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Abstrac&-Analysis of the volatile leaf oil of the Alaska (yellow) cedar showed (-)-a-pinene, (+)-3-carene, and 
(+)-limonene to be the main constituents. In addition, nine monoterpene hydrocarbons, seven oxygenated 
monoterpenes, six sesquiterpene hydrocarbons, nerolidol, cedrol, bisabolol, or-cadinol, nine diterpene hydro- 
carbons (including one new one), manoyl-, 13- and S-epimanoyl- and 8,13-diepimanoyl oxides, phyllocladol, 
six n-alkanes, three alkanals and nine C5-branched chain or aromatic esters of isovaleric, 3-methyl-2-, and 
3-methyl-3-butenoic acids were identified (Table IA-C). The structures of the esters were confirmed by 
synthesis. Many of the sesquiterpene and diterpene hydrocarbons, cedrol and phyllocladol are typical 
constitutuents of the order Cupressales, but the new oxides and esters, the n-alkanes, alkanals, and possibly 
I-methyl-4-isopropenyl- and I-methyl-(a-hydroxyisopropyl)-benzene appear to be characteristic of this cedar 
species. The quantitative composition of the leaf oil from different trees varied little when the leaves were 
collected in winter, although some variation from one population to another may exist. Large losses of the 
low boiling components may ensue if the foliage is transported in an unsealed container. 

INTRODUCTION 

THE ALASKA, or yellow cedar, Chumaecypuris nootkatensis (D. Don) Spach (Cupressaceae) 

occurs mainly along the west coast of North America ranging from Washington and British 
Cclumbia to Ala~ka.~ Botanidly it is ckmi&d in t&e genus Cdamaecyqaris, but Erdtman 
and Norin* expressed the opinion that this assignment should be reconsidered, the heartwood 
extractives of the Alaska cedar differing considerably from other Chamaecyparis species. 

Previously, we found that the composition of the leaf oils of conifers3-8 can be used 
effectively in chemosystematic studies at the species level. A survey of the literature9 indi- 
cates that the leaf oil of the Alaska cedar was analyzed in 1926,‘O but no more recent analysis 
appears to have been rep0rted.S A detailed analysis employing GLC was, therefore, under- 
taken to establish a more accurate knowledge of the composition of this cedar leaf oil. From 
a c+R -fd& -Jf+& +& %i ctiL+iYZZt%Tk /r, &~JK <+K &SC% -J-~7&&+f~~ 7&S-~ 5%5%y 

* Part XIX in the series “Gas-Liquid Chromatography of Terpenes”; for Part XVIII, see Ref. 14. Issued 
as NRCC No. 11390. 

i National Research Council Postdoctorate Fellow 1968/69. Present address: Department of Chemistry, 
Na.!&%%!,Tti%%~ Uti.a&ty, %.iFi, I?&%%. 

$ See however Ref. 16. 

I ANON, Native Trees of Canada (Fifth Edition), p. 78, Department of Northern Affairs and National 
Resources, Queens Printer, Ottawa (1956). 

3 H. ERDTMAN and T. NORIN, Prog. Chem. Org. Nat. Prod. 24,257 (1966). 
3 E. VON RIJDLOFF, Can. J. Chem. 41,1737,2876 (1963). 
4 E. VON RUDL~FF and F. M. COUCHMAN, Can. J. Chem. 42,189O (1964). 
5 F. M, COUCHMAN and E. VON RIJDLOFF, Can. J. Chem. 43,1017 (1965). 
6 E. VON RIJDLOFF, Phytochem. 5,331(1966). 
7 R. IRVING, B. L. TURNER and E. VON RIJDLOFF, Annual Meeting Amer. Instit. Biol. Sci., College Station, 

Texas, 27 August-l September 1967. 
* E. VON RUDLOFF, Can. .7. Botany 45,891,1703 (1967). 
9 E. GILDEMEISTER and FR. HOFFMANN, in Die aetherischen Oele (edited by W. TREIBS and K. B~URNOT), 

Vol. 4, p. 271, Akademie Verlag, Berlin (1956). 
10 R. H. CLARK and C. C. LUCAS, Trans. R. SOC. Can. Sect. 11120,423 (1926). 
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be encountered from tree to tree and from population to population. Freshly cut foliage of 
the Alaska cedar loses its aroma fairly rapidly” and this can make quantitative analysis 
difficult since serious losses of the more volatile constituents may be encountered in the 
transportation of the cedar foliage. For this reason, the present study was carried out in two 
parts. First, a large batch of oil from the foliage of very old trees growing on Vancouver 
Island was analyzed quantitatively and qualitatively. Thereafter, the effect of transportation 
and storage on the leaf oil composition was determined on a number of leaf samples obtained 
from several collection sites. In this manner it was hoped to obtain both qualitative and 
quantitative data which could form the basis of a more extensive chemotaxonomic investiga- 
tion of the Alaska cedar and related cedar species. 

The analytical techniques employed in this study were described in detail before.6*8* ‘** I3 
However, the leaf oil of the Alaska cedar was found to be unusually complex and several 
modifications and improvements had to be made to arrive at satisfactory results. 

