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The everyday*usé of fats and oils can roughly be
divided into the following twe classes. [Firsily, they
are one of the.basic ingredientg, directly and indirectly,
in the diet of the human Seing@ Secondly, they are used
for soap=-making, fér\the manufacture of paints and other
drying vehicles, and also for meking greases and other |
miscellaneous, indusirial products. For each purpose a
different type of 0il is needed, so that it is necessary
not only to know the origin of an oil, bﬁt also its
properties and cpm@osition before it can be classed for.use

in any one of the above-mentioned categories.

For human consumption an edible oil with a pleasant
taste and flavour is required, preferably an oil with a low
.iodine value or a fa£ with a 16W'melting point. For
soapmaking a fat or oil is required which contains a
relatively‘small propc:tion of fatty acids with more than
eighteen carbon atoms in the chain. For the dnying oil
industry an oil is required with an iodine value higher
‘than 170 (castor o0il is an exception in this category),
while the different industriai ugers lay down very rigid

standards for the oils which they reqguire.

When isolating a new oil, it is thus very important to
determine not only its physical and chemical constants, but

also the nature and composition of its fatty acids.

The annual consumption of fats and oils hag increased
tremendously during the'pasi twenty years, and préduction
has not been able to keep pace with demand. Not only is it
thereforé neceésaﬁy to increase the present production of
fats and oils from established resources, but itvis also

desirable /ss.o
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degirable tw investigaﬁe the possibilities of producing
fats from lesser known fegourceé. - The study of o0il bearing
seeds from a variety.bf indigenous plants is thus of some

significance.

In the course of this investigation, the geeds and

fruit of the fcllowing speciesfnave been investigated;

(l) Three members of the genus Ximenia vxz., X. caffra

gond., X. gafﬁrg var. gataleaglg Sond. end
X. americana var. gicrophylla Welw., commonly known

as '"sour plum".
(2) sSclerogarya caffra Sond_; cammbnly‘known as Maroola.

{3) Three members of the Strychnos family viz. Strychnog
Mﬁs Strychnos dysophylla and Strychnos goccoloides.

-The 011 content of the kérnels of the ‘Ximenia species
and of gg;ggggggxg.g_ffra sond. has been detemmined, as

well as the 011 content of the fruxt pulp and kernels of

‘the Strychnog species. As the oil content of the fruit of

the gtrychnos species was found td be extremely low, work on
these ppec1es was not carried farther° " The composition of
the kernel 01ls of the other specles was, however, |
determxned. The absorptlon spectra of the oils from the
fimenia species revealed the presence of a conjugated acid.
This acid haé been isalated and characterised as Octadeca-
ll-ene-Q-ynoie acidgy the common name Xjimenynic acid, is
proposed for it. Two other unsaturated acids, gggenlg gg__
and Lumenigueic acid were isolated in 956-97% purity. The
composition of oils are listed in Tsbles XXXIII - XLV.

The composition of the kernel oil of gclerocarya caffra

Sond. has been determined. It showed no distinctive

characteristics and is typical of the other oils from the

Anacardiaceae family.
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The genus Ximenia belongs to the Qlacaceae or hog plum
family, end is represented in almost all parts of the
“tropical world e.g., in the tropics of Ame}ica, Africa and
Agia.  The most widely spread and best known species is
Ximenia agmericang which is considered to be of some economic
importance, the wood is said to make a fair tlmber, the
kernels contain a high percentage of oil, while the fruit,
which is extremely tart, is used for jams and jelly
making.l’ Other species are found in Australia, Africa,
India and America, and in South‘Africa,thfee species are
known to exist, viz:- |

Limenia geffra Sond., Ximenia caffrg var. ng&@lgnéis
sond. and Ximenia smericana var. microphylla Weiw., all are
commonly known as the "Sour plum" and as "Ma-gwenya' by the
Zulus.2

The natives of the low-veld (BushVeld) realise.the
potentialiiies of the Ximenia fruitg not only do they pick
the fruit for its juice but the geeds are also dried and
the oil pressed from the kernels with the aid of stones.
The 0il is used as a grease on the axles of the waggon
wheels, and also applied (o the skin in winter. They
- maintain that ﬁhe oil keeps the skin soft and prevenﬁs the
chapping of the hands and feet, but they do not appear’to
use it for frying or cooking. In Rhodesia the natives
use the oil in leather tanning, and an extract from the
roots of the tree is used as a medicine for calves.°  The
kernels of the seeds taste like filberts, and when roasted

could /es.
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could replace roasted nuts or almonds. In Southern India
the oil is extracted and is used as a substitute for Ghee4
(Ghee is a clarified butterfat, which is used in India

for cooking).

Ximenia species were first investigated chemically

5

by Heckel,” who described the species and reported the oil

content of the seedssy other workers who investigated the

6 7 9

seeds were Suzz15 Grimme, Schroeder,8 Pieraerts,

Mangaillanlo and Freise,ll all these workers described the
Ximenia species in general and reported on the high oil
content of the kernels. Kernels from iocal species were
investigated by the Imperial Instit.ute12 in 1817, 1924 ad
in 1934. The three samples have been recorded as Ximenia
americana,'and although thé exact origins of two samples
are uhknown, it is now known that the sample analysed in

1934 and which was sent from Ixopo in Natal, was most

probably the x;ggggg caffra var. patalensig Sond.

All these workers reported the physical and chemical
congtants of the oily and remarked on the high ﬁiscosity
of the oil as pressed, or extracted with acetoneg the oil
extracted with petroleum or carbon disulphide was also
vigcous and a rubbery material was separated from the
petroleum-extracted oil. They also remarked on the
relatively low saponification number of the oilg and
- whereas Schroeder postulated the presence of Czo'acids,
Pieraerts (very rightly) postulated the presence of cerotic

acid (Cze acid).

The first attempts at a more complete chemical
investigation of the o0il were made by Puntambekar and
Krishna,4 and Boekenoogen;13 the first named authors
discovered the presence of a new‘unsaturated acid having 26
carbon atoms in phe chain, while Boekenoogen confirmed the

results /...
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results of these workers and (in addition) isolated a Cso
unsaturated acid. Puntambekar and Krighna worked on

Aimenig americana, Linn from India, while Boekenoogen studied
.“Lumeque" nuts from Western Africa, which were later
identified as Ximenia seceds. Both these groups of workers
reported on the presence of a rubbery material in the
petroleum ether extracted oily the o0il extracted with
acetone was also somewhat c¢loudy and more viscous than the

other vegetable oils.

The results of analyses by previous workers are
summarised in Table I while the fatty acid compositions of

the oils are given in Table XIV.

According to the literature nothing has been done on
the igolation and characterisation of the acidic principile
in the fruit Jjuice and also on the characterisation of the
rubbery material which was extracted from the kernels with
light petroleum. In the course of this investigation,
the attention was therefore not only focussed on the oil in
the kernels, but also on the characterisation of the acidic
principle in the Jjuice and the rubbery material in the

kernels.

:ablg Ip /« L



Ximenia
americana
ex 4
S ‘India.'
Percentage kernel 48
0il content of 49
kernel (%)
Moisture content of 3.6
kernel \%) .
Congtants of Oil:-
gpecific gravity 0.9262
Refractive index 1.4710 |
Iodine value , 82.5
Saponification value 169.5
Acid value 23
Reichert Meissel value Fil

Unsaponifiable matter (%) 1.7
Viscosity (Hoppler) -

Molecular weight of acids 319.8
Saturated acids of total 31.0%

West Africa.”

-

53

84.3
167.3
10.0

200 cps.
314
6.0%

Ximenia

americana.

-

62.7

0.9195

1.4725
93.4
171.0

Piscussion. feesoo
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Fruit Juice.

The composition of the fruits of two Ximenia species,
collected in the Groblersdal district , was determined and

the results are listed in Table II.

The fruit Juice had a light reddish colour and a
pronounced sour téste. An attempt was made to determine
‘the acid content of the juice by titration with standard
alkali, using the standard indicators, bﬁt the colour of the
solution changed to a purple blue and finally the acidity was
deterﬁined by.potentiometric titration.. This change in
colour on addition of the alkali, may be due to the presence
of an orthocyanineudye,l5 but no attempt to isolate and
characterise the pigment responsible for the colour changes
was made.  From the chemical tests on the juice, the
preaence of citric acid was suspected and this was estimated

quantitatively by the penta-bromo-acetone met.hodal6

It will be noticed that there is a difference of 0.26%
in the citric acid content of the Jjuice by the two methods,
and it appears that some of the citric acid is present in the

form of a salt.

Table II- /anoo



(1)
caffra var.
Ximenia natalengis Reported
caffra gond. songd. previeusly‘lz

Colour of fruit Orange red  Purple red -
Average weight of iz.4 7 11.8 32

fruit (gr.)
Weight of seeds (gr.) 2.4 2.1 1.1 (Kernel)
Seed as % of fruit 19 18 35  (Kernel)
Moisture content 77.6 | 77.8 - |

of pulp (%) '
Moisture content of 26.2 22,6 3.1

fresh kernelsg (%)
0il content of fruit  0.43 0.42 -

pulp (%, wet) : o
0il content of fruit 1.92 1.88 -

pulp (%, dry)
0il content of 65.7 64,1 67.4

kernels (%, dry)

Normality of juice 1,337

Percentage volatile acids negligible

Citric acid (%4 by penta-bromo- 8.76 N

method) /
Equivalent citric acid (from ' 8.5
: acidity %)

Thus citric acid in salt form 0.26%

The Jees
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The eitric content of the fruit juice is remarkably high.
It is somewhat higher than lemon juice and much higher than

that of most other fruit.lG

Kernels.

‘The Ximenia seeds, which'were analysed, were collected
in the different areas menﬁioned in Table 1IV. The fruit |
wag picked when fully ripe, the flesh and pulp removed and
the seeds dried in the sun. A soft hull protected the
kernel, and this could easily be broken'by rubbing it between
the fingers. This is in agreement.with other reports on the
seeds: the Bulletin of the Imperisal Institutelz suggested
that for large scale extraction of the oil, the shells could
be broken in a Miller's palm nut cracking machine and the
hulls and kernels separated by means of sieves and an air-
blast. For the aﬁalyses Qf the kerne}s the hulls were
removed, and the'kernels minced iﬁ a household meat mincer
and analysed according to the.ApO.C.S.ﬂmethods;l7 these

results are given in Table IV.

§9g20§itign and Analysig of Ximenia Seedsg.

Ximenig Ximenia
cafira var, gmericana

Ximenia patalensis var.
caffra sond. - Sond. microphylla
Seeda collected at Bechuanaland  Ixopo, Natal Pondoland
Average weight (g.) 1.46 2.27 1.06
Average weight of , ,
kernel {g.) 1.15 1.63 0.68
Percentage kernel in seed 78.8 71.8 64.1
0il content of kernels (%) 65.0 : 60.1 65.0
0il content of total 51.1 43.2° 41.6
seeds (%, wet)
Moisture content of 4.1 4,1 5.0
kernels (%)
Percentage "sweet . 0.85 0.5 0.9

material” extracted
with acetone (%)

Both /....
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Both acetone and light petroleum were used in the .
preliminary experiments for the extraction of the oil from
~ the kernels: the different solubilities of the different
constituents of the kernels in these two solvents, resulted
in somewhat different results. Thus, the acetone extract
contained a polysaccharide (which separated<out'from the
extract duriﬁg the eXtraction) and a crystalline material
insoluble in . light petroleum. The latter tended to
separate from thevextracted 0il on standing and could be
precipitated therefrom by dilutien’&ith light petroleum.
On the other hand, the petroleum e#tracted'oil. contained
a rubbery constituent. Thise wasAinsolublé in ‘acetone and
therefore not present in the acetone extracted oil, and was
precipitated by addition of acetone to the 0ily the presénce
of this rubbery material in the petroleum extract, but not
in the acetone extract probably accounted for the differehce
in viscosity of the freshly extractedvoils (B and f onvthe
Gardner-Holt viscosity scalels)_ The compounds precipitated
by.addition of petroleum to the acetone extracted oil and
vice versa, will be described in greater‘detail in the
section on the unsaponifiable matter in the oil (see p.34).
The acetone extracted mxkrmgkad petroleum treated oil and the
pe troleum extracted acetone treated oil were similar in
viscosity and appearance and both oils deposited only a small

fhreak® on storage.

For the determination of‘the chemical and physical
constants of the oil and for studies on the component acids,
bulk o0il supplies were obtained by acetone extraction of the
minced kernels, followed by petroleum precipitation of the
solid crystalline material frbm.the extracted oil. The
chemical and physical constants of the 0il are given in
Table V and were determined by the methods outlined in the

experimental section.

Iable !‘o /o‘..



Ximenia Limenia

Ximenia gaffra var. american
gaffra Sond. natalensis var.
ex gond. microphylla
Bechuanaland. ex Ixopo. ex Pondoland.
Specific gravity 25°/25° 0.9190 0.8152 0.9154
Refractive index at 25° 1.4734 1.4710  1.4712
Acid value of oil 2.52 0.99 1.49
Todine value of oil 83.03 % 79.66 % 77.36 %
Saponification value 170.4 172.8 165.2
I.V. from hydrogen' 129.0 - -
absorption :
Reichert Meissl value 0.22 - 0.40 0.19
Polenske value. 0.31 nil nil
% Non-saponifiable ‘ - 1.38 1.34 1.35
material '
% Rubbery material 0.75 1.0 1.1
% Gelatinous material 0.3 0.39 0.5
B(1%, 1 cm.) at 268 mp 11.78 : 0.67 0.93

E(1%, 1 cm.) at 229 mp. 142.3 121.6 123.7

The iodine value calculated from the hydrogen absorption
ﬁas higher than that obtained by conventional methods and
reflected the presence of compounds whese unsaturation could
not be measured by the iodine value reagent (for discussion
of this see p. 29). The absorption gpectra of the oilsg
between 300 and 220 mp are given in Fig. 1. (For the light
coloured Ximenié ¢ils it was only necessary to determine the
abgorption spéctra between 220 and 340 mp.)  The spectra
showed a well-defined maximum in the 230 mp region and an
inflection in the 270 mp region: the fatty acidslof the oils
had the same spectra and it is evident that the components

which caused the maxima were part of the fatty acids.

1t /‘...I
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Fig. 1.

Absorption Spectra of Ximenia Oils.

+4++  X.cattra Sand,
oao-2  X.catfra var. Natalensis Sand.
6606 X.americane microphylia.

Wavelength

280 260 240 220 mp
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It is a known fact that conjugated dienes show a
meximum in the 234 mp region, and that trienes show a
maximum in the 270 mp regionylg furthermofe, if a double
bond is conjugated with a carboxyl group the maximum is-
between 10-20 mp lower than the maximum of the corresponding
number of double bonds. It is also known, that if a triple
bond forms part of the conjugated system then the extinction
coefficient of the compound is about %/5 to 3/, of that of

a corresponding compound containing only double bonds.zo

As the abgorption spectra of the oils had a well-defined
~ maximum at 229 mp and an inflection at 268 mpy the oils.
apparently contained a relatively large percentage of an
acid having one of the following structures as part of the
molecule ;=
-C=C=«C=C=~ or -C=¢C=~C=0,

or a larger percéntage of an acid having the following
structure:~ .

‘ =C=C.,C=C or =-C=C-C=0g
and a small percentage of an acid having three double bonds

(or two double bonds and one triple bond) in conjugation.

Before the final composition of the oils could be
effectively studied, it was thus necessary to isolate and
characterise the diene (or enyne) acid and to determine its
iodine value, neutralisation equivalegt and extinction

coefficient.‘

The presence of two other diene acids has been reported
in the literature: in the alkali isomerisation of linoleic
acid, a conjugated acid is formed, having A max. at 232.mﬂ
with an E(1%, 1 cm.) of 13,9021 (Later work by Nichollsza'gg.
al. reported the isolation of an acid with E(1%, 1 em.) of
950 and an acid with E(1%, 1 cm.) of'870), while a C;g
conjugated diene acid was isolated from the'dehydrohalogenation

Of /COG
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of mono-bromo-oleic acid, having a A _ at 230.5 mg,

axe.

£ = 28.840, which is equivalent to an E(1%, 1 cm.) of 1028;23

During attempts to isclate the unsaturated acid, the
probability that it would have either an E(1%, 1 cm.) of
about 1000-1200 or an E(1%, 1 cm.) of about 500-600 (for

enyne system) was borne in mind.

Owing to the complexity of the fatty acid mixture
derived from natural fats, no single method is universally
applicable to the separation of an unknown acid. In most
. caseés several methods must be combined to get reasonable

separation from the other acids present.

Regardless of the method to be followed for the
separation and identification of the fatty acids of an oil,
it is always esseﬁtial to obtain:the free fatty acids by
saponification; several methods have been recommended for -
the saponificetions of fats end oils, e.g.. the use of
different alkalis,:and of solvents with higher boiling points
to facilitate Saponification of the glyceridea. Ddring
theAinvestigation of the Ximenie o0ils, the method recommended
by the S.P.A.24 for the saponification of the oil and
extraction of the unsaponifiable matter was used with the
following modification: afier saponification, the alcohol
solution containing the soaps and unsaponifiable matter,
wasvpoured inté double its volume of distilled water (With
tap-water, a precipitate formed at the interfacial layer

which tended to enhance emulsion-formation).

There are generally three methods for the separation of
fatty acids into fractions witﬁ-similar properties or
molecular weight. (1) Distillationg (2) Crystallisationg
(3) - Adsorption. Usually a cambination of these methods
. is applied for the concentration of a particular acid or for
the quantitative study of the composition of the ﬁotal acids,

and feeo.
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.and usually the fatty acids are first separated into~"solid"
and "liquid" fatty acid fractions by crjstallisation.
Various methods are available in this category:-

{a) Differences in the relative solubilities of tbé

metal salts of the fatty acids may be exploited, e.g. the
TWitcheli'szs or leadsalt method for the separaiion of the
liquid and solid fatty acids.

(b) Differences in the relative solubilities of the fatty
acids in various solvents may be exploitedg this is the
bagis of the low temperature crystallisation oﬁlacids, which
wag developed by Brown27 et al.

(¢) Crystallisation of the bromo derivatives of the
ungaturated acids.28

(a) Convérsion.af the acids (or methyl esters) into the
urea coﬁplexes and the fractional crystallisation of these

urea complexea‘zg

After the different fractions have been obtained from
the above mentioned processes, the fatty acids are converted
into the methyl esters and fractionally distilled under
vacuuli. The fractions containing the highest percentages
of the unknown or wented acid, are then combined and
fractionally crystallised or else subjected to chromato-

graphic adsorption on various adsorbents.

Twitchell's leadsalt method for the separation of solid
an&‘liquid fatty acids has slowly been replaced by the
simpler but more efficient low temperature érystallisation
method of Brown gt al., and this method,also applied in the
concentration of the enyne acid as well as in the quantitetive

fatty acid studies of the Ximenia oils.

Several trial experiments were carried out to determiné
 the most'suitable solvent, concentration and temperatﬁre
’for the low témperafure crystallisation of the total fatty
acids, and only the resultis of the following three have

beed /0'0-0



been,given:-‘

(1) Crystallisation of total acids from ether at =40° and -
crystalliéation of the liquid acids from acetone at -60%,
according to the method used by Schwartz et al. fcr the

fatty ac1d studles of AcaCIa cyelops. B

The results of this expgrlment have been summarised
in Table VI. | ‘

% of

Total E(1%,1cm.) E(1%,lcm.)
Fraction Acide 1I. Ve N.E. 268 mp 229 mu

Ay Insoluble in 27.2 40,14 384.5 - -

’ ether =-40°
A,  Soluble in  7.15 106.1 202.9 13.2 268.4

‘ ether =402 .
B, Insoluble in 59.5 102,1 291.8 9.5 175.0

' acetone =60° ‘

' Bg  Soluble in ~  6.16 151.7 290.4 58.2 342.8

_acetone -80°

(2) Crystailisatién of the total fatty acids from acetone at
-25°C, followed by eryatallisation of the liquid fatty acid
from light petroleum at ~22°Cy the results of which have

been summarised in Table VII.

:’ 2 blg !II » /o‘-’o‘ .



IABLE _VII.
e 1li on_fro

Acetone and Light Petroleum.

QELigkgle E(1%,1cm.)
Fraction . acids. 229 mu
A Insoluble in acetone at=-26° 36.8 &6
B Soluble in acetone at -25° 63.2 180
By Insoluﬁle in light ' 14.7 457 ¥

petroleum at ~22°

* The neutralisation equivalent of this fraction was 294.

It will be noticed that by using.ether and acetone as
solvents, the E(1%, lem.) at A . 229 mp could be
ing¢reased from about 140 to 342.8, but that two other
fractions were obtained with E(1%, 1 cm.) values of 268 and
175 respectively (see Table VI). By using acetone and
light petroleum as solvents, however, the E(1%, 1 ém.) of
the acids could be increased from 140 to 457, so that this
was a better method for the concentration of the conjugated

unséturated acid.

- It was noticed, however, that after each drying process
for the isolation of the fatty acids, that the liquid fatty
acids developed a redder éolour. To avoid any unnecessary
heating and oxidation, the fattiy acids for the quantitative
studies of thevcomposition of the oils, were crystallised
only once from acetone. The results and analyses of the
Ms0lid" and "liquid® fatty acids in this experiment have
been summarised in Table VIII (i), (ii) and (iii).

Table VIII. /e.o.
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' (B) Soluble in 265.7 -

(i) Low Temperature Crystallisation of the Fatty Acids. .
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Weight
(E&) . %
Total fatty - -
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(A) Insoluble - 140.8

in acetone’
at =25¢
(10 ml/g.
acid) /

65.35
acetone
- at -25°

I.Vs

34.65 47,6

9740

nenia caffra sond.

E(1%,1lem.) E(1%,lcm.)

N.B., 268 mp 299 mp
312.0 11,63 148.3
a72.8  2.71 42,09
288.5 13.45  196.9

Low Temperature Crystallisatlon of the Fatty Acids

of ﬁ...%&i.lé .ﬁf.__e fra var, m_ag..ﬁ Sond.

at 259

weight S
. (g<) %  I.Ve
Total fatty e -  78.6
acids :
(A) Insoluble 94,9 29.16 47.3
in acetone -
at =25
(10 mL./g.
acid), :
(B) Soluble in 230.5 70.84 93,2
acetone v '

. E(l%,lcm.) E(l% lcmo
N.B. 268 mrt 2é
. 310.6 0.75 137,.6 ~
371.8 0.26 32.8
286.9 0,91

178.3

{iii) 1low Temperature Crystallisatlon of the Fatty Acids

- of z;mggéaugggric a vars microphylila Welw‘

¥eight B(1%, lom. ). B(1%,lcm. )
{g.) @ TeVs 268 mp 229 mp
‘Total fatty acids == - 76,9 - 1.04 132.9
(A) Insoluble in . 101.8 38.63 54.4 0.35 38.9
acetone at _
~25° (10 ml./
ge) -
(B) Soluble in  161.7 61.37 96.0 1.51 189.2
, acetone
at =-25°
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The acid fractions were then converted into the methyl
esters and fractionally distilled through an electrically
heated and packed column and collected with the aid of a

81 For the bulk isolation of the unsaturated

Perkin triangle.
acid, the‘fractions were cut according‘to the boiling pointg
for the acid studies, succesgive fraétions of 5-6 g. were
collected: these fractions were then accurately weighed |
and analysed without delay. The weights, iodine values
(Wijs, one hdur) and saponificaﬁion equivalants of the
fractions from the three oils are summarised in Tables
AXXIV - XLI. The results of a fractionation for the bulk

extraction of the unsaturated acid are given in Table IX.

B.P. Column Oil Bath Presgure Weight E(1%,lcm.) S.B.
Fragtion (top) Temp. (°C) mm's (g.)

268

1 155 187 247 0.6 - 23.1642  59.1 296
2 161 194 258 0.5  27.7243 191.6  295.5
3 16l 194 258 0.6  29.5822 231.0  295.3
4 160 193 268 - 0.4 - 30.7202 425.0 - 293.9
5 162 198 258 0.45 30.2100 543.0  292.8
6 162 198 258  0.45 29.4100 484.0  294.1
7 158 198 0.1 31.5588  450.0

296.4

During these distillations an unexplainable variation in

the E value of successive fractions was observed.

Instead

of finding a steady increase in the E value of the fraction,

an irregular rise and drop was observed with every third
fraction, also a wide variation in the duplicate &eterminatians
if gifferent cells were used for the absorption determination

Gf ‘/'C-“O‘
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of one sample. It was later found that the silica cells
adsorbed the diene ester very strongly and it was therefore
necessary to determine the cell corrections after each series

of analyses.

From Tables IX and XXXIV it will bevnoticed that there
was a gradual drop in the saponification equivalenté w@th:
the increase in the E value. This was observed in the |
distillation of all the'meihyl esters of the liquid fractions
of thé Ximenia oilss; the saponification equivalents reaqhed.
a minimum with the maximum E(l%, 1 cm.) and this indicated
that the unknown.acid had a lower molecular weight than the .

accompanying oleic acid.

Chromatography was subsequently used in an attempt to
purify the methyl esters of the éonjugated diene acid.32
In general the procedure was carried out as follows: a
weighed‘quantity of the adsorbent of desired activity was
placed in the column (a glass tube), constricted at the lower
end and coﬁtéining a -small perforated disc and a cotton wool
pad. The adsorbent was tightly packed and the soiution
containing the methyl esters poured onto the adsorbent.
This was followed by more solvent and care was taken that the
column did not run dry and that a regular flow of liquid
was obtained through the column. .The fractions were -
collected at the bottom and analysed. Due. to the compli-
cétion introduced by the lack of visual means of differen-
tiating between the adsorbed bands, appropriate experiméntally
determined conditions were employed, and in doing s¢ the
experience gained by previous workers in the field was borne

in mindg.

Using this method Manunta33 succeeded in separating a
mixture of palmitic, stearie and oleic aéids on hydrated
magnesgium sulphate with light petroleum as solﬁent. Swiftaé
gt. al. prepared 98% pure methyl linoleate from a mixture of .

esters fe.e
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esters containing 95% linoleic acidg these esters were
chromatographed on an alumina column and eluted with hexaneg
Eﬁttcn35 separated a synthetic mixture of oleic and stearic
acids on a silica~gel-active=-carbon column, ﬁéing light
petroleum and ether as solvent. Riemenschneidér36_g§b al. ‘
obtained pure methyl linoleate and linolenate by chraméto- 7
graphic adsorption on silica gel, using ilght petroleum
containing 1% ether as solvent; while Brown and Whi 37
obtained pure methyl arachidonate by adsorption on an alumina
columnn, using light’petroleumvahd ether as solvents.
Separation dfllong.ehain saturated, branched chain and
unsatufamed fatty-acids was achieved by-Claessonas using a
flowing éhrométogréphicgmethod with heptane as solvent and

silica ag adsorbenti.

Howard and Martinag separated C;3 to C;a acids by

reversed phase partition.chromategraphy, using Hyfld Supercel |
containing diéh10r0~dimethyl-silane as adsorbent, with 1iquid_*
paraffin as the stationary phase and aqueous acetone as the

40

moving phase. iarvel and Rands accordingly used partitlon

chromatOgraphy with silica gel (wetted with water) as .

adsorbent and varidble mixtures of butancl and cnlorofonm &8

golvents for the geparation of sllghtly water~solnb1e acide.

In the attempted purifidation of the conjugated diene
acid, alumina and gilica gel were independently used as:
adsorbents and in the course of the work about 20 experiments
were conducted in a search for the best solvent combination.
Results of the iniﬁial experiments indicated too that the
activity of the alumina was a very critical factorg the use
of highly active alumina caﬁsed large losses of metnyl esters
(due to hydrolysis) while slightly active alumina was
completely iheffective for the separation. The rés&lts of
two expafiments with alumiﬁé and three with silica gel have

been summarised in Tables XV = XIX.

A /-com



-2l -

It will be noticed that with the aid of chromatographic
adsorption, the E(1%, 1 cm.) of the methyl ester fraction
'could}bé‘increased by about 20-25%, however, the yields were
of the order of 45-50%. Conmparing the results of the
adsorption using alumina and silica gel, it can be concluded
that the percentage total yield from the latter experimenté
was higher and less hydrolysis took place on the coluan.
However; it was evident that chromatography could not be
used to purify the acid any further and it was decided to
use low temperature crystallisation again for the attempted
igolation and purification cf’the acid. By crystallising
the liquid acids from 1ight petfoleum, a fraction was
obtained ﬁith E(l®, lcm.) of 457. The neutralisation
équivalent of the fraction, however, was over 290 aﬁd as the
neutralisation equivalent of the acid was evidently lower
than 280 (see-Tables VI and VIIi), it meant tﬁat this
fraction still\contained a large percentage of higher
molecular weight acids. For the isoclation of the unsaturated
acid, these acids were converted into the methyl esters and
fractionally distilled (see Table IX.) and the fractions
with the highest E values and saponification equivalents of
292-294 combineds these were resaponified and the free fatty

acids extracted and d4ried.

Several other unsaturated faﬁty acids have been isolated
in high purity by low temperature erystallisation: Brown and
Shinowara4l isolated a relatively pure oleic acid from olive
oil by crystallising the mixed fatty acids from acetone at
=60°, gimilarly a relatively pure linoleic acid27 was obtained
by erystallising the mixed fatty acids from acetone at -20°
and removing the solid acidss the filtrate was cooled to 509
and a second batch of solid acids removed. The filtrate was
then cooled to =70® and the solid acids collected. These
were then recrystallised from light petroleum at «40° and the

501id fes.s
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s0lid acids again recrystallised from light petroleum at =629
this yielded practically pure linoleic acid. The isolation
of pure linolenic acid was attempted on the same basis, but
low temperature crystallisation followed by distillation
failed to yield pure linolenic acid.42 Arachidonic acid

of 97% purity was prepared by the crystallisation of the
mixed methyl esters from acetone at =-65° an6,~75“, followed

43 Elaeostearic acid of 80% purity was

by distillation.
prepared by crystallising the total fatty acids of tung oil
from acetone at -30‘;44 the insoluble acids'were recrystal-
lised from acetone at ~60°, this portion constituted 70% of
the acids and contained 20% of elaecostearic acid. Crystal-
lisation of the soluble portion from light petroleum at -60°,
followed by recrystallisation from light petroleum at =40°
yielded another fraction rich in elaeaspearic'acid. A
Ricinoleic acid45 of over 99% purity was obtained by the

low temperature crystallisation of the total fatty acids of
castor oil. The fatty acide were fractionally crystallised
from acetone and the portion insoluble at -40° and -50° was
recrystallised at ~70°3 seven recrystailisatiens yielded

ricinoleic acid of over 99% purity.

From the foregoing it was probable that recrystailisation
from acetone, followed by recrystallisation from light
petroleun would be the most effective means for the

purification of the unsaturated fatiy acid.

The acid fraction, isolated from the fractional
distillation and richest in the conjugated diene acid, was
accordingly<dissolved in acetone and crystallised at ~30°
{(at. this temperature the crystal~cake was 80 heavy that it
was decided not to cool any further), and the insgoluble acids

recrystallised /..
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recrystallised from acetone at -30°, followed by recrystal-
lisations from light petroleum at -10° and ~-5°.  This
yielded flat paftly transparent crystals, m.p. 39-40%;

E(1%, 1 cm.) 583 at A max, 229 mp.  The melting point and
the E value could not be increased by repeated recrystal-
lisations and the acid, with these constants was considefed

" to be the pure conjugated unsaturated acid; During the
purification procedure the E{1l#, lem.) at 'xmax.268 mp. was -
reduced from 15 to 2.5, and the absorption in this region
éould.thps not be attributed to the conjugated unsaturated
acid. From this value (E(1%, 1 cm.) = 2.5), the conjugated
diene acid contained about 0.3% of the conjugated triene

- acid. The absorptibn spectrum of the acid is given in

Fig. 2.

