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RIS CARB _.
HOLESTEROL AB

This invention relates to tris carbamic acid esters, processes for preparing them and
pharmaceutical compositions containing them.

Cholesterol ester hydrolase and acyl-CoA cholesterol acyltransferase have been
implicated in the reesterification and absorption of exogenous cholesterol. It has been
demonstrated that removal of CEH from pancreatic juice results in an 80% reduction in
the uptake of cholesterol into the bloodstream in rats [Hoisie, J. Biol. Chem. 262, 260-
264 (1987).] Furthermore, several lines of investigation have indicated that ACAT may
play a key role in the intestinal absorption of cholesterol [DeVries et al., J. Med. Chem.
29, 1131(1985)]. The association between high serum cholesterol levels and coronary
vascular disease is well documented; consequently cofnpounds of this invention may be
useful for treating atherosclerosis, familial hypercholesterolemxa, hyperlipidemia, and
like diseases.

This invention relates to novel carbamic acid esters of 4 to 8 membered
azacycloalkanols, particularly 4-piperidinol, which inhibit absorption of cholesterol
from the intestinal tract and have been shown to inhibit the enzymes, cholesterol ester
hydrolase (CEH) and/or acyl-CoA cholesterol acyltransferase (ACAT). The novel
CEH/ACAT inhibitors of this invention have the formula:

i /‘l\. i 1

Z-0-C-N | J-—0-C-N-A-0-C-N
| p

wherein
pis0,1,2,3,0r4;

0
Zis—Arl, ~Ar'-Ar%, ~Ar'-O-AP ~Ar--S-AP, -AFfO-C-AZ,
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' —Arl—(CR6=CR6);_3-Ar2 or —~Arl-NR7-Ar2; where RS is hydrogen
or C}-Cg alkyl and R7 is hydrogen, C;~Cg alkyl, C1—Cjg alkylcarbonyl
or C;~Cg alkoxycarbonyl;

5 ' and Ar! and Ar?2 are, independently, selected from phenyl, naphthyl, furanyl,
benzofuranyl, dibenzofuranyl, pyridinyl, pyrimidinyl, pyrazinyl,
thienyl, benzothienyl, imidazolyl, oxazolyl, benzoxazolyl, thiazolyl,
benzthiazolyl, isoxazolyl, benzisoxazolyl, indenyl, indolyl,
quinolinyl, isoquinolinyl, benzotriazolyl, carbazolyl,

10 benzimidazolyl, or fluorenyl,

and Ar! and Ar2, independently, are optionally substituted by fluorine,
chlorine, bromine, iodine, cyano, nitro, -CO2H, C;-Cpg alkyl,
C3-Cyo alkenyl, C3-Cg cycloalkyl, C1—Cap alkoxy,
15 C1-Cpo atkyl-0~(C1—-Cpo alkyl)-, _
C1—Cag alkyl-O—(C1~Ca¢-alkyl)-O-, trifluoromethyl,
Ci-C»g alkylcarbonyl, C3—Cg cycloalkyloxy,
C;—Cao alkylcarbonyloxy, C1-Ca0 alkoxycarbonyl, mono or di
, C1~Cao alkylaminocarbonyl, tetrazolyl, —OH, —(CH2)1-6~OH, —SH,
20 ~NH3 or -(CHz2)1-6-NR8R?

where R8 is C;—Cag alkyl, C;—Cag alkylcarbonyl, C1—Ca alkoxycarbonyl
and RY is hydrogen or C1-Cyp alkyl or R8 and R? together with the
interposed nitrogen atom form a heterocyclic ring of the formula:

T“’)u
AR\
N X

)q

where qis 0, 1 or2,ris 1 or2,uis 0, 1 or 2, R10 is C;~Cg alkyl and
X is —O—, —S—, -NR11- where R11 is H, C)-Cp alkyl or
benzyl or -CR12R 13- where R12 is H, OH, C;~Cpg alkyl,
30 C1-Ca alkoxy, C1-Cag alkylcarbonyloxy, Ar! or
—(CH3)1-10-Arl, R13 is H, C1-Cyo alkyl, or R12and R13 -
together with the interposed carbon forms a 3 to 8 membered

* carbocyclic ring; ) /

A is a bridging group selected from: Replaced

35 "
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a saturated or unsaturated, straight or branched hydrocarbon chain of 1
to 20 carbons and which may have 1 to 6 sites of olefinic and/or
acetylenic unsaturation;

5 _ a group of the formula:

—(CH2)n~W—(CH2)n~

where m and n are 1 to 19, m+n is 2 to 20 and W is a group

10 selected from —-O-, -S-, or -NR14- where R14 is hydrogen,
C1-Cyo alkyl, C;-Cyg alkylcarbonyl, C1-Cy¢ alkoxycarbonyl, or
benzyl;

i a group of the formula:

15

- (CHpy- Y - (CHy~

where b and ¢ are 0 to 20, b+c is 1 t0 20 and Y is selected from the

group consisting of:
20 :
I\
.y O €% o
CH,)¢ NZE s - N\ .

N H
H
- _/ — Y
s N oN KN) o N .
’ i
lL1s RS

where R15 is H, C;—Cg alkyl, Cj-Cag alkylcarhonvl.
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C1-Cy9 alkoxycarbonyl, or benzyl; or

A together with R3 and the interposed nitrogen form a heterocyclic moiety of the
formula:

R'IS

7~
N\l s
Rr1?

where sis 0, 1,2, 3 or 4, tis 0 to 15, and R!6 and R17 are, independently, hydrogen,
C1—Cj alkyl, C;—Cg alkoxy, C~Cg alkylcarbonyl, hydroxy, cyano,
C;—Cg alkylcarbonyloxy, or ~(CH2)o-6-NR18R19 where R18 is C;—Cg alkyl,
C1—Cg alkoxycarbonyl, or C;-Cg alkylcarbonyl and R19 is hydrogen or
C1-Cg alkyl;

R! and R? are independently hydrogen, C1—Cs alkyl, C1~Cs alkoxy,
C;—-Cg alkylcarbonyl, hydroxy, cyano, C;—Cg alkylcarbonyloxy, or
—(CH3)o6-NR18R19 where R18 is C;-Cg alkyl, C;—Cg alkoxycarbonyl, or
C1-Cg alkylcarbonyl and R1? is hydrogen or C;-Cg alkyl;

R3 is H, C1—Cg alkyl or C7-C; 5 arylalkyl where aryl is phenyl optionally
substituted with a C;-Cg alkyl group or is combined with A to form a
heterocyclic ring as described above; '

R# and RS are independently hydrogen, C;-Cag alkyl, Co~Cag alkenyl,
C3-Cyg cycloalkyl,
—¢ CH, )7zt Cs.jocycloalkyl), —¢ CHp)ppAr!, or ——(CHp); 5NR*R*
where R20 is C;-Cyg alkyl, C»-Ca alkenyl, C1-Cap alkylcarbonyl,
C1-Cyg alkoxycarbonyl or benzyl; and R21 is hydrogen or C1-Cpg alkyl,
wherein Ar! is defined above, or

‘R4 and R3 together with the interposed nitrogen form a heterocyclic moiety of the

formula;

-
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where r, q, u, R10 and X are as defined above,
or a pharmaceutically acceptable salt thereof.

In the preceding group of compounds, the preferred values for Z are:

Z is-Ar, —Arl-Alz, —Ar'-O-AP2-Ar'-S-AP, -Ar'-0-C-AP,
(¢]

—Arl-C-0-AP, -Ar'-C-Ar, -Ar'-(CH)i75
~Ar'(CH,)150 O-Ar?, ~Ar'-O—~(CHy) (755~ Ar,

~Ark—¢ CRO=CR6— ;AP

where R6 is H or C1-Cg alkyl, or —~Arl-NR7-Ar2 where R7 is hydrogen, C;-Cg
10 alkyl, C;-Cg alkylcarbonyl or C;-Cg alkoxycarbonyl and Ar! and Ar? are
selected from phenyl, naphthyl, furanyl, benzofuranyl, dibenzofuranyl,
pyridinyl, thienyl, benzothienyl, imidazolyl, oxazolyl, benzoxazolyl, thiazolyl,
benzthiazolyl, isoxazolyl, benzisoxazolyl, indenyl, indolyl, quinolinyl,
isoquinolinyl, carbazolyl, benzimidazolyl or fluorenyl; and Ar! and Ar2 may be
15 optionally substituted by fluorine, chlorine, bromine, iodine, cyano, nitro,
-CO3H, C1-Cg alkyl, Cj-Cg alkoxy, C-Cg alkenyl, trifluoromethyl, C3-Cg
cycloalkyl, C3-Cg cycloalkyloxy, C1-Cg alkylcarbonyl, C1-Cg alkoxycarbonyl,
C1-Cg alkylcarbonyloxy, -NH3, (CH2)1.6-NR8R? where R8 is C;-Cg alkyl,
C;1-Cg alkylcarbonyl or C;-Cg alkoxycarbonyl, and R? is hydrogen or C;-Cg

20 alkyl.

The preferred values for A in the generic description of the compounds of this
invention is:
A is a bridging group selected from:
25 a saturated or unsaturated, straight or branched hydrocarbon chain of 1 to 20 carbon
atorns which may have 1 to 6 sites of olefinic and/or acetylenic unsaturation;
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a group of the formula:
~(CH2)m-W—(CH2)n-
where m and n are 1 to 19, m+n is 2 to 20 and W is a group selected from
-O-, -S-, or -NR14- where R14 is hydrogen, C;-Cg alkyl,
C;1-Cg alkylcarbonyl, C1-Cg alkoxycarbonyl or benzyl;
a group of the formula:

“(CHy)y Y - (CHye-

where b and ¢ are each 0to0 20, b+cis 1 to20 and Y is selected from the
group consisting of:

N N )
S <0 .

or A together with R3 and the interposed nitrogen form a heterocyclic moiety of
the formula:

2

=Jv (CH2}™

&)

wheresis0,1,2or3and tis O to 15.

In addition, the preferred values for R4 and RS are, independently, hydrogen,
C1-Ci2 alkyl, Cp-Cg alkenyl, C3-Cs cycloalkyl, -(CH2)1-10~(C3-Cio cycloalkyl),
-(CH2)1-10Ar!, —(CH2)1.10~-NR20R21 where R20 is C;-Cg alkyl, C2-Cg alkenyl,
C1-Cs alkylcarbonyl, C}-Cg alkoxycarbonyl or benzyl, and R21 is hydrogen or
C;-Cs alkyl, or R4 and RS together with the interposed nitrogen forms a heterocyclic
moiety of the formula:

(r")u

VAR \
-N X

\ E/)q Tluss
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where qis 0, 1 or2,ris 1 or2,uis 0, 1 or 2, R10is C;—Cg alkyl and X is -O~-, -S-,
~NR!1- where R11 is hydrogen, C;—~Cg alkyl or benzyl or X is CR12R13 where
R12 js hydrogen, hydroxy, C;—Cg alkyl, C;-Cg alkoxy, and R!3 is hydrogen or
C1-Cs alkyl, or R12 and R13 together with the interposed carbon forms a 3 to 8
membered carbocyclic ring.

In the above description of the novel compounds of this invention, the term alkyl
encompasses branched as well as straight chain hydrocarbons; and the term alkenyl
includes branched and straight chain alkenes having from 1 to 3 double bonds. The

term "alkoxy" refers to the alkyl-O- moiety. Substituents for Ar! and Ar2 may number |

five (e.g. fluorine, chlorine) or less, e.g 1 to 3. The term pharmaceutically acceptable
salts encompasses acid addition salts that may be formed from a basic invention |
compound and a pharmaceutically acceptable inorganic or organic acid such as
hydrochloric, sulfuric, phosphoric, acetic, maleic, fumaric, succinic, citric, tartaric,
methanesulfonic acids and the like; a basic salt formed from an acidic invention
compound and a pharmaceutically acceptable metal cation such as sodium, potassium,
magnesium or calcium, the ammonium salt or an amine salt such as the triethylamine
salt, or a quarternary salt formed from a basic invention compound and a |
pharmaceutically acceptable alkyl or aralkyl halide such as methylbromide or
benzylbromide. The compounds of this invention may be recovered in the form of a
solvate or hydrate. It is understood that the name of the compound itself encompases
these simple solvates.

