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Long hydrocarbon chain ethers with bis-terminal hydroxyl or carboxyl groups have been
synthesized and evaluated for their potential to favorably alter lipid disorders including
metabolic syndrome. Compounds were assessed for their effects on the de novo incorporation
of radiolabeled acetate into lipids in primary cultures of rat hepatocytes as well as for their
effects on lipid and glycemic variables in female obese Zucker fatty rats following 1 and 2
weeks of daily oral administration. The most active compounds were found to be symmetrical
with four to five methylene groups separating the central ether functionality and the gem
dimethyl or methyl/aryl substituents. Biological activity was found to be greatest for
tetramethyl-substituted ether diols (e.g., 28 and 31), while bis(arylmethyl) derivatives (e.g.,
10, 11, and 27), diethers (e.g., 49, 50, and 56), and diphenyl ethers (e.g., 35 and 36) were the
least active. For the most biologically active compound 28, we observed as much as a 346%
increase in serum HDL-cholesterol and a 71% reduction in serum triglycerides at the highest
dose administered (100 mg/kg) after 2 weeks of treatment. For compound 31 we observed a
69% reduction in non-HDL-cholesterol, accompanied by a 131% increase in HDL-cholesterol

and an 84% reduction in serum triglycerides under the same treatment conditions.

Introduction

We have previously shown that keto-substituted
hydrocarbons with hydroxyl or carboxyl termini can
favorably alter lipids in an animal model of metabolic
syndrome.12b Here, we have extended those studies to
ether derivatives of long-chain hydrocarbons with vary-
ing chain length, symmetry, terminal groups, and
quaternary carbon substitutions. To assess biological
activity, compounds were tested in both a short-term
(hours) in vitro total lipid synthesis assay and a long-
term (weeks) in vivo animal model in which we deter-
mined serum lipid changes over a 2-week period in the
obese female Zucker rat, a model of diabetic dyslipi-
demia.

Results and Discussion

Drug Design. We have investigated a series of ethers
and examined the influence of chain length, aromatic
rings, symmetry, terminal groups, and substitution
pattern at the quaternary carbons o to the terminal
carboxyl or 5 to the hydroxyl moieties. Since a single,
specific molecular target has not been positively identi-
fied for long-chain hydrocarbon compounds in general,
their lipid regulating activity could be explained by
cumulative effects on multiple targets. For this reason,
biological activity was tested in cell-based as well as in
animal models in order to ensure a full complement of
operative biochemical pathways.
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Scheme 1. Synthesis of Symmetrical Ether Diols
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a2 Reagents: (a) HBr, H;SO4, 13%; (b) HCI; (c) EtOH, H,SOy;

(d) LiAIH,4 [THF], 66%,; (e) PBrs, 55%; (f) for 6, ethyl isobutyrate,
LDA [THF/DMPU], 69%; for 7, ethyl 2-phenylpropionate, LDA
[THF/DMPU], 27%; for 8, ethyl 2-phenylpropionate, LDA [THF/
DMPUYJ, 94%; (g) for 9, LiAIH, [Et,0], 79%; for 10, LiAIH, [THF],
82%; for 11, LiBH4, MeOH [CHCI], 95%.

Chemistry. A series of long hydrocarbon chain ether
diols was synthesized. The side chains connected to the
central ether functionality varied both in the number
of methylene spacer units (n = 3—5) and in the attached
geminal modifying groups (R = Me, Ph), resulting in
ether diols of either the symmetrical (9—11, Scheme 1;
28 and 31, Scheme 2) or the unsymmetrical (26, 27, 29,
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Scheme 2. Symmetrical and Unsymmetrical Ether
Diols via Williamson Ether Synthesis?
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a Reagents: (a) K,CO3; [DMSO/H,0]; (b) NaH [THF]; (c) con-
centrated HCI [MeOH].

