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Electrolysis of coconut fatty acids in anhydrous methanol in the presence of KCl and KOH at 50°C with Pt as cathode and
Cas anode produced high yield of product (96% by mass). Separation of the product into fractions by column chromatography
and subsequent analysis by IR, GC, and GC-Mass spectroscopy gave the following compositions of the column fractions:
7.68% fatty alkene and fatty alkyl chloride (in the n-hexane fraction), 44.01% fatty ether (in the 90:10 v/v n-hexane:ethyl
acetate fraction), 38.45% of probable mixtures of fatty alcohols and fatty esters (in the 60:40 v/v n-hexane:ethyl acetate
fraction) and the rest 9.86% of undetermined composition adsorbed in the silica gel column. The identity of most of the
compounds in the column fractions were identified by GC-Mass spectroscopy. The electrolysis product showed positive
antimicrobial activity against the fungi, Trichophyton mentagrophytes but no activity towards the bacteria Staphylococcus
aureus and Escherichia coli and the yeast Candida albicans. This bioactivity was traced to the column fraction containing the

active 1-undecanol.
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INTRODUCTION

It is therefore the objective of this study to find new ways of
producing oleochemicals like ethers, olefins, alcohols, and es

Oleochemicals are high valued products derived from natural

ters by electrolysis of coconut fatty acids and find some of

resources such as coconut oil or palm kernel oil. The Philip

their possible applications of the products. The methyl and

pines is the predominant producer of coconut oil while Malaysia

ethyl esters are promising motor fuel as studied by Banzon [3]

and Indonesia are the major sources of palm kernel oil. Since

while the lower boiling ones are valuable ingredients in per

the raw materials are indigenous and abundant in our country,

fumery among other applications. The ethers, alcohols and

there is a need to expand the production of oleochemicals here

olefins may be employed as solvents, surfactants, emulsifiers,

instead of simply exporting the coconut oil for processing

plasticizers, laboratory reagents or raw materials for the pro

abroad. The Philippines uses only a meager 10% of the 1.2

duction of various other industrial chemical products. These

million tons of coconut oil produced each year [ 1]. Coconut oil

and their derivatives are also used in the textile industry as

is a rich source of medium chain saturated fatty acids (C08:0-

wetting agents, water and oil repellants, antisol agents, lubri

C 18:0) mostly in the triacylglycero 1 form [2]. It is characterized

cants, cohesive agents and dyeing assistants [4].

by a high percentage oflauric acid and other fairly short-chain
fatty acids with a sharp melting point at 24.5-25.6°C.

The electrolysis of coconut fatty acids described in this study
involves a Kolbe electrosynthesis. This is characterized by the

*To whom correspondence should be addressed.

coupling of free radicals that are generated at the anode and is
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extended by another stage of electron transfer to the genera

ExPERIMENTAL

tion of species which behave like carbonium ions if carbon
electrodes [5, 6] are used instead of platinum electrodes as

Reagents. The coconut oil used in this study was a commercial

shown below.

cooking oil (Baguio oil). Methanol, potassium hydroxide and
potassium chloride were all analytical grade from Merck. The

RCQQ- ---. RCOO• + e

adsorbent used for column chromatography was silica gel 60
(Merck, analytical reagent, 70-230 mesh). The eluents n-hexane

RCOO• ---. R• + C0
2

and ethyl acetate were also of analytical grade from Merck.

R• --. R+ + e-

Standard compounds 1-undecene, 1-nonanol, 1-undecanol, 1R+ �elimination, substitution,
or

base

and rearrangement products

heptadecanol, caprylic acid methyl ester, lauric acid methyl ester,
myristic acid methyl ester and palmitic acid methyl ester were
purchased from Sigma. All other chemical reagents and sol

The intermediate carbonium ions which may rearrange, can

vents were analytical grade.

lead to the formation of elimination and substitution products
[7]. The ability of the carbon anode to promote carbonium ion

Electrolysis set-up. The pair of electrodes used were a plati

formation is said to be due to the presence within carbon of

num foil cathode and a cylindrical graphite anode. The platinum

paramagnetic centers which bind the radicals initially formed,

had approximately 12.3 cm2 area while the carbon anode had

impede their desorption and thus favor a second electron trans

about 7.0 cm2 surface area. Each electrode was attached to a

fer [8].

copper wire, fixed and sealed in a glass tube with melted lead.
Contact with the electrical circuit was made with the copper