This invention also provides processes for preparing the compounds of this
invention, which processes comprises one of the following:

a) reacting a compound of formula:

R1
(o] | o o
I /7~y | [
Z-0-C-N +— 0-C~N-A-0-C-B
\,I'é )p |
R3
R2 41))

wherein p, R1, R2, R3, A and Z are as defined above and B is a leaving group such
as chlorine, p-nitrophenyl or imidazolyl, with an amine of formula:

-

HNR4RS . Been Replaced
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wherein R4 and RS are as defined above, to give a compound of formula I as
defined above,
or

b) reacting a compound of formula:

. 10

5
| o
i /N
Z-0-C-N —d T— 0-C-N-A-OH
M
R3
vy
whereing p, R1, R2, R3, A and Z are as defined above, with an isocyanate of
formula:
R4NCO
_ V)
wherein R4 is as defined above excepting hydrogen, to give a corresponding
compound of formula I where R4 is as defined in connection with formula V and RS is
15  hydrogen, '
or
c) reacting a compound of formula:
O o] 4
R
/‘I‘l I I
\ —G' ) O—C—N—A—O-C—N\
' g r!‘s RS
VD

20 :
| wherein p, R1-5 and A are as defined above with a compound of formula:

I
Z-0-C-B : (Vi)
wherein Z is as defined above and B is a leaving group, e.g. p-nitrophenyl, chlorine

25 orimidazolyl.

After any of the aforementioned processes the compound of formula I may be isolated

as a pharmacentically acceptable salt or as the free base. B
This Sheet Has Been Replaced
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In the processes above reactive substituent groups may be protected during the reaction
and the protecting groups removed thereafter. Starting compounds of formula IT, III,
IV, V, VI and VII are either known compounds, analogous to known compounds or can
be prepared by methods as described hereinafter.

With regard to processes (a) and (c) the reaction can be com.leniently carried out in an
inert solvent in the presence of an acid acceptor.

Process (b) can be conveniently carried out in an inert solvent if required with heating.

The compounds of this invention are most conveniently prepared by reacting an
intermediate hydroxy compound with phosgene or a phosgene equivalent followed by
adding an appropriate amine or amine hydrochloridé in the presence of a base in a
suitable solvent. The preferred phosgene equivalent is 4-nitrophenyl chloroformate and
the most suitable solvents are methylene chloride, chioroform and dimethylformamide.
‘When convenient, an isocyanate or carbamoyl chloride can be prepared and reacted
directly with the alcohol to give the desired carbamates (R4=H) outlined in Scheme II.
The preferred synthetic route is illustrated in Scheme L
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Scheme I
0 | 02
a/Lo’ o N
Z-OH - /ll\ |
Z—0 0" &
R! 1
I~
HN —OH o
N\ /IL R!
1 R? - z2—0" N/ I\'—-ou
AUE SR
R2
2

N —0
2 > \"é )p
R?
3
0 A1 0
3 _NHRA-OH z—o/lLN/ |1°)LT—A—OH
\.|~€| )p R3
R2
4

Preferred compounds of this invention are of formula 6 where p is 2, R! and R2 are
H, and the preferred compounds therefore have the following formula:

0
Been

T
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NO ) o NO2
2
LA L AT
J AT A Ao
b § a o - \,"é )p R3
R2
3
o] o]
| R! )
5__HNR'R® = 2—0 N/ Ilo T—A——O/\N#Rs
RZ
6
o 0 o
- O/lk ND— 0/"\ N—A—O )l\ NR*R®
a8
7
5 The preferred piperidine dicarbamate structure 8 is used to illustrate the use of an

isocyanate to make the compounds of this invention.

Scheme II

o (o) '
7— o/"\ N/\:>_ o)!\lii—A—OH +RNCO 2.
. R3

(R4 #H) solvent

8

" This Sheet Has Been Replaced
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10 Scheme I outlines a convenient synthetic method for preparing invention
compounds 7 from a prepared common intermediate 14 where the moiety Z is to be
varied. For illustrative purposes in Scheme I, A is (CH2)6~ and NR4RS is 8-
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azaspiro[4.5]decane-8-yl. Z may be activated by a variety of methods known in the

art of organic sythesis. One such method is illustrated in Scheme ITI. Another method
of activating Z is as its chloroformate as illustrated in Example 26.

Scheme I

0
PhCH,OCOCI I
HN OH 2. -
C>— BN, CH.CL phcuzocuo-ou
yA 9
NO2 :
0 E j’
a” o
. PhCH20CN<:>—O-c—O—/ \ NO,
_Pyridine, CI'I2C12 S

10

'\/\/\/OH
H,N |

10 — ~ PhCH,OCN O-C-NH—¢ CH; %~ OH
Et3N, CH2C12 ’

11

mi ONOZ W

PhCHZOCN O-C-NH- CHy% oco—-Q—Noz

Pyrldme CH2C12

12

_X
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Et,N, DMF

/T \ o
12 i O: PhCHzOCNQ—O-ll:—NH—(- cnz—)-o_c_ ,../_\O
13
° o~
LB wqét.——-—l%c-cﬁl HN\/:>—O)LH/\/\/\/°\"/N

o

ON%
- OJL
»7— 0

Et3N, CI'12C12 : O

In the above outlined synthetic procedures of Schemes I-III where a hydroxyl,
amino, or carboxyl substituent is present and not utilized in the carbamate forming
reactions, the hydroxyl, amino, or carboxyl group may be protected by a removable
protecting group. The ‘protected form is recommended where the hydroxyl, amino, or
carboxyl group may otherwise undergo an undesired reaction. Protecting groups for
hydroxyl, amino, or carboxyl groups are given in J. F. W. McOmie, Protective Groups
in Organic Chemistry (Plenum Press, 1973) and T. W. Greene, Protective Groups in
Organic Chemistry (John Wiley and Sons, 1981). The protecting group may be
removed at a suitable later stage in the synthetic scheme during the course of synthesis
of end products.

The following specific examples for the synthesis of intermediates and invention
compounds are included for illustrative purposes only and are not to be construed as
limiting to this disclosure in any way. Those skilled in the art will be aware of other
methods of preparing compounds of this invention. The starting materials or
intermediates are available commercially or can be prepared following standard
literature procedures.
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mple
arbonic Acid (4-nitrophenvl) ester (4-phen hen r

A solution of 4-phenoxyphenol (50 g, 0.27 mol) and pyridine (22 mL, 0.27 mol)
in 500 mL of methylene chloride was added under nitrogen dropwise over 1.5 hours to
a solution of 4-nitrophenyl chloroformate (54 g, 0.27 mol) in 500 mL of methylene
chloride at room temperature. After the addition the reaction was stirred overnight at
room temperature. The reaction was extracted two times with 1N HCI, multiple times
with saturated Na2CO3, dried (MgSO4) and the solvent removed under reduced
pressure to give 94.86 g of a light yellow crystalline solid. Recrystallization from
methylene chloride-diisopropyl ether gave 69.13 g (73%) of the title compound as a
light tan crystalline solid, mp 113-115°C.

Analysis Calc'd for C1oH13NOg: C,64.96; H, 3.73; N, 3.99
Found: C,64.63; H,3.89; N, 3.93
Example 2
4-Hyd -1-piperidin ic acid 4-phe

A solution of the carbonate(45 g, 0.13 mol) produced in Example 1 in 250 mL of -
methylene chloride was added dropwise under nitrogen over three hours to a solution of
4-hydroxypiperidine (14.3 g, 0.14 mol) and triethylamine (19.7 mL, 0.14 mol) in 250
mL of methylene chloride at ice bath tempexjaturé. After the addition the reaction was
stirred at ice bath temperature for 4 hours and at room temperature overnight. The
reaction was extracted one time with 1N HCI and then multiple times with saturated
NayCO3, dried (MgSO4) and the solvent removed under reduced pressure to give 39.27
g of a light yellow solid. Recrystallization from diisopropyl ether-methanol gave 31.78
g (79%) of the title compound as an off-white crystalline solid, mp 130-133°C.

Analysis Calc'd for CjgH19NO4: C,69.00; H,6.11; N, 447
Found: C,68.90; H, 6.18; N, 4.45
shis Shoct BB
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A solution of the alcohol (25 g, 80 mmol) produced in Example 2 and pyridine
(6.4 mL, 80 mmol) in 300 mL of methylene chloride was added under nitrogen
dropwise over one hour to a solution of 4-nitrophenyl chloroformate (16.1 g, 80 mmol)
in 200 mL of methylene chloride at ice bath temperature. The reaction was stirred at -
ice bath temperature for two hours and then overnight at room temperature. The
reaction was extracted one time with 1N HCI, two times with saturated NayCO3, dried
(MgSO4) and the solvent removed under reduced pressure to give 37.3 g of an off-
white solid. Recrystallization from 1:1 ethyl acetate: hexane gave 26.4 g (69%) of the
title compound as an off-white solid, mp 108-109°C.

Analysis Calc'd for CysHzoN20g: C, 62.76; H, 4.63; N, 5.86
Found: C, 62.99; H, 4.53; N, 5.85
xample 4

A solution of triethylamine (65.5 mL, 0.47 mol) and 6-aminohexanol (13.2 g, 0.11
mol) in 300 mL of methylene chloride was added dropwise under nitrogen to a solution
of the carbonate (45.0 g, 0.09 mol) produced in Example 3 in 500 mL of methylene
chloride at room temperature. After the addition the solution was stirred at room
temperature overnight. The reaction was extracted one time with 1N HCI and then
multiple times with saturated NapCO3, dried (MgSO4) and the solvent removed under
reduced pressure to give 47.0 g of an off-white solid. Recrystallization from methylene
chloride-diisopropyl ether gave 35.5 g (83%) of the title compound as a white
crystalline solid, mp 69-72°C.

Analysis Calc'd for C2sH3N206: C, 65.77;H,7.07; N, 6.14

Found: C, 65.49; H, 7.05; N, 5.85
: I

laced
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acid 4-phenoxyphenyl ester

A solution of the alcohol (40.0 g, 88 mmol) produced in Example 4 and pyridine
(7.1 ml, 88 mmol) in 300 ml of methylene chloride was added under nitrogen dropwise
over one hour to a solution of 4-nitrophenyl chloroformate (17.7 g, 88 mmol) in 300 ml
of methylene chloride at ice bath temperature. The reaction was stirred at ice bath
temperature for two hours and overnight at room temperature. The reaction was
extracted one time with 1N HCI, multiple times with saturated NayCO3, dried (MgSO4)
and the solvent removed under reduced pressure to give 54.9 g of an off-white solid.
Recrystallization from 1:1 ethyl acetateshexane gave 51.6 g (95%) of the title
compound as a white crystalline solid, mp 117-120°C.

Analysis Calc'd for C3aH35N3010: C, 61.83; H, 5.68; N, 6.76
Found: C, 61.01; H, 5.65; N, 6.66
Example 6

A solution of the carbonate (35.0 g, 56 mmol) produced in Example 5 in 400 mL
of methylene chloride was added dropwise under nitrogen to a solution of hexylamine
(8.9 mL, 67 mmol) and triethylamine (39.2 mL, 281 mmol) in 400 mL of methylene
chloride at ice bath temperature. After the addition the reaction was stirred at room
temperature until it was judged complete by thin layer chromatographic analysis
(TLC). If necessary, additional quantities of hexylamine and triethylamine can be
added to drive the reaction to completion. The reaction was extracted one time with 1IN
HCI, multiple times with saturated NazCO3, dried (MgSO4) and the solvent removed

- under reduced pressure to give 30.9 g of a white solid. Recrystallization from

methylene chloride-diisopropyl ether gave 27.6 g (84%) of the title compound as 2
white crystalline solid, mp 79-80°C.

