
[COSTRIBUTION FROM THE FOREST PRODUCTS LABORATORY, UNIVERSITY OY CALIFORNIA 1 

Paper Chromatography of the Tropolones of Cupressaceae 

EUGENE ZAVARIX AND ARTHUR B. AXDERSON 

Received Nouember 21, 1966 

A chromatographic procedure has been developed for separation and identification of the known tropolonic constituents 
of Cupressaceae heartwood extracts and the heartwoods of eight species of the above family have been analyzed. 

In  our investigation of the tropolonic fraction' 
obtained from incense-eedar heartwood, Libo- 
cedrus decurrens Torrey, the only compound that 
could be isolated in sufficient quantity for charac- 
terization purposes mas y-thujaplicin.2 ,411 attempts 
to preparatively isolate the other isomeric thujap- 
licins, if present, namely a- and p-thujaplicin in 
sufficient amount for characterization, failed. Thus, 
it became apparent that it would be desirable to de- 
velop a chromatography procedure capable of de- 
tecting traces of thujaplicins. Such a procedure was 
developed and was based on the chromatographic 
separation of the azo dyes obtained by coupling the 
thujaplicins with diazotized p-aminobenzoic acid.2 
When the method was applied to the mixture ob- 
tained from the crude copper chelates isolated from 
incense-cedar heartwood extract, P-thujaplicin was 
detected, together with y-thujaplicin. 

While this method proved quite satisfactory, it 
was not applicable to  n ~ o t k a t i n , ~  another tropolonic 
constituent found in Cupressaceae, since this com- 
pound does not couple readily nith diazotized p-  
aminobenzoic acid. This prompted us to develop a 
chromatography procedure which n-ould detect all 
of the known naturally occurring tropolones found in 
C u p ~ e s s a c e a e . ~ ~ ~  namely the three isomeric thu- 
japlicins together with nootkatin. Such a method 
would be of value in reference t o  taxonomic studies 
of the family cited. 
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The difficulties encountered in the chromato- 
graphic separation of the Cupressaceae tropolones, 
in addition to the similarity in their solubility char- 
acteristics, stem from the rather unfavorable die- 
tribution coefficient between water and organic 
solvents, Le., Rf values being approximately 1, and 
from their rather pronounced streaking tendency. 
A method with the novel feature of using phosphoric 
acid solution as the immobile phase in the presence 
of sodium sulfate as desiccant and with isooctane- 
toluene mixtures as developers seemed to overcome 
the aforementioned difficulties. A 5y0 ferric chloride 
solution mas used as the chromogenic spray. Table 
I summarizes the results of several runs using 
papers of different phosphoric acid contents and 
several developing solvents. The column under X 
refers to an unidentified enolic compound present 
in the copper complex isolated from the incense- 
cedar and western red cedar ( T h u j a  plicata) heart- 
iTood extracts which were chromatographed along 
with the individual Cupressaceae tropolones. This 
unknown compound is being investigated. 

As the data indicate, the effect of increasing the 
phosphoric acid content of the paper results in a de- 
crease in Rf values. It may be assumed that the 
basic nature of tropolones is a t  least partly re- 
sponsible for this behavior. The effect of the addi- 
tion of toluene t o  the isooctane at a given phos- 
phoric acid content of the paper is, as expected, in 
direction of increasing the Rr values of the various 
tropolones. In  spite of the clearly defined spots, the 
use of paper impregnated with 8.5% phosphoric acid 
does not produce satisfactory results because of the 
comparable Rr values of both a-thujaplicin and 
nootkatin spots. 

From the many runs performed, i t  would seem 
TABLE I 

Ift I'ALUE~ OF THE TROPOLONES 
- _ _ _  ~ - _ - _ _  ~ 

I inniohilt. 
P h d v  a- P -  7- 

Mobile Phaw ( '%,HsP04) Thujaplicin Sootkatin SQ Thuj aplicin T huj aplicin 

Isooctane 
Isooctane 
Isooctane 
Isooctane-toluene (3: 1) 
Isooctane-toluene (3: 1) 
Isooctane-toluene (3: 1) 
Isooctane-toluene (3: 1) 
Toluene 

