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Part 1. Introduction 
In Arnet"ica, the t('rrn "gum turpentine" 1 is used to designate the 

voltttilc pl\rt of I\.n oleol'csinolls exudate of conifcrs, ehiefly of pines. 
In pines, oleorcsin dl"Opll'ts may be found in any living pnl"enchyml1 
{'ells, but most oleorC'sill is produced in the thin-walled epithelial cells 
SUITounding the t'('sin duets or {"aunls. \Yhe[l it pine is wounded, the 
l"('sin ducll> mot:' scVC't·cd. Thc oleoresin , squeezed fl"Ol11 the epithelial 
("(·lIs into the resin Glll1als, Illll)' be gnthered in receptlwles attached 
bt'low the wOllnd. \Yhcrt obtained in this W!ty the oleoresin is culled 
pint' gum. 

Olt'oJ"('sin ean be Sepill"llted into two components: rosin and tur­
pentille. Gl'IH'rnlly, turp('ntille is r('lI1oH,d from oleoresin by steam 
distilln,tion, illld rosin rPlntlins i 11 thC' still as:\, non vollttile residue. Rosin 
eonsists mostlv of rosin IH'ids hll\-jng llll l'IlJpiri('al formula 02oHao02' 
Rosin also ine'1udes a small tU.llOllnt 'of substances (varying fl"Om one 
slw("\es to :tnotlwr) otiter t/UUl rosin Ilcids; these !lre loosely called 
1"('S('lIes. 'rill' chemical nntuI't' of r('senes is little kno\vn. In some 
pilH's at l('nst, this unsnpollifinbk II1I),t('riIl1 ill(,tudes mnny eompounds 
of the sesquit('rpetle and dil(,I'I)('fle sC'rles. T('('ilnitfLlIy, these sesqui­
Itltd ciiterpelll'S ('ould be dassifiNI with the yolltli1c pllrt of oleoresin; 
in pmctiec they nre 1l0L removed in the process o[ steillll distillation, 
but r(,nJuill ill the Ilollvoilltiie residue 01' rosin, rendering it soft and 
ttlcky. 

The stC'ilm-vohllile part of the olC'on'siu, i.e., turpentine, is not It 

chelllically pUre substallce. It consists genemlly, but noli ulways, of 
('yelic hydrOtllrbollS, or lerpcn('s, of llIl ('mpiricltl formuht OIOUIS ' 

There is all1\osL alwnys an adlllixture of sesquiterpenes (C15Hu ) lind 
sOfJ)('tiJllC's ot non t C'rpenL' substances. The componcuLs of pine gum 
LurpentilH's lU'e lislNI ill ApI)(>lldix 1, p. 143. 

In lhe (,OUL'se of normal growth of it pine, the inner piU'ts of the 
sllpwood lU'(I gmdulLlly eOIlYC'ltl'd into heflrtwood. The oleoresin 
whirh is found in IH'lu'b\'ood, llnd ('hiefk in stumps, Can be recovered. 
'I'll(' wood is chipppd, the ('Itips IIrc cxCnltted with some appropriate 
soln'nt.. lwd the oleoresin distilled Hll1th like gum. 

Turpl'lltil1e obtllined frOI11 the \\"ood in this manner is called wood 
tuqH'nlillt'; its cOlllPosition oflen difl"crs from thltt of gum turpentine 
of the Sllme speeips, although the chid ingt'edients of both arc usually 
tlH' SlUne, (eL p. 8\.) 

1)ulflllc ttLrpcntin('is obinin('d us fL byproduct from thc pulping of 
pine. Dming the digl'StioJl, lu.rpcntinl' vllporizes llnd is collected. 
The chemical ('olllposition of sulfate turpentines is not considcred in 
this publitHlioll. 

I For cxpltwatiotl of technical termll sec Glossary, Appendix 3, p. 156. 
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2 COMPOSITION OF GUM TUHPENTINES OF PINES 

HISTORY OF TURPENTINE ANALYSIS 
The word "t,urpentinc" (old "trl'pbenth:vllC") is derived from the 

Gret'k \\"orc! "tC'rebl'nthinn." This word originnllv m('ltnt oleoresin or 
!~ ~lediterL'lln('!\n shrub, Pistaci(L terebinthus of 'the Onshew family 
(AnfH'lu'diaCl\lt('). Lntrr, the oleoresin of pines also heCitme known 
ns tllrprlltinc, nnd even now the term "crudc turpentine" is occa­
sionally used inst(>nd of "oleoresin." The yolntilc part of oleoresin, 
or t~lt'p{'ntin(>, is still known conuncrci!llly as "oil of turpentine" or 
evell ns "spi/'its of turpentine." 

Enrly l'('s('fu'C'lies on the composition of turpentine were concerned 
only Witll ('olllll\('r('ini produets obtained in the United States from 
Pinus eLliottii and P. palustris, and in Ft'llllce from p, pinaster. Lnter, 
Hrrty (67, 68, 69) 2 nnd his ('oworkN's n/lIllyzcd tuq)elltines of three 
olher Aml'ri(,lln pines: p, taNia, P. echinata, Itllel P. sel'oti,w. 

In Fl'llncp, nlu('h work \\'11S dOll(' \\·ith turpentilws of EUl'Opeltll 
pinps otl]('l.' thHn Pinw~ Jlinaster by Dupont and his Ilssoeiates, cspe­
dally by Sf1i(' . .\fnl'('(·lle Barrf.Lud. In HussiiL, where the ehid SOUl'ce 
of turpentine is P. syh'estri8, fl. gl'NlL dplll of work on composition of 
turpr.ntincs wns donc by B. A. Arbuzov (7, 8, 9) and recently by 
Bnrd,\'sh(,\T nne! his cowork('/'s (13,14 ,15, 16, 17, 18). 

In IndolWsill, tUl'pentine resl'lIl'eh IlIls dealt exelllsivcly with Pinus 
merkusii. 1 

In Indi!l, ('ariy in this century, Simonsen and his associntes Ilnalyzed 
tUl'pentines of Sl'\"erid AsilltiC'- pines. Although itt the beginning 
SllllonSl'fl'S intcl'rst in tllr subjl'C't was pun'ly tcchnologiclll, his later 
work WHS of IL highly fundlUllental nature, His '''l'erpenes'' (150) is 
11 dnssi('al trelttisp on thc subjPet. 

SimOllsell (152) dis('oVC['NI in Pinlls lonrJifoiia, (now cttlled P. 
'l'o:rbur[fhii) it nel\" hi "yelie It'l'pl'nl,, La-carone, which hlld been O\TOI'­

100kC'd by ('llr1i('[' ill \reSt/gllt.OrS of pino turp('n tines, imel IL sesquiterpene, 
wl\i('h. he enll('d longil'oiene. In 1>. e:rcelRa, now known IlS P. !1l'iffitkii, 
Silllollsen found a pn/'nJfin hydrocarbon, n-ulldecllne (15.1). 

In 1872 Wenzrll (165) published a startling rep0!'t; that some 
('ttii[omill pines ",idel 1m unusual turpcnt.itle ('onsisting not of terpenes, 
bu t or It h nleo('lu'bon nalllPe! abi('il'ne. Latel' it wns shown that 
nbid('ll(~ \\'ItS n-hf'plfuw (2D, 136), 

In 1911 the P.S. FO/'pst SC'l'vicc (23) conducted !l serif'S of experi­
ments to detel'nline suitability of ·Western pines 11S it source of Nilvul 
8to1'('s. The fiC'ldwol'k wns dOlle by Geo!'~c Hunt; the laborlltory 
phase of tire pwjecL was done by A. W. Scnorger, nt, the U.S. Fo/'cst 
Products Lnbomtory, }.[lldisOIl, \ris. (136). III those dilYS, frllctionnl 
distillntion appnl'l1.tlls wns .l'I1tl1e1' primitivc; Schorgcl' had nt his 
disposltl n1('['('I)" it 12-inclr-Iong tube known liS IL Hempel colullln. 
Bul en~ll witlr this ('Cfuipnlt'nt, Ire WIIS ftblc to contl'ibule H gl'ent <lelt! 
to tll('- kllo\\'ll'dge of AI\ll'l'ienll lUI·pentines. 

~('hol'gt'1' Vt'l'jfi('(1 PI'C\'iOllS rl'ports thllt the turpcn tine of two 
Cnlifol'llin pinps, Pi1l'l18 Jl'.tTreyi and P. sabiniana consisted nllllost 
('ntil'eiv of:t pnmfTin IIY(/['O('11I'boll, n-heptlll\c, illstead of the usual 
tc/'pen~'s; he' \\"I1S tire (-il'st to /'('po/'L tllIlt P. conloria, turpentille COll­
Rist('d I1I111osl entire'ly of JJ-phl'lIllndl'C'lle---n, lllonoeyclic terpene , 

l ltaEe /lumbers il) parclItheses refer to Literature Cited, p. la·!' 
It 
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commonly found in the (lssentinl oils of t'lll/)ellifeme, the CIllTOt 
fit rn ily, llnd also in essell tinl oils of SOL11(\ euclllypts (12). Schorger 
also reported the presence of cndi.nene in p, edulis (136) llnd in p, 
monophylla, (135) turpentines, and be found camphene in the turpentine 
of p, clCtY,WL (131,.). 

Schorger suggested (138) that in repOl,ting the composition of 
ally turpentine, it is illlporl1Ult to know r:metly the biologicnl SOUTce 
of the ll)i\,teriltl; HULL there is 11, possioility of exist('w;c of stilbh, 
varieties ",iLhill n, species, eltch variety possessing its peculinI' tl1l'­
pentine; fJmt there is al wflys IL possibilit,v of finding in the woods 
t), "bllsttml pillt'" whose Lurpen tine differs considprahly from the 
genetll! run. Th0 idell of an existence of stable chemical Ylll'ieties 
within fL sppcips hILS bppl\ more Cuny developed by Penfold ILnd his 
ilssocilltt'S, working with Allstmlian pss('n lial oils (121,., 125), 

BOllle ('es('II!'clt on tllC' composition of turpentines hns also bcefl 
condllcted in Sptlin, Yugosltt\'i:l, PO\:lnd, thp Philippilll's, J:lpal1, lWei 

~I exico, Till'se stlldies (It'all pl'illllu'il,\' with lUI'pentin(' ns It COIll­
llJ('l'<:illl product. NeV(>rtlwh>i:;s, lIlueh ynIuable biological infol'llHltioll 
CIUI be obt:l.ill('(l ft'OIl1 the pllhlislH'd I'Pslilts of thl'sl' illnstigations, 

DL', p, A, Foote nnd 1 publisl\('d Ow first alllll,\,tical p.IP('l' 011 the 
cOlllpositioll of gU/ll tUl'[}('lllin(' (of Pinus monlz'coht) in 19:3;3 (54,), 
Aftl'l.' .\, long illtt'l'nll, Illy studil's of tlll'pl'!)till(,S were I'('suilled Ilnd 
two plt[)eL's WPI'l' publislwd: one' ill 1940 011 COlli position of turpenLine 
of P. COIL/lui (,IJi) Illld 011(' in 1947 of p, mUf'icala, (96), 

Tn 19Mi Dr. A .•J. H,wgl'Il-Blnit, Pl'o1'l'ssor of Bio-organic OhemistI',\' 
Itt the' Californi:l 11IstitutC' of T('C'hllology, W.1S il1\'ited to participate 
ill tllp Pl'ojt'C't 01' stlldying C'olllpositioJl of piJlt' tUl'pPlltill('S, Durillg 
1947, 194~, and 1949, tltl' '\Illll,\'lieal wodt WitS done itt the Illst.itute 
llndl'r his direction Iwd \\"iilt thp assisttlnct' of 0, 'I'. RpdclIIlllll1 and 
T. H, \VIUlg, 'l'lIl'p('llline Sllll1plps of 17 pin(' speci('s wPI'e f\'lIlllyzed; 
6,:I-eal'ene :llId 10llgifoll'lle \\'('('e f1l'sL I'l'portl'll to be componl'nts of 
turpentines of Xl'\\' World pine's, In Pinus albiwuli8 were discovered 
It neW s(,s<] u i lCI'JWIlC, nlbictlukll(\; i~ Ill'\\' s('squiterpenc alcohol, 
Itlbicllulol; Itnt! It dit.prpl'IIP, ct'mbl'l'lle, Ditc'l'Ix'nes had ncver been 
L'('port('cI in tmpentiues IwfoJ'(', We foulId ccmbrene, allJicaulene, 
alld Idbi('IL\ilol ill se\'('1'I11Asiatic pine's. 

Til 1950 lind 1951 I l'onlillupd lhl' project f1Jo 11 <', \\'oL'king chiefly 
with ~'li'xei:tn pim's.Fl'olll ,1952 through 1955 the project WilS 
supported by the' l-~O('kpfl'lkJ' Found'ltion, IlnclllIost of Ull' lttboratory 
\\-,)I'k was dOIli' by DI', p, ~1. f1off, Jr, Although the, projf'ct W\lS 
officiH11." ('Ios('d. Clirly in I950, 1 eOlllpletNI Hllillys('s of Pinus patula, 
P,len1lij()lia, p, 8('toliIl(L, lmd P,yunnallellsis, 1\11(1 \\TOI.(' til(' concluding 
L'l'llIal'ks ill 1957, 

DutiJlg till' progress of tIl(' j'I's(,l1J'ch J'PpoJ'Lpd heJ'P, JlPllJ'l'y 30 
tlnltlytiClti p,qwl's Wl'L'(' pu biislwd in tlw Journal of Alllerican P1UlI'llltl­
('('lIiiclll Associ'ltion, Scipntitk Edition, uncle!' the geneml title 
"Composition of GUlli 'l'uqwntilll's of Pines." However, tnltuy dati\, 
lllt'lu<iC'd in this bulld,in have \level' lwen published beforc, 

Incltld ing . f(·liabl(' in fOI.'lll;Ltion of pt'eviolls in vestigatol's for 18 
SIH'('il'S, know]pdgc of turpC'Ll till(' CO III posi Lion is llOW IWllilltble to I' 
tlll bill a few cOlltl'o\"('t'siILi specil's, slich as Pinu8 J.:wnntnll.{feI1Si8 lInd 
sev('ntl varieties of di£l'l'rcn t pines, Bectltlsc tUl'pen tine compositioll 
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is a little-oxplol'(~d field, infOIT(llltion for some pint's is mther sketchy, 

especially for the pines of Chinlt (for insbLUce, P. tabulaejol'mis). 


STABILITY OF TURPENTINE COMPOSITION 

It has oJ'ten been reported that the composition o/" turpentine oj' It 


pine varies eonsidembly. 'fbe IHlfure, extrn t, and Cflusrs o/" this 

yuriabilit\T hit\Te oren little ttnderstood ttnd seldom dis('usscd. POI' 


n better -understanding o/" t/w chel.nistI·y of pine lUI'I)('ntinrs, it is 

Ilr('eSSfl.I"y to diseuss brirfly whllt is kno\\Ttl llhout stl1.bility and vnri­

nbility o/" their ("ompositioll. '1'0 b('gin with, three questions will be 

(,onsidered: 


1. Do('s turpentine composition of 1111 individual tree cbange during 

the growing seHson '? 


2. Does lhe composition chl1ng(' wheIl il pine is planted outside its 

natul'nl r1tng(''? 


3. Does n, change or environment in a ghTen I'('gion afl'ect the com­

position 0[" Lmpelltin(' of It pin("? 


To study \Tllriability in physielt1 prOpl'ltlrs-rmd thus the vllrinbility 
ill elJ('1ll iell1 ('olllposi t iotl-i 11 "t'st igu tors oft('n sdf'cl optic!ll rotH tiOll 
of tUl"pentirw. V!lrillbility of optieal rotation (\eprn<.is on thr(\(\ 
l"t\clors: (ll) d iff('l"t'n l llmoun ts of it-YOrobltor.y lmd c\('xtrorotatory 
tt'I"(WI1E'S in Il tUl"lWl1tine, (b) difl'('r('nt illllOUll(S of til(' h'<"ol'otntor,r 
ltnd the drxtl·ot'otat.or), antipodl's of tht' Slln1l' ll't"pt'ne, und (e) difft'l"t'n t 
lU1l0UlIls 0[" Itn optically !letiv\.' ('ompound nnt! 111\ optically illllctivl' 
eOlllpound. 

H('rly (67) investignt('(l optiC-ill ynriltbility in turpentine samples 
obtailled throughout two sC'asons from st'vem1 individulll PirL118 
elliottii and P. pCllustris trees. H (' found ("onsidp/"II ble nlrilttion among 
illdividual tret's, but ,-ery littll' within llll individuill tl"('('. lIel·ty's 
investigation was follow('d by similal' expC'rilllt'nts or the l!'rench 
wo1'k(,fs, Dupont llnd Bnrmud (43), who studied n, Europl'an pine, 
P. niOta. They foun(l tlltl.t nlthough tIl(' mtlllory powC'ror tlie com­
posite silmples \TnriN! with the method of obtaining the oLl'oresin fllld 

wi th thl' time of the yenr, the chem ienl ('om posi tion of the turpen tine 
l"l'mllined n.bout till' snme. Hprc fonow some exnlllpies or variability .\... 

of optical mtntion of P. nigra turp('nline: 
L

$fllllple JO $II/Ilple 1.1 Sa/llple 12 
ad gatht'ring. ___ •... ___ • ___ ._ ..... _•• _ -402. :360 -:~!). 000 -46.0:3° 
·Ith gath('ring __ • __ - .... _______________ -33.00° -40. ,l5° -41. 7.5° 
5th gatlH'ring .•.. _. ____ • _______ ._____ _ -25. :35° -20. n8° -48.00° 

Although the opticlll rotation of til(' samples (Illore thnn 40) varied 
consid(,l"ll,bly (from -25° to -48°), all of them w{'rt' it'vorotato1'Y. 

Oudin (11l), working with Pinus pina,ster turpt'ntill(', found that 
the opli('nl roluJion or ("onunereild lots was -30°, lwd YIll"icd only 
within 0/1(' dt'grce. III inc! ivid unl trpes, the optical rolation vllried 
from +H1.200 to -41.0°: thllt is, SOIll(, tre('s possess('d dextrOl"otlltory 
Ilnd other trecs It'vol"otu.tory turpentinc. III individual. trt't's, vari ­
ations from on(, Y!'lU' to ltnotht'r, !lIld rl'Om on(' gathering of the oleo­
l"('sin to Ill10thcr, Wl'r(' rdativd.v sl1Iall. Oudill'::; "dextrorotnlOl'y 
pines" W('("e l('ss fl"eqlwllt than the "lPvOl"Obltory pines.'] There were 
no mOl'phologielll differences betWl'en the two. 
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5 CO~[POS[TIO)f OF em.f 'l'URPENTL'\'ES OF PINES 

Black itlld 'rhl'OIlSon (2.n, studying six Pinu8 ellioltii llnd six P. 
pal!lstris 11'C'l'S, rOllnd that during a singh' sellson tlw optieal propt'r­
tic's of tlll"\)l'lllilleS of individual il'('es of both species did not follow 
tlny ord('l"iy ('omsC'. Optit'ltl rotation or turpC'ntinC' of olle slash pine 
ll('tllltily elmngc'd fo[" 2 \\~('('ks from mirtlis to plus, but later returned 
to til{' original !Ievorotatory state. 

As the' result of an illquit·y inlos('asont11 "·tll'iability of P£nu8 ponde­
},()8(L lurppntine ill tht' :-)i<'ITtl Nevada of Ctllifomil\, I found eonsidemble 
difft'l'pll{'p in till' optintl ["otation of in(\i\'i(lll!ll trt'es (fig. 1). Also, 
this ('llilL"!l('lt'r \'tlI"il·d lialC' th["ollghout a growing season, ttnd, L1S ill 
Black nnd Thronsoll's ('x(wrimen t, t}l(' vHrintioll did lIot follow Ilny 
ordprly ('Ours(', A ('lPllr-('uL cll'cision ('(1I\1\0t be n\!Hle flS to whether 
til(' oi>s('rvL'd Ylirililion waS lltlributtlbl(' to e)!pel'irllentnll'lTOl'.How­
<'nr, an ('slillllllp of til(' vt\l'illbitily dul' to tN'ilniquc was obttlined by 
doing thrl'l' l'Ol:ltion [,('~lIliIlgS from turp(,I1tine obbtilled tlt olle tinH' 
rl'OIlt oOt' t1"('('. TIle vHI'ialioll obsprV(,d in thc'se 3 J"('adirws WitS gt'elltel' 
[hall tll!' a Vl'J"llgl' wi thil1-1rC'{> vuriatioll for thl' 11 11"0('S"'of the study. 
~ttltislklll IIllldysis of llll' dLLln, illdi("atNI tlmt the vHriltlion is not 
lill('tlrly m;SO('itLlpcl with dal(' of insll"llnH'nL 1"l'tlding, and is not difl'erent 
from lL"l'l' 10 tTl'('. 

To ~llll1. up, nil ('\'i(\(>I1('(' 5('('nI5 to iudiCtLtc that LlIrp('ntiuc eompo­
sit iOll VHJ"ips lilth' lhroughout a growing S(,1l501l, ill individunl tn'ps, 
tl!Hl ('s(wl'inlly ill composite lots of turpl'lItine (i.c., obtilincd from 
1l\!lIty tr('('s) IW(,HLIs(' "P1"e illdividllnl tlifl'l'J"('IH'l's are likC'ly to bllitlnce 
lhl'lllsplvl's. 

'1'1[('11 dol'S tit£' l'lil'll1il'ttll'Olllposition of tuq)('nLine ehange whell It 
pillP is pinlltt'd oulsidl' its lI11turlll mllge'? :-)('heuble (133) ["eported 
I hltL Pinu8 j(Ureyi, It Ctlli[o1"llilt pillP whose tmpentine C'onsists ehiefiy 
of n-lH'plllll(', ltiSO yil'lds ('hil'f1y n-h('plllIH' whl'I) cultiYlltl'd in Austria. 
In tlly l'X(W1"il'lll'P, P. cOHlor/(L tUl'j)eJlliJl(' consists ('bief\y of l-Il­
pildhwdn'lI(' both in til(' Ullit('([ Sttltl'S and when pln,ntcd in New 
hl'al!lll<l. P. pine(L turp('lJ(' fmf'lioll cOllsists fully of l-limoncnc both 
in Illlly, w11('["(' it is llllti\rc" 1l1l(1 in Clllifomin., w110]"(, it is cultivated in 
pllrks. EXlunplPs of this sbtbility in tll1"pclItine compositioll are 
1l11111('1"O\lS; tlrps<' Ihl'('(' an' suf[i('i!'nt lo d(,lI1ollstmte that composition 
of lUI"(H'nlilH' is It gl'lH'til'nlty fixl'd elUtt"llC't('l'. 

Finnn,\", \\'fINI OM physiological form 3 of Il pille grows ullder differ­
('lit ('('ologicn) ('01lditi01ls witllin its hllbitnt, Lire e1H'Inir'lll eompositioll 
of its lUI"JW1I1il1(, !"l'lllllins ullehallg(,d. Kreslinskyand Iris coworkol's 

•.1 

(88) foulld tlmt Pirlll8 sylrestris IUI"J)(,lIlilll' obtailled from difl'eJ"ell t 
('('()lo~i(,H[ tYPN; of IL 1'01"('sl ill the Sal\le IO(,lltit." possessl'd the saIne 
physieltl propl'rtiL's alld tll(' SHIIIC' e/lt'fIIieul (,Olllpositioll. Apparently 
lhl'S{' work('f;s d('all with LI\{' S,lIIll' ph.\'siologiC'1l1 form of P. 8ytl'e8tris. 
011 titl' ot/H'I" bllnd, P('lIfold (12.i) was llb\(' to disliuguish in one 
1.0('I1.1i ty s('\'('ntl physiological i'Ol"lllS of EU('lllyptus, 

SPECIFICITY 01[1' TURPENTINES 

SOJl)(' ('losl'ly ]"l'lntNI pinl's nlny possess turpentines of difl'erent 
('olllj>osi(ion; Oil tl1(' Otill'l' hand, it is known liln,t Lwo species 

1 '1'1)(' !pnJ\ "phy"jo]ul-\ienl form" WitS Bugge:;lrc! by Pellfold (124) to denote 

; :;lIb;;pc'(,jf-ic ('ut iti!''; having tlw S!lIi1P morphological llpPl'Umncc bu~ differing in 
(~IH'll1iclll composition of c:;s{,lltial oils, 
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6 CO:NrPosrrION OF GU:N[ Tt:RPb~~T[NES OF PINI~S 
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Flo (:Itt·: 1.--·Sl':I.~()JlIlI \'Ilrinililit:y of optic::t1 ,'otlltiOIl in 8m'crnl individual trees of 
I'inus pOflllerosct. 

t· 

t IlxonOllri('llll,\- ['emote hll ve lUt'lwtl t illt's of IllmosL id('nticlll <'omposi­
lion. '1'1,(, high-boiling s('~quit(\l'[wn(\ fl'll(,tions fl'olll such pin('s 11m.\' 
difl'er, but knowledgc' or tile ('omposilion or t 11('8(\ fl'fl('tions is still too 
Oll'ngel' to P('1'1l1 i t n.ny <'oneiusiollS, 

'rile ('iH'1n ieflI ('omposi lion of t UI'J){,lll1ne is llot nlwn.ys cOl'l'eln.h,d 
with the UlXOnOl.lliC' position of it pilH', 01\(.' ('("lson for absen('c oC 
I'pilltionship is inl'omplctn kllOW]Nlg{' of chemical ('oillposilion of pillo Ir 
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CO).fPOsrrTOX OF GL",f TUHPEX'l'L'-'ES OF PINES '1 

turpcntinC's. Anoth('l' reuson is lIHtt lilC'l'l' is still it grcat dNLl of dis­
ngrcC'IllPll t llJJlong botanists us to the dnssificfi lion oJ pines. A llfi.l­

lint! tiLxonolllic system for the genus Pinu8 hns not been dcV'eloprd. 
Some botanists (131) maintain that pines rraHy brlong to four differ­
ent genera: SlI'obu8, Apin-U8 (white pines), Pinus (harel or yellow 
pinrs) and Caryopilys (pinyon pines). 

EvoluliolllU'Y den'lopment may also rxpln.:in certain absences of 
rl'lHtionship. ~lost likely, morphological nnd cbemicnl churacters 
ha ve [ollowed difl'eren t paths oC rvolu tion, 

In ('orl'elfiting the composition of tUl'pentine with the tfixorlOmic 
position of n pine, one should r('lllc·ll1b<.>l' tlmt the genus Pinu8 of 
lo(hL), is diff!'I'cnt from the grnus of the Tertilll'Y Period. The oldest 
liyin~ sjJl'cics is probllbly not oIelcl' than :\[ioc('l1c, The cht'lIli('lll 
1'('!l1.llOnship of pin<.>s thn,t existed dlll'ing the JUI'IlSSIe WllS most likely 
ditl\'rC'nt from whn.t it is flOW. Dldoing the evolution of the gt'nlls, 
many Ill1eiC'nL speeies becfutle t'xlinct tll1d mtwy nt'w species appelU'ed. 
At pl'C'sent wC'. Jnure Jllel'C'ly pn-lehC's of nu old biochemical pnttt'l'Il. 
:-;ome of tht'se ptttchC's at'O diflil'ult to fit into lhe pl'est'nt structure 
of tllC' genus; otilC'l'S fit \~C'ry well alld IU'C useful in undeL'stillldillg the 
l't'[tttiollsilip or li\-iug pinC's, 

An int(,l'('sling ('Xilnlp[C' or this l'elfLlionship is Pimls ,ie.ffl'eyi, fi relic 
pine of Califol'llia, (D4) wl\os(' tUl'[JC'ntillC' eOllsisls almost entirely of 
n-l1£'ptanc with 11 small addition of nliphatic nldehydC's. 111 some 
mOI'pl\o\ogi('ni ebn.meters, lhis pinC' 1'('8(,1111>lcs P. pondel'o,~a, which 
belongs to tltl.' group Australes. The two pinC's hybridize l1tl,tumlly, 
and the hybl'ids llJ'l' j'prtilC' (D3),~Jan.r botanists Jli1ve considered 
P. :ie.tTre?Ji ns It vfll'i('ty ot P. ponderosa (142). 

Yet in tilt' chemisll'.\" or its lUl'penlinl.', Pinus ktfl'eyi is relnted not 
to Austl'llics but to 11 distnnt gl'OlIp 0)' ~r:l(,l·O(,flJ'pl1e. This gl'OlIP con­
sists of lbJ'C0 pines, p, sabilliww, P. couiteri, tinct P. torl'eyana, all 
tontllining n-heplitnt' nnd itiiphn,tie nldt'hydes. It has been found 
thi~t. P. jejT),l'!li crosses JJiLtuJ'!llly wi til P. couLteri, find the hybloids 
betwC'cn the two pincs al'e nIso ferUle (128). 

TI1C'I'C' is evitit'l1(,c tllfit the pl'C'sent tfixonomic position of Pinus 
jf.tfl'l'?/i hnd ilJl ll1tC'l'Inediutc place betwecn the two gl'OUps: the older 
group ~llL(·t'l)('IlI.'puc il,nd the morc rC'('('llt group Allslndes, pcrhaps 
hn,ving 1)1.'C'11 closet' to the fOt'mC'l'. 'fl1l'pentinc of the group Macro­
('lll'ptlC' contnins cht'll1i('l11 compounds simpler (more primitive) thfin 
t{'l'pelle's, i.e., n-heptn.np nnd n-undecanc. The gl'Oup Ausli'ales, with 
the exeeplion of 011<.\ vari('(Y of P. pondl'rosa 1'1'0111 thc Sn.ntn, Cruz 
~(()lIn Lains of COllstnl CnliroJ'nin. j doC's not ('on l!Lin p!LmfIin hydro­
('llL'bons. [n the' ('OIll'St' of evolu tioll, in tel'metiin'\c links between the 
t \vo gl'Oups disllPPt'HI'cd, owl P. ,kffrt?J1: is now the only pine (except 
Iwl'llltps thc Sllntll ('ruz vuriety of P. pOndel'08a) that. reminds us of 
lh('ir formel' relationship. The l'('latiol1ship nUl,j' be represented 
like this: 

Group r--- Pinus - Group
Australes ponderosa Pinus Mocracorpoe 

from jeffreyi 
r- Extinct r- Sonta Cruz (a relic Extinct 

s.E~i!s California pine) s.Ee~l~s 
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8 COMPOSl'rIOX OF CmI 'fCRPENTINES OF PL.'fES 

There is also evidence othel' thlln presC'Jl('(' or heplnf1C' UntL p, :if'.Ureyi 
is nn older sp(~('ics than p, ponderosCL, This evidC'lI(,C' is based 0(1 the 
dC'gr('(' of' lIf1slltul'Ution of seed oils of the two pilH's ([).n, 

DifHculties ill correlating taxonomy with ciwllIistry of turpcntines 
occur: 

(n) \Vlwil i1 complex botnnicul spe('i('s, such us Pimu? ponderosa 
01' p, 8yll'l'slris, ('ontnills seveml nl['ieLies, (,llCft possl'ssillg its 
own spl'eifie llll'pC'lltinl', 

(b) 'Ylrcn a valid spcC'ies is crroneously indllded ill another 
sp('cips. A good ('XUIll pl(' is Pinus eI!{feLmannii whieb lIll til ['('C'clIlly 
was rOllsic\('l't'd as n synonym or 1>, jJonderOS(L, UIll'lIliC'illly the 
two pines ll[,C qllit(' dirrt'I'C'nt (102), 

(c) 1Yhen e/1('llli(,111 Illulllnls, or abnOl'1ll1l1 (['ees, Ilre encoun­
tercd witbill i1 SP£'el(,s, 

Cd) 'Whcn two SIx'eit's nutul'lllly eross, 

The hlSt two slat£'f1H'llls l'l'quil'e some amplificntion, 
C'1H'mienJ muttlllts han' o('('usionally been found 111ll011gpincs, III 

19:W L\\'O Russian invl'stign,tors (8f8)I'(,POTt('d an unusunl tUl'pelltine 
obt.ained r!'Om i111 individllul tl'l't' of Pinus 8yiz't'siris, 'L'lw tmpentino 
II1('k('(1 eompll'tl'I,\T tht' IlslInl ,6. a-till'clle iit cOllsisted of a-pinelle,
ci1mphelle, 1111d l-,B-pJWl1l111dl'l'lIc. 

HdLOI'j!t'r's (138) "bns.ln.l'tl" Pill1l8 pOIlr/el'os(£ nppnJ't'IlUy was a 
dH'micll[ mutaut dirl'('I'illg l'ndiclllly from tilt' g<'llt'l'fd ('omposiLioll of 
ponderosa pille' tUl'pl'ntillc in th(' RalllP JOC'Hlily, r foulld 11 f>. monlicola, 
tn'C' in nortlll'L'n Idaho witi('h n'PP(,Hl'pd lo I){' n, ehC'micnl mutant; its 
turp(,l1 till(' COli tnillC'd nn Illlufiually h igll pI'oportioll of l-limolll'Ilt'J ns 
l'('venl£'d b,\' nll unusually high k\'orotator,Y I'Olntion, (~(,l' p, 
mOlllicol(L No, 10, tn,bLe 2, p, 10,) 'rltl' O('(,UI'l'('lI(,(, of dll1mien.\ n1UtttnlS 
ill populations of pill('s hns lIot yd bN'n syst ('1I1I1,! i('aily stud iN!. 

Nl1tul'nl hybl'j<iizlttion among pilH' spC'ci('s hns bt'(lll ObS(,IT('d mlhel' 
fr('quell tIy, although seldom SI ud i(lll 1ho['olll:!ltly, Artificial crossings 
hn,v(' beC'1I lllflci(' b('l\n'C'1l mlllly piliP SIWei('s, sonll'tin1('s bC'tw('('lI 
species bc'longillg to quill' diRtl1nt gwups, QUI' ('xp('t'i('lIct' with Pintt8 
contortn X b(Lnksia/lCL .illdicn.tl'S that w/It'n two pilH' sp('eil's al'c Cl'oss('(l, 
the LurpentillC' in tIw 11'1 hybl'ids is composl'{1 of tJll' lC'l'J)('IWS of both 
pn.n·nt:s, The bieyciic pinl'nl'S of p, banksia1Ht p!'l'tiomillut.C' over the 
mOlloC'yclic pllC'llnll<in'll(' of p, contol'ln (10.1), The two pilH'S l1.1so 
hybridize nalul'lllly, fOl'ming !1 hybrid SWI1.f'll1 in A11)(' I'11\., Canada, 
C'/lC'mienl ('omposition of llll'pt'ntine sn.mpks tn.kl'n from indiyidunl 
tl'(,('S in t.hat Jocillity, as could be expcett'<i J YILl'i('(1 from pUI'e p, 
conlorla, to pm't' p, b(l.nksiClluL, ~Iany tn'('s \\'('1'(' intl'l'nll'tiin.Il', POSSl'SS­
illl! a mixtmc of p, b(Lnk,~i(uiG, pin(,lI('s lWei p, ('<HI/ori(L plwllil.lltll'l'n(' ill 
diffl'l'cnl pl'oportions, .l\IOl'pllOlogy and ('llI'mist!',V of lit(' incli\"idual 
ll'C'l'S of th£' swann W(,I'C' nol nlwllo)'S ('OITt'la(C'd (table I), 

At pn'S(,lll it.. would /)(' lutilt' to d('\'('lop \1, llH.llll'nl C'inssifit-n,(ion of 
pillC'S bf1St'd on their eht'mi('ul ('ftumetl'I'S, 'n, (~IUl 1l1t'l'C'i,V l'in,im now 
that dwmistr,Y and \nxonomy of pill(' SI)('('i('s Oftt'll ('oinei<i(', ilnd thaL 
WIWll lllol'phologiea! ('humel ('1'5 an' HIllbiguous, a knowledgC' oC dl('mis­
try of lhe turpelltin('s llIn.y be useful. 

" 

). 

" 

.. 
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CO:MPOSI1'ION OF GUM TURPENTINES OF :pmES 9 

TADLE 1.- Distribution oj e'Jl1el'imentaZ tr'ees jJ'om the Alberta, lorlqepole­
jack pine ave/·tal' (t1'ea, by morphological and chemical characters 

:Morphological Ohemicully Ohemically Chcmically
chltractcl' jack pinc intermodjllte lodgepole Total 

forms pine 

No. Percent No. P~TCeJl/ No. PeTcelit No. PercentJack pinc _______ 2l 28, 8 0 0 0 0 21 28.8IntPrllICdiato ____ 3 ·k 1 14 10, 2 0 0 17 23.3Lodgepole pinc __ 4.1 23.3 20. 5 353 17 15 47, 9 
TotnL ___ .27 37.0 I 31 ·12,5 15 20.5 73 100. 0 

VARIABILITY IN TURPENTINE COMPOSITION 
WITHIN A SPECIES 

vYhcJ) the physical charactel's (which reflect the chemical corn­
J1oRition) eV(IJl of composite samples of turpentine. arc studied, it is easy 
to nolic(' lhat some sp('ci('s var,}' but little throughout their environ­
Cll011 trill'fLngC', whercns o Hwl's \'al'Y fL great deal. P1'nus merkusii, which 
grows OV0\' It wide l'itng(' in B UJ'lll 11 a·od ill Indonesia, js rather uniform in 
th{' physi('IlI ChtU'fLetCl'S of its tU1'P('11 tine (l)7). 'J'lll'pcntinc of this pine 
('ollcetNI ill difl'I.'I'C'nt locn1iti0s of its l'n.nge is always dextrorotatory, 
val'ies fl'om +29 0 to +:37 0 in optical rotation, and always consists 
pn'domillfLntiy of a-pin('l1e. 

Oil lh0 ('011 ll'UIY, al1otlw!' wklt,ly distribu tcd pinc, Pinus ponderosa, 
\V{LriC's widely in physicul clial'uct{'l's und chemical composition of its 
turpentine. SeVf'I'al physiologicill ntrieties of p, ponderosa have bcen 
ic/Pntified, There is no doubt that, when two vfLl'icties hybridize, the 
change IJ'om olle ';'l)l'ieLy to another is gl'lldual, with many intermediate 
forms, 

Within a spC'ci('s, the optical l'otation of some populations is rather 
unifol'm, but ill other populations it is mther variable (table 2), As 
was mC'ntioned bl'fol'(', this variability js c!111sed either by the presence 
of (/il1'('I'('11 I; nil tipoc/<'s of the same terpene 01' by different amounts of 
d('xU'oL'otatol'Y itnd oflC'vol'otttlor,Y terpenes, For instance, some 
indiyidunl ll'N'S of Pil17t8 11.Xlshoensis contain turpentine that is com­
Jos('d pl'edomi 11111.1 tly of d0xtt:Ol'olatory 1::.3-Cfil'enc: others con tl?:i~l more1p\'ol'olatoq J3-pllI(·ne. IncIdentally, ill{' chenuCfil composItIon of 
p, 1v((s/wcn.sis t1I1'pen tine is still V!.'l'y puzzling. Most likely I the 
sprci('s origillnl('(l a~ 11 c1l('rnical mulant of p, pondero:sa, or is a result of 
h.,'bl'idization b(\t\\rN'H two VILl'i('ti('s of p, pondcl'o:sa, at least one of 
which is ('XtillCL. 

Apprlt'('ntiy incli\ridunl Yiu'iftbility in composition of turpentine is 
sOl\lrtimes CIUlSN\ by hyhl'idiZlttioJl of two pine species or varieties, 
'l'lIis sittllttiol1 was d(lrtrl," d(,llIonstl'llted by the study'" of turpentine 
fl'OIll individual tr(irs of the hybrid SWitrlll in Alberta, Cl1nlldl1 (104), 
On the oth(,I'" hund, in It pillt> fOl'('st composed of onl,\' one species where 

• 	 Lh('l'(' is no possibility of inl('l'spt'cific hyhridization, thc vlU'iuhility jn 
eh0l1lical dlrlra/.'tPl'S of indi\,idual tl'(I('S IS llpparcnlly clUlsed by crossing 



0 
TABLE 2.-0ptical rotation (am 25'm p.) oj turpentine obtained jrOIn indim'du.al trees oj set'eralZJine species ..... 

Tree No. 

P. enuel-I 
mrmni 

Arizollu 

P.1Oa­
shoensis 
Nevada 

p. purry-I p. 1I/onli­
ana cola 

California N. Idaho 

P. ponde­
1'osa 

• Sierrn-
Nevada, 

Calif. 

P. pondc­
1'08u 

SW Utah 

P. ponde­
rosa 

Priest Ri­
vcr, Idaho 

P. ponde­
rosa 

McNary, 
Ariz. 

P. ponde­
rosa 

Santa 
Cruz, 
Calif. 

P. ponde­
rosa 

Manitou, 
Colo. n 

0 
~ 
'"ct 

1_~___________ 
2 _____________ 
3_____________ 
4 _____________ 
5 _____________ 
6 _____________ 
7_____________ 
8_____________ 
9___ .. _________ 
10 ____________ 
11 ____________ 
12 ____________ 
13 ____________ 
14_______ ~- ___ 
15 ____________ 
16 ____________ 
17____________ 
18 ____________ 
19 ____________ 
20 ____________ 
21 ____________ 
22 ____________ 
23 ____________ 
24 ____________ 
25____________ 
26 ____________ 
27____________ 

+27.5 
+ 18. 7 
+12.7 
+7.0 
+1.0 
-].0 
-2.3 
::iO.O 

.0 

.0 
+5.0 
+8.7 

-1-10.0 
+8.0 
+ (i. 0 
+4.0 
+1.4 
+8.0 

+18.0 
+30.4 
+40.7 
+47.0 
+49.0 
+46.0 
+49.0 
+46. 0 
+49.6 

-1.6 1 +5.3 -30.2 
-6.6 +23.5 -18.8 
+1.0 +27.7 -33.7 
+8.1 +20.2 -W.O 

-1-10. ] +8.5 -23. a 
+4.4 +26.0 -29.7 
+6.8 +22.5 -29.2 
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COMPOSl'TIQN OF GUM TURPENTmES OF PINES 

among individual members of the population, with the oeeasiollal 
mutl1,tions superimposed. On the wbole, individual vilriatioll in 
tlll"pen tine chemistry is only one 1I11wifestation of vlU'iability among 
the individual trees of a forest. This ever-present variability in a 
POPlilittion of forest trees is of prime importance in development of 
subspecific taxa as well as in the evolution of the gel! us. It is not the 
species OJ" varieties that hybL'idize naturally OL' Hre hybridized arti­
ficililly; it is the individwll trees thllt cross olie with iLllother. 

METHODS OF ANALYSIS 

BeclUlse there m'e· many different ways to tap pines for oleoresin 
and nH1.l!y different ways of extracting and analyzing the turpentine, 
the field and labomtory pmctiee used in our work is explained here. 
One purpose is to demonstl'llte how the job has been done; another is 
to suggest to future workers what methods may be used in order to 
obtnin C0l111Htrabie results. 

Above nIl, the r('sel1rcher should satisfy himself regarding the 
lllllh('nticit~, of his source of turpentine. Each oleoresin sample should 
bf' collected by It person fnmiliitr with botany of pines, and it should 
aL1cays be nccolll pan ied "..-ith herbarium specimens of the Sllme trees 
from which it was obtained. The information accompanying an 
oleoresin snmplc should include geographiclll location, altitude, 
0cological description of the tu'ea, age of the tapped trees, and a note 
concerning till' presence or nbsence of other pine species in the locnlity. 

Among the CilUS0S of discrepanci0s in repOl,ting turpentine analysis 
of the Silme species by different investigntors nrc differences in 
tC'chniques of obtilining oleoresin samples, in WHyS of sepnrating 
turpentine fronl the rosin, and in metbods of distillation . 

Collecting Oleoresin 

Oleoresin may be obtained from a tree either by using the open-face 
method nnd an open recepblcle or by boring holes in a tree and using 
air-tigh L receptacles, such 11S test tubes or vials. The open-face 
method lets some turpen tine be evnpomted and lost, especially when 
the turpell tine consists of compounds possessing a high vapor pressure, 
But as most turpentines nre obtained by the open-face technique,4 
this method has been used in nIl our work nnd in the work of our 
colln,bomtors. 

Separating Turpentine From Oleoresin 

'rhere are several methods of removing turpentine from oleoresin. 
In commerce the usual Wity is to blow more or less superheated steam 
through t), bntcl! of oleoresin. Turpentine is volatile with the steam; 
the rosin remains ns n. pot residue. 

In early tllllllyticul work, the stenm distilln,tion method wns also 
commonly used. This method hilS the disadvantage of being very slow 

4 For the technique of obtaining oleoresin from trees see U.S. Naval Stores 
rflll1dbook (16 I). 
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in a laboratory. From 3 to 4 hours are usually required to expel 
most of the turpentine. To distill off all the high-boiling substances, 
such as sesquiterpene derivtltives 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 turpen tine. The pl'Oced ure is to charge a large Olaisen 
flask (3-liter flask with glilss joints was uSlllllly used) about balf full 
with oleoresin, apply VllCliurn (about 100 rnm. pressure at the be­
ginning), and heat theflnsk gmdulllly (fig. 2). 

FIGURE 2.-A con\'(~nient I~~sembl.r for \'IlCUUl1l distillation of turpentine frolll 
oleoresin. 

Under these conditions 1110st of the turpentine, i.e., the terpene 
fmction proper, can genemlly be safely distmed. W1IOn low-boiling 
hydrocarbons llre suspected, as in oleoresin of hyb['ids between Il. 

heptane pine llnd It terpene pine, extreme caution should be exercised 
to prevent loss of the low-boiling compound. Two el['y-ice tmps
CT, fig. 2) should be used instead of one, and the receiver (R) should 
I1lso be chilled with dry ice. 'When the terpene fmction is removed, ...the I'('ceiving flnsk (A) should be changed or the stopcock (8) between 
the rpceiving f1nsk and the upper recei\·ing tube (R) should be turned 
off. The pressure in the system then citn be reduced gmduallx; 1 mill. 
to 0.5 mm. of pressure would suffice in most distillations, nnd the 
temperature in the distillillg fll1sk call be gmdllll11y incrensed. The 
upper limit of tempel'llture inside the £Insk yaries with the oleoresin. 

In some pines lacking it scsquiterpene fmction, itil turpentine is 
removed at 1800 O. (Iwd even lower) and 1 mm. of pr('ssllre. In other 
species, the flask IHls to be bettted as much I1S 2000 to 210 0 0. (at 1 mill. 
to 0.5 mm. of pressure) to expel nU, or almost nIl high-boiling compo­
nents of turpentine. As n criterion of the completion of the process, 
we used ttIl Itrbitl'llry method: whell cooled rosin is not sticky but eap 
be crushed to dry white powder by pressure of the fiuO'ers, the dis­
tiIll1tion wus considered completed although some slllall quantity of 
volatile oil might still remain in the flask residue. This distillation .. 
method hns proved satisfllCtory and is recommended for future work 
with pine oleoresins. 
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In countries with summer rains, there always will be some water in 
the olC'oresin. At the beginning of the distillation, this wilter will 
co-distill with turpentirH', following the ItlW of boiling two immiscible 
liquids.s If the amount of wuter is great, this stage of VUCUWl1 

distillation mn be rather ,"iolcnt. 
TurppJ) tinC' is SPPlll'llt('d from water bymeans of a separatory funneL 

Tract'S of wilter in tlll' distilled sflmples of turpentines are removed by,. 
lldding fl 8n11t11 qllilntity of itllhycirous sodium sulfilte, 

The pert('ntllge of turpentine in the oil is determined on the weight 
of pure oleon'sin, tlHlt is, after the weight of 'mpurities find of water is 
subtrllel(-d. In expprilllel1tnl (not commercial) samples of oleoresin, 
the (tmOlll1 t of impurities-lleedles, pieces of biLrk, and oecasional 
insects-is llsually very small. 

Determining Physical Properties of Turpentine 

Before fl sample of turpentine is subjected to further investigation, 
its physical properli('s !H'e dct('rrnined, The most commonly dcter'­
minN] physit'nl pr-opC'rties are: density, in"dex of refmctiol1, and opticlli 
robltiol1. 

Density or turpentine r('fer's to its weigut per unit volume. Specific 
gm\-ily is tht, mlio of the density of turpentine to the density of wnter'. 
}'or pnlctieal purposes tlt(-re is ,rer.y" little difference between specific 
gnn'ity and (/£'Ilsity, For l"lIlldnmentnl distinction between the two, 
consult Gut'l1ther (5/J, I'. 1, pp. 236-43). In our work, we expressed 
densit~r by til(' symbol d t 

4 wh('re t is the temperature nt which the 
ObS<'l'v,ltion is Il1tlc!e, ilnd the figure 4 rders to the centigntde tempera­
ture of wnter, taken for comparison. \Ve used tube pycnomcters 0.2 
to 0,3 m1. ("!lPlleity. Otl]('r investigators sometimes used density of 
wllter ilt tc'lllpern.tur('s other thiln 4° C.; hence, the symbols d t

ls or 
dt~o. SomC' nuthors do not indic!l.te temperflture. 

Index of rdr'action is (/Psigllllted with the symbol ntn, where t is the 
t('rnpC'rntlll"r of thC' substanee Ilt the time of observation ilnd D is the 
\\'Il\-el('llgth of light, that is, the D line of sodium, eqllivlllent to 589 mJl. 
'J'he indrx of r£'fmetion is mosl ('onvenirlltly determincd by rnCllllS of 
Iln Abb(- rC'fradot11('ler; this instrUlllent is pt:ovidecl with 11 compensiL­
lor so thnt th(' Vllltl(>s corresponding to the wavelength of the D line of .. sodium tan Iw obt:lined by using nn ordinary source of light. \Vith few 
ex(·(·ptions, indi"idUtll trC'es of pine speci('s show considerable vari­
ability in d('llsrt ips und in indC'xt.'s 01' refraction. CUtises of vnriubility 
of physical conSltU1ls within pine species haye already been discussed 
(p. 9), 

SOIHC'tinles, to eompare c!{>nsilies anel indexes of refraction of differ­
C'nt slllllplC's of turpentine, it is necessury to adjust the observed dtlta 
to tlllifol"lll telll[Wmture, uSlially 25° C. (157), by using correction 
fllctors. For U!'flsit.r, for Ntch degree we have used a faetor of 0.0008; 
for ind('x or rt,rmetioll, 0.00045. 'Ve have found that in tmpentines 
these flletors gi\"e satisftletory results, although the practice of using 
tilC'1l1 hns not'beell considered ud.yisable in determining the qualities 
of ('ssentild oils (50). 'I'urp(·ntincs nre gClIcmlly much more uniform 
aod I1J U('I! less eom pIc-x than Inuny essentiill oils. 

!> Con"ult nllY text on physieu! chemistry. 
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Sutherlaud (J57)" using indexes of refmction ns the nbscissn and 
densities as the ordinate, both at 25° C., und plotting dntll for different 
plU'e terpenes (fig. 3), showed how useful this type of diagram can be 
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FraUlLE 3.-J)e/lsities and indexes of refraction of terpenes. After Sutherland 
(157). 
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in studying turpentine (;omposition. Figures 4, 5, and 6 illustrate how 
such diagnuns Ilid in differentiation between species of pines and 
between turpentines of parent species and the hybrids. 
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FIOt;RE 4.-Densities and indexes of refraction of turpentines of several pines. 
Pinu8 e/liollii and P. b(mksiana are «- and p-pinene pines; P. caribaea, besides 
«-pinene, con tllins some .c,3-carene, some ,B-phellandrene and large amounts of 
l\ sesquiterpeue, longifolene; P. ponderosa always pos~esses large quantities of 
;l3-carene; P. conlorla is a .8-phellandrene pine; P. serolin(" P. pinceana, P. 
7Jinea, and P. lorreyanci contain large amounts of limonene. P. 1I!onlezumae from 
Chiapa:; and P. ayrlc£,huite turpentine contain an admixture of a paraffin 
hydrocarbon, n-heptane. 

Optictll rotation of turpentine is usually determined in Ii tube 10 
em. long tllld tlbout 10 mm. inside diameter; for small samples we 
used tubes 5 cm. long hilving only 6 mm. and 2 m111. inside diameters. 
As a source of light, il sodium lamp is commonly used. It gives the 
D line equivillent to a wavelength of 589 m~. In our studies, we used 
either II sodium htmp or more oftcn a mcrcury lamp equipped with 
light filters No. 3480 and No. 4303, which produced light of wuve­
Ictlgth=578 In,u. French in V(lS tigl1 tors , "j-line" (juune, i.e., yellow) • hus the SfllllC \nwclength of 578 Ill,!!. 
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FIGURE 5.-Densitics alld indexes of refraction of turpClItines of Pinus bcmksiana 
Illlel P. conlorict, IIl1e1 of the hybird~ betweell the two pines. 

Opticnl rotation is designltted by the symbol aD (or all or a57S m/oL). 
Specific ["otation [alD is optical rotntion divided by the density of the 
samp1e, d. Determinations of opticnl rotation nccumte to 0.1 of a 
dcgree are satisfactory, beclLlIsc pure substances IU'C not dealt with. 

The optical rotation of i1 turpentine sample hns good dingnostic 
vltlue. For instance, composite Pinus elliottii turpentine is levo­
rotatory, wherens composite P. palustl'is turpentine is dextl'ol'otntol''y. 
'When n sample of crude turpentine possesses a very high ["otation to 
the left, for instance, P. lJinceana, [a]D= -100.0, 01' P. pinea, [a]D= 
-118.0, it is na indication of 11 high percentage of l-lirnonene. .. 
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FraURE (i.-Densities and indexes of refraction of turpentines of Pinus jeffreyi 
and P. poruir:rosa, and of the hybirds between the two pines. 

On the other hand, rotntion of a turpentine sometimes might be 
rnther lllisleitdillg. Optical innctivity of /1, turpentine might iudicate 
a complete Ilbsence of optically acti\Tc components, IlS for instance .. 	 in the turpelltine of heptane-bearillg Pinus jeffreyi. But opticnl iu­
l1ctivity might also be callsed by compensltting effects of dextro­
rotatory !Lud levorotatory tel'penes, as exemplified by the optically 
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inactive tm'pentine of tree No, 11 of P. 'I.I;ashoensis (table 2, p. 10); 
it consisteci chiefly of !l mixture of a-.6.a-carone and l-/3-pinone, 

'Yhon i1 cOlnposite sllmplc of pine turpentine is designated as either 
dextrorotatory or levorotatory, it may be that all individual trees of 
the loclllily nrc eiHll'r dextrorotatory or levorotatory, Or, llgn,in it may 
be tllll!; the sample includes sOllie trees with dextrorotatory and 
othrl's with levorotatory turpentine, This often unpl'edictnble and 
littk sludied vllri!tbility in opticlli properties of individual trees is 
c\£.'irdy demonslmLed by Pinus ponderosa, from different localities 
(tllbl£.' 2), 

~rol£.'cl\hu' I'errllction (MRu) hn.; been 11sed in our wOI'k solely fOl' 

studies of the s£.'squit{'rpenes, (For particulnl's s£.'e It Illbomtor,Y 
mamltll, such us nUlL or 1'lcElvain (92),01' Guenther (59, v, 1,1),242), 

Fractionating the 'Turpentine 

Afl£.'1' tit£.' physical chm'llct£.'ristics m:e determined, raw turpentine 
is subjectNI lo rl'llctionnl distillation, 'rhis procedure seplll'iltes til{' 
turpell lim' in to its com pOllen ls. The boiling poin ts or sornc COIll­
poncnts of pine turpentines lie vcry closc to one ttnother (table 3). 
'l'h ('!'e fo 1'(' , itll efficient fmctiol1flting ttppanLtus is lIet'dcd for slltis­
flleto!'y Seplll'lllioll of tht' turpentine components, Inllccumtc results 
of some eilrli!.'r research can be aUl'ibuted to poor equipment; during 
/'t'Ct'Il t years frllctional distillation apparatus lHIS been gl'cntly im­
pmv('(l. 

It should be noted thH,t if a turpentine sllmplc is not llPPl'opl'iately 
drhydntted, there might be some wllter distilled over with the first 
fl'lletion of the turpentinc. This wlltcr may cont/lin some acids, 
eh idly itcelic tlnd fOl'mic (123), 

TAB!.I;; 3.-~-Bo-ilin(J tpml}(ll'alw'P8 oJ some comlJOnl'nls oJ pinl' turpentine8 
H 

Boi1in~ :\ Boiling 
Component temper- ;i Component temper­

aturc :1 ature 

°0. ! 00. 
n-bcpttLrW . _______ .. _____ .. __ .. US . (:l-terpineoL _____________ _ 200-210 
a-thUjPIH'_ .. ' ''' ____ .. ___ .. __ 150-152 :' BorneoL_- .... ___________ . 212 
a-pinCIl(' _ .••• __ • _____ ._ 155-15U III ~[cthyl ch:wicoL _________ _ 213-215c' 

160-101 I a-terpineoL ______________ _ C'tunpllPol' __ .--.------- 218-219 
fi-pinrlir _.. __ .. - ___ • __ '" 2201U4-1 titi I: a-tprpinyl acetate - - - - - - - -­1(iIH 07 XcroL __________________ _t/-myn:-ellr ..... - ._---_.--_ .. 224. 
fi-ph('llancln'lle _.... __ • ___ .. . 170-172 Bornrl acC'tale __ • ________ ._ 225-220 
,63-cllrPIlP.... __ ... __ ..... .. J70-.17:\ Born}' I forlllate. _.... _____ ,. 225-2aO 
n-oc:lylald('hyd(' ._. _ _ _ _ _.. __ 17.1-.1 7:3 . Se;;Cluiterpclll' range in g(,ll­
P-cyIllPne ____ .. __________ .. _ 175-170 ('ral; approx,, __________ _ 230-277 
Limo/lt'lll'. _ • ... ____ • _ • __ _ 175-170 LongifolcllIL _____ .. _______ . 200-261
Oeimcl\(' __ c_c. __________ . 17(H 78 Cadincne...___ ...... _.. ____ __ 274-275 
TC'rpinolc'!1l' __ ._ •. ______ _ 18G-IS7 S('squitcrpcllc akohols in 
n-\I ndet,tU!I' _____ • _ • _•• _. __ _ I U5-U)6 ~el1eral; approx ______ ... 275-295 
Linnlool ..... - _._ ... _. ___ .. 198-.U)!} Ditcrpcncs; approx________ . 295-310 
n-dccylllldphyrlc.c •. ___ • __ .. 207-200 
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We have used a column 90 em. long equipped with it hented jitcket 
and a stillhead permitting a suittlble refilL\: mtio, usually 10 to l. 
'When preliminary frneti,onation of 11 smoJI sllmple of turpentine in(U­
('flted thnt no llpprceiable amollnts of sesquiterpellc fmotions were 
prescnt ilfld that easily polymerized tel'penes were Itbsent, then the 
fmctioJ1ation Was performed under atmosphedc p['cssnre, which (at 
BCI'keley) USllll.lly fhwtulltes between 755 rum. llnd 762 mrn. But 
wh(lrc the prcscnee of. high boiling substanccs hlld bCCll re,'ealcd Ot' 
suspected, the fractioni'l.tion was perrol'med at reduced pressure, lISll­
ItHy 14 mm. 01' 1511111.1, of mcrenry. To C'1'ltch highly volatilc sub­
stfuH'es, such as n-hcptllllC, a dt'Y-ice tmp WitS placed bctwcen the 
column and the Vllcuum pump. Fmctions (cuts) werc usually taken 
Ilt 10 intcrvills, In some pinesposscssing tmpcntine of n, simple ('0111­

position, the numbc>[' of fradions is small. FOI'instnnee, in Pinus 
cooperi turpentine only four fmetions were obb1ined (1I1blc 4). Tur­
pentines of OLlH'1' species had to be sepnnlted into many fractions-54 
in einu8 edulis. 

TXBLE 4.-Praclional (Ugtillatioll of Pinus coopai tnrpentine, (to i1l1t8­
trate a turpentine (~r ,'>-imple C(WllJlJ8ilion) 

I I 
1 flldcx of 

Boiling ])is- IDClJ"it \' I fl'frac- Sp('cilie 
Frllction Pre:;~ur(' runge tilled • t.ioll rotatiollI d.21 

llD22 LaJu21 

I---------, ,-.._._'.'-----" - ''.---- ·----I--~·- ,- ­
"II! 1Il-. 	 I u c. I Percent J)'!lrees 

1._ •••__ •• __ • __ 750 155 -157 5li. 2 O. S57() 1. 4691 +10.0• 	 2", ..• __ . __ .. _. 7bn 157 -.I 58. 2 2:2, 7 . Sli02 J. 47J 8 -0.:2 
:~ , - . - .. ' -" - - 75U 1;')8. 5-1 (iO S. :~ . SUI7 l. ,lH2 -8.8 
-~ I, 75U 160 -lUI 7.5 .86:$2 1,47GO f -I·~, (j 
Pot J'(',;idul' ..• - -, +J(H '1.2 - ... ~ \, .. .., ... - .... -" ... 
LO~:i(,'L_ ".,_._ .. 1.1 i 
___________! ______l ______~___~___~l___________ 

Even !l ('Ul'SOl'Y iI\5p('('tion or 11 rl'lH'tional distill:\.! ion sllPl't Illil)" 

["('vNLl sorne int<'r(lsting infornlntion Ilbout the turpentine under in­
vestigation. COllsidN', for i'Xlllllp/t·, the data 0/1 fractionation of 
J>iiHl8 edlllis (ttlbl(' 5 and fig. 7). Fml'iions 1 and 2 mnde lip more tlmn 
4:3 perccnt of the oil; they cOllsistl'(\ of it strongly dextroroti1tory ('0111­

pOIlt'nt. Its densit), nnd index of l'l'fmetion (t.able 5) suggested that 
the c'omponl'nt p0rilnps was d-a-pinen0. Thc negllti\Te rotlltions of 

,~ 	
rl'lwtiollS 7,8, ~ suggested the possible' prC'sC'll{'e of it very smilll,\t1illl­
tity of l-,B-pinene. Thl' low density of fnletioll ] 0 sC('lllcd to indi('atc> 
/3-myrccnc. 'I'll(' higher dcnsities, positive rotation, nne! sweet ollol' or 
rmetions 12 n,nd l:~ indicntt'{l ,6,3-cal'ene. 'l'lwn, densities begnll to 
deerense ttlld re,\('hed !t minimum at I'mct.ion 17. BC('tlllSC t.ite odor of 
this fmcLioll l'('s('lllbl('(1 the odor of oeimene, it s('a1'cu \\',lS mllde there 
for this hydrocarbon. 

(i'UI'ther: anlllys('s also indicittecl the presence or smllll qUllntiiies of 
l,dl-liIllOl.H'Ill' il.l fl'lwtions 15 to 19. Fmction 20 hnd tite physielll 
pt'operlies of terpinolcnc. Fmctions 23 and 24 possessed llll extremely 
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fragrant odor, which could not be identified with any other essential oil 
eomponent. The physienl properties of these fractions illdieated the 
possible l)l'esell(~e of nn uliphiLtic ester. All the WIl.r to fmction 43, the 
fructions (exeept frnctions 27, 28, and 29) were dextml'ottltory. Judg­
ing from their physical Chllrllcters, these fractions contnined oxy­
genated terpene compounds. Frnctiolls 44 to 50 were levorotntol'Y; 
and the last frtl('tions,. 51 lo 54, wet'e again dextrorotntory. '1'he fmc­
{ions fmll1 44 to 54 possessed the dll1rneteristics of sesquitcrpenes. 

