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SYNTHESIS OF BISABOL-10-ENE-3,7-OXIDE
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ABSTRACT: The synthesis of bisabol-10-ene-3,7-oxide was accomplished using as
the key intermediate a radical obtained in the reduction of an organomer-
curic compound, and starting either from limonene or /-terpineol.

Introduction: Bisabolenes (1) are sesquiterpenes frequently found in plants as secondary (2)
metabolites. Many of them present pharmacologic activity, they can be antiinflamatory, spasmoly-
tic, antiphlwgistic and cosmetic or they could be useful in other ways, such as Lernandulcine, a
thousand times sweeter than sucrose (3). We, and others (4) have 1solated a new bisabolene whose
spectroscopic properties suggest that it is bisabol-1C-ene-3,7-oxide 1. However, only spectrosco-
pics evidence supports this structure, and no X-ray analysis can be carried out because it an oily

subgtance . These facts encouraged us to work out the synthesis of this rovel compourd.

Our first strategy started from -terpineol 2. We hoped that treatment of the terminal double
bond of this compound with the right electrophiles (5) such as I,, PhSCl or Hg(OAc), could induce
the intramolecular attack of the oxygen atom yieldirg the necessary oxide bridge. ;j-terpineol was
obtained using the procedure by Mestres (6) epoxydizing limoncne 3 with peracetic acid (scheme I).
The axial alcohol obtained in the re- Scheme |

duction with LiAIH‘ shows the necessa- 0 oM

ry cis relationship with the propyl

substituent carrying the double bond. CHyCO00H LIRIH,

Howaver, after treatment of X-terpi- I
neol with the afore mentioned electro-
philes, in no case could an oxygen in- x> x> N
tramolecular attack be obtained. Wwhen = 2

iodine was used, the result was complex mixtures; in no case did we achieve either the opening of

the T-complex by other nucleophiles or the desired oxygen bridge (scheme II).
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We found this behavior surprising, because limonene 3 {tself can undergo intramolecular oxygen

bridging easily when treated with Hq(OAc)z, followed by reduction with NaBH,, as was already

known (7). The explanation must be that an Q-terpineol 4, intermediate is what produces the

intramolecular bridge (scheme 1II).

Scheme 11 The conformational flexibility of
the cyclohexene ring in the (I-terpi-

,OI
neol wmolecule probably facilitates
"9‘"": the approach of oxygen and the -
N..n‘ complex, whereas the [{-terpineol 2
molecule only allows the reaction in

a much more energetic boat conforma-

s 25%) (712%) 3%

tion. This handicap leads to a pre-
ference of other competitive reactions over these (scheme IV).

This led us to change the synthetic

schome 1V

strategy to obtain an (@-terpineol

gt
intermediate, from which the oxide RN
bridge should be easy to achieve. / = o
The first approach started again from /'

.
[rterpinecl. Oxymercuration of the

et
terminal double bond yielded an orga- b
— ] sponc

nomercuric compound 5. Its reduction
with NaBH, in the presence of methyl
acrylate allowed the primary radical
to be trapped to afford the dihydroxy

methyl ester 6 (acheme V).

Hydrolysie and treatment with

Scheme V
on on Aco, permitted protection of
one of the tertiary hydroxy
Methyl h the &-lact
Hg(OAC), NolM, fAcrytate groups such as -lactone
SN~y ——— ﬁ'—.
2 derivative 7. If further hea-
oN oW ting of the reaction mixture
HgOAc

OM® takes place the free hydroxy

group undergoes elimination to
yield the unsaturated lactone as an epimeric mixture 8 (scheme VI).
When the lactone reacts with MelLi, Schome |
ring opening takes place and the two

(L]
carbon atoms necessary to finish the
carbon skeleton are introduced 9. 6 Rcf‘ fc0 Mell
The yield of this reaction is however on
somewhat low, probably because of on
extensive enolization of the lactone. '] °

9
o X, b4

The preceding reactions also showed

disappointing yilelds. This and the

fact that ji-terpinool is not very - 3

easily available led us to decide to obtain this diol by using limonene as the starting material.
Limonene has two double bonds which can compete in the oxymercuriation step. Furthermore the
trisubstituted double bond should be more electrophilic than the terminal one. This is the case
when the epoxydation takes place, only the more substituted olefin undergoes oxidation. However,
when the very bulky mercury atom is used as the reactant, the terminal double bond seems to react
faster (7). So we carried out the reaction of an excess of limonene with Hg(OAc), in THF.Reduction
in the presence of methyl acrylate led us to a complex mixture from which chromatography yielded

the desired hydroxymethyl ester 10. Despite the low yield (108), the ready availability of the
starting materials makes us prefer this second way. As expected, the reaction also afforded (-
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terpinecl 4 due to competitive reduction of the primary radical against trapping with wmethyl
acrylate. MeLi transformed the methyl ester into the foregoing unsaturated diol 9 (scheme VII).

