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Part 1. Introduction

In America, the term “gum turpentine™? is used to designate the
¥ x] g

volatile part of an oleoresinous exutdate of conifers, chiefly of pines,
In pines, oleoresin droplets may be found in any living pavenchyma
cells, but most oleoresin 18 produced in the thin-walled cpithelinl cells
surrounding the resin ducts or cunnls,  When & pine is woanded, the
rostn duess are severed.  The oleoresin, squeezed from the epithelial
cells into the resin canals, may be gathered in receplacies attached
below the wound.,  When obtamned in this way the oleoresin is called
pine gum.

Olvoresin ean be separated inio two components: rosin and tur-
pentine,  Generally, turpeatine is removed [rom oleoresin by steam
distittution, aud rosm remains in thestill asanonvolatile residue. Rosin
consists mostiy of rosin neids having an empiviead Jormuln CogH O,
Rosin also includes a small amount of substances (varying from one
spocies Lo anotiwr} other th rosin acids; these nre loosely called
resenes,  The chemienl nature of resenes is little known. In some
pineg al teast, this unsapounifiabie material includes many compounds
of the sesquiterpene and diterpenc serivs,  Technically, these sesqui-
aid diterpenes could be classified with the volatile part of oleoresing
in practice they are not removed in the process of steam distillation,
bul remain in the nonvolutie residue ar rosin, rendering it soft and
tucky.

The steam-volatile part of the oleoresin, i.c., turpenting, is not &
chemieally pure substance. It counsists generatly, but not abways, of
eyelic hydroearbons, or terpenes, of an empirical formula ClLy,.
There is ulmost always an admixture of sesquiterpencs (UFLy) and
sometimes of nonterpene substanees.  The components of pine gum
surpentines are histed in Appendix 1, p, 143,

Ia the eourse of novmal growth of a pine, the inner parts of the
sapwoced are grivlually converted into Dbeartwood. The oleoresin
which is found in henrtwood, and chicfly 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 lrom the wood in this manner is ealled wood
turpentine; its composition often differs from that of gum turpentine
ol the same species, although the chiel ingredients of both are usually
the smme,  (CE p. 81.)

Sulfate turpeutine is obtained as & byproduct from the pulping of
pine.  During the digestion, turpentine vaporizes and is collected.
The chemical composition of sulfate turpentines is not considered in
Lhis publiention.

! For explanation of technical {orms see Glossary, Appendix 3, p. 156,




2 COMPOSITION OF GUM TURPENTINES OF PINES

HISTORY OF TURPENTINE ANALYSIS

The word “burpentine” (old “4erebenthane’) is derived from the
Greek word “tercbenthinn.”  This word originally meant olcovesin of
o Mediterranean shrub, Pistecie ferebinthus of the Cashew family
(Anieardiaceae).  Later, the oleorestn of pines also became known
ns turpentine, and even now the term “erude turpentine” is occa-
sionally used instead of “oleoresin.”  The volatile part of oleoresin,
or turpentine, is still known eomamercially as “oil of turpentine” or
oven as “spirits of turpentine.”

Early researches on the compesition of turpeatine were concerned
only with commereial products obtained in the United States from
Pinus elbiottit and P. pafustris, and in France from P. pinaster. Inter,
Herty (87, 68, 89)® and his coworkers analyzed turpentines of three
other American pines: P, leede, 2. echinata, and P, seroting.

In France, much work was done with turpentines of Turopean
pines other than Pinws pinaster by Dupont and his associntes, espe-
cially by MMle. Marcelle Barraud,  In Russia, where the chief source
of turpentine is . sylresiris, o great denl of work on composition of
turpentines was done by B A Arburov (7, 8, 9 and recently by
Burdyshey and his eoworkers (13, 14 15, 16, 17, 18).

In Indoncesin, turpentine vescarch has dealt exclusively with Pinus
merkusii,

In Indix, carly in this century, Simonsen and his associntes analyzed
turpentines of several Asiatie’ pines.  Although at the beginning
Simensen’s interest in the subject was purely technologieal, his Inter
work was of a highly fundamental nature.  His “Ferpenes” (150) is
& classicnl treatise on the subject.

Sumonsen (162) discovered in Pilrus longifolia (now called P.
rorburghit) n now bievelic terpene, A%carene, which had been over-
looked by earlior investigators of pine turpentines, and i sesquiterpene,
which he called lougilolone.  In £2. exeelsa, now known as P. griffithti,
Simonsen found a paraffin hydrocarbon, n-undecane (131).

In 1872 Wenzell (165) published a startling report that some
Culifornia pines vield an unusual turpentine consisting not of terpenes,
but of n hydrocarbon numed abielene. Later it was shown that
abictene was n-heplane (29, 136).

fn 1911 the U8, Forest Service (28) conducted a series of experi-
ments Lo determine suitability of Yestern pines as o source of Nuval
Stores.  The ficldwork was done by Georee Hunt; the laboratory
phase of the project was done by A, W, Senorger, at the U8 Forest
Products Laboratory, Madison, Wis, (136}, i those duys, fractional
distilnUon apparatus was rather primitive; Sehorger had at his
disposal merely a 12-inch-long tube known as o Hemmpel column,
But even with this equipment, he was able to contribute u great deal
to the knowledge of Ameriean turpentines.

Schorger verified previous reports that the turpentine of two
Californiy pines, Pines Jeffreyi and P. subindane consisted almost
entirely of » pavaffin hydrocurbon, n-heplane, iustead of the usual
terpenes; he was the first to reporl that P. conforta Lurpentine con-
sisted almost entirely of  S-phellandrene - monocyelic  terpene

 italic minmbers in parcntheses refer to Literature Clted, p. 134,
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commonly found in the essential oils of T'mbelliferne, the ecarrot
family, and also in essentinl oils of some eucalypts (72}, Schorger
nlso reported the presence of eadinene in P, edulis (186) and in P,
menophylie (135} turpentines, and he found camphene in the turpentine
of P. clause {184).

Sehorger suggested (238) that in reporting the composition of
any mecnim{' “it is 1mp01lnnt Lo know exactly the biologieal source
of the material; that Lhere is a possibilily of existenze of stable
varicties within a gpecies, each variefy possessing its peculiar tur-
penting; that there is always n possibility of finding in the woods

“basturd pine” whose turpentine differs considerably from the
general run. The idea of an existence of stable chemical varvieties
within n species has been more fully developed by Penfold and his
associates, working with Austealinn cssential oils (194, 128).

Some research on the composition of turpeutines has also been
ennducted in Spain, Yugosluvia, Poland, the Philippines, Japan, and
Mexico. These studies dealt punmnl\' with turpentine as a eom-
wercind product,  Nevertheless, mueh valuable biological infornation
can be abiained from the puhhshmi results of these investigations.

Dr, . A, Foote and 1 published the first analxtical paper on the
coinposition of gum turpentine {of Piaus mrmtewd’a) in 1933 {54,
After u long interval, my studies of Lurpentines were resumed and
fwo pupers were |Juh|ishm{: one in 1946 on coniposition of turpentine
ol P, confleri (93) and one in 1947 of 2. muricale (96).

I 1946 Dr. AL J. Haagen-Sinit, professor of Bio-organic Chemistry
nt the Clalifornin Institute of Technology, was invited to participate
in the project of studying composition of pine turpentines.  During
1947, 1048, 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 aunlyzed;
Ad-cavene and longifolene were first veported to be components ol
turpentines of New World pines.  In Pinus aldicanlis were discoverod
o new gesquiterpene, afbicaulene; a new sesquiterpenc  alcohol,
albicaunlol; and a dilerpene, combrene,  Diterpencs had never been
reported i turpentines belore.  We found ecembrene, albieaulene,
aud albieaulol in several Astutic pines.

111950 andd 1951 [ continued the project alone, working chiefly
with Mexcian pines, From 1932 throeugh 1955 the project was
supported by the ! .0{'|\r'tellm I*Olnul.ltmn and most of the loboratory
work was done by Dr, lioft, Jr. Although the project wus
officially closed early in 1%6, b {:omplcwd analyses of Pinus patulea,
Potennifolia, P, serofine, and . yunnanensis, and wrote the concluding
remmarks in 1957,

During the progress of the research reported here, nenrly 30
amdytical papers were published in the Journal of American Pharma-
ceutical Association, Secientific Edition, under the general title
“C'omposition of Gnm Tuepentines of Pines.” llo“(\vm many dala
ineluded in this bulletin have never been published hefore.

Including - veliable information of previous investigtors for 18
species, Imo“lndrro ol Lurpentine composition is now availuble for
all but o few conroversial species, such us Pinus bwantungensis and
several varietics of different pines.  Becuuse turpentine cotuposition
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is a little-explored field, inforration for some pines is rather skeichy,
especially for the pines of China (for instance, P. tabulueformis),

STABILITY OF TURPENTINE COMPOSITION

Xt has often been reported that the composition of turpentine of n
pine varies considerally. The nature, extent, and ecauses ol Lhis
varinbility have been little understood and seldom <liscussed. For
& better understanding of the chemistry of pine turpentines, it is
necessary 1o <discuss briefly what js known about stability and vari-
whility ol their composition. To begin with, three questions will Le
considered

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

2. Does Lhe composition change when u pine is planted outside its
natural range?

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

To study variability in physical properties—and thus the varinbility
in chemical composition—investigators often select optical rotation
of turpentine.  Variability of optical rotation depends on  three
factors: (a) different amounts of leverotatory and dextrarotaiory
terpenes in a tarpentine, {b) different amounts of the levorotaiory
and the dextrorotalory anlipodes of the same Lerpene, and {¢) different.
amounls of an optically active compound and un optieally invctive
compaotnd.

Herly (67} inveslignted optical variability in turpentine sumples
obtumined throughout two seasons [(rem several individual Pinus
elliothii and P, palustris trees.  He found considernble variation aniong
wdividual trees, but very little within an individual tree. Herty’s
investigation was (ollowed by similar cxperiments of the French
wotkers, Dupont and Barrud (48), who studied a BEuropean pine,
P.migra. They found that although the rotatory power of lhe com-
posite samples varied with the method of obtaining the oleoresin nud
with the time of the year, the chemical composition ol the turpentine
remained about the same,  Here follow some examples of variability
of optical rotation of . nigre turpentine:

Hample 17 Snmple £t Smple {2
Sdgathering. . L L L L . .. ... —42 305° — 30 g0° -4, 637
th pathering. .. L. Lo — 34, 00° —-i). 43¢ —tl, 73°
ath gathering . . .. e e mmaamecemaan —25.35° — ), N5° — 8. 0Q°

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

Oudin (114), 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 olher lrees levorotatory turpentine. Tn individual rees, vari-
ations Irom one year to another, and lvom 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 Throngon (24), studying six Pinus elliofthii and six P,
pelustris trees, found thnt during a single season the opiieal proper-
ties of turpentines of individual trees of both species did not lollow
any orderly course.  Optical rotation of turpentine of one slash pine
wetunlls changed for 2 weeks from ntinus Lo plus, but lnter returned
tey the ortginal levorownlory stale.

As the result of an inguiry inlo seasonal variability of Pinus ponde-
rosg Lurpentine in Lhe Sierrs Nevada of California, 1 found considerable
differenee tn the aptieal votation of individua! trees (fig. 1).  Also,
this character varied little throughout a growing season, and, as in
Bluek and Phronson’s experiment, the varintion did net follow any
orderly course, A elear-cut decision cannot be made ns to whether
the ehserved variation was attributable to evperimental ervor.  How-
ever, an estirnnle of the variability due to teelnique was obtained by
doing theee rotation rendings from turpentine obtained at one time
from one tree.  The varintion sbserved 1 these 3 readings was greater
than the average within-lree variation for the 11 trees of the study,
Statistien] analysis of (he duta indieated that the variation is nol
Linearky nssoelnted with date of instroment reading, and is not different
from tree Lo tree,

To sunt up, all evidenee seers to indiente that turpentine compo-
sition varies litte throughout a growing season, in individunl trees,
und especially in composite lots of turpentine {i.e., obtained from
nmany trees) beeavse here individual dilferences are likely to balance
themselves,

Then dees the chemical composition of turpentine change when a
pine is plented outside ils natural ranee?  Scheuble (188) reporied
that Pinus jeffreyt, n Calilornin pine whese turpentine covststs chiefly
ol n-hepiane, nlso yviclds chiefly a-heptane when cultivated in Austria.
In wy expericnee, 20 contorte turpenline consists chiefly of [-8-
phellandrene both in the United States and when planted in New
Zealund. P, pinea Lurpene fraction consists fully of fHlinmonene both
in Haly, where it is nalive, and in California, where it is cultivated in
parks, Examples ol this stability in turpentine composition are
nunerows; these theee are suflicient Lo demonstrate that composition
of turpentine s o gonetically fixed character.

Finally, when one physiological form ? of 5 pine grows uuder differ-
ent ecologieal condilions within its habilat, Lhe chemwiral composition
of its turpentine remaing unchanged.  Irestinsky and his coworlkers
(83) Tound that Pinus syfeestris Lurpentine obtained from different
ecolorienl Lypes of u lorest in the same locality possessed the same
physical properties and the sanie chemienl composition.  Appuarently
these workees deall with the same physiologieal Torm ol P. sylvestris.
On the other hand, Penfold (125) was uble o distinguish in one
loenlity several physiologieal forms of Euealyptus.

SPECIFICITY OF TURPENTINES

Some closely relafed pines may possess turpentines of different
coluposilien; on the other hand, it is known that two species
Ve lenn “physiologicsl Torm” was sugeested by Penfold (724) Lo denote

subspecifie entilies having the same morphologieal appearance but differing in
chemival composition uf essential oils,
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taxonomically remote have turpentines of almost identieal convposi-
tion. The high-boiling sesquilerpene lractions from such pines may
differ, but knowledge of the composition of these Iractions is still teo
menger Lo permit any conelusions,

Phie chemieal compesition of turpentine is nol always correlated
with the taxonomic position of # pine. Oune veason for absence of
refationship is inconplete knowledge of chemieal composilion of pine
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turpentines.  Another reason is Lhat there is slill a4 great deal of dis-
ngreement among bolanists us to the classificalion of pines. A nat-
ural taxonomic system for the genus Pinus has not been developed.
Some bolaniss (137) muintain that pines really belong to four differ-
ent genern: Strobus, Apinus (white pines), Pinus (ﬁnrd or yellow
pines) and Caryepitys (pluyon 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 pime, one should remeinber that the genus Pinus of
toduy is different from the genus of the Tertiary Period. The oldest
living species is probably not older than Miocene. The chemical
relntionship of pines that existed during the Jurassic was mosl likely
ditferent from what it is now. During the evolulion of the genus,
many ancient species becnme extinet and many new species appenred.
At present we Jve merely patehes of an old biochemieal pattern.
Some ol these patches are difticull to fit into the present struciure
of the genus; others fit very well and are useful in understanding the
relationship of living pines.

An intevesting exnmple of this relationship is Pinus jeffreid, a relie
pine of Californin (94) whose Lurpentine consists alinost entively of
n-hepiane with n small addition of aliphatic aldehydes. In some
morphelogical characters, this pine resemibles P, ponderose, which
belongs to the group Australes. The two pincs hybridize naturally,
and the hybrids are Tertile (93). Many botanists have considered
P jeffreyi as o variety ol £ ponderose (142).

Yet in the chemistry of its turpentine, Pinus jeffreyt is related not
to Australes but to a distant group of Macrocarpac. This group con-
sists of three pines, 2. sabiniuna, 2. eoulteri, and P, torreyana, all
eontaining a-heplane and aliphatie aldehydes, It has been lound
that 2 geffreyi crosses naturally with . eoulieri, and the hybrids
between the two pines are also lertile (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, perbaps
having been closer 1o the former. Turpentine of the group Macro-
earpree containg chemieal compounds simpler {more primitive) than
terpencs, i.e., n-heptane and w-undeeane.  The group Austinles, with
ihe exeention of one varle(y of 2. pondervsa lvom the Santa Cruz
Mountnins of Consial California, does not contain paraflin hydre-
cathons.  In the course of evolutlion, intermediale links hetween the
two groups disappeared, and P. jeffreyi is now the only pine {except
perhaps the Santa Cruz variely of P, poaderosa) that reminds us ol
}_Iiwir }I‘_ornwr relationship. “Ihe relationship may be represented
IKe this:

Group —— Prinus _— Group
Australes ponderosa Pinus Macrocarpae
from jetfreyi
Extinct [7) Santa Cruz [ {o relic Extinct
species] | California pine ) species
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There is also evidence other than presence of heplane that P, jeffreyi
is an older species than £2. ponderesa. This evidence is based on the
degree of unsaluration of seed oils of the two pires (84).

Difficulties in correlating taxonomy with chemistry of turpentines
oceur:

(n) When o complex botanical species, such as Pinus ponderosa
or P. splrestris, contuins severnl vurieties, cach possessing ils
own spectfie turpentine.

{b) When a valid spocies is ervoncouslty included tu wnother
species. A good example is Pinus engelmannis which until recenitly
was considered as n synonym of P ponderosa. Chemically the
two pines are guite different (102,

(c) When chemieal mutants, or aboormal trees, are encoun-
tered within a speeies.

(d) When {wo species naturally cross.

The Tast two statements require some amplification.

Chemical mutants have occasionally been found among pines.  In
1930 two Russian investigators (§2) reported an unusual turpentine
obtained from an individusl tree of Pinus syleestris.  The turpentine
fncked completely the wsunal A¥%carenc; it consisted of a-pimene,
camphene, aud -g-phellandrene,

Schovger's (138) “bastard”  Pinus ponderose apparently was n
chemical mutant differing radienlly from the general compostlion of
ponderosn pine turpentine in the same locality. | found a 2. mondicola
tree it northern ldabo which appeared to be w chemical mutant; its
turpentine contained an vnusually high proportion of Llimonenc, as
revealed by an unusually Digh lovorolatory rotation. (See 2.
montiwole No. 10, table 2, p. 10.) The occeurrence of ¢chomical mutants
in_ populations of pines has not yet been systemalically studied.

Natural hybridization among pine specics has been observed rather
frequently, although seldom studied thoroughly.  Artificial crossings
have been made between many pine species, somelimes between
species belonging to quite distant groups.  Qur experience with Pinus
contorle X bunksiana indicates that when two pine species are erossed,
the turpentine in the Fy hybeids is composed of the torpenes of both
parents. The bieyelie pinenes of . banksiune predominate over the
monocyclic phellandrene of P. contorta (104). The Lwo pines also
hybridize naturally, forming a hybrid swarm in Alberta, Canads.
Chemical composilion of turpenting samples taken from individual
trees in that locality, as could be expected, varied from pure /.
contorta to pure P, banksiwne,  Nlany trees were intermedinte, possess-
ing a mixture of £, banksigna pinenes and P, contorta phellandrene in
different proportions.  Morphology and chemistry of the individual
trees of Lhie swarm were not always correlated (table 1),

At present it would be tutile o develop a natural classification of
pines based on their chemical characters. We ean merely cluim now
that chemistry and taxonomy of pine speeies often coincide, and that
when morphological characters are ambignous, o knowledge of chemis-
try of the turpenlines may be useful,
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Tanve 1.— Distribution of coperimental trees from the Alberte lodgepole-
Juck pine overlup avew, by morphological and chemical churacters

Morphologieal Chemieally Chiemicaily Chemically
chargetor ek pine intermediste jodgepole Total
forms pine

Pereent Peregnd . Prreent 3 FPereeat
Jaek pine 2 28. 8 0 0

Intermediato ; N} 19 2 g
Lodgepole pine. _ : ' 23. 3 20.5

4.1
Totul . __ 37. ¢ 42. 5 ; 20. 5

VARJABILITY IN TURPENTINE COMPOSITION
WITHIN A SPECIES

When the physical characters (which reflect the chemical com-
position) cven of composite samples of {urpentine are studied, it is casy
Lo notice thint some species vary but little throughout their environ-
menlal vange, wheress others vary ngreal deal,  Praus merkusiz, which
grows over o wide range in Burma and in Indonesia, is rather uniform in
the physical characters of its turpentine (27). Turpentine of this pine
collected in different localitics of ils range is always dextrorotatory,
varies from +29° ro +37° in optical rotation, and always consists
predowinantly of a-pinene,

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

Within a species, the optical rotation of some populations is rather
uniform, but in other populations it is rather variable (lable 2). As
was mentioned before, this variability is eaused either by the presence
ol different antipodes of the same terpene or by different amounts of
dextrorolatory and of levorolatory terpencs. TFor instance, some
individual trees of Pinus washoensis contrin turpentine that is com-
vosed predominantly of dextrorotatory A®-carene;others contein more
Jm’orotn,iory B-pincne.  Incidentally, the chemicel composition of
£, washoensis (wrpentine is still very puzaling.  Most likely, the
species originaled as o chemical mutant of P. ponderosa, or is a result of
hybridization between two varieties of 2. pondeross, at least one of
which 15 extinet,

Appavently individunl variability in composition of turpentine is
sometimes caused by hybridization of two pine species or varieties.
This situntion wus clearly demonstrated by the study of turpentine
from ndividual (rees of the hybrid swarm i Alberts, Canada (204).
On the other hand, in u pine forest composed of only one specics where
there is no possibitity of interspecific hyhridization, the variability in
chemical characters of individual {rees is npparently cuused by crossing




TABLE 2.—~Optical rotation (ass *m ) of turpentine obiained from individual trees of several pine species
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among individual members of the population, with the occasional
mutaticns superimposed. On the whole, individual variation in
turpentine chemistry is only one manifestation of varinbility 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 tuxa as well as in the evolution of the genus. It 1s not the
species or varieties that hybridize naturally or are hyhridized arti-
ficinlly; it is the individual trees that eross one with another.

METHODS OF ANALYSIS

Becnuse there ure 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 himseclf regarding the
authenticity of his source of turpentine. Each oleoresin sample should
e colleeted by w person familiar with botany of pines, and it should
ahways be nccompanied with herbarium specimens of the same trees
from which it was obtained. The information accompanying an
oleoresin sample should include geographical location, altitude,
ocological description of the avea, age of the tapped trees, und a note
concerning the presence or absence of other pine species in the loeality.

Ameong the cuuses of discrepancies in reporting turpentine atalysis
of the same specics by different investigators are differences In
technigues of obtiining oleoresin samples, in ways of scparating
turpentine from the rosin, and in methods of distillation.

Collecting Oleoresin

Olcoresin may be obtained from a tree cither 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 Lurpentine consists of compounds possessing a high vapor pressure.
But as most turpentines are obtained by the open-face technique,*
this method hus been used in all our work and in the work of our
collaborutors.

Separating Turpentine From Oleoresin

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

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

1 For the technique of obtaining oleovesin from trees see U.S. Naval Stares
ITandhook (161).

avaies—al 2
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in & laboratory. From 3 to 4 hours are usually required to expel
most of the turpentine, To distill off all the high-boiling substances,
such ns 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 (sbout 100 mm. pressure at the be-
ginning), und heat the flask gradually (fig. 2).

M PRESSUAE RELEASE
(ML) SAFETY WALVE

Figugre 2.—A convenient assembly for vacuwm distillation of turpentine [rom
cleoresin,

Urnder 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 (If) shoull)d
niso be chilled with dry ice.  When the terpene fraction is rermoved,
the receiving flask () should be ehanged or the stopeock (8) between
the receiving finsk and the upper receiving tube (£) should be turned
off. The pressure in the system then can be reduced gradually; T mm.
to 0.5 mm. of pressure would suffice in most disbﬁlations, and the
temperature in the distilling flask e¢an be gradually increased. The
upper limit of temperature mnside the flusk varies with the oleoresin.

{n 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. {ut 1 mm.
to 0.5 mm. of pressure) €o expel all, or alnost all high-boiling compo-
nents of turpentine. As n criterion of the completion of the process,
we used an arbitrary method; when cooled rostn is not sticky but caw
be crushed to dry white powder by pressure of the fingers, the dis-
tillation was considered completed although some small quantity of
volatile oil rnight still rermain In the flask residue. This distilintion
method has proved satisfactory and is recommended for future work
with pine oleoresins.
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Tn 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® It the amount of water is great, this stage of vacuum
distillation can be rather violent.

Turpentine is separnted from water by means of a separatory lunnel.
Traces of water in the distilled samples of Lurpentines are removed by
adding a4 small quantity of anhyarous sodiwn 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
subiracted.  In experimental (not commercial) samples of pleoresin,
the amount of impurities—necdles, pieces of bark, and occasional
insecis—is usually very small,

Determining Physical Properties of Turpentine

Before a swimple of turpentine is subjected to further investigation,
its physical properties ave determined. The most conumonly deter-
mined physical properties are: density, index of refraction, and optieal
rotation,

Density of turpentine refers o its weight per unit volume, Specific
eravily is the ratio of the density of turpentine to the density of water,
For pructical purposes there is very little difference between specific
gravity and denstty. For fundamental distinction befween the two,
consult Guenther (59, v. I, pp. 236-43).  Is our work, we expressed
density by the symbol d% where t 13 the temperature at which the
observation is made, and the figure 4 refers to the centigrade tempera-
ture of water, taken for campurison, Wae used tube pycnometers 0.2
to 0.3 ml. capacity. Other investigators sometimes used density of
witer nt temperatures other than 4° C.; hence, the symbols d%; or
dby. Some authors do not indieate temperature.

Index of refraetion is designated with the symbol n'p, where tis the
tomperature of the substance at the time ol observation and D is the
wavelongth of Hight, that is, the D lne of sodiun, equivalent to 589 ma.
The indox of refraction is most eonveniently determined by ineans of
an Abbé refractometer; this instrument is provided with a compensa-
tor 3o Lhat the values corresponding to the wavelength of the D line of
sodium can be obtained by using an ordinary source of Hght. With few
exceptions, individual trees of pine species show considerable vari-
ability in densities and in indexes of refraction. Cuuses of variability
of physical constants within pine species have alveady been discussed
(p. 9).

Sometimes, to compare densities and indexes of refraction of differ-
ent samples of turpentine, it 18 necessary to adjust the observed data
to uniferm lemperature, usaally 23° C. (137), by using correetion
fuctors, Ifor deusity, for each degree we have used a factor of 0.0008;
for inddex of refraction, 0.00045. We have found that in turpentines
these factors give sntisfactory results, although the practice of using
thiern has not been considered advisable in determining the qualities
of essentinl olls (94). Turpentines ave generally much more uniform
and much less complex than many cssential oils,

3 Consult any text on physicad chemistey.
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Sutherland {/57), using indexes of refraction us 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

@ ® camphene e o8- pinene
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oW NoO
86— _ @ o -
) <t ~®© santeng e

I = sanvene o A3-carene
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INDEX OF REFRACTION

Freure 3-—Densities and indexes of refraction of terpenes.
{157}.

After Sutherland
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in studying turpentine composition. Figures 4, 3, and 6 illustrate how
such diagrams aid in differentiation between species of pines and
between turpentines of parent species and the hybrids.

L8700 T T I T -
* P coriboea
8600
A bsnksiann » £ ponderasq
.. an
P eliioii
.A%00
E » & contorta
4 - P seroting 1
] N
o - * P pincegnag
P monterumase
6400 — {from Chiopes}
&b oineq
- AN N
o P terrayong
L8300
£ oyacahute
.8200 -—l - ! I | £
a o o [+] o o
g $ : g g g
- ki - - - 3

INDEX  OF REFRAGTION

Fiarcre 4 —Densities and indexes of refraction of turpentines of several pines.
Pinug efliotiii and P. bunksiena are - and S-pinene pines; P. caribaen, besides
a-pinene, eontains some Al-carene, some S-pheilandrene and large amounts of
a sesquiterpene, longifolene; P. ponderose nlways possesses large quantities of
A-eareng; £, conforia is a g-phellandrene pine; P, seroling, P, pinceane, P.
pinew, and £ forreyana contain large amounts of limonena, P monfezumae from
Chiapas and F£. ayacahuile turpentine contain an admixture of s parafhn
hydrocarbon, n-heptane.

Optical rotation of turpentine is usuually determined in a tube 10
cm. fong and about 10 mm. inside diameter; for small samples we
psed tubes 5 em. long having only 6 mm. and 2 mm. inside diameters.
As a source of light, a sodiutn lawnp is commonly used. It gives the
D line equivalent to & wavelength of 589 mu.  In our studies, we used
either a sodium lamp or more often a mercury lamp equipped with
licht filters No. 3480 and No. 4303, which produced Light of wave-
length==578 myu. French investigators’ “j-line” (juune, i.e., yellow)
has the same wavelength of 578 mia.
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Fraure 5.—Densities and indexes of refraction of turpentines of Pinus banksiane
and P. gonforta, and of the hybirds between the two pines,

Optical rotation is designinted by the syiubol ap {(or oy, or as; mp).
Specific rotation [«]p is optical rotation divided by the density of the
sumple, d. Determinations of optical rotation nceurate to 0.1 of a
degree are sutisfactory, becnuse pure substitces are not dealt with.

The optical rotation of n turpentine semple has good dingnostic
value. For instance, composite Pinus elliottii turpentine is levo-
rotatory, whereas composite 2. palustris turpentine is dextroretatory.
When a sumple of crude turpentine possesses a very high rotation to
the left, for nstance, P. pinceana, [alo=—100.6, or P. pinee, [alp=
—118.8, it is an indicalion of a high percentage of [Hlimonene.
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Froore 6.—Densities and indexes of refraction of turpentines of Pinus jeffreyt
and . ponderosa, and of the hybirds between the two pines,

On the other hand, rotation of a turpentine sometimes might be
rather misleading.  Optieal inactivity of a turpentine might indicate
a complete absence of optically active components, as for instance
in the turpentine of heptane-hearing Pinus jeffreyi.” But optical in-
activity might also be caused by compensating effects of dextro-
rotatory and leverotatory terpencs, as exemplified by the optieally
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inactive turpentine of tree No. 11 of P. washoensts (table 2, p. 10);
it consisted chiefiy of n mixture of a-A®-carene and [-8-pinene.

When a composite sample of pine turpentine is designated as either
dextrorotatory or levorotatory, it may be that all individual trees of
theloeality ave either dextrorotatory or levorotatory.  Or, again it may
be that the sample ipcludes some Llrees with dextrorotatory and
others with levorotatory turpentine. This often unpredictable and
fittle studied varinbility in opiieal propertics of individual trees is
elmnil‘v demonstraled by Pénus ponderose from different localities
{table 2).

Moleeular refraction (MEp) has been used in our work selely for
studies of the sesquiterpenes. {For particulnrs see & Inboratory
muanual, such as that of MeEbvain (92), or Guenther (59, ». 1, ». 24%).

Fractionating the Turpentine

Alter the physieal characteristies are determined, raw turpentine
is subjected o fractional distillation.  This procedure separates the
turpentine into its components. The boiling peints of some com-
ponents of pine turpentines lie very close to one another (table 3).
Therefore, an eflicient fractionating apparalus is needed for satlis-
fnctory separation of the turpentine components. Inaccurate results
of some earfier research ean be atirnbuted to poor equipment; during
recent years friclional distillation apparatus has been greatly im-
proved,

14 should be noted that if & turpentine sample is tot nppropriately
dehyvdrated, there might be some water distilled over with the first
fraction of the turpentine. This water may contain some acids,
chiefly ncetie nnd fortnie (128),

‘Panne 8. --Boiling temperatures of some components of pine turpentines

Botling Boiling
Component tempers Component temnper-
atore ature
A L Lo

A-DERELNEe L e e 98 ¢ g-lerpineot. oo ... 200210
a-thujone . oo L. .. 1AD-132 . Borneol . L. Lo __. 2i2
a-plnene . . ... 155-156 1§ Muethyl chavieolo oo . 213355
Camphene o ... o... .. 160-161 § a-torpincot oo o _..___ .| 218219
B-pinent . . Loaaeoaa.. =106 T a-terpinyl neekate L oooooo 2210
B-myreent. oL .oaoo.a. o] =107 | Nerod oo oo ool 224
B-phellandrene .. oo | 173172 || Boraytacclabe_ oo Lo L. 225238
Alearent.. . o ooceeno. o 17017 [ Bornyl formate (.. R L1 225-230
n-octyviaddehyde oo F71-173  Sesquilerpene range in gen-

FPOoymene o, o eiaimen 175176 orial; APProON. . eeoa. oo | 230277
ldmonene. . . . oaooooon 175-1%6 || Longifolene.__.. ... _.__.] 260-26!
(Quimene . .. araceacaea 76178l Cadinene. oo oL .. 274=275
Terpinolene . ... _oaooL. 186—187 || Besguiterpene alvohols in
r-undecane. Lol 105106 general; Appros oL La. 275205
Linanlodl . . (. .. c.._. 108700 §| IHterpenes; appros.. oo.. .. 5310
n-cleeybaldehyde Lo oo 0 | 207200
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We have used a column 90 cm. long equipped with a heated jucket
and a stillhend permitting a suitable reflux ratio, usually 10 (o 1.
When preliminary {ractionntion of a small sumple of turpentine indi-
cated that no appreciable amounts of sesquiterpene fractions were
present and that easily polymerized terpenes were absent, then the
iraclionation was performed under atmospheric pressure, which (g
Berkeley) usually fluctuates between 755 mm. and 762 mm.  But
where the presence of high boiling substances hud been revealed or
suspected, the fractionation was performed nt reduced pressure, usu-
wlly 14 mm. or 15 inm. of mereury. To catch highly volatile sub-
stanves, such as n-heptane, n dry-ice trap wias placed between the
column and the vacuum pump, Fractions (cuis) were usually tuken
nb 1° inteevals.  In some pines possessing Lurpentine of a simple com-
position, the number of fructions is small. For instance, in Plaus
coopert turpentine only founr fractions were obtained (table 4). Tur-
pentines of other species had to be separated into many [ractions—54
in Pinus edulis.

Tanpue 4—Fractional distillation of Pinus cooperi furpeniine, (to ilfus-
trale a fnrpentine of stmpde com position}

i i i !
: ¢ [iefex of
Bailing Dig- 1 Density i refrae- § Bpeeific
Fraction Predsure ringe tilled [ R tien rotution
™ lefu™

ELE R b 2 Percent Degress
[ 730 1155 -157 56.%2 ] 0. 857G { (L4691 +10.0
2 759 1157 -158. 2 22,7 L88p2 1 14718 —i) 2
: S 754 1158, 5-164 5.3 L8617 ] LT -3 8
4 - 739 {160 —I161 75 L8632 11, 4TG0 — kG
Pot residue .. 0 L L + 111 i 2 T
Lowses . e S 1 T R ; P

Fven o eursory inspection of w [ractional distillation sheet oy
revead some interesting infornmtion ahout the turpentine under in-
vestipation.  Consider, for example, the dala on {ractionation ol
Pinuy edulis (Inble 5 and fig. 7). Fraetions 1 and 2 made up more than
43 pereent of the oil; they consisted of w strongly dextrorotatory com-
ponent.  Its density and index ol relvaction (lable 3) suggested that
the component perhaps was dea-pinence.  ‘The negative rotations of
fructions 7, &, O suggested the possible presence of a very small quan-
tity of {-B-pinene.  The low density of lraction 10 seemed to indicate
g-myreene. The higher densitics, positive rotation, and sweet odor of
lractions 12 and 13 indieated Al-carene. Then, densities began Lo
deervease and veached o minimum at fraction 17, Because the odor of
this fraction resembled the odor of ocimene, o search was made there
for this hydrocarbon,

FFurther analyses nlso indicated the presence of small quantities of
Ldi-limonene in fractions 15 to 19. Fraction 20 had the physical
properiies of terpinolene. Froctions 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 indieated the
possible presence of an aliphatic ester.  All the way to [raction 43, the
fractions (except [ractions 27, 28, and 29) were dextrorotatory. Judg-
ing from their physical characters, these fractions contuined oxy-
genated terpene compounds. IFractions 44 to 50 were levorotatory;
and the last [ractions, 51 to 54, were again dextrorotatory. The frue-
tions from 44 fo 54 possessed the charncteristics of sesquiterpenes,

TasLe 5—Fractional distiliation of turpentine of Pinus edulis (to
ilustrate a turpentine of complez nuture)

Beiling | Distil- { Density | Index of | Spocifie
Fraction Presgure |  range Iate d?  [refraction | rotation
ik lo]B

. LA Pareent Degrees
43 23. 07 L4643

544 19 54 L1646
AR BT 1 84 . 1643
MR T aa L] LT . W58
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T Lk Tl

L4703
. 4708
L4720
L4731
. 4750
L4771
L4798
L4813
. 4829
1840

p87
4271
4208
- 4190
4196
4201
L4410
AN
4532
1574
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Tasur 5.—Fractional distiflation of turpentine of Pinus edulis (to
llustrate a turpenting of complex nature)—Continued

Boiling | Distil- | Density | Index of | Specific
Fraction Pressure| range late d7 refraction ] rotation
3E (]

mant, b A Pereent Degrees
[ 13 | 119-120 .93 0. 911 1. 492{) +8.5
|1 13 | 120121 1.27 L9t 1. 4935 +2.2
K S 13 | 121-122 I.11 . 913 1. 4947 +7.7
E 181 122-124 . a3 011 1. 4982 —5 1
B 3 PR 131 124-126 . B7 007 1 5008 —23. 6
£ TR 13 | 125--127 .74 . 903 1, 5021 —3%. ¢
A - i: 127--129 1. 1% . 002 1. 3031 —44, 2
L. 13 1 129130 2. 2¢ . 042 1. 4042 —56. 6
2 13 iAn-132 2 62 . 903 1. 505G —42. 35
¢ S 13 | 132133 1. 80 . 903 1. 5385 —8. 5
3 J 1313313l 22391 .911f 156601 4202
3 13 | 134135 I 44 .2 1. 5072 +56. 2
K S - 145 135136 1. 07 .94 1. 5074 4+ 76. 8
B o o i3| __________ i, 26 L0922 1, 5100 +41. 5
Yot vesidue and loss. H“_"_l_h“““ B T8 e e e

t Faritotier),

When fractionation is done carefully, and densities and indexes
of refraction of cach cutl are determined nccurntely, it is expedient
to plot the dutn on the Sutherland diagram, on which the densities
and indexes of refraction of the most common pure terpencs are
already shown, Because the two physieal charncteristics of pure
{erpenes gre given by Sutherland (187) at 25° C., it Is necessary
to use correction factors if the properties were taken at different
temperatures (see p. 13).

French und Russian research worlers usually present the results
of fractional distillation of their turpentine samples as a set of eurves
showing densities, indexes of refraction, opiienl activities, and boiling
points of wll fractions. The quantity ol the distilled turpentine is
plotted wnlong the abscissn, and the physical properties are plotted
tlong 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 cnses by preparation of erystalline derivatives.® Using modern
methods ol determining infrared spectra of the fractions, the com-
ponents can be wdentilied much faster.

A simple wethod of ascertaining the approximate composition of a
turpentine alier it hus been fractionuted, 1s to construct a bar diagram
with the boiling runge plotted along the abscissa and the percent
of distillate along the ordinate. Such a dingram for Pinus chituahuana

8 Exeopt paraflin hydrocarbons and those new or little known sesquiterpenes
and their derivatives, which de not yield known erystalline compounds,

*
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reveals four major components, represented by the longer bars, in
the turpentine {fig. 9). Of ecourse, bar diagrams merely indicate the
amount of material distilled at a given range of temperature. When
a Iractionation is done throughout under atmosplieric pressure,
Lhe bar diagram gives o good idea of the composition of a turpentine.
But when the distillation is started under atmospheric pressure and
luter continued under reduced pressure, the diagram is rather difficult
to interpret. Conversion of boiling points of turpentine components
from one pressure Lo another is a tedions and not t0o accurate job.
Vapor chromatography is very useful in the analysis of turpentines.
Tor the theory of ffjle method and a description of the apparatus, the
reader is referred to some conventent text, such as Keulemans, A. I M.
Gas Chromatography. (Reinhold Pub. Corp. 217 pp. N.Y. 1957.)
The melhod ol vapor chromatography consists essentially of
forcing, by means of a stream of incrt eas, a small sample of the
volatile oil that is 1o be analyzed, through a column packed with
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an adsorbent and maintained at o constant temperature. Componeuts
separate according to their volatility partition ecoefficie:.. sz well as
adsorpiive effects. A resistance device placed at the end o717 - column
detects the arrival of each component and transmits thy 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 hecame available to us only when our project was almost
completed, snd we applied the method to ascertain the composition
of turpentine of Pinus 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 Fssential Oils (69, v. 1 and 2). TFor 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 particnlar species in which the compound was found.




