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GENERAL REMARKS

The melting points and boiling points are uncorrected.
All temperatures are recorded on the Centigrade scale.

The ultraviolet spectra were recorded on Beckman DK-II
ratio recording spectrophotometer.

The infrared spectra were recorded on a Ferkin-Elmer
infracord spectro hotometer, Model 137B and Model 221
with sodium chloride optics.

The N.M.R. spectra were measured in carbon-tetrachloride
solution unless otherwise mentioned using tetramethyl-
silane as internal reference on 4-60 Varian instrument
and the chemical shifts were measured inT units.

The acid washed activated alumina standardised as per
Brockmann's procedure was employed for column
chromatography.

Gas liquid chromtozraghic analysis were carried out
on a Griffin & George GLC apparatus MK IIA employing
hydrogen as carrier gas.

The 1ist of references pertaining to each part has been
given at the end of that part,

The numbers given to the charts and numbers given to
the figures in each chapter of the thesis refer to
that particular part only.

All the I.R. speectra and N.M.H. spectra are given in
the end of the thesis.

Silica gel (200 mesh; prepared in the Fine Chemical
Froject, National Chemical Laboratory) with 156§ of
plaster of Paris (200 mesh; commercial quality) as
binder, was used for T.L.C.

+



chapter 1

synthesis of terpenoid lactones



A large number of l-oxygenated eudesmanes occur in
nature (Chart 1). An interesting compound belonging to this
group is tauremisin (vulgarin) which was isolated from the
flower of Artemisis Saurics Willd by Rybalko and Dolejs’
and from Artemisis yulgaris L. by Geissman and Ellestad.®
The structure (I) has been assigned to tauremisin on the
basis of spectral data and degradation work shown in Chart II.”
1ts conversion to santanolide C (II) establishes the carbon
skeleton, the mode of attachment of the lactone ring and the
stereochemistry at Cg, Cg, Cp, Cyp and C33. Its transfor-
mation to the (1, -unsaturated ketone (IIl) with Zn - acetic
acid and its preparation from the base catalysed elimination
of the ketoediol (IV) establish the positions of the keto-
group, -UH group and the double bond.
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TAUREMISIN AND RELATED COMPOUNDS
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Santanolide C (4,6,11« (H)-6p (i) -eudesman«6,13-01ide)
(11)7,8,16,17-20
gt al.%7  Hydrogenation of santonin (rcom temperature,

120 atm. pressure) furnished the hydroxylactone m.p. 138°,
(x)p + 42 & 1°, which was oxidised to 3-oxo-santanolide C (V).
The ethylenedithioderivative of (V) on desulphurisation with
Raney nickel furnished santanclide C. The constants reported
for this sample of santanolide C (m.p. 136-137°C; («x)p + 92.8
+ 3°) clearly show that it is not pure; pure santanclide C’
has m.p. 168°, (), + 64.8°. Santanolide C has proved useful
in elucidating the structure of some naturally cccurring

was first prepared from santonin by Kovaes

lactones; it has also been employed for the synthesis of
dihydrojmoml.go The methods of preparation of santanclide C
from santonini?»?} and dihydroeudesmol®? unambiguously establish
its stereochemistry.

Santonin (V1) has been employed by us as the starting
material for the synthesis of tauremisin since:

. It is readily available.

2., 1ts lunooholil;gy has been rigerously established
both by chemical® and X-ray methods.>,”4

3. It is closely related to tauremisin.

4, It is a highly crystalline compound and its purity
can be easily checked.




The conversion of santonin to a suitable intermediate
for the synthesis of tauremisin involves: (i) removal of oxygen
funetion from C3, (4i) intrdduction of oxygen at C), and
(1i1) introduction of a double bond at Cg - C3 or C3 - Cgq.
Survey of steroid literature-® shows that comparable trans-
fouattoni have been effected in the conversion of the
«,p-epoxyketone (VII) to n2-cholesten-lx-ol through reduction
with hydrazine. This elegant approach to the synthesis of
l-oxosteroids is superior to the earller methods and hence
we became interested in studying the hydrazine reduction of
the «,p-epoxyketone (XV) with a view to prepare the allylic
aleohol (XVI).

The «,B-unsaturated ketone (VI1l) has been prepared
in rather low or moderate yields by Yanagita and Iaharaas
and Hendrickson and Bogard>’ through the dehydrobremination
of the bromocompound (IX). In our hands the dehydrobromination
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of (IX) employing Hendrickson's conditions proceeded in
rather low yleld. The dehydrobromination product shows

a carbonyl band in its I.R. spectrum at 1716 em™ suggesting
the probable presence of «-tetrahyirosantonin (X). Probably
(X) is formed from the bromo compound (IX) on refluxing with
collidine; there are analogies in literature for similar
types of rcdtxctmn.m3

Since the yield in the dehydrobrominaticn step was
rather poor we explored a difierent approach. The Michael
addition of aleohols such as methanol to conjugate ketones
proceeds nnoothli?gtao It was hoped that controlled
addition of methanol to santonin in the presence of a base
would furnish the l-methoxylactone (XI). We considered
that the alternate mode of addition involving attack of

®CMe on C§ may bs somewhat difficult since the CMe will have
to occupy an angular position. The l-methoxylactone (XI)

Me O

W'

Qe

(1X) (X) (X1)
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was expected to yleld on hydrogenation the dihydrocompound
(XI1) which on treatment with base can furnish (VIIl).
However, attempted addition of methanol to santonin
furnished only the unreacted starting material. The
attempted addition of pyrrclidine and piperidine to
santonin®} to furnish (XII1) and (XIV) did not prove
fruitful. Hence the «,p-unsaturated ketone (VII1) was
prepared by the method of Hendrickson.

The ketone (VIII) on treatment with Hz02 in the
presence of alkali®® furnished the epoxide (XV). The product
has the expected structure as shown by elemental analysis,
I.R. spectrun (¥ pax at 1720 em™}; whereas starting material
showed the band due to conjugated ketone at 1687 cmn™}),

U.V. spectrum (no strong absorption at 227 mu showing that
the conjugated double bond originally present in (VIII)

has reacted) and NMR spectrum (no signals in the vinyl
proton region 3.0 to 4,673 but two proton signals at 6.77 7T

H H
due to \C/O\G/ )« The sterecchemistry at C3 and Cp
/ \

MeO

0
(Vi) (X1




(=g}

has been assigned on the basis of analogy with epoxide
formed from similarly constituted cholest.l-en-3-one, and
is in agreement with its optical rotatory dispersion curve
which shows a positive Cotton effect with amplitude of

a = + 64, This is comparable with the ORD curve of
1,24-0x1do-cholestan<3-one (a = + 93).°%

265,34
The hydrazine reduction of the oxido compound (XV) &

furnished in poor yield a product which showed a band at

3390 em™} in its I.R. spectrum probably due to the presence

of the allylic aleohol (XVI)., However, no crystalline material
could be isolated from the reaction mixture and the hydrazine
reduction of (XV) was not further studied. It was considered
that the low yield of the required product may be due to
reaction of lactone group with hydrazine and satisfactory
results may be obtained by carrying out the hydrazine

reduction of the ketone (XVII)., Dr. Honwad and Dr. Rao®®

have subsequently studied the hydrazine reduction of (XVI1)
which furnishes in satisfactory yields the allylic alcohol
(XVIII). The allylic alecohol was then transformed to tauremisin.

XV; R=0 XVl; R=20
XVII; R=H, XVIII; R = H,



8ince the hydrazine reduction of (XV) did not
proceed in the expected fashion we wanted to study the
allylic oxidation of the unsaturated lactones (XIX) and
(X£). (XIX) on allylic oxidation was expected to furnish
the le-oxo- compound (XXI),a potential intermediate for the
synthesis of tauremisin. (XX) on allylic oxidation was
expected to furnish the 2-oxo compound (XXIi), which we
hoped to transform after a number of steps to the l-oxo
compound (XXI). The unsaturated lactones (XIX) and (XX)
have been previcusly prepared in poor yields by Cocker
and MeMurry® by dehydrating the hydroxylactone (XXIV),*
mepe 1082110%, («); = + 36.0° with PCClg and pyridine.

6

o
XIX 3 R=H,; Ry=/8-Me XX ; R=H, XXIV; R=/3-0H; R,= ol-Me
XXI;R=0 ; R;=Me XXIl; R=0 XXV; R=o-0H; R;=/4-Me

* 1t may be noted that the sterecchemistry at C3g and Cl1
shown here is different from that proposed by Cocker
and MeMurry (XXV). Recent X-ray work“»24 has shown
that in (=) Xesantonin, Cj1j-Me is « and hence the
configurations at C13 of all compounds in ref. 36
has to be changed. The arguments for revising the
configuration at C3 are discussed in the sequel.



A systematic study of the elimination reactions
of (XXIV) and its esters was then undertaken to find out
optimum conditions for the preparation of the unsaturated
lactones (XIX) and (XX).

Cne of the hydrogenation products of santonin is
a hydroxy lactone, m.p. 108-110°, («)p + 36° for which
structure (XiV) has been assigned by Cocker and MeMurryso
The arguments in favour of the «-configuration for C.3
hydrcxyl are not compelling and available data are best
explained by structure (XXIV). Sodium borohydride reduction
of ketoelactone (V) furnishes exclusively the hydroxy lactone
mep. 108-120°.%2} Arguing strietly from the steric view point,
hydride attack on the C-3 carbonyl of (V) from the B-face,
which would be nescessary for 3-X-0l formation is prevented
by steriec interference of Ce4 [-methyl ¢roup:.37 The hydroxy
lactone is also formed stereospecifically during the catalytie
hydrogenation of (V)% due to the shiolding of the p-side
by the methyl groups at C4 and C30, the attack is likely

to take place from the x-side to furnish 3p-o0l. It is

V ;R=O;R1-0L-Me
XXIV; R=48-0H; R,=a-Me XIX XX
XXV; R= d‘OH;R1 = /3-Me



interesting to note that hydrogenation of l-oxo and 12-0x0

steroids S

. which have an axial methyl group at an adjacent
carbon atom gives exclusively equatorial alecoholsj these
results show that Barton's generalisation* is an oversimpli.

fication.

The molecular rotation increament (AM; = -46) for
acetylatiocn of the hydroxy lactone is o. the same sign and
magnitude as molecular rotation increament (AMj= - 96) for
acetylation of 4f-methylcholestanol (XVIII).® 1t is to be
noted that the steroidal compounds chosen as reference
materials for Mp are ideally suited for comparison with
(XAIV) and (XXVI) since both sets of compounds have:

1. trans fused decalin ring system,and
2. axial methyl groups at Cq and Cilo.

In view of similarity in stereochemistry at Cg4,
Cg and Cyp the conformations of A-B ring system of (XXVI)
and (XXVII) are likely to be identical; (XAIV) and (XXVIII)
are also expected to have identical conformations of A-B

ring system.
T

H

o
XXIV; R=0H XXVIlI ; R= 0OAc
XXVI; R=0Ac XXVIl; R=O0H

* Catalytic hydrogenation of both hindered and unhindered
ketones in strongly acid media (rapid hydrogenation)
affords the axial aleohol.“®
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Recently 5116141 has developed a convenient approach
to calculate the chemical shifts due to carbinol protons in
the N.M.R. spectra of substituted cyclohexanols. This approach
employs a set of empirical parameters, distinct for each alkyl
group in each position with respect to each type of ecarbinol
hydrogen. From values cited in literature for the chemical
shifts of carbinol protons of androsterone and opia.ndrostoronzz

and the parametors given by Eliel, we have caleculated the
chemical shifts (for carbinol proton) of 4p-methylandrosterone

(XXIX) (-U'=224 c.p.s. (6.277 ) and 4B-methylepiandrosterone
(XXX) (=226.5 c.p.s.) (6.237 ). Hence the hydroxylactones
(XXII1) and (XXIV) may be expected tc show signals at 6,277
and 6.723 Tdue to carbinol protons. It is evident that the
chegical shifts of the carbinol protons cannot be used to
distinguish the epimeric alcohols (XXIII) and (XXIV).

However, the signal width of the carbinol proton
is expected to be different for the epimeric alcohols (XXII1)
and (XXIV). The equatorial proton of (X<II1) at Cg is
expected to give a sharp signal; the signal of axial Ce3

'\,\

HO ﬁ

(XXII1): oL ~OH (XXIX) : ol —OH
(XXIV):/3-OH (XXX): 3—OH
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proton of the epimeric alcohol (XXIV) is expected to be broad.
The same relationship will also hold good in the case of the
corresponding acetates., The li.M.i. spectrum of the acetate
(XXV1) prepared from the hydroxy lactone (X{IV) exhibits a
broad signal at 5.137 due to Cg-H and suggests that the C-3
acetate 1l-oquatorial.46

To confirm the C-3 stereochemistry of the hydroxye
lactone (X{IV) it was considered desirable to prepare the
epimeric alcohol (XXII1). Attempts to prepare the hydroxy-
Ractone (XXIII) by heating the tosylate (XXXI) with dimethyle
fornamide®®1%% at 70° for 72 hrs resulted mainly in the
formation of elimination produets. Hydrogenation of epoxido‘
(XXXII) did not proceed satisfactorily, probably due to the
presence of axially oriented methyl groups at C4 and Cyqge.

The hydrcboration of the £adwwe (XX)1 ' ) appeared to be
attractive for the preparation of the hydroxylactone (XXIII),
but Was not been studied by us.'

(XXI): R=al-OH  (XI
(XXIV): R=@-OH
(XXVI): R=[3-AcO
(XXX1): R=B-TsO

* Prepared by action of perbenzoic acid on (XIX).

+ Dr. Kulkarni and Dr, Kadival have kindly informed us
that they are investigating the hydroboration of the
Qackoae (XX) 17 ). Hence we have not utilised this approach.
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The tosylate (XXXI) was dissolved in dimethylamifme
and heated under reflux for 30 min., however, this did not
result in elimination. The benzoate (XXXIII) was recovered
unchanged after heating under reflux in dimethylanyline
solution. Heating the hydroxylactone (XXIV) under reflux in
acetic acid solution in the presence of petoluene sulphonic
acid did not furnish the unsaturated lactone (XIX) or (XX);
however, the corresponding acetate (XiVI) was produced in
excellent yields.

Some alcohols have been dehydrated with tosyl chloride
in dimethylformamide-collidine mixture in presence of 302.45
Treatment of the hydroxylactone (XXIV) with the above reagent
at 65-20° furnished a solid lactone (VU .y 1780 cm-l), mep.196°,
which did not contain sulphur. The elemental analysis indicated
that the product had the molecular formula Cyghpg04. The L.R.
spectrum (V' p. y 1720 em™} and 1180 em~l, no band at 3400 en”t
indicating absence of OH group) of the product and its
molecular formula which differed from the starting compound by
one carbon atom and one oxygen atom suggested that it may be

(XXIV): R=0H
(XXX1): R=0Ts
(XXXII):R=0Bz



13

the formate (XXXIV). This was further supported by the
conversion of the product, m.p. 195° to the starting hydroxye-
lactone (XXIV) by saponification with alkali. Treatment of
the Bosylate’} with potassium tertiary butoxide in dimethyl
sulphoxide” furnished a &1 mixture of (XX) md (XIX)
(analysis by HMH and IR spectra). The benzoate (XXXI1l1),

m.pe 186-187°, (), = + 68° (e 3; CHClg) on pyrolysis at

380° furnished in excellent yield A>-santenolide* (XIX).

R 0
XIX ; R=/48-Me XXIV ; R=0H
XXXV; R =od-Me XX XXXl ; R =0Bz
XXXV ; R=—-0-C-H
R
XXx\, R=0C\s

¢ It may be of interest to note that of (XIX) is higher
than that of its C4 epime (XXXV) by + 218°. This is
in agreement with one of the generalisations of Mills4<¥,60
who has stated that derivatives of the type (XIX) are more
dextrorotatory than those of type (XiXV) and that the
difference ( M, = + 200°) is spproximatedy independent of
the presence of additicnal substituents in the cyclohexene
ring, provided that they have the same configuration in any
pair of j-methyl cyclohexenes wiich are compared.



The pyrolysis product was identified as (XIX) on the basis of:
1. 4its method of preparation H "

CSa
2. I.R. spectrum (U max 720 cm~} due to |

.
3. K.M.R. spectrum (2 proton signal at W~ >

4,407 3 3 protons doublet at 8,837
d“‘ 1’-0 C‘-hc

4, its m.p. and rotation which are in reasonable agrecment
with the previously reported valuesfor (XIK).
Hydrogenation of (XIX) furnished santanclide C (il).
The route santonin (XX1V) (XXXII1I) (X1X) (1I1)
of fers a convenient method™ for the preparation of santanclide C
from santonin and is superior to the methods described in
literature.

Oxidation of (XIX) with sodium dichromate‘??»"®
in acetic aeid at 100° for 6 hours furnished a produet having
Unmax 1775, 1725, 1665 em™t and Apax = 236 mu (¢ 4390). The
speetral data clearly show that the product is not composed
exclusively of the keto-lactone (XXI) the antiecipated allylie
oxidation product. The spectral data suggest that oxidation

R

Il ; R=H, XIX ; R=Hy; R, =/B-Me
XXIV; R = OH XXI;R=0; R, = Me
XXVI; R = OAc

* leducticn of the hydroxy lactone (XX1V) with
hydriodiec acid (in acetic acid) was investigated
with a view to prepare santanolide C. How8ver,
the major product was the 3f-acetoxy compound (XXV1).



has yielded & mixture of (XXI) and (I11). This is further
supported by the observations of Geissmann and Ellstad®

who alsc obtained a similar mixture of (XXI) and (III) by
treating (III) with acetic acid and fraces of perchloric
acid. These data show that appreciable amount of the 3,
X-unsaturated ketonme (II1) is present in equilibrium with
the isomeric ketone (XXI). There are precedents in
literature®® for this type of equilibrium. The formation

of the required l-oxo product during the allylic oxidation
has been confirmed by hydrogenating the oxidation product
and isolating l-oxosantanolide A (XXXVI), m.p. 118.118°,
(7CHClg pax 1770 and 1710 em™!) identical with an
authentie lalp10.35 The mixture of (XXI) and (III) prepared
by a different route’ has been already transformed by Honwad
and Rao®® to tauremisin.

0

(XXXVI) ( XXXVII)

* this involves oxidation of (XXXVII).
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A convenient method has been developed for the
preparation of isohyposantonin (XXXVIII) based on dienol-
benzene l.arrnnconpnt.55 Reduction of santonin with sodium
borohydride and treatment of the resulting product with
acetic anhydride and sulphuric acid furnished in excellent
yield isohyposantonin®»57 (XxxVIII) identified through its
m.p., rotation and elemental analysis.

-

09

(XXX V)
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EXPERIMERT a4l

20 «Dromo «3-0X0=5,7« (H), 4,6,113 (H)~eudesman8,13-01lide (IX)

To a solution of «-tetrahydrosantonin (X)(3.0 g.
obtained by hydrogenation of santonin in the presence of
Pd«C catalyst) 4n chloroform (24 ml) was added dropwise
with stirring, a solution of bromine (1.82 g) in chloroform
(16 ml) with ice-cooling. After completion of the addition,
stirring was continued for 15 minutes, and then a small
Guantity of ethanol was added. Most of the chloroform was
removed under the reduced pressure (temperature of the bath
did not exceed 40°), residue was cooled and diluted with
ether. ©Solid which precipitated (3.3732 g) was recrystallised
from chloroformeether to give (IX) melting at 143-:44° (decomp).
Lit. value®® m.p. 146-147° (decomp). Mixed m.p. with
«-tetrahydrosantonint 133-136°.

Specific rotatiop: («)p = + 11° (e, 2.16 in cnlorcform).
Lit. value ® («)p = + 9.0° (e, 1.33% chloroform).

