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Figure 5-Areas from plots of the type in Fig. 3 at  six different pres- 
sures, plotted as a function of maximal pressure according to Eq. 6. 

I. The last column gives the Fo value that is the smallest force necessary 
for actual displacement beyond the rearrangement step. It is seen from 
Table I that, for example, for “excipient + copolymer (50%)” (the case 
shown in Fig. 3), Fob In Fo = 168 J and Fob = 18.8 J. In other words, In 
Fo = 168h8.8 = 8.94, or Fo = 6610 N. This value corresponds to an or- 
dinate of 0.66 in Fig. 3, which corresponds to a “recorded” abscissa value 
(with arbitrary zero) of 4.5 mm. 

Since Fob = 18.8, it follows that b = l8.8/Fo = 0.0028 m = 2.8 mm. 
Hence, in Fig. 3, the final asymptote would be at a recorded abscissa value 
of 4.5 + 2.8 = 7.3 mm (again recalling that the zero is somewhat arbitrary). 
At  this point, the distance between the upper and lower punch would be 
2.4 mm6. If the solid achieves its true density a t  b, then the true density 
can be deduced. The die has a diameter of 12 mm; i.e., the volume be- 
tween the upper and lower punch is equal to [?r (1.22/4) 0.241 = 0.27 cm3. 

~ ~ 

6 This value is obtained from knowledge of the lower punch position in relation 
to the arbitrary zero and does not account for possible compression of the pre- 
sumably static lower punch. 

The weight of the solids is 500 mg, so the true density would have a value 
of 0.5/0.27 = 1.84 g/cm3, which is reasonable. Since compression can 
possibly (and presumably does) produce densities that are higher than 
the true densities a t  atmospheric pressure, the calculated figure only has 
interest in that it is of a reasonable magnitude. Furthermore, Eq. 8 deals 
with the energy input and assumes that the relaxation trace in Fig. 3 (the 
recovery) is vertical. This approximation becomes poorer the more pro- 
nounced the recovery after upper punch release. 

SUMMARY 

The present study shows that the Parmentier-Fuhrer equation for the 
value of the upper punch force as a function of displacement is useful and 
can be used to deduce mathematically energy versus maximum force 
relationships for energy input. These relationships were validated ex- 
perimentally. The plots provide an estimate of the point in the dis- 
placement of the upper punch where the powder or granulation was 
rearranged to its closest packing. 
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Abstract 0 A series of 20 mevalonic acid analogs was synthesized and 
tested for their ability to inhibit cholesterol biosynthesis from [2J4C]- 
mevalonate in rat liver homogenates. Removal of the 5-hydroxyl group 
from mevalonic acid produced an active inhibitor, 3-hydroxy-3-meth- 
ylpentanoic acid. Removal of the 3-hydroxyl group, addition of an aro- 
matic group in the 3-position, or insertion of a double bond reduced in- 
hibitory activity. Compounds with an aromatic group or halide on the 
5-position were active inhibitors. The most active inhibitor was 5- 
phenylpentanoic acid, with 50% inhibition at 0.064 mM. 

Keyphrases Mevalonic acid-analogs synthesized as potential cho- 
lesterol biosynthesis inhibitors Cholesterol-inhibitors, synthesis and 
testing of mevalonic acid analogs Structure-activity relationships- 
mevalonic acid analogs as inhibitors of cholesterol biosynthesis 

Considerable progress has been made in understanding 
the biosynthesis of cholesterol (1,2). Mevalonic acid, the 
product of the major rate-limiting reaction of cholesterol 

biosynthesis, is converted to isopentenyl pyrophosphate 
by three enzymes, each requiring Mg2+ and ATP. The first 
step is phosphorylation at position 5 by mevalonate kinase 
(EC 2.7.1.36). Next, 5-pyrophosphomevalonate is formed 
by phosphomevalonate kinase (EC 2.7.4.2). This product 
is decarboxylated and dehydrated by pyrophosphomev- 
alonate decarboxylase (EC 4.1.1.33), possibly involving 
3-phospho-5-pyrophosphomevalonate as an interme- 
diate. 

Interest has focused on these reactions for various rea- 
sons. For example, the role of cholesterol in atherosclerosis 
prompted a search for inhibitors of these reactions with 
the prospect of decreasing cholesterol synthesis (3-7). It 
also has been suggested that the decreased brain choles- 
terol levels seen in phenylketonuria may be due to inhi- 
bition of these steps by elevated levels of phenylalanine 
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and its deaminated metabolites (8, 9). Furthermore, the 
development of specific inhibitors could be used to study 
the mechanism of these reactions and their importance as 
a secondary regulatory site of cholesterol synthesis. In 
addition, such inhibitors could help elucidate the mecha- 
nism and control of the recently observed nonsterol met- 
abolic pathway of mevalonic acid (10, 11). 