A number of experiments have been performed and reported in

wire. The electrodes were aligned 4 mm . apart with a glass rod

this particular area of study. From the electrolysis of acetic acid

spacer between them to prevent damage by accidental contact

in neutral solution using carbon anode, Koehl [9] was able to

during electrolysis. Current was supplied by an AC/DC con

obtain methyl acetate. From the electrolysis of butyric acid and

verter box which converts alternating current, that comes from

KOH in water, he was able to produce propene, cyclopropane,

a

voltage regulator, to direct current.

n- and isopropyl butyrate. Kronenthal [10] was able to obtain
high yield of methyl undecyl ether in addition to 1-undecene

Instruments for characterization. Infrared (IR) spectra were

and methyl laurate when he electrolyzed potassium laurate in

obtained using Perkin-Elmer model 1330 spectrophotometer.

anhydrous methanol using carbon anode. Smith and Gilde [11]

Gas chromatograms were obtained using the GC 14A Shimadzu

obtained methyl ethers when he electrolyzed carboxylic acids

model. Gas chromatography-mass spectrometry (GCMS) analy

in methanol. Ross and Finkelstein [6] obtained benzyl methyl

ses were done using Shimadzu GCMS-QP 2000A model.

ether, benzyl alcohol, methyl phenylacetate and toluene when
they electrolyzed phenylacetic acid in 67% methanol-33% pyri
dine also using C anode. When phenylacetic acid was
electrolyzed in 67% water-33% pyridine, benzaldehyde and
benzyl alcohol were obtained as the major products. Sadain
and Sumera [12] were able to produce straight chain hydrocar
bons and fatty ethyl esters when they electrolyzed coconut
fatty acids and acetic acid carboxylates in ethanol using Pt
electrodes. In one of their electrolysis systems where platinum
was replaced by carbon electrodes, they obtained esters as the
major products.

Experimental procedures

Electrolysis of coconut fatty acids. Into a 500 mL three neck
flask containing 100 ml of anhydrous methanol 14.9370 g of
KOH (0.266 mol) which is 47.83 mol% in excess and coconut oil
(38.2710g, 0.060 mol) were added. The mixture was refluxed
with stirring for 15 min and then added with more methanol and
5.2795 g. (0.071 mol) ofKCI. Into this resulting solution which
has a pH of approximately 12, the electrodes were positioned at
the middle neck while a thermometer was attached on the other
side neck. The reaction flask was placed in a water-cooled bath

It was also the intent of this research to produce more of the
olefins, ethers, and alcohols as major products instead of the
esters since these are easily and cheaply produced by ordinary
chemical means. This could be done if anhydrous methanol,
which was the same electrolysis medium in the work of
Kronenthal, is used instead of ethanol. It was reported by Sadain
and Sumera [12] that electrolysis of fatty acids in ethanol with
carbon as electrodes favored the production of ester products.

to absorb the heat generated by the electrolysis. The tempera
ture of the electrolyte solution was maintained at about 50°C
by the water bath in which flowing water at room temperature
was used as coolant. Electrolysis of the solution was carried
out by applying a current of 3 amperes (approximately equal to
0.24 amp/cm2 current density) and with stirring. This was done
for about 28 h and was stopped when the current dropped to
about 1 ampere. The electrolysis voltage ranged from about
70-50 volts. The excess methanol after electrolysis was re
moved by rotary evaporation and the residue which was liquid
with some solids was poured into a separatory funnel contain
ing 175 mL water. The crude product which floated, was
separated and washed with water and finally dried overnight
with anhydrous MgS04•
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Electrolysis of standard free fatty acids. Individual electroly

RESULTS AND DISCUSSIONS

sis of the free fatty acids such as caprylic acid, lauric acid,
palmitic acid and stearic acid with methanol were also done.

The yield of product obtained from the electrolysis of the fatty
acids in anhydrous methanol is quantitative (95.64%). Thin

The procedure used was the same as above.

layer chromatography of the columned fractions of the prod
uct revealed that at least two classes of compounds constituted

Analytical procedures
Column chromatography. Approximately 3 g. of the electroly

sis product was subjected to gradient elution column
chromatography using silica gel 60 as the adsorbent and n
hexane-ethyl acetate as the eluent. Gradient elution was done
in order of increasing polarity using the following elution sol
vent/solvent combination: 60 ml of pure n-hexane, 140 ml of
90:10 v/v n-hexane:ethyl acetate, and 80 ml Of 60:40 v/v n
hexane:ethyl acetate. The group of substances eluted using
pure n-hexane as eluent was labeled fraction 1. Those eluted
by the 90:10 v/v n-hexane:ethyl acetate was labeled fraction 2.
While the last group of substances eluted by the 60:40 v/v n
hexane:ethyl acetate was labeled fraction 3. The hexane and
ethylacetate solvents were distilled off in a rotary evaporator
before IR and gas chromatographic analyses were done on the
fractions.