Scheme 3. Synthesis of Diaryl Ethers?
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butyrate, LDA [THF/DMPUJ; (c) KOH [EtOH/H20]; (d) LiAIH,4
[THF].
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and 30, Scheme 2) category. In addition, the aryl-
bridged diacid 35 and diol 36 (Scheme 3) as well as the
diols 38 and 41 with cyclic ether structures (Scheme 4)
were synthesized and examined for comparison. Also
included in this study were the ether diacid 45 (Scheme
5) with y,y,y',y'-tetramethyl substitution, the THP-
protected derivatives 22 and 46 (Scheme 6), compounds
49, 50, 55, and 56 with a diether structural element
(Schemes 7, 8), and finally the hydrocarbon chain
analogues 61—63 (Scheme 9).

The synthesis of long hydrocarbon chain ether diols
was accomplished by two different methods.¢d Accord-
ing to the first procedure (Scheme 1), bis(w-haloalkyl)
ethers were reacted with lithiated ethyl esters and the
resulting diesters were reduced to the target diols. For
n = 3, the starting dibromo ether 4 was first prepared
by condensing 1,3-propanediol (1) with 48% aqueous
HBr and concentrated H,SO4.2 However, the yield for
this reaction was only 13%, and purification of 4 was
difficult (fractional distillation). A better overall yield
(36%) was obtained when dinitrile 2 was converted via
a three-step reaction sequence consisting of saponifica-
tion (concentrated HCI),3 esterification (EtOH, concen-
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Scheme 4. Synthesis of Cyclic Ether Diols?
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a2 Reagents: (a) Mg [THF], succinaldehyde, 92%; (b) pTosOH
[toluene], H2SO4 [MeOH/H,0], 35%; (c) TsCI, pyridine [CH,CI;],
A [pyridine/HMPA], H,SO, [MeOH/H;0], 38%; (d) Mg [THF],
glutaric aldehyde, 55%; (e) H.SO4 [MeOH/H,0], 80%; (f) pTosOH
[toluene], 55%.

Scheme 5. Synthesis of Ether Diacid 45 via
Wittig—Horner Reaction?
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[MeOH/H;0], 56%.
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Scheme 6. Synthesis of THP-Protected Ether Diols 22
and 462
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2 Reagents: (a) pTosOH, 3,4-dihydro-2H-pyran [CH2Cl;]; 22,
21%; 46, 32%.

trated H,S0O,),* and reduction (LiAlH,) to diol 3 (66%),*
which was then transformed to 4 with PBr3 (55%).5
Bromide substitution in 4 with lithio ethyl isobutyrate
and lithio ethyl 2-phenylpropionate’® in THF and
cosolvent dimethylpropyleneurea (DMPU) gave diesters
6 and 7 in 69% and 27% yield, respectively. Reduction
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Table 1. Symmetrical and Unsymmetrical Ether Diols via
Williamson Ether Synthesis

compd n m R? R? yield (%)
12 3 CHs; a
13 3 Ph a
14 4 CHs a
15 4 Ph a
16 5 CH3s a
17 4 CH3s 9gb
18 4 Ph 38
19 5 CH3 83
20 3 4 CH3s CH3s 63
21 3 4 Ph Ph c
22 4 4 CH3 CH3 C
23 4 4 Ph CH3 c
24 5 4 CHs CHgs 34
25 5 5 CH3; CH3s c
26 3 4 CHa CHa 51 (32¢)
27 3 4 Ph Ph 444
28 4 4 CHs CHjs 37d
29 4 4 Ph CH3s 244
30 5 4 CHs CHs 90 (319)
31 5 5 CHs3 CH3s 30d

a Synthesis described in ref 1. b Used without purification for
step b. ¢ Directly used for step c. 4 Overall yield for steps b and c.

of the esters with LiAlH, afforded ether diols 97 and 10
(79% and 82%) after purification by distillation or
chromatography. For n = 4, the same methodology
starting with diiodide 58 via diester 8 was used and
ether diol 11 was obtained by reduction with LiBH, and
MeOH in CH,CI, ° (86% over both steps).