Part II. Composition of Gum
Turpentines of Pines

COMPONENTS OF PINE GUM TURPENTINES

We have found fhat pine gum turpentines contain at least 30
dilferent named components, that is, those which have been already
reported in literature as ingredients ol essential oils.  Desides these
known compounds, pine turpentines contain at least as many, and
probably more, ingredients whose physical propertics are not exactly
known. Most ol these unknown compounds, sesquiterpencs and
their oxyaenated devivatives, are found 1w the high-heiling [ractions
and generally in very small amounts.  All told, there ure perhaps more
than u hundred organic substances in pine gum turpentines.

The companents of gum turpentines of pines ure listed in Appendix
1, p. 143, Structyral formulas are given there when known. For
sesquilerpenes thul appeared to be new, melting points of their
hydrochlovide are cited. A few sesquiterpenes have not yielded
solid derivatives, Some sesquiterpenes and oxygenated compounds
were found in sueh small quantity that it was impossible to identify
or to deseribe thom. There is evidence that some oxygennted ter-
pene derivalives oceasionally reported as components of gum tur-
pentines are of o secondary origin.

SYSTEMATIC DESCRIPTION OF TURPENTINES

T this publication are histed 92 species and 2 varieties of pines
(table 6). Of these 94, turpentines of 76 were analyzed i our
laboratory. For the other 18, results obtained by earlier inves-
ticutors were considered reliable und included in this publication
without verification, The pines listed in table 6 do not include many
varictios, such us the varictics of Pinus sylvestris, L. nigre, and P,
pseudostrobus.  These varieties are usually mentioned in the system-
atic deseription of the pines.

Essentially, the species are arranged according to the system
used in Shuw’s monograph of 1914 (£42) which contained 66 specics.
Since that time, Shaw's treatment of the genus Pinus has somewhat
changed. Several new pines have been desertbed—ior instance,
Nos. 46, 56, 66, 69 in table 6—and some 20 pines have been elevated
from wvarietal to speecies rank.

In the light of recent invesligations 7 I preler, instead of the highly
heterogencous Pinus ehinensis (142), to use the name P. tabulagformis.

"Wy, CuoNc-LWEX., THE PUHYTOGROGRAPHIC WETRIBUTION OF PINES 1N
CHINA, 7T pp., map. 947 [ALS. thesis, Copy oo file at Yale Univ. School
of Forestry, New laven.)
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TanLe G6.—8pecies of the genus Pinus ineluded in this publicetion!
SUBGENUS HAFLOXYLON

. P

P. cembra 1.,

P

4 P
5. P

7.

. P

9. P
10. £

S

1.

NS

Group Cembrae
koraiensis Hieh. & Zuce. 14,
15.
aibirica Mayr.
pmile Regel
utbicualis Iingelm,

16.
l7.

Group Flexiles

. P flexilis James

reflexa Fngelm,
armandi Franchet

Group Strobi
ayarafnite Threnb).
tembertiune Dougl,
pareiflore Bieb, & Zuce.
price Grizeh.
grifitidl Me(lelland

Group Strobi—Continued
monticola Dougl.
slrobuy L.
Group Gerardianae

. buageana Luee.
L geritedva e Wadll

Group Ballouriznae
. bdfouriane Grev, & Balf.
. aristala Tngelm,

Group Cembroides
. cembroides Zuce.
L edilis Engoelm.,
. quad cifolic Parl.
> monophyite Toer, & Frém,
. pinceana Gordon
. nelsenil Shaw

£
P,

SUBGENUS DIPLONYLON

al.
52,

HEN

HEN
53.
5.

* waagifolie Roxb. (17 roxferghil)
L enaerfensis Smith

Group Longifoliae

a7.
a8,
al

Group Leiophyllae (;(]:

L delephgtin Schicde & Deppe

2 chehuahuana Bnpeln.
Aumboltzin Kol & Fern.

. rinew Lo

L jeffreyl Cirev. & Balf.
L terreyeaa arry
2, coudiers 1), Don
. suhiniena Dougl.
L oesacena Mirov

* restease Adt.

Group Pineae

Group Macrocarpae

Group Laricioncs

. trapientis Morelet
. mtgsnniane Lamb.

L densiflora Rieh, & Zuce.
2, thanterefi Parl,
L syivestris L,
. wtanfana Miller
2 Liwvchuensis Mayr,
tefwnnensis Hayata
. heringshanensis 1sin
. merkusii DeVries
2, inswderts Fndlich
L kbaisya Royle

. punnanensis Franchet

. nigre Arnold
L heltdreiehii Christ.
,tafiulaeformis Carricre

P,

P
P

§87.
88.
39,
HItR
B1.
92,
03,
.

Group Ausirales
pondervsa T.aws,
wrizoniee Fngelin,
washecnsiy Muson & Stockwell

2P
5. P

h8. £
1 L
P
TP
. P
3. P
4. P,
. P

-
-2
8. P,
P
.
VS
. P
3P
1. P
. P

Group Australes—Continued
. palustris Mill.
P.oeoaribieeca Morelet
Fooettinttls Engelm. var. elliottil
Poellioitii lingelm,  var,  densa

Little & Dorman
P. taeda T

cehifnata ML
{airsonit Rovxl
teneote Sehl. & Cham.
montezimae Laml.
ditrangensis Maurtinez
harfwegii Lindl.
rudis lindl,
conperi Blanco
michoecana Martinez
ergelmunil Corr.
pacudastrebnes Lindl.
tenuifolia Beath.
necidentalis Swarly
glubra Walt.

Group Insignes
pringlel Shaw
pacar pa. Schicde
oacarpe var. tifoeliota Martlines
halepensis Miller
bdrutia Ton.

pilyusa Bleven
pinaster Aif.
virginfenn MIil
elausa (Chapm.) Vasey
rigida Mill.
serofing Michx.
pungens Lty
banksfrine Taml.
eontoria Doupgl.
greggit ngelm,
putirlo Sehl, & Cham.
muyriceta 1. Don
utteanaie Lonumn.
raddiaia 13, Don

2,
P.

.
£

.
£,
P
.
P,
P
£,
P,
.

A e eoanmmen nadies of speefes Bsiel here are given in Appendix 2, . 153

DTIHILT---GL - —3



http:l(Lill'(/flen.rl
http:1i!/1L'('~l,.is
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I considered Pinus jeffreyi and P. oazacana® as valid species and
moved them Irom the group eustrales to the group Macrocarpae.
Then I moved the whole group Macrocarpae from the end of Shaw's
classificution closer to the head of the subgenus Diploxylon, so that
instead of Shaw’s classifieation: Leiophyllae, Longifoline, Pineae,
Lariciones, Australes, Insignes, and Macrocarpae, | arranged the
Diplorylon pines in the following order: Longifoliae, Leiophyilae,
Pineae, Macrocarpae, Laricinones, Australes, and Insignes.

Such a rearrangement of the pines is not as drastic as it may appear,
As n whole Shaw’s syvstem lias been retuined, but the rearrangerent
places all aliphatic hydrocarbon pines together, and closer to the
monospecific group Pinece.  Pinus pinea of this group has motrpho-
logical characlers and chemieal composition of turpentine similar to
those of 72 torreyana of the group Macrocurpee, Shaw's arrange-
ment of the subgenus Flaplocoylon, Nos. 1 to 25, has not been changed.

The geograpliic distribution of the 94 pines (fiz. 10} shows
that they are restricted to the Northern Hemisphere, where they
arow from the Arclic regions 1o the Equator, tumping it in one
plice on Sumatra.  Of the 94, 62 are found in the New World and
only 32 in the Old World. The highest concentration of pities is in
Californin and in Mexico,

Subgenus Haploxylon
Group Cembrae

1. Pinus koraiensis Sieb. & Zucc.
L Jap. b, 280 1842)

Pinus foraiensis grows in the Amur and Maritime provinees of
Russiu; in Manchuria and Korea, and in the central partofl the Japanese
island of Honshu.  The samples of oleoresin of this pine were obtained
[rom Secul,

The volatile cil was obtained in two steps. The lower boiling
fraction distilled below 190° C. at 0.1 mm. of mercury. ‘This frac-
tion, which amonnted to 18 percent of the weight of the oleoresin,
comprised the Hght oil.  YWhen the temperature was increased to 200°
amdd pressure reduend to 0.05 mm. of mercury, n heavy oil started
to distill.  Nome of it solidified in the condenser. The heavy oil
atounted to 8 pereent of the weight of the oleoresin; the total volatile
ol amounted to 26 percent.  Physical properties of both light and
hewvy oils are given in table 7.

Reforence (75)

Tanne 7——Physical properties of turpentine of Pinus koraiensis

Frietions

Yieid
pereent

Density
(l{

Index of
refraction
np

Bpecific
rotution
{a)ss

Light oil .. __._.__.
Hewvy off_ . .

18

8

0. 86342
. 93009

L4730
L. 5213

—11. 6°
+119. 0°

? In Shaw’s monograph Pinug jeffreyi is included in P. ponderose; P. saracang,
untler the name of M. apuleepsis, is incladed in P,

pused that it be considered ns wn independe

pscudasirobus; in 1957 1 pro-
nt specics, M. earecana (105).
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The light oil of Plnus boretensts contained:

Compound: Percent
§ dla-pinene. . . L e mm e 44
L B T LU 22
= i iccn mmamemmma e e mecmmema Il
Gy efEEIONENE | o e e ey e e e e mm e 8.3
n-undecane {table 8. e .53
Loddb-boruvlacetnte oo e .0}
Sesquiterpenes, mostly d-longiolene e e 7.4

The heavy ol of this pine contained:

Compound: Perernt
ST T s T o S e e mmmmmm o 12
Diterpenes, mostly combrene w iih some (im'rpenc, “that yielded 2

mtideiv .lnh\ drite adduet, map, 148°-139°C 0., e ——nm——— 6061
Chxygenat od COmMpPOENUS . . oo e e e e 3

As o whole, turpentine ol Pinus koraiensis (i.e., both light and
heavy oils comnbined) had the following composition:

Cumpound; Pereent
L = DO L L e e 20,0
EB-Din0Ie L e e e e e cm i ————— 15. O
a-Akearene . e e m e immemm e amm e e mmam— g —— e 7.0
ieil- fimonene e e m———————— 6.0
w-tndeeane l‘mble \\I e e et m e m e 0.5
Ldl-bornyt aeeiato . L . et i e 2.0
Hi‘-(]mt(’sp( nes, et ly lunufulww-__,“__. - 9.8

Diterpencs, nth!\ combrenc with some of (hose which \u.ldf_(l "

madeie anhydride adduet, mup. 148%-140° C___ .. 26. 5
Oxygensted compounds____ .. __._. e e e e e IO
Tanure 8.-—Physicul constants of n-undecane
Constant . n-undecaue from n-undecunc !
Pinwus baraiensis
Bolling point.. . . . o IO6RNOT O L. 195.8° C.
Inddoy of refr: kclmn n;; AU B B | Y 1.41902 2

Density, d, . | DU S 11 { 404 0

U edolf, (., Physicnd constants of ia_,rdrocarbom Vol. I, Amer. Chem, Soe.
Monow, T8, po 76 Reinhold Pub. Corp., NUY. 10380,

Aunalyvais of undecane from 1’ :(nm.'m.sus Anal -—-C.tlt.(! for Cyil Q, 84.52;
H, 15.48. Found: (), $4.98; 8.15.

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

Piauseembreis known in Amerien as Swiss stonepine. Itgrowsathigh
altitudes in the Alps, eastward to the Carpathiun Mountuins. The
oleoresin sample was collected for us in the forest reserve Paal bei
Murau, Oberstetermark, Austrin, elevation about 5,500 fect. The
lusp(‘n{uw was distilled from the oleoresin under reduced pressure, so
that at the end of distiliation Lhe pot tempernture was 200° C. and
pressure was 0.05 mm. of mereury., Under these conditions all
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volatile substnnces were removed.  The vield of Lurpentine was 21.4
pereent; ils characteristics were as follows:
Density, di?=0.8522

Index of refraction, nF4= 14654
Spuecific rotution, [«]= 4+ 13.53°

The turpentine contained:

Compound: Pereenl
L b T 1 O U 35
= 3 1L U g
TResidue and 085S o dcm e 0

IL differed from Pinus sibirica, No. 3, turpentine by the complete
absence ol A%-carene.

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

Finus sibiriea s consklered by Shaw as a synonym of 12, cembra,
It oceupics an aren entively different (rom that of /2. eembra {fig. 11).
This species grows in plains, river valleys, and in the mountains of
the northern purt of Buropean Russia; in Siberia it is replaced by
Popumile, No. 4, and in the east by £, koreiensis, No. 1. Russians
call P, sibirice codnr,  In the Transbaikal region and in the Sayan
Runge of Eastern Siberin as well ns in the Altai Mountains of Western
Siberia there grows w pine, /2. coronens Litv., which apparently is a
mountuin variety of /2. xibirica.

Sehkatelofl (£32) partially analvzed old oxidized oleoresin of Pinus
sthirica; the turpentine had a density of 0.865 at 15° C., and contained
presumably 20 pereent of d-e-pinene.

Bardyshev snd his coworkers (£8) Invesligaled Pinus sibirice from
the Altai Mountnins. Possibly it was the above mentioned 2.
eoronans,  Physical ehameteristics wore:

Denaity, df = —.85600
Index of refraction, wy - 1ATO6
Bpevitie rotation, [o]s = +3.00°

The composition was:

C'ompounl: Prreeat
da-PINeNC . L L L L e a e e 69
-B-pinene ... _ e e e e e 7
d-terpene (unknownd o L oL . e o . e i1
Abparene. ... e e e e e em e s e s
Elimpnene and dipentene oo oot a—asaana 2
ltesicue sl JoS80s8. - o o o e e mmm e mmm e 3

Il is scen thal the chemieal composition ol Piawus sibirica differs
considerably from that of 2, eembre.  Unlortunately the sesquiterpene
fraction of the turpentine was not explored.  The chemieal character-
isties ol /2. stbirica Lurpentine are closer to Lhose of some other Asialic
and of woestern American pines than to those of the Luropean £,
cembra,

4, Pinus pumila Regel. Referenee (Unpud. orig. date)
{Index Sem. Horl. Petrop. 23. 1858)
Pinus pumile is o very small lvee, more often a creeping shrub,
growing tn the northeastern part of Siberia and in alpine parls of
Jupun and Manchurin, It is closely related Lo £2. sihiriea. Some




P. pumila
P." sibirica

B - cembra

SEINId J40. SUNILNIJHYAL INAH J0 NOLLISOdIN0D

30°

NN

30° J 90° 120° 150° 180°
Figure 11.—Disiribuat ion of three related pines: P. cembra, No. 2, P. sibirica, No. 3, and P. pumila, No. 4.




COMPOSITION OF GUM TURPENTINES OF PINES 33

botanists say that it is merely n dwarl 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 kiea of the chemical composition of its turpentine, we obtained
from Prolessor Nobukiyo Takuhashi, Yamabe, Sorochi, Hokkaido, &
sample of its stenm-distilled wood turpentine. Our main purpose was
to find out whether the sample contrined Ad-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 yum furpentine (cf.
P. ponderssa, No. 54).

The physieal properties of Pinus pumile wood turpentine were
these:

Density, dP?=0.8835

[ndex of refraction, n¥=1.4815
Optical rotation, al=+7.34°

Upon {ractionation, only 45.5 percent of the oil distilled below 174° C.
Judging from the physicul chnracteristics of the fructions boiling
below 173° C, these contained:

Compound; Pereent
de-pinene abont | __ e e e e 25
{-g-pinane sbhout_ .. . L e el 10
B T ) P O 20

Presence of A’-carenc was verified by preparation of nitrosate which
melted ab 142°-143°. The remaiming 45 percent of the turpentine
apparently contained » good deal of secondary oxygenated compounds,
not commonly found 'uﬁarg{' gquantitites in gum turpentines {however
see No. 43). Because the high-boiling compounds of sleam-distilled
wood turpentine were beyond the scope of the study, they were not
analyzed. The most inportant information gained from the analysis
of Prnus pumile turpentine was proof of the presence of large quan-
tities of Al-carene, which ties this pine chemieally to its nexrest rolu-
tive, Pinus sthirice, No, 3.

5. Pinus albicaulis Engelm. Refcrence (62)
(Aead. Sci. St. Leuts, Trans. 2:209.  1863)

The range of Pinls albicoulis, or whitebark pine, extends from
British Columbia to the mountains of northern Californin and the
Sierru Nevagta. This pine occurs in the Rocky Mountsins in Idaho,
Montana, and northern Wyoming. Itis an alpine tree, often assuming
a shrublike form.

The oleoresin examined was colleeted by the author near Mt. Rose,
Nev., elevation 9,000 feet. The volutile il was separated by heating
the cleoresin so that ut the end of distillation its temperature reached
200° C. and pressure was reduced to 0.01 mm. of mereury. The last
10 pereent of the distillate had the consistency of glyeerol, The yield
of turpentine was 31.15 percent,

Physical propertics of the turpentine were as Tollows:

Density, di¥=0.8470

Index of refraction nii->=1.4971
Specitic rotation, jo|=—25.1°




34 COMPOSITION OF QUM TURPENTINES OF PINES

The turpentine was found to contain approximately:

Compound: Pereent
- A-carone ftable O o e e e e 32
a-torpinyt seetate, oL oo e m e m e em e 3
L-eadinPl L L e e m e m e m e A mmmem——————————— i)
Albfcanlene . . L oLl s, PR e em e ——— 42
ARt L e e e e e mmmmmman g2
Cembrene (o diterpene) L . L e reim e ecm i —n——— 2.5

Later, albicaulene wnd allicawlol were tdentified in other white
pines.  Danben® determined the struceture of albicnulol (from Pinus
armandi, No. 8) and proposed a structural forntela Tor it.

Tanug 9o Identificetion of sl-carene in Pinug albiceuwdis furpentine

Property : Alenrene Fractions 2 and 3
Bodling point. ... ..__. e t 168°—171° . at 1| 1653°160° C. at 740
ainy, T,
Pensity e di, UBGGR. L .. di®, .8625
Roefenetive indoy o oL oo eacoo. ] 05 VAGTS Lol ujy, 1.4700
Maleeular relfraction . oL ..o, MHy 3.5 .. 4-1.0
Carbon, pereent oo L VBB L 8846
Hydrogen, pereont © . 0 0 0 Y 18972 . 12.04
Melting paint of niteoate 146° OS5 14H°-147° C.

upont, (L Annl Chiing, 3, 1840 1924,
? Caleudated.
3 Asehan, O, Ann,, 461, 26, 1928

Group Flexiles

6. Pinus Oexilis James Reference (61}

{Exp. Rocky Mits. 2:27, 35, 1823)

Pinws flexilis, commaonly known as litnber pine, grows in the Rocky
AMountains from Adbertn and southesstern British Columbin to the
Trans-Pecos region of Texus, in northern Mexico, and [rom California
1o Nebraska.

An olcoresin sample was colleeted by the author from the White
Mounlains, Iving between the Qwens Valley of Californin and the
deserts of Nevada, ab an clevation of 10,000 feet. In distilling the
olearesin of limber pine, great difficulties were experienced in expelling
the higher boiling fractions of volatile oil (these hinrdly could be ealled
turpentine). At 0.05 mm. of pressure with the flusk temperature
reaching 210° (4, the residue (rosin} still was rather soft. This
property seemed fo fndieate that some high-boiling velutile sabstances
remuined in the residue.  Appurently these substances are of the
nadure of diterpenes, similar 10 cembrene of Pinus albicaulis, No. 5.

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

Trensity, di’= 0.80G06
Tndex of refraction, nfy=1,4707
Speeific rotation, [efiy=4-41.2°

$ Willium G, Dauvhen, Professor of Qrganic Chemistry, Univ, Calif., Berkeley,

Personal communication,
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The turpentine wis found to he composed mainly of the following
ingrodicuts:

{toupound Pereent
B v 1T T Oy VOO VP 80
Albieanlens . L e 17
Bicrelie sesquiterpeae of unknown strueture oL oo oiaio o 3

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

7. Pinus refiexa Engelm. Referenee (107)

{Bot, Gaz. 7:4. 1882}

Pinns reflexa grows in the mountains of southeastern Arizona,
southwostern Now Mexico, and northern Mexico (Sonera and south
to Sinalon, Durango, Zaeiateeas, snd Nuevo Leon, and especially in
Chihonbue and Tamaulipas).

The synouyvimy of this pine is confusing. Some botanists call it
Piuus strobiformis Engelin, (156); others prefer to eall it P ayacahuite
var., brachyptera 1142),  Still others beliove that the proper name for
this pine shouwld be 2 flexilis var, reflera (86}, Another group of
botanists, including such authorities ns Standley {(£54) and Martinez
{88) believe that this pine is different from both P. flexifis and P,
ayacahuite and cadl it . reflera.

Samples of oleoresin were collected in July and August 1951 on
the Apache Indian Reservation, Ariz., near the logging town of
AMaverick, ot an clevation 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 wmm. of prossure. Turpentine amounted to 17.7 perecent. Iis
physicnd characieristics were:

Density df'=0.8436
Index of refraction, ng=1.1869
Specific rotation, [alss=0.0°

Tis composition was:

Campound: Percent
RROPERRe e am e imimm—e e 5
Al-q-DRBONU et m—a—ean 75
Mepareptt L oLl ... e e A e aamm——————— o
d-lerpinolene . L. L. e e e em e m e mm e b
a-untlecane e e mmmmme e 2-3
A bieyelic sesquilerpene possessing two  double bonds, possibly

cadinene . Lo L e mmee e i ema e — i cmamm———

Tt is seen thet the turpentine of Pinus refleza differs considerably
from the turpentine of 2. fexilis, No. 6. On chemical grounds slone,
the two pines should be considered as different species (101).

The procedure used in tdentification of a-heptane in the turpentine
of Pinus reflexe, was as {ollows: Fraction 1 was repentedly shaken
wilh Tuming sulfurie acid; the unveacted part of the oil was washed
with sodium earbonate and dried over anhydrous sodium sulfale.
The »il was oplically inactive; {8, 0.6826; u¥, 1.3868; b.p., 98.4° C.
The respective values for n-heptane ® are dP, 0.68368; n#, 1.38764;

# RUSSING, BT AL. SELBCTED VALUES OF PROPERTIES OF HYDROCARBONS. [U.5.]
Natl, Bur. Standards Cir. 461, ». 39, 1947,
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hop., 98.42° {(Anul.-Culed. for GHy: C) 83.91; H, 16.09. Found:
( 84.32; I, 15.89)
8. Pinus armandi Franchet  References (Dauben, ftnt. 8, p. 34; 111)
(Nouv. Arch. Mus. Paris,
ser. 2, vii, 93, 96, t. 12, 1884)

Pinus armandi is a native of China, It is of wide distribution,
seattered over a vust but ill-defined range. It is found in Shensi,
Hupel, Szechuan, Kweichow, southwest Kansu, and in other adjacent
provinees of ceutral and southwestern China, It also ocewrs in
Burmia, in southern Japun, in Formoss, and on the Island of Hainan.
A sumple of oleoresin was obtained from Formosa, where this pine is
known as I armandi var. masfersiana Hyata,

In the process of separating the volatile oil from she resin, 32
pereent of oil was obtained ut 150° to 170° C. und 10 mm. of pressure,
mercury.  This part of the distillate was designated as light oil. Tts
charaeteristics were these:

Dlonsity, d*=0.8635
Index of refraction, nB=1 471
Rpecithe rotation, {elny= —31.3°

When the temperature was increased to 210° (. and the pressure
rethuesd Lo 2 . of mercury, 7 percent more of volatile oil was
obtnined; this oil had the consistency of eastor oil and was of a yellow-
ish colar. It possessed high density and high index of refraction.
Owing to the formation of crystals in the oi, exact measurements
of its physical properties were not taken.

The light oif of Pinus armandi had the following composition:

Conipound: Pereeny
Ll pINe O e e R
et DR T | e e e e e e e 3
EB-DENONE e ;e e 5
LHIMONONe | L e e e e e m e 2)
nevnddeenne (able WYL o0 oL L.. e v - 0.7
Lbornyl seetafe . L0 e eiaa- e mmm e . 5.3
A Divyelie sesguiterpene with two double bonds, b, 116°-118° C._. 2 4
A bicyelic sesquiterpone relfated te endslenco oo _ U, 3
Pol residue and loss_.__. ... e MMt e mmmmenmame—a ARt

Tanue 10.—DProperttes of a saturated hydrocarbon, n-wndecane, from
Pinus armandi

IProperty n-undeenne front n-uhdecnne
P, armandi

Thedex of refraction, ap-_ .o . Life=s_ .. RSt
Density, e oo SRG2 . 4G
Boiling point, b e e e mm o ee e G107 C_ L 195.8° (1.

V Baporr, O, Physical constants of hydrocarbons. Vol 1, Amer. Chem, Sou.
Monog. 78, p. 76.  Reinhold Pub. Corp., New York, 1939,
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(‘oinposition of the heavy oil was estimated to be:

Compound: Percent
-bornyt avetnbea o e 12,5
A bicyctic sesyuiterpene (hy, 116°-118° ., with two double bonds,
same as in the light ofl, but in larger quantity and of higher purity). 8-0

A bieyelie sesquiterpene related to eadalena. o ... ______ . 35
A sesquiterpene aleobol, athicanlol (See No. 3. - o 8
Cembrene . oL i n e e e e e 25
A diterpene which gave & maleie snhydride adduet . __ o _____ 5
Pot residue mnd 2SS . e e &

(ompeosition of the tolal oil of Pinus ermandi, both light and keavy,
was Tound to be approximately us follows:

Compound: Pereent
Geflanplnnne . Coo oL e
f~eamphene Lol e -
{-8-pinene . L L. .
Hlimoneas L e i . e e i7.5
n-untdeesne . L oLl Lool. R
Hbornytacelate oL L. .. e e 4.5
A bivyelie sesquiterpene, having two double bonds and hoiling ab 12

tan. pressure ab 116% to 1I8° CL L ... m e am— 3.5
A hieyelie aesquiterpene, reluled to eadidene. oo oo v oo . a9
A sesquiterpent adeohol, albicaolol, originally found in turpeniine of

Pinns albienutis (See No, B . .. e LB
Cemnbrene, & diterpene also firsk found in P, albicaulis turpentine.___ 4,3
A diterpeoe which gave » maleic anbydride adduet ... .o ___ 3
Pot restdue snd 1085 e e 26

"Phe sesquiterpene aleohol (albicaulol) of Pinus armandi was further
studied by Dauben.’ A sample of oleoresin reccived (rom Formosa for
his work contained less nlbicaulol aud more cembrene than the suple
just discussed; it wags obtained tn u different loeality.  Dauben found
that albicaulol had a cadinane [2,8-dimethivl-5-isopropyl-bicyclo-(4,4,0)-
decane] skeleton, o hvdroxyl group nud » earbon-carbon double bond.
The most probable Joention of the double bond was found to be
between carbon atoms 7 and 8. The hvdroxyl group is apparently
of the tertiary nature nad the carbon atom 2 appears to be Lﬁtc most
probable location of the hydroxyl,

Dauben proposed the following structural formnuls of albieaulol:

CH,
;
CH2
Hyc” \clH \TH
— cH CH
OH/C\\ e R
CHa CHa ?H
CcH
H3C/ CHj

W Hee foolnole 8, p. 31,
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Group Strobi

9. Pinus ayacahuite Ehrenh. Reference (100)
(Linngaea xii, 492, 1838)

Pinus ayacahuite is a noble Mexican pine, possessing morphologicul
characters similar to those of P. lambertiana, P. flexilis, and P. strobus
(88). It grows over an extensive area from the northern States of
Sonora and Chibushua to Chinpas. 1t is also found in the Santa
Barbara Mountains of Honduras (8), and i the highlands of Guate-
maln  (/39). Martinez (88) distinguishes three varieties of P.
ayacahuite:

(1} Typical,'t which is found in the southern part of Mexico and in Centrul
Americs.  Tn Chiapns it is called Pinabete (& name commonly applied to Adbies)
or sometimes pino de azuear, Lo, sugar pine,

(2) Var. veitchii of the contral part of the country (Pucbla and adjucent States).

(3 Var. brachyplere of the north (Chihualiug, Sonoras, Sinalon, Buranga, and
northesn part of BHaenteeas,)

Beeause the author collected his oleoresin sample of this pine in
the State of Chiapas, it can be classified as coming Mvom typieal Pinus
ayacahicite.

The turpentine was distilled from the oleoresin in vacmo. At the
beginning of the distillation, some volatile oil was obtained at room
temperature under 20 mm. ol pressure.  Towards the end, the tem-
perature of the oleoresin was increased to 200° €., and the pressure
was reduced Lo 1 mm,

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

Trensity, dP*=0.8104
Index of refraction, nif =1.4528
Bpeeifie rotation, {ofif=+7.93¢

I is seen from these data that the turpentine possessed i lower
density and a lower index of refraction than most turpentines.  {See

fig. 4, p. 18). . _ _
The composition of the turpentine was us [ollows:

Conpound: Percent

a-heptmne (tabde PV . L o el 20)

e PHIENO L | e e m e e bme i ae e 70

terpinolene, about . oL ez oo 3
Possibly a small wmount of unidentilied oxygen-containing deriva-

tives; and a bievelle sesquiterpene oo .o o 3

The sesquiterpene possessed two double bouds; the melting point ol
its hydrochloride was 108° C,

i Aeeording to the rules of the International Code of Botanical Nomenelature,
aclopted in 1950, the correct nume of this variety should he: P. aguchawite var.
nyucahuile,
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Tawrs 11.—Constunis of combined purified fractions 1 and 2 of Pinus
ayacahuite turpentine and those of n-heptane

Troperty Fractious 1 and 2 n-heptane !
Density, dooo. ..o e oLy OBTAGB L .68+
Tndex of refrnetion, np. o oon oo, LABGT=™ . .. 13867
Roiling point__ .. . __..__.__ 98° C. at 764 mm___| $8.52° C. at 760 mm.
Carbon, perespnt . oo ____ B349_ L. 83.61
Hydrogen, pereent. oo L ___ W23, o 16.09

! Handbook of chemistry ond physics. Ed. 27, pp. 810-811. Chem. Rubber
Pub. Co., Cleveland, Ohie. 1943,

10. Pinus lamberiiana Dougl. References (108, 136)
{Prans. Linn. Sec. Lond. 13: 500. 1827)

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

In 1913, turpentine of sugar pine growing at an elevation of 5,800
feet wans obtained by steam distillation and anslyzed by Schorger
(186} with the following Tesults:

Yieldl of turpentine=16.4 percent
Density, dii=0.8663

Index of refraction, nlf=1.4728
Specific rotation, [alfd= - 10.42°

Cowposition of the turpentine was reported to be as follows:

Compound: Percent
H-e-PiNeUe . L e e e 70-75
B-DINeNC . e e m e mm——————— about &
Probably phellundeene oo 2.3
Probably aliphatic hydroearbon . . oo e aeelan 2-3
A sesquiterpene of aromadendrens L¥Ne . L - o oL e 10-12

In 1947, u sample ol olvoresin was obtained under the author’s
supervision in the Sierran Nevada at an clevation of about 3,500 feet.
Twenty trecs vielded, in 2 months, about 10,000 grams of honeylike
oleoresin that remnined liquid after o prolonged storage. In some
saunples, rosin ackls precipitated reluctantly; in others shey did not
precipitabe at all. "Turpentine was obtained by distilling the oleo~
resin under reduced pressure. Toward the end of the distillation,
the temperabare inside the flask was 200° C. and the pressure was
0.02 mm.

A measure of 5,880 grams of oleorcsin yielded 18.4 porcent turpen-
tine, having the following characteristics:

Density, dif=0.86GY
Index of refenetion, nf®=1.4753
Specific rotation, [«lF°= —7.46°
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The specific rotation [a] of 15 turpertine samples, obtained from
mdividual trees, varied [rom —18.25° to —1.35°.1*

The turpentine was distilled at atmospheric pressure until the
temperature reached 187° C.  Finally the pressure was reduced to
0.1 mn., and the distillation was discontinued when the {emperature
renched 200°.  The turpentine contained:

Compound: Percent
b-a-pinene. .. 6
E8-PINeRe . e 13
An onidentifiecd monoeyelic terpene possessing two double bonds,

abouwb_ .. __ .. .. ..., e et m i mmaan 2
A bicyclic sesquiterpence of cadalene type possessing two doubte

bonds . i 10
A sesquiterpenc alcohol CaHal), mop. 1838 .. o
An unidentified diterpene, about. o o ___ ____________ 2
Residue and losses_ . _ e 6

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

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

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

The presence of « und f-pinene has been verified ; possibly, small
anounts of phellandrene were presens but not identified; aliphatic
hydrocarbons were not detected; the sesquiterpene fraction was more
Tully explored. Later work with turpentines of white pines indicates
that it is advisable to repent the analysis of turpentine of this pine.
11. Pinus parviflora Sieb. & Zuce. Relerence (61)

(FL. Jap. 2 : 27 t. 115, 1842)

Pinus parvifiore is the Jupanese white pine. Its common name is
Himekomatsu. It grows in the mountains of central Jupan, and it
includes several varieties, The northern variety, extending to
Holkkaido is known as P. pentaphylla or Goyomatsu. A variely grow-
g on Formosa is known as P. merrisonieola Huyata or P. formosana
Hayata. Variety fenzeliane Hand.-Muzz., reported from the Island
ol Hainan, is appurently the same pine as P. kwangtungensis, which
grows on the mainland (see fig. 13, p. 72). Wu'3 thinks that the original
home of P. parvifiore is southern China. These notes emphasize some
of the nomenclature difficulties encountered in reporting turpentine
eomposition of a pine,

The sample of oleoresin used in our work came from typical Pinus
parvifliore lrom near the village of Andon, Nugano prefecture, Japan,
clevation 3,000 (get. The oleoresin was distilled so that towards 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 incrense of temperature to 210°, more volatile oil

2 Tn some populations of sugar pine, turpenting is predominantly dextrorota-
tory,
% 8ee footnoke 7, p. 26,




L

COMPOSITION OF GUM TURPENTINES OF PINES 41

was obtained; this part of the turpentine had the cousistency of castor
oil. The total volutile oit amounted to 28 percent of the weight of the
oleoresin,

Physical characters of the turpentine were;

Density, d7=0.3880
I'ndex of refraction, n—=1.4858
Specifie rotation, [alp=-+17.60

The turpentine contained the following substanees:

Compound: Prreent
fedla-pinene. _ e 30
Arctie acid ester of a terpene aleohol . _________

A bivyelic sesquiterpene, possessing two double bonds (its dihydro-
chloride melted at 107° to 108° CLY . ... ..l 23

Cadinene {table 1) i eiaainas 8

Albieaunlene, together with another sesquiterpene, which upon dehydro-
genation, gave azulene (Cisby) (table 13) __ ... __. 15

TasLe 12.—Constants of fraction 21 of Pinus parciflora lurpentine
and cadinene

Property Fraction 21 Cadinene !
Bolling point___ . . ... 265°-266° C. ab T30 134°-136° C. ab 11 mm.
mi,
] 13:4°-136° C. at 16 mm.
Pensity .. oo (L“ 0.9154 oo P, 0.9189
Index of refraction. ... .| n¥, 1.3038____________ ugs, L.A0T9
Moleeular refraction. oo .. 6397 . ... 66.13
AnnlySisoa e oL Pet, C, 87.200 . 4 Pet. C, 88.23} ealed. for
Pet. H, 12.06/19M08- -1 pee’ H. 11.77f CiHae

Melting point of dihydre- | 117°- 118° G . 117® C.

chiloride.
Melting point of dihydro- | 117°~118° C.________.

chioride of Fr. 21 mixed

with cadinene dihiydre-

chioride.

t Henderson and Reobertson.  Amer, Chem. Soc. Jour., 125: 1092, 1924,

Tanue 13.—Constanis of albicaulene and fraction 22 of Pinus

pareiflora
Property Albiezulene ! Fraction 22
Boiling point_______ . ________ 180° C. At 20 mm.___| 136°-138° C. at 0.5 mm.
Denslty, 43 oo oL oL [ARA TR F S 0.9125
Tndex of refraction, nff . _____| 18190 o __.____ 1.8150
Moloeular refraction. . ... ... 67.96_ ... 67.42
Molecular refraction enled. for | 67.86_ - _______
(st
Pierate of dehydrogenation | 113°Co o ________ 1{3° C.
product, metting point.
AMaleic  anhydride  addition
produet:
Melting poinb_ . __._. W9 G 150° C.
Mixed melting point .. ] 150° O . ____.

! Hangen-Smit, Wang, and Mirov (632),
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12 Pinus peuce Griseb. Reference (75)
(Bpieil, FL. Rumel. 2, 349, 1844)

Pinus peuce is a vare 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
adjucent paris of Albanix, Bulgarin, und Greece at elevations from
2,500 to 6,000 fect (fig. 12). _

An oleoresin sample of Pinus peuce was obtained in 1934 through
the courtesy of Prof. Dr. Branislav Pejoski of the University of Mace-
donia, Skopje, Muacedonin, Yugostavia. Pejoski himself had aleeady
investigated the oleoresin of this pine (personal communication, 1954).
His stewn-distilled turpeatine had the following characteristics:

Yietd =321 percent

Density, d®=0.861 to 0.866

Index of refraclion, ni=1.462 to 1.463
Specifie rotation, {ajp= —13.33° fo —20.36°

The oleoresin we used (73) was heated under reduced pressure,
At a maximum temperature of 180° C. and & pressure of 0.5 mm. of
mercury, 23.3 pereent of turpentine distilled over. This was desig-
nated #s 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 niore
distiliate was obtained. This was designated as portion 2. 1t had
the econsistoncy of eastor oil and was of yvellowish color and faint
fragrance. Siumilar behavior v distilation had been experienced
with the oleoresins of Pinus albicoulis, No. 5, P. parvifiora, No. 11,
P koraiensis, No. 1, . armandi, No. 8.

Physicnl characteristics of Pinus peuce turpentine, if one could call
the second portion of the distillate by this name, are given in table
14 sepurately for ench portion of distiflate.  Pejoski’s data are given
for compurison. [t should be noled that when Pejoski used steam
distillation for ebinining turpentine, appareutly only the first portion
was distilled over; the second ane remmined in the still

The light oil of Pinus peuce oleoresin contained: dll-n-pinene, 71
pereent; -8-pinene, 8 percent: -myreene, 2 percent; Lerpinolene, 1.5

Tavre 14.~-~Lhysical characteristivs of the low-boiling and high-boiling
portions of Pinus peuce turpentine

i Pereent of | [a]B
Portions ! weight of } dy np D
© olepresin |
Portion 1, 160°- 2311 0. 86284 . ___. CLATITR. ... [ —16.2°

1§0° . at 0.5 )
min. {light oil}. :
Portion 2, 200°- Q.47 Q280 __ L. L AR +113.0°
205 (5 oat Q.5 K :
. theavy oit). . )
Pejoski's dutn for 19-22 1 [ 8GI to . 8G6_; 1. .62 to —13.33° to
sleam-distitled L 463 —29. 36°
Lurpentine.
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Ficurk 12.—Geographieal occurrence of Pinus peuce.

