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I. INTRODUCTION

The |purpose of this thesis is to give an account of a systematic

investigation carried out on the extractives of Populus balsamifera and

Opuntia fragilis,.
|
Saliczceze (the Willow family) consist of the Populus (Poplar) genus
l
and the Salix (Willow) genus. Eight species of the Populus genus are
[

known in|North America (1) (Schematic I), Of these eight species, only

. balsamifera, P. tremuloides, and P. trichocarpa have drawn the attenti

of research workers. However P. tremula (Buropean Aspen) and P. grandid-
entata found elsewhere have been studied quite extensively,

The |buds (Balm of Gilead) of P. balszmifera (or P. tacamahacs, other-
wise knoyn as Balsam poplar) have been studied in reasonable detail, where-

2s considerably less work has been reported on the bark and heartwood;

virtnally nothing has been done on the leaves. A study by Farwell (2)
i

| . s . .
hovied t?at commercial poplar buds are collected from P, balsamifere Linn,
and P. tacamahaca Mill. Goris and Canal (3), working with the fresh bude
T

i
of P. balsamifera, isolated 2, 6-d¢nydroy1hh—rethoxy7?x-phenylpropiophenone

(1) fromithe oil which was identical to the syathetic material they later
|
- . ! o, N . .
synthebiged (4). Further studies on P. balsamifera buds by Goris and
|
!
Canal (5) established the presence of asparagine, saccharose, szlicoside,

|
cinnamic L propionic, butyrice, p-hydroxybenzeic, 3,4-dihydroxycinnamic and
2,3-dihydrcxybenzoic acids; a sesguiterpene alcohol, the cinnemyl and
3 Oh . 3 4 - 3
|
( - . - - -
phenylethyl esters of cinnamic and lignoceric acids, acetophenone, the

nydrochbonb L25 509 427 56’ and 629H60’ as well as 2 6-d1nydro yhh—
’ v
methoxy—éguphenylpropiophenone which they reported earlier. Sorm, Uran§;

and Herout (6) obtained an oil from the stsam distillation of P. balsamifera

A
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buds from;which they characterized cineole (ITI), an alcochol ClOHlSO’ d-
czdinene iIII), A —curcumene (1v), farnesene (V), bisabolene (VI), and
bisabolol;(VII), VWorking with a supposedly neutral portion of the ether
extractivés of a commercial spent sulfite liguor from the pulping of mixed

aspenwood . (P. tremuloides, P. grandidentata and P. tacamahaca) Pearl and

McCoy {7) found esters of long-chain fatty alcohols, sterols, and glycerol
with saturated long chain fatty acids and phenolic acids. After hydrolysis,
long—chaié saturated fatty alcchols 826’ C27, and 028 were found, Reversed
phase chr?matography of the acids indicated the presence of myristic (VviIz),
palmitic EIX), stearic (X), arachidic (XI), behenic (XII) and lignoceric
(XIIT) saturated acids, along with the wnsaturated acids oleic (XIV), lin-
olein(KV}, linolenic (XVI), and arachidonic (XVII) acids. Paper chromato-
graphic iﬁvestigations also indicated the presence of wvanillin (XVIII),
ferulic (XIX), p-coumaric (XX) and p~hydroxybenzoic (XXI) acids. In inter-

|
. | . . .
preting these results one must remember that these compounds were cobtained

from a mikture of species (P. tremuloides, P. grandidentata, P. tacamshaca)
so there is no way of knowing from which one specific species the compounds
were isolated, Pearl and coworkers (8, 9) isolated and characterized
syringaldéhyde (XXII), vanillin, p-hydroxybenzaldehyde (XXIII), aceto-
vanillone (XXIV), vanillic (XAV), syringic (XXVI), ferulic, p~hydroxy-
benzoic and p-coumaric acids from the hydrolysis of P. tacamshaca heartwood
and bark,é Further work by Pearl and associates (10, 11) resulted in the
isolation%of salicin (XXVII), trichocarpin (XXVIII), salireposide (XXIX),
salicyl alcohol (XXX}, gentisyl alcohol (XXXI), ard p-coumaric acid from
the hot wéter extractives of green P, balsamifera bark. The presence of
other gluéosides of salicyl and gentisyl alcchols and gentisic acid was

demenstrated by thin layer chromatography,
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The most extensively studied species of the Populus genus is
P. tremuloides (Aspen Poplar or Quaking Aspen) and its European counterpart
_If_. tremuls., Bridel (12) noted the presence of salicin in P. tremula early
in 1920. Much later Perilf (13) identified some of the saturated fatiy
acids in aspenwood which included the homologous series from Cl to ClO and
the even numbered acids to 026' Studying Aspen bark, Hossfeld and Hunter (14)
isolated a crystalline hydrocarbon m.p. 57 - 57°50, an unsaturated ﬁ ~hydroxy—
sterol m.p. 173 - 1750, and identified lignoceric and linolenic acids,

F)—sitosterol, ceryl alcohol and glycerol after saponification of the
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petroleum ether extract,

ized trem
bark. V4
vanillic,

obtained
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Pearl and Darling (15, 14) isolated and character-
uloidin (XXXII), a new glucoside, and salireposide in P, tremuloides
nillin, syringaldehyde, p-hydroxybenzaldehyde, acetovanillone,
syringic, p-hydroxybenzoic, p-coumaric and ferulic acids were

ifrom the alkaline hydrolysate of P. tremuloides heartwocd and bark

Q
7

(8, 9).

tained p-
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tentative
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fication

acid seri

single ex

C satur

27
alcohol C

structure

3

Faber (17) found that the phloem and bark of Aspen poplar con-
|

coumaric, p-hydroxybenzoic, vanillic, benzoic,and possibly ferulic

alicin, populin (XXXIII), tremuloidin and salireposide were
ly identified. ILater Pearl and Beyer (18) detected syringaldehyde
pweod and p-~hydroxybenzoic acid: in the rootwood of P. tremuloides.

neutral materials from the benzene extractives of P. tremulcides

i and Harrocks (19) divided them into methanol-soluble and

b

]
insoluble fractions; both fractions were saponified. The saponi-

products were fractionated to yield all members of the saturated

to €

s T
es from C1 5

5 g including the odd numbered acids (with the

ception of the C,, acid), linoleic and oleic acids, Czh’ 026 and

27

ated fatty alcohols and glycerol. In addition they isolated an

0, and a stercidal compound € s whose respective

3275, ®32"56°

$ have not been proved. Pearl, Darling, Delass, Loving, Scoctt,
) .

Turley and Werth (10) detected the presence of salicin, tremuloidin,

salirepos
hot water
glucose,
was shown
Abr

(22, 23)

|
ide, salicyl alcohol, gentisyl alcohol and p-coumaric acid in the

extractives of . tremuloides bark. The presence of sucrose,
fructose, mannose, galactose and two unidentified oligosaccharides
tentatively. Populin was isolated from P. tremuloides leaves (20).

movitch, Micetich, and Smith (21), and Abramovitch and Micetich

n
[

identified all members of the saturated acid series from.Cl6 to €
|

28

|
|




8
(except 017, 019 and C26 acids), a number of normal aliphatic hydrocarbons

(Clh - 619, and odd chain lengths to 629), three normal aliphatic alcohols

(024, 026 and 628)’ a crystalline ketone identified as stigmasta -3,5-diene-

7-one (tremulone) (XXXIV), the unsaturated alcohols ol- (XXXV) and F}—

(XxxvI) amyrin, butyrospermol (XXXVII), lupenl (XXXVIII), 24-methylene-—
CVClOaTt&DYl alcohol (YXYIX) and ;;-61tosterol (¥L) as well as g?—sitosterol

™.

glucos1deifrom the P, tremuloides heartwood. Further studies on P. tremu-—
loides heértwood by Abramovitch and Koleoso (31) using the steam-volatile
fraction of the benzene extract resulted in the isclation and character-
ization of benzyl alcohol, phenol, ;B-phepylefnanol, p-ethylphenol, n-
hexyl alcohol n-heptyl alcohol and methyl Denzoate. Two hydroxy~oc,;§-—
unsaturat;d aldehydes were also isolated from this fraction but could not
be characéerized. Pearl and Parling (2&, 25) have found that mild alkaline

treatment lor hot basic lead acetate solution used in the isolation of

glucosides from P. tremuloidss and P. grandidentats bark and leaves

causes migration of the benzoyl group from ths 2-~position in tremuloidin to
the é-position in populin whereas if the extraction was done in the absence
of alkali lor with 2 minimum of cold basic lead acetate only tremuloidin was
obtained. ; This observation means that any populin isolated using alkali
or lead aéetate treatment may be an artifact with tremuloidin being the

natural material in the leaves and barks,
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A systematic phytochemical study of P. irichocarpa was not undertaken
until the iast decade. An earlier investigation by Torr and Gray {(26)
revealed the presence of cinnamic (XLI), and butyric acids, a paraffin
825H52, be%zyl salicylate and benzyl benzoate in the buds. Vanillin,
syringalde$yde, p-hydroxybenzaldehyde, acetovanillone, acetosyringone,
vanillic, %yringic, p~hydroxybenzoic, ferulic and p-coumaric acids were
identified@as being present in the heartwood and bark (8, 9). .ILater salicin,

|

salireposide, salicyl and gentisyl alcohols, p-hydroxybenzoic, p-coumaric,

vanillic a#d syringic acids as well as vanillin were found in hot water
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extracts of P, trichocarpa bark. The concentrated aqueous raffinate was

found to contain glucose, galactose and a little arabinose. More recently

Grabovskis and Kreicberga (27) detected quiniz (XLII) and shikimic (XLIII)

acids in P. trichocarpa leaves, bark and wood,

P. grandidentata, like P. trichocarpa, received very little attention
i
until recéntly. The same products were identified from the alkaline hydro-

lysate of! P, grandidentata wood and bark azs were found in P. tremuiocides
|

ard P. trichocarpa except to different extents (8, 9). Likewise the hot water

. . . i
extractives of P. grandidentata bark contained the same products as P. Lremu-—

. | cps . . . cqs . L.
loides bafk. In addition the former species contained vanillic acid which

was not pfesent in P. Lremuloides bark, Grandidentatin, a new glucoside
1

was isola uEd from P. grandidentata bark (28) and identified as cis~2-

bydroxyﬂy?lonexy*— *Ofg—cuun"vyl—}g —~D~zlucopyranoside (XLIV)., Hydrolysis

{
of grandi % tatin with calcium hydroxide yield p-coumaric acid and.another
new gluc élde grandidentin (¥LV), ctherwise called cis~2-hydroxycyclohexyl—

@ ~D- glufcop'yi‘anoside .
i

COOH
| OH

// \\>—CH = {H(OOH

CCOH

HO OH HO OH
OH OH

XLII XLITX




oH CH
_ —
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; ]
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i 0 i 0
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. ! $
H ~ ? - OH H~C ~ 0QOH
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Pearl, Darling and Justman (20) isolated populin from P. grandidenta
leaves but it was probably an artifact formed from tremuloidin by a re-
arrangement during isclation procedures (2L, 25). Further studies on the
same leaves (29, 30) resulted in the isolation of benzoic acid, salicin,

salicyloyl-salicin benzoate, pyrocatechol (XLVI), tremuloidin and populin,

OH

7 N\\_oH

——

XLVI
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Mamillaria ard Opuntia are two genera_ of the Cactus family (Cactaceae)
wiich grow wild on the Canadian prairies. The Mamillaria (Ball cactus)

genus consist of one specieg Mamillaria vivipara (Nutt) Haw. (Neomamillaria

vivipara {Nutt) Britt. and Rose) (Purple Cactus). The Opuntia (Prickly

Pear) genus is composed of two species, Opuntia fragilis (Nutt) Haw,

(Brittle Prickly Pear) and Cpuniia polycantha Haw. (Prickly Pear).