Now this (-terpineol deriva- Schame U1
tive should cyclize easily in
the presence of Hq(OAc)z, as is

in fact, the case. Formation of _ ngl(Onc), - - N
3> — -
the oxide ring 11 competes =  NeBN, -
Methyl ecrylete OR 0

however with the obtention of
the triol 12. oMe

[
We have not been able to in- 10
crease the yield of the oxide-
id
bridged product by reducing the oM Mell

amount of water in the reaction 0
mixture. If the amount of water
is too 1low no reaction takes u

place and the starting olefin

is recovered unchanged. Pinally o
Hglome),
phosphorus oxychloride effected
dehydration to give the two TWE/N,0 on
possible double bonds 13 and on on on
14. Aqﬂ03/8102 chromatography
9

allowed us to easily separate
both olefins. The one with the
trisubstituted double bond
showed all the expected proper-
ties of the natural compound
isolated from Anthemis alpes-

tris, which confirms the pro-

posed structure,

EXPERIMENTAL

I.R. spectra were run as liquid filmss. lh-rr spectra were recordsd at 200 MHe, CDC13, T™S as int.
-undard.l:’cmn were recorded at S50.3 MHz. MS were operated at 70 eV.. Analytical TLC was perfor-
med on Si-gel G (Merck 7731), and CC on Si-gel 60 (Merck 7734).

Synthesis of 6 from {ktoginoolx Methyl acrylate (10 ml.) was added to a soln of l}-torpinool
(1.5 g.) 4n THF (10 ml.), H,0 (2ml.) and Hg(OAc), (4 g.). The mixture was spilled on methyl
acrylate (10 ml.) with NaBH, (1 g.) and cooled to 0°C. This material was treated with Et,0-H,0 and
the organic layer (2.05 g.) was chromatograhed (si-gel) to afford 6 (900 mg.). IR Cpax cm'lz 3400
(O-H), 173S (C=0) .1 1nmR (Sppm.): 3.50 (3H, s, OCH4), 2.1 (2H, t, J=€Hz, CH,-CO), 1.1 (3H, s, Me).
Synthesis of 8 from 6: Compound 6 was hydrolyzed for 2 hr. with 2.5 NaOH/MeOH and the product was
treated with NaAcO (200 ml.) and Aczo (5 ml.), the soln wvas treated at reflux for 17 hr.. The
evaporation of Ac0 and the chromatography of the reaction product gave the epimeric mixture 8
(350 mg.). JHNMR ( & ppm.): 5.3 (2H, m, CH=C), 1.5 (6H, s, 2Ma), 1.23 (3H, s, Me), 1.22 (3H, s,
Me). 1IoMMR in table 1.

Synthesis of 10 from limonene: Hg(OAc), (23 g.) was added to a soln of limonene {20 gr.) in THP
(190 ml.) and Hy0 (20 ml.), and the aixture was stirred for 1 hr.. Following this, methyl acrylate
(45 ml.) was added and when the aixture was cocled to -80°C, KaBH, (2.5 g.) was added. When the
reaction had finished, the mixture was treated with Et,0-HCl(aq.). From the organic layer were
removed Et 0 and the excess of limonene, diazomethane was added to give a reaction product (11.3
g.), which was chromatographed over a Si-gel column using hexane with gradually increasing propor-
tions of Et,0 as eluent. With hexane-Et,0 14:1 a-terpineol (2.2 g.) was eluted and with hexane-

Et,0 8:2, an epimeric mixture of 10 (1.5 g.). IR Vaax a": 3450 (0~-H), 1745 (C=0), 3030, 1650 and

810 (C=C). 1w (&ppm.): 5.3 (24, m, CH=C), 3.6 (6H, s, 20Me), 1.6 (6H, s, 2Me), 1.1 (3H, s,
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Me), 1.0 (3H, s, Ne). I3CNMR in table 1. Ms (m/e, V): 240 (M*, 0.4)5 222 (W*-H,0, 32); 209 (M'-
OMe, 50); 145 (20); 123 (100); 95 (96); 69 (30).