'1'ABLE 5.-Fractional distillation oj turpentine of Pinus edulis (to 
ill'llslrale a t'llrpent1'ne of complex natu.re) 

Boiling Di;:li\- Density Inc!('x 11f Spct:ific 
Fraction PrcsSllr(' range lale dC

; r(·fraction rotation
n'.!J [crJ"J 

Q1______ •__________ mill. ('. Percent Degree. 
2_________________ la ·1:3-·1:3 2:3. 97 0.85·1 I. 464:3 +46.8 
3 _________________ 1:J 48--14 19.5·1 .85·1 1. -16·16 +46.9 
4 _________________ 13 ! i ·14-·15 1.84 .85:3 1. -165:3 +30. 'J 

I • D_ + 15.013 1 .15...16 1.70 8-') 1 I. ·!(i585__ • ___ .~._._. 1:3 I 1·16-47 1.90 1.851. 1 1. -Iu65 -t 5,56 ______ • ___ . __ .. _~ 1:3 1 .17~49 I. R5 .851 1. ·\(\72 +2.8
7____ ~#~_~~~~~ ___ ~ t8 _________________ 1:3 I ·19-51 .77 .846 L ,1(\78 -10.4 
9 _____ • ___________ la 51··58 · ·18 · 84:~ L -Iu87 -15.9 

1:3 5:3-5-1 .89 .841 .1. 4{192 -16.•10. ____________ • __ 
1:3 54-55 .87 .8:n 1. 4{199 -8.3I 

11 ____ • ___________ 
]2 _____________ •• _ 1:3 I 55--56 1. 52 .839 1. '170:3 +2.6 
13 ________________ 13 56-·57 4. G(j .8,18 1. 4708 +10.7 

1:3 57-58 .86 .848 1. ·1720 +9.314. __ .". __________
15 ________________ 18 58-59 · li6 .8·15 1. "lal +3.6..)1:3 59-(\1 • "t_ .889 1. 4750 -1.9]6. _________ • _____ 

1:3 61-H:3 .40 .8al 1.-1771 -6.817 _____________ ••• 
13 63-,;(; • 8')- I. 4798 -7.0 

19 ________________ 1:3 Hfl-68 -I') · S:lO l. ·1815 -3.1 
20 ________________ 13 6&.70 .67 .8·1:3 I. 4829 -1.0 

1::1 70--71 .40 .857 1. 48,10 +.7 

18 ________________ • (17 _D 

21 ___________ •• ___ 
1:3 71·86 l. 07 .861 l. 4.J.17 0 

22 .... -.... -..... -.. -..... 1:3 80-88 · ·16 .870 1. 4271 0~-23 .•• _. _____ •. __ •. 1:3 88-S9 1. oa 1.8G8 l. 4208 +.72· L • _ . _____ •• __ •• _ • 1:3 89-90 :3.80 · 8(i(\ L -1190 +.7 
')- 1:3 90-9:3 .74 .8GO L "190 +.9.0._ .". __ .... ___ •
26 .. ____ . ______ . __ 18 93-97 · :~8 .881 1. ·129127 _____ . __ • _______ +."

I :~ 98-101 .29 .894 l. 4410 -.2 
29 ________________ 13 101-lOa · :{O .899 1. -1-190 0 
28 ___________ . ____ 

1:3 10:3--100 .29 ,900 I. -15:32 080 ___ • ____________ 
1::\ 1O(j-108 · ;:12 .900 1. 4574 +1. 4 

31._. _____________ 
l:.3 108-1I0 · ·18 .900 1. ,1624 +4. o32. ___ ~ ______ ___ •~ 1:1 I LO-I Ll .27 .900 1. 4G59 +4.0 
18 111-ll2 .4.7 .90t 1. ·1687 +5.6 

:33 ________________ 
:34 ____ • ________ ••. 1.::\ 112·-114. I. 13 .90a 1. -1722 +7.8
35•• _•• _. _______ ._ 1;3 JI4-JJ5 .72 .905 3. 47flO +10.6 
36 .••••• __ .. __ ..•• I:l 115-1 Hi 1. 00 · HOi 1. -1797 +11.737 __________ •• ___ . 

I:J lU.\-116 L G4 · !)O(j l. 4808 + II. 7
38._ ••• ____ •.•• ___ 1:3 IHH1.7 1. 00 · !lO9 1. ·l8;~7 +1·1- I 
39___ ...... _ la 117-118 .99 .909 J. ·l8(j(j +15.0 
40 ___ ••• _•• __ ._ .•• 13 118-U9 .66 .911 1. 4892 +13.9 
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T,\BLE 5.-Fractional distillation oj turlJentine of Pinus edulis (to 
illustrate a turpentine oj complex nature)-Conlinued 

Boiling Distil- Density Index of Specific 
Fradion Pres. 'Jure range late d"t refraction rotation 

Il'J [am 

mm. o C. Perctlll Dtg'ett41 ________________ 
13 119-120 O. 93 0.911 1. 4920 +8.612________________ 


43 ________________ 13 12('-121 1. 27 .911 1.4935 +2.2 

]3 ]21-122 1.11 .913 1. 4947 +7.7 

45 ________________ ]3 122-12·1 .53 .911 I. 4982 -5.1 
40 ________________ l:l ! 12·1-126 .67 .907 1. 5008 -23.6 

44. _______________ 

1a 126--127 .74 .903 1. 5021 -39.0·17 _____________ ]3 ]27-129 ]. 11 .902 1. 5031 -49.2 
49 ________________ 13 129-l~~0 2.20 .902 L 5042 -56.6
48. _______________ 

1;{ 1:3()·1 a2 2. 62 .903 1. 5059 -42.550 ________________ 
13 132-1:33 1. 90 .905 L 5065 -8.5

I
51 ________________ 
52. _______________ 1~3 I IB3-l3·! 2.39 .911 1. 50n9 +20.2 
53 ________________ 1. 44 .912 1. 5072 +56.2 

1.07 .91.4 1. 5074 +76.8
5·1 _____ .•. _. ___ • _. HI_ !!t_!~i l. 2(j .922 1. 5109 +41. 5 
l)ot residllP and 10"R. ... ----- ... ~ - ... _...... _-- .. 3. 78 ..------- -----'---- --------

I Estllll~l~d. 

,rlwll frnctiollntion is done CIlI'('Cully, Illld densities. nnd indexes 
of I'e/'rnction of Nteh ('lit fU'e deteI'lllinc.d necllI'lItely, it is expedient 
to plot the datit on the SutherltUld dillgmm, on which the densities 
Ilnd indl'xes of rt'l"t'iletion of the most eOlllmon pure terpenes are 
nlt'cady showll. J3eC'iLUse the two physienl characteristics of pure 
tcrpcnes llre giycn by Sutherinud (157) fit 25° 0., it is necessnry 
to use C'olTcetion ('tidors if the properties were taken at different 
tplllpCt'atlln's (s<.'e p. 13). 

1"1'('11('11 nnd H ussinn rescilrch wOl'kers USUlln~T present the results 
(;,(' fl'll('tionnl distillation of theil' turpelltine snmples as n set of curves 
Rho\\"ing dl'llsities, int\l'xl's of rel'raetion, optieill nctivities, nnd boiling 
points of n[[ frn('tiolls. '1'he qunntity of the distilled turpentine is 
plott<.'d along the abscissa, fiod the physicnl properties nre plotted 
nlong the ol'dinlltc (Hg. S). 

IDENTIFYING TURPENTINE COMPONENTS 

After thl' physical properties of the frnctions nre determined !lod 
studied, the slIspeded eompol1ents of the turpentine Ilre identified in 
most enses by pl'('pnrlltion of cl'ystnlline del'ivntives.6 Using model'll 
ll1<.'tho<is of determining infrared spectm of the frnctions, the COIll­
pOII<.'nts ('nil bt, idt'ntified mueh i'ilster. 

A simpl(' method of ns('ertRinillg the Rpproximnte composition of a 
t 1II'pl'ntinl' nHt'r it has bel'1l i'l'Ilctiollnted, is to construct n bnr diagram 
with the boiling rUllge plotted along the ilbscisSIl Ilnd the percent 
of distillate !llong the ol'dinate. Sueh 11 diugrnm for Pinus chihuahuana 

6 Exc(>pt panlflin hydroeari)olls and t!lOse neW or little .known sesquiterpenes 
lwd their derinlti\'(~SJ \\'hich do not yield known crystalline compounds. 
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FIOUltE 9.-Rcsults of fractional distillation of Pinus chihuahuana turpentine. 


reveals four major components, represented by the longer bars, in ~ 
the turpentine (fig, 9). Of course, bar diagrams merely indicate the 
amount of material distilled at It given mngeof tempemture. When 
n fractionation is done throughout under atmospheric pressure, 
the bar diagrnm gives n good idea of the composition of tl turpentine. 
But when the distillittioll is started under atmospheric pressure and 
later continued under reduced pressure, the diagram is rather difficult 
to intel'pret. Conversion of boiling points of turpentine components 
from one pressure to another is It tedious and not too accurate job. 

Vapor chl'onlittography is very useful in the twalysis of turpentines. 

For the theory or the method and a description of the Ilppllrn,tus, the 

reader is referred to some convenient text, such as Keulemllns, A.LM. 

Gas Ohl'ornatogntphy. (Reinhold Pub. Corp. 217 pp. N.Y. 1957.) 


'1'he method of vapor chromatography consists essentially of 
fOl'cirw, by means of It stream of inert gas, It small sample of the 
voliltile oil that is to be nnalyzed, tlu'ough It column packed with .,iI 
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an adsorbent and maintained at a constant temperature. f;omponents 
separate according to their volatility partition coefficie~ll, '\~ well as 
adsorptive effects. A resistance device placed at the end.:;.: t l , column 
detects the arrival of each component and transmits thu 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 chromatogmphy 
assembly hecame availnble to us only when our project wns almost 
completed, and we applied the method to ascertain the composition 
of turpentine of Pinus patula. 

The methods we used to identify the components of turpentines 
by menns of prepnration of crystnlline derivatives are Jully explained in 
Guenthet·'s The Essential Oils (59, v. 1 and 2). For those rare cnses 
when the methods of identification are not described by Guenther, 
I\S in the case of ethyl cltprylate, we have reported our methods 
under the particular species in which the compound was found. 

) 



,.' 

Part II. Composition of Gum 
Turpentines of Pines 

COMPONENTS OF PINE GUM TURPENTINES 

,Ye llfl.y(~ round that pine gum turpentines ('ontain at least 30 
cliIfcl'efl t 11IltlH'd com p01H'n ts, that is, those which have been nLrelldy 
reporlc·d in litenlturl' as illgrediel1 ts of essen tift! oils. Besides these 
known compounds, pine turpentines conlilin at least ItS many, 11nd 
probably more, ingr('(lients whose physiclli properties are not ('X11Ctly 
known. ~Iost of these unknown compounds, sesquiterpenes and 
tl\('il' oxygl'natl'd deri\"lltivl's, fU'e rOlllld in the high-boiling fmctions 
Itne! gPIWL"Illly in vel'Y small iunounls. All told, thC'l'e an' Pl'r/II1PS more 
thlUl u hundred organic' substan('es in pine gum lUI"()('ntilH·s. 

The eomponents of gum tmp('lItines of pines are listed in Appendix 
1, p. 143. Structul"Ill formulils Ilre given the1'e when known. For 
sesquilc'l'penes that appeared to be new, melting points o[ their 
h.wLroehLoride are eited. A few sesquiterpenes Ita ve not yielded 
solid drri\'lltives. Some sl'squiterpenes and oxygennted eompounds 
Wl'/'t' I'ound ill su('h smull quantity that it WitS impossible to identify 
or to describe them. Thc're is e\-idence tlUlt some oxygenated tel'­
rH'ne (kri vativcs oc('nsionnlly reported ns components of gum tur­
pen tines nrc of a secondilry origin. 

SYSTEMATIC DESCRIPTION OF TURPENTINES 

In this public!ltion arc listed 92 species itnd 2 vn.rieties of pines 
(tnble 6). Of these 94, turpentilH's or 76 were analyzed in Ollr 
labomtOl'Y. For the other 18, results obtained by earlier inves­
tiglttors wel'o considered reliable and induded in this pUblication 
\vitirout verification. The pines listed in table 6 do not include many 
,'arlNi('s, such ns the varieties of Pinus 8yll'estl'is, P. nigra, llnd P. 
p,seudo8t/'obl{,~. 'flH'se mricties m'c usuillly mentioned in the system­
iLtic description of the pines. 

Ess('n tinily, the speeies nrc alTllnged according to the system 
lIse(t in Shtlw's monogmph of 1914 (14.2) which contained 66 species. 
Since that tim(', Shnw's treatment of the genus Pimls hns somewhat 
changl'<l. Se\'el,:tl new pines lut ve been described-for insil1l1ce, 
l,,"os. 46, 56, 66, 69 in bIble 6-and some 20 pines have been elevated 
front vitriclal to species mnk. 

In the light of l'eCenllllvesligaliolls 7 I prefer, instclld of the highly 
het('I'ogeneolls Pinus chinensi8 (14.2), to usc the mtme P. tabulaejol'mis. 

7 \Vu, Cllmw-Lw£x. 'rn}}. rHYTOm:O(;UAPlIIC l)lSTRlBu'rION OF FINE!; IX 
CIffXA. 77 pp., map. IIH7. p.l.S. thesis. Copy on file at Yale Univ. School 
of Forestry, New Haven.] 

.~ 
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T A l1LE 6.-Species oj the genus Pinus included in thiA pu.bLication 1 

S{'BGEXl'S lIAPLOXYLOX 

Group Cembrae 	 Group Strobi-Continued 
l. P. kor(Iicllsi~ ::lieb. & Zucco 14. P. /Ilo,llicola Doug!. 
2. P. cembra .1.. 	 15. P. tlrobus L. 
3. P. sibiric(I ~r:l\"r. 	 Group Gerardianae 
4. P. 7J!tmila Reg(·!. 16. P. bunywflu Zucco5. P. u/bi£·lwli.~ EngeJrn. 17. P. yercmliUfl(l- Wall.'t 

Group Flexiles 	 Group Balfourianae 
Ii. P. flexili.~ ./ amp" 	 18. P. bllZ/ouriuna erev. & Balf. 
7. P. rellexa Eng(·lm. 	 1n. P. aris{a{n Enge1m.
8. P. arllwllIli FnUldl!'t Group Cembroides 

Group Strobi 20. P. cCl/lbroidc.~ Zucco 
0. P. a]j(lc(lJlltilc :Ehr(·nb. 21. P. edulis Engt'llll. 


10, P. la/llbertilllllL Doug!. 2~. P. qlllulri/o/iIL Par!. 

II. P. lIarvij/of(t Hi!,!). & Zucco 	 23. P. IIw/lOphyll(l. Torr. & Frcm. 
12. P. pI'lIce Gri:i!'h. 	 2·1. P. pillceull(J. (;ordon 

9­
_i).13. P. yr~tnlhii ~r('('I('lland 	 P. /Ielsollii Rha\\" 

Sl'/l(lIi:~TS ()[J'I.OXYLOX 

Group Longiroliae Group Australes-Continued 
20. P. lOnyi/o/in Hoxb. (I'. rox/mryhii) 57. P. !Ja[llslris :\1 ill. 

'27. P. ('(ml1rit'/I..~i8 Hlni! h 58. P. C(lribae(L~[ol'('It't 


50. P. elliot/ii Engc·lm. \'ar. rlliollii
Groap LeiophyUae 00. P. ellioilii Eng(·llII. vur. dC'I.~(L 

28. P. /I'ioph!//[(L 8rhit'dl' & D('ppe Little &: Donnan 

~!). P. dahuu/warw Eng\·lrn. 61. P. l(led(L L. 


(';)30. P. lumholtzil Rob. &: F't'rn. 1_. P. echillula ~Iil!. 
03. P. luwsonii Ho('zlGroup Pineae 04. P. I(:o('ole Sch!. & Chnrn. 

31. 	P. 1linc(L L. (j,'i. P. l/Io/lleZlllllac Lalllb. 
O(i. P. dltral/llcl/si.~ l\l:lI'Un('zGroup l\(acrocarpae 
07. P. /iarlweyii LincH. 

32. P. jeiTreyi (:r('\'. & Balr. 	 OS. P.f'lullil End!. 
33. P. lorrt'!I(L/),(L Pitrry GO. P. cooperi Blanco 
3·1. P. ('olllleri I). DOll 70. P. "riclwaca/w ~[arlinez 
35. P. ,~aJlirli(m(t, I )Ollg!. 	 71. P: i!lll/elltlanii Garr. 

-?30. P. OIlX(lcrL/W ~Iiro\' 	 ( _. P. p.~l!lUlolllroblts Lind!. 
73. P. lenui/olin l:lenth.Group Larici(}ones 
/.1. P. ocdr/enl(l".~ Swartz 

37. P. resino.~(L AiL 75. P. y/abra Wnlt. 

:38. P. lropi('alis ~lor!'lC't 


Group Insignesall. P. "wIISlltl.iww Lamb. 

-10. P. delL.~ijlora l:'ieb. & Zucco 70. P. prill(Jlei 8hm\" 

·11. /'. Ihlllli)cruii Par!. 77. P. OOCIlT7J(L Schi<'dc 

-12. P. 1i!/1L'('~l,.is L. 7S. P. Ilocarpa \'Hr, f.,·j/oliala Martinez 

4:3. P. 11101l/(WCL ~I ill!'r 79. P. hulfpCIl.~i,~ ~[iJlcr 


4·1. P. ludtlll?lt.sis l\layr. SO. P. brl/tia Tell. 

·15. P. l(Lill'(/flen.rl:~ II ayatn 81. P. 7IilYlls(! Ste\'cll 

40. P. hW(lfl(J.~hal/.ellSis Ilsi:t 	 S2. P. Jli/IC/.~ter Ait. 
47. P. IfIl!rkusii DC' \;rit's 	 8:3. P. uiryiniallCL ~lill. 
·IS. P. in~lI/arts Endlich 84. P. d(lUS(L (Chaprn.) Vnsey 
·In. P. khasya Royl(' 85. P. rigida~liI!. 
50. P. Irl/fUt(lnl!n.~i.~ Franclll't SU. P. serali/w l\[ichx. 

5L. P. niyrcL Arnold 87. P. pltl/gell.~ .Larnb. 

52. P. hrldrdl'hii Christ. 	 88. P. bllUklihUl(L ,Lnlllb. 
53. 	P. tabu/ae/armis Carriere 8\). P. ('OllloriIL Dong!. 


!l0. P. grc{fl/ii Ellgelll1.
Group Australes \)1. P. pullli(! Sch!. & Cham. 
54. P. Tlollricrosa Ln\\'S. 	 \)2. P. tnllrica/a D. Don 
55. P. arizonic(L Eng!'llll. 03. P. allen7wlcL Lemlll. 

.50. P. 'U'as/tocnsilr ~[asol\ &: Stock\\'rll n·1. P.roilia/a D. DOli 


• I 'rhe common names of species listed hcrc'~lrc g.i\"cn in Appl'lU.ii.t 2, p. 153. 
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28 CO:\IPOSl'l'rox OF OUM TURPEXTINES OF PINES 

I c'ollsidcl'cd Pinu,~ jejJreyi find p, oaxacana B os vnlid spccies find 
moved them from the group Au.strale.s to the group i\lacrocarpae, 
Then I movcd til(' whol(' group Jfacrocarpae from the end of Shuw's 
dnssifi('lltion eiosel' to the heild or the subgenus Diplo:cylon, so thnt 
instelleL of Shaw's classifiel! tion: Leiophyllae, Longijoliae, Pineae, 
Lal"icivlles, L-hLstrales, Insignes, and JlacroClLl'pae, I nrrnnged the 
Dipio:rylOll pilles in the following ordpl': Longijoliae, Leiophyllae, 
Pilleae, J[(lC'rocal']Jae, Laricinones, .Ll~l8lrales, iUld insignes, 

Suth ill'C'IIlTtlngl'lIl1'nt of thC' pilll's is not as (h'llstic as it may appeul', 
As 	fi wholl' Shaw's systl'll1 hILs bC('1I rettlincd, but the I'eul'rnngement 
phl(,('S nil Hliphntie hydrol'llrhon pin('s togt'lher, Ilnd closer to the 
1lI0nosp('('ific group Pinene, Pinus pine(L of this group has morpho­
logic'it! ('hHl'Hd('l's und ('hC'miC'lll ('om position of turpentine simillu' to 
those' of p, torreymzlt of til(' gl'Oup J[acrocal']Jae, Shaw's Ilrmnge­
JIl(IJ1 t of thl' su bgN1US Hnplofl/lon, X os, 1 to 25, hns not been changed, 

Th(' gc'ogrHphil' distribution of th(' 94 pinl's (fig, 10) shows 
that th(,), !U'e I'csll'i<-lNI to thc Xorthel'll Hemisph(,I'l', where they 
~:I'()\\' fl'olll til(' Arctic L'pgions to thl' Equntor, jumping it in one 
plllc(\ on SUllllltl'n, Of the 94, 62 arl' fOllnd in the Xew \Vorld and. 
olll~' :~2 ill thi' Old ,,'odd, 'I'll(' highest conccntrlltion of pilles is in 
('ali r01'11 ill Ilnd iLl ~ [('xico, 

Subgenus Haploxylon 

Group Cembrae 
1. 	Pinus koraiensis Sieb. & Zucco Reference (75)


(Ft Jap, ii, 28, 1842) 

P£IlIl,~ k/lf'(LiellSi8 grows in thc Amur nnd j\faritimc provinces of 


H USSiH ; in ~!ttn('h Ul'i:l ilnd KOI'('a, and in the cen trill pnrtof the Japnllese 
ishlIId of Honshu, The samples of oleoresin of this pine were obtained 
from Sl'O1.Ii, ~. 

Thp yol.ttilC' oil was obtnined in two steps, The lower boiling 
fl'Hdion distiliNI bclow 1900 C, ilt 0,1 III 111 , of mcrcury, This frnc­
tion, which 1l1ll01.llllNI to 18 PC'I'C'C'llt of the wejght of the oleoresin, 
compris('d th(' light oil. \YhC'/1 the tpmpemtllJ'e WitS incrensed to 200 0 

llnd PI'l'SS U1'(' I'('d u('ed to 0,05 mm, of /IH'l'('UI'Y, 11 heny}' oil stnrted 
to distill. :-)0111(, of it solidified in the ('ond('nseL', The hetl\TY oil 
HlIlOlllltNI to S pel'('cllt of til(' wcight of the olcon'sin; the total volatile 
oil nllloulltcd to 26 pel'('{'Ilt. Physic:li properties of both light Ilnd 
ht'Il\"Y oils al'e gi \"('1\ in til ble 7, 

'['AUI.8 7,-Physical properties oj turpentine oj Pi,ms koraiensis 

Yi(.'ld Dcn!'ity Index of Specific
Fractions pPfcpnt d{ refraction rotation 

no [a]s;s 
--~--"' .... 

Light oiL_ .. ___________ ]8 O,86a·I·2.I I. 47302.1 -11. 6°.I It'll\'.\' oil_. __ 	 8 ,9300:!3 I. 521:320 +119,0°- ~ .. - .. "+ ... - - -.. j, 

a Tn Hhaw's monograph Pinll,~ jrJJreyi is includt:'d in p, ponderosa; p, oaxaCa1!CI, 
1Illcl('r the 11Il!l1l' of I', apll/allsis, is ineludt:'d in p, 7)8el/(lo8Irobll'~; in 195i I pro­
posrd lhnL it Ill' cOllsidert;'d as an incl('pendcnt specie::;, p, oaxacana (105), • 
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30 CO"IPOSITIO).' OF GIDI T1:RPEXTL.~ES OF PINES 
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The light oil of Pinw~ kOI'(Lien.~i.s eontrlil1ed: 
Compound: Perunt

I, dl-a-pinenc_____ • _______ ___________ .- __ • ___________________ _ 44l-j9-pillcue________ • ________________ • __ • ____ • ______________ • ____ 
22 

a-~3-car(·lIc______ .. __ ••••• ______________ . _ .. _________ • ______ • __ _ 11l, d/-limonenc _. __•______ .. ____ ... __ • ____ . __ • ___________________ _ 8.5n-undec/we (table 8).____________________ .. _.. ___________________ _ .5i, dl-boruylaccl:lle __________ "' ..... __ .. _____________ •• _______ • ___ _ 3.0 
f::it':;C/uitcrpcncs, mostly d-longifolt'llt' __ • __________________ .• __ • ___ _ 7. 4 

'I'h(' hell\',Y oil of this pille conttlined: 
Compound: Percrllt 

~t"'CJuilt'rpe!l{'''_--_-----.----- _____ ._._. ____________ .•• _____ _ 12 
l)it('rpI'Jl[1~, n1()stJy cpmbrellt' with .~()mp ditrrpt'!lP, thal yielded It 

mnll'il: lwhyclri(\p adduct, m.p. 1.\8°-1.19° C __________ .- ________ _ GG-61
OX),gl'1l11l[1d I:ompollnd,, __ .. ____ .. _______________________________ _ a 

.As Il ,,-!toll', luqwn tine of Pinus koraiensis (i.e., both Iigh t und 
h('lwj" oils ('om bin ('(I) had till' following composition: 
COlIrpOlllld: Perrent 

t. dl-a-piut'IH'. ___ • ___ •• _. ____ ._._. _______ • ____________ • ______ _ 
/-i'J-pin(,I1P ___ _ __ • ___ ... _____________________________ ._ 29. ° 
a-:l~-C::U'Plle _ . ______ • ___ • _ • __ • __ .____ • _______________ _ 15. ° 

i.O 
1,([[-limOIH'!I('___ __. _______ • ___ ._._ •• __ •• _. __ • ___ ._'. 
It-lIndt'Calle (table gl . ___ ,, _______ • ____ . __ • __ . _________ . __ _ O.G. ° 5 
l.dl-borllyllll:p!:lte _____ .__ • ____ • ________ ....... __ .• _. ___ •• __ 2. ° 
S('"qllit('['p('l\('~, lIIol'otiy lOl\~ir()h~nt' ____ • _____ . ____ • __ •. _-_. _____ _ 9.0 
DitC'qH'IW:;, 1II0Htly cC'lllbn'lH' with some Qf lllO~C which yielded a 

llHllpic anhydride adduct. m.p.14So-149° C _____________________ _ 20.5
Oxygl:lHltcd compound,;__ . __ • __ • ________________ ' __ ._._________ _ 1.0 

TA DI,E R.-Ph-ysical const(Lnls oj n-undecane 

I fI.-undel:llne from n-lIl1decune 1Constant· 
Pinus koraiellsi.~ 

-~.----..----.- -------\----------1-------
Boiling point __ 	 196°-19iO C__________ 195.8° C. 

1.416i 2:1.3 _____________ 1.'11902 20Tnd!'x of I'l'frllcti()n, nl) 
.i3G.l %1 _________ .. ____ .740.1 20/)('n~ity, d, 

1 Egloff, 0., j>1t!J.~j('l/1 con.s/(llIls of hydrocarbons. Vol. I, Amer. Chem. Soc. 
:'\OIlOg. 7X, p. ,(t lh'inhnld Pub. Corp., X, Y. l():~() . 

•\nalv;,:i" of und('cIUlP frow P. kOl'lIiclll:ii,~: Anal.-Cllied. for CI1Il2~: C, 84.52; 
H.15..[8. Found: (',8·1.98; H, 15.15. 

2. Pinus cembra 	L. Reference (116) 
(Sp..P1. 1000: 1753) 

PinllScembro. is kllOWlllll AnH'ri('n llSSwiss stonepine. Itgl'owsathigh 
nltH lId('s in till' Alps, pilst wiln\ to the Cnl'ptlthian .Moun tains. .The 
olt'ol'('sill SH.lil pie wns ('olleeLcd for us in thc forest l'eSeI'\'c Paal bei 
~ lumu, OI)l'rsll'ipl'mltl~k, Austria, clevn,tion about 5,500 feet. The 
t 1I1'[H'nl ill<' \\'liS dis! illed /'rom thc o)eorcsin under red lleed pn'ssure, so 
tllHt at till' ('nil of dislilhltion the pot tempel'ltt\ll'c was 2000 C. and 
pn'SSlU'C witS 0.05 mm. or merCllI·Y. Cnder these. conditions all 

., 

• 
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COMPOSl1'IOX OF GUM TURPE);"TINES OF PISES 31 

yoltttil(' substances wer(' l'('ll1ov('(1. TIl(l yit'ld of lurpt'lIliIlP wns 2 t.4 
p('l'C'ell t; its ciltu'aelt'risli('s wel'(' Its follows: 

Density, d~·=O,S522 
Iudex of refractioll, n3.5= I.-I{)54. 
Specific rotation, [0,]= + 13-8:3" 

The tllrpt' II tinc con tailled: 
Compound: »erWI/

(l-a-pinene_ _ _ ___ _ _ __ _ ______ ____ __ ______ __ ______ __ __ ___ ___ _ _ __ _ S5 
[-,B-pinene____________________ • __________ ._ ___ ____ ____ __ _ _ _____ \) 
Residue Ilnd losses______________ _ _ _____ _ _ _ __ ___ __ _ _ _ _ _ ___ __ __ __ _ G 

It diffprcd from Pinus sibil'i('(L, X0, 3, tllrp(,llline by til(' (,Olll plf'tc' 
nbsel]c'e or .:l3-eal'(,IH', 

3. 	 Pinus sibirica Mayr. Ht'f(,I,t'l1('CS (18, 182) 
(Frpmdl. Willd - & Pllrks, aRR: 1(06) 

PifUU:! sibiric(( is ('ollsiderpd by SllItw as t1. synonylll of ]), cembm, 
It o('('upit's !til Itl'Pil ('nlinlly difrcrNlt fro In thllt of p, cembl'n (fig, 11), 
This SPl'ei('s grows in plnins, riY('r vnlleys, and in the 1l10untnills of 
th(' nortiwrll pllrl or Europc'nn Hussilt; ill Siberia it is r('pitle('(1 by 
p, pllmiln, Xo, 4, Itlld ill tht' ('Ilst by p, kOl'oiell.'!i,o.;, :\0, 1. HussitU1S 
cail 1< Nibi)'i('(~ ceil aI', III tht' Trilllsbilikni r('gioll tlnd in lht' SnYllll 
Rallge of .Ellstel'll Sibprill ns ",dins in thc' Altni :\Iollntnills of Wpstel'll 
SibprhL tlH'J'e grows IL. pine, ]), COI'O/WltS Libr " which nppill'enlly is il 
mountaill vlll'it'l \T of p, gibjriw, 

Schknt(·lofl' ((.32) pltrtiall,\- illlalyz('d old oxidized o1eol't'sin of Pilws 
sibil'iw; tlH' tUl'penlilH' had It density of 0,865 Itt 15° C" and ('ontailH'd 
pl'eSllfllltbly 2() p('r('pnl or d-a-pinelle, 

Bltrdysh('\-nnd his ('owol'kt'l's (IS) innstigated Pimls sibil'icn fl'om 
the Alttti .:\lollntains, Possibh- it WitS the above mentioned p, 
COl'OIW.IPI, Physic'al cllllmdl'l'islles Wl'l'e: 

D(·n,;ily. d~'O= -O,SOOD 

lud('x of .l'pfraction, IIi? L-170!i 

Hpeeific rotation, [all)'" +8,O\)0 


TIl(' ('olllposition WitS: 

Compound: 	 Pace "' 
d-a-piIWllC._._ .• _. __ .• ___________________ .___________________ on 
I-S-piJlPJl!'______ ___ .. __ ..• ________ .. _ ._ ... ______ 7 
d-l('J'pel1e {unknown). _____ ... _____ . ___ .• _____ •. ____ .. ______ Jl 
~3-e~\.rellP ... _ "" ~ _ ~ _ w _ "'''' ... "" 0- ........ ~ ... ~ .. _ ~ _ _ _ _ _.__ .... "'" .. _ _ _ _ _ _ _ _ _ S 

l-lirnO'lH'lle and dipl~nt(\nc ..... _ .. ________________ .. ________ .. ____ - ___ ~ 

Itl':.;iduc and lo~ties_____________________________________________ a 
It is s('('n that the dH'rniclll compositioll of Pimls gibil'ic(l diffC'l's 

('ollsidt'I'ltbly from that of p, cembrn, Gnfortlinatt'ly the spsquilel'()('nc 
I'm('tioll of the turp('ntine waS not explol't'(\, The ehemienlehal'tlett'l' ­

., 	 isli('s or p, sibil"i('(L lUl'J)('ntiIH' 111'(' clost'[' to tiLosp of SOllie other Asilltic 
ilnd of wpsl('rl1 AllH'l'iCitn pines th:lll to those of the Europ('(tll P. 
cembra, 

4. 	 Pinus pumila Regel. RefPI'(,IlC(' (UnlJUb- orig, d(Ll(~)
CI ncit'x S('m, Hol't. Petl'op_ 28_ 1858) 

Pinlid plUnillL is it \'(,I',V sm:t11 t l'pe, mort' ort('n n. (,l'e('ping shl'u b, 
~1'()Willg in tltt' llortil(,lIsi('t'1\ part or Sib!'ria nlld in alpin(' purls of 
,Japan Hnd .:\[nlH'hul'ifl. It is dosely reilllt'd to p, sinil'ic(t, Some 
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botanists SIlY tlmt it is merely It dwarf variety o[ P. sibirica: otht'rs 
muintnin that it deserves the rank of nn independent species. 

Because of the smllll size of Pinus lJUmila, it is rathel' difficult 
to obtnin a sufficient amount of its oleoresin for llIllllysis. To get 
some ideil. of the chemical composition of its turpentine, we obtllined 
from Professor Nobukiyo Tnkllbashi, Ytln1itbe, Sorochi, Hokkaido, a 
sample of its stellm-distilled wood turpentine. Our mllin purpose WllS 
to find out whethel' the sample contnined t:.3-carene tlnd thus whether 
the species wns chemicnlly rein ted to P. sibirica. We knew thnt if 
this terpene were fouml in lnrge iunounts in the wood turpentine of 
the pine, the terpene would !llso be present ill its gum turpentine «('/'. 
P. ponderos(£, No. 54). 

The physicnl propedies of Pinus pumila wood turpentine were 
these: 

, Density, d;6=0.8855 

Index of refraction, ni:=1.48t5 

Opticnl rotntioIl, a~:.= +7,340 


Upon frnetionntion, only 45.5 percent of the oil distiJIcd below li4° C. 
Judging from the physictll chilmctcristics of the fmctions boiling 

below 173° C., these contained: 
Compound: 	 Percent
d-a-pinenc about. __ •.• _________________________________________ _ 

25loti-pinene about•. , • _. _" __________ " _______________________________ _ 10 
Ll,3-carcJlc______ -- __ -- ---_. ___________ -- _-. _-- -- __ -- -- -- ----- -- --- ­ 20 

Presence of t:.3-carene WllS verjfied by prepnrn tion of nitrosate which 
melted at 142°-143°. The l'emailllllg 45 percent of the turpentine 
apPilTeutly contained It good detll of secondnry oxygennted compounds, 
not commonly found in large quantitites in gum turpentines (howcyPl' 
SCl\ No. 43). Becnusp the high-boiling compounds of sleam-distilled 
~'rood turp(·ntinc were beyond the scope of the study, they were not 
ttnltlyzed. The most importnnt information gained from the ttnalysis 
of Pinus p!l1nila turpentilJe was proof of the presenee of llll'ge quan­
tities of t:.3-('ttl:ene, which ties this pine chemically to its nearest rela­
tive, PimLS sibirica, No.3. 

5. 	Pinus albicaulis Engelm. Reference (62) 
(Acad. Sci. St. Louis, TrnlJs. 2 :209. 1863) 

The l'ange of Pini!8 alMcauli,<;, or whiteblll'k pir\(', extends from 
Bt'itish Columbit1- to HIe mountains of northel'll Cnlifol'llin, and the 
Sicntl N evndil. This pine Oeem's in the Rocky 1'foun tHins in Idaho, 
~Jontann, and northcl'll 1Yyoming. It is an alpine tree, oftellllssuming 
a shrublike form. 

'rhe oleorcsin examined wns collected by the llutbor nelll' :Mt. Rose, 
Nev., elevntiol1 9,000 feet. The volatile oil wus sepl1rttted by heating 
the oleoresin so that Ilt the end of distillntion its temperature I'cached 
200° C. nnd prcssUl'e wns reduced to 0.01 nun. of mercury. 'rhe last 
10 percent of the distillate had the consistency of glyccl'Ol. The yield 
of turpentine was 81.15 percent. 

Physicnl properties of the lurpen tine were liS follows: 

Dcnsitv, (f.'=O.897!l 

Index of rdrnctioll 1I~·5=lA971 

Specific rotatioll, faJ= -25.10 
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Tht' tlll'p(,lltin(' WilS fouud to conblin npproxinllltely: 

Compound: 	 PUCt1lt 
d-.l3-l'llr('JI(· (tll!;le 0) _________ ___________ - _______________ ._________ 82~ 

a-b~rpihyl lll'ctnte__________________ ' __ _ ______ _ _ _ ____ ____ __ __ _______ :3 
l-l'lldiIH'IlP _____ . ___ • _______ ._ ____________ ________ __ __ _____ ____ 10 
Albi(':L\lll'lIl'. __ ._0_.- .. _. ____ .. _________ •_____ . ____ . __ . _______ 42 
Albi{'l\uloL .. "' .. " __ • __________ ._. _______ ._ •. ____ ._________ 0,2 
Celllbl'('Ill' (It dit('rpt:'I1I'L .•. ___________ • _______ • ___ • __ • _, _. _______ • 2, 5 

" 
Llltrl', itlbir'llltl('n(' nnd itlbi('uuloi wpt'e identified ill oth<.'r white 

pillrs, ])11".11>('11 S dd('l'lllined th(' stl'llctUI'(' of nlbit'llulol (f'I'OIJl Pinus 
(tl'malltii, 'So, H) 11Ild PI'OposC'(\ n SL1'l1ellll'ld fOl'lllllla 1'01' it. 

T.\\1Ll'; 9.-~,fdelllijicati()n oj .:,;.3-cw'elle in Piwl.l.~ albicn1tlis t-ul'pentine 

Property 	 Fruetions 2 and :l 

BOilinl{ point. ...... __ ._._ •• '. 108°-171.° C. at 1 ] 65°-169° C. at 740 
:ltm. mrn.

lkn:;ity • _. __________ • d~', I).SuuS • ______ __ (W,O,8()25
H<ofr;l(·tin' indp-.; _ ....... _. ___ _ n'J. J.,I(i75. ________ _ £11;,1.'1700 

:\[olC'('uln!' !,pfmelion. . _....... __ . ~IRD ,1:3.5 • _______ _ 4·1.0 


88,2:~ ~ _•. _______ ow.('arbon, !l\'!'\'('nl: 	 88Au 
I 11.77~ _____________1[ydro~('Il. PPI'('('llt .. 	 12.0::\

1400 °'___ ._______ _:\f(·ltiuj.\" point of nitro":d(' 	 J,!(j°-H7° C. 

I Dupont, G. Ann. (,him., 1, 184. 1924, 
~ Clll('uia ted. 
3 Ast:llltll, 0., Ann., ,j61, 20. 1928. 

Group Flexiles 
6. 	Pinus Oexilis James Reference (61) 

(Exp. Rocky ~lts. 2: 27, :35. 182:3) 
PillH.8jll'xiliR, ('oll1l11only known IlS limh('r pine, grows ill the Rocky 

~(Olll\tllillS rrom Alberti\, llnd southeastern Bdtish Columbia to the 
Trlllls-PpCos l'('gion or Texas, in northcrn ~[exico, and fl'om Cnlifornin 
to X('/)rnslm. ' 

An ol('()I'('sin siunpl(' wns colIN,ted by tbe nuthol' from the ·White 
~[olllll!tins, lying b('twN'1l the Owens YnIlI',\' of Cnlil'ol'nll1 ilnd the ,
(kseris or Xn'lldn., a.t an ('It'Vlltiol1 or 10,000 reet. In distilling the 
oL('ol'C'sin or Limb('1' pillC, gl'pat diUieuitics wC'rc e~1)el'iel1('cd in expelling 
till' Iliglwl' hoilillg rl'Hctions or volntile oil (these hltI'dly could be culled 
tUl'pelltinC'). At 0.05 mm. or pl'('SSlire with thc flllsk tempemt.ul'c 
n'ltr'llillg 210° c., the l'csid ue (rosin) still was mthel' soft. This 
ptoPl'l'ty s('('med to illlliente that SO IIII' high-boiling yolatilc substanees 
l'('majl\ec\ in tll(\ l'esidu<.'. Apparently these sllbstill1ces tU'C of thc 
IlfttUI'(, or dit('l'l)(,Ill'S, similar to c:clIlbrene of Pi,W8 albic(lulis, No.5. 

'1\\'('11 ty pC'rN'II1, of' turpentinc WllS obtuined. It possessed the 
rollowillg (' haL'ui'tt'l'ist its: 

Jko:;ity, d~"=O.800(j 
Tndpx of refractioll, Il·i~~;:] .4707 
Spcdfie rotation, (<J~~,,= +-1;1.2° 

.~ Willit\1H G, ])tlull('ll, PI'of('ssor of Organic Chemistry, Univ. CatiL, Berkeley. 
l'cl'sollal communication. 
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Th(' lUI'\wntint' wns found to be composed mainly 01' the following 
iugn'tiit'lllS: 

Compound: 	 Percent 
d,tll-a-pinf'nc_ _ _ _ _ _ _ _ _ _ ___ ___ ___ ____ _ _ _ _ ____ __ ____ __ __ _________ 80 
.\JbiI:I1I!1p!l!'_ • ___ • __ • __ • _____ . , .. _•. ___ ._________________ J7 
Bkyc-Jir :i(',;quit('rp('l\(~ of unknowll ;;trU('turC' .• ____ ._____________ a 

Thr dilrrp('ncs l'etnltint'd in the flask r('sidu(' iUld W('I'P not ilwestigated, 

7. Pinus refiexa Engelm. 	 Reference (101) 
(Bot, (hlZ, 7: 4:, 1882) 

f>inlls /'('jln:a g"I'OWS in the mountains of SOUUWllsteI'Il Arizona, 
s()ulhwl'slpJ'JJ Xew )'lpxieo, 111Hi nortlH'r11 ),[(';..-1('0 (Sonora tu1Cl south 
to SinlltO!t, DllI'n:ngo, ZllCllt(,(,IlS, and X uevo Leoll, itnd especially in 
('hihunhult !md 'J'lllllnuiipns), 

'('he synonymy of this pilw is ('onfllsing, 801110 botnnisls cflll it 
Pirw.1'I ,'?ll'ob {fol'm i8 ElIg('llfl, (156); oth('I's prcf(>{' to cnll it p, ayacah~tite 
vUr, bl'ac/llJl)/{-ra "1.12). Still ollwl's bdi('vr thnt the pl'OP(\l' llilJ))e 1'01· 
this pilH' should \w e. jlr::dlis "!il'. rejlem (86). Another group of 
bot!mists, im'lulling sueh uuthol'ities itS Stllndir~' (15.n and ~Iilrtinez 
(88) IH'Ii("'p thill, this pinr is different from both P. flexili8 and P. 
ayaC(lh1L.ite and. Cillt it P. 'rejlexCL. 

SUlllpl(>s of oleoresin were collected in July nnd August 1951 on 
th(' ApllChc Indiall lles('l'vatioll, .Ariz., near the logging town of 
)'Iitn'l'i('k, Itt an dcvution of 8,100 fect. The turpentine was scp!lmtcd 
from th(' rosin lIndrl' reducNl prrSSUl"e. At the end of thr distillation, 
the pot tprnp('l'n,lUI'l' "'as 1900 U. flnd the YllClIlIll1 gnge indicnted 

n-lwptmlP • 	 5 

:~ milt. of PI'('sSlll'e. Turpentine amounted to 17.7 percent. Its 
physical ('hnrn('t{'ristics were: 

Oensitr cU'=0.8-15G 
Index of refraction, 11';5= 1 AG09 
Specific rotation, [0<],73=0.0° 

Its ('olllposition wns: 

Compollnd: Paullt 
. ______ ___________________________________ ._ - ____ 

!ll-I;Y-piu!'Il(' ___________________ • __ • ________________________ - 75 
_ .. _____________~3-(';'lrpIJP . _ v _ ~ __ ... _ ............ _'""'''' ... _______ ........ _____ 5 

tI-tprpinolpIlP_ _~ ___ ",,_~, _.............. _.. __ ___ ..... _________ ............ _____ 5 
n-undet'lllH' _ •• _ . __ ._ __________ ,,_________________ 2-3 
.\ bi(oyelie ,.;!',;q\lH('rp('[H~ pO;i~I':;Hillg lwo doubic bonds, possibly

('ildin('\](' .• _ .• __ •• ___ • ___ .._. _____ ..•• _____________ 5 

It is S('l'n thnl thr tllL"p('nlillc of PimL8 reflexa differs considembly 
[ronl tlll' lurp(>nline of P.jlexilis, No.6. On chemielll grounds alone, 
t.he l""O pill('s should be eonsidered itS different species (101). 

The pweedure used in ic\Nltifielltion of n-hept,ilue in the turpentine 
of j>in1l8 rejleJ.·a, W!iS fiS follows: If.l'ilction 1 wus l"epe!ltedly shaken 
with [unting sulfuric add; the Ullre!lcted piU·t 01' the oil was wnshed 
with sodium ('ju·bonntc and driNi O\Ter Hnhydrous sodium sulfnte. 
The :Jil WilS opliC'ally inncti,Tc; (W, 0.6326; nr;. 1.3868; b.p., 98.40 C. 
TII(' l'rspr('.tivc \Tnlut's for n-heptnl1B 9 nre diD, 0.68368; ntp, 1.38764; 

9 R()SSI;.rr, F:T A!L. Sel,gC'rgo \T,\Ll~ES OF PROPERTIES OF HYDROCARnONS. [U.S.] 
Nat!. Bur. Stu[\cbrc\s Cir. 461. p. 39. J947, 
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b.p" 98.42°, (AnaL-( '!Llcd. fol' C,H16 : C, 83,91; II, 16.09. Found: 
(; 84,a2; H, 15.89) 

8. Pinus armandi Franchet References (Dlluben, Hnt. 8, p. 34; 111) 
(Xouv. Ar('l1. )ltls. Paris, 


S('l'. 2, vii, 95, OU, t. 12. 1884) 


Pin'us armandi is It native of Chinn, It is of wide distribution, 
S('lltt('l't'C1 over' II \'ust but ill-defill<.'d l'fillge. It is found in 8hensi, 
Hup('h, SZ('dllHlII, I~\\'('khow, southwest KIUlSU, Ilnd in olhl:'l' ndjncent 
provin('('s of ('('lltml and southwestern ('hillit. Itnlso o{~{'Ul'S in 
BUl'l1ltl, ill soutlH'1'1l .Tapltll, in For'mosH, and on the Islund of Hninall. 
A slunpI(' of' oiron'sin was obtained f!'Om Formosa, where this pine is 
known ns P. (ll'rrwndi val'. masterS'talla H \'itttl. 

In t.h(' pl'oe('SS or sl'pnl'lI.iing the vol;lti1e oil from the rosin, a2 
!)('L'('('l\t 0(' oil \\'as obtained at 150° to 170° C. tlnd 10 mm. of PL'('SSUl'e, 
rMl'Ctll'y. This pnl't of the distillitte wns designated liS light oiL Its 
c1111rnetC'l'istics \\'<.'['<.' these: 

DpII:lit \'. d!'= 0.S(ia5 
Tnd('x of r('fr:1rUOll, ll~= 1,4701 
Spec'Hie rotation, [ah;~= -al.:~o 

Whrt) til(' tC'1ll p('r'lltUI'C' \\'iIS intl'('nsed to 210° C. IUld the pl'essllr<.' 
l'edu('('(\ to 2 mm. of llH'I'('Ul',Y, 7 pel't'ent mol'l' of yoliltile oil wus 
obtn,itwd; this oil had the eonsistcllty or ('nstol' oil nnd was of n yellow­
ish ('0101'. It poss('ssl'd high dl'nsity Ilnd high index of l'efrnction. 
Owing to 01(' f'ol'llIntion of (,I'ystllis ill the oil, ('sllet mensurernents 
of its physi('nl pl'orH'l'ti('s were not taken. 

Thl' light oil of Pinw; armandi had the rollo\\-ing composition: 

Compollnd: PercellI 
l,tll-cr-pillf'IlC ___ - - .. _. _.. __ • ________ •• ___________________________ _ 5a.5l-carnphpne _. ____ • _ • ________________________________________ _ 

3 
l-~-pill('n(·_ "" ." __________ • • _____________ ______ _____________ ._. .5l-limollPllP _ .... ____ .. _. . ... ________ • __ • ____________________ • __ _ 21
lL-unc!('l'llnc (tllbl\' 10) •• _. __ . ____ •• ______ •• -~ __ .. __ .. __ • ____ ._. O. 7
l-born \'1 ill'ellltc _ ........ _ . _ _ ,_. _.. ______ • _______ ••• ____ .. ____ _ 
 5,5 
A bic~:t'lic s(':\quil(~l'pl'lll~ with two dou\)lt' bOllcil', \)12, I 16°-1 ISQ C___ _ 2. ·1 
A bkyelic S('ij«(lIitprpt'IlP related tu clldnlcllc. ______ ''' _____________ _ :~Pot r('sidu(' aud lo,;s______ • __ . ______ ~._. __ - _______ • ___________ _ 5. !) 

1[',\ nI.r, 10.-Pl'o]Jerlies Itf (L saturated hydl'ocarbon, n-undec(we, from 
PimlS a7'l7landi 

Propprt,v n-undel'lllle frolll n-llndeCfinc 1 t 
P. antill/tell 

Index of refraction, nD ______________ lAI6622 .ij _____________ IAI!)OZlO
DCI\:;ity, d ___ • ____________________ .n62Z1 _______________ .7·IO·l20

l 
BOiling point, b;~n-------.----------. 1!)6°-] 97° C_____ .... _ J95.8° C. 

I .E(lI,fW~'. G., Phl/llil.'lIl (,Olls/antll of hydrocarbons. Vol. J, Amer, Chern. SOl!. 
~rO!l()g. 78, p. 76. Hcinhold Pub, Corp., :'\ew1'ork, 1939. 
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Composition of the heayy oil wus estim:lted to be: 

Compound: Percent 
[-bornyl :u:etntc _______________________________________________ • 12.5 
A bicyelic sesql1it<~rpenc (b,~, 116°_118° 0., with two double bonds, 

Rlune liS in th(' Iil;ht oil, but in larger quantity and of higll(:r purity). 8-9 
A bicyrlic sesquiterpene rplated to cadnlcIHL. _____________________ :31i 
A sesquilerpcnc alcolwl, albil:nlliol (Scc :\0.5) ______ • ___ ._________ 8 
Cembrcnc - ___ . ____ • __ ._ •• __ ._ ... _. __ ." •. ___ ._._______________ 25 
A dil(~rpcne which ga\'(! II maleic anhydride adduct________________ 5
Pot residue and loss. ___ . _______________ ... _____________________ [> 

('ornposiLioll of thr Lotni oil of Pin.us armandi, both light and heavy, 
WitS roulld to br npproximnte1y as follows: 

COll1pound: Percent 
l,dl.a..pincne" _____ • ________ ._," •• '-- •. - .---------."-.- _ .(-1 
L-rulnphl'I1('! ~ ........ - ... - .. ,...~- ........ ..._ ... _ ..... _ .... - __ ".,._ ~"" _ ......... _ .. _,,., 2 

l-P-pinene .• ________________________ ..• ... ., . __ •• _ •• __ .,. 4
l-Iirnonene .... _••• __ • __________ ...... '" _'''''',"., ___ .... 17.5 
n-lll1dN~rul(' •• _'" .. __ • ____ • _______ •••••• ,_ • _. "'" ,_ . _ •••• _" • 1 
l·bornylllt'(>tate _......'.,,, .... __ •• "',." ..... ,.. , .. _•. n. 5 
A bicyelic t;('s(l\lil('rpell(', hll\'ing two doublc bonds ill\d boiling at 12 

mm. prp:;;;ure at 1160 to 118" C....... • ___ •••• - .••• _•.• ______ a.5 
A bicydic o;c':;quitrrpCllr, rl'lal('(1 to ('adalene_ .____________________ 9 
A scs(juill'rpent' Illt·ohol, albkaulol, originall:, found in turpentinc of 

Pi,w,~ albiCIL1I.lis (See :\0. 5) _. _.• _•. ______ • ____________ • ______ _ 1.5 
('(~lIlbrt'lIe, u dilerpCIl(> also first foulld in P. albicalliis turpentine___ _ 4.5
A diterpellC whieh gave a maleic anhydride adduct_______ • _______ _ 1Pot n'<;idue and loss__________ • ______________________________ -- ­ 5.5 

Tllr sesquiterpene aleohol (n]biellu]ol) of Pinus armandi WfiS further 
sludit,d by Dauhen.lQ A snmple or oit'ol'C'sin re('eivcd ft'om Formosn fol' 
his work ('olltniIlNI Jc.ss rdbi('ituioi and 1I10rc ('embl'l'nc thnn the silmple 
just dis('ussed; it, wus obtftined in It differC'lllio(,IlJity. Dauben found 
t hn t aibi('lwioi lind Il(':tdinn He [2,S-dimethyi-5-isopl'opyl-bi{:yclo.(4,4,O)­
(/C(,IlI1Cj s.kc,lrtoCl, II h.nll"oxyJ group nnd It ellrbon-el\!'bon doubie bond. 
Th(\ most proimbi(' iO('lllioll of the doubie bond WilS round to be 
hrtwrell earbOIl lttOIllS 7 Hnd 8. The h.vdroxyi group is nppl1l'ently 
of t IH' t(,l'ti:ll',\' n~ttlll'{> and tlte cIlI·bon atom 2 nppcllrs to be the most 
pl'ohnhir [O('ftl ion or the hydroxyl. 

Dnubrll P1'0 pos('([ the following structural formula of nlbieaulol: 

10 l-i('C footnote 8, p. 3·1. 
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Group Strobi 

9. 	 Pinus ayacahuite Ehrenb. Reference (100) 
(Linnll(~!1 xii, 492. 1838) 

Pinus ayacahuite is tt noble Mexicall pine, possessillg l1lorphologiC'ul 
characters similar to those of P. lambertiann, P. jlexilis, and P. strobus 
(88). It grows over Illl extt'nsive urea frolll the northern StlLtes of 
Ronol'a and Chihuuhua to Chiapas. It is also found in thl' Santa 
BIlrbllr!l :Mountains of Honduras (6), (md in the highlnnds of Guntc­
mnlil. (13[)). "Mal'tinez (88) distinguishes three varieties of P. 
nyacahuite: 

(I) TypicnI,1l whieh is found in the sonthern pnrt of Mexico and ill Central 
Americll. .III Chinplls it is called j>illnbetc (n lIame commonI.\· applied to Abies) 
or sometimes pino df' azu('ar, i.e., sugar pine. 

(2) 	 Var. vrilchii of the celltrltl part of the country (PuebIa and adjacent States). 
(a) Var. br(Jchllplr:rCL of the llorth (Chihuahlla, Sonont, Sinalou, Durango, and 

northern purt of ZaCl\tccll;;.) 

Beenusc th(1 author' collectcd his olcoresin smnple of this pine in 
t1w State of Chiapils, it can be ('Iassified ns eoming fl'Om typical Pin1ls 
n!J(lcahuile. 

The turpentine wns distillN\ from the oleoresin in 'tacuo. At tlte ., 
beginning of the distillntion, some volati\t, oil was obtitined n,t room 
tC'mperllturc uncit'l' 40 !Tlll!. or pr'('ssure. Towards the end, the tell1­
prrntllt'c of the oll'orcsin WitS inl'L'ensl'd to :WOo C., aud the pressure 
WItS reduced to 1 mm. 

Yield 01' tlte turprntitle wns 17 percf'nt of the weight of the oleoresin. 
The turprntillc hnt! till' following cllitrtlcteristics: 

Density, di'=O.81!l-l 

Indcx of .rr'fradioll, ll~= 1.4528 

Spec'Hie rotation, [a)~~.= +7.lJao 


It is srcll from tlwsl' data thnt the turpentine possessed n, 10wL'I' 
density and iL 10w('1' index of I'drnetion thnntnost turpentines. (See 
fig. 4, 'p. 15). 

'I'hc l'ornpositioll of the tUl'prntillc WllS itS follows: 

Compound: Percent 

n-heptanc (tabll' 11). _________ • ___________________________ - -___ 20 

d-a-pilll'lIC. __ •.. _. __ • __ • ____ . __________ ._____________________ 70 

tcrpinolcnc, l\bouL. _.' ___ •• - .•. _.'. __ • __ ._." . ___ • ____ " _____ 5 
Po:;;;ibly a small amount of \lnidcutilied o~ygcn-ront(lining dcrint­

tives; and a bicyclic ';l'sqniterpcuc. _________________ • ___ ... ____ 3 

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

It According to the rilles of the Intcrnational Code of Botanical Nomcnclaturl', 
adopted ill 1 U50} the correct 1li\llle of thi$ variety should be: P. ayaclwuilc var. 
n.yacahuilc. 



CO:NIPOsrrrox OF GUM TURPENTL~ES OF PINES 39 

TA]~LE ] I.-Constants oj combined purified jractions 1 and 2 oj Pinus 
ayaca,h1tite turpentine a.n(l those oj n-he1)tane 

Propcrty l"mctions I and 2 n-heptane 1 

Dcnsity, (L _______________ ~ ___ 0.614625 ____________ 0.68-120 
Indcx of rcfraction, no. ________ . L.:~86723_·___________ 1.386723 
Boiling poinL__________________ 08° C. at 76-1 mnL __ 98.52° C. at 760 mm. 
CUI'boll, pCrCf!IlL _______________ SaA9 ______________ 83.91 
Hydrogen, perce lit. _~ ___________ 16.2a ______________ 16.09 

1 Handbook oj chemistry and physics, Ed. 27, pp. 810--811. Chem. Rubbcr 
Pub. Co" Clcn~Juud, Ohio. .UH3. 

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

Pinus lctmbertiana, or sugar pine, is the most mn,jestic of all pines, 
reaching It beight, of 225 feet alld a diameter of 10 feet. It grows 
from southem Oregon to the Mexican State of Baja Oali.fornia, in 
mixture with other conifers at middle elevations of mountain ranges. 

In 1913, turpentine of sugar pine growing at an elevation of 5,800 
feet was obtained by stearn distillation nnd unalyzed by Schorger 
(136) with the following results: 

Yield of turpentine=16.4 perccnt 

Density, dl~=0.8663 

Index of rcfrnctioll, ll)i=1.472S 

Specifie rotation, [<"jE' = +10.42° 


Compositio'[l of the turpentine was reported to be as follows: 
Compound: 	 Percent

rL-a-pineue _______ • ____________________________________________ 70--75 
~-pincne_ ._ . ______________________________________________ about 5 
Probably phelltlllc/l'(·nc ___ .. _ _ _ _ _ _ __ _ _ _ _____ ___ _ _ _ _ __ __________ _ 2-3 
Probably aliphatic hydrocarboll_ ________________________________ 2-3 
A sesquit(!rpcne of aromadcndrcnc typc __________________________ 10-12 

In 1947, 11 slunple of oleoresin was obtilined under the author's 
supeL'vision in the Siernl Nevadtt fLt fLll elevation of about 3,500 feet. 
'rwenty trees yielded, in 2 months, tlbout 10,000 gnuns of honeylike 
oleoresin thllt l'eHlI1ined liquid after a prolonged storage. In some 
Slll1lples, rosin !lcids precipitated reluctantly; in others they did not 
precipitate at nIl. 'Turpentine was obtnined by distilling the oleo­
resin under reduced pressure. TowfLrd the end of the distillation, 
the temperature inside the flask wns 2000 O. nnd the presslU'e was 
0.02 mill. 

A llIeilSlll'e of 5,690 grams of oleoresin yielded 18.4 percent turpen­
tine, hrwing the following characteristics: 

Density, di<=0.86G9 

I ndcx of refraction, niJ-5= 1.4753 

Specific rotation, [0'];;.5= -7.4()0 
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The specifie l'otiltion [a] of 15 turpentine samples, obtained from 

individual trees, varied from -18.25° tu -1.35°,12 
The turpentine WitS distilled at atmospheric pressure until t.he 

temperlLtUl'e rNldled 187° O. FintllIy the pl'Pssure WIlS reduced to 
0.1 	nun., Hnd the distillation was diseontinued when the tempernture 
reached 200°. The turpentine con tained : 

Compound: Percel/t 


13tp=gl~z:;~~~-_~~===::==== =: ========= ===: ====== ::::=====:====:=:: 
65 

An 	 unidentified mOllocyelic terpene pos!5essing two double bonds,abou t _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ __. _ _____________________________ • _ 
2 

A bicyclic sesq uiterpene of cad alene type possessing two doublebondg_____________________________________________________ _ 
]0

A sesquiterpene alcohol C1s H26 (), m.p. 1330 _______ • ______________ _ 2
All unidentified diterpeIle, abouL _______________________________ _ 2Residue and losses____________________________________________ _ 

6 

Attempts to prepare cryst/1Iline derivatives with the methods used 
i'or the icientificn.tion of dipentelle, terpinelle, iLlld cm'ene were un­
sueeessful. 

It is noteworthy that the sesquiterpene nleohol of Pinuslambertiana 
possrssed about the Silme melting point (133° 0.) as the sesquiterpene 
nlcohol of P. albicc£ulis, No.5 (135°). 

Results of our investigation ILre Itt variance with those obtained by 
Schorgel'. The discrepancy in opticnl rotation perhaps could be 
e!lsily explained (sec tn,ble 2, p. 10) in light of our present knowledge 
of the vltriability of optieal properties of pine turpentines. 

The presence of a tmel ~-pinene has been verified; possibly, small 
amounts of phellandrene were present but not identified j aliphatic 
hydrocarbons were not detected; the sesquiterpene fraction was more 
fully explored. La,ter work with turpentines of white pines indicates 
that it is advisable to rep£'at the analysis of tlU'pentine of this pine. 
H. 	Pinus parviflora Sieb. & Zucco Reference (61) 

(Fl. Jap. 2 : 27 t. 115. 1842) 
Pinus pan{flol'Ct is the Japanese white pine. Its common name is 

Himekolllatsu. It grows in the mouutains of central Japan, and it 
includes severnl varieties. The northern variety, extending to 
Hokkuido is known as P. pentaphylla or Goyomlltsu. A variety grow­
ing on FOl'IllOSIL is known as P. morrisonicola Huyata or P. Jormosana ... 
IhYltti't. VIlI'iety Jenzeliana Hilnd.~~Inzz., reported from the Island 
or Hailliln, is apparently the same pine as P. kwan{jtun{jensis, which 
grows 011 the mainlalld (seelig. 13, p. 72). \VU 13 thinks that the original 
home or P.1>anvijlora is southern China. These notes emphnsize some 
of the nomenclature difficulties encountered in reporting turpentine 
composition of II, pine. 

The snmple of oleoresin used in our WOl'k came from typical Pinus 
pc£l'vijlora from near the village of Andon, Nagauo prefecture, Japall, 
elevation :3,000 feet. The oleoresin wns distilled so that towards the 
end of tlle opel'ntion the pressmc wns reduced to 0.2 111m. and pot 
ternperatuI'(' l'cilthell 175° ().; under these eonditions, the residue WfiS 
still soft. Witll an increase of tempemtUl'e to 210°, mOl'e yolntile oil 

12 In Horne populations of sugnr pillC, turpentine is prcdominautly dextrorota­
tory. 

13 See footnote 7, p. 26. 
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Property 

BOiling point_______________ 

Density. _________________ _ 
Index of refraction ______ • __ _ 
;\'rolecular refraction ••• ___ _
Analysis______________ • ___ _ 
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WitS obtained; this part of the turpentine had the consistency of castor 
oil. The total volatile oil amounted to 28 percent of the weight of the 
oleoresin. 

Physical characters or the turpentine were: 

DenSity, d"i=0.8880 
fndex of refraction, ni5=1.4858 
Specific rotation, [alo= +17.66 

The turpentine contained the following substances: 

Com pound: Perant 
~d~a-pinene__________________________________________________ 50 
Acetic acid ester of a terpene alcohoL _____ .______________________ 2 
.A bicyclic sesquiterpene, possessing two double bonds (its dihydro­

chloride melted at 107° to 1.08° 0.) _________________ _ ____ _ _____ 25 
Cadinene (table 12) ______ • ___________________ .. ___________ • _ _ _ 8 
Albicaulcne, together with !lIlother sesquiterpene, which upon dehydro­

genation, gave azulene (CIS HIs) (table J:3) _____ _____ __ _ ___ _ _ ____ 15 

1.'ABLE 12.-Consiants oj jraction 21 oj Pinus pareijlora t1lrpentine 

;\[elting point of 
chloride. 