Opuntia fragilis is a low growing, decumbent cactus often found in

very largg'mats, generally red or reddish green in color. The spines are
located in divaricate groups and are from one-half to thres-quarters of an
inch long. The flowers are pazle yellow in color and about two inches in
width, while the fruit is a fleshy berry approximstely one inch long. It
is very common on dry prairie throughout drier parts of Southwestern
Saskatchewan (1), Many cther species of cactus are found elsewhere. They
have been studied more thoroughly and will be discussed later.

Since cactus is such a widely known plant and because of its abundance
in almost‘every country many possible uses have been investigated. The
earlies£ rescarch was concentrabed cn the value of Cactus for Stock food
(32, 33, 34, 35, 36). Because of its high mineral content, mainly calcium,
magnesium and potassium, and high carbohydrate composition it compares
favorably with other graen fodders. Later research was directed towards
the possible production of ethyl alcohol from the fermentation of Cactus (37-
1), In general it was found that better yields &f ethanol were obtained
from cheaper more readily available materials. The latex from Opuntia
valgaris (42) yields an amber colored gum which resembles plantation smoked
sheet rubber in color and Guayule rubber in its properties. Fowler (43)
studied the fermentation of prickly pear for the production of artificial

manure. Opuntia fulgida contains cholla gum to a very large extent and is
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a possible scurce of carbohydrates (4LL-47).

Several possible medicinal uses have been found for some of the
pharmacologically active constituents of cacti extracts. The flowers of

Opuntia vulgaris minus their ovaries have been used in treating enteritis

(48). Penfold and Morrison (L9) reported that the aqueous extract of the

sleaves of |Opuntia inermis had great curative value for treatment of diabetes,

The decoction of Opuntia ficus indica flowers acts as a diuretic presumably

due to hiéh potassium content (50). Diacono and Massa (51) found thst the
calcium-magnesium pectate present in certain cacti decreases clotting and
bleeding times. The same compound also prolengs the action of penicillin
without araphylactic shock, It was known that Peyote had a strong pharma-

cological effect giving 2 sense of well-being and color visions due to the

pharmacological action of the Anhalonium alkaloids,

\/Mhny alkaloids have been isolated from cactus, the majority of the
work involiving Anhalonium species. Heffier did most of the initial work
on the Anhalonium alkaloids (52), isolating seven bases which he named
anhaline (KIVII), mescaline (XLVIII), pellotine (XLIX), anhalonidine (L),
énhalonine (1I), anhalamine (LII), and lophophorine (LIII). They are all
closely reidated chemically, Anhaline is identical with hordenine of
barley germs, and was known to be p-hydroxyphenylethyldimethylamine,
Mescaline was synthetized and shown t% be ﬁ;-3,4,S—trimethoxyphenylethyl—
amine. The composition of the remaining zlkaloids was known but proof of

| - .
structure was not obtained until later.
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Spath and coworkers (53, 57) proved the structure of anhalamine to
be 7,S—diﬁethoxy—émhydroxyal,2,3,A—tetrahydroisoquinoline by synthesis,
Pellotine and anhalonidine were shown by degradative and synthestic means
to be structures (XLIX), and (L) respectively (54-56). Spiath and Becke {58)
synthetizéd anhalidine (LIV) from anhalamine and showad it to be identical
to the naturally occurring alkaloid. Anhalonine and lophophorine were
synthetized by Sﬁ%th and Kesztler (59) and similarly were shown to be the
same as the natural alkaloids. ter Spath and Bruck (60, 61, 62) and

Spath and Becke (62) isclated and identified several new alkaloids from
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mescal buttons as N-methylmescaline, N-acetymescaline, O-methylanhalonidine

and anhalinine (V).

CE.O CH.O
5 N-CH ?
CH 0 Rty CHy0 N -H
OH ocH,
1 :
LIV R

In addition to this work further investigztions have been carried out

on the same or other species by other workers. Roca (6L) working with the

large organ cactus of Mexico Pachycereus marginate isolated three alkaloids

. l R . .
which were named cereine, pachycerine and ochoterenine; however no attempts

al, characterization or elucidation of structure were reported, Hordenine
and p-hydroxyphenylethyltrimethylammonium hydroxide were isolated from

Trichccereus candicans (65). Addibional research on Trichocersus candicans

by Labriola {66) resulted in the isolation of candicene (p-hydroxyphenyl-
trimethylammonium hydroxide). Hydroxycandicene (3,L-dihydroxyphenyltri—

methylammonium hydroxide) was isolated from Stetsonia coryne. Earlier

Reti, Arnolt and Luduena (67) obtained an alkaloid from Cereus coryne

Salmm., which they thought was a dihydroxyphenyltrimethylamﬁonium componnd
presumably related to the substances characterized by Labriola. Castrillon
(88) synthetized another alkaloid by the condensation of mescaline with
formaldehyde using the Eschweiler—élarke reaction. The product obtained
was l-methyl-b,7,8-trimethoxy-1,2,3,~tetrahydroisoquinoline. Studies on

Lophophora williamsii by McLaughlin and Paul (68) resulted in the detection

of hordenine. In addition to these alkaloids many other constituents have

been isolated; and the mejority identified.
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Djerassi, Thomas and MHonsimer (69) isclated and identified a triter~
|

pene fromgﬁyrtillocactus cochal which they called cochalic dcid (lé}?-—

| .
hydroxyoléanolic acid) (IVI)., Similar studies by Djerassi, Farkas, Liu,
and Thoma% (70) with Lemaireocereus thurberi and Lemaireocereus stellatus

!
resulted in the discovery of thurberogenin {ILVII), and stellatogenin (ILVIII),

|
l
l | CCOH

HO

I

LVITI

1
| . . . .
Dewidar and Fayes (71) detected the presence of ;3 ~sitosterol in Opuntia

ficus indica; Arcoleo, Rucia, and Natoli (72), working with the same species,
i
|
also isclated [J ~sitosterol as well as a mixture of the free fatty acids;
[
i
lauric, myristic, palmitic, stearic and oleic., From Opuntia elatior

Ganguly, Gov1ndachar1, and Mohamed (73) isolated ;;-SltOSuPTO1 as well as
opuntiol (LIX) and 2-methyl-L~methoxy—d~pyrone (LX) which they character-

ized. Djérassi, Murray, and Villotti (74) found a new cactus sterol,




18

; 0 0
HC
3
/
X IXI

A great deal of work has been done on QOpuntia fulgida, the white

cholla ca?tus (4h=47) from which cholla gum is obtained. The gum has been
partiallyidegraded to give several oligosaccharides., Parikh and Jones (L7)
have propésed a structure for the gum, stating that the'fepeating unit of

the polysaccharide consists of a total of thirty-six residues with a back—

bone of 1> 6 galactose residues. It is a highly branched structure,

Since cactus often have a purple tinge to their flowers it is not

uareasonable to expect the presence of anthocyanin-type compounds. Erkut
!

~\ = i . . . \ s .
(75) isolated a red-violet pigment from Opuntia robustas which was mainly
|
i
e o . . . . R
betanin with probably traces of prebetanin, lsobetanin and isoprebeltanine

Tndicaxanthin (IXII) has been observed in Opuntia ficus indica (76) and

its structure (LXII) has been confirmed. Chlorophyll a and b, carctene, .
{

xanthophyll, and a red carotenoid probably rhodaxanthin have been detected

in Opugtia humifusa 171,

| H GO0~

XTI
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Several enzymes have been found in cacti species. Hurdesan (78)

discovered that Opuntiz vulgaris pulp contained several diastases., Sanwal
\

and Kreshan (79) have detected a specific ‘phosphomonoesterase in various
cacti. This enzyme removes orthophosphate from fructose 1,6-diphosphate
and }3 —gllycerophosphate. Just recently, materials with glucose-6—

phosphataée and fructose 1,6-diphosphate activity have been observed in

Opuntia filcus indica (80).

Several flavenoid type compounds and related glucosides have been
isolated from cacti. Paris {81) observed the presence of a flavonoside

in Opuntia vulgaris, while Reznik (82) isolated quercetin-3-glycoside from

several cdcti species. Isoquercetin and the glucosides of isorhammetin

..

and quercetin have been isolated from Opuntia dillenii (83, 85). The

presence of anthocyanins and isorhamnetin have also been demonstrated in

Opuntia filcus indica (84). The flowers of Opuntia lindheimeri (86) have

only recently been shown to possess the 3~galactoside of quercetinj the

ls e . . .
3-galactoside, the 3-rutinoside and the 3-rhamnogalactoside of isorhamnetin,

! 1 . 3 3 - e 3 .

Nordal, Gether and Haustveit (87), working with Opuntia Fficus indica have
I
! . -

found several non-volatile acids, two of which were malic and citric,
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II. OBJECTS OF RESEARCH

Populus balsamifera (Balsam poplar) is a very common iree growing in

low lying areas throughout the North American continent. The buds and
heartwood of this species have been studied quite extensively while con-
siderably less work has been reported on the bark itself. Knowledge of
the chemical and morphological composition of a pulpwood species is basic
to its efficient and complete wtilizetion. Much can be learned from the
origin of materials in explaining the role of the bark in the metsbolism
of the tree. Since certain elements of bark tissue serve as avenues of
trenslocation of plant metabolites; others as metabolite storage, it was
decided to examine the nature of the products as they occur in the bark
itself,

Extensive phytocherdcal studies have been carried out on various
spzcies of Cacti and many chemically interesting and pharmacologically_
active substances have been isclated and characterized. Typical examples
are the Anhalonium alkaloids and mescaline. A systematic phytochemical

study of Opuntia fragilis has not been reported. As Opuntia frapgilis is a

common plant which thrives on dry prairie throughout southwestern Sask—
atchewan, it was thought that a detaziled investigation of the chemical

constituents of this cactus was warranted,




21
III. DISCUSSION

(A) Extractives from Populus balsamifera

A white amorphous solid (A), which graduslly darkened on exposure

to air, precipitated when the acetone extract of Populus balsamifera bark

. - -1
was cooled. The infrared spectrum exhibited strong bands at 1735 cm
0 L A 1 3 . ~ -1 +
(attributable to ,0=0 stretching) and at 2920 and 2860 cm —~ due to C - H
. -1 A . a
stretching modes, a weak band at 1377 cm = due to € - H deformetion frequency
for a methyl group, a strong band at 1460 cm—l due to vibration of methylene
-1 ., . . .
groups, a strong deublet at 724 and 714 cm — which is associated with
skeletal vibrations of methylene chains "(CHQ)H as well as bands at 1270
=1 L . R . .
and 1160 c¢m — which are suggestive of band progression in long chai
aliphatic ‘compounds with a chain length of at least twenty-two carbon atoms
s 5 . . . -1
(89). In addition there was a medium intensity band at 350C cm — prchebly
due to water of crystalliszation since it was fourd in the present work
that such unsaturated esters held onto their water of crystallization very
strongly, acting as hydrophilic rezgents. A medium intensity band at
6' "'l - . . R
1625 cm — was present, suggesting unsaturation. There alsc appeared a
: . 1 -1 - o \ o F et ol N
strong band at 1710 cm — presumably due to the »C = 0 stretching of an
/
; . o LN
ester carbonyl group appearing at a lower frequency than the ,C = O
o .
frequency for a saturated ester (1735 cm ) due to the presence of un-~
saturatiog or else the presence of free acids in the sample. The conclusion
from this jspectral study was that material (&) could be a mixture of long
chain saturated and unsaturated aliphatic esters,
It is not surprising that long chain esters, if pressnt, would
precipitate out of the acetone soluticn on cooling as a low solubility
: N

would be expected due to the large melecular weight of such compcunds. A

scdium fusion test showed the absence of nitrogen, sulfur and halogsns.
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Concentration of the acetone mother liquor remeining after the
removal o? A gave a dark brown semi-solid (B) which was scluble in hot 5%
aqueous sodium hydroxide and practically inscluble in 5% agueous sodium
bicarbonate. This material gave a dark purple colour with ferric chloride
solution,:indicative of phenclic material.