IR spectrum (solution in CH,Cl,) shows prominent
bands at: 3000, 1780, 1726, 1480, 1380, 1180, 1140, 1110,
1020 and 990 em™*.

o o w
16668
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30x0=8,7« (H),4,6,110 (H)-eudesm-leen-6,13-01ide (VIII)

Sromocompound (IX) (2,6228 g) was refluxed with
purified Y¥-collidine (25 ml) for 40 hrs in an atmosphere
of nitrogen. Reaction mixture was cooled, diluted with
ether and the collidine salt (22,2486 g) that separated was
filtered off. After washing with 10§ HCl and with water,
the ether solution was dried and evaporated, leaving a red
oil (1.2504 g), which was sublimed under vacuum (130° (bath)/
0.02 am) to furnish 64% pure (¢ = 5704 at 227 mu) conjugated
ketone (0.B139 g). This was reorystallysed several times
from benzene-pet.ethsr 40-80° to give 97% pure (¢ = R653
at 227.6 mp) ( Lit, value®® Maax = 227 mu, © 2920), material
melting at 133-138°. Lit value™® m.p. 139.140°,

L.l spectrug (solution in CHgaCly) (p.437) shows promingnt
bands at: 2960, 1780, 1720, 1687, 14f0, 1370, 1226, 11485,
1110, 1010 and 990 em™>,

1, 2 -0 %x1d0 -3 -0X0 -5, 7 (H) ,1,2,4,8,110 (i) ~eude sman-6,13-011de (XV )

To the solution of conjugated ketcne (VIII)(0.68698 g)
in dioxane (34 ml), 30% hydregen peroxide (2.5 ml) and IN NaOH
(6.9 ml) were added, the reaction mixture was kept at the room
temperature for 24 hrs, diluted with water and extracted with
ether. Ether extract was washecd with water, dried and evaporated.
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S014d residue (0.4922 g) melted at 112-118° and was recrysta-
|1ised from ethanol two times. U.V. spectrum of recrystallised
oxide does not show presence of unreacted conjugated ketone

(nc absorption at 227 mu). This material was sublimed under
vacuum (180° (bath)/1.36 mn) to give solid melting at 124-127°.

Specific rotatiops («)p = 120° (e, 6.016% in chloroform).
¢rsdcal rotatory dispersiopt {B]TS0 ""0“ + 5140 (first extremum),

- 32m ( d xt .
(] lieC 270 - second extremum)

Apalysis Foumnd: C, 68,19; H, 7.70. CigHa004 requires:
C, 6%.16; K’ 7.63%0

L., spectrug. (in Nujoly p. {28) shows prominent bands ats
2000, 1780, 1720, 1480, 1390, 1210, 1165, 1126, 1033, 998,
g87, 877, 802 and 739 cm .

K. M.F. spectrum (p.Ai7 ) showed signals at .02 (3H, singlet,
angular CHg), 8.86, 8.77 and 8.637 (6H, CHjz groups ut C-11
and C-4) [(the signal at 8.86T is due to the doublet of Cig
at Cellj the signal at 8,637 is due to the doublet at Clg

at C-4" the intense signal at 8,777 is due to merger of

one of the doublets of Clig on C-ll with one of the doublets
of CHy on C-4), 6.77T (2H, H attached to C-1 and C-2) and
6.167 (1H; broad; H attached to C-6).

Allylie alcohel (XV1)

¥eto-oxide (XV) (0.2802 g) was refluxed with S0%
hydrazine hydrate (1.35 ml) and isopropylaleohol (5.25 ml)



for 30 min. on the steam bath, kept ofi the rocm temperature
for 2 hrs, diluted with ice-cold water and extracted with
ether. Ether extract on working up furnished 0.025° g.
of gummy material.

1.H. spectrum (smear) shows prominent bands at: 3400, 3000,
1790, 1760, 1670, 1476, 1396, 1300, 1140, 1080, 1020 and
980 em=l.

Aqueous layer (1il0 ml) was cooled in ice, acldified
by addition of 2N HCl to pg~©, evaporated to dryness and
extracted with hot chloroform. Undissolved material was
filtered off and filtrate was evaporated leaving residue
(0,1723 g) which was chromatographed over alumina (g. IIIj
7 g). BEthanol eluted fraction furnished thick oil (0.1562 g).

J.R. spoctrum (lig. film) shows prominent bands at: 3390,
2970, 1780, 1670, 1460, 1390, 1065, 1086 and 1000 cm™>.

This material was sublimed under vacuum (temperature
up to 200°(bath)/0.3 mm) and obtained substance was kept in

ecold for several days but no ecrystalliine material was obtained.

30 - 6,11 - «6,13-01ide (XXVI)

Santonin (56,0122 g) in acetiec acid (180 ml) was
stirred with Pt-C catalyst (0.3820 g) in hydrogen for 24 hrs
at 26° and 727 mm Hg. It absorbed 1656 ml of hydrogen.
Catalyst was filtered off. From filtrate the solvent was



removed by distillation under reduced pressure (vater aspirator),
residue was treated with ether (80 ml), undissolved solid was
removed and ethereal solution evaporated. FResidue (6.8%80 g)
was heated on the steam bath with pyridine (6.5 ml) and acetic
anhydride (6 ml) for 2 hrs. after removal of the solvents,

the erude acetate was obtained in 90% yield and recrystallised
from ethanol to give needles melting at 196-198°. Lit value™®
MePe 199-200°.

Speeific rotationss )p = + 13.8° (¢, 0.76% in chloroform).
Lit. value («)5° + 15,4° (¢, 0.72¢ in chloroform).

JaRe _spectrum (in Nujol; p./{4l) shows prominent bands at: 3007,
1768, 1725, 1466, 1365, 1260, 1130, 1030 and 980 cm"L.

NeM.R. spcetrum (in chloroform; p. 449 ) showed signals ats
9.08, 8.95, 2.85 and 8.74 7T (8, due to CHz on C-4, angular

CHg and Clg attached to C-11)  doublet centred at 8.80T is

due to CHz on C-llj intense signal at 8.967 1s due to merger
of singlet of angular CH, and one of the doublets of CHg on
C-4; the other part of doublet due to CHg on C-4 is at 9.087),
7.977T (38, singlet; CHz-C-0) signals (broad) centred at 6.07
(1, H attached to C-6) and signals (broad) centred at 5,137
(1H, H attached to C-3).

Sp-Hydroxy -4, 6« (H) ,6,11p (H) -eudesman-6,13-011de (XX1IV)
Acetate (XXV1)(1.0164 g) was refluxed for 2 hrs with
Kk (0.5089 g) in methanol (25 ml), cocled in ice, acidified by




addition of conc. sulphuric acid and extracted with chloro-
form continuously for 24 hrs. Chloroform extract was washed
with water, dried and evaporated. The residue after the
recrystallisation from ethanol dried—and—evaporated gave the
required hydroxy compound in 70% yield. Melting point:
102-103°. Lit. value®® m.p. 108-110°.

Specific rotatiops )y =+ 37.6° (cy 0.86% in ethanol).
Lit. value®® («)p = + 36° (e, 0.96 in ethanol).

1.0, spectrum (in Nujolj p.l4?) shows prominent bands at:
3450, 3000, 1775, 1465, 1380, 1220, 1035, 1050, 1030 and
990 em~l.

N.M.R. spectrum (in chloroform; p.449) showed signals at:
9.08, 8.95 and 8,727 (9H, due to CHg on C-4, angular CHg
and CHg attached to C-11). (The doublet centred at 2.78T
can be assigned to C-ll, Clig on the basis of comparison with
a number of lactones carrying CHz at C.llj the intensity of
the signal at 8.967 suggests that this is due to the merger
of singlet of angular CHg and one of the doublet signals of
CH, attached to C-4; the signal at 9.02 T1is due to one of
the doublet signals of CH3z attached to C-4), 7.42T(sharp;
singlet due to ~0H at C-3; this signal disappears after
equilibration with Dg0) and 5.80-6.40T (2H, broad, due to
H attached to C-3 and C-6).



Astion of pe-toluene-sulpbenic acid on hydroxy lactone (XXIV)

Hydroxy lactone (XXIV) (0.2076 g) was refluxed for
2 /2 hrs with acetic acid (3 ml) in the presence of
p-toluenesulphonic acid (©.0404 g). The reaction mixture was
diluted with ether, washed with cold sodium carbonate sclution
and water, and dried. Residue (0.1789 g) obtained after
evaporation, was recrystallised from ethancl to furnish the
acetate (XXVI) identified by mixed m.p. with an autnentic
sacple (192-196%; 1it.value®® a,p. 199.200°) and IR spectrum.

p-toluenesulphonyl chloride and sulphur dioxide

4 solution of hydroxy lactone (0.53f8 g), petoluene-
sulphonyl chloride (1.3190 g) and dimethylformamide (10 ml)
was coccled to 10° and dry collidine (2 ml) was added. This
solution was treated with saturated soluticn of sulphur
dioxide in dimethylformamide (2 ml) cooled to 10°, kept at
the room temperature for 30 minutes, again cocled to 10°,
diluted with water and extracted with ether. Ether extract
was washed with /2 HC1l and with water, dried and evaporated.
lesidue (0.47857 g) melted at 198°,

Analysis: Found C, 68.47; H, B.,7. C1g/!2404 (X{XIV) requires:
C, 68.67; H, B.67%.

J.i, Spectrum (in Nujol) shows prominent bands at: 2080, 1780.

1720, 1480, 1376, 1180, 1110, 990, 838 and 10 em-L.



Ester (0.1084 g), m.p. 1968°, was saponified by
refluxing for 2 /2 hrs with X0 (0,0738 g) in methanol(10ml),
diluted with water, methancl was evaporated, residue was
cooled in ice, acidified by addition of cone. sulphuric acid
and extracted with ether. Ethereal extract was washed with
cold NaCH solution and water, dried and evaporated te give
the starting hydroxy lactone (XXIV) (0.0801 g), which was
identified by its IR spectrum and T.C behaviour, identical
to that of (XXIV) (both show single spots, Rf value = 0.225).

B.Mo.i, spectrum (in chloroform; g ) showed signals ats
9.03, 8,80, B.83 and B.17T (8H due to CHz on C-4, angular
CHig and CHg on C-1l) (doublet centred at B.777T is due to Clig
on C-l11l; intense signal at R.907T is due to merger of singlet
of angular CHg and one of the doublet signals due to CHjz on
Ce4j the remaining part of the doublet due toc CH3 on C-4
appears at 9.03T).

Attempted reduction of hydroxy lactone (XXIV) with hydriodie
acdd

Tc a mixture of hydroxy lactome (XX1V) (0,260 g),
8.5 ml of acetic anhydride and 5.5 ml of glacial acetic acid,
was added dropwise 27% HI (18.3 ml). it was refluxed for
40 minutes, ccooled, poured into ice-cold water, neutralised
by addition of solid sodium carbonate and extracted with ether.
Ether extract was washed with dilute NaCH solution and water,
dried and evaporated leaving the residue (0.2276 g) which was
sublimed under vacuum (temperature up to 196°(bath)/6 mm),



and compared by T.L.C. with the starting hydroxy lactone
(XX1V), acetate (XAVI) and santanolideC(1I). T.L.C. studies
showed that it contains the acetate (XXV1) and unreacted
hydroxy lactone (XXIV) but does not contain santanclide C (II).

Ihis conclusion was confirmed by the IR speetrum which shows
bands for hydroxy lactone (3880 ecm™k) and for acetate (1726
and 1250 em™}),

Hydroxy lactone (IXIV) (0.268592 g) and petoluenesulphoe
nyl chloride (0.4189 g) in dry pyridine (4 ml) were heated at
47.53° for 45 hrs, reaction mixture was poured into ice cold
sodiua carbonate solution (80 ml) and extracted with ether.
Lther extract was washed with cold IN HC1l and with water,
dried and evaporated. Residue (0.3284 g) was recrystallised
from ethanol. Melting point: 163.166°. Lit.value>t MePe
168.168°,

Spegific rotation: )p = « 22° (¢, 38.016+ in chloroforam).
Z.it.valmzl‘(-()p = + 20° (¢, 1.7 in chloroform).

m: Found: c’ 65.12', B’ ?Ql‘§ S, B.34. cmﬂa&(—s
"qum.' C, 65901; H’ 7.““’ 7.87’.

Acfs spectrum (in Nujol) shows prominent bands at: 3000,
1676, 1476, 1380, 1190, 996, 980, 918, 870, 848 and 218 em-l.

Ex (i) 46,115 (H) ~eudesme3-en«6,13-01ide (XX)

Preparation of potassium tert.-butoxide and dimethyle
sulphoxide reagent (KtED): potassium (0.20 g was dissolved in



dry tert. butanol (7 ml) and refluxed for 2 hrs. Solvent
was removed under the reduced pressure, dimethylsulphoxide
(7.5 ml) was added and mixture was stirred until it formed
the uniform solution.

Tosyl ester (XXXI) (0.2061 g) dissolved in dry
benzene (3.5 ml), was treated with KtBD reagent (prepared
as above), stirred at room temperature (in the dark) for
47 hrs, diluted with water, cooled in ice, acidified by
addition of conc. sulphuric acid and extracted with ether.
Ether extract was washed with water, dried and evaporated.
Residue was sublimed under vacuum (temp. up to 200°(bath)/0.5
mm) to give 0.1016 g. of a white solid («)p = + 120° (c,1.67
in chloroform), which was chromatographed over alumina, gr.II
(5 g). The fraction eluted with mixture of pet.ether 40-60°
and benzene (1:1) («), = + 116.8° (e, 1.67 in chloroform) was
composed predominantly of (XX) as its I.R. spectrum was in
good agreement with that of an authentic sample.
Analysis: Found: C, 77.18; H, 9.26. C;gH2202 requires:

c, 76.88; H, 9.46%.

I1.R. speetrum (solution in CSg; p.A42) shows prominent bands
at: 3000, 1890, 1680, 1380, 1330, 1240, 1180, 1140, 1120,
1030 and 1000 em™t.
ILM.R. spectrum (4n chloreformy p.|iB) of elimination product
was comparable with that of an authentic sample of Aa-smtenolido
(XX). The cnly noticeable difference between the N.M.R. spectra
of the ahove elimination product and authentie (XX) is the
presence of a signal at 8.987 in the elimination product.



Assuming that the signal at 8,987 is part of a doublet due

to CHg on Ce4 of (XIX), the composition of elimination product
can be caleulated. The area under the N.M.R. signals of
e!imination product in the region R.65-9.27 (due to CH3-C)
shows the presence of 6.5 protons, while the authentic sample
of (XX) shows the presence of 6,0 protons, and (XIX) shows

the presence of 9.0 protons. Hence the elimination product is
a mixture of (Xi) (84%) and (XIX) (183).

B.M.l. spectrum of authentic sample of (XX)" showed signals
at 2,067 (3H, angular CHg), 8.837T (3H, doublet: J = 7.0 ¢.p.s.
Ciig attached to C.11), 8,187 (3H, CHz attached to C-4), 6.20
(1H, broad, H attached to C-6) and 4.667 (1H, vinyl proton

at C-3).

Benzoate of 3p-hydroxy-4, 5« (i),6,113 (i) -eudesman6,13-01ide
RETTF ¥4 9]

Hydroxy lactone (XXIV) (0.2170 g) in dry pyridine
(0.8 ml) was cooled in ice and mixed with benzoyl chloride
(0.25 ml). Reaction mixture was allowed to stand at the
room temperature for 24 hrs, then added to the cold water(?7 ml),
aliowed to stand at the room temperature for ancther 8 hrs,
diluted with more water and extraected with ether. Ether
extract was washed with ecold sodium cartenate solution,

cold dilute sulphuric acid, and with water, dried and evaporated.

¢ The sample used for the N.M.E. spectrum was prepared
by Dr. A.M. Shaligram.



Residue (0.30858 g) was reerystallised from ethanol te furnish
tie benzoate, m.p. 184-187°,
Specific retation ()p = + 63.8° (e, 3.0 inchloroform).

Analysis: Founds C, 73,.60; H, 8.,04. Cg2lag04 requiress
C, 7‘.13’ K' 7.%’.

1.8, spectrus (in Nujol) shows prominent bands at: 2960,
1760, 1720, 1600, 1480, 1378, 1310, 1276, 1108, 10685, 1020,
900 and 713 em**.

N.M.H. spectrum (in chloroform; ¢ ) shows signals at:
8.92; 8,88, 8.83 and 8.717 (% due to CHg attached to C-4,
angular CHg and CHg attached to C-l1l), the signal at 8.717
is due to one of the doublet signals of Clig at C=ll; the
signal at 8,927 4s due to one of the doublet signals of
CHg at Cekl; the comparatively intemse signal at 2.837 is
due to merger of one of the doublet signals of CHg at C-11
and one of the doublet signals of Clg at C-4; intensity of
the signal at B8.88T suggests that it is exclusively due to
the angular CH3 group ).

Bengzoyl ester (0.2020 g) was heated at 380° for 45
minutes in an atmosphere of nitrogen, cocled, residue dissolved
in ehloroform and the solution combined with that obtained by
wvashing the condenser with chlorcform. Combined chloroform
solutions were washed with cold scdium carbonate soluticn
and with water, dried and evaporated. Residue (0.1466 g)



was sublimed under vacuum (temperature up to 18¢° (bath)/
0e2 mm) and obtained solid recrystallised from pet. ether
60-80° to furnish the lactone (XIX) m.p. 107-108°, Lit.
valu.ac MePe 107-108°,

Specific rotatiops (x)p = +128° (e, 1.726. in chloroform).
Lit. value®® @p = - 92.6° (¢, 0.66- in chloroform).
Asnalysis: Found: C, 77.34; H, 9.34. C)gi2202 requires:

C, 76.88; H’ 9.46%.
1.k, spectrum (solution in CSg; p.{40) shows prominent bands

at: 3000, 1870, 1375, 1330, 1240, 1210, 1180, 1180, 1106,
1076, 1026, 1000 and 720 em 1.

Us¥, spegtrum (in ethanol)Anx. at 214 myu (€ value 787).

E.M.R. spectrum(p. {47 ) shows signals at: 2,88, 8.93, 2.88
8.82 7 (%, due to angular OHg, CHg attached to C-4 and CHg
attached to Cell) (the doublet centred at 7.88T is due to
CHy attached to C-l1l; the intense signal at 8.98T is due to
merger of singlet due to angular CH, and one of the doublets
of CHg attached tc C-4; the remaining part of doublet due to
CHg at C-4 appears at 8.887 ), 6.13T (broad, 1H, H attached
to C«6), 4.40 T (2H, olefinic protons at C-2 and C-3). The
comparatively weak signal at 9.10Tmay be due to an impurity
(AS-santenc1ide?).

4,656,114 (H),63 (i) -eudesman-6,13-01ide (santanclide C)(II)

Unsaturated lactone (XIX) (0.1268 g) in acetic acid
(5 ml) was stirred with Pt<C catalyst (0.0182 g) in hydrogen
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for 2 hrs at 27° and 716 mm Hg. It absorbed 32 ml of hydrogen.
Catalyst was filtered off, most of the soclvent was removed by
distillation under reduced pressure, residue was dissclved in
ether, washed with sodium carbonate solution and water, dried
and evaporated. HResidue was sublimed under vacuum (temp. up
to 1£0° (bath)/1.5 mm) to give santanolide C (0.1163 g), which
after recrystallisation from pet.ether 60-70° redm.p. 147.48°.
Iit. value’ m.p. for santanolide C: 164°, iixed m.p. with an
authentic sample of santanolide C: 148.183°.

Specific rotatiops («)p = + 62° (e, 1.86 in chloroform).

Lit. valus’ (K)p = +54.8°,

1.R. spectrum (in Nujol) shows prominent bands at: 3000, 1800,
1478, 1380, 1190, 1160, 1136 and 1000 em™}. (It agrees with
the 1.K. spectrum of an authentic sample).

Ta.eCe Gantanolide C (m.p. 147-148°), prepared as described
aove, was compared with an authentic sample. Both have
shown identical Rg values (0.66).

2498%-0x1d0 -4, 6,7 (1), 2,3,6,11f (ii)-eudesnan-6,13-011de (XXXI1)

AZ-Santenolide (XIX) (0.2000 g) in chloroform (1 ml)
was treated for 48 hrs at 0° with 0.7K chloroform sclution
of perbenzoic acid (3.2 ml), washed with &% solution of KI,
6 solution of sodium thiosulphate, solution of scdium
carbonate and water, dried and chloroform evaporated. Residue
(0,2120 g) was reerystallised from ethanol to furnish the
oxide (XAXII) m.p. 146-163°.
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Specific rotatioms («x)p = + 101° (e, 2.07 in chloroform).
Une part of this substance was sublimed under vacuum (140°
(bath)/0.5 mm) and submitted for elemental analysis.

4balysis: Found: C, 72,11; H, 8.60. Cjgli2203 requires:
C, 71-”; H, 8.6“0

JI.H. spectrum (in Nujol; p.l45) shows prominent bands at:
3000, 1800, 1485, 1396, 1218, 1170, 1040 and 1005 em™t.

