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Abstract 

Vetivalene, 1,4-dimetiiyl-6-isopropylnaphl1tlmlenc (1) represents a new sesquiterpene skelcton which 15 

presumed to originate from eudesmane by a shift of the angular nicthyl group. Novel sesquiterpenm 
related to vetivalene have been isolated from plant sources ill ~ s c e o i  gears. A suriey dealing xith 
the chemistry (structure, synthesis and configuration) of members of this interesting new class OF yesqui- 
terpenes, coniprising occidol, risbitinol and the various ernmotinn is presented. 

Key words: Vctivalenc, sesquitcrpcno~ds, occidol, rishitinol, emmotins, s1ruciul.e. sgn~hecis, 
configuration 

1. lutroduction 

In recent years, about a dozen sesquiterpenes huvz been isolated which may be 
regarded as derivatives of 1,4-dimethyl-6-isopropylnaphthalene (I), called vetiva1ene.l 
Vetivalene (1) represents a new sesquiterpene skeleton which is presumed to originate 
fram eudesmane (Fig. 1 )  by a shift of the angnlar methyl group. The present survey 
deals with the chemistry (structure, synthesis and confiyration) of members of this 
interesting new class of sesqujtcrpenes. comprising occidol, rishitinol and the various 
emmotins. 

* Present address : Department of Cbrmiclry, Uni\er';ity Coliepe or Swanscn, Singlelon ?ark. 
Swansea SAZ 8PP (U.K.I. 
** Address for correspandcnce. 
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2. Occidol (2) 

A major sesquiterpene alcohol (C,&&) ( 2 )  named occidoi, 111.p. 69-70", [,I$ + 163,~~ 
(CHCI$ was i s o l a t e d ~ r o ~ n  the essential oil of T h i n  occidmtalis L. along with ocei. 
dental01 (3) (Fig. 2) .  The structure depicted as (2J for occidol was elucidated bg ~i~~~~ 
and Nakatsuka2 and was confirn~ed by a number of syntheses. 

The synthesis of occidol (2) by Hirose and Nakatsuka3 (Fig. 3) starts from p.nylenp 
and proceeds ria the tetralone (4). The tetralone wa.3 converted to I*)-occidol (2) in 
six steps. 

A &es of three syntheses of' occidol have been reported by Hoa--" duriug 1971-73 
(Figs. 4-6). Unaware of the earlier synthesiss, Ho reported4 in 1971 a more or leg% 
identical synthesis of Occidol (2) from identical intermediates (Fig. 4). 

Tnfhis second synthesis of occidol Ho5 started with 3,6-diunethylphthalic anhydride (7) 
(Fig. 5). Its reduction to thc diol(8) with LAM, Collowzd by treatment with phospho~s 
tribromide, gave the dibromide (9) which was converted to the o-quinodimethane (10). 
Diels-Alder reaction of (10) with methyl acrylate gave the tetralin ester (6). Reaction 
vf the ester (6) with methyllithium gavc (A)-occidol (2). 
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In his third synthesis', of occidol, Ho utilized transition meial catalysi, to carboxylate 
the dihydronaphthalenc (13) (obtained by the route indicated in Fig. hl by photo- 
reaction with nickel carbonyl. Reaction of the resulting tetralin ester (61 with methyl 
lithium completed the synthesis of (&)-occidol (2). 

The synthesis of ( i l - o ~ c i d o ~ l  by Dauben' as depicted i n  Fig. 7 F t a r t a  from the wrho- 
n~ethoxy acetylcylclohexene (14), prepared by Friedel-Crafts azyhtion of methyl 
zyclohex-3-enecarboxylate. The bicyclic diene estei (15) obtained from the keto estei 
(14) by treatment with 2-hutenylidene triphenylphosphorane was dehydrogenated to the 
tdralin ester (6) from which (t)-occidol (2)  was obtained in the usual way. 

Wolinsky's%ynthesis of (&)-oceidol starts from 9-chloro-I-p-menthen* (161 derived 
from (+)-limanene. Its condensation with vinylacetyl chloride (Fig. 8) gave the chloro- 
naphthalenone (17) as one of the products in 33% yield, resulting from n sequence of 
hydride and metl~yyl shifts. Addition of nuethylmagnesium iodide to the ketone (17) 
W a s  accompanied by dehydration in the work-up, giving the diene (18). its Wmati- 
Zation, followed by dehydrochl~ri~ation gave the isopropenyltetralin (19) which afforded 
(+)-omidol (2) on oxymercuration-demercuration sequence of reactions. 

c o c i  w< Q-%- @-- hrn 
16 =I 19 - '17 - a - 18 CL - [+j-&<m 
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The synthesis of (i)-occidol developed i n  our laboralorysJu exploits the s y n t h ~  
potential of Vilsmeier reaction in the key-step. Thus the dihydr~naphthaldeh~d~ (21, 
obtained from 5,s-dimethyl-1-telralol (20) on Vilsmeier reaction, was Converted tb th; 
methyl dihydronaphthoate (22) (Fig. 9). Its hydrogenation gave the tetralin erter (6,, 
the well-known precursor for (+I-occidol (2). 

