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Abstract A new route for the preparation of 9-oxonon-
anoyl cholesterol (5) and its stable dimethylacetal (4) is de-
scribed. The core aldehyde 5 is one of the major products
formed during lipid peroxidation. The synthesis starts with
the ozonization of oleic acid in methanol and further reduc-
tion with dimethyl sulfide to yield 9,9-dimethoxy nonanoic
acid (2a). The condensation of 2a with cholesterol is
achieved with N,N

 

9

 

-dicyclohexylcarbodiimide in dichlo-
romethane to give 4. Further hydrolysis of 4 with the help of
an acidic ion exchange resin yields 9-oxononanoyl choles-
terol.—

 

Boechzelt, H., B. Karten, P. M. Abuja, W. Sattler, and
M. Mittelbach.
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During lipid peroxidation (LPO) of lipoproteins a vari-
ety of aldehydic compounds is formed. These LPO prod-
ucts, mainly caused by low density lipoprotein (LDL) per-
oxidation, are thought to promote atherogenesis (1). The
determination and biological significance of free short
chain aldehydes like alkanals, 2-alkenals, or 4-hydroxyalke-
nals are well known (2, 3). Most recently also, the bio-
chemistry of secondary LPO products still esterfied to the
parent lipid, the compounds termed core-aldehydes, has
been thoroughly studied (4, 5). However, very little is
known about synthetic routes for the preparation of these
compounds. Kamido et al. (6) isolated core aldehydes of
cholesteryl esters from copper-catalyzed peroxidation of
human plasma lipoproteins. The products were character-
ized as 2,4-dinitrophenylhydrazones with high perfor-
mance liquid chromatography (HPLC) and liquid chro-
matography–mass spectrometry (LC/MS). In a previous
paper Kamido et al. (7) described the synthesis of the ref-
erence compounds in milligram scale starting from cho-
lesteryl arachidonate and cholesteryl oleate. The esters
were split with osmium tetroxide, treated with sodium
sulfite, and oxidized again with periodic acid. The alde-
hydes were further purified by thin-layer chromatography.
To our knowledge this is the only preparation described
for cholesteryl core aldehydes; it is very laborious for
larger scale preparations. Ravandi et al. (8) prepared core

aldehydes from unsaturated triacylglycerols, choline and
ethanolamine phospholipids by reductive ozonolysis.

Here we present a straightforward two-step method for
the synthesis of 9-oxononanoyl cholesterol that is also ap-
plicable to the synthesis of other lipid peroxidation core al-
dehydes. It starts from oleic acid, which is ozonized under
reductive conditions leading to 9,9-dimethoxy nonanoic
acid which is further condensed with cholesterol.

MATERIALS AND METHODS

 

Materials

 

All reagents were of commercial quality; oleic acid, cholesterol
and methyl sulfide were purchased from Aldrich Chemical Co.,
DMAP, DCC, and Amberlyst-15 were from Fluka AG; the 0.3 nm
molecular sieve was purchased from Merck KGaA.

 

Spectroscopic and analytical instruments

 

1

 

H-NMR spectrum was recorded at 360 MHz on a Bruker
AMX-360, TMS was used as internal standard. 

 

13

 

C-NMR spectra
were recorded at 90 MHz on a Bruker AMX-360, internal stan-
dard DMSO. GC/MS was performed on a Hewlett-Packard MSD
equipped with a fused-silica capillary column (0.1 

 

m

 

m DB5-HT,
15 m 

 

3

 

 0.25 mm, J&W Scientific Inc.) using He as carrier gas.
The column was kept at 100

 

8

 

C and programmed to 200

 

8

 

C at a
rate of 10

 

8

 

C/min. A second ramp was programmed from 200

 

8

 

C
at 15

 

8

 

C/min to 320

 

8

 

C with an isothermal hold at 320

 

8

 

C for 4 min.
Matrix-assisted laser desorption ionization–time of flight

(MALDI-TOF) was performed with a Kratos Compact 2V5.2.0 on
DHB matrix. Ozone was generated by using a Fischer instru-
ment, model 503. Purification of 

 

5

 

 was performed by RP/HPLC
on a Hewlett-Packard 1100 HPLC. The analytes were separated
on a RP 18 column (Ultrasphere ODS, 5 

 

m

 

m material, 25 

 

3

 

 1.0

 

Abbreviations: DCC, N,N

 

9

 

dicyclohexylcarbodiimide; DHB, 2,5-dihy-
droxybenzoic acid; DMAP, 4-dimethylaminopyridine; DMSO, dimethyl-
sulfoxide; FA, fatty acid; GC/MS, gas chromatography–mass spectrom-
etry; HPLC, high performance liquid chromatography; LDL, low density
lipoprotein; LPO, lipid peroxidation; MALDI/TOF, matrix-assisted la-
ser desorption ionization–time of flight; NMR, nuclear magnetic reso-
nance; RP/HPLC, reversed phase-high performance liquid chromatog-
raphy; TMS, tetramethylsilane.
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cm) with acetonitrile/isopropanol at 3 ml/min on the mobile
phase at UV detection at 280 nm.

