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INTROI3UCTION 

The constituents of Canada Balsam have interested several workers for many 
years1 but the development of chromatographic techniques has increased the oppor- 
tunity of resolving the complex mixture of acids, neutral compounds and other con- 
stituents, particularly as strong locating reagents can be used in thin-layer chromato- 
graphy2. Jon@ described thin-layer chromatographic methods for the differentiation 
of genuine and artificial Canada Balsam, including a quantitative densitometric 
estimation, and other workers *--0 have separated methylated resin acids on silver 
nitrate impregnated Silica Gel G plates. A critical review of methods used for the 
analysis of oleoresins was published by STAHL', who was interested, however, only 
in the oleoresins used as flavouring agents. Several workers4~8--10 have studied the 
separation of methylated resin acids by gas-liquid chromatography.The recommended 
column packings are either non-polar Apiezon N, the use of which can result in iso- 
merisation of some acids, or polar polyesters, for example, diethylene glycol succinatc. 
BURCI-IFIELD AND STORRS 11 dealt with the problems of separation of structurally 
similar resin acids. Some of the resin acids have”been studied by ultra-violet spectro- 
scopy12~13, the purified compounds in some cases giving characteristic spectra. 

EXPERIMENTAL 

Silica Gel G (Merck) layers, 0.25 mm thick, were oven dried at IOOO and stored 
in a desiccator until used. The plates were spotted with the test solutions and devel- 
oped with ethyl acetate-+-hexane, 3 : 7 v/v (solvent system I). Thissolvent system was 
used for one-dimensional’ separations. For two-dimensional separations, solvent 
system I was used for the first climension and chloroform-acetone, g: I v/v (solvent 
system II) for the second. 

Detection 
Gelzeral test 
Vanillin in sulphuric acid (I y0 w/v) was used for the general detection of Canada 

Balsam constituents on TLC. The reagent was freshly prepared every three daysf*. 
Unsatwated cow@ounds 
Brow&s va$otir. The plates were placed in a chromatography tank containing 

* Present; address: U El&Cry 8, Prague, Czechoslovakia. 
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bromine vapour and the spots visualised, after removal 
gently with hot air. 

DiiodofEztorescein. The plates were sprayed with 
sojution (0.2 o/o w/~w) before exposure to bromine vapour. 

S. B. CNALLEN, M. IWCERA 

from the tank, by heating 

alcoholic diiodofluorcscein 

Polassizcm fiermmzganale. The plates were sprayed with a very dilute solution 
of potassium permanganate (0.2 y. w/v) in aqueous sulphuric acid (0.04 y. w/v). 

.4 c?‘ci?ily 
Compounds giving an acidic reaction were detected by spraying with Universal 

Indicator solution. . ’ 

Phenols 
Phenolic compounds tiere detected by spraying the plates with z Y. ferric 

chloride solution in acetone. 
Co@$er Yesi92 acid readion 
After separation of the constituents, the plates were sprayed with a saturated 

solution of copper acetate in acetone. 
A few drops of the reagent were applied to the starting point on the plate, 

followed by the solution under test. The mixture was then resolved by development 
in the required solvent system. 

Mztlti$Ze detectiolz (Figs. 1 agad 2) 

After development, the plate was sprayed first with Universal Indicator, 
secondly with ferric chloride solution and finally treated with bromine vapour and 
heated, The spots produced with each locating reagent were traced and the pH noted 
of the compounds detected by Universal Indicator. 

MetlzocZs of separatiolz 
Sodhnz carbonate sohtiovz. A solution of Canada Balsam in ether (5 “/o) was shaken 

three times with 5 y. aqueous sodium carbonate solution (1/4 of the ether volume). 
The aqueous portion was washed with ether, acidified by the addition of dilute acetic 
acid and the precipitated acids re-extracted into ether, The ethereal solution of acids 
was washed three times with water (1/4 of the ether volume), then dried with, anhy- 
drous sodium sulphate and filtered. 