Analysis Calc'd for C3pH45N307: C,65.84;H,7.77; N, 7.20
Found: C,65.83; H,7.80; N, 7.13
Thls Sheet Has Been Rep
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phenoxyphenyl ester

A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5 in 30 ml of
methylene chloride was added dropwise under nitrogen to a solution of dihexylamine
(900 pl, 3.9 mmol) and triethylamine (2.7 ml, 16 mmol) in 30 ml of methylene chloride
at ice bath temperature. The reaction was stirred at ice bath temperature for
approximately one hour and then overnight at room temperature. The reaction was
extracted one time with 1N HCI, multiple times with saturated NapCO3, dried (MgSO4)
and the solvent removed under reduced pressure to give 2.35 g of a yellow oil.
Purification of the oil by chromatography on 230 g of silica gel (230-400 mesh) using
10% ethyl acetate-methylene chloride as the eluent gave 1.90 g (88%) of the title
compound as a clear oil, MS m/e 668 (M+H)*.

Analysis Calc'd for C3gHs7N307: C, 68.34; H, 8.60; N, 6.29
Found: C, 68.63; H, 8.69; N, 6.30

A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5, piperidine
(0.38 mL, 3.9 mmol) and triethylamine (2.2 mL, 16 mmol) in 30 mL of anhydrous -
dimethylformamide was stirred under nitrogen at room temperature overnight. The
reaction was diluted with methylene chloride, extracted one time with IN HCI, multiple
times with saturated NapCO3, dried (MgSQO4) and the solvent removed under reduced
pressure to give 1.76 g of a white solid. Recrystallization from methylene chloride-
diisopropyl ether gave 0.85 g (46%) of the title compound as a white crystalline solid,
mp 92-93°C.

Analysis Calc'd for C31H43N307: C, 65.59; H,7.28; N, 7.40
Found: . C,6549;H,732;N, 7.11
- This Sheet |
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A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5 in 50 mL of
chloroform (free of ethanol) was added dropwise under nitrogen to a solution of
dibenzylamine (0.74 mL, 3.9 mmol) and triethylamine (2.2 mL, 16 mmol) in 50 mL of
chloroform at ice bath temperature. After the addition the solution was heated to reflux
and the reaction monitored by TLC. The reaction was extracted one time with 1IN HCI,
multiple times with saturated NapCO3, dried (MgSO4) and the solvent removed under
reduced pressure to give 2.30 g of a brown oil. Purification on 250 g of silica gel (230-
400 mesh) using ethyl acetate - methylene chloride as an eluent gave 1.56 g of an oil.
Crystallization of the oil from diisopropyl ether gave 1.16 g (53%) of the diisopropyl
etherate of the title compound as a white crystalline solid, mp 68-70°C.

Analysis Calc'd C40H45N307°0.1 mole diisopropyl ether: C, 70.68; H, 6.78;
N, 6.09

Found: : C,70.85; H, 6.71;
| N, 5.87

A mixture of the carbonate (11.0 g, 23 mmol) produced in Example 3, 12-
aminododecanoic acid (5.9 g, 28 mmol) and triethylamine (16.0 mL, 110 mmol) in 300
mL of anhydrous dimethylformamide was stirred under nitrogen at approximately 70°C
for 3 hours. The reaction was diluted with ethyl acetate, extracted two times with IN
HCI, multiple times with water, dried (MgSOy4) and the solvent removed under reduced
pressure to give 16.3 g of an off-white solid. Purification on 400 g of silica gel (230-
400 mesh) using 10% EtOAc-CH,Cl, to remove the nitrophenol and then 5% MeOH-
CH,Cl; to remove the desired product gave, after removal of the solvent under reduced
pressure, 4-(11-carboxy-undecylcarbamoyloxy)-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester (11.2 g, 88%) as a white crystalline solid, mp 88-90°C.

Analysis Calc'd for C31H4oN207: C,67.12; H,7.63; N, 5.05 -
Found: C, 67.28; H, 7.60; N, 4.80
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A 1M solution of BH3*THF in THF (14.4 mL, 14.4 mmol) was added under
nitrogen dropwise over 30 minutes to a solution of the acid (8.0 g, 14.4 mmol)
produced in the previous step in 250 mL of anhydrous THF at ice bath temperature.
The reaction was stirred at ice bath temperature for 1 hour and 6vemight at room
temperature. By TLC analysis the reaction was not complete. An additional 21.6 mL
(21.6 mmol) of the BH3*THF was added and the solution stirred at room temperature
until the reaction was complete by TLC. The reaction was quenched by the addition of
60 mL of IN HCI. After stirring at room temperature for 15 minutes the THF was
removed under reduced pressure and the residue partitioned between 1IN HCl and
EtOAc. The organic layer was separated, washed one additional time with 1N HCI,
dried (MgSOy4) and the solvent removed under reduced pressure to give 7.43 g of a
white solid. Purification on 800 g of silica gel (230-400 mesh) using hexane - ethyl
acetate as an eluent and recrystallization from diisopropyl ether - methylene chloride
gave 4-(12-hydroxy-dodecylcarbamoyloxy)-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester (3.88 g, 50%) as a white crystalline solid, mp 75-76°C.

Analysis Calc'd for C31H44N205 C, 68.86; H, 8.20; N, 5.18
Found: C, 68.65; H, 8.24; N, 5.09

A solution of the alcohol (1.00 g, 1.86 mmol) produced in the previous step and
pyridine (150 pl, 1.85 mmol) in 30 mi of methylene chloride was added under nitrogen
dropwise over one hour to a solution of 4-nitrophenyl chloroformate (0.37 g, 1.85
mmol) in 10 ml of methylene chloride at ice bath temperature. The reaction was stirred
at ice bath temperature for 3.5 hours and then overnight at room temperature. The
reaction was extracted one time with 1N HCI, multiple times with saturated Na;CO3,
dried (MgSOy4) and the solvent removed under reduced pressure to give 1.26 g of a
white crystalline solid. Purification of the solid on 300 g of silica gel (230-400 mesh) .
using 25% ethyl acetate-hexane as the eluent gave 979 mg (75%) of 4-[12-(4-
nitrophenoxycarbonyloxy)-dodecylcarbamoyloxy]-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester as a white crystalline solid, mp 96-98°C.

Analysis Calc'd for CagH47N307: C,64.67; H,6.71; N, 5.95
Found: C,64.74; H, 6.67; N, 5.77

A solution of triethylamine (882 pl, 6.33 mmol) and 6-hexylamine (200 ul, 1.51
mmol) in 20 ml of methylene chloride was added dropwise under nitrogen to a solution
of the carbonate (893 mg, 1.27 mmol), produced in the previous step, in 20 ml.of
methylene chloride at ice bath temperature. After the addition, the reaction was stirred

“at ice bath temperature for two hours and at room temperature for approximately three
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days. The reaction was extracted one time with 1N HCI, multiple times with saturated
Nay;CO3, dried (MgSOy4) and the solvent removed under reduced pressure to give 799
mg of a white crystalline solid. Purification of this solid by recrystallization from
methylene chloride-diisopropyl ether gave 734 mg (87%) of the title compound as a
white crystalline solid, mp 98-100°C. -

Analysis Calc'd for C3gHs7N307: C, 68.34; H, 8.60; N, 6.29
Found: C,68.33; H,8.59; N, 6.21
Example 11

4-{6-[(4-(2. imethyl- D-benzyl)-he I ovloxy}- -
carb -piperidin r| ic acid 4-phenoxvphenyl

A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5, 4-(2,2-
dimethyl-propyl)-benzyl-heptylamine (1.1 g, 3.9 mmol) and triethylamine (2.2 mi,
16 mmol) in 30 mi of anhydrous dimethylformamide was stirred under nitrogen at room
temperature overnight. The reaction was diluted with methylene chloride, extracted one
time with 1IN HCI, multiple times with saturated NapCO3, dried (MgSOy4) and the
solvent removed under reduced pfessure to give 2.73 g of a light brown oil. '
Purification of this oil by chromatography on silica gel (230-400 mesh) using 10%
ethyl acetate-methylene chloride as the eluent gave 2.11 g (87%) of the title compound
as a clear oil, MS m/e 758 (M+H)*.

Analysis Calc'd for C45Hg3N307: C,71.30; H,8.38; N, 5.54
Found: C,71.01; H,8.34; N, 5.14
Example 12
-Aza-spirof4 ne-8- lic acid 6-{[1-(4~ -pheno bon
i e .d. i o L) te

A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5, 8-aza-spiro
[4,5]-decane hydrochloride (680 mg, 3.9 mmol) and triethylamine (2.7 ml, 19 mmol) in
30 ml of anhydrous dimethylformamide was stirred under nitrogen at room temperature
for S hours. The reaction was diluted with methylene chloride, extracted one time with
IN HCI, multiple times with saturated NapCO3, dried (MgSOj4), and the solvent
removed under reduced pressure to gi;re 1.85 g of a white solid. Recrystallization of
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 this solid from methylene chloride-diisopropyl ether gave 1.0 g (50%) of the title

compound as a white crystalline solid, mp 83-85°C.

Analysis Calc'd for C3sHq7N307: - C, 67.61; H,7.62; N, 6.76
Found: : C, 67.83; H,7.70; N, 6.48
Example 13
Z)-4-[6- dec-9-enylcarba - lcarb loxvl-piperidine-1-

rboxvlic acid 4-phenoxyphenyl

A solution of the carbonate (2.0 g, 3.2 mmol), produced in Example 5, in 30 ml of
methylene chloride was added dropwise under nitrogen to a solution of oleylamine (1 6
ml, 3.9 mmol) and triethylamine (2.2 ml, 16 mmol) in 30 ml of methylene chloride at
ice bath temperature. After the addition, the reaction was stirred at ice bath temperature
for approximately one hour and then overnight at room temperature. The reaction was
extracted one time with 1IN HCI, multiple time with saturated Na2CO3, dried (MgSO4)
and the solvent removed under reduced pressure to give 2.65 g of a light yellow solid.
Purification of this solid on 300 g of silica gel (230-400 mesh) using 10% EtOAc-
CH,Cl; as the eluent gave 2.02 g (84%) of the title compound as a white crystalline
solid, mp 74-76°C.

Analysis Calc'd for C44Hg7N307: C, 70.46; H, 9.00; N, 5.60
Found: C,70.01; H, 891; N, 5.75
Example 14

Z)-4-[12-(Octadec-9-enylcarbamoyloxy)-dode rbamoyloxyl-piperidine-1-
carboxylic acid 4-phenoxyphenyl ester

A solution of the carbonate (1.5 g, 2.1 mmol) produced in Example 10, in 30 ml
of methylene chloride was added dropwise under nitrogen to a solution of oleylamine
(1.0 ml, 2.6 mmol) and triethylamine (1.5 ml, 11 mmol) in 30 m! of methylene chloride
at ice bath temperature. After the addition, the reaction was stirred at ice bath
temperature for approximately one hour and then overnight at room temperature. The
reaction was extracted one time with 1N HCI, multiple times with saturated Na;CO3,
dried (MgSO4) and the solvent removed under reduced pressure to give 2.19 gof a
yellow solid. Recrystallization of the solid from diisopropyl ether gave 1.47 g (83%) of
the title compound as a crystalline solid, mp 83-84°C.
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Analysis Calc'd for CsoH79N307: C,71.99; H,9.55; N, 5.04
Found: C,72.25; H,9.70; N, 4.98

A solution of the carbonate (10.0 g, 21 mmol) produced in Example 3 in 50 mL of
methylene chloride was added dropwise over 1 hr under nitrogen to a solution of
triethylamine (14.6 mL, 100 mmol) and 3-aminopropanol (1.9 mL, 25 mmol) in 25 mL
of methylene chloride at ice bath temperature. After the addition the solution was
stirred at ice bath temperature for 1 hr and then at room temperature overnight. The
reaction was extracted one time with 1N HCl and then multiple times with saturated
NayCO3, dried (MgSO4) and the solvent removed under reduced pressure to give 823¢g
of a white solid. Trituration with hot diisopropyl ether gave 7.56 g (87%) of the title
compound as a white crystalline solid, mp 81-83°C.

