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SUMMARY

The glyceryl ethers from the liver oils of the grey dogfish, the Greenland shark, and the ratfish
were isolated by chromatography on alumina. These ethers were then converted into the corre-
sponding dimethoxy derivatives, which were rechromatographed on alumina and then submitted
to gas-liquid chromatography (GLC). By these means the presence of several new glyceryl ethers
was demonstrated. Besides chimyl, batyl, and selachyl aleohols, compounds with saturated Ci,
and monounsaturated Cis, Cz, and Ci; chains were found. Small amounts of a glyceryl ether
with a Cj; chain with two double bonds were also present. By oxidation with chromic acid, the
position of the double bond in the hexadecenyl chain was found to be 9:10; in the eicosenyl and
the docoseny! chains the double bond was in position 13:14. The molecular weight of the dimeth-
oxy derivatives was determined by mass spectrometry. The mass spectrometric fragmentation
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pattern provided additional proof of the structure of the compounds.

The naturally occurring glyceryl ethers can
be represented by the following formula:

CH,—O—R
l

CH—OH

|

CH.—OH

Hitherto, three such compounds have been charac-
terized: batyl alcohol with stearyl, selachyl alcohol
with oley], and chimyl alcohol with palmityl as the
long-chain part of the molecule. The glyceryl ethers
are more widespread in marine animals than in land
animals (1). In the liver oils of several elasmobranch
fish, the glyceryl ethers constitute a large proportion of
the lipids (2). In fish oils, these compounds seem to
be present in the form of their fatty acid diesters.

The present study was undertaken to find a con-
venient method for the isolation and identification of
the glyceryl ethers in different tissues (3). As these
compounds are available in several fish oils, we studied
the liver oils of the grey dogfish (Squalus acanthias L.),
the Greenland shark (Somniosus microcephalus
Schneid.), and the ratfish (Chtmaera monstrosa L.).

* Aided by a grant from the Swedish Medical Research
Council.
t Present address: AB Lunco, Box 75, Mélndal, Sweden.

The starting material in the case of the grey dogfish
was a fresh liver,! which was homogenized in a Turmix
blender and extracted with chloroform-methanol, 2:1
(v/v). The fresh liver contained 599, lipids (wet
weight). In the case of the Greenland shark®? and
the ratfish,® we started with the liver oils. The per-
centage of nonsaponifiable matter and its glyceryl ether
composition are summarized in Table 1.

EXPERIMENTAL METHODS

Hydrolysis and Extraction of Nonsaponifiable Ma-
tertal. One volume of the oil was hydrolyzed in 10
volumes of 1 N methanolic KOH by boiling under reflux
for 2 hours. About half the volume of the methanol
was then distilled off. The remaining mixture was
diluted with an equal volume of water and extracted
four times with diethyl ether. The ether solution
was washed with water, and the ether was evaporated
under reduced pressure (maximum temperature 30°)
to a small volume. Petroleum ether (b.p. 40° to 60°)
was added and the solution was dried over sodium sul-
fate. After filtration, most of the solvent was distilled
off under reduced pressure—the temperature not ex-
ceeding 40°.  An aliquot of the remaining solution was
taken for gravimetric determination.

! The dogfish liver was 2 gift from Mr. M. Oberg, Gothenburg.

2 Supplied by A. S. Johan Martens & Co., Bergen, Norway.
3 Obtained from Dr. S. Brohult, Stockholm, Sweden.
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Chromatography on Activated Alumina. The glyceryl
ethers were separated from other nonsaponifiable ma-
terial (e.g., cholesterol) and from contaminating soaps
by chromatography on alumina pretreated as described
by Asselineau (4).

One kilogram of aluminum oxide was suspended in 2
liters of water, and hydrochloric acid was added so that
the pH was maintained at 2 for 10 minutes. Then the
alumina was washed until the wash-water was neutral.
The wet powder was dried in an oven at 110° for 24
hours. The particles passing a 120 U.S. mesh sieve
were used for chromatography. The alumina was
suspended in methylene chloride and transferred to
glass columns of convenient size. The nonsaponifiable
material was dissolved in methylene chloride and
applied to the columns in amounts of 20 mg per g of the
adsorbent. After elution by methylene chloride of the
hydrocarbons, other substances of low polarity, and
cholesterol, the glyceryl ethers were eluted by 109,
methanol in methylene chloride.

