CHAPTER IIX

AGID CATALYSED CYCLISATIONS
oF
AGYBLIE MONDTERPENES




ABSTRACT

The cyclisation of acyclic monoterpoenes catalysed by
various acidic reagents is briefly reviewed. Methane sulphonic
acid in nitromethane is evaluated as a prospective acidic
catalyst for some of these cyclisations., Cyclisation with
this reagent was studied with geranic acid (8/9), methyl
geraniate (33), geranyl acetate (11),qeraniol (12), citral
anil, \-ionone {17}, geranylacetone (20) and cyclic ethylene

ketal of geranylacetone {42).
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ACID CATALYSED CYCLISATIONS OF
ACYCLIC MONOTERPENES

INTRODUCTION

A large number of acyclic and monocyclic monoterpenes
occur in nature. The biongenesis of monocyclic monoteroenes
was first suggested by Ruzioka1 to arise from cationic
cyclisation »f the acyclic monoteroene, neryl oyrophosohate
{1). The latter was oresumably derived from geranyl pyro-
phosphate (2) and possesses the requisite Z geometry of the
2,3~double bond. Linaloyl nyroohosohate (§) was also sugqested
as an alternative species uwhich can undergo the cationic

cyclisation.

. . . . 2 .
Various modes of cyclisation are possible” leading to
sevaral monocyclic carbon skeletons occuring in nature. Some

of these cyclisations have been realised in the laboratory.

Most nf the maturally occurring acyclic monoterpenes are
in the isopropylidene f2rm. Many workers have sxploited
this double bond in acid catalysed cyclisation reactions to
generate derivatives of either o-menthane (é) or 1,1,%3-trimethyl-
cyclohexane (5). Thus, acyclic terpenes cyclise in acids by

a reaction which involves the grotonation of the isopropylidene
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double bond followed by attack of the carbonium ion thus
generated on the other double bond., Since Semmler's original
observation® in 1891 of the cyclisation of citral {6) in the
oresence of opotassium hydrogen sulfate to give E—cymene(z)
(=q. 1), a variety of acidic catalysts have been used to

carry out similar cyclisations.

1) Sulohuric acid: Conc. H 50, is the most widely used
catalyst fOr such cyclisations. Cyclisation of cis-geranic

acid (8) with conc. H,_SO0, gave of-cyclogeranic acid (10) in

2
75% yield, together with small amounts of B— and Y-cycleogeranic
acids.ZL Identical result was obtained with trans-ngeranic acid

(9) (Eq. 2). This shows that the difference in stereochemistry

at 2,3-double bond has no influence on the course of cyclisatio

Cyclisation of geranyl acetate (11) with 100% H,50, gave
X-cyclogeranyl acetate {13) in 50-60% \/ield.5 Cyclisation
of geraniol (12) at -60° was reDorted6 to give ¢&cyclogeraniol

{(14) in 29% yield (Eq. 3).

Ciiral anil7 and the enamine derived from citral (EQ
and Diperidin88 were cyclised with conc. HZSO4 to give 0&(15)

and B—cyclocitral (lﬁ) in 60 and 40% yields respectively {Eq.

Ne

4) .
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Cyclisation of \y-ionone (17) with H,80, was oerformed
in various solvents like etherg, skallysolve 8,10 liquid MeCl,11

12

dichloromethane stc. Q—Ianone (18) was the major product

if the reaction was carried out at -10° or above. At ~7OD,
X-ionone (19) was the major product (Eq. 5). The yields
were around 70%, In addition to Y- and e~ionones, other

13,14

. 13 . . . . ‘o
isomers of ionone and bicyclic ethers were identified

in minor guantities in the cyclisation product of W-ionone (17).

Cyclisation of geranylacetone (20) with H,50, gave
2,5,5,9-tetramethy lhexahydrochromene (21)‘15 The stersospeci-
ficity at the ring junction in 21 is determined by the
stereochemistry of the 5, 6-double bond in the starting ketone
(Eg. 6). Thus, trans-geranylacetnne gives trans-21, whereas

cis-geranylacetone gives cis-21,

2. Phosphoric acid: Phosnhoric acid catalysed cyclisations

gave similar results. In the case of Y-ionone (17}, A-ionone
(19) was the major product (ﬁJBS%).16 Reaction of geraniol (12)
(or geranyl acetate) with B5% H3PD4 gave17 a complex mixture

of hydrocarbons, namely, ¢(-teroinene (Zg},“?»teroinene (23),
isoterpinolene (24), limonene (25), o-cymene (7) and

o-3-menthene (26) {(Eq. 7).