RESULTS AND DISCUSSION 

A typical gas chromatogram of the volatile leaf oil of the Alaska cedar as obtained on our 
standard polyethylene glycol (5 ‘A PEG 20 M) column is shown in Fig. 1. The percentage 
composition of the oil from five different sources is shown in Table 1 A-C. This leaf oil is 
characterized by the large amounts of (-)-a-pinene, (+)-3-carene, and (+)-limonene and the 

TABLE 1. % COMPOSITIONOFTHELEAFOILOFTHEALASKA CEDAR (Chamaecyparisnootkatensis) 

Peak 
No. Compound 

A: Monoterpenes 

Leaf oil sample No. * 
I 

1 2 3 5b 6b 

1 (-)-a-Pinene 
2a (Fenchene)? 
2b Camphene 
3a /%Pinene 
3b (Sabinene) 
4a (+)-3-Carene 
4b Myrcene 
5 (a-Phellandrene) 
6a (+)-Limonene 
6b /3-Phellandrene 
7 (a-Terpinene) 
8 p-Cymene 
9 Terpinolene 
14 I-Methyl-Cisopropenyl benzene 
21 Bornyl acetate 
22 Terpinen-Co1 
26 c+Terpineol 
27 or-Terpinyl acetate 
28 Piperitone 
30b Citronellol 
34b 1-Methyl-4-(a-hydroxy isopropyl)benzene 

38.8 33.8 32.0 32.8 33.0 
1.1 0.8 1.1 0.8 0.7 
0.5 0.3 0.2 0.3 0.2 
2.0 24 1.7 2.6 2.6 
0.2 0.5 0.2 0.5 0.3 

30.8 36.5 32.4 248 25.3 
2.3 2.5 2.8 3.8 42 
0.5 0.3 0.1 0.4 0.1 
9.2 12.1 
2.9 1.3 
0.2 0.1 
0.3 trace 
2.0 3.8 
0.3 0.6 
0.2 0.2 
0.2 0.1 
0.5 0.5 
1.2 0.9 
0.1 0.1 
0.1 trace 

trace trace 

18.2 23.4 23.5 
1.5 1.9 2.8 
0.1 0.3 0.3 

trace 0.1 0.1 
2.8 2.4 2.5 
0.1 0.3 0.3 
0.2 0.1 0.2 
0.2 0.7 0.7 
0.3 0.3 0.1 
0.9 1.1 o-3 
0.1 0.1 0.2 
0.1 0.1 0.1 

trace trace trace 

*I J. WALTERS, personal communication. 
I* A. R. VINIJTHA and E. VON RUDU)FF, Can. J. Chem. 23,3743 (1968). 
I3 E VON RUDLOFF, in Recent Advances in Phytochemistry (edited by M. K. SEIKEL and V. C. RUNECKLES), 

Vol. II, p. 127, Appleton-Century-Crofts, New York (1969). 
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Leaf oil sample No.* 
Peak , 

No. Compound 1 2 3 5b 6b 

B: Sesqui- and diterpenes 
16 
18 
24 
3oi? 
31 
34a 
38 
41 
45 
46b 
44a 
44b 
46a 
4la 
47b 
48a 
49b 
49c 
50 
51 
52a 
53 
54 
55 

cA2ubebene 
a-Copaene 
Thujopsene 
-y+%-C&&%&. 
ar-Curcumene 
CazmXne 
Nerolidol 
Cedrol 
(+)-Bisabolol 
a-Cadinol 
Diterpene I 
Isopimara-8(9), 15-diene 
Isohibaene 
Sandaracopimaradiene 
Isophyllocladene 
Isopimaradiene 
Manoyl oxide 
13-Epimanoyl oxide 
Phyllocladene 
Abieta-7,13-diene 
Dehydroabietadiene 
8-13-Diepimanoyl (IV) 
8-Epimanoyl (III) 
Phyllocladan-16-01 

trace 
trace 
0.1 
&I 

trace 
@1 
0.4 

trace 
0.7 
0.3 

0”:; 

0.3 

0.1 

0.1 

0.3 

0.1 
trace 
trace 
trace 

1.1 
0.3 

C: Branched-chain esters and non-terpenoid compounds 

11 3-Methyl-3-butenyl isovalerate 0.4 
12 Pelargonaldehyde 0.2 
1?2 J-‘We~i++?%2zz?& &W&T&~ G,? 
1F aA_~~~~~~z~~~~~~~~~~~~~~~ &W.? 
19 &?&&&&W &GWZ 
2(D 3-Met~~-3-buteny3-l3-me~y~~-2-butenoate D.2 
2? j”-1Ne~yl’-2_bu~yl‘~~rn~yi~~~o~ *‘ace 
2!9 #-Z%i&+&&Z~ f~zzze 
35 Benzyl isovalerate 0.1 
36a n-Nonadecane 
36b n-Tetradecanal > 

trace 

37 p’-fieny$ffiyl isovaleraie @I’ 
40 Benzyl-(3-methyl)-2-butenoate 0.1 
42 n-Heneicosane fIXce 
43 Pelargonic acid 0.1 
44c /3-Phenylethyl-(3-methyl)-2-butenoate 0.2 
4% n-Tricosane trace 
5% pr-Pentacosane trace 
56 n-Docosanal trace 

trace 
trace 
trace 

@1 
? 

trace 
0.3 

trace 
0.3 
0.1 
o-2 
0.1 
0.1 

trace 

trace 

0.6 

0.1 
trace 
trace 
trace 

0.5 
0.1 

trace 
trace 
trace 
G-1 
0.1 

trace 
0.6 

trace 
0.6 
0.2 
o-2 
0.1 
0.1 

trace 

trace 

O-5 

0.2 
trace 
trace 
trace 

1.7 
0.1 

trace 

irace 
trace 
il?dCC 

trace 
trace 

? 
trace 

? 

trace 
trace 
trace 

a1 
trace 
&ice 
0.4 

trace 
0.2 
0.1 

trace 
trace 
trace 

trace 

trace 

0.2 

trace 
trace- 

? 
trace 

0.6 
trace 

trace 

@I 
0.1 

l%Wz 
- 

trace 
trace 
trac^e 

? 

