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Part 1. Introduction 
In America, the term ''gum turpentine^' ^ is used to designate the 

volatile part of an oleoresinous exúdate of conifers, chiefly of pines. 
In pines, oleoresin droplets may be found in any living parenchyma 
cells, but most oleoresin is produced in the thin-walled epithelial cells 
surrounding the resin ducts or canals. When a pine is wounded, the 
resin ducts are severed. The oleoresin, squeezed from the epithelial 
cells into the resin canals, may be gathered in receptacles attached 
below the wound. When obtained in this way the oleoresin is called 
pine gum. 

Oleoresin can be separated into two components: rosin and tur- 
pentine. Generally, turpentine is removed from oleoresin by steam 
distillation, and rosin remains in the still as a nonvolatile residue. Rosin 
consists mostly of rosin acids having an empirical formula C20H30O2. 
Rosin also includes a small amount of substances (varying from one 
species to another) other than rosin acids; these are loosely called 
reseñes. The chemical nature of reseñes is little known. In some 
pines at least, this unsaponifiable material includes many compounds 
of the sesquiterpene and diterpene series. Technically, these sesqui- 
and diterpenes could be classified with the volatile part of oleoresin; 
in practice they are not removed in the process of steam distillation, 
but remain in the nonvolatile residue or rosin, rendering it soft and 
tacky. 

The steam-volatile part of the oleoresin, i.e., turpentine, is not a 
chemically pure substance. It consists generally, but not always, of 
cyclic hydrocarbons, or terpenes, of an empirical formula CioHie- 
There is almost always an admixture of sesquiterpenes (C15H24) and 
sometimes of nonterpene substances. The components of pine gum 
turpentines are listed in Appendix 1, p. 143. 

In the course of normal growth of a pine, the inner parts of the 
sapwood are gradually converted into heartwood. The oleoresin 
which is found in heartwood, and chiefly in stumps, can be recovered. 
The wood is chipped, the chips are extracted with some appropriate 
solvent, and the oleoresin distilled much like gum. 

Turpentine obtained from the wood in this manner is called wood 
turpentine; its composition often differs from that of gum turpentine 
of the same species, although the chief ingredients of both are usually 
the same.    (Cf. p. 81.) 

Sulfate turpentine is obtained as a byproduct from the pulping of 
pine. During the digestion, turpentine vaporizes and is collected. 
The chemical composition of sulfate turpentines is not considered in 
this publication. 

1 For explanation of technical terms see Glossary, Appendix 3, p. 156. 
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HISTORY OF TURPENTINE ANALYSIS 
The word ^'turpentine'' (old ^'terebenthyne'') is derived from the 

Greek word ^'terebenthina/' This word originally meant oleoresin of 
a Mediterranean shrub, Pistacia terebinthus of the Cashew family 
(Anacardiaceae). Later, the oleoresin of pines also became known 
as turpentine, and even now the term ^'crude turpentine'' is occa- 
sionally used instead of ^'oleoresin." The volatile part of oleoresin, 
or turpentine, is still known commercially as ''oil of turpentine" or 
even as ''spirits of turpentine." 

Early researches on the composition of turpentine were concerned 
only with commercial products obtained in the United States from 
Pinus elliottii and P. palustris, and in France from P. pinaster. Later, 
Herty (67, 68, 69) ^ and his coworkers analyzed turpentines of three 
other American pines : P. taeda, P. echinata, and P. serótina. 

In France, much work was done with turpentines of European 
pines other than Pinus pinaster by Dupont and his associates, espe- 
cially by Mile. Marcelle Barraud. In Russia, where the chief source 
of turpentine is P. sylvestris, a great deal of work on composition of 
turpentines was done by B. A. Arbuzov (7, 5, 9) and recently by 
Bardyshev and his coworkers {13, 14 ,15, 16, 17, 18). 

In Indonesia, turpentine research has dealt exclusively with Pinus 
merkusii. 

In India, early in this century, Simonsen and his associates analyzed 
turpentines of several Asiatic pines. Although at the beginning 
Simonsen's interest in the subject was purely technological, his later 
work was of a highly fundamental nature. His "Terpenes" (150) is 
a classical treatise on the subject. 

Simonsen (162) discovered in Pinus longifolia (now called P. 
roxburghii) a new bicyclic terpene, A^-carene, which had been over- 
looked by earlier investigators of pine turpentines, and a sesquiterpene, 
which he called longifolene. In P. excelsa, now known as P. griffithii, 
Simonsen found a paraffin hydrocarbon, 7^-undecane {151). 

In 1872 Wenzell {165) published a startling report that some 
California pines yield an unusual turpentine consisting not of terpenes, 
but of a hydrocarbon named abietene. Later it was shown that 
abietene was n-heptane {29, 136). 

In 1911 the U.S. Forest Service {23) conducted a series of experi- 
ments to determine suitability of Western pines as a source of Naval 
Stores. The field work was done by George Hunt; the laboratory 
phase of the project was done by A. W. Schorger, at the U.S. Forest 
Products Laboratory, Madison, Wis. {136). In those days, fractional 
distillation apparatus was rather primitive; Schorger had at his 
disposal merely a 12-inch-long tube known as a Hempel column. 
But even with this equipment, he was able to contribute a great deal 
to the knowledge of American turpentines. 

Schorger verified previous reports that the turpentine of two 
California pines, Pinus Jefreyi and P. sahiniana consisted almost 
entirely of a paraffin hydrocarbon, r^-heptane, instead of the usual 
terpenes; he was the first to report that P. contorta turpentine con- 
sisted   almost   entirely   of   jö-phellandrene—a   monocyclic   terpene 

2 Italic numbers in parentheses refer to Literature Cited, p. 134. 



COMPOSITION   OF   GUM   TURPENTINES   OF   PINES 3 

commonly found in the essential oils of Umbelliferae, the carrot 
family, and also in essential oils of some eucalypts {12). Schorger 
also reported the presence of cadinene in P. edulis (lS6) and in P. 
monophylla (135) turpentines, and he found camphene in the turpentine 
oîP.clausa (134). 

Schorger suggested (138) that in reporting the composition of 
any turpentine, it is important to know exactly the biological source 
of the material; that there is a possibility of existence of stable 
varieties within a species, each variety possessing its peculiar tur- 
pentine; that there is always a possibility of finding in the woods 
a '^bastard pine'^ whose turpentine differs considerably from the 
general run. The idea of an existence of stable chemical varieties 
within a species has been more fully developed by Penfold and his 
associates, working with Australian essential oils (124, 125). 

Some research on the composition of turpentines has also been 
conducted in Spain, Yugoslavia, Poland, the Philippines, Japan, and 
Mexico. These studies dealt primarily with turpentine as a com- 
mercial product. Nevertheless, much valuable biological information 
can be obtained from the published results of these investigations. 

Dr. P. A. Foote and I published the first analytical paper on the 
composition of gum turpentine (of Pinus montícola) in 1933 (54). 
After a long interval, my studies of turpentines were resumed and 
two papers were published: one in 1946 on composition of turpentine 
of P. coulteri (95) and one in 1947 of P. muricata (96). 

In 1946 Dr. A. J. Haagen-Smit, professor of Bio-organic Chemistry 
at the California Institute of Technology, was invited to participate 
in the project of studying composition of pine turpentines. During 
1947, 1948, and 1949, the analytical work was done at the Institute 
under his direction and with the assistance of C. T. Redemann and 
T. H. Wang. Turpentine samples of 17 pine species were analyzed; 
A^-carene and longifolene were first reported to be components of 
turpentines of New World pines. In Pinus alhicaulis were discovered 
a new sesquiterpene, albicaulene; a new sesquiterpene alcohol, 
albicaulol; and a diterpene, cembrene. Diterpenes had never been 
reported in turpentines before. We found cembrene, albicaulene, 
and albicaulol in several Asiatic pines. 

In 1950 and 1951 I continued the project alone, working chiefly 
with Mexcian pines. From 1952 through 1955 the project was 
supported by the Rockefeller Foundation, and most of the laboratory 
work was done by Dr. P. M. Iloff, Jr. Although the project was 
officially closed early in 1956, I completed analyses of Pinus patula, 
P. tenuifolia, P. serótina, and P. yunnanensis, and wrote the concluding 
remarks in 1957. 

During the progress of the research reported here, nearly 30 
analytical papers were published in the Journal of American Pharma- 
ceutical Association, Scientific Edition, under the general title 
''Composition of Gum Turpentines of Pines.'' However, many data 
included in this bulletin have never been published before. 

Including reliable information of previous investigators for 18 
species, knowledge of turpentine composition is now available for 
all but a few controversial species, such as Pinus kwantungensis and 
several varieties of different pines.    Because turpentine composition 
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is a little-explored field, information for some pines is rather sketchy, 
especially for the pines of China (for instance, P. tabulaeformis). 

STABILITY OF TURPENTINE COMPOSITION 

It has often been reported that the composition of turpentine of a 
pine varies considerably. The nature, extent, and causes of this 
variability have been little understood and seldom discussed. For 
a better understanding of the chemistry of pine turpentines, it is 
necessary to discuss briefly what is known about stability and vari- 
ability of their composition. To begin with, three questions will be 
considered : 

1. Does turpentine composition of an individual tree change during 
the growing season? 

2. Does the composition change when a pine is planted outside its 
natural range? 

3. Does a change of environment in a given region affect the com- 
position of turpentine of a pine? 

To study variability in physical properties—and thus the variability 
in chemical composition—investigators often select optical rotation 
of turpentine. Variability of optical rotation depends on three 
factors: (a) different amounts of levorotatory and dextrorotatory 
terpenes in a turpentine, (b) different amounts of the levorotatory 
and the dextrorotatory antipodes of the same terpene, and (c) different 
amounts of an optically active compound and an optically inactive 
compound. 

Herty (67) investigated optical variability in turpentine samples 
obtained throughout two seasons from several individual Pinus 
elliottii and P. palustris trees. He found considerable variation among 
individual trees, but very little within an individual tree. Herty's 
investigation was followed by similar experiments of the French 
workers, Dupont and Barraud (^5), who studied a European pine, 
P. nigra. They found that although the rotatory power of the com- 
posite samples varied with the method of obtaining the oleoresin and 
with the time of the year, the chemical composition of the turpentine 
remained about the same. Here follow some examples of variability 
of optical rotation of P. nigra turpentine : 

Sample 10 Sample 11 Sample 12 
3d gathering      -42. 36° -39. 90° -46. 63° 
4th gathering      -33. 90° -40. 45° -41. 75° 
5th gathering      -25. 35° -29. 98° -48. 00° 

Although the optical rotation of the samples (more than 40) varied 
considerably (from —25° to —48°), all of them were levorotatory. 

Oudin (119), working with Pinus pinaster turpentine, found that 
the optical rotation of commercial lots was —30°, and varied only 
within one degree. In individual trees, the optical rotation varied 
from +16.20° to —41.0°: that is, some trees possessed dextrorotatory 
and other trees levorotatory turpentine. In individual trees, vari- 
ations from one year to another, and from one gathering of the oleo- 
resin to another, were relatively small. Oudin's ^^dextrorotatory 
pines^^ were less frequent than the ^levorotatory pines/' There were 
no morphological differences between the two. 
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Black and Thronson {24), studying six Pinus elliottii and six P. 
palustris trees, found that during a single season the optical proper- 
ties of turpentines of individual trees of both species did not follow 
any orderly course. Optical rotation of turpentine of one slash pine 
actually changed for 2 weeks from minus to plus, but later returned 
to the original levorotatory state. 

As the result of an inquiry into seasonal variability of Pinus ponde- 
rosa turpentine in the Sierra Nevada of California, I found considerable 
difference in the optical rotation of individual trees (fig. 1). Also, 
this character varied little throughout a growing season, and, as in 
Black and Thronson's experiment, the variation did not follow any 
orderly course. A clear-cut decision cannot be made as to whether 
the observed variation was attributable to experimental error. How- 
ever, an estimate of the variability due to technique was obtained by 
doing three rotation readings from turpentine obtained at one time 
from one tree. The variation observed in these 3 readings was greater 
than the average within-tree variation for the 11 trees of the study. 
Statistical analysis of the data indicated that the variation is not 
linearly associated with date of instrument reading, and is not different 
from tree to tree. 

To sum up, all evidence seems to indicate that turpentine compo- 
sition varies little throughout a growing season, in individual trees, 
and especially in composite lots of turpentine (i.e., obtained from 
many trees) because here individual differences are likely to balance 
themselves. 

Then does the chemical composition of turpentine change when a 
pine is planted outside its natural range? Scheuble (133) reported 
that Pinus jeßreyi, a California pine whose turpentine consists chiefly 
of Ti-heptane, also yields chiefly 7^-heptane when cultivated in Austria. 
In my experience, P. contorta turpentine consists chiefly of l-ß- 
phellandrene both in the United States and when planted in New 
Zealand. P. pinea turpene fraction consists fully of Z-limonene both 
in Italy, where it is native, and in California, where it is cultivated in 
parks. Examples of this stability in turpentine composition are 
numerous; these three are sufficient to demonstrate that composition 
of turpentine is a genetically fixed character. 

Finally, when one physiological form ^ of a pine grows under differ- 
ent ecological conditions within its habitat, the chemical composition 
of its turpentine remains unchanged. Krestinsky and his coworkers 
(83) found that Pinus sylvestris turpentine obtained from different 
ecological types of a forest in the same locality possessed the same 
physical properties and the same chemical composition. Apparently 
these workers dealt with the same physiological form of P. sylvestris. 
On the other hand, Penfold (124) was able to distinguish in one 
locality several physiological forms of Eucalyptus. 

SPECIFICITY OF TURPENTINES 

Some closely related pines may possess turpentines of different 
composition; on   the   other   hand,   it   is   known   that   two   species 

^ The term ''physiological form" was suggested by Penfold (124) to denote 
subspecific entities having the same morphological appearance but differing in 
chemical composition of essential oils. 
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5/29 6/12 7/2 7/16 7/31 
DATE  OF COLLECTION 

8/13 8/27 

FIGURE 1.—^Seasonal variability of optical rotation in several individual trees of 
Pinus ponderosa. 

taxonomically remote have turpentines of almost identical composi- 
tion. The high-boiling sesquiterpene fractions from such pines may 
differ, but knowledge of the composition of these fractions is still too 
meager to permit any conclusions. 

The chemical composition of turpentine is not always correlated 
with the taxonomic position of a pine. One reason for absence of 
relationship is incomplete knowledge of chemical composition of pine 
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turpentines. Another reason is that there is still a great deal of dis- 
agreement among botanists as to the classification of pineâ. A nat- 
ural taxonomic system for the genus Pinus has not been developed. 
Some botanists (Í31) maintain that pines really belong to four differ- 
ent genera: Strobus, Apinus (white pines), Pinus (hard or yellow 
pines) and Caryopitys (pinyon pines). 

Evolutionary development may also explain certain absences of 
relationship. Most likely, morphological and chemical characters 
have followed different paths of evolution. 

In correlating the composition of turpentine with the taxonomic 
position of a pine, one should remember that the genus Pinus of 
today is different from the genus of the Tertiary Period. The oldest 
living species is probably not older than Miocene. The chemical 
relationship of pines that existed during the Jurassic was most likely 
different from what it is now. During the evolution of the genus, 
many ancient species became extinct and many new species appeared. 
At present we have merely patches of an old biochemical pattern. 
Some of these patches are difficult to fit into the present structure 
of the genus; others fit very well and are useful in understanding the 
relationship of living pines. 

An interesting example of this relationship is Pinus jeffreyi^ a relic 
pine of California (94) whose turpentine consists almost entirely of 
n-heptane with a small addition of aliphatic aldehydes. In some 
morphological characters, this pine resembles P. ponderosa, which 
belongs to the group Australes. The two pines hybridize naturally, 
and the hybrids are fertile (93). Many botanists have considered 
P, jeffreyi as a variety of P. ponderosa (14^). 

Yet in the chemistry of its turpentine, Pinus jeffreyi is related not 
to Australes but to a distant group of Macrocarpae. This group con- 
sists of three pines, P. sabiniana, P. coulteri, and P, torreyana, all 
containing 7i-heptane and aliphatic aldehydes. It has been found 
that P. jeffreyi crosses naturally with P. coulteri, and the hybrids 
between the two pines are also fertile (128). 

There is evidence that the present taxonomic position of Pinus 
jeffreyi had an intermediate place between the two groups: the older 
group Macrocarpae and the more recent group Australes, perhaps 
having been closer to the former. Turpentine of the group Macro- 
carpae contains chemical compounds simpler (more primitive) than 
terpenes, i.e., 7i-heptane and r?.-undecane. The group Australes, with 
the exception of one variety of P. ponderosa from the Santa Cruz 
Mountains of Coastal California, does not contain paraffin hydro- 
carbons. In the course of evolution, intermediate links between the 
two groups disappeared, and P. jeffreyi is now the only pine (except 
perhaps the Santa Cruz variety of P. ponderosa) that reminds us of 
their former relationship. The relationship may be represented 
like this: 

Group 
Australes 

Extinct 
s_pecie^s_ 

Pinus 
ponderosa 

from 
Santa   Cruz 
California 

Pinus 
jeffreyi 
(a relic 

pine ) 
Extinct 
species_ 

Group 
Macrocarpae 
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There is also evidence other than presence of heptane that P. jefreyi 
is an older species than P. ponderosa. This evidence is based on the 
degree of unsaturation of seed oils of the two pines {94). 

DiiEculties in correlating taxonomy with chemistry of turpentines 
occur: 

(a) When a complex botanical species, such as Pinus ponderosa 
or P. sylvestris, contains several varieties, each possessing its 
own specific turpentine. 

(b) When a vahd species is erroneously included in another 
species. A good example is Pinus engelmannii which until recently 
was considered as a synonym of P. ponderosa. Chemically the 
two pines are quite different (102). 

(c) When chemical mutants, or abnormal trees, are encoun- 
tered within a species. 

(d) When two species naturally cross. 

The last two statements require some amplification. 
Chemical mutants have occasionally been found among pines. In 

1930 two Russian investigators (82) reported an unusual turpentine 
obtained from an individual tree of Pinus sylvestris. The turpentine 
lacked completely the usual A^-carene; it consisted of a-pinene, 
camphene, and Z-jS-phellandrene. 

Schorger's (138)^ ^^bastard'' Pinus ponderosa apparently was a 
chemical mutant differing radically from the general composition of 
ponderosa pine turpentine in the same locality. I found a P. monticola 
tree in northern Idaho which appeared to be a chemical mutant; its 
turpentine contained an unusually high proportion of Z-hmonene, as 
revealed by an unusually high levorotatory rotation. (See P. 
monticola No. 10, table 2, p. 10.) The occurrence of chemical mutants 
in populations of pines has not yet been systematically studied. 

Natural hybridization among pine species has been observed rather 
frequently, although seldom studied thoroughly. Artificial crossings 
have been made between many pine species, sometimes between 
species belonging to quite distant groups. Our experience with Pinus 
contorta X banksiana indicates that when two pine species are crossed, 
the turpentine in the Fj hybrids is composed of the terpenes of both 
parents. The bicyclic piñenes of P. banksiana predominate over the 
monocycHc phellandrene of P. contorta (104). The two pines also 
hybridize naturally, forming a hybrid swarm in Alberta, Canada. 
Chemical composition of turpentine samples taken from individual 
trees in that locality, as could be expected, varied from pure P. 
contorta to pure P. banksiana. Many trees were intermediate, possess- 
ing a mixture of P. banksiana piñenes and P. contorta phellandrene in 
different proportions. Morphology and chemistry of the individual 
trees of the swarm were not always correlated (table 1). 

At present it would be futile to develop a natural classification of 
pines based on their chemical characters. W"e can merely claim now 
that chemistry and taxonomy of pine species often coincide, and that 
when morphological characters are ambiguous, a knowledge of chemis- 
try of the turpentines may be useful. 
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TABLE 1—Distribution of experimental trees from the Alberta lodgepole- 
jack pine overlap area, by morphological and chemical characters 

Morphological 
character 

Chemically 
jack pine 

Chemically 
intermediate 

forms 

Chemically 
lodgepole 

pine 
Total 

Jack pine  
Intermediate  
Lodgepole pine__ 

No. 
21 

3 
3 

Percent 
28.8 

4. 1 
4. 1 

No. 
0 

14 
17 

Percent 
0 

19. 2 
23.3 

No. 
0 
0 

15 

Percent 
0 
0 

20.5 

No. 
21 
17 
35 

Percent 
28.8 
23.3 
47. 9 

Total  27 37. 0 31 42.5 15 20.5 73 100.0 

VARIABILITY IN TURPENTINE COMPOSITION 
WITHIN A SPECIES 

When the physical characters (which reflect the chemical com- 
position) even of composite samples of turpentine are studied, it is easy 
to notice that some species vary but little throughout their environ- 
mental range, whereas others vary a great deal. Finns merkusii, which 
grows over a wide range in Burma and in Indonesia, is rather uniform in 
the physical characters of its turpentine {97). Turpentine of this pine 
collected in different localities of its range is always dextrorotatory, 
varies from +29° to +37° in optical rotation, and always consists 
predominantly of a-pinene. 

On the contrary, another widely distributed pine, Pinus ponderosa, 
varies widely in physical characters and chemical composition of its 
turpentine. Several physiological varieties of P. ponderosa have been 
identified. There is no doubt that when two varieties hybridize, the 
change from one variety to another is gradual, with many intermediate 
forms. 

Within a species, the optical rotation of some populations is rather 
uniform, but in other populations it is rather variable (table 2). As 
was mentioned before, this variability is caused either by the presence 
of different antipodes of the same terpene or by different amounts of 
dextrorotatory and of levorotatory terpenes. For instance, some 
individual trees of Pinus washoensis contain turpentine that is com- 
posed predominantly of dextrorotatory A^-carene; others contain more 
levorotatory ^ jS-pinene. Incidentally, the chemical composition of 
P. washoensis turpentine is still very puzzling. Most likely, the 
species originated as a chemical mutant of P. ponderosa, or is a result of 
hybridization between two varieties of P. ponderosa, at least one of 
which is extinct. 

Apparently individual variability in composition of turpentine is 
sometimes caused by hybridization of two pine species or varieties. 
This situation was clearly demonstrated by the study of turpentine 
from individual trees of the hybrid swarm in Alberta, Canada (104). 
On the other hand, in a pine forest composed of only one species where 
there is no possibility of interspecific hybridization, the variability in 
chemical characters of individual trees is apparently caused by crossing 
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among individual members of the population, with the occasional 
mutations superimposed. On the whole, individual variation in 
turpentine chemistry is only one manifestation of variability among 
the individual trees" of a forest. This ever-present variability in a 
population of forest trees is of prime importance in development of 
subspecific taxa as well as in the evolution of the genus. It is not the 
species or varieties that hybridize naturally or are hybridized arti- 
ficially; it is the individual trees that cross one with another. 

METHODS OF ANALYSIS 

Because there are many different ways to tap pines for oleoresin 
and many different ways of extracting and analyzing the turpentine, 
the field and laboratory practice used in our work is explained here. 
One purpose is to demonstrate how the job has been done; another is 
to suggest to future workers what methods may be used in order to 
obtain comparable results. 

Above all, the researcher should satisfy himself regarding the 
authenticity of his source of turpentine. Each oleoresin sample should 
be collected by a person familiar with botany of pines, and it should 
always be accompanied with herbarium specimens of the same trees 
from which it was obtained. The information accompanying an 
oleoresin sample should include geographical location, altitude, 
ecological description of the area, age of the tapped trees, and a note 
concerning the presence or absence of other pine species in the locality. 

Among the causes of discrepancies in reporting turpentine analysis 
of the same species by different investigators are diflPerences in 
techniques of obtaining oleoresin samples, in ways of separating 
turpentine from the rosin, and in methods of distillation. 

Collecting Oleoresin 

Oleoresin may be obtained from a tree either by using the open-face 
method and an open receptacle or by boring holes in a tree and using 
air-tight receptacles, such as test tubes or vials. The open-face 
method lets some turpentine be evaporated and lost, especially when 
the turpentine consists of compounds possessing a high vapor pressure. 
But as most turpentines are obtained by the open-face technique,^ 
this method has been used in all our work and in the work of our 
collaborators. 

Separating Turpentine From Oleoresin 

There are several methods of removing turpentine from oleoresin. 
In commerce the usual way is to blow more or less superheated steam 
through a batch of oleoresin. Turpentine is volatile with the steam; 
the rosin remains as a pot residue. 

In early analytical work, the steam distillation method was also 
commonly used.   This method has the disadvantage of being very slow 

4 For the technique of obtaining oleoresin from trees see U.S. Naval Stores 
Handbook {161). 

572912°—61 2 
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in a laboratory. From 3 to 4 hours are usually required to expel 
most of the turpentine. To distill off all the high-boiling substances, 
such as sesquiterpene derivatives or diterpenes, would require a much 
longer time. Frequently these substances are not completely removed 
from oleoresin by steam distillation. 

In almost all of our work, we used vacuum distillation methods for 
the recovery of turpentine. The procedure is to charge a large Claisen 
flask (3-liter flask with glass joints was usually used) about half full 
with oleoresin, apply vacuum (about 100 mm. pressure at the be- 
ginning), and heat the flask gradually (fig. 2). 

FIGURE 2.—A convenient assembly for vacuum distillation of turpentine from 
oleoresin. 

Under these conditions most of the turpentine, i.e., the terpene 
fraction proper, can generally be safely distilled. When low-boiling 
hydrocarbons are suspected, as in oleoresin of hybrids between a 
heptane pine and a terpene pine, extreme caution should be exercised 
to prevent loss of the low-boiling compound. Two dry-ice traps 
(T, fig. 2) should be used instead of one, and the receiver (i?) should 
also be chilled with dry ice. When the terpene fraction is removed, 
the receiving flask (A) should be changed or the stopcock (S) between 
the receiving flask and the upper receiving tube (R) should be turned 
off. The pressure in the system then can be reduced gradually; 1 mm. 
to 0.5 mm. of pressure would suffice in most distillations, and the 
temperature in the distilling flask can be gradually increased. The 
upper limit of temperature inside the flask varies with the oleoresin. 

In some pines lacking a sesquiterpene fraction, all turpentine is 
removed at 180° C. (and even lower) and 1 mm. of pressure. In other 
species, the flask has to be heated as much as 200° to 210° C. (at 1 mm. 
to 0.5 mm. of pressure) to expel all, or almost all high-boiling compo- 
nents of turpentine. As a criterion of the completion of the process, 
we used an arbitrary method : when cooled rosin is not sticky but car 
be crushed to dry white powder by pressure of the fingers, the dis- 
tillation was considered completed although some small quantity of 
volatile oil might still remain in the flask residue. This distillation 
method has proved satisfactory and is recommended for future work 
with pine oleoresins. 
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In countries with summer rains, there always will be some water in 
the oleoresin. At the beginning of the distillation, this water will 
co-distill with turpentine, following the law of boiling two immiscible 
liquids.^ If the amount of water is great, this stage of vacuum 
distillation can be rather violent. 

Turpentine is separated from water by means of a separatory funnel. 
Traces of water in the distilled samples of turpentines are removed by 
adding a small quantity of anhydrous sodium sulfate. 

The percentage of turpentine in the oil is determined on the weight 
of pure oleoresin, that is, after the weight of impurities and of water is 
subtracted. In experimental (not commercial) samples of oleoresin, 
the amount of impurities—needles, pieces of bark, and occasional 
insects—is usually very small. 

Determining Physical Properties of Turpentine 

Before a sample of turpentine is subjected to further investigation, 
its physical properties are determined. The most commonly deter- 
mined physical properties are : density, index of refraction, and optical 
rotation. 

Density of turpentine refers to its weight per unit volume. Specific 
gravity is the ratio of the density of turpentine to the density of water. 
For practical purposes there is very little difference between specific 
gravity and density. For fundamental distinction between the two, 
consult Guenther {59, v. 1, pp. 236-43). In our work, we expressed 
density by the symbol d*4 where t is the temperature at which the 
observation is made, and the figure 4 refers to the centigrade tempera- 
ture of water, taken for comparison. We used tube pycnometers 0.2 
to 0.3 ml. capacity. Other investigators sometimes used density of 
water at temperatures other than 4° C; hence, the symbols dSs or 
d*3o.    Some authors do not indicate temperature. 

Index of refraction is designated with the symbol n*^, where t is the 
temperature of the substance at the time of observation and D is the 
wavelength of light, that is, the D line of sodium, equivalent to 589 mjic. 
The index of refraction is most conveniently determined by means of 
an Abbé refractometer ; this instrument is provided with a compensa- 
tor so that the values corresponding to the wavelength of the D line of 
sodium can be obtained by using an ordinary source of light. With few 
exceptions, individual trees of pine species show considerable vari- 
ability in densities and in indexes of refraction. Causes of variability 
of physical constants within pine species have already been discussed 

Sometimes, to compare densities and indexes of refraction of differ- 
ent samples of turpentine, it is necessary to adjust the observed data 
to uniform temperature, usually 25° C. {157), by using correction 
factors. For density, for each degree we have used a factor of 0.0008 ; 
for index of refraction, 0.00045. We have found that in turpentines 
these factors give satisfactory results, although the practice of using 
them has not been considered advisable in determining the qualities 
of essential oils {59). Turpentines are generally much more uniform 
and much less complex than many essential oils. 

^ Consult any text on physical chemistry. 
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Sutherland (157), using indexes of refraction as the abscissa and 
densities as the ordinate, both at 25° C, and plotting data for different 
pure terpenes (fig. 3), showed how useful this type of diagram can be 

1—'—T^ ¿      camphene •y9-pinene 

•A^-carene 
• A'^-carene •terpinolene 

• p-cymene 

•)S-phellandrene _ 

• ^-terpinene / 
,. «yS-phellandrene 

■sol.monene. «^cc-terpinene 

• íT-phellandrene 

allo-ocimene A- 
(1.5424) 

allo-ocimene B—^ 
(1.5424)      _ 

• ocimene 

• myrcene 

1.45 1.46 1.47 1.48 
INDEX  OF REFRACTION 

.49 

FIGURE 3.—Densities and indexes of refraction of terpenes.    After Sutherland 
{157). 
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in studying turpentine composition. Figures 4, 5, and 6 illustrate how 
such diagrams aid in differentiation between species of pines and 
between turpentines of parent species and the hybrids. 
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FIGURE 4.—Densities and indexes of refraction of turpentines of several pines. 
Pinus elliottii and P. hanksiana are a- and /3-pinene pines; P. caribaea^ besides 
cK-pinene, contains some A^-carene, some jS-phellandrene and large amounts of 
a sesquiterpene, longifolene; P. ponderosa always possesses large quantities of 
A^-carene; P. contorta is a /î-phellandrene pine; P. serótina, P, pinceana, P. 
pinea, and P. torreyana contain large amounts of limonene. P. montezumae from 
Chiapas and P. ayacahuite turpentine contain an admixture of a paraiRn 
hydrocarbon, n-heptane. 

Optical rotation of turpentine is usually determined in a tube 10 
cm. long and about 10 mm. inside diameter; for small samples we 
used tubes 5 cm. long having only 6 mm. and 2 mm. inside diameters. 
As a source of light, a sodium lamp is commonly used. It gives the 
D line equivalent to a wavelength of 589 m/x. In our studies, we used 
either a sodium lamp or more often a mercury lamp equipped with 
light filters No. 3480 and No. 4303, which produced light of wave- 
length=578 m/z. French investigators' ^'j-line'' (jaune, i.e., yellow) 
has the same wavelength of 578 m/z. 
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FIGURE 5.—Densities and indexes of refraction of turpentines of Pinus hanksiana 
and P. contorta, and of the hybirds between the two pines. 

Optical rotation is designated by the symbol «D (or a^, or ^578 mM). 
Specific rotation [a]^ is optical rotation divided by the density of the 
sample, d. Determinations of optical rotation accurate to 0.1 of a 
degree are satisfactory, because pure substances are not dealt with. 

The optical rotation of a turpentine sample has good diagnostic 
value. For instance, composite Pinus elliottii turpentine is levo- 
rotatory, whereas composite P. palustris turpentine is dextrorotatory. 
When a sample of crude turpentine possesses a very high rotation to 
the left, for instance, P. pinceana, [a]r,= —100.6, or P. pinea, [a]D = 
— 118.0, it is an indication of a high percentage of Z-limonene. 
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FIGURE 6.—Densities and indexes of refraction of turpentines of Pinus jeffreyi 
and P. ponderosa, and of the hybirds between the two pines. 

On the other hand, rotation of a turpentine sometimes might be 
rather misleading. Optical inactivity of a turpentine might indicate 
a complete absence of optically active components, as for instance 
in the turpentine of heptane-bearing Pinus jefreyi. But optical in- 
activity might also be caused by compensating effects of dextro- 
rotatory and levorotatory terpenes, as exemplified by the optically 
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inactive turpentine of tree No. 11 of P. washoensis (table 2, p. 10); 
it consisted chiefly of a mixture of a-A^-carene and l-ß-pinene. 

When a composite sample of pine turpentine is designated as either 
dextrorotatory or levorotatory, it may be that all individual trees of 
the locality are either dextrorotatory or levorotatory. Or, again it may 
be that the sample includes some trees with dextrorotatory and 
others with levorotatory turpentine. This often unpredictable and 
little studied variability in optical properties of individual trees is 
clearlv demonstrated by Pinus ponderosa from different localities 
(table 2). 

Molecular refraction (MRD) has been used in our work solely for 
studies of the sesquiterpenes. (For particulars see a laboratory 
manual, such as that of McElvain (92), or Guenther (59, v, 1, p. 2Ii.2). 

Fractionating the Turpentine 

After the physical characteristics are determined, raw turpentine 
is subjected to fractional distillation. This procedure separates the 
turpentine into its components. The boiling points of some com- 
ponents of pine turpentines lie very close to one another (table 3). 
Therefore, an efficient fractionating apparatus is needed for satis- 
factory separation of the turpentine components. Inaccurate results 
of some earlier research can be attributed to poor equipment; during 
recent years fractional distillation apparatus has been greatly im- 
proved. 

It should be noted that if a turpentine sample is not appropriately 
dehydrated, there might be some water distilled over with the first 
fraction of the turpentine. This water may contain some acids, 
chiefly acetic and formic (12S), 

TABLE 3.—Boiling temperatures of. some components of pine turpentines 

Component 
Boiling 
temper- 
ature 

Component 
Boiling 
temper- 
ature 

n-lientane 98 
150-152 
155-156 
160-161 
164-166 
166-167 
170-172 
170-173 
171-173 
175-176 
175-176 
176-178 
186-187 
195-196 
198^199 
207-209 

jS-terpineol.. 209-210 
ry-thiiiene Borneol 212 
¿v-T)inene Methyl chavicol 213-215 
Oarnnhene a-terpineol 218-219 
j8-pinene a-terpinyl acetate  

Nerol 
220 

ß-mvrcene 224 
ß-Dhellandrene Bornyl acetate 225-226 
A^-c arene Bornyl formate  

Sesquiterpene range in gen- 
eral; approx  

Longifolene 

225-230 
n-octylaldehy de  
P-cymene 230-277 
Limonene 260-261 
Ocimene Cadinene  

Sesquiterpene   alcohols   in 
general; approx  

Diterpenes; approx 

274-275 
Terpinolene 
n-undecane 275-295 
Linaloöl 295-310 
n-decylaldehyde 
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We have used a column 90 cm. long equipped with a heated jacket 
and a stillhead permitting a suitable reflux ratio, usually 10 to 1. 
When preliminary fractionation of a small sample of turpentine indi- 
cated that no appreciable amounts of sesquiterpene fractions were 
present and that easily polymerized terpenes were absent, then the 
fractionation was performed under atmospheric pressure, which (at 
Berkeley) usually fluctuates between 755 mm. and 762 mm. But 
where the presence of high boiling substances had been revealed or 
suspected, the fractionation was performed at reduced pressure, usu- 
ally 14 mm. or 15 mm. of mercury. To catch highly volatile sub- 
stances, such as 7i-heptane, a dry-ice trap was placed between the 
column and the vacuum pump. Fractions (cuts) were usually taken 
at 1° intervals. In some pines possessing turpentine of a simple com- 
position, the number of fractions is small. For instance, in Pinus 
cooperi turpentine only four fractions were obtained (table 4). Tur- 
pentines of other species had to be separated into many fractions—54 
in Pinus edulis. 

TABLE 4.—Fractional distillation of Pinus cooperi turpentine^ (to illus- 
trate a turpentine of simple composition) 

Fraction Pressure 
Boiling 
range 

Dis- 
tilled 

Density 
d42^ 

Index of 
refrac- 
tion 
nD22 

Specific 
rotation 

1 
mm. 

759 
759 
759 
759 

155    -157 
157    -158. 2 
158. 5-160 
160    -161 

+ 161 

Percent 
56.2 
22. 7 
8.3 
7. 5 
4.2 
1. 1 

0. 8576 
.8602 
.8617 
. 8632 

1. 4691 
1. 4718 
1. 4742 
1. 4760 

Degrees 
+ 10.0 

2       __    -0.2 
3  
4         _     

-8.8 
-14.6 

Pot residue 
Losses 

Even a cursory inspection of a fractional distillation sheet may 
reveal some interesting information about the turpentine under in- 
vestigation. Consider, for example, the data on fractionation of 
Pinus edulis (table 5 and fig. 7). Fractions 1 and 2 made up more than 
43 percent of the oil; they consisted of a strongly dextrorotatory com- 
ponent. Its density and index of refraction (table 5) suggested that 
the component perhaps was ¿-a-pinene. The negative rotations of 
fractions 7, 8, 9 suggested the possible presence of a very small quan- 
tity of Z-j8-pinene. The low density of fraction 10 seemed to indicate 
jS-myrcene. The higher densities, positive rotation, and sweet odor of 
fractions 12 and 13 indicated A^-carene. Then, densities began to 
decrease and reached a minimum at fraction 17. Because the odor of 
this fraction resembled the odor of ocimene, a search was made there 
for this hydrocarbon. 

Further analyses also indicated the presence of small quantities of 
Z,¿Z-limonene in fractions 15 to 19. Fraction 20 had the physical 
properties of terpinolene.   Fractions 23 and 24 possessed an extremely 
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fragrant odor, which could not be identified with any other essential oil 
component. The physical properties of these fractions indicated the 
possible presence of an aliphatic ester. All the way to fraction 43, the 
fractions (except fractions 27, 28, and 29) were dextrorotatory. Judg- 
ing from their physical characters, these fractions contained oxy- 
genated terpene compounds. Fractions 44 to 50 were levorotatory ; 
and the last fractions, 51 to 54, were again dextrorotatory. The frac- 
tions from 44 to 54 possessed the characteristics of sesquiterpenes. 

TABLE 5.—Fractional distillation of turpentine of Pinus edulis  {to 
illustrate a turpentine of complex nature) 

Fraction Pressure 
Boiling 
range 

Distil- 
late 

Density Index of 
refraction 

Specific 
rotation 

1  _     _  _  _ 
mm. 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

table. 

