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CONVENIENT TWO-STEP STEREOSPECIFIC HYDROXY-SUBSTITUTION WITH 

RETENTION IN E-HYDROXY-6-LACTONES. 
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Abstract: Michael additions of mercaptanes and amines to optically pure 6- 
alkyl-5,6-dihydro-ZH-pyran-Z-ones of the mevinolin type [6(&5 and the 
aromatic analog [6(,5)1-z 
mevinolin analogs. 

are stereospecific to give 4(g)-substiTuted 

Compactin la and mevinolin 3, metabolites isolated from culture broths of - 
Penicillium and Monascus strains, inhibit HMG CoA reductase and thus are 

capable to block cholesterol biosynthesis in mammals on an early stage. 1 

An abnormally high level of plasma cholesterol is a primary risk factor for 

development of atherosclerosis and coronary artery disease. 1 The potential 

of la and lb to be of therapeutic value against these pathological states has - - 
provoked the development of several total syntheses and numerous synthetic 

studies. 2 While the replacement of the hexalin portion of these compounds by 

substituted biphenyls and the replacement of the saturated ethylene bridge by 

an ethene bridge have been reported, 3 ether bridged systems of type 2 have 

not. 4 

This paper describes the substitution of the 4g-hydroxy group of g 5 and 

3b 415 - by several mercaptyl- and amino-groups with retention of configuration. 

Heating a solution of 1 mm01 of lb or 3b and 2 mm01 of the Burgess reagent 4 6 -- 
in 30 ml of dry benzene to 60°C (1,5 h) gave the a,B-unsaturated lactones 5 

(mp. 128-129’C) and 2 (mp. 79'C) in 61 and 93% yield, respectively. 7,8 - The 

compound 1 was produced in 79% yield 8 , when a solution of 1 mm01 of 3a in 30ml - 
of THF was treated with 3 mm01 of tetrabutylammonium fluoride and 1 mm01 of 

p-toluenesulfonic acid- monohydrate (2S°C, 12 h). The 4E-addition product 5 

was obtained stereospecifically in 74% yield 8 when 5 was treated with 1 equiv. 

of thiolacetic acid and 0.1 equiv. of triethylamine (O'C, 2 h). 9 Similar 

treatment of ? with mercaptanes in the presence of base or with primary amines 

(Table 1) gave stereospecifically the 4R-substituted addition products 8. 10 The 

4&-configuration is obvious from a comparison of the 1 H-nmr spectra of g, g, 
11 5 and 8a-d , -- as well as from the stereospecificity of the reaction. Neither 

tic analyses of the reaction mixtures nor 270 MHz-lH-nmr spectra of crude or 

purified 5 or 8 indicated the presence of any 4S-isomers. Inhibition data of 

HMG CoA reductase activity are summarized in Table 2. 

Acknowledgement: We are indebted to Dr. Fehlhaber and Dr. Kogler for the 

interpretation of nmr spectra. 
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Table 1: Stereospecific Michael additions of nucleophiles R’YH to a,a-unsaturated lactones 5 and 7 
- - 

ret. lactone R’YH (equiv) base (equiv) SOlVent ‘C tine (h product 

1’ s CH$OSH (1.01 NEt3 (0.1) none 0 2 6 

2 7 CH3COSH (1.6) NEt3 (0.2) none 2s 0.5 - 8a 

3 7 HOCH2CH2SH (1 .8) NEt3 (0.4) none 25 0.5 - 8b 

4 7 C6HSCH2SH (2.5) NEt3 (0.5) none 25 2 - SC 

5 7 L-Cystein (2.0) Na2C03 (1.5) CHC13/ 2s 1 8d - 
.HCl NEt3 (1.8) CH30H 

6 7 HOCH2CH2NH2 (1.0) none DUE 2s 12 Se - 

7 7 HOCH2CH2NH2 (10) none DME 2s 1 Se-amide - 

8 7 C6H5CH2NH2 (2.0) none C6H6 50 12 E-amide 

Table 2: Inhibition of solubilired HMG CoA reductase from rat liver microsomes 

Compound 

lb-Na*-salt 

- 
lb - 

3a-Nat-salt - 

3a 

6 

8a - 

Jb - 

ICso (mol/l) 

8 .10-g 

2 *IO -7 

3.6.10-7 

1 .10-6 

1.5.10 -6 

3 .10-7 

1 .10-6 

Compound ICSo (moi/l) 

SC 
-10 

-4 
- 

249 inhib. at 10m7 
8d 37% inhib. at 10s6 - 

Be-ethanolamide 
> -4 

10 

Bf-benzylamide > 10 -4 

9 3.10‘6 

10 3.10-6 - 

HO- CHz- 

t?e-amide: ; - 

yield (8)’ 

749 

947 

657 

957 

97’ 

68’2 

91’ 

9S7 
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12 R1 =H 

Lb R’ = CH3 

9 
CH3-C-+-y0 

benzene, 6O’C 

B 
Cti3-C-SH 3 

NE13 

R6: B 
CH3-C - 

Y: s 

N HO-CH2-Ct$- 

Ph-CHf 
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5 lb and 3a,b were optically pure (4R,6S), as drawn. 
6 EM-Burgess, H.R.Penton Jr., E.A.Taylor, J.Org.Chem 38, 26 (1973). 
7 No by-products were observed on tic analysis of the reaction mixture. 
8 All yields refer to purified products after flash chromatography. All 

products were characterized by 270 MHz H-nmr and ms spectra. 
9 With an excess of reagent (1.7 equiv. CH,COSH, 0.2 equiv. NEt,) and 

longer reaction time (25OC, 2d) the 1,4-gddition products 
obtained additionally. 
tic (30% AcOEt/ 70% petroleum ether): 6 (40% yield, R = 
(0% and 20% yield, Rf = 0.27),10 (25% yzeld, Rf = 0.23f. - 

S-C-CH3 
0 

z lo 

9 a5d 10 were - 

0.32), 2, 2 

,CH3 

10 K. Torssell, M.P. Tyagi, Acta Chem. Stand. B31, 297 (1977) did observe 
comparable trans-selectivities in nucleophilic additions to 6-methyl- 
5,6-dihydro-2H-pyran-2-one. 

11 In lit. 3b (page 168) the distinction of cis- and trans-2 has been made 
based on the chemical shift of the proton at C-6 and the coupling constants 
of the proton at C-4. It was observed that 6-H trans-11 is deshielded 
0.47 ppm relative to 6-H of cis-11 and that the vicina coupling constants 
of trans-11 are 3-5.2 Hz comparerto 5-9.2 Hz for cis-11. We have found 
6= 4.53 p@ for 6-H and J= 5.1, 3.9, 3.9 and 3.4 Hz for4-H in mevinolin lb 

- In 5, 9 and 10 6-H had chemical shifts of 6= 4.37, 4.40, and 4.39 ppm, 
respectively, 4-H had average coupling constants (treatment as qui) of 5.8, 
5.9 and 5.9 Hz, respectively. 
In 3b 6-H had 6= 4.98 ppm and 4-H an average coupling constant of 3.9 Hz. 
In G-ad the resonance of 6-H was in the range 6= 4.78 - 4.88 and average -- 
J-values were in the range 5.6 - 5.8 Hz, respectively. 

12 Addition to the double bond is accompanied by some opening of the lactone 
to give the amide. Better yield is obtained according to reaction 7 with 
excess amine, followed by saponification of the resulting ethanolamide 
(cont. NaOH /H-O/ EtOH, reflux, 3h), acidification and reflux with benzene. 
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