The glyceryl ethers were converted to their dimethoxy
derivatives by treatment with boron trifluoride and
diazomethane according to the method described by
Miiller and Rundel (5). To 100 to 150 mg of glyceryl
ethers was added 1 ml of a 19, solution of boron tri-
fluoride dimethyl etherate in distilled diethyl ether.
An ice-chilled solution of freshly distilled diazomethane
in ether was added drop by drop until the yellow color
of the sample persisted. The best yield of dimethoxy
derivatives was obtained when there was a simul-
taneously abundant formation of polymethylene, indi-
cated by the formation of large aggregates insoluble in
ether. After 30 minutes at room temperature the
excess diazomethane was evaporated, and the mixture
was filtered. To remove the methyl esters of con-
taminating fatty acids, the ether solution was con-
centrated to about 1 ml, 6 ml of 1 N KOH solution in
water was added, and the mixture was allowed to stand
at room temperature for about 20 hours. The mixture
was then extracted four times with diethyl ether.
The combined ether extracts were washed to neutrality,
then dried over MgSO, and filtered. The ether was
evaporated almost to dryness and petroleum ether was
added. Next, the dimethoxy derivatives of the glyceryl
ethers were separated from the monomethoxy deriva-
tives and unchanged glyceryl ethers by chromatography
on alumina. The material dissolved in petroleum ether
was applied to a column of alumina packed using the
same solvent. The dimethoxy derivatives were eluted
with 109, diethyl ether (dried over sodium) in petro-
leum ether.

Ozxidation by Chromic Acid. The positions of double
bonds in the alkyl chains were determined by oxidation

TABLE 1. CoMPosITION OF THE NONSAPONIFIABLE MATTER IN
Fisu Liver O1s

Percentage of Composition of the

) Nonsaponifiable Nonsaponifiable
Species Matter in the Oil Matter

Chimaera monstrosa 33 Almost exclusively

glyceryl ethers
" Somniosus microcephalus 8 About 909, glyceryl

ethers, 8%, choles-
terol

Squalus acanthias 7 849, glyceryl ethers,

139% cholesterol

with chromic acid. A mixture of 7.5 mg of the di-
methoxy derivative of a glyceryl ether, 7.5 mg of
chromium trioxide, 0.5 ml of acetic acid, and 0.1 ml of
water was boiled on a steam bath under reflux for 1
hour. One milliliter of methanol was added to reduce
the excess chromic acid. In order to convert the car-
boxylic acids into their methyl esters, 4 ml of 297, meth-
anolic sulfuric acid was added and the mixture was
boiled for 1!/; hours under reflux on a steam bath.
Five milliliters of water was added and the esters were
extracted by diethyl ether. The ether solution was
carefully concentrated at a temperature lower than
20° by blowing nitrogen over the surface and the resi-
due was analyzed by gas-liquid chromatography (GLC).

Hydrogenation. The dimethoxy derivatives of the
glyceryl ethers (57 mg) were dissolved in 2 ml of ethanol
(99.59%,) and the solution was added to 6.3 mg of plat-
inum oxide (Adams’ catalyst) in a dry flask. The
hydrogenation was performed at atmospheric pressure
and at room temperature. After shaking for about 30
minutes, hydrogenation was complete.

Gas-Ligquid Chromatography. For the GLC analyses,
we used a Perkin-Elmer apparatus (model 116) without
thermostat. By use of a separate heater, the tempera-
ture of the injection block was increased to the desired
value—about 40° above the oven temperature.
Thermistor thermal-conductivity cells were used as de-
tectors. Helium was the carrier-gas and the detector
operated at 8 v. A Hewlett-Packard 425 A direct
current amplifier was used to amplify the detector
voltage before recording with a Speedomax (type G)
recorder. The full-scale response of the system was
1 mv. The linearity of the detectors was tested by
analyzing mixtures of weighed amounts of pure methyl
esters of saturated n-monocarboxylic acids. The peak
areas found were proportional to the weight percentages
of the components (6).

In the initial stages of the work, silicone grease and
Reoplex 400 (7) were used as stationary phases. A
better separation of saturated and unsaturated com-
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pounds can, however, be achieved on succinate diethyl-
ene glycol polyester (8, 9), and this stationary phase
was therefore used in the latter part of the investigation.
The separation factor between the dimethoxy deriva-
tives of batyl and selachyl alcohols was 1.08 on Reoplex
and 1.14 on the succinate polyester. A disadvantage
of the succinate polyester is that the odd-numbered
saturated long-chain compounds have about the same
retention times as the monounsaturated compounds
with one carbon atom less.