° c. 
43-43 
43-44 
44-45 

1 45-46 
1 46-47 
1 47-49 

49-51 
51-53 
53-54 
54-55 

55-56 
56-57 
57-58 
58-59 
59-61 
61-63 
63-66 
66-68 
68-70 
70-71 

71-86 
86-88 
88-89 
89-90 
90-93 
93-97 
98-101 

101-103 
103-106 
106-108 

108-110 
110-111 
111-112 
112-114 
114-115 
115-116 
116-116 
116-117 
117-118 
118-119 

Percent 
23.97 
19. 54 

1. 84 
1.70 
1. 90 
1. 85 
.77 
.43 
.39 
.87 

1.52 
4. 66 
.86 
. 66 
.42 
.40 
.67 
.42 
.67 
.40 

1.07 
.46 

1. 03 
3.80 

. 74 

.38 

. 29 

.30 

.29 

. 32 

. 48 

. 27 

.47 
1. 13 
.72 

1. 00 
1. 64 
1. 00 
.99 
. 66 

0. 854 
. 854 
. 853 

1.852 
1. 851 
. 851 
.846 
. 843 
.841 
. 837 

.839 

. 843 

.848 

. 845 

.839 

.831 

.825 

.830 

. 843 

.857 

.861 

. 870 
1. 868 

. 866 

. 866 

.881 

. 894 

.899 

.900 

.900 

.900 

. 900 

. 901 

. 903 

.905 

. 907 

.906 

. 909 

.909 

. 911 

1. 4643 
1. 4646 
1. 4653 

1 1. 4658 
1 1. 4665 

1. 4672 
1. 4678 
1. 4687 
1. 4692 
1. 4699 

1. 4703 
1. 4708 
1. 4720 
1. 4731 
1. 4750 
1. 4771 
1. 4798 
1. 4815 
1. 4829 
1. 4840 

1. 4447 
1. 4271 
1. 4208 
1. 4190 
1. 4196 
1. 4291 
1. 4410 
1. 4490 
1. 4532 
1. 4574 

1. 4624 
1. 4659 
1. 4687 
1. 4722 
1. 4760 
1. 4797 
1. 4808 
1. 4837 
1. 4866 
1. 4892 

Degrees 
+ 46. 8 

2  + 46.9 
3  + 30. 4 
4  + 15. 0 
5  + 5. 5 
6 + 2. 8 
7  — 10. 4 
8 — 15. 9 
9__         — 16. 4 
10  -8. 3 

11  + 2. 6 
12 + 10. 7 
13                   + 9. 3 
14  + 3. 6 
15                     _   _  __ — 1. 9 
16     _   __    -6. 8 
17  -7. 0 
18         -         -3. 1 
19  -1. 0 
20  +.7 
21  0 
22  0 
23     + . 7 
24                 + . 7 
25     _     + . 9 
26  
27_  

+ .4 
-. 2 

28  0 
29                     0 
30___   __      + 1.4 

31  
32         _  _  __     

+ 4. 0 
+ 4. 0 

33  
34    _  

+ 5. 6 
+ 7. 8 

35             _-    + 10. 6 
36  + 11.7 
37               + 11. 7 
38  
39  
40  

See footnote at end of 

+ 14. 1 
+ 15.0 
+ 13. 9 
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TABLE 5.—Fractional distillation of turpentine of Pinus edulis  (to 
illustrate a turpentine of complex nature)—Continued 

Fraction Pressure 
Boiling 
range 

Distil- 
late 

Density Index of 
refraction 

Specific 
rotation 

41  
mm. 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
13 

119-Í20 
120-121 
121-122 
122-124 
124-126 
126-127 
127-129 
129-130 
130-132 
132-133 

133-134 
134-135 
135-136 

Percent 
0. 93 
1.27 
1. 11 

. 53 

.67 

.74 
1. 11 
2.20 
2. 62 
1.90 

2.39 
1. 44 
1. 07 
1.26 
3.78 

0.911 
.911 
.913 
.911 
.907 
.903 
.902 
.902 
.903 
.905 

.911 

.912 

.914 

.922 

1. 4920 
1. 4935 
1. 4947 
1. 4982 
1. 5008 
1. 5021 
1. 5031 
1. 5042 
1. 5059 
1. 5065 

1. 5069 
1. 5072 
1. 5074 
1. 5109 

Degrees 
+ 8.6 

42           _  _    _    + 2.2 
43     _       __  ---   --- + 7.7 
44 -5. 1 
45             -  - -23.6 
46 -39. 0 
47  
48     __          -  -- 

-49. 2 
-56.6 

49                       -- -42.5 
50         _-_  _-  _   _  - -8. 5 

51  + 20.2 
52             __    _   _  __ + 56.2 
53                 -  -  + 76.8 
54           + 41. 5 
Pot residue and loss 

1 Estimated. 

When fractionation is done carefully, and densities and indexes 
of refraction of each cut are determined accurately, it is expedient 
to plot the data on the Sutherland diagram, on which the densities 
and indexes of refraction of the most common pure terpenes are 
already shown. Because the two physical characteristics of pure 
terpenes are given by Sutherland (157) at 25° C, it is necessary 
to use correction factors if the properties were taken at different 
temperatures (see p. 13). 

French and Russian research workers usually present the results 
of fractional distillation of their turpentine samples as a set of curves 
showing densities, indexes of refraction, optical activities, and boiling 
points of all fractions. The quantity of the distilled turpentine is 
plotted along the abscissa, and the physical properties are plotted 
along the ordinate (fig. 8). 

IDENTIFYING TURPENTINE COMPONENTS 

After the physical properties of the fractions are determined and 
studied, the suspected components of the turpentine are identified in 
most cases by preparation of crystalline derivatives.^ Using modern 
methods of determining infrared spectra of the fractions, the com- 
ponents can be identified much faster. 

A simple method of ascertaining the approximate composition of a 
turpentine after it has been fractionated, is to construct a bar diagram 
with the boiling range plotted along the abscissa and the percent 
of distillate along the ordinate.   Such a diagram for Pinus chihuahuana 

6 Except paraffin hydrocarbons and those new or little known sesquiterpenes 
and their derivatives, which do not yield known crystalline compounds. 
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12 

10 

44.6 

(T-pinene ß-p'\ner)e limonene longifolene 

% 

FIGURE 9- 

45 50 55 60 65 70 
BOILING   RANGE   AT   12-mm   PRESSURE 

Results of fractional distillation of Pinus chihuahuana turpentine. 

reveals four major components, represented by the longer bars, in 
the turpentine (fig. 9). Of course, bar diagrams merely indicate the 
amount of material distilled at a given range of temperature. When 
a fractionation is done throughout under atmospheric pressure, 
the bar diagram gives a good idea of the composition of a turpentine. 
But when the distillation is started under atmospheric pressure and 
later continued under reduced pressure, the diagram is rather difficult 
to interpret. Conversion of boiling points of turpentine components 
from one pressure to another is a tedious and not too accurate job. 

Vapor chromatography is very useful in the analysis of turpentines. 
For the theory of the method and a description of the apparatus, the 
reader is referred to some convenient text, such as Keulemans, A.I.M. 
Gas Chromatography.    (Reinhold Pub. Corp. 217 pp. N.Y. 1957.) 

The method of vapor chromatography consists essentially of 
forcing, by means of a stream of inert gas, a small sample of the 
volatile oil that is to be analyzed, through a column packed with 
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an adsorbent and maintained at a constant temperature. Components 
separate according to their volatility partition coefficient, as well as 
adsorptive effects. A resistance device placed at the end of the column 
detects the arrival of each component and transmits the results to 
a continuous recorder. The apparatus is rather expensive, and if it is 
used in turpentine analysis the recorder must be standardized against 
known pure ingredients of turpentine. A vapor chromatography 
assembly became available to us only when our project was almost 
completed, and we applied the method to ascertain the composition 
of turpentine of Finns patula. 

The methods we used to identify the components of turpentines 
by means of preparation of crystalline derivatives are fully explained in 
Guenther's The Essential Oils {59, v. 1 and 2), For those rare cases 
when the methods of identification are not described by Guenther, 
as in the case of ethyl caprylate, we have reported our methods 
under the particular species in which the compound was found. 



Part IL Composition of Gum 
Turpentines of Pines 

COMPONENTS OF PINE GUM TURPENTINES 

We have found that pine gum turpentines contain at least 30 
different named components, that is, those which have been already 
reported in literature as ingredients of essential oils. Besides these 
known compounds, pine turpentines contain at least as many, and 
probably more, ingredients whose physical properties are not exactly 
known. Most of these unknown compounds, sesquiterpenes and 
their oxygenated derivatives, are found in the high-boiling fractions 
and generally in very small amounts. All told, there are perhaps more 
than a hundred organic substances in pine gum turpentines. 

The components of gum turpentines of pines are listed in Appendix 
1, p. 143. Structural formulas are given there when known. For 
sesquiterpenes that appeared to be new, melting points of their 
hydrochloride are cited. A few sesquiterpenes have not yielded 
soKd derivatives. Some sesquiterpenes and oxygenated conipounds 
were found in such small quantity that it was impossible to identify 
or to describe them. There is evidence that some oxygenated ter- 
pene derivatives occasionally reported as components of gum tur- 
pentines are of a secondary origin. 

SYSTEMATIC DESCRIPTION OF TURPENTINES 

In this publication are listed 92 species and 2 varieties of pines 
(table 6). Of these 94, turpentines of 76 were analyzed in our 
laboratory. For the other 18, results obtained by earlier inves- 
tigators were considered reliable and included in this publication 
without verification. The pines listed in table 6 do not include many 
varieties, such as the varieties of Pinus sylvestris, P, nigra, and P. 
pseudostrobus. These varieties are usually mentioned in the system- 
atic description of the pines. 

Essentially, the species are arranged according to the system 
used in Shaw's monograph of 1914 (14^) which contained 66 species. 
Since that time, Shaw's treatment of the genus Pinus has somewhat 
changed. Several new pines have been described—for instance, 
Nos. 46, 56, 66, 69 in table 6—and some 20 pines have been elevated 
from varietal to species rank. 

In the fight of recent investigations ^ I prefer, instead of the highly 
heterogeneous Pinus chinensis {142), to use the name P. tahulaejormis, 

7 Wu CHUNG-LWEN. THE PHYTOGEOGRAPHIC DISTRIBUTION OF PINES IN 
CHINA. ' 77 pp., map. 1947. [M.S. thesis. Copy on file at Yale Univ. School 
of Forestry, New Haven.] 

26 
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TABLE 6.—Species oj the genus Pinus included in this publication ^ 

SUBGENUS HAPLOXYLON 

Group Cembrae 
1. P. koraiensis Sieb. & Zuce. 
2. P. cernhra L. 
3. P. sihirica Mayr. 
4. P. pumila Regel. 
5. P. alhicualis Engelm. 

Group Flexiles 
6. P. flexilis James 
7. P. reflexa Engelm. 
8. P. armandi Franchet 

Group   Strobi 
9. P. ayacahuite Ehrenb. 

10. P. lambertiana Dougl. 
11. P. parviflora Sieb. & Zuce. 
12. P. pence Griseb. 
13. P. griffithii McClelland 

Group Strobi—Continued 
14. P. montícola Dougl. 
15. P. strobus L. 

Group   Gerardianae 
16. P. hungeana Zuce. 
17. P. gerardiana Wall. 

Group Balfourianae 
18. P. halfouriana Grev. & Balf. 
19. P. aristata Engelm. 

Group   Cembroides 
20. P. cembroides Zuce. 
21. P. edulis Engelm. 
22. P. cuadrifolia Pari. 
23. P. monophylla Torr. & Frém. 
24. P. pinceana Gordon 
25. P. nelsonii Shaw 

SUBGENUS DIPLOXYLON 

Group   Longifoliae 
26. P. tongifolia Roxb. (P. roxburghii) 
27. P. canariensis Smith 

Group   Leiophyllae 
28. P. leiophylla Schiede & Deppe 
29. P. chihuahuana Engelm. 
30. P. lumholtzii Rob. & Fern. 

Group   Pineae 
31. P. pinea L. 

Group Macrocarpae 
32. P. jeffreyi Grev. & Balf. 
33. P. torreyana Parry 
34. P. coulteri D. Don 
35. P. sabiniana Dougl. 
36. P. oaxacana Mirov 

Group Lariciones 
37. P. resinosa Ait. 
38. P. tropicalis Morelet 
39. P. massoniana Lamb. 
40. P. densiflora Sieb. & Zuce. 
41. P. thunbergii Pari. 
42. P. sylvestris L. 
43. P. montana Miller 
44. P. luchuensis Mayr. 
45. P. taiwanensis H ay ata 
46. P. hwangshanensis Hsia 
47. P. merkusii DeVries 
48. P. insularts Endlich 
49. P. khasya Royle 
50. P. yunnanensis Franchet 
51. P. mö'^^a Arnold 
52. P. heldreichii Christ. 
53. P. tabulaeformis Garriere 

Group Australes 
54. P. ponderosa Laws. 
55. P. arizonica Engelm. 
56. P. washoensis Mason & Stockwell 

Group Australes—Continued 
57. P. palustris Mill. 
58. P. caribaea Morelet 
59. P. elliottii Engelm. var. elliottii 
60. P. elliottii    Engelm.    var.    densa 

Little & Dormán 
61. P. taeda L. 
62. P. echinata Mill. 
63. P. lawsonii Roezl 
64. P. ¿eocoie Schl. & Cham. 
65. P. montezumae Lamb. 
66. P. durangensis Martinez 
67. P. hartwegii Lindl. 
68. P. rwdzs Endl. 
69. P. cooperi Blanco 
70. P. michoacana Martinez 
71. P. engelmanii Carr. 
72. P. pseudostrobus Lindl. 
73. P. tenuifolia Benth. 
74. P. occidentalis Swartz 
75. P. ^Za6ra Walt. 

Group Insignes 
76. P. pringlei Shaw 
77. P. oocarpa Schiede 
78. P. oocarpa var. trifoliata Martinez 
79. P. halepensis Miller 
80. P. 6m¿m Ten. 
81. P. pity usa Steven 
82. P. pinaster Ait. 
83. P. virginiana Mill. 
84. P. clausa (Chapm.) Vasey 
85. P. r^o'î'rfa Mill. 
86. P. serótina Michx. 
87. P. pungens Lamb. 
88. P. banksiana Lamb. 
89. P. contorta Dougl. 
90. P. greggii Engelm. 
91. P. patula Schl. & Cham. 
92. P. muricata D. Don 
93. P. attenuata Lemm. 
94. P. radiata D. Don 

1 The common names of species listed here are given in Appendix 2, p. 153. 

572912''—61 3 
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I considered Pinus jeffreyi and P. oaxacana^ as valid species and 
moved them from the group Australes to the group Macrocarpae. 
Then I moved the whole group Macrocarpae from the end of Shaw's 
classification closer to the head of the subgenus Biploxylon, so that 
instead of Shaw's classification: Leiophyllae, Longifoliae, Pineae, 
Lariciones, Australes, Insignes, and Macrocarpae, I arranged the 
Diploocylon pines in the following order : Longifoliae, Leiophyllae, 
Pineae, Macrocarpae, Laricinones, Australes, and Insignes. 

Such a rearrangement of the pines is not as drastic as it may appear. 
As a whole Shaw's system has been retained, but the rearrangement 
places all aliphatic hydrocarbon pines together, and closer to the 
monospecific group Pineae. Pinus pinea of this group has morpho- 
logical characters and chemical composition of turpentine similar to 
those of P. torreyana of the group Macrocarpae. Shaw's arrange- 
ment of the subgenus Haploxylon, Nos. 1 to 25, has not been changed. 

The geographic distribution of the 94 pines (fig. 10) shows 
that they are restricted to the Northern Hemisphere, where they 
grow from the Arctic regions to the Equator, jumping it in one 
place on Sumatra. Of the 94, 62 are found in the New World and 
only 32 in the Old World. The highest concentration of pines is in 
California and in Mexico. 

Subgenus Haploxylon 

Group Cemhrae 
Keference (75) 1. Pinus koraiensis Sieb. & Zuce. 

(FI. Jap. ii, 28.    1842) 
Pinus koraiensis grows in the Amur and Maritime provinces of 

Russia ; in Manchuria and Korea, and in the central part of the Japanese 
island of Honshu. The samples of oleoresin of this pine were obtained 
from Seoul. 

The volatile oil was obtained in two steps. The lower boiling 
fraction distilled below 190° C. at 0.1 mm. of mercury. This frac- 
tion, which amounted to 18 percent of the weight of the oleoresin, 
comprised the light oil. When the temperature was increased to 200° 
and pressure reduced to 0.05 mm. of mercury, a heavy oil started 
to distill. Some of it solidified in the condenser. The heavy oil 
amounted to 8 percent of the weight of the oleoresin ; the total volatile 
oil amounted to 26 percent. Physical properties of both light and 
heavy oils are given in table 7. 

TABLE 7.—Physical properties of turpentine of Pinus koraiensis 

Fractions 

Light oil__ 
Heavy oil. 

Yield 
percent 

18 

Density 
d4 

0. 863425 
. 930023 

Index of 
refraction 

1. 473025 
1. 521320 

Specific 
rotation 

[oi]578 

-II. 6° 
+ 119. 0° 

8 In Shaw s monograph Pinus jeffreyi is included in P. ponderosa; P. oaxacana, 
under the name of P. apulcensis, is included in P. pseudostrobus; in 1957 I pro- 
posed that it be considered as an independent species, P. oaxacana (106). 
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The light oil of Pinus koraiensis contained : 
Compound: Percent 

I, dl-a-pinene      44 
Z-|3-pinene  22 
a-A^-carene  11 
I, (iZ-limonene  8. 5 
n-undecane (table 8)  . 5 
I, dl-bornyl acetate  3. 0 
Sesquiterpenes, mostly c?-longifolene  7. 4 

The heavy oil of this pine contained : 
Compound: Percent 

Sesquiterpenes  12 
Diterpenes,  mostly  cembrene with  some  diterpene,  that  yielded  a 

maleic anhydride adduct, m.p. 148°-149° C  60-61 
Oxygenated compounds  3 

As a whole, turpentine of Pinus koraiensis  (i.e., both light and 
heavy oils combined) had the following composition: 
Compound: Percent 

I, dl-a-pinene  29. 0 
l-ß-pinene  15. 0 
a-A^-carene  7. 0 
Z,(i/-limonene  6. 0 
71-undecane (table 8)  0. 5 
I,dl-bornyl acetate  2. 0 
Sesquiterpenes, mostly longifolene  9. 0 
Diterpenes,  mostly   cembrene with some of those which yielded a 

maleic anhydride adduct, m.p.l48°-149° C  20. 5 
Oxygenated compounds  1. 0 

TABLE 8.—Physical constants of n-undecane 

Constant n-undecane from 
Pinus koraiensis 

n-undecane ^ 

Boiling point  
Index of refraction, UD 

196°-197° C  
1.4167 23.3 

195.8° C. 
1.41902 20 

Density, d^  .7364 23  .7404 20 

^ Egloff, G., Physical constants of hydrocarbons. Vol. 1, Amer. Chem. Soc. 
Monog. 78, p. 76.    Reinhold Pub. Corp., N.Y. 1939. 

Analysis of undecane from P. koraiensis: Anal.—Caled, for C11H24: C, 84.52; 
H, 15.48.    Found:  C, 84.98; H, 15.15. 

2. Pinus cembra L. Reference (116) 
(Sp. PL 1000: 1753) 

Pinus cembra is known in America as Swiss s ton e pine. It grows at high 
altitudes in the Alps, eastward to the Carpathian Mountains. The 
oleoresin sample was collected for us in the forest reserve Paal bei 
Murau, Obersteiermark, Austria, elevation about 5,500 feet. The 
turpentine was distilled from the oleoresin under reduced pressure, so 
that at the end of distillation the pot temperature was 200° C. and 
pressure  was  0.05  mm.   of  mercury.    Under  these   conditions  all 
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volatile substances were removed.    The yield of turpentine was 21.4 
percent ; its characteristics were as follows : 

Density, df=0.8522 
Index of refraction, nU-^= 1.4654 
Specific rotation, [«]= +13.83° 

The turpentine contained : 
Compound: Percent 

d-a-pinene  85 
l-ß-pinene  ^ 
Residue and losses  6 

It differed from Pinus sibirica, No. 3, turpentine by the complete 
absence of A^-carene. 

3. Pinus sibirica Mayr. References (18, 132) 
(Fremdl. Wald - & Parks.    388: 1906) 

Pinus sibirica is considered by Shaw as a synonym of P. cembra. 
It occupies an area entirely different from that of P, cembra (fig. 11). 
This species grows in plains, river valleys, and in the mountains of 
the northern part of European Russia; in Siberia it is replaced by 
P. pumila, No. 4, and in the east by P. koraiensis, No. 1. Russians 
call P. sibirica cedar. In the Transbaikal region and in the Sayan 
Range of Eastern Siberia as well as in the Altai Mountains of Western 
Siberia there grows a pine, P. coronans Litv., which apparently is a 
mountain variety of P. sibirica. 

Schkateloiï (132) partially analyzed old oxidized oleoresin of Pinus 
sibirica; the turpentine had a density of 0.865 at 15° C, and contained 
presumably 20 percent of ¿-a-pinene. 

Bardyshevand his coworkers (18) investigated Pinus sibirica from 
the Altai Mountains. Possibly it was the above mentioned P. 
coronans.    Physical characteristics were: 

Density, df=-0.8600 
Index of refraction, n^^^ 1.4706 
Specific rotation, [a]D=+3.09° 

The composition was: 
Compound: Percent 

d-a-pinene  6^ 
l-ß-pinene   ' 
d-terpene (unknown)  H 
A^-carene  ^ 
Z-limonene and dipentene  2 
Residue and losses  3 

It is seen that the chemical composition of Pinus sibirica differs 
considerably from that of P. cembra. Unfortunately the sesquiterpene 
fraction of the turpentine was not explored. The chemical character- 
istics of P. sibirica turpentine are closer to those of some other Asiatic 
and of western American pines than to those of the European P. 
cembra. 

4. Pinus pumila Regel. Reference (Unpub. orig. data) 
(Index Sem. Hort. Petrop. 23. 1858) 

Pinus pumila is a very small tree, more often a creeping shrub, 
growing in the northeastern part of Siberia and in alpine parts of 
Japan and Manchuria.    It is closely related to P. sibirica.    Some 
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botanists say that it is merely a dwarf variety of P. sibirica: others 
maintain that it deserves the rank of an independent species. 

Because of the small size of Pinus pumila, it is rather difficult 
to obtain a sufficient amount of its oleoresin for analysis. To get 
some idea of the chemical composition of its turpentine, we obtained 
from Professor Nobukiyo Takahashi, Yamabe, Sorochi, Hokkaido, a 
sample of its steam-distilled wood turpentine. Our main purpose was 
to find out whether the sample contained A^-carene and thus whether 
the species was chemically related to P. sibirica. We knew that if 
this terpene were found in large amounts in the wood turpentine of 
the pine, the terpene would also be present in its gum turpentine (cf. 
P. ponderosa, No. 54). 

The physical properties of Pinus pumila wood turpentine were 
these : 

Density, df=0.8855 
Index of refraction, n^ = 1.4815 
Optical rotation, o;l78=+7.34° 

Upon fractionation, only 45.5 percent of the oil distilled below 174° C. 
Judging from the physical characteristics of the fractions boiling 

below 173° C, these contained: 

Compound : Percent 
d-a-pinene about  25 
¿-jS-pinene about  10 
A^-carene  20 

Presence of A^-carene was verified by preparation of nitrosate which 
melted at 142°-143°. The remaining 45 percent of the turpentine 
apparently contained a good deal of secondary oxygenated compounds, 
not commonly found in large quantitites in gum turpentines (however 
see No. 43). Because the high-boiling compounds of steam-distilled 
wood turpentine were beyond the scope of the study, they were not 
analyzed. The most important information gained from the analysis 
of Pinus pumila turpentine was proof of the presence of large quan- 
tities of A^-carene, which ties this pine chemically to its nearest rela- 
tive, Pinus sibiricaj No. 3. 

5. Pinus albicaulis Engelm. Keference (62) 
(Acad. Sei. St. Louis, Trans. 2:209.    1863) 

The range of Pinus albicaulis, or whitebark pine, extends from 
British Columbia to the mountains of northern California and the 
Sierra Nevada. This pine occurs in the Rocky Mountains in Idaho, 
Montana, and northern Wyoming. It is an alpine tree, often assuming 
a shrublike form. 

The oleoresin examined was collected by the author near Mt. Rose, 
Nev., elevation 9,000 feet. The volatile oil was separated by heating 
the oleoresin so that at the end of distillation its temperature reached 
200° C. and pressure was reduced to 0.01 mm. of mercury. The last 
10 percent of the distillate had the consistency of glycerol. The yield 
of turpentine was 31.15 percent. 

Physical properties of the turpentine were as follows : 

Density, cZI*=0.8979 
Index of refraction nS-^= 1.4971 
Specific rotation, [a] =—25.1° 
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The turpentine was found to contain approximately: 

Compound: Percent 
d-A^-carene (table 9)  32 
a-terpinyl acetate  3 
Z-cadinene  10 
Albicaulene  42 
Albicaulol  0. 2 
Cembrene (a diterpene)  2. 5 

Later, albicaulene and albicaulol were identified in other white 
pines. Dauben^ determined the structure of albicaulol (from Pinus 
armandi, No. 8) and proposed a structural formula for it. 

TABLE 9.—Identification oj A^-carene in Pinus albicaulis turpentine 

Property A^-carene i Fractions 2 and 3 

Boiling point 168°-171°   C.   at   1 
atm. 

df, 0.8668           

165°-169°  C. at 740 

Density 
mm. 

df, 0.8625 
Refractive index n!f, 1.4675__   _    U'D', 1.4700 
Molecular refraction MRD 43.5 44.0 
Carbon, percent  
Hydrogen, percent  
Melting point of nitropate  

88.232  
11.772            

88.46 
12.03 

146° C.3  146°-147° C. 

1 Dupont, G. Ann. Chim., 1, 184.    1924. 
2 Calculated. 
3 Aschan, O., Ann., 461, 20.    1928. 

Group Flexiles 
Reference (61) 6. Pinus flexilis James 

(Exp. Rocky Mts.    2: 27, 35. 1823) 
Pinus flexilis, commonly known as limber pine, grows in the Rocky 

Mountains from Alberta and southeastern British Columbia to the 
Trans-Pecos region of Texas, in northern Mexico, and from California 
to Nebraska. 

An oleoresin sample was collected by the author from the White 
Mountains, lying between the Owens Valley of California and the 
deserts of Nevada, at an elevation of 10,000 feet. In distilling the 
oleoresin of limber pine, great difficulties were experienced in expelling 
the higher boiling fractions of volatile oil (these hardly could be called 
turpentine). At 0.05 mm. of pressure with the flask temperature 
reaching 210° C, the residue (rosin) still was rather soft. This 
property seemed to indicate that some high-boiling volatile substances 
remained in the residue. Apparently these substances are of the 
nature of diterpenes, similar to cembrene of Pinus albicaulis, No. 5. 

Twenty percent of turpentine was obtained. It possessed the 
following characteristics : 

Density, df=0.8606 
Index of refraction, nD = 1.4707 
Specific rotation, [aßfg^+41.2° 

8 William G. Dauben, Professor of Organic Chemistry, Univ. Calif., Berkeley. 
Personal communication. 
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The turpentine was found to be composed mainly of the following 
ingredients : 

Compound: Percent 
d,dl-a-^inenQ  80 
Albicaulene  17 
Bicyclic sesquiterpene of unknown structure  3 

The diterpenes remained in the flask residue and were not investigated. 

7. Pinus reflexa Engelm. Reference {101) 
(Bot. Gaz. 7:4.    1882) 

Pinus reflexa grows in the mountains of southeastern Arizona, 
southwestern New Mexico, and northern Mexico (Sonora and south 
to Sinaloa, Durango, Zacatecas, and Nuevo Leon, and especially in 
Chihuahua and Tamaulipas). 

The synonymy of this pine is confusing. Some botanists call it 
Pinus strohijormis Engelm. {156) ; others prefer to call it P. ayacahuite 
var. brachyptera {H2). Still others believe that the proper name for 
this pine should be P. flexilis var. reflexa {86). Another group of 
botanists, including such authorities as Standley {lolj) and Martinez 
{88) believe that this pine is different from both P. flexilis and P. 
ayacahuite and call it P. reflexa. 

Samples of oleoresin were collected in July and August 1951 on 
the Apache Indian Reservation, Ariz., near the logging town of 
Maverick, at an elevation of 8,100 feet. The turpentine was separated 
from the rosin under reduced pressure. At the end of the distillation, 
the pot temperature was 190° C. and the vacuum gage indicated 
3 mm. of pressure. Turpentine amounted to 17.7 percent. Its 
physical characteristics were: 

Density dl* = 0.8456 
Index of refraction, n??= 1.4669 
Specific rotation, [a;]578=0.0° 

Its composition was : 
Compound: Percent 

n-heptane  5 
c?Z-o;-pinene  75 
A^-carene  5 
i/-terpinolene  5 
n-undecane ^— 2-3 
A   bicyclic   sesquiterpene   possessing   two   double   bonds,   possibly 

cadinene  ^ 

It is seen that the turpentine of Pinus reflexa differs considerably 
from the turpentine of P. flexilis, No. 6. On chemical grounds alone, 
the two pines should be considered as different species {101). 

The procedure used in identification of 7i-heptane in the turpentine 
of Pinus reflexa, was as follows: Fraction 1 was repeatedly shaken 
with fuming sulfuric acid; the unreacted part of the oil was washed 
with sodium carbonate and dried over anhydrous sodium sulfate. 
The oil was optically inactive; df, 0.6826; n|f, 1.3868; b.p., 98.4° C. 
The respective values for 7i-heptane ^ are df, 0.68368; n|?, 1.38764; 

9 ROSSINI, ET AL.   SELECTED VALUES OF PROPERTIES OF HYDROCARBONS. [U.S.] 
Nati. Bur. Standards Cir. 461. p. 39.    1947. 
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b.p., 98.42°.    (Anal.-Calcd. for C7H16: C, 83.91; H,  16.09.   Found: 
C 84.32; H, 15.89) 
8. Pinus armandi Franchet      References (Dauben, ftnt. 8, p. 34; 111) 

(Nouv. Arch. Mus. Paris, 
ser. 2, vii, 95, 96, t. 12.    1884) 

Pinus armandi is a native of China. It is of wide distribution, 
scattered over a vast but ill-defined range. It is found in Shensi, 
Hupeh, Szechuan, Kweichow, southwest Kansu, and in other adjacent 
provinces of central and southwestern China. It also occurs in 
Burma, in southern Japan, in Formosa, and on the Island of Hainan. 
A sample of oleoresin was obtained from Formosa, where this pine is 
known as P. armandi var. mastersiana Hyata. 

In the process of separating the volatile oil from the rosin, 32 
percent of oil was obtained at 150° to 170° C. and 10 mm. of pressure, 
mercury. This part of the distillate was designated as light oil. Its 
characteristics were these: 

Density, d|^ = 0.8635 
Index of refraction, n??= 1.4701 
Specific rotation, [o;]578= —31.3° 

When the temperature was increased to 210° C. and the pressure 
reduced to 2 mm. of mercury, 7 percent more of volatile oil was 
obtained ; this oil had the consistency of castor oil and was of a yellow- 
ish color. It possessed high density and high index of refraction. 
Owing to the formation of crystals in the oil, exact measurements 
of its physical properties were not taken. 

The light oil of Pinus armandi had the following composition : 

Compound: Percent 
Ijdl-a-pinene  53. 5 
Z-camphene  3 
Z-jS-pinene  5 
Z-limonene  21 
n-undecane (table 10)  0. 7 
Z-bornyl acetate  5. 5 
A bicyclic sesquiterpene with two double bonds, b^^, 116°-118° C  2. 4 
A bicyclic sesquiterpene related to cadalene  3 
Pot residue and loss  5. 9 

TABLE 10.—Properties of a saturated hydrocarbon, n-undecane, from 
Pinus armandi 

Property n-undecane from 
P. armandi 

n-undecane 1 

Index of refraction, no 1.416622-8  1.4190220 
Density, di .736223  

196°-197° C 
.740420 

Boiline üoint, brfin 195.8° C. 

^ EGLOFF, G., Physical constants of hydrocarbons.    Vol. 1, Amer. Chem. Soc. 
Monog. 78/p. 76.    Reinhold Pub. Corp., New York, 1939. 
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Composition of the heavy oil was estimated to be: 

Compound: Percent 
Z-bornyl acetate  12. 5 
A bicyclic sesquiterpene (bi2, 116°-118° C, with two double bonds, 

same as in the light oil, but in larger quantity and of higher purity) _ 8-9 
A bicyclic sesquiterpene related to cadalene  36 
A sesquiterpene alcohol, albicaulol (See No. 5)  8 
Cembrene  25 
A diterpene which gave a maleic anhydride adduct  5 
Pot residue and loss  5 

Composition of the total oil of Pinus armandi, both light and heavy, 
was found to be approximately as follows : 

Compound: Percent 
Z,dZ-o;-pinene  44 
Z-camphene       2 
Z-i8-pinene        4 
Z-limonene  17. 5 
n-undecane        1 
Z-bornyl acetate        6. 5 
A bicyclic sesquiterpene, having two double bonds and boiling at 12 

mm. pressure at 116° to 118° C       3. 5 
A bicyclic sesquiterpene, related to cadalene        9 
A sesquiterpene alcohol, albicaulol, originally found in turpentine of 

Pinus albicaulis (See No. 5)        1. 5 
Cembrene, a diterpene also first found in P. albicaulis turpentine       4. 5 
A diterpene which gave a maleic anhydride adduct        1 
Pot residue and loss       5. 5 

The sesquiterpene alcohol (albicaulol) of Pinus armandi was further 
studied by Dauben.^^ A sample of oleoresin received from Formosa for 
his work contained less albicaulol and more cembrene than the sample 
just discussed; it was obtained in a different locality. Dauben found 
that albicaulol had a cadinane [2,8-dimethyl-5-isopropyl-bicyclo-(4,4,0)- 
decane] skeleton, a hydroxyl group and a carbon-carbon double bond. 
The most probable location of the double bond was found to be 
between carbon atoms 7 and 8. The hydroxyl group is apparently 
of the tertiary nature and the carbon atom 2 appears to be the most 
probable location of the hydroxyl. 

Dauben proposed the following structural formula of albicaulol: 

10 See footnote 8, p. 34. 
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Group Strohi 

9. Pinus ayacahuite Ehrenb. Keference (100) 
(Linnaea xii, 492.    1838) 

Pinus ayacahuite is a noble Mexican pine, possessing morphological 
characters similar to those of P. lambertiana, P. flexilis, and P. strohus 
(88). It grows over an extensive area from the northern States of 
Sonora and Chihuahua to Chiapas. It is also found in the Santa 
Barbara Mountains of Honduras (6), and in the highlands of Guate- 
mala (139). Martinez (88) distinguishes three varieties of P. 
ayacahuite: 

(1) Typicalj^i which is found in the southern part of Mexico and in Central 
America. In Chiapas it is called Pinabete (a name commonly applied to Abies) 
or sometimes pino de azúcar, i.e., sugar pine. 

(2) Var. veitchii of the central part of the country (Puebla and adjacent States). 
(3) Var. brachyptera of the north (Chihuahua, Sonora, Sinaloa, Durango, and 

northern part of Zacatecas.) 

Because the author collected his oleoresin sample of this pine in 
the State of Chiapas, it can be classified as coming from typical Pinus 
ayacahuite. 

The turpentine was distilled from the oleoresin in vacuo.. At the 
beginning of the distillation, some volatile oil was obtained at room 
temperature under 40 mm. of pressure. Towards the end, the tem- 
perature of the oleoresin was increased to 200° C, and the pressure 
was reduced to 1 mm. 

Yield of the turpentine was 17 percent of the weight of the oleoresin. 
The turpentine had the following characteristics: 

Density, df=0.8194 
Index of refraction, nD = 1.4528 
Specific rotation, [a]lh=+7.9S° 

It is seen from these data that the turpentine possessed a lower 
density and a lower index of refraction than most turpentines. (See 
fig. 4, p. 15). 

The composition of the turpentine was as follows: 

Compound: Percent 
n-heptane (table 11)         20 
d-a-pinene  70 
terpinolene, about  5 
Possibly a small  amount of  unidentified  oxygen-containing  deriva- 

tives ; and a bicyclic sesquiterpene  3 

The sesquiterpene possessed two double bonds; the melting point of 
its hydrochloride was 108° C. 

11 According to the rules of the International Code of Botanical Noraenclature, 
adopted in 1950, the correct name of this variety should be: P. ayachauite var. 
ayacahuite. 
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TABLE 11.—Constants of combined purified fractions 1 and 2 of Finns 
ayacahuite turpentine and those of n-heptane 

Property Fractions 1 and 2 n-heptane i 

Density, d  
Index of refraction, no 

0.674625 0.68420 
1.386723  1.386723 

Boiling point  
Carbon, percent  
Hydrogen, percent  

98° C. at 764 mm___ 
83.49           

98.52° C. at 760 mm. 
83.91 

16.23   __ 16.09 

1 Handbook of chemistry and physics. Ed. 27, pp. 810-811. Chem. Rubber 
Pub. Co., Cleveland, Ohio.    1943. 

10. Pinus lambertiana Dougl. References (108, 136) 
(Trans. Linn. Soc. Lend. 15: 500.    1827) 

Pinus lambertiana, or sugar pine, is the most majestic of all pines, 
reaching a height of 225 feet and a diameter of 10 feet. It grows 
from southern Oregon to the Mexican State of Baja California, in 
mixture with other conifers at middle elevations of mountain ranges. 

In 1913, turpentine of sugar pine growing at an elevation of 5,800 
feet was obtained by steam distillation and analyzed by Schorger 
{186) with the following results: 

Yield of turpentine =16.4 percent 
Density, dii=0.8663 
Index of refraction, níí= 1.4728 
Specific rotation, [aK=+10.42° 

Compositio'n of the turpentine was reported to be as follows: 

Compound: Percent 
á-a-pinene ^ 70-75 
i3-pinene   about 5 
Probably phellandrene        2-3 
Probably aliphatic hydrocarbon        2-3 
A sesquiterpene of aromadendrene type   10-12 

In 1947, a sample of oleoresin was obtained under the author^s 
supervision in the Sierra Nevada at an elevation of about 3,500 feet. 
Twenty trees yielded, in 2 months, about 10,000 grams of honeylike 
oleoresin that remained liquid after a prolonged storage. In some 
samples, rosin acids precipitated reluctantly; in others they did not 
precipitate at all. Turpentine was obtained by distilling the oleo- 
resin under reduced pressure. Toward the end of the distillation, 
the temperature inside the flask was 200° C. and the pressure was 
0.02 mm. 

A measure of 5,690 grams of oleoresin yielded 18.4 percent turpen- 
tine, having the following characterist:c3 : 

Density, d^^ = 0.8669 
Index of refraction, nlJ-^= 1.4753 
Specific rotation, [apJ-^= -7.43° 
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The specific rotation [a] of 15 turpentine samples, obtained from 
individual trees, varied from —18.25° to —1.35°.^^ 

The turpentine was distilled at atmospheric pressure until the 
temperature reached 187° C. Finally the pressure was reduced to 
0.1 mm., and the distillation was discontinued when the temperature 
reached 200°.    The turpentine contained: 
Compound: Percent 

Z-a-pinene  65 
Z-jS-pinene  13 
An  unidentified  monocyclic  terpene possessing two  double  bonds, 

about  2 
A  bicyclic  sesquiterpene   of   cadalene  type  possessing  two   double 

bonds  10 
A sesquiterpene alcohol C15H26O, m.p. 133°  2 
An unidentified diterpene, about  2 
Residue and losses  6 

Attempts to prepare crystalline derivatives with the methods used 
for the identification of dipentene, terpinene, and carene were un- 
successful. 

It is noteworthy that the sesquiterpene alcohol of Pinus lambertiana 
possessed about the same melting point (133° C.) as the sesquiterpene 
alcohol of P. albicaulis, No. 5 (135°). 

Results of our investigation are at variance with those obtained by 
Schorger. The discrepancy in optical rotation perhaps could be 
easily explained (see table 2, p. 10) in light of our present knowledge 
of the variability of optical properties of pine turpentines. 

The presence of a and jS-pinene has been verified; possibly, small 
amounts of phellandrene were present but not identified; aliphatic 
hydrocarbons were not detected; the sesquiterpene fraction was more 
fully explored. Later work with turpentines of white pines indicates 
that it is advisable to repeat the analysis of turpentine of this pine. 
11. Pinus parviflora Sieb. & Zuce. Reference (61) 

(Fl. Jap. 2 :27 t. 115.   1842) 
Pinus parviflora is the Japanese white pine. Its common name is 

Himekomatsu. It grows in the mountains of central Japan, and it 
includes several varieties. The northern variety, extending to 
Hokkaido is known as P. pentaphylla or Goyomatsu. A variety grow- 
ing on Formosa is known as P. morrisonicola Hayata or P. formosana 
Hayata. YeLvieij fenzeliana Hand.-Mazz., reported from the Island 
of Hainan, is apparently the same pine as P. kwangtungensis, which 
grows on the mainland (see fig. 13, p. 72). Wu^^ thinks that the original 
home of P. parviflora is southern China. These notes emphasize some 
of the nomenclature difíiculties encountered in reporting turpentine 
composition of a pine. 