According to the second method, symmetrical and
unsymmetrical ether diols 26—31 were prepared via
Williamson reaction® of THP-protected bromo alcohols
12—-16% with the sodium salts of alcohols 17—19 (Scheme
2, Table 1). Therefore, bromides 14—16 were hydrolyzed
with K>,CO3 in a DMSO/water mixture at reflux!! to
afford alcohols 17—19 in varying yields (38—99%).
Alcohol 17 was deprotonated with NaH in THF at reflux
temperature and condensed with bromo-THP ethers 12
and 16, leading to protected ether intermediates 20 and
24 (60% and 34%), respectively, which were both puri-
fied by column chromatography. Deprotection of 20 and
24 with concentrated HCI in MeOH at reflux furnished
the two unsymmetrical ether diols 26 (51%) and 30
(90%). The yields over both steps for these compounds,
however, were similar (32% and 31%, Table 1). The
synthesis of ethers 27—29 and 30 from alcohols 17—19
and bromides 13—16 followed the same protocol; how-
ever, the protected intermediates 21—23 and 25 were
not purified but directly deprotected to the final ether
diols. The moderate yields obtained over both steps (24—
44%) were in the same range as those with purification
of the THP-protected intermediates, and the differences
in the synthesis of symmetrical (28 and 31) and unsym-
metrical (26, 27, 29, and 31) ether diols were not
significant.

The synthesis of diaryl ethers 35 and 36 is depicted
in Scheme 3. Dibromide 332 (prepared from diphenyl
ether 3213 via bromination with NBS and benzoyl
peroxide in CCly) was reacted with lithio ethyl iso-
butyrate in THF/DMPU to give diester 34 (59%).
Saponification of 34 with KOH in aqueous EtOH led to
diacid 35, which was purified by crystallization from
heptane (72%). Reduction of 34 with LiAlH, afforded
ether diol 36 as an oil (80%).
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Scheme 7. Synthesis of Diether Compounds 49 and 502
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a2 Reagents: (a) 1-bromo-3-chloropropane, LDA [THF/DMPU],
64%,; (b) (1) HO(CH2).OH, KOtBu [DMAC]; (2) KOtBu, 18-crown-
6, 47, 65—85 °C, 23%; (c) LiAlH,4 [MTBE], 52%; (d) KOH [EtOH/
H,0], 44%.

Scheme 4 illustrates the synthesis of cyclic ether diols
38 and 41. Reaction of the Grignard reagent of bromo-
THP ether 12 with freshly prepared succinaldehyde!415
in THF gave diol 37 (92%).16 The cyclodehydration!” and
deprotection to tetrahydrofuran derivative 38 were then
accomplished by two different methods: first, 37 was
condensed by treatment with p-toluenesulfonic acid
(pTosOH) in toluene under azeotropic removal!® of the
reaction water. Subsequent removal of the THP groups
(aqueous H>S0O4/MeOH) furnished cyclic ether diol 38
in moderate yield (35%). Alternatively, 37 was mono-
tosylated (1.1 equiv of TsCl, Py)!® and then cyclized
under basic conditions (Py, HMPA). After deprotection
of the terminal alcohols (aqueous H,SO4,/MeOH) and
purification by chromatography, 38 was obtained in 38%
yield. A methodology similar to the one used for the
synthesis of 38 was utilized to access tetrahydropyranyl
diol 41. Reaction of the Grignard reagent of 12 with
glutaric aldehyde®® gave compound 39 (55%). Deprotec-
tion (aqueous H,SO4/MeOH) furnished tetraol 40 that
could conveniently be purified by crystallization from
CHCly/hexanes (80%). Finally, dehydration of 40 under
acidic conditions (pTosOH, toluene, Dean-Stark) led to
41 in 55% vyield.

