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SUMMARY 

The discovery of the first diterpenoids of the cembrane 
type in tobacco dates back to the early 1960's. Since 
then some forty tobacco cembranoids have been en~ 
countered. Most of these have a hydroxyl substituent at 
C~4 and are commonly divided into two series: those 
having a 4R- and those having a 4S~configuration. Ad
ditional oxygenation is found at C~6, C~7, C~8, C-11 
or C~t2. 
These compounds, which are present in the gummy ex~ 
udate of the tobacco leaf and flower, are susceptible to 
biodegradation thus accounting for the presence of the 
large number of odoriferous norcembranoids in to~ 
bacco. They are also reported to include representatives 
having growth inhibiting and insect resistance proper~ 
ties. 
A considerable insight into the biological transfor
mations of the tobacco cembranoids has been obtained 
by isolation and determination of the stereostructures 
of new compounds and by biomimetic experiments. 
The latter have involved singlet oxygen reactions, epox~ 
idations and acid- and base~induced rearrangements. 
The results obtained sUpport the importance of the 
(!S,2E,4R,6R,7 E,tiE)- ond (!S,2E,4S,6R,7 E,tiE)-2,7, 
tt~cembratriene-4,6-diols, the major tobacco cembra~ 
noids, as key metabolites in the biogenesis of the other 
cembranic compounds. An account of these biogenetic 
reactions will be given and the isolation of a few new 
cembranoids will be reported. 

* Rea:ived: 8th Man:h 1983- ~e«ptd: 26th Augun 1983. 

ZUSAMMENFASSUNG 

Seit der Entdeckung der ersten Cembran-Diterpenoide 
im Tabak. in den friihen 1960er Jahren hat man im Tabak. 
ungefii.hr vierzig Cembranoide nachgewiesen, die in der 
Mehrzahl an der Position C-4 eine Hydroxylgruppe ha
ben und im allgemeinen in zwei Gruppen eingeteilt 
werden: Cembranoide mit 4R- und Cembranoide mit 
4S-Konfiguration. Zusii.tzlich wurde eine Oxidation an 
den PositioneD C-6, C-7, C-8, C~ll oder C-12 be
obachtet. 
Die Cembranoide befinden sich in dem gummiartigen 
Exsudat des Blattes und der Bliite der Tabakpflanze. Sie 
sind biologischen Abbauprozessen unterworfen und da
her fUr die groBe Zahl geruchstragender Norcembra
noide im Tabak verantwortlich. Sie sollen auch Stoffe 
mit insektiziden und wachstumshemmenden Eigen
schaften enthalten. 
Wichtige Einblicke in die biologischen Veriinderungen, 
die Cembranoide im Tabak durchlaufen, konnten durch 
Isolierung und stereochemische Untersuchung neuer 
Verbindungen sowie durch biomimetische Versuche ge
wonnen werden. Letztere umfaBten Reaktionen mit 
Singulettsauerstoff, Epoxidierungen sowie sii.ure- und 
baseinduzierte Umlagerungen. Die Untersuchungser
gebnisse machten erneut die wichtige RoUe deutlich, 
die die im Tabak hauptsii.chlich vorkommenden Cem
branoide, (1S,2£,4R,6R,7 E,ttE)- und (1S,2E,4S,6R,7 E, 
11 E)-2,7,11-Cemhratrien-4,6-diole, als Schliisselmeta
boliten bei der Entstehung der anderen cembranartigen 
Verbindungen in der Pflanze spielen. Ober diese bio
genetischen ReaktiQnen und iiber die Isolierung einiger 
neuer Cembranoide wird berichtet. 
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RESUME 