3, Lewis acids: Lewis acids like BFS’ AlClS, ZnCl2 ete,

L |
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were also reported to give similar results, With BFS—

. . ) 1
etherate,ﬁ/—lonone {17) nave Y-ionone as a major product., 8

4., Agueous acids: There is no preparative use for agueous

acids far these cyclisation reactions, since they invariably
led to comolex mixtures. Geraniol {12), when treated with
ag. oxalic acid,1g gave 23 identified products, most of which
result from simple hydration and proton-transfer reactions.
The major oroducs were citronellsol (27), cymenol (28),

2,6, 6-trimethy 1-2-vinyl tetrahydropyran (29) and Of~terpineol
(30) (E£g. 8). Fourteen compounds were identifiec%iTOm the
acid catalysed cyeclisation of citral (6) under aqueous
conditions. The major products were 1,8-epoxy-o-menth-Z-ens
(31), p-menth-1,5-dien-8-0l (32), p-menth-1(7),2-dien-8-ol

(33), p-cymenol (28) and cis-p-menth-2-ene-1,8-diol (34)

(Eg. 9).

5. Super acids: Treatment of acyclic monoterpenes with

suner acids gave completely different oroducts from those of
conventional acid-catalysed nracess. Treatment of citral Q@
uith FSOLH gave’! considerable quantities of high-boiling
materials and only lou (15-30%:at most) recoveries of mano-

terpenoids. The latter fraction comprised p-cymene {Z),

1-isooropenyl-4-mathylbenzene (35), of-cyclacitral (15),

-d
~-3
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B~cyclocitral (16) and tuwo novel products {36) and (37)
(Eq. 10). Similar treatment of geraniol (12) gavezz a
novel iridoid ether, 3p, 60% 6al-trimethyl-cis-oerhydro-
cyclooenta(b)furan {38) (Eg. 11). Houever, Smit and
co—uorker323 report that cyclisation of Y-ionone (17)

with FSO.H gaveX(-ionone {19) as the major product and that

of geranic acid (g/g) gave {-cyclogeranic acid (12).

In these super acid catalysed cyclisations, despite
all precautions to ensure raoid, intimate mixing of the
acid and the react-nts and quenching at lowest possible
temoesrature, palymers and tars were formed in substantial

amounts.

6. Ion exchange resins: Cyclisations effected by ion

exchange resins uere not satisf=ctory. Cyclisation of geranic
acid (g/g) with Amberlite IR-120 in dioxane gave ({-cyclogesranic
acid (13) in 70% yield.?* cyclisation of %uion0n9 (17) with

KRS 10 TH qave25 93% pure O{-ionone (19) in 37 yisld.

gnolicationss: Asid catalysed cyclisation of acyclic monoter-

penes is a viable synthetic tool, For examdble, 0{>cyclocitral
(lg) is a key intermediate in the synthesisimf savyoral
terpenes like {-ionone aujOGdamascone.QS l3~10none (18Y,
which is the starting material for the synthesis of vitamin A,

is made by cyclisation of {-ionone (17).



PRESENT WORK

From the above details, it is obvious that H2804 is
the most useful reagent for these cyclisations to date.
UYe planned to evaluate methane sulohonic acid and n-toluene
sulpnonic acid as prosoective reagents for such cyclisations.
Ue hopzd that these will have all the advantages associated
with HZSO4 and yet be bereft of the draubacks of the suner

aCid, FSOZ]H.

We chose two solvents initially for conducting these
cvclisations. They are nitromethane and sulfolane. B8oth
these solvents are very similar to each other in many
resoects. Both nossess hinh dielectric constants —— 39
for nitromethane and 44 for sulfolane., B0th are aorotic
dipolar s0lvents of very lou basicity. Cryoscopic studies

of Hammett27 and Arnett28

show that ions are ooorly solvated
in these snlvents, so that acid solutions in them have
enormous ly greater effective acidity at lower acid concen-

trations than agueocus solutions of the same concentration.

The two solvents also have good thermal and chemical stability.

We first studied the cyclisation of geranic acid

(8/9) in both these solvents using MeS0,H and o-toluene

3

sulphonic acid as catalysts. The results are summarisad in

Table 1.