8 h 
12 8 
I 7  0 
8 3 

12.8 
17 0 
21.2 
17 .0  

0 85 
778 
70 
88 
87 
86 

.80 
84 

0 .84  I 

, 84  
, 79 
.90 
. 92 
.92 
.89 
.97  

3 . 4 8  
.28 
.23 
60 

.45 

.40 

.29 

.69 

0 .42  0 .27  
.22 13 
. 1 5  .10 
.51 40 
,38 ,26 
,31 .23 
.21 . 15  
.66 .57 

~ ~~~ ~ 

Cnknon n enolic compound present in incense-wdai and western red cedar evtracts 
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MIXTURE of 
NOOTK*TY WITH 
TME TROPQOWlC 

MiUJAPLACIN THUJAPLAC4N m ~ ~ ~ E ~ o u  NOOTKATIN , THWAPLACIN 

I I RED CEDAR I 
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Q 

FIG. 1. A TYPICAL CHROMATOORAM OF Cupressaceae 
TROPOLONES. Thinner lines denote the approximate inten- 
sity distribution of the various spots. The spot marked with 
(1) corresponds to the unknorvn enolic constituent present 
in  western red cedzrr and incense-cedar tropolonic fractions. 

that the most promising combination consists of the 
use of 17% phosphoric acid impregnated paper in 
conjunction with t,he isooctane-toluene (3 :1) as de- 
veloper. The time for the chromatograms to  de- 
velop varied somewhat with the solvent and im- 
pregnated paper employed. In  general, isooctane 
required 2.5 to 3.0 hours and isooctane-t,oluene 
( 3 : l )  about 2.0 to  2.5 hours. The color of the spots, 

although dependent upon the amount of chromo- 
genic spray used and concentration of the tropolone, 
can also be utilized for identification purposes. 
The thujaplicin spots are either green or brown 
n-ith a greenish border, the unidentified enolic com- 
pound is either violet or brown with a violet border, 
while the nootkatin spot is light brown. In  general, 
as little as 4-1 X g. of the tropolone could be 
detected by this procedure. Figure 1 represents a 
typical chromatogram, using 177, phosphoric acid 
impregnated paper and isooctane-toluene (3 : 1) as 
the developing solvent. 

The heartwoods of eight species of the Cupres- 
saceae family available to us were tested for tro- 
polonic compounds using the presently developed 
chromatographic method. The results are summai- 
ized in Table 11. It appears that this is the first re- 
port on the analysis for tropolones in three of the 
species, namely Port Orford Cedar (Ch. Zawsoniana), 
.ltlantic white cedar (Ch. thyoides), and western 
juniper (Juniperus  occidentalzs) . Interestingly 
enough, while Port Orford cedar and western 
juniper gave copper chelates, no tropolones identi- 
fiable by our method appeared to be present in the 
wood samples analyzed. On the other hand, Atlantic 
white cedar was found to contain the three isomeric 
thujaplicins. Carlseon, et al., reported upon the 
isolation of nootkatin from ,Ilaska cedar (C'h. 
nootlcatinsis.) 3 When v e  submitted the tropolone 
fraction of the same species to chromatographic 
analysis, no tropolones, other than nootkatin could 
be detected. Corbett and Wright hare isolated 
nootkatin from Monterey cypress (Cupressus 
mauocarpa) .6  In  addition to nootkatin, we found 
that p-thujaplicin was also present in the heartwood 
of the above species. S o  copper complex could be 
isolated from the extract of eastern red cedar ( Jun ip -  
erus virginrianu) and the extract upon being chro- 
matographed indicated the absence of tropolones. 
We had previously reported upon the presence of 
p- and y-thuj aplicin in incense-cedar heartwood ex- 
tract using another chromatographic procedure. 
While the three isomeric thujaplicins have been 
isolated from western red cedar heartwoods, the 
American tree was reported to contain p- and y- 
thuj a p l i ~ i n ~ ~ ~ ~ ~ ~ ~ ~  while the Swedish grown tree 
yielded a- and y-thujaplicin, but no p-thujapli- 
cin.11 When the present chromatographic procedure 
was applied to  the tropolone mixture isolated from 
the American grown western red cedar heartwood, 
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T.4BLE I1 
CHRUXATUGHAPHY OF Cupressaceae TRUPULUXE;~ 