 

Preparation of products (Fig. 1)

 

Synthesis of 9,9-dimethoxy nonanoic acid (

 

2a

 

).

 

A solution of 1.0 g
of oleic acid (

 

1

 

), 25 ml methanol, and 25 ml dichloromethane was
placed into a wash bottle and cooled down to 

 

2

 

35

 

8

 

C in an ethanol
bath under oxygen flow for 20 min. The mixture was ozonized
with an oxygen/ozone mixture with a flow of 50 ml per min con-
taining 5 g/ozone per h. The end of the reaction was indicated by
a 5% potassium iodide/water solution turning orange. Afterwards
the reaction mixture was flushed for 10 min with nitrogen to re-
move excess ozone. The wash bottle was then taken from the cool-
ing bath and the contents were stirred well under nitrogen flow
with addition of 2 ml dimethylsulfide and slowly brought to room
temperature. The reaction mixture was stored well-closed for 24 h
at 4

 

8

 

C over 2.0 g molecular sieve (0.3 nm). After filtration, the mix-
ture was washed with 20 ml distilled water to remove DMSO and
evaporated at 40

 

8

 

C for 20 min to give 1.4 g of an oily residue. This
product mixture consisted of 95% 9,9-dimethoxy nonanoic acid
(

 

2a

 

) and 5% 9-oxononanoic acid (

 

2b

 

) in molar relation to the
used oleic acid (GC–MS). The side products were nonane-1,
1-dimethylacetal (

 

3a

 

) (98%) and nonanal (

 

3b

 

) (2%).
GC/MS fragmentation of 9,9-dimethoxy nonanoic acid:

 

 m/z 

 

(%)

 

5

 

 217 (5) [M–H

 

+

 

], 75 (100) [CH(OCH

 

3

 

)

 

2

 

]

 

+

 

, 71 (25), 155 (22).

 

Synthesis of 9-oxononanoyl cholesterol (

 

5

 

).

 

It is not necessary to pu-
rify the product mixture as described above for the synthesis of the
9-oxononanoyl cholesterol. Two hundred mg [

 

,

 

100 mg/0.457
mmol 9,9-dimethoxy nonanonic acid (

 

2a

 

)] of the product mixture
from above, 5.6 mg (0.046 mmol) DMAP, and 193.3 mg (0.500
mmol) cholesterol were dissolved in a flask with 4 ml of dichlo-
romethane. Also, 94.2 mg (0.457 mmol) of DCC were dissolved in

Fig. 1. Main reaction scheme for the synthesis of 9-oxononanoyl-
cholesterol. 

Fig. 2.  GC–MS of 9,9-dimethoxynonanoyl cholesterol and 9-oxononanoyl cholesterol were done by direct injection into a HP/MSD with-
out derivatization. GC–MS analysis was performed as described in Materials and Methods. The MS-spectrum was obtained with the quadru-
pole in EI mode. A: Peak assignment of 9,9-dimethoxynonanoyl cholesterol: m/z (%) 5 368 (5) [M–FA]+, 75 (100) [CH(OCH3)2]+, 43 (41),
95 (26). B: Peak assignment of 9-oxononanoyl cholesterol: m/z (%) 5 368 (10) [M–FA]+, 43 (100) [CH2CHO]+, 55 (62), 81 (33), 147 (17),
95 (13).
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Fig. 3. MALDI/TOF analysis of 9,9-dimethoxynonanoyl cholesterol and 9-oxononanoyl cholesterol. Approximatly 50 ng of 9,9-dimethoxy-
nonanoyl cholesterol or 9-oxononanoyl cholesterol was embedded into a DHB matrix. The beam of a nitrogen-laser was focused on
the sample at a diameter of 100 mm. A: The peak at m/z  609.8 represents [9,9-dimethoxy cholesterol 1 Na]+ and 369.8 represents
[9,9-dimethoxy cholesterol–FA 1 H]+. B: The peak at m/z 563.7 represents [9-oxononanoyl cholesterol 1 Na]+ and 369.4 represents
[9-oxononanoyl cholesterol–FA 1 H]+.
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Fig. 4. 1H and 13C-NMR spectra of 9-oxononanoyl cholesterol were recorded as described in Materials and Methods. A: Atom assignment
of 9-oxononanoyl cholesterol for 1H and 13C-NMR spectra. B: 1H-NMR spectrum of 9-oxononanoyl cholesterol. Peak assignment: d 5 9.75 (s,
1H, CHO), 5.45 (m, 1H, Chol 6), 4.58 (m, 1H, Chol 3), 0.5–2.6 (57 H, Chol 1 FA). C: 13C-NMR spectrum of 9-oxononanoyl cholesterol.
Peak assignment: d 5 202.82 (FA 9), 173.28 (FA 1), 139.68 (Chol 5), 122.57 (Chol 6), 73.71 (Chol 3), 35.76 (FA 2), 28.93 (FA 7), 28.84 (FA
4,5,6), 28.21 (FA 4,5,6), 27.98 (FA 8), 24.91 (FA 3).