CHO 
OH 

The absolute configuration (R) of the chiral Centre at  C, of occidol was established 
by correlatianll-"" with (-pantonin (23) as outlined in Fig. 10. 

Hyposantonous acid (24a) prepared from (-pantonin (23) was converted ta 
(+)-occidol in  six steps via the chiral ketone (25) which established identical 
configurations at C-6 of both (-)+antonin and (+)-occidol. 

The conversion of emn~otin-A and enmotin-F (vide supra) to (i-)-occidol by 
Olivej~a ef all3 is yet anothei interesting exercise in configurational correlation involving 
occidol. 

Emmotin-A diacetate (26) and ernmotin-F diacetate (27) were reduced by zinc to the 
keto acetate (26) (Fig. I I). Catalytic hydrogenolysis and saponification of the acaoxy- 
tetralone (28) gave (+)-omidol. 



A possible bjogenetic origin of occidol is delineated in Fig. 12. The cyclodecadiene 
$4) representing the product of initial ring closure of traits-trai~s-facnesylpyrophosphae 
(29) may be visualised as a precursor for occidol. The charge bearing isopropyl group 
in (30) accepts a hydroxyl group to give the side chain as in (31). a situation encoun- 
rered in a number of sesquiterpene alcohols. Dehydrogenation of the dienol(31) could 
dye the 1,3,5-cyclodecatriene system (32). Its further transformation may occur via 
is valence tautomer, occidental01 (3) and finally to occidol (2) involving methyl shifr 
and aromatization or its equivalent on intermediate oxidation states. 

3. Rishitinol (33) 

From the infected tuber tissues of white potatoes (Solaizum fuberosum and S. demLs.wtn) 
Katsui et 0114J5 isolated a sesquiterpene alcohol, rishitinol (33) along with rishitin (34). 

Rishitinol (CIsH,,O3 (33), m.p. 127-129", [a] + 47" (CHC13, M+- (234) was shown 
lo contain a tetrasubstituted benzene with two vicinal hydrogens. Its failure to undergo 
oxidation with periodic acid and its co-occurrence with rishitin (34) suggested that 
iishitinol be represented by one of the structures (33 a), (33 b) and (33 C) (Fig. 13). 
Since, these structures would represent rishitinol as a hydroxy derivative of occidol (2). 
the PMR spectra of occidol and its synthetic intermediates were compared with that 
of rishitinol. The structures (33 b) and (33 c) with hydroxyls peri to the methyl groups 
were excluded and the structure (33 a) was p f e r r e d  Tor rishitinol and the assignrnenc 
Was confirmed by syuthesisl4~'~. 

The tetralone carboxylic acid ( 3 3 ,    re pared starting fromp-xylene in several Steps. 
was esterified and reduced to the hydroxy esters (36) which on dehydration gave the 
dihydronaphthalene ester (37). It was converted to the oxyisopropyl derivatiw (3% 
which on hydrobaration followed by oxidation afforded a mixture of isomeric 1,3- and 
Lbdiols (39 and 40). The required 1,3-diol, viz., (i)-rishitjnol (33) was obtained from 
this mixture after elaborate chromatographic purification. In the PMR spectra of the 
epimeric alcohols (39) the CHOH proton of one appeared as a multiplet with Wafs of  
25 Hz Centred a t  6 3.5 (trans), while in that of the other epimer corresponding to (33) 
it appeared as a broad singlet with W,,, of 7 Hz at d 4.76 (cis). 

Comparative study of the absolute configurations of ridtiniB-l8 (34) and o~cidol"'. 
(2) indicated that the biogenetically selated rishitinol (33) also would Possess Wim*d 
O W ~ P ~ * P Y ~  group. Hence rishitinol was most fayourably represented as (33). 
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, hydroaromatic bicgclic szsquiterpene methyl ether (C,,,H,,O.,). m.p 72". 51- (2ii:. 
was isolated from the trunk wood of Ein~mtz~i)? nitens (Iraciizu~eue) by Oliveira et a ! ' .  
The sesquirerpene called emmotin-h constituted one of a group of four compoundi. 
vir., enlmotins-A, B: C and D with closely' related structures occurring in the same planr. 

