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Abstract-Pseudotsuga nlenzlesn cortical oleoresm was found to contam 17”,/, of oxygenated terpenmds and 
compounds of sm-ular volatility composed of hnalool, methylsahcylate, bornyl acetate citronellol, geranyl acetate, 
methylthymol, cltronellyl acetate, terpmen-4-01, borneol, lsopulegol, anethole, terpmen-Co1 acetate, camphor, 
geramol, neryl acetate, and nerol Sesqmterpenoid hydrocarbons were low (only 007%) and contained 
sibirene and longlfolene as mam consbtuents, with j?-caryophyllene, y-muurolene, y-cadmene (identified by IR), 
and 20 additional compounds m small amounts p-Cymen-8-ene was identified m monoterpene hydrocarbon 
fraction 

INTRODUCTION 
IN AN earlier pubhcatlon we reported on the geographic varlablhty of cortical mono- 
terpene hydrocarbons from Pseudotsuga menzzesu (Mlrb ) Franc0 (Douglas-fir), and 
concluded on the existence of four chermcal races of this species, mtergradmg m several 
geographic areas 1 Of these four races, three had then morphological corollaries m the 
var menzzesll (Pacific coast) and var glauca (Belssn) Franc0 (Rocky mountains), the 
latter treated as var caes~ Aschers and Graebn (northern Rockies) and var glauca 
Schneider (southern Rockies) by botamsts m contmental Europe The fourth race, growmg 
m California’s Sierra Nevada mountains, had no morphological eqmvalent but appeared 
to be closer to the Rocky Mountam populahons on the basis of its monoterpene 
hydrocarbon composltlon 

While m this previous work, which Involved the varlablhty wlthm, and mtergradatlon 
between morphologically defined taxa, our reliance on monoterpene hydrocarbons (a class 
mcludmg only a dozen or so compounds) appeared satisfactory, the problem of relation 
of the Sierra Nevada populations to the other three Douglas-fir races suggested the 
deslrablhty to maxlrmze the number of chermcal parameters The present paper, which 
represents an effort m this direction, deals with the lsolatlon and ldentlficatlon of 
higher-bollmg constituents of Douglas-fir cortical turpentine 

The oxygenated monoterpenold constituents of Douglas-fir needles are well discussed m 
the hterature 2-s but practically nothmg on the cortical resm IS avallable The Douglas-fir 
sesqulterpenbds from either needles, cortex, or wood have hardly been investigated, and 
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with the exceptIon of lsolatlon of germacrene D and gas chromatographs of wood and 
leaf 011 sesqulterpenolds from P laponzca (Shn-asawa) Belssner,h ’ no mformation 15 
avaIlable on the essential 011s from other Pseudotsuya species 

RESlJLTS AND DISCUSSION 

The oleoresm sample used m the present study wds obtamed from trees growmg near 
Fort Bragg, Cahforma The monoterpene hydrocarbons analyzed by GLC to 36 5’); ;I- 
pmene, 0 87; camphene, 26 8’?* /I-pmene I1 3’?, 3-carene, 7 9’,, sabmene, 3 0’2, myrcene, 
4 4”,, hmonene, 3 0°~~ P-phellandrene, and 6 3”,, terplnolene and represented 30 IO,, of the 
oleore5m This IS 111 good accord with wh,lt Mould hnvc been expected lor n co,i\tdl 
California Douglas-fir ’ Trdce constituents mcludcd p-qmene dnd p-cymen-8-ene ([I-X- 
dlmethylstyrene) The htter is dppnrently new to Pmaceae It wds present to the amount 
of 0 024’:/:, m oleoresm and was ldentlficd by synthesis through dehydrdtlon of p-cymen- 
8-01, using ox& acid Both p-cymen-8-ene dnd p-cymen-8-01, were reported to occur in 
foliage of many plant species. Including Chun~1ec2q~~r 15 ’ 9 They also represent the mam 
dutoxiddtIon products of terpmolene, lo which may bear relanon to their blogenesls m 
view of the presence of terpmolene in sl7eablc amounts m the Doughs-fir cortical 
turpentme 

