
New compounds with small rings
in essential oils

By D. de Rijke, R. ter Heide, and H. Boelens, Naarden International,
Naarden, The Netherlands

De~~Xetic tiagrance rmvmaterials, essential
the continuing discovery of new

oils still remain the other half of the foundation
of perfumery. Consequently, the analysis of es-
sential oils is still very much of interest, as is
illustrated by the excellent series of articles by
Lawrence in this journal. We now wish to report
a number of products containing small (three-,
four-, and five-membered) rings, most of which
are found for tbe first time in essential oils.
These products were isolated by chemical group
separation, liquid and gas chromatography,
whereupon the structures were determined by
mass, infrared and NMR spectroscopy, All
structures were confirmed by synthesis. The es-
sential oils used were obtained from regular
commercial sources.

Cyclopropane derlvetivee

Two homologous acetates were found in ab-
rette seed oil, which were identified as l-(2-
acetoxyethyl)-2 -hexylcyclopropane (I) and l-(4-
acetoxybutyl)-2 -hexylcyclopropane (II) (see
Table I).

Although three-member ring compounds with
a terpenoid skeleton (e. g., chrysanthemum acid,
thujane and carane derivatives) are not uncom-
mon in essential oils, only a few cyclopropane
derivatives with straight chain substituents
were found. One example is cascarillic acid
(III), a constituent of cascarilla oil,l+ another,
2-pentylcyclopropane carboxylic acid (IV),
which we recently reported to occur in patchouli
oiL4 Longer chain cyclopropane carboxylic acids
are found in bacteria as a part of phospholipid
molecules or as triglyceride s.’ The biosynthesis
of these compounds involves the methylation of
unsaturated fatty acids hy S-adenosyl-L-
methionine,s and probably the ambrette acetates
are formed by a similar pathway.

The syntheses of the ambrette acetates (I and
II) was performed by a well established method:
Simmons-Smith reaction on 3-decenol and 5-
dodecenol, respectively, followed by esterifica-
tion with acetic anbydride.s

Another type of cyclopropanoid compounds
are those with a hitherto unknown terpenoid
skeleton, 7-acetoxy-1,1,5 -trimetbylbicyclo
[4. I. O]heptane (V, found in cistus oil) and
1,1,5 -trimethylbicyclo[ 4.1,01heptane-7 -car-
boxylic acid (VI, found in labdanum oil). For-
mally this skeleton can be derived from the
geranyl ion (or its pyrophospbate, the key inter-
mediate in the biosynthesis of monoterpenes) by
two cyclizations as shown in figure 1. Possibly
these compounds are really formed in this way,
although other pathways such as alkylation can-
not be excluded,

The route by which we prepared these com-
pounds is shown in figure 2. In this route the
key intermediate is the cyclohexene VII, which
we prepared from the Naarden fragrance raw
material ethyl safmmate (ethyl dehydrocycloger-
anate, a mixture of double bond isomers, VIII).
Hydrogenation followed by hydrolysis and de-
carboxylation afforded the desired l,l,3-tri-
methylcyclohexene (VII) in an overall yield of
60Y..

Reaction of the alkene with ethyl diazoacetate
followed by hydrolysis gave the labdanum com-
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Small rings

pound VI.
Synthesis of the cistus compound V could be

effected by reaction of VII with dibromocarbene
to tbe dibromo derivative fx, from which one
bromo atom could be removed selectively hv. .
reduction with tri-n-butyltinhydride.e Air o~ida-
tion of the lithium compound afforded the &o-
hol, which was esterified with acetylchloride.

A more common cyclopropanoid terpenoid
skeleton is found in the thujane derivatives X
and XI. 10-Thujanic acid (X) was reported to be
a constituent of olibanum oil,r which could be

confirmed, We also found this acid in the oil of
juniper berries and in carrot seed oil, 10-
Thujanic aldehyde (XI) had up to now only been
known as a synthetic material;s,g we could prove
its presence in the oil of juniper berries.

