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Abstract—Monoterpenoids and sesquiterpene hydrocarbons of Abies balsamea cortical oleoresin (Canada balsam)
were analyzed by a combination of chromatographic and spectroscopic methods Monoterpene hydrocarbons
(21%,) were composed of f-pinene, a-pinene, -phellandrene, lmonene, 3-carene, myrcene and camphene (listed
order of decreasing percentages), and oxygenated monoterpenes (0 4%,) contamned 4.4-dimethyl-2-cyclohepten-
1-one, hinalool, bornyl acetate, methylthymol, citronellyl acetate, a-terpineol, piperitone, citronellal, borneol,
atronellol, two unknowns, and geraniol From the sesquiterpene hydrocarbon fraction (1 1%) were 1solated
longifolene, f-bisabolene, longipinene, an unknown, sativene, cyclosativene, cis-a-bisabolene, f-himachalene,
x-himachalene, f-caryophyilene, y-humulene, farnesene longicyclene an unknown, and f-selinene Both
himachalenes have been 1dentified for the first time 1n Pinaceae outside of Cedrus, their co-occurrence with
y-humulene, longifolene, longipinene and longicyclene supports the biosynthetic mechanism by which all of these
compounds arise through inttial 1/11 cychzation of trans—cis-farnesylpyrophosphate

INTRODUCTION

IN AN earher paper, we reported on the composition of essential o1l present in Abies
balsamea (L ) Mill cortical oleoresin,! as well as on the geographic varability of 1ts mono-
terpenoid hydrocarbon fraction ? In both cases, identification of individual compounds was
by GLC which cannot be considered rigorous enough to reliably ascertain the identity of
each component (with the possible exception of monoterpene hydrocarbons, a class
contaimning smaller number of well-known compounds) In view of this, and because only
two other Abies cortical oleoresins have been mnvestigated by modern 1solation methods
(Abies magnifica® and A sibirica*) we decided to subject the cortical oleoresin of A balsamea
to a critical chemical analysis

Canada balsam represents one of the few Abies cortical oleoresins which 1s still com-
mercially produced, being collected mainly in the eastern part of Canada Although locally
it 1s used medically as a vulnerary and as an mternal remedy for coughs, 1ts main field of
utithization 1s as a cement for lenses and as mounting medium mn mucroscopy Due to its
availability, 1t has formed the subject of several earlier chemical investigations resulting in
isolation and identification of (—)oa-pinene, (- )}f-pinene, (—)hmonene, (—)-p-
phellandrene, and bornyl acetate °
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RESULTS AND DISCUSSION

Monoterpene hydrocarbons amounted to 210°, of the oleoresin and contained
(~ Fo-pmene (21 6%, [«]3° — 34 0°), camphene (trace) (— )} f-pmene (39 3%, [a]3* —113"),
3-carene (25°,), myrcene (09%), (—)hmonene (145°, [«]3® —1040), and (—)p-
phellandrene (21 1%, [2]3° —500") Composition of the analyzed sample agreed well with
its presumably eastein origin because of the presence of 3-carene, and lower imonene
and higher S-phellandrene content ? The specific rotations, detetmined using >99°, puie
terpenoids, were 1n close agreement with edrhier values®

Oxygenated monoterpenoids amounted to only 049, of the total oleoresin Of the
compounds listed m Table | hnalool ctronellal, piperitone methylthymol, and 4-4-
dimethyl-2-cyclohepten-1-one were 1solated for the first time fiom 4hies cortical oleoresin
The first three represent ubiquitous compounds Methylthymol was previously 1solated
from the folhage oils of Pinus mgra and P mugo.,® and according to GLC, should also
be common in Abies cortical oleoresins 4.4-Dimethyl-2-cyclohepten-[-one 1s 4 new com-
pound and its structure was determined earlier ' It probably derives biosynthetically fiom
3-carene through oxidation of the C;, methyl to carbonyl followed by breaking of the
C,; C, bond of the 3-membercd ring and approptiate migiations of the double bonds