Species 

Copper Thu j aplicins 
Acetate Noot- ___ 

Test a- P- Y -  katin 

Port Orford cedar (Chamaecyparzs lawsonzana) 
Alaska cedar (Chamaecijparzs nootkatenszs) 
Atlantic white cedar (Chamaecyparis thyozdes) 
Monterey cypress (Cupressus macrocarpa) 
Western Juniper (Junzperus  occzdentalzs) 
Eastern red cedar (Junaperus vzrgznzana) 
Incense-cedar (Lzbocedrus decurrens) 
\Testern red cedar ( T h u j a  plicata) 

a This compound could only be detected by diazotization chromatographic procedure because of the presence of ap- 
parently mere traces of it in the sample analyzed.2 The latter method is generally more sensitive in the case of a- and p- 
thujaplicins. 

each of the three isomeric thujaplicins was found 
to  be present.12 

EXPERIMENTAL 

PAPER CHROMATOGRAPHY OF TROPOLONES 

Paper preparation. The appropriate amount of the 85% 
phosphoric acid was diluted with distilled water to make-up 
a solution of the desired strength and transferred to a 2- 
liter beaker. -4 46 X 57 cm. sheet of Whatman S o .  1 paper 
wag cut into 3 to 4 strips 57 cm. long. The strips were sub- 
merged in about 150 ml. of the acid solution to thoroughly 
saturate the paper. The wet paper strips then %-ere removed 
and the suspended strips were allowed to air-dry. If some 
solution accumulated on the lower edge of the paper strips 
during the drying period, it was removed by touching it 
slightly with a piece of dry filter paper. After the moisture 
content of the strips came to equilibrium, the strips were 
stored in a desiccator over anhydrous sodium sulfate until 
just prior to use. The paper strips, so prepared, are rather 
stable. In  experiments performed with paper impregnated 
with 17% phosphoric acid and sodium sulfate as desiccant, 
it was found that there was no marked difference in Rf 
values and reproducibility when using freshly prepared paper 
strips or those that were stored over a three weeks period. 

Detelopnient of chromatograms. About 300 g. of anhydrous 
sodium sulfate wag placed in a tray on the bottom of the 
chromatographic chamber, followed by a beaker containing 
the developer to be used, and the whole was allowed to stand 
overnight. Prior to development using the descending pro- 
cedure, the impregnated paper strips n ere suspended in the 
chamber overnight to permit the system to  come to equilib- 
rium. Authentic samples of each of the three thujaplicins, 
z.e., a-, D-, and y- together with nootkatin prepared from 
Alaska cedar heartwood (Chamaecyparis n o o t k a t i n ~ i s ) ~  (1 
mg. of each) \vas dissolved in 1 ml. of acetone. Each of these 
solutions was used as a reference sample for chromato- 
graphic purposes. .4n appropriate amount of each of the 
reference materials together with unknowns then R as 
brought to the paper and the trays !\-ere filled with dry 
solvent. The developer was permitted to migrate about 40 
cm. from the point of reference sample application, the 
strips were removed and the position of the solvent front 
wm marked. The strips then were air-dried and sprayed 
with 5% aqueous ferric chloride solution until the first dis- 
tinctive spot appearance. Khen our interest was in the 
spots of relatively high Rf values, i t  was advantageous to 

(12) Sote:  Professor H. Erdtman indicated in a private 
communication that he also found that both the .kmerican 
and Swedish grown !\-vestern red cedar varieties contained 
the three isomeric thujaplicins. 

reduce the migration distance a t  t,he solvent front to about 
20 cm. The spot's tend to fade, thus it is imperative that 
their respective positions be marked immediately after 
spraying. The yellow color of the ferric chloride does not 
interfere because of the formation on the paper of the color- 
less ferric phosphate complexes. 

Immobile phase experiments. The paper strips impregnated 
with 0.0, 0.85, 4.25, 8.5, 12.8, 17.0, and 21.2'3, phosphoric 
acid solutions were used in conjunction with isooctane and 
isooctane-toluene (3: 1 )  as the developing solvents. In  all 
cases where the phosphoric acid solutions w x e  less than 
8.5%, heavy streaking prevented the separation of the 
various components. With 21.2% phosphoric acid impreg- 
nated paper and isooctane as the solvent, the progress of the 
solvent front was very slow and satisfactory separations 
were not obtained. In  the remaining runs rather clearly 
defined spots were attained. These results are summarized 
in Table I. 