Hydrogenation of epoxide (XXXI1)

Epoxide (0UQI) (0.131€ g) in acetic acid (7 ml)
was stirred with Pt.C catalyst (0.0632 g) in hydrogen for
22 hrs at 26° and 710 mm Hg. Catalyst was filtered off,
filtrate was poured into ice cold NaCH aolu’cion.and extracted
with ether. Ether extract was washed with water, dried and
evaporated leaving the residue (0.0315 g), which was proved

(by its I.R., spectrum and melting peint) to be the starting
oxide.

A solution of unsaturated lactone (XIX) (0.7838 g)

and sodium dichromate (1.7130 g) in acetic acid (30 ml) was
heated at 100° for 6 hrs in an atmosphere of nitrogen. Excess
of dichromate was decomposed by addition of ethaml(l ml) to
the hot solution, cooled, diluted with water and extracted with
ether. Ether extract was washed with sodium carbonate solution
and water, dried and evaporated. Obtained 0.5865 g. as residue.



W
ne

I1.R. spectrum (in Nujol) shows prominent bands at: 2980,

1776, 1726, 1665, 1480, 1370, 1200, 1145, 1110 and 990

CII‘.1 .

U,V. spectrum (in ethanol): Max. at 235 mu (¢ value 43%0).
Lit., value® for the mixture of (XXI) and (III): Max. at

220 mu (¢ value 4240).

1 - 1 -6,13 de (CXXVI

Experiment I
Mixture of (XXI) and (1II) (0.075 g) in acetone

(10 ml) was stirred with 5% Pd-C catalyst (0.1028 g) in
hydrogen for 17 hrs at 29° and 712 mm Hg. It absorbed 5§ ml
of hydrogen. Catalyst was filtered off. FHemoval of the
solvent from the filtrate furnished 0.0697 g. of solid,
which was recrystallised from ethanol to give (XXXV1), m.p.
118-11P. Lit. value°® 117-110°,

analysis: Found: C, 71.88; H, 8.8l. C,gl2203 requires:
C, 71.“; H’ 8.“’-

I.R, spectrum (in Nujol) shows prominent bands at: 2980,
1770, 1710, 1480, 1380, 1330, 1200, 1010 and 990 cm~1.
Lxperiment 2

Mixture of (XXI) and (III) (0.580 g) in acetic acid
(22,5 ml) was stirred with Pt-C catalyst (0.200 g) in hydrogen
for 22 hrs at 28° and 710 mm Hg. Catalyst was filtered off,
from filtrate the solvent was removed by distillation under
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reduced pressure (water aspirator), residue was poured into
ice-cold sodium carbonate solution and extracted with ether.
Ether extract was washed with wvater, dried and evaporated.
Residue (0.3913 g) was dissclved in acetone (50 ml), oxidised
by addition of Jones reagent (1 ml), exces: of Jones reagent
was destroyed by addition of ethanol (1 ml), diluted with water
and extracted with ether. Ether extract on working up gave
solic (0.3030 g), whieh after recrystallisation from ethanol
furnished crystals (0.0606 g) identified as santanclide C,

by its melting point (134-138°) and its I.R. spectrum
(identical to that of an authentic sample of santanclide C).

Solid (0.2111 g) obtained from the mother liquor
was chromatographed over alumina, gr.II (€ g). It was eluted
with pet.ether 40-60° and subsequently with a mixture of
benzene and pet.ether 40-60° (1:11). Elution with mixture of
benzene and pet.ether 40-60° (1:1) furnished solid which was
sublimed under vacuum (temperature up to 190° (bath)/0.5 mm)
and recrystallised from benzane-pet.ether 60-80° to give
l-oxo-santanclide A (XXXVI) melting at 113-118°. Lit.value°®
m.pe 117-116°,
sbalysis: Found: C, 71.60; H, 8,84, Cjgi2203 requiress:

Cy 71.96; 1, B8.66%.
Aelis spectrum (solution in chloroform; p.4.46) shows prominent
bands at: 2060, 1770, 1710, 1460, 13%0, 1330, 1180, 1010,
999 ard 940 cm~1.



1sohyposantonin (XXXVILII)

To a suspension of santonin (2,0606 g) in methanol
(60 ml) was added scdiumborohydride (1.1106 g) in small
portions and it was allowed to stand overnight when a clear
solution resulted. The excess of Nabig was destroyed by
careful addition of acetic acid (2 ml), solvent was removed
in vacuo, residue was diluted with water and extracted with
ether. Ether extract was washed with water, dried and
evaporated. FResidue (2.3222 g) was dissolved in warm acetic
anhydride (80 ml), solution was cocled tc the room temperature
and solution of conc. sulphuric acid (0.4 g) in acetic anhydride
(4 ml) was added dropwise. After the pericd of 3 hrs conc.
sulphuric acid (0.2 g) in acetic anhydride (2 ml) was added,
it was allowed to stand at the rcom temperature overnight,
then poured into ice cold 48¢ KCH sclution (110 ml) and
extracted with ether. iLther extract was vashed witnh water,
dried and evaporated to give isohyposantonin (1.8810 g),
meps 162-163%, (), = - 72.2°. To obtain analytical sam,le
of ischyposantonin, chromatography over alumina, gr.lII (60 g)
was done, and fraction eluted with benzene-pet.ether 40.60°
(1:1 mixture) was recrystallised from ethanol to give pure
1sohyposantonin, m.p. 167-168°. Lit. value™ m.p. 168.6°.

Specific rotation: (), = - 71° (e, 1.61% in benzene).
Lit. value™® &) = = 70.3°%

Anglysis: Found: C, 77.96; H, 8.04. C15H1802 requires:
C, 78.23; ﬂ’ 'o”o
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l.0t, speectrun (solution in CHgClgp) shows prominent bands ats
: 350

2060, 1760, 1420, 1260, 1220, 1165, 982) 895, 818, 764
and 710 em~1.

U.Y. spegtrum (in ethancl) Amax. at 270 mu (¢ value 1063).
H.M.R. speetruym (in chlorocform; #. ) shows signals ats

8.60T(doublet; J = 7 c.p.s.) due to Clg attached to C-ll,

7.720T and 7.577 due to CH3 groups attached to the arcmatic
ring.
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SUMMARY

The major product cbtained during the hydrogenation
of santonin in acetic acid in the presence of platinum on
charceal catalyst is shown to be 33-hydroxy-4,8«(H), 6,113
(H) -e udesman-6,13-0 1ide, m.p. 102-103°, )y + 37.6°. For
this compound Cocker and McMurry have previously assigned
«-orientation for hydroxyl group. It is now suggested that
the hydroxy lactone has a B-oriented hydroxyl group at C.3.
Elimination reaction of this hydroxy lactone and its esters
have been studled. Improved methods for preparation of
4,5¢(H), 6,110 (H)-eudesm-2-en-6,13-01ide, &« (H), 6,113 (H)-
eudesm-3-en-6,13-0lide; santanclide C and isohyposantonin
have been developed. Oxidation of 4,8«(H), 6,11p (H)-eudesm-
2-en-6,13-01ide with sodium dichromate in acetic acid
furnished a mixture of starting material and keto-lactones:
l-0x0=5,7«(H),6,11p (H),4 (H)-eudesm-2-en-6,13-0lide, and
l-oxo=8,7«(H), 6,11p (H)~eudesm-3-en-6,13-01ide (which has
been converted into tauremisin by Rybalko). Hydrogenation
of this mixture of this keto-lactones followed by chromato-
graphy and repeated recrystallisations furnished le0x0=56,7«
(H),4,6,11p (H) ~eudesman-6,13-01ide. 1x,2«-0X1d0~3-0X0 =5, 7
(H)y 1,2,4,6,11p (H)~eudesman-6,13-01ide a potential
intermediate for the synthesis of tauremisin has been
prepared.
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chapter 11

transformations of (+) ar-turmerone




Compounds of the type (1) having an alicyclic ring
attached to the vicinal carbon atoms of a benzene ring are
widely distributed in mature.” This and certain other
factors prompted us to prepare some bicyclic compounds,
with one aromatic ring and one alicyelie ring as shown in
formala (1).

Recently a number of optically active compounds of
the type (II) having only one asymmetriec carbon atom have
been prepared by Honwad and Rao® in commection with their
studies on the absolute configuration of (+) ar-turmercne
(I11) and (+)eXegurcumene (IV). It has been pointed out
that in the above series (Il) all compounds having the

i H H
(CH,)
2'n
CHZX | R
R>
| I I ; R=0
IV; R'—'Hz

* The U.R.D, and C.D, curves of compounds containing
benzene ring as egronophorc have been reviewed recently by
Crabbe and Klyne.+ A4 number of naturally occurring compounds
of the type (I) are mentioned in this review. Particular
mention may be made of lignans having the phenyltetralin
skeleton; U.R.D, curves of more than a hundred lignans
have been measured by Klyne's group.
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s-gonfigurations are dextrorotatory in agreement with the
predictions based on the principles of conformational
umtry.s

A flexible chain compound will generally have a
relatively small rotation because its molecules can assume
many conformations with different and opposed rotatory
powers. The relatively large rotation: of ring compounds
has been ascribed to their near rigidity which allows a
display of the full rotatory powers of their asymmetric
conformations.® Hence it was anticipated that the rotation
of the bieyclic compounds (I) (especially when n' is small)
could be different from that of the monceyeclic compounds (II).

Turmerone (V), the major constituent of turmeric oil
was oxidised by Jones reagent® to ar-turmerone, which furnished
the (+) acid (vi)® on ozonolysis. The (+) acid (VI) was
cyelised to the ketone (VII) [(Wmax 1720 em™) due to -C=C group

W

CH, X

R H l W H \\\\ H
| o) COOH : l
(0]
Vv

Vi -



of five-membered ring in conjugation with benzene ring
Mmax 242 mg (¢ = 10100) and 290 mu (% = 2368) comparable
with that of indan-l-one which has Apax 246 mu (¢ = 16900)
N.M.R. signals at 8.627 (3H, doublet, J=7 c.p.s.) due to
CHg attached to C-3, 7.617 (3H, singlet) due to CHgz attached
to aromatic ring, 264 and 2.86 T (3H, protons attached to
aromatic ring)| in high ylelds on treatment with polyphos-
phorie acid.’ Condensation of (VII) with ethanedithiol in
the presence of BFg-ether m-ploxs’9 furnished the ethylene-
dithioderivative (VIII) [(absence of starting material shown
by the IR spectrum - no band at 1720 em~l and UV spectrum
(no band at 242 mu); N.M.R. signals at 7.63T (3H, singlet;
CHg attabhed to aromatic ring), 6.59 and 6.537Y (4i; gug.s-)]
It is interesting to note that though the “Hig-8-)
indane (VI11) has the 'S' configuration at the only
asymmetric centre it is strongly laevorotatory Mp = -152°
in contrast to those of the type (Il1), which are dextro-

\\\\‘ H \\\\\ H
o" s 2s

(Vi) (Vi) 41D




rotatory. 1,6-Dimethylindane (IX).” [N.M.K. signals at
8.76T(3H, doublet; J=7 c.p.s.) due to C-1 methyl, 7.70T
(3H, singlet) due to C-5 methyl and 3.08 T (3H, protons
attached to aromatic ring)] was prepared by %the desulphuri-
sation of (VIII) with Raney nickel,® or more conveniently
by the reduction of the indanone (VII) with LAi-Al@1g.*

Reduction of the indancne (VII) with sodium
borohydride >*13 yielded the indanol (X)[(max 3300 em=1)
due to OH group; N.M.R. signals at 8,727 (doublet; J=7 ce.p.S.)
due to C~3 methyl group, 7.677 (singlet) due to C-6 methyl
group, 5.03 due to CH-OH)]. The OH group is expected to have the

(VID:R=0

\\\‘H S
(VIII):R=<S:|
(1X):R=H,

R (X): R=0OH

* When our investigation was in progress Brewster
and ButalO prepared by a different approach a number of
l-substituted indanes. They have made the interesting
observation that the dispersion curves of the indans
are essentially enantiomeric to those of the corresponding
«-phenylethyl compounds of the same absolute configuration.
Their results indicate that conformational mobility has a
significant effect on the opticdl rotation properties of
aromatic compounds.
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peconfiguration in the indanol (X) from the method employed
for its preparation; the hydride attack on the carbonyl
group of indanone (VII) from the P-side is unlikely due to
steric interference from the B-oriented methyl group at C3.
The assignwent of R-configuration to C-l hydroxyl in (X) is
further supported by the positive shift in molecular rotation
(AMp = 129) on acetylation.” 0 The indanyl acetate (XIV)
has two asymmetric centres and hence its O.R.D. eurve may

be expected to depend on the contributions of the asymmetric
centres at C.l and C~3; the comtribution of the centre at
C-3 is small since both l-methylindane (XII)* and 1,5
dimethylindane (IX) éxhibit low rotation in the region
260-600 mu. On the other hand l-indanyl acetate (x111)30
exhibits comparatively strong rotation in the region 280600
mye Hence the O.R.U. curve of indanylacetate (XIV) having

WH

R R
VIl ; R=0; XIV, R=0Ac Xl ; R =OH
IX ; R=H, XIl; R = Me
X , R=OH XIIl; R = OAc

* (R)=(=)=leindanol(X1) also shows a positive shift in
molecular rotation on acetylation.

+ For ex. (M)263 is -103 for l-methylindane (XI1)j
(M)266 48 + 1730 for l-indanyl acetate(XI1I),10
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the Reconfiguration at C-1l is expected to be comparable with
the 0.i.D. curve of indanylacetate (XIII). The C.R.D. curve
of the indanylacetate (XIV) has been kindly determined by
"rofessor Klyne and is comparable with the published 0.H.D.
curve of the acetate (XI11).10

The tertiary alcohol (XVI) [(Vpax 3470 em™ dus to
~0H; N.M.R. signals at 7.687T (3H, singlet) due to Clg attached
to aromatic ring and 2,927 (4H, aromatic protom)'l jrepared by
thd action of methyl magnesium iodide on ar-curcumone (XVII)
furnished the laevorotatory indane (XVIIl) on cyclialkylation
in the presence of 90% sulphuric acid. 18 pinydrc.-ar-
turmerone (XIX) furnished the secondary aleohol (XX)

(U max 3300 em™) on reduction with lithium-aluminium hydride.

\\\\H \\\\H
OH
OAc OAc
X1 XV XVI
0 Il,, R
XVII XVIII XXlI; R=0

XX ; R=OH



An attempt to prepare the indane (XXII) by cyclodehydration
of the alcohol (XX) with 966 sulphuric acid “'1® at rocm
tamperature was not successful; the starting material was

recovered after the acid treatment.

The allylic tertiary alcohol (XXIV) and the allylic
secondary aleohol (XXV) may be expected to yleld readily the
same resenance stabilised allylic carbonium ion (XXVI). The
carbonium ion (XXVI) can ecyelise to. furnish either (XXVII)
or (XXVIII) or a mixture of (XXVII) and (XXVI1il). The alechol
({XXIV) was prepared by reducing ar-turmerone-oxide:® (XxIII)
with hydrasuu.r’ The aleohol (XXV) (Vnax 3400 em”l) was i
prepared by reducing ar-turmercne (III) with sodium borohydricllo.ld
The aloohol (XXIV) on treatment with 80§ sulphuric acidl4,18
furnished a product which was a mixture of two components
since on gas-liquid chromatographic analysis, it exhibited
two peaks with retention times of 2'4l1" and 6'48".* The same

\‘\\H W H :‘\\\ H w H
/@:é\ LCH3 /@E

XXI; R =CH CH

|||; R=0 XX CH3 CH3 XXIV
XXV; R= OH XXVIl ;R= /8- CH= CH
“CcH
oW H Lo H W H 3
— 9 QL)
0?° I
XX XXVI XXVl

* Conditions are given in Experimental part.
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product (as judged by G.L.C. behaviour) was also obtained
when the aleohol (XXV) was treated with 90# sulphurie “13?,15
liowever, the N.M.HR. spectrum of the product cid not show
signals in the vinyl proton region and hence does not

econtain either of the expected produets (X.VII) and (XXVI1I).

The l.M.R. spectrum of the benazylidene derivative
(xxx1)2® (doublet (J=16 c.p.s.) at 3.457 due to C-2 vinyl
proton) shows that the two vinyl protons are trang as
indicated in the structure (XXXI). The ketone (XXX1) was
eyelised at 110° in the presence of polyphosphoric ac1a’®
to furnish the suberanone (XiXI1) (U'nax 1706 cu’l; one
proton signal in the region 5.2 to 5.87T due to hydrogen
attached to C-6). The Huang-MinlonZ® reduction of (XXXII)

resulted in the hydrocarbon (XxXIV).

*\\H \‘\H
AN
XXVIII
XXV XX VIl
CeHs
R
0
H/
I
HoC” “H XXXIl ; R= 0
XXXIV; R = Hy

XXXI|
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The (¢) keto-ester (XXXVIII), prepared according
to the literature 1:!\0(!,lja yielded a complex mixture on

sodium borohydride reduction 2?13

and it was not possible

to isolate any of the components in a pure state. The
action of methyl magnesium iodide on (¢) keto-ester (XXXVIII)
also furnished a complex nixturo.. Un sodium borohydride
reduction the (+) indanone (XXXIX) furnished the crystalline
indanol (XLI) [V ey 3230 ca™; N.M.R. signals at 8.72 T
(doublet; J=7 c.p.s,) due to CHy at C-3, 7.67T (singlet)
due to CHg attached to arcmatic ring and 6.037 due to
hydregen attached to c-l)]. The stereochemistry assigned

at C«l is on the basis of analogy with the course of
reduction of (VII) and is further supported by the comparison

of the N.M.R. spectra of the alcohols (X) and (XLI).

R
: :\\\‘ H ! t\“\ H
R 0 OH

VIl; R=0 XXXVII ; R = COOH XLi
X; R= OH XXXVIIl ;R = COOEt
XXXIX ; R = CHy

* The aim of the investigations was to prepare some
optically active disubstituted indanes with the -0OH group
as one of the substituents. If encouraging results had
been cobtained in the (+) series,we would have extended
the work to the (+) series.(+) acid (XXXVII) is reported
in literature.J0



A number of synthesis of ar-turmerone 1»22 (I11)
as well as its degradation ;;u'ocnuxt’.ss"?‘1 have bean recorded
in literature. However, we consider that it may be worthe
while to explore other approaches to the synthesis of are
turmerone (II1) and related products. We anticipated that
the Grignard reagent prepared from bromoketal (XLIiI)2®
would furnish the tertiary alcohol on treatment with
acetone; the alechol (XLV) on treatment with acid would
vield the conjugated ketone (XLVI) as a result of dgéketa-
lisation and dehydration.” The bromoketal (XLI1I)2® was

«H «H T
Q XLV; R =-C\-—OH
CHs
T 0 o><oR
LI
i

XVII
CHx

L, R-C\/—OH
CH
%/ /@)}0 o
0 R ©

XLVIll ; R = BR
XLVI XLVII XLIX; R= ug BR

* Similarly it may be possible to convert ar-curcumone
(AV11) to are-turmerone (II11) using the sequence

(XVII) — (XLVII) — (XLVIII) — (XLIX) - (L) —(1I1).
However, since this approach was not successful in the
synthesis of 2.isopropylidene-cyclohexanone (XivI),

no attempt was made to synthesise ar-turmerone employing
the above mentioned sequence.



prepared by the action of phenyltrimethylammonium-
tribromide®® on the ketal (XLII).2® The bromo-compound
was purified by fracticnation through a spinning band
column. The sample used for further investigation was
pure as shown by its G.L.C. behaviour (single peak), the
elemental analysis and N.M.R, spectrum. However, even
after careful purification the bromoketal (XLIII) failed
to react with magnesium,and we had to abandon the above
synthetic approach to the 2-isopropylidene eyclohexanone
(XLVI).

The tertiary alechol (XXIV)® on chromic acid
cnciducmn?‘6 furnished ar-turmerone (Ill). Similar typesof
rearrangements during oxidation of tertiary al ylic alcohols

are reported in litomt;uro.z6

' Dihydroe-ar-turmerone (XIX) was brominated with
molar proporticn of bromine in acctic acid solution in the
presence of hydrobromic acid. The resulting material,
probably a mixture of bromo-compounds (LI) and (LII) was

XLl ;R=H H
XLl ; R= Br
o
o”<o R
L 0
XLVI xx|y OH
wH wH R
0 0 0
1 LI , R=BR Ll
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dehydrobrominated by refluxing with collidine ! to furnish
a product which on G.L.C. amalysis showed three peaks with
retention times of 4'36", 7'1" and 8'29¢".* The retention
time of the first peak corresponds with that of dihydroe-ar-
turmerone (XIX) and the retention time of the second peak
corresponds with that of ar-turmerone (Il1I). The third
peak 1is probably due to the ketone (LIV). The percentage
of the three ketones (XIX), (I1l) and (LIV) has besen
estimated to be 10%, 54% and 36§ by measurement of the
areas of the peaks. The U.V. spectrum of the dehydrobromi-
nation product showed maxima at 230 mu (% = £3840) due to
ar-turmerone and 281 mu (¢ = 6188), probably due to the
isomeric ketone (LIV). On the basis of U.V. spectrum,”

\\\\‘H \\\\H
I 0 0
Il XIX
/QH3
C(CH3)=CH—CO-CH2—CH coor
\ AN
H Q:-Cii:*Q}lw »
New,
LIV EVHH -
LIX

* Conditicns are given in Experimental part.

