
CHAPTER - 4

PARTIAL SYNTHESIS OF KARSUPELLONE AND 

(SjARSUPELLOL
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Abstract

The present Chapter describes cartial synthesis 

\of oqtical antipode of naturally occurring (+)-marsuoellol 

and (-)-rnarsuoellone. 8ase-catalyzed isomerization of C+T ~ 

qC-longioinene eooxide and pnoto-oxogenntion of (O -ot longi- 

oinene gave ootical antioode of ( *-) -marsun el lo l, nyririinium 

cnlorocnromata oxidation of u'lich gave ontical antipode 

of '-)-rnarsuoellone.
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INTRODUCTION

During investigations on terpene constituents of 

liveruorts, several enantiomeric sesquiteroenoids, which 

are antipodal to those from higher plants, have 'been isolated 
by Matsuo et al.^ From a methanol extract of Marsuoella 

emarqinata (Ehrh.) Subso. tubuiosa (Steoh.) N. Kitag., three 

neu ent-lonqipinane type sesquiterpenoids, named (-)-marsuoel lone 

(l_) , (i-}-marsuaellol (2) 'and ( + )-acetoxymarsuDellone (3_) , were 

isolated (Fig. 1). The structures and absolute configurations 

of these comoounds were determined byvths chemical and soectral 
evidenced

{-)-Marsuoel lone (l_) was isolated as a major constituent 

of tne extract and the soectroscooic evidence shoued that the 
compound was a tricy clic o<, p-unsaturat ed sesquiteroans ketone 

Having a ketone grouo in conjugation with an exacyclic
-jmetnylens. The d-NMF? soectrum of this ketone (l_) had a close-

6 'rssemblence to that of pinocarvone , a bicyclic o(, j3-unsaturated 

monoteroene ketone, exceot an additional tertiary methyl and 
three normal methylenes. The td;one (j_) , when subjected to 

hydrogenation over 5% °d-C in ethanol folloued by LiAld^. 

reduction, furnished a saturated secondary alcohol (4), which 

was then treated with POCl^ to give an unsaturated hydncarbon(5) ,
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'•A ‘

identified as (-)-ot-langisinanb (5_) the enantiomer of

( + )-O^-longioinBine (9) , based on coincidence of the spectral

7data and specific rotation P Thus the absolute configuration 

of (-)-marsup el lone (l_) was determined.

(■*•)-Plarsupellol (2) was isolated as a minor constituent 

1unoss IR, l-MTR and mass spectra closely resembled with 

those of (~)-marsuoellone (1_) and its reduced alcohol (£) 

suggesting that marsuoellol would be a reduction oroduct (2_) 

of marsuoellone (l_) . The Sarett oxidation (CrO^/oyridine) of 

the alcohol (2_) provided an oC ,/3-unsaturated ketone, which 

uas identified with (-)-marsuoellone (l_) in tfie soectral 

data and ootical rotation.

PRESENT UDRK

Ootical antioode of naturally occurring (f)-marsuosilol 

uas synthesized by tuo independent routes. The first started 

with (+)-of-lo.ngioinens enoxide (1Q) u.oich on base-induced 

eliminative ooening of tne oxirane gave 1_1_ in a manner similar 

to that known for cK-oi.nene eooxide (7_) (described in 

Chapter-1, nart I). Tne second route is based on ohoto-



oxygenation of (**) -'oblongipinene (9).

Base-catalyzed isomerization of (-Q ~o& long in inens epoxide.

The formation of trans-oinocarveol (8_) , as the major

oroduct of base-catalyzed isomerization of 9<-pinene oxide (?)
is discussed earlier (Chapter-1, Part-I). Aoolying similar

conditions, ( + )-(X-long ipinene epoxide (1Q) on base-catalyzed

isomerization using D^SO-KOM gave (-)-marsuosllol (1 1) as
‘ <the major product (BD-85^, H-'liHRj alonguith minor amount of

unwanted 3°-allylic alcohol (12) (15-2C#, 1H-:#1R).

