether (mvn“. In order to
invegtigate the ninor products formed, (+) car<3-ene (I)
vas subjected to Frins resction sad two nev minor products
have deen isolsted and characterised.,

These include the tvieyelic ether (XXXVII) and the
dioxane derivative (AAAVIII),. when the Frims reaction on
(*) ear-3-ene (I) wvas carried out at siightly higher
tesperature (160-170°/bath) and for prolonged period,
Snother acetate could be isclated, identified as Buxe



acetoxy methylepementhe g" diene (XXXIX).

Jones chromic acid oxidation of the gndg sleohol
(A4XII) furoished & mixture which was separated into
agidic and neutral parts. The aeld (XL, K = H) was
converted into its methyl ester (XL, R = CII,). The
aeutral portion after chromstographic purification
afforded the ester (ALL) and conjugeted ketome (XLII),
identified by spectral data. Jones chromic scid
oxidation of the tricyelic ether (AXAVILI) gave mainly a
alxture of two products which was separated into acidie
and neutral parts, The neutral part was identified as &
solid noreketone (ALIII). The acid (ALIV, K = H) was
esterified to afford the methyl ester (ALIV, H = CI').

The nor-ketone (ALIII) was reduced with lithium aluminium
hyaride to furnish the solid aleohol (ALV, K = H) which,
on acetylation (Aey0/Py) gave the liquld acetate

(ALVy A = Ag).

AS alrcady mentiomned, (+) care3-ene (I) is en
abundantly cccurring bicyciic monoterpene hycrocarbon. This
hydrocarbon is .mh to undergo a variety of reactions,
such as nu«x-«:unn‘“ type acylation, Prins nuuoau.
opoxu-tlu“ ete. The stereochemlstry of these reactions
hes been studied extensively. &Similarly, the other two
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double bond isomers of (+) car-3-ene (I) viz., car-Z-ene
and ear-d-ene have been subjected to & variety of

rucuul?"'“'“

With a view to ascertain the effect of
the nature of the substituent at c‘-pooulon on the cleavage
of the cic‘ epoxide of car-Z2.ene derivatives, the
epoxidation of the methyl ester (XL, R = cu‘) and its
recrrengesment under mild alkaline and acidic conditions
were undertaken., Gipoxidation of the methyl ester

(Aby R = cu') was carried out using perbenzole ecid to give
the corresponding «-epoxide (XLVI)., This «-epoxide (XLVI)
was found to rearrange on alumins to give the rearranged
hydaroxy esters, 1dentified as (ALVII) amd (XLVIII).

The ester (ALVII) could also be obtsined as one of the
products from (XLVI) uncer ascidic concitions. These
epoxidetion studies have been described im CHAPTZR III of
the thesis,

CHAPTHR 1V describes the work regarding the
preparation of methyl—Lli and dleglg-é,2-dimethyled-(2-
oxepropyl) cyclopropane carboxylaste (XLIX) and slso the
6-lactone of &y2-dimethnyle3~(d-hyiroxypropyl )-gig-cyelo-
propene-lecarboxylic scid (L ).

Methyl li-gig-2,2-dimethyl-3-(2-oxopropyl)~
eyclopropane carboxylate (ALIX) 1s an important intermediste

from which Jnnmu’ workers have syathesiced (+) gig-
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chrysenthemic aeld. Hecently, in our laborstory®? ’

& new synthetic pyrethroid called "Indothrin” anc slso

some relsted insecticides have been synthesied from the

sase intermediate (ALIX). In this connection, the syntheses
of methyl 1i and dl-gls-2,8~dimethyl-3«(2-ox0propyl)
eyclopropene carboxylate (ALIX) have been carried out

from (+) cer<je-ene (I).

The ketol (LI) obtainmable from Lrang ecarane diol (IV),
on Grignard reaction with methyl megnesium iocdide gave the
diol (LII). Oxidetive cleavage of the dlol (LII) with
sodiun geta periodste afforded the diketone (LIII) whieh,
on base catalysed intresolecular aldol condensstion
furnished the conjugated ketone (LIV), Potassium
permanganste oxidetion of (LIV) followed by esterification
of the resulting scid gave the dleketo ester (ALIX).

The un::turated ketone (AL), mentioned eariier and
obtalnsble from (+) car-3-ene (I), on potassium persanganste
oxidation afforded & mixture of two products which was
separated into acidic and neutral parts by sodium earbonste
extraction. The ameutral portion was purified by
chrosatography to afford the diketo aleohol (LV), The
ecidic part, on esterificstion with an ethereal solution
of diasomethene afforded the LReketo ester (XLIX).
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It has been reported™ that some esters of li-gls-
2,2-01lnethyl-3-(prop-i-enyl) cyclopropane csrboxylic scid
are found to be more active than the corresponding esters
of chrysanthesmic acid. In this comnection, the syathesis of
S-lactone of litegig~-8,8-dimethyle3-(28«hydroxy propyl)-
onlopr"puo carboxylic acid (L) was initially undertaken
starting from the unsstursted ketome (XX), with a view to
convert ultimetely the lactone (L) into active imsecticides.
The unsaturated ketone (iX) on reduction with sodium
borchydride gave the aleohol (LVI, K = H) which, on
acetylation furnished the uns turated scetate (LVI, & = ag).
Uxidation of (LVI, ik = A¢) with potsssium permangsnate
afforded an acld which was charscterised through its methyl
ester (LVII). Gaponificstion of (LVII) followed by
treatment of the resulting hycroxy seild with p-toluene
sulphonic scid in bensene furaished the liquid mor-lsctone (L).

CHAPTER V deals with the isolation of tapaxasteryl
acetate (LVIII) from the leaves -Qd stalks of costus plant,

Saussures Lappa Clarke snd also deseribes the Frins resction
on taraxasteryl acetate (LVIII). The costus plant,

daussures Leapps Clarke, belonging to the Compositae family,
is growa at high altitudes in Keshair sand the hill distriets
of mjn'. From the hexane extract of the leaves and
stalks of this plant, taraxasteryl scetate (LVIII) was
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isolated as per the procedure already deseribed®,
Frins reaction on taraxasteryl acetate (LVIII) was
carried out using paraformaldehyde and glacial acetic acid
(72 hr. refluxing). Three products have been isclated and
charscterised. These included 3p-acetoxy-20-acetoxy-28«
acetoxy-methyl taraxastane (LIX), 3f-acetoxy-Zleacetoxy-
uthyl-}l/-uruutm (LX) and 3p-acetoxy-28-acetoxymethyl-
Y/-nnxutono (LAI). The double bonc isomerised product
of taraxasteryl scetate (LVIII) vu.,kp-uruntoryl
ascetste (LAII) was also isoleted during FPrins reaction on
(LVIII) snd was characterised by comparative spectral
data (IK, PMR).

Lburing the course of these investigatioms, liberal
use of modern techniques such as infrared, ultraviolet,
nuclear magnetic resonance, mass spectroscopy and thin-layer
chromatography hes been made, For the isolation of the
compounds, column chromstographic technique using adsorbants
like alumina, silica gel and silica gel impregnated with
silver nitrate is employed. However, due to the non-
avallability of high pressure liquid chromstography, in
this laboratory, we could not make use of this latest
technique.

For the sske of brevity, a genmeral introduction to
terpencids hes bDeen avolded. The subject hss already been

covered adequately by & number of well-known publicstions

547. 5%/ 591 (>4
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of which special mention: may be made of the following:
) 8 Terpenes by J.L. Simonsen and W.C.J. HRoss,
Vol, 1-5, 1957 edition (University Press, Cambridge).
2. Chemi stry of Carbon Compounds, edited by H.H. Rodds,
Vol. IIB, IIC, 1953 edition and supplement to it.
(Elsevier Publishing Co.).
3. The Essential 0ils, Vol., 1-6, by E. Guenther
(D. Van Nostrand Co. Inec. N.Y.).

I gratefully acknowledge the help I received from

these publications, during the course of the investigations,
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Qo CHAL didanke

il. 4il melting points and boiling points are
uncorrected,

g, All teamperatures are recorded on the centigrade
scale,

3. Unless otherwise stated, all rotations were in
chlorofors solutions. Concentrations are expressed in
§/100 sl of the solutionm.

4. The ultravioclet spectra were recorded in ethanol
solution on a Perxin-ilmer 350 and Carl-.eiss 445069 ratio
recording spectrophotometers.

6. The infrared spectra of liquids were recorded as
liquid filas and that of solids as nujol mulls on a
Fersin-slamer infracord spectrophotomster, mcdel 137-8 using
sodiua chloride optics,

6. The Fh spectra were taken in carbontetrschloride
solution, unless otherwise sentioned, using tetramethylsilane
68 the internal reference on @ A-80 and T-60 MC Varian

instrus-nts anc the chemlocal shifts are measured in Y units,

T The mass spectra vere recorded on a CiCe2l-ll0B mass
spectrome ter,
8. Acid washed activ-ted alumine standardised as per

Brockmann's procedure and silicic acid for chromstogrephic

purposes, after sctivation, were empjoyed for column
etiromatography.



Pe TLC snalyses were carried out on glass plates
conted with &8 mixture of siliclc acid and plaster of Faris
(863183 200 mesh), and activeted at 120° for 3 hr. Solvent
systems used vere pet.ether, bengzene, ethyl acetate

@nd scetone or & sultsble mixture of two or more of these
solvents, depending upou the nature of the compounds.

Ihe plates were developed by keeping in an iodine chamber
or by spraying with u‘so..

10. Rumbers given to charts, figures and structur=s in
each chapler of the thesis refer to that particular
chapter only.

1. Heferences pertaining to each chapter are given at
the end of that perticuler chapter,

iz. Unless othervise stated, all solutions were dried
over anhydrous sodium sulphate.

i3. Unloss otherwise stated, 3ll b.ps. refer to the bath
temperatures,

il4. In the iist of IR bands given in the experimental
section, the significant bands described im the theory are
underliined,

15. A brief summary of esch chapter 1s given at the
beginning of that chapter.

ig, lo the description of PMi signels, the abbreviestions
br.8, br.d and br.m mean broad simglet, broad doublet and
broad sulitiplet respectively.

3% Infrared bands are u‘pnnnd in frequency )/ = ea~l,
18. The thick liquid compounds whigh were found to be
unstable above 200°(bath)/1 mwm were not purified by
distillation.
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The tragg csreane diol (IX) obtainable from
(#)ecar-3-ene (1), on oxidaticn with sodiusm meta periodate,
gave the keto-aldehyde (III) which, omn Grigmard reaction
with .oth#u.uu- iodide, affeorded the diel (IV). Jomes
chromic aeid oxidation of the diol (IV) furnished the
hydrexy keteme (V). Baeyer-Villiger oxid¢atiom of the
hyéroxy ketoue (V) using perbenzolic acid gave the hydroxy
acetate (VI) which, on ssponification with methanclic potash
afforded the diel (Vii). Jomes chromic scid oxidatiom of
the diol (VII) furaished the lactome (VIII) and hydrexy
acid (14, R = H). The scld (IX, & = H) could also be obtained
from the lactome (VIII) by sepomificstion with slkald,
Esterification of the scid (I, R = H) folloved by seid
catalysed dehydration of the resulting ester (IX, W = CHg)
gave the methyl (+) glg-chrysanthemste (X).

behydration of the hydroxy acetate (VI), with FOClg/ by
afforded a mixture of the two umsstursted isomeric scetstes (iI)
6né (i1I), vhich were sepsrated by chrematography. The endo-
isomer (iI) was saponified with methamelic potssh to get the
ehrysanthemyl aloochel (XIIl). Jomes chromic acid oxidatiom
of the aleohol (AIII), followed by esterification of the
resulting chrysanthesic aeid (AIV) gave the methyl (+) gig-
chrysenthosate (X) in fair yilelds,



Uehydration of the hydroxy ketome (V) with
p-toluene sulphonic acid (FI5) gave the unsaturcted ketone
(&V) which, on Grigaard reaction with pheayl magnesium
bromide afforded & mixture of diasterecmeric umseturnted
aleohols (AVI)., The dissterecmeric umsaturated slcohols
(4VI), on oxidation with potassium permangamaste furnished
the keto diol (XIX) in the neutral part and a asixture of
élastereomeric hycrexy scids (AVII,& = H) which, on
esterification with an ethereal sclutiom of diazomethane
gave a mizture of dlasterecmeric hydroxy methyl esters
(AVII, R = CI‘). behydrstion of hyiroxy methyl esters
(AVII, & = CHg) with PTS arforded methyl 15 (+)-gig-2,8-
dimethyle3«{Zephenylprop-l-enyl) cyclopropane
capboxylate (AVIII).
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I8 2ACRUGCTLIod

Pyrethrum represents the dried flovers of
) aati i ariacfolius Via (Pyret:
cinersrissfolius, Irey), & mesber of the Compositae family.
The powder of flowers has been used as an insecticide from
encient times, The plant appears to have coriginated from
the Middle and Horth fast. At present Keanya is the major
producing country. The discovery of pyrethrum as an
insecticide, its production snd history of its uses are
discussed by omdmgor1 and bh.pll'dgo

The insecticidal principles 1o pyrethrum sre called
"Fyrethrins®” and for & long time have been considered harmless
to wamsals and plants while very toxiec to imsects, Today
they are becoming increasingly importent as imsect control
agents becsuse they possess a unique combinaticn of desirable
properties including exceptionally good insecticidal activity,
low mammalisn toxicity and rapic biodegracdation. These
features, combined with thelr bLroad spectrua of insecticidal
activities anc en unusually rapid pera.ytic effect -
“"knock down” - on flying lonsects, have made them comwercially
successful and also environwentally safe. However, their uses
are liaited mainly by high cost snd also by their photo-
instability.
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These valuable properties of pyrethrus stimulated
detalled exsuination of the chemical constitution of the
setive primeiples in the first quarter of 20th century,
Staudinger and Rusicke®, for the first time, 1solated two
active compounds from the pyrethrus extract and identified
thea a8 esters of (+) Lrapg-chrysanthemic acid and (+) Lramg-
pyrethric acld with the ketol, pyrethrolone and named them
as pyrethrin I and pyrethrin II respectively. Later on,
four more active esters viz., cinerin I, cimerin II‘,
jasmolin I end jasaolin 115’8'7 were also isolated from
pyrethrus extract. Thus the insecticidal activity of
pyretarum is attributed to the presence of these six
constituents. Out of these esters, .yrethrin I, ceinerin I
and Jasmolin I contain (+) frags-chryssathemic aclc as the
common aeld molety while pyrethrin II, cinerin II and
Jasmolin II contain (+) gragpg-pyrethrie acid
(= substituted (+) grags chrysanthemlc scid) as the common
acid molety. This class of active inmsecticidal esters,
ogcurring in pyrethrum was named as “"pyrethroids”., low the
word “Fyrethroid™ i35 not limited to natural pyrethrins alone
but is appiled also to biologleally active chrysanthemstes
and modified cyclopropane carboxylic acid esters of various
alechols.

Thus the monoterpene (+) Lrepg-chrysanthemic actid
vige, [_2’.2-61-«”1-3-(2-.0&719”9-1-011) eyeclopropane=le-
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carboxylic utﬂ ocours as an insecticidally setive ester
in pyrethrum extract. This fact has led to the prepsration
of many synthetic pyrethroids in which the acld moiety is
(+) trang-chrysanthemic acid.

To possess high insecticldal sctivity, pyrethroids
must have a precise steric relationship between sy
unsatursted centre in the aleohol wolety snd gem dimethyl
group or am equivalent substituent im the scid molety. This
gonerslly requires s IR configurstion in the cyelopropane
carboxylle ae1d®®, Inversion st tnis opticel cemtre
drastically alters the potency without greatly chengimg the
pbysical properties. Thus (¢) Lrang end (+) gig-chrysanthemic
scids possess li configur-tion and their esters with suitsble
#lechols are found to be sctive imsecticlces whercas esters
of (=) frags ond (=) gis scids which possess the
16 comfiguration are found to be insctive or much less sctive,
lo some substituted chrysanthemic aeild esters the li-gls esters
are foumd to be more active than the corresposding u-;m;m
isomers,

A mumber of ingemioys Syntheses of the rscemie
ehrysanthenic ac1ds 3 any also of the (») trens ac1ai®r1®
are on record, 80 also their resclution forms the subject
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matter of several patents and ”poro“. In most of

these mthou)l substituted ceycloprepane ring is built up,
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starting with suitable substrate. As a result, in many
of the methods, & mixture of isomers is obtained.

Attempts to synthesise ehrysaathemic acid, stereo-
selectively, from maturally occurring compounds, contaiming
suitably substituted cycloprepamne ring system and required
configuration, were made by many groups of workers,

Matsul gf 8l., for the first time realised the possibility
of getting chrysanthemic acid from (+) car-3-eme (I),

& nsturally ocecurring wonoterpenme which is abumcesntly
aveilable snd possesses the desired stereochemistry.

They obtained, stereoselasctively, (+») Rl.ll” and
(=) ﬁ:m“ chryssnthesic acids from (+) car<3-eme (I) as
showa in scheme I, Later om, many vork-rs have comverted (+)
car-3-ene (I) selectively, into 18(-) gis ehryssntheumic
uu“"'“'“ which could be readily epimerised to the 1Rt
(+) $paps isomer, s desired ifsomer for the synthesis of
pyrethrolds,

However, not much sttention wes given for the
cenversion of (+) car-3-ene (I) imte 1R (+) gis chrysanthemic
neid, the esters of which possess imsecticidal lctivltya.
There are only two references®®30 s9.11,010 in the
Literature for the conversiom of (+) car-3-emne (I) inte
AR(+)gis ehrysanthemic acid. Matsul gt al. synthesised,

selectively, the 1R (+) gis chrysanthemie acid from (+)
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¢ar-3-ene (I) as shown in scheme - 17, They coaverted
(¢) car-3-ene (1) into the emol ucetste (3) via keto
aldehyce (2), However, the keto aldehyde (2) could be
converted to emol acetste (3) in lov ylelds becruse much
of the keto sldehyde (2) was comverted to the comjugsted
ketone (4) in the ssme reaction. The enol acetate (3) was
subsequently converted to the keto scid (5) by ozonolysis
and ultimastely to lit (+) gis scid (6). iLwe to the formstion
of by-product (4), the oversll yleld of scic (6) from (+)
ciredesne (I) was comsiderably low,

Aecently, in our isboratory, Hane .;_glf? synthesised,
selectively, the LK (+) ¢is chrysanthemie scid from
(+) care3-ene (I) #8 shown im scheme- IJT,

The nigh inssoticidal setivity of some esters of
18 (+) glg-chrysanthemic scid, prompted us to investigate
other possible synthetic spproaches for IR (+) sis
ehryua.thonlg acld, GSimce, ve were interested in preparinmg
sowe sctive insecticidal esters from li (+) gis chrysenthesmic
aeld, we were looking for & sultable method for ths
Syathesis of 1R (+) gis ehrysanthemic soid in detter ylelds.
For this purpose, (+) car-3-ene (1), possessing the
configuration of 15 and 6k at the cycloprepame ring Juncture,

was comsidered to be an iceal starting smsterisl. In sddition
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it 1s a cheap, abundant, naturally occurrimg terpene,
readily available from pine oil (Einus lougifolis).

EARSRNT WORK

(+) Car-3-ene (1), on trestment with performic acid
vas converted to the formoxy hyiroxy carane whieh, on
hyirolysis gave the kmown®® 3, 4«-carame diol (II) in 45%
yield; mep. 82-83° (pet.other), Crothg% M° 170. It showed
IR bands at 3448 (0H), 1088 (-C-0-) asnd Mk signals st
9,30 (24, g, cyclopropsne protomns), 9.03 (6H, g, geg dimethyl
on cyclopropane), 5.83 (3H, g, ~Cilg at Ca). 8.27 to 7.77
(4, m, -CI‘ protons), 6.73 (iH, g4 vrotom at c‘) and
6.37 (24, g, OH protoms).

The viclnal diol (II), vas cleaved by sodium
meta periodate to afford the keto aldenyde (III)¥® 1n s2%
yield, Cjofi; g0 M” 168. It showed IR bends =t 2740 (-CHO),
1724 ()C=0) and PR sigmals at 9.17 (2H, g, eyclopropane
protomns), 9.00, 8.87 (3H euch, g, gem dimethyl on
eyelopropane), 7.90 (3i, g, ~ClClg) amd 7.67 (4ii, g, methylene
protons %« to >0-0).

The freshly prepared keto aldehyde (III), on treatment
with methyl msynesium fodide (4.5 moles) afforded the liquid
éieol (IV) in 70f yleld, q.I“O'. M' 200, It showed Ik
bands at 3448 (OH), 1087 (<Ce0-) and FHR signals at 9.43
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(24, g, cyclopropane protems), 9,13, 8,98 (3H each, 3,
goa dimethyl on cyclopropene), 8.88 (38, ¢, J = SHg,
sethyl sttached to carbon, bearing secomdery hydroxy group
8.80 (6H, 3, methyls of hydroxy isopropyl), 5.67 (4H, g,
methylene protons) snd 6,20 (ﬁu. 8, proton attached to
earbon, bearing OH and OH protons).

The diel (IV), was oxidised by Jomes chromic acid
resgent, under controlled conditions to the pydroxy
ketone (V) in 958 yleld as a liquid, cunuo.. n* 198,

It shoved 1A bands at 3834, 1205 (tertiary -0H), 1704 ( }Cs0)
and PR (Flg. 1) signals at 9,27 (14, g, one of the
¢yclopropane protoms), 9.13, 8.90 (34 each, g, gem dimethyl on
cyclopropane), 5.83 (7H, g, methyls of hydroxy ;_pnpyl

énd another eyelopropame protom), 8.88 (2H, ¢, J = 6 H,,

CHg protoms st Cg), 7.87 (34, g, -COCI'). 7.70 (2,

€ 4 =8 Hg, cl‘ protons adjacent to carbonyl function) and
7.80 (1H, br.g, exchangeable with n,o. OH protom).

The keto alechol (V), on Baeyer-Villiger oxidation
using perbensolc acld afforded im 50% yield, the
corresponding hydroxy acetate (VI), c“l"O’. H* 214, ss
& liquie, It shoved the following speetral properties.

I8 (Plg. 2)s 23472 (0H), 1724, 1236 (acetate);

PHR (Flg. 3): 9,28 (84, g, cyclopropane protons), 9.00,
86.87 (88 each, 1)cnhpnpu methyls), 8.78 (6H, g, methyls
of hydrexy isepropyl), 8.85 (2H, ¢, | = 6 Hg, CHy protons
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at °1)' 7.98 (35, g, scotate methyl), 7.26 (1H, '
exchangeable with DO, O proton) and 6.00 (24, ¢, J = 8 Hg,
CI. at 0.).

Sapenirication of (VI) with methanclic potash furnished
the erystaliine diol (VII, 908), CjoH g0, u* 172,
8.9.72-73° (pet.other). It showed IR (Fig. 4) bands at
8311, 1020 (-GI'OI) and PHR (Plg. 8) sigmals at 9,39 (2,
@y cyclopropane protoms), 9.07, 8.93 (3H each, 2 gem disethyl
en oyclopropane), 8.77 (6H, g, hydroxy isopropyl methyls),
8.57 (26, ¢, J = & Hg, CHig at cl). 6.60 (ad, gy CHy protons
of CilgOH) and 5.88 (2H, br. g, exchangeable with o,o. CH protems).

Jones chromic acid oxidetion of the dlol (VII) gave a
mixture of two products. They were separsted imto neidic
(18.50%) and neutral (88%) parts. The neutral purt, obtained
a8 & solid, vas ldentified as the (+) dihydro chrysanthemo-
lactone (VIID), G)oH, 0., H* 168, m.p. and m.s.p. 82-83°
(pet.other) and by the following spectral properties,
IR (Flg. 6)s 1724 (S~lactome); FMR (Fig. 7)s 8.92, 8,78 (3H each,
&y §%a dimethyl om cyelopropane), 8.68, 8.57 (4Hl each, N
methyls attached to carbom, bearing oxygen and eyclopropane
protons) and 8,38 (2H, ¢, J = 4 Hy, methylene protons).