? 
trace 
trace 

@I 
0.1 
@1 
0.1 

trace 
0.3 

trace 
0.2 
0.1 
0.1 

0.1 

0.1 

0.5 

0.1 
trace 
trace 
trace 

0.5 
0.1 

0.3 
0.2 
s-3 

rt-ace 
? 

D3 
&z&T 

JJ2 
trace 

? 

7 
trace 

? 
- 

trace 
01 

trace 
? 

* (1) Large batch (commercial distillation); Vancouver Island location. (2) Young tree growing in green- 
house, November 1968; Vancouver nursery stock. (3) Combined oil from five young trees growing in 
greenhouse, March 1969, Vancouver nursery stock. (5) Sealed sample from medium-sized tree at Forbidden 
Plateau, August 1968. (6) Seafed sample from 5%55-year-old tree, Research Forest of the University of 
British Columbia at Haney, B.C., Canada, March 1969. 

t Names in parentheses represent tentatively identified compounds. Peak No. 10,25,32, 33,39,41b and 
50 (cf. Fig. 1) could not be identified. 
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N. H. Andersen and D. D. Syrdal,16 report in considerable detail on the sesquiterpenes 
of this leaf oil and found, in addition to the compounds listed in Table 2, ar-ylangene, longi- 
folene, u-bisabolene, cc-, /?-, and y-curcumenes, and /?-farnesene. They also found a-pinene, 
3-LXW&., a?& +lmWz~&<Q +X+&~fZijUi~Wri~$@Zf&~, bt~~~n~-~iv~~~~~~~~ 

and non-terpenoid components. 
The mixture of diterpenes could be resolved satisfactorily on the OV-17 (a phenyl methyl 

silicone polymer’? and PEG-20 M cohmms, the former resolving also manoyl- and 13-e@- 
rnzzvj+ OX&F. >fi a&Z&r ?0 8~ e&&t &YXW ~&-ii&-u~ a ,W ~@X&WYZ &F&Y -9-oa) 
wzas ‘E&&& ~X&s*~P&~a&KX3 ‘aa& ‘&e ‘S’fI(rc& ~BecUB _~r@E&es +ee -&3&Bne&&$~ 0% 
an isopimaradiene, but these (as well as the GLC retention) were not identical with those of 
iscpimacadieue, saadaracapimaradieue, and isapimara-g<~j,(~‘-due. CafZa&& &c@agena- 
tion gave mainly isopimar-8(9)-ene and isomerization with anhydrous hydrogen chloride 
gave the same four hydrocarbons in approximately the same ratio as produced by isomeriza- 
ti0n cij .>s@naral&ene. Hen&. ?&~~_~hrocar’Don can o&Y have slrutime‘l ~IwD_DDs~~%~ 

epimers) or II. Since the latter is subject to considerable strain, I is the more likely. 
Although the diterpenes with the isopimaradiene skeleton predominate, those of the 

pimaradiene and phyllocladene type are also elaborated in the leaves of the Alaska cedar. 
The isolation of phyllocladene (peak 49a) and isophyllocladene (peak 47b) from the polar 
(methanol) fraction in the prefractionation procedure indicates that dehydration of phyl- 
locladan-16-01 has taken place, and it is possible that these two hydrocarbons, as isolated 
from the hydrocarbon fraction, are also artifacts. It is also noteworthy that isohibaene 
(peak 46a) does not appear to have been isolated from a natural source before; however, it 
was synthesized by Wenliert d al. L8 Identi5&tion of mg amounts of isohibaene and the 
related diterpenes presented no serious obstacles because of their characteristic NMR 
spectra.‘8-23 

Of considerable interest is the isolation of a number of non-terpenoid components (see 
Table 1C). An unusual series of esters was isolated in addition to the homologous series of 
o&h-car’Dr>n num’oer hy &TocWbons <C,,--C 2j; JE&B 19,29,36b, 42,48’0 an& 52b) anb the 
three n-alkanals pelargonaldehyde (peak 12), n-tetradecanal (peak 36a), and n-docosanal 
(peak 56a). The 3-methyl-3- and 3-methyl-2-butenyl esters of isovaleric acid (peaks 11 and 

I4 E. VON RUDLOFF and V. K. SOOD, Can. .7. Chem. 47,2081(1969). 
I5 Y. S. CHENG and E. VON RIJDLOFF, Tetrahedron Letters, 1131 (1970). 
I6 N. H. ANDERSEN and D. D. SYRDAL, Phyrochem. 9,1325 (1970). 
I7 Pierce Chemical Co., Rockford, Illinois, U.S.A. 
18 E. WENKERT, P. W. JEFFS and I. R. MAHAJAN, J. Am. Chem. Sot. 86,2218 (1964). 
I9 R. E. C~RBE~T and S. G. WYLLIE, J. Chem. Sot. 1737 (1966). 
*O E. WENKERT and P. BEAK, J. Am. Chem. Sot. 83,998 (1961). 
2X L. H. I%zs%s, a. C. CL_, I? s. ItL_ zhnd D. w. ST.wNnxW, fM?L&P&w L&lprS, 2z3 hew->; J. 