" Thin layer chromatography (TIC) was tried as a method of purify-
ing mater%al (4). H¥any solvent systems were investigated using Silica gel
G plates éZO x 20 cm) 0.1 to 1.6 mm, in thickness. The spots obtained
were visigle under ultra-viclet light or were made visible by spraving the
plates with 0.1 N potassium permangenate and concenbrated sulfuric acid.
It was found using Silica gel G plates 1.3 mm. in thickness and benzene:

dioxan: glacial acetic acid (90:25:4) as the developing solvent that A

could be erarated into five fractions which fluoresced blue under ultra—
violet lig%t. On the assumption that this was a satisfactory separation,
preparativ% thin layer chromatography was periormed under the above condi-
tions. Th% five fractions were collected separately from the plates and
each fractgon was extracted from the silica gel using a small Soxhlet
extractér.! An infrared spectrum of each fraction showed that they were all
similar, e§cept that fractions 1 and 2 showed very wesk absorption in
regions co%responding to unsaturation, while fractions 3, 4 and 5 showed
quite stro$g eviderice of unsaturation. It appeared that enrichment of the
unsaturate? fatty ester portion was taking place. This observation was
supported %y the gas-~liquid chromatographic behavior of the methyl esters
.(obtained ;s described below by hydrolysis followed by methylation of the
acids) which showed that fractions / and 5 contained a much greater per-~

centage of lunsaturated esters than fractions 1 and 2. Rechromatography of
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each of fractions 1 to 4 gave rise to more than one spot under the same
conditions used ihitially. Melting point determinations showed that the
melting point decreased as the Rf increased. These results suggested that
these esters were separating out in groups of similar chain length. One
would expect a higher melting point for an ester of longer chain length
than one with a shorter chain length,

If these compounds were indeed esters as was suspected one should be
able to hyﬁrolyze them and identify the component acids and alcohols. The
material from the initial acetone extraction (A) was hydrolyzed using 5%
agueous sodium hydroxide, The hydrolysis mixture was extracted with ether
from which was obtained a white solid @hich was further extracted with
Skelly B to remove any uachanged esters, and recgystallized from ethanol
to give a product m.p. 82—-830° Treatment of the agueous solution is
described later. The infrared spectrum of the material, m.p. 82~83°
showed a strong band at 3400 cm._l due to OH, two strong bands at 2920 and
2860 cm™ due to €-H stretehing modes, a strong band at 1460 em™t suggestive
of methylene vibrations, a weak band at 1377 cm."l due to a terminal methyl
group, a medium band at 1050 cmﬁl due to a primary alcchol group and a
doublet at 724 and 71k cmfl characteristic of long chain aliphatic com-
pounds., This spectrum is indicative’of a long chain saturated aliphatic
alcohol, This spectrum was almost identical to one of an authentic sample
of stearyl alcohol. ©Since there was a complete absence of unsaturation,
the unsaturation present in material A must be in the acid part of the
ester.

The agueous solﬁtion from the hydrolysis was acidified, and extracted

with ether to give a white solid, m.p. 78-80°. Tts infrared spectrum
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showed a medium intensity band at 3400 cm.—l probably associated with the

hydroxyl group of a carboxyl function, two strong bands at 2920 and 2860
t

N -
*C = 0 of a carboxyl group, several

cmfl, a s%rong band at 1700 cm ™~ due to
weak band% between 1400 ard 1100 cmfl, a weak band at 1050 cmfl, and a
doublet ag 724 and T1h cm-l. There appeared to be some evidence of un-

i
saturatio% but the absorption was very wesk compared to that of saturated
bands. |

Isoiation of these acids and alcochols showed that the original

|
material éA) was indeed a mixture of long chain esters as suggested. It
was knowvn [(21) that normal long chain saturated aliphatic alcohols can be
separat;3Z§§£; column of SE-30 on glass beads. At a column temperature
of 2450 the unknovn alcohols from the hydrolysis of A were separated
successfully, A standard curve was prepared using normal saturated
aliphatic%alcohols of known chain length (G2h’ 826 and 028) by plotting

the number of carbon atoms in the alcohols against the log of their

retention ftimes. (FIGURE 1).

1

Loné chain fatty acids (those above 012) are usually gas-chromato-

graphed in the form of their methyl esters. A column of butan-1,L-diol

succinate%on acid washed celite 545 has been used (21) to separate both

saturated land unsaturated esters. This particular column separates methyl
esters onithe basis of their chain length as well as their degree of unsat-—
uration. Fhe acids obtained from the hydrolysis of A were methylated with
methanoli% sulfuric acid. At a column temperature of 220° the methyl esters
were foun& to separate satisfactorily. A known mixture of saturated

(16:0 palﬁitic, 18:0 stearic, 20:0 arachidic, 22:0 behenic, 21,:0 lignoieric,

26:0 cerotic) and unsaturated (16:1 palmitolede, 18:1 oleic, 18:2 linoleic,
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18:3 linolenic, 20:1 arachidonic, 22:1 erucic) methyl esters from methylated

rapeseed 0il was used to prepare the standard curve (FIGURE 2),
i i

Theifiﬁe fractions obtained frbg preparative thin layer chromatc-
graphy wefe each hydrolyzed with aqueous sodium hydroxide; the resulting
acids andialcohols were separated by conventional means and the acids were
methylated. The alcohols were gas—chromatographed under the conditions

used to prbpare the standard curves previously referred to. The log of

t

the retention time was calculated for each component and the lengths of
i

the unknowh alcohols were deduced from the standard curve. The amount of
each alcohEl was calculated from the area under the peak using the tri-

angulation| method.

s .
Likewise the methyl esters were gas—chromatographed at the same temp-

erature and using the same column as used for the separation of the standard

methyl esters. The log of the retention time was calculated for each

component
degree of
of each mef
the result

(Tzble 15)

of the mixture and the length of the methyl ester as well as the

unsaturation was,deduced from the standard curve. The amount

thyl ester was calculated from the area under the peak. From

]

obtaiqed one can see that the amount of short chain acids

and alcohols (Table 14) increase as cne goes from fraction 1

with the lowest R, value to fraction 5 with the highest Rf value, Similarly,

£

i . R . .
the percentages of long chain acids and alcohols decrease as one goes from

fraction 1
previously
of similar

graphy.

to fraction 5. This observetion would again suggest, as was

postulated, that the mixture of esters was separated into groups

chain length when separated by preparative thin-layer chromato-

AMlso it was evident from these results that the same acids and

alcohols were present to different extents in each of the five fractionms,
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It can be eesily visuelized that an appreciable number of esters could be
present in each of the five fractions obtained from A, since there are large
numbers of combinations of different acids and al;ohols possible which
would give rise to isomeric esters,
To test the hypothesis that the ester components of fraction A
separeted into groups of similar chein length, several knowm esters of

. |
known chain lengths were synthetized. These esters were chromatographed

i

|
{IC) under the same conditions as those used in the preparztive thin layer

i
chromatogﬁaphy of A, The results showed that the knowm esters did indeed

separete éccording to chain length, the longer the chain length the lower

the Rf vaiue. It was also found that esters of the same chain length, but
S i s g . . 1 a1 o oH (G '

composed ?f different acid and alcohol fragments UBB(CHQ)mCOZ(CHZ)anj

and CHs(C%Z)nCOZ(CBZ)mQHB (such as stearyl arachidate and cetyl behenate),

| ‘s . .
could not |be resclved under these conditions. These results confirmed that
|
the esters present in A separsted in groups according to chain length in
preparati&e thin 1éyer chromatography.

Thellong chain. saturated and unsaturated aliphatic esters isolated

4 3

in this study.have probably been obtained before from other poplar species

]

as P. graﬁdidentata abd P. tremuloides (9), MNo previous attempt was made,
i

however té separate’.and identify the individual esters., The mixtures of

esters weﬁe hydrolyzed and the component acids and alcohols were identified,

1 "€ amd Gy —Cpy

viocusly. ?Free fatty acids as well as esters have been shown to exist in
{

|
A1l the saturated acids € have been identified pre-

the heart%ood and the bark of P. tremulcides, P. grandidentata and P.

% s s e . .
tacamehaca (7). In addition, the unsaturated acids oleic, linoleic,

linolehic%and arachidonic have been identified previously. The only alcohols

| B - R
reported (19, 21) so far have been glycerol, tebtraccsancl, hexacosanol,
I : -

|
|
|
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i
heptacosanol and octacosanol, It is interesting to note that in the present

study, stearyl, eicosyl, docosyl and pentacosyl alcohols were also found

in addition to those already reported found in other species, However they

are present to a very small extent compared to the amounts of tetracosanol,
hexacosagol and octacosanol found.

Ph%nols usually occur in nature as phenolic glycosides and esters,
The phendlic material (B) obtained as described earlier was hydrolyzed

using aqueous sodium hydroxide. The free phenolic material was isolated in

the usual way. Pearl and his coworkers (8, 9) who have done a considerable

i

amount of work on some species of the Populus genus always separated the

phenolic%acids, ketones and aldehydes, obtained after hydrolysis, by paper

chromatoéraphy using the solvent systems and spray reagents which they appear

to have ﬁerfected. They exbracted the individual spots from the paper and

identifiéd each individual component by comparing its ultraviolet absorption
‘

spectrum with that of an authentic sample, The amount of each component

present ﬁas obtained from a standard curve prepared by plotting the optical

density Qf known compounds versus their concentration. This appeared to be

a sound ﬁrocess but invoelwved a consicderable amount of work.

Itéis known (90) that methylation of phenols improves their properties
for gas—ﬂiquid chromatographic analysis. With ihis purpese in mind the
phenolicématerial obtained after hydrolysis of B was methylated with diazoc~-
methane.% The product was .gas—chromatographed on a column composed of sili-
cone SSO%oil cn acid-washed firebrick.

Chﬁomatographic analysis of the methylated material under these con-
ditions éave rise to thirteen peaks with retention times 1.1k, 1.4L, 1.92,

2,60, 3.42, L.56, 4,96, 6.78, 7.62, 10.12, 13.06, 18.70 and 33.14 minutes,
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respectively. Each one of these thirteen peaks was collected directly onto
potassium bromide as the compound emerged from the column (using the method
described by Snavely and Grasselli (91). .

Several authentic phenolic acids, aldehydes aﬁd ketones previously
found in a number of species of the Populus genué, as well as others which
were thought to be possible constituents were also methylated and gas-
chromatographed under conditions identical to those given zbove. Again
each one of these kncwn compounds was collected directly on potassium
bromide (91) ard an infrared spectrum was obtained. The infrared spectra
of some of| the unknown compounds from the methylated mixture were character—-
istic of long chain saturated aliphatic esters. A standard curve was pre-
pared using methyl palmitate, methyl stearate and methyl arachidate by
plotting the log of the retention times versus number of carbon atoms in
the methyl| esters., Fxamination of the infrared spectra of the standards,
and the unknowns, a comparison of retention times ¢f the standards and the
unknowns, and reference to the standard curve of long chain saturated

aliphatic esters revealed the identity of eleven of the thirteen components

present in|the unknowvm methylated mixture.

The anethylated material obbtained after hydrolysis of B was chromato-
graphed on Whatman No. 1 paper using gfhepﬁane: égbutylether : water (6:1:1)
as solvent. This solvent system was used to separate p-hydroxybenz-—
aldehyde, vanillin and syringaldehyde (92). When the unknown meterial was
developed under these conditions and the paper sprayed with 2,L-dinitro-
phenylhydrazine spray reagent no yellow spots were obtained, whereas the
chromatogram of a mixture of thess three aldehydes produced yellow spots
when sprayed with the same reagent.. These findings agree with the gas-

liquid chrematographic results and confirm that no free phenclic aldehydes
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Table 1

Acidic Components of hydrolysed acid fraction (B)

Fraction Retention time (min.) % of total Identity
of methyl deriv, : of acid
1 1.14 0.91 Caprylic
2 1.4y 1.15 Pelargonic
3 1.92 " 0,30 Capric
I 2,60 19.95 p~Hydroxybenzoic
5 3.62 L.87 Tridecylic
6 Lo56 3.90 e
7 4.96 7.69 Yanillic
8 5.78 21.93 p-Coumaric
9 7.62 6,96 e
10 10,12 2,92 Palmitic
11 13.06 18.20 Ferulic
12 18,70 5.22 Stearic
13 33.14 6,19 Arachidic

or ketones are present in P. balsamifera bark. These results are also in

agreement with previous findings (9) that phenolic acids are the chief
of
product of alkaline hydrolysis/P. tremuloides, P. grandidentata and 2.

heterophylla barks.,

Pearl and his coworkers (9) also isolated vanillin, syringaldehyde,
b-hydroxybenzaldehyde, acetovanillone, acetosyringone and syringic acidy
{
after alkaline hydrolysis of P. balsamifera bark., These aldehydes and

ketones were probably degradation products of the lignin, The method of
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isolation used in this study would not permit such products to be formed,
Pearl and his coworkers (9) also detected several spots on paper chromatc—
grams whlch they thought were possibly due to aliphatic acids, These are
probably similar to the short chain acids identified in this study.
The presence of both phenolic acids and aliphatic acids in B supports

the previous statement that B was a mixture of phenolic esters,
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(B) Extractives from Opuntia fragilis.