The acldiec part (18.50%) was esterified with an
ethereal solution of diazomethane and the resulting ester
further purified by distillstion to give the TLC pure hydroxy
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ester (IX, R = Cl )y C) 8,0, ¥* 200, It showed IR bamds
at 3704 (OH), 1724, 1163 (ester) and FMA signals at 8.97
(A, g, proton at c,). 8.87 (184, 3, four methyls), 8.62
(1H, g, proton at C;), 8.26 (24, ¢, 4 = 6 Hs, -CH, protons),
6.50 (3d, g, ester methyl) and 7.48 (1H, br.g, exchamgesble
with D20, «OH protom). The hydroxy scld (IX, R = H) was slso
obtained by saponification of the lactome (VIII) using
sethanolic potash, The aclid (IX, R = H) on esterification
with dlazomethane gave the methyl ester (IX, R = CHg).

when the ester (Ii, R = cn,) was dehycdrated by using
c-ulnu quantity of pe-toluenesulphonic -m’ in dry bensene
(8 hr refluxing), & single product was formed which was
purified by distilletion to afford pure methyl ester of
(+)=gis chrysanthemic scid (X), Cnll.o'. N m)(«n): » Q°
(g, 1.20). It showed IX bands at 1739, 1190 (ester),
835 (>c-cl-) and FMA signals at 8,80, 8.75 (3H each, g,
gon dimethyl on cyelopropane), 8.40 (14, g, proton st cx).
8.88, 8.27 (34 each, g, vinyl methyls), 8.13 (1H, g, protomn
at Ggly 6.42 (24, g, ester methyl) amd 4.70 (14, 4,
J = 8 Hs, donup proton). The sign snd magnitude of the
optical rotation of (X) and comparisom of its spectral data
with the ome reported in litersture®130 confirmed thet this
compound must be methyl (+) glg-chryssnthemate (X).
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Dehydration of the hydroxy scetate (VI) with
pocx‘/n afforded in 828 yleld, a ailxture of two unsaturated
Gcetates. These vere separsted by chromstogrephy over
silicic acld ispregnated with 10§ silver nitrate. The less
polar of the two acetates, c“n‘o'. K* 196,vas tdentified
as (XI) by spectral dataj IR (Fig. 8)s 1745, 1235 (acetete);
PHR (Fig. 9) sigmels at 9.20 (14, g, eyolopropane proton st
€1)y 8.98, 8.86 (30 euch, 3, cyclopropane methyls), .70
(14, g, cyclopropane protom st Cg)y 85.28, 8.25 (3H each, 8,
vinyl methyls), 8.08 (34, g, acetste methyl), 6.03 (2H, br.gd,
CHg of -cn.Ou) and 8.10 (18, ¢, J = 8 Ha, clefinic proton).
The more polar Scetate was identified as (XII), c"u”o.,
N 196,0n the besis of spectral date. It showed 1& (Fig. 10)
bends at 1780, 1235 (acetate), 1642, 883 ( >c-cll,) and
PMR (Pig. 11) signals at 9.20 (2i, g, eyclopropane protons),
8,00, 8.88 (34 each, g, cyclopropane methyls), 8.27 (38, g,
vinyl wethyl), 8.03 (34, g, acetate methyl), 7.985 (2H, br.g,
CHy at Cg), 6.03 (24, ¢, 4 = 7 Hs, Cliy of «CH OAe) and
5.30 (24, g, Ho=cHy).

Saponification of the endo isomer (AI) with methanmolie
potash gave in 90f% yield the alecohol (XIII), cml“o.
M* 184, ldentified by spectral data; Iis 3390, 1084 (0H),
1667 (-c = c<)y FMR (Plg. 12)s 9.20 (18, g, cyelopropsnme
proton at cl)' 8.98, 8.856 (3d each, g, cyclopropane methyls),
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8.66 (1H, ¢, J = 8 Hs, cyclopropane proton at c.). 5030

(6H, br.g, vinyl methyls), 7.40 (i#l, br.g, exchangeable with
n,o, OH proton), 6.47 (24, ¢, J = 7 Hs, cl' of -GI.OI)

and 85.07 (iH, ¢, 4 = 7 Hs, olefiniec protom).

Oxidation of aleohol (XIII) by Jomes chromie aseid
reagent at 0° afforded alomg with other products,an aetd (XIV),
vhich vas sepsrated from the other comstituents by sodium
carbonate extraction and the scid (XIV) wes esterified using
én ethereal solution of diazomethane to get the methyl
ester (X). The methyl ester wes identified as methyl
(+) glg ehryssathemate (1), G, H 0., u” 182, from optieal
rotation, (d)r + 30° (g, 1.30) snd spectral cate.

IR (Fig. 13):1739, 1190 (ester), 638 (V& = c()j i

(CiCly, 90 MHs, Fig. 14)s 8.81, 8.78 (34 cuh)g, eyclo-
propane methyls), 5.42 (14, g, cx-prM). 8.33, 8.26 (3 each,
8y viayl methyls), .13 (id, g, Cg-proton), 6.40 (3K, g,

ester methyl) and 4.67 (lH, ¢, J = 6 Hs, olefinic protonm).

The physical constant sad spectrel data of this ester were

in agreement with those reported im literature®®r30 for

methyl (+) gig chrysanthemate,

behyiration of (V) by ptoluene sulphonie aeid=’
gave in 80§ yleld, the liquid unsatureted ketome (iV),
Cpgligo® N* 180. It showed the following spectral
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properties. IRs 1710 (30s0); PMR (Pig. 18): 9.10, 8.88

(8H each, g, cyclopropane methyls), 8.67 to 9,00 (2, g,
eyclopropane protons), 8.33, 8.87 (84 each, 3, vinyl methyls),
7.93 (3H, g, -C0CHg), 7.77 (&H, 4, 4 = 7 Ha, Cl, « to)Ca0)
and 5,27 (18, ¢, 4 = & Hz, olefinfe protom).

The umsaturated ketone (l"’ on treataent with pheayl
magnesius bromide gave the ligquid slechel (XVI), c“l'o,

u* 258, as a mixture of diastereomers. It was identified

a8 (AVI) on the basis of spectral date. IR (Fig. 16):

8448 (0H), 1887, 758, 694 (aromatic); PME: 9.43 (14, g,
cyelopropane protoa at C,), 9,29, 9.17, 9.07, 8.97 (eu,

all singlets, cyclopropane methyls of both the disstereomers),
8.50 (88, g, methyl attached to carbon, bearing oxygem),

8.80 (78, br.g, viayl sethyls and allylic cyelopropane
proton), 8.20 (1H, br.g, olefinic proton) and 2.73 (B4, g,
aromstie protoms).

Gxidation of the mixture of éiasterecmeric unsetursted
alecohols (XVI) with potassium permangsnste in scetone-acetic
scidewater mixture afforded a mixture of two products. They
vere separated into acidic (44.50%) and neutrel (48%) parts.
The neutral part, obtalned as & solid, was identified as
keto diel (AIX) Oul.o,. u* 200, w.p. 124-128° (pet.ether),
by the following spectral properties. IR (Fig. 18)s 3509,
3300 (0H), 1608 (>Cs0), 1590, 746, 698 (sromatic)y
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PR (cmx'. Fig. 17)s 9.43 (1H, g, cyclopropane proton at
cl), 9.17, 8.95 (38 each, §, cyclopropane methyls), 5.67,
8.58 (38 each, g, methyls of hydroxy isopropyl), 8.40 (34,
8y methyl attached to carbon, bearing hydroxy and phenyl
ring), 8.10 (14, g, J = 8 Hzs, snother cyclopropane proton,
adjacent u>c-0). 7.77 (2i, g, -CHy protons), 7.36 (&i, br.g,
exchangeable vith DO, OH protons) and 2.63 (5H, g,
aromatic protons). This compound obtained ss the major
product is the normslly expected oxidation px'odncta from
the olefin. The acidic part (AVII, R = H, 44.50%) was
converted into its methyl ester (AVIL, & = Cig), CgH .04
' 262,using au ethereal solution of diasomethane. It was
jdentified as (AVII, R = cl,). a mixture of dissterecmers, by
the following spectral properties. Ik (Fig. 19): 38550 (OH),
1721, 1163 {(ester), 1587, 7586, 606 (aromatic)y MMR: 9.13,
9.03, 8.90, 3.80 (64, g, cyclopropame methyls of both the
diastereomers), 8.50 (3, 3, wethyl on carbom, basring
hydroxyl)y 7.93 (2d, m, CH, protons), 6.50, 6.43 (34, g,
ester methyls of both the dissterecmers) sad 2,77 (8H, g,
arcmatic protoms).

Jehydration of hydroxy methyl esters (XAVII, R = ct')
using cstalytic quantity of petolusne sulphomic seid in
refluxing benzens (12 he) gave axclusivaly the unsaturated
ester (AVIID), G gl 0., 4 244, («) + 16.80 (e, 0.70),



( EHD =8 ‘IIAX ) 3LVIAX08HYD — INVAOHdOTIIAD ( TAJO¥d -
~AXOHAAH=-2 =1AN3Hd=-2)-€=-TAHLIWIA-22-=SID-(+) SI TAHLIW 40 WNHLI3LS NI

L <p
<

(SNOYDIW) HLONITIAVM

ol 6 8 L s, S
I F I | | |

— 2L}
N

969

T
864

L86G1

.

6SS¢E

(@)
eV

U

| " | | I | | |

000}  -WD 006! 0002

[ I [
004 008 006

‘6194

@)
S
(%) 3ONVLLINSNVYL

(@)
©

(@)
(0 0]

00!

000¢ 000%



69

as & solid, n.p.‘O-ﬂ" (pet.other). It showed IK (Fig.20)
bands at L1721, 1170 (ester), 832 (trisubstituted double
boné ), L8886, 1481, 768, 727, 692 (arometic) and MMR (Flg. 21)
signals st 8,68, 8.67 (31 each, g, cyclopropane wethyls),
contered ak 8.83 (24, g, protons st C) and Cyl, 7.90 (a3, s,
vinyl msethyl), 6.37 (384, g, ester methyl), 4.00 (1, 4,
L = 8 Hs, olefinic proton) and 8.76 (5H, g, eromatie protons).
During the dehydrstion of hydroxy methyl ester
(AVII, & = Clig) to give (XVIII}, two double bond gecmetric
isomers are possible, It appeers from the FHR spectrum
that only one thermodynsmically stable iscamer is formed
during prolonged treatment of (AVII, i = CHg) with FTS and this
isomer has been tentatively assigned stereostructure (AVIII)
in which the bulkier groups are trapg to one another.
The spectral data describes above for (AVIII) were
comparable with those npoﬂ«“ for the corresponding
ensntiomeric compound, prepared from (+) car-3-ene (1).
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Ereparation of 98, du-garane diel (I1)

In & S~litre 3-necked round bottom flask, equipped
with & mechonical stirrer and & dropping fumnel, was placed
formie acid (90§, 526 ml) and freshly distilled
(+) car-3-ene (I) (200 g) was added, with stirring, through
& dropping fumnel. iHydrogen peroxide (308, 300 ml) was
then sdded, dropwise, maiatesining the temperature of the
reaction sixture between 30-40° (2 br). &tirring wvas
¢ontinued at that temperature for 6 hr and the resction
mixture was kept overaight. A solution of sodium hydroxide
(160 ¢ in 400 ml H.0) was sdded slowly to the reaction
mixture under stirring, keeping the tempersture around 25°
(1 br). The resetion mixture was treamsferred to & two-litre
separating fuannel and the layers were allowed to separate.
The top olly layer (approx. 2850 g) was trensferred back
to the reaction flask sad further amount of a solutiom of
sodium hydroxide (40 g in onme litre I.O) was added, slowvly,
under vigorous stirring, saintaining the tempersture st 88-00'.
After stirring for 1/2 hr and cooling to 6 to 10°, the solid
diol separated., It was filtered, the residue washed with
cold water and dried; ylele 120 g, m.p. cn°. This crude
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diol was erystallised from pet.ether + 5% ethyl ascetate
to give 110 g of diol (II, 45%) =.p.87-88°.
Ansdvsis
Founds C, 70.81; 4, 10.68;
Crofi; g0 requires Cy 70.84; H, 10.86%.

Ia bands ats 2448, 2000, 1460, 1375, 1086, 945 and 816 ox"l.

Sa=bimthyl-d-(S-oxopropyl)=cyclopropane-1-agetaldenvde (111}

In @ l-litre 3-necked flask equipped with an overhead
mechanical stirrer, were taken carsme diol (II, 51 g,
0.30 mole), methanol (200 ml) and vater (75 ml). The comtents
were stirred at room tempersture for 10 minutes. Fimely
powdered sodium meta periodate (70.60 g, 0.38 mole) was then
&dded, portionwise to the above solution umnder stirrimg.
After the sddition (1/2 hr) the reaction mixture was stirred
for & hry filtered and the residue washed with methemol (50 ml),
the combined filtrate was diluted with weter (300 ml) snd
extracted with chlorofora (150 wl.*75 al x 2)., The
chlorofora layer was washed with veter (250 ml x 3), dried and
evaporsted to give the keto aldehyde (III, 41.50 g, 82f%),
bepo85-87%(vapour)/1.50 mm.
Analvals
Founds C, 70,085 H, 9.48;
°m'u°z requires Cy 71.89; H, 9.50%.



IR bands ats 2965, 740, 1724, 1439, 1361, 1163, 1124,
1047 and 962 ca”.

G- Lol ipropyl le{@«hyoroxy-

erepvi-gvslopropene (IV)

A solution of keto aldehyde (III, 10 g, 0.072 wole) in
dry ether (50 ml) wes introduced, dropwise, under stirring
fate an ice~cocled solution of methyl sagnesium lodide,
prepared from sagnesium turnings(6 g, 0.24 mole) and methyl
iodide (34 g, 0.24 wole) in dpry other (150 ml). After the
sddition, it was stirred at room .teaperature for & hr. under
reflux and kept overnight. The resction mixture was cooled
to 0° snd & cold saturated solution of amsonium chloride
(100 ml) was introduced dropwise iato it with vigorous
stirring. After stirring for 1/2 hr at room tempersture, it
was transferred to @ separating funnel. The ether layer was
separeted and aqueous portion extraoted with ether (100 ml x 2).
The combined eother layer was washed with water, dried and
evaporsted to furnish the diol (IV, 9.80 g, 70%) as a
colourless viseous liquid, b.p.180°-165%/0,50 s,

Laslysls
Founds C, 72,04 4, 12.10;
c“l.‘O' requires C, 71.98; H, 12.08%.



IA bends at: 3448, 2965, 449 1368, il9s, ll24, L1067,
980, 936, 907, 840 and 786 e .

2y8-iimethyl=3-(2-hydroxy-2esethyipropyl )-gig-l-
{Z=oxopprepyl) cyelopropene (¥)

4 solution of the diol (IV, & g) in zcetone (80 ml) was
cooled to 0-8°. Jomes reagent (32 ml) was then asdded dropwise
vith vigorous stirring. The mass vas left at o' for 1 hr and
then diluted with ice eold vater (100 ml) and extracted with
other (3 x 100 ml). The ether extract wss washed successively
with water, 10% ag. nnco‘. again with wvater snd fimally with
brine and dried. Removal of ether followed by distillstion
gave the nydroxy ketone (V, 7.60 g, 96%), u.p.mo.m'n,a aua,
P + 40.88° (g, 1.50).

Anelysis
Founds C, 72.613 H, 11.12;

GN. requires C, 72.68; H, 11.18%.

IRk bemds at: 3834, 3012, 1704, 1449, 1370, 1208, 1143, 982,
903 and 752 "%,
Zy8-ime wt-a--«.mwt-qm”gg-u-m-(n ‘emethyl )~
Lropan=g =gl (V1)

In a 500 ml S-necked round bottom rlask, equipped with
@n overhead mechanical stirrer, were taken hydroxy ketome
(V, 12 g), chloroforn (100 ml) and petoluene sulphomic acid
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(0.10 g) snd the contents wvere cooled to 0°. A echloroform
solution of perbenzoic acid (61 ml, 1) was added snd the
ccnteats were stirred for 6 hr at 0°. Anmother portion of
perbensole acla solution (61 ml, IN) wvas added and the
stirring continued at 10-15° for 72 hr. The rescticm mizture
was transferred to a 2-litre separating fumnel and washed
thrice with 10f aqueous sodium carbomate solution
(100 ml x 3) to free 1t from acids, It was then washed with
water, dried and eveporated to give 10.40 g (80%) of a liquiad
saterial identified as (VI), further purified by distillation,
b.p+118-120%/0.50 mm,(<)5° - 16.80° (g, 0.84).
Adualyeis
Founds C, 66.92; H, 10,12

cul.,o, requires C, 87.88; H, 10.35%.
IN bands at: 2478, 2085, 1784, 1449, 1361, 1238, 1018 and
202 cu”t,

8'S-Mnnglmmtglazﬁgn&-.‘rut' -methyl )
REQRAD=8'=0) (VIL)

Te & solution of potassium hyaroxide (3 g) in water
(20 ml) and methanol (150 ml), was sdded hydroxy acetate
(VI, 6 g) and the homogenecus solution was refluxed on we ter
bath for 6 hr. Most of the methanol was removed uader suction
&nd the residue diluted with water (200 ml) and extrscted
thrice with ether (100 al x 3). The combined ether layer vas



vashed with vater, dried and distilled to furaish crude
solid diol (4.40 g, 90%) which was purified by crystallisetion
to elve a crystalline solid (VII), mep.72-73%(pet.ether),
) -26.8° (g, 0.23).
LDadysls
Founds ¢, 60.82; H, il.48;
cgglno' requires C, 69.72; H, 11.70%.

IR bands ats m. m' 1“. m' 11490, m “" =83

and 768 ...‘.o

mmﬂmm.xmumw

To an ice-cooled solutien of the diol (VII, 1.50 g) ia
acetone (20 ml), Jones chroaic seid reagent was added dropwise,
with shaking till the brown colour persisted. It was kept at
8-10° for an hour, diluted with water (100 ml) and extracted
with chlorofora (100 ml + S0 ml x 2). The chlorofora layer
was washed with water and extracted with 10% aqueocus sodium
carbomate solution (26 ml x 8)., The chlorofora layer wvas
vashed with water and dried. Remowsl of ehloroform furnished
& solld (1.00 g, 68%) purified by crystallisstion from pet.sther
to give & white crynauuo solid (mx) ®.p. and
H.m.p. 82-83°, “"o + 7° (e, 1.38),

Anadvals
Founds C, 71.18; H, 9.23;

clO“LCOI requires Sy 71.“‘ H, 9.80%.
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IR bands ats 2085, 1724, 1449, 1374, 1264, 1139, 1096,
P45 and 889 em”t,
The aqueous sodiun oarbonate layer was seidified with
10% sulphurie acid and extracted with ethor (100 ol + 76 ml).
The ether layer was washed with watsr (75 ol x 2), dried
and evaporated to give the hydroxy aeid (IX, & = H, 0.80 g,
18,50%). It was esterified by an ethereal solution of
diszomethane. The methyl ester (IX, R = cl,) thus obtained,
was further purified by distiliction to afford a colourless
Lauid (0.0 g)y 5.p+110°(vapour)/1.60 mm, (<)% . 16,20
(g 1.60).
Lsosdyale
Found: C, 66.68; i, 10.26;
cul”O. requires ¢, 65.97; H, 10,078,

IR bends at: §204, 3077, L7284, 1439, 1370, 1212, 1163,

1078, 1042, 996, 952, 901, 88lL, 847, 816, 784, 755 and

709 ea™t.

Methyl 1 m:a,s-cumx-;-(a-umy-a-nmxno”u

sxeiepresane carboxvlate (14, H. = C.) Cros lsctope (VIIL)
To & solution of lactone (VIII, 0.50 g) in methanol

(25 nl) was added an squeous solution of potassiua hydiroxide

(2 g in 5 ml of water) and the homogemeous solution refluxed

for 4 hre Methanol was removed under suction snd the residue
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diluted with water (50 al) and extracted with ether
(76 ml x 2) to remove the neutrsl msterial (0,060 g)e

The aqueous portion was acidified with 10% sulphurie
actd at 8° and extracted vith ether (75 ml + 50 al x 2). The
.ether layer was vashed with weter (100 ml x 2), dried snd
evaporated to furnish the hydroxy aeid which was converted
into 1ts methyl ester (0.4l g) by an ethereal solution of
Giazomethane. OUistillation afforded a pure colourless
ester (I, X = Cilg, 0.36 g), b.p.110%(vapour)/1.50 ma,
0% < 17.10° (g, 2.22).
Ansiysis

Founds C, 66.26; i, 9.88;
cul‘oo' requires Cy 656,973 H, 10,074,

IR bands at: 3704, 3077, 1724, 1439, 1378, 1270, 1212, 1168,
1070, 1045, 996, 960, 900, 880, 845, 816, 784, 786 snd

710 ea™t.

Hethyl (2)-glg-ohrysanthemate (methyl li-gig (+)-8,2-
Sdmethvi-3(g-getnyiorop-l-eavi)-cvclopropene carboxylete (i)
A solution of hydroxy ester (Ii, K = cx'. 0.55 g) in
dry benzene (25 al) vas refluxed vith p-toluene sulphonie
acld (0,085 g) for 8 hr. The benzene solution, containing
the reaction product was washed with water (25 ml x 8), dried
&nd the solvent evaporated to furnish the product (0.438 g).
It shoved on TiC (6§ ethyl scetate in bensene) two spots, the
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more polar was identical with thet of lactome (VIII).
The aixture was chromstogrsphed over silicie acid
(12 g). Hethyl (+) gig chrysauthemste (i), the less polar
component, was eluted vith pet.ether and pet.ether + ether
(28%). It was further purified by distillstion to afford
colourless liquid (0,828 g), b.p.xoo‘/o om, (-:)D“ + a1°
(g, 1.20).
Apelysis
Found: C, 72.16; H, 10.16%
culuO' requires C, 78.49; H, 9,968,

IX bands at:3077, L7238, l420, 1399, 1370, 1316, Ll9Q, 1170,
1136, 1078, 990, 917, G238 and 746 ca™t.

8.l-n“&l-&(&m%&mi!ﬂklncotmﬁl
srelopropene (A1)

7o an ice-cooled solutiom of hyiroxy acetute (VI, 20 g)
@issclved in pyridine (10 ml), phosphorous oxychloride
(1.80 g), was added dropwise with shaking and the resction
mizture was allowed to stand for 24 hr. st room tempersture.
It vas then poured on crushed ice with stirring snd the
contents allowed to attaia room temperature, It was
extracted with ether (100 sl + 50 al x 2), the ether layer
was washed with dilute hydrochloric scid, folloved by water
and dried. Hemoval of ether furnished & mixture of two
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unsaturated acetates /1.50 g, 823%, TLC on 510, + AgNO,(108),
8% ethyl scetate ia benzene, two spotg/. The reaction
product was chromstographed on silieie aeld 27 g impregnated
with 3 g of silver nitrate and eiuted with pet.ether, pet.sther
+ bensene mixtures, bensene and chloroform. The fractions
eluted with pet.ether and pet.ether + 108 benzene gave the
TG pure acetate (il), further purified by distillation,
b.pe100-110%/3 um.
inalysis
Founds C, 78.313 H, 10.36;
Cugligg¥p requires G, 73.43; H, 10.27%.

IR bands at22994, 1748, 1443, 1368, 1238 and 1020 e .

The fractions eluted with pet.ether + benszens (1l:l) snd
benzene, gave the pure (TLC) isomeric acetate (XII), purified
further by distillation, bep.l08-110"/3 wa.

Auslysis
Founds C, 73.2lj H, 10.39;
Cglyo0, Pequires <, 73.43; d, 10.278.

IR bands at:2092, 1730, 1648, 1439, 1361, 1238, 1018
and 483 ea”t.



asthyl-gvelopropene (A111)

The scetate (LI, 2.50 g) was sdded to a solutiom of
potassiun hydroxide (2 g) in water (10 ml) and methanol (50 =ml)
and the homogeneous mizture was refluxed om & water bath
for & hr. Most of the methanol was removed under suction
#nd the residue diluted vith vater (100 ul),extracted vith
ether (100 wl « 76 al x 2). The combined ether layer vas
washed with vater, dried and evaporated to give & liquid
aleohol (1.80 g, 90%), purified by distillation to yleld
the pure (TLC) aleohol (XIII), b.p.88-80°(vspour)/1.50 mm,
0%+ @° (g, 1.5).
4palvsls

Founds C, 77.6l3 4, 11.48;
ctoluo reguires Co 77.863 H, 11.76%.

Ii bands at: 3300, 2976y L1667, 1439, 1366, 1126, 1064
and 840 ea”?.

Mothyl (+« -chy them= te

To an ice-covled solution of the sleohol (XIXI, 1 g)
in acetone (10 ml), Jomes chromic acld reagent was added
dropwise till the brown colour persisted. After keeping for
L/2 bhr, the reaction mixture was diluted with vater (50 ml)

and extracted with chloroform (100 ml .
+*+ 50 sl x 8)s The

combined chlorofora layer was vashed with water (25 ml x 2)



and extrected with agqueous scdium carbomete solution
(0%, 20 ml x 3)., The carbomete layer was scidified with
HCl, saturated with salt and extracted with chloroform
(60 al x 3). The chloroform layer was dried and the
solvent evaporsted o give am seid (AIV, 0.40 g). This was
esterified with an ethercal sclution of diazomethane to give
the methyl ester (IX, R = cl‘). purified by chromstogrsphy
on alusina (Gr. II, 128 g) end eluted with pet.ether,
pet.ether +» benzene (10%) to give a TLC pure ester (0.20 g),
comparable in spectral properties®® with methyl (+)-gis
chrysanthemste “’)"‘)b. + 39° (¢, 1.20).
Ansdyals

Found:s C, 72.£8; H, 10,163

culuﬂa requires G, 72.49; i, 9.96%.

£y2-binethyl«3«(2-methylprop-l-enyl)~gig-l-acetonyl-

sxgionrepane (AV)
The keto aleohol (V, 8 g) dissolved in dry bensene
(300 ml) was refluxed on a water bath with PPs (0,10 g)

for 18 br., The solution was then washed with water
repsatediy to remove FI5 and dried. Removel of bensene
followed by distilistion of the residue (6.50 g, 80%)
gove the unsaturated ketome (AV) im TLC pure state
«(810' * Agiiog phu,‘l ethylacetate in benzene),
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bepediB-120%/2 ma, ()50 + 77° (g, 2.40).
snalvsis
Founds C, 79.78; H, 11.104
Cigligo® requires <, 79.94) H, 11.18%.