8Pyridinium cnlorochromate oxidation and subsequent 

chromatography of the above mixture gave nure marsuoellone 
(13) (Fig. 2).

Photooxyqenation of (r)-^-lonqipinene (%.) . Reaction of

singlet oxygen with mono-olefins having’ an allylic hydrogen

available produces allylic hydroperoxide in uhich the
9double bond has migrated . Further studies have revealed 

that the transition state for onoto-oxygenation is reactant

like and tnat steric effects largely determine the'
in 11reaction course. ’

Regardless of the nature of the mech-anism, ohoto- 
induced hy drooeroxidat ion of both o^-oinene (6) and (»*)-o(- 
lonqinine.ne (9) forma/lly involve C--Q bond making either at
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Reagents: i) DfORO-KTH
< ii) hu

iii) Pyridinium chlorochromate

Fig. 2. Partial synthesis of flarsup si lone and 
flarsupellol.
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C(2) or C(3) uith associated hydrogen abstraction 

eitner at C(4) or C(10); these processes pass through, 

wnat are called, the enclinal and ectoclinal modes 

resoectiuely. Moreover, as each mode has exo and endo 

sides, singlet oxygen attacks the'allylic moiety in 

four modes (Fig. 3),(Scheme-1).

Partitioning of oxygen attack between these modes

uill deoend on tne relative importance of electronic,

stereos1 setraoIc and steric factors in the transition

states corresponding to each mode. It has been already

amoly demonstrated that C-0 bond making is sensitive to
111314steric hindrance, ’ * whereas ease of rooture of the

allylic C-H bond depends oh its orientation uith resoect

to the double bond. When vr-1^ overlap is good, abstraction
13 15by singlet oxygen of allylic hydrogen is easy ’ , In

c -informational ly free cyclohexene derivatives, which exist

oreferentially in unencumbered half-chair configurations,

the quesi-axial allylic hydrogen is abstracted some tnroe

times more easily than quasi-equatarial hydrogen by singlet 
1 0

oxygen.

To avoid ambiguity with the terms exo and endo commonly 
e.rioloyed wito bridged bicyclic olefins., the orefixss seto 
and eri have been chosen to designate olacement of the 
double bond or the attacking reagent with resoect to the 
outside or inside of the ring.
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Scheme 1. Wades of attack by singlet oxygen and ( + )- -longi- 
pinene.
I) Exo-ectoclinal, II) exo-enclinal,

III) endo-ectoclinal and IV) endo-encllnal.

Reagents; I) Lithium-ethylene 
diamine

4-

)

Scheme 2* Reduction-products of (+•) -C-longipinens eooxide.

Fig. 3.



In ( + )-oC-longipinene (9.) and K-oinens, (_6) as well,

the cyclohexane moiaty is held flat by the qam-dialky1-
1 6methylsna bridge. Consequently, stereoelectronic 

preferences scringing from axiality of the ring allylic 
C-H bond should be effectively suppressed. However, the 
C(1Q) mstnyl grouo will be unaffected and its C-H bonds 

will be able to adoot tne best ovarian oossible with the 
double bond. The orooortion of ectoclinal to clearly 
reflects the oaramouncy of the stereoelectronic factor.
It might also.be argued tnat favouring of ect^bclinal mode 

could be due to the switching of the double bond out of 
wnat is tantamount to a cycloosntene ring to the thermo
dynamically more favourable ectocyclic oosition. The 
overw'ieling dioosition for the exo-ectoclinal mode demon
strates that stearic and stereoelectronic effects work 
toqetner and simaIteneously in the transition state.