The powdered cactus was defatted using light petroleum (b.p. 60-
£0°) and extracted with hot ethanol. On cooling, a white amorphous solid
(C) precipitated. Its infrared spectrum indicated it consisted of long
chein aliphatic esters as suggested by the strong absorptions at 3400, 2920,
2860, 1735, 1L60, 72k and 71L e . A sodium fusion (Lassaign@) test indi-
cated the absence of nitrogen, sulfur and haleogens in C.

The ethanol mother liquor was concentrated and gave a dark
green oily semi-solid (D) which did not comtain nitrogen. However this same

meterial gave a purple color with ferric chloride indicative of phenolic

material,

Cad

Since alkaloids frequently occur in nature as salts of simple

-

organic acids such as oxelic, malonic and succinic acid, it was thought

ok

advisable to basify the powdered cactus, and extrach it with chloroform in
the hope that alkaloids, if pressent, would be obtained. The cactus, afler
extractlion with ethanol, was basified with ammonium hydroxide and extracted
with chloroform. A dull yellow amorphous solid was obtained from the
chloroforﬁ solution and, on recrystallization from benzene, a white crystal-
line, nitrogen comtaining solid (m.p. 75-76°) resulted. The infrared
spechrum of this compound was indicative of an amide with strong absorption
at 3350, 3150, and 1670 cm“l. This compound analyzed for 02 5NO and vas
quickly sh own to be acetamide by comparison with an authentic sample.
Acehbamide may result from ammonolysis of an ester or by reaction of
ammonia with free acetic acid pressnut in the cactus to give ammonium
acetate which on distillation is knowm to yield acetamide (94).

The white amorphous solid € was chromatographed on a column of
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alumina uéing the following solvent systems:
1) Skell& F: A white waxy solid was obtained (m.p. 73-74°) which was
probably é mixture of wax hydrocarbons as indicated by the strong methylene
and methyi gbsorptiocns in the infrared. One would expect these hydro-
carbons té be eluted first with a non-polar solvent such as Skelly F. No
attempt was made to identify the components of this mixture although it is
known (21) that they can be characterized quite readily by gas-chromato-
graphy.
2) Skelly F/benzene (3:1)
3) Skell& F/benzene (1:1)
L) Skelly F/benzene (1:3)
The infrared spectra of the ffactions obtained uéing these threz solvent
systems were the same showing strong absorptlons ;n the infrared at 2920,
2860, 1730, 1460, 1170, 724 and 714 cm?l, which are charécteristic of long
chain saturated aliphatic esters as described eariier. These fractions
were combined as (E).
5) Benzene
6) Benzens/ether (1:1)
The two fractions which were eluted using these developing solvents did not
Have sharﬁ peaks in the infrared probably due to the fact that they are
not pure, They appeared to be saturated aliphatic esters but were not
examined further,
7) EBther/ethanol (1:1)
A white amorphous sclid (F) was obtained with this solvent system with ab-
sorptions in the infrared at 3400, 2920, 2860, 1700, 1625, 1585, 1500,

1460, 1260, 1160, 1020, 800, 724 and 714 cm&l. The spectrum appeared to
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indicate either an unsaturated long chain aliphatic ester or an <, }g—un—
saturated ketone. However an attempt to prepare a 2;L-dinitrophenylhydra=-
zone failed, which suggested that this compound was probably an unsaturated
ester.
8) Ethanol
A very small amount of a white solid similar to that isolated in fraction 7
wés obtained.
9) Acetic acid (5%).
The column was eluted with acetic acid in an attempt to isolate the material
not recovered, Large quantities of aluminum acetate were obtained which,
when basified and extracted with ether, gave only acetic acid,

Another column was also developed using algaline alumina (Brockman
activity 1) using the same solven£ systems, The same products vere
isdlated except that the saturated esters were obtained éo a much lesser
degree than from the previous column. In this case, long chain saturated
aliphatic alcohols (022, CZA’ 626’ 828) were isolated which suggssts that
thié alumina was alkaline enough to cause hydrolysis of the saturated
esters. The column was not eluted with acetic acid which would have
supposedly eluted the acids resulting from the hydrolysis of the saturated
esters which would be strongly absorbed on the column.

The saturated aliphatic ester fraction (E) was hydrolyzed with
alcoholic potassium hydroxide. The component acids and alcohols were iso-
lated in the usual manner, and once again the acids were metnylated. The
alcohols and methyl esters were gas—chromatographed and the identity of the
alcohols and methyl esters were determined from the standard curves prepared

for this purpose. The straight chain alcohols (CZO’ Cons 62&’ Cogs Cogo CBO)
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were identified. The normal acids (616— Céz) were present as their methyl
esters. These results showed that fracticn (E) was a mixture of long chain
saturated aliphatic esters,

These results are very informative, but do not give any indication
as to the total length of the individual esters or which component acid
and alcohol are present in which ester. It is generally recognized that
néturally‘occurring waxes usually consist of mixtures of homologous com-
ponents whether they be esters, acids, alcohols, ketones or hydrocarbons
(93, 9L). It seemed likely that this fractioﬁ (E) was similarly constituted;
use was tﬁerefore made of mass spectrometric measurements to extend and
complete ﬁhe chemical analysis of the wax. The mass spectrum of recrystal-
lized (E);indeed showed that this mixture wes a ﬁomologous series of
saturated;aliphatic esters. Ten parent peaks differing by fourteen atomic
mass numbers (CHZ) were observed (Table 2).

Befére these results can be interpreted an understanding of the
fragmentation mechanism is necessary, or should be established by examina-
tion of the orgenic ions. Mass spectroscopy of long esters is discussed
quite exténsively by Ryhage and Stenhagen (95). A fragmentation mechanism

is outlined for long chain saturated aliphatic esters,

CHB(C'HZ)m— 0 ~ g ‘(@Hz)nCH3
0

: + ! T e (e +

(2) -[CmHZm] (c) Ezo - ¢ —(CHZ)nCHB-J
OH

- . = I+~ { o (¢ - —l'f“

(b) [C.HB(GHZ)m- o] ElI GHz:} (d) ["S ((:HZ)HCH3 J
OH L0

(e) [(HzC')m -0 - S —(CHZ)HCHB]*'
0
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Table 2

+ Composition of Frzction E

M Corresponding Molecular Relative® abundance
— Formila

676 CA6H9202 8.76
690 17 on02 3.6
704 048H9602 53.50
718 C'th%O2 7.02
732 GEOHloOOZ 49.00
ThS ©51H102% 392
760 052H10402 11.20
77h C53H10602 . 1.2
788 C 5 4H10802 1.96
802 055H11002 0.56

% Relative to base peak at m/e 341 as 100.

One can see from this fragmentation mechanism that the alcohol portion will
give rise to fragments of even mass numbers and the fragments derived from
the acé¢id portion will have odd mass numbers. The most prominent pé;ks in
long chain esters are usually those containing oxygen (95). These ions and
fragments listed in the above Scheme are formed in various ways resulting
from cleavage of the chain and rearrangement of hydrogen atoms. Fragment (a)
arises from expulsion of part of the chain with loss of a hydrogen atom;
similarly, fragment (b) results from cleavage of the chain with resrrange-
ment of hydrogen atoms; fragment (c) is caused by alkyl oxygen fission with
rearrangement of two hydrogen atoms, while the acylium ion, fragment (d),

is formed by loss of the alkexyl group. Fragment (e) is formed as the result




Figure 3

Portion of mass spectrum of Fraction E
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of simple{cleavage of the chain,

With such an understanding of the fragmentation mechanism, a systematic
study of ﬁhe spectrum itself can be made.. Inspection of the spectrum showed
that the major fragments occurred at m/e 285, 313, 341, 369, 392, 420, and
LLS. Thefe are algo many other fragments of lesser intensity.

The alcohol fragments (even mass numbers) were first studied and are
listed in Table 3,

As illustrated in this table some of the fragments were quite wezk in
intensity while others were very strong. The Cﬁﬂzm fragments were usually
the most intense and this appears to be the key fragment for the alcohol
components. It is known that hydrocarbon peaks such as these are intense
(96). However, cleavage of this chain may occur further with loss of one
or more me&hylene groups from € H, , which would result in a significan£

m 2m

contribution to lower members in the GmHZm series. This must be taken intc
account iniquantitative estimations.

The écid fragments (cdd mass numbers) were examinea. The results are
illustrated in Table 4,

Using the results from Tables 3 and L, acid and alcohol fragments can
be combined to fit the mass numbers found for the esters in the homologous

series (m/e 676-802). Completion of this procedure suggested the following

esters as possibilities for the parent mess numbers (Table 5).




15
16
17
18

Alcohol fragments of fraction E

OH é}
@%@%%@i&%ﬁ @%m%%wﬁ+
Relative M- Relative M Relative
sbundance abundance abundance

9.40 28l 1.97 269 3.64
8,60 298 1.66 283 2,20
- 9552 312 20.70 297 ~1%37%0
8.0 326 2.5 311 5.05
8,10 340 26,2 325 1.96
7.85 354 1.66 339 3.90
10.19 368 7.02 353 1.68
6.45 382 1.40 367 1.68
7.30 396 2,80 381 2,50
9.52 L10 1.40 395 1.66
7.30 421 2.52 409 2.80
1.12 138 3.92 423 1,66
7.60 152 3,60 437 10.10
46,50 1,66 2.52 451 3.08
6.7h 48O 5.30 165 5,60
62,6 19 2,80 179 14.30
0.98 508 14,50 5L93 8.12
30,80 522 1.68 507 3920
14,00 536 1.40 521 3,64
13,40 550 0.56 535 3.08
18,50 561l 0.8 549 1.66
12,60 563 0.8%
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TABIE 1,
Acid fragments of fraction B

| OH 0 0
[C,HB (cH, )n-('::o;g] * [CH3 (CHZ)n-E‘::I*' [cH3 (CHz)n.&'_o-(CHz) 2]+
B e T Bl LT T
229§ 1.C0 211 6.60 255 2.2l
21}3% 1.20 225 6.10 269 3.36
257 2.2, 239 6.70 283 2,80
271 0.56 253 6.20 297 1.70
285§ 5,10 267 6,20 311 5,05
299§ 1.10 261 5.5 325 1.96
313 95.00 295 10.01 339 3.90
327; 6.20 309 5.60 353 1.68
31;1% 100,00 323 9.00 367 1.68
355! 3.90 337 5.60 381 2,50
3691 23.60 351 6.70 395 1.66
383% 1.6 365 7.85 109 2.0
397% 6.18 379 9.C0 423 1.66
J1 0.56 393 17.80 137 10.10
h25§ 2,52 LO7 5.60 L51 3.08
139, 1.40 121 23,00 165 5.60
h53% Lo50 L35 5.32 579 14.30
4675} 0.79 - 449 12.30 493 8.12
481 1.66 463 7.02 507 39.20
495 1.12 K77 12.30 521 3.6L
509’ 3.36 191 8.12 535 3.08
523 0.56 505 6.16 549 1.66
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TABIE 5
Possiblg Structures for Parent Esﬁers
m/e 676 C15_32“31-65‘0‘i"H61—27630-13
nfe 690 -615_33H31_67-0-i*H63~27031-13
i
m/e 70k 015_3h§31_69~0-g‘ﬁs5-27632-13
n/e 718 C15—35H31-71”0“§"H67—27633-13