§572012°—61——4
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percent; I,dl-bornyl acetate, 2 percent; sesquiterpencs, 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
erystulline hydrochloride and it gave no aromadendrene color test.
Pot residue and loss amounted to 7.1 percent.

The heavy oil of Pinus peuce contained sesquiterpenes, 10 percent;
diterpenes, mainly cembrene (with a small amount of diterpene,
malete anhydride ndduct melting at 148° t0 149° C.), 59 to 60 percent;
oxygemited compounds, probably diterpene aleohols, 6 percent;
residue and loss, 24 pereent,

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

Compounds Pereent
F I o T4 T U U

F B o3 T ol U U
B-IuNTURLE . L i e mi et s nmemmnm——r—————————
terpinolene, L L. L. U
Leff-bornyt neetnbe o e e e m_
Two sesepuiterpencs, one of which is of 4 cadalene bype. .o ooooo_ -
Diterpenes, mainly eenbyrene __o 0 L Lo
Oxyaenaled coinpounds, probably dilerpene alcohols__ o o ________
Tesidue and doss L e e mimcmcmmama_aa

13. Pinus griffithii McClelland References (151, 50)
{In Gniffith, Notul. PL. Asiat,
4, 17; fcon. PL Asiat. t. 365. 1854)

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

Density, d%="0.857
Tndex of refroction, nid=1.4627
Specific rotution, [off) =4 40.42°

The turpentine consisted of the {ollowing ingredients: d-a-pinene,
87.9 pereent; d-terpineel, pereent not given; n-undeeane, £ somll
quantity; a bicyelic sesquiterpene, percent not given.

The sesquiterpene, when dissolved in acetic anhydride and treated
with & drop of concentrated sulfurie acid, developed a pale pink color
thni slowly beeamme magenta. This sesquiterpenc bad the following
constants:

Boiling point at 34 mm., 145° to 146° C.
Density, di={.8654

Ludex of refraction, nf—= LJARG

Spoecific rotation, [alif= 4 26.25°
MMolecular refeaction, MRBRp=065.4

41
[

B3 B ] 2 e = PO OR

Pinus griffithii Lurpentine was slso analyzed in 1926 by Dupont
and Soumn (G0, The furpentine was obtained from a commercinl
distillery loeated at Jallo, Punjab, India. Dupont and Sounm were
able to identify only «-pinene; there was no B-pinene, limonene,
carene, or boruyl ncetate. There was apparently o sesquiterpene in
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the bigher boiling fraction, but “as usual with pine sesquiterpenes,
no crystalline hydrochloride was obtained. ™

14. Pinus monticela Dougl. Reforences (54, 109)
{Lambert, Descr. Gen. Pin. Ed. 3, V. 2. 1832)

Pinus monticole 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 nt an elevation of 7,400 feet in a locality 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, di=0.6891
Index of refraction, nB¥=1.4646
Optical rotation, &= -+20.59°

The turpentine contained:

Comn pound: Prereent
7 1Y 1Y 60
F-B-PUBCI L e 26
FUNUCCRIE . L oL o e e e 1-2

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

Fwenty-five years later we obtained oleoresin of Pinus monticola
from Priest River, northern Idaho, and investignied its turpentine
t109). The turpentine was obtained by heating the oleoresin under
reduced pressure; at the end of distiliation, the pot temperature
reached 130° €. and the pressure was reduced to 0.1 nun, of mercury.
Yield of turpentine was 20 percent. At the beginning of the process
some ol was carried over to the dry-ice trap, indicating the presence
of a low-boiling substance,

Physical properties of the turpentines were:

Density, dP =0.8500
Index of refraction, nfg= 1.4687
Specific rotation, [alii= —28.8°

The composition of Lhe turpentine was:

Compound: Percent
a-heptane (tnble 18) - L L e __ 2
Lt - eI e e 32
Fs e T 40
By T T S 7
n-undecane {fuble 18 L .o 2
Bornyl aeetite . e et 2
T LT o Y Y U 4
Pot residue and Jos808 . 4w oo e e e 6

# Generally, we have had no diffieulties in preparing crystaliine sesquiterpene
hydrochtorides.
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TasLe 15.—Properties of n-heptane and n-undecane from Pinus mondi-
cola turpentine

Property n-heptane from n-heptane !
. mantirola

; i
Density, d. oo POLBROT e . 0.6873%
Index of refraetion, ny CLLABBIR L. 1.38TGw
BBoiling point, ®* C -

n-undeeane from
P, monticole | n-tndeenne?

Trensity, o C0LT30H : .7404
Index of refraction, ng SIS ey DA 1G22
Builing point, © €

! Rossini, et al.  Sefected values of properties of hydrocarbons. U8, Nall. Bur.
Standurds Cir, 461, p, 30, 1947,

Lgloll, G, Phys. constants of hydrocarbons. Y. 1, Amer. Chem. Soc, Monog.
78, . 76, Reinhold Pub. Corp., N.Y. 1930,

The sesquilerpenes found were one manoexelic, whose hydrochloride
in the Torm of plates melted at 75° to 79° ¢!, and the other bievelic;
its lryilrochloride, which was in form of needles, had o nielting point of
117° 1t is possible that the lwo sesquiterpenes were bisabolene nand
caclinene, ns these frequently occur together and hwve hyvdrochlorvides
which melt at 799 and 118,59, respectively.  Linck ol materinl pre-
vented further investigation,

The difference in chemieal composition of the two sumples—one
frem the outskirts of the FPinwg monticola range and the ofher from the
center of its distribution—rcould perhaps be expluined partly by some
geographic varinbility within the species muf partly by the better
methods ol lractionation of the Tdnho samples.

The most important leature of the earlier annlysis was the discovery
of a-undeenne 1 the California sample. Tt was the first reporting of
this hydrocarbon in American pines.  Undeeane had been diszovered
i an Tadian pine, 2. grifithdi, No. 13, by Simonsen and Ruu,  Later
we fotnd n-undecane in several pines (See Nos. 1, 7, 33, 34, 30, 54).

15. Pinus strobus L. Reference (116)
(Sp. PLOI0OL. 17473)

Pinus strobug is commonly known in Ameriea as enstern white pine.
Tts range extends from Newfoundland to eentral Ontario, to south-
eastern Manitobn, southward through northern and eastern Minne-
sotn, Towa, llinots, Indiann, Ohio, Pennsylvania, and New Jersey,
and south to western North Caroling, northern Georgia, and Ten-
nessee. It is loeal in western Kentucky.

A wvariety of Pinus strobus, called efifapensts, grows in southern
Mexico in the States of Verneruz, Puebla, Ouxoen, and Chinpas. 1t
forms extensive forests in Guatemalu, and il was reported from one
locality in Hondurus (6). Tn iny opinion, var. ¢hiepensis is an inde-
pendent species, perhips related more closely to . monticola than to
L. strobus.
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The oleovesin of {ypieal Piaws strobus used in our work was collected
in the Chippewn Natioual Forest, northern Minnesota.  The turpen-
tine was distilled under reduced pressure; toward the end of the dis-
ullution, the temperature inside the flask rvewched 205° C. and the
pressure was reduced 1o 0.05 nun. Yield of turpentine was 25 percent;
il had the following charnetenstics:

Density, 4% - 08611
Lndlex of refruction, n35=1.4714
Specific rotation, [n] = —0.735°
T'he turpentine of Pinus strodus had the following composition:

Cinnpunnl: Pereent
.JH-«-pmtnc
{-g-pinene N
Oxyvoenafod L‘l)lll[ll)lllln’l‘;
A frieyelie sesquiierpene
Tests for Abearene were negative; fractions 12 o 15 contuined
smnll amounts ol oxveenated u)mpouu(ls, possibly alcohols and
ketones (table 16). Fraetion 16 consisted of a ses squiterpenc.  Alter
distillation over sodium, the physieal econstants ol the [raction were
B 001315 n, 1.4913; boiling point, 110° to 115° €. at 27 nun.
Maolecular refraction, MRp was 6883 ealculnded for a sesquiterpene
101 1ay) with one double bond, it would be 64.40. This indieated the
presenve of w tricvelie sesquiterpene.
The terpentine of Pinus strobus var. ehiapensis hus not yet been
anal vzl

Tanei 8-~ Analytical data of sereral fractions of Pinus strobus tur-
pritline!

Determined by
ZoerewitinddT method ?
Compound Frnelion Curbon t Hydrogen

Active Cuarbonyl
hydrogen group

Lercrmd Fercent
a-pinene . . K S87. 04 12. 2§
g-pinene. . [ 88 35 1L 79
Oxyue nated ) 2 87,40 11, 81
pratnels 3 84, 24 11, 07
Sesyuilerpene ] 5 88. 06 12,

LCulenlated: for CoHe or CpHay: C:=88.17 precent; H=11.83 pereent; for
Cully®: C 7591 pereent; B o= 10,68 porvent,

THoltys, Arnulf. Die mwrommhﬂmht Hestimmung dee aktiven Wosserstoffes
duch L. Tschuguetl und Th, Zerewitinoff.  Mikrochemic 200 107, 1936,

Group Gerardianae

t6. Pinuas bungu,ana Zuce. Reference (111)
(Endiicher. Syn. Conil. 160 1847)

Pinus bmu,:unm Is a rare mounlum pine of central Chinng it is

found natueally in o lew spots in Shansi, Hupeh, and south Iansu,
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It is a piciuresque pine, witli sycamorelike, pecling bark. The
Chinese plant it near temples and in cemeteries.

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

The turpentine was distilled from the oleoresin under redueced
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 britlle, showing that al] volatile fractions
{including posqlblo sesquiler pom-s] had been removed. Physical
chmu("wt isties of the turpentine samples are shown in table 17.

Tanre 17.—Physical characteristics af Pinus bungeane turpentine

Yield of | Density | Tadex of | Specific
Origin ol snmpie turpentine o, B34 refraction | rotuation
nu [er]s:a
Prreent Degrees
Chice, Calif.!. e 25 0. 8625 1. 4730 -7.0
Placery ille, C alif .. Il 27 . 8627 1. 4745 —-11.0

1Thanks are doe to Mr. L. 15, Jolley, in charge of Chico Plant Introduction
Cuarden for furnishing the maiecial,

The physical constanis of Pinug dungeana turpentine obtained
from the two different loealities, whose sceds most likely came from
two different sources, were almost ideutical. The turpeatine con-
tained:

Compound; Percent
W dl-e-pinene . e 6065
f-A-PINeND. L e e mm——— e ————— 30-35
BOSUUILBIPUNES . o e ce v e g m e e a e ae e 23

Because of insufficient maderial, sesquiterpences have not been in-
vestigated. P, bungeane oeccurs in the same part of China ns P
armandi, No. 8 yet chemistey of the turpentines ol the two pines is
_very different.

17. Pinus gerardiana Wall. Reference (148)
(Lambert, Deser, Gen. Pinus Ed, 3 V. 2 t. 79, 1832)

Pinug gerardiane grows in dry rocky valleys of northeastern
Alghanistan and the northwestern Himalayas. Commercial turpen-
tine of this species was analvzed by Puran Singh and reported by
Simonsen (148).  The turpentine had the iollo\unw physical constants:

Tensity, dif=0.8658

Index of refraction, nff=1.408
Specific rotation, [alp= 4+ 18.4°

The composition wns veported to be as follows:

Compound: Percent
g 11 Oy g 78
t-g-pinene . ... oo_._. i e 7

Sv-.qmterpem_ with & smal! amount, of :atn-:f{l.ulur[:lcm, aleobol.___.____ 12
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"This is one of u few cases when -pinene obtained from pine turpen-
tine was reported to be dextrorotatory. However, it appemrs from
the deseription of the expertinental technique and from the frae-
tionation datn that the g-pinene wus levorotutory, as it generally
i3 In mosi pines.

Tests for plicllandrene, dipentene, terpinene, and terpineol were
negntive,

Group Balfourianae

18. Pinus balfouriana Grev. & Balf, Reference (81)
(Mugray, Bol. Exp. Ove. (Rpt. 8) No. 618. 1853)

Pinus balfouriana, or foxtail pine, is o rare slpine white pine.
Apparently il once occupied a lnege nees, but sinee il late Pliccene
1L separated into two isolated loealities. T now grows in northern
("alifornia on several mountain ranges at i elevation of 7,000 to 8,000
feet Seott Mts, Marble Mts, Salnon Mis,, Trinity Alps, and
Yolla Bolly Mis}. In the southern Sierrn Nevada it grows mainly
it the setrees of the Kings and the Korn Rivers.  The two localitics
nre separated by a distance of al lewst 300 miles in which no £. bal-
Jouriana has been found,

Oleoresin from the northern loeation was collected in the Scott
Mountains, about 7 miles south of the town of Callahan, at un oleva-
tion of 7,500 feet. The oleoresin yield was poor. All together,
5,170 grams of oleeresin was gathered in 3 weeks from 70 irees.
Oleoresin from the southern location was collected on the east side of
the Nierra Nevada, nt an clevation of 9,000 leet, just above the town
of Independence and below the Kearsarge Puss, Twenty trees

hacked duving July 1048 viekded 1,600 grams of eoleoresin, The
physical charneteristivs of the turpentines from the two localities
were these:

Noriherat Sowuthern
Yield of turpentine (pereent) 28.3 25. 8
Dentsity e} .. ol . 8570 . 8612
{ndex of celraction (ng 1. 4643 1, 4642
Spectfic ratation elnd . .. oo oo — 11 05° +-24. 33°

Chemienl compasition of the two sanples of turpentine was as
follows:

Componnd; Northern (pereent) Sowthern (percent}
a-PHReNt L o 00 (,dh 98 (i)

Bepinent e ..
Tanenene R
Burnsl nectate e

Bornyl aeelnte was identified in the turpentine from the southern
Ipeation, in Iraction 14 distilling at 106° to 110° . at 17 mm. A
suponifieation test was applied with a positive result.  Upon distilla-
tion of the saponified liquid, droplets of oil could be obscerved in the
distillate; from this ol a derivative, 3,5-dinitrohenzonte, melling ut
1547, was prepared. 1t gave no depression in melting point when
wdded (o kaown borneol 3,5-dinttrobenzoate, which has a melting
potul of 134° (11,
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Alter the volatile alcohiol was distilled off, the saponified liquid was
acidificd 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 p-phenyiphenacyl ester was prepared;
after being purified by passing through a chromatographic column
(81), flaky colorless erysials were obtained. These erystals melted at
1099 to 110% C. and gave no depression in melting point when mixed
witl an authentic swnple of p-pheaylphenaeylacetute, melting at 111°
(36). 'Thus the acid was acetic acid and the ester in fraction 14 was
bornyl acetate.

Physicul characters of the higher boiling Teactions of the Pinus
balfouriuna turpentine from the northern location, were compared
with those of aromadendrene (tuble 18).

These Traclions possessed chatacteristie constanis of nsesquiterpene;
but they did not form solid hydrochloride. The percentage com-
position of earbon aud hyudrogen agreed well with those of CisHa,,
and molecular refraction indicated that this was a tricyelic sesqui-
(erpene with one double bond,  The sesquiterpene funetion of Pinuy
belfouriana Lurpentine from the southern location had a wmoleeular
refraetion of 631, indicating that the sesquiterpene also was tricyelic
with one double bond. 1t Tormed no selidl hydrochloride.  Appar-
ently it is a sesquiterpene identical to that in the turpentine frown the
nerthern loeation.

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

Pinus artstate is commonly called bristlecone pine.  This very loeal
and widely seattered in the high mountains of Colorade, Utah,
Nevada, and northern New Mexico; it is nlso found in one lorality
near Flagstaff, Ariz., and in two loculities of southeastern California.
A sumple of ofvoresin of P. aristate was collected by the author with
some difficltics (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 ihe eleoresin.
The turpentine hind the following physical chiracteristics:

Density, di*=0.8649
Index of rofraction, nij=1.4656
Specifie rotation, [ofif=-+25.21°

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

Compound: Pereent
Lt PIETI . L o e 96
A trievelic BesqUiterRene . oo e 4

The sesquiterpenc possessed one double bond and formed » hydro-
chloride melting ut 80° ta 80.5° C.

Group Cembroides

All six pines of this group are inhabitants of the desert mountains
of southwestern United States and Mexico.  They are known by the
Spanish nume piones.  In the United States they are known as
pinyon pines. ‘Their seeds (or pine nuts) are edibic.
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Tanre 18.—Constants of fractions 16 to 18 of Pinus balfouriana turpentine, from northern location, and of aromadendrene

Property Fraction 16 Fraction 17 Fraction 18 Aromadendrene 1

Boiling pointe oo oo iiaiiiioio s 145°-154° C. at 75 | 154°-156° C. at 75 | 156°~159° C. at 75 | 121° C. at 10 mm.
; . mn. min.

Dcnsﬁ,\' 8 O S  ATR 092142 0917l 0.9161 25, .. 0.9116 %
Index of refraction, np. oo ovciacoaiaon 14940 % i 1.4062 % e 14085 . i 1.4978
Moleeular refr n(.tlon, MRpawccneanor i 64 45 .............. 65.000.. . e 65,30 .- e 65.58
Pereent of earhon_ o ceiim ooy wan } found e o ——————— 85, 45} found 83.23} caled. for
Percent of hydrogen. v oo v cnos 11 K R | B 12.04 Tl e e 11.77 CisHy

! Briggs, L. H., and W. E, Short,

Amer. Chem. So¢. Jour, 252429,

1928.

SHNId .':IO SANIINIJYAL WAY J0 NOILLISOIIWO0D
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20. Pinus cembroides Zuce. Reference (100)
(Abh, Akad., Wiss. Munch. 1: 392. 1832}

Pinug cembrotdes is predominantly 2 Mexican pinyon, In Coahuila
it, is called pino pricto. 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 TTnited
States ib occurs in southwestern New Mexico and souiheastern
Arizona,

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

Density, di*t==0.8471
Index of refraction, ni}=1.4680
Specitie rotation, [a)sy=+45.2°

Chemicad composition of Pinus cembroides turpentine woas found
to be:

Cotnpound: Percent
-a-pincne
Ldi-limonene
A sesquiterpene, d-longifolene
Residue and losscs

21. Pinus edulis Engelm. References (113, 136, 143)
(Wisliz. Mem. Tour. North. Mex, 88.  1848)

Pinus edulis is enlled pinyon or Colorado pinyon. It grows in the
Rocky Moantain region from Utuh and Colorado to Arizona, New
Mexico, and the Trans-Pecos region of Texas. It also occurs spo-
ruically in southwestern Wyoming, northwestern Oklahoma, and
southeastern California, and in the northern States of Mexico—
Chihualiun {86} and Baja California (88).

Pinus edulis turpentine obtained from southwestern Colorado was
analyzed by Schorger in 1913 (736), and reporied to have the following
composition: :

Compound:

t-e-pinene

{-g-pinenc

d-cadinenc
The extremely fragrani odor of Pinus edulis turpentine was ascribed
by Schorger to cadinenc. _

Oleoresin samples of Pinus edulis used in this study were collected
wnder $he anthor’s supervision in Arizona on the Fort Definnce
platean, clevation 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, 7*=0.8708
Index of refraction, nif=1.4728
Specific rotation, («lif= 1 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 80° C. at 13 mm. of mercury, attracted our attention because of the
pleassut odor. The fractions were, in fact, responsible for the fra-
grance of Pinus edulis turpentine.

Physical properties of fraction 24 were:

Density, di'=0.866
Index of refruction, n=1.4180
Specific rotation, [ajf=+0.7¢
These properties suggested the possible presence of an aliphatic ester.

One gram of this [taction was treated with benzylamine according
to the procedure of Dermer and King (84). The amide (428 mg.,
m.p. 62° to 63.5° C.) was reerystallized 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 [rom known caprylic acid.
The white crystals of the amide were recrystallized to s constant
melting point of 65.3° to 66.5°. Results of analysis were these:
Caleulnted for CxH o ON—C, 77.20 percens: H, 9.94 percent; found—
C, 77.06 percent; H, 9.28 percent. .

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

Two milliliters of fraction 24 were treated according to the method
shown in Vogel's textbook (168, p. 887} with 2 drops of concentrated
sulfuric acid und 1.5 g. of 3,5-dinitrobenzoic acid.  After one recrysbal-
lization of the erude product from cthanol, 431 me. of needles, m.p.
89° to 93° C., werc obtained. After two more crystallizations, 203
mg. of derivative, melting at 92.5° to 93.5°, were obtained. When
puxed with authentic ethyl 3,5-dinitrobenzoate, the derivative showed
no depression of inelting point.  Thus the acid portion of the ester
was eaprylic acid and the aleohol portion was ethanol. Therelore,
the cster was ethyl caprylate.

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

Boiling point at 10 mm. of pressure=133° to 134° C.
Density, dit =0.6131

Endex of refraction, nit=1.5078

Specific rotation, [aliy= -+ 78.4°

A 0.74-g. sample of & liydrochloride was prepared from 3 ml. of
the heart cut.  The hydrochloride melted 2t 118° to 119° C.; it did
not_depress the melting point of cudinene dihydrochloride. The
optical rotation (o) was —36.8°; ¢=28.8 in chloroform.”® The
positive rotating fraction 53 gave g hydrochloride of negative rotation
as does canidene (748), but the (raction had considerably higher
rotation and lower density than canadene. Canadene is & structural
isonier of [-cadinene; its physical characteristics (143) are:

Density, di'=0.928
[ndex of refraction, njf=1.4054
Optical rotation, ayy=-+33.73°

¥ ¢ is concentration of solution expressed as the number of grams of active
substance in 100 ce. of solution.
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As a whole, turpentine of Pinus edufis contained:

Compouncdl: Peccent
e o= PINeNe e mmmmm e 46
T nidentified Lerpenes_ L o m e L
B0y TCONC o e Csmmmimaee—amm-—meaoimmmamaa= 2
e AT AT eI O e e e e e e e e e e e e cmcma e . ]
=1IMONeTC . o e i m e e iaaaan e memo e mmam—a= 1
Terpitolent. - . e iiaie i rmmmem———secemmmmmmm—noe 1
Ethy! eapryiate. o ____ ... e e e e mmmecasamean 6
Unidentified niistore of oxyrenated compounds and hydrocarbons. . 12
Sesquiterpences related to endinene. o aooaoL 1G
Residue and 1088 __ oo o oo oo e - 9

Tt is scen from these results that the chemieal composition of
Pinus edufis turpentine is much more complex than reported by
Schorger.  The exquisite [ragrance of the turpentine is to a large
extent due to the presence of othyl caprylate. Ethyl enprylate has
never been reportedl belore us a constituent of turpentine.  Webb,
Kepner, and Tkeda (7164) found (in 1952) 0.6 pereent of ethyt cuprylate
in Tusel oil of grape brandy. Caprylic esters were also reported in
Pualestine orange o1l (59}

22. Pinus guadrifolia Parl, Relerence {73}
(Sudw., USDA. Div. For. Bul. 14: 17. 1897}

Pinus quadrifoliz is a rarve pinvon pine. [t occurs in dry, almost
desert, localitics of southern California and eof the northern puart of
Baju California, Mex.

The oleoresin sample of this pine was obtained in Riverside County,
Calif., near @ place ealled Anza, at an elevation of about 4,000 feet.
Eleven trees were tapped.  Yield {average of 11 samples} ol turpen-
tine was 23.5 pereent of the weight of the oleoresin.

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

Density, d®, from 0.83600 to 0.8668
Incex of refraction, nf, from 1.4732 to 1.4787
Specific rotation, [«] 5, from +6.2° to +32.7°

The mixed turpenting had the following characteristics:

Denstty, 3?3, 0.8G29
[ndex of refraction, ni, 1.4742
Specific rotation, [alfl, -+-24.8°

The composite sample of Pinus quadrifolie turpentine contained:
! I /i 1

Compound: Pereent
dyll-a-pinenc. . ... e m i 62
OB IOTIC . - o o e e e e e e e e e e e e emimmm e mmm— e 3.8
Intermedinte unidentified Fractions. . . o oo oi cmrr e 1.6
BB U ECT NS« o o e e e e m e o memm e cmmmmmm— e amm 16. 8
Roesidue aiel losse8. o oo e oo e mmmmme e ——mmmmmm————mmmmm— 15 8

The sesquiterpene lraction consisted of two bicyelic sesquiterpencs
13.8 percent) that yielded crystalline cadinene hydrochloride. Tt
also contained a cadalene-type sesquiterpene (3.0 pereent); this
sesquiterpene, possibly monocyelic, was in the fraction boiling between
131° and 132° . at 12 mm. of pressure. [ts charncteristics were
these:

W Tn the work ecited, the paragrapbs containing information on Pinus guad-
rifolia were intermingled by mistake with information on P. caribaca.
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Density, dit®:=0.8090

Index of refraction, n§=1.5083

Bpecific rotation, [alye= 4~ 26.5°

Molecular refraction, MRp=67.4

Four graums of oil frem this fraction were mixed with 1.88 g. of

sulfur and dehvdrogenated according Lo the method of Ruzicka and
Meyer (1307, The oil received was distilled at reduced pressure.
The distillate was treated with L g of trinitrobenzene dissolved in
liot aleohol. The mixture wns warmed on the steam bath until the
reactants were dissolved, nnd on cooling 1.6 g. of vellow crystals were
received.  After two recevslallizations Trom hot aleoliol, the eryvstals
melted at 111°% 10 112% ', and erther recrystallization did not
change  the melting point. Admixture with authentic cadalene
trinitrobenzene ndduel caused no change of melting point.  The
fraction showed strong absorption maxima in the infrared recion at
LBAL et amd at 883 em.”'. This was interpreted as indiey 1.11[1;3; the
preseace of an By R0 =('H, g_qroup The average vulue Tor C=CH, is
1,653 and for C—H out-ol-plane wagemng is 890 (144}, Judging feom
ihis evidence, fraction 1§ contuined w cadalene- type sesqullmpcne
possessing an R Fo(* = C'E; group.

23. Pinus monophylla Torr. & Frém. Reference (£89)

{FFrem. Rep. E.\'plur Exped. Rocky Mtis. 319)

Pinus monophylla is commonly known as singleleaf pinyon; unlike
all other pines, it bears solitary, round needles. v monophylle grows
in dry, desert ranges of southern Idahe, western Utah, Nevmln,
eastern California, nerthwestern Arizona, and Baja California, Mex.
Turpentine of this pine was examingd I)\' Schorger (135} in 1913,
The vield was 19 pereent. The phvsical properties : of several samples
were Lhese:

Dengity, dif - from .8721 to 0.8733
I'ndex of refraction, i from 14732 to 1,4733

specifie redation, [elif - — 447 to - 17.3°
The composition of the turpentine was found to be as Tollows:
Copound: Prreent
et~ PEBTI | L o e a i mmmem e mmmm e e _. 85
fedl-limnnene L e 4-5
Hesquiterpene fraetion, reporled as cadinene. o _____ 46

Beeause Hans manaphytia Lurpentine has o fragranee similar to that
of the closely related . edulis, No. 21, it is possible that it also con-
tnins  Al-carene, g-myreene, and octmene, and particularly ethyl
eaprylute. It is advisable (o repeat the analvsis of turpentine ol
£ mnnophylie, using modern fractionation apparatus.

24. Pinus pinceana Gordon Relerenee (100)
(Pinetuns 204, 1858)

Pinns pinecunc 15 1 very rare pine growing in dey ravines of desert
ranges in the southeastern part of the State of Couhuila, Mex.,
})(halhl\ in the adjaeent parts of Nuevo Ledn, and (subject to veri.
ficationy near Cumargo, Hhdalgo.  This pine s grouped by Shaw (142)
with the pinvoens, that is, desort pines having edible nuts.

Olvoresin of £ pz'u('f'rmu was collected in 1950 under the author’s
supervision from rees near the village of Gaviunbullo, Coahuila,
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about 5 ot 6 miles south of the station El Fruile of the Coshuila and
Zucatecus Ruilroad. It was gathered through the courtesy of the
Midero Agricultural Company of Parras, Conhuila.

The oleoresin was subjected to distilfation under reduced pressure
s0 that when all Lurpentine wus removed, the temperuture inside the
flask was 195° . and the pressure was 10 mm; 17.7 percent of
Lurpentine was obtained. The rosin was very brittle.

The turpentine had the following characteristics;

Density, d¥==0.8434

[ndex of refraction, n5=1.4733
Specific rotation, [alfy=—100.6°

Pinux pinceane lurpentine was found to contain:

Compound: Pereent
et PN o oot e e 3
imonene ({olp = 184,25 L L e ___ £0
A new bhieyeliv sesquiterpene. Lo mmmmmmmen 3

The new sesquilerpene was named maderene; it possessed two double
honds; its hydrochloride had 2 melting point of 67° to 68° (.

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

Pinug nelsonii is o small bushy tree with long, pliant branches,
gray burk, and sparse gray-green {olinge (88); three cohering needles
give the impression of a single needle. 1t is a very rare pine, growing
i a Tew restricled localities in the desert ranges of the Mexican
States of Tuamuaulipus, Nuevo Leén, Conhuila, and San Luis Potosi.
This pine is closely refated to P. pinceana.

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

Turpentine was distilled under reduced pressure. At the end of the
operution, the pressure was reduced to 2 mm. und the ltemperature
reached 215° 0 The last portions of the volatile oil solidified in the
condenser.

Yicld of the turpentine was 27,8 percent; its physical characteristics
were:

Density, di¥:==0.8557
Index of refraction, n¥f=1.4711
Specifie rotation, [«lif= —38.5°

No [urther work was done with turpentine of this pine.
Subgenus Diploxylon
Group Longifoliae

26. Pinus longifolia Roxb. Refercnces (51, 56, 118, 152, 158)
{Lambert. Deser. Genus Pinus 10 29 1. 21, 1803)
Pinus longifolie. has been known under this name for a long time
(142). Recently, however, il was renimed P. rerburghit Sarg.  Ac-
cording 1o a chunge in the International Code of Botanieal Nomen-
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clature adopted in 1930, the name P. longifolia should be rejected as &
later bomonym. However, proposals to permit retention of old names
of important economic species such as this are pending.

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

Turpentine of Pinus longifolia was analyzed by Simonsen and Rau
in 1920-23 (152}). Composition of the turpentine was as follows:

Compou nd: FPereent
{-a-pinene about 25
A new terpene numed Ad-carene about 40
{-g-pinene about 10
10
Dupont and Uzac (51} also analyzed Pinus longifolia Lurpeitine.
It possessed the following constants:
Density, dwn=0.8750
Index of refraction, n;—=1.4787
Specific rotation, {af;=— 1.51°
The turpentine composition was:

Compound: Pereent

i-e-pinene

{-g-pinene

-terpene together with Al-carenc

A l-terpene

d-longifolence and oxygenated produets

Residue and losses

The structural formula of longifolene has been n matter of contro-

versy. In 1953 Naffa and Qurisson (118) proposed the structural
formuln of longifolene s it appears in the appendix of this publication.
Ghatgey and Bbattachuryya (56), working with large quantity of
longifolene, reported that besides longifolene proper there are two
other sesquiterpenes closely related to longifolenc. Physical con-
stants of the three sesquiterpenes are shown in table 19,

TasLe 19.—Sesquiterpenes of Pinus longifolia !

Boiling Tudex of Specific

Sesquiterpenes temperature Density refraction rotation

at & mmi. of di iy loln
pressure

Ll Degreex
Longifolene 113 0. 9328 +37. 8
g-longifolenc 126-128 . 0153 +28 9
y-longifolenc LiB-t17 . 9247 —3.68

! Alter Ghatgey and Bhattacharyys (56).

_Ie 1956 Sutherland and Wells (158) reported results of analyses of
Pinus longifolia turpentine, Its constants were:

Density, d¥=0.8631

Index of refraction, nif=14735

Speeific rotation, {alp= +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 e-thujene, g-myreene, {-limonene, and terpinolene.

Longifolene also occurs in 4 other Asiatic pines besides Pinus
longifolin. We have found longifolene in turpentine of 17 American
and Mexiean pines.

27. Pinus canariensis Smith Relerence (63)
(Buch, Canar. Ins. 159. 1825)

Pinus canariensts is n subiropical tree native to the Canary Islands;
in ‘Penerife, La Palima, and Grand Canary it grows on «lry exposed
slopes at ¢levations of 3,700 to 6,600 feet. It has been planted as an
ornamental Lree in the warner parts of the United States.  Oleoresin
of this pine was obtained by the nuthor from 23-year-old planted trees
on the University of Californin campus, Berkeley, Calif.  The oleo-
resin was heated at a pressure of .01 . until the bath terperature
reached 200° €. Yield of turpentine was 27 percent; il possessed the
following chnracteristics:

Density, di®=0.8552
Index of refraction, n§®=1.4637
Speeific rotetion, [«lf=40.91°

Tho components of the Lurpentine were:

Coumpond: Pereent
dl-pENeNG L e - 94
Ll OO I — o o e e m e 2
Esters of borneol, ehiefly bornyl formate. o .o oo - .5
An unidentified dextrorotatory sesoniterpene. - oo oo .5

The fraction in which esters were found boiled between 116° and
118° C. at 23 mni., and had the [ollowing properties:
Density, d:=0.052 _
[ndex of refruction, niE=1.4782
Speeific rotation, [a]f =+2.27°
When this [raction was saponified, a solid substance with an odor
like that of borneol was obiained from the steam distillate of the
aleohol portion.  This substance, when treated with 3,5-dinitro-
benzoyt chloride in pyridine solution, gave a erystalline 3,5-dinitro-
benzonte melting at 152°-133° C.; d-borneol 3,5-dinitrobenzoate is
reported (J1) to melt at £54°. The 3,5-dinitrobenzonte obtained
from [inus cenariensis did not change the melting point of an au-
thentie specimen of d-borneol 3,5-dinitrobenzoate. ~After removal of
the nicohol by steam distillation, the presence of formic acid among
the volatile aeids was demonstrated, indicating that the ester present
in the fraction consisted of d-bornyl formate.  The physical constunts
of the ester fractions indicated the pessibility ol the presence of esters
of higher acids,

Group Leiophyllae

28. Pinus leiophylla Sehiede & Deppe References (77, 99)
{Linnen 8; 354, 1831)
Pinus leiophytla is 0 Mexienn pine, found in the States of Chiluahua
and Durango and us far south as Verncruz and Oaxaca.  Generally it
grows in dry localities at high elevations, but occasionally 1t occurs
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at lower altitudes. A sample of commercial, steam-distilled turpen-
tine of £. leiophylle Trom Uruapan, Michoacan, had been previously
annlyzed by Irinrte (77).  The yield was 26.3 percent and the physical
characteristics were:

Dansity, d¥={.86-10

Index of refraction, n5=1.4633

Specific rotation, [a]i;= --38.9°
The turpentine was found to conlain 95 percent ol d-a-pinenc.
Oleoresin for our studies was collecied by the author at a turpentine
operation, nlso near Uruapan, Michoacan,

The turpentine was distilled from the oleoresin under reduced
pressure; at the end ol the distillation, Aask temperature was 165° C.
and the pressare was 0.5 mm.  TUnder these condilions nll turpentine
was expelled from the oleoresin.  The yield of turpentine was 29.6
percent; the constants were us follows:

Density, dP?=0.8515
Index of refruction, nf = L4062
Specifie rotation, (ol = +4-23.0°
The turpentine contained:
Compound: Peroent
d-a-pincne
AHl-carine
Unidentified high-hoiling fractions
Pot residue and fosses_ ..o __ .
29. Pinus chihuahuana Engelm. Reference (109) 17
{Wisliz. Mem, Tour Nerth Mex, 103, 1848)

Pinus chihuchuana is rssentinlly o Mexican pine, It grows chicfly
in the Staies of Chihualua, Sonora, and Durango. Southward it
extends to Nuyarit, Zncateens, and the northern part of Jalisco. In
the north it occurs in the desert mountains of southeastern Arizona
wnd southeastern New Mexico.  Alter its discovery in 1848, for more
thian 60 years this pine was considered as o valid species. In 1909
Shaw ({41} designated it as a varvicly of P. lelophylie, No. 28. Re-
cently Martinez (88) elevated it again to a specific vank. 1t is possible
that the two pines eross and produce natural hybrids.

The oicoresin 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 eharacteristics of the turpentine were:

Deusity, di'=0.8646

Index of refraction, n{*=1.4730
Speeific rotation, [a)ifa= —25.5°

Composition of the turpenline was:

Compound: Pereent
t-a-pinene
i-B-pinene
limMONCRe. - L e e e
d-longifolene
Tests for A-carene were negalive,

1 Attention Is ealledt to an error in this reference, In the composition of
Pinus chihuahuena turpentine, limonene was fdentified in Fraction 12, not in
Fraction 15 as reported; longifolene was identified in Fraction 16 instead of
Fraction 20.

STAMI2% 61 B
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30. Pinus lumholizii Rob. & Fern. Relerence (73)
(Proc. Am, Acad. 30: 122, 1894)

Pinus tumholtzit is o pteturesque Mexiean pine with bright-green
drooping folinge and cinnamon-red sheaths of needle faseicles. Local
prople call it pino triste {sad pine) or pino barba caida (leOpmw
beard pine). Tt grows in the western part of Alexieo from southern
Chibhun to Juliseo (88).

A sample of oleovesin of this species was obtained at an elevation of
8,500 leel, not Tar fromy El Salto, Durango.  Yicld of turpentine was
18 percent.  Physicul charneleristios were:

Density, di= 08455
Index of refractivn, ni=1.4723
Specific rotation, (el = —81.3°

The turpentine contained:

Compound: FPereent
ddf-c-pinenc. e eeeee 16
limonene {olse=— 200 L e e ., 75
Methyl chavieal. . ... . o e cmmc e ——— e mm—————————— 2-3
Unidentified wsqlutorpenes _____________________________________ 2
Potb residue and losses, aboub. o i el 5

Group Pineae

31. Pinus pinea L, Relerences (44, 85, 119, 120)
(Sp. pl. 1000, 1753)

Pinus pinea is native 1o the Mediterranean region, from Portugal
fo Syrin.  [is nocthern lmifs are in southern France and northern
ftaly, 2. pinee hus been widely planted for centuries, and it is diffi-
cult Lo say whether the stands in some localities are natural or artificial
{33). 'This species does well in Cnlifornia,

fn 1917 Puluzzo (120) fractionated a bateh of Pinus pinee com-
moercinl turpentine; it began Lo boil at 162° (o 163° C, and 75 or 80
pereent of 1L distilled between 163° and 178°.  (Possibly the head
[raction contained minute quantities of a-pinene.) Under lnboratory
condlitions, using steam at 2 to 3 atmospheres of pressure, Palazzo
oblained turpentine with the characteristics (nverage of eight samples)
shown in Llable 20, Only 1.04 pereent of the (urpentine distilled below
173°; 90 percent of it distilled below 180°. No a-pinene was repotied;
the oil apparently cousisted almost entirely of {Himonene.  The ses-
qiterpene Iraction was very small (probably less than 5 percent),
and tt wis noé investigated.

Linerué (85) also reported characteristics of Pinus pinen turpentine
(table 20) which indicated the presence of large amounts of {-linonene.