Compound <I 
0 

Acychcs 47 9”,, 

Monocychcs 10 9”,, 

B~cychcs, 14 9”,, 

Non terpenolds, 26 7”:, 

Totdl m oleoresm, I 7”” 

C~tronellol 
LnldlOOl 
Geramol 
Ntlol 
C Itronellql acetate 
Gerdnyl acetate 
Neryl acetate 

Terpmen-4-01 
Terpmen-4-01 acetate 
Methqlthymol 
15OpUl~gOl 

Borneo1 
Bornyl ‘lcetdtt 
Camphor 

Methylsahcylate 
Anethole 

105 
216 

10 
* 

:13 
5 o* 
0 q* 

27 
2 o* 
30 
23 

22 
110 

17 

24 7 
20 

* Identified by retenhon volumes only, usmg two columns, but ldentlfi- 
catlons deemed rehdble m view of co-occurrence with other compounds of 
reldted structure in the sdmc source 

Oxygenated monoterpenolds and related compounds of slmllar volatlhty amounted to 
1 77,; of oleoresm (Table l), and about half of them were ublqultous acychc dlcohols and 
their acetates A high proportion of ncychcs wns reported by Sakal et LII dnd Mddlse 
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et al 3,4 for oxygenated monoterpenolds of mature needles of Douglas-fir, although the 
percentage composition of these acychcs appeared to be Qfferent Among blcychcs the 
presence of camphor, borneol, terpmene-4-01, and then acetates, was expected because of 
their probable blogenetlc derivation from, respectively, bornane-Zand 1-p-menthene4- 
carbomum ions, the ions glvmg rise to camphene and sabmene which are both present 
m the same oleoresm Methylthymol has been previously identified m Abtes cortex” and 
Plnus foliage ’ 2 Isopulegol IS not uncommon m plant kmgdom, although apparently it has 
not yet been isolated from Pmaceae It commonly co-occurs with cltronella113 and easily 
forms from It under the influence of many chemical reagents, e g slhca gel at T 2 100” ,14 
it has also been reported as one of the products of the actlon of Pseudomonas 
aeruginosa on citronella1 I5 The presence of lsopulegol m P menzlesu probably relates to 
the higher percentages of cltronellol and Its acetate m cortical turpentine 
I3 GC FNTHrR E (1952) The Essermol 011s Vol II pp 209 Van Nostrand New York 

TABLE 2 SE~QU~TERPEN~ HYDROCARBONS FROM Psrudotsuga tnenzlesu CORTICAL OLLORESIN 

CldSS 

Acychcs, 0 2:~ 
Cychzation l/10, 58 8% 

Cychzatlon l/l 1, 38 7% 

Sesquiterpenet 0 /0 

Eilcychc, 48 1% 

Polycycllc, 10 7% 

Monocychc I I 2”,, 

Blcychc, 8 0% 

P-Farnescne 
oc-Muurolene 
y-Muurolene 
fi,-Cadmene 
y-Cadmene 
6-Cadlnene 
+Ca&nene 
Calamenene 
Bbirene 
Sehna-3,7(11 td1ene 
cc-Gumene 
&Gualene 
Sativene 
Cyclosativene 
cc-Copaene 
fi-Copaene 
a-Cubebene 
r-Humulene 
j-Humulene 
B-Caryophyllene 
r-Himachalene 

02; 
5 8t. 
4 h* 
I 8: 
70* 
0 7: 
12# 
11 

22 5* 
09 
13 
12 
22: 
4 53 
26 
13 
01 
31 
81 
7 I* 
08 

Polycychc, 19 5% 
/?-Himachalene 01 
Longifolene 180* 
x-Longiplnene OS$ 

Unknowns, 2 3% 
Total 1n oleore&, 0 07% 

* Identified by IR 

Longiiyilene 07i 
CBX-166 23 

t Positions of a-hlmachalene/P-ylangene, /?-hlmachalene/a-blsabolene, e-cadlnene//&b1sabolene, and bl- 
cachnene/crs-a-bisabolene overlapped on Carbowax 20 M and S&cone OV 17 columns used Structure 
assignment was made here on the basis of co-occurrence and ub1qurtou?ness 

