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Studies on the Ahtarctic Whale O1ls by Gas-Liguid Ghromatography

/ﬁsing a H&drogendﬁiame'fbnization Detector. IV

Analysis of thelﬁ%anchedféhain Fatty Acids from Blue Whale Bone 0il

_ Yoshihiko SANO
Research Laboratory, Miyoshi 0il & Fat Cg., Ltd.

(66-1, 4-Chome, Horikiri, Katsushika-ku, Tokyo)

The author reports in the presunt paper the separation
and thatative identification of non-urea-complex-forming multi-
branched-chain fatty aclds as well as urea—compiex-forming

branched-chain ones of the iso, anteiso and of other serles.

Blue whale bone oil was deacidified with a 20%-potassium
hydroxide solution in n—hexane,folloﬁed by purification through
a silicic acid.column. The methyl esters, obtained by alkali-
catalyzed methanolysis of the refined oll, were separated by
silicic acid column chromatography and urea-complex fractlonation.
Bach fraction was then analyzed by gas-liquid chromatography(GLC)

on a polyester(PEGA) column before and after hydrogenation.

In order to separate the urea-complex-forming branéhedr
chain fatty acids, some urea-complex-forming fractions Q@paratéd
gspnahfleded above wére converted into isoprqpylhgsters by a BF3;
1sopropyl alcohol reagent., The purified isopropyl estérs and
theilr hydrogenated products were separated by urea-complex frac-

tionation. These; fractions were analyzed by thin-layer, GLC and
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infrared spectbmetry. .

Isopropyl esters of the branched-chain fattiy acid concent-
rated in the non-urea-complex-forming fractions were saponified

to the free acids.

The infrared absorption spectrum of thus fractlionated fatty
acids suggested the exlstence of an isopropyl group as a doublet
at near 1380op-1, and consequently the presence of branched-chain
fatty acids was corroborated. The branched-chain fatty acids hav-
ing “"fractional carbon numbers (FCN)"5) of 0.2, 0.4, 0.6 and 0.8
on the PEGA column were found in the isopropyl ester of non-urea-

complex-forming fraction.

The last two were tentatively identified to be iso and

anteiso acids, respectively, according to the published data,

In addition, the component of ECL value 17.5 in the multi-
branched-chain fatty acid fraction -was presumed as phytanic acid
(3,7,ll,15-tetramefhylhexadecanoic acid) after comparison with

dihydro-phytol acetate sgnthesized from phytol.




1. Introduction

The author has reported on his earlier analysis of
the blubber oils of sel whale and fin whale, and pointed
out that the olls were composed of numerous fatty aclds
including such trace ingredients as branched-chain fatty
acids and polyunsaturated odd-numbered fatty acids and so
forth.l) 2) It has also been reported in the previous
papér of this series?) that multi-branched chain fatty acids
weré found to be present in the blubber oil of fin whale.
To study the presence of tise fatty acids in the oils of
othér whale specles, the author deals with the Blue whale
bone dil in the present paper and at the same time, examines

mono-branched chaln fatty acids.

Methyl esters were first prepared by methanolysis,
followed by purification through the silicic acid column, as
a fesult of which a coloured substance and polyunsaturated
fatty aclid methyl were reﬁoved. Fraqtionation was conducted
mainly by urea-complex fractionation method. In order to
achieve concentration of mono-branched chain fatty acids,
isopropyl esters were prepared first and then fractionation
by urea-complex fractionation in isopropyl alcohol followed,
at wiich time concentration of branched-chain acids occurezd

in non-urea-complex-forming fractions.

The analysis of each fraction by gas-liquid éhromato—
graphy using a Hydrogen Flame Ionization detector revealed

the presence.of a variety of mono-branched chain fatty acids.
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And moreover by the infrared absorption spectra of fractions,
the branched structure was corrobrated. On the other hand,
from non-urea-complex-forming methyl ester fractions, multi-
branched chaln fatty acids were detected as in the case of
fin whale oil. Of these, the component with ECL value 17.5

was assumed to have the same branch structure as phytanic acid.

2. Experiments

2-1, Sample 01l

Blue whale bone oil, thé composition of 1its major
fatty acids had been reported earlier?) and 28.5 g in weight
was deacidified and purified by the procedure similar to that
described in the previous paper?) Methanolysis was conducted
on the refined oil énd followling which the n-hexane solution
was purified through a glass filter precoated with 5g of si-
licic acid,as a result of which most of coloured substances
as well as free fatty acids were removed., Thus 25.7 g of

crude methyl esters was obtained.