]
m/e 732 C15-36M317379C 9270313
0
il
/e The Cyg nets3 300 Heg ao83sm0y,
9]
i
0593103015
0

H
wfe TTh Cyg 36t 7370-Cteg 330316

/e 760 €1g 5¢Ms g3

il

m/e 788 C1g 3et307370-C 95505017
0
i

m/e 802 C0-361,1-7370C-Hgo 3763, 10

Fraction E was hydrolyzed as previously mentioned, The alcchols
C C » ( g ( i e aci 4 inclusi
020, 022, PZA’ 626& C28 and CBO (Table 21) and the acids, 016_022 inclusive
(Table 22) were identified by gas chromatography. The relative amounts of
these component acids and alcohols as determined by mass spectroscopy and
!
gas—chromatography are shown in Tables 3, 4, 21 and 22. Some of the acids

and alcohols shown to be present by mass spectroscopy were not detected in

hese acids and alcohols were present in

b

the gas—chromatographic results,
relatively small amounts. Inspection of Table 5 (possible parent esters)
together with a check to see if the acid and alcohol fragments which com-

prise the ester were found in the gas-chromatographic analysis of the
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hydrolysis products of E.was made. If the acid and alcohol were both shown

to be preSenB by means of GILC then it can be said that a particular ester,
{

- - -.‘_,::— r - . - " O P .
CBB(CHg)m 0 (CHZ)nCHB may well be present and is composed of a certain
aci  { ; 1 col cH (CE 7). Followingz +hi
acid (ChBQCHZ)ncozH) and alcohol (C‘B(an)mpl) Following this approach

the following esters were assumed. to be present in the saturated aliphatic

ester fraction (B) (Table 6).

TLBLE 6

Possible component esters of fraction E.

n/e 676 m/e 690
CaoHgy0C By €45 Ca0Mg1 028 Hasg®qg
C 5l 0,0 H350.17 6,gHsn0,6 By g
CogHes 00 Hyglrg CogHs3 00 HyqCog
€1 0.€ Hy5650

-m/e 0L m/e 718
€5 ot 050 By Cyn Gy 0,6 h37018
028H57020 Hyofrg 6 gl 0,6 Hy1€p0
Copllsa058 1, 5Coy

/e 732 w/e 746
C306102¢ H5efqg C30He1 098 H1C90
028}15702@, H, 500 * Coglen0,C H €,

m/e 760 m/e T7h

506108 1565 % 6, 0H,,0,C H .6,

*0 ?8H57O?G H14.7C23




m/e 788 m/e 802
- o q (€ g g
C3OH6102C H47023 C30H<’>:L02C HL;9C2Z+

w* C28H57O2G H51625

The starred (%) esters were not unambiguously identified or con-
firmed as being present zs the acidic components were not found in the
gas—chromatographic aznalysis of the methyl esters. The relative abundance
of the parent esters m/e 77L, 788 and 802 were very small so that it
appears that these parent esters are present in only trace amounts.- The

. s s . . : o~ h
mass spectrum shows peaks of sufficient intensity at m/e 355 ((1‘22%+ 02h2),
n/e 369 (¢,.H ,.CO.H +) m/e 397 (¢,_H_.COH %) to warrant the suggestion

23 4777272 72 2575177272 . e
for the existance of these esters. The only reazson which can be offered to
explain the absence of these acids in the gas-chromatographic analysis is

that the mass spectrometer is a more sensitive instrument and is able to

detect smaller amounts of these components than is the gas-chromatograph.




L5
A mass spectral analysis was similarly performed on the unsaturated
. . - f .
ester fraction (F). A horologous series of twelve esters was evident from

!
the mass spectrum with parent peaks differing by one methylene unit unit

{Pable 7). * ‘
TABLE 7

Composition of fraction F. |
_jit Formula Relative® gbundance
L7L c:3 2H5802 Sosfo
488 CBBHSOOZ l.?&
502 GBAHSZOZ 10.40
516 GB 5H 61;02 1.16 -
530 03 616695 T 6.47
544 637H6802 1.16
558 038H7002 11.00
572 €5gH00, 0.93
586 €,07,.05 11,60
600 €),1Hg00 1.51
61k €, g0, 9.85
628 CABHSOOZ 1,16

% Relative to peak at m/e 392 as 100,

$
Again one would expect a similar mechanism of fragmentation to that

discussed previously. However, with the presence of' unsaturation, there

t

may be some additional fragments not present in ths "saturated" fragmentation
{

mechanism. Bxamination of the spectrum showed that the alcohol fragments
;

(even mass numbers) were completely saturated. Examination of the acid

fragments (add mass nwibers) confirmed immediately that the unsaturation
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was present in the acid fragments.

(3

The alcohol fragments were first examined. The major fragments due

o+
to Elfi ]' are listed in Table 8,
m 2m

§

i
TABLE 8

ilcohol fragments of fraction F

{bmH2m]%~ %
ﬂf il Relative abuﬁdance
280 20 20,3
308 22 2107
336 2l 27.5
350 25 17.3
364 26 72.%
378 27 15.8
392 .28 100,00
1,06 29 12.2
1,20 30 12,1

-

. +
Fragmsnts with mass numbers of general structure [?H3(6H2)m70"?=CHéJ

OH

were also found.

No fragments of any appreciable intensity were found for

. o 1E . .
acids corresponding to [?HS(CHZ)ncozﬂé]' as would be expected if the acid

fragment was saturated. However quite intense peaksiwere observad for
3

triply unsaturated acid fragments. It appeared, therefcre, that the acid

components of F were tri-unsaturated., Mass numbers corresponding to the

following unsaturated acid fragments were present (Table 9).
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TABIE 9

i
{
. 3 - !
Acid fregments of fraction F,

| [ere n, o[ }

n 2n-6"2 |
M n Relative ebundance
195 10 52.3
209 11 40.6
223 12 334
237 13 26.1 )
251 1 25.7
265 15 23.2 ;
279 16 216
293 17 18.8
307 .18 17.5
321 19 16.5

Further examination of the mass spectrum showed that! fragments with mass
1; 0

f
. . . Py + i +
numbers corresponding to the ions [EHSCnHZn—é—QJ and EP%ChHQn_é—J 0 (CHZ)él

were present. ’
1
¥

By combining the acid and alcohol fragments to fit the mass numbers
of the parent esters, the following table of proposed esters was formulated

(Table 10).
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TABLE 10

m/e L7k

CllH1 7002Hlﬂ CZO

m/e 502

ClBHleO H th 20

- llHl'ZC 02H ), 5(}2 5

m/e 520

Cl5H2‘?COZHLlCZO

13 21002514.5822

€1 1H15C0H, o8,

m/e 558

cl7H29c02H,,c20

15 {25002Hh5622

ClBHZlCOZHlﬁC ol

€10l B0 Hs Gy

€M 780,530y

m/ e 586

COH .C
19J3 £ L1 20

COH €
17 29 2 45 22

15H25b02H4962h

Cth23002H51025

®153%1%%"%53% 26

Possible formulae corresponding to parent pezks of esters in Fraction F

mye 1,88

Cl.ZHW 960 HL,]_CZO

m/e 516

€., H COH1

1423 20

‘12Hi9002dL5022
m/e 5kl
C. H. CO.H .C

16727772 41720

('l L;.HZ jC 021{4 5C 59

"C._H. €O.H C

12M9°% 6%,
11}’17”021{51025

m/ e 572

6181131 CO?Ll;l 20

6H97C02H1+5822

€1, HogC0H, o),

*3 Zlc 02H51C2 5

R
€11 H 780550,

m/e 600

®20M55% 1%
e 319 o522

16 °7CO?-H1:-9C211-

015H25002H51C725

ll;, 23C 02H53826




50

C12M1 980 55007 €13H2180M550 00
€18 £0,Hs € o €12t OO M, g
G H R0 £
m/e 614 m/e 628

€198550058, L. g OHBbCO 800
€S0, H, o,y €1l C0,H, o,
€1 (HnC0,H, Gy €17548051s1C,s
€15M55005 55004 C16Ma700M59%0¢
€1, Hy550, s 56 0 €, HasC0,HssCn
01581 C0M g 61,3000 s C g
€10 00, B €5, 60, e 0
1175030 €121 9805831850

The unsazturated fracticn (F) was reduced with hydrogen in the presence
of Adam's catalyst. The carbonyl absorption peak shifted from 1700 cm."l té
1735 cm "o The three peaks originally observed at 1500, 1585 and 14625 P
in F disappeared upon hydrogenation. The spectrum of the reduced compound
vas similar to that of the saturated aliphatic esters studied previously
(Fraction BE)J. The saturated esters cbtained by reduction were hydrolyzed
using alcoholic sedium hydroxide, the acids and alcohols which resulted
were lsolated in the usual manner and the acid fraction was methylated.

The aTCOhOlD and mebthyl esters were then gas—chromatographed and the satur-
ated normal alcchols (622, 124, Cogs Coga 30) were identified as were the

homologous saturated acids (CiB - Céo) as their methyl esters. The presence
of the 613 acid ester was not definitely established as the peak correspond-

ing to this ester was poorly resolved from the solvent peak; it did have the

correct retention time for a thirteen carbon acid. All resolution was lost




when the t

emperature was lowered.
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Taking the results obtained from gas—

chromatography into consideration it was possible to decide which of the

proposed esters (Table 10) may be present in fraction (.

The

potassium

hydroxide.

The saturated alcohols (022, 0214 s> Cogs Cogs

unsaturated ester fraction (F) was alsc hydrolyzed with alcoholic

) were

isolated énd identified by means of GLC, The results obtained agreed with

those dedu
saturated
liguids bu
as no stan
available

confirmed,

in the original material.

for the preparation of a standard curve.

of the estlers (F) as proposed.

ced from the mass spectrum

t they were not methylated

showing that the alcohols were in fact
The unsaturated acids were isolated as
and identified as their methyl esters
dard triply unsaturated acids other than linolenic acid were
This ilnvestigation

however, that the unsaturation is located in the acid fragment

Once again the pressnce of both the alcohol and acid fragment inm the

gas~chroma

proposed €

in Table 11,

m/e L7L

x G B

11

l7CO2thC2 L

| m/e 502

A

€0 H,.C

* €13 501,1 800

' m/e 530

CiSH

21005, 5590

TABLE 11

The probable component esters of fraction F.

n/e 188

* ¢, H, .COH €

712719772 41720

m/e 516

Gy 2t G0, Copy

m/e 54k

GIAH23g02HA5022

012H19002ﬁh9C24

tographic analysis was used as a basis to decide which of the

sters were most probably present. The resulis are illustrated




m/e 558

ClSH?jCOZHh5022

073H27602Hh9624

- m/e 586

C17H2960 Hh502?

€1 5H,5C0L8, 6,

13H2]COZH53026

m/e 614

€1 9ti33005H, 58,

G 7H°9CO2HA902L

_5 2rCOZH53 26

13H21C02H57(‘28

52

m/e 572

16H CO.. HABCZZ

CWAH23VO?HL9CZA

€12 gP0aHs5C0¢

m/e 600

Cl8HBlCOQh )C22

C16H27CO“H49 21,

7& ?3C02H”3026

012H19002H57828

m/e 628

€18M5190H, 85,

616H27602H53 g

€, B0300, e rC0g

o
€121 g8% 6105

1

O
e

% The starred (%) esters were not unambiguously identified as both
the acid and alcohol fragments were not detected in the gas—

chromatographic andlysis.

No information was derived from the mass spectrum concerning the
position of the double bonds., Jong chain esters Qith one double bond in a
position higher than six or seven from one end of the chain are not dis-
tinguishable from similar compounds ilrrespective of position and geometrical
configuration of the double bond (95). For this reason, no deductions could
be made regarding the positions of any of the three double bonds in the esters
listed in Table 11.