The presence of an avylketone moiety in emmotin-A was inferred from its UY and 1R 
spectra, a-hile its PMR spectrum exhibjted characteristic signals for (a) two aromatii 
ortho hydrogens, (b) one aromatic methyl, (c) one mnerhoxymeth.yl group prri To a 
carbonyl function. ((1) a hydsoxyisopropyl group and (e) a secoadary hydroxyl u- 10 

a carbonyl. The a-ketol function -COCFIOH- was also confirmed from chemical 
evidence. Based on these chemical and spectral (PMR) evidence of the sesquitetpene 
and its derivatives (acetylation, dehydration and reduction products), StructUie? (49 
and (42) (Fig. 14) were considered for emmotin-A. of which the former was preferred 
on biogenetic grounds. as well as from CMR spectral support. 

41 - 
FIG. 14 

The determination of molecular weight (by MS) of emmotin-BlQhowed it to be 04- 

WmmXin-A (C1,H,,OJ. Its PMR spectrum resembled closely that of emmotin4 (41), 
differing mainly in  the replacement of Ar-CH, (b 2 .32)  by As-CSOH (6 4.67). 
Presence of an extra OH group in emmotin-B was also revealed by the forrnaUoa'oi 
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, ,riacetae. Further insight into the structure of ernnlotin-B was provided by CMR. 
ifomparative study of the chemical shifts of the non-aromatic ~arbo!,.~ of emmotins-A 
m d - ~  by application of the theory2", " of chenucal shifts, and biogenetic considerdtions 
titabfished the structure (43) (Fig. 15) for emmotin-B, excluding the &ternate 
su~tufe (44). 

The third constituent from Emnzofiim izite~ls was named emmotin-Cl" (C,,H,,O3, m.p. 
:I-124' . M+ (244) and shown to be structurally related to emmotins-A and -B. The 

PUR spectrum of emmotis-C exhibited the characteristic signals: 3xAr-H, 3x05. 
CEO. Ar-Cg, and C g  (Ctl,),. Together with this information, the pr~babl~biogene~ic 
&ion~hip of emmotin-C with emmotin-A (41) suggested structure (45) (Fig. 16) for 
:minotin-C. Hydrogen bonded nature of an aldehyde carbonyl (0-H. . .O=C-HJ 
jlR: c,, 3440 (OH) and 1650 cm-' (C=O); PMR: 6 9.66 (CHO) and 12.35 (OH) 1, 
u h o  deihielded hydrogen (6 7.79, d, H3 coupled strongly (1 = SHz) to another hydro. 
!to (8 7 -24, d J  = 8Hz. and WH,,? of this Proton (H,) -- signal (3' 7.24) revealing we& 
.dog ran@ coupling with the neighbouring Ar-CH, (0' 2.77 bs) are in agreement ivith 
9e structure (45) for emm0tin-C. 
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spectruln and that of its diacetate and its aryl methyl ether indicated the 
of a Y-lactone unit (IR: v,., 1745 cm-I). 

The PMR spectra of emmotiil-D and its derivatives revealed two aromati or,hn 
hydrogens, one isolated aromatic hydrogen, an aromatic methyl g~oup, two hydioy 
functions one of which is part of an oxyisopropyl group. These spectral data andbo; 
genetic considerations indicated the structure (46) for emmotin-D. 

A hydroaromatic bicyclic sesquiterpene (C,,H,,O$ isolated by Oliveira et alla fromtb 
heartwood of Emmotum nitens and named emmotin-F, was found to co-occur along& 
two other closely related compounds (emmotins-G and -H). 

The three oxygen atoms of emmotin-F (47) were assigned to one carbonyl andm 
hydraxy functions (reduction to a trio1 and formation of a diacetate). The U V d  
IR spectra as well as  the ease of catalytic hydrogenolysis of emmotin-F to a diol(&~ 
showed that the carbony1 function is flanked on either side by an aromatic res~due d 
a hydroxyl function (Fig. IS). The presence of -CHOHCO- grouping was endcu 
from the formation of a red a-quinone (49) upon dehydrogenation, the structureoftlx 
a-quinone being confirmed by derivatization to the quinoxaline (50). The W q  
carbinol of emmotin-F formed part of a hydroxy-isopropyl group. These facts 1s 
conjunction with similar PMR spectra of emmoons-F,-A (41) and-B (43) led to tk 
tentative assignment of enmotin-F also as a tetralone (47) (Fig. 18). 
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The diacetates (27 and 26) of emmotins-F (47) and-A (41) were reduced with zinc 
ad the product (28) (Fig. 11) gave (+)-occidol (2) on hydrogenolysib and saponifiva- 
ion. While this correlation established the carbon skeleton of einmotin-F (47), the 

diaxial relationship of 3 and 5, as indicated by the PMR data, fixed the C-6 and 
C-7 configurations of emmotin-F (47). 