2-2. Thin-Layer Chromatography(TLC)

Thin~layer chromatography was carried out to analyze
each fraction or reaction product iﬁ the similar manner to
what was delineated in the previouS‘paper%) For identifica-
tion of spot locations, however, the spray of 1%-iodine-
methanol reagent was employed. This method may be applied
Eor making distinction between saturated and unsaturated

fatty acids because spots of saturated components would
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disappear within an hour after colouring at the room tempers

ature.

2-3, Gas~Liquid Chromatography (GLC)

The method and conditions of gas-liquld chroiatogra=-
phy conducted for this experiment are similar to that stated
in the previous paper?) And the column which had beén in use
for considerable length of time was found quite stable.(Fig.-
1# ). Isopropyl esters of fatty acids and fat alcohol

acetate were analyzed by GLC under the same conditions.

2-4, The Infrared Absorption Spectra

Autographic infrared spectrometer, Model IR—S manu-

factured by Nihon bunko was used and liquid membrane process

was employed.

3 The Results

3-1. Rewmoval of Polyunsaturated Patty Acid Methyl

by the Silicic Acid Column Chromafographx

To purlfy the crude methyl esters obtained by metha-
nolysis, that is, to remove foreign matter such as colo@red
substance and polyunsaturated fatty acid methyl as well, the
column (inner diameter 50 mm, 102 mm thick silicic acid layer)
packed with-loO g of silicic acid (manufactured by Malliﬁkrodt;
100 mech) was used. In other words, 25.7 g of crude methyl

esters were dissolvedi in 25 ml of n-hexane and was then passed




through the above mentioned column developed with n-hexane
and 2%-diethyl ether in n-hexane., The partia 1l chromatograms
were formed at each 200 ml and each fractlon was subjected to
GLC analysis,by which separation of fraction A without poly-
unsaturated fatty acid methyl (1l.1lg; the first six fractions)
and fraction B (9.3g; the subsequent four fractions) was ach-

ieved (Bable-1.).

Table-1 Methanolysis of the sample oil and
fractionation of the resulting me-
thyl esters by silicic acid column
chromatography.

Sample oil (28.5g)

Deacidified with a 20%-KOH solution in
n-hexane

Purified by silicic acid column chromatography
Alkali-catalyzed methanolysis

Purified through a glass filter precoated with
silicic acid (5g) .

Crude methyl esters (25.7 g)

Silicic acid (100 g)
Column (50 mm i.d. X 102 mm)

n-Hexane 2%-diethyl ether in
n-hexane

1200 m! [ 800 m!
|

) A B Others
i 1.1g 9.3g

omsame .00 ceemremme ey o ot

3-2, Urea-Complex Fractionation and GLC Analysis of

Fraction A.>

As i1s shown in Table-2, fraction A was fractionated
into four fractions through urea-complex fractionation. Gass
ligquid chromatography was then conducted on each of these

fractions,
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In fraction A, 14:0, 15:0, 16:0br, 16:0, 16:1, 17:0br,
17:0, 18:0br, 18:0, 18:1, 19:0br, 19:0, 19:1, 20:Q, 20:1,
21:0, 21:1, 22:0, 22:1, 23:0, 23:1, 24:0, and 24:1 were detected.
In fraction Ae, 2%:0 disappeared while 15:0br emerged. In
fraction A3, 17:0br (6.8%) and 18:0br(7.5%) were present in
relatively large quantity, and such unknown ingredients as

EOL values 15.4, 16.3_, 18.5,, and 18.7 existed besides 14:

)
0, 15:0br, 15:0, 16:0br, 16:2, 17:0, 17:1, 18:0, 18:1, 19:1,

20:1, 22:1. In non-urea-complex-forming fraction A4, the pl42
constifuents with BCL value 17.5 was detected most and 18:1

ranked second in gquantity and the unknown ingredients with

ECL values 16.25 and 16.5 were detected as well in consi-

derqbiy large amount as shown in Figure-l.

“Fable-2 Urea-complex
fractionation -.of :
fraction A.