Cyclobutene derlvetlvee

In Table I some four membered ring com-
pounds are shown (XII-XIV), which have been
known since the beginning of this century as
synthetic degradation products of a-pinene.
Pinonic acid (XIIa) was described for the first
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time by Tiemann. M ReC~~tly this acid and its Cyclopentane derivatives
methyl ester (XIIb) were found to be con- In Table I three types of five membered ring
stituents of hyssop oil. ]l We can now prove the compounds are shown. They have a cam-
presence of the ethyl ester in labdanum oil.

Pinic acid (XIII) was encountered in spike la-
pbonane skeleton (XV-XVII), an a-campholene

vender oil; this odourless dicarboxylic acid bas
skeleton (XXI-XXV), m a y-campholene skeleton

been known since 1907, ” Pinonic aldehyde (XXVI-XXVIII).

(XIV) has been mentioned severs] times as
Camphonanic acid (XV) has been known for a

having an agreeable odour18-ls; we now found
long time as a synthetic degradation product of

this material also in spike lavender oil. All these
camphor. It is also formed upon ozonolysis of
the sesquiterpene cuparene.1e,17 Although it has

compounds were synthesized according to
well-established methods.lo.1~.la been reported to occur in the acidic fraction of a
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Figure 3
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Figure 4

kI / ccc’,,

..,”

Californian gasoline distillate,” this is the first
time camphonanic acid has been repmted as
being present in an essential oil—labdanum oil,
Apart from camphonanic acid we also found in
labdanum oil the related compounds XVI (l-
acet yl-1 ,2,2 -trimetbylcyclo pentane ) and XVII
(1-(1,2,2 -trimethycyclopentyl)-l ,4-pentanedione).

Tbe diketone XVII bas been described in
connection witht the acidic rearrangement of
/3-ionone epoxide.” Initially, this rearrangement
affords the unsaturated diketone ~ (see fig. 3).
However, when protic acids such as p-toluene
sulphonic or formic acid are used the selectivity
to ~ is very low. ]e~o We found that when a
Lewis acid, for example, boriumtrifluoride etb-
erate, is used, a yield of 50~0% of ~ could be
obtained. Hydrogenation gave the labdanum
diketcme XVII, whereas camphonanic acid could
be prepared by omnolysis of M in a moderate
yield (50%). This is, nevertheless, an improve-
ment over the methods mentioned in the litera-
ture, such as the Hunsdiecker degradation of
camphoric acid for which an overall yield of 270
is reported.’%~l

The monoketone XVI could be synthesized by
rearrangement of the cyclobexane epoxide XX
(yield: 50%), so this type of rearrangement of
substituted cyclohexane epexides seems to be
rather gene ml,

Some compounds with an a-cam pholene
skeleton are reported to occur in essential oils.
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a-Cam pholenic aldehyde (xxI) has been If
ported in juniper berries and lavandin oilzz,zg; it
was now found also in labdan”m and spike la-
vender oil.

a<ampholenic acid (XXII) has been found in
olibanum oil and in cistus oil.4,7,if This acid
seems to occur in all kinds of natural materials;
we found it for instance in labdanum, spike lav-
ender, calamus, rosemary, coriander, and juniper
berry oil,

Next to these two compounds we could also
prove the presence of ethyl a-campholenate
(XXIII) and its dehydm derivative XXIV in lab-
danum oil, while in spike lavender oil the oxo
acid XXV was found.

Of the compounds with a -y.campholene
skeleton (XXVI-XXVIII), up to now only w
campholenic acid (XXVII) has heen found in
natural materials; in olibanum oil and in cistus
oil,~,r~ Like the a-isomer it is now also found in
a great number of other essential oils—
lahdanum, spike lavender, carrot seed, ros-
emary, coriander and juniper berry oil. y-
Campholenic aldehyde (XXVI) was encountered
in the oil of juniper benies and in labdanum oil;
ethyl y-campholenate (XXVIII) in labdanum oil.

