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Abstract-Monoterpencnds and sesqmterpene hydrocarbons of Ables balsamea cortical oleoresm (Canada balsam) 
were analyzed by a combmation of chromatographic and spectroscopic methods Monoterpene hydrocarbons 
(210/,) were composed of fl-pmene, a-pmene, b-phellandrene, hmonene, 3-carene. myrcene and camphene (hsted m 
order of decreasmg percentages), and oxygenated monoterpenes (0 4:/,) contained 4,4-dimethyl-2-cyclohepten- 
l-one, lmalool, bornyl acetate, methylthymol, cltronellyl acetate, r-terpmeol, plperltone, atronellal, borneol, 
atronellol, two unknowns, and geramol From the sesqmterpene hydrocarbon fraction (1 ly;) were isolated 
longlfolene, fi-blsabolene, longlpmene, an unknown, sativene, cyclosatlvene, cls-cc-blsabolene, j-hlmachalene, 
x-lnmachalene, /Gcaryophyllene, y-humulene, farnesene longicyclene an unknown, and /?-sehnene Both 
hlmachalenes have been identified for the first bme rn Pmaceae outade of Cedrus, then co-occurrence with 
y-humulene, longlfolene, longipmene and longlcyclene supports the blosynthetlc mechanism by which all of these 
compounds arlse through mltial l/l 1 cycllzatlon of rrans-crs-farnesylpyrophosphate 

INTRODUCTION 

IN AN earlier paper, we reported on the composition of essential oil present m Ables 
balsamea (L ) Ml11 cortical oleoresm,’ as well as on the geographic varlablhty of its mono- 
terpenold hydrocarbon fraction * In both cases, ldentlficatlon of mdlvldual 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 
containing smaller number of well-known compounds) In view of this, and because only 
two other Abzes cortical oleoresms have been investigated by modern isolation methods 
(Ables mugm$ca3 and A slbtnca4) we decided to subject the cortical oleoresm of A balsamea 
to a critical chenucal analysis 

Canada balsam represents one of the few Abtes cortical oleoresms which IS still com- 
merclally produced, bemg collected mamly m the eastern part of Canada Although locally 
it IS used medically as a vulnerary and as an internal remedy for coughs, its main field of 
utlhzatlon IS as a cement for lenses and as mountmg medium m rmcroscopy Due to its 
avallablhty, it has formed the subject of several earlier chemical investigations resultmg in 
lsolatlon and ldentlficatlon of ( - )-cl-pmene, ( - )-P-pmene, ( - )-hmonene, ( -)-/3- 
phellandrene, and bornyl acetate 5 

’ SM~DMAN, L A, SNAJBEKK, K, ZAVARIN, E and MON, T R (1969) Ph)tochennstry 8, 1471 
* ZAVARIN, E and SNAJBERK, K (1972) Phytochrmtstry 11, 1407 
3 SMEDMAN, L A, ZAVARIN, E and TFRANISHI, R (1969) Phywche~wtr~ 8, 1457 
4 CHIRKOVA, N A and PENTEGOVA, V A (1962)lz S&r Otd Akad Nuuk SSSR, Srr Khzm Nauk 125 
5 LOMBARD, R , R~TOVIC B ,md CRIQL I A (1958) Perntu~u\ p19met1t~ Lervl9 34, 106, LOMBARD R Rotovlc, B 

and CRIQUI, A (1956) Conlpt Rrnd 242, 2033, DAVENPORT J B Sunn RLAND, M D and WEST, T F (1951) 
J Appl Chem 1,527, SMITH, G E and WEST, T F (1937) I Sot Chem Ind 56,300T 
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RESCLTS AND DISCUSSlOW 

Monoterpene hydrocarbons amounted to 21 O”;, of the oleoresm and contained 
( - )+pmene (21 6”/,, [r]k5 - 34 0”), cdmphene (trace) (- )-ii-pmene (39 3:;. [s1]i5 - 11 3 ‘), 
3-carene (2 S’J, myrcene (0 ST{), ( -)-hmonene (14 Y,, [%]A5 - 104 0 ), and (-t/C 
phellandrene (21 I ?A, [%]A’ - 50 0‘ ) Composltlon of the andlyzed sample agreed well with 
Its presumably eastern orlgm because of the presence of ?-carene, and lower hmonene 
and higher fl-phellnndrene content ’ The specific rotdtlons. detet mined usmg > 99”,, pm c 
terpenolds, were m close agreement with enrher vJues i 