Fraction A (1.03g)

L-A,

18318 1°

Urea (1.0g)
Methanol (10 ml)
ca. 15°C; 1 hr
—— A, (242mg)
Urea(1.0g)

ca. 15°C; 30 min
—— A, (513mg)
Recovered

251 mg

Urea (250 mg)
Methanol (2.5 ml)
ca. 5°C; 3hr

——A; (18 mg) ! ————— Retention time (min)

Recovered The figures ‘'of each peak denote the ECL values.

GLC conditions :

!
A, (58mg)

The fractions A,,As Apparatus e Shimadzu gas chromatograph meodel
d A, are urea-com GC1B
an s a m- Colummn --+++veeaeenes 4mm i.d.x1.5m, U-shaped stainless

l plex-forming, while *
fraction A is non-

steel tubing: 10%-PEGA/Diabase B,
80-100 mesh ; temp. 218°C .
urea-complex-forming. i Detector ---++-Shimadzu hydrogen fame ionization
RN i 1 detector HFD-1; H; 40ml/min; air
. 0.8//min; Sens. 100; Range 1.6 V
Carrier gas - He 50-60 mZ/min
Chart speed:--+++ 5 mm/min

Fig.-1 Partial gas.liquid chromatograms of
methyl ester fractions A, and A,.




3-3, Urea-Complex Fractionation and GLC Analysis of

Fraction B.

Table-3 shows the procedure of urea-complex fractiona-
tion of fraction B (9.00g) by which six fractions were frac-
tionated. Again each fraction was analyzed by GLC and the
results showed in fraction Bl, By, B3 and By similar compo-
nents to those of f;aotion Ay and Ap were detected. Figure-2
shows gas-liquid chromatograms and ECL values of each consti-
tuent of methyl estpr fraction B5; in.which the presence of
18:1 comprised theihighest percentage of T70% and 16:1 (&7%),
20:1(4.5%), 14:0(3.5%), 17:1(2.7%) and 19:1(2.2%) followed
in that order. A small amount of branched-chain fatty acids
were also recognized. Fraction Bg is a non-urea-complex-
forming fraction,. in which the presence of multi-branched-
chain fatty aclds with ECL value 17.5 and many other unknown
ingredients described in the preiious report on the analysis

of fin Whale blubber 0112) were corroborated.

X

%

Table-3 Urea-complex frac-
tionation of fraction

B. .
Fraction B (9.00g)

Urea (9.0g)

Methanol (9ml)

15-18°C; 30min -
——B,(1042 mg) |
Urea(8.0g)

ca. 15°C; 30 min! .
——B,(2534 mg) - ; T
Methanol saturz{ted with o
urea(10 m7) o
10-15°C; 30 min i
" ——Ba(957 mg)

Standing for 2he in ) Fig.-2 Gas-liquid chromatogram of methyl .
: ester fraction B, i

= --18 3018 1)

18 9038 2

20 30 .

20

Retention time {min)

a refrigerator
—B,(1271 mg)
Concentrated to 1/10vol
ca. 15°C; 30 min
——B4(2475 mg)
Recovered

B4(88 mg)

All {fractions except B, are
urea-complex-forming.




3-4, Preparation of Isopropyl Esters of Fraction B5

and Its FPractionation and GLC Analysis

It is known that methyl esters of long chain fatty
acids with wmﬂbbranched-chain methyl are urea-complex-form-
1ng,5> however, i1f converted into isopropyl esters, it is
assumed that this substance would form non-urea-complex-
forming fractions. 1In order to fractionate branched-chain
fatty acids from straight-chain fatty acids, the above mén—
tioned fraction B5 was subjected to urea-complex fractiona-
tion, its methyl esters having been converted into isopropyl

esters.

3-4-1. Isopropyl Estrification by BFz ~Isopropyl

Alcohol Reagent

Fatty acids(Bgg; 1.91g) was obtained through saponi-
fication of fraction Bg(2.22g) by the standard method.
The fatty acids(l.46g) was dissolved in 2 ml of n-hexane,
into which 25 ml of reagent of BFz-isopropyl alconollote 1)
was added. It was then filtered through a sheet of filter
paper and was sealed., The treatment for 30 minutes at 500C-

559C then followed and the extraction was conducted by n-

hexane after adding 30 ml of water to the reaction liguid.

