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Synthesis of monoketo and monohydroxy eicosanoic acids and
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In this study, monoketo and monohydroxy eicosanoic acids and their methyl esters
with the position of the substituent on odd numbered carbon atoms from 3 to 13 were syn-
thesized with high purity. Furthermore, the semicarbazone and anilide derivatives of the ob-
tained keto acids were prepared. They were characterized by TLC, IR and 1H-NMR spec-
troscopy and their physical and chemical properties were established.
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INTRODUCTION

Several keto and hydroxy alkanoic acids have been isolated from natural sources. The
low molecular weight keto alkanoic acids are important biological substances which are used
as intermediates in organic syntheses. The hydroxy acids occur more frequently in nature as
constituents of natural lipids, various natural waxes (caranday, carnauba, licuri, conifer, jalop,
tree-bark waxes, wool wax and beeswax), brain lipids (cerebrosides) and some seed fats.1

Among the synthesized keto and hydroxy eicosanoic acids; 5- and 11-oxoeicosanoic
acids have been detected in cheese by HPLC,2 9-, 11- and 15- keto isomers as their methyl
esters in milk fat by GC-Mass spectroscopy,3 3-hydroxyeicosanoic acid was found in the
microorganism Legionella pneumophila4 and Mycobacterium tuberculosis5 and in the
leaves and roots of the plant Centaurea aspera,6 8-, 9-, 11-, 12- and 15-hydroxyeicosanoic
acids were determined in lipids and 13-hydroxy in Apis mellifera beeswax by GC-Mass
spectroscopy.7,8

The hydroxy fatty acids9–12 mentioned in the literature are valuable starting com-
pounds used in the preparation of numerous textile auxiliaries, detergent, dispersion and
emulsion reagents13 and play an important role in cancer chemotherapy.14,15 Furthermore,
hydroxy acids are used as geochemical indicators.16

3-Oxoeicosanoic acid was prepared according to the acetoacetic ester method.17

5-Oxoeicosanoic acid was synthesized by the reaction of malonic ester.18 The 9-,19,20
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11-21 and 13-oxo21 isomers were obtained via the Blaise condensation method and
3-hydroxyeicosanoic acid by the reduction of its keto ester with Raney Ni.22

In this work, twelve odd numbered monoketo and monohydroxy eicosanoic acids and
their methyl esters with the substituent position from 3 to 13 were synthesized with high
purity. Their semicarbazone and anilide derivatives were also prepared.

The 5-, 7-, 9-, 11-, 13-monohydroxy eicosanoic acids and their methyl esters were obtai-
ned for the first time in this work. 7-Oxoeicosanoic acid, its methyl ester and all the mentioned
semicarbazoneandanilidederivatives, except the9-semicarbazoneeicosanoicacid, arenovel.

The hydroxy esters were synthesized by the reduction of their corresponding keto es-
ters. The reductions were accomplished by the use of NaBH4.23,24 The keto esters were
prepared according to the acetoacetic ester and Blaise condensation methods.25 All the es-
ters were hydrolyzed to their corresponding acids. The physical and chemical properties of
the synthesized compounds were established and their purity was checked by TLC, as well
as IR and 1H-NMR spectroscopy.

The physical, chemical and spectral data summarized in this work is expected to fill
the void in previous publications and to be helpful for the identification of similar com-
pounds found in nature.

RESULTS AND DISCUSSION

7-Oxoeicosanoic acid and its methyl ester, 5-, 7-, 9-, 11-, 13-hydroxyeicosanoic acids
and their methyl esters are new compounds. 3-Oxoeicosanoic acid methyl ester was syn-
thesized by the reaction of acetoacetic ester with steroyl chloride, by the acetoacetic ester
method. The yield was 70 %. The other keto esters were synthesized by the Blaise conden-
sation reaction25 with typical yields of 45 %.

