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Wiile diet and life style can accel erate the onset of

FIELD OF THE INVENTION

This invention relates to compounds which are
dialkyl ethers having terminal carboxy or tetrazole
groups. The compounds are useful for lowering certain
plasma lipids in animals, inecluding Lp(a), trigly-
cerides, VLDL-cholesterol, and LDL-cholesterol, and
elevating others such as HDL-cholesterol. The
compounds are effective for preventing and treating
vascular diseases and diabetes, for example, by
increasing insulin sensitivity.

BACKGROUND OF THE INVENTION

Vascular diseases such as coronary heart disease,
stroke, restenosis, and peripheral vascular disease,
remain the leading cause of death and disability
throughout the world. About 1.5 million people die
each year in the US alone from myocardial infarction
resulting from congestive heart failure. While diet
and life style can accelerate the onset of vascular
diseases, genetic predisposition leading to
dyslipidemia is a significant factor in wvascular-
related disabilities and deaths. "Dyslipidemia" means
abnormal levels of lipoproteins in blood plasma.

Several risk factors have been associated with
increased risk of vascular disease. Among these are
the dyslipidemias of high levels of low-density
lipoprotein (LDL), and low levels of high-density
lipoproteins (HDL). The ratio of HDL-cholesterol to
LDL-cholesterol is often used to assess the risk of



di seases, genetic predisposition |eading to dyslipidena is a significant
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of HDL-chol esterol to LDL-chol esterol is often used to assess the risk of
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vascul ar di sease. A high ratio of HDL/LDL tRolesterol is desirable.

R S e e e Y
t hat el evat ed Ievé$sd%#i¥5hkﬁhf|Q§mppﬁﬂﬁﬁothitlinsﬁeaﬁfIﬁh@@pm&tépnbz),
"Lp(a)", are detrafenédllowering LDL or increasing HDL, or both,
therefore are beneficial. Recent studies have shown
5 that elevated levels of a modified form of LDL called
lipoprotein(a), "Lp(a)", are detrimental.

Lp(a) -cholesterol appears to be undesirable, since
elevated levels of Lp(a) have been associated with the
development of atherosclerosis, coronary heart disease,

10 myocardial infarction, stroke, cerebral infarction, and
restenosis following balloon angioplasty. In fact,
Lp(al appears to be an excellent predictor for stroke.
Accordingly, high concentrations of cholesterol in the
form of Lp(a) is one of the major risk factors leading

15 to death from heart disease.

We have now discovered that certain ethers are
effective in lowering plasma concentrations of Lp(a).
This invention thus provides a method for lowering
plasma levels of Lp{a) comprising administering a

20 dialkanoic ether or ester thereof. These types of
compounds have not heretofore been utilized to treat
vascular disease. For example, US Patent 3,320,079
discloses 3,3’ -oxybis(2,2-dimethylpropionic acid) as a
plasticizer. US Patent 3,930,024 discloses a series of

25 alkanediols which are said to lower serum
triglycerides. US Patent 3,674,836 discloses phenoxy
alkanoic acids which are said to reduce triglycerides.
US Patent 4,711,896 discloses certain a,d-dicarboxylic
acids which are said to lower lipids.

30 An cbject of this invention is to provide a series
of carboxy substituted dialkyl ethers which are
effective in lowering plasma Lp{a). A further object
is to provide pharmaceutical formulations containing
the compounds, and a method for treating vascular

35 disease utilizing the compounds.
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invention more particularly provides compounds defined
by Formula I

Y Y
1 2
MCHz):TO-(CHz)m_% I
Ry R; R

wherein

n and m independently are integers from 2 to 9;

Ry, Ry, R;, and R; independently are C,-C¢ alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, and R, and R, together
with the carbon to which they are attached, and R; and
R, together with the carbon to which they are attached,
can complete a carbocyclic ring having from 3 to
6 carbons;

Y, and Y, independently are COOH, CHO, tetrazole,
and COOR; where Ry is C,-C¢ alkyl, C,-Cg alkenyl, C,-Cg
alkynyl;
and where the alkyl, alkenyl, and alkynyl groups may be
substituted with one or two groups selected from halo,
hydroxy, C,;-C¢ alkoxy, and phenyl.

Preferred compounds of the invention have the
above formula wherein n and m are the same integer, and
wherein R,, Ry, R;, and R, each are alkyl.

Further preferred are compounds wherein Y, and Y,
independently are COOH or COOR; where Ry is alkyl.

The most preferred compounds of the invention have
the formmla

These



US Patent 4,711,896 discloses certain [err]-dicarboxylic acids which are
saidto lower lipids. 30 An object of_this invention is to provide
a series of carboxy substituted dialkyl ethers which are effective in

| owering plasma Lp(a). A further object is to provide pharnmaceutical

fornmul ati ons wekaéz98 Ng t he conpounds, and a nethod for treapcr@sssaoacsy ar
35 di sease utilizing the conpounds. WO 96/ 30328

PCT/ US96/ 01639 -3- SUMVARY OF THE | NVENTI ON Thi s invention provi des new
chem cal entities characterized as carboxy or tetrazole substituted 5

dial kyl ethers, and the salts and esters thereof. The invention nore
particul arly provides conpounﬁa defined by Fornula | [6ﬁr] 10

o (CH,) —O—(CH,) - °

wherein n and m are each an integer selected from 2, 3,
4, or 5, ideally 4 or 5. : .
An especially preferred compound has the formula

HO : OH
o

Also provided are the pharmaceutically acceptable

15 salte of the acids of the invention.

A further embodiment of the invention are
pharmaceutical formulations comprising a compound of
Formula I together with a pharmaceutically acceptable
carrier, diluent, or excipient therefor.

20 Also provided by the invention are methods for
treating vascular diseases such as peripheral vascular
disease, coronary heart disease, stroke, and
restenosis. The invention provides a method for
lowering Lp(a), plasma triglycerides, very low-density

25 lipoprotein (VLDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, and apolipoprotein B. The invention
additionally provides a method for elevating plasma
high-density lipoprotein (HDL) cholesterol,
apoclipoprotein A-I, and apolipoprotein E. The

30 invention also provides a method for treating and
preventing noninsulin-dependent diabetes mellitus by
increasing insulin sensitivity by administering a
compound of Formula I.

35



wherein n and mindependently are integers from2 to 9; 15 Rerr],
R and Rl err]_independently are Jerr] - (err] alkyl, C2-C6
al kenyl, C2-C6 al kynyl, and Rerr] and Rlerr] together with the carbon to
whi ch they are attached, and Rerr] and R4 together with the carbon to

whi ch they @igdeabdagched, can conplete a carbocyclic ring haerngeésiem 3 to
20 6 carbons; Y[err] and Y[err] independently are COOH, CHO tetrazole,
and COOR[err] where Rerr] is (Jerr]-Clerr] alkyl, (err]-Cerr] al kenyl,
C2-C6 al kynyl; and where the al kyl, al kenyl, and al kynyl groups nay be 25
substituted with one or two groups selectféd from hal o, hydroxy,

Cerr]-Cerr] al koxy, a : fI?‘rE[ ”?ﬁ%‘”ﬂ&rﬁ&foZ@ I nventi on have
t he above formul a Whereﬁg'[r':&ge%ﬁé:k nqégsrr% heggagg I nteger, and wherein Rerr],
Rlerr], Rerr], and R err] each are alkyl. 30 Further preferred
are conpounds wher ei The/[ estigowriis dfethlisi iftegrtientwillabe aaEdoasCOOR] err ]
where Rlerr] s 3ldkybs o T0E: P Undetleeiacd OHPOMIMN & e doppBbaon have

the fornul a
of the formula

HO_ CH, CH,CH,CH,
0% > ~cm; CH, ci, ~cZ
CH,  CH,CH, OH

10 will be named as a pentanoic acid, specifically
2-methyl-2-n-propyl-5- (3-methyl-3-hydroxy-carbonyl) -
pentoxy pentanoic acid. As noted above, preferred
compounds are those wherein n and m in Formula I are
the same, and R,, R,, R3, and R, are all the same alkyl

15 group. When ¥, and Y, both are carboxy groups, the
compounds will be named as oxybis alkancic acids. For
example, a preferred compound of the formula

HQ OH
20 0)>§(CH2);;-O— (CH2)$ 0

vhere n and m both are 4, can be named 6,6'-
oxybis (2,2-dimethylhexanoic acid).

25 In Formula I, R,, R, R3;, and R, are defined to
include "C,-C¢ alkyl®, which term includes methyl,
ethyl, isopropyl, tert-butyl, n-hexyl, and 2-methyl-
pentyl. The alkyl group c¢an be substituted with halo,
hydroxy, C;-Cgz alkoxy, and phenyl. "Halo" includes

30 chloro, bromo, and iodo. "C,-Cg alkoxy” is a C,-Cg
alkyl group linked through oxygen, such as ethoxy,
isopropoxy, n-hexyloxy, and the like. Typical
substituted alkyl groups are chlormethyl, 3-hydroxy-
hexyl, 4-phenylbutyl, 2-iodopentyl, isopropoxymethyl,

35 and the like.



WD 96/ 30328 PCT/ US96/ 01639 -4- [err]
OH wherein n and mare_each an integer selected from?2, 3,_4, or 5 ideally
4 or 5. An especially preferred conmpound has the fornula [err]

OH 10 Also provided are the pharmaceutically acceptable 15 salts of the
aci ds of the wipwgsjsh#n. A further enbodi ment of the inventi opcfussnis3

phar maceuti cal formulations conprising a conpound of Forrnula | together

wi th a pharnmaceutically acceptable carrier, diluent, or excipient therefor.
20 Al so provided by the invention are nethods for treating
vascul ar di seases such as peri pheral vascuT®r di sease, coronary heart

di sease, stroke, and rR(iS,tﬁQ? '35’. ﬂaei;ngig&i S8, PL2V g6 ci-E‘;tQﬂQer‘iyOf
and substituted alkenyl and C,-C; alkynyl and
substituted alkynyl. Typical groups include vinyl,
2-propenyl, 3-chloro-4-hexenyl, 2-phenyl-3-pentenyl,

5 ethynyl, 2-methoxyethynyl, 2-bromoethynyl, 6-phenyl-
3-hexynyl, and the like.

R, and R, can combine with the carbon to which
they are attached to complete a carbocyclic ring such
as cyclopropyl, cyclobutyl, cyclohexyl, and

10 cyclopentyl. 8imilarly, R; and R, can be taken
together with the carbon to which they are attached to
complete a C;-C, carboxylic ring such as cyclopropyl,
cyclohexyl, and the like.

Y, and ¥, in Formula I independently include the

15 group COORg where Rg is alkyl, alkenyl, or alkynyl, or
substituted alkyl, alkenyl, or alkynyl. These groups
are illustrated above for R,, R,, R, and R;.

The compounds of the invention which have at least
one carboxylic acid group (i.e., one of ¥Y; and Y, is

20 COOH) readily form pharmaceutically acceptable salts by
reaction with organic or inorganic bases. Typical
bases commonly utilized to form salts include sodium
hydroxide, potassium hydroxide, sodium carbonate,
triethyl amine, pyridine, ammonia, and the like.