Footnote 1) Preparation of BFy - Isopropyl alcohol reagent:
To 150 ml of absolute isopropyl alcohol cooled by ice water,
50 g of BFz-ether solution (made by Morita Kagaku Kogyo) is
added and after tightly sealed i§ stored in the refrigerator.




Light yellowish reaction products (BsE1) l.44g in
weight was then obtained by the standard method., The results
of TLC analysis of B5Fl showed that formation of isopropyl

esters constituted only about 50%.

BgEp (904 mg) was obtained by treating 898 mg of
BgEq for 30 minutes at approximately 60°9C after adding 20 ml
of Bf3-isopropyl alcohol reagent. BSEB(BT&ﬁ? was finally
obtained from B5E2 obtained through the above mentioned treat-
ment after regefition of the same process for several times as
unreacting fatty acids were detected in it. However, it was
learned that achievement of full estrification was diffieult

by this procedure.

3-4-2, Removal of Fatty acids in the Crude Isopropyl

Esters

.B5E3 (870mg) was dissolved in 2ml of n-hexane and
was put through a column packed with 2,0g of silicic acid
and was developed by 80 ml of n-hexane containing 2% ether.
'ﬁns coloured substance was removed. To this developing solu-
tion, was added a drop of 1%-phenol phthalein solution. While
stirring it with a magnetic stirer, 20%-potassium hydroxide
was dropped slowly until the solution became faintly coloured.
It was immediately filtered through a -glass filter packed with
5.0 g of silicicacid and the silicic acid layer was washed

with n-hexane containing 2%-ether. After the removal of the

pl43

|
solvent, 545 mg of refined isopropyl ester (B5E3p) was obtained.
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At the same time, the saponified matter in jelly form was
gathered and decomposed by 2N-hydrochloric acid and then
after n-hexane extraction, 208 mg of fatty acid fraction
(B5E35) was obtained., TLC analysis of these showed that
BgEzp did not contain fatty aclds while the major components
of BgE3, were unsaturated fatty aoids.. Methyl esters(20lmg)
were obtained from saponifying esters of B5E3a(208mg) first
and then by methyl estrification of it with BFz-methanol re-
agent. The coloured sabstance was then removed from the me-
ﬁhyl esters through the coloumn precoated with 1,0g of silicic
écid. From the results of its TLC analysis, 191 mg of pure
methyl esters of fatty acids was obtained. The GLC analysis

brought about the results similar to tnose of fraction B5.

3-4-3, Urea-Complex Fractlionation and GLC Analysis

of Refined Isopropyl Esters (35§3pl

Urea-complex fractionation of B5E3p(580mg) was car-
ried out in isopropyl alconol and it was them fractionated
into four fractions, namely, fractions P,Q,R, and S as shown

in Table-4.

Fractién S, which is non-urea-complex-forming, was
hydrogenated 1h n-hexane solution at room temperature using
platinum black as catalyst; with resulting 128 mg of hydro-
genated products(SH). The hydrogenated products(SH), 110mg
in weight, was then dissolved in one ml of isopropyl alcohol

and after addition of 120 mg of urea, was heated for resolution
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then was left standing for 20 minutes in the water at 15-2000.

The urea-complex fractionation was conducted as shown in Table-

4, which was repeated until four fractions were obtained,

Table-4 Urea-complex
fractionation of the
purified isopropyl es-
ters (ByEy,) and the
hydrogenated produ-
cts (SH) of the non-
urea-complex-forming
fraction S

B;E,,(580 mg)

Urea (0.6 g)
i50-PrOH(6 ml)
ca. 15°C; 1hr
N— P(95mg)
Urea (0.6g)
—Q(163 mg)
Urea(0.6 g)
—— R (143 mg)
Recovered

$(139mg)

Hydrogenated
{

SH(128 mg)

(110 mg)
Urea (120 mg)
iso-PrOH (1 ml)
© 1 15-20°C; 30 min
- ——SH,; (20 mg)
Urea (ca. 200 mg)
15-20°C; 30 min
. ——SH;(61mg)
Urea (ca. 200 mg)
ca. 3°C; overnight
—SH,(12mg)

-

i Recovered

¥
SHc (8 mg)
All fractions except S
and SH, are urea-com-
plex-forming.