Depuis la decouverte des premiers cembrane-diterpe
noides dans le tabac, au debut des annees 60, on est 
parvenu a mettre encore environ 40 cembranoides en 
evidence; la majorite d'entre eux possedent un groupe 
hydroxyle a la position C-4 et ils se divisent generale
ment en deux groupes : cembranoide a configuration 
4R et cembranoide a configuration 4S. De plus, on ob
serva une oxydation aux positions C-6, C-7, C-8, C-11 
ou C-12. 
Les cembranoides se trouvent dans l'exsudat gommeux 
de la feuille et de la fleur du tabac. Ils sont soumis a un 
processus de bio-degradation de sorte qu'ils sont a 
l'origine du grand nombre de norcembranoides odo
rants du tabac. On suppose qu'ils contiennent egale- . 
nient des substances a proprietes de resistance aux in
sectes et inhibitrices de croissance. 
Un isolement et une etude stereochimique de nouvelles 
combinaisons ainsi que des tests bio-mimetiques ont 
donne d'importantes informations concernant les mo
difications biologiques subies par les cembranoides du 
tabac. Les essais bio-mimetiques ont mis en a::uvre des 
reactions avec l'oxygene monoatomique, des epoxy
dations et des recombinaisons induites par acides et 
bases. Les resultats de }'analyse firent a nouveau appa
raitre le role important joue par les cembranoides du 
tabac, essentiellement (1S,2E,4R,6R,7 E,ll E) et (1S,2E, 
4S,6R,7 E,11 E)-2,7 ,11-cembratrien-4,6-diole, en tant 
que metabolites cles pour la naissance des autres com
binaisons de type cembranes dans la plante. L'article ex
pose ces reactions bio-genetiques et l'isolement de 
quelques nouveaux cembranoides. 

The presence of diterpenoids of the cembrane type in 
tobacco was disclosed in 1962, when Roberts and Row
land (1} reported the isolation and determination of the 
gross structures of diols 1 and 2. Later work, which has 
included X-ray analysis (2) and ozonolytic degradation 
(3), has allowed the formulation of diol 1 as (1S,2E, 
4 R,6R,7 E,11 E)-2,7 ,11-cembratriene-4,6-diol. Diol 2 has 
been identified as (1S,2E,4S,6R,7 E,llE)-2,7,11-cembra
triene-4,6-diol, i. e. the 45-epimer of diol 1, by chemi
cal correlation with a 2,7,12(20)-cembratriene-4,6,11-
triol [ 8J ( 4). 

-< 
2 
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These two diols [1, 2], which have been found in most 
tobacco varieties (5) and which possess growth inhib
iting (2) and insect resistance properties (6), are the ma
jor tobacco cembranoids. They are present in the cutic
ular wax of the leaf and flower and are prone to un
dergo biodegradation during the post-harvest treatment 
of the leaf (7) thus offering an explanation for the oc
currence of the large number of norcembranoids in to
bacco (8). 
There is no literature report on the biosynthesis of di
ols 1 and 2. It seems highly probable, however, that 
they arise in tobacco by oxidation of cembrene [3), 
which is a tobacco constituent (9). If this route pro
ceeds via formation of monools, then 2,4,7,11-cem
bratetraen-6-ol [ 4] is, in our opinion, a more plausible 
intermediate than thunbergol [ 5] and its C-4 epimer 6, 
all of which are also tobacco constituents (10, 11). It 
cannot be excluded, however, that the monool 4 is 
formed in tobacco by dehydration of diols 1 and 2. 

-< 
3 4 

---< 

5 6 

Our insight into the subsequent biotransformations of 
diols 1 and 2 is more extensive. In fact, the results ob
tained by determination of the stereostructures of new 
tobacco cembranoids and by biomimetic experiments 
suggest that diols 1 and 2 are key metabolites in the 
biogenesis of the majority of the tobacco cembranoids. 

-< 
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This review will survey the cembranoids of tobacco, 
the biomimetic experiments which have interlinked 
them as well as the plausible routes for their bioforma
tion. 
An examination of Greek tobacco ( 4, 12) has revealed 
the presence of three 2,7 ,12(20)-cembratriene-4,6,11-tri
ols [ 7-.9j and four 2,7 ,10-cembratriene-4,6,12-triols 
[ 10-13]. Following determination of stereochemistries 
by the use of X-ray analysis, spectral methods and 
chemical correlations, the 4,6,11-triols have been for
mulated as the (1S,2E,4R,6R,7 E,11S)-, (1S,2E,4S,6R, 
7£,11 S)- and (1 S,2E,4S,6R,7 E,11R)-2,7 ,12(20)-cembra
triene-4,6,11-triols [ 7-.9J. 
The 4,6,12-trioJs [10-13] all have 1S,2E,6R,7 £,10£
configurations and are diastereoisomers with respect 
to the configurations of C-4 and C-12. 

