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Abstract-A series of disubstituted thiazoles, functionalized with the essential 3,5-dihydroxy-6-heptenoic or heptanoic chain, 
were prepared and evaluated for their ability to inhibit the enzyme HMG-CoA reductase in vitro. All the synthesized compounds 
46-61 showed a moderate inhibitory potency. 

Introduction 

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 
reductase is responsible for the conversion of HMG-CoA to 
mevalonic acid and is the rate-limiting enzyme in the 
biosynthesis of endogenous cholesterol. Two closely 
related natural products, lovastatin2 and pravastatin,3 as 
well as the semisynthetic compound simvastatinP are 
potent HMG-CoA reductase inhibitors and are currently 
being used in the treatment of hypercholesterolaemia. 

In design of structurally simplified analogs of these natural 
products, emphasis has focused on the replacement of the 
complex decalin with structurally simpler aromatic or 
heteroaromatic surrogates leading to a variety of synthetic 
7-aryl/heteroaryl-3,5-dihydroxyheptanoic acid inhibitors of 
considerable potency. High activity has been reported for 
benzene derivatives,5 quinolines,h indoles, pyridines,s 
pyrimidines,g pyrroles,9T10 thiophenes,lO furans,’ o 
imidazolesll and pyrazoles.12 

We herein report the synthesis and biological activity of a 
thiazole series of HMG-CoA reductase inhibitors in which 
the pharmacophore 3,5-dihydroxyheptenoic and -heptanoic 
chain is linked at the 2,4 or 5 position of the disubstituted 
thiazole nucleus (Figure 1). 

Figure 1. 

Chemistry 

The target thiazolyl (E)-dihydroxyheptenoic and 
dihydroxyheptanoic acid derivatives 46-61 listed in Table 
4 were prepared by the general synthetic route shown in 
Scheme II. 

The required tbiazole esters 10-17 were synthesized by the 
Hantzsch procedure via condensation of an appropriate a- 
halocarbonyl compound (l-6) with a suitable thioamide 
(7-9) (Scheme I). 

Reduction of thiazole esters 10-13 with DIBAL-H directly 
produced the aldehydes 22-25, respectively, in good 
yields; the reduction of thiazole esters 14-17 mainly gave 
the alcohols 18-21, which, after oxidation with 
pyridinium chlorochromate afforded aldehydes 26-29, 
respectively. The synthesis of Q-o$-unsaturated aldehydes 
30-37 was accomplished by condensation of the 
corresponding aldehyde derivatives 22-29 with 
(triphenylphosphoranylidene)acetaldehyde in toluene. 
Condensation of 30-37 with the dianion of methyl 
acetoacetate afforded the racemic p-keto-b-hydroxy esters 
38-45. Highly stereoselective reduction of the keto 
group13 was performed with triethylborane and sodium 
borohydride to give /3,&lihydroxy esters 46-53 as a 
mixture of diastereoisomers with a syn:anti ratio > 96:4 
(13C NMR). Catalytic hydrogenation of 46-53 over Pd/C 
led to saturated analogues 54-61. 

Results and Discussion 

The target thiazole methyl esters 46-61 were evaluated, 
after saponification to the corresponding sodium salts, for 
their ability to inhibit the in vitro conversion of 
[14C]HMG-CoA to [14C]mevalonic acid by partially 
purified rat liver HMG-CoA reductase. The biological data 
are displayed in Table 4 as an IC50. Simvastatin was 
employed as control drug. 

AlI synthesized compounds showed a moderate activity 
with IC50 values in the order of 10s5 M. Positional 
modifications of heptenoic/heptanoic chain on the thiazole 
ring as well as size and shape of the two lipophilic groups 
had little affect on potency. Compounds 54-61, with a 
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1 X-Br,%=%=G% 

2 xPBr,%=4FWI%=fPr 

3 x=ar,~i,=%=4FW4 

4 x=ci,~,=o4Me,%=4FcBHa 

5 xpcl,%=m,%=CQEt 

8 x*ci,R,~~c&%=cw 

Scheme I. 

t 
b 

18-21 

7 &-CC&Et 

8 &=4FC&$ 

9 %-IPr L 

I 9 

Scheme II. Reagents: (a) CH$&, DIBAL-H, -78 “C; (b) PyCKrO3 a-I,CI,/EtOAc 1:l; (c) Ph3P=CHCH0, toluene, reflex; (d) 

~,Ct-m+pp,, N~H, THF, -30~; (e) BuLi, -70 ‘T; (D BEt3, O2 NaB$, -78 T, THF; (8) NWp HP 10 % PdK, MeOH. 

saturating ethenyl bridge between the mevalonic portion 
and thiazole ring, were generally two-to-four times less 
potent than the unsaturated analogues 46-53. 

