CHAPTER -4

PARTIAL SYNTHESIS OF WARSUPELLONE AND
MARSURPELLOL



Abstiract

The present Chapter describes nartial synthsesis

~

of ootical antipode of naturally occurring {+)-marsunellol

and (-)-marsupellone. Bass-catalyzed icomerization of (+)-
W ~-lonjininene enoxide and anota-axogenation of (r)-pklongi-
ninsne gave ootical antioade of {+)-marsunellol, nyridinium

calarscnaromate oxidation of which gave ontical antipode

of ‘-Y-marsusellone.



INTRODUCTTION

During investigations on terpene constituents of
liverworts, severzl enantiomeric sesquiteroencids, which
arg antinodal to those from higher plants, have been isolated

by Matsuo et al._1_4

From a methanol extract of Marsunellaz
emarginata (Ehrh.) Subsp. tubulosa (Steéh.) N, Kitag., three

new ent-longipinane tyse sesquiterpenoids, named (—)—marsuoellone
(1), {(r)-marsusellol (2) and (+)-acetoxymarsuoellone (3), were
isolated (Fig. 1). The structures and absolute configurations

of these compounds were determined by “thwe chemical and sanectral

. 5
evidencs,

{-)-Marsunellone {1) was isolatsd as a major constituent
of tne extract and the soesctrosconic svidence éhoued that the
compound was a tricyclic of,Bf~unsaturated sesguiternene ketone
naving a ketone groun in conjugation with an exocyclic

T4oumR soectrum of this ketane (1) had a close-

metnylena, The
resemblence to that of pinacarvanG,‘ a bicyclic &,pB-unsaturated
monotersane ketone, excent an additional tertiary methyl and
three normal methylenes. The !&one (1), when subjected to
hydrojenation over 5% 2d-C in ethanol falloued by LiflH,
reduction, furnished a saturated secondary alconol (4), which

was then treated with POCl, to give an unsaturated hydracarbon(8),



Fig., 1. New ent-longipninane tyoe sesquiterpsnoids
isolated from Marsupslla emarginata (Enrh),
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identified as {(-)-pl~longininene (§)1; the enantiomer of
(+)-t&-longioinene (39), based an coincidence of the spectral
data and specific rotqtian79 Thus the absolute configuration

of {-)-marsupellona (1) was determined.

(+)-Marsupellol (2) was isolated as a minor constituent
ungsez IR, 1%~VﬂR and mass spectra closely resembled with
those of (-)-marsunellons (1) and its reduced alconnl (4)
sugjecting that marsusellol would be a reduction oroduct (2)
of marsunellone {1). The Sarett oxidation (CrDS/Dyridine) of
the alcohol (2) provided an of yp-unsaturated ketone, uwhich

was identified with {-)-marsusellone (1) in the snectral

data and ontical rotation.

PRESENT WORK

Natical antipode of naturally occurring {(r)-marsunellol
was synthesized by twn indesendent routes, Thg first started
with (+)-x~longioinens énoxide (10) wnich on base-induced
eliminative onening of tne oxirane nave 11 in a manner similar

to that known forg-pinene eooxide (7) (described in

Chapter-1, Part I), Tne second route is based on onhoto-



H

oxygenation of (F)-&longininene (3).

W
I3

Base-catalyzed isomerization of {+)-gi-longicinene esonxide,

The formation of trans-ninocarvenl {8), as the major

oroduct 2f base-catalyzed isomerizationm of w®-oinene axide (7)

ir discussad earlier (Chapter-1, Part-I). Aoolying similar
conditions, {+)-x-longininene epoxide (10) on base-catalyzed
isomerizatiaon using DM50-KJ4 gave (-)-marsupellol {11) as

the major product {8p-85%, L

H-NMR) alongwith minor amount of
unuanted 3%-allylic aleshol (12) (15-20%, 'H-AMR).
Dyridinium cnlorochromate8 oxidation and subsequent

chromatography of the above mixture gave nure marsunellone

(13) (Fig. 2).

Photooxygenation of (+)-w-longipinene (£ ). Reaction of

singlet oxygen with mono-olefins having an allylic hydrogen
available produces allylic hydfgperoxide in which the
double bond has migratedg. Further studies have revealed
that thes trensition state for ghmta—ogygenation is reactant-
like and tnat steric effects largely determine the
reaction crnurse.qq’11
Regaerdless aof the nature of the mechanism, photo-
induced hydrooeroxidation af both «-2inene (6) and (“}—X*

langininene (9) formaflly involve C=D bond making either at



HO e,

i

13 12.

Reagents: 1) DMSO-KIH
\ ii) hv
_1ii) Pyridinium chlorochromate

Fig. 2. ®Partial synthesis of Marsupellone and
Marsupsllol.