+ Assuming that € value for pure ketone (LIV) is 14761;
€ value for the ester (LX) ' is 14761.



the percentage of the ketone (LIV) in the dehydrobrominaticn
product has been estimated to be 38%. The presence of are
turmercne in the dehydrobromination product was established
by converting it to the 2,4-dinitrophenyl-hydrazone of
ar-turmerone (LIII)?} (1dentified by I.R. spectrum).

It is of interest to note that ar-turmerone (I1I)
is formed to a larger extent than the isomeric ketone (LIV),
on the brominaticn of dihydro-ar<turmercne and subsequent
dehydrobromination. This result would suggest that during
bromination of (XIX) attack at C-5 is favoured over attack

at c.at' The tentative conclusion can be drawn that

‘\\\H \\\\H BR
| R 0 (0]
I ,R=0
’ XIX LI
LIl ,R=NNHC:Hx(NO,)
ezt NVa/2 /CH3
C(CH3)= CH—CO—CHZ—C\H
jof
BRO
LIl LIV

* It is assumed that the bromoketene (LI1) furnishes are
turmerone (III) and the bromoketone (LI) furnishes the
ketone (LIV). Though this assumption is reasonable, the
possibility of ar-turmerone being formed, at least to a
limited extent, from the bromoketone (LIS cannot be
excluded rigorously.



enclisation of dihydro-ar-turmerone (XIX) towards C-5 is
more favourable than enolisation towards C-3,.

With a view to synthesise the ketone (LIV),
B-p-tolylerotonic acid (LVII)2® yas reacted with thionyl-
chloride and the resulting product treated under controlled
conditions with limited quantities of isobutylmagnesium-
bromide. The resulting material was not the required
ketone (LIV) as it analysed for C,gling0p and not for
Cygia001. The U.V, spectrum (pay 272 mu, & = 14761)
suggests the presence of the grouping

The presence of two oxygen atoms in the molecule of
the produet, the U.V. spectrum, the nature of reactants

/CH3
\\H
N C(CH3)=CH—CO-—CH2—CH
JO S Ve
0 3
( X1X) (Liv)
N COOH
H

(Lvil)



ot
o

involved and the I.R. spectrum (Vgax 1716 and 1626 cm™L)
indicate that the product is the conjugated ester (LIX).
This conelusion is supported by the N.M.:H. ¢pectrum, which
showed two progon signals at 6.06 and 6.167T due to ~0-CH2-CH
[other characteristic signals in the NMR at 9.03 (6H,
doublet J=7 c.p.s.) due to CHz- . - H

Cig— ¢
7.62 9 (34, singlet) due to CHg attached to aromatiec ring,

7.447 due to c—Hh
Cig - ¢7 \

/ C
K\‘@\ CHg

3.907 (1H, vinyl proton) and 2.96, 2.81, 2.69 and 2.567
(4H, due to aromatiec protonl)]. Further support for

/CHs

IC=CH-CO—O—CH2—C\H
/@/CH3 CH3

(L1X)



formulating the product as (LIX) was provided by isolating
f=p-tolylerotonic acid (LVI1) (identified through m.p.,
mixed m.p. and I.R. spectrum) after its saponification
with alkali,

The interesting results obtained in the Grignard
reaction mentioned above prompted us to extend the study
to the cimnamic aecid (LX). Cinnamic acid (LX) was treated
with thionyl chloride and the resulting material treated
with isobutylmagnesium bromide as in the previcous case. The
product has been identified as the iscbutylester (LXII1) on
the basis of elemental analysis, I.i. spectrum (Ygax 1710
and 1630 em™l), U.V. spectrum (\max 272 my; © = 24620),
and N.M.R. spectrum [(signals at 9.02'T (6H, doublet, J=7
CepesS., CHz H ), 6.087(2H, doublet; J=7 c.p.s.

cig ¢
CHx
COOH C=CH-CO-0-CH,-CH
) JOS
! / CHx CHz
(LVII) (LIX)
/CH3
=CH-CO—-0~-CH,—CH
. COOH CH=CH N
! CHy

(LX) (Lxtr)



C

-0CHg - ca< ), 8.68T (1, doublet; J=17 c.p.s.,
C

H attached to C«2), and at 2.427 (doublet; J=17 c.p.s.,

H attached to C-1)| . Heaction of ecinnamaldehyde (LXIII)

with isobutyl magnesium bromide furnished the allylic

aleohol (LXIV) which was oxidised to the ketone (LXV)

[(Umax 1675 and 1600 em=; Amax 278.5 my (¢ = 22274);

N.M.R. signals at 9,077 (6H, doublet; J=7 C.p.S., CHa\c/H )
CHg” ~~c¢

and 3.417 (1H, doublet, J=17 c.p.s.,

H attached to C-8)] .

/CH3

CHO CH=CH-C—CH,—CH
oY o
\ R CHs

(Xt (LXIV): R=0H
(LXV): R=0
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EX'BERIMENTAL

(+) Ar-turmerone (IIl)

Turmerone (V) (10 g., obtained by fracticnation of
commercial turmeric oil) in acetone (140 ml) was oxidised
with the Jones reagent (34 ml). The Jones rcagent was
added in portions to the cold reacticn mixture and the
reaction was completed by keeping the reaction mixture at
the room temperature for 2 hrs. After dilution with water,
most of the acetone was removed by distillation in vacuo
(temperature of the bath did not exceed 60°) and the residue
was extracted with ether, Ether extract was washed with cold
sodium carbonate solution and water, dried and ether was
removed. Distillation of the residue furnished (+) are
turmerone (3.2 g), b.p. 170°(bath)/9 mm., which was
identified by its specific rotation and refractive index. A

G LsCo Un using the polyester column maintained
at 220° (flow rate of hydrogen 0.8 ml/see), ar-turmerone
cbtained by Jones oxidation of turmercne (V) gave single
peak, retention time 7'1". Under same conditicns, the
autinentic sample of ar-turmerone had the identical retention
time (7'1%).



3.6-01-01:5!;@011-1& (Vi1)

Polyphosphoric acid was prepared by adding phose
phoric aeid (13.5 ml) in one lot to PaUg (22.5 g) and
heating the mixture for 1 hr. at 100° under anhydrous
conditions.

lo polyphosphoric aeid, prepared as above, 3epw
tolylbutanoic aedd (VI) (3.019 g) prepared by ozonolysis
of ar-turmerone (III), was added, the reaction mixturs was
well stirred with the glass rod, heating was continued for
another 1 3/4 hr, then it was cooled, poured into the
crushed ice and extracted with ether. Ether extract was
washed with sodium carbonate solution and wvater, dried and
ether was removed. Distillation of the residue furnished
dimethylindanone (VII), b.p. 180°(bath)/6 mm. (1.5904 g).
The starting acid (1.0114 g) was recovered from sodium
carbonate washings,.

Speeific rotatiom: («)p + 13° (e, 5.28% in chloreform).

4pnalysis: Found: C, 82.66; Hy 7.80. C11H1201 requires:
C, 82,46; H, 7.585%.
L.l spectrup (1iq. film; p.l\50) shows prominent bands at:
2980, 1720, 1620, 1576, 1480, 1480, 1420, 1400, 1370, 1320,
1276, 1248, 1160, 1120, 1080 and 826 cm=1}.
.Y spectrum (in ethanol): ipay 242.5 mu (¢ = 10166) and
Amax 200 mu (¢ = 2368),
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G.L,C. It showed a single peak, retention time &'E4"
(polyester column maintained at 200°, %The flow rate of
hydrogen 0.9 ml/sec).

N.M. R, spectruy (p.10Y) is discussed in the theoretical
part in this chapter.,

1-E a V11

BFg-ether complex (2.7 ml) and ethanedithiol(2.7 ml)
were added to a solution of the ketone (VII) (1 g) in glacial
acetie acid (32 ml) and the reaction was allowed to proceed
at room temperature overnight. The solution was then diluted
with water and extracted with ether. Ether extract was washed
with water, 10% sodium carbonate solution and again with water
and dried. Removal of the solvent and distillation of the
residue furnished the thioketal (VIII) (0.R930 g), b.p. 198°
(bath)/3 mm., as a thick oil.

Specific rotatioms (X)p - 64° (¢, 6.07% in chloroform)

Anglysis: Foundi C, 67.14; H, 7.36; 8, 28,23% (the erd point
for & estimation was not quite satisfactory during the
estimation of 8). C)13H1652 requires: C, 66.06; H, 6.79; 8,27,18%,

1.R. spegtrup (liquid film; p.A5{) shows prominent bands at:
2080, 2660, 1620, 1480, 1430, 1270, 1220, 1145, 92 and 820 em™l.
.V, spactrum (in ethanol) Agpgx 242.5 mu (¢ = 586). This may
be due te the presence of & of unreacted indancne.
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N.M.R. spegtrum (p.16J ) shows signals at 8.697 (3H, doublet
J=7 c.pes., CHz attached to C-3), 7.63T(3H, singlet, CHg
attached to aromatic ring), 6.89 and 6.837 (4i, CHZ-S-) ,

CHR~8«
3,02 and 2,727 (3H, aromatic protons).

33
1,5-Dimethylindan (IX)

(a) By reduction of ketone (VII) with LAN-AlC13

Lithium aluminium hydride (1.4210 g., 40k excess)
was added to a suspension of anhy. AlCly (3.1179 g) in dry
ether (20 ml). After the vigorous reacticn has subsided, the
ketone (1.0736 g) in dry ether (15 ml) was added dropwise
during 20 minutes, followed by heating under reflux for 3 hrs
with stirring. The reaction mixture was decomposed at 0° by
addition of 131 mixture of acetone and eSher (10 ml), water
(60 ml) and 10% HC1 (36 ml) and then extracted with ether.
Ether extract was washed with cold sodium bicarbonate solution
and water, dried and ether was removed. Residue was chromato-
graphed over alumina, gr.l (100 g) and eluted with pet.ether
40-60°. Removal of the sclvent furnished mainly the hydro-
carbon (containing &% of starting ketone, which was identi.
fied by G.L.C.) («)p - 1.8° (e, B.67% in chloroform), which
was distilled over sodium to give pure hydrocarbon (IX)
(0.8400 g), bep. 118°(bath)/13 mm.

Specific rotatiom: («)p - 4° (e, 9.06/ in chloroform).
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4nalysis : Found: C, 90.07; H, 9.72. C33;H14 requires:

¢, 90.36; H, 9.65%.
L1, spectrusm (liquid filmy p.452) shows bands at: 2038,
1620, 1480, 1450, 1370, 1310, 1200, 1140, 1076, 1040, 950,
276 and 810 cm~i.
GalisCo It gave a single peak, retention time 2'20",
Under same conditions (polyester column maintained at 180°,
flow rate of hydrogen 0.95 ml/sec), the starting ketone (VI1)
gave a single peak, retention time 17'26",

H.Mo.H. spectrum (p.470) 1is discussed in the theoretical
part of this chapter.

(b) By desulphurisation of thioketal (VIII)

Thioketal (VIII) (0.8880 g) was stirred under reflux
with absolute aleohol (50 ml) and Raney nickel catalyst (5.74 g.,
moist with ethancl) for 21 hrs, catalyst was filtered off and
washed with small amount of ethanol. Piltrate, after removal
of the solvent and distillation furnished dimethylindan (IX)
(0.3926 g), bep. 100°(bath)/2 mm., which was purified by
distillaticn over sodium.

Analysis. Founds C, 89,203 H, 9,87. C131H14 requiress
C' W.SG; H’ 9.6“0

Jalle spectrum (1iquid film) shows prominent bands at: 2980,
1620, 1490, 1450, 1380, 1380, 1316, 1130, 1040, 1010, 950,
870, 820 and 760 em™t.
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G.L.C. The product of desulphwrisation was compared in GIC
[180"" (polyester column, flow rate of hyirogen 0.9 ml/sec’]
with the ketone (V11). It gave two peaks with retention
times of 2'18" and 4'20", Under identical conditions the
retenticn time for ketone (VII) was 17'26" and for the
dimethylindan (IX) prepared by method 'a' was 2'20". This
shows that method 'b' gives dimethylindan (IX) contaminated
with another compound (which has not been identified so far)
having retention time of 4'20}.

3p,6-dimethylindan-13-c1 (X)

Ketone (VI1) (0.8271 g) and sodium borohydride
(0.2004 g) were dissolved in ethanmol (100 ml) and the reaction
mixture was kept overnight at the rcom temperature. The excess
of the reagent was destroyed by addition of a small amount of
acetic acid, reaction mixture was diluted with water, most of
ethanol was removed (vacuum distillation) and the residue was
kept in cold. White solid which crystallised out was filtered
and recrystallised from dilute ethanol to give aleohol (X)
(0.3908 g), m.ps 67-69°. After sublimation under vacuum this
aleohol had m.p. 69-70°. From the filtrate and mother liquor
a second crop (0.23 g) of the aleohol (X) was isolated.

Speecific rotationt () - &° ({ey 10.88% in chloroform).
analysis: Found: C, 81.49; H, 8,81, C311H1401 requires:
C, 81.“; H’ 8.7“0



J.Be spegtrum (dn Nujol; p.i53) shows prominent bands at:
3300, 2900, 1460, 1370, 1330, 1310, 1280, 1140, 1090, 1086,
75, 890, 878 and 816 om™t.

G.L.C. Aleonol (X) gave a single peak, retention time 6'12".
Under same conditions (polyester column maintained at 220°,
flow rate of hydrogen 0.96 ml/sec.) the starting ketone (VII)
had retention time 4'10".

L.M.R, spectrum (p.170 ) showed signals at: 8,727 (3H, doublet
J=7 c.pes., Clig attached tc C-3), 7.67 T (3H, singlet, CHg
attached to arcmatic ring), 3.00 and 2.81T(3H, protons

attached to aromatic ring) and 6.037 (1H, multiplet, H attached
to Cel).

3f,6-Dimethyl-lfe \

Alechol (X) (0.31885 g) was heated on the steam bath
with dry pyridine (0.6 ml) and acetic anhydride (0.6 ml) for
2 hrs, solvents were removed by distillation under vacuum
(water aspirater), residue diluted with water and extracted
with ether, £Hther extract, after washing with water, drying
and removal of the solvent, furnished the acetate (XIV)
{(0.3627 g) which was distilled to give 0.1932 g, b.p. 110°
(bath)/0.2 mm.

Specific rotatioms («)p + 60° (e, 12.78% in chloroform)
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Lhalysig: Found: C, 76.49; H, 8,20. C13H1602 requires:
C’ 16-“; u’ 7.”’0

Aalie _spectrum  (liquid film; p.|54) shows prominent bands at:
2960, 1760, 1495, 1480, 1370, 1235, 1145, 1100, 1040, 972,
910 and 820 em™1.

N.M.R. speetrum (p.174) shows signals at: 8.477 (3H,
doublet, J=7 c.p.s., CH3 attached to C-3), 7.987 (3f, singlet
CHg Co=0-), 7.66T(3H, singlet, CHy attached to aromatic ring)
and 3,967 (1H, multiplet, H attached to c-1).

20,6-dimethyl-18-benzoyloxyindane (XV)

Benzoylchloride (0.18 ml) was added to the ice-cold
sclution of aleohol (X) (0.1681 g) in dry pyridine (0.6 ml).
Reaction mixture was allowed to stand at the room temperature
for 24 hrs, diluted with water and extracted with ether. Ether
extract was vashed with scdium carbonate solution and water,
dried and ether was removed. Residue (0.1806 g) was distilled
in vacuo to give the benzoate (XV) (0.1492 g), b.p. 160° (bath)/
0.6 mm,

Specific rotation: («); - 21° (e, 11f in chloroforn)
Apalysis: Found: C, 81,00; I, 6,78, C1aii1802 requires

C, 81.17; H, 6.81%,

A.R. spectrum (liquid film; p.l55) shows prominent bands at:

2060, 1720, 1600, 1460, 1450, 1310, 1265, 1175, 1115, 1070,
1030, 820 and 712 om™l.
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2=Mathyledep= entane-2-0l (XV

To an ice cooled sclution of methyl magnesium iodide
(from 4.5 ml of methyl iodide and0.® g. of Mg) in dry ether
(20 ml), ar-curcumone (XVII) (2,1810 g) in dry ether (7 ml)
was added dropwise. The mixture was heated under reflux
for 10 minutes (with stirring), then cocoled in ice and
decomposed by pouring it into crushed ice (70 g) containing
conc. sulphuric acid (2.4 ml). Reaction product was extracted
with ether and ether extract was washed with 10§ sulphuric
acid and water. After drying, the solvent was removed and
the residue distilled in vacuo to give the tertiary alcohol
(XVI) (1.625 g), bep. 118°(bath)/3.75 mm.

Refractive index: nj° 1.5009.

Specific rotation: («)p + 14° (e, 10.095 in chloroform).
Abalysis : Found: C, 80.987; H, 10.87. C33l2001 reguires:

Cy B1.20; H, 10.48%.
L.f. spectrum (liquid riln)":go%s prominent bands at: 3470,
2000, 18520, 1470, 1380, 1210, 1140, 1118, 1020, 938, 897
and 820 em™}.
Salafs In GIC tertiary aleochel (XVI) gave a single peak,
retention time 2'84" (polyester column maintained at 220°,
flow rate of hydrogen 0.85 m)l/sec).
N.M-R. spectrun (p.472) is discussed in the theoratical part
of this chapter.
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1 ~letr 11

Tertiary aleohol (XVI) (0.9781 g) was added dropwise
to the cold, stirred (90:) sulphuric aecid (1.6 ml) and
stirring vas continued for 2 /2 hrs. The reaction mixture
was diluted with water and extracted with ether. Ether
oxt.rabt was washed with sodium carbonate solution and water,
dried and ether was removed. The residue (0.7812 g) (no band
for -CUH in the I1.R. specotrum) was distilled over sodium to
give the hydrocarbon (XVIII) (0.4622 g), b.p. 110°(bath)/10 mm.

Specific rotationt (%), - 6.8° (¢, 9.44% in chloroform)

Analysis: Found C, 8R,763; H, 10.62. C13H18 requires:
C, 89.60‘ H' 10.‘1“0

I,R, spectrum (liquid filmy p.{57) shows prominent bands ats
2980, 1620, 1490, 1480, 1270, 1360, 1310, 1160, 1085, 1040,
823 and 816 em~1.

G.l.C. It gave a single peak, retention time 2'2" under
following conditions: polyester column, flow rate cof hydrogen
1.06 nV/sec., temperature 166°.

2-Methyl-6-p-tolylheptane -4-o0l (XX)
A soluticn of dihydroe-ar-turmerone (XIX) (3.5 g)

(obtained by hydrogenation of ar-turmercne), in dry ether
(16 ml) wvas slowly added to a suspension of Lai (2,5 g) in
dry ether (25 ml),kept cooled at 0°. The reaction mixture
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was then heated under reflux for 12 hrs, ccoled to 0° and

the excess of LAH was decomposed by addition of water, and
104 HCl. Extraction with ether, washing of the ether extract
with water, drying and removal of the solvent furnished a
residue which was distilled to give the alcohol (XX) (2.98 8),
bepe 128-136° (path)/0.4 mm.

Specific rotations &)p + 20° (dn chloroform)
Analysis: Found: C, 82,08; H, 11.,40. C3gil240] requires:
C, 81076; H’ IO.W.

1.8, spectrum (liquid filmj p./59 shows prominent bands at:

3300, 2000, 1806, 1480, 1362, 1215, 1167, 1138, 1all, 980,
5

018, 835‘Yb:nd 727 em™L.