The moderate activity shown by the compounds here 
studied compared to the high activity of the analogues with 
five-membered heterocyclic systems, such as pyrazole, 
imidazole, pyrrole, thiophene and furan, seems to indicate 
that the thiazole nucleus cannot interact fruitfully with the 
receptor site probably due to unfavorable steric and/or 
electronic requirements. On the other hand, our results are 
in agreement with those obtained with isothiazole and 
isoxazole analogues, *I4 this may be an indication that the 
presence of a third lipophilic substituent, absent in 
thiazole, isothiazole, and isoxazole nuclei, is necessary for 
a high inhibitory potency. 

In conclusion, it is clear that a disubstituted tbiazole 
nucleus is not a suitable heteroaromatic anchor system for 
replacing the hexahydro- naphthalene ring present in the 
fungal metabolites lovastatin and pravastatin. 

Experimental Section 

Melting points were determined in capillary tubes (Buchi 
melting point apparatus) and are uncorrected. Elemental 
analyses were performed on a Carlo Erba elemental 
analyzer, Model 1106, and the data for C, H and N are 
within f 0.4 % of the theoretical values. NMR spectra 
were recorded in CDC13 as solvent with Me4Si as internal 
standard using the following spectrometers: Varian EM 390 
(90 MHz ‘H), Bruker AC-200 (200 MHz ‘H, 50 MHz 
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13C). Chemical shifts are given in ppm (6) and the spectral used as received. Organic solutions were dried over 
data are consistent with the assigned structures. Column anhydrous Na2SO4 and concentrated with a Buchi rotary 
chromatography separations were carried out on Merck evaporator at low pressure. Yields are of purified product 
silica gel 40 (mesh 70-230). Reagents and solvents were and were not optimized. The physical properties of the 
purchased from common commercial suppliers and were synthesized compounds are summart ‘red in Tables 14. 

Table 1. Physical prop&es of thiazoie esters 

reac!lorl purttkation 
mmpd R2 R4 % time(h) %yisld mp,‘C methoda tom@’ 

10 =3&t cd& W6 3 80 89-92 A ClsHlsN02S 

11 U&Et 4F-CeH4 CPr 1 20 c50 A chd-w=No2s 

12 CQEt 4FJ&H4 4F-GH4 2 70 119-121 A WW2W 

ia CPr C02Ef 4F-C& 5 50 oil B C1sbW02S 

14 4FGsH4 a&Et 4F-C&14 12 35 MO-142 D Cl8HisfpN4pQ 

15 kPr 4F-C& CO&% 2 88 oil B W-WW 

16 4F-C&f4 CPr C&Et 4 80 60 B GshsFNoas 

17 4FCeH4 4F-C&I4 CO&b 1 70 lQQ-200 c CdW2Na2s 

YSolvent used with silica gd column or for purifkatioa as follows: (A) elution with gradient of cycloexane to 10 96 EtOAdcyclohexane, (B) 
isocratic elution with CHCl 3 , (C) washed with &OH, (D) washed with EtzO. 
bAll compounds had elementa analyses within f 0.4 % of theoretical value. 

Table 2. Physical properties of alcohols and akiehydes 

RzXzk 

18 4FCsH4 CHooH 4F-cd-14 70 155-150 G&WpNOS 

19 CPr 4F-cd4 CWH Q5 132-138 C1sH14F~S 

20 4F-CaH4 i-P? CWH Q5 127-130 ClsHl4~ 

21 4F-W4 4t-34 CM 85 1m181 GaWVJOS 

22 CHO CIHS Ws 45 104-fa3 c&$Nos 

23 CHO 4F-GH4 CPr 50 ou Cd-WN~ 

24 CHO 4F-W-b 4F-W4 55 96-98 ~1rHoFzNOS 

25 HSr CHO 4FGH4 58 (50 Cr&hnFNos 

26 4F-G,H4 CHO 4F-Wa 50 125-130 c&bF~ 

27 CPr 4F_CsH4 CHO 45 oil C1sHtnF~~ 

29 4F-CqH4 CPr CHO 50 107-I 10 ClsHld=~S 

29 4F-CgH4 (IF-Cd4 CHO 50 154-186 CleHoF2NoS 

‘All compounds were purified by column chromatography ehitiag with CHClp 
bAti ~~~~ had elemental analyses witin f 0.4 46 of ads value. 
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Table 3. Physical properties of (E)-a,@nsatured aldehydcs and (E)-P-keto-S-hydroxy esters 