Analysis Calc'd for CxaH3gN206: C, 63.76; H, 6.32; N, 6.76
Found: . C, 63.80; H, 6.40; N, 6.98

A solution of the alcohol (2.0 g, 4.8 mmol) produced in Example 15,
triethylamine (540 pl, 3.9 mmo}) and hexyl isocyanate (740 mg, 5.8 mmol) in 20 mL of
CHCl3 (EtOH free) was stirred under nitrogen at room temperature overnight. By TLC
the reaction was not complete. An additional 610 mg (4.8 mmol) of hexyl isocyanate
was added and the solution refluxed. The reaction was monitored by TLC. At the end
of the reaction the solution was extracted two times with 1N HCI, dried (MgSO4) and
the solvent removed under reduced pressure to give 2.70 g of a white solid.
Recrystallization from diisopropyl ether gave 2.10 g (80%) of the title compound as a
white crystalline solid, mp 90-92°C. '

Analysis Calc'd for C29H39N307: C,64.31; H,7.26; N, 7.76
Found: C,64.38; H,7.28; N, 7.67
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rboxylic aci hen 1 ester

A solution of the alcohol (4.96 g, 12 mmol) produced in Example 15, and pyridine
(970 pl, 12 mmol) in 50 ml of methylene chloride was added under nitrogen dropwise
over thirty minutes to a solution of 4-nitrophenyl chloroformate (2.4 g, 12 mmol) in 30
ml of methylene chloride at ice bath temperature. After the addition, the reaction was
stirred at ice bath temperature for one hour and overnight at room temperature. The
reaction was extracted one time with 1N HCI, multiple times with saturated Na;CO3,
dried (MgSO4) and the solvent removed under reduced pressure to give 6.80 g of a
white solid. Recrystallization of the solid from methylene chloride-diisopropyl ether
gave 2.76 g (40%) of the title compound as a white crystalline solid. Recrystallization
of the mother liquor from methylene chloride-diisopropyl ether gave an additional 2.02
g (29%) of the title compound, mp 97-100°C.

Analysis Calc'd for Co9H29N3010: C,60.10; H, 5.04; N, 7.25
Found: C,59.92; H,492; N, 7.22

A solution of the carbonate (2.0 g, 3.4 mmol) produced in Example 17 in 20 mL
of anhydrous dimethylformamide was added dropwise under nitrogen to a solution of
nonylamine (760 jtl, 4.1 mmol) and triethylamine (2.4 mL, 17 mmol) in 20 mL of
anhydrous dimethylformamide at ice bath temperature. After the addition the solution
was stirred at ice bath temperature for 2 hrs and at room temperature overnight. The
reaction was diluted with ethyl acetate, extracted five t_imes with water, one time with
1IN HCI, five times with saturated NayCOj3, dried (MgSOy4) and the solvent removed
under reduced pressure to give 1.94 g of an off-white solid. Recrystallization from
diisopropyl ether gave 1.55 g (77%) of the title compound as a white crystalline solid,
mp 89-91°C.

Analysis Calc'd for C3pH4sN207: - C,65.84; H,7.77; N, 720

- Found: . C,65.72; H,7.84; N, 7.22
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A solution of the carbonate (2.0 g, 3.5 mmol) produced in Example 17 in 20 ml of
anhydrous dimethylformamide was added dropwise under nitrogen to a solution of 8-
aza-spiro[4.5]decane (750 mg, 4.9 mmol) and triethylamine (2.9 ml, 21 mmol) in 20 ml
of anhydrous dimethylformamide at ice bath temperature. After the addition, the
reaction was sitrred at ice bath temperature for approximately 2 hours and at room
temperature overnight. The reaction was diluted with ethyl acetate, extracted four times
with water, one time with 1N HCI, five times with saturated Na;COs, dried (MgSOy4)
and the solvent removed under reduced pressure to give 1.93 g of a yellow oil. The oil
was chromatographed on 200 g of silica gel (230-400 mesh) using 30%-40% EtOAc-
hexane as the eluent. The material isolated was then recrystallized from EtOAc-hexane
to give 667 mg (33%) of the title compound as white crystalline solid, mp 92-93°C.

Analysis Calc'd for C30H41N307: C,66.30,H, 7.13; N, 7.25
Found: C,66.35; H,7.23; N, 7.33
Example 20

4-Hyd -piperidine-1-carboxylic acid benzvl r

A solution of benzyl chloroformate (35.3 ml, 0.25 moles) in 25 ml of methylene
chloride was added dropwise under nitrogen over three hours to a solution of 4-
hydroxypiperidine (25 g, 0.25 moles) and triethylamine (34.5 ml, 0.25 moles) in 500 ml
of methylene chloride at ice bath temperature. After the addition the reaction was
stirred at ice bath temperature for four hours and at room temperature overnight. The
reaction wasthen extracted two times with 1N HCI, dried (MgSO4) and the solvent
removed under reduced pressure to give 53.1 g (90%) of the title compound as a light
yellow oil.

Analysis Calc'd for Cy3H;7NO3: C, 66.36; H, 7.28; N, 5.95
Found: C,65.77;H,7.18; N, 5.35
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A solution of the alcohol (72.3 g, 0.31 moles) produced in Example 20 and -
pyridine (37.3 ml, 0.46 moles) in 300 ml of methylene chloride was added dropwise
under nitrogen over two hours to a solution of 4-nitrophenyl chloroformate (92.8 g,
0.46 moles) in 600 ml of methylene chloride at room temperature. After the addition
the reaction was stirred for two days at room temperature. The reaction was then
extracted two times with 1N HCI, multiple times with saturated NaoCO3, dried
(MgS04) and the solvent removed under reduced pressure. Recrystallization of the
crude product from methylene chloride-diisopropyl ether gave the title compound as a
crystalline solid, mp 118-120°C. '

Analysis Calc'd for CogHogN207: C, 60.00; H, 5.03; N, 7.00
Found: C,59.82; H,493; N, 7.00

A solution of the carbonate (128.826 g, 0.322 moles) produced in Example 21 in .
450 ml of methylene chloride was added dropwise under nitrogen to a solution of 6-
amino-1-hexanol (56.6 g, 0.483 moles) and triethylamine (224.2 ml, 1.61 moles)in2 L
of methylene chloride at room temperature. After the addition the reaction was stirred
overnight at room temperature. By TLC the reaction was not complete. An additional
37.7 g (0.322 moles) of 6-amino-1-hexanol and 224.2 ml (1.61 moles) of triethylamine
were added and the stirring continued overnight. By TLC the reaction was complete.
The reaction was extracted two times with 1N HCI, multiple times with saturated
NayCO3, dried (MgSO4) and the solvent removed under reduced pressure to give 95.0 g
(78%) of a yellow oil which crystallized on standing, mp 50-52°C.

Analysis Calc'd for CogH30N20s: C, 6347, H,7.99; N, 7.40
Found: C, 63.68; H, 8.07; N, 7.42

R L e
el ) : T
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A solution of the alcohol (50 g, 0.13 moles) produced in Example 22 and pyridine
(10.7 ml, 0.13 moles) in 500 ml of methylene chloride was added dropwise under
nitrogen to a solution of 4-nitrophenyl chloroformate (26.64 g, 0.13 mol) in 500 ml of
methylene chloride at room temperature. After the addition, the reaction was stirred
overnight at room temperature. A solid had formed which was removed by filtration.
The filtrate was extracted two times with 1N HCI, multiple times with saturated -
NayCO3, dried (MgSOy4) and the solvent removed under reduced pressure.
Recrystallization of the crude reaction product from hexane gave 27.9 g (39%) of the
title compound as a light yellow crystalline solid, mp 78-80°C.

Analysis Calc'd for C20H33N3009: C,59.66; H,6.12; N, 7.73
Found: C,59.32; H,6.14; N, 7.74

A solution of the carbonate (29.2 g, 54 mmol) produced in Example 23 in 300 ml
of anhydrous dimethylformamide was added dropwise under nitrogen to a solution of 8-
aza-spiro[4.5]decane (11.53 g, 83 mmol) and triethylamine (37.49 ml, 269 mmol) in
300 ml of anhydrous dimethylformamide at room temperature. After the addition the
reaction was heated at 80°C for 5 hrs. The reaction was diluted with methylene
chloride, extracted one time with 1N HCl, multiple times with saturated NapCO3, dried
(MgSOy) and the solvent removed under reduced pressure to give 26.11 g of a yellow
oil. Purification on silica gel (230-400 mesh) using ethyl acetate-methylene chloride as
an eluent gave a light yellow solid. Trituration of the solid one time with hexane gave
14.75 g (50%) of the title compdund as a white crystalline solid, mp 76-79°C.

Analysis Calc'd for C3gHysN306: C, 66.27; H, 8.34; N, 7.73
Found: C, 66.16; H, 8.41; N, 7.69
This Shieet Has Been

llllllll T 1N
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A mixture of the carbamate (10.00 g, 18.4 mmol) produced in Example 24 and 2.0
g of 10% Pd-C in 150 ml of ethy] acetate was hydrogenated at room temperature and
45-50 psi for 18 hrs. The catalyst was removed by filtration through celite and the
filtrate concentrated under reduced pressure to give 7.57 g of a light. yellow oil. The oil
was used in subsequent reactions without further purification.

" Analysis Calc'd for CpoH3oN304: C, 64.52; H, 9.60; N, 10.26

Found: C, 63.43; H,9.96; N, 10.13

A solution of 4-nitrophenyl chloroformate (1.48 g, 7.32 mmol) in 25 ml of
methylene chloride was added dropwise under nitrogen to a solution of the amine (3.00
g, 7.32 mmol) produced in Example 25 and triethylamine (5.10 ml, 36.6 mmol) in 50
ml of methylene chloride at room temperature. The reaction was stirred 3 hours at
room temperature and then extracted one time with 1IN HCI, multiple times with
saturated NapCOs, dried (MgSOj4) and the solvent removed under reduced pressure to
give 3.844 g of yellow crystals. Purification on silica gel (230-400 mesh) using 30%
ethyl acetate-methylene chloride as an eluent gave 2.195 g (52%) of the title compound
as a white crystalline solid, mp 113-114°C.

Analysis Calc'd for CaoH42N40g: C,60.61; H,7.37; N, 9.75
Found: C,60.61; H, 7.47; N, 9.67
Example 27

a ic Acid (4-nitrophenyDester (2-di

A solution of 2-hydroxydibenzofuran (25 g, 0.136 mol) and pyridine (11 ml,
0.136 mol) in 300 ml of methylene chloride was added under nitrogen dropwise over
five hours to a solution of 4-nitrophenyl chloroformate (27.4 g, 0.136 mol) in 300 ml of
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methylene chloride at ice bath temperature. After the addition the reaction was stirred
at room temperature overnight. The solid formed was collected by filtration to give
33.08 g of a light tan solid. The filtrate was extracted one time with 1N HCI, one time
with saturated NapCO3 (emulsion formed), dried (MgSOy4) and the solvent removed
under reduced pressure to give an additional 14.30 g of a light tan solid. This solid was
triturated two times with methylene chloride to give 7.39 g of a light tan solid which
was combined with the original 33.08 g of solid. Recrystallization of the combined
material from ethyl acetate gave 20.23 g (43%) of the title compound as a light tan
crystalline solid, mp 183-185°C.