TABLE 1 3 Cyclisation of geranic acid

Geranic . *
acid sy eyt i Result
Entry  (g/mmol) g
1 1/5.95 Me S0.H Me NO, 5.5 o%~cyclogeranic acid”
-1 -
(n.1/1.08)  {3.3) 10) (287 yield).
2 " " Sulfo- " Seranic acid +
lane X-cyclogeranic acid
(3.3) ( 1:1) (8B&% yield).
3 " PTS.H,0 MeNGZ 10 O[-Cyclogeranic acid®
(0.2/1.04) (3.3) (10) (987 yield).
4 " " Sulfo- " feranic acid +
lane O-cyclogeranic acid
{3.3) ( 1:1) (B6% yield).
.xﬁ 0

Reaction temoerature = 30

T The product contains a small amount of p— and

Y-cyclogeranic acids {PMR).

From these results, it became evident that nitromethane
was the solvent of choice and PTS.H,0 is as effective as
MeSDBH. The rest of the study with other monoterbene

derivatives was restricted to MESD3H/M9N02.



Methyl geraniate {39) underwent smooth cyclisation

with MeS0,H/MeNO, at room temoerature (v30%) to give methyl

2
olrcyclogeraniate (40) in almost guantitative yield (Eq. 12).

Cyclisation of citral anil at -15° led to extensive
( 75%) nolymerisation. Also, the distillate { 25%) was a
complex mixture containing QG-{15) (16%) and B*cyclsoitral
(16) (168) (PMR). No attemot was made to separate the

comoonents of the mixture.

In the cyclisation of geranyl acetate (11) also, extensive
resinification was noticed. After a series of exberiments,
the best conditions under which minimum resinification takes
place, wWwere found. Thus, nyclisation with 0.33 mole eq. of
MeSO.H in MeNO, at -15° for 1 h nave Ofcyclogeranyl anetate

3 2
(13) in 507 yield,

Cyclisation of geraniol (12) with 0.2 mole eg. of MeS0.H

in MENGZ at -10° for 45 min. gave 30% of the distillate, the

rest being polymeric material, This distillate was a comolex
mixture and contained 33% of O(cyclogeraniol {14) as evident
from a co-injection on SLC {(10% carbowax, chromosorb W, 6',

o

1707, €0 ml/min) with an authentic samole obtained by alkaline

hydrolysis of (cyclogeranyl acetate (13).



Cyclisation of \P-ionone (17) with molar eq. of MeSD3H
at -5° for 24 h gave 60% nroduct, which contained 67%
o (19) and 127 p—ionone (18), identified by co-injection
with authentic samples on GLC (104 SE-30 on chromosorb U,
6', 170°, 60 ml/min.) In vieu of the commercial importance
of this cyclisation it was studied with s9me mnre acidic
catalysts. Cyclisation by refluxing with the suner acid
Nafion ng in nitromethane at 105° for 2 h. gave a complex
mixture containing O¢ {33%%) and P—imnone (7). At lower
temperatures {for examnle, refluxing with 60—800 pet. ether),

thers was no reaction,

Cyclisation of‘+hionone with PPA in xylene at room
temoeralture (NSDO) gave a single product in 60% yield. From
its spsctral data (IR: C=C 1615, 1500 cm™'; ArH 820 cm .
PMR: C-Me's, 6H, s, 1.24 Dpm, Ar—Cﬂg, IH, sy 2.21 nDpm;
Ar-CH,, 2H, t, 2.66 opm, J = 6 Hz; ArH, 3H, m, 6.7-7.2 Dpm),
it was identified as ionene (41). This was further confirmed
by synthesising ionene by cyclodehydration of p—ionone using

30 The present method of PPA cyclisation

iodine as catalyst.
DF\Y-ionone to ionene {41) is superior to the alder procedure

in terms of wease af operation and yield.

Tonene is 2bviously derived from the further cyclisation
of initially formed Ob and or E—ionone. When the same reaction
was carri=ed out at much lower temperature (5—100) for less time

(15 min.), the product contained ionene (8%), O(-(35%) and

”~

P
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p~ion0ne (44%). Attempts to find out conditions in which

~ionone is the sole product were unsuccessful,

Finally, cyclisation of geranylacetone (20) (cis/trans)
with molar equivalent of MeSOSH at -5° for 12 h gave
dihydro—P~ionane (gé) in 50% yield., GSimilar cyclisation of
neranylacetone cyclic ethylene ketal (42) gave dihydr&ﬁ~ionone
{43) in 60% yield (Eg. 14). Tbviously, the ketal was

hydrolysed during aqueous work-up.