Dupont and Barraud (41) annlyzed commercial, steam-distitled
turpentine obtained in the provinee of Granada, Spain.  Yield of
turpentine was 16 to 18 pereent; its characteristics are given in table
20. Purified {limonene, obtained by fractional distillation of the erude
turpeniine, possessed speeific rolation [a], equal to —123.7°. The
composition of the turpentine was:

Compound: Pereent
e PG - o o e e e e e —— e 16, 7
L OB e e e e e e e e —m e e — 75. 4
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Tasvre 20, - Physical characteristics of Pinus pinea turpentineg

Origin of Densify  [ndex of re- !
Author turpen- . d fraction | Specific rotation [a)
tine g
Palaero 120y .. Haly._oo.. Q84T E6 14731 to  —83.80° tu - 97.30°
0.8514% 14751 {D} {ine)
Duponl and Bar-  Spain. ... 83065 | 14700, .. —84.53° {] line)
raud (3. )
Autbrain ! Code Lol SBIBY AR L - 82.62° (D Hine)
Lacrud i8H . 17T S4E3 e 14730 to - 52.068° to —06.69°
54081 {47750 (D line)
Berkel tpersonal Turkey ... 5400 o LA740 to - 11{8.7° to —110.3°
conmuntnicaliont. LS00 1. 477000 (D iined
Airov and [off Cualiffornin .S3930 ..., 147285 __ - 118.0° {§ ling)
WELLUR

Pusied by Laernd o851
2 OF the mnin fruetion,

Laerud (82 questioned the presenee of a-pinene in turpentine of Pinus
pinca.  He satd the sample analyzed by Dupont and Barraud con-
tnined an wdmixture ol P.omaritima turpentine, which is rick in a-pinene,
The sesquiterpene was optically inactive, having density, d"¥=0.9157
and index ol relmcelion, ng=1.4983. No ervstalline derivatives (nitro-
sochioride, nitrosite, nitrosate, bromide) were obtained.

Professor Adnan Berkel, University of Istanbul wrote to me in
1953 thal he had analyzed Turkish £2fnus pinca turpentine.  Physical
charneters of Whis turpentine are given in (able 23 Iniliad boiling
point of the turpentine ot 760 mm. was 172°-173° C. Galy 0.09
pereent distitled above 151°0 Aboul 90 percent distilled belween
1732 1o 1777, and the specific votation of this [retion was: el =
- TISF? (o — 118.3% Henee there was very little, if any, e-pinene
amd very dittle sesquiterpene.

To sum up, past investigalions hnve shown that Piruy pinea
turpentine, obinined throushout s nutural range, cousisled aulinest
ealively of Himonene; e-pinene apparently was cither completely
lueking or was found in minule quantities,

{(Heovesin for the presenl study was obtained in the summer of
1953 from live 25-vear-old planted trees at the Institute of Forest
Geneties, Placerville, Calif, The teees were grown from seeds received
from Tindy.

The turpentine was expelled from the oleoresin under vacuum;
at the end of the operation the pol temperature was 190° C. and the
prossure wis .9 ann, The vield of turpentine was 18.5 pereent; ils
physical characteristies nre given in table 20

Chetnieal composition of the turpentine was:

Caompound: Percest
Hanene. | L L e 95
A bicyelic sesyniterpene with {wo double bonds. . ___ 4

The lunoucne possessed a speetlic rotation of —118.0°; the sesqui-
terpene vielded ergstatline hydrochloride having n melting point of
67.4% to 88.5° O,
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The sesquiterpene was apparent{y the same as in the turpentine
of Pinus pinceana of Mexico (tuble 21).  Presence of a-pinene was
doubtful, " Tt is evident that lurpentine {rom P. piree grown in ils
Mediterranean home and in Californin has the sume compostiiion: il
consists mostly of [Himonene. This finding indicates that despite
n change of environment, chemieal composition of the turpentine does
not change. ‘The presence of Inrge quantities of limounence suggest
that this pine is related to P, lorreyana, No. 33, of the group Macro-
enrpac und (o £, pincrana, No. 24, of the group Cembroides. The
latter relntionship is ulso supported by the presence of apparently
the saine sesquiterpene in P, pinee and P. pinceane.

Group Macrocarpae

According to Shaw {742), the group Macrocarpae (that is, the
group with huge-sized cones) is composed of three plues: Pinus
torreyana, P. sebiniana, and P, eoulteri. 1 believe thmt there are
sullicient reasons, biochemicad as well ns morphologieal and genetie,
to include £, jeffreyi in Lhis group. P, sorecana is also included in
this group hecnuse of its morphological and biochemical characters.

Chenibealiy, group Macroearpae s characterized by the presence
of aliphatic hyvdrocarbons—either heplane or undecane,

32. Pinus jeffreyi Grev. & Balf. Refercences (29, 63, 134, 185)"
(A. Mareray, Bot, Exp. Ore. Rpt.
No. 8; 2 pl. 1sb3)

Pinus jeffreyi, commonly known as Jellrey pine, is essentially »
Cadifornin specivs, 1o [he north it extends Lo Oregon; in the cast
to ndncent parts of Nevada; and in the south, to the Mexican State
of Buja Californin.

Sinee the days of the Civil War, the turpentine obtained [from
Joffrey pine had been known 1o possess unusual properties.  Early
information on this subject was deseribed by Guy Carreuthers (29).
Briefly, it was found that Jellrey pine turpentine counsisls almost
entively of a paraftin hvdrocarbon, n-heplane.

[ 1613 H(-'llm'gm' (133} reported that the yield of Jeffrey pine tur-
pentine varied from 8.81 to 11.25 percent, the avernge being 9.96 per-
cent, and that plysical characteristics of the turpentine were:

Doensity, df - 4.69351 {0 0.7100
Tndex of refraction, nfd - 13927 fo 1.4000
Hpeeifte rolation, feh, < 0.0°

Rehorger concluded that the previous findings were correet and that
the turpentine ronsisted principally of a-heptane.  In the higher
boiling feaetions of Jeffrey pine turpentine, Schorger suspected eitro-

v fige Zoken, Baves Joisye o SAPURAL Y BHD BETWEEN COULTER AND
JEFFREY miNes. P4 pp. 1881, (Ph, D, thesis. Copy ou fie at Univ. of
Californin, Berkeley.|




Tanre 21.—Physical characteristics of sesquiterpenes from turpentine of Pinus pinceana and P. pinea
Y ! q ; .

Species

3
5
I

Density d

Index of
refraction n

i

i
H

}

Optieal rotation «

Boiling range

Moleeular @

refraction
MR%E

 Melting point of
hydrochloride

P, pinceana (Mirov,
100},

P. pinea (Dupont and
Barraud, 41).

12 pinea (Mirov and
NolT, 110},

L0917

. 0.91574
| 0.0087%

1.49653
1.4993%

259°-60° C. at 760

mn.

128.5°-9% C. at 13
mun,

110° C. at 4 mm. .-

G5, 8
65, 2
606. 3

| $7°-68° C,

.
67.5°-08.5° C,

I Not prepared.

SANId 40 SANILNIAYNL JNAD JO NOLLISOdIN0D
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nellal. He compared physienl properties of the fractions with those
of vitronelly oil.  The results were:

Fiyh-hoiliny
Jructivns of Jeffrey
Citenaviin nif pine turpenfine
Joiting range. . ________.. W5* 208 C_ . ... 200°-215° C.
PDensite des o eoals 083ty ... D.8578
[urjex il r(‘fmctiun 3T | S 1.4570
Optieal ratation e« . L. L. O S - 2.5°
Melting point of semicarbazone, - 6% O e 9L7=92* C,

In 1915 Sehimnel & Co. chemists (134) analvzed Jelleey pine
furpentine awmd found that I consists chielly of n-heptane with swall
wnouats of a-deext aldehyvele, linalodl, wnd methyl chavicol,

Foote {337 identified in the (ails of Pinus jeffreyi turpentine: n-octyl,
w-nonyl, nnd a-decyl aldehydes.

Occeurrence of large quantities of n-heptane in Jeffrey piue turpen-
tine has been verified repeatedly in our fnboralory,

Jolfrey pine veeastonally crosses with ponderosa pine, No. 54 (93).
Turpentine of the hybrizl consists of o mixture of n-heptane (ubout 25
pereest) and of terpenes (about 75 percent).  Jeflrey pine also
verasionully crosses with Coulter pine, No, 34, in nature; but the
composition of turpentine in hybreids has not been studied. Tt nppears
however, from the deternmination of physieal properties of Jeffreyv
< Coulter hvbrids by Zobel (1663 that the chemical composition of
turpentine of the hybrids i3 also intermediate between that of the
parenls,

33. Pinus lorreyana Parry Reference (60)
fCurr, Trailé (:t‘n Canif. 326. 1855}
Pivus furpcgana, or Torrey pine, is arare western American pine.

[L neeupies o smaldl p.mh on a headland near San Diego, Calil., andd
it oreurs on (he island o Sunta Rosa near the const of Californin,

A quuntity of olearesin of Torrey pine was ohlained by the author
from old planted trees at Golden Gate Park, San Franeiseo, (alifl.
The turpeniine wis obtained by healing the oleeresin under veduoeed
pressure, so (hat al the end of the distillation tempernture renched
2007 (), and the pressure was veduced to 001 mm. Yield of the
Lurpentine was 17 pereent of the weight of the oleoresin, The turpen-
tine possessed the Tollowing physienl constants:

Density, 577 08360

intex of relmetion, nif:=1.6830

Specifie rotalion, [oj = —118,12°
Further nonlyvsis was done at Californin Institute of Technology under
dicection of e, A T Haongen-Smit. The turpentine was found Lo
ronsist of the following ingredients:

Compontul; Peroent
L N e . L o L o o e e e o e e e e e e m——a - 7a
n=chists | nldehyde e e e et mmmammmmmm————a 10
r-sntdveane o e immaiim e s a
Laural ¢ w=dotee \I ll(l{-h\rit- e e imme il immmmeea 0,2
[opgifulene . . e imeaaen !
An unidengified (‘m earbonyl tmn}muml __________________________ .2

e FoDvwrey avn B BRGLISGER. THE ANALLELS OF OLEDRES(N SAMELES.
1750 Fuarest Serv,, Forest Prod, Laly, Muodison, Wiso 19290 (Unpublished
repmrlli
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In the low-boiling ractien, small quantitics (less than 0.1 percent
ecach) of n-heptane and n-nonane were detected by mass spectroscopy.

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

(1) Presence of n-decyl aldehyde was established by preparation of
2 4-dinitrophenvlhydrazones and by measurement of the physieal
properties of the upproprinte fractions. The experimental evidence
for the identily of these fraclions is summurized in table 22, Each
derivitive was prepared by adding 100 mg. of 2 4-dinitrophenyihvdr-
zine to 100 mg. of the oll, and adding just enough boiling glaclal aeelic
acitl 1o effect complete solution of the reagent. The solution was
permitled to cool slowly to room temperature, whereupon the 24-
chinitrophienylhydrazone separsted.  The product was twice rocrvsial-
lized from G5-percent ethyl aleohol before analysis.  Tnasmuch as a
mixture of the 2 4-dinitrophenylhydrazones of Tractions 19 and 20
showed no change in melting point, the two were ussumed identieal.

TasLe 22, fdentification of a-deeyl uldebyde in Torrey pine burpentine

i :
Property | a-tteexl aldebivde © Fraclion 19 Fraction 20
Bolling point. o _____.. D207° 2067 C.at 83°-03° C.abt 2! ¢ 93°-07° C. at 21
. 780 rmmt N imnn
Densiby .. oo, d¥ 0.850Y. __._. a9, 0807 . C R, 00840,
Fndex of refraction. . .. o, 147573 ___. ng, L4383, ... n§, 1.4357.

RESULTS OF ANALYSIS OF 2 =DINIPROFITENYLHEYDRAZUONES

Melting point, © O : : !
2 4-dinttroplenyi- 102 __ B 11 T S P104.
Lixdrazone.
2, t-dinitrophenyl- 104 .. WO L 104.

hiydrazone mised .
with authentic .
2 b=ddinitrg- |
phcnyibydrazone,

Crystallization babit. ... Yellow needles 22 Yellow necdies_ ' Yellow necdles.
Carbon, pereent. oo B7T.0EY. ... BTI7. .. ...____ 5717
Hydropen, peceent . _ A . I T.2:4.
Nitrogen, pereent. oo IG66 oL __ 1653, ______. i 15.53.

P Stephan (455), 3 Allen {5).

ki (140). tCaleutated,

{2) Dodecyl aldehyde was identilied as 2 minor constituent of frae-
tiost 23 by preparing its 2,4-dinitrophenylivdrazone,  One gram of
fraction 23 nmd 100 g, of 2 4-dinitrophenylhydrazine were dissolved
on 10 mi. of ghwinl avotic artd healed to boiling.  As the solution
cooled, a mass of yellow needles formed.  These crystuls were filterod
off, the filtrate was hrought to a boil, and an additional 100 meg. of
2 d-dinitrephenylhydenzine was eissolved in the hot 8lirate. On
cooling, ondy crystals of the reageut separated.  This observation in-
dicates Lhat the initial precipitate represented most of the aldehyde
present in fraction 23
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The yellow precipitate of this 2 4-dinitrephenythydrazone was dis-
selved in 40 ml. of benzene and adsorbed owt 2 20 mm. by 130 mm.
column of “Alorco” F-20 grade, 80-inesh activated alumina.  After
development with 110 mil. of benzene, » minor band 2 mm, wide ap-
peared 11 mm. beneath the top of the column. Direcily beneath
thiz waus the main, 50-mm-wide brown band.

The ecobumn packing was extruded and the lower, main band cut
apart from the remainder of the materinl.  The desired compound
was cluted frowm the sluming with 20 ml. of & mixture of equul volumes
ol ethyl ether and ethyl aleohol. The eluate was svaporated lo
dryness, and the vesidue reerystallized twice froin 96 percent cthyl
aleohol. The resultant yollow needles melted at 106° to 107° C.
Dodeeyl sldehyde 2 4-dinifrophenylhydruzone is reported to melt at
106° (9).

Analysis: Caled, for C H.W N0 C, 52.32; H, 7.74.
Found: C, 88.66; M, 7.71.
The identity of this compound with dodecyl aldehyde 24-dinitro-
phenylhydruzone was confirned by the observation that a mixture of
the two compousuts showed no change in melting point.

34. Pinus coulteri D. Don Reference (95)
(Linn, Soe. Londen Trans, 17: 440. 1836)

Pinus eowlieri grows in the drey coastal mountaing of central and
southern Culifornin, and in the northern part of Baja California,
Mex.  Oleoresin of this pine was collected by the author in 1945 from
i8-yvear-old plunted trees at the Eddy Arboretum, Institute of Forest
Genetics, Placerville, Calif,

The turpentine was obtuined by steam distillation of the oleoresin.
The yicld of the turpentine was about 17 percent,  Its physical con-
stanls woere:

Density, A1 =0.8505
Index of cefraction, nf= 1.4767

Specilie rotation, {afn=—15.21°

Composition of the turpentine was as fnllows:

Compound: Percent
F LT3 £ TR 5
Lepe=pINCOC . . L et mmmm—mnn mmmmm———— 30-35
Lg-phelinadrent . o e mm e 30-35
HBGELANE o o e e ——————— 10

The sesquilerpene portion of the lurpentine was smmll: it was nol
further nvestignled,  Subsequent tests (unpublished) showed the
presence of nn aldehyde —probably n-decyl, but because of the small
gunntity of malerinl no further identification of this component
was matle.

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

Pinus saebintana is commonly called Digger pine. I is a native of
dry foothills of Calilornin. Early investigntions of the composition
of 7. sabinigne {urpentine have been summatized by Schorger {(186).
All these investigations indicated that P. sebiniena turpentine consisted
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of a paraflin hydrocarbon, n-heptane. Scherger (186) determined
properties of the turpentine.
The yield of turpeutine was 11.4 percent; thé physical constants
were:
Density, A}j=0.6961
Index of refraction, n'$=1.3803
Optical rotation, noue

Schorger verified Lhe report of previous investigators that burpentine
of P. sabinicnu contained 95 poreent, a- hopt.um The tais of P,
sabiniene turpentine were analyzed by Thl (£60), and found to consist
of four normual aldehydes: octyl, nonyl, deeyl, myristyl (CuHy0),
probubly dodeeyl (CpH,0), and posmbly small quantities of other
aldehvdes possessing a Lsrger number of carbon atoms.

Ocecurrence of large quantitios ol n-heptane in Digger pine turpen-
fine has been verified repeatedly in our laboratory.

36. Pinus oaxacana Mirov Reference (70)
(Mudreiio, i4: 145-150. 1958)

This pine, formerly called Pinus psendostrobus var. oazaeana, is a
pine of tloplcul highlands of southern Aexico and Central Ameriea.
b grows in the States of Mexico, Puebly, Guerrero, Veracruz, Ouxaca,
and Chiapas, It also occurs in the lntrhl.mds of Guut.emnla nd_]m,ent.
to Chianpas, and in Honduras, Mar tinez {88) places this pine under
P, pseudosirobus, but it differs so much in its chemieal and morphologi-

cal characters {especially in the sbape and structure of the cone)
from P, pseudostrobus, that T 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 2. monfezumae, No. 65.

Aun oleoresin sumple of Pinus oaracane was collected in Chiapas
under the author’s supervision, The turpentine was separated from
the oleoresin in recuo; at the end of the distillation, the temperature
tnsude the flask was 180° C. and pressure was 3 mm. The yield of the
turpentine wus 17 percent of the weight of the oleoresin,

The physies! eharacteristies of the furpentine were;

Density, di*.=0.7620
Index of refruction, nff=1.4415
Bpeetfic rotation, [aliyme= —10.5°

The deasity and index of refraction were thus considerably lower
than the values for oest turpentines. The turpenting was found to
contain:

Compound: Percent
a-heplane
ddt-o-pinene
{di-linonene
n-utdeeane
Longifolenc

Tables 23, 24, and 25 present data dealing with the identification of
a-heptune and a-undeeane in the turpentine of Pinus caracuna.
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TaBuE 23.—Identification of n-heptane in Pinus ogracana turpeniine

Heptanc from P. puzocanc n-heptane t
Index of refraciion, np 1T.3860™_ ... 1.387640__ _____ 1. 38517
Density, ¢ G.B803____ . __ { 0. 683689 __.___ . G747
TBoiling point, 98°-98.5° G _________ .. 98428°C ____ .| . ..

t Rossini, . D., Pitzer, K. 8,, Taylor, W. J., and others. U.S. Natl. Dur.
Standards Cir, 461, 472 pp.  1947.

Tasue 24.—Identification of n-undecane in Pinus oaracena fwrpentine

Property n-undecane from np-tindecang !
P. ousacana

Index of refraction, np_ oo _ 1. 43652 _.___. 1. 419020
Bensity, oo e MG T4
Roiling poind, bregem oo i 196°-197° C__._| 143 8° C.

! Eglolf, G. Physical constants of hydrocarbons. Vol, 1, Amer. Chem. Soc.
Monog, 78, p. TH. Reinhold Pub. Corp., New York, 1039,

TADLE 25.—dAbsorption meximae in the infrared rvegion for n-heptane
and n-undecane fractions of Pinus earacona’

Maxima in wave sumbers
n-heptane, A.P.L. infrared speetrum n-undeeane |
#637 n-heptane AP i m-undeeanc
from infrared from
P sazecana | speetrum Posazuvanda
#391

i TP 723 721 719
T8 e 734 761 761
PP 773 7380 778
2 J S U S 832 226 824
T P 867 B3 | oo
B0, o el 877 890 888
B0 e e emema e 502 8046 904
125 3 SN PSPPSR 933 948 $45
L R 561 OG0 |o e
OO0 e dem e mmnmm————a 1010 1002
B2+ U R 1522 1076 1076
1030 e 1077 1094 1095
I0BT e 140 1135 1134
1200 . 1210 1180 1179
B T 1238 1206 1206
1223 RPN 1282 1241 1243
1302 e 1303 1270 1272
2 5 U 1344 1303 1303
FB80 . e eea 1382 1342 1343

[35¢ 1353

1379 1379

1467 1465

U Rossing, Frederick Dn, et of. Calnley of selecled infrared tﬂsm’;ﬂh’mt speelra-
grams,  Amoer. Peirol. Inst. Res. Proj. 44, U.8. Nabt Lur. Standards,  1946-51,

<
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Group Lariciones

All speeies of the group Lariciones are of the Old' World, except
DPinus resinose, No. 37, and P. tropicalis, No. 38.  The group includes
some variable species, which perhaps should be designated as com-
piexes, No. 42, No. 51, No. 33, Ay treatment of this group, at limes,
13 nl varianee with Shaw's (142) classification.  Tor instance, I omitted
P sinensis and put in its place . tabulaeformis. P. yunnenensis is
incteded in this publication as a valid speeies. T'he taxonomy of
Chinese pines of the group Larciciones is still very confusing,

37. Pinus resinosa Ait, Reference {(101)
{(Hort. Kev. 3: 367. 1789}

Pinus resinoca is commonly called red pine or Norway pine {after
the town of Norway, Maine, U.S.A). [is range is from Nova Scotin
to northern Ontario, to southern Maniloba, southwurd through
AMassachusetls, Pennsylvania, West Virginia, central MMichigan,
Wisconsin, nnd northeastern Minnesota.

Frankforter (55) veported that steam-distilled turpentine of Pinus
resinose possessed the following characteristics:

Boiling point {presmunably, initial), 153°-154° C.
Deangity, d* - 0.8620
tndex of refraction, nn= 147127
Specific rotation, [a)p=+17.39°
No further inguiry into the composition of the turpentine was made.

The oleoresin used in our Investigation came from the U5, Forest
Serviee office at Rhinelander, Wis. The {urpentline was distilled so
that at the end of the operation the pol temperature reached 180° C.
and pressure was reduced to 4 mm,  Yield of turpentine was 20 pereent
of the weight of the oleoresin.  The turpentine had the following
properties:

Doosity, dF=0.8571
Index of refraction, nh=1.4688
fome= + 10.0°

Rpecifie rotation, [a]ﬁ';‘s,,m
The turpenline contained:

Compon: Percent
ol d-a-prinene g2
{-g-phellapdrence (possibly)

An unidentified dextroroiatory sesquiterpenc

The fraction in which phellandrene was suspected, when redistilled

over metallie sedium, had these constants:

Pensity, d* -3.8571

Inddex of relraetion, nfi =1.4760

Specifie rotation, {o«ffi,=—3.0°
When 1 g. of oil of this redistilled fraction was mixed with 5 ce. of
petrolenm other and 2 ce. of glacinl acetic acld with the subsequent
addition of 2 ce. of saturated solution of sodium nitrite, 2 precipifate
of nitresite was formed. Beenuse of the small guantity of material,
further purification of the nitrosite wus unsuccessful, and its melting
point coulid not be detormined. Therefore, ulthough it appears that
FPinus resinose oil contuing a small ainount of phellandrenc, its presence
still needs verification. '
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38. Pinus tropicalis Morelet Relerence (113)%
(Rev. Hart. Cote d” Or 1. 105, 1851)

Pinus tropicalis grows at sea level in Cuba and on the nearby island,
Tsla de Pinos. A samnple of oleoresin was obtained for our studies
under supervision of a trained forester at the property of Ainas do
Alatahambre 8.A.  The sample was accompanied with herbarium
speeinens of cones and foliage of the trees from which olcoresin
wns obtained.

Turpentine was separated from the oleoresin under reduced pressure.
At the ond of distillation, pressure was 9 mm, and temperature of the
bateh was 200° €. Rosin remaining in the distilling flusk on cooling
became very hord and brittle, showing that all volatile oil had been
expelled.  Yield of turpentine wis 23,7 pereent.

The turpentine had the following physical characteristies:

Dengity, di'-- 0.8566

Index ol refraction, nil -+ 1.4658
Specifie rotalion, o] - + 36.06°

The Lurpentine contained ;

Cumpaun; Pereent
i tll-a-pinene
An unidentificd terpene, protably -g-pinene
dedi-limonene

The fraction in which limonene was detected was redistilled over
sodium and yielded o heart cut with the following propertics:
Boiling point at 16 mm., 58°-60° C.
Density, o3t 0.842
[ndex of refraction, nf2, 1.4751
Specific rotation, falf, +24.0°

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

This was one of the twe exceptional cases when limoncene was
detected in a dextrorolalory fraction. TUsually pine limonene is
strongly levorotatory (Nes. 24, 28, 30, 31).

39. Pinus massoniana Lamh. Refernnee (19)
(Deser. Gen. Pinus 1:17. ¢, 12, 1803)

Pinus maessorniane is the Chinese red pine. It grows over a large
arca of southeastern China {fig. 13), Barraud ?:'-9) said, wilhout
reference Lo the origimal work and without further elaboration, that
turpentine of 2. massoniana is composed almost entirely of d-a-pinenc.
1 was uneble to find the original source of Barraud's information,
whirh Iz obviously incomplete,

2 I the original article (7/@) fractions 3, 6, and 7, were erroncously desip-
nated as fraclions 10, 11, and 12, respectively.
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40. Pinus densiflora Seih. & Zuce. Reference (Lupub. oriy. dala)
(I, Jap. 2: 22112, 1842)

Pians densiflora s the Japanese red pine, locally called Akamatsu.
T oeewrs in all three large isiands of Japan proper, but it is absent
in the nerthern island of Hokkaido. Tt also oceurs in Kores and in
Kiangsu and Shantung provinees of China.

hupvntm(' of this pine was analyzed by Dr. Kunisuke Horicka,
and his resulls were transmilied to us in 1930, The information was
incomplete.  The turpentine was reported to contuin:

Componnd: Percent
bege-pineee . ... Lo e e e e e e e e e 58. 3
F s O T 1 S AU UP U PRPSOUP ig 4
Fractions Goiling helween 172° and 187° € L oo oo 7.4

Residue, probably containing considerable quantities of sesquiterpencs. 150

41. Pinus thunhergii Parl. Relorences {44, 148}
(DO, Prodromus 8.2, 388, 18G6R)

Pinus thaenbergii 15 the Jopanese blaek pine or Kuramatsu. Ii
hns been cultivated Tor such o fong time that its original geographic
eange is dillicult Lo deline.  Its steam-dislilled turpentine was analyzed
in 191819 by shinosaki {743),  The yield of turpenting was 22.92
pereent; its physieal charneteristies were:

Dengity, df° 08710
Inclex of refvaction, niy = 1.4738
Opticad ratation, ap-=— 19.17°

The turpentine contained d-e-pinene, 73 percent; camphene, probably
less than 5 percent, and a trievelic sesquiterpene were found in o
fraction 104° to 107° (. at 2.5 mm. The sesquiterpene had the
following physical charaeteristics:

Density, dF - 0.9370

Tidex of pefeaction, oiy - 1.5005

Oplieal rotation, ap=: «43.5°

Dihydrosesquiterpene prepared by hydrogenation of the above
described sesquilerpene possessed these characteristies:
Bailing point at 2.3 mm,, 98°-99° C.
Density, di, 09264
Index of refraction, uy, 1.403%
Ortieud rotation, ap {in chioroform solution), — 25.5°
Dupont and Baresud (44) also analyvzed a sample of turpentine
of Plyus thunbergli.  Tis physical characteristics wers:
Density, d;; - 0.8661
[ndex of refraction, n3® . 14629
Hpeetfie votation, [ef, - - 33.406°

The turpentine contained:

Compound:
a-pINeIe . L e e mmamm————a— 83
{-g-pinene, L di-limonene and two unidentificd comipounds (terpenes?)_ 10
A terpoene aleshol, nerol. o e e e 1
A SCSOUITCIPODNE . . L i i iimmiimiimaan amramerenm———— 5
Unidentificd axvgenated compounds . o oL __________ I

The Traction in which nerol was found boiled bolween 85 and 100°
' at 10 mm; the fretion contained bolli an acetic acid ester and
wh aleohol (vult ulnbod as Cybl ).
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The aleohol obtained after acetyvlution and sapanification of (he
whole Inulmn possessed  the following charncteristies: index ol
refraction, 1%, 1.4700; specific votation, {od,, —7.38°. Treated with
tllplu-nvlrnlImrml chioride, the alcobo! formed diphenylurethane,
which melted at 52.5° (. This is the only instance of reporting nerol
i pine turpentines,

The sesquiterpene, redistilled over sodium had the following
constunls:

Boiling point at 10 mm. = 13%° C.
Denstty, d* 0.929
Index of r\'fmttlun i, - 1.4080
sSpecific roiation, [n«], : %—4‘2.6?"’
Melting point:
I ydrobromide 70° C.
H ydroehluride -60° C,
The sesquiterpene was named “thembergilenc.’”  Trom the data given
nlrove, it is apparent that the sesquiterpene was longifolenc.

42. Pinns sylvestris L. References (7, 13, 14, 13, 17, 27,
(Sp. PLOoon. 1753} 45,58, 82, 126, 140)
Pinus sylvestris is ealled in English, Scoteh or Scots pine. ()n the
Continent it is known under many different names. Tt occupics an
area larger than any other pine; longitudinally it grows from Scotland
(o the Pacific const of Siberin; lltztmilnull) from Finland to Spain
and from the wretie Siberin to Turkey and to \longolm (fig. 14). ltis
natural te expeet that this species has many varieties, beeause it
srows over sieh a large area and under so many different environ-
mental conditions. o lact, P2 syleestris is o complex composed of
several pines. Some botanists eall these pines species; others designate
them as varieties, while still others (140) designate the whole (omplo\
as i single speetes, [ sylrestris.,

It is therefore also naloral Lo expeel that turpentine of Pious
sytrestris obiained lrom different places would differ considerably in
chemieal composition.  In 1926 Dupont and Barraud {(48) reported
on e composition of P syfrestris turpentine Meom France.  Physical
constants were;

Dengity, dy--0.80614
Index of refraction, n?® - 140666
Spoecifie rotation, [e],-- F3.97°

The turpentine was composed of:

Compuonued: Pereent
tf-ne-pincne i
g-pinene
d-Aparene
BestpuerPeIe . e e e mccmmememmaes

I{‘

The sesquiterpene, redistilled over sodium, possessed the Tollowing
chnraeleristios: density, di = 0.918, index of refeaction, n%=1.4980,
No ervslalline derivitives of {his sesquiterpene were olrtained.

Arbuzov (7)) woalyvzed wosample of Minus syleestris turpentine from
the upper Volga Region {(Kazan} Hussin. The densily, dif, was 0.830;
specifie rotation, [e)lf=-+25.6° ‘The turpentine contained :  deas
pinene, 76 |)l‘I'(‘(‘Il| d=Atearene, 14 percent; an unidentified levorota-
lory terpene, 7 percenl: higher lfractions, 1 pereent. In 1948
Pardyshey untl Bardysheva (£9) showed  (hat the unidentified
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levorotatory component of 2. sylrestris turpeniine was a mixture of
i-limonene, dipentene, and an unknown hydrocarbon. Bukala and
Kuezynski (27) reporied on the composition of P. sylrvestris turpentine
from Poland. Bolh gum tlurpentine and wood turpentine were
investignted. The two kinds of turpentine contained:

Gum Wood
turpentine turpentine
Compound: (Percent) {Pereenty
d-a-pinene 46. 79 35. 79
{-8-pinene 8. 59 3. 87
d-2-carenc 36, 24 30. 8
Timonene 2. 38 (di—) 1.51

Terpinolene 4. 08 0

A monoeyelie ferpene with two double

honis. . e .35 .48
Terpene aleohol and sesquiterpene fraction 107 7. 48

In 1947 Bardyvshey and his coworkers (17} investigated Pinus
syleesteis turpentine from the Altni Mountains of southern Siberia.
The turpentine contanined:

Coinpound: Percent
if-p-pinene
{-g-pinene
ALCRPUNG . L.l
Ledt-limonene . _ ...
An unidentified dextrorotarory compoun,
tenlatively designated as terpene
Higher fractions

Ao important finding of all these studies of Pinus syleestris tur-
pentine is a high pereentage of A*-carene. [t seems entirely possible

thal Al-earene will be found in all composile samples of P. sylvesiris
turpentine obliined from any plice in ifs extensive range. This
terpene also oceurs in some pines of the group Insignes of the castern
Mediterranean region where there is a contact between Tusignes pines
andd 2. syfrestris {sve 12, brulie, No. 80).

In 1830 iwo Russian investigniors (82) described an unusual tur-
pentine oltained Trom an individual tree of [fiaus sylresiris.  Ti, was
levoroiatory {ep=—0G.01°1 and it was composcd of a-pinene, 69
percent ; camphene, 3 pereent; and /-g-phellandrene, 1.5 percent.  The
nsual A-carene was absent.  Apparently it was a case of 0 chemical
mutanti—a phenomenon thal oceansionally can be observed in studyving
turpentine composition of individual trees in a population (¢f. No. 14},

Frem the data of different investigalors, it is evidenl that the
composition of FPinus sylvestris turpentine is not vet completely known.
For instance, the sesquiterpene has not vet been identified.  Judging
from the Rau and Simonsen report (726 on cadinene found in P.
syleestris needle oil, il is possible that the sesquiterpene of the gum
turpentine ol this pine is also cadinene.

The mystery of the frequently mentioned unidentified ferpene
found in Piuns sylrestris cum turpeniine was solved in 1950 by Bardy-
shev (13).  He proved bevond any doubt thal this compound, which
ovcurs in the fractions immediately following g-pinene, is an aliphatic
terpene, g-myreene.

En 1955 Bardyshev (74) reported the presence of ahout 1 percent
of p-eymoene in gum Lurpentine of Pinug splvestris. Lt was identified

DTENIGY Blo—-
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in 150f|'action baving density, (%, 0.8480 and oplieal rolation ap=
- 30°.

The fraction was treated with 2 percent polassium permanganate
in order Lo remove terpenes, rvedisiilled over metallie sodium, and
purificd by means of silica gel. This fraction hed the lollowing
churneieristies:

Density, 4 - 0.8550

Intlex of relraetion, mt {4611

Optical rotalion, dp - 0.0~

Moleeular refraction, MR, 1547
[L was oxidized 1o p-hydroxyvisopropyibenzole actd which possessed
ameliing point ol 155° to 156°CL An addition of authentie p-hydroxy-
isopropyibenzoie acid did not change the melting point. This is the
only instunce in which p-exymene was found in gum Lurpenting, al-
though it js Tound in sonie steam=distitled wood turpentines (58).
Semmler and Sehiller (240 reported that Piates sylvestris turpentine,
obtained by steam distillation of stump wood, had the lollowing
conposition: d-a-pinene, very little; d-g-pinene, very little; -a%-
carene, chieflyy d-al-carene, Little; a-terpinolene, very little.

Semmler and Sehiller’s findings as well as the results of Bulkala and
Kuezynski {27) nre of considerable importanee for evaluating the
nature of pine gum teepeatines; turpentine obtained from cut wood
and ead stumps, and from the oleoresin of iving trees, had considerable
amonnts of A-carenc.

43. Pinus montana Miller Reference ({npub. orig. data)
iCrard. Dict. Fel. S0 17068)

Piyus mortana ranges from centrad Spain through the Pyrences.
Alps, and Appenines to the Balkan Mountaing,  [ts three major
varictivs ave: moughus, wpeinate, and pwmidio; there are many horti-
culturad forms.  In the fower allitudes of its range, it intermingles
and possibly crosses with £, syleestris (22, pp. 4313321 We obtained
wsumple of oleoresin o 2. montane var. uncinate from the conumunal
Forest of Bolguere, Pyrences Orientales, France,  The olcoresin was
collected at an elevation ol 5,575 feet. The lfow of oleoresin was
enhanced by spraying 50 pereent sullurie acid over the wound. A
Butel of 2,000 grams of the oleoresin was heated nnder reduced pres-
sture 50 that at the end when all turpentine was distilled, the tempera-
ture of the pot contents was 1807 (' and the pressure was 0.6 mm,
The turpentine amotinted to 27 pereent of filtered oleoresin,

The turpentine emitled a sirong odor of sulfur diexide and was of
n rodilish color and nuddy appearance.  Filtered turpentine possessed
the following characteristies:

Density, o5F:=0.8700
[ndex of refraction, nif- 14774
specifie rotation, [e)f - - 10.0°

Fractienal distillatinon ander atmospherie pressure showed  that
73 percent distilled under 1792 Custhe remaining 27 pereent consisted
of bigher boiling, extremely pungent residue.

Apparentdy the vesidue contained o great deal of oxidized or poly-
morized materinl.  In the head feaetions, {dl-g-pinene was identificd
by preparing pinene nitrosochloride which, alter several reerystalli-
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zations from chloroform by meaus of cold methanol, meHed at 105°
Lo 1062 (. An addition of a known pinene nifrosochloride did not
change the melting point. [-g-pinene was identified in fractions
hoiling between 163° and 168%; nopinic acid prepared from the fraction
hoiling ut 164° to 166° possessed a melting point of 127°,

Attempts to identily a3-carene in fractions boiling at 170° to 172° C.
wore not suceessful.  Limonene also was apparently absent. The
rest of the oil, boiling above 179°, was not analyzed.

Al the lnstitule of Forest Gonelics, Placerville, Calif., there are
soveral shrubby trees of Pinus montuna var. wncinale. A small
amount of oleoresin was obtained from these trees and distilled a$
reduced pressure; ab the end of the distillalion, the temperature was
180° (% and the pressure was 1 mm. The turpentine amounted to
29 pereent of the oleoresin and had the following characleristics:

Dronsity, d%* - 0.8659

{ndex of refraction, nf = 14741

Speeific rotalivn, [olmy = —11.5°
Phese charaeteristios were very similar to those obtained with the
Pyrences turpentine.

A balch of 9 grams of (he turpentine was carefully distilled in &
50 ce. flask equipped with a Vigeaux column 12 inches long. Results
of (his distillation are shown in table 26.

TanLe 26.—Fractional distiflation of 9 grams of Pinus monlane
turpenting

: t
Boiling Density ‘Tndex of Oplical

Fraetion Pressure  range  Distiilate di refrae- | rotation
: tion A3 | o
1

L, - Pereesd i
155 160 1.0 0.8559 46661 —140
160 164 321 8326 L4841 —10.0
64187 - 162 8343 147001 —4.0
147 168 . L 470§ 2.0
60 65 . L4740 L0
66100 !

PAR A

fer RS LIE=N

Residue. .. L
TUOSEMS. « v mmcmcmw e mnmm mmmnmam st
{ |

Ldl-a-pinenc was ientified in fraction 1 by preparing a nitro-
sochloride having a melling point of 1053° to 100° C.; {--pinene was
entifiod in fraetion 2 by preparing nopinic acid which possessed a
melling point of 127° to 128°. Because Iractions 5 and 6 were small,
no erystalline derivalives were prepared.

The amount of higher boiling fractions, apparently containing a
arent deal of oxyvaenated terpenc compounds, was rather high—
probabiy up to 15 percent.

[t nppears very desimble to repeat analvses of Plaus monianu
turpeniine and to ascertain whether or nol Ad-carene is present.
Roesults of sueh an investigntion would contribute to a betler under-
standing of the relationstup between Poomoenfane and L. sylvestris.
An analysis of the higher boiling fructions of £ montane turpenline
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also promises very interesting results, because there are very fow pines
possessing such a large percentage of high-boiling, fragrant, presumably
oxygennted compounds,

44. Pinus luchuensis Mayr. References (4; unpub. orig. date)
(Bot. Centralb. 58: 149.  1594)

Minus luchuensiy is an Bast Asiatie pine native to Okinawa and
adjacent istinds of the Riu-Kyun group.  Its turpentine was examined
by Akiyoshi (4), who obtained a 22.G-percent yield of turpentine
with these physical constants:

Density, ¥ 20,8583
[ndex of refraction, nf = 1,468
Specifie rotation, [e]p-= ~24.2°

The vomposition was reported to be: l-a-pinene, more than 90
pereent; small amounts of g-pincne, dipentene, phellandrene (?) and
dodecaldehyide, commonly calted laural or tauraidehvde.