IR bands .':”. m‘ lm' 1“‘, 1”. lm. 1‘“' 1042
and 826 ca~l.

a,a-muggx-a-u-usgxgn&ﬂq:gl:x-(a-mx.
&=hyoroxveronvl) cvglopropane (AVI)

In a 500 ml 3-necked flask, equipped with an overhead
wechanical stirrer, & dropping fumnel oné a reflux condenser,
were placed magnesium turaings (0.60 g), » erystal of lodine
tnd dry ether (100 ml). To this, a few mls of a solution of
bromo bensene (3.80 g) in dry ether (50 ml) was added
initially under stirring and the contents warmed to initiste
the reaction. After the reaction was set in, the remaining
solution of brome bengene was added dropwise under stirring
Snd sfter the addition was complete, it was refluxed for
1/2 nr to dissolve all the magnesium, The solution of pheayl
asgnesium bromide in ether thus obtained, was cooled to o‘
“nd & solution of the ketome (AV, 4.20 g) in dry ether (50 ml)
vas sdded dropvwise under -turin. After the addition wes
complete, the reaction mixture was alloved to sttain room
temperature, thea refluxed for 1 hr snd kept over night. The



Grignard complex was then decomposed by sddition of
saturated smmonium chloride solution st 5-10° and the
layers were allowed to separste. The ether layer was removed
and the aqueous layer was extracted vith ether (100 ml x 2),
the combined ether layer weshed with water and dried.
Removal of ether gave the erude liquid unssturated alecohol
(8 g), which was purified by chromstogrephy over alumina
(Gr. II, 75 g) and eluted with pet.ether, pet.ether + benzene
siztures, bengene and ethyl acetate. The fractions eluted
with bengene and ethyl scetate which were TIC pure (6% ethyl
acetate in bensene), vere mixed together (4.60 g) and
¢1stilled to got (XVI)b.p.180-160%) mm, («)38 . 2¢°
(gy 1.70).
Analysis
Found: C, 88.87; H, 9.98;
cun“o requires Cy 83,663 1, 10.145,

IR bands at; 3448, 2941, L687, 1481, 1440, 1361, 1083, 1020,
188 snd 94 -4‘
Hethyl li-( 0!:&8,““”!1-3—(8-&:1-8-&& roxypropyl),
W-ﬂ.:.ﬁl.)

To @ solution of the umsatursted aleohol (XVI, 3,70 g)
in acetone (25 ml), ncetic scid (10 mi) and vater (15 ml),
powdered potassium permangenate (3.40 g) wes added portione
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vise under stirring during 1/2 hr. GStirring was continued
for L/2 hr more and the resction mixture was treated
sisultenecusly with sodium nitrite (3 g) and sulphuric escia
(1:10), when all the manganese dioxide was dissolved. The
contents were then transferred to a separating funnel and
extracted with ether (100 ml x 3). The ether layer was
washed with water and extracted with 10§ agueous sodium
carbonate sclution (15 ml x 2). The earbonste layer wes
acldified to 2 pH with hydrochloric scid and extracted with
chlorofora (50 ml x 3)., The chlorcform layer was washed with
water, dried snd evaporated to furaish the hydroxy acid
(LVXI)K = iy, 1,60 g). This was converted to the methyl
ester (AVII, A = CHg) by an ethereal solution of diszomethane
and the methyl ester distilled (1.50 g, 39.9%), b.p.120-130%/
& ma, (05 ¢ 8.70° (g, 2.0).
Analysis
Founds C, 73.083 4, 5.663

CrgliggQs requires <, 73.48) 4, 8.45%.
Ik bands at: 3588, 2988, 1721, A687, 1449, 1370, 1163,
844, 788 and §9g cu™t.

The ether layer after extraction with scdium carbonste
sclution, was repestedly weshed with water (50 mli x 3), dried
and evaporsted to give the keto diol (AIX) in the neutral
part. The meutral part (XIX, 2 g, 48%) was crystaliised from



pet.ether to give a solld, m.p.lie-126°,

Auslysis
Founds C, 74.383 H, 9.083

%.“o' requires C, 74.44; i, 9,085,

I bends at: 3509, 3390, 2988, L1696, A500 1498, 1462, 1439,
1408, 1370, 1338, 1300, 1220, 1178, 1136, 1110, 1076, 1083,
1010, 973, 982, 909, 870, 812, 770, 746 and §9§ cm .

Wethyl 15(+)-gig~8,2-¢imethyle3~(2-phonyiprop-l-enyl)=
sxelopropane carboxyiate (AVILIL)

A solution of hydroxy ester (XVII, R = CHgy 1.80 g),
in dry benzene (75 ml) was refluxed with cetalytic guantity
of P16 (0.10 g) for 12 hr. The benzene sclution was washed
vith water (100 ml x 2), dried and the benzene eveporsted to
furnish a solld (1.80 g, #6%) which was crystallised from

Ko

pet.ether to give ester (AVIII) as white needles, l.p.60-61°.

)%+ 16.80° (g, 0.70).

insiysis
Found: C, 78.48; Hy 8,073
C‘Ma r.qu". c' ”o“‘ H. 8.”’0
Ik bands at: 3067, A72L, ASSS, i4@l, 1439, 1379, 1333, 1170,
1143, 1087, 917, §38, 768 end G9g em=~t.
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The tpags cerane dicl (II) obtainable froam
(*#) car-3-ene (1), on oxidstion with Jones chromic seid
reagent gave the keto aecld (IIl, & = H) which, on esterification
(HeOH/H") afforded the keto ester (III, & = Cig)e Treatment
of the keto ester (III, & = CHg) with ethylene glycol and
p=toluene sulphonic acid (P25) gave the ketal ester (IV).
Grignard resction on ketol ester (IV), using methyl megnesiua-
iodide gave a liquid ketal slicohol (V), which on deketalisstion
and dehydration with FI5 furnished a2 sixture of two isomeric
unsaturated ketones (Vi) and (VII)., These were separated
by ehromatography. Trestment of (VI) with phenyl magnesium-
bromide afforded a mixture of disstereomeric slcohols (VIII).
rotassiua permsnganate oxidstion of diasterecmeric alcohols
(VIII) gave the keto dlol (IX) as the major prouuct along
with & mixture of diastereomeric hyuroxy acias (g K' 3 H).
The lstter, on esterificetion with an ethereal solution of
diszomethene afforded a msixture of dissterecmeric hyaroxy
methyl esters (X, #' = cﬂ,). Aeld catalysed dehydration of
the wethyl e ter (X, R' = Chig) gave the methyl lii-gis(~)-
dy2-dimethyle3-(2-phenylprop-l-enyl)-cyclopropane
carboxylate (XI).

The gig scid (AIl) obteinable from the ester (XI) was
esterified with mephencxy bsnsyl aleohol to furnish the
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active imsecticldal ester (XIII).

Irestment of methyl magnesium iodide on the ketome (VI)
afforded the unssturated alcohol (XIV). Fotassium
permenganate oxidation of the alecohol (X1IV) gave the keto
diol (AV) in the neutral part and a hydroxy scid
(AVI, R' = i) which, on esterification with an ethereal
solution of dissomethane furnished the hydiroxy methyl ester
(XVI, R' = Cig). The keto diol (iV) on reduction with
lithius alusinius hydride gave the triol (AVII) which, on
oxidation with Jones chromlc aeld reagent gave alomg with
other products & hydroxy acid (AVI, R' = H) characterised
through 1ts methyl ester and ldentifled as (AVI, R' = CH‘).
behydration of the hydroxy methyl ester (XAVI, R' = cua) with

PT5 afforded methyl li (+)-glge-chrysanthemate (XVIII) as the
mé jor product,
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“Syanthetic Pyrethroids" which bear a close structural
reseablence to natural pyrethrins and cinerins are inecreasingly
becoming important as "Fest Control 'sgents®., These
insecticides have an advantsge over other insecticides in the
fact that they combine high insecticidal activity with low
mamualisn mtetgyl". They are alsc superior to matural
pyulhriua" in having higher paozosr.-uucy“ and are
therefore applicable for agricultural uo‘. 4 number of
synthetie nmmu-"o‘ have been prepared and used with
success during the last few years in UK, UsA, Japan and other
advanced countries,

in important member of this group in commercial use is
rermetirin® (NALC 143).

Structurally, most of these syanthetic pyrethreids are
esters of 4,8«dimethyl-3-vinyl substituted eyelopropane
carboxylic meids, with alcohols like S-phenoxy benzyl aleohollOvdl
28 in permsthrin or S-bensyl-3-furyl msthyli alcohol as ia
resaethrin®®, varietion of the vinyl substituent at the
deposition of the cyclopropane carboxylic acid is possible
while maintaining insectiecidal uuvny'. The synthesis of
the various 3-vinyl substituted analogues was achieved by
the reaction of appropriate Wittig reagents on caromaldehyde
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ootu‘a'u. Pomthrtu’ has been synthesised either by a
Wittig nuuuu or from acyelic intermedistes involving
ring closure of the cyclopropane rimg systemt®,

The natural pyrethrins and the synthetic pyrethroid
group of insecticides are flexible molecules, Their
insecticigal action depends on their ability to adopt a
conformetion in which all the structural festur-s, essential
for potency are appropriately orieated with respect to esch
other and to & complementary receptor. A characteristic
feature of the pyrethroids is the sensitivity of thelr
insecticidal action to changes in the substituents at certain
important centres by which either the balance of conformers
present, 1s disturbed or contact of molecule with a receptor
is obstructed.

AS alresdy mentioned in Chapter I of this thesis,
esters of 3.vinyl substituted-2,z-dimethyl eyelopropsnme
carboxylic seids, with the carboxylic substituent im the 1K
configuretion, whether the side chain at g is Lrang or gis
to the carboxyiiec group are tcuuu'la. vhereas esters of
the epimer are insctive or much less setive. The potency of
Such ester is alsc sensitive to the substitution &t or ca the
side chein st C 6438,

Thus in the ecld wmolety of the pyrethroids, the side
chaln sttached at c, position of the eyclopropane ring system
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13 a position where structural changes greatly influenmce
ﬁuouudu activity, which in turn depends on the pature
of the substituents in the side chain. Thus a sinple
modification im the structure of the side chain at Cg in
blon-othrn“ where isobuteayl group 1s replsced by
but-l-enyl group, produces still greater sctivity but
retains lov mammelian toxieity. Glmilarly esters with simple
vinyl substituent wes found to be less active than
chrysanthemates but monomethyl vinyl ester was more active,
Hoximua aetxvnyu was observed in the cuse of esters with
but-l-sayl side chain at C‘.

The high asctivity is attained in esters with 4L and B
butadienyl and pentadienyl mbltuunuu 8t Cgs Lraps end gig
to the li carboxylie centre, provide mo methyl groups are
at Cg or c‘ at the cyclopropane ring system. lHowever,
uotsu1® observed that increase of the methyl substitution at
Cg contributes to the greater activity e.g. 242,3,3-tetramethyl
eyclopropane carboxylic acid esters are fegnd to be more
Active than the corresponding 3-monomethyl derivstives whieh
fesns presence of an unssturated side chaiam 1s not a must
for the activity of pyrethroids. Further, some esters of
s-dtbllovtnyl"“"o Substituted scids were found to be
outstandingly potent imsecticides sad im this clas of
huocue“u,tho gls esters are usuaily more wtive® tham the
Lrang esters. This observation alsc leads to the conclusion
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that gresence of methyl group on the vinyl side chain at Cg
(as in ehrysanthemic @aclds) 1s not essential for a pyrethrold
to possess insecticldel activity as belleved earlier.

#8 #lreedy mentioned, sany esters of substituted
chrysanthesic aclus with different aleohols have besn
prepared and test€d for their insecticldal property.

However, the diphenyl vinyl snd methyl phenyl vinyl analosues
of chrysanthemie acid are not much studied., There are very
few references available in literature for the synthesis of
diphenyl vinyl and methyl phenyl vinyl snalogues of
chrysanthesic acla. M. Jacques et al.“'” obtsined diphenyl
vinyl enalogues Ly synthetic route and shoved its ester to
possess insectieldal property. Heceatly, in cur laborstory,
Hane et AL.)“ Synthesised diphenyl vianyl analogue of
chrysantheasie scid from (+) car-3-enecMane et ul.;‘6 have also
Syathesised Li gls (<)-2,2-dimethyle3(2-phenyipropelesnyl)-
Gyclopropsne carboxylate from (+) car-deene, as shown in
scheme l. In our laborstory, & new synthetic "ntbmu“.
called “Indothrin® viz,, 3-phenoxy benzyl li gigeZ,é-cimethyl-
3(2-chloroprop-l-enyl) cyclopropane cerboxylate (ss & sixture
of double bond isomers) hes been synthesised and found to
possess almost simllar type of insecticidal activity as
permethrin, This compound has been synthesised starting from
(*) car-3eene (1), a ehoap)nbudut, indigencus byproduct from
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pine oil (£inus longifolla).

In continustion of our efforts towasrds preparing new
syathetic pyrethroids contalning different 3-substituted
vinyli side chain, we have novw achleved the synthesis of
msethyl 1& m('-‘)-R.Mhouyl-a(z-phonylprop-l-ouyl)
cyclopropsne carboxylete following & dirferent route,

Starting from (+) (care3-ene (I). From this, & new pyrethroid
was synthesised with 3-phenoxy benzyl slecohol 2nd was found
to possess insectieldsl sctivity,

EQS3ENT _WOBK

(#) Care3eene (I) vas converted into Lrens ap,
4«ccsrane diol (II), C, ) 0., #' 170, m.p. 82-83°, by & known®’
method inm 455 yleld. Jomes chromiec scid oxicstion of the
étol (II) at O° £ave the keto-carboxylic acid (III, & = H) in
60% yleld., The keto aeid (III, & = H) was eomverted into
its methyl ootor‘?'“’“ (111, & = cu') by methanol and
sulphurie escid in almost quantitative yleld., The ester
(111, & = CHg), C) 8 Oy K™ 198, showed Ii bands at 1739,
1150 (ester), 1709 ()C=0) and MMk signals at 9,23, 9,00 (18
each, g, protons at C) and Cg of cyclopropane), 9,10, 8.87
(34 each, g, gen dimethyl on eyelopropane), 7.90 (3H, g, COCHg),
7.80, 7.67 (2H each, br.8, methylene protons adjacent to
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carbonyl group of ketone snd ester) smd 6.40 (3d, g,
est+r methyl).

The ester (III, A = cﬂa’ wes converted into its ethylene
ketal csver (IV), in 985 yleld by treating it with sthylene
glycol and catalytic amoumt of #Is in bengene, The ketal
ester (IV), cullnﬂ‘. M'242 showed Ii bands at 1739,

1163 ( ester) and MMi signals (Fig. 1) st 9.28 (24, g,
cyelopropane protons at ¢, ®nd 63). .13, 8.93 (3H each, g,
gom dimethyl on cycloprocsne), 8.77 (3H, 8y methyl asttached
te curbom, bearing the ketal function), .53 (2, ¢, 4 = 6 Hz,
mothylene « to ketal function)y 7.83 (8H, g, { = © s
wethylene « to ester), 6,40 (3H, g, ester methyl) and 6.18
(4, 3, ketal methylene protons).

Grignard ructlouzoul ester (IV) using excess of methyl
ssgnesiun fodide (3 moles) afforded in 90% yield the liquid
ketal aleohol (V), ¢ ‘a“o,. M* 242, It showed IR bamds (Fig.z)
8t 3571, 1080 (-0H) and PMi sigusls (P15.3) st 9.43 (81, g,
cyclopropane protons), 0,12, 8.92 (34 each, 3, gen dimethyl
on cyclopropane), 8.82 (8H, g, methyls of hycroxy isopropyl),
8.72 (31, g, methyl on carbon, bearimg ketsl function), 5.52
(4H, ¢, J = 6 Has, cn‘ protons at ¢, and C,). S.l2 (14, g,
exchangeable with 080, UH proton) amd 6.12 (4d, g, methylene
protons of the ketal).



& (A1) 3LVL3OV-}+-SIDO-3NVdOHdOTIAD
S~ (1AdON¥d AXOIQ IN3TAHLI-22)-€-TAHLIWIA-2‘2-TAHLIW 40 WNYLI3IHS ¥Wd '+ ‘914

‘::s_& Qt
| je — T -9 Ll Ll — T T T T ﬁ L] Al T T d T T T T — L
T ] I

82-6 f
e

1
e )
(3] —J
o |
M N
" @
) w
G —
N <
- "
o
X
~N

£6:8
LL°8

€1-6

o9

819

- H=<
| | | |
ZH O 00l 00z 00¢ (0]6) 4 00¢s




- ( A) INVAOHdOTIAD —( TAJOYdAXOYAAH-2-TAHLIN-2)
= -1=S13-(1Ad0O¥d AXOIQ 3N3ITAHL3I-2'2)-€-TAHLIWIA-2'2 40 WNYLI3IdS ¥ 2 Ol
(SNOMIIN ) HLONITI3AVYM
{1 ! ¢l r gl L 0l 6 8 L 9 g E
T T T T T & T T T T T T (0]
(@]
2
[ \ %IONI.
2 >0
D>
&
= -0t =
P
>
09 &
o = m
2
k. h”ow(
N lOO—.
I | | 1 L) I 7 I
00. 008 006 000} WD 006! 0002 000% 000+




160

behyaration and deketalisation of (V) wes schieved in
one step by treating it with PIS in refluxing benzene to afford
& mixture of two liquid unsaturated ketones (double bond isomers)
(VI) and (VII) in 73f yleld, in which the former predominsated,
The ketones (VI) and (VII) were separated by chrom:tography
over silicic acid (1320) fmpregnated with LOf silver nitrate
and isolated in the TLC pure state (TLC on silicic scid +
silver nitrate plate, lOf ethyl scetate in bensene). The
sarlier fractions eluted with pet.ether, pet.ether + 10Y bengene
gave a TLC (510./AgN0g) pure liquid which was further purified
by distiilation to afford pure unsaturated ketone (Vl),
Cpgligo¥ M7 180, It showed the following spectreli properties.
Iis 1710 ( 2C=0); iMRs 9,08, 8.87 (3H each, 3§ cyclopropsne
methyls), 8.67 to 9.00 (2H, g eyoclopropene protoms), §.32,
8.47 (3H each, ',7'1"1 methyls)y 7.93 (34, g, ~COCHg), 7.72
(24, 4, L = 6.80 s, -CH, « te)C=0) and 5.20 (1, ¢, 4 = & Hs,
olefinic proton).

The isomeriec ketome, eluted with pet.ether + benzene (1:1)
and benzene (TLC single spot) was purified by distillation
and identified as (VII), cnlaoﬂ. u* uo)by spectral dste
showing IR bands at 1709 ( )C=0), 1642, 888, ()c-cn') sand PMA
signaels (Fig. 4) at 9.37 '1l4, g, one of the cyclopropsne
protons), 9.13, 8.88 (38 each, g, cyclopropane methyls),
8.77 (18, g, » another cyelopropane proton), 5.28 (88, 3, vinyl
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methyl), 8.13 (2H, ¢, J = 6 Hs, Clig allylie doudle bomd),
7.96 (34, g, -COClg)y 7.78 (8H, ¢, § = 7 Hs, CHg « to ©=0)
and 5.38 (28H, g, olefinic protons of CuCilg).

Grignmard reaction using phenylmsgnesiumbromide
(1.50 mole) on the ketome (VI) gave & mixture of diasterec~
merie slechols (VIII) in 80% yield, Cul“O. u* 283, It
showed 1i bends et 3426 (0H), 1587, 788, 694 (arometic) and
FHit slgoals (Fig. 8) at 9.48 (14, g, cyclopropsne proton at
Ggly 9.28, 9.17, 9,07, 8.97 (6H, all singlets, cyclopropane
methyls of both the diestereomers), 8,70 (id, 8 cyclo-
propane proton at c;). 8.50 (34, g, methyl on carbon, bearing
hydroxyl and phenyl), 8.30 (64, br.g, vinyl methyls of
disstereomers and allylie eyelopropans proton), §.20 (1H,
breg, clefinie proton) amd 2.73 (8H, .g, srometic protons).

Uxidation of (VIII) with potassium permanganste in
acetone-scetic scldevaterct nixture afforded a mixture of
two products, separsted imto acidic and neutrel parts by sodium
carbonate. The meutral pert was purified by chromatography
and obtalned as & solld, 8.p.284-128° (pet.sther) and was
identified s keto dtol (IxX), ¢ af2g0%: M* 200, by speetral
datej Iis 3509, 3390 (0d), 1608 ( C=0), 1507, 746, 697 (arometic);
FHis 9.13, 8.90 (3H esch, g, cyclopropsne methyls), 8,77
(1H, br.g, one of the cyclopropane protons), 8.85, .53 (an
each, §, methyls of hyoroxy isopropyl), 8.42 (36, g, methyl
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of hydroxy isopropyl), &.42 (3H, g, methyl on carbon,
bearing hydroxyl snd phenyl), .15 (lH, ¢4, J = 8 Hs,
snothor eyelopropane protom), 7.79 (24, g, Ciig-protons) and
2.,7g (5d, g, sromstic protomns).

The seldle part (X, R' = H) was esterified with an
ethereal solution of diazomethane and the resulting mixture
of dissterecmeric esters further purified by distillation
to give hyiroxy esters (X, R' = Cilg), C H,.0., u' 2ez.

It showed IR bends et 3509, 1124 (0H), 1724, 1163 (ester),
1887, 1880, 768, 694 (aromatic) and PMR signals et 9,12,
P.03, 8.90, 8.80 (6H, all singlets, ecyclopropene methyls of
both the dlasterecmers), 8.77 (2H, g, cyélopropane protons),
8.50 (3H, g, methyl on carbton, besring hyiroxyl snd phenyl),
7.98 (38, br. g, G, protons), 6.53, 6.43 (34 cach, g,
ester methyls of dlasterecmers) and 2,77 (SH, g, eromatic
protons).

behydration of hydroxy ester (X, K' = ca‘) with PTS in
benzene (12 hr) afforded the unsatursted ester (XI),
€) 6t 900" M" 244, 85 @ solid, Bepe, Medop. 60-61° (pet.ether)
snd 1denidiried by comparison of spectral data with those of
so authentt sample®d. It showed IN bands (Fig. 6) at. 1748,
1190 (ester), 1613, 837 (\c#=¢{), 1504, 766, 694 (arcmatic)
and MR signals (Flg. 7) at 8.76, 8.72 (34 each, g§ cyelo-

propane methyls), 8.20 (2H, g, eyclopropsne protons), 7.93
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(3, gy vinyl mothyl), 6.43 (3#, g, ester methyl), 4,03
(lH, dy J = 8 Ha, olefinic proton) end 2.83 (SH, g,
sromatic protons),

The ester (AI), on hydrolysis with methanolic potassium
hydroxide at room temp. gave the acid (i1I) which was
28 "2a0
M* 4lz, The ester (XIII) obtained as a semisolid, showed Ik
bands (Fig. 11) at 17284, ( DC=0 of ester), 1882, 1476, 758,

687 (aromstic) and FMK signsls (Fig. 12) at 8.90, 8.17 (1K

converted into 1ts 3-phenoxy bensyl ester (XIII),C

esach, .)cnhyupm protoms at C; and c,)) 8,78, 8,70 (34 each,
g.)ntlyu on cyclopropane), 7.93 (8id, g, vinyl methyl),
4.93 (2d, g, benszylic methylene protoms), 4.00 (1H, ¢, 4 = 8 Hsz,
eolefinic proton) and 2.90 (l4ii, g, arom ti¢ protens).

The ketone (VI), when subjected to Grignard resction
using methyl msagnesium fodide (l.S5cmoles), afforded the
liquid algohol (A1V), in &lf yleld, G)qfi .0, N 196. It showed
the following spectral properties-Iis 3472 (0H) 1683,
840 (oech)y MR (Fige 8)1 9.36 (1M, g, Cy-proton), 9.08,
3.88 (3 each, 3, cyclopropasne methyls), 8.82 (8H, 8, methyls
of nydroxy isopropyl), 8.62 (3, 9,, d = 7 Hs, CHg-protons and
cx-pnun), 8.32, 8.27 (3H, each, &Jﬁ:ﬂ methyls), 6.80
(1d, br. g, O proton, exchangesble/and 5.18 (14, ¢, J = 9 Hs,
olefinic proton).

Uxidation of the aleohel (AIV) with potasgium
permangénste in acetone-acetic acid-water sixture afforded
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mainly & amixture of two compoundis, separated into seidle

Sud neutral parts by sodius carbonate extraction. The

aclidic part (AVI, R' = il) was converted imto its asthyl

ester (AVI, iK' = Ciig)s cuu”o,. " 200,by an ethereal
solution of diazomethene. It showed IH bamds st 3571 (OH),
1724, 1163 (ester) and FMi 1ignals at 8,83 (1au, 2,cyclopropune
methyls and methyls of hyuroxy isopropyl), 5.60 (18, 3,
cx-proun), 8.87 (84, ¢, J = 6 Hs, CHg protons) and 6.43

(3, g, ester methyl). The neutral part was purified by
chromatogrsphy and the teil fractions eluted with chloreform,
€8ve a liquid, identified as keto alol (XV), cl’l“O.. u* 288,
by spectral dsts. Ik (Fig. 9): 3569, 3497 (CH), 1686 93-0);
PR (Flg. 10)5 8.90, 8.83, 8,78, 8.70, 8.67 (18d, all singlets,
methyls on eyclopropane and hydroxy isopropyl methyls), 8.42
(1#,g, Cg-proton), &.25 (24, g, Clig-protens), .00 (1H, ¢,

4 =8 Hs, ¢y ~proton) and 7.80, 5.88 (1ld each, br.g,

exchangeable with 0 0, OH protons).

