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SYNTHESIS OF ISOTOPICALLY LABELLED UBIQUINONES
Andrzej A. Duralski and Anthony Watts
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Abstract; Ubiquinones (1) of various chain lengths have been synthesized. The key step involves the
condensation of a long chain polyunsaturated alcohol onto an aromatic intermediate. The synthetic methodology

allows for the incorporation of isotopic labels in the methoxy groups attached to the ring portion of the molecule.

We wish to report herein a simple, efficient procedure for the synthesis of ubiquinones (1) labelled with
deuterium at the methoxy groups in the ring portion of the molecule. Ubiquinone (1) is one of a group of lipidic
compounds that are essential electron carriers in the inner mitochondrial membrane and other energy producing
membranes of living cells. However, the detail of the molecular function of ubiquinone (1) in electron transport
and proton translocation are still unclear!2. Biophysical studies using deuterium NMR spectroscopy could lead to
a greater understanding of these processes. Thus it is necessary to have access to the specifically labelled lipid. It
has been possible to introduce deuterium biosynthetically into the ubiquinone (1) but this proceeds in a non-
specific manner and in low yield3. Chemical exchange of the two methoxy groups on the benzoquinone ring of
ubiquinone (1) for deuterated methoxyls has also been described. The drawbacks in this procedure, however, are
the low yields and side reactions due to drastic reaction conditions4. Previous synthetic proceduress7 have not

been adapted for specific deuterium labelling.

The synthesis involves the condensation of a deuterium labelled benzoquinone (2) to an isoprenoid (3)
chain. The labelled benzoquinone (2) is derived from the non-labelled analogue (4). Using this procedure
- ubiquinones (1) containing two, three and ten isoprene units have been synthesized. This method can be readily
adapted for labelling ubiquinone with 13C. All reactions in the synthetic procedure summarised below occur in
reasonable yield and only two of the intermediate compounds together with the target compound require
purification.
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(a) aq. Sodium hydrosulphite/ether 2 minutes. (b) Benzoyl chloride (6 molar equivalents), pyridine, room
temperature, nitrogen, 24 hours. (c) Sodium iodide (1.25 molar equivalents), trimethylsilyl chloride (1.25
molar equivalents), acetonitrile, nitrogen, 50°C. (d) CD;l (9 molar equivalents), potassium carbonate (3.6
molar equivalents), acetone, nitrogen, 50°C, 4 hours. (e) Chloroform/methanol/10% aq. KOH (2:7:1 v/v/v).
(D aq. Sodium hydrosulphite/ether, 2 minutes. (g) Boron trifluoride etherate, 1,4-dioxane, nitrogen, room
temperature. (h) aq. FeClj/ether, 2 minutes.
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