In all instances, kieselguhr (098-1504, Perkin-Elmer,
Ueberlingen) was used as solid support; this material
is white in color and very similar to Celite 545. The
kieselguhr was treated with concentrated hydrochloric
acid followed by 109, sodium hydroxide and then
washed with water to neutrality. Dust and fine par-
ticles were removed by flotation. The wet powder was
dried in an oven at 200° overnight. The dry powder
was carefully sieved to get particles of uniform size; 60
to 80 U.S. mesh was used throughout this study. The
supporting medium was impregnated with 259 by
weight of the stationary phase. The material was
packed into U-shaped aluminum tubings with i.d.
4 mm.

The outlet pressure of the helium was atmospheric.
The outlet system of the fractometer was modified to
permit collection of high boiling substances as described
by Ryhage et al. (10).

The following three columns were used for the
analyses of the dimethoxy derivatives of the glyceryl
ethers:

Two-Meter Silicone Column: Dow Corning High
Vacuum Grease, the column filling, was heated for
several days at 330° in an oxygen-free stream of N,
before use (10). The analyses were run with an inlet
pressure of 26 psi and a flow rate of about 70 ml per
minute at a temperature of 265°. The number of
theoretical plates was 1440 for methyl stearate and
1780 for methyl behenate.

Three-Meter Reoplex Column: Reoplex 400 is a
polar polyester supplied by The Geigy Company, Ltd.
The inlet pressure was 19 psi and the flow rate 50 ml
per minute at a temperature of 246°. The number of
theoretical plates for methyl stearate was 2250 and for
methyl behenate 2270.

Four-Meter Succinate Column: Diethylene glycol
succinate polyester was synthesized by Dr. 8. Sten-
hagen according to Craig and Murty (9). The inlet
pressure was 18 psi and the flow rate 40 ml per minute
at a temperature of 243°. The number of theoretical
plates was 2500 for methyl stearate and 2820 for
methyl behenate.

In the analyses of the methyl esters of the higher

monocarboxylic acids, the following two columns were
used.

Two-Meter Silicone Column: The inlet pressure
was 19 psi, the flow rate 45 ml per minute, and the
temperature 240°. The number of theoretical plates
for methyl stearate was 1570.

Four-Meter Column with Reoplex 400: The inlet
pressure was 26 psi, the flow rate 60 ml per minute, and
the temperature 230°. The number of theoretical
plates for methyl stearate was 3340,

The methyl esters of the short-chain monocarboxylic
acids up to nonanoic acid formed by oxidation with
chromic acid were analyzed on silicone and Reoplex
columns as follows:

Three-Meter Silicone Column: The inlet pressure
was 15 psi, the flow rate 50 ml per minute, and the
temperature 183°. The retention time for methyl
nonanoate was 2.8 minutes and the number of theoret-
ical plates was 3050.

Two-Meter Reoplex Column: The inlet pressure
was 5.9 psi, the flow rate 44 ml per minute, and the
temperature 165°.

RESULTS

A flow sheet of the preparation of the dimethoxy
derivatives of the glyceryl ethers from the liver oil of
Squalus acanthias is shown in Figure 1. A typical
chromatogram of the separation of glyceryl ethers and
cholesterol is given in Figure 2. The glyceryl ethers

3g of
Liver oil

ALKALINE HYDROLYSIS

| Potassium salts ]

EXTRACTION WITH DIETHYL ETHER

205 mg of
Unsaponifiable materials

CHROMATOGRAPHY ON ALUMINIUM OXIDE

159 mg of
Glyceryl ethers &
traces of soaps

TREATMENT WITH BORON TRIFLUORIDE
AND DIAZOMETHANE

PARTITION AGAINST 1 N KOH IN WATER

" 143 mg of
Crude dimethoxy deriv.
of glyceryl ethers

CHROMATOGRAPHY ON ALUMINIUM OXIDE

14 mg of
Dimethoxy derivative
of glyceryl ethers

Fie. 1. Flow sheet demonstrating the isolation of the glyceryl
ethers from the liver oil of Squalus acanthias.
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Fic. 2. Chromatographic separation on activated alumina of the
nonsaponifiable matter from the liver oil of Squalus acanthias.