This paper describes the synthesis and testing of mev- 
alonic acid analogs for their ability to inhibit the incor- 
poration of [2-14C]mevalonate into cholesterol by rat liver 
homogenates. 

EXPERIMENTAL' 

All mevalonic acid analogs were either prepared in this laboratory or 
obtained commercially2. The 3-hydroxy esters were prepared by the 
Reformastki reaction (12). The products were purified by fractional 
vacuum distillation through a Vigreux column. The structures were 
verified by NMR spectroscopy. Elemental analyses were performed on 
those compounds for which there were no analytical data in the literature 
for comparison. 

Ethyl 3-(4-Chlorophenyl)-3-hydroxypentanoate (E-8)-Com- 
pound E-8 was prepared by the careful dropwise addition of p-chloro- 
propiophenone (15 g, 89 mmoles) and ethyl bromoacetate (15.5 g, 93 
mmoles) in ether (20 ml) and benzene (20 ml) to granular zinc (11 g, 168 
mmoles) while stirring mechanically. After the exothermic reaction 
subsided, the mixture was stirred and refluxed for 3 hr, cooled, acidified 
to pH 3 with 10% HCl, and extracted twice with chloroform. 

The organic portions were combined, washed with 5% NaHC03, and 
dried over anhydrous magnesium sulfate, and the solvents were removed 
under reduced pressure. The residue was distilled, yielding 20 g (88%) 
of a colorless liquid, bp 111-112.5"/0.15 mm Hg; NMR (CDC13): 6 0.74 
(t, 3H, CH3), 1.09 (t, 3H, CH3-ester), 1.78 (4, 2H, CHz), 2.85 (9, 2H, 
CH2=0),4.08(q,2H,COOCH2),4.37 (s,lH,OH),and7.42(~,4H,aro- 
matic) ppm. 

Anal.-Calc. for C13H17C103: C, 60.82; H, 6.67; C1, 13.81. Found: C, 
60.69; H, 6.74; C1, 13.69. 

Ethyl 5-Chloro-3-hydroxy-3-phenylpentanoate (E-9)-Compound 
E-9 was prepared by the slow addition of P-chloropropiophenone (5 g, 
30 mmoles) and ethyl bromoacetate (4.95 g, 30 mmoles) in ether (13 ml) 
and benzene (13 ml) to zinc dust (1.9 g, 60 mmoles) while stirring me- 
chanically. After the exothermic reaction subsided, the mixture was re- 
fluxed overnight and worked up as already described. Vacuum distillation 
yielded 4.0 g (52%) of a faint-yellow liquid (E-9), bp 120-122O/0.3 mm 

CH2C=O),3.34 (m, 2H,CH2CI),4.00 (q,2H, COOCH2),4.54 (s, lH,OH), 
and 7.33 (s, 5H, aromatic) ppm. 

Anal.-Calc. for C13H17C103: C, 60.82; H, 6.67; C1, 13.81. Found: C, 
60.51; H, 6.75; C1, 13.88. 

Ethyl 3-Hydroxy-3-methylpentanoate (E-1)-Methyl ethyl ketone 
(69 g, 0.96 mole) and ethyl bromoacetate (167 g, 1.0 mole) in ether (450 
ml) were added to zinc dust (120 g, 1.84 moles) with mechanical stirring. 
The mixture was refluxed overnight and worked up as already described. 
Vacuum distillation yielded 108 g (70%) of a colorless liquid (E-l), bp 
38-39O/0.015 mm Hg [lit. (13) bp 83-88'/13 mm]. 

Ethyl 3-Hydroxy-3-phenylpentanoate (E-7)-Propiophenone (33.5 
g, 0.25 mole) and ethyl bromoacetate (42 g, 0.25 mole) in ether (50 ml) 
and benzene (50 ml) were added to zinc dust (33 g, 0.51 mole) with me- 
chanical stirring. The mixture was refluxed overnight and worked up as 
already described. Distillation resulted in 35 g (63%) of a faint-pink liquid 
(E-7), bp 86.5-88'/0.15 mm Hg [lit. (14) bp 104'/0.5 mm]. 