Analysis Calc'd for C19H11NOg: C,65.33; H, 3.17; N, 4.01
Found: C,65.11; H,3.32; N, 3.94

Exam

- iro[4 -8-car lic acid 6-{[1-(di furan-2-

A solution of the carbonate (1.706 g, 4.88 mmol) produced in Example 27 in 30
ml of chloroform (EtOH free) was added under nitrogen dropwise to a solution of the
amine (2.00 g, 4.88 mmol) produced in Example 25 and triethylamine (3.40 ml, 24.4
mmol) in 30 ml of chloroform at room temperature. After the addition the reaction was
stirred overnight at room temperature. The reaction was extracted one time with 1N
HCIl, multiple times with saturated NaCO3, dried (MgSO4) and the solvent removed
under reduced pressure to give 3.03 g of off-white crystals. Purification on silica (230-
400 mesh) using ethyl acetate-methylene chloride as an eluent gave a white solid.
Recrystallization of this solid from hexane-ethyl acetate gave 1.3979 g (46%) of the
title compound as a white crystalline solid, mp 100-102°C. :

Analysis Calc'd for C35H45N307: C,67.83; H,7.32; N, 6.78
Found: C,67.73; H,7.29; N, 6.78
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Example 29

Carbonic acid (4-nitrophenylester (4-phenylphenylester

A solution of 4-phenylphenol (25.0 g, 0.15 mol) and pyridine (11.89 ml, 0.15
mol) in 250 ml of methylene chloride were added dropwise under nitrogen to a solution

" of 4-nitrophenyl chloroformate (29.65 g, 0.15 mol) in 200 ml of methylene chloride at
_ ice bath temperature. The reaction was stirred at ice bath temperature for '

approximately two hours and then overnight at room temperature. The reaction was
extracted one time with IN HCI, multiple times with saturated NasCOs, dried (MgSO4)
and the solvent removed under reduced pressure to give 46.05 g of light yellow crystals.
Recrystallization from methylene chloride-diisopropyl ether gave the title compound as
light yellow crystals, mp 138-140°C.

Analysis Calc'd for CjgH13NOs5: C, 68.06; H, 391} N, 4.18
Found: C,6799; H,3.70; N, 4.03

A solution of the carbonate (0.941 g, 2.8 mmol) produced in Example 29 in 10 ml
of anhydrous DMF was added dropwise under nitrogen to a solution of the amine
(1.153 g, 2.8 mmol) produced in Example 25 and triethylamine (1.95 ml, 14.0 mmol) in
20 ml of anhydrous DMF at approximately -40°C. The reaction was stirred at -40° for
approximately 5 hours and then at room temperatin*e overnight. The reaction was
diluted with methylene chloride, extracted one time with 1N HCl, muitiple timeés with
saturated NapCO3, dried (MgSOy4) and the solvent removed under reduced pressure to
give 1.2066 g of a yellow crystalline solid. Recrystallization from ethy! acetate gave
the title compound as a white crystalline solid, mp 110-111°C.

Analysis Calc'd for C35H47N30¢: C,6940; H, 7.82; N, 6.94
Found: C,69.36; H, 795; N, 6.94
-
This Sheet Has Be
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Example 31

arbonic acid (4-nitrophen ter (4-pentvlphenyl) ester

A solution of 4-pentylphenol (20.1 g, 0.13 mol) and pyridine (10 ml, 0.13 mol) in
300 ml of methylene chloride was added under nitrogen dropwise over 45 minutes to a
solution of 4-nitrophenyl chloroformate (25.28 g, 0.13 mol) in 200 ml of methylene
chloride at room temperature. After the addition, the reaction was stirred overnight at
room temperature. The reaction was extracted one time with 1N HCI, four times with
saturated NapCO3, dried (MgSO4) and the solvent removed under reduced pressure to
give 36.97 g of a yellow crytstalline solid. Purification of the solid on 450 g of silica
gel (230-400 mesh) using 50-60% CHCl>-hexane as the eluent gave 11.58 g (28%) of
the title compound as a yellow crystalline solid, mp 67-69°C.

Analysis Calc'd for CjgH19NOs: C, 65.64; H, 5.82; N.4.25
Found: C, 65.90; H, 5.85; N, 4.18
Example 32

8-Aza-spiro[4.5]decane-8-carboxvlic acid 6-{[1-(4-pentyl-phenoxycarbonyl)-
iperidine-4- bonyl]-amino}-hexyl

Analysis- Calc'd for C34Hs53N306: C,68.08; H, 8.91; N, 7.00
Found: C, 68.17; H,9.08; N, 7.03

A solution of the carbonate (2.21 g, 6.72 mmol) produced in Example 31 in 50 ml
of methylene chloride was added dropwise under nitrogen over 45 minutes to a solution
of the amine (3.0.g, 6.72 mmol; HCI salt) produced in Example 25, and triethylamine
(4.68 ml, 33.6 mmol) in 75 ml of methylene chloride at ice bath temperature. After the
addition, the reaction was stirred at ice bath temperature for one hour and then for two
days at room temperature. The reaction was extracted one time with 1N HCI, four
times with saturated NapCOj3, dried (MgSO4) and the solvent removed under reduced
pressure to give 3.79 g of a light yellow crystalline solid. The solid was
chromatographed on 400 g of silica gel (230-400 mesh) using 1:1 EtOAc-hexane as the
eluent. The title compound (3.07 g, 76%) was isolated as a white crystalline solid, mp
100-102°C.

This Sheet Has Been Rep
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id 4-phenoxyphenyl ester

A mixture of the carbonate (15.0 g, 31 mmol) produced in Example 3, 4-
(aminomethyl)benzoic acid (5.7 g, 38 mmol), and triethylamine (21.8 ml, 160 mmol) in
100 ml of anhydrous dimethylformamide was stirred under nitrogen at 70°C for two
hours. The reaction was diluted with ethyl acetate, extracted with 1N HCI, multiple
times with water, dried (MgSO4) and the solvent removed under reduced pressure to
give 18.5 g of a light tan solid. Recrystallization of the solid from ethyl acetate gave
9.08 g (59%) of the desired acid compound as a white crystalline solid, mp 165-167°C.

Analysis Calc'd for Ca7H26N207: C,66.11; H,5.34; N, 5.71
Found: C,65.94; H, 531; N, 5.76

Diisopropylcarbodiimide (1.3 ml, 9.0 mmol) in 10 ml of methylene chloride was
added under nitrogen dropwise to a solution of the acid (4.4 g, 9.0 mmol) produced in
the previous step, N-hydroxysuccinimide (1.0 g, 9.0 mmol) and dimethylaminopyridine
(1.1 g, 9.0 mmol) in 50 ml of methylene chloride at ice bath temperature. After the
addition the reaction was stirred at ice bath temperature for 1 hour and at room
temperature for 2 hours. The solid formed was removed by filtration. The filtrate was
extracted with IN HCl, 5% NaHCOs3, dried (MgSO4) and the solvent removed under
reduced pressure to give 6.92 g of a white solid. Purification of the solid on 400 g of
silica gel (230-400 mesh) using ethyl acetate-methylene chloride as the eluent gave the
desired succinimide ester (2.88 g, 55%) as a white crystallline solid, mp 141-145°C.

Analysis Calc'd for C31Ha9N30g9: C,6337;H,497; N, 7.15
Found: C, 63.36; H, 5.08; N, 6.79

Sodium borohydride (420 mg, 11 mmol) was added under nitrogen to a solution
of the ester (2.6 g, 4.4 mmol) produced in the previous step in 50 ml of THF at room
temperature. The reaction was then stirred overnight. The excess sodium borohydride
was destroyed with IN HC1. The THF was removed under reduced pressure and the
residue partitioned between 1N HCI and methylene chloride. The organic layer was
separated. The aqueous layer was extracted two times with methylene chloride. The
combined extracts were dried (MgSO4) and the solvent removed under reduced
pressure to give 2.14 g of a white foam. Purification of the foam on 200 g of silica gel
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(230-400 mesh) using ethyl acetate-methylene chloride as the eluent gave the desired
alcohol (991 mg, 47%) as a white crystalline solid, mp 97-101°C.

Analysis Calc'd for Ca7H28N20s: C, 68.05; H, 5.92; N, 5.88
Found: ‘ C,67.87; H, 5.84; N, 5.76

A solution of the alcohol (900 mg, 1.89 mmol) produced in the previous step,
triethylamine (210 pl, 1.51 mmol) and hexyl isocyanate (528 mg, 4.15 mmol) in 20 ml
of CHCl3 (EtOH free) was refluxed under nitrogen overnight. By TLC starting
material remained. An additional 240 mg (1.89 mmol) of hexyl isocyanate was added
and the reaction was refluxed overnight. The reaction was extracted two times with 1IN
HC, dried (MgSO4) and the solvent removed under reduced pressure to give 1.58 g of
a white solid. Recrystallization of the solid from EtOAc-diisopropyl ether gave the title
compound as a white crystalline solid, mp 116-118°C.

Analysis Calc'd for C34H41N307: C, 67.64; H, 6.85; N, 6.96
Found: C,67.84;: H,6.71; N, 6.92
Example 34
iro[4.51d e-8- ic acid 6-{[1-(3-phenoxv-pheno bhonyl)-
iperidine-4 nyll-amino}- '

A solution of 3-phenoxyphenol (18.3 g, 98 mmol) and pyridine (7.9 ml, 98 mmol)
in 300 ml of methylene chloride was added dropwise under nitrogen to a solution of 4-
nitrophenyl chloroformate (19.75 g, 98 mmol) in 200 ml of methylene chloride at ice
bath temperature. The reaction was stirred at ice bath temperature approximately two
hours and then overnight at room temperature. The reaction was extracted one time
with 1IN HCl, four times with saturated NapoCO3, dried (MgSO4) and the solvent
removed under reduced pressure to give 33.37 g of a brown solid. Five
recrystallizations from EtOAc-diisopropyl ether gave 8.6 g (25%) of the desired
carbonate as a light tan crystalline solid, mp 105-107°C.

Analysis Calc'd for C19H13NOg: C,64.96; H, 3.73; N, 3.99
Found: - C,65.12; H,3.57; N, 4.11

A solution of the carbonate (2.36 g, 6.72 mmol), produced in the preceding step,
in 50 ml of methylene chloride was added dropwise under nitrogen to a solution of the
amine (HCI salt; 3.0 g, 6.72 mmol), produced in Example 25, and triethylamine (4.68
ml, 33.6 mmol) in 75 ml of methylene chloride at approximately -70°C. The reaction
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was stirred at -70°C for 5 hr and dried at room temperature overnight. The reaction was
extracted one time with IN HCI, multiple times with saturated NayCO3, dried (MgSQOjy)
and the solvent removed under reduced pressure to give 3.90 g of an oil. Purification of
the oil on 400 g of silica gel (230-400 mesh) using hexane-ethyl acetate as the eluent
and then recrystallizing the material isolated from hexane gave the title compound (2.53
g, 61%) as a white crystalline solid, mp 72-120°C (Note: material is a single component
by TLC).

Analysis Calc'd for C35H47N307: C,67.61; H,7.62; N, 6.76
Found: C, 67.59; H, 7.47; N, 6.79

A solution of 4-hydroxydiphenylmethane (20.0 g, 0.11 mol) and pyridine (8.8 ml,

- 11 mol) in 300 ml of methylene chloride was added dropwise under nitrogen to a

solution of 4-nitrophenyl chloroformate (21.88 g, 11 mol) in 200 mi of methylene
chloride at ice bath temperature. The reaction was stirred at ice bath temperature for

-approximately two hours and at room temperature overnight. The reaction was

extracted one time with 1N HCI, four times with saturated NapCO3, dried (MgSOg4) and
the solvent removed under reduced pressure to give 37.71 g of a brown crystalline
solid. One recrystallization from EtOAc-diisopropyl ether and then repeated
recrystallizations from EtOAc gave 17.64 g (47%) of the desired carbonate as a light
yellow crystalline solid, mp 100-102°C.