Arcoled and coworkers (72) isolated a mixture of free fatly acids,

-
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(i.e. lauric, myristic, palmitic, stearic and oleic acids), as well as a

|
mizture of esters of myristic, palmitic, stearic and oleic acids from the

petroleumlether extracts of Cpuntia ficus indica. The esters found in this
i
i ¥ . n s R .

study‘wer§ not extracted in the defatting step as long chain esters are
|

s 1 . . - o . <2
practically insoluble in ccld petroleum ether. This is the only evidence

cl

i
1

of work with any similarity to the present studies,
Thé phenolic material (D) obtained after concentration of the
!
ethanol m&ther liquor from the cactus extracticn was hydrolyzed with agueous
scqium ﬁy@roxide. The free phenols obtained were methylated using diazo-

methane tJ improve thelr properties for gas-liquid chromatographic

analysis (J90).

Thel methylated phenclic material was chromztographed on a celumn of
iq s ’ . q . . - o} .
Silicone SbO 0i1 on acid-washed firebrick at 2457 . The unknown sample was

resolved into seven compcnents urnder these conditions. Each of the seven

|

components was collected directly onto potassium bromide (91) and an infrared
|
spectrum obtained of each component. Examination of these infrared spectra

showed that peaks 1 and 3 were due to mixbtures of a saturated methyl ester

and a phenolic compound, which was suggested by the double carbonyl abscrp-

1
tion at 1735 cm * due to an aliphatic ester and 1715 cm L due to an aromatic

ester., Iniaddition, in both cases, there was strong absorption at 2920 and
| .
2860 cmfl which is characteristic of aliphatic compounds, while, on the other

hand, theré were strong bands at 1600 and 1500 cmfl characteristic of
arcmaticit&, Gas—chromatography of the methylated phenolic material was re-

! e e e a .
peated at a lower temperature (215°), This time the unknown mixture vas

i

|
oy e . . . . o
resolved into nine components. Peaks 1 and 3 in the first separation (245 )

were each separated into two components under these conditions. Agéin each
|

P
1

component Qas collected directly onto potassium bromide and an infrared

+
|

i
!
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spectrum obtained for each of the nine components.

A comparison of these infrared spectra with those of authentic samples

prepared earlier for the Poplar studies, and a comparison of the retention

times of these unknowns with the retention times of the suthentic samples

as well as reference to the standard curve of methyl esters prepared by

plotting the log of the retention time versus

the number of carbon atoms

in the methyl ester permitted the identification of most of the components.

(Table 12).

TABLE 12

Acidic components of hydrolyzed acid fraction (D)

Retention time (min.)

Fracticon of methyl deriv,. % of tot Tdentity of methvl deriv,
1 5.3 147 methyl p-msthoxybenzeoate
2 6.25 1.78 methyl undecylate
3 8.2 1.83 methyl laurste
4 11.6 3.92 methyl 3,L-dimethoxybenzoate
5 12.48 L.1L methyl myristate
6 17.8 1.81 methyl pentadecylate
7 26.1L 2147 methyl palmitate
8 35.4 6.10 methyl 3,Lh-dimethoxycinnamate
9 5L.5 57.45 metﬁyl stearate

Isolation of both phenolic and aliphatic acids after hydrolysis suggests

thet the phenolic material (D) was probably a mixture of phenolic esters or

glucosides.,

The present viork appesrs to be the first report of the presence of

phenolic material in cacti.

It also appears to be one of the first times
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that}? —~sitostercl was not isclated from an Cpuntia species. In previocus
work on other species of cacti,_i}—sitosterol has usually been found in quite
significant amounts. Had}? ~sitosterol been present, it should have appeared

in the unsaturated fraction (F) cbtained by column chromstography of (C).

(0]

;?—sitostercl has previously been eluted quite sasily from alumina colwins

(19). The cther fractions were saturated ard so would not contain any

;3 ~-sitosterol,

HO
(1) ;3 Zsitosterol

The major fragmentation processes (95) of sterocids in the mass spectro~
meter involve cleawvaze of the side chainj; loss of an angular methyl group;
loss of the elements of water if hydroxyl or keto groups are present and
fragmentation of the ring system. Cleavage of the ring system is frequently
accompanied by the rearrangement of a hydrogen atom. It is kaown that
steroids of the general structure (A) above have a tendency to lose the R
group either as such or, to an even greater extent, to lose the fragment
R + 42, The most energetically reasonable origin of the A2 mass units lost
along with the side chain is €-15, G-16 and C-17,

No peak was observed in the mass spectrum at m/e 414 which would
correspond to F}— sitosterol. There appeared a peak of very weak intensity
at m/e 399 which could result from the loss of an angular methyl (¥-15).

Similarly a very weak peak at m/e 396 (m-18) was present which could result
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from the loss of water. However there were no peaks at m/e 273 (m-141)
which would result from clea\.fage of the side chain or at m/e 231 (m—-(R + 42))
which w:')ul%d result from cleavage of the side chain along with fragmentabion
of ring D éto lose C-15, C-16 and C~17 accompanied by rearrangement of a

hydrogen atom. This evidence supports the assumption that P -sitosterol was
{

not present in Opuntia fragilis.
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Schematic of Extraction and Isolation Procedure

Powdered Porulus balsamifera bark

Acetone
| |
Solid (&) Phenolic material (B)
TIC . 10% NaCH
Five fractions (Hydrolysis)
5% NaOH _ Phenols
(Hydrolysis) N
‘ QH2N2
{ | - .
Alcohols Acids (Methylation)
M 1.k
CHgoﬂ/HQSQ. lethylated phenols
i (Methylation)

Methyl esters
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IV EXPERTMENTAT,

(4) Populus balsamifera

The Populus balsamifera bark was supplied by F. H. Hewett of the

Forestry Branch, Department of Natural Resources, Prince Albert, Saskatchewan.
Gas~liquid chromatography was performed on an “Aerograph A-~700" instrument.
Melting points are uncorrected. They were determined on a Fisher—Johns
melting point apparatus using the flat plate method. The infrared spectra
were determined on a Beckman IR-8 or a Unicam SP-200 spectrometer. Analysis
were performed on an F and M Mcdel "185" €, H and N Analyzer. The mass
spectra were recorded on a MS5-9 mass spectrometer using the direct probe
method and were kindly determined for us at éhe University of Alberta,

Edmonton, .

Lolsl Preparation of the Bark

The dried Populus balsamifera berk, freed of any heartwood, was powdler-

ed using a Fitz mill equipped with a No. 20 screen and cutting knives. The

powdered bark was- used as such for subsequent extractions,

Lhele2 Extraction of the Powdered Park

The powdered bark (1120 g.) from the Populus balsamifera tree was

extracted continuously (6 hrs) in a Soxhlet extractor using acetone (6
liters). The acetone was removed, another six liters of fresh acetone were
added, and the extraction centinued for an additional sixteen hours. Upon
cooling, a white solid (&) (34.25 g.), (m.p. 78-797), which gradually
darkened én exposure to air, sebtled ouk from the combined acetone ext?acticns
and was removed by filtration. The acetone from the mother liquor was re-
moved by distillation leaving a dark brown solid (B; 10.5 g.), which gave a

purple color when treated with ferric chloride. B was soluble in 5%
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aqueous sodium hydroxide but was insoluble in 5% aqueous sodium bicarbonate,

L.1.3 Preparative Thin Layer Chromatography of A

A pértion of A (8.38 g.) was chromatographed on 152 Silica gel G plates
(20 x 20 cm.), 1.3 mm. in thickness, using benzene: dioxan: glacial acetic
acid (90525:A) as the developing solvent, Under these conditions A was
separated into five fractions which fluoresced blue under ultraviolet light.
Each of the five fractions was scraped off the plates separately. The silica
gel fractions were each extracted continuously (24 hrs) with acetone (125 ml)
in a Soxhlet extractor. The aceténe was removed by asrial evaporation. The

following results were obtained (Table 13).

TABIE 13

Fractions from Prepzrative Thin layer Chromatography of A

Eraction. Rf Weight (=) McPo
1 0.64 0,7267 76-78°
2 0.71 0.4870 72-74°
3 C.76 0.9806 71-73°
L 0.81 0.3190 68-69°
5 0.98 0.1246 67-68°

The remainder of the material (coloring matter and debris) failed to
migrate from the origin.

Rechromatography, under the same conditions as above, of a very small
aliquot of each of these five fractions showed that only fraction 5
apparently consisted of a single component. Fractions 1-4 were mixtures,
Fractions 1, 2 and 3 each gave rise to three spots while fraction 4 gave

rise to two spots.

—
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Lolol Hydrolysis of A and Mebhwlation of the Acids

A portion of neutral material A (2,01 g.) was hydrolyzed with 5% w/v
aqueous sodium hydroxide (125 ml) for four hours. The alcohols which
resulted were extracted into ether (200 ml.) and the product obtained on
removal of the ether wes defatted with light petrcleum (b.p. 60-68°) (5 ml),
then recrystallized from ethanol. In this way a product (0.447 g.), m.p.
Q2—83 , was obtained. The hydrolysis mixture was acidified and extracted
with ether {200 ml.). A mixture of acids (0,728 g.), m.p. 76-80°, wes
obtained after crystalligzation from ethanol of thé produst rémaining on
removal of the ether.,

A portion (0.6153 g.) of the mixture of acids was heated under reflux
(20 hrs) with concentrated sulfuric acid (0.1 ml) in methancl (20 ml). On
cooling the reaction mixture a brownish white solid separated. Water
(25 ml) was added and the precipitated methyl esiers were extracted with
ether (BOéml). The ether solution was washed with 2% aqueous sodium
hydroxide (3 x 15 ml), and then with water {3 x 30 mi). The ethereal layer
was dried}(CaClz) and evaporated to give the methyl esters wnich, on re-
crystallization from ethancl; gave the methyl esters (G 44T g5 T72.5% yleld)

MaDs 68~700

L,1.5 Preparation of the Standard Curves

‘The standard curve for the alcohols (Figure 1) was obtained by plotting
log retention time versus chain length using the 824, 626 and 628 normal
aliphatic alcohols., The alcohols were chromatographed under the fellowing
conditions:

€olumn: 0.3% SE-30 on glass beads (100/120 mesh) (5' x #¥).