Ethyl A2-3-Methylpentenoate (E-2)-The Emmons modification 
(15) of the Wittig reaction was used to prepare E-2. Ethyl bromoacetate 
(83.5 g, 0.5 mole) was added dropwise to a stirred solution of triethyl 
phosphite (83.1 g, 0.5 mole). After complete addition, the temperature 
was increased, and ethyl bromide began to distill off. As the liberation 
of ethyl bromide decreased, the temperature was increased slowly, finally 
remaining at 170-175" for 1 hr. The cooled solution was added dropwise 

Hg; NMR (CDC13): 6 1.03 (t, 3H, CH3), 2.27 (t, 2H, CHz), 2.88 (s, 2H, 

~~ ~ ~ 

1 Melting points were determined on a Fisher-Johns apparatus and are uncor- 
rected. NMR spectra were determined using a Varian A-60A spectrometer with 
tetramethylsilane as an internal standard. Elemental analyses were performed by 
Bristol Laboratories, Syracuse, N.Y. * Compounds E-5, A-11, A-12, A-13, and A-14 were from Aldrich Chemical Co., 
and E-4 and A-6 were from Frinton Laboratory. 

to sodium ethoxide formed from the addition of absolute ethanol (23 g, 
0.5 mole) to sodium ribbon (11.5 g, 0.5 mole) in tetrahydrofuran (300ml) 
under nitrogen. Then, methyl ethyl ketone (36 g, 0.5 mole) was added 
slowly at a rate to keep the temperature below 35O. 

After addition of the ketone, the mixture was stirred and refluxed 
overnight, cooled, and filtered. The precipitate was washed with ether, 
ethanol, and finally water. The aqueous phase was washed twice with 
ether. The combined organic phases were dried over anhydrous magne- 
sium sulfate, and the solvents were removed under reduced pressure. 
Distillation yielded 48 g (68%) of a colorless liquid (E-2), bp 72-74'/23 
mm Hg [lit. (16) bp 68"/14 mm]; NMR (CDCl3): 6 1.06 (t, 3H, CH3), 1.25 
(t, 3H, CH3-ester), 2.10 (m, 2H, CHzC=), 2.16 (5, 3H, 
CH3C=), 4.14 (q, 2H, COOCHz), and 5.65 (s, lH,  HC=C) ppm. 

Methyl A3-3-Methylpentenoate (E-a)-Kon and Linstead (17) 
claimed that ethyl A3-3-methylpentenoate could be selectively prepared 
by the dehydration of E-1 by heating in the presence of potassium hy- 
drogen sulfate. However, this procedure resulted in a mixture of the Az- 
and A3-esters, as confirmed by NMR. Thus, the more complex procedure 
of Wagner (13) had to be utilized, which would specifically locate the 
double bond in the A3-position and result in the trans-isomer. Briefly, 
the procedure involved four steps: (a) aldol condensation of acetaldehyde 
and methyl ethyl ketone in the presence of base to yield 4-hydroxy-3- 
methylpentanone, ( b )  dehydration of the @-hydroxyketone to 3- 
methyl-3-penten-2-one. (c) formation of 3,4-dibromo-3-methyl-2-pen- 
tanone by the addition of bromine to the unsaturated ketone, and (d) 
Favorskii rearrangement of the a,/?-dibromoketone in the presence of 
sodium methoxide to form methyl A3-3-methylpentenoate (E-3) (25% 
yield), bp 47-50°/11 mm Hg [lit. (13) bp 74"/50 mm]; NMR (CDC13): 6 
1.5 [m, 6H, (CHzC=)2], 3.0 (d, 2H, CHz), 3.65 (s, 3H, OCH3), and 5.42 
(m, lH, CH=C) ppm. 

Saponification of Esters-Two general procedures similar to those 
of Stewart and Woolley (4) were used. 

Procedure I-To a stirred solution containing an ester (40 mmoles) 
in 80% ethanol (30 ml) at 60°, 40 ml of sodium hydroxide (1 N, 40 mmoles) 
was added dropwise over 90 min. After the mixture was stirred at 60" for 
18 hr, the solvent was removed under reduced pressure. The remaining 
solution was extracted twice with ether, and the combined ether ex- 
tractions were backwashed once with 5% NaHC03. The combined 
aqueous portion was acidified to pH 3 with 1 N HCl. 

If the acid was a solid a t  room temperature, it precipitated out of the 
acidic solution and was collected by filtration and purified by recrystal- 
lization. If no precipitate formed, the aqueous solution was extracted 
twice with ether and twice with ethyl acetate. The combined organic 
extracts were washed with water until neutral, dried over anhydrous 
magnesium sulfate, and concentrated under reduced pressure. The res- 
idue was vacuum distilled. 