TLC. To the origin of a Silica Gel G plate, saturated ethanolic sodium hy- 
droxide solution was added, followed by the application of Canada Balsam or conifer- 
ous material under study. After drying, the plates were double developed using solvent 
system I, and the band containing the sodium salts of the resin acids was removed 
from the plate. The material scraped from the plate was first macerated with ether, 
then suspended in water that had been acidified by the addition of dilute acetic acid. 
The liberated acids were extracted with ether, the solution being washed with water, 
dried with anhydrous sodium sulphate and filtered. 

Amwzo?zia $weci$Gtation. Ammonia was passed through a 2 y. ethereal solution 
of Canada Balsam for 30 min, and the material precipitated in this time was separated 
by centrifuging the mixture. The precipitate was washed with ether and then dissolved 
in water. Dilute acetic acid was added until the solution gave a slightly acid reaction, 
when the free acids were extracted with ether. The ethereal solution was washed and 
dried as described above. 

Se$aration oj resin acids by iowexchan.ge resins. Canada Balsam, or other test 
material, 0.5 g, was extracted with 30 ml petroleum ether (b.p. 40-60”). The insoluble 
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portion was separated and washed twice with IO ml petroleum ether. The petroleum 
ether extract and washings were bulked and shaken three times with 5 ml of 5 y&, 
sodium carbonate solution, to extract the resin acids. The aqueous solution cvc?s 
washed twice with 5 ml ether before being passed through a column containing IO g 

Amberlite I R IZO (H+).The free resin acids were eluted with two bed volumes of ether 
and-the eluate washed with two 20 ml portions of water, dried with anhydrous sodium 
sulphate, filtered and evaporated to dryness. 

Isolatiogz of resign acids as amhe salts. The free resin acid residue was dissolved 
in 20 ml acetone and then 0.5 ml of an amine-acetone solution* was added to precip- 
itate the amine salts of abietic, neoabietic, L-piramic and palustric acids. The mixture 
was stored for 15 hours at 5-10~ before the precipitated material was separated washed 
with acetone and dissolved in methanol. Both the methanol solution and the acetone 
solution, which contained the unprecipitated amine salts, were passed separately 
through columns of Amberlite IR IZO (H+) to deaminate the acid+. 

Fractionation of Cawzda Balsam. Canada Balsam was extracted with petroleum 
ether and the insoluble fraction (I) separated (Fig. 4). The extract (2) was divided into 
two portions, one portion being shaken with sodium carbonate solution, and the acids ‘. 

liberated from the salts using the ion exchanger IR IZO (H+) (3). The non-acid- 
containing part of the eluate was dried with anhydrous sodium sulphate (4). The 
second portion of the petroleum ether extract was evaporated to dryness, the residue 
dissolved in acetone and 0.5 ml of amine-acetone (I: I) solution added. After storage 
in a refrigerator for 15 11, the precipitate was separated, dissolved in methanol and the 
acids deaminated by passage through an ion exchange column (5). The amines remain- 
ing in the acetone solution (6) were also deaminated, the solvent evaporated, the 
residue dissolved in ether, and the solution shaken three times with 5 ml of 5 %, 
sodium carbonate solution, to separate the remaining acids <as salts, which were freed 
by passage through a column of Amberlite IR 120 (H+) (7). The remaining solution 
is numbered (S) in Fig. 4. 

The fraction insoluble in petroleum ether (I) ~LS dissolved in 30 ml ether and 
shaken three times with 5 ml sodium carbonate solution (5 %). The aqueous phase 
was separated and passed through an ion-exchange column (9) and the organic 
phase was evaporated, after washing with water (IO). 

GLC qf resin acids. To an ethereal solution of resin acids, a solution of cliazo- 
methane urea in ether was added, until a stable colour was obtained, when the 
solution was evaporated to dryness on a waterbath. The methylated resin acids were 
examined by GLC using a Perkin Elmer F II Gas Chromatograph, with a column 
2 m long, diameter 2.2 mm, packing IO y. diethylene glycol succinate (LAC-pR728) 

on Chromosorb W, mesh IOO--120, oven temperature 2o09, injection temperature dial 
setting 5, carrier gas nitrogen 30 lbjsq. in. hydrogen 15 lb/sq. in., oxygen 25 lb/sq. in. 
and chart speed 15 in. per hour. 