The keto dlol.(u),ou lithiua sluainiua hydride reducticn
gave the tricl (AVII) as a thick liquiq, CL’R“O', M* 830,
It showed the following spectral properties, Ias 3378, 3311, 1028
(OH)§ PMRs 9.30 (24, g, cyelopropane protons), 9.05, 8,98,
5.88, 8.83, 8.72 (18H, all single n)cnl.opropno methyls and
methyls of hydm*.opropn). 8.47 (24, g, Ciig protoms), 6.87

(lu’ " i - 9 “.' OOCC’I .' Cl) llﬂ ‘o” (38' h’o" .!chll;“bl.
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with uaO. OH protons).

Jomes chromic acld oxzidstion of the triol (AVII) gave
& hydroxy acid (AVI, R' = H) along with other products. The
hycroxy seid (AVI, R' = i) was converted into 1ts methyl ester
by an ethereal solution of diazomethanme and {dentified es
(AVI, R* = CH.), cuawoa. (3 200,py spectrel date. The IR
and FNi spectre of (XVI, R' = ca,) vere superimposable with
those deseribed earlier in this chapter.

Lehydration of the ester (XVI, &' = cu,). using /75 in
benzene afforded methyl (+) gig-ehrysanthemate (AVIII),
Gy H),0p0 N° 1682, mﬁ‘ + 38° (g, 0.80). It displayed the
fellowing spectral properties IK: 1789, 1190 (ester),
855 (trisubstituted double bomd); FMis 8.30, 8.75 (3H each,
.,cnlompnu methyls), 5.33, 8.87 (34 each,g, vinyl methyls),
.43 (14, g, C -proton), 8.08 (1H, g, Cg-proton), 6.43
(34, g, ester methyl) and 4.70 (iH, ¢, J = & Ha, olefinie
proton).
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EAELALMENT AL

Ereparation of methvd (=) Z.g=dlustivi=3-(g-oxonroayl)-
cyelopropane~-glg-i-acetate (IIl, A = cag

A) Preparstion of 2,8-dimethyl-3-(2-oxopropyl)-cyclo-
propane-glg-l-acetic acid (I1II, & = H)

To a vigorously stirred solution of 3B,4«e-caranediol
(II, 51 gy 0.30 mole) in acetone (300 ml) was added Jones
chromic seid reasgent (138 ml, 0.36 sole), dropwise, maintaining
the temperature below 0° (2 hr)., After the addition, it was
stirred for 2 hr at room temperature, diluted with water
(500 ml) and extracted with chlorofora (200 ml + 100 ml x 2).
The chloroform layer was washed with water (150 ml x 2) and
extracted with 10% sodium hyoroxide solution (200 ml + 150 wml).
The aqueous alkaline portion vas cooled to 5%, seldified with
29% sulphuric acid and extracted with chloroform (150 ml + 75 ml
x ). The chloroform layer was washed with water, dried and
evaporated to furnish the keto seid (III, & = H, 38,10 g, 60%).
B) The keto seld (III, R = H, 33.10 g) obtained as above
was refluxed in dry methanol (200 wl) with catalytic amount
of conce. sulphurie acid (1 ml) for 6 hr. Host of the methanol
was removed under reduced pressure, diluted with water (200 ml)
and extracted with chlorofora (150 al + 75al x 2). The
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ehlorofora layer vas vashed with water to free it from
acid and dried. Hvaporation of chloroform furnished the
keto ester (III, R = cl’) which was further purified by
éistilletion to give & colourless 11quid(32.50g), b.p.0e®
(vapour)/1.80 ms, ()5 - 26.2° (g, 5.22).
Anadysls
Founds C, 68.48; H, 9.38;
culuo' requires Cy 66,643 1, 9,154,

IR bands at: 3077, 2085, 1739, 1708, 1800, 1429, 13486, 4180,
1010 and 833 ca™}, The neutrel msterial (7.00 g) in the
chlorofora layer vas not investigsted further.

Hellvi-Rag=dlnethrl-3-(2ug-stovienedloxyoropvioyeloprogage-
lesgota v

A mixture of keto ester (III, R = Ciigy 30 g)y freshly
distilled ethyleme glycol (15 (), PT8 (0,30 g) snd ary
bensene (300 ml) was teken im & 500 =l round bottom flask
fitted vith & Dean-stars unit for azeotropic distillation.
The mixture was then heated under reflux till no more water
collected (6 hr). The reaction mixture was then washed with
water (150 sl x 2) to remove unreacted ethylene glycol and
FT0 and dried. Evaporetion of bensene afforded the ketsl
ester (IV) which was purified by distillation,b.p.l04°(vapour)/

)
1.50 sm; yleld 34.80 g (96%), m:“ . 18.9° (g, 3.17).
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Anslvals
Found: C, 64,663 H, 9,423

cuu“o‘ requires Cy, 64.443 H, 9.15%.

IR bands .‘:“' 8”. m' 1‘“. W, 1.8’9. m'

1036, 938, 837 and 775 ca” .

&y2-bimethyl-3-(2,2-0thylenedioxypropyl)-gig-l-(2-methyl.
g=hydrexvprenvl)-cvglopropsne (V)

A) greparation of methvijsecacsiua lodlde resgent

In a one~litre three necked flask fitted with an overhead

mechanical stirrer, & reflux condenser and a dropiing funnel,
were taken sagnesium turnings (4 g), dry cther (150 ml) and
& erystal of lodine. A few drops of asthyl icdide in ether wvere
slovly introduced ia the reaction msixture when the colour of
iodine disappeared. The remaining sclution of methyl-
iodide (24 g) in ether (100 ml) was then added, dropwise, under
stirring. After the addition, the reaction mixture wes stirred
&t rqom temperature for 1 hr when most of the magnesium
dissolved to give & solution of methyl magnesium icdide in
ether.
5) freparation of (V)

A solution of ketal ester (IV, 20 g) in ether (100 ml)
was. then added dropwise to the above Grignard reagent at 0°
under vigorous stirring. Gtirring was continued for 1 hr at

room tempersture and 1 br under reflux. EHxcess of the reagent
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and magnesium complex were decomposed by adding dropwise,
& satur~ted solution of ammonium chloride (200 ml) at
0 to 8° and was stirred for 30 minutes at rooa temperature.
fhe ether layer vas separated and the agueous portion
extracted with ether (100 ml x 2). The combined sther layer
was washed with water, dried and eviporated to furnish
the ketal aleohol (V, 20 g, 90%), b.p.120-130°/1 mam,
(0 - 8.30° (g, 3.70).
Ansdvals
Founds C, 60,185 H, 10.76;
Cl4fige0g requires Cy 69,384 H, 10.31%.

IR bands at:3g7l, 5030, 1460, 1376, 1299, 1218, 1138, 1107,
1080, 944, 907 snd 844 ca”t,

Zod-linethyl«3«(Zene rop=i l)e Le{2-0xopropyl)-
svclonrgpane (Vi)

A mixture of ketal aleohol (V, 1l g), #T5 (0.10 g) in
dry bensene (300 ml) was heated under refiux for 12 hr, with
an arrangement for removing the water formed, azeotropically.
water (5 al) was then added and the mixture refluxed for
additional 4 hr. It was then washed repeatedly with water to
renove FT5 and ethyleme glycol, dried and evepomted to give
& aixture of two unsaturated ketomes (VI and VII) (6 g, 78..’)7
beps 116-120°/2 m. (TLC on 580, + AgNO, plate, 105 ethyl
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acetate in benzene, two spots). The above mixture of ketones
was chromstogreaphed on silieclc scid (108 g) impregnated with
silver aitrate (12 g) and eluted with pet.ether, pet.ether +
bentene mixtures and benzene. The fractions eluted with
pet.ether and pet.ether + 10F benzene gave a TLC pure liguid
(VI, 4.50 g, 78% of the mixture, (<) - 76.8° (g, 1.20).
Analvals
Founds C, 79.863 H, 11.20;

Cgflgo® requires Cy 79.743 H, 1ll.l8%.
IR bands at;2087, L1700, 1439, 1368, 1342, 1218, 1149 snd
826 em,

The fractions eluted with pet.ether + benzene (l:l) and
benzene gave the TiL pure ketone (VII) which was further
purified by distillation, b.p.118-120°/2 mm.
inelvals

Founds C, 79,803 H, 11.02)
Crglgo® requires C, 79,745 H, 1l.l8%.
Ik bands at:2085, 1700, 1648, 1445, 1370, 1351, 1220, 1160,
1047 and §g§ on”l.

g.l—uﬂ-.ﬂazt-l-saomﬂﬁzrog-l-onzl)-“:l-(t-zhog_l-t—gcmy—
rreprdl=gcreloprepsne (VIIL)

To an iee-cooled solution of phenyl magnesium bromide
in dry ether, prepared from magnesiuas (0.60 g) and bromo-

bengene (4 .))u solution of the ketome (VI, 4.50 g) in dry



ether (50 ml) wvas added dropwise under stirring. After
the complete addition, the reaction mixture was refluxed
for 1 hr and kept overaight. The Grignard complex was then
decomposed by addition of squeous amsonius chloride solution
at 5-10‘- The ether layer wes separsted and the aquecus
layer vwas extracted with ether (100 al x 2). The combined
ether layer was washed with water (100 ml x 2), dried and
distilled to give the crude liquid dxun@tuuneuﬂc
unsaturated aleohols (VIilI, 5.20 g, 80.60%), purified by
chromastography (Al ’% 1320) to eliminste less polar
impurities. The rr-euou eluted with benzene and chlcrofora
gave & liquid, (VILII, 4.50 g), n.p.uo-co°/x o, («)r
-27.8%(g, 1.70).
Aualivsis
Founds C, 83.523 4, 10,073

cuH“O requires Cy 83.66; i, 10.148.
IX bamds at®63428, 2950, 1587, 1481, l4sl, i36l, 1083, 1020,
930, 837, 708 sod §84 ca~t.

Methyl li- g-dimethyle3-(d-phenyleg-hyd 1)-
sxelecropane carboxvlate (i, B° = Cig)

70 a solution of the uasaturated alcohol (VIII, 3.70 g)
in acetone (25 ml), scetic aeld (10 ml) and water (15 ml),
powdered potassium porﬁumu (3.40 g) wvas sdaed,
portionwise, under stirring during 1/2 hr. Stirring vas
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eontinued for L/Z hr more and the reaction mixture was
treated simult:neously with sodiua nitrite (3 g) and
sulphuric scid (1310), till all the manganese dioxide
dissolved and a clesr yellow solution obtainec, It was then
éiluted with water (100 ml) and extrscted with ether

(100 ml x 3). The ether layer was washed with water

(100 ml x 2) and extracted with 10§ agqueous sodium carbomeate
solution (50 ml x28). The carbonste layer wss scidiffed with
aydrochloric acid to 2 pd and extracted with chlorofors
(50ml x 3). The chlorofera layer was washed with water

(80 ml x 2), dried and dlstilled to give the hydroxy acia
(X, R* = Hj 1,60 g) which was esterified vwith an ethereal
solution of diazomethane to glve the dissterecmeric hydroxy
esters (4, R' = Clg, 1.30 g, 34.60%), b.p. 120-30°%/2 mm,

(“)r - 30“0 (‘. 2.60).

sGadrsis
Founds C, 78.103 H, 5.68%

cl‘luo‘ requires Cy 73.28 Hy 8.45%,

Ia bands at 3809, 2976, L7284, 1887, 1850, 1481, 1429, 1361,
AA63, iig4, 1078, 943, 869, 544, 788 snd §94 cu .

The ether layer after extraction with sodium carbomete
solution was repeatedly woshed with water (50 ml x 3), dried
and evaporsted to give the keto diel (IX) in the neutral part.
The neutrel part (IX, 2 g, 48%) was crystalliised from pet.ether
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to give a solid, m.p. 124.28°,
Anslyvsis
Founds C, 74.813 H, 9.12;
C1gfigg0s requires C, 74.44y i, 9.03%.
IR bands at:3509, 3390, 2986, 1686, 1597, 1493, 1460, 1439,
1408, 1370, 1383, 1299, 1220, 1175, 1136, 1lll, 1078, 1083,
1010, 973, 988, 909, 870, 813, 769, 748 and §97 en"l.

Ket 1= S-din Le3e(Z«phenylprop-le-enyl )«cyclo=

krepsne garboxyiste (Al)

A solution of hydroxy ester (X, R' = Cigy 1.30 g) 1im dry
bengene (76 al) was refluxed on a water bath with PTG (0,10 g)
for I2 hr. It was then washed with water (100 ml x &), d ried
and distilled to furnish the crude unsetursted ester (iI).

It was chromatographed on Gr. II alumine (1:20) end the
fractions eluted with pet.ether and pet.ether + 107 bengene
gave & TLC pure solid (iI, 1 g, 53.60%) erystallised from
pet.other, m.p. and m.m.p. 60-61°, (-t)g‘ - 16.580° (g, 1.50).
suslyslis
Founds G, 78.80 H, 5.3}

c“!lwo' requires C, 78.66; H, 5.865.
Ii bands at:3067, L748, A6L3, 1504, 1439, 1379, 1333,
1480, 1143, 1087, 017, §37, 766 snd §94 o .
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BaB=ilnethvhode (S=RYiress=gone thydoronyd )ogls=le (Sonethyl -
krep=i=envl) evelopropsne (AIV)

A solution of unsstursted ketome (VI, 9 g8) in dry
ether (50 ml) was introduced, dropwise with stirring into the
cold solution of methyl msgnesium iodide, prepared from
magnesium (1.30 g) end methyl iodice (8 g) in dry ether.
After the complete sddition it was stirred for two hr. under
reflux and kept overamight. The reasction mixture was cooled
to 0° and a cold satursted solution of ammoniua chloride
(150 ml) was introduced, dropwise into it with vigorous
stirring. After stirring for 30 minutes at room temperature,
1t wss transferred to @ separatory fumnel. The other layer
was separsted end aqueous portion extrazceted with sther., The
combined ether layer was washed with water, dried and
@vaporsted to furnish the crude aleohol which was chromstographed
on siliele acld (180 g, 1:20) and sluted with benzene to glve
the pure alcohol (AIV, 8 g, 81.60%, 5.p.1256-130°/1.5 sa,
(«)g' - 29.50° (e, 1.50).
4psdysis

Founds C, 79.28; H, 12.12;
c‘mﬁno reguires Cy 79.83; i, lz.828.

Ik bands et.3472, 3018, 1683, 1449, 1370, 1215, 1147, 1088,
1010, 906, 885 and 840 cuw™>,



Methyl li-glg-dy2~dimethyl-3-(L-methyle2-hydroxypropyl)-

crelopropane garboxviete (XVI, R' = Ciis)

fo a solution of the unsatursted alcohol (X1V, 6 g) in

acetone (85 ml), acetic scid 10 ml amd water (28 ml), powdered
potassium permsnganate (8 g) was added, porticovise, uncer
stirring during /2 nr, sStirring wes continued for 1/2 hr more,
snd the reaction mixture was treated simultsneously with sodiua
nitrite (4 g) and sulphuric seid (1:10), whea all the menganese
dioxide dissolved and a clesr solution was cbtained. It was
them diluted with water (100 ml) anc extracted with ether
(100 ml x 3). The ether layer was washed with water and
extrocted vith 10 aquecus sodium carbonate solution (25 ml x 2).
The carbonate layer was acicified with hydrochloric acid to
& pH and extrected with chlorofors (75 ml x 3). The chlorofors
layer vas washed with water, dried amd distilled to give the
hydroxy acid (AVI, R' = H, 1,60 g) which vas esterified
with an ethereal solution of diszomethane and the resulting
ester further purified by distillation to give the TiC pure
hydroxy ester (XVI, R' = Cig, 1.20 g, 23.50%), b.p.l08-110%/1 ms
0% - 16.00° (g, 1.20).
Anslvsis
Founds C, 65.78; H, 9.98;
cunwO’ requires C, 65.97; 4,10,07%.
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IR bands at m‘?&. 1489, 1370, 1266, 1212, 1163, 1076,
1042, 996, 962, 901, 881, 847, 816, 784, 756 and 700 ca~t.

Ihe ether layer after removsl of hydroxy acid (XVI, R'sid),
wis repeatedly washed with water (100 ml x 2), dried and
evaporated to afford the keto diol (iAV) in the neutral part,

It was purified by chromatography (Alg0g, 1320) snd the teil
frections eluted with chloroform geve the keto dlol (iV, 8.20 g,
58%) as a thick liquid.
soaivels

Founds C, 88.13; 4, 10.31;

Cyglige¥ requires C, 68.38; 4, 10.59%.

IR bands at: 3869, 3497, 9020, AG46, 1460, 1408, 1374, l2iz
1161, 1086, 1015, 964, 909, 819 and 800 cm~l.

Q'R-uuﬂlozosmgpﬂmgnul !“I-(Bmﬁzl-l.ﬁ-
dlbycrexy propvll-gvelopropsne (AVIL)

To an ice-cooled solution of lithium aluminiume
hydride (0.50 g) in ether (100 ml), & solution of the keto diol
(AVI, 2,80 g) ia ether (50 ml) was added dropwise during
/2 hr, with stirring. &tirring was continued for 2 hr at O°
4nd the reaction sixture was kept overnight. ixcess of
iithiua aluminius hycride vas decomposed by careful addition
of ethenol followed by vater. It was then extrscted with
ether (100 ml x 3), the ether layer washed with water, dried



Gnd evaporated to give a thick liquid (XVII, 0.89 g,
28.30%).
Ansivels
Founds C, 67.563 i, 1l.18;
°u“m°a requires ¢, 67,783 H, 11.88%,

IN bands at:3378, 33ll, 2976, 449, 1366, 1250, 1212, L0Z6,
and 899 n"l'.

srelopropane carpoxviete (A¥I, B' = Clis) from (AVIL)

To an ice-cooled solution of (XAVII, 0.30 g) in scetone
(10 ml), Jones chromic acid resgent was added dropwise till
& brown colour persisted. The reaction mixture wes kept at 0°
for 3 hr, diluted with vater snd extracted with chloroforsm
(50 ml x 3). The chloroform layer was washed with water and
extracted with agqueous sodium carbtomate solution
(10%, 20 ml x 2). The cerbonate layer was acidified with
hydrochloric scid to 2 piH and extracted with ether (50 ml x 2).
The ether layer wes washed with water, dried and distilled to
give a liquid acid (0.20 g) which vas esterified with an
ethereal solution of diazomethane to give the hydroxy methyl
ester (XVI, R' = Giig, 0.18 g, 21.80%), («)>° - 15,80°
(gy 0.70).
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Analysls
Found: ¢, “o‘l‘ Hy 9.883
culﬂo’ requires ¢, 65,97; H, 10.07%.
IX bands .‘;m. m' m 1". 1378, 1370. m. m.
1070, 1045, 908, 980, 900, 880, 818, 784, 755 and 710 .l.l.

Methyl (o)wmmmu (AVI1I)

A solution of hydroxy ester (XVI, R' = Cigy 0.80 ¢g) 1n
benzene (75 ml) vas refluxed with FT6 (0.03 g) for 12 hr,
using & Desa-Gtark unit for azeotropic removel of water. It
was then washed with water (80 ml x 2), dried and distilled
to give a ligquid product (0.30 g). This was chromstographed
on silicic acid fmpregnated with 10% silver nitrate (4.50 g)
and eluted vith pet.ether snd pet.ether + benzene (10f) to give
a TLC pure liquid (0,195 g, 42%), (-):‘ + 38° (g, 0.800.
4nalysis

Founds C, 72.28; d, 10.17;
CuHuO' requires C, 72.49; i, 9.96§,

IR bands at:3077, 1739, 1429, 1399, 1370, 1316, 1190, 1170,
1136, 1078, 990, 917, §35 and 746 ea"’.
Exepapation of (AILL) from (AL1)

The aecid ("ux. 0.80 g) was treated with potessium
carbonate (0.40 g) in water (5 ml) and stirred for £ hr. st
room tempereture, To this, was sdded methyl isobutyl ketone
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(80 al) an¢ refluxed in & 100 ml round bottom rlssk fitted
uith & Leanestark unit for aszeotropie distilistion, till no
more water collected (4 hr). To the sbove mizture was added
3-phenoxybenzyl triethyl ammonium chloride (0.90 g) and the
refluxing continued for further 8 hr., Methyl. isobutyl ketone
was removed by distillation under reduced pressure and the
residue was taken up in ether (100 ml). The ether solution
was washed with water, dried snd evaporsted to give the
product (0.70 g) which showed minor polar impurities om TLC
(125 ethyl acetate in bensene). The product was separated by
chromstography on silicle acid (1.40 g)., The main product
(less polar) was eluted vwith pet,.ether+bensene (l:l) and
fdentified a5 the ester (XIII, 0,69 g).
Analysls
Founds C, 81.43; H, 6.97;
CoaliggOy requires C, 81.88; H, 6.848.

IR bands at33106, 2065, AZad. AGHR, A478, 1433, 1248, 1208,
1076, 1018, 870, 820, 788 and @87 ca~t.
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Prins reaction on (+) car-3-ene (I) afforded, in
addition to the major products like car-Zeene-4semethanol
(li. R = H) and 1ts acetate (1I, it = ic), some minor
products which have been isclated by chromatography and
charscterised by spectral data, These included a tricyeclic
ether identifled as 3,3-dimethyl-8-oxa-tricyclo-

(4:8.1.0%%) dec-10-0ne (I1I1) and the dioxane derivative (1IV).
«hen the Frins resction was carried out for a prolonged
perioa at 160° 1in addition to the above produets, an

acetate was obteined which was assigned structure (V, & = ac),
on the basis of spectral data,

Jones chromic acid oxidation of the alecohol (II, & = H)
gave & amixture of four products, from which the acid
(VI, & = H), the ester (VII) and the ketone (VIII) have been
isclated snd characterised by spectral data and chemical
reactions. The acid (VI, i = H) was converted into its
methyl ester (VI, K = ca')vun MeOH/H’ amd characterised by
spectral data, saponification of the ester (VII) gave in the
acid part, the seld (VI, « = i) identified through its methyl
ester (VI, & = CHg) and the alechol (II, R = H) yn the neutral
part. LAH reduction of the ester (VII), afforded exclusively
the aleohol (II, & = H),
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Jones chromic acid oxidetion of the trieyeclic
ether (1I1), afforded a mixture of two products, separeted
into acidic and neutral parts by sodium carbonate extraction.
The acid part geve on erystallisation & solid acid,
identified as (IX, R = H), which was converted into its
methyl ester (IX, K = ﬂ.). The neutral part gave the
nor ketone (X), ldentified by spectral data and chemical
resctions. Lithium slusinium hydride reduction of the
nor ketonme (X) furnished 2 solid aleohol (XI, i = H) which
on acetylation (Acg0/Fy) gave the ncetate (iI, R = je).

The methyl ester (VI, A = ca,) wes trested with
perbensolc acld to give the «-epoxide (XII) which on
rearrangenent over alumine gave hydroxy esters (AIIl) amd
(X1V), 1cdentified by spectral data,

3
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Hesctions of olefins with formaldehyde, other
aldehydes and ketones are known as Frins reactionst. They
are carried out in the presence of imorgsnic acids, acetic
acid or metal chlorides as catalysts, Three main products
are possible and of these, which one predominates, depends
on the nature of the olefin and the reaction conditions
a8 shown in scheme - I, When the produet is the 1l,3-diol
or the dioxane, the reaction involves addition to the
C = Cas well as to the C = 0 and the resulting carbonium
ion attacks the C = Clas shown by scheme - I, fthylene
itself reacts only under drastic conditions., Clefins of
the types Mgl = (:IIa and RCH = CHg give mainly 1,23 diocxanes,
olefins of the types ACH = CHeR' afford 1,3-glycols, but
usually in low yleld. nu-«zn‘ (1987) found that addition
of eyclohexene to a slurry of paraformaldehyde in acetic
acld-sulfuric acid at 50-70° afforded as the major products,
Lrags-s-hydroxy-methylel-cyclohexanol diascetate (26%) and
the Lrags-l,3-dioxane (10%); two other mimor products also
formed in the same reaction were gharsetorised. The Prins
recsetion proceeds generally with eas¢ . .. when it ig
catalysed, often at sub-szero temperatures., However, with
bicyecllic terpenes, they lead to transformetions of the
carbon skeleton. Uespite intensive imvestigstions the

150
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mechanism of the Prins resction 1s still obscure®?®, Tne
wWst convineing end 50 far generally socepted is the
mcchanisa suggested by Arnold et u."“’-“ according to
which the first stage of the Prins reaction involves a
nucleophilic attack of the olefin om the earbon atom of
the polsrized cerbonyl group followed by the formatiom of
én intermediate complex, stabilizing itself by a doudle
bond and proton shift,

The Frins reaction hes been carried out on a nuaber of
terpenic compounds, vu.)(') olr-a-no“. unhno“.
d-uuun“. u-plnu“. g-norbornenet® ana laulroxm".