Oxygenated monoterpenolds amounted to only 04’J, of the total oleoresm Of the 
compounds hsted m Table 1 lmalool cltroncllal, plperltone methqlthymol, dnd 4-4- 
dimethyl-2-cyclohepten- l-one were Isolated for the first time flom ilhrc~, cortical oleoresm 
The first three represent ublqultou5 compounds Methylthymol ~‘1s previously Jsolated 
from the fohage 0115 of PUIU~ nrrlrcr dnd P m~/o,~ dnd accordmg to GLC, should also 
be common m Ahres cortical oleoresms 4.4-Dlmcthjl-2-cqclohepten- l-one 1s d ne\\ com- 
pound dnd Its structure wds determmed earher I’ It probably derives blosynthetlcJ1) from 
3-carene through oxlddtlon of the Cl,, methJ1 to car bony1 followed by bredkmg of the 
C, C, bond of the 3-member cd rmg and dppropl late mlgl dtlons of the double bonds 

Cl&S 

Acvhcs 

Tel pcne 
_______ 

C~troncllol 
Llndlool 
Gudmol 
c ItrOnCliVl dLCtdtC 
C~tronellnl 

- 

Monocychcs 

B~cych~s 

Unknowns 

Y-TTLI pmcol 
Methylthymol 
4 4-Dlmtthyl-2-cyclohepten-I -one 
J’lpcrltom 

Bol ntol 
BOI nyl ncetdtL 

C BX-2 58 
CBX-7 05 

Totdl oxqgtnated monotcrpenwds m olcorcqn 0 4”,, 

“,/ Of tOtdl 

Two umdentlfied oxygenated monoterpenolds were encountered. one of these, CBX-3 05 
was present m too small qudntlty for furthe study The other, CBX-2 58, nppearcd to be 
dn aromatlc compound (pedks at 232 and 277 nm m UV, strong bands 1575 and 
1630 cm -’ m IR tropyhum and cyclopentddlenyl ion3 m MS) of MW 178, it hdd d 
ConJugated cdrbonyl (bdnd dt 1675 cm--’ m IR loss of CO m MS), dn Isopropyl group 
(doublet at 1368 dnd 13X3 m IR loss of methyls m MS), dnd d methoxyl (bdnds at 117 I, 
and 124Ocm-’ m IR, loss of formdldehyde and appearance of presumably methoxyl- 
carrymg fragments m MS) Although these datd dJd not allow an unequl\ocal structur,il 
assignment, they agreed well with the formulation of CBX-2 58 as dn oxldatlon product 
of methylthymol, namely, 3-mcthoxy-4-isopropyl-l-benzaldehyde 
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Sesqulterpene hydrocarbons amounted to 1 1% of the oleoresm and then analysis agreed 
with that derived earher on the basis of GLC retention times ’ /?-Farnesene (l), cmx- 
blsabolene, and a- and /?-hlmachalenes (3 and 4) were Isolated for the first time from Abzes 
cortical oleoresms The first IS a ublqultous compound, while the second has not been 
reported so far m Pmaceae, both hlmachalenes are reported for the first time outsIde of 
C’e&~rs ’ Their co-occurrence m Ables halsamra cortical oleoresm, with y-humulene (2), 
longlfolene (5), longlcyclene (6) and a-longlpmene has a blosynthetlc significance as all SIX 

Y-Humulene 

a: - Htmacholene 

(4) /I 

/B-Htmocholene 

\ / 

Longlcyclene 

SCHEME 1 POSTULATED BIOSYNTHESISOF SOME SESQUITERPENOIDSPRESENT IN Abws balsamea CORTEX 

TABLE 2 SESQUITERPENE HYDROCARBONS ISOLATED 

Class 

Acyhcs, 1 0% 

Cychcs, from Pans-czs-farnesyl Cychzatlon l/6 
pyrophosphate 

Cychzatlon l/l0 

Cyclization l/l 1 

Total 

Cychcs, from trans-trans-farnesyl 
pyrophosphate 

Unknowns 

Total xsqulterpene hvdrocarbons m oleoresm I I”:, 

Sesqm terpene Y0 m total 

&Fdrnesene 10 

fi-Blsabolene* 
cls-a-Blsabolene 232 { 2;i 

Satlvene 
Cyclosativene 53i :: 
y-Humulene 

1 

IO 
r-Himachalene 18 
/I-Hlmachalene 
Longlfolene* 668 l9 540 
Longxyclene 09 
Longipmene* 12 