The biogenesis of the compounds with cam-
pholene skeleton is not yet established. As
Thomas has commented, they could very well
stem from a pinene or bornane precursor.2z
Synthesis of both skeletons is possible starting
from a-pinene epoxide. Treatment with a weak
Lewis acid like zinc bromide affords a-
campholenic aldehyde in high yield,s5 while
reaction with dry hydrogen bromide followed by
heating with silver acetate according to Hart-
shorn gives y-campholenic sddehyde (see fig.
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4).2627 The other compounds can be prepared
from these aldebydes according to well estab-
lished methods. Oxidation with silver oxide af-
forded the acids, which were esterified to the
ethyl esters, The a-dehydro ester XXIV was
prepared by photo xidation of ethyl a-
campholenate, followed by dehydration,
whereas oxo acid XXV could be synthesized by
epoxidation of a-campholenic acid and subse-
quent rearrangement.

Sensory properties of the new compounds
mentioned in this paper are given in Table II.
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Ftalamncaa

1, H, Thorns and G. Fendlar, Arch. Phann. 235,671 (1900)
2. 0. Motl, M. AmIn, and P. Sedmara, PhytochemiatIy 11,407

(1079),, .,-,
3. S. R. Wi160n and K. H. Prcdan, Tetrahedron Lett. 1976,

4231
4. D. da Rijke, P. C. Trsaa, R. ter Heide, and H. Soelsns,

Phyiochemi6try17,1 W-t (197a)
5. J. H. Law. Ace. Chsm. Ras. 4.199 (1971)
6. D. Seyfe~h, H. Ya&aki, ad D. L: Allaston,J. Org. Chem.

2a, 703 (1s6s)
7. H. OLwnnann,Dragoco Rep. (Gar. Ed.) 25,55 (197a)
6. M. 1. Gorayaev and G. A. Tolstikov, In. Akad, Nauk. Kaz

SSR, Ser.Khim 1962, 6Z CA.5S,34S2e(1963)
9. G. V. Pigulevsi+ and A. 1. Kotmkotina, Zh. Ob61wh, Khim.

25, 16e (1965); C.A. 62, 13182s (1965)
10, F. Tiam6nn and F, W. Semmler, 8ar. Dtsch. Chem. Gas.

28.1 w (t 895)--, .. . . . . . . .
11, D. Joulain,Riv. Ital. 58,192 479(1976)
12. F. W. Semmler and K. 8artalt, 8sr. Otsch.Chem. Ges. 40,

1372 (1S07)
13, C. Harries md H, von Splawa-Nayman,8er. Otach.Chsm.

Gss. 42,S79(1909)
14. J. Kulasza and J. Kula, Rischat., Aromen, Korperpftagem.

2a, 37 (1975)
15. J. Kula6za and J. Kula, Riachat., Aromen, Korperpllegem.

26,276 (1976)
16. C. Enzell and H. Erdtman, Tetrahedron 4,361 (1956)
17, A. Matsuo, N. Nakayama, T. MaIda, ‘f. Nods and S.

Huyaahi, PhytochemiatIy 14, 1037(1975)
1S K. Hancock and H. L. Lachte, J. Amer. Chem. Boc. 61,

2448 (1939)
19. W. Skorianatz and G. Ohloft, HeIv. Chim. Acts 57, 2439

(197A),. -..,
20, K. L. Stevens, R. Lundin and D. L. Davis, Tetrahsdmn 31,

2749 (1975)
21. S. Natori, H. Nlshlkawa and H. Ogawa, Chem. Phann. Bull.

12,236 (1S64);C.A.6014423j (1S64)
22. A, F. Thomas, HeIv. Chlm. A&a 65,815 (1972)
22. B. D, Mcukheriae and R. W. Trenkle. J. A@c, Feed Chem.

21, 29a (i 973)’
24. H.-U. Warnecka, Dragow Rep. (Gar. Ed.) 25, 182(1978)
25. J. B. Lewis and G. W. Hadnck, J. Org. Chem, 30, 4271

(19s5)
26. M. P. Hattshorn and A,F,A. Wallis, J. Chem, ?.oc. (C) 1964,

5254
27. P. M. Boy@, J. Chain. SW. (C) 1971,2136

Perfumer & Flavorlst/37Vol. 7, Feb,uary/March 1982


	MAIN MENU
	Index of Years
	Table of Contents
	---------------------------------------
	Search
	Search Results
	Print