were eluted by 109, methanol in methylene chloride
(v/v). Representative gas-liquid chromatograms on
succinate diethylene glycol polyester of the dimethoxy
derivatives before and after hydrogenation are given
in Figures 3 and 4. In Figure 5 the logarithms of the
retention times relative to the dimethoxy derivative of
synthetic a-batyl aleohol in succinate polyester have
been plotted against the number of carbon atoms.
These values are those found for the dimethoxy deriva-
tives of the glyceryl ethers from Squalus acanthias
before and after hydrogenation. Compounds with
branched alkyl chains normally have shorter retention
times than those with straight chains with the same

16:0

_’/2:——_—__—/2@'\——;.;2/ ) ~ l
1 1 1 i |
25 20 [0 Time 10 ] min

Fic. 3. Gas-liquid chromatogram of the dimethoxy derivatives
of the glyceryl ethers in the liver oil of Squalus acanthias before hy-
drogenation. Stationary phase: Succinate diethylene glycol poly-
ester. Temperature: 243°. Sample size: 1.1 ul of a concen-
trated solution. The figures beside the peaks refer to the long-
chain component of the molecule. The figure to the left of the
colon denotes the number of carbon atoms and the figure after the
colon, the number of double bonds.

number of carbon atoms. In the GLC pattern of the
hydrogenated dimethoxy derivatives of the glyceryl
ethers, we observed components with shorter retention
times than those of the unbranched compounds. These
compounds are denoted in Figure 5 as branched
(br). The retention times relative to methyl stearate
are given in Table 2 for the dimethoxy derivatives of
the glyceryl ethers before hydrogenation, on diethylene
glycol succinate polyester; and after hydrogenation,
on silicone grease. The retention times of some methyl
esters of normal saturated fatty acids relative to methyl
stearate are also included in Table 2. Blomstrand
and Gdirtler (11) have previously shown that it is
possible to separate chimyl, batyl, and selachyl alcohols
by GLC after acylation of the two hydroxyl groups.
Having identified the dimethoxy glyceryl ether by
GLC as described above, the quantitative composition
of the mixture was determined by cutting out and
weighing the peaks after they had been carefully re-
drawn on smooth, uniform white paper sheets. The
percentage composition of the glyceryl ethers from the
liver oils of Squalus acanthias, Somniosus microcephalus,
and Chimaera monstrosa is given in Table 3. The
chimyl, batyl, and selachyl alcohols together constituted
only 649, of the glyceryl ethers in the oil of Squalus

TABLE 2. ReTENTION TIMES RELATIVE TO METHYL STEARATE

Methyl Esters of Saturated
n-monocarboxylic Acids

Dimethoxy Derivatives of
Glyceryl Ethers*

Succinate polyester at 243°

Before
hydrogenation
14:0 1.05 18:0 1.00
16:0 1.59 19:0 1.24
16:1 1.87 20:0 1.51
17:1 2.25 21:0 1.86
18:0 2.43 22:0 2.30
18:1 2.76
18:2 3.34
20:1 4.22
22:1 6.20
Silicone at 260°
After
hydrogenation
14:0 1.00 8:0 1.00
15:0 1.30 19:0 1.30
16:0 1.67 20:0 1.67
17:0 2.17 21:0 2.17
18:0 2.78 2:0 2.78
19:0 3.58
20:0 4. 62
22:0 7.66

* The number of carbon atoms refers to the long-chain com-
ponent of the molecule. The number after the colon denotes the
number of double bonds.
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and 719, in the oils of Somniosus and Chimaera.
The rest was composed of glyceryl ethers not pre-
viously described. In Table 4 the percentage com-
position of the fatty acids from the same liver oils is
given,

In the case of the monounsaturated glyceryl ethers,
the position of the double bond was determined by
oxidation with chromic acid. The carboxylic acids
formed were converted into their methyl esters and
analyzed by GLC. The dimethoxy derivatives of the
glyceryl ethers with hexadecenyl as the long-chain
part of the molecule gave heptanoic acid as the main
component, showing that the double bond was situated
between carbon atoms 9 and 10. By oxidation of the
dimethoxy derivative of the glyceryl ether with octa-
decenyl as the long-chain component, we confirmed that
this component was selachyl aleohol with the double
bond in position 9:10. Oxidation in this case gave
nonanoic acid. The oxidation of the dimethoxy deriva-
tives of the glyceryl ethers with eicosenyl and docos-
enyl as long alkyl chains gave heptanoic and nonanoic
acids, respectively. In these glyceryl ethers, therefore,
the double bonds were situated in position 13:14.