25 Typical compounds provided by the invention are
depicted below:

Yl YZ
XtCH,) 0= (CH,) —~K
Rl Rz R3 R

4



| owering Lp(a), plasma triglycerides, very |owdensity 25 | i poprotein
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apol i poprotein B. The invention additionally provides a nethod for

el evating plasma high-density |ipoprotein (HDL) chol esterol, apolipoprotein

A-1, and apeyé st ein B. The 30 i nvention al so provi decrresssmidsed f or
treating and preventing noninsulin-dependent diabetes nellitus by
increasing insulin sensitivity by adm nistering a conmpound of Forrmula I. 35
WD 96/ 30328 -7- PCT/ US96/ 01639 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The conpounds of this invention will be naned
as al kanoi c acids and esters. For exanple, the conpound 5 of the
formula [err] 10 will be named as a pentanoic acid, specifical]y
-
pelomSEE, m mmkmmmu”%&
<888882858 2 B 88BB5BB2885¢8
888 880§ 3} DOQUUOLOY HD
(& 00 (&) .a.’l
Fs
% v BT
e O g'&'m
;oEgggFo“g s 8 2889,89mB<88
8800U88§H 8 © UB883888LYab8
©T T80 °778 8%
2 Ow
~
z )
43 - ' &
E. = 3 2 Né‘ g
LT A JTR P PouoRHoxy 000 E
dﬂgnuulggiu aé;% 8 glﬂﬁlg nnagczﬁﬁﬁnﬂ;:
-g o <] [
° 2
& ::] 8,
N
o ™
3 & ] 2]
% P FTIT R FTR I3 M M, M Mo, OO0
AFeafFatls § feEgEallgEu?
ﬂlm [ ma? (&)
& (3]
o Y.
H i)
D OP W PR <) [ B Y] o om 2wl O
S ERCELEED LV ECEFEELE
] ! Ua
A e
-4
5 1%
g -
4 D o S
a, N il NU
M M m = M ™, o o momy
A55u funks LV EEEEEREL:
2 m g‘ ' m‘,"
< 8 o o
bt A
[34]
Bl SIS @ ¢ SNV ONMNON®OON
fltm NN ISt d SIS NNONL S SO

10
i5
20
25



2- met hyl - 2- n- propyl - 5- ( 3- net hyl - 3- hydr oxy- car bonyl ) - pent oxy pentanoic

aci d._As noted above, preferred conpounds are_those wherein.n and min
Formula | are the sane, and R err], Rerr], Rerr], and Rerr] are all the
sanme al kyl 15 group. Wien Y[err] and Y[err] both are carboxy groups,

t he conpounds wgddelg Nnaned as oxybis al kanoi c acids. For exawgyese601639
preferred conpound of the fornula [err] 20 where n and mboth are 4, can be

naned 6, 6' - oxybi s(2,2-di nmet hyl hexanoic acid). 25 In Fornul a |
Rlerr], Rerr], Rerr], and Rerr] are defined to include "Clerr]-(err]
al kyl"™, which termincludes nethyl, ethyl, 7 sopropyl, tert-butyl, n-hexyl,

d 2-nethyl - tyl "£§€
'ﬁgdroxgt9 C%/errfen grr] Eﬁﬁkoé@ an UCEE Cﬁ{isbaﬁg}légiabh%f%e%\f%ﬁ OchI oro,
brono, ~and i odo. uteﬂénzﬂygq'ew?d%mwe%k kpowneip) the£11498 | group
| i nked t hrough oxmganiauehemssetyloxy:n |6 amypdiealy synthesiis Xy, caatbbadyhe

8 L) kit 501ty o e o S 100
pheny % Subsgltu ed al in the presence of a base to effect

a condensation to provide the invention compound.
Carboxy esters typical are utilized, thereby providing
invention compounds where ¥, and Y, both are COORjg.
Simple saponification converts one or both of the ester
10 groups to the free acid when desired. The foregoing
condensation reaction is depicted as follows:

Yl YZ
>— (CH,) —halo + HO—(CH,) —K

15 R, R, R, R,

where halo is bromo, chloro, iodo, or the like, and
Y, and Y, are preferably COOR;, although the reaction
works equally well when ¥; and Y, independently are

20 tetrazolyl or CHO. The reaction generally is carried
out by first reacting the alkanol with about an
equimolar quantity of a base such as sodium hydride or
metallic sodium, generally in an unreactive organic
solvent such as benzene, toluene, xylene, tetrahydro-

25 furan, or the like. This produces the oxide form of
the alkanol, which then readily reacts with an
equimolar quantity of an alkyl halide to produce an
invention compound. The reaction generally is
substantially complete within about 2 to about 10 hours

30 when carried out at an elevated temperature of about
50°C to about 120°C. The invention compound is readily
isolated by simply removing the reaction solvent, for
instance by evaporation. The product can be purified
if needed by common methods such as crystallization

35 from solvents such as ethyl acetate, benzene, hexane,



35 and the |ike. WO 96/ 30328

PCT/ US96/ 01639 Rl err],

Rlerr], Rlerr], and Rlerr] also can include

Cerr]-Cerr] al kenyl and substituted al kenyl and C2-C6 al kynyl and
substituted al kynyl. Typical groups include vinyl, 2-propenyl,

3-chl oro- 4-we»esesks 2- phenyl - 3-pentenyl, 5 et hynyl , 2- RETSS6/061YNYI ,
2- bronoet hynyl, 6-phenyl- 3-hexynyl, and the like. R err] and Rl err] can

conbine with the carbon to which they are attached to conplete a

carbocyclic ring such as cycl opropyl,
cyclopentyl. Simlarly, Rerr] and R[

carbon to whi ct‘hﬁé}%@rﬁ]@tgghgﬂ

as cycl opropyl, Wa:i/cl Ohemé suc;lg?'ﬂuﬁ

i ndependent |y i
al kenyl ,
gr oups

cyc
err

obutyl, cyclohexyl, and 10
can be taken together with the

o@e%%%boe%fc ring such
Ls%err] and Yferr] in Fornula I
where Rlerr] is alkyl,

or al kynyl ,Amra]s:dmhjtﬁvewieahd!qlfozal;impﬁrj.ngr thekynyéntidrese
compounds entails reaction of a halc substituted

5 dialkyl ether with an a,a-disubstituted acetic acid or
ester, ethanal, or a methyltetrazole. Such reaction is
depicted as follows:

/Yl
halo— (CH,) —0— (CH,) —halo + HC
10 /
Rl RZ
YJ.
\
~— (CH,) 7—0— (CH,) ;—halo
15 / \
Rl RZ
/YZ
+ HC
/\
20 l
Y
1\ YZ
— (CH,) —0— (CH, )——C
/\ / \
R R Ry Ry
25
The above process is preferably utilized for preparing
invention compounds wherein R, and R, are the same as
Ry and R,;, respectively, and where Y, and Y, are the
same. In such case, the halo substituted dialkyl ether
30 is reacted with 2 equivalents, or more, of the acetic
acid derivative or tetrazole, for example, a compound
such as
N—
I ,1'3
35 HC ‘FI

CH, CH,



are illustrated above for Rerr], Rerr], Rerr], and R err]. The conpounds
of the invention which_have at |east one carhoxylic acid group (i.e., one

of Y[err] and Y[err] is 20 COOH) readily form pharmaceutically
acceptabl e salts by reaction with organic or inorganic bases. Typical bases
-commonly uti | izgekdosasl Or m sal ts include sodi um hydroxi de, potRSHUsE01639
hydr oxi de, sodi um carbonate, triethyl am ne, pyridine, amopnia, and the

i ke. 25 Typi cal conpounds provided by the invention are depicted
bel ow. [err] WD 96/ 30328
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PCT/ US96/ 01639 The reaction generally is carried out in a mutual

solvent such as tetrahydrofuran, dioxane, diethyl
ether, or the like, and in the presence of a base such
as sodium hydride, metallic sodium, butyl lithium, or

5 the like. The reaction generally is complete within
about 2 to about 10 hours when conducted at a
temperature of about 0°C to about 50°C. The product, a
compound of the invention, is readily isolated by
removing the reaction solvent, and further purification

10 can be accomplished by routine methods if desired,
including chromatography, crystallization, and the
like.

It may be desirable at times to protect some

reactive groups with removable organic radicals so as

i5 to prevent unwanted side reactions. For example,
hydroxy and free carboxy groups can be derivatized with
radicals which eliminate their ability to enter into
chemical reactions that are carried out, and wherein
the radical can be easily removed when desired to

20 regenerate the free hydroxy or carboxy group. Typical
hydroxy and carboxy protecting groups, and methods for
their attachment and subsequent removal, are fully
discussed by Greene and Wirts in "Protective Groups in
Organic Synthesis", 2nd Ed., John Wiley & Sons, Inc.,

25 New York, NY, 1991. For example, hydroxy groups are
readily protected by conversion to o-benzyl group,
which are easily cleaved when desired by hydro-
genolysis. Carboxy groups generally are converted to
esters, for example, para-nitrobenzyl esters or

30 2,2,2-trichloroethyl esters. Such ester groups are
readily hydrolyzed when desired to afford the free
carboxy group.

As noted above, the carboxylic acids of this

invention readily form salts by reaction with an

35 inorganic base or organic base. Preferred salts
include inorganic salts made with bases such as sodium



-8- The conpounds of this invention are prepared utilizing nmethodol ogy wel |
known in the field of organic chemistry. In_a typical synthesis, a carboxy

substituted alkyl halide is reacted with a carboxy 5 substituted
al kanol in the presence of a base to effect a condensation to provide the

“invention cepgegssdas Carboxy esters typical are utilized, thperbssepiaayi di ng
I nventi on conpounds where Y1 and Y2 both are COOR[err]. Sinple

saponi fication converts one or both of the ester 10 groups to the free
aci d when desired. The foregoing condensation reaction is depicted as

follows: [err] 15 where halo is bronp, CHFO i odo, or the like, and

Y[err] and Y[er ef dﬁg[e\h&]q&é QH.QE r’,ssg I O rks
equal Iy well fé*d ’gifdr% ﬁ err £ e endé ‘Hl ar e m&%ét%‘%\gl or
CHO. The reactth® a|mi+c§1c9ma§acdaisw #ncrlé&der &xderhylanine kanol
with about an egyii®imd, Guedlylaniak, aaBdsehé Uikels sodi um hydride or
metal lic sodium ge“ﬁliea'ééil'&i%'& WALERTLE VExRRPAUL Further illustrate
5 the synthesis of compounds of this inwvention. The
examples are illustrative only and are not to be
construed as limiting in any respect.

EXAMPLE 1
10 ' -0 is(2,2-di i c
To a stirred solution of sodium hydride (28 g of

60% dispersed in mineral oil, 700 mmol) in 600 mL of
dry tetrahydrofuran containing 61 g (600 mmol) of
diisopropylamine were added 52.9 g (600 mmol) of

15 iscbutyric acid. The reaction mixture was stirred at
24°C for 30 minutes, and then cooled to 0°C in an
ice/acetone bath. To the cold solution were added
286 mL of a 2.1 M solution of p-butyl lithium
(600 mmol), and the mixture was stirred at 0°C for

20 1 hour. To the cold stirred reaction mixture were
added 59.7 g (297 mmol) of 4,4’-dichlorobutyl ether
dropwise over 15 minutes. The mixture was warmed to
24°C and stirred for 48 hours. The reaction mixture

_ was diluted by addition of 600 mL of water. The

25 aqueous layer was separated, washed with 200 mL of
diethyl ether, and then acidified to pH 5.0 (Congo red)
with about 150 mL of 6N hydrochloric acid. The aqueous
acid solution was extracted three times with 300 mL
portions of diethyl ether. The ethereal extracts were

30 combined, washed with brine, dried over MgsSO,, and the
solvent was removed by evaporation under reduced
preasure to provide the product as an oil. The oil was
distilled at 160°C at 3 mm Hg to provide 66.7 g of
6,6’ -oxybis (2,2-dimethylhexanoic acid), mp 49-51°C.




sol vent such as benzene, toluene, xylene, tetrahydro- 25 furan, or the
i ke. This produces the aoxide form of the al kanal, which_then readily
reacts with an equinolar quantity of an al kyl halide to produce an

i nvention conpound. The reaction generally is substantially conplete within
about 2 to abgydedisbzipurs 30 when carried out at an el evapenusseni6ss
tenperature of about 50[err]C to about 120[err]C.  The invention conpound
is readily isolated by sinply renoving the reaction solvent, for instance
by evaporation. The product can be purified_ if needed by common net hods
such as crystallization 35 from sol vent$23uch as et hyl acetate,

benzene, hexane, / .
PCT/ US96/ 01639 - @nﬂgﬁggt ngﬁfgkefozérc’ég%%t ography, for exanple, over
solid supports such as sili€a 6247 AHal%-E3rative method for preparing the

i nvention conpounggpu@a:ai | sc|egst 9N wf x.Jowl.0 substituted

5 EXAMPLES 2 THROUGH 9
By following the general procedure ¢f Example 1,
the following compounds were prepared:
7,7’ -oxybis(2,2-dimethylheptanoic acid),
5,5’ -oxybis (2,2-dimethylpentanoic acid),
10 4,4’ -oxybis(2,2-dimethylbutanoic acid),
8,8’ -oxybis(2,2-dimethyloctancic acid),
Ethyl 2,2-dimethyl-5- (4-methyl-4-ethoxycarbonyl
pentyloxy)pentancate,
Ethyl 2,2-dimethyl-6- (5-methyl-5-ethoxycarbonyl

15 hexyloxy) hexanoate,

Methyl 2,2-dimethyl-8- (7-methyl-7-methoxycarbonyl
octyloxy)octancate, and

7-(4—Methy1-4-hydroxycarbohylpentyloxy)-2,2-
dimethylheptanoic acid.

20

As noted above, the dialkyl ethers of this
invention are useful for treating and preventing
vascular disease such as coronary heart disease,
stroke, restenosis, and the like, by virtue of their

25 ability to lower plasma cholesterol levels of
triglyceride-rich lipoprotein such as LDL, and raise
cholesterol levels of HDL. The compounds are
particularly effective at lowering Lp(a), as well as
elevating HDL-cholesterol.

30 The ability of the dialkylether derivatives of
Formula I to lower Lp(a) and elevate HDL-cholesterocl
was determined in in vivo studies routinely utilized by
those skilled in the art. Animal studies in rats were
conducted according to the following protocol.