The éas—liquid chromatogram of fraction B5E3p showed

almost identical feature with that of fraction B5'eXCept for

somewhat poof separation. The retention time of isopropyl

esters and methyl esters of 18.1, one of its major conponents,

showed a ratio of 1.17.
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As a result of GLC analysis on fractions P, Q, R and
S as shown in Flgure-3, relatively numerous fatty aclds pre-
sumably of multi-branched-chain were detected in fraction R.
There were a large quantity of monven. ( ) acid with
16:1, 17:1,18:1, 19:1 and 20:1 etc. in the fractionm.

As 1s clear from the gas-liquld chromatogram df hydro-
genated products(SH) of fraction S, numerous other ingredients
besides isopropyl esters of straight thin fatty acids were
detected in tils fraction. The first two fractions SHl’ and
SHo fractionated from the fraction S mentioned above ﬁere
made up largely of strailght chain saturated fatty aclds and
fhe presence of branched- chain fatty aclds was only minor.
Thus the results coincided with the prediction that 1$opro§y1
esters of the branched-chaln fatty acids would be nonfurea—

complex-forming. =

186 191

20

-\ 184

186 130 195 2.0

1
20

Retention time (min)

Fig.-3 Gas-liquid chromatograms of ndn-urea-complex-
. forming isopropyl ester fraction S and its hy-
| drogenated products (SH).

=1
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Fraction SH3 is isopropyl ester, obtained from the
urea-complex which was formed by overnight standing of it
in the refrigerator at about 3°C. Its gas~liquid chromatogram\
is shown in Figure-4. From this chrematogram, it‘was corro-
borated that isopropyl esters of the branched-chalin fatty acids
which practically were non-urea-complex-forming ingredients
(a--i) at 15 =-200C became urea-complex-forming under the con-
ditions of the overnight standing in the refrigerator. As
shown in Pigure-%, non-urea-complex-forming SH, contained smal-
ler amount of 14:0, 16:0 and 18:0 etc. while a marked increase

in ingredients(a-i) were detected as compared to those in

fraction SE3.

Emergence of ingredients(j--n) was noted as well. ECL

valued of each ingredients are given in the parenthesesin

Figure-4 below.

-

16:0

18-0

SH,

‘h mspanan

le—b 14 6%

(16.6,

14:0

13.6)
a

3 SH,

~————wRetention time (min)

The figures in the parentheses denote the

i
. : (12.65)
Cd
17:0 o \ ,A
M .
I
h ECL values. ]

i Fig.-4 Gas-liquid chromatograms of urea-
complex-forming isopropyl ester fra-
ction SH, and non-urea-complex-
forming isopropyl ester fraction
SH.,. |

Y
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3-4-4, Corroboration of Branched-Chain Fatty Acids

Since it became clear that fractionsSH3 and SH, were
composed of many fatty acdls other than the stralght chain
ones, these fractions were first mixed together to insure

the adequate quantity for treatment and the mixture was sapo-
nified,ﬁy the standard method.with alkali thus 12 mg of fatty
acids(SH,) was obtained. As shown in Figure-5, the infrared
absorption spectrum of these fatty acids(SHa) revealed the
abserpiion typical of fatty aclds, and, moreover, the presence
of thefbranched-chaiﬁs was corroborated from a _doublet found
in the neighbourhood of 1380 cm™L. On the other hand, the
infrared spectrum of the mixed isopropyl esters showed a
strong absorption at lllOcm'l, and no doublet was recognized

near 13800m‘1.

Transmission (%)

1600 Tes W00 12001001000
Wave number {(cm-1)
A : the mixed isopropyl esters (SHy and SH,)
B : their acids (SH,)
The infrared analysis were made on thin films
. between rock-salt disks by using a twin-beam
- spectrophotometer model IR-S (Japan Spectr-
oscopic Co., Ltd.). ’ =
Fig.-5 Infrared absorption spectra of the mixed
isopropyl esters (SH, and SH,) and their
fatty acids (SH,).
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Methyl esters, 5 mg in welght was obtalned through
methyl estrification of 5 mg of the fraction SHy of the br-
anched-chain fatty aclds with BFB»meth@ﬁol reagent. Since
its TLC analysis indicated a trace amount of unpurified mat-
ter, a small glass filter, the column packed with 300mg of
silicic aclid was used for refining 1t. GILC analysis of the
refined methyl esters brought about gas-liguid chromatogrém

shown in Figure-6.

et |

176 180

4.0
136

(=

~———— Retention time (min)

The figures of each peak denote the ECL values. . 5

Fig.-6 Gas-liquid chromatogram of the conce- N
ntrated fraction of branched-chain fatty
acid methy] esters.