The sample of oleoresin used in our work came from typical Pinus 
parviflora from near the village of Andon, Nagano prefecture, Japan, 
elevation 3,000 feet. The oleoresin was distilled so that tov^ards the 
end of the operation the pressure was reduced to 0.2 mm. and pot 
temperature reached 175° C. ; under these conditions, the residue was 
still soft.   With an increase of temperature to 210°, more volatile oil 

12 In some populations of sugar pine, turpentine is predominantly dextrorota- 
tory. 

13 See footnote 7, p. 26. 
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was obtained; this part of the turpentine had the consistency of castor 
oil. The total volatile oil amounted to 28 percent of the weight of the 
oleoresin. 

Physical characters of the turpentine were: 

Density, d?-0.8880 
Index of refraction, no = 1.4858 
Specific rotation, [«ID = + 17.66 

The turpentine contained the following substances : 

Compound: percent 
Z,áZ-o;-pinene  50 
Acetic acid ester of a terpene alcohol  2 
A bicyclic sesquiterpene, possessing two double bonds (its dihydro- 

chloride melted at 107° to 108° C.)  25 
Cadinene (table 12)  8 
Albicaulene, together with another sesquiterpene, which upon dehydro- 

genation, gave azulene (CisHis) (table 13)  15 

TABLE 12.—Constants ojfraction 21 of Pinus parviflora turpentine 
and cadinene 

Property Fraction 21 Cadinene i 

Boiling point- 

Density  
Index of refraction._. 
Molecular refraction. 
Analysis  

Melting   point   of   dihydro- 
chloride. 

Melting   point   of   dihydro- 
chloride  of  Fr.  21   mixed 
with    cadinene    dihydro- 
chloride. 

265°-266° C. at 740 
mm. 

134°-136°C. atl6mm. 
df, 0.9154  
n'^, 1.5038  
65.97  
Pet. C, 87.291- „^, 
Pet. H; 12.06/^^'''''^--- 
117°-118° C  

134°-136° C. at 11 mm. 

df, 0.9189 
nîî, 1.5079 
66.13 
Pet. C, 88.231 caled, for 
Pet. H, 11.77/ C15H24 
117° C. 

117°-118° C. 

1 Henderson and Robertson. Amer. Chem. Soc. Jour., 125: 1992.   1924. 

of Pinus TABLE 13.—Constants of albicaulene and fraction 
parviflora 

Property Albicaulene 1 Fraction 22 

for 

Boiling point  
Density, df  
Index of refraction, rrS  
Molecular refraction  
Molecular refraction caled. 

C15H24. 
Picrate     of     dehydrogenation 

product, melting point. 
Maleic     anhydride     addition 

product: 
Melting point  
Mixed melting point  

180° C. at20mm_ 
0.9195  
1.5190  
67.96  
67.86  

113° C- 

136°-138° Cat 0.5 mm. 
0.9125 
1.5150 
67.42 

113° C. 

149° C_ 
150° C- 

150° C. 

1 Haagen-Smit, Wang, and Mirov {62), 
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12 Pinus peuce Griseb. Keference (7ô) 
(Spicil, FL Rumel. 2, 349.   1844) 

Pinus peuce is a rare pine of southeastern Europe, morphologically 
similar to P. griffithii (P. excelsa) of India, No. 13. P. peuce grows in 
a few places in the mountains of southern Yugoslavia and in the 
adjacent parts of Albania, Bulgaria, and Greece at elevations from 
2,500 to 6,000 feet (fig. 12). 

An oleoresin sample of Pinus peuce was obtained in 1954 through 
the courtesy of Prof. Dr. Branislav Pejoski of the University of Mace- 
donia, Skopje, Macedonia, Yugoslavia. Pejoski himself had already 
investigated the oleoresin of this pine (personal communication, 1954). 
His steam-distilled turpentine had the following characteristics: 

Yield = 32.4 percent 
Density, d2o=0.861 to 0.866 
Index of refraction, n'D«= 1.462 to 1.463 
Specific rotation, HD^-13.33° to -29.36° 

The oleoresin we used (75) was heated under reduced pressure. 
At a maximum temperature of 180° C. and a pressure of 0.5 mm. of 
mercury, 23.3 percent of turpentine distilled over. This was desig- 
nated as portion 1. After this operation, the pot residue (rosin) was 
still very soft on cooling. When temperature was increased to 200° 
to 205° and pressure reduced to 0.05 mm., about 9.5 percent more 
distillate was obtained. This was designated as portion 2. It had 
the consistency of castor oil and was of yellowish color and faint 
fragrance. Similar behavior in distillation had been experienced 
with the oleoresins of Pinus albicaulis. No. 5, P. parviflora, No. 11, 
P. koraiensis, No. 1, P. armandi, No. 8. 

Physical characteristics of Pinus peuce turpentine, if one could call 
the second portion of the distillate by this name, are given in table 
14 separately for each portion of distillate. Pejoskins data are given 
for comparison. It should be noted that when Pejoski used steam 
distillation for obtaining turpentine, apparently only the first portion 
was distilled over; the second one remained in the still. 

T\iQ \\g\ii o'A oi Pinus peuce oleoresin contained: (¿Z,Z-a-pinene, 71 
percent; Z-jS-pinene, 9 percent; /3-myrcene, 2 percent; terpinolene, 1.5 

TABLE 14.—Physical characteristics oj the low-boiling and high-boiling 
portions of Pinus peuce turpentine 

Percent of [a]23 
Portions weight of 

oleoresin 
d4 HD D 

Portion    1,    160°- 23. 1 0. 862824  1. 471723  -16. 2° 
180°   C.   at   0.5 
mm. (light oil). 

Portion   2,   200°- 9.4 . 928022-5  1. 520023  + 113.0° 
205°   C.   at   0.5 
mm. (heavy oil). 

Pejoski's  data for 19-22 . 861 to . 866_ 1. 462 to -13. 33° to 
steam-distilled 1.463 -29. 36° 
turpentine. 
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percent; Z,¿Z-boriiyl acetate, 2 percent; sesquiterpenes, 7.4 percent, 
mainly consisting of two sesquiterpenes, one of which is a cadalene- 
type sesquiterpene and the other unidentified. It did not give a 
crystalline hydrochloride and it gave no aromadendrene color test. 
Pot residue and loss amounted to 7.1 percent. 

The heavy oil of Pinus pence contained sesquiterpenes, 10 percent; 
diterpenes, mainly cembrene (with a small amount of diterpene, 
maleic anhydride adduct melting at 148° to 149° C), 59 to 60 percent; 
oxygenated compounds, probably diterpene alcohols, 6 percent; 
residue and loss, 24 percent. 

As a whole, turpentine of Pinus pence, i.e., both light and heavy 
oil combined, had the following composition : 
Compound: ^^^^^^^ 

c?i,-/a-pinene  50 
Z-ß-pinene  6 
i8-myrcene  2 
terpinolene  1 
l,dl-hoTny\ acetate  1 
Two sesquiterpenes, one of which is of a cadalene type  9 
Diterpenes, mainly cembrene  17 
Oxygenated compounds, probably diterpene alcohols  2 
Residue and loss  12 

13. Pinus griffithii McClelland References {161, 50) 
{In Griffith, Notul. PL Asiat. 

4, 17; Icon. PI. Asiat, t. 365.    1854) 

Pinus griffithii is an Indian white pine, also known as P. excelsa. It 
grows with some interruptions along the Himalayas from Afghanistan 
to Bhutan, at 6,000 to 12,000 feet above sea level. It occurs also in 
upper Burma and adjacent parts of Yunnan, China. The turpentine 
of P. griffithii was investigated by Simonsen and Rau {151), who 
reported the yield as 2 gallons per maund (about 82 pounds) of resin. 
The physical properties of the turpentine were as follows : 

Density, dig=0.857 
Index of refraction, n!?= 1.4627 
Specific rotation, [«]!?=+40.42° 

The turpentine consisted of the following ingredients: d-a-pinene, 
87.9 percent; d-terpineol, percent not given; n-undecane, a small 
quantity; a bicyclic sesquiterpene, percent not given. 

The sesquiterpene, when dissolved in acetic anhydride and treated 
with a drop of concentrated sulfuric acid, developed a pale pink color 
that slowly became magenta. This sesquiterpene had the following 
constants : 

Boiling point at 34 mm., 145° to 146° C. 
Density, dig=0.8954 
Index of refraction, nD = 1.486 
Specific rotation, [«]??=+26.25° 
Molecular refraction, MRD = 65.4 

Pinus griffithii turpentine was also analyzed in 1926 by Dupont 
and Soum {50), The turpentine was obtained from a commercial 
distillery located at Jallo, Punjab, India. Dupont and Soum were 
able to identify only a-pinene; there was no /3-pinene, limonene, 
carene, or bornyl acetate.    There was apparently a sesquiterpene in 
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the higher boiling fraction, but "as usual with pine sesquiterpenes, 
no crystalline hydrochloride was obtained. ^* 

14. Pinus montícola Dougl. References {51^, 109) 
(Lambert, Descr. Gen. Pin. Ed. 3, V. 2.    1832) 

Pinus montícola is commonly called western white pine. It is 
found in western Montana and northern Idaho. In Idaho it reaches 
its best development; hence, it is often called Idaho white pine. It 
extends to Washington and southern British Columbia and southward 
to Oregon, central California and adjacent parts of Nevada. A 
sample of the oleoresin of this pine was obtained in 1929 by the 
writer from the Warner Mountains of northeastern California. The 
trees were tapped at an elevation of 7,400 feet in a locahty separated 
from the more northern forests of this species by arid, treeless stretches 
of land. The turpentine was obtained by steam distillation. Yield 
of the turpentine was 18.2 percent (54). 

The turpentine had the following constants : 
Density, dlC=0.6891 
Index of refraction, n?f= 1.4646 
Optical rotation, «'1?=+20.59° 

The turpentine contained: 
Compound: Percent 

í¿-o:-pinene  60 
l-ß-pinene  26 
7i-undecane  1-2 

No oxygenated compounds were detected; Z-limonene and sesqui- 
terpenes were suspected, but not identified by preparation of crystal- 
line derivatives. Because turpentine was obtained by steam distil- 
lation, the low-boiling heads may have been lost during the operation. 

Twenty-five years later we obtained oleoresin of Pinus monticola 
from Priest River, northern Idaho, and investigated its turpentine 
(109). The turpentine was obtained by heating the oleoresin under 
reduced pressure; at the end of distillation, the pot temperature 
reached 180° C. and the pressure was reduced to 0.1 mm. of mercury. 
Yield of turpentine was 20 percent. At the beginning of the process 
some oil was carried over to the dry-ice trap, indicating the presence 
of a low-boiling substance. 

Physical properties of the turpentines were : 
Density, df = 0.8500 
Index of refraction, n?f= 1.4687 
Specific rotation, [a]îls=~2S.S° 

The composition of the turpentine was : 
Compound: Percent 

n-heptane (table 15)  2 
l,dl-a-pinene  32 
Z-ií3-pinene  45 
Z-limonene  7 
w-undecane (table 15)  2 
Bornyl acetate  2 
Sesquiterpenes  4 
Pot residue and losses  6 

1^ Generally, we have had no difficulties in preparing crystalline sesquiterpene 
hydrochlorides. 
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TABLE 15.—Properties of n-heptane and n-undecane from Pinus montí- 
cola turpentine 

Property n-heptane from 
P. montícola 

n-heptane ^ 

Density, d 0.6807'/  0.6873^4° 
Index of refraction, nr» 1.388123  _____    _  _ 1.387620 
Boilinsf Doint. ° C 98.5752  98.4760 

91-undecane from 
P. montícola n-undecane 2 

Densitv. d 0.7394'4'        0.740420 
Index of refraction, nr» 1.418120-3  1.4190220 
Roiliner noint. ° C 197^52  195.8760 

1 Rossini, et al. Selected values of properties of hydrocarbons. U.S. Nati. Bur. 
Standards Cir. 461, p. 39.    1947. 

2 Egloíí, G. Phys. constants of hydrocarbons. V. 1, Amer. Chem. Soc. Monog. 
78, p. 76.    Reinhold Pub. Corp., N.Y.    1939. 

The sesquiterpenes found were one monocyclic, whose h^rdrochloride 
in the form of plates melted at 75° to 79° C., and the other bicyclic; 
its hydrochloride, which was in form of needles, had a melting point of 
117°. It is possible that the two sesquiterpenes were bisabolene and 
cadinene, as these frequently occur together and have hydrochlorides 
which melt at 79° and 118.5°, respectively. Lack of material pre- 
vented further investigation. 

The difference in chemical composition of the two samples—one 
from the outskirts of the Pinus monticola range and the other from the 
center of its distribution—could perhaps be explained partly by some 
geographic variability within the species and partly by the better 
methods of fractionation of the Idaho samples. 

The most important feature of the earlier analysis was the discovery 
of n-undecsme in the California sample. It was the first reporting of 
this hydrocarbon in American pines. Undecane had been discovered 
in an Indian pine, P, griffithii, No. 13, by Simonsen and Kau. Later 
we found 7i-undecane in several pines (See Nos. 1, 7, 33, 34, 36, 54). 

15. Pinus strobus L. Keference {116) 
(Sp. PI. 1001. 1753) 

Pinus strobus is commonly known in America as eastern white pine. 
Its range extends from Newfoundland to central Ontario, to south- 
eastern Manitoba, southward through northern and eastern Minne- 
sota, Iowa, Illinois, Indiana, Ohio, Pennsylvania, and New Jersey, 
and south to western North Carolina, northern Georgia., and Ten- 
nessee.   It is local in western Kentucky. 

A variety of Pinus strobus, called chiapensis, grows in southern 
Mexico in the States of Veracruz, Puebla, Oaxaca, and Chiapas. It 
forms extensive forests in Guatemala, and it was reported froni one 
locality in Honduras (6). In my opinion, var. chiapensis is an inde- 
pendent species, perhaps related more closely to P. monticola than to 
P. strobus. 
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The oleoresin of typical Pinus strohus used in our work was collected 
in the Chippewa National Forest, northern Minnesota. The turpen- 
tine was distilled under reduced pressure; toward the end of the dis- 
tillation, the temperature inside the flask reached 205° C. and the 
pressure was reduced to 0.05 mm. Yield of turpentine was 25 percent; 
it had the following characteristics : 

Density, d24' = 0.8611 
Index of refraction, nS-^= 1.4714 
Specific rotation, [a] =—0.75° 

The turpentine of Pinus strohus had the following composition : 
Compound: Percent 

dZ-cK-pinene  75 
Z-jS-pinene  15 
Oxygenated compounds  4 
A tricyclic sesquiterpene  0. 3 

Tests for A^-carene were negative; fractions 12 to 15 contained 
small amounts of oxygenated compounds, possibly alcohols and 
ketones (table 16). Fraction 16 consisted of a sesquiterpene. After 
distillation over sodium, the physical constants of the fraction were 
df, 0.9131; n^^ 1.4913; boiling point, 110° to 115° C. at 27 mm. 
Molecular refraction, MRD was 64.83; calculated for a sesquiterpene 
(C15H24) with one double bond, it would be 64.40. This indicated the 
presence of a tricyclic sesquiterpene. 

The terpentine of Pinus strohus var. chiapensis has not yet been 
analyzed. 

TABLE 16.—Analytical data of several fractions of Pinus strohus tur^ 
pentine ^ 

Compound Fraction Carbon Hydrogen 

Determined by 
Zerewitinoff method 2 

Active 
hydrogen 

Carbonyl 
group 

ry-ninene 3 
6 

r        12 
1            15 

16 

Percent 
87.94 
88. 35 
87.30 
84. 24 
88.06 

Percent 
12. 28 
11. 79 
11. 81 
11. 57 
12. 11 

MoL Mol. 

R riinPTip 

Oxygenated   com- 
pounds  

Sesquiterpene  

0 
0.2 

0.2 
. 4 

1 Calculated:  for C10H16 or C15H24:  C = 88.17 precent; H = 11.83 percent; for 
CioHi6°: C = 78.91 percent; H = 10.58 percent. 

2 Soltys,  Arnulf.     Die  microanalytische Bestimmung der aktiven   Wasserstoffes 
nach L. Tschugaeff und Th. Zerewitinoff.    Mikrochemie 20: 107.    1936. 

Group Gerardianae 

Reference (111) 16. Pinus bungeana Zuce. 
(Endhcher. Syn. Conif. 166. 1847) 

Pinus hungeana is a rare mountain pine of central China; it is 
found naturally in a few spots in Shansi, Hupeh, and south Kansu. 
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It is a picturesque pine, with sycamorelike, peeling bark. The 
Chinese plant it near temples and in cemeteries. 

It was impossible to get oleoresin of Pinus bungeana from China, 
so we obtained a sufficient amount of it from trees cultivated in 
California. We had previously found that chemical composition of 
turpentine does not change when a pine is transplanted from one 
part of the world to another. 

The turpentine was distilled from the oleoresin under reduced 
pressure so that at the end of the operation the temperature was 
190° C. and the pressure was 0.1 mm. of mercury. The pot residue 
(rosin) was very hard and brittle, showing that all volatile fractions 
(including possible sesquiterpenes) had been removed. Physical 
characteristics of the turpentine samples are shown in table 17. 

TABLE 17.—Physical characteristics of Pinus bungeana turpentine 

Origin of sample 
Yield of 

turpentine 
Density 

d423-5 
Index of 

refraction 
Specific 
rotation 

[«]578 

Chico, Calif.i  
Placerville, Calif- 

Percent 
25 
27 

0. 8625 
. 8627 

1. 4730 
1. 4745 

Degrees 
-7.0 

-11.0 

1 Thanks are due to Mr. L. E. Jolley, in charge of Chico Plant Introduction 
Garden for furnishing the material. 

The physical constants of Pinus bungeana turpentine obtained 
from the two different localities, whose seeds most likely came from 
two different sources, were almost identical. The turpentine con- 
tained : 
Compound : Percent 

d,dl-a-pinene  60-65 
/-i3-pinene  30-35 
Sesquiterpenes  2-3 

Because of insufficient material, sesquiterpenes have not been in- 
vestigated. P. bungeana occurs in the same part of China as P. 
armandi, No. 8, yet chemistry of the turpentines of the two pines is 
very different. 

17. Pinus gerardiana Wall. Keference {14^) 
(Lambert, Descr. Gen. Pinus Ed. 3 V. 2 t. 79. 1832) 

Pinus  gerardiana  grows   in   dry  rocky   valleys   of   northeastern 
Afghanistan and the northwestern Himalayas.    Commercial turpen- 
tine of this species was analyzed by Puran Singh and reported by 
Simonsen {lJf8).    The turpentine had the following physical constants : 

Density, dig=0.8658 
Index of refraction, nD = 1.468 
Specific rotation, [a:]D= + 18.4° 

The composition was reported to be as follows: 
Compound : Percent 

ii-a:-pinene  78 
d-/3-pinene  7 
^esquiterpene with a small amount of sesquiterpene alcohol  12 



COMPOSITION   OF   GUM  TURPENTINES   OF  PINES 49 

This is one of a few cases when ß-pinene obtained from pine turpen- 
tine was reported to be dextrorotatory. However, it appears from 
the description of the experimental technique and from the frac- 
tionation data that the jS-pinene was levorotatory, as it generally 
is in most pines. 

Tests for phellandrene, dipentene, terpinene, and terpineol were 
negative. 

Group Balfourianae 

18. Pinus balfouriana Grev. & Balf. Keference (61) 
(Murray, Bot. Exp. Ore. (Rpt. 8) No. 618. 1853) 

Pinus balfourianaj or foxtail pine, is a rare alpine white pine. 
Apparently it once occupied a large area, but since the late Pliocene 
it separated into two isolated localities. It now grows in northern 
California on several mountain ranges at an elevation of 7,000 to 8,000 
feet (Scott Mts., Marble Mts., Salmon Mts., Trinity Alps, and 
YoUa Bolly Mts.). In the southern Sierra Nevada it grows mainly 
at the sources of the Kings and the Kern Rivers. The two localities 
are separated by a distance of at least 300 miles in which no P. bal- 
fouriana has been found. 

Oleoresin from the northern location was collected in the Scott 
Mountains, about 7 miles south of the town of Callahan, at an eleva- 
tion of 7,500 feet. The oleoresin yield was poor. All together, 
5,170 grams of oleoresin was gathered in 3 weeks from 70 trees. 
Oleoresin from the southern location was collected on the east side of 
the Sierra Nevada, at an elevation of 9,000 feet, just above the town 
of Independence and below the Kearsarge Pass. Twenty trees 
hacked during July 1948 yielded 1,600 grams of oleoresin. The 
physical characteristics of the turpentines from the two localities 
were these: 

Yield of turpentine (percent)  
Density  (df)  
Index of refraction (n^)  
Specific rotation ([«JD)  

Northern Southern 

28.3 25.8 
.8570 . 8612 

1. 4643 1. 4642 
-11. 05° + 24 33° 

Chemical composition of the two samples of turpentine was as 
follows : 

Compound: Northern (percent) Southern (percent) 
«-pinene 90 il,dl) 98 {d,dl) 
jö-pinene   2 0 
Limonene   2 0 
Bornyl acetate 0   1 
A tricyclic sesquiterpene 4   1 

Bornyl acetate was identified in the turpentine from the southern 
location, in fraction 14 distilling at 106° to 110° C. at 17 mm. A 
saponification test was applied with a positive result. Upon distilla- 
tion of the saponified liquid, droplets of oil could be observed in the 
distillate; from this oil a derivative, 3,5-dinitrobenzoate, melting at 
154°, was prepared. It gave no depression in melting point when 
added to known borneol 3,5-dinitrobenzoate, which has a melting 
point of 154° (11), 
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After the volatile alcohol was distilled off, the saponified liquid was 
acidified with sulfuric acid and again distilled. The distillate was 
acidic to litmus ; it was neutralized with NaOH solution and evaporated 
to dryness. From the residue ^-phenylphenacyl ester was prepared; 
after being purified by passing through a Chromatographie column 
(81), flaky colorless crystals were obtained. These crystals melted at 
109° to 110° C. and gave no depression in melting point when mixed 
with an authentic sample of ^-phenylphenacyl acetate, melting at 111° 
(36). Thus the acid was acetic acid and the ester in fraction 14 was 
bornyl acetate. 

Physical characters of the higher boiling fractions of the Pinus 
hatfouriana turpentine from the northern location, were compared 
with those of aromadendrene (table 18). 

These fractions possessed characteristic constants of a sesquiterpene ; 
but they did not form solid hydrochloride. The percentage com- 
position of carbon and hydrogen agreed well with those of C15H24, 
and molecular refraction indicated that this was a tricyclic sesqui- 
terpene with one double bond. The sesquiterpene fraction of Pinus 
haljouriana turpentine from the southern location had a molecular 
refraction of 63.1, indicating that the sesquiterpene also was tricyclic 
with one double bond. It formed no solid hydrochloride. Appar- 
ently it is a sesquiterpene identical to that in the turpentine from the 
northern location. 

19. Pinus aristata Engelm. Reference (61) 
(Am. J. Sei. & Arts, Ser. 2, 34: 331. 1862) 

Pinus aristata is commonly called bristlecone pine. It is very local 
and widely scattered in the high mountains of Colorado, Utah, 
Nevada, and northern New Mexico; it is also found in one locality 
near Flagstaff, Ariz., and in two localities of southeastern California. 
A sample of oleoresin of P. aristata was collected by the author with 
some difficulties (this pine is a very poor producer of oleoresin) in the 
White Mountains, Calif., at an elevation of 10,000 feet above sea level. 
The yield of turpentine was 24 percent of the weight of the oleoresin. 
The turpentine had the following physical characteristics: 

Density, df=0.8649 
Index of refraction, no = 1.4656 
Specific rotation, [a]!f=:+25.21° 

Composition of the turpentine of Pinus aristata was found to be: 

Compound: ^^'"^^^^ 
d^dl pinene         96 
A tricyclic sesquiterpene  4 

The sesquiterpene possessed one double bond and formed a hydro- 
chloride melting at 80° to 80.5° C. 

Group Cemhroides 

All six pines of this group are inhabitants of the desert mountains 
of southwestern United States and Mexico. They are known by the 
Spanish name piñones. In the United States they are known as 
pinyon pines.    Their seeds (or pine nuts) are edible. 
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20. Pinus cembroîdes Zuce. Reference (100) 
(Abh. Akad. Wiss. Munch. 1: 392.    1832) 

Pinus cemhr aides is predominantly a Mexican piny on. In Coahuila 
it is called pino prieto. It is scattered over the desert ranges of the 
northern Mexican plateau, as far south as the States of Tlaxcala and 
northern Puebla. It is also found in Baja California. In the United 
States it occurs in southwestern New Mexico and southeastern 
Arizona. 

An oleoresin sample was collected under the author^s supervision 
in a desert range, Sierra Garambullo, not far from Parras, Coahuila, 
Mex. Turpentine was obtained from the oleoresin at reduced pres- 
sure; at the end of the distillation the temperature reached 170° C. 
and the pressure was reduced to 2 mm. of mercury. The turpentine 
comprised 26.2 percent of the weight of the oleoresin and possessed 
the following characteristics: 

Density, d!*=0.8471 
Index of refraction, nD = 1.4680 
Specific rotation, [o;]578= + 45.2° 

Chemical composition of Pinus cembroides turpentine was found 
to be: 
Compound: ^''^cewi 

^-«-pinene  92 
Z,d/-limonene  4 
A sesquiterpene, d-longifolene  2 
Residue and losses  2 

21. Pinus edulis Engelm. References (IIS, 136, IJ^S) 
(Wisliz. Mem. Tour. North. Mex. 88.    1848) 

Pinus edulis is called piny on or Colorado piny on. It grows in the 
Rocky Mountain region from Utah and Colorado to Arizona, New 
Mexico, and the Trans-Pecos region of Texas. It also occurs spo- 
radically in southwestern Wyoming, northwestern Oklahoma, and 
southeastern California, and in the northern States of Mexico— 
Chihuahua (8^) and Baja California (88). 

Pinus edulis turpentine obtained from southwestern Colorado was 
analyzed by Schorger in 1913 {1S6), and reported to have the following 
composition: 
Compound: Percent 

â-a-pinene  70-75 
Z-i3-pinene  5 
(¿-cadinene  15-20 

The extremely fragrant odor of Pinus edulis turpentine was ascribed 
by Schorger to cadinene. 

Oleoresin samples of Pinus edulis used in this study were collected 
under the author^s supervision in Arizona on the Fort Defiance 
plateau, elevation 6,800 to 7,400 feet, Navajo Indian Reservation. 
The oleoresin was distilled under reduced pressure, so that at the end 
of distillation the temperature reached 203° C. at 4 mm. of mercury. 
Yield of turpentine was 24 percent of the weight of the oleoresin. 
The turpentine had the following characteristics: 

Density, df = 0.8708 
Index of refraction, ng= 1.4728 
Specific rotation, [«L'/s^+ 17.9° 
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In the process of fractional distillation (cf. table 5, p. 21, and 
fig. 7, p. 20), fractions 23 and 24, having a boiling temperature of 88° 
to 90° C. at 13 mm. of mercury, attracted our attention because of the 
pleasant odor. The fractions were, in fact, responsible for the fra- 
grance of Pinus edulis turpentine. 

Physical properties of fraction 24 were: 
Density, df=0.866 
Index of refraction, n§= 1.4190 
Specific rotation, [a]¡f^=-\-Q.7° 

These properties suggested the possible presence of an aliphatic ester. 
One gram of this fraction was treated with benzylamine according 

to the procedure of Dermer and King {34). The amide (428 mg., 
m.p. 62° to 63.5° C.) was recrystallized from diluted ethanol to a 
constant melting point at 65° to 66°. By the same procedure, benzyl 
amide (m.p. 63° to 64.5°) was prepared from known caprylic acid. 
The white crystals of the amide were recrystaUized to a constant 
melting point of 65.5° to 66.5°. Results of analysis were these: 
Calculated for C15H23ON—C, 77.20 percent; H, 9.94 percent; found— 
C, 77.06 percent; H, 9.28 percent. 

This derivative was not previously reported. A mixture of the 
authentic benzyl amide of caprylic acid with the derivative from 
fraction 24 melted at 65.5° to 66.5° C. 

Two milliliters of fraction 24 were treated according to the method 
shown in VogePs textbook {163, p. 387) with 2 drops of concentrated 
sulfuric acid and 1.5 g. of 3,5-dinitrobenzoic acid. After one recrystal- 
lization of the crude product from ethanol, 431 mg. of needles, m.p. 
89° to 93° C, were obtained. After two more crystallizations, 203 
mg. of derivative, melting at 92.5° to 93.5°, were obtained. When 
mixed with authentic ethyl 3,5-dinitrobenzoate, the derivative showed 
no depression of melting point. Thus the acid portion of the ester 
was caprylic acid and the alcohol portion was ethanol. Therefore, 
the ester was ethyl caprylate. 

A fraction boiling between 135° and 136° C. at 13 mm. of pressure 
and redistilled at reduced pressure over sodium gave a heart cut with 
the following properties : 

Boiling point at 10 mm. of pressure=133° to 134° C. 
Density, d!^*^0.9131 
Index of refraction, nD = 1.5078 
Specific rotation, [ö:]5%= + 78.4° 

A 0.74-g. sample of a hydrochloride was prepared from 3 ml. of 
the heart cut. The hydrochloride melted at 118° to 119° C; it did 
not depress the melting point of cadinene dihydrochloride. The 
optical rotation (a^f) was —36.8°; c=28.8 in chloroform.^^ The 
positive rotating fraction 53 gave a hydrochloride of negative rotation 
as does canadene (i^5), but the fraction had considerably higher 
rotation and lower density than canadene. Canadene is a structural 
isomer of Z-cadinene; its physical characteristics {1^3) are: 

Density, d|^ = 0.928 
Index of refraction, n^= 1.4954 
Optical rotation, 0:578=+33.73° 

15 c is concentration of solution expressed as the number of grams of active 
substance in 100 cc. of solution. 
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As a whole, turpentine of Pinus edulis contained : 
Compound: Percent 

djäl-a-ipinene  46 
Unidentified terpenes  1 
jS-myrcene  2 
d- A^-carene  6 
rfWimonene  1 
Terpinolene  1 
Ethyl caprylate  6 
Unidentified mixture of oxygenated compounds and hydrocarbons  12 
Sesquiterpenes related to cadinene  16 
Residue and loss  9 

It is seen from these results that the chemical composition of 
Pinus edulis turpentine is much aiore complex than reported by 
Schorger. The exquisite fragrance of the turpentine is to a large 
extent due to the presence of ethyl caprylate. Ethyl caprylate has 
never been reported before as a constituent of turpentine. Webb, 
Kepner, and Ikeda (164) found (in 1952) 0.6 percent of ethyl caprylate 
in fusel oil of grape brandy. Caprylic esters were also reported in 
Palestine orange oil (59). 
22. Finns quadrifolia Pari. Reference (73)'' 

(Sudw., USDA. Div. For. Bui. 14: 17.    1897) 
Pinus cuadrifolia is a rare pinyon pine. It occurs in dry, almost 

desert, localities of southern Cahfornia and of the northern part of 
Baja California, Mex. 

The oleoresin sample of this pine was obtained in Riverside County, 
Calif., near a place called Anza, at an elevation of about 4,000 feet. 
Eleven trees were tapped. Yield (average of 11 samples) of turpen- 
tine was 23.5 percent of the weight of the oleoresin. 

Physical characteristics of the turpentine samples obtained from 
an individual tree varied within these limits: 

Density, df, from 0.8609 to 0.8668 
Index of refraction, n^^», from 1.4732 to 1.4787 
Specific rotation, [a] 578, from +6.2° to +32.7° 

The mixed turpentine had the following characteristics: 
Density, áf-\ 0.8629 
Index of refraction, n^^*, 1.4742 
Specific rotation, [«Kys, +24.8° 

The composite sample of Pinus quadrifolia turpentine contained: 
Compound: Percent 

d,dl-a-pmene  62 
Ocimene   3. 8 
Intermediate unidentified fractions  1- 6 
Sesquiterpenes  16- ^ 
Residue and losses  1^- ^ 

The sesquiterpene fraction consisted of two bicychc sesquiterpenes 
(13.8 percent) that yielded crystalline cadinene hydro chloride. It 
also contained a cadalene-type sesquiterpene (3.0 percent); this 
sesquiterpene, possibly monocycHc, was in the fraction boiling between 
131° and 132° C. at 12 mm. of pressure. Its characteristics were 
these : 

16 In the work cited, the paragraphs containing information on Pinus quad- 
rifolia were intermingled by mistake with information on P. caribaea. 
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Density, df-^=0.8990 
Index of refraction, ng= 1.5065 
Specific rotation, [ajsrs^+ 26.5° 
Molecular refraction, MRD = 67.4 

Four grams of oil from this fraction were mixed with 1.88 g. of 
sulfur and dehydrogenated according to the method of Ruzicka and 
Meyer (130). The oil received was distilled at reduced pressure. 
The distillate was treated with 1 g. of trinitrobenzene dissolved in 
hot alcohol. The mixture was warmed on the steam bath until the 
reactants were dissolved, and on cooling 1.6 g. of yellow crystals were 
received. After two recrystallizations from hot alcohol, the crystals 
melted at 111° to 112° C, and further recrystallization did not 
change the melting point. Admixture with authentic cadalene 
trinitrobenzene adduct caused no change of melting point. The 
fraction showed strong absorption maxima in the infrared region at 
1,651 cm.~^ and at 888 cm.~^ This was interpreted as indicating the 
presence of an RiR2C = CH2 group. The average value for C = CH2 is 
1,653 and for C—H out-of-plane wagging is 890 {144)- Judging from 
this evidence, fraction 18 contained a cadalene-type sesquiterpene 
possessing an RiF2C = CH2 group. 

23. Pinus monophylla Torr. & Frém. Reference (135) 
(Frem. Rep. Explor. Exped. Rocky Mts. 319) 
Pinus monophylla is commonly known as singleleaf pinyon; unlike 

all other pines, it bears solitary, round needles. P. monophylla grows 
in dry, desert ranges of southern Idaho, western Utah, Nevada, 
eastern California, northwestern Arizona, and Baja California, Mex. 
Turpentine of this pine was examined by Schorger (136) in 1913. 
The yield was 19 percent. The physical properties of several samples 
were these : 

Density, dlHfrom 0.8721 to 0.8733 
Index of refraction, nlf=from 1.4732 to 1.4733 
Specific rotation, [aB= +14.4° to +17.3° 

The composition of the turpentine was found to be as follows : 
Compound: Percent 

d-a-pinene  85 
l,dl-\im.onene  4-5 
Sesquiterpene fraction, reported as cadinene  4-6 

Because Pinus monophylla turpentine has a fragrance similar to that 
of the closely related P. edulis, No. 21, it is possible that it also con- 
tains A^-carene, /3-myrcene, and ocimene, and particularly ethyl 
caprylate. It is advisable to repeat the analysis of turpentine of 
P. monophylla, using modern fractionation apparatus. 

24. Pinus pinceana Gordon Reference (100) 
(Pinetum 204.    1858) 

Pinus pinceana is a very rare pine growing in dry ravines of desert 
ranges in the southeastern part of the State of Coahuila, Mex., 
possibly in the adjacent parts of Nuevo León, and (subject to veri- 
fication) near Camargo, Hidalgo. This pine is grouped by Shaw (14^) 
with the pinyons, that is, desert pines having edible nuts. 

Oleoresin of Pinus pinceana was collected in 1950 under the author's 
supervision from trees near the village of Garambullo,  Coahuila, 
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about 5 or 6 miles south of the station El Fraile of the Coahuila and 
Zacatecas Railroad. It was gathered through the courtesy of the 
Madero Agricultural Company of Parras, Coahuila. 

The oleoresin was subjected to distillation under reduced pressure 
so that when all turpentine was removed, the temperature inside the 
flask was 195° C. and the pressure was 10 mm.; 17.7 percent of 
turpentine was obtained.   The rosin was very brittle. 

The turpentine had the following characteristics: 
Density, df = 0.8434 
Index of refraction, ng= 1.4753 
Specific rotation, [a]l7s= —100.6*^ 

Pinus pinceana turpentine was found to contain: 
Compound: Percent 

â-a-pinene  5 
Wimonene ([«]D= 134.25)  80 
A new bicyclic sesquiterpene  5 

The new sesquiterpene was named maderene ; it possessed two double 
bonds; its hydrochloride had a melting point of 67° to 68° C. 

25. Pinus nelsonii Shaw Reference (Unpub. orig. data) 
(Gard. Chr. Ser. 3. 36, 122.    Fig. 49. 1904) 

Pinus nelsonii is a small bushy tree with long, pliant branches, 
gray bark, and sparse gray-green foliage {88) ; three cohering needles 
give the impression of a single needle. It is a very rare pine, growing 
in a few restricted localities in the desert ranges of the Mexican 
States of Tamaulipas, Nuevo León, Coahuila, and San Luis Potosí. 
This pine is closely related to P. pinceana. 

A 580-g. sample of oleoresin of this pine was sent to our laboratory 
through the courtesy of Sr. Don Erasmo Cerda of Aramberri, Nuevo 
León, Mex., and was accompanied by branches and cones collected 
from the trees from which the oleoresin was procured. The trees 
were growing at an elevation of 8,000 feet, near a place called Valle 
Hermoso, Niquihuana, Tamaulipas. 

Turpentine was distilled under reduced pressure. At the end of the 
operation, the pressure was reduced to 2 mm. and the temperature 
reached 215° C. The last portions of the volatile oil solidified in the 
condenser. 

Yield of the turpentine was 27.8 percent; its physical characteristics 
were: 

Density, df=0.8557 
Index of refraction, n^^^ 1.4711 
Specific rotation, [Q;]1|8= —38.5° 

No further work was done with turpentine of this pine. 

Subgenus Diploxylon 

Group Longifoliae 

26. Pinus   longifolia   Roxb.     References   (51,  56,   118,  152,  158) 
(Lambert. Descr. Genus Pinus 1: 29 t. 21.    1803) 

Pinus longijolia has been known under this name for a long time 
(H2). Recently, however, it was renamed P. roxburghii Sarg. Ac- 
cording to a change in the International Code of Botanical Nomen- 
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clature adopted in 1930, the name P. longijolia should be rejected as a 
later homonym. However, proposals to permit retention of old names 
of important economic species such as this are pending. 

In this publication the name Pinus longijolia is retained, chiefly 
because one of the most important sesquiterpenes of the genus Pinus, 
longifolene, was discovered in this pine. 

Turpentine of Pinus longijolia was analyzed by Simonsen and Rau 
in 1920-23 (152). Composition of the turpentine was as follows: 
Compound: P,,,,^¿ 

Z-a-pinene      about 25 
A new terpene named A^-carene      _     about 40 
M-pinene      about 10 
A new tricyclic sesquiterpene, longifolene  10 

Dupont and Uzac (51) also analyzed Pinus longijolia turpentine. 
It possessed the following constants: 

Density, d2o=0.8750 
Index of refraction, nj = 1.4797 
Specific rotation, [o;]j= —1.51° 

The turpentine composition was: 
Compound: P,,,,^^ 

Z-a-pinene  24 
/-j8-pinene "__] I ~ 9. 7 
A d-terpene together with A^-carene I_]~ 37.' ß 
A Z-terpene   _  ~ j* 7 
d-longifolene and oxygenated products ~_" 2o!3 
Residue and losses ~      ~ 5* 9 

The structural formula of longifolene has been a matter of contro- 
versy. In 1953 Naffa and Ourisson {118) proposed the structural 
formula of longifolene as it appears in the appendix of this publication. 
Ghatgey and Bhattacharyya {56), working with large quantity of 
longifolene, reported that besides longifolene proper there are two 
other sesquiterpenes closely related to longifolene. Physical con- 
stants of the three sesquiterpenes are shown in table 19. 

TABLE 19.—Sesquiterpenes of Pinus longijolia^ 

Sesquiterpenes 
Boiling 

temperature 
at 9 mm. of 

pressure 

Density 
df 

Index of 
refraction 

Specific 
rotation 

[a]D 

Longifolene         113 
126-128 
116-117 

0. 9328 
.9153 
.9247 

1. 5002 
1. 5025 
1. 5007 

Degrees 
+ 37.8 
+ 28.9 
-3. 68 

iS-longif olene                 
7-longif olene     _       

1 After Ghatgey and Bhattacharyya {56). 

In 1956 Sutherland and Wells {158) reported results of analyses of 
Pinus longijolia turpentine.    Its constants were: 

Density, df=0.8631 
Index of refraction, n^^= 1.4735 
Specific rotation, [a]D=+0.9° 
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Besides the presence of major components reported by previous in- 
vestigators, Sutherland and Wells found in the turpentine minute 
quantities of a-thujene, iö-myrcene, /-limonene, and terpinolene. 