35 Male Sprague-Dawley rats (100-200 g) were obtained
from Charles River Laboratories and housed 3 to 6 rats



5 di al kyl ether with an aa-di substituted acetic acid or ester, ethanal,

or_a nethyltetrazole Such._reaction is_depicted as follows: [err] 10 [err]
20 25 The above process is preferably utilized for preparing invention
conpounds wherein R err] and R err] are the sanme as Rlerr] and Rerr],

respecti vel ywoaggezsere Y[err] and Y[err] are the sanme. |n por/osssmiesy t he
hal o substituted dial kyl ether 30 Is reacted wth 2 equivalents, or
nore, of the acetic acid derivative or tetrazole, for exanple, a conpound
such as [err] 35 WO 96/ 30328

PCT/ US96/ 01639 -13-

per cage and allowed Purina rat chow and water
ad libitum in temperature controlled rooms, under a
12-hour light/dark cycle beginning with lights on at
6 AM. Rats were dosed dailly between 6 to 9 AM by oral
5 gavage with test compounds dissoclved or suspended in a
0.2% Tween-20 plus 1.5% carboxymethylcellulose (in
water) vehicle or with vehicle alone. Vehicle volume
represented 0.25% of body weight and gemfibrozil
(100 mg/kg/d) was used as a referénce agent for all
10 studies. Test compounds were administered up to
100 mg/kg/d for 7 to 14 days. Rats in the nonfasted
state were euthanized by ether inhalation, weighed,
bled from the heart, and subjected to hepaticotomy for
liver weight determinations. Blood was transferred to
15 EDTA containing vacutainer tubes for plasma isolation.
Cynomolgus monkey blood was drawn directly into
vacutainer tubes for isolation of serum and plasma.
Male cynomolgus monkeys (macaca fascicularis) were
obtained from Charles River Laboratories (Wilmingtonm,
20 MA) and individually housed and fed a daily diet
consisting of 20 normal monkey chow biscuits (Ralston
Purina, St. Louis, MO) and fruit (1 banana and
12 grapes). The monkeys were pre-trained in basic
primate restrainers (Primate Products, Woodside, CA)
25 and were also equipped with vascular access ports
(Norfolk Medical Products, Skokie, IL) for obtaining
blood samples. The effects of the compound of
Example 1 were studied in a rising-dose fashion. Over
a 3-week period, three pre-study basal blcod samples
30 were obtained from the chair-restrained monkeys from
the vascular ports. For studies with Example 1,
monkeys were restrained in chairs and orally dosed
dally by gavage with 3 mg/kg (Week 1), 10 mg/kg
(Wéek'z), and 30 mg/kg (Week 3) of the Example 1
35 compound suspended in a 0.2% Tween-20 plus 1.5%
carboxymethylcellulose vehicle between 5 to 7 AM.



-10- The reaction generally is carried out in a nutual solvent such as
tetrahydrofuran, dioxane, diethyl ether, or the like, and.in the presence
of a base such as sodium hydride, netallic sodium butyl lithium or 5

the like. The reaction generally is conplete within about 2 to about 10
“hours when coggyighasgat a tenperature of about OC to about SGicayushéersishe
product, a conpound of the invention, is readily isolated by renoving the
reaction solvent, and further purification 10 can be acconplished by
routine nethods if desired, including chronmatography, crystallization, and
the like. It may be desirable at tinesixai%%ﬁect sone reactive groups with

For_exanpl o, Chyd: BEthg s By bhrsoq, HeBiEY Bl i [ PhC! ! O
radi cal s whi ch el i helees ipRe%-dasing: frop Easted amimatfoni Adaitdasatons
that are carried BYboda@dmyles Hxron Fastad AohkePs Were asHdadnedayedekhen
desired to 20 EEQENELalGnddl® With® RINHEDEY 1 Obe S8l O el LP-  Typical
5 consumption and observed behavior was normal throughout
the study.
Monkey plasma samples were kept on ice, aliquoted
to multiple microfuge tubes, and promptly frozen and
stored at -70°C. Serum samples were stored at 4°C
10 prior to analysis for specific serum enzymes or albumin
as described below.

Sample Analysis
Triglycerides were determined using a commercially
15 available kit (Trigli-cinct2, Sclavo, Siena, Italy, or

Triglyceride G, Wako Pure Chemical Industries, Ltd;
Osaka, Japan). Total plasma cholesterols were
determined enzymatically as described by Allain,
et al., Clin. Chem., 20:470-474 (1974). Plasma total
20 cholesterol lipoprotein profiles were determined by
on-line post-column analysis on Superose 6 high
performance gel chromatography (HPGC) on a Rainin HPLC
(see Kieft, et al., J. Lipid Res., 32:859-866 (1991)).
Lipoprotein cholesterocl was determined from total
25 cholesterol determination and percent area distribution
of cholestercl determined by HPGC.

Apolipoprotein A-I and E in whole plasma were
quantitated by rocket immunoelectrophoresis by the
method of Laurell, et al., Methods Enzymol, 73:339-369

30 (1981) using antibodies raised in a rabbit against rat
apo A-I, in a goat against rat apo E (from Dr Patrick
Tso, LSU Medical Center, Shreveport, LA). Plasma
samples were diluted in 4 M urea, 1% Triton X-100,
12 mM Tricine, 40 mM Tris, 0.6 mM calcium lactate,

35 0.01% sodium azide, pH 8.2, and incubated for
60 minutes at 52°C prior to immunocelectrophoresis.



hydr oxy and carboxy protecting groups, and nmethods for their attachnent and

suhsequent renoval, are fully discussed by Geene and Wrts_in "Protective
Goups in Organic Synthesis", 2nd Ed., John Wley & Sons, Inc., 25 New

. York, NY, 1991. For exanple, hydroxy groups are readily protected by

‘conversi on pemdeszy! group, which are easily cleaved wherpcirssosema®y
hydr o- genol ysis. Carboxy groups generally are converted to esters, for

exanpl e, para-nitrobenzyl esters or 30 2,2,2-trichloroethyl esters.
Such ester groups are readily hydrolyzed en desired to afford the free
carboxy group. As noted above, the carboxylic acids of this invention

readily form saéi} awr{%td‘gﬂuﬂohg g@ §§ta?%aén@3@@ ?%a%sg oOr organi c

base. Preferre clude T nor ases such as
sodi um WO 96fisbgymine apol;pqproteins were in the linear rapge/ ©£96/ 01639

-11- the assay. Immunoelectrophoresis was carried out on
GelBond film (Cat 53748, FMC Bioproducts, Rockland, ME)
5 usually containing either 4% rabbit anti-rat apo A-I or
2% goat anti-rat apo B antiserum in 1% agarose, 2%
polyethylene glycol 6000 in 24 mM Tricine, 80 mM Tris,
and 1.2 mM calcium lactate. Rocket height was
determined on amido black-stained gels. For data

10 analysis, apolipoproteins in plasma from animals in the
control groups was arbitrarily set to 100.

Rat apo B was assessed in microtiter plates with
minor modifications described by Rifai, et al., Clin.
Chem., 32:957-961 (1986), i.e., an immunoturbidometric

15 method utilizing antibodies to mouse apo B raised in
sheep that cross-reacts with rat apo B. Plasma samples
from experimental animals (5, 10, 20, and 30 kL) or a
pooled rat plasma standard (0-50 ul) were combined with
2 M urea, 10% sheep anti-mouse apo B serum, 1.6%

20 polyethylene glycol 8000 (final concentrations) in a
total volume of 200 ulL of phosphate-buffered saline.
Turbidity (OD = 340 nm) was determined initially and
following an overnight incubation at room temperature
utilizing a Titertek Multiscan MCC/340MK II (Flow

25 Laboratories) 96-well absorbance spectrophotometer. An
appropriate dilution of rat plasma (usually 10 ul) was
utilized to determine apo B in the linear range of the
assay. For data analysis, apo B levels in the plasma
of drug-treated animals was compared to that obtained

30 in the control group which was arbitrarily set to
100 for each experiment.

Lp(a) levels in monkeys were assayed with a
commercially available Lp(a) ELISA kit (Apo-Tek Lp(a)
Elisa Test System, Organon Teknika, Biotechnology

35 Research Institute) developed for the detection of

human Lp(a}. Lp(a) is quantitated by a sandwich



hydr oxi de, potassi um hydroxide, calcium hydroxide, and the Iike. Typical
organi ¢ bases include triethylamne, pyridine,__nethylamne,__and the |ike.
The followi ng detail ed exanples further illustrate 5 t he synt hesi s of
conpounds of this invention. The exanples are illustrative only and are
‘not to be congg S limting in any respect. EXAMPLE 1 10 pcrmsdeiess

- xybi s(2, 2-di net hyl hexanoic acid) To a stirred solution of sodi um hydride
(28 g of 60% di spersed in mneral oil, 700 mmol) in 600 nmL of dry
tetrahydrofuran containing 61 g (600 nnDI) of di i sopropyl am ne were added
52.9 g (600 mmol ) of 15 | sobutyric acid- 16-The reaction nixture was

stirred at 24[err]C d th ol ed I\n an

i ce/ acet one bath.kaLPﬁgusofﬂ éﬁéﬁﬁ §§ r882§% %§£ Jdéi?xl M

sol ution of n-but yicopted WFG@U‘—W%"—Q&M iishéeﬁFM%d\% ¥ rred at
Oferr]C for 20 asbo&@&tionTﬁitﬂﬂeap‘&lsib‘ytlar sodublast ety pdddiaywer e added

°9. 7 g (297, Ml ) 1Qtdu®antiflhy! O Wl atlastld Purde8PYLSE- V& it ldheS- The

m xture was war e
5 and cynomolgus monkey plasma were parallel suggesting

this assay could be used to quantitate cynomolgus
monkey Lp{a). Lp(a) measurements for all cynomolgus
monkey plasmas were determined in a single assay
carried out in triplicate for samples thawed only once.

10 In chow-fed rats, gemfibrozil was compared to the
Example 1 compound for its potential to affect a
variety of lipid parameters. These data represent
pooled data from several separate l-week studies and a
single 2-week study (N = 8 rats/group). Data for each

15 study were normalized to values obtained with the
vehicle-treated rats from each study. Gemfibrozil
(100 mg/kg/d) had no effect on plasma apo A-I which
increased mostly at the higher doses of Example 1
compound. Apo E was only slightly elevated with

20 gemfibrozil, but markedly elevated dose dependently
with Example 1. These data are largely weighted to
i-week studies (1 week, N = 30; 2 week, N = 8) and
therefore do not reflect the marked elevation of plasma
apo E observed with gemfibrozil at 2 weeks. Both

25 gemfibrozil and the compound of Example 1 significantly
reduced apo B. These apolipoprotein changes can also
be appreciated as ratios of either apo E to apo B or
apo A-I to apo B. Plasma lipid parameters including
total cholestercl, lipoprotein cholesterol, and

30 triglycerides are also favorably affected by the
compound of Example 1 (Figure 2). Total plasma
cholesterol was slightly diminished by 100 mg/kg
gemfibrozil but elevated in a dose-dependent fashion by
the compound of Example 1. This effect was mainly

as reflected in elevation of HDL-cholesterol. Both

- gemfibrozil and Example 1 reduced VLDL- and




24[err]C and stirred for 48 hours. The reaction m xture was diluted by
addition of 600 nml. of water. _The 25 aquequs | ayer was separated. washed
with 200 nL of diethyl ether, and then acidified to pH 5.0 (Congo red) with
.about 150 nL of 6N hydrochloric acid. The aqueous acid sol ution was
extracted t R§essdossmes W th 300 nL portions of diethyl etherpcriusssoisaer eal

extracts were 30 conbi ned, washed with brine, dried over MgSgJ err], and
t he sol vent was renoved by evaporation under reduced pressure to provide
the product as an oil. The oil was distilled at 160[err]Cat 3 nmHg to

provide 66.7 g of 6,6'-oxybis(2, 2-di met hy*Hexanoic acid), np 49-51[err]C.

WD 96/ 30328 / 39 _-12-

Anal ysi s cal cd. LPB‘F cbfjeﬁ'fﬁo@?’r] ahg,ﬁﬂ :ef&ecgi ﬁaln W;gg‘#é%qﬁ%%gdgs C,

63.75; H, 10.00thg ratio of HDL-cholesterolXpePVERL2 PAWROUGH 9
LDL-cholesterol, whereby 100 mg gemfibrozil elevated

this ratio to a similar level to that of 10 mg of

5 Example 1 (1- to 2-fold), while higher levels
(30-100 mg) of Example 1 further increased this ratio
reaching an 8- to 9-fold elevation at the highest
concentration tested. Both gemfibrozil and the
compound of Example 1 reduced plasma triglycerides.