* 
RESULTS 

Detection and se$avatio?t 
TLC gives the opportunity of using stronger locating reagents than can be used 

* z-Amino-z-methylpropan-r-ol-acetine {I : I). 
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with paper chromatography. Antimony trichloride2v l7 and antimony pentachloride 
solutions, phosphomolybdic acid, and anisaldehyde reagents3 have been used, but 
with these reagents, the plates have to be heated at IOO-IIOO for 5-10 minutes to 
locate the compounds. It was decided, therefore, to use I y. vanillin in sulphuric acid, 
which eliminated the need of heat, although when used, deeper colours were obtained. 
This was important for preparative TLC in the preparation of samples for GLC 
studies, when the detection of only a narrow strip was possible. The observation ,of 
the colours produced was started shortly after spraying and was continued at cer- 
tain intervals, because of changes and late development of colours, Vanillin in sul- 
phuric acid reacts with iso- and D-pimaric acids to give a violet colour, with neo- 

Solvent front 

Origin 

2nd 

I 

Fig. I. Two-dimensional thin-layer chromatogram of Canada Balsam. Detection : vanillin in 
sulfuric acid. b = Blue, r = red, v = violet, y = yellow, RR = resin acids. 

Solvent front 1 
f * ’ . . pH obout 5.5 

:: ’ 
: ; 
I ,.* :: 

Origin 

2nd dimension 
c 

Fig. 2. The same two-dimensional thin-layer chromatogram of Canada Balsam as given in Fig. I. 

Multiple detection. 
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Copper has been used for the detection of the complex of resin acids in Colo- 
phony, for the detection of Colophony as an adulterant in vegetable drugs and for 
quantitative calorimetric evaluation r8. For quick preliminary examinations we used 
spot tests by pressing freshly cut surfaces of conifer branches against paper impreg- 
nated with copper acetate. Distinct emerald green traces were obtained. Copper was of 
less use for the detection of resin acids on TLC except in cases when large quantities 
of acids were present. After treatment with bromine vapour, a light violet colour 
appeared, corresponding to the visible spot, but after being heated, part of the spot 
became violet or bluish. Xo violet colouration was observed when dehydroabietic 
acid was applied. 

As mentioned earlier, the separation of methylated resin acids, using silver 
nitrate impregnated Silica Gel G plates, has been studied by several workers. The 
preparation of reliable plates, sometimes ,containing large quantities of silver ni- 
trate5p0, is not easy, and to effect good separations, care has to be taken in the pre- 
servation and storage of the plates. Moreover, detection of the separated components 
is difficult. For a complex material like Canada Balsam, this system is not the most 
convenient, particularly for the isolation of the resin acids prior to GLC studies, when 
separations on untreated layers are desirable. 

The solvent system ethyl acetate-n-hexane (3 : 7 v/v) was found to be the best 
for the resin acids being studied. Using this system, the acids moved to about the 
middle of the plate with some separation. For two-way separations, chloroform- 
acetone (g : I v/v) was used for development in the second direction. The reference 
samples of resin acids, even after purification by preparative TLC, always produced 
several spots when examined by TLC, indicating possible decomposition. Partial 

v iso-pimaric 

0 b neoabietic 

Fig. 3. Separation of resin acids (4 x running). Solvent system: ethyl acetate-w-hexane (3: 7). 
b = blue, g = green, r = red, v = violet. 
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TABLE II 

COLOURS AND Rp VALUES OF SOME RESIN ACIDS 

A cid 
t 

Coloz~ with Rp ( x zoo) 012 
va~ttilZis-f..2S04 Silica Gel G 

*Blhyl Cklovofovm- 
acelale- acelotte 
n-hexa?~e 

rbPimaric 
Iso-pimaric 

Abietic 
Dchyclronbictic 
Neoabietic 
L-Pimaric 
Palustric 

Viol& 5s GG 
Pink-viol& 64 GG 

I3luc-greenish 39 63 
NOW 52 66 
BlUC 23 
Rluc 2: 
l3lUC . 