The synthesis of the y,y,y’,y'-tetramethyl-substituted
ether diacid 45 began with the oxidation of diol 28 to
dialdehyde 42 using SOz—pyridine complex and NEts
in DMSO (63%, Scheme 5).2° The a,8-unsaturated ester
43 was then prepared from 42 by the Wittig—Horner
reaction with methyl diethylphosphonoacetate in the
presence of NaH in DMF.2122 Subsequent hydrogenation
to 44 (Pd—C)?2 followed by saponification of the ester
groups (KOH, MeOH/H,0)? furnished the target com-
pound 45 (yield 56% from 42).

The mono- and bis-THP ethers 22 and 46 (Scheme 6)
were found as trace impurites in the kilogram-scale
synthesis of ether diol 28 (Scheme 2).° Pure samples of
these compounds were required in order to evaluate
their biological properties. Treatment of 28 with 3,4-
dihydro-2H-pyran (DHP, 1 equiv) and catalytic amounts
of pTosOH in CH,Cl; 24 produced a mixture of 22, 28,
and 46 that was separated by chromatography to yield
THP ethers 22 (21%) and 46 (32%).

The synthesis of diether diol 49 and diether diacid
50 is shown in Scheme 7. Alkylation of lithiated ethyl
isobutyrate with 1-bromo-3-chloropropane in THF/
DMPU gave chloro ester 47 (64%). Ethylene glycol was
then deprotonated with potassium tert-butoxide (KOt-
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Scheme 8. Synthesis of Diether Compounds 55 and 562
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a Reagents: (a) tert-butyl bromoacetate, NBusHSO,4 [aqueous
NaOH/toluene], 72%; (b) LiAIHs [MTBE], 62%; (c) PBrs, Py
[toluene], 61%; (d) ethyl isobutyrate, LDA [THF/DMPU], 66%; (e)
LiAIH4 [MTBE], 91%; (f) KOH [aqueous EtOH], 98%.

Bu, 1.5 equiv) in dimethylacetamide (DMAc) and re-
acted with 47 (1.5 equiv) at 65 °C.25 Further reaction of
this mixture with 47 (1.5 equiv), KOtBu (1.5 equiv), and
catalytic amounts of 18-crown-6 at 65—85 °C afforded
diester 48 (23%). Subsequent reduction of 48 with
LiAIH, in MTBE led to diol 49 (52%), while its saponi-
fication (KOH, aqueous EtOH) produced diacid 50
(44%).

A different approach was chosen for the synthesis of
the related diether compounds 55 and 56 (Scheme 8).
Alkylation of 1,3-propanediol with an excess of tert-butyl
bromoacetate under phase-transfer conditions26 (NBuy-
HSO,4, aqueous NaOH/toluene) furnished diester 51 in
72% vyield. Reduction of 51 with LiAlIH,4 gave diol 52
(62%),%” which was subsequently transformed to dibro-
mide 53 by reaction with PBr; and pyridine (61%).28
Substitution of the bromides in 53 with lithio ethyl
isobutyrate?* led to diethyl ester 54 (66%), which was
reduced (LiAlIH4, 91%) to diether diol 55 as well as
saponified (KOH, aqueous EtOH, 98%) to afford diether
dicarboxylic acid 56.

The hydrocarbon chain analogues to the ether com-
pounds described in this work were synthesized by
reaction of lithio ethyl isobutyrate with dibromides 57
and 58 in THF/DMPU to furnish diesters 59 and 60
(79% and 94%), respectively (Scheme 9). Reduction of
the shorter chain homologue 59 with LiAlIH, in Et,O
produced diol 61 (62%), whereas the longer chain
homologue 60 was reduced with LiBH4 and MeOH in
CH,Cl, to 62 (51%).° The tetramethyl-substituted diacid
63, finally, was synthesized from 60 via ester hydrolysis
with KOH in aqueous EtOH (69%).

