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A DIASTEREOSELECTIVE SYNTHESIS OF L(RS), 6(SR)-MERCAPTOMETHYLMEVALONOLACTONE,
A KEY INTERMEDIATE IN THE PREPARATION OF A NEW CIASS OF INHIBITORS OF HMG~CoA HEDUCTASE
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Summary: A diastereoselective synthesis of L(RS), 6(SR)-mercaptomethylmevalonolactone (1)
is described in the course of the preparation of disulphides designed as inhibitors of
HMG—-CoA reductase.

Certain disulphides, e.g. glutathione- and coenzyme A-disulphides,are known to undergo
thiol-disulphide exchange reactions with several key enzymes of intermediary metabolism and
are thought to play important regulatory functions in vivo ("third messengers").’]a"‘D We
now report the synthesis of disulphides designed to inhibit the activity of 3~hydroxy-3-
methylalutaryl-Cod (HMG-CoA) reductase, the rate~limiting enzyme in the cholesterol
biosynthetic pathway.2 The structures of the disulphides synthesised [(2a~b) and (La-b)]
were chogen by comparison with the structures of both the substrate and known inhibitors of
HMG—-Col reduetase.Ba’b These "mevalonate" disulphides are therefore pharmacological tools
with which to explore the potential of a thiol-disulphide exchange reaction as a means of
enzyme regulation which in this case could lead to therapeutic benefit by lowering blood

cholegterol levels. b

CH ol
a: Ar = Ph
002H S-R
b: Ar = O—OCszh
(DR=H (3)R=H
(2) R = S-Ar (4) R = S-Ar

To prepare racemic disulphides of type (2) a synthetic route to the thiol (1) was
devised. From this key intermediate, it was expected that a series of (2) could be prepared
by standard methods. Compound (6) (b.p. o.877‘8°°) was synthesised5 in 30% yield and treated
with m-chloroperbenzoic acid in refluxing CH,C1, to give the epoxide13 (7) in 63% yield.

The product was a 2:1 mixture of diastereoisomers, as shown by g.l.c. of their 1-']31.J.(Me)2Si—

ethers. The isomer ratio was confirmed by reference to the 1

H and 3¢ mr spectra [1H nmr
61.32 (s,Me) and 1.35 (s,Me¥*); 3¢ nme 827.67 (q,Me) and 26.95 (g,Me*). (* Denotes minor
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isomer)]. The epoxide (7) was opened6 by treatment with 1 equivalent of both thiourea and
M H2SOLL for 2 hours at 0° followed by L equivalents of 2M NaOH for 30 min. On acidification
and work up, the minor diastereoisomer was converted into (8) (15% yield), while the major
product was found to be the lactone (1) (5% yield), an oilj; (f:le) 3390, 2560, 2245
and 1715 cm‘1; mass spectrum 0/, (M) requires 176.0507, found 176 05153 G(CDCl3) 1.442
gs,3H,C§3), 1é8u (dd, Sax,6 11Hz, 25 5a.x,5eq 14Hz, 18, Sax~E), 1.98 (aad, Ly 2.5 Hz,

J 3Hz, “J g 2
Seq,6 Seq,5ax, 1LHz,1H,5eq-H), 2.46 (d, J3a,x 3eq 3eq5eq
2. EHz,

3e ,3ax 188z, 1H, 3eq=H), 2.7h (3ABX, 3J 6 5Hz, 27 14Hz, 18,2-CE —SH) 2.90 (3ABX
3J7.6 5.5Hz, 1)z, 1H,5-CE,~SH), and u 85 (m, 12 lines,1H,6-H); '°C mur 8(c2c1,)
171,19 (8,C-2), 77. lﬂ (a,0-6), 67 96 (s,0-L), L3.93 (¢,6-3), 39.29 (¢,6-5), 29.70 (q,CH;) and
29.21 (t,C=7). The relative stersochemistry of (1) was determined as follows. The
equatorial protons at C-3 and C-5 were assigned in the p.m.r. spectrum by the observation of
W~coupling, 7 2.5 Hz betveen them; this fixes the 5 axial signal at 81.8L. gy g Bas @
value of 11 Hz which is only consistent with vicinal diaxial coupling, thus the C-6 proton

