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Abstract

The enantioselective convergent synthesis of two different models of the lactone units of compactin and
mevinolin was achieved using two consecutive enantioselective allyltitanations of aldehydes. © 2000 Elsevier
Science Ltd. All rights reserved.
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Compactin and mevinolin are fungal metabolites that are potent inhibitors of cholesterol biosynthe-
sis at the level of the rate-limiting enzyme 3-hydroxy-3-methylglutaryl-CoA reductase (HMG—CoA
reductase}. The important implications for the treatment of coronary artery disease have made these
compounds the subject of intense research aimed at biological evaluation, chemical synthesis and modi-
fication of the natural products. A plethora of work has been directed toward the preparation of synthetic
analogues of typeé andB.2 In compounds of typé (X=CHy), andB (X=0) the stereochemically
complex hexahydronaphthalene moiety of compactin and mevinolin has been replaced by suitably
substituted achiral aromatic moieties and open-chain moieties. Compounds &, tifpet exceed the
in vitro and in vivo activity of mevinolin, have been described.
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Although, in recent years, these compounds have been the targets of an increasing number of synthetic
efforts, their synthesis remains a challenge. Introduction of the required stereocenters at position C-3 and
C-5 of the lactone is vital for the biological activity and has proved to be an important synthetic feature.
Consequently, a number of enantioselective or specific syntheses of the lactone moiety have appeared
involving the elaboration of chiral pool materials such as tartaric 4ci&mino acids, (S)-malic acid®
and carbohydratesSimilary, asymmetric syntheses involving an asymmetric Diels—Alder reaton,
diastereoselective aldol reacti®an asymmetric epoxidatioi,enantioselective reductions of prochiral

, -diketo esters or 1,3-diketoned? diastereoselective reduction of an optically active -diketo
sulfoxides ester& and an enantioselective deprotonation reaction of prochiral compounds with chiral
bases have also been reportéd.

Here, we report the synthesis of lactones of tpendB, using two consecutive enantioselective allyl-
titanations of aldehydes which employ the cyclopentadienyldialkoxyallyltitanium comp@y-(,1°
according to the following retrosynthetic Scheme 1.
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Scheme 1. Retrosynthetic analysis

The lactone of typeA (X=CHy; Ar=Ph) was synthesized from the cheap, commercially available
2-phenylpropionaldehydg by two consecutive enantioselective allyltitanations. Addition of the cyclo-
pentadienyldialkoxyallyltitanium compleR(R)-I,1° to 2-phenylpropionaldehydeled to the homoallyl-
ic alcohol (+)2 in good yield (90%)° and with excellent enantiomeric excess (93%)]({?%=+19
(c 2.8, CHCB)).” This alcohol was then transformed to aldehy8l€NalO4/OsQ, in H,Olether)
which was directly treated with complelRR)-1 at 78°C to furnish 1,3-diol (+}4 ([ ]p%%=+16
(c 1.1, CHCB); yield=80%). The allyltitanation o8 did not require the protection of the hydroxy
group and thesyn1,3-diol (+)4 was obtained with a good diastereoselectivity (de=95%). The relative
configuration of the 1,3-diol (+3 was determined by converting it to the corresponding acetonide
(+)-5 (2,2-dimethoxypropane-acetone/CSA]$22=+20 (¢ 2.7, CHCh); yield=94%) and by analyzing
its 13C NMR.18 After oxidation of (+)5 (RuCk 3H,O/NalQy) and aqueous acetic acid treatment
(AcOH/H,O/THF) the hydroxy lactone (+§; which represents the top portion of compactin and me-
vinolin, was obtained ([]p%%=+50 (¢ 0.85, CHC}); yield=48%)512 The hydroxy lactone (+§ was
synthesized in six steps from 2-phenylpropionaldehyde with an overall yield of 29% (Scheme 2).

The enantioselective allyltitanation also allowed the synthesis of lactones oBtypeO). As an
example of this type, the synthesis of lactone {2has been realized from aldehyderhich was obtain-
ed from 2,4,5-trichlorophendf Aldehyde7 was converted to the optically active homoallylic alcohol
( )-8in 92% yield ([ ]p?’= 5 (c 2.8, CHC}); ee=95%) by using compleR(R)-1.17 After oxidation
of ( )-8 (OsQy/NalO4, HoOlether), the aldehyd® was obtained and transformed to #)-((RR)-I,
Et,O, 78°C); de=95%; [ ]p?%=+11 (c 2.4, CHC}); yield=87%). This compound was then converted to
acetonide ()-11(2,2-dimethoxypropane-acetone/CSA]H2%= 12 (c 1.1, CHC}); yield=90%), which
was oxidized (RuGl 3H,O/NalQ,, CH3sCN/CCl/H,0) and treated with aqueous TFA in @El, at
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Scheme 2. Synthesis of lactone of typg¢X=CH,)

25°C to afford the hydroxy lactone (A2 ([ ]p%?=+12 (€ 0.78 CHC}); yield=52%)2° The synthesis of
lactone (+)12 was achieved with good yield and good diastereomeric excess by using two consecutive
allyltitanations (Scheme 3).

i (R, ANl o 0s0,, NalO ¢
HJ\/OUCI 784G 4h O c1 0sOy4, NalO, HJ\/\/O cl
H,0, 12h ether, H,O
7 cl o] 92% ()-8 ci o 89% 9 cl Cl
-78°C, 4h
(R, R)"‘ H20, 12h

A RuCl3.3H20 o DMP OH OH
Nalo, :

B alO4 P : : o) Cl acetone ; : 0 cl
- -~ NN
cl 52% QALY cl 90% (10 cl

Cl

(+)-12
Scheme 3. Synthesis of lactone of typ€xX=0)

In summary, the enantioselective allyltitanation of aldehydes represents a new way for enantioselective
generation of the RR)-lactone unit of compactin and mevinolin and it allows the elaboration of
analogous lactone systems.
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Preparation of compound
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@ H KLOs O 0304 Nalos Cl O\JJ\H
;@[D Acetone, reflux :@[ ether/HzO I:[C
C c| allylbromide 89% cl |
95%

Colorless solid. mp: 90-92°C; [[5??=+12 (€ 0.78, CHC}); IR: 3405, 2935, 1720 cnt; *H NMR (300 MHz, CDC})
7.42 (s, 1H), 7.01 (s, 1H), 5.10 (m, 1H), 4.55 (m, 1H), 4.3-4.10 (m, 2H), 2.80-2.68 (m, 2H), 2.30 (br s, 1H, OH), 2.22-2.09
(m, 2H);3C NMR (75 MHz, CDC}) :169.2 (s), 152.8 (s), 131.2 (s), 130.9 (d), 124.9 (s), 122.3 (s), 115.2 (d), 74.4 (d),
70.8 (t), 62.4 (d), 38.4 (t), 31.6 (t); M&/z325 (M"), 308 (54), 306 (56), 211 (7), 209 (7), 198 (13), 196 (14), 181 (12),
179 (11), 169 (7), 167 (7), 145 (0), 111 (100), 97 (96), 81 (34), 69 (27), 55(22); HRM$galtd for GoH1,04Cl3 (M+1)
324.9801. Found 324.9799.