We recetved in 1952 o sample of oleoresin of Pinus luchuensis,
colleeted on Okinawa by the Riv Kyu Forestry Bureau.  Yiekl of the
furpentine amounted to 24 pereent.  The turpentine possessed the
following charxeteristios:

Doensity, off - 0.8536
Index of refraction, ndl = 14850
Speeifie rofation, [o)fl s ~2.L.5°

About 92 pereent consisted of l-a-pinenc; the presence of small
quantitics of g-pinene, dipentene, and an aldehyde was confirmed.
Presence of an addehyde is especially significant; aldehydes (chiclly
deeyl) have been found in four California pines (Finus jeffreyi, P.
sabinfana, P. {orregane and £, coulters).  Lancaldehyde ‘also was
identified in £2. torreyana turpentine.

45. Pinus taiwanensis Hayata Relerenee (79)
(Jour. Call. Sei.  Tokyne 300 307, 1611)

Pinus tatwanensis grows i the mountaing of Formosa (Taiwan).
Shaw tlocs not mention this pine in his 1914 monogeaph (242).  Mor-
phologically, this pine is related to /. fuchucnsis, No. 44, and Wy 2
considers i a variety of f2, fuchue nsis.

Turpentine of Pinus taiwanensis was analyzed by Kafulu, Iehikawa,
and Kalo (79); physical constants were:

Density, (4% 08664
I'ndex of refraction, nit

0. 4725
specific rofation, [o]f =

-~ 1.8

The turpentine contained:

Compaound: Percent
Fear= PRI | e e e 73
di-limonene and bornyl acetate, sl amounts ... ______ . ____ -
d-TonEiinlene . . e 13

it s seen from the above that the chemical compogition of Pinus
itranensis turpentine differs considerably from that of . fuehuensis.
I amy inelined to congider the two pines as independent gpecies.

*see fuctnote 7, po 26,
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46. Pinus hwangshanensis Hsia References (19, 146)
(Apud Tsong in Contr. Inst. Bot. Nat. Acad. Peiping, 4: 155.
L936)

Pinus hwangshenensis 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 12, taiwanensis of Formosa, Would it be possible that “Llcssence
de pin chinois” brielly mentioned by Barvaud {19, p. 54) wilh referenee
to Slhinosaki and Ono (£46) was obtained from /*. hwangshanensis?

The oleoresin usml by Shinesaki and Ono, designated merely as
“g Chinese pine from Wenchow,” eame {rom a region occupied by
only {wo species ol pines: Plaus massonione (No. 39) and P
fvangshanensis fig. 13, p. 71).

Beenuse Piaus massoniune yiekds a dextrorotatory turpentine, and
its turpeniine consist “almost enlirely of a-pinene” (Cf. No. 39),
we ten(ielively concluded that *the Chinese pine lrom Wenchow"” s
not 2. massonfene but P. hwangshenensis. This conclusion needs
verifieation.

According to Shinosaki and Ouo (1461, turpentine of Pinus hwang-
shanensis possessed Lhe Tollowing physical characteristios:

Density, dii- 0.8670
Index of refraction, nf<=§.4711
Specific rotution, [elp = - 3-b41°

The turpentine contained fe-pinene, 85 pereent; dipenteae, # trace;
and w Ltrievelic sosquiterpene, apparently longilolene, because its
livdrachloride melted at 58° to 59° C'.

47. Pinus merkusii DeVriese References (I, 10, 21, 83, 142, 153)
(P. Nov. Ind. Bul. 5, L. 2, 1843)

Pinws merkusii is a native of the Philippines (Tuzon and Mindoro),
NSumatra, Lower Burma, Siam, and western Viet Name In Siam it is
i eommon Leee al an altitede of 1,500 Tect (33, p 475, In Burma it
oceupics low hills and spurs ul elevations of 500 to 2,500 feel. Its
southernmnst occwrrence is in central Sumatra, Barisan Range, 2° 67
southern Intitude on Mt. Penawar near Lake Kerintji, at 4,900 to
6,600 Teet of altilude.

Turpentine of /7inus merkusii bas been analyzed by several investi-
entors. The first was Armstrong (10), who reported in 1896 thut
1. merkusii turpeniine was dextrorolutory (e=-431%45") and thal its
density was 0.8610.  His purpose was Lo compare commercial possi-
bilities of Burmese turpentines {of . merkusii and £, bhosyo No. 49)
with those of American and Freneh turpentines.  In 1923 Simonsen
(1443 roported the resulis of a more complete analysis ol 2. merkusii
(urpentine from Burma; the physical constants were these:

Density, dif - 0.8575
Inidex of refraetion, nd?-:1,4653
Speeifie rotation, [e]p -~ + 28.67°

Tlie turpentise was composed of:

Compautid: Lereent
d-ne=prinenc ]
H=3-pinene T
d-Aenrene 10
el=Tomeifoleny
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The presence of dextrorotatory S-pinene is unusual; in alinost all
ines this terpenc is levorotatory. It is possible that the presence of
rrge quantities of strongty dextrorotatory a-pinene caused the

g-pinene fraction to be dextrorotatory. (Ci. 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.

Tante 27.—Physical constants of Pinus merkusii lurpentine from
Algek, Sumatrat

Denstty Endex of Optieal
Samples i relenetion rolation
! ni an
1
!
1924: ;
P 0. 8628 1. 4665 +35h. 8°
et m ' . 8636 1. 4678 + 35 4°
B e e em———m . Siit 1, 470 + 36 4°
L VU . . Bo2 L4680« (HD43L0°
1930: !
D e e ——— : . 86756 1. 4675 + 35, 48°
S ' . 8660 1. 4677 435 8°
T mt e cmmr s m i . 8661 1. 4680 + 35 6°
s.w_-___-.._-._._-____-__--__-= . 8648 L. 4680 +35 4°

' After Bpoon (/58).

Also i 1930, Buwrraud (21) enalyzed 2 sample of Pinus merkusii
turpentine from Cana (in former Annam, now Viet Nam). This
turpentine possessed Lthe following physical characteristies:

Dronsiby, (5==0.8625
index of refraction, n* « L4672

Specifie ratation, fe],= - 5.7°

Tts composilion was:

Compoutnd: Percent
a-pinene and B-pIneHe, BPDTOY. L . e 45
Catearene with sdmixture of o tevorotatory hydrocarbon, approx_____ &3

‘That same year an anonyimous author of the Colonial Tnstitute of
Amsterdans {1} reported thal o sample of Pinus merbusii Lurpentine
from northern Sumatra (Atjeh) possessed the following constants:

Density, d%?=0.505
Tndex of refraetion, nif=1.448
Optical rotation, a=-35.G°

The turpentine included;

Comn Dt}ll}"l(f: Percent
o= B L L e e e 85-90
AR I o L o o e o e e e e e e~ —— i
SesgUIbCrPONe - L L e e 0. 15

Po sum up, all turpentine samples of Pinus merkusii contained
lnrge amoun(s of d-a-piucne; B-pinene was lound in varying quantitics;
d-A%-earene was found in all sanples.  The sesquiterpene fraction
in all sumples npparently consisted of longifolene.  Barraud’s sumple
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from Annam {(Viet Nam) was unigue in that it was levorotatory
(because ol large percentage of {-a-pinene); it contained an unususally
large percentage of d-A®-carene; its S-pinene was levorotatory.

48. Pinns insularis Endlich References (35, 74, 86, 127)
(Syn. Conif, 157, 1847)

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

in 1909 Richmound (127) investigated possibilities of producing
tm-pentinc from this pine. The vyield was 23.4 percent, and the
physical constaitts were:

Density, d=0.8553

Index of refraction, nl,—-i ‘iﬁab

Onplical votation, ap= -+ 26

Specific rotation {cnind.), Ia}n = +30.8°

\inutvbsix percent of the Lurpentine distilled between 154° and
6- -0

In 1931 deSanlos, West, and Fontana {35) reported results of their
resexrches on Pinus insularis tur pentine. The yield was from 15.33
to 17.23 percent; physical constants are shown in table 28, Further
analysis of turpentine was Iimited only to the identification of a-pinene
by preparing pinene hydrochloride.  The authors estimated that the
turpentine contatned {rom 30 to 52 percent of d-a-pinene.

Koolhaas and DeVos tn 1935 (80) investigated steam-distilled
turpentine ol Pinus tnsuloris obtained from young planted trees in
Java. The constanis they obtained were:

Density, di¥=0.8508

Index of refraction, n3=1.4702
Onptieal rotation, ab=—§-3 3°

Specifie rotation {ealed)), [elp=-+38°

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

Tavre 28 —Physical properiies of several samples of Pinus wnsulars
lurpeniine

]
Density  : Index of Specific
d - refraction rotation
: up [}

i Denrees
. 46350 -+30. 20
3 | . 4G4 +32.
1 . 4605 --27.
i . 4650 +32
i . 4553 429, 9
AMixed samples of many frees__ ool . 465068 428 02
i L4716 +22 %5

{

We used Pinus insularms oleou'Sm received (together with herbarium
specimens) in 1952 from Dr. TFlorencio Tamesis, Director of the
Philippine Forestry Bureau, A batch of 2,000 g. of oleoresin was
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distilled under redueed pressure. At the end of the operation, tem-
perature of the oleoresin was 190° C. and pressure was 3 mm.  Rosin
remuining in the pot was very hard and brittle. The mmount of
turpentine in the oleoresin was 20.0 percent.
Phe turpentine had the lollowing characteristics:

Tensity, 4t =0.8586

Index of refraction, ni;=1.1685

SBperific rolation, {alfl=+31.2°

Chemical composilion of the turpentine was as follows:

Compound: Percent
dfl-c-pinene. _ o e 74
L-B-PluCHE . e e e m e am e e m 3
LB-phel A ene o oo e oo m e m e aemim e 7
Tails, including a sesquiterpene, whose hydrochloride had a melting

point of 17° 10 48° Ui 7
Polymerized pot restdue {probably mostly polymerized phejiandrene) .. 5

Tt was not surprising to find a small amount of S-pinene in the
turpentine of Pinus insularis beeause this tevpene very olten accom-
panies a-pincne; but the presence of [-g-phellandrene was unexpeeted.
B-phellandrene has never been reported in Asiatic pines; so far it has
hoen dotected in Ave New World species, Nos. 34, 37, 58, 89, and 91.
I'n all these pines B-phellandrene, too, is found in its levorotatory form.

T table 29 the properties of a fraction of Pinus insularis turpentine
in which phellundrence was identified are compared with the literature
values for pure {-B-phellandrene.

‘PanLe 20.—Physical properties of B-phellandrene from Pinus tnsularis
turpentine and from Canade balsum

Properbly g-phellandrene fraction g-phellandrene!
H of P, insularis frauy Canada halsan
[ndex of refroction, wyfo ... S 4818, o __..-f 14851
Density, ¢l .. oL B3 1ot 837567
Specifie rotation, falp --_.o.. e 18.0% e i —2.86°
Boiling polnbo oo oo © 57°-58° C. at 11 win__j 70° C. at 20 mm.

L Davenport, J. B., Sutherlud, M. D., and West, T, F. Jour. Appl. Chemn. 1,
p. 828, 1951

49. Pinus khasya Royal * Relerence (£47)
(DC., Prodr. 16:2390. 1368)

Pinus khasya is a nutive of northern Burma, oceurring in the Khasiu
Ifills, Shan Hills, and the Hills of Martaban. "This species is also
found in the adjncont parts of India. It grows at elevations from
3,000 to 7,000 and oceasionally to 10,000 feet.

Turpentine of this pine, distilled in & commercial plant ab Jallo,
Tadin, was analyzed by Simonsen and Rau (747). Tt had the following
physical characteristics:

2 The nomne of thig pinc is spelled in several dilferent ways: Khasya, Kasta,
Keseyn, Kasya, Khasyana, Khasin,
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Density, 3} =0.8633
Imidox of refraction, nf=1.4765
Speeific rotation, [«|8=+32.83°
The turpentine contained the following:

Componnd: Pereeut
d-e-pinenc 70
t-g-pinene 10
d-lungifolenc 10

This is one of the few instances in which dextrorotatory g-pinenc
had been reported in pine turpentines.  Ilowever, the originul report

did not give enough detail to be absolutely sure if if is really d-g-

pinene.

50. Pinus yunnanensis Franchet Reference (Lnpub. orig, data)
{Jour. de Botanique 13: 233.  1809)

Pinus yunnenensis was deseribed in 1899 by Franchet as an inde-
pendent species.  Shaw (742) placed it as a synonym under P
sinensis.  Lately, however, Lhe name 2. sinensis has to a certain
degree been replaced by P. tabulaeformis, No. 33, while P. yunacnen-
six beeame again an independent speeies (Dr. Hui-Lin Li, personal
contmuniceation).  Chung-Lwen Wu,® working with herbarium mate-
rinl available in Ameriean institutions, coneluded thut P. yunnenensis
undl P. Znsularis are one specices,

Pinus yunnanensis occupics the whele of Yunuuwn provinee, except
tie alpine zone; it also grows in the southwestern part of Kweichow
provinee, in Upper Burma, in northern Viet Nam, and in a nurrow belt
of northern Indiw.

Because it was diflicult to obtnin oleorcsin of this pine from its
native land, I tapped a few planted trees in the Eddy Arboretun,
Institute of Forest Geusties, Placerville, Calif. A little more than 30
. of turpentine was obtuined by heating the oleoresin under reduced
pressure. At the end ol distillation, the temperature was 180° C. and
Lthe pressure was | mm. TUnder these conditions the remaining rosin
was hard and britte, showing that all volatile oil had been recovered.
The yield of turpentine was 22.6 percent; its physical characteristies
were:

Density, di*=0.5591
Index of refraction, nji=1.4663
Speeilic rotation, [ess= —44.37
The turpentine consisted of:
Compound: Percent
te-pinene
{-g-pincug
An oxyeenated dextrorotatory ingredient, about
The nppearance of the residue did not suggest any appreciable amounts
of sesquiterpenes.

51. Pinus nigra Arnold References (16, 42, 48" 78)
(Reise Nach Mariaz. 8, t. 1783)

Pinus nigra is a pine widely and unequally distributed in central

and southern Europe and in Asia Minor. Sometites it is called 2.

"2 Yeo foutnate 7, p. 20
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laricio Poir. Within the species several varicties are rocognized:
paltosiane Lamb., native to Crimen; ausiricgee Endlich., of Austria:
calabrica Loud., of Italy: corsicena Loud., of Corsica, and some others.
Turpentine of Pinus nigra has been studied by several investigators.
It appenss from their data (table 30) that the composition of P. aigra
turpentine from different parts of ifs extensive range, exeept perhups
Bulgaria, is about the same.  Apparently camphliene, g-myreene nnd
Hlimonene are found in all varieties in small anounts.  In ecarlier
reports these substances had been overlooked, probuably because the
old methods of fructional distillation were rather primitive,
52. Pinus heldreichii Christ. Reference (87)
(Verh. Naut, Gez, Busel 3:549.  1863)

Pinus heldreichii wus described in 1863 as an independent species.
In 1914, Shaw {142) placed it within P, nigra. In this publication, P.
heldreichii is cousidered as o valid species. P, heldreichit grows in
northeastern Greeee and Albanin, and in the adjacent parts of Yugo-
slavia,  Information regarding the chemical composition of turpeutine
of this pine was obtained through the courtesy of Professor Branisiny
Pejoski (private corvespondence) of the Uuiversity of Skopje, Yugo-
slavin. ‘The analysis of the tarpentine was apparently performed by
Dr. B. Okrajnov-Rotovic. Results of the fractional distillation were
ceported as:

Fractions

! K 5
Bensity, daoo o ____ 0. 5598 (. 8468 0. 8467
Index of refraction, noo . ___________ 1, 4696 1. 4715 1. 4724
Opticn! robadion, enoooo oo oL Lo -T2 60° —91. 30° — 103, 56°
Pereenb_ __ .. .. 215 25. 4 40. 6

The approximale composition of the turpentine was reported as
follows:

Compound: Percent
fo-PIOETI® L L e e 30 14
Elenens o e oo h7. 3%
Oxidation products, pob residue, and losses  ____ __ .o _____. 12 47

Tt is seen that turpentine of Pinus heldreichii differs from the tur-
pentine of £, nigra by the presence of large quantilies of limonene.
Unfortunately the natun of the sesquiterpene {raction of turpentine
of Lhis pino is still unknown.

Composition of turpentine of Pinus heldreickii var. leucodermis
{Antoine) Markgraf was reporied in 1954 by Lombard and Rotovic
(87). ‘The turpentine was levorotatory; its eomponents were:

Compound: Pereeut.
P T L o o o L o e e e ;e 2
Iiimonene, {ep=—108.36% - 27
High-boiling fraetions_ . . 27

It is seen that altheugh tle varicty leucodermis also contained a con-
sidernble amount of {-limonene, the percentage of higher boiling frac-
tions of this variety was higher than in typical Pinus heldreichit.




TasLw 30.~ Physical characteristics and chemical composition of several varieties of Pinus nigra turpentine

Variety and source
of material

Percent of
turpentine

Density dy

Index of refraction,

st o L e

Optical
rotation

o e i R b b i g e

Composition of turpentine

corsicana, Corsica: (48) - .
austriaca, France (42).._

austriaca, Ukraine (16)__

pallasiang, Ukraine (16)_

nigricans, Bulgaria (78) -

prob. hispanicad, Spain

<)

0.8580%. .-

0.856-0.86120_.__
0.8570-0.870%__.

0.86352_ -

1.4662-1.4710%.. .~
1.4668-1.4730%. - .

Deyrees

Percent

l~a=pinene, 87; g-pinene, little.

l-a-pinene, 94; S-pinene, trace; a d-ter-
peng, 1; a sesquiterpene; 1 (m.p. hyi-
drichloride 115°~115.5); tails, 4.

[~a-pinene, 85; camphene, 1; g-pinene, 2;
g-myreene, 1; IHlimonene, 3; tails, 7.

l~a-pinene, 87.2; camphene, I; #<pinene,
2.3; B-myrcene, 1; Klimonene, 1.4,
higher fractions, 7.

l~a-pinene, 53; [-B-pinene, 38; Ldl-
limonene, 6.

l-a-pinene, 90; -limonene, 4; a sesquiter-
pene, 1.5; tails, 4.5.
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53. Pinus tabulaeformis Carriere Relerence {L'npub. orig. dale)
{(Prait. Conil. ed. 2: 510. 1867)

Tn Shoaw's menogeaph (142), Pinus tabulaeformisis ealled P. sinensis.
It occupies an enornious aren of northern and north-central China.
Tts babitat extends from southern Manchuria to Kansu and to Yunnan,
In Yunnan it crosses with P, yunnenensis. The result of this cross
appurently is P, densata Masters ™

Pinus tabulaeformis s u species for which several variclios are
recognized:

T ipbitud
Variety:

mphdensis Uveki___ ____________ Extreme Enst

rubescens Uyeki. _ L _____._ Deo.

psendosyivestris Wu_ .. _ Desert ranges of southern part of outer
Mougolia.

levcosperns MAX . o oo oo Alpine region of W, Kansu

wifsomé Wi oo e Northwestern Szechwan and extrame
eastern Sikang,

wilsoni, forma lokunagii Wu______ Ninghsia, Jehol, Hopol

grandifolice Wu_ o _____. Beattered over the Provinees of Kansu,

Shansi, and Hopei.

To my knowledge, the chemical composition of Pinus labulacformis
turpeniine has never been reported before. In 1956 u few 30-year-old
trees of this pine, planted at the Tnstitute of Forest Genotivs, Placer-
ville, Cudif,, wore tupped, and o smail amount of oleoresin was obtained,
The oleoresin wus leated under reduced pressure; at the ond of the
opernticn when all velutile oil was expelled, the temperature was 205°
C. and pressure was 0.5 mm. The last part of the volatile oil had the
consisteney of castor oil.

The yleld of turpentine was 31 percent; its physical charactoristics
were:

Density, (%43=0.8036
Index of vefraction, n*fi*=1.4741
Specific rotation, {algy=-+11.2°

The high density indicated the prosence of substanees other than the
usual terpenes, perhaps sesguiterpenes and sesquiterpene ileobols.
Fractional distillation of 30 g. of the ot guve the following results:

Lerceat of

Fraclions Hoiting raige. ™ €, 0900 ey todal ol
) e e 165-160_ . o ._ 230
e L8 e B o il 4
b LT =860, L. 2.0
e o e e 191210 .. 1.0
L S 2V-260 . _._. 7.2
5 1285 o ___. 11 &
T e e e m 283300 L ___._. 176
B e mm——————— 30308 o ..__ 11 3
Residue__... .. _._.__. Solide o e 15. 0

2t See footucte 7, p. 26,
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No further work has been done with ihe sample. It appears that
et least 25 percent of the turpentine consisted of e-pineue; the presence
ol g-pinene is possible,  The sesquilerpene and diterpene [ractions ol
the turpentine were unusually large, amounting to nhoui 50 pereent
of the total oil.  The residue appenred to contain some polvmerized
substunces. I is highly desirable to unalyze larger quantities ol
turpentine of Pinws tabufaeformis and its numerous varietics, especially
because the other Diplozylon pines of China possess turpentines of a
relatively simple composition (ef. Nos. 39, 45, 46, 50),

Group Australes

54. Pinus ponderosa Laws. References (58, 63, 72, 98, 112,
(Agr. Man. 334, 1836) 114, 1867
PPonus ponderosa, or ponderosa pine, is an American pine ol wide
distribution, 1is range extends from British Columbia to the Mexi-
van border.  Possibly it occwrs in adjacent parts of Mexico.  fongi-
tudinally, its range extends from the Pacific const eastwnrd o the
Dakotas, western Nebraska, Colorado, northwestern Oklahomn, New
Mexieo, nnd the Frans-Pecos region of western Texus.

Farlier investigntions of Pinus ponderosa turpentine were con-
ducted by Sehorger (136 at the beginning of this contury., At that
time, the most important ingredient of P. ponderose turpentiue,
Al-carene, had not yet been discovered,® and Schorger did not report,
1t,

Aceording 1o Schorger, the Pacific coast form of Pinus ponderose
possessed. turpentine decidedly levorotatory beenuse of the predom-
tnunce of {-g-pincune, whereas the Arizona turpentine was decidedly
dextrorotalory beeanse it consisted largely of d-a-pinene. This
difference caused Schorger to generalize that the Pacific coast form
possesses fevorotatory turpentine, but that the Rocky Mountain
form, cnlled by some botanists /2. ponderosa var. scopulorum Engelm.
(86, p. 270), always yields dextrorotatory turpentine.

Sumples of Pinus ponderose turpentine from 12 localities of its
extensive mnge were analyzed in the project reported here. These
investigations showed that only in Arizona, where Schorger obtained
his tiepentine, did il individuad trees yield dextrorotatory turpentine.
In Cllifornin (Santa Cruz Mountnins and the west slope ol the
Sierra Nevadn) all individual trees yiclded levorotatory vurpentine,
In all other places, including the cast side of the Sierra Nevada, some
trees vielded dextrorotatory and others levorotatory turpentiues.

Table 31 shows the physieal characteristivs of Pinus ponderosa
turpentine ebtained rom the 12 localities of the entive range of this
pine.  Table 32 shows the chemieal composition of turpentine from
the 12 localities.  Only the Arizona and southwestern Utah samples
contained considerable amounts of d-a-pincne, which in combination
with d-A%-carene, was responsible for the dextrorotatory nature ol the
turpentine.  Turpentine from  all other loealities contained very
little a-pinene, and this terpene was always in a i~ or di-form.

B AMearene was discovered In 1920 by Simonsen in Pinus longifolie {No. 26)
turpentine,  The credit of discovering A%earene in P. ponderosa goes to Dr.
A Haggen-Sinit of Colifornin Tustitute of Technology.




Tavue 31.—Physical characteristics of Pinus ponderosa twrpentine from 12 localities of ils range

i
|

Yield of

3

Variability

Index of re-© Speeific turpentine,’ Variability . Variability
Region Locality * and elevalion Density dy | fraction nt | rofalion | pereent of | of eptieal . of density | of index of
[&] \\en.,h(()f* rotation i refraction
oleoresin f :
) 7 L Degress Degrees :
Pacifie coast_._.. L. Near - Santa Cruz, Calif. 0. 8459 1 4749% 1 232 19.8 1 =12, 5t 0.8532 to 1. 4732 {0
(1,530 Tt.) ; ; , ~32 5 0; 8685 1, 4782
Sierra Nevada, 2. Near Placerville, - Calif. . 8594 1. 47a80% :  --29,0 15.0 ~Q 1 10 ......................
__west slope, (2,700 1t.) { : B 1 N [ U,
Northern Idabo..{ 3. Priest. River. Txpt. . Sta. . 860* Lo o ~2.7 22.0 } ? P L 540 e e S
(2,850 ft.) -~13. 3
' Sotth\]\ estern 4. l’zmg,uluh ];\]\L (8,500 ft.) .. - 8611 L4710 + 6.0 96,5 .3 +23.38 t‘g .....................
Ftah : - 17,
Southern Rocky 5. Beulah (8W of Puebla, Cola;, . 86612 147472 +1.8 P22 U | AU S LS SR T
Mountains 7.500.1t.)
East central 6. Near MeNuary, Aviz, (Apache . 870124 147212 0 413.7 220 4 4+10.5 1() .....................
Arizona, Indian Res., 8,200 1t.) ; i + 16, 3
Northwestern 7. Near: Chadron, Nebr. (3,500 ;8695 147778 +.9 189 joemene e e e | e i
Nebraska, ft.) i )
Central 8. Near ' WhiteSulphur Springs, . 80140 1, 47472 —.9 R R S S VIURUIUITS] o, -
Montana. Mont. (5,000 ft.) ) ;
Southeastern 9. Esterbrook Ranger Station . 86730 14768% 4 L5 220 i i e
Wyoming. (6,500 ft.) b ;
Southwestern 10. Tdaho. City  Expt. Forest , 8563 1. 4745% - f —9..2 197 el [T . e
Idaho, (near Boise, 4,070 ft.) ) !
Ceuntral Rocky 11, Manitou i‘;\pt Forest (west . 86922 1. 47708 —2.1 190 7 —9.3%0 nomomvnee s [ mint
Mountains. ?f )C‘olor:l(lo Springs, 7,600 i +9.0
t. i
Black Hills, 12. Near old Pactola: Ranger . 86482 1. 47525 ~+1. 2 20. 0 i - (15 75 7% TN SUNIEIUNCITIN
South Dakota. Station (4,600 It.) ! } +10.0
+ Figures refer to the loeations shown on map, figure 15. ? 14 trees. 317 trees. 4+ 10 trees.
». 3 - r T * “ A A : 4 kd
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Tavue 32 Composition of turpentine of Pinus ponderosa from 12 localities of its range

i ; : i ; i
i i 4 3 =
i : ‘ ; : i :
P : ] H i i i :
i X ¥ :

sesquiterpeng
chavicol

Region Locality ! and clevation 1
i
t

~-undecane
Longifolene
Unidentified
Aldehydes
B-phellandrene

a-pinene
I-B=pinene
d- Ad-carene
Q Terpinolene
i
[ B-myreene
Cadinene

i

1} .
£ 1 limonene
=y

{
& . 0n

H

}

f

!

(=2

[ Rl
t

N0

<o

T

Pet,
Positive ™~
reaction |
Negative |
renetion

~

S Ao
]
I
o]

e
>
£

Pacifie coast_. . | 1. Near Santa Cruz, Calil, |
(1,550 ft.). R
Sierra Nevada, 2. Near - Placerville,  Calif. E 1 ()
woest slope, 2,700 1t.). ]
Northern Idaho:{ 3. Priest” River: Expt. Sta. ¢ 1-2 (df)
(2,850 1t.).
Southwestern 4, Panguiteh Take (8,500 ft.) 2| - 45 (d)
Utah.
Southern Rocky ~Beulah (SW of - Pueblo, 5 {dD)
M. Colo., 7,500 ).
LIast central . Near MeNary, Ariz. | 34 ()
Arizona. (Apache  Indian  Res.,
8,200 ft.).
Northwestern 7. Near Chadron, Nebr, | 2 {d)
Nebraska. {3,500 18.).
Central Montana_ . Near - -White - Sulphur 3
Springs, Mont. (5,000 ft.).
Southeastern 9. Gsterbrook Ranger Sta- 2
Wyoming. tion (6,500 ft.).
Southwestern Idaho City Expt. Forest 6 (dl)
Jdaho. (near Bosie, 4,070 {t.).
Central Roeky 11. Dlanitou Ioxpi. - Forest 2-3
Mountains. (west of Colorado
: : Springs; 7,600 1t.).
Black Hills South ]-12. Near old Pactola Ranger 2 (d)
Dakota. Station (4,600 {t.).
! Figures refer to location shown on map, figure 15,

2 Letters {, d or ol {n this linerefer to dextrorotatGry or levorolatory nature of the a-pinene fraction.
These are earlier findings; pussibly small quantities are found.

Lo
f==1
g
|
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M
f=3

i

f>23
M.

2
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B-pinene was found in practically all samples in large amounts
(from 12 to 30 pereent) but was not detected in the Ciah surple,
probably beeanse of fuuliy teelinique,  Al-carene {ruly is thespecific
Lerpene of Plaws poaderose. IU was Tound in large quantities {from
25 (o 64 pereent) in all snmples throughout the range of the specivs.
The presence of Al-carene gives to this turpentine a specific sweet
odor that distinguishes it from the turpentines of ail other Australes
pines of the United Stites.™

Minor constituents of Pinus ponderese turpentine ltave a very
mleresting disivibution {fig. 13, table 31). Limorene, which is the
onty monocyelic terpene in the first seven localities shown in ihe
table, s necompauted {in soutbiweslern Tdaho, southenstom Wyoming
and cenfral Montana) by another monoesyelic terpene, terpinolene.
In Manitou, Colo., und in the Black Hills, 8. Dalk., imonene is com-
pletely repliced by terpinolene, Myreene was found in all samples
exeept those Trony Manitou, Colo., and the Black Hills, 8. Dal.

The distribution of the two Pinus ponderose sesquiterpenes, eadinene
and longifolene, is also interesting, In trees of the Pacific const wo
have Tound only cadinene; in those of several other localities we found
both sesquiterpenes; and in turpentine from the Bluck Hills, 8. Dak.,
from southenst  Colorado, from the Apache Indian Reservation,
Ariz,and frome southwest Utah, longilolene replaced cadinene
cutively.

Sumples of turpentine from Santa Craz on the const of Califernia
Bd the most unusual composition.  The turpentine, besides con-
Gining o= wid B-pinenes, A%-earene, and limonene, gave n positive
test for aldehydes and contained w small quantity of n-undecnne
nnd apparently  some  phellandrene,  This  unusual composilion
suggests an affinkly ol (he coastal ponderosa pine {o P. eoulfer,
No. 34, which grows nol far Irom the coust. At some time in the past
these Lwo pines may have indererossed, T s of interest that the
western pine beetle {(Dendroctonus brevicomis) normally attacks only
Lwo speeies of pine: Pluws ponderosa and 2. coulteri ™

Goldbiarnt and Burgdaht (58) reported the composition of Pinus
punderosy. turpentine obinined from stump wood and from lumber
by nectone extraetion {table 33). The data presented in table 33
are important to an understauding of the stability of turpentines,
Although simnll quantities of ingredients not lound in gum turpentine
of L. ponderosa were deteetod, nevertheless the most imporiant com-
ponent of the wood tnrpentine was the same A%carene thalb is also
the prominent component of gum turpentine of this pine.

®CL Pinux arizonica (No. 55) and P, washeensis {No. 56); these two pines are
closely eelated {o £ ponderpse and they bLoth contain Alearcnc. 1 consider
these pines as belonsing to the £ ponderosa complex,

¥ Conpare with entometogicnl relalions of Pinus helepensis, No, 79, and
£ brutia, No. 50,
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Figyue 15.—Ceographical distribution of Pinus ponderosa. Numbers in circles
show places where turpeutine samples were ohtained,
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TasLe 33— cdpprosunate composition  of tlurpenline from Pinuy
ponderose stump wood and lumber

Weight of oil from the—
Component . —
Stump wood | Lumber
! Hereend , Prereeni
Acotone {Solvent) .. o e e s ! L h 1
Bemmddetyde. ..o Lo oL e mmmcmim e imman i & ; {3
dlla-pinene. ... ..l el 80 7
B P H L e e e aman % .8 1
g-phoene. ... o e L e ee e maaan ! 6, 0 7
F Rt {1 U S0 )
d-2CRTCTW L. Ll L el e . 70.0 65, 0
d-terpinene_ oL L. e e 1.5 I
PLYICHC e G | .5 !
did-limonene_ ... L.l L e s : Lo 3
Terpinolene. .o ... L L L iiieaaoodd I 0 2
Loss and unidentificd oo e e aaaan : 2.5 4
3

! Less than 1 peru:nt
? Lesg than 0.1 pereent.
Sonrce: Coldblatt and Burgdahl (58).

55. Pinus arizonica Engelm. Reference (70)
(U8, Geogr. Suryv. West 100th Nerid. Rep. 6: 26, 1878)

Piaus arizondca, or Arizona pine, was discovered in Avizong, bui
iig main range is in the Mexican Btates of Sonora, Chihuahua, and
Durango. 1is form stormive Martinez oceurs in the desert mountains
of Coahuile and adjucent parts of Nuevo Laeon (88). Martines
considers Arizonn pine as a valid species (88}, but Shaw (748} places
it under . ponderosa. Lilile (86) designates this pine as a variely
of . ponderosa.

Oleoresin used in our investigations was received through the
courtesy of Sr. Mario Gonaglex \qu.quu. of the Ascrraderos Gonzélex
Venrte 8. A, Thanks are due to Ing. Alfredoe Parra R, for super-
_\fising the collection of this oleoresin saunple, which was sccompanied
by branches, pieces of bark, and cones. These were deposited in
our herbarium. The oleoresin was collected at El Retiro, near San
Juanite, Chihuahua, at an altitude of §,250 feel, above sea level.

A batch of the olecoresin weighing 3,628 g. was heated under reduced
pressure so that al the end, when all turpentine was distilled off,
the pressure was 2 mm. und tempersture reached 180° C. The
remaining vosin wns hard and brittle. Turpentine obtained by
this means amounted to 908 g., or 25 percent of the weizht of the
oleorosin.

The turpentine of Pinus arizonice had the following characteristics:

Density, &% =0.8585
Index of refraction, n3i=1,4690
HBpecific rotation, [a)iy= -+ 4.7°

A bateh of 882 g, of the turpentine was distilled through o 90 cm.
long, 25-mm. inside dinmeter, Todd column, paclked with 3/32-inch
single-turn glass hielices, und equipped with magnetic control of reflux.
A reflux eafro of 10 to L was maintained.
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The turpentine of Arizona pine coutained:
Compound: Pereent
d,dl-a-pinene
l-g-pinene
d-Ad-carene

Presence of d- Al-carene in Avizona pine Lurpentine seems to indicate
that this pine is elosely related to Pinus ponderose, No. 54, T Lhere-
fore concur with Little (86) thal 2, arizonice may be considered a
variety of P. poaderosa.  Of inlerest is the resemblance of this pine
o . ponrderose Irom soulhwestern Utah aud from Arizona, which
also contains large amounts of a-pinenc (see table 32, p. 89). It
appenrs thal P, ponderosw in the south merges into £, arizonica.

56. Pinus washoensis Mason & Stockwell Relerences (63, 90)
(Madroifio 8: 61-63. 1945)

Pinus washoensis was discovered in the upper reaches of Galena
Creck in the Siersa Nevada, east of Lake Tahoe, ut an clevation of
7,000 Lo 8,500 feel (90).  Belore exploration ol the West this pine had
apparently been rather nbundunt, 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. 1t resembles very closely £. ponderosa in all morphological
characters, bul the sinall cones look like miniature £. jeffreyi cones.
Some bolanists have expressed verbally their opiniou that £, washoen-
sis was » result of hybridization between £. geffreyi and some other
pine.

To obtain o sample of olearesin [rom this pine, nineteen 50 to
B0-yoenr old trees were tapped undee the aulhor’s supervision near
Mt Rose, Nev., about 15 miles southwest from Reno, at an elevation
of 7,000 feat, Oleoresin was guthered from cach tree separately. At
the end of ench distillation, the temperature reached 190° C. and
pressure was reduced to 0.5 mm.  On the average, turpentine content
in the eleoresin was 19,4 percent; it varied [rom 18 to 22 percent.

Physical characters ol turpentine samples taken [rom the individual
trees showetl Lhe following range (also see table 2, p. 10):

Density, d¥, from 0.8522 to 0.8613
Index of relraction, n}, from L4750 to 1.4777
Specific rotation, [a)p, from 4-11.7 to —11.4°

The turpentine samples were Tound to consist largely of d-A’-carene
in varying quantities. In che turpentines of some trees with low
carene content, i-g-pinene was found in large gquantities.  In the trees
ol high curenc rontent, f-pinene was almost cntircly absent. Small
guantities of dipentens, d-a-pincene, and an unidentified sesquiterpene
were found in all 19 samples. No heptane or aldehydes {that is,
Pinus jeffreyi, No. 32, turpentine ingredients) were found in any
samples.

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

57a0I2°  §1 -8
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57. Pinus palustris Mill. References (30, 47)
(Gard. Dict. Ed. 8. Pinus No. 14. 1768)

Pinus palustris is the longlenf pine of the Southeastern United
Stutes. 1t grows on the coastal plains from southeastern Virginia to
centenl 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 2% _o 23 percent.

In 1929 Dupont and Barraud (47) examined gum turpentine of
longleaf pine that they obtained from the Hereules Powder Company.
The physical charaeteristics of the turpentiue were as follows:

Density, d%=0,8618
Tndex of refraction, n?*=1_4657
Optical rotation, e;=-+7.89°

Chemieal composition of the turpentine was:

Compound: Percent
d.dl-a-pinene
i-g-pinene

Chadwick and Palkin (80), using lurge quantities of commercial
longlesf pine turpentine, reported on the composition of its heads
nn(?tnils. The heads (substances boiling below a-pinene) amounted
to less than 0.07 porcent of the turpentine. No heptane was found
there. The tails (substances boiling above g-pinenc) comprised 7.7
pereent of the turpentine.  The tails contained chiefly the following
compounds: dipentene, terpinolene, bornyl sacctate, and methyl
chavicol.  No sesquiterpences were detected, even when large quanti-
ties of material were analyzed.

58. Pinus caribaea Morelet Relerence (73)%
(Rey. Hort. Cote D’Or. 1, 105: 1851)

Pinus caribaea grows in the Bahama Islands, Western Cuba, Hon-
duras, Guatemaln and Nicarngua, British Honduras, and in a fow
pluees in the southeastern puart of Quintauna Roo, Mex, Until re-
cently Lhe southenstern slash pine, whose official name is now Pinus
elliotlis, No. 59, was &lso known by this name.