In all cases the predominant peak in the GLC spectra
of the oxidation products of the monounsaturated
glyceryl ethers was the methyl ester of either heptanoic
or nonanoic acid. There were only small peaks of the
homologs with one carbon atom less. For instance,
the oxidation of the dimethoxy derivative of the docos-

TABLE 3. TaE PERCENTAGE COMPOSITION (WEIGHT) OF THE
GLycERYL ETHERS FROM LivERr OrLs*

Grey Dogfish Greenland Shark Ratfish
Glyceryl (Squalus , (Somniosus (Chimaera
Ether acanthias) microcephalus) monsirosa)
14:0 5.7 2.0 1.7
15t 1.9 0.7 1.1
16:0 13.2 9.1 10.4
16:1 10.6 10.8 9.1
17¢ 3.0 3.6 4.7
18:0 3.4 2.8 6.7
18:1 47 .8 59 .4 53.6
18:2 2.4 1.6 2.5
18:3 trace ? ?
191 1.2 1.5 2.4
20:1 8.0 6.2 6.4
22:1 2.7 2.2 1.0

* The glyceryl ethers are represented by the long-chain com-
ponent of the molecule.

t The GLC spectra indicate that both branched and normal
chain C,s and C,; glyceryl ethers are present. A monoun-
saturated Cy is also found.

t The GLC pattern of the hydrogenated mixture shows the
presence of a Cig glyceryl ether.

— 1 1
20 15 Time 0

ﬁlu
s

F1c. 4. Gas-liquid chromatogram of the dimethoxy derivatives
of the glyceryl ethers in the liver oil of Squalus acanthias after
hydrogenation. The column and the temperature were the same
as in Figure 3. Sample size: 1.4 ul of a concentrated solution.
The figures beside the peaks denote the number of carbon atoms in
the long-chain component of the molecule.

enyl glyceryl ether produced only one-sixth as much
octanoic acid as nonanoic acid. In the GLC spectra
there were also oxidation products with longer reten-
tion times that originated from the glyceryl part of the
molecule. These compounds have not yet been
identified.

The infrared (IR) spectra of the dimethoxy deriva-
tives of the different glyceryl ethers were very similar

T T T T T T T T T

- +05 ) —l

retention time relative to

the dimethyl ether of batyi atcohol.

Logy

| 1 - 1 L 1 Il 1 | 1
12 % 16 ® 20 22 2 26 28
Number of carbon atoms

Fr1c. 5. Plot of logy, retention times of the dimethoxy derivatives
relative to the dimethoxy derivative of batyl alecohol vs. the num-
ber of carbon atoms in the long-chain component of the molecule.
Stationary phase: succinate diethylene glycol polyester. Tem-
perature: 243°. The number of double bonds in the long chains
are denoted by 0, 1, or 2. Br means components with branched
chains. The values refer to glyceryl ethers isolated from Squalus
acanthias.
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TABLE 4. TaeE PERCENTAGE COMPOSITION (WEIGHT) OF THE
Torar Farry Acips rroM THE Frsu Liver OiLs STUDIED

Grey Dogfish Greenland Shark Ratfish

(Squalus (Somniosus (Chimaera

Fatty Acid acanthias) microcephalus) monstrosa)
14:0 2.9 0.6 1.0
15* 0.7 0.2 0.5
16:0 16.9 6.3 9.8
16:1 3.8 4.3 4.7
17* 2.1 1.1 2.5
18:0 3.1 1.7 3.8
18:1 21.2 32.1 45.6
18:2 2.0 1.0 2.0
18:3 0.9 ? ?
19 0.4 0.4 1.0
20:1 13.4 27.8 11.6
20:5 2.4 1.0 1.0
22:1 23.6 18.9 12.1
22:6 4.1 1.6 0.9
24:1 2.2 3.2 3.0

* The GLC spectra indicate that the C;; and Cy fatty acids
have both normal and branched chains. The Cy; fatty acids also
include a monounsaturated one.