The acid was recrystallised from light petroleum for
analysis: it showed a neutralisation equivalent of'278.9
and the elementary analysig fitted a C;g acidgy on hydro-
genation 3.05 moles of hydrogen were absorbed and the
resulting saturated acid proved to be stearic acidg keto
groups were absent and thé newvacid was beyond any doubt a
Cye acid having threefold unsaturation. The methyl, ethyl,
p-phenyl-phenacyl end the p-bromo-phenacyl esters, the amide,
the alcohol and the chloride of the acid were prepared.
The alcohol (by reduction of the acid with lithium aluminium
hydride) showed the samé‘spectrum as.the acid (Fig 2),1_
'from“which it was concluded'thén one double bond was not in
" eonjugation with the carboiyl group. Oxidation of the acid
with alkaline potassium permanganaﬁe yielded hepténbic, '
oxalic and azelaic acids, which meent that only two unsat— -
urated centres c¢ould be presentsy this suggested the
foliowing structures for the acid:
CHg. (CHp ) g+ CH=CH. C=Ca (CHy )9« COOH «esas (1)
S or  CHg«(CHg)g.C=C.CH=CH.(CHz)9p .CO0H .esus (2)

Treatment /eeee



Fig. 2.
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Treatment of the acid with ozone, followed by reduction
of the ozonide with 2inc and acetic acid, yielded heptaldehyde
and azelaic acid together with a very small gquantity of o
azelaic half aldehyde. Structure (1) was consequently

accepted as the most pessible structure for the acid.

The name Ximenynic acid (Heptadeca-lO-ene~8-yne=l=-
carboxylid acid ggvOctadecé~ll-ene~9~ynoic acid) wae
3 proposed for it. From the absorption spectrum of the acid,
it was suspected to contain about 0.3% of a conjugated diene.
acid (see above)g the presence of azelaic half éldehydé in
the sﬁlit products of ozonolysis, confirmed the presence, in

small quantities, of the triencic acid.

Attempts to elaidinise ximenynic acid with selenium
metal were unsuccessful and only the unchanged starting

material and some polymerised material were isolated.

7

Attempts to prepare the Diels-Alder adduct of ximenynic

acid and maleic anhydride were also unsuccessful. Reaction
of these two compounds at 120° for one hour, yielded only

. the starting materials.

Attempts were made to reduce ximenynic acid catalytically

- and chemically to the diencic acid. Several éxperiments
were carried out on the acid, using a poisoned palladium on

: , 46
charcoal catalyst of Isler et al.

As the initiel experiments of the attempted catalytic
reduction of the acid were'pfoved to be negative, and as the
experimental detail on the use of the poisoned catalyst was
somewhat scénty, more information was requested from the
originators of this method; In a private communication
Dr. Isler stated that the presence of acids were deleterious
to the poisoned catalyst, and consequently another experiment
was carried out on ximenynyl alcohol. In this expgriﬁent,
however, the hydrogen absorbtion was 8till rapid (theoretical

volume /...
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volume of hydrogen to saturate one unsaturated linkage, was
absorbed within five minutes) and yielded a product with
E(1%, 1 cm.) of 670 at A_ . 229 mu. As the dienoic acid
should have an E(i%, 1 cu.) of 1000-1400, the reductions

proved to be unsgelective.

Attempted reduction of methyl ximenynate with sodium
and absolute alcohol gave a product with E(1%, 1 cm.) of
about 465 at Amax.232 ma, and as this value was of the same
order as the resulte of the catalytic reduction, further

research work was not continued.

The behaviour of ximenynic acid in the presence of
potassium hydroxide at 180° was studied with the intention
of determining the influence of this acid on the quantitative
determination of linoleic and linolenic acids. The method
employed was essentially lhe same as that proposed by
Mitchell, Kraybill and Zschiele:47 the acid was isomerised
with potassium hydroxide in.ethyﬂene g1ycol reage@t for
25 min. at 180°C, and the absorption spectrum determined
between 300 and 220 Mk Similér 5pectfa were determined after
60 mins. and 120 mins. isomerisation. The general tendency
in the spectra was for the disappearance of the mexima at
229 mp and the formation of a well-defined maximum at 269 mu,
with two subsidiary maxima at 260 and 280 mp.  The maximun
after 120 mins., was higher than ‘the maximum for 60 mins.
isomerisation; which in turn was higher than that after
25 mins. isomerisation. Similar spectra were also
determined at 180°. The acids were isolated and the

_absorption spectra determined in cyclohexane as solventy the
abgorption spectra of the free acids, after 25, 60 and 120
. minutes isomerisation have been given in Fig. 3, while the

E(1%, 1 cm.) values are sumumarised in Table X.

T@ le z. /.Di‘
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(Free Acids.).

B(1%, 1 cm.) E(1%, 1 cm.)
- 229 mp 268 mp
Ximenynic Acid 583 215
After 25 mins. at 1B80® 376 315
After 60 mins. at 180° 261 388
After 90 mins. at 180° 195 420
After 120 mins. at 180° 170 (no maximum) 455
~ﬁfter 60 mins. at 120° 155 i,. e ) 450
After 90 mins. at 190° 115 (.. o ) 425

After 120 mins. at 190° o8 (I':l .o ) 385

It is evident from the table that the alkali isomer=- -
isation at 190° for one hour gave about the same conversion
as that at 180° for two hours; Ilonger isomerisation caused

polymerisation and lowering of the E values.

Chystallisation of the isomerised acids (at 120° for
one hour) from light petroleum at -60° yielded a small
quantity of an acid with E(1%, 1 cm.) of 1705 at Ay, 269 muy
the bulk of the material was polymerised syrup. Reduction
of the total isemefiaed acids with lithiumr aluminium hydride
gave a syrupy liquid with the same absorption spectrum, and
the unsaturation was consequently situated in the middle of

the chain.

The split products of the oxidation of the isomerised
acids (B(1%, lcm.)= 1705) with alkaline permanganate could
not be identified and it appeared that the isomerisation
reaction was accompanied by polymerisation, and that the
product which was isolated was not the simple triene acid:

CHg * (cz{g )1 CH‘:CH- CH=CH. CHSCHQ (CHz )3 COOH:

What /ao-o
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What would be the mechanism of the isomerisation
« Peaction? Nichols, Herb and Riemenschneider®® stated the
following about the alkali isomerisation of linoleic acid to
the conjugated acid: “From the essentially ionic character.
of the prototropic shift mechanign, it would agppear that the
system CHz.(CHy),z.CH=CH.CHyCH=CH.(CHy)».CO0OH has an important
preperty, namely,_when a proton is removed from the centre
methylene there remains 2 negativé ion, which can be

represented as a resonance hybrid of the structuresg:

i3 12 11 10 @9
CH3.(CHz),.CH = CH + CH-. CH = CH.{(CHy)9.COOH

CHBD'(CHQ););E-.C;I « CH=CH «~ CH
CHg+(CHg)4+CH = CH » CH = CH . CH. (CHg)y.COOH

Resonance involved with the negative ion. should have two
important effécts;- firstliy, the carbon atoms numbered would
lie in a coplanar configuration, and secondly, resonance
stabilisetion would promote the tendency of coplanar
configurations to ionise to such an extent that the proto-
tropic shift would occur predominantly through configurations

of this type."

Purthermore, the following mechanism was proposed for
the reaction whieh takes place during the alkali isamerisation

s 49
reaction:
CHa- (Cﬁz)gﬁCH = CH - CHQ . CH = CHQ(CHQ)V-COOH

l OH ~

[CHge(CHz)4eCH = CH » CH » CH = CH.(CHp)p.COOH] + Hy0

| s

CHg s (CHy ) 4+ CHz+CH = CHsCH = CH.(CHp)n.COOH + OH ~

It Jfeen.



It is also known that the acetylenic bond has legs
resonanca abilities (qr_resonance energy) than a conjugated
diene stmctui'e .(the‘st.ructure C=C - C=C - has arily' a
small ebeorption band, and the extinction ccefficient of the
system ~C =C -~ C=( ~ 1is about one half of that 6f the
diene system),.and it is thus possible that the acetylenic
bond will tend to migrate to the system with.moréfggé;gy, "7<,'
namely two conjuggted double bonds. it would appear though S
that this is an egquilibrium reaction, as previous workers have
reported the isomerisation of conjugated diene systems to an
acetylenic bond (Marﬁyana and Suzukiso reported the isomer-
isation of sorbic acid to 2-pentine-l-carboxylic acid, and
the isolation of stearolic acid from the treatment of

9:10~dichlorostearic acid with KOH at 170°C).

In the case of ximenynic acid the equilibrium, however,

appears to lie on the side of the conjugated triene compound.

In the alkali isomerisation of ximenynic acid the
negative ion could form on the methylene group on either side
of the unsaturated centres, to give the negative ion, which
can be represented as a resonance hybrid of structures (1)
and (2)« It isy however, also possible that the triple bond
will just migrate invthe‘presence-af the alkali at 180°, and

that the compound represented by structure (3) may’also form ;-

" CHg. (CHy) g0 CHp+ CHSCH. C = C. CHg. (CHg ) ¢ COOH
l OH !
CHg» { CHg) 4 » CH. CH=CH. € = Ca CH,. (CHz ) ¢ COOH
and CHg. {CHz) 44 CHg o CH=CH.C =C. (CH) . {CHp) . COOH + Hy0
CHg « (CHg ) g + HO=CH. CH=CH. CH=C. (CHy ) g+ COOH +oses (1)
CHg- (CHg) g » C=CHo CH=CHa CH=CH. (CHy) go COOH vvves (2)
l . H0 |
CHg {CHp) 4 + CH=CH. CH=CH. CH=CH. (CHj ) 4+ COOH
CHg o+ (CHgz) 5+ CH=CH. C =C. (CHz )5 . COOH
180° lKOH
CHige (CHp ) 5+ CH=CH. CH=CH, CE=CH. (CHg) 5. COOH .0.s (3)
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As intermole&ular-dimerisation and polymerisation can also
take place, the complexity of the resulting acid mixture

is readily concievable.

The iodine values of ximenynic acid and its methyl
ester were determined with the following reagents;
(a) wijs feagent,sl (b) woburn reagent,52 (c) modified
' Rnsemund~Kuhnhehn reagent.sa It is a known fact that
addition of halogens to double bon&s(éff/gnly complete in ¥
the case of isclated double bondsy incomplete addition ‘
takes place in the case of @Gouble bonds in close proximity
to carbonyl groups, in the case of conjugated double bonds

or acetylenic bonds,54

In such cases, the iodine values
found experimentally are lower than the theoretical valﬁes;
e.g. in the case 6f elaeostearic acid; rapiéladdition takes
plaée in the case of two of the three double bonds, but
with considerable difficulty_or not at.all to the third
double bond. In the case of stearclic acid, oaly one mole

of halogen adds according to the following equatiun;ss

CHa. (CHg ), - C=C. (CHg )y » COOH
Br Br Br
2 S CHge(CHz)p+C = C.(CHy)o+COOH

Reagents (b) and (¢) have been rccommended for the deter-
mination of the iodine values of conjugated unsaturated

56 yas recently proposed as

compoundg, while bromine wvapour
a tool for the determination of the degree of unsaturation
of orgeanic compounds. The results obtained with these
reagents have been sumnarised in [able XIg to complete this
table the values found by Hawke gt. ai. with the bromine

vapour method have been included.

Table m. /000’
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IABLE _XI.
1 of nynic Aci wethyl Xi ngte.
Ximenynic Methyl
Acid Ximenynate.

Theoretical Iodine Value; 273.6 260.6
Theoretical for two double bonds: 182.5 173.8
Woburn - One hour 151.9 140.9
Vioburn - Two hours 148.1 137.6
Voburn = 10 hours 157.4 141.7
Woburn - 24 hours 163.7 142.6
Toburn - 48 hours 161.0 144.2
Yoburn - 96 hours . 189.2 168.7
ijs - one hour 130.3 124.8
Uijs = two hours 131f 125.5
Vijs - 10 hours 129,.7 124,56
Wijs = 24 hours 127.5_ 120.6
Wijs - 48 hours 127.5 120.5
Rosenmund Kuhnhenn - one hour 193.3 174.9
Rosenmund-Kuhnhenn ~ two hours 196.6 178.9
Bromine vapour 187.1 170.3

As incomplete addition took place with most reagents,
longer reaction times were used, but it will be noticed
from the Table XI that none of the reagents gave a
quantitative lodine valueg the Rosenmund~Kuhghenn reagent
added to about two of the three double bonds,iwhile the
Wijs and Woburn reagents added only to about l"-/2 of the

three double bonds. The addition products were, however,

not investigated any further.

The phenomenon that normal aliphatic straiéht chain
compounds form complexes with urea was applied te\ximenynlc

acid and its derivatives: this phenomenon wa@ %irst reported

by /....
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57 while detailed investigations on the structure

58,59

by Bengen,
and composition of these complexes were published later,
the method was alsc applied on the pilot-~plant scale for
the separation of fatty acids;29 Schlenk and‘Holman§O'also
reported to have prepared methyl.oleate‘of 98% purity in
40% yield andApure‘methyl linoleate in 40% yield from corn
. 0il. Furthermore, these authors found that the urea
compléxes of the unsaturated acids do not absorb oxygen and
that thié is a veiy convenient way of stabilising and

storing unsaturated compounds.

The urea compounds of ximenynic acid, ximenynic alcohol
and methyl ximenynate were prepared and as the "yield value"
of the methyl ester was lower than that of the acid, the
reaction was also applied to the total methyl esters of
Kimenia caffra Sonds By fractional crystallisation of the
urea complexes of the total esters, a methyl ester fraction
was obtained with E(1%, 1 cm.) of 379 (229 mu), which could

not be purified any further through the urea complexes.

Other acids of Ximenia oil which were isolated in
95-97% purity were ximenic, lumeniqueic and cerotic aéids,
while oleic acid was identified as the dihydroxy compound..
Erucic acid could not be identified as the dihydroxy com=

pound, and 1t will be reported as being absent.

on. 2 isation of 1401 Moleeular
Weight Acids. '

The presence of Ximenic acid, the Cagﬁmoﬁb-unSaturated ‘
acid and cerotic acid, a saturated Cgzg acid, in the kernel
0il of the Ximenia species, was initially proposed by
Puntembekar and Krishna.4 These workers failed to isolate
the Czo—ZHvacid, but prepared and characteriéed‘dihydroxy-
cerotic acid from ximenic acid. Boekenoogen® investigated

the /feses



the kernel oil of Ximenia amerjcana Linn. from West Africa,
and reporied~the isolation of xiﬁenic and cerotic acids of
high purity. He characterised the unsaturated acids and
détenmined the p@sitionlof‘tﬁe etnylehic linkagé; but did
not report a méltingrpoint for it. ‘Eoekenoogen‘élso
reported the iséla&ien'of rélativély'§ureuiumeniq3éic.acid,
a Caoqmaneﬂunsaturated acid.  The mono-unsaturated acids
were reported to be lsolated by the mercury—salt.method of
Eertramgﬁl | |

The presence and isolation of other C,g-mono-unsaturated

acids was reported by Bernhardt, ané Albrecht62 aﬁ& Klenk

aad]Schumann63; Bernhardt.and Albrecht isolated small

quantitieslof'a_hexacoseneic aeid (C26~2H) from}the»lgpids
of Phycomyces Laks ‘ |
iodine value 63.5, neutralisation equivalent 395.6 (Theony.

ssleeanug, méltiﬁg point.45° - 45, 5°G§

I.Ve 63; H.E.394.7). The acid was isolated as follows»

the methyl esters from the fractional distillation was
saponified and the fatty‘acids separate&'into the satufated.
an@%ﬁnsaturaped acids through the mognesium saltsg the
solgblevfraction was further purified by c%ystallisatibﬁ |
thrcugn the sodium salt.  Oxidation of thié pure acidfwith
osmiﬁm tetra—dxide, gave a dihyﬁraxydcenqtic:aqidgzmelting
poiht 124° a.125éc; -quantities of the-acid,Were_tod sméll{
to establish the §ositien of the double bond.  Klenk and
Schumann isolated a hexacosenoic acid from braln cerebrog;des,
melting p01nt 45“6; details of the 1solat10n and structure

of the acb&vNHe, hﬁwever, not reperted. o 3

As the saponlficatlon equivalents Qf the.fraetlons from \\
the fractlonal distlllatzon were equal to'and over 400, and

eVén exceeded: 440 1n scme cases (see ﬁable XXXVIII) and as ?

the fractiouns nadfan 10d1ne value;of over 40, tﬁﬁmpresence T

1410, I Ve 64) dﬂd Caq ac;ds ﬁ

of Cpg aclds (s. E.
saponlflcat;on @qulvalent;f

&\.,\ ' Of / DY ak_

suspeeted. The<methyl esters
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of 408-410 and 450-455 were combined end used for the isolation
of ximenic and lumenigueic acids respectivelys these combined
fractions were saponified and the free fatty acids extracted

with ether.

Attempted isolation of ximenic and lumeniqueic'acids |
through the mercury salt, gave acids of about 80-90% puritys
as it was, however, rather diffigult to free the fractions of
the adhering mercury salts and as the sodium salt method
yielded a gelatinous mass, it was decided to attempt to puh;fy'
the acids by crystallisation from a solvent. - Trial
experiments with light petroleun, acetone and alcohol indicated
the superiority of the first-named solvent, and the final i
exyeriments for the isolation of Ximenie and lumeniqnéié acids
were baged on the fractxonal crystallisatlon of the mixed
a21ds from llght petralaum; final crystalllsatlon from
acetone yielded acids of 95-97% purity. From the constants,
ﬁmﬁcmﬁwwcmmMMMdmmlmwmmmaﬁdmﬁﬁg
versa, and as‘ﬁhe bhysicél properties of these acids are
closely related, it was not possible to purify them any fﬁrther.

The dihydroxy acxds were prepared by oxidation of the
acids with hyﬁrogen perox1de and esmium tetra0x1de catalyst;64
oxidation of the acids with,potassxum permanganate in acetone
gave pelargonic acid and pentadecane~-l,15-dicarboxylic acid,
and pelargonic and ndna:decane-l,19-dicarbogylic acid, from
ximenic and lumeniqueic acids,respectively. These gplit
products confirmed the structures for the acids pfoposed by
Boekencogen, \e.g.), CHBCCH3)7CH-CH(CH2)1SCOOH and
Cﬂg(Cﬁg)vcﬁé CH(CHz ) ; 9COOH.

Cerotic acid65 has been isolated before as a substitute

of several waxes, and also as a minor constituent of several
oilsg the following melting points have been reported for
cerotié acid; 789, isoléted from waxes(a);‘ 809, (methyl ester,
62°c§ )emide 105-107¢) ¢ from butter rat(®) 78§,vfram-wool

fat /Q..
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fatsd)78°, from an insect wax(e); 86.,9%, from degras (wool

fat)(f) (amide 112.1°)3 77.5-78°, from beeswax as ceryl
alcohol which was oxidised to the acid(g); 82°, from
Artocarpug Hirsula L@gg(h); 78=79°, from the lipids of
nggggxggé blakegleeanusg (i). Piper, Chibnall gt g;.(j)
prepared cerotic acid from the C,g alcohol, m.p. 87.5-87.7°,
while Francis and Piper(k) reported a melting point of 87.,7°
for this acid and a melting point of 62;9° for the methyl
_esterg synthetic cerotic acid was reported w0 have a melting
point of 87.6-87.7°'1),  From the foregoing it can be
concluded that the product with melting point of 87.5~87.7°¢

can be regarded as pure cerotic acid.

The saturated fatty acids obtained from the isolation of
the unsaturated acids were combined and after conversion into
the methyl esters fractionally distilled thrbugh an efficient
still. The methyl esters with melting point 63.5° were
combined and saponified, and yielded éerotic acid with

melting point 86-87°.

Investigation of the Ungaponifiable Material.

The isolation of the crystalline material (residue B)
which gave the acetone extracted oil its gelatinous nature,

wag discussed earlier (pp. 10.and 92).

The gelatinous cakes of the three Ximenis oils %ere
freed of oil and dissolved in 20% alcoholy yielding white
feathery crys;als which were recrystallised fram 90% alcohol.
After drying at 110°C in én air oven, these analysed for |

CoH,;,05 they did not give a precipitate with digitoninsa,

and did not give the Liebermann~Burchard test for cholestér0167.
_ The compounds isolated from Ximenia caffra Sond. var.
patalensig Sond. appeared to be the same (mixed melting point

determination) /...
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determination) but both gave a lowering in melting point when \
mixed with that from Ximenia americana var. microphylla Welw.

The compound ex Ximenig g¢affra Sond. formed an ace.taﬁe
and benzoate, and thus has free hydroxyl groupsg .the acetate
analysed for CsgHas04 and had molecular weight 512. | This
indicated that the original compounds might have the formulae
CosHesO4 OF four times that of the empirical formula. The
compound from Ximenia ﬁ;‘_zgg Sond. after drying at 110° and
0.01 mm. for one hour analysed for CygH,e0s, and it appeared
that one mole of waterk of crystallisation was lost on drying.
From the available information, it wguld appear that the
compounds have three hydroxyl groups. On acetylation, two
of these nydroxyl groups are acetylated, while the third is
lost by the elimination of water (this third hydroxyl group is
most probably a tertiary hydroxyl group - see ref. 82).-

Thus:-
drying | ~OH
CapalesQ > CapglyaeOg or CBHO}
28ilesVa 110%/0.1 mm. 28ilaeYs 287434 -0
("Hao)
| acetylation
2(CHg.C0) 30
- Hao
o

"'Oo&oCHs

Czeﬂca}
- 0 . C.. CHa

0 .

Cs2Heg04e

The original mother 1iiquor of the compound from Ximenia gcaffra
Sond. yielded two more compounds (Novs. 2 and 3) with different
melting pointsy these compounds also analysed for CpgHgasOg
(after drying). | Due to the lack of raw materiél- these

compounds could not be characterised,

If these compounds are phyto-sterols, they are the
sterols with the highest melting points ever reported. Two
other /«v..
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other sterols which do not give precipitates with digitonin

are Galasteml@s

and Cergviste 0169: Calosterol was'

isolated by Basu and Nath from the milky ,juicé of J
Giganteay it was rep-erﬁed ‘to have three doublé bonds,
melting point 202-203%; [e] = 100.6, and the formula Cpghiy (O
was proposed for it. = Cerevisterol was isolated as one of
the minor é'terols from yeast, melting point 2656.3% and it
wag reported to have two double bonds, at least 2-OH groups

and the formula CygH4e0p Was proposed for it.

The rubbery material (Residue C = gee p.. 95) was freed
of any adhering oil end dried.  Although the analysis did
not agree wi th that of natural rubber (poly-isoprene) the
ratie of cér-bon 10 hydrogen and the high fodine value
indicated that the compound was, natural rubber whtich.

autoxidised during the isolation.

A partial examination of the e@m@aﬁi»‘tmn of- the
unsapenifidble fraction of the kernel oil was also made.
The msaﬁgﬁiﬁable matter was isolated by the S.P.A. ..method
(see Appendix C). Sgualene, saturated hydrocarbons and
a=glyceryl jemera were determined by methods described by
Karnovsky *afnd Rapson gt g_am and previously applied in
this mboratory;’ the sterol content was determined
colorimetrically’t. The results of the analysis of the
unsépoﬁifiable fraction are reported in Table XII. The.
components of the unsaponifiable material which were
determined only account for 44% of the total. Due to the
lack of raw material it was not possible to determiae the

nature of .tlhe remaining 56%.
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TABLE XII.

Analysig of the Unsaponifiable Material.

Unsaturated Hydrocarbon content: 2.70%

Saturated Hydrocarbons: 4.4%
Sterols: - 37.0%
a-Glyceryl Ethers: '~ nil

Difference; 56.90%

Anglygisg of the Meals:

The residual meals, after extraction of £he oils as
described earlier, were dried and re~extracted with light
petroleum to remove the last traces of o0il and fat. The
meals were then air dried and stored in stoppered bottles.
The meals were analysed according to the methods of the
Association of Official Agricultural Chemisté72; the results
of which are reported in Table XIII.

TABLE _XIII.
Analysis of Ximenis Meals.

Ximenia
caffra
Ximepnia  var. - Ximenis Reported
caffra patalengis amerigana Ximenia for
Sond. (Total (Total americana kernel
{Kernel) seed) Seed) (Kernel) meal.
Protein (%) 56.5 - 46.9 23.54 52.5 44,6
Moisture 8.74  6.78 600 6.5 5.2
. and Volume

Fibre (%) 10.62 10,39 48,8 11.46 -

1t will be noticed that the residual meals are rich in
proteinsg feeding trials will, however, have to be

carried out to test their value as feeding stuff.

Computation /ees.
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Intreduction.

For the calculation of the weights of ximenynic and
elaecstearic esters, it was assumed that neither these esters
nor the presence of the other components cause any irrelevant

abgorption at A\ . . 229 and 268 my and that the E values

max
at 229 and 268 me are a measure of the "true content?" of

these esters in the fractions.

The iodine value of methyl ximenynate with the Wijs
resgent wag found to be -124.8, and that of methyl elaeostearate
160.0 (one hour exposure)sg both esters have saponification |
equivalent of 292.4. The E(1%, 1 cm.) of methyl ximenynate
at  Ap., 229 mp wes found to be 549.2. The E(1%, 1 cm.)

of elacostearic acid at A 268 my has been quoted as

max.
73 74 ' '

2161 while Devine assumed an E(1%, 1 cm.) of 2100 at

268 mp. In the calculation of the weight of the methyl

elaeostearate a value of E(1%, 1 cm.) = 2000 at )\max at

268 mp- was used as the extinction coefficient of that ester.

say a = Weight of the fraction
and x = B(1%, lom.) X &8 . yoiont of
549.2 methyl ximenynate
~ _ E(1%, lom.) x a _ . ,
and y = ~~5500 = Weight of methyl

elaeostearate
and say that E* and I represent the‘ saponificatioq
equiva.tent. and jiodine value of the fract.lon,
respecta.vely, and a' the wez.ght of the other esters
in the fract.lon.,

Then xX. ¥ y -+ 'a' = a 'O."Q.QC’Q‘Or(,l)

.-.'.lvib.ﬂ‘;. (2)

Xx 124.8 + y x 166.8 + a! XI'=a8XT eaneene (3)
where E' and 1! represent the sapohificat:i.on
equivalent and jodine value of the other esters

(residual /u...
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{residual esters ~ other than methyl ximenynate and
méthyl elaeostearate) in each fraction.
Byvsolvigg equations 1, 2 and 3, a', E' and I' for
each fraction could be calculated, which represent the
" weight, Saponification Equivalent and Iodine Value of the
éamponents other than methyl ximenynate and methyl elaeo~
stearate in each fraction, see Tables XXXIV - XLI.

. o ' . 31
By using the simplified formulae Qf_Hilditchg' the

composition of these “residual esters" could be cglculated.

Say ps 9, and r are the weights of a saturated and say
two unsaturated esters of the "residual esters® in the
p? Eq, E,. and E*' are the
corresponding Saponification Equivalents; and Igs Ip and I

fraction of weight s'y end E

are the corresponding Iodine Values ¢f thesge constituents,

then:
P + q r .= at »uoococoia;nn (4)
uB + —2 + .m£ = .33 ; A (5)
= ~ 1 ®ssscssesssneE
Ep bq Er B
and

g X Iq‘* r X Ir = a' x I? tss e (6)

By solving the three equations 4, 5 and 6 the values for p,

q, and r could be bbtainedQ

The other equations used in the caleculatien of the
composition of the ester fractions are those proposed by

Rapson gt g;.75'

Caleculation of the

The caleculations involved in the evaluation of the
liquid fractions will be illustrated by gsing the'data
obtained in the cése of the Ximenia gaffra 0il anly; the
calculations of the composition of the other two oils were

carried feses
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~

carried out in the same way:
E ag §10ﬂ Ll'
Veight: 9. 5553 Eeg SuBa, 284.5; I.Vey 75,564

l% 1%
229 12012’ E268 @'340

Using the equations 1; 2 and 3 (see under introduction)

and the absorptlcn data, Saponiflcaﬁion Equivalent and Jodine

‘Value cf'methyl xlmenynate and elaeostearate, the following

welghts and constants were calculated for the residual esterso
Weight (a'), 9.3428 g.3 S.E. (EY), 284.3;
CTeVe (1Y), 74.465 Wee X; esteb, 0.2137 g-4
Wte El. ester, 0.0018 ge

From the saponificatidn equivalentvané,iodine‘valuey
this fraction is a mixture of C;¢ and C;5 saturated and

unsaturated esters. The composition was caléulatea with the

~ aid of the Rapson equations, and the final composition for

the fraction is as follows-

Weight of hexa-decenoic ester; 3.1742 g.

Weight of methyl oleate: - 4.6074 g.
Weight of palmitic ester; 0.7254 g.
Weight of stearlc ester: o 0.8358 g.

Weight of methyl xlmenynate‘ - 0.2107 g.
Weight of methyl elacostearate: 0.0018 g.

The composition of Fraction Lg was calculated on the

 geme basisi the weights of the diffefant esters are given

in Table XXXIV.

| Eggctign LS L7

From the spectroscopic data, the welghts of ximenynic and

elaeostearic esters:were calculated, and by using equations 1,

- 2 and 3 the constants and weight of the residual esters in

the fraction were evaluated. From the saponification

"equivalents and iodine values these fractions may be mixtures

of ﬂxe and C g Baturated and unsaturated esters. On

calculating /ee.o
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calculating the composition on this basis, however, the
hexadecenoic esters came to a negative quéntity. The
composition was consequently calculated on the assumption
that C;4 saturated, C;s saturated and C,g~2H esters only
are present, and the weights of the esters are given in

Table XXXIV.

Eractions Lg ~Lyj:

The weights of methyl ximenynate and elaeostearate in
the fraction were calculated in the normal way from the
speetroséOpic data. According to the sgponification
equivalents these fractions may be mixtures of C;q saturated,
C,s saturated and C,;g~2H estersg on calcuiating the
composition on this basis, however, the weight of the C,4
ester came to a negative gquantity. The composition was
consequently calculated on the basis of C;g saturated and
Cyg~2H esters only. To speed the calcuiation, the weighﬁs
were combined and the average iodine value and saponification
equivalent (average E' and It) calculated by multiplying the
‘weight of each fraction (a') with its iodine value (I') and
saponification equivalent aqd di#iding the total of these
vélues by the total Weighﬁ. |

The weight of methyl oleate was calculated from the
iodine value, and the difference designated as the weight of

C;g saturated esgter. The composition is given in Table XXXIV.

Egaction Lyo:
Weight of residual esters, 1.7468 g.g S.E'., 207.14
I.V1.,95.92. S -
The saponfication equivalent of this fraction is between

that'ofvcls saturated and C;g unsaturated ester. The average |

unsaturation of the fraction was calculatedw ith the Charnley

equatioﬁ76
o2 = “35906

The /co-



The sharp rise in the saponifiéation eguivalent of the
following fractions, however, indicated the pfesence of
higher molecular weigntkesters (higher than C;g). The
composition of these fractions (Ljg = Lygq) could be computed
en one of the fqllowing‘assﬁmptions; |
(1) that these fractions are'mixtﬁres of C;g and Czg

esters . |
of (2) calculating the composition of these fractions on

' the basis of two successive homologues,

€.g.y mixtures of C;g and Cyzg esters.

The weights of these fractions are relatively small,
and whatever method is adopted will not affect the total
- composition considerably.  Furthermore, due to polymerisation
~and oxidation the iodine values of ihese fractions do not
appear to be a measure of the true unsaturation of the
fractions. It was therefore assumed that these fractions
congisted of unsaturated esters onlyg the unsaturation was
calculated (with the Charnléey equation) and the composition
computed on the basis of the saponification equivalents
assuming, furthermore, that these fractions are mixtures of
Cie~2H and Cpo esters, only. [Fractions 13 and 14 were
calcuiated on the same basis, but assuming that C,g-2H ester

is the one unsaturated ester.

- Fragtion 15.

The average unsaturation of the residual esters was
calculated_with the Charnley equation, and the composition
was calculated on the basis that Cpg and Czz unsaturated
esters only are present. The resulis are tabulated in

Table XXXIV.
actiong 16 and 17.

The weights of ximenynic and elaeostearic esters were

calcﬁlated /I 2ew
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caleculated from the spectroscopic data and the weighis,
sgponification equivalents and iodine values of the residual

esters calculated as QSualo From the saponification

: ,eguivalents these fraetibns~are mixtures of Cgy and Cp,

§ extracted; the fraction was then analysed as the acids.

.and elaeostearic acids wege.calculated and expressec

methyl esters. The average unsaturation was calculated

with the Charnley equaticn and the cdmpésition calculated onv
the basis of the saponzficatlon equlvalents only, the results

are glven in Table XXXIV.

Fram the spectroscopic data the weights of ximenynic
and elaeostearlc esters were calculated, also the weight,

saponxf;cataon-equivalent-and iodine value of the residual

- geters. The average unsaturation was calculated with the

Charnley equation and the composition calculated on the basis

~ that only Cz, 8nd Cpe esters ere present. The results are.

1summarised in Table XXX;V.