spots produced with different solvent systems. These classes
were determined to be fatty alkenes and fatty alkyl halides in
fraction I, fatty ethers in fraction 2, and fatty esters and fatty
alcohols in fraction 3 as could be inferred from subsequent
analyses by IR and GC-Mass-spectrometry. Infrared analyses
of the three different fractions (shown in Fig. 1) complement
this interpretation when IR of fraction 1 was compared with IR
of reference compound 1-undecene(showing possible pres

ence of fatty alkenes), fraction 2 with dibutyl ether (showing
possible presence of ether compounds), and fraction 3 with 1nonanol(showing possible presence of fatty alcohol mixed with
ester compounds).
JY!ass spectrometic identification of column fractions' con
stituents. GCMS total ion chromatogram of fraction 1 is shown

Gas chromatography. For fraction 1, for example, a 12-meter

long CBP-1 fused silica capillary column (i.d. 0.53

mm) was

used. The following temperature parameters were employed: 1.
injector temperature, 150°C; detector (FID) temperature, 31ooc;
oven temperature, 80°C (isothermal) 5 min, 80-110°C-150°C pro
grammed 10°C/min., 150°C (isothermal) 20 min. The helium carrier
gas pressure was 0.25 kg/cm2., range

each of fractions 1, 2 and 3 as indicated by the number of TLC

x

in Fig. 2 . The mass spectral fragments (with their percent abun

dance) of sample peaks 1, 2, 4, 5, 6, 7, 9, and 10 are shown
compared with 1-hexadecene in Table 1. The mass spectra of
these peaks are all similar to the mass spectrum of 1-hexadecene.
The peaks contain the olefm series at m/e 41, 55, 69, 83, 97, 111,
etc. corresponding to the series of fragment ions of formula

2 and attenuation 2.

Some of these parameters were slightly varied when fractions
2 and 3 were analyzed.
3460

Gas chromatography-mass spectrometry. The mass spectra of

the major components of the fractions were taken as each of

\

these emerged from the gas chromatographic column of fused

\ __ _

silica (CBP-1). Ionization by electron impact was at 70 eV, injec
tion temperature at 250°C, column temperature, 1 00°-280°C
programmed at 4°C/min., ion source temperature at 250°C, and
interphase temperature at 250°C.
Test for antimicrobial properties. Bacterial (Staphylococcus

aureus and Escherichia coli), yeast (Candida albicans) and
fungal (Trichophyton mentagrophytes 4193) suspensions con
taining about 106 cells per ml were prepared. Inoculum of each
suspension in 0.10-ml amount was transferred on appropriate
agar (nutrient agar for bacteria, glucose yeast extract peptone
agar for yeast and Sabouraud's agar for fungus). The inoculum
was then seeded with 5 mL top agar. Each blank disc was dipped
in each of crude product, column fractions (5 mg per mL metha
nol) and control, dried, and placed on top of the seeded agar.
Plates were incubated at 37°C for bacteria and at 30°C for yeast
and fungus. Observation and measurement of clearing zone,
indicative of antimicrobial activity of the extract, was done af
ter 24 h for bacteria and yeast and after 72 h for fungus.

Fig. 1. 1R spectra of(a) crude product and its column fractions, (b)
fraction 1 with 1-undecene, (c) fraction 2 with butyl ether, and (d)
fraction 3 with 1-nonanol.
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Table 1. Fragment ions and mass a bu ndance of selected peaks of fraction 1
Peak Number