The branched-chain fatty acids‘with ECL values with
0.6 "fractional carbon numbers(FCN)" 6) such as 13.6(1.9%),
14.6(12.3%), 15.6(3.6%), 16.6(7.2%), 17.6(13.8%) and 19.6 . pilg
(0.5%) ranked the highest in quantity. Those with 0.4 FCNs
such as 15.4, 16.4 and 18.4 and with @.2 FCNs such as 16.2,
17.2(4.6%), 18.2(4.6%), 19.2(1:6%) and 20,2(0.7%) were also
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found. The presence of those with 0.8 ‘FCNs such as 16.8,

(5.2%) and 18.8(0.6%) were also assumed.

3-5, Separation and Identiflicatlion of Multl-

Branched-Chaln Fatty Aclds

3-5-1. Urea-Complex-Fractionation and GLC Analysls

of Hydrogenated Products of Fractlon Bg

Figure-7 shows the gas-liquid chromatograms of non=-
urea-complex-forming fraction Bg and its hydrogenated products

(BgH) previously referred to in the section 3-3 of tals report.

P e e b+ o e b e et = A - -

B | s
17.5 ' 17.5 B, 1

J

——————Retention time (min}

Fig.-1 Gas-liquid chromatograms of methyl ester fraction
Be and its hydrogenated products (B.H).

S . . R, I

The major component of tals fraction was one with
ECL value 17.5, which showed no change 1in rétention time
after hydrogenation. Thls substance appears to be one
ldentical to the multi-branched-chaln fatty aclds reported
in the previous paper.e) That those ingredients; with ECL

values 13.6, 14.35, 14.6, 15.6 and 17.2 and so forth were




16 pl4s

saturated fatty acids and that those with ECL values 16.25,
16.8, 18.25 were unsaturated fatty acids were learned from
the chromatograms. Relatively large amount of 16.3 component

was detected.

The urea-complex fractionation of the hydrogenated
products BgH was conducted at ~100C and 33 mg of urea-compleX
forming fraction BgH;and and 38 mg of non-urea—compléx—form-
ing fréction BgHp were fractionated from it. Then GLC analysis
of respective fractions were carried out. The gas-liquid :
chrométogram of the urea-complex-forming fraction BgH1l as
shown in Figure=8 is similar to that shown in Figure-6. In
tris fraction, a relatively large quantity of the branched-
chainjfatty acids were detected. In non-urea-complex-form-
ing ffaction BgHp, the major component with ECL value of
17.5 comprized 53% while those with ECL values of 16.25,
14.35 were present with percentages respectively of 12%
and 8%. Thus theseibomponents were presumably multi-

branched-chain fatty acids.(Figure-9)

D S — e -

|
Le—17.6
: 16.0 :
& 2 . [=—-17.5

18.0 ; 3 14:35 1€ 25

+ s T g g

.6

16.6
154 17.2

156 12.0 i
184 i
H 1 Il 1 I 1 1 1

4 ~z 7
o i 6 8 10 12 14
192 K Relention time (min)

\ 196 5 Fig.-8 Gas-liquid chromatogram of non-
A . )

: T 2 i urea-complex-forming methyl es-
ter fraction B¢H,.

Vpoprive e e e

—————— Relention time (min)

‘Fig.-8 Gas-liquid ;:hroxnatograxn of urea-
complex-forming methyl ester fra-
ction B¢H,. :
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3-5-2. Reduction of Fraction BgHo by Hydrogenated

Alunimum Lithiun

First,29 mg of fraction BgH, was dissolved in 10 ml
of absolute ethyl ether(dehydrated by metallic sodium) and
while stirring with a magnetic stirer,about 2 ml of absolute
ethyl ether éontaining about 20 mg of hydrogenated aluminum
1ithium(manufactured by Degussa Hanau Co.,) was dropped . .
slowly. After stirring for 20 minutes and dropping of 15 ml
of water and adding of 5ml of 2N—ﬁydrochloric acid, the
reaction solution turned tranqumfant and the ether layer
became separated. Then the 301u£ionfwas transferred to a
separating funnel and was washed in the sodium chloride solu-
tion, rinsed in water and then dehydrated. After removal:of
solvent, 25 mg of B6H2h was obtained. 'As TLC analysis of pl46
BgHoy detected no methyl ester, it was considered that the

reduction worked out well.