Analysis Calc'd for CooHisNOs: C,68.77, H,4.33; N, 4.01
Found: ‘ C, 68.65; H,4.13; N, 3.91

A solution of the carbonate (2.35 g, 6.72 mmol) produced in the previous step in
50 ml of methylene chloride was added dropwise under nitrogen to a solution of the
amine (3.0 g, 6.72 mmol; HCI salt) produced in Example 25, and triethylamine (4.68
ml, 33.6 mmol) in 75 ml of methylene chloride at ice bath temperature. After the
addition, the reaction was stirred at ice bath temperature for four hours and at room
temperature overnight. The reaction was extracted one time with 1IN HCI, four times
with saturated NaxCO3, dried (MgSOy4) and the solvent removed under reduced
pressure to give 3.34 g of a yellow crystalline solid. Chromatography of the solid on
100 g of silica gel (230-400 mesh) using 1:1 EtOAc-hexane as the eluent gave 0.537 g
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(13%) of the title compdund as a white crystalline solid, mp 78-130°C (Note: the
material is a single component on TLC).

Analysis Calc'd for C30H49N30e: C,69.76; H,7.97; N, 6.78
Found: C,69.73; H,7.83; N, 6.78

A solution of the carbonate (13.0 g, 27 mmol) produced in Example 3 in 100 ml
of methylene chloride was added under nitrogen dropwise to a solution of 4-
hydroxypiperidine (3.0 g, 30 mmol) and triethylamine (3.8 ml, 30 mmol) in 100 mi of
methylene chloride at approximately -5°C. The reaction was stirred at -5°C for 2 hours
and at room temperature overnight. The reaction was extracted one time with 1N HCI,
multiple times with saturated NayCO3, dried (MgSO4) and the solvent removed under
reduced pressure to give 11.4 g of a white solid. Recrystallization of the solid from
ethyl acetate-diisopropyl ether gave the desired alcohol (9.73 g, 81%) as a white
crystalline solid, mp 122-123°C.
Analysis Calc'd for C24H2gN20¢: C,6544; H,641; N, 6.36
Found: - C, 65.46; H, 6.42; N, 6.60

A solution of the alcohol (6.5 g, 14 mmol) produced in the previous step and
pyridine (0.93 ml, 11 mmol) in 50 m! of methylene chloride was added dropwise under
nitrogen over thirty minutes to a solution of 4-nitrophenyl chloroformate (2.3 g, 11
mmol) in 30 ml of methylene chloride at ice bath temperature. The reaction was stirred
at ice bath temperature for two hours and at room temperature overnight. The reaction
was extracted one time with 1N HCI, five times with saturated NayCO3, dried (MgSO4)
and the solvent removed under reduced pressure to give 8.10 g of a white foam.
Chromatography of the foam on 400 g of silica gel (230-400 mesh) using 1:1 EtOAc-
hexane as the eluent gave 5.56 g (62%) of the desired carbonate as a white crystalline
solid, mp 140-142°C. |
Analysis Calc'd for C31H31N3010: C,6148;H,5.16; N, 6.94
Found: C,61.64; H,5.18; N, 6.74

A solution of the carbonate (2.0 g, 3.3 mmol) produced in the previous step in 30
ml of anhydrous dimethylformamide was added dropwise under nitrogen to a solution

- of 8-aza-spiro[4.5]decane-8-carboxylic acid hydrochloride (670 mg, 3.8 mmol) and
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triethylamine (0.91 ml, 6.6 mmol) in 20 m! of anhydrous dimethylformamide at ice bath
temperature. After the addition, the reaction was stirred at ice bath temperature for two
hours and at room temperature overnight. The reaction was diluted with ethyl acetate,
extracted five times with water, one time with IN HCI, five times with saturated
NayCO3, dried (MgSO4) and the solvent removed under reduced pressure to give 1.93 g
of a white foam. Chromatography on the foam on 100 g of silica gel (230-400 mesh)
using 1:1 EtOAc-hexane as the eluent gave 1.18 g (91%) of the title compound as a
white solid foam, mp 48-63°C (Note: the compound is a single component by TLC).

Analysis Calc'd for C34H43N307: C,67.42;H,7.16; N, 6.94
Found: ' C, 67.05; H, 7.09; N, 6.83

A solution of the carbonate (2.0 g, 3.3 mmol) produced in step 2 of Example 36 in
30 ml of anhydrous dimethylformamide was added dropwise under nitrogen to a
solution of 4-phenylbutylamine (0.63 ml, 4.0 mmol) and triethylamine (0.56 mi, 4.0
mmol) in 20 ml of anhydrous dimethylformamide at ice bath temperature. After the
addition, the reaction was stirred at ice bath temperature for two hours and overnight at
room temperature. The reaction was diluted with ethyl acetate, extracted five times
with water, one time with 1N HCI, five times with saturated NapCO3, dried (MgSOg),
and the solvent removed under reduced pressure to give 2.03 g of a clear oil. '
Chromatography of the oil on 100 g of silica gel (230-400 mesh) using 10% EtOAc-
CH,Cl; as the eluent gave 1.72 g (85%) of the title compound as a white solid foam,
mp 50-60°C (Note: the compound is a single component by TLC).

Analysis Calc'd for C35H41N307: C,68.27; H,6.71; N, 6.82
Found: C,67.87; H,6.69; N, 6.76
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A solution of the carbonate (10.0 g, 21 mmol), produced in Example 3, in 100 ml
of anhydrous dimethylformamide was added dropwise under nitrogen to a solution of
trans-4-aminocyclohexanol hydrochloride (3.5 g, 23 mmol) and triethylamine (6.4 ml,
46 mmol) in 50 ml of anhydrous dimethylformamide at ice bath temperture. After the
addition, the reaction was stirred at ice bath temperature for two hours and overnight at
room temperature. The reaction was diluted with ethyl acetate, extracted five times
with water, one time with 1N HCI, five times with saturated NapCO3, dried (MgSO4)
and the solvent removed under reduced pressure to give 8.39 g of a white solid.
Recrystallization of the solid from EtOAc-hexane gave 6.45 g (68%) of the desired
alcohol as a white crystalline solid, mp 155-156°C.

Analysis Calc'd for C25sH30N30g: C, 66.06; H, 6.65; N, 6.16
Found: C, 66.08; H, 6.67; N, 6.01

A solution of the alcohol (2.0 g, 4.4 mmol) produced in the previous step,
triethylamine (0.49 ml, 3.5 mmol) and hexyl isocyanate (1.2 g, 9.7 mmol) in 20 ml of
chloroform (EtOH free) was refluxed under nitrogen until the reaction was complete by
TLC. The reaction was extracted two times with 1N HCI, dried (MgSOj4) and the
solvent removed under reduced pressure to give 2.80 g of a white solid.
Recrystallization of the solid from ethyl acetate gave 2.06 g (81%) of the title
compound as a white crystalline solid, mp 190-191°C.

Analysis Calc'd for C3pH43N307: C,66.07; H,7.45; N, 7.22
Found: C,66.10; H, 7.50; N, 7.27

Example 39

4-[6-(Hexylcarbamovl - lcarba loxyl-piperidi -Car lic acid 4-

cyclohexyl-phenyl ester

A solution of 4-cyclohexylphenol (20.0 g, 0.11 mol) and pyridine (9.2 mi, 0.11
mol) in 300 ml of methylene chloride was added dropwise under nitrogen to a solution
of 4-nitrophenyl chloroformate (22.88 g, 11 mmol) in 200 ml of methylene chloride at
ice bath temperature. The reaction was stirred at ice bath temperature for
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approximately two hours and at room temperature ovenright. The reaction was
extracted one time with 1N HCI, four times with saturated Na;CO3, dried (MgSOy4) and
the solvent removed under reduced pressure to give 37.23 g of a yellow solid.
Chromatography of the solid on 500 g of silica gel (230-400 mesh) using 40% CH,Cl,-
hexane as the eluent and then recrystallization of the material isolated from diisopropyl
ether gave 18.9 g (49%) of the desired carbonate as a whtie solid, mp 93-94°C.

Analysis Calc'd for C19H19gNOs: C,66.85; H,5.61; N, 4.10
Found: ~ C,66.85; H, 5.56; N, 4.16

A solution of the carbonate (2.76 g, 8.08 mmol) produced in the previous step in
50 ml of methylene chloride was added dropwise under nitrogen to a solution of (6-
hexylcarbamoyloxy-hexyl)carbamic acid piperidin-4-yl ester (3.0 g, 8.08 mmol) and
triethylamine (3.38 ml, 24.2 mmol) in 75 ml of methylene chloride at ice bath
temperture. After the addition, the reaction was stirred at ice bath temperature for 3
hours and overnight at room temperature. The reaction was extracted one time with 1IN
HCI, four times with saturated Na3COj3, dried (MgSO4) and the solvent removed under
reduced pressure to give 4.27 g of a solid. Recrystallization of the solid from EtOAc-
diisopropyl ether gave 2.69 g (58%) of the title compound as a white crystalline
compound, mp 94-96°C.

Analysis Calc'd for C32Hs51N3Og: C, 66.99; H, 8.96; N, 7.32

Found: C, 66.70; H, 8.96; N, 7.36
Example 40
-Aza-spiro[4.51decane-8-carboxvlic aci 1-(4-phenoxy-phenoxycarbonyl)-

ridine-4-carbonyllamino}-cvclohexvyl ester

A solution of the alcohol (3.30 g, 7.3 mmol) produced in step 1 of Example 38
and pyridine (0.59 ml, 7.3 mmol) in 50 ml of methylene chloride was added dropwise

-under nitrogen to a solution of 4-nitrophenyl chloroformate (1.5 g, 7.3 mmol) in 30 ml

of methylene chloride at ice bath temperature. The reaction was stirred at ice bath
temperature for 2 hours and then overnight at room temperature. The reaction was
extracted one time with IN HCI, five times with saturated NapCO3, dried (MgSO4) and
the solvent removed under reduced pressure to give 4.42 g of an off-white solid.
Recrystallization of the solid from EtOAc-diisopropyl ether gave 2.36 g (52%) of the
desired carbonate as a white crystalline solid, mp 152-155°C.
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Analysis Calc'd for C32H33N3010: C,62.03; H,5.37; N, 6.78

Found: C,62.42; H,545; N, 6.78

A solution of the carbonate (2.0 g, 3.2 mmol) produced in the previous step in 30
ml of anhydrous dimethylformamide was added dropwise under nitrogen to a solution
of 8-aza-spiro-[4.5]-decane-8-carboxylic acid hydrochloride (680 mg, 3.9 mmol) and
triethylamine (1.0 ml, 7.1 mmol) in 20 ml of anhydrous dimethylformamide at ice bath
temperature. After the addition, the reaction was stirred at ice bath temperature for two
hours and overnight at room temperature. The reaction was diluted with ethyl acetate,
extracted five times with water, one time with 1N HCI, five times with saturated
NazCO3, dried (MgSO4) and the solvent removed under reduced pressure to give 2.12 g
of an off-white solid. Recrystallization of the solid from EtOAc gave 1.42 g (71%) of
the title compound as a white crystalline solid, mp 230-231°C.

Analysis Calc'd for C3sH45N307: C,67.83;H,7.32; N, 6.78
Found: _ C,67.74; H, 1.36; N, 6.74

A solution of the alcohol (2.0 8, 4.54 mmol) produced in step 1 of Example 36,
triethylamine (0.51 ml, 3.36 mmol) and hexyl isocyanate (690 mg, 5.45 mmol) in 20 ml
of CHCl;3 (EtOH free) was refluxed under nitrogen for approximately 24 hours. An
additional 580 mg (4.56 mmol) of hexyl isocyanate was added and the reaction refluxed
for 6 hours and at room temperature for 48 hours. One more equivalent of hexyl
isocyanate was added and the reaction refluxed for approximately 24 hours. The
reaction was extracted two times with 1N HC}, dried (MgS0g4) and the solvent removed
under reduced pressure to give 2.92 g of a clear oil. Purification of the oil by
chromatography on silica gel (230-400 mesh) using 1:1 EtOAc-hexane as the eluent
gave 1.98 g (77%) of the title compound as a clear oil, MS m/e 567 (M+).