95 3 

/?-Sehnene 
fi-Caryophyllene 15I K 

CBX-0 9 1 t 
CBX-1 60 39I P;’ 

“Speafic rotations [Y];' for fl-blsabolene - 33 0’ for longlfolene + 18 2 for longlpinene, - 19 3 
t See note added m proof (p 183) 
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compounds were postulated as bemg formed from t/any--cl+farnesylpyrophosphate 
through the mltlal I/l 1 cychzatlon3 (Scheme 1) 

Two sesqulterpene hydrocarbons (Table 2) represent new compounds One of these 
(CBX-0 91) had an Identical IR spectrum to a sesqulterpene hydrocarbon Isoldted from the 
cortical oleoresm of P~eudotntqa ynen~e~zl (this wrll be dlscussed m a later pubhcatlon) 
The IR spectrum of the other corresponded to a sesqulterpene Isolated by Wennmger 
and Yates from Opoponu\- 011~ and It 1s most hkely B-fran\-cesquIcdrenc” (3-methyl-‘- 
butenyl-3( IO)-carene) 

In dddltlon to the compounds hsted m Table 2 the occurrence m trdce amounts of 
x-humulene, d-elemene. I$-copdene. i- 1 cadmene, r-muurolenc dnd selmd-3,7( 1 1 )-dlene I0 has 
been confirmed The first 5 compounds dre ublqultous first three of which were lcoldted 
and ldentlfied m Ahcs maqnrfica oleoresm 3 The assignment of the last structure however, 
IS much less certam 

EXPERIME,NTAL 
Natural Canada balsam wdb purchased from the BDH Ltd Repeated extractlcm of 18@l g of this materldi 

dissolved m 2800 ml Et,0 with an dqueou? solullon of 35g K,CO1 42g NdHCO, per 1 gave 97hg of 
tmxed neutrals From these fractlonscontdmmg monoterpene hydrocarbons (365 1 g 20 4”,,), oxygenated mono- 
terpenolds (7 3 g, 0 4”;), sesquiterpene hydrocdrbonq (20 8 g I I”,) and probably oxvgendted sesqmterpenolds 
(0 6 g,O 03l”,,)were sepdrdted by a combmdtion of frdctlonal dlstllidtion nt rtdmed pressure ,md chromatography 
on dctl\e dlumma 

Separation of mono- dnd sesqul-terpene hydrocarbon fractions into mdlvldudl compounds uds performed by 
d combmdtlon of&TLC on sIhcd gel dnd GLC , for oxygenated monotcrpenolds, d combmatlon of prepardtlve 
chromatography on acbve alumma and GLC wds used The ‘ourbe of hquld’Mhd chromdtographlc sepnratlon 
uas momtored b) TLC and by analytlcdl GLC To check the posablhty that zomt of thL compounds Isolated 
rnlght be isolahon artifacts the presence of each of these compound\ in the orlgmal Cdnndd halsdm wdb 
cheLkLd by andlytlcal GLC Details of the chromdtographlc proctdurLs used uere rtported edrher I” I2 except 
cls follous In argentatlve chromntographb 20”,, AgNO, on S111ca gel 30’70 Nlth hght petrol cbclohexdne- 
C,H, rnlrtulcs ua\ u>ed Length ofGLC C~I~OM‘I~ \\ri\ IX m (130 Ii0 ) ~11d 9 m (125 I lot p~tpt~~t~\~ JIT~ 
an,ilqtlcdl work re?pectivci! ‘I In andivtuzal GLC I 5”,, OV-17 0 I”, Igcpal (Chromosolb G 100 I20 155 
9 m x 3 mmo d Hz/N, flou rate 15 ml’mm) and m lsoldtlon uork mvolvmg bornvl .tcetdte dnd meth\l th\tnol 
thL correspondmg prepdrdtlve Lolumn (165 6 m x 6 mm o d He Noa 50 ml mm) wtre used IdentlflL,ltlon of 
tht compound5 lroldted was performed by IR usmg pubhshed or out own reference \peLttd n\ descllbed 
before IL 