Biological Activity. The structure-based drug de-
sign initiated earlier!®P has been extended here to the
ether series. The influence of structural modifications
on biological activity has been examined. Specifically,
the effects of the methylene spacer length from the
central ether oxygen to the gem substitutions on the
quarternary carbons, symmetry around the central
ether, kind of the gem substitutions (methyl or phenyl)
and of the terminal functional groups (diols or diacids)
were studied. Tables 2—5 present in vitro and in vivo
biological data in connection with lipid regulating
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Scheme 9. Synthesis of Hydrocarbon Chain Analogues?
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a2 Reagents: (a) for n = 9, 1,9-dibromononane, LDA [THF/
DMPU], 79%; for n = 11, 1,11-dibromoundecane, LDA [THF/
DMPU]J, 94%; (b) for n =9, LiAIH,4 [Et,0], 62%; for n = 11, LiBH4/
MeOH [CHCI;], 51%; (c) KOH [EtOH/H,0], 69%.

properties for the ether diols and ether diacids described
above as well as for their hydrocarbon analogues. In
vitro studies tested the ability of the compounds to
inhibit the incorporation of 1*C-acetate into total cellular
lipids of primary rat hepatocytes over a 4-h time period
(Table 2). The compounds were also tested for their
ability to alter serum lipid variables in an animal model
of diabetic dyslipidemia, the obese Zucker rat, over a
2-week period at a single daily dose of 30 or 100 mg/kg
(Table 3). Selected compounds (28 and 31) were further
evaluated in the Zucker rat by performing a full dose
response and measuring additional serum variables
including markers for diabetes (Tables 4 and 5).

Effect on Lipid Synthesis In Vitro. The rat hepa-
tocyte culture is a useful model for assessing de novo
lipid synthesis activity. Key hepatic functions include
the de novo synthesis of both cholesterol and triglycer-
ides from fatty acids that are incorporated into nascent
very low density lipoprotein (VLDL). Therefore, we
studied the effects of ether type compounds and their
analogues on total lipid synthesis activity in that model
using “C-acetate as the metabolic precursor.2%3 Table
2 summarizes the biological effects of the compounds
in primary rat hepatocyte cultures.

All of the hydrocarbon chain analogues (61—63) with
9 or 11 methylene spacers between the gem substitu-
tions proved to be very active by inhibiting lipid
synthesis with 1Csg values of <7 uM. When the central
methylene moiety was replaced with an oxygen atom,
the resulting ethers, 28 and 31, were also quite active
with 1Csp values of 11 and 4 uM, respectively; the
shorter chain homologue 9, which contains three
methylenes on both sides of the oxygen, was inactive.
The unsymmetrical ethers 30 and 26 showed activity
with 1Csp values of 11 and 17 uM, respectively. These
data indicate that at least nine bonds between the two
carbons with the gem substitutions are needed in order
to induce lipid synthesis inhibition; there is little
difference in the inhibitory activity between ethers and
aliphatic compounds with gem dimethyl substitutions.
Previous studies have indicated no difference in inhibi-
tory activity between terminal diols and diacids in a
related series of ketone compounds.tab

The cyclic ethers (38 and 41) and the aryl-bridged
ethers (35 and 36) displayed ICso values ranging from
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Table 2. Effect of Ether Diols and Ether Diacids on Lipid
Synthesis in Primary Rat Hepatocytes

Compound I1Csp (uM) | 95% Confidence Interval | R*
Lower Upper "
= P —
HOT 7L Met 4 3 7 0.99
[+ TR
HOT B o 62 4 2 10 .99
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98 0.90
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aNot active; inhibition of 4C-acetate incorporation into total
lipids is less than 50% at 300 M. ° r2 is the goodness of fit of the
data to the nonlinear sigmoidal model.