Procedure 2-Because dehydration or isomerization was a problem 
during the saponification of E-1, E-2, E-3, a gentler procedure was used. 
The ester (40 mmoles) in 80% ethanol (60 ml) was cooled in an ice bath 
while 40 ml of sodium hydroxide (1 N, 40 mmoles) was added over 24 hr. 
The solution was stirred at room temperature for 1-2 days and the 
product was worked up as already described. 
3-(4-Chlorophenyl)-3-hydroxypentanoic Acid (A-8)-Compound 

E-8 was hydrolyzed according to Procedure 1 producing A-8 (93%). which 
was recrystallized from benzene-hexane (l:l), mp 97-98O; NMR (CDC13): 
6 0.71 (t, 3H, CH3), 1.78 (q, 2H, CH2), 2.91 (s, 2H, CH&=O), and 7.40 
(s, 6H, aromatic, OH, COOH) ppm. 

Anal.-Calc. for CllH13C103: C, 57.79; H, 5.73; C1, 15.50. Found: C, 
57.67; H, 5.71; C1, 14.88. 
3-Hydroxy-3-phenylpentano-5-lactone (E-10)-Hydrolysis of E-9 

by Procedure 1 unexpectedly resulted in a lactone, E-10. Recrystallization 
in ethyl acetate gave white crystals (56%), mp 133-135'; NMR (CDC13): 
6 2.16 (broad, 2H, CHz), 2.84 (s, 2H, COCHz), 3.08 (s, lH, OH, not present 
with DzO), 4.44 (m, 2H, OCHz), and 7.34 (s, 5H, aromatic) ppm. 

And-Calc. for CllH1203: C, 68.74; H, 6.29. Found C, 68.48; H, 6.40; 
CI, none. 
3-Hydroxy-3-phenylpentanoic Acid (A-?)-Hydrolysis of E-7 by 

Procedure 1 resulted in A-7. Recrystallization from benzene gave white 
crystals (71%), mp 122-123' [lit. (14) mp 120-121°]. 

A2-3-Ethoxybutenoic Acid (A-4)-Hydrolysis of E-4 by Procedure 
1 resulted in A-4. Recrystallization from absolute ethanol gave white 
crystals (31%), which decomposed on melting at 139-141" [lit. (18) mp 
140'1. 
3-Hydroxy-3-methylpentanoic Acid (A-1)-Hydrolysis of E-1 by 

Procedure 2 resulted in A-1 (52%), bp 78-81°/0.02 mm Hg [lit. (3) bp 
93-95'/0.03 mm]. 

A2-3-Methylpentenoic Acid (A-2)-Hydrolysis of E-2 by Procedure 
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Figure 1-Incorporation rate of [2- 14C]meoalonate into digitonin- 
precipitated sterols in rat lioer homogenate. Each point represents the 
average of two determinations. 

2 resulted in A-2 (51%), which separated on standing into the trans-iso- 
mer (23%), mp 43-45" [lit. (19) mp 46-47'], and the cis-isomer (7794 bp 
61°/0.55 mm Hg [lit. (20) bp 96'/5 mm]. Since complete separation could 
not be effected, a mixture of roughly equal parts of the isomers was used 
for testing in the homogenate system. 
trans-A3-3-Methylpentenoic Acid (A-3)-Hydrolysis of E-3 by 

Procedure 2 resulted in A-3 (97%), bp 51-53"/0.015 mm Hg [lit. (13) mp 
35'1; NMR 6 1.70 [m, 6H, (CH&=)z], 3.06 (d, 2H, CHz), 5.45 (m, lH, 
CH=C), and 11.56 (s, lH, COOH) ppm. 
In Vitro Assay of Cholesterol Biosynthesis-The rat liver ho- 

mogenates from mature male Wistar rats were prepared following the 
general procedures described previously (21). The homogenization me- 
dium consisted of 100 mM potassium phosphate, 30 mM nicotinamide, 
4 mM magnesium chloride, 5 mh4 glutathione, and 1 mM ethylenedi- 
aminetetraacetic acid at pH 7.4. The final cofador concentration3 in each 
incubation flask was 2 mM ATP, 1 mM NAD, 1 mM NADP, 8 mM glu- 
cose-6-phosphate, and 2 units of glucose-6-phosphate dehydrogenase 
(baker's yeast, type XV). 

