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ABsrRAsr

Fichtelire. C,JI-. is a satrrated hydrocarbon mineral that is monoclinic, space group Y2y with a 10,706(4), b 7,458(2)'

cIO.824(7)ipiOiSS1ll.,y831.4(ti) A3,Z=Z.Irsstrucurewasdeterminedbydirectmethodsusingll05observedreflec-
tions [F > :o* *iO a nrl-mafix least-squaras refinement, producing an R index-of 4.6Vo. T\e fichtelite molecule contains

ttgee nonlineirly fused six-membered carbon rings with an angular methyl, a methyl and an isopropyl group coordinated to the

rings in the structure.
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Somr{ens

La fichtelite. C,oHea, est un hydrocarbure ou1u1g1 nqasslinique, groupe spatial P2r, avec a 10.706(4)' b 7.458(2),

c 10.824(7) A, p fO':;.d'i<i1", y 8i1.4(8) A3, Z = 2. Sa structure a 6t6 d€terminee en utilisant 1105 r6flexions observees

tF > 3oFj, jusqu'l un r6,sidu R de 4,6% obtenu par m6thode de moindres carrds. la mol&ule de la fichtelite contient trois

anneaur de six atomes de cmbone chacun, rattach6s de fagon non lindaire, avec des groupes m6thyl, m6thyl angulaire et

isopropyle coordonn6s arD( anneaux.

Mots -cll s : fichtelite, hydrocarbure, stucture cristalline, phenantbrdne.

INIRoDUcfloN

Fichtelite (CrsHs) was originally discovered in
fossilized pine trunks taken from peat beds in the
Fichlelgebirge, located in southem Germany @romeis
1841); it was subsequently described by Strunz
(1962). Acquisition of well-crystallized fichlelite from
Sobeslav, Czech Republic, provided the opportunity to
solve its crystal structure.

Simonellite and phylloretin (or retene; Simonsen &
Barton 1952) are hydrocarbon compounds related to
fichtelite. Simonellite is found in liguite beds in Italy
(CpH2a, Foresti & Riva di Sanseverino 1969), and
fichtelite, along with phylloretin (C15H13i Strunz
1970), occurs in peat beds in the wood of dead
conifers. Fichtelite is present as white or yellowish
crystals on compact pieces of wood, betweon annual
rings, in cracks and crevices, or along oleoresin ducts
(Sterling & Bogert 1939); the material also may be
disseminated in tle wood, and extraction can yield
fichtelite as the major component (tloering 1967).

The apparent origin of fichtelite from the resin
acids (i.e., abietic acid) of living pine trees is sup-
ported by its occurrence with retene (a product of
dehydrogenation of the resin acids; Burgstahler &
Marx 1964). Rosin, the nonvolatile component of

oleoresino is a mixture of C2so fused-ring mono-
carboxylic acids in various stages of isomerization; it
has the general formula CleH2eCOOH, and is domi-
nated by levopimaric and abietic acids, but also
contains other related diterpene acids: neoabietic,
d-pimaric, 7-it6-6-pimaric and dehydroabietic acids
(Fieser & Fieser 1'949). Abietic acid is a main
constituent in rosin (although a minor constituent in
oleoresin), as well as being one of the important resin
acids in living conifers. It is susceptible to numerous
chemical tansformations, and is sensitive to heat acid
isomerization and autoxidation (Fieser & Fieser 1949).
Volatile oils evaporate with progressing age of a
deceased plant, and the acidic components are left
behind to harden and change through isomerization
and processes of oxidation. The process of forming a
fossil resin occurs over a timescale of months to thou-
sands of years, to produce different fossil products of
the resins (Weaver 1978).

In the diagenesis of fossil wood, varying chemical
environments result in different fossil-resin products
from resin-acid precursors. A highly reducing environ-
ment leads to saturation and decarboxylation of abietic
acid to produce fichtelite; sulfur and a dehydro-
genating environment alter fichtelite to phylloretin.
With increasing age, the extent of decarboxylation
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increases, leading to higher concentrations of fossil
resins in decaying wood. The association of fichtelite
with phylloretin, and its occurrence along oleoresin
ducts in the wood, support its origin from abietic-type
resin acids. Structural similarity of fichtelite to the
terpenes would further support this origin.

Fichtelite has been prepared through a number of
synthetic processes: the cyctzation of trienols, reduc-
tion of abietic acids, decarboxylation of dihydroacids
or catalytic dehydrogenation of diene mixtures (Jensen
& Johnson 1967, Johnson et al. 1968. Taber & Saleh
1980, Burgstahler & Marx 1969).

E)csRnmt.lTAL

Sample

The sample, obtained from Forrest Cureton, con-
sists of a piece of compacted, dried-out pine wood
with crystals covering an area approximately 5 x I cm.
The soft crystals, ranging from 0.5 to 3.0 mm across,

TABIT 1. POWDER PATTERN FOR FICI{TEUTE

t n o d(obs) (calc)

are clear and colorless, with a tabular habit on {001}
and showing elongation along [010]. Using powdered
crystals in a capillary tube, a range in melting point of
44.2 - 45.0C was obtained, which compares well
with a previously recorded value of 44.8 - 45.1"C
(Jobnson et al. L968).

Data collection

The powder pattem was recorded using a 114.6-mm
Debye-Scherrer camera with iron-filtered CoKcr
X-radiation (L = 1.7902 A). No shrinkage or absorp-
tion correctiotrs were made. as no back reflections
were observed, and c[,1 and oq could not be resolved.
The refined nnit-cell values (Iable 1) differ from those
of Snunz (1962). The current unit-cell is related to the
earlier cell by the transformation (TOOlOtOftOt).