This cyclisation of geranylacetone and its cyclic
ethylene ketal is distinct from the known cyclisations {see
introduction) in that it gives dihydro~P¢ionone {43) rather
than the bicyclie ether (21). The former is a useful

intermediate in the synthesis of monocyclofarnesol.31
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EXPERIMENTA AL

For general remarks, see Chapter I, Section I.

Materials

1. Sulfolane: The c?mmercial solvent was dried by passing
through a column of molecular sieves {3A). The material

was then distilled through a spinning band column. The
middle cut (85% yield) was collected and stored over molecular

siaves.

2. Nitromethane: The commercial solvent was purified as

b

Follouszjz It was washed thrice with a solution contailning

25 g. of NaHCO, and 25 g. of NaM50,oer liter, then with

3 3

vater, 5% H,50, aq, water, 5% NaHCO

294 ag and dried overnight

3

over Na,S0 then passed through a column of molecular sieves

2774

(3a) and distilled from a small amount of sieve powder.

3. Methane sulfonic acids The bench reanent {Fluka) was

ourified by distillation; b.p. 120-2°/0.7 mm.

4. Nafion Ht The super acid Nafion H29 was liberated from
its potassium salt, Nafion K (Du Pont) by washing with

Conc. HNO, and water and dried at 120° fror 6 h.

5. Citral (6): Lemon grass o0il was rectified twice and the

fraction eontaining D95% {(iLC) citral was used.



6. Geranic acid (g/g): Oxidation of citral with A92033

furnished geranic acid (8/9) in 94% yield; b.n. 112-6°/0.7 mm

33

(1it.”° b.p. 153°/11 mm).

H 3040-3500, 2660, 2580, 1690 cm™ ' ;

c=C 1640 cm™ 1.

IR {neat}: CN

N

PR (ccl,): cC=C Me,, 3H, singlets at 1.60, 1,68 oom;
sy, 1.92 ppm for cis~- and s, 2.16 ppm for trans-
iSomel‘; C:Cﬁ—-, 1H’ m’ 5o1 me; C;CH_—CD", 1H, S’ 5‘ 66 me;

cozﬁ, 14, bs, 12.75 ppm.

7, Methyl geraniate (39): GEsterification of geranic acid

with diazomethane gave methyl geraniate (39) in quantitative

3a

yield; b.p. 118-20°/15 mm (1it.”“ b.p. 117°/14 mm).

CH., 1730 cm“1; C=C 1660, 860 em .

IR (neat): CO,CHy

—

PMR (Cclé): C=CMe,, 3H, singlets at 1.62, 1.68 ppm; H"C=C~CHg,
dy 1.87 for cis- and d, 2.12 pom for trans-isomer,
J = 1.5 Hzgs OC&S, 34, s, 3.61 ppmjy C=CH, 1H, my, 5.7

ppm; C=CH-CO-, 1H, s, 5.6 ppm.

8- \-Tonone (17): condensation of acetone with citra.l in
35

prasence of NalOH ag gave QAionone (ljj in 857 yield;

35

bepe 120-2%/3 mm (1it.”> b.o. 124-6"/4 mm).

1 1

IR {neat): CO 1670 cm '; C=C 1630, 1590, 980 cm



PR (cCl,): C=C Me,

£=C-CH,» 3H, s, 1.93 ppmj; COCH,, 3H, s, 2.18 opm;

s 3Hy, singlets at 1.62, 1.70 ppm;

Cy-H, 1H, bm, 5.1 opm; C,-H and C_-H, 2H, m, 5.88-6-15 opm;

3
C4~ﬂ, THy my 7.15-7.5%1 opm.

5

9. &-Tonone (19): An authentic sample of ({~ionone uwas

poa;16 b.p. 78-80°/

prepared by cyclisation of Y-ionone with Ha

2 mm.

IR (Heat): CO 1670 em™ '3 c=c 1615, 980 om™ .

PMR (cc14): CMe,s 3H, singlets at D.88, 0.95 ppm; C=C-CH,

3H, sy 1.6 ppms CICH,, 3H, s, 2.18 ppm; C=CH, 1H, bs,

5.5 ppm; C=CH-C7-, 1H, m, 5.88-6.12 ppm; CH=CH-CO,

1H, m, 6.38"6. 68 D,Dmn

10, P-Ionone (1§): An authentic sample of p~ian0ne Was

. . . 12
14 1 ¥ »
precared by cyclisation of ?’1onone with HZSO4 in CHzﬁlZ,

2

b,Do 1QO"‘20/2 mm (lito1 bcpn 127"80/10 mm)o

TR (neat): CD 1670 cm '3 c=C 1615, 980 cm .