--< --< 
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A plausible biogenetic route to these triols would in
volve attack of oxygen on the 11,12 double bond in the 
4,6-diols [ 1, 2] either by a singlet oxygen reaction, i. e. 
an ene reaction, or an enzyme-assisted reaction. The 
ene reaction proceeds, as shown in Scheme 1, by attach
ment of singlet oxygen to an s# carbon atom, rear
rangement of an allylic hydrogen atom and double 
bond migration. The disubstituted 2,3 double bond in 
the 4,6-diols [1, 2] is expected to be less reactive to
ward singlet oxygen than the trisubstituted 7,8 and 
11,12 double bonds and, due to the deactivating effect 
of the hydroxyl group at C-6, the 11,12 double bond 
should react mor.e readily than the 7,8 double bond. 
In agreement with this, the 4S,6R-diol [2] reacted 
smoothly with singlet oxygen at the 11,12 double bond 
giving, after reduction of the initially generated hy
droperoxides using triethyl phosphite, two 4,6,11-triols 
[ 8, .9J and two 4,6,12-triols [ 12, 13] in the ratio 
63:1:31:5 (12). 
The generation of both major triols [ 8, 12] may be ac
counted for by reactions taking place with conformer a 
of the 4S,6R-diol [2] (Scheme 3). Thus oxygen attach
ment to C-11 and rearrangement of a hydrogen from 

C-20 would yield the hydroperoxide precursor of the 
4S,6R,11S-triol, whereas the hydroperoxide precursor 
of the 4S,6R,12S-triol would arise by oxygen attach
ment to C-12 and migration of the pro-R-hydrogen 
from C-10. The hydroperoxide precursors of the two 
minor triols are formed by reactions occurring with 
conformer b, the pro-s-hydrogen at C-10 being in
volved in the generation of the 12R-hydroperoxide. It 
can be concluded, therefore, that conformer a is more 
populated or reacts more rapidly than conformer b. 
All four products [ 8, 9, 12, 13] are formed by syn ene 
reactions, i.e. hydrogen abstraction occurs solely from 
the 1,2-disubstituted side of the trisubstituted double 
bond (Scheme 4). A similar mode of reaction has previ
ously been found for acyclic compounds and com
pounds having other cyclic systems, cyclohexenes being 
exceptions (13). 
Additional experimental support for the view that the 
4,6,11- and 4,6,12-triols [7-13] arise by biotransfor
mations of the 4,6-diols [1, 2] has most recendy been 
provided by the isolation of the first hydroperoxides 
from tobacco. They have been identified as the 
(1 S,2E,4R,6R,7 £,11 S)- and (1 S,2E,4S,6R,7 £,11 S)-11-
hydroperoxy-2,7 ,12(20)-cembratriene-4,6-diols [ 14, 1 '] 
and the (1S,2E,4R,6R,7 E,10E,12S)-, (1S,2E,4S,6.R,7 E, 
10£,12S)- and (1 S,2E,4S,6R,7 £,10£,12R)-12-hydroper
oxy-2,7 ,10-cembratriene-4,6-diols [ 16-18] (14). Their 
presence in tobacco does not, however, exclusively fa
vour the operation of singlet oxygen reactions, since 
enzyme-assisted reactions are also expected to proceed 
via hydroperoxide intermediates. 