3-5-3, Acetylation and GLC Analysis of Reduced

Alcohol(BgHoy) derived from BgH,

In 10 ml of glacial acetic acid, 24 ml of alcohol
(B6H2h) derived from BgHp was dissolved and about 30 mg of
sodium acetate was added. While stirfing with é magnetic
stirer, treatment for 2 hours;at 90°C: was carried out. After
coiling down the reaction solﬁtion by running water and ad-
ding 30 ml of water and extraction by n-hexane, 25 mg of the
aéetylated product (BgH,AC) with a faint and unique odor was

obtained, Its infrared absorption spectrum revealed those
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absorptions tyrplcal of acetate. As is shown in Flgure-10, no
OH absorption 'was found in the néighbourhood of 3400cm~l,
whereas a doubilet as an absorption of the branched-methyl
group was observed near 1330cm~l. As a ??Sult_Pf_the gas-
liquid chromégﬁgraphy of acet@ylateq products B6H2AC,as

shown in Pigur=-1l,a chromatogram was formed, although
separation was somehwat inadequate compargd to methyl esters

illustrated in Figure_gf‘

Transmission (%)

.t - o7 . J )
1800 1600 1400 1200 1100 1000
Wave number (cm-: ) .

A : the acetylated product (BsH.Ac)
B : dihydrophytol acetate

The analyses were made on thin films of
the acetate.

Fig.-10 Infrared absorption spectra of the
acetylated products (BsH;Ac) obtai-
ned from the alcohol (BsH,y,) deri-
ved from BeH, with LiAlH, and di-
hydrophytol acetate synthesized fr- )
om phytol. i

3-5-4, Synthesis of Dihydrophytol Acetate from

Phytol and Its GLC Analysis

Phytolnanufactured by Tokyo Kasel Kogyo; Special
grade reagent)Z.9 g in weight was dissolved in 50 ml of

glacial acetic .cld and after adding of 0.5g of sedium
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17.5 {
Dihydrophytol  acetate—

e——m— Relention lime {min)

Fig.-11 Gas-liquid chromatograms of the
acethylated products BsH:Ac and
dihydrophytol acetate (PAcHS,).

Table-5 ﬁranched-chain fatty acids occurring
in the antarctic blue whale bone oil.

Monomethyl fultib
. branched-chain |Multibr-
Series v anched- Unknown
Iso Anteiso chain
acids acids
FCN 0.6 0.8 0.2 0.4
12.6 16.8 "14.3; 17.2 12.4
13.6 18.8 16.2, 18.2 14.4
14.6 17.5 19.2 15.4
' ECL 15.6 ) 20.2 | 16.4
values 16.6 17.4
! 17.6 18.4
18.6
19.6

Abbreviations : FCN, *“‘fractional carbon numbers”
ECL, equivalent chain length”
The ECL values were determined a methyl ester
on the PEGA column described in Fig.=1 (cf,,
Fig.-6, Fig.-8 and Fig.-9). e
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acetate, was stirred for 2.5 hours at approximately 90°C

in the flow of nitrogen gas. The reaction solution was

then extracted by -n~-hexane and thus 3.2 g of the crude
acetylated product was obtained. As a result of further
treatment by development and elution with n-hexane using

a column packed with 5 g of silicic acid, coloured and
unpurified substances were removed, thus 2.95 g of acetylated
product with a very faint colour was obtained. Then ac-
cording to the standard method, urea-complex fractionation
was conducted on it, which fractionated 2.74 g of non-urea-
complex~forming fraction. The acetylated produqt was_thgn 3
dissolved in 20 ml of n-hexane and was hydrogenated for

five hours at room temperature with 300 mg of platinum black
as catalyst.: This resulted in pield: .0;2.75 g of hydroge-
nated product(PAcH). The fractionation of this product re-
sulted in obtainment.of PAcH;(857Tmg) and PACH, (1223 mg) as»
n-hexane developing fractions by a column(inner diameter 20mm)
packed with 5 g of silicic acid. The infrared absorption
spectra of these fractions indicated typical absorptions of
acetate and a doublet absorption at 1380 cm~1l(Figure-10).
TLC analysis showed only a trace amount of hydrogen carbide

in PAcH;, while no unpurified matter was detected in PAcH,.