Chem. Sot. 6212 (1965). 
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13), 3-methyl-3-butenoic acid (peak IS), and 3-methyl-2-butenoic acid (senecic acid) (peaks 
20 and 23), as well as benzyl- and p-phenyl ethyl isovalerate (peaks 35 and 37) and /3-phenyl 
ethyl-(3-methyl)-Zbutenoate (peak 44~) do not appear to have been isolated from conifers 
or other natural sources before. Benzyl-(3-methyl)-2-butenoate (peak 40) was prepared 
by Yamada et al. 24 The spectra of the natural and synthetic esters (see Experimental) were 

completely superimposable and the peak assignment in Table 1 was confirmed by co- 
injection. The characteristic NMR signals are summarized in Table 3. There appears to be 
an asymmetry effect in the NMR spectra of the branched-chain esters; the chemical shifts 
of the two methyl groups of the 2-butenoates differ by 25-30 ppm, and that of the 2-butyl 
esters by 3-5 ppm. Some fine-splitting of the 3-proton signals was also detected. 

This series of esters represents a new group of components of the leaf oils of conifers, 
and the finding of isopentenyl esters may be significant in that they may be looked upon as 
hemiterpenoids. Hence, it is possible that in the Alaska cedar an early branch in the mevalonic 

acid pathway of terpene synthesis is operative. Under the conditions of isolation of the 
individual components of the Alaska cedar leaf oil no evidence of the free isopentenyl alcohols 
was obtained (the gas chromatograms were devoid of peaks in the isoamyl alcohol range). 
The fact that free mono-, sesqui-, and diterpenoid alcohols as well as some acetates were 
isolated, but not the esters of the isopentenyl acids and these terpene alcohols indicates that 
two different sites of biosynthesis, compartmentalization, or unusual enzyme specificity 
are involved in the formation of these esters. 

The n-alkanes and n-alkanals are not typical components of conifer leaf oils or other 
essential oils, and from the work of Eglinton and co-workers25 one may assume these to be 
derived from the cuticle wax. Such components of the cuticle wax were not encountered in 
our previous analyses of conifer oils. The presence of pelargonic acid (peak 43) may be 
explained by autoxidation of pelargonaldehyde. On standing in the cold and dark for many 
weeks the oil showed an increase of the pelargonic acid with concomitant reduction of 
pelargonaldehyde; several other autoxidation products (e.g. p-cymene) became noticeable 
too. 

l4 S. YAMADA, M. TANIGUCHI and K. KOGA, Tetrahedron Letters 25 (1969). 
25 G. EGLINTON and R. J. HAMILTON, in Chemical Plant Taxonomy (edited by T. SWAIN), p, 187, Academic 

Press, London (1963). 
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From the chemotaxonomic and phylogenetic points of view the presence of the branched- 
chain esters is significant in that they may form a unique biochemical character. To these 
one may add the related series of diterpenes, the four epimeric manoyl oxides, the n-alkanes, 
and tlhe n-aIkanaIs, since these too have not been detected in conifer leaf oils before. A 
detailed analysis of the leaf oils of other Chamaecyparis species should reveal whether these 
are unique to the Alaska cedar alone, and hence justify the botanical reclassification as 
suggested by Erdtman and Norin,* or whether these are typical constituents of the genus. 
The ear&x ana@ses of the leaf oils of the Asiatic cedar sp&zs9 do not pes&t a conc1usiion on 
this point. Work on the leaf oil of one other North American Chamaecyparis species, C. 
lawsonia (Port Orford Cedar) has been commenced in this laboratory and a preliminary 
GLC analysis indicates that the new diterpenoid oxides and at least some of the branched- 
chain esters are absent. 

The presence of sesquiterpenes derived from both cis- and trans-farnesol according to 
the s&me 4 %&&&x,+‘~ &XYtis SOme ~ViilzYe1;. In %I& +?zXf w& zYJf& ,geTilX fit= 
only the cadinane types (cis-farnesol derived) have been found&v8 but in the genus Juniperus 
both cadinane- and selinane-type (elemol, eudesmol, etc. ; trans-farnesol derived) were 
encountered.4, 5, ‘** I4 In a very detailed study of the composition of the blister resins of the 
genus Abies, Smedman et al. 27* 28 have found both cis- and truns-farnesol derived sesquiter- 
penes, and this holds also for the heartwood extractives of the order Cupressales.* Hence, 
the type of sesquiterpene found in conifers does not appear to offer an aid to chemotaxonomic 
analysis. However, the presence of thujopsene (peak 24) and cedrol (peak 41) as well as the 
diterIpene sire&&r @iny’lro&&an-‘r’o-cil ‘(pe& 5S~is’ryP;rcz2~ ‘iur a mem’uer 05 ?%B na?ur& zder. 
Again it remains to be determined whether the presence in the Alaska cedar leaf oil of cadi- 
nane-typz *~&er~B, es +&I as t&.- TV&& ~~&~~ &&he a&r R~& {myre, 
3-carene, p-phelladrene, cr-terpinene, terpinolene, bornyl acetate, cr-terpineol and piperi- 
tone6 is exceptional or typical for the genus Chamaecyparis. The chemical composition of the 
leaf ci2 at&e Alaska cedar slzaws mace simile&y with tlrose afthe genus.Ztcnqecux t&an with 
the genus Thuju. In the latter genus, compounds of the thujene-thujone type appear to be 
chara&&&c? ,‘JX S&timene anh %~+~~‘nave’oeen ‘iour& ‘m ?ne’~& d&s o5 C . tu~~~mtirsis 
and C. formosensis,9 whereas in that of C. nootkatensis we found only a small amount of 
sabinene; thujene could be present as a trace component. 