Ge Onloff et -1.%' have first carried out the Frins
reaction on (+) care3-ene (I) in presence of glacial acetic
acids They were able to get car-Z-sne dvemgthancl (II, & = H)
and 1ts acetate (II, K = Ac) as the ma jor products of the
Frins resction on (+) car-3-ene (I). Later on, FeJ.Kropp et alf?
repested the Frins reaction on (+) car-3-ene (I)e In
addition to the above mentioned products, one more minor
product was identified as (AV). They got & mixture
consisting of four minor components but were unable to
identify them,

40 in order to investigste the compounds formed during
the Frins reaction on (+) capr-3-ene (I), Chlebioki et nx.}"”
repested this reaction. In presence of glacial acetic acid,
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SCHEME — 1
RLEAON  R=CiLNH
I I R
H—C—H + RCH=CH —©—>H2° [He ik
e Oy = 2 or or
I H H—cl—H H—?—H 0 -©
0
OH OH
H®
R-CH=CHp + H-ﬁ—H OELL B R-CHtCHZ
+
0 H—%F—H
@ @ OH

®
R— CH—CH,—CH,0H

Ho O —H

o
R—CH-CH,—CH,0H  R=CH=CH-CH,OH

c d
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treatment of (+) car<3esne (I) with parsformsldehyde
afforded car-Z-ene d«-methancl (II, H) as the main product,
together with small amount of dvehyiroxymethyl-3/10/-
carene (AV). GStudying the reaction of (+) car<3-ene (I)
with peraforsaldehyde in anhydrous acetic aeld, they found
that two additionsl products were also formed. These
included the diacetate of 4-hydroxy methyl carsnole3 (XVI)
and the blcyelic ether Z,2-dimethyl-Ge-methylene-3-oxa«
bioyelo=(3.8.1)-nonane (AVII). Hovever, when the reaction
was carried out in presence of Hai0, or BFg, the ether (XVIII)
was formed as shown in scheme - [I, The mechanisa of
formation of (AVIII) was similer to the mechanism depicted
for the Prins reaction on cyelohexene®.

ividence is presented that the previously studied
Frins reaction of (+) coar-3-ene (I) iavolves electrophilic
sttack frens to the ceyelopropyl ring to give the produi
having the newly introduced Cq substituents in en
“worientation. Frins reaction which presusabdly involves
attack by & positively charged species, proceeds selectively
via attack from the «-side of (+) car<Seene (I)- a
selectivity exactly analogous to thet previocusly observed
vith peracid epoxidation® csmium tetréxide hydroxylstion®
photosensitised oxidation"® snd hydroborstion 124, 1ne
attack of the positively charged species from the «“.side of
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(#) care3-ene (I) 1s explained as follows:

(+) Care3-ene (I) is conformationally restricted
to two bosat forms, (A) and (B) as shown in scheme - I.

because of topside shielding by the S-methyl group,
conformation (B) can undergo electrophilic sttack only trans
to the cyclopropane ring, whereas the open form (A) appears,
from an exsmination of Dreiding models to be susceptible
to both gig and gfrang sttack. Bovovcr,m studies have led
to the surprising conclusion that (+) car-3-ene (1) exists
preferentislly in the folded foram (8),°4*% 4egp1te the
rather severe interaction in this form of the S-methyl
group with theT[ orbitsls of the double bond. (The centre
to centre distance between the methyl group and double bond
is estimsted from Urelding models to be 2.2A). The
predominant existence in conformstion (B) could in itself
secount for the high preference for grags stteck, In
addition, hovever, it might also be noted from previous
studies that electrophilic attack on (+) car-3-ene (I)
aight be further facilitated by assistance of the eyelo-
propane rluu. & factor which could cnly be avsilable in
the case of «-side approach to (B), It is generslly agreed
that sttack in the Prins reaction involves a cyeclic
transition state®s7? such as thet shown’ 1n scheme-1(C and D)
&nd 1t has previously been demonstrated®d that a bridged
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intermediate of this type in which the G-membered ring

is constrained to & boat foram, is favourably disposed

tovards involvement by the cyclopropane ring. There ere

only & fev papers in the literature dealing with the

reaction of (+) car-3-ene (1) with formsldenydel@:18,19,20,26
although the Frins resction om (+) car-8-ene (I) is known'?®
to give as the mejor product, the endo aleohol (II, R = H)
and its scetste (II, A = Ae), different vornuu'u'”'ao
have reported the isolstion of different ainor products

of the Prins resction. 3o in order to investigate the

zinor produets formed in the reaction, the Frins reaction

on (+) car-3-ene (I) was repested end two nevw products have
been isolsted and charscterised., These included »
ly3-dioxane derivotive (IV) and a novel trieyciie sther (III).

(+) Car-3-ene (I), on trectment vith paraformaldehyde
and glacial acetie acid (45 hr, refluxing), afforded & mixture
which was saponified with sethenolic potash so as to
facilitate better separation. The mixture consisted of four
compounds (TLC, LOF ethyl scetate in benzene). Out of these,
three compounis were isolated in pure state from the
resction sixture by chromstography followed by distillation.

The least polar of these, the sinor product of the
resction (8.40%) was identified as the tricyelie ether (III)
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C1gf)s% M’ 178, It showed IR (Fig. 2) bands at 1683,
877 (G = CHg), 1088 (=CHg=0-Gi )y /MR (Plg. 3) signals
at 9,23 (24, g, Cg snd c‘-protoas on cyelopropane), 9.03,
8.97 (3H each, 3, geq dimethyl at Cq)8.02 (2H, br.g,

Cig protons st Cg), 7.50 (2H, br.g, methine protons st ¢
and C.). 6.58 (24, g, ctl. protons at C, or Cy), 6.08

(2H, ¢, 4 = 10 Hs, Cii, protomns at Cg or G)) and 5,37 (24,
£ C = cg)e

From the middle fractions of chromatography, & liquid
was isolsted in low yleld (2.00%) and identified ss the
ly3-dioxene derivative (IV), uuu,oog. M* 198, It showed
I8 (Flg. 4) bands at 1159, 1086, 1031, 1010 (due to 1,3
dioxm)m and PMR (Fig. 5) signals at o.48 (24, g, Cg and Cg
protoas on cyclopropane), 9.00, 8.93 (3H each, g, c‘om
Gimethyl), 8,77 (3H, g, methyl st C) ottached to the oxygen
of the dioxame), 8.37 (zH, g, Clig at Gg)y 7.80 (1M, g,
mothine at C,), 6.63 (i, g, CHg at C.) and 5.28 (2d4, g,
-o-ca,-o- of the dioxene). The formation of dioxane during
Prins resction has bsen reported<s,

From the tail fracticns of chromatography a ma jor
product (34.70%) was isolated in pure state (TiC)., It showed
& strong hyiroxyl band im its IA spectrum. It was scetylated
(Aeg0/Py) to give a knownd® acetate and identified as
(1Iy & = Ae)y Cygfigg0.y M* 208, It showed IR bends at 1748
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1227 (scetate), 1683, 820 (ol = ¢{) and PHR (Fig. 1)
signals at 9,30 (18, g, cyclopropene proton at 0.),

9.10, 8.92 (8 ouh)g. geg-dimethyl st c.,). 8.77 (1,
br.g, another ecyelopropane proton at cl)' 8.30 (3H, g,
vinyl methyl at Cg), 8.00 (3H, 3, acetate methyl at C;,),
6.15 (8d, 4, 4 = 7 la’ cu-ml’-pnun) and 4.67 (14, br.g,
olefinic proton at c.).

However, when the Frins reaction cn (+) care3-ene (1)
was carried out at slightly hicher temperature (esround
160-70 /bath) and for a prolonied pericd (72 hr), in addition
to the conpo-“ descridbed asbove another acetate, cuu,oo
N 208, "‘)u v 146° (gy 2.00) could be isolated in the nearly
pure state (TLC) by chromatography over silicic acid
impregnated with silver nitrate, of the appropriate acetate
rich fractions. It has been identified as (V, i = Ac) by
spectral data, IRs 1634, 885 ()OOCI.). 1736, 1220 (acetate);
Pl 9,09 (3, g, 4 = 7.2 Hs, C)-methyl), 5.20 (3, g, vinyl
mothyl at Cg), 7.97 (3, g, acetate methyl at C;,), 6.00
(28, & J = 6 s, CHg at C ), 5.23 (24, @, )c-cns protons
at Cjg) and 4.44 (8i, g, olefinic protons at (g and ¢ ).
on upounauu it gave an alcohol, cuauo. n* uo,

(-ou + 186° (g, 1.80), 1dentified as (V, & = H), by

comperison of 1ts IK spectrum with that™ of an authentic

sample (m." records (d)? + 324° for (Ve R = H)3 however,
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our value 1s less which can be attributed to the presence
of some impurities). The scetate (V, X = Ae) which 1is
obviously formed from (V, & = H) does not Sppear to be a
primary product of Prins reaction. It might have been
formed fromw (Il, A = H) by & thermal rearrangement as
alreudy roponod” in literature due to prolonged heating,
to glve (Vy, i = H) valch ultimately gives (V, & = se).

Jones chromic acid oxidation of the endo alcohol
(I1, R = &) gave a mixture of four compoundis, which was
separsted into scldic and neutral psrts. The acid part
(VI, R = H) after conversion into methyl ester gsve the
known® ester (VI, & = Ciig)y GyoH Opy H® 194, fdentified
by speetral cata., It showed IR (Fig. 18) bands at 1729,
1163 (ester), 866, 816 ()caiH) and PR (Pig. 16) signels st
9.20, 8.98 (38 each, §, cyclopropane methyls at Gply ©.10,
8.67 (18 esch, g, eyclopropane protons at ¢, and c'). 8.28
(34, g, vinyl methyl at Cgly 6.42 (3d, g, ester methyl) snd
4.83 (lH, br.g, olefinic proton st ca).

The neutral part consisting of mainly three components
(TLC) was chromstogrsphed on silicic acic and two of the
three components were isolated in the pure stste. The least
polar of the tlru)olucd in the esriler fractions of
chrosatography with pet.ether, culaO'. M 328, was
identified as the ester (VII) by spectrel dets and chemicel
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evidences., It showed IR (Fig. 6) bands at 1730, 1164
(ester), 1663, 816 (-CH = {) and PMR (Fig. 7) signals at
9.32 (24, g, cyclopropane protons at Cg and c,.),o.u,
8.97 (l2H, g, gem dimethyl groups at Cp and C.,.). .63
(i, g, cyclopropane protons at ¢, @nd C;,), 8.88, 8.32
(38 each, g, vinyl methyls at Cg 8nd c,.). 7.98 (4, g,
CHy at Cg and c..). 7.80 (aa, Byprotons at C, snd Cg,),
6.45 (2H, ¢, 4 = & Hs, -cu.-o.g-) and 4.67 (24, br.g,
olefinic protons at Cp and Cgele

In confirmation of structure (VII), the compound gave
on saponification, the alcohol (II, R = H) in the neutral
part and an acid (VI, R = H), charscterised through the
methyl ester (VI, R = CH,). both being identified by I,
PMR, TiC and optical rotation. Lithius aluminium hydrice
reduction of (Vil) gave esclusively the aleohol (II, & = H),

The middle fractions of chromstography eluted with
pet.ether +» benzene (lil) and benzene consisted of two
components of nearly the same polarity (TLC). Attempts to
separate them by repesated chromatography were unsuccessful.
The 1H spectra of these rnenm exhibited a strong band
at 1663 em"d, eMrctorhticLun:unt«l ketones, Howvever,
it wvas found that ome of these two compounds was readily
reduced to an aleohol by sodiumborohydride while the other
rescled sluggishly tovards the reagent. Taking advantage
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of this observation, the mixture of compounds was

reduced with one eguivalent of sodium hnhydrit: and the
resulting product vas chromatographed to obtain/the

esrlier fractions, a TLC pure compound, Cyof, O, K" 150,
identified as 5,7,7-trimethyle 4-oxo-bicyclo«(4.1.0)-
hepteg-ene (VIII) by spectral datsj IR (Fig. 8) bands at 1653
(conj.",c-O). 830 (?:-c:) and PR (Fig. 9) signals at 9,15, 5,78,
(34 eoch g, eyclopropane methyls at Cp)y 8.67 to 9.03 (24, g,
cyclopropane protons at ¢, end c.) 8.85 (88, g, vinyl methyl at
Cgls 7.82 (2H, g, -Cliyy protons edjucent to cs0) and 3.27 (1,
br.g, olefinic proten at Sg)y UV ®eax 274 nu, - 6000,

Ketone (VIII) has been nm:od” to be formed as one of the
products during chromius trioxide oxidation of (+) car-3-eme (I).
The aleohols obtsined in the reaction, however, could not be
isclated pure.

The formetion of acid (VI, & = H), ester (VII) and
ketone (VIII) by oxidation of the alecohel (11, % = H) coula
be explained on the bssis of the formstion of the intermediate
sldehyde (XIi) which, however, appears to be umstable and
transforms in%o (VI, & = H), (VII) and (VIII) as shown in
scheme~11I,

The formastion of esters during the oxidation of
primary alechols by chromie acid, which proceeds via the
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formation of the hemi-scetal of the aldehyde formed with
the starting slcohol has beem described in literaturedt.

Jones chromie acld oxidation of the tricyeclie ether (III)
(96 hr at 15%) gave a nmixture of three compounds (TLC),
separated inte scidiec and neutral parts, The acid part
gave @ solid, m.p.145.146° (1ight petrol), C 18090
M* 210, identified as (IX, & = i), Hsterificstiocn
(HeUH/B") of the seld (IX, & = H) furnished s liquid methyl
estery (IX, R @ Cligly C,gH 0., K" 224, It showed the
following spectral properties Iis 1739 ()c-o of ester),
L0838 (<CHg-0-Clig=)y PMR (Fig. 12)s 9.28 (28, g, cyclo-
propane protons &t (g and Cg), 8,93, 8.83 (38 each, g,
eyclopropane methyls at Cgly 8.17 (24, g, Cilg at Qg), 7.88
(2d, g, C; and Cg-protons), 7.62 (1, br.g, ¢ o-proton),
6.48 (44, br.g, Cl. protons at O, and Cg) and 6.33 (34, g,
estey methyl).

The neutral part om chromstogrephie purificstion gave
& 20l1d mor ketone (i), €} 8 0., ¥* 180, m.p.61.-62°
(Lightepetrol)., It showed IR (Fig. 10) bands at 1724
( £=0), 1086 (=CH =0-Clig) snd PHE (Plg. 11) signals at 9.10,
8.97 (3H each, g, cyclopropane methyls at Cgy)y 8.88, 8.72
(1€ emch, br.g, Cg and C4-protons), 7.93, 7.45 (14 each,
br.g, ) end Gg protons «- to )Ce0), 7,70 (2, §, L = § s,
Cilg at Cg), 6.36 (21, 4, of triplets, ;!1 = 11 Hs, ._33 s 2 Hz,
Ciig protons at Gy or Oy) and 5.32 (24, ¢, of br.triplete
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4 = 11 Hs, cl' protons at G, or c.). Ketone (X) could
4«lso be obtained from the tricyciic ether (III) by
osonolysis. The other product from the neutral part
could not be isolated pure..

Uthius aluminium hydride reduction of the ketome (X)
gave & solid aleohol (iI, R = H), ¢ . 0., u* 182,
m.p.120-30° (light petrol), identified by spectral data;
IX bands (Fig. 13) at . 3704, 1084 (08):, PMR signals st
9.58 (2d, g, cyclopropane protons at Cgp and Cj), 9.03,
8.77 (88 oun).. eyclopropane methyls at c'). 8.30, 8.13
(1ii each, g, C; and Cg protons), 6.47 (2d, g, CHy protons
at C‘.' or c.)lnd 6.20 (3d, g, cn. protons at c, or (‘.' and
Cip-proton). Treetment of the aleohol (XI, K = H) with
Ae 0/ Py gave & liquid scetate (XI, A = pe), cuuﬂol’
M 224, ldentified by the following spectral properties.
1is 1764, 1235 (acetate)j MK (Fig. 14)s 9.53 (1H, 4,
J =10 Isjon of the eyeclopropane protons), 9.17 (I8, ¢4,
],1 = 10 u)h =5 u)uonor eyclopropane proton), 8.97,
8.77 (38 esch, g,cyclopropane methyls at Cgly 8.37 (2H,
bregy CHy at Gg), 8.03 (34, g, acetate methyl), 7.83 (2H,
bre@, °1 and c.-proun). 6.28 (44, br.g, cuz protons at
Unp &nd c’) and 5.27 (14, br.g, ¢ o proton).

The formation of norketones from compounds containing
exo-methylene double bonds by Jones chromic acid oxidstion
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has been described in literatured2,33, ¢ne formation of
seid (IX, & = H) by chromic acid oxidation of ether (III),
probably proceeds through the initisl formstion of an
omuo” (iX) which on rearrangement under scidie
conditions affords the aldehyde (XXI) and the latter gets
oxidised further to the acid (IX, R = H), Similer type of
oxidation involving oxidation of the tersinal methyleme
double bond has been reported in the case of longlroxm“.

(#) Care3eene (I), is known to react with organie
peracids to form an cmt«“. This epoxide has been
sssigned the stereostructure (XAII) and confirmed 137,
in this structure, the eyclopropane ring conteining gem
dimethyl group and the epoxide ring sre grags to esech other.
The epoxide (AXII) 1s called w-epoxide. The other possible
isomer (AAIII) in which the epoxy ring is gls to the
cyclopropans ring hes also been prepared38:39 and named os
feepoxide.

A nusber of trensformstionsiO-44 o¢ these two sterelio-
isomeric epoxides (iXII) and (XAIII) have been carried out
with many resgents to furnish a variety of products, some
of them being used as intermediates in iamportant lnmnu-”'“.
The other two double bond isomers of cap-3-ene (I) viz.,
capeg-one 489 (XXIV) snd caped-ene (XiV)96+50 pyve peen
epoxidised end their chemistry studied extensively,
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Car-geene wvhen treated with peracetic scid and
lodl*utnto in methylene dichlorice is nponod“ to glve
& mixture of compounds (XAVI) and (XAVII) which are
formed as s result of the rearrangement of the initially
formed epoxide (XAVIII) under acidic conditions., Hecently,
from our laboratory, Fai et nl.“. have reported the
oxidation studles of 4«-scetylecar-Z-ene (XXIX) with
perbensoic acid, They isolated in addition to the
epoxide (XiX), the rearranged alecohol (XXXI). Under mild
elkaline conditions, the spoxide (XXX) undervent
roaprangemsnt to the conjugated keto aleohol (XXXII).
However, in the presence of acids, in methanol the p-menthane
derivatives (XXXI) and (XXXIIX) wvere formed as the major
products of the resction. The rearrangement of oxiranes
on alusins solid metrix to allylic aleohols and other
rearrenged products has been extensively studled, For
example, when csrane 3,4<-epoxide (AXII) is rearranged on
alumina solid matrix, a sixture of allylic alechols (XXXIV)
and (XXXV) results®® in sddition to the rearranged sleohol
(XXXV1), while the corresponding Pe-epoxide (XXIII) under
similar conditions has been reported to give & mixture of
three compounds inm which the allylic aleohol {(XXXIV) is alsc

present,
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wWith & viev to ascertain the effect of the nature
of the substituent at c‘-ntiuoa on the cleavage of the
Cg=Cqy epoxide of cear-Z-ene derivstives, the epoxidation
of the methyl ester (VI, R = CI') end its rearrangement
under sild slkaline and acidic conditions vere undertaken.

The methyl ester (VI, K = ca.). on trestment with
perbenzoic acid in chloroforas solution, gave a mixture of
two compounds (TiC, 2 spots, 8F ethylacetste in bengene).
It was separeted into its constitueants by colusn
chrometography on alumina (Gr., II, 1320). The less pelar
compound, the major product, eluted with pet.ether + bengene
(3:1) was obtained as & solid which ves identified as the
epoxide (XI1), 013.1008' M* 210, m.p. 49-80° (pet.ether).
It showed IR (Fig. 17) bends st 1742, 1163 (ester), 1026
(epoxide) and MR (Pig. 18) signels at: 9.10 (2H, g,
cyclopropane protons at c1 and c‘). .00, 8.90 (3H easch, 8,
methyls on cyclopropane at C.,). 8.67 (34, g3, methyl at
Cg=bearing oxygen), 7.37 (1d, br. ¢, Cq-proton), 7.28
(1H, g, Cgeproton of epoxide) and 6.37 (3H, g, ester methyl).

The more polar compound, the mimor product of the
resction eluted with benzene end benzene + chloroform (l:l)

was obtained as a liquid which waes identified as the
hydroxy ester mu)}cun“o‘. M* 210, It showed the
following spectral properties, Ia (Pig. 19)s 3704 (0H),
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1739 (}0e0 of ester), 1683, 890 (}CsCH,)y PR (Fig. 20):
8.68 (3H, g, methyl at cl-bnrtu OH), 8.20 (38, s, vinyl
- methyl), 7.87 (2H, g, Cg-protons), 7.32 (1, br.g,
Cg=proton), 6.33 (3H, g, ¢ster methyl), 8.88 (i, g, O§
proton, exchangeable with 980). 5.35 (24, ¢, 4 = 10 Hs,
St=Clg) end 4.47 (8, g, olefinie protons at Cg and Cg).

The compound (XIII) might have been formed by the
resrrangement of the epoxide (A1I) under the acidic conditions
of the resction as alresdy observed in the cese of carei-ene
epoxide (XAVIII). The amount of the rearranged compound
(AIII) wvas consider=bly reduced when perbenzoic acid
carefully washed with lge-cold water was employed for epoxidation.

when an attempt vas mede to purify the crude epoxide
(A11), on alumina (Gr. 1I, L1320 ratio), it was observed that
the ainor portion of the epoxide was reearrangiag to more
polar compound, This was confirmed by adsorbimg the pure
epoxide on a2 coluan of alumina (Gr. II, 1330 ratio) for
48 hr, followved by elution when & hydroxy ester assigned
structure (XIII), could be eluted with benzene in the
middle fractions of chromatography. The spectral data were
in sgreement with those reported above for (AIII).

The more polar compound which was eluted with ethyl
acetete in the tail fraetion of chromatography was
identified as the dihyiroxy ester, (XIV), cuuwo‘. n* 228,
It showed IR bsnds at 3704 (0H), 1730 (}c-o of ester) and
P (Flg. 21) signals ot 85.85 (GH, g, methyls of hydroxy
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isopropyl), 8.73 (84, g, methyl at cl-bnrtu OH),
8.08 (n’.. c'-promn. 7.48 (2H, br.g, O protons,
exchangeable with Dg0), 7.28 (1H, br.g, proton at Cgly
6.35 (34, g,nnr methyl) and 4.42 (2H, g, olefinic
protons &t Cg end Cg)-When an attempt was made to purify
the crude epoxide (AII) on silicic acid, it wvas found to
rearrange appreciably to the hydroxy ester (XIIIX).
surficient evidence has accumulated to show thst
alumina hes dipolar characier and there are both electron
donor and electron scceptor sites on alumina mhu‘a'“.
The reactions observed above can be grossly interpreted in

terms of this character of alunine as shown in scheme-1V.
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EAEERINER L AL
Erins reaction on () car-3-cue (1)

In a 500 sl round bottom flask, 38 g of paraformsldehyde,
300 ml glaeisl acetic acld and 85 g of (+) care3esne (I)
were teken and the mixture was refluxed on & hesting mantle
for 48 hr at 120.130°. After the reaction was complete,
8ost of the acetic acld was removed by distilistion, It was
then diluted with water (500 ml) and extracted with
chlorofors (150 ml x 3). The chlorofors leyer was
thoroughly vashed with water (200 al x 3) end dried,
Hemoval of chloroforas by distillstion furnished the crude
product (52 g). This was dissolved in methanol (260 ml)
and to that an agueous solution of potassium hyiroxide
(20 ¢ of K0H 1n 40 wl H.0) was sdded, The homogeneous
sixture thus obtained was refluxed on a water bath for 8 hr.
Most of the methanol was removed by distillation under
suetion and the residue was diluted with vater (500 ml) and
extracted with chlorofors (180 al x 8). The chlorofora
layer was repestedly vashed with water (150 ml x 3) and
dried. Zvaporation of chloroform afforded a crude mixture
of products (44.50 g) as detected by TLC (10% ethyl acetate
in benzene, 4 spots). The crude product (44.50 g) was
chrosatographed on alumine (Gr, II, 800 g, 1320 ratic) snd
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eluted as follows:
CHUOMATOGRAN 1
Fraction Solvent Vol, in sl Material in g
i Fet.ether 500 24356
8 * m 10‘7’
3 " 500 1.632
s " 250 1.537
8 " 250 l.432
8 » 250 1,483
7 " 250 1.354
8 - 250 0.235
9 " 280 0.121
10 Pet.ether + bensene(3:1) 500 1.429
u " M m l.m
iz Fet.ether +» bensene(8:l) 500 l.182
13 ret.ether + benzene(lsl) 500 1.148
ié " 500 0.938
i » 280 O.622
7 " 250 1.818
is . 260 1.756
i9 . 250 1.658
20 . 250 1.644
g1 . 250 1.546
a2 . 250 1.523
&3 . 280 1.584
24 . 250 1.526
25 Chloroform 500 2834
26 Acstone 1000 5,680
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Fraction } of chromatogram 1 showed the presence of
starting compound vis,, (+) car-3-ene (I) 1dentified by
comparative TiC and IR spectrum.