Longifolene also occurs in 4 other Asiatic pines besides Ptnus 
longijolia. We have found longifolene in turpentine of 17 American 
and Mexican pines. 

27. Pinus canariensis Smith Keference (63) 
(Buch. Cañar. Ins. 159. 1825) 

Pinus canariensis is a subtropical tree native to the Canary Islands; 
in Tenerife, La Palma, and Grand Canary it grows on dry exposed 
slopes at elevations of 3,700 to 6,600 feet. It has been planted as an 
ornamental tree in the warmer parts of the United States. Oleoresm 
of this pine was obtained by the author from 25-year-old planted trees 
on the University of California campus, Berkeley, Calif. The oleo- 
resin was heated at a pressure of 0.01 mm. until the bath temperature 
reached 200° C. Yield of turpentine was 27 percent; it possessed the 
following characteristics: 

Density, d?=0.8552 
Index of refraction, ng-^ = 1.4637 
Specific rotation, [«P¿=+0.9P 

The components of the turpentine were: 
Coumpond: ^^'"^^^^ 

77 • Q4 di-a-pmene  ^^ 
Z-limonene  z!  - 
Esters of borneol, chiefly bornyl formate  ^-^ 
An unidentified dextrorotatory sesquiterpene  -o 

The fraction in which esters were found boiled between 116° and 
118° C. at 23 mm., and had the following properties: 

Density, df=0.952 
Index of refraction, nlf= 1.4782 
Specific rotation, [«]!?=+2.27° 

When this fraction was saponified, a solid substance with an odor 
like that of borneol was obtained from the steam distillate of the 
alcohol portion. This substance, when treated with 3,5-dinitro- 
benzoyl chloride in pyridine solution, gave a crystalline 3,5-dmitro- 
benzoate melting at 152°-153° C; d-borneol 3,5-dinitrobenzoate is 
reported \ll) to melt at 154"^. The 3,5-dinitrobenzoate ob tamed 
from Pinus canariensis did not change the melting point of an au- 
thentic specimen of á-borneol 3,5-dinitrobenzoate. After removal of 
the alcohol by steam distillation, the presence of formic acid among 
the volatile acids was demonstrated, indicating that the ester present 
in the fraction consisted of á-bornyl formate. The physical constants 
of the ester fractions indicated the possibihty of the presence of esters 
of higher acids. 

Group Leiophyllae 

28. Pinus leiophylla Schiede & Deppe References (77,99) 
(Linnea6:354.    1831) 

Pinus leiophylla is a Mexican pine, found in the States oí Chihuahua 
and Durango and as far south as Veracruz and Oaxaca.    Generally it 
grows in dry localities at high elevations, but occasionally it occurs 
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at lower altitudes. A sample of commercial, steam-distilled turpen- 
tine of P. leiophylla from Uruapan, Michoacan, had been previously 
analyzed by Iriarte (77). The yield was 26.3 percent and the physical 
characteristics were : 

Density, d23 = 0.8640 
Index of refraction, nD = 1.4633 
Specific rotation, [aYSs=+^S.9'' 

The turpentine was found to contain 95 percent of á-a-pinene. 
Oleoresin for our studies was collected by the author at a turpentine 
operation, also near Uruapan, Michoacan. 

The turpentine was distilled from the oleoresin under reduced 
pressure; at the end of the distillation, flask temperature was 165° C. 
and the pressure was 0.5 mm. Under these conditions all turpentine 
was expelled from the oleoresin. The yield of turpentine was 29.6 
percent; the constants were as follows: 

Density, df = 0.8515 
Index of refraction, n5^= 1.4662 
Specific rotation, [«]??=+23.0° 

The turpentine contained: 
Compound: ^''''''^ 

ä-a-pinene  90 
A^-carene  8 
unidentified high-boiling fractions  0. 5 
Pot residue and losses  1-5 

29. Pinus chihuahuana Engelm. Reference (109) ^^ 
(Wisliz. Mem. Tour North Mex. 103.    1848) 

Pinus chihuahuana is essentially a Mexican pine. It grows chiefly 
in the States of Chihuahua, Sonora, and Durango. Southward it 
extends to Nayarit, Zacatecas, and the northern part of Jalisco. In 
the north it occurs in the desert mountains of southeastern Arizona 
and southeastern New Mexico. After its discovery in 1848, for more 
than 60 years this pine was considered as a valid species. In 1909 
Shaw (141) designated it as a variety of P. leiophylla, No. 28. Re- 
cently Martinez (88) elevated it again to a specific rank. It is possible 
that the two pines cross and produce natural hybrids. 

The oleoresin used in our work was obtained from El Salto, Durango, 
Mex. The yield of turpentine was 20 percent of the weight of the 
oleoresin. 

Physical characteristics of the turpentine were : 
Density, d|*=0.8646 
Index of refraction, nf =1.4730 
Specific rotation, [a]g8=—25.5° 

Composition of the turpentine was : 
Compound: ^''''^^ 

Z-a-pinene  Yn 
Z-/3-pinene  J^ 
Z-limonene  1^ 
d-longif olene  5 
Tests for A^-carene were negative. 

17 Attention is called to an error in this reference. In the composition of 
Pinus chihuahuana turpentine, limonene was identified in Fraction 12, not in 
Fraction 15 as reported; longifolene was identified in Fraction 16 instead of 
Fraction 20. 

572912°—61 5 
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30. Pinus lumholtzii Rob. & Fern. Reference   (73) 
(Proc. Am. Acad. 30: 122.    1894) 

Pinus lumholtzii is a picturesque Mexican pine with bright-green 
drooping foliage and cinnamon-red sheaths of needle fascicles. Local 
people call it pino triste (sad pine) or pino barba caida (drooping 
beard pine). It grows in the western part of Mexico from southern 
Chihuahua to Jalisco (88). 

A sample of oleoresin of this species was obtained at an elevation of 
8,500 feet, not far from El Salto, Durango. Yield of turpentine was 
18 percent.    Physical characteristics were: 

Density, df = 0.8455 
Index of refraction, nf =1.4723 
Specific rotation, [a!]5^8= — 81.3"^ 

The turpentine contained: 
Compound: Percent 

d,dl-a-pinene  16 
Mimonene [a]578= —124.0 I 75 
Methyl chavicol  2-3 
Unidentified sesquiterpenes  2 
Pot residue and losses, about  5 

Group Pineae 

31. Pinus pinea L. References (41, 85, 110, 120) 
(Sp. pi. 1000.    1753) 

Pinus pinea is native to the Mediterranean region, from Portugal 
to Syria. Its northern limits are in southern France and northern 
Italy. P, pinea has been widely planted for centuries, and it is diffi- 
cult to say whether the stands in some localities are natural or artificial 
(33).    This species does well in California. 

In 1917 Palazzo (^120) fractionated a batch of Pinus pinea com- 
mercial turpentine; it began to boil at 162° to 163"^ C. and 75 or 80 
percent of it distilled between 163° and 178°. (Possibly the head 
fraction contained minute quantities of a-pinene.) Under laboratory 
conditions, using steam at 2 to 3 atmospheres of pressure, Palazzo 
obtained turpentine with the characteristics (average of eight samples) 
shown in table 20. Only 1.04 percent of the turpentine distilled below 
173°; 90 percent of it distilled below 180°. No a-pinene was reported; 
the oil apparently consisted almost entirely of Z-limonene,. The ses- 
quiterpene fraction was very small (probably less than 5 percent), 
and it was not investigated. 

Lacrué (85) also reported characteristics of Pinus pinea turpentine 
(table 20) which indicated the presence of large amounts of Z-limonene. 

Dupont and Barraud (41) analyzed commercial, steam-distilled 
turpentine obtained in the province of Granada, Spain. Yield of 
turpentine was 16 to 18 percent; its characteristics are given in table 
20. Purified Z-limonene, obtained by fractional distillation of the crude 
turpentine, possessed specific rotation [a]^ equal to —123.7°. The 
composition of the turpentine was: 
Compound: Percent 

¿-a-pinene  16. 7 
Z-limonene  75. 4 
Sesquiterpene  6. 6 
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TABLE 20.—Physical characteristics of Pinus pinea turpentine 

Author 
Origin of 
turpen- 

tine 

Density 
d 

Index of re- 
fraction Specific rotation [a] 

Palazzo {IW)  

Dupont and  Bar- 
raud {41). 

Audrain 1  
Lacrué {84)  

Berkel (personal 
communication). 

Mirov and Iloff 
(110). 

Italy  

Spain  

--_do  
___do  

Turkey  

California- 

0.847315 to 
0.851415 

.850615  

.851317  

.8435 to 
.849815 

.8400 to 
.844020 

.8393^^  

1.4731    to 
1.475120 

1.470025 _._ 

1.4769i5___ 
1.4750   to 

1.477517 
1.4740   to 

1.477020 
1.472323. __ 

-93.80° to -97.30° 
(D line) 

-84.53° (J line) 

-82.62° (Dline) 
-92.68° to -96.69° 

(D line) 
-118.7° to -119.3° 

(D line) 2 
-118.0° (j line) 

1 Quoted by Lacrué {85). 
2 Of the main fraction. 

Lacrué (85) questioned the presence of a-pinene in turpentine of Pinus 
pinea. He said the sample analyzed by Dupont and Barraud con- 
tained an admixture of P. maritima turpentine, which is rich in a-pinene. 
The sesquiterpene was optically inactive, having density, d^^—0.9157 
and index of refraction, ng* = 1.4983. No crystalline derivatives (nitro- 
sochloride, nitrosite, nitrosate, bromide) were obtained. 

Professor Adnan Berkel, University of Istanbul wrote to me in 
1953 that he had analyzed Turkish Pinus pinea turpentine. Physical 
characters of this turpentine are given in table 20. Initial boiling 
point of the turpentine at 760 mm. was 172°-173'' C. Only 0.09 
percent distilled above 181"^. About 90 percent distilled between 
175° to 177°, and the specific rotation of this fraction was: [a]D== 
— 118.7° to —119.3°. Hence there was very little, if any, a-pinene 
and very little sesquiterpene. 

To sum up, past investigations have shown that Pinus pinea 
turpentine, obtained throughout its natural range, consisted almost 
entirely of /-limonene; a-pinene apparently was either completely 
lacking or was found in minute quantities. 

Oleoresin for the present study was obtained in the summer of 
1953 from five 25-year-old planted trees at the Institute of Forest 
Genetics, Placerville, Calif. The trees were grown from seeds received 
from Italy. 

The turpentine was expelled from the oleoresin under vacuum; 
at the end of the operation the pot temperature was 190° C. and the 
pressure was 0.5 mm. The yield of turpentine was 18.5 percent; its 
physical characteristics are given in table 20. 

Chemical composition of the turpentine was : 
Compound: Percent 

/-limonene         95 
A bicyclic sesquiterpene with two double bonds  4 

The limonene possessed a specific rotation of —118.0°; the sesqui- 
terpene yielded crystalline hydrochloride having a melting point of 
67.5° to 68.5° C. 
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The sesquiterpene was apparently the same as in the turpentine 
of Pinus pinceana of Mexico (table 21). Presence of a-pinene was 
doubtful. It is evident that turpentine from P. pinea grown in its 
Mediterranean home and in California has the same composition : it 
consists mostly of Z-limonene. This finding indicates that despite 
a change of environment, chemical composition of the turpentine does 
not change. The presence of large quantities of limonene suggest 
that this pine is related to P. torreyana, No. 33, of the group Macro- 
carpae and to P. pinceana, No. 24, of the group Cembroides. The 
latter relationship is also supported by the presence of apparently 
the same sesquiterpene in P. pinea and P. pinceana. 

Group MacYocarpae 

According to Shaw (14^), the group Macrocarpae (that is, the 
group with large-sized cones) is composed of three pines: Pinus 
torreyana, P. sabiniana, and P. coulteri. I believe that there are 
sufficient reasons, biochemical as well as morphological and genetic, 
to include P. jefreyi in this group. P. oaxacana is also included in 
this group because of its morphological and biochemical characters. 

Chemically, group Macrocarpae is characterized by the presence 
of aliphatic hydrocarbons—either heptane or undecane. 

32. Pinus jeflfreyi Grev. & Balf. References {29, 58, 134, 135)'^ 
(A. Murray, Bot. Exp. Ore. Rpt. 

No. 8; 2 pi.    1853) 
Pinus jeßreyi, commonly known as Jeffrey pine, is essentially a 

Cahfornia species. In the north it extends to Oregon; in the east 
to adacent parts of Nevada; and in the south, to the Mexican State 
of Baja California. 

Since the days of the Civil War, the turpentine obtained from 
Jeffrey pine had been known to possess unusual properties. Early 
information on this subject was described by Guy Carruthers (29). 
Briefly, it was found that Jeffrey pine turpentine consists almost 
entirely of a paraffin hydrocarbon, ri-heptane. 

In 1913 Schorger (135) reported that the yield of Jeffrey pine tur- 
pentine varied from 8.81 to 11.25 percent, the average being 9.96 per- 
cent, and that physical characteristics of the turpentine were: 

Density, dli=0.6951 to 0.7100 
Index of refraction, nlf= 1.3927 to 1.4060 
Specific rotation, [Q;]D = 0.0° 

Schorger concluded that the previous findings were correct and that 
the turpentine consisted principally of 7i-heptane. In the higher 
boiling fractions of Jeffrey pine turpentine, Schorger suspected citro- 

ns Also ZOBEL, BRUCE JOHN, THE NATURAL HYBRID BETWEEN COULTER AND 
JEFFREY PINES. 114 pp, 1951. [Ph, D, thesis. Copy on file at Univ. of 
California, Berkeley.] 
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nellal.    He compared physical properties of the fractions with those 
of citronella oil.    The results were: 

High-boiling 
fractions of Jeffrey 

Citronella oil pine turpentine 

Boiling range  -    205°-208° C  200°-215° C. 
Density di5     0.8567  0.8578 
Index of refraction ng     1.4478  ^t^^^ 
Optical rotation a      — 3°  — o ' noo r« 
Melting point of semicarbazone     96° C  91 -92   O. 

In 1915 Schimmel & Co. chemists (134) analyzed Jeffrey pine 
turpentine and found that it consists chiefly of 7i-heptane with small 
amounts of T^-decyl aldehyde, linaloöl, and methyl chavicol. 

Foote (53) identified in the tails of Pinusjeßreyi turpentine: 7i-octyl, 
7i.-nonvl, and r^-decyl aldehydes. 

Occurrence of large quantities of n-heptane in Jeffrey pine turpen- 
tine has been verified repeatedly in our laboratory. 

Jeffrey pine occasionally crosses with ponderosa pine, No. 54 (93). 
Turpentine of the hybrid consists of a mixture of 7^-heptane (about 25 
percent) and of terpenes (about 75 percent).^^ Jeffrey pine also 
occasionally crosses with Coulter pine. No. 34, in nature; but the 
composition of turpentine in hybrids has not been studied. It appears 
however, from the determination of physical properties of Jeffrey 
X Coulter hybrids by Zobel (166) that the chemical composition of 
turpentine of the hybrids is also intermediate between that of the 
parents. 

33. Pinus torreyana Parry Reference (60) 
(Carr. Traite Gen. Conif. 326.    1855) 

Pinus torreyana, or Torrey pine, is a rare western American pine. 
It occupies a small patch on a headland near San Diego, Calif., and 
it occurs on the island of Santa Rosa near the coast of California. 

A quantity of oleoresin of Torrey pine was obtained by the author 
from old planted trees at Golden Gate Park, San Francisco, Calif. 
The turpentine was obtained by heating the oleoresin under reduced 
pressure, so that at the end of the distillation temperature reached 
200° C. and the pressure was reduced to 0.01 mm. Yield of the 
turpentine was 17 percent of the weight of the oleoresin. The turpen- 
tine possessed the following physical constants : 

Density, dT=0.8360 
Index of refraction, n|f= 1.4656 
Specific rotation, [aY^= -118.12° 

Further analysis was done at California Institute of Technology under 
direction of Dr. A. J. Haagen-Smit. The turpentine was found to 
consist of the following ingredients: 
Compound: Percent 

Z-limonene  ^5 
n-decyl aldehyde  1^ 
n-undecane  5 
Laural (n-dodecyl aldehyde)  O. 2 
Longifolene  '* 
An unidentified Cio carbonyl compound  -2 

19 L, Y. HAWLEY AND E. BEGLINGER. THE ANALYSIS OF OLEORESIN SAMPLES. 
U.S. Forest Serv., Forest Prod. Lab., Madison, Wis. 1929. (Unpublished 
report.) 
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In the low-boiling fraction, small quantities (less than 0.1 percent 
each) of ri-heptane and /¿--nonane were detected by mass spectroscopy. 

The following methods were used for the identification of the alde- 
hydes in the Torrey pine turpentine: 

(1) Presence of r^-decyl aldehyde was established by preparation of 
2,4-dinitrophenylhydrazones and by measurement of the physical 
properties of the appropriate fractions. The experimental evidence 
for the identity of these fractions is summarized in table 22. Each 
derivative was prepared by adding 100 mg. of 2,4-dinitrophenylhydra- 
zine to 100 mg. of the oil, and adding just enough boiling glacial acetic 
acid to effect complete solution of the reagent. The solution was 
permitted to cool slowly to room temperature, whereupon the 2,4- 
dinitrophenylhydrazone separated. The product was twice recrystal- 
lized from 95-percent ethyl alcohol before analysis. Inasmuch as a 
mixture of the 2,4-dinitrophenylhydrazones of fractions 19 and 20 
showed no change in melting point, the two were assumed identical. 

TABLE 22.—Identification ojn-decyl aldehyde in Torrey pine turpentine 

Property n-decyl aldehyde Fraction 19 Fraction 20 

Boiling point  207°-209° C. at 
760 mm.i 

df, 0.850 2  
nl«, 1.4287 3  

83°-93° C. at 21 
mm. 

df% 0.807  
n|J, 1.4283  

93°-97° C. at 21 

Density 
mm. 

df % 0.840. 
Index of refraction  nlJ, 1.4357. 

RESULTS   OF   ANALYSIS   OF   2,4-DINITROPHENYLHYDRAZONES 

Melting point, ° C: 
2,4-dinitrophenyl- 

hydrazone. 
2,4-dinitrophenyl- 

hydrazone mixed 
with authentic 
2,4-dinitro- 
pheny Ihy drazone. 

Crystallization habit  
Carbon, percent  
Hydrogen, percent  
Nitrogen, percent  

104 2 

104_ 

Yellow needles ^- 
57.144  
7.194  
16.664  

104_ 

104_ 

Yellow needles._ 
57.17  
7.24  
16.53  

104. 

104. 

Yellow needles. 
57.17. 
7.24. 
16.53. 

1 Stephan (löö). 
2Uhl (160). 

3 Allen (5). 
4 Calculated. 

(2) Dodecyl aldehyde was identified as a minor constituent of frac- 
tion 23 by preparing its 2,4-dinitrophenylhydrazone. One gram of 
fraction 23 and 100 mg. of 2,4-dinitrophenylhydrazine were dissolved 
on 10 ml. of glacial acetic acid heated to boiling. As the solution 
cooled, a mass of yellow needles formed. These crystals were filtered 
off, the filtrate was brought to a boil, and an additional 100 mg. of 
2,4-dinitrophenylhy drazine was dissolved in the hot filtrate. On 
cooling, only crystals of the reagent separated. This observation in- 
dicates that the initial precipitate represented most of the aldehyde 
present in fraction 23. 
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The yellow precipitate of this 2,4-dinitrophenylhydrazoiie was dis- 
solved in 40 ml. of benzene and adsorbed on a 20 mm. by 130 mm. 
column of ^'Alorco'^ F-20 grade, 80-mesh activated alumina. After 
development with 110 ml. of benzene, a minor band 2 mm. wide ap- 
peared 11 mm. beneath the top of the column. Directly beneath 
this was the main, 50-mm.-wide brown band. 

The column packing was extruded and the lower, main band cut 
apart from the remainder of the material. The desired compound 
was eluted from the alumina with 20 ml. of a mixture of equal volumes 
of ethyl ether and ethyl alcohol. The eluate was evaporated to 
dryness, and the residue recrystallized twice from 96 percent ethyl 
alcohol. The resultant yellow needles melted at 106° to 107° C. 
Dodecyl aldehyde 2,4-dinitrophenylhydrazone is reported to melt at 
106° 0). 

Analysis: Caled, for C18H28N4O4: C, 59.32; H, 7.74. 
Found:  C, 59.66; H, 7.71. 

The identity of this compound with dodecyl aldehyde 2,4-dinitro- 
phenylhydrazone was confirmed by the observation that a mixture of 
the two compounds showed no change in melting point. 

34. Pinus coulteri D. Don Keference (95) 
(Linn. Soc. London Trans. 17: 440.    1836) 

Pinus coulteri grows in the dry coastal mountains of central and 
southern California, and in the northern part of Baja California, 
Mex. Oleoresin of this pine was collected by the author in 1945 from 
18-year-old planted trees at the Eddy Arboretum, Institute of Forest 
Genetics, Placerville, Calif. 

The turpentine was obtained by steam distillation of the oleoresin. 
The yield of the turpentine was about 17 percent. Its physical con- 
stants were: 

Density, dîH0.8505 
Index of refraction, no = 1.4767 
Specific rotation, [O;]D=— 15.21° 

Composition of the turpentine was as follows: 
Compound: Percent 

n-heptane  5 
Z-a-pinene  30-35 
Z-jS-phellandrene  30-35 
n-undecane  10 

The sesquiterpene portion of the turpentine was small; it was not 
further investigated. Subsequent tests (unpublished) showed the 
presence of an aldehyde—probably r¿-decyl, but because of the small 
quantity of material no further identification of this component 
was made. 

35. Pinus sabiniana Dougl. References (136, 160) 
(Lamb. Descr. Gen. Pinus Ed. 3(8°) v. 2, pi. 80.    1832) 

Pinus sabiniana is commonly called Digger pine. It is a native of 
dry foothills of California. Early investigations of the composition 
of P. sabiniana turpentine have been summarized by Schorger {136). 
All these investigations indicated that P. sabiniana turpentine consisted 
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of a paraffin hydrocarbon, 72,-heptane. Schorger (136) determined 
properties of the turpentine. 

The yield of turpentine was 11.4 percent; the physical constants 
were: 

Density, d}i=0.6961 
Index of refraction, n^D^= 1.3903 
Optical rotation, none 

Schorger verified the report of previous investigators that turpentine 
of P. sahiniana contained 95 percent 7i-heptane. The tails of P. 
sahiniana turpentine were analyzed by Uhl {160), and found to consist 
of four normal aldehydes: octyl, nonyl, decyl, myristyl (C^HagO), 
probably dodecyl (C12H24O), and possibly small quantities of other 
aldehydes possessing a larger number of carbon atoms. 

Occurrence of large quantities of ri.-heptane in Digger pine turpen- 
tine has been verified repeatedly in our laboratory. 

36. Pinus oaxacana Mirov Reference {70) 
(Madroño, 14: 145-150.    1958) 

This pine, formerly called Pinus pseudostrobus var. oaxacana^ is a 
pine of tropical highlands of southern Mexico and Central America. 
It grows in the States of Mexico, Puebla, Guerrero, Veracruz, Oaxaca, 
and Chiapas. It also occurs in the highlands of Guatemala, adjacent 
to Chiapas, and in Honduras. Martinez {88) places this pine under 
P. pseudostrobus, but it differs so much in its chemical and morphologi- 
cal characters (especially in the shape and structure of the cone) 
frona P. pseudostrobus, that I elevated it to the rank of an independent 
species. Dr. Martinez concurred in this change. Apparently it 
crosses on the one hand with P. pseudostrobus, No. 72, and on the other 
with P. montezumae. No. 65. 

An oleoresin sample of Pinus oaxacana was collected in Chiapas 
under the author's supervision. The turpentine was separated from 
the oleoresin in vacuo; at the end of the distillation, the temperature 
inside the flask was 180° C. and pressure was 3 mm. The yield of the 
turpentine was 17 percent of the weight of the oleoresin. 

The physical characteristics of the turpentine were: 

Density, d^*=0.7920 
Index of refraction, n^if= 1.4445 
Specific rotation, [a]i^^,^n=— 10.^° 

The density and index of refraction were thus considerably lower 
than the values for most turpentines. The turpentine was found to 
contain: 

Compound: Percent 
n-heptane  21 
c?,d/-a;-pinene i ._ 51 
Z,(i/-]imonene  15-16 
n-undecane  1. 3 
Longifolene  7. 5 

Tables 23, 24, and 25 present data dealing with the identification of 
7i-heptane and ?^-undecane in the turpentine of Pinus oaxacana. 
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TABLE 23.—Identification of n-heptane in Pinus oaxacana turpentine 

Heptane from P. oaxacana n-heptane i 

Index of refraction, no 1.38652^          _        1.3876420  
0. 6836820  
98. 428° C  

1. 3851725 
Density, d 0.6805^* . 6794725 
Boiling point, 98°-98.5° C  

1 Rossini, F. D., Pitzer, K. S., Taylor, W. J., and others.    U.S. Nati. Bur. 
Standards Cir. 461, 472 pp.    1947. 

TABLE 24.—Identification of n-undecane in Pinus oaxacana turpentine 

Property n-undecane from 
P. oaxacana 

n-undecane i 

Index of refraction, UD -     - L 416522.3  
. 7374f_.  

1. 4190220 
Density, d  . 740420 
Boiling point, bjeo       196°-197° C  195. 8° C. 

1 Eglofî,  G.    Physical constants of hydrocarbons.    Vol.  1, Amer,.  Chem. Soc. 
Monog. 78, p. 76.    Reinhold Pub. Corp., New York.    1939. 

TABLE 25.—Absorption maxima in the infrared region for n-heptane 
and n-undecane fractions of Pinus oaxacana ^ 

Maxima in wave numbers 

n-heptane, A.P.I, infrared spectrum 
#637 n-heptane 

from 
P. oaxacana 

n-undecane 
A.P.I. 

infrared 
spectrum 

#391 

n-undecane 
from 

P. oaxacana 

723                                 _  -  _  _  ___  _- 723 
739 
773 
832 
867 

877 
902 
933 
961 

721 
761 
780 
826 
843 

890 
906 
948 
960 

1010 

1076 
1094 
1135 
1180 
1206 

1241 
1270 
1303 
1342 
1354 
1379 
1467 

719 
739_    -      __      __  _  _        _____ 761 
774  778 
833                      ________ 824 
864 

876  888 
901                              _  _  _ 904 
931 945 
961 
990                         _          _      _  _    ___ 1002 

1022            _           _  _        _  _ 1022 
1077 
1140 
1210 
1238 

1282 
1303 
1344 
1382 

1076 
1039 1095 
1067_-_  _  __    _  1134 
1209 1179 
1235   _          _  _  _  _  _ 1206 

1280  1243 
1302 __       ___ 1272 
1342                                               1303 
1380__  1343 

1353 
1379 
1465 

1 Rossini, Frederick D., et al.    Catalog  of selected  infrared  absorption  spectro- 
grams.    Amer. Petrol. Inst. Res. Proj. 44, U.S. Nat. Bur. Standards.    1946-51. 
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Group Lariciones 

All species of the group Lariciones are of the Old World, except 
Pinus resinosa, No. 37, and P. tropicalis, No. 38. The group includes 
some variable species, which perhaps should be designated as com- 
plexes. No. 42, No. 51, No. 53. My treatment of this group, at times, 
is at variance with Shawns (14^) classification. For instance, I omitted 
P. sinensis and put in its place P. tabulaeformis. P. yunnanensis is 
included in this publication as a valid species. The taxonomy of 
Chinese pines of the group Lariciones is still very confusing. 

37. Pinus resinosa Ait. Keference (101) 
(Hort. Kev. 3:367.    1789) 

Pinus resinosa is commonly called red pine or Norway pine (after 
the town of Norway, Maine, U.S.A.). Its range is from Nova Scotia 
to northern Ontario, to southern Manitoba, southward through 
Massachusetts, Pennsylvania, West Virginia, central Michigan, 
Wisconsin, and northeastern Minnesota. 

Frankforter (ö5) reported that steam-distilled turpentine of Pinus 
resinosa possessed the following characteristics: 

Boiling point (presumably, initial), 153°-154° C. 
Density, d2" = 0.8626 
Index of refraction, nD= 1.47127 
Specific rotation, [a]D-= +17.39° 

No further inquiry into the composition of the turpentine was made. 
The oleoresin used in our investigation came from the U.S. Forest 

Service office at Khinelander, Wis. The turpentine was distilled so 
that at the end of the operation the pot temperature reached 180° C. 
and pressure was reduced to 4 mm. Yield of turpentine was 20 percent 
of the weight of the oleoresin. The turpentine had the following 
properties: 

Density, df=0.8571 
Index of refraction, nD = 1.4668 
Specific rotation, [«Isysm/x^ ^" 10.0° 

The turpentine contained: 
Compound: Percent 

dlyd-a-pinene         92 
Z-/é-phellandrene (possibly)  3 
An unidentified dextrorotatory sesquiterpene  1 

The fraction in which phellandrene was suspected, when redistilled 
over metallic sodium, had these constants: 

Density, df=0.8571 
Index of refraction, nD = 1.4760 
Specific rotation, [a]l|8=—3.0° 

When 1 g. of oil of this redistilled fraction was mixed with 5 cc. of 
petroleum ether and 2 cc. of glacial acetic acid with the subsequent 
addition of 2 cc. of saturated solution of sodium nitrite, a precipitate 
of nitrosite was formed. Because of the small quantity of material, 
further purification of the nitrosite was unsuccessful, and its melting 
point could not be determined. Therefore, although it appears that 
Pinus resinosa oil contains a small amount of phellandrene, its presence 
still needs verification. 
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38. Pinus tropicalis Morelet Reference (lisy^ 
(Rev. Hart. Cote d' Or 1.    105.    1851) 

Pinus tropicalis grows at sea level in Cuba and on the nearby island, 
Isla de Pinos. A sample of oleoresin was obtained for our studies 
under supervision of a trained forester at the property of Minas de 
Matahambre S.A. The sample was accompanied with herbarium 
specimens of cones and foliage of the trees from which oleoresin 
was obtained. 

Turpentine was separated from the oleoresin under reduced pressure. 
At the end of distillation, pressure was 9 mm. and temperature of the 
batch was 200° C. Rosin remaining in the distilling flask on cooling 
became very hard and brittle, showing that all volatile oil had been 
expelled.    Yield of turpentine was 23.7 percent. 

The turpentine had the following physical characteristics : 

Density, d^^ = 0.8566 
Index of refraction, nü = 1.4658 
Specific rotation, [a]l7Í =-^36.6° 

The turpentine contained: 
Compound: Percent 

d,dl-a-pinene  96 
An unidentified terpene, probably l-ß-pinene  1 
d,dl-lim.onene  1-2 

The fraction in which limonene was detected was redistilled over 
sodium and yielded a heart cut with the following properties : 

Boiling point at 16 mm., 58°-60° C. 
Density, df, 0.842 
Index of refraction, UQ-^, 1.4751 
Specific rotation, [a]i?8, +24.9° 

From 2 g. of the heart cut, 0.33 g. of crude tetrabromide was prepared. 
After three recrystallizations from cold ethyl acetate 53 mg. of crystals 
melting at 124° to 124.5° were received. Admixture with an authentic 
sample of ¿Z-limonene tetrabromide did not depress the melting 
point. 

This was one of the two exceptional cases when limonene was 
detected in a dextrorotatory fraction. Usually pine limonene is 
strongly levorotatory (Nos. 24, 28, 30, 31). 

39. Pinus massoniana Lamb. Reference (19) 
(Descr. Gen. Pinus 1: 17. t. 12.    1803) 

Pinus massoniana is the Chinese red pine. It grows over a large 
area of southeastern China (fig. 13). Barraud (19) said, without 
reference to the original work and without further elaboration, that 
turpentine of P. massoniana is composed almost entirely of ¿-«-pinene. 
I was unable to find the original source of Barraud's information, 
which is obviously incomplete. 

20 In the original article (110) fractions 5, 6, and 7, were erroneously desig- 
nated as fractions 10, 11, and 12, respectively. 
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40. Pinus densiflora Seib. & Zuce. Reference (Unpub. orig. data) 
(Fl. Jap. 2:22-112.    1842) 

Pinus densiflora is the Japanese red pine, locally called Akamatsu. 
It occurs in all three large islands of Japan proper, but it is absent 
in the northern island of Hokkaido. It also occurs in Korea and in 
Kiangsu and Shantung provinces of China. 

Turpentine of this pine was analyzed by Dr. Kunisuke Horioka, 
and his results were transmitted to us in 1950. The information was 
incomplete.    The turpentine was reported to contain: 
Compound: Percent 

l-a-pinene  58. 3 
l-ß-pinene  18. 4 
Fractions boiling between 172° and 187° C   7. 4 
Residue, probably containing considerable quantities of sesquiterpenes_ 15. 9 

41. Pinus thunbergii Pari. References {44, 145) 
(DC. Prodromus 16.2. 388. 1868) 

Pinus thunbergii is the Japanese black pine or Kuramatsu. It 
has been cultivated for such a long time that its original geographic 
range is difficult to define. Its steam-distilled turpentine was analyzed 
in 1918-19 by Shinosaki (145). The yield of turpentine was 22.92 
percent; its physical characteristics were: 

Density, dl'=0.8740 
Index of refraction, nS= 1.4738 
Optical rotation, au= — 19.17° 

The turpentine contained ¿-«-pinene, 73 percent; camphene, probably 
less than 5 percent, and a tricyclic sesquiterpene were found in a 
fraction 104° to 107° C. at 2.5 mm. The sesquiterpene had the 
following physical characteristics: 

Density, dl^ = 0.9370 
Index of refraction, n??= 1.5005 
Optical rotation, Q;D=+43.5° 

Dihydrosesquiterpene prepared by hydrogénation of the above 
described sesquiterpene possessed these characteristics : 

Boiling point at 2.3 mm., 98°-99° C. 
Density, d'i, 0.9294 
Index of refraction, ng", 1.4959 
Optical rotation, «D (in chloroform solution), —25.5° 

Dupont and Barraud (44) also analyzed a sample of turpentine 
of Pinus thunbergii.    Its physical characteristics were : 

Density, di5=0.8661 
Index of refraction, nf =1.4629 
Specific rotation, [a;]j=—33.46° 

The turpentine contained: 
Compound: 

Z-a-pinene  83 
Z-/3-pinene, Z,dMimonene and two unidentified compounds (terpenes?) _ 10 
A terpene alcohol, nerol  1 
A sesquiterpene  5 
Unidentified oxygenated compounds  1 

The fraction in which nerol was found boiled between 85° and 100° 
C. at 10 mm.; the fraction contained both an acetic acid ester and 
an alcohol (calculated as CioHigO). 
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The alcohol obtained after acetylation and saponification of the 
whole fraction possessed the following characteristics: index of 
refraction, n^^, 1.4790; specific rotation, [a]j, —7.38°. Treated with 
diphenylcarbamyl chloride, the alcohol formed diphenylurethane, 
which inelted at 52.5° C. This is the only instance of reporting nerol 
in pine turpentines. 

The sesquiterpene, redistilled over sodium had the following 
constants: 

Boiling point at 10 mm. = 130° C. 
Density, d25=0.929 
Index of refraction, nj = 1.4980 
Specific rotation, Mj=+42.67° 
Melting point: 

Hydrobromide=70° C. 
Hydrochloride=60° C. 

The sesquiterpene was named ^^thumbergilene.''    From the data given 
above, it is apparent that the sesquiterpene was longifolene. 
42. Pinus sylvestris L. Keferences (7, 13, 14, 15, 17, 27, 

(Sp. PI. 1000.    1753) 4^, 58, 82, 126, HO) 
Pinus sylvestris is called in English, Scotch or Scots pine. On the 

Continent it is known under many different names. It occupies an 
area larger than any other pine ; longitudinally it grows from Scotland 
to the Pacific coast of Siberia; latitudinally, from Finland to vSpain 
and from the arctic Siberia to Turkey and to Mongolia (fig. 14). It is 
natural to expect that this species has many varieties, because it 
grows over such a large area and under so many different environ- 
mental conditions. In fact, P. sylvestris is a complex composed of 
several pines. Some botanists call these pines species ; others designate 
them as varieties, while still others {14-0) designate the whole complex 
as a single species, P. sylvestris. 

It is therefore also natural to expect that turpentine of Pinus 
sylvestris obtained from different places would differ considerably in 
chemical composition. In 1926 Dupont and Barraud {^5) reported 
on the composition of P, sylvestris turpentine from France. Physical 
constants were: 

Density, d25 = 0.8614 
Index of refraction, nf =1.4666 
Specific rotation, [a]j=+3.97° 

The turpentine was composed of: 
Compound: Percent 

à-a-pinene  60. 6 
/3-pinene  17. 4 
d-A^-carene  16- 9 
Sesquiterpene  5- 1 

The sesquiterpene, redistilled over sodium, possessed the following 
characteristics: density, di5=-0.918, index of refraction, n^^= 1.4980. 
No crystalline derivatives of this sesquiterpene were obtained. 

Arbuzov (7) analyzed a sample of Pinus sylvestris turpentine from 
the upper Volga Region (Kazan) Russia. The density, á\l, was 0.856; 
specific rotation, [Q:]if=+25. e"". The turpentine contained: d-a- 
pinene, 76 percent; íí-A^-carene, 14 percent; an unidentified levorota- 
tory terpene, 7 percent; higher fractions, 1 percent. In 1948 
Bardyshev   and   Bardysheva   {15)   showed   that   the   unidentified 
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levorotatory component of P. sylvestris turpentine was a mixture of 
Z-limonene, dipentene, and an unknown hydrocarbon. Bukala and 
Kuczynski {27) reported on the composition of P. sylvestris turpentine 
from Poland. Both gum turpentine and wood turpentine were 
investigated.    The two kinds of turpentine contained: 

Oum Wood 
turpentine turpentine 

Compound:                                                                                               (Percent) (Percent) 
d-a-pinene  _                    46. 79 55. 79 
l-ß-pinene                     8. 59 3. 87 
d-A3-carene                    36. 24 30. 68 
Limonene         (1-)    2.88        (dl-)    1.51 
Terpinolene                      4. 08 0 
A   monocyclic   terpene   with   two   double 

bonds                        .35 .48 
Terpene alcohol and sesquiterpene fraction                     1. 07 7. 48 

In 1947 Bardyshev and his coworkers (17) investigated Pinus 
sylvestris turpentine from the Altai Mountains of southern Siberia. 
The turpentine contained : 
Compound: Percent 

ä-a-pinene ^  62. 68 
I -j8-pinene  6. 36 
A3-carene  21. 82 
lfdl-\im.onene  3. 73 
An unidentified dextrorotarory compound, 

tentatively designated as terpene  2. 71 
Higher fractions  2. 70 

An important finding of all these studies of Pinus sylvestris tur- 
pentine is a high percentage of A^-carene. It seems entirely possible 
that A^-carene will be found in all composite samples of P. sylvestris 
turpentine obtained from any place in its extensive range. This 
terpene also occurs in some pines of the group Insignes of the eastern 
Mediterranean region where there is a contact between Insignes pines 
and P. sylvestris (see P. brutia, No. 80). 

In 1930 two Eussian investigators (82) described an unusual tur- 
pentine obtained from an individual tree of Pinus sylvestris. It was 
levorotatory («D^—6.01°) and it was composed of a-pinene, 69 
percent; camphene, 5 percent; and /-/3-phellandrene, 1.5 percent. The 
usual A^-carene was absent. Apparently it was a case of a chemical 
mutant—a phenomenon that occasionally can be observed in studying 
turpentine composition of individual trees in a population (cf. No. 14). 

From the data of different investigators, it is evident that the 
composition of Pinus sylvestris turpentine is not yet completely known. 
For instance, the sesquiterpene has not yet been identified. Judging 
from the Rau and Simonsen report (126) on cadinene found in P. 
sylvestris needle oil, it is possible that the sesquiterpene of the gum 
turpentine of this pine is also cadinene. 