Melting point of 
chloride of Fr. 
with cadinene 
chloride. 

dihydro­

dihydro­
2 L mixed 
dihvdro­

-

I Henderson and Robert::ion. 

and cadinene 

Fraction 21 

265°-266° C. at 740 
mm. 

1a·1°-136° C. at 16 mm. 
d~', 0.!)l54 ___________ _ 
n~, 1.50a8 ___________ _
65.97 _______________ _ 

Pct. C, 87.29}f d 
Pct. H, 12.06 01111 - - ­
1I7°-118° C _________ _ 

Cadincne I 

d~, 0.9189 
n~, 1.5079 
66.L3 
Pct. c, 88.23} calcd. for 
Pct. H, 11.77 CI;;H2t 
117° C. 

Amer. Chern. Soc ..Jour., 125: 1!l92. 1.924. 

'fA £lLE 1:3.-('onstants oj albicaulene and jraction 22 oj Pinus 

Property 

Boiling point________________ _ 
Dell;;ity, d;'______ . ________ _ 
Index of refnlction, n7~- ______ _ 
~loleclllar refraction" ___ " _ " __ _ 
Molecular refraction ralcd. for 

CI.\H2t • 

Picrate of dehydrogenation 
product, melting point. 

;\fltleic anhydride addition 
product:;\(plting point__________ .. 

Mixed melting point__ _ _ 

parcijlQra, 

Albicuulene I 

180° C. at 20 mm____ 
0.9195 _____________ 
1.5190 _____________ 
67.96 ______________ 
67.86 _____________ _ 

113° C_____________ 

H9° C_____________
150° C ____________ _ 

I Haagen-Smit, Wang, and )(iro\" (62). 

l"raction 22 

136°-138° C. at 0.5 mm. 
0.9125 
1.5150 
67.42 

113° C. 

150° C. 
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12 Pinus peuce Griseb. Reference (75) 
(Spicil, Fl. Rumcl. 2, 349. 1844) 

Pinus IJeuce is !l mrl' pine of southeastern Europe, morpitologicnlly 
similar to p, urijfithii (P. excelsa,) of Indin, Xo. 13. p, peuce grows in 
it few pinees in til(' mOllnttlins of southcrn Yugoslayia and in the 
ildjncent pll.rts of' Albnnill, Buigitrill, and Greece itt eIeviltions from 
2,.500 to 6,000 feet (fig. 12).

An oleoresin sitm pie of Pimls peuce WitS obtained in ] 954 through 
the courtt's,," of Prof. Dr. BmnislllY Pejoski of the l'niversity of 1fnce­
dOllill, :Skopje, ~·fncedol1iil, Y ugosia \'ill. Pejoski h illlSdf hud ll!t'elldy 
ilwesLignted the oi('ol'l'sin of this pine (personal COllllllllllicat ion, 1954). 
His stt'1l1l1-distilied turpl'ntine had the following characteristics: 

Yield=;J2A (ll'l'('ent 
I)('II,;ity, (1'0=0.861 to 0.866 
Tndex of refraction, n~=IA62 to 1.4.63 
Specific rotation, [ajr) = -13.33° to -29.36° 

'I'he oleon'sin we used (75) \yas heitted under reduccd pressure. 
At Il IllllxilllUII1 tempcrflture of 1800 C, Ilnd n· pressure of 0.5 mm. of 
1iH'I'CUL'.\·, 23.:3 pel'cent of turpentine distilled oycr. This WilS desig­
!llttl'<1 us portion 1. After this opel'fttioll, the pot residuc (rosin) wus 
still Y('IT soft on cooling. "·hen tClllperfltmc WItS increased to 2000 

to 205 0 ilnd PL'('SSUI'e redu('('d to 0.05 mill., about 9.5 percent more 
distilbte wus obtained. This was designntccl :lS portion 2. It had 
the consistenc.r of CllstOI' oil illld wns of yellowish color Iwd f!lint 
fmgrnnce. Similar l)('hflYior in distilllttion hiltl been expcrienced 
with the oleoresins of Pimt.~ albic(Lulis, Xo, 5, P. pa.rvijlom, No. 11, 
P. koraiensi8', No.1, P. arma,ndi, No. S. 

Ph.rsical chn!'Hct('L'istics of Pinus peuce turpeu tine, if one could Cilll 
the second portion of the distillate by this nj~me, are given ill table 
14 seplll'ntel~' for cllch portion of distiIlttte. Pejoski's dnta. nrc givell 
fol' comparison. II should b(' noted th:lt when Pcjoski used steam 
distillation for obtltining turpelltinc, npp:1['cntl,\r only the first portion 
WllS d isti!le(\ oyer; lhc sl'colHl olle l'ellillilled in the still. 

Th(' light oil of Pinll.'i pl'uce o\(>OI'('sin contllincd: dl,l-a-pinenc, 71 
P('L'cl'lll; l-,a-pinene, 9 percen t: ,s-mYl'ct'llc, 2 percel1 t i terpinoiene, 1.5 

TATILE 14.~-Plty8ic([t c/taracll'ri8tic8 of the low-boiting (wd high-boitin!J 
POi'li0I18 oj PinU8 pellee turpentine 

1I Percent of [alZl 
Portions : we.ight of liD D 

. oleoresin 

-----~~ ~~---

Portion 1, 160°­ 23. 1 t O. 8G28'4____ ~ _t I . ·'.7:1iZl__ -.- _Ii -16.2° 

I.SO" G, nt 0.5 

mill. (ligh l oil). 


Portion 2, 200°- 9"1! . 9280~~·5____ _ 1. ~200Zl_____ _ +113,0° 
20.')" C. ~lt 0.5 : 
Inrn. (he:t\'\, oil), t 


Pl'jo,;ki'" dldn for 19-22 i . 861 to , 8GfLll. ·/(j2 to 

"l"lun-di,;tilled L 4.(j3 

ttirpentilll'. 
 I 
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~FIGuntJ 12.-Gcographica\ occurrcncc of Pinus pCllce. 
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percent; l,dl-bornyl acetate, 2 percent; sesql1iterpenes, 7.4 percent, 
mainly consisting of two sesquiterpenes, one or which is a cadalene­
t,\Tpe spsquiterpene and the other unidentified. It did not give a 
crystalline hydrochloride and it gave no aromadendrene color test. 
Pot .residue and loss amounted to 7.1 percent. 

The hetty}' oil of Pinu,~ peuce contained sesquiterpenes, 10 percent; 
ditcrpenes, mainly cernbrene (with a small amount of ditel'pene, 
maleic anhydride adduct melting Itt 148° to 149° 0.), 59 to 60 percent; 
oxygenated corn pounds, pl'oblLbly diterpene alcohols, 6 percen t; 
l'£'sidue twel loss, 24 p('rccnt. 

•As It wholl.', turpentine of Pinus peuce, i.e., both light and heavy 
oil eombined, had the following composition: 
Componnd: 	 Perc",t 