Spcclral chtcr for the unknown CBX-2-5X 
MS Only peaks above mdss 60, dnd of dt lcdst 20”, mtenslty of the bdst peak ds %ell ds M-l pedk dre 

hsted mtenvty and tentative ldentlficdtlons of the fragments’& drc given m pdrentht%s 178 (42”” M ‘), 
177 (7”“. M-l) 163 (IOO”,, M Me) 145 (88”,, M-Me H1O) 135 (21”” methyl methoxqtlopyhum) 130 (20”, 
M CO CHIO), 123 (25”“) 122 (27”,,), 121 (33”,, methoxytropyhum) 119 (23”,, dlmethyltropylluni), 109 (31”,, 
methyl, methoxycvclopentadlenyl), 107 (41 t’O, hydrouytropyhum), 105 (45”&, methyltropvhum) 95 (27”, methoxq- 
cyclopentddlenyl), 93 (37”,,, dlmethjlcyclopentddlenyl) 91 (55”,,, tropkhum), 83 (4O”j”) 82 (24”,,) 81 (25”” hvdroxr- 
cyclopentadlenql) 79 (42”,,, methylcqcloptntndlenvl) 77 (47”,, C<,H<) 71 (33”,,) 69 (79”,,) 67 (2,4”,>) 65 (22”,,, 
Lyclopentadlenyl) 

IR PL,tks ‘UC Il\ted m order ol thcu dccIL‘tsmg mtLn\lt\ 0111) &Lil-dehned pL,lkr IUCL hctn consldelcd 
Whtn several pedks are reported together this 1s md&ited b) pdrenthests wlthm \uch groups the pedk\ drc 
hsted agam m order of decredsmg mten\tty The spectrum wli\ run usmg CCI, \olutlon cmd cokers the 

WEYNNG~R, J A and YATES, R L (1969) J A )wc O&c Anul C hem 52, I Ii5 
a LAWKEYCL, B M and WINUINGER J A private commumcdt~ons 
’ JOSFPH T C dnd DEV Sl KI-I (1968) T~‘rr~h&on 24, 1809 

” Br TT~RL, R LLNV~N R and LI~VG L (1967) 4yfrc I-o& C11en1 15, 58 
‘I BALOGH B W~tsou D M Br RLIYGAU~ A L Lrr, C J ShAJf%tRK K ,md ZACARI\I E (1972)Ph~rochcr,ll\r, 1 

11,14x1’ ’ 
” ZAVARI~ E %xJBf~k K Lbf, C J Hrh~t~, M and MIROL N T (1971)Phvtothemf~tr 1 10, 1857 
I3 ZAVARIN’ E SVAJRFRK, K, RFICHERI TH and T~FN E (1970) Phvtothrrllr\rrr 9, 377 
” BulxrKftwrcL, H DJf RASSC C and Wllhdms D H C t 967) \ftr\\ spec II oirwt~ I of 01 iputc ( m~portrfdc 

Holden-Dny San Frdncl%o 
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5W4000 cm-’ range excluding 830-720 cm-’ ared of Ccl., band 1575-aromatlc, 1171-C-0, 1675-C=O, (1368, 
1383, 137S-isopropyl doublet, methyl), 2960, 2925, 2870, 2820-C-H ahphatic, 3025-C-H aromatic), 972, 1240- 
C-O, 1630-aromatic, 897, (1420 to 1470-methylene multlplet), 865, 1130 1323, 1140~shoulder 875-shoulder, 
1275, lOlS,680,948,550,570 

UV 232 nm, loge = 3 17,277 nm, logt- 2 69 (EtOH) 
Relatrue retentzon trmey for the unknowns Isolated CBX-2 58 Carbowax 20 M, R, -2 58, OV-17, R, - 171, 

CBS-305 Carbowdx 20M R, 305 OV-17 R, 194 CBX-091 Carbowax 20M R, 091, OV-17, R, 1 52, 
CBX-160 Carbowax 20 M, R, 160, OV-17, R, 208 R, gl\en m relation to bornyl acetate for OV-17 and m 
relation to longzfolene for Carbowax columns 
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Note added zn proof Unknown CBX-0 91 has now been ldentlfied as sibIrene 