to each other. This is demonstrated in Figure 6 for
synthetic batyl alcohol, selachyl aleohol from grey
dogfish, and the glyceryl ether with eicosenyl as the
long-chain component isolated from the same specimen.
However, these spectra are useful in demonstrating
that all components belong to the same type, viz.,
dimethoxy derivatives of a-alkyl glyceryl ethers. The
IR spectrum of a dimethoxy derivative shows no
band at 3 u in contrast to the spectrum of an untreated
glyceryl ether, which absorbs at this wavelength owing
to the presence of free hydroxyl groups. The strong
absorption band at 9 u is caused by ether bonds.
Debuch (12) has shown that the IR spectrum of a
synthetic g-isomer of batyl alcohol is somewhat differ-
ent from the naturally occurring a-isomer from shark
liver oil. The IR spectra of the dimethoxy derivatives
of the glyceryl ethers isolated by us were very similar
to the IR spectrum of the dimethoxy derivative of
synthetic a-batyl alcohol. The a-batyl alcohol was a
gift from S. Stenhagen and had been synthesized by
her from allyloctadecylether by treatment with silver
benzoate and iodine (13). The dibenzoate of the a-
batyl alcohol was then hydrolyzed to give free a-batyl
alcohol.

The mass spectra of single components were of great
value for identification of individual ethers. In
Figure 7 the mass spectra of the dimethoxy derivatives
of synthetic a-batyl alcohol, of selachyl alcohol, and of
the glyceryl ether with eicosenyl as the long-chain
component of the molecule are given. The selachyl

4000 3000 2000 1500 1200 1000 900 800 700
100 ' 1

m 1 | | I

o
T

100

TRANSMITTANCE (%)

3 4 5 6 7 8 9 w " 12 13 1% 15
/l —

Fia. 6. Infrared spectra of dimethoxy derivatives of glyceryl
ethers taken in the solid state with a Perkin-Elmer 21 Spectro-
photometer (about 3 mg in 300 mg KBr). All substances were
isolated by GLC. a. The dimethoxy derivative of synthetic a-
batyl alcohol (a gift from Dr. 8. Stéllberg-Stenhagen). b. The di-
methoxy derivative of selachyl alecohol from grey dogfish. e.
The dimethoxy derivative of eicosenyl glyceryl ether from grey
dogfish.

alcohol and the eicosenyl glyceryl ether were both iso-
lated from Squalus acanthias. The parent peaks cor-
responding to the unfragmented molecules gave the
molecular weights of the compounds (372, 370, and 398,
respectively). As can be seen in Figure 7, the frag-
mentation patterns are very characteristic. The de-
tails of this work will be published separately.4

The fatty acids found in the unfractionated liver
oils of the three species of fishes included relatively
large amounts of Cy and Cy monounsaturated com-
ponents. Oxidation of the monounsaturated Cay
fatty acid from Squalus acanthias gave nonanoic acid
and a dicarboxylic acid with 11 carbon atoms, showing
that the double bond was situated between carbon
atoms 11 and 12. The oxidation of the monounsatu-
rated Cy, fatty acid gave nonanoic acid, undecanoic
acid, and dicarboxylic acids with 11 and 13 carbon
atoms. Thus, this fraction was a mixture of two
monounsaturated C, fatty acids with double bonds
situated between carbon atoms 13 and 14 and between
carbon atoms 11 and 12, respectively. There were also

* The mass spectrometric analyses were performed by Dr. R.
Ryhage at the Mass Spectrometric Laboratory, Karolingka
Institutet, Stockholm, Sweden.
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Fra. 7. Mass spectra of dimethoxy derivatives of glyceryl ethers.  a.
thetic a-batyl aleohol. 6.

m/e

The dimethoxy derivative of syn-

The dimethoxy derivative of selachyl alcohol isolated from grey dogfish.

¢. The dimethoxy derivative of eicosenyl glyceryl ether isolated from grey dogfish.
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small amounts of eicosapentaenoic and docosahexa-
enoic acids in the oils. Among the glyceryl ethers
those with n-eicosenyl and n-docosenyl constituted a
lower percentage than the percentage of eicosenoic and
docosenoic acids in the mixture of fatty acids. No
alkyl chains with 5 or 6 double bonds were found in the
glyceryl ethers. On the whole, we can say that the
alkyl chains in ether linkage are shorter and more
saturated than the esterified chains.

The fatty acid diesters of glyceryl ethers constituted
ahout 309, of the liver oil in the Squalus and Somniosus
species. In Chimaera monstrosa, the liver fat was
composed almost completely of fatty acid diesters of
glyceryl ethers with only traces of triglycerides.