A small sample of oleoresin of Pinus curibazea was obtained through
the courtesy ol Prolessor James . Parsons of the University of Cali-
fornin. The sample was cellected in April 1953 at Karawala, near
the mouth of the Rio Grande, about 30 miles north of Bluefialds,
Nicaragun. The turpentine had the lollowing properties:

Dcensity, di*=0.8670
Index of refraction, nj=1.4708
Specific rotation, [ofif=--20.6°

The turpentine consisted of:

Componnd: Fercent
{,tll-ee-pinene
{-f-phellandrene
- A-carendg
d-longifolene (about)
Polymerized pot residuc and losses

# In the work eited, the deseription and apalysis of Pinus caribaea were some-
what inixed up typographically, The begginning of the part dealing with 2.
caribate is ub the end of the article {p. 741); its continuation is in the middle of
eol. I, p. 740.
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An analysis of a larger sample of Pinus cartbaea turpentine would be
desirable,

59. Pinus elliottii Engelm. var. elliottii References (30, 47, 67, 121)
{Acad. Sci. Bt. Louis, Trans. 4: 186. pl. 1-3, 1880; Jour. For, 50:
918-923, 1952)

Pinus elliottii, or slash pine, is a chiel source ol American gum tur-
pentine. This pine has been known for some {ime as P. caribaes.
Originally it was named P. elliottiz, and at one time it was known as
P heterophylla Sudw. and P. caribaea Mor.  In 1952 it became known
agiin as P, efficttin. This species now is subdivided into P. elliottin
var. elliottii—the familinr naval stores tree of Southeastern United
States, and L. elliottii var. dense of southern Florida, No. 60, The
name P. caribee, No. 58, wus retained only for the slash pine growing
in the West Indies and Central America,

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

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

Turpentine of Pinus ellioliic var. ellioitii (veferred to as P. hetero-
phylle Sudw.) was analyzed in 1929 by Dupont and Barraud (47).
The product was obtained from the Hereules Powder Company.
Physieal constants of the turpentine were these:

Density, d¥=0.8533
index of refraction, n®¥=1.4631
Optical rotation o;= —30.78°

The turpentine contained:

Compound: Percent
{-a-plnenc
{-B-pincie
Tails

In 1932 Palicin (121) veported the following duta for fresligum (Gum
dip 8} slush pine turpentine:

Density, di**=0.8557
Index of refraction, nE=1.4604
Optical robation, [o];=—22.58°

The composition of this turpentine was as loHows:

Compound: Percent
t-a-pinene 61
{-g-piucne

Chadwick and Palkin {(30) reported that the tails of slash pine tur-
pentine contained dipentene, methyl chavicol, and very little of
ulechiols, osters, and ethers other than mathyl chinvicol.

Tor a more complete treatment of American turpentine obtained
from Pinus ellioftii var. ellioitii, No. 539, and [rom £. palustiis, No.
57, consuit Goldblatt (57).
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60. Pinus elliottii var. densa Liftle & Dorman Relerence (113)
(Jour. Forestry 50: 921, figs, 1, 2. 1952)

Pinus elliotizi var. dense was described by Little and Dorman in
1952. This pine grows on the lower Florida Keys and v southern
TFlorida and north along the coasts to central Florida.

A sample of oleoresin was obtained through the courtesy of the
TS, Forest Service Southeastern Torest and Range Experiment
Station [rom its South Florida Experimental Arves near Ft. Myers,
Fla, A 3,604 g. batch of the oleoresin was heated under reduced
pressure so that when all turpentine was distilled off, the vacuum
gage showed presswre of 2 mm. of mercury and the temperature
reached 190° O, TYield of turpentine amounted to 19 percent,

The surpentine had the following physical characierisiics:

Densiby, di'=0.85332
Index of refraction, nF=1.4709
Specific rotation, [afiy=—138.6°

The turpentine contained:

Compounl: Percent
Feld or PICIG o o o e m e 71
B T L e e e eem e mmemmmmm e m— e 3-4
An maidentified terpene, pussilily e phellundrene. - C oLl o -2
B pNelandrene o . e e e e 19
Methyl chavicol o i e e cmmae e ame 3

The unidentified terpene was detected in the fraction boiling at 62°
to 63° C!. at 17 mm, pressure. The eharacteristics of the fraction were:
Density, #3¥=0.833
Tudex of refraction, nfi=1.4508
Specific rotntion, [a]fs=—25.5%
61. Pinus taeda 1. Relerences (118, 68, 158)
(Bp. Plant. 1000, 1753)

Pinus taede is the lobiolly pine of Southeastern United States. Tt
oceurs from southern New Jesey to central Florida and from the
Atlantic to eastern Texas, southenstern Oklahoma, southeastern
Arkansas, and southiern Tennessee.

Loblolly pine turpentine was investizated by Herty,” who found
a yield of the turpentine at 19.29 perecent; the physteal charactensties
are given below,

Density, d=0.8525
Index of refraction, np=1.4700
Optical rotation, a==-+46.2°

Fractionation yiclded the following results:

Boiling range (° C): Lerecnt
1ED=105 . - e e mmm e m == 9. 3
I8 167 e e e — e — e m e m e nm————— 380
1OT=1T o o e mmmmmm—— ——— e ————————— 37. &
L7210 . o e e mmmmm— e m e mmmm—mm——mm_mman 12. 5
Above 180 e imm 27

From these results it, was concluded thet the loblolly pine turpentine
was o mixture of pinene and limonene, with the Iatter probably

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

Oleoresin of loblolly pine used in the investigation reported here
{110} was sent by Me. Keith W. Dorman, of the U.S. Forest Serviee
Southeastern Forest Experiment Station, Lake City, Fla, Upon
distillation under 0.05 mm. vacuum, the oleoresin yvielded 18.6 per-
cent of turpentine.  The relatively low vield may he explained by
the loss of some volatile oil from a jar broken in transit. The tur-
pentine had the following constants:

Density, d¥*:=0.8570
Endex of refraction, ni4=1.4675
Specific rotation, {e]p == +20.17°
Chemical composition of the turpentine was d-e-pinene, 85 percent, and
{-B-pinene, 12 percent.
» 1n 1956 Sutherland and Wells (£38) veported the results of anulysis
of Pinus laeda Lurpentine “suppliss by Me. W Langdale of Floricla,
» U5.A7 Because of damage to the container, some liquid parc of
the vleovesin was lost in {ransit and aecordingly, the yield of tur-
pentine was only about 14 pereent.  The constanis of the turpentine
were these:
Density, di*-=0.5502
[ndex of refraction, nif=1.483
wpecific rotation, [a]p -+ 24.1°
v They Jound the turpentine contained:
Compound: Prereent

d-a-pinene
Lg-pinene

-
- 62. Pinus echinata Mill. References (68, 98)
L ®  (Gard. Dict. Ed. 8. Pinus No. 12, 1768)

Pinus echinada is commonly known as shortleal pine. It grows [rom
New York o Florida and west through West Virginia, southwesteen
Imaois, and easteen Tennessee to southern Missouri, Arkansas,
Oklalioma, and enstern Texas.

4 This pine has been considered a poor source of commercial oleoresin
b products, and consequently its turpentine has not been theroughly
anvestigated.  There is in the Forest Service files, however, a Eype-
written oflice report by Flerty, dated 1906, on composition of shortleat
pine turpentine.  Phe oleoresin used by Herty was collected in
northern Florida.  Herty obtained (he following data for two samples
of crude shorteaf pine turpentine:
- Turpenting, 16.27 and 20.00 percent

Density (no temperature given) 0.8452 and 0.8464
- Index of refraction {no temperature siven) L4728 and 1.4723

Optical rotation + 103%407 and -+ 123°48’ »

# Nate very strong dextrorointory power of the erude turpenting; 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 imonene and pineane, the {ormer being
the greater share. Fractional distillation of 100 ce. of two samples
combined gave the [ollowing results:

Boiling range {° C.): Pereent
[ Sl N PSSP 77
L R I U 13
L7708 o o o 4 e memmmammmm—m——————— b1H
Residue above 187 .. i e ccmmccacm—nm—aea 3

The boiling range s that of Hmonene.

In o lator publication, Herty and Dixon (68} stalt'd that “the chief
counstituent jof shortleal pine turpentine] is pmene.” There is one
pine in novthern Florida---Pinus serofing, No. 86—whose turpentine
contains 90 pereent of Himonene. W ould it be possible that what
Floviy repocted as P. echinate turpentine was actunlly that of P.
seroting?

The oleoresin used in the present Investigation was obtained
through the courtesy of Keith W, Dorman, of the 5. Forest Service.
[t was colleetod at Bent Creck L\pmmwntﬂl Forest, near Asheville,
N.C. Turpestine was obtained {rom the olcoresin under reduced
pressure; il the end of distillation the temperature inside the flasl was
156° (' and pressure was 0.8 man. The pot residue (rosin) wus hard
and brittle.  The vield of turpentine amounted to 214 percent.
Physical characteristios of the turpentine were:

Densiey, di* -0.8575

Index of refraetion, nit= L4685
Specific rofation, [a]“ -~ + G40

Chemical eomposition of furpentive was as follows:

Compound: Percent
LT B LT CEE T 85
-pinene . e - 11

63. Pinus lawsonii KRoezl Reference (112)

(Gordon, Pinet. Suppl. 64, 1862)

Pinus lawsonil s & subiropleal pine growing in central and western
Mexieo (States of doliseo, \i.n.honum \Iou-los, Mexico, Puebla,
Guerrero, Qaxaca). A smi;)l{- of oleoresin of this pine was collected
for us by Ing. Murio Avila Gonzdlez near Ciudad Hidalgo, Micheacan,
al un elevation of 7,540 feet, and sent Lo us through the courtesy of
AL Louis Huguel, Forester for the Food and Agrie ulture Orgunization,
United Nations, The sample was accompanied by herbarium material.

A bateh of the oleoresin was heated under reduced pressure;
towards the end of distillation, the temperature was increased to
185° . and pressure was reduced to 1 omm. Yield of turpentine
amounied to 20.8 pereent of the weight of the oleoresin, The remain-
ing rosin was hard and brittle, m(huttmv that all volatile ingredients
hud been removed from the oleoresin. The Lurpentine “had the
following physical properties:

Density, di?, 0.8627

Tndes of refraction, n?, 14725
Kpecifie rolation, [o:]_,-,, +24.0°
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The turpentine contained:

Compountd: Pereens
d,di-e-pinene
Af-carene
Ldl-limonene
Terpinolenc__. .

Methyl chiavicul
d-longifolene

64. Pinus teocote Schl. & Cham. Reference (115)
(Linnaea 5: 76. 1830)

Pinus teocote is a widely distributed pine of Mexico. It grows from
Coahwuila (and possibly {rom southern Chihuahua) to Chiavas (88).
A sample of oleoresin of this pine was collected for us at B Salto,
Durange, under the supervision of an expert on Mexican pines,
Forest Engincer 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 pressurc
was 0.8 mm.

Yield of turpentine was 24.2 pereent; it had the following physical
charncteristics:

Density, di?=0.8578
Index of refraclion, nii*=1.4660
Bpecific rotation, [eli.== +7.6°

The turpentine contnined:

Compound: Pereent
i fl-a-pinenc 92
Resquiterpenes, mostly longifolene oo oo o 3

65. Pinus montezumae Lamb. . References (71, 77, 99)
(Descr. Gen. Pinus Ed. 3. 1. 39, L. 22, 1832)

Pinus montezumee is n complex species; Shaw (242) was well aware
of it when he wrote that “u monograpl of this species . . . would
be & vialuable contribution to science.” Since Shaw’s time, o great
deal of work has been done in studying the P. montezumae complex.
Severil pines that in Shaw’s “CGenus Pinus” ({42) were [ound under
P, monlezumae have been elevated to the rank ol » species—such as
P. hartwegii, No. 67, P. rudis, No. 68, I>. mickoecans, No. 70.

Pinus montezumae is n Mexican pine, growing [vom Coaliuila in the
north, through Jalisco and dichoacan and south to Chinpas. It also
oceurs in Guatemals and Honduras.

In 1946 [riavte (77) reported the composition of Pinus montezumae
turpentine obtained from a commercinl distillery loeated near Uraapan,
Michoacan. The vield of the steam-distilled turpentine was 22.7
pereent.  Physieal constunts were:

Density, di*=0.8757
Index of refraction, nf= L4650
Specifie rotation, [e],=--36.5¥

The composition ol the turpentine was reported to be d-e-pinene,

96 to 97 pereend,

Five years later Mirov (99) published data on Pinus montezumae
turpentine from the same locality. The oleoresin was coliceted in

AThe minus sign before the specifie rotution walue in Triarte’s paper was
obviously u typographical error, since all his fraetions had plus signs.




100 COMPOSITION OF GUM TURPENTINES OF PINES

the woods [rom 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 yicld of turpen-
tine, 27.6 percent, was higher than in Iviurte’s tests. Physical con-
stants were:

Density, di¥=0.8563

Index of refraction, n¥=1.4655

Specifie rotation, [elgs= +47.7°

The turpentine consisted almost entirely of d-a-pinene (97 or 98
percent).

lloff and Mirov {71) reported composition of turpentine of Pinus
monlesumae from the most southern Mexican State of Chiapas {fig.
16). The trees were selecled and identified by Mirov. Conditions
at the end of distillation were as [ollows: temperature, 175°C.;
pressure 5 inm, The yield of the turpentine was 25 percent of the
weight of the oleoresin.

The physical constants were as follows:

Density, d¥=0.84¢1
Tndex of refrnetion, n¥=-41.4612
Optical rotation, [elf= 4+ 10.2°

Composition of the turpeniine was:

Compound: Percent
n-heptane (inble 84 . 3
thtl-e- PInCRE L 72
dedl-livnonene_ . e 4-7
d-longifolene_ . .o 8
Oxygenated terpenc dorivabives, ... 1-2

Judging by the differences i chemistry of the turpentines of Pinus
montezumae {rom the two localities, it appears that £, monlezumae of
Michoncan and P. montezumae of Chiapas are ab least two different
varicties. There is a possibility that the Chiapas P. montezumae is a
result of hybridization with £. cuzaeana, No. 36.

Tanue 34 —Identification of n-heptune in the Chiapas variety of Pinus
montezumae

n-heptane from hend
Property fraction of P. wmenie- | n-heptanc!
zrnie from Chiapas

Index of refraction, np__ o ____.___. 1. 386325 0. 38764
Densidw, dy . o . ... . B80T . BR3GRW
Beiling poing (CC), 760 mm . oo __ \ G708 98, 428

PRossind, et al,  Selecled values af properties of hydrocarbons., .8, Nati. Bur.
Standsrds Cir, 461, p. 36, 1047,

66. Pinus durangensis Martinez Relerence (71)
(Annal.  Inst. Biol, 13: 1, 23, Mexico. 1942)
In 1938, Cenobio E. Blanco described o majestic pine, “un pino
real,” growing in the State of Durunge and possessing six, sometiines
seven and eight, needles in & fascicle (25).
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Ficure 16.—Location of Mexican pines from which samples of turpentine were obtained for analysis,
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Slmw had been aware of the existence of this pine.  In “The Pines
ol Mexico™ {£41) he included this pine in Pinus montezumae, but later,
in his “Genus Pinus” (142), he designated this pine as P. ponderesa,
mentioting however that “Tuscicles of 6 and 7 wre sometimes {ound
and specimens that I have collected in Sandia, Durango (issued by
Pringle through misunderstanding, under the name of 2. roseana ined.)
show such {usciles ou the lertile branches.”

Pinus durangensis vesombles P, montezumae, but its cones are com-
puentively small, and is needles nee more deliente. It also resembles
P, ponderasa, bul it lacks shavp prickles on the cone seales. I believe
that 2. durengensis ns well us /2, engedmannit, No. 71, and P. cooperi, No.
80 ~toeated between the aveas of . ponderose on the north and P
meatezumae on the south-—do nat belong to eithier of the two com-
plexes, bul rather are independent species. The chemicenl composition
of . durangensis turpenline seems Lo support this beliefl

A bateh of oleoresin of Pinus durangensis {(received from Sefior
Blaneo) 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 Leash-free weleht of the oleoresin, 25 percent of turpen-
Line was obtained.

Physieal characteristies of the tnrpentine of Pluus durangensis were:

Dronsity, dF - 0.8508
tadex of refraction, uil = 14702
Spocific rotatiun, (alf -+ L840

The turpentine was estimated to contain:

Coumipound: Percent
e pime e L e m e mcmmmmmmaea 71
-B-Dint e e - e e mmmmmmm e 19
d-eaehinenc ..o T e e cmmmmeem 3
Urnidentificd commponents, residue and losses oo .. ki

67. Pinus hartwegii Lindi. References (74, 77)

(Bot. Reg. 25. Misc, 1839)

Pinus hartwegit is o Mexican pine which is placed by Shaw (142)
under the name of 2, monfesumaee.  Standley (154) and Mavtinez (88),
however, consider it as an independent species. 1t grows in the State
of Mexico and adjucent States and also has been reported from Vern-
eraz, Oaxacn, and Chinpas. It grows at higher elevations than any
other piue of the world, being found in its upper imit neer the line
of permanent suow, higher than 13,100 fect (4,000 meters). On the
slopes of the &wo famous Mexican voleanoes, Popoceatepetl and
Ixtaccthuatl, #. harfwegii forms pure stands at elevations ranging
from 8,400 feel to 11,500 feet.

Turpentine of Pinus harfweyi! was previously investigated by
Trinvte (77). The source of the oleoresin was Rio Frio in the Valle
de Mexico on the slope of the voleano Popocatepetl.,  The turpentine
vicld, obtained by steam distillation of oleoresin, was 27.7 percent.
Physical characlevistics of the turpentine were:

Densiby, d**-=0.8637

Lndex of refraction, ng== 1406538

Specific rotation, (et -+ 2.5°
The turpentine was [ractionated in & 15-cm. column and contained
st loast 65 percent of ddl-e-pinene, and a small amount of {-limonene.
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A sample of oleoresin analyzed in our laboratory had becu collected
by Jesse P. Perrvy, Jr., of the Rockefeller Foundation, Mexico City,
in n pure stand of Pinus harfwegli near timberline on the slopes of
Popocatapetl.  The oleoresin was heated under reduced pressure; at
the end of distillation the temperature veached 180° C. and pressure
was 0.5 mu. By this means 29.7 percent turpentine was obtained.
The turpentine possessed the following eharacteristics:

Duensity, df « 0.8480
Index of refractiun, 1= 1.4703
Speeilic rotation, fe)f,= —48.7°
Composition of the turpentine was:
Compound: Frreent
i ll-ce-pinine
F-miyreene
t-A-carene
Hlinmonene
Methy! chavivol. ...
d-longifulenc e
~ The chemical composition
different from that of /2. montezumar {No. 63} that I am inclined to
agree with Martinez and Standley i considering £, hartwegii an
independent species, .

68. Pinus rudis Endl. Referenee (74)
(Syn. Coniler. 151. 1847}

Pinus rudis, in the classilicalion of Shaw (142}, is called P. monte-
sumae.  Martinez (88), however, cousidors it to be a separate species.
I huve observed this pine in Mexico and am inclined to accept ils
specilie vank. 72, rudis and £, montezumae ave related nnd apparentiy
they hvbridize naturally; both species and many intermediate forms
are often feund in the same locality. £, ruedis grows over o large
Lerritory Trom Coabuila and Tamaulipas to Michoacan and farther
enst to Puebly, Onxacn, and apparently Lo Chiapas. It extends even
farther south wndd has been reported (1839) as growing in the moutitains
ol Guatemale, adjacent to the Mexican State of Chiapas.

The oleoresiti sample of this pine was collected for us by Jesse P.
Perry, Jr., Rockeleller Foundation, Mexico Clity, along the Texcoco-
Verneruz Fighway, oo the border between the States of Mexico and
Plaxenln.,

A bateh of oleoresin was distilied under redueed pressure; at the
end of distilliztion, the temperature was 183° (. and the pressure was
0.5 mumn. of mereury. The turpentine obtatned in this manner
amointed to 22,7 percent of the weight of the oleoresin,

The turpentine of Finus rudis had the following physicel
charaeteristics:

Dingity, o' =:0.8627

Intlex of refraction, o3 -- L4731

Hpeeilic rotation, [als=—11.1°
It consisted of:

Compound: Percent
t,di-a-pinene
L=g-pincne. .
Dipenlena_ . .
Higher boiling substanees
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69. Pinus ceoperi Blanco Reference (70)
(Annal. Inst. Biol. 20: 185-7, Mexico. 1948)

Pinus coopert is o newly discovered pine. It was originally described
by Blance in 1640 as . lwtee, probably beeause il i know as pino
amarillo, that is vellow pine (88).  As the nune P. {wfea 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.
butea to P. cooperi. MNuartinez (88) places this pluc near P. rudis
(No. 68).

Pinus ¢nopert grows in the mountain ranges of Durango, Mex.
At El Salto, Durango, it occurs at clevations of §,200 to 9,000 feet.
In the same locality grows & variety of this pine (/2. cooperi var. orne-
lasl) characterized by conrser bark, longer needles, larger cones, and
whiter wood than . cooperi proper. Local people also distinguish
these two pines and call the omelasi varvicty not pino amarillo, but
atbacarrote.

Oleoresin of Pinus cooperi was collected at Bl Salto, Durango, Mex,
undler the supervision of Sr. Cenobio E. Blancoe. Turpentine was
distilled under reduced pressure. At the end of distillution, the pres-
sure was 4 nun. and the temperature was 180° O, Yield of turpentine
was 25 percent.

The erude turpentine of Pinus coopert had the following physical
characlerisbics:

Drensity, ny, = L4705
Yondex of refraction, d7 =10.8580
Specific rotation, [«]i3,=+2.9°

Its composition was:

Componnd: Peran
e PO RC. C L L e e a6
-B-pIenC e e e e e e 30-40
Pot residue, boiling above 161% C. al 758 mm. (not investigated) . _ 4.2

70. Pinus michoacana Martinez Relerence {76)

(Annal. Inst. Biol 14: 1, Mexieco. 1044)

Pinus michoacane is a part of that complex which Shaw (742)
designated in 1914 as P. montezumae. P, michoacana was deseribed
by Martinez in 1044, This species includes two varieties and two
forms, lts typical forn oceurs in Michoacin, Jaliseo, Ouxacn (88).
In Michonein tb can he found growing Logether with P, montezumuae;
possibly these bwo pines intercross.

A semple of oleoresin of this pine was sent bo us 1n 1954 from Mexico
by M. Louis Huguet, n French forester of the IFood and Agriculture
Organization of the United Nations. The turpentine was distilled
from the oleoresin under reduced pressure; al the end of distiliation,
the pressure was dmn. and temperaturve was 190° C. Yield of burpen-
tine was 30 percent of the weight of oleoresin. The burpentine pos-
sessed the following physieal characteristics:

Density, dP.--0,8657
Tudex of refraction, n}) =1.4760
Specific ratation, [nld,=—8.4°
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It contuined:

Compound: Percent
d,dl~e~pinene 20
{-B-pincue 50
Ledi-linouene 1-2
MMethyl chavicol
d-lengifolene 3

71. Pinus engelmannii Carr. Reference (109)
(Wisliz,, Mem. Tour North Mex. 103, 1848)

Pinus engelmannii is also known as . mayriana Sudw., P. latifolia
Sarg., P. maecrophylie Engelm., and P. apacheca Lemm. All these
nawmes indicate that this pine is believed by some botanists to be o
valid spocies.  Others, like Shaw (742), consider that all these names
are mere synouyms of P. ponderosa, No. 54. In the United States,
this pine has the common name Apache pine.

Pinus engelmennil grows in southern Arizons and in southwestern
and north-central New Mexico. It extends into northern Mexico.

The oleoresin used in the investigation reported here was collected
i the souther fork of Cave Creek Canyon, Chiricahua Mountains,
Covonado Natioual Forest in southeastern Arizons, ab an elevation of
5,200 {eet.  The turpentine was obtained by heating a batch of oleo-
resin under reduced pressure; ab the end of the distillation, the pres-
sure was 0.1 ram. and the pot tempeeature reached 210° C.  The yield
of turpentine was 22.5 percont.

The gum turpentine of Pinus engelmannii had the following physical
charnetoristics:

Density, Ff . §3.8648
Inclex of refraction, uif.= 14895
Bpecilic rotation, [olil = +42.0°
It conlnined:
Compound: Pereent
d, di-c-pinene
~g-pucne
Dipentene
a-longifylene. 12
An unidentified solid compunent, apparently u sesquiterpene alechol, & -
trues

The apparent sesquiterpene aleohiol distilled at o temperature
slightly above 121° C. at i4 mni. of pressurs; it so]idiﬁec? in the
condenser, forming while crystals.  After several resublimations, the
erystals melted ot 103° to 105°  An aualysis showed the crystals
were S1.49 percent curbon and 11.48 percent hydrogen, Caleulated
for u sesquiterpene aleohol CizHaO, the conposition would be C, 80.98
pereent; H, 11.78 perrent.

72. Pinus pseudostrobus Lindl. Reference (77)
{Bot. Reg. 25. Misc, 83,  1839)

Pinus pseuduvsirobus is n pine of subtropical regions of Mexico and
Central Amerien.  In Mexico it grows from Jalisco to Chiapas. In
Centenl America it occurs in Guatcmale and Honduras, It is an
extremely varinble, complex species.  Martinez (88) distinguishes,
besides the typleal P, pseudostrebus, severnl varicties of this specics.
Possibly Lhe different varieties of P. pseudostrobus intercross.” This
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situation mukes identification of pines of the Pseudosirobus complex
extremely diffiealt.

Pinus pseudastrobus var. oazacane of Martinez is considered to rank
ag a species (05}, and the composition of its turpentine hus been already
discussed o Lhis publication, vnder No. 36, p. 67.

Irinrte (F7) in 1948 reported ov the cowmposibion of stemwn-distitled
turpentine of Pinus peeudostrobus (ypical lorm) from Truapan,
Michoncan,  The yield was 21.3 percent of the weight ol the oleoresin,
und the physical coustanis of the turpentine were:

Deusity, d®=0.8672
Index of refraction, nf = 14624
Specifie rotakion, [a) = +31L.5°

The turpentine was lractionated undeor 2 pressure of 23 mm,, more
thau 90 percent distilling between 55° and 57° C. This [vaction had
speetlic rotebion {of p== —34.5° and consisted of l-a-pinenc.  Iis nilro-
sochloride had nomelling point of 102° 1o 103°, The flask residue was
wlso dextrovolntory, [alp=410°,

The oleoresin used in the work reported here also caume from
Uruapan, Michonein, Mex,, courtesy of M. Louis Huguet, o torester
for the United Nutions Food wad Agricaltural Orgunization i Alexico,
L'pon receipt at Berkeley, Culif., the oleorestn was hented under
redueed pressure. When all the turpentine had been expelled, the
pressure was bomum, and the tempernture was 210° ¢ Yield of
{urpentine was 19 percent of the oleoresin,  The turpentine possessed
the following physieal charaeteristics.

Dengity, ¢ =0,8581
Enclex of velenelion, nf = 1,4720
Bpucifie rotation. {adsy= —~ 1G6.6T°

No further work has been done wilh this sample of turpentine, beeause
of au accident. The data presented above scemn fo indieate that
Pinus pseudostrabus did not contain any low-boiling componenis, such
ns a-heptane {of. P. oaeacana, No. 36, p. 67.)

73. Pinus {cnuifelia Benth. Reference (106)
(Pl Flurtw, 2. 1839

Pinus tenwifoli s a pine of the subtropical regions of Mexieo, 1t
grows it the States of Julisco, Michouean, Sinndow, wnd Guerrere, T
nlso grows i Geexnen nnd Chinpns and in the adjacent parts of Guate-
mala. P lenuifolic is closely related to PP pseudostrobus; Shaw (1482)
cousidered it a variely of P. pseudostrobus.

A sumple of olesresiu was collected for us i Michioacian by M. Louis
Huguel, forealer for the Food and Agricultwre Organizulion, United
Nations. The turpentine was ohtained uuder reduced pressure; at
the end of the distillation, tempernture renched 180° C. and the
pressure was reduced to 2 min. The yleld of the turpentine was 27.1
pereent.

The turpentine bad the following charucteristics:

Dengify, d®%. = Q.8600
Index of refouction, w? - L4672
Specific rolation, felfld =+ 25.°
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Tis composition was:
Cempound: Prreent
d-a-pinene
{-B-pincne
d-A-parene
Terpinolene.
Dipentene, indicated by physiceal couvstants, but not identified by
preparation of orystalline derivutives
Linalod], approX.. | o o o e e e .
Methyl chavicol (possibiy), less thun
Sesguiterpencs
74. Pinus occidentalis Swartz

_(Nov. Gen. & Sp. PL 103, 1788)

Pinus oceidentalis is a pine confined to San Domingo, Haiti, and
eastern Cubn. It is one of the few pines whose turpentine has not
been analygzed. L. cubensis Griseb. is considered by Shaw (142} as
a synpnym of P, peeidentalis, Possibly it is au independent species.

753, Pinus glabra Walt. Relerence (115)
(F1. Carol. 237, 1788)

Pinus glabra is the spruce pine of the Southeastern United States.
Its range lies in the conslal plains of South Carolina, northern Florida,
nird west to southeastern Louisiana.  InSouth Garoling it is called king's
tree; in Flovida, poor pine, which shows the incousistency of common
names. Spruee pine attains ifs largest size—up to 120 feel in height —
in porthwestern Florida.

Oteoresin wus collected by Joho K, Gross, U8, Forest Service, from
five Lrees growing in the DeSoto Natiouad Forest, Perry County, Miss.
A 3.500-g. bateh was distifed under redueed pressure. Toward the end
of distilintion, the temperature of the olcoresin was 150° C. and
pressure wus 0.05 mun.  The yield of turpeatine was 22,3 pereent.,

The Lurpentine possessed these characteristics:

Drensity, d¥=10.8599
Tndex of refraction, nii=1,4735
Specific rotation, [o)f=—d4.65°
The turpentine contained:
Compound: Percent
e dl-o-pinenie
{-g-pinteue
ffioncne

A sesquiterpene, whose hydrochluride had o meliing point of 48° to
49° C., less than .

Group Insignes

76. Pinus pringlei Shaw Reference (77}
(In Sacgent, Trees & Shrubs. 1,211, PL 100, 1903)

Pinus pringled s v sublropies] Mexican pine growing in the States
of Michoacan, Mexico, Guerrero, and Ouaxaca, ut altitudes of 5,750
to 6,600 feet. According to Martinez (88), i is closely related to
. voearpa.

A sample of oleoresin of Pinus pringle was sent to us from Uruapan,
Alichoneiin, through the courtesy of M. Louis Huguet, forester of the
United Nations Food und Agriculture Organization. A bateh of
2,989 ¢. was heated ander 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 wrs 19.7 percent,.
Crude turpentine of Pinug pringles had the following characteristics:
Density, d¥¢=0.8642
Index of rofraction, nil=1.4721
Specific rotation, {o)B=-{39.5°

It contained:

Campound: Percent
dydi-a-pinene. ..l 78
-g-pinene ..o e e 2
=S CRIRI - T 11
Terpinolene. .. oL Tt i
Methyt ehavieol . oo %5
d-longifolene. o e s

Physieal characteristics of terpinoclene are shown i table 35; the
melling point of terpinolene hydrochloride was 115° to 116° C.
Slight opticad aetivity (42.6°) of the terpinolone fraction was probubly
eaused by slight admixture of d-A%carene.

Tasue 35.— Fraction of Pinus pringlei turpenisne in which terpinoleite
awas found

Property Fraction in which Terpinolene t
terpinolene was found

Boiling point.__._______ . ____ 1 72°-78° C, (15 mm.) | 185° C. (760 mm.)
Index of refraction, np. o ___ O V- S EE 1. 48642

Denstby, uo oo i . 860 . 8560

Specific rotation, {alwgeo o .____..! +2 6° L0

t Sutherland, M. D. Queensiand Univ. Papers, Dept. Chem. 1, 34, 1948.

77. Pinus oocarpa Schiede References (71, 99)
(Linnges 12; 491, 1838)

Pinus oocarpe is » variable, generally fivo-needled pine of Mexico
and Centrul Americn. Besides its iypical form, fowr varieties are
recorded (88):

1. microphylla, possessing very short fine folinge;

2. manzanei, which has asymetrienl cones with very short
peduneules;

3. trefoliata, characterized by three needles in a fusciele;

4. ocholerenad, distinguished by its slender cones, which ure not
as heavy as those of the typical form.

We have investignted turpentine composition of Pinus 0OCarHE
(typical form} and P. vocarpa var. érifolicta, No. 78. Oleoresin
sumples of P. oocarpa (typical lorm) were collected by the author in
the States of Chiapas and Michonctn, Mex. The Chinpas burpentine
was sepurated {rom the oleoresin under reduced pressure; at the end ol
distillation, temperature was 190° C. and the pressure was 4 mum.
Yield of the turpentine was 22 percent of the woight of the oleoresin.
The physical characteristics of the turpentine were;

Density, dP*=10.8562
Todex of refraction, nF=1.4684
Specifie rotation, [e)y=4-25.4°

S

0
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Composition ol the turpentine was:

Coawmpeund: Percent
d,di-a-pinena
{di-limonene
d-longifolene

The Michoachn sampie of P. oocarpa oleoresin was heated in racue;
at the end of the distillation, temperature was 165° C. and pressure
wns 0.5 mm.  Yield of the turpentine was 24.8 percent; it possessed
the following physical characteristics:

Dansity, d3¥=0.8569
Index of refraction, n§=1.4656
Specific rotation, [afin=+47.5°

The turpentine contained d-o-pinene, 97 to 98 percent.

78. Pinus cocarpa var. trifoliata Martinez Relerence (71)
{Annul. Inst. Biol. 17, 267. 1943)

This pine differs from typical Pinus oocarpa Schiede by having
three needles in each bundle instead of five. The three-needled form
appurently occurs only in the mountains of the State of Durango,
where it grows in pure stands. It was discovered by Cenobio E.
Blanco nnd described by Martines,

The oleoresin of this pine came from Sr. Bianco. It was distilled
under reduced pressure; at the end of the operation, temperaturs
reached 170° C. and the pressure was reduced to 8.2 mm. The yield
of turpentine was 23.0 percent. The turpentine possessed the following
physical characteristies:

Density, di'==0.8588
Index of refraction, ni=1.4682
Specific rotation, [alil= +39.8°

Its composition was:

Compound: Fercent
d,dl-a-pinene
Unidentified terpenes
d-lougifolone

A fraction with these characteristics—density, d3*=0.8524; index of
relvaction, af=14693; specific rotation, [affy=—19.0°—was re-
fractionated 1n & 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 ferpene, possible A'-carene. No nitrosate was formed when
ant atlempb wos made to identify A’-carene in this fraction.

The fraction churncterized by density, d¥=0.8548; index of re-
fraction, nP=1.4804; specific rotation, [a)fly==—11.7°—when re-
distilled over sodium, boiled at 180° to 185°, and its index of refraction,
n, was 1.4799. A bromide was prepared by adding bromine to an
alcobol-ether solution of this fraction. After two recrystallizations
{rom alzohel, the bromide melfed at 113° to 112.5° C.  On admixture
with terpinelene tetrabromide, the melfing point was depressed below
148°,

79. Pinus halepensis Miller Retferences (37, 84, 110, 162)
(Gned. Dict. Ed. 8. 1768)
Dinus halepensis grows in parts of southern Europe, Asia Minor,

LTI (LD



http:chllf'llctel'i7.ed
http:followi.ng

110 COMPOSIUTION OF GUM TURPENTINES OF PINES

and northern Africa, adjacent to the Mediterrancan Sea. It crosses
paturally with P. drutia, No. 80, (122).

Vezes and Dupons (162) investigated turpentine of Pinus halepensis
obtained from Provence, France. The yield was 26.98 percent [rom
the first guthering of the oleoresin and 20.7 from the fourth gathering:
in other words, it decreased somewhat with the advance of the
sununer.  The physical constants were:

Density, d®=0.8550 tv 0.8580
Optical rotation, a;=+41.92° to 4 41.29°,

The compesition was reported as d-a-pinene, 95 percent; higher
boiting fractions, 5 percent. Later, Dupont (37} investigated the
higher boiling fractions ((ailings). These feactions contained bornyl
acotate, .14 percent of the total oil, und n monocyelic sesquiterpenc
having two double bonds, 3.8 percent. The physical constants of the
sesquiterpene were as follows:

Density, d20=0.9035

Index of refrnction, uf - 14977

Optieal rotation, e, =—7.24°

Moleeular refruction, MRb=266.02 (caleulated, 86.14)

Taerué (34) anadvzed many samples of Pinus halepensis turpentine
from severnl localities in Spain and compared these with samples
obtained in Algerin, Italy, and Greeee. Physienl charactevistics of
those samples were:

Depsity, 1'=0.8561 to 0.8580

Tndex of refraction, nii==14661 to L4660

Spucifie rotation, [alif=+42.83 {o 4 48.52°
Thus, all samples ol P. halepensis turpentine collected in different
localitios were dextrorotnlory, and their specific rotation varied in
enther narrow lmits from +42.83° to +48.52°  Lucerué stated that
the older data, giving specilic rotation values for this pine ol —8.73,
49284, 41,61, and +0.28, were ncorrect, hbecause they referred to
commereial mixtures of dextrorotatoey turpentine of . halepensis and
levorotalory turpentine of P, nigre.

In 1955, Pinus halepensis turpentine was analyzed in our laboratory
(1103, The olearesin was obtained through the courtesy of Dr. DU Y.
Goor, Conservator of Forests, State of Isracl. The cleoresin was col-
lected in the spmmer of 1953 in isracl on the stopes of Mt, Carmel,

The oleorvesin was distilled under reduced pressure; at the end ol
the distillation, the pot temperature was 180° C. and the pressure
was 0.1 mm.  Yield of the turpentine was 20 percent of the weght
ol the oleoresiu.

The turpentine possessed the following physical charncteristics:

Density, di*=0.8575
Index of refraction, nit=1.4638
Specific votation, [afi= +41.25°

Tt contained:

Compound: Pereent
ol =P IE o o d e mmmmmmmtmmammmmmm—mmmem e mm e 87
BetBYTCRUC . o oot mmmmmmmammemmmmmmmemm o= e oS e———= 2

SUSGUIBSFDENES | oo dcmc i emmmmmsmm e mmm e msammmmmmm e —ea 4



http:ltj=+4t.92

COMPOSITION OF CUM TURPENTINES OF PINES 111

80. Pinus brutia Ten. Relevences (2, 3, 110}
(Cut. Hort. Neap. Appx. 1, 75.  1815)

Pinus brutie has 2 more restricted range than Pl halepensis, No, 79
{t grows in the Ltalian province of Calabria {ancient Brutium),® in
Svria, Turkey, Greece, and on the islands of Chios, Rhodes, Crele,
andd Cyprus. Some botanists constder P. brutic as o variety of P
halepensis (28): others believe thut the two names are svnonyvims (142).
P. brufin is immune to Malsucoccus infestation, while P. halepensis 1s
susceptible to the atlacks of this seale insect. . brufic crosses natu-
rudly with P halepensiv (128},

Very liktle had been known about the chemical composition of Pinus
brufig turpentine.  An anonvmous author (2, 8) deseribed commercial
turpentine obtained from “ P. halepensis’ {romn Cyprus (that is, of P.
bratie, hecnuse P, halepensis does not occur on that sland}. The
turpentine was found to be levorotatory (—20.2; —i32.5). Only
c-pitene was entified; i wneunted to 535 percent of the lotal tur-
peitine,  Fraclions boiling above 160° C. were not nvestigated.

A sample of Pinus brutic oleoresin camne to us through the courtesy
of Mr. D. F, Davidson, Conservator of Forests, Governmen! of Cyprus.
[t was collecled in the Dhiorios Forest, Cyprus. The oleoresin was
distiled under the same conditions as that of P. halepensis. The vield
of turpentine was 20 pereenl.

The erwde turpentine had the following physical characteristics:

Density, dif=0.8571
[ndex of refraction, n=1.4412
Specific rotation, [wky = —28.7°

[t wus compaosed of:

Compotnd: Percent
{dl-a-pinene i
B-pinene .