Mobile phase experiments. The effect of toluene addition 
to  the isooctane on the Rf values of the various tropolones 
using paper with various phosphoric acid content was 
determined and the results are tabulated in Table I. The 
ddit,ion of carbon tetrachloride in place of toluene produced 
it similar effect to toluene addition. When n-butanol was 
substituted for toluene or carbon tetrachloride heavy 
stwiking resulted. 

h'xpe? inients with desiccants. JVhen calciuni chloride was 
used in place of anhydrous sodium sulfate, a marked de- 
crease in Rf values was observed. Furthermore, streaking 
was so extensive that very little separation took place. The 
thujaplicin spots extended over an area of 0.00 to 0.10 Rf 
and nootkatin gave a streak from Rf 0.12 to 0.25. Use of 
papers impregnated with 8.5% phosphoric acid in con- 
junction with isooctane as the developer arid calcium chlo- 
ride or potassium carbonate as desiccants result,ed in similar 
behavior. 

Chromatography employing paper impregnated with 8.5% 
phosphoric acid and with isooctane as developer but with 
the atmosphere saturated with water, in place of dry condi- 
tions, resulted in a very uneven solvent front advancement 
and unsatisfactory separation. The Rf values of all spot,s 
\\-ere shifted toward Rf 1. 

Efec t  of temperature. The temperature throughout most of 
the experiinent,s \vas kept at 21" i 0.5". To determine the 
effect of the temperature increase on the chromatographic 
behavior of the various tropolones, experiments were per- 
formed using paper impregnated with 17% phosphoric acid, 
isooctane and isooctane-toluene (3: 1 )  as developers and 
sodium sulfate as desiccant at a t,emperature of 29.5" =k 
0.5". Practically no change in Rr values was observed. 
Nootkat,in, however, showed a marked tendency to streak 
when isooctane was used xs the developer. This tendency 
n-as not present, with isobct,ane-toluene (3: 1). 
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IDESTIFICATIO~ OF TROPOLOPSES IPS czipressaceae 
HEARTWOODS 

Isolatzon of tropolone fraction. The aforementioned tro- 
polone chromatography procedure was applied to the ex- 
tractive components which were isolated from the heartwood 
of 8 species of Cupressaceae available to us. For this purpose, 
450 to 500 g of the heartwood sawdust was extracted with 
,iretone for 8 hours in a Soxhlet extractor. The acetone ex- 
t 1 art was evaporated to dryness and the residue was taken 
u p  in hot chloroform. The decanted chloroform mixture 
\\-as cvaporated to 10 nil and 9 volumes of petroleum ether 
I\ ere added Filtration removed tarry materials that sepa- 
rated at this point. The filtrate was evaporated to drynesP 
and the residue again was dissolved in chloroform. The 
chloroform (.\tract was shaken with a 5% solution of aqueous 
copper acetate, the organic phase was evaporated to dry- 
ness, and the residue 1%-as extracted nith isooctane which 
I emoved a considerable amount of contaminants from the 
insoluble copper chelates The copper romplev was redis- 
solved in chloroform and hydrogen sulfide was led through 
the solution until the green color had dissppeared. The 
resulting tropolone-containing niivture 1% as evaporated to 
tlrvness on a steam-bath and taken up in acetone or alcohol 
:it a ratio of approximately 10 mg. to  1 ml. of solvent. 

In some cases the expected green-colored chloroform solu- 
tion of the copper complex mas not noticeable after the 
ropper acetate treatment. In such instances, the chloroform 
solution nae evaporated to 5 ml. and this solution was 

diluted with 5 to 10 volumes of methanol. Filtration gave a 
green filtrate, which was subsequentlv processed as indi- 
cated above. 

Chromatography of Cupressaccae tropolones. The solutions 
of tropolones so prepared from heartwood of eight species of 
CupresSaceae were rhromatographed according to the 
aforementioned procedure, and the results are summarized 
in Table 11. The a-thujaplicin present in Atlantic white 
cedar was present in such small amounts that its presencr 
could not be detected hy this chromatographic procedure. 
However, when using the diazotization procedure n-hich is 
particularly sensitive in cases of a- and p-thujaplicins, the 
presence of a-thujaplicin was readily ascertained.* In order 
to be assured that small amounts of thujaplicins did not 
escape detection in other cases, each of the eight tropolone 
mixtures was also run by the diazotization method. T o  
additional thujaplicins could be detected. 
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