DISCUSSION

In the present study, we started with materials rich
in glyceryl ethers. Swain (14) separated the non-
saponifiable matter from the oils of marine animals on
activated alumina. The hydrocarbons were eluted
by petroleum ether, cholesterol and vitamin A by
benzene or methylene chloride, and glyceryl ethers by
diethyl ether. We found that methylene chloride with
109, methanol gave a more rapid and complete elution
of the glyceryl ethers. It is not desirable to have sub-
stances adsorbed on alumina for a long time in view of
the transformations (hydrolysis, isomerization, salt-
formation, ete.) shown by other workers to occur on
alumina. The dimethoxy derivatives of the glyceryl
ethers are extremely resistant to hydrolysis in contrast
to the diacetates, which can be hydrolyzed even at room
temperature in an alkaline water solution such as 1 N
NaOQOH (12).

In our gas-liquid chromatograms, there were no
components other than dimethoxy derivatives of glye-
eryl ethers. The possibility that the glyceryl ethers
themselves were artifacts produced in the course of
preparation is very unlikely. The alkyl groups now
identified in glyceryl ethers all seem closely related to
the fatty acids from animal sources. The GLC pat-
terns obtained before and after hydrogenation were
compared by plotting the retention times against the
number of carbon atoms in the long alkyl chains of the
glyceryl ethers. The saturated ethers fell on a straight
line. If a polar polyester was used as the stationary
phase, the monounsaturated components fell on a
parallel line. Because of the polarity of the double
bonds, the retention time of an unsaturated compound
is longer than that of the corresponding saturated one.
A synthetic a-batyl alcohol was also used as reference

and had exactly the same retention time as the batyl
aleohol isolated from the fish oils.

The IR spectra of the isolated components showed
that they were of the same type, viz., dimethoxy de-
rivatives of the a-glyceryl ethers. The components
were also identified by their mass spectra, which showed
their molecular weight and characteristic fragmentation
patterns.

In summary, the chromatography on alumina, the
etherification of the hydroxyl groups, and the subse-
quent purification eliminated contaminating substances.
The GLC patterns and IR spectra showed that all
components were of the same type, differing only with
regard to the alkyl groups. By hydrogenation and by
use of synthetic a-batyl alcohol as reference, all com-
ponents could be identified. The molecular weights as
well as the fragmentation patterns obtained from the
mass spectra gave further proof of the identification of
the new compounds.

The authors are grateful to Dr. 8. Stillberg-Sten-
hagen for valuable discussions and for permission to use
equipment for preparative gas chromatography. The
infrared spectra were run by Mrs. K. Nilsson.

REFERENCES

1. Karnovsky, M. L., W. S. Rapson, and M. Black. J. Sac.
Chem. Ind. 65: 425, 1946,

2. Hilditch, T. P. The Chemical Constitution of Natural
Fats. London, Chapman & Hall, Ltd., 1956, p. 33.

3. Hallgren, B., and 8. O. Larsson. Acta Chem. Scand. 13
2147, 1959.

4. Asselineau, J. Théses, Faculté des Sciences de I'Unt-
verstté de Paris. Serie A, No. 2.417, No. D’ordre 3.289,
Paris, 1951, p. 50.

5. Miller, E., and W. Rundel. Angew. Chem.70: 105, 1958.

6. Hallgren, B., 8. Stenhagen, A. Svanborg, and L. Svenner-
holm. J. Clin. Invest. 39: 1424, 1960.

7. Orr, C. H,, and J. E. Callen. J. Am. Chem. Soc. 80: 249,
1958.

8. Lipsky, S. R., R. A. Landowne, and M. R. Godet.
Btochim. et Biophys. Acta. 31: 336, 1959.

9. Craig, B- My, and N. L. Murty. J. Am. Oil. Chemists’
Soc. 36: 549, 1959.

10. Ryhage, R., 8. Stillberg-Stenhagen, and E. Stenhagen.
Arkiv Kemy 14 247, 1959.

11. Blomstrand, R., and J. Giirtler. Acta Chem. Scand. 13:
1466, 1959.

12. Debuch, H. Z. physiol. Chem. Hoppe-Seyler’s 317: 182,
1959.

13. Prévost, C. Compt. rend. 196: 1129, 1933.

14. Swain, L. A. Can. Chem. Process Inds. 32: 553, 1948.

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