C{2) or C(3) with associated hydrogen abstraction
eitnar at C{4) or C(10); these processes pass through,
wnat are called, the enclinal and ectnclinal modes$
resnectively. Moreover, as each mode has exo and endo

sides, sinqglet oxygen attacks the allylic moiety in

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

Dartitioning of oxygen attack betuween these modes
wWwill denend on tne relative imnoftance nf electronic,
stereoelectranic and steric factors in the transition
states corresnanding to each mode. It has been alkeady
amoly demonstrated that C-0 bond making is sensitive to
steric Hindrance,11’13’14 whereas ease af ragoturs of the
allylic C-4 band denends on its orientation with respect
toc the double bond. When g-Moverlap is good, abstraction
by =singlet oxyagen of allylic hydrogen is easij’WS. in
cinfarmationally free cyclohexene derivatives, which exist
npreferentially in unemncumbered half-chair configurations,
thz guesi-axial allylic hydrogen is abstracted some tnrce
times more easily than guasi-equatarial hydrogen by singlet

1 .
OXYy 100, 0 : ,

4%TD avoid ambiguity with the terms ex0 and endo commonly
eanloyed witn bridged bicyclic olafins, the orefixes gcto
and en have been chosen to designate olacement of the
daublo bond or the attacking reagent with rasnect to the
outzide or inside of the ring.
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ECTOCLINAL

ENCLINAL

-Scheme 1. Modss of attack by singlet oxyjen and (+)- -longi-
pinene,
1) Exo-ectoclinel, II) exo-enclinal,
ITI) sndo-ectoclinal and IV) endo-enclinal.

N . HO':,'
\“‘ l
O, E— 4
LF? R
- H
A 10 14
. +
Reagents: 1) Lithium-ethylene
diamine
HO",“
15

!

Scheme 2. Reduction-products of (+)-&-longipinene esoxide.

Fig. 3,
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In (+)-®~longipinene (3) and X-oinens. (B) as well,
the cyclohexane moiety is teld flat by the gem-dialkyl-
methylene bridge.TS Conseqguently, stereoelectronic
arefgrencaes saringing from axiality of the rting allylic
C~-4 bond should be effectively suppressed. ‘iowever, the
c{12) métﬂyl grouyn Wwill be unaffected and its C-' bonds
will be able to adont tne best ovserlap nsossible with the
double bond., The oronortion of octoclinal to clearly
reflects the paramouncy of the stereoclectronic factor,

It mijht also.be argued tnat favouring of ectkpclinal mode
could be duz to the switchinn of the double bond out of
wnat is tantamount to a cyclooentene ting to the thermo-
dynamically more favourable ectocyclic nosition., The
overwisling dinositisnh for the exp-ectoclinal mode demon-
strates that stearic and stareoelectronic effects work

togetner and simalteneously in the transition state.

Fivally, photooxygenatinn of (r)-s&longininene
(9) was carried out in acetonitrile-methanol using
Rosz Bengal as sensitizer and a 500 W tungston lamp as
light saurce. The nydronaroxide so agbtained was raduced

with sodium borahydeide in methanol, 2 to Purnish



g - 209

(-)-marsunellaol as tne 2xclusive produrt along with
unreacted olefin (Fij. 2). ({-Y-Marsunellol {11) was

further nurifiad by chitomatojranhy ovar Siﬂz~gel/ftﬂ.

"n additipn to this, ootical antinode (14) of
* 7 S5a
saturetad sacondary alconal {4) was arenared by
reductive clevaje of {+)-w-lorgininene eraxide (10)
{(Fig., 3). xnosure of (+V-tlonginineie esoxide (10)
17,18

to Vitnium-a2taylenn diamine rery.ted in a nroduct

consizting of {14) as the major nroduct wnich is gntical
andinade aof (4) and miasr amaunt of {rY-longiniranal (15)

along uith treces of unidentified wwydrocarbon (Fig., 2)



EXOERIMENTAL

For gensral remarks see ng. No, 1.