(il,-la-pinenc. ___ . _ ••. _•. ___ . ___ • ____ • __ • ___ • __ • _______________ 50 
[-/3,P;II('IIt' • ____ • __ •• ______ .'. _ "._. ___ - _, __________ • __ • ________ _ 6 

~~~ll~r~~r(~~~~;.-:~ ~ :~ _: . ~ ~ :~ ~ =: : ~ =: ====: =: :: ==: :========~===:===== 
2 
1

l,cll-borll)"1 acetate .... _____ .. ____ •. ______ • __ . _____ . ____ . _______ _ 1 
Two sesqlliterpenes, one of whieh is uf a cnd:t1(,Il(, type ___________ _ 9 
Ditt'qwnes, mainly ct'mbrellc,. ___ . '"' .'_ .. _. ___ • __ •• _______ _ 1i 
OXYl4ennLl'd compounds, pwbably eli.tcrpene alcoholiL_., __________ _ 2
Rl':;idue :'lld lo~s __ •• , __ ." ___ • _,. ___ • ___________________________ _ 12 

13. 	Pinus griffithii McClelland RefL'l"cnecs (151) 50) 
(In Oriffith, Notul. PI. AsinL 


4) 17; Icon ..PI. Asiilt. t. 365. 1854) 


Pinus {/riffithii is no Indian white pine, also known as P. excelsa. It 
grows w'ith some interruptions lilong the Him!tluyas from Afgbanistnu 
to Bhutnn, Ilt 6,000 to 12,000 (cPt nhoye sea it'vel. It occurs also in 
upper Btll'ma and ItdjitCl.'nt parts of Yunnan, Ohina. The tm'peutinc 
of P. [jI"iffithii WfiS investigllted by Simonsen llnd RI1U (151), who 
l'l.'ported tbe yil.'ld liS 2 gnllolls pl.'r ll111und (ilhou t 82 pounds) of resin. 
'I'll£' physicnl propl.'l,tit's of thl.' turpentine were as follows: 

Density, d:::l=O.857 
Index of refraction, Ill\'=; 1..1627 
SpecifIC rotation, [a]W= +·10..12° 

The tmpentine consistl.'d of the following ingredients: d-a-pinene, 
87.9 percen t; d-tprpiuC'ol, perCI.'Il t not giyen; n-ulldecilue, tl. 'lmall 
qUimOty; It bic.rclic spsquilel·pl.'ue, perc('lIt not given. 

The sesquitNpene} when dissolved in acetic ILnhydride Iwd treat('d 
with n. drop of concentmted sulfuric itcid, developed a pille pink color 
thitL slowly became ll1agen til" This sesq uiterpelle bad the following 
consttlnLs: 

BOiling point nt 34 mm., 1450 to 146" C. 
f)Pllsity, d:::l =0.8954 
Incipx of refraction, nf,'= IARC> 
Spccific rotation, [al'l\'= +26.25° 
Molecular refnl(;tion, MRo= 65.4 

Pinus fJl'iffitMi tll1'pentine \Vus also nnnI.yzed in 1.926 by Dupont 
and SOliln (50). The tUl'pen tine WllS obtained from it commercial 
distillery locitt('d nt Julio, Punjitb, India. Dupont Iwd SOUln were 
able to iden ti£y only a-pinene; there wus (10 (3-pinene) litnOllenc, 
cllron!.', or bOl'u.rl IlCetfltc. There was apparently It sesquiterpene in 

'" 

.. 

.. 

1 
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the higher boiling fraction, but "as usual with pine sesquiterpenes, 
no crystalline hydrochloride was obtained. 14 

14. 	Pinus monticola Dougl. References (54,109) 
(Lambert, Descr. Gen. Pin. Ed. 3, V. 2. 1832) 

Pinus monticola is commonly called western white pine. It is 
found in western )'fontaI1a and northern Idaho. In Idaho it reaches 
its best development; hence, it is often called Idaho white pine. It 
extends to 'Yilshillgton and southern British Columbia and southward 
to Oregon, central Cilliforniil. and adjtlCent parts of Nevada. A 
sample of the oleoresin of this pine was obtnined in 1929 by the 
writer from the \rllruer ~{ountilins of northeastern 0l11ifornia. The 
trees were tapped at all cle\Ttltion of 7,400 feet in a locality sepamted 
from the more northern forests of this species by arid, treeless stretches 
of laud. 'l'he tlll'pentine was obtained by steam distillation. Yield 
of the turpen tine was 18.2 percell t (54). 

'fhe turpen tine had the follo\\Ting constants: 
Density, d;:=0.68!H 
Index of refraction, n~ = lA6-16 
Opticnl rotation, at'= +20.59° 

The turpentine contained: 
Compound: Percent 

d-a-piuC'lle____________________________________________________ 60 
l-p-pill(·np ... __ __ _ _ _ __ _ _ _ _ _ _ _ __ _ _ __ ______ ___ ___ _________________ 26 
11-undccalle ____ ___ _ _ _ __ ___ __ _ _ _ ________ __ __ __ __ _______________ 1-2 

X0 oxygellalNl compounds were detected; l-lilllonene and sesqui­
terpenes were suspected, bu t not iden tified by preptlrntion of crystal­
line derivntives. Beciluse turpentine was obtained by steam distil­
l!dion, the low-boiling heads may hiLve been lost during the operation. 

Twenty-five yeiU'S later we obtained oleoresin of Pinus monticola 
from Priest River, northeru 1dilho, and investigated its turpentine 
(lOt). The turpentine was obtained by heating the oleoresin under 
t'ed uced p/"(\ssure; aL the end of distillation, the pot ternperatm'e 
reltclwd li-iO° C. ltlld the pressure WIIS reduced to 0.1 nUll. of mercury. 
Yield of LUJ'pen tine WitS 20 perren t. At the beginning of the process 
some oil was cluTied 0\'('1' to tbe dr.y-ice trap, indicating the presence 
of it low-boiliug substl1l1ce. 

Physical properties of the turpentines were: 
Density, eI?=O.8500 
Index of refraction, n';;= 1.'1687 
Specific rotntion, [ams= -28.8° 

The composition of the turpentine was: 
Cotnpollnd: Percent 

n-heptnne (tnble Ui) ___________ •• ___ • ___ • __________ • __ . ______ TO 2l,dl·a-pinene ______________ •• __ • __________ •• _________ . ______ • __ 32l-p-pinene_____________ • ___________ • __________ . _______________ _ 45 
l~llnOllcne •.• • __ • • •• •••. -- ­
n-lIllciCC!llle (table 15). ____ . ___________ . __ . _. __________________ _ 7 

2
Bornyl ncetate ______ .• __ • __ • __ •• _______ " _. ______________ ' ___ _ 2Sesquit('rpC'llcs _______ .. __________________________ . _. _. ___ . ___ _ 4-
Pot residue Ilnd 108:;(·s.... ______ •• _____ ••__________________ • ___ _ 6 

II G('nPfillly, we have lwei 110 difficulties in preptlring crystalline sesquiterpene 
hydrochlorides. 
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TAI3LE 15.-Propert.ies oj n-heplane mul n-undeCall(1 from PilW8 monti­
coln turpentine 

________p_ro_l_lc_r_ty_'______L~}::~~:~):~~:_,~-heptanc I 
'0enSl'ty, Il _____________________________!• 0• h 6S0-lI,a----,•• ------iI Q.1('87320• 
Tndcx of refraction, nll __________________ : 1.388123 ___ ,, _______ ,: 1.:387620 
Boiling point, 0 C _______________________ OS.5752 • ____________ .: 98,4760 

,.=;;:-----~~:::::==-=-:;;:;:;::~== 

n-und('cnnp from I 
1___L_,._1Il0Illtcola • lI-1111d('cane 2 

Dcnait,y, d __ • ______________ ____ •• ______ ! 0.730"'; _ . ________ .t O.740.PO 
Ind('x of refractiOll, IlD _____________ ... _ 1.4 1S 1203. - - - - - - - - - _j' L" 1n0220 

197.52 _____________ " 1 n5.S'IlOHoiling point, 0 C-----------------------l 

1 H.ossini, pt nl. .selected /'(lilies oj 1'f'o/I('l'lies oj h!ldf'oc(/f'bo/l,~. F.S. Nat!. Bur. 
Standards Cir, 401, p. an. 1 n4 7. 

2 Egloff, G. Ph!l'~' cOlis/allis oj h!lrlf'O('((f'/IOIIS. V. 1, Allier. Chelll. Soc. Monag-. 
78, p. 76, H('inhold Pub. Corp., N. Y. 1n:m. 

Th(' g('squitrrprl\(ls foulld \\'('1'(' 01H' 1Il01l0<'Yl'li(', whost' hydrol'hlol'idt' 
ill the 1'01'111 of piaU's 1lH'lt('d aL if)° to i9° C., and tit(' olh!'l' bicydi('; 
its hydl'Oehlol'i<i(', \\'hieh was ill 1'01'111 of n('('diPs, hnd iL 1IH'lting point of 
117°. It is possibll' thlLt thl:' I,\\'o Sl'squitcrppnl's \\'('1'(' bisllbolcne Ilnd 
cadillc'IH', as thl'se frpqupntl.r o('elll.· togt'lh('l.' and hn:v!! hydl'Ochlori(iPs 
wliieh rndt iLl, i9° fwd 118.5°, l'('s()('divcly. Litek of mnteriul prc­
v('nt('(1 flll'lhpl' inv('sLigiLtioll. 

'1'11(' difl't'I'('lIee ill eiJcllIil'llL eOlllposition of tho two sHll1plt's-onc 
1'1'(11) lhr outskirts of lhe Pin'll8 montico/(£ runge and the otlwr from thl:' 
('('niC'1' of its distribution-could p(·rhaps bC' t'x/)ln.iIlNI pllrtiv b,r SOI11t' 
gpogl'llphie nU'iabiliLy within til(' SIW('il's Illl( partly by 1.1Il'· Iwtter 
lIH'thods of frndiolliLtion of the IellLho Sjllllpl(,s. 

The lIlost impoL'tant f('ilttll'l' of til(' PIlr-li('r IUlltlysis WHS the diseo\TPI'Y 
of i/-ulldp<'jUH' in the Cnlifomill SUIlI(M. It \vHS the first l'('porting of 
this hy.dro(,llrboll ill Ameri(,HII pilH's. l'ndN'luH' had 1)('('11 diseovl'I·('(1 
in nn Indinl1 pine, P. !Jri..ffitldi, X o. J :~, b,\· Hi nlonS('1I lllld Rau.Lah'r 
we found. n-lIlldN'IUW in severnl pines (::;eo Nos, 1, 7, 3:3, :34, 36, 54). 

15. 	Pinus strobusL. Rcfcl'('nco (116) 
(Sp. PI. 1001. lif):3) 

Pin.·us strob'llS is ('01111110n1y known in Amcrica ns eastern white pill(,. 
Its rtlng(' ('xt(,lIds front Newfoundlnnd to ('entl'lll Ontnl'io, to south­
('llsL('l'I\ )'lall i tobll, SOli t hward throu~h nOI·thpl·n and cnst(·l'Il .Mi nne­
soLn, 10WIl, Illinois, Indinna, Ohio, Pl'l1ns,\'IVjllliu, llnd New J(·l'sc,Y, 
and south to Wl'stl'l'n North Carolillll, nOl'thel'll GCOl'gill, and 'L'en­
I1('SS('('. It is locnl in wCStt'!'!.1 Kentll('ky. 

A vnri('ty of PiJl.118 strob'!ls, ('Itllc·d 'ckiapellsi8, gl'OWS in sOll\,lwI'n 
)'lc'xieo in tlw Slnt('s of VrI'HerllZ, l:>t1l'bla, OuxnelL, nnd Chinpils. It, 
rorlllS l'xt(,llsiV(' forests in Guatemala. iLnd it was repolted frol11 on(~ 
IO('llliLy in Honclul'lls (6). In my opinion, Vill'. cli.ia.pen.si8 is III I inch·­
p('IHlpnt spc~eies, perhilps l'elatt>d more dos('ly to P. monticola than t.o 
P.•~trob1l.S. 
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'1'11(' (Jlron'sill or typieHI Pinus strobus lIs('(\ in our work WIIS ('oll('('tcd 
in the ('hipP('Wtl XMionill Ji'or('sl, nortitcl'[l )'[innesolu. The tlll'Pl'll­
l i11(' \l"11S distilled lIndc'I' red U('P(\ pn'sslll'('; townrd tilt' Plld of Lht' dis­
tillation, the lpmp('rntlll'1.' illsi<ip thl' f1nsk l'('Il('\l('d 2050 C. i\lld the 
prl'SSIII'e WitS l'pdll('l'd to 0.05 mill. Yield of turpelllim' wns 25 perel'ntj 
it htld til(' following ('IHu:tl('tl'risti('s: 

Density, d~' 0.80 \L 

[ndrx of f('fmctiun, n~·3= 1Ail·! 

~pe('ific rotation, [0'1'"' -0.i5° 


Thl' lUl'pNlline o[ j)inU8 strobu8 IlIlti tht' following ('oillposition: 
Compollnd: 	 P"ceu! 

l~a~~:f::::~:~c -: ~ ~ =-=~ ~ ==:::=::::::=:=::=:::=:=::::=::::: ::::::: :~ 
OXY~(,llltt('(1 COllllll)IIIHIs: ____ .e ... _________ _____ . __ ~____________ 4• 

A tril'J'eli{' ;;('SqllitPrt)('Ill'.. ______________________________________ 0.3 

Tl'st,s for tl3-('lu't'ne \1'('1'(' IH'gntin'; fl'lll'tions 12 to 15 eonLllined 
slI1l1l1 lllllounts or OX.\W'III\tPc! ('OII1POllllds, possibly Illeohols Ilnd 
kl'tollPs (1111>1(' Hi). Ji'metioll I() ('ollsisled of it sl'sqllitt'l'pcl1e. After 
distillatioll 0\"('1' SOtiil1ll1, til(' pltysi(,111 ('Ollstnnts of the fl'lletioll were 
d~~, O.OI:~lj II if, L401:); boiling poi Ill, tlO° to 1150 C. nt 27 mm. 
.\ (Olp('ltlllr l'l'fL'l\(" iOIl, ~ (HI) WlIS fH.S:{; ('niellln.tpd for fL scsquitl'l'pcne 
( '15( (21) with OIl(' doublp bond, it. \\"ould bc' 6'1.40. This indiCiltcd the 
IH'PfH'IH'(' of It tri{'y,.'lie ,wsquitl'rpt'IH'. 

'1'11(' tprpl'1I1illl' of Pin1U{ stroblls \'nr. chiapensis hns not yet been 
IHltllyzl'd. 

T.\'BLI~ lfi.,--Ana/!ltica[ data of Sfl'rra/ fractions oj Pimls strobus tUl'­
- 7)( nline .. 

II Determined by 
, Zerewitinoff meLhoc\2 

I 
COIllPound [i'mrtinn Carbon Hydrogen i , 


Adivc ICarbonyl
• 	 hydrogen I group 

Perrml Perrelli Jfol. .\101. 
a-pillene ..• - ______ 1 3 Ri.IH 12.28 
p-pinr!l(' ...... ___ •• (l 88. a5 I L 79 
O:xyg('IIt1 tpd eo tIl- '{ 12 Ri. ao I L 81 o 0.2 

pounds , ...... _. 15 8,1. 24 1I,5i 0.2 .4 
:-;('sqllil('I'l)('IH' .• _. --I I(l 88.0U 12. IJ 

.. __ ._ ..___.._._ ..1.____-'--___...:..____'--___-'--____ 
L Cnlwlllll'Cl: for CloB 16 or Ct5H~4: C= 88.1 i prcccntj 11 = 11.83 percentj for 

C,oTlNQ: C is,9lr>C'rcenij He" 10,58 P('I'l'Cnt. 
2 Bo1tn;, Amulf. J)il- lIlicroolllllylischr Ul'.~limillll/l1J der (lkliven WosscrslojJcs 

1/(lL'h L: '/:~clW!1(lI'J! unli Th. ZcreU'ilinojJ. i\likro('hemil' 20: lUi. 1936. 

Group Gerardia'llae 

16. 	 Pinus bungeana Zucco RefeL'Plwe (111) 
(Elldli('hl'l'. Syn. COlliI'. WH. lR47) 

I)inu:-! bllll[!NIiUl is It I'll\'(' lIlounlllin piliP of (,pnll'lll Chinn; it is 
roulld mttmnlly ill It few spots in SlUlIISi, HUIWh, 1\lld south Knnsu. 
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It is a pieturesqlle pine, witH syru11l0relike, peeling bark. The 
Chinese pl!lI1t it near temples and in cemeteries. 

It wus impossible to get oleoresin of Pinus bunyeana from Chinn, 
so we obtained 11 suHieient illllount of it from trees cultivated in 
California. 'Ve had previously found that cliemicul composition of 
turpentine docs not eiuUlge whell it pine is tnll1splltl1ted from one 
pltrt of the world to anotlwr. 

'rhe turpenLine was distilled from the oleoresin under reduced 
pressure so that itt tIl(' end of t.he opemtion the telllpen1ture was 
1900 C. and the pl'essure wus 0.1 mm. of lller·cUlT. The pot residue 
(rosin) WitS vel'Y hard and britlle, showing thl1t 11ll yoli1tile frnetions 
(iudu(\ing possible s('squiterpelH's) hnd ~ been removed. Physieill 
chllrfletcristies of the tllrpen tine Silm pit's 1\1'e shown ill tllble 17.-

TABLE 17.-PhY,'Iica! characteristics oj Pill1LS b1lllfjealW t1tl'pentine 

Virlclof Density Index of Specific
Origi It uf SIIII1 pie turpentine d4~a.s refraction rotation 

n~ [a1.l;8 

Percellt Degree.
'rChico, CaliLl. . .. ' .. " ... ,.,. ........ - _D 0.8625 1. 4730 -7.0 


Placerville, CaliL _". - .. .... - 27 .8627 I. ,l745 -11. 0-~--

'Thanks arr dllr to :\[r. L. K Jolley, in charge of Chico Plant Introduction 
Gardpll for furnishing the lHHlrritd. 

The physic-al constants of Pin1{S bu.n{jeana turpentine obtnincd 
from the two difl'el'cnt 10C'lllitit's, \\'hose .s('eds most likely came from 
two difl'erCllt sources, were ulmost identiCill. The turpentine con­
taillt'd: 
Compound: 	 Perce,,1

11,t/l-a-pinene__________________________________________________ 6(}-65 
l-f./-pinrn('. '" _________________________________________________ :3(}-35 
SesquitrrpenC:L • ____ . _. ____ ____ __ ____ _ _ _ ___ ____ ____ _____ ______ 2-3 

Be('lwse of insufHeient I11nteriill, s('squitel'}lCnes hnve not been in­
vestigllted. .P. bUII.!JNlIln O('('lIrs in the sllme part of Chinn ns P. 
armcmdi, N'o, 8, yet <:iwmist.ry of the turpentines of the two pines is 
very different. 

17. Pinus gerardiana Wall. 	 Reference (148) 
(lJnmbert., Des('l'. Gl'n, Pinus Ed, 3 V. 2 t. 79. 1882) 

Pinus {jerardialla grows ill dry ro('ky vitlleys of northenstem 
Afghnnistnn nnd the northwl'stel'll HimaluYils. ('ommel'cinl turpen­
tine of this species "-its IUlalyz(>(1 by PUl'lln Singh. nnd reported by 
~il1lonsen (148). The turpentine hi1d the [ollowillg physicill constnnts: 

Density, d~=O.8658 

Index of rrf~ilclion, n~= J A68 

Spccific rotation, (a] I) = +IS.'! 0 


Tbe composition wns reporkcl to be ns follows: 
Compound: 	 PercCllt 

7~t;;=f>I:~~::~- ~ =:= =~===:===== ~ ==: ==~ ~====~ =~ - - - ~ ~-===:========:== 
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S~~sq\lil~\rp('ne with !\ small (ll110Ullt of sesq uiterpellc alcohoL _______ _ 12 
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This is OIle of It few (,I1St'S WhCll {j'-piI1CIlC obtained from pine turpen­
tine wus Tl'POl'tNI to be dextrOl"Otiltory. Howc\'l'r, it Uppl'llI'S from 
the descriptioll of the cxperiml'ntlll tl'chniq lIl' ilnd ft'OIl1 thl' t'mc­
~i~llation d~lU1 that Ow {j'-pinene "'tiS levorotatory, itS it geIlel'lllly 
1S III most PlIll'S. 

'1'(,51s for plldlHndrenc, dipC'l1tC'I1C', tC'rpill(,IlC', nnd terpineol were 
Jwgntin~. 

Group BaLfouriande 

18. 	 Pinus balfouriana Grev. & Balf. Refel'ence (61) 
(~[l\rl'llY, Bot. Exp. 01'(1. (Rpt. S) Xo. 618. lS5:'\) 

Pinw:I ba(i01U'iarw, or foxtail pi Ill', is 11 I'IU'C ulpine whiLe pim', 
~\ppllr(lntl.\· it 01]('(' o('('upipd i1 lllrgp Ill'PIl, but sin('C' till' lntl' Plioe(l/)(' 
it s<'pllralpc\ into two isoilltpd IO(,lllitil':;. It now grows ill northern 
{'Itlifornitl Oil S(I\'p!'lllll1ountnill !'Hngp:; itt 11I1 ('lcvation of 7,000 to 8,000 
r('('l (Sl'()lt~[ (s., ~[ilrbll' ~Ils., Salmon ~Its., Trinity Alps! and 
lolht Bolly ~ Its.). In til(' sou llw!'!l SiPJTtl X ('vada it grows I11llinly 
Itl tltt' SOlll'('('S of til(' Kings und th(· K(,l"n Rivc!'s. The two iocnliti('s 
at·p !-WPIII'IIU'd b\- n disl;UH'C of al iellSt :~OO mill'S in which no P. bal­
{lIllriai/(l has 1)(,('11 found. 
, 	 O\('o!'i'sill fl'OIlI til{' nOt'th('1'll lo('alion \\"IIS ('olle('tcd in the Acott 
~[()llnttlins, about 7 mill'S south of till.' lown of C'allnlmn, III lIn l'levil­
l ion or 7,6()O fC'N. 'I'll(' ol('ol'('sin yi('ld WllS poor. All toget/Il'l', 
0,170 gl'lllHS of olpol'('sin ,,-ns galllf!'ed in :3 weeks from 70 t1'('es. 
OIt'Ol'('sin from thp soutlll'rn lo('ation WIIS ('ollc('ted on the C!lst side or 
til(' SiPlTll Xp\'lldil, Ilt nn pll'yulioll or g,ono rC'C't, just abov(' the town 
of Jndt'p<'ndC'Il(,(, Illld lwlo\\- tll£l Kf'IlJ'slll'ge Pnss, Tw('nty trees 
htlekpd duting July 194~ yil'ldl'd l,GDO gl'nIHS of olf'ol'l'sin. The 
physi<'It! eilllI'lH'l('l'isti('s of til(' tUl'pl.'nlilH'S rl'01J1 the two 10cIllities 
\\,('t'(\ tll('SP; 

"Yor/hUll SOlltheTII 
Yield of tlll'[wntitw ("ertenl) _____________ 28.3 25.8 
D('II,sity Idj-l) .' ______________ .8570 .8612 
(ml(':\: of I'ef"llt'liotl (n'it) ___ .. ____________ 1. ,lU43 1. 4642 
Hp('('ilk rotatio/t ({cdD' ___ .. ___ ..... _____ -.II. 05° +24. 33° 

(,hemielll ('ompo;;itioll of the two samplt's of turpcntine WitS as 
follows: 

('OUlpOUllcl: 	 Norilurn (percent) Southerll ([Jercellt) 
C<-pim'JJ('._ .. ______________________ 90 (l,dl)---- ________ 98 (d,C/i) 
.$-pilll·l1t' '_ ..• ______________ • __ ••• 2...... ____________ 0 
LimuJI('Il(' _. • ••• __ ••••• ____ .2 .• _... ___________ 0 
Bornyl ti.('ctntc _ .. ________ • 0.•• _.... _. ________ 1 
A tricyclk sPsquitl'rJ)<'JI('.,,, ___ •• ___ 4__________________ 1 

Bornyl n('('tn tl' WliS idt'nl ifil'd in l he LUl'pt'll tinc from the southcl'll 
IO(,HtiOIl, ill frnction 14 distilling ilL 106° to 110° C. ILL 17 mm. A 
:'!ltpOllifi('ll.tiOll lpst WllS nppli('d with II. positi\-c 1'('suIL L'poll distilla­
lion of titt' snpollifipd liquid, droplets of oil ('ould be obS{'I'\'(I(1 ill lltt' 
distilllltl ' ; from this oil II d(\l'h'lltiw', :~.5-dillill'ol){,llz011t(', llwlling tit 
li>4:l. WI\:; pn'plu'l'd. It. f,!;:t\.(' no <I('PI'('55iol1 in melting point wh(,11 
nddpd to known bornl'ol' :~,;'j-dinilrob('nzontt'l ",hieh [illS it melting 
point of J54° (11). 
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After the volatile nlcohol wns distilled off, the snponified liquid WilS 
aeidificd with sull'uric acid and agilin distilled. The distilhltc wns 
acidic to lilmus j it WilS neutt'nlized with X [lOU solution llnd eVllpomtcd 
to dryness. From the residue lJ-phcnylphellflcyl ester WitS prepnred; 
after being purifil'C1 by pussing throuf!h it chromutographic column 
(81), fhlky colodl'ss eryst:tis wel'e oblllined. These eryslills melted ill 
109° to 110° C. nnd gllYe no (kprl.'ssion in I)wlling point when mix('t\ 
with an llllthentic siunplt' or }J-pl\(~nylphenit('yl lu'elaLe, ml'iling fit III° 
(36). Thus the ncid was nc('tic fteid ilnd the ('stel' in I'mdion 14 was 
bOl'nyl a('('iu.le. 

Physield ehnrlleters of the lligher boiling fractions of the P-iil?l.~ 
baUourilLfUL turp('ntine from th(' northern locntion, wcre COmplll'cd 
with those or flrolHlll!eo(\I'elll' (table lX). 

,(,lIPse fl'll('liolls possessed chilnl.et('l'islic' ('onstnnls of il sesquit('rp('n('; 
but tlwy did not fOL'1ll solid hydro('hlor.i<i('. 'I'hp p('l'('pnlilgt' ('Olll ­

position of ('arbon Ilnt! hydl'ogt'll ngl'cNl well wilh thosc' of C1sH21! 

lind rnol('C'uIHI' I'pfl'ilction illdiml('cl tlrnt this wns 11 tri('yelie Sl'sq ui­
ll.'l'j)('IH' with OIl(' doublc' bOI\(\. TII(' S('SqUite-I'pe-IH' fl'aetioll of Pinl1.~ 
batj()urimw llll'pl'nli!lc fl'ol\l thl' soulLt('l·n. IoC'ation had tL molN'ulal' 
)'('fraC'tion of na,l, il1di(,llti!\~ tlli\l the- srsquit(,l'lH'lH' ltISO wns trinyelic 
with OI1P doublt' bond. It fOl'llINI no solid hydrodrlol'idc. ApPllr­
('IJtly .it is n s('sqllil(,I'PC'IW icit'nli('lll to that in the Lllrpc'ntinc 1'1'0111 the' 
nOl'tlH'rn loclltion. 

19. Pinus aristataEngelm. 	 Refel'encCl (61) 
(l\.m. J. ,sci. &; Arts, ,spr. 2, 34: :331. 18(2) 

Pinus aristala is ('omrnollly ('Idled bl'ist1c('ol1e pine. It is V(,I'Y lo('nl 
nnd widely s('illtel'Nl in the high moullinins of Colol'lldo, Utah, 
Xe\'IHln, illlt! nOl'tlll'rn New ~{('xieo; it is 11lso found ill one lo('ality 
IWllr FlagsUl.fr, Ariz" {wd in lwo loealities of southeastem Cnlifomin, 
A StlHlplp of oIPol'C'sin of P. arislala was ('ollcetl'd by the lLuLhor with 
some diffi('u/ti('s (this pine is n v/.'I'y pOOl' producer of olpo1'('sill) .in tht' 
Whitt' ~rountilills, OItlif., iLL nn e1('valion of 10,000 fp('L abovt' S(,I1 lev('1. 
'I'hl' yi('ld of lUl'(wntine wns 24 p('I'('pnt of the weight of the oleoresin. .,
Th(' turpNlliIH' had t lit' following physico.! chfll'lletcristics: 

Density, d;5",,0.8649 
Index of refraction, n1~= 1.465!i 
Specific rotation, [a)il= +25.210 

Composition of tht' tUl'ppntinl' of Pinus arislata. WI1S found to hI.'; 
I 

Compound:
d,dl pinene __________ - ____ -------- ------------------------ ----­
it.. tricyclic sesquiterpcmL ________________________ --.-- -- - - ------

The sl'squiterpl'np possl'sSNl one doubll' bond and formed It hydro­

chloride melting ilt 80° to 80.5° C. 


Group Cem,broides 

All six pinl's of this group fin' inhllbitfinLs of the desprt mountains 

of soulhw('st('rn UnitNl ~tt1tes and ~(t'xi('o. 'riley arc known by the 

Spanish mUlle piiionl's. In the Uuited StI1t<·S they nrc known ns 

pinyon pines. '1'l1ei1' seeds (01' pille II uts) 111'C edible. 
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TABLl~ lS.-(1oll81anls of jraction8 1610 j S ojPin'll,'! ba(ioul'ialla i.'lll'j)('lltiJll',jl'om 1107'(herlllocaIion, (Mid oj m'Ofnadendrene !i1 
o 

;j~---- Frnction Hi FmrtiQn 17 1 Fraction 18 Al'ollludcndrm\c 1Property 
o!-...,,­

; 
SBoiling point________________________ J 145°-154° C. ut 75 154°-15(jO C. lit 75 i 150°-159° C. at 75 121° C. llt 10 JIlll1. "" 1111ll. ))1Il!. 111111.])(,!1sity, d. _________________________ _ 0.921425 ___ ,. ________ 0.9\71. 2S___________ _ 0.9Hil 25 0.9116 ;?O 

Index of refmction, nil _. ____________ _ 1.41)78 201.4.940 :lS____________ L49(j2 2.~___________ _ 1.4985 25------------

Molecular rcfruction, MR ___________ _ 65.30 ------------G4AS_____________ • US.OOO. ___________ _ 
D 65.58l)(,l'cellt of (:l1rbol1_________________ . __ _ 83.23} culcd. for Z85.32} f III d {------------------- ..,Percent of hydrogen _________________ _ 11.90 0 ) -------- __________________ _ ~~:~~} ~~~~\;I~=~::~~: 11.77 CJs!b Z 

t"l 
1 Briggs, L. n., und W. E. Short. Amcr. Chclll. Soc. Jour. 2524-29. 1928. U1 
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20. Pinus cembroides ZI1(c. Reference (100) 
(Abh. Akad. Wiss. Munch. 1: 392. 1832) 

Pinus cembl'oides is predominantly a. Mexican pinyon. In Coahuila. 
it is called pino prieto. It is scattered over the desert ranges of t.he 
northern Mexi~an plateau, as far south as the States of TIIlXCalll and 
northern Puebla. It is also found in Baja California. In the t!'niteu 
States it occurs in southwestern New .Mexico and southeastern 
Arizonll. 

An oleoresin sample was collected under the Iluthor's supervision 
in a desert mnge, Sierra Gnl'n/llbullo, not far from Parms, Coahuiln., 
:Mex. ~l'urpentine WIlS obtained from the oleoresin at redueed prt)S~ 
sure; Ilt the end of the distillation the tempel'llture reached 170° C. 
and the pressure WIlS reduced to 2 mm. of mercury. 'rhe turpentine 
comprised 26.2 percent of the weight of the oleoresin and possessed 
the following characteristics: 

Density, d;'=O.8471 

Indcx of refraction, n"J=1.4680 

Spccific rotatioll, [<>'1578= +45.20 


Chemi<:al composition of Pinus cembroides turpentine was found 
to be: 
Compound: Percentd-a-pincnc___________________________________________________ _ 

92
l,dl-limoncnc_________________________________________________ _ 4
A se8Cjuitcrpcnc, d-longifolene __________________________________ _ 2 ...
Residuc and 108sc8____________________________________________ _ 2 

21. Pinus edulis Engelm. 	 Re1'er'ences (113,136, 143) 
(Wisliz. 11em. Tom. North. ~:[ex. 88. 1848) 

Pinus edulis is eillled pinyon or Colorado pinyon. It grows in the 
Rocky l\(ountn,ill l'egion from Utll.h and Colorado to Arizona, New 
l\t[cxieo, and the 'l'l'l1l1s-Pecos region of Texas. It also occurs spo­
radically in southwestern 'Wyoming, northwestern Oklahoma, and 
southeastern Cl1lifOl'llitL, and in the northern States of Mexico­
ChHIWtllllll (86) and BiljU, Californh1 (88). 

Pi'Il'us edulis turpentine obtained from southwestern Colorado was 
annlyzpcl by Schol'ger in 1913 (136), and reported to have the following 
('omposit:ion: 
Compound: 	 Percentd-a-pincne____________________________________________________ 70-75 

l-!3-pincnc________.________ ____ _ _ __ __ __ _____ _ _ _ __ __ __ ___ _ _ _ _____ 5 
d-cadincllc___ _ _ _ _ _ _ _ _ __ __ __ __ ___ _ _ _ _ _ __________ __ ___ _ ____ _ _ _ _ _ 15-20 

The extremt'ly frngrant odor of Pinus edulis turpentine was ascribed 
by Schorgl'r to l'l\dinenc. 

Oleoresin S11l11ples of Pinus edulis used in this study were collected 
under the author's supervision in Arizona on the Fort Defiance 
platel1u, elevation 6,800 to 7,400 feet, Navajo Indian Reservation. 
The oleoresin was distilled under reduced pressure, so that at the end 
of distillation the temperature I'cached 203 0 C. at 4 mm. of mercury. 
Yield of turpentine was 24 percent of the weight .of the oleoresin. 
The turpentine had the following chl1racteristics: r 

Density, di'=O.8708 

Iudc)< of refraction, n~~= 1.4728 

Spccific rotation, [<>'127'.= +17.90 
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In the process of fractional distillation (cf. table 5, p. 21, and 
fig. 7, p. 20), fractions 23 and 24, having a boiling temperature of 88° 
to 90° C. itt 13 mill. of mercury, attracted our ilttention becl1use of the 
pleasant odor. The fractions were, in fact, responsible for the fril­
grance of Pinus eclulis turpentine. 

Physical propedies of fraction 24 were: 

Density, d;3=0.866 

Index of refraction, nrr= 1.4190 

Specific rotation, [ali,~= +0.7° 


These properties suggested the possible prpsellce of an aliphatic estcr. 
One gram of this fraction was treated with benzylalUine according 

to the procedure of Dermer iLnd Killg (34). The amide (428 mg., 
m.p. 62° to 63.5° C.) wns t'ecrystallized from diluted etho.nol to a 
constllllt meltillg poillt at 65° to 66°. By the same procedure, benzyl 
amide (m.p. 63° to 64.5°) was prepared from known caprylic acid. 
'Phe white crystals of the amide were l'ect'ystallized to a constant 
meltillg point of 65.5° to 66.5°. Results of Illlillysis were these: 
Calculated for ()15H 230N-C, 77.20 percent; H, 9.94 percent; found-
C, 77.06 percent; H, 9.28 percent. . 

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

'1'wo milliliters of fraction 24 were trented according to the method 
shown in Vogel's textbook (163, p. 387) with 2 drops of concentrated 
sulfuric acid imel 1.5 g. of :3,5-dinitl"Obenzoie acid. After one recrystal­
lization of the crude product fl"Om ethanol, 4:31 mg. of needles, m.p. 
89° to 93° 0., were obtained. Arter two more crystallizations, 20:3 
mg. of derivative, Inelting ilt 92.5° to 93 ..5°, were obtained. When 
mixed with authentic etiLyI3,5-dinitrobenzoate, the derivative showed 
no deprpssion of melting point. Thus the acid pot·tion of the ester 
was caprylic acid and the tllcohol portion was ethl:!.nol. Therefore, 
the l'ster was (·thyl caprylate. 

1\. fraction boiling between 135° and 136° C. at 13 mm. of pressure 
Imci rpciistilled at reduced pressure ovor sodium gave a heart cut with• the following pl'operties: 

Boiling point at 10 n1l1l. of pressure=133° to 1340 C. 
Density, dH",,0.9131 

Index of refraction, nU= 1.5078 

Specific rotation, [aH!;~= + 78.4° 


A 0.74-g. sllmple of a hydl'ochloride was prepared from 3 Illl. of 
the heart cu t. The hyclrochlOl'ide melted at lISo to 119° 0.; it did 
not depress the llH'lting point of cadillenc clihydrochloride. The 
opticiti rotation (aj31) WllS -:36.8°; c=28.8 in chloroform. 15 The 
positi \'e rotating fraction 53 gave It hydrochloride of negative rotation 
as docs CiUlftdcno (143), but the fraction had considerably higher 
rotatiOll lWeI lower dellsity than clUladene. C1Uladene i» a structural 
isomer of l-caclinene; its physical characteristics (148) are: 

Density, d;'=0.028 

Indcx of refraction, nW= 1.4954 

Optical rotation, "'575= +33.73 0 


15 C is conccntration of solution expressed as the number of grams of active 
substance in 100 CC. of solutioll. 
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As it Wh011', tuq)('ntirw of Pinus edulis contained: 
Compound: Percelll 

cl,dl-a-pilH!lle___ ____ _ _ ___ __ _ _ _ __ _ _ _ _ _ _ ___ _ _ _ __ _ _ _ ______________ 46 
Unidentified tcrpcnes_ _ _ _ _______ ____ ___ __ _ _ _ _ _ _ _ _ _ _ ___ __ _______ 1 
J3-myrccnc _____________________ .. ____________________________ - - 2 
d-6 -carcnc_________________________________________________ • 6

3
cLl-Jimoncnc ____________ . ____ • _______ •. ____ ..... ________________ - 1 
Tcrpinolcne. _______________________ .. _______ . _____________ .-___ 1 
Ethyl caprylate ______________________________________ .______ 6 

Unidcntified mixture of OXY,lwllatl'd compounds and hydrocarbons___ 12 
Scsquitcrp(>l1cs rclatcd to cadincnc_______________________________ 16
Rcsiduc and loss_____ __________________________________________ 9 

It is seen from these r('sults that tlt(' ch(,lllicnl composition of 
Pinu,,; edulis turpentin(' is much 1110rc complex thall l'eport('d by 
Schorgcr. The exquisitn i"ragmnce of thC' turp('ntinC' is to a large 
('xt('nt due to tIl(' prCSl\nCe of ethyl C'llpI"yla.le. Ethyl clIpryhLt:> hIlS 
never b(,('1l reported hefore ns It consti tuen t of tUl'pcnlilw. "rebb, 
Kepll('r, and [keela (16,':) found (in 1952) 0.6 IWl"ct'nt of eth.d capl·yJ.lie 
in fus(,l oil of gmp(' bl"andy. Capl'ylie estl'rs w('re also n'portC'd in 
PalC'stinc omng(' oil (59). 
22. Pinus quadrifolia ParI. 	 Hefcr('ncl' (73)16 

(Sudw., USDA. Di\'..&"'01". Bul. 14: 17. 1897) 
Pinus f/uadrUolia is ,1 rare pinyon pinl'. It occurs in dry, almost 

dl'S(,I-t, localiti('s of southern Clilifornil1, and of the northct"ll pal·t of 
Bnjn, C'lllifol"lliiL, ~l(>:\:. 

The 01('01'es1n siunplE' of this pine was oblainNl in Ri\'crside County, 
CaliL, IWIt.r it placl' calkd AnZlt, itt tlll cll'Yation of about 4,000 fed. 
Eh'ven trc'es w(~re tapped. Yicld (a \Tl'mgc of 11 sitmples) of tmpell ­
tine was 23.5 p('rcl'nt of the "'l'ight of the' oil'orcsin. 

Physicltl c111lmeteristics of thl' turpentine samples obblined from 
all indiyidual tn'(' ntried within these limits: 

Dcnsity, d1", from 0.8000 to 0.8008 
Tndex of refraction, ni~, from 1.4732 to 1.'1787 
Spccific rotation, [aIm, from +0.2° to +32.7° 

The mix('d t.urpcn tilw had the following characteristics: .po 
Dcnsity, eW" 0.8629 
rndcx of refrnction, n1l, 1.4742 
Specific rotation, [am., +24.8° 

Th(1 composite sampll' of Pimul qU{ldl'~foli{l lllrp('n tinl' con tained: 
Compound: Percellt 

d,ell-a-pinene _____________________________________________ -- -- - 02 
Ocilllcnc. __ __ _ __ _ _ _ _ _ _ _ _ ___ __ __ _ _ _ _ _ _ _ ___ __ ____ __ _ _ ___________ 3. 8 
Intcrmediate unidentified fractions_______________ _______________ 1.6 
Sesquiterpenes________________________________________________ 1a 8 
Rcsiduc and loss(~s.____________________________________________ 15.8 

The sesquitl'rpl'n(\ fmelion cOllsisted of t.wo bicydic sesqllitC'rpencs 
(13.8 percent) tll1Lt yiplded cryslllllin(' clldillelle hydrochloride. It 

also con taitled t\, ciLdall'ne-Lypl' S('squi t('rpl'nc (:~.O p('rc(,llt); this 

sesquitl'rpene, possibly monocyclic, \\',is in the' fmction boiling bC'twe(,1l 

13lo fwd 132 0 C. at 12 mill. of pressme. Its ChitnLcteristics were 

these: 

16 In the work cited, the paragraphs containing information on Pilnls quad­

riJolia wcrc intcrminglcd by mistakc with information on P. carilJaea. 
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Density, did,. ,,'" 0.8090 
Inci(':< of refraction, n'e == 1.5065 
Specific rotation, [ah.s= + 26.5° 
Molecular refraction, MRo=67.4 

I 
Foul" gl'llOls of oil from this fnlC'tion were mixed with 1.88 g. of 

sulfur tlOcI dehydrogelliltcd lu'cording to the method of Ruziekll lind 
~[ey(>r (130). The oil n'C'ei\-ed was distilled at rt'du('ccl pre~\sure. 
The distillate WtlS tretlted with 1 g. of trinitrobenzene dissolV(·d ill 
hot nl('oltol. Tlte mixlurr wns warmed on the stellll1 bilth until the 
n'llet:lIlts \\'('J"(' dissoh-ed, Ilnd 011 tooling 1.6 g. of ,\'ellow erystllis were 
('('('cin·d. .Utel' two ('('('rystallizations from hot llleohol, thc C'J'ystitls 
lllcllrd at 1.11 0 to 112° ('., llnd rurther re('ryslallizlltioll did not 
eilllnge' the melting point. "\dlllixture with IlUthelltic ('acililellc 
tl'inilrobellzene Ild(luet C'llllSNj no ('llIlnge of melting point. The 
fmetion showed strong ab5()I'ptiol1 llIilximn in the infrlll'ed region at 
L,/j5L C111.- 1 Ilnd tlt 88" (,11l.- I . This WIlS interp[,(·ted as indieillillg the 
(Jl'esenC'(' of an R 1H2( '=( 'H2 group. The Ilxemge \'alue for ('=('H2 is 
1,65:3 tUHl 1'01' ('-H out-of-phllw wngging is 890 (1.i4). Slidging from 
lhis e\-ideIH'c', fl'lletion 18 contained II C'IHlalenc-type sesquilerpcne 
posse'ssing IHl R IF2( '=C[£2 group. 

23. 	Pinus monophylla Torr. & Frem. Rrfcrencc (135) 
(Fl'('m. Rep. Explol'. ExpC'd. Roeky Mts. :319) 
Pinus lftol(opiLylia is C'ol1lmonly known ns singleleaf pinyon j unlikc' 

Illl other pinC's, it b('lu's soliblry, round npedles. P. monophylln grows 
in dry, dl'SPrt l'Illlg(IS of sou them 1(111ho, westcl'll Ltllh, K evada, 
rnst('I'C\ ('nli[ol'llill, nOI'tlJ\\"('strl'll _"l'izona, llnd Baja Clllirol'llia, ~[ex. 
Turp(·ntinc of this pine WitS ('xtllllincd b.\~ S('hol'gel' (135) in 191:{. 
TIl(l .\'i(·I<1 was 19 pPl'('ent. The physiC'ttl properties of sc\-cl'Ill sllmples 
wprc lltest': 

Density, dg~ frolll 0.8721 to 0.873:3 

f{lelpx of rdrn('tioJl, Ill~ frolll 1.47:32 to 1.4733 

Spp('ific- ro!i\tiOIl, (aW ~'" -:- 14.4' to ~ 17,3° 


Till' ('olllpositioll of the tllrp('ntinp was found to be as follows: 
Compound: Pacent 

rl-a-pi liP !H' ________________ • _____ ._. _____ •• __________________ S5 
It 	 [,tll-limnIH'Ilt' _, __ • __ -. ______ ..... _________________________ 4-5 

i:{('s(juitPfJ)('lI(' fra('tioll, r('port('(1 tLS endillC'lIc______________________ 4-6 

Be('!llIse {linus mOl/II phylla lurpell t i l1e has It fl'llgl'fllH'C' sim ilar to that 
of th(' ('\osply n·llllNI P. Nl !llis , Xo. 21, it is possible thllt it also con­
tnins .63-(',U'C'IH" ,B-lllYI'('elle, nnd o('illlene, nud pnr! ieuludy ethyl 
('aprylal(', It is IHh'iiiltblt, to I'epellt tlrc iU1111ysis of turpentine of 
e. 	nllJllllpityllll, using IllO(iPrn fractiollation Itpplll'tltuS. 
24. 	Pinus pinceana Gordon Reference (100) 

(PilH'llllH 20-1. 1808) 
Pinus piflC(,fl(W is :1 VpI'.\- 1'111'(' pine growing in dry l'avin('s of desert 

ntng:ps in til(' soutilCtlSU'l'n plll't or tltp. Sltllr o[ ('oahuiln, ~[ex'l 
possibly ill titt' iuljH('('nt Imrt;; of XuC'\'o Le6n. alld (subjt'C't to \'cri­
fiC'lilion) 11('11.1' ('IlIIl:lrgo. Hi(bllgo. Tltis pillt' is grouped by Shaw (142) 
witlt the' pillyons, thnt is, dps('l't pillc's Im\-illg (·dible nuts. 

Oh'01'(,5in of Pim(.'! pillCNlII(l WItS ('olle('[cd in 1950 ulldrl' lht' tluthor's 
SlI ppl'yision from t I'(,{'S IH'Il!' til(' \"illnge of GnruJIl bullo, Coah lIila, 



56 COMPOSITION OF GUM TURPENTINES OF PINES 

about 5 or 6 miles south of the station El Fraile of the Coahuila and 
Zacatecils Railrolld. It was glltbered through the courtesy of the 
~fitdero ~\griculluml Company of Pnrms, ('ouhuiln. 

The oleoresin wns subjected to distillntion under reduced pressure 
so t1mt when ull turpentine WitS removed, the temperature inside the 
flask was 195° C. ilnd the pressure ,,'as 10 mm.; 17.7 percent of 
turpentine W!lS obtained. The rosin was \'Cry brittle. 

The turpentine had the following chnrilcteristics: 
Drnsity, dr-'=0.8434 
Indcx of rt'frurii()ll, Ilj;= 1.4753 
Spccific rotation, [am~= - 100.6° 

Pin11.8 pincewHL turpentine W!lS found to contain: 
COlllPOlllld: Percentd-a-piIlCIlC__ ,. ____ _________________________ ._____ ____ __ _ _ _____ 5~ 

L-LirnOllrllC ([<~ll)"" 134.25L _______________ -______________________ 80 
A IICW bicydic scsquitcrpcnc____________________________________ 5 

The nl'W sesq uiteqJl'lH' WitS n;ullcd maderene i it possessed two double 
bonds; its hydroe-hloride 11Iul a melting point of 67° to 68° C. 
25. 	Pinus nelsonii Shaw Ref('renec (Unpub. orig. data) 

(Onrd. Chr. SCI'. ::3. 36, 122. Fig. 49. 1904) 
PifL1l8 nel80nii is it SlllIlll bush:v tree with long, pli!lnt branches, 

grn.y bark, nnd spnrs(' gray-green folinge (88) i three cohcring needles 
give the imprpssion of It single needle. It is a ,'eIT mre pine, growing 
in It ft'w rl'strided loczdities in the desert rnnges of the ~1exicnn 
Slittes of 'l'all1llulipils, X ueyo Jjeon, ('oabuiln, and San Luis PotosI. 
'rhis pint' is eiosl'ly rehltNl to P. pincfmw. 

A 5S0-g. Slllllpl(, of oleoresin of this pine wns sent to our Iabomtory 
through the courtesy of Sr. Don Emsmo Cerdn of Arnmberri, Nuevo 
Leon, ~r('x., 1111<1 was [l('('ompllnied b.\' brtlll('hes ilnd cOlles collected 
from the tr('es fl"Olll which the ol('or('sill wus procured. The trees 
werc growing Ilt an ell'nltion of 8,000 feel, near t1 plnee called Valle 
HNnloso, XiquihUtln;l, 'rillllltulipns. 

Turpcntine WIIS distilled under reduced pressure. At the end of the 
opemtion, the pr('ssurp WitS redue-ed to 2 mm. Itnd the temperature 
rerl('\I('d Z15° C. '('he htsL portions of the volntile oil solidified in the 
('ond('nsl'l'. 

Yield of the tUl]wlltine WilS 27.8 percent; its physical chnmcteristics 
wcre: 

Drnsity, d;5,,,,,,0.8557 
.I ndcx of refraction, ni~ =1.4711 
Specific rotutioll, [am.= -38.5° 

X0 furthcr wOl'k WitS done with turpentine of this pine. 

Subgenus Diploxylon 

Group Longifoliae 

26. 	Pinus longifolia Roxb. References (51, 56, 118, 152, 158) 
(Lllmlwrt. D('scr. Gcnus Pinus 1: 29 t. 21. 1803) 

Pinu.s lolt{ff/olia. hns bCPIl knowll under this nillTH' for 11 long time 
(LJ2). Rt'c('ntly, however, iL witS reniUI1NI P. roxbw'flhii Slug. Ae­
('ording to it chtlllge in the International Code of Botnnical Nomeu­
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c1ature adopted in 1930, the name P. longijolia should be rejected as a 
later homonym. However, pl"Oposals to permit retention of old names 
of importllnt economic species SUeLl ns this are pending. 

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

Turpentine of Pinu.s longifolia wns H,nnlyzed by Simonsen and Rnu 
in 1920-23 {152}. Composition of the turpentine was as follows: 
Compound: Percent 

[-",-pinene" ,- ---------________________ __________ _________ __ about 25 
A new tcrpcne namcd .6,3-carenc____________________________ about 40 
[-,a-pincne ,- -----_________ _ _ ___ _ _________________ ___ _____ _ about 10 
A new tricyclic sesquiterpene, longifolene_____________________ 10 

Dupont llnd UZllC (51) 11lso analyzed Pinus longifolia turpentine.
It possessed the following constnnts: 

Density, d,o=0.8750 

Indcx of refraction, nj= 1.4797 

Specific rotation, [",jj= -1.51 0 


The turpentine composition was: 

Compound: 
 Percent 

~"'-pincne_____________________________________________________ 24 
l-,B-pinene.. '- - -- -- - - - --________________________ _ _ _______ _ _____ 9. 7 
Ad-terpene togethcr \\'ith .6,3-cllrene_____________________________ 37.6 
A l-tcrpene,__________________________________________________ 1.7 
d-Iongifolenc and oxygenated products___________________________ 20.3 
Residue and 1088es_____________________________________________ 5.9 

The struetuml formuill. of longifolene has been it matter of eontro­
versy. In 1953 Nitffl1 and Ourisson (118) proposed the stl'Ueturul 
forfl1ull1 of 10ngifoll'l1l' itS it Ilppelll's in the appendix of this publication. 
OUI1tgey and BbaUilchilrYYll (56), working with lllrg(' quantity of 
longifolt'nc, L't'ported that besides longifolene proper thert' Ilrc two 
other sesquiterpt'lles e10sely related to longifolenc. PhysicI11 con­
stants of the three sesquiterpenes are shown in tablc 19. 

'l'ABLE 19.-Sesquiterpene8 of Pinus lonyijolia I 

Boiling 	 Index of Specific
Sesquiterpenes 	 temperature Density refraction rotation 

at 9 111m. of d~o nlJ ["')D
pressure 

·C Dey"..Longifolene ___________ 113 O. 9328 1.5002 +37.8t/-Iongifolene __________ 126-128 .9153 1. 5025 +28.9-y-Iongifolene__________ 116-117 .9247 1. 5007 -3.68 

I After Ghatgey and Bhattllcharyya (liB). 

In 1956 Sutherland and Wells (158) ('eported results of analyses of 
~ Pinus longijolia turpcntilll'. Its constanls were: 

Density, d;'=0.8fi31 
Index of refraction, nlJ= 1.4735 
Specific rotation, [",JD= +0.90 
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Brsides thr presence of mnjol' compol1c-nts reported by pmvious in­
vestigators, Slitherill11d and \Yells found ill the turpentine minute 
qUilntities of a-thujl'lle, /3-llIyrcenr, l-limoneue, and terpinolene. 

Longifolene also occurs in 4 otlwr Asiatic pines b('sides Pinus 
longUolia.We Il!tve found Iongifolene in turpeutine of 17 AUH.'t"ieall 
and ~ [exiean pim·s. 

27. 	Pinus canariensis Smith Refel'ence (63) 
(Buell. Cannr. Ins. 159. 1825) 

Pinus canarierlsis is a sublropical tr('(' nnti\'(' to til(' CaHary Islnnds; 
in '['('(\('rift" Lit Palma, ilncl Grand C!lnary it grows on dry t'xposed 
slopes ilt (·ll'viltions of 3,700 to 6,600 f('('t. It has bl'C'n plantpd as nil 
Orllal11enbll tr('(' in the WiU'IlH'J" PltrtS of till' rllitN[ Slates. 01('oresin 
of this pill(, was obtailwd by the Huthor frolll 25-year-old planted trees 
on the University of Cllliforllia ell.lllpUS, Berkdl'Y, CI1lil". '['he oleo­
r('sin Wi1S IH'ittN[ itt lllJrl'sslire of O.Ol 111111. ulltil till' bath tl'lIlperaturl' 
r<'tlclH.'d 200° O. Yip d of turpentine was 27 pert'ellt; it possessed the 
following ehllr!lc[eristies: 

Density, dio=O.8552 

Index of refraction, n~··= 1.4637 

Specific rotation, [a]i;'=+O.910 


'I'he eornponl'nts of the tUL"pentine were: 

Coumpond: Percelli 


d~a-pinene ~__________________________________________________ 	 94 
l-limonene ___________________________________________________ - 2 
Esters of borneol, chiefly bornyJ formate. _. ______________________ 1. 5 
An unidentified dextrorotatorY" sesquiteq)('ne______________________ .5 

The [rll.elion in which estl')"s wp)"l' found boiled bt'twl'en 116° IIlld 
118° C. nt 2:5 111m., !lnd hiLd the following properlil's: 

Density, di5 "",O.052 _ 
[lId('x of rpfruction, n1,"=1.4782 
Specific rotation, [a]il'= +2.27° 

vVhell this [metion was snponified, a solid substnncl' with an odor 
likP tlmt of borneol wns obblin('(\ from thl' stellll1 distillitte of t.he 
al('ohol portion. This subslilll(,l', when lrl'tltNI with :3,5-dinitro­
b('nzoyl chloride in pYL'idinl' solution, gnve a ('l'ystitHine 3,5-dinitro­
bpnzollte melting at 152°-15:3° C.; d-boml'ol 3,5-dinih'obenzoateis 
r('ported (11) to melt nt 154°. rflw 3,5-dinit)"obenzoate obtained 
from Pinus c(L1wl'ien8i.s did not ehllnge the melting point of nn ilU­
tllPntic speeimell of d-bortleol 3,5·dinitrobl'llzonte. After removal of 
the Illcohol by stl'llm distillation, thl' presencl' of fOl·mi('. iLcid among 
the vola till' Ileids WtlS dpJl)onstrnt('(l, indiefl ting that the ester present 
ill the fmelion ('onsistl'c\ of <i-bornyl fornlilll'. The physical constunts 
of the ester fmetions indientpd tllP possibilit.y of th!} presence of esters 
of higheL' ileids. 

Group Leiophyllae 

28. 	Pinus leiophylla Schiede & Deppe Rl'ferences (77,99) 
(LilHH'il 6: :354. lS3l) 

Pir!1l~~ leiophylla is It ~[t'xi('jll1 pine, found in the States of Chihuahua 
Ilnd Durn.ngo llnd as fill" south ns \Tpmeruz H,nci OllX!lCil. GenC'rnlly it 
grows in dry lO('lllitips itt high eLl'Vlltions, but occasionally it oeeUl"S 
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at lower nltitudes. A sample of commercinl, steam-distilled turpen­
tine of P. leiophylla [rom Uruapun, ~1icbonciln, hild been previously 
Imn.Jyzed by It·iut·te (77). The yi('td was 26.3 percent und the physicnl 
characteristics were: 

Density, d23 =O.8(HO 
Index of rcfruc:tioll, nij'= 1.4633 
Specific rotation, [ams= +38.9° 

The turpentin(' \\'11S found to contain 95 percent of d-a-pinene. 
Oleoresin for our studi('s was collected by the t1uthor ut a turpentine 
operation, Itlso 11I.'1U· Cnmpiul, MiehollCtlll. 

The turpell tine was distilled from the oleoresin under reduced 
pressure; ut Lhe end of the distillittion, .flask temperature wus 1650 O. 
lwd the pressure WitS 0.5 mm. 'Under these conditions all tut'pentine 
wflS expelled from the oleoresin. The yidd of turpentine wus 29.6 
percent; the consbwts were us follows: 

DCIll'ity, d~=0.85t5 
Index of rcfnlt:tio Il, n~=1.4662 
Specific rotation, [am = +23.0° 

The turpentine contained: 

COUlpollud: Petcell! 


d-a-pinene~------- __ _ ____ ______ _____ ________ ____ ____ __ __ ___ ___ _ 90 
b,~-carelle___ ~_________________________________ --___ _____ ______ 8 
Unidentified hi~h-boiJ[l\g fructions_______________________________ 0.5 
Pot residue and IOssci'I_________________________________________ 1.5 

29. 	Pinus cbibuabuana Engelm. Reference (109) 17 

()Yisliz ... \rem. TOllt North Mex. 103. 1848) 
Pinus chihuali.'llann is l'ssen tinily n· Mexiclll1 pine. It grows chiefly 

in till' ,statl's o[ Chihtmhuit, Sonora, and Durango. Southward it 
extends to XilYiU·it, ZttCflteCtlS, and the nortbeI"ll part of Jalisco. In 
the nOl,th it occurs in the des('I·t mountains of southeastern Arizona\' 
and SOUUll'ilstern Xew),Cexico. After its discoye['y in 1848, for more 
than 60 yeal'S this pine WIIS considered 11S a vnlid species. In 1909 
,show (141) designated it ns it variety o[ P. leiophylia, No. 28. Re­
cen lly ,Martillez (88) deVilLed it ngain to t1 specifiC' rnnk. It is possible 
thnt UI(' two pines et·oss fwd pl"Odu("(' nnluml hybrids. 

The ol('orC'sin used in our \vork WIIS obtained from EI Sttlto, Durango, 
).Tex. The yield of tllrpentill(' WitS 20 percent of the weight of the 
o!eo'·l'sin. 

:rhysi("fll dUlriteteristics or the turpentine were: 
Density, d;'=0.8646 
Index of refraction, n~·= 1.4730 
Specific rotation, [al~~g= -25.5° 

Com posi lion of the lurpl'1l tine wns: 
CompOHnd: Pacerll

l-a-pinenc .__________________________________________________ _ 60 
~~-pinenc---------------------------------------------______ _ 10l-limonene ___________________________________________________ _ 15d-longifo]enc_________________________________________________ _ 5 
Tests for b,3-carene were ncgativc. 

17 Attention is called to Illl error in this reference. Tn the composition of 
Pinll.~ c/tihull!WCULlt turpentinc, limon(!lIc was identified ill Fraction 12, not in 
Fraction 15 fiS reportcd; longifolenc wus identified in Fruction 16 instead of 
Fraction 20. 
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30. 	Pinus lumholtzii Rob. & Fern. Reference (73) 
(Prot'. Am. Acnd. 30: 122. 1894) 

Pimls Lumholtzii is a picturesque ~Jexican pine with bright-green 
drooping folinge ilnd rinnnmon-'red shetlLhs of needlc fasciclcs. Locnl 
proplC' enll it pi no triste (sad pin(') or pino barbtl cHidH (drooping 
I)('al'(\ piIHI). It grows in thc wcstcrn part of .Mcxico from southern 
Chihuahua to Jldis{'o (88). 

A sample or ol('on'sin of lhis sp('C'i('s WtlS obttline(\ ttt atl ('}('vation or 
8,500 f('d, not flU' fl'onlEl Slllto, Durilllgo. Yield of turpentine wus 
18 per('('n t. Physiml. ('harnetprislics w('t·p: 

Dl'llsit1{, d;'~' 0.8455 
rnciex of refruction, n~' = 1.'1723 
Sp('('ific rotation, [ams"" -8l.3° 

Th(' tUl'ppntinc containcd: 
Compound: Puce litd,rll-a-pincnc. ___________________________._ _ ___ _______ _________ 16 

l-lin1OI1l'll(' fals •• ",: -124.0, ______________________________________ 75 
.Mf~lhyl ('havi('oL ___ •...•••• ____________ ••--__________________ 2-3 
ITnidcn li(h~d sesquiterpcnes .. _............ __ .. _ _ __ _ ________ ______________ 2 

Pot residue und losses, nbout__________________________ -_________ 5 

Group Pineae 

3I. 	Pinus pinea L. RC'ferenees (1,1,85,110,120) 
(Hp. 	pI. 1000. 1i53) 

Pinu,<; pinea is nntivC' to thC' ~{e(literriln('nn region, from Portugal 
to Hvrif~. Its nOI·thel limits IU'e in south(,1'Il Fl'Ilnce Itnd northem 
Ital);, P. pinen hns bC('11 \\-illdy planted for c('ntUl'ies, 11IIeI it is diffi­
('ult to SiL\' wlJ(,th('r the stallds in SOI11(' locnlitics arc l1!ttul'lll 01' ilrtifieinl 
(38). Tilis Sl)('eies dot's w('l1 in California. 

In 1917 Pllitl7.20 (120) fl'lldiolltlted il, bllteh of Pinus pinen COIn­
mel'('itd. tmpcntin('; it begn,n to boil at 162° to 163° C. and 7501' 80 
Pt'I,(,(,llt of i~ distillpd b('tw(,(,11 163° and 178°. (Possibly the head 
[met ion eontniMd minu to q unn ti ti('s of a-pinene.) UncLcr !nborntol'Y 
conditions, using stP/un ilt 2 to 3 ILtmosp/rcl'(,s of preSSUI'p, Plllnzzo 
obltLint'd tlll'l)('ntinc with th(' ehilrnetpristics (nverng(' of eight samples) 
shown in table 20. Only 1.04 p('reent of the turpentine distilled below 
173°; 90 pel'cpnt of it distiLLcd below 180°, No a-pinene wns reported; 
th(' oil appnl'Plltly consistNinlmost entirely of l-lilllonene. The ses­
qitit('I'penc J'mction wns very small (probably less than 5 percent), 
Itnd it was not ill vestigated. 

Lacruc (85) also l'C'ported chnracteristics of Pinus pinea turpentine 
(tttble 20) which indicated the pt'esence of lnrge amounts of l-limonene. 

Dupont and BtLl'mud (1,1) analyzed conunercild, steam-distilled 
tUl'pentine obtained in the proyinel.' of Granada, Spain. Yil.'ld of 
turpentine WitS 16 to 18 percent; its characteristics Ilre given in table 
20. Purifi(!d l-limOlw!le, obtnined by fmctional distillation of the crude 
tmpentine, possessed spc('ific rotation [aJJ equnl to -123.7°. The 
composi tion of the turpcn tine was: 
Compound: 	 PerrellI

l-a-pinenIL ________.- __ • _____________________________________ _ 16.7 
~"nlonenc___________________________________________________ _ 

75. 4SesquitcrpclIc___ • ___________________________________ . ________ _ (i. 6 
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'r.UlI-f; 20. ·Phy,\·ical c!wr(lcteri."ti('.~ of Pinus pinfa lu.rpentine 

Origin of Densit \' [ndrx of re-I 
Authol' turpell­ d' fraction i Specific rotation [al 

tine np 

Pa!fi7.T.O ('.!rn . Itnfj' .. __ •.. 0.S-t73'5c to lAi31 to -93.80° to -97.30° 
O.SSI4.IS lAi51~U (D lille) 

Dllpont und Bar­ :-iJlllin ... _. .8S0(j1l 1.4iO(}!S •• _ - 84.53° (j line) 
mud q U, 

Andnli/l I .do .. _•. .kS1317 •• I Aifl91S •• _ -·82.(;2° (D line) 
Lltcw(' is fJ da.,., .·~.j3S to IAiSO to -- !)2.(;SO to -96.69° 

.8.19815 IAiiSI • (D Iinc) 
B('rk\·1 r[lC'rsunttl TUrkt,y .8·100 to l.·li40 to - IIS.io to - lt9.3° 

C'oflllrtllni('ntioll 1. .lH-iOtl) I Aii(}10 (Dlillr) 2 

;\lin)\' and Hoff Culifornia ,8393;' _•• , I Ai2323 _._ -. II S.O° (j line) 
,11' 1). 

J Qllo«·d b.\· I.•tlnll:' IS:; I. 
J Of th(' main fmelion. 

La('rue (85) qU(·l".liOIlPcl t!tp prl's('nc(' of a-pinene in tUl'pentine of Pinus 
pillW. HI' sltid tlt<' sllmplC' 1\l1llIYZN[ b,\' Dupont Ilnd B,uTnud con­
lllin('(l,w !l<lrnixt1I1'Pof P. marilima tllrppntine, whiclt is rieh ina-pinene. 
Tltp o;l'squilpI'JH'tH' "'IlS oplif'ldIy ina('tin" Ittl\'ing (il'nsity, (P5=0.915i 
alld ind!';': of' J'('fl'll(·(ioll. nW= IA9X:3. Xo crystalline dprivllti\'es (nitl'o­
!'loehiorid(', llitl'o:3ill', nill'oSltt(', bl'omide) \\"C'l'(' obtailll'(L 

Prof('!'lsol' Adllllll Bl'l'kl'I, (:nivl'l'sil)- of Istllnbul \\Tote to me ill 
H)ii:~ [h'lt Itt' Itud :tIlIlIYZNl rrurkish Pil1llR pinw tlll·PC'lltine. Physicitl 
dllll'a('tprs of this lUI'IH'nlillC' IU'p f!in'lI in blble 2:). Initial boiling 
point of til(' lUI'(Wlllillt' lit 760 mill. wns 172°-liao C. Only 0,09 
P('['CPlIt disliII('d Ilbcwe ISlo. Ahout 90 p('l'('(\nl distilled betwecn 
17.,,)° to 177;), lind till' spl'cific ['ot:llioll of lhis fl'ltclion wns: [alrf= 
- 11.\.7° to -1.1 n.:3°. H('lIce thl'rt, Was velT liulp, if tlny, a-pinenc 
lIud \'('I'Y liull' S('squill'l'(J('IH'. 

To SUlll up. pnst illy('sli~lltiolls 11I\\'p showll thllt Pinus pinea 
llll'PPJltilH", oiJbtilH'd titl'Oughout its IllltUl'I\1 l'IlIIge, cOllsisted almost 
(1Iltir!'!.\' of 1-limolH'IH'; a-pillPIH' apPlll'pnlly WilS either compi(>tdy 
I/I<,!;:ing 01' WlIS foulld in minulp C(Ultlllili('s. 

OI(,Ot'psill fol' tIl(' pl'l'R('nl stud.\' was oblaiuN[ in the sumll1N' of 
In;j;~ f1'011l !in' .2,")-,\'Pllr-old pl'lllt('d !.t·N'S lIt the Institut(' of .Forest 
Ul' I1I'{iC·". Plll('C'rdlk, ('nlif. ,['Ill' tn'ps W('I'C' gro"rn frolll seeds ['ccei"e<[ 
frolll [lith'. 

TIt(, 1Iiq)(lrt t inC' I\'IIS ('xpr·II(,d front the ol('ol'('sin t1nd('l' \raCllUll1; 
tIt tlw pnd of til(' opprntion the pot tempC'l'ntttl'e WnS 190° C. I1nd the 
()I'('SSW'!' wns n.;) llllll. TIl(' yi('ld of turpNltine \\'IlS 18,5 perccnt; its 
pltysi('nl chnl':lctl'l'isties nl'P giY('!l in btble 20. 

ChC'lllic:d {'oll1po5itioll of til(' turpentine WHS: 
COlllpotllld: Perctllt 

l-liIllOIlPlIC'. •. __ • __ . ___ •• _. __ •• ______________________________ 95 
A bieyrlir s('sql1iterpenc with [\\'0 tloubl(' bonds. __________________ 4 

Th!' linlOlWIl(' POSS('s;i('d It :;(weifie rot:ttioll of -11.'1.0°; til(' scsqui­
(,I'(le'I\(' yi('ld('d C't'ystnllilll' Itydroddol'itle IUl\-ing Il melting point of 
1J7.;)0 to /iK.;}o C. 
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'I'll(' s('squit('rp(,lle WflS npPlu'('nti,\- the snlll{' as ill the turpentinc 
·of Pillu,I( pinceana of ~{C'xico (tltble 21), P[,PSPrlCP of a-pinene WitS 
doubtful. Jl is ('yid('nt thai IUL'pentiue from P. pinen grown in its 
~[('ditpr('llll('ttt1 hOlllP :tnd ill California. hns til(' sa III I.' composition: it 
consists lllostl,\T of l-liIllOIlP(H', This finding inili('ut(,s tlml dpspjt(, 
a ('1I11ng(' 0-[ ('I1Yil'onmt'llt, cheillil'ltl eompositioll of the lurpentil\(' does 
not ehllllgr, 'I'll(' Pl'('sPllcr of lnq:;(' qUlllltiti('s of limOIll'1l1.' suggest 
t1111l litis pim' is I'('lnt('(l to P, torrt'!J(l1l(L, Xo, :3:3, of til(' group ~{I\('('O­
('tll'pt\{' 11.1\<1 lo P. pin('('(lf/(/', :\0, 24, of til(' group Cl'ltlbl'oid('s. The 
InU('(' ('('/ntiollsliip is also supported b,\' th(1 pr('sPllce of appureutly 
!ll(' SllllH' sesquilt'('(wlle ill P, pill(Ja lind P, pinceal1<£, 

Group Macrocarpae 

A(,(,Ol'dillg to SJlIl\\' (1.12), tl}(' gf'OUp .\[a('f'o('af'pn(' (lJlIlt is, the' 
group with [llt'gl'-siz('([ COUl'S) is ('oll1pospd of tlll'l'e pim's: Pinus 
!o/,i't'!I(UW, 1>, 8abilliana, nlld I), {'()1ilt('l'i, 1 i)l'li('\'(' t!tat thef'C lire 
:;uffiei('lll ('('II:;OIlS, biochpllliclll lIS \\'(,ll as morphologiclll Ilnd gl'l1t'tic, 
to inelu(k 1'. Jr:t{Nyi ill this group. l'. o(/.J'aca 11 (/. is IIlso ill('lud('d in 
this gl'oup hl'tIlUS(1 of its morphological lInd bio('hl'rni(,1l1 ('ltnl'llct('I'S, 

Chl'lllicall,';, gl'oup.\Jnel'ocnrptH' is chltl'nett'l'i~NI by the presence 
of nliphnli(' h,\'<If'oC'lIrbolls--·(lithel' hepltU1(, 01' Und('Cflne, 

32. 	Pinus jetrreyi Grev. & Balf. HeI'(,l'('Il('es (29, 5J, 134,135)18 
(A, ~[uf't'n.\·, Bot. Exp, 0('(', Hpt. 

:\(), ~; 2 pI. 1:-;5:3) 
Pitlu.~ jej{rl IIi, (,Ollunonly known liS .1£'£1'1'£':-- pine, is ('sselltililly Il 

Cniifol'llill Sf)('ci('S, [II UH' 1I0f'tlt it ('x[(,I1(ls to On'goll; in llt(' ('lIst 
to ndll('(\llt p,ll'ts or X('\'llda; lind ill tll(\ south, to the ~rl'xiean :-;tntc 
of HIljll. ('alifol'llin. 

Sill('(' tlt(1 <In,rs of till' ('i\'il \rll(" tlt(' tUl'pelllirl0 ohtllill('d from 
,JpfYl'l"," piliP hud IWPIl known to POSSl'SS 111111S11nl properties, Early 
inforlllatiOIl Oil this subjpc,t \\'IIS dl'St'f'ii>('d b.\' Guy C'af'1'lltlwf's (29), 
Bri(lfly, it \\'1\5 f(lUlld thllt .Jdl'('('y pint' lllrppntill(, ('ollsists ulmost 
(,l1lil'l'I,\" of n pnrll.fIin hydro('nl'boll, Il-ht'pllllll', 

[n IDI:~ S('ItOI'g-('(' (/36) l'C'po(,tNllhlllllip yiC'ld of ,Jefl'n',\- pine tUl'­
[H'U tillP \'Ill'i('d 1'('0111 8,81 to 11.2;5 I> e1'('('(1 t, t he Itn'l'llg(' h('illg D,9G per­
1'('lIt, alld that pilysi('al ('i1:u'ltdet'isti\'s or tilt· luq)('lllinc werc: 

D\'llf;ity, dg O,u!)51 to 0,7100 

i.nd('x of rt'fradioll, 1I1~ 1.3!)27 to 1.4000 

Hp('t'ifk rotati01\, [all> .~ 0.00 


S('horgt'r ('Ol\<"ludcd tltat the pt'cvious findillgs \\'el'(' ('OITC'd and that 
tllP lllf'p(llltitle ('onsist(.'d pf'incipnU,\' of I!-ht'plltlll', .fn tltt' highcr 
hoilillg' I'l'Il('tions or ,)t'l1'.n',)" pine tUl'fwlllill(" S('hoIW'f' slIsJwl'Il'd ('itro­

h jiB/) 7,011,;1., Bltre}; ,JOB:\" ')'11,; :-;.\'I'\'r!Ar. llYIIHl1l IIB'1'\n;g:-; ('O('IJI'BIt AXil 
.mF)o'H';y 1'1:-;~:;;, 114 pt), \1)51. [Ph, D, thesis, Copy Oil f1Il;! at ClIiy, of 
California, B('rk('i('y,j 
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nelln\. 1[(· ('(JJl)pur('d physicnl pl'operti(·s of the fl'ilelions with 1IIOse 
or t'itl'OlH'lhl oi\. The results were: 

flIyh.bollillV 
'",clla,,. 0' J'/Jr<V

Cilronr/l"oll pillt /lIrpellline 
BoilillK ruu.f!(' .•• _______________ ._ 205~208" C .. ______ 200°-215° C, 
DI'I1;;H,\' (1:'. _________________ ._ 0.RM7 ________ 0.8578 
Indl's uf rC'(rlldiOIl nft . __ •. _______ 1.·1-178 .•• _______ 1.-1570 
O(lti<'aJ l'otl1tiUI1 0' •.••• _. __ ••• - 3~ .• _. ____ ~_____ - 2,5 0 

::\Ipltilll-( point of spmi(.'llrlmzoIlo. __ .. !JOc C_____________ 91°-92° C. 

JI1 l!1l5 S('iJillllll('1 &: ('0. dl(,llli:SL:i (1.14·) lllllllYZNI .Je(J'I'l',\' pint' 
11I1'JH'l1tinl' nlld found thllt it ('ollsi::;ts ('hic'II.'- of n-hrpllllH.' wHit 8111;\11 
atllo\lnls or Il-d('(',d tddt'itydt', linllLoaL, and uu·tltyL t'lUl\'ieoL 

1·'ootC' (rjd) idplllifiC'(\ in lite tnilsofPiitus}t:tfrey-ilurpentine: n-oetyl, 
IHlOn \'1, II nd ll-tiPn'l Illdph nl(·s, 

Occ,iu'I'pu('(, or Ini·ge qwuititips of n-lH'plitJle in Jeffrey pine turpen­
till(' hns bN'/l \'C'l'ifiNl 1'('pPltteclly in Olll' InborfllOI'Y, 

,JPI\'n'y pilH' ()('('ll;;iollHlIy ('l'()gs('~ with pOlldpl'osn pint', Xo. 54 (93), 
'l'llt'lll'lIlill(' or til(' hybl'id ('oll;;ists of It 11Iixlul'e or n-It('pt.lule (llboul25 
[)('n'PIII) It lid or tpl'(H'lI(,S (ll bout. i':-, PPI'C'PIl t) ,\9 Jpfl'l'ey pillC' 11150 
O('('H:iiollully ('I'OSSPS wilh ('oultN' pin(" Xo, :{4, ill natul'e; but tltt' 
cOll1po::;itioll of tUl'p('ntinpill hybl'.ids ha;; /lot I)(.'ell stu<lipd. It appeal'S 
110\\,1'\'('1', fl'om tit(' dl'tpI'llIinlltioll of physkal. prop('rti('s of ,J('II'I'P,\' 
" ('oull!'1' h,\'bl'ids hy Zobel. (LEN)) thnl thl' l'h~'lIli('al ('OrnpOSilioll of 
111l'(WlltilH' or tht' hybl'ids is :t\so illtenl1NliatC' bptWCl'1l tltlll of the 
PIlI'PlIl;;, 

33. 	Pinus torreyana Parry Refel'cncc (60) 
( 'Ilrl'. Tl'llitr Urn. ('ollif. 32(). ,18;35) 

PillUS lU,.rq/lIll1l, 01' ToI'I'P,\' pilw, IS It I'HI'P \\'psl('1'11 .\tlH'I'i('nn pim'. 
It o('cllpip:i II slIlull p'll('h Oil It h{"ldland Il('al' Slln Dipgo, CllliL, and 
it O('('UI'S 011 thp i;;lnlld. or Santa .Rosa llelU' lhe ('Ollst or ('alifol'lIill, 

.\ qllttlllity or ol('oI'P;;in of TOI'I'P,\' pill(' wm; ohtained by the author 
(1'0111 old pllLlltpd tl'('('$ III Coldpl1 (:.tlp PHl'k, Sllll 1~I'a/l('is('o, ('nliL 
'I'hl' tUl'(H'nlilll' \\'IIS oi>lniIH'd by 1I('.tling till' oh'Ol'(';,in llIHl(~1' l'(·dll('l'd 
PI'(,;;SI I l'!', ;;(J ! Ilnl III litp (,lid of (III' di;';Lilllt! ion ll'lIlpC'l'Htul't' l'eHch('d 
:!O()? ('0 IUlll I IIp pn'SSlll.'(' WH;; l'(·du('('d to (J,n I 1lI11l. Yipld or ! he 
t 1l1'(WlItill(' WII:, Ii' (JrJ'{'Pllt or till' W('ight of th(' (lkon·sill. The turpen­
tilll' poss('s;;pd th!' rollowing" phy::;i('/ll. COJ1st.lnts: 

[)(·IlHity. IF:' 0.S3(j0 
Iml!-\ of rl'frndioll. !li~ '-" 1 A051i 

l'il)('(·ifi(· rotation, [O'li:·: - 118.12° 


1·'lIl't lIpl' Hlllll.\,;;j;; was dOI1(, III ( '.tliforllin. IIlRI i lllfe of T('('1t II 0 log-y 1I1UiP.' 
diL,(·ctiOII or Dr..\, S. I rlt:tg"(,Il-~lIlil. The tUl'pPlltinC' WHS found lo 
('oll;;ist of t Ill' following ing"I'edien Is: 
('OHl[l'llilld: 	 ParmI 

l-timIlJlI'Il('. '" _.,. _____ ••• ___ • ______ • _____________ ._________ 75 
IHh'('\1 tddphvcl!' ..... , •.• __________ • ________________ 10 
1l-11llci(,!'tllH' • 	 . , . ___ ..• " _ • ____ • ___ .... _. __ • 5 
Lnnral 'IHlud['('\'1 :dcl('hl'd('l .• __ . __ .., •• ___ ._._. ___ ._. 0.2 
l.oll.l(ifol('IU' '.. ..' . _ "",,,,,., __ .• • _ __. • • . -.I 
..\n lIuiti('utifit.'d (\1) !'urhouyJ ,oOllllJ(JI.IJ)(1 '"' __ ~ ___ .. ____ .. ___ ... _ ... _______ .. 2 

I'L. F. [(\\\L~:\ .\:\7n E, lh;m,l..;ca:lt. '['lle S".\l.UiIS (H' (l[.~:OlU:SIX lU~II'I.l:lS. 
l~.:-;. Flln'~! ;4prv., FOr!'st Prod. Lull" ~(lldis(jn. Wis, I ()2\l. <l'npllblished 
l'I'pul'l.l 
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In the low-boiling fmc-lion, smull qunntities (I('ss thun 0.1 pereel1l 
elwh) of n-heptnllc' tlnd 7/-nonlllH' we're detN'[ed by IllI1SS spectroscopy. 

Th(' following ml'thods wer(' uSNI for t1H' icientifiratiol1 of the nlde­
hydes in the TOIT{'Y pine lurpentinl': 

(ll PI'c's('lwe of IHi0ed 11.ld('h."<k wns estl1.blished by preparation of 
2,4-ciinitl·opiten.dh.nll"l\zoIl(,s Illld by nlMSUI"('nH'nt of th(' physir'lll 
prop('!"ti('s of the approp!"illle fl"lletions. 'I'IH' ('xIJI'l"im('ntnl e\'ici0n('e 
for lit(' id('ntit\, o/" tl}('se' f!"llctiolls is sumllllll"izNl ill table 22. En('h 
([('ri \'Illin' wns 'PI"('plll"('d by adding 100 mg. of 2,4-dini tl"ophenylhydm­
zin(' to 100 mg. o/" th(' oil, nnd adding just enough boiling gilleinlll('('tie 
ttdd to ('(1"('('[ ('olllpl£'t(' solution o/" th(' 1"('ltgf'nt. Th(' solution WilS 
pC>l"Jllitt('d to ('001 slowly lo I'oom tpIl1IH'mtUI"£', whel"eupon the 2,4­
dinitl"Oplt('n.dhydrnzoIlP S('pnl·llt(I{1. The Pl"Odll<"t WIlS twi('p !"('('!"yslnl­
liz(I(l f!"olll nii-p('I"{'('nl Nhyl 11 1<"0 hoI 1>£'/"01"(> analysis. InnsllIllC'h ns It 
mixtu1"(1 of [h(' 2,4-dinitl"oplwnylh.nll"tlzon(ls of frnC"tiolls 19 nnd 20 
showed no chnng(' in !Helting point, th(' two \\'(l1"e nsslllned ielentil·nl. 

'('.'.fILE 22. !r/clltijica1ion Id 1l-i1n'!J1 aldehyde in Torrey pine turpentille 

Property In-decyl aldehyde Fmction 19 Fraction 20 

-.-.-'~' . r:--:~?":------ ---.....---- ~.. ~.- ..-..... -..--
BOlling powL • ________ : _07 _09 C. at 83°-93" C. at 21 930 -97° C. at 21 

7GO l1l1ll.! 111111. lllm. 
O('ll;;it.\· ...... ______ •. d;'), 0.S50 z. _____ d;':l~, 0.807. _____ d~3,5, 0.S,10. 
Index of 1"I'frnetion..... lli~, 1..12873_____ nti. 1.4283______ nII,1.4357. 

! 
~h'ltil1g point, 0 C.: 	 1

10,P___________ 1O-L _______ , ____ 1 104. 2,4-dinitropllenyl­
11\'c1rtlZ()1l('. 


2,.I-c\i Iii trophl'llyl­ IO·L___________ IO·L___________ 104. 
hvdrtlzoll(' mixed 
\\:ith authentic 
2,.1-<1illitro­ 1
pll(·nylll,Y,lrawlH'. 

CQ·sttlllLmlillll habit .... Y('lIow npcdles 3_ :..:I\~\\" needlcs __ ; Yellow needles. 
C'llrl)(lll, pl'I'('pnL '_"' _. 57.1·1', .. __ •. _ ;)1.11 •• __ • ___ _ .'i7.17. 
lIydrogen, [ll'rC('nt __ .. _ 7.1!)'. __ • __ .• _ 7.2·' "" _._. ___ _ 7.U. 
:\itrug('ll, percent ... ____ , I(i.()(j ' .. _ • _____ _ H;'53 .• ________ , W.53. 

1 .._.' 	--.~..,----------
J I-ikphall (I ;)li). 	 3 Allen (;i). 
~ Uhl (mO). 	 I Calculated. 

(2) Dod('("yl nld(lhyel(' wns iel(>ntifiNI as It lIlinor ("onstitucut of frne­
lion 2:{ by IH·p(laring its 2,-l-dinitroplH'Ilylhydmzon(·. On(' gram of 
frndiOI\ 2:3 iwd LOO mg. of 2,4-dinitl"opllPnylhydl"Hzill{, W('I"(, dissoln-d 
Oil I() Ill!. of gille'ini tu·ptic Iteid 1ll'llll'd to boiling. As the' solution 
('ookd, it Il1llss""of yt'llow lI('edl('s fOI"l\H'd. ,(,h('st' crystals \\"('1"(> fil t('l"('(L 
oil", lIt(> filtruU' WIt" brought to it boil, lind lUI Ildditional 100 mg. of 

" 	 2,4-diuitl"oplwlly(hytil"ll7.iIlP "'liS cLissoln'd in til(' !tot filtrate. 011 
('oo(illg, ollly (,I"yslnl:i of til(' l"('ng('t1l sPIM.mt('(L. This ob:';('n'11tiOIl iIl­
dieat!'s 1I1llt til(' illit ial pn·{"ipitn [(' !"l'pl"l'spnU'cL most of tiLp nlddlyd(> 
PI'PSl'lll in fnldioll 23. 
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'rhe yellow predpitate of this 2,4-dinitrophenylhydl'nzone was clis­
solvNl in 40 IlIl. of bl'f1zene Ilnd ndsorbed on Il 20 lIun, by 130 mm, 
('oillmn of "Alorco" F-20 gmdl', 80-mesh nclivated nillminlt, After 
cienlopment with 110 IllI. of benzene, It minor band 2 mm, wide ItP­
pl'Itl'pd 11 rnm, bpnt'ltth tll(· top of the coluIllll, Direclly beneath 
lili" WitS llH' main, 50-llllll,-widp brown band, 

Til(' column pae-king WitS pxtl'llded and tlH' low{'r, mnin band ('ut 
apllrt from tht' ['(·nHtill<il.'r of tbp Illltteriai. 'I'll(' d('su'Nl ('ompolllld 
WItS pllltNI frolll lilt' aiumillll with 20 m1. of flll1ixtllrp of eqlhll volullws 
of pthyl ptl1l'r .tlnd pthyi alcohol. 'rb(' eluillp WitS t'vapomted to 
drynl'ss, Itnd tho l't'sidup TP('ryslallizpd twice from 96 pt'I'ePlll (·thyl 
n l<-o hoI. 'l'hp l't-sulttlnt y<,llow Iw('(Ues melted ilt 106° to 107° C, 
Do<l('('yi uld{>hydl' 2,4-(Linilrophenylhydrnzolw is l'l'port('d to lIH'lt at 
106° (6), 

Anulysis: 	 Culct!. for C 1slbN40,: C, 59.32; H, 7.74, 

Found: C, 59.66; H, 7.71. 


Tup ici('ntily of this compound with dodeeyl Illdehyde 2,4-dinitro­
pht'nylby<il'ltzone waS ('ollfirmed by the observation that fi. mixture of 
thl' two ('olllpoullds showt·d 110 change in melting point, 

34. Pinus coulteri D. Don 	 Reference (96) 
(Linn. So('. London TI'ilIlS. 17: 440. 1836) 

Pinus coulteri grows in the dry ('oflstai 1Il0untn.ins of centrlll and 
soulhcl'l1 Cnliforllill, llnd in til(> northern part o[ B!lja Clllifol'lliil, 
.\Il'x. Okort'sin of this pille was eoll('('t('d by the iluthor ill 1945 from 
IH-Yl'ur-old planted tr('(ls ilt tile .Eddy Arbol'etum, Institute of Forest 
G('neties, Plil(,t'ITillt" Clllif. 

'l'he tLu'[lC'lItil1l' was obtained by Sil'illn distillation of the oleoresin. 
'rhe yield of till' lurpentilw WitS ubout 17 peJ'('ent. Its physieul con­
stunts \\,('re: 

Dl!llsity, dl~=0.8505 

Index of rc:fmctioll , Il~= 1.4767 

Hp'.:c.:ilic rotatioll, (aJLJ=-15.~lo 


COlli position of the turpentinc' WllS 11S follows: 

Compound: Perct1I/
n-hcpttlllC. __________________________________________________ _ 5l-a-piIlCIlC_ • _____ • ____ ____ __ ___ ___ _ _ _ _ _ _ _ _ _ _ ___ __ _ _ _ __ ______ _ 30-35

i-i'l-phclIaudrCIlC _______________________________ • _____ • ________ _ 30-35n-undccanc __________________________________________________ _ 10 

'I'IH' s('squilprpell(\ podion of the turpelltine was siliall: it WitS not 
further illv('stigntt·d. i;ubsequ('lIt tests (unpnblished) showed the 
pn's('I]('(> of illl aldehyde ·-·probably n-decyl, but beclluse of the smilll 
qlllllllity of Irmterilll no further identification of this component 
was made. 

35. 	Pinus sabiniana Dougl. Rpferenees (136, 160) 
(Llllllb. D('s('I'. Gen. ,Pinus Ed, 3(8°) v. 2, pI. 80. 1832) 

P-inlls sabini((.ll(L is ('olllmonly ('allt'd Digg('I' pillt'. It is II native of 
dry foothills of Cnlifol'l1il1. Earl:r im-('stigaliolls of the compositioll 
oJ P. sabiniann llll'pcntillP have' b('en stll1lIHllrizl'd by S('hol'gt'r (136), 
All thc's(' invl'stigations indi.<:ttLed thutP. sabiniana lurpen Line consisted 

" 
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• 
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of it ptu'affill hydrocarbon, n-heptllue. Schorger (136) determined 
pI'operties of the turpentine. 

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

Density, d:~=0.6961 

Index of refraction, n li'=1.3903 

Optical rotation, none 


S('horger verified the rt'port of previous investigators that turpentine 
of e. sabin'iana ('olltained 95 percent l1-hept,mf'. The tails of P. 
8abiniana tUl'pt'ntinc were llnalyz('d by Uhl (160), alld found to consist 
of foul' normal aldehydes: octyl, nonyl, decyl, myristyl (014H2SO), 
pl'Obllbly dodl'cyl (CI2 H240), !wei possibly slllall qUllntities of ot/her 
ultleilyclc·s possessing II IILI'gel' num bel' of ('arbon atoms. 

OcC'uI'l'enCe of lnrge quantities of n-beptane in Digger pine tlll'pen­
tine has been verified rcpeatedly in our labol'atory. 

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

This pine, forl1lerly eu,lled Pin'u8 pse1ldostrobus VitI'. oaxacana, is n, 
pine of tropienl. highhulds of souti1l'l'Il ~[('xi('o and Oentral Amel'icn,. 
it grows in thc SLate'S of ~[('xico, Plll'bh, GUNl'cro, Veracruz, Oaxaca, 
Itnd Chinpas. It also ocelll'S in the highlands of Glmtelllalil, adjacent 
to Chiapils, and in Honduras. ~[urtint,z (88) places this pine under 
P. [J8elulostl'obu8, but it differs so much in its chemieal and morphologi­
cal chamet('l's «('specially in the SbI1P(, and struC'tllre of the cone) 
from P. pselldosll'obu8, that I devated it to the milk of an independent 
specic"s. Dr. ~Illrtirll'z COIlC'luTed in this change. Apparently it 
(TOSSeS on til(' one halld with P. pseudostl'obus, No. 72, n,nd on the other 
with P. montezllInae, No. 65. 

An ol('ol'esin sllmple of Pinus oaxacana was collected in Ohinpas 
uncl('!' tilt' authol"S sup('rvision. The turp('ntille was separn,ted from 
tbe oleol'('sin in /'OC1lO; tlt the end of the distillation, the krnpemLure 
inside the flask WitS 180 0 O. alld pressure was 3 lllm. The yidd of the 
turpPlltille was 17 percent of the w('ight of the oleoresin. 

'I'll(' physical c1l1u'aetcristies of tbe tUl'pentine were: 

Density, d~'=0.7920 

Indcx of refrucLion, nW= 1.44·l5 

Specific rotation, [aJ.;'7~ml'= -10.5° 


[.J, Till' (iPllsiLy and indcx of refraction. were thus considcrably lower 
than the v:tiuC's for most turpentines. The turpentine was found to 

.; eonbtin: 

Compound: 	 Percelltn-hcptanc ___________________________________________________ _ 
21

d,dl-a-pincnc_________________________________________________ _ 51l,rll-limoIlclle ________________________________________________ _ 15-16n-lllld('canc, _ • __________________________________________ . ____ _ 1.3 
LOIlgifo~ne 

7.5 

'l'i1bIPs 2:~, 2'1, and 25 pI'ctipnL d:lt,l denling with the icl('ntification of 
n-heptiWl' and n-lllldl'C'ltn(' ill the turpentine of P1'nus oaxacnna. 



------------

68 COMPOSITION OF GUj\I TURPENTINES OF PINES 

TABLE 23.-Identification of n-heptane in Pinus oaxacana turpentine 

Heptane from P. oaxacana 	 'II-heptane 1 


Index of refraction, no 1.386513 _______________ 1.3876420_______ 1.3851725 

Density, d 0.(j805ij___ ~~~ ____________________ O. 6836820_______ .679472; 

Boiling point, 98°-98.5° C ___________________ / 98.428° C _________________ _ 

J Rossini, F. D., Pitzer, .K. S., Taylor, W. J., und others. U.S. Nutl. Bur. 

Standards Cir. 461, 472 pp. 1947. 


TABLE 24.-Identification of n-1lndecane 'in Finn.'! O(L'J;ac(ma turpentine 

Property 	 n-undccalle from n-undeeune 1 


P.oaxacana 

Index of refraction, no __________________ 1. 416522 •3 _______ 1. 4190220 

Density, cL ____________________________ . i37tC' _________ .740420 


Boiling point, b76o_______________________! 196°-197° C---- 195.8° C. 

1 


J Egloff, G. Physical con.Slanls of hydrocarbons. Vol. 1, Amer. Chem. Soc. 
i\.fonog. 78, p. 76. Reinhold Pub. Corp., New York. 1939. 

TABLE 25.-Absorption maxi-Inn in theinjrared region fo(' n-heptane 

and n-nnciec(we fmctions of PinU8 oaXaCan(L 1 


'Maxima in wave numbers 

'II-heptane, A.P.I. infrared spectrum n-undeea.ne i

#637 n-heptnne A.P.I. , n-undeclllle 


frorn infrurcd from 

P. 	oaJ;acana spectrum P. oaxlll:ana 

#391 

723_______________________________ 723 72] 719

739_______________________________ 739 
 7til 761

774_______________________________ 773 
 780 778

833_______________________________ 832 
 826 824

864_______________________________ 867 
 843 


876.______________________________ 877 8!)0 888

901_______________________________ 902 
 90n 904

931_______________________________ 933 
 948 9'15
96L_______________________________ 961 
 960
990__________________________________________ _ ----,------- .... 

1010 1002 

1022______________ -_______________ ]022 
 1076 ]076
1039______________________________ 1077 1094 ]095

1067______________________________ ]140 1135 1134

1209______________________________ ]210 1180 1179

1235______________________________ 1238 120(; 1206 


1280______________________________ ]282 1241 ]2431:302__ _ _ _ _ ______ ___ __ ____ ____ ___ __ 1303 
 1270 1272

1342______________________________ 1344 
 1303 1303

1380______________________________ 1382 
 1342 1343 


1354 1353 

137!) 1379 

1467 1465 


J Rossini, Frederick D., ct (ll. Orlla/of! of selected 1:nfl"ared. a/)S(}1"1JUOn ;(peclro­
grall/S. Arn('r. Petrol. rust. Res. Proj. 44, U.S. Nat. Bur. Standards. 194U-51. 
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Group Lariciones 

An spC'C'iC's of thC' group I...arieionrs are of the Old' World, ex('ept 
Pinus l'eSin08rt, Xo. :H, and p, tropicalis, Xo. 38. The group inC'ludes 
son\(' variablC' SIH'cips, which PNhaps should bC' dC'signnted ns ('om­
pll'x('s, Xo. 42, Xo.51, S,o. 5:L ~[.r tn'i1tment of this group, at times, 
is ill vaI·illll('(' \\'ith ShitW'S (142) dassificlltion. For instance, I omitted 
P. sinem;i.~ and put in its place P. tabulaejnrmis. P. yunnanensis is 
ineluded in this publiention as a valid spl'('i£'s. Thl' bLxollomy of 
Chines£' pill£'S of th£' group LaricioIH'S is still very eonfusing. 

37. 	Pinus resinosa Ait. Reference (101) 
(Hod. KC','. :3: :3(;7. 1789) 

Pinus )'eSino."(L is ('ommonly ('allc'd red pine 0[" XOl'\vay pine (after 
til(' town of X Ol'\\'ily, )'hine,e.H,A,). Its l'fillge is from X ova, Scotir~ 
to nortiH'l'll Ontario, to southpl'l1 ~Ianitobl1, southwllrd through
). rnssile!lUsd ls, PC'n Ilsyl mnia, \VC'st Yirginia, cell trul ).fichigan, 
'Wisconsin, and nortlH'ilst('l'lI )'finnC'sotn, 

Fl'fUlkfo('tt'l' (.j.j) ('ppoI,t('d thilt stNtm-distilled turp(.'tltine of Pinus 
resino.'!a possl'ss('d til(' following cillll'fletl'risties: 

Boiling point (preslillIably, initial), 153°-154° C. 
Density, cpu. 0.8626 
Index of n·fradion, 110=1.47127 
Specific rotatioll, [aJl) =+ 17,39° 

:x0 	 furth('r inquiry into thr ('omposition of the tmprntine was made.. 
The o\pol'l'si n USN\ in our in V('stigiltion clunp from the C.S. Forest 

SI'I'\'i("(' offi('r ill RhirH'land('r, 'Vis, Thl' turpC'ntinl' WitS distilled so 
tltltt nt tht' l'nd of tll(' olwmtion the pot trlllperiltuI'1' wadtl'd 1800 C, 
and prl'ssu('C' was ('Nlu('('(l to 4 mm. Yil,[d of tUl'J)('ntinc WitS 20 PNcent 
of thl' w('ight of thl' oLl'orpsin, '1'11.., turpentine hild the following 
prop(,l'ti('s: 

Dc'nsity, d~=O,857t 

Index of refraction, n~= 1.4668 

8pC'eific rotatioll, [al~¥sll1l' = T 10.0° • 

'I'll(> turprntine eontltil1l'd: 
Compollnd: Percent.

dl,rl-a-pinenc___ ___ __ _ _ __ _____ _ _____________ ______ ___ ___ ____ __ _ 92 
l-I'-phellandrC'nc (possibly) __ _ _ _ _ _ _ _ _ _ _ __ ___ _ _ _ _ _ _______ _____ ____ 3 
An unidcntifird e1rxtrorotatory sesquiterpcnc______________________ 1 

ThC' fraction in whieh phC'llilndJ'I'IH' WitS sllspC'eted, when redistilled 
on'(' lllC'tllllic sodium, hild tllese eonslltnts: 

Dcmlity, eli' ..~ 0.8571 
Index of refrllctiol1, n'i!=lA760 
SpQcificrotlltion, (aE1~= -3.0° 

\Ylwn 1 g, of oil of this I'l'Clislilll'C1 fmclion was mixed with 5 ce. of 
pplrolpulIl etiH'r Iwd 2 ('e, of gitl('iltL iu,C'tic aeid with the subsequent 
addition of 2 CC'. of sntumtNI solution of sodium nitr'ite, a pl'C'C'ipitate , of nitrositl' \\'itS fOl'llwd, B('('[wsp of the' small qUilntity of matcrinl, 
J'urth('l' pUl'ifi('nJion of tll(, nitrositC' WitS UllSU('('('ssful, ilnd its melting 
point could not 1)(1 dptC'l'lIliIH'd. '(,lll'I'doec, itltltough it itPPNU'S HU1t 
j)inu8N'8ino8(J, oil contains ft srnnLL ilmount of phC'llandl'eneJ its presence 
still needs \'(,'rifi('illion, 
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38. Pinus tropicalis Morelet 	 Refel'cl1ec (113)20 
(Rrv. Hart. Cote d' Or 1. 105. 1851) 

Pinus lropicalis gwws aL s('a le>vri in Cuba and on thp nearby islnnd, 
Isla dr Pinos. A sample> of oleorrsin was obtainrd for our s(udips 
und!'l' supcrvision of a trninpd forrstpr tlt thr propC'rty of ~Iinas de 
~[atahumbre S.A. Tlw sillllple was aecompaniC'd with hcrbltriulll 
speeill1rllS of cones and foliugp of the trees from which oleoresin 
was obtained. 

rrurprntil1r was snpfLrated f!"Om the olporC'sin undC'r 1"educrd pressul"C. 
At the> nnd of distillation, prC'ssul'C wns 9 mm. nnd tempe>raturo of tho 
batch was 200 0 C. Rosin I·PllIllining in the distilling flnsk on cooling 
became> vel·Y hard lwd briltlr, showing that illl \'olttlilp oil hnd b('('11 
eXI)('llt'd. Yidd of lUI1)('ntin(' \\'ilS 2:~.7 [H'repnt. 

The turprn tine> had. til(> following physical charnct{'ristics: 
Densfty, d~' 0.R5(j0. 
f ndex of refrartfon, n·il·~· 1.4(j5R 
Specific rotiLtiOI1, [ami;~ .0 t 30.0° 

1'1H' turppntinl' contained: 
COlllpound: 	 PerCt!llf

d,dl-a-pfn(·nc._ .. ______________________________________________ _ 9(j
An unidcntffied t('rp(>ue, probably 1-j3-pfncnc. ____________________ _ L 
tl,dl-limoncne______ --- .. ___ -- ______ -- ____ ------------ _---- ----- 1-2 

The fmction. in whi('h limoJlPII(' Wl)s d('lpeLrcL was f"('distilled over 
sodium and yielded a hrad ('ut with tht' following proprrlit's: 

Bolling point at Ifl mm., 58°-60° C. 
Density, di', 0.R-l2 
fndcx of refraction, ni;", 1.4751 
Specific rotation, (am", +24.9° 

Fl'om 2 g. of the hcart cut, o.:ia g. of cl'ude t{'tmbl'Omide was pn'plu·('{l. 
Aft{'l' thrcc r('crystallizalions from ('old cthyl at('tide 5:~ mg. of t'1·'ystals 
melting at l24° to J24.5 0 W('l'{, l"Pc{'i,-ccl. Admixture with an auth('n tic 
sample of dl-limoncllc tctl'abromicle did Hot depress the melting 
point. 

This was one of the two exceptional cast'S whell limoncnc was 
dctc('tt,d in a d{'xtrOl"OtiLlory fl'aetion. 'Usually pine limoncllc is 
sll"OlIgly l('\"orolatory eXos. 24, 28, 30, 31). 

39. Pinus massoniana Lamb. Rcfonmco (19) 
(Dt'scl'. O('n. Pinus 1: 17. t. 12. 1803) 

Pinus mWI80niann is the' C'hin{'s(' red pine. It 91·o\\,s on'r a largo 
ar('lt of sO!lth('llst{,l'n (,hinn, (fig. l;~). Ba!"l"ltud l19) said, without 
r{'fe!"('II('c' to the' original work and without furthc!" ('labomtioll, that 
turpcll tint' of P. m(l88on.iww is com posC'(/ almost ('n tirC'l.v of d-a-pint'llc. 
I was ulmblC' to flnd th(' original source of Bal'l'itud.'s information, 
which is obviously incompletc'. 

20 [n th!' oril-(inat artie-Ie (II() fractions 5, 0, and 7, were erroneollsly desig­
nated us fractions to, 11, !lnd 12, respectively. 
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40. Pinus densiflora Seib. & Zucco Reference (Cnpllb. oria. dat(L) 
(Fl. ,Tap. 2: 22-11.2. 1842) 

PillUS densijlo)"IL is thr .1apILlH'S(' red pine, locally ('allNI Almmatsu. 
It o<"('urs in all t11rl'(' laq:!r islands of ,Japan prop('r, but it is absrllt 
in till' nort/wl'lI island of Hoklmido. It also oC'eul's in Korea and in 
KiilllgSlI lllle! Shantung. prO\'illC'('s of China. 

rrUI"(Wn tinC' of th is pin I.' WilS ftnnJyz('d by Dr. Kun isu ke Horiolm, 
tlJHI. his l"('sults \\'('("(' lmnsmittrd to us in H)50. rrhl' information WllS 
in('ornpll't~,. TIll' tUl'()('nlilH' "ous rpportt'd to ('olltnin: 

,[)eree,,1Compound: 
l-a-pil1Pnl' ~ _ ~ _____ .--- _-- _-- --- ----- -- --------- __ ------------- 58.3l-p-piIH'I\<' . ________________ 0 ____ _ _ ___ __________ _ _ _ ________ _ 18.4 
Fractions boiling b('lw('('n 172° and 1870 C ______________________ _ 7.4 
Rl'sidul', probably contuining considenl.ble quantities of st'squiterpcnl'S_ 15.9 

41. 	Pinus thunbergii ParI. ReI"t'l"C)1('('S (44, 1//-5) 
(OC'. Prodromus IG.2. :3S8. 18(8) 

Pinus lll1lnbNyii is til(' ;JapunC'se blll('k pinr or Kummatsu. It 
Ims I)(,(·n eul.ti rn.tl'd for such a long tim(' that its original geogru.plIic' 
mng{' is diflil'ult to eldinC'. Us stt'nm-distiIlrd tUI'(Jt'ntinc was analyzed 
in 1018-·\ \) b.\r Shillosn,ki (J,~i5). The yield or tu!,()('ntinc \\-as 22.92 
PC'l.'CPll t; its physical chnl'net('risLics werc: 

Dpnsity, dP . O.Ri-lO • 
[ndpx of rpfriletioll, IltV·", 1.4738 
Oplienl rotation, all"~ -- 10.17° 

'rh(' lUl'(Wlllill(' ('Oil tnillrd d-a-pill{'!lP, n prl'('('!1 t; cam phe!le, probably 
Ipss lImn 5 (}(,I'C(,llt, Ilnd a tl'i(,~Tli<' s('squitrl'pell(l wel'l' found in a 
fl'llClioll 1040 to t07° C. at 2.5 mm. The sl'squitrl'pl'II(' had the 
following physical eilil.md(,l'islics: 

D('llslty, d\' a,93iO 
fn(\t'x of r('fradioll, ni\'''" 1.5005 
Opt ieal rotatioJl, af) ~-.:e '13.5° 

Di h.nll'os('sq ui terprne pn'ptll'('(1 by hyd 1'0g('l1ntion of the aboyc 
dl's('I'il)('d S('s«(tli[('I'P('IlC' poss('ss('d thes(' C'1t nru.elC'l'is lies : 

Boilinp: poillt at 2.3 mm., 98°-990 C. 
Dpllsity, r1'i\ 0.929·l 
[mll'x of rpfnl('tiol1, ni~, 1.4(l5!l 
Optieal rolation, <'<f) (in chloroform solutiou), - 25.5° 

Dupont B,lld Bnl'l'!wd (44·) nlso llnnl,vzc<1 fL sample of turpentine 
of Pinus lltlU/bar/ii. Its pltysical ('\w.md('rislics \\"('1'0: 

I)l'lIsity,!l15 O.SO(j L 
I.lId('x of r('frndioll, 1l~5_. l..!fi29 
Sp('('ifie rotation, [al. c~ .-,33"[6° 

'rltl' tUJ'(l('1l tine containpd: 
Compound:1-,"-pim'llc _ ___ _____________________________________________ _ 83 

l-,s-pill('nf', {,f/{-limol1pnt' and two lIni([('ntifil'd (,OIllPOIIIHls (t<'I'!)('IlCS?)_ 10
A h'I'})('IlP aleohol, IlproL. __________________ • __ •.• ______________ 1 
A >;('>;quitl'I'{H'IlP_ •••• _._ •••• ___ • ___ • __ ••• _ ••• ____ • ____ ._.____ 5 
{-nid('lltified oxygl'natpd eOlllpoullds_____________________________ I. 

TIl(' fractioll in wlti('h II {'rol \\-:15 fOUlld boih·d IwLwe('ll Ri)O and \ 00 0 

C. III 10 111m,; lill' frndioll ('olltnillrd both all acetic Hcid ('slt'l' n,lld 
all alcohol (cltieulaled n,s ('1011(,0), 

.. 

, 

, 
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The !l1('oh01 obtained nfl('r ftc'pl.dation and saponifiC'ftlion of til(' 
\'lholp frilction posspsscd tllp following ('hill'it('tpristi('s: indc'x of 
rdmetioll, n2

;5, 1.4700; s()('cifie rollLliOl1, [a]!, -7.:38°. '['l'(,!llrd with 
diplwllylC'llriJlun,Yl ('hlorid(', tlH' Ilkobol forHwd dipIH'Il.dul'pthflIle, 
witic'h J)lelU'd Ilt 52.5° ('. This is the on1v insltu\('(' of repoding 11('1'01 
in pine lurpC'lItirH's, ' 

Th(' SPsquilpl'()('np, l'p<iislillNl OYN sodium hill! lbp following 
('Oll::ll!luts: 

Boilin~ point n.t 10 IIl1ll. ~ 130? C. 
Dpll,.;ity, d2~ O.OZO 
IlIe1p): of n'fradioll, tI , - I.·IO.'{Q 
l'{IW('ifiC' rotation, faL .. 42,67° 
M('ltil1~ point: 

HnlrohromidC' .; 70" C. 
H~'droc h \oridl' .• ~ (i0' C. 

Tlw s('squil(,I'PPII(' was IUUll(·d "litumbl'rgill'Il('," . Prom thp dalrL giY('n 
abo\'p, it is appIIl'('1l1 t1mt the sl'squit<'I'pl'l1(, was longifoll'llc. 
42. Pinus sylvestris L. HcI'cl'cnccs (r, 13, 14, 15, 17, f27, 

(Sp. PI. 1000, 175:3) .15,58, 8f2, Jf26, 1.10) 
PitnMI Nyltestris is ('Idled in English, S('otch 01' Scots pinC', On lilC' 

('onlillNll il is kllOWII undl'l' Illtlll,\' c1ifI'Pl'C'nt 11t),01('S, H o('C'upi('s an 
Itl'Plt i:tl'gl'r tiUlll tlll,\' 01 L1('1' pi nC'; longi t.udi nail.\' i I gl'Ows fl'OIll S('.otilUld 
to ti\(l PIt('ifi(' ('(lItst of Si\)C'l'ill; latitudinlllly, fl'om Finillnd to Spaill 
alld fl'om [hl' Itl'die Sihl'l'ill to 'I'ul'\;:(,,\' Ilnd lo '\longoliit (fig, 14), His 
111.Ltlll'!l1 to ('xp!'l'l t htll this spl'('i('s Lms many \'ul'i('lil's, bN'ilUS(' it 
"rOwS on'l' su('h Il Illl'''C' tLl'C'tt ilnd undl'!' so nuw\' difl'('I'l'nt l'lwiron-· 
~l('n!tll condilions, Il~ raet, p, syl/'()stl'is is i1 ('olllplC'x ('ompos('d of 
sPVP1,tll pilH's, ::-ion\(' botlLllislS ('Ill! tl1PSP pint'S spC'('i('s; ot11('l's dC'signa.L(' 
lh('Ill ItS "lll'i('li('s, wbill' sl,ill otL\('l's (1¥)) dl'signtLt<· tlH' wholl' (',ompll'x 
tts.tt si Ilgll' ,;pp('i('s, 1', s!Jlrestris, 

ft is t\H'I'('\'OI'l' also nlltul'tll to ('x(w('l thaI tur(l('nlilH' of Pinus 
syll'l'sll'is oblltilll'd [mIll diff(II'('nt pltH'C'S would difl'('(' ('onsidC'l'tLbl,\- in 
clwmi('llL ('om(1osi lion, rIll 02(i Dupol\ l nnd Bl1l'l'llud (1,5) l'('pol'L(·d 
011 Ih(' ('omposition of p, syll'e,~li'i.~ IUl'p('lllinl' fl'omFI'fl.ll(,C', Physi(,ttl 
('Ollslllllt:; W('('('; 

D<'I'lsity, (\11 O,SG 1·1. 
I tlcl('x of n>frn(!tion, 11;"~' I A(j(i6 
Hpc('ifie rotatioJl, [lY]; c" +3,\)7° 

Thl' t lll'Pl'IlI i 1)(' WIIS ('om(los('(1 of: 
('ompollnc1: Parm!

rl-a-pin('IIC' _________________________________________________ .__ GO, (i 
#-I~nC'np ____ • ______________________ . _____ . ____ ._ .. _.. __ .______ l~ 4 

,. 


d-~3-(,Hrell(', ____ • ____ • _________ • __ ._ ... __ • ________ • ___ • _.____ l.fi,O 
Hpsq uitcrpellc. ___ ___ __ ___ __ ___ _ _ _ _ ____ _ __ _ _ __ __ ___ _ __ __ ______ _ 5, 1 

Thl' S('Sqllj[PI'IH'll(', l'pdislillpd O\'('I' sodiulll, poss('ss!'d thl' following 
('llIll'll('(('l'istics: ([('nsit.'", dI5~-~(),918, illdl'x of l'oi'l'llction, 112;= 1.49S0, 
Xo (,I'y:;lallill(' dt'l'inltin's of lhis Sl'sqUiU'I'(H'lIl' \\'('('(' ohlaillNI. 

.\I'i>llZO" (7) 11IIId,\'7.pd It s!unph' of l)illlliol 8!/INstl'i,~ IUl'()(,lllilll' from 
the llppl'l' \-olglt /{C'gioll (KllZIlll) HU!';siit, TIll' (\(,Ilsity, d:~, WII:; O,Si5u; 
s(H'('ifi(' I'otlltiorl, [aH~'c:c -+'-2.'i, (i0, The tlll'PPlllilW ('olltailH'd: d-a­
pi II (,IH' , 7n (lpl'('PIlI ; r!-u:I-('tU'('IH', 14 ()('I'('('l1t; all lIllidplltifll'd I('\,ol'o[n­
101',· t!'l'()('ll(" -; (ll'I'('('nl: highpl' fl'llt'liollS, 1 (H'I'l'Plll. [II .1 n48 
n'lt;'II."s[I('" Ill\d "Bttl'dy-;h('\'a,' U:i) SIl()WNI (hilt ll1(, unidC'lltified 
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lev-oro tutory ('omponel1l of P. 8ylcestris tnrp€'l1tinc was u mixture of 
l-limOIlel1e, dipentene, and jUl unknown hydrocarbon. Bukitla and 
Ku('zynski (27) reported on the {'omposition of P. 8yll'e8tl'i.'1 turpeotine 
from Poland. Both gum turpcntine and wood turpentine were 
inw'stigatec\. The two kinds of turpentine contained: 

Gum IVood 
tUrpelltille turpentine

Compound: (PtTct:nt) (PeftlJTIlld-a-pinene____________________________ _ 
4u. 79 55.79lop-pinene ____________________________ _ S.59 3. S7 

d-~3-cnreI1e 

Lirrwnene_____________________________ _ 3u.24 30. fiS 
(1-) 2.88 (dl-) L 51T('rpiool('ne ___________________________ _ 4. OS o 

A rnonocyclic terpene with two doublehonels. _____________________________ _ 
.35 .48 

Terpene alcohol and sesquit.crpene fraction _____ 1. 07 7. 48 

III J 947 Bitrdyshc\ Itl1d his ('o\\'od,:prs (17) in n'slig!tted Pinus 
"'Yll'eslr~~ tlLl'PClllilH' from lhe Altai ~Lolilltains of southern Sibcl'iil.. 
The tUl'p(,lltillC contaillNI: 
Compound: Percentd-er-pinene___________________________________________________ _ 

u2. {isl-p-pilll'lle. ________ • ___ •... ___________________________________ _ fi.3u 
~3-('ur('lle. ___________ ._ 

21. 82l,dl-limollt'ne .• ___ .. _. _ _..• _____________________________ _ 3.73 
An unich'l1lificcl d!'xtrorotarory ('olllpound,

t('ntlltin'ly dpsil!;lluted 1\:; tprpt'llC ______________________________ 2.71Higher frnctions______________________________________________ _ 2.70 

An important finding of all til('se studies of Pinus s?Jh-e.';lri-~ Lur­
p('n ti rlr is It high pen'PH tagr of ~:l-(,ilr('nc. It sccms entirely possible 
that ~3-('iu'ene will be fOllnd in all ('omposite samplrs of P. 8ylceslris 
tuqwntin(' obtained from 1U1.'- pIiu'(' in its cxtcnsive range. This 
trl"])('ne also o("curs in some' pinps of the group Insignes of the easleI'Il 
~lpditPITtllH'llll region ",hpl'(' tl1(,I'(' is 11 contact between Insigncs pincs 
find P. xY/l'estl'iH (S('e P. brutia, Xo. 80). 

] n ID;HJ two Russi!Hl in n'stignlOl"s tBE) described an 11fl1lSllal tur­
pelltin(' obtailH'd from lUI indi\'iduHI tr('c of P£nu8 8yll'e8tl"l~'1. IL WfiS 
l('\'ol'olatory (aD=-O.Olo) llnd it WilS composrd of a-pinenc, 09 
per('('nt; ('!Unph(,ll(', [) [}('l'('pnt; ilnd 1-/3-pb('lInndrrnp, 1.5 p('l"('ellt. The 
Ilsulll t13-{'il['('n(' was nbS('1l t. ApPlu'e!l t Iy it was it C!lse of iL ehemicnJ 
mu tiln t -~!L pht'noIl1('non t hltt o("casiol1!llly CllIl be obselTeel in st.udying 
tUl"JH'lltine eomposition of indi\'iduallrees in n population (d. Xo. 14). 

Fmm til(' dntit of difrel"('nt in Vl'Stigllt.OI"S, it is e\ricienL that Lbt' 
composition of Pinus 8yh'('I'itris tlll'p('ntine is not yet complptciy known. 
For inslllll{'(', tilt' s('squitprppnp hns not. .n't been icientifi('d. Judging 
from the RIUI !lnti Simolls('n l'('POl"t (1Q6) on cadinenc founel in P. 
8yll'e . .,tl'i,~ n('<,dle oil, it is possibl(' thttL the sesquitcrpcnc of the gum 
tUl'pC'lllirlC' of this pillC' is nlso ('aciinellc. 

The m.,'s('I'," of the fl'('quelltl.\' mentiolled ullicientifirci terpene 
fOllnd in Pilws .~lJltestl'i.~ gunt turp('n!inC' WtiS soh'ed ill 1950 b.\cBard.\·­
sht'v (13). II(' pro\'ed b('YOlld llny doubt that this compound, \\'hich 
occurs in thr t'm<"liOllS imIllNliiu('ly following .B-pinell(" is all aliphn.tie 
(e1'l)(>I1(', iJ-InYI·('('nC'. 

JIl 195:') 'lhrdy:;lwv tLi) l'ppol'tNi !l.l(1 I)f'Psellce. of !thou t 1 per('ell t 
of p-cym('Il(' in gum lurp(,lltine of Pinus .~yh·esl,.i8. It was iciclltifi('d 
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in It fruction lun'jng densit:y, d~, o,s-!no and optical roUltion aD= 
-aoo, 

Th£' fraetion was lrPtll£'d with 2 lwreent polnssium lwrmtlllglllllttp 
in ordpr to remon~ tprpPIl('s, rl'distilled O\'PI' melltllie sodiulll, IllHI 
plll'ifipd by ml'flllS of Silitll gel. This fmetioll had tlw foUowing 
(' htu'ad prj:l! iC's: 

D('nsity, c1'J' ..• 0.S550 

[lIcit'X of rpfrartioll, ni~ - 1..1911 

Optieul rotatioll, riD -,0.0­
l\lol(>('lIlllr r('fru('li()ll. ~I It[l ,15,47 


rt wa:l oxidiiwd to fI-hydl'Oxyi:lopt'op,dllPlIzoic acid whil'h pos:lpss('d 
11 nwltillg point of 1;,),,)0 to [,')lioC. ~\1I ndclilioll of 11uthpnlie p-hydt'ox,\'­
isopropyllH'llZoi(' :leit! did not ('hnngp ttl!' lIwlling point. This is lhl' 
onl)' in:lltlllCP in which j)-('Ylll('n(' wa:l found in glllll lUl'(J(\lllille, Itl­
lllOugh it is [oulld in :l(llll(' :-ltplllll-distillpd wood turpPlllillPS (:)8), 
S('lIl1nh'r l1.nd S('hillpr (UO! I'pportt'<l ltlllt Pinll,~ sulr('s/ri,~ turppnlilw, 
oiJtltilH'd by SIPIllll distillatioll or stump wood, hl1d til(' following 
('olHposilion: "-(~-piIlPIlP, \'PI'Y littlp; d-$-pilH'llC', \'('I'.\" lillie; d-j,,3­

('lll'Pllp. ('lIip(I,\'; d-Sl-CIU'PIH'. litll<,; a-lpl'pinolt'IIl" YPI',\' lillit', 
S('mmll'r [l!HI Sebillp.l"s findillgs llS W('1I11S tl1<' !'(\stdts of Bukala ItlHI 

Kuezynski (.27) Ill'P of consid(:rnble impOl'tHIl('(\ for {'\'ltiUtllillg til(' 
nnlul'P of pill(' gum tIlI'PPllliIH'S; tUI'Pt'lltil1l' oi>tailll'd from ('ut \\'ood 
illld dl'lld slump:-l, llnd from (11(' okol'l'sin ofli\'ingtI'P(,s, Iwd ('onsidembk 
11l1lOllllts of j,,3-C'IU'Plll', 

43. Pinus montana Miller Reft'l'cncc U r
nj>llb, orig, data} 

,G,m!. Did, I~d, X, JinX) 
Pii/Il.'! mOlllal/o l'Ilng<'s from ('('lItml Spain through tltt' PyrPll(,('s . 

•\Jps, ltnd Appl'nilH's to till' Balkan ~rountnills, Its thr('l' major 
\'HI'iptips Ilr<>: fill/ohuN, llflc·jll([ia, Illld ]Jllmilio; Ilwl'P IU'(' mall,\' hOl'ti­
('uitul'Ill forms, 111 thl' IO\H'r allilud('s of its l'Ilnge. it illt('l'lllingl(,s 
and possibly ('I'OSS(,S with p, Null'cstris (2.2, P]J, .~31-.1.:32J, ,re oi>taillt'<l 
tL samplt\ of olpoI'p:-lin of p, mOil/WI([ \'nl', wlcillu/n frolll til(' ('OllllllUllnl 
FOt'pst or Bolgu{'l'(', Pyt'Plll'(,S Ol'i('ntnlps. FI'IU]('C', TIl<' oIN)L'('s}n wns 
('oIIN'INI nt· lill ('I('\'lltion 01 :'),:')75 ['('PI. '1'11(' (lo\\, of OIl'O!'(\Slll \\'ns 
plllIlllH'('d by spl'llying ij() I)(\l'eellt; sulfuric H('id 0\'('1' the wOllnd, A 
IJttI('IL of ~,()O(J gl'lUllS of til(' o[pc)I'psill WIt:5 hpltipd under !'('dll(,t'd lll'ps­
Sllrp sO thlllitt tilt' l'nd \\'11('11 Illlllll'PPlltilw \\'11S distilled, lllp (!'IHppl'tl­
IUI'(' of the pol ('ont(,!lts WHS ISO° C, and till' PI'('S::iUl'(' WUS O,G mIn, 
TIle' lU.l'IWnlin(' lunolllllpd to ~7 IH'I'('pnl of filt('rpd okorpsin, 

'I'll(' tUI'IH'lllint' ('mit,tN[ n strong odor of sulfur dioxid(' ltnd WItS of 
n I'(\ddish ('0101' and muddy appl'tU'all('e, F'iltpl'('d lurp(\!lt il1(\ poss('ssNI 
tlIP following ('hnmc'! prist ies: 

Dt'llsity, cl",$ '''' O,S700 
fnel('1\: of r('[ractioll, ni; LA 774 
~p('cific rotatioll, [<xJi;~-~ ~ 10,0' 

Fm<'liOllul di:ltillt1lio!l lIlId!'1' Iltmo:lph(,l'ie PI'P:lSlll'(' showNI tltllt 
7:~ pPl'('pnl distilll'r\ undt'l' 1100 

(',; thp I'Plllninillg '2.7 IWI'('('nt (,()lIsistpd 
of high!'I' IH)iling, ('xII'(ll1Ipl,\' pllllgPlIt I'(,:lidII (" 

'\PPlu'PlItl,v till' [,p:lidll!' ('onluilll'd It gl'(\ul ([PHI of oxidiz{'d 01' pol.\·­
uWl'izpd mItt Pl'ial. JillhI' Iwad fl'I\('[ iOIlS, I.t!/-a-pi 1l(\llp \\'ns idl'llt i fi(·d 
Ily pn'!lIu'illg pitlt'!\l' nitros()chlol'idp wllidl. art('1' s(,\+Pl'ltl I'('erystnlli­

, 
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, 
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zillions .from chloroform by m('flllS of eold melhullol, mdlrd 11,1,105° 
to 106° C. An ilddition of u kllown pinene nitrosoehloride did not 
('hungC' thC' melting point. l-j3-pinC'lle wus idrnlified in frnclions 
boiling uetwrrn 16:3° ilnd 1USo; ilOpinic acid prepared from the fmction 
boiling al IU-l° to 166° poss('ssNI n. m(·lting poinL of 127°. 

Attempts to identify ~3-('llrl'ne in fmetions boiling at 170° to 172° C. 
wer!,' not su('('C'ssful. LimOIlC'Ill' also wns apparently nbsent. The 
rest of til(' oil, boiling n.bon' ] 79°, WiiS not nnillyzcd. 

At till' lnstitule of Fort'st Genelies, Plil('C'n~ille, Cnlif., thet·c nre 
s('\'eml shrubby tl"('C'S of Pillll,~ moni(Ln(L nlr. lwcinat(L. A smtlll 
tUllOllllt of o]c'ol'('sin wns oblaillC'd from these trC'es llnd distilled Ilt 
I'('(\\I('NI pr(\ssUl"t'; ttL tho rnd of the distilhllion, the lempcrntmc WIlS 

1SOo C. 11l1d the' pn'sslll'C' WilS 1 n1l11. Thl' tmpentine iUllounled to 
22 jWr('p11 t of t Itt' OINlI'(':;i II ltnd Lmel Ule Jollo\\'i Ilg ('hill'tlcterislics: 

D('l\sity, c1"I" "0.8659 

lnd(')\: uf r('fraction, 11'1;'--'" 1.4741 

Specific rotation, Luhrs'-" - 11.50 


Tlwse l'htU'll<"lprisli('s W{'I'P \-(,1'\' sirnilnl' to tbose obtained with the 
PYI'Nl('(':; 11l1'PC'1I tLIJ(', . 

A httleh of 9 gmms of til(> turpentine was ('Ill'dully disLilled in It 

50 ('c. flltsk C'q ui PPNI wi th It VigeILlIx column 1.2 inehes long. Results 
o[ this distilltllioll tU'C' shown ill lnblp 2G. 

TAlILI': 2G,-fii'(lctional distillation oj D grams oj Pinus montana 
lurp('ntine 

I 
Boilin~ DClIsib- : [ndex of! Optical 

Frndion Pr(,SSllr(' rtl II 1-\(> Distillate d~" ~errac:. I rot~~.~ion 
tlon ni) t a.is,nIl 

:----.--- ­
i 

.\Im~ ec. Perl.'fllt 
1.., .. 7nO 155 \(iO 10.0 0,8559 I. 4(i(;U I -14.0 
:2 ,no IliO Ili4 82, I ,852G 1. 48(H II -10. (I 

-4,0:3 71i0 IH+I!i7 Hi. 2 .85·1:3 I. 4700 
.1 700 lti,HiS I·\. ·1 .8550 1. 4710 I 0,0 
5 S no-no 10.0 1. 4H9 ! +1,0 
II 8: 6B-IOO 2,0 
R(':;id 11(,. _ • ., " ., ., • .,., • .,.,.,.,., - -., ., II. I 
Lossl's, ... .,.,., _ ., . ., _., .,.,., . .,., - ., ;., ., .. ., ., ., ., ., ., f 4.2 .--------.--------1--------

I I 

l,dl-a-pinenC' wus idC'nlifiC'd ill fmdioll 1 by preparing It nitl'o­
soehlol'idp IHlying n l11('lting poillt of 10;,)° to lOGO C.; l-J1-pillcne WitS 

idpntifi('<l in fl'Helioll 2 by plt'pal'illg nopinic tleid which possessed It 

1lI(.lling point of l:n° to l2So. B(,('llllSC [l'Ilelions 5 nnd 6 were smnll, 
no cl'vstaliinc dpl'i\'ati\-('s \\'(,I'e PI'Pplll'('d.

'1'h-p 11IllOUIlt of highpr boiling [I'nelions, apparently contnining It 

gl'(,(lL d('HI of oxyg('IlI1.lp(\ terpene com pounds, was rnthel' high­
prolmbly up to 15 pPI'(,pnl. . 

[t ltPPP!lI'S ypry d('sirnble to l'epl'nt fll111lyses of Pmlls montana 
tUI'[)(lnliIlP find to nscertain whrlliel' 01' not 6 3-(,l1n'ne. is pl'esPIIL. 
L{pslIits of slI('h illl ill n'stign tion would ('on II'iblltC' to It bettel' undel'­
sLnnd ing 0 r t lIP 1'('111 t ionsh ip IWl \\,(>(,11 p, m()lIlann nnd P. 811lve8fri,~, 
An tUlIllysis of tll(' higher boiling fl'Hdions of P. mOIl[(tnn turpentine 
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also prornis!.'s nl'S int£'l'C'sting ]'('sults, !w('iluse there arC' YN'S f!.'w pinC's 
possl~ssil1g such a liu'gc percell tfige of high-boiling, fl'l1gran t) pl'('sumably 
o.xygellated compounds. 

44. Pinus luchuensis Mayr. 	 RefC'I'£'llces (4; ~tnpub, mig. data) 
(Bot. Cen tl'l11b. 58: 149. 1894) 

Pinus Luchuen8is is an Efist Asiatic pin!.' nfitiyc to Okinawa and 
lldjit('C'n t islunds of the Riu-JeYll grOll p. 1 ts tUI'J)(,1l tinC' wus C'xalllint'd 
b}~ .\kiyoshi (4), who obtilillcd a 22.0-pC'rcC'lIt yield of turpentine 
wilh lhC'sf' physieill eOllstfints: 

D('URity, d'f 0.8583" 
11I(\(>x of fPfru(·tioll, ni~ = 1.4681 
HpC'C'ific rotatiOll, [aID = - 2·L2° 

Tbp ('(mlp()~iti()ll WfiS l'epol·ted to b(': l-a-pillC'IIP) nlOl'e than 90 
1)('1.'('('11 t; slllilll IllllOlllI ts of p-pilH'Il(', d ip<'I1 U'IlP, ph ('!hllldl'ell(' ('?) and 
t.\od ('('al(\(>hyd P, ('oIHmonly l'filh·d InUl'itl ol·!uul'l11d(·h.nle. 

W(' 1·('('Pin·d ill 19152 it slllllple of olt'ol'('sill of Pinus IUch.uell.8i8) 
('ollpc'll'd on Okil\n.\\'u, b\- the' i{ill KYtl FOl'('Stl'Y BUJ'cfiu. Yipld 01' the 
tUl'/wlltill(' alllOulIlpd t"o 24 PC'l'C(,lil;. The tllrpentine POSSt'ssct/ tho 
following ('hll.l·I\('lt'l'istil's: 

DNlsity, dJ,5 0.8536 

I IHit':( of I'\'fmctiol\, nil ""~ 1.4650 

:;';p(,(·ifi(o rotation, ((>J:.~~ ,c:- 2·1.5° 


.\\)oul D2 pl're('nt ('onsisted of l-a-piIlPJ)P; thp presell('e' of SI11I111 
qllllnlitips of .B-pint'ne, dipCIIlt'Jle', find illl uhh'hyd(' WfiS eonfil'lned. 
Pn'SN\(,(' of 1)J\ Ilhh,hytil' is l'spN'in\l~' signifi(,1l1l t; iddpl\yries (ehicf\y 
d('{·.d) ha\'(1 I.)('('n found .in foul' CfiJifol'l1in pine'S (l)inus ktfreyi, P . 
."IlLbini(LlW, P. t()I'/'('yall(L find P. ('ulllltl'i). Lfi1l1'llldphydc fil':)o WfiS 
idclltifipd in p, lorrey(wn turpentine'. 

45, Pinus taiwanensis Hayata Hef£'l'encp (79) 
(.JOUl'. ('nIl. Set. Tokyo 80: 307, 1011) 

PinllN lail('(l111'wd.'i grows in tltt' mountains of FOl'llIosa (Taiwfin). 
81m\\" dcH''; not II\Plllion this pine' in his 10H Illonogrnph (142). ~l.Ot·­
pitologi(,ll11y, this pint' is ('(Ilnt<'d to l'. lud!lIlIlNi.'l, Xo. 4.1, nne! \ru 21 

c'oJlsidl'l'S it it \,ilril'ly oj' p. {llclu.ul!.~i8. 
TUl'p('lJtilJt' of Pimu! lai!('(lnmsi.~ WilS Hnnlyz('d by Kafllkll} Ichikawa, 

u,lldKalo (7lJ); physicfd ('ollstnnts W('I'e: 
OC'llsih', !\$U·"O.S(i(j·1 
J mh';>: ()f rl'fractioll, llTlo= 1.4725 
Hp('('ific rotation, [aW·'" -4.So 

ThC' tUl'p(,Jltinc contained: 

Compound: 	 Perc, III 
l-ct-pi!wne _________________________ • __ • ______________________ _ 

73
tll-1illHlIH'IIC'IWc! borny! acellllp, RJllali 1l1l1O\1l1tS •. _________________ _ 
tl~ollgUo~ne--- __ • _________ •. _ .. _.• __ ._._. _________________ _ 

13 

It is S(,(,II from th(' nbon' thnt tlt(~ ('1I('l11i('1I1 ('omposition of Pinus 
{({ill'mll n.";"'; tlll'l)('lllilll' difl'(,I'S ('oIlSitil'I'11bly from thn1 of P. luchll(:ll . .,'i.~. 
r nnl jndilH·d to ('ollsid('l' tltp l \\'0 pilH's ns illdL'pt'IHI('1l t species. 

~1 ::ice fuotnote 7, p. 2(;. 

I· 

, 
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46. Pinus hwangshanensis Usia 	 HpfprC'II('C's (19, 146') 
(Apud Tsong ill Con tr. lust. Bot. Nut. Acne!, Pciping, 4: 155. 

1036 ) 
PinuR /W'(w(J8hanen,\'1.8 is n pine of sOllth('{'1\ Chinn; its distr'ihlltioll 

is \'(,l'y spotty, Approximllt(\ly, it occurs bptwc('n 121° nnd 108° 
cnst longitll<i(' and bdweell 2-1° itnd 32° north lntitll<i('. It is rrlnled 
to P. t(1,ilL'(lIl£,I!,~i8 of Formosa. \\Tollid it b(' possiblp thnt "Uess('nec 
de pin ('hinois" bl'ipfly mentioned by BnlTnud (W, p. [14) wilh l'l'fl'I"('n('(' 
to Shillosnki nnd 0110 (1J,JJ) wns obtnilH'd from P. hU'(lIl{fs/wlll"lwis? 

Thp oleor('sill used by Sltinosnki nnd Ono, drsignntNI IIIPI'('ly ns 
"i1 ChilH'sP pint' from \V('ntllow," CHill(' from iI I'('gion o('('upit'd hy 
only two sp('{'ips of pine's: Pinus 1(l(Lss(mian££ C~o. 30) and p, 
/ncaJl(J,';/wlI(,lIsis (fig. 1:-1, p. (1). 

B(\('aus(' Pinw-I li/(/sslInian(L yic·lds fL (IPxtrol"Olatory tllrprnline, and 
ils tlll"lwnliJlP (~ollsisl "nllllost ('nlin,ly of a-pinPIlP" (Cf. No. 3$»), 
W(' Len(nlivply ('oll('lud(,d thnt "t11(l ('hin('sl' pinr from Wc'nchow" is 
J10t P. tnassolliall££ but P. hlmn[JN/will:iLSi,..,·. This ('onclllsioll Il('('ds 
vPl'ifi('ntion . 

A('('onling lo Shinosaki Itnd Ono (146), tuqwntillP of J>inu.'I hW(/I!(j­
,<;/l(L1un..,i.~ possl'ss('d tht' following pi.t,)'::i('al eillll'lH'll'rislies: 

D('nsil~', (\IL- O,8U70 
Im{('x ()f rl'fmctiol1, n~1""' 1.471l 

l::ippcific rotution, [<Y]D"~ -3,I.4lo 


'I'h(' lU!,[H'ntillt' ('onlltilwd l-a-pin('nr, 85 ppr(,pnl; dipP!1l<'IW, a ll'!l(,p; 
and It tri('y!'ii(' s('SqUil<'I'Pl'IH', Itppiu'C'ntly longifoLl'Il(', bl'('nusc its 
hydl'o('hlol'ilip 1IH'Il('d al 5~0 to 500 C. 
47. 	 Pinus merkusii DeVriese R('f'el'(,lIees (1,10,21,33,149,153) 

(P. 	X()\'. Ind. Iht. ii, l. 2, 18·15) 
Pirw.~ uU-l'kusii is It !lnli\'(\ of t.ill' PhiLippinrs (Luzon and ~[illdol'O), 

SlIllliltm, LOWl'r BlIl'll1ll, SilllH, i\l1(1 w('5l(,I'1\ Vi!'l Xilln. In ShUll it is 
i1 ('Ollllllon tn'p ill tlll ltililudt' of l,500 f(,(,t (8.3, p. 41ij). III BUI'IIlil it 
(H'('upiN; low hills and spurs III ('1('\'Ittions of 500 to 2,500 fpl'L Its 
soutiH'I'nll1osl O('('UITl'II('(' is in (,P!1lrnl SUIH:1ll'ft" BllI'iSlln 1bllgp, 2° 6' 
-iOulht'rll IntittHk on ~lt. PP!1llWiU' IWllr Lnk(' K.l'rinlji, Ilt 4,900 to 
(),t)OO ('('('l of .tililudt'. 

'I'u!,[wnlill(' of j)inlls mel'kllsii has bp('l1 ill1illyz('(1 by sc'YC'ml invl'sti­
gators. 'I'h(' first \\'ns ArlIlstrong (10), who I'('porll'd ill 1896 thaL 
P. liw-kw-lii lurpl'lIlillP \\"llS d('xtrol'olnlol'Y (a= +:H045') nnd lhat its 
dpllsity WlIS O.SHIO. His purpORt' \\"ilS lo ('ompnre ('Olllllll'ITial possi­
bilitips of BUrnH'S(' llll'lH'l1lilH'S (of P. mll'kw·;ii nlld P. /dwsl/a Xo. 49) 
with thos(' of AIII PJ'i ('ill 1 Ilnd li'rPIl('h lu!,})('nliIH's. III 192:{ SinlOllspn 
(14.'1) ('('pOrll'd tit(' ('('suLts of It mort' {'olllpl('tt' tlllniysis of P. mel'kwlii· 
tlll'JWlltilH' from I3Ul'l1111; ttl(' physit'lti ('onstnnLs w('('(' th('s{': 

Density, clt~ 0.8575 

buh':,: of r('frudioll, 11':'1-"' 1.4G53 

~p('tific rotutiOIl, [alD" -~ 28.(j7° 


'nil' tuqWlltillP WHS ('OIlIj)o:wd of: 
CompoulIcl: 	 Perwlt 

7:t~:l:I::;:~~;:-' =:=~==:= ==== =====:: ::======== ======::=====::====== 
7S 

10 
,1-11IIIgifo!PIW __________________ ------ - - - - --- - - - - -- - - - ------ --- 5
tl-~j-rnr(,II(' _____ • ___ - __ - -- -- ---- - - -. ---- .---. -- - -- -- - ---- ­
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'rile PI't's('l1ec of dextl'orottllol'Y t/-pil1el1t' is unusuill; in filmost fill 
pincs this tt'rpcnc is lcvorotatory. It is possible thilL the pl't's('ncc of 
largc quantities of strongLy dextrorolu.torYa-pineu(I ('IU1SNL the 
t/-pint'l1e friletion to be dextrorotatory. eeL No. 49.) 

Iu193Q Spoon (153) reportt'd physicnl COl1stilnts of sC\Tl'l'al samples 
of Pi,WS merkusii turpt'ntinc (tfiblc 27). 'rltesc sllmples were 
obtailwel J!'OIll a cornnH'rcinl distillery, locn.lcd at ALjt'll, North 
Sllll1ntrn. 

'fAn LE 27.-Physical constants of Pinus merhlsii turpentine from 

Aljeh, Sumatra! 


Index of Optit:al 
Samples rt'fraction rotation 

n1~1 aD 

1924:1____________________________ _ I ! 
2••__________________________ _ O.8(i2S 1,4Uti5j
3____________________________ _ · S63(j 1. 4(;78 
4 _____________________________ 1 • S{jJ L 470 

.,8U2 L 4(;80 I 

]930: I5._. _________________ •. _______:I 

0•• __ .• _______________________ : · 8675 1. 4675 I +35, U8° 


+35. So· S060 1. 4U771 
· SUU I 1. 4{iSO +35. n°I 
· 8648 1. 4U80 +35.4°--~_:~-':,~.~: =:==,: :~:=~=:::::::::::\ _._._, ,---, -'---- ­

1 After Spoon (153). 

Also in 19:30, Bnl'l'I1ud (~1) nnnlyz('c\ It snmplt' or Pin'us merku,<;ii 
turpC'n Line from Cnlm (in fOl'll1('r Annnm, now Vid N filll). This 
tUl'pl'llline l)OSS('ssl'd ilH' following physi{'al ehn:l'Ill'lcrislies: 

D('l1sil\', d1.l=0.S(;25 

I ndex of refraction, 11';'·," 1.41)72 

Specific rotation, [et],'"' - 5.70 


Its composition WIlS: 


Compound: P~m/lt

a-pinene and #-pinenC', approx•• ____ •• ___ ...___________________-- 45 


. ~3-Cllrcne with udmixture of u levorotatory hydrocarbon, approx_____ 55 


'['hilt Silnte yC'lll' an itllonyll1ous ittilltOI' of til(' ColoninJ Institute of 

AI.llsterdnm (1) J'('pol'l('d thilt It snrnph' of Pinus merkusii turpentine 
from nOl'thC'rn SUlI1lttl'n. (At.jeh) posspss('(l the following constnnts: 

Dcnsity, d'.'=::O.S(;5 
I nd('x of refraction, IlW= 1.4(;8 
Optical rotution, 01== +35.(;° 

rel\{' tUI'j)('ntinc ine\udt'd: 
Compound; PeruIII

tf-a-pin('!1l' ____________________________________________________ 85··90 
~3_('!lr~'ll(" •..• ____________________________________ ._______ ____ <1 ..
S('sqUllt'rpene. _ _ _ _ _ _ _ _ __ ___ _____ _ _ _ __ _ _ __ _ _____ ___ ___ _________ O. 15 

'1'0 Slim up, nil lUl'PPll lin(' 8nm pi('s of Pill.'us merkwrii contltilWd 
lnrgC' tll1lOUlIts of d-a-pilwllt,; fJ-pilH"nC' wns found in vllrxing qunntiti('s; 
doD. 3-{'fLI'C'!H' WilS found in nIl slunple's. Thp st'sqllilcl'pt'ne f1'lldioll 
in all sample'S IlPPlu'C'lIlly ('ollsisled of 10ngii"ol('l1c. BruTilucPs sample 

• 
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from Allnam (Viet Nam) was unique in that it was levorotatory 
(because of large. pel'centn,ge of l-a-pinene); it conUtined an unusually 
large percen tage of d-6.3-carene; its ,B-pinene was levorotatory. 
48. Pinlls insularis Endlich 	 References (85, 74-, 80,127) 

(Syn. Conif. 157. 1847) 
Pinus inwulat'is is a pine of Philippine Islands. It is closely related 

to P. khasya, (No .. 49) of' Burma. P. insul(£l'is hus been tapped for 
turpentine and rosin for a long time, and its turpentine hus been 
investigated by several men. 

Tn 1909, Richmolld (1.~7) investigated possibilities of producing 
turpentine from this pine. The yield was 23.4 percent, and the 
physical constants were: 

Density, d~8=0.85!)3 
ludex of refraction, n'll'=lA656 
Optical rotation, a\)= +26.5 0 

Specificsrotlttion (ealcd.), [a1o= +30.80 

Ninety-six percent of the turpentine distilled between 154 0 and 
165.5 0 C. 

In 1931 deSnntos, West, and Fontana (35) reported results of their 
rescarches on Pin1lS insuZ(u'is turpentine. The yield was from 15.33 
to 17.23 percent; physical constants are shown in table 28. Further 
annlysis of turpen tine was limited only to the idon tification of a-pinene 
bv pL'C'paring pinp.ne hydrochloride. The authors estimated that the 
tlll'pentine contained from 30 to 52 percent of d-a-pinene. 

Koolh!li1.s and DcVos in 1935 (80) investigated steam-distilled 
turpentine of Pinus i'n.<!1tlal'is obtained from young planted trees in 
Java. The constants they obtained were: 

Density, c1i"=0.8508 
Index of refraction, ni1= t.4702 
Optienl rotation, ao=+33° 
Spccsific rotation (caled.), [a1o= +38 0 

The initial boiling point of tlll'pentine was 1540 C.; 94 percent of 
the turpentine distilled below 170 0 

• 

TAllLE 28.-Physical lu'operties of sel)eral samples of Pinus insulaJ'is 
turpentine 

I
I Density Index of Specific 

Tree No. refraGtion rota.tion! 
 d llD [a] 

-------------------------------------1--------
I 	 De!IreeS3_________________________________ , 0.8+75 1. 4650 +:30.205 _________________________________ 1 .8·17a 1.4644 +:32.10

{) .. ________________________________I . 8480 1. 4665 +27.05 
18._______________________________ .8488 i 1. 4650 +82.07 

1. 4653 +29.65 
i\lixcc! samples of many trces ________ 1. 4668 +28.02------------l{ 

1.4716 +22.75 
___________ I I 

We useet Pinusins'Illai'i8 oleon'sin received (together with herbarium 
specjml'Jls) in 1952 from Dr. Flol'cncio 'l'alllcsis, Director of the 
Philippine Forestry Buren,n. A batch of 2,000 g. of oleoresin WllS 

,. 
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" 
distiJled under reduced pressUt'c. At the end of the operation, tem­
perature of the oleoresin was 190 0 C. and prCSSlU'e was 3 mm. Rosin 
remitini~lg !n the pot was very hard and brittle. The aUlount of 
turpcnt1l1e l/l the oleoresin was 20.0 percent. 

The turpentine had the following characteristics: 

Density, d~'=O.8586 
Index of refraction, n'ti'= lA68fi 
Specific rotution, [am" = +31,2 0 

Chemical composition of the turpentine was as follows: 

Compound: Percent 
d,dl-a-pinenc______________________________ __________ - _____ - -- - 74 
l-p-pillclIc. _________ . ____________________________________ -_ -___ 3 
l-p-phcl1nl1drcnc ___________ • ___________ • _ ______________________ 7 
Tails, including it sesquilcrpcnc, WhOiiC h)'drochloriclc had a melting

point of 4.7° to 48° C________________________________________ 7 
Polymerized pot residue (probnbly mostly polymerized phellandrcnc) __ 5 

It was not surprising to find a small amount of iJ-pinene in the 
turpentine of Pimal in.~l1lcL}'is because this terpene vet·y orten IlCCOI11­

pl1llies a-pinene; but the presence or l-.B-phellancirenc was unexpected . 
.B-phellltl1cir·cne has novcl' bcon "cported in Asiatic pines; so far it has 
beoll detected in five New 'Yodd spccies, Nos. 34, :37, 58, 89, and 91. 
Til all these pines fJ-pbcllandl'enc, too, is found in its lcvorotatory form. 

In table 29 llte properties of a fnlction of Pinus insulcuis turpentine 
in which phelhllldrcnc wns identified arc contpared with the literature 
vnJucs for pmI.' l-iJ-phellandl'cl1c. 

TABLE 29.-PhysiC(Ll properties of .B-phellandrene from Pin:/J"S in8ularis 
hll'pentine and from Canada balsam 

Property IJ3-phellandrcnc fraction I J3-phcllandrcne l 

of P. 'insularis fWIlt Canada balsam 

fndex of [.·CfraCtiOIl, tllr--------: 1.'1819---------------\· 1.485L
Density, d~ __ ..... ____________ ... .838!J~2 ... -'----_-- ... -"' __ .8375~5 
Hpceific robtiotl, [a]D _______ • -13.5°_______________1 -2.81J0 
BoiliIlg poillt _________________ ; 57°-58° C. ut 11 mIn __ 700 C. at 20 mm. 

1 
I Dlwenport, .r. n., Sutherland, M. D., and West, T. F. Jour. AppI. Chern. I, 

p. 528. 1951. 

49. Pinus khasya Royal2~ Reference (147) 
(DC., Prod!'. 16: 2:390. 1868)

Pinus /clw8ya is jt rmtive of nOl'tlwl'll Burma" occurring in the Khasitt 
Hills, Shn,nHills, and the Hills of ~hrbtban. This species is also 
found in the adjilCcnt parts of India. It grows t),t elevations from 
:3,000 to 7,000 and occasionally to 10,000 feet. 

Turpentine of this pine, distilled in It commercial plant at Jallo, 
Indi!l, WitS analyzed by ~iI1l0nSCIl [wei RiLl! (147). It had the fQllowillg 
physiC'ltl f'hRntet('l'islies: 

22 The name of this pine is spelled in several different ways: Khasya, Kasia, 
KeseYll, Kusya, Khasyana, E:hufjia. 
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Density, d~l~0.8633 
Index of refraction, n'l'l=lA7fl5 
Specific rotation, [am= +32.83° 

'I'll(' turp('ntinp contained thC' following: 
Compound: Percellt 

d-a-pinenc____________________________________________________ 70 

~=f;g~~~1g~~:================================================= ig
This is ol1e of the [pw inshLlH.:es in which dpxtroL"Ottltol'Y {3-pinene 

had bpcn l"('ported in pille turpentines. Howen'l', the originltl report 
did not gi \'e enough det!til to be absolutely sure if it is really (l-f3­
pinPlle. 
50. 	 Pinus yunnanensis Franchet Re[('rc'ncp (Unpub. arig. data) 

(Jour. de Bottlnique 13: 25:3. 18(9) 
Pinus yunnc~nen8i.'1 was d('s(,l'lbed in l899 by Frallchet ,1S lUI inde­

ppl1dent species. ~haw (142) placed it as 11 synOllym under P. 
sinensis. Litlely, howe\-er, the 111Ul10 P. sinensis has to it ('('rUtin 
lLpgrpe been rpphwed by P. tabulaejol'mis, Ko. 53, whih> P. yunnanen­
.')i8 beearne aglLin un indC'pendC'nt spC'eiC's (Dr. Hui-Lin Li, pC'rsollftl 
('olllllluniefttion). Chung-Lwen \VU,~3 working with lwrbarium mate­
rin.l aV!Lilttblo in Arnoriean institutions, conduded tLmt P. yunnanensis 
and P. in8u[al'is arc one sppciC's. 

Pinus yunnanensis occupi('s the wholl' of YUIllllLU province, ('xcC'pt 
ll\(' itlpine zonC'; it also gl"OWS in the soutltw('stern part of KwC'i{'how 
province, ill Upper BUm}11, in nortbern Viet Xitm, find in a narrow belt 
of northern Indif". 

Because it WllS difficult to obtain oleoresin of this pine from its 
native !tlnd, I tupped a few plllnted trees in the Eddy Arboretum, 
Institute of Forest Genetics, Pbecl'ville, Calif. A little more than 30 
g. of turpentine was obtained by heating the .oleoresin uncleI' reduced 
pressure. A.t thp end of distillation, the tempC'ratlU'c was 1800 O. find 
tb(' prC'ssure was 1 nll1l. Dmkr these conditions the remaining rosin 
was .hard tmel britth·, showing that !111 volatile oil had bC'en recovered. 
'['he yield of tlll"j)(,lltil1l' was 22.u percent; its physical characteristics 
\VP['P: 

Density, cW"=0.8591 
I ndex of refraction, lli~= 1.4663 
Specific rotation, [ab;s= -44.3° 

'rho turpentine ('onsistt'd of: 
Compound: 	 Percent 

l-a-pil1enc_ _ _ ____ _ _ ____ _ _ _________ ___ ____ ____ ____ _ _ _ __ ___ _ _ __ _ 87 
l-J9-pil1cuc_ _ ___ __ _____ ___ _ _ _ _ _ _ _ ___ ___ _ _ _ _ __ ___ __ __ ___ _ _ _____ _ 3 
An oxygcnated dcxtrorotatory ingredicnt, about___________________ 5 

The appC'amnce of the rC'sidue did Dot suggest IWy appreciable fimounts 
of sesquiterpenes. 

51. Pinus nigra Arnold 	 References (16,42,48' 78) 
(l{c'ise X ach ~lariaz. 8, t. 1785) 

Pinu8 ni[J)'{L is it pine widely and unequnlly distributed in central 
nnd sOlltlwl"l1 Europe and in Asia ~linor. ~ometill1es it is enlled P. 

23 See foutnotc 7, p. 2u. 
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laricio POil'. \Vitltill the spedes seveml vtll'ieties tll'e retognizecl: 
pallu8'iana Lnrnb., nati \'e to Crin1('l1; awdriam EncUieh., of Austriit; 
calabrica Loud., of Itllly; cor'8icana Loud., of Corsicn, ilnd some others. 

rr~lrp('ntille of Pinus nigra hus been studied by seveml illv0stigators. 
It IlppNlrs from thf'ir datIL (tnblc 30) that the composition of P. nigra 
tUl'pentine from difrprent parts of its ext0nsivc rilnge, exc0pt perhaps 
Bulgaria, is about the snnll'. Appal'ently camphene, l1-myrcene and 
l-limonene ilre found in aU Vllrieties in small amounts. In ellrlier 
J"Pports tllese substances had been Ov('rlookecl, probltbly beclluse the 
olcl rndhods of fractional distill1ttion werc J:ather primitive. 
52. 	 Pinus heldreichii Christ. Reference (87) 

(Verh. Nilt. Gez. Basel a:549. 1863) 
Pin1l8 heldl'eichii WitS descTibcd in 1863 as an independcnt specics. 

In 1914, SIHl\V (142) placed it within P.nigra. In this publicnLion, P. 
Iwldreichii is consiclel'ccl ItS il valid species. P. heldreichii grows in 
1l000tlwttstrrn Greece 11l1d Albania, nnd in tbe adjncent parts of Yugo­
slavin. Inforlllillion regarding tIl(' chemic-al compositio[l of turpC'ntinc 
of this pinr wns obtained through the court('sy of Prof"rssor Bmnislav <II 
Prjoski (privlLtr cOITespondenee) of the University of Skopje, Yugo­
slilvitt. The analysis of the turpentine WllS appal"rntly performed by 
Dr. B. Okmjnov-Rotovic. Results of the fmctiorml (listillation were 
L"Pportcd as: 

Fractions 

I 2 11
Density, (L _______________________ _ O. 8598 0.8468 O. 8407
Index of refractioll, Il ______________ _ 1. 4696 1. 4715 1.4724
Optical rotation, ClD ________________ _ -72.60° -91. SO° -lOS. 56°Percent__________________________ _ 

21. 5 25.4 40.6 

The n.pproxiJJ)ate composition of tbt, turpentine was reported llS 
follows: 
Compou ne!: 	 Percell I 

~o-pinenc ____________________________________________________ SQ 14 
l-lim(lllC'nc _________________________________________ . __________ 57. 39 
Oxidation products', pot residue, ancllosses ______________________ 12.47 

It is SN'1\ that tUl"(wnti1\e of Pinus heldl'eichii differs from the (:,ur­
pl'ntinp of P. ni!l1'Cl by tll(' presenee of ltlrge qUillltities of limonellc. 
Cnfortulllttely the natUl"1 of the sesquit,erpene fme.tion of tmpcntine 
of lIlis pine is still ullknowlI. 

Composition of turppntinr of Pin1ls heldreichii val'. le1lCOde1'mis 
(Antoine) 2\larkgmf WllS rrportl'd in 1954 by Lombnrd and Rotovic 
(87). The turpC'ntine was levorotatory; its components were: 
Compound: 	 Percent

o-pincllc__________ ___ __ _____ _______ ___ ____ __ __________________ 2 
l-lirnonene, (00= -103.56°)______________________________________ 27 
II igh-boiling fractions_____ _ _ _____ __ __ __ ___ __ ____ __ ___ ___ __ _____ 27 

It is S(len HutL although the variety leucodermis nlso contained it COI1­

sirkmblo 111l10unt of l-limonene, tlte percentage of bigher boiling frac­
tions of this vuriety was higher tllitll in typical Pinus heLdreichii. r 
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TABLE 30.~·Ph?/sical characteristics and clwmical comp081:liOll of Sel"l'mll'arieUes of PimlS lIi{fNL iUI'}If'nNJ1c 

in 
o 
.......--.---- -_ .. -"--- ..,


~rjcty fU)~ s~~lr::-~ ·~-:.:eJlt '~;I- .-~~~~~~~): :;~'-'j I~de;':~f-:f~aCtionll Optical CompQsitioll of tlll'pcnLinc 2> 

of matcrial turpcntine rotntioll z 


o 

"'j 

IJe/lrus Percell! 
corsicana, Corsica (48)--1 23 J 0.S58025 _____ ~ __ [ 1.4031 j ___________ 1 -31.0!1<- ____ _ l-O'-pincne, 87; p-pineu<" little. 

o 
austriaca, France (4£1) ___________________________• __________________________ : _____ _ Sl-O'-pinclw, 94; fi-pincnc, trucc' It d-tcr­

pene,l; It scsquitc..p~'nc, 1 (m.p. hri ­ '"' 
drichloricle 115°-115.5); tails, 4. "" allsiriaca, Ukraine (t8) __ 12-271 0.S5G-0.SU\2°____ ll.4U(j2-1.471Oi~____1 +2-47D_____ _ l-O'-pinene, 85; cllmphcllc, 1; fJ-pinene, 2; 
{j-Illyreene, 1; l-limoncnc, 3; t.uils, 7. ~ 

ttlpallasiallu, Ukraine U6)_ 30 0.S570-0.8702Q___ 1.4UGS-1.4730t'____ -13--5Uu __ _ l-a-pinenc, 87.2; clunphcllc, I; p'pilll'J\C, Z2.3; p-myrcene, 1; I-lilllollcne, 1.4; .., 
highcr fmctions, 7. Qni(Jricans, Bulgaria (78)_I__________ 1 0.S635211 ________1 1.470i~-----------' -20.96D _____ l-a-pillcIIC, 53; l-fi-pinCllc, 3S; l,t/l­ ttl 
limoncnc, G. in 

prob. Idspanica, Spain 1__________ 1__ .. --1---- ---_ --- ---- -- _1 __ ..,_ - - - -- - ---- l-a-pillCIlC, 90j l-limoncnc, 4; a scsquitcr­
(42). PCllC, 1.5; tltils, 4.5. ~ 

---------:......-----:...-------.:...-------.:......-----..:---------...~..----- ­ ~ 
~ 
in 
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53. 	Pinus tabulaeCormis Carriere Reference CCnlJ1lb. or£g. data) 
('{'mit. Conif. cd. 2: 510. 1867) 

In ShILW'S 111011ogt'llph (142), Pinus labulaejol'lnis is C'1l11pd p, sinensis. 
It o('('upips Illl l.'1I0l'll1011S m'rn of northern 11nd tlOrth-N'ntml ChilHL. 
Its hilbitltt ('xt<'lIds from souliJ('l'n ~Illn('h urin to Knllsu nnd to YUnnitll. 
In Yunnn,l\ it ('rossI's with P. ?runnanen:sis. '1'hl' l'l'sult of this ('ross 
llppat'pnlly is P. <ien.mia ~lust('rs.2-I 

Pinus lnb'ulaejol'mis is u spN~ies fot' whi('h sl'vPI'Ill vttri('Lics at'p 
r(lcogn iZNl: 

Variety: 
/IIllkdcnsi,~ UyekL ______________ _ Extr('me East
rubescens UyekL _______________ _ 	 " Do. 
p,~e1tdosylcestri8 Wu _____________ Desert ranges of southern part of outer_ 

Mongolia.
IClIcospcrllla w£ax ________________ Alpine region of \Y. KallSu 
'wilsQl~i Wu _____________________ North\\'e~tern Szechwan and extreme 

east('f/l Sikang. 
'WilSOT~i, forma /oku1!ayii Wu ______ Ninghsia, ,Jehol, Hopei 
yrandiJolia Wu __________________ Scatterl'd over the Provinces of Kansu, 

Shallsi, and Hopei. 

'1'0 my knowlNlg(', thp e1wrnienJ ('ompositi.on of PinU8 lab'lllnejol'mis 
tUl'pPlltinl' hus II('VPL' b('Pll l'('portNl be'Jot'('. In 19."iG a few 30-YPI11'-olcl 
tn'('s of this pine, plllllt('(1 at t.he Illstiluto of FOI'('sL Genetil's, Phwel'­
ville, Calif., W('I'(' tllppr<i, nlHl ftSlllal1 itlllount of o\('ol'f'sin WIts obtilined. 
Tilt· o!('Ort'sill waS hNlted undel'l'l'dut't'd prpSSUl't'j ilt tbe end of ti1(' 
op('mlioll w\l('n all volntile oil waS expelled, tue temp('t'iltUl'e was 205 0 

C. lllld pressure WItS 0.5 nun. Tile last part of thl.' volatile oil had the 
cOllsisten<'y of enstol' oil. 

The yidel of turpentine WitS 31 percentj its physicn,} chlll'lletpJ'istics 
were: 

Density, (1"'..6=0.8936 

Index of refraction, n"k'=1.4741 

Specific rotatioll, [aIs7s= +11.20 


The high d(lllsily indicntecl tll(' pJ'esrnel' of substltncl.'s other than til(' 
lISllfll l(,l'p('nps, prl'hapss('sq lli tpl'PC'Il('S Iwd sesq lli terpcnc alcohols. 
Fl'Ilcliollul distillatioll of 30 g. of the oil gIL YC thp following results: 

Percent ofFractiolls RQiling ((Lnge. 0 C. (jfiQ ''''111.) 	 totfli oil1_______________________ 155-160______________________ _ 
23.02_______________________ 161-170______________________ _ 11.43 ___________________ -___ 171-190___ - __________________ _ 

2. 04_______________________ 191-210______________________ _ 1. 0 
6_______________________ 261-285 ______________________ _ 7.2
5_______________________ 211-280 ______________________ _ 

7_______________________ 285-300______________________ _ 11.5 
17. (j 
] 1. :3 

8_________ . _____________ 301-308______________________ _ 
Residue_ _ __ _ _____ .____ Solid _________________________ _ 15.0 

24 Sec footnote 7, p, 20. 
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Ko further work hns bl.'C'n dOll(' with til(' sample. It appenrs thn,t 
at IPliSt 25W'r('('tlt of the tUl]wlltilH' {'ollsist('d of a-pilH'lI(,; til(' pr£'s('I1('(' 
or ,B-pillC'[1e is possible, The s('squit('L'pNle and tlitel'pel\(' fraetions of 
thp tl1rp~'ntil\(' WCI'C unusually hU'ge, amounting to about 50 per('('nt 
of thl' LotnJ oil. Til£' r('sidu(' npp('arNj to eontilill SOlllC polYlJl(·I·iz(.t! 
substunccs. It is highly d('sirablc to alt<Llyze lnrgcr qunntiti£'s of 
turppnlitll' of Pinu,'{ fabldae./orrnl:8 and its numerous varietil's, ('SIJl'tilllly 
b('('!lllSP the other DipLo:ryLon pint'S of ('hillil POSS('ss tuq)(,lltinps of It 
relatively simple COml)osition (d. Xos. 30,45,46, 50). 

" 
Group Australes 

54. Pinus ponderosa Laws. 	 Refercnces (58, 63, 7B, D8, llB, 
(Agr'. ';\1un. :354. 18:30) 114,136') 

Pinus ponderosa, 01' pondl'ros!), pine, is lln American plm' of wide 
distribution. Us I'ilngp extl'lHls from British Columbia to thl' ';\[exi­
('iUt bonl('t'. l>ossibly it o('('ursin adja('l'nt pllris of ';\[exieo. Longi­
t udilllll!y, its I'Illlg(' extencis fl'Olll thc' Pa('if-ic const Pftstwflrd to the 
Dakotas, WC'S\(\I't\ ~c'bl'ltslm, ('olomcio, northw('stN'u OklahollHt, New 
~r('xi('o, and th£' Trnns-l'e('os [,l'gio!l of \\'('sU'tTl Texas. 

Earlil'l' inv('stig/tLiolls 01' Pinus ponderosa turpentine \\'pre ('011­
duct('d by ~('horgN' (iSC'J al thl' bl'ginning of this ('enim),. At lh/tt 
tinH" tlw most illlPOl'tltllt ingredient of P. ponderosa turpentine, 
6:1-(, It1'('IH' , hrtd not .\'et i>N'n diseovt~l'l'd,25 nnd Seho!'gr!' did not l'l'POl't 
it. 

According to S('horgt'l', the Pncifie ('O/tst 1'01'111 of Pinus ponderosa 
POSSPssl'd tll1'pen tine (LPci<iedly le\'orottttory bl'(':UlsP of till' predorn­
ilhLl\('e 0(' [-,B-pinel\e, wlu.'l'PUS til(' ArizolllL turpentine \ViiS decidedly 
drxtrOl'otllt:Ol'Y be('n.lIsP it consist,pel l:tl'gely of d-a-piuellc. This 
diff(,l'l'nC'C' eltlls('(1 S('horger to gellC'l'Illize that the Pucific eOllst 1'01'111 

possC'SSt'S 1(,\Tol'otatory tmpentine, but tl1ltt the Rocky 1[ountilin 
fOL'lll, call1'(\ by SOtHO botanists P. ponclN'osa \'111'. 8copulorum Engelm. 
(SfJ, p. 270), fllwilYs yields dl'xlrorot/ltor,Y tUl'l)('ntine. 

SllrllpieS of Pinus pOndel'08a turpentine from 12 loenlities of its 
('xil'lIsiv(' range WP!'C' llllnlyzed ill the projeet rcpOl'tet\ here. These 
inv('stigations showed t,hltt only in Alizoll1l, "'here Sehorgel' obtailwd 
his turpentine, did ullindivi(/llltl t.l'('es ,ride! dextl'ol'otld.ory turpentine. 
In (\difol'llin. (Snnt:t ('l'llZ 110untnins and the w('st slope oC the 
SiPITll ~ {'\'ada) all inc! i vid ual tl'('es yit·ldee! l('vol'otlttOl',)' turpentine. 
In Ill! other plnces, includillg the east. sidc' of the Sierm XC\TlldlL, some 
tl'('('S ,ridded dextrol'otlttory !wd oth('L's lovol'otaior,Y turpentines. 

Tid.>le 31 shows the physical ehnmetel'isties 0[' Pin?l8 ponderosa 
turpentine obtained frorn the 12 10clIliti{'s of ihe entire range of this 
pill('. Tablc 32 shows the chemical composition of turpentinc from 
the 12 loealities, Only the Arizona und southwestem Utilh sfLrnples 
('ontnined l'onside1'l1ble mnOl1nts of d-a-pinellc, wbiGhill combination 
with d-6. J-CHl'ene, WilS responsible 1'01' tho clextl'ol'otn.tol'Y natul'C of the 
tUl'[Wtlt ille. TUl'pt'ntine ft'orn all other 10cIllities ('ontiLined vcry 
littk a-pinenc, and this tt']'pellc was nlwll.,Ys ill :1. L- 01' dl-form. 

25 ,6"-Cl1rCIiC waH discovered in .1920 by Simonsen in Pinus lonyifo{((L (No. 26) 
turpentine. The credit of discovering ,63-cnrenc in P. Jlonderosa goes to Dr, 
A. J. ffiliLgcn-SlI1it of Catiforuia [nstitutc of Tcchnology, 



00'I'A llL'E 31.-Ph1l8ical c/tara£'lo'istics of Piml>; pOllciU'oS(L iurjJOlUne from 1:3 {ocalilies (!f £ls rallge 00 

!]ndex of ft'- Sppcific It.lJ,~~\~\i~~e, Vul'iaiJiIity \'nrinlJility \'ariubility 
!legion Locality 1 nod elc'.\·aliOll Density d~ I' frnctkl\\ 1\:, rotation Ipel'~'eni of of op~klll of dl'nsity • of illd('~ of 

[al wClg:hL of roLuilOll I l'C'frnc:iLOll n 
t oleon'sin 1 0 
, , ~ ~ 

~----~----~-.--,--,-- ,-----~---,. -" 
--!I ___~" I ,."._,.--'-':; 

\ /itg",;; 'I J)rurrr,< g
Pacific CO:lSt. ___ .! I. Xl'ur Sanl:l Cruz, GnIlf. O. 8.15925 l. ,174925 -23.2 Hl.5 -12.5tn 0.S532to 1.47321.0 ~ 

j (1,550 fL.) ~32 5 0.8685 L 4782 H 

Sierrll Ncvada, 2. X('ar Placl'rl'ille, Gillie. .850.122 1, 'J75025 21). (I I
I 

15.0 - n. '\ to _. ____ • _. __ • _______ • . ~ 

west slo\)(·. i (2) 70n ft.) , ao. I -1 

Northernldnho__l :3. l'ric~t Itiver ExpL. SUt. .86022 l. '17.!I~1 - 2. 7 22. 0 ., \-4. 5 j,o 
(2,S50 ft.) -1:.1.3 ~ 

_8a ll23SOllthwest('rn I .J. Pflilguiteh Luke (8,500 ft.l .• L 471 pI +().O I 2(). 5 ~ +23.3 to ---- - - -- -- -~-- ----- -- ... o
Utnh. -- 17.6 SSouthern Rocky 5. 13t'lllnh (HW o( PU('hlo, Colo., · SGG \.22 l. 41,1722 +1. 8 I 20,0 H 

lVIollllt:tills 7,5(10 ft.) ) 
8East cell iraJ G. Nrul';'[eNury, Arir.. (Apllche · 8701 22•5 1. 472123 +13.7 

22.0 j +.10.5 to ··--··~--·-l---------- <1Arizolla. llldillil H<'s., 8,200 fl.) : +10. 3 ;;l
Northwestern 7. NellI' CtllldrOll, Neill'. (a,500 .8G\)521 1.477721 +.9 18.9 i.---------- ----------- ---------- m

Nebrnskll. ft.) y. 
Ct'lltnll 8. N(·!H' Whitl' Bulphlll' H])rilH~:l, .861.122 1. ·174122 -.9 17.7 :j

MoniulI!l. ]\fOllt.. (o,OOll fL) Z 
Southct1.stern 9. E:;tl'r\)rook Jtllllgel' Sll1lion .867321 1.470825 +1.5 22. 0 

(fl 
_________ ... " ... _ ... f_ .. __ .. ____ _ r-:t 

WyollliIl~. (1l,500 ft.) 
· 850322Southwcstern 10. Idnho City J~xpt. FOl'('st I. 47,1522 -7.2 i j9. 7 : I___________ 

i 

' ~-.---------I.. ',. _ , _ o 
Idaho. (near Boisc, ·1,070 fb.) ":l 

-9.3 to 1 
1_________ ..... ___ "_ "dCentml Rocky 11. :Mllnitoll I~xpt. Forest (w('sL .869223 1. 477023 -2.1 19. 0 

l\IOll1\ hlillS. of Color:ldo Sprillgs, 7,GOO +1).0: z 
ft.) ! m 

Blnck Hills, 12. NellI' old Pactaln Hanger • 8(;4823 1. 475222 •5 +1.2 20.0 -; I~.tg 1------' ---- ----------South Dakota. Station (4,600 ft:.) (fl 

I Figures rcfer to the locations showll 011 mllp, figure 15. 2 14 trees. 3 17 trees. 4 10 trecs. 

• ., .. r • j ... .6 .. ...)I .. 'T' ~ ....... ~ .... r­" 
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'rAllLE :32.-' ('omposition (~f lill'}JI'lllinl' (if 1~~II'~J~~lld(t'(l8([ from 1;2 1()('(Ilitil"~ (~f its ),(lIlflt' 

~l "" Q 

....'" ::: 	 "" 
Region Locali ty I and clc\'a tion 

~ ~ '"::: '" ~ 2 

c; 

'" :; 	
o ~ 

;: ~ 	 '" ­~ <; ~ ,[ t 	 ~i'> :§ n~ " - :-. J .~ ill ~ .;::: s· _ 'S!-.J~ ~ o 
~ T <J a :.. 	 ~ ~ ~ 

I ~ 

a I "S , :; :';:: fu "0 .,... , ~ 'j t - I - • ~ ...... 	 ....r 1 ~ s: <0. ~ 0 t H j"":;' ~ "" <0. '"tl 
i 	 o 

,~-- .. _- -~ ....-~. 	 ,-~-.-.-.---'~'" VI 

,~ ,-- ...;._-- --:---!._-­
~ 

Pcl. Pd. I'c!. Pt!.. Pd. /'c/. Pel. ! Prl. j PrJ. ! I'd, , I'el. I'e/. PI.'t. ..., 
l'acific coasL _ " 1. Nl'ar Ranta Cruz, Calif. 2 Q (I) 4.3 25 10 I 2 O. 2 2. 5j- 0 I 2. 0 Posith'~ o 2('/ o 1-\ 

(1,550 ft.). Z 
Sit'rm Kevada, 2. NPHI' Plncl'r\'illp, Culif. 1 (I) 50 30 4-5\' 

° 
o 3; o a 0 iI Nl'gll(i\'t' 

l'l'tl('(101I 
o o owest slope. (2,700 ft.). ' 1'l'lIl'Uon >rj 

N"orthern Idaho_ ::\. l'ripst H.h·cl' Espt. fH:I. \-2 (dl) 12 64 5 , o 5 I o 2.5 .0\ 2.0 ... do_____1 2 o 
(2,850 ft.). o 

POll thW!',:;t(~l'll .t, Panguitch Lake (8,500 ft.)_ 45 (d) 30 40 2-3 ~ 0 ° 0 10 IO--.do------l o 8ol 
t:tah. 	 , .i ~.: I 

Southern Hocky 5. Bl'ltlah (HW of Pueblo, 5 (ell) 17 ·10 d5 o o o 1---dO------j o o ~8 1 0 
~rtn. Colo., 7,500 fl.).

East central 6. Ncar l\[cNnr~', Ari;(. 3,1 (tI) 14 31 j 4 o 30 o o ,I 4-51---c10------ o o ~ 
Arizolla. 	 (Apaclll' Indian np:>., M 

8,200 ft.). Yo 
N orilnvp:;t('rn 7. Nplll' Chadron, Nebr. 2 (dl) 32 I 38! 7 o 3 o 4- 12 0 r--dO------ o o d 

Nebntska. (3,500 ft.). ~ 

C(~lllntl :'lIon tnllll_ 8. ~l'al' Whitl' Sulphur 3 (I) 25 1 47\ (j 
4 5 o 5 2 ° r--dO------ o () ~ 

Springs, !\font. (5,000 ft.). 10 0 •___ do_____ _ o 0Southcast('rn !l. Esterbl'Ook Hanger Stn­ 2 (I) 31 ,10 -1 1 4- o 5 o "l 
Wyoming. tiOl! (6,500 ft.). ___ do_____ _

Southwestern ] 0. Idnho City Expt. Forpst (j (ell) 30 40 ;10 2 3 o 0.5 o o o o 'tI 

Idaho. (twar Bo:;il', .1,070 ft.). ___do_____ _ ~ 
o MCcntml Rocky l1. 	1\[anit.on Expt. Ji'orPtlt 2-3 30 I 47 I 0 2-3 o o 1 8 o 1 /'Jl

i\Ioullttlins. 	 (W(':it of Colorado 

Springs, 7,(;00 ft.). 


___ do_____ -' 1-2Black HillsSollth l2. Nl'ar aiel Padola Ranger 2 (ell) 38 I 37 I 0 3 o 010 13 I 1 o 
Dakota. Station (.I,(lOO ft.). 
Il'igure$ refer to location Shown on nUlp. flgunl 15. 
• Letters I, (/ or ell in this line refCr to dcxtrof()tllWry or le,'oroiaiory Du!w'e of the a·pinene Irncttun. <;0

These arc earlier findings; pussibly slllail quantities nrc fuund. 
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p~piJl(,I1(' wus round in. PI'!lCtictllly llll $ilJlIpirs in ltll'gl' nmounts 
(f1'01ll I~ to ;')0 [)(,I'C(,Ilf) but W!IS not c/cU'ct('d in the' l~tnh sunlplp, 
prolm\)ly IW{'HllSt' or fllULiy t('('hniqul', 6 3-('H1'£,I1(' truly is the spp('ifie 
i.!'I"[WIl(, of i'iltw; plJ/lI!erlJ.>ia, It was foulJd ill lal'gp qUlllltiti('s (fl'Om 
2;') to U4 [WI'('('lIt) in :til 5UllJpl<,s thl'oughout the mng(l of th(' s]>(I('i('s, 
Tht' [1l't'R<'II<'P of 6 3-('111'('1\(' gi,PR to this tUL'p('ntille iL spec'iHe SWPl'l. 

odo!' thn! dislillgtlishc's it fl'olll till' turppntines of nil other A.ustl'!lles 
pillPs or [11(' Cnit('(l Sl!ll(':;,~6 

~fi!l{)r ('otlslitlll'l1tS or Pirtll," ]J()nderO,~(b turpentine 11lwc IL Y('I',Y 

illl('J'('sling distl'iiJUlioll (fig. 15, Inblp :31). LiIllOIH'IH', whieh is the 
onl,\" ntoIlO(',\'eiic IPI'[WIlP ill till' fil'sl se\'el1 10('nlilj(~S 5110\\'11 in the 
table, is iH'('OlllpiWied (in SOlltltwestpl'll Idaito, soulheo.sl('rli 'V'yoming 
lllld ('Pllll'lll .:\lon!tuHL) by illlotiJ('f' rnonol')Tlie t('r[)ellf', {c'rpinolpll('. 
fn;>'lnniloll, Colo., alld in the' Blnck Hills, S. Dnk., liIl1ofl('Il(, is (,On1­
plp[.(,].\" f'Ppltl('pd hy [Pf'piIlOlplI(·. .:\lyf'(,(,ul' \\,as found ill all samples 
('x('!'pl lho:ip fr'om .\lltllitOll, Colo., Iwd tll(' BIIl('k Hills, S. DfLk. 

Till' distribution of till' two PiUliN l)(}nciero,ll(Lsl'squil,el'p('lIl's, ('neliBene 
und IOllgi/'oll'lw, is also int(,I'('stjll~. III treps of th{' Pltcifie C'oast w(' 

IItt\·(, found ollh' (,ILdill£'II('; in rhos£' of sen'f'ul othpl' ioc/tlili('s we foulld 
bolh s('squill'I'];PllPS; !tlld ill turpl'llt1n(' from the BIll('1\: Hills, S. Dnk., 
frOIll sOlithpllSt Colol'tldo, from the Apucllc JIldinn ]{('sel'Vlltion, 
Ariz., !tod ff'om sout!t\\"{'st l'lnh, iOllgifolcnc l'eplnt('d ('lldinenl' 
('11 [i rei \" 

Sllnipl('s of llll'penlin(' f/'OIn Snnln ('r,lz 011 \1u:, const of CalifOl'llifL 
hnd fhl' most 1ll11lSlItd composition. Thc' tUI'pcntine, b{'sid('s COll­
Iltilli Ilg cx- 1\,lld {3-pi 11 t'll ('S, 6 3-tIU'PII(', and limOlleJle, gfWC n. positive 
IpsI fof' nld('h,nl('s lllld c'(Jlltllilll'd n, SI111111 qUftlltity of lI-undeC'lll1(' 
n.l1<1 ILPPIlI't'l1l1,\' SO/llP pl!(·l1n.ndl'pn(', This unusual composition 
slIgg('sts !tn affinity of f.lle cO!lstl\.1 pondcrosa pillc to p, coulleri, 
No. ;H, which grows not I'll!' from Ih(' ('Ol1st" AL some time ill tJle past 
I]\('s(' two pillPs mIL,\~ 1111\"P intt'rl'l'oss('d. It is of interpst thllf the 
\\'pst Pi'll Pil\(\ I>e('[ Ie tile1lIII'(I('[ol!U8 bJ'eL'1comis) normally attacks only 
[\\,O sp<,ci('s of pin!': j)illll.'l pOllderosa !lnd 1-'. coulleriY 

Coldblntt lllle! Burg-dnhl ViS) I'ppol'led the composition or Pi'll1l8 
7JfJTII/f'l'IJs(f. Illl'(H'nlin(' OiJtllill('d from slump wood 11Ild ['['om lumbcr 
hy IU'C'loll(' ('xtnwlion (In.llle ;3:~). Tllp datn presc'nt('d in tll.hl(' ~3;) 
IU'(' import:mt to flll ll11dpl'stlLllding of the st!thili!,r of turpenlinps. 
Although slllall qUllntiti('s of illgl'p<li('nls nol fOlLnd in gum tUl'J)(,llline 
0[' P. 1)()I/(ifl'osa WPl'(' dl'l('('(('d, 1I('\'('I'II1(,I(,ss tile most importn.nl ('om­
pOIll'1l1 of till' wood ttll'jH'l\lill(' was I,he sn.me 6 3-('I1.1·en(' that is nlso 
til(' PI'OlllilH'lIl ('OI11POIH'Ut of gum lUqwlltine of tllis pine. 

26 Cf, Pinus arizonica (~(). 55) and P. lIYI.~hoen,si,~ (No. 5(j); these two pines arc 
clo~('l v r('la.tt'C\ to P. pOliderO~(I. :\1\<1 they both contain ,63-carene. 1 (:ol1sider 
Uws(."pinps Ill; i>f'Jongillg to the P. IJondrros(l comp!c'x. 

j' Compnrp wilh l'utollloJogieal relations of Pinus Iw/cpcnsis, No. 79, and 
f'. brutiIL, ~(). 80. 
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TAULE 3a.-·L1pproxtmale composition of turpentine from PillUN 
ponderosa stump wood CLnd lumber 

\Yeight of oil from thc-­
Compon('nt 

-----.-------~-------

Fitlll11P wood j Lumber _._______________L_~.__:.,__,_~_ 

I l'crrtlll l'auTllAcetone (solvent) _______________________________ , 0.5 (Il 
Benzuldehyde. _. ___ • ______ • __ • ________ • _.. _.. ____ : (2) (I) 
dl,l-a-pi Ilene _..• ___________ . _ . _ _____ .. ______ ' s. 0 7 
i-ClilTl phcn(' __ .•••• _ _ •. _., ... ___ . ___ .. " .. _, _ • . 5 1 
l-p-pincne____ "', _,. ____ . .' _ • __ n. 0 7
p-lIlyrcenc _ . _____ .... _,, ___ . _ _ ..... ,,_. __ . _ _ __ R 0 8 
d-:lJ-cnrene __ . _. _- - ...... __ - - .. __ 'j 70. 0 65. 0 
d-terpinene ___ ._ •..•. ___ ....•.•. .----f 1.5 I 
p-cy!IlCne _____ .... _____ .. ____ ," ... _____ f .5 I 
(U,I-llIllonene ... _____ ......... _ _.. ___ . .. ______ i I. 5 3 
Terpinolene. ____ .•. _-.. '. __ " ...... ___________ 1 I. 0 2
Loss und llllidentifkd .. _... ___ .. _____________ : 2.5 4 

t L('88 than 1 percent. 
2 Less than 0.1 pere(·nt. 
Source: Goldblatt und BlIrgduhl (58). 

55. Pinus arizonica Engelm. Heferenee (70) 
(C.S. Grog-r. Sm"\". Wrst 100th MerieL. Rep. 6: 26. 1878) 

Pinus (}/"izonica, or Arizona pinr, was diseo,'rrrd in Arizona, but 
its main range is in tIle ~Iexi("n.n States of Sonol"lt, Chihll!llllllL, and 
J)uf/tngo. Its form .~t(lrmi(/e ~I ilrtirH.'z oeeurs in the desert mountains 
of CO!lhuila !lnd adjacent parts of N lle"O I~eon (88). 1,fill·tinez 
('orlsidNS Arizona pine ilS It ndid spceies (88), but Shaw (142) plaees 
it under P. ponderosa. Little (86) desiglHLtes this pine us 11 variety 
of P. ponderosa. . 

Oleoresin used in OUL" investigations was received through the 
('ollrtC'sy of Sr. ~I ario Gonzalez ~I.t1zqlliz of t.hc AsC'rrnd('l"os GonzalC'z 
l:gltrle S. A. Thanks ill'C due to lng. Alfl'('(io Parnt R. fOl' supel" 
vising the eolleclion of this oleoJ"(~sin sample, which was accompanied 
by branchC's, piecl's of bark, lWei eOlles. These wC'm deposited in 
Our herbarium. The oleol"('sin WtlS eolledecl iLti El HeUro, neal" Sim 
Juanito, Chihuahua, at an nJtitllde of 8,250 feet lLbove SerL level. 

A bilteh of the oleoresin weighing 3,628 g. wns hNLted under reduced 
preSSll1"n so that aL the end, ",hl'll all turpentine was distilled ofr, 
the Pl'C'ssure wus 2 mm. nlld tl.'mpemlure rC'ac'hed 1800 O. 'l'llP 
remuining rosin wns hurd nnd brittle. 'l'urpentine obtllinC'd by 
this means amounted to 908 g., 01' 25 percenL of the weight of the 
oleol"esin. 

'rh~ turprll tine of Pin7I.R arizonicn h ad the following charnetel"istics: 
Density, d','=0.8585 
Index of refraction, n;t= 1.4690 

Specific rotation, [a]~\=+!J.7° 


A balch of 882 g. of the turp('lltinc '''us disWIC'd thl'Ough a 90 em. 
long, 25-mm. inside diltl11ctC'I", 'rodd ('olumn, pnek('d with 3/a2-ineh 
single-turn ~1i\ss heli('C's, !Lnd equipped withmllgncticcontrolofrcfiux. 
A reflux rnt,1O of 10 to 1 wns maintnined. 
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The turpentine of Arizonn pine eOlltllined: 
Compound; PeTCtnt

tl,tll-a-pinene___ • ______ • ___________________________________ .___ 60 