The results obtained with the leaf samples collected from different trees (Tables 1 and 2) 
show that the variation from tree to tree is small provided the foliage is picked during the 
dormant season. The samples collected from two trees on Forbidden Plateau late in August 
show a relatively large quantitative difference (samples 4 and 5). This difference can be a 
result of the time of collection,* August being a time of the growing season at which the stable 
quantitative composition of the dormant season may not have been reached. 

For reproducible results it is essential that precaution against evaporation losses of the 
lower boiling terpenes are taken. When the leaf samples were transported in a sealed con- 
tainer yirtza#y idcntic%< qrantit&iVe results with tha9.e af the samples distilled Br the site 
of CCC%&% Cm w ert o~\a&h )T a%= 1, sarn&> a an&b) . V&n tY= 5%7i7tz m== aiD%%. ii 
polythene bags (sample c) or packed unsealed into the cooler box (sample 6d) considerable 
losses of or-pinene etc. were evident. . 

l6 J. B. HFHDRIC~~~ON, Tetraiiedron ?,82 U9TQ 
27 L. A. SMEDMAN, E. ZAVARIN and R. TERANISHI, Phytochem. 8,1457 (1968). 
18 L. A. SMEDMAN, K. SNAIBERK, E. ZAVARIN and T. R. MON, Phytochem. 8,1471(1968). 
29 E. VON RUDLOFF, Can. J. Chem. 39,120O (1961). 
3o E. VON RUDLQFF, Phytochem. 1, 195 (1962). 
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TABLE 2. EFFECT OF TRANSPORTATION AND STORAGE ON THE % COMPOSITION OF THE LEAF OIL OF THE ALASKA 
CEDAR 

Sample No.* 

Peak 
No. Compound 

1 
3 
4a 
4b 
6 
9 

22 
21 
38 
45 
53 

a-Pinene 14.7 15.5 8.0 32.3 32.8 17.7 31.5 33.0 18.6 16.3 
b-Pinene (+ sabinene) 1.1 1.2 0.5 3.0 3.1 1.1 2.8 2.9 1.0 0.8 
3Carene 23.1 24.8 21.8 25.1 24.8 26.9 25.1 25.3 28.5 22.5 
Myrcene 3.7 3.8 3.7 4.0 4.2 2.2 3.3 
Limonene (f/3-phellandrene) 48.0 48.3 58.5 25.5 25.3 46.6 23.8 26.3 38.2 46.0 
Terpinolene 2.8 2.5 2.3 2.3 2.4 2.8 2.5 2.5 2.6 2.2 
Terpinene-Co1 1.2 0.9 1.2 0.7 0.7 1.1 0.7 0.7 0.8 0.9 
a-Terpinyl acetate 1.1 0.8 1.2 1.0 1.1 1.6 1.0 1.0 1.1 1.1 
Nerolidol 0.1 0.1 0.2 0.4 0.4 0.6 0.1 0.1 0.1 0.2 
Bisabolol 0.1 0.1 0.2 0.3 0.3 0.4 0.2 0.3 0.4 0.5 
I-Epimanoyl oxide 0.9 0.8 1.2 0.6 0.7 1.1 0.4 0.5 0.6 0.7 

4 5 6 
r---- c---h--\f--- 

a 6 c a b c a b c d 

* Nos. 4 and 5 : collected on Forbidden Plateau, Vancouver Island, August 1968. No. 6 : collected near 
Placid Lake, Research Forest of the University of British Columbia at Haney, March 1969. 

(a) Steam-distilled near site of collection within 1 hr of cutting foliage. 
(b) Transported in sealed glass insert of steam-distillation apparatus in an insulated cooler. 
(c) Transported in polyethylene bags in an insulated cooler. 
(d) Transported unsealed in an insulated cooler. 

In Table 1 the percentage composition of the leaf oil from old and young trees (samples 
1-3) is compared and no significant differences can be detected. Similarly, the variation from 

one young tree to another was found to be very small (samples 2, 3 and Experimental), and 
collection in November (sample 2) or March (sample 3) does not appear to affect thecom- 
position to any noticeable degree except that there was a change in the content of limonene. 
A somewhat larger difference was found in the oil originating from the trees growing at 
Forbidden Plateau (sample 5) and at Haney (sample 6) as compared with the large sample, 
and such differences may represent variations from one population to another. The data 
obtained suggest that the leaf oil of the Alaska cedar is very well suited for detailed chemo- 
taxonomic studies, both as far as variation within populations is concerned, as well as a 
possible correlation with related, or presumably related cedar species. 