Ab-parend .
Terpinpleae {see lable 36)
e TA 1A L ER Lot P [ USSP U

The chemieal composition of the turpentine of Pinus brutiv diflers
so mucl [rom thut ol £, halepensts that T am inclined to consider the
two pines as separale spocies.

Tanrni 36.—Physical properiies of terpinolene and of fraction 14 of Pinus
brufia turpentine

Propurty . Fraction 14 Terpinolene !

Densite, i ..o o. e 0. 8600 | 8. 85602
Mmedow of refraction, np 1. 485|= 1, 4804
Hpueifie rotution, jola.. | L= ; . 0°

t Butherlund, M. D Queensiand Univ, Papers, Dept. Chenm. 1, 34 1948,

2 i is not eerfndn whether Pians brefia is vative in Calabrin or was plunted
there o long Lime ago,
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81. Pinug pitvusa Steven Relerence (9)
(Bul. Soc. Nat. Mose 11: 49,  1838)

Pinus piiyuse was described in 1838 [rom near Pitsunda (ancient
Pityum) on the enst const of the Black Sex.  Laler, this pine was lound
an the island of Prinkipo near [stanbul, in Thrace, in Analolin, and in
Syria.  Apparently, the pine growing on the island Thases, near the
coust ol castern Thenee, is also P. pilyuse (123).

Shaw (142) considered this pine to be Pias halepensis. It is very
closely related to P, brutic.  Turpentine of this pine was analyzed by
Arbuzov and his coworkers (9). The only physical constant of the
crude Lurpentine given was [alo, which was —5.33°. They reported
the eompasilion of the Lurpentine to be:

Componnd: Pereent
daeplinene o L. e e e e e 69. 8
th- 2 enrene . o e e e 236
An unidentified component boiling ub 73% to 78° C. b 45 mm. .o 4. O
Unidentified higher hoiling fraetions. o . ________ e 50

Arbuzov’s Leelhmigue of oblaining the turpentine was rather un-
usual and interesting: the crvstallized part of the oleoresin was
sepurated Trom the unerystallized part by mieans of & Buchner Tunnel;
the remaining turpentine was removed (rom the ervstalline parct by
steum distillulion; the novcervstalline part was also steam distilled.
The resulls were as follows:

Pereent

Turpentine. oo 33.GT
Cryslalline rosin acids. . .. . om oo e eeeeeee e .. 35. 80)
Nonerystalline, nonvolatile with steanm . oo o . 30. 00

82. Pinus pinaster Aii. Relevences (38, 89, 40, 46, 48, 32, 117)

(Fort, Iew 3: 367, [789)

Fings pinaster (or P.omeritima) is called French mavitisie pine.
Lts wren extends from southwestern France and Portugal through
Spain, baly, and the Dalmatian coast of Yugoslavia to Greece. 1L
nl]st) grows in n few places o Morocco wnd Algerie,  Becuuse this pine
is extensively planted in Frunce for obtaining oleoresin, the chemistey
of its turpentine has been well stwdicd.  Dupont. (40) determined the
compasition ol . pinaster turpentine both by applying Darinois’
method ¥ of estimating its composilion by the optieal rotation of
differenl  {ractions and by econventional mothods of  chemicat
annlysis (98).

The composition of Pinus pinaster turpentine wus:

Compounid: Percent
e P I L o e e 43
=B-DIEIE L e e e e 2. 5
Tails ..o, .o oo e e e m i m e — e e 10, &

2 Danineiy, aptical method of detenniving pereentuge of c-pinene and g-pinene
in o turpeniine is based gu the Biol relationship:

- ay ™ s

ll :,nrl-—nr;
for any given fraction conteining the two terpenes.
Xy - the proportion of a-pinene
ap  ohserved opliend relation of U fraction
ap  tutation of pure a-pinene
ey rotation of g-pinene
This mwethod is used only when the bulk of the turpentine consists of two compo-
nents, such as in French mritime pine—Tlor details see Palkin (213,
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Dupont added au important note to the duta, stating that the tuils
do not represent entirely the products of post-distiliation oxidution of
the main feactions, but that sewme oxyvgen-containing substances may
he presenl in snall amounts as such i the crude furpentine.

Lo g fator papee Dupont (39) reported on the composition of the
lails of Pinus pinaster turpentine. The tails contnined: o dextro-
rottory sesquiterpene, which vielded a nitrosite (“belles niguilles
bleues™) with melting point of 109° Lo 110° €. Besides the sesquiter-
pene, there were some oxygenated compounds: pinol and pinol hvdrate,
# ketone, some terpenes, chiefly dipentene, and an unidentified dextro-
rotakory monoeyehe terpene with two double bonds,  In 1927 Dupong
and Burrnud (6) inguired inlo the nature of the dextrorotatory ter-
pene. L proved Lo be o, di-limonene.

Ln TS Dupont, Dulou, and Naffa (52) reported that the sesqui-
Lerpene Tenetion ol the Pinws pinaster Lurpentine conlained two ses-
quiterpenes: curvophyvllene, melling point of its dilivdrochioride
being 68° to 70° ', aad longifolene, melting point of monchydro-
chioride, 39% 1o 60° These Lwo sesquiterpeues made up 87 percent
of the total sesquiterpene feaction.  In 1949, Nafiu (£17) reported
that besides enrvophyllene and longifolene, the sesquiterpene fraclion
of I pinastor tarpentine contained: {1} a mixture of a trievelic ses-
quiterpene, somerie with coprene, and o trieselic hvdrocarbon re-
tnted to azalese; these two amounted Lo 10 pereont of the sesquilerpens
fraction aad (21 eadinene, which amounted to 3 pereent of the fraction,
towether with a litte cadinet,

Pupont and Sowm (49 analyzed commeorcial Lurpentine of Pinus
piaastcr [rom neay Avile, Spain (nbout 4,000 Lo 4,600 feet of allitude).
The phasteal constunts of the tarpentine wore:

Ponsity, (B 08705
Inedex of cefraction, ni} 1,1723
Gotienl rotation, fej, - 20.26°
The turpentine eansisted ol
Compounti: Tereent
e 21113 A OSP4 ¢ |
An paidentified terpene, verey smnll mnounds, _
f-d-pigene L. N
Taudls, twhieh ax o whole bhad woneh simpler eomposilion than the tails
af the above deseeibed French turpentine], about

The chiel compoenent of the tails was n sesquiterpene,  The sesquiler-
pene was eoloriess, had a betling point of 258° . al 760 mum., and
possessed Lhe following physieal chneacteristics:

Donsily, o} 0.5704

Specilie rotadion, Jo] -+ 28,259
o dthex ol refraelion was reported

When one drop ol concentrated sullurie acid was added to the
sesguiterpene diluted with ncetie acid, un intense rose eolor developed
which, appropriately enough, changed to “Bordeaux red?  No erys-
tadline derivatives o this sesquiterpene were obtninedd.  Dupont and
Soupt sugeested that the sesquiterpene was different Irom that found
previously in Frenel turpentine,
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83. Pinus virginiana Miil. Relerence (116)
(Gard. Dict. Ed. 8, Pinus No. §. 1768)

Pinus wvirginiuna, called both Virginin pine and scrul pine, grows
in eastern United States from New Jersey nnd southeastern Virginin
to Floride.  Recently this pine atiracted the attention of uaval stores
producers by a report of Llepting (65) who found that a fungus of the
genus Fusarium caused nun excessive flow of oleoresin but did not
chunge oleoresin composition. Lxperiments have been conducted in
inoculating henlthy pies with the fungus in order Lo increase the flow
ol gum,  Appuarently these experiments were not conclusive,

Oleoresin vsed in the present lests was received [rom Dr. Hepting
from Asheville, N{% The oleoresin represcnted n mixed sample
oblained from nine Lrees inoculated wich the fungus and from two un-
Lrented trees.  Upon distibintion under reduced pressure, 23 percent
of turpentine was obtnined, with the following characterislics:

Density, di*- 0.8503
Tudex of rl.'FmLtlun, n"’” 14087
Specifie rolation, [«]f s 3880
The Lurpentine consisted of a-pinene, 98 percent.
84. Pinus clausa (Chapm.) Vasey Reference (187)
(Gard. Monthly and Hort. 18: 154, 1876)

Pinus elause, commonly called sund pine, is o native of Flovida.
Wostward it extends to extremie southern Alubama.  Hs turpeniine
was annivued by Schorger in 1915 (137).

The \fmhl ol meouLm{- wug 18.93 percent.  Two swmples of the
tuepentine had the following propertics:

Density, di==0.8723 and 0.8725

Index of refraction, nif <1767 and 14768
Obiserved rotation off = —22.80 and —22,490°

Clomposition of the turpentine was:

Compound; Pereens,
fmo I I L L e e tm e s 10
LT T gy 10
B N . e e mmmmmr e e mmm———a——- 75

This is the only pine in which camphete is found in eelutlively Turge
ninounls,

85. Pinus rigida Mill. Relerence (98)
(Gard. Dict. Ed. 8 Pinus No. 10. 1768)

Piaws rigida Mill. is commonly known us piteh pine.  Tts range
extends from New Brunswick and southern Ontario south to Georgin
and Tennessee,

The oleoresiu sample [rom piteh pinc wits colected in 1949 by
teith W. Donnan neur Asheville, N1, and analyzed in our labora-
Lory. The turpentine was ohtauned by heating the oleoresin under
veduced pressure; ot the end of distillation, the temperature of the
oleoresin was 200° (!, and pressure wns 0. [ wm. Turpentine yield
amounted to 23 pcrcent of the weightl ol the oleoresin and possessed
the loellowing plivsical characleristios:

Density, " —=0.8560
Intlex of refraclion, nf = L4701
Specific rotation, [«]f,=--10.0°
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The turpentine contained:

Cowmpound: Pereent
l-a-pinene 65
-g-pinene 20
Ldl-limonene 10

Sesquiterpenes apparently were not present,

86. Pinus serofina Michx. Reference (108)
(FL Bor.-Amer, 2: 205. 1803)

Pinus serofina, or pond pine, sometimes is described as a subspecies
(81) or & varviety of Pinus rigile.  Shaw (742) and Little (86) consider
this pine an wdependent species. It grows on the coastu! pliins from
southern New Jersey to central und northwestern Florida and Adabama.

Pinus serotfne Lurpentine was analyzed in 1908 by Flerty und Dixon
(69). The steam-¢listilled turpentine hud these phvsieal character-
istics:

Density, d20=0,8478

Index of refraction, ni1=1.4734

Hpecific rotation, [e]f=—103° 36’
The turpentine began to boil at 172° (. In the [raction boiling at
175° 1o 176°, Herty nnd Dixon identified {Himonene by prepuration of
tetrubromide. No other components were identified, although o
small amount of sesquiterpenes was suspected. Elerty and Dixon
reporled thut 90 pereent of the turpentine consisted of [Hlimonene.

In 1934 we reecived o snmple of pond pine oleoresin from the Olustee
Experimentnl Forest, northern Florida. The turpentine was obtained
by heating the oleoresin under reduced pressure; at the end of the
operation, the pol temperature reached 212° O, and the pressure was
reduced (o 2 mm. Yield of the turpentine was 19 percent of the
weight of the oleoresin.

The physical characteristics of the turpentine wete:

Density, di*==0.8437
Index of refraction, ni=1.4716
Bpecific rotation, o=~ 83.7%

During the fractionntion of the turpentine, it was noticed that
frnetion 17 was extremely fragrant. There was a great deal of limonene
in that fraction, but there was also appurently an admixture of an
oxyveenated compound. ‘This (raction was redistilled to remove most
of the limonene.  The higher boiling part of the fraction (1.3 g.) was
oxidized to homoeanisic acid; we used the same procedure as lov
identification of methy! chavicol in Pinus {umboltzie turpentine (78).
Recrystallized from hot n-hexane, the homouanisic acid possessed a
melting point of 83° to 86° (. The homoanisic acid was [urther
oxidized to anisic ueid by the action of chromic aohydride. The
neid, reervstallized from n-hexane, had o melting point ol 183.7° Lo
184.6° There was no change in melting point upon admixture of
suthentic anisic acid,

Turpentine of Pinus serotine contuined:

Compeung: Percent
bq-pinene
-Himonene
Mathyl chavieot !
Puidentified sesquilerpene

I Thanks are due Dr. Gene Kritchevsky for identifieation of methyl chavicol.



http:oxidil'.ed

118 COMPOSITION OF GUM TURPENTINES OF PINES

87. Pinus pungens Lamb. Reference (118)
{Ann. Bot. 2: 198. 1803

Pinug pungens {Table-Mountain pine) is a tree which in the forest
pceasionally reaches 60 feet in height and 2 to 3 feet in dimmneter:
when opon-grown, it is rather serubby-——20 to 30 feet high, with a
ghort, thick trunk. P. pungens grows on dry gravelly slopes and
ridges of the Appalachian Mountains from southern Pennsylvania to
North Caroling, enstern and middle Tennessee, und Georgin.

A sample of oleoresin from this species wus collected for us by U.S.
Forest. Service personnel in Buncombe County, N, at an alevation
of 2,400 feet.  Unfortunately, scine of the liquid nart of the oleoresin
was lost in transit, nnd thus the yield of turpentine was rather low—
only 14.5 percent. The turpentine was separated fvom the oleoresin
under reduced pressure; at the end of the distillution the Lomperubure
wis 170° (L and pressure wus 1 mm.  The turpentine possessed the
lollowing charncleristics:

Density, P -=0,8504
Index of refruction, nfi-- 1.4682
Specific rotalion, {a) ge= - 23.7°

The Lurpeatine cousistod of:

Compound: Percent
L T [ U 70
-B-pinene o e . i mm o mmm m 20
Llimonene. .. e mm mm—mm—————————— 8-

The pelymerized residue amounted ondy to 1 pereent of the weight of
the turpentine.

88. Pinus banksiana Lamb. Reference (63)
{Deser, Gen. Pinus 1:7 pl. 3. 1803

Pinus banksiana, or jack pine, grows larther north than any other
American pine.  In the MuekKenzie River Valley it occurs near the
Arctic Circle.  Its range extends from Nova Seotin and central Que-
bee, west to sorthern Saskatehewan and the Northwest Territory,
south to central Alberta and southern Manitoba. [t grows in North-
castern United States- -in Minnesols, Wisconsin, Michigan, Maine,
Vermont, New Hampshire, and in the northern parts of New York,
Hlinois, and Indiana.  In Alberta it crosses naturally with P. contorta,
No. 89 (104},

We obtamed a sample of jack pine oleoresin through the courtesy
of the U.N. Forest Service Lake States Forest Experiment Station, St.
Paul, Minn. The oleoresin was collected from 35-year-old pines in
the Uhippewn National Forest, northeru Minnesoia, in the summer of
1946.  All together, about 7,000 ¢. of oleoresin was obtained. "The
oleoresin was henled under reduced pressure; at the end of the distilla-
tion, when sl turpentine had been expeiled, ihe pot temperature was
inerensed to 185° (. and the pressure was reduced to 0.5 mn1.  The
yield of turpentine was 21 percent.

The turpentine had the following propertics:

Dengity, d3* =0.8395
Index of refruetion, nff = L4670
Specific rotation, [al = +9.75°
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The turpentine cousisted of:
Compounnd: Percent

i- B-l)m(:m__
Residue and losses

Juck pine turpentine received {rom Nicolet National Forest,
had & vield ol 14.5 percent with the [ollowing charncteristics:
Density, o3 =0.8555
Index of refraelion, nii=1.4674
Specifie rotution, fely=+2.27
A sample from Onlario, ('anada, had the {ollowing constlants:
Densiby, dif=-0.8500
Index of refenction, nif-- 110668
Specifie rolation, [ofif= —16.3°
The chemical composition of hivbrids between Pinus banksiana and
P. eontorie is vonsidered undey 2. contorte, No. 89,

84. Pinus conforia Dougl. Referenves (136; wnpub. oriy. data)
{Loud. Arb. Frut, Brit. 4: 2202, 1838

Pinus contorte, commonty known us lodgepole pine, grows over 4
very wide range.  1{ is found from Alaska and the Yukon Tervitory
to Baja Californin, Mex., and Irom the Pacilic coust to the Roeky
Mountains, wheee 11 grows b elevalions up Lo 11,000 feet above seq
level, I also oceurs in the Black Hills of South Dakola and in south-
woestern Seskalehewin.

Botanists distinguish between a constal and an inland form of lodge-
pole pine.  The Pacilic coust form is designated as Pinus contorta
proper, whereas the wland forin, both of thie Sierra Nevada of Cali-
fornia and Lhe Amerienn Rockies, is kuown as £, contorie var. latifolia
Bagehn,, I contoria var. murrayene (Grev. & Balf) Eogelm,, or P
miurrayana Geev. & Ball, A serubby {orm of this pine grown on the
Mendocino coust of California is ealled P. contorta var. bolanderi. In
British Coluinbin the coastal form and the inland form merge, and
Further north Lolh have the name of P. conforta, [n Albertn, P.
conlorte ovorlups the nren of P, bunkstang, No. 88, The two pines
iniereross there, lorming a rather r'onfusmtr hybrid swarm (7104).

Critebbiold (323 stadiod var tnbility of Pinus contorta throughout ifs
range and concluded Ut this species can be divided into four sub-
species: (1) 2. eontorta contorto. of the Pacifie coust, (2) P. conlorta
batenderi found in only one loealily, called White I’Imnq, in Mdendocino
(Couniy, Calif,, (3) F. contorty murrayane of the Sicvra Nevada of

(alilornin, an(l (4) . contorlu latifolia of the Rocky Mountsins.

The chemical composition of linus conforta Lu:ptntmc was [irst
reported by Sehorger in 1813 (186).  The yicld of Lurpentine was 14.7
percent ol the w vvrhi of tho oleoresin.  Physical characteristics of the
turpentine (obLained by stenm distillation) were these:

04 e pie 1881 g ple
Density, i 0. 8549 0. 8518
Tndex of refonetion, ni? L. 4840 1. 4862
Specifie rolation, [«
Upon anabyvzing the turpentine, Schorger concluded that it Lons:stcd
alimost entirely ol ¢ -g-phellnndrenc. No other terpenes were detected.
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In 1948 [ compnred steam-distilled gum turpentines ol the eonforta,
marrayena, and bolanderi varictics of Plans eonlorta rud found these
Lo be very similar {table 37),  [n 1949 I collected a sunple ol oleoresin
of vur, murrayene (rom the siume loculity as shown in table 37. The
turpentine was distilled by one of Dr. Hangen-Smit’s studeuts at
Unlifarnia Institute af Fechuology (unpublished report).

The pressure ab the end of the distillation was veduced to 2 muwmi.
Yiclkd of turpentine was 15 percent of the weight of the oleoresin, and
the physical characteristics of the turpentine were as follows:

Density, (30,3380
[odex of refreetion, nidia- 14818
Specifie rotation, (afff? = -~ 12.14°
The turpentine was reported to contain /-g-phellandrene.

Later, we uwdle numerous analyses of /’laus contorie turpentine
samples, but the resulis have not been published.  The physical
erngtants of some ol these smnples are given in table 38, All the
samples listed in the table were obtained by heating the oleoresin
under reduced pressure; al the end of the operation, the temperature
veached 180° O, and the pressure was 1 mm.  Under these conditions,
the pot residue (e, the rosin) was havd and brittle, showing that
almost all volatile ingredients of the oleoresin had heen recovered.

All samples of Pivus eontorie turpentine analyzed in our Inboratory
possessed about the same composition as reported by Schorger (136).
The bulk of the tiaepentine consisted of {-g-phellandrene.  The heads
contained varving i)ut generally very small amounts of l-a-pinene.
Ln some samples a-pinene was completely lacking.

Pinus contorte oleoresin obtained from Lake Tahoe Valley, Calif,,
behaved somewhat differently.  When distilled at 1 . pressure
and a fingl tenperature of 180° €, the 15-percent yiekl of turpentine
had the usual . conforte charvacteristics:

Density, 4~ 0.8650

Index of refraction, njt= L4877

Specific rotation. [alp= —14.1°
The turpentine, however, consisted entirely of {-g-phellandrene, and
Ehe remaining pol residue {the rosin) was very soft.

When the temperature was ingreased to 200° C., or when the pres-
sure was reduced to 0.5 mm., an additional 11 percent of oil was ob-
tnined.  The oil had the consisteney of custor oil, and part of it
solidificd in the condenser.  This fraction of the volatile oil, which
hardly eould be called turpentine, was strongly dextrorotatory {ap=
+34.3). The substance was apparently a mixture of a sesquiterpene-
aldehvde and a sesquiterpenc-ketone, No further work was done
with it

in Alberts, Canada, Pinus conlorfa crosses nuturally with P
bandsione (No. 88). Turpentine composilion ol individual brees in
thiut aren was studied by Mirov (104). P. enlorte turpentine con-
tained only {-g-phellandrene.  Neither o-pinence nor sesquiterpenes
nor sesquiterpene derivatives were present.  The turpentine of 2.
bunksiane congisted of a-pinene with an admixture of S-pinene.
Turpentine of the hybrids contained a mixture of «- and B-pineties
and {-g-phellandrene, the pinenes predominating. Morphology and
composition ol turpentine i the hybrids were not always correlated.
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TABLE 37.—Characteristics of three varieties of Pinus contorta turpentine

; Initial
Pinus contorta varicty Loeality ) hoiling
point at
28 mm.

Final i Index of | Specific
hoiling Density | refraction | rotation
point at dj® n¥ [«)3§

28 mm.

i s oot |

¢ ° Q. Degrees
Mrrayana b Bierra Nevada . oo ovvmoeaen —mimas 73 76 —15,

Conorta., - . uocsiwmicmicme e California Coast 73 78 —14.1
Bolanderi ... oveiiiimemnnn i | 75 77 -16. 1

Lg-phellandrene was identified in all three varieties (unpublished datn).

TaBLE 38.—Physical constants and chemical composition of Pinus contorta turpentine samples
from different localities

) Yicld of Index of | Specific ‘ ;
Locality turpen- Density | refraction | rotation | Components other than g-phellandrenc !
tine di nig [«

it [POORNPRG ORIV [T, FRUPUSES TR P

Percent Degrees
Minturn, Colo : 18. 6 0. 8473 ~4801 —11, 8 { No -sesquiterpene  compounds; 3 to 4
pereent l-a-pinene,

Kananaskis, Alberta, Sample No. 1 13. -8484 . 4798 -—14.7 }No a-pinene and no sesquiterpene com-
Kananaskis, Alberta, Sample No. 2 12, . 8489 . 4796 -—15.9 pounds.

{\\T:unlgop]s, Blri't.ish ?olhuubia 14. . 8452 . 4828 —17.3 { 5 pereent l-e-pinene.

i Zeals § e 15.0 . 1. ¢ —15. s : . I

Yo Zealind (planted troee 222222200 1801 T80 | IS0 | —15 8 g pinone; no squiterpenc compounds,

SENIE J0 SANIINIQNAL INOAD 0 NOLLISOLINOD

11.7 . 8514 . 4808 —19.-1 | Probably a small amount of a-pinene.

61T
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To sum up, most of the analyzed samples of Pinus contorta tur-
penting consisted predominanély of f-e-phellandrene, some with a
small admixture of {-pinene; turpentine of oue variety (possibly
Critehfield's eontorte murreyeng) was found to contain 15 percent of
the usual I-g-phellandrene and about 11 percent of sesquiterpene-
carbonyl compounds.  Future work on these interesting compounds
is desirable.

90. Pinus greggii Engelm. Relerence (Urpub. orig. data)
(Kx. Parlatore. DC. Prodr. 16-2, 306, 1868)

Pinus greggii oecurs in the northeastern part of Mexico, namely,
in southeastern Coabuila and in adjacent purts of Nueve Ledén and
farther south in San Louis Potos{ and in Hidalgo. Morpholowically,
it is closely related to 2. patulu, No. 91, but it can be distinguished
by its shorter, coarser, erect, vather than drooping, needles.

A small sample of oleoresin of Finus gregyil came, through the
courtesy of Prolessor Joge de la Puente, from near Saltillo, Coahuila.
The turpentine was obtuined by heating the olecresin under reduced
pressure; ab the end ol distillation, the pot temperature was 190° C.
and the pressure was 1 mu. Yield of turpentine was 15.2 pereent.

Phiysical chnracteristics of the turpentine wore;

Drusity, df' - 0.8650
Ludex of refraciion, nji==1.45206
Speeilic rotation, [e)ysy== —30.0°

A bateh of 97 g. of the turpentine was subjected o fractional
distillation in a 90 ¢m. Todd distilling column, The operation met
with an necident and was not completed. Results of this partinl
fractional distillation are given in table 39.

Tapue 39.-- Results of fractional distillation of Pinus gregyii

tiwr petline
! '[ [ ! : "
I Boiling | Density | Indexof i Specifie
Fractions {  range ' | Distillale | it ! refraction { rotation
{ : : : ny : feei
‘ . 1 Pereent l ; Peyreex
| I 133 185 2 4861 0. 558 ¢ 1. 4645 -8 00
QL 183 - L57 i LT . 8322 Lod4Ga0 .
[ F L5T- 160 ; 1. 02 . 8504 14689 ... _.
P 1G0- 165 215 . 8384 L, 4688 . ~ 0 82
... 1G5 160 1.02 | . 8544 | Loa70d ..
[} . 106Gt LGS [ 1.33 ¢ . 805 I, 4716 —11. 40
T 168 169 ! 205! . 8502 : L. 4725 ~— 13 00
Yoo L. 169 170 i 1. 43 ! . 8538 . 4735 — 14 O
1 170 171 | L7k . 8517 | 1. 4745 - LG, 30
0., ... I'.r'I-I'?Q1 4. 92 4 . 8582 1. 4749 = 20 6l
L. .. 192173 1 L3 91! . Bl38 1. 47h9 — 24, H6
: i

I Pregsure, 760 uun,

The three head fractions were composed ol {-a-pinene.  Fractions
4 Lo §, inclusive, covsisted mainly of /-g-pincue. The undistilted
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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 econtained
{-3-phellandrene, together with {-limenene, and some sesquiterpencs.
Turpentine of Piaus greggii should be reexamined.

91. Pinus patula Schl. & Cham. Reference (Unpub. ortg. dafe)
{Linnucn, 6, 354)

Pinus patula is ¢ Nlexiean pine of o rather limited distribution.
It grows in the subtropieal parts of the country ut elevutions ranging
{romy 1,600 Lo 3,000 meters (nbout 5,250 Lo 9,800 fect) above sen lovel
where the climale is cool and humid.  This pine occurs in the States
of Querélare, Hildago, Mexico, Puebla, aud Verseruz, It hus beou
reported Lo grow in one locality in she State of Tumuulipns (86). It
has been planted lor ornamental purpeses in the warmer parts of
Clalilornia.

Olepresin Tor Uie present study was collected from 30-vear-old
planted (rees growing at the Bddy Arboretum, Institute of KForest
Gienetics, Placerville, Culif. Yield of the turpentine, becnuse of
very hol and dry Californin sununers and the nature of the volatile
oil, was very small-—only 15 percent of the weight of the oleoresiu.
Wlen oleoresin was collected in wir-tight containers, the vield of
Lurpetline was 27 percenl,

"Fhe turpentine was obluined by henting the oleoresin under reduced
pressure; at the end of distillation, the pot Lempernture renched
2122 (", and ke pressure was reduced to 1 mm.

The turpentine possessed w sweet odor, suggesting not only the
presevee of phellundrene but also of some other sweat-smelling sub-
stances, perhups oxygennted compounds.

Physicnl characterislics of the turpeuntine were Lhese:

Dengity, d7 = 0,8591
Index of refraction, nF=1.4885
dSpeciic rotation, [elyg=—5.24°

The turpealine was [eactionnled in a 90-cm. Vigreus column,
20-cni. huneter, equipped with hented jucket, A reflux of 10:1 was
matatained; the results and phyvsical charactetistics of the [ractions
wre shown in (able 40.

Phivsical properties of the fractions plotted aecording to Sutherlind
(187) suggested Lhat the fractions boiling below 170° . contnined
two main ingredients: dl-a-pinene and {-g-phellandrenc (fig. 17).
These Lwo terpenes were duly identified by preparation ol erystalline
derivittives.

Pinene nitrosochloride (melting point 103° (1) was prepared (rom
tie materind of fepetion 1, and pheliandrene nitrosite (melting point
2%} from the oil of {ractions 10, 11, and 12, Tests lor presence
of limonene nnd  A%-enrene were negative.

When the distillation temporaiure reached 175° (1, the oil remain-
ing in the flusk becawe polymerized o the consistency of castor oil,
A 120 col mensure of Uus pardy polymerized flask residue was lrae-
tionuted undler reduced pressure m n 12-ineh long, 1-ineh dinteter
column, filled with glss helices.  The results are given in Cable 41,
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FR.I?7

camphene « of- pinene

o-pinenes

FR.

. Q’-curene

T\

limornene »

F-pheliondrene

.78

B-myrcene »

1.45

1486

1.47 1.48
INDEX OF REFRACTION

.49 L50

Fireuns 17.—Sutherland diagram of fractionated Prrus patula turpentine.
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TasLe 40 —Fractional distillation of 200 g. of Pinus p ~vic:
turpentine—spressure 762 mm.

) Pres- Boiling Density ] Index of { Specific
Fractions sure range Distillate a3 refraction | rotation
i [e)szs

M, fegrees LPereent Lreyreea

760 | 158-150 . 4665 :
760 | 159-161 . 4679 —10.
760 | 161-162 4690 —10.
760 | 162-163 . 4706 —13.
760 | (63164 4721 — 14,
760 1 164-160 . 4755 ~15.
760 | 169-171 . 4779 —18.
760 | 171-172 . 4799 —~17.
760 | 172-173 4814 —17.
760 | 173~174 . 4826 —18.
760 | 174-175 . 484} —18
760 | 175-176 4846

2| 54-66 4861
66-73 4921
73-78 . 4965
78-85 . 4960

W oO@OoOMI M~ OO~

09
[.&
2.8
L&
2.4
2.8
g 3
19
1. §
4 6
12 0 )
4, 4
3.0
4.0
2.0
30
4.8
3

|
!
t
!
|
|

SR e SR B

17
Pot residuc !
ang loss_ | _

L]
™~

U After cooling, 63.6 g. of pot polymerized residuc solidified into an amber-
colored mass.

TanLe 41.~—Fractional distillation of kigher fractions of Pinus patule
turpentine

Boiling [ Density | Index of | Bpecific
Tructions rangs Distillate di refraction | rotation
g (axlsrs

WL 8 FPereent Degrees

H4-60 21 8 1 0 842} 1. 4801 —21. 3
6G6-73 L . 8759 1. 4021 —17. 0
' 7375 ix L9084 1. 4965 -1
’ 78-85 . . DTS L, 4966 +16. 8

R I R

85-90 . . 82358 1. 498% +33. 8

Fraction 13 also consisted predominantly of [-g-phellandrene.
Fraction 15 was tested for methyl chuvicol; the results were posi-
tive. Fraction 17 was tested for sesquiterpenes by preparing hydro-
chlortile: 5 ¢. of the oil were dissolved in 40 ce. of absolute ether and
treated with dry HCL gas for 30 minutes. Abundant erystals of
hydrochloride were formed after the treated oil had remained in the




124 COMPOSITION OF GUM TURPENTINES OF PINES

refrigerator for 50 days. The hydrochloride was recrystallized 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 patule turpentine was also determined
by meaus of vapor chromatography. Previously the apparatus had
been calibrated by using known e-pinene and g-phellandrene. From
the results shown in figure 18, it is seen that the two major components
of the terpene {raction of P. patule turpentine are e-pinene and 8-
phellandrene.  Besides these two terpenes, a very small amount of
another compound was present, probably methyl chavicol.

— T T T
1
Column: Ueen, 5 ®
10035 Tempearature: 190°C 12:, e
Helivm flow rate: 5O mi/min. ;‘_;_ §
Somple volume: 20 pl ‘E |
Cell currenk 200 mo & »
80 | Recorder sensitivity: 10,160 & 220 my |
w ﬂ
b g =
Z 60— A £ & E_|
=] ! e 8 e
t u n 1]
G W [ )
o
g Sesquiterpene troction ¥ Vi
& 40 g -
o =
2 ]
& 2
[ =4 =)
2 £
20 N\ >
VARN I\ 2
L
/ T A E
0 A bwd
28 24 20 ] 12 8 4 0

TtME—= minutes

Fraere 18—Vapor ehromatography chart of Pinus pafufa turpentine.

The sesquilerpene part of the churt shows three major peaks. One
of these peals represents longilolene, already identified by its hydro-
chloride. The other two peaks possibly are g-longifolene and xy-
longifolene. These two sesquiterpenes had been found by Ghutgey
and Bhattacharyya (56) in Pinus longifolic, No. 26, turpentine.

To sum up, turpentine ol Pinus patuie contained:

Coewmpound: Percent
l-ce-PINGIE _ _ . 5
-g-phellandrene . L e 70-80
Methyl ehavicol . o e i}
Sesquiterpenes, ehiefly longifolene.. . 10

The high content of {-g-phellandrene in -P. patula turpentine can be
compured only with thut of P. contorta, No. 89. The two pines in
Shaw’s botanical classification (142) stand very close to one another.
A reexamination of the turpentine of this interesting pine is advised.
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92. Pinus muricaia D. Don References (86; unpub. oriy. date)
(Linn. Soc. London. Trans. 17: 441, 1936)

Pinus muricate is a California species, commonly called bishop
pine. IL grows slong the coast of northern and central Californiy.
It also occurs in the Mexicun Siate of Baja Culifornia and on the
islands of Cedros and Guadalupe, near the coast. Duflield ® who
studied varinbility of £, muricate, proposed that this species be divided
into lour varieties: (1) borealis of the nortl; (2} muricale ol the south
(mainland); (3) remorata of Santa Cruz and Santa Rosa Islands: and
(4} cedrosensie Howell (of Cedros Island).

In 1945 I obtained n sample of Pinus muricaia oleoresin from near
Fort Bragg, on the Mendocino coast, Calif.  Turpentine was obtained
by steam distillation, nnd the vield was 22.4 pereent of the weight of the
olearesin,  The physical characteristics of the turpentine were these:

Density, di*=0.8610
Ineex of refraction, nig= 1 4693
Spetific rotation [e]@== -+ 11.6°

The turpentine consisted almost entively of o,dl-a-pinene (98 Lo 99
pereent), and less than 1 percent camphene.  Apparently there were
ne sesquiterpenes.  Dr. Sutherfand of the University of Queensland,
Brisbane, Australin, wrote me thal he suspected small amounts of
e-tujene in the turpentine ol this pine.

For an investigntion of the variely remorate, originally known as
Pinus remoratn Mason (88), we obtained five small samples of tur-
pentine from Santa Cruz Island and two samples Irom Santa Rosa
Islandl.  The samples had optical rotation, ap, vurving within narrow
limits [rom —43.00° to —45.5°% us compared with ap=-9.08° of
P muricate var. borealis.

93. Pinus attennata Lemm. Reference (£07)
(Mining and Sei. Press 64:45.  1892)

Pinus attenuata, knohcone pine, is a Pacific coast species,
growing in widely scattercd places al medium altitudes, often on
rocky slopes, of hoth the Coast Ranges and the Sierra Nevada from
soutbweslern Oregon to southern California. 1 is also found in Baja
California, Mexteo.

Oleoresin of knobeone pine was collecled in the summer of 1945
near Kelsey, El Dorado County, Calif., at an elevation of 1,500 to
1,800 fect. The trees were overmature, of poor growth, and of ruther
grotesque appearance. The site was extremely dry and poor. Twenty
Lrees were Lapped.

The oleoresin was heated in o 2-liter Claisen flask in aun oil bath
under recluced pressure; the temperature of the bath toward the end
of distillation reached 200° C. and the pressure was reduced Lo

.03 mm. Yield of the turpentine was as follows:

Purpen-

fine
Date of olecresin colleetion: {percedt)
June 9 a4 2
23, 4
23. 8
August 25, . . . 24.0

H Doeprignn, Jonx WaRKEN, INTERRELATIONS DF THE CALIFORNIA CLOSED-
CONE MINES WETH SFECEAL REFERENCE TO PINUS VURICATA D DON. 85 pp. 1951,
[Ph. D. thesis. Copy on file Univ. Calif,, Berkeley. |
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The turpentine (combined from all four gatherings} had the
following characteristics:
Density, di*=0.8520
{ndex of refraction, nf=1.4652
8pecific rofation, [aff=+17.1°

The Lurpectine was 98 percent d-a-pinene.

94. Pinus radiata D. Don References (8, 20, 81, 116)
(Linn. Soe. London. Trans. 17: 442, 18386}

Pinus radiain is the Monterey pine of the California coast souih of
San Franciseo Bay, particularly of the Monterey peninsula. It also
urows ou nearby islunds. [L has been planted extensively in the
warmer parts of the world, especially in the Southern Hemisphere.
in Auvstraliz and New /cuhmd where it is known as P. insignis
Dougl,, it has become a commercial source of lumber. Turpentine of
AMonkerey pine was investigated first by Barraud in 1928 (20). She
worked with two sumples of turpentines. Physical charneteristies of
tise samples were as follows:

Planfed treey
Friece Fortugul
Yiald of turpentine, pereent_ . __._______ 22 20
Density, di. L iiimmmmmimmmmmaaa-. 0. BG85 0. 8700
Tndex of rcfrmtlun, 1"“ _______________________ 1. 4680 {. 4712
Rotalion, e oo o oo — 0. 88° —1l.20°

Apparently both sunples were [raclionated together. The turpentine
contuined:

Compound: Hercent
fodl-a-pinene L e 343
deB-PINB e L L L ol 64. 4
Dipentene. o oo e m e m A m i mm——mmm———— e L&
g L o o e o e 1.7

No ervstalline {etrabromide was obtained to verify the presence of
dipentene.  Alcohols were suspected but not identified. A sesqui-
terpene was appurently present, but no crystalline derivatives were
obtained.

MeCombs (91) in 193! analyzed Monterey pine turpentine obiained
in New Zesland from planted trees. The characlerisiies of this
Lurp{'nt.in(‘b were: Density, d=0.872 to 0.874; observed rotalion,
a=—12.4

The composilion:

Compound: Percent
Foa-PHBC L L e e 24
FeB-pRCTC - L e 75
B T 1

In 1932 Arbuzov and his coworkers (8} reported their work on
turpentine obtained from planted Monterey pines in southern Russia.
Physical characteristics:

Density, ¢i=0.8685
Tndex of refraction, ni¥=1.4770
Bpecine rotation, [o:lpv- —3.25°

A
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The composition was:
Compound: Percent
d, di-a-pinene
-g-pinene
Camphene
Higher boiling fructions (unidentified)

Monterey pine turpentine investigaied in our laboratory {116) was
distilled from oleoresin collected from 20-vear-old planted trees at the
Institule of Forest Genetics, Placerville, Calif. Yield of olcoresin
was very poor. The olcoresin was heated under reduced pressure; at
the cnd of the distillation, pot temperature reached 190° . and
pressure was reduced to 1 mm.

