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w-Cycloalkyl faity acids are the most abundant com-
ponents of the lipids in the acidothermophilic bacterium
Bacillus acidocaldarius [1, 2]. They also occur in trace
amounts in deposits of ruminants and in rumen fiora
[3]. From the exogenous precursors RCO,H and
RCH,COOH (R, = cyclobutyl, cyclopentyl, cyclohexyl
or cycioheptyl), Baciiius acidocaidarius and Bacilius
subtilis also synthesize a corresponding range of C, to
C,, semisynthetic w-cycloalkyl fatty acids [4, 5].

Chromatographic and spectroscopic data on these
w-cycloalkyl fatty acids were previously reported [6].
Apart from MS, the other spectroscopic techniques, IR
and 'H NMR have limited diagnostic value for distin-
guishing mixtures of such w-cycloalkyl fatty acids.
Preliminary work on !*C NMR spectral analysis of fatty
acids [7] shows the suitability of this technique for their
structural analysis. The present paper deals with the
capability of 3C NMR to locate the cyclic group in a
series of natural and semi-synthetic w-cycloalkyl fatty
acids.

As expected, the spectra of w-cycloalkyl fatty acids,
with the generalized formula 1, show a n-fold accidental
degeneracy (overlaps) due to the n-CH,-groups of nearly
equivalent carbons at § 29.65. The *3C chemical shifts of
the carbonyl of different w-cycloalkyl fatty acids at
0 180.43 appear to be largely solvent dependent and in
good agreement with the previously reported values [ 7].
The low intensity of this signal is due to the diminished
nuclear Overhauser enhancement and long T, for the
pulse conditions. The *3C resonances of C-2 and C-3 in
the carboxylic end group of the molecules (at 4 34.15 and
24.72, respectively) are easily assigned on the basis of
well known chemical shift rules. The 0.2 é differences in
chemical shifts of C-4 (6 29.10), C-5 (29.29) and C-6
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spectroscopy.

Tabie 1. *3C Chemical shifts (from TMS +0.02) and multi-
plicities for the carbon atoms at the aliphatic chain end of w-
cycloalkyl fatty acids

Carbon No. 1 2 3 4
7+ n() 29.72 29.99 30.05 30.05
8 +n() 27.22 28.84 27.00 27.48
9+ n() 37.14 36.29 37.82 38.30

10+ n@ 36.29 40.21 37.68 39.34
11 + n(1) 28.45 32.77 33.60 34.73

12+ n(@) 18.52 2522 26.56 26.63

13+ n(t) 28.45 25.22 26.90 28.61

14 + 5 () 32.77 26.56 28.61
15+ n() 33.60 26.63

16 + 1)) 34.73

(29.48) are in agreement with the predicted '*C linear
electric field effect shifts in saturated fatty acid chains.
The assignments of the remaining carbon atoms at the
end of the aliphatic chain for the w-cyclobutyl, w-cylo-
pentyl, w-cyclohexyl and w-cycloheptyl fatty acids are
reported in Table 1. The !3C resonance assignments of
the carbon atoms C, _ ,, Cq4,, and C,,  at the aliphatic
chain end, respectively, y, f and « to the cyclic group, are
based on chemical shift rules [8, 9] and comparison with
appropriate model compound [10, 11].

As expected, the cyclobutane and cyclopentane rings
give one methine and two methylene signals with an
intensity ratio of ca 1:1:2 for cyclobutane and ca 1:2:2
for cyclopentane. The cyclohexane and cycloheptane
rings give one methine and 3 methylene signals with an
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intensity ratio of ca 1:1:2:2 and 1:2:2:2, respectively.
The assignments were confirmed by selective proton-
decoupling experiments.

EXPERIMENTAL

Precursor acids were purchased commercially.

Large scale recovery of acids. Bacillus acidocaldarius was
utilized as a source of w-cycloalkyl fatty acids. The growth con-
ditions, recovery and purification of natural and semi-synthetic
w-cycloalkyl fatty acids were as previously described [4].

13C NMR measurements. All measurements were made with
a Fourier transform accessory and signal multiplicity was
determined by off-resonance decoupling. The samples of w-
cycloalkyl fatty acids (50 mg) were spun in Smm tubes using
CDCI, (0.5 ml) as solvent. The solvent deuterium provided the
lock signal; chemical shifts are given as § values in ppm down-
field from the internal TMS '3C signal. Chemical shifts are
accurate to within +0.02 ppm. Spectra were first recorded in
the proton noise decoupling mode to measure chemical shifts
and the degree of substitution of each carbon atom was then
determined by obtaining a second series of spectra in the single
frequency off-centre decoupling mode.
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Die bisherigen Untersuchungen von Vertretern der
siidafrikanischen Gattung Athanasia (Tribus Anthemi-
deae) haben gezeigt, daB eine Gruppe durch Furanses-
quiterpene und eine zweite durch Acetylenverbindungen,
die auch in der nahe verwandten Gattung Pentzia
vorkommen, charakterisiert werden kann [1-4].

Wir haben jetzt A. tridens Oliv. untersucht. Die
Wurzeln enthalten 2, 4, 6-9 sowie die Methylester 1 und
3. Die entsprechenden Sduren 2 und 4 haben wir bereits
frither isoliert und in die Ester 1 und 3 tibergefithrt [ 1], so
daB die Strukturen klar sind. Schliellich isoliert man
noch das Acetat 5, dessen Konstitution aus den spek-
troskopischen Daten folgt. Das UV-Spektrum zeigt, daf
ein Endiinen vorliegen muf, wihrend das 'H-NMR-
Spektrum die Konfigurationen der Doppelbindungen

*254. Mitt. in der Serie “Polyacetylenverbindungen™; 253.
Mitt.: Bohlmann, F., Zdero, C.. Robinson, H. und King, R. M.
(1979) Phyrochemistry 18,1519.

erkennen 14B8t. Offenbar wird 5 in Analogie zu dhnlichen
Verbindungen durch $-Oxydation und Fragmentierung
aus 12 iiber 2 gebildet (s. Schema). Die oberirdischen
Teile liefern evenfalls 1-4, 6, 7, 9 sowie Germacren D
(10) und Cumarin.

Die Inhaltsstoffe dieses Vertreters zeigen, dall auch
diese Art in die Gruppe der mit Pentzia nahe verwandten
gehoren diirfte.

EXPERIMENTELLES

IR: Beckman IR 9, CCl,; "H-NMR: Bruker WH 270; MS:
Varian MAT 711, 70 eV, DirekteinlaB. Die lufttrockenen zer-
kleinerten Pflanzenteile extrahierte man mit Ether-Petrol, 1:2
und trennte die erhaltenen Extrakte zunéchst grob durch SC
(St gel, Akt. St. II) und weiter durch mehrfach DC (Si gel GF 254).
30 g Wurzeln ergaben in der Reihenfolge ihrer Polaritit 2 mg 9,