Tsomerization of {+)-longininene spoxide {(10)

A solution of X7 nouder (7.28 g, 7.705 mole) 'in dry
DMSO {4 ml) was premared by stirring it at 29° (30 mins)
ynder dry conditioans, (%}~u~Longiainene enoxide (1&, 1.15 g,
0.0055 maole) was then added at R,T. The contents of the
flask were stirred at 130 + 3% for 6 hr, and TLC (solvent:
154 EtnAc in toluene) indicated essentially comnlete
convarsion. The reaction mixture was then diluted with
water (5 ml) and extracted with light pet. (25 ml x 3%.
After the usual work-up 1.%42’9 of crude product (79.3%)
obtainad was distilled to Ffurnish distillate (n.926 3, 51.377,

b.o. 10%3-117°/2 mm) ts ba a mixture of 11 (85-97%) and 12

(10-157), shown by @ H-'mR

Dhataaxyjenation of (v} -x-longioinene (3)

In a tynical exneriment, a vigorously stirred calution
af an accurately weijned sample of (+)-gtlongininene (9,
1.5 3, 0.0974 mole) and Rose Beagal (170 mg) in acetonitrile-

methanaol (67 = 17 ml) was irradiated under an atmospnhere of



oxygen using 590 W Tungston lamp. Absvrptibn decreased
sharnly as tne uptake of the theoritical amount of

oxygel was asoroached (75 nhr), when TLC (salvent: 15%

EtdAc in toluene) indicated maximum conversion. At this
point, irradiatinan was stonoed and the resulting solution
of hydroperaxices was reduced by adding a solution of
oxcess of sodium bornwydride (409 mg, 7.011 mole) in dry
metnanol {20 ml1) wnile stirring at g°C. Affer 2 hr

snlvent was rem>ivad and the residue was taken un in water
(60 ml). The product was extracted with sther (20 ml x 4),
Thne crudé product (f.?Z gm) obtained after usual wark-up
was chromatonraphed (8182 gel/IIA, 1.7 x 33 cm) uhere the
eluznt {2-4% FinAc in light pet., 50 ml x 5) eluted GLC
nure marsuoella} (11, 1.09 gm, 66.466 yield). ®SAysical properties
and soectral data were comnarsd with re{aorted5 vaiues

{Table-1, Fig. 4).

Pyridinium chlorncnromate oxidation of (-)-marsunellol{11)

To the solution of (-)-marsupellol {11, .286 gm, 0.9073 mole)
in dichlorometnane {15 ml, dry), was added oyridinium
chlorocnromate {(.730 am, 0.0032 mole) at 25% .in portions,
After 3 nr of stirring, the dark red mixture was filtered

through a colunn (Sif,5/IIA, 1.7 x 10 cm) and the calumn

was wasned with dry ether {90 ml). The combined organic



212

salution was distilled under reducF?hpressure (1@D mm)

to lzave behind {(0.271 gm, 95.1%£Fru52 product} which

was chromatographed (SiDZG/IIA, 1.7 x 15 em); 1% EtoAc

in light pet., {50 ml x 3) eluted pure massupellaone (0.134
gm, 47%)., Physical and spectral data were compared with
the values reportadS (Table-2, Fig. 5).

N

Reduction of (+)-¢-longininene epoxide (10)

To a mixture of 10 {2.75 g, 0.0{25 mole) aﬁd dry
etaylenediamine (15 ml), maintained at 50-55° (v,), Ui
(2.0 gm, 0.288 g, atoms; small piecas) was oortionuise,
introduced with stirring during 4 hr. At the end, the
blue mixture was cooled (ice), crushed ice { 159 gr)
added and the product taken uo in ether (53 ml x 4) after
saturating aguenus ohase with saodium chloride, The ether
ohase after usual work-up gave the crude product (2,366 gm)
was saown by TLC(SDlVeWt,‘7§% £tnAc in toluene) to bz a
mixture of two components along with some trace of hydracarbans,
The above oroduct (2.5 gm) was chromatographed over AlZDZ/III
(75 gm, 1.7 x 33 cms) with TLC (solvent; 15%‘Et5&c in toluene)
monitoring of fractions obtained with light oet. and light

pet. containing increasing quantitieé of EtoAc (1-10%) and



finally with EtgAc., Differant fractions were further

nraocassad as follouws,

dydrocarbons: The material (0.26¢, 10.4%) eluted with

light petrolsum (107 ml x 2) was essentially a mnixture of

tne nydrocarbons, nat iiwsestigated,

Lonaininanial {15): Tne material (n.5463 gm,21.6%, viscous

¢rlourless liquid) eluted with 1-2% E£ta4c in light pet.
W
wes crystallized in acetanitrile (tifTation) at 0-5°C,

whicn was identifi=d as (r)-longioinanael (15).