The hydroxy esters mentioned in this study were obtained by the reduction of their
keto esters by NaBH4

23,24 with typical yields of 85 %. The obtained keto and hydroxy es-
ters were hydrolyzed to their corresponding acids. The keto and hydroxy esters and acids
synthesized were purified by crystallization and their degree of purification was monitored
by thin layer chromatography.

TABLE I. Melting points of the studied monoketo eicosanoic acids and their methyl esters

Keto acids Keto esters

M.p. (ºC) M.p. (ºC) lit. Keto position M.p. (ºC) M.p. (ºC) lit.

97–98 100.5–10117 3 51.5–53 55–5617

94–95 9318 5 59.5–60.5 –

87–88 – 7* 54.5–55.5 –

81–82 78–8019; 86.2–87.620 9 53.5–54.5 55.2–56.520

86–87 86.5–87.321 11 54–55 54.5–55.521

111–112 87.5–87.821 13 55–55.5 55–55.521

(*) 7-Oxoeicosanoic acid methyl ester was synthesized for the first time in this work.
Calculated C % 74.06, H % 11.84; Found C % 73.60, H % 11.97.
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TABLE II. Melting points and microanalysis of monohydroxy eicosanoic acids and their methyl esters

Hydroxy acids Hydroxy ester

M.p. (ºC) M.p. (ºC) lit.

Calculated: C % 73.12, H % 12.27

Hydroxy position M.p. (ºC)Found

C % H%

91.92.5 93.2–93.422 – – 3 56.5–57.5

86–87.5 – 72.81 12.01 5 57–57.5

83.5–84 – 72.87 11.89 7 57.5–58

80–81 – 73.57 12.78 9 53.5–55

80.5–82 – 73.60 12.14 11 53–54.5

110–112 – 73.63 12.60 13 52.5–53.5

Melting points and microanalysis of the studied monoketo and monohydroxy acids
and their methyl esters are summarized in Tables I and II. There is no discernible correla-
tion between the melting point and the keto position.

The semicarbazone and anilide derivatives of these keto acids were obtained. Only
the 9-semicarbazone eicosanoic acid has been synthesized, previously. The other five
semicarbazones and six anilides synthesized in this work are new compounds. The melting
points and microanalysis are given in Table III.

TABLE III. Melting points and microanalysis of the synthesized anilide and semicarbazone derivatives of the
ketoeicosanoic acids

Semicarbazone derivatives Anilide derivatives

Calculated (%): C 65.76, H
10.77, N 10.96

Calculated (%): C 77.70,
H 10.79, N 3.49

Found (%)
M.p. (ºC)

M.p. (ºC)
lit.

Keto
position

M.p. (ºC)
Found (%)

C H N C H N

66.03 10.95 11.12 124–124.5 – 3 80–82 77.84 10.64 3.02

66.25 11.16 10.57 116–116.5 – 5 98.5–100.5 77.96 10.86 3.43

65.91 11.02 11.16 100–101.5 – 7 99.5–100 77.31 11.17 3.26

– – – 119–119.5 110–11219 9 98.5–99.5 77.45 10.93 3.31

66.17 11.19 11.23 121–122 – 11 100–101 77.63 10.99 3.71

66.13 10.87 11.05 109–110 – 13 101–102.5 77.51 11.23 3.65

The IR and 1H-NMR spectroscopy results of synthesized compounds are summarized in Table IV.
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TABLE IV. The IR and 1H-NMR spectra of the ketoeicosanoic acids methyl esters, hydroxy eicosanoic acids,
anilide and semicarbazone derivatives of the keto eicosanoic acids

Compound IR (cm–1) : as KBr pellets 1H-NMR(CDCl3): � (ppm)

3-,5-,7-,9-,11-,13-Monoketo
eicosanoicacid methyl ester
isomers

(1715–1705) (ketone C=O),
(1738–1754) (ester C=O),
(1169–1200) (C-O)

–

7-Oxoeicosanoicacid
methylester

1708 (ketone C=O), 1746
(ester C=O), 1184 (C-O)