* Run four times. 

separations of the relatively pure acids available were obtained on untreated plates, 
after four-fold development (Fig. 3 ancl Table 11). The RF values obtained depended 
on the quantities of the resin acids applied. In mixtures it was possible to identify 
the spots according to their colour reactions with the vanillin and sulphuric acid 
reagent and the other locating reagents. 

The use of Alumina G layers instead of Silica Gel G was of no benefit, as ‘the 
alumina reacted with the resin acids to form salts, which remained at, or close to, the 
origin. This simple fixation of resin acids and their subsequent separtition from other 
Candada Balsam constituents was utilised for their isolation in other experiments. 
Originally the Silica Gel G layers wcrc made alkaline by the addition of 5 Ojo sodium 
carbonate to the Silica Gel G, but a subsequent moclifrcation was the application to 
the bottom of the adsorbent layer of a saturated ethanolic solution of sodium hydro- 
xide, to make alkaline only the starting line of the plate, before the application of the 
test material. Two chromatograms of the same material were run parallel on one silica 
gel plate, one half being sodium hydroxide treated and one half being untreated. Good 
results were obtained, which were useful for comparative chemo-taxonomic studies. 
In the spectra df the sodium hydroxide treated material, the resin acids were elimin- 
ated. This method cannot be considered as specific for resin acids, as phenolic and 
alcoholic compounds will behave in a similar manner. The phenols can be recognisecl, 
however, by using a convenient reagent. 

Canada Balsam was fractionated to obtain information about the distribution 
of the compounds in each fraction. Study of the various fractions by TLC produced a 
total number of spots in excess of the 37 achieved from the original sample by two- 
dimensional TLC. 

The Canada Balsam fraction insoluble in petroleum ether (I) constituted from 
27 to 44% of the total weight (Fig. 4). This portion is supposed to contain mainly 
resins and neutral substances and is characterised on TLC by spots of low RF value, 
This fraction was dissolved in ether and shaken with sodium carbonate solution, 
which extracted up to 50 o/o of the dissolved material (9). The petroleum ether insoluble 
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1 CANADA BALS&] [Fig,. 5 (A)] 

in petroleum ether 
4 

-> (2) soZubZe pavl - r/2 + Na&O, + (3) resin acids 
4 (14.4 %) 

(I) pvecipitalc -t (IO) 

I 

(4) non-acid Fig. 5 (R) 3 
(30 %) (3.9 %) 

+ ha&O, 

-1 

1/2 ‘+ amine --+ (5) p~ecipirnre 

1 
(20 %I 

(9) 6 o/o from Canada (G) solltBle part __3 
Balsam 
14.5 o/o from (I) I 

(S) 

+ FCos 
(7) resin acids 

(4.5 %) 

Fig. 4. Petroleum cthcr precipitation and further fractionation of Canada Balsam. 

fraction was free from acids, but the soluble part, treated with sodium carbonate 
solution, showed substances in addition to acids, and required further purification. 
The use of ammonia for the isolation of the acid portion gave more satisfactory results. 

GLC of the total acid fraction (3) showed neoabietate, r..-pimarate/dehydro- 
abietate, abietate and D-pimaratejpalustrate peaks. The soluble amine salts portion 
of the original total acid fraction (3) was characterised by the dehydroabietate, D- 

pimarate and isopimarate peaks. The precipitable part (5) showed large peaks of 

(A) (B) *- 
_ . 

I&o-pimoric 
L-Pimaric 
Abietic 

Dehydro + abietic 

b 
bg 

I!!!!/ 
l a Neoabietic 

V 

b 

.* * c 

V 
83 

vvy 
0 

Fig. 5. (A) Natural Canada Balsam. Solvent system: ethyl acetate-whexanc (3 : 7). (13) Acid 
fraction separated by ion-exchange resin. A,B: N = neutral compounds (I), R = resin acids mixed 
with other components of Canada Balsam: b = blue. g = green. or = orange, p = pink, r = red, 
v 9 violet, y = yellow. I3 : double running, 
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L-pimarate, abietate and neoabietate, and a double one produced by unknown 
compounds. 