This is the residuél or pot fraction. Due to polymer=-
isation the fraction contains some unsaponifiable matter.

The fraction was consequently saponified and the non-sap.

|

From the spectroscop1c data, the weights of the xlmenynlc
'1a the

. methyl ester. The value of the saponification equivalent

and iodine value was also expreesed as that of the methyl

estery by using the standard equations (1, 2 and 3), the

weights, saponification equivalent and fodine value of the

residual esters were caleulated. The saponification

- equivalent is higher than that of the C,4 ester, and it was

decided to compute the composition on the basis of Czg and

Cgo unsaturated esters, usingvonly the equationé,forvthe
saponification equivalents. The results are given in s

Table XXXIV.

_I_llg /.~--.



~ The solid acids aé'obtained from the acetone erystal-
lisation at -25° should contain most of the stearic acid and
- all the higher molecular weight saturated acids, also most of
the unsaturated acids, having 22 carb0n3¢and‘more in the

chainc

The.presencé of‘erﬁcicuacid was a key problem in the
calculation of the cqﬁbesiéion of the fatty acidsg it will
be noticed that the chain length of the unsaturated fatty
acids increases with 4 cafbon atoms, but Boekenoogen failed
to establish the presence of erucic acid in Ximenia oil
(log. git.)s To test for the presence of erucic acid, the
fraction with S.E. 364«366 was oxidised with potassium
| permanganate to the dihydroxy aeids77; (see gection v0n))»
the dihydroxy acids are less soluble than the ccrrespénding
saturated acids and could be separated from them. -

Dihydroxy behenic acid could not be identified, however, and

erucic acid was cohsidereﬂ to be absent.

For the calculation of the cqmposition of the ester .
fraction with saponification equivalent between 298-410 it
was assumed that Cyg, Cpe saturated and Cpg unsaturated esters

only are present; Methy; oleate is more soluble in acetone
than methyl ximenynate, which is present in small quantities,
and it would be expected that the QHantitie$ of this ester
should be smaller, with C,g-2H ester present only in trace

quantities.

All fractlons were examined spectrophotametrically and
it will be noticed tnat there is a rise in the E value of
the higher boiling fractlonsg thlg,may be due to
(1) the presence of higher mole cular weight ényne(éﬁ?éiene

acid or | | |
(2) the nydrcperoxide or polymerigsed acids, which are known

10 . /ess
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to absorb in the ultraviolet region.87

For the calculation of the compdsition of the fractiéns
the equations of Rapson?slgg al. have been used in con~
Junction with the equations forwarded by the author for the ?
caleunlation of the liquid fractiona (1, 2 and 3). From the
abgorbtion data, the weights of ximenynic and elaeostearic
esters were calculated, and their combined weight of the
fraction subtracted from the weight of the fraction, to give

the weight of the residual esters.

The fractions with saponification equivalents between
411-465 were calculated on a basis that only Cpg-2H, Cyg
saturated and Cgo-2H esters are present (see Boekenoogenla).
This will be explained more fully when the different cal-
culations of each.oil are discussed. To speed the
calculation these fractions were combined and the'weight
averege! of the saponfication equivalents and iodine values
calculated. The feasibility ofytnis step was checked in
the case of the esters of Ximeniga gmericana v;r. microphylla
Welw, (87 -~ 514). The composition of the esters by
combining the fractions was calculated as

Cpe saturated: 7.7071 g.3 Cpe-2H, 15.7430 g.¢ and‘

Cao=2H, 26.9543 g. | |
while the composition for the séparate fractions waé
calculated as;

Cae saturated, 7.77603 Cpe~2H, 16,2638,

- Cgp=2H, 26.3746 g.
The difference in the final composition of the total fatty
acids between these two calculations is of the order 0f 0.3%.
With this small variation between the two methods, the
composition bf these fractions was calculated from the total
weight of the fractions, using the "average weight",

saponification equivalent and iodine value.

The ./“.-'O
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The saponification equivalents of several fractions were
found to be higher than 465 (theoretical saponification of
Cao=2H ester), from the relative high iodine value of these
fractions it is evident that an‘unéaturated_acid is present
having a chain length of more than 30 carbons. By
analogous reasoning on £he way in which the chainlength
increases in going from one unsaturated acid to the next
higher homologue, it was postulated that the Cgg-2H acid
ﬁoul& be the next higher‘unsaturated_acid in this series.

The composition of these fractions was accordingly calculated
on the basis of Cgp and Cg, acids, although no proof is
forwarded for the presence of this acid. The isolation of
ximenic and lumemiqueic acids of 95~-97% purity will be

deseribed in a later section.

The calculations involved in the evaluation of the solid
~ fractions will again be illustrated by using only the data
-obtained in the case of the Ximenia gaffra oil.

By applying the equations presented under the liguid
fractions, the constants were obtained for the weights and

congtants of the "residual esters® in the fraction.

Say x = Weight of methyl ximenynate
' _ ﬁl% Wt., of fraction
¥ Zgpg X T 549.2
¥y = Weight of methyl elaecostearate

X Wt gf.fragtion_‘
= Eggg X 2000

a = Total weight of fraction
and ‘a' = Weight of residual esters

= g =X ..y ' o’oo.ooo.-o‘- (4’-)

From the following equations the saponification
equivalent. and iodine value of the residual esters were
calculated.

.....?.C_.-'L....x L 4 é-'- = seotencrr e (5)

202.4 B

~ Eie

- XX 124-8 + yx 166‘8 + gl x " = g x I cosne (6)

where /es..
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where E and I are the saponification equivalent and iodine
value of the total fraction and E' and I' are the
saponification equivalent and iodine value of the "residual

esters.
E rac tvlg Fe} Sl :

" From the spectroséopic data the weights‘of methyl
ximenynate and elaeostearate were calculated, also the weight,
saponification eguivalent and iodine value of the residual
esters (see Table XXXV). From the saponification equivalent
and iodine value (E' and I') the residual esters are mixtures
of C;¢ and Cy g saturated and unsaturated esters, and the
composition was calculated on this bagis, giving the weights

of the different esters tabulated in Table XXXV.

Eraction 82 - 56:

From the spectroscopic data the weights of ximenynic and
elaecostearic esters were calculated. From the saponification
equivalents these fracﬁions are mixtures of C;g and Cyg
saturated and unsaturated esters (see under introduction).

The results of the calculations on this basis are given in

Table XXXV.

Eraction Sn - Sg:

The saponification equivalents indicate that these
fractions may consist of C;g and Cpg unsaturated and
saturated esters. Methyl oleate distils at about 150°-160°/
0.5 mm., however, and with the boiling point of these esters
over 210°, it was postulated that only C;g saturated, Cue=2H
and Czg saturated esters could be present. The results of

‘the calculations are given in Table XXXV.

Eragtiong 810 ~ Sj9:
From the spectroscopic data the weights, saponification

equiValents Joone
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équivalents and lodine values of the "residual estersﬁ were
calculated. The composition of these fractions was
calculated on the basig that these fractions are'mixtures_of.
ximenic, lumeniqueic and cerotic (Cys and Cye unsaturated
and C,g saturated) esters. To accelerate the calculatioﬁs
the average @weight saponification equivalent® and average

- "weight iodine value® of the residual esters were calculated.
Total weight (residual eéiers): 61.8161;

aversge 5.E. (E"): 435.1; Average I.V. (I') 44.62.

Fraction Sgp:

The saponification eguivalent and iodine value of the
residual esters were calculated from the spectroscopic data.
The S.E. (E!') of these eéters are higher than Cgo esters,
and the composition was calculated on the assumption that
Cze saturated, Cao=2H and Cg,~2H esters are present. (The
saturated acids, after the removal of the lumeniqueic acid
had a N.E. of the order of 400, and it appears that Cgg
saturated acids are absent.) The results of the calculation

on this basis are given in Table XXXV.

Eragtion 521

The pot fraction (or residue) was weighed as the esters,
but as unsaponifiable material was present, the fraction was
_saponified, the non-sap. extracted and the acid:s obtained
after acidification. The fatty acids were dried and analysed,
but the different. constants were recalculated for the |
corresponding esters. From the spectroscopic data the
weights of ximenynic and elaeostearic esters were calcﬁlated
and alsoc the weights, saponificatioa equivalent and iodine
value of the residual esters. It was further postulated
that the iodine value is not a true measure of unsaturation
of the fraction and the composition was calculated oh the
basis that only 035-2H and Cge~2H esters are present. Thé

results /...



\" 49 -
results are tabulated in Table XXXV.

r Details of leylation.

The weights of the esters of the "g0lid" and of the
wliguid® fractions were added, and are referred o as the
total esteréiof each fraction. This weight is usually
about 1-2% lower than the weight of the esters used for
distillationy the difference being due to>the formation of
volatile pyrolysis products as well ag the presence of a low

percentage of solvents in the esters, which distilled off.

The weights of the individual esters of each acid were
also added and converted to the weights of the corresponding

acids, with the following formula:

W = We x By
a ' E
e
~where Wy = welght of corresgponding acid of N.E. By
We = weight of ester of S.E. Eg

To facilitate the calculations, the factor

alar Weight of Aci
Molecular Weight of ester

of each acid was calcnlated, and this used for the conversion

of the weight of the ester to acid.

The total weights of‘the individual acids (say Cjg=~2H)
of each fractidn (liquid or solid), were then expressed in
terms of the total acids of the 0il. This was done by |
multiplying the weight of each acid by the percentage weight
- of that fractioh obtained in low-temperature crystallisation
of the total acids and dividing by 100, e.g., the percentage
of ximenynic acid in the liquid fraction was calculated as
follows (see Table XXXIV):;- |

47.9080 x 65,35
100
= 21.554 %
The total of all the percentages of the acids in each fraction
should fseoes '



should add up to the percentage of the fraction and the total
cf the two fractions to 100. In Table XXXIII the total
fatty acids of the oils are combinéd to give the total of each

acid in the oil.

Discussion of the Results.

The results obtained by subjecting the fatiy acids of
the Ximenia oils to low tempefature c¢rystallisation, and
fractional distillation of the methyl esters will be discussed
and the results compared with some of the other species of
the Clacaceae family. The seeds and nuts of several other
members of the Olacaceae family (Hilditch, Monograph on Fats
and Oils, p. 158) have been investigated for the oil content
and the composition of the oils. Jurgel and de Amorim78
igolated an oil in 35% yield from the seeds of Ivory wood
(Agonandra bragiliensig, Miers)s the following composition
was calculated for the oil:; ricinoleyl, 44.85%¢ linoleyl,
34.65%; oleyl, 11.45%;3 myristyl, 2.2 and palmityl, 1.32.

Steger and van-Lcon?g

investigated the seeds of the Coula
plant and calculated the following composition fof the fatiy
acids:/ 9~oleic acid, 87.1, linoleic, 2.74 sat. acidé, 1.6.
The seed fat of Onguekdra Gore Eﬂgler (8yn. okea

kldaineana, ?ierre) was investigated by Steger and van Loongoa,

Boekenoogen™ ", and Castille™°®.  Although the investigation
on the composition was not completed, it was found that
erythrogenic acid (C;g acid) is the chief component acid of
the oilg it contains 6ae double and twec acetylenic bonds.
On.ozonolysis of the ethyl ester the following fractions
 were obtained; 1 mole of formaldehyde, oxalic acid, adipic
acid and ethyl hydrogeniazelate, so that the acid can have
‘one of the following s tructures:

| | CHz = CH.C=C (CHjy)4.C=C.(CHz)%.COOH

~or  CHp:CH(CHg) 4C=C.C=C. (CH, )+ COCH

'S

The‘/qco
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The other constituents are: oleic, linoleic and saturated
acids. In a later publication Steger and van Loonsod
shawed that the latter of the two structures was correct and
this was later supported by Castilleaoe.

The work on the investigationsg of the composition of
Ximenia 0ils has been discussed (Puntambekar and Krishné%,
and Boekenoogenls), Puntambekar and Krighna reported the
presence of ximenic and cerotic acids, while Boekenoogen
confirmed the presence of these acids and in addition isolated
a Cgzo~2H acidy these workers, however,‘did'not detect the
presence of the enyne acid. In the following tsble the
compositioh of the three local oils are compared with the
composition of the Ximenia g@ericang oils reported by the

above mentioned workers.

It will'be noticed that there is a remarkaeble asgreement
between the'percentages oleic and linoleic acids as reported
by the preiious workers and the total 0f the percentages of
oleic an& ximenynic acids in thellocél oils. It would
appear that these workers attributed the increase of iodine
val@e to the presence of linoleic¢ acid, without taking into
congideration the possibility of having -any other unséturated

acids present in the oil.



Ximenia Ximenig  Ximenia
- Ximenia americang Ximenia gaffrs  gmericana
americana ex West caffra var. var.
ex India%* Africal® Sond. natalengis microphylla.

Palmitic - - Oud 0.3 0.3
Stearic 1.2 4.0 4.l 4.5 . 2.0
Cerotic 5.2 Q0.2 G4 5.7 5.5
Hexaedecenoic . - - 1.5 1.0 0.8
Oleic . 80.8 54,0 34.8 41.6 37.1
Linoleic 6.7 “10.0 - - -
Ximenynic - L. 24. 3 22 - l , 21 09
Elaesostearic - - 04 0.2 0.2
ng unsat. - - [ 1Y) 1.3 00
Cza unsat. - - 1.8 0.7 0.1
024 msatn - - 3.6 400 1-0
Cze"ZH 1406 25.0 10.3 1208 1509
Cao~2H - 5.0 11.3 6.0 14.4
094“"25 - - 608 - 006
Total Oleic

and Ximenynic 67.5 64.0 59.1 63.7 5§9.0
(or Linoleic)

acids

The dodine value is not a measurement of the true
upsaturation of compounds containing'acenylenic bon6654, and
in the case of ximenynic acld it measures only 50% of the
unsaturationy without any other means bf measuring the
unsaturation of such compounds, it would be impossible to

detect their presence.

The presence of two acids containing acetylenic acids is
exceptional and in the light of these findings,.the oils of -
the /u»n:-



the cther members of this family should be re-investigated
and the total unsaturation of the o¢ils cnecked with both the \
“idodine value and hydrogenation, and especially the absorption
A

spectra between 340 and 220 mp.

There is also a noticeable difference in the composition
of the three local Ximenia oilsgy the saturated fatty acids
varied between 7:6 to0 10.3%, while the oleic acid content
varied between 35,5-41.2% énd the ximenynic acid content
varied between 22-24%. A somewhat unusual variation is
\Eeéountered in the content of the high molecular weight
‘unsaturated acids, from 11 to 13.4% fof ximenic acid and from
6 to 14.4% for lumeniqueic acids this fact is alsc reflected
in the saponification values of the three oils, e.g., 170.4,

172.8 and 165.2 (see Table XII (2)).

It is impossible to say at this stage whether these
variations are due w differencé in variety or due to the
locality in which the seeds of these species have been
coilected. (See Hilditch; Monograph on Fais'and 0Oils, p. 163
for discussion of variation‘due to varieties and localities
in linseed oils.) The oils.extracted from the two species
collected in the Transveal have very similar constants;

| 229 mp 268 mp
Ximepia caffra Sond. 169.1  76.0 124.1 6.1
- Ximenia ¢affra var. 68,6  76.1 122.6 9.1

patalensig sond.

The complete composition of these two oils was, however, not

determined.

Apart from Ximepiz, only one member of the Olacaceae
family is represented in South Africa, nanely, Qlax
digsitiflora Oliv.ot

Zululand, Portuguese East Africa and Northern Transvaal. As

This is a shrub or small tree found in

the nuis of this species are difficult to obtain, they could.

not be investigated.
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EXPERIMENTA L

(&)
The fruit of Ximenia caffra Sond. and Ximenig caffra var.
natalensis Sond. analysed, were collected near the Loskop

Dam in the Middelburg District, in the summer of 1949~1950.
. Average samples of each species were picked and dispatched
to this Department, where the fruit was analysed without

delay.

About 100 fruits of each species were accurately
weighed to determine the average weight of the fruii. The
skin»and fruit~pulp was then removed and the seeds weighed
to determine the compésition of the fruit and the average

weight of'thé seed.

The moisture content of the fruit=pulp and the fresh
kernels was determined according to theée standard A«0.C.5.

memhbds_(ApPendix Ba)e

The oil content of the fruitquip,‘dried by wacuum
;"desiceation, was determined by extraction with acetone for
ca. 24 hours. The acetone was removed by distillation,
leaving a brown residue. This was extracted with light
pé%roleum and4the petroleum alsc removed by distillation
yielding a very small quantity of oil. This was too small

for further investigation.

To obtain the juice, the skine of a large number of

. fruits wefé removed, the fruits hand-pressed and the
‘resulting turbid juice cleared by filtration through a
Buchner filter under vacuum. The juice had a slight
reddish colour and a pronounced sour taste, feminiscent of
that of a lemon. On addition of alkali the colour changed
'_into ;‘purplé’blue and it was impossible to see the end=- |
| point fese



point of the titration with any of the standard indicators
(e.g.y phenol phthalein and alkali blue); on titration with
N/10 alkali, using a fluoresceni indicator, there was no
improvement. Finally the acidiny in the Jjuice was
determined by potentiometric titration and the end=-point of

the titration taken at pH = 9.2.

Treatment of the juice with calcium hydroxide did not
give any precipitate in the coldy on heating, however, a
white precipitate formed which indicated the presence of
citric acid. The citric acid was finally determ{hed by

penta~bromo~acetone method according %0 the method of Grayle.

The COmposition and analysis of the fruit have ﬁeen
given in Table II, while the results of the investigation

of the fruit juice have been summarised in Table III.

(B) Investigation of the Seeds.

- The geeds of Ximenia caffra Sond. analysed during this
~investigation, were collected in Bechuanalandy the seeds of -
imenia caffra var. patalengis Sond. came from Ixopo, Nataly
while seeds of Ximenia americana var. picrophylla were

collected in Pondoland.

The fruit was picked when fully ripe, the flesh and the
pulp rémoved and the seeds dried in the sun, the hulls of
the seeds were le ft intact to prevent exposure of the kernel
to the air. When completely dry, the éeeds were packed and
sent to this Department and analysed without delay. The
composition of the seeds was determined by weighing about
100 seeds (choosing more or less representative samplesg),

~ the hulls were removed and the residual kernelg reweighed.

The seeds had an oblong shape, were light brown to dark
brown in colour and the relatively soft hulls could easily be

broken by rubbing the seeds between the fingers.

The /I.-.O -
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The kernels were minced in a household meat mincer and
the moisture and volatile content (see Appendix C) and the
oil content determined according to the standard A.0.C.S.

methods (see next paragraph).

The resulte of the anslysis of the seeds have been

summarised in Table IV.

(C) The Kernel 0il.

(1) Acetone Extragtio .

" A weighed quantity of the minced kernels was extracted -
with dried acetone in a Soxhlet apparatus for 10-12 hours.
The extract was replaced by fresh solvent and the extraction
continued for enother 10-12 hours. During the extraction,

a white crystalline solid separated, and after the extraction
wag completed, the'extract'was.decanted therefromg the

solid (residue A) was washed with snall volumes of fresh
acetone and the washings added to the extract. The acetone
was then removed by distillation through a tared distilling
flask. Residual volatile material and moisture were removed
‘by heating on a water bath under vacuum of a water pump for

- one to two hours: gentle swirling was necessary to avoid
foaming which otherwise proved troublesome. The residual
0il was cooled ané‘weighed. The average of duplicate

determinations have been given in the table.

The o0il, slightly turbid and yellow in colour, was
stored under carbon dioxide. The viscosity of the oil,
when freshly extracted, was about E on Gardner-Holt standards.
The turbidity tended to increase on standing and some s0lid
material began to separate after a few days, the rate of

precipitation being increased at low temperatures (0°C).

The /bc.‘-'



- The separation of the crystalline material gave the oil
a thixotropic nature and increased the viscosity to about

Y on the Gardner~Holt standards.

Examination of the oil microscopically showed that the
golid was crystalline and dilution of the oil with various
soclvents showed that it was soluble in acetone, alcohol,
chloroform and ether; but was insoluble in light petroleum

{(b.p. 40°-€0°) and benzene.

Accordingly, its separation was achieved by dilution
with 3-4 volumes of light petroleum, leaving the solution
at 0°C~for a few hours, and filtration on 2 carefully packed
Buchner filter under slight vacuum. This yielded a
» gelatinous cake (Residue B) on the filter and a clear
petroleum solution of the oil. Experiments on the nature
of the precipitate are described in connection with the
unsaponifiable matter of the oil. Removal of the petroleum
from the filtrate left a light yellow oil; which was dried
in vacuum at 80°~100°C. The viscosity (about E on the
Gardnér~Holt standards) now no longer increased on standing
and only a small amount of precipitate formed on standing ‘

several weeks.

Besidue 4.

The white solid material, which separated from the

acetone extract, had a sweet taste and was water goluble.

The material d4id not reduce Fehling's solutions,82 and

did not give a positive test with 2,4-dinitrophenyl hydrazine.
After hydrolysis with dilute hydroehloric acid, however, the
compound reduced Fehling's solution and gave a positive test
with 2,4~dinitrophenylhydrazine. As the amount of material
isolated was very small, it could not be identified completely;

from the reactions it appeared to be a polysaccharide.

(2) /on.
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{(2) Petroleum Exiraction.

Extraction of the minced kernels with light petroleum
(b.ps 40°-60°) was performed in a similar manner to the
~acetone extraction described above, but in this case, no
~erystalline material sepérated in the extract. Removal of
the solvent, volatile matter and moisture as described above,
left a light yellow, Slightly turbid oil with a viscosity of
aboui % (Gardner-Holt standards). Dilution of the oil with
acetone or alcohol resulted in the precipitation of rubber-
like material: this was collected by filtfation {Residue C)
and dried under vacuum a8t about 80°C and will be dealt with
in the section on the unsaponifiablie material, The acetone
wag distilled from the filtrate andkthe 0il dried under vacuum
on the water bath: it was a light yellow, clear oil'and had

a viscogity of E on the Gardner-Holt standards.

(3) Bulk Extraction of the Qil.

Acetone was used for the bulk extraction of the oil
from the minced kernels, usihg a large copper Soxhlet.  The
solvent was removed from the extract Dy distillation and the
residual oil dried under vacuum. The‘oil,Acooled Lo room
temperature, was Giluted with 3-4 volumes of light petroleum
(beps 50°<60°) and the solution stored overnight in the
reffigeraﬁor‘ After addition of a few grams of filter aid,

the gelatinous precipitate was collected on a Buchner filter.

The petroleum wag removed from the filtrate by distil-
lation, the residual oil dried under vacuum and stored ﬁnder

carbon dioxide in a brown bottle.

(4)

,,,,,

determined by the standard A.0.C.S. methods (see Appendices
B - H)’ /‘rcm
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B = H)3 the percentage unsaponifiable matter was determined

by the S.P.A. method {Appendix C).

. The iodine value from the hy&rogeﬁ absorption was
determined as follows: the'hydrogen abgorption was measured
in a Towers Micrchydrogenation‘Apparatus, using cyclohexané
as solvent and palladium on calcium éarhonate catalystss.
The moles of hydrogen gbsorbed (total unsaturation) were
expressed in terms of the iodine value of the o0il (grams

of iodine per 100 grams of oil).

Thege results have been sumarised in Table V, and
include the percentages gelalinous material (Residue B) and
rubbery material (Residue C). The Villavechia tests4 (see
Appenéix 1) for sesaﬁal and sesamnolin (compoudds isolated from
seoame 0il) was negative,. the total tocopherols of Ximenia
0il were alsc determined, Xlmepiaz oil contains only 0.25 ng.
of total tocopherols per gram of oil. The experimental
details of these determinations are given in the section on

Maroola oil.

The absorption specira of the oils werecietermineé in
a Bechman spectrophotometer, model D.U., using a hydrogen‘
lamp as the light source and spectroscopically pure cyclo-
hexane as solventy the absorbent wag contained in guartz
cells (silica) of 1 cm. width. The concentration of the
solutions was régulateﬁ in such a way as to give readings
between 0.3 and 0.8 on the scale. The absorption’intensity
(extinction coeftficient) was expressed in terms of E (1%, 1em,),,f
énd the logarithm of this value was plattea against the
wavelength (measured in mu)s these gpectra are given in
Fig. 1 and the E (1%, lem.) values at A . 229 and 268 mu

have been given in Table V.

(5) /:uooc




The method-recommehded‘by the Society of Public Analysts
(see Appendix C) was used for the saponification of the kernel
oil. This method is egsentially the same as that used fér
the determination of the percentage unsaponifiable matte;
in an oil: fifty grams of oil were accurately weighed into
a 1 litre round-bottomed fliask and refluied‘for'oné hour
with 500 ml. N/2 alcoholic KOH. - The alcoholic solution was
slightly cooled and added to !/ litre of distilled water,
contained in a 4 1itre geparating fuunel. - The flask was
rinsed with another '/, litre of distilled water and added
to the alcoholic.solution in the separating funnel. Tﬁe
flask was theén rinsed a few times with ether and the éoap
solﬁtion‘extracted with a total of 1 litre of ether.
During tne extractioﬁ, the contents of the separating funnel
were sirongly swirled but not shaken, s0 as to avoid emulsion
formation:. The contents of the sebarating funnel was
allowed to stand for a éhort while and the aguecus phase run
into a second 4 litre separating funnela This was similarly
extracted with another 1 litre of ether, followed by two more
extractions of 750 ml. of ether each. The ether extracts
were combined and washed with 260 ml. of’ water and this water
solution added to the orlglnal aqueous soap solutlon, and
then extracted W1th two portions of 250 ml. N/2 aqueous 'KOH
solutiong these solutians were also added to the soap
B@lutioﬁg and the ether solution washed free of alkali..
With all the extractions, care was taken to avoid the'
fofmati@ﬂ of emulsions. The water was %eparated as completely
as 50331b1e and the ethﬁr distilled off through a tared
distilllng flask, ‘and the residue dried under vacuus of the
‘water pump on a boillnngater baths In the bulk saponiflﬁ';‘
cation of the o0il, the éxtracts of 8*10.10ts of saponifications

Were fesse
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were combined and resaponified with N/2 alcoholic KOH (10 ml.:
of alkali per gram of residue) and the unsaponifiable matter )
extracted according to the abovementioned procedure. The
material was then dried and stored unaer carbon dloxlde,

its analysis wxll be described in a later section

(b) scids.

The aqgueous alcohol layer (together with one water wash
and two alkali washes) was poured into»a 4 litre separating
funnel and 1 litre of ether.added. The solution was then
Just acidified with concentrated hydrochloric acid and well
shaken. The solution was allowed to separate and the
agueous 1éyer takeﬂ éff and successively extracted with 2
litres of ether. The ether volumes were combined and
washed with sucdessive portions of water to remove the excess
hydrochloric acid. The ether ﬁas then distiiled off through
& distilling flask and the residual fatty acids dried under

vacuum of a water pump on a boiling watexr bath.

The fatty acids from &-10 lots ot szponifications were
combined, together with those from the re-gzponification of
the unsaponifiable matter and stored under carbon dioxide

for further analysis.

(¢) Low Temperature Crystellisation of th

Experiment 1: Crystallisation of Fatty Acids from Ether and

Acztone.

The total fatty acids from Ximenls caffra Sond. were
erystallised from dry ether at -40°, yielding the solid acids
(Fraction A) and the liquid acids (Fraction B).

The solid fatty acids were recrystallised from ether at
-40° to give an insoluble fraction A and a soluble fraction
Age  The soluble fraction B was recrystallised from dried

acetone /fe...
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acetone at -60°, yielding an insoluble fraction By and a
soluble fraction Bo. The experimental procedure was briefly
as follows; The acids were accurately weighed off in &

5 litre round-bottomed flask and the réquired volume of
solvent added (10 ml./ge of acid), and the acids brought
into solution by heating on a water bath. The flask was
placed into the cooling bath, and with slow stirring the
bath cooled to the desired temberaturé”by the addition of
dry ice =~ the temperature being taken down at a gpeed of
about one degree per minute. The temperature was kept at
the crystallisation temperature for zbout 4-5 hours, and
the insnluble acids collected on a cooled Buchner filter.
The filter cake was sucked dry and the crystals collected
in a round~bottomed flask and dried. The solvent of the
filtrate was removed by distillation and the residual acids
dried under vacuwn. The fractions were stored under €0z
before analysis. The fesults of this éxperiment and the

enalysis of the fractions have been summarised in Teble VI.

Experiment 2e¢ Crystallisation from Acetone and Light
Petroleum (bB.p. 40°=60°).

The original fatty acids wefe disscolved in anhydrous
acetone (10 ml. of sélvent per gram.of acid) aand the
solution cooled in the methylated spirits bath. AL ~250
the precipitate of crystals was so heavy that it was decided
not to cool any further, and the solution was consequently
kept at =25° for 4-5 houra. The crystals were collected on
a cooled Buchner filter and the different fractions isolated

as described in Experiment 1.

The liquid fatty acids were dissolved in light'petroleum |
(b.p. 40°-60°, 5 ml. solvent/g. acid) and the solution cooled
as before. At «22° the precipitate wag relatively thick and
the solution was kept at -82° for 4-5 hours and the crystals

collected feeea
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collected on a cooled filter and drieds The results of

this experiment have‘been summarised in Table VII.

Experiment 3¢ Crystallisation of the Fatty Acids of the
Three Ximenig Oils.

For the component acid studies of the oils of Ximenia
caffra Sond., xigggié caffra var. patalengis Sond. and
Ximepis amerigana var. microphylla Sond. the free fatty
acids were crystallised from dry”aéetane at -25°, and thé
soluble and insoluble fatty acids isolated as described in
Experiment 1. The weights and analyses of the fractions

have been sunmarised in'Table VIiIii.
() Ppreparation and Isolstion of the Methyl Esters.

The methyl esters of the acids were prepared according

to the method outlined in Appendix L.

(e) Eraclionald Digtillation of the Methyl Esters.

The fractionaticns of the different frections were
carried out in a two foot electrically heated column, packed
with gingle and multiple turn glass helices. The column is
a modification of the onse described by'Langenecker85.

buring the distiliation any flooding of the columh was
avoided, and a temperature difference of about 100° was
maintained between the bath_temperanhre end that of the head
of the column. an attempt was made Lo keep the iuitial
fractions relatively small (4—5'g.), and the subsequent
fractions were cut at about‘5*7 g The fractionation was
continusd until about 6-8 g. were left behind in the
distilling flask; the distillation was then stopped and the
apparatus cooled. After cooling, the column, side-arm and
Pefkin triangie weré ringed with small volumes of acetone.
The acetone washed were combined with the residue in the
flask and the solvent removed by distillation. The_;gst'

traces fee..
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traces of golvent were removed under vacuum and the flask
cooled and weighed. This fraction was then resaponified
according to the standard procedure and the non-sap.
'extgacted. The free fatty acids were then extracted and
analysed as such. The details of the fractional distil-
lation (boiling points, pressures, etec.) have been

summarised in the tables in the Appendix.

(£)

-in order to be able to compute the composition of each
fraction, the saponification equivalent and iodine value of
each frection are required. Furthermore, as all the
 fractions contain considerable amounts of the congjugated
diene and triene acids, the B (1%, lem.) values of each

fraction were.measured at 229 and 268 mp.

Iodipe Values: The iodine wvalues of the fractions were

Getermined by using the Wijs reagent (see Appendix A).

Saponification Fguivalentg: The saponification
ecuivalents of all fractions were determined according to

the method cutlined in Appendix G.

The E (1%, lcm.) Values: The E values were taken in a
Beckman spectrophotometer, using a hyﬂrbgen lamp as light
sdﬂrce, spectroscopically pure cyclcohexane as solvent, and
measuring the E values between 0.3 and 0.8 at the appropriate

'wavelengtbs.

The constants (iodine values, saponification equivalents
and E (1%, lcm.) values) were carried out in duplicate and
where these values were not within 0.5 - 1% agreecment, a
third determination was carried out. The average of the
two values was taken as iodine value, saponification
equivalent and E (1%, lcm.) for the calculation of the

composition of each fraction.

(g) /oao:‘.
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Chramatggraphic grade alumina ex Peter Spence was passed
through 100 and 200 mesh screens and the portion ~100+200

- was used for the adsorption experiments.