¢ CHe
PMR (CDClS) Che,,

BH, S, 2418 me; C=CL’{--CG"", 1‘?, d’ 6.1 me,

6Hy, s, 1.08 ppm; C=C-CL5, 34, 8, 1.68 nomg

[

oe

i

.....3’
1‘7 HZ; CH_::CH-CD", )}H, m’ 7.10"?040 ppmt

o
fi

11. neraniol (12): Commercial sample (Koch-Light) uas

purified by distillation.

(o]
D



12. fGeranyl acetate (11): Acetylation of geraniol with

Py/Ac,0 gave geranyl acetate (11) in 93% yisld; b.p. 110-4°/

36

10 mm (1it.”® b.p. 110-5%/10 mm).

IR (lig. film)s CO 1740 cm—1; C=C 1670, B3N cm"1.

PMR {(ccl ) =C-Me's, 34, singlets at 1.58, 1.65, 1.68 pom;

ICOCH 34, s, 1.95 pom; CEQDAC, 2H, d, 4.48 ppm,

3’
3 = 74z; (CH;), C=CH, TH, bs, 5.05 ppm; CH,-CH=C-, TH,

ty 5.3 ppmy, J = 7Hz,

13. Citral anils This was prepared from aniline and citral

according to the knoun7 method and used without further

purificatione.

t4. fGeranylacetone (20): Condensation of linalool with

methyl acetoacetate, according to the method of Carroll,37

37

gave 20 in 80% yield; b.p. 120-3°/ 10 mm {1it.”" b.p. 120-4%/

10 mm).

IR (lig. Film): €O 1710 cm” .

PMR (Ccl }: C=C-CHg%s 7, 3H, singlets at 1.60, 1.68, 1.60 opm;

£OcH 3H, s, 2.05 ppm; two olefinic protons, 2H, bm,

39
5.05 ppm,

15. Cyclic Pthylene aretal of qpranylacetone (az\ A mixture

of geranylacetone (1.9, 5 2 mmol), sthylpne glycol (0 64 q,

10.4 mmol} and PTS.H,0 (20 mg) was refluxed in dry benzene

for 6 h, With continuous removal of water. The reactlon

<n
[
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mixture was poured in water (50 ml) and extracted with ether.
The combined ether extracts were washed with 57 NaHCU3 aq

{10 m1), water (10 ml) and brine (10 ml) and dried (NaQSQa}.
Removal of solvent followed by distillation gave the acetal

42 as a colorless oil {1.98 g, 88%), b.o. 130% bath)/ 2 mm.

12 (lig. Film) (Fig. 1): C=C 1670, BE5, 835 cm .
]
o]

§
[s)
PMR (5Cl,) (Fig. 2)t Y- CHe s

34, s, 1.24 oom; C=C ﬂgz,

34, singlets at 1.60, 1.68 ppm; ?»U*CHZCHZ-?, 4H, s,

3.88 ppm; two olefinic protons, 2H, bm, 5.1 ppm.

Cyclisation of geranic acid (g/g).

feranic acid (3 g, N.N18 mole) was taken up in dry
.; P i { 2.‘”
CHLNO, (7.5 ml). MeS0,H (0.3 g, 3.7 mmol) in CHNO,, (2.5 ml)
was added slowly (0.5 h) and the mixture alloued to stir at
room temperature (NBUD) for 5 h, when solid o&cyclogeranic

acid (10) seoarated out. Excess CH.NO, was flashed off, the
concentrate uvas taken un in ether (10 ml), washed with water

{5 m1 x 2}, brine (5 ml1) and dried (NBZSDQ)' Removal of
solyent gave a solid (2.86 a, 964). This solid was recrysta-

llised from CHCIS/pet. ether to give o(-pyclogeranic acid {(10);

4

m.o. 105-6" (lit.” m.n. 105-8").

I® (nujol): CO_H 3070-3400, 2700, 2620, 1690 en™ 'y cec 1650,

2
820 Cm°1 .



PMR (8214): C-Me's, 3H, singlets at 0.96, 1.02 ppn;

C“C"\...__H__S

C=CH, 1H, bs, 5.55 opm, uh

Similar result uwas

=8Hz3

s 34, 8, 1.7 opm; CﬁpDZH, 1H, s, 2.54 npm;

COH, 1H, bs, 11.45 opm.

2

obtained with PTS.H_ 0.

2

Cyclisation of methyl geraniate (39).

Methyl geraniate was cyclised as described above to

give methyl O¢ocyclogeraniate {(40) in 96% yield; b.no. 95-100°

(bath)/%.5 mm.