Column temperature: 2450 .
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Heliwn flow rate: 200 ml/minute
Inlet@pressure: 35 p.s.i,

The standard curve (Figure 2) for the methyl esters was obtained by
plotting log retention time versus chain length using palmitic, stearic
arachidié, behenic, lignoceric, cerotic, palmitoleic, oleic; linoleic,
linolenié, arachidonic and erucic acid methyl esters., The methyl esters
were c’vdnatog“aphed vnder the following conditions:

Columdd 16% w/w butanediol succinate on acid-washed Celite 545 (2. 5 x =)

Columﬁ temperature: 220°

Helium flow rate: 60 ml/minute

L.1.6 Identification of the normal aliphatic alcohols obtained by

saponification of newtral material A,

The ?ive alcohol fractions obtained from the preparative thin layer
chromato gr ohy (section L.l.3) followed by hydrolysis (see L.l.L) wére
each s bj cted to gas chromatography under t%e same conditions as were the
standard alcohols (ssze L.,1.5); the log retention time was calculated for
gach comﬁonent and the chain length of the zlcohol was deduced from the

standard icurve., The following results were obtained (Table llv,)°

TABLE 1/

Normal aliphatic alcohols present in esters (4)
% of total alcohols

R, of estier fraction nin G _H, . OH in fraction
0462 20 0.63
.22 520
24 7.68
25 8.86 |
26 47.90

28 29,60
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TABIE 1) (continued)

% of total alcohols

0.7L

0.76

0.81

0.93

n in CnHznﬁioH in fraction
20 1.59
52 1.59
2, 6.82
24 L7.70
28 42,40
20 1.40
29 1.40
2 470
25 1o47
2% 19,80
28 541,30
18 0.17
20 0.5L
5 2,97
21 8.1C
25 2.85
24 45,70
o8 39.70
18 0.63
20 Lok
52 8,94
2, 7.31
25 1.62
26 h30
28 34.0
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Lolo7 Identificabion of the acid components (as their msthyl esters)

obtained by saponification of neutral material 4

The mixture of methyl esters obtained as described in section 4.1.4,
was gas—-chrometographed under the same conditions as was used for the
reference;standards (ses section L.l.5). The log retention time was
caleulated for the unknown methyl esters from each of the five fractions.
The following results were obtained (Table 15),

TABLE 15

Aliphatic acids present in esters (4)

1 )
% of total acids

Rf of ester fraction Aeid in fraction

0,52 Palmitic (clé) ' 0,57
Pslmitoleic (616) 0.17
Oleic (@18) 0,28
11-Eicosenoic (CZO) 1,17

herni (¢ -

Behernic \C22) 13.5
Iignoceric (GQA) L2.h
o 3 (e 1
Cerotic \026) 1.8

0.71 Palmitic 1.13
Palmitoleic 0.57
Behenic . 10,50
Iignoceric 47,30
Cerotic L0 50




i
|
|
|

Re

of es?er fraction

bl

0L76

I
i
i

0‘81

0.98

TABIE 15 (continued)
Acid ?f to?al.acids
in fraction

Palmitic 1.49
Pzlmitoleic 0.33
Oleic 0,65
Behenic 13.0

Lignoceric 16.3

C2h unsaturated, or 025* R.92
Cerotic 35.3

Palmitic 16.4

Palmitoleic 6.8
Stearic 6,20
Linolenic (018) 3,90
Behenic 21,80
Lignoceric 542,90
Palmitic 9.66
Palmitoleic 8,12
Stearic 757
Oleic 302k
Linolenic 5,17
Behenic 21..20
Lignoceric 31.40
Cerotic 13.50

* No C., unsaturated acid was available for comparison.
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Lol.8 Preparation of Authentic Esters

The appropriate acid (20 mg.) was heated under reflux for 2. hours in
benzene (30 ml.) with an excess of thionyl chloride. The excess thionyl
chloride was removed by repeated addition and then distillation of benzene
until thel odour of thionyl chloride was no longer present. The alcohol
(approx. 14 mg) was added and heating under reflux continued for a further

24 hours., The resulting mixture was extracted with 10% aqueous sodium

hydroxide| (2 x 10 ml), and then washed with water (2 x 10 ml). The benzene

solution ﬁas dried (CaClz), and the benzene was removed by distillation,

Small volumes of dry benzene were added repeatedly, then distilled off to

remove any water still present as water of recrystallization., The ester

l
obtained %as recrystallized from light petroleum (b.p. 40 - 600), and

stored ini a desiccetor until analyzed. The following esters were prepared

i

i

and analyzed (Table 16).




Ester

. Stearvl

stearate

tearvl
arachidate

Stearyl
behenate

Cerotyl
behenate

Octacosanyl
behenate

Octacosanyl
lignocerate
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TABLE 16

Aunthentic esters prepared

Formula
€y lio0s
CygilcOs
€ 0M80%

©,8%96%

G'525113_01;02

maizw
61-62°

67-68°
71~72°
80-81°
§2~83°

81-85°

Lolo9 Thin Laver Chromatography of Authentic Esters

Analysis
Calculated Found
C H C H

8059 13.43 80,32 13.32
80.78  13.56 80.30 13.50
81,00 13.60 81.31  13.54
8L.7h 13.72 $1.82  13.50
81.89 13.75 81,62 12.50
82.03 13.77 81,82 13,50

These esters were chromatographed under the same conditions as the

unknovn esters (as in 4.1.3). The following results weres obbained (Table 17).

Ester

Stearyl stearate

tearyl arachidate

Stearyl behenate

€erotyl behenate

Octacosanyl behenate

TABLE 17
T.L.C. of Long-chain fatty esters Rf

Total no., of € aboms Run 1 Run 2 Run 3
36, 0.96 0.93 0.94
38 Q.95 -
L0 0,92 0,90 0,93
48 0,90 0,88 0.91
50 - 0,83 -
52 ~ 0,87

Octacosanyl lignocerate




Cety
and stear

previousl

(large sample)

(small sample)

Le.2.1 Hy
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1 behenate was also synthetized but not analyzed. Cetyl behenate
y1l arachidate were chromatographed under the same conditions as

v described, (section 4.1.3). The results are given in Table 18,

TABLE 18

T.L.C. of stearyl arachidate and cetyl behenate

Re

Stearyl arachidate
0.83

Rp

Cetyl behenate
0.85

Mixture

0.84

0,90 0.91 0,92

0.965 0.965 0.97

drolysis of Acidic Material B

A po
section A
(125 ml)
(200 ml1)
fied with
The ether

(14 g) as

rtion of acidic material B (30 g.) obtained as described in

.1.2 was heated under reflux with 10% aqueous sodium hydroxide

for five hours. The cooled mixture was extracted with ether

and the ethereal extract discarded. The agueous layer was acidi-
concentrated sulfuric acid and extracted with ether (200 ml).
was evaporated under reduced pressure to give phenolic material

1
a brown viscous oil.

thylation of Phenolic Material from B.

The
and a scl
was added
vigorous

After the

230° whic

was filte

above phenolic material (14 g) was dissolved in dry ether (200 m1)
ution of diazomethane (from 34 g. of N-nitrosomethylurea) in ether
L in three aliquots at 3 hour intervals, ffervescence was quite
at first but gradually slowed down after the first methylation.

third methylation a brown powdery organic solid (0.49 g), m.p.>
h was inscluble in ether and gave a negative ferric chloride test

red off and rejected. An ether solution of the methylated phenolic
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materialzwas extracted with 10% aqueous sodium hydroxide (2 % 100 ml),
Acidificétion of the basic aqueous layer and extraction with ether gave a
black taf (0.9 g) which gave a purple color with ferric chloride. The
original;ether layer after extraction with aqueous sodium hydroxide was
washed with water, dried (CaClZ) and then concentrated to a volume of
approximetely 10 ml. The resulting brown viscous liguid was used as such
for gas—chromatographic analysis,

Preparation of diazomethane {97)

Nitrosomethylurea was prepared by treating acetamide (59 g) with
bromine (88 g), followed by 25% aqueous sodium hydroxide (160 ml) which gave
acetylmethylurea (50 g). The acetylmethylurea was treated with concentrated
hydrochloric acid (50 ml) to give methylurea which, when treated with sodium
nitrite (38 g), gave nitrosomethylurea (34 g), m.p. 123-124°.

Treatment of nitrosomethylurea (34 g) in ether (200 ml) with 50% aqueous
potassium‘hydroxide solution (60 ml) produced diazomethane which was dis~

tilled atjEOO and collected into ether,

L.2.3 Gas-chromatography of Methylated Reference Phenols

Seveyal phenolic acids, aldehydes and ketones (Table 19) were each

dissolved in ether and methylated using an excess of an ethereal solution
of diazomethane, The ether solution was then extracted with 10% aqueous sodiwm
hydroxide; washed with water, dried (Ga@lz) and gas-chromatographed under
the following conditions:

Column: 25% Silicone 550 0il on Acid-washed firebrick (40-60 mesh)

(61 x ).
Temperature: 2450

Heliuwm flow rate: 80 ml/minute. .




69

Each' one of the standards was collected directly onto potassium

bromide {approx. 50 mg) as the compound came out the collector tip. 4n

infrared spectrum was recorded for each one of the methylated standards.

The following standards were chromatographed {Table 19),

TABLE 19

Retention Times of Methvlated Reference Compounds

Identity of Reference Compound

Phenol
p~Hydroxybenzaldehyde
E—Hydroxyﬁenzoic acid
Cinnamic acid
Vanillin
Acetovani;lone
Vanillic acid
Syringald%hyde
E—Ccumarié acid
Acetosyriﬁgone
Syringic acid

Ferulic acid

Retention time of Methvl deriv. (min)

0,65
1.95
2.6
3.0
3.65
ko635
L.95
5¢55
6.8
6.85
77
13.1

La2ol Chfomatograohic Analvysis of the Unknown Methyvlsated Phenols

A portion of the

methylated unknown sample (section 4.2.2) was gas~

chromatographed under the same conditions as thosc used for the standards

(section 4.2.3)s The

unknown mixture was resolved into thirteen components,

each of which was collected directly ontc potassium bromide (approx. 50 mg).

An infrared spectrum was recorded for each of the thirteen components,

The results are illustrated in Table 1,
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The infrared spectra of Fractions 1, 2, 3, 5, 10, 12 and 13 (KBr dists)
exhibited bands at 2920 (s), 2860 (s), 1735 (s), 1460 (s), 1377 (w), 1260 (m),
1170 (m), 724 (w) and 714 (w) em L,

Fraction L: This fraction exhibited bands in the infrared (XBr disc)
at 2920 (w), 1715 (s), 1605 (s), 1510 (s), 1430 (s), 1270 (s), 1100 {s),

1030 (s), 965 (m), 800 (s), 770 {s) and 690 (s) em™r. & direct comparison
with authentic methyl p-methoxybenzoate showed the two compounds to be
identical in all respects.

Fraction 7: It exhibited the followiing bands in the infrared (KBr disc):
2940 (w), 1715 (s), 1600 (m), 1515 (m), 1465 (m), 1430 (m), 1415 (m), 1300 (s),
1275 (s), 1230 (m), 1190 (w), 1170 (w), 1240 (m), 1210 (m), 1120 (=), 1090 (w),
870 and 760 (s) cmF. These data are identical with those for authentic
methyl 3,hk-dimethoxybenzoate,

Fraction 8: It had infrared absorption bands (XBr disc) at 2940 (w),
1715 (s), 1535 (w), 1600 {m), 1510 (s), 1430 {(w), 1288 (m), 1255 (m),

1205 (m), 1175 (s), 1025 (w), 980 (M) (trans €E=CH), 840 (w) and 820 (w)
cm . The infrared spectrum was identical in all respects with that of
authentic methyl p-methoxycinnamste.

Fraction 93 The infrared exhibited bands at 2940 (w), 1715 (s),

1600 (s), 1510 (s), 1460 (), 1430 (m), 1255 (m), 1165 (s), 1030 (m) and
780 (m) cmflo The iderntity of this compound was not established,

Fraction 11: This compound exhibited bands in the infrared at 2940 (w),
1695 {s), 1620 (w), 1595 (s), 1510 (s), 1460 (m), 1435 (m), 1420 (w),

1250 (s), 1166 (m), 1140 (m), 1028 (m), 1020 (m), 980 (m) (trans CH=CH),
870 (w) and 815 (m) cm ™. A direct comparison with authentic methyl 3,4~

dimethoxycinnamate showed the two compounds to be identical in all respectse
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SCHEMATIC ITT

Powdered Opuntia fragilis o
Light petroleum (b.p. 40-6C")

(cold)
v ' I
Defatted cactus Light petroleum extract
Ethanol. (95%)
EsJers () Phenolic material (D)
@Olumn_ ) Hydrolysis
Chromatography :
Satur:}ted esters U saturi-ated esters Phenols
Hydrolysis . Beduction Methylation
l Saturated esters Methyl ethers
Aicohols Acids n~lHydrolysis
Methylation Alg;hols + Acids
Methyl esters Methylation ,

Methyl esters




(B) Opuntia fragilis
The icactus was collected (October 21, 1965) at Pike Lake, near

Saskatoorn and identified as Opuntia fragilis by Dr. B. J. Sallons, Canada

Department of Agriculture, Research Station, University of Saskatchewan,

Saskatoon.

L.3.1 Extraction Procedure

The pactus was ground in a Fitz mill equipped with a No. 20 screen.