By using Brockman 's°° dye test on a series of alumina
of varying degrees ¢f activity, an alumina of activity of
grade 1v~V was found to give the best results. The exact
procedure for the preparation. of the alumine is as follows:
Hﬁnﬂred grams of alumina were placed in a small bottle and a
fewxnl.‘of.ethyl aéetaie and water added. (The ethyl acetate
was added to de~activate the tendency ¢f the alumina te'
hydrolyse the methyl esters during the adscrption.)  The
alunina was well shaken to ensufe even Gistributior of the
liquids and then hested at 148° for one hour.  W®hile hot,
the alumina was poured into the adsorption tube (24 x 3.00 mm.)
and the column well tapped to¢ ensure gnod packing of the
adsorbént; a small padibf cotton wool was placed on top of
the alumina to prevent distortion of the surface on aﬁdition
of the solvents. The methyl esters, dissolved in a small
volume of light petrcleum (bD.p. %0°»60§) were then added,
followed by the solvente listed in the tableg in all cases
care was taken not to allow Lhe surface of tite aiumina 4o
become dry. The fractions were collecﬁed in Erienmeyers,
>the solvents diétilled off through tared 25 ml. distilling
flasks and the residues dried under vacuum. The results of

the experiments are given in Table XV.
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Starting material
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Eluant.

In 10 ml. light
petroleum

200 ml. light
petroleum

5 ml. ether and
95 ml. light
- petroleun

60 ml. 1C% ether in

light petroleum

80 ml., 1C% ether in
light petroleun

60 ml. 10% ether in
light petroleun

80 mi. &0% ether in
iight petroleum

60 ml. ether
Mixture ¢f benzene
and alcochol

Recovery:

Feight.
1.0560
0.0048

¢.1981

0.3848
C.20623
0.0655
C.0081

0.0073
0.0948

E{l%,lcm.) *
1324.5

277.8

527
523
387.5
487

145.2
111.7

1.0167 (96.2%)

®
Note: Cell corrections were not spplied.

E&ﬂeriﬂlent 2e /o .e



Experiment 2.

The alumina was activated in the same way as in

Experiment 1, but the weight of adsorbent was increased to.

150 g.
TABLE XVI.

Eraction. Eluant. Weight. E(1%,lcm.)
Starting material Dissolved in 15 ml. 1.0722 324.5
light petroleum
1 300 ml, light : 0.0035 -

: petfoleum
2 100 ml, 2%/,% ether G.0024 e
in light '
petrcleun
3 100 ml. 2i/,% ether  0.0075 -
in light
petroleum
4 100 ml. 5% ether in 0.0876 275
_ Jight petroleum ‘
8 100 ml. 5% ether in 0.1229 367 |
light petroleum
5 ' 1C0 ml. 10% ether in 0.16€2 522
: light petroleum n
7 1CO ml. 10% ether in 0.1775 500
light petroleum .
8 160 ml. pure ether 0.0866 550
9 100 ml. pure ether 0.1382 529
10 100 ml. benzene and 0.0212 431
alechol ' |
11 - 100 ml. absolute 0.0672 -
aleohol
Recovery: 0.9385 (87.4%)

Note: <Cell corrections have not beenvapplied.

Experiment 3« /ee..
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In this experiment silica gel (silica gel ex Davison

Chemical Corporation, Baltimore, U.S.A. grade through 200)

and Hyflo Supercel (ex John Mansville) in a ratio of 80:20

was used as adsorbent.

The adsorbent (30 g.) was well

mixed and activated by heating at 190-200° for 1*/, hours.

The adsorbent was poured intoc the column and wetted v&ith

60 ml. light petroleum (b.p. 40°-60°), followed by the

- golution of the mixed esters and the column developed as

follows;

Starting
material

1l

W 0 ~N O 6 o o

10
1l

12

JABLE XVII.

o - : : ®
Eluant. Holeht- E(1%,icm.)

In 16 ml. of light petroleum 0.9421 466

500 ml, of light petroleum 0.0072 -

70 ml., light petroleum 0.00256 -

70 ml. light petroleum 0.0044 -

70 ml. light petroleum 0.0080 -

70 ml. light petroleum 0.0064 -

70 ml. light petroleum 0.00564 -

70 mi. light petroleum 0.0068 -

70 ml. light petroleum 0.0087 -

100 ml. 1}/,% ether in light 0.6040 475
petroleum

70 ml. 11/,% ether in light 0.2501 542
petroleum

70 ml. 11/,% ether in light 0.0028 -
"petroleun

75 ml. alcohol and benzene 0.0485 -

Recovery: 0.95568

% Cell corrections were not applied.

Note: The E value increased by about 20~25%, but the yield of

the purified material was low.

The increase in weight of

the fraction indicated that the fractions were not well dried.

Experiment 4. /.ees



The adsorbent (50 g.) was activated by heating it at 200°

- for 2 hours.

The residual methyl esters (after distillation

of the solvent) were dried for at least half an- hour under

vacuum on the water bath.

The column was wetted with 80 ml.

1ight petroleum (b.p. 40°=-60°) and the mixed esters added.

TABLE . XVILI-

Fraction. Eluant.
Starting In 30 ml, light petroleum
material
1 500 ml. light petroleum
2 100 ml. 1/,% benzene in light
petroleum
3 500 ml. 1,{3% benzene in light
petroleun
4 100 ml. 1% benzene in light
petroleum
[ 100 ml. 1% benzene in light
- petroleum
-6 300 ml. 1% benzene in light
petroleum
7 75 ml. 2% benzene in light
petroleum
8 75 ml. 2% benzene in light
petroleum
9 75 ml. 5% benzene in light
petroleum
10 75 m1l. 5% benzene in light
petroleun ' , _
11 75 ml. 1/,% ether in light
petroleum :
12 75 ml. 1/,% ether in light
petroleum
13 75 ml. 10% ether in light
petroleum
14 100 ml. pure ether
Recovery:
*

Note:

Weight. RE(1%,lcm,.) ¥
e

1.05623 466

0.0020 -
0.0028 . -
0.0150 -
0.0235 14.3
0.0236  4.98
o.oaés -
0.0063 .
0.0068 -
0.0056 -
0.0026 -
0.0112 -
0.0042 -
0.800 520
0.0948 -

1.0079 (95.5%)

Cell corrections have not been applied.

&Eeriment . /c_ es e
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The mixed methyl esters of frac¢tion 13 in the previous

The adsorbent was activated at 200°

for 2%/, hours, packed in the column and the column wetted

with 60 ml. light petroléum (b.p. 40°<80°).

Startmg material in 25 ml, light

i0

200 ml.

200 ml.’

200 mi.
100 ml.

100 ml.

100 ml.

: 1bo mlﬁ. 71
1@0 mll,.
'150 mll
lbO mis'

120 ml.

pet.raleum .
light petroleum

1% benzene in light

‘petroleun

2% benzene in light.

petroleum '

5% benzene in 11ght

petmleum

5% benzene in light

 petroleum

73 /2% benzene in

light pe t.r*ole"t-;m

7%/,% benzene in
light petroleun

'1/,% benzene in
light petroleum

% benzene in
1ght petroleum

10% benzene in lz.gh‘b_

petroleun

10% benzene in light

petroleum

15% ether in light
petroleum

"Recovery:

mg:;& m&, cm. )

.76’?2

0.0012
0.0045

0.0293
0.0429

0.0648

0.0584

0.0498

0.1077

0.3496

0.0071

520 '

560
565

558

10.7645 (99.5%)

(h) ‘ /o-‘o .0



w 71 =

(h) Igolatjon, Dg;zvg;ivgg, Identification and

The methyl esters obtained frcmvthe fractional distil- .
lation of the liquid fatty acids, having saponification
equivalent of 202-294 and E(1%, lom.) at Aj, . 299 mu of over
.400’ were combined and saponified, and the free fatty acids
extracted according to the standard procedure (see Appendix ().
: The free fatty acids were dried under vacuum and crystallised
from acetone as follows; A weighed quantity of acid (8.5 g.)
was dissolved in 40 ml. dry acetone and the éélﬁtion cooled
in a methylated gpirits bath. . rThe solution ﬁaS'cooled to
«30°C and kept there for three to four hours.and the erystals
collected on a cooled Buchner filter. The crystals were
. dried under vacuum, yielding 3.29 g. of solid acid with
E (1%, lems) of 568. . This was again recrystallised from
acetone (15 ml.) at =30°C, yielding partly transparent plates
(1.5 g.) with E (?%g>lcm.) of 552. Regrystélliéation of
this material ffom 7.5 ml. light petroleum (b.p. 50°-60°) at
-5°C yielded 0.759 g. of plates with E (1%, lcm.) of 575,
m.p. 38°=39°C. | |

Further recrystdllzsatlon from 4 ml. llght petroleum
(b.p. 50°-60°) at ~5°C yielded partly transparent plates
having E (1%, lem.) of 583 at A .. 229 mp and m.p. 39°-40°C

{(corrected).

Recrystallisation of this compound did not increase the

E value or the melting point.

Apalysig: Calculated for C,gHge0z:-C, 77.655 H, 10.864
Neutralisation equivalent, 278.4
Found: €, 77.68; Hy 10.813y N.E., 278.9
Refractive Index; ﬁio, 1.4741, taken with
an Abbe Refractometer. _ ,
Density: 1.045 (25°) using the modified Fr&ef

and Weston method™’

with a salt solution
and water. |

The fevsa
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. The E (1%, lcm.) of the compound at /xmaxAZGBqu was
. 2.6 and indicated the presence of a small quantity of a
coﬁgugated triene acid (cé..o.l%)a

Ximenynic écid cnyétallisea in fiat, partly transparent 
piéteéQ'v It was very soluble at rooim temperature in acetone;
aleohol, petroleum ether, chlornfbrm, bpnzene and also in

- weak agqueous sod;um‘hyd:oxide,and‘sodtwﬁ carbonate selutlons;-
1t dissolved in the 1a££er with evdlutién of carbon dioxides
wlth concentrated sulphurlc acid it gave an intense red
—caloration. No precipltate formed on ﬁhe addition of

éwdinltrophenylhyﬂrazine solutlan to an alcoholic solution

of the acid, and ketone grcups are therefore absent,

‘ Thé hydrogenation.ﬁas‘carriedtout'in a TBWers @icra—
'hydrogendtxen apparatus, using palladium on calcium carbonate
catalyst and alcohol as solvent. After re&uctlon of the ‘
catalyst, tne sample was added and. the shaking contznued.
tAThe folloW1ng table summarzsea the results of the hydra—

genation of three different samples of acid

1 .. e -

_ Wee of sample (g.) 0.01240 - 0.01077 0.01393
Vol. of the Hp ebsorbed. 3.537 ...  2.910 3.666
(ml.) . at 751.5 mm. at 756.1 mm. at 754.6 mm.

and 293 A® and 293.3 A° and 294 A¢
-ﬁMoles-Hz_anaorbed S &0 320 . 3.01

_ The alcohal solution of the saturated acid was centrlfuged
‘to remove -the catalyst, and reduced to small volume anﬂ left

| for crystallzsatmon. . White plates crystalllsed outy

m.p. 68°~69°, whichV%we:recrystalllsed fromAmethanol, yielding
wnlte plates, m.p. 69 39-70¢, Mixed melting po;nt

'determinatzen with pure stearic. acid (m.p., 699-69.5%°) Aid not

glve a. @epresslﬁn, and xlmenynic is conaequently a Cyg acid.

le‘i\f&&i Veﬁ /'lv zen
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Derivatives of Ximenynic Acid.

Hethyl Ximenynate. The methyl ester was prepared and
isolated according to the general procedure for the
preparation and isolation of methyl esters of fatty écids

(Appendix L).

From 20 g. of acid (0.072 mole) after refluxing with
100 ml. methyl alcohol and 10 drops of concentrated sulphuric
acid, 21.00 g. of methyl ximenynate were isolated.  (Yield,
quantitative); b.p. 148°/0.2 mns 163-165°/0.4 mmg

172-174° /0.8 mmy refractive index (25°), 1.47003 specific
gravity (25°/25°), 0.90675 E (1%, lem.) at Apgy 229 mp,
549.2. nalysis: Calculated for CyoHpz0z: C, 78.024

‘ H",,, 11.0'3;‘ Sap. Eq. 292.4. Found: G, 77.52¢ H, 1l.104
Sap. EGe, 292.9. |

‘The methyl ester turned yellow On standing in the ai?,
and from the analysig the oxygen uptake was more rapid than
originally anticipated, becsuse after half an hour's exposure
to the air, the compound showed the following analysis:

C, 76‘45; H’ 10.67.

yl Ximenynate. The procedure for the preparation of
the ethyl ester was essentially the same as that for the
preparation of the methyl ester. From 6§ g. of ximenynic
acid (0.00172 mole), after refluxing with 25 ml. of absolute
'alcohol‘and 5 drops of concentrated sulphuric acid, there
was isolated 5.4 g. (98.2%) of impure ester. The ethyl ester
' waa fractionated through a pear-shaped column (and a pig
adapter) and only the middle fraction collected, b.p. 168~
169°C/0.2 mm.y refractive index (25°C) 1.4680.
Anslysis: Calculated for CpoHgaOz: €, 78.255 H, 11,25
Sap. Bqe 306.6. Found: C, 78.445 H, 11l.213 Sap. Eqe. 306.9;
E (15, lom.) at Ay, 229 my, 525, |

The /e



The amide of ximenynic

acid was prepared according to the procedure outlined by
Shriner and Fuson®8. = The thionyl chloride used in the
reéctien was purified according to the method outlined by
Fiesergg. Ximenynic acid (2.2 g.y 0.,0008 mole) was refluxed
in 20 ml. purified thionyl chloride for 16 minutes.  The
solution was cooled and cautiously poured into 50 ml. cold
cdneentréted ammonia. :The precipitatéd amide was collected
on & Buchner.filter, washed with cold water and crystalliged
fram 50% aqueous solvent.. Yield: 1.8 g. (82%),

m.ps 104-5°-105°C; second crystalligation.from 80% alcohol,
mepe 105°-105.5%¢ third crystallisation, 105°~105.5%%
yielding small, yellow, nest-like crystals.

Analysis: Calculated for C,gHs ON: C, 77.925 H, 11.26.
Found:. C, 78,315 H, 11.29. |

giggnxnig_gg;g; The nrﬁhenyl~phenacyl and p~bromo-
phenacyl esters of ximenynic acid were prepared according
to the general method outlined by Shriner aﬁd.Fusonsaa
About 1 g. of acid was dissolved in & ml. of water containing
excess potassium hydroxide and the solution neutralised with
N/3 HCl until just acid to phenol phthalein. A solution of
1 g. of the phenacyl bromide in 10-15 ml. alcohol was added
to the potassium salt and the solution refluxed for 1=2 hours.
The solutlon was allowed to cool and the precipitate& ester

recrystalllsed fram 96% alcohol.

p~Ph ~phen Ester.  Slightly yellow needles,
m.pe. 61.5°=-62°. Analysig: Calculated for CgoHyp0s:
C, 81.313 H, 8.53. Found: C, 81.31; .H, 8.66.

p=Bromo-phenacyl Estep. Slightly yellow needles,
m.p. 53.75°-54.25°. Analysis: Calculated for CpeHagOsBrs:
C, 65,665 H, 7.44. Found: C, 65.843 H, 7.53.

m.» enyg;yl /6o -;i‘
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sdmenvnyl Alcohol. Ximenynic ac¢id was reduced according

to the method of Nystrom and Browngo._ The experimental

procedure was essentially the same as that outlined by the
authors.s - The apparatus consisted of a 250 ml. round=-

bottomed ground glass flask, fitted with}a dropping funnel
and condensef, while moisture from the air was excluded b,yv

means of drying tubes conteining silica gel.

F:inely powdered lithium ahminlwn hydride (0.261 g.,
0.0069 mole) was refluxed with specially dried ether for two
| hours, A solutlon of 1.39 g+ (0. 005 mole) of ximenynic :
acid in 20 ml. dmed ether was slowly added to the 11t,h1um
almnmium hydmde and the solution finally refluxed for
3@-40 mmutes. The solution was cooled in an ice bath and
the la.thium complex decmposed by t.he additn.on of 10%
sulphumc acid, and t.he reaction product isolated by
extraction with ether.  The ether extracts were combined,
washed once with 10% sulphuric acid and once with cold water
and a few times with a 5% potassium carbonate sclution to

remove any unreacted acid.

The eiher extract was fiﬁally dried <l>ver anhydrous
magnesium sulphate and the ether removed by distillation,
yleldmg 1.35 g. (97%) of x:.menynyl alcohol. The product
was dlstllled (bep. 1‘729-1750/1 mm.) and the main fraction
was once crystallised from light pet.roleum, m.p. 26°=27°,
which rose to 30°-31° on further crystallisationg refractive
index (26°C), 1.4‘790; refracuve index (40°C), 1.47264
E (1%, lom.) at Apay 229 mp, 591.5 (in cyclohexane).
Analysis: Calculated for CygHgz0: C, 81L.755 H, 1l2.2.
Found; C, 81.9; €, 12.2. |

Reduction of ximenynyl alcohol with a larger excess of
lithium aluminium hydride yielded a product with the same

abscrpt.ian spectrum,

Hydrogenation /e...
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Hydrogenation of Ximenvnyl Alcohol. The hydrogenation

of ximenyngl alcohol was carried out in a Tower's micro-
~ hydrogenation apparatus, using ethyl alconol as solvent and

palladium on calcium carbonate catalyst.

0.01399 g. of alcochol absorbed 3.893 Hy at 751.7 mm.
and 290°A and 0.01666 g» of alcohol absorbed 4.397 ml. Hg at
751.5 mm. and 290°4, this'being equal to 3.05 and 2.89 moles
of hydrogen respectively. The hydrogen absorption was
‘fagter than that of the acid; within five minutes 78% of
the total amount of hydrogen was absorbed.

The catalyst was centrifuged off, and the alcohol
reduced to a small volume, yielding white plates, m.p. 58.5°%~
60°, mixed m.p. with an authentic sample of octadecyl alcohol

(octadecane~1-0l), m.p. 59%«60°, did not give any depression.

Urethaneg. The néphthyl and phenyl urethanes of
*imenynyl alcohol were prepared from the corresponding
isocyanates éccording to the method described by shriner and
Fusones. The products were recrystallised four times from

light petroleum, yielding white plates.

Nephthyl urethane: m.p. §7°~57.5° Anglysis: Calculated
for CgeHaeNOz: C, 80.323 H, 9.05. Found: C, 80.35g

urethane: m.p. 69°~62,5%, alysig: Calculated
for CpogHgaNO3: C, 78.283 H, 9.72. Found: C, 78.45%
H, 10.05.

Zimenynyl Cglp:igg. Ximenynyl chloride was prepared
by treatment of the alcohol (1 g.) with purified thionyl
chloride (10 ml.) in chloroform in the cold. The chloroform
solution was then refluxed for ahout'fifteen minutes aﬁd |
cooled. The solution was poured into ice water (25 ml.) and
then washed with water to remove any free acid. The

chlorofom /n *e .
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chloroform solution was dried over anhydrous sodium sulphate
and the resgidual oil fractionated under vacuum: b.p., 148°/
1mmg E (1%, lem.) at Amax_229 mu, 546.
Anaglysig: Calculated for CygH3;Cl: C, 76.55 H, 11.064

i, 12,53. Found: C, 75.713 H, 11.88; ¢1, 12.81.

From the analysis the campbund was impure due to oxidation.

=

xidation of id. The acid was oxidised

according to the method described by Brown and Farmergl for
elaeostearic acid. Ximenynic acid (1.7 g., 0.0061 mole) |

was dissolved in 400 ml. distilled water, containing 1.7 g.

hydrated sodium carbonate and 0.5 ml. potassium hydroxide,
The solution was cooled to 5° and with good stirring a 7.5%
solution of potassium permanganate in distilled ﬁater sléwly
added. Slight excess of permanganate solution was added and
the solution was allowed to stand for about ten hours at room
temperature, a nd the excess permanganate removed with
‘sulphur dioxide. The manganese dioxide mud was filtered off
and the filter cake washed several times with small volumes
of hot watery the total filtrate was then concentrated to
about 8500 ml.

The resulting solution was- just acidified with hydro-
chloric acid eand then digtilled.until about 50 ml. of liquid
was left in the flasky this distillate was allowed to drip
into a solution of alkali, A further 150 ml. of water was
added to the distillation flask and the distillation continued
until a further 150 ﬁic 6f distillate had passed into the
alkali solution. The distillate was concentrated to about
5 ml., allowed to cool:t@ room temperéiure, Just acidified
with hydrochlc?ic acid (10%) and the agueous phase extracted
four times with ether. The dried ethereal solution was
digtilled off through a 25 ml. distilling flesk, yielding
0.5 g+ (63% yield) of an acid with a b.p. of 219°-220°
(micro<«boiling point method)y m.p. of p-phenyl~-phenacyl ester
57°-58°3 p-phenyl-phenacyl ester of heptanoic acid, m.p.

57.7° feue
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57¢?°—5€s°, with no depression on mixed meltmg point

detenmlnatlan. |
- From’ the aguebus llquld in the distilling flask, wnlte

' crystals were obtalned which were combined with more materlal
extracted with ether.' Yield: 1.01 o (87 5%) aThis
'material w;s crystalleed once from a suall volume of water,
'ylelalng white crystahsnh;n 130°~194°, second. crystalllsatlan
4104”—1@6° thlrd crystallisation 105°—106°, mixed”meltlng

point determlnatlan w;th azelaic acld - 00 depressxon;:

The residual.mother diquor (after extrqctlon with ether)
—was heated to remove the excess ether, and the solutlon then

cooled and half of thls solutzon used fer the determlnatron
lof oxalic acid. Fifteen ml. of concentratéed sulphuriec acid
were added to the golution and the Qxalic acid titrated with

N/320 permanganate.-

Yolume of 0.09 ﬁ'KMn04 used = 15,5 mi.

i

4]

‘31 ail. for the total solution

tH

_ ] S 0~1?58 g. of oxalic seid
,i e - {22.75% yield) oF
The ae1d, on oxidatlon,‘y1elded therefore three acids: A%g;ﬁ“;"
 Heptanoic acid  CHg(CHp)5CO0H, i
AZelalc acid~.a. HOOC.(GHg)qOOOH
_ and Oxalic acid N HOOC. COOH, giving a fatty acid
with eighteén carbons; |

A stream of ozonzqed

Qxygen containlng 2 5% ef ozone was passed through 'a solution
of xnmeaynxc acid (3 ge) in dry glacial acetic acid (20 mi.)
fﬁg,lSO.minqtes,'the'sdlution being kept at 15°-20° to avoid
,gxhésﬁive.lqss of acetic acidgz. Zine dust (6.5 .g.) and a.‘
»hraéefof'water were a&@e& to the solution; the whole was
*réfluxed wiﬁh stirringvfor 90 minutes and then water (5 ml.)
was added. - The prbduéﬁ‘was filtered'through a Buchner- funnel,
" o - the feu.
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‘the filter being well washed with etherg the combined filtrate
was washed with water, dried over calcium chloride and the
ether was removed by distillation through a column. . The
resldue was fracuonally distallea to glve |

- {a) b.;pe., _100”-120"*/650 ma, (g_g. 3 g.),

1 (b) b.p. 120°-123°/650 mm. (ga. 2 g.),

(¢) b.p. 123°/650 mm. ~ 60°/20 mm. (0.2 g.),

(@) - beps 160°-175°/0.5 mm. :(oiifa g:)s

(é) Daps. 175°/0.5 mm, (0.5 ge)s

(a) was chiefly acetic acids (b) contained p-heptaldehyde, it
yielded a semicarbazone (0.3 gs) giving m.p. 107°~109° after
one recryst»allisatioﬁ from aqueoug alcohol.  {(Found: (, 56.344
ia, 10.55%. Calculated for CeHyzNg0: C, 56.14 Hy 10.05%; the
melting point being undepresgsed in admixture with an authentlc
sample of n~heptaldehyde semz.carbazsne of m.p. 108°-109°)5
(c) also contained n-heptal&ehyde (ox:n..me, MeDs 54"—55“; ‘melting
‘p:omt nndepressed in aﬁmlxture with n«heptaldehyde oxime of

eps 54"—559); (@) cansa.st.ed chiefly of azelaic acid which was

ebtalned in quant.z.‘by (0 40 g+) by recrvstalllsatian of (e)
ffrem ethyl acet,at.e and 1s@-heptane giving m.pa 1069-10'7°
undepressed in admlxture with sn authentic sample of MePs

- 106°=107° .(Feund: C.,, 5’?»66.;‘ Hy 8.8&%; Ea'&ﬁt_.a = 2647,
fCa‘lculatec’i for CgH,g04: C,. _57.44;;; Hy 8.5‘6%5 E.Wt. @_94,-.3..);.

The mother liquors from the recrystallisation of (e) were

) _evaporated down and boiled with an e xcess of semicarbazide to

‘give a precipitate (J.Smg;) of m.p. 141°-140° which after four

' recrystallisations from ‘aqueous alcohol, yielded ga. 1 mg. of

‘material having m,p‘_' 158°~160° (azelaic semi-aldehyde semi~

“earbazone has m. p.' 162?".);93.

Z ‘The different fragments obtained through ozonolys;.s were
therefore heptaldehyde and azela:.c acz,iL. ;

Reactiong /es»



Ximenynic acid was. elaidinised according to Bertram's
method described by Hilditcl o4, An 01l bath was heated to
200°C and kept at that temperature during the reaction.

The Xinienynic acid (1.40 g.) and C.007 g. selenium metal
were placed in a 1 inch pyrex tube and placed in the 0il bath
for two hoursg a control without any selenium metal was
_ placed in the bath for the same time. | During the reaction
carbon dioxide was hubbﬁled through the acid to prevent
autoxidation. The tubes were cooled to room temperature and
the partly solid material dissolved in a small volume of
light petroleum (b.p. 40°-60°)3 part of the material,
however, separated out as an oil, from which the solution
was decanted. Tx;e_ petfoleum solution was placed in the-

" refrigerator, yielding 0.44 g. of white crystals, m.p. 37.5%-
38%°¢ the mother liquor yielded more crystals (0.0l g.), |
meps 38°=40°, while more crystals were obtained on evaporation
of the solvent (0.029 g.). The control yielded crystals

mepe 32°-40°. These crystals did not give depression on

mixed melting point determination with pure ximenynic acid.

Ximenynic acid was reacted with double distilled maleic
anhydride in an attempt to prepare the Diels-adler adduct’gsm

Cne and a half grams ('0;0054 mole) of ximenynic acid
and maleic enhydridé (0«47 g.y 0,005 mole) were place’d in a
Pyrex test tube and heated at 120° under CO,. The cgoled
residue_ was extract.éd severai rtimes with hot petroleum and
the petroleum solutions combined and reduced to a smali
volume. Cn cooli_fxg in the refrigerat,-er,v 1l g. acia was
obtained, m.p. 38.5°~40° (no depression on mixed melting

| point Jeeoe
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point determination with ximenynic acid)<s The residual
material from the petroleum extraction was crystallised

from a small volume of chloroform, yielding small white

erystals m.p. 47°-54°, which melted at 54°~-56° after one
erystallisations malelc anhydride melts at 56°; no

depression on mixed melting point determination with pure

maleic anhydride.

The attempted reduction of ximenynic acid to the dienoic
acid was carried out using a poisoned palladium-charcoal

catalyst, according to the method used by Isler gf 31.46.

T - The acid (0.0411 g,) was dissolved in 15 ml. alcohol
| and O.1 g. of poisoned catalyst added. After the absorption
of about 3.43 ml. hydrogen (1 mole), the hydrogenation was
stopped and the product isolated, showing an E (1%, lcm.)
of 232 at Ap,y 220 mp.

The hydrogenation was thus largely unselective, which
was expected from the fact that the volume of gas was

absorbed within 5 minutes.

In a private communication, Dr. Isler stated that the
presence of any acid destroys the toxicity of the catalyst
and another experiment was conducted-cn'ximenynyl alcohol,
using a poisoned cataiyst obtained fﬁém the laboratories of
Messrs. Hoffman-La Roche, Switzerland.  The alcohol (0.056 g.)
wag reduced until 1 mole of hydrogen was absorbed (approx.
4.5 ml. of hydrogen); the hydrogen absorption took place
within 5 minutes, aftef which tﬁe reduction was stopped and
the product isolated. This material had an E (1%, lcm.)
670 at Amax.zeg mp, which indicated that the hydrogenation

was still largely unselective.

(The B (1%, lcm.) for lfazll—octa»deca-dienoic acid is
2l,22 229-234 mu, while Schmid
and / TEE

approximately 1200 for Amax



. o
and Lehman“a reported to have prepared an octa-dienoic acid

with E (1%, lem.) of 1028 (log B = 4.46 at A .. 230.5).

Methyl ximenyhate was reduced with absclute alcohol and
sodium according to the method of Adams' and Marvel“®.
Methyl ximenynate (1.5 g., 0.006 mole) was dissolved in
20 ml. absolute alcohol contained in a 50 ml. round-bottomed
flask fitted with a refiux condenser. Clean cut sodium
(1.2 g., 0.06 g.-atom) was slowly added and the total
solution refluxed for 2 hours.  ExXtrection with ether,
followed by extraction of the ether solution with a 5%
potassium carbonate solution and evaporation of the ether,

yielded 1.1 g. of material having E (1%, lem.) of 464.7 at

Ximenynic acid was treated with potassium hydroxide in
ethylene glycol at 180° according to the method outlined in
Appendix K. A small quantity (about 0.1 g.), accurately
weighed, was isomerised at 180%° for 25 minutes and the
solntion quickly cooled. The solution was dissolved in
purified 96% alcohol (see Appendix A) and made up to 100 ml.
in a measuring flaskg it was stored overnight snd the

abgorption spec%rum:determiﬁed between 300 and 220 mu.

' gimilar spectra were determined for the acid after one
. and two hours of alkali treatment at 180°, The isomerised
acids were isolated as follows: After isomerisation at 180¢
the potassium hydroxide-ethylene glycol reagent wasg poured
into 25 ml. of water and the solution Jjust acidified with 10%
hydrochleric acid. This solﬁtion was extracted with two
portions of 1light petréleum (15 ml. each) and the petroleum
selutions combined and freed of excess hydrochloric acid by
shaking a few times with water. The petroleum solution was
dried over anhydrous sodium sulphate and the petroleum
distilled /«...
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distilled off through a 25 ml. distilling flask.

The residual oily liquid was dried under vacuum and the
absorption spectrum determined in cyclohexane. The
E (1%, lom.) values at Ay, 268 and 229 mp are listed in

'Taﬁle X, while the gpectra are given in Fig. 3.

Igolation of the Igomerised Acid.

Ximenynic acid (25 g.) was treated with alkali in
exhylené glycol'at 180°C for 1 hour under nitrogen and the
{somerised acids isolated as described above. The syrupy
acids were dissolved in light petroleum (b.p. 40°-60°9, ‘
10 ml./g. of acids) and stored overnight in the refrigerator.

Some syrupy‘material, which separated out, was removed
- by decantation, and the clear solution cooled to ~60°C.
The white précipitate*was collected on a cooled Buchher filter
and recrystallised twice from a small velume of light
petroleum at ~10°G,-yielding 0.6 g. of white crystals,
M.pe 60°=61°C.

The isomerised acid was soluble in alkali and in most of
the organiec solvents. It autoxidised very rapidlyg after
2=3 hours exposure to the atmosphere the melting point dropped
to 579C, and after 12 hours an smorphous 0ily solid formed.
Analysis: Calculated for C;gHge0z2: €y 77.653 H, 10.886.
Found: C,74.474 H,10.47;E (1%, lem.) 1705 at A__ 269 mu, and
E (1%, lcm.) 130.1 at 229 mﬂ,(no maximum).

The original petroleum solution was cooled to =75°C, but

no more material crystallised out.

Oxidation of the isomerised Acid.

' The crystalline acids (0.4 g.) obtained by erystallisation
from lignt petroleum (b.p. 40°-60°) with value of E (1%, lcm.)
1705, were dissolved in 100 ml. water containing 1 g. of

potassium fee.
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potassinm carbonate and 1 ml. N/2 aqueous potassium hydroxide.
The solution was cooled to below 5° and a 2% solution of
potagsium permanganate solution slowly added with stirring.
Excegs permanganate solution was added, the solution allowed!
to come to room temperature and left to stand ovérnight.

The excess permanganate was removed with S0, and the
hanganese dioxide mud collected on a Buchner filter. ~ The
precipitate was washed a few times with hot water (2-3 times)
and the filtrate collected, acidified and the volume of
solution reduced by distillation‘ The distillate was
éollectéd in an alkali solution. About 500 mi., more water
were added to the distilling flask and this volume again
distilled off and the volume in the flaék finally reduced to
about 80 ml. This, on cooling to room temperature, yielded
white crystals (0.3 g¢), m.p. below 80°C., which were
erystallised twice from benzene, yielding white c¢rystals,
Mep. 105.5°-106,5°, Mixed melting point determinations
with pimelic acid and azelaic acid gave a lowering of 20°C.