R 

WXL 

A= M 

B= 

R4 R5 % yield’ mp, ‘C formuiab 

30 A 

31 A 

32 A 

33 CPr 

34 4F-‘&H, 

35 kPr 

36 4F-CsH4 

37 4F-Ct,H4 

36 B 

39 B 

40 B 

41 CPr 

42 4F-&H4 

43 CPr 

44 4F-CeH4 

45 4F-CsH4 

CsHS 

4F-W4 

4F-GH4 

A 

A 

4F-GH4 

kPr 

4F-W4 

Ws 

4FGH4 

4WeH4 

B 

B 

4FGH4 

i-Pr 

4F-C&f4 

Cd% 

kPr 

4F-CsH4 

4F-Ch 

4F-%H, 

A 

A 

A 

Cd-f5 

kPr 

4F-C.sH4 

4F-C&H4 

4F-CeI-h 

B 

B 

B 

80 111-113 

80 80-82 

90 100-102 

70 78-80 

90 156-159 

30 oil 

75 142 dec 

50 176-180 

80 Oil 

70 oil 

70 Oil 

60 oil 

60 oil 

70 oil 

60 Oil 

75 oil 

Tompounds 3 O-37 were purifii by column chromatography eluting with CH,CI,, while compounds 38-4 5 by column chromatography eluting 
with gradient of CHzClz to 60 % EtOAc/CH&. 
bAll compounds had elemental analyses within + 0.4 % of theoretical value. 

Table 4. Physical properties and inhibitory activitiesaof PJ-dihydtoxy esters 

R 
C= 

-wd 92 b R5 %yieldb mp, ‘C fomwlac Gel w4 

46 C GH5 CeHs 70 hrn CPH22N04S 30 

47 C 4F-CsH4 CPr 60 WBX CmH2,FN0,S 45 

48 C 4F-M4 4F-&H4 90 oil CnaH21 F2No4S 37 

49 kPr C 4F-C6H4 60 Oil C2&&FN04S 36 

50 4F-csH4 C 4F-CeI-h 70 WaX (&HP1 F2NO4S 45 

51 CPr 4F-C.,Hs C 80 oil GoH24FNO4S 38 

52 4F-CaHs I-Pr C 65 oil CeoH2,FN04S 47 

53 4F-CsHs 4F-C,,Hs C 50 oil t&H21 F2NO4S 55 

54 D CsHs CsHs 90 Oil C23hsNO4S 45 

55 D 4F-C6h CPr 85 Oil &HesFNO& 85 
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Table 4. Continued 

(=wJ R2 R4 &i %yieldb mp,‘C formulae lC, W) 

56 D 4F-CsH, 4F-C&H, 70 Oil GdW2~4S 75 

67 kPr D ~F-CBJH, 70 oil C&H&NO& 180 

56 4F-CsH, D 4F-CsH, 70 Oil ‘&~zB’JW 125 

59 CPr 4F-C&H, 0 85 oil &HsFNO,S 100 

66 4FGH4 CPr D 100 oil CpbFN0.S 38 

61 4F-GH, 4F-QH, D 85 Oil C2sHzaFzNO4S 90 

simvastatin 0.07 

‘All compounds in this table were tested after beii converted to the sodium salts of the corresponding dihydroxy carboxylic acids; for assay 

protocol see the Experimental Section. 
bcompounds 46-53 were purified by column chromatography eluting witht gradient of CH$&/EtOAc 3:7 to CH$I,/EtOAc l:l, while 

compounds 54-61 by column chromatography eluting with gradient of CH$Y,/EtOAc 8:2 to EtOAcKH2C12 6~4. 
‘All compounds had elemental analyses within f 0.4 Q of theoretical value. 

Desyl bromide (1) was obtained from Aldrich Chimica, 
while 2-bromo-1-(4-fluorophenyl)-3-methyl-1-butanone 
(2),15 2-bromo-1,2-bis-(4fluorophenyl)ethanone (3),15 
ethyl thioxamate (7)16 and iso-propylthioamide (9)17 were 
pmpared according to the literamre. 

Methyl 3-chloro-3-(4-jhu_wophenyl)-2-oxopropanoate (4) 

Sulfuryl chloride (5.8 mL, 71 mmol) was added dropwise 
to a solution of methyl 4-fluorophenylpyruvate (14 g, 71 
mmol) in CH$& (20 mL), cooled at 0 “C. The resulting 
mixture was warmed to 65-70 “C for 15 min, then cooled 
and extracted with Et;?O. The combined organic phases were 
washed with brine and evaporated to dryness to give 4 
(14.5 g, 88 %) as an oil which was used in the next step 
without further purification. lH NMR 6 3.70 (s, lH), 3.90 
(s, 3H), 6.90-7.50 (m, 4H). 

According to this procedure, compounds 5 and 6 were 
prepared starting from ethyl 4-methyl-3-oxopentanoate and 
methyl 3-(4-fluorophenyl)-3-oxopropanoate, respectively: 
5, oil (90 %); 6, oil (93 S). 

4-Fluorothiobenzamide (8) 

P2S5 (4 g, 15 mmol) was carefully added portionwise to a 
refluxing solution of 4-fluorobenzenamide (10 g, 72 mmol) 
in xylene (50 mL). After 10 min the hot mixture was 
filtered and then allowed to cool to room temperature. The 
resulting precipitate was collected to give 8 (6 

ig3 
54 8) as 

a crystalline yellow solid: mp 152-153 “C (lit. 8 149-151 
“0 

Geneml procedure for the synthesis of thiazole esters lO- 
17 

This procedure is illustrated by the synthesis of ethyl 4,5- 
diphenylthiazole-2-carboxylate (10). 