3 - b} XX

A mixture of the aleohol (XX) (1.0 g), dry benzene
(60 ml) and potassium metal (0.6 g) was refluxed for 1 hr
with occasional shaking. Methyl iodide (20 ml) was added to
the reaction mixture, and it was refluxed for another 3 hrs,
after keeping the reaction mixture at room temperature over-
night, the excess of potassium metal was destroyed by slow
addition of methanol (15 ml) and the solvent was removed
leaving the white residue, which was extracted with pet.ether
40-60°. Removal of the solvent and distillation of the residue
furnished the methylated product (XXI), b.p. 130.140°(bath)/
l.4 mm.
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Specific retatiom: (x)p + 22°,

Analysis. Found: C, 82,103 H, 11.63. C3glog01 requirest
C, B1,99; H, 11.18%,

deH, spectrum (liquid film; p.{59) shows prominent bands

ats 2800, 1608, 1460, 1367, 1143, 1092, 1020, 815 and

723 em™t.

Cyclodehydration of 6~petolyle2-methylhept-i-cne«2-01 (XXIV)

€-p-Tolyl-2-methylhept-3-ene«2-0l (XXIV) was prepared

from epoxy-ar-turmerone (XXI1l) by the method described in the
:I.M:omtmro.:"6 Epoxy-ar-turmerone (XXII1)*® was obtained by
treating ar-turmerone with 30% hydrogen peroxide in the
presence of NaCH solution; its properties (ng‘ 1.8010 and IR
spectrum) are in good agreement with tie reported values..6
ine epoxide (XXIII) was reduced with B0% ligHq to give the
tertiary aleohel (Xx1v)i6 (x:ng‘!"5 1.8075, 1.7, bands at: 3400,%000
1200, 1660, 1820, 1450, 1386, 1160, 1040, 1020, 975, 918,

820, ard 725 em"}), in agreement with data quoted in literature.

Aleohol (XXIV) (1.5 g) was added dropwise to the
ice cocled, stirred 89% sulphuric acid (3 ml). €tirring was
ccntinued for another 2 hrs at room temperature, then reaction
mixture was diluted with water and extracted with ether. The
ether extract was washed with cold scdium carbonate solution
and with water, then it was dried and ether was removed.
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The residue (1.0036 g) (no band for CH in the 1.R. spectrum),
was chromatotographed over alumina, gr.I (30 g) and eluted
with pet.ether 40-60° (200 ml). Removal of the solvent and
distillation of the residue over sodium and under reduced
pressure furnished the reaction produet, b.p. 128° (bath)/
© mm.
Analveis: Found: C, 88,65; Hy 10.74. C)gloo requires:

C, 89.94; H, 10,06%.

doi. spectrug (1iquid £ilm) shows prominent bands at: 2980,
1620, 1510, 1460, 1376, 1125, 218 and 726 em™1.

G.L.C. It gave two peaks, retention times: 3'41" and
6'50" (polyester column maintained at 188°, flow rate of
hydrogen 0.9 ml/see.).

Chﬁuig acid oxidation of 6-2-52&1-2-utgxlhogt-3-emo2-ol

Aleohol (XXIV) (0.1014 g), water (0.8 ml), acetic
acid (0.1 ml) and benzene (0.2 ml) were well stirred and 50%
sulphuric acid (0.3 ml) was added in one lot and with
stirring. Then solution of sodium dichromate (0.2056 g)
in vater (0.4 ml) was added dropwise, while the reaction
mixture was stirred and cooled in the water. Temperature
of the bath was raised till 50-60° and maintained for 1 1/2
hrs, then the reaction mixture was diluted with water and
extracted with ether. GIther extract was washed with water,



dried end ether was removed to give ar-turmerone (IlI)
(0.0800 g), which was distilled in vacuc, b.p. 160° (bath)/
2 mm.

*.. spectrug (liquid film) is ildentical with that of an
authentic sample of ar-turmerone (IIi).

Gola(. Folyester column, maintained at 224° was used, flow
rate of hydrogen was 0.7 ml/sec. Chromic acid oxidation
product was compared in G.L.C. with the authentic ar-
turmercne. Both have shown peaks with identical retention
time (7'1").

2,4-Dinitrophenyl hydrazone.?’  The 2,4-dinitrophenyl
hydrazone derivative prepared from the above oxidation

preduct was purified through chromatography over alumina,

gr.1Il and identified as (LILI) on the basis of its 1R spectrum.

FeMotnyl-6epetolylhept«2-ened-ol (LLV)

Ar-turmerone (II1) (3 g) and sodium borohydride
(1.86 g) were dissolved in ethanol (300 ml), the reaction
mixture was kept at the room temperature overnight and the
excess of the reagent was destroyed by addition of small
amount of acetic acid. The reaction mixture was diluted with
water, most of ethanol was removed and the residue was
extracted with ether. ZLther extract was washed with water
and dried. After removal of the solvent, the residue was

distilled in vacuo to give the alcohol (XXV) (2,.6138 g),
Depe 112°(bl‘h)/0-8 mme



Refractive index: n%‘ 1.8014.

Spegific rotation: («)p + 10° (e, 10.71% in chloroform)

Abalysig: Found: C, 82,173 H, 10.73. Cale. for Cjgi2201:
C, 82,61; H, 10.16%.

I.R. spectrum (liquid film; p./60) shows a prominent band

for OH group at 3400 em™}. Other prominent bands at: 2980,

1820, 1450, 1380, 980, 820 and 726 cm™t.

Cyelodehydration of 2-methyl-6-p-tolylhept-2-en-4-0l (XxV)

Alcohol (XXV) (2,2777 g) was added dropwise to the
ice ccoled, stirred 80% sulphuric acid (4.5 ml). Stirring
was continued for another 2 hrs at room temperature, the
reaction mixture was diluted with water and extracted with
ether. The ether extract was washed with cold sodium
carbonate scluticn and with water, then dried and ether
removed, FHesidue (1.948 g) did not show band for -CH
in its I.R. spectrum. It was chromatographed over alumina,
gr.l and eluted with pet.ether 40-60° (400 ml). TResidue
obtained after removal of solvent was distilled in vacuo
over sodium, to give the reaction product, b.p. 128° (bath)/
16 mm.

Apnalvsigs Found: C, 88,35; H, 12.00. C(C1si20 requiress

Cy 89.94; H, 10.06%.
d.Bs spegtrum (liquid film) shows prominent bands at: 2080,
1620, 18520, 1480, 1375, 1125, 820 and 723 cm™t.
G.1L.C. The produet of cyeclodehydration of (XXV) shows two
peaks, retention times: 3'4l1" and 6'48". Under identical
conditions (polyester column, maintained at 188°, flow rate
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of hydrvgen 0.9 ml/sec), the product of cyelodehydiration of
(XXIV} shows two peaks, retention times: 3'41" and 6'80".

2y4-Dimethyl«6-p=to tane~4-0l (XXIX

To an ice ccoled solution of methyl magnesium iodide
(from 7.8 ml of methyl iodide and %.2191 g. of magnesium)
in dry ether (40 ml), dihydro-ar-turmerone (XIX) (3 g)
(obtained by hydrogenation cf ar-turmercne in the presence
of 10% Pd-C catalyst) was added slowly and with stirring.
The reaction mixture was refluxed for 15 minutes, cooled
and poured into crushed ice (80 g) containing cone. sulphuric
acid (2.6 ml). Reaction product was extracted with ether,
washed with 10% sulphuric acid and with water, dried and
ether was removed. Vacuum distillation of the residue
furnished (XXIX), b.p. 180°(bath)/9 mm. (2.652 g).

Eefractive indexs n3° 1.4806
Spgeific rotatioms (<), + 18° (e, 7.98% in chloroform).

analysis: Found: C, 82,24; H, 11.68. C(,;gli260) requires:
C, 81.%; E’ 11018’.

I.i. spectrup (liquid film) shows a prominent band at 3400 cm™t,
Cther bands at: 2800, 1500, 1475, 1360, 1140, 1108, 1080, 1020,
943, 815 and 720 em *.

GaleCe It gave a single peak, retention time 2'10", Under
identical conditions (polyester column maintained at 214°,



flow rate of hydrogen 0.6 ml/sec), dihydro-ar-turmerone
({IX) gave a single peak, retenticn time 2'1",

WMM:&&HM&M
XXIX

Aleohol (XXIX) (2 g) was added dropwise to the ice
cooled and stirred 80% sulphuric acid (3 ml) and the stirring
was continued for another 2 hrs at room temperature. Feaction
mixture was diluted with cold water, extracted with ether,
ether extract was washed with cold sodium carbonate solution
and with water, dried and ether was removed. Residue (1.3754 g)
did not show band for CH in its I.R. speetrum. It was
distilled in vacuo over sodium to give (XXX) 1.0222 g.,
bep. 180°(bath)/12 mm.

Specific rotations (x)p + 17° (e, 10.23% in chloroform)
Analysis: Found: C, 88,65; H, 11.60. C;gi24 requires:

C, 88.82; H, 11.18¢.

A.H. spectrum (liquid film) shows prominent bands at: 3000,
1520, 1465, 1370, 1165, 1020, 886, 818 and 730 cam~l.

SelisCe It shows that the eyclisation product is a mixture of
one major compound (retention time 4'50") and two minor
components (retention times: & 66" and 7'10"). Conditionss

polyester column maintained at 166°, flow rate of hydrogen
1.06 ll/l.c.).



1-PhenyleS-p-tolylhexel-en-3-one (XXXI)
(Benzylidene derivative of ar-curcumene)

Ar-curcumone (XVII) (3.0 g) and freshly distilled
benzaldehyde (7.0 g) were dissolved in ethanol (36 ml) and
SN NaCH solution (1.7 ml) was added. The reaction mixture
was shaken well and allowed to stand overnight at the room
temperature. The solid which crystallised out was recrysta-
liised from ethanol to give benzylidene derivative (XXXI)
(2.3 8)y m.pe 104°. Lit. value*® m.p. 106°.

1.R. spectrum (in Nujol; p.4¢1) shows prominent bands ats:
2000, 1676, 1640, 1470, 1370, 1280, 1115, 980, 820, 768 and
722 em™t.

J.V. spectrum (in ethanol): g,y 288 mu (¢ = 10626).

H.M.Ro spectrup (p.!75) shows signals at 8.57T (3H, doublet,
J=7 c.pes., CHg on C-6), 7.727T (8H, singlet, CHy attached to
arcmatic ring), 6.6 - 7.65T(3H, hydrogens attached to C-4 and
C-6)y 3.46T (1H, doublet J=16 c.p.s., H attached to C.2),
2.837T (4H, singlet, protons attached to disubstituted benzene
ring), 2.4 - 2,8 T(6H, protons attached to monosubstituted
benzene ring and proton attached to C-1; the pattern of
signals in this region is identical with the pattern of
signals due to irang-4-phenyl3-buten-2-one>! (XXXV) in the

same region).



2, 6-Dimethyl-9-phenyl-7-0x0-benzosuberan (XxXXII)

Benzylidene derivative of ar-curcumone (XxXI) (1.46 g),
MePo 104°. was cyclised by heating, in the presence of poly-
phosphoriec acid (prepared from 12 g. of Pa0g and 7.3 ml of
phosphoric acid) from an initial temperature of 80° to a
final temperature of 110° during 30 minutes. ifter cooling,
the reaction mixture was poured on crushed ice, and extracted
with ether. Ether extract was washed with cold sodium
carbonate solution and water and dried. Residue, obtained
after removal of ether contained some unreacted conjugated
ketone (proved by its 1.R. spectrum and U.V. spectrum). It
was dissolved in 80% ethanol (13.5 ml) econtaining KOH (1.3 g)
and refluxed for 1 hr. After dilution with water, the
reaction mixture was subjected to steam distillation during
2 hrs (to remove ar-curcumone and benzyldehyde), then cocled,
acidified and extracted with ether. Ether extract was washed
with water and dried. FHemoval of ether furnished benzosuber-
anone (XXXI1) (1.0166 g), which was distilled in vacuo to
give 0.90 g, bep. 180°(bath)/0.4 mm. of pure ketone (XXXII)
(U.V. spectrum does not show presence of conjugated ketone).

Epecific rotations «)p + 11.4° (e, 2.018: in chlofoform).
Anglysis: Found:s C, 86,26; H, 7.98. C31gH2001 requiress
c, 86.32; H, 7.63%.
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1.R, spectrum (in Nujol; p.\62) shows prominert bands ats

2000, 1706, 1600, 1480, 1480, 1370, 1030, 818 and 698 cm™l.
N.M.H. spegtrum (p.!73) shows signals at: 8.707T (3H, doublet,
J=7 c.p.s., CH, attached to C-1), 7.70'V (3H, singlet, Cig
attached to arcmatic ring) and 6.2 - 6.87 (1H, broad, H attached
to Ce5).

2,6-Dimethyl-8-benzosuberan gmxv g

Benzosuberanone semicarbazone (XXXII1) (0.70 g)
(gummy material prepared from 0.7 g. ketone) was added to
the solution of (CH (1.81 g) in freshly distilled diethylene-
glycol (6.3 ml). The mixture was refluxed at 200.210° for
2 hrs in an atmosphere of nitrogen, diluted with water and
extracted with ether. Ether extract was washed with water
and dried. HRemoval of solvent furnished 0.5 g. of residue
which was chromatographed over alumina, gr.I (15 g.). Pet.
ether (60-80; 200 ml) eluted material was distilled in vacuwo
to give benzosuberan (XXXIV) (0.042 g), b.p. 170°(bath)/2 mm.

Analysis: Found: C, 91.49; H, 9.47. CjgHog requires:
c’ 91.22; H’ 8:7“.

l.ii, spectrum (trace of Nujol; p.{(3) shows prominent bands
at: 2940, 1600, 1800, 1485, 1480, 1370, 1030, 970, 820, 747,

26 and -,
7 700 em TS

L.M.R. spectrug shows signals in the region 5.5-6.07 (1H, broad,
H attached tc C-l),
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The starting material for preparation of this acid
was phenylsuccinic aeid (prominent I.R. bands at: 2000, 1700,
1470, 1370, 1320, 1245, 1200, 930, 729 and 700 em"}) which
was prepared as described in the literatm.qg Fhenyl-
suceinic seid (10 g) was heated at 100° with thionyl chloride
(12.5 ml) for 45 minutes, then nitrobenzene (26 ml) and
powdered anhydrdus aluminium chloride (11 g) were added. The
reaction mixture was kept at 20° for 1 1/2 hr, poured in
water (250 ml) and nitrobenzene was removed by steam distilla-
tion. Remaining sclution was treated with activated charcoal,
filtered and cooled in ice. The solid which crystallised out
was filtered off, washed with water and dried at the room
temperature to give hydrated acid, m.p. 84°. The hydrated
acid on heating at 100° under reduced pressure, melted and
then solidified to anhydrous acid (XXXVII) (4.8 g), m.p.
120°.  Lit. value " mep. 420° .

1.8, spectrum (in Nujol) shows prominent bands at: 2940,
1726, 1620, 1600, 1470, 1375, 1180, 1060, 818, 770 and 726 cm~l.

The ethyl ester of l-oxo-indane-3-carboxylic scid
(xXXVII1)%2 was prepared by azeotropic method. The preoduct
obtained was distilled at 165-180°(bath)/0.5 mm.

1.R. seectrum (in Nujol; p.l0} shows a prominent band at 1725
em=l. Cther prominent bands at: 2800, 1885, 1450, 1370, 1335,
1240, 1180, 1080 and 760 cm™t.
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N M.R. spectrum (p./72) shows signals at: 8,707 (3H, triplet,
J=7 c.p.s., -0-CHgCH3z), 7.22, 7.09, 7.00T(2H, protons
attached to 0-2), 5.96, 6.90, 5.84, 5.71, 5.607 (3H, H attached
to C«3 and -0-0;_&-033) and 2,15 - 2.80 T (4, protons attached
to aromatic ring).

34
(+) 3-Methylindaneleone (XXXIX)

(+) 3-Phenylbutancic aeid (XL) (3.4 g) was heated
for 2 hrs at 100° with polyphosphoric acid (prepared from
16.3 ml of phosphoric acid and 25.72 g. of P20g). under
anhydrous conditions. The reaction mixture was poured on the
crushed ice, extracted with ether, etherextract washed with
cold sodium carbonate solution and water and dried. Hemoval
of solvent and vacuum distillation of the residue furnished
racemic indanone (XXXIX) (1.7613 g), b.p. 28°(bath)/0.7 mm.

Refractive indexs nj° 1.5606.

Abalysis: Found: C, 81.86; H, 6.92, C1poH1001 requires:
C, 82.16; H’ 6.%75.

J1.B. spectrum (liquid film) shows & prominent band ats:

1726 em™l. Other prominent bands at: 2960, 1610, 1460,

1410, 1320, 1260, 1240, 1210, 1180, 1100, 1045, 1025 and

820 om™t.

G.L,Cs The ketone (XXXIX) shows a single peak, retention time
3'17" (polyester column maintained at 220°, flow rate of
hydrogen 0.8 ml/sec.).
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(¢) 3-Methylindan-l-ol (XLI)

A solution of ketone (XXXIX) (0.29 g) in dry methanol
(80 ml) was treated with sodium borohydride (0,1160 g) at 0°
for 1 hr. acetic acid (0.3 ml) was added to destroy the
excess of reagent and the reaction mixture was diluted with
water. Most of methanol was removed and the remaining
solution was kept in cold. 8olid which crystallised out was
recrystallised from methanolewater to give (XLI) (0.0778 g),
mep. 66°.
Apalysigs: The sample of alechol (XLI) which was used for C
and H estimation was sublimed under vacuum (100°(bath)/7 mm.).
Found: €, 80.97; H, 8,13. C10H1201 requires: C, ®1.04; H,R,16%).

IR, spectrum (in Nujol) shows a prominent band at 3230 em~l.
Other prominent bands at: 1460, 1370, 1336, 1080, 1088, 970
and 763 em~t.

N.M.R. spectrupm shows signals at 8.697(3H, doublet; CHg

on C-3), 4.987T (1H, H attached to C.l) and 2.78V (aromatic
protons).

l-Hthvlenedioxvevelohexane (XLII)?S

A mixture of cyclohexanone (25 g), benzene (300 ml),
ethylene glycol (115 ml) and p-toluenesulphonic acid (1.5 g)
was stirred under reflux for 34 hrs. The water separated
during the reaction was trapped and separated from time to
time. 8Solid sodium carbonate was added to the reaction
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mixture, benzene layer was separated, washed with sodium
carbonate sclution and dried. Residue cbtained after
removal of the solvent was fracticnated.

Ist fraction (4.19 g), bep. 180-174°,

2nd fraction (15.86 g), b.p. 174-176.8° was the required
ketal (XLII)., Lit. value 25 v,p. 174-180°.

Befractive indexs np 1.4760.

Analysisy Found C, 67.85; H, 9.97. C8H1402 requires:

c, 67.57; H, 9,93%.
AsB, spectrum (liquid film) shows prominent bands at: 2960,
1460, 1370, 1336, 1280, 1240, 1170, 1120, 1040, 982, 930,
860, 830 and 770 em™*.
S.0eCe It shows a single peak, retenticn time 0'42" (the
polyester column at 218°; flow rate of hydrogen 0.956 ml/sec).

1-Ethylenedioxy-2~bromoeyclohexane (XLII1)

Solution of ketal (XLII) (12.82 g) in dry tetrahydro-
furan (125 ml) was cooled in an ice bath, then phenyltrimethyl-
ammonium bromide (33.54 g) was added in one lot and the mixture
was allowed to stand for 2 hrs at ice-bath temperature with
occasional stirfing. It was poured into cold &% sodium
bicarbonate solution (200 ml), extracted with ether, ether
extract was washed with water and dried. Residue obtained
after removal of ether was fractionated and following

fractions were collected:
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Ist fraction (2.49 g), bep. 47-50°/11 nm.
2nd fraction (4.61 g), b.p. 50-60°/10 mm.
3rd fraction (2.86 g.), b.p. 60-62°/6 mm.
4th fraction (4.34 g), b.p. 62-64°9 mm.

The fourth fraction was redistilled in vacuo to
give pure bromoketal (IU.III).23

Hefragtive indext nj-'° 1.5080.

4nalysis. Founds C, 43.86; H, 6.07. CgH130g5r requires:
Cy 43.45; H, 5.89%.,

1.B, spectrup (1iquid filmy p./(5) shows prominent bands at:
2900, 1440, 1380, 1330, 1270, 12265, 1200, 1180, 112§, 10785,
1030, 980, 886, 860, 806, 775 and 715 em"l.