IR {lig. film): CO.CH

273
PHR (cc1&): Che,, 34, singlets
34, s, 1.63 npm; CHCO,CH,,

OC&S, 34, sy, 3.63 opm; C =

Cyclisation 2f geranyl acetate

1735, 1235 cm

1; L= B25 cm~1.

at 0.91, 0.93 ppmj; C=C-CH,,

TH, bs, 2.52 ppm, Uh = 4,5 Hzs
CHy, 1H, bs, 5.51 opm, Uh = B Hz.
(11).

A solution of MeSOSH (0.085 g, 0.89 mmol) in nitromethane

(0.35 ml) was ad-ed dropuise to a solution of geranyl acetate

(11) (0.5 g, 2.6 mmol) in the same solvent (1.1 ml), being

stirred at -15°. The stirring

was continued at -15°% for 1 h.

Usual work-uo gave {-cycloneranyl acetate {(13) (0.25 g, 50%);

b 110—5°(bath)/a mm (1it.5 bop. 85-7°/1 mm).

17 (lig. film): OCICH, 1745, 1240 em 3

c=C 1640 cm™ .

13



PMR (ccla): CMe,, 3H, singlets at N.93, 0.97 ppm; C=C-CH;,
34, s, 1+74 noms UC?C&S, 3H, sy, T.97 ppm; Cizqnc, 2H, m,

4.9-4.15 pom; C=CH, 1H, bs, 5.43 ppm.

Cyclisation of Y-ionone (17)3

(i) Wwith MeSO4H: A solution of MeSO.H {0.5 gy 5.2 mmol) in

nitromethane (4,2 ml) was added dropwise to a stiTred and

cooled (-5%) solution of Y-ionone (1 g, 5.2 mmol) in nitro-
methane (2.2 ml) and the reaction mixture was keot at -5°
For 24 h. Usual work-up gave a colorless liguid (b.o. 119-5°

(bath)/4 mm} (0.6 g), which contained 67% (¢ and 12% p-ionane,

identified by co-injection on GLC (10% SE-30 on chromasorb U,

6', 170°, &1 ml/min) with authentic samoles.

(ii) With PPA: \y-Tonone (1.17 g, 6.1 mmol) in xylene (2.5 ml)
uas added dropuise to polyohosohoric acid (prepared by

dissolving 1.3 n of @205 in 0.65 ml of orthophosohoric acid)

at 20° with gstirring, Stirring was continued at room temoeratule
QVSDD) for 1 he The reactlon mixture was quenched with ice-

cold water and extracted with ether {10 ml x 3). The combined
ether extracts were washed with water (10 ml) and brine (10 ml)
and dried (NaZSQA}' Removal of solvent followed by distillation
gave ionene (0.637 g, 60%); b.p. 115-20%(bath) /19 mm (1it.3D

beo. 137-8°/10 mm).

UV (Fthanol): kmax 227,5 270 278 nm

€ 2740 1410 1440.
max



IR (lig. film): cC=C 1615, 1500, 820 cm’1; CMe,, 13 65,

PMR {CCl,): C-Me's, 6H, s, 1.24 opm; CH,CH,» 4H, my 1.
Ar—Cﬁg, SHy, sy 2.21 Dpmy Ar~CﬁQ, 2H, t, 2.66 opm, -
‘_] d 6 HZ; Al‘:ri, SH’ mg 6.7"7.?— DDmO

Cyclisation of gsranylacetona.

199

138% cm_q.

66 opmg

Methane sulphonic acid (0.5 g, 5.2 mmol) in nitromethane

(4.2 ml) was added to a stivred and cooled (-5°) solution of

gerany lacetone (1,01 q, 5.2 mmol) in nitromethane (2.2 ml).

O

The reaction mixture was keot at -5 for 24 h.

nave dihydro—p-ionone (43) (0.25

3 mm (lit.31 b.o. 60-42/9.2 mm).

-1

IR (lig. film) (Fig. 3): CO 1720 cm .

PMR (cc14) (Fig. 4): c-Me's, 64, s, 0.99 ppm; C=C-CY,

1.57 opm;s CUCﬁg, 34, s, 2.05 ppm.

The ketal 42 was cveclised with MeSDB% in MeNQZ

as dercribed above.

in 607 yield.

37

lsual work-un

g, 50% yield); b.o. 120-5%(bath)/

3H,

&
g

exactly

The oroduct was dihydra-ﬁ-ionane obtained
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