A mixture of ethyl thioxamate (7) (13.3 g, 0.1 mol) and 
desyl bromide (1) (27.5 g, 0.1 mol) dissolved in a 
minimum amount of dry EtOH, was refluxed for 3 h. The 
mixture was then poured into alkaline water (200 mL) and 

extracted with EtOAc. The combined organic phases were 
washed with brine, dried and evaporated to dryness. The 
residue was purified by column chromatography eluting 
with a gradient of cyclohexane to 10 % EtOAckyclohexane 
to give 10 (24.7 g, 80 a): mp 89-92 “C; ‘H NMR 6 1.45 
(t, J = 7 Hz, 3H), 4.50 (q, J = 7 Hz, 2H), 7.15-7.60 (m, 
10H). Anal. (C1sH15N@S) C, H, N. 

General procedure for the synthesis of thiazole-substituted 
aldehydes 22-25 

This procedure is illustrated by the synthesis of 4,5- 
diphenylthiazole-2-carboxaldehyde (22). 

DIBAL-H (14 mL, 1 M solution in CH2C12) was added 
dropwise to a solution of tbiazole ester 10 (2 g, 6.5 mmol) 
in dry CH2C12 (50 mL) cooled to -78 “C, under nitrogen 
atmosphere. After stirring for 3 h at -78 “C the reaction 
was quenched by adding saturated aqueous solution of 
Na2S04 (10 mL) and the mixture was allowed to warm to 
room temperature. Then it was acidified with dilute HCl, 
filtered and washed with EtOAc. The filtrate was washed 
with brine, dried and evaporated to dryness. The solid 
residue was chromatographed on a silica gel column eluting 
with CHC13 to give 22 (0.78 g, 45 %): mp 104-106 “C; 
‘H NMR 6 7.20-7.60 (m, lOH), 9.90 (s, 1H); 13C NMR 
6 183.95, 163.02, 153.27, 133.83, 130.87, 129.55, 
129.35, 129.04, 128.98, 128.56, 128.50. Anal. 
(C16HllNOS) C, H, N. 
General procedure for the synthesis of thiazole-substituted 
aldehydes 24-29 

This procedure is illustrated by the synthesis of 2,5-d&(4- 
fluorophenyl)thiazole-4-carboxaldehyde (26). 

Following the above reduction with DIBAL-H, thiazole 
ester 14 afforded the intermediate alcohol 18 (70 %) which 
was pure enough to be submitted to the next step: mp 
156-160 “C; ‘H NMR 6 4.76 (s, 2H), 7.00-7.25 (m, 4H), 
7.35-7.60 (m, 2H), 7.75-8.00 (m, 2H). 

Pyridinium chlorochromate (2.6 g, 12 mmol) was added 
portionwise to a solution of alcohol 18 (3.65 g, 12 mmol) 
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in CH2C12:EtOAc 1:l (80 mL). After stirring at room 
temperature for 1 h the reaction mixture was poured into 
water, alkalinized with 2 N NaOH and filtered. The filtrate 
was extracted with CH2C12. The combined organic phases 
were dried and evaporated to dryness. The resulting residue 
was chromatographed on silica gel column eluting with 
CH2C12 to give 26 (1.8 g, 50 96): mp 128-130 “C; ‘H 
NMR S 7.10-7.30 (m, 4H), 7.50-7.70 (m, 2H), 7.90- 
8.10 (m, 2H), 10.00 (s, 1H). 13C NMR 6 184.12, 180.77, 
167.00, 166.35, 161.98, 132.20, 132.03, 129.07, 128.87, 
116.54, 116.40, 116.09, 115.98. Anal. (CteH9F2NOS) C, 
H, N. 

General procedure for the synthesis of (I$-cq~unsaturated 
aldehydes 30-37 

This procedure is illustrated by the synthesis of (Z+3-(4,5- 
diphenylthiazol-2-yl)-2-propenal(30). 

A mixture of aldehyde 22 (5 g, 18.8 mmol) and 
(triphenylphospboranylidene)acetaldehyde (6.3 g, 20.7 
mmol) in dry toluene (100 mL) was refluxed for 1 h and 
then evaporated to dryness. The residue was purified by 
column chromatography eluting with CH2C12 to give 30 
(4.3 g, 79 %): mp 11 l-1 13 “C; rH NMR 6 6.85 (dd, J = 
15 and 8.5 Hz, lH), 7.20-7.70 (m, llH), 9.78 (d, J = 8.5 
Hz, 1H). Anal. (CtsHr3NOS) C, H, N. 