9 to 98 uM. The aryl-bridged ethers 35 and 36 were very
weak inhibitors with 1Cs, values of 53 and 98 uM,
respectively, as was the dihydropyran 41 (ICsp = 39 uM).
The tetrahydrofuran 38 showed relatively potent activ-
ity with an 1Csp of 9 uM compared to the tetrahydro-
pyran analogue 41 with an ICso of 39 uM, while the
compounds containing a diether in the backbone (49 and
50) were relatively weak or inactive in this assay.
Regarding gem substitutions, the diphenyl-substi-
tuted ethers (10 and 27) with three methylenes on one
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or both sides of the central ether were essentially
inactive in vitro, while the monophenyl-substituted
compound 29 was quite active (ICso = 5 uM). The diacid
with gem dimethyl substitutions in y-positions (45) was
active with an 1Csg of 22 uM. Mono- and bis-THP ethers
46 and 22 were also active, displaying 1Cso values of 11
and 20 uM, respectively.

To demonstrate that the decreased incorporation of
acetate into lipids is not due to a general compound
effect on the cell, we assayed the culture medium for
the release of the cytosolic enzyme lactate dehydroge-
nase (LDH).3! Release of LDH into the media correlates
with plasma membrane damage, an early event in loss
of cell function. Compound-dependent increases in
media LDH are compared to vehicle-treated cultures.
The data for compounds active for inhibition of [1-14C]
acetate incorporation into lipids did not show general
effects on membrane integrity.

Effect on Lipid Variables in the Obese Female
Zucker Rat. To test the lipid-regulating activity of
these compounds, we used the obese Zucker fatty rat
as a model of diabetic dyslipidemia. The Zucker rat has
a mutation in the leptin receptor that leads to a
metabolic disorder similar to human non-insulin-de-
pendent diabetes mellitus (NIDDM) or type Il diabetes.
Animals develop an age-dependent progression of dis-
ease that includes hypertriglyceridemia, increased VLDL-
cholesterol (VLDL-C), decreased HDL-C, impaired in-
sulin sensitivity, hyperphagia, and marked weight gain
leading to obesity. The non-HDL-C in this model is
mainly VLDL-C with essentially no LDL-C. Initially, the
lipid-regulating activities of the ether compounds in this
model were assessed by administering a single dose of
30 or 100 mg/kg every day for up to 2 weeks. Compounds
were evaluated for their ability to produce a less
atherogenic serum lipid profile, that is, reduce non-
HDL-C, elevate HDL-C, and reduce triglycerides. Table
3 summarizes those serum lipid changes induced by the
ether derivatives and their analogues.

The alkyl compounds (61—63) were all very effective
at lowering serum triglyceride levels as evidenced by
the >70% reductions compared to pretreatment values.
Both 61 and 63 consistently reduced non-HDL-C levels,
while only 61 elevated HDL-C. Thus, it appears that
nine methylene spacers are optimum for favorably
affecting all three lipid variables. In the corresponding
ethers, both 28 and 31 markedly reduced serum tri-
glycerides >70% while also significantly elevating HDL-
C. In fact, 28 elevated HDL-C about 5-fold compared to
pretreatment levels. Compound 31 markedly lowered
non-HDL-C, while 28 did not appear to have much effect
on that variable. A direct comparison of compounds with
identical chain topology of the aliphatic or ether variety
(62 vs 31 and 61 vs 28) indicated that of the compounds
with 10 spacer bonds between the two quarternary
carbons, compound 61 with nine methylene groups was
more effective at lowering non-HDL-C than compound
28 in which the central methylene is replaced by oxygen;
however, 28 was significantly more effective at elevating
HDL-C. With respect to compounds with 12 bonds
between the two quarternary carbons, ether 31 was
effective at favorably altering all three lipid variables
while the aliphatic compound 62 only lowered triglyc-
erides. The unsymmetrical 9-bond spacer ether 26 was
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Table 3. Effect of Ether Diols and Ether Diacids in Female Obese Zucker Rats

Compound Serum Variables
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a100% represents a 2-fold increase from pretreatment value.

weakly active in vivo in our animal model. Altogether, erides, while a 10-bond spacer (28) was better at
these data indicate that within the ether compounds, a elevating HDL-C. Furthermore, a minimum spacer
spacer of 12 bonds between quarternary carbons (31) length of 10 bonds is required for activity. Diacid 45,

was more effective at lowering non-HDL-C and triglyc- however, did not affect the HDL-C dramatically but
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showed significant triglyceride lowering. Compounds 38
and 41 (in which the central ether is part of a ring that
induces restricted rotation of the hydrocarbon chain)
showed significant HDL-C elevation, but relevant lipid
lowering activity is only shown in tetrahydropyran 41.