F(Bund: c’ 62.45 3 H, 90390

The digtillate; which was reduced to a small volume,
acidified and extracted with ether, yielded 0,15 g. of
liquid fatty acids, b.pe 224°=-226°C. p-Phenyl=-phenacyl
ester, m.p. 60-5°=62°C which gave a lowering on mixed melting

point determination with that from heptanoic acid.

The following jodine value reagents have been used to
determine the iodine values of ximenynic acid and its methyl
ester;

{a) Woburnls reageht, {b) Modified Rosenmund-Kuhnhenn
reagent, (c) WVijs reagént, (d) To complete the table, the
recults obtained with bromine vapour are included. The
different reagents are described in Appendix A, and the

results obtained have been summarised in Table XI.

Il:ga /o-o‘o



) The urea eoleplaxe$ were prepareci acceraing to t.ne method
| of Schlenk and Hol.rnan60 (lom _C____a) A saturated solution of
'urea in methanol (16-29 g« per 100 ml. )' was prépared by warming
Mthe solution on t.he water bat.h fer & short whileg the
olutlon was allowed to gtand for a few days and only the

Vclearv liquid was used in the exper:.ments.

One gr:am of acid (or methyl ester or alcohol) .waé’ dissolved
in 80 ml. of the ureac-methanol solution (slight war:amg) and
t;he solution caoled to room temperature for a few hours.

The erystals were collected on a Buchner filter, washed with
a 1i1tt1e‘ ice~cold methanol and dried under vacuum. The E
‘value was determined in an alceholié solution at 229 mu.

The flyield values" (see ref.), .me.j.tingv_ pointe and E values of

the urea com;i-l:exes are given in the fallowing table;

Yield value 1.5 . L0 1.0
B (1%, lem.) S 182 132.6  150.4
Melting point '- ,130.,5»131,5' © 133-135° . 132~133°
Mole ratioc of urea . 16.00 15,25 12,1
to compound in o -

complex

The urea complexeg of the total fatty acids of xzmema
oiis {see Holman and .&,chlank) were a.lso prepared. The oil_
we;-a saponified and the unsaponiflable material extfaete*d-.
The fatty acide were :iéé,lated and converted to the methyl
esters. L
10 g. of esters were dissolved in 300 ml. of u_fea-¥

methanol solution, and the total solution érystallised at 31°
fGI‘ »/.’ L ]
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for th?@e'hours. (Fﬁaétion é)» The crystals»&ere collected
Qn a Buchner fllter and the flltrate ceoled o room temperature
and a seeond batch of crystals collected after 8 hour’s
standing (Fractlon B). Each fraction'was dlssolved in water
centaaning a few:ml. of concentrated hygroehlorlc acid, and“
‘the llberated methyl eaters extracted with light petr@leum :
(bipq 4@°~60°), The petroleum solutions were distilled )
‘through tared flasks ané dried. The results of the
experiment have been tabulated in Tabie XX,

c | ‘f 0.8 . 279

Fraction>3 was dissolved in 90 mi;»ef methanal~s@lutioﬁ,
‘and 1eft for cnystaliisation. The crystallzne materlal, |
‘however, ylelded atmetnyl ester Wlth B (1%, lem. ) of 279"

, The{methylfesters with saponificatibn"equivalentt4lﬂ—4i2g
iio@ine value 39-40 were sapenified and the total acids (7. 35 ga)
dissolved in 180 ml. llght petroleum (b,p. 40“-60“) . The
&solution was allowed to cool to room temperature ‘and the Solld

‘acids callected on a Bnahner filter and dried. The petroleum

'in the filtrate was removed by d13t1llaticn and the residual

| aczds drled, ylelding o | v

j_ifFf} Insoluble acids: Wt- 3 00 g. Igﬁ;.S.Eé, Mo po ?5°~77°

 Soluble acids: mgt» 4,35 go I,V. 52,7, m.p. 4 59—47S
| ‘ I  The S
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| The soluble acids were dissolved in light petroleum
Tf_(lom‘l° per g;)_and the solution crystalliged étuﬁﬂ and the

,I crystals collected on a Buchner"i,fillter.; the mother liquor
":iﬁas-éoeled to 0°, the crystals ggain cdliected on a Buchner
filter and drled, yxeldlng 2.25 248 material, ) 459=46.5%,
I.V; 60; i Recrystallisatlon fram acetone gave a product

BeDe 459-45.5° I.Ve 62.3, N;E. 399 9 (Theory: .NQE, 394.7,
1 1.Ve 64.3) ﬁgg;xgigg Calculabed for Czeﬁsooa. C, 79.1¢

tH, 12.77. Founds: Cy 79 04; H,-lz 94. The neutralisation
fequivalent of this product indicated that it was contaminated
jwith 1umen1queic ac;d, but 1t could not be purified by further
crystalliaatlon.X  Catalytlc hydrqgenatlon in acetic acid asjl
‘ Solvent yielded an acid, m.p. 2°-8&°, whlch 1ncreased to o
: 83°-84° on recrystalllsatlon from acetone (reported B87.5%~

C, 778 H,13-18. Eosnd:

| 87.7°). igs Calculated for CzeHsa0z3 ,\c, 78,134

H, 12.8; 0.02463 ge of acid absorbed 1.418 ml. Hy at 762.6 e

izAand 288°A, O 03351 g. of acid abmorbed 1.9218 ml, ‘of Hy at
3.‘761.3 mm. and 288%.; which calculatecl to 0.965 and 0.958
. 1moles of hydrogen, respectivelya " The melting péiﬁt-of
* cerotic acid indicated, too, that ximenic acid was still

- impure.

| Ximenic acid (1.0 g;,1050025 mo1e)'was oxidised with

: Milas?s\reagent64_(hydroéen.éerexide in t~butyl alcohol and
osmium tetrgxidé.catalyst) and the solution allowed to stand

~ at room temperature for a few days. A solid material

! crystalliged out,mmsp. 109°~1ll°9.which was extracted with
1ight_petnoieum,aad crysta1lise&‘twiee from acetoneg yielding |
o gmall ’pééx:j,'-'iike crystals, m.p. 119°~120° (reported 1189.-.1}199.;);,;4
| yield-o,s ge , r ,VV |
. Hy 1228 Founds ¢, 73 25; H, 12.10.

Calculated for Cg@Hsggg. C, 731.0;




| szenic acxd {1g.y On OO&S mole) was d:.ssolved in 200 ml.
dry acetcne and oxidlsed with excess potassium permanganat.e

aceerdmg to t.he met,hoé, of Armstrong and Hlld1t¢h97 The {

\
exidat.lon was contiaued for 10- 12 heurs and the acetone :

1

removea by distillamcn. The bi‘@wn resldue was. coolea and
- | suspende& in 250 ml. ice-cold water and the excess pexmanganate
and manganese dmxide reduced with soz. The solution was
then ae:.dified and ext.racted several tmes with «et,her. The =
ether solut.ions were combined and shaken carefully with a
10% patassium carbonate solutien. The potassium c&rbonate
: solutmns (about. 250 ml.) were c@mblaed, dClalfled with HCl
and da.smlled to a small volume to remove the hq,um volatlle
aclds. More wat.er was added Lo t,he dist:.llmg flask. and the
same volume of llquld eollectea in the disullate, The 2 )
dist.;.llat.e was extracted several times with ethez', and thé fw“ A
ether distilled thrﬂugh 2 25 ml. flask, vielding 0.25 g, of
'l:.quid acids with a pronounced cocoanut flavour; b,p. 240‘“-‘

C 245", refraeta.ve index 1.4385, amide Me p. 96°-98° I

-(Reparted for pelarg;omc acid, Bepo 254.4", refraetive mﬁex
1.4345, amide Mm.ps 99%) The residue from the flask wag

~ saponified and the i‘atty acids extracted with ether, yleldmg

| 0.6 g of materlal, . p. 809-100" On recryst.alhsatmn
from alconol this yielded acids wa.t.h Siepo 106°-110°.
(Reported for Qctadecane-—l,-ls-dlcax‘b‘oxyllc acid 110°~-118°, )98

(j) Lumeniqueic Acids.

L‘uméniéueie‘ acid waé :i.éolate& éccc»fdiﬁg to" t.he ,Samé
methoé as. that descmbeﬁ far xmenmc acld. The met,hyl

'esters, with sap@nificat.mn equivalent over 450, were

S

aaponiﬁed, the :.aclds (22, ey IeVe 47-48) dissolved in light
 petroleun (D.p. 409-60°) (2000 ml.) and the insoluble acids -
(at room temperat.ui;e) collected on a Buchner filter, yielding

3»00‘3 B ‘/cn s
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10.3 g+ of material, I.V. 36. 17.5 g, of material, obtdined
N by coeling the mother liquor to ~10°%, was recrystalllseti |

’: (frem light petroleum at room t.emperature, yielding crysta;ls
| of weight 6.00 gey I. Vu 53.6; further eooling to 0° yielded
9.1 & of material, N, E. 452.6, I.V. 54.5, MeDo 560-579, |
V,The material was recryst.alllsed from a small volume of acet,one
o give acids, fspe 56%5'?" ' W Calculated ‘vi‘otr |

| CooHsaOpt C; 79.93; Hy 12.973 NuEa, 450.85 I.V., 56.31. -

| Found: €, 79.81; H, 14.935 N.E., 452.64 I.V., 54.5.

Hyérogenationv with palledium ‘calcium cerbonate catalyst,

yielded white, pe’arl’-iike»férystalsf},"x;i.,.p; 919-929, This

: matef'ia.l was rlécrystaili;se& once from ".ace'toné.'

Apalygis: Calenlated for G;agl-}fsg@g; c;,:‘f“?g.‘?f;'i H, 13.\37,; .

Found: G, 79,733 H, 13,37.  (Reported m.p. 93.49-93.9%.)

| 0.03251 g Qf acid abéq;r-*bed 'gl'.‘“GBO;ml_s‘ of Hs at 774.7 mme and

| 287.8A°, 0,94 mole Hy .° 0.03544 g. Of acid absorbed

1.820 ml. of Hjp at'?S?;?umm‘ and 288&9,41004‘m01e Hgo

) The methyl ester was prepared aee;érding to the general
. procedure outlined in Appendix L.  The methyl ester was |

- erystallised once from petroleum, yielding white crystals,
¢ m.p. 29.759-30.5°  Calculated for CpiHeoOz: C; 80.14

- H, 13.01. Fopud: C, 79,765 Hy 12.85: o |

Lur@ex;iquefic acid was oxidised according to the method of
| Milas £t al., us‘ing. hydi'ogen p@roxiﬁé :Ln t~butyl .aleahol _
~and osmium tetroxide catalyst. ~ From 955 Ee of acidy 0.5 g.
of impure acid was isolated, m.p. 80°-90°. This material
was extracted with light petroleum, and the residue recrys=-
‘ _tallised from acetone, yleldmg 0.1 g. of matemal, Mepe
| 123 -124°,  Analysis Ca]?culat.ed for CaoHgoO4s: C, 74.54
' H, i2.47. Found: C, 74.265 H, 12,56, o

o

0Xidation /eees
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Qxidation of Lumenigueic Acid.

Lumeniqueic acid was oxidised according to the method
described for ximenynic acid. One gram of acid, gave 0.25 g.
of liquid acid, having a pronounced cocoanut flavouf, and
0.5 g. of solid acids. .The liquid acids had b.p. 240°~
245°, refractive index 1.4370, amide 97°-98°. Mixed melting
péint determination with amide of peiargonic acid did not

show a depression.

The Solld fatny acids (m.p. 80°=-100°) were crystalllsed
several tﬁnes from acetqne and yielded a few crystals, m«p.
108°~112° (reported for‘nonane~l,lQ-dlcarboxyllc acid,

112°¢ 113”)99

(k) Qerotic Acid.

The saturated écids obtained from the isolation of
ximenic and lumeniqueic¢ acids, were combined and crystallised
once from light petroleum (b.p. 60°=-80°C) to give solid
fatty acids, m.p. 78°-80°, I.V. 0.5-1.0, N.E. 390. The
acids were converted into the methyl esters, by refluxing
with five volumes of methyl alcohol and 2% concentrated
sulphuric acid for four hours and extracting the methyl

esters with ether.

After extraction with 5% of potassium carbonate to

" remove the excess acids, the ether was removed by distil-
lation 2nd the residue dried under vacuum. The methyl
esters (20:6 g.) were then distilled through a Piros-Glover
still under reduced pressure (1 mm. I 0.05 mm.) and the
fractions were cut on the basis of boiling point. The
methyl esters with.m.p. 63.5° were collected and analysed.
poalysig: Calculated for CyoHgaOp: C, 79.0¢ H, 13.2
S.E., 412. Found: C, 79.16; H, 13.16; S.E., 410.7.

The /Yooo-
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The free fatty acids were crystallised twice from acetone,
~Yielding white, pearl-like crystals, m.p. 86°-87°C (reported
87.5°~87.7).

(1) Jdentification of Oleic Acid.

The sodium salt of the acids (1.5 g.) from the methyl

: esters with S.E., 295-296, I.V. 84=-85, from Ximenia caffra
Sond. was oxidised with a 2.5% potassium permanganate solution
below 5°, and the dihydroxy»acids isolated as described for
erucic acid. The solid acids were extracted with light
petroleum (b.p. 40°=-60°) and crystallised twice from acetone,
yielding white platesy m.p. 130°~-131°, no depressioh on mixed
melting point determinaﬁion‘with dihydroxy stearic acid

prepared from pure oleic acid.

(m) Ihé absence of Erucic Acid.

The methyl esters of fractions with saponification
equivalent 364~366 from Ximenia gaffra Sond. were saponified
and the acids extracted with ether. The acids so obtained
were oxidised according to the method of Kaufmann and
Fiedlerloo: the acids (1.5 g.) were diSSﬁlved in 200 ml.
water containing 2 g. of potassium catbonate and 2 ml. of N/2
potasgium hydroxide. The solution was cooléd to below &°
and, with stirring, a 1% solution of potassium permanganate
slowly added until a permanent pink colour persisted. The
excess permanganate and manganese dioxide were removed with
5054 the solution acidified and the solid acide collected on
é Buchner filter. Thege were extracted with hot petroleum
(b.ps 60°-80°)3 and the acids crystallised from alcohol,
yielding acids with m.p. below 100°3 repeated crystallisa-
tions did not give dihydroxy-behenic acid (m.p. 130°).

Erucic was consequently reported as being absent.

6e faues



' (a) Investigation of the,CrysLélline Material
(Residue B). = .

The isolation of this material wasadescfibed in the
section on_the‘extraCtion\of the oil (see p. §7). Owing to
the gelatinoﬁs.nature of the material it was impossible to
remove all the adhering oil. The material was dissolved in
100 mls N/2 alcoholic KOH and refluxed for 20 minutes. The
solution was cooled and the unsapqnifiable material extracted
gccording to the S.PsA. method (see Appendix C)s the ether |
was removed by dfstillation,_leaving a white crystalline
solid, This was extracted with a few volumes of hot
petroleum (bsp. 60°-80°) and the material collected on a
Buchner filter, washed with a few ml. of light petroleum and
dried. It was insoluble in_ho£<and cold petroleum, benzene
and water, but soluble in hot alcohol, ether, acetone,
chloroform, acetic acid and acetic anhydrideg it was also
insoluble in 5% sodium hydroxide, sodium carbonate and hydro-
_chloric acid solutions. It dissolved in concentrated sulphuric
acid with the formation of a red colourg the material burned
away completely in a hot flame and qualitative tests for
nitrogen, sulphur and the halogens WEre,nggétive. Tééts for
.aldehyde and ketone groups were aléo negative. A solution of
-thé‘material in acetic anhydride gave a purple coloration on
addition of a few drops of concentrated sulphuric acidg on

standing this colour changed into a reddish-brown.

A weak solution of the material in chloroform, did not
give any colbur on addition of a few drops of acetic anhydride
and sulphuric acid (cholesterol gives a purple coloration
which turns into green after a few minutes - Liebermann-Burchard
test). The material was‘0pticaliy inactive (measured in
chloroform) and its absorption spectra did not show any
maximum in thé 220~330 mp region. It decolorised a bromine

solution /fe«..
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solution very slowly and the presence of double bonds remained

doubtful. ' -

The crystalléne matérials from the three oils (Ximenia
caffra Sond., Ximenia caffra var. patalensis and Ximenis
agmericana) wére dissolved in 90% alcdhol and the solutions
alloé;d to crystallise: the first crop of érystals was
recﬁystallised from 85% alcohol (twice) yielding white
feaiher-like crystals (compounds 1) having the melting points
307°-308°, 308°-309°, 304.5°-305.5°, respectivelys all
thfee compounds started to sublime at 260°. Mixed melting
point detenminatioﬁsAindicated‘that the compounds from Ximenia
caffra Sond. and Ximenia caffra var. natalensis Sond. were
identical,.but that both of them were different from that
isolated froﬁ zimegia americana var. microphylla Welw.
(lowering on mixed melting point detérminations). Owing to
the lack of raw material, the compounds from Ximenia gaffra
vare nagalensis and Ximenia gmericana could not be invest~-
igated anyvfurthe: andvonly the elementary analyses are

- reported.

The mother liquor from Ximenia gaffra Sond. was
evaporated and yielded, on cooling, more'crystalline material,
which was recrystallised twice £rom 80%‘alcohol,»yield1ng
white nest-like crystals, m.p. 276°-278° (sublimed at 230°-

. 240°) 4 recrystallisation of this compound did not raise the

melting point (compound 2 ex Ximenig caffra sond.).

The original mother liquor was furthér evapofated and
yielded, on'céoling, more crystals which were recrystallised
twice from 75% alcohol, yielding crystals m.p. 267°-268°
(sublimed at 230°-2405)(compound 3 ex Ximenia gaffra Sond.).
Recrystallisation from 75% alcohol did not raise the melting
point. No depression was observed on the mixed melting

point determination of compounds 1, 2 and 3.

The /e.o..



The acetate of compound 1 was prepared according to the
method outlined by Fuson and Shrinerssg the compound was
disgolved in a small volume of pyridine, cocled and a few ml.
of acetic anhydride added and the solution then refluxed for
5 minutes. The solution was cooled ‘and poured onto chopped
ice and the crystals collected on a Buchner filter and dried:
0.15 g. of original material yielded 0.14 g. of acetate.

This material was crystallised twice from 80% alcohol and
dried, yielding small, partly transparent crystals, m.p. 283°=~
284° (mixed melting point determination with the original
compound gave a lowering of 20°). The compound was dried at
110° and 0,01 ma. and analysed: Found; C, 77.02¢ H, 10.264
Molecular Weight (Rast): 612. . Calculated for CgpH,g04:

Cy 77+44 H,10.724 Molecular Weight, 496.7.

The benzoate was prepared according to the method of
Fuson and Shriner88: 0.5 g. of compound, 10 ml. of pyridine
and 2 ml. of benzoyl chloride gave 0.26 g. of material,
m.ps 286°~288°, Recrystallisation from methanol yielded
crystals, m.p. 285°-286° (dec.)y 2nd crystallisation ex
methanol; crystals which turned slightly grey at 280°¢,
almost black at 290° and melted with decomposition at 318¢.
Analysis: Found: C, 79.494 H, 9.40. Calculated for CsgHs404

C’ 7906 $ H’ 9.45,

saponification of the benzoate with alcoholic potash
yielded, on extraction with ether, a solid, m.p. 325°, which
was crystallised once from 85% alcohol, yielding crystals
m.p. 331°-332°. The material was dried at 110° and 0.01 mm.
and analysed. Found: C, 79.565 H, 9.66 (after a few hour's
exposure the material ghowed the following analysis;:
¢, 78.984 H, 9.35; C, 78,295 H, 9,17, which was apparently
caused by the absorption of moisture). Calculated for

CzeHgs0s: C, 79.213 H, 9.87.

Table XXII. /eeee



JABLE X1.

Elementary Analysis of Crystalline Compounds
from the Ximenia Qils.

enia enia
gaffra gaffra var. Ximenia
sSond. patalengis americana.
Compound 1 C, 75.464 Cy 75.154 Cy 74.99;
(dried in. OvenvllO")" H, 10055 H, 10553 H, ]-0082
Calculated for Cy, 74.924
CzsHae0s.H0 ' H, 10.78 -
Compound 1 Cy, 78,084
{dried at 110°/0.01 mm.) H, 10.60
Calculated for Cy, 78.14
CzaHg 603 H, 10,73
Compound 2; Found C, 77.9;
. : H, 10.65
Compound 3: Found Cy 77.924
' H, 10.98

Owing to the lack of raw material the investigation of

these compounds could not be continued.

{b) Investigation of the Rubbery Material.

The rubbery material had the appearance of milled rubber.
The impure material was purified as follows - it was dissolved
in a small volume of benzene and precipitated; with stirring,
in a large volume of acetone (repeated twice). The compound
dissolved with difficulty in benzene, carbon tetrachloride,
chloroform and was ingoluble in alcohol, acetone and ethyl
acetateg a chloroform solution decolorised a bromine solution
very rapidly. The material wés elastic and resembled raw
rubber in viscosity. The compound was dried at 100° under
high vacuum. Analysig: Calculated for (Csﬁg)ﬁé Cy 88.24
H, 1l.8. Found: C, 85.24 H, 11.55. However, the ratio
(C/H) found (7.4/1)115 cloge to that for (CgHg), ~ 7.5/1.
Iodine value: 346 (theory: 373), using the Wijs-Kemp methodml
(see Appendix A = C).

(e) /....
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{(¢) Analysis of the Unsaponifiable Material
of Ximenia caffra Sond.

- The unsaponifiable material was extracted according to
the standafd S.P.A. method (see Appendix C). The method used
for the determination of'sterols, a~glyceryl ethers, unsaturated
and saturated hydrocarbons in'unsaponifiable matter have been

70

described by Rapson gt 2l. ~, .and a short description of the

procedure will be given later.

The uﬁsapcnifiable material had a yellowish colour, and
gave a precipitate with digitbnin; it was completely soluble
in light petroleum and it was .impossible to detect the

presen¢e of any crystalline material ~ Residue B.

i

The determination of the sterols, a=glyceryl ethers,
saturated and unsaturated hydrocarbmns in the unsaponifiable
- material was carried out as follows‘

The hydrocarboh fraction was separated from the hydroxylic
components by chromatographic separation, using alumina,
activated at }49“ for 12 hour;. The non-gap. was accuraiely
weighed out (1-1l.5 g.), dissolved in 25 ml. light petroleum
and chromatographed on the alumina columny 10 cm. in length
and 2 cm. in-diameter; The chromatogram was developed with
a further 150 ml. light petroleum and this whole fraction was
collected in one flagk for the analysis of the hydrocarbon
content of the non-sap. (Fraction 1). The éhrematogram‘was
further developed with 250 ml. of dry ether, and this volume
collected in one flask and analysed for stgrols (Fraction 2).
The chrométogram was subsequenply developed with 100 mil.
absolute alcohol containing 5% acetic acid (Fraction 3)s this

'solvent ghould remove all the material left on the column.

Analysis of Fraction l: ‘The l;ght petroleun was removed by
distillation through a 25 ml. tared dlstllllng flask and the

residual material dried under vacuum and the fraction weighed.

The- /._CO'
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The iodine value of the fraction was determined by the
Rosenmund-Kuhnenn method and the unsaturated material expressed
as the "squalene® content of the fraction. The difference
between this weight and the total weight of the hydrocarbon

 fraction was called the "saturated hydrocarbons".

ragtion 3: The ether was distilled off through
a tared distilling flask and the residue dried under vacuum
and weighed. The fraction was analysed for its sterol

content by the colorimetric method of Pijoan and Walter;7l '

yeis of Fragtion 3: The alcohol was removed by digtile

lation through a tared distilling fiask and the residue
'driéd under vacuum and weighed.  This fraction was then
analysed for the sterol content by the aboveﬁméntionedlmethod
and also for its a-glyceryl ether éontent. The glyceryl
ethers were determined as follows: The fraction was dissolved
in ethyl acetate and oxidised with peripdic acid according to
the method described by Rapson ﬁ&‘ﬂ&.lﬂz and the formaldehyde
determined as the dimedone derivative. The results of the

analysis haée'bgen'répdrteéain Tablé XIiI.

The meals have been»analysed according to the methods
outlined in the "Official and Tentative Methods of Analysis
of the ﬁssociatioh of_official Agricultural*Chemist§72.

| Thg meals were re*exﬁracted for 10 hours with light
petroleﬁm in.a.Soxhlei.to remove the last traces of oil énd
fat, then air-dried for a few days and stored in stoppered
bottles. |

Modisture and Volatileg, ' - )

About 2 g_ of accurately weighed meal were placed in a

petri-dish /...
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petri~dish and heated at 135°C for two hours. The petri-
dish and contents were allowed to cool in a deéiccator, and
weighed. The heating process was}repeated until congtant
weight was obtainedg the loss in weight was calculated as

moisture and volatiles.
Ash.

Two grams of meal were accurately weighed into a
porcelain erucible and placed in a muffle furnace previously
heated to 600°C. The sample was heated for 2 hours, and the

crucible cocled in a desgiceator,
Erotein.

The protein content was calculated from the nitrogen
content of the sample x 6.26.

The nitrogen was determined by the Kjeldahl method, and
the ammonia collected in a measured volume of standard acid. |

The excess acid was backtitrated with standard alkali solution,

using methyl red as indicator.

Fibre.

Two grams of a weighed sample of the meal was refluxed
with sulphuric acid solution (1.25 g./100 ml.), followed by
refluxing with sodium hydroxide solution (1.25 g./100 ml.).
The residue wae collected in a weighed Gooch crucible, and
the residue washed with water followed by a few ml. alcohol,

and the crucible dried at 110° to constant weight.

The contents of the crucible were then incinerated in a
muffle furnace (approx. 600°C) and the loss in weight reported

as fibre.

The results of the analysis of the meals from the Ximenia

kernels and seeds are sunmarised in Table XIII.

THE /- o
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THE CHEMICAL INVESTIGATION OF THE KERNELS FROM
SCLEROCARYA GCAFFRA SOND. ("MAROOLAM).

The Sclerocarya genus (Phill, GEA#, ps 381) is indigenous
to tropical Africa and Madagascar. There are three or more
species‘and'all have been reported as having edible fruits.
Sglerocarya caffra Sonds occurs abundantly in Africa south of
the equatdr, in the lowveld of the Transvaal as far as the
Magaliesberg, in the warmer regions of Natal, Zululand,
in swaziland, in Mozambique, in the two Rhodesias and also in
Madagascarloa. In South Africa it is commonly known as

"Harcola" and in Madegascar as the "SaKOa_Nut“.104

The fruit, a drupe, is produced in large quantities, and
drops from the trees before it is completely ripe. On
ripening the green skin turns pale yellow and has numerous
‘ inconspicuoﬁs spots. The ripe fruit has a very pleasant smell,
reminiscent of that of apples, which becomes overpowering
where there are large quantities or when the fruit is brought
indoors. A strong skin protects the yellowish flesh, which
adheres fifmly to the central stone. The fruit has a tart
taste due to the presénce of c¢itric acid, it is very juicy and

has a slight guava flavour' It is one of the favourite
fruits of the low-veld, and from the juice and flesh an
alecoholic drink can be brewed, or it can even be used to make

- a very delicious_jelly105, .

' The tree appears to grow relatively fast and, once it is
brought to maturity, should be able to deliver a constant
bulk of fruitr(and seeds) under climatic conditions where very
few other oil-béaring plants will thrive, and if a cheap
extraction méthod can be developed, the "Marcola" sghould rank

amongst feess
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amongst our oil producing trees.

The nuts or kernels of "Maroola® (or Sakoaj were
previously investigated by J’ones,lo6 who described the seeds,
and calculated the following composition for the fatty acids:
stearic and palmitic acids 9%, oleic and linoleic 91% with
linolenic absentg the physical and chemical éonstants have
been tabulated in Table I. The Imperial Institute107 re-
examined the oil from the "Maroola®, and the investigation of
the oil from Madagascar nuis was reported at about the same -
tim9104. The "Maroola" as a potential source of a non-
drying oil was discussed by Rin611085 who came to the
conclusion that the large scale extraction of the oil was

limited due to the hardness of the shell.

In the course of the present investigation, the
composition of the seeds was re-investigated and the oil
content of the kernels and total seeds were determined. The
composition of the total fatty acids of the kernel oil was
calculated from the iodine values and saponification

equivalents of the methyl ester fractions.

Disg ] §Si°n /o sew
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"aroola" seeds have a very strong fibrous hullsy when
struck with a heavy hammer it tends to slip away and usually
more than one blow is necessary to break it. It was found,
however, that the hull could easily be broken by clamping it
in a vice aﬁd applying pressure. The seed has three
ca&ities, which contain the three separate kernels.  The
composition of the seeds, which was determined by breaking

them in a vice and removing the kernels is given in Table XXIII.

Compogition of the Seeds of the "Marocola®.
_Pregent.‘ Previouslxos
Investigation reported .
Average weight of seed (g.) 5.93 : -
Average weight of kernel (g.) 0.82 -
Kernel as percentage seed 153.84 12,0

The kernels of a large number of seeds were removed,
minced and analysed according to standard A.0.C.S. methods.

These results are summarised in Table XXIV.

I&Bﬁl 4 E KKI y *
Analysis of the Kernels of the “Maroola".
Present Previous}ga
Investigation reported*v®.
0il content of kernel 54.0 -
(Petroleum extraction %)
0il content of kernel 53.5 | -
(Acetone extraction %)
0il content of total seed 7445 v 5 = 6.3
' (calculated) C
Moisture content of kernels (%) 4.97 ' 5.0

Both /..
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Both petroleum etﬁer and acetone were used as solvents
in the determiﬁation of the o0il content of the kernels.
Both solvents, after evaporatioﬁ, yielded an oil with a light
brown colours trial experiments with several solvents and
activated charéoal were carried out to find the most suitable
solvent to decolorise the oil, and acétone was found to give
the best results. The 0il obtained from the bulk extraction
- of the total seeds was conseQuently decolorised by using
acetone as solvent and adding a little filter-aid to enhance

the filtration.

The physical and chemical constants of the 0il were
determined by the standérd A.Q.C.S. methods and these constants
are listed in Table XXV, t&gether with those reported in the
literature by previous authors. The unsaponifiable matter
in the oil was determined according to the standard S.P.A.
method (Appendix C). . The characteristics of the 0il are

summarised in Table XXV.

(Compared with those reported by previous investigators.)

Present ggeviouﬁ%gg Eggviéus%%§

Investigation. reported ”°. reported'.

Specific gravity 0.9051 0.9153(15.5°) 0.9167 (15°)
(25°/25°) | |

Refractive index at 25° = 1.4630 ‘ - 1.460 (40°)

Acid value 14.8 - 3.7

Iodine value . 74.4% - L 76.6%

Saponification value 180.0 , - ;  193.5

Acetyl value . . 8.4 - .

Reichert Meissel . 0.35 . 0.1

Polengke value : 0.39 . - 0.45

% Unsaponifiable material 2.4% - 093 0.6

To /ve.
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To determine the presence of conjugated diene, triene or
. tetraene unsaturated compounds, the absorption curves of the
 impure and decoloriged oils were determined between 340 and

. 220 mp. The abgorption curves of the oils which_are given
~in Fig. 4 clearly indicate the absence of any.conjugated

. unsaturated component in the oils.

As many.vegetable 0ils contain the natural antioxidant =
" tocophenol - the tocopherol content of the kernel oil was
also determined. The method used is based on the oxidation
of tocopherols with ferric chloride in an alecholic solution
and the estimation of the ferrous ions with aa'~dipyridyl
reagentlog. The tocopherols were geparated from the other
interfering substances by molecular disgtillation, followed by i

hydrogenation of the interfering, unsaturated compounds.

The total tocopherols were then determined colorimetri-
cally in an Evelyn photoelectric colorimeterﬁ?. It was
recently reported that sesamol and sesam-olinl10 also give a
- positive reaction with the ferric chloride-aa'-dipyridyl
reagent and the absence of these compounds in the kernel oil
had to be proved before the presence of tocopherols could be

reported.