Fractions Jg to 2§ showed identical TLC pattern and
were found to be pure (TLC, 104 ethyl acetate im benzene).
Hience these fractions were mixed together and the solvent
evaporated to give the pure aloohol (II, & = H, 21,40 g).

Analysis
Founds C, 79.34; H, lo.”'
Culuo requires ¢, 79.468; H, 10.92%,

IK bends at: u' m' m. l“. m' u“’ lu". 1070.
1081, 1009, §58, 833 and §l0 cu"l.

Fraction G showed a complex pattern om TLC and was
not investigsted further,

Fractions g to L) showed three spots in TLC analysis
(silicic acid with 105 silver nitrate, 65 ethyl acetate in
benzene). Hence these fractions vere mixed together and the
solvent evaporated to furnish 12,06 g of a mixture. This
mixture was rechromstographed on silieie acid (217 g)
ilmpregnated with silver nitrete (24 g) and eluted as
follows;



Ro. solvent Volein ml Material in g
1. Pet,.ether 250 1.213
2. . &80 1.123
3. " 280 1.089
4. Pet.ether + benzeme (10:l) 280 0.839
5. . » 250 0.7840
6. Fet.ether + benzene (2:1l) 250 0.687
Te . v 250 0.534
8. Pet.ether + bengzene (1l:l) 250 0,435
9. - » 50 0.358
10. Benzene 2850 0,358
il, Lenzene 250 <.0830
lz. Cnhloroform 250 1.568
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Fractions ) to § of chromatogram & showed @ single
spot in TiC analysis (silielc acld with 10% silver nitrete,
65 othy*ool-to in bonon) which corresponded to the lesst
polar of the spots im the original mixture, They were
mized together and distilled to give the pure tricyeiic
ethor (111, 4,996 g) b.p.110-118° /2 ma ()28 . o°
(gy 4.50).
snedysis

Founds C, 80,683 H, 10,083
cuu“o requires C, 80.88; i, 10.18%.

Ii bands ats 3030, 1683, 1443, 1361, 1302, 1244, 1208, 1170,
1085, 1031, 1018, 976, 960, 937, 917, §77, 846, 837, 806,
and 736 ea™t.

Fraction § of chromstogram 2 showed two spots im TLC
sunalysis (alilele acic with 1O silver nitrate, 6% ethyl
scetate in bengzene) and was not imvestig:ted further.

Fractions 7 to @ of chrometogram 2 showed & single spot
in Til snslysis which corresponded to the middle spot of the
starting sixture. These fractions were mixed together and
the solvent evaporated to give 1,384 g of a pure compound
wihich was identified as dioxane derivative (IV),
bepe180-136°/1.50 ma ,(<)5° - 14° (g, 4.00).

Founds C, 73,543 H, 10,183

Clglmo. regquires Ce 78.433 Hy 10,27%.
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I6 bemds ats 3077, 1449, 1397, 1370, 1266, 1227, L1859,
1066, 1031, AQM0, 918, 881, 868, 826, 796 snd 775 ea"},

Fractions Ll and 18 showed & single spot in TLC
enalysis, corresponding to the more poler of the spots in
the original mixture and was identified @s tns alecohol
(IIy R = H) by compsretive TLC snd IR spectrum, The other

fractions which were mixtures were not exoained further.

§8adeQ)zheptagaene (11, 0 = H)

To a solution of the aleohol (II, i = Hy 6 g) in dry
pyridine (15 ml) was added acetic anhycride (10 ml). The
reaction mixture was kept overanight at room ‘emperature and
then hested on a steam bath for 1L hr. It was cooled to room
tespersture and poured on ice-cooled water (200 ml) with
stirring and alloved to stand at room temperature for 1 bhr.
The diluted solution was extracted with chloroforms
(100 sl » 850 ml x &) and the chloroform layer washed with
water (100 ml x 3), 205 aqueous hycrochloric scid
(100 ml x 2), sgein with vater (200 ml x 2). The enloroform
layer was dried and eveporated to give & liquid acetate
(I, i = AC, 4.50 g) which was purified by distillation
bepedl0=1280%/1 ma.

A
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spalysis
Founds C, 74.783 H, 9.88%
cl'llwﬂ8 requires C, 74.98; 5, 9.68%8,

IR bands ats m. m' w' 1639. lm' m' 1“"
966, 855 and 820 ew~.

Erins resction on (+) car-g-ene (I) et hisher temperegure

in & 500 ml round bottom flask, 85 g of (+) care3-ene (1),
300 =l of glaecisl scetic scid and 36 g of pare formsaldehyde
were tiken snd the mixture was refluxed for 72 hr. in an
011 bath at 160-170°. Most of the ascetic acid was removed
by distillation. It was them Giluted vith wvater (500 ml) snc
sxtracted vith chloroform (150 ml x 3). The chlorofora
layer was repestedly washed with water (100 mi x 3) and
dried. Cvaporstion of chlorofors afforded a mixture (52 gz)
which was dissolved in 180 ul of dry pyricine. 1Io tuis,
100 zl of acetic anhydride was sdded and the resction
sixture was kept at room teapersture for 43 hr. It was
then heasted on & water Deth for 2 hr and poured on iceecold
water (500 al) with stirring and allowed to stand at room
tesperature for half an hour., The diluted solution was
extracted with chlorefora (200 sl x 3) and the chloroforam
layer washed with water (180 ml x 3), 205 squecus
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hydrochloric seid (100 =l x 3), sgein with water

(180 al x 2). The chlorofora layer was dried and
evaporated to furnish & crude mixture (81 g, TLC, 4 spots,
8% ethyl acetate in bengene). This crude mixture was
ehromstographed on slusinas (Gr. II, 1020 g, 1320 retio)
and eluted as follows 3

CUEOMATOGHAN 3
Noe Golvent Vol. in ml Material in g
i, Pet.ather 8500 2,898
2. " 500 £.793
a. . 500 1.234
4. . 500 i.122
5. ret.ether + bensene (li1l) 500 6.894
é. " " 500 8.738
7. " " 500 5.690
8. . . 500 5.234
9. ret,ether + bengene (133) 500 5.120
10, ® " 500 4.118
i1, ° o 500 4.112
12, Benzene 500 2,123
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Fractions ) to 4 of chrometogrem 3 showed three
spots ia TLC analysis (TLC, 8% ethyl scetate in benzene)
and were found to contain according to comparative TLC,
the compounds (I11), (IV) and (II, i = Aec) respectively.

Fractions § to § to chrometogrem 3 showed 2 single
spot (TIC, silicic mcid + 10F AghO

3
ascetate), Hence these fractions were mixed together and

s benzene + 6§ ethyl

the solvent eveporated to afford a pure oeotou)ldontlﬂod
ss (II, K = Ac) by comparison of 1ts spectrsl deta'® with
those of an authentic sample.

Fractions § to 1l of chrometogram 3 showed two apots
in TLC analysis (silicle scid + 105 Aclo.). These fractions
were mixed together and the solveat evaporated to get a
mixture of acetates (13.347 g). This was rechromatographed
on silicic acid (239 g) impreguated with silver nitrete

(7 g) and eluted as follows:

GUELMAZOCHAN 4
Hoe Solvent Vole 10 md Material in g
1. Pet.other 280 3.143
'. " m a.m
S. - 250 1.845
4. Pet.ether + benzene (3:11) 250 l.440
5. Pet.ether + benzens (3:l1) 280 1.349
8. Fet.ether + benzene (l3l) 280 l.124
7. FPet.ether +» benzene (lsl) 280 0.8684

8. Benzene &850 C.680
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Fractions ) to g of chromstogram 4 showed a single
spot ia TLC analysis (silicic acid + 10§ silver nitrate,
85 ethyl acetate in bensene). These fractions were mixed
together to furanish 7.067 g of a pure compound, identified
a8 the acetate (II, 1 = 4¢) on the basis of superizpossbdle
i% and PMi spectra snd elemental analysis.

fractions 7 and § of chromatogrem 4 were found to be
pure (TiC, single spot, silicic seic + 105 silver nitrste,
6% ethyl ascetate in benzene). These were mixed together to
sfford an acetate, laoluth&s(v, R = e, 0,993 g),
bepodl0-116°/1.80 -)m:‘ + 146° (g, 2.00).
caakrals

Founds C, 78,083 i, 9,561,
CL’H“O‘ requires ¢, 74.96; H, 9.69%.

Ii bends ats 3067, L7386, L1634, 1439, 1351, 1220, 1020,
888 and 722 on™t.
4ezonlfication of #i=acetosy methvl-pegsathe "%
alene (Vo 4 = 4g)

To a solution of the acetate (V, & = Ae, 0.50 g) in
methanol (&5 ml) was added an agueous solution of potsssium
hycroxide (1l g of KUH in S al BQO). The homogeneous mixture
was then refluxed on & water bath for & hr., Most of the
mothanol was removed under suction and the residue diluted
with water (200 ml) and extracted with sther (50 aml x 3).
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The ether layer was washed with water, dried snd cistilled
to afford a liquid aleohol (Vy, # = H) which was further
purified by distillstion, b.p.108-110°/1 -)(-q:' + 186°
(gy 1.8).
4oalysis
Founds C, 79.8)3 H, 11.033
cusuo requires C, 70.46; H, 10,.92%.

Ik bands at: 38§09, 3030, A§37, 1435, 1361, 1010, 3§88 =nd

719 C..lo

dones exldatlon of S.7.7=triscthvi-du-hvoroxymathyl
higvelo=(d.l,Q)=heptog-one (L1, Ui = §)

Tc an ice-cooled solution of the sleohol (II, i = H, 8 g)
in acetone (60 ml) was added Jones chromlec =cid reagent until
the brown colour persisted, The resction mixture was kept at
10-18° for 3 hr. It vas then diluted with water (150 ml) and
extracted with chloroforas (50 ml x 3). The chlorofora layer
was washed with water (100 ml x 8). The organic layer was
then extracted with a 10f ag. solution of sodium cerbonate
(80 ml +» 26 ml x 2)., The earbonate layer was ascldified with
dilute hydrochloric acia to £ pH and then extracted with ether
(80 ml x 3)., The ether layer was washed with water (100 ml x 3)
and dried, ‘vaporation of ether furnished an acid
(VI, &8 = H, 1,80 g) vhich was esterified using an ethereal
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solution of dlazomethane to afford the methyl ester
(VIy & » CHgy 1.70 g), b.p.120-125%/3 aum.
inalvels
Founds ¢, 74.883 i, 9.27;
cua“og requires C, 74.19; H, 9.345.
Id bands at: 3087, L7388, 1489, 1381, 1299, 1250, 4163,
1136, 1020, 9a2, 388, 416 and 758 cn"l.

The chlorofora layer sfter extraction with sodius
cerbonate was vashed with water (100 ml x 3) snd dried., Hemoval
of ehloroform geve & liguid wixture (2.50 g) as detected by Tic.
(T, three spots, 4f ethyl acetate in benzene). This mixture
“as ehromstographed on siliciec acld (52 g, 1120 ratle) anc
eluted as followss

QUADHATOURAN 6
RNo, solvent Vel. in ml Material in g
l. Pet.ether 100 0.821
2. " 100 0.215
3. o 100 0.209
4., ret.,ether + benzene (l:l) 100 0.108
s, n » 100 0,181
8., " » 100 O.1l4
S " i 100 0.108
a8, Benzene 100 0.448
9. Benzene 100 0.5586

in. Chleroform 100 0.381
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Fractions | to 3 of chromatogram § showed a single
spot on TLC (4% ethyl scetate in bensene). These were
mixed u;othorbzo glve 0.645 g of pure compoumd which was
ldentified as the ester (VII), b.p.110-115°/1.20 mnm,
m:' + 206° (g, 1.50).

Analiysls
Found: C, 80,31y i, P.983
c“luog requires C, 80.443 4, 9.83%.

Is bemds at: 3080, A73Q, 1437, 136l, 1299, 1250, 1164, 1130,
1010, 976, 865 and 816 cu”>.

Frections 4 to_JQ of chromatogram 6§ showed two spots of
nearly the same polarity (TLC, stilicic acia + 10% AgNOgy
65 ethyl scetate in bensene). These fractions were mixed
together to give a liquid mixture (1,85 g). This vas
t¢issolved in 50 ml of methanol end trested vith sodiuam
borohyaride (0.80 g) during 1/2 hr in '.-n lots and the
mixture stirred at room temperature for 48 hr., Host of the
methanol was removed by distillstion and the residue diluted
with water (100 ml) and axtracted with ether (50 =l x 3).
The ether layer was washad with water (100 ml x 3) and dried,
Hemoval of ether by distillation afforded a liquid mixture
(1.40 g) which consisted of three compoments (TLC, silieic
aglid « 0% mo,. 6% ethyl acetate in bensene). This
sixture wss rechromstographed on siliele acia (25 g)
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impregnated with silver nitrate (3 g) snd eluted as

follovwss

Ho. Golvent Vol. in mli Material in g
l. Pet.eother 100 O.u'

2. " 100 0.080

3. Pet.ether + benzene (3:1i) 100 0.068

4. Fet.ether +» bensene (l:3l) 100 0.639

8. " L 100 0.481

6. Bensene 100 0.112

Te mo”'on 100 00“0

Fractions } to § of chromstograa 6 showed a single
spot on TLL (silicie acia + 10% LENUg, 6% ethyl acetate in
bengene) and were mixed together to furaish 0,198 g of a
pure compound, identified as the ketone (VIII),
bepell0e118%/2 mm,

Anadisis
Founds C, 79,8l H, 9.53;
clolll‘O regquires C, 79.98; 4, 0.39%,

IR bands ats m' m lm' m' m”. m. u24.
1064, 1031, 995, 909, §30 end 725 cw"l.
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Fractions § to 7 of chromstogrem 6 showing two
spots of close polarity ia TLC were not investigated
further.

klthlus aluslolue brdride reduction of the ester (VIL)

To an ice-cocled and stirred solutiom of LAH (0.50 g)
in dry ether (100 ml), a soclution of the ester (VII, 0.30 g)
in dry ether (80 ml) was sdded dropwise, during 1/% hr.
stirring vas continued at 0° for 4 hr and the resction
mixture kept at room tempersture overnight. Lxcess of LAH
was decomposed by ethanol followed hyzaa:.:". The reaction
aixture was then transferred to & sepsrsting funnel and the
lLayers vere allowed to separate. The ether layer was
separated and the aqueous layer was extracted with ether
(100 =l x 2). The combined ether layer wes washed with
water (100 ml x 2) and dried, Hemoval of ether gsve the
alechol (II, R = H, 0.15 g) which was identified by

comparative TLC end superimposable Ik and /Mi spectra.

Lapenificetion of the ester (VIL)

To @ sclution of the ester (VII, 0.40 g) in methanol
(80 ml), was added an @quecus solution of potassiua hydroxide
(1 gin S5 md lao) &nd the homogeneous mixture refluxed on a
water bath for 6 hr. Most of the methanol vas removed by
distillstion snd the residue diluted with water and extracted
with ether (100 ml + 50 ml x 2) to sepsrate the neutral part,
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The ether layer was washed with water, dried snd

evaporated to give (0,13 g) of meterial, identified as

(II, R = #) by IA and PM& spectra, («)28 + 130° (g, 1.78).
The agueous layer was scidiffied to 2pH with dilute

hydrochloriec scid and extracted with chlorofeorm (50 ml x 3).

The chloroform layer was washed with vater (50 ml x 2) anc

dried, Bvaporation of ehxlorcform afforded an aciy

(VI, s = H, 0.18 g) which was esterified using an etherecal

solution of diszomethane to afford the ester (VI, i = Cilgs

0.14 g), fdentified by IR and PHi spectral data, («)2° + 212°

(g, 1.80).

dengs oxldation of tricvelie ether (ILL)

To an ice-cooled and stirred soluticn of the tricyclic
ether (III, 8 g) in acetone (60 wl)was sdded Jones chromiec
aeld reagent (30 ml), dropwise, After the additiomn, it wes
kept for four days at 10-158%, It was then diluted with
water (100 ml) and extracted with chloroform (80 ml x 3).
The chloroform layer was vashed with water (100 ml x 2)
énd then extracted with sn aquecus solution (10%) of sodiuam
carbonste (50 ml + 85 ml x 2). The carbomate layer was
acldified with dilute hydrochlorie acid to 2pH and extrrcted
with ether (50 ml x 3). The ather layer was washed with
water (100 ml x 2) and dried. ‘vsporation of the solveat
furnished the acid (IX, « = i, 1 g) whieh wns crystallised
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from pet,ether, -.p.uo-u".
Lnadysis
Founds C, 68.38; 4, 8.75;
cunuo. requires C, 68.843 H, 8.63%.
IR bands ats 3128, 1739, 1471, 1379, 10307, 1205, 1176,
1042, 1020, 935, 913, 862 snd 725 ea”’.
The asecld (IX, & = Hy 0,30 g) was dissolved in methanol
(60 mi) and catalytic smount (3 drops) of sulphuric acid
was added to it. The mixture wes refluxed on & water bath
for 8 hr. #ost of the methanol was removed under suction and
the residue diluted with water (100 ml) and extracted with
ether (28 nl x 3). The ether layer was vashed with an
aqueocus solution (8%) of sodium carbonate (50 wl x 2) to
remove uarescted scld, followed by water (50 ml x 3). The
@ther layer wes dried and evaporated to give the methyl ester
(IX, & = Cilgy 0.28 g) which wes purified by distillationm,
bep.120-128%/3 ma.
Anslysls
Founds C, 69.483 K, 8.73y
Crgfigo¥s requires C,69.613H, 8.99%.
14 bends ats 3077, L7239, 1439, l24z, 1190, 1083, 1020, 917,
862.and 788 ea"t.
fhe echloroform layer after removal of ascid portion wss
washed with water (100 ml x 8) and dried., cvsporstion of the
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Solveat gave the nor ketone (X, 3.40 g), purified by
chromstography followed by crystalli.ation, m.p.60-61°
(pet.ether), (*)r + 88° (g, 1.80).
Analiysis
Founds C, 73.17; H, 9,083
c“_lluoa requires C, 73.30) 4, 5.956%.

Ik bends ats 3080, AZ24, Le49, 1370, 1307, 1266, 12850,
12:8, 1202, 1186, 1108, L08G, 1036, 1018, 976, 987, 917,
847 ond 813 en™t,

“sonclvels of trigvellic ether (IL1)

A stream of osonised oxygen (epprox 1 g/hr) was passed
through an iee-cooled solution of the ether (III, 1 g) 1n
ethyl acetate (850 al) till the absorption of ozone was
complete (1 hr) (tested by starch fodide psper). The
solution of csonide was treated with water (15 ml) and the
ethyl acetate was removed under suction at 50-60°, It was
then extracted with chloroform (50 ml x 2). The orgenic
loyer was vashed with water (850 ml x 8) and dried. ivaporation
of chlorofora afforded a solid nor ketome (X) which was
further purified by crystaliisstion from pet.ether,
505.60-61% («)F + 57.60° (g, 1.30). The analytiesl and
spectral data vere in agreement with those reported for the
nor ketone (X) earlier in this chapter.



Miblus slugindus bycride reduction of the por ketone (X)

To an iee-cooled and stirred sclution of lithium
alusinium hydride (0.80 g) in dry ether (50 ml) was sdded
& solution of the nor ketone (X, 0.50 g) in dry ether (50 ml),
dropvise, during 1/2 hr. After the addition, it was
stirred for 2 br at 0° and kept for 48 hr at 850. kxcess
of LAH was decomposed by adaition of ethanol at 0° followed
by water. The combined ether layer was separated and the
aqueous layer was extracted with ether (100 al x 2), washed
with water (100 ml x 2) and dried. svaporation of ether
afforded a solid, which was crystallised from pet.ether to
glve wnite needles of (XI, & = K, 0,30 g), l.p.189-130°.
(«):' - 62° (g, 1.80).

Jnsivsis
Found: C, 72.563 H, 10.l12;
cull“% requires C, 72.49; H, 9.96%.

IR bemds at: 3704, 3077, 1460, 1379, 1351, 1316, 1266, 1163,
1124, 1084, 1046, 1026, 935, 917, 843, 820, 791 and 763 en"’.

To & sclution of the aleohol (XI, x = H, 0,30 g) in
pyridine (6 ml) was added, acetic anhydrice (15 ml) and kept
&t rooa temperature for 24 hr, The aixture was diluted with
water (50 ml), kept st room temperature for half an hour and
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on water bath for 1 hr., It was then cooled ami
extracted with ether (50 ml x 3). The ether layer vas
washed successively with vwater (25 ml x 3), 10§
hydrochloric acid (25 ml x 2) followed by water (25 ml x 3)
and dried, G&ther was removed to furnish & iiquid scetate
(Aly & = Aey 0.26 g) whnich was purified by distillation,
Deps110-118°/2.6 ma.
snalyals
Founds C, 60.48; H, 9,123
c“llno' requires ¢, 89,6l; H, 8,991,

IX bands ets 3077, L784, 1449, 1361, 1235, 1170, 1117,
1078, 948, 917, 847 and 516 em™>.

W)

1o a cooled solution of the ester (VI, i = Cligy 2.00 g)
in 10 =l chloroform, a chlorofors solution of perbenzoiec
acld (40 ml, 1N) was added end the homogeneous solution
was sllowed to stand at 0° for 48 hr. After ailution with
chlorofornm (50 ml), it vas extracted with aqueous sodium
bicsrbonate solution (5%) to remove bemzoic scid, washed
with water sad dried., Uistillation of chloroform gave the
crude epoxide (1.80 g), which consisted of two products
secording to TLC anslysis (8% ethyl acetate in benzene).

It was chromstographed on alumine (Gr,. I1, 32 gy 1320 ratio)
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and eluted as follows:

SHUCMATOCRAN 7
Frefo. Golvent Vol. in wl Material io g
i ret.ether 100 0.289
2. . 100 0.273
3. ret.ether » benzene(3:1)100 0.2186
4. S 4 100 0.280
6. Pet.ether + benzene(l:1)100 0.070
6, Bengene 100 0.136
7. Chlorofora 100 0.178

Fractions | to 4 of chromatogrem 7 shoved a single spot
in TLC snalysis (8§ ethyl acetate in benzene), Hence these
[rsctions were alxed together to afford a solid epoxide
(X1, 1,087 g) purified by erystsliisation, m.p.49-50°
(pet.ether).

Analysis
Founds C, 88,783 H, 8.833

"u“u"g requires C, 68.54; H, 5.63%.

In bands ats 3077, L748, 1439, 1370, 1325, 1271, 1163,
1105, 1026, 980, 877, 833, 794, 772 snd 707 em"t,



A sclution of the epoxide (XII) in pet.ether
(1.40 g in 15 ml) vas adsorded on s column of alusmina
(Gr. II, 28 g) ceveloped with pete.ether. The adsorbed
material was sllowed to stand in contact with alumina
for 48 hr. It was then eluted as follows:

CHHQHATOGHAN &
Fr.ice Solvent Vol. in ml Material ia g
i. ret.ether 100 0.171
2. - 100 0.138
3. Pet.ether + benzene (l:l) 100 2,083
4. Denzene 100 O.221
5. benzene 100 O.134
6. Benszeme + chloroform(lsl) 100 0.154
7. Chlorofora 100 0,111
8. Ethylacetate 100 0.201

Fractions | and g showed & single spot ig TLC
analysis (65 ethyl scetete in benzene) and wss found to de
the epoxide (XII).
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Fraction @ being in small qusatity <as not
exanined further,

Fractions 4 to § shoved a single spot in TLC
enalysis (l0f ethyl acetate in benzene)., These fractions
were mixed togethsr to furnish the hydroxy ester
(AI1I, 0.509 g), 1dentified by spectral data,
Depei285130°/2,.80 ma.
4Anaiysis

Found: C, 68.4l3 M, 8.78;
cl.luﬂa requires ¢, 68.54; H, 5,634,

Ix bands at: 3204, 3125, 1739, L1663, 429, 1370, 1010,
§80 =nd 533 en"t,

Fraction 7 shoved & mixture of two couponents in
TiLC analysis (165 ethyl acetate in bensene) and was not
exaained further,

Fraction § (TLC, a single spot, 18% ethyl acetate in
benzene) gave the pure dihydroxy ester (&IV, O.201 g),
beped20-126%1 ma.
tnslrsis

Founds C, 63,383 i, 4.93;

Crafa0% requires ¢,63.13; H, &.838.

IR bends at: 3704, 3125, 1730, 1439, 1370, 1190, llzae, 1031,
688, 826 and 782 em™t,

| —
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PN W WS 4

The Lrang careane diocl (II), obtainable froam
(*)car-3-ene (1), on Jones chromic acid oxidstion geve mainly
the ketol (III) in the neutrel portion and anm aecid (IV, A = H)
wihich was converted into 1ts methyl ester (xv) i o= Cligl.
ireatment of ketol (III) with methyl meagnesium iodide
furnished the dlol (V) which, on sodium meta-periodste
oxidation afforded the diketone (VI). The bease catalysed
totramolecular cyelisation of (VI) gave the conjugated
ketone (VII). Potessium permangsoste -xidatiom of the
conjugsted ketone (VII) afforded the dl-keto scid (VIII, K =H)
which was esterified to give the dl.keto ester (VIII, R = Cig)e

Ibe unsstureted xetone (IX), on potsssium permengenste
oxidation under similar conditions gave a amixture of two
products wnich was separated iato scidic and meutral parts,
The neutral part was ideatified as the diketo aleohol (X).