General procedure for the synthesis of /3-keto-Li-hydroxy 
esters 38-45 

This procedure is illustrated by the synthesis of methyl (E)- 
7-(4,5diphenylthiazol-2-yl)-5-hydroxy-3-oxo-6heptenoate 
(38). 

A solution of methyl acetoacetate (3.03 g, 26 mmol) in 
anhydrous THFJ (10 mL) was ad&d dropwise to a stirred 
suspension of NaH (60 % oil suspension, 1.12 g, 28 
mm00 in anhydrous THF (100 mL) at -30 “C and under a 
nitrogen atmosphere. When gas evolution was complete, 
the reaction mixture was cooled to -70 “C and then n- 
butyllithium (17.8 mL, 1.6 M solution in hexane) was 
added. The resulting yellow solution was stirred for 15 mm 
at -70 “C and then treated with a solution of cx,j3- 
unsaturated aldehyde 30 (4.47 g, 15.4 mmol) in anhydrous 
THF (25 mL). The reaction mixture was stirred for 1 h 
maintaining a temperature below -30 “C and then quenched 
by the addition of saturated aqueous solution of NH&l (15 
mL). After neutralization with 1 N HCI, the solution was 
extracted with EtOAc. The combined organic layers were 
dried and evaporated to dryness to give a residue which was 
purified by column chromatography eluting with a gradient 
of CH2C12 to 60 % EtOAcKH2C12 to give 38 (5.1 g, 82 
%) as an oil. ‘H NMR 6 2.85 (d, J = 7 Hz , 2H), 3.55 (s, 
2H), 3.75 (s, 3H), 4.80 (bs, IH), 6.53 (dd, J = 15 and 5 
Hz, lH), 6.88 (d, J = 15 Hz, lH), 7.15-7.60 (m, 10H). 
Anal. (C23H21 N04S) C, H, N. 

General procedure for the synthesis of /3,8dihydroxy esters 
46-53 

This procedure is illustrated by the synthesis of methyl (IQ- 
Jrro-Q-7-(4,5diphenylthiazol-2-yl)-3,5dihydroxy-6- 
heptenoate (46). 

A solution of triethylborane (15.5 n& 1 M solution in 
THF) was added to a solution of P-keto-Ghydroxy ester 38 
(5.1 g, 12.5 mmol) in dry THF (100 mL) under nitrogen 
atmosphere. Dry air was bubbled through the solution with 
a syringe. After 6 h at O-5 “C, the reaction mixture was 
cooled to -78 ‘C and then treated at once with NaBH4 (0.57 
g, 15 mmol). After 12 h at -20 “C under nitrogen, the 
mixture was quenched by addition of MeOH (5 mL), then 
acidified with 1 N HCl and extracted with EtOAc. The 
combined organic layers were washed with water, dried and 
evaporated to dryness. The residue was stirred for 24 h with 
MeOH. The solvent was removed and the residue was 
purified by column chromatography eluting with a gradient 
of CH2C12:EtOAc 3:7 to CH2C12:EtOAc 1:l to give 46 
(3.3 g, 64 k) as a foam which was a 98:2 mixture of 
syn:anti diastereoisomers determined by 13C NMR; ‘H 
NMR 6 1.70-1.85 (m, 2H), 2.45-2.55 (m, 2H), 3.70 (s, 
3H), 3.90-4.10 (bs, lH), 4.25-4.40 (m, lH), 4.50-4.65 
(m, lH), 6.55 (dd, J = 15.8 and 5.3 Hz, IH), 6.89 (dd, J= 
15.8 and 1.3 Hz, IH), 7.20-7.35 (m, 6H), 7.40-7.55 (m, 
7H). 13C NMR 6 172.79, 163.81, 150.56, 138.06, 
134.85, 132.00, 129.57, 129.09, 128.70, 128.28, 128.16, 
127.87, 123.14, 71.56, 68.31, 51.81, 41.43, 41.36. Anal. 
(CBH~NO&) C, H, N. 

The physical properties of target P,G-dihydroxy esters 47- 
53 are reported in Table 4 while their spectral data are 
enumerated below: 

Compound 47. *H NMR 6 1.30 (d, J = 6.5 Hz, 6H), 
1.65-1.80 (m, 2H), 2.45-2.60 (m, 2H), 3.35 (sept, J = 6.5 
Hz, lH), 3.70 (s, 3H), 4.05-4.60 (m, 4H), 6.45 (dd, J = 
15.4 and 5.8 Hz, lH), 6.82 (d, J = 15.4 Hz, lH), 7.10 (t, J 
= 8.6 Hz, 2H), 7.40-7.60 (m, 2H). 13C NMR 172.62, 
162.43, 159.95, 149.00, 142.60, 137.81, 130.59, 130.42, 
123.20, 115.53, 115.10, 71.30, 68.09, 51.70, 42.31, 
41.54, 27.61, 27.75. 