18(56.0), 28(100), 41(94.5), 43(93.6), 55(88.1), 57(60.6), 69(56.9), 83(37.6), 97(27.5), 1 1 1(11.0), 126(3.7), 154(1.8),
183(1.8), 208(.9)
18(36.4), 28(64.6), 41(91.8), 43(100), 55(83.6), 57(56.4), 69(65.45), 83(32.7), 97(16.4), 1 1 1( 14.6), 126(6.4), 154(4.6),
183(.1)
18(34.6), 28(57.3), 41(100), 43(79. 1), 55(76.4), 57(47.3), 69(78.2), 83(29. 1), 97(24.6), 1 1 1(13.6), 124(8.2), 126(3.6),
154(6.4)
18(58.7), 28(90.8), 41(97.3), 43100), 55(82.6), 57(62.4), 69(56.9), 83(30.3), 96(28.4), 1 10( 16.5), 124(5.5), 126(4.6),
139(1.8), 153{_6.4), 154(5.5)
18(38.5), 28(58.7), 41(93.6), 43(100), 55(88 . 1 ), 57(73.4), 69(62.4), 83(51.4), 96(38.5), 11 0(14.7), 124(5.5), 140(1.8),
154(0.9), 183(0.9), 211(0.9)
18(75.2), 28(100), 41(95 . 4), 43(89 . 0), 55(67.9), 69(45.9), 83(33.0), 96(15.6), 1 10( 14.7), 125(9.2), 126(2.8), 139(3.7),
152(3.7), 1 5 3(3. 7), 18 1(2.8)
18(74.6),28(100), 41(94.6), 43(88.2), 55(67.3), 57(49.1), 69(45.5), 83(31.8), 96(20.9), 1 10(14.6), 125(9. 1), 139(3.6),
152(2.7), 181(2.7)
18(65.5), 28(92.7), 41(78.2), 43(100), 55(63.6), 57(60), 69(36.4), 83(17.3), 96(20), 1 10(9.1), 125(5.5), 139(7.3),
154(4.6), 181{_1.8), 208(0.4}
27(50.0), 29(59.5), 41(100), 43(98.7), 55(82.4), 57(70.3), 69(54. 1), 83(54. 1), 96(40.5), 1 1 1(17.6), 125(6.8), 140(2.7),
154(1.4), 168(0.3), 182(0.3), 196(0.3), 224(1.4)

1
2
4
5
6
7

9
10
1-hexa
decene

bl

Peak numbers 1, 2, 4, 5, 6, 7, 9 and

1-Wldecy1obloride

I

I

Fragment Ions (Mass Abundance)

1-tridccylchloride

the presence of the olefin series of fragment ions. These fatty
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Fig. 2. GCMS total ion chromatogram offraction 1.

alkenes could have formed from the electrolysis derived
carbocation by a similar process as in elimination reactions in
the presence of base.
RCH-CH/ + -QH � R-CH

I

=

CH2 + Hp

H
The variety of the alkenes formed (not only terminal alkene
homologous series as may be deduced from the cluster of peaks
in the ion chromatogram) may be due to possible rearrange

C .H+20_1•

T his series of peaks are separated by 14 mass units

indicating the presence of a chain in the molecule and a large
saturated hydrocarbon moiety. Furthermore, there is no branch

ing because all the peaks are gradually decreasing in all of
these mass spectra. As observed in the mass spectra of these
compounds, the molecular ions are not clearly visible, and as
such are difficult to identify. However, an important fragment in

the mass spectra ofalkenes which occurs at m/e value of 41 is
present in all of the above spectra. This fragment is the allyl

carbonium ion which is formed due to cleavage of the type:
+
•
R-C�-CH-CH2 � R•+
+
+
(CH2 CH-CH2 ..._.... CH2-CH CH2

ments that could have taken place within the carbonium ion as
shown below. Thus, highest mass peak for each spectrum cor
responding to possible rearrangements:
R-CH2-CH2-CH2+ � R-CH2-CW-CH3 �
R-CH+-CH2-CH3 � etc.
Mass 154 (153 or 155) could be due to the alkenes homolog of
undecene as in peaks 4 and 5, mass 182 (181 or 183) to tridecene,

and mass 210 (211 or 209) to pentadecene. T he excess or de
crease in one mass unit could be due to

an ion-molecule

reaction involving the abstraction or addition of hydrogena
tion as a result of increased sample pressure in the ion source
[13]. The high cross-section of the molecule may have aided

also to cause this ion-molecule reaction to occur.

=

=

m/e41

The mass spectral fragments of the remaining peak numbers 3,

8, 11 of fraction 1 and of reference sample 1-chlorodecane are

shown in Table 2. The mass spectra of the three peaks are very
similar to the spectrum of 1-chlorodecane. The weak C"H2.X+
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Table 2. Fragment ions and mass abundance of peaks 3,

Peak Number

3
8
II

1-chloro

decane

Fragment Ions

8,

11 of fraction 1 and chlorodecene

(Mass Abundance)