10 High performance gel chromatography (HPGC) was

' used to characterize lipoprotein cholesterol profiles

in rats (Figure 3) and cynomolgus monkeys treated with
the compound of Example 1 (Figure 4). Figure 3 is
lipoprotein cholesterol profiles from rats (8/group)

15 treated with vehicle alone, 100 mg/kg/d gemfibrozil or
i, 3, 10, 30, or 100 mg/kg/d& of the compound of
Example 1 for 2 weeks. Each profile is from a single
rat. All profiles are drawn to the same scale, and the
profile of the first rat in the control group (darkened

20 profile) is overlaid in front of each treatment group
for comparison. Profiles of the gemfibrozil group at
100 mg/kg/d were similar to those of the Example 1
compound at 3 to 10 mg/kg/d. At treatment doses of
Example 1, the effects on lipoprotein cholesterol are

25 exaggerated further, including attenuation of VLDL- and
LDL-cholesterol and elevation of HDL-cholesterol.

HPGC was also used to characterize lipoprotein
cholesterol profiles in three male cynomolgus monkeys
prior to, during, and following treatment with the

30 compound of Example 1. The animals were pre-selected
to represent animals with either high, average, or low
LDL- to HDL-cholesterol ratios. The three basal
profiles from each monkey were essentially identical
and therefore pooled and averaged to generate a

35 representative basal profile. One-week treatment with
3 mg/kg/d of the Example 1 compound did not affect



By follow ng the general procedure of Exanple 1, the follow ng conpounds
were_prepared: 7,7 -oxybis(2, 2-dinethyl heptanoic acid), . .

5, 5" -oxybi s(2, 2-di et hyl pent anoi ¢ acid), 10

4, 4" -oxybi s(2, 2-di net hyl but anoi ¢ acid), 8,8 -oxybis(2,2-dinethyloctanoic
acid), Ethyl gozgdds®t hyl - 5-(4-nethyl -4-et hoxycar bonyl PCT/US96/01639
pentyl oxy) pentanoate, Ethyl 2,2-dinethyl-6-(5-nethyl-5-ethoxycarbonyl 15
hexyl oxy) hexanoat e, Methyl 2, 2-dinethyl-8-(7-nmethyl-7-methoxycarbonyl
octyl oxy) oct anoate, and 7-(4-Methyl -4-hydroxycarbonyl pentyl oxy) -2, 2-

di net hyl hept anoi ¢ acid. 20 As noted above, e dial kyl ethers of this

cor onary heart - di bieRRFbtain Sroldatnb ESELIGE, | BT o b RERRReRE O
their 25 abi |with ti0 Imguikg/d eEnxanplest curing Welek 8f and
triglyceride-richgiRppdiEidhringhwaskl P pAokkdgiivR1ly decreased
VLDL-, LDL-, and HDL-cholesterol, which began to
5 rebound to control levels in two of three monkeys after
a l-week washout period. .

In primates, the Lp(a)-cholesterol contributes to
the ascending shoulder of the LDL peak. With
progressive treatments, the LDL peak became more

10 symmetrical, possibly reflecting a decrease in Lp(a).
Therefore, Lp(a) was measured directly by ELISA
{Figure 5). Direct Lp(a) quantitation demonstrated a
dose-dependent reduction in Lp(a) levels, achieving
62%, 83%, and 89% reductions (78 + 8% average) at the

15 30-mg/kg Example 1 dose, independent of basal levels in
three monkeys (Figure 5). After a l1l-week washout
period, Lp(a) approached or exceeded pretreatment

levels.
Unlike rats, in which HDL is markedly elevated
20 during treatment with the compound of Example 1, the

compound caused a decrease in HDL-cholesterol in the
cynomolgus monkey. The reduction of HDL in the
cynomolgus monkey may reflect the high level of
cholesteryl ester transfer protein (CETP) in this

25 species. Rat plasma has little or no CETP activity.
High CETP levels may, therefore, accelerate the rate of
transfer of HDL-cholesterol to LDL and LDL precursors,
resulting in decreased EDL-cholesterol levels.
Analysis of CETP activity levels in rabbits and a

30 variety of primates demonstrate that plasma CETP levels
in cynomolgus monkeys are markedly higher (10- to
12-fold) than in humans (Figure 6). Therefore, an
expected result for treatment of humans with the
compound of this invention includes lowering of VLDL-,

35 1LDL-, and Lp(a)-cholesterol, and elevation of
HDL-cholesterocl.



chol esterol |evels of HDL. The conmpounds are particularly effective at
lowering Ip(a). as well as_elevating _HDL-cholesterol. 30 The
ability of the dial kyl ether derivatives of Formula | to | ower Lp(a) and

el evate HDL-chol esterol was determined in in vivo studies routinely
-utilized bywigygaesskilled in the art. Aninmal studies in rapcrosseemsnduct ed

according to the follow ng protocol. 35 Mal e Sprague-Dawl ey rats
(100-200 g) were obtained from Charles R ver Laboratories and housed 3 to 6
rats WD 96/ 30328 PCT/ US96/ 01639

-13- per cage and all owed Purina rat chow?and water ad libitumin
TR s o o AR S nte b m el e BiaEN G oo L1
gavage Wwith t eseVabwgiohanl £iitheo compovrds Ghdhife davienkignzo, RBREBHESO pl us
1. 5% car boxynet ayé cgiver Er the preferred compound of Example 1.
Figure 1 gives the structure of the preferred compound
5 of Example 1, and identifies it as "PD 72953," which is
the term utilized in some of the figures to refer to
the Example 1 compound. The reference agent is
gemfibrozil, sometimes referred to in the figures as
*"CI-719."
10 Figure 2 shows the effects of the Example 1
compound when administered to chow-fed rats. Male
Sprague-Dawley rats_were orally dosed daily with
carboxymethylcellulose/tween vehicle, gemfibrozil, or
the compound of Example 1 at the indicated |
15 concentrations between 6 to 8 AM for 7 days. In one
experiment, eight rats in the control group, eight rats
in the gemfibrozil group, and eight rats in each of the
Example 1 groups dosed at 1, 3, 10, 30, and 100 mg/kg/d
were treated for 14 days. Animals were allowed food
20 and water ad libitum and sacrificed by ether inhalation
approximately 12 hours after the last dose. Total
cholesterol and triglycerides were determined
enzymatically. Lipoprotein profiles were determined by
quantitative high performance gel chromatography
25 (HPGC) . HPGC peak (see Figure 3 for example) areas
plus total plasma cholesterol data were used to
determine cholesterol in lipoprotein fractions.
Apolipoproteins A-I and E were determined by immuno-
electrophoresis. Apolipoprotein B was determined by an
30 immunoturbidometric method. In the 14-day experiment,
hepatic carnitine acyltransferase activity was
determined as an indication of peroxisomal enzyme
activity. This methodolegy is described by Krause,
et al., Pharmacol. Reg., 29:345-357 (1994). These data
35 indicate Example 1 causes a dose-dependent increase in
this activity, having activation similar to that seen



water) vehicle or wth vehicle alone. Vehicle volume represented 0.25% of
body _wei ght and genfibrozil (100 ng/kg/d) was_used as a reference agent for
all 10 studies. Test conpounds were adm nistered up to 100 ng/kg/d for
7 to 14 days. Rats in the nonfasted state were euthani zed by ether

i nhal ation, WQyakiPiaasl! €d fromthe heart, and subjected to hexednbebgy for
| iver weight determnations. Blood was transferred to 15 EDTA
cont ai ni ng vacutai ner tubes for plasna isolation. Cynonol gus nonkey bl ood-
was drawn directly into vacutainer tubes for isolation of serumand pl asma.
Mal e cynonol gus nonkeys (rmacaca fascicularF%?'mere obtai ned from Charl es

Ri ver Laboratorie /Lol [ A Wale AV Ily]#a)%lsed and fed
a daily diet cons?’g%ggg‘?gggaﬁ%gg%? tn%%)e‘:’fgﬁg\hf\‘/aglhsgglgés Ral'st on Puri na,
St. Louis, MO andFeprgeents Bhfmean i SBM foxpyajueshdererpined ywth
pre-trained in bavespecitngbethestomtisy Yriddp Faam RinduséparaMwdsi de, CA)

25 and were al e&gﬁhﬂggd w th vascul ar access ports (Norfol k Medi cal
Product s, Skokie,iig) or obfaining bl ood sanples. The effects of the
conpound of 5 Rats were treated as described above for Figure 2.

Plasma was subjected to HPGC to determine cholesterol
distribution between lipoproteins. All profiles from
each group of eight rats were drawn to the same scale
within a group and between the groups. A reference
10 profile of the first rat in the control group is
overlaid on each treatment group of eight rats.

HPGC was used to analyze lipoprotein cholesterol
profiles in 10 uL plasma from three cynomolgus monkeys
(Monkeys 90-98, 90-122, 90-182) prior to, during

15 treatment, and following a l-week washout of Example 1.
During the rising-dose weekly treatment periods,
Example 1 at the indicated doses was given daily by
oral gavage in a carboxymethylcellulose/tween vehicle
between 5 to 6 AM in the fasted state. Bloods were

20 drawn on the indicated dates prior to dosing and in the
fasted state. Animals were fed 20 normal monkey chow
biscuits, 12 grapes, and 1 banana daily. The profiles
of the three basal samples for each monkey were
essentially identical, therefore, for each monkey these

25 three profiles were averaged to generate a
representative profile. ©Note that the LDL peak is
reduced and more symmetrical as treatment proceeds
suggestive of a reduction in Lp(a).

Lp(a) was determined with a commercially available

30 ELISA kit. Plasma samples from each bleed were
aliquoted in small volumes (100 uL) and frozen at
-70°C. Lp(a) for all plasma samples were determined in.
the same assay. Data shown in Figure 5 represent the
absolute (top panel) and relative to basal (bottom

35 panel) ILp(a) levels of the three monkeys shown in
Figure 4.



Exanple 1 were studied in a rising-dose fashion. Over a 3-week peri od,

three pre-study basal bloqd _sanples 30 were_obt ained fromthe

chair-restrai ned nonkeys fromthe vascul ar ports. For studies with Exanple
1, nonkeys were restrained in chairs and orally dosed daily by gavage with

3 my/ kg (Veqkodersess0 Mo/ kg (Week 2), and 30 mg/ kg (Veek 3) mdrmseenisaenpl e 1
35 conpound suspended in a 0.2% Tween-20 plus 1.5%

car boxynet hyl cel | ul ose vehicle between 5 to 7 AM WO 96/ 30328

PCT/ US96/ 01639 -14- During the study perlgd weekly bl oods were drawn 24
hours post-dosing fromfasted ani mals ?flonal blood sanples fromfasted

nonkeys were Obta'neQu&ﬁﬁ%@Ergitgé éfeggéggﬁé g.ceased Food 5

consunption and observe I of Was nor na ug out t he study Monkey
pl asma sanpl es \RHWidpt, 88 Phevnain Jliguxe 6. was determined in

variety of primate species and in chow-fed and
cholesterol-fed rabbits. CETP activity was determined

5 in whole plasma by determination of the transfer rate
of a fluorescent synthetic cholesteryl ester analog
contained in microemulsions by the method of Bisgaier,
et al., Lipid Res., 34:1625-1634 (1993).

To compare the relative effectiveness of the

10 compound of Example 1 to other compounds of this
invention, a 1l-week experiment was performed in chow-
fed rats. Male Sprague-Dawley rats were orally
administered carboxymethylcellulose/tween vehicle or
the invention compounds indicated in Figure 7 (see

15 chart within figure for structures) at 30 mg/kg/d
between 6 to 9 AM for 7 days. Animals were allowed
food and water ad libitum and sacrificed by ether
inhalation approximately 12 hours after the last dose.
Plasma triglycerides, plasma total cholesterol;

20 cholesterol distribution between lipoproteins, and
apolipoproteins were determined as described
previously.

Figure 7 shows the results of the above test. The
figure shows that the preferred compound of Example 1

25 dramatically lowers plasma triglycerides and VLDL
cholesterol, and elevates HDL cholesterol.

The dialkyl ethers have also been shown to
increase insulin sensitivity, and as such, are useful
for increasing glucose utilization in diabetic animals

30 and to treat diabetes, particularly noninsulin-
dependent diabetes mellitus. The invention compounds
were evaluated in a standard assay utilizing 3T3-L1
adipocytes, which are particularly responsive to
insulin, i.e., sugar uptake can be acutely activated

35 15- to 20-fold by insulin. The methodology utilized



to multiple mcrofuge tubes, and pronptly frozen and stored at -70[err]C.