~~~r~~~~;e:-::==_~:=:::=:==::::::::::::::=:::=:::::::==:=::::: 2;
Tai~._ .. _____ •. _ •• "___________________________________ ______ ~ 2 
Put residue atld loss___________________________________________ 1. 8 

Pr£'sl'ne(' of cl-..0,.1-Clll·('IIP ill Arizolltl pint' turpentillC'~wellls to indicato 
tlltLt this piliP is ('[o:,wly reilltrd lo Pill us powiero8a, l\o. 54. I therc­
fore eo [\('IU' with Lillie (S(j) that P. ari::oniw ll1ily be eOllsi<iI'rNI t1. 
\'Ill'ipty of P. ponderosa. Of interest is the resemblnllee of this pill£' 
to P. ponrlt,.o.~lL 1'1'0111 southwest('l'I1 eltth find frOlll Al'i7.olln. which 
111so ('ontttins hlrge lUIlOUllts of a-pil)('IH' (see table 32, p. 89). It 
ll,PIwnrs lImt P. pontiel'08a in the south merges inlo P. arizonica. 
56. 	 Pinus washoensis Mason & Stockwell Heferences (63,90) 

(~Inclroilo S: Gl-G:3. 1945) 
Pinul{ lC(U;/WeltHi8 was dis('overed in the upper reachc's of GlllC'nn, 

CI'('('k in tlw Sic'/'J'1l X evn([ll, ellst of Litke Tahoe, itt all ple\'lttion of 
7,000 to 8.500 reet (00). TIl,rOre expiol'lltion of lllr ,rest this pilIP had 
apPlIl't'ntly b('('n l'Illh('t· l1.bundunt, but towltnls lhe elld of thl' Nine­
(('Pllth epntury, it b{'('lullP nlnlost ('omplN('ly exterll1illt1.ted, having 
be('11 ioggNl to supply lumbpT for tll(' d(,\-plopmcllt of Ncvllda silver 
III iIll'S. It r('S(' III bll's \"('I'Y closPly P. ponderosa in tlll morphological 
('!lame·tel's, but tlH' snmll (,Oll(,S look lik£' miniature' P. jf'iJI'eyi eOlles. 
Some botanists lmve l'xpressed verbally their opinion lhat P. 1cClslwen­
.~il; WllS [1, result of hybriLiization between P. jejJrey'i and somc other 
pine. 