18(9.1), 27(24.6), 29(40.9), 41(72.7), 43(100), 55(58.1), 57(72.7), 69(38.1), 71(19.1), 83(12.7), 85(8.2), 91(76.4),
93(23.6), 105(15.5), 119(1.1), 133(.2), 147(1.5), 161(0.9), 191(0.9)
18(12.7), 29(34.6), 41(63.6), 43(100), 55(49.1), 57(87.3), 69(33.6), 71(32.7), 83(14.6), 85(13.6), 91(56.4),
93(17.3), 105(12.7), 119(1.8), 133(0.73), 147(0.36), 161(0.18), 175(0.09), 189(0.04), 219(0.18)
18(25.5), 28(34.6), 41(58.1), 43(100), 55(49.1), 57(96.4), 69(31.8), 71(43.6), 83(14.6), 85(20.0), 91(41.8),
93(12.7), 105(10.9), 119(4.6), 134(1.8), 147(0.91), 161(0.36), 247(3.6)
27(10.3), 29(16.7), 41(34.6), 43(69.2), 55(39.7), 57(44.9), 69(32.1), 71(15.4), 83(22.2), 85(9.0), 91(100), 93(32.1),
105(20.5), 119(2.1), 134(0.5)

Table 3. Peaks identified and their composition
in fraction 1
Peak Number

l

I

Compound

Fatty alkene

2
4
5
6
7
9
10
3

8
II

1-Undecylchloride
1-Tridecylchloride
1-Pentadecylchloride

I

Area%

10.12
15.47
6.04
2.72
7.43
5.24
2.23
1.39
30.91
13.96
4.49

Fig. 3. GCMS total ion chromatogram of fraction 2.

ion series which is characteristic of alkyl halides are present.

It was already established that the addition of salts such as

These are the C9H 18 Cl+, C8H 16 C l+, .... , C 4H8 C l+ corresponding to

KCl favors the formation of carbonium ions at the anode [14].

m/e 161, 147, ....., 91. There is a mass difference ofl4 mass units

In this experiment, it was observed that KCI maintained the

which suggests again the presence of a large saturated hydro

electrolytic conduction and without it, the current easily

carbon moiety. Another important feature is the presence of

dropped below 1 ampere after about 1 to 2 h of electrolysis.

the peak at m/e 91 corresponding to the C 4H8 C l+ ion. For n-alkyl
chlorides, this peak is abundant if not the largest in the spec

The GCMS total ion chromatogram of fraction 2 which was

trum. The intense peak due to ion (m/e 91) further tells us that

obtained from gradient elution column chromatography using

there is no substitution or branching at the alpha position.

n-hexane:ethylacetate (90: 10 v/v) is shown in Fig. 3. The num

Hence the compound does not give appreciable peaks from the

bered peaks ofFig.

loss of HCl or Cl from the molecular ion. As the size or the

to be fatty ethers. T heir mass spectra reveal characteristic frag

length of the molecule increases, the effect of the single chlo

ment ions of high to moderate intensity at m/e 45, or 59, or 73 or

3 except numbers 12 and 17 are postulated

rine atom is diminished, and the spectrum tends to be similar to

87 corresponding to fatty ether homo1ogues as shown in Table

that of the corresponding hydrocarbon. A summary of the peaks

4 and some general interpretations in Table 5. Not to be ex

identified and their probable composition in fraction 1 is shown

cluded, the characteristic peaks clearly detected in each mass

in Table

spectrum are the RCH=O+CH3•

3. The alkyl halides, 1-undecylchloride (peak 3), 1tridecylchloride (peak 8), and 1-pentadecylchloride (peak 11)

were probably formed by the reaction of the intermediate car
bonium ion R+ that is formed at the anode and the Cl· ion that

RCH(=o+·CH3)R' ---. RCH=O+CH3 + R'• and
R'CH=O+CH3 + R•

came from potassium chloride.
Besides these characteristic peaks, fragment peaks belonging
to the alkylether chain series C0H2n lo+, Cn H\n l' and CnH\n-l
+
+
are present. These data are also in agreement with the results
obtained from infrared analysis where the strong C-0 stretch at
about 1100 em·' show that fraction 2 contains ethers. The fatty
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Table 4. Fragment ions and mass abundance of fatty ether peaks in fraction 2
Peak Number

1
2
3
4
5
6
7
8
9
10
11
13
14
15
16

Fragment Ions (Abundance)