TaBtr I OXYGENATE MONOTERPINOIDS ISOLATI D

Class Tetpene v, of total

27
201
06
90
406

Acvlics Cutronellol
Linalool
Geraniol 370
Citronelivl acetate
Citronellal

Methylthymol 01
4 4-Dimethyl-2-cyclohepten-1-onc
Piperitone

Bicyclics Boineol
Bornyl acetate

Unknowns CBX-258
CBX-305

Monocyclics »-Turpinceol { 60

Total oxygenated monoturpenoids mn oleoresin 04

Two unidentified oxygenated monoterpenoids were encountered, one of these, CBX-3 05
was present in too small quantity for further study The other, CBX-2 58, appeared to be
an aromatic compound (peaks at 232 and 277unm i UV, strong bands 1575 and
1630 cm ~' m IR tropylium and cyclopentadienyl 1ons in MS) of MW {78, 1t had a
conjugated carbonyl (band at 1675cm™" 1n IR loss of CO 1n MS), an 1sopropyl group
(doublet at 1368 and 1383 1n IR loss of methyls in MS), and a methoxyl (bands at 1171,
and 1240cm™"! m IR, loss of formaldehyde and appearance of presumably methoxyl-
carrying fragments m MS) Although these data did not allow an unequivocal structural
assignment, they agreed well with the formulation of CBX-2 58 as an oxidation product
of methylthymol. namely. 3-methox y-4-1sopropyl-1-benzaldehvde
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Sesquiterpene hydrocarbonsamounted to 1 1%, of the oleoresin and their analysis agreed
with that derived earlier on the basis of GLC retention times' p-Farnesene (1), cis-o-
bisabolene, and a- and f-himachalenes (3 and 4) were 1solated for the first time from Abies
cortical oleoresins The first 1s a ubiquitous compound, while the second has not been
reported so far in Pinaceae, both himachalenes are reported for the first time outside of
Cedrus ® Their co-occurrence 1n Abies balsamea cortical oleoresin, with y~-humulene (2),
longifolene (5), longicyclene (6) and «-longipinene has a biosynthetic significance as all six
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SCHEME | POSTULATED BIOSYNTHESIS OF SOME SESQUITERPENOIDS PRESENT IN Abies balsamea CORTEX

TABLE 2 SESQUITERPENE HYDROCARBONS 1SOLATED

Class Sesquiterpene % m total

Acyhes, 1 0%, B-Farnesene 10
Cyclics, from trans—cis-farnesyl Cychization 1/6 f-Bisabolene* 232 { 208
pyrophosphate as-a-Bisabolene 24
Cychzation 1/10 Sativene 53 { 28

Cyclosativene 25

Cyclization 1/11 y-Humulene 10

x-Himachalene 18

p-Himachalene 668 19

Longifolene* 540

Longicyclene 09

Longipinene* 72

Total 953
Cychics, from trans—trans-farnesyl $-Selinene 15 { 02
pyrophosphate B-Caryophyllene 13
Unknowns CBX-091F 19 { 04
CBX-1 60 35

Total scsquiterpene hvdrocarbons in oleoresin 1 1%,

*Specific rotations [7]3° for f-bisabolene —330° for longifolene +18 2 for longipinene

+ See note added 1n proof (p 183)
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compounds were postulated as being formed from nans-cis-farnesylpyrophosphate
through the mitial 1/11 cychization® (Scheme 1)

Two sesquiterpene hydrocarbons (Table 2) represent new compounds One of these
(CBX-091)had an 1dentical IR spectrum to a sesquiterpene hydrocarbon 1solated from the
cortical oleoresm of Pseudorsuga menziesu (this will be discussed n a later publication)
The IR spectrum of the other corresponded to a sesquiterpene 1solated by Wenninger
and Yates from Opoponax o1l” and 1t 1s most likely B-nrans-sesquicarenc® (3-methyl-2-
butenyl-3(10)-carene)

In addition to the compounds hsted in Table 2 the occurrence mm trace amounts of
a-humulene, -elemene, -copaene, ;-cadinene, »-muurolenc and selina-3,7(11)-diene '© has
been confirmed The first 5 compounds are ubiquitous first three of which were 1solated
anddentified in Abies magnifica oleoresin * The assignment of the last structure however,
1s much less certain