The mystery of the frequently mentioned unidentified terpene 
found in Pinus sylvestris gum turpentine was solved in 1950 by Bardy- 
shev (13). He proved beyond any doubt that this compound, which 
occurs in the fractions immediately following /S-pinene, is an aliphatic 
terpene, /3-myrcene. 

In 1955 Bardyshev (14) reported the presence of about 1 percent 
of ^-cymene in gum turpentine of Pinus sylvestris.    It was identified 

572912°—61 6 
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in a fraction having density, d^^, 0.8460 and optical rotation «0= 
-39°. 

The fraction was treated with 2 percent potassium permanganate 
in order to remove terpenes, redistilled over metallic sodium, and 
purified by means of silica gel. This fraction had the following 
characteristics : 

Density, d'i^^0.8550 
Index of refraction, nS= 1.4911 
Optical rotation, do = 0.0° 
Molecular refraction, MRD = 45.47 

It was oxidized to j9-hydroxyisopropylbenzoic acid which possessed 
a melting point of 155° to 156° C. An addition of authentic ^9-hydroxy- 
isopropylbenzoic acid did not change the melting point. This is the 
only instance in which p-cymene was found in gum turpentine, al- 
though it is found in some steam-distilled wood turpentines (58). 
Semmler and Schiller (140) reported that Pinus sylvestris turpentine, 
obtained by steam distillation of stump wood, had the following 
composition: ¿-a-pinene, very little; ¿-/î-pinene, very little; á-A^- 
carene, chiefly; á-A*-carene, little; a-terpinolene, very little,, 

Semmler and Schiller^s findings as well as the results of Bukala and 
Kuczynski (27) are of considerable importance for evaluating the 
nature of pine gum turpentines; turpentine obtained from cut wood 
and dead stumps, and from the oleoresin of living trees, had considerable 
amounts of A^-carene. 

43. Pinus montana Miller Reference {Unpub, orig, data) 
(Gard. Diet. Ed. 8.    1768) 

Pinus montana ranges from central Spain through the Pyrenees ? 
Alps, and Appenines to the Balkan Mountains. Its three major 
varieties are: mughus, uncinata, and pumilio; there are many horti- 
cultural forms. In the lower altitudes of its range, it intermingles 
and possibly crosses with P. sylvestris {22, pp. 431-432). We obtained 
a sample of oleoresin of P. montana var. uncinata from the communal 
Forest of Bolguere, Pyrenees Orientales, France. The oleoresin was 
collected at an elevation oí 5,575 feet. The flow of oleoresin was 
enhanced by spraying 50 percent sulfuric acid over the wound. A 
batch of 2,000 grams of the oleoresin was heated under reduced pres- 
sure so that at the end when all turpentine was distilled, the tempera- 
ture of the pot contents was 180° C. and the pressure was 0.6 mm. 
The turpentine amounted to 27 percent of filtered oleoresin. 

The turpentine emitted a strong odor of sulfur dioxide and was of 
a reddish color and muddy appearance. Filtered turpentine possessed 
the following characteristics: 

Density, 01^4'=0.8700 
Index of refraction, n^i^= 1.4774 
Specific rotation, [a]|/8=-10.0° 

Fractional distillation under atmospheric pressure showed that 
73 percent distilled under 179° C; the remaining 27 percent consisted 
of higher boiling, extremely pungent residue. 

Apparently the residue contained a great deal of oxidized or poly- 
merized material. In the head fractions, Z,(¿/-a:-pinene was identified 
by preparing pinene nitrosochloride which, after several recrystalli- 
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zations from chloroform by means of cold methanol, melted at 105"^ 
to 106° C. An addition of a known pinene nitrosochloride did not 
change the melting point, /-jö-pinene was identified in fractions 
boiling between 163° and 168°; nopinic acid prepared from the fraction 
boiling at 164° to 166° possessed a melting point of 127°. 

Attempts to identify A^-carene in fractions boiling at 170° to 172° C. 
were not successful. Limonene also was apparently absent. The 
rest of the oil, boiling above 179°, was not analyzed. 

At the Institute of Forest Genetics, Placerville, Calif., there are 
several shrubby trees of Pinus montana var. uncinata, A small 
amount of oleoresin was obtained from these trees and distilled at 
reduced pressure; at the end of the distillation, the temperature was 
180° C. and the pressure was 1 mm. The turpentine anaounted to 
22 percent of the oleoresin and had the following characteristics: 

Density, d^i^^0.8659 
Index of refraction, n'|,^= 1.4741 
Specific rotation, [o;]578= —11.5° 

These characteristics were very similar to those obtained with the 
Pyrenees turpentine. T   -n   i • 

A batch of 9 grams of the turpentine was carefully distilled m a 
50 cc. flask equipped with a Vigeaux column 12 inches long. Results 
of this distillation are shown in table 26. 

TABLE   26.—Fractional  distillation  of^ 9  grams  of Pinus  montana 
turpentine 

Fraction Pressure 
Boiling 
range Distillate 

Density 
d? 

Index  of 
refrac- 
tion n^f 

Optical 
rotation 

a578mM 

1 
Mm. 

760 
760 
760 
760 

8 
8 

155-160 
160-164 
164-167 
167-168 

60-66 
66-100 

Percent 
10.0 
32. 1 
16. 2 
14. 4 
10.0 
2.0 

11. 1 
4.2 

0. 8559 
. 8526 
.8543 
. 8550 

1. 4666 
1. 4864 
1. 4700 
1. 4710 
1. 4749 

-14. 0 

2 -10. 6 
3 — 4. 0 

4 0. 0 

5             + 1.0 
a o  

J-iOböcö  

Z,áZ-a-pinene was identified in fraction 1 by preparing a nitro- 
sochloride having a melting point of 105° to 106° C; M-pmene was 
identified in fraction 2 by preparing nopinic acid which possessed a 
melting point of 127° to 128°. Because fractions 5 and 6 were small, 
no crystalline derivatives were prepared. 

The amount of higher boiling fractions, apparently containing a 
great deal of oxygenated terpene compounds, was rather high— 
probably up to 15 percent. 

It appears very desirable to repeat analyses of Pmus montana 
turpentine and to ascertain whether or not A^-carene is present. 
Results of such an investigation would contribute to a better under- 
standing of the relationship between P. montana and P. sylvestris. 
An analysis of the higher boiling fractions of P. montana turpentine 
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also promises very interesting results, because there are very few pines 
possessing such a large percentage of high-boiling, fragrant, presumably 
oxygenated compounds. 

44. Pinus luchuensis Mayr. References (4; unpub, orio, data) 
(Bot. Centralb. 58: 149.    1894) 

Pinus luchuensis is an East Asiatic pine native to Okinawa and 
adjacent islands of the Riu-Kyu group. Its turpentine was examined 
by Akiyoshi (4), who obtained a 22.6-percent yield of turpentine 
with these physical constants: 

Density, d^=0.8583 
Index of refraction, n??= 1.4681 
Specific rotation, [O;]D=—24.2° 

The composition was reported to be: Z-a-pinene, more than 90 
percent; small amounts of /?-pinene, dipentene, phellandrene (?) and 
dodecaldehyde, commonly called laural or lauraldehyde. 

We received in 1952 a sample of oleoresin of Pinus luchuensis, 
collected on Okinawa by the Riu Kyu Forestry Bureau. Yield of the 
turpentine amounted to 24 percent. The turpentine possessed the 
following characteristics: 

Density, d^-0.8536 
Index of refraction, n?i= 1.4650 
Specific rotation, [a]57\= —24.5° 

About 92 percent consisted of Z-a-pinene; the presence of small 
quantities of ^-pinene, dipentene, and an aldehyde was confirmed. 
Presence of an aldehyde is especially significant; aldehydes (chiefly 
decyl) have been found in four California pines (Pinus jefreyi, P. 
sahiniana,^ P. torreyana and P. coulteri). Lauraldehyde also was 
identified in P. torreyana turpentine. 

45. Pinus taiwanensis Hayata Reference {79) 
(Jour. Call. Sei.    Tokyo 30: 307.    1911) 

Pinus taiwanensis grows in the mountains of Formosa TTaiwan). 
Shaw does not mention this pine in his 1914 monograph {l^k). Mor- 
phologically, this pine is related to P. luchuensis, No. 44, and Wu ^^ 
considers it a variety of P. luchuensis. 

Turpentine oi Pinus taiwanensis was analyzed by Kafuku, Ichikawa, 
and Kato {79)) physical constants were: 

Density, d3o=0.8664 
Index of refraction, nl5== 1.4725 
Specific rotation, [aY¿=—4.S° 

The turpentine contained: 

Compound: Percent 
Z-a-pinene          _ ^3 
¿¿Mimonene and bornyl acetate, small amounts.__~""I"I" 
¿¿-longifolene      _  __ ~~         ^3 

It is seen from the above that the chemical composition of Pinus 
taiwanensis turpentine differs considerably from that of P. luchuensis, 
I am inclined to consider the two pines as independent species. 

21 See footnote 7, p. 26. 
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46. Pinus hwangshanensis Hsia References {19, H6) 
(Apud Tseng in Contr. Inst. Bot. Nat. Acad. Peiping, 4: 155. 

1936) 
Pinus hwangshanensis is a pine of southern China; its distribution 

is very spotty. Approximately, it occurs between 121° and 108° 
east longitude and between 24° and 32° north latitude. It is related 
to P. taiwanensis of Formosa. Would it be possible that ^'L'essence 
de pin chinois'' briefly mentioned by Barraud {19, p. 94) with reference 
to Shinosaki and Ono {14^) was obtained from P. hwangshanensis? 

The oleoresin used by Shinosaki and Ono, designated merely as 
'^a Chinese pine from Wenchow,'' came from a region occupied by 
only two species of pines: Pinus massoniana (No. 39) and P. 
hwangshanensis (fig. 13, p. 71). 

Because Pinus massoniana yields a dextrorotatory turpentine, and 
its turpentine consist '^almost entirely of a-pinene" (Cf. No. 39), 
we tentatively concluded that ^^the Chinese pine from Wenchow'' is 
not P. massoniana but P. hwangshanensis. This conclusion needs 
verification. 

According to Shinosaki and Ono {14p), turpentine of Pinus hwang- 
shanensis possessed the following physical characteristics : 

Density, dis=0.8670 
Index of refraction, ni?= 1.4711 
Specific rotation, [a:]D= —34.41° 

The turpentine contained Z-a-pinene, 85 percent; dipentene, a trace; 
and a tricyclic sesquiterpene, apparently longifolene, because its 
hydrochloride melted at 58° to 59° C. 
47. Pinus merkusii DeVriese        References {1, 10, 21, 33, 149, 153) 

(P. Nov. Ind. Bat. 5, t. 2, 1845) 
Pinus merkusii is a native of the Philippines (Luzon and Mindoro), 

Sumatra, Lower Burma, Siam, and western Viet Nam. In Siam it is 
a common tree at an altitude of 1,500 feet {33, p. 415), In Burma it 
occupies low hills and spurs at elevations of 500 to 2,500 feet. Its 
southernmost occurrence is in central Sumatra, Barisan Range, 2° 6' 
southern latitude on Mt. Penawar near Lake Kerintji, at 4,900 to 
6,600 feet of altitude. 

Turpentine of Pinus merkusii has been analyzed by several investi- 
gators. The first was Armstrong {10), who reported in 1896 that 
P. merkusii turpentine was dextrorotatory (a;=+31°450 and that its 
density was 0.8610. His purpose was to compare commercial possi- 
bilities of Burmese turpentines (of P. merkusii and P. khasya No. 49) 
with those of American and French turpentines. In 1923 Simonsen 
{14^) reported the results of a more complete analysis of P. merkusii 
turpentine from Burma; the physical constants were these: 

Density, d!g=0.8575 
Index of refraction, nD = 1-4653 
Specific rotation, [«ID = + 28.67° 

The turpentine was composed of: 
Compound: Percent 

d-a-pinene  78 
d-ß-pinene  7 
d-A^-carene  10 
d-longifolene  5 
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The presence of dextrorotatory /3-pinene is unusual; in almost all 
pines this terpene is levorotatory. It is possible that the presence of 
large quantities of strongly dextrorotatory a-pinene caused the 
jS-pinene fraction to be dextrorotatory.    (Cf. No. 49.) 

In 1930 Spoon (153) reported physical constants of several samples 
of Pinus merkusii turpentine (table 27). These samples were 
obtained from a commercial distillery, located at Atjeh, North 
Sumatra. 

TABLE 27.—Physical constants of Pinus merkusii turpentine from 
Atjeky Sumatra^ 

Samples 
Density 

Cli5 

Index of 
refraction 

Optical 
rotation 

1924: 
1      0. 8628 

. 8636 

.861 

.862 

.8675 

.8660 

. 8661 

.8648 

1. 4665 
1. 4678 
1.470 
1. 4680 

1. 4675 
1. 4677 
1. 4680 
1. 4680 

4-35. S° 
2                + 35. 4° 
3         _  -      . + 36. 4° 
4   _ (?) + 31. 0° 

+ 35. 68° 
1930: 

5   _  
6  + 35. 8° 
7     + 35. 6° 
8  + 35. 4° 

1 After Spoon (153). 

Also in 1930, Barraud (21) analyzed a sample of Pinus merkusii 
turpentine from Cana (in former Annam, now Viet Nam). This 
turpentine possessed the following physical characteristics: 

Density, (115 = 0.8625 
Index of refraction, n^f= 1.4672 
Specific rotation, [Q;]J=—5.7° 

Its composition was : 
Compound: Percent 

a-pinene and jS-pinene, approx         45 
A^-carene with admixture of a levorotatory hydrocarbon, approx         55 

That same year an anonymous author of the Colonial Institute of 
Amsterdam (1) reported that a sample of Pinus merkusii turpentine 
from northern Sumatra (Atjeh) possessed the following constants: 

Density, d\^=0.865 
Index of refraction, n??= 1.468 
Optical rotation, «=+35.6° 

The turpentine included: 
Compound: Percent 

íí-«-pinene  85-90 
A^-carene  4 
Sesquiterpene     0. 15 

To sum up, all turpentine samples of Pinus merkusii contained 
large amounts of d-a-pinene; jS-pinene was found in varying quantities; 
cZ-A ^-carene was found in all samples. The sesquiterpene fraction 
in all samples apparently consisted of longifolene.    Barraud^s sample 



COMPOSITION   OF   GUM   TURPENTINES   OF   PINES 81 

from Annam (Viet Nam) was unique in that it was levorotatory 
(because of large percentage of /-«-pinene) ; it contained an unusually 
large percentage of ¿-A^-carene; its jS-pinene was levorotatory. 

48. Pinus insularis Endlich References {35, 74, 80, 127) 
(Syn. Conif. 157. 1847) 

Pinus insularis is a pine of Philippine Islands. It is closely related 
to P. khasya (No. 49) of Burma. P. insularis has been tapped for 
turpentine and rosin for a long time, and its turpentine has been 
investigated by several men. 

In 1909, Richmond (127) investigated possibilities of producing 
turpentine from this pine. The yield was 23.4 percent, and the 
physical constants were: 

Density, dlS=0.8593 
Index of refraction, n??= 1.4656 
Optical rotation, Q:D=4-26.5° 
Specific rotation (caled.), [a;]D=+30.8° 

Ninety-six percent of the turpentine distilled between 154° and 
165.5° C. 

In 1931 deSantos, West, and Fontana (35) reported results of their 
researches on Pinus insularis turpentine. The yield was from 15.33 
to 17.23 percent; physical constants are shown in table 28. Further 
analysis of turpentine was limited only to the identification of a-pinene 
by preparing pinene hydro chloride. The authors estimated that the 
turpentine contained from 30 to 52 percent of á-a-pinene. 

Koolhaas and DeVos in 1935 (80) investigated steam-distilled 
turpentine of Pinus insularis obtained from young planted trees in 
Java.    The constants they obtained were: 

Density, df^0.8508 
Index of refraction, nS= 1.4702 
Optical rotation, O;D=+33° 
Specific rotation (caled.), [O;]D=+38° 

The initial boiling point of turpentine was 154° C; 94 percent of 
the turpentine distilled below 170°. 

TABLE 28.—Physical properties of several samples of Pinus insularis 
turpentine 

Tree No. 
Density 

d 
Index of 

refraction 
Specific 
rotation 

18_ 

0. 8475 
. 8473 
. 8480 
.8488 

Mixed samples of many trees. 

1. 4650 
1. 4644 
1. 4665 
1. 4650 
1. 4653 
1. 4668 
1. 4716 

Degrees 
+ 30. 20 
+ 32. 10 
+ 27. 05 
+ 32. 07 
+ 29. 65 
+ 28. 02 
+ 22. 75 

We used Pinus insularis oleoresin received (together with herbarium 
specimens) in 1952 from Dr. Florencio Tamesis, Director of the 
Philippine Forestry Bureau,    A batch of 2,000 g. of oleoresin was 
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distilled under reduced pressure. At the end of the operation, tem- 
perature of the oleoresin was 190° C. and pressure was 3 mm. Rosin 
remaining in the pot was very hard and brittle. The amount of 
turpentine in the oleoresin was 20.0 percent. 

The turpentine had the following characteristics: 

Density, df-0.8586 
Index of refraction, no = 1.4685 
Specific rotation, [a]lU=-}-S1.2° 

Chemical composition of the turpentine was as follows: 

Compound : Percent 
d^dl-a-ipinene  74 
¿-/3-pinene  3 
Z-jS-phellandrene  7 
Tails, including a sesquiterpene, whose hydrochloride had a melting 

point of 47° to 48° C  7 
Polymerized pot residue (probably mostly polymerized phellandrene) __ 5 

It was not surprising to find a small amount of jö-pinene in the 
turpentine of Pinus insularis because this terpene very often accom- 
panies a-pinene; but the presence of Z-jö-phellandrene was unexpected. 
jS-phellandrene has never been reported in Asiatic pines ; so far it has 
been detected in five New World species, Nos. 34, 37, 58, 89, and 91. 
In all these pines jö-phellandrene, too, is found in its levorotatory form. 

In table 29 the properties of a fraction of Pinus insularis turpentine 
in which phellandrene was identified are compared with the literature 
values for pure ¿-jö-phellandrene. 

TABLE 29.—Physical properties of ß-phellandrene from Pinus insularis 
turpentine and from Canada balsam 

Property /3-phellandrene fraction 
of P. insularis 

/î-phellandrene^ 
from Canada balsam 

Index of refraction, n^ 1.4819       __       __  _     _ 1.4851 
Density, d  
Specific rotation, [O;]D  
Boiling point 

.8389f .8375f 
-13.5°                 -2.86° 
57°-58° C. at 11 mm__ 70° C. at 20 mm. 

1 Davenport, J. B., Sutherland, M. D., and West, T. F. 
p. 528.    1951. 

49 

Jour. Appl. Chem. 1, 

Reference (147) Pinus khasya Royal ^^ 
(DC, Prodr. 16:2390.    1868) 

Pinus khasya is a native of northern Burma, occurring in the Khasia 
Hills, Shan Hills, and the Hills of Martaban. This species is also 
found in the adjacent parts of India. It grows at elevations from 
3,000 to 7,000 and occasionally to 10,000 feet. 

Turpentine of this pine, distilled in a commercial plant at Jallo, 
India, was analyzed by Simonsen and Rau (14-7). It had the following 
physical characteristics: 

22 The name of this pine is spelled in several different ways: Khasya, Kasia, 
Keseya, Kasya, Khasyana, Khasia. 
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Density, d^H 0.8633 
Index of refraction, n^i?= 1.4765 
Specific rotation, [a]i°=+32.83° 

The turpentine contained the following: 
Compound: Percent 

d-a-pinene         70 
d-ß-pinene         10 
d-longifolene  10 

This is one of the few instances in which dextrorotatory jS-pinene 
had been reported in pine turpentines. However, the original report 
did not give enough detail to be absolutely sure if it is really d-ß- 
pinene. 
50. Pinus yunnanensis Franchet Reference (Unpub. orig. data) 

(Jour, de Botanique 13: 253.    1899) 
Pinus yunnanensis was described in 1899 by Franchet as an inde- 

pendent species. Shaw {142) placed it as a synonym under P. 
sinensis. Lately, however, the name P. sinensis has to a certain 
degree been replaced by P. tabulaeformis, No. 53, while P. yunnanen- 
sis became again an independent species (Dr. Hui-Lin Li, personal 
communication). Chung-Lwen Wu,^^ working with herbarium mate- 
rial available in American institutions, concluded that P. yunnanensis 
and P. insularis are one species. 

Pinus yunnanensis occupies the whole of Yunnan province, except 
the alpine zone; it also grows in the southwestern part of Kweichow 
province, in Upper Burma, in northern Viet Nam, and in a narrow belt 
of northern India. 

Because it was difficult to obtain oleoresin of this pine from its 
native land, I tapped a few planted trees in the Eddy Arboretum, 
Institute of Forest Genetics, Placerville, Calif. A little more than 30 
g. of turpentine was obtained by heating the oleoresin under reduced 
pressure. At the end of distillation, the temperature was 180° C. and 
the pressure was 1 mm. Under these conditions the remaining rosin 
was hard and brittle, showing that all volatile oil had been recovered. 
The yield of turpentine was 22.6 percent; its physical characteristics 
were: 

Density, d^^-^=0.8591 
Index of refraction, ng^ 1.4663 
Specific rotation, [Q;]578= — 44.3° 

The turpentine consisted of: 
Compound: Percent 

¿-«-pinene  87 
¿-)8-pinene  3 
An oxygenated dextrorotatory ingredient, about  5 

The appearance of the residue did not suggest any appreciable amounts 
of sesquiterpenes. 

51. Pinus nigra Arnold References {16, 1^2, 48' 78) 
(Reise Nach Mariaz. 8, t.   1785) 

Pinus nigra is a pine widely and unequally distributed in central 
and southern Europe and in Asia Minor.    Sometimes it is called P. 

23 See footnote 7, p. 26. 
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laricio Poir. Within the species several varieties are recognized: 
pallasiana Lamb., native to Crimea; austriaca EndHch., of Austria; 
calabrica Loud., of Italy; corsicana Loud., of Corsica, and some others. 

Turpentine of Pinus nigra has been studied by several investigators. 
It appears from their data (table 30) that the composition of P. nigra 
turpentine from different parts of its extensive range, except perhaps 
Bulgaria, is about the same. Apparently camphene, /3-myrcene and 
Z4imonene are found in all varieties in small amounts. In earlier 
reports these substances had been overlooked, probably because the 
old methods of fractional distillation were rather primitive. 
52. Pinus heldreichii Christ. Eeference (87) 

(Verb. Nat. Gez. Basel 3:549.    1863) 
Pinus heldreichii was described in 1863 as an independent species. 

In 1914, Shaw (14^) placed it within P. nigra. In this publication, P. 
heldreichii is considered as a valid species. P. heldreichii grows in 
northeastern Greece and Albania, and in the adjacent parts of Yugo- 
slavia. Information regarding the chemical composition of turpentine 
of this pine was obtained through the courtesy of Professor Branislav 
Pejoski (private correspondence) of the University of Skopje, Yugo- 
slavia. The analysis of the turpentine was apparently performed by 
Dr. B. Okrajnov-Rotovic. Results of the fractional distillation were 
reported as: 

Fractions 

1 2 S 

Density, d  0. 8598            0. 8468              0. 8467 
Index of refraction, n  1. 4696            1. 4715              1. 4724 
Optical rotation, «D  —72. 60°         —91. 30°         —103. 56° 
Percent  21.5                25.4                  40.6 

The approximate composition of the turpentine was reported as 
follows: 
Compound: Percent 

Z-a-pinene  30. 14 
Z-limonene   57. 39 
Oxidation products, pot residue, and losses   12. 47 

It is seen that turpentine of Pinus heldreichii differs from the tur- 
pentine of P. nigra by the presence of large quantities of limonene. 
Unfortunately the nature of the sesquiterpene fraction of turpentine 
of this pine is still unknown. 

Composition of turpentine of Pinus heldreichii var. leucodermis 
(Antoine) Markgraf was reported in 1954 by Lombard and Rotovic 
(87).   The turpentine was levorotatory ; its components were: 
Compound: Percent 

a-pinene  2 
Mimonene, («0=— 103.56°)         27 
High-boiling fractions         27 

It is seen that although the variety leucodermis also contained a con- 
siderable amount of Z-limonene, the percentage of higher boiUng frac- 
tions of this variety was higher than in typical Pinus heldreichii. 
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53. Pinus tabulaeformis Carrière Eeference (Unpub. oriq, data) 
(Trait. Conif. ed. 2: 510.    1867) 

In Shaw's monograph {142), Pinus tabulaeformis is called P. sinensis. 
It occupies an enormous area of northern and north-central China. 
Its habitat extends from southern Manchuria to Kansu and to Yunnan. 
In Yunnan it crosses with P. yunnanensis. The result of this cross 
apparently is P. densata Masters.^* 

Pinus tabulaeformis is a species for which several varieties are 
recognized: 

Habitat 
Variety: 

mukdensis Uyeki Extreme East 
rubescens Uyeki  Do. 
pseudosylvestris Wu Desert ranges of southern part of outer 

Mongolia. 
leucosperma Max Alpine region of W. Kansu 
wilsoni Wu   Northwestern   Szechwan   and   extreme 

eastern Sikang. 
wilsoni, forma tokunagii Wu Ninghsia, Jehol, Hopei 
grandifolia Wu Scattered over the Provinces of Kansu, 

Shansi, and Hopei. 

To my knowledge, the chemical composition of Pinus tabulaeformis 
turpentine has never been reported before. In 1956 a few 30-year-old 
trees of this pine, planted at the Institute of Forest Genetics, Placer- 
ville, Calif., were tapped, and a small amount of oleoresin was obtained. 
The oleoresin was heated under reduced pressure; at the end of the 
operation when all volatile oil was expelled, the temperature was 205° 
C. and pressure was 0.5 mm. The last part of the volatile oil had the 
consistency of castor oil. 

The yield of turpentine was 31 percent; its physical characteristics 
were: 

Density, d'V'=0.8936 
Index of refraction, n^ii^= 1.4741 
Specific rotation, [a]578= + 11.2° 

The high density indicated the presence of substances other than the 
usual terpenes, perhaps sesquiterpenes and sesquiterpene alcohols. 
Fractional distillation of 30 g. of the oil gave the following results: 

Fractions Boiling range, ° C. (760 mm.) ^tltallil^ 
1  155-160  23.0 
2  161-170  11 4 
3  171-190  2 0 
4  191-210  _"■"                 I'o 
5  211-260  """                 7 2 
6  261-285  ll' 5 
7  285-300  17 g 
8  301-308  11'3 
Residue  Solid   ___ _                     15 0 

24 See footnote 7, p. 26. 
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No further work has been done with the sample. It appears that 
at least 25 percent of the turpentine consisted of a-pinene; the presence 
of jS-pinene is possible. The sesquiterpene and diterpene fractions of 
the turpentine were unusually large, amounting to about 50 percent 
of the total oil. The residue appeared to contain some polymerized 
substances. It is highly desirable to analyze larger quantities of 
turpentine of Pinus tahulaejormis and its numerous varieties, especially 
because the other Diploxylon pines of China possess turpentines of a 
relatively simple composition (cf. Nos. 39, 45, 46, 50). 

Group Australes 

54. Pinus ponderosa Laws. References {58, 63, 72, 98, 112, 
(Agr. Man. 354.    1836) lU, 136) 

Pinus ponderosa, or ponderosa pine, is an American pine of wide 
distribution. Its range extends from British Columbia to the Mexi- 
can border. Possibly it occurs in adjacent parts of Mexico. Longi- 
tudinally, its range extends from the Pacific coast eastward to the 
Dakotas, western Nebraska, Colorado, northwestern Oklahoma, New 
Mexico, and the Trans-Pecos region of western Texas. 

Earlier investigations of Pinus ponderosa turpentine were con- 
ducted by Schorger {136) at the beginning of this century. At that 
time, the most important ingredient of P. ponderosa turpentine, 
A^-carene, had not yet been discovered,^^ and Schorger did not report 
it. 

According to Schorger, the Pacific coast form of Pinus ponderosa 
possessed turpentine decidedly levorotatory because of the predom- 
inance of Z-jô-pinene, whereas the Arizona turpentine was decidedly 
dextrorotatory because it consisted largely of á-a-pinene. This 
difference caused Schorger to generalize that the Pacific coast form 
possesses levorotatory turpentine, but that the Rocky Mountain 
form, called by some botanists P. ponderosa var. scopulorum Engelm. 
{86, p. 270), always yields dextrorotatory turpentine. 

Samples of Pinus ponderosa turpentine from 12 localities of its 
extensive range were analyzed in the project reported here. These 
investigations showed that only in Arizona, where Schorger obtained 
his turpentine, did all individual trees yield dextrorotatory turpentine. 
In California (Santa Cruz Mountains and the west slope of the 
Sierra Nevada) all individual trees yielded levorotatory turpentine. 
In all other places, including the east side of the Sierra Nevada, some 
trees yielded dextrorotatory and others levorotatory turpentines. 

Table 31 shows the physical characteristics of Pinus ponderosa 
turpentine obtained from the 12 localities of the entire range of this 
pine. Table 32 shows the chemical composition of turpentine from 
the 12 localities. Only the Arizona and southwestern Utah samples 
contained considerable amounts of ¿-o^-pinene, which in combination 
with á-A^-carene, was responsible for the dextrorotatory nature of the 
turpentine. Turpentine from all other localities contained very 
little a-pinene, and this terpene was always in a I- or ¿Z-form. 

25 A^-carene was discovered in 1920 by Simonsen in Pinus longifolia (No. 26) 
turpentine. The credit of discovering A^-carene in P. ponderosa goes to Dr. 
A. J. Haagen-Smit of California Institute of Technology. 
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/3-pinene was found in practically all samples in large amounts 
(from 12 to 50 percent) but was not detected in the Utah sample 
probably because of faulty technique. A^-carene truly is the specific 
terpene of Pmus ponderosa. It was found in large quantities (from 
25 to 64 percent) m all samples throughout the range of the species 
The presence of A'-carene gives to this turpentine a specific sweet 
odor that distinguishes it from the turpentines of all other Australes 
pmes of the United States.^^ 

Minor constituents of Pinus ponderosa turpentine have a very 
interesting distribution (fig. 15, table 31). Limonene, which is the 
only monocychc terpene m the first seven locahties shown in the 
table, is accompanied (in southwestern Idaho, southeastern Wyoming 
and central Montana) by another monocychc terpene, terpinolene 
In Manitou, Colo., and in the Black Hills, S. Dak., limonene is com- 
pletely replaced by terpinolene. Myrcene was found in all samples 
except those from Manitou, Colo., and the Black Hills, S. Dak. 

The distribution of the two Pinus ponderosa sesquiterpenes, cadinene 
and longifolene, is also interesting. In trees of the Pacific coast we 
have found only cadinene; in those of several other locahties we found 
both sesquiterpenes; and in turpentine from the Black Hills, S. Dak 
from southeast Colorado, from the Apache Indian Reservation' 
Ariz., and from southwest Utah, longifolene replaced cadinene 
entirely. 

Samples of turpentine from Santa Cruz on the coast of California 
had the most unusual composition. The turpentine, besides con- 
taining a- and ^-piñenes, A^-carene, and limonene, gave a positive 
test for aldehydes and contained a small quantity of T^-undecane 
and apparently some phellandrene. This unusual coraposition 
suggests an affinity of the coastal ponderosa pine to P. coulteri 
No. 34, which grows not far from the coast. At some time in the past 
these two pmes may have intercrossed. It is of interest that the 
western pme beetle {Dendroctonus brevicomis) normally attacks only 
two species of pine: Pinus ponderosa and P. coulteri.^'^ 

Goldblatt and Burgdahl (58) reported the composition of Pinus 
ponderosa turpentine obtained from stump wood and from lumber 
by acetone extraction (table 33). The data presented in table 33 
are important to an understanding of the stabihty of turpentines. 
Although small quantities of ingredients not found in gum turpentine 
ol P. ponderosa were detected, nevertheless the most important com- 
ponent of the wood turpentine was the same A^-carene that is also 
the prominent component of gum turpentine of this pine. 

26 Cf. Pinus arizonica (No. 55) and P. washoensis (No. 56); these two pines are 
closely related to P. ponderosa and they both contain A^-carene. I consider 
these pmes as belonging to the P. ponderosa complex. 

27 Compare with entomological relations of Pinus halepensis. No. 79, and 
P. orutiay No. 80. ' 
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>       MAN. 

r--^ — 
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TACÓLO,  j  \ 
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W^_ ^ 

FiGUKE 15.—Geographical distribution of Pinus ponderosa.    Numbers in circles 
show places where turpentine samples were obtained. 
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TABLE   33.—Approximate   composition   of   turpentine   from   Pinus 
ponderosa stump wood and lumber 

Component 
Weight of oil from the— 

Stump wood Lumber 

Acetone (solvent)  
Benzaldehyde  
dl,l-a-pinene  
Z-camphene  
Z-ií3-pinene  
/S-myrcene  
d-A^-carene  
d-terpinene  
p-cy mené  
dljl-limonene  
Terpinolene  
Loss and unidentified 

P) 
0.5 

8. 0 
. 5 

6.0 
8. 0 

70. 0 
1. 5 

. 5 
1. 5 
1. 0 
2. 5 

Percent 
0) 
0) 

7 
1 
7 
8 

65.0 
1 
1 
3 
2 
4 

1 Less than 1 percent. 
2 Less than 0.1 percent. 
Source: Goldblatt and Burgdahl (58). 

55. Pinus arizonica Engelm. Reference {76) 
(U.S. Geogr. Surv. West 100th Merid. Rep. 6: 26.    1878) 

Pinus arizonica, or i\rizona pine, was discovered in Arizona, but 
its main range is in the Mexican States of Sonora, Chihuahua, and 
Durango. Its form stormiae Martinez occurs in the desert mountains 
of Coahuila and adjacent parts of Nuevo Leon (88), Martinez 
considers Arizona pine as a vahd species (88), but Shaw (14^) places 
it under P. ponderosa. Little (86) designates this pine as a variety 
of P, ponderosa, 

Oleoresin used in our investigations was received through the 
courtesy of Sr. Mario González Múzquiz of the Aserraderos González 
Ugarte S. A. Thanks are due to Ing. Alfredo Parra R. for super- 
vising the collection of this oleoresin sample, which was accompanied 
by branches, pieces of bark, and cones. These were deposited in 
our herbarium. The oleoresin was collected at El Retiro, near San 
Juanito, Chihuahua, at an altitude of 8,250 feet above sea level. 

A batch of the oleoresin weighing 3,628 g. was heated under reduced 
pressure so that at the end, when all turpentine was distilled off, 
the pressure was 2 mm. and temperature reached 180^ C. The 
remaining rosin was hard and brittle. Turpentine obtained by 
this means amounted to 908 g., or 25 percent of the weight of the 
oleoresin. 

The turpentine of Pinus arizonica had the following characteristics : 
Density, d^/^0.8585 
Index of refraction, n^= 1.4690 
Specific rotation, [a:]5^7*8=+9.7° 

A batch of 882 g. of the turpentine was distilled through a 90 cm. 
long, 25-mm. inside diameter, Todd column, packed with 3/32-inch 
single-turn glass helices, and equipped with magnetic control of reflux, 
A reflux ratio of 10 to 1 was maintained. 
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The turpentine of Arizona pine contained : 
Compound: Percerd 

â,aZ-a-pinene  60 
Z-/3-pmene  29 
cZ-A^-carene       5 
Tails       4.2 
Pot residue and loss       1.8 

Presence of á-A^-carene in Arizona pine turpentine seems to indicate 
that this pine is closely related to Pinus ponderosa, No. 54. I there- 
fore concur with Little (86) that P. arizonica may be considered a 
variety of P. ponderosa. Of interest is the resemblance of this pine 
to P. ponderosa from southwestern Utah and from Arizona, which 
also contains large amounts of a-pinene (see table 32, p. 89). It 
appears that P. ponderosa in the south merges into P. arizonica. 
56. Pinus washoensis Mason & Stockwell References {63, 90) 

(Madroño 8: 61-63. 1945) 
Pinus washoensis was discovered in the upper reaches of Galena 

Creek in the Sierra Nevada, east of Lake Tahoe, at an elevation of 
7,000 to 8,500 feet {90). Before exploration of the West this pine had 
apparently been rather abundant, but towards the end of the Nine- 
teenth century, it became almost completely exterminated, having 
been logged to supply lumber for the development of Nevada silver 
mines. It resembles very closely P. ponderosa in all morphological 
characters, but the small cones look like miniature P. jeßreyi cones. 
Some botanists have expressed verbally their opinion that P. washoen- 
sis was a result of hybridization between P. jeßreyi and some other 
pine. 

To obtain a sample of oleoresin from this pine, nineteen 50- to 
60-year old trees were tapped under the author^s supervision near 
Mt. Rose, Nev., about 15 miles southwest from Reno, at an elevation 
of 7,000 feet. Oleoresin was gathered from each tree separately. At 
the end of each distillation, the temperature reached 190° C. and 
pressure was reduced to 0.5 mm. On the average, turpentine content 
in the oleoresin was 19.4 percent; it varied from 18 to 22 percent. 

Physical characters of tiu-pentine samples taken from the individual 
trees showed the following range (also see table 2, p. 10): 

Density, d'4', from 0.8522 to 0.8613 
Index of refraction, ng, from 1.4750 to 1.4777 
Specific rotation, [O;]D, from +11.7 to —11.4° 

The turpentine samples were found to consist largely of á-A^-carene 
in varying quantities. In the turpentines of some trees with low 
carene content, Z-jS-pinene was found in large quantities. In the trees 
of high carene content, jS-pinene was almost entirely absent. Small 
quantities of dipentene, á-a-pinene, and an unidentified sesquiterpene 
were found in all 19 samples. No heptane or aldehydes (that is, 
Pinus jeßreyiy No. 32, turpentine ingredients) were found in any 
samples. 

Judging by the morphological characters of this pine, and by the 
chemical composition of its turpentine, I am inclined to consider 
Pinus washoensis as a variety or a mutant of P. ponderosa. There 
is no chemical evidence that this pine is a product of hybridization 
between P. jeßreyi and some other pine. 

572912°—61 8 
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57. Pinus palustris Mill. References (30, 47) 
(Gard. Diet. Ed. 8.    Pinus No. 14. 1768) 

Pinus palustris is the longleaf pine of the Southeastern United 
States. It grows on the coastal plains from southeastern Virginia to 
central Florida and west to eastern Texas. Together with slash pine, 
No. 59, it is the chief source of American commercial gum turpentine. 
The yield of turpentine of longleaf pine is 22 to 23 percent. 

In 1929 Dupont and Barraud U7) examined gum turpentine of 
longleaf pine that they obtained from the Hercules Powder Company. 
The physical characteristics of the turpentine were as follows: 

Density, d25 = 0.8618 
Index of refraction, n?^= 1.4657 
Optical rotation, Q;J = +7.89° 

Chemical composition of the turpentine was: 
Compound: -P^^^^^ 

dfdl-a-pinene  64. 3 
¿-j8-pinene  31. 1 
Tails  4. 6 

Chadwick and Palkin (30), using large quantities of commercial 
longleaf pine turpentine, reported on the composition of its heads 
and tails. The heads (substances boiling below a-pinene) amounted 
to less than 0.07 percent of the turpentine. No heptane was found 
there. The tails (substances boiling above .ß-pinene) comprised 7.7 
percent of the turpentine. The tails contained chiefly the following 
compounds: dipentene, terpinolene, bornyl acetate, and methyl 
cbavicol. No sesquiterpenes were detected, even when large quanti- 
ties of material were analyzed. 
58. Pinus caribaea Morelet Reference (73^^ 

(Rev. Hort. Cote D^Or. 1, 105: 1851) 
Pinus caribaea grows in the Bahama Islands, Western Cuba, Hon- 

duras, Guatemala and Nicaragua, British Honduras, and in a few 
places in the southeastern part of Quintana Roo, Mex. Until^ re- 
cently the southeastern slash pine, whose official name is now Pinus 
elliottii, No. 59, was also known by this name. 

