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In connection with the proof of the course of a poly- 
olefinic cyclization,1 we had occasion to  develop a con- 
venient synthetic source of authentic fichtelite (I).2 
The following scheme is a somewhat condensed version 
of one of the approaches described by Burgstahler 
and M a x 3  

For the first step of our synthesis we employed the 
known conversion of abietic acid (11), by reduction of 
the diamylamine salt with lithium in ammonia, into 

I II 
A8(14)-dihydroabietic acid [111, R’ = H; R2 = CH- 
(CH3)2].314 Four recrystallizations of the crude prod- 
uct afforded, in 24% yield, material, mp 197-198”, 
[(Y]~~D -24O, which is of only moderate purity.3 

The second step involved decarboxylation of the di- 
hydro acid by the pyridinecopper salt catalyzed6 
reaction with lead tetraacetate to give, in 76% yield, 
the diene mixture IV. This type of decarboxylative 
elimination reaction has been used before in the resin 
acid series and has been shown to give mainly the isomer 
with an exocyclic bonda3g6 It is noteworthy that 
in our hands the Kochi decarboxylation procedure,6 
when applied to the k n o ~ n ~ , ~ ~  tetrahydroabietic acid, 
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mp 182’, that is obtained on hydrogenation of 111 
[R‘ = H, R2 = CH(CH&], afforded the monoolefinic 
mixture (8,14-dihydro IV) in 76% yield. 

m rv 
The third step amounted simply to catalytic hy- 

drogenation of the diene mixture over platinum oxide 
in acetic acid. It seemed probable that the stereo- 
chemical course of this reaction would be predictable 
on the basis of the known propensity of such systems 
with an 8,14-olefinic bond to undergo p hydrogenation3*’ 
and of such systems containing an olefinic bond in- 
volving C-4 to undergo a hydrogenation.3 This 
expectation was realized in that the vapor phase chro- 
matogram of the hydrogenation product showed only 
two peaks, in the ratio 3 : 7. The substance correspond- 
ing to the latter (major) peak, on separation by pre- 
parative vapor phase chromatography, crystallized 
in the collection tube. This material on a single re- 
crystallization from methanol, melted at  45.846.1 ’, 
[ ( Y ] ~ ~ D  +19’. A mixture of this product with a sample 
of natural fichtelite8 (I), mp 45.846.1°, [(.Y]*~D figo, 
melted at  45.8-46.1’. The infrared spectrum, as well 
as the nmr spectrum and gas chromatographic behavior 
of the synthetic material, was identical with that of 
the natural product. 

For a somewhat simplified preparation of fichtelite 
in higher over-all yields, it was found that the total 
crude dihydroabietic acid of the first step could be em- 
ployed. The hydrogenation product of the third step 
was shown by gas chromatographic analysis to contain 
50% fichtelite. From this mixture it was possible to 
isolate fichtelite either by preparative gas chroma- 
tography or siniply by repeated recrystallization from 
ether-methanol. 

Experimental Section9 

AB(14)-Dihydroabietic Acid [III, R1 5 H; RZ = CH(CH&] .- 
The following is essentially the procedure described by K e n n e d ~ . ~ b  
To a mixture of 400 ml of anhydrous ether and 400 ml of liquid 
ammonia (distilled from sodium) was added 40.0 g of the diamyl- 
amine salt of abietic acid ( [ a ] 2 6 ~  -60”).1° The resulting light 
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yellow slurry was stirred while it was brought to reflux tempera- 
ture; then 6.5 g of freshly scraped % to 4-cm pieces of lithium 
wire was added over a period of 20 min. The mixture was stirred 
under reflux tor 1 hr, and 150 ml of absolute ethanol was then 
added slowly with stirring over a 1-hr period. The ammonia 
was removed by distillation through a water-cooled condenser. 
To the residue were added 150 ml of 95% ethanol, 600 ml of 
water, and 100 ml of concentrated hydrochloric acid. After 
standing for 14 hr at  room temperature, the acidic mixture 
was cooled in an ice bath. The resultant precipitate, which was 
collected by filtration and washed well with water, amounted to 
26.5 g (1007,,, yield) of light tan crystals, mp 145-165", [ c Y ] ~ ~ D  
+2". Four recrystallizations of material of this quality from 
acetone gave a 24% recovery (lit.4 2530%) of colorless, 
crystalline material, mp 197-198'," [ c Y ] ~ ~ D  -24" (lit. mp 195- 