0.88 (t, –CH3), 1.25 (m,
–(CH2)11–, 1.59 (m,(CH2)3–),
2.38(m, –CH2COCH2–),
–CH2COOCH3), 3.66 (s, –OCH3)

3-,5-,7-,9-,11-,13-Menohy-
droxy eicosanoic acid
isomers

(3100–3540) (O–H), (1702–1715)
(C=O), (1230–1300) (C–O)

–

7-Hydroxyeicosanoic acid* 3392 (O–H), 1715 (C=O),
1292 (C–O)

0.5 (t, –CH3). 0.7 (m, (–CH2)11–),
1.2 (m, –CH2CH2(CH2)2COOH),
1.38 (m, –CH2CHOH CH2–),
1.8 (m, –COOH, –OH), 2.5 (m
–CH2 CH2COOH), 3.6 (m,
–CHOH)

3-,5-,7-,9-,11-,13-Monoketo
eicosanoic acid semicarba-
zones

(3461–3400) (O–H), (3265–3215)
(–NH2), (1601–1580) (N–H),
(1711–1708) (C=O), (1670–1597)
(=N, NHCO)

–

5-Oxoeicosanoicacid
semicarbazone

3461 (O–H), 3254 (–NH2), 1585
(N–H), 1708 (C=O), 1661
(=N, NHCO)

0.88 (t,–CH3), 1.25 (m, (–CH2)13–)
1.77 (m, –CH2CH2COOH), 1.91
(t, –CH2COOH), 2.25
(m, –CH2CNCH2–), 6.1 (s, –NH2),
9.65 (s, –COOH)

3-,5-,7-,9-,11-,13-Monoketo
eicosanoic acid anilide
isomers

(3354–3330) (1586–1560) (N–H),
(1682–1672) (N–CO), (1621–1617)
(ArC–C), (1730, 1725) (C=O)

–

5-Oxoeicosanoicacid
anilide

3334, 1564 (N–H), 1673 (N–CO),
1619 (ArC–C), 1727 (C=O)

0.88 (t, –CH3), 1.25 (m, (–CH2)12–),
1.56 (s, –(CH2)12CH2CH2–),
1.99 (t/t, –CH2CH2CONH–), 2.39
(t/t, –CH2COCH2–), 2.56 (t,
–CH2CONH–), 7.1 (t, –NH–) 7.3
(m, –C6H5–)

EXPERIMENTAL

General considerations

The spectral data were obtained with the aid of the following instruments; IR: Perkin-Elmer, Model 933
(as 1 % KBr pellets). 1H-NMR: Varian EM 390 Model, 90 MHz, the chemical shifts are given in ppm relative
to the internal standard TMS (� = 0 ppm). The melting points were determined with a Buchi Model SMP-20
melting point apparatus and reported without correction. The purity of the individual isomers were checked
by TLC with plates covered with Kieselgel 60 HF254 of 0.2 mm thickness. The plates were activated before
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use by heating at 110 ºC for 30 min. The samples were applied as dilute (ca. 1 %) solutions in chloroform. The
plates were developed in tanks lined with solvent soaked filter paper using developing solvents A and B for
esters and acids, respectively. A = diethyl ether : petroleum ether = 1 : 1 (v/v) B = chloroform : methyl alcohol:
acetic acid = 100 : 10 : 1 (v/v/v). The spots were visualized by spraying 25 % H2SO4 and charring at 200 ºC or
by detection with anisaldehyde. The reagents used were obtained from Merck.

3-Oxoeicosanoic acid methyl ester

This compound was prepared according to the acetoacetic ester reaction.17 A mixture of 8.5 g of ethyl
acetoacetate, 1.25 g of sodium and 70 ml of absolute benzene was refluxed for 2 h with stirring. It was cooled and
then 0.05 mol of stearoyl chloride was added under stirring. It was refluxed for another 15 min, cooled and acidi-
fied. The upper benzene phase was separated by adding 10 % ethanol and dried over Na2SO4. The benzene was re-
moved by distillation and a mixture of 45 ml of absolute methanol and 1.5 g of metallic sodium were added to the
residue. The mixture was left at room temperature (20–22 ºC) for 8 h, then acidified, extracted with ether, washed,
dried and evaporated. The reaction was monitored by TLC in solvent Aand the crude keto ester was recrystallized
frompetroleumether (40–60 ºC).Recrystallizationwas repeateduntil theproduct reachedconstantmeltingpoint.