A small sample of oleoresin of Pinus caribaea was obtained through 
the courtesy of Professor James J. Parsons of the University of Cali- 
fornia. The sample was collected in April 1953 at Karawala, near 
the mouth of the Rio Grande, about 50 miles north of Blueñelds, 
Nicaragua.    The turpentine had the following properties: 

Density, df=0.8670 
Index of refraction, no = 1.4708 
Specific rotation, [O;]D=—20.6° 

The turpentine consisted of: 
Compound: ^^^^^^^ 

l,dl-a-pinene   59-60 
¿-i3-phellandrene  
d-A^-carene  
d-longifolene (about)  
Polymerized pot residue and losses  

5 
10 
13 
11 

28 In the work cited, the description and analysis of Pinus caribaea were some- 
what mixed up typographically. The beginning of the part dealing with P. 
caribaea is at the end of the article (p. 741) ; its continuation is in the middle of 
col. 1, p. 740. 
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An analysis of a larger sample of Pinus caribaea turpentine would be 
desirable. 

59. Pinus elliottii Engelm. var. elliottii    References (30, 4^, ^7, 121) 
(Acad. Sei. St. Louis. Trans. 4: 186. pi. 1-3, 1880; Jour. For. 50: 

918-923, 1952) 
Pinus elliottii, or slash pine, is a chief source of American guni tur- 

pentine. This pine has been known for some time as P. caribaea. 
Originally it was named P. elliottii, and at one time it was known as 
P. heterophylla Sudw. and P. caribaea Mor. In 1952 it became known 
again as P, elliottii. This species now is subdivided into P. elliottii 
var. elliottii—the familiar naval stores tree of Southeastern United 
States, and P. elliottii var. densa of southern Florida, No. 60. The 
name P. caribaea, No. 58, was retained only for the slash pine growing 
in the West Indies and Central America. 

There are ample morphological justifications for segregating slash 
pine into the above three entities. The chemical characters of these 
three pines. Nos. 58, 59, 60, also are different. 

The yield of turpentine of Pinus elliottii var. elliottii is generally 
about 22 percent of the weight of the oleoresin. 

Turpentine of Pinus elliottii var. elliottii (referred to as P. hetero- 
phylla Sudw.) was analyzed in 1929 by Dupont and Barraud (47). 
The product was obtained from the Hercules Powder Company. 
Physical constants of the turpentine were these : 

Density, d25 = 0.8533 
Index of refraction, n^^^ 1.4631 
Optical rotation aj= —30.78° 

The turpentine contained: 

Compound: ^^'•^^"^ 
¿-a-pinene  75. 6 
l-ß-pinene  21. 2 
Tails  3. 2 

In 1932 Palkin (121) reported the following data for freshgum (Gum 
dip 8) slash pine turpentine : 

Density, dl^-« = 0.8657 
Index of refraction, ng= 1.4694 
Optical rotation, [«L^-22.58° 

The composition of this turpentine was as follows : 

Compound: ^'"''''^ 
¿-a-pinene  61 
Z-jí3-pinene  33. 7 
Tails       5. 3 

Chadwick and Palkin (30) reported that the tails of slash pine tm*- 
pentine contained dipentene, methyl chavicol, and very little of 
alcohols, esters, and ethers other than methyl chavicol. 

For a more complete treatment of American turpentine obtained 
from Pinus elliottii var. elliottii, No. 59, and from P. palustris, No. 
57, consult Goldblatt {57). 
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60. Pinus elliottii var. densa Little & Dormán Reference (113) 
(Jour. Forestry 50: 921, figs. 1, 2.    1952) 

Pinus elliottii var. densa was described by Little and Dormán in 
1952. This pine grows on the lower Florida Keys and in southern 
Florida and north along the coasts to central Florida. 

A sample of oleoresin was obtained through the courtesy of the 
U.S. Forest Service Southeastern Forest and Range Experiment 
Station from its South Florida Experimental Area near Ft. Myers, 
Fla. A 3,694 g. batch of the oleoresin was heated under reduced 
pressure so that when all turpentine was distilled oflF, the vacuum 
gage showed pressure of 2 mm. of mercury and the temperature 
reached 190° C.    Yield of tiu-pentine amounted to 19 percent. 

The turpentine had the following physical characteristics: 
Density, df = 0.8532 
Index of refraction, ng= 1.4709 
Specific rotation, [a]l7s=—SS.Q° 

The turpentine contained : 
Compound: Percent 

l,dl a pinene  71 
l-ß pinene  3-4 
An unidentified terpene, possibly a phellandrene  1-2 
I ß phellandrene  19 
Methyl chavicol  3 

The unidentified terpene was detected in the fraction boiling at 62° 
to 63° C. at 17 mm. pressure.    The characteristics of the fraction were : 

Density, df = 0.833 
Index of refraction, n^if= 1.4808 
Specific rotation, [ö;]!?»^ — 25.5° 

61. Pîiîus taeda L. Eeferences (116, 68, 158) 
(Sp. Plant. 1000.    1753) 

Pinus taeda is the loblolly pine of Southeastern United States. It 
occurs from southern New Jersey to central Florida and from the 
Atlantic to eastern Texas, southeastern Oklahoma, southeastern 
Arkansas, and southern Tennessee. 

Loblolly pine turpentine was investigated by Herty,^^ who found 
a yield of the turpentine at 19.29 percent; the physical characteristics 
are given below. 

Density, d=0.8525 
Index of refraction, no =1.4700 
Optical rotation, «=+46.2° 

Fractionation yielded the following results: 
Boiling range (° C): ^^'•^^^^ 

160-165       9. 3 
165-167     38. 0 
167-172     37. 5 
172-180     12 5 
Above 180       2. 7 

From these results it was concluded that the loblolly pine turpentine 
was a mixture of pinene and limonene, with the latter probably in 

29 Unpublished Forest Service report, 1906. 
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excess. No identification of the components was made. In a later 
note, Herty and Dixon {68) stated that loblolly pine turpentine con- 
sists chiefly of pinene. 

Oleoresin of loblolly pine used in the investigation reported here 
(116) was sent by Mr. Keith W. Dormán, of the U.S. Forest Service 
Southeastern Forest Experiment Station, Lake City, Fla. Upon 
distillation under 0.05 mm. vacuum, the oleoresin yielded 18.6 per- 
cent of turpentine. The relatively low yield may be explained by 
the loss of some volatile oil from a jar broken in transit. The tur- 
pentine had the following constants: 

Density, df = 0.8570 
Index of refraction, nS-^=^ 1.4675 
Specific rotation, [Q:]D=+20.17° 

Chemical composition of the turpentine was ¿-a-pinene, 85 percent, and 
Z-jS-pinene, 12 percent. 

In 1956 Sutherland and Wells (lo8) reported the results of analysis 
of Pinus taeda turpentine ^^supplied by Mr. W. Langdale of Florida, 
U.S.A." Because of damage to the container, some liquid part of 
the oleoresin was lost in transit and accordingly, the yield of tur- 
pentine was only about 14 percent. The constants of the turpentine 
were these: 

Density, df = 0.8592 
Index of refraction, no = 1.4683 
Specific rotation, [O;]D=+24.1° 

They found the turpentine contained : 
Compound: Percent 

ä-a-pinene  71 
/-ß-pinene  22 
Methyl chavicol  1 
Unsaturated ketone  0. 5 
Myrcene, limonene, and p-cymene  1 
An unidentified sesquiterpene, about  1 
Other unidentified substances  3 or 4 

62. Pinus echinata Mill. References (68, 98) 
(Gard. Diet. Ed. 8.   Pinus No. 12.   1768) 

Pinus echinata is commonly known as shortleaf pine. It grows from 
New York to Florida and west through West Virginia, southwestern 
Illinois, and eastern Tennessee to southern Missouri, Arkansas, 
Oklahoma, and eastern Texas. 

This pine has been considered a poor source of commercial oleoresin 
products, and consequently its turpentine has not been thoroughly 
investigated. There is in the Forest Service files, however, a type- 
written office report by Herty, dated 1906, on composition of shortleaf 
pine turpentine. The oleoresin used by Herty was collected in 
northern Florida. Herty obtained the following data for two samples 
of crude shortleaf pine turpentine : 

Turpentine, 16.27 and 20.00 percent 
Density (no temperature given) 0.8452 and 0.8464 
Index of refraction (no temperature given) 1.4728 and 1.4723 
Optical rotation +103°49' and +123°48' ^o 

30 Note very strong dextrorotatory power of the crude turpentine; this was 
undoubtedly an error. 
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A rather low specific gravity of the turpentine caused Herty to suggest 
that it consists of a mixture of limonene and pinene, the former being 
the greater share. Fractional distillation of 100 cc. of two samples 
combined gave the following results : 
Boiling range (° C.) : Percent 

172-175  77 
175-177  10 
177-187  10 
Residue above 187  3 

The boiling range is that of limonene. 
In a later publication, Herty and Dixon {68) stated that '^the chief 

constituent [of shortleaf pine turpentine] is pinene/^ There is one 
pine in northern Florida—Pinus serótina, No. 86—whose turpentine 
contains 90 percent of /-limonene. Would it be possible that what 
Herty reported as P. echinata turpentine was actually that of P. 
serótina? 

The oleoresin used in the present investigation was obtained 
through the courtesy of Keith W. Dormán, of the U.S. Forest Service. 
It was collected at Bent Creek Experimental Forest, near Asheville, 
N.C. Turpentine was obtained from the oleoresin under reduced 
pressure ; at the end of distillation the temperature inside the flask was 
150° C. and pressure was 0.1 mm. The pot residue (rosin) was hard 
and brittle. The yield of turpentine amounted to 21.4 percent. 
Physical characteristics of the turpentine were: 

Density, df=0.8575 
Index of refraction, nD = 1.4685 
Specific rotation, [o!]g=+9.9° 

Chemical composition of turpentine was as follows : 
Compound: Percent 

à-a-pinene         85 
l-ß-pinene  11 

63. Pinus lawsonii Roezl Keference (112) 
(Gordon, Pinet. Suppl. 64.   1862) 

Pinus lawsonii is a subtropical pine growing in central and western 
Mexico (States of Jalisco, Michoacan, Morelos, Mexico, Puebla, 
Guerrero, Oaxaca). A sample of oleoresin of this pine was collected 
for us by Ing. Mario Avila González near Ciudad Hidalgo, Michoacan, 
at an elevation of 7,540 feet, and sent to us through the courtesy of 
M. Louis Huguet, Forester for the Food and Agriculture Organization, 
United Nations.   The sample was accompanied by herbarium material. 

A batch of the oleoresin was heated under reduced pressure; 
towards the end of distillation, the temperature was increased to 
195° C. and pressure was reduced to 1 mm. Yield of turpentine 
amounted to 20.8 percent of the weight of the oleoresin. The remain- 
ing rosin was hard and brittle, indicating that all volatile ingredients 
had been removed from the oleoresin. The turpentine had the 
following physical properties : 

Density, dl^, 0.8627 
Index of refraction, n^, 1.4725 
Specific rotation, [a]lh\ +24.0° 
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The turpentine contained : 
Compound: ^^'"^^^^ 

d,dl-a-pinene  55 
A^-carene   31 
Z,dZ-limonene  2-3 
Terpinolene  2 
Methyl chavicol  2 
d-longifolene .-  2 

64. Pinus teocote Schl. & Cham. Reference (115) 
(Linnaea5: 76.   1830) 

Pinus teocote is a widely distributed pine of Mexico. It grows from 
Coahuila (and possibly from southern Chihuahua) to Chiapas (88). 
A sample of oleoresin of this pine was collected for us at El Salto, 
Durango, under the supervision of an expert on Mexican pines, 
Forest Engineer Cenobio E. Blanco. 

The oleoresin was distilled at reduced pressure ; at the end of distil- 
lation, the temperature in the flask reached 203° C. and the pressure 
was 0.8 mm. 

Yield of turpentine was 24.2 percent: it had the following physical 
characteristics : 

Density, d^»^0.8578 
Index of refraction, nD"^= 1-4669 
Specific rotation, [«]578= + 7.6° 

The turpentine contained : 
Compound: ^'"''"^ 

d,ld-a-ipinene   92 
Sesquiterpenes, mostly longifolene  3 

65. Pinus montezumae Lamb. References (7i, 77, 99) 
(Descr. Gen. Pinus Ed. 3. 1. 39, t. 22.    1832) 

Pinus montezumae is a complex species; Shaw (i^^) was well aware 
of it when he wrote that ^'a monograph of this species . . . would 
be a valuable contribution to science.'^ Since Shaw's time, a great 
deal of work has been done in studying the P. montezumae complex. 
Several pines that in Shaw's ''Genus Pinus'' {H2) were found under 
P. montezumae have been elevated to the rank of a species—such as 
P. hartwegiiy No. 67, P. rudis, No. 68, P. michoacana, No. 70. 

Pinus montezumae is a Mexican pine, growing from Coahuila in the 
north, through Jalisco and Michoacan and south to Chiapas. It also 
occurs in Guatemala and Honduras. 

In 1946 Iriarte (77) reported the composition of Pinus montezumae 
turpentine obtained from a commercial distillery located near Uruapan, 
Michoacan. The yield of the steam-distilled turpentine was 22.7 
percent.    Physical constants were: 

Density, dl*=0.8757 
Index of refraction, no = 1.4656 
Specific rotation, [O;]D =+36.5° ^^ 

The composition of the turpentine was reported to be d-a-pinene, 
96 to 97 percent. 

Five years later Mirov (99) published data on Pinus montezumae 
turpentine from the same locality.    The oleoresin was collected in 

31 The minus sign before the specific rotation value in Iriarte's paper was 
obviously a typographical error, since all his fractions had plus signs. 
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the woods from well-identified trees. The turpentine was removed 
under reduced pressure; at the end of distillation, the pot tempera- 
ture was 165^^ C. and the pressure was 0.5 mm. The yield of turpen- 
tine, 27.6 percent, was higher than in Iriarte's tests. Physical con- 
stants were : 

Density, df = 0.8563 
Index of refraction, nD = 1.4655 
Specific rotation, [o;]578=+47.7° 

The turpentine consisted almost entirely of d-a-pinene (97 or 98 
percent). 

Iloff and Mirov (71) reported composition of turpentine of Pinus 
montezumae from the most southern Mexican State of Chiapas (fig. 
16). The trees were selected and identified by Mirov. Conditions 
at the end of distillation were as follows: temperature, 175° C; 
pressure 5 mm. The yield of the turpentine was 25 percent of the 
weight of the oleoresin. 

The physical constants were as follows: 
Density, df = 0.8441 
Index of refraction, ng—+ 1.4612 
Optical rotation, [a]g8= + 19.2° 

Composition of the turpentine was: 
Compound: 

n-heptane (table 34)  
d,(iZ-o;-pinene  
Z,dZ-limonene  
(¿-longif olene  
Oxygenated terpene derivatives  

Percent 
8 

72 
___      6-7 

8 
1-2 

Judging by the differences in chemistry of the turpentines of Pinus 
montezumae from the two localities, it appears that P. montezumae of 
Michoacan and P. montezumae of Chiapas are at least two different 
varieties. There is a possibility that the Chiapas P. montezumae is a 
result of hybridization with P. oaxacana. No. 36. 

TABLE 34.—Identification oj n-heptane in the Chiapas variety of Pinus 
montezumae 

Property 
n-heptane from head 
fraction of P. monte- 
zumae from Chiapas 

n-heptanei 

Index of refraction, nD        -  1. 386822.5 
. 680723 

97-98 

0. 3876420 
Density, d4  . 6836820 
Boiling point (°C.), 760 mm___   _ 98. 428 

1 Rossini, et al.    Selected values of properties of hydrocarbons. 
Standards Cir. 461, p. 39.    1947. 

U.S. Nati. Bur. 

66. Pinus durangensis Martinez Reference (71) 
(Annal.    Inst. Biol. 13: 1, 23, Mexico.    1942) 

In 1938, Cenobio E. Blanco described a majestic pine, ^^un pino 
real,'' growing in the State of Durango and possessing six, sometimes 
seven and eight, needles in a fascicle (25), 
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Shaw had been aware of the existence of this pine. In ''The Pines 
of Mexico'^ mi) he included this pine in Pinus montezumae^ but later, 
in his ''Genus Pinus'^ (^4^), he designated this pine as P. ponderosa, 
mentioning however that "Fascicles of 6 and 7 are sometimes found 
and specimens that I have collected in Sandia, Durango (issued by 
Pringle through misunderstanding, under the name of P. roseana ined.) 
show such fasciles on the fertile branches/^ 

Pinus durangensis resembles P. montezumae, but its cones are com- 
paratively small, and its needles are more delicate. It also resembles 
P. ponderosa, but it lacks sharp prickles on the cone scales. I believe 
that P. durangensis as well as P. engelmannii, No. 71, and P. cooperi, No. 
69—located between the areas of P. ponderosa- on the north and P. 
montezumae on the south—do not belong to either of the two com- 
plexes, but rather are independent species. The chemical composition 
of P. durangensis turpentine seems to support this belief. 

A batch of oleoresin of Pinus durangensis (received from Señor 
Blanco) was distilled under reduced pressure. At the end of the 
distillation, the pot temperature was 180° C. and pressure was 2 mm. 
Based on the trash-free weight of the oleoresin, 25 percent of turpen- 
tine was obtained. 

Physical characteristics of the turpentine of Pinus durangensis were: 
Density, df = 0.8566 
Index of refraction, nD^ = 1.4702 
Specific rotation, [Q;]5?8=+ 15.4° 

The turpentine was estimated to contain: 
Compound: Percent 

d,dl-a-pmene  71 
Z-/3-pinene  19 
i/-cadinene  3 
Unidentified components, residue and losses  7 

67. Pinus hartwegii Lindl. References (74-, 77) 
(Bot. Reg. 25. Misc. 1839) 

Pinus hartwegii is a Mexican pine which is placed by Shaw (14^) 
under the name of P. montezumae. Standley (154) and Martinez (88), 
however, consider it as an independent species. It grows in the State 
of Mexico and adjacent States and also has been reported from Vera- 
cruz, Oaxaca, and Chiapas. It grows at higher elevations than any 
other pine of the world, being found in its upper limit near the line 
of permanent snow, higher than 13,100 feet (4,000 meters). On the 
slopes of the two famous Mexican volcanoes, Popocatepetl and 
Ixtaccihuatl, P. hartwegii forms pure stands at elevations ranging 
from 8,400 feet to 11,500 feet. 

Turpentine of Pinus hartwegii was previously investigated by 
Iriarte (77). The source of the oleoresin was Rio Frio in the Valle 
de Mexico on the slope of the volcano Popocatepetl. The turpentine 
yield, obtained by steam distillation of oleoresin, was 27.7 percent. 
Physical characteristics of the turpentine were: 

Density, d2^=0.8637 
Index of refraction, nD = 1.4653 
Specific rotation, [a]l7s= +2.5° 

The turpentine was fractionated in a 15-cm. column and contained 
at least 65 percent of d,dl-a-puiene, and a small amount of Z-limonene. 
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A sample of oleoresin analyzed in our laboratory had been collected 
by Jesse P. Perry, Jr., of the Rockefeller Foundation, Mexico City, 
in a pure stand of Pinus hartwegii near timberline on the slopes of 
Popocatepetl. The oleoresin was heated under reduced pressure; at 
the end of distillation the temperature reached 180° C. and pressure 
was 0.5 mm. By this means 29.7 percent turpentine was obtained. 
The turpentine possessed the following characteristics: 

Density, df = 0.8480 
Index of refraction, no = 1.4705 
Specific rotation, [«1^8=—48.7° 

Composition of the turpentine was: 
Compound: Percent 

d,dl-a-pinene  28 
/3-myrcene  1 
d-A^-carene  5 
Z-limonene  56 
Methyl chavicol  3 
(¿-longif olene  1-2 

The chemical composition of turpentine of Pinus hartwegii is so 
different from that of P. montezumae (No. 65) that I am inclined to 
agree with Martinez and Standley in considering P. hartwegii an 
independent species. 

68. Pinus rudis Endl. Reference (7^) 
(Syn. Conifer. 151. 1847) 

Pinus rudis, in the classification of Shaw {142), is called P. monte- 
zumae. Martinez {88), however, considers it to be a separate species. 
I have observed this pine in Mexico and am inclined to accept its 
specific rank. P. rudis and P. montezumae are related and apparently 
they hybridize naturally; both species and many intermediate forms 
are often found in the same locality. P. rudis grows over a large 
territory from Coahuila and Tamaulipas to Michoacan and farther 
east to Puebla, Oaxaca, and apparently to Chiapas. It extends even 
farther south and has been reported {139) as growing in the mountains 
of Guatemala, adjacent to the Mexican State of Chiapas. 

The oleoresin sample of this pine was collected for us by Jesse P. 
Perry, Jr., Rockefeller Foundation, Mexico City, along the Texcoco- 
Veracruz Highway, on the border between the States of Mexico and 
Tlaxcala. 

A batch of oleoresin was distilled under reduced pressure; at the 
end of distillation, the temperature was 183° C. and the pressure was 
0.5 mm. of mercury. The turpentine obtained in this manner 
amounted to 22.7 percent of the weight of the oleoresin. 

The turpentine of Pinus rudis had the following physical 
characteristics: 

Density, df = 0.8627 
Index of refraction, ng^ 1.4734 
Specific rotation, [a]l^^= — l\,\° 

It consisted of: 
Compound: Percent 

â,dZ-o:-pinene  32 
¿-/3-pinene  62 
Dipentene  1 
Higher boiling substances  1 
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69. Pinus cooperi Blanco Reference {70) 
(Annal. Inst. Biol. 20: 185-7, Mexico.    1949) 

Pinus cooperi is a newly discovered pine. It was originally described 
by Blanco in 1940 as P. lutea, probably because it is know as pino 
amarillo, that is yellow pine {88). As the name P. lutea had been given 
in 1788 to loblolly pine (No. 61), Blanco {26) decided in 1949 on the 
suggestion of Dr. Elbert L. Little, Jr., to change its name from P. 
lutea to P. cooperi. Martinez {88) places this pine near P. rudis 
(No. 68). 

Pinus cooperi grows in the mountain ranges of Durango, Mex. 
At El Salto, Durango, it occurs at elevations of 8,200 to 9,000 feet. 
In the same locality grows a variety of this pine (P. cooperi var. orne- 
lasi) characterized by coarser bark, longer needles, larger cones, and 
whiter wood than P. cooperi proper. Local people also distinguish 
these two pines and call the ornelasi variety not pino amarillo, but 
albacarrote. 

Oleoresin of Pinus cooperi was collected at El Salto, Durango, Mex., 
under the supervision of Sr. Cenobio E. Blanco. Turpentine was 
distilled under reduced pressure. At the end of distillation, the pres- 
sure was 4 mm. and the temperature was 180° C Yield of turpentine 
was 25 percent. 

The crude turpentine of Pinus cooperi had the following physical 
characteristics: 

Density, n??= 1.4705 
Index of refraction, df = 0.8580 
Specific rotation, [a]Í78=+2.9° 

Its composition was: 
Compound: Percen 

a,d¿-a-pinene  56 
Z-iS-pinene  39-40 
Pot residue, boiling above 161° C. at 759 mm. (not investigated)  4.2 

70. Pinus michoacana Martinez Reference {76) 
(Annal. Inst. Biol. 14: 1, Mexico.    1944) 

Pinus michoacana is a part of that complex which Shaw {H2) 
designated in 1914 as P. montezumae. P. michoacana was described 
by Martinez in 1944. This species includes two varieties and two 
forms. Its typical form occurs in Michoacan, Jalisco, Oaxaca {88). 
In Michoacan it can be found growing together with P. montezumae; 
possibly these two pines intercross. 

A sample of oleoresin of this pine was sent to us in 1954 from Mexico 
by M. Louis Huguet, a French forester of the Food and Agriculture 
Organization of the United Nations. The turpentine was distilled 
from the oleoresin under reduced pressure; at the end of distillation, 
the pressure was 5mm. and temperature was 190° C. Yield of turpen- 
tine was 30 percent of the weight of oleoresin. The turpentine pos- 
sessed the following physical characteristics: 

Density, df = 0.8657 
Index of refraction, nS = 1.4760 
Specific rotation, [aY^^= —SA° 
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It contained : 
Compound: Percent 

ä,dZ-a-pinene  29 
Z-i8-pinene  60 
Z,c?Z-linonene  1-2 
Methyl chavicol  2-3 
cZ-longif olene  3 

71. Pinus engelmannii Carr. Reference {109) 
(Wisliz., Mem. Tour North Mex. 103.    1848) 

Pinus engelmannii is also known as P, mayriana Sudw., P. latifolia 
Sarg., P. macrophylla Engelm., and P. apacheca Lemm. All these 
names indicate that this pine is believed by some botanists to be a 
valid species. Others, like Shaw (14^), consider that all these names 
are mere synonyms of P. ponderosa, No. 54. In the United States, 
this pine has the common name Apache pine. 

Pinus engelmannii grows in southern Arizona and in southwestern 
and north-central New Mexico.    It extends into northern Mexico. 

The oleoresin used in the investigation reported here was collected 
in the southern fork of Cave Creek Canyon, Chiricahua Mountains, 
Coronado National Forest in southeastern Arizona, at an elevation of 
5,200 feet. The turpentine was obtained by heating a batch of oleo- 
resin under reduced pressure; at the end of the distillation, the pres- 
sure was 0.1 mm. and the pot temperature reached 210° C. The yield 
of turpentine was 22.5 percent. 

The gum turpentine of Pinus engelmannii had the following physical 
characteristics: 

Density, df = 0.8648 
Index of refraction, no = 1.4695 
Specific rotation, [«1^8=+42.0° 

It contained: 
Compound: Percent 

d,dl-a-pmene  80 
Z-i8-pinene  2 
Dipentene  2 
o!-longif olene  12 
An unidentified solid component, apparently a sesquiterpene alcohol, a 

trace 

The apparent sesquiterpene alcohol distilled at a temperature 
slightly above 121° C. at 14 mm. of pressure; it solidified in the 
condenser, forming white crystals. After several resublimations, the 
crystals melted at 103"^ to 105°. An analysis showed the crystals 
were 81.49 percent carbon and 11.48 percent hydrogen. Calculated 
for a sesquiterpene alcohol C15II26O, the composition would be C, 80.98 
percent; H, 11.78 percent. 

72. Pinus pseudostrobus Lindl. Keference (77) 
(Bot. Reg. 25. Misc. 63.    1839) 

Pinus pseudostrobus is a pine of subtropical regions of Mexico and 
Central America. In Mexico it grows from Jalisco to Chiapas. In 
Central America it occurs in Guatemala and Hondiu'as. It is an 
extremely variable, complex species. Martinez (88) distinguishes, 
besides the typical P. pseudostrobus, several varieties of this species. 
Possibly the different varieties of P. pseudostrobus intercross.    This 
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situation makes identification of pines of the Pseudostrobus complex 
extremely difíicult. 

Pinus pseudostrobus var. oaxacana of Martinez is considered to rank 
as a species (105), and the composition of its turpentine has been already 
discussed in this publication, under No. 36, p. 67. 

Iriarte (77) in 1946 reported on the composition of steam-distilled 
turpentine of Pinus pseudostrobus (typical form) from Uruapan, 
Michoacan. The yield was 21.3 percent of the weight of the oleoresin, 
and the physical constants of the turpentine were: 

Density, d23=0.8672 
Index of refraction, no = 1.4624 
Specific rotation, [«^=+31.5° 

The turpentine was fractionated under a pressure of 23 mm., more 
than 90 percent distilling between 55° and 57° C. This fraction had 
specific rotation [a]-D=—M.5° and consisted of Z-a-pinene. Its nitro- 
sochloride had a melting point of 102° to 103°. The flask residue was 
also dextrorotatory, [a:]D= + 10°. 

The oleoresin used in the work reported here also came from 
Uruapan, Michoacan, Mex., courtesy of M. Louis Huguet, a forester 
for the United Nations Food and Agricultural Organization in Mexico. 
Upon receipt at Berkeley, Calif., the oleoresin was heated under 
reduced pressure. When all the turpentine had been expelled, the 
pressure was 1 mm. and the temperature was 210° C. Yield of 
turpentine was 19 percent of the oleoresin. The turpentine possessed 
the following physical characteristics. 

Density, dï = 0.8581 
Index of refraction, ng= 1.4720 
Specific rotation, [a;]578=— 16.67° 

No further work has been done with this sample of turpentine, because 
of an accident. The data presented above seem to indicate that 
Pinus pseudostrobus did not contain any low-boiling components, such 
as 7^-heptane (cf. P. oaxacana, No. 36, p. 67.) 

73. Pinus tenuifolia Benth. Keference (106) 
(PI. Hartw. 92.    1839) 

Pinus tenuifolia is a pine of the subtropical regions of Mexico. It 
grows in the States of Jalisco, Michoacan, Sinaloa, and Guerrero. It 
also grows in Oaxaca and Chiapas and in the adjacent parts of Guate- 
mala. P. tenuifolia is closely related to P. pseudostrobus; Shaw (14^) 
considered it a variety of P. pseudostrobus. 

A sample of oleoresin was collected for us in Michoacan by M. Louis 
Huguet, forester for the Food and Agriculture Organization, United 
Nations. The turpentine was obtained under reduced pressure; at 
the end of the distillation, temperature reached 180° C. and the 
pressure was reduced to 2 mm. The yield of the turpentine was 27.1 
percent. 

The turpentine had the following characteristics: 

Density, d'^4^-0.8600 
Index of refraction, n^D^= 1.4672 
Specific rotation, [a]t|=-|-25.6° 
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Its composition was: 
Compound: Percent 

â-a-pinene  77 
Z-jS-pinene  6-7 
á-A^-carene  8 
Terpinolene  1-2 
Dipentene,  indicated by physical constants,  but not identified by 

preparation of crystalline derivatives  3 
Linaloöl, approx  1 
Methyl chavicol (possibly), less than  1 
Sesquiterpenes  1 

74. Pinus occidentalis Swartz   
(Nov. Gen. & Sp. PI. 103.    1788) 

Pinus occidentalis is a pine confined to San Domingo, Haiti, and 
eastern Cuba.    It is one of the few pines whose turpentine has not 
been analyzed.    P. cubensis Griseb. is considered by Shaw (142) as 
a synonym of P. occidentalis.   Possibly it is an independent species. 

75. Pinus glabra Walt. Reference (115) 
(Fl. Carol. 237.    1788) 

Pinus glabra is the spruce pine of the Southeastern United States. 
Its range lies in the coastal plains of South Carolina, northern Florida, 
and west to southeastern Louisiana. In South Carolina it is called king's 
tree; in Florida, poor pine, which shows the inconsistency of common 
names. Spruce pine attains its largest size—up to 120 feet in height — 
in northwestern Florida. 

Oleoresin was collected by John K. Gross, U.S. Forest Service, from 
five trees growing in the DeSoto National Forest, Perry County, Miss. 
A 3,500-g. batch was distilled under reduced pressure. Toward the end 
of distillation, the temperature of the oleoresin was 150° C. and 
pressure was 0.05 mm.   The yield of turpentine was 22.3 percent. 

The turpentine possessed these characteristics: 
Density, df=0.8599 
Index of refraction, ng= 1.4735 
Specific rotation, [aJsfg^ — 4.65° 

The turpentine contained: 
Compound: ^''''''^ 

djdl-a-pinene         45 
¿-j8-pinene         45 
Z-limonene   8 
A sesquiterpene, whose hydrochloride had a melting point of 48° to 

49° C, less than  1 

Group Insignes 

76. Pinus pringlei Shaw Reference (77) 
(In Sargent, Trees & Shrubs. 1,211.    PI. 100.    1905) 

Pinus pringlei is a subtropical Mexican pine growing in the States 
of Michoacan, Mexico, Guerrero, and Oaxaca, at altitudes of 5,750 
to 6,600 feet. According to Martinez (88), it is closely related to 
P. oocarpa. 

A sample of oleoresin of Pinus pringlei was sent to us from Uruapan, 
Michoacan, through the courtesy of M. Louis Huguet, forester of the 
United Nations Food and Agriculture Organization. A batch of 
2,989 g. was heated under reduced pressure; at the end of distillation, 
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the temperature reached 190° C. and the pressure was 2 mm.    The 
yield of turpentine was 19.7 percent. 

Crude turpentine of Pinus pringlei had the following characteristics: 
Density, d?=0.8642 
Index of refraction, nî?= 1.4721 
Specific rotation, [a]!7%=-{-d9.5° 

It contained: 
Compound: Percent 

dydl-a-pinene     73 
Z-/3-pinene ~~       2 

"I    11 
1 

-_-      2.5 
--_      6 

d-A3-carene  
Terpinolene  
Methyl chavicoL 
d-longif olene  

Physical characteristics of terpinolene are shown in table 35; the 
melting point of terpinolene hydrochloride was 115° to 116° C. 
Slight optical activity (+2.6°) of the terpinolene fraction was probably 
caused by slight admixture of ¿-A^-carene. 

TABLE 35. -Fraction of Pinus pringlei turpentine in which terpinolene 
was found 

Property Fraction in which 
terpinolene was found 

Terpinolene 1 

Boiling point _ 72°-78° C. (15 mm.) 
1. 487123 

. 86023 
+ 2.6° 

185° C. (760 mm.) 
1 486425 Index of refraction, no 

Density, d4_   __ 856025 
Specific rotation, [a]578  .0 

1 Sutherland, M. D. Queensland Univ. Papers, Dept. Chem. 1, 34.    1948. 

77. Pinus oocarpa Schiede Keferences (71, 99) 
(Linnaea 12:491.    1838) 

Pinus oocarpa is a variable, generally five-needled pine of Mexico 
and Central America.    Besides its typical form, four varieties are 
recorded {88): 

1. microphylla, possessing very short fine foliage; 
2. manzanoi, which has asymetrical  cones  with  very  short 

peduncules ; 
3. trifoliata, characterized by three needles in a fascicle; 
4. ochoterenai, distinguished by its slender cones, which are not 

as heavy as those of the typical form. 
We have investigated turpentine composition of Pinus oocarpa 

(typical form) and P. oocarpa var. trijoliata, No. 78. Oleoresin 
samples of P. oocarpa (typical form) were collected by the author in 
the States of Chiapas and Michoacan, Mex. The Chiapas turpentine 
was separated from the oleoresin under reduced pressure; at the end of 
distillation, temperature was 190° C. and the pressure was 4 mm. 
Yield of the turpentine was 22 percent of the weight of the oleoresin. 
The physical characteristics of the turpentine were; 

Density, df = 0.8562 
Index of refraction, n?f= 1.4684 
Specific rotation, [a]23g=+25.4° 
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Composition of the turpentine was: 
Compound: Percent 

a,í¿Z-o;-pinene  68 
Z,d Wimonene  22 
d-longif olene  7 

The Michoacan sample of P. oocarpa oleoresin was heated in vacuo; 
at the end of the distillation, temperature was 165° C. and pressure 
was 0.5 mm. Yield of the turpentine was 24.8 percent; it possessed 
the following physical characteristics : 

Density, df = 0.8569 
Index of refraction, nD = 1.4656 
Specific rotation, [ajgyg^+47.5° 

The turpentine contained ¿-a-pinene, 97 to 98 percent. 
78. Pinus oocarpa var. trifoliata Martinez Reference (71) 

(Annal. Inst. Biol. 17, 297.    1945) 
This pine differs from typical Pinus oocarpa Schiede by having 

three needles in each bundle instead of five. The three-needled form 
apparently occurs only in the mountains of the State of Durango, 
where it grows in pure stands. It was discovered by Cenobio E. 
Blanco and described by Martinez. 

The oleoresin of this pine came from Sr. Blanco. It was distilled 
under reduced pressure; at the end of the operation, temperature 
reached 170° C. and the pressure was reduced to 0.2 mm. The yield 
of turpentine was 23.0 percent. The turpentine possessed the following 
physical characteristics: 

Density, df=0.8588 
Index of refraction, no = 1.4682 
Specific rotation, [a]243=+39.8° 

Its composition was: 
Compound: Percent 

dydl-oi-pinene  87 
Unidentified terpenes       5 
d-longifolene       4. 5 

A fraction with these characteristics—density, df=0.8524; index of 
refraction, nD = 1.4693; specific rotation, [a]578= —19.0°—was re- 
fractionated in a 12-inch glass helix-packed column. The boiling 
range of 155° to 170° C. at 760 mm. and other physical characteristics 
of the refraction indicated that it contained a-pinene and some higher 
boiling terpene, possible A*-carene. No nitrosate was formed when 
an attempt was made to identify A^-carene in this fraction. 

The fraction characterized by density, d4^=0.8548; index of re- 
fraction, nD = 1.480ö; specific rotation, [a]5?8=- —11.7°—when re- 
distilled over sodium, boiled at 180° to 185°, and its index of refraction, 
UD, was 1.4799. A bromide was prepared by adding bromine to an 
alcohol-ether solution of this fraction. After two recrystallizations 
from alcohol, the bromide melted at 113° to 113.5° C On admixture 
with terpinolene tetrabromide, the melting point was depressed below 
108°. 
79. Pinus halepensis Miller References (37, 84, 110, 162) 

(Gard. Diet. Ed. 8.    1768) 
Pinus halepensis grows in parts of southern Europe, Asia Minor, 

572912°—61 9 
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and northern Africa, adjacent to the Mediterranean Sea. It crosses 
naturally with P. brutia, No. 80, (122). 

Vezes and Dupont (162) investigated turpentine of Pinus halepensis 
obtained from Provence, France. The yield was 26.98 percent from 
the first gathering of the oleoresin and 20.7 from the fourth gathering: 
in other words, it decreased somewhat with the advance of the 
summer.    The physical constants were: 

Density, d25 = 0.8550 to 0.8580 
Optical rotation, aj=+41.92° to +41.29°. 

The composition was reported as ¿-a-pinene, 95 percent; higher 
boiling fractions, 5 percent. Later, Dupont (37) investigated the 
higher boiling fractions (tailings). These fractions contained bornyl 
acetate, 1.14 percent of the total oil, and a monocyclic sesquiterpene 
having two double bonds, 3.8 percent. The ph3^sical constants of the 
sesquiterpene were as follows: 

Density, d2o=0.9056 
Index of refraction, nS= 1.4977 
Optical rotation, aj= +7.24° 
Molecular refraction, MRD = 66.02 (calculated, 66.14) 

Lacrue (84) analyzed many samples of Pinus halepensis turpentine 
from several localities in Spain and compared these with samples 
obtained in Algeria, Italy, and Greece. Physical characteristics of 
these samples were: 

Density, di4 = 0.8561 to 0.8590 
Index of refraction, n'¿=lA661 to 1.4669 
Specific rotation, [Q:PD^=+42.83 to +48.52° 

Thus, all samples of P. halepensis turpentine collected in different 
localities were dextrorotatory, and their specific rotation varied in 
rather narrow limits from +42.83° to +48.52°. Lacrue stated that 
the older data, giving specific rotation values for this pine of —8.73, 
+ 2.84, +1.61, and +0.28, were incorrect, because they referred to 
commercial mixtures of dextrorotatory turpentine of P. halepensis and 
levorotatory turpentine of P. nigra. 

In 1955, Pinus halepensis turpentine was analyzed in our laboratory 
(110). The oleoresin was obtained through the courtesy of Dr. D. Y. 
Goor, Conservator of Forests, State of Israel. The oleoresin was col- 
lected in the summer of 1953 in Israel on the slopes of Mt. Carmel. 

The oleoresin was distilled under reduced pressure; at the end of 
the distillation, the pot temperature was 180° C. and the pressure 
was 0.1 mm. Yield of the turpentine was 20 percent of the weight 
of the oleoresin. 

The turpentine possessed the following physical characteristics: 
Density, df=0.8575 
Index of refraction, n^if= 1.4658 
Specific rotation, [a]g8=+41.25° 

It contained: 

Compound: P''''''^ 
djdl-a-pinene  87 
j8-myrcene  2 
Sesquiterpenes  4 
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80. Pinus brutia Ten. References (2, 3,110) 
(Cat. Hort. Neap. Appx. 1, 75.    1815) 

Pinus brutia has a more restricted range than P. halepensiSj No. 79- 
It grows in the Italian province of Calabria (ancient Brutium),^^ in 
Syria, Turkey, Greece, and on the islands of Chios, Rhodes, Crete, 
and Cyprus. Some botanists consider P. brutia as a variety of P. 
halepensis {28) ; others beUeve that the two names are synonyms {1^2). 
P. brutia is immune to Matsucoccus infestation, while P. halepensis is 
susceptible to the attacks of this scale insect. P. brutia crosses natu- 
rally with P. halepensis (122). 