To obtnin a sample of olc-oresin from this pine, uineLC'cn 50- to 
50-YPill' old Ln'es W(,I'O blpped undl'l' the author's supervision ncar 
~[t. Rose, Xev., about 15 miks southw('st from Heno, ILt illl elevation 
of 7,000 feet. Oleoresin WitS gilthered from elldl tn'e S('PiU·lltd.V. At 
tbe cnd of ea('h distillation, the telllperil,turc reaehed 190 0 C. n,nd 
pressme was reduced to 0.5 mm. On the n,yemge, turpentinc contont 
in til(' oleoresin was 19.4 percent; it varied from 18 to 22 pcrcent. 

PhysienJ dlfu'ftetcrs of turpentine samples takcn from tho individual 
trees showell the following nll1ge (Itlso See tablc 2, p. 10): 

Density, d2~1, from 0.8522 to 0.86 L3 
Index of refraction, nil, fro111 1.4750 to 1.4777 
Specific rotation, [ado, from +11.7 to -11.40 

'fhe turpelltine samples were found to consist hU'gely of d-t13-carene 
in varying qUllntiliE's. In ~hc turpentilles of SOllIe trees with low 
earene cOlltent, L-fJ-pinene wns found in large quantities. In the trees 
of high Cilrene content, fJ-pinene was lLlmost C'ntircly absent. Small 
quantities of dipelltelV', d-a-pinel!(', and all unidentified scsquiterpene 
were found ill illl 19 samples. No hept!tl1c or ttldchydcs (Llmt is, 
Pinus jejJl'eyi, No. 32, turpentinc ingredients) were found in n,ny 
samples. 

JUdging by the morphological charneters of this pine, and by the 
chemical eomposilion of its tlli'penline, I am inelincd to consider 
P'inus u'ashoensis ns it variety or it mutant of P. ponderosa. 'fhere 
is no che.mienl C'vidc'nee tlw,t this pine is it product of hybridization 
between P..iejJrey'i iwd some other pino. 

572012° -Ul-·--S 



__________________________________________________ _ 

94 CO]'IPOSITION OF GUM TURPENTINES OF PINES 

57. Pinus palustris Mill. 	 References (30, 47) 
(Gard. Diet. Ed. S. Pinus No. 14. 1768) 

Pinus palustris is the longlt1af pine of the Southeastern United 
States. It grows on the COilstal plains from sOllti1enstern Virginin, to 
("enlml Florida und west to enstel'll Texas. Together with slash pine, 
No. 59, it is the ('hief SOlll"ce of AmericaQ cornmel'('inl gum tUl"pelltine. 
The yil'lcl of turpentine of longlca;f pine is 2~ .0 23 percent. 

In 1929 Dupont and BtlrL"iwd (47") examined gum turpentine of 
longleaf pine that tlH'Y obtained from the Hercules Powder Company. ...
The physic-nl ehtll"iLcteristics of the tUl"pelltinc were as follows: 

Dcnsity, d25 ",,0.S61S 
Indcx of rcfraction, n;5=1.4657 
Optical rotation, al"" +7.S9° 

Ch('lIlieal composition of the tUl"pentine was: 
Compound: Perce1lt

d,dl-ct-pincnc__ ___ __ _ ___ __ ______ ______ _____ _____ ______________ _ 64. 3 
l-,B-pinenc________ ____ ______ __ ____ _ _ _________ ____ _ _ __ ___ _______ 31. 1 
Tails__________ __ ___ _ _ _ _______ _____ _____ ______ ____ _____ ____ ___ 4. 6 

Chadwick tmel Palkin (3~), using large quantities of cOIlllllercinl 
longleaf pine turpentine, reported 011 the eomposition of its heads 
and lllils. The heads (substitnces boiling below a-pinene) amounted 
to less than 0.07 percent of the turpentine. No heptane was found 
tbert'. The tILils (substances boiling above f3-pinene) comprised 7.7 
perc(,11 t of the turpentine. The tails contained chiefly the following 
('0 mpoulIdl:l: dipentene, terpinolene, bornyl acetate, and methyl 
cbn,vieol. No sesquiterpenes were detected, even when large quanti­
ties of mILterial were analyzed. 
58. Pinus caribaea Morelet 	 Reference (73)28 

(Rev. Hort. Cote D'Or. I, 105: 1851) 
Pinu.~ caribaea grows in the Bahama Islands, Western Cuba, Hon­

dul'Ils, GUH,temalIL itne! Nicaragua, British Honduras, and in a few 
places in the southeastern pn,rt of Quintll11l1 Roo, l\tIex. Until re­
cently the southeastern slash pine, whose official name is now Pinus 
elliottii, No. 59, WtlS ttlso kno\vn by this ntUlle. 

A small sample of oleoresin of' Pinus caribaea was obtained through 
the courtesy of Professor James J. Pm'sons of the University of Cali­
fornia. The sample was collected in April 1953 at Kamwala, near 
the mouth of' the Rio Grande, tlbout 50 miles north .of Bluefiele!s, 
Nicn,l'ftgutL. 'fhe turpen tine had the following properties: 

Density, d~·=0.SG70 
Index of refraction, n'i:= 1 .470S 
Spccifie rotation, [am=--20.Go 

The tLU'pentine consisted of: 
Compound: Percent 

l,dl-a-pincne ___ -- _---- --- ---- ---- _----- --- __ -- --- _---- _-- _---- 59-GOl-,B-phellanclrcne ______________________________________________ _ 5 
d-~3-carcne 10cl-longifolcne (about) __________________________________________ _ 13
Polymerized pot residue and losses _____________________________ _ 11 

28 III the work cited, thc description and analysis of Pinus cariiJacn wcre some­
what mixcd up typographically. The beginning of thc part dealing with P. 
cnribnea is at the cnd of the articlc (p. 741); its continuation is in thc middle of 
col. 1, p. 740. 

http:am=--20.Go
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An analysis of a larger sample of Pinus caribaea turpentine would be 
desirable. 

59. Pinus elliottii Engelm. var. eIliottii References (80,47, 57, 121) 
(Acad. Sci. St. Louis. Trans. 4: 186. pI. 1-3, 1880 i Jour. For. 50: 

918-923, 1952) 

Pin'us elliottii, or slash pine, is a chief source of American gllll tur­
pentine. This pine has been known for some time us P. cariba,ea. 
Originally it was named P. eiliattii, and Ilt one time it WitS known ns 
P. heterophylla Sudw. and P. cal"ibaea ~Ior. In 1952 it becnme known 
again as P. elliotlii. This species now is subdivided into P. elliottii 
vaL". elliottii-the familiar l1i1vul stores tree of Southenstcrl1 United 
States, iwd P. elliottii Vtn·. densa of southern Floridil, No. 60. The 
name P. cal'ibae(t, No. 58, wns retained only for the slash pine growing 
in the West Indies and Centrnl America. 

There Urc umple morphological justiflciLtions for segregiltiug slash 
pine into the ttbove three entities. The chemical chnmcters of these 
three pines, Nos. 58, 59, 60, also are different. 

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

Turpentine of Pinus elliottii vur. ellioUii (refened to as P. hetero­
phylla Sudw.) was analyzed in 1929 by Dupont und Bnrmud (47). 
The product was obtnined from the Hercules Powder Oompany. 
Physical constants of the turpentine were these: 

Density, d25 =0.8533 

Index of refraction, 1125 = 1.4631 

Optical rotation aj= -30.78° 


The tmpcntinc contn,ineci: 
Compound: Percent 

~a-pinenc____________________________________________________ 7~ 6 
l-J3-pinene______ __ ______________ __ ___ ___ __________ __ __ __ ___ ___ _ .21. 2 
Tails____ .~ _____ . ______________ . ______ _____________ ____ _______ 3. 2 

In 1932 Pnlkin (121) repOt·ted the following datil for fresiIgurn (Gum 
dip S) slash pine tUl"pentine: 

Density, (W6 =0.8657 
Index of refraction, nE= 1.4604 
Optical rotatioll, [aJi=-22.58° 

The composition of this turpentine was as follows: 
PercentCompound; 

~a-pincnc___________________________________________________ _ 61
L-J3-pinene_____________________________________ - - ____ -- ___ - - - - ­ 33. 7Tails_________________________________________________________ 

5.3 

Ohudwick and Palkin (30) reported that the tuils of sbslt pine tlU'­
pentine contained dipentene, methyl chlwjeol, and \"ery little of 
alcohols, ('sters, and eth(,L"s other thn,[l methyl clHwicol. 

For it mor(' compll'te tl·(>il.tmcnt of American turpcntine obtitined 
1"1·0111 Pin1lS elliottii var. elliottii, No. 59, lmd from P. pal1tStl'is, No. 
57, consult Goldblatt (57). 

http:aJi=-22.58


96 COMFOSITION OF OmI TURPENTmES OF PINES 

60. Pinus elliottii var. densa Little & Dorman Reference (113) 
(JOUl'. Forestry 50: 9.21, figs. 1, 2. 1952) 

Pinus eliiotf:ii Vtlr. den~(L WtlS described bv Little und Dormnll io 
1952. Tbis pine grows on til(' lower Flori<G. Keys und in southern 
Floridu and north along the coast.s to centrul FloricltL 

A snmple or oleoresin WilS obtained tbrough the comtesy of the 
U.S. Forest SCI'vice SoutilCtlstern Forest find Range Experiment 
Slation from its South Flol'idtl E:.,.-perimelltnl Area neilr Ft. Myers, 
Fla. .A 3,694 g. batch of the oleoresin wns hented under reduced 
pressure so that when nIl turpentine WIIS distilled off, the vacuum 
gtlge showed pressure of 2 m01. of mercury nnd the tempel'nture 
re!lched 1900 C. Yield of tUl'pentine i\u\ollnted to 19 percent. 

The turpentine hnd the following physical Chtll'UcLerisLics: 

Density, (1;'=0.8532 

[ndex of refraction, n~= 1.4709 

Specific rotation, rams= -38.(j° 


The tUI'pentine contnined: 
Compound: Percent

l,ell a pillenc._______________________ • _______________•. ____ .-___ 71 
l-fl pillcne __ . _______________________________ • __ • ____ • __ .____ ___ 3-4 
All IIl1idcntifipcl terpelle, pussibly a phellaudrcllC ___ .. _________ .____ 1-2l·" phellandrCIW _ _ ____________________________________________ 19 
Methyl chttvicoL______________________________________________ 3 

The unidentified terpene, was detected in the fraction boiling at 62 0 

to 6:3 0 C. at 17111111. pressure. l'le chUl'flctcristics of the,frnction were: 
Dcnsity, (W=O.S33 

Index of refractiulI, n~~ = 1.'1808 

Specific rotntiOll, [ams= - 25.5° 


61. Pinus taeda L. Rerel'enccs (116, 68, 158) 
eSp. Plant. 1000. 175a) 

Pinus taedn is the loblolly pine 01 Sout1H'nstern United States. It 
oeems from SOllthcrn l\('w tTcrs('v to cenlml Floridn, and from the 
Atlnntie to enstem Texas, sotltheastem Oklahol1llL, southeastern 
ArlmnsHs, and southern 'renncssec. 

Loblolly pine turpentine wus ill \-es! igatcd by HerLy,2D who found 
a yield of the turpentine at 19.29 pcn.:entj the physical characteristics 
are giveu below. 

Density, d=0.8525 

Iudex of refraction, nD= 1.4700 

Optical rotation, a= +46.2° 


Fractionation yielded the following results: 
Boiling range (0 C.): Peru"t1£10-165 ______ • __________ • _____________________________ .__ __ __ 9. 3 

165-167______________________________________________________ 3& 0 
167-172 __ ... __________ • ________ . __ • __ ______ ____ _______ ________ 37. 5 
172-180 ___ • _______________________________ ._.__ - ______ • ______ 12.5 
Above 180_____________ ._.__ ." _____________ ______ __ _____ ______ 2. 7 

From these results it wns concluded thnt thc loblolly pine (;urpentine 
wns a mixtlU'e of pinenc and limonenc, with the latter probably in 

2U Unpublished Forest Service report, 1906. 
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excess. 1\0 icientifiCiltion of the components was mnde. In a later 
note, Herty nnd Dixon (68) stuted that loblolly pille turpentine con­
sists chiefly of pinene. 

Oleoresin of loblolly pine used in the investigation repmted here 
(U6) wns sent by ~rr. Keith WO. Dormnn, of the "C.S. Forest Service 
Southeastern Forest Experiml'nt Station, Lake City, FIn.. Upon 
disLiUation under 0.05 mm. \'nClUUn, the oleoresin yielded 18.0 per­
cent of turpentine. The relatively low ':-'ield mn.y be explnined by 

• 	 the loss of some voblile oil from IL jllr uroken in trnnsit. The tur­
pentine had the following constants: 

D~nsity, d~>:!=0.S570 
Index of refraction, niI"= 1.4675 
Specific rotatioll, (aJo=+20.17° 

ChemiClll ("omjJosition of the turpentine wns d-a-pin('ne, 85 percent, ILnd 
l-.a-pinene, 12 pel"(:cll t. 

" In 1956 Su therllllld ,wd 'Yells USB) reported the results of IUltllysis 
of Pin us laeda turpenti U(' "suppltlon by )'1r. ,Yo Langdale of Floridll, 
V.fLA." Beciluse of dn.Illllge to the eontniner, som(,. liquid pnl"t of 
the oleoresin WllS lost in tL"tlllsit nnd ll("('ordingly, the yield of tur­
pentilH' WitS only about 14 pereent. The cOllstants of the turpentine
were thl'se': 

Density, cli' '-"'" 0.8592 

[nd~x of refraction, nii'=1.-W83 

Specffic rotation, [aJo'""" +2,1.1° 


'L'lt(,y found the turpelltilH' ("ontnined: 
Compound: Percent 

d-a-pinenc____________________________________________________ 71
l-,a-pinelll' -- _-- ___________________________ • ___ ______ ___________ 22 
Mcthyl clmdeoL. - - ___ " ___ • __ . ___ .• ____ ____ _____ _____ _________ 1 
l"nsaturuted kctonc______________________________ :..____________ 0.5 
.Myn·cne, lirnoncllc, and p-('ymene ___________________ .__________ 1 
An unidentified sesquiterpenc, about.____________________________ 1 
Othcr unidentified subsUtuc('s ___________________________________ 3 or 4 

62. Pinus echinata Mill. Refercnces (68,98) 
~ (Gurd. Diet. Eel. 8. Pill us X o. 12. 1768) 

Pinus eddnaln is commonly known as shortleaf pine. It grows from 
1\c'\\O York to Flol"ida and west tbL"Ough Wpst Yirginia, southwestem 
Illinois, and eastern TC'nnessee to soutlll'l"Il ~[issouri, J\'rlmnsas, 
OklnJlOllw., nnd ('nst('L'n Texas. 

This pine hns b('en eonsidcred a poor source of commercial oleoresin 
products, and ("ons('qllelltl.\~ its tmpcntine hns not beon thoroughly 

....inV('stignte·d. Thl'l"l' is ill the FOL"est Sen'ice files, howevcr, a typc­
writt(lll oHiee report by Berly, dated 1906, 011 composition of shOitlenf 
pine turpentine. The olcol"Psin uSNl by Herty was collected in 
nortlwrn FlQrida. Herty obtaincd the following datn fo!" two samples 
of cfllde shorti('nJ pine tmpentillc: 


Turpentine, 16.27 and 20.00 pcrcent 

Density (uo tempcrature gl\'en) 0.8452 auel 0.8464 

lndex of refraction (no tClllpcmture g;h'Cll) 1.4728 and 1.4723 

Optical rotation + 103049' ami + 123°48' 30 


30 Note vcry strong clcxtrorotntor}' powcr of the crude turpentinc; this WllS 
undoubtedly 1111 error. 
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A l'O,ther 10\\- spedJic gn1yity of the turpentine causl'Cl Berty to suggest 
that it consists of i1 mixtul'e of limonene and pinene, the fOl'mer being 
the grC'i1ter share. Frnctio1H11 distillation of 100 cc. of two samples 
combin('d gONe the following results: 

Boiling runge (0 C.): Percent 
172-175._____________________________________________________ 77175-177__ ___________________________________________________ 10 
177-187 _." __ .. _. _" _____ •____ • ___ ._. _____ ._____________________ 10 
Residue above .l8L____________ .. ______________________________ 3 

'rill' boiling mngc> is thal of limOllellf'. 
In 11, ll1,tcr publiClttioll, HNly nlld Dixon (68) stated thllJ "tilt' chicf 

('ollstituen t [of sholtlenJ pill(' tmpontinl'j is pillene." There is olle 
pilH' in nodhcl'I1 Florida-Pi,w8 serotiila, No. 86·--w!tos(' turpcntinc 
tOlltitius 90 (wl'('ent. or l-limonclIl'. \Yould it be possible that wlll1t 
Hpl'V repOltpd us P. echinaln tUl'pl'lltillc witS nctuttlly that of P. 
8r'rotirw'? 

TIH' ol('or('sill us('(l i.ll the' pn'seut invpstigation was obtained 
through the' ('Olll'tpS,V or Keith \Y". Dormnn, of the' U.S. Forest Service. 
It wus ('olll'('led n,l Bent ('l'f'ek Experimelltnl Forest, lIenr Asheyille, 
N.C. Tl'urpl'lItilH' WUl; oiJ Uti 11('(1 f!'Olll till' OI('OI'psil1 uncier reduced 
pn'SSlIl'('; nl til<' ('11<1 of distillatioll thf' tpmpemture illside the flusk was 
1500 C. iI,nd ptl'SSlIl'(' wos 0.1 mm. 'I'hl' pol I'l'sidlll' (rosill) wus hard 
and bl'ittlp. 'I'll<' yidd of lurPClltillP iunoulltcd to 21.4 percellt. 
Physienl ('hn,md('l'istic's of the' tur[)ell tille werc: 

Density, cli~;.O,8575 
Index llf refmetioll, nfl c~, L41i85 
Hpecific rotation, [am·" ...·O.!)O 

('lwmiC'ai (,om position of turpan till(' WitS as follows: 

Compound: Percellt 

11'~t~~l:~~~:~c.:=== ==:: == ======== ====== === == ======: ======== ==== === 
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63. Pinus la wsonii Uoezl Re[CL'cn(~(' (112) 
(Gordon, Pinet. Suppl. 64, 18(2) 

Pin'us [CLlLwonii is I!, sllbLl'opienl pil1t' g!'Owing in ccutml and westel'll 
~[('xi('o (Stal,'s of ,/'I1\i8('O, ~[iehoill'ttll, ~lordos, ~lexico, PucbIa, 
oU(,l'1'(, 1'0 , Oi1XllC'fl). A snmpl(1 of oll'orosill of this pine was eollected 
1'01' liS by lng. ~rttrio Ayillt (lon;"itlpl\ Ilen,!' CiududHidalgo, ~,[ichot1c[U1, 
at fLll eip\'l1tiol1 of 7,5·W [('pt, itn<l sent Lo liS through the eoul'lesy of 
;-"f..L,ouisHugucl, ,Forest/II' 1'01' til(' Food [1n<l Agrieulture Organization, 
l:nited N lttions. 'l'h(' salllpl(' \\"as nCTompnllied by herbarium maLerial. 

A bateh or tile ol(·ore·sin wns hentNl under redu('ed pressure; 
towltl'ds till' end of distillatioll, tile' templ'l'aturl~ wus illcrensl'd to 
19;")0 C. and pl'l'ssur(' \\'US I'('(luc('(l to 1 lIun. Yield of tlll'pentillc 
ttmounu,d lo 20.8 p('l'cC'nt of the weight or till' oleoresin. The l'cmnill­
ill~ rosin \\'US hard nnd brittle, illdic!Ltillg thut ull volittilc ingrcdiellls 
hnd [wen rC'moved Jl.'Om the oleoresin. 'l'he turpentillc had the 
following physical p!'opertil's: 

Density, d~~, 0.S£i27 
JII(\('x of refrndion, II;:, 1..17.25 
Specific rotation, [amii" +24.0° 

.. 
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The turpentine contained: 
Compound: Pucenl 

d,d~a-pinene__________________________________________________ 55 
ti3-carene__ ._ "___ ___ ___________ __ __ ___ __ _______ __ ___ _ _ ___ __ ___ 31 
l,dl-liInollcne _____________________________________ .._________ ._. 2-3 
Terpino~nc ~__________ ______________________________.._____ .. _ 2 
Methyl chavicoL__ _______ ____ __ __ ____ _____________ ____________ 2 
d-Iongifoleue _______________________________________________._ _ 2 

64. Pinus teocote Schl. & Cham. Rererc;:lce (115) 
(Linnaea 5: 76. 1830) 

Pinus teocote is a widely distributed pine of ~Texico. It gl'l)ws from 
Coahuila (and possibly from southern Chihuahua) to Chia';;>as (88). 
A. sample of oleoresin of this pine was collected for us atEl Salto, 
Durtlngo, undm' the supelTision of an expert on }.Iexican pines, 
Forest Engineer Cenobio E. Blanco. 

The oleoresin was distilled at reduced pressurCj at the end of distil­
lation, tho temperature in the flask reached 203 0 C. and the pressure 
was 0.8 mm. 

Yield of turpentine was 24.2 pOl'eent; it had the following physical 
chanwtcristics: 

Density, d~3=O.8578 
Indcx of refraction, nil.5= L4669 
Spccificrotation, [am,= + 7.6° 

The tut'pentine con tained: 

COlllpOllnd: Percent
d,lrl-a-pinenc___________________________ ,_______________________ 92 

Scsqlliterpcnes, mostly loogifQlcne_ _________ ____ _______ __________ 3 

65. 	 Pinus montezumae Lamb. ReCcrences (71, 77,99) 
(Descr. Gen. Pinus EeL. 3. 1. 39, l. 22. 1832) 

Pinus montezwnae is a complex species i SlIfe\\' (142) was well (.ware 
or it when he wrott' thltt "tl monognlph of this species. . . would 
be it yaluable contribution to seienc!:!." :::li:nco :::llliLW'S time, It grent 
dettle!' work hns been done in studying the P. montez1t1nae complex. 
Severlll pines that in Shaw's "Genus Pin'us" (142) were found under 
P. montezumae have been elc.'Yilted to the l'llnk of 1"1 species-sllch as 
P. hc£rtwegii, No. 67, P. rudis, ?\o. 68, P. michoacann, ?\o. 70. 

Pinus montezumae is It ~'[exiclul pine, growing from COllhllila in the 
north, through Jillisco tlnd ~v[ichollc[lll tlnd south Lo Ghiapils. It also 
occurs in Gllt"1temalu and Hondunls. 

In 194() triadc (77) reporled titC' composition or Pinus montezumae 
turpen tine obblined [l'om It commercilll distillery locilted near Unmpnn, 
.Midloilcftn. The yield or the stenl11-distiLleel turpentine WilS 22.7 
pereen t. Physical eonstunls were: 

Dcnsity, d:'=O.8757 . 

Indcx of refraction, n1;= 1.4656 

Specific rotation, [aj,,=+36.5° 31 


Th('('omposition or the turpentine was reported to be cl-a-pinene, 
96 to 97 percent. 

1;'iv(' 'yent's hlter Mit'ov (99) published dill[\, 011 Pinus montezumae 
turpctltinC' rrom the same locality. The oleoresin was collected in 

31 Tht' minus si~n before the specific rotation valuc in lriark's paper \W\S 

obviously a typographical crror, since all his fraction:;; had plus signs. 
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the woods from well-identified trees. The turpentine was removed 
under reduced press me i itL the end of distillation, the pot tempera­
ture was 1650 C. and the pressure was 0.5 mm. The yield of turpen­
tine, 27.6 percent) was higher than in Iriade)s tests. Physical con­
sttm ts were: 

Density, d~3=0.8563 

Index of refraction, n'i~= 1.4655 

Specific rotation, [a]378=+47.7° 


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

flo£[ and Mirov (71) reported composition of turpentine of Pinu,~ 
moniezum(le (wm the most southern MexicllU State of Chiapas (fig. 
16). The trees were selected and identified by Mirov. Conditions 
at the end of distillation were itS follows: temperature, 175 0 C.; 
pressure 5 111m. TIl(' yield of the tmpentine WitS 25 percent of the 
weight of the oleoresin. 

The physical constants were as follows: 

Density, cW=0.8HJ 

I ndex of refrnction, n'tl = +1.4612 

Optical rotation, [ams=+10.2° 

Composition of the turpentine was: 
Compound: PeTcell1

n-heptune (table 34) ___________________ --______________________ 8 ~ 
d,cll-a-pinene___________ ._ _ _ _ __ ______ _ __________ __ _______ ___ ___ 72 
l,dl-Iimol.lcne___________________________________________ .__ ____ 6-7 
d-longifolene ______________ . ____________________________ .___ ___ 8 
Oxygenated terpene derivatLves __________________________ .--____ 1-2 

Judging by the differences ill ehemistry of the turpentines of Pinus 
montez1lmae fWIll th(' two localities) it appears thil,t P. montezumae of 
Michoacan and P. monteznmae of ChirtPils are n,t least two different 
varieties. There is it possibility that the Chiaplls P. montezumae is a 
rCSltlt of hybridization witb P. oaxacana, No. 36. 

r['ATILE 34.-Identification oj n-helJtane in the Chiapas var·wty oj Pinus 
mOlltezumae 

n-hcptanc from head I 
Property 	 fraction of P. monlc­ n-hcptanc 1 

z/tiliae from Chiapus :
--------------------------------1 	 ,------
Index of rcfractio", "0- __ ~_.___________ _ 1. 386822 .5 0.3870420 

Density, dl_. _______________ . _________ _ .680723 .6836820 

Boiling point ("C.), 7()O 1Il111. ___________ _ 97-08 08. 428 

1 Rossini, et al. Selected uaille.~ of properties of hydrocarbons. U.S. Nat!. 13ur. 
Sta"diLrcis Cir. Mil, p. 39. 19'1.7. 

66. 	Pinus durangensis Martinez ReCe.rence (71) 
(.A./JIliLl. Inst. Biol. 13: 1, 23, MexicQ. 1942) 

In 193H, Cenobio E. Blallco descr·ibed It UHtjestic pine, lCun pino 
real," growing in the Sttlle of Durango and possessing six, somelimes 
seven illld eight, needles in i1 fascicle (25). 

! 
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Slmw had been i1WIU'(' or the existence 01' this pine, In "The Pines 
of Mexi('o" (q1) he indudecL this pine in Pin1l..9 montel?1J.mlle, but litter, 
in his "Grlllls Pinus" (142), he c1l'signiltrcl this pine I1S p, ponderosa, 
lIlen tioning ho\V~r'{er tlmt "Fllscicles of () I1nd 7 Ilre sometimes found 
tlnd sp(>cimE'tls tllll,t I !lllYe eollected in Sandill, DUl'nngo (issued by ,Pringle through misunderstanding, under the nlllne or p, l'oseana iueel,) 
show sueh t'llseiles on thl' Cortile bmndles," 

Pilws dlll'a,II{1e11Nis rcsl'mhlps P. monlezllmae, but its cones tlre ('0111­

pamtively smltll, Ilnd ils needlcs 111'P more deliclltl', It. nlso ,L'esembles 
P. pOn(l<~'I'(/8(L, lml it l!lcks stltU'P prlekles on the eone scales. I believe 
thnt P.dUJ'(LIl{fensi8 as wellils f1. ell[Jeimannii, Ko. 71, and P. cooperi, Ko. 
69-10cl\ted l)('lw(,(>11 the Ill'ellS of j"). pOndIJI'08a. on the north nnd P. 
mo(!leznmae 011 thE' south-do not belong to either of the two COrtl­
pl('x('s, but l'l1,t1H'l' [u'e inciepeodpnl sl)('eies. '['he chemical composition 
or P. tlUf'{LIl[Jensis turpentinp spews lo support this belief. 

A bn.tell of ol('oresin of Pinus dUJ'llll{Jemlis (l'cceived from Senor 
BhUl('O) wns distilled under redllced preSSUI'C. At the end of the 
distHln,tioll, thl' pot temp('l'itl1ll'l' wus 1800 C. and pressure wns 2 mm. 
Busl'(1 Oil che tmsh-frN' \n~igltt of til{' oleoresin, 25 pel'{!cn(' of tUI'pon­
tint' wns obtitilWd. 

Physien.l elHu·H.cteristies o[ till.' turpentine of PimLiI dUJ'f.Lnyensis were: 
Density, cW 0.8500 
Lndex of rcfractioll, nil·"" lA702 
Specific rotation, [aE~,~" + 15A() 

'rllt' turpentine was estillliltp(l to contllin: 

COlilpound: Ptrceul
d,tll-a-pincnc_____ __ _ _ _ _ _ _ _ _ _ __ _ _ __ ___ ___ _ _ _ ______ ____ 71~________ 

~1~~f(\~l[~'(~II~'C:~~: =::=::: _==::::: ==:_: ~ =~: ~ ===:::::::::::::::::::::: l~
Unidentified componcnts, n'si(iue and losses __________________.__ __ 7 

67. Pinus hartwegii Lindl. 	 R('l'ercnees (74, 77) 
(Bot. R('g. 25. ,Misc. 1839) 

Pinus /t(u·twe{]ii is it ~r('xiciUl pine which is placed by Sho.w (142) 
under du,> llitnlP of' P. manle;;wnae. StnndlC',Y (164) nlld ,Mnrtinez (88), 
hO\\'('\'('I', cOllsider it fiS iLlI independent; species. It grows in the Stnte 
of ~lE'xieo llnd adju.eent States Ilnd also has boen reported from Vel'n­
Cl'lIZ, On:mea, and Chin,pas. It gl'OWS Itt higher eh~yatjons thnn any' 
oth('l' pille of the wodd, being found in its upper limit 11Co.l' the line 
of P('I'ltHtl1ent SllOW, highcr than 13,100 f('ot (4,000 meters). On the 
slopes of th('. two fnmolls ~Jcxicau volcanoes, .Popocatepetl and 
IxtttccihllH.tl, P. hm·t1I)('[jii forms pure stands t(,t elcvationsl't(,nging 
from 8,400 f(>(·t to 11,500 feet. 

Turpen till(' cf Pinus /wrtweflif was pl'c"iously ilnrestign:ted by 
Irinrtc (77). TIll' source or till' oleol'csin wns Rio Frio in the Vnllc 
d(' .Mexico on th(' slope of the yolenno Popocatepctl. The turpentine 
yield, obto.ined by stelllll distillation of oleol'Csill, was 2.7.7 percent. 
Physicn.l clmractcl'istics of the tmpentine were: 

Density, d"=0.8G37 

Index of refmetioll, ni~= 1.4053 

Specific- rotation, (",n~, '," +2.50 
 ..

'rite turpentine WHS fl'it<:Lionftted in fl. Io-cm. column and contllined 

lI.t lenst 05 percent of d,dl-a-pincnc, and i1 small amount of l-limollelle. 
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A sample of oleoresin tll1alyz('(\ in our laborn.tory hnd been collected 
by .Jesse P. PelTY, Jr., of the HockefellPl' FouuciiLtioll, -"-Iexico Oity, 
in a pure stnnd of Pinus /wrtwefjii n('l11' tilnberlillp. on the slopes of 
Popoci1tepetl. The oleoresin wns heated under n~dllced pressure; at 
the end of distillation tilt' tcmpcmtul't\ renehed 1800 C. and pressure 
WfiS 0.5 lllIlt. By lhis melUlS 211.7 percent turpentine wns obtained. 
'1'11(' turpentiue POsst'ssed the following clltLrflcteristics: 

Density. di",.o:O.S480 
Indcx of .rcfl"uctiuJI, Il~~"" lA705 
Specific- rotation, [ad~."'" -AS.7° 

Composition of the tUl'pen tinc Wtls: 

Compound: Perce lit
dIU-a-piJlcnc _____________ . ______________ • ____ ~_______________ 28 

.B-lllyrceJl(' ____ ." __ " _" _______ • _. _ _ __ ______ _ _ ___ ___ ____ ________ _ 1 
d-.:,3-curf'lIl' __ •. _____ ." ____ • _________ • _________ .____________ 5 
l-IiIl1()IlCIl("._, .. _... ___ . ___ ._. ____ ._. _____ .___________________ 56 

~[cth.\:llql!L\'ic:oL,-, ---., .• --.-.----.--------------.---.------- lj
d-l011~lfoIClle __ ...... ,.. .- _.... ___ ••• _. ___ "- ___ • ____ • _______ ._ _ 

1'h(' eh(!mit:l1,l ('omposition of tltl'pen tine of Pima~ hartWf'yi1: is so 
differell t fl'olll that 0 [ V montfJZ'ltmae (No. 55) that I tun .inclined to 
ttgn"c with .~I'htr.·ti(wz find Standley in t:onsidering P. harlwe{ji'i nn 
indepolldent spccies. 

68. 	Pinus rudis .Endl. Reference (74) 
(Syn, Conifel'. 151. 18'l7) 

Pinus ,·ut/i,.., ill til(' dnssifien,tion of Shn.w (142), is ct),ll('d P. monte­
zumae. )'·Llu-LilH'Z (88), ho\\"('\'Cf', ('ollside'I'S it to be' n seplu'nte species. 
I hll\>(' ol>sol"\'['(1 this pillt' in ~[exit:o tlnd am inclined to ilccopt its 
spec:ifk rllllk. P. "l1IliR nnd P. 'IiWlIlez!wllU' tUe related nnd t1PPl1('ently 
tlH'Y h.vb(·idiz(~ nn,Lul'ltlly; both s(wci('s and mnny illtel'lneditttc forllls 
[UP oftell found. in thp SfillW IOt:ltlity, P. 7'udis grows 0\·0l.' n llLrge 
tOl'I'ilOl'Y [mill ('olLhuiln, nnd TnllHtlllipns to ~{ichonc[Ul and fnrthm' 
1'11St to Plwbln., OnXtlCa, nlld apparently to Chiapns. It extonds even 
farCher SOllth and [\its bl'l'll ('pport('d (1S/)) ns gl'Owing in the mountnins 
or GUILtl'llliLia, ndjlU'Pllt to th£' ).[l'xicnll Statl' of Chiapns. 

'['hI' o]N)f'('sill sarnplp o[ this pillt' wus eolleeted for us by Jesse p, 
Perry, ,Jr., Hod::{'fpllcr Ji'oundatioll, .\[exico City, nlong the Texcoco­
Vel'ficrllz Highwny, on the bordo!' between the 8tn.tes of Mexico and 
'l'ln.xtltliL. 

A bil.L('h or oleol'esin \\'ns distilled under .reduced pl'esslll'C'i at the 
ond of distillatIOn, the tcmpemtuL"(' \\'IIS 183 0 C. nlld the pressul'C wus 
0.5 mill. of llW!'CU ry. '1'h(' Lurpen tinc obtn.ined in this lIIannOl' 
aTl10tlntcd to 22.7 pertent of till' weight. of the oleorcsill. 

Il,(/I-a-pinene_. 

Thc turpentinc of PilLu~ rudi8 LUld the following pbysicnl 
chnritetet"is ties: 

Densitv. til' ",-,0.8627 
Incil'x of refrnetioll, 1I1~'-' 1A73,1 
Spccili<: rotution, [aWs"'- -11.10 

Il co[)sisled 0(: 

Compound: Percellt 

l-/3-pil1C'Ilf'_____ . e __ • _________________________________________ _ (i2
Dipcnt eno e ' ., .." e _ e _____________________________________ _ 1 
Higher boiling suhsttllICI'S____________ ... ________________________ _ 1 

32 
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69. Pinus cooperiBlanco 	 Rcfcrellnc (70) 
(l~1nal. ltlst. BioI. 20: 185-7, Mexico, 1949) 

Pinlls coo7Jeriis [L newly cliscon~red pine, It WfiS originally described 
by Blanco in 1940 us p, l1.liea, probu.bly bectutse it is know us pinG 
amarillo, thnt is yellow pine (88). As the tltune P,lulea hud beet! giYcn 
in 1788 to loblolly pillC (r\o, (il), Blanco (2{j') deeicled in 194.9 on the 
suggestion of Dr, :Elbel't L, Little, Jr., to change its nfillle from r. 
luie(L to P. cooperi, Mllltinez (88) pIael's this pioe neu,r P. nulis 
(No. 6R). 

Pirw~~ c007)eri grows in the mountnin l'nnges of Durango, nlfex. 
AtE} Salto, DUI.'IU1g0, it OCcurS nJ (\le"n.tions of R,200 to 9,000 feet, 
In til£' Si\,llle locnJity grows a nU'iety of this pine (P, cO()lJeri yn,r. ornc­
i(L8i) dHu'Il(:tet·i:.wd b}r coarser biU'k, longer needles, Inl'gel' cones, nlJd 
whiter wood thnn p, cooperi pl'opet'. Locnl people also distinguish 
these' two pitH'S and cnll tbe OI·lwla...'~i vadety not pillo n,mnl'illo, but 
albucn.n·o teo 

01eol'('siu of Pilw.s cooperi WfiS colleeted nt El Snlto, Dumngo, 1\·fL'x., 
lIndol' the SlllH"ITision of Bt'. Cenobio E. Blanco. TUI'pelltille WfiS .: 
distilled uudel'reduced pl'eSSUl'e. At t11(' end of distilln.tion, tlrr pres­
slier WilS 4 nUll. fwd I;lre tcmpol'ntul'e wus 1800 C. Yield of tllrpentil\(\ 
WitS 25 pereoll t. 

TilL' (:l'llcl(' turpentine of Pinus cooperi hud the following plJysicn.1 
citnmetel'is ties: 

Dcnsily, 1l1;C:= 1,4705 
Tndex of refl'tl(,tion, dt'=O.S580 
Specific rotation, (ctm.=+2,9° 

Us composition WIlS: 

Compound: Percell
d,ill-a-pincnc________ ___ ______________ ___ __ ___ _ ___ _ _ _ _ _ 50 
l-,8-pinenc._. ____ • ____________ • ______ •. ____________ • ___ . _ . _____ 39-40 
Pot residue, boilin~ ahove 161° C. at 759 mm. (uot invcstigatcd}____ 4,2 

70. Pinus michoacalila Martinez 	 Reference (76) -"­
(},.nnlll Inst. Bi~{)l. 14: 1, i'vlexico. 1944) 

Pimu{ mic/wacano, .is !~ pal't of that complex which Shaw (14-2) 
designntcd .in 1914 us P. montI'Z'lUnae. P. mic/waClL1l(l, WfiS described 
by ~... Ial'tinez in 1944. This spccies includes two ml'ieties ILnd two 
fOI'ms. Its typicnl fOI'1II oecut's in Micltoncttl1, In.lisco, Oaxnea (88). 
In ~'lidlOlte{Hl it cnu bl' foulld growillg together ,,-itb P. montezwmae; 
possibly these I,wo pines ill tel'<:ross. 

A sl1lnpl(' of Oh~OI'('sill of this pine was sent to us in 1954 from 1\·1exico 
by },·1. Louis HlIguL't, n. French forester of tire lroocI und AgJ'icllltall'e 
Ol'gallil'.l1cion of the Gnited Nn.tions. The i;lIl'IH'lltinc \\-fiS distilled 
from the oleoresin undor I'educed pressure; nt the elld. of distilln.tioll J 

the pressure WitS amm. nod ti'lllPCl'It.. tllrc WfiS 1900 O. Yield of tlll'POll­
tiuc WfiS 30 percellt of the weight of oleoresin. The turpentine pos­
sessed the following physical characteristics: 

Dcnsitv, d7",",,0.8057 
Index of refractiOIl, n1: "'" 1.4700 
Specific rotatioll, (ams=-S.4° 

{ 

: 
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It conttLiurd: 

Compound: PerCt.1I1


d,rlL-a-pincne ___ -- -- _- ________-__________ ___ ____ ____ ____ __ __ ___ 29 

t~im~~!;~;l~~::::::::==::====:::::::=::=:=::::=::==::::::=::::= l~g
~Iethyl cha\'icoL_____________ __________________________ _ _ _____ 2-3 
d-longifolcne - ------__________________ ______ ________ _______ ____ 3 

71. 	Pinus engelmannii Carr. Reference (109) 
(Wisliz., :\,Iom. Tour North f.1[ex. 103. 1848) 

Pinwi en[!elmannii is l11so known as P. mayriana Sudw., P. latifolia 
Stu·g., P. matl'ophylla Engelm., and P. aZlacheca Lemm. .All these 
nitrnes indicaLe th(LL this pine is belie\-ed by some botanists to be a 
valid Sl)('ei£'s. Others, like Shaw (1J~), com;idcr that all these llames 
tH'£' mere synollyms oJ P. pondero8a, No. 54. In the United States, 
this pin£' hits tile common name Apltche pine. 

Pin!u~ f1![jelmannii grows in southel'[\ 1\.l'izol1a und in southwestern 
and north-eon trill N CoW ,\JeA;co. It extends into northern Mexico. 

Ttl(> oleoresin llsed in the in \restigation ['cported here wus collected 
ill til£' sou till'/'!) 1'000k of Cave Oreek Canyon, Chil'icahua .n10uncains, 
COl'Ollllc\O ;\atiollnJ Forest in southeastern Arizona, at an elevation of 
5,200 [N't. 'I'll(' turpentine wus obtained by heating a batch of oleo­
resin UU<i('l' J'(>due(>d [)('('Sslll'e; itt the end of til£' distillation, tbe pres­
SU['e II-itS 0.1 rum. itud the pot tcmpClratlll'e l'cathcd 210 0 C. The yield 
of tUI'P£'ll ti,l(' wns 22.5 percent. 

Th(' gUtn tlll'[l!'ntinc of Pimls engelmannii had the following physical 
cbn,ntctrristi('s: 

Dellsity, eli' O.S(HS 
Index of refraction, 11~:'= lAGD5 
;->pccific rotation, [ams"'" +42.00 

It ('ontaiUNI: 
Compound: 	 Percentrl,dl-tt-pincnc________ ___ ____ __ __ ____ _____ ___ _ _ __ _ _ __ __ _ _ _ _ ___ __ 80 

~~;::I~lft:;~;:::======::=: ==:::::::::=::::: :::: ~:::::==:::=:::::: ~ ,:,-!onp:ifoll:ue.... _ , ________ .__________________________________ 12 

An unidentificd solid componcnt, apparently it sesquiterpcnc alcohol, a 
truce 

'I'h!' appal'lIllt spsquit(,l'pt'lIt' alcohol distilled ILt a temperature 
slidlllvabo,-(' 121 0 C. fLt 14 mm. oJ pl'cssurf>; it solidified in the 
('olid('tL\s('I', forming while erysltlls. After severall'esublimiLtiom'J the 
(,l'ysl!lls t1H'lted I\,t 103 0 to 105°. An n,llltlysis showed the crystals 
w('re S 1.49 P(,l'C'C'llt ('urbon iLncl llAS percent hy(ll'ogen. Co.lcuillted 
for It s(>sqnitprpt'ne akohol ClsH2601 the composition would be 0, 80.98 
pel'(,pnt; H, 11. 78 p(,l'e(~n t. 

72. Pinus pseudostrobus Lind!. 	 Reference (77) 
(Bot. :Rt'g. 25. ~tisc. 63. 1839) 

Pinu,,; jJ8eudo8ll'ob'U8 is it pine of subtropical regions of Nlexico and 
Central AIIIl'riea. In Mexic:o it grows from Jalisco to Chiapas. In 
OC'ntml AlllC'l'l('tt it oeems in GUlttcUlllln, u,ml Honduras. It is un 
('xtn'lll('ly Vtll'itLblp, complex species. .MIlrtinez (88) distinguishes, 
l)('sidt's tll!' typiclll P. JJSCUdo8trubu,.s:, sC\7C1'al varieties of this species. 
Possibly the difrl'rent vilriptips oJ P. pseudostrobus intercross. This 
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sitUf\,tioll nmkl's identificl"ltion of pines of the P8eudostrob~t8 complex 
l'xtl'pnH'lV difficLLlt. 

Pinus "Z)SeUdOldl'obu8 VUl'. oaJ:acana of :Martincz is ('onsidprecl to rank 
as t\ spl'cips (105), \l,ud the composition of its tUl'pt'u tint' hits been \\'l.l'cady 
disenssNl ill this publiettLioll, Ulldcl' No. 30, p. 67. 

Irillrtl' (77) itl 1946 l'ppOl·ted on thp ('omposition of sLClLll1-clistilled 
lurpl\ntinp of PiiJ,Us 1)Selldostl'obllS (typiC'lll [ol'm) from Ut'Ufi,pu,l1, 
)',[jehOl1etLll. 'I'ill' yil'ld was 21.3 peret'nt of Llw wl'ight of the oleorpsin, 
ltnd till' ph~'si('111 constants of the turpentine were: 

Dcusity, CP3""" O.8()72 
I1ldex of .refruelioll, nl; =1.\1024 
Hpecific rotatioll, (am =+31.50 

'1'1l(' LUI'PC'lltilll' was fl'tlC'liotln.tpc1 llnclPt' \1 PI'PSStll'(· of 23 HUll., more 
thn,lI 90 IWI'(!eut distilling lwtW('t'11 55° IltI(l57° C. '!,his fl'tletioll hn.<l 
spI!cifie rotatioll [a]D= -34.5° lwd eonsistC'd of t-a-pill('IW. Its nitro­
sochlori(\p had It ll11'ltillg poiu t of 102° Lo 103°. '.l'll(> flnsk J't'siduC' WitS ( 

Itlso dpxLrOL'otlttOL'Y, [a} D= +10°. 
The oll'ol'('l>in W:lPd ill till' work 1'('portC'd hPl'c also eiLlll(' from 

l'l'llltPltn, :-'i[ie!toll<'fm, ~lpx., (,ouJ'tt·sy of ~L .I.Jouis H.ugupt, It fOl'l'stpl' 
for til(' Cnil('(l J\ltliollS Food ILlld Agl'i('u1tul'Id OqplllizlLLioll ill ~[t'xi('o. 
('POll 1'('('t'ipL ILL Ikdwh'Y. Cali!'., thp 011'0l'P8il1 Wl1S IWi\Lptl und('t, 
l'pdu<'l'{l prpsstI1'l'. \·\'lWll nIl tIll' tUl'jwntinp hnd blWll (·xppllecl, the 
pt'('flStll'l' WIlS 1 !lun. ILnd til(' It'llllw.mLu['(· wns 210° C. Yield of 
LUl'pPlltin(' WilS 19 ppl'('('nt or th(' oll'ort'sin. Tbc' tlll'pelltillt' possessed 
t hI' following physit'nl dllt):ltC'tn'isties. 

Dcnsi ty. tF.' "'" 0,858 t 
Index of refrnetiull, n'f, "': 1.4720 
Spccifie ]'o1tltion, [ah,= -lU.G7° 

1\0 furtlwl' work hILS \)('('11 dOtH' with this slunplE' of Lurp('tltiue, bcei\usl' 
of aU necicl(>ttt. '('lH' ([iLlil Pl'PsPllted Itbo\'(' seern to iudieaLc tlmt 
Pinus ]J8C'lUlONll'()bu8 did I10t ('onltlin llily 10w-boil:,Llg tom pOllPnts, suell 
ItS (l.-lH'pln,llP (d. P. {)(u:(tcan(L, ~o. :3G, p. G7.) 

73. Pinus tcnuifolia Benth. 	 Reference (106) 

('pI. .Hlll'tw. 02. IKa9) 


Pinlls iC'Il11UlllicL is It pillC' of thp subtropical [,pglons of ~'l('xieo, It 
~I'OWS ill till' Sltlll's of JIl,lis('o, .MiellOllcan, Silllliolt, l\,nd Gm·tTt·t'O. It 
ItiSO gl'Ows ill OIlXllctt Ilnd OhilLpas fLnd in Lilt' adjn,('ont pll.l'ls of Gllltto­
III ilia. .P. len uUoU<£ is c10sPly l'('lllt('(1 Lo P. ]J8eudostl'viJu8; Shaw (142) 
tousidt·['l.'d it tL v!lrirly of P. pSl'lldo8tl'obul'l. 

A SILlllpk of oleol't'sin wils.collcetpd 1'01' us ill MiellolH:£W by ~L Louis 

Huguet, fon'slpl' for tlip Food fwd Agriculture Ol'gnnizilLion, United 

1\lltiotlS, TIl(' turpl.'ntitll' waS obtltinod lI11dpl' rpdllc'('(l Pl'('SSlll'P; Itt 

tll(' pnd of thr distilltltion, tplllppmtUl'(' n'llclll'd [RO° C. ILlld (.1It' 

pressurC' WilS rocluced to 2 !Hili. '1'hC' yipl(l of till' turpentine waS 27.1 

PC'l'CNlt. 


The tlll'pontitH' hlld the follo\\'ing dUU'lwtol'istics: 
Densitl', d:l.~··",O.8()OO 
(ltdex ;:1f rcCr(l('tiOl\, nJ;[;;;~ t.4G72 
Specific rotatioll, [am:"~ +25.0° 
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Its composition was: 

Cotnpound: Percmt


d-a-pincllc________________ -_.__ ___ _ _ ____ ____ ____ _ _ _ __ _ _ __ ___ _ _ 77 
l-p-pinene ____________________________ ,__________________ __ __ __ _ 6-7 
d-,-\3-cllrCJlC ____ -------___ - ______ --- _________________________ ._ 8 
TerpinolCl1e___________________________________ • _ _____ _________ 1-2 

Dipentene, ,indicated by physical constants, but not identified by 
preparation of crystalline derivath·cs___________________________ 3

Linalool, approx__ _ ______ ___ __ ___ ___ ____ ____ _____________ ___ ___ 1 
Methyl chavicol (po~sibly), It'S;; than_____________________________ 1
ScsCjuiterpenes _ _ ___ ___________ ___ __ ______ _____________________ 1 

74. 	Pinus occidentalis Swartz 
(~ov. Gell. & Sp, Pl. 103. 1788) 

Pinus occidenlalis is !1, pine confined to Sn,ll Domingo, Haiti, and 
l'llStl'l"l1 CUbit. It is one, of Lhe fl'w pines whose turpC'ntille has not 
been 11Ilftlyzl'd. P. cuben,<ds Gris(·b. is eonsiderecl by ShtLW (142) as 

) 
It synonym of P. occidenlaHs. Posl:libly it is au independent species, 

75. ,Pinus glabra Walt. 	 Reference (115) 
(Ii'l. CuroL 237. 1788) 

Pif/U8 glabl'a is the spnl('f' pine of tIle' SoUtlll'llstf'l'U United States. 
Its rn,ngt' iif's in tht~ consLtLl plains of South CiLl'olinH" northern :Florida, 
n.nd west to so utll(.'!lstel'l1 Louisi!LUtL InSollth On,rolilUL it is cuJlcd king's 
tn!f'; in Ii'lorida, pOOl' pine, which shows the inco[lsist('ncy of common 
llllllH'S. SpnH'f' pine !1ttltins its largL'st size-np to 120 feet in height­
in northwestern Florida. 

Oleoresin waS roLleetecl by John K. Gross, U.S. Forest Sel"licc, from 
fi \'(' trC'es growingill the DeSoto Nn.tioLlal Forest, Perry Oounty, Miss. 
A 3,500-g. baLch wus distilled uudf't· l'('(lueed pressure. Toward Lhe end 
of distililLLioll, the tNUP('l'/LtUl'{' of the oleo['('sin was 1500 O. and 
pr('ssul'(' WitS 0.05 mm. The yield of ttU'pt'ntine was 22.3 percent. 

Tl'he LUJ'pentine poss('ssf'cl thesE' ehllrtwteristics: 

Density, cPi'=O.8599 

Tndex of refraction, l1il =1.4735 

Spedfic rotation, [",1~1= - 4.65° 


TIlt' turpontine containod: 

Compound; Percel/t


cl,tll-a-pinelle__ __ ___ __ _ _ _ _ _ ___ __ ____ ___ ___ ___ ___ _ _ ___ ___ __ _ _ _ _ _ 45 
l-,B-pinene_____ _ _ _ _ _ _ _ _ _ __ _______ _ _____ _____________ _ __________ 45 
l-limOllcIIC__ __ ___ ___ __ _ _ _ ___ ________ _______ ___ ___________ _____ 8 

A sesquitcrpCllc, whose hydrochloricie) had a melting point of 48° to49° C., less thltn__________________________________________,__ 1 .... 

Group Jnsignes 

76. Pinus pringlei Shaw 	 Reference (77) 
(In Sllrgont, Trees & Shrubs. 1,211. PI. 100. 1905) 

Pinus 1)dnglei is tL subtropicnl Mcxici1n pine growing in tho StH,tes 
of ~'fidlOt1CUn, ~{('xieo, GU(,ITPro, and Oaxaca, t~t nltitudes of 5,750 
to 6,600 feet. Ae(!ording to lvIttrtinez (88), it is closely l'eliLted to 
P. oocurpa. 

A StUllpIC' of olE'ol'C'sin of Pirml8 JJl'in{jlei WitS sont to us from UruH,pan, 
?-.liehoIt{'(m , thruugh tllf' eourtesy or M. Louis Huguet, forester of tho 
United Kn.tions Food ILncl Agdeulture OrgttlliziLtion. A biLtch of 
2,989 g. was lwaU'd under l'educcd pressure; iLt tho end of distillation, 
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cthotemperature reached 190 0 O. Mi.d th(' pressure wus 2 mm. rrhe 

yield of turpentine was 19.7 percent. 


Orude turpentine of Pinus pringlei hud the following e11l1rl1ctel'ist,ics: .t: 
Density, d"f=O.8642 
Index of refraction, nll'=1.4721 
Specific rotation, [c<].~"s= +39.5° 


It contained: 

Compound: Perrelli 


l~p~~il~~:~~~~===== ===: === === === === == ============== === == ======= = 7~Tcrpinoiened-Ll3-clU'cnc_ ___ - - - -- ----- ------__ --__ ----___ ----_ _____ __ -- _--- ____ _------ -_ -- _ _ ______ _ _ 111--- _-- -- ___ _ _____ _ _ _____ _ _ 
l\Ilethyl chavicoL__ - ____ - __ -__ ____________________________ ___ __ 2. 5 
d-longiColcnc _______ - ____________________________________._ _____ 6 

Physicl11 cllU,rlwtpristies of tcrpinolenc n,I'(' shown in tlLblc 35; the 

molting point of tCl'pinolmw hycil'oehlol'iclc WitS 115 0 to 1.1(30 O. 

Slight optictll fLeLivity (+2.6°) of t.he tcrpinolcl1C frfl,ction Wt\S probn,bly 

el1used by slight Ildmixttu'e of d-.63-C'l1l'OIIl'. 


TADLE 35. - Ji'l'acl'ion of P.ima; prinfllei t1u'll1Jrttine in 'luhich tel'pinolene 

wGsfound 


Property J?mction in which Terpinolene 1 
tcrpinoicne \\'us found 

Boiling point__________________ _ 
72°-i8° C. (15 1I11ll.) 1850 C. (iOO mm.)Index of refrtlction, no __________, I, lI871~3 1, 48(;425DenSity, dl ___________________ J .8(i023 .85002.;

Specific rotation, [alm-_________ .: +2. n° .0 

----~"'..------ ­
1 Sutherland, M. D. Queenslnnd Uiliv. Pnpers, Dept. Choill. 1, 34. 1948. 

77. Pinus oocarpa Schiede 	 Rcfcl'lmces (71, 9.9) 

(LinlllLCIL 12: 491. 1838) 


Pinus oocal'pa is 1\ variable, genornlly five-needled pine o.f' :Mexico 
and Oentroid. 1Uncl'ica. Besides its typical form, foul' varieties are 
recorded (88): 

1. micl'oph'Ylla, possessing \~CI'.Y short line foliage; 
.2. manzanoi, which hns Ilsymctl'ictll cones with very short 

peduncules; 
3. tri}oliata, chamctel'ized by t,hrllO IlPedles ill it. fascicle; 
4. ochotel'enai, distlinguishod by its slendel' co.Oes, whieh 111'0 not 

ItS hel1vy us those of the typical foem. 
W0 have investign,ted turpentine compositioll or Pin118 oocal'pa 

.".:(typical form) amC P. oocarpa yal'. ·tl'~foliata, No. 78. Oleoresin 
snmples of P. oocarpa (typical form) were collected by the authol' ill 
the otll,tcs of OhifLpns and Michoacil.n, l\1ex. Tho Ohiapns lilll'pentine 
wns sepnrated fl'omthe oleoresin under reduced preSSlu'e; ILt the cnd of 
distillation,tempert1Lure waS 1900 C. ILnd the pl'essure WitS 4 nun. 
Yield of the turpentine was '22 pel'cent of the weight of the oleol'esin. 
1'ho physical clmracteristics of the tUll)entine were; 

Dcnsity, df=O.8;562 

Iudex of refraction, 11~~=1.4()84 

Specific rotation, [am.=+25.4° 
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Composition of the turpcntine was: 

Compound: Percent 


22d-longifolene __________________________________________________ =t.~~ji[tJ~~~~:.~~~======= ==== :=== ============== ======: =========_ 
68 

7 

'rho .Michoac[m sample of P. oocarpa oleoresin was heated in vacuo; 
at the cnd of the distilllltion, temperature was 165° O. and pressure 
wns 0.5 111111. Yield of the turpentine was 24.8 percent; it possessed
the followi.ng physical characteristics: 

Density, d;"=O.8569 

Index of refractioJl, 11'il=1.4656 

Specific rotatioll, [an7.= +47.5° 


The turpentinc conhlined d-ci-pinenc, 97 to 98 percent. 
78. 	Pinus oocarpa var. trifoliata Martinez Reference (71) 

(Anual. Inst. BioI. 17, 297. 1945) 
This pine difters from ty-pical Pinll,s oocarpa Sehiede by hn.ving 

till'ee needles in eneh bundle instead of five. The three-needled form 
itpparcnthr OCClirs only in the mountains of the State of Durango, 
where it "grows in pme stands. It was discovered by Oenobio E. 
Blanco and described by .Martinez. 

Thl' oleoresin of this pine cllme fl'Om Sr. Blanco. It was distilled 
under reduced presslIl"e; at the end of the operation, temperature 
rCHch(>cl 170° O. and the pressure was reduced to 0.2 IllIll. The yield 
of turpentine. WitS 23.0 pcrccnt. The turpentine possessed the following
physic-ttl chnr:lcteristics: 

Density, di"=O.8588 

Index of refraction, nu= 1.4682 

Specific rotation, [ams= +39.8° 


Its composition wns: 
Compound: Percent 

d,dl-a-pinene . - - ----------------------------------____________ 87Unidentified terpellCs_ - - _ __________ _____ _____ _ _ ________ _____ ___ 5 
d-longifolcllo'-______ __________ ____ _______ ____ ___ __ __ ____ ______ _ 4. 5 

A fmction with these chnrMtcl'istics-density, d~5=0.8524; index of 
retractioll, nj=f,= 1.4693; specific rotation, [ams= -19.00-was re­
fmctionntC'd in IL 12-inch glnss helix-packed column. The boiling 
range of 1550 to 170° C. at 760 mm. and other physical characteristics 
of the refraction indicflted that it contained a-pinene and some higher 
boiling t;erpcllC, possible ..6..I-carene. No nitl'Osate was formed when 
an lltlempt WllS made to identify 6.3-carene in this frll.ction. 

The fmctiotl chllf'llctel'i7.ed by density, d~5=O.854.8; index of re­
.; fraction, nI]=1.480ti; specific rottltion, [am8=-11.7°-when re­

distilled OVer sodiulU,boiled at 180° to 185°, and its index of refraction, 
n~f, was 1.4799. A bromide was prepared by adding bromine to an 
aleohol-ethcl: solution of this fraction. After two recrystallizations

'J 	 from nkohol, the bromide melted at 113° to 113.5° C. On admixture 
w.ith lcrpinolene tetmbl'omide, the melting point was depressed below 
10So. 

79. 	Pinus halepensis Miller References (37,84,110, 162) 
(Glm!. Diet. Ed .. S. 17(8) 

Pinu8 halepel1sis 	grows in parts of southern Europe, Asia .wIino!', 
u72012D--Ul----0 
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and northern Africn., adjacent to the ~Ieditermllean Selt. It crosses 
nittUrillly with .P. brutia, No. 80, (122). 