Compound 48. ‘H NMR 6 1.70-1.85 (m, 2H), 2.52 (d, J 
= 6 Hz, 2H), 3.70 (s, 3H), 3.90-4.00 (bs, lH), 4.10-4.20 
(bs, lH), 4.15-4.40 (m, lH), 4.55-4.65 (m, lH), 6.58 (dd, 
J = 15 and 4.9 Hz, lH), 6.80 (dd, J = 15 Hz, lH), 6.90- 
7.10 (m, 4H), 7.20-7.50 (m, 4H). 13C NMR 6 172.75, 
169.00, 164.98, 164.00, 160.20, 149.63, 138.47, 131.43, 
131.27, 130.87, 130.72, 122.83, 116.15, 115.73, 115.56, 
115.13, 71.44, 68.28, 51.81, 42.33, 41.46. 

Compound 49. ‘H NMR 6 1.45 (d, J = 7 Hz, 6H), 1.65- 
1.85 (m, 2H), 2.55 (d, J = 7 Hz, 2H), 3.20-3.45 (m, 2H), 
3.70-3.80 (m, 4H), 4.20-4.70 (m, 2H), 6.50-6.75 (m, 
2H), 7.10 (t, J = 8.5 Hz, 2H), 7.36 (dd, J = 8.5 and 5.1 Hz, 
2H). 13C NMR 176.10, 172.86, 146.87, 135.77, 135.41, 
131.52, 131.36, 121.25, 116.00, 115.58, 72.34, 68.42, 
51.81, 42.70, 41.45, 35.55, 23.13. 

Compound 50. ‘H NMR 6 1.70-1.90 (m, 2H), 2.50 (d, .I 
= 6.4 Hz, 2H), 3.70 (s, 3H), 3.90-4.00 (bs, lH), 4.20- 
4.40 (m, lH), 4.50-4.70 (m, lH), 6.62 (d, J= 15 Hz, H-I), 
6.80 (dd, J = 15 and 6.4 Hz, lH), 7.00-7.20 (m, 4H), 
7.35-7.50 (m, 2H), 7.85-8.00 (m, 2H). 13C NMR 6 
172.68, 166.36, 165.10, 164.37, 161.38, 160.15, 148.44, 
136.32, 132.65, 131.44, 131.27, 129.64, 128.42, 128.25, 
127.12, 120.64, 116.09, 115.66, 72.03, 68.27, 51.69, 
42.57, 41.46. 
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Compound 51. ‘H NMR 6 1.42 (d, J = 7 Hz, 6H), 1.65- 
1.85 (rn, 2H), 2.50 (d, J = 6.5 Hz, 2H), 3.30 (sept, J = 7 
Hz, lH), 3.50-3.60 (bs, lH), 3.70 (s, 3H), 3.75-3.85 (bs, 
lH), 4.20460 (m, 2H), 6.59 (dd, J = 15.4 and 6.2, lH), 
6.75(dd, J = 15.4 and 1.5, lH), 7.10 (t, J = 8.7 Hz, 2H), 
7.55 (dd, J = 8.7 and 5.2 Hz, 2H). t3C NMR 172.81, 
165.00, 160.06, 150.50, 134.74, 130.95, 130.79, 129.82, 
120.75, 115.58, 115.16, 72.18, 68.25, 51.81, 42.54, 
41.32, 33.50, 23.18, 23.05. 

Compound 52. ‘H NMR 6 1.32 (d, .I = 7 Hz, 6H), 1.70- 
1.80 (XII, 2H). 2.55 (d, J = 7.4 Hz, 2H), 3.20 (sept, J = 7 
Hz, lH), 3.70 (s, 3H), 3.80-4.00 (m, 2H), 4.25-4.40 (m, 
lH), 4.50-4.60 (m, lH), 5.95 (dd, J = 14.8 and 6.6 Hz, 
lH), 6.80 (d, .I = 14.8 Hz, lH), 7.10 (t, .I = 8.8 Hz, 2H), 
7.88 (dd, J = 8.8 and 5.5 Hz, 2H). 13C NMR 6 172.73, 
166.19, 163.04, 161.22, 160.72, 133.41, 130.30, 128.36, 
128.20, 119.66, 115.98, 115.53, 72.18, 68.26, 51.73, 
42.73, 41.46, 28.54, 22.44. 

Comportnd 53. ‘H NMR 6 1.60-1.80 (m, 2H), 2.40- 
2.60 (m, 2H), 3.70 (s, 3H), 3.85-4.00 (m, 2H), 4.20-4.35 
(m, lH), 4.40-4.60 (m, lH), 6.05 (dd, J = 15.7 and 6.3 
Hz, lH), 6.78 (dd, J = 15.7 Hz, lH), 7.05-7.25 (rn, 4H), 
7.55-7.70 (m, 2H), 7.85-8.00 (m, 2H). 13C NMR 6 
172.70, 165.17, 163.28, 161.47, 160.24, 152.04, 135.73, 
131.27, 130.98,130.82, 129.72, 128.50, 128.33, 120.38, 
116.16, 115.72, 115.64, 115.22, 71.95, 68.20, 51.73, 
42.57, 41.40. 