Serum.sanpl.es were stored_at_4C 10 prior_to analysis for specific serum
enzymes or al bumin as described bel ow. Sanple Analysis Triglycerides were
determ ned using a conmmercially 15 available kit (Trigli-cinct2,

‘Scl avo, Sienawgdgbiss or Triglyceride G Wako Pure Chem cal Ipivissbés18m,
Ltd; Osaka, Japan). Total plasma chol esterols were determ ned

enzymatically as described by Allain, et al., din. Chem, 20:470-474
(1974). Plasma total chol est erol Ilpggrotein profiles were
determ ned by on- I|ne post colunn analy5|s 'Superose 6 high perfornance

gel chronatograph pi d
e R L

Res. , 32:859-866 9' : |p proteln C ern1ne ron1tota|
25 chol est er okLs ' ¥%ﬁ53aﬂé§3593tr|but|on of
chol est er ol deterninedsb;c&EEEhlpppl31&&Hxnﬁﬂhrobihsandeflsnwahsle pl asma

wer e quant] tat ed poeaGkal LIIUAREL ACL! AU RUIBL EBRLBELIGN Blmddire! !

et al., thhods Enz
Rockville, MD). Cells were grown to confluence and

differentiated into adipocytes. ©On Day 0, confluent
cells were treated with 167 mm insulin, 0.25 uM
dexamethasone, and 0.5 mM methyl isobutylmethyl-
xanthine in 10% fetal bovine serum (FBS) containing

10 Dulbecco’s Modified Bagle’s Medium (DMEM). Two days
later, the media was changed to DMEM containing 167 nm
insulin and 10% FBS. The media was then switched to
10%¥ DMEM and changed every other day until harvest.
The experimental compounds, solubilized in dimethyl

15 sulfoxide, were included in the media on Day 0 and
replenished with each media change. Differentiation
was assessed by visualizing the accumulation of fat
droplets in the cells. Glucose transport was measured
by quantitating the incorporation of [1%C]deoxyglucose

20 in differentiated cells on Day 9, according to the
methodology described by Sandouk, et al.,
Endocrinology, 133:352-359 (1893).

Figure 8 shows the results of the cellular

evaluation of representative compounds of the

25 invention. Glucose transport was assessed at basal
levels, indicative of the expression of the glucose
transporter Glut 1 in these cultured adipocytes.
Troglitazone, a compound being clinically developed as
an agent to increase glucose utilization in animals and

30 humans (described fully in Example 2, U.S. Patent
No. 4,572,912), was included as a reference compound,
producing a 70% increase in glucose transport in these
cells at 5 gM. This activity of troglitazone is
predictive of its insulin-sensitizing actions. Of the

35 invention compounds tested, test compounds of both
Example 1 and Example 2 produced a marked increase in



30 (1981) using antibodies raised in a rabbit against rat apo A-l, in a

goat _against rat apo E (fromDr Patrick Tso, LSU Medical _Center, i
Shreveport, LA). Plasma sanples were diluted in 4 Murea, 1% Triton X-100,

12 MM Tricine, 40 MM Tris, 0.6 mMcalcium|actate, 35 0. 01% sodi um
azi de, pH 8v@o¥§ﬁﬁhd ncubated for 60 mnutes at 52[err] C prigdrbsdsinieas
I mmunoel ect rophoresi s. WO 96/ 30328

PCT/ US96/ 01639 -15- Appropriate dilutions of rat plasm were nade to
determ ne apolipoproteins were in the linear range of the assay.
| mmunoel ectrophoresis was carried out on ~&&rBond film(Cat 53748, FMC

: o : 5 :

ant| rat apo A STt SEepepore $SPRSy SV TueleRalnty, £ Geals,

pol yet hyl ene gl yea18ig@ 2n £23dnft ipplation.go The itAVentiam GOMOONALS| ci um

| actate. Rocket Wwateghvalaateat atnoeduen anm do bl ack-stained gels. For data

' As can be seen from the foregoing data, the

5 dialkyl ethers of this invention are effective at
lowering Lp(a), triglycerides, apolipoprotein B,
VLDL-cholesterol, and LDL-cholesterol. The compounds
also elevate apolipoprotein A-I, apolipoprotein E,
HDL-cholesterol, and the HDL/(VLDL + LDL) ratio. As

10 such, the compounds are useful for treating and
preventing vascular disease and noninsulin-dependent
diabetes mellitus. A further embodiment of this
invention is a method of treating and preventing
vascular disease and diabetes comprising administering

15 to a mammal in need of treatment an effective amount of
a compound of Formula I. 2An *effective amount® is the
dose required to treat or prevent the vascular disease
or diabetes of the mammal. The compounds typically
will be administered at a dose of about 590 to about

20 5000 mg/day, more generally at about 50 to about
2000 mg/day. A commonly employed dosage regimen will
be about 50 to about 300 mg administered from one to
four times a day. These same dosage levels will be
employed for treatment and prevention of vascular

25 disease, as well as for specifiéally lowering plasma
levels of Lp(a) and elevating plasma HDL-cholesterol,
and for treating and preventing diabetes.

A further embodiment of this invention are

pharmaceutical formulations comprising a compound of

30 Formula I together with a pharmaceutically acceptable
excipient, carrier, or diluent. The compounds can be
formulated for convenient oral or parenteral
administration, with oral delivery being preferred.
Typical pharmaceutical carriers and excipients utilized

35 in oral formulations include lactose; sucrose; starches
such as corn starch and potato starch; cellulose



10 anal ysi s, apolipoproteins in plasma fromanimals in the control
groups_was arbitrarily set to 100. Rat apo B_was assessed in.mcrotiter
plates with m nor nodifications described by Rifai, et al., din. Chem,
32:957-961 (1986), i.e., an inmmunoturbidonmetric 15 met hod utili zing
anti bodi es t opguéaes2eP0 B raised in sheep that cross-reacts wdriuseeéissoo B.
Pl asma sanpl es from experinental animals (5, 10, 20, and 30 [err]L) or a
pool ed rat plasma standard (0-50 [err]L) were conbined with 2 Murea, 10%
sheep anti-nouse apo B serum 1.6% 20 pgl yet hyl ene gl ycol 8000 (fi nal
concentrations) in a total volume of 200 [é ?IL of phosphat e-buffered

sal i ne. T“rbiditydEEQvgtiégsn cﬁ@gsqﬁgﬂﬁﬁ%F??E%%h&%a#%¥%€¥gﬁéplIomﬁng an

overni ght incubation at room enperature g € Ml tiscan
MCC/ 340MK || ( Fl o@eigtins;| 5abe at @412 Judds Af Megghableantts, sesame

SpeCtrOphOtONEFfFoif%ncagabﬁﬁééaiéiIH|aﬂd(ylyﬁbl@abuaha&ﬁﬁpélﬁbﬁﬂjleﬁﬁ)
Lo L) oS0 G OERT. B Ao \ppaASR!wd 2106 oo i ooca).
conpared to % hat dloxzm pEdtablets, | eRpREleHN ML S4PBEp BRICRIORS &l trarily
set to the like. Controlled release formulations, for
example, using a polymeric matrix or an osmotic pump,
or the like, can alsc be utilized. Typical
formulations will contain from about 5% to about 95% by
10 weight of the dialkyl ether administered with the
excipient or carrier. Flavoring agents such as cherry
flavor and orange flavor can be incorporated.
For parenteral administration, the compounds can
be formulated with diluents such as isotonic saline, 5%
is5 aqueous glucose, and the like, for convenient
intramuscular and intravenous delivery. The compounds
can also be formulated with waxes and gels in the form
of suppositories. The compounds alsc are well-suited
to transdermal delivery, and can be formulated with
20 penecrants and the like in the form of patches. The
following example further illustrates typical
formulations provided by this invention.

EXAMPLE 10
25
Ingredient Amount
2,2-dimethyl-6- (3-methyl-3-hydroxy- 1000 g
carbonylbutyloxy)hexanoic acid
Lactose 960 g
30 Magnesium Stearate 40 g

The ingredients are blended to uniformity and
filled into #4 hard gelatin capsules. Bach capsule is
35 filled with 200 mg of the blended mixture and contains
100 mg of active dialkyl ether. The capsules are
administered to an adult human at the rate of one to
three each day to lower plasma Lp(a).



100 for each experinment. Lp(a) |evels in nonkeys were assayed with a

commercially available Lp(a) ELISA kit (Apo-Tek Lp(a) Elisa_Test System
Organon Tekni ka, Bi ot echnol ogy 35 Research Institute) devel oped for the
detection of human Lp(a). Lp(a) is quantitated by a sandw ch WO

96/ 30328 WO 96/30328 PCT/ US96/ 0 1%S9u898/01639

techni que in which apo(a) captured by anti-apo(a) (coated mcrotiter
plates) is determ ned by its association with apo B by a sol ubl e,
enzymatically |linked anti body. Standard c#gves generated with human 5

and cynonol gus nonkey plasma were paral |l éF?Suggesting this assay could be
used to quantitate cynonol gus nonkey Eﬁé@& ;P(a) nmeasurenents for al
cynonol gus nonkey plasmas were determ PR single assay carried out in

triplicate for sa ] e ts,
~genfibrozil was c -
2,2-dimethyl-6- (6-methyl-6-ethoxy- 3000 g

5 carbonylheptyloxy) hexanoic acid
Lactose 750 g
Corn Starch 300 g
Gelatin " 120 g
Water 1000 cc
10 Magnesium Stearate 20 g

The dialkyl ether, lactose, and 150 g of the corn

starch are blended with a solution of the gelatin in

15 the water. The wet granulation is screened, dried, and
rescreened. The dried granules are blended with the
magnesium stearate and the remaining corn starch, and
the mixture is compressed into 698-mg tablets using
15/32 inch standard concave punches. Each tablet

20 contains 500 mg of dialkyl ether.

EXAMPLE 12

Ingredient Amount
25 6,6’ -oxybis(2,2-dimethylhexanoic acid)
Polyoxyethylene sorbitan monostearate
Sodium carboxymethyl cellulose
Complex Magnesium Aluminum Silicate
Sugar
30 Glycerin
Sodium benzoate
Sodium citrate
Approved red dye
Cherry flavor
35 Distilled water gs 100 cc
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The polyoxyethylene sorbitan monostearate can be a
product such as polysorbate 60 or Tween 0. The
40 complex magnesium-aluminum silicate is a gel-forming
agent. A product such as Veegum H.V. can be used.
This substance is hydrated overnight in 10 cc of



Exanpl e 1 conpound for its potential to affect a variety of lipid
paraneters. These data represent pooled data _from several separate 1-week
studies and a single 2-week study (N - 8 rats/group). Data for each 15
study were nornalized to values obtained with the vehicle-treated rats from

each study. Gyodspasegi | (100 ng/ kg/ d) had no effect on pl asneecarusséeisssnhi ch
I ncreased nostly at the higher doses of Exanple 1 conpound. Apo E was only
slightly elevated with 20 genfibrozil, but markedly el evated dose
dependently with Exanple 1. These data ared£ rgely weighted to 1-week
studies (1 week, N = 30; 2 week, N = 8) ant“Therefore do not reflect the

porked eleyall on Bigiatgh gagef hf sieell 1b %95?5% .Z%*aﬁ;{fer Sduced apo.

B. These apol i popmeﬁﬁﬁb%%ec%ﬁr@% Hém@ﬁﬁFéEF ?edi%tq‘ SherTy t her
apo E to apo B or fapSofy, | 3bocapef Baistsided waget, pandneherdia ol @thgrt ot al

ivorabry s el Sl SuheSCLBRbRln iblaioage L WY Gadkia © 150,
5 stirring, the sugar, glycerin, sodium citrate, sodium
benzoate, and sodium carboxymethyl cellulose are added,
followed by hydrated complex magnesium-aluminum
silicate and a solution of the red dye in 2 cc of
water. The resulting suspension is homogenized,

10 adjusted to pH 5.0 with citric acid, and diluted to a
final volume of 100 cc with distilled water. A 55-cc
oral dosage unit of this suspension contains 200 mg of
the dialkyl ether. If desired, the red dye and
imitation cherry flavor can be omitted or replaced by

1s other coloring and flavoring agents.

A preferred embodiment of this invention is
utilizing the dialkyl ethers to prevent and treat
noninsulin-dependent diabetes mellitus and conditions
precedent thereto.

20 Noninsulin-dependent diabetes mellitus (NIDDM), or
otherwise referred to as Type II diabetes, is the form
of diabetes mellitus which occurs predominantly in
adults in whom adequate production of insulin is
available for use, yet a defect exists in

25 insulin-mediated utilization and metabolism of glucose
in peripheral tissues. Overt NIDDM is characterized by
three major metabolic abnormalities: resistance to
insulin-mediated glucose disposal, impairment of
nutrient-stimulated insulin secretion, and

30 overproduction of glucose by the liver.