To each 25-ml incubation flask were added 2 ml of homogenate, 0.1 
ml of cofactor solution, and 0.1 ml of solution containing the compound 
to be tested. The acids were added as the potassium salt in water a t  pH 
7.4, while the esters were added in 50% ethanol. Every compound was 
tested in duplicate. The appropriate controls, either water or 50% ethanol, 
also were run in duplicate in every assay. The assay was started by the 
addition of 0.1 ml of water containing the potassium salt of [2-14C]mev- 
alonate (0.1 pCi, 0.0124 pmole) prepared from the dibenzylethylene 
ammonium salt4. Incubation continued for 20 min a t  37' in a Dubnoff 
shaker a t  100 oscillations/min. The incubation was terminated by the 
addition of 2 ml of 11% KOH (w/v) in ethanol. 

The contents of each incubation flask were poured into 16 X 150-mm 
screw-capped tubes. Each flask was washed twice with 2-ml portions of 
11% KOH (w/v) in ethanol, and the washings were added to the appro- 
priate tube. Each sample was capped and saponified in a boiling water 
bath for 30 min. When the sample was cool, 7.5 ml of water and 2 ml of 
ethanol were added. The nonsaponifiable fraction containing the cho- 
lesterol was removed by three extractions with 9-ml portions of petroleum 
ether. This extraction procedure removed >99% of the cholesterol. 

The procedure for the precipitation of cholesterol by digitonin was 
based on the method of Zak et al. (22). The digitonin precipitates were 
dissolved by warming in 2.0 ml of absolute methanol. A 1-ml aliquot was 
added to a toluene-based scintillation cocktail containing 2.5-diphen- 
yloxazole (3.92 ghiter) and p-bis(o-methylstyry1)benzene (0.08 g/ 
1iter)S. 

RESULTS AND DISCUSSION 

The incorporation rate of [2-14C]mevalonate into the digitonin-pre- 
cipitated sterols by rat liver homogenates is shown in Fig. 1. Although 
digitonin precipitates all 3-/3-hydroxysterols, this is almost entirely 

~~ 

3 All cofactors were obtained from Sigma Chemical Co. 
New England Nuclear Corp. 
Radioactive samdes were counted on a Packard Tri-Carb liauid scintillation 

spectrometer, modef2425. 

Table I-Effect of Aliphatic Mevalonic Acid Analogs on the 
Incorporation of [2-14C]Mevalonate into Cholesterol by Rat 
Liver Homogenates 

~~ ~ 

Inhibition at 1 mM, % 
Compounda Structure Esterb AcidC 

OH 

1 CH3CHz-C- CHzCOOR 9.6d 29.3 I 
I 

CH3 

CHJ 
I 2 CHJCH,-C=CH COOR 21.0 15.0 

I 
3 CHJCH=C4H2COOCH3 0 0 

CH, 
I 9.5 4 CH~CH~-O-==CHCOOR 41.1 

CH, 
5 I 

Br-CH-COOR 
12.0 

20.8 

a In the text, compounds are identified with a number preceded by an E for an 
ester or an A for an acid. * R = -CH*CHs. c R = H. d Each number represents the 
average of at least two determinations. 

cholesterol in the liver. The incorporation rate was rapid for the first 20 
min of incubation and leveled off by 30 min. By 120 min, -25% of the 
biologically available optical isomer of mevdonic acid was incorporated 
into cholesterol. A 20-min incubation period was chosen for testing the 
inhibitory compounds because this point was at  the end of the period of 
maximal sterol synthesis. 

The effects of 20 mevalonic acid analogs on cholesterol biosynthesis 
from [2-'4C]mevalonate in rat liver homogenates were studied. All 

Table 11-Effect of Aromatic Mevalonic Acid Analogs on the 
Incorporation of [Z-WIMevalonate into Cholesterol by Rat  
Liver Homogenates 

Inhibition at  1 mM, % 
Compounda Structure Esterb Acid' 

OH 

CH,CHz-C --CH$OOR 
I 

7 7.9d 29.5e 

8 

OH 

CH3CHz---C-CH&QClR 
I 
I 

OH 
I 

CICHzCH2- C-CHzCOOR 
9 I 

44.0 

28.2 

Of 

11.0 

In the text, comgounds are identified with a number preceded by E for an ester 
R = H. Each number represents the av- or an A for an acid. 

erage of at least two determinatlons. e Percent stimulation. f Lactone. 
R = -CH2CH3. 
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Table 111-Effect of 5-Substituted Mevalonic Acid Analogs on 
the  Incorporation of [2-14C]Mevalonate into Cholesterol by Rat  
Liver Homoaenates 