GeLsC. All four fractions were analysed by G..L.C. (Fclyester
coclumn at 200°, flow rate of hydrogen 1.1 ml/sec.). First
three fractions showed presence of lower-boiling impurities,
but fourth fraction showed a single peak, retention time 4'31".

Bromod ihydro-ar-turmerone (LI, LII)

Dihydro-ar-turmerone (XIX) (3.0g) was dissolved in
acetic acid (30 ml) and to this solution a small smoutit of Hbr
dissolved in acetic acid was added. To the stirred solution,
bfomine (0.® ml) in acetic acid (6 ml) was adced dro;wise at
the room temperature. Stirring was continued for another
15 minutes at 40° and excess of bromine destroyed by addition
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of ethanol (8 ml). HReaction mixture was diluted with water
and extracted with ether. FEther extract was washed with
sodium carbonate solution and water, dried and solvent was
removed in vacuo (water aspirator used, temperature of the
bath did not exceed 40°) to give the bromo-ketone (LI, LII)
(3.8800 g).

Refragtive index:s nj’ 1.6198.

A.B. spactrum (liquid film) shows prominent bands at: 2880,
1710, 1810, 1470, 1360, 1270, 124, 1110, 1040, 1008, 960,
820, 745 and 720 em™t.

JsV. spegtrum (in ethancl) Shoulders at: 282, 259, 264 and
272 mp (€ values: 8537, 489, 343 and 196 respectively).

G.L.C. It shows & single peak, retention time 7'17" (poly-
ester column maintained at 3ao°, flow rate of hydrogen

0.76 ml/sec). Under identical conditions dihydro-ar-turmerone
has retention time 4'S81".

Dehydrobromination of bromodihydroear-turmerone (LI, LII)

Bromoketone (LI, LII) (3.5 g) was refluxed with
ccllidine (40 ml) for 12 hrs in an atmosphere of nitrogen,
diluted with ether (100 ml) and the collidine salt which
separated was filtered off. PFiltrate was washed with 10%
HC1 (3x180 ml) and water (3x100 ml), dried and the solvent
was removed. Residue was distilled in vacuo to give dehyiro-
bromination produet (1.4972 g), b.p. 120° (bath)/1.5 mm.



Refractive index: ny 1.5198

Specific rotatiops (), + 28° (c, 10.11% in ehloroform).
Lit: value *)p for ar-turmerones + €0°.

AsHs spectrum (liquid film) shows prominent bands at: 2980,
1700, 1600, 1620, 1480, 1370, 1306, 1240, 1175, 1180, 1115,
1070, 1010, 950, 900, 816 and 720 em™L.

Ue¥. spegtrum (in ethanol): .pax 281 mu (€ 6186) and

Amax 230 mp (¢ 8640). L1t value for ar-turmerone: Apgy 280
mu (¢ 10,000).

S.1eCs Product of dehydrobromination was analysed by GIC
using polyester column maintained at 220°, flow rate of
hydrogen 0.8 ml/see. It showed three peaks, retention times:
4'36", 7'1", and 8'20". Under same conditions the retention
time for dmydro-ni--tnmrono (XIX) was 4'39", and for
ar-turmerone (II1) 7'1",

From the product of dehydrobromination, the 2,4
dinitrophenyl-hydrazone of ar-turmerone (LIII) was prepared
according to the method reported in the literature.”* It

was chromatographed over alumina, gr.II and eluted with
pet.ether 40-60°, 1:1 mixture of pet.ether 40.60° and bensene,
benzene and ethancl.

1s8. spectrum of the fraction eluted with mixture of pet.

ether 40.60° and benzene, was identical with the I.R. speetrum
of an authentic sample of (LIII).



Fthyl ester of 3-p-tolyle3-hydroxybutanoic acid (LV)

This ester was prepared from pe-methylacetophenone
by Reformatsky reaction. A mixture of Zn wool (6.3 g), -
methylacetophenone (10 g) and dry benzene (15 ml) was
brought to reflux and bromoethylacetate (11.3 g) in dry
ether (1f ml) was added slowly, with stirring. The reaction
mixture was refluxed for 1 1/2 hrs, then cooled to 0° and
mixed with 10% sulphuric acid (30 ml) with vigorous stirring.
Benzene layer was separated, washed with &8 sulphuric acid,
10% sodium carbonate solution and water, Aeld washings
were combined and extracted with ether, ether extract was
washed with water and dried. Removal of the solvent and
distillation of the residue furnished the hyiroxy ester
(LV) (15 g), bep. 136-138°/4 mm.
1.B, spectrum (liquid £ilm) shows prominent bands at: 3800
and 1725 em=}. Other bands at: 3000, 1818, 1515, 1370, 1340,
1280, 1200, 1100, 1030, 860, 926, 880, B20 and 726 en ~>.

™ LV

The hydroxy ester (LV) (16 g) was dissolved in
pyridine (80 ml) and benzene (18 ml) and cooled in an ice
bath. POClg (10 g) in dry benzene (10 ml) was added drop-
wise and the reaction mixture stirred at 60-65° for 20 min.,
poured on the erushed ice and extracted with ether. Fther
extract was washed with water, §¢ HCl, 8§ sodium carbonate
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solution and again with water. Drying of the ether extract
and removal of the solvent gave the residue, which on
distillation in vacuo furnished the ethyl ester (LVI) (B g),
bep. 126-126%2.6 mm.

L.B, speetrug (1iquid film) shows a prominent band at
1726 cm=l. Cther bands at: 2980, 1620, 1510, 1440, 1360,
1336, 1270, 1160, 1096, 1040 and 820 em™3,

3-p-Tolylbutim2-enoic acid (LvII)28

Ethyl ester (LVI) (4 g) was refluxed with NaCH (8 g)
in 50% ethanol (100 ml) for 3 hrs, then eocoled, ¢iluted with
water and neutralised with dilute HC1l to give crystalline acid
(LVII). Crystallisation of crude acid from ethancl gave the
pure product (2 g), m.p. 133°. Lit. value®® m.p. 138°.
snalysist Found: ¢, 74.82; H, 6.98. C313H1202 requires:

C, 74.97; H, 6.86%.

J.R. gpectrum (in Nujol) shows band for acid at 2945 cm™1.
Cther bands at: 1680, 1600, 14385, 1370, 1330, 1280, 1220,
1208, 1020, 9286, 870 and 813 em~},

.M. R, spectrum (in chloroform) shows signals at: 7.61T
(singlet, Clig attached to aromatic ring), 7.407 (doublet,
J=1BCepeS. Cﬂa\c.cm)’ 3.787(vinyl proton) and 0,757
(=COpH) . ¢/
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Sep-Tolylbut-2.encyl chloride (LVIII)

3-p-Tolylbut-2-enoic acid (LVII) (2.6 g) and freshly
distilled thionyl chloride (2.6 ml} 755 excess) were heated
under anhydrous conditicns at 100° for 1 hr with occasicnal
shaking, then excess of thionyl chloride was removed in
vacuo to furnish the acid chloride (LVIIl) (2.5 g), which
was used as such without further purification. IR spectrum
indicated the absence of starting material.

Isobutyl ester of 3ep-tolylbut-2-enoic acid (LIX)

To an 1ce cocled sclution of iscbutyl magnesium
bromide (from 0.64 g. of isobutylbromide and 0.1135 g. of
magnesium) (0.0046 mole) in dry ether (10 ml), acid chloride
(LvIiI) (1 g., 0.0084 .. mole) in dry ether (10 ml) was added
dropwise and with stirring. Stirring was continued for
another 1 /2 hrs at 0°, the reaction mixture was decomposed
by addition of cold 10% sulphuric acid, and extracted with
ether. HResidue obtalned after removal of ether was diluted
with water (20 ml) and heated on the water bath for 2 hrs.
It was extracted with ether, ether extract was washed with
sodium carbonate solution [to remove acid (LVII) obtained
from unreacted acid chloride (LVII1)]and with water, then
dried and ether was removed. HResidue was distilled in
vacuo to give 0.3665 g. of the ester (LIX), b.p. 160° (bath)/

2 mm.
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Analysis:s Found: C, 77.84; H, 8.89, C1s2002 requires:

Cy 77.55; H, 8,68%.
1.k, spectrum (liquid film; p.l6b) shows prominent band at
1716 em™l. Other bands at: 3000, 1626, 1560, 1620, 1470,
1380, 1315, 1270, 1155, 1040, 878 and 818 cm~l.
. spegtrum (in ethanol) Amax 272 mu (€, 14761).
G.1.Cs It gave a single peak, retention time 5'31" (polye
ester column at 220°, flow rate of hydrogen 0.85 ml/sec.).
Under identical conditions, the product of dehydrobrominaticn
of bromedihydroe-ar-turmercne gave three peaks, retenticn
times: 0'S58", 2'42" and 4'9".
N.M.R, spectrup (p./75 ) 4s discussed in the theoretical
part, Chapter II.

Mixture of ester (LIX) (0.0848 g), KCH (0.2736 g) and
ethancl (3 ml) was refluxed for 3 hrs and diluted with water,
Ethanol was removed by distillation and the residue was
extracted with ether to remove neutral fraction. The agueous
layer was acidified, extracted with ether, washed with water
and dried. Removal of solvent furnished 0.0425 g of seolid
which was recrystallised from ethancl to give the acid (LVII),
m.p. and mixed m.p. with an authentic sample 130-132°. The
identity of the acid (LVII) cobtained by saponification was
further confirmed by its I.R.spectrum which was identical
with that of an authentic sample.
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36
Cinnamoyl chloride (LXI)

Cinnamic acid (LX) (5 g), m.p. 129.130°, was mixed
with freshly distilled thionyl chloride (& ml; 75f excess)
and heated at 100° for 1 hr under anhydrous conditions.
Excess of thionyl chloride was removed under reduced pressure
to give acid chloride (LXI) (5.387 g). The product was used
as such without further purification.

37
Isobutyl ester of 3.phenylprop-2-enoic aeid (ILXII)

To an ice cooled sclution of iscbutyl magnesium
bromide (from 3.36 gs of isobutyl bromide and 0.718 g. of
magnesium) (0.029 mole) in dry ether (40 ml) cinnamoyl
chloride (LXI) (£.3 g., 0.032 mole) in dry ether (30 ml) was
added dropwise and with stirring. “tirring was continued at
0° for another 1 /2 hr and the reaction product was worked
up as deseribed for (LIKX). It was heated on the steam bath
for 2 hrs with water (180 ml), cooled, extracted with ether,
ether extract was washed with sodium carbonate solution
(from this washings 2.7683 g. of cinnamic acid was recovered)
and with water, then dried and ether was removed. Distilla-
tion of the residue furnished the ester (LXII) (0.9860 g),

bep. 140° (bath)/2 mm.

Hefractive indexs np° 1.8377.

Analysis. Founds C, 76.43; H, 7.32, C13H1602 requires:
C. 76.43; H’ 708”0
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JI.R, spectrum (liquid filmy p.|G/) shows a prominent band at
1720 em~}. Other prominent bands at: 2980, 1640, 1600, 14785,
1480, 1370, 1320, 1280, 1200, 1076, 1020, #80, 870, 770 and
712 em=t.
Us¥. spectrum (in isopropancl): imax 272 mu (€ 24620).
G.L,C. It showed a single peak, retention time 2'31"
(polyester column, temperature 220°, flow rate of hydrogen
0.9 ml/sec.).

Under identical conditions, the ketone (LXV) showed
a single peak, retention time 2'56". The mixture of ketone
(V) and ester (LXI1) showed two peaks, retentiocn times
2' 54" and 2'32" respectively (same conditions).
N.M.R. spectruy (p.170 ) is discussed in the theoretical
part of the same chapter.

2-lethyl-6-phenylhex-5-en-4-one (LXV)

To an ice cooled solution of iscbutyl magnesium
bromide (from 10 g. of iscbutylbromide and 1.82 g. of magne-
sium ) (0.075 moles) in dry ether (60 ml), freshly distilled
cinnamaldehyde (1.0 g., 0.0078 mole) in dry ether (10 ml)
was added dropwise and with stirring. Stirring was continued
for 1 hr at 0° and for another 1 hr the reaction mixture was
heated to reflux. The reaction mixture was decomposed at 0°
by addition of cold 10% sulphuric acid and extracted with
ether. Kther extract was washed with 102 sulphuric acid

and water, then dried and solvent was removed to furnish
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the alcohol (LXIV) (1.02 g) (strong band at 3330 em™1).
The aleohol (LXIV) (1.0 g) in acetone (15 ml) was oxidised
with Jones reagent. It was kept with an excess of reagent
for 1 hr at the room temperature, then diluted with water
and extracted with ether. Ether extract was washed with
sodium carbonate solution and with water, dried and ether
was removed. Residue was distilled in vacuo to give the
conjugated ketone (LxV) (0.5419 g), b.p. 188°(bath)/7 mm.
Befragtive index: np 1.5462.
Analvsis. Found:s C, 82,303 H, 8.87. C13H1601 requires:

c, 82,93; H, 8.88%.

1.0, spectrum (liquid film; p./68) shows prominent bands
at: 2640, 1675, 1600, 1480, 1445, 1350, 1325, 1280, 1185,
1060, 976 and 750 cm™t.

U.X, spectrum (in isopropancl): Agax?785mu (& 22274).
G.1,C. It gave a single peak, retention time 2'86" (poly-
ester column at 220°, flow rate of hydrogen 0.9 ml/sec).
Under identical conditions, cinnamaldehyde gave a single
peak, retention time 1'37".

N.M.8. spegtrug (p. 176 ) has been discussed in the theore-
tical part of Chapter II.



{5}
(=
=

A number of optically active indanes (3,6-dimethyl-
indan-l-onej l-ethylenedithio-3,6-dimethylindan; 1,5
dimethylindan; 38,6-dimethylindan-1B-ol; 38,6-dimethylel-
peacetoxyindan and 38, 6-dimethyl-1p-benzoyloxyindan) have
been prepared from the (+) 3-p-tolylbutanoic acid of
established absolute configuration obtained from ar-turmerone
through degradation. Optical rotatory dispersicn curve of
3B,6-dimethyl-lB-acetoxyindan has been studied. With a
view to prepare substituted indanes the cyclisation reactions
of the alcohols (2-mothyl-4-p-tolylpontano-2-ol; 2-methyl-6-
p-~tolylheptane-4-0l; 6-p-toly1-2-uthy1hopt-3-ono-2-ol;
2-methyl-6-p-tolylhept-2-en-4-0l and 2,4-dimethyl-6ep=
tolylheptane-4-0l) have been studhd..

Cxidation of 6-p-tolyl-2-methylhept-i-ene-2-0l
furnished ar-turmerone. an attempt tc synthesise 2-isopropy-
lidene cyclohexancne from the bromoketal of ecyclohexancne
was not successful since the bromokstal did not furnish the
corresponding Grignard reagent on treatment with magnesium.
Bromination of dihydro-ar-turmerone with molar proportion
of bromine and -u%uqutnt dehydrobromination with collidine
furnished a mixture of ar-turmerone and another ketone which
is probably 2-methyl-6-p-tolylhept-5-en-4-one. FHeactiocn of
Sep-tolylbut-2-enoic acid and 3-phenylprop-2-encic acid
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with thionyl chloride and treatment of the resulting product
with isobutyl magnesium bromide furnished the isobutyl esters
of corresponding acids. Reaction of cinnamaldehyde with
isobutyl magnesium bromide furnished 2emethyl-6-phenylhex-
S-ene4-0l which on oxidation furnished 2-methyl-8-phenylhex-

f-en-4-one.

The benzylidene derivative of ar-curcumone has been
eyclised at 1120° in the presence of polyphosphoric acid, and
the obtained ketone has been reduced to 2y8«Cimethylet-
benzosuberan by Huang-Minlon's method.

Ethyl ester of l.oxo-indane-3-carboxylic acid, pre-
pared according to the literature method, ylelded a complex
mixture on sodium borohydride reduction and alsc in the
reaction with methyl magnesium iodide. On sodium borohydride
reduction () 3-methylindanone furnished erystalline (*)-
3e-methylindan-l-ol.
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Michael additionl in its original scope is the
addition of an addend or denor (A) containing an «-H
atom in the system (=C-C-H to a carbcn - carbon double
bond that forms part of a conjugated system of the general
formula C=C-C=0 in an acceptor (5).

Ry Rg Rqg HRg Ky Rl Rz Rq Rg &9
' | | f | Base | | | | l
0 s C «oCel + C 2C -C350902C-CeCaeClCaeC=20
l t |
Rg Rg Rg Rg H
(A) ()

The condensation takes place under the influence
of aikaline reagents. DBy extension of original scope,
Michael condensation has come to be understood to include
addends and acceptors activated by groups other than
carbonyl and carboxyl. Michael reaction has been widely
used for the synthesis of a variety of organic compounds.*
As a typical example the Robinson ring annehtion,a a key
reaction for the synthesis of many terpenes and steroids,
may be cited.

* For review see reference 1.
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The addition of a nucleophilic reagent to carvone
(1) will furnish the enclate (C1) or (Cz), which will then
be transformed to (Dy) or (D). The ketones (Dy) and (D2)
have an enolisable hydrogen at the asymmetric centre adjacent
to carbonyl group and are capable of epimerisation at C-2
under favourable experimental conditions. Hence in the
Michael type of reaction with carvone, the formation of
four compounds may be anticipated, two corresponding -

Me H
A o° A 0
_—
/E\ /E\
Go / (Cy) (Dy)
s o Me H
N A, o} A, 0o
—_—
(1) §

O

N
O
N
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to structure (Dy), (i.e. both the C-2 epimeric ketones) and
two corresponding to structure (Dg). However, in the case

of addition of ° 0-CH to carvone the number of oxides

expected are only two, (III) and (IV). Consequently, we

took up the carvone oxide for our investigations. The recently
reported reaction invelving the hydrazine reduction of Lyle
epoxy ketones to allylie al.cohval.sa‘6 has been widely used for
the synthesis of steroids and terpenes. Carvone oxide (II)*

\O o@\ < Of\@ 0 e 0
—

A
\ )

"

H H
I & I,7
/\ O\O'I/, 0 O\ A
(1) =
A A
Me H Me H
A A A
(D) (D) (1)

* It will be shown in the sequel that carvone oxide
is predominantly (III).
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Vpa¥*Cem™) showing that -C=0 group is no longer in conju-
gation with C=Cj U.,V. spectrum: no strong absorption at
236 mu, showing that the conjugated ~C=C- of the starting
carvone has reacted; ™ max 863 em™! due to >C=CHz;
H.M.R. spectrum: signals at 8.67 7 (sharp singlet, 3H,

A /

CHg - g - c 2.28 7 (3H, CHg attached to double bond),
0

V4
6.687 (multiplet, 1H, H «C «C « C) and 5.277T (multiplet,
2H, vinyl protons), on hydrazine reduction furnished the
allylic sleohols (VI) and (VII) (Upax 3240 em~l), which
on oxidation furnished (+) carvone (VIII). The sequence
(I) »(I1) = (V) —=(VIII) constitutes an interesting

route for the conversion of (=) carvone (I) to (+) carvone

T Y%

(1 (1) (V):R-§-OH (Vi)
(V) R=/3-OH
(VID:R=of -OH

HIIII
I|IIII
Illll
l"ll

* While our work was in progress we became aware of the

recently published investigations of klein and Ohloff’
and Schreeter,™?
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Ihe relative amounts of (III) and (1Y) formed
during the epoxidation of carvone can be evaluated by
knowing the composition of the product obtained on hydrazine
reduction. Both the carveols (VI) and (VII) have been
properly charactcrised.g The mixture of carveols obtained
by us after hydrazine reduction showed («)p + 144°, which
corresponds to 83.5k of (+) trang-carveol (VI) and 36.5%
of (+) gig-carveol (VII). This would suggest that the
oxide employed by us for hydrazine reduction is probably
a mixture of 63.85: (IlI) and 36.5/ (IV). This conelusion
should be regarded as tentative since the yield in the
hydrazine reduction, under the conditions employed by us,
was rather low (207)., We were considering the modifications
of the experimental conditions to increase the vield in the
hydrazine reduction; however at this stage we came across
the recent publication of Klein and Chloff? who obtained
the mixture of carveols in ti» 486 yleld. The carveol
mixture so obtained showed («)p + 196° corresponding to
914 (VI) and 9% (VII). This would suggest that the carvone
oxide is probably a mixture of ©1% (III) and 9%

%o H 06 H O’I/,,

X R

(1v) (vi) (vin
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(Iv)." The carveol mixture (VI and VII) («), - 186,8°
cbtained by Schroeter.® by the hydrazine reduction of
carvone oxide (Il) consisted of 86% (VI) and 14% (VII).