EXPERIMENTAL 

The GLC apparatus and methods of column preparation and analyses, as well as most of the columns, 
have been described before.6~8*‘2-14 I n addition, columns with OV-17 phenyl methyl silicone polymer” 
(I or 5 ‘A on Aeropak 30, 15 ‘4 on Gas Chrom P) were employed. Preparative separations were carried out 
in two stages; a preliminary fractionation with 5@200-~1 aliquots on the preparative gas chromatograph 
(90-180 x @9 cm o.d. columns with 15-25 % liquid phase) using 1 ml glass traps cooled in ice water, and smaller 
scale fractionation of 5-25-p] aliquots on 180-200 x 0.6 cm o.d. columns using teflon tubing as traps” 
(hand-collection), 

1.r. spectra were either obtained as films between NaCl plates (Perkin-Elmer model 21 spectrophotometer) 
or in AgCl microcells (0.01 mm path length extro cells, Beckmann Instruments Co.; Perkin-Elmer model 257 
spectrophotometer with beam condenser). NMR spectra were measured in Ccl4 with tetramethylsilane as 
internal standard (Varian A-100 100 MHz instrument). Optical rotations were determined with the undiluted 
oil samples and in CHCI, (l-5 %) on components which were isolated in sufficient amounts. 
31 R. TERANISHI, R. A. FLATH, T. R. MON and K. L. STEVENS, J. Gas Chromatog. 3, 206 (1965). 
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Plant Material and Recovery of the Volatile Leaf Oil 

The main batch of cedar foliage was collected on 5 April 1967 near Robertson and Flat creeks, Mesatchie 
Lake disujcf, Vancouver fiIancf, from rrees wdich were over 1017years old, ,I’Ire foliage wasstoredti fne cofd 
until commercial steam-distillation (Kent Chemicals Ltd., Vancouver; special contract) was carried out. 
This oil had I$ 1.4727, dis 0874, [a]:: - 0.2” (sample 1). All other leaf oil samples were obtained by 
laboratory-scale steam-distillation (0.1-l kg leaves) in the apparatus described previous1y.S. I3 Samples 
2 and 3 were obtained from young trees (6-10 yr old) growing in the greenhouse of this laboratory and origi- 
nating from a Vancouver nursery (H. M. Eddie & Sons, Ltd.). Sample 2 was derived from the foliage of a 
single tree steam-distilled in November 1968. In March 1969 the foliage from five individual trees was 
steam-di&lbeh. 7ne putintilve cornp&on wa~%u&yYnu~r%r r&bye san@>es anh’nence~nese were 
combined to give sample 3. To test the effect of transportation on the leaf oil composition small-scale steam- 
distillation (@I kg) was carried out at the site of collection on Forbidden Plateau, Vancouver Island, August 
1968. The foliage from a young and a medium-sized tree (samples 4 and 5) was divided into three equal 
portions, the tirst (a) was steam-distilled near the site of collection, the second (b) was placed into the glass 
insert cE the steam-distillation appacaCus,‘3 which was sealed temporarily- at each end, aad the third (cl was 
placed in polythene bags. The latter two samples were stored in an insulated box under ice and were trans- 
ported to this laboratory, where they were stored at -10” until steam-distillation l-2 weeks after collection. 
An add%imn&tich ti ydow eehar%i>a~e was w%enleb neaz%ac>b‘Liixe fi YneResearchFori& fi ‘Ihe 
University of British Columbia at Haney (sample 6) in March 1969. It was divided into four parts, three 
smaller portions (1 kg each) being treated or packed as above (a)-(c) and the fourth (5 kg) was transported 
unsealed in t&&r boK {ds. T&z &rat& d&e ditii<<at&z. was ti lur in yma%k experiments ati 8-% 
hr in large-scale work. Further distillation did not increase the yield of oil markedly but some increase in the 
higher boiling components was obtained. The yield of oil from sealed samples varied from 18 to 2.4% 
whereas that from the unsealed leaf samples was 15-1.8 ‘A. The percentage composition of each oil sample 
was determined from duplicate runs on the 5 ‘A PEG- 20 M analytical column (5-~1 aliquots, internal nor- 
malization m&rod, pe& area irrtegraticm with a Y&an-Aerograph mode1 471 d&&r> integrator) and the 
results obtained are shown in Tables 1 and 2. The physical constants of the oil samples were: n$ 1.472-1.473; 
di5 O-873-0875; fag] - 0*X+59 

TABLE 3. NMR SIGNALS OF THE ESTERS OF BRANCHED-CHAIN (c,) ACIDS (100 MHz. 
IN ccl,) 

Moiety Signal (ppm) Coupling constant (Hz) 

CH3, 

CH31CH- 

near 1.3 (1 H, m) 
0*91-0*95 (6 H, d*) 7 

CH3. 5.25-5.26 (1 H, s*) 792 
CH3’ C=CH-CHzO 4.434-48 (2 H, dt) 7 

1.70-l-87 (6 H, d) 24 

CH3 554 (1 H, s*) 1 
‘C=CH-CO-O- 

CH3’ 
2.13 
1.86 (3 H, d) 

1 
(3 H, d) 1 

CHz+ 
c- 

4694.70 (2 H, m) 

CH3’ 
1.76 (3 H, st) 

-CI&-CHIO- 409 (2 H, t*) 7 
2.27-2.28 (2 H, t*) 7 

-CH,-CG--O- 2-06-213 (2 H, m) 2 

Phenyl-CH#-- 7.24 (5 H, s) 
5.00 (2 H, s) 
7.14 (5 H; s) 
418 (2 H,) 7 
2.84 (2 H,) 7 

* With fine splitting. 
t Relatively broad signal. 
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Prefractionation and Isolation of Individual Components 

The leaf oil (IO.0 g) was chromatographed on deactivated silicic acid (120 g).5,3z Elution with petrol 
(Skelly solve F, bp. 4%50”, 500 ml) gavea hydrocarbon fraction A (8.6 g), elution with CH2ClI (450 ml) 
gave a mid-fraction B (0.75 d. and elution with methanol (500 ml) a uolar fraction C (0.7 g). It was found that 
the amounts of the higher boiling trace components obtained in these fractions was rather small. Hence, a 
major portion of the low-boiling hydrocarbons was removed by distilling the oil fairly rapidly in vacua (30 
mm Hg) until about two-thirds had distilled over. The residue (b.p. > 80”/30 mm) was then chromatographed 
as described above. GLC analysis showed that no significant rearrangements had occurred during the 
distillation. 