 

another flask with 1 ml of dichloromethane. Both mixtures were
combined and stirred well for 24 h at room temperature. Dicyclo-
hexylurea precipitation indicated the start of the reaction. For pu-
rification, the reaction mixture was filtered in the cold and treated
with 10 ml dichloromethane, washed with 25 ml 0.5 N HCl, 25 ml
saturated NaHCO

 

3

 

 and 25 ml distilled water. Afterwards the or-
ganic layer was dried over sodium sulfate and filtered. Yield 50%
(146.7 mg (0.250 mmol)) 9,9-dimethoxynonanoyl cholesterol (

 

4

 

)
in relation to the used cholesterol (GC–MS).

The reaction product (

 

3a

 

) still containing some side products
was evaporated at 30

 

8

 

C for 30 min and dissolved in 20 ml ace-
tone. To this mixture three drops of water and 20 mg of Am-
berlyst-15 were added. The mixture was then stirred for 23 h at
room temperature to cleave the acetal. Afterwards the mixture

was filtered and then evaporated for 20 min at 40

 

8

 

C. Yield 95%
(GC-MS) of 9-oxononanoyl cholesterol (

 

5

 

).
The product was further purified by column chromatography

using Sephadex-LH20 on a 1.5 

 

3

 

 40 cm column with dichlo-
romethane. The pure samples were first dried under nitrogen
flow and then under high vacuum. Yield of 98% pure 9-
oxonoananoyl cholesterol is 120 mg (0.222 mmol). Final purifi-
cation was done by RP/HPLC to give a 100% pure product.

 

RESULTS AND DISCUSSION

Reductive ozonolysis of olefins for the preparation of
aldehydes is a well known procedure (9). Due to the
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double bond in cholesterol, direct ozonization of cho-
lesteryl oleate to form 

 

5

 

 could not be performed. There-
fore we decided to start with oleic acid (

 

1

 

), which can be
ozonized under reductive conditions to form 9-ox-
ononanoic acid (

 

2b

 

) (10). Surprisingly, we found that
the ozonization in a mixture of dichloromethane and
methanol and further reduction with dimethyl sulfide
leads to very pure 9,9-dimethoxy nonanoic acid (

 

2a

 

)
and only small amounts of 9-oxononanoic acid (

 

2b

 

). As
the protected derivative of 

 

2b

 

, 9,9-dimethoxy nonanoic
acid (

 

2a

 

) is an ideal compound for the condensation
with cholesterol, the condensation was performed with
DMAP and DCC (11). 9,9-Dimethoxynonanoyl choles-
terol (

 

4

 

) was obtained in 50% yield. This stable deriva-
tive can easily be hydrolyzed under mild conditions us-
ing the ion exchange resin Amberlyst-15 (12). The final
product was further purified by column chromatogra-
phy using Sephadex-LH20. The overall yield of the reac-
tion for the synthesis of 9-oxononanoyl cholesterol (

 

5

 

)
was 44%. The core aldehyde 

 

5

 

 as well as the dimethyl ac-
etal 

 

4

 

 were characterized by 

 

1

 

H- and 

 

13

 

C-NMR spectros-
copy as well as by gas chromatography with MS-detec-
tion and by MALDI-TOF spectroscopy. All data were
consistent with the structures of 9-oxononanoyl choles-
terol (

 

5

 

) and 9,9-dimethoxynonanoyl cholesterol (

 

4

 

),
respectively. The results are shown in 

 

Fig. 2, Fig. 3,

 

 and

 

Fig. 4

 

.
The suitability of the above method for the preparation

of other core aldehydes is currently under investigation.
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