The yield of turpentine wns 16.8 percent. Tt possessed the following
physical chavicteristies:

Density, d?=0.8594
Index of refraction, n%=1.4727
Specific rotation, [alf=—5.85°
The turpentine contained:
Compound: Fereent
{,fll-ee-pinene
L-A-pinene
The tails, amounting to 3 percent, were not examined

§72912°—0C1——10




Part III. Conclusion

SUMMARY OF FINDINGS

This investigation bas broadened our knowledge of the composi-
tion of pine gum turpentines, their varinbility and inleritanee, and
the disiribution of their components among the species of the genus
Pinus,

We have found that pama(hn byvdrocarhons are not as rare in pine
gum turpentines as had been thought before.  Previously, n-heptane
((;Eist was reported only in two Cabifornin pines, Pinws jeffregi and
Posubiniena,  We have found n-heprane in six other pines: P. refleza,
Poayacahuite, Poanonticota, P lorreyuna, P, oarucena, and P. monte-
zumae.  w-undecenne (O kL discovered in 1922 by Simonsen and
Raw in P, exeolsa (£, groffilhisy has also been found in the following
pines: £ kortiensis, Poreflera, Poarmandi, Pomonticole, PP torreyana,
PLoenulteri, and P ogrecene, and in ane variety of P, ponderose.  An
untidentifivd nonane {(Colly) was detected by means of a mass speclro-
seope in the Lurpentine of £ forreyena, No. 33, It is possible that
minule guantities of other low-boiling parattin hydrocarbons could be
found in other pine Lurpentines.

An arometic hydroearboen, p-cymene, previously reported (14) in
Pinus syfrestris turpentine, was nol found in any other pine gum tur-
pentine,  Alter our work hnd been completed, however, Sutherland
and Wells (7583, using uliraviolel absorption technique, reported
minule quantilies ol p-cxmene in wirpentine of P. fueda.

Olefinie open chain terpenes of the general formula (4 Hg, s are rep-
resented in gunt Lurpentines by only (two compoeunds: g-myreene and
oeimene,  Myreene had been previously reported in turpentines of
Dinus sylrestris, 1. longifolia, and . nigra.  Later it was found in
the (turpentines of live additienal pines: 2. peuce, F. edulis, P. pon-
derosa, P, faeda, and . fadepensis. Ocimene, never before reported
ns o componeni of gum turpentines, was deteeted in 2. edudis and P.
guadeifolia.

Ameng monocyelie Lerpenes, limonene was found in 30 pines—
predominantly in its f~¢f Lormy, 1 some pines probably as a pure
lovorotalory antipode.  In Pinus fumboltzii, {Hlimoncene possessed a
very hirh rolatory power of —124. Ao inert form of litnonene, com-
monly known ns dipentene, is found in turpentines of eight, possibly
rine pines, in very minule quantities. A dextrorotatory limonene
wns Tound, also in minute quantities, in turpentines of 2. pinaster,
by Dupont and Darvaud {(40}; we recorded it in turpentine of £,
trojrivalis,

Another monocyelie (erpene, teepinolene, had been previously re-
ported in Pinis sylvestris (No. 42) turpentine and in minute amounts
m the tails of £, palusteis lurpentine. We found this terpene m tur-
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pentines of five additional pines, Nos. 9, 12, 21, 76, and 80, and in
some eastern forms of 2. pondersse, No. 54.

A third monocyche terpene, g-pheliandrene, previously reported in
Pinus contorte turpentine (1836) and in a mutant of P. sylcestriy (82),
has been found iu our laboratory in turpentines ol several othier pines:
P. coulteri, P. resinose, P. insulariz, P. ponderose, . patule, P.
cartbaes, and . elliotni. In all these cases, S-phellandrene was
levorotatory, its specific rotation being in the neighborhood of —15°.

Five bieyclie terpenes wre found in pine gum turpentines: a-pinene,
g-pinene, A-cnrene, camphene, and o-thujene.  a-pinene i either o
dextroratatory or a levorotutory {orm, proved to be, us expectled, the
most common of ull terpenes in pines. I iU were not lacking in tur-
penlines of six pines, Pinus @lbwawlis, P. piuea, P. jeffreyt, P. tor-
reyane, P. sebintane, P. washoensis, and in some varieties of 72
cantorta, it could have been enlled the generie character of pines.

B-pincue, almost always in its fevoretatory [orm, was Tound n fifty
or so pine species.  This terpence generaliy, bul not always, cccupies
a subordinule position in the composition of pine turpentines.

A bicvelic terpene, A%-carene, originnlly detected by Simonsen in
Pinus longifolic and reported to be an ingredient of four more Asiatic
pines, P. sibirice, P, sylvestris, P, merkusii, and P. pityusa, was rather
comumon in the turpentines of Anterican pines.  Some varieties of /.
ponderose contain 50 to more than 60 percent of Lhis terpene in their
turpentines.  Af-carene was suspected but not identified in burpentine
of P. opearpa var. trifoliata.

Camphene, which had been previously reported in Pinus nagre, P.
clause, and ravely in P syleesiris turpentine, was detected in our
[aboratory in the turpentine of only two additional pines: /7. armandi
and P, muricata.

A bievelic terpene, e-thujene, was suspeeted by Butherland {per-
sonal communiention} as oceitrring in numile quantities in turpentine
of Pinus muricate and was definitely Tound by Sulherland and Wells
(£58) in minute guantities in turpentine of £, longifolia.  We have
not detected this terpene in nuy olhier pines.

In the sesquilerpene group, cadinene had been reported i Pinus
pinaster und in Lwo pinyon pines, . edulis and P. quodrifolin. In
severnl additional pines, we found either eadinene, or cadinenelike
sesquiterpenes, yietding erystadline eadinene dibydrochloride.

A trieyelic sesquiterpene, Jongifolene, which had been discovered
by Simonsen in Finwvs longifolin, was identified in our laboratory w17
pine species.  Counting previous findings, this sesquiterpene s in
the Lturpentines of 24 pines, often in large gquantilies. For inslance,
ponderosa pine turpentine from the Blacek Hills of South Dakota
contnined U3 percent longifolene. Thunbergine, reported by Dupont
and Bareand in the turpentine of P. thunbergii, no doubt waslongifolenc.

A bieyelic sesquiterpene, named albicaulene by Haagen-Suig, was
found in three pines: Piaus albicaulis, P. flexilis, and P. pavoiflora.
A biryelie sesquiterpene which Tdetected in turpentine of I, piacennd
and named maderene is apparently a new sesquiterpene,  Laber we
found a sesguiterpene with similae propevties in 2. pines Lurpentine.
Both 2. pinceane and P. pinee ure predominantly limonene pines.
We niso found seveenl sesquiterpenes whose erystalline hydrochlorides
we were nob able to prepare. The sesquiterpenes of five pines yiclded
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cadalene. P. parviflera turpentine contained a sesquiterpene which
on dehydrogenniion gave azulene,

Diterpenes were found in turpentines of five pines, Pinus koraiensis,
P. albicwulis, P. armandy, P. lambertiane, and P. peuce.

Aliphatic terpene aleohols are very rare in pine gum turpentines.
Besides nerol, found by Dupoent and Barvaud in turpentine of Pinus
thwnbergii, we detected linalod! in turpentine of P. fenvifolic. Possibly
linalodl ts also found in turpentine of P. jefreyi.

Cyelic terpene aleohols nre ulinost never found in gum turpentines.
Simonsen reported terpineol in Piaus grifithil turpentine; we have
never encountered this substance.

A sesquiterpene aleohol, eadinel, had been reported by Naffa (Z17)
in Lhe cadinene fraclion of Pinus pinaster turpentine. We found
atbicaulol in three or possibly four pines, Nos. 5, 8, 10, 11, and two
other sesquilerpene adeohols, one in P. lamberfiena and another in
P. engelmannii.

A diterpene aleoliol was apparvently present in the turpentine
of Pinus peuce, No. 12,

In the distribution of sliphatic aldebydes, we have found littie
that s new: oaly deeyl and luurel aldeliydes in turpentine of Pinus
lorreyana, and the indicated presence of aldehydes in turpentines
of 2. coulteri and the Santa Cruz variety of £. ponderssa.

The prosence of lnurel aldehyde in turpentine of Pinus luchuensis,
No. 44, reported by Akivoshi {4}, is of utmost significance, beeause
tt ties Clalifornin pines with pines of Eastern Asiu.

Appurently small amounts of ketones eecur in turpentine of Pinus
strobuy; & C carbonyl compound in P. forreyenu, and a sesquiterpene
aldehyde with a sesquilerpene kelone in P. contorie.  Unidentified
oxygennled compounts were detected in turpentines of several pines.

A phenol ether, methyl c¢havicol, had been previously reported
in turpentine of Plaus jeffreyi, und in tails of turpenlines of P. palustris
and P, elliottii var. ellioltii. We found methy! chavicol in three U.S.
pines: P. ponderosa, P. elliottii var. densa, and P. serciing, and in
five Mexican pines: P, lwmholizii, P. hoertwegii, P. michoacane, P.
pringlei, and P. pedule.

We found an alipbatic ester, ethyl caprylale, in Lhe turpentine
of Pinus edulis. This ester had been found previously in small quan-
i1ty (0.6 pereent) in fusel oil of grape brandy.

Only three terpene esters have been found in pine turpentines:
bornyl formate in Pinus canarionsis, terpinyl acelale in P. albicaulis,
and bornyl acetate which, though found in laree quantilies in pine
needle oil of many pines, proved rather rare in pine turpentine. We
found bernyl acetate in only six pines, P. koraiensis, P. grmands,
P, peuce, P. montivola, P. belfouriane, and P. tatwanensis, and it has
been veported in the lils of P. palustris turpentine (36).

APPLICATION OF RESULTS

In taxonomic studics, cspecinlly when morphological characters
are nol teo elenr, o knowledge of chemical composition of the turpen-
tines may be helplul. A good example of how chemical composition
of turpentine mmy serve taxonomic purposes is the relationship of
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Pinus halepensis and its supposed variely /2. brutia. In the light of
chemical differences of their turpentines, these two pines appear to be
separate speeies, This conelusion has been supported by independent
morphologienl studies (222) and by entomologieal evidence (103).

Knowledge of the chenieal composition of turpentines often is
useful in untangling diflicult problems in tree breeding, especinlly
when taxonomic status of the purent trees is not eertain. For instunee,
Righter and Duflield (£29} in 1951 described a hybrid obtained by
crossing Pinus ponderose and F. engelmannii. The hybrid possessed
several advanltngeous charneters, such as o long tapreot and rapid
rrowllh., ‘The taxonomie status of the parents was not certnin, beenuse
their celutionship was fir [rom being settled.

Smine bolanisls {142) consider Pinns engelmannii moerely o variely
of ponderosa pine. Irom their point of view, the hybrid 2. engelmannii
¥ P, pomdderosa is, Lhen, the product of an intraspecific hybridization
ol twe varielies of the same speeies. Others (156) believe that the two
pioes are distinet species; the bybrid then would be considered the
resull of an interspecific hybridizalion.

Pinaes ponderose is gencrally recognized as a valid species. Some
botnnists recognize several varietios within the species, such as variety
seopelorum. Others do not believe that these taxa merit a varietnl
slalus.

The status of Pinus engelmannii, however, is more compliented.
This pine has been deseribed by various botanisis ns a distinct species
(P. macrophylle Engelm., 1887; F. lulifola Suvy., 1889; . epacheca
Lemm., 1894; £. meyrican Surbw., 1897). All these names signily
thut it may be entitled to the vank ol a speeies. On the ofher hand,
Shaw (14Z) does not consider this pire distinet [rom ponderosa pine
and places the wbove lisied names 1n synonymy under P, ponderosa.
n the Forest Serviee Choek List of the Trees of the United States
(161, 1l is listed as P. eagelmannii.

Herburium specimens ol Finus engelmannii and P. ponderose are
very simitlar in appeatanee.  But lovesters, nnd those botanists who
are fumiline with the 1wo pines growing under natural conditions, nre
aware of many distinguishing chiacters in P. engelmunnii: long,
lush-green [olinge; deep taproot of seedlings; a seedling “grass stage”
similar o that of P, pelustris and (in lesser degree) of P monlezumae;
red-brown color of birk seales, and others. Tt is on these characters
thut 2. ergelmennii was coosidered Lo be o distinet species.

Qur invesligntions ol the turpentines Murnished additional informa-
Gion on the relationship of the two.  All the investiguled varielies of
Piaus penderose-—-from Californin, northern Iduho, the Binck Hills of
Soulh Dakota, Colovado, Utuh, nnd Arizona—may be charnclorized
by the presenee in their turpentines of large quantities of a terpene,
Aegarene. Chis terpene miny be thus considered ws a specifie char-
seter of ponderosa pine Lhroughout its range. On the contrary,
turpentine of £, engelmannii doos nol contain uny A%-carene.  Thus,
taking into considerution ils chemieal chareters, it should be classified
as n distinel spevies and not as & varicly ol 2. pondgresa, and ihe
hybrid between Lhe two pines should be ronsidered as an interspecifie
enther then wn intenspeeifie hyhrid.

11 the chemieal composition of turpentines of two pines is suflicientiy
distinet, it is easy to identify nabural hybrids by their turpentines.
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Such are hybnds between inus jeffreyl and P. ponderosa, or between
P banksiene and P. conioria.

The data presented in this publieation may also be of value to
industry. Seme pines have turpentines consisting almost entirely of
a-pinene.  Some species contuin an abundance of I-limonene. Tur-
pentine ol two Californin pines consists chiefly of m-heptane; large
guantities of this hydrocarbon were oblained as a chemically pure
procluct from Pinus jeffreyi in the 1930’s when antiknocking motor
luels were developed (29).

A'-carene 8 a relatively new terpene (discovered in 1922). Its
industrinl possibilitics are less known than, say, those of a-pinene.
We have found Ad-carene In several Amenean pines—sometimes in
lnrge quantitics (more than 60 percent of the total weight of the
turpentine).  Perhaps this terpene may be industrialiy important.

Knowledge ol turpentine composition may be useful in entomologi-
enl studies concerned with inseel-repetlent or insect-nttractive con-
stituenis of oleoresing.  Nnowledge of the effect of different eon-
stituenis of turpentine on [ungi or bacterin might be profitable in
puthologieal worl.

Terpenes ol certain pines have been employed in the preparation
of liquid seintillalors for studics of C* distribution in nature (64).
An tnventory of the occurrence of different terpenes among the pines
throughout the world proved to be very useful for this purpose.

SUGGESTIONS FOR FURTHER RESEARCH

Investigalion of the chemienl nature of pine turpentines is fur from
being completed.  The information contnined in this publicntion
covers most, but not all species.  In muany species only one sample
of turpentine was available for analysis; oceasionally a sample re-
reived was of such poor quility that the results ennnot be considered
as final.

There are pines whose botanical slatus is uncertain. Such pines
a8 Pinus densele, and P. kwanglungensis of southwestern China, or
P douglasiana, are apparently valid species, but they are not included
in this publication.  Their turpentines should be studied. The same
applies Lo what appeared to be an inlund form of P. caribeee which
I'observed in the mountaing of Hondures; and Lo P. cubensis, which
is placed by Shaw (£42) under P. occidentalis. Turpentine of P.
oectdentelis has rot been analyzed.

A study ol the occurrenee of chemical mulants among the pines
ppromises mnteresting results.

In the course of our projeet we have inquired inlo the composition
of turpentines of pine hybrids, both natural and artificial (104). As
more nad more pine hybrids are found in nature and more artificial
hvbrids ave created by tree breeders, there should be more studies of
the ehetical eomposition of turpentine of the hybrids. A study of
Lthe mode of inhierilance of terpenes in the genus Pinus might be very
usclul, in both science and pructice.

Our work with Minus ponderose has shown that several chemical
varictics may exisl within a pine species. Penfold (724) calls these
varicties physiologicnl lorms.  Many other pine species, sueh as £.

pseudostrobus, 1. nigra, P, suleesivls, and P. tabufaeformis, are com-
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posed of several varicties. Turpentine composition of these varielies
should be carefully studied. Further studies of individunl variability
in composition of turpentine within & pine population also are very
desirable.

The high-boiling fractions of iurpentines contain, besides sesqui-
terpenes, small quantities of oxygenated terpene and sesquiterpene
compounds. These high-boiling fractions should be more carefully
studied. New mothods of analysis, such ns infrared spectroseopy or
vapor chromatography will he indispeusable in such studies.

Becnuse A-carene is more widespread in pine turpentines than
formerly thought, it should be intensively studied. Structural for-
mulae of the sesquiterpene coimnpounds reported in this publication
should be determined. DBiogenesis of terpenes nnd of nonlerpene
constitutents of turpentines should be studied. HEspecially intriguing
is the biogenesis of paraflin hydrocarbous.

It is hoped that information presented in this publication will
stimulnte further resenrch 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 hupdrocarbons (G, 1)
n-heptane (CrH,g © 7,9, 14, 32, 33 (less than 0.1
i percent), 347, 35, 36, 65
: (possibly as a result of
hyhridization)
An unidentified ponane (Collay ... ____ 33 (less than 0.1 percent)
n-andecane {CyHz) o1, 7, 8 13, 14, 33, 34, 36, 54
{one variety)
drnatic hydrocirbans
p-eymene {Cptp)

! 42, 6L (by uliraviolet zbsorp-
tion only; minute quanti-
ties)

Olefinic open chain terpenes (G, Ho-4):
g-myrecne (leI;ﬁ}

HC
C= CH-CH CHy C-CH=CHa . _. 112, 21, 42, 51, 54, 61, 79

[5G H f
Uctmene (CupHys)
H,T

AN
C.CHaCH, CH=C.CH==CH, 21, 22; 23 (possibly)
H,O é)}h '

BT2N2% Gl ——11
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Compound

Pine in which found, by
number as listed in text

Menacyclic lerpenes?
Limonene {CyH,q)
Predominantly Ldi. . ___._____

CHs

l

L7
C dl-iimonene {di cntene)‘
/ \ P -
Hy C St

|

Terpindlene {Cialls) - v o omeoinamcameee

CHs

HaC CH
ch CHZ
\\C/

I
e C\

e CH

-g-phellandrene {Collg) oo _____

CHy

H

1, 3, 8, 14, 18, 20, 21, 23, 24,
26, 27, 20, 30, 31, 33, 36,
11, 42 45, 52, 54, B, b,
87, 70, 75, f? 85 86 87

38, g2

i-l 45, 46, 51, 30, 57 and 5% {in
m;ls}, b8 73 {possibly}

9, 12, 21, 26, 42, 54, 57 (in
tails), 73, 76, 80

34, 37 {possibly), 42 (rarely),
-t (possibly), 48, 54 {(possi-
bly}, 58, 60, 80, 91

TR T
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Compound

Pine in which found, by
number as listed in text

Bicyclic terpenes:
a-thujene {CipHl)

Camphene {CyH;q)

CH,

] _-CHy

HpC - C—C
z # ™ CH,

a-pincne (Cptl)

26 (minute quantity); sus-
pected by Butheriand in 92
{personal communieation)

8, 42 {rareiy), 51, 84, 94 (trace)

In all pines except 5, 31, 32,
33, 35, 36; 71 has not heen
investigated.
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COMPOSITION OF GUM TURPENTINES OF PINES

Compound

Pine in which found, by
nuinber as listed in text

Bicyelic lerpenes—Continued
B-pinenc (nopinene) (Coklg) .o —————

CH,

t
N

HC CH

Ad-carene (Col,s)—always in a d-form___..

CH;
c
HC/ \CHZ

Hzc\c /CH\.'C G
H ~

CHa

Sesquiterpenes (CysHy)
Cudinene nnd cadinenelike sesquiterpenes,
vielding ecrystulling eadinene dihydro-
ehloritdde m.p. 117.5°-118.5° C.

i
C CH
HTf \CliH iﬁi‘l
H, cH C
Q‘~\?H \\“cﬁ:/'\\“cu,
CH

~
HyC CH,

Cuadinene  (nceording to Camphell and

Soffrr}

1,2 8 4 8 10, 12, 14, 15, 14,
17, 18, 25 {possibly), 2G, 29,
37 (possibly), 38 {pussibiy),
40, 19, 43, 44, 47, 48, 49, 51,
53 (probubly), 54, 35, a6,
57, 59, 60, 1, 62, 66, 68, (0,
70, 71, 73, 75, 74, 70, 80, 82,
84, 85, 87, 88, 90, 91, 04

1,3, 4,5, 7, 21, 26, 28, 42, 47,
54, 55, 56, 58, 63, 67, 73, 70,
80, 81
NOTE: A'-carene wns gus-

ected, but not positively
identified in turpentine of £.
pocurpa var. irifolista, No. 78

5, T {possibly), 8, 11, 147, 21,
22,23, 42 (possibly), 54, 66,
82 {reported as isccopaenc)




COMPOSITION OF GUM TURPENTINES OF PINES 147

Compound Pine in which found, by
number as listed in text

Sesquiterpenes (Cyky)—Gontinued

2

i

Cadinene clibydeochloride (necording to {
Holfer) !
Referonee: Guentber (59, 0. 2, 5. 01) |

|
Longifolene (Cfly), always In dextro- | )
rotutory form ! 1, 20, 96, 29, 30, 33, 36, 41, 45,

4B, 37, 49, 54, 58, 63, 64, 67,
70, 71, 76, 77, 78, 82, 91

(After Ghatgey and Bhattachuryya, 56)

Coryophytenne (Custlo oo v .
Adbicaufene (Cis=(

Canadene {Cskag) | Suupected in 21

Seaquiterpenes thal yielded crystuliine hydro-

cfl{orf:ics, and m.p. of hydrochlaride {(°C.)

A bieyelic sesquiterpene, 47°%-49° . ______ 48,75
A bieyelie sesquiterpene, G7°-68.5° - 24, 31
A monoceyelie sesquiterpene, possibly bisa- 14

bolene, 75°-7T9° .

A tricyelie sesquiterpene, 80°-80.5°_ ... 19
A bieyelic sesquiterpene, 85°-87° + 8
A bicyulic sesquiterpene, 107°-108° AN
Possibly endinene, 117° L

A monoeyelic sesguiterpene, 120°-130°____§ &4
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Compound

Pine in whieh Tound, by
number as listed in text

Scsqmterpenes, w}nch upeon dehydrogenation gave
azulene (CsH

Azulenelike sesquﬂerpene _____________________
¢
CH
\ / \ /
C ==
H H M

Parent substance of azulenes, a bieyells hydro-
carbon Cukly
See Guenther (39, v, 2, p. 128)

Unidentified scaquilerpenes whase hydrochlorides
were not prepared

A tricyelic sesquiterpenc with one double bond _ _ __

A tricyclic sesquilerpene with one double bond,
possibly aromadendrens

A bicyclic sesgquiterpene of unknown structure.__

Sesquiterpenes of the cadalens lype (ie., those
which on  dehydrogenalion gave cadulene,
CysH g

CHs

{
¢ H
HT/ \H/c \TH
HE ¢ c
NN

Ha

o—0
x

3C/ \CH

Cadalene
See Guenther (58, vol, 2 p, 83}

Dilerpenes:
3 61 43 43
A diterpene forming a maleic anhydryde
adduct of m,p. 148°-149° C.
An unidentifie d:terpene ________________

17, 27, 37, 53, 56, 70, 80, 86, 80

L5
18

g, 13

6, 8, 10, 12, 22

1, 5, 8, 12
1

16
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Compound

Pipa in which found, by
number as listed in {ext

Allphalic terpene alcohols:
wk 30}
Linalott (3.7-Dimethyl-I, 6-octadien-3-olj__
HiC OH
/C:CH-GHQ-OH-;(J}-OH=CH3
LG Afl‘[a
For details seec Guenther (58, v. &, p. 187)
Nerol (2, G6-dimethyl-1, 6-octadien-8-ol) ...
H.C
AN
C.CHL-CHL-CHL-C.CH;

H;C/ HG-H.C-C-H
For details see Guenther (559, v. 2, p. 174)

Cyclic terpene aleohols:
a-terpineol {Cpbl0)

CHs

Sesquilerpene tlcohols:
Cadinol {CysHz0}
:\Ibiuﬁlllﬁl (C;;i‘fga(})

CH, C

e \CH/ ~

OH— CH CH,
- ~
oy Seds N

H.

CH

~

H{C \CH3

Structural formuls of albicaulel (§-cadincl or

pilgerol) nceording to Prof. Wiliiam G. Dauben
{sce [cotnote B, p. 34).

73, 32 (possibly)-

Reported in 13.

82 (very little}

1

8, {(and probably in 10
reported as lambertol)
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Compound

Pine in which found, by
number as listed in text

A sesquilerpene aleohol, m.op. 133° € ______.
A sesquilerpene alcohol______________________.

Diterpene alcohaly
A diterpene aleohol. . .o

Aliphatic aldehydes:

Oetyl CH;-(CH) 30/
AN

H
/
Nonyl CH;(CHQ}';O

Deoyl CH,.(CHj)s-C

AT

G

H
Laural (n-dodecyl) 0}13(0H2}10<
N

Citronelial
H.C N /H
A
C.CH,.CH,.CH,.CH.CH,-C=0
H,C

For details see Guenther (59, v. 8, p. 336)

Enidentified Cy carbonyl compound_ . __._..
. /
Myristyl {tetradecyl} CH;(CH:},,C\
N

Ketones:
Unidentified ketones 1 or 2 percent________
An unidentified C, carbonyl compound,
probably a ketone
A sesquiterpene ketone spparently with a
sesquiterpene mldehyde

Unidentified oxygenated compounds_ ... ___

10

71 {possibly;

12 (possibly}

32

32, 33, 34 (possibly)

38, 35 (possibly}, 44

32 (posaibly)

33 {iraces)

35

15
89

1, 9, 15, 21, 50
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Pine in which found, by
number as listed in text

Compound

, 32, 34, 57 and 59 (in tails),
60, 61, 67, 70, 73 (possibly),
91

30

Phenol ethers
Methyl ebavieol G820 ___
OCHs

CH,CH=CH;
Aliphatic esters
Ethyl caprylate CH—CO0.O-CaH_______]| 21
Terpene esters:
Rorny! formate CyH O ___________ 27
Borny! acctate CaFpO, i, 8, 12, 14, 18, 45, 57 (in taiis)
CHs

c CHOCOCH;

|

HaC —(I: — CHs

H,C C CH
2 H 2

Bornyl acetate

c-terpinyl ncetate Cyll-0-CO-CH,
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Compound

Pine in which found, by
ntunber as listed inn text

Ozides

Smail quantities of pinol {CH;s0) and
pinol hydrate were reporied by Dupent in
1t appears, however, that the ox-
ide and its hydrated forin are secondary
produets formed hy oxydation of terpenes
and not found in the freshly distilled mate-

No. 82,

riat.

CHs

l

N

HC———?
H,C-C—CH5

NG e
H

CH

CH,

Reference: Guenther (59, v. 2, p. 713)

B2




Appendix 2

INDEX—BOTANICAL AND COMMON NAMES OF
PINE SPECIES MENTIONED IN THIS REPORT

Hotunical nimms
P. albicaulis
. apuchecu=¢engelmannii
. wrishita
P. arizonica

. armands
. dllenuaty
. ayacaluite
. halfouriuna
. banksiana
. bolanderi=contorta
brutic

bungeana.
. COnAriensts
caribaen
cembra
. cembroides
. chihuahuana
clause
. tonforta
. COOpert
. coroneng (var, of

P. stbirica)
P. couiters

P. cubensis (see

P. oceidentalis
P. densata (sec
P. tubulaeformis)
. densiflora

T T Y YT S

P

P. durangensis

P. echinute

P, edulis

P, ellioftet var. elliottdr
P, elliotti var. densa
P engelmannii

}'J

. excelsu (see P. griffithii)
P. fenzeliuna

Cemmen nome
Whitebark pine
Apachie pine
Bristlecone pine
Arizona var. of ponderosa
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
Mexiean pinvon
Chihuahua pine
Sand pine
Lodgepole pine
Pine mrmriﬁo (Durango)
Locally known as Siberian
cedar
Coulter pine
Cuban pine

Possibly a hybrid

Japanese red pine, Akamat-
su

Piuo real (Durango)

Shortieaf pine

Pinyon

Slash pine

So. Florida slash pine

Apachie pine

Himalayxn pine

Closely relaled to P.
kwantungensis

No.

5
71
19

5b

8
93

9
18
88
80
80
16
27
58

9

-

20
29
84
89
69

3

34
74

53
40

66
62
21
59
60
71
13

Puge
34
105
a0
92




154

P
P

P.

THTY VDT VTOOT U

Bolunical name
Aexilis
Jormosana

. gerardiana

. glabra

. gregil

. griffithii

. hatepensis

. harbweqii

. heldreichii

. hwangshanensis

. insignes {sce P. radiate)
. insularts

Jeffreyi
khasya
koratensis

. Bwangtungensts

. lambertiane

. dudteio (see P. nigre)
. Lwsongd

. letopylia

leucodermis {see
P. heldreiehis)

. Longfolic
. luchuensis
Cdumhollzdd

. MALISONILND
. mmerkusit

. michoucand

P
J2
P
P
}l’)
P
P.
f)
P
P
P
P
P

monophiylic

L mnontanda

. mornfezumas

. onticold

. morrisonicola

. muricata
. murrayane {see P. con-

foria)

P. nelsonii

J:’.
.
2.
P. . .
P. gocarpa var. trifohale
P.

P. parviflora

nigra
OLLUCRTLE
occidentadis
0OCUrIHE

palustis

COMPOSITION OF (UM TURPENTINES OF PINES

Caminen Rumé No.

Limber pine 6

A variety of or closely .-
related to P. parciflore

Chilghosa pine 17
Spruce pine 75
Gregy pine—Pino prieto 90
Himaluyan pine 13
Aleppo pine 79
Haclweg pine 67
Heldreich pine 52
Hwungshan pine 46
Monterey pine 94
Luzon pine 48
Jeffrey pine 32
Khasya pine 49
Korean pine 1

A little-known white pine -_-

of 3.W. China

Sugar pine 10
Austrian pine 51
Lawson pine 63

Pino ehine (Michoacan); in 28
U.S., it is called chibua-
hua pine

Palebark pine 52

Chir pine 26

Luchu pine, Okinawa pine 44

Lumbheltz pine, Pino triste 30
{Durango)

Mausson pine 39

Merkus pine, Tenasserim 47
pine

Michoacin pine, Pino lacie 70

Singleleaf pinyon 23

Bwiss mountain pine 43

Mlontezuma pine 65

Western while pine 14

A Formosan pine, related —_.
to P. parsiflora

Bishop pine 92
Lodgcepole pine 89
Nelson pine 25
Austrian pine 51
Oaxaca pine 36
Cuban pine 74
________________________ 77
________________________ 78
Langleal pine 57

Japanese while pine, Hime- 11
konwisu

Page
34

48
107
120

44
109
102

84

79
126

81

G2

82

28

39
83
98
58

34
56
78
60

70
79

104

ad

107
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P
F
P
P
P
P
P

o
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Buotaitical nane
L patule
. pentaphylle

peuce

. pHnaster

THRCEENG

. Pines
pityusa

. ponderosg

. pringlei

. pseudastrobuy

. pumily

. pUAgens

. quadrifolic
. rudiaba

refleca

. FESTROSE

rigida
rudis
scbinien

. seroling

. dthirica
. &trobus

. sylrestris

. tubulaeformis
. teeda
Clarwanenss

. kenuifolin

. legeote t

. thunbergit
- lorreyana

2 troprealis

. virginiand
. wushoensis

. JuURRGNEnsTy

FTeueote is an Azfee word meaning “Pine of the Geods.”

Cammon nome

Jelicole pine

A variety of P. parviflora,
Govomatsu

Balkan white pine

('luster pine (Pin maritime)

Pince’s pine

Ttalian stone pine

Pitsunda pine

Ponderosa pine

Pringle pine

False Weymouth pine is a
book name. Very mis-
teading.  Locally this
pine 158 known under
many different names.
In Central Amerien and
acljacent parts of Mexico
it is called pinabete, a
nae gencrally used for
fir (Abies).

Japanese stone pine

Table-Mountain pine

Parry pinvoen

Monterey pine

Norway pine
Piich pine

Digger pine

Pond pinc

Siberian white pine (Sibe-
rian cedar)

Tastern white pine

Scots (Scoleh) pine (Com-
mon pine’’ of Burepe)

Chinese pine

Loblolly pine

Formosa pine

Teocote, Qctoe, Azlec pine
(C.5.)

Japanese black pine

Torrey pine

Virginia pine
Washoe pine
Yunnan pine

No.
91
il

i2
82
24
31
81
54
76
72

4
87
22
94

7
37
83
68
35
86

3

13
42

53
61
45
73
64

41
33
38
33
56
50

nohles werce permitted to use the resin of this pine for incense in worship.

155

Page
121
40

42

31
116
54
126
35
69

114

103
66
115
31

46
73

86
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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 “Stamdard Definitions of Terms Relut-
ing tn Naval Stlores and Related Products,” issued by the American
Sociely Tor Festing Materials under “ANTM designation D804-52."
The APM definitions are generally followed in this glossary, except
where o delinition suitable for use 1 the Navul Stores tndustry can-
not be extended o all species of pine. An example is the ASTM
definition of turpentine as “The volatile oil consisting primarily of
a number of terpene hydrocarbens”; some pine turpentines do notb
conlain any torpenes at all.  Also, where a reader could be conlused
by ambiguous or erroncous definitions of Lerms found in some diclion-
avies, the author has considered it necessury Lo explain the discrepan-
cies.  IFor instance, there is a great difference between the crude
turpentine and the sap of trees.

Ahietene. Proprictary name ol Finus jeffreyi turpentine. It con-
sisted of nm-heplane with un admixture of aliphatic aldehydes.

Balsam. A viscous substance oblained [rom many different pluats;
sometimes o synonvm of oleoresin (which sec). This nuine should
not Be used to destenate pine oleoresins.

Composite sample of (urpentine. Obtained [rom not one but several
brees.

Face. A purt of a pine vunk from which the bark oniy or bark and
part of the supwood is removed, and rom which oleovesin exudes.

Gam. A conumonly used nume in trade Tor pine oleoresin that is
obtnined from n living tree or that exudes lrom a face.  Chemieally
speaking it is o misnomer. True gums are composed of uronic
geids and hexose or penlose.

The term gum is firmly established in American Naval Stores
(which see) industry, as u synonym of oleoresin.  The tert is used
in this sense by the author.

Gum lurpentine. This term is used to <listinguish thie volatile oil
obtuiped from oleoresin of pines [rom that distilled from wood or
stumps. The oil is composed of different Lerpenes and sesqui-
terpenes, sometimes with admixture of nouterpene conpounds.
Gum turpentine of some pines consists of one terpene only, and in
mre instances, pine gum turpentine does nol contain terpenes at
all.  Although several diffecent methods are used to obtain turpen-
tine from oleoresin, the usual method is steam distillation.

In this publicalion gum turpentine or turpentine is used to des-
ignute the volatile part of pine oleoresin obtained by wounding the
living Lree.
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d-line. (For jaune, ic., vellow). A wave length of 578 my. “-line”

is used by Freneb investigators in determining optical rotalion of
turpentine.

Maval stores. ASTM defines this term as “Chemically reaclive oils,
resins, tars, and pitehes decived 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 pites used in wooden ships of the British Roval Navy.

Oil of turpentine. A pharmaceutical name Tor ‘turpentine.  Some-
Limes nsed in old literature us a svuouym of turpenting, especiatly
when the Lerm turpentine is used Tor oleoresin,

Oleoresin. In pines, oleoresin originates in living cells of the sup-
wood and flows from resin canals or ducts when these ure severed,
Conimonly ealled gum, pitelr, or oven sap.  (See Piteh.)

ARTM delines oleoresin as “pine gum, the nonnqueous seerelion
of resin acids dissolved in o terpene hydroearbon oil which is
(1} produced in or exuded from the intereellulnr resin ducts of o
living tree, {2) aceuimnnlnted, together willh oxidation produets, in
the dead wood of weathered Timbs and stumps.”

[t should be neted thal “resin acids” are not nlways dissolved
in “terpene hydrocarbon oil.”  Somelimes the solvenls are other
substances, such as paraflin hydrocarbons, a-heplane, and to a
lesser degree a-undecane, and evern benzene derivatives.

Pitch. Commonly n dark, viscous substance oblained as a residue by
cistilling wood Lar or petroleum; also oceurs naturally us asphalt.
The name is oceasionally used instead of oleovesin; hence—pileh

e,

Oxford University Dictionary, Ed. 3, 1955, defines pitch as "a
Lenacious resinous substanee obtained as o residuum from the
boiling ol tar, also from distillation of turpentine” (they meant
oleoresin).

The Amerivan College Dictionary (Harper, 1953) delines piteh as
“any of various resins” und as “the sap (sic!) or crude Lurpentine
which exudes fromn the burk of pines.”  (See Sap.)

ASTM restrivts trade use of the term piteh to the “solidified
material . . . oblained by distilling off . ., the volatile oil from
a retort pine tar”

Resenes. ANTM defines the term “as applied to naval slores, those
coustituents of rosin which cannot be suponified with alcoholic
alkali, but which contain earbou, hydrogen, and oxygen in the
moleeule.”  We found in several pines some unsaponifiable com-
ponents of rosin which did not contain oxygen; such were dilerpencs
of pine Nos. 1, 5, 8 and 2. We discussed (hese as ingredients of
the volalile part of oleoresin.

Resin. A generie name for many organie producls, including oleo-
resin.

Rosin.  ASTM definition of vosin is “u specific kind of natural resin
obtained us a vitreous water insoluble material from pine oleoresin
by remaoval of volatile oils.”  Rosin, thus, is the residue remaining
in & pol after all or almost all of the turpentine and resenes have been
removed.  Rosin is composed clielly of rosin acids, pldan(s,
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possessing a decahydrophenantrene ring structure, and gencrally a
smnll amount of unsaponiftalle matier.

In somoe pines, rosin obtained by conventional steam distiliation
processes is very soft and tacky, and coulains u large percentage of
unsaponifiable substances.  (Ser Resenes.)

Sap.  Walery solution (juice) contained in piants.  Popularly, any
fivid secretion of plats.  (See Piteh, ns defined by the American
Colleze Dictionary.)  The ternt sup should never be used to lesig-
nite oleoresin or Lurpentine,

Spirils of turpentine.  Pharmaceutical or trade name lor turpentine.
Same as oil of turpentine or turpentine fwhiclt see).

Sulfate wood turpentine. A product obtained in sulfute (keafl) pulp-
ing process.  During digestion of pine pulp, the turpentine vapor-
izes and is colleeted.

Taxon {pl. Laxay. A gesers! term applied 1o any tuxonowic element,
population, or group irvespective of its classification level.  (See
Goorge H. M. Lawrenee,  Twronomy of vasenlar plants, Tootnole 8,
p. 53, and p. 772, New York. 1851

Terebenthyne. Obsolete nume of oleoresin.

Terpene. The ASTM delinition s “Unsaturated organic compound
having Lhe empiricul fornutla Cwbls oceurring in most essentinl oils
and oleoresing of plants.”’ Some pine turpentines do not contain
Lerpenes, bul sueh instanees are rare.

Turpentine. Volutile oil vbtained by distillation of either oleoresin
(sre Gm turpentine) or wood (see Wootl Turpentinel.

Turpentine, Canada. Same as Canadian balsem {see Balsam?.

Turpentine, crude. In European liteeature this tern is soimetitnes
uged Tor oleoresin,  In this publication the Lterm erude wrpentine is
uged for the volatile part of oleovesin previous Lo fractionation,

Turpentine, stump.  See Wood turpentine.

Turpentine, sulfate. See Sulfale wood turpentine.

Wood turpentine. ASTM distinguishes three kinds: {13 “Steam dis-
tilled wood Lurpentine abtained from the elearesin within the wood
of pine stumps or entlings, cither by direet stenming of iweehunieally
disintegrnted wood or alter solvent extracetion of the aleoresin from
ihe wood. (23 Sulfate wood Lurpentine recoverrd during the
conversion of wood o paper pulp hy the sullate process. (3)
Destraetively distilled wood turpentine. ablaived by fractionation
of certain oils recovered by condensing the vupors formed during
the destructive disiillation of pine wood.”
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