Very little had been known about the chemical composition of Pinus 
brutia turpentine. An anonymous author (2, 3) described commercial 
turpentine obtained from ''P. halepensis'' from Cyprus (that is, of P. 
brutia, because P. halepensis does not occur on that island). The 
turpentine was found to be levorotatory (—20.2; —32.5). Only 
a-pinene was identified; it amounted to 55 percent of the total tur- 
pentine.    Fractions boiling above 160° C. were not investigated. 

A sample of Pinus brutia oleoresin came to us through the courtesy 
of Mr. D. F. Davidson, Conservator of Forests, Government of Cyprus. 
It was collected in the Dhiorios Forest, Cyprus. The oleoresin was 
distilled under the same conditions as that of P. halepensis. The yield 
of turpentine was 20 percent. 

The crude turpentine had the following physical characteristics: 
Density, dl*=0.8571 
Index of refraction, nlf= 1.4612 
Specific rotation, [a]lU=-2S.7'' 

It was composed of: 

Compound: ^''^'"^ 
l,dl-a-pinene     62 
jS-pinene      17 
A^-carene      13 
Terpinolene (see table 36)       2 
Sesquiterpenes       4. 6 

The chemical composition of the turpentine of Pinus brutia differs 
so much from that of P. halepensis that I am inclined to consider the 
two pines as separate species. 

TABLE 36.—Physical properties of terpinolene and of fraction 14 of Pinus 
brutia turpentine 

Property Fraction 14 Terpinolene ^ 

Dpnsitv. di  0. 860022 
1. 485122 
.0° 

0. 856025 
Tndpx of refraction, nr»                                  1. 486425 
Snecific rotation, Falf;?« .0° 

1 Sutherland, M. D. Queensland Univ. Papers. Dept. Chem. 1, 34.    1948. 

32 It is not certain whether Pinus brutia is native in Calabria or was planted 
there a long time ago. 
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81. Pinus pityusa Steven Reference (9) 
(Bui. See. Nat. Mose 11: 49.    1838) 

Pinus pityusa was described in 1838 from near Pitsunda (ancient 
Pityum) on the east coast of the Black Sea. Later, this pine was found 
on the island of Prinkipo near Istanbul, in Thrace, in Anatolia, and in 
Syria. Apparently, the pine growing on the island Thasos, near the 
coast of eastern Thrace, is also P. pityusa [122). 

Shaw {14-2) considered this pine to be Pinus halepensis. It is very 
closely related to P. brutia. Turpentine of this pine was analyzed by 
Arbuzov and his coworkers (9). The only physical constant of the 
crude turpentine given was [a]p, which was —5.33°. They reported 
the composition of the turpentine to be: 
Compound: Percent 

¿-a-pinene  69. 8 
d- A^-carene  23. 6 
An unidentified component boiling at 73° to 78° C. at 14.5 mm  1. 0 
Unidentified higher boihng fractions  5. 0 

Arbuzov's technique of obtaining the turpentine was rather un- 
usual and interesting: the crystallized part of the oleoresin was 
separated from the un crystallized part by means of a Büchner funnel; 
the remaining turpentine was removed from the crystalline part by 
steam distillation; the noncrystalline part was also steam distilled. 
The results were as follows: 

Percent 
Turpentine  33. 67 
CrystalHne rosin acids   35. 89 
NoncrystalKne, nonvolatile with steam   30. 00 

82. Pinus pinaster Ait. References {38, 39, 40, 46, 49, 52, 117) 
(Hort.Kew3: 367.    1789) 

Pinus pinaster (or P. maritima) is called French maritime pine. 
Its area extends from southwestern France and Portugal through 
Spain, Italy, and the Dalmatian coast of Yugoslavia to Greece. It 
also grows in a few places in Morocco and Algeria. Because this pine 
is extensively planted in France for obtaining oleoresin, the chemistry 
of its turpentine has been well studied. Dupont {4O) determined the 
composition of P. pinaster turpentine both by applying Darmois^ 
method ^^ of estimating its composition by the optical rotation of 
different fractions and by conventional methods of chemical 
analysis {38). 

The composition of Pinus pinaster turpentine was: 
Compound: Percent 

Z-a-pinene .  63 
Z-j8-pinene  26. 5 
Tails  10. 5 

33 Darmois, optical method of determining percentage of a-pinene and /S-pinene 
in a turpentine is based on the Biot relationship: 

ai — «2 
for any given fraction containing the two terpenes. 
Xi=:the proportion of a-pinene 
«0 = observed optical rotation of the fraction 
«1 = rotation of pure a-pinene 
«2 = rotation of /3-pinene 
This method is used only when the bulk of the turpentine consists of two compo- 
nents, such as in French maritime pine—for details see Palkin {121), 
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Dupont added an important note to the data, stating that the tails 
do not represent entirely the products of post-distillation oxidation of 
the main fractions, but that some oxygen-containing substances may 
be present in small amounts as such in the crude turpentine. 

In a later paper Dupont (89) reported on the composition of the 
tails of Pinus pinaster turpentine. The tails contained: a dextro- 
rotatory sesquiterpene, which yielded a nitrosite Cabelles aiguilles 
bleues^') with melting point of 109° to 110° C. Besides the sesquiter- 
pene, there were some oxygenated compounds: pinol and pinol hydrate, 
a ketone, some terpenes, chiefly dipentene, and an unidentified dextro- 
rotatory monocychc terpene with two double bonds. In 1927 Dupont 
and Barraud {46) inquired into the nature of the dextrorotatory ter- 
pene.    It proved to be d, dZ-limonene. 

In 1948 Dupont, Dulou, and Naffa {52) reported that the sesqui- 
terpene fraction of the Pinus pinaster turpentine contained two ses- 
quiterpenes: caryophyllene, melting point of its dihydrochloride 
being 69° to 70° C., and longifolene, melting point of monohydro- 
chloride, 59° to 60°. These two sesquiterpenes made up 87 percent 
of the total sesquiterpene fraction. In 1949, Naffa {117) reported 
that besides caryophyllene and longifolene, the sesquiterpene fraction 
of P. pinaster turpentine contained: (1) a mixture of a tricyclic ses- 
quiterpene, isomeric with copaene, and a tricyclic hydrocarbon re- 
lated to azulene; these two amounted to 10 percent of the sesquiterpene 
fraction; and (2) cadinene, which amounted to 3 percent of the fraction, 
together with a little cadinol. 

Dupont and Soum {4-9) analyzed commercial turpentine of Pinus 
pinaster from near Avila, Spain (about 4,000 to 4,600 feet of altitude). 
The physical constants of the turpentine were: 

Density, dl^=0.8705 
Index of refraction, nD = 1.4723 
Optical rotation, [Q:]J = 29.26° 

The turpentine consisted of: 
Compound: ^^^^mi 

I = a-pinene  79 
An unidentified terpene, very smal 1 amounts    
Z-/3-pinene   10. 73 
Tails, (which as a whole had a much simpler composition than the tails 

of the above described French turpentine), about  10 

The chief component of the tails was a sesquiterpene. The sesquiter- 
pene was colorless, had a boiling point of 258° C. at 760 mm., and 
possessed the following physical characteristics: 

Density, dl^=0.8704 
Specific rotation, [a] =+28.25° 
No index of refraction was reported 

When one drop of concentrated sulfuric acid was added to the 
sesquiterpene diluted with acetic acid, an intense rose color developed 
which, appropriately enough, changed to '^Bordeaux red.'^ No crys- 
talline derivatives of this sesquiterpene were obtained. Dupont and 
Soum suggested that the sesquiterpene was different from that found 
previously in French turpentine. 
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83. Pinus virgîniana Mill. Reference (116) 
(Gard. Diet. Ed. 8, Pinus No. 9.    1768) 

Pinus virginiana, called both Virginia pine and scrub pine, grows 
in eastern United States from New Jersey and southeastern Virginia 
to Florida. Recently this pine attracted the attention of naval stores 
producers by a report of Hep ting {65) who found that a fungus of the 
genus Fusarium caused an excessive flow of oleoresin but did not 
change oleoresin composition. Experiments have been conducted in 
inoculating healthy pines with the fungus in order to increase the flow 
of gum.    Apparently these experiments were not conclusive. 

Oleoresin used in the present tests was received from Dr. Hep ting, 
from Asheville, N.C. The oleoresin represented a mixed sample 
obtained from nine trees inoculated with the fungus and from two un- 
treated trees. Upon distillation under reduced pressure, 23 percent 
of turpentine was obtained, with the following characteristics: 

Density, df=0.8563 
Index of refraction, nD''-^= 1.4657 
Specific rotation, [û;]^5= — 3.83° 

The turpentine consisted of a-pinene, 98 percent. 
84. Pinus clausa (Chapm.) Vasey Reference (137) 

(Gard. Monthly and Hort. 18: 151.    1876) 
Pinus clausa^ commonly called sand pine, is a native of Florida. 

Westward it extends to extreme southern Alabama. Its turpentine 
was analyzed by Schorger in 1915 (137). 

The yield of turpentine was 18.93 percent. Two samples of the 
turpentine had the following properties: 

Density, áll=0.S72S and 0.8725 
Index of refraction, n^^= 1.4767 and 1.4768 
Observed rotation a^^=—22.S0 and —22.49° 

Composition of the turpentine was : 
Compound: Percent 

Z-a-pinene  10 
Z-camphene  10 
Z-jS-pinene  75 

This is the only pine in which camphene is found in relatively large 
amounts. 

85. Pinus rígida Mill. Keference (98) 
(Gard. Diet. Ed. 8 Pinus No. 10. 1768) 

Pinus rigida Mill, is commonly known as pitch pine. Its range 
extends from New Brunswick and southern Ontario south to Georgia 
and Tennessee. 

The oleoresin sample from pitch pine was collected in 1949 by 
Keith W. Dormán near Asheville, N.C, and analyzed in our labora- 
tory. The turpentine was obtained by heating the oleoresin under 
reduced pressure; at the end of distillation, the temperature of the 
oleoresin was 200° C, and pressure was 0.1 mm. Turpentine yield 
amounted to 23 percent of the weight of the oleoresin and possessed 
the following physical characteristics : 

Density, df = 0.8560 
Index of refraction, ng= 1.4701 
Specific rotation, [a]|78=—9.0° 
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The turpentine contained : 
Compound: ^^'^^'^^ 

Z-a-pinene  65 
Z-ß-pinene  20 
ZjdMimonene  10 

Sesquiterpenes apparently were not present. 
86. Pinus serótina Michx. Reference {106) 

(Fl. Bor.-Amer. 2: 205. 1803) 
Pinus serótina, or pond pine, sometimes is described as a subspecies 

{SI) or a variety of Pinus rigida. Shaw {14^) and Little {86) consider 
this pine an independent species. It grows on the coastal plains from 
southern New Jersey to central and northwestern Florida and Alabama. 

Pinus serótina turpentine was analyzed in 1908 by Herty and Dixon 
{69). The steam-distilled turpentine had these physical character- 
istics : 

Density, d2o=0.8478 
Index of refraction, n^i?= 1.4734 
Specific rotation, [a]2o=:-l05° 36' 

The turpentine began to boil at 172° C. In the fraction boiling at 
175° to 176°, Herty and Dixon identified Z-limonene by preparation of 
tetrabromide. No other components were identified, although a 
small amount of sesquiterpenes was suspected. ^ Herty and Dixon 
reported that 90 percent of the turpentine consisted of Z-limonene. 

In 1954 we received a sample of pond pine oleoresin from the Olustee 
Experimental Forest, northern Florida. The turpentine was obtained 
by heating the oleoresin under reduced pressure; at the end of the 
operation, the pot temperature reached 212° C. and the pressure was 
reduced to 2 mm. Yield of the turpentine was 19 percent of the 
weight of the oleoresin. 

The physical characteristics of the turpentine were : 
Density, df=0.8437 
Index of refraction, ng= 1.4716 
Specific rotation, [aßfs^-83.7° 

During the fractionation of the turpentine, it was noticed that 
fraction 17 was extremely fragrant. There was a great deal of limonene 
in that fraction, but there was also apparently an admixture of an 
oxygenated compound. This fraction was redistilled to remove most 
of the limonene. The higher boiling part of the fraction (1.3 g.) was 
oxidized to homoanisic acid; we used the same procedure as for 
identification of methyl chavicol in Pinus lumholtzii turpentine {73), 
Recrystallized from hot 7i-hexane, the homoanisic acid possessed a 
melting point of 85° to 86° C. The homoanisic acid was further 
oxidized to anisic acid by the action of chromic anhydride. The 
acid, recrystallized from 7^-hexane, had a melting point of 183.7° to 
184.6°. There was no change in melting point upon admixture of 
authentic anisic acid. 

Turpentine of Pinus serótina contained : 
Compound: ^^^^^^^ 

Z-o;-pinene  ^ 
Z-limonene         90 
Methyl chavicol ^  1 
Unidentified sesquiterpene   2 or 3 

1 Thanks are due Dr. Gene Kritchevsky for identification of methyl chavicol. 
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87. Pinus pungens Lamb. Reference {115) 
(Ann. Bot. 2: 198.    1805) 

Pinus pungens (Table-Mountain pine) is a tree which in the forest 
occasionally reaches 60 feet in height and 2 to 3 feet in diameter; 
when open-grown, it is rather scrubby—20 to 30 feet high, with a 
short, thick trunk. P. pungens grows on dry gravelly slopes and 
ridges of the Appalachian Mountains from southern Pennsylvania to 
North Carolina, eastern and middle Tennessee, and Georgia. 

A sample of oleoresin from this species was collected for us by U.S. 
Forest Service personnel in Buncombe County, N.C., at an elevation 
of 2,400 feet. Unfortunately, some of the liquid part of the oleoresin 
was lost in transit, and thus the yield of turpentine was rather low— 
only 14.5 percent. The turpentine was separated from the oleoresin 
under reduced pressure ; at the end of the distillation the temperature 
was 170° C. and pressure was 1 mm. The turpentine possessed the 
following characteristics : 

Density, df = 0.8564 
Index of refraction, ng= 1.4682 
Specific rotation, [a] 578=—23.7° 

The turpentine consisted of: 
Compound: Percent 

äZ,Z-Q!-pinene         70 
¿-jé-pinene         20 
Z-limonene       8-9 

The polymerized residue amounted only to 1 percent of the weight of 
the turpentine. 

88. Pinus banksiana Lamb. Reference {63) 
(Descr. Gen. Pinus 1: 7 pi. 3.    1803) 

Pinus banksiana, or jack pine, grows farther north than any other 
American pine. In the MacKenzie River Valley it occurs near the 
Arctic Circle. Its range extends from Nova Scotia and central Que- 
bec, west to northern Saskatchewan and the Northwest Territory, 
south to central Alberta and southern Manitoba. It grows in North- 
eastern United States—in Minnesota, Wisconsin, Michigan, Maine, 
Vermont, New Hampshire, and in the northern parts of New York, 
Illinois, and Indiana. In Alberta it crosses naturally with P. contorta, 
No. 89 {104). 

We obtained a sample of jack pine oleoresin through the courtesy 
of the U.S. Forest Service Lake States Forest Experiment Station, St. 
Paul, Minn. The oleoresin was collected from 35-year-old pines in 
the Chippewa National Forest, northern Minnesota, in the summer of 
1946. AH together, about 7,000 g. of oleoresin was obtained. The 
oleoresin was heated under reduced pressure; at the end of the distilla- 
tion, when all turpentine had been expelled, t!ie pot temperature was 
increased to 185° C. and the pressure was reduced to 0.5 ram. The 
yield of turpentine was 21 percent. 

The turpentine had the following properties : 
Density, df=0.8595 
Index of refraction, n^= 1.4670 
Specific rotation, Wîf=+9.75^ 
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The turpentine consisted of: 
Compound: Percent 

d,dl-a-pinene  85 
l-ß-pinene  10 
Residue and losses  5 

Jack pine turpentine received from Nicolet National Forest, Wis., 
had a yield of 14.5 percent with the following characteristics: 

Density, df = 0.8555 
Index of refraction, n|f= 1.4674 
Specific rotation, [«]g=+2.2° 

A sample from Ontario, Canada, had the following constants: 
Density, df = 0.8590 
Index of refraction, n^i?= 1.4668 
Specific rotation, [a:]u = —16.3° 

The chemical composition of hybrids between Pinus banksiana and 
P. contorta is considered under P. contorta, No. 89. 

89. Pinus contorta Doiigl. References (136; unpub. orig. data) 
(Loud. Arb. Frut. Brit. 4: 2292.    1838) 

Pinus contorta, commonly known as lodgepole pine, grows over a 
very wide range. It is found from Alaska and the Yukon Territory 
to Baja California, Mex., and from the Pacific coast to the Rocky 
Mountains, where it grows at elevations up to 11,000 feet above sea 
level. It also occurs in the Black Hills of South Dakota and in south- 
western Saskatchewan. 

Botanists distinguish between a coastal and an inland form of lodge- 
pole pine. The Pacific coast form is designated as Pinus contorta 
proper, whereas the inland form, both of the Sierra Nevada of Cali- 
fornia and the American Rockies, is known as P. contorta var. latijolia 
Engelm., P. contorta var. murrayana (Grev. à Balf.) Engelm., or P. 
murrayana Grev. & Balf. A scrubby form of this pine grown on the 
Mendocino coast of California is called P. contorta var. bolanderi. In 
British Columbia the coastal form and the inland form merge, and 
farther north both have the name of P. contorta. In Alberta, P. 
contorta overlaps the area of P. banksiana. No. 88. The two pines 
intercross there, forming a rather confusing hybrid swarm {104). 

Critchfield {32) studied variability of Pinus contorta throughout its 
range and concluded that this species can be divided into four sub- 
species: (1) P. contorta contorta of the Pacific coast, (2) P. contorta 
bolanderi found in only one locality, called White Plains, in Mendocino 
County, Calif., (3) P. contorta murrayana of the Sierra Nevada of 
California, and (4) P. contorta latijolia of the Rocky Mountains. 

The chemical composition of Pinus contorta turpentine was first 
reported by Schorger in 1913 {136). The yield of turpentine was 14.7 
percent of the weight of the oleoresin. Physical characteristics of the 
turpentine (obtained by steam distillation) were these : 

1910 sample 1911 sample 
Density, á\l     0. 8549 0. 8518 
Index of refraction, n^¿      1. 4860 1. 4862 
Specific rotation, [Q;]D       —20. 12° 

Upon analyzing the turpentine, Schorger concluded that it consisted 
almost entirely of Z-/3-phellandrene.    No other terpenes were detected. 
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In 1948 I compared steam-distilled gum turpentines of the contorta, 
murrayana, and bolanderi varieties of Pinus contorta and found these 
to be very similar (table 37). In 1949 I collected a sample of oleoresin 
of var. murrayana from the same locality as shown in table 37. The 
turpentine was distilled by one of Dr. Haagen-Smit's students at 
CaUfornia Institute of Technology (unpublished report). 

The pressure at the end of the distillation was reduced to 2 mm. 
Yield of turpentine was 15 percent of the weight of the oleoresin, and 
the physical characteristics of the turpentine were as follows: 

Density, df-0.8389 
Index of refraction, n?f-^= 1.4818 
Specific rotation, [af¿''=-12.U° 

The turpentine was reported to contain Z-/3-phellandrene. 
Later, we made numerous analyses of Pinus contorta turpentine 

samples, but the results have not been published. The physical 
constants of some of these samples are given in table 38. All the 
samples listed in the table were obtained by heating the oleoresin 
under reduced pressure; at the end of the operation, the temperature 
reached 180° C. and the pressure was 1 mm. Under these conditions, 
the pot residue (i.e., the rosin) was hard and brittle, showing that 
almost all volatile ingredients of the oleoresin had been recovered. 

All samples of Pinus contorta turpentine analyzed in our laboratory 
possessed about the same composition as reported by Schorger (136). 
The bulk of the turpentine consisted of Z-jö-phellandrene. The heads 
contained varying but generally very small amounts of Z-a-pinene. 
In some samples a-pinene was completely lacking. 

Pinus contorta oleoresin obtained from Lake Tahoe Valley, Calif., 
behaved somewhat diflFerently. When distilled at 1 mm. pressure 
and a final temperature of 180° C, the 15-percent yield of turpentine 
had the usual P. contorta characteristics: 

Density, df=0.8650 
Index of refraction, n'¿= 1.4877 
Specific rotation, [Q;]D= —14.1° 

The turpentine, however, consisted entirely of /-/3-phellandrene, and 
the remaining pot residue (the rosin) was very soft. 

When the temperature was increased to 200° C, or when the pres- 
sure was reduced to 0.5 mm., an additional 11 percent of oil was ob- 
tained. The oil had the consistency of castor oil, and part of it 
solidified in the condenser. This fraction of the volatile oil, which 
hardly could be called turpentine, was strongly dextrorotatory (aj)= 
+ 34.5). The substance was apparently a mixture of a sesquiterpene- 
aldehyde and a sesquiterpene-ketone. No further work was done 
with it. 

In Alberta, Canada, Pinus contorta crosses naturally with P. 
hanksiana (No. 88). Turpentine composition of individual trees in 
that area was studied by Mirov {104). P- contorta turpentine con- 
tained only /-/3-phellandrene. Neither a-pinene nor sesquiterpenes 
nor sesquiterpene derivatives were present. The turpentine of P. 
hanksiana consisted of a-pinene with an admixture of /3-pinene. 
Turpentine of the hybrids contained a mixture of a- and /3-pinenes 
and /-iö-phellandrene, the piñenes predominating. Morphology and 
composition of turpentine in the hybrids were not always correlated. 
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To sum up, most of the analyzed samples of Finns contorta tur- 
pentine consisted predominantly of Z-a-phellandrene, some with a 
small admixture of /-pinene; turpentine of one variety (possibly 
Critchfield's contorta murrayana) was found to contain 15 percent of 
the usual Z-/?-phellandrene and about 11 percent of sesquiterpene- 
carbonyl compounds. Future work on these interesting compounds 
is desirable. 

90. Pinus greggii Engelm. Reference (Unpub, orig. data) 
(Ex. Parlatore. DC. Pro dr. 16-2, 396.    1868) 

Pinus greggii occurs in the northeastern part of Mexico, namely, 
in southeastern Coahuila and in adjacent parts of Nuevo León and 
farther south in San Louis Potosí and in Hidalgo. Morphologically, 
it is closely related to P. patula. No. 91, but it can be distinguished 
by its shorter, coarser, erect, rather than drooping, needles. 

A small sample of oleoresin of Pinus greggii came, through the 
courtesy of Professor Jose de la Puente, from near Saltillo, Coahuila. 
The turpentine was obtained by heating the oleoresin under reduced 
pressure; at the end of distillation, the pot temperature was 190° C. 
and the pressure was 1 mm.    Yield of turpentine was 15.2 percent. 

Physical characteristics of the turpentine were: 
Density, df = 0.8650 
Index of refraction, n^^ 1.4826 
Specific rotation, [a]578= — 30.0° 

A batch of 97 g. of the turpentine was subjected to fractional 
distillation in a 90 cm. Todd distilling column. The operation met 
with an accident and was not completed. Results of this partial 
fractional distillation are given in table 39. 

TABLE 39.—Results of fractional distillation of Pinus greggii 
turpentine 

Fractions 
Boiling 
range ^ Distillate 

Density 
of 

Index of 
refraction 

Ti25 

Specific 
rotation 

[«]D 

1  
2  

153-155 
155-157 
157-160 
160-165 
165-166 
166-168 
168-169 
169-170 
170-171 
171-172 
172-173 

Percent 
2. 56 

. 71 
1. 02 
2. 15 
1.02 
1. 33 
2.05 
1.43 
1. 74 
4.92 

13.94 

0. 8508 
.8522 
. 8564 
.8584 
. 8544 
. 8505 
. 8502 
. 8538 
.8517 
. 8582 
.8438 

1. 4645 
1. 4650 
1. 4659 
1. 4689 
1. 4704 
1. 4715 
1. 4725 
1. 4735 
1. 4745 
1. 4749 
1. 4759 

Degrees 
-8.00 

3  
4  
5  

-9. 82 

6  
7  
8   __ 

-11. 40 
-13. 00 
— 14 66 

9  
10  
11  

-16. 50 
-20.66 
-25. 66 

1 Pressure, 760 mm. 

The three head fractions were composed of /-a-pinene.    Fractions 
4 to 8, inclusive,  consisted mainly of Z-/5-pinene.    The undistilled 
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residue, which possessed the consistency of a heavy syrup, amounted 
to 68.13 percent. It is possible that the syrupy residue contained 
/-jô-phellandrene, together with /-limonene, and some sesquiterpenes. 
Turpentine of Pinus greggii should be reexamined. 

91. Pinus patula Schl. & Cham. Reference (Unpub. orig. data) 
(Linnaea, 6, 354) 

Pinus patula is a Mexican pine of a rather limited distribution. 
It grows in the subtropical parts of the country at elevations ranging 
from 1,600 to 3,000 meters (about 5,250 to 9,800 feet) above sea level 
where the climate is cool and humid. This pine occurs in the States 
of Queretaro, Hildago, Mexico, Puebla, and Veracruz. It has been 
reported to grow in one locality in the State of Tamaulipas {66). It 
has been planted for ornamental purposes in the warmer parts of 
California. 

Oleoresin for the present study was collected from 30-year-old 
planted trees growing at the Eddy Arboretum, Institute of Forest 
Genetics, Placerville, Calif. Yield of the turpentine, because of 
very hot and dry California summers and the nature of the volatile 
oil, was very small—only 15 percent of the weight of the oleoresin. 
When oleoresin was collected in air-tight containers, the yield of 
turpentine was 27 percent. 

The turpentine was obtained by heating the oleoresin under reduced 
pressure; at the end of distillation, the pot temperature reached 
212° C. and the pressure was reduced to 1 mm. 

The turpentine possessed a sweet odor, suggesting not only the 
presence of phellandrene but also of some other sweet-smelling sub- 
stances, perhaps oxygenated compounds. 

Physical characteristics of the turpentine were these: 

Density, df = 0.8591 
Index of refraction, no = 1.4885 
Specific rotation, [a]578= — 5.24° 

The turpentine was fractionated in a 90-cm. Vigreux column, 
20-cm. diameter, equipped with heated jacket. A reflux of 10:1 was 
maintained; the results and physical characteristics of the fractions 
are shown in table 40. 

Physical properties of the fractions plotted according to Sutherland 
{157) suggested that the fractions boiling below 170° C. contained 
two main ingredients: ¿Z-a-pinene and Z-jô-phellandrene (fig. 17). 
These two terpenes were duly identified by preparation of crystalline 
derivatives. 

Pinene nitrosochloride (melting point 105° C.) was prepared from 
the material of fraction 1, and phellandrene nitrosite (melting point 
102°) from the oil of fractions 10, 11, and 12. Tests for presence 
of limonene and   A^-carene were negative. 

When the distillation temperature reached 175° C, the oil remain- 
ing in the flask became polymerized to the consistency of castor oil. 
A 120 cc. measure of this partly polymerized flask residue was frac- 
tionated under reduced pressure in a 12-inch long, 1-inch diameter 
column, filled with glass helices.    The results are given in table 41. 
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0.94 

1.45 1.46 1.47 1.48 1.49 
INDEX  OF  REFRACTION 

1.50 

FIGURE 17.—Sutherland diagram of fractionated Pinus patula turpentine. 
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TABLE 40.—Fractional distillation of 200 g. of Pinus patula 
turpentine—pressure 762 mm. 

Fractions 
Pres- 
sure 

Boiling 
range Distillate 

Density Index of 
refraction 

Specific 
rotation 

1  
2  
3  
4  

mm. 
760 
760 
760 
760 
760 
760 
760 
760 
760 
760 
760 
760 

2 
2 
2 
2 
2 

Degrees 
158-159 
159-161 
161-162 
162-163 
163-164 
164-169 
169-171 
171-172 
172-173 
173-174 
174-175 
175-176 
54-66 
66-73 
73-78 
78-85 
85-90 

Percent 
0. 9 
1.8 
2. 8 
1. 0 
2. 4 
2. 8 
5. 3 
1.9 
1. 8 
4. 6 

12.0 
4. 4 

13. 0 
4.0 
2.0 
3.0 
4. 5 

31. 8 

0.852 
.851 
. 847 
. 847 
. 847 
. 843 
. 843 
.841 
. 841 
.840 
. 840 
.840 
. 842 
. 876 
.908 
.917 
. 926 

1. 4665 
1. 4679 
1. 4690 
1. 4706 
1. 4721 
1. 4755 
1. 4779 
1. 4799 
1. 4814 
1. 4826 
1. 4841 
1. 4846 
1. 4861 
1. 4921 
1. 4965 
1. 4966 
1. 4989 

Degrees 
-7. 7 

-10. 1 
-10. 9 
— 13. 9 

5  
6  

-14. 9 
— 15 7 

7  
8  
9  
10  
11  
12  
13  
14 

-18. 2 
-17. 5 
-17. 8 
-18. 3 
-18. 8 
-18. 0 
-18.0 
— 17. 0 

15  
16_   _   ___  _ 

-1.0 
+ 15 4 

17  
Pot residue ^ 

and loss 

+ 31. 3 

1 After cooling, 63.6 g. of pot polymerized residue solidified into an amber- 
colored mass. 

TABLE 41.—Fractional distillation of higher fractions of Pinus patula 
turpentine 

Fractions 
Pres- 
sure 

Boiling 
range Distillate 

Density Index of 
refraction 

Specific 
rotation 

1_   _     
mm. 

2 
2 
2 
2 
2 

° c. 
54-66 
66-73 
73-78 
78-85 
85-90 

Percent 
2L 8 
3.4 
6. 7 
5.0 
7. 5 

0. 8421 
. 8759 
.9084 
.9175 
. 9258 

1. 4861 
1. 4921 
1. 4965 
1. 4966 
1. 4989 

Degrees 
-21. 3 

2  -17. 0 
3  
4  
5  

— 1.1 
+ 16. 8 
+ 33.8 

Fraction 13 also consisted predominantly of /-jö-phellandrene. 
Fraction 15 was tested for methyl chavicol; the results were posi- 
tive. Fraction 17 was tested for sesquiterpenes by preparing hydro- 
chloride: 5 g. of the oil were dissolved in 40 cc. of absolute ether and 
treated with dry HCl gas for 30 minutes. Abundant crystals of 
hydrochloride were formed after the treated oil had remained in the 
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refrigerator for 50 days. The hydrochloride was recrystaUized three 
times from glacial acetic acid. Its melting point, 59° to 60° C, was 
not changed by addition of known longifolene hydrochloride. 

The composition of Pinus patula turpentine was also determined 
by means of vapor chromatography. Previously the apparatus had 
been calibrated by using known «-pinene and /5-phellandreiie. From 
the results shown in figure 18, it is seen that the two major components 
of the terpene fraction of P. patula turpentine are a-pinene and ß- 
phellandrene. Besides these two terpenes, a very small amount of 
another compound was present, probably methyl chavicol. 
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FIGURE 18.—Vapor chromatography chart of Pinus patula turpentine. 

The sesquiterpene part of the chart shows three major peaks. One 
of these peaks represents longifolene, already identified b}^ its hydro- 
chloride. The other two peaks possibly are /S-longifolene and 7- 
longifolene. These two sesquiterpenes had been found by Ghatgey 
and Bhattacharyya (66) in Pinus longifolia, No. 26, turpentine. 

To sum up, turpentine of Pinus patula contained: 
Compound: Percent 

dl-a-pinene  5 
/-/3-phellandrene  70-80 
Methyl chavicol  5 
Sesquiterpenes, chiefly longifolene  10 

The high content of /-jS-phellandrene in P. patula turpentine can be 
compared only with that of P. contorta, No. 89. The two pines in 
Shaw's botanical classification {14^) stand very close to one another. 
A reexamination of the turpentine of this interesting pine is advised. 
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92. Pinus muricata D. Don References (96; unpub. orig. data) 
(Linn. Soc. London. Trans. 17: 441.    1936) 

Pinus muricata is a California species, commonly called bishop 
pine. It grows along the coast of northern and central California. 
It also occurs in the Mexican State of Baja California and on the 
islands of Cedros and Guadalupe, near the coast. Duffield,^* who 
studied variability of P. muricata, proposed that this species be divided 
into four varieties: (1) borealis of the north; (2) muricata of the south 
(mainland); (3) remorata of Santa Cruz and Santa Rosa Islands; and 
(4) cedrosensis Howell (of Cedros Island). 

In 1945 I obtained a sample of Pinus muricata oleoresin from near 
Fort Bragg, on the Mendocino coast, Calif. Turpentine was obtained 
by steam distillation, and the yield was 22.4 percent of the weight of the 
oleoresin.    The physical characteristics of the turpentine were these: 

Density, di^= 0.8610 
Index of refraction, n^¿= 1.4693 
Specific rotation [«]??== +11.6° 

The turpentine consisted almost entirely of d,dl-a-pinene (98 to 99 
percent), and less than 1 percent camphene. Apparently there were 
no sesquiterpenes. Dr. Sutherland of the University of Queensland, 
Brisbane, Australia, wrote me that he suspected small amounts of 
a-tujene in the turpentine of this pine. 

For an investigation of the variety remorata, originally known as 
Pinus remorata Mason (89), we obtained five small samples of tur- 
pentine from Santa Cruz Island and two samples from Santa Rosa 
Island. The samples had optical rotation, aj), varying within narrow 
limits from —43.00'' to —45.5°, as compared with aj)=+9.98° of 
P. muricata var. borealis. 

93. Pinus attenuata Lemm. Reference (107) 
(Mining and Sei. Press 64:45.    1892) 

Pinus attenuata, knobcone pine, is a Pacific coast species, 
growing in widely scattered places at medium altitudes, often on 
rocky slopes, of both the Coast Ranges and the Sierra Nevada from 
southwestern Oregon to southern California. It is also found in Baja 
California, Mexico. 

Oleoresin of knobcone pine was collected in the summer of 1945 
near Kelsey, El Dorado County, Calif., at an elevation of 1,500 to 
1,800 feet. The trees were overmature, of poor growth, and of rather 
grotesque appearance. The site was extremely dry and poor. Twenty 
trees were tapped. 

The oleoresin was heated in a 2-liter Claisen fiask in an oil bath 
under reduced pressure; the temperature of the bath toward the end 
of distillation reached 200° C. and the pressure was reduced to 
0.05 mm.   Yield of the turpentine was as follows: 

Turpen- 
tine 

Date of oleoresin  collection: (percent) 
June 9     24. 2 
June 27   _      23.4 
July 24     23. 8 
August 25     24. 0 

24 DuFFiELD, JOHN WARREN, INTERRELATIONS OF THE CALIFORNIA CLOSED- 

CONE PINES WITH SPECIAL REFERENCE TO PINUS MURICATA D. DON.      85 pp.      1951. 
[Ph. D. thesis.    Copy on file Univ. Calif., Berkeley.] 

mic
Highlight
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The  turpentine   (combined  from   all  four  gatherings)   had   the 
following characteristics: 

Density, df = 0.8520 
Index of refraction, ng= 1.4652 
Specific rotation, [o;]g= + 17.1° 

The turpentine was 98 percent á-a-pinene. 

94. Pinus radiata D. Don References {8, 20, 91,116) 
(Linn. Soc. London. Trans. 17: 442. 1836) 

Pinus radiata is the Monterey pine of the CaUfornia coast south of 
San Francisco Bay, particularly of the Monterey peninsula. It also 
grows on nearby islands. It has been planted extensively in the 
warmer parts of the world, especially in the Southern Hemisphere. 
In Austraha and New Zealand, where it is known as P. insignis 
Dougl., it has become a commercial source of lumber. Turpentine of 
Monterey pine was investigated first by Barraud in 1928 (^0). She 
worked with two samples of turpentines. Physical characteristics of 
the samples were as follows : 

Planted trees 

France Portugal 

Yield of turpentine, percent     22 20 
Density, d^^       0. 8685 0. 8700 
Index of refraction, nf       1. 4690 1. 4712 
Rotation, a^ -10. 88° -11. 20° 

Apparently both samples were fractionated together. The turpentine 
contained: 
Compound: ^^^^^ 

I, dl-a-pinene  34. 3 
Z-^-pinene  64. 4 
Dipentene  1- 6 
Tails  1-7 

No crystaUine tetrabromide was obtained to verify the presence of 
dipentene. Alcohols were suspected but not identified. A sesqui- 
terpene was apparently present, but no crystaUine derivatives were 
obtained. 

McCombs (91) in 1931 analyzed Monterey pine turpentine obtained 
in New Zealand from planted trees. The characteristics of this 
turpentine were: Density, d=0.872 to 0.874; observed rotation, 
a=~12.4° 
The composition: 
Compound: P''''^¡ 

Z-a-pinene  24 
Z-/3-pinene  75 
Tails  1 

In 1932 Arbuzov and his coworkers (8) reported their work on 
turpentine obtained from planted Monterey pines in southern Russia. 

Physical characteristics : 
Density, dr!= 0.8685 
Index of refraction, ni?-^= 1.4776 
Specific rotation, [û;]D=—3.25° 
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The  composition was: 
Compound: Percent 

d, dl-a-pinene  40, 6 
Z-/3-pinene  56. 4 
Camphene  . 3 
Higher boiling fractions (unidentified)  2. 7 

Monterey pine turpentine investigated in our laboratory (116) was 
distilled from oleoresin collected from 20-year-old planted trees at the 
Institute of Forest Genetics, Placerville, Calif. Yield of oleoresin 
was very poor. The oleoresin was heated under reduced pressure; at 
the end of the distillation, pot temperature reached 190° C. and 
pressure was reduced to 1 mm. 

The yield of turpentine w^as 16.8 percent. It possessed the following 
physical characteristics : 

Density, df = 0.8596 
Index of refraction, ng^ 1.4727 
Specific rotation, [«]§=—5.85° 

The turpentine contained: 
Compound: Percent 

l,dl-a-pinene         75 
¿-/3-pinene  22 
The tails, amounting to 3 percent, were not examined  

572912"—61 ;10 



Part III. Conclusion 

SUMMARY OF FINDINGS 

This investigation has broadened our knowledge of the composi- 
tion of pine gum turpentines, their variability and inheritance, and 
the distribution of their components among the species of the genus 
Pinus. 

We have found that paraffin hydrocarbons are not as rare in pine 
gum turpentines as had been thought before. Previously, 7i-heptane 
(C7H16) was reported only in two Cahfornia pines, Pinus jeffreyi 2ind 
P. sabiniana. We have found 72-heptane in six other pines: P. reflexa, 
P. ayacahuite, P. monticola, P. torreyana, P. oaxacana, and P. rnonte- 
zumae. 7i-undecane (C11H24) discovered in 1922 by Simonsen and 
Rau in P. excelsa (P. griffithii) has also been found in the following 
pines: P. koraiensis, P. reflexa, P. armandi, P. monticola, P. torreyana, 
P. coulteri, and P. oaxacana, and in one variety of P. pojiderosa. An 
unidentified nonane (C9H20) was detected by means of a mass spectro- 
scope in the turpentine of P. torreyana. No. 33. It is possible that 
minute quantities of other low-boiling paraffin hydrocarbons could be 
found in other pine turpentines. 

An aromatic hydrocarbon, ^-cymene, previously reported (14) in 
Pinus sylvestris turpentine, was not found in any other pine gum tur- 
pentine. After our work had been completed, however, Sutherland 
and Wells (158), using ultraviolet absorption technique, reported 
minute quantities of ^-cymene in turpentine of P. taeda. 

Olefinic open chain terpenes of the general formula CnH2n-4 are rep- 
resented in gum turpentines by only two compounds : jö-myrcene and 
ocimene. Myrcene had been previously reported in turpentines of 
Pinus sylvestris, P. longifolia, and P. nigra. Later it was found in 
the turpentines of five additional pines: P. pence, P. edulis, P. pon- 
derosa, P. taeda, and P. halepensis. Ocimene, never before reported 
as a component of gum turpentines, was detected in P. edulis and P. 
quadrifolia. 