The aecld (VIII, ® = H) was converted into its methyl ester
(VIIly, & = cu') possessing the li confliguration.

Sodlus boronydride reduction of the unsaturated ketome (I.4)
furnished the unsatursted slecohol (iI, R = H) which was
acetylated (Ao,OIPn to give an unse tursted acetate
(Al, & = Ae). Fotassius perasnganate oxidstion of the
unsaturated scetste (Al, R = se) gave a mixture consisting
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of two components. It was separated into aeldic and
neutral parts, The neutral part was characterised as the
keto slecohol acetate (XII). The aclid part gave an

agetate seid (XIXII, R = H) which, on esterification gave
the acetate ester (XAIII, & = CI.). Saponifieation of the
ascetate ester (AIIL, A = cu') gave the hydroxy acid (XIV)
which, on treataent with petoluene sulphonic scid in benzene
afforded the mor-lactone (iV).
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lETROLUCTION

As slready mentioned in Chapter I of the thesis, the

synthesis of (+) gig-chrysantheamic acid (iAVI) has been
carried out by the Japanese workers, starting from

(+) car-3-ene (1) via the intermediate keto-aster (vIiII,

e CH'). They prepered the ketoe-ester (VIII, R = cu,) via
the enoleacetate (XVII). But due to the formstion of
by—=product (XVIII) dirhu the enol-acetate preparation, the
yleld of the latter was quite low., This intermediete keto-
ester (VIII, i = Clg) has been recently employed for the
synthesis of some new pnotnrol.ug in our laboratory.

oy 1t was of interest to explore different methods of
synthesls of the ketoeester (VIII, &k = ca,). starting from
cheap and abundantly occurring raw saterial like

(+) car-3-ene (I). In our laborstory,some new methodsdr$
have already been attempted. Ome of these methods® involved
the ozonolysis of the conjugated bleyelic aldehyde (XIx)
folloved by oxidative decomposition of the ozonide to give
the keto-seid (VIII, K = H) in about 80f yleld. The other
mothod employed is potassium permenganste oxidation of the
conjugsted aldehyde (XLIX) under certain conditioms. But here,
the yleld was only 28-38%., Direct potassium permanganate
oxidation of (+) car-3-ene (I) has also been roporud‘ to give
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the keto-aeid (VIII, X = H) along with other acids., The
corresponding enentiomeric keto ester (VIII, i = cus) has

been propnrod‘

from (+)-dx-acoetoxymethyl-car-Z-ene (Xi).

buring the Jones chromic acid oxidation of the dalol (I1),
we found that in addition to the keto aeid (IV, & = ), which
is the major product (80%), & substantisl amount of neutral
materiel was obtained. In this neutral portion, one of the

ma Jor compounds was found to be the seto-alecohol (III).
PRASRAT SOA

i, Gynthesis of nothgl dl:“loa.aodlucthzloa-sa-oxogvogzl)
syglopropane garboxviatce (VIII, 4 = Cis)

3f, 4«-Carane diol (11), obtainsble from
(#) car-3-ene (I) in 455 yleld by a known® method, was

oxidised by Jones chromic acid reagent to give the keto
carboxylic secid (IV, K = H) in 6035 yleld along with the
neutrel portion (32%) containing the ketod (III). The
latter vas purified by chrometograpny. The keto

carboxylic acld (IV, R = H) was converted to its methyl
ester (IV, ik = Gig) by methanol/sulphuric acid in almost
quantitative yield (see Chapter II of this thesis). The
ketol (III), CyoH;g0,0 M” 168, showed the following spectral
- properties, Ik (Fig. 1) bands at;3636 (Gii), 1709 ()c=0) and
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COOR

IV,R=H,
R=CH,

Vill,R=H
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PR signals at gd3, 8.90 (3H each, g3, gem dimethyl on
cyclopropane), 8.73 to 9,02 (2#, g, cyelopropsne protons),
7.83 (24, g, msethylene at Cgly 7.48 (2H, g, methylene
adjacent t.o)o-O) snd 6.40 (14, br.g, exchsngeable with D0,
Gff proton).

The ketol (IIl), on trestment with methyl msgnesium
iodide (2 moles) afforded the liguid diol (V) in 47.5% yield,
cuawo”u’ 184. It showed IX bamds at 3571, 1094
(tertiary OH) and MR (Fig. 2) signsls st 9.47 (24, g,
eyeclopropane protons), 9.03, #.90 (34 esch, g, cyclopropane
methyls), 85.83 (6H, g, methyls attached to osrbon, besring
hycroxyl groups), 8.33 (4H, ¢, J = 7 liz, methylenes at Cy
and Cg) and 7.38 (84, w.;’uchmublo with u,o. 0H protons).

The ¢lol (V) on oxidative cleavage by sodium metee
periodate afforded the diketome (VI) in 83% yleld, cunuoa
W' 182, It shoved Ii band at 1709 ($=0) and PR (Pig. 3)
signals at 9.0 to 9.83 (24, g, cyclopropane protons), 9.10,
8.85 (3 each, g, cyclopropane methyls), 7.90 (6H, g -coc&a)
and 7.73 (44, 4, 4 = 7 #2 methylenes sdjacent tc)C=0),

The diketone (VI), on treatment with egueous sodium
hydroxice (8 hr) furnished the cyclised conjugeted ketone
(VII) in 77.85 yleld,cy H .0, ¥* 164, It showed the following
- speetral properties.li (Fig. 4) bands at 164. It showed the
follovwing mo‘n‘l properties IX (Flg.4) bends at: 1664(cony ;‘/c-O),
1608, 883, 809 ()o-c(). MR (Pig. 6) signals at}9.20, 8.90
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(3 each, g3, cyelopropane methyls), 8.70 to 9.0 (2i, g,

cyclopropene protomns), 8.08 (34, g, viayl methyl), 7.87

(34, 8, -COCHg) and 7.47 (2H, ¢, L = 7 Ha, allylic methylene).
The cyclised conjugated ketone (VII) was subjected to

oxidation by potassium permsngenate 7 in acetone in the

presence of acetic scic and water to afford the dleketo seid

(VIIX, R = H) in 51.85 yleld. This acid was converted into

1ts methyl ester (VIII, R = CHg) by an etheresl solution

of diazomethene, The keto ester (VIII, K = cu.). cmll“ 3°

M 184, (!()? B 0 (g l.l) obtained as a ligquid showed

1 bands at 1736, 1176 (/coo. ester) and MK (Fig. 6) signals

at 8.87, 8,77 (34 each, §, cyclopropane methyls), 8.53

(26, @, eyeclopropsne protoms), 7.92 (3H, 3, -cocaa). 7.88

(2, ¢, 4 = 6 Hz, methylene adjacent to C=0) snd 6.45 (3, g,

ester methyl).

&, The synthesis of methyl 1k glg-8,2-dimethyle3-(Z-oxopropyl)-

sxglopropans carboxvlete (VILL. i = Cliy)

The unsetursated ketone (IX), described earlier in
chapter II of this thesis (IR, Pig. 7)) on potassium
persanganate oxidation under the conditions msentioned above
furnished a mixture of two products (TiC). These were

separated into acidic and neutrsl parts by sodium
carbonste extraction of the erude product,
The acldic part (31.7%) vas esterified with an
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othereal solution of diszomethane and the resulting ester
further purified by distillation to give the rx.g pure keto-
ester (VIII, & = CHg), cloll.c‘, H* laae, («)? . 38,7°
(ey 1.70). The IR and PMi spectral data of the keto-ester
(VIII, ik = CH’) were in agreement with those described above.
The neutral part (850%) was purified by chromatography
over alumina (Gr. II, 1320). The fractions eluted with
bensene gave the TLC pure diketo aleohol (1), cunwo'
N 2l2. It showed IA bands at 3623 (0d), 1724, 1692 (}C=0)
and FMR signals at 9,00 (lH, ¢, J = 9 la, one of the eyclo-
propane protons), 8.80 (34, g, one of the cyclopropane methyls),
8.67 (94, 3, another cyclopropane methyl and methyls of
hydroxy isopropyl), 7.88 (iH, g, snother cycliopropane proten),
7.82 (3, g, -COCig), 7.38 (@H, g, methylene adjscent to)Cs=0)
and 6.80 (li, br.g exchangeable with Lg0y G protom).

3. Lynthesis of S-lactone of l.a:“&.&-“ungl-&!z-ggmz—

Rrepydl=grelopropane-carboxyile acid (X¥)

It has been reported® that some estersof li-gig-2,2-

dimethyle3«(prop-i-enyl)-cyclopropane carboxylic scid sre
found to be more s¢tive than the corresponding esters of
chrysanthemic acid, In this ccunection, the synthesis of
G-lactone of 1k glg-8,8-dimethyl-3(2-hydroxy propyl)
cyclopropane carboxylic scid (XV) was initially undertaken
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Starting from the unsaturated ketome (IX), with a view
o convert ultimately the lactone (AV) intc sctive
insecticldes,

The unsetursted ketone (IX), when treated with one
equivalent of sodium borohycride im methanol afforded the
unsaturated aleohol (XI, A = 9. gfiag®, M* 182, It showed
the following spectral properties. Ii bands at 3448 (OH),
1639, 840 (}ceGll) and PMR (Fig. 8) signels at 9.30 (1H, g,
one of the cyclopropane protons), 9.07, 8.88 (3H vach, s,
ien dimethyl on cyclopropane), 8.87 (38, ¢, {4 = 6 Hs, methyl
sttached to carbom, besring hyiroxyl group), £.63 (3, B
wethylene protons and another cyclopropsne proton), 8.30,
8.28 (38 each, g, vinyl methyls), 6.27 (1lH, g, =Cil-0H)
and 5.18 (18, ¢, J = 8 Hz olefinic proton).

The unsaturated alechol (XI, i = H), on trestment
with Aeg0/pyridine, furnished the unsatursted acetate
(&I, & = Ae) 1n 77.8% yleld, (3 Ha 0., N* 224, It showed IR
bends at 1727, 1235 (acetate), 1863, 833 ()cacll) and P&
(Flg. 9) signals at 9.30 (18, g, one of the eyeclopropane protons),
9.08, 8.88,(3H each, g, cyclopropane methyls), 5.80 (8i,
dy J = 6 liz, methyl atteched to carbon, besring -0ie), 8.60
(28, 4, 4 = 7 Hs, methylene protons), 8.30, &.27 (34 each, 8,
viayl methyls), 5.08 (38, g3, acetate methyl) snd 6,20 (24,
8y olefinic proton and proton attached to carbon,besring -Ode).
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Fotassiua permanganate oxidstion of the unsstursted
agetate (i, 1 = ae) gave a mixture of two products, They
were separated inte acldic (351.40%) and neutral (66.50%)
parts. The neutral paprt, after chromatogrsphic purificetion
afforded a urmid, which was identified 83 the keto alcohol
seetate (AI1), G, Hz 04, u* 286, by the folliowing speetral
properties, Iis 35090 (i), 1727, 124l (acetate), 1709 (\COO);
PR (Flg. 10): 8.883, 8.72 (38 esch, §, gem dimethyl on g
cyclopropane), 8.71 (3d, d, J = 4.40 Hz, methyl attached to
carbon, bearing -0Ae), 8.728; 8.82 (34 esch, g, methyls of
hydroxy isopropyl), 8.13 (1H, g, cyclopropane proton adjacent
to L=0), 7.96 (3H, g, scetate methyl) and 5.17 (1H, g,
proton attached to csrbon, bearing -OAe).

The acid part (31.40%, XIIi, R=H) was converted into
its methyl ester (XIII, K = Clg) in almost quantitative
yleld, claﬂao‘. M* 228, by an ethereal solution of
dlazomethene., It displayed the following spectral properties.
IRs 1784, 1238, 1163 (acetate and estar)y PMR (Fig. 11)s 9.10
(18, @, one of the eyclopropane protons), 5.85, 8.80 (3H each,
2y £88 gimethyl on eyclopropane), 8.78 (3H, ¢, J = 4.20 Hsz,
methyl attached to carbom, bearing -UAe), 8.57 (&H, ¢,

. = © Hs, wethylene protons), 8.18 (24, ¢4, J = 7 Hsz,
eyclopropane proton adjaceat to 00 of ester), 5.03 (3K, 3,
agetate methyl), 6.42 (34, 83, ester methyl) and 5.18
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(i, g, proton attached to carbon, bearing -OAe).

The scetate ester (AIIIl, A = CHg), on saponificstion
vwith sethanolic potesh, afforded the hydroxy acid (XIV),
which was refluxed in bengene with catalytic amount of
petoluene sulphonic scid to give the liguild nor lactome (XV)
in 80% yleld, c,a“o.. M* 184, It showed IR bands at
1780 (8-lactone), 976 (cyclopropane ring) and PMR (Fig. 12)
signals at 9,10 (14, g, one of the eyclopropane protons),
8.92, 8.78 (3H each, g, gen dimethyl on cyeclopropane), 5.83
3iy gy 4 = 6 Hs, methyl on carbon bearing oxygen function),
3.63 (24, g, wethylene protons), 8.13 (1H, g, cyclopropane
protoa sdjaceat t.o>0!0) and 5.70 (li, g, proton attached to

cnm) bearing oxygen function).
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EA LB INERT AL
2aZo7=1ziaetlyd 4=0%0-30-hvd roxy-bloyelo4.1,0)~
=heptage (I1L)

To & vigorously stirred solution of 3f,4«-carane-
diod (I, 17 g) in acetone (185 ml), was added Jones chromic
a0ld reagent (45 ml), dropwise, msintaining the temperature
belov 0° (2 hr). After the addition, it was stirred for 2 hr
&t room temperature, diluted with water (300 ml) and extrescted
with chlorofora (100 al +» S0 al x 8). The chlorefora layer
was washed with water (100 ml x 2) snd extracted with 10%
sodium hydroxide solution (100 ml + 50 ml x 2), The
chloroform layer was agaln washed with water (150 ml x 2) and
dried., GZvaporation of chloroforam gave the crude ketol
(11X, 5.40 g, 32.10%) which was purified by chrometography
over alumina (Gr. II, 108 g, 1320 ratio) and the fractions
eluted with benzene and benzene + chlorofora (4:l) furnished
the pure ketol (III, 4.10 g), bep.i18-120°/2 ma.
Apalysis
Founds ¢, 71.82; i, 9.63;
Crofi g0, requires G, 71.39; H, 9.50%.
It bands @t.3836, 3030, 1709, 1449, 1389, 1366, 127, 1111,
1085, 980, 954 and 806 eu~l.
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The aqueous alksline portion was cooled to 8%,
acidified with 208 sulphuric scid and extrected with
chloroform (80 wl x 3). The chloroform layer was washed
with water, dried end evaporated to furalsh the keto acid
(IVy, R = H, 10.80 g, 57%) which was converted into its
sethyl ester by an ethereal solution of diszsomethane in
slwost guentitative ylelda., It was identified as the keto ester

(IVy K = “iig) by comparative TLG, spectral snd anslytieal
data,

A solution of the ketol (III, 10 ) im dry ether (50 ml)
was introduced, dropwise, with stirring into an ice-cooled
sclution of methyl magnesium icdide prepared from magnesium
turnings (8.8 g) end methyl 1cdide (16.8 g) in dry ether
(i80 ml). After the addition, it was stirred at
roos temperature for cone hr &nd 4 hr under reflux, The
reaction wixture was cooled to O° enc & cold saturated
solution of amsoniuam chlorice (100 ml) wes introduced,
dropwise, inte it with vigorous stirring. After stirring
for 30 ainutes at room tempersture, it was transferred to a
separatory funnel. The ether layer was sepsreated end
aqueous portion extrected with ether (L0O @l x 2). The
combined ether layer was washed with water, dried and
evaporated to furnish the erude diol which was chrosetographed



.

on alumina (Gr. 1I, 1120) and eluted with benzene and
chloroform to give the pure diol (V, 5.2 g, 47.8%) as a
thieck liquid.
4doalysis
Founds C, 71.81; #d, 10,783
czxuad°a requires C, 71,60y H, 10.94%.

I bends at’387L, 3021, 1449, 1374, 1294, l242, 1094, ©&S,
926, 880, 558 and 758 ca”t.

H,R-DI-chyL;“.fl.a-dl(8-oxopronyl)-cycloproguno (V1)

In a 500 ml 3-necked flask equipped with an overhead
sechanical stirrer, were taken the diol (V, 8 g),
methanol (80 ml) snd water (25 ml). The contents were
stirred at room temperature for 10 ainutes. Fimely powdered
sodlum meta periodate (6.4 g) wes then added, portionvise,
to the above solution with stirring. After the addition
(30 minutes), the reaction mixture was stirred for 2 hr,
fiitered and the residue washed with msethanol (80 wl)j the
combined filtrate was diluted with water (250 ml) and
extracted with chlorofora (100 ml + 60 ml x 2). The
ehloroform layer was wss .ed with water (100 ul x 2), dried
and evaporeted to give the diketome (VI, 4.10 g, aas))umcn
was purified by distillation, b.p.il15-120°/4 ma.

|



insdysis
Founds C, 74.38y i, 10.18‘
%umog requires C,72.49; i, 9.96%8.

1Kk Sands st:298S, L708, 1408, 1881, 1227, 1160, 1015 snc 957 ea” .
The compound (VI) geve & Z44 UNF derivative, n.p.SOC-&(Yf.
Anulveds
Founds C, 50,793 H, S5.2L; N, 20.51;
Caatigglgligrequires C,50.93; 1, 4.793 &, 20,6658,

I bands at:2988, 1623, 1815, l449, 1408, L36l, 1328, 1304,
1266, 1218, 1129, 1078, 216, 540, 826, 742 and 722 es~l,

In a 250 nl sonieal flasik, 3 g of diketone (VI) end
84 squeous sodium hydroxide (100 al) were taken and
the reaction aixture was stirred for 8 hr st room
temperature, It was then diluted with water (100 ml)
and extracted with chloroform (50 sl 28 ml x 8)., The

chloroform laysr was washed with water (100 =l x ll))drhd



and evaporsted to furanish the cyelised ketomne (VII), which
was purified by distillstion (2.1 g, 77.5%) b.p.108-110°/3 am.
Analysis
Founds C, 80.713 d, 9.733
uua“o requires C, 80.84; d, 9.83%.

IA bonds at:294l, 1664, 1608, 1408, l34e, l2s2, 1232, 1198,
1176, 1129, 1010, 961, 498, 861, 509 and 758 cu" . The
cyclised ketone (VII) geve & 2,4 UNF derivative, -.p.lu-135°.
Apalysis
Founds C, 59,88y H, 5.78; N, 16.18;
cr,ﬂmo‘l‘ requires C,50.20; H, 6.88; N, 186.87%.

IR bepds at.2085, 1623, 1887, 1497, 1460, 1370, 1333, 1304,

1274, 1134, 1083, 913 snd 740 cn™ >,

sarboxviate (VIIl, 4. = Gig)

Io & solution of the conjugated ketome (VII, 2 g)
in acetone (50 anl), water (18 al) @nd aeetic acia (iOal),
contained in a J-necked flask equipped with 8 mechanical
stirrer, powdered potassium persanganate (2.9 g) was added
in smell lots with vigorous stirring; duriag 30 minutes,
After the addition was complete, the heterogeneous reaction
mixture was stirred for 30 minutes more, Luring addition
and stirring, the temperature of the contents
was meintained below 40°.  Godium nitrite (2 g) snd



dilute sulphuric acid (10 ml dilute 40 ml) wvere then
added to the resction mixture under stirring to dissclve
the manganese dioxide precipitate. The clesr yellow solution
was then transferred to a separating fuanel, diluted with
water (100 ml) and extracted with chloroform (50 ml,
45 ml x 2), The chloroform layer was then extracted with
l0% aqueous sodium carbonate solution (3 x 28 ml) to extract
the acid formed in the reuction. The carbonste layer was
cooled to 0° and scidified with sulphuriec acic to 2 pH.
The acid liberated was extracted with chloroform (25 ml x 3),
The combined chlorofora layer was washed with water (100 ml)
and cried, dvaporetion of chloroform gave the ketoeascid
(VIIl, R = H, 0.66 g, 31.8%4). The keto-acid (VIII, & = H,
0.6 g) was esterified with an etheréal solution of dlazoe
methane to afford the methyl ester (VIII, i = Cligy
0.45 g, 83%) which was purified by distillation, b.p.
106-110%/6 mam, ()28 4 0° (g, 1.8).
Apadvsls
Founds C, 65,27; H, 8.98;

cmu“o, requires C, 65,193 &, 8.76%8.
I bands at!3030, 1736, 1439, 1379, 1385, 1325, 1176,
1136, 1087, 1029, 962, 926 and 866 om™t,

The ueutral part wvas not examined further.



i 2=a lede(de0xo l)ecyclopropane
gacboxyiate (VIII, n = CHg)

To & solution of the unsatursted ketone (IX, 8.09)
in acetone (180 ml), water (25 wl) and acetic scid (15 ml),
contained in & Senecked (lask equipped with = mechanical
stirrer, powiered potassium permengsnate (10.5 g) wes asdded
portionwise, with vigorous stirring during half an hour.
After the addition was oo-;ht.od)tbo heterogeneous reaction
sixture was stirred for 30 minutes more. During sddition
and stirring, the tempersture of the contents was maintained
below 40°, GSodium nitrite (8 g) sad dilute sulphuric acid
(20 =l diluted to 60 wml) were then added to the resction
mixture under stirring to disgsolve the nngnn*dtoxuo
precipitates The clear yellow solution was then tramsferred to
& separsting funnel, diluted with water (1850 al) and
extracted with ether (100 sl x 3). The ether layer was
washed with vater (100 al x 2) and then extracted with
10% aqueous sodium carbonate solution (2 x 60 ml)., The
carbonate layer wss cooled to 0° and acldified with sulphuric
seld to 2 pH.The seid liberated was extracted with
chloroform (28 ml x 3). The chloroform layer was washed
with vater (50 al x 2) snd dried. HKemoval of chlorofors
gave the kKetoescld (VIII, K = H, 2.40 g, 31.7%) which was
esterified with an ethereal solution of diszomethane to
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afford the methyl ester (VIII, R = Ciigy 2.208), purified
by distillation b.p.105-110°/5 ma, m:‘ - 33.7° (g, 2.70).
inalyels
Founds C, 68,323 i, 8.81%
C10f1605 requires Cy 68.19; i, 8.78%.
I bends at! 3030, 1736, 1438, 1382, 1386, l3zs, 1180,
1138, 1088, 1029, 960, 95 nnd 852 em ..

The ether layer after removeal of acid portlou,no
repeatedly washed with water (100 ml x 2) and dried.
Sveporstion of ether afforded the crude diketo-slecohol
(X, 4.70 g, 50%), which vas purified by chromstography cver
alunine (Or. IX, 1320 retic), and the fractions eluted with
bensene furnished the pure diketo-alcohel (X).

Analysls
Founds C, 67.71y H, 9.67y
°u"ao°. requires C,87.803 H, 9.50%.
Ix bands ot 3623, 3077, L7&4, 1688, 1471, 1370, 1263, 1163,
1088, 971 and 800 ca™i,

srslopronane (X1, 6 = H)

To an ice-cocled sclution of the umsaturated ketone
(IX, 4 g) in methenol (76 ml), lodl*bonwx:ﬂac (0.70 g)
was added slowly in porticns. The reaction product was
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stirped at room tempersture for 10 hr snd then kept st
room temperature for 48 hr. It was diluted with cold water
(180 ml) and aciaified by dil, HCl, It was then extrected
with chlorofora (50 ml x 3), washed with water (100 ml x &)
and dried. Removal of chloroform gsve the crude product
(3.8 gy TLC two spots). It was chromatographed over
alunina (OGr. II, 70 g, 1320 ratic) and the fractions eluted
with benzene furnished the pure slechol (XI, i = H, 2.6 g)
which 1s further purified by ¢ istillation, 115.120°/2 ma.
inadvsds
Founds C, 78.84§ H, 12,263

Cpgligg? requires C, 70.06; d, 12.165%.

I+ bands at] 3448, 2988, LG39, 1449, 1370, 1209, 1lii, 980,

935 and 840 ca” .

grcioprepans (Al, U = 4g)

To a solution of the aleohol (A, & = H, &,1 g) in
pyricdine (10 ml), acetic anhydride (7 ml) was added. The
reaction mixture was kept at room tempersture for 45 hr
snd then heated on & waterebath for & hr. It was diluted
with water (100 ml) and extracted with chlorofora (28 ml x 3).
The chlorofors extract was washed with dil. hydirochlorie
acid (6%), followed by water and dried. Hemovel of
chloroform gsve an scetate (AI, A = Ac, 2 g, 77.8%) wnich



was purified by auuu.uou)u.p. 108-110%/3 aa.
Analysis
Founds C, 74.833 4, 10.913
Crqligq¥g requires C, 74.98; d, 10.78%.