The resulting wet green granular solid was dried in air (48 hrs). A portion
i

of the drﬁed powdered cactus (200 g) was defatted by suspending it in light
petroleumj(b,po.hO—éOo) (40O ml) for 3 hours. Concentration of the light
petroleum.extract yielded a dark brown oily substance (0.4 g). The defatted
cactus (ZbO g) was eitracted in a Soxhlet extractor for 8 hours with 95%
ethanol (1 1). Tge sclvent was replaced with fresh ethanol (1 1) and the
extractioh continued for another 15 hours. Upon cooling, a white solid (C)
(1.18 g), m.p. 85°, settled out from the first extraction and a further 224
mg of the?same white solid, m.p. 85~880, precipitated from the second
extraction, The combined filtrates were evaporated under reduced pressure
to give a'dark green semi-solid (D) (§a 10 g.)e

The ﬁarc from the ethenol extraction was ba§ified with ammoniuvm
hydroxide and extracted for 20 hours with chloroform (1 1) in a Soxhlet
extractor. 4 solid separated on concentration of the chloroform axtrac?
and it was recrystallized from benzene to give pale brown needles (30 mg),
M.Do 75~76°° t exhibited bands in the infrared {KBr disc) at 3340 (s),
3180 (s),:2920 (w), 2860 (w), 1670 (s), 1390 (m), 1140 (m) and 700 (s)
cmfl. A direct comparison with acetamide showed the two compounds to be

identical in a1l respects,
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Le3.2 Colurn Chromatography of €

A portion of € (1.5 g) was dissolved in carbon tetrachloride (40 ml)
and mixed with Type H adsorption alumina (2 g). The carbon tetrachloride
was removed in a film evaporator and the coated alumina was placed on a
column (30 cm) of alumina which was eluted as follows:

1) Light petroleum (b.p. 40-60°): A white waxy solid (98.2 mg),
Mm.ps 73-74° was obtained.
2) Light petroleum : benzene (3 : 1)
3) Light petroleum : benzene (1 : 1) Fraction E
3) _J

The combined fractions gave a white solid (205 mg), m.p. 77-78°.

(L]

L) Light petroleum : benzene (1

5) Benzene: A white solid (20 mg) was obtained.
6) Benzene: ether (1L : 1): A white solid (18 mg) was isolated,
7) Ether : ethanol (1 : 1): A white solid (41 mg), m.p. €2-83°%, was
obtzined,
8) Bthanol (95%): A white solid (3 mg), m.p. 82—830, was lsolated,
9) Acetic acid (5%): Aluminum acetate was the only product isolated.
Another chromatography of € (1.074 g) vas carried cub on alkaline
alumina, Brockman activity 1 (120-200 mesh). The coluunn was eluted as
follows:
1) Light petroleum (b.p. 40-60°): A white waxy solid (20 mg), m.p. 73~74°,
was isolated.
2) Light petroleum : benzene (1 : l); A white solid (16 mg), m.p. 80°,
was Obtained.
3) Benzene ‘1’ A white solid (9 mg) was isolated.

4) Benzene : ether (1 ='l)ﬂJ/




5a)

T4
Ether : ethanol (I : 1): A white solid (27 mg), m.p. 82°, with
absorptions in the infrared (¥Br disc) at 340G, 2920, 2860, 1460,
1050 (-OH), 724 and 71L cm~l was obtained. This spectrum was typical
of long chain saturated aliphatic azlcohols isolated in previous work,
These alcohols were subjected to gas~chromatographic analysis employ-—
ing the conditions previously used (section h.1.5). The results are

summarized in Table 20.

TABLE 20

Alcohols from Fraction 5a

n in CnH2n+1OH % of total alcohols in fraction
22 . 5 036
2L ' 5,19
26 13.12
28 76.31

5b) Ether : ethanol (1 : 1): A white solid (25 mg), m.p. 82—830 wa.s

obtained,

6) Ethanol: A white solid (1 mg) was obtained.

Le3e3

Mass Spectroscopy of Esters

For the mass spectroscopic analysis the saturatved aliphatic ester

fraction (E)}, m.p. 77»780, was recrystallized from benzene and the

unsaturated aliphatic ester fraction (F) was recrystallized from benzene,

ho3ek

Hydrolysis of Fraction B

The saturated esters (B) (110 mg) were boiled under reflux with

potassium hydroxide (8 g) in 95% ethanol (25 ml) and water (15 ml) for five

Y




hours.,
extracted
evaporate
(b.p. €0-
behind.
acidified
(200 m1).
mixture o
ing conce
reflux fo

(section

4.3.5 1d
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ﬁ
i
I
T

he mixture was cooled, water (100 ml) was added, ard the mixzture

The ebher solution was dried (CaGlz) and

d to yield & sclid which was defatted with light petroleum

68°) (L ml). A mixture of alcohols (50 mg), m.p. 82°, was left

The aqueous solution remaining after the sther extraction was

with concentrated hydrochloric acid and extracted with ether
he ether sclution was dried (Ca@lz) and evaporated to give a

o

£ acids (37 mg), which were dissclved in methanol (25 ml) contain-

ntrated sulfuric acid (0,125 ml). The solution was boiled under
r 3 hours and the methyl esters isolated as described earlier

L oL).

entification of the alcohols and meth¥l esters

The

were anall

alconols and methyl esters obtained as described in section L.3.4

vzed by gas—chromatography using the same condiiions as were used

in section 4.1.5. The results are summaerized in Tables 21 and 22.
TABLE 21
Alivhatic alcohols obtained efter hydrolvsis of fraction E
n in G H, . OH % of total alcohols in fraction
i
20 337
22 2,62
21 1.90
26 12.93
28, 7h .06
30 5,10
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TABLE 22

Aliphatic acids obtained after hydrolvsis of fraction E

hcids (Identified and chromatographed
in the form of their methyl esters)

Palmitic
Heptadecanoic
Stearic
Nonadecanoic
Arachidic
Heneicosaﬁoic

Behenic

Lo3.6 Reduction of fraction F and hydrolys

74

b of total acids in fraction

25,61
3.02
26.53
1.53
13.77
8,86

20.51

is of the reduced products

A portion of the unsaturated esters (F

g hours im a medium pressure hydrogenztor (

thanol (1

oxide (8 r

[sH)

vas filter:

e
o

cif by filtering the solution

through a|fine sintered glass funnel. The

seturated|esters (30 mg), m.p. 77°. The sa
nydrolyzed as described in section 4.3.4.

isolated as before (ssetion 4.1.4) and the
The alcohols and methyl esters were analyze

conditions described in section L.l.5. The

Table 23,

ng) and one drop of concentrated hydrochloric acid.

) (31 mg) were hydrogesnated for

2 pes.i.) in the cold using

1) (20 ml) as the solvent, in the presence of platinum

The catalyst
first through filter paper, then
solvent wgs evaporated to give the
turated esters (30 mg) were

The acids and alcohols were

acids methylated (section L.1l.k).
d by gas-chromatography using the

resullts are summarized in




&1ip hatig alcohols obtained after reduction and hydrolwvsis of fraction F.
nin € H, . CH % of total alcohols in fraction
22 ©1.98
24 549
26 7.92
28 64.36
30 : 19,80

The [Following aliphatic acids; p-tridecanoic, myristic, n~pentadecanocic,;
palmitic,| n~heptadecancic, stearic, n-nonadecznoic, and arachidic acids;

were isclated after reduction and hydrolysis of fraction F. Their retention

times in minutes were 1.1, 1.5, 2.0, 2.6, 3.3, k.3, 5.7 and 7.7 respectively,
|

ho3.7 Hvdronsls of fraction F
|
A porulon of the unsaturated esters (F) (30 mg) was boiled under reflux
1
with potabsium hydroxide (8 g), 95% ethanol (25 ml), and water (15 ml) for

8 hours. | The alcochols were isolated as described in section L.1l.L,

)

|
|
i
(
Acidificaplon of the agueous solution with concentrated hydrochloric acid
i
followed by extraction with ether (200 ml), dryl z (caCl ), and evaporation
of the ether gave one drop of unsaturated ac1ds as a colorless liquid.

The alcohols were subjected to gas—vhromatogrgpny (see section L.l.5).

The results are summarized in Table 24,
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TABLE 2),

Aliphatic alcohols obtained after hydrolysis of fraction F.

ninC H, . OH % of total alcohols in fraction
22 1.75
24 7.9
26 6.k
23 64.8
30 19.1

Lho3.,8 Hydrolysis of phenolic material D

A povtlon of the phenolic fraction D (10 g) was boiled under reflux
with 108 aqueous sodium hydroxide (125 ml). The solution was cooled,

)

acidifi d with concentrated hydrochloric acid and extracted with ether

(200 ml\ - The ethereal solubion was dried (CaBl ) and methylated using
an excess of dizzomethans in ether. Diazomethans was added repeatedly over
a period qf L hours. The solution was allowed to stand overnight and then
exiractediwith 10% agueous sodium hydroxide (50 ml). The sthereal layer
WaS driedgfcaﬁlz) and the solvent evaporated down to a small volume (5 ml).

The solut i cn of the methyl ethers was used &s such for gas-—chromatographic

anplysis.

L.3.9 Ga;—chromatog;aphy of the methylated phenols from D,

A portion of the msthylated material wms subjected to gas~chromato-

grephlc ahalysis using the following conditions

Column: 25% Silicone 550 Oil on acid-washed firebrick (40~60 mesh)
(6 x B,

- . o
Column temperature: 215
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Helium flow rate: &80 ml/minute,

Inlet pressure: 35 p.s.i.
The unknoyn mixture was resolved into 9 components under these conditions,
each of wﬁich was collected directly onto potassium bromide (ca. 50 mg).
An infraréd spectrum was recorded for each of the 9 ccmponents. The results
are summarized in Table 12,

The infrared spectra of fractions 2,3,5,6,7 and 9 (KBr discs) exhibited

ands at 2920 (s), 2860 (s), 1735 (s), 1460 (s), 1377 (w), 1240 (m),
1170 (m), 72k (w) and 714 (w) enL, Fraction 1 was methyl p-methoxybenzoate,
fraction 4 was methyl 3,h-dimethoxybenzoate,; and fraction 8 was methyl 3,4~
dimethoxycinnamate., Their infrared spectra were identical with those of
authentic%samples. The infrared absorptions for these compounds are as

given in section L.2.hs .




(1) A

poplar) gave neutral and acidic

cetone extraction of the bark of Populus balsamifera L.

80
V. SUMMARY

{Balsam

fractions, OSaponification and gas—chromato-

graphic analr31s of the neubtral meterial indicated that it was a mixture of

long chain fatty esters,

palmitoleic, stearic, oleic, linolenic, ll-eicosenoic,

and cerot
cnes with
the acidi

probably

and ferulic acids as well as

palmitic,i

c material, which

the acid components of which were palmitic,

ehenic, lignoceric,

ic acids; the component aliphatic alcohols were the straight chain

18, 20, 22, 2k, 25, 26, and 28 caerbon atoms. Saponification of

consisted of phenols, phenolic esters ard

pt henolic glycosides, yielded p~hydroxybenzoic, vanillic, p-coumaric

caprylic, pelargonic, capric, tridecylic,

stearic and arachidic acids.

(2) Ethanol extraction of the Cactus, Opuntis fragilis.(Yellow cactus)
geve neubral and acidic fractions. The neutral matsrial was chromatographed
on an 2luinina column from which a saturated and an unsaturated long chain

molecular|weig

respectiv
of a hono:
530, 5Lk,
ester

with gas—(

|

ely,

logous serles of esters with molecular weights 474,

s were identi?

chromatogr

ester fraction were obtained., The satursted fraction was shown

pectroscopy to consist of a homologous series of esters with

hts 676, 690, 70L, 718, 732, Ti6, 760, T7hL, 788 and 802,
imilarly the unsaturated ester fraction was shown to consist

188, 502, 516,

558, 572, 586, 600, 61k and 628, respectively. The individual

"ied by examination of the fragment ilons in conjunction

aphic analyses of the acid and alcohol components after

L

saponification,

Saponification of the acidic mater

ial followed by methylation and
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then gas-chromatographic analysis of the methylated products indicated the
resence Lf p-hydroxybenzoic acid; wvanillic acid and ferulic acid in

addition to undecylic, lauric, myristic, pentadecylic, palmitic and

stearic gcids in this fraction,
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1.

12.

13.

L
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