Among monocyclic terpenes, limonene was found in 30 pines— 
predominantly in its l-dl form, in some pines probably as a pure 
levorotatory antipode. In Pinus lumholtzii, /-limonene possessed a 
very high rotatory power of —124. An inert form of limonene, com- 
monly known as dipentene, is found in turpentines of eight, possibly 
nine pines, in very minute quantities. A dextrorotatoTy limonene 
was found, also in minute quantities, in turpentines of P. pinaster, 
by Dupont and Barraud (4^); we recorded it in turpentine of P. 
trópica lis. 

Another monocyclic terpene, terpinolene, had been previously re- 
ported in Pinus sylvestris (No. 42) turpentine and in minute amounts 
in the tails of P. palustris turpentine.    We found this terpene in tur- 
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pentines of five additional pines, Nos. 9, 12, 21, 76, and 80, and in 
some eastern forms of P. ponderosa^ No. 54. 

A third monocyclic terpene, jô-phellandrene, previously reported in 
Pinus contorta turpentine (136) and in a mutant of P. sylvestris {82), 
has been found in our laboratory in turpentines of several other pines: 
P. coulteri, P. resinosa, P, insularis, P. ponderosa, P. patula, P. 
caribaea, and P. elliottii. In all these cases, /3-phellandrene was 
levorotatory, its specific rotation being in the neighborhood of —15°. 

Five bicyclic terpenes are found in pine gum turpentines: a-pinene, 
jS-pinene, A^-carene, camphene, and a-thujene. a-pinene in either a 
dextrorotatory or a levorotatory form, proved to be, as expected, the 
most common of all terpenes in pines. If it were not lacking in tur- 
pentines of six pines, Pinus albicaulis, P. pinea, P. jeßreyi, P. tor- 
reyana, P. sabiniana, P. washoensis, and in some varieties of P. 
contorta, it could have been called the generic character of pines. 

jö-pinene, almost always in its levorotatory form., was found in fifty 
or so pine species. This terpene generally, but not always, occupies 
a subordinate position in the composition of pine turpentines. 

A bicyclic terpene, A^-carene, originally detected by Simonsen in 
Pinus longifolia and reported to be an ingredient of four more Asiatic 
pines, P. sibirica, P. sylvestris, P. merkusii, and P. pityusa, was rather 
common in the turpentines of American pines. Some varieties of P. 
ponderosa contain 50 to more than 60 percent of this terpene in their 
turpentines. A*-carene was suspected but not identified in turpentine 
of P. oocarpa var. trifoliata. 

Camphene, which had been previously reported in Pinus nigra, P. 
clausa, and rarely in P. sylvestris turpentine, was detected in our 
laboratory in the turpentine of only two additional pines: P. armandi 
and P. muricata. 

A bicyclic terpene, a-thujene, was suspected by Sutherland (per- 
sonal communication) as occurring in mmute quantities in turpentine 
of Pinus muricata and was definitely found by Sutherland and Wells 
{158) in minute quantities in turpentine of P. longifolia. We have 
not detected this terpene in any other pines. 

In the sesquiterpene group, cadinene had been reported in Pinus 
pinaster and in two pinyon pines, P. edulis and P. quadrijolia. In 
several additional pines, we found either cadinene, or cadinenelike 
sesquiterpenes, yielding crystalline cadinene dihydrochloride. 

A tricyclic sesquiterpene, longifolene, which had been discovered 
by Simonsen in Pinus longifolia, was identified in our laboratory in 17 
pine species. Counting previous findings, this sesquiterpene is in 
the turpentines of 24 pines, often in large quantities. For instance, 
ponderosa pine turpentine from the Black Hills of South Dakota 
contained 13 percent longifolene. Thunbergine, reported by Dupont 
and Barraud in the turpentine of P. thunbergii, no doubt was longifolene. 

A bicyclic sesquiterpene, named albicaulene by Haagen-Smit, was 
found in three pines: Pinus albicaulis, P. flexilis, and P. parviflora, 
A bicyclic sesquiterpene which I detected in turpentine of P. pinceana 
and named maderene is apparently a new sesquiterpene. Later we 
found a sesquiterpene with similar properties in P. pinea turpentine. 
Both P. pinceana and P. pinea are predominantly limonene pines. 
We also found several sesquiterpenes whose crystalline hydrochlorides 
we were not able to prepare.  The sesquiterpenes of five pines yielded 
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cadalene. P. parviflora turpentine contained a sesquiterpene which 
on dehydrogenation gave azulene. 

Diterpenes were found in turpentines of five pines, Finns koraiensis, 
P. albicaulis, P. armandij P. lamhertiana, and P. pence. 

Ahphatic terpene alcohols are very rare in pine gum turpentines. 
Besides nerol, found by Dupont and Barraud in turpentine of Pinns 
thnnhergii, we detected linaloöl in turpentine of P. tennifolia. Possibly 
linaloöl is also found in turpentine of P. jeßreyi. 

Cyclic terpene alcohols are almost never found in gum turpentines. 
Simonsen reported terpineol in Pinns grißthii turpentine; we have 
never encountered this substance. 

A sesquiterpene alcohol, cadinol, had been reported by Naff a {117) 
in the cadinene fraction of Pinns pinaster turpentine. We found 
albicaulol in three or possibly four pines. Nos. 5, 8, 10, 11, and two 
other sesquiterpene alcohols, one in P. lambertiana and another in 
P. engelmannii. 

A diterpene alcohol was apparently present in the turpentine 
of Pinns pence, No. 12. 

In the distribution of aliphatic aldehydes, we have found little 
that is new: only decyl and laurel aldehydes in turpentine of Pinns 
torreyana, and the indicated presence of aldehydes in turpentines 
of P. conlteri and the Santa Cruz variety of P. ponderosa. 

The presence of laurel aldehyde in turpentine of Pimis Inchnensis, 
No. 44, reported by Akiyoshi (4), is of utmost significance, because 
it ties California pines with pines of Eastern Asia. 

Apparently small amounts of ketones occur in turpentine of Pinns 
strohns; a Cio carbonyl compound in P. torreyana, and a sesquiterpene 
aldehyde with a sesquiterpene ketone in P. contorta. Unidentified 
oxygenated compounds were detected in turpentines of several pines. 

A phenol ether, methyl chavicol, had been previously reported 
in turpentine of Pinns jeßreyi, and in tails of turpentines of P. palnstris 
and P, elliottii var. elliottii. We found methyl chavicol in three U.S. 
pines: P. ponderosa, P. elliottii var. densa, and P. serótina, and in 
five Mexican pines: P. Inmholtzii, P. hartwegii, P. michoacana, P, 
pringlei, and P. patnla. 

We found an alipbatic ester, ethyl caprylate, in the turpentine 
of Pinns ednlis. This ester had been found previously in small quan- 
tity (0.6 percent) in fusel oil of grape brandy. 

Only three terpene esters have been found in pine turpentines: 
bornyl formate in Pinns canariensis, terpinyl acetate in P. alhicanlis, 
and bornyl acetate which, though found in large quantities in pine 
needle oil of many pines, proved rather rare in pine turpentine. We 
found bornyl acetate in only six pines, P. koraiensis, P. armandi, 
P. pence, P. monticola, P. balfonriana, and P. taiwanensis, and it has 
been reported in the tails of P. palnstris turpentine {30). 

APPLICATION OF RESULTS 

In taxonomic studies, especially when morphological characters 
are not too clear, a knowledge of chemical composition of the turpen- 
tines may be helpful. A good example of how chemical composition 
of turpentine may serve taxonomic purposes is the relationship of 
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Pinus halepensis and its supposed variety P. brutia. In the light of 
chemical differences of their turpentines, these two pines appear to be 
separate species. This conclusion has been supported by independent 
morphological studies (122) and by entomological evidence (103). 

Knowledge of the chemical composition of turpentines often is 
useful in untangling difficult problems in tree breeding, especially 
when taxonomic status of the parent trees is not certain. For instance, 
Righter and Duffield (129) in 1951 described a hybrid obtained by 
crossing Pinus ponderosa and P. engelmannii. The hybrid possessed 
several advantageous characters, such as a long taproot and rapid 
growth. The taxonomic status of the parents was not certain, because 
their relationship was far from being settled. 

Some botanists (14^) consider Pinus engelmannii merely a variety 
of ponderosa pine. From their point of view, the hybrid P. engelmannii 
X-P. ponderosa is, then, the product of an intraspeciñc hybridization 
of two varieties of the same species. Others (156) believe that the two 
pines are distinct species; the hybrid then would be considered the 
result of an interspecific hybridization. 

Pinus ponderosa is generally recognized as a valid species. Some 
botanists recognize several varieties within the species, such as variety 
scopulorum. Others do not believe that these taxa merit a varietal 
status. 

The status of Pinus engelmannii, however, is more complicated. 
This pine has been described by various botanists as a distinct species 
(P. macrophylla Engelm., 1887; P. latijola Sarg., 1889; P. apacheca 
Lemm., 1894; P. mayriana Sudw., 1897). All these names signify 
that it may be entitled to the rank of a species. On the other hand, 
Shaw (H2) does not consider this pine distinct from ponderosa pine 
and places the above listed names in synonymy under P. ponderosa. 
In the Forest Service Check List of the Trees of the United States 
(86), it is listed as P. engelmannii. 

Herbarium specimens of Pinus engelmannii and P. ponderosa are 
very similar in appearance. But foresters, and those botanists who 
are familiar with the two pines growing under natural conditions, are 
aware of many distinguishing characters in P. engelmannii: long, 
lush-green foliage; deep taproot of seedlings; a seedling ^'grass stage" 
similar to that of P. palustris and (in lesser degree) of P. montezumae; 
red-brown color of bark scales, and others. It is on these characters 
that P. engelmannii was considered to be a distinct species. 

Our investigations of the turpentines furnished additional informa- 
tion on the relationship of the two. All the investigated varieties of 
Pinus ponderosa—from California, northern Idaho, the Black Hills of 
South Dakota, Colorado, Utah, and Arizona—may be characterized 
by the presence in their turpentines of large quantities of a terpene, 
A^-carene. This terpene may be thus considered as a specific char- 
acter of ponderosa pine throughout its range. On the contrary, 
turpentine of P. engelmannii does not contain any A^-carene. Thus, 
taking into consideration its chemical characters, it should be classified 
as a distinct species and not as a variety of P. ponderosa, and the 
hybrid between the two pines should be considered as an interspecific 
rather than an intraspecific hybrid. 

If the chemical composition of turpentines of two pines is sufficiently 
distinct, it is easy to identify natural hybrids by their turpentines. 
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Such are hybrids between Pinus Jeffrey i and P. ponderosa, or between 
P. banksiana and P. contorta. 

The data presented in this pubHcation may also be of value to 
industry. Some pines have turpentines consisting almost entirely of 
a-pinene. Some species contain an abundance of l-limonene. Tur- 
pentine of two California pines consists chiefly of 7i-heptane ; large 
quantities of this hydrocarbon were obtained as a chemically pure 
product from Pinus jeffreyi in the 1930's when antiknocking motor 
fuels were developed (29). 

A^-carene is a relatively new terpene (discovered in 1922). Its 
industrial possibilities are less known than, say, those of a-pinene. 
We have found A^-carene in several American pines—sometimes in 
large quantities (more than 60 percent of the total weight of the 
turpentine).    Perhaps this terpene may be industrially important. 

Knowledge of turpentine composition may be useful in entomologi- 
cal studies concerned with insect-repellent or insect-attractive con- 
stituents of oleoresins. Knowledge of the effect of different con- 
stituents of turpentine on fungi or bacteria might be profitable in 
pathological work. 

Terpenes of certain pines have been employed in the preparation 
of liquid scintillators for studies of C^* distribution in nature (64). 
An inventory of the occurrence of different terpenes among the pines 
throughout the world proved to be very useful for this purpose. 

SUGGESTIONS FOR FURTHER RESEARCH 

Investigation of the chemical nature of pine turpentines is far from 
being completed. The information contained in this publication 
covers most, but not all species. In many species only one sample 
of turpentine was available for analysis; occasionally a sample re- 
ceived was of such poor quahty that the results cannot be considered 
as final. 

There are pines whose botanical status is uncertain. Such pines 
as Pinus densata, and P. kwangtungensis of southwestern China, or 
P. douglasiana, are apparently valid species, but they are not included 
m this pubhcation. Their turpentines should be studied. The same 
applies to what appeared to be an inland form of P. caribaea which 
I observed in the mountains of Honduras; and to P. cubensis, which 
is placed by Shaw (142) under P. occidentalis. Turpentine of P. 
occidentalis has not been analyzed. 

A study of the occurrence of chemical mutants among the pines 
promises interesting results. 

In the course of our project we have inquired into the composition 
of turpentines of pine hybrids, both natural and artificial (104). As 
more and more pine hybrids are found in nature and more artificial 
hybrids are created by tree breeders, there should be more studies of 
the chemical composition of turpentine of the hybrids. A study of 
the mode of inheritance of terpenes in the genus Pinus might be very 
useful, in both science and practice. 

Our work with Pinus ponderosa has shown that several chemical 
varieties may exist within a pine species. Penfold (124) calls these 
varieties physiological forms. Many other pine species, such as P. 
pseudostrobus, P. nigra, P. sylvestris, and P. tabulaeformis, are com- 
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posed of several varieties. Turpentine composition of these varieties 
should be carefully studied. Further studies of individual variability 
in composition of turpentine within a pine population also are very 
desirable. 

The high-boiling fractions of turpentines contain, besides sesqui- 
terpenes, small quantities of oxygenated terpene and sesquiterpene 
compounds. These high-boiling fractions should be more carefully 
studied. New methods of analysis, such as infrared spectroscopy or 
vapor chromatography will be indispensable in such studies. 

Because A^-carene is more widespread in pine turpentines than 
formerly thought, it should be intensively studied. Structural for- 
mulae of the sesquiterpene compounds reported in this publication 
should be determined. Biogenesis of terpenes and of nonterpene 
constitutents of turpentines should be studied. Especially intriguing 
is the biogenesis of paraflfm hydrocarbons. 

It is hoped that information presented in this publication will 
stimulate further research in the field of turpentines. 
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Appendix 1 

CHEMICAL COMPOUNDS FOUND IN PINE GUM 
TURPENTINES 

Compound Pine in which found, by- 
number as listed in text 

Paraffin hydrocarbons (CnH2n+2) : 
n-heptane (CyHie)  

An unidentified nonane (C9H20)- 
n-undecane (C11H24)  

Aromatic hydrocarbons 
p-cymene (CioH^)- 

CH3 

CH 

H3C CH3 

Olefinic open chain terpenes (CnH2n-4): 
jS-myrcene (CioHie) 

H3C 

C= CIi*Cxi2'CIi2"C'CIi = CH2- 

H3C CH2 

Ocimene (CioHie) 

H2C 
\ 

C- CH2- CH2- CH = C- CH = CH2 

H3C 

572912'—61 11 

CH3 

7, 9, 14, 32, 33 (less than 0.1 
percent), 34?, 35, 36, 65 
(possibly as a result of 
hybridization) 

33 (less than 0.1 percent) 
1, 7, 8, 13, 14, 33, 34, 36, 54 

(one variety) 

42, 61 (by ultraviolet absorp- 
tion only; minute quanti- 
ties) 

12, 21, 42, 51, 54, 61, 79 

21, 22; 23 (possibly) 

143 
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Compound Pine in which found, by 
number as listed in text 

Monocyclic terpenes: 
Limonene (CioHíe) 

Predominantly Z,áL 

H2C 

ÇH3 

'SH 
d,dl  
dWimonene (dipentene) _ 

H2C .CHs 

"f 
H2C CH3 

Terpinolene (CioHie)- 

CH3 

HoC 

H2C. 

HrC 

\ CH 

.CH2 

"CH3 

Z-j8-phellandrene (C10H10). 

CH2 

II 
C 

H2C CH 

H2C ^CH 

I 
.CH 

H3C' CHa 

1, 3, 8, 14, 18, 20, 21, 23, 24, 
26, 27, 29, 30, 31, 33, 36, 
41, 42, 45, 52, 54, 61, 65, 
67, 70, 75, 77, 85, 86, 87 

38  82 
44' 45, 46, 51, 56, 57 and 59 (in 

tails), 68, 73 (possibly) 

9, 12,   21,   26,   42,   54,  57  (in 
tails), 73, 76, 80 

34, 37 (possibly), 42 (rarely), 
44 (possibly), 48, 54 (possi- 
bly), 58, 60, 89, 91 
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Compound Pine in which found, by- 
number as listed in text 

Bicyclic ter penes: 
a-thujene (CioHie). 

CH, 

HC ^CH 

\ 
HzcA ,CH, 

C 

1 
H3C' ^H3 

Camphene (CioHie)  

H 
HpC—C C=CH2 

CHc 

H2C—c—c: 
H 

XH3 

XH3 

a-pinene (CioHie). 

CH, 

HC^ ^^CH 

H3C-C-CH3 

H2C, .CH2 

C 
H 

26 (minute quantity) ; sus- 
pected by Sutherland in 92 
(personal communication) 

8, 42 (rarely), 51, 84, 94 (trace) 

In all pines except 5, 31, 32, 
33, 35, 56; 74 has not been 
investigated. 
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Compound Pine in which found, by 
number as listed in text 

Bicyclic terpenes—'Continued 
/3-pinene (nopinene) (CioHii 

CHg 
II 

)_   1, 2, 3, 4, 8, 10, 12, 14, 15, 16, 
17, 18, 25 (possibly), 26, 29, 
37 (possibly), 38 (possibly), 
40, 42, 43, 44, 47., 48, 49, 51, 

II 53   (probably),   54,   55,   56, 
57, 59, 60, 61, 62, 66, 68, 69, 

^^      ^s. 70, 71, 73, 75, 76„ 79, 80, 82, 

HC^                 CH 
1    ^V.                                           1 

84, 85, 87, 88, 90', 91, 94 

H3C-C-CH3. 

HzC CH2 

C 
h 

A'-carene (CjoHie)—always in a d-form. 

CHj 

HC 

H,C 

<^%H, 

.CH CH3 

CH3 

Sesquiterpenes (C]6H24) : 
Cadinene and cadinenelike sesquiterpenes, 

yielding crystalline cadinene dihydro- 
chloride m.p. 117.5°-118.5° C. 

HC' 

CH3 

I 
C^ AH2 

CH CH 

^CH CH, 

HsC 

XH 
I 

CH 

CH3 

CH, 

Cadinene    (according   to   Campbell   and 
Soffer) 

1,3, 4,5, 7, 21, 26, 28, 42, 47. 
54, 55, 56, 58, 63, 67, 73, 76, 
80, 81 
NOTE: A*-carene was sus- 
pected, but not positively 
identified in turpentine of P. 
oocarpa var. trifoliata, No. 78 

5, 7 (possibly), 8, 11, 14?, 21, 
22, 23, 42 (possibly), 54, 66, 
82  (reported as isocopaene) 
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Compound Pine in which found, by 
number as listed in text 

Sesquiterpenes (C15H24)—^Continued 

CI CH3 

^C^      /CH2 

H2C CH CH2 

HpC 

H3C 

CH 

I 
CH 

CH2 CH3 

CH3 

Cadinene   dihydrochloride    (according   to 
Soffer) 

Reference: Guenther (59, v. 2, y. 91) 

Longifolene   (C15H24),   always   in   dextro- 
rotatory form 

HoC 

HpC 

(After Ghatgey and Bhattacharyya, 56) 

Caryophylenne (C15H24)  

Alhicaulene (C15H24)  

Canadene (C15H24)  

Sesquiterpenes   that   yielded   crystalline   hydro- 
chlorides, and m.p. of hydrochloride (°C.) 

A bicyclic sesquiterpene, 47°-49°  
A bicyclic sesquiterpene, 67°-68.5° __-- 
A monocyclic sesquiterpene, possibly bisa- 

bolene, 75°-79^ 
A tricyclic sesquiterpene, 80°-80.5°-  
A bicyclic sesquiterpene, 85°-87°  
A bicyclic sesquiterpene, 107°-108°  
Possibly cadinene, 117°  
A monocyclic sesquiterpene, 129°-130°  

1, 20, 26, 29, 30, 33, 36, 41, 45, 
46, 47, 49, 54, 58, 63, 64, 67, 
70, 71, 76, 77, 78, 82, 91 

82 

5, 6, 11 

Suspected in 21 

48, 75 
24, 31 
14 

19 
8 
9, 11 
14 
54 
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Compound Pine in which found, by- 
number as Hsted in text 

Sesquiterpenes, which upon dehydrogenation gave 
azulene (CisHis) 

Azulenelike sesquiterpene .  

y \ 

H 

Parent substance of azulenes, a bicycUc hydro- 
carbon CioHg 

See Guenther (59, v. 2, p. 128) 

Unidentified sesquiterpenes whose hydrochlorides 
were not prepared 

A tricyclic sesquiterpene with one double bond  

A tricyclic sesquiterpene with one double bond, 
posßibly aromadendrene 

A bicyclic sesquiterpene of unknown structure  

Sesquiterpenes of the cadalene type (i.e., those 
which on dehydrogenation gave cadalene, 
C15H18) 

HC ̂  

ÇH3 

HC 

CH 

X 

H3C 

C 
I 
CH 

CH CH3 

CH, 

Cadalene 
See Guenther (59, vol. 2 p. 82) 

Diter penes: 
Cembrene  
A diterpene forming a maleic anhydryde 

adduct of m.p. 148°-149° C. 
An unidentified diterpene, _„ ^  

11 

82 

17, 27, 37, 53, 56, 79, 80, 86, 90 

15 

18 

6, 13 

6, 8, 10, 12, 22 

1, 5, 8, 12 
1 

10 
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Compound Pine in which found, by 
number as listed in text 

Aliphatic terpene alcohols: 
CioHigO) 

Linaloöl (3.7-Dimethyl-l, 6-octadien-3-ol) _ 

H3C OH 

C=CH'CH2'CH*2C'CH = CH2 

H3C CH3 

For details see Guenther {59, v. 2, p. 167) 

Nerol (2, 6-dimethyl-l, 6-octadien-8-olK_. 

H2C 
\ 

C'CIi2* CH2* CH2-C-CHs 

H3C HOH2C.C.H 

For details see Guenther {59, v. 2, p. 174) 

Cyclic terpene alcohols: 
a-terpineol (CioHisO)  

CHj 

H2C 

H3C 

CH 
1 
C:—OH 

CH3 

SesquUerpene alcohols: 
Cadinol (CsHzsO)-. 
Albieaulol (CisHseO). 

H2C 

.CHî 

CH3 

I 
C 

CH X.. CH 

OH-;.C      .CH   ^CHz 

CH3     CH2     CH 

,CH 

HsC CH, 
Structural formula of albieaulol (ô-cadinol or 

pilgerol) according to Prof. William G. Dauben 
(see footnote 8, p. 34). 

73, 32 (possibly). 

41 

Reported in 13. 

82 (very little) 
5,   8,    (and   probably   in   10 

reported as lambertol) 



150 COMPOSITION   OF   GUM   TURPENTINES   OF  PINES 

Compound Pine in which found, by 
number as listed in text 

A sesquiterpene alcohol, m.p. 133° C. 

A sesquiterpene alcohol  

Diterpene alcohols 
A diterpene alcohol. 

Aliphatic aldehydes: 

OctylCH3-(CH2)6C 

Nonyl CH3(CH2J7C 

H 

O 

H 

Decyl CH3-(CH2)8-C 

H 
y 
\ 

H 

Laural (n-dodecyl) CH3(CH2' 
\ 

O 

Citronellal 

H2C H 
\ / 

C. CH2. CH2- CH2- CH. CH2- C = O 

HaC 

For details see Guenther (5P, v. 2, p. 

Unidentified Cio carhonyl compound. _ 
H 

Myristyl (tetradecyl) CH3(CH2)i2C 
y 

O 
Ketones: 

Unidentified ketones 1 or 2 percent  
An  unidentified  Cio  carbonyl  compound, 

probably a ketone 
A sesquiterpene ketone apparently with a 

sesquiterpene aldehyde 

Unidentified oxygenated compounds  

10 

71 (possibly; 

12 (possibly) 

32 

32 

32, 33, 34 (possibly) 

33, 35 (possibly), 44 

32 (possibly) 

33 (traces) 

35 

15 
33 

89 

1, 9, 15, 21, 50 
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Compound Pine in which found, by 
number as listed in text 

Phenol ethers 
Methyl chavicol CioHi20_ 

OCH3 

CH2CH — CH2 

Aliphatic esters 
Ethyl caprylate C7H15—COOCaHg- 

Terpene esters: 
Bornyl formate   C11H18O2  
Bornyl acetate C12H20O2  

H2C 

HoC 

CHOCOCH3 

Bornyl acetate 

a-terpinyl acetate CioHn-O-CO-CHa. 

30, 32, 54, 57 and 59 (in tails), 
60, 61, 67, 70, 73 (possibly), 
91 

21 

27 
1, 8, 12, 14, 18, 45, 57 (in tails) 



152 COMPOSITION   OF   GUM   TURPENTINES   OF  PINES 

Compound Pine in which found, by- 
number as Usted in text 

Oxides 
Small quantities of pinol (CioHieO) and 
pinol hydrate were reported by Dupont in 
No. 82. It appears, however, that the ox- 
ide and its hydrated form are secondary 
products formed by oxydation of terpenes 
and not found in the freshly distilled mate- 
rial. 

82 

HoC 

Reference:  Guenther {59, v. 2, p. 713) 



Appendix 2 
INDEX—BOTANICAL AND COMMON NAMES OF 

PINE SPECIES MENTIONED IN THIS REPORT 
Botanical name 

P. alhicaulis 
P. apacheca=engelmannn 
P. aristata 
P. arizonica 

P. armandi 
P. atténuât a 
P. ayacahuite 
P. balfouriana 
P. banksiana 
P. bolanderi= contorta 
P. brutia 
P. bungeana 
P, canariensis 
P. caribaea 
P. cembra 
P. cembroides 
P. chihuahuana 
P. clausa 
P. contorta 
P. cooperi 
P. coronans (var. of 

P. sibirica) 
P. coulteri 
P. cubensis (see 

P. occidentalis 
P. densata (see 

P. tabulaeformis) 
P. densiHora 

P. durangensis 
P. echinata 
P. edulis 
P. elliottii var. elliottii 
P. elliottii var. densa 
P. engelmannii 
P. excelsa (see P. griffithii) 
P.jenzeliana 

No. 

5 
71 
19 

Common name 

Whitebark pine 
Apache pine t j. 
Bristlecone pine 19 
Arizona var. of ponderosa    55 

pine 
Armand pine 
Knobcone pine 
Mexican white pine 
Foxtail pine 
Jack pine, Banks pine 
Lodgepole pine 
Calabrian pine 
Lacebark pine 
Canary pine 
Slash pine 
Swiss stone pine 
Mexican pinyon 
Chihuahua pine 
Sand pine 
Lodgepole pine 
Pino amarillo (Durango) 
Locally known as Siberian 

cedar 
Coulter pine 
Cuban pine 

8 
93 

9 
18 
SS 
89 
80 
16 
27 
bS 

2 
20 
29 
84 
89 
69 

3 

34 
74 

Page 

33 
105 

50 
92 

36 
125 
38 
49 

116 
117 
111 
47 
58 
94 
30 
52 
59 

114 
117 
104 

31 

66 
107 

Possibly a hybrid 53 86 

Japanese red pine, Akamat- 40 72 
su 

Pino real (Durango) 66 100 
Shortleaf pine 62 97 
Pinyon 21 52 
Slash pine 59 95 
So. Florida slash pine 60 96 
Apache pine 71 105 
Himalayan pine 13 44 
Closely related  to  P. ■B   —   _   

kwantungensis 
153 
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Botanical name 

P.flexilis 
P. Jormosana 

P. gerardiana 
P. glabra 
P. greggii 
P. griffithii 
P. halepensis 
P. hartwegii 
P. heldreichii 
P. hwangshanensis 
P. insignes (see P. radiata) 
P. insularis 
P. jeffreyi 
P. khasya 
P. koraiensis 
P. kwangtungensis 

P. lambertiana 
P. laiicio (see P. nigra) 
P. lawsonii 
P. leiopylla 

P. leucodermis (see 
P. heldreichii) 

P. longijolia 
P. luchuensis 
P. lumholtzii 

P. massoniana 
P. merkusii 

P. michoacana 
P, monophylla 
P. montana 
P. montezumae 
P. montícola 
P. morrisonicola 

P. muricata 
P. wMrrayana (see P. con- 

torta) 
P. nelsonii 
P. nigra 
P, oaxacana 
P. occidentalis 
P. oocarpa 
P. oocarpa var. trifoliata 
P. palustris 
P, parviflora 

Common name 

Limber pme 
A  variety  of  or  closely 

related to P. parviHora 
Chilghosa pine 
Spruce pine 
Gregg pine—Pino prieto 
Himalayan pine 
Aleppo pine 
Hartweg pine 
Heldreicti pine 
Hwangshan pine 
Monterey pine 
Luzon pine 
Jeffrey pine 
Khasya pine 
Korean pine 
A little-known white pine 

of S.W. China 
Sugar pine 
Austrian pine 
Lawson pine 
Pino chino (Michoacán) ; in 

U.S., it is called chihua- 
hua pine 

Palebark pine 

Chir pine 
Luchu pine, Okinawa pine 
Lumholtz pine, Pino triste 

(Durango) 
Masson pine 
Merkus   pine,   Tenasserim 

pine 
Michoacán pine, Pino lacio 
Singleleaf pinyon 
Swiss mountain pine 
Montezuma pine 
Western white pine 
A Formosan pine,  related 

to P. parviflora 
Bishop pine 
Lodgepole pine 

Nelson pine 
Austrian pine 
Oaxaca pine 
Cuban pine 

Longleaf pine 
Japanese white pine, Hime- 

komatsu 

No. Page 

6 34 

17 48 
75 107 
90 120 
13 44 
79 109 
67 102 
52 84 
46 79 
94 126 
48 81 
32 62 
49 82 
1 28 

10 39 
51 83 
63 98 
28 58 

52 84 

26 56 
44 78 
30 60 

39 70 
47 79 

70 104 
23 55 
43 76 
65 99 
14 45 

92 125 
89 117 

25 56 
51 83 
36 67 
74 107 
77 108 
78 109 
57 94 
11 40 
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Botanical name 

P. patula 
P. pentaphylla 

P. pence 
P, pinaster 
P. pinceana 
P. pinea 
P. pityusa 
P. ponderosa 
P. pringlei 
P. pseudostrobus 

P. pumila 
P. pungens 
P. quadrifolia 
P. radiata 
P. reflexa 
P. resinosa 
P. rigida 
P. rudis 
P. sabiniana 
P. serótina 
P. sibirica 

P. strobus 
P. sylvestris 

P. tabulaeformis 
P. taeda 
P. taiwanensis 
P. tenuifolia 
P. teocote ^ 

P. thunbergii 
P. torreyana 
P. tropicalis 
P. virginiana 
P. washoensis 
P. yunnanensis 

Common name 

Jelicote pine 
A variety of P. parviflora^ 

Goyomatsu 
Balkan white pine 
Cluster pine (Pin maritime) 
Pincers pine 
Italian stone pine 
Pitsunda pine 
Ponderosa pine 
Pringle pine 
False Weymouth pine is a 

book name. Very mis- 
leading. Locally this 
pine is known under 
many different names. 
In Central America and 
adjacent parts of Mexico 
it is called pinabete, a 
name generally used for 
fir {Abies). 

Japanese stone pine 
Table-Mountain pine 
Parry pinyon 
Monterey pine 

Norway pine 
Pitch pine 

Digger pine 
Pond pine 
Siberian white pine (Sibe- 

rian cedar) 
Eastern white pine 
Scots (Scotch) pine (^'Com- 

mon pine'' of Europe) 
Chinese pine 
Loblolly pine 
Formosa pine 

Teocote, Octoe, Aztec pine 
(U.S.) 

Japanese black pine 
Torrey pine 

Virginia pine 
Washoe pine 
Yunnan pine 

No. Page 

91 121 
11 40 

12 42 
82 112 
24 55 
31 60 
81 112 
54 87 
76 107 
72 105 

4 
87 
22 
94 

7 
37 
85 
68 
35 

15 
42 

53 
61 
45 
73 
64 

41 
33 
38 
83 
56 
50 

31 
116 

54 
126 
35 
69 

114 
103 
66 

115 
31 

46 
73 

86 
96 
78 

106 
99 

72 
64 
70 

114 
93 
83 

1 Teocote is an Aztec word meaning 'Tine of the Gods."    Only the Aztec 
nobles were permitted to use the resin of this pine for incense in worship. 



Appendix 3 
GLOSSARY OF SOME TERMS USED IN THE TEXT 

Most of the terms used in commercial turpentine production in the 
United States are explained in ^ ^Standard Definitions of Terms Relat- 
ing to Naval Stores and Related Products/' issued by the American 
Society for Testing Materials under "ASTM designation D804-52/' 
The ASTM definitions are generally followed in this glossary, except 
where a definition suitable for use in the Naval Stores industry can- 
not be extended to all species of pine. An example is the ASTM 
definition of turpentine as ^^The volatile oil consisting primarily of 
a number of terpene hydrocarbons''; some pine turpentines do not 
contain any terpenes at all. Also, where a reader could be confused 
by ambiguous or erroneous definitions of terms found in some diction- 
aries, the author has considered it necessary to explain the discrepan- 
cies. For instance, there is a great difference between the crude 
turpentine and the sap of trees. 
Abietene.    Proprietary name of Pinus jeßreyi turpentine.    It con- 

sisted  of 7¿-heptane  with  an  admixture  of  aliphatic  aldehydes. 
Balsam.   A viscous substance obtained from many different plants; 

sometimes a synonym of oleoresin (which see).   This name should 
not be used to designate pine oleoresins. 

Composite sample of turpentine.    Obtained from not one but several 
trees. 

Face. A part of a pine trunk from which the bark only or bark and 
part of the sapwood is removed, and from which oleoresin exudes. 

Gum. A commonly used name in trade for pine oleoresin that is 
obtained from a living tree or that exudes from a face. Chemically 
speaking it is a misnomer. True gums are composed of uronic 
acids and hexose or pentose. 

The term gum is firmly established in American Naval Stores 
(which see) industry, as a synonym of oleoresin. The term is used 
in this sense by the author. 

Gum turpentine. This term is used to distinguish the volatile oil 
obtained from oleoresin of pines from that distilled frora wood or 
stumps. The oil is composed of different terpenes and sesqui- 
terpenes, sometimes with admixture of nonterpene compounds. 
Gum turpentine of some pines consists of one terpene only, and in 
rare instances, pine gum turpentine does not contain terpenes at 
all. Although several different methods are used to obtain turpen- 
tine from oleoresin, the usual method is steam distillation., 

In this publication gum turpentine or turpentine is used to des- 
ignate the volatile part of pine oleoresin obtained by wounding the 
living tree. 

156 
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J-line. (For jaune, i.e., yellow). A wave length of 578 m^. '^j-line'^ 
IS used by French investigators in determining optical rotation of 
turpentine. 

Naval stores. ASTM defines this term as '^Chemically reactive oils, 
resins, tars, and pitches derived from oleoresin contained in, exuded,' 
or extracted from trees, chiefly of the pine species (genus Pinus) 
or from the wood of such trees.'' 

Naval Stores is an old colonial name for the resinous products 
of pmes used in wooden ships of the British Royal Navy. 

Oil of turpentine. A pharmaceutical name for turpentine. Some- 
times used in old Hterature as a synonym of turpentine, especially 
when the term turpentine is used for oleoresin. 

Oleoresin.    In pines, oleoresin originates in Hving cells of the sap- 
wood and flows from resin canals or ducts when these are severed 
Commonly called gum, pitch, or even sap.    (See Pitch.) 

ASTM defines oleoresin as ''pine gum, the nonaqueous secretion 
oí resm acids dissolved in a terpene hydrocarbon oil which is 
(1) produced in or exuded from the interceUular resin ducts of a 
living tree, (2) accumulated, together with oxidation products, in 
the dead wood of weathered limbs and stumps.'' 
^ It should be noted that "resin acids" are not always dissolved 
m "terpene hydrocarbon oil.'' Sometimes the solvents are other 
substances, such as paraflän hydrocarbons, ^¿-heptane, and to a 
lesser degree 7^-undecane, and even benzene derivatives. 

P*^S*^-.,,.^ö^^ö^ly a dark, viscous substance obtained as a residue by 
distilling wood tar or petroleum; also occurs naturally as asphalt. 
The name is occasionally used instead of oleoresin: hence—pitch 
pme. 

Oxford University Dictionary, Ed. 3, 1955, defines pitch as "a 
tenacious resinous substance obtained as a residuum from the 
boiling of tar, also from distillation of turpentine" (they meant 
oleoresin). 
^^ The American College Dictionary (Harper, 1953) defines pitch as 
any of various resins" and as "the sap (sic!) or crude turpentine 

which exudes from the bark of pines."    (See Sap.) 
ASTM restricts trade use of the term pitch to the "solidified 

material . . . obtained by distilling off . . . the volatile oil from 
a retort pine tar." 

Reseñes. ASTM defines the term "as appKed to naval stores, those 
constituents of rosin which cannot be saponified with alcohohc 
alkah, but which contain carbon, hydrogen, and oxygen in the 
molecule." We found in several pines some unsaponifiable com- 
ponents of rosin which did not contain oxvgen; such were diterpenes 
of pme Nos. 1, 5, 8, and 12. We discussed these as ingredients of 
the volatile part of oleoresin. 

Resin. A generic name for many organic products, including oleo- 
resin. 

Rosin. ASTM definition of rosin is "a specific kind of natural resin 
obtained as a vitreous water insoluble material from pine oleoresin 
by removal of volatile oils." Rosin, thus, is the residue remaining 
m a pot after all or almost all of the turpentine and reseñes have been 
removed.    Rosin  is  composed  chiefly  of  rosin   acids,   C20H30O2 
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possessing a decahydrophenantrene ring structure, and generally a 
small amount of unsaponifiable matter. 

In some pines, rosin obtained by conventional steam distillation 
processes is very soft and tacky, and contains a large percentage of 
unsaponifiable substances. {See Eesenes.) 

Sap. Watery solution (juice) contained in plants. Popularly, any 
fluid secretion of plants. {See Pitch, as defined by the American 
College Dictionary.) The term sap should never be used to desig- 
nate oleoresin or turpentine. 

Spirits of turpentine.    Pharmaceutical or trade name tor turpentine. 
Same as oil of turpentine or turpentine (which see). 

Sulfate wood turpentine.    A product obtained m sulfate (kralt) pulp- 
ing process.    During digestion of pine pulp, the turpentine vapor- 
izes and is collected. . 

Taxon (pi. taxa).    A general term applied to any taxonomic element, 
population, or group irrespective of its classification level,    (bee 
George H M. Lawrence.    Taxonomy of vascular fiants, footnote 8, 
p. 53, and p. 772.    New York.    1951.) 

Terebenthyne.    Obsolete name of oleoresin. 
Terpene.    The ASTM definition is '^Unsaturated organic compound 

having the empirical formula CioHie occurring in most essential oils 
and oleoresins of plants.^'    Some pine turpentines do not contain 
terpenes, but such instances are rare. 

Turpentine.    Volatile oil obtained by distillation of either oleoresin 
{see Gum turpentine) or wood {see Wood turpentine). 

Turpentine, Canada.    Same as Canadian balsam {see Balsam).    ^ 
Turpentine, crude.    In European Kterature this term is sometimes 

used for oleoresin.    In this pubHcation the term crude turpentine is 
used for the volatile part of oleoresin previous to fractionation. 

Turpentine, stump.    See Wood turpentine. 
Turpentine, sulfate.    See Sulfate wood turpentine 
Wood turpentine.    ASTM distinguishes three kinds: (1) ; öteam dis- 

tilled wood turpentine obtained from the oleoresin withm the wood 
of pine stumps or cuttings, either by direct steaming of mechanically 
disintegrated wood or after solvent extraction of the oleoresin Irom 
the  wood.    (2)    Sulfate  wood  turpentine  recovered   during   the 
conversion of wood  to paper pulp  by the sulfate process.    (3) 
Destructively distilled wood turpentine, obtained by fractionation 
of certain oils recovered by condensing the vapors formed during 
the destructive distillation of pine wood.'' 

U.S. GOVERNMENT PRINTING  OFFICE: 1961 