The modified Villavechia testaé(see Appendix M) on the
kernel 0il was, however, negative and these compounds are
consequently absent. (A ccnﬁrol test for the presence of
sesame oil and also sesamol and sesamelin in margarine was
positive.) The impure o0il contained 7.43 mg. and the
decolorised oil 0.38 mg. of total tocopherols per gram of oil
(see Table XXVIII). "

For the quantitative determination of the composition of
the total fatiy acids, the 0il was saponified and the unsapon-
ifiable material extracted accofding to thé standard S.P.A.

met.hod%. [eoe



Fig. 4.

s o « » - Absorption Spectrum of ‘Impuré "HMaroola® Qil.
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It will be noticed that the total fatty acids, with an
iodine value of 75, have been divided by low temperature
cfystallisation into three groups of acids, with iodine values
- 31.7, 88.9 and 136.3 respectively. The acids of these groups
were then converted into the methyl esters and the esters
fractionally distilled through an electrically heated and
packed column under reduced pressure. - The different fractions
were weighed and analysed without delay (iodine value,
saponification equivalent and!alkali isomerisation of the
appropriate fractions). The boiling points, the temperatures
of the oil bath and column, and results of the analyses are
given in Tables XLII - XLV,

A partial examination of the composition of the
unsaponifiable fraction of the kernel oil wa;f&ade. The
unsaponifiaﬁle matter was isolated by the S.P.A. method (see
Appendix). Squalene, saturated hydrocarbons and a-glyceryl
ethers were determined by methods described by Karnovsky,
Rapson et al. and previously applied in this laboratory; the
sterol content was determined colorimetricaily. The analysis
of the ﬁnsaponifiable fraction is reported in Table XXVII.-
The components of thevunsaponifiable material which were
determined only account for 48% of the total. Owing to the
lack of raw material it was not possible to determine the |

nature of the remaining 52%.

Analysis of the Unsaponifiable Material.

Saﬁuratéd hydrocearbons 7.51%
"Squelene™ . . 0.94%
"Sterols“. . - 37.53%
Glyceryl ethers 0.94%
Difference 53.08%

Computation /feec..
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Computation of the Compogition of the Fractions.

Introduction.

An exhaustive mathematical analysis of the data and
calculations used in the determination of the composition of
marine oils has been given by Charnley?s, and a simplified
method was presented by Hilditch in his monograph on Fats and
oilsal, while Rapson,g&_g;.75vpresented simplified computation
forms for the calculation of the different fractions in marine
oils.  For the calculation of the component esters of
MMaroola® oil, only the simplified equations of Hilditeh (log.

cit.) were used.

If x, ¥y and z are the weights of a saturated and,say,
two unsaturated esterévih a fraction'of weight ¥, and E , Egy
Ezg Ey are the corresponding saponification equivalents, and
Iy, I,, I, are the corresponding iodine values of these

constituentsy then

Xt y+tz=wW e ¢

X/E- + y/Ey * z/EZ = w/Ew e e o e s s (2)

y x ;y +zxI,=wxI ... e e s (3)

(It can also be assumed that E represents the saponifi-
cation equivalent of two saturated esters, and that the mean
molecular weight of these two esters is the same as that of
the fraction under the consideration. If this assumption is

made, a fraction can be computed for four esters.)

Similarly, if the iodine value is too high for the
presence of any saturated esters, or when éalculation of the
composition gives a negative result for thé'saturated esters,
the presence of three unsaturated esters can be postulated and
the components calculated with the aid of the following three

equations;: /u«..
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equationsy

‘p*;‘q-"!’r'“w_;;..a...-.ﬂ (4)
p/268 + q/295.8 + r/32L.3 = W/E, - » + (5)

94.8 b + 94.5 g+ 185.8 r=w x IW . . . (6)

‘where py g andjg are the ppétulated‘weignts%of the three
unsaturatéé es£ers, say Ciey Ciay Csp unsaturated esters

j having‘iodine valueé of 94.8, 94.5 and 186.8 respectivelyc

| From these three eﬁuations (having three unknowns) thé weights
of thé postulated eéters can bé éalnulated.’

For the calculation of the components of the individual
~esterg of 'this group, it was assumed that C,g.gy esters were

absent.

Fractions Ay ~ Ag: From the low iodine value these,fractigns-
have a low content of unsaturated esters. They were initially
compﬁﬁed,as cansisting.of\the.metnjl esters of palmiticy
stearic ané-éleic-acids;. whén the composition wasAcalculated.
on.this bases, however, the weight of stearic acid came to a
negative quantity. The composition wés.theh calculated on
the basis that only the met.njl esters of .pa}mit-;ic and oleic
acids|counld bé present: o “
Ay Wt. 6.8188 g., S.E. 270.9, I.V.6.41
If x is the weight of C,q saturated ester, having
saponification equivaléﬁt 270 and iodine value O, and y is the
weight of Cyg-2y ester, having saponification equivalen£ 296
and iddine value 85.74, then

X+ y o= 6.8188 T ¢ B

85.74 y = 6.41 x 6.8188
thus ¥ = 048098 . . . 4 .o 4 4 e ... (2)

‘and /279 + y/296 = €.8188/270.9 . . . (3)

n

and substituting for the value of ¥ obtained from (2) in

equation /...
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equation (3):
x4 0.9122 x 0.5098 = 6,797 (aftér multiplication)
thus > = 6,3320

On substituting the value of y from (2) in equation (1),
however,ia value of 6.3090 for x was obtained. The‘values
of x 4, calculated from the two equationsg show fairly good
agreementg for the'final calculation the second value was
taken as the weight of oleic acid ester. The compositidn of
Fractions Ag and Ag was calculated on the same basis, and the

weights have been sgummarised in Table XLIIXI.

Fractions A4 to Ajgq: From the'saponification equivalents,
ﬁhese fractions are mixtures of Cy¢ and C;g sgturated and
unsaturated esters. It was, however, assumed that C;g.2H
could not be present, and the composition of these fractions
was calculated on the basis that only the methyl esters of
Cie and Cyg saturated and C, g.gy acids are present; The
equations, which héve been used are the following: (using
the values of Fraction Ag) |

- Wte 6.6895, S.E. 276.8, I.V. 21.79

x4y A 2= 606895 4t . i e e ... (1)

X ) L2 . 6.6805 L :
570 Y 208 Y 506 " 376.8 v+t v+ (2)

and 85.74 2 = 6.6895 X 2179 4 4 ¢ o . . . (3)

thus | 2= 17001 . . 4 .. . . (4)
Substituting this value for z in equations (1) and (2), and
solving for = and y:

x= 4.8309 and y = 0.1585

where x 4 ¥ and z are the weights of the methyl esters of
C,e saturated, c;a saturated and C,g.gy methyl esters.
All the values calculated for the fractions have been summarised

i

in Table X1III.

Fraction /«...
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K
Fraction Ajs: Weight 3.8716, saponification equivalent
341.6, iodine value 12.84. From the saponification

equivalent this fraction is a mixture of C;g, Cpo and Cpp

esters..

The previous fraction still contained a high percentage
of methyl oleate, and this fraction should consequently still
contain some of it. It is only possible, however, to
calculéte the composition for the presence of three
constituents, and it was decided to compute the composition

-ﬁg thig fraction for the preSence of the following methyl

esters: |
X = CygepHy ¥ = Cgo Sat. and x = Cpp sate
X + Yy + A = 3.8716 e o o+ o + a * o 2 (1)
X g o g B o S.8716 ‘
296 + . 26 * 354 - 34106 ¢ » o s LI T ] * a @ 0(2)

xx 85.74 = 3.8716 x 12.84 B
| 2T X = 095685 4 4 vh s e e s . o(3)
Substituting this wvalue for x in equations (1) and (2) and

solving for y and z:

y = 0.3121 and =z = 2.9797.

The /oo

Owing to the small weight, this fraction was not re-
saponified and the high saponification equivalent may
not be the true value due to the presence of unsaponifigble

material.



- 110 =~

| Group By: Weight 5.2342 g.,.sapOnification gquivalent 287.6,
equivalent

iodine value 60.11l. The saponification/of the fraction
indicates that it is a mixture of C,q and C,g esters, and the
iddine value fits.é postulation of the.pfesencevof C;e¢ and
Cye saturated and monoethenoid esters. From the results bf
the alkali isomerisation of the total fatty acids and Fraction
C, however, there is soﬁe linoléic acid missing, and it was
postulated that some linoleic acid remained in thié fatty

acid group (B). The component esters were thus calculated
l'on tﬁe basis of the following: |

xz= G4 8ates y = Cigagy aN4 2 = Cyguqgy

‘Thus o * Yy o+ 2z = 5.,2342° ., . . .. o e e e (1)

_x +‘_xﬁ’+ 2 _ 5.2342
270 W 296 ~ 294 T 284.5 .t

" o ® e & & @ (2)

Cand y x 85,74 + 2 x 172.7 = 5.2342 x 60411 . . . .(3)
The three equations .have three unknowns, and solving for '
them gave:

= 2,1557 'y = 2,4958 2z = 0.5827

el e e ‘. St : .
. m 322 Weight 6;7401 go $ SOE. 294, 1’ I.V. 85. 15.
The components of this fraction were calculated on the same
basis as that of group 1. .

x= 0.4260, y = 5.9397, z = 0.3784.

Groupg By to By, : Analysis of the constants of these fractions
ghowed that they consist of the same componentse. The
weights'were added together, and the saponifieatién equi~-
valent and jodine value of the total fraction were calculated
as-follows: the.saponification equivalent (or iodine value)

of each fraction was multiplied bjgits weight, these values

~ for ail-the fféctions were:added and divided by the total

WEight, /‘.1 - .
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weight, giving the "average -weight", saponification equivalent
and iodine value. The constants for the combined fraction
are as follows: |

Total weight, 73.948L g.g AVe S.Eey 293.13 I.V., 86.74.

The composition was calculated on the same basis as
that of the previous two fractiongg after solving for x ,
¥y and z, the composition was calculated @8;

015 Satu, 109278‘ C13_2H, 6900990’ C1-3?4H, 2.9213.

G:_Oll_n Blsz Weigh‘t, 5.0390 go‘ SOE- 9 30209’ IOVO-, 76.94.

Thié fraction was analysed as the metnyl esters. From
the saponification equivalent and iodine value this fraction
is a mixture of 015 and‘czo methyl esters. Owing to the
insolubility of Cgz¢ saturated‘meihyl esters it was assumed
that this ester could not ﬁe present in this fraction. The
composition was thus calculated on the basis of the following

methyl esters;

X Cis-gg$ s Cis Sates 2z, C2o~2y°

The standard equations were used and the composition was
.calculated as;r ‘
methyl stearate, 0.444s methyl oleate, 2.9403
iethyi gadoleate (Cao-gg), 1.6547. |

The results of calculations are summarised in Teble XLIV.

This is the most soluble acid group, and is usually
referred to as the ®liquid ester® fraction. The percentage
s0lid esters are usually very low or absent (Schwartz, loc. git.).
In the calculation of the composition of this fraction, it

was assumed that saturated esters are completely abgent.

Fraction /...
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Erﬁg&ion Cl3 Weight, 501943‘ SOE., 283-2’ IoVo’ 130.7

The saponification equivalent of the fraction indicates
a mixture of methyl esters of Cj4 and C,g acids, while the
high iodine vaiue indicateé the preéehbe of esters having
more than one double bond. Fraction C, as a whole, contains
56% of linoleic acid, and as oleic and linoleic esters
distil more or less in the same ratio, it was assumed that
C, contaeined some linoleic ester. Throughoﬁt the
calculation of the composition of these fractions, the
weights of linoleic methyl ester were mathematically
calgulated from the known equationsg the calculated weights
are listed in Table XLII with the results obtained by

alkali isomerisation,

]

Let x= Wt. of Cie-pgy ¥ = Vte 0of Cig.on

and z = Wt. of Cjg.4y

v_x,-.. y L d VA =7 5.1943 -« ® e s . e s @ (l)

X 4 X 4 2 = 21943
568 Y 306 T 204 ~ D83.0 s e e e e v e (2)

xX 94,71 + y X 85.7 + 2z X 172.7 = 5.1943 x 130.7 . . « (3)

These equations gave the following results;

Weight of hexadecenoic ester; 2.0884
" Welight of oleic ester; 0.6357
Weight of linoleic ester: 2.4702

mgﬁ.ﬂ_f_l_ 023 Weight, 407731‘ S.E.’ 289.7’ I'V', 146,75.
E(1%, lcm.) at 234 mp, 562.4 (corrected),
E(1%, lcmn.) at 268 M, 5.46.

This fractibn was calculated on the basis of the same
composition as the first fraction. |
Result; Wweight of hexadecenoic ester; 047799 e
Weight of oleic ester: 0.7282
Weight of linoleic ester: 3.2680
(Weight of linoleic ester from alkali isomerisation 3.0834 g.)

E;:agtign /. seoa
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mm_o_g 03: Weight’ 4.4732 go. SoEo, 292.4’ I.V., 14506
E(1%, lcm.) at 234 mpsy 554 (corrected)g
' E(1%, lem.) at 268 mp, 6.55.

The composition was calculated on the same basis as that
used for Fraction 1, the result of alkali isomerisation for
linoleic acid is given in brackets;

Weight of methyl hexadecencate: 0.2192 g.

Weight of methyl oleate: 1.1976 g.
Weight of methyl linoleate: 3.0564 g.

Weight of methyl linoleate: (2.8500 g.)

E;:&c&ign ggﬂ Weight, 407790, SIE., 294.8’ Ith, 143.15.
E(1%, lem.) at 234 mp, 620.2 (corrected)y
E(1%, lcm.) at 268 mps 77

In a trial calculation, the composition was computed
on the same basis as that used for the_previous fractionsg
the.value for C;yg.2y ester was found to oe negative, however,
and the composition was calcuiated for the presence of

Cia-gﬁ,-Cia;4H and C;g.gy esters, thus;

x*'y+z=4.7790 .vococtooo.(l)

e g e oy 2 = ST
206 Y 204 * 202 T 204.8 ve e s e e e e e (2)

XX 85.74 + ¥y X 172.7 + 2 X 260.8 = 4.7790 x 143.15 . . (3)

which gave on solving for x, y and 2:
Weight of methyl oleate (x); 1.9809 -8
Weight of methyl linoleate (y): 2.4478 g.
Weight of methyl linolenate (z):; 0.3513 g.
From the rosults of alkali isomerisation;
Weight of methyl linoleate: 2.8530 g.
Weight of methyl linolenate;-: 0.0683.

(The lowering in iodine value from Cy to C4, indicated the
presence of polymerised material, and the determined iodine
value may not be a measure of the "true" iodine wvalue.

This /oooo



- 114 -
This explains the low weight of methyl linoleate.)

Epaction C5: Weight 7.0980¢ N.E. (of acids, 298.8g
Equivalent S.E. (for esters), 312.8;
I.V. (of acids), 111.2;
Equivalent I.V. (for esters), 106.2

This fraction was not analysed for the presence of
linoleic and linolenic acids. In fact, previous workers
Rapson gt al. - loc. cit.) assumed that the polymerisation
etc. made the iodine values of such fractions meaningless,
and assessed the compositions of these fractions on the
basis of the saponification equivalents only. As this
fraction (total C) was relatively small, the degree.of'
polymerisation and oxidation was considered small and the
composition calculated on the basis of the methyl esters

of the following acids:
Cia-2a( )4 Cie-qu (¥)s Cao-gy (2).

+ ¥y +« z = 17,0980
— 4+ X & = 1:0980
206 = 294 @ 324 312.8

X 85.74 + y x 172.7 + z x 78.34 = 7.0980 x 106.2
Solving for the three unknowns give;

Weight of methyl oleate: 0.4860 g.
Weight of methyl linoleate; 2.0877 g.
Weight of methyl gadoleate; 4,5543 g.

The weights of the fractions of the total C fraction are
summarised in Table XLV.

er Deta of th alculation.

The weights of all the esters were added together and
are referred to as the "Total Esters® of the group, this
weight was usually about 1-2% lower than the original weight
of esters used for the distillation, the difference being

due /..
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due to the formation of volatile pyrolysis products as well
as the presence of residual solvent. The weights of the
esters were then converted to thocge of‘thelcorrésponding

acid, this was done according ‘to the formula:

Wa = ﬂg—%;g—ﬁ ~ (Ref. 20)

where Wa = weight of the corresponding acid.
Ea = neutralisation equivalent of the acid.
Ee = saponification equivalent of the ester.
We = weight of the methyl ester.

e+gey L0 convert methyl oleate to oleic acid (Group B):

Corresponding weight of acid = W

To facilitate the calculations, the factor

lecular weight of
Molecular weight of ester

was calculated for each acid, and this was used for the

calculations of the weights of the acids.
' The percentages of acids (on the total mixed acids)
were determined by the method outlined on p; 49 and these

values are summarised in Table XLII.

The results obtalned by subgect1ng the fatty acids of
Seleroc: :1_ gggggg Sond. (“Maroo.a") to low temperature
crystallisatlon and frdctlanal dlstillation will DOW’be
discussed and compared with some of the other species of the

family and of vegetable 01ls in general.

The "Maroola" is a member of the sub—fam1ly eroearyva :
of the family'gghggg__gggg_ or the mango family
(I.C. Verdoornlga, loc. ecit.). The seeds and nuts of

several feese
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scardiacese have been investigated

for their o0il content and composition of the fatty acidsal.

geveral members of the

: Thé @ilé and ‘fats of this fomily consist primarily of
~esters of palmitic, oleic and linoleic acids (see Hilditch
ref. 19, p. 153). Ts;imotol?l analysed the fruit coat fat
 from Sumach Rhus succedanea and later the compasitionlaf'the
seed fat wes also reporteds Lhe.chief différence}hetween

| these two fats is that the former consists mainly of palmitic

' (77%) and.oleic acidsy while the latter consists mainly of

" oleic and llnoleic acids.

The following list (Table XXIX) summarised the
composition of the fatty acids of several members of this
famlly, together with the percentages of the main acids

which constitute “Maroola" oil.

75. Q;a sat. Cje_sat. Oleic. Linoleice

| Anacardium ‘Cashewf' Tropics 6.4 11,3 74.1 747
- ocecidentalé - Nut o - ' .

e s e el a4l si8 68 2Ly

Lo
N

Anthrocaryon " Gonya Congo 13.6 - ' 10.5 48,5  24.5
Nannani ,_]‘Ahmmi B e -
Buchanania ~  Seed  India  28.9 8.1 57.4 5.5
latifolia : B : e : e _

| Mangifefé'““  Hengo ""858f'>;',34;0f 498 e

Indica . AR . :
Pistacia  Shinia Levant 27.0 13,0 53.0 7
“lentigeus - nud ' : ' g o

Pistacia .~ Pistachio 4Asia 19 = = 60 21
vera - nub o * _

es wx s Ingia = 8.2 = 1.6 69.6 20
Sclerocarya ”’Maraolaz{,ﬁséuth L 9.0 T 91
caffra’ : Africa . with linolenic absent.

Cpresent U .y ae 160 5.l 66.7 7.3
Investigation: : C e e SR

;ti / AL &
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It will be noticed that the other species show a palmitic
acid content between 4 to 29%, stearic acid content 2 to 34%,
oleic acid content between 46 to 74%, and linoleic acid content
between 5.5 to 24.5%. The composition of the fatty acids of
the "Maroola" does not agree closely with any composition of
the above mentioned species, and our analysis is quite
different from the previous investigation of "Maroola' seeds.
~ The main constituents of the oil, however, are palmitic, oleic
and linoleic acidsg and in that respect it is truly a

vegetable 0il and representative of the Anacardiaceae family.

The tocopherol content of the impure, kernel o0il was high
compared with the vélues reported for most 0118117, and this
should make the o0il particularly resistant to oxidation.

The difference between the tocopherol content of the crude and
the charcoal treated oils is striking, the greater part of the
tocopherol content of the crude oil being removed by the
charcoal treatment. This was unexpected since it has been
shown that treatment of cottonseed and soyabean oils with
bleaching earths does not reduce the tocopherol content of

the oils appreciablyll?. vThe reason for this loss on

charcoal treatment was, however, not investigated.

E_C_ng ;g_l enltgl /'o s e
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EXPERIMENTAL

Ae Qrigin and Investigation of geeds.

The seeds were collected in thg Groblersdal district,
Transvaal, in April, 1943. . Many of the hulls were covered
with dried fruit, which was removed before the composition of
" the seeds was determined. - The composition was determined as
follows: Ten lots of ten seeds were weighed on a rough
balance to 100 mg.g the seeds were then openéd and the
kernels carefully removed and weighed. Thé difference between
these weights was taken as the weights of the hulls (it was
rather difficult to remove the hull without losing some of

it and the hulls were not weighed as such).

The average weight and composition of the seeds have

been given in Table XXXIII.

B. Apnalysig of Kernelg.

For the analysis of the kernelg, the seeds were broken
in a vice and the kernels removed as completely as possible.
The kernels were then minced in a household meat mincer and

analysed according to standard A.0.C.3: methods.

Moigture and Volatile content.

The moisture and volatile matter was determined according

to A.0.C.S5. method Aa 3«38 (see Appendix B).

Co [foen
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C. The Kernel Qjl.
(i) Results of Acetone Extraction.

A weighed quantity of the minced kernels was placed in
the extraction thimble of a Soxhlet extractor and extracted
 for 10-12 hours with dry acetone, after which the acetone was
replaced with fresh, dry solvent and the extraction continued
for another 10-12 hours. After the extraction was complete,
the solvent was removed by distillation through a tared
distilling flask and the last residual traces of solvent and
moisture removed under vacuum bn a boiling water bath« The
determination of oil content was carried out‘in duplicatey

the average of which was 54.0%.

(ii) Petroleum extraction.

A quantity of minced kernels was similarly extracted in
a Soxhlet apparatus and the solvent (light petroleum)
subsequently removed by distillation through a tared distilling
flask and the residual oil dried under vacuum on a boiling
water bath. The determination was carried out in duplicate,
the average of which was 53.5%.

(iii) pBulk Bxtraction and Purification of Oil.

For the bulk extraction of the oil, the seeds were broken
in a vice, the fractured seeds plécéd in a cotton bag, weighed
and placed in the upper container of a copper Soxhlet. About
five gallons of acetone were poured in the lower container of
the Soxhlet and the seeds extracted for about ten hours.

After this period the acetone was run off and replaced with

fresh acetone and the extraction continued for another ten

hours. The whole volume of acetone Waé then removed by

distillation through a tared 1'/; litre flask and the residual
| | 01l /uus
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0il dried under vacuum on a boiling water bath. The oil,
after drying, was cooled to room temperature under vacuum
and decolorised as follows;

For each forty grams of oil,llﬁo ml. dried acetone were
used as solvent and three grams‘of activated charcoal and
five grams of filter-aid added and the mixture refluxed for
five minutes. The solution was cooled and filtered through
& carefully packed Buchner filtér. The solvent was removed
by distillation and the oil dried as before. The oil had a
light straw colour and was considerably paler than the
starting material which had a light brown colour, The
purified oil was stored under carbon dioxide in a brown

bottle for further processing.

- The chemical and physical constants of .the oil (purified)
were determined according to the standard A.0.C.S. methods.

Absgtracts of'these methods are given in Appendices B = J.

The absorption spectfa of the impure and decolorised oils
were determined in a Beckman spectrophotometer, model DU, using
silica cells and eyclohexane as solvent. The absorption
curves between 300 and 220 my-ére given in Fig. 4. In all
cages the dilutions were made in such a way as to give E
‘values of 0.3 - 0.8 on the spectrophotometer.

The linoleic and linolenic acid contents of- the total
fatty acids from the o0il were determined according to the
method of Mitchell; Kraybill and Zschiele (Appendix K).
According to ﬁhis method a weighed quantity of the acid
(Oed = O.izfg.) waé treated with potaésium h&droxide in
ethylene glycol reégent at 180°C for 25 minutes and examined
spectrophotometrically at 234 and 2681gp. The results of

the analyses of the o0il have been summarised in Table XXV.

(v) ).;.
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(v) Component acid Studies.
(a) _ﬁggonifica&iog of Qil.

The method recommended by the Society of Public Analysts
(see Appendix C) was used for the saponification of the kernel
oil. This method is essentially the same as that used for
the determination of the percentage unsaponifiable matter in
an oil, Fifty grams of oil were accurately weighed into a
1 litre round-bottomed flask and refluxed for one hour with
500 ml. N/2 aleoholic KOH. The alcoholic solution was
slightly cooled and added to !/, litre of water, contained in
a 4 litre separating funnel.  The flask was rinsed with
another !/, litre of water and added to the alcoholic solution

in the separating funnel.

The flask was then rinsed a few times with ether and
the soap solution extracted with a total of 1 litre 6f ether
During the extraction, the contents of the separating funnel
were strongly swirled and not shaken to avoid emulsion
formation. The contents of the separating funnel were allowed
to stand for a short while and the aqueous phase run into a
second 4 litre separating funnel. This was similarly
extracted with another 1 litre of ether, followed by two more
extractions of 750 ml. of ether. The ether extracts were
combined and washed with 250 ml. of water and this water
solution added to the original aqueous soap solution, and
then extracted with two portions of 250 ml. N/2 aqueous KOH
solutiony these solutions were also added to the soap
solution, and the ether solution then washed free of alkali.
During all the extracts, care was taken to avoid the formation
of emulsions. The water was separatedlas completely as
possible and the ether distilled off through a tared distilling
flask, and the residue dried under vacuum of the water pump
on a boiling ﬁater bath. In the bulk saponification of the

0il /es
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oil, the extracts of 8«10 lots of saponifications were combined
and resaponified with N/2 alcoholic KOH (10 ml. of alkali per
ge of residue) and the unsaponifiasble matter extracted
according to the above mentioned procedure. The material

was dried and stored under carbon dioxideg its analysis will

be described in a later section.

(b) Extraction of Fatty Acids.

The agqueous alcohol layer (together with 1 water wash
and-twb alkali washes) was poured into a 4 litre separating
funnel and 1 litre of ether added. The solution was then
Just acidified with concentrated hydrochloric acid and total
solution well shaken. The solution was allowed to separate
and the aqueous layer taken off and successively extracted
with two litres of ether. The ether volumes were combined
and washed with successive portions of water to remove the
excess hydrochloric acid. The ether was then distilled off
through a distilling flask and the residual fatty acids dried

under vacuum of a water pump on a boiling water bath.

The fatty acids from 8-10 lots of saponifications were
combined, together with those from the re-saponification of
the unsaponifiable matter and stored under CO, before further

analysis.

(e) Separation of the Fatty Acids by Low Temperature
Crystallisation.

The fatty acids, obtained after saponification of the oil,
were dissolved in pure ether (10 ml. of ether per gram of acid)
contained in a round-bottomed flask. The flask was placed in
an insulated bath filled with methylated spirits and with slow
but continuous stirring, the temperature was taken down to =40°,
and kept there for 4!/, hours. Crystals started to form at
-20° and at the end of the crystallisation the heavy

precipitate /...
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precipitate was collected on a cooled Buchner filter, and the
erystal cake sucked dry. The crystals were dried under
vacuum and cooled to room temperature. This fraction‘was
again digsolved in purified ether and crystallised under the
same conditions and at the seame temperature as previously
described. The insoluble acids were dried under vacuum on
the water bath, weighed and stored under carbon dioxide

In eacﬁ case the solvent was removed from the filtrate
by distillation through a tared distilling flask and the
residual acids dried under vacuum of the water pump at 80-100°.

After cooling these fractions were weighed, combined
and recrystallised from acetone (10 ml, acetone per gram of
acid) at -60° for five hoursg at the end of this period the
insoluble acids were collected on a cooled Buchner filter,
and the filter cake sucked dry. The crystals were dried
under vacuum in a tared round-bottomed flask, ccoled, and
- stored under carbon dioxide (Group B). The solvent was
removed by distillation through a tared distilling flagsk and
the last traces of solvent removed under vacuum on the water
bath.  After cooling, these acids were also stored under
carbon dioxide (Group C). The weights of the different
groups, as well as their percentage weight of the total fatty
acids have been summarised in Table XXVI.

(d) Preparation and Isclation of the HMethyl Esters.

Each of the above mentioned fractions was converted into
the methyl esters by refluxing it with five times the volume
of absolute methyl alcohol in the presence of 1 to 2 per cent

of concentrated sulphuric acid for four hours (see Appendix L).
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A BTUDY OF OIL BEARING SEEDS
FROM SOME INDIGENOUS PLANTS.

An Abstract of the Thesis Presented by

Se Pe Ligthelm
for the

Degree of Doctor of Philosophy.

A survey was made of the oil content of seeds of the

following indigenous plants:

(a) Three members of the Olacaceae fauily viz. Ximenig caffra
gond., Ximenia caffra var. natalensis Sond. and ximenis
sfericana var. migrophylla “elw, commonly known as

f5ouY Plua®,
{(b) W _g_@,g_ijm Seﬁéi-‘,' ‘-'-'égmonly known as "“daroola".

(¢) Three members of tne strycnnos fauily viz. Strycanog
ipnocua, Sirychnog dysophylla ana Gtrychnos oloideg,

coamonly known as the "Klapper®.

The oil content of the seeds of the Xjamenia genus varied
between 42-51 per centy the oil content of the “Jgaroola"
seeds was 7.5 per cent, while the 0il content of the Strychnog
fruit was below 4 per cent. In view of the fact that the 0il
content of the Strychnog fruit is so low, the composition of
these oils was not determined and only the oil content of the
fruit pulp and seeds, and the charuacteristics of one of the

ciles have been reported.

The /feas
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The Ximenia and Maroola fruit are \ e most popular wild
fruit ef the gube-tropical region of S@&tg Africe.  The fruit
of the Ximenis ripens in December -~ Januery, ‘while the fruit
of the Harocla ripens in Harch - aApril. The kernel of the
Zimenia is protected by a soft hull, wﬁile the Marocola
kernels (three separate kernels in‘eéeh,Seed) are covered with

a hard, fibrous hull.

The seede (and kernels) of Ximenia yielded on extraction

with acetone a light yellow oil whichy on standing, became
turbid with the deposition of a white ¢rystalline compcundg
this componh&tgaﬁe the oil a viscous thixotropiec nature.

It is insoluble in light petroleum and could be separated
from the oil by diluting it with 3~4 volumee of light
petroleum. Filtration of this solution followed by
evaporation of the light petroleum yielded a light yellow oil
which retained its stability for a long period. = Extraction -
of the seeds with petroleum yielded a light yellow, somewhat
eioudy, viscous 0il. On dilution of this oil with acetone,
aArubbery‘méterial was precipitated which appeared to be
poly«isoprene. |

| The sbsorption spectrum of the acetone extracted and
petroleun treated oil (as determined in & Beckman spectro-

- photometer) revealed the presence, in @ fairly large
percentage, of a constituent having two ungaturated centres
in conjugation and a amall proportion of a congtituent having
three unsaturated centres in conjugation == further
investigation showed that these constituents were present in
the fatty acid portion of the oil and thé regearch was

directed towards the igolation and characterisation of the

fatiy acid with two unsaturated centres.

By combination of low temperature crystallisation and
distillation, a2 new conjugated enyne acid, for which the

name /t e
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voic acid was proposed, was isolated from the

 Ximenis oils. Ximenynic acid is a Cy4 acid, having a
double and triple bond in conjugation and from the split
products on oxidation of the acid”with potassium
permanganate and the split products isolated on ozonolysis
(followed by reduction of the ozonide with ziﬁ@ and acetic
acid) the following structure was assigned for ximenynic
acid: |

CHg (CHp ) s CH=CH -C = C4 (CHg ) 9 « COOH

To ealculate the composition of the vils, the total
fatty acids were crystallised from acetone (1 g. of acid
per 10 ml. acetone) at =26°g the soluble and insoluble
acids so obtained were converted inte the methyl esters
which were fractionally distllled into fractions of 6-8 g
The saponification equivalentis, iodine values and absorption
intensities [E(1%, 1 cne)] of all thege fractions were
determined and from these constants the composition of the
fractions (and of. the total fatty acids in the oil) could

be calculated.

The sa#anifieation equivalents and iodine values of
the later fractions of the solid acids revealed the
presence, in appreciable amounts, Of Cyg saturated and
Cae unsaturated and Cszp unsaturated fatiy acids, and
erystalifsation of the fatty acids of the appropriate |
fractions yielded these acids of 95-87% purity.

The composition of the total fatiy acids of the three
Limenias oils have been summariged in the thesis. 4an
attempt was also made to analyse the unsaponifiable portion
of the oil, but owing %o the lack of raw material only 44%
of the totzl constituents could be accounted for.

The /es.
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The residual seed meal was also analysed; these meals

are relatively rich in protein and could be uced as a fodder.