Decarboxylation of ~i~(~~)-Dihydroabietic Acid [111, R1 = H ;  
R2 = CH(CH3)2] to Give the Diene Mixture 1V.-In a dry, 
nitrogen-filled flask were placed 2.00 g of the aforementioned 
purified dihydroabietic acid (mp 197-198'), 4.0 g of lead tetra- 
acetate, and 50 mg of cupric acetate. To this mixture were added 
20 ml of anhydrous benzene (dried over molecular sieves) and 2.0 
ml of dry pyridine (distilled from calcium hydride). The system 
was degassed, filled with nitrogen, and then stirred at reflux 
under nitrogm for 14 hr. The mixture was cooled and added to 
150 ml of ether and 50 ml of water. Ferrous sulfate was added 
until the aqueous layer was saturated, and the mixture was then 
acidifiPd with 10% hydrochloric acid. The ether layer was 
washed successively with three 100-ml portions of saturated brine, 
50 ml of satitrated sodium bicarbonate solution, and 100 ml of 
saturated brine, and was then dried over anhydrous magnesium 
sulfate. The residue, obtained on evaporation of the solvent, 
was chromatographed on 100 g of Woelm neutral alumina 
(activity 11). Elution with 150 ml of pentane gave 1.30 g (76% 
yield) of the diene mixture IV. This mixture contained a signifi- 
cant proportion of terminal methylene isomer as evidenced by its 
infrared spectrum which exhibited strong bands at 6.10 and 11.2 
p. The column was further eluted with 300 ml of 4:  1 pentane- 
methylene chloride containing 1% methanol to give 0.46 g (23% 
yield) of a material exhibiting strong bands at  5.78 and 8.05 p 
(acetate) in 1 he infrared spectrum. 

Fichtelite. A. From the Diene Mixture 1V.-A 1.30-g portion 
of the aforementioned diene mixture I V  was hydrogenated for 35 
min a t  atmospheric pressure in 70 ml of glacial acetic acid in the 
presence of 325 mg of platinum oxide. Hydrogen uptake had 
ceased after 20 min. The mixture was filtered, and the combined 
filtrbte and washings were concentrated, ether was added, and 
the solution was washed with saturated sodium bicarbonate 
solution, followed by saturated brine, and then dried over 
magnesmm sulfate. Evaporation of the solvent gave 1.22 g 
(92% yield) of colorless oil. The gas chromatogram (SE-30, 
165') of this product exhibited two peaks in the ratio 3:7  at  
retention times of 19 and 22 min. The major fraction, which 
was separated by preparative gas chromatography over SE-30 

197", [a]D mp 197-197.5", [CY]~'D -24.7" '). 

(11) Thia melting point was taken in a sea!ed evacuated capillary tube 
under nitrogen on a Hershberg melting point apparatus. 

at  210", crystallized in the collection tube and melted at 42.5- 
45.0". One recrystallization from methanol gave an 85% 
recovery of long, colorless blades, mp 45.8-46.1", [cY]~@D +19". 
A mixture of this product with a sample of natural fichtelite,8 
mp 45.&46.1", [a]"D +19", also melted a t  45.8-46.1". The 
infrared spectrum, as well as the nmr spectrum and the gas 
chromatographic behavior of the synthetic product, was also 
identical with that of the natural material. 

As an alternative to preparative gas chromatography for the 
separation of fichtelite from the 3: 7 mixture, recrystallization 
from ether-methanol a t  -20" could be employed. No seed 
crystals were necessary. Two such recrystallizations of the crude 
mixture gave a 56% recovery of material melting a t  40.5-42.5", 
which was shown by gas chromatographic analysis to be 90% 
pure. Seven more recrystallizations gave a 19% recovery of 
fichtelite (mp 45.846.1"), which was more than 99% pyre. 

B. From Crude Dihydroabietic Acid.-A 2.00-g portion of the 
aforementioned total crude acid (mp 145-165') was decarboxyl- 
ated with 4.0 g of lead tetraacetate in 40 ml of benzene in the 
presence of 2 ml of pyridine and 50 mg of cupric acetate accord- 
ing to the procedure described above. The crude product was 
heated in a nitrogen atmosphere a t  a temperature that was grad- 
ually increased from 100 to 175' over a period of 45 min. The 
temperature was then maintained at  175' for 1 hr in order to 
decompose the acetate contaminant (see above). The residue 
was chromatographed on GO g of Woelm neutral alumina (activity 
111). Elution with 100 ml of pentane gave 1.53 g (90% yield) 
of diene mixture, which was hydrogenated for 1 hr a t  atmo- 
spheric pressure in acetic acid in the presence of 400 mg of plat- 
inum oxide. Hydrogen uptake had ceased after about 30 min. 
The product amounted to 1.54 g of almost colorless oil. The gas 
chromatogram (Carbowax, 190") exhibited three peaks in the 
ratio of 1:2:1 with retention times of 24.0, 28.0, and 30.5 min. 
The major fraction was shown to correspond to fichtelite by the 
identity of its gas chromatographic retention time with that of 
authentic material and by separation by preparative gas chroma- 
tography. Four recrystallizations of the crude mixture from 
ether-methanol a t  -20" gave a 227, recovery of material melting 
at 42-44.0", which was shown to be goy0 pure by gas chroma- 
tography. Five additional recrystallizations gave a 7% recovery 
(6% over-all yield from abietic acid) of fichtelite (mp 45.8-46.1 O ) ,  

which was shown to be a t  least 99% pure. A recrystallization 
scheme, which employed no seed crystals, also gave an over-all 
yield from abietic acid of approximately 6%. Fichtelite of 98.570 
purity (by gas chromatography) melts a t  the same place as 
samples of higher purity obtained by further recrystallization. 
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