18_(65), 28(100),41(28),43_(19), 45(61),55(32),69(38), 87(53), 101(9), 111(6),129(4),143(12)
18(22), 28(34),41(19),43(14),45(18),55(20),57(13),69(38),73(100), 83(16), 125(2), 157(13)
18(13.3),28(22.5),41(19.4),43(18.4),59(100),69(7.1), 83(6.1),97(2.0), 154(2.0), 171(1.0)
18(68.5),28(100),41(31.5),43(29.4), 45(66.2),55(26.1), 69(20.7),83(10.9),97(13.0), 111(4.4), 126(2.2), 154(2.6)
18(76.3),28(100),43(30.5),45(56.8),55(44.1),73(10.2),87(57.6), 97(18.6), 129(15.3)
18(37.3), 28(50.9), 41(39.8},43(37.3),55(31.4),71(62.7), 73(100),11l(ll.9),143(20.3)
18(59.3),28(78.0),41(42.4),43(24.6),45(40.7),55(46.6), 57(36.4), 69(100), 83(45.8), 97(3.4), 107(11.0), 125(2.5),
157(27.1)
18(19.3), 28(35.3),41(31.1), 43(21.9),45(54.6),57(33.6),59(100),69(18.5), 85(25.2),87(72.3), 97(9.2),171(11.8)
18(11.9), 28_(20.3), 43(39.0},45(32.2),55(29.7),73(100), 83(23.7),97(25.4), 111(5.9), 185(16.1}
18(12.7),28(27.3),43(32.7),57(21.8),59(100),69(12.7), 83(7.3),97(6.4),111(2.7), 182(3.6),189(1.8)
18(43.1),28(57.8),43(63.8),55(65.5),69(55.2), 83(100), 97(36.2),99(35.3),171(34.5)
18(44.9),28(52.5),41(35.6),43(20.3),45(19.5), 55(27.1), 57(15.3), 69(22.0),71(13.6),73(100), 83(32.2),97(11.9),
121(1.7),171(11.9),183(0.9)
18(85.5),28(100),41(46.4), 43(33.6), 45(34.6),55(49.1),57(25.5),59(30.0),69(36.4),71(61.8), 83(35.5),97(35.5),
111(9.1), 129(3.6),157(2.2), 185{14.6),212(1.8)
18(14.4), 28(18.6),41(27.1),43(22.0),45(20.3), 55(20.3), 57(15.3),69(17.0), 71(11.0), 73(100), 83(15.3),97(13.6),
111(8.5),12�(2.5),139(0.5),213(11.9),242(1.7)
18(13.6), 28(18.6), 41(22.0),43(25.4),55(17.0),57(13.6). 59(100), 69(8.5), 71(6.8), 83(2.5), 97(5.1), 111(1.7),
210(1.7),227(1.7),242(1.7)

Table 5. Structural interpretation of prominent fragment ions of peaks from Table 1.

Parent Molecule

Formula

mle

45
59
73
87

CH2=0+-CH3
CH3CH=O+CH3
CH3CH2CH=O+CH3
CH3CH2CH2CH=O+CH3

RCH20CH3
RCH(OCH3)CH3
RCH(OCH3)CH2CH3
RCH(OCH3)CH2CH2CH3

CnH2n I O+(ether series)
45,59,73,87
+
29,43,57, 71,85,99 CnH+2n 1(ion series)
+
41, 55,69, 83,97, Ill {CnH+20_1(ion series)

Table 6. Peaks identified in fraction 2

Peak Number
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Compound

1
2
3

4-Methoxy undecane

4

1-Methoxy undecane

3-Methoxy undecane
2-Methoxy undecane

5

7-Met�oxy tridecane

6

6-Methoxy tridecane

7

5-Methoxy tridecane

8

4-Methoxy tridecane

9
10
11
12
13
14
15
16
17

3-Methoxy tridecane

Volume 19, Number 1

2-Methoxy tridecane
1-Methoxy tridecane
Methyl dodecanoate
6-Methoxy pentadecane
5-Methoxy pentadecane
3-Methoxy pentadecane
2-Methoxy pentadecane
Methyl myristate

•
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IdentifYing Peaks for Fattv Ethers
[M+]
fM--CH30H]
[RCH=O+CH3]

87,143
73, 157
59,171
45
129
143
157
87, 171
73,185
59,199
45
171
185
73,213
59,227

154

171

242
242

Area%

5.99
17.94
15.83
3.10
4.14
5.98
4.40
3.86
10.28
8.19
3.89
3.48
1.01
2.36
4.10
4.07
1.40
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Table 7. Fragment ions and mass abundance of peaks numbers 12, 17
and reference compound methyl octadecanoate

Peak Number

Fragment Ions (Mass Abundance)

18(19.1),
129(4.6),
18(40.0),
17
129(3.6),
methyl
18(16.7),
octade-canoatt: 111(2.6),
12