The separated and methylated acid fractions (3), (5) and (6) were estimated by 
GLC. The “pair”’ acids, showing one peak, were separated by the amine salt method. 
The main compound was the abietate, but the palustrate was present in traces only 
(Table III, Fig. 4). Quantities of some resin acids (methyl esters) were found in Canada 
Balsam ,which were not very different from those found in resins of some coniferous 
species1D-22. 

QUANTITIES OF RESIN ACIDS (%) IN THE ACID PRACTION OF CANADA BALSAM 

Neoabietate Deity&o- L- Abietate Iso- D- Pahs- 

abietate Pimarate pimarate Pimarate hate 

, Y , 

IO 20 23 II Total 
II I3 21 Insoluble 

amincs 

5 12 I.2 Soluble 
amines 

DISCUSSION 

A chemotaxonomic study of the Coniferae requires a simple method for the 
separation of resin acids from relatively small quantities of starting material. This is 
possible in different ways, using the ability of the acids to form salts, not only with so- 
dium, but also with copper, ammonium and even with amines. In this study TLC and 
GLC were used.The use of benzene as a solvent ,system3a should leave the resin 
acids at the origin. Comparison of the GLC results of material purified with benzene 
with that prepared using sodium hydroxide to fix the acids at the origin, showed small 
differences, particularly with compounds having the higher retention times, this being 
the result, probably, of migration of the acids in the solvent. 

Gaseous ammonia treatment yielded a precipitate, which on examination by 
GLC, gave results similar to the material isolated from the sodium hydroxide treated 
plate. The application of this method was, however, more complicated. It required 
a sufficient source of ammonia and, even when the precipitate had coagulated to 
a sticky solid, there was still a large proportion of resin acid salts dispersed in the 
ether, which caused an opalescence on the addition of more ether. It is likely that some 
of the ammonium salts were dissolved in the strongly alkaline solvents. They were 
removable by washing the ether solution with water, acidifying the aqueous phase 
with acetic acid, and extracting the acids with ether or by passage through an ion 
exchange column, In this way a yield of about 28 o/O was obtained, which made the 
figure of 40 yO obtained by LOMBARD et aL12 appear a little high. Using the sodium 
hydroxide treated plates, 19 y. of a crude acid complex was obtained from Canada 
Balsam. All acid fractions obtained by these methods needed further purification 
by repeated formation of salts, washing with ether and regeneration to free acids. 
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Preliminary treatment of the balsams, resins or extracts with petroleum ether or 
acetone was always helpful. 

Comparison by CL@ of the fractions obtained by benzene separation, ammonia 
precipitation, the use of sodium hydroxide treated plates and sodium carbonate 
extraction indicated that the use of sodium hydroxide treated plates was the most 
convenient method for use in chemotaxonomic studies, because of the possibility of 
easier separation of the non-acid part of the Coniferous material. The separation of 
tl?e amine salts of the acid+ was less convenient for large numbers of specimens. 
Precipitation with the amine can be applied to a previously separated resin acid 
complex. The amino method is very useful for the separation of the “pair” acids, L- 

pimaric/dehydroabietic and D-pimaric/palustric. The soluble and insoluble partners 
can be detected separately by GLC (Table III). 
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The separation of Canada Balsam was studied, with special reference to the 
resin acids, for their further study by gas-liquid chromatography (GLC). 

Using ethyl acetate-gt-hexane (3 :7 v/v) as solvent system (I) on Silica Gel G 
layers, partial separation of the Canada Balsam constituents was achieved. For two- 
dimensional separation, solvent system I was used in conjunction with chloroform- 
acetone (9: I v/v). The use of Silica Gel G alone wcas found preferable to silver nitrate 
impregnated plates. 

A satisfactory separation of some resin acids was found possible after four-fold 
development. The Rp values of some resin acids were studied, as well as their colour 
reactions with I O/O vanillin in sulphuric acid and their detection with diiodofluorescein, 
bromine and potassium permanganate. The blue colour of the resin acid spot of 
Canada Balsam, which appeared on the chromatogram after bromine treatment and 
heating, was caused by r.-pimaric acid. 

For the determination of Colophony, the much used copper reaction was found 
insensitive, unspecific and useless for thin layer chromatograms. 