Analysis Calc'd for C31H41N307: C, 65.59; H, 7.28; N, 7.40
Found: C,65.05;H, 740; N, 7.44
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Example 42

‘ 4-{4-[(Hex lcar amovyloxy)methyll-(cyclohexylmethyvlcarbamoylloxv}-pineridine-

-carboxylic acid 4-ph enyl

A solution of the carbonate (1.95 g, 4.1 mmol) produced in Example 3 in 20 ml of
anhydrous dimethylformamide was added dropwise under nitrogen to a solution of 4-
(aminomethyl)-cyclohexanemethanol (700 mg, 4.9 mmol) and triethylamine (0.68 ml,

. 4.9 mmol) in 10 ml of anhydrous dimethylformamide at ice bath temperature. The

reaction was stirred at ice bath temperature for approximately two hours and at room
temperature overnight. The reaction was diluted with ethyl acetate, extracted five times
with water, one time with 1N HCI, five times with saturated Na;CO3, dried (MgS0Oj4)
and the solvent removed under reduced pressure to give 1.89 g of a yellow oil.
Chromatography on the oil on 200 g of silica gel (230-400 mesh) using 20% EtOAc-
CH2Cl; as the eluent gave 775 mg (39%) of the desired alcohol as a white crystalline
solid, mp 97-110°C (Note: the compound is a single component by TLC).

Analysis Calc'd for Co7H34N20¢: ~ C,67.20;H,7.10; N, 5.81
Found: C,6692; H,7.09; N, 5.76

A solution of the alcohol (700 mg, 1.45 mmol) produced in the previous step,
triethylamine (0.16 ml, 1.16 mmol) and hexyl isocyanate (406 mg, 3.19 mmol) in 10 ml
of CHCl3 (EtOH free) was refluxed under nitrogen for 55 hours. The reaction was
extracted two times with 1IN HCI, dried (MgSO4) and the solvent removed under
reduced pressure to give 987 mg of an off-white solid. Recrystallization of the solid
from EtOAc-diisopropyl ether gave 642 mg (73%) of the title compound as a white
crystalline solid, mp 99-102°C.

Analysis Calc'd for C34Hy7N307: C,6697; H,7.77;N, 6.89 -
Found: C,66.91; H, 7.74; N, 7.05

In-Vitro and In-Vivo Pharmacological Procedures-

1. The ability of the compounds of this invention to inhibit acyl-coenzyme A:
cholesterol acyltransferase was established by initially showing that they inhibited
intracellular cholesterol esterification by subjecting them to the standard experimental
test procedure of Ross et al., J. Biol. Chem. 259, 814 (1984). The results are reported in
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the following table, where available, in terms of the percent inhibition at 25 UM and the
IC so (uUM). :

2. The ability of the compounds of this invention to inhibit the formation of
cholesteryl esters and thereby interfere with and prevent assimilation of cholesterol into
the lymphatic system and ultimately the blood stream was established by incubating the
compounds at 37C. with a mixture of cholesterol and oleic acid in the presence of
buffered cholesterol esterase [(EC 3.1.1.13) Sigma Company, St. Louis, Mo., U.S.A,,
No. C-1892, from bovine pancreas] and measuring the amount of ester formed,
according to the procedure of Field. J. of Lipid Research, 25, 389 (1984). The
concentration of test compound that inhibits one-half of the ester formation (ICso uM)
is given in the following table.

The in vivo cholesterol absorption studies were conducted in normal rats by oral
administration of the compound being tested in propylene glycol and olive oil followed
by oral administration of [4-14C] cholesterol in propylene glycol and olive oil,
otherwise following the procedure of Cayen et al., J. Lipid Res. 20 162 (1979). The
serum radioactivity was measured at six hours after dosing. The results of this study
are reported in the following table as percent decrease compared to control at the dose
stated.
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Table
In Vitro Results In Vivo Results
% inhibition at Effect on Absorption of
25 uM/ICsp (LM) 14C.chol. - 6 hr - normal
Examples
mg/kg)
6 97%/1.78 0.42 59% (3)
7 76%16.41 0.67 42% (20)
8 98%/2.34 0.54 65% (3)
9 95%/1.59 0.08 49% (10)
10 83%1/5.0 0.62 22% (20)
11 24% 28.2 " 6% (20)
12 83%/1.72 0.31 76% (10)
13 " 47% 155 20% (20)
14 41% > 100 . 2%(20)
16 . NT 0.73 . 68% (10)
18 NT 051 © 50% (10)

Thus, the representative compounds of this invention reduce absorption of
cholesterol into the blood and thus can be used in the treatment of atherosclerosis,
familial hypercholesterolemia, hyperlipidemia and like diseases where a reduction in
cholesterol absorption is desired. The dosage requirement for therapeutic use of the
anti-hypercholesterolemic agents of this invention will vary according to the particular
compound chosen as well as the age of the patient and severity and nature of the disease
being treated. Therapy should be initiated at lower doses, the dosage thereafter being
increased, if necessary; to produce the desired effect. In general, the compounds of this
invention are most desirably administered at a concentration that will generally afford
effective results without causing any harmful or deleterious side effects. Based upon
the in vivo potency of the repfesentative anticholesterolemic agents of this invention as
reported in the table, the initial dosing will be from about 0.5 to 6 mg/kg with a
projected maximum dose of about 100 mg/kg. The preferred dosage range will be from
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- This invention also provides a pharmaceutical composition comprising a compound
of formula (I) or a pharmaceutically acceptable salt thereof and a pharmaceutically
acceptable carrier.

The compounds of formula (I) can be formulated into oral dosage forms such as
tablets, capsules and the like. The compounds can be administered alone or by
combining them with conventional carriers, such as magnesium carbonate, magnesium

‘stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose,

sodium carboxymethylcellulose, low melting wax, cocoa butter and the like. Diluents,
flavoring agents, solubilizers, lubricants, suspending agents, binders, tablet-
disintegrating agents and the like may be employed. The compounds may be
encapsulated with or without other carriers. In all cases, the proportion of active
ingredients in said compositions both solid and liquid will be sufficient at last to impart
the desired activity thereto on oral administration. The compounds may also be
injected parenterally in which case they are used in the form of a sterile solution
containing other solutes, for example, enough saline or glucose to make the solution
isotonic.
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CLAIMS:
1. A compound having the formula:
o] 0
I f|~, i i
Z-O-C-N o-c-N-A-o-c-N
l’d % N
n3 R

wherein
pis0,1,2,3,0r4;

Z is -Arl, —Arl—Arz, ~Arl-0-Ar?~Arl-S-Ar?, -Arl-O-C-AP,
O

~Ar'-C-0-AP, —Ar'-C-Ar%, -Ar'«(CH,)iz5Ar,
—Ar'(CH,)i 55 O-Ar?, —~Ar'-O~(CH,) 75~ A%

—Arl~ CR%=CR®—7 ;A2
—Arl(CRS=CR9);_3-Ar? or ~Arl-NR7-Ar2; where RS is hydrogen
or C1—~Cg alkyl and R7 is hydrogen, C;—Cg alkyl, C;~Cg alkylcarbonyl
or C;—Cg alkoxycarbonyl; ’
and Ar! and Ar? are, independently, selected from phenyl, naphthyl, furanyl,
benzofuranyl, dibenzofuranyl, pyridinyl, pyrimidinyl, pyrazinyl,

i thienyl, benzothienyl, imidazolyl, oxazolyl, benzoxazolyl, thiazolyl,
benzthiazolyl, i lyl, benzi lyl, indenyl, indolyl,

VAN quiosag, soqinoing, benzotizols, scbazot,

benzimidazolyl, or fluorenyl, I

and Ar! and Ar?, independently, are optionally substituted by fluorine,
chlorine, bromine, iodine, cyano, nitro, -CO2H, Ci~Cyg alkyl,
C2-Cyp alkenyl, C3-Cjg cycloalkyl, C1—Cpg alkoxy,
/ C1~Cyp alkyl-O—~(C3~Co9 alkyl)-, _
Has Been Replaced  C3—-Cp alkyl-0—~(C;~Cao-alky)-O-, trifluoromethyl,

CTHRAAN oo, coomtmins ™ ™"
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C1—Cyo alkylaminocarbonyl, tetrazolyl, -OH, (CHj3)1.¢-OH, -SH,
-NH; or ~(CH3);_¢-NR8R? '

where R8 is C1-Cpg alkyl, C;-Cyg alkylcarbonyl, C;~Capg alkoxycarbonyl
and R? is hydrogen or C}-Cag alkyl or R8 and R? together with the
interposed nitrogen atom form a heterocyclic ring of the formula:

(l\“’).,
2!
N X

e,

where qis0, 1 or2,ris 1 or2,uis 0, 1 or 2, R10 is C;~Cg alkyl and
Xis —O-, -S—, -NR!1- where R1! is H, C;—Cpp alkyl or
benzyl or ~CR12R13~ where R12 is H, OH, C;~Cyg alkyl,
C1-Czg alkoxy, C;1-Cag alkylcarbonyloxy, Arl or
~(CH3)1-10~Arl, R13 is H, C;-Cyg alkyl, or R12 and R13
together with the interposed carbon forms a 3 to 8 membered
carbocyclic ring;

A is a bridging group selected from:

a saturated or unsaturated, straight or branched hydrocarbon chain of 1
to 20 carbons and which may have 1 to 6 sites of olefinic and/or
acetylenic unsaturation;

a group of the formula:
—(CH2)in-W—(CH2)y—

where m and n are each 1 to 19, m+n is 2 to 20 and W is a group
selected from —O—-, —S—, or -NR14- where R14 is hydrogen,
C1-Cpo alkyl, C;-Cyp alkylcarbonyl, C;-Caq alkoxycarbonyl, or
benzyl;

a group of the formula: This Sheet Has Been Replaced-
B | 11111111
/ -

[ i
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where b and c are each 0 to 20, b+c is 1 to 20 and Y is selected from
the group consisting of:

X

where R15 is H, C;-Cs alkyl, C;-Cyg alkylcarbonyl,
C;1-Cag alkoxycarbonyl, or benzy]; or

A together with R3 and thé interposed nitrogen form a heterocyclic moiety of the
formula:

where sis 0, 1, 2, 3 or 4, tis O to 15, and R16 and R17 are, independently, hydrogen,
C1—Cg alkyl, C;—Cg alkoxy, C—Cg alkylcarbonyl, hydroxy, cyano,
C1—Cg alkylcarbonyloxy, or (CH2)p-6-NR18R19 where R18 is C;—Cg alkyl,
C1—-Cg alkoxycarbonyl, or C;~Cg alkylcarbonyl and R19 is hydrogen or
C1-Cg alkyl; | |

R1 and R2 are independently hydrogen, C;—Cg alkyl, C;—Cg alkoxy,
C1—Cg alkylcarbonyl, hydroxy, cyano, C1-Cs alkylcarbonyloxy, or

. This Sheet Has Been Rep
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—(CH1)0_6~-NR18R!? where R18 is C;—Cg alkyl, C;—Cg alkoxycarbonyl, or
C;-Cg alkylcarbonyl and R!? is hydrogen or C;-Cg alkyl;

R3is H, C;—Cg alkyl or C;-C;s arylalkyl where aryl is phenyl optionally
substituted with a C;-Cg alkyl group or is combined with A to form a
heterocyclic ring as described above;

R4 and R are independently hydrogen, C;-Caq alkyl, C2—Cag alkenyl, C3~Cjo

cycloalkyl, _
—€ CH, )i56€ Cajo cycloalkyl), —€ CHy)izo Ar!, or ——(CHy);_3oN R2R2

where R20 is C;-Cpg alkyl, C2-Cpg alkenyl, C;-Cag alkylcarbonyl,
C;-Cyo alkoxycarbonyl or benzyl; and R2! is hydrogen or C1-Cyo alkyl,
wherein Arl is defined above, or

