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INTRODUCTION 

L~~POLE pine (pinus contorta DougL) is one of the most widespread and morphologically 
variable North American pines. CritchMdl divided it into four subspecies on the basis of 
some of these variations. Mirov2 found little variation in the terpene composition of the 
resin of trees from different geographic sources. All were reported to contain 95-100% 
/3-phellandrene and O-S% c+mne; no other terpenes were found. Mirov states that 
Schorger found only #I- phellandrene in earlier analyses. These analyses were made on open- 
face collected resin using steam distillation and conventional chemical procedures. Williams 
and Bannister3 made a gas chromatographic analysis of the terpem~ from one P. contorta 
growninNewZealand;theoriginalsourceofthetreewasnotindicated. Theresinwas 
collected by the closed-face method and subjected to steam distillation. Their analysis 
showed a terpene content of 90% /%phellandrene, 2% a-pinene, 4% ds carene, 3% p- 
pinene plus myrcene, and a trace of camphene. 

In the summer of 1961 resin was collected from one lodgepole pine with a closed-face 
microtal# for studies on the resistance of pines to bark beetles. A few cubic centimetres of the 
resin were processed with a Hickman still and the distillate was analysed by gas chroma- 
tography in the spring of 1962. The chromatogram indicated, as expected, that the major 
terpene constituent was pphehandmne. However,itwasnotpresentinaslargeapercentage 
as previously reported and other uzpenes which had not been reported were found. The 
present paper reports the results of further sampling and qualitative and quantitative analyses 
made in 1962 using two d&rent chromatographic column supports &AC5 and oxydi- 
propionitrile). 

RESULTS 

The average values for the terpene composition of nine trees (Table 1) show that /3- 
phellandrene comprised 694% of the terpene content of lodgepole pine resin; a-pinene, 

1 W. B. Cnrmmm, Muria Moom Cabot Fhmdatfon, Pub. 3, Harvard Univ. (1937). 
2 N. T. Mwov, U.S. Dept. Agr. Td. Bd. No. 1239 (1960). 
~A.L.WILLL4mandM.H. BANNzm& J. Pham. sci. 51,970 (1%2). 
4 R. H. SETH, J. Zkwn. Jhtmnol. 54 (2), 359 (1961). 
5 R A. BERNHARD and B. Sc~um, J. Chrornazog. 5,137 (l%l). 
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6.4%;Ajarrene,8~9%;Bpinane,5.7%;myrane,3.9%;andcamphtne,~5%. Theother 
terpenes not previously reported in lodsspolt pine were found: lkumene, 24%; sabinene, 
2-l %; and a-phellandrene, 0.7%. There ~88 also a trace of heptane and an unidex&i&d 
coqoundwhiqhchromatogrqhodneara-pinenewiththesystemnsed. Thcninetrees 
showed generally similar patterns of terpene composition, though there was considerable 
variation in the percentage of /%pinene, 43 carene, and ~phellamirene-in individual trees, 
especially the first two compounds which in some cases comprised aa much as 14-15x. 
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TheLACcolumndidnotadequately~~~aad~~~fromtbe 
other &penes. The degree of separation of these two by the oxydipropionitrilc column is 
shown by the chromatqraph (FQ. 1). This was made with an unaltered molecular distillate 
inwhichashould~wasevidentonA3carena;and~w~asmallpeak,~~ti~yi&~~ 
asa-ph&u&cnc,justbeforemyrcxne. When2-4%aabinene(insavinoil)andqhellandrene 
wereaddedtothedistiilate,therrhoalderonAScatene~ad~tinctpeakandthesmall 
peak before myrcene increased in size, showing that sabinene and a-me were both 
present. Similarly, when 0.5% camphene and 4% limonene were added, they accentuated 
the small peaks due to these two constituents. 

It is apparent from the results reporkd here that analyses of pine resin tqenes should be 
based on more than one tree. The tree source should be noted so that geographic variation 



Twof~ppolapaW 261 

canbedemted. untilfiutlmct4mpbm aramadeitisdifEcuktoe&imatethee&ctof 
sampleczokti~preparatio~andmethodanalysisontheresul~ Thenatureoftheteqenes 
present suggests that dosed-f= collection and low-tcmpcratare preparation are most 
suitable. 

EXPERIMENTAL 

Resin samples were collected with a closed-face microtap from lodgepole pine (P. 
contortu var. murrum (Grev. and Balf.) Engeh) in three locations in California: 
(1) at Strawberry, on U.S. Route 50, (2) near the south shore of Lake Tahoe, and (3) on 
CalifomiaRoute120,westofLeevikq. ThreeofthetreesfromtheLakeTahoeareahad 
been used previously by Mirov.2 Samples were prepared for analysis by ether or ethanol 
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AnaQses were made on a sensitive gas &romatograph (Aerograph A-P), using two 
recently tested cohlmns. The operational conditions were: (1) temperatures of 120-130” on 
the i@ctor, 60” on the column, and 150” on the detector; (2) filament current of 200 mA; 
(3) helium flow of !I0 and 50 ml/min at the outlet port; (4) sample size of 0-42-O fl; and (5) 
columns of 8-ft by &in. skinless steel : solid support of 60/80 acid-washed Chromosorb W, and 
~~su~of2o~LAc-446~(adipatepol~ofdiethylcnegtycolpartiany~~ 
withpentaerythrito)ando~~~~~~~atbothlOand20%. Ekchsamplewasanalysed 
immediately after preparation and at one or more times in the next 6 months. 

Qualitative det erminations were made by comparing relative retention times for the two 
cohamns with literature data and with known compounb and by internal standardization 
with the known compounds. Quantitative determktions were made by internal normalka- 
tion of disc integrator v&es; checks with synthetic mixtures of known percentage composi- 
tion proved this to be a valid procedure. 

~~~madeofeachresinwiththsoxydipropionitrilecolumns. Comparisonswith 
the LAC column showed that the latter failed to separate two of the minor constituents 



adeqlultdy, though the cplaetative co- weresimilarifvalucsobtainodforthe 
imlividuaj teqmm with the oxydipropionitrile column were trouped to represent the 
correspond& unseparated constituents as obtained on the LAC cbmn. No difference 
could be attributed to type of sample preparation, size of sample, rate of helium flow, or length 
of holding the sample. The sample from Leevin@ was extracted with ethanol, and since the 
oxydipropionitrile column does not differentiate ethanol and /Lpinene, it could be analysed 
on the LAC column only. 