-< 
14 15 

< 
16 17 
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The isolation from Greek tobacco 
2,8(19),12(20)-cembratriene-4,6,7 ,11-tetrols 

-< 

< 

of two 
[19, 20] 
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Scheme 1. 
Ene reaction. ~ ~--< 

Scheme 3. Proposed mechanism for the singlet oxygen 
reaction. 
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H ~of1-~ 
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Scheme 4. Sites of hydrogen abstraction In the reaction of 
the 4S,6R-dlol 2 with singlet oxygen. 
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Scheme 5. Suggested pathways for the generetlon of the 
4R,6S,11s-trlol21. 
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· Scheme 6. Formation of the 8R,11 s-epoxldes 23 and 24 by 
treatment of the 4R,6R,11 s- and 4S,6R,11 s-trlola 7 and 8, re
spectively, with acid. 
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Scheme 2. Products obtained from the 4S,6R-dlol 2 by 
sensitized photooxygenatlon fOllowed by reduction. 
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(15), which have the same gross structure and appar
ently differ with respect to stereochemistry, suggests 
that the tobacco triols are susceptible to oxidation at 
the 7,8 double bond. This may again take place either 
by the action of singlet oxygen or by an enzyme-cata
lyzed reaction. 

HO 

19 
20 

-< 

Treatment of the 4R,6R,11S-triol [Jj with weak acid 
yielded as the minor product (1 S,2E,4R,6E,8S,11 S)-
2,6,12(20)-cembratriene-4,8,11-triol [21], a compound 
recently discovered in tobacco (Scheme 5) (2). Its gen
eration evidently occurs by an allylic rearrangement and 
is analogous to the conversion of the 4R,6R-diol [1] to 
the 4R,8$-diol ([22], cf. Scheme 13). An alternative 
pathway, validated by photooxygenation experiments, 
involves oxidation of the 11,12 double bond in the 4R, 
8S-diol [22] (12). 
The major product obtained by treatment of the 4R, 
6R,11 s-triol [ 7J with acid was identified as (1 S,2E, 
4R,6E,8R,11S)-8,11-epoxy-2,6,12(20)-cembratrien-4-ol 
[23), a compound which was first reported present in 
tobacco in 1964 (16). The corresponding 4S-epimer 
[24], also a tobacco constituent (3, 16), is obtainable 
by an acid-induced cyclization of the 4S,6R,11$-triol 
[8J (cf. Scheme 6) (4). 
This route to 23 and 24 may represent a biological 
alternative to the main route, which is .depicted in 
Scheme 7 and which likewise has received experimental 

support by isolation of postulated intermediates and by 
biomimetic reactions. 
In this pathway, the 4,6-diols [1, 2] are initially con
verted to the (1S,2E,4R,6R,7E,11S,12S)- and (1S,2E, 
4S,6R,7 E,11 S,12S)-11,12-epoxy-2,7-cembradiene-4,6-di
ols 25 (17) and 26 (4), respectively. These undergo acid
induced rearrangements to give the (tS,2E,4R,6E,8R, 
11S,12R)- and (1S,2E,4S,6E,8R,11S,12R)-8,11-epoxy-
2,6-cembradiene-4,12-diols [27, 28J (18). The genera
tion of 23, 24, 29 (17, 19), 30 (16) and 31 (19) is then 
accounted for by subsequent dehydration. All these 
compounds as well as the 8R,12R-epoxide 32 (20), 
which is another product arising by rearrangement of 
the 11S,12$-epoxide 26, have been found in various to
baccos. 
The validity of this biogenetic pathway has been rein
forced by treatment of epoxides 25 and 26 with dilute 
hydrochloric acid in dioxane-water (17). The results ob
tained for epoxide 26 are summarized in Scheme 8. 
Four major products were isolated and identified as the 
8R,11 S-epoxides 28, 30 and 24 and the 8R,12R-epoxide 
32. The generation of 28 is explicable, as shown in 
route A, by the anti-addition of water to the 11,12-
epoxide group followed by the attack of the newly 
formed 11$-hydroxyl group on the 7,8 double bond and 
the simultaneous elimination of the hydroxyl group at 
C-6. An analogous attack of the 12-hydroxyl group on 
the 7,8 double bond would be involved in the reaction 
leading to the 8R,12R-epoxide 32 (route B). 
Only one 8S,11R-epoxy bridged cembranoid, (1S,2E, 
4S,6E,8S,11R,12S)-8,11-epoxy-2,6-cembradiene-4,12-di
ol [33], has so far been isolated from tobacco (21). This 
may arise by the route shown in Scheme 9 which is 
analogous to that described in Scheme 7 and which in
volves the 11R,12R-epoxide 34 as an intermediate. Con
sistent with this is the fact that epoxide 34, which is a 
minor product obtained by epoxidation of the 4S,6R-