28(27.3), 41(29.1), 43(40.0), 55(24.6), 57(11.8), 69(10.0), 74(100), 87(50.9), 101(4.6), 115(2.7),
143(8.2), 171(6.4), 183(4.6), 185(2.7), 214(1.8), 215(1.8)
28(47.3), 41(32.7), 43(42.7), 55(27.3), 57(14.6), 69(10.0), 74(100), 87(53.6), 101(4.6), 115(1.8),
143(10.9), 157(2.7), 171(0.� 18§{2.7), 199(7.3), 211(2.7), 242(31.� 243(33.6)
29(7.7), 41(20.5), 43(33.3), 55(28.5), 57(17.9), 69(15.4), 74(100), 83(10.3), 87(76.9), 97(10.3), 101(7.7),
129(6.4), 143(20.5), 157(2.6), 185(3.8), 199(9.0), 213(3.8), 227(1.3), 241(2.6)

ethers are most probably formed by the reaction of the
carbocation intermediate with the solvent methanol in the pres
ence ofKOH during electrolysis.

The carbocation R+ or RCH/ has the time to rearrange further
during

electrolysis

into

RCH+CH3, R'CH +CH2C H 3,

R"CWCH2CH2CH3, etc. before the attack of a weak nucleophile
such as CHpH. Thus, this explains the variety of the structure
of ethers identified from cluster of peaks in the GCMS summa
rized in Table 6.
In ion chromatogram peak number 12, the characteristic
CHpCO(CH)+" ion series for esters (m/e 87,101,115,129,143,
157, 171, 185) are present as shown in Table 7, where the mass
spectrum of methyl octadecanoate is also included for com
parison. The abundant m/e 74 due to the C3HP/ ion suggest

Fig. 4. GCMS total ion chromatogram of fraction 3.

a linear, unbranched ester at the a carbon. Both have similar
fragments and heights of peak such that peak number 12 is
probably also an ester with the formula of methyl dodecanoate
[CH3(CH2\0COOCH3] or methyl laurate corresponding to the
molecular ion peak of214. Peak number 17 has a mass spectrum
also similar to that of methyl octadecanoate. This compound is

The GCMS total ion chromatogram of fraction 3 which was
obtained from gradient elution column chromatography using
n-hexane:ethyl acetate (60:40 v/v) as eluent is shown in Figure
4. When fraction 3 was spiked with standard compounds of 1undecanol, 1-nonanol and 1-heptadecanol, peak numbers 1, 3

thus a straight-chain ester with molar mass of 242 correspond

and 19 correspondingly increased. Peak numbers I and 19,

ing to the molecular formula of CH/CH2)12COOCH3 , methyl

however, are relatively small leaving only 1-undecanol

tetradecanoate or methyl myristate. The molecular ion is justi

prominent GC peak in Figure 4. If the carbon numbers ofthese

fied by the presence of the characteristic (M-CHPY peak at
m/e 2 11 and the (M-C3H7)+peak at m/e 199. I Ranalysis of frac
tion 2 (Fig. 1) show further proof for the presence of esters as

as

the

reference alcohols are plotted against their retention times, a
smooth curve results and by direct correlation additional com
pounds can be identified such as 1-tridecan o l and

indicated by a small C=O stretch at 1740 cm·1 in addition to the

1-pentadecanol which have the corresponding retention times

strong and sharp C-0 stretch at 1100 cm·1• Until now there is no

of 23.0 min and 29.2 min. These are respectively peak numbers

satisfactory mechanism for the formation of these methyl es

8 and 14 of fraction 3. A list of fatty alcohols identified by this

ters [6, 13]. However,it could have been formed in the following

method is shown in Table 8. These fatty alcohols are probably

manner :

formed by the reaction of the intermediate carbonium ion R+
and the hydroxide ion that is present in solution.
R++CH3(CHz)"COo-- ---.. CH/C�)"COOR

CH/CH2)"COOR+ CHpH ---.. CH/CH)"COOCH3 + ROH
The primary ester that was formed probably underwent a

When fraction 3 was spiked with ester reference compounds,

transesterification with methanol under basic condition at ap

peak numbers 7, 12 and 18 corresponded with the retention

proximately 50°C. The percentages by area of the different peaks

time of methyl dodecanoate,methyl myristate and methyl palmi

of fraction 2 are given in Table 6.

tate. In sum , the retention times of the electrolysis and the
percentages by area of the different GC peaks of fraction 3 are
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shown in Table 8. It can be seen that the major products of

because the anode used was Pt. Normal Kolbe products arose

fraction

from the reaction of free radicals rather than carbonium ions

3 are the alcohols while the esters are some minor

products. T he identity of the rest of the minor peaks was not

that were generated at the anode.

pursued due to lack of standard compounds and difficulty in
interpreting their mass spectra.