People who actually develop NIDDM appear to do so
because their B-cells eventually fail to maintain
sufficient insulin secretion to compensate for the
insulin resistance. Mechanisms responsible for the

35 B-cell failure have not been identified, but may be
related to the chronic demands placed on the B-cells by



chol esterol was slightly dimnished by 100 ng/ kg genfibrozil but el evated

I n_a_dose-dependent fashion_ by the conpound of Exanple 1. This_effect was
mai nly 35 reflected in elevation of HDL-chol esterol. Both genfibrozi

and Exanmple 1 reduced VLDL- and WD 96/ 30328

"PCT/ US96/ 01 densdsas LDL- chol esterol. These effects can be agmusoésodss as
the ratio of HDL-chol esterol to VLDL- plus LDL-chol esterol, whereby 100 ng
genfibrozil elevated this ratio to a sinilar | evel to that of 10 ng of 5
Exanmple 1 (1- to 2-fold), while higher égls (30-100 ng) of Exanple 1
further increased thls rati o reachi ng an to 9-fold elevation at the

hi ghest concentr, etr%ﬁ.t gﬂs %@gg{gﬁﬂ&z?d?g Petﬁg%éﬁoﬁxaml e

1 reduced pl as t g yceri, or ma

chr omat ogr aphy (*Hﬁ&)g §eH°tH“E#a’Feﬁ)‘t"é]112§q“PF éBPGt efpe cﬁﬂﬁ%‘s’t erol

profiles failure could also occur as an independent, inherent
defect in "pre-diabetic" indiwviduals.
5 NIDDM often develops from certain at risk

populations, one such population is individuals with
polycystic ovary syndrome (PCOS). PCOS is the most
common endocrine disorder in women of reproductive age.
This syndrome is characterized by hyperandrogenism and

i0 disordered gonadotropin secretion producing oligo- or
anovulation.

PCOS is associated with profound insulin

resistance resulting in substantial hyperinsulinemia.
As a result of their insulin resistance, PCOS women are

15 at increased risk to develop NIDDM. Hirsutism, acne,
and alopecia, which are commonly found in PCOS women,
are clinical manifestations of hyperandrogenism.
Menstrual disturbances and infertility are the result
of ovulatory dysfunction related to the disordered

20 gonadotropin secretion. Androgen excess, probably by
eventual conversion of androgens to estrogen, also
plays an important role in disrupting gonadotropin
release in PCOS.

NIDDM also develops from the at risk population of

25 individuals with gestational diabetes mellitus (GDM).
Pregnancy normally is associated with progressive
resistance to insulin-mediated glucose disposal. 1In
fact, insulin sensitivity is lower during late
Pregnancy than in nearly all other physiological

30 conditions. The insulin resistance is thought to be
mediated in large part by the effects of circulating
hormones such as placental lactogen, progesterone, and
cortisol, all of which are elevated during pregnancy.
In the face of the insulin resistance, pancreatic

35 B-cell responsiveness to glucose normally increases
nearly 3-fold by late pregnancy, a response that serves



inrats (Figure 3
Example 1 (Figure
rats (8/group) 15
cor 1, 3, 10, 30,

) and cynonol gus nonkeys treated with the conmpound of

4), Figure 3 is |jpoprotein_chalesterol profiles from
treated with vehicle alone, 100 ng/kg/d genfibrozi

or 100 ng/kg/d of the conmpound of Exanple 1 for 2 weeks.

"Each profile wodkigsa single rat. Al profiles are drawn to FOTAUSS601639

scale, and the pr
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the Exanple 1 compound at 3 to 10 ny/kg/d

the effects on H
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epr Sent anrmal s W average, or |ow LDL-
at i osOthRz papRla thought to be at risk for

developing NIDDM are persons with Syndrome X; persons
with concomitant hyperinsulinemia; persons with insulin
resistance characterized by hyperinsulinemia and by
failure to respond to exogenous insulin; and persons
with abnormal insulin and/or evidence of glucose
disorders associated with excess circulating
glucocorticoids, growth hormone, catecholamines,
glucagon, parathyroid hormone, and other insulin-
resistant conditions.

Failure to treat NIDDM can result in mortality due
to cardiovascular disease and in other diabetic
complications including retinopathy, nephropathy, and
peripheral neuropathy. For many years treatment of
NIDDM has involved a program aimed at lowering blood
sugar with a combination of diet and exercise.
Alternatively, treatment of NIDDM involved oral
hypoglycemic agents, such as sulfonylureas alone or in
combination with insulin injections. .

In any event, what is required is a method of
treating at risk populations such as those with PCOS
and GDM in order to prevent or delay the onset of NIDDM
thereby bringing relief of symptoms, improving the
quality of life, preventing acute and long-term
complications, reducing mortality and treating
accompanying disorders of the populations at risk for
NIDDM. The methods of using the disclosed compounds
for treating at risk populations with conditions such
as PCOS and GDM to prevent or delay the onset of NIDDM
as taught herein meet these objectives.

We claim:

to



profiles fromeach nonkey were essentially identical and therefore pooled

and_averaged to generate a 35 represent ative bhasal profile. _Qne-week
treatment with 3 ng/kg/d of the Exanple 1 conpound did not affect WO
96/ 30328 PCT/ US96/ 01639 -18 -

| i popr ot ei nweyughepgerol profiles. However, treatnment wth Perngsémesd of
Exanple 1 during Week 2, and 30 ng/kg/d during Week 3, progressively
decreased VLDL-, LDL-, and HDL-chol esterol, which began to 5 rebound to
-control levels in two of three nonkeys after a 1-week washout period. In
primates, the Lp(a)-cholesterol contribut®$ to the ascending shoul der of
the LDL peak. Wth progressive treatneng e LDL peak becane nore 10
symmetrical, possibly reflecting a decrease 1n Lp(a). Therefore, Lp(a) was
measured directly by ELISA (Figure 5). Direct Lp(a) quantitation
denonstrated a 1. A compound of the formula

b4 Y,
CH,) —0- (CH,) —X 1
5 R; R, R, R, :
wherein
n and m independently are integers from
2 to 9;
10 R;, Ry, R;, and R, independently are C,-C¢

alkyl, C,-Cg alkenyl, C,-C, alkynyl, and R; and R,
together with the carbon to which they are
attached, and Ry and R, together with the carbon
to which they are attached, independently can

15 complete a carbocyclic ring having from 3 to
6 carbons;

Y, and ¥, independently are COOH, CHO,
tetrazole, and COOR; where Rg is C;-Cg alkyl, C,-Cg
alkenyl, C,-C; alkynyl;

20 and where the alkyl, alkenyl, and alkynyl groups
may be substituted with one or two groups selected
from halo, hydroxy, C;-C¢ alkoxy, and phenyl,
and the pharmaceutically acceptable salts thereof.

2. A compound of Claim 1 wherein R,, R,, Ry, and R,
each are C,-Cg alkyl.

3. A compound of Claim 1 wherein Y, and Y,
independently are COOH or COORg.

4. A compound of Claim 3 wherein Y, and Y,
independently are COOH or COOR; and Ry is C,-Cg
alkyl.

5. A compound of Claim 4 wherein R,, R,, R;, and R,
each are the same alkyl, and Y, and Y, both are
COOH.

O



dose- dependent reduction in Lp(a) |evels, achieving 62% 83% and 89%

reductions (78 8% average) at the 15 30-nmo/ kg Exanple_1_dose,

i ndependent of basal levels in three nonkeys (Figure 5). After a 1-week
washout period, Lp(a) approached or exceeded pretreatnent |evels. Unlike

rats, in whicgddgspizs narkedly el evated 20 duri ng treat npgrosbddicishe
conpound of Exanple 1, the conpound caused a decrease in HDL-cholesterol in

t he cynonol gus nonkey. The reduction of HDL in the cynonol gus nonkey nay
reflect the high level of cholesteryl ester transfer protein (CETP) in this
25 species. Rat plasma has little or n0” CETP activity. H gh CETP

| evel s may, therefore, pa sger of HDL- | @st er ol
to LDL and LDL presgurs%rgiﬁ#ﬁgﬁﬁ%ﬁ%%gcgﬁggégﬂkﬁi clﬁ"’dl eaéfe%g)? ?%vel s.
Anal ysis of CETP acti vPRFD 2%8 1% k-abbits and a 30 vari ety of

pri mates denonstrate that plasma CETP | evels in cynonol gus nonkeys are

markedly higher (Q- ta ¢émpobsh dhaftdim RUkBRSefhi SUARE Gl .ard &Rl @age an
expected result for trga&g&g}_of humans with the

8. A compound of Claim 7 wherein n and m both are 4.

9. The compound of Claim 8 which is 6,6’ -oxybis-
(2,2-dimethylhexanoic acid).

10. A compound of Claim 7 wherein n and m both are
selected from 2, 3, 5, or 6.

11. The compound of Claim 10 which is
4,4’ -oxybis(2,2-dimethylbutanoic acid);
5,5’ -oxybis (2,2-dimethylpentanoic acid};
7,7’ -oxybis(2,2-dimethylheptanoic acid); or
5 8,8’ -oxybis(2,2-dimethyloctancic acid).

12. A compound of Claim 7 where Y, and Y, both are
COOR; .

13. A compound of Claim 12 wherein Ry is methyl.

14. The compound of Claim 13 which is methyl
2,2-dimethyl-8- (7-methyl-7-methoxycarbonyl-
octyloxy)octanoate.

15. A compound of Claim 12 wherein Rg is ethyl.

16. The compound of Claim 15 which is ethyl
2,2-dimethyl-5- (4-methyl-4-ethoxycarbonyl-
pentyloxy)pentanoate or ethyl 2,2-dimethyl-6-
(5-methyl -5-ethoxycarbonylhexyloxy)hexanoate.

17. A pharmaceutical formulation comprising a compound
of Claim 1 together with a pharmaceutically
acceptable diluent, carrier, or excipient.

AR



compound of this invention includes |owering of VLDL-, 35 LDL-, and
Lp(a)-cholesterol , and el evation of__HDL-chol esterol. WO 96/ 30328 -
PCT/ US96/ 01639 -19- Figures 1 to 6 show the results of biological

-eval uation of the compounds of the invention. Results are given f or the
preferred coppeogsgdf Exanple 1. Figure 1 gives the struct urer/u$ssioiss
‘preferred conpound 5 of Exanple 1, and identifies it as "PD 72953,"
which is the termutilized in some of the figures to refer to the Exanple 1
conpound. The reference agent is genflbrogg sonetinmes referred to in the
figures as "Cl-719." 10 Fi gure 2°Shows the effects of the Exanple

L compound when it o $o2hiadatfof oM il A7 enbfibfy BB ASRUEY T al S
were oral Iy doséd dai;y w,UhyCar Do/ ELAYLCERLIE R o d e’ 2 b,

genfibrozil, or 1
where R; is C,-Cg alkyl.

13, A formulation of Claim 18 employing a compound
wherein R,, R,, R;, and R, each are methyl.

20. A formulation of Claim 19 employing a compound
wherein n and m are the same.

21. A formulation of Claim 20 employing a compound
wherein n and m both are 4.

22. A formulation of Claim 20 employing 6,6 -oxybis-
(2,2-dimethylhexanoic acid).

23. A method for lowering plasma Lp(a) comprising
administering to a mammal an Lp(a) lowering amount
of a compound of Claim 1.

24. A method for preventing or treating vascular
disease comprising administering to a mammal an
effective amount of a compound of Claim 1.

25. A method for elevating plasma HDL-cholesterol
comprising administering to a mammal an effective
amount ¢f a compound of Claim 1.

26. A method for lowering plasma triglycerides
comprising administering to a mammal an effective
amount of a compound of Claim 1.

27. A method for preventing or treating noninsulin-
dependent diabetes mellitus comprising
administering to a mammal an effective amount of a
compound of Claim 1.

| ) O



t he conpound of Exanple 1 at the indicated 15 concentrations between 6
to 9 AMfor 7 days. ln one experinent, eight_rats in the cantrol group,
eight rats in the genfibrozil group, and eight rats in each of the Exanple
1 groups dosed at 1, 3, 10, 30, and 100 ng/kg/d were treated for 14 days.
Ani mal s wer e =0 esgesksf ood 20 and water ad |ibitum and sacPCWUs960163Y

et her inhalation approximately 12 hours after the |ast dose. Total

chol esterol and triglycerides were determ ned enzymatically. Lipoprotein
profiles were determ ned by quantitative high_performance gel

chr omat ogr aphy 25 (HPGC). HPGC peak (see Figure 3 for exanple) areas

plus total plasma ol asmetlbadaes Vevwer it LI chollestep6l COOMSALSIwt 1 N

| i poprotein fractions. aég&(&#ggg{,%ﬁ% Gae&t!kaﬂm E"b\/\%ﬁfgﬁgg%sémpy"f rgruno-

{5
el ectrophoresis. Apolipoprotfein S term ne

i munot ur bi donetri c meRBBOURAOf 1M day experiment, hepatic carnitine
acyltransferase activity was determ ned as an indication of peroxisomal

enzyme activity. BPY.sS KEmaeHelosyr i Sowdsitid vabihenblassarott cahprising
Pharmacol . Res., 29: 343830364824y £d ¥ @12 viDL- cholesterol

lowering amount of a compound of Claim 1.