IA bands st 2088, 1787, A683, 1445, 1361, 1235, 1124, 1009,

947 and §33 ca™t.

Methyleli-gis-2,2-dimethyl-3-(S-acetoxypropyl)-cyelopropane
I \ste (AIIL & = Glia)

in & 500 nl, 3~-necked round bottosm flask equipped
with an overhesd stirrer, was placed the unsatursted acetate
(AIy, A = Acy 6 g), acetone (128 ul))ut.or (15 ml) ana acetic
acid (10 ml). To the stirred solution was added powdered
potassiuam persmanganate (5.30 g), during half en hour,
maintaining the temperature at 40 to 80°. ifter the adaitios,
the stirring was continued for an hour at the same temperature.
It was then treated with scdium nitrite (4 g) and dilute
suiphuric acid (20 ml, diluted to 60 ml) under stirring to
uissolve the manganese dioxide precipitate. The colourless
solution thus obtained was diluted with water (200 ml) and
axtracted with ether (100 mi + S0 ml x ), The ether layer
was extracted with 10§ agueous sodium hycroxzide solution
(60 ml » 25 ml x 8). The aqueous slkaline portion was cooled,
acidified with 20% sulphuric acid to 2 pH and extracted with



chloroform (50 ml + 25 ml x ). The chlorofors layer
was washed with witer (60 ml x 2), dried and eveporsted
to furnish the acid (AIIXI, K = Hy, L.8 g, 31.8%) which was
converted into its methyl ester (AIIl, R = Clige 1.4 g,
87.6%) by an ethereal solution of diszomethane., The
acetate ester (AIIl, & = ca,) wvas further purified by
distillstion, b.p.l26-130°/2 am.
4dnaivsis
Founds C, 63.27) 4, 8.943
cwﬂwo‘ requires C, 63.13; H, 8.83%.

Ik bends at:E988, L7R84, 1429, 1366, 1338, 1i63, P48, 547
and 820 en"t.

The ether layer after extraction with sodium hydroxide,
was thoroughly vashed with water (100 mi x 3) and dried.
Hemoval of ether furnished the crude acetate keto-aleohol
(AII, 3.8 g, 66.58) which was purified by chromatography
over alumina (Gr. [I, 1320 ratio) and the fractions
eluted with benzene and chloroforam afforded the pure
acetate ketoealcohol (XI1I), b.p.l&-iﬂ'/l.& am,.

Lnsiysls
Founds C, 66,783 li, 9.833
Clqligq¥q requires C, 85.59; H, 9447,
IR bands =t; 3508, 3018, 1787, L7208, 1449, 1366, Lg4l, 1163,
1053, 1014, 952 and 823 ea”t.



24U

Geloctone of 1A wmgx-a-gaqaml propyl)e
crglonrenane carboxvile scld (V)

To & solution of the acetate ester (AIII, A = Clige

1.6 g) in methznol (50 al) was sdded an agueous solution of
potassium hydroxide (1.5 g in 10 ml) vand refluxed for 6 hr,
Host of the methancl was removed under suction., The residue
was cooled, dlluted with water (100 zl) snd extracted vith
ether (80 ml x 2) to remove the neutral pert. The aguecus
alksline portion wss cooled, scldified with 20+u1phlru
seld and extracted vith ether (50 ml* @5 wl x 8), The
ether layer was washed with wster (50 ml x 2), dried and
evaporated to furnish the hydroxy acid (iIv, 0.9 g, 79.8%)
&9 & thick ligquia. The seld (XIV, 0.9 g) was taken im dry
benzcne (50 ml) snd the solution refluxed with PT8 (0,080 g)
for 6 hr. The solution was washed withwter (28 ml x 8)/,
dried and the solvent evaporated to furasish the cruce ligquid
Lactone (AV, 0.68 g, 80%) which was further purified by
chromatography over alumina (Or. II, 1320 retic). The
frections eluted with pet.ether snd pet.ether + 10§ bsasene
geve a TILC pure liquid lectone (iAV).
dnaiysis
Founds C, 70.81; 4, 9.24;

Cgll) 40 requires C, 70.10; i, 0.158.
Ii bands #t:3030, 173Q, 1449, 1370, 1333, lzse, 1176, llg4,
1083, 278 snd 901 ew™t.
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el N M AL L

The costus plent, Jaussurea lapps Clarkg, belonging
to the Compositae family is grown at high altitudes in
Kashmir and the hill districts of Funjab., From the hexane
extract of the leaves and stalks of this pleant, taraxasteryl
acetate (I, & = A¢c) was isolated as per the procedure already
described. FPrins resction on taraxasteryl acetate
{I, & = Ag) was carried out using paraformaldehyde &nd
glacial acetic acic. Three products have been isolated and
chuact.orlud on the basis of IR, PHR end analytical data,
These included, 3f, S0-diacetoxy-2B-acetoxymethyl-
taraxastane (II), aa-uct.oxy-u-acctounwl-\,/-
taraxastene (IV, i = A¢c) amd 3a-acctoxy-28-acomnet.hyl-«’;;-
taraxastene (V, & = A¢). In addition, the double bond
fsomerised product viz,., k}«buruntoryl acetate (VI) could
2lso be isolated from the reaction product. The
corresponding diols (IV, 4 = H) and (V, # = H) were obtained
from the acetates (IV, A = A¢) and (V, # = Ae) by
saponification snd chsracterised by speciral data,
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The costus plant, Saysgures Lapge clarke, belongs
to the Compositae family and is mainly ¢rown in Indis in

Kashsir snd the hill districts of Funjab at.high altitudes'.
The roots of the plant are known to possess medicinal
properties and have been prescribed in the imdigencus
systems of -odictnc?'a" The roots alse coatuin a
fragrant principle which can be isolated either by steam
distillation or solvent extraction. The essential oil
obtained from the roots is used in high grade perfumery
preparations. In our lasborstory, a low tempersture solvent
extraction procedure for extracting costus root oil using
40-60° pet,ether, has been developed. The oil obtained
by this method is free from polymerisation and dematuring.
l{he systemstic examination of the solvent extracted
costus root oil resulted in the isolation of several
compounds, some of which ere mentioned below. Costunolide (VII),
dehydrocostuslactone (VIII), costol (IX), costie acid (X)
and aplotoxene (A1) otc."“ Recently, in our .aborstory,
Fal et nlf? have isolated three esters viz., %-amyrin
stearate (iAll), Pe-amyrin palauitateé (AIII) snc lupeol
palmitate (XIV) from the hexane extract of the leaves and
stalks of the costus plant, The isolstion of an slkalold
"Saussurin® hes also been ropOrtcdl‘ from the costus plant.
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R
Vil Vil IX, R=~-CH,OH
X, R =—-COOH

CH, =CH (CHp)g=CH=CH~CH,~CH = CH=CH,~CH= CH=CH,~CHs

Xl

XIl, R==CO(CH, ), sCHsy ; XIll , R==0CO(CH,),4CH, ;
R1= R2= H R‘|= R2= R3= R4= H

=-0CO(CH,),,CH; R

ek



The isclation of taraxasterol (I, X = H) and its
acetate (I, i = Ag¢) from the hexane extract of the leaves
and stalks of the costus plant has been roportodl7 by
CePe Hamboodripad et al, They extracted the leaves and
stalks with hexane to give & dark green coloured
concentrate in 3.40% yield which, on chromato:raphy over
alumina hes been reported to yleld taraxasteryl acetste
(I, & = Agc) and also taraxasstercl (I, & = ),

As already mentioned in Chapter 1II of this thesis,
the condensation of olefins with aldehydes is catalysed by
acids, heat, light and peroxides and those catalysed by acids
are referred to generally as the Frins reaction.

The reasction may be carried out in an agueous or an
anhydrous medium and the major products consist of a
1,3-dioxane, 1l,3-glycols, or an wns stursted alcchol
depending on the experimental GDﬂdltiOllLao Because of this
upusual versatility, the Frins reacticn 1s useful im organic
synthesis, It offers & pew route to the manufscture of many
organic compounds utilising readily available petroleus
prodnozol’. Although Frins reaction has been studied on @
number of moncterpenic compounds posssessing an endo-double
bond like (+) car-i-ene, «-pinene, cemphene etc., it has
not been much studied on terpenie compound s conteining an
exo-methylene~double bond. Only very few terpenic

gompounds like p-piaca03° and d-u.onnnoaL possessing the
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exo-methylene-double bond have been subjected to Frins
reaction to yleld interesting products. flowever, this
reaction has not been carried out on higher terpenes

like di and triterpenes. So far there appears Lo be no
mention of this resction on taraxasteryl acetate (I, A = Ac).
It is known that tsraxasteryl acetate and its derivatives
undergo double bond isomerisation under acidic oondlttoalsa
to yiold‘*z-z.r!xnstoryl derivatives., Go it was felt
Gesirable to isclate the products obtained from Frins
reaction on taraxasteryl acetate (I, 4 = Ac) with 2 viev

to ascertain whether, products dsrived from
qv-t.rnx.otoryl scetate (V1) are also formed during the

reaction.

CEESEET wOGs

The leaves and stalks of the costus plant were extracted
with pet.ether to get & dark green coloured eoncentrate in
35 yleld which on chromstograéphy over siliclc acid
(1310 ratio) furnished a crystalline solid, -.9.840-856°
(pet.ether + ethyl acetate), (u)? v 99,00 (g, 1.30). It
has been 1000&1!1.‘17 as taraxasteryl scetate (I, X = Ae) by

physical constents (m.p. end specific rotation) snd speetral
data (IR, PNR).
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11 IV,R=Ac;R=H

V,R=Ac;R=H VI



Taraxasteryl acetate (I, % = jg¢) thus obtained
was subjected to Prins reaction using pareformaldehyde
and glacial scetic seld (72 hr. refluxing) to afford a
sixture which consisted of mainly four eompoments, as

249

detected by TLC (sxoa + Agli0g plate, 128 ethyl acetate in

benzene). Out of these, two compounds were isolated in
pure state from the reaction mixture, by chroumstography
over silicic acid,

The least polar of these, was identified as the
(p-tarazasteryl acetate (VI), CggligaOg 8.p.223-224°
(«)2%8 . 51.80% (g, 1.30). It shoved Ii bands at 1735,
1245 (acetate) and FMR (CDClg, 90 Mil3) signals at 9.20,

2,16, 9,12, 9,08, 5.87 (814, all singlets, m-thyls at C‘.

Ces Clo0 Gigr Sy and c“). 8.38 (34, g3, vinyl methyl),
7.98 (38, g, scetate methyl), 5.49 (iH, g, proton at Cg)
and 4.82 (14, §, 4 = 4 Ha, olefinic proton). The IR and
spectra and specific rotation of (VI) were comparable wi
those roporud“ in literature for L/a -taraxasteryl
acetate (VI).

From m'uu fractions of chromatogrsphby, & solid
was isolated in pure stste (TLC), It was icentified as
triscetate (II), GgyligoOqs 8.ps132-133°. It showed

PR
th

the

Ik (Fig. 1) bands at 1742, 1235 (acetate) and PMR (CDClg,

90 Hids, Flg. 2) signals at 9,34, P.14, 9,11, 9,08, £.96
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(2lH, all singlets, methyls at c‘. Cgr Crov Cpq0 617 and
Cigle 7497, 7.94, 7.82 (34 each, 3, acetate methyls),
§.97 (24, g, CHy sttached to -0Ae) and 5.48 (iH, g§,
proton at c,).

Two structures viz., (II) sad (III) are possible for
‘the triacetate. structure (II) is derived from Prias
react ion on taraxasteryl acetate (I, & = A¢) whereas
structure (III) is derived from Frins reaction om double
bond isomerised product vlz..i+~t¢raxuctoryl acetate (VI).
structure (IlI) possesses & methyl group on carbon bearing
acetoxy function while no such methyl is present in
structure (II). In the PHA spectrum of (IIIl), the above
wentioned methyl group would hsve exhibited a signal at
8.6 to 6,87, A close leok at the FNE spectrum of the
triacetate indliceted the sbsence of a three-proton signal
betveen 5,80 to 8,807, characteristic of methyl growp
attached to carbon bearing acetate grouping. The lowest
of the methyl sigoals 1s observed at 5,987, On the basis
of PHE data, structure (II) is preferred for the
triscetate, which is obviously derived from the Frins
reaction on (I).

The middle fracticns of chromatograsphy consisted of
two components (TiC on 810. * Aghog plate, 10% ethyl
scetate in beunsene, two spots)., These two components

were separated by chromatography over siliclie seld
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impregnated with silver nitrate,

The less poinr component, eluted with pet.ether +
benzene (5:1) was identified as (V, & = Ae), c“u“o‘.
mepe170-171° (mothenol). It showed the following
spectral propertles. IR (Flg. 3): 1789, 1235 (acetate)j
PHR (COClg, 90 Mds): 9.27, 9.14, 9.11, 9,04, 5.96 (214,
all singlets, methyls at Cqr Cgo CLO' Cre? Clq @nd Cm),
7.85, 7.82 (3i,each, g, scetate mothyls), 6.09 (24, g,
cl!8 attached to -0Ae), 5.82 (1H, g, proton at Cg) and 4,62
(lH, g, clefinic proton). This compound 1is alsc derived
from (I, & = ae),

The mors olar component eluted with benzene and
chloroform, was identified as (IV, & = ac), C”H“O‘.

Bep. 200-210° (ethyl acetate). It showed IR bands (Fig. 4)
at 1739, 1242 (acetate) snd PMR (CiClgy 90 MHs, Fig. 8)
signals at 9,27, 9.14, 9.12, 9,04, 8.96 (21H, all singlets,
methyls at Cgy Cgye ¢ 00 e C1p 4nd c“). 8.38 (34, g,
vinyl methyl), 7.96, 7.84 (3H each, g, scetate methyls),
6.38 (lH, g, allylic methine proton at c“). 6.12 (24, g,

- G, attsched to -0Ae) and 5.51 (i, l,protoa at Cgle

The dlacetate (V, A = Ac) was saponified to get the
corresponding dlol (V, k = H), cua“o,. mep o 220-221°
(ethyl acetate). It showed the following spectral

e
properties. Iks 3571 (GH), 1653, 849 (Jo=ch)y ma (cocly,
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80 MHs, Fig. 6): 9,26, 9.23, 09.14, 9.08, 9,02, 8,96
(21l, all singlets, methyls at c‘. Cgr o0 ¢4 Cq ond
cl”’ 7.75 (24, g, sllylic methylene protons), 6.78
(1H, @, proton at Cg), 6.33 (2H, §, J = 6 Hz, Ci, atisched
to «0H) and 4.59 (lH, g, clefinic protom).

The dilascetate (IV, & = j¢) was saponified to get the

diol (IV, & = H), CgyliggOps Mep. 224-225° (ethyl acetate).

It displayed the following spectral properties.
IR (Fig. 7): 3436, 1081, (OH); PMR (CDCL,. 90 MHz): 9.27,
P.26, 9.1" 9.08, §.98 ‘m. all singlets, methyls at C‘.

Cg* Crov Crqr Gyq %nd ¢ o), 6.82 (14, g, proton at Cg) and
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LA ELRINENT AL

Lxtrection of costus leaves and stelkes, by pet.ether

The dried leaves and stalks (2.50 kg) were powdered
and placed in an aspirstor bottle (50 lit. capaeity).
Fet.ether was then added till the powder was covered with
it (20 1its,). After keeping at room temperature for
24 hr., the pet.¢cther extract was drained out ond the
solivent premoved by distillstion. The extraction was
repeated two times. The combined extroct (45 g) was
dissolved in bemgene ( 1 1lit), sctiveated charecoal (10 g)
was added and the sclution refluxed for 15 minutes. It was
then cooled, filtered and the filtrste was thoroughly
washed with an sgueous solution of sodium carbonste, water
and dried., Hemoval of benzene under reduced pressure gave
@ thick liquid material (36 g)., This crude meterisl
showed on ILC (benzene), mainly four zomes of mixtures.
This mixture (36 g) was chromstograched on silicic acia
(860 g, 1:10 ratic) snd eluted as followss
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CHBOMATOGRAN 4
Fraction Solvent Vol.in ml Mateprial in g

i. Pet,.ether 500 0.788
g, Fet.ether 500 0.158

3. Pet.ether 500 0.878

' Fet.ather + bengdne 500 0.416

(3:1)
8. fet.ether + benzene 500 0.811
(8:1)

e Fet.ether + benzene 500 0.000

: (1:1)

7. ht.ochg I’hum 50 8,750

a8, Pat.ether + benzene 500 1.863

(1s1)

2. Benzene 500 0.545
10. senzene 500 3,858
il. Benzene 250 1.508
iz, bensene 250 1.364
i13. senzene 256 0.210
4. Benzene + chloroform (3:1)&50 0.368

16. Benzene + chloroform(3:1) 250 0.120
18, Benzene + chloreform(l:1l) 260 0.181
i7. Benzene + chloroform(l:1l) 250 0.118
18. Senzene + chloroform{l:]) 250 0.108

19, Chloroform 500 0.265
20, Caloroform 500 1.098
€el. Ethyl scetate 1000 5.543
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Fraction ) showed a single spot ia TLC snalysis
&ot.oucr + benzene (1-1]. Analytical and spectral date
showed that it is & straight chaln hydrocarbdbon, m.p.
Oa-ﬂo. From the me.pey 1t appears to be Cog-hxirccsarbon
viz., nonacosane (Cgglign)e

Fpactions 2 to § shoved a mixture and were not
exasmined further.

Fraction § showed & single spot ia TiC enalysis
(benzene). It melted et 53-50°. Being in smell quantity,
it vas not examined further. The Ik spectrua showed it to
be an ester,

Frections 7 to § were found to be & mixture of three
compound s JX-C. “08 + 108 Agllgy pet.ether + beniene (1:1),
3 spoty/ and were found to be mixtures of esters of higher
fatty aclds, By comparative TLC, they were identified as
«eai rin stearate (4AIl), P-sayrin palmitate (AIII) and
lupeol palmitate (AIV), which have been already isolated
from the same source. Fractions 10 to 1§ (TLC similar,
single spot) were uixed together and the solvent evaporated
to get a solid which, on repeated crystallisstion froa
pet.ether + ethyl scetate gave a crystsliine sclid, m.p.
249-250°, (4):‘ + 99° (g, 1.80). This was identified =s
taraxesteryl acetate (I, & = Ac) by m.p. and superimposable
Ik and Mi spectra. ([Lit.#% records for taraxasteryl
acetate (I, R = AC) @m.pe 266-257° and (a‘)? * 10027.
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Apalvsis

Founds C, 81.73% Hy 11.08;
Cwos requires Cy 81.99; i, li.18%8.

I% vands ats 2978, 1784, 1639, 1449, 1370, 1241, 1010,
976 and §83 ca"t. '

frips resction on Leruxssteryl agetaete (I, i = Ag)

In a 100 ml round bottom flask, paraformaldehyde
(3 g)y glaclal scetic scic (S50 ml) and taraxasteryl acetate
(I, it = pggy 1.80 g) were taken and the reaction mixture
wes refluxed at 120-130° for 72 nr. After the resction
was complete, most of the acetic seid was removed by
distiliation. The residue was then diluted with water
(200 ml) and extracted with chioroform (50 ml x 3). The
chlorofors layer wes washed with water (850 ml x 2) and
dried. Avesporation of chloroform afforded s cerude liguid
aixture of products (1.60 g), @s detected by TLC (108 ethyl
acetute in benzene, mainly 4 spots). The crude product
(160 g) was chromatographed on siliecie acld (24 g, 1:1S
retico) and eluted as follows:
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CUROMATOCRAN = 8
Fraction Solveat Vol, in ml Haterial in g
i. Fet.ether 100 o.lél
2. Pet.ether + benzene(10:1) 100 0.080
3. Pet.ether + bengene (4:l1) 100 0.356
4. Pet.ether + benzene (4:1) 100 0.223
8, Pet.ether + benzene (4:1) 100 0.1938
G, denzene 100 0.154
e Benzene + chloroforam (1:;1) 100 0.178
8o Chloroforas 100 0.183

Fractions ] and g of chrowstogram 2 showed a single spot
in TLC analysis (8% ethyl acetate in benzene) which correspondced
w0 the least polar of the spots in the original mixture. They
sere uixed together and the solvent distilled to give a solid
(0.221 g) which was further purified by crystellisstion with
ethyl scetate to afford the L -tarazasteryl acetate (VI),

Bop o 223-224°.
inslvals
Found: C, 8l.82; H, il.l2;
cax“oa requires C, 31.993 H, 1l.18%.
IX bends ats_J738, 1460, 1380, ig4S, 1180, 1135, 1100, 1020,
1000, 990, 970, 950, 900, 510 and 775 cuw"l.
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Froctions 7 and § of chromstograa @ shoved a single
spot on TIC (l2% ethyl acetate in benzene) which
corresponded to the more polsr of the spots inm the original
mixture. fence, these fractions vere mixed together and
the soclvent svaporated to get the solid (0.331 g) which
was further purified by crystallisation with methancl to
furnish the triascetate (II), m.p.132-133°.
dnsivals

Founds C, 73,773 ti, 9.963
cnﬂ‘oo‘ requires C, 73.96§ H, 10.07%.

14 bands at: 3018, L74%, L4e9, 1370, 1238, 11l1i, 1020, end
976 en™t.

Fractions g to § of chromatogram 2 showed a
mizture of two components in TLC analysis (TLC om 510g + AgNOg
plate, 12% ethyl acetate in benzene). These fractioms were
mixed together and the solvent evaporated to get a mixture
of two products (0.90 g). This mixture (0,90 g) was
chromatogrsphed on silica gel impregnated with silver

nitrate (18 g, 13120 ratic)and eluted as followss
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CHEQUATOORAN 3
Fpaction Solvent vol. in al  Material in g

L. Pet,other + benzene 100 0.181
(8s1)

2. FPet.ether + bensene 100 0.113
(8s1)

3. Pet .ether + benzesae 100 C.181
(4:1)

4. Fet,ether + benzene 100 0,082
{4:1)

&, Fet.ether + basazene 100 0.183
(i:1)

6. Benzeune 100 0.136

7. ¢chlorofora 100 0.080

Fractions ) to 3 of chromatogram 3 showed & single spot
in TLC analysis (TLC on 510, + ulo' plate, 108 ethyl scetate
in benzene). These fructions were mixed togethepr and the

solvent evaporated to got & solid diacetate (0.42 g) which was

further purified by crystallisation with methanol to afford

pure ulacetate (V, & = Ag), -.p.no-rn'.
Anaiysis
Founds o, 77.62; i, 10.287;

Casliggly requires C, 77.73; i, 10.445.

IX bands at: 2085, 1739, 1449, 1370, 1235, 1026, 976 and

693 Ol".
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Fractions § sand § of chromstogrem 3 showed a
mixture of two components and wvere not separated further,

Froctions § and 7 of chromatogram 3 showed a single
spot in TLC analysis. (TLC on 3108 + 108 AghOg plate, 10%
ethyl scetate in bensese). These fractions were mixed
together to get a solid diacetate (0.22 g) which was
further purified by crystallisation with ethyl acetate to
furnish pure dizcetate (iV, 4 = aAg), n.p.209-810°.
Anadvsls

Foumds C, 77.59; H, 10,383
C“a..ﬂ‘ requires C, 77.78; 4, 10.44%.

Ik bands ats 3012, L7238, 1449, 1370, 1243, 1124, 1099, 1064,
1031, 976, 901, 851 and 725 om"t,

To a solution of the dlscetate (IV, X = Ac, 0.20 g)
in benzene (15 ml), potassium hydroxide (1 g dissolved in
30 ml of methancl) was added. The reaction mixture wes
refiuzed on & water bath for 8 hr. After distillation of the
bengene and aleochol, the recaction mixture was diluted with
water and extracted thrice with chlorofors (25 ml x 3).
The chloroform layer was washed with water and dried.
Removel of chleoroform gave a sclid (0.16 g) which was

purified by crystallisation with ethyl acetate to give the
TLC pure dlol (IV, & = H), m.p.224-228°,



Analysis
h

Founds C, 8l .37y H, 11,384
Cgifigg¥y requires C,81.58; #, ll.48i.

Ii bands at: 2436, 294l, 1447, 1366, lzsg, 1174, 1149, 1099,

1083, L03l, 980, 962, 842 snd 778 ol

saponifisation of the discetate (Vo i = ic)

To & selution of the discetate (V, H = ie, 0.30 g)
in benzene (25 al), potassium hydroxide (1.20 g dissolved
in 50 ml of methanol) was edded. Tnhe homogeneous solution
thus obtained was refiuxed on & water bath for & hr, Host
of the methancl and bensene were removed by distillation,
The reaction mixture was then diluted with water (100 =l)
and extracted with chlorefors (50 ml +» &5 ml x 2). The
ehlorofors layer was thoroughly washed with water and
dried, Hhemovael of chloreform furnished a solid (0.24 g)
wirioh was purified by corystallisstion with ethyl scetate
to afford TLC pure diol (V, & = H), m.p. 220-221%
snalvsls

Founds: G, 81.28; H, 11.273
can“og requires C, 81.83; 4, 1l.48%.
I& bends at: 387), 2986, LG83, 1463, 1379, 1282, 1174,
1087, 1038, 966 and §42 om"l.
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