Finally, ohotooxy genation of (r) -e^-longioinans
(9) was carried out in acetonitrile-methanol using

Rosa Bengal as sensitizer and a 500 U tungsten lamp as
light source. The Hydroperoxide so obtained was reduced

1 2with sodium borohydride in methanol, to furnish



(-)-Tarsunel lol as tn? exclusive oroduot along with 

unreacted olefin (Fig. 2), (-)-flarsunellol (11) was

further our if i ad by c iromato graphy over /1IA •

fn addition to this, ootical antioode,(14) of 

saturated secondary alcohol (4) was orepared by 

reductive clevags of (-)-o(- long io inane enoxide (1 fl)

(Fig. 3). Fxnosurg of (t1 - c<- long j oinene eooxide (1 Q)
i -> 'i pto i i tn i un-atny1 onn diamine ’’ ' resulted in a nroduct

consisting of (14) as the major oroduct wnich is ootical 

andinoris nf (4) and minor amount of (t-1 - 1 ong i o i lano l (15) 

alo'^g uith traces of unidentified hydrocarbon (Fig. 3) 
(Scheme-2).



EX°ER IMEMT AL

For go.isral remarks see og. !Mo.'"71- 

Isomerizatim of (r)-longio inene eooxide (10)

ft solution of Kr)0 nouder (0.28 q, 0.205 mole)" -in dry 
Df'BO (4 ml) uas prsn'ared by stirring it at 00° ('30 mins) 

under dry conditions. (‘-) -(X-Longi3inene eooxide (10, 1.15 g, 

0.0055 mole) uas then added at R.T. The contents of the 
flask were stirred at 130 + 3° for 6 hr, and TIC (solvent:

15% EtOftc in toluene) indicated essentially complete 

conversion. The reaction mixture uas then diluted uith

uater (5 ml) and extracted uith light net. (?5 ml x 3'.
fAfter the usual uork-up 1.142 g of crude product (19,5%) 

obtained uas distilled to furnish distillate (0.926 g, 00-., 
b.o. 1n3-107°/2 mm) to be a mixture of 1_1_ (85—9J?) and 1_2_
(10-15-), shoun by 1H-'-]f'|R , ■

oh ot oo xy gen at ion of ( r) long ioinene (2)

In a typical experiment, a vigorously stirred solution 

of an accurately ueigned sample of (+-)1 ongj ninena (2,

1.5 g, n.,gq74 mole) and Rose Bengal (100 mg) in acetonitrile- 

methanol (60 - 10 ml) uas irradiated under an atmosohere of
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oxygen using 500 W Tungston lamp. Absorption decreased 

sharply as tne uptake of the theoritical amount of 

oxygen uas aooroached (?5 hr), when TLC (solvent: 15%

EtgAc in toluene) indicated maximum conversion. At this 

ooint, irradiation uas stonoed and the resulting solution 

of hydrooeroxioes uas reduced by adding a solution of 

excess of sodium bomydride (400 mg, 1.011 mole) in dry 

methanol (20 ml) unile stirring at 0°C. After 2 hr 

solvent uas removed and the residue uas taken up in water 

(60 ml). The product uas extracted uith ether (20 ml x 4).

Tne crude product (1.73 gm) obtained after usual uork-up

uas chromatographed (Si02 gel/lIA, 1.7' x 33' cm) where the

eluent (2-4% EtOAc in light oet., 50 ml x 5) eluted GLC

oure marsuoellol (11, 1.09 gm, 66.46% yield). Physical oroperties

and soectral data uers compared uith reported3 values

(table-1, Fig. 4).

Pyridioiun ch lorocnromate oxidation of (-)-marsuoellol(ll)

To the solution of (-) -marsupellol '(l_1_, .296 gm, 0.0013 mole)

in di chloromethane (15 ml, dry), uas .added nyridihium 

chlorocnromate (.700 gm, 0.0032 mole) at 25°c in portions.