A. Hydrocarbons 

Fraction A was prefractionated on a 90 x 0.9 cm o.d. 25 % SE-30 column (non-linear temperature pro- 
grammed from 80 to 210”). Three monoterpene-(A-I-A-III), a sesquiterpene-(A-IV) and a diterpene fraction 
(A-V) were collected. The monoterpenes were separated on a 200 x @6 cm o.d. 15 % PPE (MCS-562) column 
(isothermal at 85,90 and 108”) and each isolated fraction was purified further by GLC on a 15% PEG 20 M 
column. or-Pinene, [u] If”- 57.0” (peak l), camphene (peak 2b), p-pinene (peak 3a), 3-carene, [a]h4 + 9.5” 
(peak 4a), myrcene (peak 4b) limonene, [ali + 11.8” (peak 6a), fl-phellandrene (peak Bb),p-cymene (peak 8), 
terpinolene (peak 9) and I-methyl-4-isopropenyl benzene (peak 14) were identified (i.r., NMR, U.V. spectra, 
retention times), whereas peaks 2a, 3b, 5 and 7 could only be identified tentatively by their relative retention 
times as fenchene, sabinene, a-phellandrene and rterpinene respectively. 

Fraction A-IV was prefractionated on a 180 x 0.6 o.d. 15 % PEG 20 M column (150” isothermal) and each 
subfraction collected was purified by GLC on 400 x 0.45 cm o.d. 5% PEG 20 M. a-Cubebene (peak 16), 
rr-copaene (peak 18) n-pentadecane (peak 19), thujopsene (peak 24), ar-curcumene (peak 31), and calamenene 
(peak 34a) were identified. Peak 30a was found to be a mixture of y- and 8-cadinene (i.r., NMR); this pair 
of isomers was encountered previously in juniper leaf oW”* I5 and could not be resolved on these GLC 
columns on a preparative (3-10 mg) scale. 

Fraction A-V (2.1 g) was chromatographed on a column of freshly prepared silicic acid (30 g), which was 
eluted with petrol (Skelly solve F, b.p. 40-50”). The first and second subfractions, AV-1 and AV-2, were 
eluted with 30 ml solvent each, and a third subfraction, AV-3, was obtained by eluting with a further 300 ml. 
GLC on the 180 x @6 o.d. 15 % PEG 20 M column (192” isothermal) and repurification on the OV-17 column 
resulted in the isolation of n-heptadecane (peak 29), n-nonadecane (peak 36a), n-heneicosane (peak 42), 
isohibaene (peak 46a), isophyllocladene (peak 47b), n-tricosane (peak 48b) and n-pentacosane (peak 52b) 
from fraction AV-1; diterpene I (peak 44a), isopimara-8(9),15-diene (peak 44b), isohibaene (peak 46a), 
sandaracopimaradiene (impure, peak 47a) isophyllocladene (impure, peak 47b), isopimaradiene (peak 48a) 
phyllocladene (peak 50), abieta-7,13-diene (peak 51) and dehydroabietadiene (peak 52a) from fractions AV-2 
and AV-3. 

B. Mid-fraction B 

The mid-fraction B was prefractionated on the 25 % SE-30 column (80-210”) and five crude subfractions 
(B-I-B-V) were collected. Subfractions B-I and B-II were chromatographed on the 15 % PEG 20 M column 
125” and 158” respectively) and the following compounds were isolated sufficiently pure to permit positive 
identification: 3-methyl-3-butenyl isovalerate (peak ll), pelargonaldehyde (peak 12), 3 methyl-2-butenyl 
isovalerate (peak 13), 3-methyl-3-butenyl-(3-methyl)-3-butenoate (peak 15), 3-methyl-3-butenyl-(3-methyl)- 
2-butenoate (peak 20), bornyl acetate, [a]n + 27” (peak 21), 3-methyl-2-butenyl-(3-methyl)-2-butenoate 
(peak 23), a-terpinyl acetate, [& - 0.8” (peak 27), benzyl isovalerate (peak 35), n-tetradecanal (peak 36b), 
f5-phenyl ethyl isovalerate (peak 37), nerolidol (peak 38), benzyl-(3-methyl)-2-butenoate (peak 40), ,!?-phenyl- 
ethyl-(3-methyl)-2-butenoate (peak 44c) and bisabolol (peak 45). The reference spectra for the new esters 
were obtained from purified synthetic reference compounds. 

Subfraction B-III was further fractionated on a 15 % QF-1 column (180 x 0.6 o.d., 80-200” non-linear 
programming) and the resulting fractions were purified on the 15% PEG 20 M column, when diterpene I 
(peak 44a), isopimara-8(9,15-diene (peak 44b), sandaracopimaradiene (peak 47a), isopimaradiene (peak 48a), 
and a mixture of manoyl and 13-epimanoyl oxides (peaks 49b and c) were isolated. The latter oxide mixture 
could be resolved on the 15% OV-17 column (1983 to give manoyl oxide, [=*]u + 21.8” and 13-epimanoyl 
oxide, [a]n + 34”. 