The conjugzated addition of cyanide to carvone,
initially studied by Lapworth,*l has been critically examined
by Djerassi gt al. 2 Three of the four possible addition
products have been obtained pure and it has been shown
conclusively that addition of cyanide at low temperature
furnishes the trans’ addition products (By) and (Eg).

o)
CN

O R s q’l’l/
T Y LY

CN

() (I (VD:R=B-0H (IX) Q ~
(111): C,Me-of (VII): R=cl~OH (E,)

( |V)- CzMe"/a

ll|ll
lllll

/ win

* We consider that in view of the rather low yleld
of conversion (45%) of carvone epoxide to carveols even
under tgo experimental oonutiou described by Klein and
Chloff,/ it is not desirable to infer the composition
of tho carvone oxide only on the basis of this transfor-
mation. However, taking also into coms ideration the known
mode of attack o} CK* on cggvone (wvhich results in stereo-
specific " " addition)““ and particularly the course
of 1,4 addi gg of Grignard reagent to 3-methyleyclohex-5
on-l-ono (IX)43 and th. theoretical basis for the steric
course of the addition reaction, it can be concluded that

xidation of carvone (I) furnishes almost exclusively
the oxide (I1I).

+ i.e. incoming CK™ is trans to isopropenyl group.
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Allinger gt al.'® have studied the 1,4-addition of
Grignard reagent to the «,f-unsaturated ketone (IX). They
obtained predominantly the trang isomer, which was not clear
a priori. 8ince the above additicn reaction is irreversible
the product obtained is governed by kimetic control.® There
are two conformations of the cyclohexenone (F) and (G), each
of which has 2 possible reaction paths available to it which
lead to four different transition states (Fy), (Fg), (Gy1)
and (Gy), and two different products. Determining factor,

-;n

OMgX
LE- ¢
HxC W
\Z__7_O
F R

Il
Hs

CHx L OMg X

/§§§ﬁ>// G,
:7:0

——- G
—r— 2

OMg X

/’ 0O
l

SN

X

+ The arguments put forth in this paragraph have been
taken from the publication of Allinger gt al.
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as far as stereochemical outcome of reaction, hinges on the
relative energies of transition states which result from
the four reaction paths. FRelative energies of transition
states were estimated by examining starting conformations
and products. Since parallel attack leads to cyclohexene
in boat form and antiparallel attack leads to cyclohexene
in chair form,the latter reaction is more likely. Anti-
parallel attack on conformation (G) gives a transition
state in which there is serious interference between two
methyl groups. This serious interference is absent in the
transition state formed by antiparallel attack on conforma-
tion (F). Hence prediction is clear out and is that reaction
should proceed to give the transition state (Fy) leading to
the trang isomer as the reaction product.

The investigations of Djerassi et al.'? and
Allinger et al*® described above prompted us to study some
of the addition reactions of carvone (I). Lithium dimethyl

HyC CHs

N
- s
jZ\:\-;zo k.

()



104

copper has been found to be very selective in adding a methyl
group to the P-carbon of an «,f-unsaturated lmtono.“I Reaction
of (-) carvone (1) with lithium dimethyl copper furnished the
product (X) [(Um 1720 em™t due to ~C=0 of (X)y Vmax 1680 em=1
due to -C=0 of unreacted carvone (I); A pax 2336 mu, © = 2229
indicating the presence of 26§ of unreacted carvone (I);
N.M.R. signals at 9,25, 9.12, 9.03 and 8.94 T (6H, Cl3 on C-2
and C-3), 8.28 T (CHg of isopropenyl group) and 5.28 (2H,
vinyl protom)]. The addition product was further character-
ised through its semicarbazone (XII1), m.p. 182.184%; (x)p -7°;
gi:ﬁ‘:‘%é%.e m, € = 176003 no absorption at 266 mu, indicating
the absence of carvone semicarbazone (XIV); N.M.R. signals at
9.11, 9.01, 8.92 and 8.81 T (6H, CH3 on C-2 and C-3), 8.30 T
(3H, Chg of isopropenyl group), and §.13T (2H, vinyl p!‘otonl)],
and 2,4-dinitrophenyl hydrazone (XV), m.p. 98-98°, Cj5H22N404.
The gas liquid chromatography examination of the addition
product (X) showed peaks with retention times of 2! a1,

8'6" and 3'41" (polyester column at 180°, flow rate of
hydrogen 0.9 ml/sec). The peak at 3'41" corresponds to the
retention time of authentic earvone (I), and is hence due to

R R
(1: R=0 (X): R=0
(XIV): R=NNHCONH, (ynn: R=NNHCONH,

(XV): R=NNHCgH3(NO,),
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unreacted starting material. Since there are two peaks of
nearly same intensity in the G.L.C. (besides the peak for
the starting material), it is evident that two addition
compounds have been formed.

Taking into consideration previcus studies on the
addition reacticns of 3-alkylated cyclmhex--s-enomu,13
addition of the methyl group on carvone is expected to take
place almost exclusively from the side away from the iso-
propenyl group since this would involve the transition state
(). attack from the side gis tc the isopropenyl group is
not favoured since in the transition state (I) there is
serious interference between the methyl and isopropenyl
groups. Since C-2 is adjacent to the carbonyl group and
has an enclisable hydrogen,the formation of an equilibrium
mixture of C-2 epimeric ketones (XI) and (XII) is to be

expected under the experimental conditions employed for the

0
(H) H (X1)
/ AP
Me s
NN
& OR (X11)

(1) R=CuMeli
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work up of the reaction product. Two chair conformations
(1) and (Kg) may be considered for the ketone (XI1). Since
there are two axial methyl groups in conformation (K3) and
only one axial group (isopropenyl) in conformation (Kp),
the preferred conformation is (Ky). For the same reason,
the chair conformation (Lj) (only one group axial) is to be
preferred over the alternate chair conformation (Lp) (two
groups are axial). The energy of ketones (XI) and (XI1) are
expected to be nearly the same and hence on equilibration
the mixture will contain approximately equal amounts of (XI)
and (XII).

Equilibration of cyanodihydrocarvones (B and Eg)
at C-2 has been brought about by keeping the cyanocompound (Eg)

(E,) (Eq)
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with p-toluenesulphonic acid in ethyl acetate for several
days at room tolporaturc.lz Under identical experimental
conditions, the addition product (X) obtained from (.)
carvone (I) was recovered unchanged as shown by G.L.C.
behaviour, IR spectrum, refractive index and specific
rotation. This experiment clearly shows that conditions
employed for tue work up of (X) are favourable for equili-
bration at C-2. The formtion in almost equal amounts of
two C1; ketomes (X) after reacticn of carvone (1) with
lithium dimethyl copper and subsequent equilibraticn at C-2
is consistent with the anticipated stereochemistry at C.3
and the anticipated proportion of C-2 epimeric ketones (XI)
and (XI1).

Thin-layer chromatography of the C;y ketones (X)
showed two spots with considerable overlap suggesting that
the C-2 epimers have almost identical Ry values. Hence, TIC
did not appear attractive for separation of the C-2 epimers
on a preparative scale. fince the semicarbazone (XIII),

o
*
5

~
—~
X
=

(X):R=0 (X1
(X111):R=NNCONH>
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m.p. 182.1R4°, prepared from the C1; ketones (X) was sharp
melting, it was considered that it may be derived from one
of the two possible C-2 epimers. However, the ketone (X)
obtained by resoncrationm from the semicarbazone (XI1I)

was also a mixture (approximately 503180) of C-2 epimers.
Probably under the conditions used for regeneraticn and
working up equilibration takes place at C-8% The product
regencrated from the 2,4-dinitrophenyl hydrazone (IV), m.p.
92.99°, was also an equilibrium mixture of C-2 epimeric
ketones (X{). Lithium aluminium hydride reduction of the Cl:
ketone mixture (X) furnished a mixture of alcohols (XVI),
which on T.L.C. examination showed two spots having the Rg
values: 0.62 and 0.45. The alcohol(s) Ry = 0.62 on Jones
oxidation'® furnished a Cy; ketone (Rt on G.L.C. 3'4") free
from the C-2 epimer. Similarly the alcohol(s) Rg = (.48

on Jones oxidation furnished a C11 ketone (Rt on G.L.C. 2'8&1")

R (X):R=0 OH
(XII: R=NNHCONH,
(XV)IR=NNHC6H3(N02)2 A

mn

(XVI1)

* The experimental observations can also be explained by
assuming that the semicarbazone (XII1), m.p. 182.184°
is a mixture derived from both the C-2 epimers (X).
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free from the C-2 epimer.

To provide conclusive evidence in support of the
C-3 stereochemistry of the Cy3 ketones (X), it was considered
desirable to synthesise the hydroecarbon ({XVII). The synthe-
sis of the hydrocarbon (XXVII) has been carried out starting
from (=) carvone (I). Hydrogenation of () carvone (I) in
acetic acid in the presence of platinum on charcoal followed
by Jones oxidation'® of the reaction product furnished tetra-
hydrocarvone (XIX). (XIX) was converted to the acid (XXI1I),
meps §0-61° (Vgax 1710 em™t; N.M.h. signal at - 0.96T(due
to -Cbbg), employing the route -

>c=o—»-:c/ e et 47
SoH - NTs <~ NCN < "SCCCH

The stereochemistry at C-l, assigned to the acid (XKI11l) is
based on the reasonable assumption that the carboxylic group
is equatorially oriented since the experimental conditions
employed for the saponification of nitrile (XXII) are suffie.
cient to establish equilibration at C.l &n the acid (XXIII)

f 0 f 0 R 0

A PR

(N (X) (XXII):R=COOH  (XIX)
(XXVI):R=CH,
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which has a -C = 0 group adjacent to the asymmetric centre
at C~l, carrying a hydrogen atom. The ethyl ester (XX1v)
was reduced with lithium aluminium hydride to furnish the
aleohol (XAV) [(Jm 3330 cm™* due to -OH, N.M.R. signal at
6.45T(2H, -Cig - cu)].

The tosylate (XAVI) (Umax 1180 and 1170 om ) on
reduction with LaH furnished the required hydrocarbon (XXVII)
which on G.L.C. examination exhibited a single peak (retention
time 1'38", polyester column at 116°, flow rate of hydrogen
0.83 ml/sec).

The mixture of C;; ketones (X) was hydrogenated
using platinum on charcoal catalyst and acetic acid as
solvent. The mixture of alcohols (XXVIII) was converted to
the tosylates (XXIX) which was reduced with LAH to furnish a
mixture of hydrocarbons (X4XI) and (XXXI1). The hydrccarbon
mixture on GIC analysis exhibited two peaks with retention

(XXIV): R=COOEt (X) (XXVIN):R=0H
(XXVI): R=CH,O0Ts
(XXVII): R=CHq

S
)

(XXX1) (XXX11)
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times 1'56" and 2'14"., This suggests that both the
components of the hydrocarbon mixture are different from
the synthetic Cjyi.hydrocarbon (XXVII).  The results are
consistent with the assigned C-3 stereochemistry of Cj1l
ketones (X).

The Michael addition of diethylmalonate to (=)
carvone (I) in the presence of NaOEt1® furnished the
addition product (XKXXIV) [(Wpay 1726 em=); N.M.R. signals
(see experimental part)]. It appeared attractive to convert

O \\\\ O
(X) (XXVII) (1)
EtO,C
2 0
EtOZC
/=\ /-\

(XXXIV) (XXX)

* Because of low yleld in the conversion of Cl1 ketones to
the C11 hydrocarbon mixture (XXX), we had only a limited
amount of the C33] hydrocarbon mixture. Hence, it has not
been possible for us to compare the G.L.C. behaviour of
the above hydrocarbon mixture and the synthetic Cl1
hydrocarbon (XXVII) under a variety of experimental
conditions,
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(XXXIV) to the acid (XXXV) which could then be transformed
after a number of steps to the Cj; hydroearbon (XXXVI).

However, an attempt to prepare the acid (XXXV) by acid
hydrolysis of (XXXIV) did not prove successful.

E10,C
0 CO,HCH, 0
E10,C ’

(XXXVI)

~r

: )-

(XXXIV)
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EXPERIMENTAL

Sx-1sopropenyl-2% -methyl-2,3% -oxidoeyclohexan-l-one (I1)

To a soluticn of (=) carvone (I) (4.40 g), obtained
by fractionation of spearmint oil (fraction having «p - 5&°
(neat) in dioxane (176 ml), 30% hydrogen peroxide (16 ml)
and 1N NaOH solution (44 ml) were added gradually and the
reaction mixture was allowed to stand at the room temperature
for 24 hrs. The reaction mixture was diluted with water,
extracted with ether (3 x 160 ml), ether extract was washed
with vater, dried and ether was removed. Distillation of
the residue furnished mixture of the oxides (III) and (IV)
(3.3 g)y b.p. 160°(bath)/7 mm. Lit. value® b.p. 120.122%/

156 mm.

Kefractive indexs my° 1.4200.

Hotatiop: «p + 77° (neat).
Specific rotatiom () + 78° (e, 9.9% in chloroform).
Lit. value’® («)) - 83.6° for the emantiomeric material
prepared from (+) carvone.
4Dalysis. Found: C, 72.36; H, 8,99, C30H1402 requires:

Cy, 72.263 H, 8.49%.
Z1.R. spectrum (liq. film; p.477) shows bands at: 2976, 1720,
1680, 1460, 1385, 1326, 1120, 3e%8, 1045, 990, 963, 293, R16
and 766 cm™t.
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UJ.V, spectrum shows no absorption around 235 mu.

G.L.C. It showed a single peak, retention time 3'48".

Under identical conditions (polyester column at 180°, flow
rate of hydrogen 1.5 ml/sec), the starting carvone showed

a single peak, retenticn time 2'38",

H.M.R. spegtrum (p.485) shows signals at 8.67T(sharp singlet,
3H, CHg c’g‘c/\ ) , 8.287 (&, Clg attached to double bond),
6.687(multiplet, 1H, K- C = C - C) and 6.27 (multiplet,

2H. vinyl protons).

- 2 -

The mixture of epoxides (III) ana (IV) Q1 g),
isopropyl aleohol (22 ml), 80% hydrazine hydrate (7 ml) and
glacial acetic acid (0.3 ml) was heated on the steam bath
for 30 minutes and kept at the rocm temperature for 1 hr.
Reaction mixture was diluted with water and extracted with
chloroform (3 x 80 ml). The chloroform extract after
washing with water, drying, removal of solvent and distilla-
tion of the residue, furnished the mixture of (+) carveols
(VI) and (VII), (0.20 g), b.p. 180°{(bath)/11 mm.

Spegific rotatiop: ), + 144° (¢, 4.835 in chlorofora).

Lit. value® (x)p for (VI) + 213%; 1it. value® («), for (VII)
+ 24°. Calculated for 63.5: 36.8 mixture of (VI) and (VII) +
144°,
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Analysis: Found: C, 78.86; H, 10.88, CyoH3g01 requires:

c, 78.89; H, 10.59%.
I1.R, spectrum (liquid film; p.)78) does not show band in the
carbonyl region (1720 em™Y). It shows bands ats 3240, 2880,
1650, 1440, 1370, 1260, 1175, 1060, 1037, 970, 948, 893, 860,
813, 780, 738 and 700 cm™t.

GolieC. It showed & single peak, retention time 4'41". Under
identical conditions (polyester column at 172°, flow rate of
hydrogen 1.26 ml/sec) carvone (1) showed a single peak,
retention time 4'12",

(+) Carvone (VIII)

Ine mixture of carvecls (VI) and (VII) (0.1603 g)
was dissolved in acetone (6 ml) and oxidised by addition of
Jones reagent (0.4 ml). The excess of the Jones reagent
was destroyed by addition of ethanol (1 ml), the reaction
mixture was diluted with water and extracted with ether.
Ether extract was washed with water, dried and ether was
removed to give (+) carvone (0.1092 g), (%), + 48° (¢, 3.36%
in chloroform), which on distillation in vacuo furnished pure
(VIII), bep. 110°%0.5 mm.

Specific rotatiops () + 83° (c, 2.01: in chlofoform).
Lit. value?® (), + 80°.
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d.He spectrum (liquid film) shows bands aty 2800, 1720, 1680,
1480, 13765, 1266, 1236, 1148, 1118, 1065, 998, 965, 900, 209
and 708 om~} [(1dentical with the I.K. spectrum of an authentic
sample of (VIII)|

JeVe spectrup (in ethanol): Aggy 234 mu (¢ = 8000). Lit.
value: Agpax 235 mu (€ = 8510).

21

G.L.C. (+) Carvone obtained by Jones oxidation of (+) carve l
was compared in G.L.C. with an authentic sample of carvone.
Conditions: polyester column maintained at 172°, flow rate

of hydrogen 1.256 ml/sec. (+) carvone showed a single peak,
retention time 4'22", while authentic (I) showed a single

peak, retention time 4'18",

To a cold (0°) solution of lithium dimethyl copper
(from 13 g. of copper iodide, 35 g. of methyliodide and 2.8 g
of lithium) in dry ether (260 ml) was added dropwise and with
stirring a solution of (-) carvone (1) (6 g) in dry ether
(100 m1). The reaction mixture was stirred at 0° for 1 hr.
and added to ice-cold aquecus ammonium chloride. The reaction
product was extracted with ether, ether extract was washed
with water, dried and ether was removed. The distillation of
the residue furnished the mixture of methyl.-carvones (X)
and starting carvone (I) (4.2263 g), b.p. 110° (bath)/15 mm.



Refractive index: n3’ 1.4770.

Specific rotatiom: () - 31° (e, 21.1% in chloroform).
1.4, spectrug (liquid film; p.{79) shows prominent bands ats
2940, 1720, 1640, 1460, 1370, 1260, 1220, 1165, 1080, and
896 cm~} and a weak band at 1680 cm~1 indicating the presence
of unreacted carvone.

Y.V, spectrum (in isopropanol): Agax 233.5 mu (€ = 2229),
which indicates 26% of unreacted starting material.

G.5.,Cs The reaction product showed three peaks, retention
times: 2'61", 3'6" and 3'41" (polyester column at 180°,

flow rate of hydrogen 0.9 ml/sec). Under identical condi-
tions, carvone (I) showed a single peak, retention time 3'41",
NoMai. spectrug (p.185) given in the theoretical part.

Equilibration of C11 ketones (XI) and (XI1)

Equilibration of C1) ketones (XI) and (XII) was
carried out according to the method described in the litera-
ture. A solution of C.ll ketones (0.4 g) and p-toluene-
sulphonic acid (0.4 g) in ethyl acetate (® ml) was kept at
the room temperature for 7 days, diluted with water and
worked up in the usual way. The product of equilibration
was ldentical with the starting mixture of ketones, since
there was no change in refractive index, specific rotation,
I.%, spectrum, G.L.C. and T.L.C. behaviour.
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_%_:(-lso ropenyl-27 ,38-dimethyleyclohecan-l-one semicarbagzone .
RITT s =289y -dinothyleyelobo san-l-one senisarbazone.

A solution of the mixture of ketones, obtained by
reaction of lithium dimethyl copper with carvone (X)
(1.0025 g) in ethancl (20 ml) was added to the solution of
semicarbazide hydrochloride (2 g) and socdium acetate (3 g)
in water (20 ml) and the reaction mixture was kept overnight
at the room temprrature. The solid which crystallised out
(1.0673 g) was filtered off and washed with water. It was
recrystallised from ethanol to give (XIII) (0.6541 g), m.p.
182.184°,
Speeific rotatiomt )p - 7° (e, 5.187% in acetic aecid).
Analysis. Found: C, 64.68; H, 0,833 N, 12,66. Ciala1N30
requires: C, 64.54; H, 8.48; N 18,.82%.
1,R. spectrum (in Nujol, p.Bd) shows bands at: 3480 and 3200
em~3, which are characteristic for amino group. OUther bands
at: 2800, 1680, 1860, 1470, 1370, 1105, 1070, 890, 770 and
730 om™t.
J.V. spectrum: Imax 226.5 mpu (¢ = 17500), which is chara-
cteristic for the saturated semicarbazones .22 There was no
absorption around 26& mu, which indicates absence of semi-
carbazone of «,B-unsaturated ketone .22

NobMoR, spectrug (in pyridine) (p.8D: giv:n in the theoretical
pars.

From the mother-liquor was obtained a mixture of
semicarbazone (XI1l) and carvone semicarbazone (XIV) (0.25 g),
meps 113-116°,
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J.V. spectrum: Apax 228 mu (¢ = 12300) and Amax 260 my
(¢ = 8000).