In this animal model, compounds 49, 50, and 56 with
two ether moieties placed symmetrically in the hydro-
carbon chain showed a weak triglyceride lowering but
no HDL-C elavation. When the ether moiety connects
two aromatic rings as in compounds 35 and 36, a modest
HDL-C elevation and triglyceride lowering were ob-
served compared to compound 28. There are no signifi-
cant differences between the activities of the diacid/diol
pairs (e.g., 35 vs 36, 49 vs 56, and 62 vs 63).

A comparison of activities in the in vitro lipid syn-
thesis assay (Table 2) and the Zucker rat model (Table
3) indicated that all compounds that lowered non-
HDL-C or triglycerides by about 70% had 1Csp < 39 uM
in the lipid synthesis inhibition assay. However, some
compounds active in the in vitro assay (26, I1Csp = 17
uM; 22, 1Cso = 20 uM) were poorly active in vivo in the
Zucker rat model.

Effect on Lipid Variables in the Obese Female
Zucker Rat: Dose Response for Selected Com-
pounds. To further investigate the active ether com-
pounds 28 and 31, we performed a complete dose
response study in the Zucker rat (Tables 4 and 5). The
10-bond spacer compound 28 dose-dependently elevated
HDL-C at a minimum effective daily dose of 3 mg/kg.
Compound 28 also reduced serum triglycerides and non-
esterified fatty acids (NEFA) at daily doses of 30 and
100 mg/kg. The compound had no effect on fasting
serum glucose or insulin levels. The 12-bond spacer
compound 31 dose-dependently elevated HDL-C as well,
with a minimal effective daily dose of 10 mg/kg. The
compound also lowered non-HDL-C (100 mg/kg/day) and
triglycerides (30 and 100 mg/kg/day); minimal effects
on NEFA were observed, while glucose and insulin were
not altered.

The mechanism of action (MoA) is clearly a key
component of drug discovery, and our in vivo structure
optimization approach implies that multiple MoAs could
be responsible for the biological activity in the whole
animal. A similar approach has been reported recently
by other research groups.3? We have determined that a
major MoA in this class of compounds is inhibition of
fatty acid synthesis (FAS) at the acetyl-CoA carboxylase
(ACC) step (within minutes of dosing) via an allosteric
mechanism.33 We have also found that these compounds
rapidly block de novo cholesterol synthesis at a step
between acetoacetyl-CoA formation and HMG-CoA,33
inferring that the compounds are dual inhibitors of lipid
synthesis.

Conclusions

Our research was focused on identifying compounds
for the treatment of dyslipidemia, a major medical
problem related to premature development of cardio-
vascular diseases. A common dyslipidemic patient pre-
sents elevated levels of triglycerides and low levels of
HDL-C. The current discovery effort has generated a
series of novel ether compounds with biological proper-
ties that suggest utility for controlling these serum
variables. The most promising ether compound in this
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study is 28, which contains a spacer of 10 bonds between
the gem dimethyl substitutions and hydroxyl terminal
groups. This compound was exceptional at elevating
HDL-C and also lowered serum triglycerides and non-
esterified fatty acids.

Experimental Section

Chemistry. Chemical reagents were purchased from Sigma-
Aldrich or Lancaster and were used without further purifica-
tion. Silica gel for column chromatography (0.035—0.070 mm,
pore diameter ca. 6 nm) was 