V czes and Dupont (162) investigated turpentine of Pin'tLS halepensis 
obtllined from Proycnce, France. The yield was 26.98 percent fro.m 
the first gathering of thr oleoresin and 20.7 from the fourth gathering: 
in otber words, it dccrensed somewhat with the n.dvnllce of the 
sumuwr. The physienl constants Were: 

Dcnsity, d25 =O.8550 to 0.8580 
Optical rotation, ltj=+4t.92° to +41.29°. 

The composition wus reported 11S d-a-pinene, 95 percent; higher 
boiling fmctions, 5 pereent. Lftter, Dupont (37) investigated the 
highet·boiling fractions (tailings). 'I'hese fmet-ions contained bornyl 
acetate, 1.14 percellt of the total oil, Hnd IL lllonocyeiie sesquiiel·pcne 
hnving two double bonds, 3.8 percent. Till' physical constnnts of the 
sesquiterpenr were as follows: 

Dcnsity, (\2°=0.9050 
Indcx of refractioll, 1\1'1 = L4977 
Optical rotation, "'j =+ 7.24° 
Molecular rcfrt.etion, MHo =66.02 (calculated, 66.1-1) 

Lncruc (84,) Illlltlyzed muny snmples of Pillll8 halepen.si.s turpentine 
from severnl localities in Spnin and comp!ll"cd thes(' with samples 
obtained in Algeria, Ititly, and Greece. Plt,Ysiclll clml'itctcristics of 
thes(' slunples wot·e: 

Dcnsity, d"=O.S5(H to 0.8590 
Tndex of rcfmctioll, n!1= IA()61 to 1.'1669 
Specific rotatioIl, [am"'" +42.83 to +48.520 

Thlls, llll snmpks of P. halepensis turpentine collcded in difrerent 
locnliti('s wet·C' dextrorotatory, and their specific rob\tion yaried in 
.mther nltlTOW limits froll1 +42.8:3° to +4R.52°. Lltcruc staled that 
the older dattl, giying specific l'otlllion ,-dues (01' this pin(' of -S. /:{, 
+2.84, +.Uil, ilnd +0.28, wen' ineorreet, hecnllse the.\' rdeered to 
commercial mixtures o/' dL'xtrorotalol".\' turpentine of P./wlC7Jcn.sis and 
ll'vorobtlor.\' turp('ntinc or P. nigra.

In 1950
1 

Pinu8 halepensl,'! turpentine was anitl.\'zed in OUl" lttbomtory 
(UO). The oleoresin WltS ohtained through. the courtesy of Dr. D. Y. 
Goor, C'onsernttor· of Forests, State of Isene!. The oleoresin \ViiS col­
lccted in the summcr of 195:i in ISl"lld on the slopes o/' Mt. Cannel. 

The oleoresin was distilled uncleI' red tI('ed PI'<:'SSlll·('; u t the end of 
the distillittion, the pot tempel"llture was 180° C. and th(, pl"essmc 
WItS 0.1 mIn. Yield of the, turpentine was 20 percent o[ the weight 
or the oLeOl·psin. 

The turpentine possessed the following physical cllllrncteristics: 
Dcnsity, d~r.=0.8575 
Index of refraction, 111~= 1.4()58 
Specific rotation, [ams= +4l.25° 

It contl1.inC(l: 
PercentCompound: 

(4d~a-pinel\c__________________________________________ -------­ 87 
2{j-myrccnc .. _.------ ----- ----- ---------- ------- - --- --- ------ ---Scsquitcrpencs________________________________________ -------- 4 

.'f' 

• 


.. 


.~ 

~ 

C 
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80. Pinus brutia Ten. 	 Rcfel'enecs (2, 3,110) 
(C\lt. Hort. N enp. Appx. 1, 75. 1815) 

Pinll.~ bi"ulia hilS n mOre restricted rnnge thnn P. hCllepen.sis, No. 79· 
It grows in thc' ltillial1 proviu('(' of C,tlnbria (nllcient Brutium) ,32 in 
S~Tia, TllI'k0Y, Grecee, IHid on the isltlllds of Chios, UhodC's, Crete, 
and C'.qn·us. SO])](' botlluists consider P. bruli(l ns 11, vnrict.\, of P. 
lwle]Jensi ..~ (E8) ; others believe that tlt,e two Llitll1('S ,H'e synonyms (142). 
P. bruiia is immune to J.£cli,mcoCC!l8 infestation, while P. /ta[(:pensil:; is 
susceptiblc' to tlw Itttucks of this senle inseet. P. bl'u[/n Cl'Osses natu­
rally with p, Iwlepenllis (122). 

Very little had heen known about til£' chemical composition of Pinus 
bruiia turpentilll'. An Illlon.nnous author (E, S) descrihed commercial 
turpentinl' o\)tainrd [ram" P. /talellertsis" tronl Cypt·us (that is, or P. 
bruUn, b(,(,H lISC' p, /wlepensis does not occm on tbllt island). The 
turpentin(' \\'ltS found to he levorot,ttoL'Y (-20.2; -;12.5). Oni.\­
a-pi!ll'tH' wllsidentilied; it IlLllountt.'d to .55 percent of thl' lolal tur­
pl'llline. Fl'll('tions boiling ahon' HiOo C, wcrc not iuYestigltted. 

A stllnple of Pinlls bl'ulin oleoresin CIllHe to us through the courtesy 
of ~lr. D. F. Dlt\'idson, Consel'\'ntor of Forcsts, Government of Cyprus. 
(t WitS collected in the Dhiorios Forest, Cyprus. 1'11(\ oleol'esin WIts 
distilled undel' the sam!' conditions liS tlwt of P. Iwlel'etlsis. The .\-ield 
oj' lurprntine wns 20 percent. 

'I'll(' ('rudp tU1']wntine 	had th!' following physical ciltll'lleterislics: 
Density, d~4=0.8571 
rnciex of refraction, n]J = 1.4(112 
SpecifiC' rotatiolJ, [(Ym~= -28.7° 

rt WUS ('Dill posNl of: 
PercentCompO\lnd;{,dl-Ct-pinclle. _• __ • _______________________ • ___________________ • 1i2

/3-pillC'lle.. . _ .• _'" _.' •• ___ • ___ • _______ • __ - __________ • _____ _ 17 
~~earC'll(' '. . __ • • • • ••__ ___ _____ . ___ ____ ___________ __ 13 
Tcrpitlo/('u(> (Sl'(> tahk' ~J(j).. _____________________ • ___ •• __ • _____ _ 2 
Sesquit('rp(,llc's .. _.• _" ______ .. ___ • _______ •__ ••-. _____________ _ 4. (i 

Tht' ch('n!Lt'ul ('olllpositioll of tll(' lurpentine of Pinus brutia difrers 
so Illuch from that of P. /w{epen8is that I am inclined to consider the 
l w() pin!';; Its :;('parlttl' spN·i<.'s, 

TABLE :3G.-Phy.\icol properties Id lel'7)1nolene and ojiraction 14 oj Pima; 
brl/fia turpentine 

Property 	 Terpinolenc I 

D(,flSi~', d,. .""' _.•• _-.--------------1---~··8·(j~~:-1 O.8.5Ii025 
rncl~'" o[ refraction, nl). _________________! I. 485\22 \1 L 48(14'; 
Hpccific rotatioll, fed.", .. ... ______________ .0° .0° 

t Huthcrhuld. ~L D. 'Juecllsluud Unh'. Ptwers. Dcpt. Chell1, 1. 3·t L9·lS. 

3~ It is not c'ertain whether PiJ!!l.~ btl/tiCL .is nativc in Calabria or Wtl$ planted 
therc' 1~ [Oll~ timc agu. 

.. 
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81. Pinus pityusa Steven 	 Reference (9) 
(Bul. Soc. NRt. Mose 11: 49. 1838) 

Pinuli pitYU8l& WtlS described in 1838 from nell!" PitslInclil eilllcien!; 
Pityum) on the cast COtlost of tIl(' BIitek Sell. Luter, this pille WtlS found 
on the isltll1cL of Prinkipo neill' Istanbul, in 'l'hrt\ce, in Anntolitt, nnd. ill 
Syria. ..(\pp!lrently, til(' pill(' gmwing on the isltlnd 'l'hasos, near the 
COl1st of Ctlstern Thl'llcc, is also P. pill/IlSn (122). 

SIUtW (142) considered this pint' to h0 PinWI /wlepen.stB. It is \-Cl'Y 
closet.', relaled to P. brulia,. Turpcntinc or this pine' WIIS nnnl.\'I~ed by 
Arbl!ZO\' Hnd his coworkers (9). rl'hl' ollly physienl ('onslaD t or the 
cmdc turpcntine givell WIlS kt]D, wltidt wus -5.33°. 'l'hcy reportc!(l 
the composition of till' turpenLine to be: 

Cornpo\lJId; 	 Percellt
loa-pinene __ ~ _ _ ________ _ _ _ _ _ _ _ _ ________________ _______________ (l9. 8 
ci-.6.3-enrC'Il(,. -.••.• - .• - .• - ...... ------- __ • _____________________ 23. {j 

An. unidcnWiI;(! componCllt, boHinl-( lit 73° to 78° C. at 1·1.5 Illlll. ____ 1. 0 
Unideutili<;d higher boiling fractions.____________________________ 5.0 

Arbuzo\-'S Ll'{'hniqll(' Or obtaining" tl\(' turpentilll' "'as r!tthcr UlI­
usual llnt! illL('I'('sling: til(' erystllllized pllrL or tll~' o\('oresin WIlS 

s('pllmt('d front tlH' ullel'yslallizl'd pad b,'" llll'nns oj' It BUl'hnel' funnci; 
the rClll!lining tllrpl'nLilW "'ns l'('llloved from the ('l',\"stallinc' purL by 
StCitll1 distilhllion; tilt' llOo{Tj"8Lalline part WHS :\180 steltlll disLilled. 
'fhe r('sltlls "-('1'(' lIS follows: 

Percwt
Turpentine __ • _•. _..•. __ • __ _ _ ___ ___ _ ________________________ __ 33. (l7 
Crystllllin(' rosin adds. c, •• __ •• ____________________ • __________ as. 81) 
Noncrystnlline, nOllvolHtilc with stealll ___________________________ 30.00 

82. Pinus pinaster Ait. Hcf('rell('l's (38, 3,9, ,~O, -1/i, .1[1, ;;;3,117) 
(HorL. Kew a: :Hl7. 171:)9) 

Pinto! pin(lslet' (or P . maritima.) is c!tlled Freneh nltu:ililll(, pilH'. 
Its IU'(,fL (',b'nds from sOllthwl'slcL'll FI.·llll('(, nne! Portugal through 
flp/Lin, [tnly, Illld tI\(' Dltilllalinn COllst or Y ugosllwilL Lo Grceec. It 
UhlO grows in !L [("" pln('es ill ~loroc<:(l llnd Algeria. 13e(:!lllse this pill(' 
is eXLensi.n·l.,' planLpd in Fl'!lll(,(' for ohtlLillill~ Qleorl'sin. the ehernistry 
of its LIIl'J)('t)lillt' hus been well studied. Dupont. UOl det(,l'llIilled lhe 
eOlllposilion or P. pillu8ler turpentine boLh by !lPpViug Dartnois' 
lllf'tho(/ :13 of l'stimnLing its composition by thc opLionl rOliLlion of 

•• • __ ..... _. • 

di!l't't'('nL (motiolls
!UlHlysis (38). 

t\nd by conventionlll ll1rthod8 of chcmiclll 

TIll' composition of Pinll.~ pinl£sfer Lurpcntinp WIlS: 

CompQul1(l: Pacellt 
l-(~-pinelJc "_~ __________ ~ __________ ___ _________ _ 031-I'1-pincnc •• ________ " ____ . __ ._., .••. _..•.••••• _••• ______ _ 2(j.5
Tails __ '" •••• ___ "' __ .... _.. _ • ___ .. _ • _••• _ . ___ •• ___ .• _. __ • ____ _ 10.5 

33 Onrtl1ois. opticaL method of determining IWrcentugc of o:-pin('n(' and {3-pinCIlC 
iu a turpelltine is bllsed on tht: Biot relationship: 

Xl-""~ 
aI-a.,! 

for any given fractiou contnining the two terpenes.
XI· - the ptQPortitllt of «-pine~w 
cry obscrVl'd optiral rotation of th(~ fnletion 
ftl mtation of pur(' «-pinene 
"" rotation uf f3-pilwllc 
This IIH'lhod is Hiit'd unly wlll'n tht' ilulk of the turpentin(' ('ollsisls of two compo­
nents, Iluch as in I·'rench mllritilll(' pine-fur details see Palkill (U1). 
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Duponl tldded tHl imporl,Hlt nole to the dlllil, stating tlmt the blils 
do not I'P[)l'l'Sl'lLt elltil'el~' tilt' pl'oduets Qf posl-distilhltion oxidation of 
tll(' main [radians, but dUll some oxygN\-contttining suhsllUH;CS milS 
be presenl in :,Hllilll nmOllllls ns sueh in tilt' CI'lld(' tUl'pt'lltine, 

In tt Intr(' pnper Ollpont (39) reporlt'd on the eomposilion of til(', 
ttlils of Piau.'! pin(l8tCl' turpentine. The tilils conlllilH'd: It de:dl'o­
rotato!'y sl\squitl'l'pellt', whieh yidded tt nitrosite ("heLles tli~llilleg 
bh,ups") with lll(liting point or 109° to 11.00 C. Besid('s the sesqllitel'­
pPf1(\, there W('I'(' SOil\(' ox."g('lllLlt'd compounds: pinolllll(l piuolltydmte, 
It kt't01H', SOIlIl' L(,I'[WIlPS, cili('fI)" dipclltelll', nnd 11Il1illidelllifiNldextm.· 
rotlltO!'.\" rn01H)('Y('li(' l('L"[)('lll' with two dOllhl(' bonds. In 1927 Dupont 
unci HILI.'l'HUd (4JJ) inquin\d illto til(' IllltUl'e of the dextrorotatory tCI.'­
IH'IlP. it prm'c'd to hI' d, tlL-lillloncIH'. 

tn H)·IIi Dupollt, Dulou, Ilnd Nuli'lL (52) r('portcd tllIlt the sesqlli­
t<'l'[WIlP fl"llf'tioll of thp Pinlls pi/tasler lllrp('lltillc contailled two ses­
C/nilPI'p('l\('s: ('ul'yopl1yll('l1C', J\H'llillg point of its dilr.,"drochlol'idt' 
lwing on° to 70° <. '" ulld longifo[('l\(', Ill('llin~ poillt or lIIonohydl'o­
ehlorid(', ;)\)o to HOo. Tl]('8(' two s('sqllil<.·I'P('IIt'S fIIad(' up oS, percent 
of [11(\ lotal S('squiL!'I'P('ll(' [I'tlelioll. In lH49, i\'ufl'tL (117) 1'l\[wI'led 
thnl ll('si<il's (,HI'vophylll'IIl' ltnd longifolcllc, the scsquiteq)()ll(, fl'nction 
or p, pilla,\!(/' llll'(Wnlilll' ('olltainNI: (1.) n. lIIixf.ure of Il. tl'i('yclie ses­
qllitel'p('ll(', iSOlllt\l'il' with ('opnel1(\, ami [L tl'l('.n·lic h.\ dmcHl'hon t'c­
latt,ci to IL'l.lriPIH'; tlll'S(' two 1lll101Illled to to pel"("ellt of tht' sl'sqllilcl"pcne 
fmelioll ;:111<1 (~J (';1(lill(,IH', which nlllounll\(\ to a pcr('('nl or thp rrHcLion, 
tog(,thl'l' wilh II Littll' C'lldillOl. 

Dupollt nnd SOllll1 C1D) ItllHlY7.ed eOllln]('I'C'illl lUl'pPlltille or Pin'U8 
pifl{l,~l!r from II{'IU' ~\siIIL, Spain (Ilhout 4,000 to 4,600 feel or altitude). 
The pllysI('ld ('011slnnts or thl' turpentine were: 

D('nsity, cil" O.R70S 
[nci('x or I'efmt'liun, Ill;' 1..1723 
Optical rotnlioJ\, [ttl, 20,2(j') 

The tllrpl'fllil1l' cr:'"sisl('d or: 
Compoulld: I'(rcent

l ,.,·pjlJ(·IlP ••• _______ •• 79 
All llllicil'lllifh'd terperH', \'('1',,' :;lffnllllll'JOuul".• 
I-j:!-piru'rH' __ ___ . _ __ _.. ___. _ _ _ _ ., _ .. _ . .,... ___ •• ______ '. _••• _ I U. 73 
T/lib. fwhir'h nil It whole' had Il Illueh "impler cOllrpo:;ition than the tails 

ur Ut(' ab()vl' (kS(:riIJl'd Frellch lurpcutinc), abo\lt. __ • ___ ._.______ to 
Tilt' ('hier ('0tl1I)(lIH'1l1 or till' lltil::; \\-11S 1\, sesquitel'[)(,Il(\, TIll's('squitel'­
PI'!1P \\"1\::; ('ojoril'SS, Itlttl It boiling point or 258 0 C, ILL 7UO mill" lUl(l 

POS:i('::;::;('d [hI' /'olillwing- physi('ltl ellllL'llcterisLics: 

[)l'usil.,\·, c1PO.X70·1 

8Pl'l'ifjC' rotation, Icy] '<f 28.25° 

~o index llf n'frndi{J1l was J'l'portcd 


W"l'lI OIl!' drop or ('(Hf('('lltl'llted sulfuric: aeid WIIS tHlded to tht' 
S('squill'l'pl'lI(' di1.utpd \VillI H('pli{' neid, all inl!.'IlSl' rosl' t:olor developed 
whit'll, appl'O(lI'iald." ('noug-II, ehtlllgl'd to "Borde'ttux red." No crys­
tallill(' dl'rh·lI.lins or t.his sesqlli[('['pen(' wen' oblllillNI. Dupont al\d 
SOllln sllggl'sll'd tilld tilt' ::;psqlliLel'pcnc. WIlS difI:crenL fl'om that round 
jJl,(·,-joll:-lly ill French lUl'penLine, 
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S3.Pinus virginiana Mill. 	 Refel'Cnce (116) 
(Ol1.rd. Diet. Ed. 8, Pinus No.9. 1768) 

Pin'u8 V£l'fJiM·(L1l.(£, called both VirginitL pine nnd sCl'ub pine, gl'OWS 
in ellstCl'll United States fl'om New Jersey illld southcastern Vil'ginill 
to Florida. ltccentlv this pine itttrncted the n,ttcntioll of lliLvul stores 
produccrs by lL I'eporl: of Hepting (65) who found tbat n, fUllgus of the 
genus Ji'u,sa!"ium clluscd it!) cxcessivc flow of' oleoresin but did not 
(:hltllgl' oleorcsin. composition. Experiments hn,vc beon conducted in 
inocliliLting healthy pines with the fungus in oL'(ler to Incrcllsc the flow 
or gum, ApPul'ellti.\r thes(' eXlwriments wcrl' not conclusive. 

Oleoresin used in the pl'csent tests WllS rcccivccl fmlll Dr. Heptillg, 
(rom Asheville, N .C'. TIl(' oleorcsin represcnted tL mixed sam pic 
oblalned fl'olllnill(' lrecs In()('ulnted with tilc fungus nne! from !'wo 1I11­

It'cllted trees. Upon distilhltion tlnder ('e<lu('ed IH'CSSUI:C, 28 pcrccnt 
of Llirpentinr WIIS oblained, with the following ehlll'ueleristics: 

Density, dj" ,,0.8503 

Index of refraction, n'ii'~= I Afi57 

Spccific rotHtiOIl, [ajlf=-3.83° 


Thl' tlll'lH'lllillP ('ollsist('«( or a-plllCIW, 98 percent. 
84. Pinus c1ausa (Chapm.) Vasey 	 Reference (13'7) 

(Gnr:d. ~LOllthly lWei HOI·L. t8: 151. 18(0) 
Pinll..<; cla.1UI((, eOllllllonly Clllled sllnd pine, is It Illltivl' of Florida. 

,\,restwtlnl it ('xLl1llds to extreme southern Alabltlllll. lls t.ul'penlilH' 
WllS IUHd.yzed by Schoq!cr in lOt.5 (13'7). 

TIl(' .vidd or tllrpcntillP WitS 18.93 percclIt. Two SIllllpleS of thc 
lUl'pellt.inl' ltlld thl' followinl,; Pl·OI)(!I·ties: 

Dcnsity, djg·:=0.S723 Ilml 0.8725 
Jllcle); of I'cfmctiOIl, nt:"" 1.47£i7 and 1,4768 
Ob$cl'v(~d rotation c:v;r= '-22.80 Illld -22.49° 

Composition o[ the tlli'Jll'ntilll' WItS: 

Gompollnd; Perrtllt
l-a-pillcn('_____________________ ______ ______________________ • 10~ ~ 

l-ctUllphcllc ____________ • _. ___ '" ________________ •• ___ _ _ _ _______ 10 
lop-pinene , _________________ . ____ •• _. _' _ _ _ _ __ _ _ _ _ _ ____ ______ 75 

'Phis is till' ouly pill(' ill which c:unphl'IW is fOlllld in rellllivcl.\r Iltl'gP 
nlllOllllls. 

85. Pinus rigida 	Mill. RcCcnmce (.98) 
(ChlL'd. Diet. 8cl. 8 Pill us No. 10. 17(8) 

PinlMI t'iyida MilL is commonly known 11S pitch pine. Its l'ttrll,;(' 
pxlends frolll Ncw Brunswick Iwd southcrn Onti\rio south to GeOI1!LIL 
Ilnd 'PenlH'SsP('. 

Th(' oleol'(·sin snmpl(' from pitch pine WitS collected in 1949 by 
Keith W. DOl'm/Ul ncar ,Asheville, N.C., fwd fll1il.lyzed in OUL' lnbom­
lory. The turpentine WI1S obtitined by hOlLting the olcorcsin under 
I'educed preSSlll'f'; ttl. the end of distillation, the tcmpcmturc of the 
oleorcsin WIt:; 2000 C., iwd pressul'p WI1S 0.1 lIUIl. 'L'lIl'IHlIItine yield 
Illllounted Lo 2:3 pOl'cent 01' thc weight of Lht' oleol:(lsin nnd possessed 
til(' following physical chal:ueleristics: 

Donsity, d;D_'~O.85fjO 


Index of r~frn('ti()lI, liT! C"" 1.4701 

Spl!cific rotlltioll, [aE~.= -0.0° 


, 


'.. 

, i 

.. 


http:ajlf=-3.83


COMPOSITION OF GUM TURPENTIKES OF PINES 115 

The turpentine (:outtlined: 
COmpound: Percentl-a-pinenc___________________________________________________ _ 

65l-,B-pinenc_____________________________________________ ------_ 20 
~d~lirnonenc-------------------------------------------______ _ 10 

Sesquiterpenf's apptu'cntly were not present. 

86. Pinus serotina Micbx. Refcrence (106) 
(FL BOl·.-Amer . .2; 205. 1803) 

Pinus serotina1 01' pond pine, sometimes is described ns a subspecies 
(81) or it vllriety of PinllSi·i!lida. Shttw (142) ilnd Little (86) consider 
this pille IUl independent species. It grows on the constal plnins fmlll 
southcm1'ew Jersc\'to cent.ral and nOl·thwestel'l1 FloridllllllclAlabllllHl.. 

Pi/~us serotinct tut'pentine was tlllalyzed in 1908 by Hel'ly ilnd Dixon 
(69), The steam-distilled turpentille hud these physienl e1l1lL'llctCI'­
isties: 

Density, d20=0.8478 

Indcx of refraction, nW= 1.4734 

Bpecific rotation, [am= - 105° 36' 


The turpentine began to boil ilt 172° C. In the [muLion boiling llt 
175° lo 176°, Hedy Ilnd Dixon identified l-limollcne by prcplll'lltion of 
tetmbromide. X0 other components wcre identified, nlthough 11 

small nmount or sesquiterpenes WllS suspected. Hetty nnd Dixon 
reported that 90 percent of the tUrpentine consisted of l-linlonene. 

In 1954 we reeei\·~d a snmplc of pond pine oleoresin from the Olustee 
Expel'imcntltl Forest, northern Florida. The turpentine was obtitined 
hy hCllting the oleoresin under reduced pressure; itt the end oj' the 
opeL'lltion, the pot tempemture l'ellched 2 L2° C. ilnd the pressure was 
reduced to 2 mm, Yield of the tlU'pentine WItS 19 pcrccnt of the 
weight of the oleoresin. 

The physiclll Chal'llcteristics of the turpentinc were: 
DenSity, d~5=0.8437 
Indcx ofrefnlctioll, ni~= 1,4716 
Speeifie rotation, [ams= -- 83.7° 

Duriug the 1'l'Il('1 iOlllltion of the turpentine l it was noticed tlult 
fm(·tion 17 WI1S ('xtl'CIlIc1y fmgrnnt. There WilS 11, greilt denl of limonene, 
in tlmt fntetion, but there WllS also apparently all admixture of nil 
oxygenated compound. This fraction WllS redistilled to remove most 
of til(' limonene. 'rhe higher boiling Ih1rt of the fmction (1.3 g.) was 
oxidil'.ed to homoilnisil' lleid; we used the same procedure itS for 
identification of meth.d cllit\,itol in Pinu8 lum/wlizii turpentine (73). 
RC(,l'ystnllizcd from hot n-h~Xll1le, the homolwisk. llcid possesscd tl, 

melting point of 85° to 86° ('. The homolluisic llcid was further 
oxidized to ilnisie Il(~id by the fletion of dlromic llnhydride. The 
add, rect'ysblllized from n.-hexitlle, hnd tt melting point of 183.7° to 
184.6°. There was no chnnge in melting point upon admixture of 
[wthentic anisic Il<·id. 

Tmpentine of Pirms sel'otinacontllinecl: 
Compound: .Percent 

~_l-a-pinene _____ ________________________ _ ____________________ 5 
~lilll0ncnr_.__________________________________________________ 90 
Methyl cltavi(:vl1 ..... _________________ .______________________ 1 
Fnidcntificd Sl'squitefpC!l!' __________________________________ ._ 2 or 3 

1 Thanks IIrc due Dr. Genc Kritchevsky (ur idcntification of rncthyl ehllvico1. 
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87. Pinus pungens Lamb. 	 Reference (115) 
(Ann. Bot. 2: 198. 1805) 

Pinus pu:nfJens (Tn.ble-Molllltain pine) is 11 tree whieh in the forest 
occusionn,lly reaches 00 feet in Iwight lwd 2 to 3 feet in dinIlleter: 
when open-grown, it is rather serubby-20 lo 30 feot high, with fI, 

short, thick trunk. P. pltngens grows on dry gmvell.v slopes IWd. 
ridges of the Appn.Jaehiltn 1-Iouutitins from, southem Pennsylviloitt to 
North Carolina, et\,slem anc! middle Tennessee, Ilnd Georgia. 

A sample of oleoresin reom this species WllS collected for us by U.S. 
Forest Serviee personnel in BlIrl('ombe County, K.C., nt tln elevation 
of 2,400 feet. Unt"ortlllllttcly, St'rne of the liquid !)llrt of the oleoresin 
WtiS lost in lmnsit, and thus the yield of tlU'pelltine wns mther low-· 
onl.v 14.5 pCl'ecnt. 'rhe tlll'pentinc WitS sepnmted from th£.' oleoresin 
under reduced pressure; itt the. end of the distillttlion the lempcmturc 
wns 1700 

('. ILnd pressure wus 1 rnm. 'rhe turpentine possessed the 
following ehnmeteristics: 

Density, d~' ",.O.85M 

Ind('x of refraction, n~~ "'" 1.4682 

f:;pccific rotation, ra] 57~=---23.7° 


'eb£.' Llll'!H~nLi!1e consisted of: 

Compound: Percent
dl,l-ex-pinene _______________________ ____________ ________ _____ 70~_ 

l-,s-pinell('________________ ~ _______ '. _._ __ _ _ _ _ ___________ ____ ___ _ 20 
l-lirnonene _________________________________________________,. __ 3-D 

The polymer·il'.c(\ residuc amounted only to 1 percent or the weight or 
the turpentine. 

88. Pinus banksianaLamb. 	 Reference (63) 
(Deser. Getl. PillllS 1: 7 pI. 3. 1803) 

P/:n'u8 bank8iana, or jnck pille, Wows rl1!'tllCr' north thlln any othor 
Americi~lI pine. 1.11 the ,Mo.t' Kl'nzi(' Ri,-cr \\tlll',Y it oceurs nelt!· tilt' 
1.\retic eirek. Its mngc extends rmm Kont :-ieoLi!L ilne! centl:ll! Que­
bec, west to nor-ther'n :-;nslmt/·lr(·wIUl and till' 1\or-thwCflt Ten'ito!'}" 
south to ('cntml Albertn, tlnd southcm Mituiloil!t. J.t grows ill Kor·th­
CilslOl"ll Ullited :-itltl!.·S ,·in ,Minncsota, 1Yisconsin, ,Michignn, ~[Itilll', 
V('r'lllOnt, N('\v HIlIlrpshir(', lWei in the lIorthern parts of Now York, 
WillOis, unci Illdianl),. In Alberta it Cl"OSSCS nnLumlly witll P. conlol't(l<, 
No. 89 (10,i). 

,Yo obtained it sumpl£.' or jnck pille oleoresin througlr the coul'tes)' 
of the U.:-i. Forest: :-;cl'viec Lllk£.' Stnt£.'s }i'orest Expcr'illlcnt Station, St. 
Paul, ~[inn. The oleoresin was collected [rom :35-yellr-old pines in 
the Ohippewa Klltionn.l Forest, northern ,Min:1l'sota, in the summer of 
1940. All togethel', flbout 7,000 g. of oleol'csin WitS obtninecl. The 
oleoresin was Ireated under reduced pressure: at the end of the distilliL­
tion, when ttl! tur'pcntillc had been expcllc(~, t:lC pot lempern,ture WitS 

incrensed to 185 0 ('.fmc! the prcssure wus reduced to 0.5 nun. 1'hc 
yield of tm'pentinc WItS 21 pm·cent. 

The 	tur'pentinc had the following pcopertics: 

Density, d~o-=O.8595 

Index of refruction, nif = 1.4(i70 

Specific rotatiou, (a]IT=+D.75° 


~: 

r' 

I 

http:a]IT=+D.75


5 

CO~tPOS[TIOX OF G1J~I 'l'URPENTINES OF PINES 117 

• 
'I'll£' turpcntine ('ollsisled of: 
Compound: Percent 

t~~~ixI~~::~~I~e" ==== -== === ======================================= ~gResiduc and losses_____________________________________________ 

.1n.ck. pille tUl'pentill(, rc('cind from Xieolet ~n.lional Forest, Wis., 
htld It yield or t4.5 p(IL'('ent with the following cllal'llclcristies: 

Dcnsity, <115 =0,8555 
[nd('x of refraction, nir"'" 1.4674 
Specific rotatioIl, [alli'= +2,20 

A sllmpl(' I'rom Onllu'io, CantHIll, had the following constunts: 
DPllsity, (H'~"O,85\}O 
Index of n'fl'llclioI1, nir'" [.40(jS
Hpecifh' I'oLation, [<~n~='" -IG,3° 

'I'll£' ehelllind ('olllposiliOll or hybrids between Pinus blmksiana and 
P. cO/ltoi'la is considered under p, coniorlu, N"o, 80, 

89. 	Pinus contorta DougI.Rd{'l'(,lH'PS (136; 'u.npub, oriy, data) 
(Loud. Al'b. Fl'll t. BI'i l. 4: 22\)2. t8:iS) 

])iIl1l8 ('olltorlo, l'olllmollly knowlI ttS lodgepole pilh', gl'Ows ovC!' a 
V('l',\" wide' I'tlllgP, I t is found [rOIll Alaskn Itnd the Yukon Tcr'l'ilOl'.Y 
to Bltjlt (t1tiil'ol'llill, ~[('X" nml [I'OIll tht, Pucific rOllst lo the Hocky 
~l()lIl1titins, \\,11(,1'(' it grows III (,I('\'ILtions up to 11,000 feet above sea 
l('\'Pi. It ltiSO O('(,Urs in the Bltu'k II.ills or South Dakob1 Ilnd in south­
WPSL('L'11 Saskalcll('WllIl. 

Botlwisls distinguish bN \\'('1'11 i1 ('onslnl nud tlll inlnnd [OL'III oj' lodge­
poht pint'. Th(' Pneifi(' ('OIlSt I'orm is ciesiglltLted as Pinus contorta 
pl'oppr, \\'hPI'PIlS the illltllld [01'111, both or the Sierra NllYli.c!a or Cali­
[orniu 1111d tltl' AnH'I'ir:llll Rocki('s, is known tlS P. contort(L \'nl'. iatzfotia 
EugPim., I), cOlllor/a \'tll'. m,1.lI'l'CLl/CWlL (01'('\'. &: Bull'.) lDngclm., 01' P. 
mW'/'(I.l/(LIt(l (In'\', l\; BIlII'. A scrubby 1'01'111 or this pine gl'OWll on the 
~[pnd()eino ('oast or Cldirol'l1ill is (,1l11l'C1 p, conioria \Ttll'. boinndel'i, In 
British ('OIUJII bilL thl' <,onsliLl 1'01'111 and the inlund 1'01'1l11llcl'ge, und 
farthel' north l)olh hl\,\'(' lh£' 11I1mp or p, conlorto.. fn Albcr'la, p, 
(,{}II/flr/a O\'Pl'ltlPS till' IU'('1l or 1', bnilk,'iimw, No. 88. The two pines 
Lulpl'cross tll('I'(" I'ol'ming- n mlh('I' eonl'using hybrid sw!U'm (104), 

('ritl'hfipld (d2) sludi(·d \'!ll'iahility or Pinus COI/Lorta throughout its 
I'Itl\gl' Jlnd ('o!l('luded lhat lhis SIWei('s tiLIl \)p di\'id(l(1 inlo [Olll' sub­
Sl)('('ips: (Il p, COl/Loria crmlortn of the' Pucifie ('oast, (2) P. contorta 
bo/(/.wleri I'Ollnd ill only OJ\(' loettlity, eailed White Plains, ill Mendocino 
(~ount.Y, ('ltl;l'., (;{) 1', cOHior/a 1nurl'(lya/1a or til(' Siel'l'i1 .Nl'Vtldil or 
( 'nlil'ol'l1ia., illld (4) IJ. col//orta lali{olia or the Hoeky j\lounll1ins. 

Thl' ehpmil'lll ('omposilioll of ~l'inll.~ COlliol'la llll'pclIlillc \"11S first 
I'epOl'lNI by Scilorgel' in 1.9l:3 (136). Thc yield or tUI'J)(,lltine wns 14,7 
1H'I'('ellt of till' weight or the OI(·OI'(':3ill. Physienl ehnl.'llelCl'istics 01' the 
t llI'(Wil tinc (olllltilled by stcilm distilhttion) Wl'l'C these: 

lOin ""1I!ple /911 SllI/!pl. 
Density, dg_____________________________________ O,85'!\} 0.8518 
[ndex or refraction, Il~_ __________________________ 1. ,18(iO 1. 4862 

Spedfi(! rollition, [<¥In-- .. -.------------------------ -.____ -20,12° 

('pOll iWftl,vlling the lUt'penlin£', Schol'ger coneluded tlmt it eonsistcd 
ililllOsll'Illil'eiy or l-.B-pilellltndrCl1c, No othel' terpencs were detecled, 
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In 1948 r eOlllptu:ed steum-distilled gum tUl'pentines of the contoria, 
-mul'myana" iHld bolandel'i v(tt'ielies of Pinu.'1 contorln aud found these 
to be \'('t'X sirnilill' (lltble :37), In 1949 r eolleetcd It sample of' oleoresin 
of \'Ill', m.UI'myana [tom the Siun!:' locality itS shown ill LII,ble 37. The 
tUl'pentine WItS distilled by 011(' of Dr.Hnngell-~mit's studellts at 
('n,lit'ol'llia lnslilltle o[ 'l'c'ehl1ology (unpublished l'epol't), 

TIlt' pr('sslu'P at the end of the distillation WfiS reduced to 2 nun, 
Yield of tltrpentine wus 15 percent of the weight of the oleoresin, and 
tbe physical chl11'actcristics of the turpentine were us follows: 

Density, d7 cco:O,8380 

[ndex of rcfmctioll, llTP"~ 1..1818 

Spceific rotation, [",m.s"" - l2,14° 


'I'll(' LUl'/)('1l Line wne l'Oportet\ to contttin l-,B-pbellandl:one, 
Ln.l('[', w(' made nUUH'['O\IS iUHdys('s of Pinus coniol'in tUl'pentine 

sampl('s, but th(' L'('Sldts hn.Yp not 1.}('(,1l publisilt'd, The pbysicnl 
('('llSltUlls or SOI1W of t11('S(' sfimples iU'(, gi\'CII ill tn.blc 88, All tit(' 
Sfl,mpl('s liHted i~l th(' liLbl(' \\'CI'(' ubtaincd by hefLtillg the oleol'esin 
uudcr rcdut:('(l pl.'essur(·; n,t tlt(' ('lid of tite opemtioll, tilt' tempemtul'c 
1'('IH:it('(1 l80° (', Ilnd tlt(' PI'('SSUl'e \\'ns 1 nun, Lnder these conditions, 
til(' P()tl,t'sidu(' (i,('., thl' rosin) WitS hnl'd find brittle, showing thn,t 
almost !til voltttilp ingredients (If til(' oleol'('sin Illld been l:cCOYCl'ecl. 

All sltmpl(,s of' Pillus conlo/'la tlll'pt'ntinp nnn.lyzed in our InborfLtory 
possl'sSNI about til(' same composition ns reported by Scitorger (136). 
'l'h(' bulk of tlH! Lill'pcn Line consisted of L-.B-phdlundrenc, 1'h(' hends 
eonlllinNI \'fu'yiug bu tgencmlly y('ry smn.H amounts of l-a-pinene. 
III SO!1\(' SIllHpl('s a-pinene \\'as completely liI,ckillg, 

l'iU1l8 COIllOI'/(L oleoresin obtninccl from Lakc Tuhoe Vulley, Calif., 
belmn'd sOIl1P\\'hn.L ciifJ:ercntly, 'Whon distilled itt 1 mill, pl'essure 
ilnd it finltl t£'l1lperfLtUI'P of 1800 C., thL' 15-pcn!ent yield of turpentine 
hlte! the' uSl11l1 p, COl/Loria clutl'Hcteristics: 

Dcnsib', d.;'; ""O.8U50 

[ndpx ()f refraction, Il~=1.4877 

Hp<:cifi(' l'otiLtioll, ["']0 = -14,l0 


'rhp tll L'pell titH', 110wo\'or, consisted 011 tin·l}' of 1-,B-pheIlltnd rcnc, und 
til(' rClI1llining pot rpsidu(' (tlH' :'osin) wus n~r'y soft. 

Wht;'n till' tel\lpcmturc wn.s ilH:I'ensed to 20()O C,' 01' when tlH' pt'es­
sW:e' wns rN\uted to 0,5 mill" Itll uci(litioilltl 11 percent of oil wns oh­
tnillNI. 'I'll(' oil hud tht' consistency of CiistOl' oil, Iwd pn.I't of it 
solidilit.d ill the' ('ondens!'r, This [metion of tht' vo!tttile oil, which 
hiu'clly could I.H' c!tIled turpentine, was stl'ongly de:dL'Ol'otlLtory (ao= 
.~ :14,5). The s'lustnllc(' wns appurently u. m.i:d;ut:L' of 11 sesquittwpcne­
IddC'il.vde fLnd u sesq uitorpeno-ketone, No furthor WOL'k was dOlle 
with it. 

In Albel'tiL, Cltnndu, PinUB contortn (,L'OSSCS IHttllI'ltlly with p, 
ban/.:silLI((L (No, 88), Turpentine composition of individual trees in 
tiln,t iLl'eft WHS studied by Miro\' (104). p, c()ntol'in LUL'pentine con­
tall1t't1 only l-,B-phclln.nc1rclw. N either O!~pincl\(, nOt: scsquiterpolles 
nor S('sq llit('1'PCIlt' dCl'i vutives wcre present, The tUl'pon tino of p, 
bltll/.:....,i(LIHL eonsisted of a-pinenL' with lln lldmixtmc o[ ,B-pinene. 
Turpen titlc' of the hybrids con tn.ined n mixture of a- and ,B-pinenes 
and l-/3-p\H'lIand rene, the pinenes predominating. ~'[oL'phology n.nd 
composition of turpentine ill thebybdds were not always correlated. 
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ii .. .., ~ &c 	 ", .. ..~ ~ 

'1'A B1.1~ :37 .-('hamcicri:r.;tics of tkree 1'aritties (~f PhlllS conim'ta, 11.11')('ntiJle I 

lniHnl Finnl I 1 l'ndex of Specific
Pinus con/or/ll variety Loeu!ity boiling boiling Dcnsity rcfrndio)l rotation 

point tit point lit 1 dis 111: [Il'm 
28 IHm. 28 mm. 

- ______________1 	 ____._. ,____~,______ 2 
~ 

o c. o c. 	 Degrees 0
][llrrayana______ _~ _____________JSierr{\. Ne"l\dll ___ ._ • _________ • ____ ." 	

~ 

73 76 O. 8400 1. 4804 -15.0 ie 
COII/Oria,. _________ • _____________ i CtllifOl'llin CotlsL ___ ••• _. ___ • __ • __ _ 73 78 .8368 1. 4802 -14.1 0Bolllllderl ____ , _________ ••____ • __ t. _. _.do_____ ' ______ • _____________ _ 75 77 .8358 1.4817 -16.1 0 

i 	 Z 
-,--~,~-.~-,-:.........--------------'------'-----'------=------:...---- o

1 ,B-phcllandrcnc was idl'ntificd in nil three varil'ties (unpuhlished dntll.). 	 l:Ij 

o 
S 

1'AllT,E 38.-Physical constants an(l chemical cO'lttpo81'tion oj P1·1/.1l8 contoria i1l1'pentine sam.1JZeS 
,.., 

f1'om, d1tfcl'ellt localities ~ 
~ 
." 

Locality 
Yield of 
turp('n­

tine 
-­ ~ .... -----~--

Density
(t;' 

--- --- ...."-.,.-.' 

Index of 
rdrlH'tion 

t\~~ 
--"---, 

Specific 
rot.atioll 

[ab 
0'-.- .. " 

Components other thnn ,B-phellandrcnQ 1 

I .. , -

l"l 
!2
8
Z 
trl 
Ul 

l\linturrj, Colo _________ '- ______ .. ________ 

I{alJ:lnllskis, AlbertIl, SlImple No. L ______ 
J{anunuskis, Al\)crtu, Sllmple No. 2 _______ 
J{ulllioops, British Columbia____ • ________ 
New Ze:l!:tnd (p!:tnted trccs~ _____________ 
New Zt.'ulnntl (planted trees • ____________ 
Priest River, Idllho _____________________ 

,Perct:"l
18. (j 

13.0 
12. 5 
14,2 
15.0 
13.0 
11.0 

O. 8473 

.8484 

.8489 

.8452 

.8410 

.8451 

.8514 

1. 480l 

I. 4798 
I. 479(i 
1. 4828 
I. 4819 
1.4817 
I. 4808 

])rurers
-lL 8 

-14.7 
-15.9 
-17.3 
-1,5.5 
-15.0 
-19.1 

No scsqnitcrpcne compounds; a to 
]ll'rc('nt l-a-pinl'lw, 

} No a-pinene lind no scsquiterpene COil 
pounds. 

5 percent i-",-pinene. 

}No ",-pinene; no scsqllitl'rpene compoundl 

PrObably a slllllll amount of Il'-pineile. 

4. ~ 

~ m 
e!l 

.­
---~-

I This terpene formed the bulk of all sum pies. t--'­
~ 
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Tv Sllm up, most of the tUH1lyr.ed samples of Pinu~~ contorta tur­
pen till£' consisted predominun tly of l-a-pbellundrenc, SOllle with a 
SIlIItH IHlmixtlire of l-pinene; tUl'pentine of one Yal'icty (possibly 
Critchfield's coniol'l(L InUl'ral/(Lna) wns fOllnd to con tain 15 pel'cent of 
the uswti l-.8-phc:UnncLl'ene und about 11 pel'cent uf sesquiU:ll'pcne­
cal'bonyl c:ompounds, EutlLre work 011 these interesting compounds 
is clesimble, 

90. 	Pinus greggii Engelm. llel'PI'enu(' (Unpub. orig. data) 
(Ex..Pn.!'il1torf.'. DC. Proch,. 16-2, 390. 18(8) 

Pinw! fjre[J{fl:i O(!('lIrs in the llol'tilcnstrrn pltl't of :Mexico, Illtll1ely, 
ill ('IOuthrHsterIl Coltllllihl and in adjaccn t pUlts of Nuevo Leon and 
fal'thel' south in Snn Louis Potosi Ilnd ill Hidl1lgo. .Mol'pholo~icnJly, 
it is dosl'ly l'citLtpd to P. pat ula, No. 91, bu t it can be distinguished 
by i ls shol'ler, ('OH,I'Sf'J', ereet, I'Ittil('I' thnn drooping, needles. 

A slllnll sn.mp\(' of oll'ol·t'sin of PinuR {jl'l'fffjii Ctune, through the 
('OUI'U'sy of Pl'ofl'ssol' .lost' cI(' In PUPllte, from nenl' SILitillo, Coahuila. 
Tlw tUl'pentillt' WI1S obtaill('d by hen.ting the oleoresin under reduced 
Pl'('SSlll'l'; ItJ lll" clld of distilln,tioll, thl' pot tempemtuL'l' wns 1900 C. 
I1nd th(' PI'PSStll.'l' WtlS 1 Hun. Yiold of tnq>entine \\'us 15.2 percent. 

Physieal ('httmetl'l'istic:s of the tUl'pentine were: 
Dellsity, d~'~' 0.8G50 
Index of refrtll'Lioll, nit = lA826 
Hppeifir rotatioll, [il'b;q= - 30.0° 

A bnJ('h of 97 g. of the tUl'prntine WfiS subjeetcd to fmeLiolll11 
dislilil1tioll ill 11 00 em. Todd distilling column. The opem,tion met 
wiLh n,n Il('eidellt l111d \\'I1S not compll'ted. }{csults of this partil11 
fmetiolml distillltl,ion nre givcn in table 39. 

TAGLE 81).--Re8ulls ojjractional distillation oj Pinus [Jl'e[Jrrii 
lurpf nline 

1 
I Boiling Density lndcx of Spccific 

Fraeiions I' l'tllige 1 i Distillate rW rcfmotion , rotation 
nf, [",JD

t 	 l f 1____ 

~ ,- -. -11---,;.:" ~- l'--:(~;l-~: l-----·~-~I--~----~-I J)ryree., 

1. . . __ .. . 1~~ I ~£ _. au , O. 8~~~ I 1. 4~4a I - 8. 00 
2. .... Ina Lal .71 .8a__ I 1. 4h50 1_________ _ 
a 15.7 IfiO I. 02 . 85{l4 1. 4(;59 • _________ _ I 

·1 ~ . ___ , 100- W5 2. L5 . 858·~ I 1. 4089 : -- 9. 82 
5 lfi5 L{)(j 1. 02 . 8544 I' 1. 4.704 ' ______ .• __ 
Ii I (if;. [fi8 L. 33 . 8505 I. 4715 - I 1. 40 
7 lIi8- I (j9 2. 05 . 85Q2 ' 1. 4.725 - 13. 00 
R Hi!) 170 1. 43 ! .8538 1. 4,735 -14. UU 
!l 170 171 1. N I .8517 1. ·1745 -- \{j. 50 
10_ 171 172 4.92 j .8582 1. 4749 -20. fin 
II 1'i2173 l3.0·1! .8438 1.·1759 -25.Ii(j 

i 

, Pr(·SSlIrt' • 7!iO nUH. 

'I'It!' there hc'ad fl'lwtiolls W(ll'l' eomposed of l-a-pinene. Ernetions 
·1 lo S, inciusi \'l', consisted mainly of l-fJ-pineue. The undistilled 
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residue, which possessed the consistency of It heay)' syrup, 1111101111 ted 
to 08..13 pC'I'tNt t. It is possiblC' that the syl'u PY l'C'siciuc con taiuod 
l-t3-phplifLncir etle, togetbc'r with l-limonenC') iwd some sesquitCl'pcnes. 
Turpen tine of Pinus !}rt:[}ffii should be reexl1mined. 

91. 	Pinus patula Schl. & Cham. Rofen'llce (Unl)ub. OJ"ig. dCLta)
(Liunllen., 0, :354) 

Pinus 1)atllia is It :Mpxiciltl pine of it mther .limited disLI'ibutioll. 
It grows in the sUbll"Opien.l pltrls ot the country ILl ele\'fLtions mnging 
fl"()!u .I,tlOO to 3,000 meters (ltbout 5,250 to 9,800 fe(·t) flUOye SOlt level 
wh(,I'(' t11(, ('limILlC' is tool ilnd humid. This pine oeelll"S in the Stlttes 
of Qll('r6lal'o, Hildngo, .Mpxico, Pueblu, nnd Yomcnlz. It: hilS boon 
["(,PMt cd to gr:ow in O[1e 10clLlil), in thC' Slltte of TltllliLUliplls (66). It 
hits 	beell pllLll ted for OI'l1ilnlCnUd purposes in the \\'lt1'11101' pmts of 
( 'n.lifornill. 

01('0l't'sin for th!.' presont study WflS collected from 80-year-old 
pillnled [r'('('S gr'owing ILL lhe Ecld.v Arboreturn, Institute or li'Ol'cst 
G€'l1oLies, Plil('or'Yille, ('ltlil". Yiold of the' turpentine, becttusc of 
H!ry hot twd <inr ('Itiifomill sUlllmers ttnd the lmturc of Lhe \'oitlt.ile 
oil,' WllS \'cl"y snit111--onl.\- 15 pel'cen t o/" t.he weight of the oleol'csiu. 
When olool'{'sil1 WIlS ('ollceted in ILir-ligltt contn,incrs, the yield of 
lurj)('nlill(' WIIS 27 pOl'C'ent. 

Till' C\lrpenline was obtained by bcnting the oleol"esin undor reeluced 
PI"PSSlIl"l'; ILt the end of disLilln,tioll, the pol telllpoJ'lI,tuJ'e rOl1cllOd 
212° ('. ILnd thC' pl'eSSlll"e WIlS rod ueeet to 1 nun. 

Till' lurpl'ntillC possessed tl sweet odor, suggesting not. only the 
PI'C'S(,l1(,(, of pilclltlndl·pl\(' bll t !llso o/" some other swoel-smelling sub­
sttLlH'es, Pf'l'ililPS oxygcHlltled compounds. 

PhysicfLt dllll"lteLerisLi('s or the turpentine wore these: 
D(·nsit.y, df =0.8591 

Indl'» of refraetiou, n~i= 1.4885 

I::lpccitic rotatiOll, [od.;n=-5.24° 


Till' t 1I1"flC'lIl ine wni) fl'tlctiotltlt eel in i1 90-em. Vigl'oux column, 
2()-elll. diallll't('I", equipped with ItclLled jlll"ket. A reflux of ]0:1 WHS 
LllIti II tILiu('(\; t IH' I"l'sults imd pitysiclt1 cllllrttcLeristics of lihe l'rn,ctions 
11I'C' 8110\\"11 in lIth I!.' 'w. 

Phn,ien,l pl"Opertil's of til(' l"metions ploUed according to Suthcl'land 
U57)' SllggC'sle(\ lhiLt til(' l"ructions boiliug below 170° U. contltilled 
[\Vo nmin ingl'(~dil'nts: dl-a-pinene and t-t3-pltelltLl\d['cnc (fig. 17). 
'('ltes!.' l wo Lel"pclH's were duly identified by preparation of Cl''ysttLlline
dNi ntli v('s. 

PinC'ne ni(rosoddoricl!.' (m('iling point 105° C.) was prOpftreel fr:om 
[Ill' Illittel'i ltl of I"m('tion I, ILllel phelllLlIelrene nitl'osite (moILing point 
102°) fl"tllU the' oil 01" fnwtions 10, J 1, Iwd 12. Tests for presence 
of linHHll'Ue Iwd 6 3-t'lln'ne wen' l\CWtt;,"!.'. 

W1H'[\ tl.1(, dislillll..Lion lCl.llpOI"Il..i.tu·P rCIlt'hC'd 175° C., the oill'emltin­
ing in lilt' Hllsk \)('cl)'\l,le polYllIcl'ized to lhl' eOl1sisLenc.\' of castor oil. 
A 120 ('c. nl.C'HSlIre of this Plu't!y polymerized flask rcsidue WIIS fme­
tiollllled under redUl'cd pl'CS8llr!.' in IL 12-illeh long, l-iudl ditlll1etol' 
eoluulU, filled with glttss hdi<:cs. The results are gi\'cn in tlLble 41. 

http:od.;n=-5.24
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FR. 177 
0.92 

0.90 I 
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).. camphene. ep-pinene f""..... 
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~ 0.86 • tl-carene 
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.8-myrcenee 
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INDEX OF REFRACTION 


FIGURE 17.-Sutherland diagram of fractionated Pinus palula turpentine. 
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TABLE 40.-Fmctionat (listillation oj 200 g. oj Pimu; J!" ,"/.,;­
turpentine-pressu1'e 762 mm. .• 

Pres­ Boiling Density Index of Specific 
Fractions sure range Distillate d~3 refraction rotation 

n~ [ah7S 

7U'IIl. Deyrte& Percellt 	 .Degree.If1___________ 760 158-159 O. 9 0.852\ 1. 4065 -7.72___________ 760 159-161 1.8 .851 I 1. 4679 -10.1 
3___________ 760 161-162 2. 8 .847 1. 4690 -10.9 
~,- --________ --------1 , I 162-163 1.0 . 847 1 1. 4706 -13.9 
0._ .• 71)071)0 163-1()4 2. 4 .847 I 1. 4721 -14.96.__________ 760 

W4-169 , 2.8 · 8'~3 I 1.4755 -15.77___________ 760 169-171 5. 3 .843 I 1. 4779 -l8.2S.__________ 760 
171-172 1.9 L 4799 -17.5· S41 I

9 .... _______ 7(iO 172-173 1. 8 I. 4814 -17.8.841 Ito .. ________ 760 I 173-174 4. (i I 	 -18. 3.840 1. 482(i
11. ___ ._.__ 71)0 174-175 12.0 \ .840 ' 1. 4841 -18.8
12__________ 760 . 175-176 4.4 . .840 1. 484.6 -18.0 
13. ---.----- 21 	 54-66 13.0 · S42 1. 4861 -18.0
14_. ____ .__ 2 . 	 6(i-73 4.0 .876 1. 4921 -17.0 

73-78 2. 0 1. 496515 •• -------- 21 	 . 90S -1.0
16._________ 2 	 78-85 3. 0 .9I7 L 4966 +15.4
17__________ .2 85-90 4.5 .926 1. 4989 +31. 3 
Pot residue 1 

'. 

31. 8 ___________________________ _
and loss ___ -- -- ____1____ - -- -- ­

j 


1 After cooling, 63.6 g. of pot polymerized residue solidified into an amber­
colored mass. 

TABI>E 41.-Fractio'nat distillation oj Mghet jmctions oj Pinus patula 
tUl'pent'ine 

Pres- Boiling I Densitv Index of Specifie 
Fractions sure runge Distillate di; • refraction rotntion 

111~ labs 

mill. ~ C. Perct:1Jl 	 Degree.1 ___________ 
2 54-66 21. 8 I 0.8421 1. 4861 -21.3 

?-- ... ------- 2 6(i-73 3.4 .8759 1. 4921 -17.0 ... ­3 •• ________ • 2 73-78 6.7 .9084 1. 4965 -1.1
4_ ~ _________ 2 78-85 5. 0 .9175 I. 4966 +16.85 ___________ 2 85-90 7. 5 .9258 1. 4989 +33.8 

Fraction 13 nlso consisted predominantly of l-,B-phelllllldl'ene. 
Fr!l.ction 15 WllS tested for methyl chn,vicol; the results were. posi­
tive. Fmction 17 wns tested for sesquiterpenes by prcpnring hydl'O­
chloride: 5 g. or the oil were dissolved in 40 ce. of absohtte ether and 
treated with dry Hel gttS for 30 minutes. Abundant crystills of 
hydrochloridce were formed after the treated oil had remained in the 
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refrigerator for 50 days. 	 The hydrochloride was recrystallized three 
times from glacial acetic acid. Its melting point, 590 to 600 0., was 
not changed by addition of known longifolene hydrochloride. 

The composition of Pinus patula turpentine was also determined 
by menns of vapor chromatography. Previously the apparatus had 
been calibrated by using known a-pinene and ,8-phellandrene. From 
the results shown in figure 18, it is seen that the two major components 
of the terpene frn.ction of P. patula, turpentine are a-pinene and ,8­
phellnndrene. Besides these two terpenes, a yer'y small amount oJ 
anothe.rcomponnd WIlS present, probably methyl chavicol. 

, 
Column' Ueon, 5' 	 .. 

c 
Temperature'190·C 	 ~100 	 "0 -

C .. 
cHelium /low rate: 50 ml/min. 	 0 ..~' 

Sample volume' 20 ~I .r:: . E 
0. 


Cell current: 200 ma ~ t1 
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FIGURE lS.-Vapor chromatography chart of Yin'us pa[u!ct turpcntinc. 

The sesquilerpene part of the churl shows three major penks. One 
of these peaks represents longifolelle, nlreadyidentified by its hydro­
chloride. The other two peaks possibly nre ,8-1ongifolene aml 'Y­
Iortgifolene. These two sesquiterpenes had been found. by Ghu,tgey 
iUld Bhattitchill'yyit (56) in Pin1l8 longifoliCL, No. 26, tlU"pentine. 

To sum up, turpentineo{ Pinus patula contained.: 
Compound: Percent 

dl-a-pincnc. ___ .______________________________________________ 5 
l-{:l-phellandrcIlL _____________ • ________________________________ 70-80 
Methyl ChllVicoL. ___ ._.- _____ • _____________________________ . __• 5 
Sesq uitcrpcllcs, chicfly iongifolcnc _______ • _____________ • __ ___ ___ _ 10 

The higb content 0.1' 1-f1-phelll1lldrene in P. patula turpentine can be 
comp!Lred only with that of P. contorta, No. 89. The two pines ill 
Shaw's boLitniClll classification (142) stnnd very dose to one another. 
A reexaminntion of the turpentine of this interesting pine is advised. 
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92. 	Pinus muricata D. Don References (96; 1Lnpub. or£g. data) 
(Linn. Soc. London. Tmns. 17: 441. 19:W) 

Pima'; 1l1uricata is n, ('tlLifomin, species, commonly called bishop 
pine. It grows along the (,Ollst of northe1'll und eentml ('nlifornill. 
It also occurs ill the ).Iexienn Stllte of Bajn C'alifornjll Iwd Oil the 
isltwels of ('edr08 and Glltldltiupe, near thr COltSl. Dufncld,3{ who 
studied vuriflbilit)' of P. mur£cata, proposed thnt this species be divided 
iuto foUl' vnrieties: (1) boreaLi,'! of thr north; (2) murz'cata of the south 
(mninland); (:3) {'f'morata, of Sunt!t emz tmel Santtl ROSll Islnnds; lWei 
(4) cedro8ellsi... Howell (of ('edros Isltilld), 

In 1945 I obtained tl sitmple of Pinu,~ muri('ata oleorcsin from neIll' 
Fort Bmgg, on the ~I('ndo('ino const, Calif. Turpentine was obblined 
by steam distilllllion, lWei the yield was 22.4 per('en t of tIl(' weigh t or the 
oleoresin. TIl(' physical chlU'lleteristics of the turpelllinc were these: 

Density, cil'=O.S(ilO 
Jncl('x of n>frnction. 1I1&~ [AGOa 
Hp(>('ific' rotation [aJil'= .... 11.6° 

Thr lurpenlinr eOllsisted 1111l10Sl elltirel~' of d,dl-a-pinel1e (98 to !)9 
per('enl), and less than 1 pen:ellt eamphene. Apparentl.\' there wel'(' 
lIO s('squiterpenes. Dr. Sutherland or the Cnin~rsity of Queellsland, 
Brisblwe, AlIstmlia, wrote' nl(' thal he suspected slUall Ilmounts of 
a-tujel1(' in the tUL'l)entine or this pine. 

For nn inve'stigfllion or the' \'Iu:iety remol'ata, originally known ns 
Pinu,~ 7'emol'1lia ),[ns0l1 (89), We' obtained fh~e smItH slunples of tur­
pentine from SailltL ('ruz Islalld. and two sltmples from Sllntn ROSiL 
Island. The slunples hlld opticl,l rotation, an, vitrying within narrow 
limits from -4:3.00° to -45.5°, iiS compared with an=+9.98° of 
P. ((wricaia \'ill'. borealis. 
93. 	Pinus attenuata Lemm. Reference (107) 

(~Lilling lllld Sci. Pr('ss 64: 45. 1892) 
Pinu,~ attenuata, knobcone. pine, is fl, Pllcific const species, 

growing in widely sCIlHerNI plaees at medium nltitudes, often 011 

ro('ky slopes, of both thl' Coast Hangl's nnd the SieLTft Xevndn. from 
southwestern Orrgoll to southe1'l1 CulifoL'llin" It is also foulld in Baja, 
('lllifol'nin" ).Iexico. 

Oleoresin of knobeolle pine was collected in thc summer of 1945 
llP1U' Kelsey, liJl Dorado County, C'ltlif., at an el<~\-ution of 1,500 to 
I,SOO feel. The trces wrl'(' on~rmatul'e, of poor growth, and of rather 
grotesqlll'llPP<'lU·flIlC('. Tbe site was extremely dry and POOL'. Twenty 
In'ps 	were lupped. 

Tbt' oleoresin was heatrd in It 2-liter Clnisen fhtsk in Ull oil hath 
under redueed prl'SSlire j tbe temperature of thc bath lowilrd the ('nd 

Dab: of olf'or(':;in collection: 

or distilltllion reuched 200° C. nneL thcpressure wns reduccd to 
0.05 mm. Yield of the t.lU·pentiue wns us follows: 

'PlJrpeu­
(/IIf, 

(percell/}June 9_______________________________________________________ 2~ 

June 27 ______________________________________________________ 2& 4 
July 2~_ -_______ •• __ • ______ ••.• _._ __________________________ 2& S 
AlIgllst 25 - _________ • _ _ _ _ ___ • ___________ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 24. 0 

31 DI-~-nEI.D, .Ton" \y,\ItH~;X, I"TERHIU,NI'II)XR (H' '1'111, (~;\!.Ironxr" CJ.OSEIl­
('O,:-lg I'DH;::; 11'1'1'11 RI'(';CIAI. rtJ::FF;((~;X(:~; TO I'I"I'H "t:IUCA'I'A D. DON. 85 pp. 1951. 
[Ph. D. thesis. Copy 011 file Uni\'. Calif., Berkeley.) 
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The tmpentinc (combined from all four gatherings) hnd the 
followiug charncteristics: .. 

Density, df'=0.8.'520 

Index of refraction, nIl = 1.4652 

Specific rotation, [am= +17.1° 


The turpentine wus 98 percent cl-a-pinene. 