Inhibition of 
Acid 

Compound” Structure a t l m M , %  
~~ 

11 @CH~CH,CH,CH,COOH 92.4* 

0 

13 CICH,CH2CH2CH2COOH 15.2 

14 BrCH,CH,CH,CH,COOH 21.0 

0 In the text, compounds are identified with a number preceded by an A for acid. 
b Each number reprwentu the average of at least two determinations. 

compounds were initially tested at a concentration of 1 mM. Table I 
shows the series of analogs with a methyl group at position 3. Removal 
of the 5-hydroxyl group resulted in an effective inhibitor, 3-hydroxy- 
3-methylpentanoic acid (A- I ) .  These data agree, in part, with those of 
Klimov et al. (23,24), which showed that, in a series of mevalonic acid 
analogs with aromatic groups in position 2 or 3, the absence of a hydroxyl 
group in the 5position increased the ability of the compound to inhibit 
cholesterol hiosynthesis from [ *4C]mevalonate in rat liver homoge- 
nates. 

For bacterial and yeast assay systems, Stewart and Woolley (4, 5) 
concluded that the hydroxyl group at position 3 was necessary for highest 
antimevalonic activity. Table 1 shows that this conclusion also applies 
M the rat liver homogenate since several compounds (A-2, A-3, and A-6) 
that have similar structures to the active 3-hydroxyl inhibitor (A.l) ,  but 
lack the 3-hydroxyl group, all showed lower activity. 

Table 1 also shows that alterations of the backbone structure by in- 
troduction of a double bond at position 2 or 3 (A-2 or A-3) reduced in- 
hibitory activity. These results confirm earlier work (3) that was ques- 
tionable because the synthetic procedures used would not necessarily lead 
to the pure isomers and the structures were not proven adequately. On 
the other hand, Klimov et 01. (23) found that a double bond at position 
2 increased the activity compared to a saturated 3-hydroxyl analog. 
However, these data are not directly comparable since all compounds also 
contained an aromatic group at position 2 or 3. 

The substitution of an aromatic group for the %methyl group produced 
inactive acids (A-7 and A-8) (Table 11). In contrast, Klimov et 01. (23) 
found increased activity of %hydroxyl compounds by adding a phenyl 
group to position 2 and/or a tolyl group to position 3. However, these data 
are not directly comparable since different aromatic groups were used. 

In contrast to the: acids, the ethyl esters of these 3-hydroxy-3-aromatic 
compounds showed considerahle inhibitory activity. I n  general, there 
was little relationship between the activity of a compound as an ester and 
its activity as an acid. Compound E-10, resembling mevalonolactone with 
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Figure 2-Znhibition by 5-phenylpentanoic acid (A-1 1) of incorporation 
of [2- 14C]mevalonate into cholesterol by rat liver homogenates. 

a phenyl ring replacing the 3-methyl group, was inactive. 
Table I11 shows several compounds with an aromatic group or halide 

on the 5-carbon, all of which caused inhibition. The most active inhibitor 
was 5-phenylpentanoic acid (A-11), with 92.4% inhibition of cholesterol 
biosynthesis. Of the two 5-halogenated pentanoic acids, the bromo de- 
rivative was more inhibitory. Not all modifications of the 5-position yield 
inhibitors. Humber et al. (25) replaced the 5-hydroxyl group of mevalonic 
acid with a methoxy, ethoxy, or dimethylamino group and found that 
none of the compounds inhibited cholesterol biosynthesis in rat liver 
homogenates a t  concentrations of 1 mh4. 

The relationship between the dose and the effect of the most active 
compound, A-11, is shown in Fig. 2. There was 50% inhibition of choles- 
terol biosynthesis from labeled mevalonate in rat liver homogenates at 
a 0.064 mM concentration. 

The results of this study show that A-11 is a very potent inhibitor of 
cholesterol biosynthesis from mevalonate in rat liver homogenates. Other 
investigators (3-6, 23, 24) tested mevalonic acid analogs that were ef- 
fective inhibitors a t  concentrations of 21 mM. Compound A-11 showed 
significant inhibition of 20% at 0.01 mM, a 100-fold difference. The only 
compounds that rival its activity are 3,5-dihydroxy-3-fluoromethyl- 
pentanoic acid (26) and 3-hydroxy-3-methyl-6-phosphonohexanoic acid 
(71, which caused 50% inhibition of mevalonic acid metabolism at  0.07 
and 0.145 mM, respectively. 
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