R4 and R together with the mterposed nitrogen form a heterocyclic moiety of the
formula:

.
/0
—N X
4,

where 1, g, u, R19 and X are as defined above,

providing that when more than one of Arl, R6, R10, R18 R19, n, r, X or q is present
they may be the same or different, or a pharmaceutically acceptable salt thereof. .
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A compound according to Claim 1 wherein

Zis -Arl, —Arl-Arz ~Ar'-O-Ar?; —Arl—S-Azz -Ar'-O-C-AP,

o]
i

~Ar'-C-0-Ar?, -Ar!-C-AP, -Ar'«(CH)z57AY,
~Ar'~(CH,)50 O-Ar?, —Ar'-O~(CH,) 77~ Ar?,

—Arl CR®=CRS—)7 ;A7

where RS is H or C3-Cg alkyl, or ~Arl-NR7-Ar2 where R is hydrogen, C;-Cg
alkyl, C;-Cg alkylcarbonyl or C1-Cs alkoxycarbonyl and Arl and Ar? are
selected from phenyl, naphthyl, furanyl, benzofuranyl, dibenzofuranyl,
pyridinyl, thienyl, benzothienyl, imidazolyl, oxazolyl, benzoxazolyl, thiazolyl,
benzthiazolyl, isoxazolyl, benzisoxazolyl, indenyl, indolyl, quinolinyl,
isoquinolinyl, carbazolyl, benzimidazolyl or fluorenyl; and Ar! and Ar2 may be
optionally substituted by fluorine, chlorine, bromine, iodine, cyano, nitro,
-CO2H, C1-Cg alkyl, C;-Cg alkoxy, C2-Cg alkenyl, trifluoromethyl, C3-Cg
cycloalkyl, C3-Cg cycloalkyloxy, Ci-Cg alkylcarbonyl, C1-Cs alkoxycarbonyl,
C;-Cg alkylcarbonyloxy, -NHz, ~(CH2)1-6~-NR8R? where R8 is C1-Cg alkyl,
C;1-Cg alkylcarbonyl or C;-Cg alkoxycarbonyl, and R? is hydrogen or
C1-Cg alkyl.

A compound according to Claim 1 or Claim 2 wherein

A is a bridging group selected from:
a saturated or unsaturated, straigh’t or branched hydrocarbon chain of 1 to 20
carbon atoms which may have 1 to 6 sites of olefinic and/or acetylenic
unsaturation;

a group of the formula:
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wheré m and n are 1 to 19, m+n is 2 to 20 and W is a group selected from
-O-, -S-, or -NR14- where R14 is hydrogen, C;-Cg alkyl,
Ci-Cg alkylcarbonyl, C;-Cg alkoxycarbonyl or benzyl;

a group of the formula:
«(CHpy- Y - (CHy)c

where b and ¢ are 0 to 20, b+c is 1 to 20, and Y is selected from the group
consisting of:

or A together with R3 and the interposed nitrogen form a heterocyclic
moiety of the formula:

—N /\.|__ (CH)y—

),

wheresis0,1,2or3 andtis O to 15.

4, A compound according to any one of Claims 1 to 3 wherein R4 and RS are,
independently, hydrogen, C1-Cj2 alkyl, C2-Cg alkenyl, C3-Cs cycloalkyl, -(CH2)1-10—
(C3-Ci0 cycloalkyl), -(CHz)1-10Ar!, (CH2)1-10-NR20R2! where R20 is C;-Cg alkyl,
Cy-Cg alkenyl, C;-Cg alkylcarbonyl, C;-Cg alkoxycarbonyl or benzyl, and R2! is
hydrogen or C1-Cg alkyl, or R4 and RS together with the interposed nitrogen forms a
heterocyclic moiety of the formula:
Tm)u
/' -(\ )X
=N X

g

where qis 0, 1 or2,ris 1 or2,uis 0, 1 or 2, R10 is C;—Cg alkyl and X is -O-, S~
,—-NR11- where R11 is hydrogen, C;—Cg alkyl or benzyl or X is CR12R13 where

R12 js hydrogen, hydroxy, Cj—-Cg alkyl, C1~Cg alkoxy, and R13 is hydrogen or
[ uites it

Sheet Has Been Replaced

RN R . HII\I“IIII\I\\\HIHII\




- AHP-93025 EPC
49-

C}-Cg alkyl, or RI2 and R!3 together with the interposed carbon forms a 3 to 8
membered carbocyclic ring.

5. A compound according to any one of Claims 1 to 4 having the formula:

0 0o 4
R
“ Il I/

/ 2—0-C-N-A-O-C-N

Z-0-C-N
\ /‘ ,Ls \Rs

in which Z, R3, R4andR5aredefinedm any one of Claims 1to 4 ora
pharmaceutically salt thereof.

6. A compound according to to any one of Claims 1 to 4 having the formula:

u ) R
Z-0-C-N 0-C-N-A-O-C~N
l N\ s
Ra R

in which Z, R3, R4 and RS are defined in any one of Claims 1to4 ora
pharmaceutically salt thereof.

7. A compound according to any one of Claims 1 to 6 wherein Arl is phenyl or
naphthyl.

8. A compound according to any one of Claims 1 to 7 wherein Z is 4- _
phenoxyphenyl.

9. A compound according to Claim 1 which is 4-[6-(hexylcarbamoyloxy)
hexylcarbamoyl-oxy]-piperidine-1-carboxylic acid 4-phenoxypheny] ester, or a
pharmaceutically acceptable salt thereof.

10. A compound according to Claim 1 which is 8-aza-spiro[4.5]decane-8-carboxylic
acid 6-{[1-(4-phenoxy-phenoxycarbonyl)-piperidine-4-oxycarbonylJamino}hexyl ester,
or a pharmaceutically acceptable salt thereof. '

11. A compound according to Claim 1 which is one of the following:
_/
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4-[6-(dihexyl-carbamoyloxy)-hexylcarbamoyloxy]-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester,

4-[6-(piperidine-1-carbonyloxy)-hex&lcarbamoyloxy]-piperidine-l-carboxylic acid 4-
phenoxyphenyl ester,

4—[6-dlbenzyl-carbamoyloxy)—hexyl-carbamoyloxy]-plpendme-l-carboxyhc acid 4-
phenoxyphenyl ester,

4-[12-(hexylcarbamoyloxy)-dodecylcarbamoyloxy]-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester,

4-{6-[4-(2,2-dimethyl-propyl)-benzyl)-heptyl-carbamoyloxy]-hexyl-carbamoyloxy } -
piperidine-1-carboxylic acid 4-phenoxyphenyl ester,

(Z)-4-[6-(octadec-9-enylcarbamoyloxy)-hexylcarbamoyloxy]-piperidine-1-carboxylic
acid 4-phenoxyphenyl ester,

(Z)-4-[12-(octadec-9-enylcarbamoyloxy)-dodecylcarbamoyloxy]-piperidine-1-
carboxylic acid 4-phenoxyphenyl ester,

4-[6-(hexylcarbamoyloxy)-propylcarbamoyloxy]-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester,

4-[9-(nonylcarbamoyloxy)-propylcarbamoyloxy]-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester,

8-aza-spiro[4.5]decane-8-carboxylic acid 6-{[1-(4-pbenoxy-phenoxycarbonyl)-
piperidine-4-oxycarbonyl]-amino}-propyl ester,

8-aza-spiro[4.5]decane-8-carboxylic acid 6-{[1-(4-nitro-phenoxycarbonyl)-piperidine-
4-oxycarbonyl}-amino}hexyl ester,

8-aza-spirof4.5]decane-8-carboxylic acid 6-{[1-(dibenzofuran-2-
yloxycarbonyl)piperidine-4-yl}-oxycarbonylamino}-hexyl ester,

8-aza-spiro[4.5]decane-8-carboxylic acid 6-{[1-(4-phenyl-phenoxycarbonyl)-
piperidine-4-oxycarbonyl}-amino}-hexyl ester, -
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8-aza-spiro[4.5]decane-8-carboxylic acid 6-{[1-(4-pentyl-phenoxycarbonyl)-piperidine-
4-oxycarbonyl]-amino}-hexyl ester,

4—[4-(hexylcarbamoyloxymetbyl)-benzylcarbamoyloxy]-plpendme- 1-carboxylic acid 4-
phenoxyphenyl ester,

8-aza-spiro[4.5]decane-8-carboxylic acid 6-{ [l-(3-phenoxy—phenoxycarbonyl)-
piperidine-4-oxycarbonyl}-amino}-hexyl ester,

8-aza-spiro[4.5]decane-8-carboxylic acid 6-{[1-(4-benzyl-phenoxycarbonyl)-plpendm-
4-yl-oxycarbonyl]-amino }-hexyl ester,

8-aza-spiro[4.5]decane-8-carboxylic acid 1-[1-(4-phenoxy-phenoxycarbonyl)-piperidin-
4-yl-oxycarbonyl]-piperidin-4-yl ester, '

4-[4-(4-phenyl-butylcarbamoyloxy)-piperidine-1-carbonyloxy]-piperidine-1-carboxylic
acid 4-phenoxyphenyl ester,

4-(4-hexylcarbamoyl-cyclohexylcarbamoyloxy)-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester,

4-[6-(hexylcarbamoyloxy)-hcxylcarbamoyloxy]-plpendme-l-carboxyhc acid 4-
cyclohexyl-phenyl ester, |

8-aza-spiro[4.5]decane-8-carboxylic acid 4-{[1-(4-phenoxy-phenoxycarbonyl)-
piperidine-4-carbonyl]amino }-cyclohexyl ester,

4-(4-hexylcarbamoyl-piperidine-1-carbonyloxy]-piperidine-1-carboxylic acid 4-
phenoxyphenyl ester,

or
4-{4-[(hexylcarbamoyloxy)methyl]-(cyclohexylmethylcarbamoyl)oxy } piperidine-1-
carboxylic acid 4-phenoxyphenyl ester.

or a pharmaceutically acceptable salt thereof.
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12. | A process for preparing a compound of formula (1) as claimed in Claim 1 which
comprises one of the following:

a) reacting a compound of formula:

R1
Wa R
Z-0-C-N T O0-C-N-A-O-C-B
\,'»4 %
R3
R2 1))

wherein p, R1,R2, R3, A and Z are as defined in Claim 1 and B is a leaving group
such as chlorine, p-nitrophenyl or imidazolyl, with an amine of formula:

HNR4RS
(m)
wherein R4 and R are as defined above, to give a compound of formula I as
defined above, o
or
b) reacting a compound of formula:

B‘l
o) l Lo
Z-O-ICI= N/\LO E'N A-OH
\,|4J)p
H3
R2 awv)

whereing p, R1, R2, R3, A and Z are as defined in Claim 1, with an isocyanate of
formula: '
R4NCO
V)
wherein R4 is as defined above excepting hydrogen, to give a corresponding .
compound of formula I where R4 is as defined in connection with formula V and RS is
hydrogen,

or /
. laced

¢) reacting a compound of formula: " rhis Shect Has Beed Rep“\
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o o 4
/\I\l o- tI'I:-N A oy: N/R
\,|—U \os

(VD)

wherein p, R1-5 and A are as defined above with a compound of formula:
I
Z-0-C-B (v
wherein Z is’as defined above and B is a leaving group, e.g. p-nitrophenyl, chlorine
or imidazolyl, and

if desired after any of the aforementioned processes isolating the compound of formula
I as a pharmaceutically acceptable salt or as the free base.

13. A pharmaceutical composition comprising a compound of formula (I) or a
.pharmaceutically acceptable salt thereof as defined in Claim 1 and a pharmaceutically
| acceptable carrier.
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