General procedure for the synrhesis of hydrogenated p,S 
dihydrov esters 54-61 

This procedure is ilhrstrated by the synthesis of methyl (k)- 
syn-7-(4,5diphenylthiazol-2-yl>3,5dihydroxyheptanoate 
(54). 

A stirred solution of the olefinic ~,&dihydroxy ester 46 
(0.41 g, 1 mmol) in MeOH (40 mL) and Et3N (0.2 mL) 
was hydrogenated over 10 % Pd/C (40 mg) at atmospheric 
pressure and room temperature for 30 min. The mixture 
was filtered off and the filtrate was evaporated to dryness 
and purified by column chromatography eluting with a 
gradient of CH2C12:EtOAc 8:2 to CH$&:EtOAc 6:4 to 
afford 54 (0.32 g, 78 %) as an oil; rH NMR S 1.60-1.72 
(m, 2H), 1.90-2.10 (m, 2H), 2.50 (dd, J = 8 and 4 Hz, 
2H), 3.15 (t, J = 7.6 Hz, 2H), 3.70 (s, 3H), 3.95-4.10 (m, 
lH), 4.25-4.40 (m, IH), 4.454.50 (bs, lH), 5.00-5.10 
(bs, lH), 7.20-7.35 (m, 6H), 7.40-7.50 (m, 4H). 13C 
NMR 6 172.37, 168.58, 149.00,134.52, 132.17, 131.84, 
129.40, 128.81, 128.52, 128.13, 127.90, 127.62, 70.79, 
28.41, 51.47, 42.42, 41.72, 36.75, 29.36. Anal. 
(&HZN04S) C, H, N. 

The physical properties of target hydrogenated p,S- 
dihydroxy esters 5561 are reported in Table 4 while their 
spectral data are enumerated below: 

Compound 55. lH NMR 6 1.30 (d, J = 6.9 Hz, 6H), 
1.60-1.70(m, 2H), 1.85-2.00 (m, 2H), 2.40-2.55 (m, 
W), 3.05-3.20 (m, 2H), 3.35 (sept, J = 6.9 Hz, lH), 3.70 
(s, 3H), 3.90-4.10 (m, lH), 4.20-4.45 (m, 2H), 5.05- 

5.20 (bs, lH), 7.10 (t, J = 8.6 Hz, 2H), 7.48 (dd, J = 8.6 
and 5.2 Hz, 2H). 13C NMR 6 172.50, 166.84, 159.84, 
147.63, 142.10, 130.45, 130.28, 115.51, 115.08, 71.08, 
68.57, 51.56, 42.51, 41.77, 36.67, 29.62, 27.47, 25.78. 

Compound 56. ‘H NMR 6 1.60-1.75 (m, 2H), 1.90-2.10 
(m, 2H), 2.45-2.55 (m, 2H), 3.17 (t, J = 7.7 Hz, 2H), 
3.70 (s, 3H), 3.75-4.10 (m, lH), 4.25-4.40 (m, lH), 
4.40-4.50 (bs, lH), 4.80-4.90 (bs, lH), 6.88-7.05 (m, 
4H), 7.20-7.32 (m, 2H), 7.35-7.50 (m, 2H). 13C NMR 6 
162.36, 168.80, 164.86, 164.68, 159.85, 148.19, 131.24, 
131.07, 130.73, 130.61, 127.74, 115.92, 115.48, 115.35, 
114.91, 70.65, 68.36, 51.43, 42.39, 41.66, 36.80, 29.28. 

Compound 57. ‘H NMR 6 1.40 (d, J = 7 Hz, 6H), 1.55- 
1.90 (m, 4H), 2.40-2.60 (m, 2H), 2.70-3.05 (m, 2H), 
3.25 (sept, J = 7 Hz, lH), 3.70 (s, 3H), 3.90-4.10 (m, 
lH), 4.20440 (m, lH), 4.45-4.60 (bs, lH), 5.60-5.90 
(bs, lH), 7.10 (t, J = 8.4 Hz, 2H), 7.35 (dd, .I = 8.4 and 
5.3 Hz, 2H). 13C NMR 6 180.74, 172.51, 164.95, 
150.05, 131.21, 131.04, 130.05, 115.98, 115.55, 71.86, 
68.87, 51.61, 42.58, 41.94, 36.69, 33.08, 25.75, 22.91. 