C17H35COOH
SOCl 2� ��� C17H35COCl

Na / C H6 6� ����� C17H35COCHCOOC2H5
NaOCH3� ����

C17H35COCH2COOCH3

Stearoyl chloride26

Stearic acid (1 mol) was added to a Claisen flask fitted with a reflux condenser in the short neck and a
dropping funnel in the long neck. Thionyl chloride (1.2 mol) was added slowly through the dropping funnel
over a period of 30 – 40 min. The flask was then heated gently on a water bath and refluxed for 30 min. nD

25 =
1.4512 (lit. nD

24 = 1.4523) Kp15 = 215 ºC (95 %)

5-, 7-, 9-, 11- and 13-Oxoeicosanoic acid methyl esters

These compounds were synthesized by the Blaise condensation reaction.25 First, a Zn-Cu alloy was
prepared using 40 g of zinc and 3 g of copper dust. Using a three-necked flask, 0.05 mol of alkyl iodide and
2.9 g of toluene were added slowly from a dropping funnel into a mixture of 1.4 g of ethyl acetate and 3.5 g of
Cu-Zn alloy, under stirring and gentle heating. After the addition of the reagents was completed, the mixture
was refluxed for 1–3 h. Then, the flask was cooled down and under stirring, 0.04 mol of the appropriate diacid
monoester monochloride was added. After the addition was completed, the mixture was stirred for 1 h. Hy-
drolysis with 20 ml distilled water and 20 ml 10 % HCl gave an upper ether phase which was separated and
washed consecutively with dilute HCl, 10 % Na2CO3 and finally distilled water. After drying over anhydrous
Na2SO4, the solvent was distilled off. The solid product was recrystallized from petroleum ether (40 – 60 ºC).
Recrystallization was repeated until the product reached a constant melting point.

CH3(CH2)nI
Zn Cu�

� ���� CH3(CH2)nZnI
CH3(CH2)nZnI + H3COOC(CH2)mCOCl

�
� ����

ZnICl
CH3(CH2)nCO(CH2)mCOOCH3

m = 3, 5, 7, 9, 11 n = 14, 12, 10, 8, 6

Diacidmonomethyl esters27

Into a 500 ml round-bottomed flask provided with a reflux condenser were added 0.3 mol diacid, 15 ml
of absolute methanol, 4 ml of concentrated hydrochloric acid. The flask was cautiously heated at first until the
mixture becomes homogeneous and then refluxed for 8 h. The mixture was transferred to a Claisen flask with
a fractionating side arm and fractionated under reduced pressure. C5 diacid monomethylester, Kp20 = 153 ºC,
nD

19 = 1.4352 (47 %); C7 diacid monomethylester, Kp18 = 181 ºC, nD
29 = 1.436, (32 %); C9 diacid

monomethylester, Kp20 = 200 ºC, nD
18 = 1.446, (41 %); C11 diacid monomethylester, m.p. = 41–42 ºC, (45

%); C13 diacid monomethylester, m.p. = 47–48.5 ºC, (35 %).
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Diacid monoester monochloride

The monoester monochlorides were prepared from the diacid monoesters and thionyl chloride as de-
scribed for stearoyl chloride.

C5diacid monomethyl ester–monochloride, Kp10 = 98 ºC, nD
30 = 1.4405, (92 %); C7diacid monomethyl es-

ter monochloride, Kp7 = 112 ºC, nD
27 = 1.4422, (92 %); C9diacid monomethyl ester monochloride, Kp11 = 155 ºC,

nD
18 = 1.45, (88 %); C11 diacid monomethyl ester monochloride, Kp10 = 165 – 166 ºC, nD

16 = 1.456, (85 %); C13
diacid monomethyl ester monochloride, Kp11 = 172 ºC, nD

27 = 1.459, (90 %).