94. 	Pinus radiata D. Don References (8,20,91,116) 
(Linn. Soc. Londou. Tnuls. 17: 442. 1836) 

Pinwi I'o,cliatn is the ~lonterey pin(' of the California const south of 
San F'l'fllH:is('o Bu,y, purticlllarl~~ of the ~Lonte!'ey peninsuln" It nlso 
!-{!'ows 011 neil!'by islnnds. H hns been plnnted extensively in the 
warmer pnrts of ttH' world, especially in the Southern Hemisphere. 
In Austrillil1 and ~ew Zealnnd, where it is known as P. insigni.<; 
Dou!-{l., it hIlS becolll(, It comnwrcial source of lumber. Turpentine of 
)'lontercy pille was in n~stigllted first by BI1rralld in 1928 (20). Sh(' 
worked with two samples of turpentines. Physical charncteristics of 
t;:H' samples wel'(l as follows: 

Planl,d Irtu 

Pmllct Porllj~ul 

Yield of turpentinc, percent___________________ 22 20
Density, dIs .. _. _.. ___ •• __ ._________________ O. 8685 O. 8700 
Index of refraction, n;'_._____________________ 1.4690 1. 4712Rotation, a, _________________________ _______ -10.88° -11. 20° 

Apparently both samples were fnlctiont1ted together. The turpentine 

eontllined: 

Compound: Pact"!
i, dl-a-pineIlC _______ • ___ • ____________ .______ _____ ___ _____ _____ 34. 3 

t~;~::~~:~~: ==: ==========:==: :================================= 6i:1. t7Tai~_________________________________________________________ 

X 0 cl'ystilliine iplrnbromide was oblained to verify the presence of 
dipentene. ,Alcohols wcr(' suspected Imt not identified. A sesqui­
lel'pPlle was ilPPlll'enlly present, but no crystalline derivlltiyes were 
obtained. 

~[eCi)mbs (91) in 193111nlllyzed ~lontere~Tpine turpentine obtained 

in New ZClllnnd from planted trees. The chal'llctcristics of this 

Lurp('ntinc were: Density, d=0.872 to 0.874; observed rotation, 

a=-12.4° 

'l'h(' ('omposition: 

Compound: Percellt 


~a-pillenc____________________________________________________ 24 
1-i3-pincnc_______________________.-.----_ _ ___ __ ___ ___ _____ ____ 75
Tails. _____ _______________________________ __________ ______ ____ 1 

In L932 AriJuzo\- ILlld his coworkers (8) reported their work on 

turpentine obtained from planted ~lonterey pinesjn southern Russia. 
 ",
Physical ChUl'iletCl'istics: 

Density, dF·~=0.8685 

Index of refraction, n~·5= 1.4776 

SpccihC rotation, [£lIn = - 3.25° 
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The composition was.: 
Compound: Pere<nt 

d, dl-a-pinene_________________________________________________ 40.6 

b~~r:~r~~~l~~:~~~~::~:::::::::::::============== ==== == ======== ==56: :Higher boiling fractions (unidentified)___________ __ ______ _________ 2. 7 
" wlontercy pine turpentine investigaled in our laboratory (116) was 

distilled from oleoresin collected from 20-year-old planted trees at til(' 
Institute of Forest Genetics, PlacenTiHe, Calif. Yield of oleoresin 
was very poor. The oleoresin was heated undeL' reduced pressure; at 
the end of the distillation, pot temperature reached 1900 O. and 
pressure was reduced to 1 nun. 

~., 'Phe yield of turpentine WfiS 16.8 percent. It possessed the following 
physical chnracteristics: 

Densitv, df'=0.8.596 

Index of refraction, nTI =1.4727 

Specific rotation, [am= - 5.85° 


The turpentine contfl.illcd:. 
Compound:l,dl-a-pincnc_________________________________________________ _ 

l-/3-pincllc. ____________________________________________________ 
The tails, amounting to 3 perccnt, wcre not exlunined_____________ _ 

" 

" 

.• 
1l72!)!2°-()!--lO 

• 

Percent 
75 

22 


; 



Part III. Conclusion 

SUMMARY OF FINDINGS 

This ill\'C'sti~rLlion hns bl'onclC'necl our knowledge of the composi­
tion of pilH' gum tlll'pC'llliLles, their "Ilrirtbilit.y nnd inheritnnce, nncl 
thC' distribuLion of tiH'ir eomponC'll ts n.Il1ong tile species of the genus 
PiIlU,<;. 

\y(' hlL~n found lhn.l plu:nflin hvdroc!trhons [u'e nol 11S riU'C in pine 
g\lm lllrpC'lIlinC's 11S had \)('('11 lhought bdore, Preyiously, n-hepllu\(' 
( '7H,r.) witS 1'('(H)L'll'eI onl," in two ('111ifol'l1iil pinC's, Pinll,~ j~tTl'Ilyi nncl 
j>, Nubininno., W,' 1111"C' found n-lwptltnC' in six other pines: p, rejiexa, 
P. a,'j(/.cahuile, e, '1ItIJilticolll, J>. iOl'reYlLllo., p, O(U(lWIUL, !tnd p, uwnte­
ZlL1l/o.e. 1I-1IIHIN'jUl(' ( 'lIH24) dis('on'rNI in t922 by Simolls(~n nnd 
Hall in P. e,fC('iNu (P, {/I'UlilhiiJ hIlS also I>('('n fOllnd in the following 
pint's: P. k()raieIl8i,~, /), /'(jlej'(~, p, (lI'IiIMl(li, p, 'IIwntico/n, p, to,.reyancL, 
p, C(JuliN'i, 1111<1 1', ()a.,mC(LlI((., nnd in ol1e ,'nri(·ty of' p, 1JOntiel'08CL, An 
unid('l\lifil'd 1l01lt1lH' ( 'oU20 ) was eleleeted by metlIlS of amass spectro­
seop(' in the lurp(,lIlin(' of p, iorreY(LIla,[\'o, :3;3, It is possihle that 
minul(' quanti lit's of ot lwl' low-hoi ling piu,itflin hydroc!U'bons could he 
found in 011101' pin(' lUl'pt'nlilH's, 

An ill.'oll1tltie hydro('llriJon, />-eymCl1l', 1)l'e,riOllsly reported (14) in 
Firlll,"; 8yll'es(ris llll'j1C'ntin(', wns nol found in itny other pine gum tur­
pentin!', Afl('t' OUl' wol'l~ lllHI been ('omplcted, however, Suthedillld 
Ilnd WC'lIs (168), using uttl'llyiolet absorption tec:illlique, reported 
minul(' qUllntili('s of }H',,'meIH' in lurpentillC' of p, taee/n, 

OIC'finic Ol}('n chain lerpcll(,s of the ~cneml formula C'nH2n-4 !He rcp­
I'('s('nl('(l in gum turpenlines h,Y on1,\- two ('ompounds: ,B-myrcene nnd 
Odlll('t\(', ~[,"t,(,(,l\e lwei IH'en IH'e"iollsl,'" reported in turpentines of 
l'illllH N]jhe8iri8, /', /011 (Jijo/in , nnd P. niOl'a, Later it wus found in 
tll(' Illl'IWnlilH's of fin' Itddiliontll pines: p, IJeuce, p, ecilllis, p, 'pon­
tlel'O.'ICl, p, taN/a, alld. I', /wlepel1sis, Ocim('ne, nt'Ycr hefore reported 
ItS II. ('ompolH'lll of gum tmpenlines, WtlS deteeted in p, eclulis ilnd p, 
quadl'ij()Lia, 
Am()n~ mono('yeiic l('I'I)('I1('S, limonene ",us found in 30 pines-­

prt'dominnntly in its I-dl form, ill some pines probubly 11S iL pure 
1('\-orotatol'Y lllllipode, III Pi1l.1£.'1 lum/wllzii., l-limonene possessed It 

\'ery hi~h rOlalory power Qf - t24, An inert form Qf limonene, COIll­
mOldy known ItS dilH'llletH" is found in lurpentinl's of eiguL, possihl,v 
ninc' piut's, inn!'." minute quantities, L\. dexlt'OI'otn.lOl'Y limoncnc 
wns found, also ill minute quanliLil's, in llll'penlines of p, 1Jina.~tel', 
b,\' Dupont and Bal'l'tlucl (46); W(' rc('ol'ded it in LUI'j>entinc of p, 
lr()}J icol i.~, 

Allot bel' rnono(',n'lic t('l'prl1e, Lprpinol(II1C', hllcl been p['eviously ['0­

po!'tpd ill Pimli.: '~?Jlr{,811'is eX0, 42) tUI'jWntille ilnd in minule n.mounts 
ill til(' tnils of p, }lalus/rig turp('IlUnc, We fOllnd this tet:pene in tUI'­
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pentines of five fidditional pines, Nos. 9, 12, 21., 76, find 80, find ill 
some ellslern forms of P. pOlldero":UL, No, 34,• A third monocyciic terpene, /3-pbellllndrene, pI'cvious\y l'cpol'ted in 
Pinus conioria LUl'pcnLine (136) nnd in it mutflnt of P ..'lylcestri'l (82), 
hilS been found in our \n.boraloI'Y in turpentines of sen'ral other pines: 
P. coulie)"i, P. re,,-in08(k, P.ins'ld(u-i,'{, P. 1)ondero8ll, P. ]Jatu/(b, P. 
caribaeu, al\d P. elliottii. In fill thes(' CflS(>S, .B-phelln.ndrcn(, was 
levol'Otittol',\', its spccifh; rOUlLion being in the neighbodlOod of - t5°. 

:Five bic~(di(' lCrpClH'S !H'C' found in pine gum t.urPCtllilles: a-pin(>nc, 
.B-pinC'ne, L\3-c1u'elw, tlunphC'IlC', nnd a-thlljene. a-pincllC' ill cither 11 

dextrorollllol'Y 01' It levorotatory form, pl'o\'(~(l to b(" Its t'xpeded, tit(' 
mosl common of nil tcrpen('s in pines. If it wet·(· not lu('king in tur­
penlitl(,s of six pincs, Pin'us albicaulis, p, pinea, P. je.ffl'e!li, P. tOI'­

reY(L1W, p, 8(lbini(LIHL, p, 1Va8Iwell,~i,~, and ill SOUl(' "Iu'ieties of P. 
conlorl(L, it eouLd have beC'u tllllC'd tht' ~t'lwri(' l'luu'nder of pitH'S. 

.B-pillen(', nlmost always 111 its levorolnlot','- [()!'tn, WIIS foulld in fifty 
Or so pille species. This lerpene gCllcmlly, but not always, oeeupies 
i1 subordinllte positioll ill tLH' composition of pint' lUl'pelltillt's, 

A bieyclie tCI'PCll(" !l3_('lu'C'nC', ol:igilllllly detC'elNI by Simonsell in 
Pin,'U.~ tonyi/o/ia fllld I"l'pot'led to be 11I1 illl!rediellt of foul' mo/"(' AsiutiC' 
pines, P. 8'ibil"ica" P. Nyhe.-;tri...:, p, merku.-;ii, nnd P. pilllll,W/" WHS mtlwl' 
(,'onunOIl in the ll/["pcnlilH's of Amcricllll pillC's. Some Ylll'ieties of P. 
ponderosa COlltaill 50 to mOI:l' thull 60 ]JeL'l'C'nt, of this tel'pene ill theil' 
turpentines, !l'-CIlI'CII(' Wits slIspected but not idelltified in Lurpcnt,ine 
of P. oocnrpn ,'nl'. tri/oliatn. 

CampiJelll', wllieh hnd beell prC'yiotls\y rC'pOl'led in Pinus nigra, P. 
clausa, iI.lld l'I11'd~- ill P. sylceglris tUl'pentine, WIlS dctecLed in Olll' 
laboratory ill tiJt' turpentinC' o[ QlIly two additional pincs: P. arllU£IHli 
11Iid P. mw-icata. 

J.\. bi('.n~li(' t(~I"[)(~IlC, a-thujen(', was sllspt,etC'd by Sutherland (pcr­
sOl1ili eOllUllUllitlltioll) liS O('('lllTillg ill /lllllutC' qllHnLitit's in tlll"f)elllille 
of Pintt.':I mliricallL lWei was ddiui tel\- foulld b,· Sul1lPriund nlld \Yells 
(158) in minull' qUHlllilil's ill tUI'p(~nLinl' of 1). lOI!{Ji}'ulia. WO'"e htlye 
not dete('lC'd this l('l'IH'IW in lUi}" Olitl'l' pillt's. 

In tilt' S('sq 1I il('['p('II(' grou p, (,lldilH'l1(, hlld l>(,(~11 n'portl'<L in Pinus 
pillo,ster Ilnd in two pinyon pilH'S, P. eduli8 IHul P. qUluirijoiin, III 
s('vct'ltl additional pilH'S, \YC' found pitIH'I' (,lldinPIH', or elldin('udikt' 
Sl'squilpl']>P[l('S, yielding C'l'ystllililH' ('IHLilH'I1l' dihydl'oehlol'id{'. 

A tl'leyclie sl'squitPI'IH'np, long-ifoh'up, whieh hud bC'l'n dis('o\"('I'('(1 
by SimOnS('ll in Pinus iOI1f1ifoli((', WitS id\'nlifh'd ill 0\11' h\.bomlol'Y ill 17 
pine specips. Counting Pl'(',-ious findings, this sl'squitl'l'pl'np is ill 
thl' tUl']wntinl's of 24 pines, OftN) in hll'g(' quanLilics ... ,It'Ql' insLltIlcc, 
ponclt'I'OSll pinl' LlIl'pentil1l' from tilt' BblCk Hills of South DllkoLI\. 
eontllinl'd l:~ pen'cui longifoknt'. Thunbrl"giuc, l'('pol'tl'd by DuponL 
nnd Barmud in thp tUl'pputi!l(' of P. llmnber[jii, no doubt WitS longifQlclH·. 

A bi('ydie sesquitcqwne, mUlletl llibitlllllen(' by Hlltlgell-Slllit, was 
fOllnd in tln'{'(' pint's: Pinus albicr£llliR, P. jle:cWs, llud P. jlW'IJijlol'lL,
A bieyeiit sesquil('I']H'IW whie" Tdt't('('t('d in tlll"])Nltille of P. pincenna, 
ImeL 11111llN.L Inndel'C'IH' is IlPP'll"ently tl n('W s('squitt'l'pelH'. Later wc 
fOllnd fl scsquitc'1'\wlll' with similar properties in e. l)inea, turpentine, 
B~)th P. pinceafu£ IUHI p, pinen an' pn'dolllinHlltly lil11olH'l1(' pines.,"' 
W(' also found s('V('l'llL sesquitl'l']wnes whose erysltdlin(' Itydl'()cllloI"idcs 
wc wer(' not. ab\(> to preplu·c. The scsquiterpenl's of fiV(' pinos yidded 
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cndalene. P. pW·ljijlora turpentine contn.incd 11 sesquitcrpcne which 
on (h'hydrog(,OllLion gtWl' flzulcnc. 

Di tNp<'n('s w('te found in turpcntines of five pines, Pinus komiensis, 
P. albicauliB,P. armandi, P. Lambertilbna, nnd P. peuce. 

AliphltLi(' lerpen(' nleohols nre very mr(' in pine gum turpentines. 
Besid(\s nNol, found by Dupont nnd Btlrmud in tlll"}wntinc of Pinus 
Ihwl.ber{jii, wt' de'teet<'Cllinnl061 in turpentine of P. lemtUoli(£. Possibly 
lillltiool is I\lso found in tm:pentine of P. je..ffreyi. 

Cyclic trrp('I1(' akohols lU·(' almost n('vcl' found in glllll turpentines. 
Simonsen reportNI tl'rpinpol in Pinus {jl'iflithii tUl'pentill('; we btLVe 
n('v(,l" eneounLerc'd this subsliul('e. 

A s('sql1iterpPIH' tlkohol, ('tHlinol, ht\d been repoL"tNl by Nittft1 (11'7) 
in til(' ('n<lil1('I1(' (mellon of Pinus pilllLslel' turpcntine. 'Yc found 
ttlbi<·tLulol in lh!.'(\(\ Or possibly four pilH's, Nos. 5, 8, 10, 11, and two 
nt/H't" l:'H'sqllit('qWIH' akohols, one in P. il£lnberlinnn and another in 
P. elif/I'lmannii. 

A diLpl·,H'IH' i\l('ohol was npptll"C'ntly present in the turpentine 
of l)ilt1(s pellce, Ko. l~. 

In till' distribution of Illiplmtic aldehydes, We' hlLVC found littll' 
thltt is Ilt'W: only deeyi flnd ltture] aldehydes in turpentine of Pi'nus 
lorrl'YCLIl(1., nnd til(' in(\ieiLtcd pres(,llct' of 111d('hydes in turpentines 
of P. coulter! Iwd the SHII til Cruz Ylui('t.y of P. pon<ierosc£. 

'I'll(' ])I·('S{,I1("C' of liLlll,t'l nldeh.rde iu turpeulin(' of Pinusluchue'llsis, 
Xo. 44, r('pol·lNI by Akiyoshi (4 L is of utmost significancQ, because 
it tics Californill pines with pines of .EllSt('l·O L\sii~. 

ApPILI"('ntL.y Slllttll amollnts of kl'tonN; o('('ur in turpentine of Pinu~ 
8Irobuli.; a (\Q ('ltroon0'l compound in P. lorrcyltlw, and tt sesquiterpene 
Illd('hydf? with It s(>squitcrpen(' ketonl' in P. contor/(t. Unidentified 
oxygl'ntttl'd compollnds W('I"(, ddc,etNI in turpentines of scvernl pines. 

A plwl10L (,th('r, 111(,thyl ('hlL\~i('ol, htul been pn,\riously TopOl·ted 
ill turp('lltirw of Pin21,~kffl'l'!li, lind ill tllils of tm·p('lltill('S of P. lJalu8tris 
and P. elliollii Ynr. elliollii. We found llH'thyl chtwi('ol ill three U.S. 
pilles: P. pOllliel'OS(L, P. ellioUii vnr. dellsn, \\/1(1 P. sero5ina, nnd in 
fi \'P Mp:d('IW pilH's: P. lumlwllzii, P. IwrLwe{Jii, P. 'liliclwClcann, P. 
pringlei, iLnd P. p(~l!llt£. 

Wp found t1.l1 aliplliLLie t'stC'r, ('thyl caprylntp, in tht' tllrpentinl' 
of Pill/ul eill/lis. This ('st('r had been Jound previollsly ill sllIull qUtln­
tity (O.G pl'r(:cnt) ill fllsl'i oil of gmpl:' bmndy. 

Onl:y three tl'l·pPl1e esters IHwe bccll found in pine turpentincs: 
borny! formittl' in P'imU'; cC£lwriansis, terpinyl tlceUttt' in P. (Llbic(£'ulis, 
twd bomyL \lcetntl:' which, though found in huge qUiUltities in pine 
n('NU(' oil of I11tlllY pines, proved rather l'nn' in pine tllrp('nLinc. vVc 
found bornyl ne!'tIt l!' in only six pint's, P. kOrc£iensis, P. armnntii, 
P. peuce, P. 'I)lonticola" P. baljo1U1ctn(£, and P. lni1C(£1IfJnsis, nnd it hilS 
bC'en t:('ported ill thl:' ltlils of P. 1J<lb)slris LlIrppnLill(, (30). 

APPLICATION OF RESULTS 

In tuxollomi(~ studies, ('spccilllly wh('11 morphologiclll ciJllrllctcrs 
Ill"(' no t too ell'I1.!", It knowlNlgC' of dll'l1lictll ('ol\lpositioll of the turpeIl­
lilH's J.\ltty Iw h('lpfllL A good (''Xtlmple of how clH'micnl composition 
of tllrp~'nlille mllY Sf'nrC' tuxonQmic: purpos('s is the Tcln.Lionship of 
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Pinus Iw.lel'eniii.~ und its Sllppos('d Y!l.riety p, bi'ulia, In till' light of 
chemi('td dilrCt'l'Il(~('S of thpil' tu!,(wutilH'S, thes(' two pin('s itppCilr to b(' 
scpumt<· spN:il.'s,. 'fhis eonciusiou hilS been supported by independent 
morphological stucii('s (122) nnd by cnLomologicili eyiclpneC' (103), 

KnowlNlg(' of. thC' dH'mienl cOll1posiLion of tuqwnliuC's often is 
useful ill unliwgling difllC'ult problems in trce brC'cdillg, ('specirtlly 
Whl.'11 tnxollorniestlttus of till.' pnrPllt tL'('('s .is not CC'l'li1in, For instllllce, 
Highter nnd Dufrl(lld (129) in 1951 dl'serib('d fl hybrid obtttin('d by 
('rossing PinuB1JOnderosl1t ilnd p, ell[l('lnumnii, TI\(l hybrid possl'ss('d 
SP\'(,[,tti ildvllutng('ous dW.('fldNS, such uS it long taproot ltud rapid 
growth. Th(' tnxonomie strltUS of lilt' pnrC'nts wus not cl't'lnin, beCtLusl' 
tlwir r(1ltttionship was fill' [rom l)('ing splitlt·d. 

Sonl(' bolflnisls (1.~2) ('onsid('l' Pima:; ell{}elmnnnii l)1(,l'('ly n. vn.riety 
of pondpl'osn pine, From tllPir point of \'ip\\", til(' hybrid P. CII{}elliwnnii 
Xp, ponderosa is, tlH'n, till' produ<'l of all inll'uspP('ilic hybridiztltion 
of two Vttl'i('lh's or til(' StUll(' SIH'el('l;. Ot!lprs (1 fj(j ) l)('lic'\'p thltt th(' two 
pint'S 1l.l'C' distinct SP('Cit'fl; tilt' hybrid then would be considered tltp 
l'l'sult of Illl inlpl'BpN'ific hybridlzalion,

Pinus pOJl(Lerosa is g<'nl'mlly l'('('ogllizNl ,1S a vnlid spN;ies, Sonw 
boUwists rl'cogniz(' sl'\'!'ml \cari('ti('s within the slwc:ies, such ns vm'i(·t..Y 
scopuirwum, Otbers do not lwiipvc thll.t these tllXlL merit 11 ,'nril'Lnl 
slatus, 

Th(' stn,tus of Pinus (m{jelm(mnii, howev('l', is mol'(' eompliclttNL 
This pin(' hns I)('('n describ('cl by VitriollS botanists as it distineL spN~ics 
(P, maCl'07Jhylla Eng('lm" 1887; p, lUlUola S111'g" 1889; p, az)(['cheC(L 
Lt'mm" t8fJ4; P. 1ncLYl'ian(£ Su (!>,-;, , 1897). All Lhl's(' llIUlH'S signify 
tlmt it mn,y be' entitkd to the rank o[ tl spN'it's, On the otiH'r hand, 
Shn,w (142.1 dol'S noL ('onsider this pine distinet from pondl'rOStL pilH' 
!tnd plu(,t·s til(' tlboV<.' listpd llIl.lnes in synonymy under p, pondel'OSlL, 
rn tIlt' For'est S('l'vitc ChN;k List of the. Trees of the Uniled St!ttN', 
\86), it, is lisL('(L as P. en!Jelm(mnii, 

H('rlltll'iutn sp(l('\nH'ns of Pinul1 cll{}elmmmii nnd P. 1JOllcieI'OS(L an' 
\"pry sirniltu' in ap l)('ttmnCc , But [Ol'('sters, Iw(l those bottmisls who 
Ill'(' familial' with the' two pillPS growing undl'l'ulttuml conditions, IHO 

ItWltrt' of llllUlY distinguishing dllu'lt('ters in P. (m{}elnw.nni'i: long, 
IllSh-gl'(,Nl (olittge; deep taproot of sP('(Uinf:,"S; 11 scedling "grilss Slilgt>" 
sillliltl.r lo thal of p, ]WlU8il'i.'l and (in lesser dl.'gl'('(') of p, moniezwn(£e; 
rpel-brown ('OIOl' of bark s('lll('s, and others, It is on th(·sc· c1mmctpl'S 
lhltt, P. etl{Jelm(mnii WflS ('onsid('l'('c[ lo b(1 it dislinet spceics, 

Our iIWt'sligt1liolls of the' tllrpt'nLil1(,s flll'Ilish('d IHldiLiolllll inf01'l11[1­
lion on til(' l'(llll.tionship of til(' two. All the' iuV(·stigalNI \'Ill'idit's of 
Pinul? 1)OlldeI'08(L~·~fL'om Calirol'nill, nOl'thel'l1 Idaho, Cill' :Bl,u:k Hills of 
South Dllkottl, Colol'lldo, Llllh, und ArizoI111--111llY be clmm(:t('rized 
by tltl' pn'S('llC(> in their Lllrl)(·nlint·s of Illl'g(' quantities oJ n. tCl'P(lIH', 
~J-etH'(,I1(', This t('l'IWlH' may IH' thus (,Ollsidel'('d IlS II specifie dll~r­
IleU'!' of ponderosn. pin(' throughout its l'Ilnge. Oil the contl'fll',Y, 
llll'pC'uLinl' of P,!mgelnumnii <lMs not ('ontain !lny Lla-clln'nc, Thus. 
ltddng into ('ol1sidl\l'ILliol1 its elwmiclll dllll'llct('('s, it should be cltlssirh~d 
tl.S It dislin('t sp('('i('s and not HS It \'lll'h'ly o( p, ponderosa, {mel Lhc 
hybrid bC'lw('('ll the· (wo pilH'S should lH' (~ollsid(,l'('(l nS Itl1 intel'Bpl'<.:ific 
mlhel' than al! iulmspe<'ifi(' h,y()t'id . 

II' til(' ('iwrnicni compositioll or tUl'fH'nlinps of l wo pint'S is sufll(·il·ntly 
disLiIl<ll, it is (!ilSY to identify I1itLul'tll hybdds by tlwil' tUl'pcnLiu('s. 
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Such are hybrids l)('tween Pinus jeffreyi nnd P. 11011del'08(1" or between 
P. banksiana and P. wnloria. 

'1'11(' datttpres('nted in this publication may also be of ynine to 
industry. SOIl1{, pines 11I\\'e turpentines consisting almost entirely of 
~-pincne. Some' species conblin itn il,blmditnCe of l-limonene. Tur­
pcntine of two Cltlifornin pines consists ehicfly of n-hepLanci hu·ge 
C(lIImlities of this hydro(,tLrbon \\,prc obtnined ns it chemically pure 
produ<'t from Pinus jeffreyi in thC' 1930's whon ituLiknocking motor 
flll'ls we're dC'n'lopNt (29). 

!l3_('IU·C'1H' is 11 l'plntinly ne\\' tt'rpenp (discov('l·('d in 1922). Its 
industrial possibiliLips Itn' less known than, SIlY, those of ~-pinene. 
\rt' hl1\'p f(}lll1d n3-('IU:Nll' in seveml An1t'rie!lIl pines-sometimes in 
Ittrgl' qllftnLiti('s (moJ'(' thftn GO pere<>nt of tilt' total weight of the 
lUqH'l1tilW). P('rhups this U'rpl'np mnT bp indllstrinlly imporLnnt. 

Knowll'dg(' of lurppntillP eomposition I11lty bc useflll in cntomologi­
(·ttl sludi('s ('Oll(·PrlH'(\ with imwf't-n',wlh'lll or inscet-IttLl'I1eLivp con­
slitu('llls of o1eoresins. KnowlNlg(' or the efrl'ct of clifrerent con­
still/rills of tUl·,)('nliu(' on fungi or bllctl'rin might be profiLnble in 
pttlllOiogicttL work. 

'1't'l·,H'lH'S of cC'l"tttin pilH's hn \'P beNl (>mploYl'd in the prep!trcttion 
of liquid seinLilhttOl"s for SLllcii('s of Cl-l disLribu Lion in nature (64). 
An inn>ntory of til(' o('eUl'l"PllC'(, of diff(>l·pnt tl'l'penes Ilmong the pines 
throughout till' world pn>\'NI to b(' \'pry useful for this purpose. 

SUGGESTIONS FOR .FURTHER .RESEARCH 

Inwst.ignLion of til(' eh('ntienl nltture of pine turpentines is far from 
being cOlllpl(>ll'ci. Th(' infonun.tion cQnLnined in this publication 
('overs most, bu t not ttl! sp('eies. In many species only one snmple 
of turpf'lltilH' \\'flS IWIlilabh> for nnalysis; occnsionnlIy 11 snmple 1'e­
('(lived WllS of sueil poor quality thILt the results cnnnot be considered 
us final. 

TIH'l'e !tt:(' piu('s whose hotnniC'n[ status is uncertain. Such pines 
as PinuB rir-nsa((lr, Ilnd P. kWlLn{flltn{fcnsis of southwestern Ohinn, or 
P. dOll{flcLSiana" iH·p nppalNltly ndid speci('s, but tbcy are not included 
iu lilis publiC'ttLion. Their tllrpl'nLines should bc' studied. The sallle 
lLpplil's Lo whnt IlPPl'IU·('(1 to b(> nn inland form of P. cal'ibaea which 
T ()bsPlTecl in til<' mOlllllllins of 110n(\\l1'118; llnd Lo P. cubensis, which 
is plltC,p(\ by Shil,\\' (142) uncl('I" P. occideniatis. Turpentine of P. 
occiilenta.lis hns lwt b('('11 nllidYZNl. 

A SLllcl~r of tht' o('('UlT(,llccvof c\H'miCld 11lllLtlnt.s ll1110ng the pines 
prOlllist's int('testing r('sults. 

In til(' COllI"S(' of Ollr projceL we hiW(' inquired into th(> composition 
of tUl'p('ntincs of pilH' hybrids, both nlltllrnl tlnd arLifieial (104). As 
lUon' nnd mort' pill(' hybrids n,re found in natur(' Ilnd more artificinl 
hybrids It1'l' trclttNI by .t1'e(' breeeleTs, there should bp more studies of 
tht' ('iH'rnieltl ('omposiLioll of tll1·,wut.ine of the hybrids. A study of 
lll(' mode' of inh('ritnllce of t('l·PC'IlPS in the gcnus Pinus might be very 
USdlll, ill both scienc(' and prttetiet. 

OIl!' work with Pimui 'l)o)UiCI'08([' hns shown that sc\ycrnl chemicnl 
\"nrieties mILY exisl within It pinp spc('il's. ·Pcllfold (124,) clllls these 
Vttriel ic's physiologielll forms .. :Milny other pine spceies, such ilS P. 
[J8cutio'll)'obuH, ~). ni{/I'(£, P. slIh'estris, tlnd P. tab11laejol'1nis, Ul.'e com­
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posed of several varieties. Turpentine composition of these varieties 
should be carefully studied. Further studies of individll!11 vllriabilily 
in composition of turpentine within a pine populution also O.re very 
desirable. 

rrhe high-boiling {mctions of turpentines contain, besides sesqui­
terpenes, small quantities of oxygeI1o.ted terpcne and sesquiterpenc 
compounds. These high-boiling fractions should be more cal'efully 
studied. New methods of (maiysis, sueh ns infl'lu'ed spectroscopy or 
Yl1por chromnt.ogl'llphy will be indispensable in such studies. 

Becallse Ll..3-carene is more widespl·el1.d in pine turpentines thfll1 
formedy thought, it should be inlensiq:!ly studied. Struetural for­
mulne of the sesquiterpenc compounds reported in this publication 
should be determined. BiogMesis of terpenes and 01' non terpene 
constitulcnts of turpentines should be studied. Espcciully intriguing 
is the biogenesis of plll'tlflin hydroCl1rbolls.

It is hoped that information pl'csenled in this publiclttion will 
sLimulutc further resel1.n;h in the field of tUl'pclltincs . 
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Appendix 1 

CHEMICAL COMPOUNDS ,FOUND IN ,PINE GUM 
TURPENTINES 

Compound 	 Pine in which found, by 
number as listed ill textI 


---.~-

Paraffin hudrocurbon.~ (0..H1..i'2): I 

n-heptilnc (01H I6). _________ - ____________ ' 1, 9, 14, 32, 33 (less than 0.1 


',' percent), 347,35, 36, 65 

(possibly as a result of 
hybridiza.tion)

An unidentified nonllnc (C.H2o).___________ 33 (less than 0.1 percent)

II-undecllne (OnH1/) _____________________ 1, 7, 8, 13, 14, 33, 34, 36, 54 


, (one vadety)

d rl",wlic hydroC(lrb(}I1.~ i 


p-cymcnc (OloH ) ______________________ -1 42, 6L

II (by ultraviolet absorp­

tion only; minute quanti-
I ties) 

CH 
/~

H3C CH 3 

Olefinic opCl~ chab~ lerpenes (C"H2t.-l): I, 

p-mvrcenc (C1QH I6) 

HC I 
~ "C=CH,(fH~.CH2.G.OH=CH2------i 12,21, ,12, 51, 5-1, 61, 79 


HaC/ ~H2 )' 

,; 

Ocimell<' (C1off I6) I 

H 20 

~C.CH1.CH2.CH=C.CH=CH2 121,22; 23 (possibly) 

II~C/ 6H3 .. 
143 
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Compound 

~Ionocyclic lerpenes: 
Limoncnc (CIOH1a)

Predominantly l,dL __ _____________ _ 

d,dL _________________ _ 
dl-Iimoncne (dipentene) __ 

CH3 
I 

c 

H C/ 'CH 

2\ I 

H2C /CH2 

"'--C 
II 


/C~ 
H3C CH 3 

l-p-phellandrenc (C1oH 1a)-- _______________ 

Pine in which found, by 
number as listed in text 

1, 3, 8, 14, 18, 20, 21, .23, .24, 

26, 27, 29, 30, 3.1, 33, 36, 

4J;, 42, 45, 52, 54, 61, 65, 

67, 70, 75, 77, 85, 86, 87 


38,82 

44, 45, 46, 51, 56, 57 nnd 59 (in 


tnils), 68, 73 (possibly) 


34, 37 (possibly), '12 (rllrely), 

·lo! (possibly), 48, 54 (possi­

bly), 58, 60, 89, 91 
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Compound 	 Pine in which found, by 
number as listed in text 

Bicyt;lic terpelles: 
a-ihuiene (CIOUIS) ___________________---- 26 (minute qUiilltity); sus­

pected by Sutherland in 92 
CH J (personal communication) " I 
C 

HC/ ~CH 
1\ I 

H2C~ /CH2 

C 

I 
/CH 

HJC ~HJ 
Camphene (C!OH I6) ___ --------------- ____ 8,42 (rarely), 51, 84, 94 (trace) 

H 

H2C-C-C=CH2 


I 
CH z
I /CH J 

H2C-C-C, 
H CH 3 

a-pinene (CtoH ts)________________________ In all pines except 5, 31, 32, 
33, 35, 56; 7·1 has not been 

CH J investigated. 

I 
/C,-

HC "CH 

I~C-CH,I

H,c~I/CH' 


C 
H 

... 
• 
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Compound 

BiClJclic ierpenes-Conth\ued
t/-pinenc (no pinene) (Clollla) _____________ _ 

Sesquiierpenes (C15H 24): 

Cudl!lcne Ilnd cudiuenclike sesquitcrpenes, 
yielding crystullinc cudinene dihydro­
chloride m.p. 117.5°-118.5° C. 

Cadiuenc (lIccording to CillIlpbcll und 
SofTI)r) 

Pine in whieh found, by 

number as listed in text 


1, 	2, 3, 4, 8, 10, 12, 14, 15, 16, .,.1 

17, 18, 25 (possibly), .26, 29, 
37 (possibly), 38 (p(j~sibly), 
40, 42, 43, 44, 17, 48, 49, 51, 
53 (probably), 54, 55, 56, 
57, 59, 60, 61, (i2, !I(), (i8, 69, 
70, 71, 73, 75, 71i, 79, 80, 82, 
84, 85, 87, 88, 90, 91, 94. 

1,3, 4,5, 7, 21, 26, 28, 42, 47, 
54, 55, 51i,58, 63, G7, 73, 76, 
80,81 
NOTE: .o.4-carcne wus sus­
pected, but not positi.vely 
idcntified in turpentine of P. 
oocarpa val'. trifoliata, No. 78 

5, 7 (possibly), 8, 11, 141, 21, 
22, 23, 42 (possibly), 54, 66, 
82 (reported as iso~opilcne) 

! 

., 




COMPOSlTION OF GUM TURPENTL.~ES OF PINES 147 

Compound 	 Pine in which found, by 
number as listed in text _____,_ .. ,___ ______i---------- ­~ 

.. 

C(ldincnc dillydrochloride (Ilccording to 

Sotfer) 


llcfcrcncc: Guenther (59, u. £, p. 91) 


Longifolcnc (CI$H1~)' always in dextro­
1, 20, 26, 29, 30, 33, 36, 4.1, 45,rotutory {orin 46, 47, 4U, 54, 58,63,64,67, 

70, 71, 76, 77, 78, 82, 91 
H 

u_c/CI~c/IH2
• '2 CH3 


I HC--I--'~-'-,Hz 

H2C~ I/1~CH/CHZ 


C CH3 CH2 

(Aft" qh~tg.y and Bha",,""'YY', 50) I 

C'nryophylellne (C H2j).____________________ --l 82 


J3 
:

,tlbic:al(ielle (Cl l:flt) ____ - ____________________ 1 5,6,114 , 
( 

Can(l(lefll! (CI5f:f2jL.~------------------------: S!lspectcd in 21 ,. 
SelJl/uilerpclte$ that yie/clecl crystalline hydro-' 


chloridclt, (mel m.p. of hydrochloride (oC.)

A bicyclic sesquiterpene, 1l7°~'!9°__________ 48,75 

A bieyclic sesquiterpene, 67°-68.5° _____ -- _ 24, 31 

A monocyclie sesquitcrpcnc, possibly l)i$il- lA 


boicne, 75"-79"
A tricyclic sesq\titcrpclle, 8Uo-80.po _______ : 19 

A bicvclic sesqlliti!rpCne, 85°-87°__________ ! 8 

A bicYlJlic sC.'lC)llitcrpcnc, 107°~108°____ ' ___ i \1,.11
," 	 1'o$.,;;bly cnclincne, 117°__________ .. ______ , H. 
A m()l\ocyc\ics~quiterpelle, 129°-130°____1 5'1 

http:8Uo-80.po
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Compound I .Pine in which found, by 
number us listcd in text 

-~----,.--;---

Sesquiterpenes,wh,ich 'upon dehyclrogenation gaue II 11 
Iazulelle (C 1sH 1S) 	 '"f, 
j 

Azulenelike 8esqUiterpe"e________________ ~ ___ J82 

Parent substancc of azulcl\CS, 11 bicycU'3 hydro­
carbon CIOBs 

Sec Guenther (59, v. 2, p.128) 

Unidelltified s(w/uilerpe~es whose hydrocillorides 17, 27, 37, 53, 56, 79, 80, 86, 90 
were 1I0t prepared 

A tricyclic tJesquiterpelle with olle double bOTld_ ___ 15 

A. 	 tricyclic .~ell(ruilerperle with oTie double bOltd, 18 
'possibly arollladerldrene 

11 bicyclic sesquiterpline ofullkllown 8tructure_~__ j 6, 13 

SesquiterpeTles of tile cadalene type (t'.c., tllose 6, 8, 10, 12, 22 
which on dehydrogenation. gave cadalenc, 
C15lI18) 

CH 3 

I 
C CH 


HC/"-., /,

C CH 

I II I 
HC, /C"-.,..;C..........


? CH CH3 

/C~
1i3C CH3 

Cadalene 

See Guenther (59, tloi. 2 p. 82) 


Dilflrb::b~ene_~ ___________________________ _ 
1,5,8,12


A diterpene formin~ a maleic anhydryde 1 

adduct of m.p. 148°-149" C. 


An unidentified diterpcne _________ ~______ 10 
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Compound 	 Pin~ in which found, by 
number as listed in text 

llliphatic terpene alcohols: 
ClOli130) 

Linalotil (3.7-Dimethyl-l, 6-octadien-3-ol)__ 73, 32 (possibly). 

HaC OIl 

"C=OH.CH,.CH.).OH=CH2 


H3C/ ~H3 

For details see Guenther (59, v. 2, p. 167) 


Norol (2, 6-dimethyl-l, 6-octadicn-8-o1)-=___ 41 


H2C 


'" C.CHr CH,·CH,·C,C.l:13 


H3C/ HO.l;I2C.~.H 

For details sec Guellther (59, v. 2, p. 174) 


QueUe terpene alcohols:" 
a-terpineol (ClOI:I1SO) ____________________ Reported in 13. 

• 	 CH3 

I 
C 

H C/ 'CH 

21 1 
H2 C /CH2 

~CH 
I 
C-OH 

H3C/ """CH3 

Scsquiterpcne alt;oho{lI:
Cadinol (CuH,&O) _____ .- ________________ 82 (v()ry little) 
Albicaulol (C H,&O) ____________________ _

15 5, 8, (and probably in 10 
reported as lambertol)

CH3 

I 
CH 2 /C 


H C/ ""'CH 'CH 


21 I I 
O~C /CH /CH2 


CH ~CH ~CH 

3 2\ 

CH 

H3C/ ~CH3 
Struclural formula of aibicalliol (o-cadinol or 


pilgerol) according to Prof. \V illiam G. Dauben 

(sec footnote 8, p. 3·l). 
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Compound 

A sesqu·iterpene alcohol, m.p. 1380 C. ____ -------

A sesquiterpene alcohoL ______________________ 

Diterpene alcohols 
A dite~pene alcohoL_____________________ 

Aliphatic aldehydes: 

II 

Laural (n-dodecyl) CH3(CHz) 106 
'\­o 

Citronellol 
H2C II 

'\- /
C·CHz·CH2·CHz·CH·CHz·C=O 

/
H 3C 

For details see Guenther (59, v. S, p. 886) 

Unidentified CIO carbonyl compound ______ ------
H 

. /
Myrlstyl (tetradecyl) CH3 (CH2) 12C 

'\­o 
Ketones: 

Unidentified ketones 1 or 2 percent________ 
An unidentified C IO carbonyl compound, 

probably a ketone 
A sesquiterpene ketone apparently with a 

sesquiterpene aldehyde 

Unidentified oa:ygenated compouruis_____________ 

Pine in which found, by 

number as listed in text 


10 

71 (possibly) 
.., 

12 (possibly) 

.~; 
32 ! 

\ 

32 
.~ 

1 

32, 33, 34 (possibly) 

33, 35 (possibly), 44 

32 (possibly) 

33 (traces) 

35 .. 

15 
33 

89 

1, 9, 15, 21, 50 
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Compound 

Phenol ethers 
Methyl chavicol C/OHJ2 0 ____._____________ 

OCH3 

.. 

Aliphatic esters 
Ethyl caprylate C7IIJs-CO·O·C2Hs________ 

Terpene esters: 
Bornyl formate C H 0 ________________

Il 1S 2
Bornylacetate CI2H2002__________________ 

CH3 

I 

H2 C C CHOCOCH 3 

I
• H3C - C - CH 3 

I 
H2 C C CHz

H 

Borayl acetate 

a-terpiny! acetate ClOHI7.0·CO.CH3_______ 

.. 

.. 

Pine in which found, by 
number as listed in text 

30, 32, 54, 57 and 59 (in tails), 
60, 61, 67, 70, 73 (possibly), 
!H 

21 


27 

1,8, 12,1'1, 18,45,57 (in tails) 


[ 

5 
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Compound 	 Pine in which found, by 
nUUlber as listed in text. 

Oxides 82 
Small quantities of pinol (C1oH I40) and 
pinol hydrate were reported by Dupont in 
No. 82. It appears, howevet, that the ox­
ide and its hydrated form arc secondary 
products formed by oxydation of ter,-penes 
and not found in the freshly distilled mate­
riaL 	 -

Reference: Guenther (59, v. 2, p. 713) 

• 

•. : 

• 
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Appendix 2
• 

INDEX-BOTANICAL AND COMMON NAMES OF 

.. PINE SPECIES MENTIONED IN THIS REPORT 
Bolanical7H111lt 	 Common name No. Pagt

~' 	 P. alhicaulis Whitebark pine 5 33

P; apachec(L=engelmannii Apache pine 71 105
• 	 P. adstata Bristlecone pine 19 50 

1.P. arizonica 	 Arizona vat'. of ponderosa 55 92 
pine 

~, 	 P. CLrmcLndi Armllnd pine 8 36
P; attenuata Knobcone pine 93 125
P. ayacahuite 	 Mexican white pine 9 38
P. baljouriana Foxtnil pine 18 49• 	 P. ba,nkiiictnl£ JIlek pine, Banks pine 88 116 ! 

P. bolanderi=contorta Lodgepole pine ~ 	 89 117
P. bruti(L 	 Calabrinn pine 80 111
P. bungeCLna. 	 Lnccbnrk pine 16~ 	 47
P. canariensis C'nnnry pine 	 27 58
P. cCLribaea Slnsh pine 	 58 94 

.. 	 ;,P. cembra 	 Swiss stone pine 2 30 
P. cembroides 	 ~lexi(,l1n pinyon 20 52 
P. chihualwana Chihllnhlln pine 29 59 

, 
~ P. cl(wsa 	 Sand pine 84 114 

P. eontorta 	 Lodgepole pine 89 117 
P. cooperi Pino amarillo (Durango) 69 104 

to P. coronams (var. of Locally knOWIl as Siberian 3 31 
P. sib-irica,) cedar',. P. coulteri Couller pine 34 66 

.. P. (;ubensis (sec Cuban pine 74 107 

P. occidentali.<; 


P. densata (sec Possibly a hybrid 53 86 
po P. tabulaeformis) ; 

~, 
P. densiflom .Jl1panese red pine, Akamat- 40 72 

su 
,. P. dUrangensis Pino l"eal (Durango) 66 100 

P. echinatcr-	 ShortIeaf pine 62 97 ., 	 P. eci'lllis Pill\'on 21 52 
P. elliottN, var, elliottii Slash pine 	 59 95 
P. elliottii VIU', dens(L So. Floridn slush pine 60 96~ 
P. engelrn(tnnii APilChc pine 71 105 

IJ P. e'Xcelsa (see P. grijJitMi) Himaln,YIlIl pine 13 44 
P. jenzeliana 	 Closely relllted to P.• kwantungensis 

• 	 l53 

, 
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Bolalilcal narnl 

P·flexilis 
P. jormOSlLna 

P. gemrdiana 
P. glabra 
P. greggii 
P. griffithii 
P. halepensis
P. IHlrtwegii 
P. heldreichii 
P. hwangs/tcmensis
P. insignes (sec P. '/"adiatcL) 
P. insularis 
P. jeffreyi 
P. klwS?/a 
P. kOrltiensis 
P. kwangtunuensis 

P. ZlLmbert£nna 
P. laiicio (see P. niUra) 
P. tuw80nii 
P. leiopyll(L 

P.le1lcodermis (sec 
P. heldreichii) 

P. t07lgijOlilL 
P. luch1lensis 
P. lumholtzii 

P. nwssoniana 
P. merkusii 

P. michoaccma 
P. monophylla 
P. montana 
P. 1fWniez1J;lnae 
P. 'monticola 
P. morrisonicola 

P. nmricala 
P. 	murrayana (see P. con­

torta)
P. nel.sonii 
P. nigra 
P. oaxacanCL 
P. occidenlaliH 
P. ooC(£rplL
P. oocarplL \'ill:. tJ·iJoi'iatCL 
P. TJatustri,'l 
P. purvijlof(£ 

Cornmoo 1/aIM 

Limber pine 
A variety or or closelv 

rei:LtecC to P. Plll'oiflora 
Oh ilghosfi pine 
Spruce pine 
GroO'cr pine-Pino prieto 
Hin~lrliLYlln pine 
Aleppo pine 
Hadweg pine 
Heldreich pine 
HWl1ngslmn pine 
~IoIltel·ey pine 
LUZOll pin(' 
Jeffrey pine 
l~hllsya pille 
l\'Qt·can pille 
A little-known white puw 

of S.W. ChinlL 
SugHr pine 
Austriall pine 
Lawson pine 
Pino chino (~Jichone£lI1) i in 

U,S., it is ('ulled chil1lla­
hUll pint' 

Pn.lebnrk pine 

Chir pine 
Luchu pine, Okinilwa pine 
Lumholtz pine, Pino triste 

(Dumngo) 
1'[lls50n pine 
11crkus pine, 'fennsserim 

pine 
Michoilc[m pinc, Pino Incio 
Singleleaf pinyon 
Swiss mountuin pille 
~Lontezuma pine 
Westcrn while pinc 
A Formosan pine, relnted 

to P. pUt1Jijlora. 

Bishop pine 

Lodgepolc pine 


N clson pine 

Austrian pine 

OitXilCiL pine 

Cuban pine 

----~-------------------

-~-----~----------------
Longlellf pint' 
JitpaneSl' while pinc, Himc­

komntsu 

No. 

6 

17 
75 
90 
13 
79 
67 
52 
46 
94 
48 
32 
49 

1 

10 
51 
63 
28 

52 

26 
44 
30 

39 
47 

70 
23 
43 
65 
14 

92 
89 

?~_iJ 

51 
36 
74 
77 
78 
57 
11 

Page 

34 

48 
107 
120 

44 
109 
102 
84 
79 

126 
81 
62 
82 
28 

39 

83 

98 

58 


84 

56 

78 

60 


70 

79 


104 

55 

76 

99 

45 


1 ?~_iJ 

117 

56 

83 

67 '. 

107 

108 

109 


94 .. 
40 



" 

• 

,. 

'" 

Botallieal/l",nt 

P. patula 
P. pentaphylla 

P. pel.lce 
P. 1)ina.~ler 
P. pinceana 
P.pinecL 
P. pityu-sa
P. ponderosa 
P. l))-inglei 
P. p.seUl{r)siI'OOUS . " 

P. pum,ilcL 
P. pungeft.'i 
P. quadrifolfa 
P. radiala 
P.l'ejle.ca 
P. l'e.'1iI108(L
P. rigi(/(L 
P. rudi.-; 
P. I)(lbiniana 
P. serotina 
P. ,..ibirica 

P. slrobuR 
P. sylL'e.~tri,~ 

P. tab'ulaeformi,s 
P.laeda 
P. laiu:anenill.'l, 
P. tenuijl)li()' 
P. lcoeole l 

P. thunbergii 
P. torrey(UUL 
P. lropicaLi.'! 
P. t·irgin icLTUL 
P. w(I,8hoengi.~ 
P. llunnnnen.')i,,; 
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Com'TlIWl name 

Jelicole pine 

A vi\.dety of P. parvijiora, 


Govomntsu 
Balkan \vhite pine 
Cluster pine (Pin maritime) 
Pince's pille 
llttlinn stone pille 
Pitsunda pine 
Ponderosa pine 
Pr:ingle pine 
False Weymouth pine is a 

book nume. Vcry mis­
letHHng. Locally this 
pine is known under 
man V different names. 
In Ccntral l\mel'icil and 
tldjacent. pnrts of ~lexico 
it is c!llled pinabete, a 
nilmc generally used for 
fir (Abie.~). 

Japanese stone pin<lc 
'L'ilbl('-~lounlnin pille 
Parry pinyon 
~lonterey pine 

Norway pine 
Pitch pine 

Digger pine 
Pond pine 
Siberian white pine (Sibe­

riilll cedar) 
EastCl'n white pine 
Scots (Scotch) pine ("Com­

mon pine" or Europe) 
Chinese pine 
Loblolly pine 
Formosa pine 

'l'eocotc, Octoe, Aztec pine 
CC.S.) 

Japancsc black pine 
Torrey pine 

Virginit1. p.ine 
Washoe pine 
Yunnan pine 

I Teo(:ot(. ill fill Aztec word Ilw:wing "Pin(' of the Gods." Only the Aztec 
nobles were pennitted to usc the resin of this pine for inccnse in worship. 

No. 

91 
11 

12 
82 
24 
31. 
81. 
54 
76 
72 

4 
87 
22 
94 
7 

37 
85 
68 
35 
86 
3 

15 
42 

53 
61 
45 
73 
64 

41 
33 
38 
83 
56 
50 

Page 

121 
40 

42 
112 

55 
60 

112 
87 

107 
105 

31 
116 

54 
126 
35 
69 

114 
103 
66 

115 
31 

46 
73 

86 
96 
78 

106 
99 

72 
64 
70 

114 
93 
83 

http:P.l'ejle.ca


i 

Appendix 3 

GLOSSARY OF SOME TERMS USED IN THE TEXT 
~lost of the terms usrd ill corrlmereinl tmpentinc production in thc 

United BUttes nrc !'Xpllll11!'d in ((Standard Definitions of Terms Relat­
ing to l\'l1vltl ~")[OL'CS and HrJalNI Products," issued by the American 
Sotiety for 'I'csling Xinterill!s uodel" ".AS'1').f designation D804-52." 
The ASTM dcfinitions fU"l' gCllcL'nlly followt'd ill this glossary, except 
where 11 definition suitn.bh' for LISP in tite XtLVlL1 Stores industrv can­
1I0t be cxtended to all SIWel(,S (If pine. All eXilll1ple is the AS'l')'[ 
de!inition of turpentine llS "The \'oitllile oil consisting primarily of 
n. lIL1n:I\)er of teqH'lI(' hydwtllri>ons"; some pille turpentincs do not 

contulll !lOY' t{,I"P('1W8 at Hll. Also, \'{hel'(' n, l"pndcr could be confused 

by ambiguous or l'lT()lIl'OU~ definitions of terms found in some dicLion­

ru·jes, the' Iluthor hilS ('onsidp1"('d it f)('(,CSSfU'Y to expliLin the discrepltn­

eics. For illstnrl(,c, thpl"(' is 11, grcat difference bcLweell the crude 

t urpen tine t1nd til(' SI1P of tr(·(·;:;. 

Abietene. JJropriellLry I IIU ll(' of Finw·/ kffreyi turpentine. It con­


sisted of n-l!('plll!I(' with IllJ admixture of nliphatic flldehydes. 
Balsam. A ViS("(HI8 ::iubslal\('l' oblained from lllfLny difrcrent plants; 

sornetilll('s II. synOI}ylll of ol('()1·psin (which Sel·). This !lilmc should 
not bc used to d(,SI~llItl(' pilH' oleoresins. 

Composite sample of turpentine. Obtained fl'om not olle but, several 
tl"(~es . 

Face. A part or a piI)e trunk from whieh llH' bark onl.Y or blll'k llnd 
pnrt of the sapwood is L"('mo \'ec!, Ilnd fwm which oleoresin exudes. 

Gum. A commonly us(·d IIIL1lH' in ll'nde for pine oleoresin that is 
obtn.inpd from It living' [1"('(' 01' thllt exudes from n, faeC'. Chemically 
speaking' it is lL ml:::nOllH'r. Tn/(' gums ilrc composed of mOllic 
acids tlnd hexos(1 01' pcntose. 

The tN'm gum is firmly eSlablished in AmCl:icll!1 Krwill Stores 
(which sec\) industry, as 11, synonym of·oleoresin. The term is used 
in this S(,I1S(, bv lIle iluthor. 

Gum turpentine: This term is used to distinguish the volttlile oil 
obtllincd [mrn oleo/,psin of pines from thnt distilled fl'om wood 01' 

stum ps. The 011 is ('om poscd of difT('l'ell t tcrpen('s and s('sq ui­
tcrp('nes, SO!lwlirnes with admixlure of nonterpPtlc compouuds. 
GUill tLtrpcntine or some pines consists of one terpene only, and in 
rnre instances, pine gum turpentinc does nol cO!llflin lerpclll's at 
nil. Although s('veml difrerent methods arc used to obtain tUl"pen­
tine from oleoresin, thc usuaL !ll('t/rod is stelllll distillntion. 

Tn this publi(,lllion gum lmpenti!le or lUl"!wnlinc is used to des­
ignflt(\ th(' volatile Pfl.J·t or pine oleoresin obtained hy wounding the 
living lree. 
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J-Iine, (For jaune, i.e" yellow), A WI1-'"(' Ict1:;!th of 578 rnJl, t<j_lin{'" 
is us<,d by French inn~stiglllors in determining optic-fil mllllion of 
turp<'ntine, 

Naval stores. ASTM defines this lerm as q( 'hemicully I'('ndiv(' oils, 
resins, tars, and pitches dt'riv(ld from oleol'(>si11 contained in, e~uded, 
or (>xtrlletNI from ll'ces, eiti£'fly of til!,' pine sper,j.,s (genus jJinus) 
or from t/l(' wood of sueh trN'S," 

0.'fLvnl :'Hol'('s is nn old ('oloninl 11tlmC for till' l'csinotlspl'Oducts 
of pilles lIsedin woodell ships of the British Hoynl XiWY, 

Oil of turpentine. A phnrllll\('('utkni ilIum' for tUI'w'ntinc, SOI1H'­
iillles used. ill old litel'lttul'e ItS t1 s,\'tloltym of turpentin(', especially 
when the l('rlll tuqwnLine is us(·d for olt'o['('sin, 

Oleoresin. III pines, ol(,OI'esill origintlt('s in living (,(·lIs of the sap­
wood tlnd flows from I'psin t'unnis 01' duets when tlICS(' 1\1'(1 s(\vcred, 
COl1lmonly C'llllt'd gUill, pitch, 01' (,W'1l sup, (8r:e Pitch.) 

A~'l'':-'l ddint's ol('ol'('sin as "pilH' gUill, the 1I01l1tqU('OllS secretion 
of resin ncids dissohred ill It terpene h.\'droClll'boll oll which is 
(1) produted in 01' exudec! fl'OIll til(' intel'('clluIHI' l'('sin duels of It 

livin~ l!'ec, (2) It('('uJllull\led, togethe,.' with oxidlllion pl'Oducts,in 
the (Ielttl wood of weathl'l'NI limbs lind stumps," 

It should 1)(' noted thnl "l"t'siJ) Jwids" fire not nlwl1.rs dissolved 
in "terpelle hydl'ot'HI'i>on oil." SOIlH'tim('s th~. solvents ill'(' other 
substllll('es, such as pllrltfIil1 hydro('llrbo1ls, J)"!HlplJlI\(" nlld to It 
I('ssel' d('gT('l' n-ulld('('IlIH', IUHI ('Vt'll b(,I17.('l1e del'ivnli\-('>s, 

Pitch. 	 ( 'ollulIonl V lL dllrk, \'is<'OllS su bSliUlce Obtu-iJlNI 118 Itl'esid lIO bv 
distilling wood 'tnl' 01' p('troleum; also ocellI'S nalurnlly itS asphalt. 
'1:be IHlllle is O('('llsionnlly used illstend of oleoresin; bCllce-pitch 
Plll(', 

OxfordCniv('rsily Didionnry, Ed, 3, 1955, defines pilch as tin. 
tenneious I'('sinous sllbsllUH'P obtnined ns. n. l'('siduurn from the 
boiling of till', !llso from distillation of turpentine" (they lllt'nnt 
OIN)!'('sin), 

'I'll(' Amerimn ('o\l('g(' Didionnl'Y (Hal'per, 1!)5:~) defines pilch ns 
(t/lll \' or nU'ious l'l'sills" lind ns "th£' :sap (sic!) 01' crude turpentine 
whi('h exudes [!'01Il lite burk of pines," '(&1' Hap,) .. AS'I'~[ 1'\'slriHs tmde usC' of the tel'm pilch to the "solidified 
ml'tt(,l'ial , . , oblllill('(1 b\' distilling ocr , . , the volntile oil l'L'om 
n. retort pine bu'," -

Resenes. AS'!')'l defines the tel'1ll lias applied to IHL\Tul stores, those 
constituents of rosin which cnnnot 1)(' s[lponifietl with alcoholic 
alknli. but whidl ('ollt,lin carbon, hydrogen, nnd oxygen in the 
molecul('," \rl' found in se\'('l'al pilles SOI1ll' unsaponifinbll' t'0111­
ponenls of rosin which did not ('ollhlin oxygen; such were diterpcnes 
of pille Xos, I, 5, 8, nnd 12, \rl' discussed th('se itS ingredients of 
the volnUll' pi~lt of ql('ort'sin, 

Resin. A generic flame for many ol'gallie products, including oleo­
resin, 

Rosin. AST.:\[ dC'finilion of rosin is "Il specific kind of nulurlll resin 
oblairwd 11S 11 vitr'pons Wlltl'l' insolubll'lImtl'l.'ial fl'OJ)] pinl' oll'ol'esin 
by relll()\'111 of \'ollllil(' oils." Hosiu, thus, is tlte rl'siciul' l'('lIlltining 
in It pot nfl('!' 1111 o!' almost nil of tit(' lu!'(wnline !lnt! res('nes 11lL\'(' b('(~n 
removed, Hosill is composed chien.r or rosin acids, CzoH3QOz,.. 

l 
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possessing a decn.hydrophentUlll't'll(> ring: structure, llIld gencl'ltlly n. 
smail amount of Ullsilponifinblt> matt('I'. 

In SOIlle' piMs, rosin oblninNI by c-Oll\'cntiolllli slenm distillation 

pro('(':;s('~ ,is "N'.'" sofl Illld liH'kr, /llld ('ontnills tt lnl'ge pcn:cn tagc of 

unsal)()I\!flnblp :3U bslnneps. ("-IN Rust'MS.) 


Sap. Waler'y solutioll (juiep) ('ont,llned in. plnnls. Popularly, IW," 
fluid s(,(,L'plioll of planls. ""'(:1' Pit('h. us derilled by tiJl:' A!ll(·riellil 
Collpg<' Di('lioIIlU'\',1 Th(' tN'1l1 snp should 11('\"('1' be usC'd to dC'sig­
illite o\t'Ol'l'Sill or tllqWlllilH" 

Spirits of turpentine. Phnnllll(,PllLi('ltl Ot' It'tHll' IIIWI(' roJ' LUl'pCnlillt', 
~IUI1(' ns oil or LUl'pprllill1:' 01' luqwntillP (which sppJ, 

Sulfate wood turpentine. A produ<'l ohlllillNI ill SIll\'tltp (kmro pulp­
ing pro('(':;s. During di!!N,lioll of pillP pulp, till' tUl'ppnlilH' vnpor­
izps and. is ('ollc·clNl. ' 

'faxon (pI. laxl\). A g('L\PI.'ull<lrl\\ ItppliN! to till,\' tllxonollli(' ('I(,tlwnt. 
popUlation. 01' group il'l'(':;Ill'ctin of its l'inssilif'lllioll 1(1\'01. (Se(' 
U('org<' .H. ~L LIlWI'('I}('l'. '/'rlJ:o//oIflY of l'(lNcular pia II t:.:, I'ootllole 8, 
p. 5a. l\l\d p. 77'2. :\('w'I"ol'l.;:, l\liil..1 ..; 

'rerebenthyne. Obsold(' IItlllll' of ol('oJ'('sill. 
Terpene. Till' AST~1 (\f'linilio!l is "l'nsnlul'llll,d ol'gnllic compound 

hn.ving lit(' (Impiri('1l1 l'Ol'lllutn ('1"£:['" O('(·lIl'l'illf.( ill Illos1 c:;spnliitl oils 

Illld olpot'(·sins oj' plnlTts." ~Ol\lP piliP tuq)(:nliIlPs do not cOlllnill 

tel'()(,lIl'S, but suc'li insllllH'ps nel' l'IlI'P, 


Turpentine. 'TOltllill' oil olJtnin(ld by distill'llioll of (lither oleorcsill 
(NN' GUlli tUI'[)('lIlill(,) 01' wood (.~I'I,Woo<l IUI'IH'lItiIlP). 


Turpentine, Canada. SiUllP liS ('tlllllditul halsam (.'1et Bnlsnm). 

Turpentine, crude, In I~lIrop('flil litpl'Iltul'(' this lel'lIl .is sOllletimes 


lIst.d rot' 01('01'(':;111. to lhis publklllioll thp t[ll'lII ('rude' lUl'pPlllille is 
llspd for lIIP \"olnlill' pnrt or okon'sin l)l'l'yjolls to I'rM'lionalion. 


Turpentine, stump. ~)'('(, \Yood tUI'pPlIlifl('. 

Turpentine, sulfate. .')'N ~\ITrIll(' wood (1I1·pc·ntint'. 

W00<1 turpentine. AS'I'~r distillguisilps lIH'('(' kinds: (I) "Stenm dis­


tilied wood llll'[)('nliIlP oi>!.ttilll'd fl'om tll(' ol(IOI'C'sin witltin tltt' wood 
of pint' stlllllPS 01' ('Illtings, (,itlwl' by clir('('t st('lulIing of 1l1t'('lltlnjelllly 
(\isinli\gl.'l\tNI wood 01' al't('I' 801\"('11\ l'xlm('lion or tll(' o[C'ol'('sin [['om 
thC' wood. ('2) ~IIIrlll(' wood lUl'pelll jill' ['(1('0\'('1'(1(1 d lIl'ing llt(' .. 
{'ollv(,l'sioll of wood to pll(H'I' pulp by tlte' sull'llU' Pl'o{'('ss. (:~) 
D('sll'lIeli\"('ly distilled wood llll'(WlllltH', obtniuC'd by fmeliollillioll 
of ('prltlill oil:; f'()('o\f(,l'('(1 by (,OlldNlsing the "IlPOI'S fo['med during 
thC' deslrutth·p disLilllLliOIl or pilH' wood." 

.. 
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