Compound 58. ‘H NMR 6 1.59-1.74 (m, 2H), 1.84-2.10 
(m, 2H), 2.44-2.60 (m, 2H), 2.80-3.09 (m, 2H), 3.70 (s, 
3H), 3.90-4.10 (m, lH), 4.00-4.20 (m, 2H), 7.00-7.15 
(m, 4H), 7.30-7.50 (m, 2H), 7.75-7.95 (m, 2H). 13C 
NMR 6 172.53, 166.38, 164.50, 161.39, 160.11, 152.07, 
131.20, 131.04, 129.43, 128.22, 128.05, 127.43, 116.34, 
116.10, 115.90, 115.67, 71.63, 68.72, 51.61, 42.50, 
41.78, 36.75, 25.68. 

Compound 59. ‘H NMR 6 1.40 (d, J = 7 Hz, 6H), 1.45- 
1.60 (m, 2H), 1.70-1.80 (m, 2H), 2.45 (d, J = 6.8 Hz, 
2H), 2.85-3.10 (m, 2H), 3.30 (Sept. J = 7 Hz, lH), 3.70 
(s, 3H), 3.75-4.00 (m, 2H), 4.10-4.30 (m, lH), 7.10 (t, J 
= 8.6 Hz, 2H), 7.55 (dd, J = 8.6 and 5.2 Hz, 2H). 13C 
NMR 6 174.28, 172.81, 164.60, 132.28, 130.48, 130.32, 
115.44, 115.00, 70.85, 68.88, 51.76, 42.06, 41.40, 
39.74, 33.28, 23.16, 22.92. 

Compound 60. ‘H NMR 6 1.32 (dd, J = 7.2 and 1.5 Hz, 
6H), 1.55-1.90 (m, 4H), 2.50 (d, J = 7 Hz, 2H), 3.85- 
3.00 (m, 2H), 3.10 (Sept. J = 7.2 Hz, lH), 3.70 (s, 3H), 
3.85-4.00 (m, lH), 4.20-4.40 (m, 2H), 7.08 (t, J = 8.6 
Hz, 2H), 7.88 (dd, J = 8.6 and 5.3 Hz, 2H). 13C NMR 6 
172.90, 165.96, 163.80, 158.88, 130.61, 128.10, 127.93, 
115.89, 115.47, 70.80, 69.01, 51.79, 42.44, 41.45, 
39.92, 29.67, 28.23, 22.72. 

Compound 62. ‘H NMR 6 1.45-1.70 (m, 2H), 1.75-2.00 
(m, 2H), 2.45 (d, J = 5.5 Hz, 2H), 2.90-3.15 (m, 2H), 
3.70 (s, 3H), 3.75-4.00 (m, 2H), 4.15-4.30 (m, lH), 
7.05-7.20 (m, 4H), 7.60-7.70 (m, 2H), 7.90-8.00 (m, 
2H). l3C NMR 6 172.80, 164.86, 162.94, 161.24, 
159.95, 150.92, 134.19, 130.56, 130.39, 128.22, 128.06, 
116.06, 115.61, 115.55, 115.11, 70.71, 68.88, 51.75, 
42.22, 41.38, 39.66, 23.15. 

HMG-CoA reducrase inhibirion assay 

The inhibitory activity of compounds 46-61 on rat liver 
HMG-CoA reductase was evaluated with soluble-enzyme 
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preparations obtained from the microsomal fraction as 
described by Philipp er al. l9 The test was performed 
according to the method reported by Avigan et a1.2o The 
complete assay medium contained the following in a total 
volume of 0.2 mL: Tris, 6 mM; EDTA, 2.5 mM; DTT, 
2.5 mM; NADP, 50 mM; glucose-6-phosphate, 50 m.M; 
glucose-6-phosphate dehydrogenase, 2.8 units; HMG-CoA, 
0.91 mM containing 100 nCi of [14C]HMG-CoA (New 
England Nuclear); partially purified enzyme stock solution, 
50 @. Test compounds or simvastatin (after conversion to 
their corresponding sodium carboxylate through reaction 
with 1 equiv. of 1 N NaOH in MeOH) were added to the 
assay system in 10 PL volumes at multiconcentration 
levels. After a 30 min incubation at 37 “C, the reaction 
was stopped by the addition of 75 @ of 2 N HC104. After 
an additional 25 min incubation period at 37 “C and 10 min 
in an ice bath 75 ~_LL of 3 N potassium acetate and 150 PL 
of water were added and the mixture was centrifuged. The 
supematant (400 @.,) was added to a 0.6 x 8 cm column 
containing 100-200 mesh AGl x 8, Cl form (Bio-Rad). 
The [ 14C]mevalonolactone was eluted with distilled water 
(3.8 mL) into scintillation vials. Ten mL of scintillation 
liquid was added to each vial and the radioactivity was 
measured in a Canberra-Packard Model 4000 Tricarb 
scintillation counter. The assay was carried out in 
triplicate; IC5o values were determined by plotting 
percentage inhibition against test compound concentration 
(four or five levels). 
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