Seq,Beq
18Hz, 1H, 3ax-H), 2.68 (ad, Ly

is axial. The stereochemistry at C-4 was tentatively assigned with the hydroxyl group axial
by comparison of the 130 nmr shift of the methyl group at C-L, with va.luexs:7 calculated for
the diastereoisomers of lL~hydroxy-lL-methyl~1-t-butyleyclohexane. A solution of (1) in ethyl
acetate was converted into the disulphide (2a) in 31% yield by refluxing with phenylthio-
phtha,limide9 in benzene. Similarly, the p-benzyloxyphenyl disulphide13 (2b)(m.p. 93~5°) was
isolated in 36% yield by treating (1) with p-benzyloxyphenylthiophthalimide | (m.p. 139-41°)
in refluxing benzene. The yield of (2a) was improved to 9l% by treating (1) with Et0,C-
N(SPh)-NHCO Et according to the method of Mukaiyama and Ta.kahash:.1 The product was the
single diastereoisomer (2a), m.p. 92-5°; (found: C SL.76; H 5.6k; § 22.5%; mt 28),.0532.
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8,608, requives: ¢ 54.90; H 5.67; S 22.55%; MY 28L4.0540); IRs v (xBr) 3350,

37167372 1 3 5 max

1740 ew™?;  'H nmr 6(01)011) 1.34 (s,3H,CH ), 1.62 (dd Toox,6 1282 Tgoy oo, 1z, 1H,
Ly 3; o

Sa.x-H), 2.05 (ddd, Se ,3eq 265 Hz, L‘_Seq’6 3HZ9 Seq’s 1l|HZ, 1H, fe;. H);Hz .39 (;; .

33.}{ 3 q 17sz 1H9 BaXEH)y 2 2 (dd J3eq Seq 2. SHZ’ gBeq.!3 7221 3eq._ ’ 95

($ABX J7 ¢ 6+5Hz, 7 7.1L|Hz, 1H, -CH —SH), 3.1, (3ABX,-J 76 SHz, 1qu, 1H, 3-

CE, —SH) 4.90 (m, 14 lines, 1H, 6-H), ~ 7.30 (m, 3H,Ar) and ~ 7. 55 (m, 2H Ar), 3o e

5(01}01 ) 170.10 (s,C=2), 137.12 (s, A:c), 129.31 (s, 2xAr), 128.69 (s, 2xAr), 127.59 (s,Ar),

.21 (8,0-1), . o (,-gH,8H), 13.95' (5,0-3), 2043 (5,6-5) and 30.11 (a,08,).

( assignments may be 1ntercha.nged) The relative configuration of (2a) was 1n1t1ally

deduced from 'H and 1°C nmr spectra in a similar mammer to that of the precursor (1). Also

) for the C-6 proton signal at 8L.90 when the methyl signal at

ne NOE was cbserved roton sig

61.3l was irradiated. Thus, as the C-6 proton has been assigned as axial, the G-l methyl
group is probably equatorial. Finally, the relative stereochemistry of this molecule was
confirmed by a single crystal X~ray diffraction study (Figure).

FIGURE The crystal structure of (2a)

Selected bond lengths: S-§ 2.021(2), 2.031(3); S-Ph 1.782(6), 1.77L(T);

s-c(sp3) 1.803(6), 1.794(6)8. The two values given in each case

refer to two independent molecules, only one of which is shown.
Crystal Data. Compound (2a), c, # 603 o» monoclinie, a = 10.510(L), b = 9.972(L), ¢ =
27.56(1) z, B =94.37(3)°, U = 288023, space group P21/n, Z = 8 (2 independent molecules in
the asymmetric unit). A total of 2958 independent reflections were measured on a diffracto-
meter (6<50°) using Cu-K  radiation and of these, 2441 had IFo >3 (1Fol) and were considered
observed. The structure was solved by direct methods and refined anisotropically to R =

*
0.077 . The two molecules differ only in the relative orientation of the phenyl ring to the
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S-S bond, the angle being 9o in one molecule and ‘113O in the other. Accompanying this
rotation is a small difference in the CSSPh torsion angle (81;0 and 750 respectively). There
are intermolecular hydrogen bonds (2.77 and 2.792) between the hydroxy and carbonyl oxygen

atoms of like molecules.

To prepare the simpler disulphides (La) and (Lb) the intermediate (3) was obtained
as its ethyl ester, O-a.ce’ca.’ce12 and was liberated by careful hydrolysis with 1M NaOH solution
at 60° under N, , controlling the pH to 10. The thiol (3) was separately heated with phenyl
and p-benzyloxyphenylthiophthalimides in benzene giving (La) and (Lb) in 25% and 28% yields

:r.‘espec‘l:ively‘l 3 .

Disulphides (2b) and (Lb) showed some inhibition of cholesterogenesis in rat liver
glices in vitro but this was of a much lower magnitude than that exhibited by compa.ctinz.
However, (1) is a versatile intermediate which enables structural modifications within a new
class of disulphide inhibitors of HMG~CoA reductase to be explored.
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