Scheme 7. Probable biogenesis of the 8R, 11 s- and 8R, 12R-epoxy bridged tobacco cembranolds. 
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Scheme 8. Proposed mechanism and products for the acid-Induced rearrangement of the 

2 

11 S, 12$-epoxlde 26. 

28 
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32 

--< 
30 24 

--< 

Scheme 9. Formation of the SS, 11 R-epoxlde 33 via acid-Induced rearrangement of the 
11 R, 12R-epoxlde 34. 

··< --< 

2 34 33 

Scheme 10. Formation, and probable blogeneala, of the 8S,11R-epoxlde 33 via the 
4S,85-dlol 35. 
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Scheme 11. 
Formation of the 

--< 
8S,11 R-epoxlde 38 

and the 
8R,11 S·epoxlde 29 

/ by treatment of the 
11S,12S-epoxlde 37 

38 with dilute acid. 
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diol 2 (17) and as yet not detected in tobacco, gave the 
8S,11R-epoxide 33 on treatment with dilute sulphuric 
acid in dioxane-water (21 ). 
In a biogenetically more plausible pathway, the exist
ence of which has been borne out by model experi
ments (21), the 4S,6R-diol 2 is initially converted to the 
4S,8S-diol [35]. The latter is then epoxidized affording 
the 11S,12S-epoxide 36 as the predominant product. 
This when treated with a trace of aqueous hydrochloric 
acid in chloroform undergoes an SN2 type of attack of 
the 8-hydroxyl group on C-11 to give the 8S,11R-epox
ide 33. 
Chemical results (21) also infer that a pathway exists 
between the 4R,8S- and 4S,8S-diols [22, 35] and 8R, 
11S-epoxy bridged cembranoids. Thus, treatment of (1'S, 
2E,4R,6E,8S,11 5,125)-11,12-epoxy-2,6-cembradiene-4, 
8-diol [37] with dilute sulphuric acid in dioxane-water, 
afforded, besides the 8S~R-epoxide 38, the 8R,ll S
epoxide 29. Its generati~vidently proceeds by hy
droxylation at C-12 and a proton-induced loss of the 
hydroxyl group at C-8. Whether the reaction involves 
an intermediate tetrol, as indicated in Scheme 11, or oc
curs in one step via protonation of the hydroxyl group 
at C-8, is unclear. 
With the aid of X-ray analyses (23), 8S-cqnfiguration 
has recently been assigned to the 4R,8S- and 4S,8S-di
ols 22 and 35, which have long been known as tobacco 

constituents (22). It is likely that these are formed in 
tobacco from the 4R,6R- and 4S,6R-diols 1 and 2, re
spectively, by allylic rearrangement reactions. In order 
to get some insight into these conversions, each of the 
4,6-diols [1, 2] was treated with dilute sulphuric acid in 
dioxane-water (23). Typical results obtained for the 
4R,6R-diol [1] are summarized in Scheme 12. It can be 
·seen that, besides starting material, five major products, 
which were identified as the 4R,8S-, 4S,8S-, 4S,8R- and 
4S,6R-diols [22, 35, 39, 2] and the secoaldehyde 40, are 
formed. Analogous results were obtained for the 
4S,6R-diol 2. 
It can be concluded, therefore, that under weakly acidic 
conditions a 4,6-diol will be subjected to competing al
lylic rearrangement, fragmentation and epimerization 
reactions. 
The results reveal that in the allylic rearrangement reac
tions, i.e. the interconversions of the 4,6- and 4,8-diols, 
the equilibrium positions favour the formation of the 
4,8-diols (cf. Scheme 13) (23). 
Inspection of Dreiding models shows that the forma
tion of the 4R,8S- and 4S,8S-diols [22, 35] may be ex
plained by conformer a of the 4R,6R- and 4S,6R-diols 
1 and 2, respectively, undergoing an SN2' type of reac
tion involving os-stereochemistry (Scheme 14). Con
versely, the 4R,8S- and 4S,8S-diols [22, 35], when ex
isting in conformer b, are amenable to SN2' reactions 