3-Oxoeicosanoic acid

The 3-oxoeicosanoic acid methyl ester was hydrolyzed to its acid by acid hydrolysis.17 The methyl ester
(0.5 g) was dissolved in 10 ml glacial acetic acid and approximately 1 to 5 ml concentrated hydrochloric acid
added dropwise until the solution became slightly turbid. The mixture was allowed to stand at room tempera-
ture for 48 h. The resulting white crystals were collected and dried at room temperature over phosphorus
pentoxide. The solid product was recrystallized three times from acetone. The high purity of the �-keto ester is
essential for the success of this procedure.

5-, 7-, 9-, 11- and 13-Oxoeicosanoic acids.

The appropriate keto esters were hydrolyzed to their acids by base hydrolysis. The keto ester (0.1 mol)
was hydrolyzed with 0.5 mol of KOH, 100 ml of methanol and 30 ml of H2O. The reaction was monitored by
TLC (Solvent B). The acid was crystallized from acetone or petroleum ether (60–80 ºC).

3-, 5-, 7-, 9-, 11- and 13-Hydroxyeicosanoic acids methyl esters

All the keto esters were reduced with NaBH4
23,24 to obtain the hydroxy esters. Sodium borohydride

(0.005 mol), THF (25 ml) and methanol (25 ml) were mixed at room temperature and 0.005 mol of the keto
ester was added. The end of the reaction was monitored by TLC (Solvent A). Then the mixture was acidified
with 10 % HCl and ether was added. The ether phase was washed with 10 % Na2CO3 followed by distilled
water. After drying over anhydrous Na2SO4, the solvent was distilled off. The hydroxy esters obtained were
hydrolyzed to their acids by base hydrolysis.

CH3(CH2)nCO(CH2)mCOOCH3
1) NaBH4� ����� CH3(CH2)nCHOH(CH2)mCOOCH3

m = 3,5,7,9,11 n = 14,12,10,8,6

Preparation of the semicarbazone derivatives28

Semicarbazide hydrochloride (1 g) and sodium acetate (1.5 g) were used for the derivatisation of the
keto acid (1 g). The solid products were recrystallized from methanol.

Preparation of the anilide derivatives29

For 1 g of keto acid, 2 ml of SOCl2 and 1 g of aniline were used. The solid products were recrystallized
from distilled water or ethanol.

CONCLUSION

The keto and hydroxy eicosanoic acids can be isolated from natural sources by combin-
ing various classical methods such as distillation, chromatography, extraction and crystalliza-
tion, as well as other special techniques, but the products obtained in this way, usually, contain
impurities due to the possible natural side-reactions involving oxidation and polymerization.
Therefore, the physical, chemical and spectral data of the newly synthesized acids and esters
of high purity will be helpful in identifying these products recovered from natural sources.
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I Z V O D

SINTEZA MONOKETO– I MONOHIDROKSI– EIKOZANSKIH KISELINA I

ESTARA SA SUPSTITUENTIMA NA NEPARNIM (3–13) UGQENIKOVIM

ATOMIMA

HÜLYA ÇELIK

Department of Chemistry, Faculty of Engineering, Istanbul University, 34850 Avcilar, Istanbul, Turkey

Sintetizovane su monoketo- i monohidroksi- eikozanske kiseline i wihovi metil-

estri visoke ~isto}e sa supstituentima na neparnim ugqeni~nim atomima od 3 do 13. Nakon

toga, sintetizovani su semikarbazonski i anilidni derivati dobivenih keto-kiselina.

Karakterizacija je izvr{ena pomo}u TLC, IR i 1H-NMR spektroskopije, a utvr|ene su i

wihove fizi~ke i hemijske osobine.

(Primqeno 28. decembra 2001, revidirano 8. aprila 2002)
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