Fraction B-IV and B-V were purified on the 15 % PEG 20 M column and 8-epimanoyl oxide (III)‘s 
m.p. 4445” (peak 54), n-docosanal (peak 56), and impure 8,13-diepimanoyl oxide (IV) (15) (peak 53) were 
isolated. 

Diterpene I (peak 44a) was obtained in trace amounts only and could be separated from isopimara- 
8(9),15-diene only with difficulty, using either the PEG or OV-17 columns. Its i.r. and NMR spectra are 

32 E. KUGLER and E. sz. KOVATS, Helv. Chim. Acta 46,148O (1963). 
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typical of the isopimaradiene-type of diterpene: Y_; ‘lq 3080, 1818,1630,1408,985,900 cm-’ (-CH===CHt); 

3020, 810 cm-i (-CH=C<); 1385, 1365 cm-’ ()C(CH,),); 6 5.68 ppm, quartet, lH, J= 11, 19 Hz, 

6 4.81 ppm, 2 overlapping doublets, 2H, J = 11, 19,2 Hz (-CH=CH,), 6 5*29 ppm, broad singlet with fine 

splitting, 1H (-CH==C<), l-04, O-97, 0.89, 0.85 ppm, singlets, 3H each. Catalytic hydrogenation (Brown 

microhydrogenator) gave mainly isopimar-8(9)-ene. Isomerization with anhydrous HCl in CHChJ3 gave 
a mixture of the 8(9),15-; 7,15; and 8(14),15isomers and an unknown hydrocarbon in the ratio 78:8:9:5. 
Under the same conditions isopimaradiene gave the same mixture of isomers in a ratio of 7: 1: 1: 1. 

C. Polar Fraction 

Fraction C solidified on standing and repeated recrystallization from methanol gave phyllocladan-16-01 
(peak 55); white needles, m.p. 190-l”, [&+ 18.6” (lit.3’ m.p. 184-518”, [&+ 16”;‘” m.p. 181-182”, 
[& + 145”). The mother liquors were combined and fractionated on the 25 % SE-30 column (80-310”). 
The crude fractions were fractionated further on the 15% PEG 20 M column and the following components 
were isolated suthciently pure to permit positive identification: Terpinen401, [& - 15.8” (peak 22); 
a-terpineol, [& - 31.1” (peak 26), piperitone, [a]n + 8.0” (peak 28). citronellol (peak 30b) nerolidol, 
[& + 14.3” (peak 38), cedrol (peak 41), pelargonic acid (peak 43), bisabolol, [C+, + 50.7 (peak 45), a-cadinol 
(peak 46b), isophyllocladene (peak 47b) and phyllocladene (peak 49a). Peak 34b was also obtained almost 
pure and its identity with I-methyl4(a-hydroxy isopropenyl)-benzene was confirmed by dehydration over 
active alumina36 (Woelm, almost neutral, Grade I) to I-methyl4isopropenyl benzene. 

Peaks 10, 17, 25, 32, 33 and 39 could not be obtained in sullicient amounts or purity to permit 
identification. 

Synthesis of Branched-Chain and Aromatic Esters 

3-Methyl-3-butenyl-, 3-methyl-Zbutenyl-, and benzyl isovalerate, 3-methyl-3-butenyl-, 3-methyl-2- 
butenyl-, and benzyl-(3-methyl)-2-butenoate were prepared by Fischer’s method.37 The latter ester has 
been prepared by Yamada et al. ** Each ester was purified by GLC and the i.r. and NMR spectra were 
recorded. 

3-Methyl-3-butenyl-(3-methyl)-3-butenoate was prepared as follows: a mixture of 3-methyl-3-butenyl 
alcohol (0.8 g), acetic acid (0.5 ml) and chromic acid in dil. H2SOd (5 ml; 1.0 g CrO,, 1.8 ml HtSO, in 7.5) 
was allowed to react for 20 mm at 10’. Aq. NaOH (1.4 ml, 50%) was added and the mixture was extracted 
with ether. The ethereal solution was dried and evaporated to give the crude ester, which was purified by 
GLC. 

/I-Phenylethyl isovalerate was prepared as follows: isovaleric acid (1.0 g) was dissolved in 35 N NH,OH 
and to this was added aq. AgNO, (1.7 g in 2 ml H,O). The precipitated salt was filtered off, washed with 
water, and dried in cacao to constant wt. The silver salt (0.7 g) was mixed with fi-phenylethyl bromide (07 g) 
and benzene (1 ml) and the mixture was heated on a steam bath for 5 hr. Excess water was added and the 
mixture was extracted with ether. The ethereal solution was washed with aq. NaHC03 dried and evaporated 
to give the crude ester, which was purified by GLC. ,!I-Phenylethyl-(3-methyl)-2-butenoate was prepared 
from senecic acid (3-methyl-2-butenoic acid) and P-phenylethyl bromide as above. 

The i.r. spectra of these esters showed the typical ester carbonyl(l735 or 1715 cm-‘), vinylidene (3080, 
1650,890 cm-‘), trisubstituted ethylenic (167551650 and 850-825 cm-‘), and monosubstituted phenyl(1605, 
1585,1500,740 and 690 cm-i) absorption bands. The characteristic NMR signals are summarized in Table 3. 
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