After 9 nr of stirring, the dark red mixture uas filtered 

through a column 1*2 x 10 cm) and the column

uas uasned uith dry ether (90 ml). The combined organic
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solution was distilled under reduced pressure (100 mm)
o :f 1 h e

to leave behind (0.271 gm, 95.1$)crude product'- uhich
A

was chromatographed (Sif^S/HA, 1.7 x 15 cm); 1% EtOAc 
in light pet. (50 ml x 3) eluted pure maBsupellone (0.134 
gm, 47$) . Physical and spectral data were compared with 
the values reported'’ (Table-2, Fig. 5).

Reduction of (+•) -o<-longioinene epoxide (10)

To a mixture of IJD (2.75 g, 0.0125 mole) and dry 
ethylsnediamine (15 ml), maintained at 50-55° (.M2), Li 

(2.0 gm, 0.288 g, atoms; small oieces) uas oortionuise,

introduced with stirring during 4 hr. At the end, the 
blue mixture uas cooled (ice), crushed ice ( 150 gr) 
added and the product taken uo in ether (50 ml x 4) after 

saturating aqueous ohase with sodium chloride. The ether 
ohase after usual uork-up gave the crude product (2.866 gm) 
uas snoun by TLC(solveot, 15$ EtOAc in toluene) to be a 
mixture of two comDonents along with some trace of hydrocarbons. 
The above oroduct (2.5 gm) uas chromatographed over R1^0^/III 
(75 gm, 1.7 x 33 cms) with TLC (solvent: 15$ EtQft^c in toluene) 

monitoring of fractions obtained uith light oet, and light 
pet. containing increasing quantities of EtOAc (1-10$) and
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finally with EtQAc. Different fractions were further 

processed as follows.

Hydrocarbons: The material (0.265, 10.4%) eluted with 

light petroleum (100 ml x 2) was essentially a mixture of 

tie nydrocarbons, not investigated.

Long io loan o 1 (1,5): Tne material (n.5463 gm,2"i.8%, viscous 

colourless liquid) eluted with 1-2% EtOAc in light pet.
. tL q

was crystallized in acstnnitrile (titration) at 0-5 C, 

which was identified as (*-)-longioinanel (1 5) .

Secondary alcohol (1_4) : The material (1 .555 g, 62.2%, white 

solid) eluted with 2-10% EtOAc in lignt pet. was crystallized 

in lignt pet., which was identified as ontical antinnde 

of tne known saturated secondary aiconol (4). The nhvnical 

and '-'oectral data of botn (15) and (14) were cmoarsri uith 

reoorted3 values (Tab!e-3 and 4, Fig. 6 & 7) .
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Table-1: COMPARISON OF HE PHYSICAL CHARACTERISTICS.
AND SPECTRAL PROPERTIES OF THE (-)-MARSIJ- 
PELLOL (ijJ UITH HAT OF (t) -MARSUP ELLOL (2)

Sr.No. Properties
(-)-lvlarsuoellol (*) -Marsuoel lol :-

1. m.D. 56-57° oil

2, jy]D -14.7(C€l3,c 3.4t)

3. 1H-NMR (Fig.A)

' -CHQH(1 H,d, 4.3 6 pom,
0 = 8.0 Hz)

-C-C^OH each br.s, 4.69 

4.86 opm).

Fle-C (3H,s, 0.58 opm)

(6M, o, opm)

M3.4 (C HC 1^ , c, 1 . 3 41&)

(1 H, d, 4.47 npm, 0 - 7.0 

(1H, each br,s, 4.78 and

and 4’95 Dom)

(3 H, s , 0.62 opm)

(6H, s. 0.92 npm)

4. IR(KBr) (Fig.^H: 3590, 3435, 3050, 1 642

3 3q 0, 3260, 3086, 1 650, ‘ and 893 cm"1,

1381 , 13 69, 951 and 900 cm"1

Hzl

Fig. 4.
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Table 2; <2 H^AO ISOM OF THE °HY8TuAL C HAO ACT Zq TFT OHS
A YD ‘’PTCTRal PR-1PFRTILS OF T H£ (HAT SUF> ELLO \] E 
(13) and (-) -CATSUP ELLOME (l_) b

1 I "i • il *J *
Prooerties

"larsunsl Inns (1 3) (-1 -f1arsu3 8llone(l_)

1 . 8. a oil oil

2- M 3 easily detected -1 .94 (C Cl3, c, 3,5^)

3.