Hegeneration of C3] ketones (X) from semicarbazone (XII1I)

The mixture of Cy) ketomes (XI) and (XII) was
regenerated from semicarbazone (XIII) by the method described
in the literature.'® GSemicarbazone (XII1), m.p. 182.184°
(0.4882 g) was dissolved in levulinic acid (44 g) containing
10% of 1N HC1 and the mixture was magnetically stirred at the
room temperature for 20 hrs. The reaction mixture was diluted
with water, extracted with ether, ether extract was washed
with sodium bicarbonate solution and water, dried and ether
was removed. The residue was distilled in vacuo to give the
mixture of C11 ketones (X) (0.2007 g), b.p. 138° (bath)/12 mm.
GslsC. The obtained product was compared in G...C. with the
mixture of C1) ketones (carbowax column at 171° flow rate of
hydrogen 1.66 ml/sec). It showed two peaks, retention timess
5'48" and 6'20".

Under identical comditions, the produet of reactiocn
of carvone with lithium dimethyl copper showed three peaks,
retention times §'48", 6'25' and 7'35" (last peak corresponds

to carvone).

2,4-Dinit 1 ne of &x-isopro 1-.2¢,3 thyl-

294~DEF derivative of (X) was prepared aceording to
the standard procedure, starting with 0.26 g. of (%). The
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product obtained was chromatographed over alumina, gr.II

(11 g). The fraction eluted with pet.eth-r 60-80°(0.2721 g),
@m.p. 77-81%, vas erystallised from benzene-pet.ether 60-80°
to give 2,4-dinitrophenyl hydrazone (XV), m.p. 98.99° .

Analysis: Found: C, 88.61; H, 6.59; ¥, 16.46. Cy7lnaiig04
requires: C, 63.94; H, 6.40; N, 16.18%,

JA.2._spectrum (in Nujol) shows bands at: 3330 (w), 2080,
1630, 1898, 1500, 1476, 1460, 1375, 1340, 1310, 1270, 1135,
1076, €25, 890, 837, 745 and 725 cm~t.

Light absorptiop (in chloroform): ..max 366 mu (€ 23686)
(characteristic for the 2,4-dinitrophenyl hydrazones of
saturated ketones) R

Hegeneration of C3) ketones from 2,4-dinitrophenyl hydrazone
2,4-DNP derivative (XV) (185 mg), m.p. 9R-9¢°,

was dissolved in levulinic acid (128 g) containing 1IN HC1

(2 m1) and chloroform (8 ml) and the reaction mixture was

heated under reflux for 3 hrs, cooled diluted with water

and extracted with chloroform. Chloroform sxtract was washed

with sodium bicarbonate solution and with water, dried and

solvent was removed. Residue was distilled in vacuo to give

mixture of ketones (X) (0.1243 g), b.p. 120°(bath)/20 mm.

2.8. spegtirum (1iquid £ilm) shows a strong band at 1720 em=1.

U,V, spectirum (in isopropanol) indicates the absence of

carvone (1) (no absorption around 230 mu).
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S2L:Cs 1t showed peaks, retention times 5'48" and 6'19",
Under the identical conditions (carbowax column a t 171°,
flow rate of hydrogen 1.66 ml/sec), the product of reaction
of carvone with lithium dimethyl copper (X) showed three
peaks, retention times: 5'45', €'28' and 7'356" (last peak

corresponds to carvone).
-1 enyl-2f, 3)-dimethyle «1f-0l (XVI)

A solution of C1; ketones (X) (2.0 g) in dry ether
(20 ml) was slowly added to a suspension of LaH (1.3% g.,
60% activity) in dry ether (30 ml) kept cooled at 0°., The
reaction mixture was then heated to reflux for 1 /2 hrs,
cooled to 0° and the excess of LiH decomposed by addition of
technical ether and cold water. secidification with ecold
104 HCl, extraction with ether, washing of the ether extract
with sodium carbonate solution and with water, drying and
removal of solvent furnished the residue which was distilled
in vacuo to give C11 alcohols (XVI) (1.5166 g), b.p. 136°
(bath)/10 mm.

.M. spectrum (liquid film) shows a prominent band at
3380 em™l. Other bands at: 2800, 1640, 1480, 1370, 1030,
1020, 890 and 210 em™t.

1,5L,C. The mixture of alcohols (XVI) gave two separate spots
on T,L.C. (solvent system 188 ethyl acetate in pet.ether
60-80°), Kg values: 0.62 and 0.45. The alcohols, kg 0.62



and Ry 0.45 were separated by preparative T.L.C. (solvent
system 15 ethyl acetate in pet.ether 60-80°). Each
fraction was dissolved in acetone and oxidised by addition
of Jones reagent. The two ketones obtained were analysed
by GelisCo

G.LsCs Polyester column was used, temperature 180°, flow
rate of hyirogen 0.9 ml/sec. Ketone obtained by Jones
oxidation of alcohol(s), Ry 0.62 gave a single peak,
retention time 3'4". Ketone obtained by Jones oxidatiocn
of alecohol(s), Rp C.456 gave two peaks, retention times 250"
and 3'41". Under identical conditions the mixture of Cyy
ketones (X) and unreacted carvone (I) gave three peaks,
retention timess 2'&1", 3'6" and 3'41l", and the authentic
carvone (I) gave single peak, retention time 3'41",

Jel. spegtrum (liquid film) of the ketone, Ry 3'4", is
shown on the page .

Ietrahydrocarvone (XIX)

(-) Carvone (I) (13.7 g) in acetic acid (150 ml)
was hydrogenated in the presence of platinum on charcoal
catalyst (1.78 g) during 30 hrs at 28° and 711 mm Hg.

It absorbed 7000 ml of hydrogen. Catalyst was filtered off
and from the filtrate the solvent was removed by distillation
under reduced pressure. The residue (no band for the double
bond in the 1.H. spectrum, strong band for -OH and a weak
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one for C=0), was dissolved in acetone (100 ml), cooled to

0° and oxidised by addition of Jones reagent. Excess of the
reagent was destroyed by addition of ethanol (2 ml), the
reaction mixture was diluted with water and extracted with
pet.ether 60-20°. Pet. ether extract was washed with ice-
cold 20% NaOH (to remove carvaerocl) and with water, dried

and solvent was removed. Distillation of the residue furnished
(+) tetrahydrocarvone (XIX) (11.71 g), bep. 110° (bath)/13 mm.

Befractive indexs np° 1.46546. Lit. value®® ng’ 1.4662.

Hotation: «p + 20° (neat), 1.11:.va1noa3 «p - 23° (neat) for
(=) tetrahydrogcarvone.

Jd.Hs. spectrum (liquid film)shows bands at: 2950, 1720, 1480,
1460, 1430, 1390, 1370, 1280, 1220, 1195, 1176, 1160, 1035,
1020, 1006, 966, 963, 870, 790, 760 and 730 em™' (identical
with that of an authentic sample).

S:L.Cs Tetrahydrocarvone (XIX) shows a single peak,
retention time 2'17". Under identical conditions (polyester
column maintained at 160°, flow rate of hydrogen 1.2 mi/sec)
carvone shows a single peak, retention time 3'32",

delrahydrocarveol (AX)

A soluticn of tctrnhydrocarvpno (XIX) (8.8 g) in
dry ether (80 ml) was slowly added to a suspension of LAH
(4.666 g., 80% activity) in dry ether (100 ml) which was
kept cooled to 0°. The reactiun mixture was then heated



under reflux for 2 hrs, cooled to 0% and the excess of LAH

was decomposed initially with technical ether and subsequently
with cold water. Aeidification with 10% HC1l, extraction with
ether, washing of ether extract with sodium carbonate solution
and with water, drying and removal of ether furnished a
residue which was distilled in vacuo to give (+) tetrahydro-
carveol (XX) (7.887 g), b.p. 130°(bath)/16 m.

HRefractive indexs ng7 1.4600, Lit. valmz“‘ n%a 1.4634.

Jail. spectruy. (liquid film) shows prominent bands at:
3360, 2000, 1475, 1390, 1370, 1100, 1060, 825 and R40 cm I.

S.L.0. It shows a single peak, retention time 4'34". Under
identical conditions, (+) tetrahydrocarvone (XIX) shows a
single peak, retention time 3'48'. (Polyester column,
temperature 160°, flow rate of hydrogen 1.1 mV/seec).

Sx-Isopropyl-2p-methyleyclohexane «lx~-carboxylic acid (XXIiI)
1. Zosylate of tetrahvdrogarveol:

Tetrahydrocarvecl (XX) (4.80 g) and p-tolusne-
sulphonyl chloride (18.07 g) were dissclved in dry pyridine

(76 ml) and the reaction mixture was kept at the room
teamperature for 48 hrs. Dilution with water, extraction
with ether, washing with 10% HC1 and subsequently with
water, drying and evaporation of solvent furnished the
erude tosylate (XXI) (10 g). I.R. spectrum (liquid film)



showed the absence of hydroxyl group. It showed bands
at 8.4 and 8.8 g which are characteristic for the tosyl

ester.

2, Conversion of tosylate XXI) to eitrile (XXIT)

Crude tosylate of tetrahydrocarveol (XXI) without
further purification was used for the preparation of nitrile
(XXI1). A mixture of (XXI) (10 g), dimethylformamide (836 ml),
tert.butanol (295 ml) and KCN (AR,1 g) was heated under
reflux (140°) for 15 hrs with stirring. The reaction mixture
was diluted with water, extracted with ether, ether extract
was washed with water, dried and ether was removed to give
erude nitrile (XxI1) (6 g). The I.R. spectrum of (XXII)
showed absence of the bands which are characteristid for
tosylate, and presence of the band at 22286 cm'l, which is
characteristic for -CN group.

3. Saponification of nitrile (XXI1I)

Nitrile (XXI1) (5 g) was refluxed with 5% glycolic
KOH (450 ml) for 6 hrs, diluted with water, cooled to 0°
and acidified by addition of conc. HCli. It was then extracted
with ether and the ether extract was washed with sodium
carbonate solution. The carbonate washings were combined,
extracted with ether (to remeve completsly the neutral
fraction), cooled t6 C°, acidified by addition of cone. HC1,
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extracted with ether, ether extract washed with water and
dried. Removal of the solvent and distillation of the
residue furnished the acid (XXI1I) (0.64 g), b.p. 142°
(bath)/1 mm. The acid (XXIII) solidified on keepinga

at the rcom temperature for 12 hrs. It was reerystallised
from pet. ether 60-20° to give (XXIII), m.p. 50-81°.

ipecific rotation: (x); - 10° (e, 10% in ehloroform).

Apalysig: Found: C, 71.36; H, 10.96. C34H2¢02 requiress

C, 71.74; H, 10.80%,
I.R, spectrum (in Nujols; p.i82) shows prominent bands ats
2980, 1710, 1470, 1450, 1370, 1260, 1240, 1206, 11f0, 1026,
943 and 690 em™.
N.M.H. speotrug (p.186) shows signal at -0.96' due to -COCH),
Ethyl ester of (XXIll) was prepared by azectropic method.
The product (XXIV), b.p. 120°(bath)/3.% mm. snowed a strong
band at 1726 em*} in its I.R. spectrum (1iquid fiim). Other
prominent bands at: 2950, 1440, 1370, 1176, 1140, 1030 and
750 em .

Sx-1sopropyl-2@-methylceyelohexane -lx-methanol (XXV)

A solution of ester (XXIV) (0.40 g) in dry ether
(10 m1) was added to the ice cooled suspension of LaH (0,80 g)
in dry ether (20 ml). The reaction mixture was refluxed for
2 hrs and then cocled in an ice bath and treated carefully
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with ice-water to decompose excess of LAH. It was acidified
with 10% HC1l, extracted with ether, ether extract was washed
with sodium carbonate solution and with water, dried and ether
was removed. Distillation of the residue furnished alcohol
(XXV) (0.2534 g), bep. 100° (bath)/3 mm.

Specific rotatioms )y - 18° (e, 10.08% in chloroform).

Abalysig: Found: C, 77.203 H, 12,88, C33H220] requiress

Cy 77.873 H, 13.02%.,
J.B. spectrum (liquid film; p.93) shows a prominent band at
3330 cm™l. (ther bands at: 2820, 1780,1700, 1480, 1440,
1376, 1360, 1180, 1138, 1100, 1066, 1036, 101C, €8, €40,
$20 and 885 cm”l.

GolieCs It showed a single peak, retention time 4'14" (poly-
ester column maintained at 180°, flow rate of hydrogen l.1 ml/

530)0

HaMsi. spectrum (p.AB6 ) shows signal at 6.46 (?H, -CHz - CH).

4 -1 80propyle18,2«-dime thyleyclohexane (XXVII '

A solution of the tosylate of SxX-isopropyle2Be
me thyleyclohexans -1« -me thanol (XiVI) (0.369 g) Eproparod
according to the procedure desceribed for tosylate of tetrae
hydrocarveol (XXI)] in dry ether (10 ml) was added to the
ice cooled suspension of LAH (0,322 g) in dry ether (20 ml).



1t was refluxed for 8 hrs, then dry 1,2-dimethoxy ethane
was added to the reaction mixture to increase its boiling
point to 60° (bath temperature). Refluxing was ccntinued
for another 8 hrs at 60°, reaction mixture was cooled in
ice and the excess of LAH was destroyed by careful addition
of cold water. It was acidified by addition of 10§ HC1,
then extracted with ether, ether extract was washed with
sodium carbonate solution and with water, dried and ether
was removed (fractionating column was used). The I.R.
spectrum of the residue did not indicate presence of the
tosylate. Residue, obtained after removal of the solvent
was chromatographed over alumina, gr.I (10 g). Elution
with pet.ether 60-&°, removal of the solvent and vacuum
distillation of the residue, furnished the hydrocarbon
(XAVII) (0.0267 g), b.p. 120°(bath)/20 mm.

1.R, spectrum (liquid £ilm) shows bands at: 2980, 1470,
1376, 1280, 1176 and 730 cm™t.

G.L.C. It shows a single peak, retenticn time 1'861". Under
identical conditions (polyester column, temperature 116°,
flow rate of hydrogen 1.2 ml/se¢), p-menthane (XXXIII)
shows a single peak, retenticn time 1'27".

Molegular weight. The molecular weight (164) was determined
through mass spectrum.
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Mixture of Cy17 hydrocarbons (XXXI) and (XXXII)

Hydrogenation of mixture of Cy3 ketones (XI) and
(XI1).  Mixture of C1) ketomes (X) (1.6185 g), [obtained

by reaction of carvone with lithium dimethyl copper) in
acetic acid (2C ml) was hydrogenated in the presence of
platinum on charcoal catalyst (0.4323 g) during 26 hrs at

26° and 710 mm. It absorbed 600 ml of hydrogen. Catalyst
was filtered off, and from filtrate the solvent was removed
by distillation under reduced pressure, Distillation of the
residue furnished the mixture of saturated alecohcls (XXVIII)
and tetrahydrocarveols (XX) (1.0334 g), b.p. 128° (bath)/12 mm.

AR _spgetrum (liquid film) shows a prominent band for -GH
(3400 em~1) and does not show bands in the carbonyl region.
S.5L.C. It shows three peaks, retention times: 2'17", 2'47"
and 3'12" (polyester column, temperature 170°, flow rate

of hydrogen 1.1 ml/sec).

8. Mixture of the tosylates of above aleohols.
The tosylates were prepared according to the proced=
ure described for (XXI).

3. LAH reducticn of the mixture of tosylates.

Mixture of the tosylates (XXIX) (1.429 g) was
dissolved in dry ether (50 ml) and added to an ice cooled
suspension of LaH (1.0 g) in dry ether (50 ml). The reaction
was carried out as described for (XXVII). The product obtained
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after refluxing the reaction mixturs for 20 hrs, was the
mixture of hydrocarbons (XXXI) and (XXXII), which was
chromatographed over alumina, gr.lI, eluted with pet.ether
60-80° and distilled after removal of the solvent. Disti-
llation furnished (XXXI) and (XXXII) (0.140 g), b.p. 94°
(bath)/16 mm.

G.L.C. It showed peaks, retention times 1'&6" and 2'14"
due to hydrocarbon mixture (polyester column maintained at
116°, rlow rate of hydrogen 1.2 m)/sec). Under idéntical
conditions hydroecarbon (XXVII) showed a single peak, retention
time 1'35" and pementhan (XXXIII) showed a single peak,
retention time 1'185",

Diethyl ester of &(-hogromgxl-as-netpzl-aﬁxoczclg-
hexyl malonic aeid (XXXIV)

(=) Carvone (1) (3.0 g) was added dropwise to a
solution of diethylmalonate (4 g) in absclute ethanol(® ml)
containing sodium (0.2 g), which was cooled in ice and
stirred. addition required 30 minutes, after which the
reaction mixture was allowed to come to the room temperature
during 2 hrs. The reaction mixture was acidified by additicn
of acetic acid (0.5 ml), ethanol was removed by distillation
under reduced pressure, the residue was diluted with water
and extracted with ether. Zther extract was washed with
water, dried and ether was removed. The residue was fradio-
nated to give (XXXIV) (3.1673 g), b.p. 174° (bath)/0.5 mm.



Eefractive indes n;’ 1.4720.

Specific rotatioms («)p - 11° (e, 6.383% in chloroform).
Analysis: Found:s C, 66.28; H, 8.63. C17H260g5 requiress

C, 65.78; H, 8.44%.
I1.R, spectrum (liquid film) shows prominent bands ats
2980, 1726, 1640, 1440, 1370, 1280, 1086, 1025, 980, 896
and 862 em™t.
U.V, spectrum (in isopropanol) does not show absorption
around 235 mu.
L.L.C, It gave a single spot, Ry value 0.80 (solvent systemse’/,
ethyl acetate in benzene).
B.M.B, spectrum (p.1®T ) shows signals at: 9.03T (3H,
doublet, J=7 c.p.s., CHg on C-2), 8,727 (6H, triplet, CH3 -
CHp-0), 8.23T (3H, CHz group on double bond), 5.807T (4H,
quadruplet, CHg - Cfly- 0) and 5.237T (2H, vinyl protons).

Equilibration experiments:

1. Equilibration was carried out by keeping the feaction
mixture at the room temperature for 7 days before acidifying
it and working it up. The reaction product obtained by this
method was identical to the (XMXXIV) obtained by the reaction
which lasted 2 /2 hrs (conclusion has been drawn on the
basis of comparison of l.H. speetra, refractive indexes,
specific rotaticns and T.L.C. behaviour).



2. Equilibration was done by keeping the ester (OIXIV)

and an equal weight of p-toluenesulphonic acid in ethyl
acetate solution at the room temperature for 7 days. The
obtained product and (XXXIV) before equilibration had
identical I.R, spectra, refractive indexes, specific
rotations and 1.L.C. behaviour.
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S UMMARY

(=) Carvone has been transformed to its enantiomer
(#) carvone, by preparing the epoxide of (=) carvene, hydrazine
reduction of epoxide to (+) carveols and oxidation of (+)
carvecls to (+) carvone.

Conjugate addition of lithium dimethyl copper to (=)
carvone furnished in excellent yield the C.ll ketones, &x-
isopropenyl-2«,33~dimethylevelohexan-l-one and Sx-isopropenyl-
2py3p-dimethyleyclohexan-l-cne, purified through s emicarbazone
and 2,4-dinitrophenyl hydrazcne. Reduction of C-1l ketone
mixture with LaH furnished a mixture of alcohols which could
be separated through preparative T.L.C., oxidaticn of T.L.C.
pure C~ll alcohols gave the corresponding C.ll ketones.

Taking inte account previcus studies on the addition
of CN” to carvone and also the conjugate addition of methyl
magnesium iodide to a-uthylcyclohex-l-onone, it has been
sugzested that the product obtained during the present investi-
gation has the methyl group at C-3 trans to the isopropenyl
group at C-8. The formation of two ketones in nearly equal
amounts has been explained on the basis of equilibration at
C-2 which is adjacent to the C=0 group.

4X~-Isopropyl-lf,2«-dimethylcyclohexane has been
prepared after several steps starting with tetrahydrocarvone,
and has been compared in G.L.C. with the mixture of



4x-isopropyl«1p,2p-dimethyleyclohexane and 4x-isopropyl-l«,
2B -dime thyleyclohexane, obtained from the mixture of C-11
ketones.

The diethyl ester of Sx-isopropenyl-2f -methyl-
3e-0xocyclohexylmalonic acid was prepared by addition of
malonic ester to (-) carvone in the presence of sodium

ethoxide.
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