30. A method for lowering apolipoprotein B comprising
administering to a mammal an effective amount of a
compound of Claim 1.

31. A method of elevating plasma apolipoprotein A-1
comprising administering to a mammal an effective
amount of a compound of Claim 1.

32. A method of elevating plasma apolipoprotein E

comprising administering an effective amount of a
compound of Claim 1.

e

|



35 I ndi cate Exanple 1 causes a dose-dependent increase in this

actdvity having activation simlar to_that seen_ W) 96/ 30328

PCT/ US96/ 01639 -20- with genfibrozil at the 100-ngy/kg/d dose. Data
represents the nean SEM for values determ ned with ' respect to the control
group from rwoessapsir at e experinents. 5 Rats were PCPUsmH1639
descri bed above for Figure 2. Plasnma was subjected to HPGC to determ ne
chol esterol distribution between lipoproteins. Al profiles fromeach group
of eight rats were drawn to the sane scale within a group and between the
‘groups. A reference 10 profile of the first rat in the control group is
overlaid on each treatnment group of ei §fi2Jats. HPGC was used to anal yze

| i poprotein cholesterol profiles in 10 [err]L plasma fromthree cynonol gus
nonkeys (Monkeys 90-98, 90-122, 90-182) prior to, during

FIG—1
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15 treatnment, and follow ng a 1-week washout of Exanple 1. During the
ri sing-dose weekly treatnent_perjods, Exanple 1 _at the indicated doses was
given daily by oral gavage in a carboxynethyl cellul ose/tween vehicle
between 5 to 6 AMin the fasted state. Bl oods were 20 drawn on the

i ndi cated daygeesuse®r t0 dosing and in the fasted state. Anponiusesneed fed
20 normal nonkey chow biscuits, 12 grapes, and 1 banana daily. The profiles
of the three basal sanples for each nonkey were essentially identical,
therefore, for each nonkey these 25 three profiles were averaged to
generate a representative profile. Note that the LDL peak is reduced and
nore symretri st t ment proceedsZgUb@estive of a reduction in Lp(a).
Lp(a) was det ed a comercially avail abl e 30 ELI SA kit.

Pl asma sanpl m bl eed were aliquoted in small volunmes (100 [err]L)
and frozen at -70[err]C. Lp(a) for all plasm sanples were determned in
the sanme assay. Data sh T T gure > represent tne apsoruate (top pahel)

and relative to basal sgﬁtt_‘)mﬁpo E panel) Lp(a) levels of the thr[ee
nonkeys shown in _ oo
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Fi gure 4. WD 96/ 30328

PCTLUS96/01639 -21- Chol esteryl ester transfer protein (CETP) activity, as
shown in Figure 6, was determned in a variety of primte species and in
chow fed and chol esterol -fed rabbits. CETP activity was determ ned 5 in
:whol e pl asnewbyesmper m nation of the transfer rate of a fl uptessssniese
synthetic chol esteryl ester anal og contained in m croenul sions by the

nmet hod of Bisgaier, et al., Lipid Res., 34:1625-1634 (1993). To conpare the
relative effectiveness of the 10 conpound of Exanple 1 to other
conmpounds of this invention, a 1-week experinment was perfornmed in chow fed

rats. Male S - rats were or3lAZ3adm ni stered

car boxymnet hyﬁ@ ﬁ/\een vehi cl e or the invention conpounds indicated

in Figure 7 ( 5 chart within figure for structures) at 30 ng/kg/d
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between 6 to 9 AMfor 7 days. Aninmals were allowed food and water ad
libitumand sacrificed by ether inhalation approximately 12 hours_after the
| ast dose. Plasma triglycerides, plasnma total chol esterol, 20

chol esterol distribution between |ipoproteins, and apoli poproteins were
det ermi ned agpdesmss bed previously. Figure 7 shows the resuptmussenaése above
test. The figure shows that the preferred conpound of Exanple 1 25
dramatically lowers plasma triglycerides and VLDL chol esterol, and el evates
HDL chol esterol. The dial kyl. ethers have al so been shown to increase
insulin sensitivity, and as such, are useful for increasing glucose
utilization | bet | ni mal s 30 4qﬁﬂ3to treat diabetes, particularly
noni nsul i n- EE% betes nellitus. The invention conpounds were

eval uat ed in assay utilizing 3T3-L1 adi pocytes, which are

particularly respon5|ve to insulin, i.e., sugar uptake can be acutely
activated 35 15- t $200—foro—byTSUttT— T e 00T ogy Ut T T T7E
~ 1 VLDL CHOLESTEROL
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WO 96/ 30328 | PCT/ US96/ 01639 -22- for
t he—assay—i-s—described norefully by Erast, et _al. ., J Biol. Chem.

260: 2646- 2652 (1985). Specifically, 3T3-L1 fibroblast cells were obtained
from Anerican Type Culture Collection (ATCC, 5 Rockville, MD). Cells
wer e grown tywoogmiskgience and differentiated i nto adi pocyt espctisiénnss.
confluent cells were treated with 167 mminsulin, 0.25 [err]M

dexamnet hasone, and 0.5 nM net hyl isobutyl nethyl- xanthine in 10% f et al
bovi ne serum (FBS) containing 10 Dul becco's Modified Eagle's Medium
(DMEM . Two days later, the nedia was changed to DVEM contai ni ng 167 nm
‘insulin and %,EBS. nmedi a was thé]/zw tched to 10% DMEM and changed
every ot her iﬁf(gn.u rvest. The experinmental conpounds, solubilized in
di met hyl 15 ul f'&%e, were included in the media on Day 0 and

repl eni shed with each nedia change. Differentiation was assessed by

vi sual i zi ng t he accum3i0 rgmoft~far
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droplets in the cells. ducose transport was neasured by quantitating the
incorparation of [[er]Cl deoxygl ucase 20 in differentiated cells on Day
9, according to the nethodol ogy descri bed by Sandouk, et al.,

Endocri nol ogy, 133:352-359 (1993). Figure 8 shows the results of the

cel lul ar evave9éodsm of representative conmpounds of the 25 PpCT/USSHIEIBON.

A ucose transport was assessed at basal |evels, indicative of the
expression of the glucose transporter Gut 1 in these cultured adi pocytes.
Troglitazone, a conpound being clinically devel oped as an agent to increase
gl ucose utilization in aninmals and 30 humans (described fully in

Exanpl e 2, at e . 4,572,912) /@3 included as a reference
conmpound, pr ' %2 % increase in glucose transport in these cells at 5
‘[err]M Thi s*aet™ivi t troglitazone is predictive of its
I nsulin-sensitizing actions. O the 35 i nvention conpounds tested, test
conpounds of both Exan‘ﬂl&a T and EXanpre 2 produced a nar ked T neregselin
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.
12 —
10 —
12 @
RATIO 8 — ﬁ- 1? :
6— £ & :
4-: e §%§}
2 — 1B
L'"-"-'.s'*{ ; ;
0719 ]
’o" 100 1 3 10 30 90 100
oc o
'i' ~ PD 72953
8 1 (mg/kg/d)
(&

FIG-2K

120
4 PLASMA TRIGLYCERIDES
100 — I
80 — :
PERCENT -
OF 60 — "
CONTROL - T
40 — E
- § T
20| o 1
11 & W :
o | el b .'.I,-...'. R )
3 10 30 90 100
oz
=~ PD 72953
S (mg/kg/d)



WD 96/ 30328 PCT/ US96/ 01639 - 23-

gl ucose transport activity, wth the_Exanple 2_conpound causing.a 2-fold
stinmulation. The invention conpounds were eval uated at 100 [err]M As can
.be seen fromthe foregoing data, the 5 di al kyl ethers of this invention
are effecti wpodkmdagsveri ng Lp(a), triglycerides, apolipoprot ecnmwsss01639
VLDL- chol esterol, and LDL-chol esterol. The conpounds al so el evate

apol i poprotein A-1, apolipoprotein E, HDL-chol esterol, and the HDL/(VLDL +
LDL) ratio. As 10 such, the conpounds are useful for treating and
preventing vascul ar di sease and noni nsul i n-dependent di abetes nellitus. A

further enbodi of Jthis invention iE/@ZSnﬁ:hod of treating and preventing
vascul ar di s 4E%nd23iabetes conprising adm nistering 15 to a mamal
nt Pefe

in need of tr -ef fective anbunt of a conpound of Formula |. An
"effective anount” is the dose required to treat or prevent the vascul ar
di sease or di abetes of tRerammear—TmeToNpoOUTISTYpTrCar Ty ) .
1 LIVER TO BODY WEIGHT
6 — o
5—
- .
4 —
RATIO .
o .
1Y ST
1= c {}ef
B :‘__.'.
RN R
3 100 10 30 90 100
x o
E T PD 72953
S L (mg/kg/d)
O

9 ' -
g ] HEPATIC CARNITINE ACYLTRANSFERASE
7-
6.....
nM/min/mg s
34 £
- RIS
2 ol
4 —— L
0T
a5 100 1 3 10 30 100
oz o
Z K PD 72953
S 4L (mg/kg/d)
O



will be adm nistered at a dose of about 50 to about 20 5000 ng/ day,
nmore_generally at about 50_to about 200Q ng/day._A commonly enpl ayed dosage

reginmen will be about 50 to about 300 ng admi nistered fromone to four
times a day. These same dosage levels will be enployed for treatnent and
preventi on ockvovessd ar 25 di sease, as well as for specipCrEsdspidspweri ng

pl asma | evel s of Lp(a) and el evating plasma HDL-chol esterol, and for
treating and preventing diabetes. A further enbodi nent of this invention
are pharmaceutical formulations conprising a conpound of 30 Formul a |
together with a pharmaceutically acceptabl e excipient, carrier, or diluent.
The conpounds can be fornul ated for coayﬁhient oral or parenteral

adm nistration, with oral delivery being preferred. Typical pharmaceutical

carriers and excipients utilized 35 in oral fornulations include
| act ose; sucro%f?]jsgrchtg such as corn starch and potato starch; cellul ose
LDL HDL
VLDL
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WO 96/ 30328 PCT/ US96/ 01639 - 24-

derivatives such as nmethyl and ethyl cellulose; gelatins; talc; 0ils such
as vegetable oils, sesane oil, cottonseed oil; and glycols such as
pol yet hyl ene glycol. Oral preparations typically will be in the 5 form

of tablets, womesod2es, enul sions, solutions, and the |ike. Goruseddicsh

rel ease formul ations, for exanple, using a polyneric matrix or an osnotic
punp, or the like, can also be utilized. Typical forrmulations will contain
from about 5% to about 95% by 10 wei ght of the dial kyl ether

adm nistered with the excipient or carrier. Flavoring agents such as cherry
flavor and orange flavor can be incorﬁbﬁ%ﬁed. For parenteral

adm ni stration, the conmpounds can be fornmulated with diluents such as

i sotonic saline, 5% 15 aqueous glucose, and the |ike, for convenient
“intranuscul ar and intravenous delivery. The conmpounds can al so be

formul ated with waxes and gels in the form of suppositories. The conpounds
also are well-suited to transdermal delivery, and can be fornmulated with

PD 72953
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20 penetrants and the like in the formof patches. The follow ng

exanple further jillustrates_typical forpul ations provided_by this
i nvention. EXAMPLE 10 25 | ngredi ent

‘Amount 2, 2-di met hyl - 6- ( 3- met hyl - 3- hydr oxy- 1000 ¢

“car bonyl but ¥h@yéselsmxanoi c acid Lact ose PCT/US96/01632

960 g 30 Magnesi um St ear at e 40 g The
ingredients are blended to uniformty and filled into #4 hard gelatin
capsul es. Each capsule is 35 filled wwth 200 ng of the bl ended m xture

and contains 100 ng of active dialkyl ether. The capsul es are adm nistered
to an adult human at the rate of one 4@/28ee each day to | ower plasma
Lp(a). WD 96/ 30328 PCT/ US96/ 01639
- 25-

FIG-3k
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EXAMPLE 11 | ngredi ent Amount
2,2-dinethyl -6-(6-net hyl -6-ethoxy-— 3000 g 5

car bonyl hept yl oxy) hexanoi ¢ aci d Lact ose

750 g Corn Starch 300 g Gelatin

120 g WAt er woosr30328 - 1000 cc 1PCT/US96/01639
Magnesi um St ear at e 20 g The di al kyl et her,

| act ose, and 150 g of the corn starch are blended with a solution of the
gelatin in 15 the water. The wet granulation is screened, dried, and

rescreened. The dried granules are blended with the magnesi um stearate and
the remaining corn starch, and the nikﬂyﬂESis conpressed into 698-ngy

tabl ets using 15/32 inch standard concave punches. Each tablet 20

contains 500 ng of dial kyl ether. EXAMPLE 12 I ngredient

Amount 25 6, 6' - oxybi s( 2, 2-di net hyl hexanoi ¢ aci d) 4.0 g

Pol yoxyet hyl ene sorbitan nonostearate 0.1 cc

FIG-3G
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dei um car boxymet hyl cell ul ose 0.3 g Conpl ex Magnesium