The ORD curve of emmotin-F was found to be superimposable on those of ernnlo- 
@.A (41) and -B (43) in  which the substituents at C 6  and C-7 are trans, showing 
?hat all the three tetralone emmotins-A, -B and -F (41, 43 and 47) possess identical 
absolute configurations. 

Emmotin-G, a sesquiterpene naphthol (Cs,HSsOJ was isolated from E m t n o t u ~ ~  niiat1s'3, 
mp. 112-115', Mi (229), IR: ?ha. 3473 and 3125 cm-I (OH), UV (EtOH): i.,,, 243 
(52.900), shifted in  the presence of NaOH to >.,,, 254 nm ( c  55.200) (naphthol), PMR: 
two orfho (8 7.08 and 7.18, dd,J = 8 Hz) and two paru (8 7'42 and 7.73, s) aromatic, 
protons. 

As expected, acetylation of emnlotin-G (51 a) caused a strong paramagnetic shift 
(-0.59 6)  of the 5 singlet and oxidation with Fremy's salt gave the naphthoquinone 
ammotin-HsS (52) (Fig. 19). 

The Syntheses of en~morin-G (51 a) and its methyl e t h e ~ + ~ , ' ~  (5 16) have recently been 
achieved in  our laboratory. The key-sbp in these syntheses is the Vilsmeier formyla- 
don of 1,4-dimethyl-6-methoxytetralin (53) (Fig. 19) to the coriesponding forrnyl 
Wralin (54) which on subsequent dehydrognation to the naphthaldehyde (5% followed 
by oxidation and esterification gave the naphthol ester (56b). The hydroxy- (56a) 
and the mtliaxy- (56b) naphthoic esters were converted to emmotin-G (51a) and its 
methyl ether (51b) respectively. 

h ortho naphthoquinone (C,5~L,03, m.p. 178-18O0, MT (246) isolatedL3 from Emmo- 
W nitens was called emmotin-H (52) [UV: &., 265 nm ( e  40,800) and IR : v,,, 
1649 om-7. The intense red colour of emmotin-H was slowly discharged by tlre addi- 
ion of aqueous sodium dithionate. In the aromatic region of its PMR s p t r u m  it 
W i t e d  two ortho protons (6 7.13 and 7.36, dd, L= 8 Hz) and a pert Proton 
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(J 7.86, .). Thcse observationS led to the l"orn1ulation or the structure or tile nat,lri 
product as (52) (Fig. 20). 

Reductive acetylation of emmllnlotin-H (52) or dehydration of its quinoxalill delivatnp 
(57) gave the isopropenyl cornpounds (58) and (50) mpectively. Since the anby$". 
quinoxalin adduct (50) could be prcl?ared from all thc three emmotin-f ( 4 7 ) ; ~  
and-H (52). they were presumed to  hdvc doscly rclated structl~ral features aud ihc 
same carbon skeleton as in occidol (2). 

The structure (52) of emmotill-H has been confirnied by its synthesis" in  our labo. 
ratory. The tetralone ester (59) (Fig. 20) was oxidized by selenium dioxidc to thr. 

corresponding o-quinone ester (60). Its reductive acetylaiion atlbrded ti,.: dincstohy 
naphthoic ester (61). Grignard reaction on the ester (61) with excess or CH.,Mgl gair 
emmoLiil-H (521, presulnablp through aerial oxidation or the intermediate unit.able 
trio1 (62). 

11. Conclusion 

From the above account i t  is seen that the structuvei and configurations of' ocdd~l. 
rishitinol and the emmatins are closcly related. The co-occurrence of occidol (2) i n  
Tlzuju occidentalis'%vith occidental01 (3, a sesquiterpnic alcohol of the general eudei. 
mane skeletan, and the co-occurrence of all the structnrally similar enimatins in another 
source (Emnzotsnr niter~s) arc striking. A m t h y l  shift in the parent eudesmane (31. 
accompanied by a diene-benzene 1-earrangemmt seems to characterize all these newvlv 
discovered vetivalene-type sesquiterpenes. 
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Added in press 

Manicol (2-isoprepenyl-5-methyl-7-hyctroxy-1,2,3,4-tetrahydro--naphtloic acidj recentl) 
isolated [J. Polonsky, Z. Varon, H. Jacqnemin, D. M. X. DonneUy and M. J. Megan, 
J.  Chem. Soc. Perkiiz -1, 2065 (1980)] From the root bark of a Guyanan tree (D~dacm 
guianwsis) is the latest member to be added to  the vetivalcnc scsquiterpcne family. 
Manicol has been reported to possess moderate antileukemic activity. Its structure and 
absolute stcreochemistry (R-configuration) were assigned on the basis of spectrosopk 
evidence and partial synthesis. 