The oil from the Maroola seeds was saponified and the
isolated falty acids were separated into three fractions by
erystallisstion from ether at ~40° and orystallisation of

the soluble fatty acids from acetone at -60°. These

fractions were converted into the methyl esters which were

fractionally distilled into smaller fractions of 6~8 g.s
these were analysed and théir compositién calculated. The
unsaponifiable fraction of the 0il was also ianvestigated,

bat only 47% of the constituente could be accounted for.

Owing to the fact that one of the previous investigators
(Lehman, The Star, 1948) of the fruit of one of the Strychnos
Species'reporteﬂ that the fruit coantained over 40% of oil,
the determination of the 0il content of the three members of
the genus was undertaken. As the oil content wés fouﬁd to
be below 4 per cent., further investigation was limited to

the determination of the characteristizcs of one of the oils.

bt
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(e) Fractional Distillation of the Methyl Esters.

The fractionations of the different fractions were
carried out in a two foot electrically heated column, packed
with single and multiple turn glass héliceé. The column is
a modification'of the one described by Longeneckerss.

During the distillation any flooding of the column was
avoidéd, and a temperature difference of about 100° was
méintained between the bath temperature'and that of the head
of the column. An attempt was made to keep the initial
fractions relatiﬁely small (4-56 g.), and the subsequent
fractions weré cut at about 5-7 g.  The fractionation was
continued until about 6-8 g. were le £t behind in the
distilling flaskg the distillat;on was then stbpped and the
apparatus cooled.  After cooling, the column, side-arm and
Perkin triangle were rinsed with small volumes of acetone.

The acetone washes were combined with the residue in the flask
and the solvent removed by distillationa The last traces of
solvent were removed under vacuum and thé flask cooled and
weighed. This fractibn was then resaponified according to
the standaid procedure and the non-sap. extracted. The

free fatty acids were then extracted and analysed as such.

The details of éhe fractional distillation (b.p's., pressures,

etec.) have been sumuarised in Tables XLIII =~ XLV.

(£) Analyses of the Fractions.

In order to be able to compute the composition of each
ffaction, the saponification eguivalent and iodine value'are
requireq. Additional information of each fraction was
obtained on alkali isomerisation at 180° especially those

fractions-héving an iodine value higher than about 100.
From measurements of the absorption intensities at 234 mu
and 268 mg the percentages of linoleic and linolenic acids

were calculated (see Appendix K).
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Iodine Values of all the fractions were determined by
using the WiJjs reagent (see Appendix A).

Ssponification Eguivalentg. The saponification

eguivalents of the fractions were determined by refluxing
the methyl ester (approx. 1.5 g.) or acid with N/2 alcoholic
potash in alkali resistant Erlenmeyers for 20 minutes, and
back-titrating the excess alkalli with standardised N/3
hydrochloric acid, using phenol phthalein as indicator.

All the iodine‘values and saponification equivalents
were carried out in duplicate and where these values were
not within 0.6 - 1,0% agreement, a third determination was
éarried out. The mean of the two values wag taken as the
iodine value and'saponification equivalent for the

calculation of the compogition of each fraction.

(g)

The modified vVillavechia test was'carried.out according
to the method outlined in the standard A.0.C.S. metnodss

an abstract of this method has been given in Appendix M.

(vi) ‘Determination of Total Tocopherols in the Kernel 011}12

HReagents:

(1) Purified absolute alcohol (see Appendix 4).

(2) aa'-Dipyridyl reagent. Diésplve 0.25 g. of
a-a'-dipyridyl in 50 ml. of purified absolute
alcohol, and store in a dark bottle away from
light.

(3) Perrichloride hexahydrate. Dissolve 0.10 g. of
material in 50 ml. of absolute alcohol;

Store in a dark bottle away from direct light.

(4) Palladinised calcium carbonate. This was
prepared as follows; Suspend 50 g. of well;

washed /es.



washed CaCOz, which has been preeipitated
while hot, in about 200 ml. of water.

Mix the sugpension by shaking and gentle
warming with a solution of palladium
chlo?idg;, When the liquid over the
caléﬁum carbonate is completely decolorised,
pour off and wash the solid a few times
with distilled water and collect the
precipitaﬁe on a Buchner filter. - VWash
the precipitate until the wash water is
free from chloride ions and dry in a
vacuun desiccator and store in a well

stopperéd bottile.

Progcedure.

About O‘é to 1.0 g. of fat or oil was accurately weighed
out in a sublimer, 2% wide and 3-4" deep, which was then
connected to a high vacuum and mercury pump, capable of giving
10"5 to 10~% mm. of pressure. The sample wag degassed by
closing the sublimer with a flat rubber stopper and applying
vacuum to 10~ to 107® mm. at rcom temperature for a short
while. (This minimised splashing of the sample in subsequent
distillation.) The pressure was restoredpto atmosphefic
pressure, and without unnecessary delay the condenser was
inserted and the.pressure again reduced to 107% to 10*% mm.
Dry ice was then placed in the condenser and a gmall volume
‘of acetone added to improve the efficienc& of the condenser.
The sublimer was placed in an oil bath and the depth of
immersion so arranged that the bottom of the condenser was
level with the surface of the oil bath. The oil bath was
heated rapidly to 220° and the temperature kept at 215° to
220°C for 30 minutes. The 0il bath was then removed and
the sublimer allowed to cool to room temperature under vacuum.

The distillate was washed off into a pressure flask with

pure /...
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pure chloroform, the chlaroform then removed by distillation
under reduced preséufe and the dried residue d;ssolved‘in

10 ml. purified anhydrous alcohol. The solution was reduced
with gaseous hydrogen under a pressure of 30 lbs/sq.ninch,
using palladium calcium carbonate catalyst for 15-20 minutes.
The catalyst was removed in the centrifuge and the
precipitate washed a few times with alcohol, and the total
alcohol solution made up to a standard volume 'in a measuring

flask.

A convenient volume (10 ml, if pbssible)'of the
standard solution was.piﬁétted into the Evelyn photometer
tube, ahd the total tocopherols measured with the 520 filter
(referred to as Lgpg) according to the method of Quaife and
Hanrisllz. The tube with the 10 ml. ethanol plus 1 ml, of
- dipyridyl reagent was placed in the photometer and the
' galvanometef set at 100. The tube was removed, ferric
chloride added and the tube shaken for at least 5 seconds and
the reaﬁing taken after 80 seconds. The colour due to
tocopherol reaction was Lggg ©of unknown minus Lgoy of blank,
The tocopherol content of the ssmple in the tube.was found
from a calibiation curve prepared with samples of pure
natural tocopherol in purified alcohol, with amounts of

25-100 mg. of tocopherol in 10 ml. of alcohol.

Quaife and Harris found a value of 1.423 x 10~! for X
in the formula
¢c=Kzx L,
where ¢ = mg. of tocopherol in 10 ml. aliquot, -

and L = 2 ~ log G.

tibration Curve.

0.07056 g. of pure tocopherol was dissolved in 10 ml. of
absolute alcohol and 3 ml. of this standard selution diluted
to 200 mil.

Thus /.‘o .
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Thus concentration of tocepherols = 10.575 mg. per ml,
To draw the curve various aliquots of this solution were
taicen and diluted to stendard volume (10 mli) and the readings

taken ia the photometer {Bﬁz@)‘, together with the blamk.
- ' \

The mean value for K was found as .81 (X 0.04) x 10-%

Only gal?anemet.ar‘ readings between 0.3 and 0.8 were
taken for the unknownsz if the feaﬁiiﬁgs were outside these
values, the eancentz-atiaiz ‘ot the solution was eh&age&' ‘

accordingly. The resulis are given in Table XXVIII and

the eurve given in Pige Hs

‘No. of sample: - 1 2

Weight of 0il; . 1.2602" - 110011‘g.
After distillation and hydroée?;a;tion the sdlution was

ma&ie up to 50 ml. Beadiﬁgs were t‘.akefx in ‘t.ﬁe photomet,e.r,: 1
without dilution: - R " | '

G - ' . . Total
.- G520  Meam Ls20  Tocopherols
No. (60 secss) Ggpgg Lpgy Nett mg./g. oil

Control /80,0 80,25 00965 = . =
80,25 © .. | . |
r 27.2  0.4715  0.338

16 ml. soln. . 23;5.' 27.2 0.5670 . R

| 1 | : 46,2 i . .
S ml. of alcohol ‘ o

Control 80.1 » |
- 79.5  79.8 0.0980 -~ - - =
7‘9 &8 _

|

10 ml. of soln. = 33.1 33l 0e481 0.3856 Q.346

(2) /;n.
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(2) Total Tocopherol Content of Impure "Marogola" Qil.

No. of sample; 1 2 3
Weight of oil; 0.9108 0.9038 0.9800 g.

Sample 1 was not hydrogenated, and after distillation
the sample was: made up to 80 ml. and the total tocopherol
content determined in the usual ways. Samples 2 and 3 were
distilled, hydrogenated and made up to 80 ml. Two @ml. of
this stock solution were diluted to 50 ml. and the readings
taken in the photometer.

: Total
G520 Mean L520 Tocopherols
No., (80 secs) Gszp Lsgp Nett mg./g. oil.
80.1
Control 79.5 79.8 0,0980 = -
79.8 ‘ ‘
10 ml. soln. 36.8 36.7 04436 0.338 8.34
2 40,0
40,2
3 38.9 ' S
10 ml. soin. 38.2 38.6 0,413 0,318 739

2 mlo """"'9 50 Hll. 3808

The unsaponifieble fraction of the oil was extracted and

: : . - , . 24
the excess acids removed according w the S.P.A. method .

The determination of sterols, a~-glyceryl ethers,
saturated and unsaturated hydrocarbons was carried out

according to the method of Rapson et 3;.70_,

The hydrocarbon content of the non-~gap. was determined

by separating it from the hydroxylic componénts by chromato-
gl‘.‘aphy /oqo
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graphy on an alumina column. The details are as follows:

1-1.5 g. of non-sap. was dissolved in 25 ml. of light
petroleum (b.p. 40°~60°) and chromatographed on a column of
alumina, 10 e¢m. in length and 2 cm. in diameter. The alumina
was activated by heating overnight at 140°. The chromatogram
wags developed with a further 150 ml. of light petroleum (b.p.
409=-60°), and the whole petroleum fraction collected in one
flask and analysed for the hydrocarbon conten£~of the non-sap.

(Fraction 1).

The chromatogram was further developed with 250 ml. of
dry ether, which was collected in a separate flask and analysed
for “sterols". The chromatogram was then developed with
100 ml, absolute alcohol containing 5% acetic acid (fraction 3),
thig last eluent should remove the unsaponifiable material

completely from the column.

Analyeig of Fraction 1.

‘The petroleum was removed by distillation tﬁrough a 256 ml.
tared.@istil;ing flask and the residual material dried under
vacuun on the water bath and weighed.  The iodine vaiue was
determined by the Rosenmhnd-Kuhnhenn method and the unsaturated
material expressed as the "squalene content" of the non-sap.g
the difference between this and the total weight of fraction 1

was designated as the saturated hydrocarbons.
Analysig of Erégtion Qe

The ether was removed by distillation through a tared
distilling flask and the residual material dried under vacuum.
The fraction was analysed for the sterol content according to
the colorimetric method of Pijoan and Walter7l (used for the

determination of cholesterol).

Analysig /...



Anglysis of Fraction 3.

The alcohol was distilled through a tared distilling

flask and the residue dried under vacuum and weighed. This
fraction was analysed for the sterol content by the above-
mentioned‘method and also fof the a=-glyceryl ether content.

The glyceryl ethers was determined as follows: The fraction

was dissolved in ethyl acetate and oxidised with a periodic

acid reagent according to the method proposed by Rapson g&\g&.loz-
The fonmaldehyde‘fonmed in the oxidation was deterumined with
dimedone. The results of the analysis have been given in

Table XXVIIX.

Investigation /...



INVESTIGATION OF THE FRUIT OF THE SIRYCHOS SPECIES.

The genus Strychnog is a member of the Joganiaceae or
Strychnine family, and is found abundantly in the Bushveld
. of the Transvaal, Natal, Mozambique and Hadagascar'lla.
The fruits of the species are rather unusual in structureg
they are giaht.berries with a hard woody rind (or shell)r
The seeds of some of these species have been reported to be
poisonous,'but the pulp and Jjuice in most fruit are harmless
and pleasant to eat. The species are known under the
commmon names of "Botlter Klapper“, Klapperht, %Monkey Apple',

while "Mkwakwalis' the common native name for it.

Hilditch makes no reference to any oil from these species,
and it is apparent that very little has been done on the
determination of the oil content of related species of this

family.

In a popular article on the possible sources of vegetable
oil in South Africa, JL.4=.>hm:=m]"J"‘4 stated that the kernel
covering pulp of the YMkwakwa" {strxghnogliggocua) containe@
40% of oil, and that 400 tons of o0il could be obtained
annually from about 100,000 trees.

Articles on the possible cultivation of the trees and

production of the oil appeared in "The Faramers Weekly'lls.

The Pivision of Chemical Services analysed Strychnos
innocua fruit from Zululand for Lehma_nll6 and found the
following composition for the fruit and 0il content of the

- pulp:
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!
TABLE _XXX.
Composition and Analysis of

Erpit: |
Weight whole fruit 253‘gc
weight of shell . 74 g, = 29%

Weight of pulp and kernels 179 g. = 71%

" Eruit (dry weight): |
| Weight of shell 44 g.

= 33,6%

Weight of kernel - 37 g = 29.2%

Weight of pulp ‘ 50 g. = 'SSQQ%

Moisture cbntént‘of' R .

~ pulp and kernel . 46¢1%

Nitrogen content of kernel o 1;205% = 7,7% protein
B ﬁitg@gen content of pulp - 0;74% = 4,62% protein

oil from ﬁulp as received _ 11.8%

oil from pulp finely eut and dried 13.0%

_ oil from stamped pulp as ‘received 27.3%
Yi@id of 011 from stamped pulp dried ' 29;3%.“j

Yield of 011 (calculated on . whole o - 'lle%
S : dried frultJ '

Yield of oil (calculated on total fruit) 5.79%

There ie obviously a mistake in the above

report. If the pulp contains 46“ of moistufe, and the
wet pulp contains 27. 3% oil, the dried pulp should |
contain at least 52% of oil.) : o

During this investigation the oil;content of the ﬁruits
‘of the fpllowingthreev§§gxphnog species have been determined:‘
Strxghnog‘innocug, Del,, eéllected in Pondoland.-f |
Strychnos gocgoloide sy Bak, collected in the Wlaterberg
 district of the Transvaal |
strychnos dysophylla, collected in the Middelburg -
.Greblersdal distriet of the,

Transvaal.



- Strychnog dygophylis is known as the "poisonous Klapper",

and part of the flesh and kernels were fed to rats to test

their toxic nature. Wo poison, however, could be detected in

either the flesh or the kernels.

Owing to the low oil content of the kernels and flesh,

no large scale investigation of the oils was undertaken and

only the composition of the fruit and the constants of the

oll are givén.

LABLE XXXI.

Composition of the Fruit of Ztrychnog species.

Weight of fruit (g.)
Avérage weight (g.)

% ghells in fruit

% Kernel in fruit

0il content of pulp (%)
0il content of kernels (%)

Moisture content of total
~pulp (%)

Sirychnog
innocua
67 - 462
168

-

380

66,9

Sikryehnog Strychnog
coccoloideg gysophylla

73 ~ 380:5 94 - 480

166,7 194;5
- . 203 - 37.1
- Bel ~ 17.7
0.85 2.1
- . 0.5
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TABLE XXXII.
Characteristics of Strychnos Oils.

Strychnos  Strychnos  Strychnos
innocua  goccoloides dysophylla

Colour : Reddish = Reddish Reddish
' colour colour colour
Specific gravity (25°/25°) - . - 0.9208
Refractive index at 25°C - - 1.4673
Acid value of oil | - - 10.5
Iodine valué . 80.5 i19.9 87.3
Saponification value 192.1 - 168,.6 188.4
Acetyl value - 5.8 92.15 9,7
Reichert~-Meissel value 0.24 1.84 1.868
Polenske value 0.64 0.5% 6338
% Unsaponifiable material 3.27 - 19,9 3 4,50

gults of Alkali ITsomerxrigsation
of Total Acids:

% Linoleic acid 1.9 19.2 12.3
% Linolenic acid 7.23 5.2 2.4

A compound with a slightly bitter taste was extracted
with the oil from the fruit pulp of aggycbnoé‘dxgoghxllg.
Séveral attembts to purdfy this compound by crystaliisation
were unsuccessful. As only a small gquantity of material was

available further investigation was not undertaken.

Experimental. /oo
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The fruits of the different‘speCies were collected in

the above-mentioned areas.

After pleking, the fruit was packed in wooden cases and
dispatched to our department and analysed with delay. The
range of size of the fruit, determined by selecting the
smallest and largest fruit in the consignment, is shown in
Table XXXI. The average weight of the fruit was determined
by weighing abbut 100 fruit which were more or less represent-
ativé of the consignment. This fruit was broken up into shell,
pulp and kernels, which were independently weighed to detemmine

the composition of the total fruit. (not detenmined‘in the
case of gtrychnos innocua and Strychnos coccoloidesg).

The total kernels and pulp (or separately in the case of
Strychnog dysophylla) were minced and extracted with acetone
in a Soxhlet extracter. After 10-12 hours of extraction the
acetone was replaced with fresh acetone and the‘extraction.
continued for another 10-12 hours. The total volumes of
acetone were combined and the acetone removed by distillation
through a tared distilling flask and the residual oil dried

under vacuume.

The oil from g;gzghnoé dysophylla was a semisolid and the
heterogeneous character»indicated that it contained a solid
compound. Tests with the different solvents showed that a
solid compound could be geparated on addition of ether, light

petroleum (b.p. 40°~60°) and benzene.

| The chemical and physical constanis of the oils were
determined according to the standard A+CuC.S. methods (outlined
in Appendices B = J) and these values are listed in Table XXXII.
| The /fee.
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The linoleic and linolenic acids were determined on the total
free fatty acids according‘to the alkali isomerisation‘me;ho&
of Kraybill, Mitchell and Zschielegg,'the regults of which are
also given in Table XXXII. . o .

In the bulk extraction of the total minced pulp and
kernel, acetone was used as solvent and replaced with fresh
acetone after 10-12 hours extraction. ~ The total acetone was
combined and the acetone removed by distillation and the |
residue dried. The total extract was diluted with light
petroleum (b.p, 40°-680°%, 2-3 volumes per volume of oil) and

the insolﬁble material collected on a Buchner filter.

The light petroleum was removed by distillation and the
0il dried under vacuum and stored under COp; in a refrigerator.
The residue was freed of any adhering oil and dried under
vacuume In the small scale'extraction of the oil, it was not
possible to determine the percentage of solid material (the
material tends to adhere tolthe inside of the flask). in
the large scale extraction, épproximately 35 Kg. of wet pulp
‘and kernels yielded 24 g. of solid material. .This material
was inscluble in water, light petroleum, benzene and slightly
soluble in ether. The waterial was readily soluble in
acetone, chloroform, alcohol, ethyl acetate and acetic acid,
also soluble in a 5% soﬁium'hydroxide solution, but‘inéoluble‘
in 5% hydroéhloric and sulphuriec ac¢id solutions., Tests for
nitrogen and sulphur were negative. The compound may be a

glycoside.

Appendix A. /oo
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The following iodine value reagents have been used in

the course of this investigation;

(a) ‘m.m@gmmo

Iodine trichloride (9 g2.) was dissolved in 1 litre
glacial acetic acid, followed by 10 g. of iodine. The flask
was stoppereéd with a loosely fitting cork and heated on a
water bath until the colour of the solution changed to a deep
reddish brown. The solution was codled and stored in a

brown bottle.

The material under examination (0.l - C.3 g., depending
on the I.V.) was accurately weighed off aﬁd dissolved in 10 ml.
of dry carbon tetrachloride, andfthe reagent added. A
contact tizme of 60 minutes was allowed, after which period
the excess halogen was back~-titrated with standard thio-
sulphate after addition of 10 ml. of 20% KI and 80 ml. of
water. At the same time blanks were carried out. For
successful determination of the lodine values, not less than
100% of excess reagent must be present and the iodine value

of the duplicate determinations must not vary by more than 1%.

Iodine (20.5 g+) was dissolved in 925 ml. of aéetic acid
with moderate heating and the solution cooled to room
temperature; 25 ml. of this solution was measured out and

titrated with 0.17 N sodium thiosulphate solution. From the
titration the number of additional mls. ¥ required to dilute

the solution to 0.32 N were ‘calculated as follows:

a /qo_o



- 139 -

a = ml. of thiosulphate used
b = g. of iodine equivalent to 1 ml. of thiosulphate
» solution
then Y =1773 x a x b - 900
The weight of bromine X necesgsary to double the halogen
equivaelent was calculated as follows;:

X = 22,7 x a x b

The solution was made up to vdlume and -gtored in a dark bottle.

Retermination;

The sample under consideration was dissolved in 10 ml,
carbon tetrachloride and 400-600% excess of reagent added,
and the solution allowed to stand for one hour and back-
titrated with 0,17 N thiosulphate according to the method

described under (a).

(¢) yijs-Kemp Reagent. 1o

Made up according to reagent (a), but using carbon-

tetrachloride as solvent instesd of glacial acetic acid.

Determination:

This reagent was used in the determination of the
unsaturation of compounds which are insoluble in‘glacial

acetic acid (e.g.y raw rubber, polymers, etc.

The finely divided rubber sample (15~20 mesh) of 0.1 -
0.06 g« was placed in a SOO ml. Pyrex glass-stoppered bottle
- with 80 ge. of pure p~dichlorobenzene. The flask, with
contents, was placed on a hot-plate at a temperature of 175°%=
. 185° and the contents swirled gently from time to time to
facilitate solutién. Time of solution varied from about one
to two hours. ., The flask with cbntents was removed and
allowed to cool to room temperature. Before the p-dichloro-
benzene'was completely crystallised, 50 ml. of dry chlorqform

Were'/toa
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were added, followed by the reagent and the flask allowed to
stand in the dark for one hour. The excess 'reagent was then

back~titrated with standard thiosulphate.

(4) Rosenmund-Kulinhenn Resgent.”>

Glacial acetic acid (40 ml.) was placed in each of three
Pyéex Erlenmeyers. To the first, 28.5 g. of dry freshly
distilled pyridiné-were a&ded.with'caoling; to_the second,
35.5 g+ of concentrated sulphuric acid were added slowly,
cooled, and when cool the contents of the second flask were
added to the contents.of the first flask with cooling.
Bromine (28.4 g.) was added to the third flask (cooling).
This solution was added to the mixture of the first two
solutions and made up to 1 litre with glacial acetic acid
followed by another 2!/, litres of glacial acetic acid.

This solution was approximately 0.1 N with respect to bromine.

A 2.5% solution of mercuric acetate in glacial acetic

acid was also made up.
- Petermination:

To the éample dissolved in 5 ml, of carbon tetrachloride
was added 50 ml. of reagent, followed immediately by 10 ml,
of 2.5% of mercuric acetate solution. The sample was allowed
to stand for one hour in the dark and then back-titrated with
standard thiosulph@te. according to the standard procedure.

(AeO.C.Ze Method Aa 3-38. )

Duplicate samples of 5~10 g. each were accurately weighed
into tared 2-4 inch Pyrex petri dishes, provided with a cover.

The petri dish and cover were placed in an oven and

dried /..
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dried at 105°~110° for 12-16 hours (overnight). The dishes
were removed from the oven, immediately covered and cooled
in & dégiccator to room temperature and weighed. The
dishes were placed back in the oven and the drying continued

until the weight remained constant.

APPENDIX. C.

The Society of Public Analysts' Method for the Determination
' of Unsaponifiable Matter in Qilg.Z%

Beagents: ~
(1) N/2 Alcoholic KOH, using purified alcohol.

The alcohol was purified as follows;72 2!/, litres of
96% alcohol were refluxed with 24 g. of potassium hydroxide
and 12 g. of aluminium powder for one hour. The alcohol was
then distilled and 2 litres collected after the initial
200 ml. weré discarded. |

(i1) Ethyl ether.

Saponification:

2.0 = 2.5 g. of 0il, accurately weighed, were boiled for
one hour under reflux with 25 ml. of the N/2 alcoholic KOH

solution.

Extraction:

The soap solution, which was slightly cooled, -was poured
into a total of 50 ml. of water (including washes, etc.)
contained in a separating funnel and successively extracted
with 50 ml. portions of ether (3 times). During the
extraction, the separating funnel and contents were mildly
swirled to avoid emulsion formation. The ether solutions
were combined in one separating funnel and washed once with
20 ml. of water. The ethereal solution was then washed twice

with /...
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with‘ZO‘ml. portions of N/2 agueous KOH, followed by 2-3
more water washes to remove excesgs alkali. In 2ll cases

utmost care was taken to avoid the formation of emulsions.

The ether was then removed by distillation through a
tared distilling flask and the residue dried on a water bath

under vacuum of a water pump.

For the qQuantitative determination of the fatty acids,
the first water-wash and the twovalkali washes were added to
the agqueous solution and this total solution Jjust acidified |
with concentraﬁed hydrochloric acid and the fatly acids
extracted with three volumes of ether (50 ml. each). The
ether extracts were combiﬁed, washed free of excegs mineral
acid, the ether removed by distillation thréugh a tared
digtilling flask and the residual acids dried on a water bath

tnder vacuum.

For the determination of the specific gravity of oils,
ordinary specific gravity bottles (25 ml.) were used and for
the determination of the specific gravity of smaller samples
(e.g., methyl esters) pycnometers (2 ml.) were used. The
bottles (or pycnometers) were standardised as follows:

The bottle was cleaned, dried and Qeighed, The bottie wasg
then filled with distilled water at 20° and carefully swirled
to remove ény air bubbles. “The stopper was inserted and the
bottle immersed in a water bath at 2S°'$o.2°c for 30 minutes.
The bottle was then carefully removed, dried and the last
traces of moisture removed on the tip with a piece of filtepr

paper. /..o
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paper. The bottle and contents were weighed. The difference
between this weight and the weight of the empty bottle

represented the weight of water at 25°C.

The bottle was dried and filled with 0il at 22°-239¢

and kept at 25° for 30 minutes, redried and weighed.

s :  _ Weight of oll )
S.G» of oil (25°%/25°) = Weight of water at 25°C

Befractive Index.™

The refractive indices of the olls were taken with an

Abbd refractometer at the required temperatures (25° or 40°C).

- APPENDIX _F.
Free Fatty Acids (Acid Valge).l7

A solvent was made consisting of 80 parts 96% alcohol
and 850 parts benzene and any free acids in this solvent
(earbon dioxide) neutralised with a few drops of O.1 N aqueous

NaOH until permanent pink to phenol phthalein as indicator.

1020 g. of oil (accurately weighed) were placed in a
200 ml. Erlenmeyer flask, 50 ml. of neutralised solvent added
and ‘the contents heated on a waterbath for a short period.
The contents were slightly cooled and titrated with O.1 N
NaOH until the pink colour persisted for 30 seconds.

The free fatty acids were calculated as percentage oleic

acid, with the formula;

Weight of sample '

AQQGQ}diX g. /.. [ ]
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A 0.3 N alcoholic potash solution was made up (purified
alcohol, see Appendix A) and freshly filtered before use.
A weighed quantity (1.4 « 1.6 g.) oil {or methyl ester) was
placed in a 200 ml. alkali resistant Exlenmeyer (ex schott
and Gen. Jena)s 20 ml. of 0.3 N alcoholic potash added and
the éclution refluxed for 20 minutes. Aftef this period the
excess alkali was back-titrated with standard N/3 aqueous

hydrochloric acid solution, using phenol phthalein as indicator.

A control of 20 ml. alcoholic potash was also carried

ocut at the same‘time.

Saponification Value:

ot

Feight of Semple.

Saponification Equivalent;

, Weight of le —
(Titre of Control - Titre of Sample) x N

Acetvl zglues.l7

A mixture of ca. 50 mle« of o0il and 50 ml. of acetic
anhydride was refluxed for two hours in a convenient g.g.
flaske. The mixture wag then poured into a beaker containing
500 ml. distilled water and boiled for 15 minutes'under carbon
dioxide. It was cooled, the water siphoned off and the |
acetylated fat boiled twice more with 500 ml. of water. The
acetylated fat was transferred to a 250 ml. separating funnel
and washed twice more'with warm water (609—70°) The water
was drained off as cowpletely as p0531ble, the acetylated oil
disgolved in a small volume of ether and the solution dried

over /ae»
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over anhydrous sulphate.

The solution was filtered, the ether removed by distil-
lation and the residue dried under vacuum at.80¢-100° and
cooled, The saponification values of the oil and acetylated
product were deteémined as in Appendix G, and the acetyl
value calculated with the formula; )

Ve g

Acetyl value = J-mpr—l-m=rsisme=gs

where § = Saponlflcation value before acetylation.

S' - Saponification value after acetylation.

Five g. of oil were accurately weighed into a 300 ml,
distilling flask, 20 ml. of a glycerol-sodium hydroxide
solution (20 ml. of a 50% sodium hydroxide solution to 180 ml,
*Analar' glycerol) were added and the flask heated until the
solution became clear.  Water (35 ml.) was then added,
followed by 5 ml. of sulphuric acid (200 ml. conc. H380,
diluted to 1 livre with Gigtilled water) and the 110 ml. of
water distilled off through a standard apparatus (see A.0.C.S.
Methods, Cd. 5—40).

This distillate was cooled‘tq\15°c and the solid acids
collected on a filter papeérg 100 ml. of the filtrate were
titrated w1tn 0.1 N NaOH solution, using phenol phthaleln as

indicator.

A blank was carried out under exactly the same conditions.

Reichert-Meissel Value;
1.1 x (Titre of Sample - Titre of Blank)

- Rolengke /e...



rolenske Values:

The solid fatty acids (on the filter paper) were washed
three times with 15 ml. of water each, and then dissolved in
45 ml., of neutralised 95% alcohol. The alcohol golution was
titrated with 0.1 N NaOH solution, using phenol phthalein as

indicator.

Polengke Value: ml. of 0.1 N NaOH = Solution.

Reagents: (1) Ethylene Glycol reagest. Ethylene glycol,
freshly distilled under reduced pressure over KOH and
zine dust. This ethylene glycol (750 g.) was heated to
190° fof 10 min., cooled to 160° and 60 g, of 85% KOH
carefully dlssolved and the solution qgaln heated at
190°C for lO mine

(2) gurgfied 96% Alcohol. . (See Appendix A.)

Brocedure:

About 0.1 g. of fatty acid was accurately weighed in a
glass vial. Ten ml. of the ethylene glycol reagent were
pipetted into a 6" x I" Pyrex test-tube and placed in an oil
bath at 180 20.5°C. Twenty minutes later the vial, containing
the fatty acids, was added and with intermittent shaking kept
at 180 io.svc fer 256 minutes. At the end of 25 minutes the
tube ‘Was removed and rapldly cooled under water tap and the
contents of the flask quantitatzvexy transferred to a 100 ml;
volumetric flask and the solution made up to the mark with
96% alcohol.

A contfol wag likewice treated‘and‘made‘up to 100 ml.

with /ou..



- 147 -

‘with 96% alcohol. The solutions were allowed to stand
overnight in the refrigerator. They were then allowed to
come to room temperature and were filtered through Whatman
No. 1 filter peper and the absorption measured in a Beckman
spectrophotometer, Model D.U. at 234 and 268 m . The blank
solution was placed in the solvent cell and diluted in the

same way as the solutions during the determinations.

" The percentage linoleic and linolenic acids were

calculated from the values given by Mitchell, Kraybiil and
47

Zscheile.

_of the Ac;gg;sl

A weight of acid (gay 80 g.) was refluxed with & times
its volume of absolute methanol (250 ml.) in the presence of .
1~2% of concentrated éulphuric acid (Y/y = 1 g.). Refluxing
wag continued for 4¥S hoursg the solution was cooled to room
temperature and then poured into double its volume of water
(SOO-ml;). This solution was extracted with three volumes
of ether (250 - 5CO mla. each, depending on the solubility of
the ester in the ether); thé ether volumes were combined,
washed 2-3 times with water and then exiracted 2-3 times with
a 5% potassium carbanate solutlon. The ether solution was
then again washed with waterg the water removed as completely
2s possible and the ether removed by distillation. Ihe

regidue was dried under vacuum &t 80°-100°.

‘The yield of ester should be of the order of 98-100 %.

AQ andix . /o .