Alumnum Silicate — 0.5_g Sugar -

10 g 30 G ycerin 2 cc Sodi um
benzoat e 0.5 g Sodiumcitrate

0.2 g Approwgsbsrasisdye 1 nopcRmesv6/1689 avor
0.02 cc 35 Distilled water qs 100 cc The
pol yoxyet hyl ene sorbitan nonostearate can be a product such as pol ysorbate
60 or Tween 60. The 40 conpl ex magnesi umalum numsilicate is a

gel -form ng agent. A product such as Veegum H. V. can be used. This
subst ance i s hydrated ovgrni t in 1012/ 23 WO 96/ 30328

PCT/ US96/ 01639 - 26-pdi sN| | eskwater. A mixture is prepared fromthe
pol yoxyet hyl ene sor\g ta@rmn@t earate, imtation cherry
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flavor, 30 cc of distilled water, and the dial kyl ether and passed through
a haomogeni zer W{th vigorous 5 __stirring, the sugar, glycerin, sodium
citrate, sodium benzoate, and sodi um carboxymnet hyl cellul ose are added,
;foll owed by hydrated conpl ex magnesi um al um num silicate and a sol ution of
‘the red dye wgogsgss Of water. The resulting suspension is hporgsssioied, 10
adjusted to pH 5.0 with citric acid, and diluted to a final volune of 100
cc with distilled water. A 55-cc oral dosage unit of this suspension
contains 200 ng of the dialkyl ether. If desired, the red dye and imtation
cherry flavor can be omtted or replaced by 15 ot her col oring and
flavoring agents, A preferred enbodi mtﬁt/zm this invention is utilizing the
di al kyl ethers to prevent and treat noninsulin-dependent diabetes nellitus
and conditions precedent thereto. 20 Noni nsul i n- dependent di abetes
mellitus (NIDDVM, or otherwise referred to as Type |l diabetes, is the form
of diabetes nellitus which occurs predom nantly in adults in whom adequate

product i on OFI@-JJ-ISAS
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avai | abl e for use, yet a defect exists in 25 i nsul i n-medi at ed
utilization and netabolismof glucose in peripheral tissues. Overt NLDDMis
characterized by three najor netabolic abnormalities: resistance to
“insulin-mediated gl ucose disposal, inpairnment of nutrient-stinulated

i nsulin secyfy ,gand 30 over producti on of glucose by pOTRUSIEN1E3
Peopl e who actualfy devel op NI DDM appear to do so because their B-cells
eventually fail to maintain sufficient insulin secretion to conpensate for
the insulin resistance. Mechani sns responsible for the 35 B- cel

failure have not been identified, but may be related to the chronic demands
pl aced on the B-cells by WO 96/ 03284 /23

PCT/ US96/ 01639 -27- peripheral insulin‘resistance and/or to the effects of
hyperglycem a to inpair B-cell function. The B-cell failure could al so
occur as an independent, inherent
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defect in "pre-diabetic" individuals. 5 NI DDM of t en devel ops from
certain—at—ri-sk—popul ati ons,_one such population is individuals with

pol ycystic ovary syndrone (PCOS). PCCS is the npost common endocri ne

‘di sorder in wonen of reproductive age. This syndrone is characterized by
hyper andr ogapd sésatel 10 di sordered gonadotropi n secreti poTEESHIcIONT
oligo- or anovulation. PCOS is associated with profound insulin resistance
resulting in substantial hyperinsulinema. As a result of their insulin
resi stance, PCOS wonmen are 15 at increased risk to devel op NI DDM
Hirsutism acne, and al opecia, which are coomonly found in PCOS wonen, are
clinical manifestations of hyperandrogéblzlh Menstrual disturbances and
infertility are the result of ovulatory dysfunction related to the

di sordered 20 gonadotropi n secretion. Androgen excess, probably by
eventual conversion of androgens to estrogen, also plays an inportant role
in disrupting gonadotropin release in PAOS. NI DDM al so devel ops fromthe at
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25 I ndi vidual s with gestational diabetes nellitus (GDM. Pregnancy
normally is-associated wth progressive resistance to insulin-nediated
gl ucose disposal. In fact, insulin sensitivity is lower during |ate
pregnancy than in nearly all other physiological 30 conditions. The
insulin resiwbasses28s thought to be nediated in large part Iperivsssmagdoect s
of circul ating hornones such as placental |actogen, progesterone, and

cortisol, all of which are elevated during pregnancy. In the face of the

i nsulin resistance, pancreatic 35 B-cel |l responsiveness to glucose
normal ly increases nearly 3-fold by |ate pregnancy, a response that serves
WD 96/ 30328 16/23 PCT/ US96/ 01639 -28- to

mnimze the effect of insulin resistance on circulating glucose |evels.
Thus, pregnanFyLGovima maj or "stress-test" of the capacity for B-cells
to conpensate}'f ins resi stance.

Y1 Y2
>T (CH2)n 0 (CHz)m—7<
EXAMPLE || 1 4 6 7 2 9 8
IN FIGURE] A B c D E F G
n {4 2 3 4 5 3 6
m 4 2 | 3 4 5 5 6
Yq COOH | COOH |COOEt|COOE#| COOH | COOH [COOCH 3
Y2 || COOH | COOH |COOE+|COOEt| COOH | COOH [COOCH 3
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5 O her popul ations thought to be at risk for devel oping NI DDM are
persons wth _Syndrome X; persons with concomiitant hyperinsulinem a; persons
with insulin resistance characterized by hyperinsulinem a and by failure to
. respond to exogenous insulin; and persons 10 wi th abnormal insulin
rand/ or evi dewees/308280! ucose di sorders associ ated w th excesspEus»ehassd Ng

gl ucocorticoids, growth hornone, catechol am nes, glucagon, parathyroid

hor nrone, and other insulin- resistant conditions. 15 Failure to
treat NIDDM can result in nortality due to cardi ovascul ar di sease and in

ot her di abetic conplications including retinopathy, nephropathy, and

peri pheral neuropathy. For nany years17/@5 ment of NI DDM has invol ved a
program ai med at | owering blood 20 sugar with a conbination of diet and

exercise. A l(g;ivﬁ? treatment of NI DDMinvol ved oral hypoglycem c
agents, such ITTdnyyureas alone or in conbination with insulin

I njections. In any event, what is requi B@Si él-ﬂ)l[f%?ﬁﬁ(ﬁ: 25 treating

at risk popul ati ons such qfsthose Wi t h
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and GMin order to prevent or delay the onset of N DDM thereby bringing
relief of synptons, inproving the quality of life, preventing acute and

| ong-term conplications, reducing nortality and treating 30

acconpanyi ng di sorders of the populations at risk for NIDDM The nethods of
usi ng the diwelogseds conpounds for treating at risk popul ati pggrpsbédicss

condi tions such as PCOS and GDM to prevent or delay the onset of N DDM as
taught herein neet these objectives. 35 W claim WO 96/ 30328
PCT/ US96/ 01639 -29- CLAI M5 1. A compound of the forrmula [err] 5 wherein n
and mindependently are integers from

18/23
FIG-TE
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2to 9; 10 Rlerr], Rerr], Rerr], and R err] independently
areCerrl-Clerr] alkyl, Clerr]-Cerr] al kenyl, Cerr]-Cerr] alkynyl, and
Rlerr] and R err] together with the carbon to which they are attached, and
iRlerr] and Rlerr] together with the carbon to which they are attached,

I ndependent lywo 9é5b33e conpl ete a carbocyclic ring hﬂﬂ'mgp@i@m 3to-
6 carbons; Y[err] and Y[err] independently are COOH, CHO tetrazole, and
COOR[err] where Rerr] is (Jerr]-Cerr] alkyl, C(err]-Clerr] al kenyl, C2-C6
al kynyl; 20 and where the al kyl, al kenyl, and al kynyl groups may
be substituted wth one or two groups selected from hal o, hydroxy,
Cerr]-Cerr] al koxy, and phenyl, and]gygz.)har maceutically acceptable salts
t hereof . 2. Acorrpound of Claiml wherein Rerr], Rerr], Rerr], and

Rl err] each &EIG[ eg[err] al kyl . 3. A conpound of Claim1 wherein
n

Y[err] and Y, dently are COOH or COOR[err]. 4. A conpound of
Claim3 wherein Y[err] and Y[err] indepe tl COOR[ err] and
Rerr) is Qerrl-cern o BIAEUA TRIGLYCERIDES
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al kyl . 5. A conpound of Claim4 wherein Rerr], Rerr], Rerr], and

Rlerr] each are the sanme alkyl, and _Y[err] and Y[err] both are_COOH. WO
96/ 30328 PCT/ US96/ 01639 - 30- 6.

:A conpound of Claim5 wherein Rerr], Rerr], Rerr], and R err] each are
‘methyl . 7. dogsesaound of Claim6 wherein n and mare the perypsdspiager. 8.
A conmpound of Claim7 wherein n and mboth are 4. 9. The conpound of
Claim8 which is 6,6 -oxybis- (2,2-dinmethyl hexanoic acid). 10. A conpound
of Claim7 wherein n and mboth are selected from?2, 3, 5, or 6. 11. The’
compound of C aim 10 which is 4,4'-oxybis(2,2-di nethyl butanoic acid);

5, 5" - oxybi s(2, 2-di net hyl pent anoi ¢ aci @0/23
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7,7 -oxybis(2,2-di net hyl heptanoic acid); or 5
8,8 -oxybis(2, 2-dinpethyloctanoic acid)., 12.

A_conpound of C aim 7_where

Y[err] and Y[err] both are COOR5. 13. A conpound of Claim1l2 wherein R5 is
14. The compound of O aim 13 which is nethyl

2, 2- di et hy hgSodbasiet hy!l - 7- met hoxycar bonyl - oct yl oxy) oct anoptEUS*R163%
conpound of Claim 12 wherein R err] is ethyl.

imet hyl .

whi ch is ethyl

pentyl oxy) pent anoate or ethyl 2,2-dinethyl-6-

(5- net hyl - 5- et hoxycar bonyl hexyl oxy) hexanoat e.
formul ati on conprising a conpound of (213}/251 together with a

-pharmaceutical ly acceptable diluent, carrier,

16. The conmpound of daim 15

2, 2-di met hyl - 5- (4- net hyl - 4- et hoxycar bonyl -

17. A pharmaceuti cal

or excipient.

PCT/ US96/ 0163FIG-__ 7K
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18. A fornulation of Caim217 enploying a conpound wherein Y[err] and

Y[ er+]-independently are COOH or COOR[err] where Rerr] is (err]-Clerr]
alkyl. 19. A formulation of C aim 18 enpl oyi ng a conpound wherein Rerr],
Rlerr], Rerr], and Rlerr] each are nmethyl. 20. A fornulation of Claim19
enployi ng a wowoprsasesl wherein n and mare the sane. 21. A f oponvosdsindeseof

Cl aim 20 enpl oying a conpound wherein n and mboth are 4. 22. A fornul ation
of Claim 20 enploying 6, 6" -oxybis- (2,2-dinmethyl hexanoic acid). 23. A

met hod for |owering plasma Lp(a) conprising administering to a mammal an
Lp(a) | owering amount of a conpound of Claim1. 24. A nmethod for preventing
or treating vascul ar di sease conpri si 2@/623\' nistering to a mammal an

ef fective anmount of a conmpound of Claiml1l. 25. A nethod for el evating

pl asma HDL- chol esterol conprising adm nistering to a manmal an effective
anourit of a conpound of Claim1l. 26. A nethod for |owering plasm
triglycerides
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conprising admnistering to a manmal an effective anmount of a conpound of

Caimlil. 27. A nethod for preventing or treating noninsulin- dependent

di abetes nellitus conprising adm nistering to a mammal an effective anount
~of a conpound of Claim 1. WO 96/ 30328

- PCT/ US96/ 0183%¢m3e528 28- A nethod for |owering LDL-chol est ePSI/US8§I6I%I ng
adm nistering to a mammal an effective anmount of a conpound of Claim1. 29.
A method for |owering VLDL-chol esterol conprising adm nistering to a mamal
VLDL- chol esterol |owering anmount of a conpound of Claim11. 30. A nmethod for
| owering apolipoprotein B conprising adnmnistering to a manmal an effective

- anmunt of a corrpound of Claim1l. 31. By&bod of elevating plasna
. apol | poprotein A-1
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conprising admnistering to a manmal an effective anmoun 7(9‘5a c%rr—p}ound of

Claimi1 32 A nethod of elevating plasma apol i poprotein E
conpri si ngadm ni stering an effective amount of a conmpound of d
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