A single crystal (0.4 x 0.35 x 0.1 mm) was srudied
on an Enraf-Nonius CAD4 four-circle diffractometer
using graphite-monochromated MoKcr X-radiation.
The unit-cell dimensions were determined bv a least-
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TAEI.B 3. CARBON ATOM ANBOITTOUC DISPIACB'BJT PARAMETRS (r Id)

o lte ft@ ol fre dtlpla@€d frdd ls 6pl-2ltu(r1)rfa" +

Il p,4eb'2 + I) 6;1Ft'2 + 2.1! 6,arhb'b' + 2l! o,11tla'c' + Xl ea M c1l,

squares fit of 25 automatically centered reflections in
the 2e scan range 6.72-20.28": a 10.706(4),
b 7 .458Q), c 10.824Q) A, p 105.85(3)o. The cell con-
tent is 2[C,eH3+l with a cell volume (y) of 831.4(7) A3
and a calculated density of 0.631 g/cm3. Intensities of
three reflections were monitored at one-hout intervals
and showed a variation of less than 2Vo. A total of
2351 rcflectrons was collected (2o < 20 < 44') with
indexranges - I l<h< 11,0< k37,anrd- l l  < l< 11.
The data were then corrected for Lorentz, polarization
and background effects, and reduced to structure
factors: of the 1 1 18 unique reflections measured, I 105
were classed as observed [F > 3o"].

TABI:B 4. BoND LE{cTss (A) FoR TsB FI(gTBfiE Mq.BcIIa

Structure determination and refi.nement

Crystallographic calculations were done using the
Xtal 3.0 software (Hail & Stewart 1990)' Full-manix
least-squares refinement converged to an R index of
4.6Vo for 19 atoms of carbon and 33 of hydrogen with
isotropic displacement factors for the hydrogen atoms
and anisotropic factors for the carbon atoms. Atomic
coordinates and isofiopic atomic displacement factors
are listed in Table 2, anisofropic atomic displacement
factors in Table 3, and bond lengths in Table 4. Bond
angles and structure-factor tables are available from
the Depository of Unpublished Data" CISTI, National
Research Council of Canada, Ottawa, Ontario KIA
0s2.

DrscussloN

The fundamental molecule in fichtelite (Fig. 1) has
a perhydrophenanthrene stucture: there are three non-
linearly fused, six-membered, saturated carbon rings
in chair conformation, $dth an axial methyl group, an
angular methyl group and an isopropyl group attached
to the carbon rings. Figure 2 shows the structural simi-
larity of fichtelite to abietic acid, in that both possess a
similar phenantlrene sfructure, along with the attached
angular methyl and isopropyl groups. The difference
lies in the absence of the carboxylic group in fichtette.
Phylloretin also resembles the basic skeleton of
fichtelite, although it lacks the angular methyl group'
and its rings arc unsaturated. The fichtelite molecule is
also structurally s'imilar to that of simonellite @oresti
& Riva di Sanseverino 1969). Simonellite has tlree
nonlinearly fused rings with attached isopropyl and
two methyl groups; unlike fichtelite, it does not have
an angular methyl group, and is partially aromatic in
nature.

FIc. 1. A general view of the flchtelite molecule showing
three fused six-membered carbon rings with attached
metlyl, angular methyl and isopropyl groups. The large
circles represent carbon atoms, and the small circles
represent hydrogen atoms.
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Ftc. 2. The stuctural similarity among (a) fichtelite, (b) simonellite (Foresti & Riva di
Sanseverino 1969), (c) phyllorerin, and (d) abietic acid (Hoering 1967).

The location of the hydrogen attached to C16
(Frg. 1) in the isopropyl group was not determined.
The low steric hindrance (i.e., a low barrier to rota-
tion) of the isopropyl group results in a higher magni-
tude of thermal motion and increased difficultv in
locating the correct positive electron density corre-
sponding to the hydrogen atom. This is apparent in
Table 4: C16 has a larger displacement-factor than the
other carbon atoms.

A chair conformation is observed in the rines.
which is normal for rings of sp3-hybridized carbon,"in
order to minimize angle strain; the chair conformation
is associated with an expected 109.5. angle (Banks
1976). All bond angles in tle rings agree with the
expected value; the angles also are consistent with
those in the structure of simonellite @oresti & Riva di
Sanseverino 1969). Minor deviations from idealifv are
athibutable to steric constraints of the structure, *ncn
necessitate largeg bond-angles. For example, the angle
formed by C10{9{11 (where C9 is the apex) is the
largest at 114.8'. There is a large degree of crowding
at this intersection, and the structure must distort to
minimize steric ihterference. As there are no double
bonds in the structure, the expected length of C-C
bonds is 1.53 A, and C-H bonds are expected to be

1.09 A (Ege 1989). Observed bond-distances agree
with these values, any deviations being attributable to
the conformation of the rings. Shorter C-H bond-
lengths are observed for C16 and C17 atoms, which
are part of the isopropyl group. The C atoms show
larger displacement-factors (related to larger thermal
motion), which" in turn, would contribute to shorter
bond-lengths. Displacement factors are higher for
those atoms not associated with the phenanthrene
skeleton. Although they are not part of the isopropyl
group, Cl1 and C19 also show short C-H bond-
lengths, whereas the C9-C10 bond is long. In this
case, short C-H and long C-C bonds alleviate the
overcrowding around both sets of carbon atoms. This
is consistent with characteristics of the related strus-
tures of simonellite (Foresti & Riva di Sanseverino
1969) and phenantbrene (Trotter 1963).
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