A sample of the oil (say 10 ml.) was mixed with an equal
volune of‘concentrated HCL in a test-tube. To this mixture
wag added 0.1 ml. of a 2% furfural (reagent grade) in
purified 96% alcohol (v/v). The total solution was well
shaken and the emulsion allowed to break. A red or crimson

. L3 - ‘
coloration of the lower layer ig positive for sesame oil,

T n T o, v 2.
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TABLE _XXXIII.

Composition of the Total Fatty Acids
of Cil from X. caffra sSond.

Palmitic acid 0.36 0.04 0.40
Stearic Acid 1.72 2.34 . 4.06
Cerotic Acid - _ ‘6.35 6.35
Hexadecenoic Acid 1.49 0.03 1.52
Qleic Acid 31.01 3.75 34.76
Ximenynic Acid 21.55 2.76¢ 24.31
Elacostearic Acid 0.31. 0.06 0.37
Cao unsat. Acid 0.45 - 0.45 |
Cyz unsate. Acid 1.77 - 1.77
Cze unsat. Acid 3.61 - 3.61
Ximenic Acid 1.32 8.99 10.31
Lumeniqueic Acid 1.75 9.51 11.26
Cga~2H Acid - 0.82 0.82

Total (%):~ - 99.99



|
|
.
i

Camposition of the Total Fatty Acids
of 0il from ximenia’ amers ~

s
2]
&%

, ldguid Selid Total

Palmitic acid 0.20 007 0a27
stearic acid  0.67 1.34 2.01
Cerotic acid - 5.6 5.46
Hexadecenoic acid  0.43 0.09 082
Oleic acid g6l 3.48 37.09
ximenynic acid ~  19.26 2,69 21.94
Elacostearic acid  0ud4 003 0417
Cop unsat. acid | 0‘."&5'? - 067
Cppz unsat. ac:m« - 0.09 - 0208
Cpq UNSAL. acid . 0.99 o . 0.99
Ximenic goid 6,02 10,88 15,80
Lumeniqueic acid 0,40 13,97  14.37
Cosngy 80id - 0.62  0.62

Totels~ L 100,00



ey

Composition of the Fatty Acids
! W | gﬁ affra sonds ("Marcoie').

palmitic 18410 304 - 16,14
Stearic 4,75 0.30. - 5.05
Arachidic 0410 - - 0410
Behenic 0498 - - . 0.98
Hexadecenoic - . - 1.05 1,06
Oleic 310.89 54462 172 66473
Linoleic - 2463 4.64 .27
Linolenic .. - - trace
Cavesy - 1.3 1.55 2,68

Erucic , -

Totel () R 1100400

Linoleic and Linolenic acids in total Fatty Acidsew

Linoieic acid 7.27 6.4
Iinolenic acid - trace | ‘ 0442



TABLE XL

Frectionell Distillstion of "Liquid"| Methyl Esters of Ximenis smericena var. Microghylls Welw.

Calculeted Compositien of Nethyl Hsters:-

~ Temgerature (%) Pressulh B(1%, 1 on.) g Sgtursted ., ‘ Unsaturated A
Fraction Hesd Middle Oil Beth mm'sl| Weight (&) 268 mp 229 qﬂ, I.V.(1) S.E.(E) g' 3* B C16 Cisg Czg c16 cl& Ximenynic Elaeosteeric Cpyy Copn Coy Cog Cap
lst drop 13 180 215 0.4
I 155 185 215 0.4 5.0097 0.12 8134 79.8 287 .0 72.06 2B6.9 0.4935 1.0428 3.396% 0,0761 0.0003
i 5 L 1g8 217 0.3 $.8368 0.2 9 J44 86.8 2¢5.8 86.18 295. : 0.1003 0.0006
I11 157 191 220 0. 6.6544 0.3 l4 .54 87.9 £95.8 86.27 295.9 32.2235 0.1762 0.0010
v 1 183 220 0. €.7944 0.3 16,87 87.9 £95.9 86.69 296.0 : 0.2086 0.0010
v 15 195 220 Ded | 7.5494 0.3 25402 87.95 296.3 85.66 296.5 0.3438 0.0011
VI 195 2256 0.4 6.7328 0.4 41..8 88.0 296.2 84,93 296.3% 0.5124 0.0013
VII 7 187 225 U.4 7 <1260 0.5 85040 87.6 296.5 83.94 296. 0.64885 0.0018
Vil 7 197 226 0. 6.8733 0.5 6240 87.9 £RE6.4 83.22 296.9 0,7759 0.0C17
IX 8 197 227 0. 7.7787 0.6 70 46% 86.4 £96.9 83.06 296.9 1.6010 41.0291 1.0000 0.0023
L 197 227 O, 7.6078 Q.7 87 45 58.8 £295.6 82.01 296.9 1.2120 0.0027
X1 198 227 0.2 9.7332 1.0 11340 90.2 £296.3 8l.24 296.9 2.0020 0.004%
X1I 202 230 C.4 7.166% 1.3 17340 93.8 £95.8 79.66 296.9 2.25%0 0.0047
LiIl 205 285 0.3 7 .6048 1.7 241 .2 100.6 =94.8 81.81 2986, 3. 8590 0.0065
XIV 208 256 0.3 7 .5806 2.4 35540 111.4 294.1 87.02 297.3 2,5518 4.900¢ 0.0090 0.1398
AV 211 258 0B | B.2882 Sak 433 .5 121.0 294.1 106.0 300.7 1.4107 6.540C 0.0133 0.3245
AVI 217 243 O. &.8618 . P | 477 45 126.% 296.5 126.5 927 .8 7 .550¢ 0.022]1 0.906) 0.2037
IVIiI 237 265 0.1 8.0192 7.4 424 .5 122.6 309.9 1i4.3 378.8 6.197C ¢.0298 0.0119 1.7808%
AVIIL 248 269 O 6.9193 5.9 38440 117.9 $18.5 10l1l.2 405.8 4.8380 0.0204 0.2629 1.7580
ATX =64 272 O. 3.86E2 8.7 14941 80.5 362.1 62.3 405 .3 1.049 0,0168 0.3109 2.4885
XX Residue (28 scids) 11.2000 (38.3) (126(1) (86.4) 376.6 '414.2 2.4757 0.2061 7.5796 0.9386
Total weight| of Esters (g.) 147.0033 0.4935 1.6010 1.0428 80.5918 46.1818 0.3474 1.3704 0.2156 2.3543 11.8661 0.9386
As Acids (g.)) 140.1958 0.4679 1.5258 0.9883 76.7801 43.9706 0.3076 1.3111 0.2070 2.2675 11.4596 0.9103
% of Total Acids 61.366 | 0.203 0.668 0.43%3 B3.608B 19.247 0.125 0.574 0.091 0.993 5.016 0.398‘
Degree of unsaturation of OZQ esters: -2H
. s £ e ng esters: 3H
ik g P = ot 634 esters: 3.2H




Frection Head

lst drop
I

11
IIX
v

v
vi
Vil
VIIX
1X
X
P
AII
ALITI
XTIV
Xxv
XVI

Weight pf Eeters (g.)

Weight sa scides (g.)

Temperature of

120
149
160
162
202
208
210
218
220
220
221
224
225
228
220
230

Regidue anslysed as &?

180
1586
196
214
230
259
240
248
250
250
2556
257
257
257
263
270

# of Total Acids:-

Column {(OC)
Middle Cil Bath

220
224
235
2358
255
268
268
268
275
278
281
233
285
285
292
300

L] & ] ® L2

[

® @ e @+ ¢ © o
]

O s i s D 0100 O1 O~ R

Sl elsisiololvielcfolololckaloloNs
tn

Fue o o

w

Weight (a)

4.5414

5.2469
5.6861
6.1998
6.9281
6.5992
€.4990
5.82338
65.93578
6.58086
6.0764
7.3578
6.3593
6.0901
5.0242
4£.9000

95.8500
92 .4725
36,634

E( l‘,x 2 1

o

®

9 L] L] e

B 02 08 O O s 0 DO

L] L3 L] 3 L] L2

HOQOCOQQOLUOOoOKKHC ©Q
o

o _» ®

GO O N i

cm, )

82.2
120 o4

iv4.2

gqu
12.8
10.1
10.9
11.2
11.7
11.9
i12.1
135.6

33.6

16.50
23,80
25.70

ional Distillation of

229 zvb LY¥5%)

71.6
8.7
79.6
58.0
44.6
46.0
47 .3

48.2

48.9
50.0
50 .8
52.1
B2.2
53.1
53.6
47 .9

S5.E.(E)

$.8605
4.0949
3.8801
5.,1558
6.7715
5.4953

| 6.3691

5,70%6
6.7890
6.4370
5,9415
7.1736
6.1665
5.8245
4.7851
4,5656

TABLE XLI,

il

62,17
65.82
55,45
38.42
42 .69
44,850
45,73
46,62
47 .26
48,30
49,13
51,74
49 .94
49,84
49 .97

1id" Methyl Esters of Ximenis smericans var, microphylie

Welw.

Caleulated Compogition of Methyl Esters:-
Saturated Unsatureted
{ 1,
L] 1 : T4 mey 1ip Blasogte 9 3

E Clﬁ C}B GZB 018 Limenynic Elgeostearic LRG C
283.5 0.1602 0.9247% 2.5492 0.6797 0.0014
301.0 0.8635 0.0325 3.0082 1.150 0.002 00,1927
320 .3 0.7587 0,25879 2.075% 1.803 0.003 0.7878
376.3 0.5363 1.8824 D.6642 1.040 0004 2.2729
S95.0 0.2388 R2.0336 C.4088 0.1586 0,001 4,0893
406 .8 0.0392 1.535% U.0481 G.L029 0.001 Z5.8716
417 .5 0.128¢ 0.001
422.8B 00,1187 0.001
432 .0 01478 Q.001 _
455,1 7.7071 O l428 0.001 15.7430 26,9543
443,1 0, 1822 0.008
461 .7 0.2638 0.002
473.9 0.2784 0.2351 0.004 27 1.2040
468 .4 0.2926 0.0417

0.,16802 3.3619 13.5276 0.2262 U.7582 6.7678 0.0691 26,9870 24.4876 1.8591

0.1590 3.2039 13.0664 0.2144 4.3392 6.4497 (.U658 PEO338 23,4486 1.,4977

0.066 1.33%9 5,459 & 484 N 155 $.0275 10,876



iTemperature‘of
Column (9C) Press
Fraction Head kiddle 0il Bath mn

lst drop éa 150 216

0.2
I 111 155 216 0.2

II 116 1lez 214 0.4
IIT 150 168 220 0.2
IV 131 169 220 0.2

y 185 169 220 0.2

Vi 145 169 220 0.2
YII A5 170 223 0.2
viII  1a5 171 224 0.2
IX 145 171 224 0.2

X 146 171 22 0.2

XI 17 172.5 234 0.2
XII 148 1756.5 224 0.2
XIII 149 180 227 0.2
XIV 1857 194 240 0.0
XV , Residue - Pot fraect

|
|
Potal Weight of Methyl Bsters (g.)

Corresponding weignt of Faliy
5 scide (g-)

4% heids {(of totel Fatity reids)

ion

Weight of

re Fraction

(g.)

6.8188

6.2080
6.3568
6.6895
5.808L
5.6576
€.2278
6.2766
6.6652
6.5341
6.2032
5,.7309
5.9652
55,4596
3.8716

90,4730
86,0383

29 .32l

SOE.

2709

268 .7
276.6
276.8

280.2

278.9
282.4
7286.5
289.1
292.7
294.5
£294.0
295.5
292.7
B4l.0

TABLE XLIII.

Caleulated Composition of Ester fractionsi-

Fractional Distillation of the Solid Methyl Esters (Fraction A) of Sclerocarys ceffra Sond. {("Maroola™}.

Saturated Ungatursted
(]
' c c
C16 18 20 Con 16 18 20
6.3090 Pogtulated 0.5098
as

5.9025 absent 0.3055
5.7792 0.5776
4.,8309 0.158b 1.7001
5, 4463 06649 1.6969
3.7033 0.17%4 1.7809
3.1578 0.6149 2.4551
2.2390 D.9522 %.0854
1.7480 1.3723 © 3.5448
0.9182  1.9894 3.6275
0.4845 2.,2329 3.4858
0D.5466 2.0074 2,.1769
0.6784 2.1532 3.1358
0.8011 2.3063 3 : : 2.3522
0.3121 2.9797 G.B798

40.5418 14.6264 0.3121 2.9797% 52 .0089
38.4425 13.9393 0.2087 2.8619 20 .4959
15.101 4.750 0102 0.975. 10.293



TABLE XLIV,

Prectiosel Distilletion of the "Intermediste Fresction® (Prection B) of Sglerocsrys geffra Sond. ("Merools").

Celouleted Composition of Ester fractionsi-

Temperaturs of Weignt of g Satursted } Unsetursted
Column (0C) Proa?nrt Prsction ' : 1]
Frection Head Middle 0il Bath ma's {g.) s.B. I.V. Cie 18 Caq e Cig Cisam oo
lsgt érop 118 171 2185 0.5
I i35 175 216 0.4 5.2342 £284.5 2.1557 2.4858 O.5887
II 135 175 214 0.2 £.7401 £94.1 0.4260 5.9397 00,3744
I1I 138 177 216 0.2 6.2989 293.7
Iv 140 180 220 0.2 6.1969 295.6
v 145 184 220 0.2 6.1817 295.2 Fractions
VI 156 186 225 0.4 5.7194 296.2 combined
VIiI 153 188 228 0.2 €.2131 294.6 for
VIII 154 189 228 Q.2 6.0433 290.2 caleuletion
1X 150 188 228 0.2 £.9952 293.2 Totel Weight
b 4 150 184 228 0.1 €.1270 295.2 1.9278 £9.0980 2.9213 75.9481
XI 150 184 228 0.1 6.3844 294.9 5.8.293.06
X1T 150 184 228 0.1 5.9521 295.4 1.V, 86.9
XIIX 180 184 228 0.1 5.8775 295.9
IV 150 18¢ 228 0.1 5,9588 296.3
v Hesgidue in flask 5.0390 304.9 0.4440 22,9405 1.6547
Totel weipght of Methyl Hsters (g.) 90 .9614 4.,5028 G .4440 B0.4748 5.8784 1.6547
Cerresponding Waight of Fatiy B86.6418 4.2757 0.4231 76.6686 3.6912 1.5832

Acids (g.)
% of Total Patty Acids 6l.722 2.046 0.301 54,618 2.629 1.128



TABLE XLV,

{ |

‘ Fractional Distillatiﬂn of the "Liquid" Fraction (Fraction C) of Sclerocarys ceffra Sond. ("Marools").
|

|

|

I Temperature of Weight of

| Column (°0) | Pressure Praction

*rﬁctiﬂn ﬂeﬁd Middle Oil Bdith M'B (go) S.E. Iovn 016‘33 018_2}1 Cls‘-m Cls_&H czo_zH

| ‘ (caleulated)

llst drop 91 162 239 | 0.1 |

i | I 142 180 255i 0.1 5.1543 283.2 130.7 2.0884 0.6357 2.4702

: il 142 180 255‘ 0.05 4,7731 289.7 146.8 0.779% $.7252 3.2680

t‘ I1T 142 178 258 0,08 4,.4732 292.4 1l45.6 0.2192 1.1976 &3,0564

J iv 150 189 286 0.1 4,7790 294,83 143.2 2.0000 2.7790

i Fut freclicn Besidue 70380 31l2.8 106.2 0.4860 | 2.0577 4.,5543

1

|

.!otﬁl weight of Methyl Esters (g.) 26,3176 3.0875 5.,0445 13.6313 4 . 5543
orresponding weight of Fatty Acids (z.) 25.0718 2.8262 4.8089 12,9822 4.3575

|
ﬂ' of total Fatty Acids 8.95 1.06  1.717 4.638 1.55
|




TABLE XXXVIII,

- (. Frectional Distillation of "Solid" Methyl Esters of Ximenis caffrs var. patslensis Sond.

Culeulated Composition of Esters:-

, Saturated Unssturated
Temperature (°C) E(1%, lom.)
Fraction Heed Middle 0il Bath Wei%ht)(a} 268 mp 229 mp IL.V.(1) S.E.(B) 8’ - ol Cig Cig Cog S8 C1g Ximenynic Elseostearic Cgg Cao
g.
1st drop 147 187 220
I 1€0 194 225 4.8376 l.22 ¢4.3 58,7 294.7 4.2684 49.835 295.0 0.1761 1.6208 0.0802 2.3913 0.5662 0.003
iI i€0 201 225 5.2478 0.76 [79.1 46.3 304.5 4.4900 33.02 3506.6 2.4223 0.2766 1.5675 0.7558 0.002 0.2236
13X i1€4 20€ 243 5.8492 0.95 100,0 62.1 313.0 4.7812 48.04 318.0 1.4669 0.4561 2.1561 1.065 0.003 0.7221
v 186 222 208 6.3681 1.27 100.2 52.8 335.0 5.2031 27.29 346.3 2.6055 1.6602 0.9169 1.161 0.004 1.0205
v 201 232 265 6.0460 1.01 48.5 42.3 366.4 5.5092 28.88 375.6 0.7794 2.3752 0.5450 0.5337 0.003 1.8097
VI 204 238 270 6.1954 0.5 @20.6 41.4 382.8 5.961C 38.056 387.5 0.8965 1.4181 0.2324 0.002 5.6524
Vi1 207 226 270 6.4586 0.4 13.3 42.2 J88.1 6.3012 40.12 391.3 0.7734 1.4569 0.1564 0.001 4.0709
VIII 209 240 280 6.0170 0.36 | 7.8 42,2 391.0 5.9308 40.95 392.9 0.6598 1,3600 0.0855 0.001 3.9107
IX 212 242 282 6.6832 .44 11.7 43.3 398,56 6.5389 41.42 401.7 0.3309 1.84686 0.1423 0.002 4,3€l14
X 216 245 285 5.9471 0.43 |12.3 45.1 405.7 5.8130 43.22 408.3 0.0380 1.7293 0,.1331 0.001 4.0457
X1 220 248 285 5.85%90 0.40 [12.6 46.7 417 .5 5.7235 44.87 420.9 0.1245 0.001
iII 226 283 288 6,4068 0.43 [11.9 47.8 428.5 6.2665 46.06 433.0 5.0454 0.1388 0.001 6.9491 15.8210
XI1I a83C 258 296 6.0065 0.36 [12.0 48.7 434.3 5.8743 46.97 439.1 0.1312 0.001
LIV 233 262 296 5.9549 .64 15,7 50.4 442.3 5.7827 48.20 44%9.2 G.1702 0.002
AV 220 274 296 4.3818 1.58 [25.1 50.8 447.5 4.1785 47.12 459.4 0.2003 0.003
VI Eesidue 2.9200  (15.6) (48.00) (55.2)  441.0 12,6503 0.2477 0.022 2.6503
I
Weight of Esters (g.) | 91.1785 0.1761 10.5935 17.5984 0.0802 7.5768 5.8541 0.052 30.7661 18 .4813
Total weight as scids (g.) | 87.8156 lU.l&?O 10.0958 16.9985 0.0Y60 7.2184 5.5738 0.0495 29,7122 17.9245
% of totsl acids . 29,164 0.055 3,353 5.645 0.0256 2,397 1.851 0.016 9.867 5.95%




Fraction

lst drop

I

) v

II1l
Iv

v

VI
ViI
VIII
IX

X

X1
11
XIil
XIV
v
V1
Vil
XVIII

Weight of Esti

Weight as aci

Temperature (°C)

Head
14 176
15% 187
15% 190
155 192
i15% 180
15% 180
5% 192
15% 190
157 1l
157 194
158 198
168 204
170 207
17¢ 207
17¢ 209
i8] 225
192 255
184 276
Residue
ers (g.)
ds {g.}

% of total aqids

I Middle Oil Bath

220
220
220
220
220
523
225
e
226
250
253
240
247
247
252
267
282
292

L] ° e o ®

G v

COoONDOOUOOO OO S D o it

slz=NolsleRelofelslololalslinlelolel®]
G

&' W TR s e R Ew 8 5 o Blvg

4.0627
4.9450
5.3345
7.0258
5.3974
55,7136
5.9605
5.7793
6.0194
7.0648
6.5862
6.2433
7.1071
6.0036
5.8087
6.1762
3.5752
6.4900

105.2931
100.4177

70.836

e

o

RO O0OOO0OOCOCOC i
a & o & ®© & 9 ¥ s ° @
OO OR DN MMM G D DWw

|
|
Fractionel Dib
i |
|
|
|
|
|

E( L, lc;n.]l
Weight (a) 268 mp 229 g# I.V.(i) S.E.(E)

17.15
7.74
8.62

10.1¢0

13,40

13. 2

13.5

15.67

19.15

36.1

138.0 |
411.5 |
525.5
514.9\

76.1
B87.7
89.1
89.2
89.1
89.6
#9.3
89.1
89.3
80.3
91.9
118.3
126.6
125.5
109 .0
106.3
67.3

(89.4)

Degree of unsaturstion of C

LA

280.0
295.6
296.6
296.8
296.2
296.7
297.9
296.9
296.7
296.3
295.0
293.8
293 .6
294.4
30L1.8
S21.2
387.1

(340.0)

TABLE XXXVII,

3.9258
4,.8733
5.2497
$.8955
5.2657
5.5763
5.8160
5.6144
5.80%96

- 6.6005

4.9302
1.5633
0.3041
c.281¢
1.5567
Z2.5292
2.7455
5.2415

it

74.38
87.16
88 .46
88 .50
88.24
88.73
B8.44
88.05
88.02
86.80
80.85
28.70

166.01
135.191

65.46
79.35
75.59

20

e e 022

i 024

tillation of "Liquid" Methyl Esters of Ximenis gaffra ver. natslensis Sond.

Calculated Composition of Esters:i-

Saturated Unsaturated
ot Clﬁ Cla CEG Clﬁ 018 Iimenynic Elaeostearic CBO 022 624 026

282.6 0.349% 0.3155 1.4796 1.7809 0.1269 0.00%8

295.6 ' 0.0697 0.002

296.7 : 0.0837 0.0011

296.9 : 0.1292 0.001

296:3 1.1638 50.53%72 0.131Y

296.8 0.1373

298.0 0.1445

297.0 0.164%

296.9 0.2088

296.6 0.4643

296.7 0.2920 4.6380 1.665 0.0012

298.1 ' 1.4270 4,677 G.003 0.13863

323.3 6.800 0.003 '0.2888 0.0153

387 .4 5.619 0.003 0.3103 00,0715

250.9 4,240 0.0122 1.,1485 0.408

S74.4 ‘ 3,632 0.0150 0.4756 2.0836

388.7 0.8089 0.0198 2.4897 0.2758

\ 1.1187 0.1328 1.2906 3.9509

0.3499 1.7713 1.4796 58.3829 30.21086 C.2041 1.8837 0.??04 5.8139 4.2267
0.3817 1.6881 1,4025 55,6205 28.764) 0.1943 1.8023 0.9318 5.5997 4.0819
C.254 1.191 0,989 39.236 20.291 0.137 1.271 0.657 3.951 2.879

methyl esters:- =4.0 1

® # x - ‘507 H

® a :"' "‘2:0}1



TABLE XXXIV,

Fractionel Distillation of "Liquid" Methyl Esters of Ximenia caffra Sond.

[ Cslculated Composition of Ester Fractionsi~

Saturated Unsaturated |

Temperature (9C) Pregsufe Weight (e) ®B(1%, lem.)| L 1 —
Fraction Head Middle Oil Bath mu's (g.) 268 mp 229 mp  IV,(1) S.E.(E) a' £" B! Cie Cig Cog Ci6 €1y Ximenynie Elaecostearie Cgq Con Coy Cog Czo
let drop 124 180 218 0.4
I 154 189 219 0.5 o, 5583 0.34 12,12 75.6 284.5 9.,.5428 74.46 2B4.3 C.7254 0.8358 3.1742 4.6074 0.2107% 0.0018
1T 154 182 221 0.4 7.0101 0.90 9,00 82.2 294.8 5.8920 8l1.53 294.5 0.0235 00,1882 0.3287 6.3606 0,114% 00,0030
I1X 159 194 REZ 0,45 8.3880 Q.80 12}48 83 .B 295.6 8.1945 82.55 295.% 0.0177 0.28%2 7.8896 0 .1905
IV 159 195 25 Q.45 8.384% 046 16.32 84,1 295.6 §.15585 82.85 £29%5.,7 0.01l76 0.2586 7.8613 0.2492
L' 15 196 248 (.45 7702 044 23%00 83.5 295.6 7.4640 8i.69 295.7 0.0256 00,3270 7.1114 0.3262
VI 15 136 228 D.45 7. 1080 Q.47 13,50 g4d.4 295,38 6.9350 82.0B 295.4 0.0208 0.2707 6 ,63%0 0.1745
VII 158 185 229 0.4 7.9353 0.46 28,62 84.3 295.1 7.B225 82.11 295.6 0.0224 0.28981 7.2040 0.4108
VIII 15 139 230 0.45 B.4753 Q.51 %4 .50 84.9 295.7 7.9421 82.20 296.3 0 .5362
IX 16 199 250 0.45 8.4194 0.93 73.8 85.9 295.3 7.2880 79.89 296.3 1.58653 - 22 .4072 1.1314
X 1844 192 250 0,45 8.49269 2,02 183.0 93 .5 294.05 5.6574 77.76 296.3 2.851l3 0.0082
XX TER 202 206 0 .40 7.5604 5,82 328.0 168.4 283 .4 S$.0750 84.12 296.5 4 4701 00,0183
ITX 170 203 257 Ded 9.0415 4,81 442 119.5 298.3 1.7468 95.92 297.1 1.6637 7.2768 0.0181 00,0831
XITI 17@ 208 239 Ged 8.6948 5.64 516 129.3 288 .8 0.5023 200.4 303.2 0.3482 8.1692 C.0283 0,153
LIV 17 207 246 O.4 74919 760 5028.5 130.0 285,090 0.6101L 186.5 210.6 0.2418 6.8548 0.0271 0 .2882
xy 182 226 251 0.4 B.0256 20.4 463 122.9 298 .4 1.1901 10B.4 238.6 &.7575 - 0.0780 0.4418 00,7483
VT 185 238 270 Q.1 7.188B3 18,7 427 .8 115.4 317 .8 2.83%9% 100.1 366 .5 4 ,2889 0.0573 1.218¢ 1.06854
V1T 1o 250 295 0 .08 T 65070 12 .35 170.4 94.8 339.0 4,4497 67 .57 366.0 2.018% 0.0%84 2.13%7 2.3100
AVILI 136 260 G0 0.0? 8,.,7744 Bl 4 118.3 72.9 362 .6 6.8011 7i.71 BB9. 1.8421 85.1531 4,.2833 2.4179
XIX Hesidue 7.1496 (92,0 (184.5) {88.5) (262.6) 4.6325 456 .5 2.4643 0.3288 0.6254 4,0101
Total weighiy of Esters (g.) 152 26086 ~ f 0.88Z2 4,0109 D.4999 72.335Z 50.3140 G.73204 1.0462 4.1019 8.3187 2.0403 4.0101
Wﬂigl’l'& ﬂ.s 1'4{)."‘18 (E__‘,-\) 14650»‘3:597 ' 00808? 518524 2?::51?0 68091‘59 4?»9050 006954 100010 509587 8@6122 26936}. 598893
I
% of Tetal Acids 38,349 ' 0.364 1.720 1.490 31.007 21.554 0,313 0.450 1.772 3,805 1.321 1.75
| Degree of unssturation of Cgo methyl eaters:- wdl]
|
( e @ 32 . e ¢ @ 022 % & @ :“' “’3H
! ® % ¢ & ® e e o u24 ¢ o ) .- "‘2055
I
l
|




Fraction

1lst drop
I

Il
I1I

I‘

vl
Vil
VIlI
IX

X

XX
Il
A1l
xIv
v
AVI
AVII
XVIiIil
1%
XX
XXI

Eelight of
Weight as

% of Tota]

Tempersture (°C)
lieed Middle 0il Beth

140 200 220
187 195 225
168 192 228
170 200 228
185 208 240
203 220 255
208 222 256
216 233 2863
218 238 266
219 244 267
gz2 245 2686
230 250 271
230 250 271
235 262 277
235 254 274
2385 254 274
235 254 276
256 254 276
239 254 279
244 261 281
239 270 297
-~ Regldue ~-

Zgters (g.):i-
Acids (g.):~-

L Acids:-

sure Weight (=)

8 (g.)

5.6204
6.3275
6.6€689
6.6664
6.4692
5.9814
7.1746
6.3943
5.8975
6.2834
6.1190
6.4448
6.51086
6.6642
5.9002
6.1372
6.4166
5.9719
6.8356
6.3572
2.9500

129 .7868
125.0793
54.65

B( 1%,
268 S

.« & 2 &

s

QOOOHE YOG
aEEGEITRRERE

sk
IS

oo
)
o i

1.87
17.5
{(16.0)

<~

<70

70.0
75.5
75.8
72.2
55.5
39,7

0
-0

&

@ & & 8 a [ ] *
gbcﬂﬂ'

RREISeLEEEEEEES
Lol O RS R

o)
Ef& I.Y-(i) B-E.(E)

294.5
298.0
304.0
314.5
342.5
369.0
387.0
393.0
397.5

410.2

414.0
425.8
426.3
429.8
433.2
434.9
436.4
442 .4

449.3

454.9
440 .7

TABLE ZX£XV,

4.7351
4.9935
4.9369
4.5450
4.9402
D.4695
6.3874
6.2903
5.8C65
6.1871
6.0185
6.3518
6.23931
6.5367
5.7667
5.9898
6.2498
5.7884
6.58542
5.8468
2.7242

59.64
61.94
58.37
47.39
33.79
29.32
36,11
36,51
37.3
59 .48
41.61
42.99
43.85
44.02
45.72
46.66
47.51
48.24
46,41
45.43

B

294.9
308.3
326.0
361.7
578.7
385.4
399.8
399.8
412.8
416.9
427 .2
429.9
435.8
438.1
440.2
442 .2
“9 -

459.8
478.1

Frmctionsl Distillstion of "Solid" Methyl Esters of Ximenig ceffrs Sond.

Caleculated Composition of Ester fractions:-

Saturated Unsaturated
: T 9
013 °1a 026 cls‘ cla Iimenynie Elaevstesric Cas_aﬂ Cao_zﬂ 034“25
0.1470 1.3061 D.1171 3%.1629 0.8768 0.0105
1.3166 C.0261 3.4920 1,317 C.01867 0.1591
1.2613 0G.1948 2.9943 1,709 0.0228 0.50867
1.0422 0.4748 2.0175 2.080 0.0314 1.010%5
L.3865 1.,225%9 1.1824 1,498 0.0306 1.1964
0.4947 1.7194 1.3570 0.4984 0.0135 -1.8984
1.1454 1.7413 : 0.1833 0.0039 4.1007
0.6045 1.9876 0.10283 0.0017 2.6982
0.3734 1.9445 0.0896 0.0014 J.4866
0.0883 0.001
0.0994 0.0011
0.1117 0.0013
0.1161 ©.0013
13.7229 0.l262 0.0013 17.5224 30.5698
0.1323 0.0012
0.l462 0.0012
0.1655 C.0013
0.1807 0.0018
0.2737 Q.0057
0.7248 0.4548 ©.0856 2.7122 22,4098
0 . 2030 0.0228 2,0917 0.6325
0.1470 8.8798 83.7421 0©,.L1171 14.2061 10,4693 0.2281 23.5810 35.3737 3.0423
0.1392 8.4625 22,9328 0.1110 13,5342 9.9680 0.2172 B2.4307 54.3080 2.9608
DL.ud8 2.2446 B.254 0.031 2.761 0.060 8.985 9,504 0.8B20

&.750



TABLE il

Compogition of Total Fatly Acids
of 0il from gimenig calirg var. paltalengis sond.

Liguid - gelid  Iptal (3)
4clds

Acids

Paluwitie acid 0.28 0.086 Oe2i
Stearic acid 1.19 3.35 454
Cerotic aeid - 5.65 5465
Hexadecenoic acid 089 0.03 - l.0z
Qleic acid V.24 2440 4l.64
Ximenynic acid 20.29 1.85 22.14
Elaeostearic acid 0.14 0.02 0.16
Cge unsat. acid 1.27 5 1.27
gz unsat. acid 0466 - 0«66
Cgs unsat. acid 3.95 - - 396
Ximenic acid 2488 9.87 12,76
Lumenigueic acild 5.26 S5.986
Cge~2H acid

Total:=- 100.02