Scheme 12. Products obtained by treatment of the 4R,6R-dlol [1] with dilute acid. 
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Scheme 13. lnterconverslons of the 4,6· and 4,8-dlols 1, 2, 22, 35 and 39. 
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100 

Scheme 14. Proposed S,.2' mechanism for the lnterconverslons of dlols 1 and 22 and of 

4R 1 
452 
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dlols 2 and 35. 

4R 22 
4S 35 

---< 

H ~3 
I : 

~Yt~· 
H H H 
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Scheme 15. 

4R 41 
4S 42 

---< 

Scheme 16. 

42 

Scheme 17. Formation of the secoaldehyde 40 by acid-Induced 
fragmentation of the 4R,6R- and 4S,6R-dlols 1 and 2. 

4R 1 
48 2 

--< 
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---< 

Scheme 18. Eplmerlzatlon and allyllc rearrangement reactions taking place with the 4,6-
and .4,8-dlols 1, 2, 22 and 35. 
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Scheme 19. Proposed biogenesis of the 
aecoacld 44 and the aecolactone 43. 
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/ 
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43 4R 1 
4S2 

44 

Scheme 21. Formation of the aecoketonea 46 and 47 by a dehydratlve ring cleavage of 
the 4R,6R- and 4S,&R-dlola 1 and 2. 

4R 1 
4S 2 

-
46 

+ 

47 

Scheme 20. Formation of compound 45 by dehydration of the 45,85-dlol [35]. 

--< - --< 
35 

giving rise to the 4R,6R- and 4S,6R-diols [1, 2] (23). 

The interconversions of the 4,6- and 4,8-diols [ 1, 2, 22, 
35] may, however, also be rationalized by an ~1 
mechanism, in which hydroxylation occurs at C-8 m 
conformer c of carbonium ions 41 and 42 would yield 
the 4R,8S- and 4S,8S-diols 22 and 35, respectively 
(Scheme 15). The 4R,6R- and 4S,6R-diols [1, 2] would 
arise by hydroxylation at C-6 (23). 
The formation of the 4S,8R-diol 39 is not consistent 
with an SN2' mechanism and can be explained by an 
SN 1 reaction taking place with conformer d of carbo
nium ion 42 (Scheme 16) (23). 
The secoaldehyde 40, first reported as a constituent of 
tobacco flowers (24), arises on acid treatment from the 
4,6-diols [ 1, 2] by a fragmentation reaction (Scheme 
17), which is essentially irreversible (23). 
The chemical results also show that the 4R,6R- and 4S, 
6R-diols [ 1, 2] are prone to undergo epimerization at 
C-4 on treatment with weak acid (23). This process is 
probably also part of the reaction sequence, in which 
the 4R,8S- and 4S,8S-diols [22, 35] are interconverted, 
i.e. 22 ;:t. 1 ;:t. 2 ;:t. 35 (cf. Scheme 18). 