; ldentlhed by GLC retennon times only, but ldentlhcdtion Judged dCCeptdbk 1n view of co-OCCUI I once with 
compounds 1dentlfied hv IR ub1qtutousness and characterlst1c posItton on GLC 
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I4 CHANG, T ‘C, WASHIO, S and Ut DA, H (1970) Agr IC Blol Che,,z 34, 1734 
I5 HAYASHI T and TATSL ~MI CH (1970) Nr/r/)ofr No&a&r, Ktrrtlr~ 44. 556 
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Non-terpenolds were relatively high and Included methyl sahcylate and anethole 
Methyl salycllate has not been reported heretofore from Pmaceae, although at 15 not 
uncommon otherwise Sakal et al 3 Madlse et al ’ and von Rudloff’ do not mention It ‘IS 
a foliage 011 constituent However, m ,m earlier work Johnson nnd Cdm” reported the 
presence of 007°/0 of sahcyhc acid (probably n product of hydrolqsls) m the sodium 
hydroxide extract of leaves-nnd-twigs steam distill&e from the same species Anethole hds 
been previously reported m many ledt oils, pdrbc&rly of IJmbelhferae I7 Recent15 it has 
been isolated from commercial Fmmsh “pme 011’ the product of steam dlstlllatmn of 
Prrnlr ,~/~strr~ L and PIL~U trh~c, (L ) H Kdrst’ * foliage 

The per cent of sesqulterpene hydrocal bons wds dlsappomtmgly low (0 07”,,) MoTt of 
the~c(T,ible2)1eI?rcsented s~bt~ene( I)and the ublqultou\ longlfolcne hlth some c‘idmenes 
muul olencs ,md &car~ophyllene The latter hclr been PI evlouslq repel ted h\ Snk,ll (‘I LI/ 
m the needles of Dougl,ls-fir ’ 

Slblrene (selma-4(14) 5-dlene) ~‘15 orlgmally isolated fi om the wood of Plnlr, srhrr KU 
Ledeb ,I9 ” we recently identified It by IR m Ah1es halsanwa (L ) Ml11 cortlcdl oleoresm I2 
The same compound hds also been Identified by GLC m Ahrrc vh~trca Ledeb cortex m 
Lur I\ V/X) KU Ledeb m P~nlr> ,I/WWI\ L and m Prccl~ ohotcrt~ Ledeb wood ‘I It appears 
to OCCLII m mcre‘lsed ,Imount, 111 olcoresms contdrnmg higher percentages of cLtdmenes/ 
muurolenes I2 ” Thl\ might be mdlc‘ttlve of its biosynthesis from gel mdcl cne D (2) bq the 
pdthwdy below Germdcrene D isolated recently from P ILI{IOIIILN, hds been postuldted 

as precursor of g-isomers 01 cddalene-type’ sesqulterpenolds 

(2) (1) 

EXPERIMENTAL 

Cortxal oleorean WLLS collected from the young Douglas-fir trees m the Fort Brd&& Cahforma dreri 
Methodology of the oleoream analyyls followed the procedure described m our earher paper on Ahrc~t ~N/QIIIILU 
cot-t& oleoresm ” ArtlfaLt formdtlon during dnalysls was chclkcd by GLC usmg untreated olcortsm 

IR qectrum of sIbIrene reported betfictn 600 dnd 3500 cm ’ III older of decredsmg pt,tk Inten~lt) and 
with pedks m parenthtxs ranked togcthcr accordmg to the stlongc\t pedh (2Y30 2960 2870 28401 XYO (l4SO 
1460 14%) I375 1640 X40 I360 3070 1660, 1025 1168 X60 I154 1150 1032 1296 940 1255 1330 I20 
1285 1100 1120 1200 1320, 1186 980 970 1080 928 X17 667 17X0 800 620 730 770 I?, (,,rbo\\.~x 20 M 
090 (to lon~lfolene) sd~conc OV 17 2 57 menthol) (to 

~~X~Z~MIY~~~~~~~IZ~~~--W~ dre Indebted to Mr ltre Melo of the Georgu Pa&c Company Fort Br,igg C&form,\ 
for his help m sdmphng Dougids-fir dnd to the Ndtlonal Science Foundauon for d grdnl GB 7417 \upportmg 
this work 