Synthesis of 9 from Q: 10 (1.5 g.) in TUF (10 ml.) was slowly added to a soln, cooled to -s°¢,
1M (10 ml) of MelLi in Btzo, and the mixture was maintained under Nz with stirring until no more
Cﬂ‘ was evolved. The reaction product, after treatment with atzo-uzo, was chromatographed to
afford an epimeric mixture of compound 9 (1.14 g.). M.p.: 96°C. IR (KBr) nax cm'lx 3400 (O-~H),
3010, 1650 and 805 (C=C). MMMR ( ppm.): 5.3 (2H, m, CH=C), 1.6 (6H, s, 2Me), 1.2 (12H, s, 4Me),
1.1 (3H, s, Me), 1.0 (3H, s, Me). M5 (m/e, 8): 240 (M*, 0.6); 222 (M*-H,0, 10); 204 (M*-2H,0, 33);
109 (75); 95 (34); 69 (40).

Synthesis of 11 from 9: A soln of Hg(OAc), (2 3.; 6.3 meq.) in H,0 (10 ml.) was added to 9 (1.05
g.; 4.4 meq.) in THF (30 ml.) and the mixture was stirred for 72 hr.. Following this, NaBH, (0.25
g.) was added and the reaction product was separated by filtration and finally treated with Et,0-
Hy0. Evaporation of Et,0 gave 720 mg. of the reaction product, which by CC afforded 11 (300 mg.)

and 12 (200 =g.).

Bisabol-11-bydroxy-3,7-oxide (1}). IR I, cs }: 3400 (0-H), 1160, 1050 and 1020 (C-0). ‘moeR (b
pp@.): 1.2 (3H, s, Me), 1.18 (6H, s, 2Me), 1.0 (3H, s, Me). 13CNMR in table 1.
Bisabol-3,7,11-trihydroxy (12). IR ty, cm™l: 3340 and 1150 (0-H). ‘MR (Appm.): 1.3 (3H, s,

Me), 1.1 (6H, a3, 2Me), 1.0 (3H, a8, Me).

Synthesis of 13 from 11: 0.5 ml. of POCl, were added to a soln of 11 (88 mg.) in pyr. to -5°C and
the mixture was stirred under Ny for 4 hr.. The reaction product was extracted with Et,0 and the
ethereal fraction washed with 2N HCl and Na,CO,. Evaporation of solvent and the chromatography of
the reaction product over a silicnqol-AgNOJ(zo\) column using 14:1 hexane-Et,0 as eluent gave 13
(38 mg.) and 14 (23 mg.).

Bisabol-10-ene-3,7-oxide (13). IR ' .. em 1. 3020, 1660 and 850 (C=C), 1160, 1050 and 1020 (C-O).

Lier (dppm.): 5.2 (1H, m, CH=C), 1.6 (3H, 8, Me), 1.5 (3H, s, Me), 1.2 (3H, s, Me), 1.0 (3H, s,

Me). 13cxMp, in table 1. MS (m/e, ): 222 (%, 15); 204 (M*-H,0, 30); 139 (100); 109 (40); 95

(70); 69 (4S).

Bisabol-11-ene-3,7-oxide (14). IR U, em~l: 3060, 1640 and 885 (CHy=C ), 1160, 1050 and 1020 (C-
o). luwr (dppm.): 4.8 (2H, m, CHy=C), 1.7 (3H, s, Me), 1.2 (3H, 5, Me), 1.0 (3H, s, Me). MS
(m/e, V): 222 (M, 9); 204 (M*-H,0, 13); 139 (100); 109 (20); 95 (50); 69 (27).

Table 1. 13cNR spectral data of c 10, 11 and 13
(50.3 NB:. cbCl 30 chem. shifts are ng-vninu.t'ro. ™S).
[ 8 10 11 13
1 26.5 26.1 26.4 25.8 22.7 22,7
2 120.1 119.6 120.5 120.3 31.9 31.9
3 133.8 134.3 133.4 133.1 75.8 15.6
4 30.7 30.5 30.7 31.9 31.9
b) 23.4 23.3 23.6 23.0 22,7 22.7
6 44.3 44.0 43.0 42.8 30.5 30.5
7 86.6 86.4 73.3 69.6 69.5
8 29.6 29.5 39.2 38.5 42.5 41,9
9 16.6 16.5 18.7 18.5 19.5 23.5
10 34.5 34.0 44,7 124.9
11 171.4 173.6 71.0 131.1
i By
14 23.3 23.2 22.8 22.7 27.6 27.6
15 23.9 23.8 23.8 25.9 25.7
OMe 50.8
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