The formation of the 8S,11R-epoxide 33 from the 

45 

4S,8S-diol ([35], cf. Scheme 10) and of the 4R,8S,11S
triol [21] from the 4R,8S-diol ([22], cf. Scheme 5) sug
gests that the 11,12 double bond in the 4,8-diols [22, 
35] is susceptible to oxidation. This view is borne out 
by the recent isolation of the s~colactone. 43 from Bur
ley tobacco (11). The generatton of t?ts .can be ex
plained, as shown in Scheme 19, by mudattve cleavage 
of the 11,12 double bond in a 4,8-diol and subsequent 
lactonization. 
Alternatively, the secoacid 44, which has been found as 
a mixture of diastereoisomers m Burley tobacco (25), 
could be involved as an intermediate. Allylic rearrange
ment and esterification would complete the formation 
of the secolactone [ 43). 
The metabolism of the 4,8-diols [22, 35] also evidently 
proceeds by dehydration reactions. Thus, (1S,2E,4S, 
6£,11 E)-2,6,8(19),11-cembratetraen-4-ol [ 45], which is 
a constituent of flue-cured tobacco (19), is a product 
derived from the 4S,8S-diol ([35], cf. Scheme 20). 
The secoketone 46 and its Z-isomer 47 have recently 

· been isolated from cigarette smoke (26) but have as yet 
not been found in tobacco. They are likely to arise, as 
illustrated in Scheme 21, directly from the 4,6-diols [ 1, 
2] by a dehydrative ring cleavage reaction. 
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Scheme 22. Probable biogenesis of ketols 48 and 49 and secodlketone 50. 
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Scheme 23. Probable biogenesis of compound 51. 
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Scheme 24. Products obtained from ketol 49 by sensitized photooxygenatlon followed by 
reduction. 
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Scheme 25. Probable biogenesis of compounda 57, 58, 51 and 59. 
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The 4R,6R- and 4S,6R-diols [1, 2] are evident precur
sors of ketols 48 and 49, respectively, both of which 
give rise to the secodiketone 50 by a retroaldol type of 
reaction (Scheme 22). All three ketones ( 48-50] are to
bacco constituents, the secodiketone 50 having been 
obtained as a cis,trans-mixture from dark-fired tobacco 
(27). 
The recent isolation of (1S,2£,4S,8~,11S)-8,11-epoxy-4-
hydroxy-2,12(20)-cembradien-6-one (51] from Greek 
tobacco indicates that like the 4,6- and 4,8-diols [ 1, 2, 
22, Jj), the ketols 48 and 49 are susceptible to oxida
tion of the 11,12 double bond. This was readily verified, 
since photooxygenation of the 45-ketol 49 followed by 
reduction and an acid-induced cyclization of the result
ing (1 S,2E,4S,7 £,11 S)-4,11-dihydroxy-2,7 ,12(20)-cem
bratrien-6-one [52] proved to be a viable biomimetic 
route to the 8,11-epoxy bridged keto! 51 (Scheme '23) 
(28). 
In addition to the 4S,11S-ketodiol [52], the reaction of 
the 4$-ketol [ 49] with singlet oxygen was found to af
ford two of the expe.cted ene products, i.e. (1S,2E,4S, 
7£,10 E, 12 S)- 4,12- dihydroxy- 2,7 ,10-cembratrien-6-one 
[53] and its 12R-epimer 54. The isolation of an 8,11R
epoxy bridged compound (5j) from the reaction mix
ture infers, however, that the 4S,11R-ketodiol [56], the 
fourth ene product, is formed as well but that it cy
dizes spontaneously (Scheme 24) (28). 
Another route to 51, the existence of which has also 
been reinforced by chemical methods, is initiated by 
epoxidation of the 45-ketol 49 to yield the 11S,125-
epoxide 57. A subsequent acid-induced rearrangement 
results in the formation of an 8,11 S-epoxy bridged ke
todiol [58], which on dehydration produces both 51 
and 59 (Scheme 25). This pathway is also attractive 
from another point of view since intermediates 57 and 
58 as well as compound 59 have, most recently, been 
isolated from tobacco (28). 
Although more than forty tobacco cembranoids are 
known, the vast majority of these can be prepared from 
the 4,6-diols [1, 2] by relatively simple reactions such as 
epoxidations, singlet oxygen reactions, dehydrations 
and acid- and base-induced rearrangements. These pro
cesses may also occur in the tobacco leaf and flower 
and it is reasonable to assume that the 4,6-diols [ 1, 2] 
are the key intermediates in the biogenesis of most to
bacco cembranoids. In the biodegradation of parent 
cembranoids to norcembranoids, however, more exten
sive chemical alterations are involved. 
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