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1,2 in 1956 that mevalonic acid 1
major precursor of the C5
the terpenoids and steroids, revolutionised this area of

5

6 intermediates
5 building block.

Lactobacillus acidophilus, 
from dried distillers’

laboratories in the USA. The structure of the compound as
2 1

established3,4 on the basis of its IR spectrum, the formation
of derivatives and a simple degradation. The original trivial

4

3

rat liver homogenates. [2-14C]Mevalonolactone, (±)-2
14C]-

bromoacetate 4 5 and found to
1,2 In 1957,5-7 it

the C5
6

mevalonic acid.

from the fungus Aspergillus oryzae 
for the Hiochi spoilage organism and named hiochic acid

10 in 1958.

D
6

D

are found in other parts of plants.
Mevalonolactone is a chiral molecule. The absolute

R)-enantiomer
12 7

8
group. After further degradation the 3(S)-(+)- enantiomer
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5
oligomerisation to form the (C5)n

individual terpenoids. The branched chain structure of the
isoprenoid backbone and the carbocationic nature of the

in order to unravel the course of these rearrangements and to

of mevalonolactone has attracted interest for another reason.

simple molecule has made the compound a target in order

cosmetic additive for skin conditioning.

Carbon-labelled mevalonates

2 carbanion source and a C4 unit

4 unit such as 4-

bromoacetate.14-17

reactions have been developed based on the lithium carbanion

derived from acetic acid.18 Full experimental details for this
procedure are given in ref.19.

C-2, C-4 and C-5) can be interchanged. The acetal 12

13

carbons using 1-or 2-labelled acetic acid as the source of the

[2-13

condensation of the lithium dianion of [2-13C]acetic acid
19 [4-l3C]Mevalonolactone

20
13

mevalonate. A similar procedure has been used2l for the
13C2]mevalonolactone from [1,2-13C2]-

22
13C2

13C]butan-2-one 15
13C]acetone 14

The labelled butanone 15
13

the [3,4-l3C2]mevalonate. An alternative preparation of 4,4-
13C]butan-2-one 15 involved23 the reaction of

[l-13 16
aluminium trichloride. The unstable 4-chloro-[2-13C]but-3-
en-2-one 17

24

HO Me

9
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HO HO
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vi

(i) B2H6; (ii) H2O2, OH-; (iii) CH3CHO, H+; (iv) CrO3, pyr; (v) HCO2Et, NaOMe; (vi) NaIO4.
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In the preparation16 of [3',4-l3C2]mevalonolactone from
[2-13C]acetic acid, [2-13 18
into diketene 19

,3-13C2]
butan-2-one 20

of 20

[2,4-13C2
25

13

21. Reduction of the
22

13C]butan-2-one 23
13

13C2]mevalonolactone.
26 as a

24
25 to

26
[14C2 27
14C2
further reduction to give 28
protecting group then gave the labelled mevalonolactone.

31 has been

prepared27,28

in the Grignard adduct 29
30
31 has been problematic. The best results

have been obtained28

32
chromium trioxide in acetic acid29 or silver carbonate gave
mevalonolactone.30 This procedure has been used to prepare
both [3'-13C] and [3'-2H3]mevalonates.

Although it has not been used in the preparation of labelled

3
31,32

gave the 3S
R-(–)-mevalonolactone.

Oxygen-labelled mevalonolactone 

18

prepared33

l8

18O]mevalonolactone. [5-18O]
34

12 (R = Me) in [18

18

C
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* *
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CH3 Cl

O i
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18

ii iii
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Deuteriated and tritiated mevalonates

tritiated mevalonates bearing labels at C-2, C-4, C-5 and on

reducing agents as the source of the label.35-37

A route based on a Grignard reaction has been used38 in a
2H3]mevalonolactone starting from pent-4-en-

and chromium trioxide gave a ketone 33. A Grignard reaction
2H3

34

35

Perdeuteriated [2H9]mevalonolactone has been prepared39

2H2
to give the unsaturated ester 36. Reduction of the ester

[2H8 t

37

acetate afforded [2H9]mevalonolactone. An enantioselective
40 to give 3R-

[2H9
epoxidation [t
and titanium isopropoxide] to generate the chiral epoxide.

R-[2H9]mevalonolactone made use41 of
39 of glucose

2H7]senecioate 38
2H6

2

derived from diacetoneglucose to give 40

alkene in the spirolactone 40. This directed the nucleophilic

triol 41

3R-[2H9]mevalonolactone.

42 of [4-2H2,3-13C]

13
13

13C]pentanoate 12

deuterium using methanol-O-D and sodium methoxide. The

then appears at C-4 in the mevalonate.

13

R
mevalonic acid kinase and that the 3S

OHMe
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O OO
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v or vi

(i) O3; (ii) H2O2, AcOH; (iii) AcOH or DCC; (iv) LiAlH4; (v) CrO3, AcOH; (vi) Ag2CO  .3

iv
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42 43

into its cis and trans
lactone 43 from the cis

e.g. 44. Reduction

proceeded in a trans
introduced at C-4 45 anti geometric relationship

R
enantiomer of mevalonic acid is a substrate for mevalonic acid

chiral label at C-4 46

44,45

47.
46 of [2- and 4-2H]

48
deuterium oxide gave the labelled Z-unsaturated ester 49.

S,3R-
50

of (2R,3R)[2-2H]mevalonolactone 51. The diastereoisomeric
[2S-2

and thus introduce the label at C-4. In this case the epoxide
50

the acetate afforded [3R,4R-4-2H]meva1ono1actone.

order to prepare 3R-mevalonolactone. Reduction of the chiral
epoxide 52 obtained47 from the monoterpenoid, geraniol,

2H]-l,3-diol.
Protection of the diol as a 1,3-dioxane and isomerisation
of the 6,7-double bond via an epoxide gave 53. Cleavage
of the double bond and a selective protection:deprotection

54. Oxidation and
R,3R)-[2-2H]mevalonolactone.

R)- and (5S)-mevalonates
55

12
reduction using pig or rat liver mevaldate reductase and
[4(R)-4-3H]NADPH as the source of the label afforded
[5(R)-5-3H]mevalonic acid.48 Reduction of [5-3H]mevaldic

S)-
5-3H]isomer.49 The [5-3

[4-3
3

50 that reduction of

R)-4-
3H]NADPH gave [5(S)-5-3H]mevalonolactone.

RS),5-(S)-5-3H]
mevalonolactone used51,52

R)
S
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2H or 2-3H]pent-4-en-l,2-diol. The diol represents a masked

and NADH. The resultant 1(S)[1-2H or 1-3H]-3-
3-en-l-ols 57 RS)-mevalonic acid via

58

53-55 and the
56 and

the 1,3-oxathiane 59 derived from (+)-pulegone.57-59 Several

various esters,60-62 63 and
64 have also been reported.

molecule, the ingenious design of routes to generate

Doi: 10.3184/030823408X317506
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