Figure-11l also shows gas—liquid chromatogram ofPAcH,
and there was complete agreement in retention time of dihydro-
phytol acetate and that of the component'with ECL value of

17.5. A




20 pla7

In Table-5 are compiled data on all branched-chain
fatty acids in the amtarctic blue whale bone oil mentioned
above. The isolation of respective components appeared to
be still difficult. It is also assumed that thepgemay be Some

trace ingredients,presumably branched-chain fatty acids

4, Observations

There have already been many reports published on
the presence of the branched-chain fatty acids in-both Plora
and fauna oils and fats. The authors also reported on the
presence of the ingredients assumed to be-one. of iso-series-.
and multi-branched chain fatty acids in whale oils.l) 2)

In the present paper,the author attempted to_describe the
experiment conducted for corroboration of the preéencé of
the branchéd-chain fatty aclds in.blue whalé bone o0il. As
was already stated in the text of?this'report, urea-complex
fractionation of isopropyl esters was carried out, firsf, by
converting urea-complex-~forming fractions containing methyl
esters of branched-chain fatty aclids into isopropyl ester.
And oy conducting urea-complex fractionation on them » the
concentration of branched-chain fatty acids was achieved.
Prom the infrared absorption sbectra of these branched-chain
fatty acids, a doublet was recognized near 13800m‘1, thus
corrop?ating the presence of bfanched;ghain fatty aclds. There
were many ingredients detected in the-boncenfrated fractions
of the branched-chain fatty acids and these could be classi-

|
fied roughly into four groups of 0.2, 0.4, 0.6 and 0.8 according




21 pl47

to their "fractional carbon numbers(FCN)é)(Figure-G) 0f these,
FCN 0.6 ingredients were relatively predominant, which had been
assumed to be one of iso series(terminal isopropyl). This
assumption seems to hold on the basis of data published by

E.C. Horning et 537) and N. Nicolaides, T. Rayé) They reported
that retention time of anteiso series (terminal second butyl)
was longer than that of iso series. FCN values of 0.77)s 0.75%)
0.877 were also reported by them. Since some deviations from
these values would be expected under different conditiohs of

GLC analysis, it is considered that the ingredients of whale

oils with PON value of 0.8 to be anteiso series.

It is generally known that in methyl esters of branched-
chain fatty acids, the location of branched chain as well as
the number of branches have some bearing on retention time and N
that with the increase of the number of branches, length of
retention time shortens. Although the structures of the in-
gredients with ECL values of 14.35 and 16.25 that were detected
in methyl ester fractions of multi-branched-chain fatty acids
are not yet clarified, the author wishes to study further on

this problem in the future.

The presence of multi-branched chain fatty acids in
the blubber oil of fin whale was already repbrted by the
author22 however, they seem to exlist also in bone oil of

8)

blue whale and sei whale as well as sperm whale, A compari-
son of the acetylated alcohol obtained by reduotioﬂ of the
concentrated fraction of methyl cfimulti-branched-chain fatty

gcids and dlhydrophytol acetate showed a complete agreement in
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the retention time of these ingredients with. EJL value of
17.5. They, therfore, are considered té have multi-branched
chain structure of C20, the locations of branched-chains of
these are considered identical to those of phytol. However,
the detailed account on this point must be held until the
forthcoming report of this series, since the question is

still under study.

As was stated above, the presence of various branched-
chain fatty acids as minor ingredients in blue whale bone oil
besides straight chain fatty acids was corroborated. A fact
worthy of particular attention and intefesting as such is the -~
presence of%he components of multi-branched chain fatty acids
in the blue whale bone oil which-were considered to be similar
td?hose discovered in butterfat of cew milk, namely,(3,7,11

and 15-tetramethylhexadecanoic acid).

In closing, the author wishes to extend his sincere
thanks to the crew of the 17th Nisshin-maru fleet for their
cooperation in preparation of sample oll,and his hearty ap-
predation is due Dr. Yozo ISHIKAWA, director of the Research
Laboratory for his kind permission to publish the results of
the present experiment. (Received for publication on November

10, 1965).
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