Secondary alcohol (14): The material {1.555 g, 62.2%, uhite

solid) eluted with 2-19% EtQAc in lignt pet. was crystallized
in ligqnt pet., which was identified as ontical antinnde

of tne kaown saturated secondary aleconal (4). The nhycical
and =p3ctral data of hotn (15) and {14) were comnarad with

rauorted” velues (Table-3 and 4, Fig, 6 & 7),
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Table-1: COMPARISON 9F THE 2HYSICAL CHARACTERISTICS.
AND SPECTRAL PROPERTIES OF THE (-)-MARSU-
PILLAL (11) WITH THAT OF (+)-MARSUPELLOL (2)

Sr.No Properties
— (~)-Marsunellol (+)-Marsupellol ®
1. MaeDoa 56-57° ail
20 [o]p 147 Clgp0 3. 4%) (3.4 (O, 2, 1.348)
3. 4-WMR (Fig.a) (14, d, 4.47 npm, 1 = 7.0 “2)
" -CHANH{14,d, 4.36 pom, \ )
3= 8.0 47) (14, each br,s, 4,79 and

-C=C4, (14 each br.s, 4.69 and 4.95 oom)

4,86 npm), (34, s, D.62 opm)
Me-C {34,s, N.58 npm) (64, s. 0.392 opm)

764, s, 1,991 opm)

4, IR{KBT)(Fig.4): 1590, 3435, 3950, 1642

3299, 3260, 3076, 1657,  and 893 om”
1381, 1369, 351 and 990 cm”

Fig. 4.
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COAMDATTISIN JF THE 2{YSTLAL CHARACTERTSTIUS
AND SPEICTRAL PRIDERTILS OF T4§ MARSHP ZLLONE
{

(-V-Marsunellone(])

Table 2:
13) and (=)-MA3SUPELLINE (1)
r. o, Droperties
marsupellone (13)
1. 3.0, oil

2. [{] ., nnt ecasily detected

3. =R (Fig, 10)

=C 1, {14 eacn,d, 4,23 and
7

anm, ] = 2,7 4z)

o

-C=n{21,dd,2.52 o2om,

7 =8 and 3 1z)
Me-C(31, 5, °.766 pnpm)

{61, 5, N.322 oam),

matnines {11, s, 1.36 nopm)

(11, samnlex, 2.2

(14, d, 2.33, 1 =
’ ’

4, T (Fig. 11): 2972, 1709,

-1
1622, 1413 and 933 cm

|

ig. 5

0il

-1.94 (Col,, ¢, 7.5

'3’ ?

(14 eacn, d, 4.1 and 5.77

pom, J = 1.5 Hz)

(21, camolex, 2,43 onnm)

(34, s, 0.76 npm)

(64, s, 7.72 anm)

(14, s, 1.%4 opm)

nom) (14, dt, 2.24 apm, 1 = 5,5
1z

and 3.0 17)
(14, dy, 2.77,7 = 6.5 +47)

3718, 1717, 1637, 1415,

-1
and 935 cm



Table 3,
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COMPARTISON OF THE P {YSICAL CHARALT £¢ISTIUS
AID SPECTRAL DRINERTIES OF THE (+#)-LON

%5!3]'\1‘&“\!?{.

(15) WITH THAT OF ITS ORTICAL ANTIPUDE

20

[

1

3. 4~ NMR

Oraperties

(*)-tonqininanal {15)

85-86,5°C
50 (CH1,,c, 1.6%)

ﬂng{31, s, N.83 nam)

(64, .7.910 ppm)

Me-C-14 (24,

IR K4
1457,

1092,

1.27 oom)

By

r): 2460-3401, 1471,
1381, 1363, 1167,

-1
321, 309 and 888 cm

Fig. 6

(-)—Longioinan0119
82.5-83°C
-3N

(34, s, 0.9 bpm)
(64, s. 2.70 npm) "~

(34, s, 1.35 apm)

3379, 1385, 1364, 1165,

1088, 990, 973, 120

and 885 cm-1



(1&} WITH THAT F ITS IPTICAL ANTIRODE

Pronerties

Table 4, COMPARISTY
AUD SPELTRAL
Sr.iNa. 2%-Alecshol (14)
1
1. Mo 1M8-179°C
2. (é(]n f 16,3470 Rl,,0,1.97)
3. Vasarenand (11, m, %.95
pom)
2% metayl (24, dy 1.14 nnom
1= 7.9 1i7)
Ms-C (214, s, 7.79 oom)
4, IR (K3r): 335753220, 3005,

Fig.

1472, 14573, 1379, 13610,
1275, 1139, 1016, 3990 and
-1
148 cm
7

2°-alcnhol (ﬁ\s

113.5-114.5°C

O e -
~46,97(C €1, ©, .

14, td, 4.32nom, 1 =

and 5.0 iz)

(24, d, 1.95 opm,

164, 8,7.97 nnm)

{34, s, 1.013 nnom)

3830 and 3450 cm

1

ar THE 84YSICAL C%ARA%TE”I%TICS
ORIPERTIES OF TAHE 27-ALCD IOL

217

s47Y,
17.0
T = 7,.942)
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