4.

1- \P1R (Fig, n^I

-C-CJ^ (19 eacn,d,4»G0 and 

5.83 nom,_1 - 2.0 Hz)

(1 1 eacn, d, 4.°1 and 5.77 

oom, 3 ~ 1.5 Hz)

C (2 ), dd, 2.52 oom, (2 I, comnlsx, 2.48 oom)
1 - 8 and 3 1-z)

Ma-':(3H, s, 1-1.7 56 ppm) (3H, **» 0.76 opm)

(6H, o, 0.933 oom) . (6H, s, 0.92 mm)

’stnines (1 i, s, 1.3 6 com) (19, s, 1 .3 4, oom)

(1 <, complex, 2.3 oom) (1 ^ dt, 2,24 opm, 8 - 6
(1 -i, d, 2.83, 1 - 6.5 Hz)

and 3.0 iz)
(19, 9, 2. 77,1 - 6.5 -Izl

IT (Fig. 11); 2032,

1 62 5 7

1 709,
-1

cm

30 1 5, 1 7 1 0, 1 63 0, 14 1 5, 

-1

F ig 5

1413 and 933 and 035 cm
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Table 3. CASPAR ISOM OF THE D 1YSICAL CHARACTERISTICS
A 'ID SPECTRAL PROPERTIES OF T 1E ( O-L0M2IP IMA M 11 
(15) UITH HAT OF ITS OPTICAL AMTJOODE

3r oosrties

Sr. 'lb. (t)-Longioinane 1 (15) 1 9(-)- Longioinano1

1 . m. o . 85-36.5°C 82.5-83 °C

2. KJ D + 50 (0 Clvc, 1 . -50

3 . 1 -1-Mr*lR F'1e-C(3 1, s, 0.8 9 pom) (3 1, s, 0.9 ppm)

(61, s .0.90 ppm) ( 6'1, s . 0.90 npm)

Mg-C-'J H (3 1, s, 1.27 pom) (3-1, s, 1 .35 opm)

4. IR 'KBr): 3460-3401 , 1 471 , 

1450, 13^1, 1363, 1160,

1092, 921, 300 and 888 cm”

3370, 1385, 1363, 1 1 65, 

1098, 900, 979, ">20 

and 38b cm

Fig. 6
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Table 4. COODftRISOM OF HE PHYSICAL C OAR ACT E° 1ST ICS 
AMD Sn LOTS AL ^RJ'PERTILS OF T IE 23-ALC0 10L 

(11) UIT 1 T HAT IF ITS OPTICAL AMTIPOOE

Prooertj.es
ir. No. 2°-fllc3hol (14)

1 . m.o. 103-109 C

23-Alcohol (4V

113.5-114.5UC

2. [V]n *■ 1 6.3 4'L ICI3,c,1 .«[*) -4f;.9°(C £1,, c, -’.04'!.

3. 1 0-0-IF.: DOOM (1 I, m, 3.95 (1H, td, 4.32nom, 0 - 10.

pom) and 5.0 iz)

2°-mstnyl (30, d, 1.14 nom (30, d, 1.05 ppm, 1 -= ? 

3 = 7.0 1?)

le-C (9 1, s, 0.90 pom) (61, s^.O? onm)

(3 0, s, 1 .03 onm)

4. IR (K3r): 3359T3?2Q, 3003, 3 530 and 3450 cm"1

1 472, 1 459, 1379, 13 50,

1275, 103°, 101 6, 990 and
-1

943 cm

0

.0 0?)

Fig. 7
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