EXPERIMENTAL

Natural Canada balsam was purchased from the BDH Ltd Repeated extraction of 1800 g of this matenal
dissolved 1n 2800 ml Et,O with an aqueous solution of 35g K,CO; 42g NaHCO; per 1 gave 976 g of
mixed neutrals From these fractions contaming monoterpene hydrocarbons (365 1 g 204°), oxygenated mono-
terpenoids (7 3 g, 04°;), sesquiterpene hydrocarbons (208 g 11°,) and probably oxygenated sesquiterpenoids
(06g,0031°,)were separated by a combination of fractional distilation at reduced pressure and chromatography
on active alumma

Separation of mono- and sesqui-terpene hydrocarbon fractions into mdividual compounds was performed by
a combination of Ag-TLC on silica gel and GLC, for oxygenated monoterpenoids, 4 combination of preparative
chromatography on active alumina and GLC was used The course of hiquid/sohid chromatographic separation
was monitored by TLC and by analytical GLC To check the possibility that some of the compounds 1solated
might be isolation artifacts the presence of each of these compounds m the ongmal Canada balsam was
checked by analytical GLC Details of the chromatographic procedurcs used were reported earlier '” 12 except
as follows In argentative chromatographv 20°, AgNO, on Silica gel 3070 with hght petrol cvclohexane-
CoH, muxtures was used Length of GLC Carbowax was 18 m (130 150 ) and 9m (125 ) for preparatine and
analytical work respectively '' In analvacal GLC 15°, OV-17 0 1°, Igepal (Chromosotb G 100 120 153
9m x Immod H,'N, flow rate 15 ml’min) and 1n 1solation work mvolving bornvl acetate and methyl thymol
the corresponding prepdarative column (165 6 m x 6 mm od He tflow 50 ml mun) were used Identification of
the cor]npound: 1solated was performed by 1R using published or owr own reference spectia as described
before '

Spectial data for the unknown CBX-2-58

MS Only peaks above mass 60, and of at least 20°, ntensity of the basc peak as well as M-I peak are
Iisted 1ntensity and tentative 1dentifications of the fragments'* are given 1n parentheses 178 (42°, M ™),
177 (7°, M-1) 163 (100°, M Me) 145 (88", M-Me H,O) 135 (21°, methyl methoxytiopylhum) 130 (20°,
M CO CH,0), 123 (25%,) 122(27°,), 121 (33°, methoxytropyhum) 119 (23°, dimethyltropyhum), 109 (21°,
methyl, methoxycvclopentadienyl), 107 (41°, hydroxytropylium), 105 (45°%, methyltropviium) 95 (27°, methoxy-
cyclopentadienyl), 93 (37°,, dimethylcyclopentadienyl) 91 (55°, tropylium), 83 (40%,) 82(24°,) 81{25°, hvdroxy-
cyclopentadienyl) 79 (42°,, methylcyclopentadienvl) 77 (47, C H<) 71 (23°,) 69 (39°) 67 (28°,) 65 (22°,,
cyclopentadienyl)

IR Peaks are Iisted in order of thunr decicasing mtensity  Only well-defined peaks have been consideted
When several peaks are reported together thus is indicated by parenthescs within such groups the peaks are
Iisted agam in order of decreasing intensity The spectrum was run using CCl, solution and covers the
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500-4000 cm ™! range excluding 830-720 cm ™! area of CCl, band 1575-aromatic, 1171-C~O, 1675-C=0, (1368,
1383, 1375-1sopropyi doublet, methyl), 2960, 2925, 2870, 2820-C-H aliphatc, 3025-C-H aromatic), 972, 1240-
C-0O, 1630-aromatic, 897, (1420 to 1470-methylene multiplet), 865, 1130 1323, 1140-shoulder 875-shoulder,
1275, 1015, 680, 948, 550, 570

UV 232nm, loge = 317,277 nm, loge 2 69 (EtOH)

Relative retention times for the unknowns isolated CBX-258 Carbowax 20M, R, —~258, OV-17, R, ~171,
CBS-305 Carbowax 20M R, 305 OV-17 R, 194 CBX-091 Carbowax 20M R, 091, OV-17, R, 152,
CBX-160 Carbowax 20 M, R, 160, OV-17, R, 208 R, given 1n relation to bornyl acetate for OV-17 and n
relation to longifolene for Carbowax columns
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Note added i proof Unknown CBX-091 has now been idenufied as sibirene