Bioassay of the column fractions. To find some useful proper

Note that the electrolysis products obtained which were fatty

(such as against bacteria using

ties for these oleochemical products, antimicrobial bioassays

alcohols were the expected Kolbe side-products using carbon

Staphylococcus aureus and
Escherichia coli, against fungus such as Trichophyton
mentagrophytes, and against yeast such as Candida albicans)

as the anode. These were formed using carbon as the anode

were conducted on the product, on the different column frac

alkyl chlorides, fatty olefins, fatty ethers, fatty esters and fatty

where carbonium ions that were generated reacted with the

tions of the product, and on their aqueous washings. The free

available nucleophiles in the electrolysis medium. Those ob

fatty acids, coconut oil, the solvents like methanol, n-hexane,

tained by Sadain and Sumera [ 12] were principal Kolbe products

ethyl acetate, methyl esters (synthesized) were likewise bioas
sayed for reference and control. The results of the test for
antimicrobial properties are summarized in Tables 9 and 10 which
illustrates the antifungal activities of fraction 3 against the

Table 8. Peaks identified and their composition

pathogenic fungus T

mentagrophytes. As seen in Table

9, the

in fraction 3

product is specifically active against this fungus but inactive

Compound

fatty compounds are active, the columned fractions I , 2 and 3

towards bacteria and yeast. To determine further which type of
Peak Number

I

Area%

2

7.24

3

1-Undecanol

were tested against T

mentagrophytes. In addition, the sub

stances listed in Table I 0 were also used as test samples. From

16.97

the results, it is seen that fraction 3 containing the fatty alcohols

4

5.20

5

4.75

is the only one active. Further, I -undecanol and the product

6

7.09

8

1-Tridecanol

10.75

obtained from the electrolysis of lauric acid with methanol
showed positive activities while those with caprylic, palmitic,
and stearic showed negative results. Since the GC analysis of

9

3.47

10

6.33

fraction 3 confirms the presence of 1-undecanol as a major

4.68

component, I -undecanol is most probably the antifungal con

2.64

stituent. Literature search yielded no information of 1-undecanol

11
Methyl myristate

12
13

3.05

14

1-Pentadecanol

5.43

15

9.05

16

3.09

17

8.60
Methyl palmitate

18

Table 10. Antifungal test on the columned fractions
and other test samples against Trichophyton
mentagrophytes 4193

1.66

Test Sample

Table 9. Antimicrobial test on the product

Inhibition

Antimicrobial

Zone (mm)

Index

Fraction I

7.0

0.00

Antimicrobial
d
Index

Fraction 2

7.0

0.00

Fraction 3

11.0, 9.4

0.38

Bacteria

Control: Canesten

Staphylococcus aureus

7.0

0.00

Crude products obtained from

Escherichia coli

7.0

0.00

Control: Methanol

7.0

0.00

Penicillin

29.8

3.26

Streptomycin

11.7

0.67

Inhibition
Zone (mm)

Fungus
Trichophyton mentagrophytes

20.0

1.86

Control: Methanol

7.0

0.00

Canesten

18.0

1.57

Fungistin

18.0

1.57

Candida albicans

7.0

0.00

Control: Methanol

7.0

0.00

Yeast

KIMIKA

•

Canesten

8.7

0.24

Fungistin

10.3

0.47
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8.5, 9.7
23.5, 20.0

2.11

Caprylic acid

7.0

0.00

Lauric acid

9.3, 9.5

0. 3 4

Control: Canesten

18.0

1.57

Palmitic acid

7.0

0.00

electrolysis using the
followin_g_free ff!!!Y_ acids:

Stearic acid

7.0

0.00

Control: Canesten

21.0, 20.0

1.93

Others:
Coconut oil

7.0

0.00

1-Nonanol

7.0

0.00

Methyl esters

7.0

0.00

7.0

0.00

7.0

0.00

n-Hexane:ethyl acetate
(1:1

v/v)

4th aqueous washing
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as antifungal agent. The compound appears promising for fur

Natural Science Research Institute for the bioassay and the

ther investigations for its antifungal properties.

room where we made our experiments. And to Mr. Marlon Conato
for transcripting the figures into a computer format.
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