For chemotaxonomic studies, the isolation of the resin acid portion of Canada 
Balsam or coniferous material was studied and, as the most convenient method, 
sodium hydroxide treated plates are recommended. 

A packing of IO "/u diethylene glycol succinate (LAC-3-R-728) on Chromosorb W 
and a temperature of 200' gave satisfactory results for GLC. Five distinct peaks 
of the neoabietate, L-pimarate/dehydroabietate, isopimarate, and D-pimarate/ 
palustrate were obtained. The quantities of some resin acids in Canada Balsam were 
evaluated. 

The pair resin acids, giving one peak on GLC, could be separated by the different 
solubilities of their amine salts in acetone. 

Good isolation of the resin acid complex was achieved using ion-exchange resin 
columns. 

J. CitYomatog., 3" (1gGS) 53-63 



STUDIES ON CANADABALSAM AND SOME RESIN ACIDS 63 

REFERENCES 

I S. B. CHALLEN,J, Pltaym. PAarmacol. Suppl., 15 (19G3) II5T. 
2 E.~STAWL, Parfuem. Kosmetik, 39 (Ig5S) 564. 
3 (a) H. JORSC, Dem. Apothe/zerZlg., IOZ (1962) 1263; (b)B.Jon~c,J. PJtarm. Be&., 17 (1963) 213. 

T. NORIN AND L. WESTFELT, ActaCJwm. Stand., 17 (1963) 1828. 4 

2 

z 
9 
IO 
II 

R. II<AN,J. CkromcItog., 17 (1965) 591. 
D. F. ZINI<EL AND J. W. R~~~,J.C?cromalog., 13 (1964) 74. 
W. I-I. STAHL, J. Assoc. Of@. Agr. Chemists, 48 (1965) 515, 
J. A. WUDY, Anal. CJwm., 31 (1959) 1754. 
A. TAHARA AND 0. I-IOSHINO, Sci. Papers Jrcsl. PJzys. Ckem. RES. (ToFzyo), 57 (1963) 19, 
G. VALXANAS AND N. IcoNoMou,P~~~~. ActaHeEv., 41 (1966) zag. 
13. I?. BURCHPIXLD AND E. E. STORRS, Bio&emical Applications of Gas Cltromalogruphy, 
Academic Press, New York, 1962, Chap. 6, ~~476, 
R. LOMBARD, B. ROTOVIC AND A. CRIQUI, Pein&res. Pigmems-vernis, 34 (1958) 106. 
A.Z.Corr~~n,in A, KAPPELMIER (Editor), CJ~emica2Analysi.s ofResin-based Coating MaZeriaZs, 
Interscience, New York, 1959. 
T. SWAIN AND W. E. HILLIS, J. Sci. Food Agv., IO (1959) 63. 
J. BATTAILE, R. L. DUNNING AND W. D. LOOMIS, Biochim. Biopkys. Acta, 51 (1961) 538. 
Naval Stores (1965). Levopimovic acid, Agricultural Research Service, U.S. Department ,of 
A&ricult;ure, ARS 72-35, January, 1965. 
E. STAHL, PAarm.RundscJtau, I, No. 2 (1959) I. 
S. M. MITRA, B. R. ROY, T. V. MALDEW, A. BASAH AND A. K. ROY, J. PYOC. Zns2. Chemists 
(India), 38 (1966) 121. 
V. M. LO~IBLICII AND R.V. LAWRENCE, J. Org. Cl&em., 21 (1956) 610. 
D. E. BALDWIN,~. M. LEORLICH AND R. V. LAWRENCE, J. Org.CJzem., 23 (1958s) 25. 
D.E. BALDWIN,V.M. LEOBLICH AND R. V. LAWRENCE,J~~. Egzg. Ckem. DataSeries, (IQ58b) 
342. 
I. ~.BARDYSP,HEW, KH. A. CIIERCHES, %.Yu. KOVTUMENICO AND &I. F. KOKHANSKAYA,DAN 
Belovus. SSR, 4 (1960) 421. 

I2 
I3 

14 
I5 
16 

I7 
18 

I9 
20 
21 

22 

J. Cltromatog., 32 (1968) 53-63 


